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Abstract 

The subject matter of this thesis is concerned with 

investigations of new synthetic approaches to azapurines, 

azapteridines and related polyazaheterocycles. The description 

of the results obtained in these studies is preceded by a survey 

of the known syntheses and biological activity of aza- and diaza-

analogs of purine and pteridine. Three approaches to such 

polyazaheterocycles are described. 

Firstly, the use of 2H-1,2,3-triazoles and their N-oxides to 

synthesise2H-aza- and diazapurines. The synthesis of 

appropriately functionalised 2H-1,2,3-triazole derivatives has 

been accomplished with moderate success. However attempted 

annulation of such 2H-1,2,3-triazoles to obtain 2H-aza- and 

diazapurines was unsuccessful. 

Secondly, the use of tosyl isocyanate to annulate ortho 

amino-azoheterocycles has been studie. It was found to be 

largely successful for a variety of ortho-aminoazopyrazoles and 

its mechanism has been elucidated. The reactivity of the 

resulting pyrazolo[3,4-e]-1,2,4-triazinones toward a variety of 

nucleophiles has been investigated. Extension of this tosyl 

isocyanate annulation to other ortho amino-azo heterocycles has 

had limited success. In particular, it was found that ortho-

-aminoazoisoxazoles undergo thermal rearrangements rather than 

annulation. The tosyl isocyanate annulation has also been 

studied as a general method of carbonylation in the formation of 

other heterocyclic systems. 



The third and final approach to aza- and diaza-analogs of 

purine and pteridine which was investigated involved the use of 

bridgehead fused 1,2,3-triazoles. Appropriately functionalised 

1,2,3-triazolo[5,1-c]-1,2,4-triazines were synthesised. These 

were subjected to orthodox annulation procedures which were 

largely unsuccessful. Disappointingly the unknown 1,2,3-

triazolo[5,1-g]imidazo[4,5-c]-1,2,4-triazine failed to undergo 

triazole ring cleavage under the highly forcing conditions of 

refluxing trifluoroacetic acid. Some interesting rearrangements 

of 1,2,3-triazolo[5,1-c}-1,2,4-triazines were investigated. 
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The biological importance of derivatives of the 

imidazo[ 4 , 5-b]pyriinidine (purine) (1) and the pyrimido-

[ 4 , 5-d]pyrazine (pteridine) (2) ring systems, is well 

known and the synthesis and biological activity of such 

(1) 
	

(2) 

bicyclic polyazaheterocycles have been extensively studied. 

Purine derivatives are well known as monomer units of 

nucleic acids as exemplified by the ribonucleoside 

adenosine-5'-monophosphate (3). The pteridine nucleus is 

OH 

HO- P--- O - 
11 
0 

(3) 
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also found in many natural products of which Folic acid (4) 

is physiologically the most important being involved in 

H2 N- 

H2N N 	

H C-CJ-CH2CO 

CO2H 

(4) 

vitamin and purine biosynthesis. Less is known about 

the biological activity of aza- and diaza-analogues of 

purines and pteridines and the following thesis is 

concerned with studies of new methods for the construction 

of certain aza and diaza purine and pteridine ring 

systems. By way of introduction the discussion of the 

results obtained in these studies is preceded by a 

survey of the currently available synthetic methods for 

such polyazaheterocycles and their more important 

biological properties. 
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CHAPTER 1 

A Survey of the Biological Activity and 

Literature Methods for the Synthesis of 

Aza- and Diaza-Analogues of Purines and Pteridines 
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A Survey of the Biological Activity and 

Literature Methods for the Synthesis of 

Aza- and Diaza-Analogues of Purines and Pteridines 

In the following survey of the currently available 

methods of synthesis and the biological activity of aza-

purines, diazapurines, azapteridines and diazapteridines, 

discussion is limited to bicyclic 6:5 and 6:6 polyazahetero-

cyclic ring systems derived by the insertion of one or 

two additional nitrogen atoms into the purine and 

pteridine frameworks without scrambling of the four 

ring-nitrogen atoms originally present. Aza and diaza 

purine and pteridine analogues incorporating bridge- 

head nitrogen atoms. or tetrazine nuclei are also excluded 

from the survey. 

1.1 	AZAPURINES 

Three distinct ring systems (Scheme 1) can be derived 

by replacing a single methine group in purine (1) by a 

nitrogen atom. These are the 1,2,3-triazolo[4,5-d]-

pyrimidine ring system (2), the imidazo[4,5 -e] - 1,2,4 -

triazine ring system (3) and the irnidazo[4,5 -d] - 1,2,3 -

triazine ring system (4), formally derived by inserting 

the circled nitrogen atoms into the purine framework. 

The systematic nomenclature and numbering (see Scheme 1) 

indicated for these ring systems is based on that used 

in Chemical Abstracts. However, the heterocyclic nuclei 

[(2) - (4)] can also be referred to as aza-analogues of 

purine (1) itself. Hence the 1,2,3-triazolo[4,5-d]- 



pyrimidine ring system (2) can also be named as 8-azapurine 

and similarly 6-azapurine and 2-azapurine are alternative 

names for the imidazo[4,5-e]-1,2,4-triazine (3) and 

imidazo[4,5-d]-1,2,3-triazine (4) ring systems respectively. 

c 

(1) 
7 

N 

6 ~'N N~h (o~~N 
JyJa 

I—P 	7 	H 

(2) 	 (3) 

7 

(4) 

Scheme 1 
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1.1.1 1 , 2 , 3-Triazolo[ 4 , 5-d]pyrimidines 

(8-Azapurines) 

1 ,2,3-Triazolo[4,5-d]pyrimidine  derivatives have 

been the subject of extensive study largely because they 

exhibit a wide spectrum of biological activity 1  including 

antiallergic activity, 2  antiviral activity, 3  antitumor 

activity, 4  and antileukemic activity. 5  Three main 

synthetic strategies have beenemployed for the synthesis 

of 8-azapurines. Firstly from pyrimidine derivatives 

with subsequent formation of the 1,2,3-triazole ring. 1 ' 6  

Secondly, from 1,2,3-triazole derivatives, with eventual 

ring closure of the pyrimidine ring. 1 ' 6  Thirdly, by 

ring transformations of other heterocycles. 7  

8-Azapurine Synthesis Based on Ring-Closure 

Reactions of Pyrimidine Derivatives 

The first synthesis of an 8-azapurine (Scheme 2) 

appears to be that by Traube 8  in which the product he 

describes as an 'azimid', the 1,2,3 -triazolo[4,5 -d] -

pyrimidine derivative (7) is synthesised by the diazotative 

cyclisatIon of the 4,5-diaminopyrimidinedione (5). 

Similarly (Scheme 3) Gabriel and Colrnan 9 treated 4,5-

diamino-6-methylpyrimidine (8) with sodium nitrite and 

hydrochloric acid to obtain the 1,2,3-triazolo[4,5-d]-

pyrimidine (9) which they called '4,5,6-methylazimido-

pyrimidine'. This diazotative cyclisation procedure 

has been used for the synthesis of a large number of 



0 

HN 

H2N 	NH2 
+ H2N-Q>---R 

(10) 	 (11) 

(i) 

0 \L, 

HN 
A N=N 

H2NNyl `INH2  
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8-azapurine derivatives 10-13  including 8-azapurinenucleo-

sides. 14 ' 15  The success of the diazotative ring-closure 

of 4,5-diaminopyrimidines to 8-azapurines in aqueous media 

appears to be dependent on the water solubility of the 

diaminopyrimidine starting material. Where the latter 

is insoluble in water the diazotative cyclisation can be 

carried out in an organic solvent using amyl nitrite as 

the diazotising agent.' 17  

Another synthesis of 8-azapurine derivatives 

(Scheme 4) first described by Benson and his co-workers 189  

involves oxidative closure of the triazole ring. These 

authors showed that the 2,6-diaminopyrimidine derivative 

(10) coupled readily with benzenediazonium chloride to 

give the 5-arylazo-derivative (12) which could be 

oxidatively cyclised using cupric sulphate in pyridine to 

yield the 1,2,3-triazolo[4,5-d}pyrimidine (13). The 

use of lead tetra-acetate for the oxidative cyclisation 

of ortho-amino-arylazopyrimidines is claimed 20  to result 

in improved yields of 8-azapurines. 

Some interesting examples of the synthesis of 

8-azapurine derivatives from pyrimidines with a single 

nitrogen substituent in the 4- or 5-position have been 

described. Thus Blank and his co_workers2l have 

demonstrated the formation (Scheme 5) of 1,2,3-triazolo-

[ 4 , 5-d]pyrimidines [e.g. (17)] from nitropyrimidines 

[e.g. (14)] by treatment with sodium azide in dimethyl-

formamide. Reactions of this type can be explained by 



MeN 
j 

Me 
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) 
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(18) (19) 

Me 
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initial Michael addition of azide ion to the nitro-

pyrimidine (14) to give the adduct (15) which can cyclise 

as shown to afford the intermediate (16). Elimination 

of nitrous acid from the latter then gives the 1,2,3-

triazolo[ 4 , 5-d]pyrimidine (7). 1,2,3-Triazolo[4,5-d]-

pyrimidines are also the products of intramolecular 

cycloaddition reactions of certain azidopyrimidine 

derivatives. For example (Scheme 6)22  heating 6-azido- 

23 1,3-dimethyluracil (18) 	in dimethylformamide results 

in the formation of the 8-azapurine derivative (20). 

This transformation can be explained by electrocyclisation 

to give the unstable intermediate (19) which undergoes 

a spontaneous hydrogen shift to afford the more stable 

1 , 2 , 3- triazolo[ 4 , 5-d]pyrimidine (20). Alkylation of the 

latter compound also provides a useful route to the 

corresponding 1-alkyl-1 , 2 , 3- triazolo[ 4 , 5-d]pyrimidines (21). 

8-Azapurine Synthesis Based on Ring-Closure 

Reactions of 1,2,3-Triazole Derivatives 

25 Bad'iley and his co-workers 24, were the first to 

demonstrate the synthesis of 1 ,2,3-triazolo[4,5-djpyrimidines 

(8-azapurines) from appropriately substituted triazoles. 

8-Azapurine synthesis of this type is exemplified (Scheme 7) 

by the reaction of 1,2,3-triazole-4,5-dicarboxamides (25) 

with sodium hyporomite to give through the presumed 

intermediacy of the two possible isocyanato-1,2,3- 
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triazolecarboxamides (26) and (27) a mixture of the 

corresponding isomeric 1,2 ,3-triazolopyrimidinediones (28) 

and (29). The 1 ,2,3-triazole-4,5-dicarboxamides required 

for this type of 8-azapurine synthesis are readily prepared 

(Scheme 7) by the cycloaddition of dimethyl acetylene-

dicarboxylate (23) to azides (22) followed by the reaction 

of the resulting dimethyl 1,2,3-triazole-4,5-dicarboxylates 

(24) with ammonia. 

1 ,2,3-Triazolo[4,5-d]pyrimidines have also been 

synthesised (Scheme 8) by more orthodox cyclisation 

reactions of 5-amino-1 ,2,3-triazole-4-carboxamides (31). 26  

The latter are readily prepared by the base-catalysed 

condensation of azides (22) with cyanoacetamide (30) and 

are converted by reaction with triethyl orthoformate or 

formamide into the corresponding 1,2,3-triazolopyrimidines 

(32) . Albert and his co-workers 27  have made extensive 

use of this type of synthesis to produce 1,2,3-triazolo-

[4,5-d]pyr&midines with a wide variety of substituents. 

8-Azapurine Synthesis Based on Ring Transformations 

of Other Heterocyes 

Only a single example of the conversion of a different 

bicyclic heterocyclic system into an 8-azapurine derivative 

(Scheme 9) appears to be known. 7  The 4-benzylamino-1,2,3-

thiadiazol0 [ 5 , 4-d]pyrimidine (35) readily undergoes a 

Dimroth rearrangement in refluxing sodium hydroxide to 

give 1-benzyl -1 H-1 , 2 , 3-triazolo[ 4 , 5-dlpyrimidine -4 ( 5 H) -

thione (9-benzyl-6-merçapto-8-azapurine) (36). The 
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thiadiazolo[ 5 , 4-d]pyrimidie (35) is readily available 

by diazotative cyclisation of 5-amino-6-merCapto-4- 

methoxypyrimidine (33) to give 4-methoxy-1,2,3-thiqdiazolo-

(4,5-d]pyrimidine (32)28 followed by treatment with 

benzylamine. 

1.1.2 Imidazo[4,5-e]-1,2,4-Triazines (6-Azapurines) 

The first synthesis of 6-azapurines (Scheme 10) was 

reported by Yoneda and his co-workers 30  in 1976. These 

authors showed that treatment of pyrimido[5,4 -el - 1,2,4 -

triazines [e.g. (41)] with ethanolic sodium hydroxide 

resulted in contraction of the pyrimidine ring to give 

through the presumed intermediate (42) the corresponding 

6-azapurine derivative (43). This 6-azapurine synthesis 

is made general by the ready availability of the pyrimido-

[5,4-el -1,2,4-triazine starting materials [e.g. (41)] by 

nitrosative cyclisation of arylidene pyrimidyihydrazones 

[e.g. (37)] using sodium nitrite in acetic acid to give 

dihydropyrimido-1,2,4-triazines (e.g. (39)1 followed by 

in situ oxidative aromatisation of the latter by treatment 

with diethylazodicarboxylate. Yoneda and his co-workers 

have used this route (Scheme 10) for the synthesis of 

a wide variety of 6-azapurine derivatives. 3034  

There would appear to be only one other route to 

6-azapurine derivatives 35  (Scheme 11) involving the more 

orthodox procedure of the ring closure of 5,6-diamino-

1,2,4-triazine derivatives [e.g. (46)]. These substrates a,-e 
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readily obtained from 6-bromo-1 ,2,4-triazine-3,5(2H-

411)-diane derivatives (44) by treatment with ammonia followed 

by reaction of the resulting amino-1,2,4-triazinediones (45) 

with phosphor' us pentasulphide to give 1,2,4-triazitethiones 

(47) then treatment of the latter with amines. The 5,6-

diamino-1,2,4-triazines (46) so obtained are readily ring 

closed to 6-azapurines (48) by heating with reagents such 

as ethyl orthoformate. The biological activity of 

6-azapurine derivatives does not appear to have been 

investigated. 

1.1.3 Imidazo[4,5-d}-1,2,3-triazines (2-Azapurines) 

Only one synthetic approach (Scheme 12) to the 

2-azapurine ring system has been described to date. This is 

36-40 based on the diazotative cylisation 	of 4-amino- 

imidazole-5-carboxamides as demonstrated (Scheme 12) by 

the transformation of 4-amino-imidazole-5-carboxamide (49) 

itself on treatment with sodium nitrite in aqueous 

hydrochloric acid into 1H-imidazo[4,5-d]-1,2,3-triazin-

4(5H)-one (50). 2-Azapurine N-oxides have also been 

reported4 1  as products of the diazotative cyclisation 

(Scheme 13) of 5-aminoimidazole-4-caboxamidoximes as 

illustrated by the conversion of 5-aminoimidazole-4-

carboxamidoxime (53) itself into 4-amino-1H-imidazo-

[4,5 -d] - 1,2,3 -triazine 5-N-oxide (54) by reaction with 

sodium nitrite in aqueous hydrochloric acid. 5-Amino 

imidazole-4-carboxamidoxime (53.) is obtained by the 



12 
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hydrochloric acid-catalysed degradation of the purine-N-

oxide (52) which in turn can be synthesised by oxidation of 

6-aminopurine (adenine) with peracetic acid. 

The other obvious synthetic approach to 2-azapurines 

involving ring closure of 4,5-diamino-1,2,3-triazine 

precursors has not been reported to date presumably 

because such 1,2,3-triazine derivatives are only accessible 

43 by the hydrolysis of 2-azapurines themselves 42, as 

exemplified (Scheme 14) by the alkaline hydrolysis of 

the cyclopentyl derivative (55) to the triamino-1,2,3-

triazine (56) and the 5-amino-imidazole-4-carboxamide 

derivative (57). 

The biological properties of 2-azapurines have 

been investigated only to a limited extent to judge from 

the relatively few reports of their biological activity in 

the literature. 2-Azapurines are claimed44  to possess 

antiviral and antitumor activity apparently related to 

their ability to inhibit cellular and. viral methyl-

transferase enzymes. In the form of sugar derivatives 

(nucleosides) they can act as substrates for the enzyme 

- phosphodiesterase 45  an important enzyme in the metabolism 

of cylic AMP (adenosine-3 1 ,5'-monophosphate) a compound 

of pronounced bioloçical and physiological significance. 
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1.2 	DIAZAPURINES 

Two distinct diazapurine ring systems (Scheme 15) 

can in theory be derived by replacement of methine groups 

in the imidazole and pyrimidine rings of purine (1) by 

two nitrogen atoms. These are the 1,2,3-triazolo[4,5-e]-

1,2,4-triazine ring system (58) and the 1,2,3-triazolo-

[4,5-d]--1,2,3-triazine ring system (59), formally 

obtained by insertion of the circled nitrogen atoms 

(Scheme 15) into the single available site of the 

imidazole moiety and the two distinct sites in the 

pyrimidine nucleus of the purine framework (1). 

6 
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Scheme 15 
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The systematic nomenclature and numbering (Scheme 15) 

indicated for these ring systems is based on that used 

in Chemical Abstracts. As in the case of azapurines 

(see before) the triazolotriazine ring systems (58) 

and (59) can also be named as diazapurines the former 

being 6,8-diazapurine and the latter 2,8-diazapurine 

respectively. Replacement of both methine groups in 

the pyrimidine nucleus of purine (1) by nitrogen atoms 

would lead to an imidazotetrazine structure consideration 

of which is outwith the scope of the present survey. 

Of the two possible diazapurine ring systems under 

consideration only derivatives of the 1,2,3-triazolo[4,5-d]-

1,2,3-triazine ring system (59) appear to have been 

described in the literature to date. Derivatives oUthe 

1 ,2,3-triazolo[4,5-e]-1 ,2,4-triazine ring system (58) 

appear to be unknown. Moreover the few derivatives of the 

1,2,3-triazolo[4,5 -d] - 1 ,2,3-triazine ring system that 

are known have received little attention. The first 

example of a 1,2,3-triazolo[4,5-d]-1  ,2,3-triazine 
V.  

derivative was described by Stevns and his co-workers 1 

(Scheme 16) who showed that treatment of 5-amino-1H-

1,2,3-triazole-4-carboxamidoxime (62) with sodium nitrite 

in aqueous hydrochloric acid afforded 7-amino-3H-1,2,3-

triazolo[4,5-d]-1 ,2,3triazine 6-N-oxide (64) presumably 

through cyclisation of the transient diazonium inter-

mediate (63). 5-Axnino-1H-1 ,2,3-triazole-4-carboxamidoxime 

(62) is obtained by acid-catalysed degradation of the 
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purine N-oxide (61) which in turn is readily accessible by 

peracid oxidation of the 8-azapurine (60). In a 

closely related 1,2,3-triazolo[4,5-d]-1  ,2,3-triazine 

synthesis (Scheme 17) Shealy and his co-workers 46 ' 47  have 

shown that diazotisation of 5-amino-lU-1 ,2,3-triazole-

4-carboxamide (65) gives an isolable diazonium betaine 

intermediate (66) which on standing in aqueous solution 

ring-closes to the triazolotriazine (67). 

Synthetic routes to the 1 ,2,3-triazolo[4 ,5-d]-

1,2,3-triazines other than those based on the cyclisation 

of 1,2,3-triazolediazonium intermediates (see before), 

appear to be unknown. In particular the obvious 

alternative method (Scheme 18) involving the diazotative 

ring closure of 4,5-diamino-1,2,3-triazines (68) is 

precluded by the inaccessibility of such 1,2,3-triazine 

derivatives. Due to the relatively few examples of 

diazapurine derivatives their biological properties have 

received only moderate attention. However they are 

known to possess antiturnor activity 47  and the triazolo-

triazinone (67) is a potent inhibitor of the enzyme 

uricase and appears to be of. value in the treatment of 

kidney disorders. 48  

1.3 	AZAPTERIDINES 

Replacement (Scheme 19) of a single methine group 

in pteridine (71) by a nitrogen atom results in four 

possible azapteridine structures [(72)-(75)]. These are 
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formally derived by insertion of the circled nitrogen 

atoms into the pteridine framework and are systematically 

named as the pyrimido [5 ,4-e] -1 , 2 ,4-triazine ring 

system (72), the pyrimido[4,5-e]-1,2,4-triazine ring 

system (73), the pyrazino[2,3-e]-1  ,2,4-triazine ring 

system (74) and the pyrazino(2,3-d]-1,2,3-triazine ring 

system (75). The systematic nomenclature and numbering 

indicated (Scheme 19) for these ring systems is based 

4 
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on that used in Chemical Abstracts. However as in the 

case of azapurines (see before) the heterocyclic nuclei 

(72)-(75) can also be named in a trivial fashion as 

aza-analogues of pteridine (71) itself. Therefore the 

known pyrimido[5,4-e]-1 ,2,4-triazine ring system (72) 

is also named as 7-azapteridine, the known pyrimido- 

[4,5-e]-1,2,4-triazine ring system (73) as 6-azapteridine 

and the known pyrazino[2,3-e]-1,2,4-triazine ring system 

(74) as 4-azapteridine, while the apparently unknown 

pyrazino[2,3-d}-1 ,2,3-triazine ring system (75) would 

be called 2-azapteridine. 

1.3.1 Pyrimido[5,4-e]-1,2,4-triazines 

(7-Azapteridines) 

The first report of a compound containing the 

7-azapteridine framework (72) was that of Van Veen and 

Mertens49  who isolated a substance toxoflavin (Scheme 20) 

responsible for the toxicity of the bacterium Pseudomonas 

cocovenenans, and subsequently shown by Van Damme and 

his co-workers 5°  to be the 7-azapteridine derivative (76). 

It was later found 51  that toxoflavin (76) and its close 

analogues fervenulin (77) isolated from Streptomyces fervens 

and reurnycin (78) isolated from an Actomyces bacterium 

possessed considerable antibiotic activity. More 

recently it has been shown 52  that 7-azapteridine derivatives 

can inhibit the enzymes involved in vitamin biosynthesis. 

Due to their biological properties and in particular their 
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significant antibiotic activity 7-azapteridines have 

been intensively investigated. 
5.1
' A comprehensive review 

of the synthesis and biological activity of such 

compounds is therefore outwith the scope of the present 

survey. In the following account discussion is restricted 

to the main synthetic methods for the construction of 

7-azapteridine derivatives and their salient biological 

properties. Two main synthetic strategies have been 

employed for the synthesis of 7-azapteridines. Firstly 

starting from pyrimidine derivatives with subsequent 

ring closure to form the 1,2,4-triazine ring1 53  and 

secondly starting from 1,2,4-triazine precursors with 

eventual formation of the pyrimidine ring. 53  

7-Azapteridine Synthesis Based on Ring-Closure 

Reactions of Pyrimidine Derivatives 

Routes to 7-azapteridine derivatives employing 

pyrimidine derivatives as the key starting materials have 

received the most attention. This type of synthetic 

approach to 7-azapteridines is illustrated (Scheme 21) 54 

by the reaction of 5-amino-1 ,2,4-triazin-4-ylhydrazine (79) 

with triethyl orthoformate to afford the dihydropyrimido-

[5,4-e]-1,2,4-triazine (80) which can be oxidised with 

silver oxide and barium oxide to yield the parent 7- 

azapteridine (72). In a variant of this type of 7-azapteridine 

synthesis ortho-acylhydrazino-nitropyrimidines undergo 

reductive cyclisation, 54 presumably through the corresponding 

ortho-acyihydrazino-amino-pyrimidines to afford dihydro-7-

azapteridine derivatives which are readily oxidised to 
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the parent 7-azapteridines. A variety of reagents and 

conditions 53  have been used to oxidise dihydro-7-

azapteridines to 7-azapteridines including silver oxide 

54 in methanol 53, and a combination of silver oxide- 

barium oxide in tetrahydrofuran. 5354  However, manganese. 

dioxide in tetrahydrofuran in the presence of magnesium 

sulphate fails to effect the dehydrogenation of dihydro- 

53,54 
7-azapteridines to 7-azapteridines. 	A 7-azapteridine 

synthesis based on ortho-acyihydrazino-nitropyrimidines 

is illustrated (Scheme 22) 	by the reductive cyclisation 

of the nitropyrirnidine derivative (81), through the 

amine (82) to give the dihydro-7-azapteridine (83), 

oxidation of which by silver oxide in refluxing methanol 

yields 4,6-dimethylpyrimido [5,4-el-i ,2,4-triazine (84). 

Hydrogenolysis (Scheme 23) of the 4-(2-alkoxymethylene)-

hydrazonepyrimidine derivative (85) over 20% palladium-on-

charcoal similarly results in reductive cyclisation to 

the dihydropyrimido [5,4-el-i ,2 ,4-triazine derivative (87) 

which on oxidation affords the 7-azapteridine (88). 55 

Pyrimido[5,4-e]-1 ,2,4-triazine derivati.ves can also 

be formed directly by the nitrosative cyclisation of 

2-alkylidinehydrazinopyrimidines. An example of this 

type of synthetic procedure for 7-azapteridines.is  

illustrated (Scheme 24) by the reaction 56  of the 

pyrimidine derivative (89) with sodium nitrite in acetic 

acid to afford a mixture of the 7-azapteridine, toxoflavin 

(76) and its 4-N-oxide (9). The latter compound can be 
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readily reduced under mild conditions with benzenethiol 

to afford toxoflavin (76). These 7-azapteridine syntheses 

involve formation of the 1,2,4-triazine ring by closure 

of the 3,4-bond. 7-Azapteridine derivatives are also 

accessible by cyclisation of ortho-amino-hydrazino-

pyrimidines involving formation of the 1,2,4-triazine 

ring through closure of the 2,3-bond. The first total 

synthesis 57  of toxoflavin (Scheme 25) provides a good 

example of this synthetic approach to 7-azapteridines. 

Thus reaction of 6-chloro-5-formamido-3-methylpyrimidine-

2,01H, 3H)-dione (94) with methylhydrazine leads 

directly to toxoflavin (76) presumably through the inter -

mediacy of the hydrazino-derivative (95) cyclisation of 

which yields the dihydro-7-azapteridine (96) and thence 

by oxidation toxoflQvin (76). 

A final variant of the use of pyrimidine derivatives, 

and in particular ortho-amino-hydrazinopyrimidines, for 

the construction of pyrimido[5,4-e]-1 ,2,4-triazines has 

been reported by Taylor and Sowin9ky. 58  These authors 

have demonstrated the use of the highly functionalised 

pyrimidine derivative (99), synthesised by the reaction 

(Scheme 26) of the 4-hydrazinopyrimidine-2,6-(1H,31-i)-

dione (97) with diethyl azodicarboxylate in dimethyl-

formamide presumably through the intermediate pyrimidine 

derivative (99), as the starting material in two synthetic 

routes to fervenulin (77). Firstly (Scheme 27) by the 

direct conversion of the pyrimidine derivative (99) under 

Vilsmeier-Hack formylation conditions (treatment with 
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phosphoryl chloride in dimethylformamide), through the 

presumed intermediates [(100)-(102)J into fervenulin (77). 

Secondly (Scheme 28) by the reaction of the pyrimidine 

derivative (99) with sodium ethoxide to yield 1,3- 

dimethylpyrimido[5,4 -e]-1,2,4_trjazifle...2,4,6(1H, 3H, 7H)-trione 

(104), followed by chlorination with phosphoryl chloride 

to afford 6-chloro-1 ,3-dimethylpyrimido[5,4-e]-i ,2,4-

triazine-2,4(1FI, 3H)-dione (105) and reaction of the 

latter with hydrazine hydrate in ethanol to give the 

hydrazino 7-azapteridine derivative (106) oxidation 

of which with mercuric oxide in aqueous solution affords 

fervenulin (77). 

7-Azapteridine Synthesis Based on Ring-Closure 

Reactions of 1,2,4-Triazine Derivatives 

Few examples of the synthesis of pyrimido[5,4-e]-

1,2,4-triazine derivatives from 1,2,4-triazine precursors 

are reported in the literatureS96O61 and all involve 

(Scheme 29) 6-amino-1 ,2,4-triazine-5-carboxamjde (107) 

as the key starting-material. Ring closure of this 

1,2 1 4-triazine derivative (107) with one carbon 

condensation reagents such as phosgene or triethyl-

orthoformate yields the 7-azapteridines (108) and (109) 

respectively. 
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1.3.2 Pyrimido[4,5 -e] - 1,2,4 -triazines 

(6-Azapteridines) 

As in the case of 7-azapteridines, 6-azapteridine 

derivatives may be constructed from pyrimidine derivatives 

with final ring closure of the 1,2,4-triazine ring or 

from 1,2,4-triazine derivatives with final ring closure 

of the pyrimidine ring. 

6-Azapteridine Synthesis Based on Ring-Closure 

Reactions of Pyrimidine Derivatives 

The first example of a 6-azapteridine derivative was 

synthesised by Heinisch and his co-workers 62  in 1964. These 

workers showed that the reaction of S-alkylisothiosemi-

carbazides with alloxan derivatives in acetic acid at 

room temperature yielded hydrated intermediates which 

readily underwent dehydration on refluxing in pyridine to 

afford 7-(alkylmercapto)pyrimido{4,5-e]-1 ,2,4-triazine-

2,4(1H, 3H)-dione derivatives. This type of 6-azapteridine 

synthesis is exemplified (Scheme 30) by condensation of 

1 ,3-dimethylalloxan (110), with S-ethylisothiosemicarbazide 

(111) to give the hydrated 6-azapteridine derivative (112) 

which on heating under reflux in pyridine yielded the 

parent 6-azapteridine (113). In a closely related 

condensation pr.ocedure (Scheme 31),63  the 5,5-dibromopyrimidine 

derivative (114) on reaction with 1-amino-3--methylguanidine 

(115) in acetic acid afforded the guanyliminopvrimidine 

derivative (116) which readily undergoes cyclisation on 

heating in aqueous ammonia to yield the 6-azapteridine 

derivative (117). 
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6-Azapteridine derivatives have reportedly been 

synthesised from pyrimidine derivatives containing an 

amino-group or similar moiety in the 6-position, which 

eventually becomes part of the 1,2,4-triazine ring. 

6-Azapteridine synthesis of this type is. exemplified 

(Scheme 32) by the synthesis, described by Yoneda and 

his co-workers, 64  of 1 ,3-dimethyl-7-phenylpyrimido-

[4,5-e]-1,2,4-triazine-2,4,(1H-, 3H)-dione (125) from 

1 ,3-dimethyl-6-hydroxyaminopyrimidine-2 ,4, (111, 311) -dione. 

(118) by treatment with an equimolar amount of benzoyl 

hydrazine (119) in dimethylformamide under ref lux. 

1,3 ,7,9-Tetramethylpyrimido[5,4-g]pteridine-2,4,6,.8-

(111, 311, 711, 9H)-tetraone (126) was also isolated as a 

minor by-product in this reaction. Due to the fact that 

1 ,3-dimethyl-6-hydroxyaminopyrimidine-2 ,4, (111, 311) -dione 

(118) was recovered unchanged on heating under ref lux 

in dimethylformamide alone, the authors 64  explain the 

course of 6-azapteridine formation (Scheme 32) in terms 

of initial intramolecular oxidation-reduction to give 

intermediates (120) and (121) which combine to form a 

Michgel-type adduct (122) cyclisation and dehydrogenation of 

which then givesthe 6-azapteridine derivative (125). 

Similarly the Michal adduct (.122) can be reduced by benzoyl-

hydrazine (119) to afford 5 ,6-diamino-1 ,3-dimethyl-

pyrimidine-2,4, (1H, 3H)-dione (124) oxidative dimerisation 

of which accounts for the formation of the pyrimido-

pteridine derivative (126) . However an alternative course 

(Scheme 33) for the formation of the 6-azapteridine 
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derivative (125) is possible involving in' -1 condensation 

of the 6-hydroxyamino-pyrimidine derivative (118) with 

benzoylhydrazine (119) to yield the N-oxide intermediate 

(127). Rearrangement of the latter to the N-hydroxy 

intermediate (129) followed by ring closure and subsequent 

oxidation would then afford the 6-azapteridine derivative 

(125). 

The remaining synthetic route to 6-azapteridines 

involving final closure of the 1,2,4-triazine ring utilises 

pyrimidine derivatives having nitrogen substituents which 

eventually contribute all three nitrogen atoms of the 

1,2,4-triazine ring with closure of the latter being 

effected intermolecularly or intramolecularly. The former 

category of 6-azapteridine synthesis is exemplified 

(Scheme 34) by the reaction 65  of 1,3-dimethyl-5-phenylazo-

pyrimidine-2,4(1H, 3H)dione (130) with urea at 200_2200 

to give the 6-azapteridine derivative (132). This 

transformation presumably involves the intermediate Urea 

(131) which can undergo cyclisation with extrusion of 

ammonia to afford the 6-azapteridine derivative (132). 

The intramolecular ring-closure of an ortho-amino-

hydrazinopyrimidine to a 6-azapteridine is represented 

(Scheme 35) by an extension of the annulation reaction 

/ utilised for the synthesis of the 7-azapteridine, 

fervenulin (see Scheme 27 before) by Taylor and Sowinsky. 58  

These authors58  have shown (Scheme 35) that treatment of 

6-amino-1 ,2-dimethyl-5- (1 ,2-di-ethoxycarbonylhydrazino) - 

pyrimidine-2,4-(1H, 3H)-dione (133) with lead tetraacetate 
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affords the 6-azapteridine derivative (135) via the 

presumed intermediacy of the fused tetrahydrotriazinone 

(134). The 6-azapteridine derivative (135) can be 

further converted 58  into the 6-azapteridine analogue 

(.138) of fervenulin by a procedure analoguous to that 

used in the synthesis of the latter, involving 

chlorination to give the chioro-derivative (136), 

followed by hydrazinolys is then oxidation of the resulting 

hydrazino-6 -azapteridine (137) 

6-Azapteridine Synthesis Based on Ring-Closure 

Reactions of 1,2,4-Triazine Derivatives 

The first reported synthesis of pyrimido[4,5-e]- 

1 ,2,4-triazine derivatives from 1 ,2,4-triazine precursors 

67 was that of Taylor and Morrison 66, 	in which (Scheme 36) 

3 ,5-diamino-1 ,2,4-triazine-6-carboxamide (139) was reacted 

with either diethylcarbonate or formamide in the 

presence of sodium ethoxide to yield the 6-azapteridine 

derivatives (140) and (141) respectively. 

6-Azapteridine derivatives are also accessible by 

the ring closure of ortho-ammrnated-cyano-1,2,4-triazine 

derivatives. Thus it has been shown68  (Scheme 37) that 

the imino-1,2,4-triazinone (142) reacts with phenyl- 

isocyanate to yield the area (143) which on treatment 

with a non-nucleophilic base such as triethylamine 

undergoes cyclisation to form the 6-azapteridine derivative 

(144). Closely related 6-azapteridine syntheses 
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(Schemes 38 and 39) involve the in situ formation and 

ring closure of ortho-ureido- or ortho-guanidino-cyano-

1,2,4-triazines. Thus (Scheme 38) heating the chioro-

1 ,2,4-triazine-carboxylate (145) with N,N-dimethylurea 

affords the 6-azapteridine derivative (147) through the 

presumed intermediacy of the ureido-1 ,2,4-triazine (146) 69 

Analogously, condensation (Scheme 39) of the chloro-

cyano-1,2,4-triazine (148) with guanidine affords the 

diamino-6-azapteridine (151) via the formation and 

cyclisation of the N-(cyanotriazinyl)guanidine (149) 

The biological properties of 6-azapteridines have 

been extensively investigated. 53  They are known to 

possess antibacterial and antiviral activity 71  and have 

also been reported to have analgesic and antiinflamatorv 

properties. 72  

1.3.3 Pyrazino[2,3-e]-1,2,4-triazines 

(4-Azapteridines) 

Until recently, derivatives of the 4-azapteridine 

ring system were apparently unknown. However in 1983 

Panzica and his co-workers 73 reported the synthesis 

(Scheme 40) of 6,7-dihydroxy-3-methylthio-5,6,7,8-

tetrahydropyrazino[2,3-e]-1,2,4-triazine (153) by the 

reaction of 5,6-diamino-3-methylthio-1 ,2,4-triazine (152) 

with aqueous glyoxal. This appears to be the only 

example of a 4-azapteridine derivative and it follows 

that the biological characteristics of such azapteridine 

derivatives have not as yet been investigated. 
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1 .4 	DIAZAPTERIDINES 

Theoretically four diazapteridine ring systems 

can be constructed (Scheme 41) by replacement of two 

methine groups in pteridine (71), one methine group 

in the pyrimidine ring, and one rnethine group in the 

pyrazine ring, by nitrogen atoms. These structures 

[(154)-(157)] are formally derived by inserting the 
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2 	 N 7 
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circled nitrogen atoms into the pteridine framework (71) 

and would systematically be named in accordance with 

Chemical Abstracts as the 1,2,4 -triazino[5,6 -e] - 1,2,4 -

triazine ring system (154), the 1,2,4-triazino[6,5-e]-

1,2,4-triazine ring system (155), the 1,2,3-triazino--

[4 1 5-e}-1,2,4-triazine ring system (156) and the 

1 ,2,3-triazino[5,4-e]-1 ,2,4-triazine ring system (157) 

The ring systems (154) , (155) , (156) , and (157) can also 

be named trivially as 4,6-diazapteridine, 4,7-diaza-

pteridine, 2 , 6-diazapteridine and 2 ,7-diazapteridine 

respectively. Only derivatives of the 1,2,4-triazino-

[6,5-e]-1 ,2,4-triazine •(4,7-diazapteridine) ring 

system (155) appear to be known to date. 

The few derivatives of the 1,2,4-triazino[6,5-e]-

1,2 1 4-triazine ring system that are known have been 

recently synthesised by Neunhoffer and Hurnmann 74  from 

ortho-amino-hydrazino-1 ,2,4-triazines. This type of 

synthesis is exemplified (Scheme 42) by the reaction of 

5-amino-6-hydrazino-2-phenyl-1 ,2 ,4-triazine (158) with 

benzaldehyde to afford the 1,2,4-triazine derivative 

(159) which is subsequently methylated and treated with 

bromine in acetic acid to afford the hydrazonoyl bromide 

(161) elimination of hydrogen bromide from which gives 

the diazapteridine derivative (162). 
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An alternative approach to 1 ,2,4-triazino[6,5-e]-

1 ,2,4-trjazjnes (Scheme 43) involves the thermal 

cyclisation of ortho-ethoxycarbonylamino-hydrazino-

1,2,4-triazines. This type of 4,7-diazapteridine 

synthesis is exemplified 74 by the pyrolytic conversion 

of the hydrazinotriazinylurethane (166) into the 

tetrahydrotriazinotriazine (167) which apparently 

reacts predominantly in the alternative tautomeric 

form (168) since methylation affords the trimethyl 

derivative (169). The hydrazinotriazinylurethane (166) 

is readily synthesised from the amino-methylmerCapto-

triazine (163) by ethoxycarbonylation through the 

anionic species (164) to afford the urethane (165) 

followed by reaction of the latter with hydrazine. 

The examples shown in Schemes 42 and 43 illustrate the 

only synthetic methods for 1 ,2,4-triazino [6,5-e]- 

1 ,2,4-triazine(4,7-diazapteridine) derivatives. 

The biological properties of the few 1,2,4-

triazino[6,5-e]-1 ,2,4-triazine derivatives known do not 

appear to have been investigated as yet. 
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Chapter 2 

Synthetic Approaches to Azapurines, Diazapurines 

and Related Polyazaheterocycles Based on Annulation 

Reactions of 4-Amino-2H-1 ,2,3-Triazole Derivatives 
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Synthetic Approaches to Azapurines, Diazapurines 

and Related Polyazaheterocylces Based on Annulation 

Reactions of 4-Amino-2H-1,2,3-Triazole Derivatives 

2.1 Introduction 

This chapter is concerned with the development oV new 

synthetic, routes to derivatives (Scheme 1) of the azapurine 

and diazapurine ring systems (1), (3) and (4) and the 

scrambled azapurine ring system (2). In contrast to the 

N' -  

NNNH 	LNN NH 

	

(1) 	 (2) 

NN 	N 	 N 	__ N 

NNH 	N NN 
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corresponding 1H- and 3H-8-azapurine ring systems which 

are well documented and have been previously described in 

Chapter 1, the 2H-8-azapurine ring system (1) has been 

little studied. The biological activity of 2H-8-azapurine 

derivatives would appear not to have been investigated to 

date. However one might expect that such derivatives 

would possess similar biological properties to other 8-

azapurine derivatives which are responsible for a variety 

of physiological effects 15 . In general the 1,2,3-

triazolo[ 4 , 5-b]pyrazine ring system (2) has also been 

little studied and only a single method for the synthesis 

of 2H-1,2,3 -triazolo[4,5 -b]pyrazine derivatives has been 

described75 . The -biological effects of such compounds 

are therefore unknown. Of the two diazapurine ring 

systems (3) and (4) only derivatives of the latter have 

been reported as already discussed in Chapter 1. However 

to date no 2H-derivative of this ring system has been 

described. Derivatives of the 1 ,2,3-triazolo[4,5-d]- 

1,2,4-triazine ring system (3) appear to be unknown. 

Therefore no information is available on the biological 

activity of derivatives of the diazapurine ring systems 

(3) and (4). 

The potential biological activity of derivatives of 

the little investigated or previously unknown ring 

systems [(1)-(4)] prompted the studies described in the 

present chapter on a new general strategy for the synthesis 

of such polyazaheterocycles based on annulation reactions 

of 4-amino-2H-1,2,3-triazole derivatives as common 

synthetic precursors. 
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2.2 	General Synthetic Approaches to 2H-8-Azapurine 

and 2H-2 ,8-Diazapurine Derivatives from 4-Amino-

2H-1 ,2,3-triazole Derivatives 

2H-8-Azapurine derivatives have been synthesised 

previously by two procedures. Firstly by alkylation of 

8-azapurine derivatives as illustrated (Scheme 2) by the 

methylation 76  of 8-azaxanthine (5) with dimethyl sulphate 

in alkaline solution to give a. mixture containing the 

three isomers [(6)-(8)] further methylation of which 

afforded the fully methylated product, 2,5,7-trimethyl-2H-

1 , 2 , 3-triazolo[ 4 , 5-d]pyrimidine -4 , 6  (5H, 7H)-dione (9). 

Major difficulties encountered using this methodology, are 

the formation of several isomers many of which are not 

2H-products and the consequent low yields of the desired 

2H-1 , 2 , 3-triazolo[ 4 , 5-d]pyrimidine derivatives. Albert 

and his co-workers 77  have refined the foregoing methylation 

procedure but at best it only affords a 33% yield of the 
8-methyl-8.-azapurine (9).. 

The second procedure for the synthesis of 211-8-

azapurine derivatives involves preliminary alkylation of the 

1,2,3-triazole precursor followed by cyclisation to the 

8-substituted 8-azapurine derivative. Again however a 

disadvantage of this method is isomer formation at the 

triazole alkylation stage as illustrated (Scheme 3) by 

methylation 78  of 4-amino-1H-1,2,3-triazo1e-5-carboxamide (10) 

which affords a mixture of the isomers (11) and (12). 



H2N 

H2NN 

0 

I ] 

(i) 
---- 

1-4 
0CN 

H2NN 

(10) 
	

(13) 

(i) 

HH 
0CN___ 

H2NNN ( 

H2NNN 
(14) 	 0 	H 

HH 
CCN 

H2 N 	.-N- 

0 
(15) 

iii) 

HH 
____ N 

H2N 	NNM 

(16) 

HCOH, heat 

KOH, H 2  0 

Me 2 SO 4  

NH 2 CHO, 220 °  

(iv) 

HNNNMz 

0 
(17) 

Scheme 4 



34 

A noteworthy feature of this reaction as pointed out by 

79 Albert et al 78, is the suppression of methylation at 

the 1-position of the triazole ring as a result of steric 

hindrance by the carboxamide substituent. These 

79 	 - - 	authors 78, 	concluded therefore that an increase in the 

size of the substituent at the 4-position of the 1,2,3- 

triazole precursor would promote exclusive methylation at 

the 2-position. Hence they investigated (Scheme 4) the 

synthesis of 4-formami&b-1 ,2 ,3-triazole-5-carboxamide (13) 

as a suitable precursor for specific methylation to the 

2-methyl-2H-1,2,3-triazole derivative (16) set up for 

cyclisation to the 8-methyl-8-azapurine derivative (17). 

79 However the product obtained 78, 	in the reaction of the 

aminotriazolecarboxamide (10) was not the formamido 

derivative (13) but rather the anhydro-dimer (14) formed by 

specific dimerisation through the 2-position of the 

triazole ring. However subsequent treatment 78  of the 

anhydro-dimer (14) with dimethyl sulphate in aqueous potassium 

hydroxide afforded the desired 4-formamido-2-methyl-2H- 

1,2,3-triazole-5-carboxamide (16) presumably through the 

intermediacy of the anionic species (15). Heating the 

2H-1,2,3-triazole derivative (16) with formamide afforded 

the 8-methyl-8-azapurine derivative (17) in good yield. 78  

Since neither of the available methods for the 

synthesis of 8-substituted 8-azapurine derivatives was 

satisfactory for general synthesis of such compounds it was 

decided in the present studies to investigate a new general 
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route to 8-substituted 8-azapurines (Scheme 5), based 

on the unambiguous synthesis of appropriate 2H-1,2,3-

triazole 1-N-oxides (18) and the derived 2H-1,2,3-

triazoles (19) and their subsequent annulation to 

8-substituted 8-azapurine N-oxides (20) and the parent 

8-substituted 8-azapurines (21). Since the ready 

availability of suitable functionalised 2H-1,2,3-triazole 

derivatives (18) and (19) was crucial for the success 

of this synthetic strategy it was initially important 

to develop a new synthetic method for such compounds 

which did not have the disadvantages of the alkylation 

method already discussed. The method chosen (Scheme 6) 

involved the known 8°  coupling of cyanoacetamide 

derivatives (22) with ar,yldiazonium salts to afford 

hydrazono-nitriles (23) capable of reaction with 

hydroxylamine8l to afford amidoximes (24) oxidative 

cyclisation of which would yield the required 2H-1,2,3-

triazole 1-N-oxides (27), through the formation and 

electrocyclisation of nitroso-azo-intermediates (26). 

The oxidative cyclisations (Scheme 7) of simple ct-diketone 

oxime hydrazones (28) to the corresponding 2H-1,2,3- 

triazole 1-N-oxides (29) are well documented 82  processes. 

Initially the general strategy detailed in Scheme 6 

was investigated (Scheme 8) starting with cyanoacetamide (30) 

which coupled readily with benzenediazonium chloride to 

yield the known 83 2-cyano-2-phenylhydrazonoacetamide (31) 

in quantitative yield. The phenyihydrazonocyanoacetamide (31) 
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reacted readily with hydroxylamine hydrochloride in the 

presence of sodium carbonate to afford the previously 

unknown amidoxime derivative (32) in quantative yield. 

The compound (32) gave mass spectral data and showed 

other spectroscopic data consistent with the assigned 

structure. In particular its i.r. spectrum showed NH 

and OH absorptions due to the amidoxime and am4de 

substituents the presence of the latter also being 

supported by carbonyl absorption a1640 cm 1 . The 

n.m.r. spectrum of the amidoxime (32) contained the 

expected signals for four exchanqble protons as well 

as proton resonances due to five aromatic hydrogen atoms. 

Disappointingly the attempted oxidation of the amidoxirne 

derivative (32) with manganese dioxide under conditions 

successful for related cyaisations (see later) failed to 

afford the hoped for triazole N-oxide (33) only a low 

yield of an unidentified solid being obtained. 

It is unclear why the oxidative cyclisation [(32)-(33)1 

was unsuccessful but the failure of this transformation 

may be due to the presence of the oxidatively sensitive 

primary amide group. On the basis of thassumption it was 

decided to seek a route (Scheme 9) to the corresponding 

nitrile (39) which should allow access to the amide (33) by 

hydrolysis. 84
The route envisaged for the cyanotriazole 

N-oxide (39) (Scheme 9) involved the oxidative cyclisation 

of the phenyihydrazonocyanoacetamidoxime (37) which it 

was anticipated would be readily accessible by reaction of 

the phenylhydrazonochloroacetamidoxirne (36) with cyanide ion. 
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The previously unknown phenyihydrazonochioroacetamidoxime 

(36) was readily prepared in quantitative yield (Scheme 9) 

by coupling of sodio formy1chloroacetonitrile 85  (34) 

with benzenediazonium chloride to afford the known 85  

phenylhydrazonochloroacetonitrile (35) followed by reaction 

with hydroxylamine hydrochloride in the presence of 

sodium carbonate. The phenylhydrazonochloroacetamidoxime 

(36) gave a combustion analysis and mass spectrum and 

13 showed i.r., and 1 H and 	C n.m.r. spectra consistent with 

the assigned structure. Subsequent reaction of the 

acetamidoxime derivative (36) with ethanolic sodium 

cyanide at room temperature afforded a product in 

quantitative yield which gave analytical data in agreement 

with either the phenyihydrazonocyanoacetamidoxime 

structure (37) or the isomeric diaminoisoxazole structure 

(38). However the absence of cyano-absorption in the 

infrared spectrum of the product and the presence of 

resonances in the 1 H n.m.r. spectrum due to two pairs of 

identical exchangable hydrogen atoms is in accord with 

the isoxazole structure (38) rather than the amidoxime 

derivative (37). The four exchangrable protons in the 

latter compound would be expected to give rise to three 

distinct proton resonances. Perplexingly the 13 C n.m.r. 

spectrum contains only three resonances due to quaternary 

carbon atoms whereas both the acetamidoxime derivatIve (37) 

and the isomeric isoxazole derivative (38) possess four 

such carbon atoms. However due to the long relaxation 
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times of hetero-atom substituted quaternary carbon atoms, 

signals for such carbon atoms are not always observed in 

the 13 C n.m.r. spectrum. 86  This provides an explanation 

for the lack of a signal in the 13 C n.m.r. spectrum of the 

compound (37) or (38). 

In conclusion the available evidence supports the 

isoxazole structure (38) as being the product of the 

reaction (Scheme 9) of 2-chloro-2-phenylhydrazono-

acetamidoxirne (36) which ethanolic sodium cyanamide. 

The diamino-isoxazole derivative (38) is presumably 

formed via the intermediacy of the acetamidoxime 

derivative (37) by cyclisation involving the cyano and 

oxime functionalities to form the isoxazole ring. A 

process which has been well documented 87  in the literature. 

Despite the likelihood that the product described 

above is the isoxazole derivative (38) it could still 

lead by ring-opening to the phenyihydrazonocyanacetamid- 

oxime (37) and it was therefore decided to investigate the 

oxidation of the isoxazole derivative (38). The 

attempted oxidation (Scheme 9) of this compound with 

manganese dioxide gave in addition to a moderate recovery 

of starting material (38) a low yield of a product which 

gave accurate mass data consistent with its formulation 

as the known88  phenyihydrazonomalononitrile (40). This 

structure is further supported by the melting point of 

the product which agrees with that of the phenyihydrazono-

malononitrile (40) as reported in the literature. 88  The 
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identity of the product of the manganese dioxide oxidation 

of the isoxazole derivative (38) as phenyihydrazono-

malononitrile (40) is further supported by the presence of 

a cyano-absorption at 2210 cm 1  in its i.r. spectrum and 

resonances in its 1 H and 13 C n.m.r. spectra due to one 

exchangable hydrogen atom and four quaternary carbon atoms. 

This product, phenyihydrazonomalonitrile (40) 

is presumably formed by initial ring opening of the 

isoxazole derivative (38) to the phenyihydrazocyano-

acetamidoxime (37) which does not oxidise to the desired 

2H-1,2,3-triazole derivative (39) but by a loss of 
C' 

hydroxylamine affords the phenylhyd4ozono-malonitrile (40). 

The failure to obtain the cyanotriazole N-oxide 

(39) and hence by hydrolysis the key triazole N-oxide (33) 

prompted the investigation of an alternative synthetic 

strategy. It was therefore decided to seek a route 

(Scheme 10) to the ethoxycarbonyltriazole N-oxide (46) 

which was anticipated to be easily converted by reaction 

with arnmnia under known conditions 89  to the amide (33). 

The route envisaged for the synthesis of the ethoxy-

carbonyltriazole N-oxide (46) involved the oxidative 

cyclisation of the reported 9°  phenylhydrazonoethoxy-

carbonylacetamidoxime (44). It was anticipated that 

this compound would be readily access j.ble by reaction of 

either a mixture of (E) and (Z) ethyl 2-cyano-2-

pheny1hydrazonoacetates 91  (42) and (43) or of these isomers 

individually with hydroxylamine hydrochloride in the 
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presence of sodium acetate as reported. 9°  A readily 

separated mixture of the known 91 (E) and (Z) ethyl 2-

cyano-2-phenylhydrazonoacetates (42) and (43) was 

prepared in high yield by the coupling of ethyl cyano-

acetate with benzenediazonium chloride. The (E)-isomer 

(42) was found to have a melting point of 106-107 °  

which differs markedly from the literature value of 125°. 

However its combustion analysis and other spectroscopic 

data are consistent with it being (E)-ethyl 2-cyano-2-

pheny1hydrazonoacetate (42). In particular its i.r. 

spectrum has a carbonyl absorption at 1740 cm 

characteristic of non-hydrogen bonded esters 92  and the 

n.m.r. has characteristic resonances for an ethyl 

group. The (Z)-isomer (43) however has a melting point 

of 86 0  which agrees with that reported in the literature, 91  

and has a combustion analysis and spectroscopic data 

consistent with the assigned structure. Again of 

particular note is its i.r. spectrum which has a carbonyl 

absorption at 1680 cm 1  characteristic of hydrogen 

bonded esters. 92  

However reaction (Scheme 10) of a mixture of (E)- 

and (Z)-ethyl 2-cyano-2-phenylhydrazonoacetates (42) and (43) 

with hydroxylamine hydrochloride in the presence of 

sodium acetate as. described by Elnagdi and his co-workers 9°  

failed to give 2-ethoxycarbonyl-2-phenylhydrazonoacetamid-

oxime (44) as reported. A product was obtained from this 

reaction in good yield which gave analytical data consistent 
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with it being 5-amino-4-phenylazo-A 4 -isoxazolino-3-one 

(47). This structure is further supported by carbonyl 

absorption in its i.r. spectrum at 1700 cm 1  characteristic 

of cyclic amides. 93  The 1 H n.m.r. spectrum of the 

isoxazolin-3-one (47) contained the expected signals for 

two exchangable protons and also resonances for five 

aromatic hydrogen atoms, and the 13 C n.m.r. contained 

signals for four quaternary carbon atoms. 

In an attempt to obtain 2-ethoxycarbonyl-2-phenyl-

hydrazonoacetamidoxime (44) by using conditions already 

shown to be successful for the conversion of nitriles into 

amidoximes the (E)- and (Z)-isomers (42) and (43) were 

individually treated with hydroxylamine hydrochloride 

in the presence of sodium carbonate. However again the 

isoxazolin-3-one (47) was obtained in good yield for 

both (E)- and (Z)-ethyl 2-cyano-2-phenylhydrazono-

acetates (42) and (43). Presumably this isoxazolin-

3-one derivative (47) is formed by initial reaction of 

hydroxylamine with the ethyl 2-cyano-2-phenylhydrazono-

acetates (42) and (43) to give the N-hydroxyamide 

derivative (45) which then cyclises with loss of ethanol 

to afford the isoxazolin-3-one derivative (47). 

However the mechanism of this reaction still remains unclear. 

Elnagdi and his co-workers 9°  (Scheme 11) describe the 

synthesis of 2-ethoxycarbonyl-2-phenylhydrazonoaceta.midoxjme 

from (E)- and (Z)-ethyl 2-cyano-2-phenylhydrazonoacetate 

(42) and (43) and the conversion of all of these derivatives 
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(42), (43) and (44) into a product they have assigned as 

3-amino-4-phenylaza-t 3 -isoxazo1in-5-one (48). This 

isoxazolin-57one derivative (48) is reported to have a 

melting point of 208° and a carbonyl absorption in its 

i.r. spectrum at 1700 cm. It seems reasonable to 

suggest that this product is not the isoxazolin-5-one (48) 

but the isoxaz6lin-3-one (47) described above which has 

a melting point of 210-212 °  and a carbonyl stretching 

frequency in its i.r. spectrum at 1700 cm 1 . This 

conclusion is supported by the work of Bauer et al 94-96  

in which these authors describe (Scheme 12) the synthesis 

and infrared spectral characteristics of the isoxazolin-

3-one and isoxazolin-5-one derivatives (50) and (51). 

These authors reacted ethyl cyanoacetate (41) with 

hydroxylamine hydrochloride in the presence of sodium 

ethoxide to yield 5-amino-L 4 -isoxazolin-3-one (50) which 

they report as having a carbonyl band in its i.r. 

spectrum at 1636 cm 1 . They also converted the acetamidoxime 

derivative (49), synthesised by the reaction of ethyl 

cyanoacetate with hydroxylamine hydrochloride in the 

presence of sodium ethoxide, into 3-aino-A 3 -i m 	soxazolin-5- 

one (51) which they report as having a carbonyl band in 

its i.r. spectrum at 1775 cm 1 . Hence it can be concluded 

that in general isoxazolin-3-one derivatives would be 

expected to have carbonyl stretching frequencies at 

1700 cm 1  and below and that isoxazolin-5-one derivatives 

would have such carbonyl stretching frequencies at 

greater than 1700 cm1. 
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In an attempt to repeat (see Scheme 11) the 

conversion of (E)- and (Z)-ethyl 2-cyano-2-phenyl-

hydrazonoacetate (42) and (43) into 3-amino--4-phenylazo-

A 3 -isoxazolin-5-one (48) the ethyl cyanophenyihydrazono-

acetates (42) and (43) were reacted with hydroxylamine 

hydrochloride in the presence of sodium carbonate as 

described by Elnagdi and his co-workers. 90  The product 

obtained, which as yet is unidentified, has a melting 

point of 251 °  and a carbonyl stretching frequency in its 

i.r. spectrum/1690-1695 cm 1.  This evidence conflicts 

with the reported melting point of 208° and a carbonyl 

stretching frequency in its i.r. spectrum at 1700 cm 1 . 

In two later papers Elnagdi et al 97 ' 98  describe the 

synthesis (Scheme 13) of 5-amino-4-pheny1azo-z 4 -isoxazolin-

3-one (47) and 3-arnino-4-phenylazo-A 3 -isoxazolin-5-one 

(48). The reaction of the phenylhydrazonoacetonitrile 

derivative (52) with hydroxylamine hydrochloride in the 

presence of sodium ethoxide reported 97 affords 5-amino-4-

phenylazo-A 4 -isoxazolin-3-one. (47). These authors claim 

that this product has a melting point of 238 °  in contrast 

to the melting point of 210-212° obtained for this product 

in the course of the present investigations. Similarly 

Elnagdi and his co-workers 97  reacted (Scheme 13) the 

phenylhydrazonoacetonitrile derivative. (52) with hydroxyl-

amine hydrochloride in the presence of sodium acetate and 

claim to obtain 3-amino-4-phenylazo-i 3 -isoxazolin-5-one (48). 
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In contrast to previous work (see earlier) these authors 

claim that this i8oxazolin-5-one (48) has a melting point 

of 196 ° . Elnagdi et a1 98  have also reported (Scheme 13) 

the synthesis of 5-amino-4-phenylazo-A 4 -isoxazolin-3-one (47) 

from phenyihydrazonomalononitrile (40) by its reaction 

with hydroxylamine hydrochloride in the presence of sodium 

carbonate. Again these authors 98  present conflicting 

evidence since they claim the isoxazolin-3-one derivative (47) 

to have a melting point of 245 0 . 

The synthesis of 3-amino-4-phenylazo-L 3 -isoxazolin-

5-one (48) from (E)- and (Z)-ethyl 2-cyano-2-phenyl-

hydrazonoacetates (42) and (43) (see Scheme 12) has also 

been reported by Dubenko and his co-workers. 99  These 

authors claim that this isoxazolin-5-one derivative (48) 

has a melting point of 231 0 . 

The conflicting nature of the results obtained by various 

groups of workers prompted the investigation of the 

unambiguous synthesis of 5-amino-4-phenylazo-A 4 -isoxazolin-

3-one (47) and 3-amino-4-phenylazo-A 3 -isoxazolin-5-one 

(48). The strategy envisaged (Scheme 14) was by coupling 

of the known 94 ' 96  5-amino-A 4 -isoxazolirx-3-one (50) and 

3-amino-A 3 -isoxazolin-5-one (51) with benzene diazonium 

chloride. However repetition of the reaction of ethyl 

cyanoacetate with sodium ethoxide failed to give 5-amino- 

4 -isoxazolin-3-one (50) as reported94  only a multi-

component oil being obtained. 
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The attempted preparation of 3-amino-6 3 -isoxazolin-

5-one (51) from 2-ethoxycarbonylacetamidoxime (49) also 

was unsuccessful, a multicomponent oil being obtained when 

the reaction was carried out in the presence of sodium 

hydroxide and a good yield of unreacted 2-ethoxycarbonyl-

acetamidoxime (49) being obtained when the reaction was 

carried out in the presence of sodium carbonate. 2-Ethoxy-

carbonylacetamidoxime (49) was readily prepared by the 

procedure of England and Tennant 10°  and whose melting point 

was identical to that reported. 96  

2-Ethoxycarbonylacetamidoxime (49) offers an 

alternative route (Scheme 15) to 2-ethoxycarbonyl-2-phenyl-

hydrazonoacetamidoxime (44) which as described earlier in 

Scheme 10 is anticipated by oxidative cyclisation to 

afford the ethoxycarbonyltriazole N-oxide derivative (46) 

and thence by reaction with ammonia yield the key precursor, 

the triazole 1-N-oxide (33), in the overall strategy to 

2H-8-azapurine derivatives. However coupling of 2-

ethoxycarbonylacetamidoxime (49) with benzenediazonium 

chloride gave a good yield of 5-amino-4-phenylazo-A 3 -isoxazoljn-

3-one (47). This product has identical melting point and 

i.r. spectrum to that described earlier. The mechanism 

of this transformation remains unclear. 

The failure to obtain 2-ethoxycarbonyl-2-phenyl-

hydrazonoacetamidoxime (44) prompted the design of a 

synthetic strategy in which the ester functionality could 
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be introduced at a later stage of the overall synthesis 

(Scheme 16) to the key triazole 1-N-oxide (33). It was 

therefore decided to seek a route (Scheme 16) to 

2-pheny1hydrazonomalonamidoxime (53) which would offer 

two routes to the desired ethoxycarbonyltriazole 

derivative (46). Firstly by oxidative cyclisation of 

the malonamidoxime (53) to the triazole 1-N-oxide (54) 

which by esterification under standard conditions 101  

would be anticipated to give the triazole derivative (46). 

Secondly by initial esterification 101  of the malon-

amidoxime (53) and consequent oxidative cyclisation of 

the acetamidoxime derivative (44) to give the desired 

ethoxycarbonyltriazole N-oxide (46). 

The previously unknown 2-phenyihydrazonomalon-

amidoxime (53) was synthesised in good yield (Scheme 16) 

from (E) -2-cyano-2-phenylhydrazonoacetic acid (52)91 

by its treatment with hydroxylamine hydrochloride in 

the presence of sodium carbonate. The compound (53) 

has combustion analysis and other spectroscopic data 

consistent with the assigned structure. In particular 

its i.r. spectrum showed NH and OH absorptions due to 

the amidoxime A  carboxylic acid substituents the 

presence of the latter being supported by a carbonyl 

absorption at 1680 cm 1 . The 1 H n.m.r. spectrum of 

the amidoxime (53) contained the expected signals for 

five exchangable protons and proton resonances due to five 

aromatic hydrogen atoms. (E) -2-cyano-2-phenylhydrazono- 
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acetic acid (52) was readily accessable by the hydrolysis 

of a mixture of (E)- and (Z)-ethyl 2-cyano-2-phenyl-

hydrazonoacetates (42) and (43) with aqueous sodium 

hydroxide as described by Brecknell and his co-workers. 91  

The oxidation of 2-pheny1hydrazonorra lonamidoxime 

(53) with manganese dioxide (Scheme 16) gave a low yield 

of 5-amino-2-pheriyl-2H-1 ,2,3-triazole-4-carboxylic acid 

1-N-oxide (54). The compound (54) has accurate mass 

spectral data consistent with the assigned structure. 

It has an i.r. spectrum containing a characteristic 

carboxylic acid OH absorption supported by a broad 

carbonyl band at T tcm 1 . The 1 H n.m.r. of the 

triazolé derivative (54) contains resonances due to 

five aromatic hydrogen atoms but perplexingly has an 
2. 

anomQ,lous number of exchangble protons. 

The low yield of the oxidation of 2-phenyihydrazono-

malonamidoxime (53) to the triazole N-oxide (54) prompted 

investigation of the esterification of 2-phenylhydrazono-

malonamidoxime (53). However reaction of 2-phenylhydra-

zonomalonamidoxime (53) with concentrated sulphuric acid 

in ethanol (Scheme 16) gave a good yield of the 

previously unknown 2-pheny1hydrazonoacetamidoxime (55) 

none of the expected 2-ethoxycarbonyl-2-phenylhydrazono-

acetamidoxime (44) could be detected. The compound (55) 

has accurate mass spectrum and other spectroscopic data 

consistent with it being the assigned structure. In 

particular the 1  H n.m.r. spectrum contains resonances for 

13 three exchan4le  protons and the C spectrum has two 

signals for quaternary carbon atoms. 
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The failure of this strategy to obtain the 

ethoxycarbonyltriazole 1-N-oxide (46) prompted investigation 

of a different strategy to 2H-8-azapurines from 4-

amino-2H-1,2,3-triazole derivatives. Therefore it was 

decided to investigate (Scheme 17) the synthesis of 

4-amino-5-acyl-2H-1 ,2,3-triazole 1-N-oxide derivatives 

(56) and the derived 2H-1,2,3-triazoles (57), their 

subsequent oximation 102  to the derivatives (58) and (59) 

and the annulation of these oximes to the 8-substituted-

8-azapurine N-oxides (60) and (61) and thence by 

reduction a&6ean& the parent 8-substituted-8-azapurine 

derivatives (62) 

The general strategy outlined in scheme 17 was 

psued (Scheme 18) starting with benzoylacetonitrile 

(63) which was readily prepared from 2-brornoacetophenone 

by reaction with potassium cyanide as described by 

Obregia. 05  Benzoylacetonitrile (63) coupled readily with 

benzenediazonium chloride to yield the known 104  2-benzoyl-

2-phenyihydrazonoacetonitrile. (64) in high yield. The 

reaction of 2-benzoyl-2-pheriylhydrazonoacetonitrile (64) 

with hydroxylamine hydrochloride in the presence of sodium 

carbonate gave a quantitative yield of the known 90  

2-benzoyl-2-phenylhvdrazonoacetomidoxime (65). The 

functional group chemistry of this compound was investigated 

and is described later (see Scheme 19). 



ES 

The phenyihydrazonoacetamidoxime (61) was smoothly 

oxidised (Scheme 18) in high yield with manganese 

dioxide to the previously unknown 5-amino-4-benzoyl--

2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (66). This 

triazole N-oxide (66) has combustion analysis and 

spectroscopic data consistent with the assigned 

structure. The i.r. spectrum of the triazole derivative 

(66) has a carbonyl absorption at 1650 cm. The 

n.m.r. spectrum of this compound (66) contains resonances 

for ten aromatic hydrogen atoms and signals for two 

exchang"able hydrogen atoms. The 3 C n.m.r. spectrum 

perplexingly contains only four resonances due to the 

quaternary carbon atoms whereas the assigned structure 

(66) contains five such carbon atoms. However a stated 

earlier the long relaxation times of hetero-atom 

substituted quaternary carbon atoms can mean that signals 

for such carbon atoms are not always observed in the 

13 n.m.r. spectrum. 86  The functional group chemistry of 

this new compound (.66) was investigated and is discussed 

later (see Schemes 20-24). 

The 2H-1,2,3-triazole 1-N-oxide (66) was reacted with 

ethanolic hydroxylamine hydrochloride (Scheme 18) to afford 

the previously unknown 5-amino-4-benzoyl-2-phenyl-2H-

1,2,3-triazole 1-N-oxide oxime (68) in quantitative yield. 

This compound (68) has accurate mass spectral data and 

other spectroscopic data consistent with the assigned 

structure. In particular the 1 H n.m.r. spectrum contains 
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resonances for ten aromatic hydrogen atoms and three 

exchangable protons. Disappointingly the attempted 

annulation (Scheme 18) of the 2H-1,2,3-triazole 1-N-oxide 

oxime (68) with triethyl orthoformate gave a multi-

component gum none of the expected 2H-8-azapurine N-oxide 
.7o) 	 - 	 - 

derivative! being detected. 

It is uncertain why this annulation [(68)+(70)] was 

unsuccessful but the failure of this reaction prompted 

the investigation of the reduction 106  (Scheme 18) of 

the 2H-1,2,3-triazole 1-N-oxide oxime (68) in an attempt 

to obtain the 2H-1,2,3-triazole derivative (69) which 

might be more amenable toward cyclisation to give a 

2H-8-azapurine derivative. However attempted reduction 

of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-triazole 1-N-

oxide oxime (68) by reaction with sodium dithionite was 

unsuccessful, a good yield of unreacted starting material 

being recovered. The failure of this latter reduction step 

[(68)(69)] prompted the investigation of the reduction 

of the 2H-1,2,3-triazole 1-N-oxide (66) to its parent 

2H-1,2,3-triazolederivative (67) which was anticipated 

to yield the desired oxirrte derivative (69) on reaction with 

hydroxylamine hydrochloride. The reaction of 5-amino-

4-benzoyl-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (66) with 

sodium dithionite afforded a low yield of 4-amino-5-benzoyl-

2-phenyl-2H-1,2,3-triazole (67). This compound (67) has 

combustion analysis and other spectroscopic data in 

agreement with the assigned structure. In particular it has 

a carbonyl absorption at 1635 cm 1  in its i.r. spectrum. 
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The triazole (67) contained resonances in its 1 H n.m.r. 
a 

spectrum for ten aromatic hydrogen atoms and two exchan'able 

protons. Due to the low yield of the transformation 

[(66)-(67)]it was decided not to pursue the oximation 

of the 2H-1,2,3-triazole derivative (67) to the desired 

oxime derivative •(69) and thence by cyclisation the 

2H-8-azapurine ring system. 

