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SUMMA?Y

The.subject matter of thig thesis.concerns the synthesis,

structure and properties of some polyazaheterocyclic compounds.
" The diazotizatiop of some simple aminotriazoles is described.

It is shown that 1,4-disubstituted 5-amino-1,2,3-triazoles undeigo
replacement of the 5-amino group by a halogen atom when they are
diazotized in aqueous hydrochloric or hydrobromic acid. 4-Carbamoyl-~
lH-l,2,3;triazole—5-diazonium chloride and 2H-1,2,4-triazole-3-diazonium
nitrate have been prepared and their bifunctional reactivity is
demonstrated by their condensation with a 'Serieé of active methylene
compounds préviding synthetic routes to the l,2,3—triazolo[5,i—é]—'
' l,2,4—triazine and l,2,4—triazolo[§,l—€]«l,2;4;triazine ring systems.
The structures of the fused triazclotriazine wvroducts have been
established by physical methods and chemical transformations.

Synthetic routes to the_l,2,3~triazolo[i,5-él—l,3,5—triazine
ring system have been investigated. The mést satisfactory method
involves the reaction of Sfamino-4—phenyl—1H-l,2,3—triazole with
isocyanates and the subsequent reaction of the adducts obtainéd with
oxrthoesters. The reactivity of the l,2,3-triazolo[i,5—%]—l,3,5—triazine
defivatives provides avnéw route to 2-substituted l;3;5—triazines.

Fupthe;,studies have been carried out on the éynthegis and
'reactivity of the l,2,3-triazolo[l,5-é_1] pyrimidine ring system.
In particular, variable tempgrature lH n.m.r. studies with various
1,2,3—triagolo[},5—é]pyrimidine derivatives have provided conclusive
evidence for the existence of diazoalkylideneamine—triazole tautomerism

in fused 1,2,3-triazoles.
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CHAPTER 1

A Review of Some Aspects of

Polyazaheterocyclic Chemistry




1.1. Introducticn

Molecules containing a fused 1,2,3-triazole nucleus (1) are

otential sources of a varietv of reactive species. Nuclei of the
P cY

0

type (1) undergo reactions which can be explained in terms of

,2

diradical (4)1, carbene.(S)l'z, nitren= (6)l , or diazonium

. L 3-6 .
cation (3) intermediates.

w::—:_._-— [\JEN+ H+
NN NS ACHY

The reactive species [(3) - (6]] are derived by homolyticl’?’7 or

3-6,8-13

heterolytic ring scission involving the loss of molecular

nitrogenl4"19 indicating a marked diazo character for the 1,2,3-
triazole nucleus (1). Anothex iwplication of this 'diazo-

character' is the possible existencelo’llb'lz'13

of diazoalkylidene-
amine-triazole tautomerism [(1) =2 (2)]j in fused 1,2,3-triazolo-

heterocycles analogous to the ring-chain, azidoazomethine-tetrazole

equilibrium [(7) = (8)] exhibited by fused tetrazolohete:ocycles.zo



i
[‘ :

_i

NN \

As a consequence of this equilibrium [(7) = (8)]] , Dimroth-type

rearrangements of fused tetrazoles [(9) = (10) = (l1); X = N]

are possible and well documented 21,22 In contrast, little is

knowri of the corresponding rearrangement [(9) &= (10).=== (il1); X = CR]

~N //3} \
— == I
N /N | \,r(l——N

(9) (10) , (11)

=_—-_- ‘ N—“l\f

of fused 1,2,3-triazoles and unlike the tetrazole éase21'22, the

intermediate [}10); X = Cé] has not as yet been detected.13

1.2. The Synthesis of Fused 1,2,3-Triazolcheterocycles

The synthesis of fused l,2,3—triazolo[4,5]heterocycles has
most commonly been carried out by the treatment of an ortho-
diamine with nitrous acid23, as exemplified by the synthesis of
7-methyl-l,2,3—triazolo[§,5—d]pyrimidine(13)24 from 4,5-diamino-

6-methylpyrimidine(12) . Sometimes a monoacylated ortho-~diamine
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Me 0 Me
KINHZ e dwi
N ' ™ N

SNH,
(12) (13)

is employed23'25[ the acyl group being lost during diazotization.

As an alternative to diazotizing the ortho-diamine, the middle
nitrogen of the 1,2,3~triazole ring may be introduced by employing
- c .

. . 23 . . 26 o . .
a diazonium salt as in the reaction = of 2,3-diaminobenzoic acid

(14) with diazotized sulphanilic acid (15) to give benzotriazole-

4-carboxylic acid (16) .

2
NH2

NH, | |
COH - SOH COH

(4 (15) © (16

Fused l,2,3—triazolohetero§ycles containing a bridgehead
nitrogen atom may be obtained in general by either starting with
a suitable heterocycle and building the triazole nucleus onto it,
or conversely by constructing the system starting with a suitable

1,2,3-triazole derivative.



(23) (24)

Scheme 1
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The former approach has generally been carried out by
preparing a compound which contains a suitably situated diazo group
which then cyclizes in situ to the desired fused 1,2,3-triazole.
.27 . ..
The demonstration that diazo group transfer onto B-iminoketones
~generally leads to 1,2,3-triazoles and not the expected diazo

tautomers is consistent with the observation by Boyer et.al.28

and Bower et.al.,29 that dehydrogenation of o-pyridinealdehyde-
hydrazone (17) yields, not da-pyridyldiazomethane (18), but the

cyclic isomer 1,2,3ftriazolo[1,5—é]pyridine (19). A good example

@k oS
S uH_—,}\N H N

) N |
HZN—’N N, N=—=

(17) — " (18) - (19)

demonstrating the intermediacy of a diazo tautomer in such
reactions has been reported by Eistert and Endres30 in their work
(Scheme 1) on the reactions of phenyl-2-pyridylglyoxals (20) with‘
hydrazine. Oxidation of the resultant isomeric monohydrazones (21)
and (23) gave the diazoketones (22) and the‘l,2,3-triazolo[l,5qﬂ-
pyridines (24) respectively. As in the case of fused 1,2,3-~triazolo-
@,i]heterocycloszé, diazotization of a suitably situated amin§ group
may also lead to ring closure as demonstrated by a recent synthesis3l
of 4,5-dihydro—4—oxo-l,2,3—triazolo[i,S-é]quinoxaline—3-carboxylate

(26) from the aminoquinoxalone (25).
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(25) . (26)

Reimlinger32 has modified the 'diazo' method of synthesis by
treating an a-pyridylketone (27) with para-toluenesulphonylhydrazide
to give the corresponding l,2,3—triazolo[l,S-é]pyridine (28)
directly. This one step synthesis involves the‘gormation in_situ’
of the diazo intermedigte which then cyclizes to the 1,2,3-triazolo-

heterocycle (28).

~ | TsNHNHy [

COR xR

(27) : (28)

Liebér and his co-workers observed33 that whereas azido-
benzene derivatives react as expected with phenylacetonitrile undex
basic conditions to afford 5-amino-l-aryl-4-phenyl-1,2,3-triazoles,
ortho-nitrophenylazide behaves anomalously giving 3-phenyl-1,2,3-
triazolo[l,5—é]benzo—1,2,4—triazihe 5-oxide (30). This compound
is presumably formed by an aldol-type condensation [}29) > (30ﬂ
between the nitro— and amino-groups in the initially formed

1,2,3-triazole (29). This work has been extendedloa using



(29) 300 QO

ortho-azidobenzoic acid instead of ortho-nitrophenylazide to afford
the first reported examples of the 1,2!3—triazole[1,S—é]quinazoline
ring system. This type of reaction may be regarded as the synthesis
of a fused 1,2,3-triazoloheterocycle using a preformed triazole
intermediate. The construction of fused 1,2,3-triazoloheterocycles
from a preformed triazole derivative has provided routes to other
» 10-13 . . .
ring systems , a typical example being the extension of work
' 4

originally, briefly described by Birr3” to the synthesis of the

: . < oau . 11lb .
1,2,3—tr1azolo[3,4—é]pyr1m1d1ne ring system. Here, amino-
1,2,3-triazoles (31) condense smoothly under basic or acidic
conditions with pB-dicarbonyl compounds to give for example, 5,7-

dimethyl—3~phenyl-l,2,3-triazolo[1,S-é]pyrimidine.(32, R = th.

(31) (32)
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1.3. The Loss of Molecular Nitrogen from Fused 1,2,3-Triazolo-

heteroqycleé (1,2,3-Triazole Scission)

In 1896, Graebe and Ullmann observed14 that by heating
l-phenylbenzo~1,2,3-triazole (34), Eprepared by diazotizing
ortho-aminodiphenylamine (33ﬂ elimination of nitvogen occurred

. . . 15,17,18
to give carbazole (35). More recent extensions of this type

|

A > H
HNG;> N/ -
2 .
(33) . (35)

(34) Ph

NH, = =
x X

of reaction have been carried out, notably by Gibéon18 in his

synthesis of phenanthrene (36).

(36)
Such reactions probably occur by a radical type of mechanism

1,2,13 of the triazole

involving the so-called homolytic scission
ring (see later).
Robinson and Thornley16 found that the Graebe-Ullmann

reaction of l-y-pyridylbenzotriazole (37) to give the carboline (38)

was facilitated by the presence of polyphosphoric acid.. A similar

observation has been made by Kermack and Storey19 and such apparently



4

I . (38)
NS
(37)
. ' . s 376,812
acid-catalysed processes may occur by heterolytic scission '

of ‘the triazole ring (see later).

(a) Homolytic Scission

Boyer and Selvarajan synthesized carbazole (35) by phctolysing?
a methanolic solution of l-phenylbenzo-1,2,3~triazole (34).
:However, when benzo-1,2,3-triazole (39; R = H) or its 1l-methyl
derivative (32; R = Me) was subjected7 to the same treatment,
mixtures of ‘the corresponding aniline (40) and ortho-anisidine (41)

. 7 . .
were obtained. Boyer suggested a mechanism for these reactions

QP

(39) (40) ’ (41)
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involving the loss of nitrogen to give an intermediate which could

have the diradical (42), carbene (43) or aziridine (44) structures.

72NN , ' .
] <> @N—R
XN NR

(42) ) (43) (44)

Subsequent intramolecular rearrangement to carbazole (35) or reaction
with methanol then yields the anilines (40) and anisidines (41)
observed as products.

Crow and!Wentrup have shownl that the gas-phase pyrqusis of
1,2,3—triazolo[l,S—é]pyridine (45) affords a mixture of azobenzene

(46) and aniline (47), and the same products result35 from the

/ | NH,
(45) ‘ . (46) (47)



Scheme 2
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mild pyrolysis of phenylazide (48). However, under more vigorous \
thermal conditions35 it was found that phenylazide gives rise to
l-cyanocyclopentadiene (49) and pyridine (50).

.The results cbtained from the pyrolysis of phenylazide are
explainedl by the formation éf an %ntermediate sinalet nitrene which
may undergo intramolecular insertion into an aromatic double bond
leading, after rearrapgement, to l-cyanocyclopentadiene (49).

It is sugéestedl that in the mild pyrolysis of phenylazide (48},

the initially formed singlet nitrene decays by intersystem crossing
to the triplet nitrene which may then undergo coupling oxr hydfogen
capture tov give azobenzene (46) and aniline (47)Nfespectively.

The apparently anomalous formation of pyridine (50) is explainedl'2
by a thermal interconversion of phenylnitrene (51) to 2-pyridyl-
carbene (52) (schéme 2) and subsequent loss of cafbon.-- The resultsl
obtained fiom the pyrolysis pf l,2,3—triazolo[i,S-é]éyrid;ne (45) |
lend éupport to the theory of a possible equilibrium between
phenylnitrene and 2-pyridylcarbene [(51)==== (528 , but the notable
absence of l-cyanocyclopentadiene (49) as a product poses

guestions as to the nature of the intermediate involved in the
pyrolysis, In his investigation Crow pyrolysea other 2-pyridyl-
carbene (52) generatorsl in a similar manner. The results- obtained
offered only one possible conclusion,l namely that of all the
generxators of phenyl nitrene, only 1,2,3—triazolo[i,5—é]pyridine
(45) directly produces the triplet.species capable of dimerization

to give azobenzene (46) as the major product.
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Crow's explanatipnl of the course of the pyrolysis of 1,2,3-
triazolo[i,s—éjpyridine (45) (Scheme 3) is based on the consideration
of the spin state of the intermediate. He suggests that the
stepwise elimination of nitrogen would entail the initial formation
of a singlet biradical (53a) (i.e. conservation of spin state).
.However, rotational interconversioh of the type [}53a)a=== (54ﬂ
would léad to.separation of the lobes being so great as to rendexr

" the distinction between singlet and triplet states meaningless.
Subsequent loss of nitrogen from the now more likely triplet
(53b) or (545 would lead eventually, with conservation of spin

to triplet nitrene (55).

(b) Heterolytic Scission

In 1958 Boyer and his co-workersobserVed8 that 1,2,3-triazolo-
ﬁqs—é]pyridiné derivatives (56),underwent decompositioﬁ in aciéic
media, with loss of nitrogen,'to give derivatives of a—pyridylméthaﬁol
(60) . Thus, when 1,2,3—triazolo[l,S—é]pyridine (56; R = H), or
its 3—pﬂenyl derivative (56; R = Ph) , was warmed in cérboxylic acid
or phenol solutions, the corresponding carbpxylic acid‘ésters
(60; A = .OCOR) ‘or thé phenylether of afpyridylmethanol'(6o;

Ar= .QPh) were obtained; The mechanismjsuggested (Séheme 4)8
for this acid catalysed scission bf the triazole ring was founded
on the results of studies by Boyer et.al. on the ultraviolet
spectra of l,2,3—triazolo[1,5—é]pyridine (56; R = H) in various
media. These workers showed that triazolopyridine gave identical

spectra in neutral or basic solution, whereas in acidic solution,



Scheme 4

NN OH-
(56) (57)
R
|+
7 IT/CHN:N
N A
(59)
f? |
T
) W —

(58)

)
A HA
(60)
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a different spectrum was obtained. The latter spectrum was
éssigned to the conjugate acid (57) of the txiazolopyridine.
When the acidic solution was neutralized, the spectrum reverted to
that of the free triazoloéyridine (56) . The stability of the
conjugate acid'(57) was demonstrated8 by the lac- of change in
the_spectrum of a solution in 1.2 N-hydrochloric .acid after keeping
at room temperature for two weeks. At“higher temperatures, a
rearrangement of the tautomeric conjugate acid (58) fcllowed by
rin§ cleavage and a breakdown of the intermediate diazonium salt
(59) résulted in the formation of the a-pyridylmethanol
derivatives (60).

Heterolytic scission of this type has also been demonstrated

10a,12a

in the l,2,3-triazolo[l,5—é]quinazolinel 1,2,3-txiazolo-~

Ob,c

[5,l—cﬂ--l,2‘,'4-benz<'3triazine,l and l,2,3—triazolo[§,l—a3-—

11b,12b,13

pyrimidine ring systems. However, a notable observation

concerning acid-catalysed scission is the unwillingnessg'g’llb'13

of fused triazoles (61) to undexgo cleavage with subsequent loss

’

.of nitrogen when the substituent at C-3 is electron withdrawing.
Ring cleavage without loss of nitrogen has, however, been observed.s'6
Treatment of 3—acyl—l,2,3¢triazolo[l,S-é]pyridines (62) with

perchloric acid affords5 the solid diazonium perchlorates (63).

6
Holt and Wall found that the acid catalysed scission of
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8—oxindeno[l,2—d]-l,2,3-triazole (64) gives the indene derivative

(65) which was isolated as the acid salt. Treatment of the

H* N _0
p\\:f\\ 2 /f;>//;7 (66)
()P* -+ P*z()

h&ﬁz
(65)

diazo - compound (65) with base regenerated the oxindenotriazole

(64)

(65). However, mild hydrolysis yielded the diazoindene

"derivative (66).°
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1.4. Diazoalkylideneamine-Triazole Equilibria and Related

Processes

The tautomerism [167 F== (68ﬂ has long been known

for simple hydrox

HO~_ N

(67)

to the diazo stru

36-39

y—~-1,2,3-triazoles. An intermediate (70) similar

| O*\\$/NHR
37N
‘:?pq"
(68)

lla,40

éture (68) has been thought for a number of

. o . . 4
years to be involved in the reversible isomerization 1 of 1-

substituted-5-amino~1,2,3-triazoles [(69) === (71)] .

l:(\N

N
- NH,

(69)
The effects

the nature of the

e e

NE=N* | =

Qm——

“NHR

(71)

(70)

33,40,42,43
of the substituents R and R and

: ., 33 . . . . . .
medium in which the isomerization is carried

out on the position of the equilibrium [}69)E==é (7lﬂ have been

investigated. Generally, the more electron withdrawing the

substituent R, th

liellar33,40 [ o

e further to the right the equilibrium will

. the acidic tautomer (71) will predominaté].



Scheme 5
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Solvents of high polarity also shift the equilibrium in the same

direction.33 The retrogressive rearrangement [k?l)-——a-(69ﬂ has

11la,40

been observed to be promoted by electron donating substituents

at C-4. The diazoalkylideneamine-triazole equilibrium [}72);:2(73ﬂ P

thought tc be involved in such Dimroth rearrangements,lla'40 has

[\llz_——N - CN==NT

N~ >~
R” R S
 NRR

(72) . ‘ (73)

5,43-47

only recently been .detected. The existence of equilibria

of the type [R72)===2(73£] has been demonstrated simultaneously by

Harmon and his co—workeré,43'46 44,45

and by Regitz and Himbert.
They have shown (Scheme 5) that the 1,3-dipolar addition:of
substitutéd benzenesulphonylazides (75) to ynamines (74) gives fise
fo equilibrium mixﬁures of the corresponding triazoles (76) and
diazoamidines (77), the extent of the equilibrium [(76)& (77ﬂ
being dependent on the nature of the substituents. However, Regitz
did observe45 that when ynamires of the type (74; R = H) were used,
the equilibrium lay heavily in favoui‘of the diazo tautomer. This
work stands in contrast to results obtained by Huisgen,48 who

found that the addition of aryl- and aroylazides to N,N-dimethyl-

aminophenylacetylene gave only the correspending 1,2,3-triazoles.
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Analogous to the diazoalkylideneamine~-triazole tautomerism’

[(72)===ﬁ C73ﬂ is the corresponding azidoazomethine-~tetrazole

isomerism |378)==== (79] .20 The analogy between 1,2,3-triazoles
. | 1
L _ R\l__N/R
_ 1 |
FQ-__—(:’*‘PJ—_'FQ —_ I
- »l Pq‘\Tqﬁﬁpd
N
3 (78) : (79)

and tetrazoles in such processes is further demonstrated by the
. . . ., _49-51 - . .
facile thermal isomerization .of l-substituted 5-aminotetrazoles

(80) into substituted 5-aminotetrazoles (81). However, whereas

q]—_.::qj ‘_\ [\l]——-—f\____ I{
NN

NH2 | “NHR

(80) (81)

azide-tetrazole tautomerism [382)===9(83); X = ﬁ] and the ,

attendant Dimroth-type rearrangements [(82)====(83)===E(84); X = ﬁ]

of fused tetrazoloheterocycles have now been well documented,21'22

2 | N X~ 2N \L%(\N
. === Q Il
N N _N—N

(82) (83) (84)



(87) ‘ A . (£8)

. .) A H
O PR A N 0 4 “;)
x~_NH  OH-” SN
Me Me
~(85) ‘ (86)

Scheme 6
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only one example of the rearrangement of a fused 1,2,3-triazole
E(82)F==*(83)G==?(84);l X = CR] has been reported.l3 Condensation13
of ethyl acetoacetate with 5-~amino-4-phenyl-1lH-1,2,3-triazole
{Scheme 6) in the presence of piperidine gave a base stable product
(85) which when crystallised or dried at elevated temperatures éave
the thermally stable isocmer (86f,”the proposed intermediates in
thié reafrangemént being the open chain.forms [}87)$==2(883 .
Reconversion of the isomer (86) into (85) was accomplished smoothly
by warming in ethanoiic piperidine. -I.r. and lH n.m.r, investi-
~gation of the products failed to detect any of the intermediates
[(87)‘or (SBD . This is in contrast tco the corresponding

tetrazolo[l,S—é]pyrimidone (89) which may be converted21 into

N"‘“N

ﬁ/N 0 ﬁ/N 0 \‘/N\
N——N

- Me Me
(89) ' (90) _ (91)
either the closed (91) or open—éhain (90) isomeric structures
depending. on the conditions employed. Further insight into the
subject of azide-tetrazole tautomerism [(82) =(83); X = ﬁ] in
fused tetrazoloheterocycles has been obtained by Wentrupsz, and
Huisgen and Fraunberg53, in their studieé of substituenf effects
in the tetrazolo[i,S—é]pyrimidine system. Hui;gen observed53

that when R is electron donating, the tetrazole form (92)
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-H E—: | H /N\I(N:3

R l/N R Xy N

Me | Me

(92) ‘ (93)

predominates, whereas if R is electron withdrawing, the azide form

(93) is favoured.

The synthesis of new fused l,2,3-triazole systems containing
bridgehead nitrogen atoms, and the study of these and related

heterocycles constitutes the subject material of the following

thesis.
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Chapter 2

The Diazotization of Amino-1,2,3~ and

Amino-1,2,4-triazoles - Synthetic Routes to

the 1,2,3—Triazolo[5,l—d -1,2,4-triazine and 1,2,4~

Triazolo[s,lid-—l,2,4—triazine Ring Systems
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Part One - Discussion

2.1 Introduction

The l,2,3—triazolo[5,l—é]—l,2,4—triazine ring system (94) is
of interest in relation to the question of the relative stabilities
of the fused 1,2,3-triazole [é.g. (94D and its diazo tautomer
Ee.g. (9SU . Thus it might be éxpectea_that the strongly electron-
withdrawing chaiacter of the triazine ring would have the effect of

destabilizing (94) relative to (95).

-.(94) (95) '

No examples of the l,2,3—triazolo[5,l—é]-l,2,4—triazine ring
system (94) have a; yet been reported. It was hoped to develop
a suitable route to the ring system (94) by making use of the
bifunctional reactivity of 1H-1,2,3~triazole diazonium salts (97).
Thus coupling of suéh a salt with suitable active methylene
compounds (96) should yiela'hydrazénes (98) set up for cyclisation
to 1,2,3—triazolo[5,l-é]—l,2,4-triazihe derivatives (99). (Scheme 7).
Such a synthesis finds analogy in Partridge and Stevens'54 study

of the pyrazolo[S,l-é]-l,2,4—triazine ring system (100).



-21-

N
(100)

2.2. The Diazotization of 5-Membered Heterocycles

The diazotization of S5-membered amino heterocycles has not
been as extensively studied as that of their benzenoid counterparts.
The first example or a stable heterocyclié 5~-membered diazonium
‘salt was reported by Bémberger55 in.1899, He found that treatment
Qf a solution of 3-aminoindazole (10l) in hydrochloric acid with
sodium nitrite gave the diazonium salt (102), which, on treatment
with alkali, lost a proton to yield the diazo compound (103)-.

This last reaction is a general feature of diazonium ;alts,s6
and indeed, pyrrole and indole diazonium salts are so acidic

that they give up a proton even in dilute acidic solution to
afford the correspénding betaines.

The difficulty of introduéing a suitably placed amino group
in the 5-membered heterocycle is often a dfawback in the formation
of the required diazo compound. Other methods of synthesis must
then be sought. Among the altérnatives to diazotization is the
method of direct introduction of the diazo group as used in the
synthesis57 of 3-diazo-2,4,5-triphenylpyrrole (105) from 2,4,5-

triphenylpyrrole (104). This reaction,which is carried out under






Ph N
~h HNOpHCL , T T

g PEE0 oSNy

(104) (105)

PH

normal diazotization conditions, is thc_ughts8 to proceed via a
3-nitroso intermediate which then reacts further with nitrous acid
to give the diazo compound (105). This method hgs proved59 to be
thevonly.suitable route to 2-diazopyrxoles.
One of the most interesting reactipns of diazonium salts and

diazo compounds is their ability to couple with suitablydacidic
hsubstrates. Although it is often difficult to determine which
species actually undergoes coupling,56 most diazo compounds and
diazonium salts react with alkaline B-naphthol (107) to giye highly

coloured azo compounds [e.g. (lO6)——>(lOBﬂ . However, Reimlinger

and his co—workers60 observed that when 3-diazopyrazole (109) was

’

R—N3 >

HO HO

(106) (107) (108)

treated in this way, an intramolecular cyclization occurred,

subseqguent to coupling, to give the compound (110). Farnum and
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Yates further observed6l that when the diazopyrazole (11ll) was
heated in acetic acid, intramolecular coupling occu;red to give the
pyrazolopyrazole (112).

It has also been shown61 that under some conditions, aiazo
compounds may'lose nitrogen as exemplified by the photolytic
conversion of the 3-diazopyrazole (113), in agueous aceténe or
benzene, into the pyrazoles (114) and (115).

Information on the diazotization of aminopriazoles is even
more scant than that relating to the diazotization of 5-membered
heterocycles_in general. Morgan and Reilly studied the diazotization
of 3-amino-1,2,4-trizzole (116) undgr varyiné sets of conditions,

and cbserved that a stable diazonium salt is formed only when an

F+Pd\\1§5;PJ
(116)
oxy-acid (e.g. nitric acid) is used. When Shealy etal. diazotized

5-amino-1,2,3-triazole-4-carboxamide (117) with jsocamyl nftrife'

in aqueous acetic acid solution, the diazo compdund {118) was

HINPSCoNH, ™M con,
NH, W+
(117) | | - N-

.(118)
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(121)

(120)
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1
WJ__
H3/7

MR
(119)

obtained,63 but on standing in solutiorn, slowly cyclized to
l,2,3~triazolo[h,5-d]—l,2,3—triazin-7(6H)—one~(119) (2,8-diaza-
hypoxanthine). This cyclization process ﬂllS)-ﬁ»(ll9ﬂ occurred
much more rapidly in alkaline solﬁtion. Any use of the amino-
triazole (117) as a starting material for the syﬁthesis of the
l,2,3—triazolo[5,l—é]—l,2,4-triazine riné system (94) must be
.made in such a way that the pfoduction of (119) does not become
a complication.

As a prelude to the study of the coupling reaction% of

lH—l;2,3—triazole diazonium salts with active methylene compounds,

the diazotization of some simple 1,2,3-triazoles was investigated.

2.3. The Diazotization of Some 1,4-Disubstituted 5—Amin9—l,2,3—
triazoles
Work carried out in this department64 has shown that when
5-amino—l,4-—diphenyl—l,2,3—triazole41 (120a) is stirred at Oo
in aqueous hydrochloric acid or hydrobromic acid and treated with
an aqueous solution of sodium nitrite, direct formation of the
corresponding halogenotriazoles (l21la) or{l22a) occurs. These

reactions contrast with the behaviour of benzendiazonium halides



_ .
ArNg cim Seel [Ar—i\]z-m CuCl2]

(123) ' ' (124)
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(125)
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Scheme 8
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_which normally require the presence of cuprous halide (Sandmeyexr

, 65 ' . 65 . ;
reaction) or of copper (Gattermann reaction) for conversion into
the corresponding halogenobenzenes. As a follow up to the previous

6 (1200)%7, ana (120q)ttar4t

work64 the S5-aminotriazoles (120b)6
were similar;y diazotized to afford the 5-chloro- and S5-bromotriazoles
(lé;b - d) and (122b - 4). The halogenotriazoles (121b). and(122b)
were pﬁrified by chromatography over alumina, and (121¢) and(l22c)
were isolated from unreacted starting material (120c) by fractional

" crystallisation from ethanol. However, when the aminotriazole

(120c) was‘diazotized in a mixture of aqueéus hydrobromic acid and
glacial acetic acid it gave l-benzyl-5-bromo-1,2,3-triazole-4-~carbox-
amide (122¢) which required no furtﬁer Qurification.

The halogenation re;ctions described are useful synthetically.
The chlorotriazole4l (1214) has been cbteined previously by a two
step synthesis involving the preformation of the hydroxytriazole
féllowed by its reaction with phosphorus pentachloxride. However,
the overall yield of the synthesis is poor, and bromotriazoles are
not easily accessible by this meﬁhoa.

The question arises as to the mechanism involved in these
halogenation reactions of 1,2,3-triazolediazonium salts. In the
benzene series, replacement of the diazcnium cation by a halogen atoﬁ
is a relatively difficult pro&:ess.65 The mechanism now generally
accepted for the Séndmeyer reaction (Schéme 8) involves the
formation of an intermediate complex (124) between the diazonium
salt (123) and cuprous chlorideﬁ Breakdown of the complex,

probably by a process involving aryl radicals, gives rise to the

aryl chloride (125). The direct halogenation reactions of
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1,2,3-triazolediazonium salts presently described involve the
formal substitution of diazoniﬁm cations by halide ions. Such
processes may occur by way of a resonance stabilized intermediate
of the type [(127)«—(128)] obtained by nucleophilic attack by
the halide ion (X ) on the diazonium salt (126). The structure

(128) in which the negative charge resides on nitrogen will
N=— | [TI:N- -[\|j————|N
RN R IR RANR
= + + ' +
X N | X A\ X .[\\k\

N N N

(126) .o (127) _ . (128)

-2

make the greater contribufion to the stability of the hybrid.
Formation of the intermediates [(127)«—;(128D , the stability.

of which is not attainable in the benzene series, accounts for.
.the ready displacement of l,2,3-triazo]ediazonium_cations compared
with theif benzene couﬁterparts.« The only apparent analogy in
triazole chemistry is found in the work of Morgan ana Reilly.62

As already discussed (Chapter 2.2), diazotization ofv3-amino-
1,2,4-triazole (116) in nitric acid solution gives a stable
solution of the diazonium salt which couples with B-ﬁaphthol.
However, when diaéotizatiOn is carried out in hydrochloric acid,
the product is the chlorotriazole (129). Uncatalysed replacement
of nitrogen by chloride ion has also been reported by Buchmann

and Hamiltoh68 in the diazotization of 3~amino-2-ethoxyquinoline  (130)

in hydrochloric acid to give the 3-chloro derivative (131).



{120)
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=
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The fact that the(l,2,4-triazol-3-yl) diazonium cation is
apparently stable62 in nitric acid soluticn orompted-the study of
the diazotization of 5-amino-1,4- diphenyl -1,2,3-triazole (120a)
in nitric acid. However, this reaction only«resulted in the
formction cf a multicomponent oil.

The introauction of fluorine intc a benzene ring is
:conveniently accomplished by the so-called Schiemann reaction.69
This reaction involves the initial. formation and pyrolytic decompos-
ition of the stable benzenediazonium yluorcborate. In an attempt
to develop a éynthesis of flucro-l,2,3-triazoles, 5-amino-l,4-diphenyl-
1,2,3~triazole (120a) was diazotized in fluorobo?ic acid solution

to give a yellow solid whose i.r. spectrum contained a sharp band

at 2250 cm_l consistent with the diazonium fluoroborate structure (132).

N ?:_—_:N
=
PR j)\Ph
I,
%

(132)
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'The solid (132) did not undergo nucleophilic attack by hydroxide

ion when left in contact with dilute aqueous sodium hydroxide

solution, but in accord with this structure, heating the salt (132)
under reflux in ethanol gave a lcw yield of l,4—diphenyl—l,2,3—triazole

(133). The reduciive deamination of diazonium salts in alcoholic

=)
PRSP

(133)

6

solution is a well-linown process. S Cowdrey and Davies have
suggested65 that reactions of this type involve the permanent
oxidation of a catalyst (e.g. copper) or some other species as
exemplified by the equation:-

R-N + + C,H.OH =———3% R-II + N, + H+ + CH.,CHO

2 275 ‘ 2 3 :

Replacement of the diazonium group from a 1,2,3-triazole by hydrogen
has previously been observed ty Thiele and Schleussner7o in their

work on the diazotization of 5-amino-4-hydroxy-2-phenyk-1,2,3-triazole

(134). They observed that warming a solution of the diazonium salt

Ph~.,____ P Ph~.
Y (HCENaNOp N \/'NK
NSNS (Cu NS ~ou

NH,

(134) ' (135)
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derived from (134) with copper powder results in deamination to
(135).

It was of interest to exploit the synthetic pcssibilities
of the now readily available halogenotriazcles by studying their
nucleophilic substitution reactions. It has pr=z2viously been
repofted41 that when 5-chloro-l-phenyl-1,2,3-triazole (136) is
treated with ammonia, 5-anilino-1H-1,2,3-triazole (138) is obtained.
The mechanism of this reaction probably involves the initial
nucleophilic replacement of chloride ion by ammonia followed by

11a,33,40 ((137)—>(138]] of the intermediate

Dimroth rearrangement
amine (137). A more straight forward example of such a nucleo-
philic displacement is the reaction of the 5-chlorotriazole (139f
with aniline to give the 5-anilino compound (140).%%  S-chloro-
l,4—diphenyl—l,2,3—triazoie (121a) failed to react Qhen similarly

treated with aniline. The triazole (121a) also failed to react

when it was heated under reflux with'aqueous ethanolic sodium azide.

2.4, Some Coupling Reactions of 4-Carbamoyl-1H-1,2,3-triazole~

5-diazonium Chloride and the Synthesis and Reactivity of the

i

1,2,3—Triazolo[:5,1—&]—1,2,4-triaziﬁe Rirg System.