As stated earlier the functional group chemistry 

(Scheme 19) of 2-benzoyl-2-phenyl hydrazonoacetamidoxime 

(65) was investigated. The reaction of the phenyihydrazono-

acetamidoxime (65) with acetic anhydride was expected to give 

the acetamide derivative (71). However in practice only 

a low yield of the known 3-phenyl-4-phenylhydrazono-A 2 -

isoxazolin-5-one (72)107  was isolated. This compound (72) 

has a melting point of 168-169 0  which is in agreement with the 

literature. 107  It also has combustion analysis and 

spectroscopic data consistent with the assigned structure. 

In particular its i.r. spectrum contains a carbonyl 

absorption at 1720 cm 1  consistent with such an isoxazolin-

5-one (see earlier) . The H ri.m.r. spectrum contains 

resonances for ten aromatic hydrogen atoms and a single 

exchangable proton and the 13 C n.m.r. spectrum contains 

signals for five quaternary carbon atoms. The mechanism 

of this transformation [(65)4(72)] remains unclear. 
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In order to derivatise the oxime functionality 

2-benzoyl-2-phenylhydrazonoacetamidoxime (65) was reacted 

with acetyl chloride in the presence of triethylamine, 

conditions known to acetylate oximes, 108  to give a 

quantitative yield of 0-acetyl-2-benzoyl-2-phenylhydra-

zonoacetamidoxime (73). This phenyihydrazonoacetamidoxime 

(73) gave combustion analysis and spectroscopic data 

consistent with the assigned structure. In particular 

its i.r. spectrum contains a carbonyl absorption at 

1750 cm 1  characteristic of an oxime acetate. 109  The 

13 n.m.r. spectrum contains six signals for quaternary 

carbon atoms, and a signal for a methyl carbon atom. 

Also as stated earlier, the functional group 

chemistry (Schemes 20-24) of 5-amino-4-benzoyl-2-phenyl-

2H-1,2,3-triazole 1-N-oxide (66) was investigated. 

Reaction (Scheme 20) of the 2H-1,2,3-triazole derivative 

(66) with acetic anhydride gave a low yield of the 

expected acetamide derivative (74) . This compound has 

accurate mass spectral data in agreement with the 

assigned structure. Perplexingly however its i.r. spectrum 

contains a carbonyl band at 1760 cm 1 . This is too 

high for an amide carbonyl which would be expected to 

have a carbonyl stretching frequency at around 1650 cm 1 . 

It is known. that triazole N-oxides can react with 

hydrochloric acid to afford aryl substituted 1,2,3-

triazole derivatives. '1°  In the case (Scheme 21) where 

5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-triazole 1-N-Oxide (66) 

is treated with hydrochloric acid two products might be 
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expected. Firstly by rearrangement through the inter-

mediate (76) to afford 4-amino-5-benzoyl-2-(4-chloro-

phenyl)-2H-1 ,2,3-triazole (75). Secondly by hydrolysis 

via the intermediates (78) and (79) to afford 4-benzoyl-

1-hydroxy-2-phenyl-2H-A 2 -1 ,2,3-triazolin-5-one (79). 

However in practice treatment of the 2H-1,2,3-triazole 

1-N-oxide (66) with ethanolic hydrochloric acid gave a 

good yield of unreacted starting material none of the 

anticipated products (75) and (79) were detected. 

Similarly treatment with alkali (Scheme 22) of 

the 2H-1,2,3-triazole 1-N-oxide (66) might be expected to 

give two products. Firstly the triazolin-5-one 

derivative (79) by hydrolytic elimination of ammonia through 

the intermediate (80). Secondly 5-amino-2-phenyl-2H-

1,2,3-triazole 1-N-oxide (83) by elimination of benzoic 

acid (82) by the mechanism illustrated (Scheme 22) via 

the intermediate (81), a process which has been reported. 111  

However treatment of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2 ,3-

triazole 1-N-oxide (66) with potassium hydroxide yielded 

neither of the expected products, a low yield of starting 

material and an unidentified solid being isolated. 

In further exploring the functional group chemistry of 

the 2H-1,2,3-triazole derivative (66) it was decided to 

investigate its behaviour toward hydrogen peroxide in acid. 

It was expected that these conditions would induce a 

Bayer-Villiger rearrangement 112  (Scheme 23) to yield the 

esters (86) and (87) by the mechanism illustrated. These 
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esters (86) and (87) might then be anticipated to afford 

the triazole derivatives (88) and (89) by either loss of 

phenol and benzoic acid respectively. However reaction 

(Scheme 24) of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide (66) with hydrogen peroxide in acetic acid 

afforded 4-benzoyl-5-nitroso-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide (90) in low yield along with a moderate yield 

of unreacted starting material. This product (90) is formed 

by oxidation of the amino substituent,.a well documented 

process. 113,114  The 4-benzoyl-5-nitroso-2-phenyl-2H-

1,2,3-triazole 1-N-oxide (90) has combustion analysis and 

spectroscopic data in agreement with the assigned 

structure. In particular its i.r. spectrum has a carbonyl 

band at 1680 cm 1  and the 13 C n.m.r. spectrum has signals 

for five guaternary carbon atoms. 

The discussion in this section has so far been 

confined to the synthesis of 4-amino-2H-1,2,3-triazole 

derivatives which afford an approach to the synthesis of 

2H-8-azapurines. However these 4-amino-2H-1 ,2,3-triazole 

derivatives can also be used in the synthesis of 2H-

2,8-diazapurines. In particular (Scheme 25) 5-amino-4-

benzoyl-2--phenyl-2H-1 ,2,3-triazole 1-N-oxide (66) was 

anticipated to yield the hydrazone derivative (91) on 

115 reaction with hydrazine monohydrate 	or hydrazine 

116 hydrochloride. 	The hydrazone (91) was further 

anticipated to yield the 2H-2,8-diazapurine (95) by 

diazotative cyclisation41 ' 46 ' 47  through the intermediacy of 
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the derivatives (93) and (94). The 2H-2,8-diazapurine 

derivative (95) was also the anticipated product of the 

tosyihydrazone derivate (92) on treatment with base, 117  

presumably by the same mechanism. This tosyihydrazone 

derivative (92) was expected to be readily available by 

reaction of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-tazo1e 

1-N-oxide (66) with tosylhydrazine. 118  

Disappointingly reaction (Scheme 25) 	the 

2H-1,2,3-triazole derivative (66) with hydrazine monohydrate, 

hydrazine hydrochloride and tosyihydrazine failed to give 

any of the expected triazole products (91) and (92). 

Reaction of the triazole derivative (66) with hydrazine 

monohydrate and tosyihydrazine gave a good yield of 

unreacted starting material in both cases. Its reaction 

with hydrazine hydrochloride gave a low yield of unreacted 

starting material and a series of unidentified gums. 

2.3 	General Synthetic Approaches to 2H - 1,2,3 -Triazolo - 

[4 ,5 -b]pyrazine Derivatives from A-11mino-2H-1 ,2,3-

Triazole Derivatives 

Only a single method appears to have been described 75  

for the synthesis of 2H- 1,2,3 -triazolo[4,5 -b]pyrazine 

derivatives. This involves the condensation of a 4,5-diamino-

2H-1,2,3-triazole with ct-dicarbonyl compounds as illustrated 

(Scheme 26) by the condensation of 4,5-diamino-2-phenyl- 

2H-1 ,2,3-triazole 	119 with cL-dicarbonyl compounds 

(96) to yield 2H-1,2,3-triazolo[4,5-b]pyrazine  derivatives (98). 
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Indeed, 4,5-diarnino-2-phenyl-2H-1 ,2,3-triazole (97) 

appears to be the only example of a 4,5-diamino-2H-

1,2,3-triazole derivative. Its preparation has been 

described by Thiele and Schleusner 119 as illustrated 

(Scheme 27) in which phenylazomalonitrile (40) was 

treated with hydroxylamine hydrochloride in the presence of 

sodium hydroxide to afford 2-amino-2-phenylacetamidoxime 

(102k). A mechanism for this reaction was not proposed by 

these authors however it would seem feasible that 
0-4 f 

the reaction proceeds as follows. Initial 	maIon 1  
a' /fl e fli tne'(' V 2ylhyr a 

~tother with hydroxylamine 	give the intermediate (99). 

This product (99), by loss of hydrogen cyanide, can 

form the acetamidoxime derivative (100) which by dehydration 

and further reduction affords the isolated 2-amino-2-

pheny1hydrazonoacetamidoxime (102). This acetamidoxime 

(102) was dehydratively cyclised in water at high 

temperature and high pressure to yield 4,5-diamino-2-

phenyl-2H-1 ,2,3-triazole (97). 

Alternative routes to this 4 ,5-diamino-2-phenyl-2H--

1,2,3-triazole (97) were investigated in order to examine 

the possibility of obtaining a general route to a variety 

of 4,5-diamino-2-aryl-2H-1 ,2,3-triazoles and hence 

further derivatives of the 2H-1 ,2,3-triazolo[4 ,5-blpyrazine 

ring system. Initially this was investigated (Scheme 28) 

starting with 2-chloro-2-phenylhydrazonoacetamidoxime (36) 

whose preparation was described earlier (see Scheme 9) 

and which on treatment with manganese dioxide gave a 
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high yield of 5-arnino-4-chloro-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide (103). This previously unknown compound has 

combustion analysis and spectroscopic data consistent with 

the assigned structure. In particular the 1 H n.rn.r. 

contained the expected signals for two exchangble 

protons as well as resonances for five aromatic hydrogen 

atoms. The 13 C n.m.r. exhibits, as expected, three signals 

for quaternary carbon atoms and the mass spectrum has two 

characteristic peaks at 212 and 210 corresponding to 

the two isotopes of chlorine. 

It was anticipated that the chloro group of the 2H-1,2,3-

triazole 1-N-oxide (103) would be readily displaced by 

reaction with ammonia to yield 4,5-diamino-2-phenyl-2H-

1,2,3-triazole 1-N-oxide (104). This compound,by reduction, 

would afford 4 ,5-diamino-2-phenyl-2H--1 ,2,3-triazole and 

hence 2H-1 ,2,3 -triazolo[4,5 -b]pyrazine derivatives. 

However, treatment of the chiorotriazole N-oxide (103) 

with ammonia failed to afford the expected diamino-triazole 

derivative (104) only a high yield of unreacted starting 

material being isolated. 

The unexpected inertness of the chloro group of the 

triazole N-oxide (103) to displacement 6 
IV

ammonia prompted 

the reaction (Scheme 28) of the triazole derivative (103) 

with ethoxide ion, a better nucleophile than ammonia. 120  

It was anticipated that this reaction would afford 5-amino-

4-ethoxy-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (105). 
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However, treatment of 5-amino--4-chloro-2-phenyl-2H-

1,2,3-triazole 1-N-oxide (103) with sodium ethoxide 

yielded a multicomponent gum, none of the expected 

triazole derivative (105) was detected. 

It is not certain why displacement of the chioro 

group of the triazole N-oxide derivative (103) should 

either be complicated or not proceed. However the 

failure of this transformation prompted the investigation 

of a route (Scheme 29) to 5-amino-4-phenylsulphonyl-2-

phenyl72H-1,2,3-triazole 1-N-oxide (109) since it has 

been reportedl2l  that the phenylsulphonyl moi4ty is a 

better leaving group than a chioro substituent. Hence 

the synthesis of the triazole derivative (109) was 

pursued starting with benzene suiphonylacetonitrile 

which was readily prepared by reaction of sodium benzene-

sulphinate with chioroacetonitrile as described by 

Trc'ger and Hille 122  in good yield. Benzenesulphonyl-

acetonitrile was coupled with benzenediazonium chloride 

to af ford the previously unknown 2-benzenesulphonyl-2-

pheny1hydrazonoacetonitrile (107) in quantitative yield. 

This compound (107) has combustion analysis and 

spectroscopic data consistent with the assigned structure. 

In particular its i.r. spectrum has a nitrile absorption 

at 2200 cm 1 . The 1 H n.m.r. of the acetonitrile (107) 

contains resonances for ten aromatic hydrogen atoms and 

one exchangble proton. 
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2-Benzenesulphonyl-2-phenylhydrazonoacetonitrile (107) 

was readily convert7e (S heme 29) into the previously 

unknown 2-benzen 2-phenyihydrazonoacetamidoxime (108) 

by treatment with hydroxylamine hydrochloride in the 

presence of sodium carbonate. This compound (108) has 

combustion analysis and spectroscopic data consistent 

with the assigned structure. In particular its 
1  H n.m.r. 

spectrum contains signals for resonances of ten aromatic 

hydrogen atoms and four exchangble protons. However, 

its 13  n.m.r. spectrum contains only three resonances 

for quaternary carbon atoms whereas the compound (108) 

contains four such carbon atoms. However, as was 

stated earlier due to the long relaxation times of hetero-

atom substituted quaternary carbon atoms, signals for 

such carbon atoms are not always observed in the 

n.m.r. spectrum. 86  

The oxidation of 2-benzenesulphonyl-2-phenyl-. 

hydrazonoacetamidoxime (108) with manganese dioxide 

(Scheme 29) afforded a high yield of the previously 

unknown 5-amino-4-benzenesulphonyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (109). This product (109) has 

combustion analysis and spectroscopic data consistent 

with the assigned structure. In particular the 1 H n.m.r. 

spectrum exhibits resonances for ten aromatic hydrogen atoms 

13 and two exchangable protons. The 	C n.m.r. spectrum 
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contains four signals corresponding to the compound's 
.Vis a'ppolfrYh)2q/y 

four quaternary carbon atoms. D.-&ap±n++-however, reaction 

of this triazole N-oxide (109) with ammonia failed to give 

the desired 4,5-diamino-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide (104) a quantitative yield of unreacted starting 

material. L>eln r-eco"et'-ed. 

The failure of the nucleophilic displacement of 

both the chioro moiety and benzenesulphonyl group in the 

triazole derivatives (103) and (109) respectively prompted 

the investigation of new synthetic routes to the 

acetamidoxime derivative (102) which has been described 

- by Thiele and Schluessner. 119 It was anticipated that 

this derivative (102) would undergo oxidation with 

manganese dioxide to yield the diaminotriazole N-oxide 

(104) which in turn could be reduced to the desired 

parent triazole (97). 

Therefore two new routes (Scheme 30) to 2-amino-2-

pheny1hydrazonoacetamidoxime (102) were investigated. 

Firstly 2-chloro-2-phenylhydrazonoacetamidoxime (36) 

whose synthesis has been previously described (see Scheme 9) 

on treatment with ammonia gave a moderate yield of the 

expected 2-amino-2-phenylhydrazonoacetamidoxime (102). 

This compound (102) has a melting point in agreement 

with that reported 119  and combustion analysis and 

spectroscopicdata consistent with -the assigned structure. 

Secondly, a better overall yielding route (Scheme 30) 

from 2-chloro-2-phenyihydrazonoacetonitrile (35), whose 
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preparation has been discussed earlier (see Scheme 9) 

was investigated. The reaction of 2-chloro-2--phenyl-

hydrazonoacetonitrile (35) with ammonia afforded the 

previously unknown 2-amino-2-phenylhydrazonoacetonitrile 

(110) in high yield. This compound has combustion analysis 

and spectroscopic data consistent with the assigned 

structure. In - particular this acetonitrile derivative 

(110) has in its i.r. spectrum a cyano band at 2215 cm. 

Its. 1 H n.m.r. spectrum contains resonances for five 

aromatic hydrogen atoms and three exchangable protons. 

Reaction of 2-amino-2-phenylhydrazonoacetonitrile (110) 

with hydroxylamine hydrochloride in the presence of 

sodium carbonate afforded a quantitative yield of 

2-amino-2-phenylhydrazonoacetamidoxime (102) having 

melting point and i.r. spectrum identical to that 

discussed above. 

Disappointingly, treatment (Scheme 30) of the 

acetamidoxime (102) with manganese dioxide failed to give 

the expected 4,5-diamino-2--phenyl-2H-1 ,2,3-triazole 

1-N-oxide (104). A series of multicomponent gums being 

isolated. 

It is not clear why the oxidative cyclisation 

[(102)-(104)] was not successful but it is possible that 
+ke- 

it may be due toX2-amino substituent being oxidatively 

sensitive. On the basis of this assumption it was 

decided to investigate (Scheme 31) the behaviour of 

an amino substitutent containing no oxidatively sensitive 
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hydrogen atoms. To this end, 2-phenylhydrazono-2-

(piperidin-1-yl)acetamidoxime (111) was prepared by 

the reaction of 2-chloro-2-phenylhydrazonoacetamidoxime 

whose synthesis has been discussed earlier (see Scheme 9), 

with piperidine. The product (111) was obtained only in 

low yield but has óombustion analysis and spectroscopic 

data consistent with the assigned structure. In 

particular the 1  H n.m.r. spectrum has resonances for 

five aromatic hydrogen atoms, ten hydrogen atoms of 

the piperidinyl group and four exchangable protons. 

13 The 	C n.m.r. spectrum of the acetamidoxime (111) 

exhibits three signals for quaternary carbon atoms. 

The treatment of the acetamidoxime derivative 

(111) with manganese dioxide perplexingly failed to 

yield the expected 2H-1,2,3-triazole N-oxide derivative 

(112), a multi-component gum being isolated. Hence 

it remains unclear why the oxidative cyclisation of 

2-amino-2-phenylhydrazonoacetamidoxime (102) failed to 

give the desired triazole N-oxide (104). 

The failure of this transformation [(102)4(104)] 

prompted the investigation of the cyclodehydration 

(Scheme 32) of 2-amino-2-phenylhydrazonoacetamidoxime (102) 

to 4,5-diamino-2-phenyl-2H-1 ,2,3-triazole (97). Since 

this transformation has been described by Thiele and 

Schlausner 119 as discussed earlier (see Scheme 27) it 

was decided to investigate new conditions for this 

transformation (Scheme 32). Firstly, the acetamidoxime 
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(102) was treated with thionyl chloride in an attempt 

to induce dehydrative cyclisation as is known to happen 

in similar systems) 23  However, this reaction afforded 

a dark multicomponent gum, none of the desired triazole 

derivative (97) being detected. Secondly, the 

acetamidoxime (102) was treated with toluene-4-sulphonic 

acid, conditions also known to cause cyclodehydration. 24  

However, in this reaction a good yield of unreacted 

starting material was recovered. Finally it was 

anticipated that treatment of the acetamidoxime (102) 

with triethylarnine and toluene-4-sulphonyl chloride 

(tosyl chloride) 
125 would yield either the triazole 

derivative (97) directly or the tosylate derivative 

(113) which by further heating would afford the desired 

triazole derivative (97) . However, reaction of 2-amino-

2-pheny1hydrazonoacetamidoxiine (102) with triethylamine 

and tosyl chloride afforded a series of gums, none of 

the expected products being detected. It would appear 

that the method described by Thiele and Schleusner 9  

(see Scheme 27) for the cyclodehydration of 2-amino-2-

pheny1hydrazonoacetamidoxime (102) remains the method 

of choice. 

The failure to transfurl2-amino-2-phenylhydrazono-

acetamidoxime (102) to either the triazole N-oxide (104) by 

oxidation or the triazole (97) by cyclodehydration prompted 

the investigation of an alternative route to 4,5-diamino-

2-phenyl-2H-1,2,3-triazole 1-N-oxide (104). It was 



0 

H0" Ph 

	
Ch NPh  

CN 
	

CN 
(52) 
	

(35) 

IV 

ONNPh CtNPh 	C1Nph 

CN 	I.1 2 N>N0H CtH2NOEt 
(114) 	 (36) 	 (115) 

NI 

H 	 H 	H 
NPh 	H0NfNNPh 

H2NN-0H 	H2NN OH 
(116) 	 (117) 

[0]  
[0] 

ON__ 

H2N 

(118) 0- 

V 

H-N___ 

H- h1  
H 2  N(NPh 

(104) 

(1) NaNO 2 , AcOH, 00 

HC1, EtOH, 00 

NH2OH. FIC1,Na 2 CO 3 , room temperature 

NH 2cH. FiC1, Na 2 CQ 3 , reflux 



64 

therefore decided to seek a route (Scheme 33) to 5-amino-

4-nitroso-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (118) 

which by reduction 126  might be expected to give the 

desired 4,5-diamino-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide 

(104). In fact, three routes (Scheme 33) to the 

nitrosotriazole N-oxide (118) were investigated. 

Firstly, treatment of (E)-2-cyano-2-phenylhydra-

zonoacetic acid (52) , whose synthesis has been discussed 

earlier (see Scheme 16)., with sodium nitrite in glacial 

acetic acid as described by Gewald and his co-workers 127  

afforded a good yield of 2-nitroso-2-phenylhydrazono-

acetonitrile (2-oximinino-2-phenylazoacetonitrile) (114). 

There is a discrepancy in the melting point of this 

product, in that it is reported 
127 as 166-168 , whereas 

it has been found to be 156-157 ° . However it has 

combustion analysis and spectroscopic data consistent with 

the assigned structure. It was anticipated that treatment of 

this acétonitrile derivative (114) with hydroxylamine-

hydrochloride in the presence of sodium carbonate would 

afford the acetamidoxime derivative (116) which by 

oxidation would give the desired nitrosotriazole N-oxide 

(118). However in practice reaction of 2-nitroso-2-

pheny1hydrazonoacetonitrile (114) with hydroxylamino-

hydrochloride in the presence of sodium carbonate gave a 

moderate yield of starting material and a series of gums. 
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The failure of this transformation [(114)+(116)] 

prompted the investigation of a second route (Scheme 33) 

to the nitroso triazole N-oxide (118). It was expected 

that the acetamidoxime (117) would be oxidised to the 

desired triazole N-oxide (118) and that this acetamidoxime 

derivative (117) would be accessjble from 2-chloro-2-

pheny1hydrazonoacetamidoxime (36), whose synthesis has 

been discussed earlier (see Scheme 9), by treatment with 

hydroxylamine. Reaction of 2-chloro-2-phenylhydrazono-

acetamidoxime (36) with hydroxylamine hydrochlorile in 

the presence of sodium carbonate however gave a good 

recovery of unreacted starting material. 

The failure of this reaction [(36)(117)] prompted 

the investigation of another route (Scheme 33) to this 

acetamidoxime derivative (117) and hence by oxidation the 

nitroso-triazole N-oxide (118), i.e. the third route to 

this compound. 2-Chloro-2-phenylhydrazonoacetonitrile 

(35) , whose preparation has been described earlier (see 

Scheme 9), was treated as a solution in ethanol with a 

slow stream of hydrogen chloride gas, standard conditions 

for the formation of imidates from nitriles, 28  to afford 

ethyl 2-chloro-2-phenylhydrazonoacetimidate hydrochloride 

(115) in high yield. This compound has accurate mass 

spectral data and other spectroscopic data consistent with 

the structure assigned. In particular, the 1  H n.m.r. 

spectrum has resonances for five aromatic protons and 

characteristic signals for the five hydrogen atoms of 
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an ethyl group, as well as a single exchangIDle proton. 

This imidate hydrochloride (115) was anticipated to 

yield the desired acetarnidoxirne derivative (117) on 

treatment with a large excess of hydroxylamine. However 

reaction of ethyl 2-chloro-2-phenylhydrazOnoacetirflidate 

hydrochloride (115) with a large excess of hydroxylamine 

hydrochloride in the presence of sodium carbonate gave a 

quantitative yield of 2-chloro--2-phenylhydrazono- 

acetamidoxime (36) having melting point and i.r. spectrum 

identical to a sample previously described. 

2.4 	General Synthetic Approaches to 2H-6,8-Diazapurine 

Derivatives from 4-Aminc-2H-1 ,2,3-Triazole 

Derivatives 

The 2H-6,8-diazapurine ring system is unknown and 

4-amino-2H-1,2,3-triaZole derivatives appear to offer a 

synthetic strategy toward the synthesis of derivatives 

of this unknown ring system. In particular (Scheme 34) 

5-amino-4-chloro-2-phenyl-2H1 ,2,3-triazole 1-N-oxide 

(103) was anticipated on reaction with hydrazine mono-

hydrate to afford 5-amino-4-hydrazino-2-phenyl-2H1 ,2,3-

triazole 1-N-oxide (119) and by subsequent reduction 

the parent triazole (120). These triazole derivatives 

(119) and (120) would be expected by standard cyclisations 

to afford the 2H-6,8-diazapurine derivatives (121) and 

(122) . However, reaction of the chiorotriazole N-oxide 

(103) with hydrazine monohydrate gave a quantitative 
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recovery of unreacted starting material. This result 

confirms the earlier observation concerning the inertness of 

the chioro group in this triazole deri\rative (103) to 

nucleophilic displacement. 

The failure of this reaction [(103)-(119)] prompted 

the investigation (Scheme 35) of the reaction of 2-chioro-

2-phenyihydrazonoacetamidoxime (36) with hydrazine mono-

hydrate which would be expected to yield 2-hydrazino-2-

pheny1hydrazonoacetamidoxime (123) and thence by oxidation 

the desired 5-amino-4-hydrazino-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide (120). However, treatment of the chiorophenyl-

hydrazonoacetamidoxirne (36) with hydrazine monohydrate 

gave a quantitative recovery of starting material. This is 

a surprising result since this acetamidoxime (36)' reacts 

with other nucleophiles, such as ammonia, cyanide ion 

and piperidine, as described earlier. Therefore it was 

decided to react (Scheme 35) the acetamidoxime derivative 

(36) with phenyihydrazine to investigate if this derivative 

(36) will react with hydrazines. Again a quantitative 

yield of starting material was recovered on reaction of 

2-chloro-2-phenylhydrazonoacetamidoxime (36) with 

phenyihydrazine. This result tends to indicate that the 

chioro substituent of the acetamidoxime (36) is inert 

to displacement by hydrazines. 

The failure of hydrazines to displace the chioro 

group of the acetamidoxime (36) prompted the investigation 

(Scheme 36) of the displacement of the chloro group in 
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2-chloro-2-phenylhydrazonoacetonitrile (35), whose 

synthesis has been discussed earlier (see Scheme 9) , by 

hydrazine monohydrate. It was anticipated that such a 

transformation would give the acetonitrile derivative 

(125) which by reaction with hydroxylamine hydrochloride 

in the presence of sodium carbonate would yield the 

acetamidoxime derivative (123) and thence by oxidation 

the triazole N-oxide (120), the key precursor in the 

strategy previously outlined (Scheme 34) to the unknown 

2H-6,8-diazapurine ring system. 

Disappointingly however, reaction of 2-chloro-2-

pheny1hydrazonoacetonitrile (35) with hydrazine monohydrate 

afford a series of gums. It remains unclear why this 

displacement reaction is complex whereas as discussed 

previously the chiorophenyihydrazonoacetonitrile (35) 

reacts smoothly with ammonia to yield 2-amino-2-phenylhydra-

zonoacetonitrile (110) (see Scheme 30). 

In conclusion although no derivatives of 2H-aza-

and 2H-diazapurines have been synthesised a variety of 

synthetic strategies in which 4-amino-2H-1,2,3-triazoles 

are the key precursor have been investigated. Particularly 

encouraging has been the success in synthesising a. variety 

of phenylhydrazonoacetamidoxime derivatives which by 

oxidation have yielded the corresponding 5-amino-2H-1 ,2,3-

triazole 1-N-oxide derivatives. It is hoped that future 

workers will continue to investigate these transformations 

and eventually produce a novel high yielding route to 2H-

aza- and 2H-diazapurine derivatives from 4-amino-2H-1,2,3-

triazole derivatives. 



2.5 	EXPERIMENTAL 

2-Cyano-2-phenylhydrazonoacetamide (31) 

A solution of redistilled aniline (20.0 g, 0.2 mol) 

in aqueous 5M hydrochloric acid (102 ml) was treated drop-

wise with stirring at 0-5 °  (ice-salt bath) with a solution 

of sodium nitrite (16.4 g, 0.22 mol) in water (20.0 ml) 

The resulting amber benzenediazonium chloride solution was 

stirred for a further 5 mm. in the ice-bath, then 

added dropwise at 0-5° (ice-salt bath) to a stirred solution 

of cyanoacetamide (16.8 g, 0.2 mol) and anhydrous sodium 

acetate (42.0 g, 0.5 mol) in ethanol (400 ml) and water 

(50.0 ml), and the mixture was stirred for a further lh. at 

room temperature. Filtration afforded 2-cyano-2-phenylhydra-

zonoacetamide (31) as an orange solid (37.0 g; quant.), 

m.p. 242-245°, (lit., 83  245°), Vmax  3480, 3360, 3200, 

3180, 3120, and 3060 (NH) , 2205 (CN) , and 1650 (CO) cm 

which was used without further purification. 

2 -Phenylhydrazonooxamidoxime (32) 

A solution of 2-phenylhydrazonocyanoacetamide (31) 

(1.9 g, 0.01 mol) in anhydrous ethanol (200 ml) was treated 

with stirring at room temperature with a solutionof hydroxyl-

amine hydrochloride (1.8 g, 0.025 mol) in anhydrous 

ethanol (20.0 ml) followed by solid sodium carbonate (1.3 g, 

0.013 mol) and the mixture was stirred at room temperature 

for 48 h. Evaporation of the mixture and treatment of 

the residual cake with water afforded 2-phenyihydrazono-

oxamidoxime (32) an an orange solid (2.2g; quant.) which 
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formed orange crystals, m.p. 150-151 °  (from ethylacetate), 

Vmax 3450, 3430, 3320, and 3140 (NH, OH) and 1640 (Ca) cm 1 , 

H [(CD 3 ) 2 So] 10.18 (1H, S, NH or OH), 10.00 (1H, S, OH or 

NH), 7.89-6.94 (5H, m, ArH), 6.74 (2H, brs, NH 2 ), and 

5.65 (2H, brs, NH2 ), 5 	 [(CD 3 ) 2 S0] 168.02 (quat) 

151.85 (quat), 142.78 (quat), 129.1, 122.48, 122.13, 

119.92 (quat), 114.42 and 114.06. 

Found: 221.0841. 

911522_requires: 221.0913. 

The Attempted Oxidation of 2-Phyenylhydrazonooxamidoxime 

(32) with Activated Manganese Dioxide 

A solution of 2-phenyihydrazonooxamidoxime (32) 

(0.88 g, 0.004 mol) in anhydrous acetonitrile (50.0 ml) 

was treated with activated manganese dioxide (6.0 g) and 

the mixture was stirred at room temperature for lh. The 

mixture was filtered and the residual manganese dioxide was 

subjected to soxhiet extraction with ethyl acetate to yield 

an unidentified solid (0.10 g) m.p. 215-216 °  (from ethanol-

light petrole'um), Vmax  3450, 3360, 3270 and 3160 (NH) and 

1675 (CO) cm1, 5H  [(CD 3 ) 2 SO] 11.72 (brs, NH), 9.21 (hrs, 

NH), 7.96-7.02 (m, ArH) , and 5.84 (brs, NH), 5C  [(CD3)2S0] 

162.21 (quat) , 142.19 (quat) , 134.79 (quat)', 134.50 (quat) , 

129.21, 129.01, 125.86 (quat, 123.82 (quat) , 123.45 (quat) 

122.67, 115.85 and 115.09. 

Found: C, 52.6; H, 4.5; N, 28.9%; M 207,205 
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Further sohlet extraction of the manganese dioxide 

residue with dimethylformamide gave a brown gum (0.40 g) 

which on flash chromatography in methylene chloride 

through ethylacetate to ethanol yielded a series of 

intractable gums (total, 0.28 g), none of which were 

further investigated. 	 - 

Evaporation of the original acetonitrile mother 

liquor afforded only a small quantity (0.03 g) of brown 

gum which was not further investigated. 

Sodio Formyichioroacetonitrile (34) 85  

A solution of sodium (23.0 g, 1.0 g atom) in 

anhydrous ethanol (100 ml) was evaporated by azeotroping with 

toluene to afford sodium ethoxide which was suspended in 

anhydrous diethyl ether (300 mls) and treated at 5-8 0  

(ice bath) with redistilled anhydrous ethyl formate 

(74.0 g, 1.0 mol) in one portion followed dropwise by 

freshly distilled chloroacetonitrile (85.2 g, 1.1 mol) over 

a period of 1 h. The mixture was stirred at room temperature 

for a further 6 h and filtered to afford sodio formyl-

chioroacetonitrile (34) as a colourless solid (125 g; 

quant.) m.p. > 350 0 , v max  2180 (CN) and 1590 (C=N) cm 1  

which was used without further purification. 

2-Chloro-2-phenylhydrazonoacetonitrile (35)85 

A solution of redistilled aniline (14.0 g, 0.14 mol) 

in aqueous 5M hydrochloric acid (70.0 ml) was treated 

dropwise with stirring at 0-5° (ice-salt bath) with a 
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solution of sodium nitrite (11.5 g, 0.15 mol) in water 

(35.0 ml). The resulting amber benzenediazonium chloride 

solution was stirred for a further 5 mm. in the ice-

salt bath, then added dropwise at 0_5 O  (ice-salt bath) to 

a stirred solution of sodio formylchloroacetonitrile (34) 

(17.6 g, 0.14 mol) and anhydrous sodium acetate (20.5 g, 

0.25 mol) in water (100 ml). The mixture was stirred for a 

further 1 h. at room temperature then filtered to afford 

2-chloro-2-phenylhydrazonoacetonitrile (35) (16.6 g; 66%) 

which formed orange needles, m.p. 130-132 °  (from ethanol-

water) (lit., 85  132-134°), ''max  3240 (NH) and 2210 (CN) cm 1 . 

2-Chloro-2-phenylhydrazonoacetamidoxime (36) 

A solution of 2-chloro-2-phenylhydrazonoacetonitrile 

(7.2 g, 0.04 mol) in anhydrous ethanol (100 ml) was 

treated with stirring at room temperature with a solution of 

hydroxylamine hydrochloride (7.0 g, 0.1 mol) in anhydrous 

ethanol (100 ml) followed by sodium carbonate (5.3 g; 0.05 mol) 

and the mixture was stirred at room temperature for 48 h. 

Evaporation of the mixture and treatment of the residual 

cake with water yielded 2-chloro-2-phenylhydrazonoacetamidoxime 

(8.5 g; quant.) which formed salmon pink prisms, m.p. 

185-186 0  (from ethanol), max  3450 and 3340 (NH) and 

3330-2500 (OH) cm1, SH  [(CD 3 ) 2 S0] 10.23 (1H, s, NH or OH), 

9.84 (1H, s, OH or NH) , 7.43-6.83 (5H, m, ArH) and 5.65 

(2H, brs, NH), cSC  [(CD 3 ) 2 S0] 146.98 (quat) , 143.67 (quat) , 

128.83, 120.62, 117.05 (quat) and 113.78. 



73 

Found: C, 45.1; H, 4.2; N, 26.4%; M +, 

215, 214, 212 

requires: C, 45.2; H, 4.2; N, 26.4%; M, 212.5 

3 ,5-Diamino-4-phenylhydrOZOflOiSoXaZOle (38) 

A solution of 2_ch1oro_2-pheny1hydraZofloaCetar(tidoXime 

(36) (3.2 g, 0.016 mol) in anhydrous ethanol (160 ml) was 

treated with a solution of sodium cyanide (0.86 g, 0.018 mol) 

in anhydrous ethanol (40.0 ml) and the mixture was stirred 

at room temperature for 2h. The mixture was evaporated and 

the residue was treated with water to afford 3,5-diamino-4-

pheny1hydrazonoisoxaZole (38) (2.7 g; 82%), which formed 

irregular brown prisms, rn.p. 136-137 °  (from toluene) 

Vax 3420 and 3360 (NH), and 1640 (C=N) cm1, oH [(cD3)2s0] 

8.24 (2H, brs, NH), 7.79-7.24 (5H, m, ArH) and 6.16 (2H, 

brs, NH), 5 	[(CD3 ) 2 S0] 158.37 (quat) , 152.91 (quat) 

128.81, 127.81, 120.88 and 107.95 (quat). 

Found: C, 53.1; H, 4.5; N, 34.3%; M, 203. 

C9H9N50 requires: C, 53.2; H, 4.4; N, 34.5%; M, 203. 

Neutralisation of the aqueous mother liquor with aqueous 

2M hydrochloric acid followed by extraction with methylene 

chloride yielded no further material. 
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The Reaction of 3 ,5-diamino-4-phenylhydrazonoisoxazole 

(38) with Activated Manqanese Dioxide 

A solution of 3 ,5-diamino--4-phenylhydrazonoisoxazole 

(38) (2.0 g, 0.01 mol) in anhydrous acetonitrile (150 ml) 

was treated with activated manganese dioxide (20 g) and 

the mixture was stirred at room temperature for lh. 

The mixture was filtered through celite and the filtrate 

was evaporated to afford a dark gum (1.6 g) which was 

subjected to flash chromatography. 

Elution with methylene chloride gave an orange gum 

(0.05 g) which was not further investigated followed. 

by 2-phenyihydrazonomalononitrile (40) ,88  (0.05 g, 3.0%) 

M.P. 139-141° (from toluene), (lit., 88  146-1470), max  3230, 

3200, 3160 and 3065 (NH) and 2210 (CN) cm1, H [(CD3)2S0] 

12.99 (1H, brs, NH), and 7.50-7.17 (5H, m, ArH), 	[(CD3 ) 2 S0] 

141.43 (quat), 129.45, 125.82 (quat), 116.49, 109.85 (quat), 

84.45 (quat) 

Found: 	170.0579. 

Caic. for C 9 H 6N4 : 	170.0592. 

Elution with ethyl acetate afforded a series of 

dark gums (total, 0.21 g) whose t.l.c. in methylene chloride-

ethyl acetate (1:1) showed them to be multicomponent 

mixtures which were not further investigated. 

Further elution with ethyl acetate yielded unreacted 

starting material (38) (0.50 g; 25%) M.P. 133-136 ° , 

identical (m.p. and i.r. spectrum) to an authentic sample. 



75 

Final elution with ethanol gave a dark intractable 

gum (0.70 g) which was not further investigated. 

(E) and (Z)-Ethyl 2-Cyano-2-phenylhydrazonoacetate (42) 

and (43)91 

A solution of redistilled aniline (20.0 g, 0.2 mol) in 

aqueous SM hydrochloric acid (102 ml) was treated dropwise 

with stirring at 0-5 0  (ice-salt bath) with a solution of 

sodium nitrite (16.4 g, 0.22 mol) in water (20.0 ml) 

The resulting amber benzenediazonium chloride solution was 

stirred for a further 5 mm. in the ice-salt bath, then 

added dropwise at 0-5 0  (ice-salt bath) to a stirred 

solution of ethyl cyanoacetate (22.6 g, 0.2 mol) and 

anhydrous sodium acetate (42.0 g, 0.5 mol) in ethanol (150 ml) 

and water.. (50.0 ml). The mixture was stirred at room 

temperature for a further 1 h. then filtered to afford a 

yellow solid (43.0 g) which was crystallised from toluene-

light petroleum to give (E)-ethyl 2-cyano-2-phenyl-

hydrazonoacetate (42) (30.0 g; 70%) which formed yellow 

needles, m.p. 106-107 0  (from toluene), (lit., 91  125 0 )., 

V max 3210, 3140 and 3060 (NH), 2205 (CN) and 1740 (CO) cm 1 , 

6H (CDC1 3 ) 9.90 (1H, brs, NH), 7.38-7.05 (5H, m, ArH), 

4.36 (2H, q, J 7Hz, CH2 ) and 1.36 (3H, t, J 7Hz, CH 3 ) 

Found: 	C, 60.8; 	H, 5.0; N, 19.4%; M, 217 

	

Caic. for C 11 H 11 N 30 2 : C, 60.8; 	H, 5.1; N, 19.4%; M, 	217. 

Evaporation of the toluene-light petroleum mother liquor 

gave an orange solid (10.0 g) which was subjected to flash 

chromatography. 
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Elution with rnethylene chloride yielded (Z)-ethyl 

2-cyano-2-phenylhydrazonoacetate (43) (8.5 g; 20%) which 

formed orange crystals, m.p. 83-85 0  (from light petroleum 

(b.p. 80_101)) , (lit. 91 
 86°) , umax 3160 (NH) , 2210 (CN) 

and 1680 (CO) cm 1 , 6 H  (CDC1 3 ), 13.05 (1H, brs, NH), 

7.38-7.12 (5H, in, ArH), 4.32 (2H, q, J7Hz, CH 2 ) and 

1.48-1.23 (3H, m, CH 3 ) 

	

Found: 	C,' 60.9; 	H, 5.0; 	N, 19.3%; 	M 217. 

	

Calc. for C 11 H 11 N 3 0 2 : 	C, 60.8; H, 5.1; N, 19.4%; M 217. 

Further elution with methylene chloride afforded a 

yellow solid (1.4 g) whose t.l.c. in methylene chloride 

showed it to be a mixture of (E)- and (Z)-ethyl 2-cyano-

2-phenylhydrazonoacetate (42) and (43). 

5-Amino-4-phenylazo-A 4 -isoxazolin-3-one (47) 

(a) A solution of (E)-ethyl 2-cyano-2-phenylhydrazono.-

acetate (42) (21.7 g, 0.1 mol) in anhydrous ethanol (400 ml) 

was treated with stirring with a solution of hydroxylamine 

hydrochloride (17.5 g, 0.25 mol) in anhydrous ethanol (100 ml) 

followed by solid sodium carbonate (13.0 g, 0.125 mol) and 

the mixture was stirred at room temperature for 48 h. The 

mixture was evaporated and the residue was treated with 

water and extracted with methylene chloride to give a 

three-phase system. This was filtered and the orange solid 

obtained was combined with material obtained by evaporating 

the methylene chloride extract followed by flash chromatography 

in ethyl acetate of the resulting orange gum to yield 
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5-amino-4-phenylazo-A 4 -isoxazolin-3-one (47), (total, 20.3 g, 

99%) which formed orange prisms, m.p. 210-212° (from 

dimethylformamide-toluene), v 
max 

 3405, and 3200 (NH) and 

1700 (CO) cm, 5H  [(CD 3 ) 2 S0] 7.73-7.14 (5H, m, ArH) and 

6.44 (2H, brs, NH) SC [(CD 3 ) 2 S0] 162.48 (quat), 158.92 

(quat), 141.62 (quat), 129.18, 125.33, 116.28 and 116.06 

(quat). 

Found: C, 52.8; H, 3.9; N, 27.4%; M, 204. 

9842_requires: C, 52.9; H, 3.9; N, 27.5%; M, 204. 

(b) A solution of (Z)-ethyl 2-phenyihydrazono-

cyanoacetate (43) (0.87 g, 0.004 mol) in anhydrous ethanol 

(50.0 ml) was treated with stirring with a solution of 

hydroxylamine hydrochloride (0.7 g, 0.01 mol) in anhydrous 

ethanol (20.0 ml) followed by solid sodium carbonate (0.53 g; 

0.005 mol) and the mixture was stirred at room temperature 

for 48 h. The mixture was evaporated and the residue was 

treated with water and extracted with methylene chloride to 

yield a yellow gum (1.0 g) which was subjected to flash 

chromatography. 

Elution with methylene chioride-ethylacetate (1:1) 

gave 5-amino-4-phenylazo-A 4 -isoxazolin-3-one (47), (0.7 g; 

85%) m.p. 208-210° identical (m.p. and i.r. spectrum) to a 

sample prepared in (a) before. 

Final elution with ethanol gave a small amount of a 

yellow gum (0.05 g) which was not further investigated. 



A suspension of a mixture of (E)- and (Z)- 

ethyl 2-phenyihydrazonocyanoacetate (42) and (43) (0.87 g, 

0.004 mol) in anhydrous ethanol (20.0 ml) was treated with 

a solution of.hydroxylamine hydrochloride (0.28 g, 

0.004 mol) in water (2.0 ml) followed by solid anhydrous 

sodium acetate (0.41 g, 0.005 mol) and the mixture was 

stirred and heated under reflux for 3 h. The mixture 

was diluted with water and the precipitated orange solid (0.8 g) 

was subjected to flash chromatography. 

Elution with methylene chloride-n-hexane (1:1) gave 

a yellow gum (0.05 g) which was not further investigated. 

Elution with methylene chloride yielded 5-amino-

4-phenylazo-A 4 -isoxazolin-3-one (47) , (0.61 g; 74%) , m.p. 

208-210°, identical (m.p. and i.r. spectrum) to a sample 

prepared in (a) before. 

Final elution with ethanol yielded no further material. 

Extraction of the original aqueous ethanolic mother 

liquor with methylene chloride gave a small amount of a 

yellow gum (0.03 g) which was not further investigated. 

A solution of redistilled aniline (7.0 g, 

0.075 mol) in aqueous 5M hydrochloric acid (38.0 ml) was 

treated dropwise with stirring at 0-5° (ice-salt bath) with 

a solution of sodium nitrite (5.7 g, 0.038 mol) in water 

(5.0 ml) . The resulting amber benzenediazonium chloride 

solution was stirred for a further 5 mm. in the ice-salt 

bath, then added dropwise at 0-5 0  (ice-salt bath) to a 
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stirred solution of 2-ethoxycarbonylacetamidoxime (49) 

(11.0 g, 0.075 mol) and anhydrous sodium acetate (15.6 g, 

0.19 mol) in ethanol (50.0 ml) and water (30.0 ml) and the 

mixture was then stirred at room temperature for a further 

1 h. The resulting suspension was concentrated to remove 

the ethanol and extracted with methylene chloride to 

afford a red gum (16.0 g) which was subjected to flash 

chromatography. 

Elution with n-hexane followed by methylene chloride 

gave orange gums (total, 2.1 g) whose t.l.c. in rnethylene 

chloride or ethyl acetate over silica showed them to be 

multicomponent mixtures which were not further investigated. 

Elution with ethyl acetate afforded 5-amino-4-

pheny1azo-t 4 -isoxazolin-3-one (47) (12.2 g; 78%) , m.p. 210-

213°, identical (m.p. and i.r. spectrum) to a sample 

prepared in (a) before. 

Final elution with ethanol gave a dark intractable 

gum (2.0 g) which was not further investigated. 

3 The Attempted Preparation of 3-Amino-4-phenylazo- - 

isoxazolin-5-one (48) 

A solution of hydroxylarnine hydrochloride (0.28 g, 

0.004 mol) in water (8.0 ml) was treated with sodium 

carbonate (0.21 g, 0.002 mol) and the resulting hydroxylamine 

solution was mixed with a solution of (E)- and (Z)-ethyl 

2-cyano-2-phenylhydrazonoacetate (42) and (43) (0.87 g, 



0.004 mol) in ethanol (40.0 ml) and the mixture heated 

under ref lux for 4 h. The cooled mixture was diluted with 

water (50.0 ml), acidified with glacial acetic acid and 

left at room temperature overnight. Filtration afforded an 

orange solid (0.14 g) which was crystallised from 

dimethylformamide-glacial acetic acid to yield an 

unidentified solid, as orange crystals, m.p. 250-251 ° , 

V 	3460, and 3210 (NH) and 1695 (CO) cm. 1 , 6 H [(CD3)2S0]max 

9.76 (2H, brs, NH), 8.18 (1H, brs, NH) and 7.54-7.03 

(5H, m, ArH) , 	[(CD 3 ) 2 S0] 165.78 (quat) , 161.62 (quat) , 

142.16 (quat), 129.25, 123.48 (quat) and 115.21. 

Found: C, 52.3; H, 4.9; N, 26.5%; M, no 

ion pressure. 

The aqueous mother liquor was constantly extracted 

with methylene chloride to yield a brown gum whose t.l.c. 

in methylene chloride showed it to be a complex mixture 

which was not further investigated. 

The Attempted Preparation of 5-Amino-14-isoxazolin-3-one (47)94 

A solution of sodium (1.3 g, 0.055 g atom) in anhydrous 

ethanol (10.0 ml) was mixed with a solution of hydroxylamine 

hydrochloride (3.9 g, 0.055 mel) in anhydrous ethanol (100 ml) 

and the resulting hydroxylamine solution was cooled to 5-8° 

(ice bath) and treated with ethyl cyanoacetate (5.7 g, 

0.05 mol). The mixture was then treated with a solution of 

sodium (1.2 g, 0.05 g atom) in anhydrous ethanol (30.0 ml) 

and left stoppered at room temperature for 18 h. The 
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mixture was evaporated to afford a red gummy residue 

which was washed with diethylether and light petroleum 

(b.p. 40-60°) then dissolved in ice water (50.0 ml) and 

the solution obtained neutralised with 25% w/v aqueous 

hydrochloric acid. Extraction with methylene chloride gave 

a red oil (0.25 g) whose t.l.c. in methylene chloride showed 

it to be a multicomponent mixture which was not further 

investigated. 

• 	.....
96,100 2-Ethoxycarbonylacetamidoxime (49) 

2-Ethoxycarbonylacetamidoxime (49), m.p. 58-

60°, was prepared (yield 75%) together with 2-(N-hydroxy-

carbamoyl)acetamidoxime, m.p. 155-158° (yield 11%) by 

reaction of ethyl cyanoacetate with hydroxylamine hydro-

chloride in ethanol in the presence of sodium carbonate 

as described by England and Tennant. 100  

A solution of sodium (2.3 g, 0.1 g.atom) in 

anhydrous ethanol (20.0 ml) was mixed with a solution of 

hydroxylamine hydrochloride (7.7 g, 0. 	mol) in anhydrous 

ethanol (100 ml). The resulting ethanolic solution of 

hydroxylamine was treated with ethyl cyanoacetate (11.3 g, 

0.1 mol) and heated at 75° for 2 h. Evaporation gave a 

red oil which was washed with light petroleum (b.p. 40-

60 ° ) (5 x 50.0 ml) and extracted with anhydrous diethyl 

ether (5 x 100 ml) to leave 2-(N-hydroxycarbamoyl)-

acetamidoxime as an insoluble residue (1.2 g) m.p. 150- 



155°, identical (m.p. and i.r. spectrum) to a sample 

obtained in (a) before. The combined ethereal extracts 

were evaporated to yield an orange gum (7.5 g) which 

was subjected to flash chromatography. 

Elution with ethyl acetate-methylene chloride (1:1) 

yielded 2-ethoxycarbonylacetamidoxime (49) as a yellow 

liquid (5.8 g, 79%) identical (i.r. spectrum) to an 

authentic sample prepared in (a) before. 

Final elution with ethanol gave an orange gum (1.2 g) 

which was not further investigated. 

The Attempted Base-catalysed Cyclisation of 2-Ethoxy-

carbonylacetamidoxime (49) to 3-Amino- 3 -isoxazolin-5- 

(a) A solution of 2-ethoxycarbonylacetamidoxime 

(49) (1.5 g, 0.01 mol) in methanol (10.0 ml) was treated 

with a solution of sodium hydroxide (0.4 g) in water 

(0.5 ml) and the mixture was heated under reflux for 

25 mm. The mixture was evaporated, the residue was 

treated with water (2.0 ml) and the solution was neutralised 

by the dropwise addition of concentrated hydrochloric acid. 

Extraction with methylene chloride gave a dark oil (1.1 g) 

whose t.l.c. in methylene chloride showed it to be a 

muIticomponent mixture which was not further investigated. 
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(b) A solution of 2-ethoxycarbonylacetamidoxime 

(49) (0.58 g, 0.004 mol) in anhydrous ethanol (10.0 ml) 

was treated with solid sodium carbonate (0.21 g, 0.002 mol) 

and the mixture was stirred at room temperature for 

24 h. The mixture was evaporated and the residue was 

treated with water and extracted with methylene chloride 

to afford the unreacted amidoxime (49) (0.55 g; 96%) 

m.p. 60-62°, identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

(E) -2-Cyano-2-phenylhydrazonoacetic acid (52)91 

(E) -2-Cyano-2-phenylhydrazonoäcetic acid (52) 

was prepared (yield 94%) by the aqueous sodium hydroxide-

catalysed hydrolysis of (E)/(Z) mixture of ethyl 2-cyano-

2-phenyihydrazonoacetate (42) and (43) as described by 

Brecknell, Carman, Deeth and Kibby, 91  and had m.p. 

151-152 0  (lit., 91  1520), Vmax  3300-2500 (OH), 2200 (CN) 

and 1675 (CO) cm 1 . 

2-Phenylhydrazonomalonamidoxime (53) 

A solution of 2-cyano--2-phenylhydrazonoacetic acid 

(52) (0.76 g, 0.004 mol) in anhydrous ethanol (20.0 ml) 

was treated at room temperature with stirring with a solution 

of hydroxylamine hydrochloride (0.7 g, 0.01 mol) in 

anhydrous ethanol (20.0 ml) followed by solid sodium 

carbonate (0.53 g, 0.005 mol) and the mixture was stirred 

at room temperature for 24 h. The mixture was 

evaporated and the residue was treated with water and 
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filtered to afford 2-phenyihydrazonomalonamidoxime (53) 

(0.63 g; 71%) which formed yellow prisms, m.p. 189-190 

(from dimethylforrnamide), Vmax  3350 1  3290 and 3110 (NH, 

OH) and 1680 (CO) cm 1 , 6[(CD 3 ) 2 S0] 14.9.0 (1H, brs, 

NH or OH), 12.50 (1H, brs, OH or NH), 8.30 (2H, brs, 

NH), 7.55-7.03 (5H, m, ArH) and 3.50 (1H, brs, NH or 

OH). 

Found: C, 48.8; H, 4.6; N, 25.4%; M, 222 

91o423_requires: C, 48.7; H, 4.5; N, 25.2%; M, 222. 

Extraction of the neutral aqueous mother liquor with 

methylene chloride afforded no further material. 

5-Axnino-2-phenyl-2H-1 ,2,3-triazole-4-carboxylic acid 

1-fl-oxide (54) 

A solution of 2-pheny1hydrazonomalonamidoxime (53) 

(0.33 g, 0.0015 mol) in anhydrous dimethylformamide (20.0 ml) 

was treated with activated manganese dioxide (2.5 g) and 

the mixture was stirred at room temperature for 1 h. The 

suspension was then filtered through celite and the 

filtrate was evaporated to give a brown solid (0.30 g) which 

was subjected to flash chromatography. 

Elution with methylene chloride through to ethyl 

acetate gave a series of gums (total, 0.06 g) none of which 

were further investigated. 
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Elution with ethanol gave a brown gum (0.20 g) 

which was triturated with methylene chloride to 

yield 5-amino--2-phenyl-2H-1 ,2,3-triazole-4-carboxylic 

acid 1-N-oxide (54) (0.10 g; 30%), m.p. 216-217 °  (from 

glacial acetic acid) , Vmax 3540, 3420 and 3310 (NH) 

3100-2500 (OH) , and 2000 - 1600 (CO) cm 1 , 

[(CD 3 ) 2 SO] 7.49 - 7.05 (5H, m, ArH) and 5.48 (<2H, 

brs, NH). 

Found: 220.0591. 

c98423_requires: 220.0596. 

Evaporation of the methylene chloride filtrate 

gave a dark intractable gum (0.08 g) which was not 

further investigated. 
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The Attempted Esterification of 2-Phenyihydrazono-

malonamidoxirne (53) 

A suspension of 2-phenyihydrazonomalonamidoxime (53) 

(0.44 g, 0.002 ml) in anhydrous ethanol (10.0 ml) was 

treated with concentrated. sulphuric acid (0.4 ml) and 

the mixture was heated under ref lux for 6 h. The mixture 

was concentrated under reduced pressure to remove the 

ethanol and the residue was cooled (ice bath) and treated 

with water (5.0 ml), then extracted with methylene 

chloride to afford a small amount of a brown solid (0.02 g) 

which was not further investigated. 

The aqueous mother liquor was neutralised with 

aqueous 2M sodium hydroxide solution and filtered to 

yield 2-pheny1hydrazonoacetamidoxime (55) (0.28g; 80%) 

m.p. 173-174 °  (from ethylacetate - light petroleum), 

'umax 3430, 3340 and 3230 (NH, OH) cm 1 , 6 u[(CD3)2SO]  10.31 

(1H, brs, NH or OH), 9.76 (1H, brs, OH or NH), 7.31-6.66 

(6H, m, ArH and CH) and 5.38 (2H, brs, NH), cS 	[(CD3)2SO] 

150.11 (quat), 144.96 (quat), 130.13, 129.02, 119.12 

and 112.23. 

Found. 	178.0821. 

£81o40 requires: 178.0854. 

Constant methylene chloride extraction of the 

aqueous filtrate gave no further material. 



Benzoylacetonitrile (63) 105  

Benzoylacetonitrile (63) was prepared (yield quant.) 

by the reaction of 2-bromoacetophenone with aqueous 

ethanolic potassium cyanide as described by Obregiu 105  

and had m.p. 77_800  (lit., 105  80-81 0 ). 

2-Benzoyl-2-phenylhydrazonoacetonitrile (64) 104 

A solution of redistilled aniline (16.0 g, 0.16 mol) 

in aqueous 5M hydrochloric acid (80.0 ml) was treated dropwise 

with stirring at 0-5 0  (ice-salt bath) with a solution of 

sodium nitrite (13.6 g, 0.176 mol) in water (40.0 ml). 

The resulting amber benzenediazonium chloride solution was 

stirred for a further 5 mm. in the ice-salt bath, then 

added dropwise at 0-5° (ice-salt bath) to a stirred 

solution of benzoylacetonitrile (63) (23.2 g, 0.24 mol) 

in ethanol (200 ml) and water (100 ml). The mixture was 

stirred at room temperature for a further 1 h then filtered 

to afford 2-benzoyl-2-phenylhydrazonoacetonitride (64) 

(38.5 g; 95%) which formed yellow needles, m.p. 135-137° 

(from toluene) (lit., 104  135°) Vmax 3100 (NH), 2210 (CN) 

and 1650 (CO) cm 1 , 	[(CD3 ) 2 S0] 9.39 (1H, brs, NH) and 

8.07-7.17 (10H, m, ArH). 

Found: 249.0882. 

Caic. for C 15H 11 N3 0: 249.0902. 
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2-Benzoyl-2-phenylhydrazonoacetamidoxime (65)92 

A solution of 2-benzoyl-2--phenylhydrazonoaceto-

nitrile (64) (12.5 g, 0.05 mol) in anhydrous ethanol (120 ml) 

was treated with stirring at room temperature with a 

solution of hydroxylamine hydrochloride (8.8 g, 0.13 mol) in 

anhydrous ethanol. (60.0 ml) followed by solid sodium 

carbonate (6.6 g, 0.063 mol) and the mixture was stirred 

at room temperature for 48 h. Evaporation of the mixture 

and treatment of the residual cake with water afforded 

2-benzoyl-2-phenylhydrazonoacetamidôxime (65) as a yellow 

solid (14.1 g; quant.) which formed yellow needles, 

M.P. 155-156 0  (from toluene),(1it., 92  1560), Vmax  3470, 

3370 and 3100-2600 (NH, OH) and 1630 (CO) cm, 6•H (CDC13) 

13.46 (1H, brs, NH or OH), 7.81-7.02 (10H, m, ArH), 

6.51 (2H, brs, NH) and 6.49 (1H, brs, OH or NH), 

[(CD 3 ) 2 SO] 193.07 (quat), 151.23 (quat), 142.47 (quat), 

139.35 (quat), 131.24, 129.86, 129.54, 128.79, 127.51, 

126.30 (quat), 123.59, 114.86 and 113.41. 

	

Found: 	C, 64.0; 	H, 5.1; 	N, 19.9%; 	M, 282. 

	

Caic. for C 15H 14 N2 02 : 	C, 63.8; 	H, 5.0; N, 19.9%; M, 282. 



The Reaction of 2-Benzoyl-2-phenylhydrazonoaceta-

midoxime (65) with acetic anhydride 

A solution of 2-benzoyl-2-phenylhydrazonoacetamidoxime 

(65) (0.56 g, 0.002 mol) in acetic anhydride (10.0 ml) 

was heated under ref lux for 1 h. The mixture was 

evaporated to afford a brown gum (0.60 g) which was 

subjected to flash chromatography. 

Elution with cyclohexane-ethyl acetate (10:1) 

afforded 3-2henyl-4-phenylhydrazono-A 2 -isoxazolin-5-one 

(72) 
107 (0.06 g, 12-s) which formed yellow prisms, m.p. 168-

169 °  (from glacial acetic acid), (lit.,107 1680)Vmax 

3180 (NH) and 1720 (CO) cm1, 5H  [(CD 3 ) 2 S0] 12.98 (1H, 

brs, NH) 8.03-7.26 (10H, m, ArH), S C [(CD3)2S0] 

163.04 (quat), 158.43 (quat), 141.15 (quat), 131.05 , 

129.47, 128.81, 127.34, 126.84 (quat), 126.37, 118.95 

(quat) and 116.92. 

	

Found: 	C, 67.7; 	H, 4.2; 	N, 15.9%; M, 265. 

	

Caic. for C 15 H 11 N 302 : 	C r  67.9; H, 4.0; N, 15.8%; M, 265. 

Elution with cyclohexane-ethylacetate (5:1) through 

to ethanol gave a series of gums (total, 0.49 g) none 

of which were further investigated. 
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0-acetyl-2-benzoyl-2-phenylhydrazonoacetamidoxime (73) 

A solution of 2-benzoyl-2-phenylhydrazonoacetamidoxime 

(65) (0.28 g, 0.001 mol) in anhydrous dioxane (20.0 ml) 

was treated with stirring at room temperature with 

triethylamine (0.11 g, 0.0011 mol) then dropwise with a 

solution of acetyl chloride (0.09 g, 0.0011 mol) in 

anhydrous dioxane (1.0 ml). The mixture was stirred at 

room temperature for lh and filtered to remove 

precipitated triethylamine hydrochloride (0.16 g), the 

filtrate was then evaporated to yield 0-acetyl-2-benzoyl-

2-phenyihydrazonoacetamidoxime (73) (0.33 g; quant.) 

m.p. 131-132° (from toluene), v max 
 3450 and 3310 (NH) and 1750 

(CO) cm, SH  (CDC1 3 ) 14.20 (1H, brs, NH), 7.84-7.03 

(12H, m, ArH and NH) and 2.23 (3H, s, CH 3 ), 6 	 (CDC1 3 ) 

166.72 (quat), 154.35 (quat), 142.25 (quat), 139.44 (quat), 

131.06, 130.13, 129.26, 127.29 (quat), 127.32, 

124.52 1  122.53 (quat), 115.94 and 19.12 (CH 3 ). 

Found: -C62'8; 	H, 4.9; 	N,27.3%; 	M, 324. 

c171643_requires: C, 63.0; 	H, 4.9; N, 17.3%; M, 324. 

5-Amino-4-benzoyl-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (66) 

A solution of 2-benzoyl-2-phenylhydrazonoacetamidoxime 

(65) (2.8 g, 0.01 rnol) in anhydrous acetonitrile (75.0 ml) 

was treated with activated manganese dioxide (15.0 g) and the 

mixture was stirred at room temperature for 1 h. The 

mixture was filtered through celite and the filtrate was 
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was evaporated to afford a yellow solid which was 

combined with further material obtained by soxhiet 

extraction of the manganese dioxide residue with ethyl 

acetate to yield 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66), (total 2.3 g; 80%) which formed 

yellow prisms, m.p. 168_1700  (from ethanol), "max 3450 

and '3260 (NH and 1650 (CO) cm1, 3H 
 [(CD 3 ) 2 S0] 8.26 - 

7.51 (10H, m, ArH) and 6.36 (2H, hrs, NH), 6C [(CD3)2S0] 

185.63 (quat), 135.94 (quat), 135.82 (quat), 134.36 

(quat), 131.10, 129.65, 129.38, 129.06, 128.35 and 

123.07. 

'Found: 	C, '64.7; 	H, 4.3; 	N, 20.3%; 	M, 280. 

1512422_requires: C, 64.3; H, 4.3; N, 20.0%; M, 280. 

4-Amino-5-benzoyl-2-phenyl-2H-1 ,2,3-triazole (67) 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1,2,3-

triazole 1-N-oxide (66) (0.28 g, 0.001 mol) in 70% v/v 

aqueous ethanol (10.0 ml) was treated with sodium 

dithionite (0.28 g) and the mixture was heated under ref lux 

for 1 h, a further portion of sodium dithionite (0.28 g) 

was then added and the mixture was heated under ref lux 

for a further lh. The mixture was evaporated and the 

residue was treated with water. Extraction of the 

resulting solution with methylene chloride afforded the 

unreacted triazole N-oxide (66) (0.1 g; 30%) m.p. 164-

166 0 , identical (m.p. and i.r. spectrum) to a sample 

prepared before. 
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The aqueous mother liquor was evaporated and the 

residual cake was soxhiet extracted with ethyl acetate 

to afford a yellow solid (0.2 g) which was subjected to 

flash chromatography. 

Elution with methylene chloride yielded 4-amino-

5-benzoyl-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (67) (0.08 g; 

28%), which formed yellow prisms, m.p. 116-117 °  (from light 

petroleum (b,p. 80-100)), umax  3460 and 3305 (NH) and 

1635 (CO) cm 1 , 6(CDC1 3 ) 8.44-7.35 (10H, m, ArH) and 

5.44 (2H, brs, NH) 

•.Found 	C,:68.4; 	H, 4.6; 	N, 21.1%; 	M, 264. 

2151240 requires: C, 68.2; H, 4.5; N, 21.2%; M, 264. 

Final elution with ethanol gave a yellow gum (0.08 g) 

whose t.l.c. with ethyl acetate showed it to be a multi-

component mixture which was not further investigated. 

• 5-Amino-4-benzoyl-2-phenyl-2H-1,2,3-triazole_1-N-oxide 

Oxime (68) 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66) (0.28 g, 0.001 mol) in anhydrous 

ethanol (20.0 ml) was treated with a solution of hydroxyl-

amine hydrochloride (0.7 g, 0.01 mol) in water (5.0 ml) and 

the mixture was heated under reflux for 17 h. Evaporation 

of the mixture and treatment of the residue with water 

afforded 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide oxime (68) (0.33 g;  quant), which formed 
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colourless, irregular prisms, m.p. 185-186 °  (from 

dimethyl formamide-wate), Vmax 3360 and 3295 (NH, OH) cm 1 , 

[(CD 3 ) 2 SO] 11.81 (1H, s, OH), 7.79-7.38 (10H, m, ArH) 

and 5.78 (2H, s, NH). 

Found: 295.1065. 

2151352_requires: 	295.1069. 

The Attempted Reduction of 5-amino-4-benzoyl-2-PheflYl 

2H-1,2,3-triazole 1-N-oxide Oxime (68) with Ethanolic 

Sodium Dithionite 

A solution of 5-amino-4-benzoyl-2-phenyl2H1 ,2,3-

triazole 1-N-oxide oxime (68) (0.89 g, 0.003 mol) in 70% 

aqueous ethanol (40.0 ml) was heated with sodium dithionite 

(0.89 g) and the mixture was heated under ref lux for lh, 

a further portion of sodium dithionite (0.89 g) was then 

added and the mixture was heated under reflux for a 

further 1 h. The mixture was evaporated and the residue 

was treated with water. Filtration afforded the unreacted 

2H-1 ,2,3-triazole 1-N-oxide oxime (68) (0.87 g; 89%) 

m.p. 180-185 ° , identical (m.p. and i.r. spectrum) to a 

sample prepared before. 
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The Reaction of 5-Amino-4-benzoyl-2-phenyl-2H--1 ,2,3-

triazole 1-N--oxide (66) with Acetic Anhydride 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66) (0.28 g, 0.001 mol) in acetic 

anhydride (5.0 ml) was heated under reflux for 1 h. The 

mixture was evaporated to afford a brown gum (0.30 g) 

which was subjected to flash chromatography.. 

Elution with methylene chloride afforded an 

unidentified yellow solid (0.01 g) , m.p. 94-960, Vmax  1790 

and 1685 (CO) cm, rn/e 226, followed by a yellow gum 

(0.18 g) whose t.l.c. in methylene chloride showed it to 

be a mixture of three close-running components and was 

not further investigated. 

Elution with methylene chloride-ethyl acetate (10:1) 

afforded a brown gum (0.04 g) which was not further 

investigated, followed by 5-acetamido-4-benzoyl-2-phenyl-

2H-1,2,3-triazole 1-N-oxide (74) (0.02 g; 3%), m.p. 110-

1130, umax 
 3200 (NH), 1760 (CO) and 1660 (C=N) cm 1 . 

Found: 	322.1064 

1714423_requires: M, 322.1064 

Final elution with ethanol afforded no further 

material. 
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The Attempted Reaction of 5-Amino-4-benzoyl-2-phenyl-

2H-1,2,3-triazole 1-N-oxide (66) with Concentrated 

Hydrochloric Acid 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66) (0.56 g, 0.002 mol) in ethanol 

(10.0 ml) was treated with concentrated hydrochloric 

acid (5.0 ml) and the mixture was heated under reflux for 

24 h. The mixture was evaporated and the residue was 

treated with water to afford unreacted 2H-1,2,3-triazole 

1-N-oxide (66) (0.53 g; 98%), m.p. 164-166 0 , identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

The Reaction of 5-Amino-4-benzoyl-2-phenyl-2i-i-1 ,2,3-

triazole 1-N-oxide (66) with 20% w/v Aqueous Potassium 

Hydroxide 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66) (0.56 g, 0.002 mol) in ethanol 

(10.0 nil) was treated with 20% w/v aqueous potassium 

hydroxide solution (5.0 ml) and the mixture was heated 

under reflux for 3 h. The mixture was evaporated, the 

residue was treated with water, and the resulting solution 

was extracted with methylene chloride to yield a brown 

gum (0.40 g) which was subjected to flash chromatography. 