The ability of diézonium salts to couple with suitably
activated aliphatic compounds has long been known and has been
reviewed recently by Parmerter.7l However, few examples have
been reported én the use of diazo coupling in the formation of
6—memb;red heterocyclic compounds. Chéng has shown72 recently

that the diazotization of the 3~aminopyrazole (141) results in the

isolation of the pyrazolotriazine (142). However, as has been



(147)

Scheme 9

(145)
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(i

(141) (l42f

stated previously, the projected synthesis of tﬁe 1,2,3—triazolo—
[5,1—é]—1,2,4~triag;ne ring system (94) finds more direct analogy

in Partriagé and Stevens' synthesis of the pyrazolo[s,l—é]-l,2,4—
triazine »ing system (lOO).54 These workers fourl that when
diazotized 3;aminopyrazole (143) was coupled with an active methylene
compound Ee g. ethyl methylacetoacetate (144z] in the presence of |
base, and the resultant solutlon was buffered with .sodium aceLate,
the dimethylpyrazolotriazine (147) was isolated. The course of,
this reaction (Scﬁemé 9) probably involves . a Japp—Kl;ngemann73'74
reaction [(143) v (144)—(145)—»(146)] leading to the hydrazone
(146) which then cyclizes in situ to the product‘(l47). Supporting

this mechanism is the fact that when ethyl cyanoacetate was used

the hydrazoﬁe (149) .was isolated.54 The étructure (149), as
CN ~CN
I H |
N::N-—(|ZH ‘ ' N—N::(ll
X\ H COEE | §N/NH - COke

(148) | (149)
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opposed to the azo tautomer (148) for such products is now well
established.71

The diazotization of the amine hydrochloride (150 b) in
metbanolic solution usihg amyl nitrite gave the solid diazonium salt
(150 c¢). The reason for -supposing the'product to be the Qiazonium
salt (150 c) rather than the betaine (118) obtained bf Shealy g&gl.63
lies in the method of synthesis. ﬁhereas Shealy used a weakly
acidic medium (i.e. aqueous acetic acid} to make the diazo compound
(118), the diazonium salt (150 c¢) was obtained from a strongly acidic
solution. The diazonjium éhloride (150 g) remained stable when keﬁt
in.a dark bot£le and stored in‘q‘refridgerator prior to use.

Whgn an agueous ethanolic solution of the diazonium salt
(150 c) was addéd to cooled soiutions of the active methyiene
compounds (Table -1) in aqueous ethanolic sodium acetate, the
" hydrazones (151 a-g) Qere isolated. | The produéts from diethyl.
malonate and gthyl cyanoacetate were obtained as a hydrate and an
ethanol solvate respectively, as indicated by their i.r. and lH
n.m.xr. spectra. However, crystallisation or drying at an elevated'.
temperature liberated the free compounds (151 e) and (151 g). . When
" the diazonium salt (150 c) was coupled with cyanoacetamide, the
hydrazone (151 h) was obtaines. However, attempted crystallisation
of this inéoluble solid from aqueous dimethylsulphoxide resulted
in'the formatipn of its cyclic isomex, the triazolotriaziﬁe (155 b).
When mélononitrile was used as a substrate for coupling, the result

was the direct isolation of a sclid whose properties are consistent

with the aminotriazolotriazine structure (155 c) (see later).
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The lH n.m.r. spectrum of the hydrazone (151 f£), which was
obtained from ethyl benzoylacetate, indicated the presence of more

than one species. This may be accounted for in terms of geometric

isomers of the type (158) and (159). The hindered rotation

(159)

.broﬁggt about by the azomethine doubleAbond causes thg protons éf
the ester groups in leS)*and (159) to exhibit different chemical
shifts.

The evidence for the structures of the h?éfazones (151 a-h)
proved guite conclusive. lH n.m.r.,vi.r., and mass spectral
data is consistent for the hydrazones (151 a-g), but some difficulty
was encountered in obtaining correct aﬁalytical data (Taﬁle 1)
for the hydrazones lel c) and (151 g). The ketone hydrgéopés
(151 ;:d and f) all show (M+ - HZO) in their mass spectra, é result
which indicates the formation of the corresponéing trigzolotriazines
(153 a-e) in the probe. All of the hydrazones (151 a-h) are
soluble on brief treatment with dilute aqueous sodium hydroxide
solufion and may be xegenerated on acidification with dilute aqueous
sulphuric acid. This behaviour is consistent with the acidity of

the protcn at N-1 on the triazole ring.
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It has been shownlla that acetylaticn of 1H-1,2,3-triazole
" derivatives results in the formaticn of the corresponding 1l-
acetyl compounds which exhibit characteristic i.r. and lH n.m.xr.
ébsorption. Correspondingly, acetylation of the hydrazones
(151 a-f) was accomplished smcothly in warm acetic anhiydride
giving thé l-acetyltriazolylhydrazoneg 151 j-o), all of which show
a cﬁaracteristic signal at 1 7.20-7.35 in their lH n.m;r. spectra
and a band at 1760-1750 cm-1 in their i.r. spectra. 't is knownlla
that an acetyl groué at N-1 on a triazole ring gives rise to such
_absorptions. - As in the case of the parent hydrazones (151 a-h)
the possibility of geoﬁetric isomerism [é;. (158) ¢nd (159ﬂ also
exists in the acetyl derivatives (151 j-0) and is indicaéed by the
multiplicity in the]'H n.m.r. speqtra of'(iSl k,1, and o). The
coméounds.(lSl k and o) appear to éonsist of more than one species
. as shown by irregular multiplets attributable to the ethyl protons
of. the ester groups. In the case of (151 1), signalis at 1 7.25 and
7.33, attributable to .N.COMe, and 1 7.48 and 7;56, attributable to
.COMe; were observed. However, as well as geometric isogerisﬁ)
other factors may exist which can account for this multiplicity.
Although N- unsubstituted l,2,3—triazoles are génerally wri&téh as
in gtructﬁre (160; R=H), the structures (161; R=H) and (162; R=H)
are equally likely. Correspondingly the acetyl derivatives
(161; R=Ac): and (162; R=Ac) Qay be formed as well as (160; R=Ac).'
Anothex factor which may account for.the observed multipliéity is

the possible existence of hydrogen - bonded structures, of the type

(164), in equilibrium with non-bonded structures of the type (163).
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The p&s;ibility of diacetylation in the case of the hydrazone
(151c), is excluded on the basis of analysis and mass spgctral evidence.
Although more than oné signél attributable to .N.COMe.is observed

in the case of (151 1), the fact that the sum of the integfals at

T 7.25 and 7.33 is sguai to thg sum of the intggrals at T 7.48 and
7.56, pro&ides additional evidence against the possibility of
diaéetylation. However, diacetylation of the hydrazone (151 h) was
achieved under standard monoacetylation conditions. The position

of this second acetyl group has been assigned as in (152). The
possibility of acetylation of the amide group is excluded on the

basis of the lH n.m.i. spectrum of (152)4which shows signals at T 1,54
and 2.00 aﬁt?ibutable to an intacfbprimary amide. Attempted acetyl-
.ation of the hydrazone (151 h) obtained from ayanoacetamide, resulted
~in the formation of ; highly insoluble, black, intractable solid which .
could not be characterised.

When an attempt was made to hydroiyse the acetfl derivatives
(151 j) and ()51 k) by heating under reflu# in agueous acetic acid,
the products were the corresponding triazolotriazines‘(153 a) and
(153 b).

As has been previously stated (Chapter 2.2), when a diazonium’
salt is introduced into a baéic medium and coupled with an acidié
éubstrate,‘it‘is difficult to detect whether deprotonation‘of
the diazonium cation to give the corresponding betaine has
occurred prior to coupling. Consequently, the mechanism of the.
coupling reaction between the diazonium salt (150 ¢) and the

active methylene compounds listed in Table 1 depends on whether
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the triazole (150 c) is deprotonated when introduced into a
solution containing sodium acetate. Althougﬁ no investigation
has been carried out as.to whether or not this happens in .the

case of (150 c), results have been obtained75 which show that the

corresponding 4-phenyltriazolediazonium chloride .1b5) is converted

= meoae O
AP Zher Ph
N+ .
- |
N C M-

(165) : (166)

into the befaine (166) on treatment with an agueous éthanolic
so?ution of sodium acetate. By analogy, a-mechanism thus exists
for coupling between the betaine [3i67)+—+(16821-and the ioni%ed
active methylene compound (169) (Scheme 10) leading eventually to
ghe hydrazohé (172). Since no acidification is required to
obtain the free hydrazones (151 a-h), the acidity of the agueous
ethanolic medium must be sufficient to carry out the protonation
[}171)——+(l72ﬂ . A slicghtly modified mechanism involving reactien
of the betaine [3167)+—+(1683 with the enolized active methylene
compound may also be possible. |

) When the hydrazones (151 a-g) were heated-uhder reflux in
~glacial acetic acid, the corresponding triazolotriazines (153 a-e),
(154 a) and (155 a) were formed. In the last case a considerable

amount of starting hydrazone (151 g) was recovered on work up of the
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reaction ﬁother liquor. The cyciization of the hydrazone (151 a),
from acetylacetone, resulted in the isolation of a solid whose i.r.
spectrum changed on crystallisation but whose lH n.m.xr. and mass
spectrum remainéﬁ unaltered. Such a feature may possibly be explained
in terms of an alteration in crystal structure having occurredp
dur;ng the crystallisation procéss. The triazdlotriaziﬁe (153 a)
was alsé obtained by heating the hydrazone (151 a) in aquecus ethanol
or aqueous sulphuric acid, £he product from both reactions being’
isolated as a hydrate as shown by the i.r. spectrum. .vLiberation
of the free triazolotriazine (153 a) was achieved by drying the
hydrate in vacuo at an elevatéd temperatufe. The mechanism involved
in the acid cacalysed cyclization of the ﬁydrazones (151 a-g) may
be as oﬁtlined in Scheme 11 I:(l73)—) (176z| .

ﬁhenvthe hydrazones (151 e) ané (151 h), from 'diethyl.
malonate and cyanoacetamide respeétiﬁely, were heated in agueous
ethénolic sodium aeetate solutioﬂ,'ﬁhey gave rise to the corres-
ponding triazolotriazines (154 a) and (155 b), isolation of the
former requiring the acidification of the reaction mixture with
dilute aqueous sulphgric acid solution. A combiration of the
sodium acetate catalysed coupling of fhe diazonium salt (150 c)
with ethyl cyanoacetate followed, without isolation of the |
hydrazone (151 g), by base-catalysed cyclisation, was applied
successfully to give a good yield of the aminotriazolo;riazine
(155 a). | ) |

The structures of the triazolo[S,l—é]triazine—3—carboxamides
(153 a-e), (154 a) ana (155 a and b) were supported in each case by

i.r., lH n.m.r. (where relevant) and mass spectra, and by analytical
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data. - However, no lH ﬁ.m.r. spectrum of the aminotriazeclotriazine

(155 a) was obtained due to its insolubility in [2H6] dimethyi-
sulphoxide. In each case the mass speétrum showed a peak at
(M+—83), a feature common to the analogous l,2,3-triazolo[l,5—é]
py?imidine_37carboxamides described in Chapter 4 (see later).

Other work carried out in this department has shown conclusiv_ely76
that 6;écetyl-7—methyl-$—§henyl-l,2,3—triazolo[5,l—é]—l,2,4—
triazine (177) -reacts with'phenylhydrazine to give the azo compound

(180) . The probable mechanism of this reaction is outlined in
Scheme 12. The existence of the triazolo[5,1-c¢}-1,2,4-triazine
nucleus (18l) in the compounds (153 a-e),A(154 a), and (150 a and b)
has further been confifmed by'the réactiqn af the triazolotriazine
(151 a) with phenylhydrazine to give a product whose i.r.,

H n.m.xr., and mass spectra and analysis are consistent with the
corresponding azotriazole structure (157). The result of .this
reactioﬁ excludes the possibility that the triazolo[i,S—ﬁ]—l,2,4—
triazine nucleus'(l84) is present in the compounds (153 a-e),

(154 a) and (150 a and b) rather thaﬂ the triazolo[S,l—d]-l,2,4-
triazine nucleus (181). Such a possibility'arises due to the
potential Dimroth rearrangement (Scheme 13) [(181):==2(184i]'of
the triazolo[5,l~é]triazine syztem (1Bl) subsequent to its formation
as described (Scheme 11).

As has been stated previously, malononitrile reacted with the
diazonium salt (lSOc)Vto give the triazolotriazine (155 c) rathex
than the expectad, isomeric hydrazone (151 i). Although no confirm-
ation of this structure is possible on the basis of i.r., lH N.M.Y.,

and mass spectxal or analytical data, the solid obtained from the



Scheme 13
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coupling reaction could not be éhénged by heating under reflux in
either glacial acetic acid or dimethylsulphoxide, save for the
formatioh of an acetic acid solvate which quickly liberated the free
compound'(lSS c) on t#eatment with a saturated aqueous solution of
sodium hydr;gen carbonate. These results showed that the coupling
product does not change under«sténaard 'cyclizatioh' éonditions thus
suggesting that it %ireédy exists in the cyclized form (155 c) .
Although i.r. énd ﬁass spectral data Qere consistent with a structure
of the type (155 c); theAcompound failed to give corrxect analytical
data. When an attempt was made to characterise the aminonitrile
(155 ¢) by its conversién into the aminoémide (155 b) of established
structure using.polyphosphoric_acid; no isolable material was
obtained. - Similarly, attempted acetylation of (155 c) in ordef
to obtain a simple derivative, resulted irn the formation of a
mixture which was not readily separable.

As expected, the triazolotriaziné (154 a) was found to be
acidic, giving'a red solution on brigﬁ treatment with dilute
aqueous sodium hydroxide solution from which the lactam (154 a)
was regenerated on re—acidification with dilute aqueous sulphuric
Vacid solufion. Howevér, when the triazolotriazines (153 a and b)
and (155 c¢) were similarly treated Qith dilute aqueous sodium
hyd;oxide, they unexpectedly gave red solutipns which gave né
isolable material on re-acidificaticn. The decoiposition of the
aminonitrile (155 c) was indicated by the evolution of hydrogen
éyanide vhich occurred on acidifcation of its alkaline solution.

On contact with base, the aminocester (155 a) gave insoluble solid

which behaved as a sodium salt. However, re-acidification of the
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solid did not afford the unchanged aminocester (155 a), but gave
instead a product (W) which had a markedly different i.r. spectrum
from (155 a) but whose mass spectrum was identical. No 1H n.m,r,
épectrum of (W) was obtained due to its iﬁsolubility in [zﬁé]"
dimethylsulphaxide. The hiéhly insoluble (W) was cfystallised
from aqueous dimethylformamide po afford a solid whose i.r. spectrum
showed it to be a salvate. An attempt to drive off the solvent of
crystalliéation by heating in vacuo at 100° resulted in the aecompos—
ition of (W) to a char. No further attempt was made to characterise
(W) . The remainder of the triazolotriazines (153 c-e) and (155 b)
did not react with alkali under such condifions.

As a result of the described reactivity of the triazolotyiazines
(153 a and b), (154 a), and.(iSS a) with alkali, attempts were made
to methylate them using methyl iodide or dimethyl sulphate in the
presence of potassium carbohaté. Low yields of the monomethyl
derivatives were obtained from (153 a and b) and (154 a), but (155 a)
- gave unchanged starting material. Since the methyl derivative of
(154 a) shows three carbonyl bandsvin its i.r. spectrum, the
possibility of O- methylation is excluded in favour of the formation
of the N«‘methyl structure (154 b). The methylation of (153 a and b)

"may best be exblainéd in terms of tautomerism (Scheme 14) of the

type[(lBS)c——:(l86)<—; (187£] existing in the parent systems (153 a

and b). Evidence for this is obtained in the 1

H n.m.r. spectra of
the monomethyl derivatives (156 a and b) which distinctly indicate
the presence of a terminal methylene group. Although no conclusive

evidence has been obtained for the exact structure of (l56a and b)

and (154 b), comparison of their u.v. spectra shows that of (154 b)
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to be markedly different from those of (156 a and b). If (156 b)
had the form of (188; R=0Et)'its u.v. spectrum would be expected to
be largely the same as that of (154 b). Since similarities also

exist between the u.v. spectra of (154 b) and the parent lactam

N=——N | r/ka\\rﬂ’"““Pd

N

ROC XNNNMe ROC XN

(188) ©(189)

(154 a), the evidence suggests that the monomethyl compbunds
{156 a and b) have the form (189) rather than (1885.

Although no peculiar behaviour with base has been reported
for the pyrazolofs,l—é]—l,2,4—triazine ring system (100), Partridge
and Stevens have shown that the dimethyl compound (147), described
previously, forms an acetyl deri‘}ative54 on warming in acetic
anhydride, the structure of which is given as (190). Howaver,

the attempted aéetylation of the triazolotriazine (153 a) gave a

black intractable tar.

| “ |/A\|N
II\J/N Me
Ac (:F+2

(190)
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Attempts to alter the functional groups in the amincester
(155 a) proved unsuccessful. When this compound was subjected
to hydrolytic conditions such‘as ref}uxing ethanolic sulphuric acid,
sodium carbonate or dimethylformamide-sulphuric acid, unchanged
starting material or the unidentified solid (W) w3is recovered.
Thus, no ester or amide hydrolysis or cénversion of the 7-amino
~ group iﬁto a 7-oxo group was observed. Similarly, the attempted
hyd;olysis of the ester (153 b) proved unsuccessful. An atteﬁpt
to hydrolyse the amide group of (153 a).or (155 a) under conditions,
such that the resultant acid (191) might undergo decarboxylation
followed by heterolytic ring scission8 (cf;'Chapte: 1.3b) to the
acetoxy compound (192), namely by heating under reflux in sulphuric

acid - glacial acetic acid,failed to give any identifiable material.

V= HOAC _ QA
N CONHZ N\(kcozl—i( ~COl N CHz
Sk TS TR

~

(191) . (192)

The attempted hydrolysis of the 3-carboxamide group of the triazolo-
triazines (153 b) and (155 a) using the technique of diazotizing .

their hydrochloric acid solutions7? gave unchanged starting material.
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The Synthesis and Reactivity of the 1,2,4—Triazolo[5,l—é]—l,Z,é—

triazine and l,2,4—Triazolo[3,4—6]—1,2,4‘triazine Ring Systemse——

tne; Rearrangement of Fused 1,2,4-Triazines

The successful synthesis of the l,2,3—triazolo[5,l—é]-l,2,4-triazine

ring system (94) by the method outlined in Chaptex 2.4 prompted an

analogous investigation into the synthesis.of the 1,2,4~triazolo-~

[5,1-

- 78,79
é]—l,2,4—triazine ring system (193). This previously repogﬁga'ao

ring syétem (193) has been obtained in one instance by rearrangement80

- R? R?
N
\id . SN R

(193) ' (194)

1

of‘the 1,2,4—triazolo[3,4—&]*1,2,4—triazine ring system (194)

[(194)—ﬂ-(193£]. Thus, derivatives of (193) are of potential interest

with respect to a possible equilibrium of the type [(193)E==3(194ﬂ .

the

The system (198) has been synthesized by Jacquier80 étal.by

methods broadly outlined in Scheme 15. However, the route

[(l95)+ (197) - (198£] is complicated by the simultaneous formation

of the 1,2,4—triazolo[é,3—&}—1,2,4-triazine ring system (196). In

order to eliminate any doubt as to the assignment of structures (196)

and

employed previously by Dornow and his c¢o-workers

(198), the latter was synthesized unambiguously by the method

78,79 in their

synthesis of (196; R1=Me,R2=H).
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The Dimroth-type rearrangement [(193);=5(194i] of the fused
l,2,4-tri$zine nucleus finds analogy in other systems such és
1,2,4-triazolo[4,3-é]pyrimidine 81-85 (290), and has also been

obseérved in azine586 suitably fused to tetrazoles (201; A=B=N) or

N N~ AN
Q] D)

N
(200) . (201)

imidazoles (201; A=.CR,B=.CR;). Bee and Rose have discussed82 thé
mechanism of suéh a réarrangement (Scheme 16) and their work.on the
1,2,4—triazolo[z;3—é]pyrimidine (204) system lends support to mechanisms
possible in agueous and non-aqueous conditions. It was found82 that
when compounds'of the type (204) were subjected to dry heat, the
isomeric 1,2,4—triazolo[l,S—éprrimidines (205) were isolated.
The pathway 'for such a reaction prpbably involves zwitterionic
forms such as (202) and (203). The conversion of (204) into (205)
was fOund82 to proceed much more rapidly under agqueous alka;ine or
acidic conditions. The mechanism in'this case probably involves
the addition of water to the C(4)fN bond }eading~to thé‘cleavage
of this bond and formation of (206) and (207) and subsequent
recyclisation. | |

As has previously been stated (section 2.2),amino-1,2,4-

triazole (116) gives a stable diazonium cation when the diazotization
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is carried out62 in nitric acid solution. Thus a route (Séheme 17)

is available to the l,2,4—triazoloE5,l-é]—l,2,4-triazine ring system

(193) (cf. Section 2.1). As described earlier, the. possibility of
rearrangement to the [3,4—&] system (194) exists. However, due to
the‘projected route *o *the system (213) [Scheme 17; (208)——5(211)——#(2133,
. the system (194) may be formed more directly. As in 1,2,3-triazole
chemistry, tautomerism of the type [1208);===(209):==5(210i] may occur,
.and the diazonium salts (208) and (209) may couplé to give hydrazones
of_the type (211) and (212) which could cyclize as described'

(Scheme 17) to give the isomeric triazolotriazines (213) and (214).

2.6 Some Coupling Reactions of 2H-1,2,4-Triazole~3-diazonium Nitrate

and the Sygthesis and Reactivity of the,1,2,4-Triazolo[5,l—é]-l,

’ !
2,4-triazine Ring System.

When a freshly prepared solution of 2H—l,2,4—triazole~3-
‘diazonium nitrate (215 b) was introduced into an aqueous ethanolic
solution of a suitable active methylene compouna, which contained
sodium acetate, the hydrazones (216 a, c;g, i, and j) were obtained.
The-hydrazoné (216 e) was isolated as an ethanol solvate contaminated
with a trace of an unidentified solid. ' Liberation of the free '
compound (216 e) was effected by fractional crystallisation rollowed
by drying at an elevated-témperature. The reactions leading to th%_
isolation of (216 c-e and i) also afforded varying améunts 9f the
un;eacted active methylene chpounds. Diethyl malonate, as well as

~giving the hydrazone (216 j), afforded a solid, which when acidified,i

gave a product whose properties were consistent with it being the
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~ hydrate of the triazolotriazine (219 b) (see later). Cyanoacetamide
~gave a mixture of the triazolotriazine (218 d? and a resinous
material which behaved as a polymer, showing high molecular weight
fragments in its mass spectrum.  The triazolotriazine (218 d) was
separated from the insoluble resin by fractional ;rystallisation frem
water.

The products (216 a, c-g, i and j) gave i.r., lH n.m.r. and
mass spectral and analytical data whi.ch was consistent with hydrézone
structures. However, crystallisaﬁion of the hydrazones (216 £ and
~g) resulted in the'formagion of the corresponding triazolotriazines
(2i8 b and ¢). As in the éase of the (l,é,3—triazol-5—yl)hydrazones
(Chapter 2.4); gecmetrical isomerism is possible [gﬁ, (158) and (159ﬂ .
This isomerism is detected. in the lH n.m.r. spectra Qf’(2l6 c) and
(216 i). The hydrazone (216 c) shows two signals which may be
attributed to methyl protons, and the hydrazone (216 i) shows
irregular multiplets gttributable to the protons of the ethyl group.
Attempts to further characterise the hydrazones (216 a and j) by
converting them, in hot acetic anhydride, into the (2-acetyl-1,2,4-
triazol-3-yl)hydrazones (216 k and l),lresulted in the formatién
-of multicomponent oils ox in the isolation of the unreacted
hydrazone. | |

When the hydrazones (216 a, c-f, i and j) were treated
briefly with dilute aqgueous sodium hydroxide solution they gave
red solutions. The hydrazone (216 g) when similarly treaﬁed gave
a sparingly soluble sodium salt. This behaviour is consistent

with the presence of a 2H-1,2,4-triazole nucleus. When the
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alkaline solutions from . (216 d-£f) or the insoluble salt from (216 g)
were re-acidified using dilute aquecus sulphuric aéid, the parené
hydrazones were regenerated. Similar acidification of the alkaline
solutions of (216 i and j) afforded the triazolotriazines (219 a and
b) (see later). Re~acidification of the alkaliir= solutions from
(216 a and c¢) gave rise to amorphous solids (A) and (C). These
s0lids had previously been isolated as by-products in the synthesis
of (216 a and c).

The behaviour of the solids (A) and (C) was very similar to
that of the amorphous solid (B); which is the sole product isoléted
from the coupling reactibn_between the-diaéonium salt (215 b) and
ethyl acetocacctate. When (A), (B) and (C) were treated with
. dilute aqueous sodium hydroxide, they gave red solutions, acidification
of which, ragenerated the starting.materiélé. Alﬁhqugh the mass.

‘ spectra of the solids exhibited parent'ions consistent with the
triazolotriazines'(Zlf a-c), their i.r. and lH n.m.r. spectra were
indefinite and’indicative of polymeric substances. The analytical
data obtained for (a), (B) and (C) was éénsistent in each case with
thé hemi-hydrate of the triaéolofriazines (217 a-c), but the u.v.
spectrum of (A) was very similar, but not identical, to that of the
hydrazone (216 a). In attempts to gain more information about
the nature of the solids (a), (B), and (C), the solid (A) was
subjected to attempted benzo&lation, hydrogenation, oxidation (with
activatgd manganese dioxide), acid hydrolysis and reaction with
hydrazine, but each reaction gave unreacted starting material.

The solid (A) recovered from these reactions had variable melting point
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but its i.r., spectrum did not change.  An attempt to methylate the

solid (A) resulted in the i;olation of a fréth. The froth, which was
insoluble in base, showed high molecular weight fragments in its mass

1H n.m.x. spectrum consisted of a multitude of

spectrum, and its
unassigned peaks. The mass spectral properties of the froth, suggest
that it is polymeric. When the solid’ (B) was heated under reflux in
aqueous ethanolic sodium carbonate, the i.r., lH n.m.,r., and mass

spectral and analytical data of the product were consistent with the

triazolotriazine structure (220).
/

(220)

Me

HO,C~ N
2

When the hydrazones (216 d-g, i and j) were heated under reflux
in glacial acetic acid, the triézolotriazines (217 @), (218 a-c) and
(219 a and b) were formed. .When k216 a and c)lwere similérly treated,
the solids (A) and (C) were-obtaihed. 'Cyclizétion'of the hydrazones
(216 £ and 3) was also effected by heating under ¥eflux invaqueous
ethanolic sodium acetate. However, under such conditions the hydrazone
(216 £f), gave rise to two products. As well as affording the
aminoester (218 b), the lactam (219 c), which was not formed in the
reaction of (216 f) with ace;ic acid, was obtained. The triazolés
© triazine (219 c¢) was isolated by acidification as a hyd;ate;as
indicated by its i.r. spectrum. The free compound :(219c) was

obtained by heating the hydrate at an elevated temperature. The



—48-
attempted base-catalysed cyclization.of (216 a) resulted, as
in the acid-catalysed case, in the formation of the solid ().

Wﬁén the diazonium salt‘(215 b) was coupled Qith the appropriate
active methylene compéunds, and the reaction mixtures were subjected
to the described base catalysed cyclization conditions, the triazolo-
triazines (218 a,b and 4) and (219 a-c) were obtaihed. The
compounds (218 b) and (219 c) were the products obﬁained from the
reaction with ethyl cyanoacetate. As in the low temperature reaction
with cyanoacetamide, the'product (218 d) was isolated togethexr with
a red resinous solid. The reaction with ethyl benzoylacetate gave.
the product (219 a), as well as some unreééted active methylene
compound. The éroducts (218 a) and (21% b) were isolated as
solvates, but crystallisation or drying at an elevated temperature
gave tﬁe free triazolotriazines (218 a) and (21S b). Work up of
the reéction mixture which affo;aed the product (218 a) gave a solid
multi-component mixtu?e from which no identifiable material could
be obtained. The attempt to synthesize the triazolotriazines (217d)
and (218c) by coupling, followed by base-catalysed cyclization,
resulted in the isolation of the respective hydrazones (216 4 and q),
some unreacted dibenzoylmethane also being recovered from.the
former reaction.

When the diazonium salt (2;5 b) was coupled with diethyl
malonate in aqueous ethanolic sodium carbonate and the resultant
reaction mixture was heated under reflux, a mixture of the ester
(219 b) and the corrésponding ¢arboxylic acid (219 d) was

obtained, The acid, which was isolated as a hydrate, was also
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formed when’ the ester (219 b) was hydrolysed with hot aqueous
e£hanolic sodium carb&naéé. Isoiation ;f the free acid (219 d)
was effggted by cryétallisation from ethanol-glacial acetic acid.

Due to the manner in which the hydrazones (216 a, c-g, i and j)
and the t;iazolotriazines (217 &), (218 a-d), and {215 a-é) were
formed and.isolated, it éeems reasonable to suggest that the mechanisms
" involved in their syntheses a;é siﬁilar to those postulated for the
1,2,3-triazole séries (Chapter 2.4) (cf. Schemes 10 and 11).

The i.r., lH n.m.r;, and mass spectral data obtained from the
products (217 4&), (218_a—d), and (2;9 a-d) were consistent with the
assigned'triazolotriazine structures, but (218 ¢ and d) did not give
correct analyses. The H-2 signal.in the 1H n.m.x., spectra of the
7-amino series. (218 a-d) occurs af T 1.10-1.24 whexreas the corresponding
éignal for thé lactam series (219 a-d) occurs at T 1.46-1.60.

Any doubt as £o the exact nature of the heterocyclic nucleus
existing in the compound (219 b) was removed (Scheme 18) by the
unambiguous synthesislof the triazolo[3,4—é]triazine (224) by a
method used by Dornow 925;78 in their sYnthesis of the dimethyl

compound (221). The 3-methylinercaptotriaéine87 (222) , when treated

(221)
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with hydrazine hydrate at ambient temperature, gave the cérresponding
hydrazino compound (223) (characterised by its ability to form a
benzylidene adduct), which cyclized to the triazolo[:3,4—é]triazine
(224) on heating under reflux briefly in formic acid. Prolonged
treatmegt of_the hyédrazino compound (223) with formic acid, or treat-
ment of the triazolotriazine (224) with hot aqueous ethanolic sodium

_ acetate,-resultea in the isolation of the triazolo[ﬁ,l—c]triazine

(225). When the hydrate of -the acid (219 d) (which was known to
decarboxylate readily as indicated by its mass spectrum) was heated

in vacuo the triazoiotriazine (226) was formed. Methylation of the
préduct (226) gave a mixture of two monomethyl derivatives which

were readily separaﬁed by chromatography to give the previously obtained
‘4—methyl—l,2,4-triazolo[5,lné]—1,2,47triazin—7§4H)-one (225), and
another N-methyl product (227). Due to the presence of a carbonyl

band in the i.r. spectrum of (227), the possibility of O-methylation

| Mex
= | ]

— —

(228) (229)

was excludedin favour of a structure of the type (228) or (229).
Further evidence for the structure of (225) was obtained on comparison
of the chemical shifts 6f the H-1 and H-2 signals of (224) and (225)
with those of the corresponding triazolopyrimidine588 (230) and (231)

(Scheme 19). The corresponding protons of (230) and (231)
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have effectivély the same environment as their triazolotriazine
counterparts, and it can be observed that the H-1 signals cf
(224) and (230) appear at lower field than those of (225) and
(231).

As has been previously stated (see page 49 ), thg lactam
series (219) exhibits a characteristic signal for H-2 in the lH
n.m.r. spectrum. This, coupied with the inter-relation reactions
to be described, helps esﬁabiish the structures cf the triazolo[S,l—é]—
" triazines (218 a-d), and (219 a-c).
The 7-aminotriazolotriazines (218 a-c) were converted into
their 7-oxo counterparts (219 a-c) by acid catalysed hydrolysis.
When the aﬁinoamide (218 d) was similarly treated, the triazolo-

triazine (232) was formed. The mechanism for such a hydroiysis

(232)

{(Scheme 20) probably involves the protonation of the 7-amino
system to give the intermediate (234) followed by the addition of
water and finally the eliﬁination of ammecnia. The i.r. spectra
of the compounds (219 a-d) and the decarboxylated triazolot:iazine
(226) suggest that they prefer to exist in the lactam form (237)

rather than the tautomeric 7-hydroxy form (236). This result
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finds analpgy89 in the benzc-1,2,4~-triazinone system (238).

H

N
(238) ;Nfo

in a further investigation of the reactivity of the 7-amino
"group of the compounds (218 a-d), the attempted acetylation of
(218 b) resulted in the isolation of unreacted starting material
(218 b)‘or the lactam (219 b). The latter product was isolated
in low yield and was probably formed as a result of t£e acid
catalysed hyérolysis of the 7-amino group of (218 b), since water
was involved in the work up. Similarly the attempted diazotization
of the aminotriazolotriazine (218 a) resulted largely in the recovery
of starting material. The isolation of a trace of the lactam
(219 a) may once again be interpreted in terms of the acid catalysed
hydrolysis of (218 a). Wheﬁ the diazotization of (218 a) was carried
out under non—aqueoﬁs conditioné, only starting maﬁerial was recovered.
Attempts to hydrolyse the cyano group of (219 ¢) using aqueous
sodium carbonate or concentrated sulphuric acid proved unsuccessful,
and the action ofAconcentrated sulphuric acid on the aminonitrile
(218 c) effected thé formation of the hydrazone- (216 g). However,
the cyano compounds (218 c) and(219 c) were smoothly converted into
the corresponding amides (218 d) and(232) using polyphosphoric acid.
The ccnversion of the esters (218 b) and (219 b) into the
corresponding amides (218 d) and (232) was effected by saturating

their ethanolic solutions with ammonia. The amides (218 d) and
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(232) were separated from the unreacted starting materials (218 b)
aﬁd.(219 b) by fractional crystallisation.

As well as establishing the exact structure of the triazolo-
[5,1—q]triazines (218 a-d) and (219 a-c), the inter-relation
reactions described have also cleared any doubt as to the gross
structures of the compounds (218 c and d). Neither of these
compouﬁds have afforded correct analytical data.