Elution with methylene chloride-ethyl acetate 

(4:1) afforded a yellow gum (0.07 g) whose t.l.c. in 

methylene chloride showed it to be a mixture of three 

close-running components and was not further investigated. 



Elution with methylene chloride-ethyl acetate (2:1) 

afforded an unidentified buff solid (0.17 g), m.p. 120-

121° [from light petroleum (b.p. 80-100°)], 
umax  1570 (C=N) 

cm1, SH (CDC1 3 ) 8.86 (1H, d, J 5Hz), 8.46 (2H, q, J 10Hz), 

8.24 (2H, q, J 10Hz) and 7.61-7.25 (5H, m, ArH), 
6C  (CDC13) 

152.91, 140.18 (quat), 139.90 (quat), 134.47 (quat), 

129.92 1  129.47, 129.33, 128.86, 128.81, 120.75 and 

118.89. 

Found: C, 75.3; H, 4.5; N, 18.2%; M, 273. 

Elution with methylene chloride-ethyl acetate (1:1) 

afforded the unreacted 2H-1,2,3-triazole 1-N-oxide (66) 

(0.05 g; 	9%), m.p. 164-166°, identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

Final elution with ethanol gave an intractable 

brown gum (0.1 g) which was not further investigated. 

The original aqueous mother liquor on neutralisation 

with 2M aqueous hydrochloric acid and extraction with 

methylene chloride afforded no further material. 

The Reaction Of 5-Amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole1-N-oxide (66) with Hydrogen Peroxide 

A solution of 5-amino-4-benzoyl-2-phenyl-2u-1 ,2,3-

triazole 1-N-oxide (66) (0.56 g, 0.002 mol) in glacial 

acetic acid (10.0 ml) , was treated at room temperature 

with 30% w/v aqueous hydrogen peroxide solution (5.0 ml) 
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and the mixture was stirred at 500  (oil bath) for 17 h. 

The mixture was diluted with water (20.0 ml) and the 

resulting solution was neutralised with anhydrous sodium 

acetate and extracted with methylene chloride (3 x 30.0 ml) 

to afford a brown gum (0.40 g) which was subjected to 

flash chromatography. 

Elution with methylene chloride yielded 4-benzoyl-

5-nitroso-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide (90) 

(0.10 g; 17%), m.p. 128-129 °  (from light petroleum 

(b.p. 80-100°)), Vmax 1680 (CO) cm 1 , 6 H  'CDC1 3 ) 8.17-7.24 

(10H, m, ArH), 5L  (CDC13 ) 184.12 (quat), 140.78 (quat), 

138.35 (quat), 135.26 (quat), 134.67, 130.07, 129.96, 

129.70, 128.82 (quat) and 119.72. 

Found: 	C, 61.4; 	H, 3.4; N, 18.8%; M, 294 

151o43_requires: C, 61.2; H, 3.4; N, 19.1%; M, 294. 

Elution with methylene chloride-ethyl acetate (10:1) 

gave a small amount (0.06 g) of a brown gum which was not 

further investigated. 

Elution with ethyl acetate afforded the unreacted 

211-1 ,2,3-triazole 1-N-oxide (66) (0.20 g; 40%) , m.p. 164-

166 ° , identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

Final elution with ethanol yielded no further material. 



The Attempted ReactIOn of 5-Amino-4-benzoyl-2-phenyl-2H-

1,2,3-triazole 1-N-oxide Oxime (68) with Triethyl 

Ortho formate 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-

1,2,3-triazole i-N-oxide oxime (68) (0.30 g, 0.001 mol) 

in triethyl orthoformate (5.0 ml) was heated under ref lux 

for 24 h. The solution was evaporated to give a brown 

gum (0.30 g) which was subjected to flash chromatography. 

Elution with methylene chloride-ethyl acetate (10:1) 

gave a yellow gum (0.25 g) whose tl.c. in methylene 

chloride showed it to be a multicomponent mixture which was 

not further investigated. 

The Attempted Reaction of 5-Axnino-2-benzoyl-2-phenyl-

2_1,2,3_triaZ 01e 1-N-oxide (66) with Hydrazine Hydrate 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66) (0.56 g, 0.002 mol) in methanol 

(10.0 ml) was treated with 100% hydrazine monohydrate 

(0.1 g, 0.002 mol) and the mixture was heated under ref lux 

for 3 h. Evaporation of the mixture afforded a yellow 

gummy solid which was titrated with toluene to yield the 

unreacted 2H-1,2,3-triazole 1-N-oxide (66), which was 

combined with further material obtained by evaporation of 

the toluene filtrate (total, 0.54 g; 96%) , m.p. 164-166 ° , 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 



The Attempted Reaction of 5-Amino-4-benzoyl-2-phenyl- 

2H-1,2,3-triazole 1-N-oxide (66) with Hydrazine Hydro- 

A solution of 5-amino-4--benzoyl-2-phenyl--2H-1 ,2 ,3-

triazole 1-N-oxide (66) (0.56 g, 0.002 rnol) in ethanol 

(30.0 ml) was treated with a solution of hydrazine 

hydrochloride (2.10 g, 0.02 mol) in water (10.0 ml) and 

the mixture was heated under reflux for 17 h. Cooling 

to room temperature afforded a yellow solid which was 

collected by filtration and washed with saturated 

aqueous sodium hydrogen carbonate solution to yield the 

unreacted 2H-1,2,3-triazole 1-N-oxide (66) (0.10 g; 18%) 

m.p. 164-166°, identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

The ethanolic filtrate was evaporated, the residue 

was treated with water and the resulting solution was 

extracted with methylene chloride to afford an orange 

gum (0.2 g) which was subjected to flash chromatography. 

Elution with methylene chloride through to ethanol 

gave a series of gums (total, 0.17 g) none of which 

were further investigated. 
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The Attempted Reaction of 5-Amino-4-benzoyl-2-phenyl-

2H-1,2,3-triazole 1-N-oxide (66) with Tosyihydrazine 

A solution of 5-amino-4-benzoyl-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (66) in methanol (20.0 ml) was treated 

with tosyihydrazine (0.37 g, 0.002 mol) and the mixture 

was heated under reflux for 2 h. Cooling to room 

temperature afforded a yellow solid, which was combined 

- 

	

	with further material obtained by evaporation of the 

methanolic filtrate and treatment of the resulting 

residue with aqueous 2M sodium hydroxide solution to yield 

the unreacted 2H-1,2,3-triazole 1-N-oxide (66) (total 

0.50 g; 89%), m.p. 164-166°, identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

5-Amino-4-chloro-2-phenyl-2H-1 ,2,3-triazole 1-N-oxide_(103 

A solution of 2-chloro-2-phenylhydrazonoacetamidoxime 

(36) (4.3 g, 0.02 mol) in anhydrous acetonitrile (250 ml) 

was treated with activated manganese dioxide (30 g) and the 

mixture was stirred at room temperature for 1 h. The 

mixture was filtered through celite and the filtrate was 

evaporated to afford a buff solid which was combined 

with further material obtained by soxhiet extraction of 

the manganese dioxide residue with ethyl acetate to yield 

5-arnino-4-chloro-2pyl-2H-1 .2, 3-triazole 1-N-oxide 

(103) (total 4.1 g; 98%), which formed colourless prisms, 

m.p. 118-119° (from toluene-light petroleum), 'Vax  3380, 

3295 and 3180 (NH) cm,6 H [(CD 3 ) 2 S0] 7.82-7.42 (5H, 

m, ArH) and 6.03 (2H, 5, NH), 6C  [(CD 3 ) 2 S0] 135.00 (quat) 
01 
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131.52 (quat), 129.04, 128.45, 123.33 (quat) and 

122.35. 

Found: 	C. 45.4; 	H, 3.3; 	N, 26.1%; M, 212,210 

28740 requires: C, 45.6; H, 3.3; N, 26.6%; M, 210.5 

The Attempted Reaction of 5-Amino-4-chlorQ-2-phefll-2H-

1,2,3-triazole 1-N--oxide (103) with Ethanolic Ammonia 

A solution of 5-amino-4-chloro-2--phenyl-2H-1 ,2,3-

triazole 1-N-oxide (103) (0.42 g, 0.002 mol) in anhydrous 

ethanol (25.0 ml) was added to a saturated solution of 

ammonia in anhydrous ethanol (25.0 ml) and the mixture 

was left firmly stoppered at room temperature for 17 h. 

The nixture was evaporated to afford the unreacted 2H-

1,2 r 3-triazole 1-N-oxide (103) (0.40 g; 95%), m.p. 116-

119 ° , identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

9PPYJ 

2H-1,2,3-triazole_1-N-oxide (103)with Ethanolic Sodium 

Ethoxide 

A solution of 5-amino-4-chloro-2-phenyl-2H-1 ,2,3-

triazole 1-N-oxide (103) (0.42 g, 0.002 mol) in ethanol 

(20.0 ml) was added to a solution of sodium (0.18 g, 

0.008 g atom) in ethanol (5.0 ml) and the resulting red 

solution was heated under reflux for lh. The mixture was 

evaporated and the dark solid residue was heated with water 

and extracted with methylene chloride to afford a brown 

gum (0.3 g) which was subjected to flash chromatography. 
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Elution with n-hexane-methylene chloride (1:1) 

through to ethanol yielded a series of gums (total, 0.28 g) 

none of which were further investigated. 

The original aqueous mother liquor was acidified 

with aqueous 2M hydrochloric acid and extracted with 

methylene chloride to afford a brown gum (0.05 g) whose 

t.l.c. in methylene chloride showed it to be a complex 

mixture which was not further investigated. 

Benzenesulphonylacetonitrile (106) 122  

Benzenesulphonylacetonitrile (106) was prepared (yield 

87%) by the reaction of sodium benzenesulphinate with 

chloroacetonitrile as described by Troger and Hi11e 122  and 

hadm.p. 103-107° (lit., 122  112-114 0 ). 

2-Benzenesulphonyl-2-phenylhydrazonoacetonitrile (107) 

A solution of redistilled aniline (10.0 g, 0.1 mol) 

in aqueous SM hydrochloric acid (51.0 ml) was treated drop-

wise with stirring at 0-5° (ice-salt bath) with a solution. 

of sodium nitrite (8.2 g, 0.11 mol) in water (10.0 ml). 

The resulting amber benzenediazonium chloride solution was 

stirred for a further 5 mm. in the ice-salt bath, then 

added dropwise at 0-5° (ice-salt bath) to a stirred solution 

of benzenesulphonylacetonitrile (106) (19.1 g, 0.1 mol) and 

anhydrous sodium acetate (21.0 g, 0.25 mol) in ethanol 

(300 ml) and water (50.0 ml). The mixture was stirred for 

a further 1 h at room temperature then filtered to afford 
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2-benzenesulphonyl-2-phenylhvdrazonoacetonitrile (107) 

(28.3 g; quant.),, which formed, yellow prisms, m.p. 163-

1640, 'umax  3215, 3200, 3130 and 3060 '(NH) and 2200 (CN) 

cm, 	5(CDC1 3 ) 11.93 (1H, brs, NH) and 8.08-7.05 (10H, 

m, ArH). 

Found: C, 58.8; H, 3.9; N, 14.7%; M, 285 

141130 requires: 	C, 59.0; H, 3.9; N, 14.7%; M, 285. 

2-Benzenesulphonyl-2-phenylhydrazonoacetamidoxirne (1 08) 

A solution of 2-benzenesulphonyl-2-phenylhydrazono-

acetonitrile (108) (14.25 g, 0.05 mol) in anhydrous ethanol 

(400 ml) was treated with stirring at room temperature with 

a solution of hydroxylamine hydrochloride (8.8 g, 0.13 mol) 

in anhydrous ethanol (100 ml) followed by sodium carbonate 

(6.5 g, 0.06 mol) and the mixture was stirred at room 

temperature for 48 h. Evaporation of the mixture and 

treatment of the residual cake with water afforded 2-benzene-

sulphonyl-2-phenylhydrazonoacetamidoxime (108), (15.5 g; 

quant.), which formed colourless prisms, m.p. 179-180° (from 

ethanol), "max  3460, 3390 and 3370 (NH) cm1,6 H  [(CD3)2S0] 

12.43 (1H, s, NH or OH), 10.56 (1H, s, OH or NH), 8.00-8.07 

(10H, m, ArH) and 6.10 (2H, m, NH), 3C  [(CD3 ) 2 SO] 146.64 (quat) 

139.89 (quat), 133.63, 129.34, .129.04 (quat)., 127.82, 123.26 

and 114.40. 

Found: 	C, 53.0; 	H, 4.4; 	N, '17.6%; 	M, 	318 

requires: C, 52.8; H, 4.4; N, 17.6%; M, 318 
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5-Amino-4-benzenesulphonyl-2-phenyl-2H-1 ,2,3-triazole 

1-N-oxide (109) 

A solution of 2-benzenesulphonyl-2-phenylhydrazono-

acetamidoxime (108) (1.3 g, 0.004'mol) in anhydrous 

acetonitrile (50.0 ml) was treated with activated manganese 

dioxide (6.0 g) and the mixture was stirred at room 

temperature for 1 h. The mixture was filtered through 

celite and the filtrate was evaporated to afford 5-amino-

4-benzenesulphonyl-2--phenyl-2H-1 ,2,3-triazole 1-N-oxide 

(109) (1.1 g; 90%) , which formed colourless prisms, 

m.p. 162-163 0  (from ethanol), umax  3460 and 3280 (NH) cm 1 , 

H [(CD 3 ) 2 S0] 8.16-7.51 (10H, m, ArH) and 6.31 (2H, 

brs, NH), S 	[(CD3 ) 2 S0] 139.57 (quat) , 134.51, 134.00 

(quat), 133.30 (quat), 130.70 (qüat), 129.76, 129.14, 

127.31 and 123.26. 

Found: 	C, 53.2; 	H, 3.7; 	N, 17.5%; 	M, 316 

211423 requires: C, 53.2; 	H, 3.8; N, 17.7%; M, 316. 

The Attempted Reaction of 5-Amino-4-benzenesulphonvl-2-

phenyl-2H-1 ,2,3-triazole 1-N-oxide (109) with 

Ethanolic Ammonia 

A solution of 5-amino-4-benzenesulphonyl-2-phenyl-

2H-1,2,3-triazole 1-N-oxide (109) (0.73 g, 0.002 mol) in 

anhydrous ethanol (25.0 ml) was added to a saturated solution 

of ammonia in anhydrous ethanol (25.0 ml) . The mixture was 

left firmly stoppered at room temperature for 3 days then 

evaporated to afford the unreacted 2H-1,2,3-triazole 1-N-

oxide (110) (0.73 g; quant) , m.p. 160-163°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 



105 

2-Amino-2-phenylhydrazonoacetonitrile (110) 

A solution of 2-chloro-2-phenylhydrazonoacetonitrile 

(35) (7.2 .g, 0.04 mol) in anhydrous ethanol (200 ml) was 

added to a saturated solution of ammonia in anhydrous 

ethanol (200 ml). The mixture was left firmly stoppered 

at room temperature for 17 h. then evaporated to yield a 

solid residue which was treated with water and filtered 

to afford 2-amino-2-phenylhydrazonoacetonitrile (110), 

(6.1 g, 95%), m.p. 163-164° (from toluene), umax  3420 and 

3340 (NH) and 2215 (CN) cm 1 , 5(CDC1 3 ) 7.32-6.92 (5H, m, 

ArH), 3.94 (1H, brs, NH) and 1.55 (2H, brs, NH). 

Found: 	C, 60.0; 	H, 4.9; N, 35.2%; 	M, 160 

c884_requires: C, 60.0; H, 5.0; N, 35.0%z  M, 	160. 

2-Amino-2-phenylhydrazonoacetamidoxime (102) 119 

(a) A solution of 2-amino-2-phenylhydrazonoaceto-

nitrile (110) (0.64g, 0.004 mol) in anhydrous ethanol 

(20.0 ml) was treated with stirring at room temperature 

with a solution of hydroxylamine hydrochloride (0.70 g, 

0.01 mol) in anhydrous ethanol (20.0 ml) followed by 

sodium carbonate (0.53 g, 0.005 mol) and the mixture was 

stirred at room temperature for 48 h. Evaporation of 

the mixture and treatment of the residual cake with water 

afforded 2-amino-2-phenylhydrazonoacetamidoxime (102) 119 

(0.75; quant.), which formed salmon pink crystals, 

m.p. 168-169° (from ethanol), (lit., 	174 ° ), v 	3460,max 

3360, 3260 and 3240 (NH) cm 1 , 6 H  [(CD 3 ) 2 S0] 9.63 
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(1H, brs, NH or OH), 8.30 (1H, brs, OH or NH), 7.25-6.56 

(5H, m, ArH), 5.41 (2H, brs, NH) and 5.32 (2H, brs, NH), 

[(CD 3 ) 2 S0] 146.78 (quat) , 146.52 (quat) , 136.30 (quat) 

128.75, 117.68 and 112.14. 

	

Found: 	C, 49.6; 	H, 5.7; N, 36.2%; M, 193 

	

281150 requires: 	C, 49.7; H, 5.7; N, 36.3%; M, 	193. 

(b) A solution of 2-chloro-2-phenylhydrazonoacetamid-

oxime (36) in anhydrous ethanol (25.0 ml) was added to a 

saturated solution of ammonia in anhydrous ethanol (25.0 ml) 

The mixture was left firmly stoppered at room temperature 

for 17 h. then evaporated to yield a solid residue which 

was treated with water. The resulting solution was 

extracted with methylene chloride to afford a brown 

solid (0.5 g) which was subjected to flash chromatography. 

Elution with methylene chloride-ethyl acetate (4:1) 

yielded 2-amino-2-phenylhydrazonoacetamidoxime (102), (0.31 g, 

41%), m.p. 165-168°, identical (m.p. and i.r. spectrum) to 

a sample prepared in (a) before. 

Elution with ethyl acetate through to ethanol gave 

a series of gums (total, 0.10 g) none of which were 

further investigated. 

Constant extraction with methylene chloride of the 

original neutral aqueous mother liquor afforded no further 

material. 
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The Attempted Reaction of 2-Amino-2-phenylhydrazono- 

acetamidoxime (102) with Activated Manganese Dioxide 

A solution of 2 -amino-2 -phenylhydrazonoacetamidoxime 

(111) (0.39 g, 0.002 mol) in anhydrous acetonitrile (20.0 ml) 

was treated with activated manganese dioxide (3.0 g) 

and the mixture was stirred at room temperature for 1 h. 

The mixture was filtered through celite and the filtrate 

was evaporated to afford a brown gum (0.4 g) which was 

subjected to flash chromatography. 

Elution with methylene chloride through to ethanol 

yielded a series of gums (total 0.20 g) none of which 

were further investigated. 

2-Phenylhydrazono-2-(piperidin-1-yl)acetamidoxime (111) 

A solution of 2-chloro-2-phenylhydrazonoaOetamidoxime 

(36) (1.1 g, 0.005 mol) in anhydrous ethanol (50.0 ml) was 

treated with piperidine (0.94 g, 0.011 mol) and the mixture 

was stirred at room temperature for 1 h. The mixture was 

evaporated to afford a dark gum which was titrated with 

diethyl ether and filtered to afford piperidine hydro-

chloride (0.75 g), m.p. 240-245°, identical (m.p. and 

i.r. spectrum) to an authentic sample. The diethyl 

ether filtrate was evaporated to afford a red gum (0.85 g) 

which was subjected to. flash chromatography. 

Elution with methylene chloride afforded a red gum 

(0.07 g) which was not further investigated, followed by 
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2-phenylhydrazono-2-(piperidin-1-yl)acetamidoxime (111) 

(0.38 g; 29%), which formed colourless needles, m.p. 135-

136 °  (from toluene), VmaX 3420 and 3300 (NH, OH) cm 1 , 

6H [(CD 3 ) 2 S0] 9.90 (1H, brs, NH or OH), 9.21 (1H, brs, 

OH or NH) , 7.22-6.64 (5H, m, ArH) , 5.82 (2H, brs, NH), 

3.00 (4H, brs,. CH 2 ) and 1.55 (6H, brs, CH 2 ), c5, [(CD 3 ) 2 SOJ 

146.23 (quat), .145.43 (quat), 141.91 (quat), 128.85, 117.71, 

111.75, 48.44 (CH2 ) , 24.90 (CH 2 ) and 24.10 (CH 2 ) 

Found: C, 60.0; H, 7.3; N, 26.5%; M, 261 

131950 requires: C, 59.8; H, 7.3;. N, 26.8%; M , 261 

Elution with methylene chloride-ethyl acetate (1:1) 

through to ethanol gave a series of gums (total, 0.37 g) 

none of which were further investigated. 

The Attempted Reaction of 2-Phenylhydrazono-2-(piperidin- 

1-yl)acetamidoxime (111) with Activated Manganese Dioxide 

A solution of 2-phenylhydrazono-2- (piperidin-1 -yl) - 

acetamidoxime (111) (0.13 g, 0.0005 mol) in anhydrous 

acetonitrile (10.0 ml) was treated with activated manganese 

dioxide (0.75 g) and the mixture was stirred at room 

temperature for 1 h. The mixture was filtered through 

celite and the filtrate was evaporated to afford a red 

gum (0.1 g) whose t.l.c. in methylene chloride showed it 

to be a multicomponent mixture and was therefore not 

further investigated. 



109 

Attempted Cyclodehydration Reactions of 2-Amino-2-

pheny1hydrazonoacetamidoxirne (102) 

By reaction with thionyl chloride in dioxane 

A solution of 2-amino-2-phenylhydrazonoacetamidoxime 

(102) (0.77 g, 0.004 mol) in anhydrous dioxane (5.0 ml) 

was treated dropwise with stirring at room temperature 

with thibnyl chloride (0.4 ml, 0.0056 mol). The mixture 

was stoppered and stirred at room temperature for 16 h. 

Evaporation of the mixture and treatment of the residue 

with saturated aqueous sodium hydrogen carbonate solution 

followed by extraction of the resulting suspension with 

methylene chloride afforded a dark gum (0.10 g) whose t.l.c. 

in methylerie chloride-ethyl acetate (1:1) showed it to 

be a complex mixture and was not further investigated. 

Neutralisation of the aqueous mother liquor with 

aqueous 2M hydrochloric acid followed by extraction with 

methylene chloride yielded no further material. 

By reaction with toluene-4-sulphonic acid 

in toluene 

A solution of 2-amino-2-phenylhydrazonoacetamidoxime 

(102) (0.77 g, 0.004 mol) in anhydrous toluene (20.0 ml) 

was treated with toluene-4-sulphonic acid (0.40 g) and 

the mixture was heated under reflux in a Dean and Stark 

apparatus for 4 h. The mixture was cooled to room 

temperature and filtered to afford a solid which was 
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washed with saturated aqueous sodium hydrogen carbonate 

solution to give the unreacted 2-arnino-2-phenylhydrazono-

acetamidoxime (103) (0.44 g; 57%), m.p. 163-165 ° , 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

The filtrate and combined washings were evaporated 

to afford a brown gum (0.10 g.) whose t.l.c. in methylene 

chloride showed it to be a inulticomponent mixture and 

was not further investigated. 

(c) By reaction with tosyl chloride in the presence 

of triethylamine 

A solution of 2-amino-2-phenylhydrazonoacetamidoxime 

(102) (0.77 g, 0.004 mol) in anhydrous dioxane (40.0 ml) 

was treated with stirring at room temperature with 

triethylamine (0.44 g; 0.0044 mol) followed by dropwise 

addition of a solution of tosyl chloride (0.76 g, 

0.0044 mol) in anhydrous dioxane (10.0 ml) and the mixture 

was then stirred at room temperature for 1 h. Filtration 

afforded triethylamine hydrochloride (0.20 g), m.p. 252-

255 ° , identical (m.p. and i.r. spectrum) to an authentic 

sample. The dioxane filtrate was evaporated to afford a 

dark gum which was treated with water and extracted with 

methylene chloride to yield a brown gum (1.5 g) which was 

subjected to flash chromatography. 
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Elution with methylene chloride through to ethanol 

gave a series of gums (total, 1.4 g) none of which were 

further investigated. 

2-Oximino-2-phenylazoacetonitrile (115) [2-Nitroso-2-

pheny1hydrazonoacetonitrile (114)] 127 

A solution of (E) -2-cyano-2-phenylhydrazonoacetic 

acid (52) (7.6 g, 0.04 mol) in glacial acetic acid (400 ml) 

was treated dropwise with stirring at room temperature 

at such a rate that the reaction temperature was maintained 

between 20_300  with a solution of sodium nitrite (4.0 g, 

0.0055 mol) in water (20.0 ml) and the resulting red 

solution was stirred at room temperature for a further 

10 minutes. The mixture was evaporated, the residue was 

treated with water, and the resulting solution was 

extracted with methylene chloride to afford 2-oximino-2-

phenylazoacetonitrile (114) (6.1 g; 88%) which formed 

buff prisms, m.p. 156-157° (from toluene), (lit., 127  166-168 0 ) 

umax 3240 (NH) cm 1 , 6 	 [(CD 3 ) 2 S0] 7.90-7.60 (6H, m, ArH 

and NH), 6 	 [(CD 3 ) 2 S0] 151.28 (quat), 145.54 (quat), 

133.37, 129.68, 123.07, and 106.44 (quat). 

Found: 	C, 55.2; 	H, 3.5; 	N, 32.6%; 	M, 174. 

Calc. for C8 H6N4 0: C, 55.2; H, 3.5; N, 32.3%; M, 174. 
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The Attempted Reaction of 2-Oximino-2-phenylazoaceto- 

nitrile (114) [2-Nitroso-2-phenylhydrazonoacetonitrile (114)1 

with hydroxylamine Hydrochloride in the Presence of 

Sodium Carbonate 

A solution of 2-oximino-2-phenylazoacetonitrile (114) 

(3.5 g, 0.02 mol) in anhydrous ethanol (200 ml) was treated 

with a solution of hydroxylamine hydrochloride (3.5 g, 

0.05 mol) in anhydrous ethanol (200 ml) followed by solid 

sodium carbonate (2.7 g, 0.025 mol) and the mixture was 

stirred at room temperature for 24 h. The mixture was 

evaporated and the residual cake was treated with water 

and the resulting solution extracted with methylene 

chloride to afford a red gum (4.3 g) which was subjected 

to flash chromatography. 

Elution with methylene chloride afforded unreacted 

2_oximino-2-phenylaZOacetoflitrile (114) (1.3 g; 36%), 

m.p. 150-152 ° , identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

Elution with methylene chloride-ethyl acetate (1:1) 

through to ethanol gave a series of gums (2.9 g) none 

of which were further investigated. 

Ethyl 2_ChlOro_2_Pheny ydrazonoacetimidate Hydrochloride (1 15) 

A solution of 2_chloro_2_pheflylhYdraZOflOacet0nitre 

(35) (0.90 g, 0.005 mol) in anhydrous ethanol (6.0 ml) and 

anhydrous diethyl ether (10.0 ml) was cooled to 0 0  (ice- 

salt bath) and treated with a slow stream of hydrogen chloride 
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until the mixture was saturated. The mixture was then 

left stoppered in a refrigerator overnight, then diluted 

with an equal volume of anhydrous diethylether (16.0 ml) 

and filtered to afford ethyl 2-chloro-2-phenylhydrazono-

acetimidate hydrochloride (115), (1.3 g; 96%), m.p. 

158-159 (from ethanol-light petroleum), 
umax  3140 (NH) cm 1 , 

[(CD 3 ) 2 S0] 11.34 (1H, brs, NH), 7.82-7.03 (5H, m, ArH), 

4.69 (2H, q, J7Hz, CH 2 ) and 1.43 (3H, t, J7Hz, CM 3 ) 

	

Found: 	226.0876. 

	

ç1012 1 N3 0 requires: 	226.0986. 

The Reaction of Ethyl 2-Chloro-2--phenylhydrazonoacetimidate 

Hydrochloride (115) with Hydroxylamine Hydrochloride in 

the Presence of Sodium Carbonate 

A solution of ethyl 2-chloro-2-phenylhydrazono-

acetimidate hydrochloride (115) (0.26 g, 0.002 mol) in 

anhydrous ethanol (10.0 ml) was treated with stirring at 

room temperature with a solution of hydroxylarnine hydro-

chloride (0.18 g, 0.0025 mol) in anhydrous ethanol (10.0 ml) 

followed by sodium carbonate (0.14 g; 0.00125 mol) and the 

mixture was stirred at room temperature for 24 h. Evaporation 

of the mixture and treatment of the residual cake with 

water afforded 2 -chloro-2-phenylhydrazonoacetamjdoxjme (36) 

(0.21; quant), rn.p. 180-183 0 , identical (m.p. and i.r. 

spectrum) to a sample prepared before. 
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The Attempted Reaction of 2-Chloro-2-phenylhydrazono-

acetamidoxime (36) with Hydroxylamine Hydrochloride in 

the Presence of Sodium Carbonate 

A solution of 2-chloro-2-heny1hydrazonoacetamidoxime 

(36) (0.43 g, 0.002 mol) in anhydrous ethanol (20.0 ml) 

was treated at room temperature with a solution of hydroxvl-

amine hydrochloride (0.36 g, 0.005 mol) in anhydrous 

ethanol (10.0 ml) followed by sodium carbonate (0.28 g, 

0.0025 mol) and the mixture was stirred and heated under 

reflux for 24 h. Evaporation of the mixture and 

treatment of the residual cake with water afforded unreacted 

2-chloro-2-phenylhydrazonoacetamidoxime (36) (0.43 g; 

quant.), m.p. 180-183°, identical (m.p. and i.r. spectrum) 

to an authentic sample. 

The Attempted Reaction of 5-Amino-4-chloro-2-phenyl-2H-

1,2,3-triazole 1-N-oxide (103) with Hydrazine Hydrate 

A solution of 5-amino-4-chloro-2-phenvl-2H-1 ,2,3-

triazole 1-N-oxide (0.42 g, 0.002 mol) in ethanol (20.0 ml) 

was treated with 100% hydrazine monohydrate (0.40 g, 0.008 mol) 

and the mixture was heated under reflux for 24 h. Evaporation 

of the mixture afforded the unreacted 2H-1,2,3-triazole 

1-N-oxide (104) (0.42 g; quant.) , m.p. 115-119°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 
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The Attempted Reaction of 2-Chloro-2-phenylhydrazono-

acetamidoxime (36) with Hydrazine Hydrate 

A solution of 2-chloro-2-phenylhydrazonoacetamidoxiine 

(36) (0.43 g, 0.002 mol) in anhydrous ethanol (20.0 ml) was 

treated with 100% hydrazine monohydrate (0.11 g, 0.0044 mol) 

and the mixture was stirred at room temperature for 24 h., 

heated at 50 0  (oil bath) for 3 h., and then heated under 

reflux for a further 4 h. Evaporation of the mixture 

afforded unreacted 2-chloro-2-phenylhydrazonoacetamidoxime 

(36) (0.43 g; quant.), m.p. 180-185°, identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

The Attempted Reaction of 2-Chloro-2-phenylhydrazono-

acetamidoxime (36) with Phenvlhydrazine 

A solution of 2-chloro-2-phenylhydrazonoacetamidoxime 

(36) (0.85 g, 0.0004 mol) in anhydrous ethanol (40.0 ml) 

was treated with phenylhydrazine (0.24 g,  0.0088 mol) and 

the mixture was stirred at room temperature for 24 h., 

heated at 50° (oil bath) for 3 h., and then heated under 

reflux for a further 4 h. Evaporation of the mixture 

afforded a brown gum which was triturated with light 

petroleum to yield unreacted 2-chloro-2-phenylhydrazono-

acetamidoxime (36) (0.83 g; 98%), m.p. 180-185°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 



116 

The Attempted Reaction of 2-Chloro-2-phenylhydrazono-

acetonitrile (35) with Hydrazine Hydrate 

A solution of 2-chloro-2-phenylhydrazonoaceto-

nitrile (35) (0.36 g, 0.002 mol) in ethanol (20.0 ml) was 

treated with 100% hydrazine monohydrate (0.40 g, 0.008 mol) 

and the mixture was heated under reflux for 30 mm. 

Evaporation of the mixture afforded a red. gum (0.40 g) 

which was subjected to flash chromatography. 

Elution with methylene chloride through to ethanol 

affords a series of gums (total, 0.33 g) none of which was 

further investigated. 

A solution of 2-chloro-2-phenylhydrazonoaceto-

nitrile (35) (0.36 g, 0.002 mol) in ethanol (20.0 ml) was 

treated with 100% hydrazine monohydrate (0.40 g, 0.008 mol.) 

and the mixture was stirred at room temperature for 1 h. 

Evaporation of the mixture afforded a brown solid (0.70 g) 

which was subjected to flash chromatography. 

Elution with methylene chloride through to ethanol 

afforded a series of gums (total, 0.36 g) none of which 

was further investigated. 
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Chapter 3 

Synthetic Approaches to Azapurines, Azapteridines 

and Related Polyazaheterocycles Based on Annulation 

Reactions with Tosyl Isocyanate 
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Synthetic Approaches to Azapurines, Azapteridines 

and Related Polyazaheterocycles Based on Annulation 

Reactions with Tosvl Isocyanate 

3.1 	Introduction 

In the course of previous studies at Edinburgh 129  

it was shown (Scheme 1) that the pyrazolylazopyrazole (1) 

reacts with tosyl isocyanate to afford the pyrazolo[3,4-e]-

1,2,4-triazine derivative (2) in good yield. This appears 

to be the only previous example of such an annulation 

reaction using tosyl isocyanate for the formation of 

1,2,4-triazines. It therefore represents a potentially 

general method for the annulation (Scheme 2) of ortho-

amino-azo compounds to afford fused 1,2,4-triazine 

derivatives (7). There appear to be two conceivable 

mechanistic pathways for this transformation [(3)-(7)J. 

Firstly, by initial formation of the urea adduct (4) 

which in the tautomeric form (5) can give the triazinone 

(7) by direct nucleophilic elimination of toluene-4-

suiphonamide. Secondly, the urea adduct (4) can initially 

eliminate tol.uene-4-sulphonamide to afford the isocyanate 

derivative (6) which by electrocyclisation yields the 

triazinone (7) 

The studies described in this chapter are concerned 

with the investigation of the scope and mechanism of such 

fused triazine synthesis as well as the reactivity of the 
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fused triazine products. Of particular interest is the use of 

the tosyl isocyanate annulation procedure for the synthesis of 

the polyazaheterocycles illustrated in Scheme 3. 
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The nomenclature of the ring systems [(8)-(11)1 has 

already been discussed (see Chapter 1) and these hetero-

cyclic nuclei are named as follows: the imidazolo-

[4,5-el-1 ,2,4-triazine ring system (6-azapurine) (8), 

the pyrimido[4,5-c}-1,2,4-triazine ring system (6-aza-

pteridine) (9), the pyrazino[2,3-e}-1  ,2,4-triazine ring 

system (4-azapteridine) (10) and the 1,2,4-triazino[5,6-eJ-

1 ,2,4-triazine ring system (4 r 6azapteridifle). The 

ring system (12) has not been described previously and is 

systematically named in accordance with Chemical Abstracts 

as the pyrazolo[3,4-eJ-1,2,4-triazine ring system, 

formally a scrambled derivative of the 6-azapurine ring 

system (8). 	 - 

The biological activity of the rincT systems [(8)-(11)] 

has also been discussed previously (see Chapter 1). The 

pyrazolo[3,4-eJ-1,2,4-triazine ring system has been 

reported to have antiviral activity 130  and antitumor 

activity.131 The known and potential biological activity 

of derivatives ofthese ring systems [(8)-(12)] prompted 

the present investigations of a general strategy for the 

synthesis of such polyazaheterocycles based on the 

annulation of ortho-amino-azo precursors with tosyl 

isocyanate. 
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3.2 	Studies on the Synthesis and Reactivity of 

Pyrazolo[3,4-e]-1 ,2,4-triazine Derivatives 

3.2.1 A General Synthesis of Pyrazolo{3,4-eJ- 

1,2,4-triazine Derivatives Based on Annulation 

Reactions of 5-Amino-4-arylazopyrazoles with 

Tosyl Isocyanate 

Pyrazolo[3,4-e]-1 ,2,4-triazine derivatives have been 

synthesised previously by three procedures. , Firstly from 

pyrazolinedione 4-thiosemicarbazone' 30  'as illustrated 

(Scheme 4) by the base-catalysed cyclisation of the 

compound (14) to afford the pyrazolo[3,4-e]-1,2,4-

triazine (15). The pyrazolinedione thiosernicarbazide 

derivative (14) was readily synthesised by the reaction of 

3-methyl-1-phenylpyrazoline-4,5-dione (13) with thio-

semicarbazide. 

A second procedure for the synthesis of derivatives 

of the pyrazolo[3,4-e]-1,2,4-triazine ring system is based 

on ortho-amino-azopyrazoles 132  as exemplified (Scheme 5) 

by reaction of 3,5-diamino-4-phenylazo-1H-pyrazole (16) 

with benzyl isothiocyanate to afford the pyrazole 

derivative (17) which by heating in pyridine is readily 

cyclised to the pyrazolo[3,4-e]-1 ,2,4-triazine derivative (18). 

The third and final procedure used to synthesis 

derivatives of the pyrazolo[3,4-e]-1 ,2,4-triazine ring 

system utilises ortho-aryihydrazonopyrazolylurethane 

133 derivatives 	as illustrated (Scheme 6) by the thermal 
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cyclisation of the pyrazole derivative (20) to give the 

pyrazolotriazinone derivative (21) which readily 

tautomerises to its isomer (22) . The aryihydrazono-

pyrazolylurethane (20) was readily accessible by coupling 

of the pyrazolylurethane (18) with benzenediazonium chloride. 

As an extension of the observation by Tennant and 

Torano 129  that ortho-amino-azopyrazoles can yield 

pyrazolo[3,4-e]-1 ,2,4-triazine derivatives as described 

earlier (see Scheme 1) it was decided to investigate the 

scope of this reaction. It was of particular interest to 

see if this type of reaction (Scheme 1) could be extended 

to provide a general route to pyrazolo[3,4-e]1,2,4-

triazine derivatives (Scheme 7) , based on the annulation 

of 5-amino-4-arylazopyrazoles (26) with tosyl isocyanate. 

Such 5-amino-4-arylazopyrazoles (26) are readily accessible 

by two routes, both starting from acylacetonitrile 

derivatives (23). Firstly, by coupling of the acylaceto- 

nitrile (23) with aryldiazonium salts to give 2-aplhydrazono-

acetonitriles (24) which on reaction with hydrazines 

afford the 5-amino-4-arylazopyrazole derivatives (26). 

The second route to 5-amino-4-arylazopyrazole derivatives 

(25) involves the coupling of 5-aminopyrazoles (25) with 

aryldiazonium salts, the 5-aminopyrazoles (25) being 

readily available by reaction of acylacetonitrile 

derivatives (23) with hydrazines. 
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In pursuing this strategy (Scheme 8) benzovl-

acetonitrile (28)105  was coupled with benzediazonium chloride 

to afford the known 104  2-phenylhydrazonobenzoylacetonitrile 

(29a) as previously described in Chapter 2. This 

acetonitrile derivative (29a) was reacted with methyihydrazine 

under conditions known 134  to form pyrazoles and gave the 

previously unknown 5-amino-1-methyl-4-phenylazo-1 -phenyl-

pyrazole (30a) in good yield. This product has analytical 

and spectroscopic data consistent with the assigned structure. 

In particular, its 1 H n.m.r. spectrum exhibits resonances 

for ten aromatic hydrogen atoms, two exchang'1e protons 

and the three hydrogen atoms of an NCH 3  grouping. The 

n.m.r. spectrum of the pyrazole derivative (30a) contains 

the expected five signals for the quaternary carbon atoms of 

the assigned structure. 

The annulationreaction of this pyrazolederivative (30a) 

with tosylisocyanate proceeded smoothly and in high yield 

to give 3,5 -diphenyl - 1-methyl-1H-pyrazolo[3,4-e]-1,2,4-

triazin-6 (5H)-one (31a) together with toluene-4-sulphonamide 

isolated in quantitative yield. The product (31) has 

analytical data and spectroscopic properties consistent with 

the assigned structure. In particular its i.r. spectrum 

shows a carbonyl band at 1690 cm 1 , and its 1  H n.m.r. 

spectrum exhibits resonances for ten aromatic hydrogen atoms and 

for the three hydrogen atoms of the NCH 3  group. Significantly 

no exchangable protons are observed in the 1 
 H n.m.r. spectrum. 

The 13C n.m.r. spectrum contains the six expected signals 

for quaternary ca.rbon atoms. 
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Further evidence for the structure of the pyrazolo-

triazinone derivative (31a) is provided by its behaviour 

towards alkali. It is known 135  that fused triazinone 

systems can on treatment with alkali undergo ring-opening 

to give urethane derivatives as illustrated (Scheme 9) 

by the reaction of the benzotriazinone derivative (32) with 

potassium hydroxide to afford the urethane derivative (33). 

Therefore by analogy the pyrazolotriazinone derivative (31a) 

should undergo ring-opening in a similar fashion. Indeed 

brief heating (Scheme 10) of 3,5-diphenyl-1-methyl-1H-

pyrazolo[3,4-e]-1,2,4-triazin-6(51-I)--one (31a) with 

aqueous sodium hydroxide afforded the pyrazole derivative 

(30a) presumably by initial ring-opening to the carbamic 

acid (34) followed by loss of carbon dioxide. 

The foregoing procedure for the synthesis of the 

pyrazolotriazinone (31a) was successfully applied (Scheme 8) 

to the synthesis of the other 5-aryl-1-methyl-3-phenyl-1H-

pyrazolo[3,4 -e] - 1 ,2,4-triazin-6(5H)-ones (31b and 31c) 

Benzoylacetonitrile (28) readily coupled with 4-methyl-

benzenediazonium chloride to afford the known 136  2-(4-

methylphenylhydrazono)benzoylacetonitrile (29b) in high 

yield. Similarly the known 135  2-(4-chlorophenylhydrazono)-

benzoylacetonitrile (29c) was readily prepared in good 

yield by coupling benzoylacetonitrile (28) with 4-chioro-

benzenediazonium chloride. Both of the 2-aryihydrazono-

benzoylacetonitriles (29b and 29c) gave on reaction with 
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methylhydrazine the expected but previously unknown pyrazole 

derivatives, 5-amino-1-methyl-4-(4-methylphenylazo)-3--

phenylpyrazole (30b) and 5-amino-4- (4-chiorophenylazo) - 

1-methyl-4-phenylpyrazole (30c), both of which gave 

combustion analysis and spectroscopic data consistent 

with the assigned structures. Subsequent reaction (Scheme 8) 

of the pyrazole derivatives (30b and 30c) with tosyl 

isocyanate gave as expected the pyrazolotriazinone derivatives 

(31b and 31c) in good yield. Both of these products 

(31b and 31c) gave analytical and spectroscopic data in 

agreement with the assigned structures. 

In order to investigate the possibility that 

substituents in the 4-position of the arylazo grouping of 

the 5-amino-4-arylazo-1-methyl-3-phenylpyrazoles (30) 

might affect the course and/or yield of the annulation 

[(30)-(31)] (Scheme 8) the pyrazole derivatives, 5-amino-

4-(4-methoxyphenylazo)-1-methyl-3-phenylpyrazole (30d) and 

5-arnino-1-methyl-4-(4-nitrophenylazo)-3-phenylpyrazole 

(30e) were synthesised. These derivatives (30d and 30e) having 

a strong electron-donating substituent and a strong electron- 

withdrawing substituent in the arylazo moiety might exhibit 

behaviour towards annulation with tosyl isocyanate which 

would provide information on the course of the latter process. 

Coupling (Scheme 8) of benzoylacetonitrile (28) with 

I. 4-methoxybenzenediazonium chloride afforded a good yield of 

the previously unknown 2-(4-methoxyphenylhydrazono)benzoyl--

acetonitrile (29d), which gave analytical and spectroscopic 
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proporties in agreement with the assigned structure. 

Similarly the previously unknown 2-(4-nitrophenylhydrazono) - 

benzoylacetonitrile (29e) was readily accessible by 

coupling of benzoylacetonitrile (28) with 4-nitrobenzene-

diazonium chloride. Again the combustion analysis and 

spectroscopic properties of this product were fully 

consistent with the assigned structure. Both of the 

arylhydrazonobenzoylacetonitrile derivatives (29d and 

29e) gave on reaction with methyihydrazine, the expected 

but previously unknown pyrazole derivatives, 5-amino-4- 

(4-methexyphenylazo)-1-methyl-3-phenylpyrazole (30 ml) and 

5-amino-1-methyi-4-(4-nitrophenylazo)-3-phenylpyrazole (30e). 

Reaction of both of these pyrazole derivatives (30d and 

30e) with tosyl isocyanate gave the corresponding pyrazolo-

triazinone derivatives (31d and 31e) in good yield. The 

structures assigned to the pyrazolotriazinone derivatives 

(31d and e) were fully confirmed by their combustion 

analysis and spectroscopic properties. The uniformly good 

yields of the pyrazolotriazinones (31d and e) demonstrates 

an apparent lack of substituent effects at the para-position 

of the arylazo group of the pyrazole starting material on 

the course of the transformation [(30)9(31)] (Scheme 8). 

As has been described earlier (Schemes 9 and 10) 

the behaviour of the pyrazolotriazinone derivatives (31) 

towards hydrolytic ring-opening in aqueous alkali can 

provide confirmatory evidence of their structure. It was 
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decided to investigate such behaviour in one further case 

(Scheme 11) namely that of 1-methyl-5-(4-nitrophenylazo)-

3-phenyl-1H--pyrazolo[3,4-e] -1 ,2,4-triazin-6(5H)-one 

(31e). Brief heating of the pyrazolotriazinone (31e) with 

sodium hydroxide in aqueous ethane-1,2-diol as expected 

gave the pyrazole derivative (30e) in high yield. However, 

longer heating of the pyrazolotriazinone (31e) with sodium 

hydroxide in aqueous ethane-1,2-diol yielded a variety of 

products (Scheme 11). 5-Amino-1--methyl-4-(4--nitrophenylazo)-

3-phenylpyrazole (30e) was isolated in moderate yield and 

identified by comparison with an authentic sample prepared 

as described previously. A moderate yield of a product 

formulated as 5 -amino - 4 - (4 -aminophenv1azo)-1-methyl-3-

phenyl pyrazole (35) was also obtained and identified from 

its combustion analysis and spectroscopic properties. In 

particular, its i.r. spectrum showed NH-absorption 

attributable to a primary amino group but significantly no 

absorption, due to a nitro-group. The structure of the 

(4-aminophenylazo)pyrazoie derivative (35) was alsO supported 

by its 1 H n.m.r. spectrum which contained characteristic 

resonances for nine aromatic hydrogen atoms four of 

which were assignable to a para-substituted phenyl group, 

three hydrogen atoms corresponding to a NCH 3  group and 

four exchangable protons. A further product (Scheme 11) 

obtained in low yield from the prolonged heating of the 

pyrazolotriazinone (31e) with aqueous sodium hydroxide is 

tentatively formulated as 1 -methyl - 4 - (4 -nitrophenyl)azo-. 

3-phenyl-A 2 -pyrazolin-5-one (36) on spectroscopic evidence. 
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In particular, it has a parent ion in its mass spectrum 

at 323 a.m.u. corresponding to the molecular weight of 

the assigned structure. Also, the i.r. spectrum of the 

product (36) exhibited carbonyl absorption at 1670 cm 1  

and nitro group absorption at 1550 and 1345 cm 1 . 

Since brief treatment of the pyrazolotriazinone 

derivative (31e) with aqueous sodium hydroxide affords only 

the pyrazole derivative (30e) it would seem reasonable to 

assume that the other products observed on prolonged 

treatment of the pyrazolotriazinone (31e) are in fact 

derived from the pyrazole derivative (30e) . In order to 

investigate this hypothesis, 1-rnethyl-4-(4-nitrophenylazo)-

3-phenylpyrazole (30e) was heated with sodium hydroxide 

in aqueous ethane-1,2--diol. It was anticipated that this 

reaction would give 1 -methyl-4-(4--aminophenylazo)-3-phenyl-

pyrazole (35) and the pyrazo;linone derivative (36). 

However, in practice this reaction gave only a good recovery 

of the unreacted pyrazole (30e). This would suggest that the 

pvrazole derivative (30e) is not the direct precursor of 

the pyrazole derivatives (35) and (36) which must be formed 

by some other route which as yet remains unexplained. 

In order to verify the structure of the (4-aminophenyl-

azo)pyrazole (35) it was decided to synthesise it (Scheme 12) 

by deliberate reduction of the pyrazole derivative (30e) 

with iron in glacial acetic acid, conditions known 137  to 

reduce nitro to amino-groups. However reaction of 1rnethyl-

4 - (4 -nitrophenylazo)-3-phenylpyrazole (30e) with iron in 
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glacial acetic acid failed to give 1-methyl--4--(4-amino-

phenylazo)-3-phenylpyrazole (35) only unreacted starting 

material being recovered in good yield. The resistance of 

the nitro-substituent in the arylazopyrazole (30e) to 

reduction is surprising and in turn makes the isolation of 

the (4-aminophenylazo)pyrazole in the reaction of the 

pyrazolotriazonone (31e) with aqueous alkali in ethylene 

glycol even more puzzling. 

In further studying the scope of the annulation 

procedure outlined in Scheme 8 [(30)4(31)] it was decided 

to investigate the use of other isocyanates, in particular 

phenyl isocyanate and methyl isocyanate, in this 

transformation. 1 -Methyl-4-(4-nitrophenylazo) -3-phenyl-

pyrazole (31e) was arbitrarily chosen for study (Scheme 13) 

and as anticipated was found to react with phenyl isocyanate 

to afford a good yield of the pyrazolotriazinone (31e). 

In contrast, however, the attempted reaction of the 

nitrophenylazopyrazole (31e) with methyl isocyanate gave 

only a good recovery of the unreacted starting-material (31e) 

The failure of this reaction can be attributed to the 

enhanced volatility of methyl isocyanate and hence its 

loss from the reaction mixture in the course of the 

reaction. 

In further studying the applicability of the general 

strategy detailed in Scheme 7 as a route to pyrazolo[3,4-e]-

1,2,4-triazine derivatives it was decided to investigate 
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whether the annulation process [(26)-(27)] would be 

influenced by the introduction of a bulky substituent a 

the 1-position of the pyrazole ring. Hence it was 

decided to investigate (Scheme 14) the annulation of the 

diphenylpyrazole (38) with tosyl isocyanate to give the 

pyrazolotriazinone derivative (39) . The known 136,138  

5-amino-1 ,3-diphenyl-4-phenylazopyrazole (38) was readily 

synthesised by the reaction of the previously described 

2-phenylhydrazonobenzoylacetonitrile (29a) 
104  with 

phenyihydrazine. The alternative route from 5-amino-

1,3-diphenylpyrazole (37)139  by couplinci with benzene- 

diazoniurn chloride failed to give the phenylazopyrazole (38) 

only a good yield of the unreacted pyrazole (37) being 

obtained. 

The reaction (Scheme 14) of the pyrazole derivative 

(38) with tosyl isocyanate failed to give the anticipated 

pyrazolotriazinone (39), a good yield of 1-(i,3-diphenyl-

4-phenylazopyrazol-5-yl)-•3-(toluene-4-sulphonyl)urea (40) 

being isolated instead. This compound (40) gave analytical 

data and spectroscopic properties consistent with the 

assigned structure. In particular its i.r. spectrum showed 

NH and carbonyl absorption consistent with the presence of 

the urea side-chain. Also the H n.m.r. spectrum of the 

urea (40) contained the expected signals for two exchanqble 

protons as well as proton resonances for nineteen aromatic 

hydrogen atoms, four of which could be assigned to the 

4-tolyl substituent whose presence also accounted for a 

three-proton singlet due to the 4-methyl substituent. The 
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13 n.m.r. spectrum of the urea derivative exhibited signals 

due to the four quaternary carbon atoms in the structure 

(40) . 

It has been postulated (see Scheme 2) that urea 

derivatives of the type (40) could be intermediates in 

the annulation of ortho-amino-arylazopyrazoles with 

tosyl isocyanate to give pyrazolo[3,4-e] -1 ,2,4-triazinones. 

It was therefore decided (Scheme 15) to investigate the 

possible cyclisation of the urea (40) under forcing 

conditions. In practice, heating the urea (40) in 

dimethylformamide yielded 5-amino-1 ,3-diphenyl-4-phenyl-

azopyrazole (38) • and 1 ,1-dimethyl-3--(toluene-4-sulphonyl)-

forrnamidine (41). The latter compound (41) gave 

analytical data and showed spectroscopic properties 

consistent with the assigned structure. In particular, 

its 1 H n.m.r. spectrum contained resonances for four 

aromatic protons assignable toX4-tolyl residue, a one proton 

singlet due to a CH group and three three-proton singlets 

due to the three methyl groups. 

In a further attempt to induce the urea derivative (40) 

to undergo cyclisation it was heated at 200° under reduced 

pressure in a Kugelrohr apparatus. However, this procedure 

resulted only in the isolation of some toluene-4-sulphonamide 

together with the unreacted pyrazolylurea (40). However, 

the pyrazolylurea (40) was eventually successfully cyclised 

to the pyrazolotriazinone derivative (39) by heating it at 

245 0  (Woods metal bath) under reduced pressure. 5-Amino-

1,3-diphenyl-4-phenylazopyrazole (38) was also formed 
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in moderate yield as a by-product in this reaction. The 

pyrazolotriazinone (39) gave accurate mass data and 

showed spectroscopic properties consistent 

with the assigned structure. 	Of particular 

note is the presence in its i.r. spectrum, of a high 

frequency carbonyl absorption at 1720 cm 1  due to the 

triazinone carbonyl substituent. 

The observation that reaction (Scheme 15) of the 

pyrazole derivative (38) with tosyl isocyanate does not 

directly yield the pyrazeloriazinone (39) but gives the 

intermediate urea adduct (40) instead may be explained in 

terms of the steric effect of the bulky phenyl group at 

the 1-position of the pyrazole ring. In order to further 

test this hypothesis it was decided to investigat' 

the reaction (Scheme 16) of the pyrazole derivative (44) 

with tosyl isocyanate. The known 14°  5-amino-3-rnethyl-1-

phenyl-4-phenylazopyrazole (44) was readily prepared 

starting with .-iminocrotononitrile (42) which coupled 

smoothly with benzenediazonium chloride to yield the 

known 141  3-irnino-2-phenylhydrazonobutanenitrile (43). The 

phenyihydrazonobutanenitrile (43) reacted readily with 

phenylhydrazine to afford 5-amino-3-methyl-1-phenyl-4-

phenylazopyrazole (44) in good yield. Reaction (Scheme 16) 

of this pyrazole derivative (44) with tosyl isocyanate 

gave 1-(3-methyl-1--phenyl-4-phenylazopyrazol-5-yl)-3-

(toluene-4-sulphonyl)urea (46) with no evidence for the 

formation of the pyrazolotriazinone derivative (45) 
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This observation supports the hypothesis that a bulky 

group in the 1-position of the pyrazole ring of ortho-

amino-arylazopyrazoles sterically hinders tosyl isocyanate 

annulation to the corresponding pyrazolotriazinone 

derivative. 

As shall be discussed later, there is good evidence that 

the tosyl isocyanate annulation of ortho-amino-arylaza-

pyrazoles to pyrazolotriazinones proceeds via the 

intermediacy of toluene-4-sulphonylurea adducts which 

thermally eliminate toluene-4-sulphonamide to afford 

the corresponding pyrazolyl isocyanates. Electrocyclisation 

- 	 of the latter then affords the observed pyrazolotriazinone 

products. It could be argued therefore that an electron-

withdrawing substituent at either the 1- or 4-position of 

the pyrazole ring by weakening the pyrazolyl substituted 

NH bond of the urea intermediate should promote elimination 

of toluene-4-sulphonamide to give the pyrazolyl isocyanate 

and hence the ultimate formation of the pyrazolotriazinone 

product. On the basis of this assumption it was decided (Scheme 17 

to investigate the tosyl isocyanate annulation of the 

Th 	
pyrazole derivative (47) having an electron-withdrawing 

substituent in the 4-position of the pyrazole ring. It was 

anticipated that the pyrazole derivative (47) would be 

readily available, by analogy with other ortho-amino-

arylazo.pyrazole synthesis [see Scheme 14 (29a)->(38)] 

from the phenyihydrazonoacetonitrile derivative (29e), whose 

synthesis has been described earlier (see Scheme 8) 
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However, in practice, reaction of 2-(4-nitrophenyl-

hydrazono)benzovlacetonitrile (29e) with phenyihydrazine 

gave a good yield of 2-(4--nitrophenylhydrazono)benzoyl-

acetonitrile phenyihydrazone (48). This product gave 

analytical data and showed spectroscopic properties consistent 

with the assigned structure (48). Of particular note is 

the presence of a nitrile absorption at 2205 cm 1  in the 

i.r. spectrum of the bishydrazone (48). 

In order to further substantiate the structure of 

the bishydrazone (48) it was decided to attempt its 

conversion into an acetyl derivative. However, unexpectedly, 

reaction of 2- (4-nitrophenylhydrazono)benzoylacetonjtrjle 

phenyihydrazone (48) with acetic anhydride gave 2-(4-

nitrophenylhydrazono)benzoylacetonitrile (29e) and 

2 - (N-acetyl - 4 -nitrophenylhydrazono)benzoylacetonjtrjle (50). 

The latter product is presumably formed by acetylation 

of 'the former. The N-acetyl product (50) gave analytical 

data and showed spectroscopic properties consistent with the 

assigned structure. In particular, its i.r. spectrum 

contains a carbonyl band at 1715 cm 1  but lacks cyano-

absorption. The lack of cyano absorption in the i.r. 

spectrum of the pyrazole derivative (50) can be explained 

in terms of conjugation of the nitrile and "quenching" 

of the nitrile band by the adjacent carbonyl group. 142  

The formation of the hydrazonoacetonitrile (29e) 

from 2- (4 -nitrophenylhydrazono)benzoylacetonjtrjle 

phenyihydrazone (48) is tentatively postulated to occur 

(Scheme 18) by the reaction of the bishydrazone derivative (48) 
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with acetic acid (a small amount of which can be assumed 

to be present in the acetic anhydride) to give the inter-

mediate (51). Hydrolysis of the latter followed by 

elimination of phenyihydrazine from the resulting hydroxy-

compound (52) then accounts for the formation of the 

arylhydrazonobenzoylacetanitrile (29e). 

In an attempt to induce the cyclisation (Scheme 19) 

of the bishydrazone derivative (48) to give the pyrazole (47) 

it was heated in acetic acid. Heating for 18 h. 

gave together with the unreacted bishydrazone (48) , a moderate 

yield of 5-acetamido-1 ,3-diphenyl-4--(4-nitrophenylazo)pyrazole 

(53). This latter product (53) gave analytical data and 

showed spectroscopic properties consistent with the 

assigned structure. In particular its i.r. spectrum showed 

bands at 3220 and 1685 cm 1  attributable 	to the NH 
92.. 

and carbonyl absorption of an amide substituent. The 

n.m.r. spectrum of the pyrazole derivative (53) showed 

resonances for 28 aromatic hydrogen atoms, eight of 

which are assignable to a para-substituted phenyl substituent. 

The 1 H n.m.r. spectrum of the pyrazole derivative (53) 

also contained a three-proton singlet due to the acetyl 

methyl substituent and signals for two exchangeable 

protons. As can be seen the 1 H n.m.r. spectrum of the 

contains twice the number of hydrogen atoms expected and 

this may indicate the presence of two conformational 

isomers. 
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In an attempt to increase the yield of the 

transformation [(48)4(53)] the bishydrazone (48) was 

heated in acetic acid for 3 days. However, none of the 

expected pyrazole derivative (53) was obtained, a quantitative 

yield of 2-(4-nitrophenylhydrazono)benzoylacetonitrile 

(29e) being isolated: Presumably this latter product 

(29e) is formed via the previously obtained 5-acetamido-

1,3-diphenyl-4(4-nitrophenylazo)pyrazole (53) by an as 

yet uncertain mechanism. It is possible that the acetamido-

pyrazole derivative (53) is also involved as an intermediate 

in the conversion of the bishydrazone (48) by acetic 

anhydride into the arylhydrazonobenzoylacetonitrile 

derivative (29e) (see Schemes 17 and 18) . However, 

further evidence is required before any definite mechanistic 

conclusion can be drawn regarding the course of this reaction. 

In a further attempt to obtain (Scheme 19) the 

required pyrazole derivative (47), the bishydrazone (48) 

was heated in acetic acid containing concentrated hydro-

chloric acid. These conditions afforded a moderate yield 

of 5-amino-i ,3-diphenyl-4-(4-nitrochenylazo)pyrazole (47) 

as well as a moderate yield of 2-(4-nitrophenylhydrazono)-

benzoylacetonitrile (29e). The product (47) gave a 

combustion analysis and exhibited spectroscopic properties 

consistent with the assigned structure. In particular its 

n.m.r. spectrum contained resonances for 14 aromatic 

hydrogen atoms and two exchangable protons. Formation of 

the 2 - (4-nitrophenylhydrazono)benzoyiacetonitrile (29e) 

from the bishydrazone (48) by heating with hydrochloric 
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acid in acetic acid presumably occurs via hydrolytic ring-

opening of the pyrazole derivative (47). This is supported 

by the quantitative formation of the benzoylacetonitrile 

derivative (29e) from 2-(4-nitrophenylhydrazono)benzoyl-

acetonitrile phenyihydrazone (48) by prolonged heating 

with concentrated hydrochloric acid in acetic acid or 

trigol. 

In an attempt to increase the yield of the transformation 

[Scheme 19; (48)4(47)J the bishydrazone (48) was heated 

under reflux with ethanolic sodium ethoxide. However 

a poorer yield of the desired pyrazole derivative (47) was 

obtained. Attempts to improve the yield of this reaction 

by increasing the reaction time were unsuccessful. 

Disappointingly the reaction (Scheme 19) of 5-amino-1 ,3-

diphenyl-4-(4-nitrophenylazo)pyrazole (47) with tosyl 

isocyanate failed to give the expected pyrazolotriazinone 

derivative (49), a good yield of starting material being 

recovered. 

Further to the previously stated hypothesis that an 

electron-withdrawing substitutent at the i-position of the 

pyrazole ring would enhance the formation of a pyrazolyl-

isocyanate intermediate and therefore the tosyl isocyanate 

promoted cyclisation of ortho-amino-arylazopyrazoles to 

the corresponding pyrazolotriazinones, it was decided to 

investigate the synthesis (Scheme 20) of 5-amino-1-(4-nitrophenyl)-

3-phenyl-4-phenylazopyrazole (54) and its subsequent 

transformation by tosyl isocyanate into the pyrazolo[3,4-e]-

1,2,4-triazinone (55). It was anticipated that 5-amino-1- 
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(4-nitrophenyl)-3-phenyl-4-phenylazopyrazole (54) would be 

readily accessible from 2-phenylhydrazonobenzoylacetonitrile 

(29a) by its reaction with 4-nitrophenylhydrazine. The 

reaction of the benzoylacetonitrile derivative (29a) with 

4-nitrophenylhydrazine gave only quantitative yields of 

the unreacted starting-materials even when catalysed with 

concentrated hydrochloric acid. However when this reaction 

was catalysed by toluene-4-sulphonic acid a low yield of 

5-amino-1-(4-nitrophenyl-3-phenyl-4-phenylazopyrazole (54) 

was obtained. This product (54) gave analytical data and 

showed spectroscopic properties consistent with the assigned 

structure. In particular its 1 H n.m.r. spectrum contains 

resonances due to fourteen aromatic hydrogen atoms and two 

exchangeable protons while its 13 
 C n.m.r. spectrum contains 

the expected signals for seven quaternary carbon atoms. 

In contrast to the reaction of 5-amino-1 ,3-diphenyl-

4--(4-nitrophenylazo)pyrazole (47) with tosyl isocyanate 

which failed to give the expected pyrazolotriazinone 

derivative (49), (see Scheme 19), 5-amino--1-(4-nitrophenyl)-

3-phenyl-4-phenylazopyrazole (54) reacted smoothly with 

tosyl isocyanate to give 3,5-diphenyl-1-(4-nitrophenyl)-1H-

pyrazolo[3,4-e]-i ,2,4-triazin-6 (5H)-one (55) in quantitative 

yield. This compound (55) gave analytical and mass 

spectral data in agreement with the assigned structure. 

The i.r. spectrum of the pyrazolotriazinone (55) has a 

carbonyl band at 1685 cm 1 . No n.m.r. data could be 

obtained for the pyrazolotriazinone derivative (55) due to 

its insolubility in common n.m.r. solvents. It can be 
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concluded from the ready formation of the pyrazolotriazinone 

derivative (55) that an electron-withdrawing substituent 

at the 1-position of the pyrazole ring in ortho-amino-

arylazopyrazoles does enhance their tosyl isocyanate 

promoted cyclisation to pyrazolotriazinone derivatives. 

However an electron-withdrawing substituent at the 4-position 

seems to have no effect or indeed a suppressive effect upon 

this type of cyclisation. 

In further studying, the scope of annulation 

reactions of the type (Scheme 7; (26)-(27).J it was decided 

to investigate whether ortho-amino-arylazopyrazoles (26) 

would undergo a similar transformation to yield the 

corresponding pyrazolotriazinethione, as illustrated 

(Scheme 21) by the reaction of the pyrazole derivative 

(30e) with phenyl isothiocyante to give the hoped-for 

product (56). This reaction however failed to give the 

anticipated pyrazolotriazinethione derivative (56) only a 

moderate yield of the unreacted starting pyrazole (30e) 

being isolated. 

Assuming that the transformation [(30e)4(56)J involves 

a similar mechanism to that of the transformations 

[Scheme 7; (26)1(27)] as discussed later an isothiocyanate 

intermediate would be involved. It was therefore hoped that 

known conditions for the conversion of amino groups into 

isothiocyanates, such as reaction with carbon disulphide 143  

or thiophosgene 144 , when applied (Scheme 21), to the 

pyrazole derivate (30e) might afford the pyrazolotriazine-

thione derivative (56). However, in practice, the attempted 
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reaction of the pyrazole derivative (30e) with either 

carbon disulphide or thiophosgene gave only high recoveries 

of the unreacted starting material. 

In conclusion, in this section it has been shown that 

5-amino-4-arylazopyrazoles can be converted into the 

potentially biologically active pyrazolo[3,4-e]-1 ,2,4-triazin-

6(511)-ones by reaction with tosyl isocyanate, a previously 

little investigated process. It has also been shown that 

this annulation reaction of 5-amino-4-arylazopyrazoles 

to pyrazolotriazinones is influenced by steric and 

electronic effects of substituents on the pyrazole ring, 

particularly at the 1- and 4-positions. Further studies 

in this area are required and it is suggested that such 

studies should extend the presently described initial 

investigations of steric and electronic effects involved 

in the annulation of 5-amino--4-arylazopyrazoles with 

tosyl isocvanate. In particular (Scheme 22) the pyrazole 

derivatives (57) and (58) might provide further information 

on steric effects while the study of the tos"l isocyanate 

annulation of the pyrazole derivative (59) might provide 

information regarding the inhibiting effect of an electron-

donating substituent at the 1-position of the pyrazole. 
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3.2.2 Investigations of the Mechanism of the 

Annulation of 5-Amino-4-arylazopyrazoles 

with Tosyl Isocyanate 

As described earlier (see Scheme 2) there appear 

to be two plausqble mechanistic pathways for the formation 

of 1,2,4-triazinones (7) from ortho-amino-azo derivatives 

(3) by reaction of such derivatives with tosyl isocyanate. 

Both mechanisms involve the urea adduct (4) as a common 

intermediate. This section describes studies on the 

elucidation of the precise course of the transformation of 

the urea adduct into the triazinone product in the case of 

the conversion of 5-amino-4-arylazopyrazoles into pyrazolo-

[3,4-el-1 ,2,4-triazinones as illustrated (Scheme 23) by the 

two mechanistic pathways from the pyrazolylurea adduct (60) 

to the pyrazolotriazinone (23). Firstly, by a concerted 

process involving loss of toluene-4-sulphonamide and 

cyclisation to yield the pyrazolotriazinone (27). Secondly, 

by a stepwise process involving initial loss of toluene-4-

s6lphonamide to give an isocyanate derivative (61) which 

gives the pyrazolotriazinone (27) by el'ectro-cyclisation. 

The former mechanistic pathway appears to have no 

literature precedent, however the latter pathway involving 
/ 

the isocyanate intermediate has two notable precedents. 

145
' 
 146 	 qic2//J1. 

Firstly, 	(Scheme 24) in the synthesis of 4u.exi4ine-9 
cc  

(63) which these authors 
-
ite an isocyanate intermediate 

147 (62) . Secondly 	(Scheme 25) in which the isocyanate 

(64) is converted thermally into the 1,2,4-triazole 

derivative (65) 
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The remainder of this section shall be concerned 

with the presentation of evidence to support the latter 

mechanistic pathway. That is that the conversion of the 

urea adduct (60) in Scheme 23 proceeds via isocyanate 

intermediate (61) to give the pyrazolotriazinone (27). 

man attempt to study the cyclisation process 

(Scheme 26) of the urea adduct (69) to the pyrazolo-

triazinone (31a) the synthesis of this urea (69) was 

undertaken. As was observed earlier (see Scheme 8) reaction 

of the 5-amino-4-arylazopyrazole (30a) with tosyl isocyanate 

afforded the pyrazolotriazinone (31a) directly with none 

of the urea (69) being isolated. Therefore, it was 

decided to employ the alternative synthetic route (Scheme 26) 

to this urea (69) from the known 134 5-amino-1-methyl-3-

phenylpyrazole (66) which was anticipated to afford 

1-(1-methyl-3-phenylpyrazol-5-yl)-3-(toluene-.4-sulphonyl) 

urea (67) by treatment with tosyl isocyanate. Subsequently, 

this urea derivative (67) was expected to yield on coupling 

with benzenediazonium chloride the desired urea derivative 

(69). However, treatment of 5-amino-1-methyl-3-phenyl-

pyrazole (66) with tosyl isocyanate and heat gave only a 

small amount of the pyrazolo[3,4-djpyrimidinedione (70) 

no other identifiable material being isolated. This product 

(70) has accurate mass spectral data consistent with the 

assigned structure and contains two carbonyl absorptions 

in its i.r. spectrum at 1730 and 1680 cm 1 . This product 

is also formed by the thermolysis (Scheme 26) of the pyra-

zolylurea derivative (67), this urea (67) being formed by 
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reaction of 5-amino-1-methyl-3-phenylpyrazole (66) with 

tosyl isocyanate at room temperature. This product (67) 

gave accurate mass spectral data and other spectroscopic 

data consistent with the assigned structure. In particular, 

the i.r. spectrum contained amide NH absorption at 3315 

and 3305 cm 1  supported by a carbonyl band at 1680 cm 1 . 