The attempted methylation of the compounds (219 a and c¢)
using methyl iodide'resulted in the recovery of unreacted starting
materials and the isolation of multicomponent gums. However,
when dimethyl sulphate was'used as a methylating agent, the mono-

methyl derivatives (239) and (240) were obtained. The structures
N——' N_]
PhO cj: NN e NCj:N/N\M

(239) (240)

of (239) and (240) followed from their i.r. spectra, which in the
case of (240) excluded the possibility of O-methylation. in
addition their u.v. spectra were similar to that of (225) '‘of

established structure.
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Part Two - Experimental

(For general experimental procedures, see Appendix)

2.7 The Diazotizatiuvn of Some 1,4—Disubstituted‘5*Amiﬂo-l,2,3~

triazoles and Related Reactions-

The Preparation of the 1,4-Disbustituted 5-Amino-1,2,3-triazoles

120 a-d)

5—Nnino—l,4—dipheny1-l,2,3—triazole4l (120 a) m.p. 173o

41 1790), S-amino--l--benzyl—4-phenyl—l,2,3—triazole66 (120 b)

66

(lit.,
1580), 5-amino-~l~benzyl-1,2,3-triazole-4-

67

m.p. 157° (iit.,

2350), and methyl 5-amino-

41

carboxamid967 (120 c¢) m.p. 232° (lit.,
. lia " (] .
l-phenyl-1,2,3~-triazole-4-carboxylate (120 d) m.p. 169 (1lit.,

1730)'were prepared as described in the literature.

The Diazotization of the Triazoles. (120 b-d) in Aqueous Hydrochloric

A solution of sodium nitrite (1.50g) in water (30 ml) was
added dropwisé, over a period of 5 min, at Oo {ice-bath) to
stiired solutions (or suspensions) of the triazoles (120 b-4d)
(0.0045 mol) ' .in concentrated hydrochloric acid (30 ml). The
mixtures were'st;rred fqr a further 5 min at Oo, and then for

10 min at room temperature.

(a) The triazole (120 d) afforded methyl 5-chloro-l-phenyl-1l,2,3-

triazole~4-carboxylate41 (121 d) which was filtered off from the
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reaction mixture, washed with water and dried (0.87g) (82%),
o . 41 o}

m.p. 83 (from aqueous ethanol) (lit., g8e’), \Y 1720

max.

(co)cm"l, m/e 239, and 237 (M, 237.45).

Found: C, 50.5; H, 3.4; N, 17.2%
Ei HEC1N392 requires: C, 50.5; H, 3.4; N, 17.7%

(b) The triazole (120 c¢) gave a solid (0.79g), m.p. 199—2130, which
was leached with hot ethanoi (5.0 ml) leaving the starting amine
(120 c) insoluble (0.51g), m.p. 230—40, identical {(m.p. and i.r.
spectrum) with an authentic67 sample. '

l-Benzyl-5-chloro-1,2,3-triazole~4-carboxamide (121 c¢) crystallised

from the ethanol exvract, and was combined with a second crop obtaincd

~
1

by evaporating the ethanol mother liquor and triturating the resultant
- gun with ether (total 0.21g), m.p. 169° (from aqueous ethanol),
vmax 3350 and 3150 (NH), and 1670 (CO) cm_l, m/e 238, and 236

(M, 236.45).

Found : C, 50.7; H, 3.8; N, 23.7%.
Si HngN O requires: C, 50.8; °~ H, 3.9; N, 24.2%,

(c) The diazotization of the triazole (120 b) (5.0g; 0.02 mol) was
carried out as described before. The reaction mixture (containing
a solid) was exéracted witﬁ chloroform to give a gum (4.92g) which
was'chromatographed over alumina. Elution with ether gave

l-benzyl-5-chloro-4-phenyl-1,2,3-triazole (121 b) (1.59g) (30%),

m.p. 67° (from ethanol), m/e 271, and 269 (M, 269.45).

Found: C, 67.0; H, 4.5; N, 15.4%.

915§i2C1N3 requires: C, 66.8; H, 4.5; N, 15'6%ﬂ

Further elution with more polar solvents gave gums'which were shown

by t.l.c. in (1:1) benzene-ether to be multicomponent mixtures.
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The Diazotization of the Triazcles (120 'b-d) in Aqueous Hydrobromic

A solution of sodium nitrite (0.50g) in water (10 ml) was
added dropwise, over a period of 5 min, at o° (ice-bath) to
stirred solutions {or suspensions) of the triazoles (120 b-4d)
(0.0015 mol) in 50% w/v aqueous hydrobromic acid (10 ml). The
mixtures (containing solids’ were stirred for a further 10 min
at Oo, and then for 90 min at room temperature.

(a) The triazole (120 d) afforded methyl 5-bromo-l-phenyl-1l,2,3-.

triazole-4-carboxylate (122 d), which was filtered off from the

reaction mixture, washed with a saturated aqueous'solution of
sodium hydrogen carbonate, then water and dried (0.35g) (83%),
. m.p. 162-6°.  After three crystallisations from ethanol, the
crude product gave colourless needles which showed the same i.r.,

1K n.m.r. and mass spectra, but had m.p. 960; Voax 1720 (CO)cm_l,

T(CDCL,) 2.45(5H,s,ArH), and 6.00(3H,s,Me), m/e 283, and 281
(M, 281.91)

Found : C, 42.2; H, 2.8; N, 14.8%.
910§8E£§§22 requires: C, 42.6; H, 2.8; N, 14.9%.
(b) The triazole (120 ¢) gave a solid (0.29 g), m.p. 170—85o
(decomp.) whose i.r. spectrum [v . 3450,3300,3200(NH), 1680sh
and 1660 (CO)cm-lJ suggested a mixture which contained starting
material, Fractionai crystallisation of the solid from ethanol

~gave pure samples of the starting material (120 c¢), m.p. > 230°

(decomp.), and l-benzyl-5-bromo-l,2,3-triazole-4~carboxamide

(122 ¢c), m.p. 175o which was identical (m.p. and i.r. spectrum)

with a sample prepared as described later.
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(c) The diazotization of the triazole (120 b) (2.50g; 0.0l mol)
was carried out as described before. The mixture kcontaining a
solid) was extracted with chloroform to give a gum (3.03g) which
was chromatographed over alumina. Elution with benzene afforded

l-benzyl-5-bromo-4-ohenyl-1l,2,3~triazoie (122 b) (2.10g) (67%), m.p.

82° (from ethanol), m/e 315, and 313 (M, 314.91).
Found: C, 57.4; H, 3.7; N, 13.9%.

_915§12BrN3 requires: C, 57.3; H, 3.8; "N, 13.4%.

Further elution with more polar solvents gave Qums, shown by t.l.c.
to be mﬁlticomponent mixtures.

The Diazotization of the Triazole (120 c¢) Using Hydrcbromic Acid

in Glacial Acetic Acid.

A solution of sodium nitrite (0.50g) in water (10ml) waé

added dropwise, over a period of 5 min, at o (ice~bath) to a stirred
solution of the triazole (120 c) (0.0015 mol) in 50% w/v aqueéus
hydrobroﬁic acid (10 ml); and glacial acetic'acid (25 ml). The
solution was stirred for a further 10 min at Oo, and then for

90 min at room temperature. The solution was then diluted with

an equal volume of water, extracted with chloroform and then

washed with saturatgd aqueous sodium hydrogen carbonate solution

to give l-benzyl-5-bromo-1,2,3-triazole-4-carboxamide (122 ¢) (0.26q)

(60%) , m.p. 187° (from ethanol), v .. 3350, 3250w, and

3100 (NH), and 1670(C0)cm~l, m/e 282,and 280 (M, 281.91)

Found: C, 42.8; H, 3.3; N, 19.7%.
Ei H;BrN 0 requires: c, 42.7; H, 3.2; N, 19.9%.

The Attempted Diazotization of 5-Amino-1l,4-diphenyl-1l,2,3-triazole

(120a) in Nitric Acid Solution.
A solution of the aminotriazole41 (120 a) (0.35g; 0.0015 mol)

in concentrated nitric acid (10 ml) was cooled to Oo (ice-bath)
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and treated dropwise with stirring over 1O min with a solution of
sodium nitrité (0.50g) in water (10 ml). Stirring was continued

at Ob for a further 30 min, and then at room temperature £Jr lh.

The reaction mixture was extracted with chloroform to give a red

oil (0.27g) which was shown by t.l.c. to be a muiticomponent mixture.

The Attempted Diazotization of the Triazole (120 a) in Fluoroboric

Acid Solution

A solution of the aminotriazole4l {120 a) (1.18g; 0.005 mol)'
in 40% w/v aqueous fluoroboric acid (50 ml) was cooled to o° (ice-
bath) and treated dropwise with stirring over 5 min with a solution
of.sodium nitrite (2.5g) in water (50 ml). Stirring at Oo was
continued for a further 10 min and then at room temperature for
10 min. The resultant yellow solid was collected, washed
thorqughly~with water and dried (2.19g).  The solid, which
remained unchanged on standing in dilute aqueous sodium hydroxide
solution for 2h, shéwed an intense absorption at 2250 cm_l in its
i.r. spectrum. It was heated under reflux in ethanol (40 ml) for
3h, leaving an insoluble solid (0.72g) whose featureless i.r.
spectrum showed it to be inorganic material. Evaporation of the
ethanol mcther liquor afforded an oil (1.36g), shown by t.l.c.
(in‘toluene over silica) to be a multicomponent mixture.
Chromatograbhy of the oilever alumina gave, on elution with (9:1)

toluene~ether, a single identifiable solid, namely 1,4-diphenyl-
30

1,2,3-triazole  (133) (0.19g), m.p. 184°(from ethanol) (lit.,

185°%), m/e 221 (ut) (M,221).
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Found: Cc, 76.0; H, 5.1; N, 19.1%.
914§11§_ requires: Cc, 76.0; H, 5.0; N, 19.0%.

Elution with more polar solvents gave gums which on t.l.c.
examination (in toluene over silica) proved to be multicomponent
mixtures.

The Attempted Nucleophilic Substitution Reactions of the Chloro-

friazole (121 a)

The Attempted Reaction of the Triazole (121 a) with Aniline.

Solgtions of the chlorotriazole64 (121 a) (O.Slg; 0.002 mol)
in redistilled aniline (0.60g) were heated at lOOo, 120° and 1500.
On cooling, the solutions were triturated with dilute hydrochloric
acid, the resultant solids were collected, washed with water and ‘
dried to afford starting material (92-98%), m.p. 123-9° (lit., 137°)

(identical i.r. spectrum).

The Attempted Reaction of the Triazole (121 a) with Sodium Azide.

Solutions_of the chlorotriazole64 (121 a) (0.25g; 0,001 mol)
in ethanol (4.0 ml) and-sodium azide‘(O.ZSg) in water (2.0 ml) were
mixed and heated under reflux for 2h. The reaction mixture was
evaporated and the residue was triturated with water to afford
starting material (0.20g), m.p. 130-30, which was idéntified by its

m.p. and i.r. spectrum.
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2.8 Some Coupling Reactions of 4—Carbamoyl—lel,2,3étriézole-5—

diazonium Chloride and the Synthesis of the '1,2,3-Triazolo-~

[5,1—&]—1,2,4—triazine‘Ring System.

5-Amino-1H-1,2,3-triazole-4-carboxamide (150 a)

The amide (150 a) was prepared by the method of Hoover and Day67,

67

m.p. 223° (from water) (lit.,>' 225%), v__. 3350,3200 and 2700 br (NH),

1680(CO), and 1650 (NH def.) cm .

5-Amino-4-carbamoyl-1HE-1,2,3~triazole Hydrochloride (150 b)

The amide (150 a) (16.0g) was dissolved with gentle heating in
a mixtu?e of methanol (500 ml)} and glacial acetic acid (35 ml).
The solution was cooled in an ice-bath and saturated with dry hydrogen
chloride to give the insoluble hydrochléride {150 b)‘which was filtered .
off, wasﬁed with a little methanol, dried and combined with a éecond
crop obtained by concentrating the mother liquor to ca 30 ml and
")

’

collecting the precipitated solid (total 17.0q), vmax 3400-2300bx (NH,NH
L .

3
2000—1860(NH3+), and 1690-1660(CO) cm

4-Carbamoyl-1H~1,2,3-triazole~5-diazonium Chloride (150 c)

A suspension of the hydrochloride (150 b) (17.0g) in methanol
(250 ml) was saturated with dry hydrogen chloride, cooled to 00 o ;
(ice-bath) and treated dropwise with stirring with amyl nitrite

(21.5 ml). The mixture was stirred for a further 2h in the melting
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ice-bath and the diazonium salt (150 c) was collected, washed with
a little methanol and dried (15.29), v__ 3300 and 3150(NH) ,
2500-2100br and 1840—1760br(.§ = N), and l700-l660br(c0)ém_l.

The salt was kept in a dark bottle and étored in a refrigerator

prior to use as described later.

Coupling Reactions of the Diazonium Salt (150 c) with Active

Methylene Compounds

(a) A freshly prepared solution éf the diazonium salt (150 c)
(L.2g; 0.0069 mol) in water (25 ml) and ethanol (25 ml) was added
dropwise, with stirring, to solutions of the active methylene
compounds (Table 1) {(0.0069 mol), and anhydrous sodium acetate
(0.80g) in water (2.0‘ml), and ethanol (5.0 ml), which were cooled
in an ice-bath. Stirring was continued in the melting ice-bath
for 2h. The resultant solids were collected, washed with water,
and dried io give the triazolylhydrazones (151 a-h). Analytical

data is collected in Table 1.

Pentane-2,3,4~trione 3-(4-carbamoyl-1H-1,2,3-triazol-5yl)hydrazone
(151 a)k97%) had m.p. 18i° (decompi)(from methanol), vmax.3400 and
3350-3250bx (NH) , and 1690 and 1660(CO)em Y, 1 [cp,) 5] 2.15bx
(1H,s,NH) ,2.44br (1H,s,NH) ,7.64 (3H,s,Me) , and 7.74(3H,s,Me) ,m/e
238(M") and 220(M'-,0) (M,238) .

Ethyl 2,3-dioxobutyrate 2-(4-carbamoyl-lH-1,2,3-triazol-5-yl)

hydrazone (151 b) (85%) had m.p. 150° (from ethanol), v__, 3350 and
3200 (NH), and 1700 and 1670(cO)em 1 [(CD,) 5G] 2.17bx (18,5 ,NH) ,
2.28br(lH,s,NH),2.59br(lH,s,NH),5.76(2H,q,J7Hz,CH2),7.76(3H,s,Me)

and 8.74(3H,t,J7Hz,Me) ,m/e 268 (M') and 250(M+—H20) (M, 268) .
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1—Phenzlbutane—l;2;34tri0ne'2J(44carbamoyl4lH41j2;34triazol-5—yl)

hydrazone (151 c) (58%) had m.p. > 145° (decomp.) (from ethyl
acetate-light petroleum), vmax.3550w’3450 and 3350-3200br (NH) , and
1660br and 1630(CO)em™ T, T [(cp,) ,s0]2.10-2.76 (8H,m, ArE,NH) and
7.73(3H,s,Me) , m/e 300 (M) and 282 (M+—H20) (M,3CD) .

1,3—Diphenylpropane—l,2,3—trione 2-(4-carbamoyl-1H-1,2,3-triazol-

5-yl)hydrazone (151 d) (69%) after crystallisation of the crude
solid from ethanol, had m.p. 154° (from ethanol), Voax. 3450-3000br
(NH) , and 1660-1640br and 1630(CO)om ~, m/e 362(M') and 344 (M'-H,O)
(M,362).

Diethyl nesoxalate 2-(4-carbamoyl-lH-1,2,3-triazol-5-yl)hydrazone

(151 e) was isolated as a hydrate (1.3lg), Vmax. 3450,3300 and 3200
(NH) , 2800~2100br and 1960-184O(H20), and 1700 and 1670br(co)cm”l,‘~“
which‘on crystallisation from ethanol gave the free hydrazone

(151 e) m.p. 173°, Vnax. 3450,3300w and 3200br (NH), and 1700 and 1670br
(coyem™, t[(cp,) 5G] 2.01bx (1H,s,NH) , 2.34br (1H,s,NH), 5.67(2H,q,
J7Hz,CH2),5.73(2H,q,J7Hz,CH2),8.70(3H,t,J7Hz,Me), and 8.72(3H,t,J7Hz,
'Me), m/e 298(M") (M,298) . |

Ethyl benzoylglyoxalate 2- (4-carbamoyl-1H-1,2,3-triazol-5-yl)

hydrazone (151 f) (82%) had m.p. 176° (from ethanol), Voax 3400,

3300br, and 3100(NH), and 1700 and 1660(co)em *, t[(cD,) Q] 1.60bx
(1H,s ,NH) , 2.00-2%76 (7H,m, ArH,NH) ,5.60-6.12 (2H,m,CH,) , and B.62~
9.04 (3H,m,Me) , m/e 330(M') and 312 (M+—H20) (M,330) .

Ethyl cyanoglygxalate 2~ (4-carbamoyl-1H-1,2,3~-triazol~5-yl) hydrazone

(151g) (1.24g) was isolated as its ethanol solvate T[}CD3)2Sﬂ

l.80br(s,NH),2.12br(S,NH),5.68(q,J7Hz,CH2),6.57(q,J7Hz,CH2),
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8.71(t,J7Hz ,Me), and 8.96(t,J7Hz,Me), which when crystallised from
~glacial acetic acid-ethanol and dried'in'vacuo at 809 gave the free
hydrazone (151g), m.p. 180° (deccmp.), Vhax. 3450-3300br (NH) ,
2250(.C = N), and 1720 and 1680(cO)em , t [(CcD;) ,50] 1.80bx (18,5,18) ,
2.12br(lH,s,NH),5.63(2H,q,J7Hz,CH2), and 8.71(3H,t,J78Bz,Me), m/e
251 (M) (M,251).
(b) Cyanoacetamide (0.59g7; - 0.0069 mol) coupled with the diazonium

salt (150 c¢) as described in (a) to give 2-oxocyanoacetamide 2= (4-

carbamqyl—lH—l,Z,3-triazol—5—yl)hydrazone'(lSlh)(0.969)(63%),

m.p. > 200° (decomp.) v__ . 3400-3100br (NH),2250(.C = N), and 168Cbr
(CO)cm_l, which when crystallised from a@beous dimethylsulphoxidev

' gavev7—amino—l,2,3—triazolo[5;l-cﬂel,Z,4—triazine—3;64dicarboxamide

(155 b) m.p. > 280°(decomp.) which was identical (m.p. and i.r.
spectrum) with a sample obtéined later.

The hydrazones(iSl afh)were readily soluble in dilute aqueous
sodium h&droxide solution giving red solutions, from which they
were regenerated, unchanged, by acidification with dilute aqueous
sulphuric'acid.

(c) Malononitrile (0.53g; 0.0069 mol), when reacted with the

diazonium salt (150 c), as described in (a) above, gave 7-amino-6-"

cyano—l,2,3—triazolo[5,l—c]—l,2,4—triazine—3-carboxamide (155 ¢)

(1.12g) (80%), m.p. 255° (from agqueous dimethylformamide), vV hax

3450-3000bx (NH) , and 1660br(CO)cm-l, m/e 204 (M+) and 121(M+—83)
(M 204). Analytical data is collected in Table 3. No u.v. data

was obtained for (155 ¢) due to its insolubility in absolute

_ethanol.
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The Reactions of.the Hydrazones (151 a-h) ‘with Acetic Anhydride.

The hydrazones (151 a-h) (0.002 mol) were heated undex reflux
in acetic anhydride (5-10 ml) for 2-5 min. In each case the reactioﬁ
mixture was allowed to ccol and any solid was collected and combined
with a second crop obtaiﬂed by evaporating the mother liquor and
triturating the residue with ethe;, to give the monoacetyl derivatives
- {151 j-o) of the hydrazones (151 a-f) (75-93%). Analytical data is
.collected in Table 2.

Pentane-2,3,4-trione 3-(l-acetyl-4-carbamoyl-l,2,3-triazol-5-yl)

hydrazone (151 j) had m.p. 163° (from ethyl acetate), vmax.3400,3300w,
and 3200(NH), 1760(.N.COMe), and 1690,1680sh and 16SOsh(CO)cm-l,

t [(cp,) ,50] 1.59bx (1H,s,NH), 1.96br (1H,s,NH), 7.25(3H,s,.N.COMe), |
7.53(3H,s,Me) , and 7.60(3H,s,Me), m/e 280 (M) (M,280) .

Ethyl 2,3-dioxobutyrate 2-(l-acetyl-4-carbamoyl-l,2,3-triazol-5-yl)

hydrazone (151 k) had m.p. lBSo(decomp.)(from acetic anhydride),

vmax.3450'3250 and 3300(NH), 1760(.N.COMe), and 1700br and 1660(CO)cm-l;
t[(cp,) 50 - 1.580x (18,s,MH), 1.95br (18,s,NH), 5.55-5.76(2H,m,CH,) ,
7.24(3H,s,N.COMe), 7.60(3H,s,Me) and 8.68(3H,q,J7Hz,Me), m/e 310

(M) (M,310) . |

l-Phenylbutane-1,2,3~trione 2-(l-acetyl~4-carbamoyl-1,2,3-triazol-5-yl)

hydrazone (151 1) had m.p. 185o (from acetic anhydride), vmax.3400,
3300w and 3200 (NH) , 1760(.N.¢0Me) , and 1690br and 1660 (cO)cm *,

T[}CD3)2Sd]l.61br(lH,s,NH), 1.97br(1H,s,NH), 2.0342.49(5H,m,ArH),
7.25 and 7.33(3H,s,.N.COMe), and 7.48 and 7.56(3H,s,Me), m/e 342

) (M, 342) .
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1,3-Diphenylpropane--1,2,3-trione 2-(l-acetyl-4-~carbamoyl-1,2,3-triazol-

5-yl) hydrazone (151 'm) nad m.p. 184° (from ethyl acetate), Vhax 3500,

3400, and 3300 (NH), 1750(.N.COMe), and 1680br and 1660sh (CO)ecm L,

-r[(CDB)250]1.58—2.51(l2H,m,ArH,NH) , and 7.29(3H,s,.N.COMe) , m/e 404
+

(M) (M,404) .

Diethyl mesoxalate 2~ (l-acetyl-4-carbamoyl-1l,2,3~triazol-5-vl)hydrazone

i}élegl'had MmePe. l71°(f£om ethyl'acgtateflight petroleunm), vmax.3450’
3250 and 3200sh (NH), 1760(.N.COMe), and.l720, 1690sh and l670(CO)cm_l,
v [(cp,) 0] 1.60br (1H,s,NH) ,1.97br (1H,s,N8) , 5.65 (2H,q,37Hz,CH,) ,
5.72(2H,q,J7Hz,CH2), 7.25(3H,s,.N.COMe) , 8.69(3H;£,J7H2,Me), and
8.73(3H,t,J7Hz,Me) , m/e 340 (M) (M,340).

Ethyl benzoylglyoxalate 2-(l-acetyl-4-carbamoyl-1l,2,3-triazol-5-yl)

hydrazone (151 o) had m.p. 170° (from acetic anhydfide), ¥ max 3450,

3300 and 3200(NH), 1760(.N.COMe), and 1700 and 1680 (CO)cm ~,
T [(CD3)?SO]]_.60br(lH,s,NH), 1.98-2.55(7H,m,ATH,NK) , 5.58-5.84(2H,m,CH,)
7.32(3H,s,.N.COMe) , and 8.71~-8.92(3H,m,Me), m/e 372(M+)(M,372).

The hydrazone (151 g) afforded the diacetyl derivative (152)

(0.52 g) (78%), m.p. 153° (from ethyl acetate), Voo 3400,3300 and
3200(NH) , 1780(.N.COMe), and 1730sh, 1710 and 1680(C0)cm—l,1 ECD3)ZSQJ
'1.54br(lH,s,NH), 2.00br (1H,s,NH), 5.67(2H,q,J7Hz,CH2),7.17(3H,S,.N.C0Me),

7.48(3H,s,.N.COMe), and B.72(3H,t,J7Hz,Me), m/e 335‘M+)(M,335).

‘Found: C, 43.2; H, 3.9; N, 29.0%.
912E13§795 regu%res: C, 43.0; H,,3.9? N, 29.2%.

The attempted acetylation of the hydrazone (151 h) from
cyanoacetamide gave an intractable, black solid (0.59g) which
proved very insoluble on attempted crystallisation from dimethyl-

formamide and dimethylsulphoxide and showed an indefinite and smeared

out i.r. spectrum.
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The Hydrolysis of the N-Acetyl-hydrazones (151 4 and k).

The N-acetyl-hydrazones (151 j and k} (0.20g) were heated
under reflux in 50% aqueous.acetic acid solution (10 ml) for 10-15 min
Evaporation of the reaction mixtures and treatment of the resultant

gums with water afforded the hydrate of 6-acetyl-7-methyl-1,2,3-

triazolo[S,l-é]41,2,4—triazine—3—carboxamide (153 a) {0.15qg),

m.p. 1600 and ethyl 3—carbamoyl—7—methyl-l,2,3—triazolo[5,l—é]—

1,2,4-triazine-6-carboxylate (153b) (0.1l6g), m.p. 1600, which were

identical (m.p. and i.r. spectrum) with samples cbtained later.

The Cyclization of the Hydrazones (151 a-g) to the 1,2,3-Triazolo

[s,l—é]—l,2,4—triazines(153 a-e), (154 a), and (155 a) Using Glacial

Acetic Acid.

(a) The hydrazones (151 a-f) (0.002 mol) were heated under reflux in
. glacial scetic acid (10 ml) for 30 min [éh in the case of the
hydrazone (151 eﬂ . The reaction mixtures were evaporated and the
residues were triturated with ether to afford the triazolotriaéines
(153 a-e) and (154 a) (89-97%). Analytical:data is collected: in
Table 3.

6—Acetyl-7—methyl—l,2,3-tria2010[5,l—é]—l,2,4—triazine—3~carboxamide

(153 a) had m.p. 160—70°(decomp.)(from agqueous ethanol). The

~rude solid had vmax.3450,3306w and 3150(NH), and 1700 and l680kc0)cm_
but after crystallisation and drying at 809 in vacuo it showed

v__. 3450,3300;3250sh, and 3200sh(NH), and 1700 and 1680 (CO) e T,

' Amax.210,236 and 332nm‘(Log € 4.15,4;40 and 3.27). The g n.m.r.

and mass spectra‘run before and after crystallisation were identical,
t [(cp,) ,50] 2.07bx (1,5,NH) , 2.24br (1H,s,8H), 7.18(3H,s,Me), and

7.29(3H,s,Me), m/e 220(M), and 137 (M -83) (,220) .

1

[
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Ethyl 3—Carbamoy1—7-methyl—l,2,3—triazolo[5,l—é]-1L2,4—triazine—6—

carboxylate (153 b) had m.p. 162° (from ethanol-glacial-acetic acid),

v___ 3450,3250w, and 3200(NH), and 1720, and 1680(CO)cm ©, A 210sh,
-max,. max.

239 and 333nm(log € 4.11,4.40 and 3.19), T BCD3)2SQ] 2.07bx(1H4,s,NH),
2.15br (18,s,NH) , 5.52(2H,q,J7Hz,CH,), 7.15(3H,s,Me), and 8.61(3H,t,
J7Hz,Me), m/e 250(M’) and 167 (M -83) (M,250).

6—Benzqyl—7-methyl-l,2,3—triazolo[5,l—él-l,2,4—triazine-3—carboxamide

(153 c) had m.p. l96°(decomp.)(from ethanol-glacial acetic acid),

v 3450,3350, and 3200 (NH), and 1680br(CO)cm T, A. _ 213sh,226,
maxe. max.

246,263sh and 338nm .(log € 4.31,4.33,4.31,4.13 and 3.28), T[kCD3)ZS¢a

1.81-2.43(7H,m,AxH and NH), and 7.27(3Hl,s,Me), m/e 282 (M+), and 199

(mt-83) (M, 282) .

,6-Benzoyl—7—phenyl—l,2,3—triazolo[5,lfél—l,2,4—triazihe~3—carboxamide
(153 d) had m.p. é32o (from ethanol-glacial acetic acid), vmax.3450'
3300w, and 3200br (NH), and 1670br(cO)cm *, m/e 344(M%), ana 261
’(M+—83)(M,344). No u.v..data was obtained due to the insolubility
of (153 d) in absolute ethanol.

"Ethyl 3—Carbamoyl—7—phenyl-l,2,3-triazolo[5,l—é]-1,2,4-triazine—6—

carboxylate (153 e) had m.p. 193o (from glacial acetic acid-ethanol),

v 3400,3300w, and 3200(NH), and 1740, and 1680(C0)cm_l, A 208
max. . max.

infl.,226,240sh,282 and 258nm{log € 4.20,4.24,4.18,4.06 and 3.52),
t[(cp,) ,50] 2.00(1H,5,8m), 2.20-2.43(6H,m,ArH and NH), 5.63(2H,q,
37Hz,CH,), and 8.83(38,t,J7Hz,Me), m/e 312(1"), and 220 (M'-83) (M,312).

Ethyl 3—Carbamoyl—4,7—dihydro—7—oxo—l,2,3-triazolo[5,l—é]—1,2,4—triazine—

6-carboxylate (154 a) had m.p. > l92°(decomp.) (from benzene-glacial

acetic acid) Vo ax 3450,3300 and 320C(NH),and 1740 and 1670br (CO),
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' Ama .207,245,2665h,308 infl. and 35lnm(log € 4.03,4.33,4.04,3.19 and 3.515,
T[kCDB)ZSO] l.74-2.48br(2H,m,NH),5.48—5.74(2H,m,CH2), and 8.67(3H,t,J7Hz,
Me), m/e 252(M7) (M,252).

(b) The hydrazone (151g) (0.50g; 0.002 mol) was heated under reflux in

glacial acetic acid (10 ml) for 2h. The reaction mixture was allowed

to cool, giving ethyl 7-amino-3—carbamoyl-l,2,3—triazolo[5,l—cﬂ—l,2,4—

triazine-6-carboxylate (155 a) (0.25g) (50%) m.p. 27OO(decomp.) (from

dimethylformamide—glacial acetic acid), Vmax.34oo’ and 3250-3050br
(NH), and 1710, and 1680(cO)cm Y, m/e 251 (M%), and 168 (M*-83) (,251).
[No u.v. data was obtained due to the insolubility of (155 a) in
absolute ethanol, and no 1H ﬁ.m.r. data was obtained due ﬁo its
insoluwbility in dimethylsulphoxide ] Evapora@ion of the mother liquor
and trituration of the residue with ethef afforded a solid (d;2lg)

m.p. > 180o (decomp.) Vi 3400, and 3250—3050br(NH), 2200(CN), and

ax
1710, and 1670bx(CO), T BCDs)zsé] 1.74-2.57bx (2H,m,NH) , 5;49—5.86
(2H,m,CH2), and 8.54-8.82(3H,m,Me), m/e 251. Treatment of the solid
(0.05g) with dilute aquedus.sodiﬁm hydroxide solution gave an orange
solution, which; when acidified with dilute agueous sulphuric acid,
afforded the starting hydrazone (151g) (0.043g), m.p. > lBOo(decomp.),
which was identical (m.?. and i.r. spectrum) with a sample obtained

previously.

6—AcetylF7—methyl—l,2,3—triazolo[5,l-é]—1,2,4-triazine—3—carboxamide

(153 a)
(a) The hydrazone (151 a) (0.48g; 0.002 mol) was heated under reflux
in 50% aqueous ethanol (15 ml) for 15 min. The reéction mixture was

allowed to cool and the resultant insoluble triazolotriazine (153 a)
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was collected and combined with a further crop obtained by evaporating
the mother liquor (total 0.38g), m.p. > 156°(decomp.).
(b) The hydrazone (151 a) (0.48g; 0.002 mol) was heated under reflux
in 20% w/v sulphuric acid (5 ml) and ethanol (10 ml) for 1lh. The
reaction mixture was allowed to cool and the triazolotriazine (153 a)
was collectea agd combined with a further crép obtained by concentrating
the mother liquor to 5 ml and diluting it with water (total 0.38qg),
m.p. > lSSo(decomp.).

In (a) and (b) the triazoloﬁriazine (153 a) was isolated as the
hydrate vmax.3550'3400' and 3300—3200br(NH,H20), and 1710, and 1680
(CO)cm—1 which on drying in vacuo at 100° for 15h gave the free

triazolotriazine (153 a).

The Cyclization of the Hydrazones (151 e and h) to the Triazolo-

triazines (154 a) and (155 b) Using Aqueous Ethanolic Sodium Acetate

The hydrazones (151 e and h) (0.002 mol) and anhydroﬁs‘sodium
-acetate (0.16g) were heated under reflux in water (5.0 ml) and
_ethanol (10 ml) for 1h. The reaction mixtures were evaporated under
reduced pressure.

Trituration of the residue from the hydrazone (151 e) with
dilute aqueous sulphuric acid afforded, after washing with water, the
triazolotriazine (154 a)(0.57g)(74%), m.p. > lBOo(decomp.), which was
identical (m.p. and i.r. spectrum) with a sample obtained previouély.

Tritgration of the residue from the hydrazéne (151 h) with water

gave 7-amino—l,2,3-triazolo[5,l—é]-l,2,4-triazine—3,6—dicarboxamide

(155 b) (0.34q) (77%), m.p. 292° (decomp.), v_ .. 3400-3100bxr (NH) , and

1680, and 1660(CO)cm ¥, m/e 222 (M%) and 139(M'-83) (M,222).
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No u.v. data was obtained .due to the insolubility of (155 b) in
absolute ethanol. Analytical data is collected in Table 3.

Ethyl 7-Amino-3—carbamoyl—l,2,3—triazolo[5,l—gﬂ—l,2,4—triazine—6—

carboxylate (155 a).