The 1 H n.m.r. spectrum of this product (6) contained 

resonances for nine aromatic hydrogen atoms, two signals 

for the NCH 3  group and the tolyl CH 3  group and a 

characteristic pyrazole CH resonance. 

Disappointingly, reaction of this pyrazolvlurea (67) 

with benzene diazonum chloride failed to aive the desired 

pyrazole derivative (69) a high yield of starting material 

being recovered. However, the evidence of formation of 

the pyrazolo[3,4-d}pyrimidinedione suggests that this is 

formed via the isocyanate derivative (68), which by reaction 

with itself gives the product (70) 

Conditions were now applied to 5-amino-4-arylazo-

pyrazoles that were known to convert amines into isocyó..nates 

and hence by the isolation of either the isocyanate or the 

pyrazolotriazinone give further evidence that such isocyanate 

derivatives were involved in the annulation of 5-amino-4-

arylazopyrazoles with tosyl isocyanate. It is known 148  

that amines can be converted to isocyanates by their 

reaction with oxalyl chloride. Therefore this was applied 

to 5-amino-4-arylazopyrazoles as illustrated (Scheme 27) 

by the reaction of the pyrazole derivative (30e) with oxalyl 
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chloride. However, none of the expected isocyanate 

derivative (71) or the pyrazolotriazinone (31e) were 

observed. A high yield of the pyrazole derivative (72) 

was obtained which seems to have been formed by reaction 

with oxalyl chloride and the 1,2-dimethoxyethane solvent by 

a mechanism which is unclear. This product (72) however 

has combustion analysis and spectroscopic data consistent 

with the assigned structure. In particular its i.r. 

spectrum contains a carbonyl absorption at 1730 cm 1  and 

two absorptions at 1520 and 1340 cm 1  for the nitro group. 

The 1 H n.m.r. spectrum contains resonances for nine aromatic 

hydrogen atoms, four of which are part of a para-

substituted phenyl group. It also has resonances for two 

adjacent CH 2  groups and two signals for CH 3  groups and 

also a single exchangeable proton. The 13  C n.m.r. spectrum 

contains signals for eight quaternary carbon atoms, as 

expected for the assigned structure. Of note here is that 

the pyrazole derivative (30e) was specifically used to 

perform the transformation [(30e)-(71)1 since it had 

been suggested that the annulation process may be enhanced 

by an electron withdrawing substituent in the 4-position of 

the pyrazole ring (see earlier) . However, this has 

subsequently been shown not necessarily to be the case. 

The failure of the transformation [Scheme 27: (30e)-

(71)J prompted the investigation of another route to 

isocyanates. The oxidative conversion of formamides to 

149 isocyanates has been reported. 	Hence it was decided to 
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investigate (Scheme 28) the oxidation of 5-formamido--1-

methyl-3-phenyl-4-phenylazopyrazole (73) which was 

anticipated would either give the pyrazolylisocyanate (74) 

or more probably the pyrazolotriazinone (31a) . The 

forrnamidopyrazole (73) was synthesised only in low 

yield from the reaction of the aminopyrazole (30a) with 

formic acid or with triethyl orthoformate. Disappointingly, 

the subsequent oxidation of 5-formamido-1 -methyl-3-phenyl-4-

phenylazopyrazole (73) with manganese dioxide gave only a 

good yield of unreacted starting material. 

It is not clear why the oxidation [(73)-(74)] 

was unsuccessful but the failure of this transformation prompted 

the investigation of the novel oxidative formation of 

isocyanates from semicarbazides as illustrated (Scheme 29) 

4-N- (1-methyl-3-phenyl-4-phenylazopyrazol-5.-yl) semi-

carbazide (754), whose synthesis is discussed later (see 

section 3.2.3) , was treated with manganese dioxide and gave 

a quantitative yield of the pyrazolotriazinone (31a) in 

either anhydrous or aqueous acetonitrile. However, if 

piperidine is included in the reaction of the semi-

carbazide (754)with manganese dioxide a quantitative yield 

of N-[N-(1-methyl-3-phenyl-4-phenylazopyrazol-5-yl)carbamoyl]-

piperidine (76$.X  The compound (76J.)gave combustion 

analysis and spectroscopic data consistent with the assianed 

structure. In particular the 1 H n.m.r. spectrum contains 

resonances for ten aromatic hydrogen atoms, for ten 

hydrogen atoms corresponding to the five CH 2  groups of the 
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piperidyl substituent, for the three hydrogen atoms 

of the NCH 3  group, and a single exchangeable proton. The 

compound (76J.)has a 13  C nm.r. spectrum containing only 

signals for fivequaternary carbon atoms and not,as expected, 

six. This can be explained in terms of the long relaxation 

times of hetero-atom substituted quaternary carbon atoms and 

hence such carbon atoms are not always observed in the 

n.m.r. spectrum. 86 

This product (76) is not formed by the reaction of 

the semicdbazide (750)with piperidine alone. Therefore 

it can be concluded that the piperidine reacts with an 

oxidation product most probably the isocyanate derivative 

(74) and it would hence seem reasonable that the pyra-

zolotriazinone (31a) is also formed via the isocyanate 

derivative (74). This evidence would therefore suggest 

that the annulation of such 5-amino-4-arylazopyrazoles 

with tosyl isocyanate to give pyrazolo[3,4-dj-1,2,4- 

triazinones proceeds via a pyrazolylisocyanate derivative. 

Since, in essence, the cyclisation (Scheme 29) of the 

isocyanate derivative (74) to the pyrazolotriazinone is an 

electrocyclic process, j.t was decided to investigate 

whether other double bonded derivatives such as imines 

would undergo similar transformations. 

It has been shown by Senga and his co-workers 150 ' 151  

(Scheme 30) that 16m ortho-amino-arylazouracil derivative3 

(77) can react with triethyl orthoformate or N,N-dimethyl-

formamide dimethylacetal to give the imines (78a) and (78b) 

respectively which by reaction with sodium isulphite give 
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the purine derivatives (82) and (83). Yoneda and his co-

workers 152  haa1so shown (Scheme 31) that the irnine 

derivative (78b) on fusion gives the products (84) and 

(85) 

In an attempt to apply some of the above described 

chemistry to ortho-amino-arylazopyrazoles (Scheme 32) 

the pyrazole derivative (30a) was reacted with a number 

of reagents known to form imines. Firstly, reaction of 

the pyrazole (30a) with triethylorthoformate failed to 

give the expected imine derivative (86a), only a low yield 

of 5-formamido-1-methyl-3-phenyl-4-phenylazopyrazole (73) 

as described in Scheme 28 was isolated. Reaction of the 

pyrazole derivative (30a) with N,N-dimethylformamide 

dimethylacetal gave a good yield of 1,1-dimethyl-3-(1-

methyl-3-phenyl-4-phenylazopyrazol-5-yl) formamidine (86b). 

This compound (86b) gave combustion analysis and spectroscopic 

data consistent with the assigned structure. In particular, 

the 1  H n.m.r. spectrum contains resonances for ten 

aromatic hydrogen atoms and has three signals corresponding 

to the three NCH 3  groups of the illustrated structure. 

Disappointingly, however, thermolysis of this imine derivative 

(86b) gave only a quantitative recovery of unreacted 

starting material. 

In an attempt (Scheme 32) to obtain another imine 

derivative which might be more susceptible to thermal 

cyclisation to yield a derivative (87), the pyrazole (30a) 

was reacted with benzaldehyde. However the expected imine (86c) 

was not obtained, only a good yield of unreacted starting 

material being recovered. 
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The failure of the imine derivative (86b) to 

cyclise prompted the investigation of the reaction (Scheme 

33) of the pyrazole derivative (30a) with dimethylacetylene 

dicarboxylate which would be anticipated to give on 

tautomerism the imine derivative (88). This derivative 

might be expected to give a variety of products as 

illustrated. The transformation [(90)4(91)] has been 

154 described by Yoneda and his co-workers 153, 	as 

illustrated (Scheme 34) by the reaction of the ortho-

amino-arylazouracils (77) with dimethylacetylene dicarboxylate 

which by the mechanism shown affords the pteridine 

derivatives (95). However disappointingly reaction (Scheme 33) 

of the pyrazole (30a) with dimethylacetvlene dicarboxylate 

gave a low yield of unreacted starting material, no other 

identifiable material being isolated. 

In conclusion, it has been shown that the literature 

and experimental evidence for the mechanism of the transformation 

(Scheme 23) of the pyrazolyl urea (60) to the pyrazolo-

triazinone (27) favours the pathway via the isocyanate 

derivative (61). Although it does not seem possible to 

extrapolate the cyclisation of imine derivatives of other 

ortho-amino-anylazo compounds to 5-amino-4-arylazopyrazoles 

further work is encouraged in this area as it should be 

possible for a multiple bond functionality to undergo the 

electrocyclisation as described for the conversion of 

the isocyanate (61) into the pyrazolotriazinone (27). 

Hence there is the possibility of many other fused pyrazolo 

heterocyclic systems being formed. 
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Since the annulation of 5-amino-4-arylazopyrazoles 

by tosyl isocyanate appears to proceed through a pyrazolyl-

isocyanate intermediate it is suggested that the overall 

transformation can be regarded as an isocyanate transfer. 

Indeed, such a process has been described by Ulrich and 

Sayigh 155  and is illustrated (Scheme 35) by the reaction 

of suiphonyl isocyanates (96) with amines (97) . This 

yields the urea derivative (98) which on heating gives 

the suiphonyl amide (99) and the isocyanate (100). 

3.2.3 Studies of Ring-Opening Reactions of 

Pyrazolo(3,4-e]-1,2,4-triazinones with 

Nucleophilic Reagents 

As has been discussed earlier (see section 3.2.1) 

the pyrazolo[3,4-e]-1,2,4-triazinone (31a) has been shown 

(see Scheme 10) to react in a ring-opening fashion 

with sodium hydroxide to yield 5-amino-1-rnethyl-3-phenyl-

4-phenylazopyrazole (30a). Busch has reported 135  the reaction 

of fused 1,2,4-triazinone derivatives with nucleophilic 

reagents. Therefore, this evidence prompted the 

investigation of the behaviour of pyrazolo[3,4-e]-1,2,4-

triazinones toward a variety of nucleophilic reagents. 

(1) Ring-opening reactions with amines 

In extending the ring-opening reactions of pyrazolo-

[3,4-e]-1 ,2,4-triazinones it was decided to investigate the 

reaction of such derivatives with a variety of amines, as 

illustrated (Scheme 36) by the reaction of the pyrazolo- 
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triazinone derivative (31a) with ammonia to afford 1-(1-

methyl-3-phenyl-4-phenylazopyrazol-5-yl)urea (76a). This 

compound (76a) gave analytical data and showed spectroscopic 

properties consistent with the assigned structure. In 

particular the i.r. spectrum contains amide NH absorptions 

at 3400 and 3200 cm 1 , supported by a carbonyl band at 

1680 cm. The 1 H n.m.r. spectrum of this urea derivative 

(76a) exhibits resonances for ten aromatic hydrogen atoms 

and three hydrogen atoms of the NCH 3  group, as well as 

three exchangble protons. The 13 C n.m.r. spectrum has the 

expected six signals for quaternary carbon atoms. 

Similarly (Scheme 36), the pyrazolo[3,4-e]-1,2,4-

triazinone (31a) reacted with the primary amines methylamine 

and benzylamine to give quantitative yields of the urea 

derivatives (76b) and (76c) respectively. Both compounds 

have combustion analysis, mass spectral data and other 

spectroscopic data consistent with the assigned structures. 

Also of note (Scheme 37) here is that the pyrazolotriazinone 

(31e) afforded a moderate yield of the corresponding urea 

derivative (101) on reaction with benzylamine. This product 

(101) gave analytical data and exhibited spectroscopic 

properties consistent with the assigned structure. However, 

the mass spectrum exhibited no parent ion, a loss of 

benzylamine being indicated. 

In further exploring the reaction of pyrazolo- 

triazinones with amines it was decided to investigate the 
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reaction of such derivatives with arylamines. This is 

illustrated (Scheme 36) by the reaction of the pyrazolo-

[3,4-el-1 ,2,4-triazinone (31a) with aniline, which 

afforded a good yield of unreacted starting material plus 

a small amount of a product which has been tentatively 

assigned as the urea derivative (76d) on the basis of 

its i.r. spectrum which contains a carbonyl band at 1675 cm 1 , 

consistent with an amide carbonyl absorption. However, 

attempted crystallisation of this product gave pyrazolo-

triazinone starting material (31a). 

The reaction (Scheme 36) of the pyrazolotriazinone (31a) 

with dimethylamine was investigated as an example of such 

pyrazolotriazinone derivatives with secondary amines. This 

reaction gave the urea derivative (76e) in quantitative 

yield and had combustion analysis and spectroscopic data 

consistent with the assigned structure. In an extension 

of such ring-opening reactions of pyrazolotriazinones with 

secondary amines it was decided to investigate the reaction 

(Scheme 36) of the pyrazolo[3,4-eJ-1,2,4-triazinone (31a) 

with the cyclic secondary amine piperidine. This reaction 

gave the expected urea derivative (76f) which was shown 

to have identical melting point and i.r. spectrum to the 

compound described earlier (see Scheme 29) 

In further investigating the ring-opening reactions 

of pyrazolotriazinone derivatives with amines it was 

decided to look at the reaction of such derivatives with 

tertiary amines. This was illustrated (Scheme 38) by the 
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reaction of the pyrazolotriazinone (31a) with pyridine. 

However, the expected product (102) was not detected, a 

good yield of unreacted starting material being recovered 

along with a small amount of the urethane (103) when the 

reaction was carried out using ethanol as the solvent. 

This product (103) has accurate mass spectral data and 

other spectroscopic data consistent with the assigned 

structure. In particular the urethane derivative (103) 

has a carbonyl band at 1740 cm 1  in its i.r. spectrum. 

1 The 	H n.m.r. spectrum has resonancesXten aromatic 

hydrogen atoms and signals forX-NCH3 group and the 

ethyl group of the ester moiety and also a single exchangeable 

proton. This result would suggest that the pyridine is 

acting as a base and that the ethoxide ion formed is 

acting as the nucleophile. 

(ii) Ring-opening reactions with hydrazines and 

hydroxy lamine 

In continuing the studies of ring-opening reactions of 

pyrazolo[3,4-e)-1,2,4-triazjnones it was decided to investigate 

the reaction (Scheme 39) of the pyrazolotriazinone 

derivative (31a) with hydrazine monohydrate. This reaction 

afforded a quantitative yield of the semicarbazide 

derivative (75a) whose combustion analysis and spectroscopic 

data is consistent with the assigned structure. In particular 

the i.r. spectrum shows amide NH absorptions at 3310 and 

3210 cm 1  supported by a carbonyl band at 1685 cm1. 
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The 1  H n.m.r. spectrum of the semicarbazide derivative 

(75a) exhibits resonances for ten aromatic hydrogen atoms, 

three hydrogen atoms of the NCH 3  group and four exchangeable 

protons. The 13C n.m.r. has the expected six signals for 

quaternary carbon atoms. 

Similarly (Scheme 39) the hydrazines, methyihydrazine 

and phenylhydrazine on reaction with the pyrazolotriazinone 

derivative (31a) gave good yields of the corresponding 

semicarbazide derivatives (75b) and (75c) respectively. 

Both these products gave analytical data and showed 

spectroscopic properties in agreement with the assigned 

structures. Of note is the fact that both these compounds 

do not show parent ions in their mass spectra, the major 

ions being that of the starting material, the pyrazolo-

triazinone (31a). This is consistent with loss of 

methyihydrazine and phenylhydrazine respectively in the 

mass spectromefr. 

further extension of the ring-opening reactions 

(Scheme 39) of the pyrazolo[3,4-eI-1,2 4-trizinone (31a) 
IS
Itwith hydrazine derivatives,(e pyrazolotriazinone (31a) 

wa.g-trcpted with tosyihydrazine to afford a low yield of 

the semicarbazide derivative (75d), whose structure has 

been tentatively assigned on the basis of its i.r. spectrum 

as a reasonable combustion analysis was impossible to 

obtain. 
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In a similar ring-opening reaction to that 

described for hydrazines (Scheme 34) the pyrazolo[3,4-e]-

1,2,4-triazinone (31a) was treated with hydroxylamine 

hydrochloride in the presence of sodium methoxide. This 

reaction gave a quantitative yield of $?e oHpcctd- 4Vktg  
/4 	I € e-i- 4- e- 1 -f -/ , vehj 	t'fl c-el S 
1 -hydroxyl-3- (1 -methyl-3-henyl-4-phenylazopyrazo*l-5-yl) 

urea (104) has 	en 	 ass4gne& on the basis of 

its i.r. and mass spectra, its combustion analysis being 

inconclusive. In particular, the i.r. spectrum contains 

OH and amide NH absorption at 3200 cm 1  the latter being 

supported by a carbonyl band at 1700 cm 1 . 

A point of note with many of the aforementioned 

products is their double melting points. For instance, 

the sernicarbazide derivative (75a) exhibits a phase 

change at 172° and a further melting point at 228230° 

which is consistent with the pyrazolotriazinone starting 

material (31a). This observation would seem to 

indicate that these derivatives can be converted into the 

pyrazolo-triazinone starting material by heating. To 

test this hypothesis the semicaazide derivative (75a) 

was heated under vacuum in a kugelrohr  apparatus (see 

Scheme 39). This reaction afforded a quantitative yield 

of the pyrazol[3,4-e]-1,2,4-triazinone (31a). Therefore 

it can be concluded that such semicarbazide derivatives 

are indeed capable of thermal transformation into pyrazolo-

[3,4-e]-1 ,2,4-triazinone derivatives. 
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(iii) Ring-opening reactions/anionic reagents 

In further studying the ring-opening reactions of 

pyrazolo[3,4-e]-1 ,2,4-triazinones with nucleophilic 

reagents it was decided to investigate the reactions of 

such derivatives with anionic reagents. This was 

illustrated (Scheme 40) by the reaction of the 

pyrazolotriazinone (31a) with a variety of anionic 

reagents. The reaction of the pyrazolotriazinone 

derivative (31a) with sodium ethoxide afforded a low 

yield of the urethane derivative (103) which has been 

described earlier (see Scheme 38). Reaction of the 

pyrazolotriazinone (31a) with sodium to1uene-4-54phon- 

amide afforded a low yield of the expected urea derivative 

(105a). This product 1-(1-methyl-3-phenyl-4-phenylazo-

pyrazol-5-yl)-3-(toluene-4-sulphonamide)urea (105a) has 

combustion analysis in agreement with a monohydrate of 

the product. The mass spectrum of this product shows a 

molecular ion for a loss of toluene-4-sulphonamide. 

In further exploring the reactions (Scheme 40) of 

the pyrazolotriazinone (31a) it was decided to react this 

derivative with sodium cyanamide. This reaction afforded 

a low yield of a product which has been tentatively 

assigned the structure illustrated (105b) on the basis 

of its spectroscopic data as it has been unable to 

obtain accurate combustion analysis. The ir. spectrum 

of this urea derivative (105b) has amide NH absorptions 

at 3620, 3510 and 3300 cm 1  supported by a carbonyl 
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band at 1690 cm 1 , and the spectrum also contains a 

cyano band at 2180 cm 1 . The 1 H n.m.r. spectrum of 

this product (105b) exhibits resonances for ten aromatic 

hydrogen atoms, a signal for the three hydrogen atoms 

of the NCH 3  group and two exchangeable protons. The 

13 n.m.r. spectrum only contains signals for six 

quaternary carbon atoms where seven such signals are 

expected. However, as has been explained previously, 

hetexatom substituted carbon atoms have long relaxation 

times in the 13 C n.m.r. spectrum and hence such carbon 

atoms are not always visible in the 13 C spectrum. 86  

Another interesting reaction (Scheme 40) of the 

pyrazolotriazinone (31a) was its treatment with the 

sodium salt of acetylacetone. This afforded a low yield 

of a product which has combustion analysis in agreement 

with the amide derivative (106). The i.r. spectrum contains 

an amide NH absorption at 3270 cm supported by a 

carbonyl band at 1655 cm 1 . This product was only 

obtained by isolation of the sodium salt of acetylacetone 

and its subsequent reaction with the pyrazolotriazinone 

(31a) in dimethylformamide. Other conditions such as 

reaction of the pyrazolotriazinone (31a) with triethyl-

amine and acetylacetone in dioxane gave a quantitative 

yield of starting material. Also reaction of the 

pyrazolotriazinone (31a) with acetylacetone and sodium 

ethoxide in ethanol yielded unreacted starting material 
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and 5-amino-1-methyl-3-phenyl-4-phenylazopyrazole (30a). 

The latter presumably being formed via the ring opening 

of the pyrazolotriazinone (31a) with sodium ethoxideto 

the urethane which readily forms the amino-arylazo-

pyrazole. 

A final reaction in investigating the ring-opening 

(Scheme 40) of the pyrazolo[3,4 -e]triazinone (31a) 

with anionic reagents was its reaction with sodium boro-

hydride. This was expected to yield the formamido 

derivative (73) which has been previously described. 

However the reaction proved to be unsuccessful, a good 

yield of the pyrazolotriazinone starting material (31a) 

being obtained. 

In conclusion, it has been shown that the pyrazolo-

[3,4-e]-1,2,4-triazinone derivative (31a), and most 

probably all such derivatives, undergoes ring-opening 

reactions with a variety of nucleophilic reagents. It is 

suggested that future workers should concentrate efforts in 

perfecting the ring-opening reactions of hydroxylamine and 

anionic reagents as the products of such transformations 

would appear to be potential substrates for further 

reaction. In particular the derivatives from the reaction 

• of hydroxylamine and sodium cyanamide with the pyrazolo 

triazinone (31a), i.e. compounds (104) and (105b) might 

afford other heterocyclic ring systems under, suitable 

conditions. 
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3.3 	Studies on the Synthesis and Reactivity of 

3(5) -Amino-4-phenylazoisoxazoles and 5-Amino-4-

nitrogo-3-phenylisoxazole 

3.3.1 Studies on the Reactivity of 3(5)-Amino-

4 -phenylazoisoxazoles 

In the course of investigating the scope of the 

annulation of ortho-amino-azo compounds with tosyl isocyanate 

it was decided to investigate the extension of this 

annulation (Scheme 41) to 5-amino-4-arylazo-isoxazoles (107) 

This is a potential synthesis of the unknown ring system 

isoxazolo[3,4-e]-1 ,2,4-triazin-6(5H)-one (108). 

In order to investigate the transformation [(107)4

(108)] it was decided to synthesise (Scheme 42) the known 9°  

isoxazole derivative, 5-amino-3-phenyl-4-phenylazoisoxazole 

(110). The synthesis of this isoxazole has been reported 90  

by two routes both starting from benzoylacetonitrile (28) 105 

Firstly by the coupling of benzovlacetonitrile (28) with 

benzenediazonium chloride to afford the known 104  and 

previously described 2-phenylhydrazonobenzoylacetonitrile 

(29a). 2-Phenylhydrazonobenzoylacetonitrile (29a) 

has been reported9°  to afford the desired 5-amino-3-phenyl-

4-phenylazoisoxazole (110) on treatment with hydroxylamine 

hydrochloride in the presence of sodium methoxide. However 

by following the reported procedure only a high yield of 

unreacted 2-phenylhydrazonobenzoylacetonitrile (29a) 

was isolated. 
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It seems conceivable that these authors 90  had not 

taken into account the volatility of the free hydroxyl-

amine generated in the reaction mixture. Therefore it was 

decided to have present in the reaction mixture a large 

excess of free hydroxylamine by using a large excess of 

hydroxylamine and sodium rnethoxide. However, these 

conditions also failed to give the desired 5-amino-3-phenyl-

4-phenylazoisoxazole (110) a high yield of 2-benzoyl-2-

pheny1hydrazonoacetamidoxime (111) being recovered. This 

product (111) has been previously described in Chapter 2, 

page 48 . Repetition of this reaction on a larger scale 

gave a low yield of unreacted starting material and a moderate 

yield of 2-benzoyl-2-phenylhydrazonoacetamidoxime oxime (112). 

This product (112) gave combustion analysis and spectroscopic 

data consistent with the assigned structure. In particular 

the ' H n.rn.r. spectrum contained resonances for ten aromatic 
£ 	

13 hydrogen atoms and five exchangable protons. The C 

n.m.r. spectrum exhibited the expected five siqnals for 

quaternary carbon atoms. 

In an attempt to support the structure of the 

acetamidoxime (112)/rwas reacted (Scheme 43) with acetic 

anhydride in an attempt to afford the bis-acetoxy 

derivative (113) . However, in practice a series of intractable 

gums was isolated. Similarly in a further attempt to 

derivati 	the acetamidoxime (112) it was reacted with 

acetic acid. However instead of forming an acetate 

derivative, two products were isolated. These were shown 

to be 5-amino-3-phenyl-4-phenylazoisoxazole (110)90 and 
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3-phenyl-4-phenylazo-A 2 --isoxazolin-5-one (114), both of 

which have been unambiguously syñthesised (see later), the 

latter also being a known compound. 156  

It would seem reasonable to assume that the bisoxime 

derivative (112) is formed by oximation of the acetamidoxime 

(111). However, reaction (Scheme 42) of 2-benzovl-2-

pheny1hydrazonoacetamidoxime (111) with hydroxylamine 

hydrochloride in the presence of sodium methoxide yielded 

a small amount of 5-amino-3-phenyl-4-phenylazoisoxazole (110) 

which,as stated earlier,has been unambiguously synthesised 

(see later) 

In continuing the investigation (Scheme 42) of the - 

synthesis of 5-amino-3-phenyl-4-phenylazoisoxazole (110) 

from the hydrazonoacetonitrile (2.9a) it was decided to use 

conditions known 105  to form isoxazoles from acylacetonitriles. 

Hence, 2-benzoyl-2--phenylhydrazonoacetonitrile (29a) was 

reacted with hydroxylamine hydrochloride in the presence 

of sodium hydroxide. However this failed to afford the 

expected 5-amino-3-phenyl-4-phenyiazoisoxazole (110), 

moderate yields of unreacted starting material and 

2-benzoyl-2-phenylhydrazonoacetamidoxime. (111) being isolated. 

A final and successful route (Scheme 42) to 

5-amino-3--phenyl-4--phenylazoisoxazole (110) as described 

by Elnagdi and his co-workers 9°  was investigated. 

Benzoylacetonitrile (28)105  was treated with hydroxylamine 

hydrochloride in the presence of sodium hydroxide as 

105' described by Obregia 	to afford the known 5-amino-3-- 
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phenylisoxazole (109) in high yield. This isoxazole (109) 

was readily coupled with benzenediazonium chloride as 

described by Elnagdi et al 90 to give a high yield of 

5-amino-3-phenvl-4-phenylazoisoxazole (110) which had a 

melting point in agreement with that reported, and also 

gave a combustion analysis and showed spectroscopic 

properties consistent with the assigned structure. 

Further evidence to support the structure of 5-amino-

3-phenyl-4-phenylazoisoxazole (110) is provided by the 

characteristic reactions (Scheme 44) of its amino 

functionality. Reaction (Scheme 44) of 5-amino-3-phenyl-

4-phenylazoisoxazole with acetic anhydride gave a moderate 

yield of the previously unknown 5-acetamido-3-phenyl-4-

phenylazoisoxazole (115). This product had combustion 

analysis and spectroscopic data consistent with the 

assigned structure. In particular the i.r. spectrum of 

the isoxazole (115) showed amide NH absorption at 3270 cm 1  

supported by a carbonyl band at 1695 cm 1 . The 1 H n.m.r. 

spectrum contains resonances for ten aromatic hydrogen atoms, 

a signal for the three hydrogen atoms of the acetyl CE 3  

group and a single exchangeable proton. The 13 C n.m.r. 

spectrum shows resonances for only five quaternary carbon 

atoms where six such carbon atoms are contained in the 

structure. However as has been stated previously, due to 

the long relaxation times of hetero-atom substituted 

quaternary carbon atoms such carbon atoms are not always visible 

in the 13 C n.m.r. spectrum. 



162 

In continuing the structure proof of the 

isoxazole (110) such 5-aminoisoxazoles are known 17  to 

form the corresponding isoxazolin-5-one derivatives on 

treatment with acid or alkali. Reaction (Scheme 44) of 

5-amino-3-phenyl-4-phenylazoisoxazole (110) with aqueous 

20% sulphuric acid afforded a quantitative yield of 

the known 156  3-phenyl-4-phenylazo-•A 2 - isoxazolin-5-

one (114). This product (114) had a melting point in 

agreement with that reported, 156  and gave combustion 

analysis and other spectroscopic data consistent with the 

assigned structure. However reaction (Scheme 44) of 

5-amino-3-phenyl-4-phenylazoisoxazole (110) with aqueous 

2M sodium hydroxide did not give the isoxazolinone 

derivative (114) as expected but afforded a good yield of 

1-oximino-1-phenyl-2-phenylhvdrazonoethane (116). This 

product gave combustion analysis and showed spectroscopic 

properties consistent with the assigned structure. In 

particular the ' H n.m.r. spectrum exhibited resonances for 

ten aromatic hydrogen atoms, a signal for a single hydroaen 

atom consistent with a CH proton and two exchangeable 

protons. The 13 C n.m.r. spectrum contained signals for 

the expected three quaternarv carbon atoms. 

It seems reasonable to assume that 1-oximino-1-

phenyl-2-phenylhydrazonoethane (116) is formed via the 

isoxazolinone derivative (114). However, reaction of the 

isoxazolinone (114) with aqueous 2M sodium hydroxide gave 

a moderate yield of unreacted starting material and an 



Ph 	,-NNPh 

NH 
(110) 

(ii) or (iii) 

Ph 	N-Ph 
N 	 COMPOUND A 

N. 

':C  

(117) 

(I) TSO 2N=C=O, diglyme, heat 

AcOH, heat 

Diglyme, heat 

ilc 



Ph 

NH7 

V 

0  Me 
H 

\/ 
(121) 

Ph 

NINIO 	 NH7 

(109) 

.Ph P 	H? 

(118) 

Ph.J O 
r\cIj 

NH2 

(119) 

Ph ........... 	0 - 
71\c . 
N p oe 

H 

(120) 

(122) 

heat 

ortho-MeC6 H4 NH 2  

Scheme 46 



163 

unidentified solid. None of the expected derivative (116) 

was detected. This would suggest that 1-oximino--1-phenyl-

2-phenyihydrazonoethane (116) is formed directly from 

5-amino-3-phenyl-4-phenylazoisoxazole (110) by a mechanism 

which is unclear. 

The evidence would support 5-amino-3-phenyl--4-phenyl-

azoisoxazole (110) having theassigned structure and in 

continuing the investigation of the annulation of such 

ortho-amino-arylazo heterocycles with tosyl isocyanate 

it was decided to investigate the reaction (Scheme 45) of 

the isoxazole derivative (110) with tosyl isocyanate. 

However reaction of 5-amino-3-phenyl--4-phenylazoisoxazole 

(110) with tosyl isocyanate failed to give the expected 

isoxazolo[3,4-e}--1 ,2,4-triazinone derivative (117) a 

quantitative yield of compound A being obtained. This 

compound was also obtained by simply heating the isoxazole 

(110) in diglyme or acetic acid indicating that the 

formation of the compound A from the isoxazole (110) was a 

thermal process and that tosyl isocyanate was not involved. 

It is well documented 158 that isoxazoles rearrange 

thermally via azirines to oxazoles. This is illustrated 

(Scheme 46) by the thermal rearrangement 159  of 5-amino-

3-phenylisoxazole (109) to the oxazole (121) via the 

azirine (118) whose existence was shown by "trapping" 

with ortho-toluidine to yield the urea derivative (122). 

Hence it would seen reasonable to suggest that compound A 

(see Scheme 45) is formed by a similar process to that 

described in Scheme 46. This would yield two possible 
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products as illustrated in Scheme 47, derivatives (126) 

and (127) 

Both of these isomeric products are unknown and a 

combustion analysis and mass spectral data for compound A 

gave a molecular formula in agreement with both such 

products (126) and (127) . However, other spectroscopic 

evidence would support the structure of compound A being 

that of 2,4-diphenyl-2H-1 ,2,3-triazole-5-carboxamid'e (127) 

In particular the i.r. spectrum exhibited absorptioris 

at 3350 and 3150 cm 1  assignable as amide NH and supported 

by a carbonyl band at 1650 cm 1 . The 1 H n.m.r. spectrum 

contained resonances for ten aromatic hydrogen atoms and 

two exchangeable protons. The 13 C n.m.r. spectrum 

exhibited, as expected, five signals corresponding to five 

quaternary carbon atoms. 

The structure of compound A being the triazole 

derivative (127) is further supported (Scheme 47) by the 

reaction of compound A with aqueous 2M sodium hydroxide 

to yield 2,4-diphenyl-2H-1 ,2,3-triazole-5.-carboxylic 

acid (128). This product (128) gave combustion analysis 

and other spectroscopic data consistent with the assigned 

structure. In particular the i.r. spectrum shows a broad 

messy carboxylic acid OH band at 3200-2500 cm 1  supported 

by a carbonyl absorption at 1690 cm 1 . The 	C n.m.r. 

spectrum only exhibits signals for four quaternary carbon 

atoms where five such signals are expected. However,as 

has been stated before, due to the long relaxation times 



phN'NPh 

CN 
	

H2N' 	N'OH 
(29a)  

(ii) // 	(111) 

	

Ph 	,-NNPh 

ON i NH 

(129) 

ph NPh 

	

'NH2 	 H7N 	rd 

(130) 	 // (131) 

0/ 

Ph_ N 

(132) 

(1) NH 2OH.HC1, Na 2 CO3 , EtOH, heat 

(ii) AcOH, heat 

Scheme 48 



of hetero-atom substituted quaternary carbon atoms such 

carbon atoms are not always visible in the 13 C n.m.r. 

spectrum. 86  The conversion of amides into carboxylic 

acids has also been reported 16°  by treatment with acid. 

However, reaction of the triazole derivative (127) with 

aqueous sulphuric acid gave only a high recovery of 

unreacted starting material. 

The unusual thermal behaviour of the isoxazole 

derivative (110) (Scheme 47) prompted the investigation 

of the thermal behaviour of other similar isoxazole 

derivatives. In particular (Scheme 48) the known 90  

3-amino-5-phenyl-4-phenylazoisoxazole (129) might be 

anticipated to undergo an analogous thermal rearrangement 

to give as illustrated the previously described (see 

Chapter 2, page 50) 4-amino-5-benzoyl-2-phenyl-2H-1 ,2,3-

triazole (132). This isoxazole derivative (129) has been 

synthesised by Elnagdi and his co-workers 9°  (Scheme 48) 

from 2-benzoyl-2-phenylhydrazonoacetonitrile (29a) by 

its reaction with hydroxylamine hydrochloride in the presence 

of aqueous sodium carbonate. However, repetition of these 

conditions only afforded a quantitative yield of unreacted 

acetonitrile (29a). 

The isoxazole derivative (129) appears to have been 

successfully synthesised (Scheme 48.) from 2-benzoyl-2-

phenyihydrazonoacetamidoxime (111) by reaction with acetic 

acid by a mechanism which seems unclear. Since this reaction 

was carried out under reflux it might be presumed that if 
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the isoxazole (129) was going to thermally rearrange then 

one should be able to detect the triazole derivative (132). 

However none of this triazole was isolated, a quantitative 

yield of 3-amino-5-phenyl-4-phenylazoisoxazole (129) 

being obtained. This product although not having a melting 

point in agreement with the reported 9°  melting point, 

gave analytical data and showed spectroscopic properties 

consistent with the assigned structure. In particular the 

n.m.r. spectrum has resonances for ten aromatic hydrogen 

atoms and two exchangeable protons. The 13  C n.m.r. spectrum 

exhibited only signals for four quaternary carbon atoms. 

However, as has been stated before, due to the long 

relaxation times of hetero-atom substituted quaternary 

carbon atoms such carbon atoms are not always visible in 

13 	 86 the 	C n.m.r. spectrum. 

The discrepancy in the melting point of 3-amino-

5-phenyl-4-phenylazoisoxazole (129) reported here and as 

reported by Elnagdi and his co-workers 9°  prompted the 

investigation (Scheme 49) of derivatisation of this 

isoxazole (129) . Reaction of the isoxazole (129) 

with acetic anhydride afforded a small amount of 3-phenyl-

4-phenylazo-A 2 -isoxazolin-5-one (114) which has been 

described earlier (see Scheme 44) and a small amount of 

3-acetamido-5-phenyl--4--phenylazoisoxazole (133). This 

product gave combustion analysis and spectroscopic data 

consistent with the assigned structure. In particular, 

the isoxazole (133) has amide NH absorption at 3220 cm 1  

in its i.r. spectrum supported by a carbonyl band at 1690 cm. 



The 1 H n.m.r. spectrum contains resonances for ten 

aromatic hydrogen atoms, three hydrogen atoms of an acetyl 

CH 3  and a single exchangeable proton. Again, however, 

the 13C n.m.r. spectrum has one signal less than expected 

for the number of qüaternary carbon atoms contained in 

the product (133) in that five signals are visible whereas 

six are expected. This again can be explained in terms 

of the long relaxation times of hetero-atom substituted 

quaternary carbon atoms, such atoms are not always visible 

in the 13 C n.m.r. spectrum. 86  

Continuing the investigation of the derivatisation 

of,  the isoxazole derivative (129) it was decided to attempt 

the synthesis (Scheme 49) of the u-rea derivative (134). 

Such derivatives are known 1°1  to be readily accessible by 

reaction with phenylisocyanate. Disappointingly, however, 

reaction of the isoxazole (129) with phenylisocyanate gave 

only a high yield of unreacted starting material. 

It is known 157 and has been shown earlier that 

5-aminoisoxazoles can be converted into isoxazolin-5-ones 

by treatment with acid or alkali. However treatrctent 

(Scheme 49) of the isoxazole derivative (129) with 20%w/v 

aqueous sulphuric acid or aqueous 2M sodium hydroxide failed 

to give the expected isoxazolinone derivative (135) only 

good yields of unreacted starting material being obtained. 

In further studying the derivatisation of the 

isoxazole derivative (129) it is known 162 that isoxazoles 

can undergoe catalytic hydrogenation to yield ring opened 

compounds. The catalytic hydrogenation (Scheme 49) of 



3-amino-5-phenyl-4-phenylazoisoxazole (129) gave a good 

yield of the previously unknown 2-benzoyl-2-phenylhydrazono-

acetamidine (136). This product gave analytical data 

and showed spectroscopic properties in agreement with the 

assigned structure. In particular the 1 H n.m.r. spectrum 

of the compound (136) exhibits resonances for ten aromatic 

hydrogen atoms and four exchangeable protons. The 13C 

n.m.r. spectrum shows five signals for quaternary carbon 

atoms which is consistent with the assigned structure. This 

latter product (136) was not converted into the isoxazole 

(129) by oxidation with manganese dioxide only a good yield 

of unreacted 2-benzoyl-2-phenylhydrazonoacetamidine (136) 

being obtained. Also reaction of 2-benzoyl--2--phenylhydrazono-

acetamidine (136) with acetic anhydide gave a good yield 
J-4(E I 

of 2-benzoy1-2-phenylhydrazoncetamidine aee-ba-e (137). 

This product gave combustion analysis and spectroscopic 

data consistent with the assigned structure. In particular, 

the 1  H n.m.r. spectrum contains resonances for ten aromatic 

hydrogen atoms, exhibits a signal for the three hydrogen 

atoms of an acetyl CH3  group and contains resonances for 

three exchangeable protons. The 13 C n.m.r. spectrum also 

supports the assigned structure of the compound (137) in 

that it contains signals for six quaternary carbon atoms. 

In conclusion, it has been shown that 5-amino-4-phenyl--

azoisoxazoles do not undergo annulation with tosylisocyanate 

but prefer to rearrange to 2H-1,2,3-triazole derivatives. 
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It is suggested that this transformation be further 

investigated as it might lead to a general synthesis of 

2H-1,2,3-triazole derivatives which, as has been described 

in Chapter 2, are useful precursors to 8-azapurines and 

other closely related polyazaheterocycles. 

3.3.2 Studies on the Synthesis of 5-Amino-4-

nitroso-5-phenylazoisoxazole 

Previous studies at Edinburgh 129  have shown (Scheme 50) 

that 5-amino-4-nitrosopyrazoles (138) react with tosyl-

isocyanate to afford the pyrazolooxadiazinone system (139) 

Therefore incontinuing the investigation of the synthesis 

of polyazaheterocycles by annulation reactions of tosyl 

isocyanate it was decided to investigate the possible 

extension of the tosyl isocyanate annulation of amino-

nitroso compounds to 5-amino-4-nitrosoisoxazoles as 

illustrated (Scheme 50) by the reaction of the 5-amino-4-
N) 

nitrosoisoxazole (144 with tosyl isocyanate. This would 

by )ano1ogy be anticipated to yield the isoxazolo-

oxadiazinone (141; 

Such 5-amino-4-nitrosoisoxazoles have been reported 164  

as illustrated (Scheme 51) by the reaction of 5-amino-

3-phenylisoxazole (109) with amyl nitrite to give a 

product which has been assigned either as 5-amino-4--nitroso-

3-phenylisoxazole (142) or as the N-nitrosoisoxazole 

derivative (144). However, this is the only report of the 

nitrosoisoxazole (142) and other workers have been unable 

to repeat this result. For instance, Moureau and Lazennec 163  

have reacted (Scheme 51) 5-amino-4-phenylisoxazole (109) 



Ph____ 

O1NH2 

/ (109 

Ph-N -OH 

N 0: 0 Fn 
Ph 	 V 	-Ph 

I I 
N N NNQN 

H 
(145) 

(144) 

(1) NaNO 2 , CH3CO2H, 00 

(ii) EtNO 2 , HC1, ethanol, 00 



170 

with nitrous acid to afford a product they have assigned 

as the isoxazole dimer (143). 

The ambiguity of the identity of the products of 

the nitrosation of 5-amino-3-phenylisoxazole (109) 

prompted the investigation of the nitrosation of this 

compound in the hope of obtaining the required 5-amino-4-

nitroso-3-phenylisoxazole (142) as reported by Lublin. 164  

Reaction (Scheme 52) of 5-amino-3-phenylisoxazole (109) 

under the standard conditions of nitrosation 165  of sodium 

nitrite in glacial acetic acid did not however yield the 

desired 5-amino-4-nitroso-3-phenylisoxazole (142), a 

low yield of 1,3-di-(phenylisoxazol-5-yl)triazene (14) 

being recovered along with a series of intractable gums. 

This product (144) had accurate mass spectral data and 

other spectroscopic data consistent with the assigned 

structure. In particular the 1  H n.m.r. spectrum exhibited 

resonances for ten aromatic hydrogen atoms, a signal for 

two characteristic isoxazole hydrogen atoms and a single 

exchangeable proton. 

It is known that ethyl nitrite is a useful reagent 

of nitrosation. 166  The failure of the conditions described 

above prompted (Scheme 52) the reaction of 5-amino-3- 

phenylisox zole (109) with ethyl nitrite. However, thi 4 ks.,soecc47oIe(7or) CO I A CIA&W 
reaction4fai1ed to afford the desired 5-amino-4-nitroso-3- 

phenylisoxazole (142),a low yield of the known 167  

4-oximino--3-phenyl-A 2 -isoxazolin-5-one (145) and an 
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intractable gum. This product (145) gave combustion 

analysis and had spectroscopic data consistent with the 

assigned structure. However, the mass spectrum exhibits 

no parent ion at 191 a.m.u., a peak being observed at 145 a.m.u. 

which can be explained by the loss of a nitro group. 

The failure of direct nitrosation to afford 

5-amino-4-nitroso-3-phenylisoxazole (142) prompted the 

investigation of an alternative strategy (Scheme 53) 

It was anticipated that the known 168 2-oximino-benzoyl-

acetonitrile (146) readily prepared by reaction of 2-benzoyl- 

105 acetonitrile (28 ) 	with sodium nitrite in glacial acetic 

acid would on reaction with hydroxylamine hydrochloride 

and sodium hydroxide yield the desired 5-amino-4-nitroso-3-- 

phenylisoxazole (142) as similar nitriles are known 105  

to form isoxazoles under these conditions. However, 

reaction of 2-benzoyl--2-oximinoacetonitrile (146) with 

hydroxylamine hydrochloride in the presence of sodium 

hydroxide gave a series of intractable solids, none of 

the desired nitrosoisoxazole being detected. In changing 

the conditions of reaction to hydroxylamine hydrochloride 

- 	in the presence of sodium methoxide a moderate yield of the 

previously unknown 2-beñzoyl-2-oxirninoacetamidoxime (147) was 

recovered. This product (147) gave combustion analysis 

and spectroscopic data consistent with the assigned 

structure. In particular, the i.r. spectrum showed NH 

and OH absorption due to the amidoxime and oxime substituents, 

and a carbonyl band at 1645 cm 1 . The mass spectrum 

exhibits a parent ion at 207 a.m.u. 
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In conclusion it has not been possible to synthesise 

the desired precursor 5-amino-4-nitroso-3-phenylisoxazole 

(142) in order to investigate its reaction with tosyl 

isocyanate. It is suggested that future workers in this 

area seek a radically new approach to the synthesis of 

this isoxazole derivative. 

3.4 	Synthetic Approaches to 5-Amino-4-arylazo- 

imidazoles 

In continuing the investigation of the scope of 

the annulation of ortho-amino-arylazo heterocycles with 

tosyl isocyanate it was decided to investigate the 

application of this annulation (Scheme 54) to 5-amino-4- 

arylazoimidazoles (148). Such compounds on reaction with 

tosyl isocyanate would be expected to yield imidazolo[4,5 -e] -

1,2,4-triazine (6-azapurine) derivatives (149). 

5-Amino-4-arylazoimidazoles are not known therefore 

it was necessary to devise a high yielding and unambiguous 

route to such systems. Two approaches to 5-amino-4-

arylazo imidazoles are illustrated in Scheme 55. Firstly, 

by direct coupling of an aryldiazonium chloride with a 

4(5)-amino imidazole (150). However 4(5)-amino imidazoles 

have been sparsely reported and are of dubious stability. 

Indeed 4(5)-amino imidazole itself has never been isolated 

being highly unstable. 169 
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The second approach outlined (Scheme 55) is from 2-chioro-

2-aryihydrazonoacetonitrile (151) which on reaction with an 

amidine derivative was anticipated to give 5-amino-4-

arylazoimidazoles (148) directly, presumably through the 

intermediate (152). 

The latter approach is exemplified (Scheme 56) by the 

reaction of the previously described 2-chloro-2-phenyl-

hydrazonoacetonitrile (153) (see Chapter 2, page 37 

which on treatment with benzamidine hydrochloride in the 

presence of sodium ethoxide gave a moderate yield of 

5-amino-4-phenylazo-2-phenyl-1H-imidazole (155) and a 

moderate yield of unreacted 2-chloro-2-phenylhydrazonoaceto-

nitrile. The product (155) gave analytical data and 

showed spectroscopic properties consistent with the 

assigned structure. Unfortunately, repetition of this 

reaction on a larger scale failed to give any identifiable 

material. This prompted the investigation of an alternative 

strategy to 5-amino-4-arylazoimidazole derivatives, as 

illustrated (Scheme 57) by the reaction of the amidine 

derivative (160) with benzaldehyde which would be 

anticipated to yield the imidazole derivative (155) 

presumably after oxidation. 

The amidine derivative (160) and its tautomer 

(159) were anticipated to be accessible by two routes 

(Scheme 57). Firstly, by reaction of the 2-chloro-2-

pheny1hydrazonoacetimidate hydrochloride (157), whose 
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synthesis from 2-chloro-2 -phenyihydrazonoacetonitrile 
' -7 

(153) has been described before (see Chapter 2, page37), 

with ethanolic ammonia. However, reaction of 0-ethyl 

2-chloro-2-phenylhydrazonoacetimidate hydrochloride (157) 

with ethanolic ammonia gave a series of intractable gums 

and solids. 

The failure of this reaction [(157)-(159)] prompted 

the investigation of the second route (Scheme 57) to the 

amidine derivative (159). 2-Amino-2-phenylhydrazono-

acetonitrile (156), whose synthesis from 2-chloro-2-

pheny1hydrazonoacetonitrile (153) has been described earlier 

(see Chapter 2, page 37) , was readily converted into 

0-ethyl 2-amino-2-phenylhydrazOnoaCetimidate hydro- 

chloride (158) by reaction with ethanolic hydrogen chloride. 

This product was highly unstable and has been assigned in 

terms of its mass spectrum and 1  H n.m.r. spectrum which 

exhibits resonances for five aromatic hydrogen atoms, 

contains signals for an ethyl group and has resonances for 

four exchangeable protons. However, subsequent reaction 

of this imidate derivative (158) with ethanolic ammonia 

failed to afford the desired amidine (159), a series of 

intractable solids and gums being obtained. 

Therefore, in conclusion, the previously unknown 

5-amino-4-phenylazoi-coxazol.e ring system has been synthesised. 

However, in insufficient yield to continue the investigation 



Me 

I  e  A~, 
- 

(161) 

0 

MeN 	 PhNN NPh 

ill 	 + 

QNNH2 	 CM 

	

NAe 	 (163) 

	

(162) 	N 

MNN.1  NPh 

(164) 

PhN 2 C1, NaOAc, 00 

TSO 2 N=C=0, diglyme, heat 

chm 58 



175 

of its reaction with tosyl isocyanate. Further work has 

yet to be carried out in order to establish high yielding 

and reproducible reaction conditions for the synthesis 

of 5-amino-4-arylazoimidazoles. 

3.5 	Studies of the Synthesis and Tosyl Isocyanate 

Annulation of 4-amino-5-aryIazopvrimidines 

So far discussion of the annulationof ortho-amino-

arylazo and ortho-amino-nitroso compounds has been 

limited to 5-membered heterocyclic systems containing two 

hetero-atoms, usually nitrogen. Hence synthetic approaches 

to azapurines and closely related polyazaheterocycles 

have been described. In extending the applicability of 

the tosyl isocyanate annulation it was decided to 

investigate the reaction of 4-amino-5-arylazopyrimidines 

with tosyl isocyanate. This was illustrated (Scheme 58) by 

the reaction of 4-amino-1 ,3-dimethyl-5-phen'azouracil 

(162) with tosyl isocyanate, which afforded a moderate 

170 yield of the known 65, 	6-azapteridine derivative (164). 

172 
The known 171, 
	4-amino-5-phenylazouracil (162) was 

readily available by coupling of 4-amino-1,3-dimethyluracil 

(161) with benzenediazonium chloride. This latter 

reaction also afforded a moderate yield of the known1 72 

1 ,5-diphenyl-3-formazancarbonitrile (163). The 6-aza-

pteridine derivative (164) gave combustion analysis and 

spectroscopic data in agreement with the assigned structure. 
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In order to extend this synthesis of 6-azapteridines 

it is necessary to develop a high yielding and unambiguous 

synthesis of 4-amino-5-arylazopvrimidifles. It is well 

known that 3-ketonitriles react with amidines and similar 

- 	173,174 
compounds to yield pyrimidines. 	 Therefore it was 

anticipated (Scheme 59) that the previously described 

acetonitrile derivatives (29a) and (43a) would react with 

acetamidine hydrochloride in the presence of sodium 

ethoxj'de to yield 4-amino-5-phenylazopyrimidifleS (165a) 

and (165b) respectively. These derivatives would in 

turn be expected to react with tosyl isocyanate to give 

the 6-azapteridine derivatives (166a) and (166b). 

However reaction of the acetonitrile derivatives (29a) 

and (43) with acetamidine hydrochloride in the presence of 

sodium ethoxide disappointingly gave only high yields of 

unreacted starting material. 

It has however been demonstrated that 6-azapteridines 

can be synthesised by methodology based on tosyl isocyanate 

annulation and it is hoped that future workers will employ 

this in the synthesis of other azapteridines and 

diazapteridines. 
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3.6 	Miscelleaneous Heterocyclic Syntheses Based on 

Tosyl Isocyanate Annulation Reactions 

As can be readily seen, all the previously discussed 

annulation reactions with tosyl isocyanate involve 

cyclisation by introduction of a carbonyl group. In order 

to investigate the possibility that tosyl isocyanate might 

be a useful carbonylating reagent and also provide a 

general synthesis of heterocycles it was decided to 

investigate the reaction (Schemes 60 and 61) of a variety of 

ortho disubstituted benzene derivatives. 

The reaction (Scheme 60) of ortho-phenyJIiamine 

with tosyl isocyanate (167a) gave a good yield of the known 175  

benzimidazolinone (168a). This compound gave combustion 

analysis and spectroscopic data consistent with the 

assigned structure. Similarly reaction of ortho-

aminophenol (167b) with tosyl isocyanate gave a moderate 

yield of the known 176  benzisoxazolinone (168b) again having 

spectroscopic properties and analytical data in agreement 

with the assigned structure. However, inexplicably, 

reaction of ortho-amino-benzenethiol (167c) with tosyl 

isocyanate gave only a poor yield of the expected 

previously reported 177  benzthiazolinone derivative (168c). 

A high yieldof toluene-4-sulphonamide beina isolated. The 

product (168c) showed mass spectral data and other 

spectroscopic data in agreement with the assigned structure. 
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In extending this carbonylation process to ortho-

benzene derivatives without an amine substitutent 

(Scheme 60) catechol (169) was reacted with tosyl 

isocyanate. This gave a moderate yield of the expected 

and known 178 1,3-benzodioxol-2-one (170) which had a 

melting point in agreement with that reported. It also 

gave combustion analysis and spectroscopic data in 

agreement with the assigned structure. 

Further extension of this annulation by tosyl 

isocyanate of ortho-disubstituted benzene derivatives 

is exemplified (Scheme 61) by the reaction of derivatives 

such as anthranilamide (171a) and anthranalic acid (171b), 

which on reaction with tosyl isocyanate would be 

expected to give the quinazolindione derivative (172a) 

and isatoic anhydride (172b). However in practice reaction 

of anthranilamide (171a) with tosyl isocyanate afforded 

only a low yield of the known 179-  quinazolinone (172a), 

a high yield of toluene-4-sulphonamide being obtained. 

The product (172a) had combustion analysis and spectroscopic 

data consistent with the assigned structure. 

Disappointingly reaction of anthranilic acid (171b) 

with tosvl isocyanate did not afford the 'expected product 

isatoic anhydride. In practice the reaction gave a moderate 

recovery of unreacted starting material and a quantitative 

yield of toluene-4-sulphonamide. 
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It would therefore appear that tosyl isocyanate 

can be used, 	ä!be.,it with varyin9 degrees of success, 

as a carbonylating reagent to form a variety of hetero-

cycles. Since this is a purely thermal process it might 

find application in generating such heterocycles where 

the more orthodox conditions of diethylcarbonate and 

base cannot be used, for example where the substrate 

cOntains a base sensitive protecting group. 
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3.7 EXPERIMENTAL 

2-Phenylhydrazonobenzoylacetoflitrile (2-Benzoyl-2-phenyl-

hydrazonacetonitrile (29a) 

2-Phenylhydrazonobenzoylacetonitrile (2-benzoyl-2-

phenyihydrazonoacetonitrile) (29a) was prepared as described 

in Chapter 2. 

2-ArylhydrazonobenzoylacetonitrileS 

A solution of the corresponding arylamine (0.05 mol) in 

aqueous SM hydrochloric acid (50.0 ml) was treated dropwise 

with stirring at 0-5° (ice-salt bath) with a solution of 

sodium nitrile (4.3 g, 0.055 mol) in water (25.0 ml). The 

resulting aryldiazoniurn chloride solution was stirred for a 

further 5 min in the ice-salt bath, then added dropwise at 

0-5 °  (ice-salt bath) to a stirred solution of benzoyl-

acetonitrile (7.3 g, 0.05 mol) and anhydrous sodium acetate 

(6.3 g, 0.075 mol) in ethanol (150 ml) and water (150 ml) 

and the mixture was stirred in the melting ice-salt bath for 

a further 1 h. The mixture was then worked up as described 

for the individual reactions below. 

(a) The mixture from 4-methylbenzenediazonium chloride 

was filtered to afford a yellow solid which was crystallised 

from toluene to yield 2-(4-methylphenylhydrazono)benZOyl-

acetonitrile (29b) ,135  (91%), as yellow prisms, m.p. 160-161 0 , 

(lit, 136  156°) vmax 
 3200 (NH), 2200 (CN) and 1630 (CO)cm, 

ô (CDC1 3 ) 11.96 (1H, brs, NH), 9.41 (1H, brs, NH), 8.07-7.07 

(18H, m, ArH), 2.38 (3H, s, CH 3 ) and 2.35 (3H, s, CH3). 
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Found: 263.1059 

Caic. for C 16 H 13N 30: 263.1059 

The aqueous mother liquor on neutralisation with 

aqueous 2M sodium hydroxide solution and subsequent extrac-

tion with methvlene chloride afforded no further material. 

The mixture from 4-nitrobenzenediazonium chloride 

was filtered to afford a yellow solid which was crystallised 

from dimethyl formamide-water to yield 2-(4-nitrophenyl-

hydrazono)benzoylacetonitrile (29e) , (95%) , as yellow needles, 

m.p. 232-233°, Vmax 3125 (NH) , 2215 (CN) , 1640 (CO) , and 

1540 and 1340 (NO 2 ) cm 1 , 	[(CD3 ) 2 S0] 13.00-12.00 (1H, brs, 

NH) , 8.27 (2H, d, J9HzArH) , 7.98-7.61 (5H, m, ArH) and 

7.91 (2H, d, J9HzArH). 

Found: C, 61.0; H, 3.4; N, 19.1%, M, 294. 

1510423_requires: C, 61.2; H, 3.4; N, 19.1%; M, 	294. 

The aqueous. mother liquor on neutralisation with 

aqueous 2M sodium hydroxide and subsequent extraction with 

methylene chloride afforded no further material. 

The mixture from 4-methoxybenzenediazonium chloride 

was filtered to afford 2_(4_methoxyphenylhydraZOnO)beflZOyl 

acetonitrile (29d) , (94%) , m.p. 144-145 °  (from toluene) 

'umax 3220 (NH) , 2205 (CN) and 1690 (CO) cm 1  , tS (CDC1 3 ) 

8.05-6.86 (9H, m, ArH), 3.83 (3H, s, OCH 3 ) and 1.56 (1H, brs, 

NH) 

Found: 279.1007 

c161332_requires: 279.1008 
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The aqueous mother liquor on neutralisation with 

aqueous 2M sodium hydroxide and subsequent extraction with 

methylene chloride afforded no further material. 

(d) The mixture from 4-chlorobenzenediazonium 

'chloride was filtered to afford 2-(4-chlorophenylhydrazono)-

benzoylacetonitrile (29c) 136  (59%) m.p. 175-176° (from 

toluene) , (lit, 136  171), vmax  3210 (NH), 2210 (CN) and 

1640 (CO) cm 1 , 5 (CDC1 3 ) 9.55 (1H, brs, NH) and 8.05-7.24 

(9H, m, ArH) 

Found: C, 63.2; H, 3.6; N, 14.7%; M, 285,283 

Caic. for C 15H 10N3OC1: C, 63.5; H, 3.5; N, 14.8%; M, 	283.5 

The aqueous mother liquor was neutralised with aqueous 

2M sodium hydroxide solution and extracted with rnethylene 

chloride to afford a red gum (2.2 g) which was subjected to 

flash chromatograohy. 

Elution with methylene chioride-ri-hexane (2:1) through 

to ethylacetate and then ethanol afforded a series of intract-

able gums and solids (total, 2.2 g) which were not further 

investigated. 

5-Amino-4-arylazo-1-methyl-3-phenybpyrazoles 

A solution of the corresponding 2-arylhydrazonobenzoyl-

acetonitrile (0.01 mol) in ethanol (50.0 ml) was treated with 

methyihydrazine (0.46 g, 0.01 mol) and the mixture was heated 

under reflux for 17 h. The mixture was then worked up as 

described for the individual reactions below. 
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The mixture from 2-benzoyl-2-phenylhydrazo-

acetonitrile (29a) was cooled and evaporated to afford a 

red-brown gum which was subjected to flash chromatography. 

Eluting with methylene chioride-ethylacetate (8:1) 

yielded 5-amino-1-methyl-4-phenylazo-1-phenylpyrazole (30a) 

as an orange solid (12.1 g; 87%) which formed yellow crystals, 

m.p. 132-133° (from toluene-light petroleum) 	3470 andmax 

3310 (NH) cm 1 , SH (CDC1 3 ) 8.20-7.32 (CO, m, ArH), 6.00 

(2H, brs, NH) and 3.68 (3H, s, NCH3) , 6c[(CD3)2S0)} 153.09 

(quat) , 146.34 (quat) , 140.46 (quat) , 132.56 (quat) , 129.06, 

128.25, 127.95, 127.40, 121.55 (quat), 120.85 and 34.29 

(NCH 3 ) 

Found: 277.1318 

16155_requires: 277.1327 

Final elution with ethanol afforded an intractable 

brown gum (0.01 g) which was not further investigated. 

The mixture from 2-(4-methylphenylhydrazone)-

benzoylacetonitrile (29b) was cooled and evaporated to afford 

a brown gum which was subject to flash chromatography. 

Elution with methylene chloride-cyclohexane (2:1) 

followed by methylene chloride-ethylacetate (10:1) gave 

unidentified gums (total, 0.6 g). 

Elution with methylene chloride-ethylacetate (5:1) 

yielded .5-amino-1-methyl-4 (4-methylphenylazo)-3-phenyl-

pyrazole (30b) as a yellow solid (39%) m.p. 158-159° (from 

toluene), umax  3340 and 3175 (NH) cm 1 , & (CDC1 3 ) 8.20-8.15 

(2H, m, ArH), 7.66-7.62 (2H, d,J8Hz ArH), 7.49-7.37 (3H, m, 
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ArH), 7.27-7.23 (2H, d, J8H 3  ArH), 5.95 (2H, brs, NH), 

3.64 (3H, s, NCH 3 ) and 2.40 (3H, s, CH 3 ), 	(CDC1 3 ) 

151.29 (quat) , 148.07 (quat) , 138-64 (quat) , 138.52 (quat) 

132.53 (quat), 129.52, 128.13, 128.03, 122.15 (quat), 

121.21, 33.64 (NCH 3 ) and 21.23 (CH 3 ). 

Found: C, 70.2; H, 5.6; N, 24.4%; M, 290 

217175_requires: C, 70.1; H, 5.8; N, 24.1%; M , 291 

Further elution with ethyl acetate through to ethanol 

gave a series of gums (total, 0.5 g) whose t.1.c. in 

methylene chloride showed them to be multicomponent mixtures 

which were not further investigated. 

(c) The mixture from 2-(4-nitrophenolhydrazono)-

benzoylacetonitrile (29c) was cooled and filtered to afford 

a red solid which was combined with a second crop obtained 

by evaporating the ethanolic filtrate and triturating the 

resulting red gum with ethanol to give 5-amino-1-methyl-4-

(4-nitrophenylazo)-3-phenylpyrazole (30c) (86%.) which formed 

red needles, m.p. 226-227° (from glacial acetic acid-water) 

umax 3420 (NH) cm 	6 H[(CD3)2SO]  8.28 (2H, d, J9H 3  ArH) 

8.11-8.05 (2H, m, ArH), 7.90 (2H, d, J9Hz ArH), 7.82 (2H, 

brs, NH), 7.51-7.38 (3H, m, ArH) and 3.67 (3H, s, NCH 3 ), 

157.48 (quat) , 147.08 (quat) , 145.51 (quat) 

140.57 (quat), 131.89 (quat), 128.22, 127.46, 124.74, 

123.53 (quat) , 121 .70, and 34.26 (NCH 3 ) 

Found: C, 59.3; H, 4.3; N, 25.9%; M, 322. 

1614622_requires: C, 59.6; H, 4.4; N, 26.1%; M, 	322. 

The ethanolic filtrate was evaporated to afford a red 

gum (0.01 g) which was not further investigated. 
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The mixture from 2- (4-methoxyphenyihydrazono) - 

benzoylacetonitrile (29d) was cooled and evaporated to 

afford a brown solid which was subjected to flash chromato-

graphy. 

Elution with ethylacetate-cyclohexane (1:1) yielded 

5-amino-4-(4-methoxyphenylazo)-1-methyl-3-phenylpyrazole (30d) 

(80%) m.p. 136-137° [from toluene-light petroleum (b.p. 

40_600)] ' "max 3380 and 3280 (NH) cm1, 6H  (CDC1 3 ) 8.22-8.10 

(2H, m, ArH) , 7.71 (2H, ci, J9Hz ArH) , 7.46-7.25 (3H, m, ArH) 

6.95 (2H, ci, J9Hz ArH), 5.88 (2H, brs, NH), 3.86 (3H, s, 

OCH 3 ) and 3.69 (3H, S, NCH3) , 5 c[(CD3)2S0] 159.38 (quat) 

147.14 (quat) , 146.00 (quat) , 139.77 (quat) , 132.75 (quat) 

128.13, 127.71, 127.28, 122.18, 120.96 (quat), 114.29, 

55.37 (OCH 3 ) and 34.23 (NCH 3 ) 

Found: C, 66.3; H, 5.7; N, 22.7%, M, 307 

21717!50 requires: C, 66.5; H, 5.5; N, 22.8%; M, 307 

Further elution with ethylacetate-cyclohexane (1:1) 

through ethyl acetate to ethanol yield a series of gums 

(total, 0.1 g) which were not further investigated. 

The mixture from 2-(4-chlorophenylhydrazono)-

benzoylacetonitrile (29c) was cooled and evaoorated to afford 

a brown gum which was subjected - to flash chromatography. 

Elution with methylene chloride-ethylacetate (10:1) 

yielded 5-amino-4-(4-chlorophenylazo) -1 -methyl-3-phenylpyrazole 

(30c) (80%) m.p. 151-1.52° (from toluene) Vmax  3350 and 3190 

(NH) cm1, cS H (CDC1 3 ) 8.16-8.11 (2H, m, ArH) , 7.63 (2H, d, 

J11H3  ArH) , 7.49-7.42 (3H, m, ArH) , 7.39 (2H, ci, J11Hz ArH) 



5.97 (2H, brs, NH) and 3.62 (3H, s, NCH3) , 5 	(CDC1 3 ) 

151.74 (quat) , 148.34 (quat) , 138.79 (quat) , 133.75 (quat) 

132.26 (quat), 129.02, 128.18, 128.00, 122.39 and 33.61 

(NCH3 ). 

Found: C, 61.5; H, 4.4; N, 22.3%; Ml- 313, 311 

216145 1 requires: C, 61.5; H, 4.5; N, 22.4%; M, 311.5. 

Elution with ethylacetate through to ethanol gave a 

series of brown gums (total, 0.1 g) which was not further 

investigated. 

5-Aryl-1-methyl-3-phenyl-1H-pyrazolo[3,4-eJ-1 ,2,4-triazin-

6 (SH) -ones 

A solution of the corresponding 5-amino-4-anylazo-1-

methyl-3-phenylpyrazole (0.002 mol) in anhydrous diglyme 

(30.0 ml) was treated in one portion with redistilled tosyl 

isocyanate (0.43 g, 0.0022 mol) and the mixture was heated 

under reflux for 4-24 h. The mixture was cooled and 

evaporated and the solid residue dissolved in methylene 

chloride (200) resulting solution was subsequently washed 

with aqueous 2M sodium hydroxide and the methylene chloride 

extract was worked up as described for in individual 

reactions below. 

(a) The methylene chloride extract from 5-amino-1-

methyl-4-phenylazo-3-phenylpyrazole (30a) was evaporated to 

yield 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-e]-i ,2,4-triazin-

6(5H)-one (31a) (96%) which formed orange needles m.p. 240-241° 

(from toluene), v max  1690 (CO) cm 1 , 6H[(CD3)2S01  8.15-7.46 

(10H, m, ArH). and 3.79 (3H, 5, NCH3) , 6 	[(CD 3 ) 2 S0] 1-51.76 
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(quat) , 149.97 (quat) , 143-96 (quat) , 142.24 (quat) , 131.69 

(quat), 130.77, 128.97, 128.92 (quat), 128.68, 126.30, 

125.90 and 32.89 (NCH 3 ). 

Found: C, 67.4; H, 4.3; N, 22.8%; M, 303 

17.1350 requires: C, 67.3; H, 4.1; N, 23.1%; M, 	303 

The aqueous mother liquor was neutralised with aqueous 

2M hydrochloric acid and extracted with methylene chloride 

to afford toluene-4-sulphonamide (quant.), m.p. 132-135%, 

identical (m.p. and i.r. spectrum) t6 an authentic sample. 

The methylene chloride extract from 5-amino-1-

methyl-4(4-methylphenylazo)-3-2heflYlPYraZOle (30b) was 

evaporated to yield 1_methyl_5(4_methylphenyl)-3-phenyl-1H 

pyrazolo[3,4-e]-1,2,4-triazin-6(5H)-ofle (31b) (68%) which 

formed orange needles m.p. 223-224° (from toluene) ' umax 

1690 (CO) cm 1 , 6H[(CD3)2S0] 8.16-7.30 (9H, m, ArH), 3.80 

(3H, s, NCH 3 ) and 2.41 (3H, s,CH 3 ), 6 c [(CD 3 ) 2 S0] 151.89 

(quat) , 149.99 (quat) , 143.93 (quat) , 139.91 (quat) , 138.49 

(quat), 131-62(quat), 130.24, 129.17, 129.06, 128.92 (quat), 

126.36, 125.74 1  32.97 (NCH 3 ) and 20.68 (CH3 ). 

Found: C, 67.8; H, 4.5; N, 21.9%; M, 318 

1815!50 requires: C, 67.9; H, 4.7; N, 22.0%; M, 	318 

The aqueous mother liquor was neutralised with aqueous 

2M hydrochloric acid and extracted with methylene chloride 

to afford toluene-4-sulphonamide (quant.), m.p. 132-135 ° , 

identical (m.p. and i.r. spectrum) to an authentic sample. 

ThenEthylene chloride extract from 5-amino-1-

methyl-4-(4-nitrophenylazo)-3-phenylpyraZOle (30e) was 
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evaporated to yield 1-methyl-5-(4-nitrophenyl)-3-phenyl-1H -

pyrazolo[3,4-eJ-1,2,4-triazin-6(5H)-one (31e) (93%) which 

formed red needles m.p. 288-289° (from dimethylformamide), 

max 1695 (CO), and 1520 and 1370 (NO 2 ) cm, 1 6 [(CD3)2SO] 

8.43 (2H, d, J9Hz ArH), 8.15-8.04 (2H, m, ArH), 8.02 (2H, 

d, J9Hz ArH) , 7.53-7.51 (3H, m, ArH) and 3.82 (3H, s, NCH3 ) 

C [(CD 3 ) 2 S0] 151.58 (quat), 150.13 (quat), 147.08 (quat), 

146.92 (quat), 144.28 (quat), 132.77 (quat), 130.48, 129.16, 

128.65 (quat), 127.28, 126.45, 124.18 and 33.07 (NCH 3 ). 

Found: C, 58.7; H, 3.4; N, 24.3%, M, 348 

23_requires: C, 58.6; H, 3.4; N, 24.1%; M, 348 17H 12 6 
 

The aqueous mother liquor was neutralised with aqueous 

2M hydrochloric acid and extracted with methylene chloride 

to afford toluene-4-suphonamide (quant.) m.p. 132-135°, 

identical (m.p. and i.r. spectrum) to an authentic sample. 

(d) The methylene chloride extract from 5-amino-4-(4-

methoxvphenylazo)-1-methyl-3-phenylpyrazole (30d) was 

evaporated to afford a brown solid which was subjected to 

flash chromatography. 

Elution with methylene chloride gave toluene-4-sulphon-

amide (50%) m.p. 132-135°, identical (m.p. and i.r. spectrum), 

to an authentic sample. 

Elution with methylene chioride-ethylacetate (10:1) 

yielded 5-(4-methoxyphenyl)-1-methyl-3-phenyl-1H-pyrazolo-

[3,4-e]-1,2,4-triazin-6(5H)-one (31d) (84%) which formed 

orange crystals m.p. 232-233° (from dimethylformamide) v max  

1680 (CO) cm1, 5H  [(CD 3 ) 2 S0] 8.12-7.04 (9H, m, ArH) 3.85 

(3H, s, OCH 3 ) and 3.80 (3H, s, NCH 3 ), 6 C  [(CD 	159.49 



(quat) , 152.08 (quat) , 150.05 (quat) , 144.01 (quat), 135.36 

(quat), 131.56 (quat), 130.33, 129.16, 129.07 (quat), 

127.34, 126.48, 114.03, 55.64 (OCH 3 ) and 33.06 (NCH 3 ). 

Found: C, 64.5; H, 4.5;.N, 20.9%; M, 333 

1815!52_requires: C, 64.9; H, 4.5; N, 21.0%; M, 	333 

Final elution with ethanol gave an intractable gum 

(0.2 g) which was not further investigated. 

The original aqueous mother liquor was neutralised 

with aqueous 2M hydrochloric acid and extracted with methylene 

chloride to afford toluene-4-sulphonamide (50%) , m.p. 132-

135° identical (m.p. and i.r. spectrum) to an authentic 

sample. 

(e) The methylene chloride extract from 5-amino-4-(4-

chlorophenylazo)-1-methyl-3-phenylpyrazole (30c) was evaporated 

to yield 5(4-chlorophenyl)-1-methyl-3-phenyl-1H-pyrazolo-

[3,4-e]-1_,2,4-triazin-6(5H)-one (31c) (67%) which formed 

orange crystals (67%) m.p. 264-265° (from dimethvlformamide-

toluene) 	1690 (CO) cm, 6H [(CD 3 ) 2 S01 8.17-7.49 (9H,max 

m, ArH) and 3.81 (3H, s, NCH 3 ). 

Found: C, 60.0; H, 3.6; N, 20.8%; M, 	339, 337 

requires: C, 60.0; H, 3.6; N, 21.0%; M, 	337.5 

The aqueous mother liquor was neutralised with aqueous 

2M hydrochloric acid and extracted with methylene chloride 

to afford toluene-4-sulphonamide (quant.) m.p. 132-135 1 , 

identical (m.p. and i.r. spectrum) to an authentic sample. 
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The Reaction of 3,5-Diohenyl-1-methyl-1H-pyrazolo[3,4-e]-

1,2,4-triazin-6(5H)-one ( 31a) with Sodium Hydroxide in 

Aqueous Ethane-1 ,2-diol 

A solution of 3 ,5-diphenyl-1-methyl-1H-pvrazolo[3,4-e]-

1,2,4-triazin--6(5H)-one (31a) , (0.30 g, 0.001 mol) in 

ethane-1,2-diol (5.0 ml) was treated with aqueous 2M sodium 

hydroxide solution (1.0 ml) and the mixture was heated gently 

for 5 rain. The mixture was cooled and filtered to afford 

5-amino-1-raethyl-4-phenylazo-3-phenvlpyrazole )30a) (0.25 g; 

92%) m.p. 128-130°, identical (m.p., and i.r. spectrum) to a 

sample prepared before. 

Neutralisation of the mother liquor with aqueous 211 

hydrochloric acid followed by extraction with methylene 

chloride yielded no further material. 

The Reaction of 1-Methyl-S (4-nitrophenyl)-3-phenyl-1H-

pyrazolo[3,4-eJ-1,2,4-triazin-6(5H)-one (31a) with Sodium 

Hydroxide in Aqueous Ethane-1,2-diol 

(a) A solution of 1-methyl-5(4-nitrophenyl)-3-phenyl-

1H-pyrazolo[3,4-e]-1 ,2,4-triazin-6(5H)-one (31e) (0.35 g, 

0.001 mol) in ethane-1,2-diol (5.0 ml) was treatedwith 

aqueous 2M sodium hydroxide solution (1.0 ml) and the mixture 

was heated under reflux for 0.5 h. The mixture was cooled 

to room temperature, neutralised by the addition of aqueous 

211 hydrochloric acid then extracted with methylene chloride 

to afford a dark red gum (0.28 g) which was subjected to 

flash chromatography. 

Elution with methylene chloride-ethylaçetate (10:1) 

afforded an unidentified solid (0.03 g; 9%) m.p. 218-220°, 
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max 1670 (CO) and 1550 and 1345 (NO 2  ) cm 1 , m/e 323, 

followed by 5-amino-1-methyl-4-(4-nitrophenylaZo)-3pheflyl/-

pyrazole (30e) (0.07 g, 20%) m.p. 224-226°, identical (m.p. 

and i.r. spectrum) to a sample prepared before, then 

5-amino-4-(4-amino-phenylazo)-1-methyl-3-phenylpyrazole (35), 

(0.10 g; 34%) which formed yellow prisms m.p. 178-179° (from 

toluene) 	3440, 3310 and 3195 (NH) cm 1 , 5 (CDC1 3 )max  

8.23-8.11 (2H, m, ArH), 7.62 (2H, d, J12Hz ArH), 7.51-7.21 

(3H, m, ArH) , 6.73 (2H, d, J12Hz ArH) , 5.81 (2H, brs, NH) 

3.84 (2H, brs, NH) and 3.68 (3H, s, NCH 3 ) 

Found: C, 65.9; H, 5.5; N, 28.5%; M t ., 292 

216166_requires: C, 65.8; H, 5.5; N, 28.8%; M, 292 

Elution with methylene chloride-ethylacetate (5:1) 

and finally ethanol gave brown gums (total 0.05 g) whose 

t.l.c. in methylene chloride-ethylacetate (1:1) showed to 

them to be multicomponent mixtures which were not further 

investigated. 

(b) A solution of 1-methyl-5(4-nitrophenyl)-3-phenyl-

1H-pyrazolo[3,4-eI-1,2,4-triazin-6(5H)-one (31e) (0.35 g, 

0.001 mol) in ethane-1,2-diol (5.0 ml) was treated with 

aqueous 2M sodium hydroxide solution (1.0 ml) and the mixture 

was heated gently for 5 mm. The mixture was cooled and 

filtered to afford 5-amino-1-methyl-4-(4-nitrotthenylazo)-3-

phenylpyrazole (30e), as a red solid (0.28 g; 87%) m.p. 

224-225°, identical (m.p. and i.r. spectrum) to an authentic 

sample. 

- Neutralisation of the aqueous mother liquor with 

aqueous 2M hydrochloric acid and extraction with methylene 

chloride gave no further material. 	 - 



192 

The Attempted Reaction of 5-Araino-1-methyl-4-(4-nitrophenylazo)-

3-phenylpyrazole (30e) with Sodium Hydroxide in Aqueous 

Ethane-1 ,2-diol 

A solution of 5-amino-1-methyl-4-(4-nitrophenylazo)-

3-phenylpyrazole (30e) (0.64 g, 0.002 mol) inethane-1,2-diol 

(10.0 ml) was treated with aqueous 2M sodium hydroxide 

solution (2.0 ml) and the mixture was heated under ref lux 

for 0.5 h. The mixture was cooled and filtered to afford 

unreacted starting material (30e) (0.63 g; 98%) m.p. 223-226°, 

identical (m.p and i.r. spectrum) to a sample prepared 

before. 

The Attemoted Reduction of 5-Amino-1-methyl-4-(4-nitro-

phenylazo)-3-phenyl2yrazole )30e) with Iron in Acetic Acid 

A suspension of iron filings (0.90 g, 0.016 mol) in 

glacial acetic acid (10.0 ml) was stirred at room temperature 

and treated dropwise with a solution of 5-amino-1-methyl-4-

(4-nitrophenylazo)-3-phenylpyrazole (30e) (1.3 g, 0.004 mol) 

in glacial acetic acid (40.0 ml) over a period of 15 mm. 

The mixture was stirred for a further 2 h at 100 0  (steam 

bath), then hot filtered to remove unreacted iron filings 

and ferric acetate. The filtrate was evaporated and the 

residue was treated with water to afford the unreacted start-

ing material (30e) (1.3 g; 97%) m.p. 220-225 0 , identical 

(m.p. and i.r. spectrum) to a sample prepared before. 
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1-Methyl-5-(4-nitrophenyl)-3-pheflyl-1H-pyraZOlO[3,4-eI-

1,2,4-triazin-6(5H)-Ofle (31e) 

A solution of 5-amino-1-methyl-4 (4-nitrophenylazo)-

3-phenylpyrazole (30e) (0.64 g, 0.002 mol) in anhydrous dry 

diglyme (30.0 ml) was heated in one portion with phenyl 

isocyanate (0.24 g, 0.0022 mol) and the resulting mixture 

was heated under reflux for 24 h. The mixture was cooled 

and evaporated to give a red gum (0.75 g) which was 

triturated with methylene chloride to give a red solid. 

This was combined with further material obtained by evaporating 

the methvlene chloride mother liquor followed by flash 

chromatography of the resulting red gum (0.5 g) in methylene 

chloride-ethylacetate (5:1) to yield 1-methyl-5-(4-nitro-

phenylazo)-3-phenyl-1H-pyrazolo[3,4-e]-1 ,2,4-triazin-6(5H)- 

one (31e) (total 0.6 g; 86%) m.p. 284-286°, identical (m.p. 

and i.r. spectrum) to an authentic sample. 

The Attempted Reaction of 5-Amino-5-(4-nitro2henylazo)-3-

phenylpyrazole (30e) with Methyl Isocyanate 

A solution of 5-amino-5- (4-nitrophenylazo) -3-phenyl-

pyrazole (30e) (0.64 g, 0.002 mol) in anhydrous diglyme 

(30.0 ml) was treated in one portion with methyl isocyanate 

(0.12 g, 0.0022 mol) and the mixture was heated under ref lux 

for 24 h. The mixture was cooled and evaporated to afford a 

brown gum (0.75 g) which was subjected to flash chromatography. 

Elution with methylene chloride-ethylacetate (10:1) 

yielded the unreacted starting material (30e) as a red solid 

(0.48 g; 70%) m.p. 220-223 0 , identical (m.p. and i.r. spectrum) 

to an authentic sample. 
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Elution with ethylacetate followed by ethanol yielded 

dark intractable gums (total, 0.22 g) which were not further 

investigated. 

5-Amino-i,3-diphenyl-4-phenylazopyrazole (38)137 

A solution of 2-benzoyl-2-phenylhydrazonoacetonitrile 

(29a) (2.5 g, 0.01 mol) in ethanol (25.0 ml) was treated 

with phenyihydrazine (1.1 g, 0.01 mol) and the mixture was 

heated under ref lux for 17 h. Hot filtration afforded the 

aminophenylazopyrazole (38) as yellow crystals (2.0 g; 55%) 

m.p. 255-258° (lit., 137  257 ° ), Vmax 3410 and 3270 (NH) cm 1 . 

On cooling the filtrate deposited unreacted starting 

material (29a), (0.2 g; 8%) m.p. 132-135, identical (rn.p. 

and i.r. spectrum) to an authentic sample. 

Evaporation of the ethanolic mother liquor afforded a 

brown gum (0.8 g), whose t.l.c. in methylene chloride-ethyl 

acetate (1:1) showed it to be a multicomponent mixture which 

was not further investigated. 

5-Amino-1 ,3-diphenylpyrazole (37) 139 

5-Amino-1 ,3-diphenylpyrazole (37) was prepared (yield 

73%) by reaction of benzoylacetonitrile with phenyihydrazine 

as described by Seidel,139  and had m.p. 124 (lit., 139  129 0 ), 

max 3425, 3300 and 3180 (NH) cm 1 . 

The Attempted Reaction of 5-amino-1,3-diphenylpyrazole (37) 

with Benzenediazonium Chloride 

A solution of redistilled aniline (0.2 g, 0.002 mol) 

in aqueous SM hydrochloric acid (1.0 ml) was treated dropwise 
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with stirring at 0-5 0  (ice-salt bath) with a solution of 

sodium nitrite (0.17 g; 0.0022 mol) in water (0.5 ml). 

The resulting amber benzenediazonium chloride solution was 

stirred for a further 5 min in the ice-salt bath, then 

added dropwise to a stirred solution of 5-amino-1 ,3-

diphenylpyrazole (37) (0.47 g, 0.002 mol) in glacial 

acetic acid (15.0 ml) at 0-5° (ice-salt bath), and the 

mixture was stirred in the melting ice-salt bath for a 

further 1 h. 

The mixture was co-evaporated with toluene to give 

a red gummy residue. This was treated with water (10.0 ml) 

and extracted with methylene chloride to afford a dark red 

gum (0.48 g) which was subjected to flash chromatography. 

Elution with cyclohexane-ethylacetate (4:1) gave the 

unreacted starting material (37) (0.4 g; 85%) m.p. 115-117°, 

identical (m.p. and i.r. spectrum) to an authentic sample. 

Further elution with ethanol yielded only a small 

amount of brown solid (0.03 g) which was not further 

investigated. 

1-(1 ,3-Diphenyl-4-phenylazopyrazol-5-yl)-3-(toluene-4-

suiphenyl) urea (40) 

(a) A solution of 5-amino-1 ,3-diphenyl-4-phenylazo-

pyrazole (38) (0.68 g, 0.002 mol) in anhydrous diglyme (30.0 

ml) was treated with redistilled tosyl isocyanate (0.43 g, 

0.002 mol) and the mixture was heated under reflux for 4 h. 

The mixture was cooled and evaporated to afford a red gummy 

solid (1.1 g) which was subjected to flash chromatography. 
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Elution with methylene chioride-ethylacetate (10:1) 

yielded 1-(1 ,3-diphenyl-4-phenylazopyrazol-5-yl)-3-(tOlUefle 

-4-sulphonyl) urea (40) as a yellow solid (0.95; 93%) , m.p. 

224-225°, Vmax  3150 (NH). and 1715 (CO) cm1, SH  (CDC1 3 ) 

11.16 (1H, brs, NH), 9.64 (1H, brs, NH), 802 (2H, d, J8Hz 

ArH), 7.69 (2H, d, J8Hz ArH), 7.48-7.31 (15H, m, ArH) and 

2.42 (3H;. s, CH3) , 	(CDC1 3 ) 152.04 (quat) , 148.86 (quat) 

144.44 .(quat) , 143.97 (quat) , 139.78 (quat) , 138.43 (quat) 

136.21 (quat), 130.51, 129.70, 129.22, 128.98, 128.48, 

128.32, 128.22, 126.77 (quat), 124.92 (quat), 124.77, 122.05 

and 21.48 (CH 3 ). 

Found:C, 64.5; H, 4.6; N, 15.4; M-TSO 2NH2 , 303 

2292460 requires: C, 64.9; H, 4.5; N, 15.7, M, 536 

Final elution with ethanol gave a dark intractable gum 

(0.05 g) which was not further investigated. 

(b) A suspension of 5-amino-1,3-diphenyl-4-phenylazo-

pyrazole (38) (0.68 g, 0.002 mol) in anhydrous 1,2-dimethoxy-

ethane (50.0 ml) was treated with redistilled tosyl isocyanate 

(0.43 g, 0.0022 mol) and the mixture was heated under ref lux 

for 24 h after which period a further portion of tosyl 

isocyanate (0.43 g, 0.0022 mol) was added and heating under 

reflux continued for a further 2 h. The mixture was cooled 

and evaporated to afford a yellow gummy solid which was 

triturated with a little 1,2-dimethoxyethane to yield 

1-(1 ,3-diphenyl-4-phenyiazopyrazol-5-yl)-3-(toluene-4- 

sulphonyl) urea (40) (1.1 g; quant.) m.p. 220-224°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 
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Thermolysis Reactions of 1-(1 ,3-Diphenyl-4-phenylazo-

pyrazol-5-yl)-3-(toluene-4-SUlphoflyl) urea (40) 

A solution of 1-(1 ,3-diphenyl-4-phenylazopyrazol-

5-yl)-3-(toluene-4-sulphonyl) urea (40) (0.53 g, 0.001 mol) 

in anhydrous dimethylformamide (10.0 ml) was heated under 

reflux for 3 h. The mixture was evaporated to afford a 

yellow solid (0.52 g) which was subjected to flash chrornato-

graphy. 

Elution with cyclohexane-ethylacetate (2:1) yielded 

5-amino-1 ,3-diphenyl-4-phenylazopyrazole (38) (0.26 g; 

77%) m.p. 250-255°, identical (m.p. and i.r. spectrum) to 

a sample prepared before. 

Elution with ethylacetate afforded 1,1-dimethyl-3-

(toluene-4-sulphonyl)formamidine (41) (0.17 g; 64%), m.p. 

133-134 0  (from toluene) , S (CDC1 3 ) 8.12 (1H, s, Cli), 7.76 

(2H, d, J8H2 ArH), 7.25 (2H, d, J8Hz ArH), 3.11(3H, s, NCH 3 ), 

3.00 (3H, s, NCH 3 ) and 2.39 (3H, S, CH3 ). 

Found: C, 52.7; H, 6.2; N, 12.3%, M, 226 

c1014i222s requires: C, 53.1; H, 6.2; N, 12.4%; M, 	226 

Final elution with ethanol afforded only a small amount 

of an intractable brown gum (0.05 g) which was not further 

investigated. 

1-(1 ,3-Diphenyl-4-phenylazopyrazol-5-yl)-3-

(toluene-4-sulphonyl) urea (40) (0.53 g, 0.002 rnol) was 

heated under vacuum in a Kugelrohr apparatus at 200°/2.0 mm 

Hg for 3 h. A pale yellow sublimate was collected and shown 

to be toluene-4-sulphonamide (0.16 g; 50%) m.p. 133-1350, 
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identical (m.p. and i.r. spectrum) to an authentic sample. 

The residue was unreacted i-(i,3-diphenyl-4-phenyl-

azopyrazol-5-yl)-3-(toluene-4-sulphonyl) urea (40) (0.26 g; 

50%) m.p. 245_2500,  identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

(c) 1-(1 ,3-Diphenyl-4-phenylazopyrazol-5-yl)-3-

toluene-4-sulphonyl) urea (40) (0.53 g, 0.002 mol) was 

heated under vacuum in a 'cold finger' sublimation apparatus 

at 245 0 /0.5 mm Hg (Woods metal bath) for 10 mm. The 

resulting sublimate and residue were combined (0.38 g) and 

subjected to flash chromatography. 

Elution with methylene chloride afforded 5-amino-1 ,3-

diphenyl-4-phenylazopyrazole (38) (0.20 g; 36%) m.p. 245-

250°, identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

Elution with methylene chloride-ethylacetate (5:1) 

gave an orange solid (0.10 g; 27%) which was crystallised 

from dimethylformamide-water to yield 1,3,5-triphenyl-iH-

pyrazolo[3,4-e]-1,2,4-triazin-6(5H)-one (39), m.p. 270-271°, 

umax 1720 (CO) cm 

Found: C, 72.2; H, 4.4; N, 19.4%; M, 365 

221550 requires: C, 72.3; H, 4.1; N, 19.2%; M, 	365 

Further elution with methylene chloride-ethyl acetate 

then ethanol gave no other identifiable material. 

2- (4-Nitrophenyihydrazono) benzoylacetonitrile Phenyl-

hydrazone (48) 

A solution of 2-benzoyl-2-(4-nitrophenylhydrazono)- 
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acetonitrile (29e): (2.9 g, 0.01 mol) in ethanol (25.0 ml) 

was treated with redistilled phenyihydrazine (1.1 g, 0.01 

mol) and the mixture was heated under ref lux for 17 h. 

The mixture was cooled and filtered to afford 2-(.4-nitro-

phenyihydrazono) benzoylacetonitrile phenyihydrazone (48) 

(2.4 g; 63%) m.p. 214-215 °  (from glacial acetic acid) 

V 	3420 and 3250 (NH) and 2205 (CN)cm 1 .max  

Found: 384.1331 

2116622_requires: 384.1335 

The ethanolic filtrate was evaporated to give a redS 

gum (1.4 g) whose t.l.c. in toluene showed it to be an 

unresolvable multicomponent mixture which was not further 

investigated. 

5-Amino-1 ,3-diphenyl-4 (4-nitrophenylazo)pyrazole (47) 

(a) A solution of 2-(4-nitrophenylhydrazono) 'benzoyl-

acetonitrile phenylbydrazone (48) (0.38 g, 0.001 inol) in 

glacial acetic acid (2.5 ml) was treated with concentrated 

hydrochloric acid (2.5 ml) and the mixture was heated under 

reflux for 1 h. The mixture was cooled and filtered to 

afford 2-(4-nitrophenylhydrazono) benzoylacetonitrile (29e) 

(0.20 g;53%) m.p. 235-240°, identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

The glacial acetic acid mother liquor was evaporated 

to afford 5-amino-1 ,3-diphenyl-4-(4-nitrophenylazo)pyrazole 

(48) (0.17 g; 45%) m.p. 234-235 0  (from glacial acetic acid) 

V 	3420 and 3150 (NH) cm, 6 [(CD 3 ) 2 S0] 8.36-7.28 (14H,max 

m, ArH) and 6.37 (2H,. brs, NH). 
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Found: C, 63.8; H, 3.9; N, 21.2%; M, 384 

29116E622_requires: C, 64.0; H, 4.1; N, 21.3%; M, 384 

(b) A solution of 2-(4-nitrophenylhydrazono)benzoyl-

acetonitrile phenylhydrazone (48 ) (0.38 g, 0.001 mol) in 

anhydrous ethanol (10.0 ml) was mixed with a solution of 

sodium (0.09 g, 0.004 g atom) in anhydrous ethanol (5.0 ml) 

and the mixture was heated under ref lux for 1 h. The 

mixture was cooled and evaporated and the residue treated 

with water. The resulting solution was extracted. with 

methylene chloride to yield 5-amino-1,3-diphenyl-4-(4-

nitrophenylazo)pyrazole (47) (0.09 g; 24%) m.p. 230-235 ° , 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

The aqueous mother liquor was acidified with aqueous 

2M hydrochloric acid and extracted with methylene chloride 

to yield the unreacted starting material (48) (0.21 g; 55%) 

m.p. 210-215°, identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

5-Acetamido-1 ,3-diphenyl-4-(4-nitrophenlazo)pyrazole (53) 

A solution of 2-(4--nitrophenylhydrazono)benzoyl-

acetonitrile phenyihydrazone (48) (0.38 g, 0.001 mol) in 

glacial acetic acid (5.0 ml) was heated under reflux for 

18 h. The solution was cooled and filtered to afford 

unreacted starting material (0.16 g; 42%) m.p. 210-215 0 , 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 
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The acetic acid filtrate was evaporated to give a 

red gum which was triturated with light petroleum (b.p. 

40-60 ° ) to afford 5-acetamido-1 ,3-diphenyl-4-(4-nitro-

phenylazo)pyrazole (53), as an orange solid (0.17 g; 40%) 

m.p. 234-235° (from glacial acetic acid) v max  3220 (NH) 

and 1685(10) cm 1 , 5 [(CD 3 ) 2 S0] 10.12 (1H, brs, NH), 8.37 

(4H, d, J9HZ ArH) , 7.84 (4H, d, J9H7- ArH) , 7.46-7.36 (20H, 

m, ArH) , 6.72 (1H, brs, NH) and 2.21 (6H, s, CH 3 ) 

Found: 426.1444 

2318623_requires: 426.1440 

Acid-catalysed Conversions of 2- (4-Nitrophenylhydrazono) - 

benzoylacetonitrile Phenylhvdrazone (48) into 2-(4-nitro-

phenylhydrazono) benzoylacetonitrile (29c) 

A solution of 2-(4-nitrophenylhydrazono)benzoyl-

acetonitrile phenylhydrazone (48) (0.38 g, 0.001 mol) in 

glacial acetic acid (5.0 ml) was treated with concentrated 

hydrochloric acid (5.0ml) and the mixture was heated under 

ref lux for 17 h. Hot filtration afforded a yellow solid 

which was treated with saturated sodium hydrogen carbonate 

solution to give 2- (4-nitrophenyihydrazono) benzoylacetonitrile 

(29e) which was combined with further material obtained from 

the filtrate on cooling (total 0.3 g; quant.) m.p. 230-235°, 

identical (m.p. and i.r. spectrum) to a sample prepared before. 

A solution of 2-(4-nitrophenylhydrazono)benzoyl-

acetonitrile phenylhydrazone (48) (0.38 g, 0.001 mol) in 

triethylene glycol (20.0 ml) was treated with concentrated 

hydrochloric acid (5.0 ml) and the mixture was heated under 
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reflux for 3 h. The mixture was cooled and filtered to 

afford a yellow solid which was combined with further 

material obtained by diluting the filtrate with water 

(20.0 ml) to give 2-(4-nitrophenylhydrazono)benzoylaceto-

nitrile (29e) (0.30 g; quant.), m.p. 230-235°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

(c) A solution of 2-(4-nitrophenylhydrazono)benzoyl-

acetonitrile phenyihydrazone (48) (0.38 g, 0.001 mol) in 

glacial acetic acid (5.0 ml) was heated under reflux for 

3 days. Evaporation of the solvent afforded a red gum which 

was triturated with light petroleum to afford 2-(4-nitro-

phenylhydrazono)benzoylacetonitrile (29e) (0.30 g; quant.) 

m.p. 230-232, identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

The Reaction of 2-(4-Nitrophenylhydrazono) (48) with 

Acetic Anhydride 

A solution of 2- (4-nitrophenyihydrazono) benzoylaceto-

nitrile phenylhydrazone (48) (0.38 g, 0.001 mol) , in acetic 

anhydride (10.0 ml) was heated under reflux for 1 h, then 

cooled to room temperature and filtered 2-(N-acetvl-4- 

nitrophenylhydrazono)benzovlacetonitrile (50) (0.15 g; 0.001 

mol) m.p. 2 18-129° (from dimethvlformamide-water), Vmax  

1715 (CC) , 1655 (C=N) and 1530 and 1380 (NO 2 ) cm 1 , 

5 [CD 3 ) 2 S0] 8.51-7.45 ( H, m, ArH) and 2.27 (3H, S, CH 3 ). 

Found: C, 60.9; H, 3.5; N, 16.6%; M-COCH 3 , 294 

1612424_requires: C, 60.7; H, 3.5; N, 16.7%; M, 336 

The acetic anhydride filtrate was evaporated to give 
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2- (4-nitrophenyihydrozono) benzoylacetonitrile (29e), 

(0.20 g; 64%) m.p. 231-232 0 , identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

The Attempted Reaction of 5-Amino-1 ,3-diphenyl-4-(4-nitro-

phenylazo)pyrazole (47) with Tosyl Isocyanate 

A solution of 5-amino-1 ,3-diphenyl-4-(4-nitrophenyl-

azo)pyrazole (47) (0.77 g, 0.002 rnol) in anhydrous diglyme 

(40.0 ml) was treated with redistilled tosyl isocyanate 

(0.44 g, 0.0022 mol) and the mixture was heated under ref lux 

for 2 h. The mixture was evaporated and the resulting brown 

gum (1 hg) was subjected to flash chromatography. 

Elution with methylene chloride afforded a brown 

gum (1.1 g) which was treated with aqueous 2M sodium 

hydroxide solution to yield the unreacted pyrazole deriva- 

° tive (47) (0.57 g; 74%) m.p. 230-233, identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

The aqueous mother liquor was neutralised with 

aqueous 2M hydrochloric acid and extracted with methylene 

chloride to afford toluene-4-sulphonamide (0.34; quant.) 

m.p. 132-135° identical (m.p. and i.r. spectrum) to an 

authentic sample. 

Fianl elution with ethyl acetate gave a red gum (0.2 g) 

whose t.l.c. in ethyl acetate showed it to be a complex 

mixture which was not further investigated. 
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Attempted Reactions of 2-Phenylhydrazoneobenzoylacetonitrile 

(29a) with 4-Nitro6henyihydrazine 

A solution of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (1.0 g, 0.004 mol) in ethanol (50.0 ml) was treated 

with 4-nitro-phenyihydrazine (0.61 g, 0.004 mol) and the 

mixture was heated under reflux for 17 h. The mixture was 

cooled and evaporated to afford a brown gummy solid which 

was treated with aqueous 2M hydrochloric acid (20.0 ml) 

and filtered to yield the unreacted nitrile (29a) (1.0 g, 

quant.) m.p. 130-135 ° , identical (m.p. and i.r. spectrum) 

to a sample prepared before. 

The aqueous acidic filtrate was neutralised with 

aqueous 2M sodium hydroxide solution and extracted with 

methylene chloride to afford unreacted 4-nitrophenyihydrazine 

(0.61 g; quant.) m.p. 140-145°, identical (m.p. and i.r. 

spectrum) to an authentic sample. 

A solution of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (0.50 g, 0.002 inol) in methanol (30.0 ml) was treated 

with 4-nitrophenylhydrazine (0.31 g, 0.002 mol) followed by 

concentrated hydrochloric acid (0.2 ml) , and the mixture was 

heated under reflux for 3 h. The mixture was cobled and 

evaporated to afford a brown solid (0.75 g) which was 

subjected to flash chromatography. 

Elution with cyclohexane-ethylacetate (5:1) yielded 

unreacted 2-phenylhydrazonobenzoylacetonitrile (29a) (0.37 g; 

74%) m.p. 136-138°, identical (m.p. and i.r. spectrum) to a 

sample prepared before, followed by unreacted 4-nitrophenyl-

hydrazine (0.31 g; quant.) m.p. 142-145 0 , identical (m.p. and 

i.r. spectrum) to an authentic sample. 
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5-Amino-1-(4-nitrophenyl)-3-phenyl-4-phenylazopyrazole (54) 

A solution of 2-phenylhydrazonebenzoylacetonitrile 

(29a) (2.5 g, 0.01 mol) in methanol (100 ml) was treated 

with 4-nitrophenyihydrazine (1.5 g, 0.01 mol) followed by 

toluene-4-sulphonic acid (0.1 g) and the mixture was heated 

under reflux for 3 h. The mixture was cooled and evaporated 

to afford a yellow solid (4.3 g) which was subjected to 

flash chromatography. 

Elution with cyclohexane-ethyl acetate (10:1) gave an 

unidentified red oil (0.16 g) 'umax (film) 2110 and 2085 (CN) 

cm, m/e 279. 275, followed by unreacted 2-phenylhydrazono-

benzoylacetonitrile (29a) (1.7 g, 68%) m.p. 130-135°, 

identical (m.p. and i.r. spectrum) to a sample prepared before. 

Elution with cyclohexane-ethyl acetate (5:1) yielded 

5-arnino-1-(4-nitrophenyl)-3-phenyl-4-phenylazopyrazole (54) 

(0.58 g; 15%) m.p. 190-191 0  (from toulene), Vmax  1510 and 

1335 (NO 2 ) cm, a 	 (CDC1 3 ) 8.44-7.33 (14H, m. ArH) and 

6.57 (2H, brs, NH), S (CDC1 3 ) 153-90 (quat) , 151.19 (quat) 

146.22 (quat), 143.20 (quat), 138.41 (quat), 131.63 (quat), 

129.05, 128.44, 128.31 (quat), 125.31, 122.73 and 121.52. 

Found: 384.1338 

2116622_requires: 384.1335 

Elution with cyclohexane-ethyl acetate (2:1) through 

to ethanol gave a series of gums and solids (total, 1.5 g) 

whose t.l.c. in ethyl acetate showed them to be multicomponent 

mixtures which were not further investigated. 
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3,5-Diphenyl-1-(4-nitrophenyl)-1H-pyrazolO[3,4-e]-1,2,4-

triazin-6(5H)-one (55) 

A solution of 5-amino-1-(4-nitrophenyl)-3-phenyl-4-

phenylazopyrazole (54) (0.38 g,' 0.001 mol) in anhydrous 

diglyme (10.0 ml) was treated with redistilled tosyl 

isocyanate (0.22 g, 0.0011 mol) and the mixture was heated 

under reflux for 24 h. The solvent was removed under 

reduced pressure to give a dark gum (0.68 g) which was 

subjected to flash chromatograohy. 

Elution with methylene chloride-n-hexane (3:1) yielded 

3,5-diphenyl-1-(4-nitrophenyl)-1H-pyrazolo[3,4-e]-1 ,2,4-

triazin-6(5H)-one (55) (0.41 g; quant.), as an orange solid, 

m.p. 288-289° (from dimethylformamide-ethanol), umax  1685 

(CO) cm. 

Found: C, 64.1; H, 3.3; N, 20.5%; M, 410 

2221463_requires: C, 64.4; H, 3.4; N, 20.5%; M, 410 

3-Imino-2-phenylhydrazonobutanenitrile 	
140 

A solution of redistilled aniline (8.0 g, 0.08 mol) in 

aqueous 5M hydrochloric acid (40.0 ml) was heated dropwise 

with stirring at 0-5° (ice-salt bath) with a solution of 

sodium nitrite (6.8 g, 0.088 mol) in water (20.0 ml) . The 

resulting amber benzenediazonium solution was stirred for a 

further 5 min in the ice-salt bath, then added dropwise at 

0-5 0  (ice-salt bath) to a stirred solution of aminocroto-

nitrile (42), (6.56 g, 0.08 mol) and anhydrous sodium acetate 

(10.0 g, 0.12 mol) in ethanol (100 ml) and water (50.0 ml) 
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and the mixture was stirred in the melting ice-salt bath 

for a further 1 h. 

The mixture was filtered to afford 3-imino-2-phenyl-

hydrazonebutarienitrile (43) (14.0 g; 94%), m.p. 158-161° 

(lit., 140  166-167 ° ), Vax 3415 (NH) and 2195 (CN) cm 1 . 

The aqueous mother liquor on neutralisation with 

aqueous 2M sodium hydroxide solution and subsequent extraction 

with methylene chloride afforded no further material. 

5-Amino-3-methyl-1-phenyl-4-phenylazopyraZOle 	
139 

A solution of 3-imino-2-phenylhydrazonobutanenitrile 

(43) (1.86 g, 0.01 mol) in ethanol (25.0 ml) was treated with. 

redistilled phenylhydrazine (1.1 g, 0.01 mol) and the rnixtur 

was heated under reflux for 17 h. The mixture was coated 

and evaporated to afford a red gum (3.0 g) which was subjected 

to flash chromatography. 

Elution with methylene chloride afforded a dark intract-

able gum (0.4 g) which was not further investigated. 

Elution with methylene chloride-ethyl acetate (10:1) 

yielded 5-amino-3-methyi-1-phenyl-4-phenylazopyrazole (44) 139 

as a yellow solid (1.8 g; 65%), m.p. 137-140 0  (lit., 139  140 0 ) 

'umax 3400 and 3285 (NH) and 1600 (C=N) cm. 

Final elution with ethyl acetate gave a further intract-

able gum (0.1 g) which was not further investigated. 
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1-(3-methyl-1-phenyl-4-phenylazopyrazol-5-yl)-3-(tOlUene-

4-suiphonyl) urea (46) 

A solution of 5-a-rnino-3-methyl-1-phenyl-4-phenylazo-

pyrazole (44) (0.55 g, 0.002 mol) in anhydrous diglyme 

(30.0 ml) was treated with redistilled tosyl isocyanate 

(0.43 g, 0.0022 mol) and the mixture was heated under ref lux 

for 7 h. The mixture was cooled and evaporated to afford a 

brown gummy solid (1.0 g) which was subjected to flash 

chromatography. 

Elution with methylene chloride yielded toluene-4-

suiphonamide (0.15 g; 36%) m.p. 132-135°, identical (m.p. and 

i.r. spectrum) to an authentic sample, followed by 1-(3-methyl-

1-phenyl-4-phenvlazopyrazol-5-yl)-3(toluene-4-sulphoflyl) urea 

(46) (0.60 g; 62%) m.p. 155-156° (from toluene) Vmax 3350 

and 3260 (NH) and 1685 (CO) ôm1, SH  (CDC1 3 ) 8.18 (2H, d, 

J8Hz ArH) , 7.76 (2H, d, J8Hz ArH) , 7.68-725 (10H, m, ArH) 

5.06 (2H, brs, NH), 2.58 (3H, s, CH 3 ) and 2.38 (3H, s, CH 3 ), 

(CDC1 3 ) 152.51 (quat) , 148.78 (quat) , 146.82 (quat) 

144.32 (quat) , 141.81 (quat) , 139.26 (quat) , 137.28 (quat) , 

133.88 (quat), 129.47 (quat), 129.10, 128.89, 126.31, 125.42, 

119.68, 21.30 (CH 3 ) and 11.22 (CH 3 ). 

Found: C, 60.6; H, 4.9; N, 17.8%; M 4 , 474 

2422623_requires: C, 60.8; H, 4.6; N, 17.7%; M, 474 

The Reaction of 5-Amino-1-methyl-4-(4-nitrophenylazo)-3-

phenylpyrazole (30e) with Phenyl Isothiocyanate 

A solution of 5-amino-1-methyl-4-(4-nitrophenylazo)-3-

phenylpyrazole (30e) (0.64 g, 0.02 mol) in anhydrous diglyme 
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(30.0 ml) was treated with phenyl isothiocyanate (0.30 g, 

0.0022 mol) and the mixture was heated under reflux for 24 h. 

The mixture was cooled and evaporated to afford a brown gum 

(0.90 g) which was subjected to flash chromatography. 

Elution with methylene chloride gave a small amount of 	- 

an intractable solid (0.10 g) which was not further investi-

gated. 

Elution with methylene chloride-ethyl acetate (5:1) 

yielded unreacted starting material (0.35 g; 55%) m.p. 220-

225°, identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

Final elution with ethanol gave an intractable solid 

(0.40 g) from which no identifiable material could be 

obtained. 

The Attempted Reaction of 5-Amino-1-methyl-4- (4-nitrophenylazo) - 

3-phenylpyrazole (30e) with Carbon Disulphide 

A solution of 5-amino-1-methyl-4-(4-nitrophenylazo)-3-

phenylpyrazole (30e) (0.64 g, 0.002 mol) in anhydrous 

1,2-dimethoxyethane (10.0 ml) was treated with carbon 

disulphide (4.0 ml) and the mixture heated under ref lux for 

17 h. The mixture was cooled and evaporated to afford the 

unreacted 5-amino-1-methyl-4-(4-nitrophenylazo)-3-phenyl-

pyrazole (30e) (0.63 g; 98%) m.p. 220-225°, identical (m.p. 

and i.r. spectrum) to a sample prepared before. 
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The Attempted Reaction of 5-Amino-i -methyl-4- (4-nitrophenylazo) - 

3-2henylpyrazole (30e) with Thiophosgene 

A solution of 5-amino-1-rnethyl-4-(4-nitrophenvlazo)-3-

phenylpyrazole (30e) (0.64 g, 0.002 mol) in 1,2-dimethoxy-

ethane (10.0 ml) was treated with a solution of sodium 

hydrogencarbonate (0.34 g, 0.004 mol) in water (4.0 ml) and 

the resulting suspension was treated dropwise with vigorous 

stirring at room temperature with a solution of thiophosgene 

(0.23 g, 0.002 mol) in 1,2-dimethoxyethane (5.0 ml). The 

mixture was stirred at room temperature for 2 h, then 

evaporated and the residue was treated with water to give the 

unreacted 5-amino-1-methyl-4- (4-nitrophenylazo) -3-phenyl-

pyrazole (30e) (0.60 g, 94%) m.n. 220-225 0 , identical (m.p. 

and i.r. spectrum) with a sample prepared before. 

5-Amino-i -methyl-3-phenylpyrazole (66) 

5-amino-i-methyl-3-phenylpyrazole (66) was prepared 

(yield 70%) by reaction of benzoylacetonitrile with methyl-

hydrazine as described by Gaurneri, Ferroni and Fiorini, 

and had m.p. 129 1  (lit., 134  1320), rnax  3425, 3300 and 3180 

(NH) cm . 

1-(1-Methyl-3-phenylpyrazol-5-yl)-3-(toluene-4-sulphonyl) 

'S.-.-- 

A solution of 5-amino-1-methyi-3-phenylpyrazole (66) 

(1.73 g, 0.01 mol) in anhydrous 1,2-dimethoxyethane (50.0 ml) 

was treated with redistilled tosyl isocyanate (2.15 g, 0.011 

mol) and the mixture was stirred at room temperature for 2 h. 
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The mixture was evaporated to give 1-(-methyl-3-phenyl-

pyrazol-5-yl)-3-(toluefle-4-SUlPhOflYl) urea (67) , (3.7 g; 

quant.) which formed colourless crystals, m.p. 230-231 °  

[from light petroleum (b.p. 40_600)], Umax 3315 and 3305 

(NH) , and 1680 (CO) cm , 5 (CD1 3 ) 8.30 (1H, brs, NH) 

7..86-7.69 (4H, m, ArH) , 7.40-7.27 (5H, m, ArH) , 6.50 (1H, s, 

CH), 3.69 (3H, s, NCH 3 ) and 2.45 (3H, 5, CH 3 ). 

Found: 	370.1115 

181843 s requires: 370.1098 

1_Methyl_3_phenyl_6_(1-methyl-3pheflYlPYraZ0lSYl)1H 

pyrazolo[3,4-e]pyrimidine-5,7(6H,8H)diOfle (70) 

(a) A solution of. 5-amino-1-methyl-3-pheflylpyraZOle 

(66) (0.35 g, 0.002 mol) in anhydrous diglyme (10.0 ml) was 

treated with tosyl isocyanate (0.43 g, 0.0022 mol) and the 

mixture was cooled and evaporated to afford a brown gum 

(0.60 g) which was subjected to flash chromatography. 

Elution with methylene chloride-ethylacetate (3:1) 

yielded 1-methyl-3-heny1-6-)1-methyl-3-phenylpyrazol-5-yl)-

1 H-pyrazolo[ 3 , 4-d]oyrimidine -5 , 7 ( 61-i, 8 H) -dione (70),  (0.10 g; 

27U , m.o. 140-1450, Umax  1730 and 1680 (CO) cm 1 . 

Found: M 4 , 398.1470 

2218N62 requires: M, 398.1491 

Elution with ethyl acetate through to ethanol gave a 

series of gums and solids (total, 0.15 g) which were not 

further investigated. 
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(b) A solution of 1-(1-methyl-3-phenylpyrazol-5-yl)-

3-(toluene-4-sulphonyl)urea (67) (0.74 g, 0.002 mol) in 

anhydrous diglyme (10.0 ml) .was heated under ref lux for 6 h. 

The mixture was cooled and evaporated to afford a brown gum 

(0.60 g) which was subject to flash chromatography. 

Elution with methylene chloride acetate (10:1) 

yielded toluene-4-s.ulphonamide (0.40 g; 50%) m.p. 132-135°, 

identical (m.p. and i.r. spectrum) to an authentic sample. 

Elution with methylene chloride-ethyl acetate (5;1) 

through to methylene chloride-ethyl acetate (1:1) yielded 

a series of gums (total, 0.5 g) which were not further 

investigated. 

Final elution with ethyl acetate gave 1-methyl-3-

phenyl-6- (1 -methyl-3-pheriylpyrazol-5-yl) -1H-pyrazolo [3, 4-dI - 

pyrimidine-5,7(6H,8H)--dione (70) (0.04 g; 12%, identical 

(i.r. spectrum) to a sample prepared in (a) before. 
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The Attempted Reaction of 1-(1-Methyl-3-phenylpyrazo(5-yl)-

3-(toluene-4-sulphonyl) urea (67) with Benzenediazonium 

Chloride 

A solution of redistilled aniline (0.08 g, 0.00075 mol) 

in aqueous 5M hydrochloric acid (1.0 ml) was treated dropwise 

with stirring at 0-5 0  (ice-salt bath) with a solution of 

sodium nitrite (0.06 g, 0.00082 mol) in water (1.0 ml). The 

resulting amber benzenediazonium chloride solution was 

stirred in the ice bath for a further 5 mm, then added 

dropwise at 0-5° (ice-salt bath) to a stirred solution of 

1- (1-methyl-3-phenylpyrazol-5-yl) -3- (toluene-4-sulphonyl) 

urea (67) (0.28 g. 0.00075 mol) and anhydrous sodium acetate 

(0.09 g, 0.0011 mol) in ethanol (10.0 ml) and water (2.0 ml) 

and the mixture was stirred at room temperature for a further 

1 h. The mixture was •evaporated and the gummy residue was 

treated with water and the resulting suspension was extracted 

with methylene chloride to yield unreacted 1-(1-methyl-3- 

phenylpyrazol-5-yl)-3-(toluene-4-sulphonyl) urea (67) (0.27 g; 

96%) m.p. 220-225 0 , identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

The Reaction of 5-Amino-1-methyl-4-(4-nitrophenylazo)-3-

phenylpyrazole (30e) with Oxalyl Chloride 

A solution. of 5-amino-1-methyl-4-(4-nitroohenylazo)-3-

phenylpyrazole (30e) (0.64 g, 0.002 mol) in anhydrous 

1,2-dimethoxyethane (40.0 ml) was treated with stirring at 

0-5° (ice-salt bath) with a solution of oxalyl chloride (0.28g, 

0.002 mol) in anhydrous 1,2-dimethoxyethane (5.0 ml). The 



214 

mixture was allowed to warm to room temperature and then 

heated under reflux for 24 h. The mixture was cooled to room 

temperature, filtered to remove some insoluble material and 

the filtrate was evaporated to afford an orange solid (0.82 g) 

which was subjected to flash chromatography. 

Elution with cyclohexane-ethyl acetate (1:1) yielded 

2-methoxyethyl-N- (1-methyl-4-nitrophenylazo-3-phenylpyrazol-

5-yl)oxamate (72) (0.75 g; 83%) m.p. 172-173 0  (from toluene) 

'max 1730 (CO) and 1520 and 1340 (Na 2 ) cm 1 , SH  [(CD3)2S0] 

11.1 (1H, brs, NH), 8.38 (2H, d, J12Hz ArH) , 8.07-8.02 (2H, 

m, ArH) , 7.85 (2H, d, J12Hz ArH) , 7.57 7.45, (3H, m, ArH) , 

4.47 (2H, t, J4Hz -cH 2 cH 2a-) , 3.85 (3H, s, aCH 3 ) , 3.68 (2H, 

t, J4Hz -ç 2cH 2o-) an 3.32 (3H, 5, NCH 3 ) 	cSC [(CD 3 ) 2 S0} 

159.34 (quat) , 156.17 (quat) , 155-87 (quat) , 148.33 (qüat) 

147.76 (quat), 131.49 (quat), 129.54 (auat), 128.68, 128.52, 

127.99, 126.39 (quat), 124.97, 122.45, 69.27 (-CH 2çH2a-), 

65.50(-ç 2CH 2o-) , 58.06 (OCH 3 ) and 36.61 (NCH3 ) 

Found: C, 55.7; H, 4.3; N, 18.6%; M, 452 

2120626_requires: C, 55.8; H, 4.4; N, 18.6%; M, 452 

Elution with ethyl acetate-ethanol afforded no further 

material. 

5-Formamido-1-methyl-3-phenyl-4-phenylazopyrazole (73) 

A solution of 5-amino-1-methyl-3-phenyl-4-phenylazd-

pyrazole (30a) (0.56 g, 0.002 mol) in triethyl orthoformate 

(5.0 ml) was heated under reflux for 24 h and left stoppered 

at room temperature for a further 24 h. The mixture was 

evaporated to afford a dark gum (0.75 g) which was subject to 

flash chromatography. 
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Elution with rnethvlene chloride-ethyl acetate (10:1) 

yielded 5-formamido-1 -methyl-3-phenyl-4-phenylazopyrazole 

(73) , (0.25 g; 35%) which formed yellow needles, m.p. 175-176° 

(from toluene), Vax  3250 (NH) and 1670 (CO) cm 1 , 6 [(CD 3 ) 2 S0] 

10.41 (1H, brs, NH), 8.39 (1H, s, CH), 8.02-7.41 (10H, m, ArH) 

and 3.79 (3H,s, NCH3 ). 

Found: C, 67.0; H, 4.8; N, 22.6%; M, 305 

ç171550 requires: C, 66.9; H, 4.9; N, 23.0%; M, 305 

Further elution with methylene chloride-ethyl acetate 

(10:1) gave a rbown gum (0.25 g) whose t.l.c. in ethyl acetate 

showed it tobe a complex mixture which was not further 

investigated. 

Final elution with ethyl acetate afforded an intract-

able brown solid (0.20 g) from which no identifiable material 

could be obtained. 

The Reaction of 5-Amino-1-methyl-3-phenyl-4-phenylazopyrazole 

(30a) with Formic Acid 

A solution of 5-arnino-1-methyl-3-phenyl-4-phenylazo-

pyrazole (30a) (1.11 g, 0.004 mol) in formic acid (10.0 ml) 

was heated under reflux for 6 h. The mixture was cooled and 

evaporated to afford a red gum (1.3 g) which was subjected to 

flash chromatography. 

Elution with methylene chloride-ethyl acetate (10:1) 

gave an orange gum (0.38 g) whose t.o.c. inmethylene chloride 

showed it to be a mixture of four close running components, 

followed by a further orange gum (0.20 g) which was triturated 

with ethyl acetate-light petroleum to yield 5-formamido-1- 
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methyl-3-phenyl-4-phenylaZOPYraZOle (73), (0.16 g; 13%), m.p. 

171-174 0 , identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

Elution with ethyl acetate afforded a yellow solid 

(0.72 g) which was treated with a saturated solution of sodium 

hydrogen carbonate to afford unreacted starting material (30a) 

(0.60 g; 54%), m.p. 130-132 0 , identical (rn.p. and i.r. spectrum 

to a sample prepared before. 

Final elution with ethanol gave a brown gum (0.02 g) 

which was not further investigated. 

The Attempted Oxidation of 5-Formamido-1-methyl-3-phenyl-4-

phenylazopyrazole (73) with Activated Manganese Dioxide 

A solution of 5-forrnamido-1-methyl-3-phenyl-4-phenylazo_ 

pyrazole (73) (0.15 g, 0.0005 inol) in anhydrous acetonjtrjle 

(20.0 ml) was treated in one position with activated manganese 

dioxide (0.75 g) and the mixture was stirred at room temperature 

for 1 h. The mixture was then filtered to remove the manganese 

dioxide and the filtrate was evaporated to afford the 

unreacted 5-f ormarnido-1 -methyl-3-phenyl-4-phenylazopyrazoie 

(73) (0.15 g; quant.) m.p. 165-169°, identical (m.p. and i.r. 

spectrum) to an authentic sample. 

The odixation of 4-N-(1-Methyl-3-phenyl-4-phenylazopyrazol_ 

5-yl) semicarbazide (75a) with Activated Manganese Dioxide 

(a) A solution of 4-N-(1-methyl-3-phenyl-4-phenylazo_ 

pyrazol-5-yl ) sernicarbazide (75a) (0.67 g, 0.002 mol) in 
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anhydrous acetonitrile (50.0 ml) was treated with stirring 

with activated manganese dioxide (3.0 g) and the mixture was 

stirred at room temperature for 1 h. The mixture was filtered 

to remove manganese dioxide and the acetonitrile filtrate was 

evaporated to afford 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-e] 

-1,2,4-triazin-6(5H)-one (31a) (0.6 g; quant.), m.p. 238-241°, 

identical (m.p. and i.r. spectrum) to a sample prepared before. 

(b) A solution of. 4-N-(1-methyl-3-phenyl-4-phenylazo-

pyrazol-5-yl) semicarbazide (75a) (0.34 g, 0.001 mol) in 

acetonitrile (20.0 ml) and water (10.0 ml) was treated with 

stirring at room temperature with activated manganese dioxide 

(1.5 g) and the. mixture was stirred at room temperature for 

1 h. Filtration of the mixture to remove the manganese 

dioxide and evaporation of the filtrate afforded 3,5-diphenyl-

1-methyl-1H-pyrazolo[3,4-e]-1,2,4-triazin-6(5H)-one (31a) 

(0.30 g; quant.), m.p. 238-241°, identical (rn.,p. and i.r. 

spectrum) to a sample prepared before. 

The Reaction of 4N-(1-Methyl-3-phenyl-4-phenylazopyrazol-5-yl)-

semicarbazide (75a) in Anhydrous Acetonitrile 

A solution of 4-N-.(1-methyl-3-phenyl-4-phenylazopyrazol-

5-yll) semicarbazide (75a) (0.17 g, 0.0005 mol) in anhydrous 

acetonitrile (20.0 ml) was stirred at room temperature for 1 h 

and then evaporated to afford 1-N-(1-methyl-3-phenyl-4-phenyl-

azopyrazol-5-yl ) semicarbazide (75a) unchanged (0.17 g; quant) 

m.p. 183-185°, identical (m.p. and i.r. spectrum) to a sample 

prepared before. 
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N-EN- (1 -Methyl-3-phenyl-4-phenylazopyrazol-5-yl) carbamoyl] - 

piperidine (76f) 

A solution of 4-N-(1-methyl-3-phenyl-4-phenylazo-

pyrazol-5-yl) semicarbazide (75a) (0.67 g, 0.002 mol) in 

anhydrous acetonitrile (50.0 ml) was treated with piperidine 

(0.68 g, 0.008 ml) and activated manganese dioxide (3.0 g). 

The mixture was stirred at room temperature for 1 h and then 

filtered to remove the manganese dioxide. The acetonitrile 

filtrate was evaporated to give an orange gum which on treat-

ment with aqueous 2M hydrochloric acid yielded N-[N-(1-methyl-

3-phenyl-4-phenylazopyrazol-5-yl)carbamoyljpiperidine (76f) 

(0.76 g; quant) m.p. 236-237° (phase change at 131-132 ° ) (from 

ethanol), 'umax  1675 (CO) cm1, 6H  [(CD 3 ) 2 S0] 8.95 (1H, brs, NH). 

8.11-7.37 (10H, m, ArH), 3.78 (3H, s, NCH 3 ), 3.44 (4H, s, CH 2 ) 

and 1.67 (6H, s, CH2) , 6[(CD 3 ) 2 SO] 153.60 (quat) , 152.6 

(quat) , 146.69 (quat) , 132.26 (quat) , 130.75 (quat) , 129.79, 

129.21, 128.65, 128.27, 128.06, 128.63. 121.40, 44.76 (Cr1 2 ), 

36.69 (NCH3 ) , 25.37 (Cr1 2 ) 

Found: C, 67.6; H, 6.2; N, 21.7%, M, 388 

222460 requires: C, 68.0; H, 6.2; N, 21.7%; M, 388 

The Reaction of 4-N-(1-Methyl-3-phenyl-4-phenylazopyrazol-

5-yl ) semicarbazide (75a) with Piperidine in Anhydrous 

Ace ton it rile 

A solution of 4-N-(1-methyl-3-phenyl-4-phenylazopyrazol-

5-yl ) semicarbazide (75a) (0.34 g, 0.001 mol) in anhydrous 

acetonitrile (25.0 ml) was treated with piperidine (0.34 g, 
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0.004 mol) and the mixture stirred at room temperature for 

2 hr. The mixture was evaporated to give a yellow gum which 

on treatment with aqueous 2M hydrochloric acid afforded 

unreacted 4-N-(1-methyl--3-phenyl-4-phenylazopyrazol-5-yl)-

semicarbazide (75a) (0.33 g; 97%) m.p. 183-185°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

The Attempted Reaction of 5-Amino-1-methyl-3-phenyl-4-

phenylazopyrazole (30a) with Benzaldehyde 

A solution of 5-amino-1-methyl-3-phenyl-4-phenylazo-

pyrazole (30a) (0.56 g, 0.002 mol) in anhydrous toluene 

(30.0 ml) was treated with benzaldehyde (0.24 g, 0.002 mol) 

and toluene-4-sulphoric acid (0.01 g) and the mixture was 

heated under ref lux (Dean and Stark Apparatus) for 4 h. The 

mixture was cooled and evaporated to give a red oil (0.80 g) 

which was subject to flash chromatography. 

Elution with methylene chloride afforded benzaldehyde 

(0.18 g, 75%) identical (i.r. spectrum) to an authentic 

sample. 

Elution with methylene chloride-ethyl acetate (10:1) 

afforded an orange gum (0.45 g) which was triturated with 

toluene-light petroleum (b.p. 40-60°) to yield the unreacted 

5-amino-1-methyl-3-phenyl-4-phenylazoovrazole (30a) (0.25 g; 

40%) m.p. 120-123 ° , identical (m.p. and i.r. spectrum) to a 

sample prepared before. The toluene filtrate was evaporated 

to give an orange gum (0.2 g) whose t.1.c. in methylene 

chloride-ethyl acetate (1:1) showed it to be a multicomponent 

mixture. 
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Final elution with ethanol afforded an unidentified 

brown solid (0.06 g) m.p. >3500  which was not further 

investigated. 

1 , 1 -Dimethyl-3- (1 -methyl-3-phenyl-4-phenylazopyrazol-5y1) - 

formamidine (86b) 

A solution of 5-amino-i -methyl-3-ohenyl-4-phenylazo-

pyrazole (86b) (0.56 g, 0.002 mol) in N,N-dimethylformamide 

dimethylacetal (5.0 ml) was heated under ref lux for 6 h. 

The mixture was cooled and evaporated to afford an orange 

solid (0.68 g) which was subjectedWo flash chromatography. 

Elution with methylene chloride-ethylacetate (10:1) 

yielded 1, i-dimethyl-3-(1-methyl-3-phenyl-4-phenyazopyrazol-

5-yl)formamidine (86b) (0.60 g; 91%) m.p. 138-139° (from 

ethanol), v max  1620 (C=N) cm1, 5H  [(CD 3 ) 2 S0] 8.63 (1H, s, 

CH9, 7.94-7.32 (10H, m, ArH) , 3.70 (3H, s, NCH 3 ) , 3.18 (3H, 

s, NCH 3 ) and 3.06 (3H, 5, NCH3) , 'S.c  [(CD3 ) 2 S0} 158.16 (CH) , 

152.97 (quat) , 145.32 (quat) , 144.79 (quat) , 133.38 (quat) , 

129.05, 128.49, 128.23, 127.66, 127.51, 125.39. (quat), 121.14, 

35.03 (NCH 3 ) , 34.29 (NCH 3 ) and 33.55 (NCH 3 ) 

Found: C, 68.8; H, 6.1; N, 25.0%; M, 322 

19206_requires: C, 68.7; H, 6.0; N, 25.3%; M, 322 

The Attempted Pyrolysis 1 ,1-Dimethyl-3-(i-methyl-3-phenyl-4-

phenylazopyrazol-5-yl) formamidine (86b) 

1 ,i-Dimethyl-3-(i-methyl-3-phenyl-4-phenylazopyrazol-

5-yl)formamidine (86b) (0.32 g, 0.001 mol) was heated under 

vacuum in aKugelrohr apparatus at 220°/0.6 mmltg for 1 hr. 
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The dark orange distillate on cooling afforded the unreacted 

1 ,1-dimethyl-3-(1-methyl-3-phenyl-4-phenylazopyrazol-5-yl)-

formamidine (86b) (0.3 g; 94%) m.p. 130-134°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

The Attempted Reaction of 5-Arnino-1-methyl-3-phenyl-4,-

phenylazopyrazole (30a) with Dimethylacetylene Dicarboxylate 

A solution of 5-amino-1-methyl-3-phenyl-4-phenylazo-

pyrazole (30a) (0.56 g, 0.002 mol) in anhydrous dimethyl-

formamide (20.0 ml) was treated with dimethylacetylene 

dicraboxylate (0.28 g, 0.002 mol) and the mixture heated 

under reflux for 3 h. The mixture was cooled and evaporated 

to afford a brown gum (0.80 g) which was subjected to flash. 

chromatography. 	 - 

Elution with methylene chloride yielded the unreacted 

5-amino-1-methyl-3-phenyl-4-phenylazopyrazole (30a) (0.20 g; 

- 36%) m.p. 120-123 0 , identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

Elution with methylene chloride-ethylacetate (4:1) 

through to ethanol gave a series of gums (total, 0.53 g) 

which were not further investigated. 

The Reaction of_3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-eJ-1, 

2,4-triazin-6(5H)-one (31a) with Amines 

(a) With ammonia 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-e]-

1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) in anhydrous 
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1,2-dimethoxyethane (20.0 ml) was saturated with ammonia 

gas at 00  (ice-salt bath) and the resulting solution was 

left tightly stoppered at room temperature for 24 h. The 

mixture was evaporated to afford 1-(1-methyl-3-phenyl-4-

2henylazopyrazol-5-yl) urea (76a) (0.32 g, quant.) which 

formed yellow needles, m.p. 235-236° (from dimethylformarnide-

water), 	 , 3400 and 3200 (NH) and 1680 (CO) cm 1  
max 	 H 

[(CD 3 ) 2 S0] 8.06-8.02 (1H, brs, NH), 7.94-7.36 (10H, m, ArH) 

6.70 (2H, s, NH) and 3.76 (3H, s, NCH3) , 	[(CD3)2S0] 

155.19 (quat) , 152.67 (quat) , 146.54 (quat) , 132.29 (quat) , 

130.28 (quat), 129.99, 129.77, 129.23, 128.39,128.19, 

127.71, 127.41 (quat), 121.69 and37.26 (NCR 3 ). 

Found: 320.1385 

1716!60 requires: 320.1385 

(b) With Methylamine 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-eI-

1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) in 

anhydrous 1,2-dimethoxyethane (30.0 ml) was treated with a 

33% w/v solution of methylamine in ethanol (0.37 g, 0.004 mol) 

and the mixture was stirred at room temperature for 1 h. 

The mixture was filtered to afford 1-methyl-3-(1-methyl-3-

2henyl-4-phenylazopyrazol-5-yl) urea (76b), (0.33 g; quant.), 

m.p. 232-234 (phase change at 192-194 ° ) (from ethanol), 

max 3330 (NH), and 1660 (CO) cm1, SH  [(CD 3 ) 2 S0] 8.84 (1H, 

s, NH), 8.10-7.36 (bR, m, ArH), 7.21 (1H, g, J2Hz jHCH 3 ), 

3.75 (3H, s, NCR 3 ) and 2.68 (3H, d, J2Hz NHç3) , 	
[(cD3)2s01 

154.83 (quat) , 152.53 (quat) , 146.48 (quat), :132.21 (quat) 
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130.30 (quat), 129.87, 129.15, 128.30, 128.10, 127.611 

127.13, 127.57 (quat), 37.23 (NCH 3 ) and 26.28 (NHCH 3 ). 

Found: C, 65.0; H, 5.5; N, 25.3%; M, 334 

ç18186 o requires: C, 64.7; H, 5.4; N, 25.2%; M, 334 

With benzylarnine 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-e]-

1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) •in 

anhydrous ethanol (30.0 ml) was treated with benzylamine 

(0.11g, 0.001 mol) and the mixture was heated under ref lux 

for 2 h. The mixture was cooled and evaporated to afford 

1-benzyl-3-(1-methyl-3-phenyl-4-phenylazopyrazol-5-yl) urea 

(76c) (0.41 g; quant.) which formed yellow needles, m.p. 

235-236° (from dimethylformamide-ethanol), Vax  3290 (NH) 

and 1655 (CO) cm1, 5H [(CD 3 ) 2 S0] 8.89 (1H, s, NH), 8.08-723 

(16H, m, Arh and NH) , 4.34 (2H, d, c2 NH) , and 3.78 (3H, 5, 

NCH3) , cS 	[(CD3 ) 2 S0] 154.60 (quat) , 152.61 (quat) , 146.58 

(quat), 139.59 (quat), 132.24 (quat), 130.00, 129.22, 128.40, 

128.27, 127.61, 127.44 (quat), 126.98, 126.81, 121.65, 

43.10 (NCH 2 ) and 37.18 (NCH 3 ) 

Found: C, 70.2; H, 5.3; N, 20.4%; M, 410 

ç24226 o requires: C, 70.2; H, 5.4; N, 20.5%; M, 410 

With aniline 

A solution of 3,5-diDhenyl-1-methyl-1H-pyrazolo[3,4-e]-

1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) in anhydrous 

ethanol (30.0 ml) was treated with redistilled aniline (0.09 g, 

0.001 mol) and the mixture was heated under ref lux for' 24 h. 

The-mixture was cooled and filtered to afford the unreacted 
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pyrazolotriazinone (31a) (0.20 g; 67%) m.p. 230-235°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

The ethanolic mother liquor was evaporated to give an 

orange gum (0.20 g) which was subjected to flash chromato-

graphy. 

Elution with methylene chloride-cyclohexane (1:1) gave 

an orange gum (0.11 g) whose t.1.c. showed it to be an 

unresolvable multicomponent mixture which was not further 

investigated. 

Elution with methylene afforded the unreacted pyrazolo-

triazinone (31a) (0.03 g; 10%) m.p. 230-235°, identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

Final elution with ethanol yielded a yellow solid 

1- (1 -methyl-3-phenyl-4-phenylazopyrazol-5--yl) -3-phenylurea 

(76d) (0.05 g, 17%) m.p. 200-210°, umax  3340 and 3100 (NY) 

and 1675 (CO) cm, which on attempted crystallisation from 

dimethylformamide-water gave the starting pyrazolotriazinone 

(31a) m.p. 236-237°, identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

(e) 	With dimethylamine 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-e] - 

1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) in anhydrous 

1,2-dimethoxyethane (30.0 ml) was treated with a 33% w/v 

solution of dimethylamine in ethanol (0.55 g, 0.004 mol) and 

the mixture was stirred at room temperature for 24 h. The 

mixture was evaporated to afford 1,1-dimethyl-3-(1-methyl-3- 
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phenyl-4-phenylazopyrazol-5-yl)urea (76e) (0.40 g, quant.) 

which formed orange prisms, m.p. 148_1500  (from ethanol), 

Vmax 1690 (CO) cm1, CSH  [(CD 3 ) 2 S0] 8.94 (1H, brs, nH) 

8.11-7.40 (10H, m, ArH), 3.77 (3H, s, NCH 3 ) and 3.02 [6H, S, 

N(CH3)2] , cS 	[(CD 3 ) 2 S0] 154.74 (quat) , 152.48 (quat) , 146.78 

(quat), 132.25 (quat), 130.59 (quat), 130.22, 129.97, 129.35, 

129.02, 128.75, 128.39, 128.20, 127.69, 127.50 (quat), 

126.37, 125.98 1  121.51, 36.87 (NCH 3 ) and 36.61 [N(CH3 ) 2 1. 

Found: C, 65.6; H, 5.6; N, 23.6%; M, 348 

192060 requires: C, 65.5; H, 5.8; N, 24.1%; M, 348 

(f) 	With piperidine 

A solution of 3,5-diphenvl-1-methyl-1H-pyrazolo-

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 mol) in 

anhydrous ethanol (30.0 ml) was treated with piperidine 

(0.17 g; 0.002 mol) and the mixture was stirred at room 

temperature for 3h. The mixture was evaporated to afford 

N- [N-(1-methyl-3-phenyl-4-phenylazopyrazol-5-yl) carbamoyl] - 

piperidine (76f) as a yellow solid (0.77 g; quant) m.p. 