A freshly prepared solution of the diazonium salt (150 c¢) fl.2g;
0.0069 mol) in water (25 ml) aﬁd ethanol (25 ml) was added dropwise,
with stirring to a solution of ethyl cyanoacetate (O.79g;' 0.0069 mol),
and anhydrous sodium acetate (0.80g) in water (2.0 ml), and ethanol
(5.0 mif, which was cooled in an ice bath. Stirring was continued in
the melting ice-bath for 2h. The reaction mixture was then heated
under reflux for lh and the resultant solid was collected, washed
with water and dried in vacuo at room temperature to give the
triazolotriazine (155 a) (1.45g) (84%), m;p;_> 250°(decomp.), which
was identical (m.p. and i.r. spectrum) with a sample obtained
previously.

The Thermal Cyclization of the Hydrazone (151 h)

The hydrazone (151 h) (0.22g; 0.00l mol) was heated under
reflux in dimethylsulphoxide (2.0 ml) for 1 min. The reaction
mixture was allowed to cool and then diluted with water. The
resultant solid was collected and washed with a little methanol

to give 7—amino—l,2,3—triazolo[5,l-é]-1,2,4-triazine—3,6-dicarboxamide

(155 b) (0.14g) (64%), m.p. > 290° (decomp.), which was identical
(m.p. and i.r. spectrum) with a sample obtained previously.

The Behaviour of the Triazolotriazines(153 a-e), (154 a), and (155 a-c)

with Sodium Hvdroxide

The triazolotriazines (153 a-e), (154 a), and (155 a-c) were treated

briefly with dilute aqueohs sodium hydroxide solution.
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(i) The compounds (153 a and b) gave dark red solutions, which, when
acidified with dilute sulphuric acid, gave red solutions, without
the recovery of the starting material.
(ii) The compounds (153 c-e) and{l155 b) were insocluble and were
recovered upchanged (i.r. spectra) after filtering off the solid
and washing it with water.
(iii) The compound (154 a) gave a red soiutidn, which, when acidified
with dilute aqueous sulphuric acid afforded unchanged triazolotriazine
which Qas identical (i.r. spectrum) with starting material.
(iv) The compound (155 a) gave an insoluble sodium salt vmax.3350br,
and 3200(NH), and 1680, and i650(c0)cm“l which burned leaving a residue.
Acidification of the salt with dilute aqueous sulphuric acid gave

an unidentified solid (W), m.p. > 200°(decomp.), Vmax 3400, and

.3300(NH), and 1780-1700br, 1670, 1650, and 1630(C0O and NH deformation)
cm_l, m/e 251(M+). Crystallisatioh of (W) from aqueous dimethyl-
formamide gave a solvate vmax.3450w,34OOAand 3150 (NH) , and 1700w

and 1680, and 1630(NH‘def.)cm-l.v An attempt to drive off the
solvent of crystallisation by drying the solvate in vacuo at lOO°
resulted in the decomposition of (W) to a char.

(v) The compcund (155 c) gave a xed solﬁtion'which when acidified
with dilute sulphuric acid gave a yellow, non-filterable, gelatinous
precipitate accompanied by the evolution of hydrogen cyanide.A

The Attempted Methylation of the Triazolotriazines (153 a and b),

(154 a), and (155 a)

(i) The triazolotriazines (153 a and.b)(0.069 mol) , anhydrous
potassium carbonate (9.6g), and methyl iodide (6.0 ml)vwere

heated under reflux in anhydrous acetone (300 ml) for 3h.
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After filtering off the insoluble inorganic material, and

evaporating the filtrates, the residues were treated with water

and extracted with chloroform.

(a) The extract from the acetyltriazolotriazine (153 a) gave a gummy
solid (2.06g), which, on trituration with ethanol, yielded a solid
(1.52g), m.p.> l76°(decomp.), which was chromatographed over alumina.

Elution with ether-toluene (3:1) afforded a monomethyl derivative

(156 a) of the triazolotriazine (153 a) (0.42g) m.p. >.200°(decomp.)
(from efhanol—glacial acetic acid), vmax.3450'3300’ and 3250(NH),
and l690(CO)cm—l; Amax.215,244,283sh,294,302sh and 363nm(log € 3.79,
3.96,3.92,3.98,3.90 and 3.84), t [(cD,),S0] 1.93bx (1m,s,N8), 2.34br
(1H,§,NH), 4.03(1H,s,olefinic CH), 4.32(1H,s,olefinic CH), S.él(BH,
s,Me), and 7.55(3H,s,.COMe) , m/e234 (M) (11,234) .

Found: C;46.0; H,4.3; N,36.1%.
CH, N0, requires: C,46.2;  H,4.3;  N,35.9%.
Elution with more polar solvents mainly afforded dark intractable
oils. However, trituration of the residue obtained by elution
with chloroform-methanol (9:1) with a little methanol, gave a yelldw
solid (0.22g) m.p. 231-40° (decomp.), ¥y, 3600w, 3500, 3400, and 3300bx
" and 1690-1670bx (cO)em , and t[(cD,) ,50] 2.01(s,NH) , 2.22 (s,NH),
2.42(s,NH), 2.59(s,NH), 2.73(s), 5.89(s,Me), 6.02(s,Me), 7.73
'(s,Me), and 8.0l (s,Me), and which moved as a single spot on t.l.c.
examination.

(b) The extract from the triazolotriazine (153 b) gave an oil (2.22g)

which when triturated with ethanol afforded a monomethyl derivative

(156 b) of the triazolotriazine (153 b) (0.66g) m.p. > l45°(decomp.).
Crystallisation of the solid from ethanol-glacial acetic acid

raised the m.p. to 201°, V_.,. 3350-3150bx (NH), and 1700, and 1680
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(CO)cm_ln }max.234,241,2815h,295,3015h, and 356nm(log £ 3.95,4.02,
3.83,3.93,3.83 and 3.82), T(CDCl3)4.08(2H,s,olefinic CH2), 5.57
(2H,q,J7Hz,CH2),5.77(3H,s,Me), and 8.58(3H,t,J7Hz,Me) ,m/e 264(M+)

(M,264) .

Found: C,45.5; H,4.7; N,31.9%.
910512N OE requires: C,45.4; H,4.5; N,31.8%.

Examination of the ethanol mother liquor by t.l.c. showed it to
contain a multicomponent mixture.

(ii) The triazolotriazines (154 a) and (155 a) (0.0015 mol),
anhydrous potassium carbonate (l.6§), and dimethyl‘sulphate

(0.9 ml) were heated under reflux in anhydrous acetone (50 ml) for
4h. After filtering off the insoluble inorganic material, the
acetone filtrates were evaporated under reduced pressure and the
_”residues were treated with water and extracted with chloroform.

(a) The extract from th? triazolotriazinone (154 a) gave an oil
(0.35g) which on trituration with ethanol afforded a monomethyl

derivative (154 b) of the triazolotriazine (154 a) (0.09q)

m.p. 233o (from ethanol-glacial acetic acid), Vnax 3400,3250w, and
3150 (NH) , and 1720,1680sh, and 1670(C0)cm—l,_Amax240,270 infl., and

338nm(log € 4.37,3.50, and 2.88), m/e 266(M+)(M,266).

Found: C,40.8; H,3.8; N,31l.6%.
C H) N0, requires: C,40.6; H,3.8; N,31.6%.

T.l.c. examination of tﬁe 0il (0.24g) obtained by evaporating the

trituration mother liquor showed it to be a multicomponent mixture.
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(b) The solid, obtained by hot filtration of the reaction mixture
from (155 a), when washed with water, gave unreacted aminotriazolo-
triazine (155 a) (0.33g), m.p. > 230°(decomp.), which was identical
(i.r. spectrum) with an authentic sample. The chloroform extract
~gave no solid on trituration of the resultant oil (0.08g) with
ethanol.

The Attempted Hydrolysis of Ethyl 7-Amino-3-carbamoyl-l,2,3-triazoclo-

[5,1—6]—1,2,4—triazine—6—carboxylate (155 a) with Dilute Agqueous

Sulphuric Acid.

The éminétriazolotriazine (155 a) (0.75qg; 0.903 mol) was heated
under refiux with 4N aqueous sulphuric acid (7.5 .ml) in eéhanol
(20 ml) or diwethylformamide (20 ml) for 2h.

(i) Unreacted starting material (155 a) (0.73g}, m.p. > 250°(decomp.)
which was_identiéal (m.p. and i.r. spectrum) with an authentic
sample, was filtered off from the hot ethanolic solution.

(ii) The dimethylformamide solution was concentrated to 53:15 ml
and compound‘(w) was collected and combined with a second crop
obtained by furthef concentration of the mother liquor to ca. 5 ml
ané dilution with water (total 0.67g) m.p. > l90°(decomp.),
identical (m.p. and i.r. spectrum) with a sample obtained before.

The Attempted Hydrolysis- of the Triazolotriazine Esters (153 b) and

“ (155 a).
(i) The triazolotriazine (153 b)(O.SQg; 0.002 mél) was heated
under reflux in ethanol (20 ml) with 20% w/v sulphuric acid
(5 ml) for 5h. The reaction mixture was concentrated to ca.
5 ml, treated with a little water, macde just basic with solid |

sodium hydrogen carbonate and then readjusted to pH 6 using
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dilute aqueous sulphuric acid. Extracﬁioh of the reaction mixture
with chloroform afforded a gummy solid (0.23g), which on trituration
with ethanol-ether gave unreacted triazolectriazine (153 b) (0.1llqg),
m.p. 155-90, which was identical (m.p. and i.r. spectrum) with an
authentic samplé. T.l.c. examination of the ethancl-ether mother
liquor indicated it to contain a multicomponent mixture.
(i1i) The aminotriazolotriazine (155 a) (L.0g; 0.004 mol) was
heated under reflux in ethanol (20 ml) with N agueous sodium carbon-
ate soiution (10 ml) for 1h. The solid collected on cooling was
stirred in dilute agueous sulphuric acid to give compound (W) (0.89g),
m.é. > 2000(decomp.),'which was identical (m.p. and i.r. spectrum)

with a sample obtained previously.

_ The Attempted Hydrolysis of the Triazolotriazine-3-carboxamides

(153 a and b) and (155 a)

(i) The ﬁriazolotriazines (153 a) and (155 a) (0.004 mol) were
heated under reflux in glacial acetic acid (20 ml) with 20% w/v
éulphﬁric acid (10 ml) for 1-3h ining blabk solutions.

(a) COncentrationiéf the réaction mixture from the acetyltriazolotria-
zine (153 a) to ca. 10 ml and extraction of the mother liquor with
chloroform gave a black intractable tar (6.12 g).

(b) Concentration of the reaction mixture from the aminotriazolotriazine
(155 a) to ca. 10 ml, and neutralisation with solid sodium Hydrogen‘
carbonate, gave no material after extraction with chloroform.

(ii) SolﬁLions of the triazolotriazines (153 b) and (155 a) (0.002 mol)

in 90% w/v sulphuric acid (3.0 ml) were stirred and cooled to o°

(ice-bath), and treated drcpwise with a solution of O0.5N agueous
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sodium nitrite (3.2 ml). After the additions were complete, the
reaction mixtures were stirred for a further 5 min and were then
diluted with water (10 ml).

(a) The resultant solid obtained from the triazolotriazine (153 b) was
filtered off and warhed with water to give unreacted starting material
(153 b) (0.20q) , m.p.‘155—9°, which was identified by its m.p. and

i.r. séectrum. Extraction cf the mother liquor with chleroform
after neutralizing with solid sodium hydrogen carbonate afforded no
material.

(b) The triazolotriazine (155 a) afforded unreacted s;arting material
(0.38g9) , m.p. > 250C(décomp.), which was identified b§ its m.p. and
i.r. spectrum.

- The Attempted Reaction of 6-Acetyl—7-methyl-l,2,3-triazolo[5,l-dT¥

1,2,4-triazine-3-carboxamide (153 a) with Acetic Anhydride.

The triazolotriazine (153 a) (0.55g; . 0;0025 mol) was heated
qnder reflux in acetic qnhydride (3.0 ml) for 30 min. Evaporation
of the resultant black reaction mixture using toluene to azeotrope
off any remaining acetic anhydride gave a black intractable tar
(0;57g).

The Reaction of-6—Acetyl—7—methyl—l,2,3—triazolo[5,l-é]—1,2,44

tr¥iazine-3~carboxamide (153 a) with Phenylhydrazine.

The triazolotriazine (153 a) (0.44g; 0.002 mol) and phenyl-
hydrazine (0.22g) were heated under reflux in methanol (20 ml) for 3h.
' The azo compound (157), was depositea on cooling and was combined
wi£h a second crop which was obtained by evaporating the mother
liquor and triturating the residue with a little methanol ({(total

0.549) (87%) , (from glacial acetic acid-dimethylformamide),



-77-

V.. 3400,3300, and 3100(NH), and 1680(cO) e b, 1 [(CD3)ZSO] 2.07-2.74

(7H,m,ArH and NH) , 7.39(3H,s,Me) and 7.53(3H,s,Me) ,m/e 310(M+)(M,310).

Found: c,53.8; H,4.7; N,35.7%.
914514§80 requires: C,54.2; H,4.5; N,36.1%.

Experiments with 7—Amino-6—cyano—l,2,3-triazolo[g,1~cJ—l,2,4~triazine—

3~carboxamide (155 c).

(i) Reaction with Glacial Acetic RAcid

" The triazolotriazine (155 c) (0.25g) was heated under reflux in
glacial acetic acid (5.0 ml) for 30 min. Evaporation of the

reaction mixture and trituration of the residue with ether gave an

acetic acid solvate of‘the triazolotriazine (155 c¢) (0.25qg), vmax.3450_
3150bx (NH) , 2200-2350br (acetic acid), 2300w, and 2200(CN), and |,
1700(c0O), and 1650br (NH deformation)cm-l. Treatment of(thé solvate
with saturated agueous sodium hydrogen carbonate solution caused
effervescence and resulted in the formation of the free triaéolo-

triazine (155 ¢) which was identified by. its i.r. spectrum.

(ii) Attempted Reaction in Dimethylsulphoxide.

The triazo;otriazine (155 c¢) (0.25g) was heated under refiux in
diﬁethylsulphoxide (1.0 ml) for 1 min. Dilution with water gave
unchanged triazolotriazine (155 c¢) (0.25g) which was identified 5y
its i.r. spectrum.

(iii) Attempted Reaction with Polyphosphoric Acid

The triazolotriazine (155 c) (0.41lg; 0.002 mcl) was stirred
in polyphosphoric acid (ca. 3 ml) for 3h at 800. The reaction
mixture was diluted with water and scratched but no solid was

deposited. The reaction mixture was made just alkaline with
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solid sodium hydrogen carbonate and scratched. No solid was
obtained and extraction with chloroform afforded no material.

(iv) Reaction with Acetic Anhydride

The tfiazolotriazine (155 c¢) (0.21g; ©.001 mol) was heated under
reflux in acetic anhydride'(S.O ml) for 5 min. The solid deposited
on cooling was combined with a second crop obtained by evaporating the
mother liquor and triturating the residue with ether (total, 0.259);
m.p. 154-90(decomp.). T.l.c. examination of the solid showed it
té be é mi#ture containing at least five components. Cryétallisation
of a sample of the colid from ethanol-glacial acetic acid did not

purify the solid.



Table 1

Analytical Data for the (1,2,3-Triazol-5-yl)hydrazones (151 a-g)

Active methylene

comgd.

acetylacetone

ethyl acetoacetate
benzoylacétone’
dibenzoylmethane
diethyl malo;ate
ethyi benzoylacetate

ethyl cyanoacetate

151
151
151
151
151
151

151

Hydrazone

a

b

Mol.Formula

Cef10V603

C11814%%s

C,.H . .N O

137127673

187145603

C10t14%%

C, H,A N_O

14714 6 4 -

CetoN193

Found (%)

C H
40.5 4.4
42.9. 4.5
52.3 4.6
59.2 4.1
40.6 4.7
50.9 4.2
4.0

38.8

35.5
26.7

26.4

Required (%)

c
40.4

42.6

52.0

59.6

40.3

50.9

38.2

H
4.2

4.5

4.0

3.9

4.7

4.2

3.6

N
35.3

27.%..

'28.0

-6L-



Table 2

Analytical Data for the Monoacetyl Derivatives of the (1,2,3¥Triazol—5—yl)hygrazones (151 a-f).

Hydrazone

151 a
151 b
151 ¢
151 d
151 e

151 £

Monoacetyl

Derivative

151 3
151 k
151 1
151 m
151 n

151 o

Mol.Formula

Cc, H _NO

101264

€11514%6%

C15H14%6%

C20M16%6%4

€12%16%6%

C16%16%6%s

Found (%)

43.2

42.9

29.6

26.7

25.0

21.0

24.4

22.4

Reguired(%)

42.9
42.6
52.6
59.4
42.3

51.6

H

4.3

4.5

4.1

4.0

4.7

4.3

N
30.0
27.1
24.6
20.8
24.7

22.6

—08_



Table 3

(155 a-c) .

Analytical Data ior the 1,2,3—Triazolo[5,l-£]-l,2,4-triazines (153 a-e) , (154 a), and

Triazolotriazine

153 a
153 b
153 ¢
153 a
153 e -
154 a
155 a
155 b

155 ¢

Mol.Formula

CgtigNgO,

Cof107603

13510V

C18M12N%

C14H12V¢%5

C8H8N6O4

C8H9N7O4

CelgNgOy

C6H4N80

43.6

43.4

55.6

62.5

54.2

37.6

38.5

32.1

33.9

Found (%)

H

3.6

4.0

3.5

3.6°

4.0

3.1

3.6

2.7

2.3

38.0

33.0

29.5

24.0

26.5

33.2

39.1

50.8

52.7

43.7

43.2

55.4

62.8

‘53.8

38.1

38.2

32.4

35.3

Required (%)

H

3.6 38.2
4.0  33.6
3.5  29.8
3.5  24.4
3.9 26.9
3.2 33.3
3.6 39.1
2.7 so0.

2.0 54.9



-82-

2.9 Some Coupling Reactions of 2H~1,2.,4-Triazole-3~-diazonium

Nitrate and the Synthesis and Reactivity of the 1,2,4~

Triazolo[S,l—é]—l,2,4-triazine Ring System.

2H-1,2,4-Triazole~-3-diazonium Nitrate (215 b)

A solution of soédium nitrite (0.9g) in the minimum volume of
water was added dropwise at Oo(ice—bath) to a stirred suspension of
.3—amino-2H—l,2,4—triazole(215 a) (1.26g; 0.015 mol) in a mixture of
concentrated nitric acid (1.5 ml) and water (3.5 ml). Stirring was
continued for a further 15 min at 0° and the resulting diazonium
salt solution was used directly in the coupling reactions described

below.

~Coupling Reactions of the Diazonium Salt (215 b) with Some Active

Methylene Compounds.

A freshly prepared solution of the diézonium salt (215 b)
(0.015 mol) waé added dropwise, with stirring, to a solution of an
active methylene compound (0.0lS-mol) and anhydrous sodium acetate
(1.6 g) in water (4.0 ml) and ethanol (10 ml). Stirring in the melting
ice~bath was continued for 2h.

(a) Acetylacetone afforded pentane-2,3,4-trione 3-(2H-1,2,4-triazol-

3-yl)hydrazone (216 a) which was filtered off from the reaction

mixture and washed with water (63%), m.p. 1580(from ethanol), Vhax 3300
and 3100br (NH) ,. and 1690(C0)cm_l,_)\max 207,230sh and 306nm(log € 3.92,'
3.68, and 3.95) r[(CD3)2Sé] 2.17(1H,s,H~-5), 2.84br(1H,s,NH), 7.65

(3H,s,Me) and 7.91(3H,s,Me), m/e 195(M'), and 177 (M+—H20) (M,195) .



Found: Cc,43.0; - H,4.7; N,35.9%.
§7§9§592 requires: C,43.1; H,4.6; N, 35.9%.
The mother liquor was concentrated to ca. 20ml and the amorphous
solid (A) was collected and combined with a second crop, obtained
by extracting the mother liquor with chloroform and triturating
the resultant gum with ether (total 0.37g), m.p. l96°(decomp.)
(from ethanol), v 3500-3100br (NH) , and 1690br (CO)cm *, A 208

max. - max.
and 319nm(log € 3.72 and 3.77), m/e 177. The lH n.m.x. spactrum
of (A) in [2Hé] dimethylsulphoxide is broad and unresolved. '
- Found: C,45.4; H,4.2; N,37.1%.

Calculated for C7HqN:O.%H20; Cc,45.1; - H,4.3; N,37.6%.
hamat § - -

" (b) Ethyl acetoacetate afforded an amorphous solid (B) which was

washed with dilute hydrochloric acid, then water and combined with
a seccond crop obtained by diluting the acidic washings with watex
(total 0.43g), m.p. 200-3°, v__ 3500-3000br (NH), and 1720 em L,

m/e 207. The ?

‘H n.m.r. spectrum of (B) in [2Hé] dimethylsulphoxide
is broad and unfesolved. Concentration of the mother ligquor to
ca. 20 ml gave a further crop of solid (0.92g), m.p. 178—800, which
has identical i.r., lH n.m.r., and mass spectral properties to
those described for (B) above. Crystallisation of this solid

from ethanol-glacial acetic acid raised its m.p. to 1890.

Found: C,44.7; H,4.4; ' N,32.2%.

Calculated for CH/N.O,.%H,0: C,44.5; H,4.6;  N,32.4%.
—OTITOT 4 -

Extraction of the remaining agqueous solution with chloroform gave

no further material.
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(c) Benzoylacetone afforded a sclid (2.75g), which after washing,
with water, was leached with boiling light petroleum leaving the

insoluble l-phenylbutane-1,2,3-trione 2-(2H-1,2,4-triazol-3-vyl)

hydrazone (216 c) (2.34qg), n.p. l37°(from ethyl acetate), vmax 3300~

3100br (NH) , and 1640(Co)cm-l,r DCD3)ZSCa 2.11(1H,s,H-5), 2.14-2.61
(54,m,ArH), 2.71br(1H,s,NH), 7.72(s,Me), and 7.84(s,Me), m/e 257
+ +
(M), and 239(M -520)(M,257).
Found: C,55.9; H,4.3; N,27.4%.
912511N502 requires: C,56.0; H,4.3; N,27.2%.
The mother liquor was concentrated to ca. 20 ml and the solid
(0.739)'was collected and leached with boiling light petroleum,
leaving an insoluble amorxphous solid.(C) (0.69g), m.p. 157° (from -

'ethanol-light petroleum), Vhax 3400-3000br (NH) , and lGSObr(CO)cm-l,

m/e 239. The lH n.m.r. spectrum of (C) in [2H6] dimethylsulphoxide
. was broad and unresolved. '
Found: C,58.3; H,3.9; N,_28.4%. ‘

Calculated for ClzgnNcO.%Hzg; C,58.1; H,4.0; N,28.2%.

Evaporation of the combined light petroleum mother liquors gave
benzoylacetone (0.45g). Extractién of the remaining aqueous
solution with chloroform gave'no further material.

(d) Dibenzoylmethane gave a solid, which was collected and combined
with a second crop obtained by concentration.of the mother liquor
(total 3.31qg). The solid was leached with boiling light petroletm

leaving the insoluble 1,3-diphenvylpropane-1,2,3-trione 2-(2H-1,2,4-

triazol-3-yl)hydrazone (216 4) (1.66g), m.p. 184° (from agueous

ethanol), v__ 3300 and 3100br (NH), and 1650(co)em ,t[(cD,) ,50]
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2.22(1H,s,H-5), and 1.96-2.72(11H,m,ArH and NH), m/e 319(M+) and
301 (M'-8,0) (,319) .

“Found:  C,63.8:  H,4.1;  N,22.0%.
917513§592 requires: C,64.0; H,4.1; N,21.9%.
Evaporatipn of the light petroleum mother liquor gave dibenzoyl-'
methane (1.60g). Extraction of the remaining aqueous solution
with chloroform gave no further material. |
(e) Benzoylacetonitrile afforded a solid which was combined with a
further'crop, obtained by concentrating the mother liquor to ca.
20 ml(total 2.66g). This solid was stirred in cold bgnzene
leaving an insoluble solid (1.24g), which was crystallised from
ethanol leaving an insoluble unidentified solid (0.21g).

Phenylglyoxalonitrile 1-(2H-1,2,4-triazol-3-yl)hydrazone (216 e)

‘crystallised from the ethanol as the ethanol solvate'(l.OSg),

t[(cpy) s0] 1.300x (18,5,8m), 2.09(1H,s,H-5), 2.56(5H,s,ArH), 6.54
(q,J7Hz,CH2), and 8.94(t,J7Hz ,Me). Drying at 80° for 17h liberated
.;he freé hydrazone (216 e), m.p. 168°(from ethanol), vmax.3300-3100br

(NH) , 2250(.C = M), and 1600(co)em *, t [(cp,),S0] 1.30br (1R,s,NE),

2.09 (1H,s,H-5), and 2.56(5H,s,ArH), m/e 240(M') (M,240).

Found: c,55.0; H,3.4; N, 35.0%.
C..H_ N O requires: C,55.0; H,3.3; N,35.0%.

Evaporation of the benzene mother liquor gave benzoylacetonitrile
(1.13q). Extraction of the remaining agueous solution with

chloroform gave an intractable red gum (0.32g).
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(£f) Ethyl cyanoacetateand malononitrile gave ethvl cyanoglyoxalate

2-(2H-1,2,4-triazol-3-yl)hydrazone (216 £) (99%), m.p. 150“50,

- . -1 o
Viay, 3650,3400, and 3200 (NH) ,2250(.C = N), and 1720(CO)em , T Ecps)zso_l

1.63 (1H,s,H-5), . 5.75(2H,q,J7Hz,CH2), and 8.73(3H,t,J7Hz,Me),

m/e 208(M") (M,208), and mesoxalonitrile 2- (2H-1,2,4-triazol-3-yl)

hydrazone (216g) (76%) , m.p. > 190°(decomp.), vmax 3500,3400 and

3200-3000b (NH) , and 1690 (NH def.)em *, T [(cD,),S0] 1.10(s,Nm)

m/e lGl(Mf)(M,16l). The attempted crystallisation of the hydrazones
(216 £ and g) from ethanol, glacial acetic acid or di@ethylformamide
~gave the triazolotriazines (218 b and c) which were identical with
samples obtained later.

(g) Cyanoacetamide afforded a red resinocus szolid (l.16g), m.p. > 200°
(decomp.). The resin was crystallised from dimethylformamide, m.p.
250°(decomp.), to give a solid which showed ill-defined i.f. and lH
n.m.r. spectra. The mass spectrum contained peaks due to high
molecular weight fragments up to, and greater than 400 mass units.

' Concentration of the mother liquor to ca. 20 ml afforded a solid
(0.39g), m.p. > ZOOO(decomp.), which was leached with boiling water
leaving a further crbp of red resinous material (0.28g), m.p. > 200o

(decomp.) . Evaporation of the aqueous extract afforded 7-amino-

1,2,4-triazolo[5,1~¢)-1,2,4-triazine-6-carboxamide (218 d) (0.11g),

m.p. > 220°(decomp.)(from water), vmax‘3400,3250br and 3100bx (NH) ,
and 1680br (CO) cm )1 [(CD3)250] 0.4-0.8br (2H,s,NH) , 1.24(1H,s,E-2),
1.44br(1H,s,NH) and 2.16br(1H,s,NH), m/e 1‘79(:44) (M,179). No
u.v. data was obtained due to the insoluvbility of (218 4) in

ethanol.
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Found: C,32.4; H,2.8; N,52.3%.
CSH5§70 requires: C,33.6; H,2.8; N,54.7%.

(h) Ethyl benzoylacetate afforded the insoluble - ethyl 2-benzoyl-

~glyoxylate 2-(2H-1,2,4-triazol-3-yl)hydrazone(216:1i). A further

crop was obtained by concentrating the mother liquor to ca. 20 ml.

The sq;ids were combined (2.95g), m.p; 139-44° (from ethyl acetate),
Viax, 3400, and 3250-3000br (NH), and 1700 and 1690sh (CO) cn t,

T |_'(cn3) 2so] 1.99(1H,s,NH) ,2.16(1H,s,H-5) ,2.66 (5H,s,ArH) ,6.00(q,
J7Hz,CH2)6.02(q}J?Hz,CHz), and 8.98(3H,t,J7Hz,Me), m/e 287 (M+)(M, 287).

- Found:  C,54.6; H,4.5; .N;24.4%. |
913§13§593 requires: C,54.4; H,4.5; N,24.4%.
Extraction of the mother liquor withvchloroform afforded ethyl

benzoylacetate (0.56g).

(i) Diethyl malonate gave diethyl mesoxalate 2-(2H,1,2,4-triazol-3-

yl)hydrazone(216.j)(l.84g), me. 140°(from ethanol), Qmax'3200—
2700br (NH) , and 1720 and 1690 (CO)em Tyt [(CDB)ZS():] 1.69(1H,s,H-5) , .
5.68(2H,q,J7Hz,CH2),5.75(2H;q;J7Hz,CH2),.8.72(3H,t,J7Hz,Me), and
8.73(3H,t,J7Hz,Me) , m/e 255(M') (M',255).

Found: C,42.5;  H,5.0;  N,27.7%.
| CoH N.O, requires:  C,42.4;  H,5.1;  N,27.5%.
Concentration of the mother liquorkto ca. 20 ml afforded a solid,
which when acidified witb dilute aqueous sulphuric acid gave the

hydrate of ethyl 4,7-dihydro-7-oxo-1,2,4-triazolol5,1-¢)-1,2,4-

~triazine-6-carboxylate (219 b)'vmax'3100—2400br(NH'0H) and 1740bx

and l7OQsh(CO)cm_l. The solvent of crystallisation was driven

off by drying at 80° for 4h, and the solid was combined with a
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further crop obtained by extracting the mother liquoxr with chloro-
form and triturating the resultant gummy residue with ether (total -
0.42g), m.p. 204°. The triazolotriazine (219 b) was identical

(m.p. and i.r. spectrum) with a sample obktained later.

Reactions of the (1,2,4-Triazol-3-yl)hydrazones (216 a, c-g, i and j)

Action of Dilute Aqueous Sodium Hydroxide Solution

Tﬁe hydrazones (216 a, c-f, i and j) were immediately soluble
in dilute aqueous sodium hydroxide solution giving red, orange ox
yellow solutions. The hydrazone (216g) gave a colourless,
sparingly soluble salt.which‘gave a yellow solution with hot water.

Imnediate acidification of the alkaline solutions of (216 a
and c) with dilute agueous hydrochloric acid gave the amorphous
solids (A) and (C) respectively, which were identical (m.p. and
i.r. spectrum) with samples obtained as described before.

Similar acidification of the alkaline solutions of (216 d-f)
or of the sodium salt derived from (216 g) regenerated the unchanged
hydrézones, which were identified by m.p. and i.r. spectrum.

Acidification of the alkaline solutions obtained from
(2;6 i and j) afforded the triazolotriazines (219 a and b) which were
identical (m.p. and i.r. spectrum) with samples obtained later.

The Attempted Acetylation of the Hydrazones (216 a and j)

(i) The hydrazone (216 a) (0.39g; 0.002 mol) was warmed in
aéetic anhyédride (1.5 ml) until the suspended solid dissolved.
The excess of acetic anhydride was evaporated under reduced pressure,
using toluene to remove the last traces, to give a gum (0.38g), which

was shown by t.l.c. to be a multiccocmponent mixture.
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(ii) Treatment of the hydrazone (216 j) (0.51lg; 0.002 mol) with
acetic anhydride as described in (i) above, gave a gum which was
treated with ether to afford starting material (82%), identified by
!
i.r. spectrum.
(iii) Heating the hydrazone (216j) (0.5lg; 0.002 mol) under reflux
in acetic anhydride (1.5 ml) for 0.75h, and the mixture worked up
as in (i) above, gave startiné material (48%) which was identified
by its i.r. spectrum. Examination of the mother liquor by t.l.c.

showed a multicomponent mixture.

The Cyclization of (1,2,4-Triazol-3-yl)hydrazones to 1,2,4-Triazolo-

[5,1—6]-1,2,4—triazines

(a) The hydrazones (216 d-g, i and 1) (D.002 mol) were heated
under reflux in glacial acetic acid (10 ml) for 2h. The reaction
mixtures were allowed to cool and any solid was collected, washed
with ether, and dried with sﬁction. Further crops were obtained by
evaporating the filtrates under reduced pressure and triturating
the gummy residues with ether. Both crcps were combined and
crystallised to give the triazolotriazines (217 d), (218 a-c) and
(219 a and b) (57-70%) .
6-Benzoyl-7-phenyl-1,2,4-triazolo[5,1-c]-1,2,4-triazine (217 d)

had m.p. 194°(from benzene), v___ 1680(CO)cm ~, A___ 213,258, and
max. . max.

331nm(log € 4.32,4.29, and 3.91), t[(cp,) s0] 0.90(1H,s,8-2),
and 1.96-2.64 (10H,m,ArH), m/e 301 (M') (M,301).
Found: Cc,68.2; H,3.7; N,23.4%. ‘

91751 N_O requires: c,67.8; H,3.7; N,23.2%.
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7—Amino~6—benzqyl—l,2,4—triazolo[5,l—cJ—l,2,4—triazine(218 a)

had m.p. 224° (from benzene-glacial acetic acid), vmax.3400_and 3100
(NH) , and 1640 (CO)em Aoy 216,243 infl.,300, and 331 nm(log €
4.23,3.87,4.08, and 4.15),1 [(cp,),50] 0.400x (28,5,8m) ,1.10(18,s,8-2),
and 2.00-2.56 (5H,m,ArH), m/e 240(M') (M,240).

Found:  C,55.3;  H,3.5;  N,35.4s.

C..H N _O requires: C,55.0; H,3.3; N,35.0%.

Ethyl 7—amino-l,2,4-triazolo[5,l—é]—l,2,4-triazine—6—carboxylate

(218 b) had m.p. 210°(from ethanol-glacial acetic acid), Voax 3400
and 3250-3100bx (NH), and 17lO(CO)cm-lL Amax 215,229,282 and 325nm
(log € 4.04,4.07,3.90 and 4.02), T[}CD3)2SQ] 1.23(1H,s,B-2) ,5.55

(2H,q,37Hz,CH,) , and 8.61(3H,t,J7Hz,Me) , m/e 208 (M) (M, 208) .

Found: C,40.4;  H,4.0;  N,40.4s.
9758N502 requires: Cc,40.4; = H,3.8; N,39.8%.

7—Amino~6—cyano—l,2,4—triazolo[5,l—cﬂ—l,2,4-triazine(218 c) had

m.p. > 240°(decomp.)(from ethanol-glacial acetic acid), Vpax 3400

(NH), 2250(.C = N), and 1660 (NH def.)cm =, Aoy, 210,228,279,284sh, and

332nm(log € 4.19,4.10,3.88,3.85, and 3.98),7[(CD,) ,50] ©.25br

(2H,s,NH) and 1.10(1H,s,H-2), m/e 161 (M') (M,161).

Found: C'36ol; H,l.g; N,SB.?%.
C5H3§_7 requires: C,37.2; H,1.9; N,60.9%.

6-Benzoyl-1,2,4-triazolo[5,1-c)l-1,2,4-triazin-7 (4H)-one (219 a)

-had m.p. 255°(from glacial acetic acid), vmax 3200 and 3150(NH),
and 1720 and 1670(C0)cm_l,_)\max 210,257 and 310nm(log € 4.19,
4.06 and 3.97),1 [(CD,) 5G] 1.51(1H,s,8-2), and 1.90-2.53(5H,m,AxH),

m/e 241 (M7) (M,241).
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Found: C,54.6; H,3.0; N,29.3%.

g_llg__,]NSO2 requires: C,54.8; H,2.9; N,29.0%.

Ethyl 4,7—dihydro—7—oxo—l,2,4—triazolo[5,lwé]—l,2,4—triazine~6—

carboxylate (219 b) had m.p. 204°(from ethanol),.\)max 3100-2600br

(NH) , and 1750 and 169O(Co)cm-1,vAmax.208,22Osh,2Clsh,269 infl.,273
and 318nm(log ¢ 4.07,3.94,3.64,3.68,3.70 and 4.00) ,t BCD3)ZSQ] 1.56
(1H,s,H-2), 5.64(2H,q,J7Hz,CH2), and 8.68(3H,t,J7Hz,Me), m/e 20°
(%) (M, 209). |
Found:  C,40.1;  H,3.3;  N,33.7s.

EVEVESQG requires: C,40.2; H,3.3; N,33.5%.

(b) The hydrazones (216 a and c) (0.005 mol) were heated under reflux
in glacial acetic acid (20 ml) for 1-2h. Evaporation of the solvent
and trituration of the resultant gums with ether afforded the solids
(a) (0.97g) and (C)(l.ng).which'were identical (i.r. spectrum) with
samples obtained previously.

(c) The‘hydrazones (216 a, £ and j) (0.0015 mol) in ethanol (5.0 ml)
and water (2.0 ml) were heated ﬁnder reflux with anhydrous sodium
acetate (0.l2g) for 1lh.

(i) In the case of (216 a), evaporation of the mixture and trituration
of the resultant solid residue with water afforded the solid (A)
A(O.ZQg), identical [m.p.l96°(decomp.) and i.r. spectrué] with a
sample obtained previously.

(ii) Evaporation of the mixture from the hydrazoné (216 £) and
trituration of the gummy residue with water gave the aminoester

(218 b) (0.14g), identical (m.p. 210° and i.r. spectrum) with a
sample obtained previously. The aqueous mother liquors were

evaporated and the resultant cake was leached with hot methanol.
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Evaporation of the methanol gave a solid (0.12g), which was separated
by extraction with hot chloroform (50 ml) into the soluble amino-
ester (218 b) (0.04g) and the sodium salt of the ketonitrile (219 c).

Acidification of the latter with dilute aqueous hydrochloric acid

gave the hydrate of 6-cyano-1,2,4-triazolo[5,1-cJ-1,2,4-triazin-7

(4H) -one (219 c) (0.05g), Vhax 3500, and 3400-2400br (NH,OH), and

l700br(C0)cm_l,_which when heated at 80° for 4h gave the free
triazolotriazine (219 c¢), sublimes at 240°(from ethanol), Vnax.
3000—26005r(NH), é300sh (.C £ N), and 1720(C0)cm~l,_Amax.213,2l7sh,
253,257sh, 275, and 319nm(log € 3.93,3.93, 3.64, 3.63, 3.52 and 3.98),

t[(c,) s0] 1.46 (18, s,8-2), w/e 162(7) (4,162).

Found: Cc,37.2; H,1.4; N,51.9%.
C.HN O requires: - ¢,37.0; H,1.2; N,51.9%.

(iii) Evaporation of the mixture from the hydrazone (216 j) apd
acidification of the residue with dilute aqueous sulphuric acid
1 gave a solid, which when dried at 80° for 4h, afforded the triazolo-
triazine (219 b) (77%), identical {(m.p. 204° and i.r. spectrum) with

a sample obtained previously.

The Direct Synthesis of l,2,4—Triazolo[5,l—é]—l,2,4—triazihes from

2H-1,2,4-Triazole-3-diazonium Nitrate (215 b)

A freshly prepared solution of the diazonium salt (21% b)
(0.015 mol) was added dropwise to a cooled ‘(ice-bath), stirred
solution of the appropriate active methylene compound (0.015 mol),
and anhydrous sodium acetate (l1l.6g) in water (4.0 ml) and ethanol

(10 ml). The reaction mixture was stirred in the melting ice-bath
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fo: lh, and was then heated under reflux for a further 1h(0.5h in the’
case of malononitfile.

(a) The cooled mixture from dibenzoylmethane afforded a solid which
was washed with water and combined with a second crop obtained by
evaporating thé motihier liquor and treating the residue with a little
water. ‘ The crude solid prodﬁct was extracted with hot light
petréleum to give the hydrazone (216 4d) (2.02g), identical (m.p. 184°
and i.r. spectrum) with a sample obtained as described previously.
Evéporation of the light petroleum extract afforded dibenzoyl-
methane (1.59g). Extraction of thevremaining aqueous solution with
chloroform.gave no more material.

(b) Benzoylacetonitrile gave the ethanol solvate of the triazolo-

triazine (218 a),7 [(CD,) 0] 0.36br(21,s,:H), 1.10(1H,s,H-2),
2.0942.27(5H,m,Arﬁ),6.}55(q,J7Hz,CH2), and 8.96(t,J7Hz,Me).  The
 free triazolotriazine (218 a) (2.05 g)(57%),[identical (m.p.224o

and i.r. spectrum) with a sample obtained previousli] was obtained by
drying the solvate at BQ°~for 4h. Concentratioh of the mother liquor
to ca. 20>ml gave a solid (1.06g), m.p. 76-1350, which was shown by
t.l.c. to be a mixture of at least five components, and did not
~give any recognisable material on crystaliisation from ethanol;

) glacial acetic acid. Acidification.of thé remaining aqueous
solution fol;owed by extraction with chloroform gave no more
material. |

(c) Evaporation of the reaction mixture from ethyl cyanoacetate
afforded a solid cake which was leached with hot water (25 ml}
leaving the insoluble triazdlotriazine (218 b), ﬁore of which was
4obtained by evaporating the aqueous extract and re-extracting with

hot water (total 0.57g).
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The agqueous mother liquor was made up to 25 ml with water
and subjected to a constant chloroform extraction for 60h.  The
chloroform extract gave a solid, wnich was crystallised frem a
mixture of ethanol (10 ml) and glacial acetic acid (5.0 ml), to
_give more of the triazolotriazine (218 b) (0.35 g) which was
identical (m.p. 210° and i.r. spectrum) with a sample obtained
previoﬁsly. ,

Acidification of the aqueous mother liquor, remaining after
constant éhloroform extraction, with dilute aqueous hydrochloric
acid gave a solid which was crystallised from ethanol to afford the
triazolotriazine (219 c)(0.33g)‘which was identical (m.p.'>240o
and i.r. spectrum) with a sample obtéined previously. Extraétion
of the acidig mother liquor with chloroform gave no more material.
(d) Malononitrile afforded the hydrazdue (216g) (1.15g) (48%),
identical [m.p. 240°(decomp.) and i.r. spectrué]with a sample
prepaﬁed as described previously. Concentration of the mother
liquor to ca. 20 ml gave a black ihtractablelsplid (0.309). No
material was obtained on acidification of the aqueous mgother liquor
and extraction with chloroform.

(e) Cyanoécetamide gave a resinous red solid which was combined
witﬁ a second crop, obtained by concentrating the mother liquor to
ca. 20 ml. The solid, when warmed with water, left the insoluble
aminoamide (218 d) (0.78g) (29%) , which was identical (m.p. > 220°
and i.r. spectrum) with a sample obtained previously. Evaporation
of the aqueous extract gave a resinous red solid (0.72g) which
showed ill—-defined i.r. and lH n.m.r. spectra, identical with

those of the resinous solid obtained in the reaction between the
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diazonium salt (215 b) and cyanoacetamide, at low temperature
described before.

(f) The mixture obtained from ethyl benzoylacetate was concentrated
to ca. 20 ml and extracted with chloroform to give a gum (0.88g) which
was shown by t.l.c. to be a multicomponent mixture. Acidification
of the aqueous solution}with dilute sulphuric acid gave the triazolo-
triaziné (219 a) (1.749) (48%) which was identical (m.p. 255o and

i.r. spectrum) with a sample obtained as described previously.
Extractioﬂ of the remaining aqueous solution with chloroform gave

no further ﬁaterial.

(g) Diethyl malonate gave a solid which was combined with a

second crop obtained by conqentratiné the mother liquor to ca. 20 ml.
Acidification of the solid with dilute hydrochloric acid gave the -
hydr#te of the triazolotriazine (219 b) (1.51g) which was identical'
(m.p. 204° and i.r. spectrum) with a sample obtained previously.:

4,7—Dihydro—7-oxo—l,2,4—triazolo[5,l—é]-1,2,4—triazine—6—carboxylic

Acid (219 4)

(a) A freshly prepared solution of the diazonium salt (215 b)
(0.06 mol) was édded dropwise to a cooled solution of diethyl
malonate(0.06 mol) and sodium carbonate (8.4g) in water (16 ml)
and ethanol (40 ml). Stirring was continued for 1lh, and the
‘mixture vwas then heated under reflux for a further 2h. The
solid was collected on cooling and acidified with dilufe hydro-
chloric acid to give a hydrated form of the acid (219 d) (7.0q),
Vmax.3500-3100br’ and 2700-2300bx (NH,OH and H20), 1940—182O(H20)

and l740-1680br(CO)cm_1, which was crystallised from ethanol

~glacial acetic acid to give the free acid (219 d), m.p. l94°(decomp.),
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v 3200-2600byx (NH,OH) , and 1750 and 1690br(CO), A - 216,247 infl.,
max. . maxXe.
380sh, and 312nm(log e 4.15,3.64,3.73, and 3.98),1 [(cD;) ,S0]1.60(18,
s,H-2) ,n/e 181(M") and'137(M+—C02)(M,181).
Found: C,33.2; H,1.8; N, 38.5%

C_H

sHyNO, requires: C,33.2; H,1.7; N,38.C%.

Concentration of the mother liquor to ca. 20 ml afforded a solid,
which Qhen acidified with dilute hydrochloric acid, gave the hydrate
of the triézolotriazine k219 b) (1.40g) which was identical

(m.p. 2046 and i.r. spectrum) with a saﬁple prepared before.

(b) The acid (219 d) was also obtained when the ester (219 b) (0.42g;
0.002 mol) was heated under reflux with 2N aqueous sodium carbonate
solution (5.C ml) in ethanol (10 ml)lfor 1h. The solid which
separated on cooling was collected and acidified with dilute aqueous
hydrochloric acid to give the hydrate of the acid (219 d)(0.3Sg) m;p.
201-4°.

When the hydrate of the acid (219 d) was prepared, by the
methods described, and crystallised from water, a second hydrated
form was obtained, vmax.3600,3500,3100,2800—2300br(NH,OH, HZO)'
1940-1820bx (1,0) , and 1720-1680br (CO)cm *.  The m.p. and 'H n.m.r.
spectra of the free acid (219 d) and both of its hydrated forms
were-identical.

Investigation of the Solids (A,B and C)

(a) The Action of Aqueous Alkali

The solids (A,B and C) were all immediately soluble in dilute
aqueous sodium hydroxide solution giving red solutions, acidification

of which with dilute aqueous sulphuric acid regenerated the solids,
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identical (m.p. and i.r. spectrum), with authentic samples.

(b) The Attempted Methylaticn of the Solid (B)

‘ The solid (A) (0.37g), suspended in methano} (3.0 ml) was treated .
Qith 4% w/v aqueous sodium hydroxide solution (3.0 ml). The \
resulting solution was treated with methyl iodide (0.6 ml) and the
reaction mixturé was shaken at rooﬁ temperature for b5h. Evaporation
of the methanol followed by extraction of the remaining agueous
solution with chloroform gave a froth (0.34g), which wa; insoluble
in dilute aqueous sodium hydroxide solution. T.l.c. examination
of £he froth was inconclusive. The 1H n.m.r. spectrum of the
froth (in CDC13) éontained a'multitude of unassignable peaks.

Mass spectra of the froth, run at 1800, 220o and 2400, showed no

apparent parent ion and contained peaks due to many high molecular .

weight fragments.

(c) The Attempted Benzoylation of the Solid (A)

Tﬁe solid (A) (0.93g) was shaken with 10% w/v aqueous sodium
hydroxide solution (5.0 ml) and.benzoyl chloride (0.64 ml) for
15 min. ) The resultant insoluble so;id was combined with a second
crop which precipitated on extraction of the mother liquor with
chloroform. After béing washed with water, the solid burqed
leaving a residue. After washing with a little dilute hydro-
chloric acid, foilowed by watexr, the solid (0.54g) had m.p. > 200°
(décomp.), did not leave a residue on bugning, and was identical.(i.r.
spectruﬁ) with starting material. The chloroform extract géve no
material. Acidificaéioﬁ of the remaining aqueous mother -liquor

with dilute hydrochloric acid gave benzoic acid (0.57g), m.p. 117—200,
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identical (m.p., mixed m.p. and i.r. spectrum) with an authentic
sample.

(d) The Attempted Hydrogenolysis of the Solid (A)

No uptake of hydrogen was observed after 2h when hydrogenation
of the solid (n) (0.37g) was attempted in ethanol (100 ml) over 10%
palladium-charcoal. Evaporation of the filtered mixture gave a
quantitative recovery of starting material which was identified by
- its m.p. 175-840, and i.r. spectrum.

(e) The Attempted Oxidation of the Solid (A)

The solid (A) (0.37g) was heated under reflux with activated
manganese dioxide (1.0g) in dfy acetone (150 ml) on a boiling
Qater bath for 4h. The reaction mixture was filtered and evaporated,
and the solid obtained was combined with-a second crop, which was
isolated by extracting the solid, from the hot filtration, with
hot ethanol. The resultant dark olive-green solid (0.24g) had
m.p. > 1500(decomp.), i.r. spectrum identical with that of the
 solid (a).

(f) The Attempted Acidic Hydrolysis of the Solid (A)

The solid (A) (1.0g) was heated under reflux with 5N aqueous
sulphuric acid solution (3.0 ml) for 90 min. The solid which
precipitated on cooling and dilution of the reaction mixture with
water, was washed with water and combined with a second crop which
separated, on extraction of the aqueous mother liquor with chloroform
(total 0.75g), m.p. 250°(decomp.), i.r. spectrum identical with that

of the solid (a). The chloroform extract afforded no material.
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(g) The Attempted Reaction of the Solid (A) with Hydrazine.

The solid (A) (0.93g) and 98% hydrazine monohydrate (0.25g;
0.24 ml) were heated under reflux in methanol (50 ml) for 1lh. The
solid which separated on cooling was combined with a second crop,
obtained by evaporating the mother liquor and triturating the
residue'with ether, (total 0.91g), m.p. > 200°(decomp.), i.r. spectrum
identical with that of unreacted starting matérial (n).

(h) The Hydrolysis of the Solid (B)

The solid (B) (0.86g) was heated under reflux with 2N aqueous
sodium carbonate solution (10 ml) in ethanol (20 ml) for 2h.
Concentration of the reaction mixturg to ca. 10 ml and acidification
Qith dilute agueous hydrochloric acid gave & solid, which waslcombined
witﬁ a second crop, which precipitated on extraction of the aqueous
mother liquor with chloroform (total 0.28g),; m.p. > 220o(decomp.);
i.r. specﬁrum identical with that of starting material (B).

Constant chloroform extraction cf the agueous mother liquor

for 48h afforded 7-methyl-1,2,4- trlazolo[S l—é] 1l,2,4-triazine-6-

carboxyllc acid (220) (0.19g9), m.p. > 165° (from ethyl acetate~-light

petroleum) , v _ 3100 (OH), 1720(co) cm ¥, BCD3)28§]1.57(1H,S,H—2),
and 7.45(3H,s,Me), m/e 179 (M) (M,179).
Found: C,40.2; H,2.9; N,38.6%.

CHN.O, requires: C,40.2; H,2.8; N,39.1%.
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Proof of the Structure of the l,2,4—Triazolo[5,l—é]—l,2,4—triazine

(219 b)

2-Methyl-3-thiomethyl-1,2,4-triazin-5-one (222) was synthesized

by the method of F. Sorm etal.87 The crude solid (90%), m.p. 154-9°

(lit.,87 1590) was used without further purification.

2-Methyl—-3-hydrazino-1,2,4~-triazin-5-one (223)

The thiomethyltriazine (222)(0;63g; 0.004 mol) was dissélved
in isopropancl (15 ml) with gentlé warming, 98% hydrazine monohydrate
(1.0 ml) was added and the solution was left at room temperature for
48h. The»yellow, light sensitive, hydrazinotriazine (223) was
filtered off (98%), m.p. 231°(decoﬁp,)(from diméthylformamide),

v__. 3100,2700-2500br (NH) , and 1640-1600bx (CO)em T, T Ecb3)zso]

2.88(1H,s,H-6), and 6.51(3H,s,Me), m/e 141 (M') (M,141).

Found: C,34.5; H,5.0; N,49.6%

C H_N_O requires: C,34.0; H,5.0; N,49.6%.
'—‘4_.7,—.1

The hydrazino compound (223) gave the kisulphate salt of a

benzylidene derivative when treated with benzaldehyde in méthanolic
concentraﬁed éulphuric acid, m.p. 2510.(from glacial acetic acid),
v 3100-2500br (NH), and 1710(CO)cm .

Found: C,40.3; H,3.9; N,21.4%.

gllgileo.H2§94 requires: C,40.4; H,4.0; N,21.3%.

The free benzylidene derivative was liberated from its bisulphate

salt by treatment with an aqueous solution of sodium hydrbgeﬁ carbonate.
. It had m.p. 188°(from ethanol), v__  3200-2600bx (NH) and 1680 (CO)cm ~.
Found: - C,57.8; H,4.9; N,30.7%.

911511N5° requires: C,57.6; H,4.8; N, 30.6%.
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The Reaction of the Hydrazinotriazine (223) with Formic Acid.

The hydrazinotriazine (223) (0.21g; 0.0015 mol).was heated
under reflux with 99% formic acid (4.0 ml) for 1O min-51h. The
excess of formic acid was removed under reduced pressure, the residue
was triturated with a little water and the solid product was colleéted.
(i) After 10 min, examination of the reaction mixture by t.l.c. showed
only one spot. Work up of the reaction mixture as described before
afforded 4—methyl—l,2,4—triazolo[3,4—d-—1,2,4- triazin-7(4H)-one (224)

(0.1l4g) , m.p. 166°(sealed tube) (from ethanoi), Vhax 1710(C0)cm—l,

vAmax 217,222sh,238, 2ud 319nm(log £ 3.95,3.91,3.81, and 3.85),

t [(cp,) ,50] 0. 76 (1211, ,H-1) ,2.38 (1H,s,H-6) , and 6.03(3H,s,Me), m/e

151 (M") (M,151) .

Found: C,39.5; H,3.3; N,46.2%.
C_H_N_O requires: C,39.8; H,3.3;  N,46.4%.
[® IS pay | .

(ii) After 30 min, t.l.c. showed the gpearance of a second spot, -and
after 51h, the first spot had disappeared and only the second spot

remained. Work up of the reaction mixture after 5lh gave 4—methzl—

1,2,4-tri;zolo[5,1—@]-1,2,4—txiazin—7(45)—one(225)(o.14g), m.p.
‘174°(sea1ed tube) (from ethanol), v__ 1710 and lGQOsh(CO)cm_l,
‘A, 211,244,250sh and 300nm(log € 3.89,3.71,3.62 and 3.93),

v [(ep,) 50 1.63(18,5,8-2) ,2. 18 (18, 5,H-6) and 6.02 (3, ,Me) , m/e 151
(M) (4,151) .

Found: C,40.0; H,3.4; N,46.6%.

C_H_N_O requires: C,39.8; H,3.3; N,46.4%.
(™ ™ aaa
(iii) Work up of the reaction mixture after 8h gave a solid (0.10g),

m.p. 140-1550, whose lH n.m.r. spectrum indicated a mixture of the
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isomeric triazolotriazines (224) and (225), having the composition
(225)(80%) and (224) (20%) as estimated from the integrated ratip of
the Me-4 signals. .

Conversion of the Triazolotriazine (224) into the Isomeric Compound

(225)

The compound (224) (0.10g; 0.0066 mol) and anhydrous sodium
acetate.(O.Q6g) were heated under reflux in ethanol (2.0 ml) and
waéer (1.0 ml) for 90 min. Evaporation of the reaction mixture,
and trituration of the residue with a little water, afforded the
isomeric compound (225) (0.09g) , which waé identical (m.p. 1740,
i.r. and 1H n.m.x. spectra) with a sample prepared as described
befqre. | |

1,2,4-Triazolo[5,l—cJ—l,2,4—triazin—7(4H)—one(226)

The hydrate of the acid (219d) (2.16g), which was obtained
prior to crystallisation from water, was heated in vacuo (water pump)
at 215o (0oil bath). The sublimate, which collected on a cold fingex
condenserxr, proved to be the decarboxylated triazolotriazine (226)
(1.32g), sublimes at 204° (£rom ethanol) (1it.%n.p. 240%, V., 3200~
3000br (NH) , and 169O(Cd)cm—1f_%nax-213,241,246sh,269 infl., and 298
nm(lbg €3.83,3.56,3.53,3.53 and 3.81),'IECD3)2SQ] 1.63(18,s,H-2),
and 2.19(1H,s,H-6) , m/e 137(M") (M,137).

. Found: c,35.1; H,2.1; N,51.2%.
£4§3N50 reguires: C,35.0; H,2.2; vN,Sl.l%.
4-Methyl-1,2,4-triazolo[5,1-¢) -1,2,4-triazin-7 (4H) -one (225)

The triazolotriazine(226) (1.1g; 0.008 mol) was suspended in

methanol (12 ml) and treated with 4% w/v équeous sodium hydroxide
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soiution (12 ml). The resulﬁant solution was shaken with methyl
iodide (2.4 ml) at room temperature for 17h. The volatile material
was evaporated under reduced pressure from the mixture and the
remaining aqueous solution was extracted with chloroform. The
chloroform extract afforded a solid (0.56g), m.p. 120—360, whose
t.l.c. and lH n.m.r. spectrum, T [(CD3) 2SO] 1.47(s), 1.50(s), 1.63(s),
2.i8(si, 5.70(s) and 6.02(s), showed it to bela mixture of two
methylated derivatives of (226). Chromatography of the solid (0.55g)
over silica and elution with chloroform gave the triazolotriazine (225)
(O.34g), m.p. 1740, which was identicall(m.p., mi#ed m.p. and i.r.
and lH n.m.r. sPectrai with a éample preparedl previously. Further

elution with methanol afforded the isomeric monomethyl derivative

(227) (0.21g) , m.p. 207° (from ethanol-glacial acetic acid), Vnax
1690(C0)cm—1,A Amaxs22l,255,260 infl., 268sh, and 342nm(log e 4.20,
3.50,3.49,3.33, and 3.94), T'BCD3)2SQ] 1.47(1H,s,H~2 or H-6), 1.50

(1H,s,H-6 or H-2), and 5.70(3H,s,Me), m/e 151(M+)(M,151f.

Found: C,40.1; H,3.4; N,46.4%.
C_H_N_O requires: C,39.8; H,3.3; N,46.4%.
(S Jr® pape |

The Reactions of l,2,4—Triazolo[5,l—é]—l,2,4-triazines

(a) The Methylation of the Triazolotriazinec (219'a and c)

(i) The lactams (219 a and c) (0.002 mol), suspended in methanol

(3.Q ml), were treated with 4% w/v équeous sodium hydroxiae solution
(3.0 ml) and shaken with methyl iodide (0.6 ml) for 17h. Evaporation
of the reaction mixtures under reduced pressure and extraction of

the remaining aqueous solutions with chloroform gave gums (0.11-0.13qg),

t.l.c. examination of which, showed them to be multicomponent mixtures.
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Acidification of the remaining aqueéus solutions with dilute aqueous
sulﬁhuric adid gave the unchanged starting materials (219 a and c) (30-45%),
which were identified by m.p., i.r. spectrum and t.l.c.
(ii) The triazolotriazines (219 a and ¢) (0.0015 mol) were heated under
reflux with anhydrous pctassium carbonate (1.6g) and dimethyl sulphate
(0.9 ml) in dgy acetone (50 ml) for 4h. The reaction mixtﬁres were
filterea hot to remove insoluble inérganic material. The aceténe
filtrgtes were evaporated under reduced pressure and the residual oils
were treated with water, and extracted with chloroform to give gums.

Trituration of the gum from (219 a) with methanol-ether gave

6—benzoyl—4—methyl—l,2,4—triazolo[5,l-é]—l,2,4—triazin—7(4H)—one(239)

(60%) , m.p. 166° (from ethanol), v__ 1730(co) cm” *

. A___ 209, 259, and
max. T
312nm(log € 4.21, 4.08, and 4.04), t [(cD;),SO]1.48(1H,s,H-2),1.90~

2.53(5H,m,ArH), and 5.96(3H,s,Me), m/e 255(M+)(M,255).

Found: Cc,56.7; H,3.7; N,27.3%. ‘
912H;N502 requires: C,56.5; H,3.5; N,27.4%.

Trituration of the gum from (219 c¢) with methanol-ether gave

6-cyano—4-methyl-1,2,4-triazolo[5,1-c]-1,2,4-triazin-7 (4H) -one (240)

(61%), m.p. 169o (from ethanol), vmax.2250('c ? N) and l7lO(CO)cm—l,
-Amax.215’253'ZGISh' and 320nm(Log € 3.94,3.?0,3.60, and 4.01);
7 [iep,) ,s9] 1.39 (18, 5,8-2) and 5.90(3H,s,Me), m/e 176 (M) (M,176) .
- Found:  C,40.7;  H,2.3;  N,47.7%.
96§4§69 requires: C,40.9; H,2.3; N,47.7%. |
(b) The Hydrolysis of the 7—Amino£riazolotriazines (218 a-d) to the

Triazolotriazinones (219 a-c) and (232)

The triazolotriazines (218 a-d) (0.003 mol) in ethanol (20 ml)

were heated under reflux with 4N aqueous sulphuric acid (7.5 ml)
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for 1-3h. The reaction mixtures were cooled and any insoluble éolid
was combined with a second crop, obtained by concentrating the mother
liquors to ca. 10 ml, and a third crop obtained by extracting the
remaining aqueous solution with chloroform. The combined solids
were washed with water, dried in vacuo, and crystallised to give the
triaZolotriazin&nes (219 a) (66%), (219 b) (42%) and (219 c) (28%), which
were identical (m.p. and i.r. spectrum) with samples prepéred previously,

and 4,7—dihydro—7—oxo—l,2,4etriazolo[5,l—é]-l,2,4—triazine—6—carboxamide

(232) (50%), m.p. > 310° (from dimethylformamide), Viay, 3350,3200 and
3000-2300bx (NH) , and 1740 and 1670 (CO)cm *,1 [(CD3)2so] 1.60(1H,s,H-2),
and 2.00-2.30br(2H,s,NH), m/e ieo(M+)(M,180). No u.v. data was
obtained due to the insolubility of (232) in ethanol.

Found: C,34.0; ‘H,2.3; N,46.2%.

95§4N502 requires: - C,33.3; H,2.2; N,46.7%.

(c) The Hydrolysis of the 6-Cyanotriazolotriazines (218 ¢) and

(219 c) to the Amides (218 d) and (232)

(i) The triazolotriazines (218 c) and (219 c) (0.004 mol) were
stirred in. concentrated sulphuric acid (3.0 ml) . at room temperature
for 30 min. The reaction mixtures were poured onto ice and scratched,
and any solid which separated was collected and washed with water, to
give [}rom 1218 cﬂ the hydrazone (216 g) (72%), identical (m.p.> 190o
and i.r. spectrum) with an authentic samplé, and in the case of (219 c);
the starting material (66%), identified by m.p. > 240° ana i.r. spectrum.
(ii): The triazolotriazine (219 c) (0.40g; 0.0025mol) was heated under
reflux in ethanol (25 ml) with N aqueous sodium carbonate solution

(10 ml) for 2.5h. Evaporation of the reaction mixture and treatment
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of the resultant residue with dilute gqueous hydrochloric .acid gave
a solid, which when washed with water and dried at 80° for 4h gave
unchanged starting material (219 c) (83%), identified by m.p. > 240°
and i.r. spectrum.
(iii) The triazolotriazines (218 ¢) and(219 c) (0.004 mol) were
stirred in polyphosphoric acid (ca. 5.0 ml) for 3h at 80°. The
reaction mixtures were allowed to cool, diluted with water, and any
resu;tant solid was collected and combined with a second crop, obtained
by neutralising the mother liquors with solid sodium hydrogen carbonate.
Crystallisation of the crude solids gave the triazolotriazines (218 d)
(74%) and ( 232 )HO0%) which were identical (m.p. and i.r. spectrum)
with.authentic samples. |

(d) The Ammonolysis of the Triazoictriazine Esters (218 b) and (219 b)

to the Amides (218 d) and (232)

Solutions of the triazolotriazines (218 b) and (219 b) (0.003 mol)
‘in ethanol (100 ml) were cooled in ice-water and saturated with
ammonia gas. The reaction mixtures were stoppered and allowea to
stand at room temperature for 16-24h. The ethanol was then evaporated
-under reduced pressure.
(i) The solid residue from (218 b) was shown by its i.r. spectrum,
v max;3460-3150br(NH)' and 1700 and 1680(C0)cm_l, to be a mixfure
of starting material (218 b) and the amide (218 d). Examination df
the mixture by t.;.c.'showed chromatographic sepération to be

impractical. Fractional crystallisation of the solid from ethanol

~gave pure samples of the two componénts (218 b) and 218 d) which were
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identical (m.p. and i.r. spectrum) with authentic samples.
(ii) The pfoduct from (219 b) was acidified with dilute aqueous
sulphuric acid to give a solid which was combined with a second crop
obtained by extracting the équeous solution with chloroform. The
crude éroduct was leached with hot ethanol to leare the insoluble
amide (232) (0.08g) which was identical (m.p. > 310° and i.r. spectrum)
with a sémple obtained previously. Evaporation of-the ethanol eitract
- gave unchanged starting material (219 b) (0.33g), m.p. 200—40.

(e) The Attempted Acetylation of the Triazolotriazine (218 b)

(i) The triazolotriazine (218 b) (0.32g; 0.0015 mol) was heated under
reflux in acetic anhydride (3.0 ml) for 1 min. Tue reaction mixture
was allowed to cool and the solid was collected and washed with ether
to give unchanged starting matefial (recovery 84%).

(ii) Reaction (i) was repeated but heating under reflux was continued
for 1h. The solid was collected from the cooled mixture to give
startipg material (16%) (identified by m.p. 205-8° and i.r. spectrum) .
Evappration of the filtrate gave an oil which did not solidify on tritur-
ation with organic solvents. When the oil was allowed to stand in
conﬁatt with water for 24h, a solid was obtained (O.QBg), m.p. 186—990,
which on crystallisation yielded the triazolotriazine (219 b) (0.04g),
2. p. 201—30, which was identical (m.p. and i.r. spectrum) with a
sample obtained previously.

(iii) The triazolotriazine (218 b) (0.64g; ©0.003 mol) was stirrxed in
acetic anhydride (5.0 ml) containing concentrated sulphuric acid
'(0.5 ml) at room temperature for 1h. Unreacted starting material

was removed by filtration (0.06g) and the resultant reaction mixture
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was diluted with water and allowed to stand at room témperature over-
night. Chloroform extraction of the solution gave a solid, which
was crystallised to afford the triazolotriazine (219 b) (0.33g) (52%),
m.p. 198—201o (ethanol-glacial acetic acid), identical (i.r. spectrgm)
with an authentic sample.

(f) The Attempted Diazotization of the Aminotriazolotriazine (218 a)

(i) The amino compound (218 a) (0.72g; 0.003 mol), dissolved in

~glacial acetic acid (10 ml) containing 90% w/v aqueous sulphuric acid
(5.0 ml), Qas stirred and cooled to < 5°. A O;Sg_aqueéus solution

of sodium hitrite (10 ml) was added dropwise and stirring was continued
at 0-5° for 15 min. The reaction mi%tﬁre.was diluted with water and
the resultant solid was dried at 80° fo¥.4h to give'unreacted stértiﬁg

material (recovery 82%) (identified bf m.p. and i.r. spectrum).