130-132 0 , identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

The Attempted Reaction of 3,5-Diphenyl-1-methyl-1H-pyrazolo 

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) with Piperidine in 

Ethanol Under Ref lux 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-eI-

1,2,4-triazin-6(5H)-one (31a) (0.30 g; 0.001 mol) in anhydrous 
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ethanol (30.0 ml) was treated with piperidine (0.09 g, 

0.001 mol) and the mixture was heated under ref lux for 48 h. 

The mixture was cooled and evaporated to afford an orange 

gum (0.40 g) which was subjected to flash chromatography. 

Elution with methylene chloride-cyclohexane (2:1) 

gave the unreacted pyrazolotriazinone (31a) (0.30 g; quant.) 

m.p. 230-235°, identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

1-Benzyl-3-[1-methyl-3-phenyl-4-(4-nitrophenylazo)pyrazol-

5 -yl]urea (101) 

A solution of 1 -methyl-5- (4-nitrophenyl) -3-phenyl-1H-

pyrazolo[3,4-e]-1,2,4-triazin-6(5H)-one (31e) (0.35 g, 

0.001 mol) in anhydrous diglyme (10.0 ml) was treated with 

benzylamine (0.11 g, 0.001 mol) and the mixture was heated 

under reflux for 0.5 h. The mixture was cooled and filtered 

to afford 1-benzyl-3-[1-methyl-3-phenyl-4-(4-nitrophenylazo)-

pyrazol - 5 -yl]urea (101) (0.15 g; 33%), which formed orange 

needles m.p. 258-259 0  (from dimethylformamide) v 	 3330max 

and 3260 (NH) and 1660 (CO) cm1, 5H  [(CD 3 ) 2 S0] , 9.35 (tEl, 

brs, NH), 8.45-7.23 (14H, m, ArH), 4.33 (2H, d, NHç 2 ) and 

3.77 (3H, s, NCH3) , 5 	[(CD 3 ) 2 S0] 156.18 (quat) , 154.11 

(quat) , 147.64 (quat) , 147.33 (quat) , 140.05 (quat) , 131.70 

(quat), 131.50 (quat), 123.38, 128.22,127.79, 126.97,. 

126.77 (quat), 124.86, 122.30, 43.13 (CH 2 ) and 37.43 (NCH3 ). 

Found: C, 62.7; H, 4.4; N, 21.7%; M-PhCH 2NH2 , 348 

2421723_requires: C, 63.3; H, 4.6; N, 21.5%; M, 455 
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The diglyme filtrate was evaporated to give a red 

gum (0.27 g) which was triturated with methylene chloride 

to yield the unreacted pyrazolotriazirione (31e) (0.23 g; 

66%) m.p. 285-287°, identical (m.p. and i.r. spectrum) to 

a sample prepared before. 

The methylene chloride filtrate was evaporated to give 

a small amount of intractable red gum (0.04 g) which was not 

further investigated. 

The Reaction of 3 ,5-Diphenyl-1-methyl-1H-pyrazole[3,4-e]-

1 ,2,4-triazin-6(5H)-one (31a) with Hydrazines 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo-

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) in 

anhydrous ethanol (30.0 ml) was treated with the correspond-

ing hydrazine (0.001 mol) and heated under ref lux for 2 - 

24 h. 

(a) The mixture from hydrazine monohydrate was cooled 

and evaporated to afford 4-N(1-rnethyl-3-phenyl-4-phenyl-

azopyrazol-5-yl)semicarbazide (75a) (quant.) which formed 

yellow crystals m.p. 228-230° (phase change at 172 ° ) (from 

dimethyifromamide-ethanol), umax  3310 and 3210 (NH) and 

1685 (CO) cm 1 , SH  [(CD 3 ) 2 S0] 8.22 (1H, s, NH), 8.09-7.40 

(11H, m, ArH and NH), 4.85 (2H, brs, NH) and 3.83 (3H, s, 

NCH3) , d C  [(CD 3 ) 2 S0] 156.49 (quat) , 152.43 (quat) , 146.75 

(quat), 132.51 (quat), 130.49 (quat), 129.92, 129.29, 

128.42, 128.23, 127.64, 126.44 (quat), 121.72 and 38.33 

(NCH3). 
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Found: C, 60.4; H, 5.0; N, 29.3%; M, 335 

171770 requires: C, 60.9; H, 5.1; N, 29.3%; M, 	335 

The mixture from methyihydrazine was cooled and 

evaporated and the resulting orange gum (0.35 g) was 

subjected to flash chromatography. 

Elution with methylene chloride-ethyl acetate yielded 

1-N-methyl-4-N1-1 (1-methyl-3-phenyl-4-phenylazopyrazol-5-yl)] - 

semicarbazide (75b) (92%) m.p. 228-230° (phase change at 

138-140 ° ) (from ethanol-water), 'umax 3600-3350, 3310, 3290 

and 3210 (NH), and 1665 (CO) cm, 6H  [(CD 3 ) 2 S01 	9.60 (1H, 

brs, NH) , 9.20 (1H, brs, NH) , 8.09 (1H, brs, NH) , 7.87-7.37 

(10H, m, ArH), 3.85 (3H, s, NCH 3 ), 3.34 (s, NHCH 3 ) and 

3.31 (s, NH, CH3) , 6 	[(CD 3 ) 2 S0] 155.55 (quat) , 146.79 

(quat), 132.14 (quat), 130.78 (quat), 130.21 (quat), 129.95, 

129.33, 128.78, 128.45, 128.27, 127.65, 126.58, 126.21, 

121.71, 121.62 and 37.28 (NCH 3  and NHCH3 ) 

Found: C, 62.1; H, 5.5; N, 27.3%; M-MeNNNH2 , 303 

161970 requires: C, 61.9; H, 5.4; N, 28.0%; M, 349 

Final elution with ethanol afforded a small amount of 

dark gum whose t.l.c. in ethyl acetate showed it to be a 

multicomponent mixture which was not further investigated. 

The mixture from phenyihydrazine was cooled and 

filtered to afford 4-[N(1-rnethyl-3-phenyl-4-phenylazopyrazol-

5-yl)]-1-(N-phenyl)semicarbazide (75c) as a yellow solid 

(85%) m.p. 228-230° (phase change at 172-174 ° ) (from diinethyl-

formamide-ethanol), v max  3340, 3270, 3180 and 3090 (NH), and 
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1675 (CO) CR1, 6H  [(CD3 ) 2 S0] 9.61 (1H, brs, NH), 8.95 

(1H, s, NH), 8.08-6.83 (15H, m, ArH), 3.84 (3H, s, NCH 3 ) 

and 3.29 (1H, s, NH), & [(CD 3 ) 2 S0] 162.23 (quat) , 155.93 

(quat) , 152.29 (quat) , 148.67 (quat) , 146.79 (quat) , 132.10 

(quat), 129.82, 129.07, 128.92, 128.77, 128.39, 128.24, 

127.67, 126.75 (quat), 121.52, 119.77, 112.79 and35.69 

(NCH 3 ). 

Found: C, 64.3; H, 5.5; N, 23.0%; M-PhNHNH 2, 303 

232 172  
[(CH 31 2NCHOJ requires: C, 64.5; H, 5.8; N, 23.1%; M-(CH 3 ) 2 NCHO, 411 

The ethanolic mother liquor was evaporated to give a 

brown gum (0.1 g) whose t.l.c. in methylene chloride showed 

it to be a multicomponent mixture which was not further 

investigated. 

(d) The mixture from toluene-4-sulphonylhydrazine was 

cooled and evaporated to afford an orange gum which was 

triturated with. toluene to yield the unreacted pyrazolo-

triazinone (31a) (27%) m.p. 230-235 ° , identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

The toluene filtrate was evaporated to afford an 

orange gum (0.30 g) which was subjected to flash chromato-

graphy. 

Elution with cyclohexane-ethylacetate (2:1) gave 

4-[N- (1 -methyl-3-phenyl-4-phenylazopyrazol-5-yl)-1-[N- (toluene-

4-sulphonyl)]semicarbazide (75d), (49%) which formed yellow 

crystals m.p. 234-236 1  (from ethyl acetate) v max  3275 (NH) 

and 1665 (CO) cm 1 . 

Found: C, 61.7; H, 4.8; N, 20.1%; M-TSO 2NH 2 , 303 

22373 s requires: C, 58.9; H, 4.7; N, 20.0%; M, 489 
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Final elution with ethanol gave a brown gum (0.06 g) 

whose t.1.c. in ethyl acetate showed it to be a complex 

mixture which was not further investigated. 

The Thermal Cyclisation of 4-[N-(1-methyl-3-phenyl-4-

phenylazopyrazol-5-yl)]semicarbazide (75a) to 3,5-Diphenyl-

1-methyl-1H-pyrazolo[3,4-el-1,2,4-triazin-6(5H) -one (31a). 

4- [N- (1 _Methyl-3-phenyl-4-phenylaZopyraZOl-5-yl) ] - 

semicarbazide (75a) (0.16 g, 0.0005 mol) was heated under 

reduced pressure at 180°/0.3 nun Hg (Woods metal bath) for 

5 mm. The mixture was cooled to afford 3,5-diphenyl-1-

methyl-1H-pyrazolo[3,4-e]-1,2,4-triaZin-6(SH)ofle (31a) 

(0.15 g; quant.) m.p. 238-240 ° , identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

The Attempted REactions of 3,5-Diphenyl-1-methyl-1H-pyrazolo 

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) with Pyridine 

(a) 	In ethanol 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-e]-

1,2,4-triazin-6(5H)-one (31a) (0.30 g, 0.001 mol) in 

anhydrous ethanol (30.0 ml) was treated with pyridine (0.08 g, 

0.001 mol) and the mixture was heated under ref lux for 24 h. 

The mixture was cooled and evaporated to afford an orange 

gum (0.40 g) which was subjected to flash chromatography. 

Elution with methylene chloride yielded Ethyl N-

(1-rnethyl-3-phenyl-4-phenylazopyrazol-5-yl)carbamate (103) 

(0.30 g; 86%), umax 3290 (NH) and 1740 (CO) cm, 6 (CDC1 3 ) 

8.93 (1H, brs, NH), 8.18-7.25 (10H, m, ArH9, 4.25 (2H, q, 
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J7Hz, CH 2CH 3 ) , 3.93 (3H, s, NCR 3 ) and 1.34 (3H, t, J7Hz 

CH 2 C 2 ). 

Found: 349.1538 

1919522_requires: 349.1538 

Elution with methylene chloride-ethyl acetate (10:1) 

gave the unreacted pyrazolotriazinone (31a) (0.09 g; 30%) 

m.p. 235-237°, identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

(b) 	In 1,2-dimethoxyethane 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo 

{3,4-e]-1,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 mol) 

in anhydrous 1,2-dimethoxyethane (30.0 ml) was treated with 

pyridine (0.16 g, 0.002 mol) and the mixture was stirred at 

room temperature for 6 h, then heated under reflux for a 

further 17 h. The mixture was cooled and evaporated to 

afford unreacted pyrazolotriazinone (31a) (0.60 g; 98%) 

m.p. 230-235°, identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

Ethyl N- (i-methyl-3-phenyl-4-phenylazopyrazol-5-yl)carbamate 

(103) 

A solution of 3 ,5-diphenyl-1-methyl-1FI-pyrazolo 

[3,4-e]-1,2,4-triazin-6(5H)-one(31a) (0.61 g, 0.002 mol) in 

anhydrous ethanol (30.0 ml) was mixed with a solution of 

sodium (0.05g; 0.002 g-atom) in anhydrous ethanol (3.0 ml) 

and the mixture stirred at room temperature for 1 h. The 
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mixture was filtered to afford unreacted pyrazolotriazinone 

(31a) (0.50 g; 82%) m.p. 230-235 ° , identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

The mixture was evaporated and the residue was treated 

with water and extracted with methylene chloride to yield 

Ethyl N- (1_methyl_3_phenyl-4-phenylaZopyraZOl5yl) carbamate 

(103) as an orange gum (0.05 g; 14%) identical (i.r. and 

n.m.r. spectra) to a sample prepared before. 

Neutralisation of the aqueous mother liquor with 

aqueous 2M hydrochloric acid and extraction with methylene 

chloride gave no further material. 

The Reaction of 1-Methyl-5-(4-nitrophenyl)-3-phenyllH 

pyrazolo[3,4-e]-1,2,4-triaZin6(5)One (31e) with Sodium 

-1,- 

A solution of 1 -methyl-5- (4-nitrophenyl) -3-phenyl-1H-

pyrazolo]3,4 -eI - 1 ,2,4-triazin-6(5H)-one (31e) (0.35 g, 

0.001 mol) in anhydrous diglyme (10.0 ml) was mixed with a 
I 

solution of sodium (0.09 g, 0.004 g-atom) in anhydrous 

ethanol (5.0 ml) and the mixture was heated under reflux for 

15 mm. The mixture was cooled and evaporated to afford a 

dark residue which was treated with water (10.0 ml) and 

extracted with methylene chloride to give a red oil (1.2 g) 

which was subjected to flash chromatography. 

Elution with methylene chloride-ethyl acetate (5:1) 

through to ethanol gave intractable red oils (total 1.1 g) 

which were not further investigated. 
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1 -Hydroxy-3- (1 -methyl-3-pheriyl-4-phenylazopyrazol-5-yl) 

urea (104) 

A solution of sodium (0.23 g, 0.01 g-atom) in methanol 

(10.0 ml) was mixed with a solution of hydroxylamine 

hydrochloride (0.70 g, 0.01 mol) in methanol (10.0 ml) and 

the mixture was filtered to remove sodium chloride and the 

methanolic filtrate added to a solution of 3,5-diphenyl-1-

methyl - 1H-pyrazolo[3,4-e}-1,2,4-trjazin_6(5H)_one (31a) 

(0.30 g, 0.001 mol) in anhydrous 1,2-dimethoxyethane 

(20.0 ml). The resulting solution was left at room tempera-

ture for 17 h then evaporated and the residue treated with 

water and filtered to afford 1-hydroxy-3-(1-methyl-3-phenyl-

4-phenylazopyrazol-5-yl)urea (104) (0.34 g; quant.), which 

formed yellow crystals m.p. 237-239° (phase change 120-130°) 

(from ethanol), Vmax  3200 (NH) and 1700 (CO) cm 1 . 

Found: C,60.3; H, 4.8; N, 22.4%; M-NH 2OH, 303 

1716622_requires: C, 60.7; H, 4.8; N, 25.0%; M, 336 

1-Cyano- 3 - (1 -methyl_3_phenyl_4_phenylazopyrazol_5_yl)urea 

(1 05b) 

A solution of 3,S -diphenyl-1-methyl-1H-pyrazolo[3,4_e] 

1,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 mol) in ethanol 

(50.0 ml) was treated with a solution of sodium cyanamide 

(0.13 g, 0.002 mol) in water (1.0 ml) and the mixture was 

heated under reflux for 8 h. The mixture was cooled and 

evaporated and the residue treated with water (20.0 ml) and 

extracted with methylene chloride to afford an orange gum 

(0.60 g). Trituration of this gum with ethyl acetate yielded 
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1_cyano_3_(1-methyl-3-phenyl-4-PheflYlaZOPYraZO15Yl)Urea 

(105b) (0.20 g; 29%) , which formed yellow crystals m.p. 

151-153 °  (from ethyl acetate-light petroleum), Vmax  3620, 

3510 and 3300 (NH), 2180 (CN) and 1690 (CO) cm 1 , 6 H  

[(CD 3 ) 2 S0] 8.69 (2H, brs, NH), 8.07-7.39 (10H, m, ArH) and 

3.79 (3H, s, NCH 3 ) 	[(CD3 ) 2S0J, 161.49 (quat) , 152.55 

(quat), 146.38 (quat), 132.88 (quat), 132.34 (quat), 129.44, 

129.19, 128.91, 128.24, 127.98, 127.57, 125.80 (quat) and 

121.32. 

Found: C, 53.6; H, 4.5; N, 25.3%; M, 374 

2181570 requires: C, 62.6; H, 4.4; N, 28.1%; M, 345 

The ethyl acetate mother liquor was evaporated to 

afford a brown gum (0.4 g) which as subjected to flash 

chromatography. - 

Elution with methylene chloride-ethyl acetate (10:1) 

gave the unreacted pyrazolotriazinone (31a) (0.20 g; 33%) 

m.p. 230-235° identical (m.p. and i.r. spectrum) to an 

authentic sample. 

Final elution with ethanol afforded a dark intractable 

gum (0.10 g) which was not further investigated. 

1_(1_Methyl-3_phenyl-4-phenylazopyrazol-5-yl)-3-(tOluefle-4-

sulphonyl) urea (1 05a) 

A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-eI-

1,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 mol) in 

anhydrous ethanol (30.0 ml) was mixed with a solutionof 

sodium (0.05 g, 0.002 g-atom) in anhydrous ethanol (3.0 ml) 
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which had been mixed with a solution of toluene-4-sulphonamide 

(0.38 g, 0.0022 mol) in anhydrous ethanol (7.0 ml), and the 

mixture was heated under reflux for 24 h. The mixture was 

cooled and evaporated and the residue (0.9 g) was subjected 

to flash chromatography. 

Elution with methylene chloride yielded 5-amino-1-

methyl-3-phenyl-4-phenylazopyrazole (30a) (0.45 g; 81%), 

m.p. 130-133 0 , identical (m.p. and i.r. spectrum) to a 

sample prepared before, followed by the unreacted pyrazolo-

triazinone (31a) (0.05 g; 8%), m.p. 230-235 ° , identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

Elution with ethanol gave a yellow solid (0.25 g) which 

was slurried with aqueous 2M hydrochloric acid to afford 

1- (1 _methyl_3_phenyl-4-phenylazopyraZOl-5-yl) -3- (toluene-4-

sulphonyl)urea (105a) (0.20 g; 18%), m.p. 268-269° (from 

glacial acetic acid), Vmax 1715 (CO) cm, 

Found: C, 58.2; H, 4.7; N, 16.6%; M-TSO 2NH 2, 303 

requires: C, 58.5; H, 4.9; N, 17.0%; M-H 20, 546 

The Reactions of 3,5-Diphenyl-1-methyl-1H-pyrazolo[3,4-el-

1 ,2,4-triazin-6(5H)-one (31a) with Acetylacetone 

(a) A solution of 3,5-diphenyl-1-methyl-1H-pyrazolo 

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 mol) 

and acetylacetone (0.20 g, 0.002 mol) in anhydrous dioxane 

(30.0 ml) was treated with triethylamine (0.20 g, 0.002 mol) 

and the mixture was stirred at room temperature for 1 h, 

then heated under reflux for a further 3 h. 
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The mixture was evaporated to afford the unreacted 

pyrazolotriazinone (31a) (0.61 g; quant.) m.p. 235-238°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

A solution of sodium (0.05 g, 0.002 g-atoms) in 

anhydrous ethanol (3.0 ml) was treated with acetylacetone 

(0.22 g, 0.002 mol) in anhydrous ethanol (7.0 ml). The 

resulting ethanolic sodium acetylacetonate solution was 

mixed with a solution of 3,5-diphenyl-1-methyl-1H-pyrazolo-

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 mol) in 

anhydrous ethanol (30.0 ml) and the mixture was heated under 

reflux for 24 h. The mixture was cooled and evaporated to 

afford a brown gum (0.60 g) which was subjected to flash 

chromatography. 

Elution with methylene chloride-ethyl acetate (10:1) 

yielded 5-amino-1-methyl-3-phenyl-4-phenylazópyrazole (30a) 

(0.28 g; 51%) m.p. 130-133°, identical (m.p. and i.r. 

spectrum) to a sample prepared before, followed by the 

unreacted pyrazolotriazinone (31a) (0.20 g; 33%) m.p. 

235-238°, identical (m.p. and i.r. spectrum) to an authentic 

sample. 

Final elution with ethanol afforded a dark intractable 

gum (0.08 g) which was 'not further investigated. 

A solution of sodium (0.05 g, 0.002 g-atoms) in 

anhydrous ethanol (3.0 ml) was treated with acetylacetone 

(0.22 g, 0.0022 mol) and the resulting solution was evaporated 

by azeotroping with toluene to yield sodium acetylacetonate 
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as a cream solid. This was suspended in anhydrous dimethyl-

formamide (2.5 ml) and the suspension treated with a 

solution of 3,5-diphenyl-1-methyl-1H-pyrazolo[3,4-el-1 ,2,4-

triazin-6(5H)-one (0.61 g, 0.002 mol) in anhydrous dimethyl-

formamide (2.5 ml) then stirred at room temperature for 1 h, 

heated at 500 (water bath) for 1 h and finally heated at 

70 0  for 4 h. The mixture was evaporated to give a brown 

solid which was treated with water and filtered to afford 

the unreacted pyrazolotriazinone (31a) (0.41 g; 67%), m.p. 

230-235 0 , identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

The aqueous mother liquor was neutralised with 

aqueous 2M hydrochloric acid to afford N-(1-methyl-3-phenyl-

4-phenylazOpyrazol-5-yl)-2-acetylacetoacetamide (106) (0.12 g; 

14%) which formed yellow crystals m.p. 155-156° (from 

ethanol), v 	3270 (NH) and 1655 (CO) cm 
-1 

max 

Found: C, 65.3; H, 5.4; N, 17.5%; M, 403 

c222153_requires: C, 65.5; H, 5.2; N, 17.4%; M, 403 

Extraction of the aqueous mother liquor with methylene 

chloride afforded no further material. 

The Attempted Reaction of 3,5-Diphenyl-1-methyl-1H-pyrazolo-

[3,4-e]-1,2,4-triazin-6(5H)-one (31a) with Sodium Borohydride 

A stirred solution of 3,5-diphenyl-1-methyl-1H-

pyrazolo[3,4-eJ-1 ,2,4-triazin-6(5H)-one (31a) (0.61 g, 0.002 

mol) in dioxane (50.0 ml) was treated with a solution of 

sodium borohydride (0.33 g, 0.008 mol) in water (5.0 ml) and 

the mixture was stirred at room temperature for 3 h. The 
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mixture was evaporated and the residue was treated with 

water to afford an orange solid (0.65 g) which was washed 

with ethyl acetate to yield the unreacted pyrazolotriazinone 

(31a) (0.52 g; 85%) m.p. 235-238 0 , identical (m.p. and 

i.r. spectrum) to a sample prepared before. The ethyl 

acetate filtrate was evaporated to afford a white solid 

(0.1 g) m.p. 73500  which was not further investigated. 

The Reaction of 2-Phenylhydrazonobenzoylacetonitrile (29a) 

with Hydroxylamine Hydrochloride in Methanol in the 

Presence of Sodium Methoxide 

A suspension of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (2.5 g, 0.01 mol) and hydroxylamine hydrochloride 

(0.70 g, 0.01 mol) in anhydrous methanol (10.0 ml) was 

treated with a solution of sodium (0.5 g, 0.02 mol) in 

methanol (10.0 ml) and the mixture was heated under reflux 

for 14 h. The mixture was cooled and evaporated and the 

residue treated with water, then filtered to afford a yellow 

solid which was combined with a second crop obtained by 

neutralisation of the aqueous mother liquor with glacial 

acetic acid to yield unreacted 2-phenylhydrazonobenzoyl-

acetonitrile (29a) (total 2.2g; 89%) m.p. 136-128°, identical 

(m.p. and i.r. spectrum) to an authentic sample 

A suspension of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (2.5 g, 0.01 mol) and hydroxylamine hydrochloride 

(2.80 g, 0.04 mol) in anhydrous methanol (10.0 ml) was treated 

with a solution of sodium (0.92 g, 0.04 g-atoms) in methanol 

(10.0 ml) and the mixture was heated under ref lux for 17 h. 
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The mixture was cooled and evaporated and the 'residue 

treated with water and filtered to afford 2-benzoyl-2-

pheny1hydrazonoacetamidoxime (111) (2.4 g; 91%) m.p. 150-

152 0 , identical (m.p. and i.r. spectrum) to an authentic 

sample as described in chapter 2. 

(c) A suspension of 2-phenylhydrazonobenzoylaceto-

nitrile (29a) (4.98 g, 0.02 mol) and hydroxylamine hydro-

chloride (5.6 g, 0.008 mol) in anhydrous methanol (20.0 ml) 

was treated with a solution of sodium (1.84 g, 0.08 g-atoms) 

in methanol (20.0 ml) and the mixture heated under ref lux 

for 17 h. The mixture was cooled and evaporated and the 

residue treated with water. The resulting suspension was 

extracted with methylene chloride to afford a brown, solid 

(4.6 g) which was subjected to flash chromatography. 

Elution with toluene afforded 2-phenyihydrazono-

benzoylacetonitrile (29a) (1.8 g; 36%) m.p. 136-138°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

Elution with ethyl acetate yielded 2-benzoyl-2-

pheny1hydrazonoacetamidoxime oxime (112) (1.8 g; 60%) which 

formed colourless crystals m.p. 171-172°, 'umax  3470, 3360 

and 3180 (NH) 1650 (CO) cm, 6H  [(CD 3 ) 2 S0], 11.54 (1H, 

brs, NH or OH), 9.76 (1H, s, OH or NH), 9.23 (111, s, NH 

or OH) , 7.49-6.76 (10H, m, ArH) and .5.44. (2H, brs, NH) 

[(CD 3 ) 2 SOI , 149.10 (quat)., 148.67 (quat) , 144.73 (quat) , 

133.93 (quat), 131.27 (quat), 128.67,128.26, 125.72, 119.72 

and 113.28. 
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Found: C, 60.6; H, 5.1; N, 23.6%; M, 297 

ç151552_requires: C, 60.6; H, 5.1; N, 23.6%; M, 	297 

Final elution with ethanol afforded an intractable 

brown gum (0.6 g) which was not further investigated. 

The original aqueous mother liquor was neutralised 

with aqueous 2M hydrochloric acid and extracted with methylene 

chloride to give a small amount of yellow solid (0.07 g), 

m.p. 118-122°, whose t.1.c.* in methylene chloride showed it 

to be a complex mixture which was not further investigated. 

The Reaction of 2-Benzoyl-2-phenylhydrazonoacetamidoxine 

Oxime (112) with Glacial Acetic Acid 

A solution of 2-benzoyl-2-phenylhyrazonoacetamidoxime 

oxime (112) (0.30 g, 0.001 mol) in glacial acetic acid 

(10.0 ml) was heated under ref lux for 1 h. The mixture was 

cooled and evaporated to give an orange solid (0.24 g) which 

was subjected to flash chromatography. 

Elution with methylene chloride-cyclohexane (1:1) 

yielded 3-phenyl-4-phenylazo-i 2 -isoxazolin-5-one (114) 156 

(0.03 g; 10%) m.p. 165-166 0
; ( lit., 156  168 0 ) identical 

(m.p. and i.r. spectrum) to an authentic sample. 

Elution with methylene chloride yielded 5-amino-3-

phenyl-4-phenylazoisoxazole (110) (0.06 g; 20%) m.p. 143-145°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before, followed by an unidentified yellow solid (0.03 g) 

m.p. 150-155°, Vmax  3350 and 3160 (NH), and 1650 (CO) cm 1 , 

m/e 279. 
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Elution with methylene chloride-ethyl acetate (5:1) 

gave a colourless solid (0.03 g) m.p. 195_2000,  V 3360max 

and 3170 (NH) and 1650 (CO) cm, m/e 340. 

Further elution with ethyl acetate through to ethanol 

gave a series of intractable gums (total, 0.06 g) which 

were not further investigated. 

The Attempted Reaction of 2-Benzoyl-2-phenylhydrazonoacet-

amidoxime oxime (112) with Acetic Anhydride 

A solution of 2-benzoyl-2-phenylhydrazonoacetamidoXime 

oxime (112) (0.30 g, 0.001 mol) in acetic anhydride (5.0 ml) 

was heated under reflud for 1 h. The mixture was cooled and 

evaporated to give a brown gum (0.3 g) which when subjected 

to flash chromatography in cyclohexane through to ethyl 

acetate afforded a series of intractable gums (total, 0.28 g) 

none of which were further investigated. 

The Reaction of 2-Pheriylhydrazonobenzoylacetonitrile (29a) 

with Hydroxylamine Hydrochloride in the Presence of Aqueous 

Sodium Hydroxide 

(a) A solution of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (25.0 g, 0.1 rnol) in ethanol (150 ml) was treated with 

aqueous 2M sodium hydroxide solution (100 ml) followed by a 

solution of hydroxylamine hydrochloride (56.0 g, 0.8 mol) in 

water (100 ml) which had been neutralised by the addition of 

aqueous 2M sodium hydroxide sOlution (400 ml). The resulting 

solution was stirred at room temperature for 24 h, then 

evaporated and the residue was treated with water and filtered 
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to afford a yellow solid which was slurried with aqueous .2M 

hydrochloric acid and filtered to afford the unreacted 2-

phenylhydrazonebenzoylacetonitrile (29a) (20.0 g; 80%) 

m.p. 136-138°, identical (m.p. and i.r. spectrum) with an 

authentic sample. 

The combined aqueous mother liquor and acidic washings 

were neutralised by addition of aqueous 2M hydrochloric 

acid and the solution extracted with methylene chloride to 

afford a dark gum (3.0 g) whose t.l.c. in methylene chloride 

showed it to be a multicomponent mixture which was not 

further investigated. 

(b) A solution of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (2.5 g, 0.01 mol) in ethanol (50.0 ml) was treated 

with aqueous 2M sodium hydroxide solution (10.0 ml) followed 

by a solution hydroxylamine hydrochloride (5.6 g, 0.08 mol) 

in water (25.0 ml) which had been neutralised by the addition 

of aqueous 2M sodium hydroxide solution (25.0 ml). The - 

resulting yellow suspension was stirred at room temperature 

for 24 h and filtered to afford a yellow solid (2.2 -g) which 

was subjected to flash chromatography. 

Elution with methylene chioride-cyclohexane (1:1) 

yielded unreacted 2-phenylhydrazonobenzoylacetonitrile (29a) 

(0.98 g; 39%) m.p. 135-138°, identical (m.p. and i.r. 

spectrum) to an authentic sample. 

Elution with methylene chloride yielded 2-benzoyl-2-

pheny1hydrazonoacetamidoxime (111) (0.8 g; 28%) m.p. 155-156°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before as described in Chapter 2. 
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Final elution with ethanol afforded a brown gum 

(0.25 g) which was not further investigated. 

The original aqueous mother liquor on neutralisation 

with aqueous. 2M hydrochloric acid and subsequent extraction 

with methylene chloride yielded no further material. 

The Reaction of 2-Benzoyl-2-phenylhydrazoflOacetamidOxime 

(111) with Hydroxylamine Hydrochloride in the Presence of 

Sodium Methoxide 

A suspension of 2-benzoyl-2-phenylhydrazonoacetamid 

oxime (111) (1.10 g, 0.004 mol) and hydroxylamine hydro-

choride (1.10 g, 0.016 mol) in methanol (10.0 ml) was treatd 

with a solution of sodium (0.37 g, 0.016 g-atoms) in methanol 

(5.0 ml) and the mixture was heated under ref lux for 17 h. 

The mixture was cooled and evaporated and the residue 

treated with water. The resulting solution was extracted 

with methylene chloride to afford a brown gum (0.5 g) which 

was subjected to flash chromatography. 

Elution with methylene chloride afforded 5-amino-3- 

90 
phenyl-4-phenylazoisoxazole (110) 	(0.2 g, 18%) m.p. 135- 

138 ° , (lit., 90  140 ° ) identical (m.p. and i.r. spectrum) to 

an authentic sample. 

Elution with ethyl acetate followed by ethanol gave 

gums (total, 0.11g) whose t.l.c. in ethyl acetate showed 

them to be complex mixtures which were not further investigated. 

Benzoylacetonitrile (28) 105  

Benzoylacetonitrile (28) was prepared as described in 

Chapter 2. 
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105 
5-Amino-3-Phenyllsoxazole (109) 

5-Arnino-3-phenylisoxazole (109) was prepared by the 

reaction of benzoylacetonitrile (28) with hydroxylamine 

hydrochloride as described by Obregia 105  (90%) m.p. 107-

109 0  (lit., 105  110-112 ° ). 

5-Amino-3-phenyl-4-phenylazoisoxazole (110)90 

A solution of redistilled aniline (2.5 g, 0.025 mol) 

in aqueous 5M hydrochloric acid (13.0 ml) was treated 

dropwise with stirring at 0-5 °  (ice-salt bath) with a 

solution of sodium nitrite (2.1 g, 0.025 rnol) in water 

(6.0 ml) . The resulting amber benzenediazonium chloride 

solution was stirred for a further 5 min in the ice-salt 

bath, then added in one portion at 0-5° (ice-salt bath) to 

a stirred solut'ion of 5-amino-3-phenylisoxazole (109) (4.0 g, 

0.025 mol) and anhydrous sodium acetate (1.4 g, 0.0375 mol) 

in glacial acetic acid (25.0 ml) and water (7.0 ml) and 

the mixture was stirred at room temperature for a further 1 h. 

The mixture was filtered to afford an orange solid 

which was crystallised from toluene-light petroleum (b.p. 

40-60 ° ) to yield 5-amino-3-phenyl-4-phenylazoisoxazole (110) 

(5.7 g; 86%) , as yellow prisms, m.p. 143-144° (lit. 
90 
 140°) 

max 3390 and 3100 (NH) cm1, 
	3 6 (CDC1 ) 8.24-7.20 (10H, 

m, ArH) and 7.07 (2H, brs, NH). 

Found: C, 68.3; H, 4.5; N, 21.5%; M, 264 

Calc. for C 15H 12N4 0: C, 68.2; H, 4.6; N, 21.2%; M, 	264 

The glacial acetic acid filtrate was evaporated and 

the residue was treated with water and extracted with 
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methylene chloride to afford a red gum (0.2 g) whose t.1.c. 

in methylene chloride showed it to be a multicomponent 

mixture which was not further investigated. 

5_Acetamido_3-phenyl-4-pheflylaZOisOxaZOle (115) 

A solution of 5_amino-3-phenyl-4-phenylaZOisoXaZole 

(110) (0.53 g, 0.002 mol) in acetic anhydride (5.0 ml) was 

heated under reflux for 1 h. The mixture was cooled and 

evaporated to afford a dark solid (0.5 g) which was 

subjected to flash chromatography. 

Elution with rnethylene chloride-ethyl acetate (5:1) 

yielded 5_acetamido-3-phenyl-4-pheflylaZoiSOXaZole (115) 

(0.2 g; 33%) m.p. 199-201 °  (from toluene), Vmax 3270 (NH) 

and 1695 (CO) cm 1 , 5H(CDCL3) , 9.39 (1H, brs, NH) , 8.17-

7.44 (10NH, m, ArH) and 2.61 (3H, s, CH3 ), S 	(CDC1 3 ), 

171.90 (quat) , 158.47 (quat) , 150.85 (quat) , 138.84 (quat) 

137.61 (quat), 129.72, 129.46, 129.32, 128.91, 128.24, 

119.34 and 25.39 (CH3 ). 

Found: C, 66.6; H, 4.5; N, 18.4%, M, 306 

1171442_requires: C, 66.7; H, 4.6; N, 18.3%; M, 	306 

Further elution with methylene chloride-ethyl acetate 

(5:1) afforded a brown gum (0.1 g) which decomposed on 

attempted purification by Kugelrohr distillation at 190°/0.5 

mmHg. 

Final elution with ethanol gave a brown gum (0.16 g) 

whose t.l.c. in ethyl acetate showed it to be a multi-

component mixture which was not further investigated. 
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1_oximino-1-phenyl-2-pheflylhydraZOflOethane (116) 

A solution of 5-amino-3-phenyl-4-phenylaZOiSOXaZOle 

(110) (0.53 g, 0.002 mol) in ethanol (10.0 ml) was treated 

with aqueous 2M sodium hydroxide solution (5.0 ml) and the 

mixture was heated under reflux for 24 h. The mixture was 

cooled and evaporated and the residue treated with water 

(10.0 ml) and the resulting solution extracted with 

methylene chloride to afford a brown gum (0.55 g) which was 

subject to flash chromatography. 

Elution with methylene chioride-cyclohexane (1:1) gave 

a small amount of an orange gum (0.05 g) which was not 

further investigated. 

Elution with inethylene chloride afforded 1-oximino-1-

phenyl-2-phenylhydrazonoethafle (116) (0.3 g; 63%) m.p. 154-

155 °  (from toluene) 3305 (NH) , and 3175 (OH) cm,max 

H [(CD 3 ) 2 SOJ 11.53 (1H, s, NH or OH), 10.81 (1H, s, OH or NH) 

8.34 (1H, s, CH), 7.66-6.74 (10H, m, ArH), S 	[(CD3 ) 2 S0] 

153.34 (quat), 144.47 (quat), 134.72 (quat), 129.74, 129.14, 

128.88, 128.59, 128.39, 127.79, 127.64, 119.86, 118.90, and 

112.48 (CH). 

Found: C, 70.4; N, 5.2; N, 17.5%; M, 239 

requires: C, 70.3; H, 5.4; N, 17.6%; M, 	239 

Final elution with ethanol gave an intractable brown 

gum (0.17 g) which was not further investigated. 

Neutralisation of the original aqueous mother liquor 

with aqueous 2M hydrochloric acid and extraction with 

methylene chloride yielded no further material. 
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3-Phenyl-4-Phenylazo- 2 -iSOXaZOlifl-5-One (114) 16 

A solution of 5-amino-3-phenyl-4-phenylaZOiZoXaZOle 

(110) (0.53 g, 0.002 mol) in ethanol (10.0 ml ) was treated 

with aqueous 20% w/v sulphuric acid (5.0 ml) and the 

mixture heated under reflux for 0.5 h. The mixture was 

2 
cooled and filtered to afford 3-phenyl-4-phenylazo-lx - 

izoxazolin-5-one (114) (0.53 g; quant.) which formed yellow 

needles m.p. 168-169 0  (from glacial acetic acid) (lit., 156  

168°) , Vmax 3180 (NH) , and 1720 (CO) cm 
1 ,6[(CD3 ) 2 S0] 

12.97 (1H, brs, NH) and 8.03-7.26 (1011, m, ArH), & 

[(CD 3 ) 2 S01 163.04 (quat) , 158.43 (quat) , 141.15 (quat) 

131.05, 126.47, 128.81, 127.38, 126.84 (quat), 126.37, 

118.95 (quat) and 116.92. 

Found: C, 67.7;H, 4.0; N, 15.8%; M, 265 

Calc. for C 15H 11 N 3 02 : C, 67.9; H, 4.2; N, 15.9%; M, 265 
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The Attempted Reaction of 3-Phenyl-4-Phenylazo-L 2 - 

isoxazolin-5-one (114) with Aqueous Sodium Hydroxide 

A solution of 3-phenyl-4-phenylazo-4-isoxazolin-

5-one (114) (0.26 g, 0.001 mol) in ethanol (20.0 ml) was 

treated with aqueous 2M sodium hydroxide solution (2.5 ml) 

and the mixture was heated under reflux for 24 h. The 

mixture was cooled and evaporated and the residue treated 

with water and filtered to afford unreacted 3-phenyl-4-

phenylazo-A-isoxazolin-5-one (114) (0.1 g; 40%), m.p. 168-

169°, identical (m.p. and i.r. spectrum) to an authentic 

sample. 

The original aqueous mother liquor was neutralised 

with aqueous 2M hydrochloric acid and extracted with 

methylene chloride to give a small amount of an unidentified 

solid (0.03 g), m.p. 130-135°, umax  3300 and 3180 (NH) cm 1 . 

Constant extraction of the aqueous mother liquor with 

methylene chloride yielded no further material. 

2,4-Diphenyl-2H-1 ,2,3-triazole-5--carboxamide (127) 

(a) A solution of 5-amino-3-phenyl-4-phenylazoisoxazole 

(1) (1.30 g; 0.005 mol) in anhydrous diglyme (50.0 ml) was 

treated with redistilled tosyl isocyanate (1.10 g, 0.005 mol) 

and the mixture was heated under reflux for 3h. The mixture 

was cooled and evaporated to give a brown gum (1.90 g) which 

was subjected to flash chromatography. 
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Elution with methylene chloride-ethyl acetate (5:1) 

yielded 2,4-diphenyl-2H-1 ,2,3-triazole-5-carboxamide (127) 

(1.3 g; quant.), m.p. 200-203 °  (from toluene), Vmax  3350 and 

3150 (NH), and 1650 (CO) cm 1 , 6 H [(CD 3 ) 2 S0] 8.17-8.01 (5H, 

m, ArH), 7.79 (2H, brs, NH) and 7.66-7.45 (5H, m, ArH), 

[(CD 3 ) 2 S0] 162.29 (quat) , 147.49 (quat) , 140.57 (quat) 

138.71 (quat), 129.73, 129.24 (quat), 129.11, 128.59, 128.46, 

128.27 and 178.89. 

Found: C, 68.4; 	H, 4.5; N, 21.3%, M, 264 

ç151240 requires: C, 68.2; H, 4.6; N, 21.2%, M, 264. 

Elution with ethyl acetate through to ethanol afforded 

a series of intractable gums (total, 0.5 g) which were not 

further investigated. 

(b) A solution of 5-amino-3-phenyl-4-phenylazoisoxazole 

(110) (0.53 g, 0.002 mol) in anhydrousdiglyme (20.0 ml) was 

heated under reflux for 2 h. The mixture was cooled and 

evaporated to afford a brown gummy solid which was triturated 

with toluene to yield 2,4-diphenyl-2H-1 ,2,3-triazole-5-

carboxamide (127) (0.20 g; 38%), m.p. 203-204°, identical 

(m.p. and i.r. spectrum) to a sample prepared in (a) before. 

The toluene mother liquor was evaporated to give a 

brown gum (0.3 g) which on flash chromatography in methylene 

chloride through to ethanol gave a series of gums (total, 0.23 g) 

none of which were further investigated. 
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(c) A solution of 5-amino-3-phenyl-4-phenylazoisoxazole 

(110) (0.53 g, 0.002 mol) in glacial acetic acid (10.0 ml) 

was heated under reflux for 1 h. The mixture was cooled and 

evaporated to afford a brown solid (0.53 g) which was 

subjected to flash chromatography. 

Elution with methylene chloride-cyclohexane (1:1) 

afforded the unreacted 5-amino-3-phenyl-4-phenylazoisoxazole 

(110) (0.33 g; 	62%), m.p. 144-148°, identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

Final elution with ethyl acetate yielded 2,4-diphenyl-

211-1 ,2,3-triazole-5-carboxamide (127) (0.12 g; 23%), 

m.p. 202-203° (from toluene), identical (m.p. and i.r. 

spectrum) to a sample prepared in (a) before. 

The Attempted Reaction of 2,4-Diphenyl-2H-1,2,3-triazole-5-

carboxarnide (127) with Aqueous Sulphuric Acid 

A solution of 2,4-diphenyl-2H-1 ,2,3-triazole-5-

carboxamide (127) (0.46 g, 0.001 rnol) in ethanol (15.0 ml) 

was treated with aqueous 20% w/v sulphuric acid (5.0 ml) and 

the mixture heated under reflux for 0.5 h. The mixture 

was cooled and filtered to afford the unreacted 2,4-diphenyl-

2H-1 ,2,3-triazole-5-carboxamide (127) (0.45 g; 98%) , m.p. 200-

203 0 , identical (m.p. and i.r. spectrum) to a sample prepared 

before. 
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2,4-Diphenyl-2H-1 ,2,3-triazole-5-carboxylic Acid (128) 

A solution of 2,4-diphenyl-2H-1 ,,3-triazole-5-

carboxamide (127) (0.46 g, 0.001 mol) in ethanol (15.0 ml) was 

treated with aqueous 2M sodium hydroxide (2.5 ml) and the 

mixture was heated under reflux for 24 h. The mixture 

was cooled and evaporated and the residue treated with 

water to give a solid which was slurried with aqueous 2M 

hydrochloric acid to give a colourless solid which was 

combined with further material obtained by neutralisation of 

the aqueous alkaline filtrate with aqueous 2M hydrochloric 

acid to yield 2,4-diphenyl-2H-1 ,2,3-triazole-5-carboxylic 

acid (128) (0.27 g; quant.), m.p. 231-232 °  (from ethanol), 

3200-2500 (OH) , and 1690 (CO) cm1 , 	[(CD3 ) 2 SO] max

161.94 (quat) , 149.51 (quat) , 138.66 (quat) , 138.03 (quat) , 

129.84, 129.27, 129.12, 128.78, 128.18 and 119.06. 

Found: C, 67.6; 	H, 4.1; N, 15.8%; M, 265 

151132_requires: C, 67.9; H, 4.2; N, 15.9%; M, 265. 

The Attempted Preparation of 3-Arnino-5-phenyl-4-phenylazo-

isoxazole (129)90 

A solution of 2-phenylhydrazonobenzoylacetonitrile 

(29a) (1.0 g, 0.004 mol) in ethanol (20.0 ml) was treated 

with a solutiOn of hydroxylamine hydrochloride (0.28 g, 0.004 mo1 

in water (2.0 ml) which had been neutralised by addition of 

sodium carbonate (0.42 g, 0.004 mol) and the mixture was 
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heated under reflux for 4 h. The mixture was cooled and 

treated with water (10.0 ml) then acidified with acetic 

acid and filtered to afford the unreacted 2-phenylhydrazono-

benzoylacetonitrile (29a) (1.0 g; quant.), m.p. 134-137° 

identical (rn.p. and i.r. Spectrum) to a sample prepared before. 

3-Amino-5-phenyl-4-phenylazoisoxazole (129) 90  

A solution of 2-benzoyl-2-phenylhydrazonoacetamidoxime 

(29a) (7.05 g, 0.025 md) in glacial acetic acid (100 ml) 

was heated under reflux for 1 h. The mixture was cooled 

and evaporated and the residue triturated with light 

petroleum to yield 3-amino-5-phenyl-4-phenylazoisoxazole (129) 

(6.6 g; quant.), m.p. 171-172° (from toluene) (lit., 90  186 0 ), 

max 3440, 3260 and 3160 (NH), and 1625 (CO) cm 1 , 

[(CD 3 ) 2 S0] 8.22-7.55 (10H, m, ArH) and 6.61 (2H, brs, NH) 

[(CD 3 ) 2 S0] 166.85, 156.21 (quat) , 152.22 (quat) 

131.36, 130.99, 129.41, 129.20, 127.63, 126.67 (quat), 

124.23 (quat) and 122.20. 

Found: 264.1012. 

.1512i40 requires: 264.1011. 

The Reaction of 3-amino-5-phenyl-4-phenylazoisoxazole (129) 

with Acetic Anhydride 

A solution of 3-amino-5-phenyl-4-phenylazoisoxazole (129) 

(0.26 g, 0.001 mol) in acetic anhydride was heated under 

reflux for 1 h. The mixture was evaporated to give a 

brown gum (0.28 g) which was subjected to flash chromatography. 
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Elution with methylene chioride-cyclohexane (1:1) 

yielded 3-phenyl-4--phenylazo-A 2-isoxazolin-5-one (114) 

(0.02 g, 1%) , m.p. 160-165 ° , identical (m.p. and •i.r. 

spectrum) to a sample prepared before. 

Elution with methylene chloride through to methylene 

chloride-ethyl acetate (10:1) yielded two gums (total, 0.13 g) 

which were not further, investigated. Further elution with 

methylene chloride-ethyl acetate (10:1) afforded 3-acetamido-

5-p3eny1-4-pheny]azoisoxazole (133) (0.05 g; 2%), m.p. 142-

143° [from toluene-light petroleum (b.p. 40-60°)], umax  3220 

(NH), 1690 (CO) and 1625 (C=N) cm 1 ,6 	 [(CD 3 ) 2 S0] 9.83 (1H, 

brs, NH), 8.46-7.41. (lOU, m, ArH) and 2.41 (3H, c, CU 3 ). 

[(CD 3 ) 2 S0] 148.72 (quat) , 139.14 (quat) , 135.21 (quat) , 

133.61, 133.03 (quat), 132.66 (quat), 130.32, 129.30, 128.45, 

119.44 and 26.43 (CH 3 ) 

Found: 	C, 66.2; 	H, 4.4; N, 18.6%; M, 306. 

1714422_requires: C, 66.7; H, 4.6; N, 18.3%; M, 306. 

Final elution with ethanol gave a brown intractable 

gum (0.08 g) which was not further investigated. 

The Attempted Reaction of 3-Amino-5-phenyl--4-phenylazoisoxazole 

(129) with Phenyl Isocyanate 

A solution of 3-amino-5-phenyl-4-phenylazoisoxazole 

(129) (0.53 g, 0.002 mol) in anhydrous dioxane (20.0 ml) was 

treated with stirring at room temperature with a solution 

of phenyl isocyanate (0.24 g, 0.002 mol) in anhydrous dioxane 

(2.0 ml) and the mixture stirred at room temperature for 16 h. 
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The mixture was evaporated to give an orange gum which 

was triturated with diethyl ether to afford unreacted 3-amino-

5-phenyl-4-phenylazoisoxazole (129) (0.5 g; 94%) , m.p. 170-172 0 , 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

The ethereal mother liquor was evaporated to give a 

small amount of an orange gum (0.04 g) which was not further 

investigated. 

The Attempted Reaction of 3-Amino-5-phenyl-4-phenylazo-

isoxaz6ie (129) with Aqueous Sulphuric Acid 

A solution of 3-amino-5phenyl-4-phenylazoisoxazole 

(129) (0.53 g, 0.002 mol) in ethanol (10.0 ml) was treated 

with aqueous 20.% w/v sulphuric acid (5.0 ml) and the mixture 

was heated under reflux for 0.5 h. The mixture was cooled 

and filtered to afford the unreacted 3-amino-5-phenyl-4- 

phenylazoisoxazole (129) (0.53 g; quant.), m.p. 170-171 0 ,identica 

(m.p. and i.r. spectrum) with an authentic sample. 

The Attempted Reactionof 3-Amino-5-phenyl-4-phenylazo-

isoxazole (129) with Aqueous Sodium Hydroxide 

A solution of 3-amino-5-phenyl-4-phenylazoisoxazole 

(129) (0.53 g, 0.002 mol) in ethanol (10.0 ml) was treated 

with aqueous 2M sodium hydroxide solution (5.0 ml) and the 

mixture was heated under ref lux for 24 h. The mixture was 

evaporated and the residue treated with water to afford 

the unreacted 3-amino-5-phenyl-4-phenylazoisoxa.zole (129) 
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(0.49 g; 93%), m.p. 170-172° (from toluene), identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

2-Benzoyl-2-phenylhydrazonoacetamidine (136) 

A solution of 3-amino-5--phenyl-4-phenylazoisoxazole 

(129) (0.53 g, 0.002 mol) in ethanol (50.0 ml) was hydrogenated 

at atmospheric pressure and room temperature with agitation 

over palladium-charcoal (10%, 0.11 g). After 7 h. of 

agitation no more hydrogen appeared to be taken up. The 

mixture was filtered through 'celite' and the filtrate 

was evaporated to afford a yellow gum which was triturated 

with diethyl ether to yield 2-benzoyl-2-phenylhydrazono-

acetamidine (136) (0.42 g; 80%), m.p. 200-202° (from 

ethyl acetate), umax  3440 and 3260 (NH) cm1,6 H  [(CD3)2S0] 

10.52 (2H, brs, NH), 7.62 (2H, brs, NH) and 7.55-7.08 (10H, 

m, ArH) , 5 	[(CD3 ) 2 S0] 192.62 (quat) , 158.15 (quat) , 152.75 

(quat), 142.45 (quat), 128.92, 128.59, 126.66, 125.66, 119.95 

and 118.01 (quat). 

Found: 266.1162. 

151.4i40 requires: 266.1167. 

The Attempted Oxidation of 2-Benzoyl-2-phenylhvdrazono-

acetamidine (136) with Activated Manganese Dioxide 

A solution of 2-benzoyl-2-phenylhydrazonoacetamidine 

(136) (0.27 g, 0.001 mol) in anhydrousacetonitrile (20.0 ml) 

was treated with activated manganese dioxide (1.5 g) and the 

suspension stirred at room temperature for 1 h. The 

mixture was filtered through 'celite' and the filtrate 
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evaporated to afford the unreacted 2-benzoyl-2-phenyl-

hydrazonoacetamidine (136) (0.24 g; 89%) , m.p. 195-200 ° , 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

2-Benzoyl-2-phenylhydrazonoacetamidine Acetate (137) 

A solution of 2-benzoyl-2-phenylhydrazonoacetamidine 

(136) (0.53 g, 0.002 mol) in acetic anhydride (2.0 ml) was 

heated at 1000  (steam bath) for 10 mm. The mixture was 

cooled and evaporated to afford 2-benzoyl-2-phenylhydrazono-

acetamidine acetate (137) (0.55 g, 88%), m.p. 119-120 0  

[from light petroleum (b.p. 1007120°)] Vmax  3300 (NH) and 

1710 (CO) cm 1 , 	[(CD3 ) 2 SO] 14.10 (15, brs, NH), 11.90 (1H, 

brs, NH), 10.90 (1H, brs, NH), 7.60-7.17 (10H, m, ArH) and 

2.31 (3H, s, CH 3 ) , 	[.(CD 3 ) 2 S0] 194.50 (quat) , 174.23 (quat) 

153.41 (quat), 151.46 (quat),140.96 (quat), 129.72, 

129.12, 128.96, 127.23, 127.04, 120.29, 116.94 (quat) and 

25.39 (CH 3 ). 

Found: 	C, 66.5; 	H, 5.2; 	N, 17.5%; M, 308. 

£171642_requires: C, 66.2; H, 5.2; N, 18.2%; M, 308. 

1 ,3-Di(3-phenylisoxazol-5-yl)triazene (144) 

- 	A solution of 5-amino-3-phenylisoxazole (109) (0.80 g, 

0.005 mol) in glacial acetic acid (5.0 ml) was treated drop-

wise with stirring at 5-8 °  (ice-bath) with a solution of 

sodium nitrite (0.40 g, 0.006 mol) in water ,  (2.0 ml) and 



257 

the mixture was stirred at room temperature for 1 h. 

The mixture was then treated with water (8.0 ml) and the 

resulting solution extracted with methylene chloride. The 

methylene chloride extract was washed with saturated 

aqueous sodium bicarbonate and evaporated to give a red 

oil (0.75 g) which was subjected to flash chromatography. 

Elution with cyclohexane-ethyl acetate (4:1) yielded 

1 ,3-di(phenylisoxazol-5-yl)triazene (144) (0.29 g; 18%) 

m.p. 169-170° (from ethanol), umax 1685 (C=N) cm 1 , 

[(CD 3 ) 2 SO] 9.25 (1H, brs, NH), 8.13-7.47 (10H, m, ArH) 

and 7.05 (2H, s, CU). 

Found: 331.1060. 

21813.522_requires: 331.1069. 

Further elution with cyclohexane-ethyl acetate 

(4:1) through to ethanol gave a series of gums and solids 

(total, 0.27 .g) none of which were further investigated. 

4-Oximino-3-phenyl-i 2 -isoxazolin-5-one (145) 167 

A solution of 5-amino-3-phenylisoxazole (109) (0.64 g, 

0.004 mol) in anhydrous ethanol (10.0 ml) was treated 

dropwise with stirring at 0-5 °  (ice-salt bath) with a 

solution of hydrogen chloride (0.37 g, 0.01 mol) in 

anhydrous ethanol (2.5 ml), the mixture was then further 

treated dropwise with stirring at 0-5 °  (ice-salt bath) with a 

solution of ethyl nitrite (0.33 g, 0.0044 mol) in absolute 

ethanol (2.5 ml) and the resulting mixture was stirred 

at room temperature for 18 h. The mixture was evaporated 
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and the residue treated with saturated aqueous sodium 

bicarbonate and extracted with methylene chloride to afford a 

brown gum (0.20 g) which was subjected to flash 

chromatography. 

Elution with methylene chloride afforded a yellow 

solid which was combined with further material obtained by ,  

neutralisation of the alkaline aqueous mother liquor with 

aqueous 2M hydrochloric acid followed by filtration to 

yield 4-oximino-3-phenylA2-isoxaZOlifl5ofle (145)167 (total 

0.19 g; 24%), which formed colourless crystals, m.p. 162 

163 °  (from toluene) (lit., 167  1560), umax 3150 (OH) and 

1785 (CO) cm1, 6H [(CD 3 ) 2 SOI 7.93-7.50 (5H, m, ArH), 

and 3.50 (1H, brs, OH), 5 	[(CD3 ) 2 S0) 158.21 (quat) 

156.61 (quat), 138.39 (quat), 131.42, 128.83, 127.75 and 

126.36 (quat). 

Found: C, 56.5; H, 3.2; N, 14.3%; M-NO 2  145. 

9623_requires: C, 56.8; H, 3.2; N, 14.7%; M, 191. 

Final elution with ethanol afforded a brown gum (0.72 g) 

whose t.1.c. in ethyl acetate showed it to be a multi-

component mixture which was not further investigated. 

2-Oximinobenzoylacetonitrile (146) 168 

2-Oximinobenzoylacetonitrile (146) was prepared 

(yield 37%) by reaction of benzoylacetonitrile with sodium 

nitrite in the presepce of glacial acetic acid as described 

by Wolff and Oneto, 168  and had m.p. 117-120 °  (lit., 168  

116-118), Vmax 3270 (OH) and 1645 (CO) cm1. 
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The Attempted Reaction of 2-Oximinobenzoylacetonitrile (146) 

with Hydroxylamine Hydrochloride in the Presence of 

Aqueous Sodium Hydroxide 

A solution of 2-oxizninobenzoylacetonitrile (146) 

(0.35 g, 0.002 mol) in aqueous 2M sodium hydroxide solution 

(2.0 ml) was treated with a solution of hydroxylamine 

hydrochloride (1.12 g, 0.016 mol) in water (20.0 ml) which 

had been neutralised by the addition of aqueous 2M sodium 

hydroxide solution (20.0 ml). The mixture was firmly 

stoppered and left at room temperature for 17 h. The 

mixture was then neutralised by addition of aqueous 2M 

hydrochloric acid and extracted with methylene chloride to 

afford a green solid (0.11 g) whose t.l.c. in methylene 

chloride-ethyl acetate (1:1) showed it to be a complex 

mixture which was not further investigated. 

The aqueous mother liquor on standing afforded a 

colourless solid (0.11 . g) whose t.l.c. in methylene 

chloride-ethyl acetate (1:1) shOwed it to be a multi-

component mixture which was not further investigated. 

2-Benzoyl-2-oximinoacetamidoxime (147) 

A solution of 2-oxirninobenzoylacetonitrile (146) 

(0.35 g, 0.002 mol) was treated with a solution of 

hydroxylamine hydrochloride (0.56 g, 0.008 mol) in methanol 

(10.0 ml) followed by a solution of sodium (0.18 g, 0.008 g-

atom) in methanol (10.0 ml) and the mixture was stirred at 

room temperature for 1 h and then heated under reflux for 
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a further 17 h. The mixture was cooled and evaporated to 

give a yellow residue which was treated with water and 

filtered to afford a buff solid (0.30 g) . This solid 

was slurried with aqueous 2M hydrochloric acid and 

filtered to remove a small amount of an insoluble material. 

The acidic aqueous mother liquor was neutralised 

by addition of solid anhydrous sodium acetate and the 

solution evaporated. The resulting residue was soxhlet 

extracted with ethyl acetate to yield 2-benzoyl-2-oximino-

acetamidoxime (147) (0.20 g; 80%), m.p. 178-179 ° (from 

ethanol-light petroleum), vmax 3480, 3370 and 3180 (NH OH) 

and 1645 (CO) cm 1 . 

Found: 	C, 52.8; 	H, 4.5; 	N, 19.9%; 	M, 207. 

C 9 H 9N 30 3 requires: C, 52.2; H, 4.4; N, 20.2%; M, 207. 

5_Amino_2_phenyl_4_phenylaZo-1_imidaZ0le (155) 

(a) A solution of sodium (0.05 g, 0.002 g-atom) in 

anhydrous ethanol (5.0 ml) was added to a solution of benz-

amidine hydrochloride (0.31 g, 0.002 mol) in anhydrous 

ethanol (5.0 ml). The resulting suspension was filtered 

to remove sodium chloride and the filtrate, an ethanolic 

solution of benzamidine was added to a solution of 2-chloro-

2-phenylhydrazonoacetOnitrile (153) (0.36 g, 0.002 mol) in 

anhydrous ethanol (15.0 ml) and the mixture was stirred 
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at room temperature for 4 h. The mixture was 

evaporated to afford a brown solid (0.50 g) which was 

subjected to flash chromatography. 

Elution with methyLene chloride afforded the 

unreacted 2-chloro-2-phenylhydrazonoacetonitrile (153) 

(0.10 g; 	28%) , m.p. 130-132°, identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

Further elution with methylene chloride through to 

ethyl acetate yielded a series of solids and gums (total, 

0.1 g), none of which were further investigated. 

Final elution with ethanol gave a red gummy solid 

which was triturated with toluene to afford 5-amino-2-

phenyl-4-phenylazo-1H-imidázole (155) (0.25 g; 47%) which 

formed orange crystals, m.p. 213-215 °  (from toluene), 

max 3450 and 3300 (NH) cm 1 . 

Found: 263.1168. 

15135_requires: 263.1170. 

(b) Repetition of (a) on a larger scale (0.015 mol) 

afford a brown gum (5.0 g) which when subjected to flash 

chromatography yielded no identifiable material. 

2-Chloro-2-phenylhydrazonoacetonitrille (153) 

2-Chloro-2-phenylhydrazonoacetonitrile ( 153) was 

prepared as described in Chapter 2. 
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2-Amino-2-phenylhydrazonoacetonitrile (1 56) 

2-Amino-2-phenylhydrazonoacetonitrile (1 56) was 

prepared as described in Chapter 2. 

0-ethyl 2-chloro-2-phenylhydrazonoacetimidate Hydrochloride 

 

0-ethyl 2-chloro-2-phenylhydrazonoacetimidate 

hydrochloride (151) was prepared as described in Chapter 2. 

0-ethyl 27Amino-2-phenylhydrazonoacetimidate Hydrochloride 

 

A solution of 2-amino-2-phenylhydrazonoacetonitrile 

(156) (0.64 g, 0.004 mol) in anhydrous ethanol (5.0 ml) and 

anhydrous diethyl ether (10.0 ml) was cooled to 00  (ice-

salt bath) and treated with a slow stream of hydrogen 

chloride gas until the solution was saturated. The resulting 

mixture was firmly stoppered and left in a refrigerator 

for 17 h and then filtered to afford 0-ethyl 2-amino-2-

phenylhydrazonbacetimidate hydrochloride (158) (0.92 g; 

95%) , m.p. 150-160°, Vmax  3200 (NH) and 1660 (C=N) cm 1 , 

[(CD 3 ) 2 S0] 8.90 (4H, brs, NH), 7.46-6.84 (5H, m, ArH) 

4.34 (2H, q, J7H 3 , CH 2CH 3 ) and 1.32 (3H, t, J7Hz -CH 2CH 3 ) , 

m/e 207. 



263 

The Reaction of 0-ethyl 2-Chloro-2-phenylhydrazonoacet-

imidate Hydrochloride (157) with Ethanolic Ammonia 

A solution of 0-ethyl 2-chloro-2-phenylhydrazono-

acetimidate hydrochloride (157) (0.52 g, 0.002 mol) in 

anhydrous ethanol (20.0 ml) was treated with a saturated 

solution of ammonia in anhydrous ethanol (20.0 ml). 

The mixture was firmly stoppered and left for 17 h. at 

room temperature then evaporated to give a red gum (0.5 g) 

which was triturated with methylene chloride to afford 

an intractable brown solid (0.25 g) 

The methylene chloride mother liquor was evaporated to 

yield a red gum (0.25 g) which when subjected to flash 

chromatography gave a series of gums and solids (total, 

0.25 g), none of which were further investigated. 

The Reaction of 0-ethyl 2-Amino-2-phenylhydrazono-

acetimidate Hydrochloride (158) with Ethanolic Ammonia 

A solution of 0-ethyl 2-amino-2-phenylhydrazono-

acetimidate hydrochloride (158) (0.49 g, 0.002 mol) in 

anhydrous ethanol (10.0 ml) was treated with a saturated 

solution of ammonia in anhydrous ethanol (10.0 ml). The 

mixture was firmly stoppered and left for 17 h. at room 

temperature. The mixture was evaporated and the residue 

treated with methylene chloride to afford an intractable 

brown solid (0.28 g). 
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The methylene chloride mother liquor was evaporated 

to yield a brown gum (0.20 g) which when subjected to 

flash chromatography gave a series of gums and solids 

(total, 0.16 g) , none of which were further investigated. 

The Attempted Reaction of 2-Phenylhydrazonobenzoyl-

acetonitrile (29a) with Acetamidine 

A solution of acetamidine hydrochloride (1.40 g, 

0.015 mol) in anhydrous ethanol (20.0 ml) was treated 

with a solution of sodium (0.35 g, 0.015 g-atom) in 

anhydrous ethanol (10.0 ml) and the mixture.was stirred 

at room temperature for 0.5 h. and filtered to remove 

sodium chloride. The filtrate, a solution of acetamidine 

was treated with a solution of 2-phenylhydrazonobenzoyl-

acetonitrile (29a) (2.5 g, 0.01 mol) in anhydrous ethanol 

(100 ml) and the mixture was heated under reflux for 

4 h. The mixture was cooled and evaporated and the resulting 

residue treated with water (20.0 ml) and the solution 

there form neutralised by the addition of aqueous 2M 

hydrochloric acid to. afford on filtration the unreacted 

2-phenylhydrazonobenzoylacetonitrile (29a) (2.25 g; 90%) 

m.p. 130-135 ° , identical (m.p. and i.r. spectrum) to 

a sample prepared before. 

Extraction of the aqueous filtrate with methylene 

chloride afforded no further material. 
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The Attempted Reaction of 3-Imino-2-phenylhydrazono-

butanenitrile (43) with Acetamidine 

A solution of acetamidine hydrochloride (1.40 g, 

0.015 mol) in ánhydrous ethanol (20.0 ml) was treated with 

a solution of sodium (0.35 g, 0.015 g-atom) in anhydrous 

ethanol (10.0 ml) and the mixture was stirred at room 

temperature for 0.5 h. and filtered to remove sodium 

chloride. The filtrate, a solution of acetamidine was 

treated with a solution of 3-imino-2-phenylhydrazono-

butanenitrile (43) (1.9 g, 0.01 mol) in anhydrous ethanol 

(100 ml) and the mixture was heated under reflux for 48 h. 

The mixture was cooled and evaporated and the resulting 

residue treated with water (50.0 ml) and filtered to afford 

a yellow solid which was combined with further material 

obtained by neutralisation of the aqueous mother liquor with 

aqueous 2M hydrochloric acid and extraction with methylene 

chloride to yield unreacted 3-imino-2-phenylhydrazono-

butanenitrile (43) (total 1.6 g, 87%), m.p. 158-160 ° , 

identical (m.p. and i.r. spectrum) to 'a sample prepared 

before. 

The Reaction of 4-Amino-1,3-dimethyluracil (161) with 

Benzenediazonium Chloride 

A mixture of N,N-dimethylurea (22.0 g, 0.25 mol) 

and cyanoacetic acid (21.3 g, 0.25 mol) in acetic anhydride 

(31.0 ml) was heated at 60 °  (oil bath) for 3 h. and the 

excess acetic anhydric and acetic acid were removed under 
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wise with stirring at 0-5 °  (ice-salt bath) with 5% w/v 

aqueous sodium hydroxide solution (750 ml). The resulting 

4-amino-1 ,3-dimethyluracil (161) suspension was treated 

dropwise with stirring at 0-5 °  (ice-salt bath) with a 

solution of benzenediazonium chloride [prepared from a 

solution of redistilled aniline (23.3 g, 0.25 mol) in 

aqueous 5M hydrochloric acid (125 ml) which was treated 

dropwise with stirring at 0-5 9  (ice-salt bath) with a solution 

of sodium nitrite (19.3 g, 0.28 mol) in water (63.0 ml) 

the resulting amber benzendiazonium chloride solution 

being stirred in the melting ice-salt bath for a further 

5 mm.] at such a rate that the temperature of the 

reaction mixture remained between 0-5 0  and then stirred in 

the melting ice-salt bath for a further 1 h. 

The mixture was then filtered to afford anorange 

solid which was washed with water and ethyl acetate to 

yield 4-amino-1 ,3-dimethyl-5-phenylazouracil (162) 171  

(26.5 g, 41%) which formed yellow crystals, m.p. 247-248 0  (from 

dimethylformamide-ethanol) (lit.,171 ,172  252-254°), Vx 3300 

(NH), 1705 (CO) cm, 5H [(CD 3 ) 2 S0] 11.70 (2H, brs, NH), 

7.66-7.24 (5H, m, ArH) , 3.35 (3H, s, NCH 3 ) and 323 (3H, s, 

NCH3) 'C  [(CD 3 ) 2 S0] 159.05 (quat) , 152.20 (quat) , 149.76 

(quat), 148.95 (quat), 128.82, 127.29, 120.48, 110.10 (quat), 

28.88 (NCH 3 ) and 27.54 (NCH 3 ) . 
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Found: 259.1064. 

Caic. for C 12 H 13N 502 : 259.1069. 

The combined aqueous mother liquor, and aqueous 

washings were extracted with ethyl acetate to yield 

1,5-diphenyl-3-formazancarbonitrile (163) 172 (5.1 g; 8%) 

which formed red platelets, m.p. 159-160° (from toluene) 

(lit. 
172  1590), Vmax  3400 and 3210 (NH) , and 2210 (CN) cm 1  

6(CDC1 3 ) 12.83 (1H, brs, NH) and 7.71-7.24 (10H, m, ArH). 

	

Found: 	249.1014. 

	

Caic. for C 14 H 11 N 5 : 	249.1014. 

The ethyl acetate washings were evaporated to afford 

a brown gum (25.0 g) whose t.l.c. in methylene chloride 

showed it to be a multicomponent mixture which was not 

further investigated. 