Concentration of the mother liquof to'gg, 10 ml, and extraction with

A.chloroform, gave a gum, which on trituration with ether afforded the
triazolotriazinone (219 a)(O.Q6g), m.p. 211—70, identiéal (i.r. spectrum)’
with an authentic sample. ’

“(ii) A sus?ension of the triazolotriazine (218 a)(0.24g; 0.001 mol)
in dimethoxyethane (3.0 ml), cooled to < So, was stirred and treated
drobwise‘with amyl nitrité.(0.12g; 0.14 ml; 0.001 mol), and stirring
was continued for 45 min. Glacial acetic acid (3.0 ml) was added
aﬂd stirring was continued for a further 17h. The insoluble solid Qas
collected and combined with a secona crop, obtained by evaporating
the mother liquor under reduced pressure, and triturating the residue
with benzene. The solid (0.17g) was identical (m.p. 224° and i.r.

spectrum) with unreacted starting maﬁerial (218 a).
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Chapter 3

An Investigation of Some Syhthetic Routes to,

and the Reactivity of, the 1,2,3—Triazolo[l,5—é]~

1l,3,5-triazine Ring System
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3.1 Introduction

No examples of the l,2,3—triazolo[l,S—é]-l,B,S—triazine ring

system (241) have as yet been reported.As in the case of the 1,2,3-

+

N=N

(241) : . (242)

triazolo[s,l—é]—1,2,4—triazine ring system (94) (Chapter 2.1), the
possibility of the tautomerism [}241);=ﬁ(2423 exists. Due to the
strongly électronfwithdrawing character of the 1,3,5-triazine ring,
the possible instability of (241): with respect to (242), is‘potentially
~ greater fhan that which méy be expected for the triazolo[S,l—é]—l;2,4—
triazine.ring system (94).

- Some well documentedgl_94 routes to fused 1,3,5-triazines suggest
methods which may be employed in an attempt tq synthesize the system
(241) starting with an intact triazole nucleus. Molecules of the

type (244) may be cyclizedgl—93 to the l,2,4-triazolo[l,5—&]—1,3,5—
triazine ring system (245) on suitable treatment with an orthoester
-kScheme_Zl). The substrate for such a synthesis has been obtainegz'93
by reacting the amino-1,2,4-triazole (243) with a suitable isocyanate
or isothiocyanate. Taylor has also synthesized91 the system (245)

by the method desc?ibed, [(244) —> (245); X = é] having obtained

the triazolecarboxamide (244; X = 0) by reacting (243) with potassium

cyanate in an acidic medium.



(245)

(244)

(243)

O or S

Scheme 21

(247)

(248)

(249)

Scheme 22

s et
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A ﬁoaification of-the synthesis[3253i'—-+ (244) —> (2458 .
has béen carried out by Capuano EEéln93 - namely, when R = .CORl,

. the adduct (244) was cyclized intramolecularly to the triazolotriazine

(245). The pyrazolo[i,s—é]—l,3,5etriazine ring system (246) has

also been obtained93 by this method.

(246)

Th; knowledge that dicyandiamide reacts with the salts of
aromatic amines has'also been utilised in a synthesis94 of the
l,2,4—triazolo[},5—%}—1,3,5—triazine ring system. (249) (Scheme 22).
- The intermédiate involved in the addition of dicyandiamide to amino-
1,2,4-triazoles (247) probably has the form (248).

In the present work, attempts have been made to synthesize
the l,2,3—triazolo[i,5—é]—l,3;5—triazine ring system (241) by

methods analogous to those outlined in Schemes 21 and 22.
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3.2 The Reactions of 5-Amino-1H-1,2,3-triazoles with Isocyanates

and Isothiocyanates and the Synthesis and Reactivity of the

l,2,3—Triazolo[1,5—%1—1,3,5—triazine Ring System

In an--attempt to form substrates which were.suitable for the
formation of the 1,2,3—triazolo[i,5—é]-l,3,5-triazine ring system
(241) (cf. Scheme 21), the aminotriazolés (250 a and b) were treated
with methylisocyanate and phenylisocyanate. The products initially
formed showed properties consistent with the N-substituted carboxamide
structures (251 a-d). However, when an isocyanate adds to an amino-
1H-1,2,3-triazole (e.g. 250) there are fouf possible structures for
the adduct, [}255) - (2583 . = The structures (255 - 257) arise as
a result of the tautomerism éxhibi;ed by lE-1,2,3~-triazoles (see
Chapter 2.4, page 33). The étructure (258) may be obtained from
(250) by:the.addition of the iéocyanate to the primary amino group
rather than at a ring nitrogen atom. Adducts of the tyﬁe (255-258)
have been formed by Hirata g&gi.gz in their analogous study of the
additions of isocyanates to amino-1,2,4-triazole. (243).

The formation of structures of the type (258) maynbe excluded due
to the inability of the compounds (251Aa-d) to form salts with dilute
aqueous sodium hydroxide solution. Compounds of the type (258) would
be expected to exhibit acidic behaviour due to the presence of a
1H~-1,2,3-triazole nucleus. When the compounds (251 a and b) were
treated, for a prolonged period, with base, the amino-1H-1,2,3-
triazoles (250 a and b) were formed. However, the 4-substituted
triazolecarbo#amides (251 a,b and 4) may all be converted into the

corresponding ureas (252 a,b and d) by heating under reflux in



{TléN | - N=NT
R‘HNOC/N%R > RMNOC/N“\%\R
NH2 ' NHZ _ |
(259) . (260)
V'
HNNSR < H- N>R
HNCONHR'! HNCONHR'
(262) | . _(2615‘ :

Scheme 24
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dimethylfofmamide, the reactions [}251 b and 4d) — (252 b and di]
takiné place on attempted crystallisation. The conversion
[3251 a) —> (252 a)| was also achieved in the melt. The compounds
(252 b and d) were also fo:med by the prolonged treatment of (250 b)
with methylisocyanaté or phenylisocyanate. The avcempted conversion
of (251 c¢) into (252 c) in hot dimethylformamide resulted in the
isolation of a multicomponent mixture. However, the conversion
[(251 c) —*r (252 ci] was carried out smoothly by heating under
reflux in toluene. The formation of the ureas (252 a-d) from
the compounds (251 a-d) may best be interpreted in terms of a Dimroth
rearrangementlla(Scheme 24) [k259) —> (260) ~— (261) —> (262] .
the observed results being consistent with the assertionlla that
strqngiy eigctron—withdrawing.groups prefer to be situated on the
exocyclic nitrogen atom (e.g. 262X rather than the ring nitrogen atom
(e.q. 259): The rearrangement of the compounds (251 b and d) goes
much more easily than that of (251 a and c). This may be aécounféd
for in temrms of the greater stabilizing effect of an amide gr;up,
as opposed to a benzene ring,von a negative charge. Hence the
ability to form the intermediates (e.g. 260 or 261) in the case of
(251 b-and d).is greater ﬁhan that in (251 a and c). The conversion
of (251 a) into (252 a), in dimethylformamide, also resulted in the
formation of an unidentified by-product (X). The compound (X), which
was acidic, gave a lH n.m.r..spectrum which showed only absorptions
attributable to NH and aromatic protons. The mass spectral and
analytical data obtained from (X) did not.suggest a readily assignable

structure.
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The conversion of the compounds (251 a-d) into the ureas

(252 a-d) helps confirm the structure of the adducts as being of the

type (255) rather than (256) or (257) (Scheme 23). fhe structures

(251 a-d) and (252 a-d) may be differentiated in several ways. The

compéunds k251 a-d) exhibit bands at 1730-1720 cm“l in their i.r.

. spectra which are characteristiclfla for a carbonyl group attached to
a triazole ring nitrogen atom. In comparison, the compounds (252 a-d)
show no absorption above l700cm_l. As has previously been stated,
cowpounds of the type (262) are expected to exhibit acidic properties.
The compounds (252 a-d) are soluble .in dilute aqueous sodium
hydroxide solution and are regenerated unchanged on acidification,
whereas the Dimroﬁhvisomers (251 a-d) remain insoluble in base. As
was obéeryed in the case of the (lH—l,2(3—triazol—5—yl)hydrazones
(see Chapter 2,4), the ureas (252 a-d) were readiiy acetylateable,
monoacetyl derivatives (252 f—h).being obtained except in the case
of (252 a) which gave a diaéetyi compound (253). The result of such

_acetyfations was the appearance of signals‘of-T7.1947.26 and bands
at l770—l740cm_l in the 1H n.m.x. and i.r. spectra of the compoqnés
(252 £-h) and (253) [bf. the (l-acé;yl—l,Z,3-triazol-5—yl)hydrazones,,
Chapter 2.%]. The 4-substituted triazolecarboxamide (251 a) failed
to give a readily accessible acetyl derivative. When the ace£yl
compound (252 f) was crystallised from aqueous dimethylformamide,
hydrolysis to the parent urea.(2§2 b) occurred. Howevexr, when
crystallisation-from dimethylformamide-benzene was attempted, the -

result was the formation of the acetamidotriazole (265)._



(288 (266)

Scheme 26
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The mechanism of this reaction (Scheme 25) probably involves the
initial thermolytic loss of methylisocyanate, followed by the Dimroth
rearrangement [(263) — (264) — (26521 . This result is explicablella
in terms of the preference of electron-withdrawing groups to be
situated on the exocyclic nitrogen atom (cf. Schemc 24). -

‘AQditional evidence for the sjte of addition of the isocyanates
to the aminotriazoles (250 a and b), has been obtained from the reaction
of the urea (252 a) with methylisocyanate. A product was obtained
whose lH n.m.r., i.r. and mass spectral and analytical data were
consistent with a structure of the type (254). When tge triazole-
carboxamide (251 a) was similarly treated with methylisocyanate, a
quantitative recovery of the starting material was obtained. These
results reinforce the evidence which suggests that the isocyanates
add to the aminotriazoles (250 a and b) at N-1. In an attempt to
carry ou£ the reaction outlined inScheme 26, the compound (254) was
heated under reflux in dimethylforﬁamide. HoweQer, instead of the
formation orf the triazolotriazine (266), the reaction gave rise to
the production of the urea (252 a) and the unidentified solid (X).

When reactions [écheme 27; (252 b and d) —> (26%3 , similax to
that outlined in Scheme 26, using the ureas (252b and d) were attempted,
the result in each case was the isolatioﬁ of a product (z). The
reaction involving the urea (252 b) also gave rise to an unidentified
product (Y) whose i.r. and mass spectra &id not suggest a plausible
structure. The urea (252 d) also gave 1,3—diphenylurea95 (270) and

the aminotriazole (250 b), from this reaction. The product (Z) was

thought initially to be the expected triazolopyrimidine (267)96.
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I.r. and mass spectral data obtained from (Z) were consistent with
this structure, but it was noﬁ supported by reéults obtained from the
éombustion analysis of (2). However, an attempt to confirm the
structure of (Z),by synthesizing the triazolopyrimidine (267), by.
fusing the triazolecarboxamide (250 b) with urea resulted in the
forﬁatiqn of the compound (252 i) whose structure was .confirmed by
its solubility ig alkali. When the urea (252 i) was heated under
reflux in éhe presence of base it gave rise to (Z) and a solid whose
structure was suggested, by’its i.f., mass spectrum and analysis, to
be the dihydrate of the triazolopyrimidine (267). The last named
product is assigned the st?ucture (267) 6n the basis of its m.p.
being idéntical with that previously reportedg6 for the triazolo-
pyrimidine {267). The question as to the struéture of (Z2) now arises.’
The mass spectrum of (Z) shows it to be.isomeric with. the triazolo;
pyrimidine (267). On the basis of the various products obtained
from the thermal reactions of (252 b and d), Scheme 27 is éuggested.
As has been descfibed, the triazolopyrimidine (267) is only obtained
from the urea (252 i). . However, the product (Z) ma& arise from the
1n1t1al thermolytlc loss of the isocyanate, followed by its readdition
onto the trlazole (250 b) at N-3 to give (268)(cf. Scheme 23).
?he product (Z) is tentatively assigned the structure (269) which is
consistent with the spectral datg élready found for (Z2). The
isolation 6f the triazole (250 b5 and 1,3-diphenylurea (270) from
the reaction involving the urea (252 @) is also consistent with. such.
a mechanism, ~(270) being obtained by the addition of aniline to

phenylisocyanate.
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In order to obtain a route to triazolotriazines of the type

(271), an attempt was made to add methylisothiocyanate to the

(271)

aminotriazole (250 a), as in the cases of the isocyanate additions
already discussed. However, unreacted triazole (250 a) or a multi-
component oil was recovered under a variety of conditicns. This

92,933 from amino-

is in contrast to the successful results obtained
142,4—triazole§.

Whén the 4-phenyltriazolecarboxemide (251 a) was treated with
triethylorthoformate, triethylorthoacetate, or triethylor;hopropionate
in dimethylformamide at an elevated temperature, it gave low yields
of ﬁhe triazolotriazines (272 a-c¢). The mechanism involved in
such reactions (Scheme 28) probably involves the intermediates (278)
and (279). Evidence for such a mechanism was provided by the
isolation of the adduct (273) f£rom the reaction involving triethyl-
érthoformate. When (273) was heated under reflux in dimethylforma—-
mide the triazo;otriazine (272 a) was obtained.

Attempts were made to improve the yield of the triazolotriazine
(272 a) by cafrying out the reaction under various sets of conditions.

However, no increase in yield was observed when the reaction was

" carried out in neat triethylorthoformate, and no identifiable material
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was isolated when the reaction was carried out in the presence of
acetic anhydride. When the triazolecarboxamide (251 a) was treated
with neat triethylorthoformate at a lo&er temperature, the result was
the production of a mixture of the triazolotriazine (272 a) and the
previously ogtained bis-urea (254). The last named product (254)
was probably formed by the initial thermolytic elimination of methyl-
isocyanate from the urea (251 a), followed by its addition to a mole-
cule of (252 a) which was fsrmed by the Dimroth rearrangement of (251
(gg. Schemes 24, 25 and 27).

When aﬁtempts were made to react the carboxamides (251 b and c)
with triethylorthoformate, the result in each case was the production
of a gross mixture. These results and also the low yieldé of the
‘triazolotriazines (272 a-c) may be explained readily in'terﬁs of the

Dimroth rearrangement, previously observed, (cf. Scheme 24) of the

a)

triazolecarboxamides (251 a-d). The production of the ureas {252 a-qd)

prior to reaction with the orthoester would not result in the formation

of a triazolotriazine.

The reaction of the aminotriazoles (250 a and b) with dicyan-
diamide in aqueous : hydrochloric acid resultea in thé formation of
the triazolotriazines (274 a and b) (cf. Scheme 22).

Confirmatory evidence for the triazolotriazine structures
(272 a-c) and (274 a and b) was obtained from their properties, i.r.,
]H n.m.r. (where'relevant) and mass spectral and combustion analysis.
However, some doubt may exist in the assignment of the structures
(274 a and b) due to the data obtained from these préducts also being

consistent with structures of the type (280) (cf. Scheme 22).
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(280) )

In an attempt to crystallise the product .(274 b), it was observed
that marked differences had occurred in its i.r. spectrum during
crysfallisation. " The most noteworthydifference bging the appearance
of a sharp band at 2150 cm-l. Such a difference may be explained
in terms of the opening-up of the triazole ring as-postulaﬁed in
Chépter 3.1, oxr alternatively by the opening-up of'the triazine
xing (Scheme 29). The latte¥ of these alternatives would result
in the formation of a structure of the type (282) which centains a
nitrile group. However, as hés}been stated previpusiy’the electron-
withdrawing character of the triazine ring may promote théwopening of
the triazole ring. This, coupled with the electron—withdrawing
nature of an amide group, helps stabilize the negative charxge
(Scheme 30) of the open chain form of (274 b). If thi§ is'the case,
the diazo group of (283-287) would give rise to the obserfed
absorption at 2150 cm~1 in the i.r. spectxum of (274 Db).

Further‘evidence for the structures (272 a:c) and (274 a) has

been obtained from their heterolytic scission (see Chapter 1.3)

in glacial acetic acid toc yield the acetoxytriazines {275 a-c) and (277).

A
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When tﬁe treatment of (272 a and b) in acetic acid was prolonged,
thig resulted in the formation of a-—acetoxyphenylacetamide97 (276).
Although the mechanism of this cleavage is not clear, a process similar
to that outlined in Scheme 31 probably operates subsequent to the
formafion of (275 a and b).

When the acetoxytriazine (275 b)was hydrogenated it gave the
benzyltriazine (293) thch_was unambiguously synthesized by adding
methylisocyanate to phenylacetamidine98(294), and reacting the
product (295) with triethylorthoacetate (Scheme 32). The intermediate
(295) decomposed to phenylacetamidine on attempted crystallisation.

In the final cyclization step [3295) ——4 (293{], some phenylacetamide
was also.produced. This‘synthesis helps to establish the existence

of a 1,3,5-triazine nucleus in the compounds (272 a-c).
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3.3 Experimental. = (For general experimental procedures, see Appendix).

5-Amino~1H-1,2,3-triazoles (250 a and b)

5-amino-4~-phenyl-1H-1,2,3-triazole (250a) waé prepared as described

7

in the literaturéj$> 5—Amino—lH—l,2,3—triazole—4—carbdxamide (250 b)

was prepared as described previously67 (cf. page &0).

The Synthesis and Reactivity of Some 5-Amino-1,2,3-triazole-l-carbox-

amides (251 a-d) and ﬁhe Isomeric Ureas (252 a-qd)

5-Amino-4-phenyl-1, 2,3-triazole-l-carboxamides (251 a and c¢)

The triazolécarboxamides (251 a and c) Qere cbtained (80-85%)
by dissolving the aminotfiazole (250 a) (0.80g; O.OOSImol) and
- methylisocyanate or phenylisocyanate (0.005 mol) in benzeﬁe (50 ml)
and allowing the‘solution to stapd for 12—14h‘at room temperature.
The resultant solid was collected and combined with a second crop
isolated by evaporating the mother liquor and triturating the residue
with a little benzene to give the triazolecarboxamides (251 a and c),
which were insoluble on brief treatment with dilute aqueous sodium

hydroxide solution.

5-Amino-4-phenvyl-1l,2,3~triazole-1- (N-methylcarboxamide) (251 a) had

m..p.'l2,4o (from benzene), Vinax 3450w, and 3350(NH), and l720(c0)cm_l,
J

T BCD3)2S3]nl8br(lH,q,J4.5Hz,NH), 2.10-2.28(2H,m,AxH), 2.47-2.75

(34,m,ArH),3.30bxr(24,s,NH), and 7.15(3H,d,J4.5Hz,Me), m/e 217(M+)

(M,217).
Found:  C,55.8;  H,5.0; = N,32.6%.
EiogilNSO requires: c,55.2; H,5.1; N,32.3%.
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5-Amino-4-phenyl-1,2,3-triazole-1- (N-phenylcarboxamide) (251 c) had

m.p. ;420 (from benzene), Vmax.34oo(NH) and 1720(C0)cm-l, m/e 279

) (M,279).

Found: C,64.4; H,4.6; N,25.1%.
£ﬁ5§13NSO requires: c,64.5; * H,4.7; N,25.1%.

ThevN—methylcarboxamide-(251 a)'was also obtained (85%) by dissolving
the aminotriazole (250 a) (0.005 mol) and methylisocyanate (0.005 mol)
in dimethylformamide (2.0 ml) and leaving the resultant solution at
room temperature for 18h before precipitating the product (251 a)
with water.

5-Amino-4-carbamoyl-1,2,3-triazole-l-carboxamides (251 b and d)

A solution of the aminotriazolecarboxamide (250 b) (0.64g;
0.005 mol) and meﬁhylisocyanate or phenylisocyanate (0.005 mol) in
dimethylférmamide (2.0 ml) was left at room temperature for 3h
(15 min in the case of the reaction with phenylisocyanate) then

diluted with water to afford 5-amino-4--carbamoyl-1l,2,3-triazole-1-

(N-methylcarboxamide) (251 b) (0. 34g) (37%), m.p. 248—500, Vhax 3500,

3400, and 3200 (NH), and 1730, and 1670 (CO)cm *,t ECD3)2s§ﬂ 1.26br
(1H,q,J4.5Hz,NH), 2.43br(lH,s,amide NH), 2.75br(lH,s,amide NH),
3.12br (2H,s,NH), and 7.17(3H,Qd,J4.5Hz,Me), m/e 184 (M') (M,184), or

5-amino—-4-carbamoyl-1,2,3-triazole~1l- (N-phenylcarboxamide) (251 4d)

(1.283) (97%), m.p. > 230°(decomp.), vmax 3450w, 3400, and 3200(NH),
and 1730, and 1670(C0)cm_l, m/e 246(M+)(M,246). The N-substituted
carboxamides (251 b and d) were insoluble on brief treatment with

dilute aqueous sodium hydroxide solution'and on crystallisation



-123~

from agueous dimethylformamide gave the corresponding ureas (252 b
and d) which were identical (m.p. and i.r. spectrum) with samples
obtained later.

Evaporation of the mother liquor from the reaction Qith methyl-
isocyanate gave a solid (O.47g), m.p. 223—310, whose lH n.m.x. spectrum,
© [{cp;) 5] 0. 81bx (s, NH) , 1. 70bx (s, NH) , 2. 25D (5, NH) ,2.43br (q,34. 5HzZ,NH) ,
2.60bx (s,NH) ,4.06br (s,NH) ,7.07(d,J4.5Hz,Me) , and 7:30(d,J4.5Hz,Me),
is consgistent with a mixture of the isomers (251 b) and (252 b)
having the composition (251 b) (16%), (252 b) (84%) as estimated frem the
integrated ratio of the JH n.m.r. signals due to the N.Me groups.

When the N-methwylcarboxamides (251 a and b) (0.001 mol) were
suspended ih agueous dilute sodium hydroxide‘solution (2.0 m1),
~gradual éolution took place. Acidification with dilute aqueous
‘sulphuric acid gavé the aminotriazoles (250 a and b) (55-70%) which
were identified by m.p. and i.r. spectra.

The Attempted Acetylation of 5-Aminoc—-4-phenyl-1,2,3-triazole-1-(N-

- methylcarboxamide) (251 a)

(a) The N-methylcarboxamide (251a) (0.33g; 0.0015 mol) was heated
under reflux briefly in acetic anhydride (3.0 ml) until complete
solution was attained. The reaction mixture was evaporated under
reduced pressure and any remaining acetic anhydride azebtroped with
toluene to give an- oil. Trituration of the oil with ethexr gave a
solid (0.llg), m.p. 128-520; which was shown by t.l.c. to be a three"
component mixture. Evaporation of the ether mother liquor gave an

oil (0.24g) which was proved by t.l.c. to be a multicomponent mixture.
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(b) The N-methylcarboxamide (251 a) (0.33g; ©0.0015 mol) was stirred
at room temperature with acetyl chloride (5.0 ml) in benzene (20 ml)
for 4h. The resultant solid was collected, washed.with a cold agueous
solution of sodium hydrcgen carbonate, then water; and dried in vacuo
aé room temperature to give unchanged starting material (251 a) (0.209),

m.p; 1220, which was identified by m.p. and i.r. spectrum.

The Attempted Reaction of 5-Amino-4-phenyl-1,2,3-triazole-1-(N-

methylcarboxamide (251 a) with Methylisocyanate

The N—methylcarboxamide (251 a) (0.44g; 0.002 mol) and methylisé-
cyanate (0.11lg; O.lSIml; 0.002 mol) were dissolved in benzene (50 ml)
and the solution was leff at room temperature for 16h. Evaporation
of the reaction mixture gave unchanged N-methylcarboxamide (251 a)
(100%5 which was identified by m.p. and i.r. spectrum.

N-Substituted Nl—(4—Pheny1—lH—l,2,3—triazol—5-yl)ureas (252 a and c¢)

(a) N—Methyl—Nl—(4—phenyl—lH-l,2,3-triazol—5—yl) urea (252 a)

~was obtained (50-60%) by:-
(i) melting the N—methylca;boxamide (251 a) (0.44g; ©0.002 mol) using
a heated oil béth,‘holding at the melt for 5 min, dissolving the
resultant solid in dilute aqueous sodiumvhydroxide.solution and
acidifying with dilute aqueous sulphuric acid solution.
(ii) heating the N-methylcarboxamide (251 a) (1.32g; 0©0.006. mol)
in dimethylformamide (5.0 ml) gnder xeflux for 30 min, filtering off
any insoluble solid (after dilution with water),'and collecting the
product which was deposited on standing.
The urea (252 a) had m.p. 213° (from ethanol) , Vo, 3350w, and

- 3200br (NH) , and 1650(C0)cm_l,1 BCD3)ZSQ]I.76 bx(1H,s,NH), 2.19-2.29
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(2H,m,ArH) , 2.46-2.67(3H,m,ArH),3.70br (1H,q,J4.5Hz,NH), and 7.38
(3H,d,J4.5Hz,Me), m/e 217 (M) (M,217).
Found:  C,55.3; H,5.2;  N,31.9%.

0 requires: C,55.3; . H,5.1; N,32.2%.

08118

The insoluble solid obtained, in case (ii), by dilution with water
was-coﬁbined with a second crop obtained by evaporating the mother
liquor and triturating the residue with agueous ethanol (total,
0.23g). AThe solid (X), which was unidentified, had m.p. 236o
(from aqueous dimethylformamide), vmax.3450w, and 3300(NH), and
1640 (COYem™ T, [(cp,) 6] 1.35bx(1H,s,NH), 2.16-2.31(2H,m,ArH), and
2.53-2.69 (3H,7,ArH) ,n/e 186 (11).

Eéggg: C,56.4; H,4.4; N,31.1%.

Thz solid (X) was readily soluble in dilute aqueous sodium
hydroxide solution and was regenerated on acidification with dilute
aqueous sulphuric acid;

(b) (1) N—Phenyl—Nl—(4jphenyl—lH—l,2,3-triazol—5—yl)urea(252 c)

was obtained (97%) by heating the N-phenylcarboxamide (251 c¢) (O.56g;

0.002 mol) under reflux in toluene (15 ml) for 5h and evaporéting

off the solvent.‘ The urea (252 c¢) had m.p. 173° (from agqueous

ethanol), vmax.3250—3050br(NH), and l650(co)cm.l, m/e 279(M+)(M,279).
Found: C,63.0; H,4.9; N, 25.2%.

O requires: C,64.5; H,4.7; N,25.1%.

Sy N
(ii) Wwhen the'N-phenylcarboxamide (251 ¢) (0.56g; 0.002 mol) was

heated under reflux in dimethylformamide (3.0 ml) for 30 min and

the solution diluted with water, a solid (O.47g), m.p. 129-519, was



-126-

obtained whose t.l.c. showed it to be a multicomponent mixture.

N—éubstituted Nl—(4—Carbam9yl—lH—l,2,3—triazol—5—yl)ureas (252 b
and d) i

The aminotriazolecarboxamide (250 b) (0.64g; 0.005 mol) and
methylisocyanate or phenylisocyanate (0.005 mol) were dissolved in
dimethylformamide (3.5 ml) and the solution was set aside at room
temperature for 18h (3h in the case of phenylisocyanate). Dilution
of the reaction mixture with water gave the ureas (252 b and d).

N—(4—Carbamoyl—lH—l,2,3étriazol—5—yl)—Nl~methylurea (252 b) (0.41qg)

had m.p. > 250° (decomp.), \)m‘ax.3450w,3400,‘ and 3250 (NH), and 1690,
and 1650(co)em *, T [(CD,) ,8G] 0. 80bx (1H,s,NH) , 2.24br (1H,s,NH) , 2.42br
(l18,q,J4.5E2,NH), 2.58br(lH,s,NH) and 7.29(3H,d,J4.5Hz,Me), m/e 184
(™) (1, 184) . | '

Found: C,32.3; H,4.4; N,45.5%.

QSEENSOE requires: C,32.6; H,4.4; N,45.6%.

N-K4—Carbamoy1—lH—l,2,3-triazol—5—yl)"Nl—phenylurea (252 @) (1.30g) (84%) ,

had m.p. > 245°(decomp.)(from bénzenerdimethylformamid@,\%mx'3500w,

and 3400-3200(NH) , and 1660, and 1640(C0)cm—l, m/e 246(M+)(M,246).
Found: C,47.7; H,4.2; N,33.8%.

Eiogioyég requires: ¢,48.8; H,4.1; N,34.l%..

A Evaporation of the mother liquor from the reaction with methyl-
isocyanate gave a solid (0.44qg), m.p. 221—350, whose JH n.m.r. spectrum,
t [cp,) 5] 0. 730x (s,NH) , 1.72br (q,J4.5Hz,NH), 2.20bx(s,NH), 2.44br
(s,NH), 2.60br(s,NH), 4.07bx(s,NH), 7.07(d,JdJ4.5Hz,Me), and 7.30(4,J4.5E=z,

Me), was consistent with a mixture of the isomers (251 b) and (252 bj,

which had the composition (251 b) (66%), (252 b) (34%) as estimated
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from the integrated ratio of the lH n.m.r. signals due to tﬁe .N.Me
' grbups.
The ureas (252 a-d) were readily soluble in aqueous dilute sodium
hydroxide solution and were regenerated on acidification with aqueous

dilute sulphuric acid.

The Acetylation of the Ureas (252 a-d)

The ureas (252 a-d) (0.0015 mol) were heated briefly under reflux
in acetic anhydride (3.0 ml) until complete solution was obtained.
The acetylated ureas (253)(51%) and (252 f-h) (73-85%) were isolated
by collecting the insoluble solid and combining it with a second
crop obtained by evdporéting the mother liquor and azeotroping off any

remaining acetic anhydride with toluene.

N—Acetyl—N—(l—acetyl—4—phenyl-l,2,3—triazol—5—yl)—Nl—methylurea(253)
had m.p. 152°(from ethanol), v . 3350(NH), and 1760, 1720, and
16_80(c0)cm"1,r [(CDs)zSOJ 1.63br(1H,q,J4.5Hz ,NH) , 2.22-2.50(5H,m,ArH),

7.20(3H,S,Ac), 7.26(3H,4,J4.5H2z,Me), and 7.90(3H,s,Ac), m/e 30l(M+)

(M, 301).
Found: C,56.1; H,5.0; N,23.1%.
5h4§15N5°3 requires: C,55.8; H,5.0; N,23.2%.

N—(l—Ace;y1—4—carbamoyl—l,2,3-triazol—S:yl)—Nl—methylurea(252 f) had

m.p.‘189°, vmax.3450w, and 3250br (NH), and 1760,1740, and 1670bx (CO)

em ', [icp,) ,SO] 1.26br (1H,s,NH) , 1.68br (1H,s,NH) , 2.03(1H,s,NH),.
2.67(1H,q,J4.5Hz,NH), 7;26(3H,s,Ac), and 7.27(3H,d4,J4.5Hz,Me),

m/e 226(M+)(M,226),‘and when crystallised from dimethylformamide-
benzene, and aqueous dimethylformamide géve the acetamidotriazolecaibox—

amide (265) and the urea (252 b) respectively (identified by i.r.

spectrun) .
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N—(1—Acetyl—4—phenyl—l,2,3—triazol—5—yl)le—phenylurea (252g) had

m.p. l73°(from ethanol-dimethylformamide}, vmax 3300, and 3100w (NH) ;
and 1740, and 1680(CO)cm Y, (CD Cl,) 0.1lbr(1H,s,NH), 2.30-2.98

(1OH,m,ArH)., and 7.19(3H,s,Ac), m/e 321(M") (M,321).

Found: c,63.2; H,4.8; N,22.0%.
g17§15N502 requires: Cc,63.5; H,4.7; N,21.8%.

N—(l—Acetyl—4—carbamoyl—l,2,3—triazol—5—yl)—Nl—phenylurea (252h) had
m.p. 202O (from dimethylformamide-benzene), vmaX.BSOOw,335O, and
3300bx (M) , and 1770, 1700 and 1680(co)em™ 1 [(CD,) 8] 0. 14bx (1H,
s,NH) , 0.78br(1H,s,NH) ,1.66br(1H,s,NH),2.02br (1H,s,NH) ,2.45~3.03(5H,m, .
ArH), and 7.24(3H,s,A0), m/e 288(x%) (4,288).

Found: C,50.3; H,4.3; N,29.2%.

glzg_lzNSOE requires: C,50.0; H,4-2; N, 29.2%.

The Reaction of the Urea (252 a) with Methylisocyanate

The urea (252 a) (0.33g; 0.0015 mol) and methylisocyanate
(0.09g;‘ 0.11 ml; O0.001l5 mol) were dissolved in dimethylformamide

(2.0 ml) and the solution was left at room temperature for 16 h.

Dilution with water afforded N-methyl-N'- [1- (N-methylcarbamoyl)-4-

phenyl—l;Z,3—triazol—5:yﬂ urea (254) (0.31qg) (76%), m.p. l65°.(from

ethanol-benzens), v__  3350(NHj, and 1740w, 1720w, and 1690 (CO) cm T,
1 [(cp,) ,80] 1. 33bx (1H,q,J4. 5Hz,NH) , 1. 39 (1H,s,NH) , 2.13-2.23(2H,m,
Aer,2.49—2.64(3H,m,ArH), 3.37br(1H,q,J4.5Hz ,NH) , 7.12(3H,d,J4.SHz,
Me), and 7.36(3H,d,J4.5Hz,Me), m/e 274(M') (M,274). |

Found: C,53.5; H,5.3; N, 30.5%.

212§14E692 requires: C,52.5; H, 5.2; N,30.6%.
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When the urea (254) (0.21g) was heated under reflux in dimethyl-
formamide (2.0 ml) for 2h and the reaction mixture was evaporated and
treated with water, compound (X) was obtained (0.02g) m.p. 229—340
(decomp.), identical (m.p. and i.r. spectrum) with a sample obtained
previously. Evaporation of the aqueous mother liquor and trituration
of the resultant gum with agueous ethanol gave the N- (lH-triazolyl)-
Nl—methylurea (252 a) (0.05g), m.p. 203-70, which was identical
(m.p. and i.r. spectrum) with a sample obtained previously.