1 ,3-Dimethyl-6-phenylpyrimido[4 ,5-e]-1 ,2,4-triazine-

2,4,7(1H,3H,6H)-trione (164) 

A solution of 4-amino-1 ,3-dimethyl-5-phenylazouracil 

(162) (0.78 g, 0.003 mol) in anhydrous diglyme was treated 

with redistilled tosyl isocyanate (0.65 g, 0.0033 mol) and 

the mixture heated under ref lux for 21 h. The mixture was 

cooled and evaporated to afford a brown gum (1.30 g) which 

was subjected to flash chromatography. 



NM 

Elution with methylene chloride-n-hexane (1:1) 

afforded toluene-4-sulphonamide (0.40 g; 78%), m.p. 132-

135 0 , identical (m.p. and i.r. spectrum) to an authentic 

sample. 

Elution with methylene chloride yielded 1,3-dimethyl-

6-phenylpyrimido[4,5-e]-1,2,4-triazine-2,4,7-(1H,3H,61i)-

trione (164), (0.25 g; 	29%), m.p. 209-210° (lit., 170  210), 

umax 1705 and 1680 (CO) cm1, 5H [(CD 3 ) 2 S0] 7.64-7.51 (5H, m, 

ArH) , 3.44 (3H, s, NCH 3 ) and 3.30 (3H, s, NCH3) ,C  [(CD3)2S0] 

156.68 (quat) , 153.84 (quat) , 151.62 (quat) , 150.24 (quat) 

140.70 (quat), 129.02, 128.93, 125.39, 124.04 (quat), 

28.85 (NCH 3 ) and 28.28 (NCH 3 ) 

Found: C, 54.7; 	H, 3.9; N, 24.8%; M, 285 

CaIc. for C 13H 11 N50 3 : C, 54.7; H, 3.9; N, 24.6%; M, 285. 

Final elution with ethanol afforded a brown gum (0.60 g) 

whose t.l.c. in ethyl acetate showed it to be a complex 

mixture which was not further investigated. 

1 ,3-Dihydro-2H-Benzimidazol-2-one (168a) 75  

A solution of o-phenyldiamine (167a) (0.43 g, 0.004 mol) 

in anhydrous diglyme (30.0 ml) was treated with redistilled 

tosyl isocyanate (0.86 g, 0.0044 mol) and the mixture 

was heated under reflux for 3 h. The mixture was cooled 

and evaporated to afford a yellow gum (1.3 g) which was 

subjected to flash chromatography. 
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Elution with ethyl acetate-cyclohexane (1:1) gave 

a brown gum (0.1 g) which was not further investigated. 

Elution with ethyl acetate yielded 1,3-dihydro-2H-

benzimidazol-2-one (168a) (0.52 g; 88%) , which formed 

colourless platelets, m.p. 320-321 0  (from ethanol-toluene) 

(lit. ,175 3100) 	umax 3150 (NH) and 1755 (CO) cm 1 , 

[(CD 3 ) 2 SO] 10.52 (2H, brs, NH) and 6.91 (4H, s, ArH) 

Found: C, 62.5; 	H, 4.5; N, 20.7%; M, 134 

Calc. for C 7H6 N 20: C, 62.7; H, 4.5; N, 20.9%; M, 134 

Final elution with ethanol gave a yellow gum (0.2 g) 

whdse t.l.c. in ethyl acetate showed it to be a complex 

mixture which was not further investigated. 

2(3H)-Benzoxazolone_(168b) 176  

A solution of o-aminophenol (167b) (0.55g, 0.004 mol) 

in anhydrous diglyme (30.0 ml) was treated with redistilled 

tosyl isocyanate (0.86 g, 0.0044 mol) and the mixture was 

heated under reflux for 24 h. The mixture was cooled and 

evaporated to afford a dark solid (1.2 g) which was subjected 

to flash chromatography. 

Elution with methylene chloride-ethyl acetate (10:1) 

gave a colourless solid (1.1 g), m.p. 88-90°, Vmax  3350 and 

3255 (NH) and 1750 (CO) cm 1  which was crystallised from 

toluene to afford toluene-4-sulphonamide (080 g; quant.) 

m.p. 132-135°, identical (m.p. and i.r. spectrum) to an 

authentic sanple. 
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The toluene filtrate was evaporated to give 2(3H)-

benzoxazolone (168b) (0.20 g; 37%) , m.p. 124-126° [from 

light petroleum (b.p. 80_10o)]  (lit., 176  138 ° ); v ax  3360, 

33260 and 3200 (NH) and 1750 (CO) cm 1 , 	(CDC1 3 ) 8.40 (1H, 

brs, NH) and 7.25-7.04 (4H, m, ArH). 

Found: C, 62.5; 	H, 3.8; 	N, 10.4%; 	M, 135. 

Caic. for C 7 H 5NO2 : C, 62.2; 	H, 3.7;. N, 10.4%; M, 135. 

Further elution with methylene chloride-ethyl acetate 

(10:1) through to ethanol gave a series of gums and solids 

(total, 0.11 g) none of which were further investigated. 

2(3H) -Benzthiazolone (168c) 177 

A solution of o-aminobenzenethiol (167c) (0.50 g, 

0.004 mol) in anhydrous diglyme (30.0 ml) was treated with 

redistilled tosyl isocyanate (0.86 g,. 0.0044 mol) and the 

mixture was heated under reflux for 3 h. The mixture was 

cooled and evaporated to give a brown solid (0.70 g) which 

was subjected to flash chromatography. 

Elution with methylene chloride afforded a buff solid 

(0.57 g) , m.p. 100-105°, v max  3355 and 3260 (NH) and 1665 

(CO) cm 1 , m/e 284, which was crystallised from toluene 

to give toluene-4-sulphonarnide (0.52 g; 70%), m.p. 132-135 ° , 

identical (m.p. and i.r. spectrum) to an authentic sample. 
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The toluene filtrate was evaporated to give 

2(3H)-benthiazolone (168c) (0.04 g; 	7%), m.p. 120-125° 

(lit., 177  1360), Va  3150 and 3100 (NH) and 1660 (CO) cm 1 , 

m/e 151. 

Final elution with ethanol gave an intractable gum (0.1 g) 

which was not further investigated. 

1 ,3-Benzodioxol-2-one (170) 178  

A solution of catechol (169) (0.44 g, 0.004 mol) in 

anhydrous diglyme (30.0 ml) was treated with redistilled 

tosyl isocyanate (0.86 g, 0.0044 mol) and the mixture was 

heated under reflux for 2 h. The mixture was cooled and 

evaporated to afford a buff solid (1.45 g) which was 

subjected to flash chromatography. 

Elution with methylene chloride-cyclohexane (1:1) 

gave 1,3-benzodioxol-2-one (170) (0.23 g; 43%) which 

formed colourless crystals, m.p. 116-117 °  (lit., 178  118 0 ), 

V max 1820 (CO) cm 1 . 

Found: 	C, 61.8; 	H, 3.2; N, - %; 	M, 136. 

Caic. for C 7 114 03 : 	C, 61.8; 	H, 2.9; N, - 	%; 	M,, 136. 

Elution with methylene chloride afforded toluene-4-

suiphonamide (0.80 g; quant.) , m.p. 132-135°, identical 

(m.p. and i.r. spectrum) to an authentic sample. 

Final elution with ethanol gave no further material. 
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2,4(1H,3H)-Quinazolinedione_(172a) 79  

A solution of anthranilamide (171a) (0.54 g; 0.004 mol) 

in anhydrous diglyme (30.0 ml) was treated with redistilled 

tosyl isocyanate (0.86 g, 0.004 mol) and the mixture was 

heated under reflux for 24 h. The mixture was cooled and 

evaporated to give a brown gum (1.3 g) which was subjected 

to flash chromatography. 

Elution with methylene chloride-ethyl acetate (10:1) 

afforded toluene-4-sulphonamide (0.62 g; 83%), m.p. 132-

135 ° , identical (m.p. and i.r. spectrum) to an authentic 

sample. 

Further elution with methylene chloride-ethyl acetate 

(10:1) through to ethyl acetate afforded a series of gums 

and solids (total, 0.32 g) which were not further investigated. 

Final elution with ethanol gave 2,4(1H, 3H)-quinazoline-

dione (172a) (0.20 g; 31%), m.p. 334-335° (from glacial 

acetic acid) (lit., 179  348°), umax  3160 (NH) and 1700 and 

1665 (CO) cm 1 , 	[(CD3 ) 2 SO] 11.19 (2H, brs, NH) and 7.95- 

7.08 (4H, m, ArH) 

Found: 	C, 59.2; 	H, 3.7; 	N, 16.8%; 	M, 162. 

Calc. for C 8H6N 20 2 : C, 59.3; H, 3.7; N, 17.3%; M, 162. 
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The Attempted Reaction of Arthranilic Acid with Tosyl 

I socyanate 

A solution of anthranilic acid (171b) (0.55 g, 0.004 mol) 

in anhydrous diglyme (30.0 ml) was treated with redistilled 

tosyl isocyanate (0.86 g, 0.004 mol) and the mixture was 

heated under reflux for 24 h. The mixture was cooled and 

evaporated to afford a dark solid (1.4 g) which was 

subjected to flash chromatography. 

Elution with n-hexane-methylene chloride (2:1) afforded 

unreacted anthranilic acid (0.24 g; 54%), m.p. 125- 

130 0 , identical (m.p. and i.r. spectrum) to an 

authentic sample. 

Elution with methylene chloride-ethyl acetate (2:1) 

afforded toluene-4-sulphonamide (0.80 g, quant.) , m.p. 132-

135 0 , identical (m.p. and i.r. spectrum) to an authentic 

sample. 

Final elution with ethanol gave an intractable gum 

(0.25 g) which was not further investigated. 
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Chapter 4 

Synthetic Approaches to Aza 

and Diaza Analogues of Purines 

and Pteridines Based on Aminated 

1 ,2,3-Triazolo [5,1-cl-i ,2,4-triazine Derivatives 
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Synthetic Approaches to Aza 

and Diaza Analogues of Purines 

and Pteridines Based on Aminated 

1,2,3-.Triazolo[5,1-c]-1,2,4-triazjne Derivatives 

4.1 	Introduction 

Suitably aminated 1 ,2,3-triazolo[5,1-c}-1 ,2,4- 

triazine derivatives are readily available by the coupling 180  

of 1H-1 ,2,3-triazole-5-diazonium derivatives with 

substituted acetonitriles as illustrated (Scheme 1) by 

the reaction of the 1H-1,2,3-triazole-5-diazonium saltS (2) 

with cyanoacetamide -  (1) to give the triazolo[5,1-c]-1,2,4-

triazineS(3). The acid-catalysed triazole scission of 

bridgehead-fused 1,2,3-triazole derivatives is well 

documented 181 and it could be anticipated that such 

aminated 1,2,3-triazolo[5,1-c]-1,2,4-triazines would 

readily cyclise and then undergo acid catalysed scission 

to yield aza- and diaza-analogues of purine and pteridine, 

(see Schemes 2-4). 

On the basis of this strategy (Scheme 2) irnidazo[4,5-e]-

1 ,2,4-triazines (6-azapurines) (8), pyrazino[2,3-e]-1 ,2,4-

triazines (4-azapteridines) (9) and 1 ,2,3-triazolo [4,5-e]-

1,2,4-triazines(6,8-diazapurines) (10) are the anticipated 

products of the ànnulation by appropriate reagents of 6,7-

diamino-1 ,2,3-triazolo[5,1 , -c]-1 ,2,4-triazines (4) to give 

the tricyclic systems (5), (6) and(7) followed by acid-

catalysed triazole scission. Similarly (Scheme 3) the 
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7-amino-1,2,3-triazolo[5,1-c]-1 ,2,4-triazine-6-carboxamide 

derivatives (11) would/expected to give pyrimido[5,4-e]-

1,2,4-triazines(6-azapteridines) (14) and 1,2,3-triazino[5,4-e]-

1 ,2,4-triazines (2,6-diazapteridines) (15) by initial annulation 

to give the tricyclic systems (12) and (13) then acid- 

catalysed triazole scission of the latter. Finally 

(Scheme 4) 1,2,4-triazino[6,5-e]-1,2,4-triazines(4,6-

diazpteridines) (18) are the ultimate products of the 

annulation of 7-amino-6-hydrazino-1 ,2,3-triazolo(5,1-c]-

12,4-triazine derivatives (16) to give the tricyclic 

system (17) followed by its acid-catalysed triazole 

sciss ion. 

Derivatives of all of the aza- and diaza-analogues of 

purine and pteridine whose synthesis by annulation of 

aminated 1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine derivatives 

followed by acid-catalysed triazole scission is proposed 

are known and have been discussed in terms of their known 

syntheses and biological properties in Chapter 1. However, 

the synthetic stragegies outlined in Schemes 2-4 represent 

a novel unified approach to such potentially bioactive 

polyazaheterocycles. 
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4.2 	Investigations of 6,7-Diamino-1 ,2,3-triazolo [5,1-c]- 

1,2,4-triazine Derivatives as Synthetic Precursors 

of 6-Azapurines, 6,8-Diazapurines and 4-Azapteridines 

As outlined in the introduction to this chapter 

(see Scheme 2) it was anticipated that 6,7-diamino-1,2,3-

triazolo[5,1-c]-1 ,2,4-triazine derivatives would afford 

on annulation and subsequent acid-catalysed scission of 

the bridgehead fused triazole moiety, 6-azapurines, 

6,8-diazapurines and 4-azapteridines. This strategy 

generalised in Scheme 2 was investigated (Scheme 5) starting 

with benzenesulphonylacetonitrile (19), whose synthesis 

has been described prev.iously (Chapter 2, page number 58). 

Benzenesulphonylacetonitrile coupled readily with 4-phenyl- 

182 
1H-1,2,3-triazole-5-diazonium betaine (20) 	to yield the 

known 182  7-amino-6-benzenesulphonyl-3-phenyl-1 ,2,3-triazolo-

[5,1-c]-1,2,4-triazine (21) in good yield. This product 

(21) readily reacted with liquid ammonia with displacement 

of the phenylsulphonyl moiety to give a high yield of the 

previously unknown 6, 7-diamino-3-phenyl-1 , 2, 3-triazolo-

[5,1 -c] - 1,2,4 -triazine (22). The compound (22) gave 

combustion analysis and exhibited spectroscopic properties 

consistent with the assigned structure. 	 - 

In an attempted extension (Scheme 6) of the 

nucleophilic displacement of the phenylsulphonyl moiety of 

the triazolotriazine derivative (21) by ammonia, 7-amino-6- 

benzenesulphonyl-3-phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine 

(21) was reacted with benzylamine and pyrrolidine. However 



278 

reaction of the triazolotriazine (21) with these amines in 

dioxane gave no identifiable products. The reaction of 

the triazolotriazine (21) with benzylamine in ethanol gave 

a low yield of 7-amino-6-ethoxy-3-phenyl-1 ,2,3-triazolo-

[5,1-c]-1,2,4-triazine (26). This product (26) gave 

analytical data and showed spectroscopic properties in 

agreementwith the assigned structure. In particular 

its 1  H n.m.r. spectrum exhibited resonances for 

five aromatic hydrogen atoms, a two-proton quartet and a 

three-proton triplet attributable to the protons of the 

ethoxy-substituent, and also two exchangeable resonances 

due to the protons of the amino-group. Presumably,-the 

ethoxytriazolotriazine is formed by the benzylamine acting 

as a base and so releaing ethoxide ion which is a better 

nucleophile than benzylamine. 120  Also of note in terms of 

the nucleophilic displacement of the benzenesulphonyl 

moiety of the triazolotriazine (21) is the observation that 

the attempted reaction of 7-amino-6-benzenesulphonyl-3-

phenyl-1 ,2,3-triazole [5,1-c] -1 ,2,4-triazine (21) with 

aqueous ammonia gave only a little unreacted starting-

material and several intractable solids. None of the 

expected diaminotriazolotriazine (22) was isolated under 

these conditions. The contrasting behaviour of the 

benzenesulphonyi substituent in the triazolotriazine 

derivative (21) towards nucleophilic displacement by 

ammonia on the one hand and amines such as benzylamine and 

pyrrolidine on the other warrants further detailed studies 

of such nucleophilic displacements. 
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The 6,7-diamino-3-phenyl-1 ,2,3-triazolo[5,1-c)-

1,2,4-triazine (22) would be expected on annulation (Scheme 5) 

to afford the tricyclic systems (23), (24) and (25) which 

on acid-catalysed scission of the bridgehead fused triazole 

ring would be anticipated to yield 6-azapurine derivatives. 

Thus the reaction of 6,7-diamino-3-phenyl-1,2,3-triazolo-

[5,1'-c]-1,2,4-triazine (21) with triethyl orthoformate was 

expected to yield the triazoloimidazotriazine derivative 

. In practice however, only a quantitative recovery 

of the unreacted triazolotriazine (21) was obtained after 

prolonged heating with ethyl orthoformate. , Similarly the 

attempted reaction of the triazolotriazine (21) with acetic 

anhydride failed to give the expected tricyclic product 

only an intractable brown solid being obtained. 

As has been described in Chapter 3, tosyl isocyanate 

can be used to annulate ortho-diamino derivatives. It 

was therefore hoped that reaction of 6,7-diamino-3-phenyl-

1,2,3 -triazolo[5,1 -c] - 1,2,4 -triazine (21) with tosyl 

isocyanate would give the tricyclic product (25). However 

the attempted reaction of the triazolotriazine (21) with 

tosylisocyanate in dioxane 'disappointingly gave only a good 

recovery of the unreacted triazolotriazine (21). 

In a final attempt to annulate the triazolotriazine 

(21) it was reacted with cyanogen bromide. Cyanogen bromide 

is own to react with ortho-diamino derivatives to give 

amino-imidazoles. Hence it was anticipated that reaction. 

of 6,7-diamino-3-phenyl-1 ,2,3-triazolo[5,1-c]-1,2,4-triazine 

(21) with cyanogen bromide would give triazoloimidazo-

triazine derivative (24) . However the unreacted diamino- 
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triazolotriazine (21) was again recovered unchanged after 

heating with cyanogen bromide in methanol. 

The apparent lack of reactivity of the 6,7-diamino-3-

phenyl-1,2,3-triazolo[5,1-c]-1,2,4-triazine (22) towards 

acylation as illustrated by the failure of the foregoing 

reactions may be accounted for by tautomerism (Scheme 7 ) in 

which the triazolotriazine (22) in fact exists predominantly as 

its imino tautomer (28). The hypothesis of tautomerism in 

the triazolotriazine (22) is supported by its acidiá 

character as shown by its complete solubility in alkali. The 

acidity of the diaminotriazolotriazine (22) prompted the 

investigation (Scheme 7) of its reactions with dimethyl 

sulphate and acetyl chloride in which the derivatives (29) 

and (30) are the expected products. However, reaction of the 

triazolotriazine (22) with dimethylsuiphate in the presence 

of potassium carbonate gave only a series of intractable 

gums. Similarly reaction of the triazolotriazine (22) with 

acetyl chloride in the presence of triethylamine gave a 

moderate recovery of the unreacted triazolotriazine (22) 

together with a complex gum. Therefore, no concrete 

evidence that the triazolotriazine (22) does exist 

predominantly as the imine tautorneric form (28) is 

available and further study of this aspect of the behaviour 

of the diaminotriazolotriazine (22) is warranted. 

The failure of the triazolotriazine derivative (22) 

to undergo annulation (see Scheme 5 ) prompted the 

investigation of an alternative route to 6-aza- and 

6,8-diazapurines as illustrated (Scheme 8) by the annulation 
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or diazotative cyclisation of the 5,6-diamino-1,2,4-

triazine derivative (31) to give 6-azapurines (32) and 

6,8-diazapurines (33) respectively. It is known 181  

that bridgehead-fused triazole derivatives undergo acid- 

catalysed scission of the triazole ring and it was therefore 

anticipated that treatment of 6,7-diamino-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (22) with glacial acetic 

acid would afford the 2-(a-acetoxybenzyl)-5,6-diamino-

1,2,4-triazine (31). However, in practice (Scheme 9) the 

reaction of the diaminotriazolotriazine (22) with glacial 

acetic acid gave a low yield of the 1,2,4-triazine 

derivative (36), which is presumably formed by cleavage of 

the triazolotriazine (22) to give the expected diamino-

triazine (31) which then undergoes hydrolytic dean(ination 

by the mechanism shown (Scheme 9) to afford the triazine 

(36). This product gave analytical data and showed 

spectroscopic properties consistent with the assigned 

structure (36). In particular its i.r. spectrum contained 

NH-absorption and bands due to two carbonyl groups. The 

n.m.r. spectrum showed resonances for five aromatic 

protons, a characteristic signal for a benzylic proton, a 

three-proton singlet attributable to the protons of the 

acetoxy methyl substituent and three exchangeable protons. 

In a further attempt (Scheme 10) to cyclise the 

diaminotriazolotriazine (22) it was decided to investigate 

its reaction with nitrous acid. It was anticipated that the 
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tricyclic structure (37) resulting from diazotative 

cyclisation would be prone to undergo acid-catalysed scission 

of the bridgehead-fused triazole ring in glacial acetic acid 

to yield the 6,8-diazapurine derivative (33). In practice 

the reaction of the diaminotriazolotriazine (22) with 

sodium nitrite in the presence of hydrochloric acid afforded 

only a quantitative recovery of the unreacted triazolo-

triazine (22) 

In a final attempt to cyclise the diarninotriazolo-

triazine (22) it was decided to investigate its reaction 

with glyoxal (Scheme 11). This reaction was expected to 

give, the tricyclic system (38) glacial acetic acid-

catalysed triazole scission of which, it was hoped, would 

yield the 4-azapteridine derivative (39). However, heating 

the 6,7-diamino-3-phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-

triazine (22) with glyoxal again gave only a quantitative 

yield of the unreacted triazolotriazine (22). 

The disappointing lack of reactivity of 6,7-diamino-

3-phenyl-1,2,3-triazolo[5,1-c]-1,2,4-triazine (22) towards 

annulation prompted the investigation of amino-functionalised 

1,2,3-triazolof5,1-c]-1,2,4-triazines. It is known that 

183 	 184 	 185 imines , imino chlorides 	and carbodimides 	ortho 

to an amino group will undergo cyclisation to yield imidazole 

derivatives. Hence it was anticipated as shown in Scheme 12 

that the triazolotriazine derivatives (42), (43) and (44) 

would cyclise under the appro.iate conditions to afford the 

tricyclic systems (45) and (46). The triazolotriazine 

derivatives (42), (43) arid (44) were expected to be readily 
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available from the triphenyiphosphineiminotriazolotriazine 

(41) by reaction with aldehydes, 186  isocyanates, 
187 and 

acid chlorides, 188  respectively. The phosphineimine (41) 

in turn was anticipated to be readily available from the 

reaction of the azidotriazolotriazine (40) with triphenyl-

phosphine. It is known 189  that azides in general react 

with triphenyiphosphine by loss of nitrogen to yield 

phosphineimines. 

The general strategy detailed in Scheme 12 was 

investigated (Scheme 13) starting with the benzene-

suiphonyltriazolotriazine (21) which was reacted with sodium 

azide in aqueous dioxane at room temperature to afford a 

good yield of a product which is assigned the azidotriazolo-

triazine structure (40) on the basis of its i.r. spectrum 

which shows absorption at 2140 cm 1  and NH absorption at 3310, 

3230 and 3180 cm 1 . The lack of other spectroscopic evidence 

and analytical data for this compOund is due to its thermal 

instability. Thus on brief heating in dimethylformamide 

the azide (40) r.earranges to the isomeric azidotriazolo-

triazine (51). This product gave analytical data and 

showed spectroscopic properties consistent with the assigned 

structure. Its i.r. spectrum contained an azide band at 

2080 cm 1  and also exhibited NH absorption at 3350 and 3190 

cm 1 . The novel rearrangement involved in the transformation 

of the azidotriazolotriazine (40) into the isomeric 

azide (51)is considered to proceed via a ring-closure/ring-

opening sequence (Scheme 13) involving the tetrazine 
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derivatives (48), (49) and (50). Interestingly, it was 

further found that treatment of the known 182 hydrazino-

triazolotriazine (47) with sodium nitrite in concentrated 

nitric acid, conditions known 19°  to diazotatively convert 

hydrazines to azides, also gave the isomeric azidotriazolo-

triazine (51). This result is surprising in that 

diazotisation of the hydrazine (47) at low temperature 

would have been expected to afford the azide-derivative (40). 

Regrettably, lack of time prevented further studies of the 

interesting rearrangements [(21)-(51)] and L(47)-(51)1 

whose precise courses will require further detailed 

investigation. 

Continuing with the investigation of the general 

synthetic-strategy outlined in Scheme 12 both azidotriazolo-

triazines (40) and (51) were reacted (Scheme 14 ) with 

triphenyiphosphine to give the same phosphineimine (52). 

This product gave analytical data and showed spectroscopic 

properties fully consistent with the assigned structure. 

In particular its 13 C n.m.r. spectrum exhibited as 

expected signals for eight quaternary carbon atoms. Also 

its 31  n.m.r. spectrum showed a signal at 518.43 

characteristic of a P=N resonance 	The assignment of 

the structure (52) to the triphenyiphosphine imine 

derivative obtained from the azides (40) and (51), rather than 

the alternative 6-iminophosphorane structure [(40); 

Ph 3 P=N for N3 ] is based on the expectation that treatment 

with triphenyiphosphine would result in initial rearrangement 

to the thermally stable azide (51) prior to iminophosphorane 

formation. 
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Disappointingly, reaction of the phosphine-

iminotriazolotriazine (52) with benzaldehyde in dimethyl-

formamide gave a good recovery of the unreacted imino-

phosphorane (52) and reaction with benzaldehyde, in the 

absence of a solvent gave only intractable gums. The 

attempted reactions of the phosphiniminotriazolotriazne 

(52) with either benzoyl chloride or phenylisocyanate, 

also gave only good recoveries of the unreacted triazolo-

triazine (52) 

The surprising lack of reactivity of the phosphine-

iminotriazolotriazine (52) (see Scheme 14) prompted the 

investigation of the acid-catalysed triazole-scission 

(Scheme 15) of the azidotriazolotriazine (40) with glacial 

acetic acid. It was assumed that this reaction would 

initially result in thermal rearrangement to the isomeric 

azidotriazolotriazine (51) which would subsequently cleave 

to yield the azidotriazine derivative (59). It was hoped 

that further reaction of the azidotriazine (59) with 

triphenylphosphine would afford a phosphoimine derivative 

more susceptible to reaction with aldehydes, acid chlorides 

and isocyanates to yield 6-azapteridine derivatives. 

However, reaction of the azidotriazolotriazine (40) with 

glacial acetic acid afforded a good yield of the tetrazolo-

triazine (58). The structure of this product was supported 

by its combustion analysis and the lack of azide absorption in 

its i.r. spectrum which does contain carbonyl absorption 

at 1730 cm 1  characteristic of an acetoxy carbonyl group. 
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The 1 H n.m.r. spectrum of the product (58) showed the 

expected resonances due to five aromatic protons, a signal 

indicative of a benzylic CH substituent and a three proton 

singlet due to the methyl moiety of the acetoxy-group as 

13 
well as two exchangeable hydrogen atoms. The 	C n.m.r. 

spectrum of the tetrazolotriazine derivative (58) showed 

signals for the expected five quaternary carbon atoms. The 

tendency of azido-heterocycles to exist entirely as cyclic 

tetrazole structures is a well-documented 191  phenomenon. 

The tetrazolotriazine derivative (58) also underwent 

chemical transformations which further supported its 

assigned structure. Thus, heating the tetrazolotriazine 

derivative (58) with aqueous sodium carbonate or hydrochloric 

acid for 30 minutes gave low yields of the hydroxybenzyl-

tetrazolotriazine (60) thus confirming the presence of the 

acetoxybenzyl substituent in the tetrazolotriazine (58). 
* 

The product (60) gave analytical data and showed spectroscopic 

properties entirely consistent with the assigned structure. 

In particular its 1 H n.m.r. spectrum exhibited resonances 

assignable to five aromatic protons, a signal due to a 

benzylic CH group and three exchangeable protons. The 

n.m.r. spectrum contained signals for the expected four 

quaternary carbon atoms.. Prolonged treatment of the 

tetrazolotriazine derivative (58) with hydrochloric acid 

gave a high yield of the tetrazolotriazinone derivative (61). 

The formation of this product not only supports the 

presence of an acetoxy-group in the tetrazolotriazine (58) 

but also the presence of the amino-group. in the latter. 

* 
corresponds to a themi-hydrate 



Ph502 N 

(21) 

N=N 

(i) 
H2N 	N 	

Ph I  
NC NXN 

H 
(62) 

• 	NN 

Ph 

H2NN N 
H 

(24) 

+- 
NaNHCN, dioxane, room temp. 

heat 

Scheme 16 



287 

The tetrazolotriazinone derivative (61) gave analytical 

data and exhibited spectroscopic properties consistent 

with the assigned structure. In particular its i.r. 

spectrum showed the presence of a band due to a hydroxy-

group and NH and carbonyl absorption characteristic of 

a lactam (i.e. triazinone) structure. The 'H n.m.r. 

spectrum of the triazinone derivative (61) shows resonances 

for five aromatic protons, a one-proton singlet due to a 

benzylic CH-group and signals due to two exchangeable 

hydrogens. The 13 C n.m.r. spectrum showed signals for the 

expected four quaternary carbon atoms. 

In a final attempt (Scheme 16) to develop a synthesis 

of 1,2,3-triazolo-6-azapurin !es suitable for acid-catalysed 

triazole-scission to 6-azapurine derivatives it was 

decided to investigate the synthesis and cyclisation of 

ortho-amino-cyanamide derivatives such as (62) . In 

practice reaction of the benzenesulphonyltriazolotriazine 

(21) with sodium cyanamide afforded a good yield of the 

tricyclic product 7-amino-3-phenyl-6H-1 ,2,3-triazolo[5,1-]-

imidazo[4,5-c]-1,2,4-triazine (24). The formation of 

this product is presumed to proceed through the 7-amino-

6-cyanoamino-3-phenyl-1 ,2,3-triazolo [5,1-c]-i ,2,4-triazine 

intermeidate (62). This is supported by the co-formation in 

the reaction of a small amount of a yellow product having 

cyano absorption in its i.r. spectrum and a parent ion in 

its mass spectrum of m/e 252, which is tentatively assigned 

the cyanamidotriazolotriazine structure (62). The attempted 

crystallisation of this product resulted in its conversion 
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into the tricyclic compound (24). The latter gave a 

combustion analysis and showed spectroscopic properties 

consistent with the assigned structure. In particular, 

its i.r. spectrum showed NH absorption but lacked a band due 

to a cyano-group. 

signals due to thi 

The mass spectrum 

show the expected 

mass being at.m/e 

the parent ion. 

Its 13 C n.m.r. spectrum also showed 

expected six quãternary carbon atoms. 

of the triazolo-6-azapurine (24) did not 

parent ion at m/e 252 the ion of highest 

226 corresponding to loss of CN from 

The structure of the tricyclic product (24) was 

further confirmed by its simple chemical transformations 

(Scheme 17). Thus reaction with methyl iodide and benzyl 

chloride in the presence of sodium hydride afforded good 

yields of the derivatives (63a) and (63b) respectively. 

Both of these products gave analytical data and showed 

spectroscopic properties consistent with the assigned 

structures. In particular the product (63a) exhibited 

signals in its 	n.m.r. spectrum assignable to five 

aromatic protons, a three-proton singlet due to an NCH 3  

group and signals due to two exchangeable hydrogen atoms. 

Also the 13 C n.m.r. spectrum of the derivative (63a) shows 

signals for the six quaternary carbon atoms of the assigned 

structure. Likewise, the product (63b) showed resonances 

in its H n.m.r. spectrum due to ten aromatic protons, a 

two-proton singlet due to a benzylic CH 2  group and signals 

due to two exchangeable hydrogen atoms. However, the 

n.m.r. spectrum of the benzyl derivative (63b) showed 
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signals for only six quaternary carbon atoms instead of 

the seven present in the structure (63b). This feature 

can be explained in terms of the long relaxation times of 

hetero-atom substituted quaternary carbon atoms which are 

not always observable in 13 C n.m.r. spectra. 86  The 

assignment of the 6-alkylated structures (63a) and (63b) 

to the products of the methylation or benzylation of the 

tricyclic product (24) rather than alternative 8-aikylated 

structures is based on the assumption of greatersteric 

hindrance to reaction at N-8 compared with N-6. 

In an attempt to obtainthe benzoyl derivative (64) 

the tricyclic product (24) was reacted with benzoyl chloride 

in the presence of aqueous sodium hydroxide solution. 

However, this reaction gave only a good recovery of the 

unreacted triazoloimidazotriazine derivative (24). 

Similarly the attempted reaction of the tricyclic product 

(24) with 20% w/v potassium hydroxide solution gave only a 

good yield of the unreacted starting material (24), instead 

of the expected fused imidazolone product (25). 

7-Amino-3-phenyl-6H-1 ,2,3-triazolo[5, 1-gJ-imidazo-

[4,5-c]-1,2,4-triazine (24) is highly insoluble only being 

totally soluble in trifluoroacetic acid. Howevpr triflupro 
ac 'c1 ee¼4'sed e 

acetic acid should be a good reagent for the44iirbridgehead-  le 
fused triazole moiety in the compound (24). Therefore it was 

anticipated (Scheme 18) that heating the tricyclic product 

(24) in trifluoroacetic acid would afford the 6-azapurine 

derivative (65). Disappointingly, however, heating a 

solution of the tricyclic compound (24) in trifluoroacetic 
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acid gave only a quantitative recovery of the unreacted 

triazoloimidazotriazine (24). 

4.3 	Investigations of 6-Acyl-7-amino-1 ,2,3-triazolo- 

[5,1-c]-1,2,4--triazines as Synthetic Precursors 

of 6-Azapteridines and 2,6-Diazapteridines 

As has been outlined in the introduction to this 

chapter (see Scheme 3) it was anticipated that 6-azapteridines 

could be synthesised by the acid-catalysed triazole scission 

of 1,2,3-triazolopyrimido-1,2,4-triazines [(12)-(14)]. 

Tricyclic polyazaheterocycles of the type (12) were expected 

to be readily synthesised by the annulation of 7-amino- 

1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine-6-carmide derivatives. 

This synthetic strategy was investi'gated (Scheme 19) by 

examining the annulation reactions of the known 18°  

7-amino-3-phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine-6-

carboxamide (66) which was readily prepared by the reaction 

of 4-phenyl-1H-1 ,2,3-triazole-5-diazonium betaine (20) with 

cyanoacetamide (1). It was anticipated that reaction of 

the triazolotriazine (66) with triethylorthoformate or 

formic acid would yield the tricyclic system (70a). In 

practice however, reaction of the triazolotriazine (66) with 

triethyl orthoformate gave only a good yield of the unreacted 

triazolotriazine (66), while reaction of the triazOlotriazine 

(66) with formic acid afforded an intractable solid from 

which no identifiable material could be isolated. 
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In an attempt to acetylate the triazolotriazine 

derivative (66) it was reacted with acetic anhydride and 

also acetyl chloride in the presence of concentrated 

sulphuric acid. However, none of the expected acetamido-

derivative (68b) was isolated only complex mixtures 

being obtained. 

In further pursuing the annulation reactions of the 

triazolotriazine (66) it was decided to investigate its 

reactions with urea and phenylisocyanate both of which 

were expected to lead to the tricyclic product (71). 

However, these reactions gave only low yields of the 

unreacted starting material (66) with no evidence for the 

formation of the required product (71). The surprising 

lack of reactivity of 7-amino-3-phenyl-1,2,3-triazolo- 

[5, 1-c]-1,2,4-triazine-6-carboxamide (66) towards acylation 

may be due to its existence predominantly as the imino-

tautomer (67). 'Tautomerism of this type has already been 

discussed in connection with 6,7-diamino-3-phényl-1,2,3-

triazolo[5,1-c]-1,2,4-triazine (22) (see Scheme 7). 

The failure of the triazolotriazinecarboxamide (66) 

to undergo the desired annulation reactions prompted the 

investigation (Scheme 20) of the corresponding annulation 

reactions of the known 18°  1,2,4-triazine derivative (72) 

which was readily prepared by the acid-catalysed cleavage of the 

triazolotriazine (66) in glacial acetic acid. It was hoped that 

the 1,2,4-triazine derivative (72) wQuld prove to be more 

amenable to annulation thus allowing access to the 6-azapteridine 

derivatives (75), (76a) and (76b). However the attempted reaction 

of the 1,2,4-triazine derivative (72) with triethyl ortho forrnate, 
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acetic anhydride, formamide in the presence of sodium 

ethoxide or tosyl isocyanate all gave complex mixtures, 

while its reaction with formic acid gave only a quantitative 

recovery of the unreacted 1,2,4-triazine derivative (72). 

The complexity of the product mixtures from the 

attempted annulation reactions of the 1,2,4-triazine 

derivative (72) might at least in part, be due to side-

reactions resulting from the presence of the acetoxy-

group. It is known 192  that acetoxy-groups can be 

hydrogenolysed and in the case of the 1,2,4-triazine 

derivative (72) it was anticipated that hydrogenolysis 

(Scheme 20), would yield the benzyl-1,2,4-triazine 

derivative (74). It was hoped that this compound would 

cyclise more smoothly to yield 6-azapteridines. However, 

the attempted hydrogenolysis, under a variety of conditions, 

of the acetoxybenzyl-1,2,4-triazine derivative (72) afforded 

only good yields of the unreacted 1,2,4-triazine derivative 

(72) , thus precluding the study of the annulation reactions 

of the benzyl-1 ,2,4-triazine (74) 

In an attempt (Scheme 21) to synthesise the 2,6-

diazapteridine derivative (78) it was anticipated that 

the triazolotriazine (66) would diazotatively cyclise to give 

the bicyclic product (77) which was then expected to undergo 

acid-catalysed, triazole-scission in glacial acetic acid to 

give the 2,6-diazapteridine derivative (78). However, 
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disappointingly, the reaction of the triazolotriazine (66) 

with sodium nitrite in the presence of hydrochloric acid 

gave only a moderate yield of the unreacted triazolotriazine 

(66) and a complex brown gum which yielded no identifiable 

material. 

In continuing the investigation of 6-acyl-7-amino- 

1,2 ,3-triazolo[5,1-c]-1 ,2,4-triazines as potential precursors 

of 6-azapteridine derivatives it was decided to study the 

synthetic utility (Scheme 22) of 7-amino-6-benzoyl-1;2,3-

triazolo(5,1-c]-1 ,2,4-triazine oxime derivatives (80) since 

it is known 103 that structurally related compounds undergo 

cyclisation reactions of the required type [(80)-(81)]. It 

was then anticipated (Scheme 22) that acid-catalysed scission 

of the resulting tricyclic product would be expected to yield 

the corresponding 6-azapteridine N-oxide derivative [(81)-> 

(82)]. It was further anticipated that the required oxime 

derivative (80) would be readily prepared from the known 197  

7-amino-6-benzoyl-1,2,3-triazolo[5,1-c]-1,2,4-triazines (79). 

This synthetic strategy was investigated (Scheme 23) by 

initially studying the oximation of. the known 180  7-amino-6-- 

benzoyl-3-phenyl-1,2,3-triazolo[5,1-c}-1 ,2,4-triazine (84) which 

was readily synthesised by the reaction of benzoylacetonitrile 

(81) 185 with 4-phenyl-1FI-1 ,2,3-triazole-5-diazonium betaine 

(20). The reaction of the triazolotriazine (84) with hydroxyl-

amine hydrochloride in the presence of sodium:acetate  however 

failed to give the exDected oxime derivative (87) only a 

good yield of the unreacted triazolotriazine (84) being 
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obtained. Reaction of the benzoyltriazolotriazine (84) with 

a large excess of hydroxylamine hydrochloride also failed to 

give the expected oxime derivative (87) , two products 

being obtained. These products hmerve been assigned as the 

isoxazoloazotriazole.derivative (85) and. the tricyclic 

system, the triazoloisoxazolotrjazjne (86). The latter 

product (86) can only be tentatively assigned as the' 

illustrated structure, being a highly insoluble compound 

and subsequent purification after isolation was therefore 

not possible. However, this product (86) does have 

mass spectral data in agreement with the assigned structure. 

In an attempt to gain supportive evidence that this 

product (86) is indeed a fused triazole system it was 

reacted with glacial acetic acid '(Scheme 23) which was 

expected to cause acid catalysed cleavage of the bridge-

head fused triazole and yield the isoxazolotriazine 

derivative (88) . However in practice a complex mixture 

was obtained. 

The other product, the isoxazoloazotriazole 

derivative (85) from the reaction of hvdroxylamine hydro- 
cpe&i. 

chloride with the triazolotriazine (84) has been4the 

illustrated structure (85) on the basis of its analytical 

data and its chemical reactivity. In particular it does 

not undergo the Becmann rearrangement on reaction with 

polyphosphoric acid as would be expected for the isomeric 

oxime derivative (87). Also it does not undergo acid 
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catalysed triazole cleavage on reaction with glacial acetic 

acid as would be expected again for the oxime derivative 

(87) 

The structure of the isoxazoloazotriazole derivative 

(85) is further supported by (Scheme 24) its reaction 

with acetic anhydride to give a moderate yield of the 

acetyl derivative (89). This product gave analytical data 

and showed other spectroscopic properties consistent 

with the assigned structure. In particular it exhibited a 

carbonyl band at 1760 cm 1  in its i.r. spectrum 

characteristic of a acetyl group attached to the ring 

nitrogen of a 1,2,3-triazole. 193 Its 1 H n.m.r. spectrum 

showed resonances for ten aromatic hydrogen atoms and two 

exchangeable protons. The 'H n.m.r. spectrum of this 

product (89) also contained a signal at 2.8 p.p.m. for 

the three hydrogens of an acetyl CH 3  group, this chemical 

shift value being characteristic of an acetyl group 

attached to a ring nitrogen of a 1,2,3-triazole) 93  

In continuing the chemical degradation (Scheme 24) 

of the isoxazoloazotriazole derivative (85) it was 

reacted with sulphuric acid. This afforded a moderate 

yield of the known 194  4-phenyl-1H-1,2,3-triazole (90) 

plus a complex gum. None of the other expected product, 

the isoxazole diazonium betaine (91) could be detected. 

Both of these later reactions would support the 

existence of a 1,2,3-triazole moiety in the supposed 

isoxazoloazotriazole derivative (85). In an attempt to 
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show the exist&nce of the isoxazole grouping in the 

structure (85) two further reactions (Scheme 24) were 

attempted. It is known 157  that amino-isoxazoles can 

be hydrolysed to isoxazolinones by treatment with aqueous 

sodium hydroxide. Therefore it was anticipated that the 

reaction (Scheme 24) of the isoxazole derivative (85) 

with sodium hydroxide would afford the isoxazolinone 

derivative (92) . However, in practice only a complex 

mixture was obtained. 

As has been previously described (see Chapter 3, 

page 163 ) isoxazoles can undergo characteristic thermal 

rearrangements. Therefore by analogy it was expected that 

heating a solution of the isoxazole derivative (85) in 

diglyme would yield the derivative (93). Disappointingly 

however a complex mixture was again obtained. 

The ambiguity surrounding the structure of the 

compound (85) prompted investigation of its unambiguous 

synthesis. It was expected (Scheme 25) that coupling of the 

4-phenyl-1H-1 ,2,3-triazole-5-diazonium betaine (20) with 

5-amino-3-phenylisoxazole (94)105 would afford the desired 

isoxazoloazotriazole derivative (85) . However, in practice 

the triazene derivative (95) was obtained in good yield. 

This product (95) gave analytical data and showed 

spectroscopic properties consistent with the assigned 

structure. The 1 H n.m.r. spectrum exhibits resonances for 

ten aromatic hydrogen atoms and three exchangeable protons. 
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It has.been observed 195  that triazene derivatives 

can rearrange to amino-azo derivatives. Therefore it was 

anticipated that the reaction of the triazene derivative 

(95) with hydrochloric acid would afford the desired 

isoxazoloazotriazolo derivative (85) . However, reaction 

of the triazene (95) with hydrochloric acid in practice 

gave a good yield of the unreacted triazene derivative (95) 

The attempted acetylation (Scheme 25) of the triazeñe 

(95) with acetic anhydride afforded a series of intractable 

gums and solids. However, treatment of the triazene (95) 

with acetyl chloride in the presence of triethylamine gave 

a good yield of the acetyl derivative (97) which on 

attempted crystallisation gave the acetyl derivative (99) 

presumably by a Dimroth rearrangement of the tautomer (98) 

Such rearrangements of 1,2,3-triazoles have been previously 

observed. 196  

The product (97) has been assigned the illustrated 

structure on the basis of its i.r. spectrum which has a 

carbonyl absorption at 1730 cm -1 characteristic of an 

acetyl group sited adjacent to a ring nitrogen of a 

1,2,3-triazole. 193  The product (99) of the Dimroth 

rearrangement of the acetyl derivative (97) gave 

analytical data and showed spectroscopic properties consistent 

with the assigned structure. In particular the i.r. 

spectrum of the product (.99) exhibited a carbonvi 

absorption at 1695 cm 1 , characteristic of the NH acetvl 

193 	1 group attached to a 1,2,3-triazole. 	The H n.m.r. 
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spectrum shows resonances for ten aromatic hydrogen 

atoms and a CH group, and also a signal at 2.17 p.p.m. 

for the CH 3  group of an NH acetyl moiety. This chemical 

shift value is characteristic of an NH acetyl group 

attached to a 1,2,3-triazole) 93  

The failure of the transformation [Scheme 23: 

(84)-4(87)] prompted the investigation (Scheme 26) of the 

acid catalysed cleavage of the triazolotriazine (84) with 

glacial acetic acid to give the known 18°  1,2,4-triazine 

derivative (100). It was hoped that hydrogenolysis of 

this acetoxy-1,2,4-triazine (100) derivative would yield 

the 1,2,4-triazine (101) which would be anticipated to 

smoothly oximate to give the oxime derivative (102) and 

thence by subsequent annulation the 6-azapteiidine 

derivative (103). Disappointingly however, the acetoxy-

1,2,4-triazine derivative (100) failed to hydrogenolyse, 

a good yield of the unreacted 1,2,4-triazine (100) being 

recovered. 

The lack of s'uccess in obtaining a tricyclic 

derivative which would potentially undergo acid catalysed 

cleavage to give a 6-azapteridine derivative prompted 

investigation of an alternative route (Scheme 27) to such 

tricyclic derivatives (108) or (109). These derivatives 

(108) or (109) would be expected to undergo acid catalysed 

cleavage of the fused triazole to afford the 6-azapteridine 

derivative(110). It was anticipated that reaction of the 

197 chioronitropyrimidinone (104) 	with the aminotriazole 
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(105)198 would give either of the pyrimidine derivatives 

(106) or (107) which in turn could be induced to undergo 

base catalysed cyclisation to yield the tricyclic system 

(108) or (109) and thence by acid catalysed scission of 

the fused bridgehead triazole the 6-azapteridine 

ring system (110) 

The reaction of the chloronitropyrimidinone (104) 

and the aminotriazole (105) gave a good yield of the 

nitropyrimidinone derivative (107). This product gave 

analytical data and showed spectroscopic properties 

consistent with the assigned structure. In particular 

the i.r. spectrum exhibited absorptions for NH stretching 

and a carbonyl band at 1690 cm 1 . The ' H n.m.r. spectrum 

gave resonances for three exchangeable protons each having 

an individual signal whereas the other possible isomer 

(106) might be expected to show two signals for the three 

exchangeable protons it posseses. 

Further support for the structure of this foregoing 

product (107) is that it forms (Scheme 28) an acetyl 

derivative (111) on reaction with acetyl chloride in the 

presence of triethylamine. This derivative (111) exhibits 

a carbonyl band in its infrared spectrum at 1770 cm 1  

consistent with an acetyl group on a ring nitrogen of a 

1 ,2 ,3-triazole. 193 

Disappointingly, however, the attempted base 

catalysed cyclisation (Scheme 27) of the nitropyrimidinone 

derivative (107) failed to give the expected tricyclic 

system (109) a good yield (Scheme 28) of the triazole 
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derivative (112) being obtained. This product (112) 

showed spectroscopic properties and exhibit the correct 

analytical data for the illustrated structure. In 

particular, the 1 H n.m.r. spectrum gave resonances for 

five aromatic hydrogen atoms and exhibited signals for 

five exchangeable protons. 

The structure of this product (112) is further 

supported by its hydrolysis with hydrochloric acid to 

afford a quantitative yield of the aminotriazole derivative 

(105). Disappointingly however its attempted acylation 

with acetic anhydride afforded no identifiable products. 

In an attempt to synthesis(Scheme 29) the 

2,6-diazapteridine derivatives (118) the benzoyl triazolo-

triazine derivative (84) was reacted with hydrazine 

monohydra.te and tosyihydrazine in anticipation of forming 

the .hydrazone derivatives (114) and (115) respectively. 

These hydrazones were subsequently expected to diazotatively 

cyclise to give the tricyclic system (117) through the 

intermediacy of the diazo species (116). This tricyclic 

derivative (117) in turn was expected to yield the 2,6-

diazapteridine derivatives (118) on acid catalysed 

cleavage of the fused bridgehead triazole. However, in 

practice reaction of the triazolotriazine (84) with 

hydrazine monohydrate or tosyihydrazine failed to afford 

the desired hydrazones (114) and (115), good yiels of 
be 

the unreacted triazolotriazine (84),(in both cases. 
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4.4 	Investigation of 7-Amino-6--hydrazino-3-phenyl-- 

1,2 1 3-triazolo[5,1-c]-i,2,4-triazine Derivatives 

as Synthetic Precursors of 4,6-Diazapteridines 

As has been described in the introduction to this 

chapter (see Scheme 4) 4,6-diazapteridines were anticipated 

to be available by the annulation of 7-amino-6-hydrazino-

3-phenyl-i,2,3-triazolo[5,i-c]-i,2,4-triazine (47) and the 

subsequent acid catalysed cleavage of the resulting tricyclic 

system. In prsuing this strategy (Scheme 30) 7-amino-

6-hydrazino-3-phenyl-i ,2,3-triazolo [5,1-c]-i ,2,4-triazine 

(47) , whose synthesis was described earlier (see Scheme 13) 

was heated with triethyl orthoformate in anticipation of 

forming the tricyclic system (119a) which by oxidation 

would lead to the key intermediate (121a). However in 

practice reaction of the triazolotriazine (47) with 

triethylorthoformate gave a moderate yield of the unreacted 

triazolotriazine (47) and an intractable gum. 

The reaction of the triazolotriazine (47) with acetic 

anhydride failed to give the expected annulated product 

(119b) a good yield of the acetyl derivative (120)e,i, ô'6,' inejj 

This product (120) gave analytical data and showed 

spectroscopic properties consistent with the assigned 

structure. In particular the i.r. spectrum of the product 

(120) contains absorptions for NH and a carbonvl band at 

1645 cm 1  characteristic of an amide. The.'H n.m.r. 

spectrum exhibits resonances for five aromatic hydrogen 

atoms, a signal for a methyl group and four exchangeable 

protons. 
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The failure of the transformation [Scheme 30; 

(47)-(119)] prompted the investigation (Scheme 31) of 

the displacement of the benzenesulphonyl moiety from the 

triazolotriazine (21) with ethyl carbazate. This was 

expected to yield the triazolotriazine derivative (122) 

which was anticipated would readily cyclise to the tricyclic 

system (123) which on subsequent oxidation and acid 

catalysed scission of the fused bridgehead triazole was 

expected to give the 4,6-diazapteridine (125). However, 

in practice, reaction of the benzenesulphonyltriazolo-

triazine (21) with ethyl carbazate gave a small amount 

of the unreacted triazolotriazine (21) and a series of 

intractable gums and solids. 
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4.5 	EXPERIMENTAL 

Benzenesulphonylacetonitrile (19) 
122 

Benzenesulphonylacetonitrile (19) was prepared - as 

described in Chapter 2. 

Benzoylacetonitrile (81) 105 

Benzoylacetonitrile (81) was preparedas described 

in Chapter 2. 

199  

Benzylazide was prepared (yield 90%) by the reaction 

of benzyl chloride and sodium azide as described by 

Curtius and Erhart. 199  

5-Amino-1--benzyl-4-phenyl-1H-1 ,2,3_t riazo l e 200  

5-Amino-1-benzyl-4-phenyl-1H-1 ,2,3-triazole was 

prepared (yield 90%) by the reaction of benzylazide and 

benzylacetonitrile as described by Day and Hoover 200  and 

hadm.p. 151-153° (lit., 200  155 0 ). 

4-Amino-5-phenyl-1H-1 ,2,3-triazole (105) 198 

4-Amino-5-phenyl-1H--1 ,2,3-triazole (105) was prepared 

(yield 90%) by the reaction of 5-amino-1-benzyl-4-phenyl-

1H-1,2,3-triazole with sodium in the presence of liquid 

ammonia as described by Sutherland and Tennant 198  and had 
198 m.p. 118-121 	(lit., 	124). 



4-Phenyl-1H-1 ,2,3-triazole-5-diazonium Betaine (20) 182 

4-Phenyl-1H-1 ,2,3-triazole-5-diazonium betaine (20) 

was prepared (yield quant.) by the treatment of 4-amino-

5-phenyl-1H-1 ,2,3-triazole with aqueous sodium nitrite 

in the presence of aqueous 2M sulphuric acid as described 

by Barnes and Tennant '82  and had m.p. 115-117 0  (lit., 182  

126°) 

7-Amino-6-benzenesulphonyl-3-phenyl-1 ,2,3-triazolo-

[5,1-c]-1,2,4-triazine_(21) 182  

A solution of 4-phenyl-1H-1 ,2,3-triazole-5-diazonium 

betaine (21) (9.9 g, 0.06 mol) in ethanol (75.0 ml) and 

water (75.0 ml) was added in small portions to a stirred 

solution of benzenesulphonylacetonitrile (19) (10.9 g, 

0.06 mol) and anhydrous sodium acetate (7.5 g, 0.09 mol) 

in ethanol (200 ml) and water (100 ml) at 0-5 °  (ice-salt 

bath) and the mixture was stirred in the ice-salt bath for 

a further 1 h., then at room temperature for a further 2 h. 

The mixture was evaporated and the residue treated with 

water to yield 7-amino-6-benzenesulphonyl-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (21) (19.5 g; 	94%), 

m.p.203-205 0  (lit., 182  2050), umax  3450 and 3350 (NH) cm 1 , 

identical (m.p. and i.r. spectrum) to an authentic sample. 
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The Attempted Reaction of 7 -Amino-6-benzenesulphonyl-3-

phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine (21) with 

Aqueous Ammonia 

A solution of 7 -amino-6-benzenesulphonyl-3-phenyl- 

1 ,2,3-triazolo[5,1-cJ-J ,2,4-triazine (21) (0.70 g, 0.002 mol) 

in anhydrous dioxane (40.0 ml) was treated in one portion 

with concentrated aqueous ammonia (S.Gr. 0.88) (0.40 g, 

0.008 mol) and the mixture was stirred at room temperature 

for 3 h. after which time further concentrated aqueous 

ammonia (S.Gr. 0.88) (0.40 g, 0.008 mol) was added. The 

flask was then stoppered and left at room temperature 

for 17 h. The mixture was evaporated and the resulting 

gum was triturated with toluene to afford a dark solid 

(0.70 g) which was subjected to flash chromatography. 

Elution with cyclohexane-ethyl acetate (1:1) yielded 

the unreacted triazolotriazine (21) (0.06 g; 9%) m.p. 

192-196 0 , identical (m.p. and i.r. spectrum) to an authentic 

sample. 

Further elution with cyclohexane - ethyl acetate (1:1) 

through to ethanol yielded a series of solids (total, 0.47 g) 

whose t.l.c. in ethyl acetate showed them to be complex 

mixtures which were not further investigated. 



6,7 -Diamino - 3 -phenyl-1,2,3-triazolo[5,1-c]-1,2,4-

triazine (22) 

The triazolotriazine (21) (0.70 g, 0.002 mol) was 

added in portions to liquid ammonia at -72 °  (acetone-solid 

CO2  bath) so that the ammonia did not boil and the resulting 

mixture was stirred in the acetone-CO 2  bath for 1 h., then 

left to evaporate at room temperature for 17 h. The residue 

was treated with water (20.0 ml) and filtered to afford 

6,7 -diamino-3-phenyl-1,2,3-triazolo[5,1-c]-1,2,4-triazjne (22), 

(0.43 g; 95%), m.p. 268-269° (from ethanol), Vmax  3400, 

3320, 3240 and 3180 (NH) cm 1 . 

Found: 	C, 52.8; 	H, 4.1; 	N, 43.0%; 	M, 227. 

1O97_requires: C, 52.9; H, 4.0; N, 43.2%; M, 227. 

The Reaction of 7-Amino-6-benzenesulphonyl-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (21) with Benzylaminein 

Ethanol 

A solution of 7-amino-6--benzenesulphonyl-3-phenyl-

l,2 1 3-triazolo[5,1-cJ-1,2,4-triazine (21) (1.4 g, 0.004 mol) 

in ethanol (40.0 ml) was treated with benzylamine (0.43 g, 

0.004 mol) and the mixture was heated under reflux for 1 h. 

The mixture was evaporated and the residue was triturated 

with toluene-light petroleum to afford a dark solid (1.5 g). 

This was treated with aqueous 2M sodium hydroxide solution 

(30.0 ml) and extracted with methylene chloride to give a 

red solid (0.67 g) which was crystallised fromtoluene-light 

petroleum to afford 7-amino-6--ethoxy-3-phenyl-1 ,2,3- 
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triazolo[5,1-c}-1 ,2,4-triazine (26), (0.34 g; 	33%), 

m.p. 192-194°, 
'umax  3480 and 3370 (NH) cm 1 , tS [(CD 3 ) 2 S0] 

8.22-7.26 (5H, m, ArH), 4.51 (2H, q, J8Hz CH 2CH 3 ), 3.74 (2H, 

brs, NH) and 1.53 (3H, t, J8Hz CH 2 CH 3 ). 

Found: 256.1073 

ç121260 requires: 256.1073 

The original toluene filtrate was evaporated to afford 

a dark intractable gum (0.3 g) whose t.l.c. in ethyl acetate 

showed it to be a complex mixture which was not further 

investigated. 

The aqueous alkaline mother liquor was neutralised 

with aqueous 2M hydrchloric acid and constantly extracted 

with methylene chloride for 24 h. to afford a red gum (0.35 g) 

which was subject to flash chromatography. 

Elution with ethyl acetate through to ethanol yielded 

only a series of solids and gums (total 0.25 g) whose t.l.c. 

in methylene chloride showed them to be complex mixtures 

which were not further investigated. 

The Attempted Reaction of 7-Amino-6-benzenesulphonyl-3-

phenyl-1,2,3-triazolo[5,1-c}-1,2,4-trjazine (21) with 

Benzylamine in Dioxane 

A solution of 7-amino-6-benzenesulphonyl-3-phenyl- 

1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine (21) (0.70 g; 	0.002 mol) 

in anhydrous dioxane was treated with benzylamine (0.21 g, 

0.002 mol) and the mixture was stirred at room temperature 
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for 4 h then heated at 500  for a further 17 h. The 

mixture was filtered to remove a small amount of orange 

residue and the filtrate was evaporated to afford a red 

- solid (1.0 g) which was subjected to flash chromatography. 

Elution with cyclohexane-ethyl acetate (2:1) gave 

the unreacted triazolotriazine (21) (0.16 g; 23%) 

m.p. 198-202 0 , identical (m.p. and i.r. spectrum) to an 

authentic sample. 

Elution with ethyl acetate-cyclohexane (1:1) through 

to ethanol gave a series of intractable brown solids 

(total, 0.47 g) whose t.1.c. in methylene chloride showed 

them to be complex mixtures which were not further 

investigated. 

The Attempted Reaction of 7-Amino-6-benzenesulphonyl--3-

phenyl-1,2,3-triazolo[5,1-c]-1,2,4-trjazjne (21) with 

Pyrrolidine in Butan-1-ol 

A solution of 7 -amino-6-benzenesulphonyl-3-phenyl-

l,2,3-triazolo[5,1-c]-1,2,4-trjazjne (21) (0.70 g, 0.002 mol) 

in butan-1-ol (10.0 ml) was treated with pyrrolidine (0.14 g, 

0.002 mol) and the mixture was heated under ref lux for 0.5 h. 

The mixture was evaporated to give a brown gum whose t.l.c. 

in methylene chloride showed it to be a complex mixture which 

was not further investigated. 
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The Attempted Reaction of 6 ,7-Diamino-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (22) with Triethyl 

Orthoformate 

A solution of 6,7-diamino-3-phenyl-1 ,2,3-triazolo-

[S,l-cJ-1,2,4-triazine (22) (0.45 g, 0.002 mol) in triethyl 

orthoformate (5.0 ml) was heated under reflux for 24 h. 

The mixture was evaporated to give the unreacteddiamino-

triazolotriazine (22) (0.45 g, quant.), m.p. 260-265°, 

identical (m.p. and i.r. spectrum) to an authentic sample. 

The Reaction of 6,7-Diamino-3-phenyl-1 ,2,3-triazolo [5,1-c]-

1,2,4-triazine (22) with Acetic Anhydride 

A solution of 6,7-diamino-3-phenyl-1 ,2,3-triazolo-

[S,1-c]-1,2,4-triazine (22) (0.45 g, 0.002 mol) , in acetic 

anhydride (5.0 ml) was heated under reflux for 3 h. The 

mixture was evaporated to give an intractable brown solid 

(0.59 g) from which no identifiable material could be 

obtained. 

The Attempted Reaction of 6,7-Diamino-3-phenyl-1,2,3-triazolo-

[5 1 1-c]-1,2,4-triazine (22) with Dimethyl Sulphate in the 

Presence of Potassium Carbonate 

A solution of 6 1 7-diamino-3-phenyl-1 ,2,3-triazolo-

[5,1-cl-i ,2,4-triazine (22) (0.45 g, 0.002 mol) in acetone 

(50.0 ml) was treated with anhydrous potassium carbonate 

(1.5 g) and dimethyl sulphate (1.0 ml) and the mixture was 	- 

heated under reflux with exclusion of atmospheric moisture 
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for 4 h. The mixture was evaporated and the residue 

treated with water. The resulting solution was neutralised 

by addition of aqueous 2M hydrochloric acid to give an oily 

suspension which was extracted with methylene chloride to yield 

a dark gum (0.70 g). This was subjected to flash chromatography 

with methylene chloride through to ethanol to give a series 

of gums (total, 0.59 g). none of which were further 

investigated. 

The Attempted Reaction of 6,7-Diamino-3-phenyl-1,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (22) with Acetyl Chloride 

in the Presence of Triethylamine 

A solution of 6 ,7-diamino-3-phenyl-1 ,2,3-triazolo [5,1-c]-

1,2,4-triazine (22) (0.45 g, 0.002 mol) in 1,2-dimethoxy-

ethane (20.0 ml) was treated in one portion with triethyl-

amine (0.23 g, 0.0022 mol) then dropwise with acetyl chloride 

(0.17 g, 0.0022 mol) and the mixture was stirred at room 

temperature for 4 h. The mixture was filtered and the 

colourless solid was washed with water to remove triethylamine 

hydrochloride and combined with further material obtained by 

evaporating the dimethoxyethane filtrate and triturating the 

resulting gum with ethanol to yield the unreacted diamino-

triazolotriazine (22) (total 0.28 g; 52%) , m.p. 265-270°, 

identical (m,p. and i.r. spectrum) to an authentic sample. 

The ethanol filtrate was evaporated to give a brown 

gum (0.25 g) whose t.l.c. in ethyl acetate showed it to 
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be a complex mixture containing the starting diamino-

triazolotriazine (22) which was not further investigated. 

The Attempted Reaction of 6,7-Diamino-3-phenyl-1,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (22) with Tosyl Isocyanate 

A solution of 6,7-diamino-3-phenyl-1 ,2 ; 3-triazolo[5,1-c]-

1,2,4-triazine (22) (0.45 g, 0.002 mol) in anhydrous dioxane 

(10.0 ml) was treated with a solution of tosyl isocyanate 

(0.43 g, 0.0022 mol) in anhydrous dioxane (5.0 ml) and the 

mixture was stirred with exclusion of atmospheric moisture 

at room temperature for 1 h. The mixture was filtered to 

afford the unreacted diaminotriazolotriazine (22) (0.44 g; 

98%), m.p. 258-265 0 , identical (m.p. and i.r. spectrum) 

to an authentic samole. 

The Attempted Reaction of 6,7-Diamino-3-phenyl-1,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (22) with Cyanogen Bromide 

A solution of 6,7-diamino-3-phenyl-1 ,2,3-triazolo-

[5,1-c]-1,2,4-triazine (22) (0.45 g, 0.002 mol) in methanol 

(10.0 ml) was stirred at room temperature and treated drop-

wise with a solution of cyanogen bromide (0.53 g, 0.005 mol) 

in methanol (5.0 ml) and the mixture was stirred at room 

temperature for 15 mm. then heated under reflux for 

a further 4 h. The mixture was evaporated and the residue 

treated with aqueous 1M sodium hydroxide solution (2.0 ml) 

to afford the diaminotriazolotriazine (22) (0.37 g; 87%), 

m.p. 260-265°, identical (m.p. and i.r. spectrum). to a sample 

prepared before. 
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The aqueous mother liquor was neutralised with aqueous 

2M hydrochloride acid to give only a small amount of dark 

solid (0.05 g) which was not further investigated. 

Extraction of the neutral aqueous filtrate with 

methylene chloride yielded no further material. 

The Reac€ion of 6,7-Diamino-3-phenyl-1 ,2,3-triazolo[5,i--cJ - 

1,2,4-triazine (22) with Glacial Acetic Acid 

A solution of 6,7-diamino-3-phenvl-1 ,2,3-triazolo-

[5,1-cl-i ,2,4-triazine (22) (0.45 g, 0.002 mol) in glacial 

acetic acid (50.0 ml) was heated under reflux for 24 h. 

The mixture was evaporated to give a dark gum (0.46 g) which 

was subjected to flash chromatography. 

Elution with ethyl acetate yielded 2-(a-acetoxybenzvl)-

5-amino-1,2,4-triazin-6(1H)-one (36), (0.05 g; 	10%), 

m.p. 249-250° (ethanol-light petroleum) v 	 3380 andmax 

3160 (NH), 1740 and 1680 (CO) and 1635 (C=N) cm 1 , 

5 [(CD 3 ) 2 S0] 12.56 (iH, brs, NH), 8.16 (1H, brs, NH), 

7.77 (iH,brs, NH), 7.41-7.31 (5H, m, ArH), 6.27 (iH, s, CH) 

and 2.10 (3H, s, CH 3 ). 

	

Found: C, 55.6; 	H, 4.6; 	N, 21.6%; 	M, 259. 

	

121140 requires: C,55.5; 	H, 4.6; 	N, 21.3%; M, 259. 

Further elution with ethanol gave an intractable brown 

gum (0.32 g) from which no identifiable material could be 

obtained. 
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The Attempted Reaction of 6 ,7-Diamino-3-phenyl-i ,2,3-

triazolo[5,i-c]-1,2,4-triazine (22) with Sodium Nitrite in 

the Presence of Aqueous Hydrochloric Acid 

A solution of 6,7-diamino-3-phenyl-1 ,2,3-triazolo-

[S,1-c]-1,2,4-triazine. (22) (0.45 g, 0.002 mol) in glacial 

acetic acid (10.0 ml) was treated with 10% aqueous hydro-

chloric acid (5.0 ml). The solution was cooled to 00 

(ice-salt bath) and further treated with stirring with a 

solution of sodium nitrite (0.17 g, 0.0025 mol) in water 

(1.0 ml) and the mixture was then stirred at 00 (ice- 

salt bath) for lh. The mixture was evaporated and the 

residue treated with water and filtered to afford the 

unreacted diaminotriazolotriazine (22) (0.45 g; quant.) 

m.p. 260-265° (decomp.), identical (m.p. and i.r. spectrum) 

to a sample prepared before. 

The Attempted Reaction of 6,7-Diamino3-phenyl-1,2,3-

triazolo[5, 1-cl-1 ,2,4-triazine (22) with Glyoxal 

A solution of 6,7-diamino-3-phenyl-1 ,2,3-triazolo-

[5,i-c]-1,2,4-triazine (22) (0.45 g, 0.002 mol) in ethanol 

(10.0 ml) was treated with a 40% ethanolic solution 

of glyoxal (0.32 g) and the mixture was heated under reflux 

for 1 h. The mixture was evaporated to give a brown gum 

which was triturated with toluene to give the unreacted 

triazolotriazine (22) (0.45 g; quant.), m.p. 200-203°, 

identical (m.p. and i.r. spectrum) to a sample prepared before. 
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7 -Amino - 6 -azido - 3-phenyl-1,2,3-triazolo[5,1-c]-1,2,4-

triazine (40) and 6-Amino-7-azido-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1,2,4-trjazjne (51) 

A solution of 7-amino-6-phenylsulphonyl-3-

phenyl-1,2,3-triazolo[5,1-c]-1,2,4-triazjne (21) (7.0 g, 

0.02 mol) in dioxane (100 ml) was treated with a solution of 

sodium azide (5.2 g, 0.08 mol) in water (20.0 ml) and 

the mixture was stirred at room temperature for 1 h. The 

mixture was filtered to afford 7-amino-6-azido-3-phenyl-

1,2,3-triazolo[5,1-c]-1 ,2,4-triazine (40) (5.1 g; quant.) 

m.p. 175 0  (explosive decomp.), v 
rnax  3310, 3230 and 3180 (NH) 

and 2140 (N 3 ) cm, which was converted by cxystallisation 

from dimethylformamide-water into 6-amino-7-azido-3-phenyl--

1 ,2 1 3-triazolo[5,1-c]-1,2,4-triazjne (51), m.p. 200° 

(decomp.), Vmax 3350 and 3190 (NH) and 2080 (N 3 ) cm 1 . 