The Attempted Reaction of the Aminotriazole (250 a) with Methyliso-

thiocyanate

(a) The aminotriazole (250 a) (0.80g; 0.005 mol) and methyliso-
thiocyanate (0.37g; 0.35 ml; 0.005 mol) were dissolved in benzene
(50 ml) and the solution was left for 12h at room temperature, or
heated pnder reflux for 3h. Any insoluble material was combined with
a second crop obtained by evaporating the mother liquor, and treating
the residﬁe with a little benzene to give unchanged triazole (250 a) (79-
83%) m.p. 122°, which was identified by its m.p. and i.r. spectrum.
(b) The aminotriazole (250 a) (0.80g; 0.005 mol)and methylisothioéyanate
(0.37g; 0.005 mol) were dissolved in dimethylformamide (2.0 ml) and
the solution was left at room temperature for 12h.  Evaporation of
the reaction mixture gave an oil (1.15g) whose t.l.c; showed it to

be a multicomponent mixture.
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The Synthesis of Some 1,2,3—Triazolo[1,5—i]—l,3,5—triazines.

6—Methy;—3fpbenyl—l,2,3—triazolo[1,5—a -1,3,5-triazin-7 (6H)~one (272 a)

(a) The N-methylcarboxamide (251 a) (4.4g; 0.02 mol) was stirred
in triethylorthoformate - (15 ml) at 100° for 17h. The resultant solid
was collected, washed with a little methanol, then ether, and dried
in va;uo at room temperature to give the triazolotriazine (272 a)
(0.749) (16%), m.p. 242° (from agueous dimethylformamide), v

l7SO(CO)cm-lL Amax 214,236,245 .infl., 254 infl., and 297nm(log €

ax.

3.91,3.94,3.89,3.79 and 4.16), t[(CD,),86]1.50(1H,5,H-5), 1.74-1.84

(2H,m,ArH) ,2.39-2.62(3H,m,ArH), and 6.42(3H,s,Me-6), m/e 227(M+),

(M,227).
Found:  C,58.1; H,3.9; N, 30.7%.
Eilgn N_O requires: Cc,58.1; H,4.0; N, 30. 8%.

Evaporation of the triethylorthoformate mother liguor under
reduced pressure gave an oil (4.21g) whose t.l.c. showed it to be
a multicomponent mixture. |
(b) The N-methylcarboxamide (251 a) (0.44g; 0.002 mol) was heated
under reflux in triethylorthoformate . (3.0 ml) containing acetic
anhydride (3;0 ml) for 1lh. Evaporation of the reaction mixture
under reduced pressure gave an oil (0.43g) which did not crystallise
and was shown to be a multicomponent mixture by t.l.c. in ether over
silica. |
(c) The N-methylcarboxamide (251 a) (1.32g; 0.006 mol) was stirfeé .
in triethylorthoformate- (8.4 ml) at 70° for 20h. The resultant
solid was collected, washed with a little ether, and dried in vacuo

at room temperature. The solid (0.29g) had m.p. 251—660,
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vmakf3350(NH)' and 1750w,1740w,1720w, and-l690(C0)cm—l, and the
lH n.m.r. spectrum,T[3CD3)2Séa1J33br(q,J4.5Hz,NH), 1.39%rx(s,NH),
‘ 1.50[;,H-5(272aﬂ ,1.70-1.82(m,AxrH), 2.13-2.23(m,AxH), 2.49-2.64(m,AxH),
3.37br (q,J4.5Hz,NH) , 6.42 [s,Me-6(272 a)] , 7.12(a,J4.5Hz,Me), and 7.36
(d,J4.5Hz,Me) , was consistent with a mixture of the triazolotriazine
(272 a) (12%) and the urea (254) (88%), the composition being estimated

lH n.m.r. signals due to the Me-6

from the integrated ratio of the
(272 a) and .N.Me(254) groups. No attempt was made to séparate the
mixture. Evaporation of the mother liquor afforded an oil, which
was triturated with a little methanol, to give the triazolotriazine
(272 a) (0.02g) m.p. 2400, identical (m.p. and i.r. spectrum) with a
sample prepared before. Evaporation of the trituration liquor gave
an oil (l1.06g) which was shown b& t.l.c. to be a multicompbnent
mixturef

(d) The N-methylcarboxamide (251 a) (4.4g; 0.02 mol) and triethyl-
orthofcrmate (8.9g; 9.9 ml; 0.06 mol) were stirred in dimethyl-
formamide (10.0 ml) at lOOo for léh. Dilution of the reaction
mixture with methanol gave the triazolotriazine (272 a), ﬁhich wés
combined with.a second crop obtained by evaporating the mother liquor
and triturating the resultant oil (3.77g) with methanol (total, 0.699g)
(15%), m.p. 2390, identiéal (m.p. and i.r. spectrum) with a sample
prepared previously. The trituration.liquor slowly deposited

4,5-dihydro-5-ethoxy-6-methyl-3-phenyl-1,2,3-triazolo[l,5-a)-1,3,5-

triazin-7-one (273) (0.90g), m.p. 117° (from ethanol) ' 3250 (NE)
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2.57—2.65(3H,m,ArH),5.67(2H,q,J7Hz,CH2),6.62(3H,S,Me—6), and 8.66

(3H,t,J7Hz ,Me) , m/e 273(M") (M,273).

Found: C,57.6; H,5.7; N,25.6%.
913215N502 requires: c,57.1; H,5.5; N,25.8%.

Evaporation of the mother liquor afforded an oil (2;819) which
was shown by t.l.c. to be a multicomponent mixture.

The ethoxy compound (273) (0.27g; 0.001 mol) was heated under
reflux in dimethylformamide (2.0 ml) for 2h, and the reaction mixture
was diluted with methanol to givé the triazolotriazine (272 a) (0.1llg)
(48%), m.p. 2420, which was identified with an authentic sample by
ité m.p. and i.r. spectrum. Evaporation of the mother liquor gave
an oil (0.13g) whose t.l.c. showed it to be a multicomponent mixture.

5,6—Dimethyl—3—phenyl—l,2,3—triazolo[i,5—é]~l,3,5—triazin-7(6H)—one

(272 b) and S-Ethyl—6—methyl—35phenyl—1,2,3—triazolo[i,5—él—l,3,5-triazin—

7(6H)-cne (272 c)

The N-methylcarboxamide (251 a) (1.76g; ©0.008 mol) and triethyl-—
" orthoacetate or triethylor£h0pr§pionate- (0.024 mol) were stirred in
dimethylformamide (4.0 ml) at 100° for 16h. Dilution of thevreaction
mixture with methanol gave a solid, which was combined with a second
crop, obtained by evaporating the mother liquor and triturating ;he
resultant oil with methanol.to give the dimethyltriazolotriazine

(272 b) (0.999g) (51%) m.p. 2200(decomp.)(from aqueous dimethylformamide),
ymax.1740(co)cm_l,'}max'214,235,246,255 and 295nm(log € 3.96,3.91,

3.88,3.83 and 4.23),t [(CDy) 0] 1.74-1.86(2H,m,AxH) , 2.41-2.66

(3H,m,ArH), 6.44(3H,s,Me-6), and 7.39(3H,s,Me-5), ﬁ/e 241(M+) (M,241),
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Found: C,59.6; H,4.6; A N,29.0%,
glzglleo requires: C,59.7; H,4.6; N,29.0%,
or, the ethylmethyltriazolotriazine (272 c) (0.97g) (48%), m.p. 211O

(from aqueous dimethylformamide), v 1740(C0)cm—l,‘k 215,235,
max. - “max.

245,254 and 296nm(log € 3.95,3.90,3.85,3.81 and 4.22), 1 ECD3)ZSéa

1.70-1.84(2H,m,ArH) , 2.38-2.70(3H,m,ArH) ,6.44 (3H,s,Me) , 7.08 (2H,q,

J7Hz,CH,) , and 8.68(3H,t,J7Hz,Me) , m/e 255"y (M,255). |
Found:  C,61.0;  H,5.2;  N,27.3s.

913213NSO requires: C,61.2; H,5.1; N,27.5%._

. Evaporation of the mother. liquor from both reactions gave 6ils

(0.96-1.08g) which were shown by t.l.c. to be multicomponent mixtures.

The Reactions of the N-Substituted Carboxamides (251 b énd c) with

Triethylorthoformate

(a) The N-methylcarboxamide (251 b) (0.37g; 0.002 mol) and
triethyloithdformate (0.89g; ©0.99 ml; 0.006 mol) were stirred in
dimethylfo:mamide (2.0 ml) at 100o fér 15 h. Evaporation of the
reaction mixture and trituration oflthe residué with ether gave a
solid (0.35g) m.p. > 175o (decomp.), which had an ill-defined i.r.

spectrum and which was shown by t.l.c. to be a gross mixture.
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(b) The N-phenylcarboxamide (251 c) (0.56g; 0.002 mol) was stirred

in triethylorthoformate (2.8 ml) at 100° for 1%h. Evaporation of

the reaction mixture afforded an oil (0.49g) which did not crystallise

and which was showrd by t.l.c. to be a multicomponent mixture.

The Reactions of the Triazoles (250 a and b) with Dicyandiamide

The aminotriazole (250 a or b) (0.0125 mol) and dicyandiamide
(1.26g; 0.0150 mol) were heated under reflux in water (5.0 ml)
containing concentrated hydrochloric acid (1.1 ml) for 20-30 min.

The resultant solid was filtered off from the hot reaction mixture

and washed with water.

(a) The aminophenyltriazole (250 a) gave 5,7-diamino-3-phenyl-1,2,3-

triazole [1,5-a] -1,3,5-triazine (274 a) (0.29g) (10%), m.p. > 227° (decomp.)

(from aqﬁeous dimethylformamide) , Vinax 3350-3100br (NH) , and 1680

(NH def.) Cm—l’~lmax 215,287,295sh, and 318sh nm(log € 4.18,4.16,4.13

and 3.64), m/e 227(M") (M,227).

Found: C'5209; H,4.0; N,43-4%0

912H9N7 requires: c,52.9; ° H,4.0; N,43.1%.

“
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The mother liquor was allowed to cool and an o0il, which was
insoluble in chloroform, separated out. The supernatant liquid
was decanted from the o0il, which on contact with dilute aqueous ammonia
solution gave an amorphous solid (0.55g) m.p. 85—1070, having an ill-
defined i.r. spectrum and shown by t.l.c. examination to be a multi-
component mixture. No material was obtained from the supernatant mother
liquor, on ektraction with chloroform, before or after adjustment to
PH8 with dilute aqueous ammonia solution.
(b) The aminotriazoleearboxamide (250 b) gave a solid which was
combined with a second crop‘which sepafated from fhe‘cooled mother
liquoxr (total, 1.44qg). The crude solid had m.p..> 280°(decomp.),
v__. 3450w,3350, and 3ésobr(NH), 1680(CO) , and 1660 (NH def.) cm *,
and on crystaliisation froﬁ'aqueous dimethylsulphoxide had m.p.> 240°

-(decomp.), vmax 3350, and 3200 (NH), 2150(.C = N or .ﬁ = N), and

1660br (CO) cm ©, m/e 194 (M%) (M,194).

Found: C,30.8; H,3.1; N,57.3%.
Calculated for C.H N_O: C,30.9; H,3.1; N,57.7%.
[® BN © B © .

The Synthesis of Some 4-Substituted 1,3,5-Triazines.

The Reactions of the Triazolotriazines (272 a-c) with Hpt Glacial
Acetic Acid

The 1,2,3-triazolo-1,3,5-triazines (272 a and b) (0.003 mol)
were heatedlunder reflux in glacial acetic acid (35 ml) for léh.
Evaporation of the reaction mixtures left oils which were washed with
a saturated aqueous solution of sodium hydrogen carbonate and

extracted with chloroform.
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(i) The triazolotriazine (272 a) gave an oil which on trituraticn

with methanol-ether yielded a-acetoxyphenylacetamide (276) (0.27q),
97

m.p. 112°(2it.,”’, 112°) (from ethanol-light petroleum), v . 3400,

and 3200(NH), and 1740, and 1660(CO)cm ©,t (CDC1.)2.54-2.72 (5H,m,
ArH), 3.64br(2H,s,NH),3.97(1H,s,CH), and 7.87(3H,s,Me), m/e 193

(M%) (,193).

Found: = C,62.1; H,5.8; N,7.2%

giogilEQB requires: C,62.2; H,5.7; N,7.3%.

{ii) The 5=methyltriazolotriazine (272 b) gave a solid (0.64q),
m.p. 105-680, which when fractionally crystallised from ethanol gave

4- (a—acetoxybenzyl)-l,6—dimethyl-l,3,5-triazin—2(lH)—one (275 b)

(0.45g), m.p. 202°(from ethanol), v___ 1730, and 1700 (CO) cm ¥,
T(CDC1,)2. 34-2.46 (2H,m,ArH) , 2.61-2.70 (3H,m,ArH) ,3.78 (1H,s,benzylic H),

6.54(3H,s,Me-1), 7.53(3H,s,Me-6), and 7.80(3H,s,0Ac), m/e 273 (M+)

(M,273),
Found: Cc,61.3; H,5.5; N,15.2%,
914215§395 requires: . c,6l.5; H,5.5; . N,15.4%,

and oa-acetoxyphenylacetamide (276) (0.03g), m.p. lllo, which waé identical
(m.p. and i.r. spectrum) with a sample obtained previously.

(iii) The triazolotriazines (272 a and c) (0.003 mol) were heated

under reflux in glacial acetic acid (35 ml) for 6h and 9h respectively.
The reaction mixtures were evaporated and the resultant oils were

washed with a saturated aqueous solution of sodium hydrogen carbonate

and extracted into chloroform.
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(a) The triazolotriazine (272 a) gave an oil (0.62g), which when

triturated with methanol-ether gave 4-( a-acetoxybenzyl)-l-methyl-

1,3,5-triazin-2(1H) -one (275 a) (0.06g), m.p. 173°(from ethanol~light

| petroleum), v __ 1740, and 1690(CO) cm™ ¥t (cpcl,) 1.82(1H,s,H-6),
2.35-2.49(2H,m,ArH}, 2.55-2.71(3H,m,AxH),3.72(1H,s,benzylic H),
6.57(3H,s,Me-1), and 7.80(3H,s,0Ac), m/e 259(M+)(M,259). |

— ~ Found: C,60.0; H,4.9; N,16.1%.
C,4H, ;N0 requires: c,60.2; - H,5.1; N,16.2%.
Evaporatién of tﬁe trituration liquor gave an oil, which when retritur-
ated with methanol-ether gave a-acetoxyphenylacetamide (276)(0.08),
m.p. lllo(from ethanol-light petroleum), which was identical (m.p.
and i.r. spectrum) with a sample obtained previously. T.l.c. examin—
ation of the trituration liguor showed it to contain a multicomponent

‘mixture.

(b) The 5-ethyltriazolotriazine (272 c) gave 4- (a-acetoxybenzyl)-

6-ethyl-l-methyl-1,3,5-triazin-2 (1H)-one (275 c) (0.76g) (839%), m.p. 168°

(from ethanocl), v;ﬂ 1730, and 1690(C0)cm-l,T (CDC13) 2.33-2.46(24,

aXx
m,ArH), 2.59-2.75(34,m,ArH) ,3.75(1H,s,benzylic H), 6.57(3H,s,Me-1),
7.30(2H,q,J7Hz,CH2), 7.81(3H,s,0Ac), and 8.73(3H,t,J7Hz,Me), m/e

- 287(M") (M,287) .

Found: C,62.6; H,5.9; N,14.6%.
g15§17§393 requires: C,62.7; H,5.9; N,14.6%.

4- (a-Acetoxybenzyl)-2,6-diamino-1,3,5~-triazine (277)

The diaminotriazolotriazine (274 a) (0.56g; ©0.0025 mol) was
heated under reflux in glacial acetic acid (20 ml) for Sh. The

reaction mixture was evaporated and the resultant oil was washed
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with a saturated aqueous solution of sodium hydrogen carbonate, and
extracted into chloroform to give a solid, which was crystallised
from ethanol to give the acetoxybenzyltriazine (277) (0.31g) (50%),
n. p. 212°, vmax_3500,3400, and 3150(NH), 1730(CO), and 1680w(NH def.),
T (CDCL,) 2.52-2.74(5H,m,ArH),3.75(1H,s,benzylic H) ,4.27br (4H,s,NH) ,
and 7.84(3H,s,0Ac), m/e 259(M') (M,259).

Found: C,55.6; H,5.2; N,27.0%.
912§13§'59_2 requires: C,55.6; H,5.1; N,27.0%.

4-Benzyl—-1,6-dimethyl-1,3,5-triazin-2 (1H)-one (293)

(a) The acetoxybenzyltriazine (275 b) (0.1llg) was hydrogenated
in ethanol (50 ml) over 10% palladium-charcoal. Evaporation of the
filtered reaction mixture and trituration of the resultant oil with

ether gave the benzyltriazinone (293) (0.08qg), m.p.'l30o (from

‘ethanol), Vhax 1680(C0)cm—1,T (CDC13)2.52—2.84(5H,m,ArH),’6.10(2H,

s,benzylic CH2), 6.52(3H,S,Me-l), ana 7.53(3H,s,Me-6) ,m/e 215(M+)

(M,215).
Found:  C,67.4;  H,6.2;  N,19.4s.
G, B ;N0 requires: C,67.0; H,6.1; N,19.5%. :

(b) Phenylacetamidihe98(2.43g; 0.018 mol) and methylisocyanate
(L.05g; "1.35 ml; 0.018 mol) were dissolved in benzene (200 ml)

and the solution was left at room temperature for 2h.  The

resultant solid was collected to give N—(N—methylcarbamoy;)phenyl—

acetamidine (295) (1.92g), m.p. 143—70, Vmax 3350, and 3200br (NH),
) .

1700 (CO), and 1640 (NH def.) cm ©, m/e 191 (M') (M,191), which on

crystallisation from benzene gave phenylacetamide,99 m.p. 148°

(lit.gg, 1550) vmax 3350, and 3150(NH), and 1640(C0)cm—l, identical

“(di.r. spectrum) with an authentic sample.
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The crude N—(N-methylcarbamoyl)phenylaceﬁamidine (295) (1.43g;
0.0075 mol) was stirred in triethylorthoacetate (15 ml) at 100°
~under nitrogen for 17h. The reaction mixture was filtered hot to
remove unreacted starting material (295) (0.35g) m.p. 141-8° which
was identified by its m.p. and i.r. spectrum. On cooiing, the
filtrate deposited phenylacetamide (0.23g), m.p. 1550, which was
identical (m.p. and i.r. spectrum) with an authentic>sampleggi
Evaporation of the remaining mother liquor gave an oil, which was
triturated with ethanol-ether to give the benzyltriazinone (223) (0.339g),
m.p. 127-29° (from ethanol), which was identical (m.p., mixed m.p;,
and i.r. spectrum) with a sample obtained previously.

The Thermal Reactions of the N-Methyi and N-Phenylureas (252 b and d)

The N-substituted urea (252 b or dj(0.00lS mol) was heated under
reflux in dimethylformamide (5.0 ml) for 3h. The reaction mixtﬁre
was evéporated and the resultant solid product was coilectéd.

(a) The product from the N—methylurea (252 b) was treated with
water to give a solid (Y) (0.10g), m.p. 268°(decomp.)(from water),
vmax.3450-3200br(NH), and 1700bx (CO) cm ¥, m/e 198(M*).  The mother
liquor slowly deposited a solid (Z) (0.07q), m.p. 238°(from ethanol-
~glacial acetic acid), vmax.3200—3100br(NH)' and l7lObr(CO)cm—l,
m/e 153(M7).

Found: C,33.4; H,3.3; N,44.1%.

(b) The product from the N-phenylurea (252 d), when leached with

boiling water, gave the insoluble 1,3—diphenylurea95 (270) which

was combined with a second crop obtained as described later.
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Evaporation of the mother liquor gave a solid.(0.24g), m.p.> 190°
(decomp.), vmax;3200—2700br(NH)' and 1710—1660br(CO)cm—l, which was
subjected to preparative t.l.c. in 25% methanol-chloroform over silica
to give l,3—diphenyiurea95 (270) (total, 0.07g), m.p. 239°(from ethanol),

(lit.,95 2390), Vnax 3300 (NH) , and 1650(C0)cm—l, m/e 212(M+)(M,212),

and S-amino—lH—l,2,3-triazole—4-carboxamide67(250 b) (0.03g)m.p. 2180,
(lit.,672250)(identified by its. i.r. spectrum), and the solid (2)
(0.03g), m.p. 2360, which was identical (m.p. and i.r. spectrum). with

a sample obtained previously.

The Reaction of 5-Amino-1H-1,2,3-triazole-4-carboxamide (250 b) with

Urea

The aminotriazole (250 b) (0.64g; 0.005 mol) and urea (0.30g;
0.005 mcl) were mixed intimately and ﬂeated at 200° { oil-bath) for
30 min. The resultant solid (O.79g), which was coliected on
'cooliné,'had m.p. > 290°(decomp.)(from.aéueous dimethylforﬁamide),
aﬁd showed spectrai properties consistent with the urea (252 i).
The product, which was soluble on brief‘tieatmeng with dilute aqueous
sodium hydroxide solution and regenerated on acidification of the
solution with dilute aqueous sulphuric acid, had Vina .3450-3200br(NH),
and 1740, and 1680(CO)em ¥, m/e 170") (M,170).

Found: c,28.8; - H,3.6; N,48.9%.

£4§6§692 requires: C,28.2; H,3.6; N,49.4%.

When this solid (0.34g; O.00l mol) was heated under reflux
in 10% aqueous sodium hydroxide solution (5.0 ml) for 30 min, and

the cooled reaction mixture acidified with dilute agueous sulphuric

acid, the solid (2) (0.17g), m.p. 220°(decomp.) was obtained, which
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was identical (m.p. and i.r. spectrum) with a sample obtained

previously. The aqueous mother liquor slowly deposited the dihydrate

of 3H-1,2,3-triazolo [4,5-d) pyrimidine=5,7 (4H,6H)~dione ° (267) (0. 10g) ,
96

m.p. > 320°(from aqueous dimethylformamide) (lit., > 3200),
Vax 3500,3400,3350, and "3300(NH,OH), 2750-2200br, and 1960-1860bx-
(OH), and 1690, and 1670(CO)cm ', m/e 153 (M%) (,153).

Found: C,25.7; H,3.6; N,37.6%.

SL&L£1592.2H20 requires: C,25.4; H,3.7; N,37.1%.
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Chapter 4

The Synthesis and Reactivity of the l,2,3—Triazélo[i,5—é]—

pvrimidine Ring System - Diazoalkylideneamine -

-Triazole Equilibria
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4.1 Introducﬁion

As has already been discussed (Chapter 1.4) the 1,2,3-triazolo-
'[l,S—é]pyrimidine ring system (e.g. 296) has been shown13 to undergo

Dimroth rearrangement [3296)===:(297):==£(2988 . As in the

fl\f:N

(297)

l,2,3—triazolo[§,l—é]-l,2,4—triazine (Chapter 2.1) and 1,2,3~triazolo-
&45—é1—1,3,5~triazine (Chapter 3.1) ring systems, the-electron-
withdréwing character of the azine ring of (296) may have the effect
of destabilizing (296) (relative to (297). However, attempts to
:detect an intermediéte of the type (297) in the rearrangement
— s : 11b
(296) ==(298)| have as yet proved unsuccessful.
. , 11b,13 . , ,

Previous studies of the ring system (296) have shown that
when R3=Ph, the triazole ring of (296) is susceptible,in acidic media,
to heterolytic scission (see Chapter 1.3). Molecules such as
(299; R=Ph), when suitably treated with glacial acetic acid, (Scheme

11b,13

33) gave pyrimidine derivatives (e.g.. 300; R=Ph) (cf. Chapter

1.3; Scheme 4). Howe&er, the system has shown no tendency to react

11b,13

when R = .CONH2. . This result is consistent(see Chapter 1.3)

with the observation that the l,2,3—triazoldpyridine system (301)



Scheme 33
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Y
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CH, 'I" HN / R ' —> (299)

e | |
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R = Ph, CONH2

Scheme 35
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does not undergo triazole scission,in carboxylic acid solution, when

; : . 8
the substituent R is electron-withdrawing. 2

The eleptron—withdrawing
nature of R does not, howéver, prevent the forination5 of stable
diazoniuﬁ perchlorates (302) when (301) is freated with perchloric

acid (Scheme 34). ' Thus, the behaviour of the triazolopyrimidines

(296) and the tpiazolopyridines (301), in glacial acetic acid, may

best be.interpreted in terms of the inability of the triazole ring

to undergo protonation, when the triazole substituent is electron
withdrawing (see Chapter 1.3; Scheme 4)..

| The.ﬁéthodsAus;d to date in the synthe;is'of the. 1,2,3-triazolo~

1lb’13'on the

[i;S—é}pyrimidine ring system (296) have been based
. bifunctional reactivity of the amino—l,2,3-triazoles‘(363).
Molecules such as (299)'have keen piepared by the aéid or base
catalyéed cqndensation of (303) (Scheme 35) with for example acetyi—

86,88

acetone. Reactionscof this type afe-analogous . to syntheses of

-the corresponding 1,2,4-triazolopyrimidines (304) and (305).

(304) |  (305)

The following study was undertaken with a view to extending
the'synthetic routes to the 1,2,3-triazolo[i,5—é]pyrimidine ring system
(296) and further to study the acid catalysed scission of the system

(296).. Experimeﬁté have been devised in an attempt to detect the
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diazoalkylideneamine-triazole tautomerism [}296);::2(2973 .

4.2 The Synthesis and Reactivity of the 1,2,3-Triazolo[i,5-;l-

pyrimidine Ring System

Work in this department13 (see Chapter 1.4) has shown that the
triazolppyrimidines (30?a) and (307b) may undergo a reversible inter-
coﬁversion; As previously described, this Dimroth rearrangement is
catalysed in one direction by the piesence of base, and the converse
reairangement is promoted thermally. When the aminotriazole (306 a)
‘was condenééd with ethyl acetoacetate under'fhefmal, or base or acid
cétalyéed conditions, the product was the isomer mixture l}SO? b) +
(308 bﬂl. In each case, the propé;tions of (307 b) and (308 b). were
;dentical, and>attempts to separate the mixture by fractionai
cryétallisatién, chromatogrg?hy and preferential salt formation provea
unsuéeessful. A by-product in ﬁhe acetic acid catalysed reaction was
£he acetamidotriazole (306 b).

By analogy with the investigation of the structureé (307 a) and
(308 a), attempts were made to synthesise thé cémpounds (309 b) and
(310b) with.a view to their subsequent conversion to the single
isomers (308 b) and (307 b) respectively. However, the conditions
which proved successful for the synthesis of (309 a) - namely,
heatiné the aminotriazole (306 c) and ethyl acetoacetate under reflux
in toluene - did not give (309 b) when the triazolecarboxamide (306 a)
was used; Instead, a quantitative recovery of the starting triazole
(306 a) wag obtained. When the triazole (366 a) and ethyl‘acéto—

acetate were heated under reflux in toluene or benzene wvhich contained



CONH; - CONH,
Me 2N H,0 | HZN\‘]‘/'\N
N CH, + !
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A _ \4
o CONHp ONH2
+H2N PN H0 AW
A_COH. - HN—N o HNTN
- (306 a) . - | (306 b)

Scheme 36
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a catalytic amount of glacial acetic .acid, the result was the recovery
of the triazole (306 a) and the isolation of a smail amount of the
isémef mixture [3307 b) + (308 bﬂ -~ This last set of conditions had

*

proved Eﬁccessfull3 in obtaining (310 a) frém”(306-c). However, when
ﬁhe'tfiéz;ie‘(306 a) and ethyl acetoacetate were étir#ed in dimethyl-
formamide, contéininé glacial acetic acid, at an ambient temperature,
the-result was éhe formation of‘the monohydrate of the ?inylamino—
triazole (310 b).
The édduc£‘(310 b) was characterised by its i.r., lH.n.m..:r:. and
'maSS'sQecffum. The analytical dat; obtained from the product remained
(after\crystallis%tionvfrom ethanolj consistent with the monohydrate of
(310 b). The presence of a 1lH-1,2,3-triazole nucleus in (310 b) was
cdnfi;mgd by its abilitf to form a-sodium salt and also by the formation
of~; l;acéﬁyl.derivétive (310 c¢). This derivative’f310 ¢c) had a band
at‘l§f0.cmfl in its i.r. spectruﬁ and a signal at 17.29 in its H
hLm.r. spectrum. Both of these features-are attributable to thé
presence of a.triazole N—acéﬁyl.group.lla
,Atteﬁpts to regenerate the vinylaminotiiazole (310 b) by

hydrolysing the acetyl derivative (310 c¢) proved unsuccessful.
.When (310 ¢) was heated under reflux in aqueous ethanolic sulphuric
-acid, the triazole (306 a) was the sole product. When (310 é) wés
simply'heated under reflux in aquéous ethanol, the triazole (306 a)

and the acetamidotriazolé (306 b) were_isoiated. The héchanism;of
this hydiolysis (Scheme 36) probably involves the initial hydrolysis of
the vinyl groﬁp leading to the formétion of ethyl acetoacetaﬁe and

the acetamidotriazole (306 b). Hydrolysis of the acetyl gréup,
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subsequent to.the Dimroth rearrangement E312)*—+-(306 bB ,
'(cf. Chapter 3.2, Scheme 25), thus explains the isdlation of the
triazole (306 a).

In an atteﬁpt to determine at which site ethyl acetoacetate
attacks the aminotriazole (306 a), the acetamidotriarole (306 b) was
subjected to exactly the same conditions which led to (310 b) -
namelyiﬁtirring>with ethyl acetoacetate in dimethylformamide containing
~glacial acetic acid. The result was the recovery of unchanged
starting méterial. lFrom this result, it may be concluded that ethyl
acetoacététe conéensés with the primary amino group of (306 a)
rather than with the ring nitrogen atom.

In an attempt to synthesize the single triazolopyrimidine
isoﬁer (307 b),.the-vin&laminotriaiole (310 b) was subjected to
heating unde;'reflux in ethanolic éiperidine and glaciél acetic
'acid.‘ ‘Similarly, the acetyl dériva£ive (310 ¢) was heaﬁed in glacial
acefic acid. The result in each case was the formation of the isomer -
»mixtufé [3307 b)-+'(308 bﬂ . When (310 c) was treated as described,
ihe acetamidotriazole (306 b) was also formed. The isémer mixture
‘was also formed when- the vinylaminotriazoles (310 b) ana (310 c) were
-treated briefly with dilute aqueous sodium hydroxidélsolution and
._the resultant solutions were acidified with diiute agueous sulphuric
-acid. ‘Wﬁen the vinylaminotriazole (310 b) was meltéd on the Kofler
block and the melt allowed to re-solidify, the result was the formation
of the isomer mixture E307 b) + (308 bﬂ .

The results described above,'all pose questioné as to the
mechanism of the formaticn of the isomer mixture. Three plausible

possibilities exist. Firstly, the vinylaminotriazole'(3lo b or c)
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may undergo a Dimroth rearrangement to give tne isomer -(315; R = H,
Ac). Cyglizatioh of thé isomers -(310 .b or c) and :(315; ﬁ = H or Ac).
[p?eceded by solvolysis of the acetyl éroup in (310 ¢) and (315; R=Acﬂ
would then lead to the iéomer mixture [1307 b) + (308.bﬂ (Scheme 37).
Secondly, the triazoiopyrimidine (207 b) may be formed initially and
then undergo Dimroth rearrangement to give the isomer mixture

[(307 b) + (308 bﬂ (Scheme 38). lThirdly, the vinylaminotriazole

(310 b or c¢) may undergo a dissociationjre—asscciation meéhanism as
outlined ix; Scheme 39. In this last mechanism, when (310 c) is

used, a ‘Din{foth rearrxangement [(312)-—’—»(306 b)] must take place
followed by solvoiysis.cf the acetyl group 5306 h)—>(306 aﬂ prioxr

to re-association (see Scheme 36). ‘As can be obéerved from Scheme 39,
this last possibility is mechanistiéa;ly impossibie in the absence
~of a baze (3). |

.Attémpts to test the mechanisms deséribed, have been made.

Evidence for a Diﬁroth rearrangemeﬁﬁ prior to-cyclization {Scheme 37)
has been obtained from heating the pure vinylaminotriazole (310 k)
underx reflﬁx in toluene for a prolqﬁged éeriod. &he result was the
isolation of a solid whése 1H n.m.r. spectfum was consistent with a

mixture of (310 b) and (315; R = H). However, the 1

H n.ﬁ;r. spectrum4
of the mixture may also be inteipreted in terms of the formation of

~ geometric isomers 'e.g. (320) and (3212]. However, a significant
feaﬁure of the mixture is that the integrated ratio of (310 b)

relative to the othex component is the same as the integrated ratio

of (307 b) rxelative to (308 b) in the respective 1H n.m.x. spectra.
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e g e AN

Ee0,C7 TH H™ TCOzEb
(320) ‘ (321)

Eihe aséignments of the structures (307 b) and-(308,b) were madern
the basis of arguﬁents to be discussed later (see page 151 )]
This'indiCates that direct cyclization of [}310 b) + (315; R:Hﬂ
would result in the reported mixture [}307,b) ¥1(308 bﬂ without
further Dimroth rearrangement. |
When the ?inylaminotriazoie (310 b) was heatgd undex reflu#

in-ethanolié biperidine or glacial acetic acid in fﬁe presence

of acetYlécetone,Athe result was the foimation of the dimethyltriazolo-
.pyrimidine (311). -,similérly, when (310 b) was heated under reflux
in-neaﬁ acetylacetone, (311) was isolated. These results are con-
sistent with the mechanism outlined in Sche?e 39. After the .base.
cataiysed elimination step [}310 b)—*(306 a) + (3183 , instead of‘
recombining with (318), (306 a) could be intércepted by aéetVIacetone
to give (311). [&he compound (311) is formed when the amiﬁotriazole
(306 a) is.heated under reflux in acetylacetoneJ In the described
'in£erception' reactions, the isomef mixture B307 b) + (308 bﬂ is
also isolated in'the thermal and piperidine catalysed cases.