Found: 	253.0815 

1079_requires: 253.0824 

A solution of 7-amino-6-azido-3-phenyl-1,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (40) (0.26 g, 0.001 mol) in 

dimethylformamide (5.0 ml) was heated for 5 mm. The solid 

which separated from the filtrate on cooling was collected 

to afford 6-amino-7-azido-3-phenyl-1 ,2,3-.triazolo[5,1-c]-

1,2,4-triazine (51) (0.23g; 92%), m.p. 200°, identical 

(m.p. and i.r. spectrum) to a sample prepared in (a) 

before. 
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(c) A suspension of 7-amino-6-hydrozino-3-phenyl- 

1 ,2,3-triazolo[5,1-c]-1,2,4-triazjne (47) (0.48 g, 0.002 mol) 

in concentrated nitric acid (S.Gr. 1.42) (0.4 ml) and water 

(1.5 ml) was treated dropwise with stirring at 0 °  (ice-salt 

bath) with a solution of sodium nitrite (0.12 g, 0.004 mol) 

in water (4.0 ml). The resulting suspension was stirred 

at QO  (ice-salt bath) for 15 mm. then filtered to yield 

6-amino-7-azido-3-phenyl-1 , 2, 3-triazolo [5,1-c] -1 ,2,4-

triazine (51) (0.47 g; 	96%), m.p. 190-195 0  (decomp.), 

identical (m.p. and i.r. spectrum) to a sample prepared 

in (a) before. 

7-Amino-6-hydrazino-3-phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4- 

triazine (47) 182  

A solution of 7-amino-6-benzenesulphonyl-3-phenyl-

l,213-triazolo[5,1-c]-1,2,4-trjazjne (21) (1.4 g, 0.004 mol) in 

anhydrous dioxane (40.0 ml) was treated with hydrazine 

monohydrate (0.80 g, 0.016 mol) and the mixture was stirred 

at room temperature for 0.5 h. The mixture was evaporated 

and the residue treated with aqueous 2M sodium hydroxide 

and the solution neutralised with aqueous 2M hydrochloric 

acid and then filtered to yield 7-amino-6-hydrazino-3-

phenyl - 1,2,3-triazolo[5,1-c]-1,2,4_trjazjne (47) (0.63 g, 

66%), m.p. 250-253° (from dimethylformamide-water) (lit., 182  

252-2550) ' umax 3430, 3280, 3200 and 3100 (NH) and 1660 (C=N) 

identical (m.p. and i.r. spectrum) to an authentic 

sample. 
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The aqueous filtrate was extracted with methylene 

chloride to give a red gum (0.40. g) whose t.l.c. in methylene 

chloride showed it to be a complex mixture which was not 

further, investigated. 

6-Amino-3-phenyl-7- (triphenyiphosphorarylideneimino) - 

1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine (52) 

(a) A solution of 6 -amino-7-azido-3-phenyl-1,2,3-

triazolo[5,1-cJ-1,2,4-triazine (51) (0.25 g, 0.001 mol) in 

anhydrous dimethylformamide (20.0 ml) was mixed with a solution 

of triphenylphosphine (0.26 g, 0.001 mol) in anhydrous 

dimethylformamide (5.0 ml) and the mixture was.left 

stoppered at room temperature for 0.5 h. then heated at 

60 0  for 1 h. The mixture was evaporated to give a 

(0.72 g) which was subjected to flash chromatography. 

Elution with ethyl acetate gave a small amount of an 

unidentified yellow solid (0.07 g), m.p. 200 0  (decomp.), 

umax 3420 and 3215 (NH) cm 1 , followed by 6-amino-3-phenyl-

7- (triphenyiphosphorarylideneimino) -1 , 2, 3-triazolo [5, 1 -c] - 

1',2,4-triazine (52) (0.42 g; 	84%), m.p. 260° (decomp.), 

(from dimethylformamide), Vmax 3420 and 3300 (NH) cm 1 , 

[(CD 3 ) 2 S0] 150.88 (quat) , 150.49 (quat) , 146.79 (quat) 

146.66 (quat), 137.29 (quat), 132.95, 132.76, 132.30, 131.38 

(quat), 129.12, 128.87, 128.33, 128.12, 127.48 (quat), 

126.06, 125.47 (quat), 125.23 and 124.24, SP [(CD3)2S0] 

18.43 (P=N). 
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Found: C, 69.6; 	H, 4.6; 	N, 20.2%; 	M, 487. 

	

28227' requires: C, 69.3; 	H, 4.5; 	N, 20.1%; 	M, 487. 

Final elution with ethanol gave only a small amount 

of brown gum (0.04 g) which was not further investigated. 

(b) A solution of 7-amino-6-azido-3-phenyl-1,2,3-

triazoló[5,1-c}-1,2,4-triazine (40) (0.51 g, 0.002 mol) 

in anhydrous dimethylformamide (20.0 ml) was treated with 

a solution of triphenylphosphine (0.50 g, 0.002 mol) in 

anhydrous dimethylformamide (5.0 ml) and the mixture was 

left stoppered at room temperature for 0.5 h., then heated 

at 60° for 1 h. The mixture was evaporated to afford 

6-amino-3-phenyl-7- (triphenyiphosphoranylideneimino) -1 ,2,3-

triazolo[5,1-c]-1,2,4-triazine (52) (0.99 g; quant.), 

m.p. 263-264°, identical (m.p. and i.r. spectrum) to a 

sample prepared in (a) before. 

The Attempted Reaction of 6-Amino-3-phenyl-7-(triphenyl-

phosphorarylideneimino)-1 ,2,3-triazolo[5,1-c]-1 ,2,4-

triazine (52) with Benzaldehyde 

(a) A solution of 6-amino-3-phenyl-7-(triphenyl-

phosphorarylideneimino)-1 ,2,3-triazolo[5,1-c]--1 ,2,4-triazine 

(52) (0.73 g, 0.0015 mol) in anhydrous dimethylformamide 

(15.0 ml) was treated with freshly distilled benzaldehyde 

(0.16 g, 0.0015 mol) and themixture was heated under 

reflux for 1 h. The mixture was evaporated to give a buff 

solid (0.72 g) which was subjected to flash chromatography. 
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Elution with ethyl acetate-cyclohexane (1:1) gave 

a small amount of an unidentified yellow solid which was 

not further investigated. 

Further elution with ethanol gave the unreacted 

triazolotriazine derivative (52) (0.45 g; 60%) , m.p. 250-

255 °  (decomp.), identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

(b) An intimate mixture of 6-amino-3-phenyl-7-

(triphenylphosphorarylideneimino)-1 ,2,3-triazolo [5,1-c]-

1,2,4-triazine (52) (0.98 g, 0.002 mol) and benzaldehyde 

(0.21 g, 0.002 mol) was heated under reduced pressure at 

180 ° /2 mm Hg (Woods metal bath) and the resulting 

solution was maintained at this temperature and pressure 

for 15 mm. The mixture was cooled to afford a dark gum 

whose t.l.c. in methylene chloride-ethyl acetate (1:1) 

showed it to be a complex mixture containing the 

unreacted phosphorarylideneiminotriazolotriazine (52) which 

was not further investigated. 

The Attempted Reaction of 6-Amino-3-phenyl-7- (triphenyl-

phosphorarylideneimino)-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine 

(52) with Benzoyl Chloride 

A solution of 6-amino--3-phenyl-7- (triphenylphos-

phorarylideneimino)-1,2,3-triazolo[5,1-c]-1,2,4_trjazine (52) 

(0.98 g, 0.002 mol) in anhydrous dimethylformamide (20.0 ml) 

was treated with benzoyl chloride (0.29 g, 0.002 mol) and 

the mixture was stirred with the exclusion of atmospheric 
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moisture at room temperature for 17 h. The mixture was 

evaporated to afford the unreacted triphenyiphosphoraryl-

ideneirninotriazolotrjazjne (52) (0.98 g; quant.), 

m.p. 256-259 (decomp.), identical (m.p. and i.r. spectrum) 

to a sample prepared before. 

The Attempted Reaction of 6-Arnino-3-phenyl-7- (triphenyl-

phosphorarylideneimino)-1 ,2 1 3-triazolo[5,1-c]-1,2,4-trjazjne 

(52) with Phenyl Isocyanate 

A solution of 6-amino-3-phenyl-7- (triphenyiphosphoraryl-

ideneimino) - 1,2,3 -triazolo[5,i-c]-1,2,4-trjazjne (52) (0.98 g, 

0.002 mol) in anhydrous dimethylformamide (20.0 ml) was 

treated with phenyl isocyanate (0.23 g, 0.002 mol) and the 

mixture was stirred at room temperature for 17 h. The 

mixture was evaporated to give the unreacted triphenyl-

phosphorarylideneiminotriazolotrjazine (52) (0.98 g, 

quant.), m.p. 256-259° (decomp.), identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

6 - (cx -Acetoxybenzyl)-4-amino-tetrazolo[5,1_f]_1 ,2,4-

triazine (58) 

A solution of 7-amino-6-azido-3-phenyl-1 ,2,3-triazolo-

[5,1-c]-1,2,4-triazine (40) (2.2 g, 0.008 mol) in glacial 

acetic acid (10.0 ml) was heated under reflux for 24 h. 

The mixture was evaporated and the resulting gum triturated 

with light petroleum (b.p. 40-60°) to give 6-(ct-acetoxy-

benzyl) -4-amjnotetrazolo[5,1-f] - 1,2,4-triazine (58) 
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(2.1 g; 93%) which formed colourless crystals, m.p. 187-

188 °  [from light petroleum (b.p. 80-100 0 )], v 	3380,max 

3320 and 3160 (NH), 1730 (CO) and 1660 (C=N) cm, 

H (CDC1 3 ) 7.60-7.35 (5H, m, ArH), 7.25 (1H, brs, NH), 

6.62 (1H, s, CH), 6.30 (1H, brs, NH) and 2.25 (3H, s, CH 3 ), 

[(CD 3 ) 2 so] , 169.63 (quat) , 161.70 (quat) , 153.72 (quat) 

136.49 (quat), 134.60 (quat), 128.67, 128.47, 127.90, 

75.57 (CH 3 ) and 20.71 (CH) 

Found: C, 50.8; 	H, 3.9; 	N, 34.5%; M, 285. 

212!11722_requires: C, 50.5; H, 3.9; N, 34.4%; M, 285. 

4-Amino-6- (c-hydroxybenzyl) tetrazolo [5, 1 -f 1 -1 ,2,4-

triazine (60) 

(a) A solution of 6-(a-acetoxybenzyl)-4-amino-

tetrazolo[5,1-f]-1,2,4--triazine (58) (0.60 g, 0.002 mol) 

in ethanol (10.0 ml) was treated with aqueous 1M sodium 

carbonate solution (5.0 ml) and the mixture was heated 

under reflux for 0.5 h. The mixture was evaporated and the 

residue treated with water to afford 4-amino-6-(ct-hydroxy-

benzyl)-tetrazolo[5,1-f]-1 ,2,4-triazine (60) (0.16 g; 29%) 

which formed, colourless crystals, m.p. 235-236° (from 

glacial acetic acid) 
umax  3370, 3300, 3240 and 3180 (NH, OH), 

H [(CD 3 ) 2 sO] 9.26 (2H, brs, NH), 7.56-7.25 (5H, m, ArH), 

6.10 (1H, brs, CH) and 5.65 (1H, brs, OH), o 	[(CD 3 ) 2 S0] 

165.56 (quat), 153.50 (quat), 141.64 (quat), 134.37 (quat), 

127.93, 127.36, 126.85 and 74.23 (CH). 
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Found: 	C, 47.5; H, 3.8; N, 	%; M, 202. 

	

10970 H20 requires:' C, 47.6; H, 4.0; N, 	%; M 	H2O, 243 

Neutralisation of the aqueous mother liquor with 

aqueous 2M hydrochloric acid followed by constant extraction 

with methylene chloride yielded no further material. 

(b) A solution of 6-(ct-acetoxybenzyl)-4-amino-

tetrazolo[5,1-f]-1 ,2,4-triazine (58) (0.60 g, 0.002 mol) in 

ethanol (10.0 ml) was treated with aqueous 2M hydrochloric 

acid (5.0 ml) and the mixture was heated under reflux for 

0.5 h. The mixture was evaporated and the residue treated 

with water to give a buff solid (0.48 g) which was hot filtered 

from methanol to afford 4-amino-6-(o-hydroxybenzvl)-

tetrazolo[5,1-f]-1 ,2,4-triazine (60) (0.12 g; 22%), m.p. 

230-235°, identical (m.p. and i.r. spectrum) to a sample 

prepared in (a) before. 

The methanolic filtrate was evaporated to yield the 

unreacted tetrazolotriazine derivative (58) (0.34 g; 53%) 

m.p. 180-185°, identical (m.p. and i.r. spectrum) to a 

sample prepared before.. 

Neutralisation of the aqueous mother liquor with 

solid anhydrous sodium acetate and extraction with methylene 

chloride afforded no further material. 
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6-(o-Hydroxybenzyl)tetrazolo [5,1-fl-i ,2,4-triazin-4 (5H)- 

11' 

A solution of 6-(a-acetoxybenzyl)tetrazolo[5,1-f]-

1,2,4-triazin-4(5H)-one (58) (1.3 g, 0.004 mol) in ethanol 

(20.0 ml) was treated with aqueous 2M hydrochloric acid 

and the mixture was heated under reflux for 2 h. The 

mixture was evaporated to afford 6-(a-hydroxybenzyl)-

tetrazolo[5,1-f]-1,2,4-triazine-4(51j)-one (61) as a buff 

solid (0.96 g, 98%), m.p. 226-227° (from dimethylformamide-

water), Vax  3450 and 3130 (NH, OH) and 1750 (CO) cm 1 , 

H [(CD 3 ) 2 so] 7.60-7.28 (5H, m, ArH), 6.80 (1H, brs, NH or 

OH), 5.70 (1H, s, CH) and 3.30 (1H, brs, OH or NH), 

[(CD 3 ) 2 s0] 157.63 (quat) , 151.65 (quat) , 141.21 (quat) , 

139.32 (quat), 128.12, 126.96 and 71.27 (CH). 

	

Found: 	C, 49.0; 	H, 3.3; 	N, 34.1%; 	M, 244. 

	

10862_requires: 	C, 49.2; H, 3.3; N, 34.4%; M, 244. 

7-Amino-3-phenvl-6H-1 ,2,3 -triazolo[5,1-g]imidazo[4,5-c]-

1,2,4-triazine (24) 

(a) A solution of 7-amino-6-benzenesulphonyl-3-

phenyl-1,2,3-triazolo[5,1-c]-1,2,4-triazjne (21) (7.0 g, 

0.02 mol) in dioxane (100 ml) was treated with a solution of 

sodium cyanamide (5.1 g, 0.08 mol) in water (20.0 ml) and 

the mixture was stirred at room temperature for 6 h. 

The mixture was evaporated and the residue was treated 

with water (50.0 ml) acidified with aqueous 2M hydrochloric 
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acid. The precipitated yellow solid was collected, heated 

under reflux in ethanol (100 ml) for 15 mm., and the 

solid obtained on cooling, collected to afford 7-amino-

3-phenyl -6 H- 1,2,3 -triazolo[5,1-]-jmjdazo[4,5-c]-1,2,4_ 

triazine (24) (3.1 g; 70%) which formed yellow crystals, 

m.p. >3500 (from dimethylsuiphoxide-water) Vmax 3320 (NH) and 

1695 (C=N) cm, 6 	 [(CD 3 ) 2 S0] 164.89 (quat), 150.53 (quat), 

149.86 (quat), 132.07 (quat), 131.47 (quat), 130.75 (quat), 

128.57, 126.93, 124.70. 

	

Found: 	C, 52.1; H, 3.3; N, 44.5%; M-CN, 226. 

	

1188_requires: 	C, 52.4; H, 3.2; N, 44.4%; M, 252. 

The ethanolic filtrate was evaporated to give a brown 

gum (0.3 g) whose t.l.c. in methylene chloride showed it 

to be a multicomponent mixture which was not further 

investigated. 

(b) A solution of 7-amino-6-benzenesulphonyl-3-phenyl-

l,213-triazolo[5,1-c]-1,2,4-trjazjne (21) (0.70 g, 0.002 mol) 

in dioxane (10.0 ml) was treated with a solution of sodium 

cyanamide (0.51 g, 0.008 mol) in water (5.0 ml) and the 

mixture was stirred at room temperature for 4 h. The 

mixture was evaporated and the residue treated with water 

(20.0 ml). The mixture was filtered and the resultinci 

buff solid was slurried with aqueous 2M hydrochloric acid 

to yield a small amount of 7-amino-6-cyanoamino-3--phenyl-

1 ,2,3-triazolo[5,1-.-c]-1 ,2,4-triazine (62) (0.06 g, 12%) 



324 

m.p. 2600 (decomp.), 
'umax  3460, 3430 and 3215 (NH) and 

2145 (CN) cm 1 , m/e 252. 

This small amount of 7-amino-6-cyanoamino-3-phenyl-

l, 2 ,3 -triazolo[5,1-c]-1,2,4-trjazjne (62) was converted on 

crystallisation to 7-amino-3-phenyl-6H-1 ,2,3-triazolo[5,1-g]-

imidazo[4,5-c]-1 ,2,4-triazjne (24) which was combined with 

further material obtained by acidifying the alkaline 

filtrate with aqueous 2M hydrochloric acid and treating 

the yellow solid obtained with aqueous saturated sodium 

hydrogen carbonate and subsequently heating the 

obtained solid in dimethylformamide, (total 0.34 g; 67%), 

m.p. >350°, identical (m.p. and i.r. spectrum) to a sample 

prepared in (a) before. 

7-Amino-6-methyl-3-phenyl-6H-1 ,2 1 3-triazolo[5,1-gJ-

imidazo[4,5-c]-1,2,4-trjazine (63a) 

A suspension of 7-amino-3-phenyl-6H-1 ,2,3-triazolo-

{5,1-g}imidazo[4,5-c]-1 ,2,4-triazine (24) (0.50 g, 0.002 mol) 

in anhydrous dimethylformamide (10.0 ml) was treated with a 

suspension of sodium hydride (0.05 g, 0.0022 mol) in 

anhydrous dimethylformarnide (2.0 ml) and the mixture was 

stirred at room temperature for 15 mm. then treated with 

methyl iodide (0.28 g, 0.002 mol) and stirri: ig was continued 

at room temperature for 17 h. Dilution with water (15.0 ml) 

gave a yellow solid which was collected to give 7-amino-6-

methyl-3-phenyl-6H-1 ,213-triazolo[5,1-g]mmmdazo[4,5-c]-

1,2,4-triazine (63a), which formed yellow crystals, (0.35 g; 
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66%), m.p. >3500 (from dimethylformamide) Vmax 3600-3000 

(NH) and 1695 and 1640 (C=N) cm 1 , SH  [(CD 3 ) 2 S0] 8.74 

(2H, brs, NH), 8.28-7.31 (5H, m, ArH), and 3.55 (3H, 

s, NCH) 
'C  [(CD 3 ) 2 S0] 164.7 (quat) , 152.41 (quat) 

145.73 (quat), 131.25 (quat), 131.11 (quat), 130.92 (quat), 

128.56, 127.03, 124.67 and 27.43 (NCH 3 ). 

	

Found: 	C, 50.4; 	H, 3.9; 	N, 40.2%; M, 266. 

	

121O8-2o requires: 	C 1  50.7; 	H, 4.2; •N, 39.4%; M-H 2 0, 266. 

The aqueous dimethylformamide mother liquor was 

neutralised by addition of aqueous 2M hydrochloric acid 

and the resulting solution extracted with methylene 

chloride to give a brown gum (0.10 g) whose t.l.c. in 

methylene chlorate showed it to be complex mixture 

which was not further investigated. 

7-Amino-6-benzyl-3-phenyl-6H-1 ,2,3-triazolo[5,1-q]-

imidazo[4,5-c]-1 ,2,4-triazine (63b) 

A suspension of 7-amino-3-phenyl-6H-1 ,2,3-triazolo-

[5,1-g]imidazo[4,5-c]-1,2,4-triazjne (24) (0.50 q, 0.002 mol) 

in anhydrous dimethylformamide (10.0 ml) was treated with 

a suspension of sodium hydride (0.05 g, 0.0022 mol) in 

anhydrous dimethylformamide (2.0 ml) and the mixture was 

stirred at room temperature for 15 mm. and then heated 

with benzyl chloride (0.36 g, 0.0028 mol) and stirring was 

continued at room temperature for 17 h. Dilution with 

water (15.0 ml) gave a yellow solid which was collected 
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to give 7-amino-6-benzyl-3-phenyl-6H-1 ,2,3-triazolo[5,1-]-

imidazo[4,5-c]-1 ,2,4-triazine (63b), which formed yellow 

crystals, (0.45 g; 66%) , m.p. >3500 (from dimethyl-

formamide), v 	3430 (NH) and 1675 (C=N), 6 H  [(1D3)2s0]max 

8.95 (1H, brs, NH), 8.21 (2H, s, CH 2 ) 7.49-7.32 (10H, m, 

ArH) and 5.31 (1H, brs, NH), 5C [(CD 3 ) 2 S0] 163.90 quat), 

152.23 (quat), 145.42 (quat), 134.91 (quat), 131.16 (quat), 

131.10 (quat), 128.59, 128.49, 127.70, 127.46, 127.09, 

124.67 and 43.98 (CH 2 ). 

Found: 	C, 60.2; 	H, 4.4; N, 30.7%; M, 342. 

requires: C, 60.0; H, 4.4; N, 31.3%; M-H 20, 342. 

The aqueous dimethylformamide mother liquor was 

neutralised by addition of aqueous 2M hydrochloric acid and the 

resulting solution extracted with methylene chloride to 

give a brown gum (0.05 g) whose t.l.c. in methylene 

chloride showed it to be a complex mixture which was not 

further investigated. 

The Attempted Reaction of 7-Amino-3-phenyl-6H-1,2,3-

triazolo[5,1 - ] - imidazo-[4,5-c]-1,2,4-triazine (24) with 

Benzoyl Chloride in the Presence of Aqueous Sodium 

Hydroxide 

A suspension of 7-amino-3-phenyl-61-i-1 ,2,3-triazolo-

[5,1 -g]imidazo[4,5-c]-i,2,4-trjazjne (24) (0.50 g, 0.002 mol) 

in 10% w/v aqueous sodium hydroxide (10.0 ml) was treated 

dropwise with stirring with benzoyl chloride (0.36 g, 0.002 mol) 

at room temperature. The mixture was then stirred at 
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room temperature for 2 h. and filtered to afford a yellow 

solid which was treated with hot water and recollected to 

give a yellow solid which on acidification with aqueous 

2M hydrochloric acid gave an orange solid (0.26 g) whose 

t.l.c. in ethyl acetate showed it to be a complex mixture 

which was not further investigated. 

The alkaline hot water washings were acidified with 

aqueous 2M hydrochloric acid to afford the unreacted 

triazoloimidazotriazine (24) (0.22 g; 44%) , m.p. >3500, 

identical (m.p. and i.r. spectrum) to an authentic 

sample. 

The original-\ alkaline filtrate on treatment with 

aqueous 2M hydrochloric acid afforded benzoic acid (0.25 g, 

quant.), m.p. 210-215°, identical (m.p. and i.r. spectrum) 

to an authentic sample. 

The Attempted Reaction. of 7-Amino-3-phenyl-6H-1 ,2,3-

triazolo[5,1-q}-imidazo[4,5-cJ-1,2,4-triazine (24) with 

Aqueous Potassium Hydroxide 

A suspension of 7-amino--3-phenyl-6H-1 ,2,3-triazolo-

[5,1-]-imidazo[4,5-c]-1,2,4-triazine (24) (0.50 g, 0.002 mol) 

in 2-ethoxyethanol (30.0 ml) was treated with aqueous 

20% potassium hydroxide solution (10.0 ml) and the 

resulting solution was heated under reflux for 8 h. The 

mixture was evaporated and the residue was treated with 

water (10.0 ml). The resulting solution was acidified with 
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aqueous 2M hydrochloric acid to afford the unreacted 

triazoloimidazotriazine (24) (0.35 g; 70%), rn.p. >3500 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

Extraction of the acidic mother liquor with methylene 

chloride afforded no further material. 

The Attempted Reaction of 7-Amino-3-phenyl-6H-1,2,3-

triazolo[5,1-g]-imidazo[4,5-c]-1 ,2,4-triazine (24) with 

Trifluoroacetic Acid 

A solution of 7-amino-3-phenyl-6H-1 ,2,3-triazolo-

[5,1-g]-imidazo[4,5-cJ-1,2,4-triazine (24) (0.25 g, 0.001 mol) 

was heated under reflux for 24 h. The mixture was 

evaporated to give unreacted triazoloimidazotriazine 

(24) (0.25 g; quant.), m.p. >350°, identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

7-Amino-3-phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine-

6 -carboxamide (66) 180  

A solution of 4-phenyl-1H-1 ,2,3-triazole-5--diazonium 

betaine (20) (6.6 g, 0.04 mol) in ethanol (80.0 ml) and 

water (50.0 ml) was added in small portions to a stirred 

solution of cyanoacetamide (1) (3.36g, 0.04 mol) and 

anhydrous sodium acetate (5.0 g, 0.06 mol) in ethanol 

(100 ml) and water (50.0 ml) at 0 0  (ice-salt bath) and 

the mixture was stirred in the melting ice bath for a 

further 2 h. The mixture was evaporated and the residue 
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treated with water to yield 7-amino-3-phenyl-1,2,3-

triazolo[5,1 - c] - 1 ,2,4-triazine-6-carboxamjde (66) 

(8.56 g; 	87.0%), m.p. 228-231° (lit., 180  2450), umax  3475, 

3420 and 3310 (NH), and 1675 (CO) cm 1 , identical (m.p'. 

and i.r. spectrum) to an authentic sample. 

The Attempted Reaction of 7-Amino-3-phenyl-i,2,3-triazolo-

[5,1-cl-i ,2 ,4-triazine-6-carboxamide (66) with Triethyl- 

o rtho format e 

A solution of 7-amino-3-phenyl-1 ,2,3-triazolo [5,1-c]-

1,2,4-triazine-6-carboxarnide (66) (0.26 g, 0.001 mol) in 

triethyl orthoformat (5.0 ml) was heated under reflux 

for 17 h. The mixture was cooled and.filtered to afford 

unreacted triazolotriazine (0.17 g; 65%), m.p. 235-240°, 

identical (m.p. and i.r. spectrum) to an authentic sample. 

The filtrate was evaporated to give a red gum (0.06 g) 

whose t.1.c. in methylene chloride showed it to be a complex 

mixture which was not further investigated. 

The Attempted Reaction of 7-Amino-3-phenyl-1 ,2 ,3-triazolo-

[5,1-cl-i ,2,4-triazine-6-carboxarnjde (66) with Formic Acid 

A solution of 7-amino-3-phenyl-1 ,2,3-triazolo[5,1-c]-

1,2,4-triazine-6-carboxamjde (66) (0.26 g, 0.001 mol) in 

formic. acid (5.0 ml) was heated under ref lux for 3 h. The 

mixture was evaporated to yield a dark intractable solid 

(0.23 g) whose t.l.c. in methylene chloride showed it to 

be a complex mixture which was not further investigated. 
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The Attempted Reaction of 7-Amino-3-phenyl-1,2,3-triazolo- 

[5,1-cl-i ,2,4-triazine-6-carboxamide (66) with Acetic 

Anhydride 

A solution of 7-amino-3-phenyl-1 ,2,3-triazolo-

[5,1-cl-i ,2,4-triazine-6-carboxamide (66) (0.26g, 0.001 mol) 

in acetic anhydride (5.0 ml) was heated under reflux for 

3 h. The mixture was evaporated to afford a dark intractable 

solid (0.25 g) whose t.l.c. in methylene chloride showed 

it to be a complex mixture which was not further investigated. 

The Attempted Reaction of 7-Amino-3-phenyl-1,2,3-triazolo-

[5,1-c]-i ,2,4-triazine-6-carboxamide (66) with Acetyl 

Chloride in the Presence of Concentrated Sulphuric Acid 

A suspension of 7-amino-3-phenyl-1 ,2,3-triazolo [5,1-c]-

1,2,4-triazine-6-carboxamide (66) (0.26 g, 0.001 mol) in 

acetyl chloride (2.0 ml) was cooled to 00 (ice-salt bath) 

and treated dropwise with concentrated sulphuric acid 

(0.3 ml) . The resulting solution was stirred at room 

temperature for 17 h., poured onto ice (10.0 g) and 

filtered to afford a brown solid (0.14 g) whose t.l.c. in 

ethyl acetate showed it to be a complex mixture which was 

not further investigated. 

The aqueous mother liquor was neutralised by addition 

of solid anhydrous sodium acetate and extracted with methylene 

chloride to yield a red oil (0.10 g) whose t.l.c. in ethyl 

acetate showed it to be a complex mixture which was not 

further investigated. 
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The Attempted Reaction of 7-Amino-3-phenyl-3-triazolo-

[5 ,1-c]-1 ,2,4-triazine-6-carboxamide (66) with Urea 

An intimate mixture of 7-amino-3-phenyl-1,2,3-triazolo-

[5,1-cl-i ,2,4-triazine-6-carboxamide (66) (1.01 g, 0.004 mol) 

and urea (0.24 g, 0.004 mol) was heated at 200° (Woods 

metal bath) for 1 h. The mixture was cooled and. treated with 

warm aqueous 2M sodium hydroxide and filtered to remove a 

small amount of a dark solid. The filtrate was acidified 

with aqueous 2M hydrochloric acid and filtered to yield 

the unreacted triazolotriazine (65) (0.21 g; 21%) 

m.p. 245-250°, identical (m.p. and i.r. spectrum) to an 

authentic sample. 

The acidic aqueous mother liquor afforded no further 

material on extraction with methylene chloride. 

The Attempted Reaction of 7-Amino-3-phenvl-i,2,3-triazolo-

[5,1-cl-i ,2,4-triazine-6-carboxamide (66) with Phenyl 

I socyanate 

A solution of 7-amino-3-phenyl-1 ,2,3-triazolo[5,1-c]-

i,2,4-triazine-6-carboxamide (66) (0.26 g, 0.001 mol) in 

dimethylformamide (25.0 ml) was treated in one portion with 

phenyl isocyanate (0.12 g, 0.001 mol) and the resulting 

mixture was stirred at room temperature for 16 h. The 

mixture was then diluted with water (20.0 ml) allowed to 

stand for 15 mm. and filtered to afford a red solid (0.27 g) 

which was subjected to flash chromatography. 
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Elution with ethyl acetate-cyclohexane (1:4) yielded 

diphenyl urea (0.16 g, 75%), m.p. 229-234°, identical 

(m.p. and i.r. spectrum) to an authentic sample. 

Elution with ethyl acetate-cyclohexane (1:1) gave 

the unreacted triazolotriazine (0.07 g; 27%), m.p. 230-

234°, identical (m.p. and i.r. spectrum) to an authentic 

sample. 

Elution with ethyl acetate through to ethanol afforded 

no further material. 

3-(a-Acetoxybenzy.l)-5-amino-1 ,2,4-triazine-6-

carboxamide (72)180 

A solution of 7-amino-3-pheriyl-1 ,2,3-triazolo [5,1-c] - 

1,2,4-triazine-6-carboxamide (66) (3.83 g, 0.015 mol) in 

glacial acetic acid (50.0 ml) was heated under ref lux for 

24 h. The mixture was evaporated to afford a brown gum 

which was triturated with toluene to afford 3-(a-acetoxy-

benzyl) -5-amino-i ,2,4-triazine-6-carboxamide (72), as 

colourless crystals, (2.7 g; 63%) , m.p. 105-108 0  

(lit. 
180  1050), Vmax  3375 3275 and 3170 (NH) and 1740 (CO) 

cm, identical (m.p. and i.r. spectrum) to an authentic 

sample. 
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The Reaction of 3-(ct-Acetoxybenzyl)-5-amirio-1 ,2,4-

triazine-6-carboxamide (72) with Triethyl Orthoformate 

A solution of 3-(c-acetoxybenzyl)-5-amino-1 ,2,4-

triazine-6-carboxamide (72) (0.28 g, 0.001 mol) in triethyl 

orthoformate (5.0 ml) was heated under reflux for 6 h. 

The mixture was evaporated to give a dark gum (0.25 g) whose 

t.l.c. in ethyl acetate showed it to be a complex mixture 

which was not further investigated. 

The Attempted Reaction of 3-(c*-Acetoxybenzyl)-5-amino-

1 ,2,4-triazine-6-carboxamjde (72) with Formic Acid 

3 (cL-acetoxybenzyl) -5-amino-i ,2,4-triazine-6-

carboxamide (72) (0.57 g, 0.002 mol) in formic acid (5.0 ml) 

was heated under reflux for 1 h. The mixture was evaporated 

and the resulting gummy residue was triturated with light 

petroleum to afford the unreacted triazine (72) (0.57 g; 

quant.), m.p. 100-105°, identical (m.p. and i.r. spectrum) 

to an authentic sample. 

The Reaction of 3-(ct-Acetoxybenzyl)-5-amino-1 ,2,4-

triazine (72) with Acetic Anhydride 

A solution of 3-(ct-acetoxylbenzyl)-5-amino-1 ,2,4-

triazino-6-carboxamide (72) (0.57 g, 0.002 mol) in acetic 

anhydride (5.0 ml) was heated under reflux for 3 h. The 

mixture was evaporated to give a brown gum (0.63 g) which 

was subjected to flash chromatography. 
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Elution with methylene chloride through ethanol 

gave a series of solids and gums (total, 0.61 g) none of 

which were further investigated. 

The Reaction of 3 - (a-Acetoxybenzyl)-5--amino-1 ,2,4-

triazine-6-carboxamjde (72) with Formamide in the Presence 

of Sodium Ethoxide 

A solution of sodium (0.23 g, 0.01 g.atom) in anhydrous 

ethanol (20.0 ml) was treated with 3-(a-acetoxybenzyl)-5-

amino-1,2,4-triazine-6-carboxamjde (72) (0.57 g, 0.002 mol) 

and formamide (0.8 ml) and the mixture was heated under 

ref lux for 3 h. Hot filtration of the mixture afforded 

a brown solid which was treated with ice water and the 

- 	filtrate acidified with glacial acetic acid and the 

resulting acidic solution was extracted with methylene 

chloride to give a small amount of yellow gum which was 

not further investigated. 

The aqueous mother liquor was evaporated and the residue 

soxhlet extracted to give a small amount of a yellow gum 

which was not further investigated. 

The Reaction of 3-(ct-acetoxybenzyl)-5-amino-1 ,2,4-triazine-

6-carboxamide (72) with Tosyl Isocyanate 

A solution of 3-(c-acetoxybenzyl)-5-amino-1 ,2,4-

triazine-6-carboxamide (72) (0.55 g, 0.002 mol) in anydrous 

diglyme (30.0 ml) was treated with redistilled tosyl 

isocyanate (0.44 g, 0.0022 mol) and the mixture was heated 



335 

under reflux for 24 h. A further portion of tosyl isocyanate 

(0.44 g, 0.0022 mol) was added and the mixture heated 

under reflux for a further 2h. The mixture was cooled 

and evaporated to give a dark gum (1.0 g) which was 

subjected to flash chromatography. 

Elution with methylene chloride gave toluene-4-

sulphonamide (0.52 g), m.p. 132-135°, identical (m.p. and 

i.r. spectrum) to an authentic sample. 

Elution with methylene chloride-ethyl acetate (1:1) 

through to ethanol afforded a series of gums (total, 0.46 g) 

none of which were further investigated. 

The Attempted Hydrogenolysis 3-(a-Acetoxybenzyl) -5-amino-

1 ,2,4-triazine-6-carboxamjde (72) 

A solution of 3-(a-acetoxybenzyl)-5-benzyl)-

amino-1 ,2,4-triazine-6-carboxamjde (72) (0.55 g, 0.002 mol) 

in ethanol (50.0 ml) was treated with 10% Palladium on 

charcoal (0.06 g) and the mixture hydrogenated at 

atmospheric pressure at room temperature until no further 

hydrogen was taken up. Filtration through a celite pad 

and evaporation of the filtrate gave the unreacted triazine 

(7.2) (0.44 g; 	80%), m.p. 100-103°, identical (m.p. and 

i.r. spectrum) to a sample prepared before. 

A solution of 3-(c-acetoxybenzyl)-5-amino-1 ,2,4-

triazine-6-carboxamide (72) (0.55 g, 0.002 mol) in ethanol 

(50.0 ml) containing glacial acetic acid (0.1 ml) was 
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treated with 10% palladium on charcoal (0.06 g) and 

the mixture was hydrogenated at atmospheric pressure and 

room temperature until no further hydrogen was taken up. 

Filtration through celite and evaporation of the filtrate 

gave the unreacted triazine (72) (0.53 g; 96%) , m.p. 100-

102° identical (m.p. and i.r. spectrum) to an authentic 

sample. 

A solution of 3-(a-acetoxybenzyl)-5-amino-

1,2,4-triazine-6-carboxamide (72) (0.55 g, 0.002 mol) in ethanol 

(100 ml) was treated with 10% palladium on charcoal 

(0.06 g) and the mixture was hydrogenated under pressure 

(3 atmospheres) at room temperature for 5 h. The mixture 

was filtered through celite and the filtrate evaporated 

to yield the unreacted triazine (72) (0.55 g; quant.), 

m.p.. 101-103°, identical (m.p. and i.r. spectrum) to an 

authentic sample. 

Nitrogen was bubbled through a stirred suspension 

of 10% palladium on charcoal (0.005 g). in water (1.0 ml) and 

a solution of sodium borohydride (0.08 g, 0.002 mol) in 

water (1.5 ml) was added in one portion. The passage of 

nitrogen was continued and the mixture treated dropwise 

with stirring with a solution of 3-(a-acetoxybenzyl)-5-amino-

1,2,4-triazine-6-carboxamide (72) (0.28 g, 0.001 mol) in 

methanol (5.0 ml), then stirred for a further 10 mm. at 

room temperature. The mixture was filtered to remove the 

catalyst and the filtrate was acidified with aqueous 2M 

hydrochloric acid and the solution concentrated to remove 
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the methanol. The mixture was filtered to give the 

unreacted triazine (72) (0.28 g; quant.), m.p. 101-103°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

(e) A solution of 3-(c-acetoxybenzyl)-5-amino-

1,2,4-triazine-6-carboxamide (72) (0.55 g, 0.002 mol) in 

70% aqueous ethanol (10.0 ml) was treated with sodium 

dithionite (0.55 g) and the mixture heated under ref lux 

for 1 h. then a further portion of sodium dithionite 

(0.55 g) was added and the mixture heated under ref lux for 

a further 1 h. The mixture was evaporated and the 

residue treated with water. The resulting solution was 

extracted with methylene chloride to give the unreacted 

triazine (72) (0.53 g; 	96%) , m.p. 101-103°, 

identical (m.p. and i.r. spectrum) to a sample prepared before. 

The Attempted Reaction of 7-Axnino-3-phenyl-1 ,2 ,3-

triazolo[5,1-c]-1 ,2,4-triazine-6-carboxamjde (66) with 

Sodium Nitrite in the Presence of Hydrochloric Acid 

A solution of 7-amino-3-phenyl-1 ,2,3-triazolo[5,1-c]-

1,2,4-triazine-6-carboxamide (66) in glacial acetic acid 

05.0 ml) was treated with 10% w/v aqueous hydrochloric 

aic (5.0 ml). The resulting solution was cooled to 0 0  

(ice-salt bath) and treated dropwise with a solution of 

sodium nitrite (0.17 g, 0.0025 mol) in water (1.0 ml) and 

the mixture was stirred in the melting ice bath for 1 h. 
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The mixture was filtered to give the unreacted triazolo-

triazine (66) (0.23 g, 54%), m.p. 218-221 ° , identical 

(m.p. and i.r. spectrum) to a sample prepared before. 

The aqueous mother liquor was neutralised with aqueous 

2M sodium hydroxide solution which was extracted with methylene 

chloride to give a brown gum (0.14 g) whose t.l.c. in 

methylene chloride showed it to be a complex mixture which 

was not further investigated. 

7-Amino-6-benzoyl-3-phenvl-1,2,3-triazolo[5,1-c]-1,2,4- 

triazine (84) 180  

A solution of 4-phenyl-1H-1,2,3-triazole-5-diazonium 

betaine (20) (5.8 g, 0.034 mol) in ethanol (70.0 ml) and 

water (50.0 ml) was added in small portions to a stirred 

solution of benzoylacetonitrile (81) (4.90 g, 0.034 rnol) 

and anhydrous sodium acetate (4.20 g, 0.051 mol) in ethanol 

(100 ml) and water (50.0 ml) at 0 °  (ice-salt bath). The 

mixture was stirred for 2 h. in the melting ice bath and 

then heated under reflux for a further 16 h. Cooling 

afforded a red solid which was combined with further 

material obtained by evaporating the ethanolic filtrate and 

treating the residue with water to yield 7-amino-6-benzoyl-

3-phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine (84), which 

formed red needles, (9.6 g,90%), m,p. 195-197° (lit., 180  

214 ° ) v 	3450 and 3340 (NH) and 1670 (CO) cm 1 , identical max 

(m.p. and i.r. spectrum)to an authentic sample. 
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The Attempted Reaction of 7-Amino-6-benzoyl-3-phenyl- 

1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazine (84) with Hydroxylamine 

drochioride in the Presence of Sodium Acetate 

A solution of 7-amino-6-benzoyl-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1 ,2,4-triazine (84) (0.61 g, 0.002 mol) in 

ethanol (80.0 ml) was treated with hydroxylamine hydro-

chloride (1.39 g, 0.02 mol) and a solution of anhydrous 

sodium acetate (1.64 g, 0.02 mol) in water (10.0 ml). 

The resulting suspension was heated under reflux for 1 h. 

and the mixture was evaporated and the residue treated 

with water to afford the unreacted triazolotriazine (84) 

(0.48 g; 	80%), m.p. 192-196 0 , identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

The Reaction of 7-Amino-6-benzoyl-3-phenyl-1 ,2,3-triazolo-

[5,1-c]-i ,2,4-triazine (84) with Hydroxylamine Hydrochloride 

A solution of 7-amino-6-benzoyl-3-phenyl-1 ,2,3-triazolo--

[5,1-c]-1,2,4-triazine (84) (3.16 g, 0.01 mol) in ethanol 

(250 ml) was treated with a solution of hydroxylamine hydro-

chloride (6.95 g, 0.1 mol) in water (20.0 ml) and the mixture 

was heated under reflux for 17 h. The mixture was cooled 

and filtered to give. 3,6-diphenyl-1 ,2,3-triazolo[5 ,1-] - 

isoxazolo[5,4-c]-1,2,4-triazine (86) (0.49 g; 	16%), 

m.p. 244° (explosive decomp.), umax  1600 (C=N) cm 1 . 

Found: 	C, 64.4; 	H, 3.1; 	N, 26.2%; 	M, 314 

171o6O requires: 	C, 65.0; N, 3.2; N, 26.8%; M, 314. 
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The filtrate was evapora ed and the residue treated 

with water to yield 5-amino-3-  Dhenyl-4-(4-phenyl-1H-1 ,2,3-

triazol-5-yl)azoisoxazole (85) (2.21 g; 72%), m.p. 255° 

(decomp.) (from glacial acetic acid), Vax  3440 and 3317 (NH) 

and 1670 (C=N) cm 1 . 

	

Found: C, 60.8; 	H, 3.9; 	N, 29.2%; 	M, 331. 

	

171370 requires: C, 61.6; 	H, 3.9; 	N, 29.6%; 	M, 331. 

The aqueous mother liquor was extracted with 

methylene chloride, however no further material was obtained. 

The Reaction of 5-Arnino-3-phenyl-4-(4-phenyl-1H--1 ,2,3-

triazol-5-yl)azoisoxazole (85) with Polyphosphoric Acid 

A solution of 5-amino-3-ohenvl4--(4 ihenvl-114-

1,2,3-tr±Ol--5-yl)azoisoxazole (851 (0.33 g, 0.001 mol) 

in polyphosphoric acid (5.0 ml) was stirred and heated at 

80° (oil bath) for 0.5 h. The mixture was then cooled 

and treated with ice and the resulting solution was 

neutralised with solid anhydrous solid acetate. The 

resulting neutral suspension was extracted with methylene 

chloride to give a red oil (0.3 g) whose t.l.c. in methylene 

chloride showed it to be a complex mixture which was not 

further investigated. 
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The Reaction of 5-Amino-3-phenyl-4-(4--phenyl-.1H-1 ,2,3-

triazol-5--yl)azoisoxazole (85) with Glacial Acetic Acid 

A solution of 5-amino-3-phenyl-4-(4-phenyl--1H-

1,2 1 3-triazol-5-yl)azoisoxazole (85) (0.33 g, 0.001 mol) 

in glacial acetic acid was heated under refiux for 24 h. 

The mixture was evaporated to give a dark intractable 

gum (0.30 g) whose t.l.c. in methylene chloride showed it 

to be a complex mixture which was not further investigated. 

4- (l -Acetyl - 4 -phenyl-1H-1,2,3-triazol-5-yl)azo-5_amino_ 

3-phenylisoxazole (89) 

A solution of 5-amino-3-phenyl-4-(4-phenyl-1H- - 

l,2,3-triazol-5-yl)azoisoxazole (85) (0.33 g, 0.001 mol) in 

aceticanhydride (2.0 ml) was heated at 1000  for 10 mm. 

and then left at room temperature for 20 mm. The mixture 

was filtered to afford 4-(1-acetyl-4-phenyl-1H-1 ,2,3-

triazol-5-yl)azo-5-amino-3-phenylisoxazole (89), which 

formed orange crystals, (0.23 g; 62%), m.p. 210-211° (from 

glacial acetic acid) ' umax 3420 and 3320 (NH) and 1760 (CO) 

cm 1 , 	[(CD 3 ) 2 SO] 8.29-7.23 (10H, m, ArH), 3.46 (2H, brs, 

NH) and 2.80 (3H, s, CH 3 ). 

Found: 373.1006 

191572_requires:  373.1008 



342 

The acidic anhydride filtrate was diluted with 

water, neutralised with solid anhydrous sodium acetate. 

However, extraction of the resulting solution with 

methylene chlori.e afforded no further material. 

The Reaction of 5-Amino-3-phenyl-4-(4-phenyl-1H-1 ,2,3-

triazol-5-yl)azoisoxazole (85) with Aqueous Sodium 

Hydroxide 

A solution of 5-amino-3-phenyl-4-(4-phenyl-1H-1 ,2,3-

triazol-5-yl)azoisoxazole (85) (1.30 g, 0.004 rnol) in 2M 

aqueous sodium hydroxide solution (25.0 ml) was heated 

under reflux for 10 mm. The mixture was then acidified 

with concentrated hydrochloric acid and filtered to afford 

a yellow solid (1.10 g) which was subjected to flash 

chromatography. 

Elution with cyclohexane-ethyl acetate (1:1) through 

to ethanol gave a series of intractable solids (total, 1.0 g) 

whose t.l.c. showed in methylene chloride showed them to 

be complex mixtures none of which were further investigated. 

The Reaction of 5-Amino-3-phenyl-4-(4-phenyl-1H-1,2,3- 
49 

triazol-5-yl)azoisoxazole (85) with Aqueous Sulphuric 

Acid 

A solution of 5-amino-3-phenyl-4-(4-phenyl-1H-1,2,3-

triazol-5--yl)azoisoxazole (85) (0.66 g, 0.002 mol) in 

ethanol (10.0 ml) was treated with 20% w/v aqueous 
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sulphuric acid (5.0 ml) and the mixture was heated under 

reflux for 30 mm. The mixture was cooled and concentrated 

to remove the ethanol and the resulting gummy suspansion 

was extracted with methylene chloride to give a yellow gum 

(0.60 g) which was subjected to flash chromatography. 

Elution with methylene chloride afforded 4-phenyl-1H-

1,2,3-triazole (90) (0.12 g; 	41%), m.p. 140-145°, 

identical. (m.p. and i.r. spectrum) to an authentic 

sample. 194 

Elution with methylene chloride-ethyl acetate (1:1) 

through to ethanol gave a series of gums (total, 0.36 g) 

whose t.l.c. in methylene chloride showed them to be 

multicomponent mixtures none of which were further 

investigated. 

The Thermolysis of 5-Amino-3-phenyl-4-(4-phenyl-1H- 

1 ,2,3-triazol-5-yl)azoisoxazole (85) in Anhydrous Diglyrne 

A solution of 5-amino-3-phenyl-4-(4-phenyl-iH-1 ,2,3-

triazol-5-yl)azoisoxazole (85) (0.66 g, 0.002 mol) in 

anhydrous diglyme (20.0 ml) was heated under ref lux for 

2 h. The mixture was evaporated to give a dark gum (0.65 g) 

whose t.l.c. in methylene chloride-ethyl acetate (1:1) 

showed it to be a complex mixture which was not further 

investigated. 
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The Attempted Reaction of 3,6-Diphenyl-1 ,2 ,3-triazolo[5,1-2]-

isoxazolo[5,4-e]-1 ,2,4-triazine (86) with Glacial 

Acetic Acid 

A suspension of 3,6-diphenyl--1 ,2,3-triazolo[5,1-g]-

isoxazolo[5,4 -e] - 1 ,2,4-triazine (86) (0.31 g; 0.001 mol) in 

glacial acetic acid (5.0 ml) was heated under reflux for 

24 h. The mixture was evaporated to afford a dark intractable 

solid (0.23 g) whose t.1.c. in methylene chloride showed 

it to be a multicomponent mixture which was not further 

investigated. 

5-Amino-3-phenylisoxazole (94) 105  

5-Amino-3-phenylisoxazole (94) was prepared as 

described in Chapter 3. 

1-(3-Phenylisoxazol-5-yl)-3-(4-phenyl-1H-.1 ,2,3-triazol-5-yl)-

triazene (95) 

A solution of 5-amino-3-phenylisoxazole (94) (1.30 g, 

0.008 mol) in methylene chloride (30.0 ml) was treated with 

a solution of 4-phenyl-1H-1 ,2,3-triazole-5-diazonium betaine 

(20) (1.30 g, 0.008 mol) in methylene chloride (20.0 ml) 

and the mixture was stirred at room temperature for 1 h. 

The mixture was filtered to give a yellow solid which was 

combined with further material obtained by evaporation of the 

filtrate and triturating the resulting gum with methylene 

chloride to yield 1-(3-phenylisoxazol-5-yl)-3-(4-phenyl-1H.-

1,2,3-triazol-5-yl)triazene (95) which formed yellow crystals 
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(2.2 g; 84%), m.p. 143-145° (from ethanol), 
umax  3370 (NH) 

and 1660 (C=N) cm 1 , 	[(CD 3 ) 2 SO] 8.80 (2H, brs, NH), 

8.40-7.40 (10H, m, ArH) and 5.75 (1H, s, CH). 

Found: 	331.1183 

2171330 requires: 331.1182 

The methylene chloride mother liquor was evaporated 

to give a brown gum (0.86 g) whose t.l.c. in methylene 

chloride showed it to be a multicomponent mixture, containing 

the unreacted isoxazole (94) and triazole (20), which was 

not further investigated. 

The Attempted Reaction of 1-(3-Pheny1ioxazol-5-y1)-3-

(4-phenyl-1H-1 ,2,3-triazol-5-yl)triazene (95) with 

Aqueous Hydrochloric Acid 

A solution of 1-(3-phenylisoxazol-5-yl)-3-(4-phenyl-

1H-triazol-5-yl)triazene (95) (0.66 g, 0.002 mol) in 

ethanol (10.0 ml) was treated with aqueous 2M hydrochloric acid 

and the mixture heated under ref lux for 1 h. The mixture 

was concentrated to remove ethanol and filtered to 

afford the unreacted triazene derivative (95) (0.64 g, 97%) 

m.p. 140-145 0 , identical (m.p. and i.r. spectrum) to a 

sample prepared before. 
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The Reaction of 1-(3-Phenylisoxazol-5-yl)-3-(4-phenyl-

1H-1 ,2,3-triazo:l-.5-yl)triazene (95) with Acetic Anhydride 

A solution of 1-(3-phenylisoxazol-5-yl)-3-(4-phenyl-

lH-1,2,3-triazol-5-yl)triazene (95) (0.66 g, 0.002 mol) in 

acetic anhydride (5.0 ml) was heated under reflux for 

1 h. The mixture was evaporated to give a dark gum (0.93 g) 

which was subjected to flash chromatography. 

Elution with cyclohexane through to ethanol gave 

a series of gums and solids (total, 0.54 g) none of which 

were further investigated. 

3 -Acetyl - 1 - (3 -phenylisoxazol-5yl)_3-(4-pheny1_1H_1 ,2,3-

triazol-5-yl)triazene (99) 

A solution of 1 - (3-phenylisoxazol-5-yl)-3-(4-phenyl-

1H-1,2,3-triazol-5-yl)triazene (95) (0.66 g, 0.002 mol) in 

anhydrous dioxane (10.0 ml) was treated with stirring with 

triethylamine (0.22 g, 0.0022 mol) followed by dropwise 

addition of a solution of acetyl chloride (0.18 g, 0.0022 mol) 

in anhydrous dioxane (1.0 ml) and the resulting mixture 

was stirred at room temperature for 1 h. The mixture was 

filtered to remove triethylamine hydrochloride, m.p. 252-

255°, identical (m.p. and i.r. spectrum) to an authentic 

sample. The dioxane filtrate was evaporated to give 

3 - (1-acetyl_4_phenyl=1H_1 ,2,3-triazol-5-yl)-1-(3-phenyl-

isoxazol-5--yl)triazene (97) (0.59 g; 79%), m,p. 162-165 0  

umax 3140 (NH) and 1730 (CO) cm 1 , which on crystallisation 

from glacial acetic acid gave 3-acetyl-1-(3-phenylisoxazol-. 
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5-yl)-3-(4-phenyl-1H--1 ,2,3-triazol-5-yl)triazene (99) 

as yellow crystals, m.p. 162-164°, Vmax  3385 and 3140 (NH.) 

and 1695 (CO) cm, 6[(CD 3 ) 2 S0} 8.00-7.58 (11H, m, ArH and 

CH) and 2.17 (3H, s, CH 3 ) 

Found: 	C, 58.4; 	H, 4.2; N, 25.0%; 	14 k , 373 

requires: C, 58.3; H, 4.3; N, 24.5%; M-H 20, 373 

The methylene chloride filtrate was evaporated to 

yield a small amount of an intractable solid (0'. 04 g) whose 

t.l.c. in methylene chloride showed it to be a complex 

mixture which was not further investigated. 

3 - (c -Acetoxybenzy1)-5-amino-6-benzoy1-1 ,2,4-triazine (100)180 

A solution of 7-amino-6-benzoyl-3-phenyl-1 ,2,3-triazolo--

[5,1-c]-i ,2,4-triazine (84) (3.0 g, 0.01 mol) in glacial 

acetic acid was heated under reflux for 48 h. The mixture 

was evaporated to give a dark gum which was triturated 

with toluene-light petroluem to give 3-(ci-acetoxybenzyl)-

5-amino-6-benzoyl-1 ,2,4-triazine (100), (2.1 g; 66%), 

m.p. 118-120 0  (lit.,180125°) umax  3420, 3300 and 3200 (NH) 

and 1720 and 1690 (CO) cm 1 , identical (m.p. and i.r. 

spectrum) to an authentic sample. 

The toluene filtrate was evaporated to give a dark 

gum (0.8 g) whose t.l.c. in methylene chloride showed it 

to be a complex mixture which was not further investigated. 
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The Attempted Hydrogenolysis of 3-(a-Acetoxybenzoyl)-

5-amino-6-benzoyl-1 ,2,4-triazine (100) 

A solution of 3- (ct-acetoxybenzoyl) -5-amino-6-benzoyl-

1,2,4-triazine (100) (0.70 g, 0.002 mol) in ethanol (50.0 ml) 

was treated with 10% palladium on charcoal (0.11 g) and 

the mixture was hydrogenated at atmospheric pressure and room 

temperature until no more hydrogen was taken up. The 

mixture was then filtered through celite and the filtrate 

evaporated to give the unreacted triazine (100) (0.65 g; 

95%), m.p. 116-118°, identical(m.p. and i.r. spectrum) to 

a sample prepared before. 

5-Hydroxy-5-nitropyrimidin-4- (311) -one 201 

6-Hydroxy-5--nitropyrimidin-4- (311) -one was prepared 

(yield quant.) by the nitration of 6-hydroxypyrimidine-4-

(3H)-one as described by Boon, Jones and Ramage 201  and 

had m.p. >300° (lit., 201  >300 0 ). 

4 ,6_Dichloro _5_nitropyrimidjne 2 Ol 

4,6-Dichloro-5-nitropyrimidine was prepared (yield 

quant.) by the reaction of 6-hydroxy-5-nitropyrimidin-4-

(3H)-one with phosphoryl chloride as described by Boon. 

201 	 201  Jones and Ramage 	and had m.p. 95-98° (lit., 	990). 
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6-Chloro-5-nitropyrimjdjn-4-(3H)-one (104) 197  

6-Chloro-5-nitropyrimidin-4-(3H)-one (104) was 

prepared (yield 78%) by the reaction of 4,6-dichloro-5-

nitropyrirnidine with formic acid as described by Khromov-

Borisov and Kheifets 197  and had m.p. 199° '(lit., 197  199 0 ). 

5-Nitro-6-N- (4-phenyl--1H-1 ,2 ,3-triazol-5-ylaminopyrimidin--

4-(3H)-one (107) 

A solution of 6-chloro-5-nitropyrimidin-4-(5H) -one 

(104) (7.02 g, 0.04 mol) in anydrous ethanol (100 ml) was 

treated with stirring with a solution of 4-amino-5-phenyl-

1H-1,2,3-triazole (105) (6.4 g, 0.04 mol) in anydrous 

ethanol (100 ml) followed by solid anhydrous potassium acetate 

(4.0 g, 0.04 mol) and the mixture was stirred at room 

temperature for 1 h. Evaporation and treatment of the 

residue with water afforded a yellow solid which was combined 

with further material obtained by allowing the aqueous filtrate 

to stand overnight to yield 5-nitro-6-N-(4-2henyl-1H-1 ,2,3-

triazol-5-yl)aminopyrimidin-4-(3}j)_one (107) (10.75 g; 

90%), m.p. 270° (from dimethylformamide-water), umax 3300 and 

3240 (NH) and 1690 (CO) cm, 	[(CD 3 ) 2 SO] 12.70 (1H, bts, 

NH), 12.68 (1H, brs, NH), 10.57 (1H, brs, NH) and 7.48-

7.24 (6H, m, ArH and CH). 

	

Found: 	C, 47.9; 	H, 3.3; 	N, 32.8%; M, 299. 

	

12973_requires: 	C, 48.2; H, 3.0; N, 32.8%; M, 299. 
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The neutral aqueous mother liquor on extraction with 

methylene chloride afforded no further material. 

6 -N- (1-Acetyl-4-phenyl-1H-1,2,3-trjazol-5-vl)amino-5-

nitropyrimidin-4 - (3H) -one (111) 

A solution of 5-nitro-6-N-(4-phenyl-1H-1 ,2,3-

triazol-5-yl)aminopyrimidin-4-(3H)-one (107) (0.60 g, 

0.002 mol) in anhydrous dimethylformamide (20.0 ml) was 

treated with triethylamine (0.44 g, 0.0044 mol) and 

stirred at room temperature for 15 mm., then acetyl chloride 

(0.36 g, 0.0044 mol) was added dropwise and the mixture 

stirred at room temperature for a further 1 h. The 

mixture was filtered to give triethylamine hydrochloride 

(0.50 g; 83%), m.p. 252-255°, identical (m.p. and i.r. 

spectrum) to an authentic sample. 

The dimethylformamide filtrate was evaporated and the 

resulting residue treated with water to yield 6-N-(1-acetyl-

4-phenyl-1H-1 ,2,3-triazol-5-yl)amino-5-nitrooyrimidjn-4-

(3H)-one (111) (0.55 g, 81%), m.p. 205-206°, which could 

not be purified by crystallisation, Vax  3315 (NH) and 

1770 and 1680 (CO) cm 1 . 

Found: 341.0874 

1410724_requires: 341.0872 
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3-Amino-2-nitro-3-N-(4-phenyl-1H-1 ,2,3-triazol-5-yl)-

aminoacrylamide (113) 

A solution of sodium (0.18 g, 0.008 g.atom) in anhydrous 

ethanol (5.0 ml) was added to a suspension of 5-nitro-6-

N-(4-phenyl-1H-1 ,2,3-triazol-5-yl)aminopyrimidin-4-(3H)- 

one (107) (0.6 g, 0.002 mol) in anhydrous ethanol (5.0 ml) and 

the mixture was heated under reflux for 1 h. The mixture 

was evaporated and the residue treated with water (10.0 ml) 

and•the resulting solution was extracted with metylene 

chloride to yield a small amount of brown gum (0.04 g) which 

was not further investigated. 

The aqueous mother liquor was acidified with 2M 

hydrochloric acid to give 3-amino-2-nitro-3-N-(4-phenyl-1H-

1 ,2,3-triazol-5-yl)aminoacrylamide (113) (0.38 g; 65%) 

m.p. 230-231° (from dimethylformamide-water), 
umax  3405, 

	

3320 and.3120 (NH) and 1650 (CO) cm 1 , 	[(CD3 ) 2 SO] 14.46 

(2H, brs, NH), 10.57 (1H, brs, NH), 9.13 (2H, brs, NH), 

8.08 (1H, brs, NH) and 7.94-7.34 (5H, m, ArH). 

	

Found: C, 45.5; H, 3.9; 	N, 33.6%; M, 289. 

1111723_requires: C, 45.7; H, 3.8; N, 33.9%; M, 289. 

The acidic filtrate was extracted with methylene 

chloride but no further material was obtained. 
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The Reaction of 3-Amino-2-nitro-3-N(4-phenyl-1H-1 ,2,3-

triazol-5-yl)aminoacrylamide (113) with Acetic Anhydride 

A solution of 3-amino-2-nitro-3-N- (4-phenyl-1H-1 ,2,3-

triazol-5-yl)aminoacrylamide (113) (1.1 g, 0.004 mol) in 

acetic. anhydride (10.0 ml) was heated under rëflux for 

1 h. The mixture was evaporated to give a brown gum (1.0 g) 

whose t.l.c. in methylene chloride-ethyl acetate (1:1) showed 

it to be a complex mixture which was not further investigated. 

The Reaction of 3-Amino-2-nitro-3-N-(4-phenyl-1H-1 ,2,3-

triazole-5-yl)aminoacrylamide (113) with Aqueous Hydro-

chloric Acid 

A solution of 3-amino-2-nitro-3-N-(4-phenyl-1H- 

1 ,2,3-triazol-5-yl)aminoacrylami'de (113) (1.1 g, 0.004 mol) 

in ethanol (10.0 ml) was treated with aqueous 2M hydrochloric 

acid (5.0 ml) and the mixture was heated under reflux for lh. 

The mixture was evaporated and the residue treated with 

water to afford 4-amino-5-phenyl-1H-1 ,2 ,3-triazole (105) 

(0.60 g; quant.) , m.p. 120-124°, identical (m.p. and i.r. 

spectrum) to a sample prepared before. 

No further material was obtained on extraction of the 

aqueous mother liquor with methylene chloride. 

The Attempted Reaction of 7-Amino-6-benzoyl-3-phenyl-1 ,2 , 3-

triazolo[5,1-c]-1 ,2,4-triazine (84) with Hydrazine Monohydrate 

A solutionof 7-amino-6-benzoyl-3-phenyl-1 ,2,3-triazolo-

[5 1 l-c]-1,2,4-triazine (84) (0.61 g, 0.002 mol) in methanol 
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(80.0 ml) was treated in one portion with hydrazine 

monohydrate (0.1 g, 0.002 mol) and the mixture was heated 

under reflux for 3h. The mixture was evaporated and the 

residue triturated with light petroleum to give the 

unreacted trizolotriazine (84) (0.5 g; 82%) , m.p. 200-

204°, identical (m.p. and i.r. spectrum) to a sample 

prepared before. 

The Attempted Reaction of 7-Amino-6-benzoyl-3-phenyl-

1,2,3-triazolo[5,1-c]-1,2,4-triazine (84) with Toluene-4-

sulphony1hydraz ide 

A solution of 7-arnino-6-benzoyl-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1 ,2,4-t±iazine (84) (0.3 g, 0.001 mol) in 

methanol (50.0 ml) was treated with toluene-4-sulphonyl-

hydrazide (0.19 g, 0.001 mol) and the mixture was heated 

under reflux for 3h. The mixture was evaporated to afford 

a red gum which was triturated with light petroleum to 

yield the unreacted triazolotriazine (84) (0.29 a; 97%) 

m.p. 200-203°, identical (m.p. and i.r. spectrum) to a 

sample prepared before. 

The Attempted Reaction of 7-Amino-6-hydrazino-3-phenyl-

1 ,2 ,3-triazolo[5,1-c]-1 ,2,4-triazine (47) with Triethyl 

Ortho formate 

A solution of 7-amino-6-hydrazino-3-phenyl-1 ,2,3-

triazolo[5,1-c]-1,2,4-triazine (47) (0.48 g, 0.002 mol) 

in triethyl orthoformate (20.0 ml) was heated under ref lux 
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for 30 mm. and hot filtered to give the unreacted triazolo-

triazine (47) (0.28 g; 58%), m.p. 248-253°, identical 

(m.p. and i.r. spectrum) to an authentic sample. The 

filtrate was evaporated to give a brown gum (0.18 g) whose 

t.l.c. in methylene chloride showed it to be a complex 

mixture which was not further investigated. 

The Reaction of 7-Amino-6-hydrazino--3-phenyl-1 ,2,3-

triazolo[5,1-cl-1 ,2,4-triazine (47) with Acetic Anhydride 

A solution of 7 -amino- 6 -hydrazino-3-phenyl-1,2,3-

triazolo[5,1-c]-1,2,4-trjazjne (47) (0.48 g, 0.002 mol) in 

acetic anhydride (5.0 ml) was heated under reflux for 3 h. 

The mixture was evaporated to give a dark gum (0.50 g) whose 

t.1.c. in ethyl acetate showed it to be a multicomponent 

mixture which was not further investigated. 

A solution of 7 -amino - 6 -hydrazino-3-phenyl-1,2,3-

triazolo5,1-cJ-1 ,2,4-trazine (47) (0.24 g, 0.001 mol) in 

acetic anhydride (2.0 ml) was heated at 100° (steam bath) 

for 10 mm. and then left at room temperature for 20 mm. 

The mixture was filtered to afford 1-acetyl-2-(7-ammno-3-

phenyl-1 ,2,3-triazolo[5,1-c]-1 ,2,4-triazin-6-yl)hydrazjne (120) 

(0.24 g; 	85%), m.p. 306-3070, umax 3420, 3300, 3180 (NH) 

and 1645 (CO) cm 1 , 	[(CD3 ) 2 SO] 10.25 (1H., brs, NH), 

9.32 (1H, brs, NH), 8.22-8.10 (2H, m, ArH), 7.80 (2H, brs, 

NH), 7.56-7.25 (3H, m, ArH) and 2.03 (3H, s, CH3). 
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Found: C, 50.4; H, 4.5; N, 38.5%; M-N 2 , 256. 

ç12128o requires: C, 50.7; H, 4.2; N, 39.4%; M, 284. 

The acetic anhydride filtrate was evaporated to 

give a brown gum (0.1 g) whose t.l.c. in methylene chloride 

showed it to be a complex mixture which was not further 

investigated. 

The Reaction of 7 -Amino-6-benzenesulphonyl-3-phenyl-1 ,2,3- 

triazolo[5,1-cJ-1 ,2,4-triazine 	(21) with Ethyl Carbazate 

A solution of 7-amino-6-benzeriesulphonyl-3-.phenyl- 

1 ,2,3-triazolo[5,1-cj-1 ,2,4-triazine (21) (0.70 g, 0.002 mol) 

in anhydrous dioxane (10.0 ml) was treated with a solution of 

ethyl carbazate (0.23 g, 0.002 mol) and the mixture was 

heated under reflux for 24 h. The mixture was evaporated 

to give a red gum (1.2 g) which was subjected to flash 

chromatography. 

Elution with methylene chloride gave unreacted 

triazolotriazine (21) (0.14 g; 20%), m.p. 200-203°, 

identical (m.p. and i.r. spectrum) to a sample prepared 

before. 

Elution with methylene chloride-ethyl acetate (4:1) 

through to ethanol gave a series of gums (total, 0.93 g) 

whose t.l.c. in ethyl acetate showed them to be complex 

mixtures none of which were further investigated. 
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General Experimental Data 

Infrared spectra were measured for nujol suspensions 

using/Perkin-Elmer 781 Spectrophotometer. Bands were strong 

and sharp unless otherwise stated. 

Nuclear magnetic resonance spectra were measured 

at 80 MHz using a Brucker  WP80 SY spectrometer and 200 MHz 

using a Brucker WP200SP spectrometer. Signals were sharp 

unless otherwise specified: (br) as broad; s = singlet; 

d = doublet; t = triplet; q = quartet; m = multiplet. 

T.M.S. as internal standard. 

Nuclear magnetic resonance spectra were measured at 

200 MHz using a Brucker WP200SY spectrometer, were fully 

decoupled and accompanied by a DEPT 11/2 pulse sequence 

spectrum. Signals were sharp and quat = quaternary 

carbon atom. 

Mass spectra were measured at 70 eV using an A.E.I. 

MS902 instrument. 

Microanalysis were carried out by Mr. J. Grunbaum 

and Mrs E. McDougall1  Department of Chemistry, University of 

Edinburgh. Melting points of all analytical samples were 

determined using a Koffler hot-stage microscope and are 

uncorrected. 
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All yields were based on unrecovered starting 

material. All organic extracts were dried over anhydrous 

magnesium sulphate. Solvents were of technical grade 

unless otherwise stated. Light-petroleum had b.p. 60_800. 

Flash chromatography was carried out over silica 

(Merk Kiesgel 60 GF 254 ). 

Thin layer chromatography was carried out over 

silica (Merk Kiesgel 60&54) 
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