However, in‘the reaction carried out in glacial acetic acid, an
unidentified, two component mixture was obtained. Attempted

separation of this mixture by fractional crystallisation or



" (322) ‘ ~ A (323)
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chromatography over silica proved unsuccessful. As has previously
begn stated, a mechanism of the type outlined in Scheme 39, requires
the participation of a base (B). In fhe reactions described, this
base (B) may be piperidine or the énion of acetylacetone. Thus
it would appear unlikely that the dissociation - rxgz-association
mechani;m (Scheme 39) operates when (310 b) is cyclized to BBCﬂ b{ +
(308 b] in the melt.
Support for a mechanism of thé tyée outlined in Scheme 38 has

beeﬁ'obtgined in an investigation.of ;nalogdus syétems described

laﬁer (sée page 157). |

Ethyl 2—me£ﬁylacetoacetate condensed with 5-amino~4-phenyl-1H-

l,2,3—txia201e (306 c) in the presence of piperidiﬁe tq give the
triazolééfrimidine (322). [&he structure of (322) Qas assigned on
_ thg basis of arguments to be discussed léter (see page 151)]
Howevér, when the_déséribed reaction was prolonged,.a solid, whbsé
properties Qere consistent with thé isomer mixturel[k322) + (323ﬂ
was isolated. Thisiisomer mixture was also fofmed when the triazolo-
" pyrimidine (322) was heated under reflﬁx in ethanolic piperidine

for a prolqnged period. When the isomer mixture E322)v+~(323ﬂ

was heated under reflux in dimethylformamidé, the single isomer

(322) was regeneratéd. These results find analoéy13 in'thg formation .
of the triazolopyrimidines (307 a) and (308 a), and‘méy béét bei
intefpreted (Scheme 40) in terms of the initial formation of (322)
followed by the base catalysed isomerization [(3?_2).—"—'—“(327)':—-‘(329);*
(3233 . Tﬁe éonversion of the isomef nixture |3322) + (3238 into

" the single isomer (322) under strictly thermal conditions suggests
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the latter to be the éhermally stable isomer.
When the éminotriazoles (306 a and ¢) were condensed, in
ethanolic piperidine, with eﬁhyl cyclépentanone-2—carboxylate, solids,
whose pfoperties are consistent with the structures B324 a) and/or

(325 a ﬂ and B324 b) and/or (325’bﬂ were formed. The product

‘[(324 a) and/ox (325 aﬂ did not give correct analytical data.

The lH n.m.r. spectra cf the products did not, in either cacse,

show features, suitable for the further elucidation of their exact
nature. In both reéctions, condensates of the type (326 a and b)
were also isolated. The assignment of the structures (326 a and b)

followed from their isolation by acidification. The acidity of

the by—products is consistent with the presence of\the 1H-1,2,3-

triazole nucleus. The condensate (326 a) was reédily converted

. into the product B324 a) and/or (325Vaﬂ on crystallisation.

Ethbxymethylgheécetylacetoné; acetoaéetaldeﬁyde dimethylacetal
aﬁd malonaldehyde b;;—(dimethylacetai) condénsedvsmoothly with the
aminotriazole (306 a) in dimethyiformamiae—bydrochloric acid to give the
isomer mixtures [(329 a) + (330 a); R = ng], (333 ) + (334 4]]
and the triazolopyrimidine (337 a). The copstitution of the isomer
mixtures [320 a) + (330 a); R = MG-J and E333 a) + (334 'a)] was
supported by their lH n.m.r. spectra, which showed that the isomer
with the methyl group adjacent to the bridgehead nitrogen atom
[(329 a; R = Me) and (333 aﬂ was, in each case, the major component.
The struétures of the isomers, in the mixtures déscribed ebove, vere .

88,100,101

assigned on the basis of the enhanced deshieiding afforded

by a bridgehead nitrogen atom on a protcn or methyl group attached
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to an adjacent carbon atom. Thus, in the lH n.m.r. spectrum of
the mixture [}333 a) +-(334 aﬂ . it is observed that Me-7 (333 a)
absorbs at lower field than Me-5(334 é) and similarly H-5(333 a)
gbsorbs ét higher field than H-7 (334 a). Supporting evidence for
such an assignment .s provided by the split£ing associated with Me(7)-
H(6)'in (333 a), as opposed to the undetectable splitting of Me(5)-
‘'H(6) in the structure (334 a). Splitting of this type has been
interéreted in terms of bond fixation.es'lOQ'lol

An attempt to form the triazolopyrimidiﬂe [3329 a) or (330 a);
R = OEé]'by condensing the triazole (306 a) with ethyl ethoxymethylene-
acetoacetaté under the.acidic conditions descfibed, resulted in the
isolation of a multicomponent mixture from which no pure material
-could beAdbtainéd. Similarly, ethoxymethyleneacetylacetone and
_éthyl ethoxymethyleneacetoaCetéte, failéa to give any identifiable
maﬁeriél when heated under reflux with the aminotriazole (306 a)
in ethanolic piperidine or glacial acetic acid. = An attempt to
form the triazolopyrimidine [(331 a) or-(332 éa by heating the
"aminotriezole (306 a) and dimethyl aceﬁylenedicarboxylate under
reflﬁx in glacial acefic acid, also resulted in the formation of
an insepaiable multicomponent mixture.

The isomer mixture [}333'b) + (334 bﬂ and the triazolop?rimidine
(337 b) were formed when the aminotriazole (306 c¢) was stirred, with
the apéropriate protectéd B-dicarbonyl compounds [écetoacetaldehyde
dimethylacetal and malonaldehyde bis-(dimethylacetal] : in ethanolic
hfdrochlorié acid. Heating the triazole (306 ¢c) together with

ethoxymethyleneacétylacetone or ethyl ethoxymethyleneacetoacetate,
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under reflux in ethanolic piperidine, resulted in:thé.isolation of

the isome.r mixtures [(329 b) + (330 b); R = Me or OEt]. The
predominant isomer in each of the mixtures B329 b) + (330 b);.

R = Me,0Et] and [(333 b) + (334 b)] is the one with the methyl group
adjacent to the briﬁgeﬁead nitrogen atom (329 b; R = Me,OEt) and

(333 b) . These results are consistent with those obtained from
-the tfiazolecarboxamide (306 a), and the assignment of.the.structures
of the components of the mixtures was achieved in a similar manner

to fﬁat aireédy described. When the aminoﬁriazolé (306 ¢) was heated
under reflux together with ethyl ethoxymethylenecyanoacetate ox dimethyl
acetYlenediéarbogylate'in ethanolic piperidine,‘the result wag the
isolation of the triazolopyrirﬁidines (335) or [(331' b) or (332 bE] .

The assignment of the structure (335), to the produbt-obﬁained from
. ethyl etho#ymethy1enecyanoacetate,.rather than the alternative
. struééuré (336), wgé made by comp;rison‘of its ;H n.m.r. spéctrum

with that of the'iéor_ner mixture [(329 b) + A(3.3O b); R= OEt:J .

It is reasonable to e#pect that fhe lH n.m.r; spectrum of (329 b;
lR = OEt) will be similar to that of (335). The product-(335) was °
obtained in lpw yield, sﬁarting materiél also being reéovered on

work up of the reaction mixture. An attempt to condense the
aminotriazole (306 c) with ethyl cyanoacetate resulted'invthe
recovery of unchanged triazole (306 c). ' )

The isomer mixture E329 b) + (330 b); R = OEé] was hydrolysed,

under bagic conditions, to give an acid whose lH‘n.m:f. spectrum is
consistent with either of the structures (3355 6r (339). fhe

exact structure of the product could nct be assigned on the basis of
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Me

(338) S (339)

this spectrum. On acidification of the basic mother liquor‘frOm this
reaction, the isomer mixture [(333 b) + (334 bﬂ was unexpectedly
isolated. . -Consistent with the assigned structures [(333 b) and

(334 b:)j for the components, an attempt to redissolve the isomer‘
mixture in dilute aqueous sodium hydroxide solution was unsuccessful.
The most plausible intérpretation of fhe result of this rgéction is
| thé.t hydrolysis of the substrate. [(329 b) + (330 b); R = OEtg , under
alkaline conditions, gives rise to the sodium salts of the acids
(338) an& (339). However, liberation of the free acids (33§) and (339)
‘by acidification gives a stable acid and an acid which is unstable

to decarboxylation (Scheme 4l). The 1H n.m.rx. spectrum of the stable
acia cbuld not differentiate. the §1;ructures (338) and (339). The
isomer mixi:ure fl:(333 b) + (334 bﬂ isolated in this manner had the
same compositicn as that obtained by synt;hesis. The formation of'
the isomer mixture [(333 b) + (334 b)] rather than a single isoﬁer
[(333 b) or (334 b)] in the decarboxylation can be explained in

terms of‘the formation of (333 b) or (334 b) and its subsequent

Dimroth rearrangement [(333 b)F=(334 b)] as discussed later.



H OEt | o 4 ' 40 a; R = OEt
I n HN\\CCHZP{"I g | (3 ’. ).

Eb0,C7 NCOMe  H N
| NQM
Et;.02~C G
(343) | (344)

CO,Me S DA

I ATl hoae L Oyt
]t H Phe T N
- COoMe | NHso . - B |

(306 ¢)



The Synthesis of Some 2-Substituted Pyrimidines -

Fi::[[::()EE:C' . Pﬂ:ﬁ:ﬁ:fﬂ N
ROCINCoMe  HINPSPR

(329b) - (330b)

()F?1' } | .
| | HOAC.

CHPh |
- HOAc|AcCL

(342) | ' | (341



-155- -

An attempt to relate tixe isémer m;’.xtures [(329 b) + :(330 b);
R = Me and OE‘E] by their mutual conversion into the acid [(3.‘38) or
-:(3393 was unsuccessful owing to the failure of [3329 b) + (330 b);
R = Me] to unde_rg§ the haloform reaction [(329 b)+(330 b); R = Me —»
(338) or (339)] . |

The 2-substituted pyrimidines (340 a; R = Me- and OEt) were
obtained in good yield by heating the isomer mixtures [(329 b) +
(330 b); R = Me and OE), or the aminotriazole (306 ¢) and the
appropriate éthoxymethylene compound; under reflux in glacial acetic
acid'(see-chapter‘l.B). The assigﬁed structures (340 a; R = Me and
OEt) of the~ pyrimidines followed frcm their i.r. and 1y n.m.r. spectra.
The acetoxypyrimidine (340 a-; R = OEt) was contamiha£ed with the
carbinol (340 b; R = OEt), separation of ‘which, was achieved by
"chromgtography over alumina. The pyrimidine derivatives [(340 ai
R = Me and OEt) and (340 b; R = OEtﬂ‘.weAre isolated as oils.
At';tempts to characterise these oils directly were discontinued due °
t§ the.failure of (342; } R = Me) [&hich was obtained by the alkaline
hydrolysis of (340 a; R = Mgﬂ to forh 2,4;dinitrophenylhydrazone,
serﬁicarb'azone or oxime derivatives. When the mixﬁuré (340 a and
b; R = OEt) ;vas subjected to alkaline .hydrolysis, the solid acid
(342; 'R = OH) was isolated. ‘Th-e chlorobenzyl compounds (341;
R = Me and OEt), which were also isoclated as oils, were obtained .
by carrying out ﬁhe acetic acid cafalysed scigsion of EBZS b) +
(330 b); R.= Me.or OEE] in the presence df acetyl chloride. ' The
formation of (341; R = Me and OEt), thch weré identified by their

i.r. and lH n.m.r. spectra, finds analogy in the literature.llb'13
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Additional evidence for the présence of a pyrimidine nucleus
in the compounds obtained from the heterolytic, acid-catalysed
. scission of the triazolopyrimidine mixtures |3329 b) + (330 b);
R = Me and OEQ], was obtained by the synthesis of (343). Hydro-
~genolysis of the acetoxypygimidiﬁe (340 a; R = OFt) gave the benzyl
derivative (343), which was also unambiguously synthesized from
.~phenylaéétamidine99 and ethyl ethoxymethyleneacetoacetate. - Alkaline
hydrolysis of (343) gave the solid acid (344), whpse structuré is
aSsigned on the basis of i;s i.r., lH n.m.x. and mass spectral and
.anglytical data. | The confirmation of the structure (343) helps
to establiéh the presence of a pyrimidine nucleus_ih tﬁe triazolo-

pyrimid‘ines [(329 b) and (330 b); R = Me or OEt:] .

- Wheg‘the aminotriazole (306 ¢) and dimeéhyl ace;ylenedicarboxy—
late were heated under reflux in glacial acetié acid; the solid
pyfimidiné_(345) was obtained.

The.question arises as to the exact.nature of the fofmétion

of the isomer mixtures [3329‘a) + (330 a); R = Me or OEﬁ],'
[(320 b) + (330 b); R =Me or oEt], [(333 a) + (334 a)] , and
: [(333»b) + (334 ‘b):l . Two po'ssibilities. exist, namely the mixtures
are eqﬁil@brium mixtures or, the mixtureslare fixed.andAthe components
sre not in;erconvertible. The latter possibility arises due to the
bifunctionality of the aminotriazoles (306 a and c) and the sub-
strates required for the synthesis of the triazolopy;imidines
dgscribed. Thus, different orientation of addition may account
fér-the formation of isomer mixtures. It is not;ceable that each

isomer mixture runs as a single spot on t.l.c. examination. When

the lH n.m.r. spectrum of the isomer mixture '[(333 b) + (334 b)] was
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run in three different solvents, the composition of the migture
remained unaltered. It might be expected that the composition of
" an equilibrium mixture would change under thesé conditions.

Howéver, convincing evidencg for the concept of an equilibrium
mixture (Scheme 42) was obtained when fhe:lH n.m.>. spectra of the
isomer mixtures [(329 a) + (330 a); R = Me], [(320 b) + (330 b);
r=na], [{333 @) + (334 a) ana [(333 b) + (334 b)] , and the

triaéolopyrimidines (311), (337 a and b), and (346) were measured

Ph

(346)

in dimethylsulphoxide_at various temperatures. For example; when
the Y n.m.r. spectrum of the isomer mixtu;e [(333 a) + (334 a)]
‘was run at suitably elevated temperatures, the Me-5 and Me-7
and H-7 and H—Slsignals collapsed.” Further elevation of the
tempefature resulted in the appearancelof a single ;inglet
attributable to coalesced Me->5 and Me-7, and a single singlet
attributable to coalesced H-5 and H-7. The ;H n.m.r. spectra,
in [2H6] dimethylsulphoxide, of the other triazolopyrimidines
bdescribed, showed similar dependence on temperature. When a
similar stuay was carried out on the triazolopyrimidine (335 a)
[i;g;_(347; Rl = §2 = R3 = H], an interesting change occurred ‘in’

_the signéls attributable to the pyfimidihe protons (Diagrams 1-5).



Scheme 43



-158-

The Qignals initially had the form of_déuble doublets .due to the
splitting caused by H(5) - H(6), H(5) - H(7) and H(6) - H(7).
However, wheﬁ the témperature was raised, the signals collapsed
and thén at higher temperatu?es a doublet and a triplet appeared.
Analogous results weire obtained for the mixtureé'[1329 a) + (330 a);
R=1me], [(320b) + (330 b); R=Me], and [(333 b) + (334 b)] ana -
for the compounds (311), (327 b) and (346). .

| These variable temperature effects may be interpreted in two
wayé; Either the structures (347) aha {350) are ﬁndexgo;ng such
rapid intexconversion thaﬁlan averaged spectrum of (347) and (350)
is being obéervéd, or alternatively, at elevated temperature the
open chéin form [}348)§==?(349£] is preferred. Each interpretation
however, iﬁvolées the existépce of d;azoalkylideneamine—triazole
tautomerism; This is the first reported example of such an equilibrigm,
further evidence'for which was obtained from the i.r. spectrum of a
 sample of [(329 a) + (330 a); R = Mé] which had been kept at
elevated temperature. The appeérance of an ébsorption at 2100 cm-'1
was consistent_with the presence'of a diazénium gfoup (.ﬁEN), as
contained in structures of the type '(348) and (349).

An attempt to trap the diazé intérmediate [é;. (348)===(349i]
(Scﬂeme 43) by heating (346) -in sulpholaﬁe_in the presence of
dimethyl acetylenedicarboxylate gave unchanéed'starting material,
instead df the addﬁct (353).

It was noticeable that the triazolopyrimidine-3-carboxamides
underwént the described lH n.m.f. spectral changes at lower
temperatures than their 3-phenyl counterparts. This evidénce

supports the theory that an electfon—withdrawing substituent
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helps destabilize structures of the type (347) and -(350) relative
to (348) and-($49).

An interesting feature, relating to the inability of the
triazolopyrimidine?3—carboxamide% to lose nitrogen on attempted
triazole scission, is observed in their mass spectra. A Each
‘carboxamide, as well as showing a Well defined parent ion, shows an
ion at (M+783).' fhis may be_igterpreted in terms of the formation
of a primafy fragmeﬁ; ion‘derived, by H-atom transfer and ioss of
the side chain, from open chain sérucﬁures of the ﬁype (354).

However, this result méy be interpreted in another way, and causes

H,N~_~0
—~ N

N7
+
(354)

a doubt to bé raised in the assignmént of the triazolopyrimidine .
nucleus in such carboxamides'(Scheme 44); Diazoalkylideneamine-
triazole equilibrium of the type [(355)====(356i] followed by the
cyclization [(356)——> (357) — (358)]. would result in the formation.
of a triazolone (358), which could lose 83 mass units in tpe<form
of the triazolone side chain. However, the'éossibility'of-the
existence of such structures may be discounted on the bésis of

the inability of (311l) to form a sodium salt or undergo'ready

acetylation. Such properties would be expected from the triazolone

[e.g- 358)].
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4.3. Experimental (For general experimental procedures, see Appendix)

5-Amino-1,2,3-triazoles (306 a and c)

* 5-Amino-1H-1,2,3-triazole-4-carboxamide (306 a) was prepared

by the method of Hoover and Day,67 m.p. 223° (from.water)(lit.,67

225°).

5-Amino—4~phenyl-lH—l,2,3—triazole (306 c¢) was obtained by

11b 67

the method of Tennant and Sutherland, = m.p. 124° (lit.,>’ 125°).

5-Acetamido-1H-1,2,3-triazole-4-carboxamide (306 b)
The aminotriazolecarboxamide (306 a)(2.6g;o,62~m91)~ was
heated under reflux in glacial acetic acid (20 ml) for 4.5 h.

Evaporation of the solvent under reduced pressure followed by

tritufation of the residue with ether gave the acetic acid solvate

of the méﬁéacefyl compound (306 b) (3.6q), m.ﬁ. 269—2720-(from

. g;aciél acétic acid; , vmax.3350'3200br' and 2700br (OH,NH), 1710;
1690, and 1670(CO)cm ©,1 [icp,) 53] 0-0.05 bri1m,s,0m), 2.16(1H,s N,
2.47(1H,s,NH), 7.84(3H,s,Ac), and 8.10(3H,s,Ac), which oh crystaliisa—
tion from water afforded the acetamidotriazolecarboxahide (306 b)

(2.0g), m.p. 270-73°(1it., 02

268°%), v 3400,3250, and 3100 (NH),
maxe.

and 1680(C0)cm_l,r (cns)zsé] 2.18br (1E,s,NH), 2.49 br(1H,s,NH),

and 7.84(3H,s,Ac).

The Reactions of the 5-Amino-1,2,3-triazoles (306 a-c) with Ethyl

Acylacetates.

5- (2-Ethoxycarbonyl-l-methylvinylamino)-1H-1,2,3-triazole-4-carboxamide
(310 b)
(a) A soluticn of the aminotriazole (306 a) (1.27g; 0.0l mol),

ethyl acetoacetate (1.48g; 0.011 mol), and glacial acetic acid
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(1.0 ml) in dimethylformamide (7.0 ml) was stirred at room.temperature
for 1é6h. The resultant solution was diluted with water (10 ml) anrd
the precipitated solid was combined with a second crop obtained by
evaporating the mother liquor, t;iturating with water and washing
with ether. Crystallisation from ethanol afford>d the monohydrate
of the vinylaminotriazole (310 b) (l.4g), m.p. 175°, Vo, 3450,3375,
and - 3150(NH), 1660br(C0), and 16101C=C)cmfl,r ECD3)2Sé]2.24br(lH,s,NH),
2.56br (14, s,NH), 5.22(1H,s,olefinic CH), 5.93(2H,q,J7Hz,CH2), 7.68
(3H,s,Me), and 8.82(3H,t,J7Hz,Me), m/e 239 (M") (CgH, N0, requires
M,239). |

Found: c;42.o; H,5.8; N,27.7%.
99§13§593;§10 requires: C,42.0; H,5.8; ﬁ,27.3%.
When the.Qinylaminotriazole (310/b) was treated briefly with dilute
agqueous sodium hydroxide, it gave a sparingly soluble salt which
afforded unchanged (310 b) on acidification (identifigd by i.r.
spectrum) .

(b) When the aminotriazole (306 a)(1.27g; 0.0l moi) and ethyl
acetoacetate (1.48g; 0.01ll1l mol) were heated under reflux in benzene
(250 ml) §r toluene (500 ml) containing glacial acetic acid (6 ml)
for 15-24h, unchanged triazole (306 a) (1.06-1l.1lg) was obtained on
cooling. Evaporation of the mother liquor from the reaction in
benzene followed by trituration of the residue with water gave the
isomer mixture [(307 b) + (308 b)] (0.06g), m.p. 275° which was

icdentical (m.p. and i.r. spectrum) with a sample obtained later.
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1—Acétyl—5—(2—ethoxycarbonyl*l-methylvinylamino)—1,2,3—triazole—4—

carboxamide (310 c)

(a) The vinylaminotriazole :(310 b) (0.72g; 0.003 mol) was heated
under reflux in acetic anhydride (7 ml) for 1 min and the solution

was cooled to .give the monoacetylderivative (310 <) (0.70g) (83%),

m.p. 196° (from ethyl acetate), V_ ., 3400,3250, and 3200 (NH), and
1770,1690, and 1670(CO)cm [icp,) ,50] 1.78br (1H,s,1H) ,2. 16br

(1,s,NH), 5.07(1K,s,olefinic CH), 5.90(2H,q,J7Hz,CH2), 6.70(3H,s,Me),

7.29(3H,s,Me), and 8.80(3H,t,J7Hz,Me).

Found: C,47.3; H,5.3; N,25.2%.
[ SPRAY requires: c,47.0; H,5.3; N,24.9%.

(t} The acetyl derivative (310 c) (0.14g) slowly dissolved

~when it was stirred-at room temperature with a mixture of aqueous

N-sulphuric acid (3.0 ml) and ethanol (5.0 ml). Af£er 1h the
ethanol was evaporated off under reduced pressure at room temperatwre.
The aqueous mother liquor was adjusted to pH 7 by the addition of
s0lid sodium hydrogen cérbonate fo give the aminotriazole (306 a)
(0.03g), m.p. 223°(from water), which wés identical-(m.p. and i.r.
spectrum) with an authentic sample.

(c) The acetyl derivative (310 c) (0.28g; 0.001 mol) was
heated under reflux in agqueous 75% w/v ethanol (10 ml) for 1O min
and the solution was then concentrated under reduced pressure and
diluted with.a little water, to yield the acetamidotriazole (306 b)
(0.07g), m.p. 264—9°(decomp.)(from watex), identical (m.p..and

i.r. spectrum) with an authentic sample. Evaporation of the

aqueous filtrate afforded the triazolecarboxamide (306 a) (0.06g),

m.p. 214—9°(decomp) which was identical (m.p. and i.r. spectrum) with

an authentic sample.
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The Thermal Isomerization of the Vinylaminotriazole -{310 b) in

Refluxing Toluene

The vinylaminotriazole (310 b) (0.48g; 0.002 mol) was heated
under reflux in toluene (206 ml) for 2-18h and the mixture was evaporated
underxr redpced'pressure to give a solid (0.41g) whose lH n.m.r. spectrum,
TI_—.(CD3_).2SO] 2.24bx(s,NH), 2.56br(s,NH), 3.65|s,olefinic CH of (315;
R = H) 4.20br(s,NH), 5.20[s,olefinic ci of(310 b)] , 5.91[dq, over-

lapping CH. of (310 b) and (315; R = H)|, 7.59[s,0lefinic Me of (315;

2 -
R = Hﬂ + 7.66 s,olefihic Me of (310 bﬂ » and 8.80[§t, overlapping Me
_ofv(jlo b) and (315; R = HH , was consistent with a mixture of (310 b)
(80%) and (315; R = H) (20%). Attempted separation of the mixture

by fractionalcrystallisaticn was unsuccessful.

_ The Attempted Reaction of the Acetamidotriazole (306 b) with Ethyl

Acetoacetate

The triazole -(306 b) (0.84g; 0.006 mol) was stirred with
ethyl acetoacetate (0.72g; 0.006 mol), ana glacial acetic acid
(0.5 ml) in dimethylformamide (7.5 ml) at room temperature for 17h.
The solution was-evaporated under reduced pressure and treated with
water to give the'unchanged acetamidotriazole (306 b)(77§).

The Attempted Thermal Condensation of the Triazole -(306 a) with

Ethyl Acetoacetate

The triazole (306 a) (0.64g; 0.005 mol) and éthyl acetoacetate
(0.72g; 0.0C6 mol) were heated under reflux in anhydrous toluene -
(300 ml) for 3h. The unchanged triazole (306 a) was recovered

(quant.) from the cooled reaction mixture.
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4,7—Dihgdro—5—methyl—7—oxo—l,2,3—triazolo[1,5—é}pyrimidine—3—

carboxamide (307 b) and 4,5-Dihydro-7-methyl-5-oxo-1,2,3-triazolo-

A'EL,S-égpy;imidine—B—carboxamide-(308 b).

(a) The isomer mixture E(3Q7 b) + (308 bﬂ was formedl3(73%)
when a mixture of the aminotriazolecarboxamide (30C a) (6.4g; 0.05 mol)
‘and ethyl acetoacetate (7.0g; 6.8 ml; O0.054 mol) was heated under
reflux with piperidine (2.5 ml) in ethanol (600 ml) for 24h, followed
by the eQaporation of the mixture and treatment with aqueous dilute
sulphuric acid. - '

(b) The triazole (306 a) (0.26g; 0.002 mol) and ethyl acetoacetate-
(0.26g; 0.002 mol) were heated under reflux in glacial acetic acid
(5 ml) for 4n. Evaporation of the solvent under reduced preésure
foliowed by trituration of the residué with water and crystallisation

.of tﬁe resultant solid from glacial acetic acid—ethanol gave the
isomer mixture,l3307 b) + (308 bn (0.19g) (49%). Concentration of
the aqueous mother liquor gave the acetamidotriézole (306 b) (0.05g),
m.p. 265-9°(decomp.), which was identified by comparison (m.p. and
‘i.r. spectrum) with a sample prepared before.

(c) The tiiazole (306 a)(0.64g; 0.005 mol) was heated under
reflux in ethyl acetoacetate (15 ml) for 4h. Evaporation of the
excess of ethyl aceﬁoacetate pnder reduced pressure followed by
trituration of the resultant oil with methanol-ether gave a solid,
whichvwhen crystallised from glacial acetic acid-ethanol,afforded the

isomer mixture [(307 b) + (308 b)] (0.10g) (11%).
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(d) The vinylaminotriazole -(310 b or c) was stirred at room
temperature for 5 min in aqueous N-sodium hydroxide (1.0 ml), and the
" solution obtained was acidified with dilute aqueous sulphuric acid
"to give the isomer mixture [3307.b) +4(3OS bﬂ (52-62%).

(e) The vinylaminotriazole (310 b) (0.24g; 0.001 mol) was
heated gnder reflux in ethanol (10 ml) containing piperidire (0.25 ml)
for‘24h, or in glacial acetic acid (5 ml) for 4h, and the resultant
solution was evaporateé and treated with agueous dilute sulphuric
gcid or water to afford a solid,which when crystallised from glacial
acetic acid—ethanol; gave the isomer mixture [3307 b) +v(308.bﬂ

(47-88%) .

(£f) The ethylideneaminotriazdle-(310 b)(O;log) was melted at
v1800 6n-a Kofler block, and the solid, which crystallised in the

fmelt, vas purified by crystallisation from glacial acetic acid-ethanol,
to give the isomer mixture [(307 b) + (308 b)] (37%).

The isomer mixture had the composition (307 b) (72%), (308 b)

(28%) as estimated from the intégrated ratio of’ the H-6 signal in
_the lH n.m.r. spectrum,t ECD3)2SCﬂ 1.94brxr(s,NH), 2.40bx(s,NH),
- 3.75(q,JO.4—O.5Hz,H-6),4.16(q,JO.4-0.5Hz,H-6),7.36(d,JO.4—O.5Hz,
Me-7), and 7.58 (poorly resolved doublet, Me-5); m.p. 274-5°
(from glacial acetic-acid-ethanol), vmax.3350,3250br, and 3200br (NH) ,
1670(CO) , and 1640 (NH def.)cmﬂl,,Ama#.210,243,2505h,276 infl., 294
infl., and 325nm(log € 4.22,4.30,4.28,3.94,3.62, and 3.39), m/e 193
(%) and 110(M'-83) (M,193)
Found: C,43.4; H,3.6; N,36.4%.

quqﬁsgz requires: C,43.5; B,3.7; N,36.3%.
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The solution obtained by heating the.acetyl.compoﬁnd (310 c)
(O.éBg; 0.C02 mol) under reflux in glacial acetic acid (5.0 ml)
foi 3h onicooling deposited the acetamidotriazole (306 b) (80%) which
wvas identical (m.p. and i.r. spectrumf with an authentic sample.
Evaporation of the mother liquor afforded the isomer mixture
[(307 b) + (308 b)) (0.05g), m.p. 274-5°.
Attempted separation of the isomer mixture [(307 b) + (308 b)]
(a) by fractional crystallisaticn, (b) by chromatography over silica
~gel, or (c) by attempted preferential salt formation,by heating the
mixture (0.0044 mol) with piperidine (0.0033 mol) in ethanol (150 ml)
for 10 min and filtering off the solid depcsited on cooling, was
unsuccessful.

5,7-Dimethyl-1,2,3-triazolo[l,5-a)pyrimidine-3-carboxamide (311)

The triazole (306 a) (0.64g; 0.005 mol) was heated under
refiux in acetylaéetone (15.0 ml) for 2.5h. The solid deposited
on cooling was combined with a second crop obtained by evaporating
the filtrate and triturating the>residue with ether to give the
_dimethyltriazolopyrimidine (311)(0.9lg)(95%’, m.p. 265°(from.glacial
acetic acid-ethanol), which was identical (m.p. and i.r. spectfum)
with an authertic sémple.llb
The compound (311) had m/e 191 (M') and 108 (M'-83) (M,191)

and was insoluble in aqueous dilute sodium hydroxide.

The Cyclisation of 5-(2-Ethoxycarbonyl-l-methylvinylamino)-1H-1,2,3-

triazole-4-carboxamide (310 b) in the Presence of Acetylacetone

(a) The vinylaminotriazole (310 b) (0.60g; 0.0025 mol) was

heated under reflux in acetylacetone (8.0 ml) for 4h. The solid
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deposited on cooling was collected, washed with ether and combined
with a second~crop obtained by evaporating the mother liquor and
’ trituratiﬁg with ether-methanol. The solid was suspended in water
(3.0 ml); and piperidine (0.25 ml) wés added. The suspension was
shaken and the insoluble solid was collected, wasizd with watexr and
dried in vacuo to afford the dimethyltriazolopyrimidine (311) (0.23g)
‘(48%), m.p. 262—40, which waé identical (m.p. and i.r. spectrum)
witﬁ an authentic sample.llb The filtrate was acidified with
aqueous dilute sulphuric acid and éhe resultant soiid was collected
_washed with water and dried in vacuo to give the isomer mixture
[(307 v) + (308 b)] (0.08 gl) (17%) which was identical (m.p. 275° and
i.r. spectrum} with a sampie obtained previoﬁély. |

(b) The vinylaminotriazole (310 b) (0.48g; 0.002 mol)‘and
. acetylacetone (0.80g; 0.82 ml; 0.008 moi) were heated under reflux
with piperidine (0.50 mis‘in ethanol (20 ml) for 24h. Evaporation
of the reaction.mixture followed by trituration of the residue with
water gave the dimethyltriazolopYrimidine (3ll)(O.llg)629%5,
m.p. 259—630, which was identical (m.p. and i.r. spectrum) with an
authentic sample.llb Acidification of the mother‘;iquor with
aqueous dilute sulphuric acid afforded the isomer mixture [3307 b) +
(308 b] (0.17g) (44%), m.p. 260-5°, wnich was identical (m.p. and
i.r. spectrum) with a sample obiained previougly.

(c) The vinylaminotriazole (310 b)(3.Q§; 0.0125 mol) and
acetylacetone (5.0g; 5.2 ml; 0.050 mol) were heated under reflux

in glacial acetic acid (50 ml) for 4h. Evaporation of the reaction

mixture followed by treatment of the residue with water and ether gave
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the dimethyltriazolopyrimidine (311) (0.73q), m.p..256—62°, which was
identical (m.p. and i.r. spectrum) with an authentj;c_sample.1lb

. Evaporation of the mother liquor followed by trituration with ether-
ethanol gave an unidentified solid (1.04g), m.p. 159-67°(from ethanol), .
Vo ay. 3400,3200, and 3100w(NH), and 1750, and 1690(cO)em T, whose
t.l.c. and lH n.m.r. spectrum,t BCDB)ZSé]2.34br(s,NH),2.59br(s,NH),
2.79(s),4.l4(s),7.60(s), and 7.88(s), indicated a two component

mixture. Attempted separation of the mixture by chromatography

over silica gel was unsuccessful.

. Attempted Reaction of 5,7-Dimethyl—l,2,3—triazolo[1,S—é]pytimidine—

3-carboxamide (311) with Acetic Anhydride

The dimethyltriazolopyrimidine‘(311)(O.38g; 0.002 mol) was
. heated under refluxAin acetic anhydride'(Gfo ml) for 5 min. The
- solid, which was depési;ed on cooling, was collected, washed with
ethér and combined with a second crop obtained by evaporating the
mother liquor and triturating the residue with ethe;, to afford
unchanged starting material (3115(90%)(m.p. and i.r. spectrum
~identical with an authentic sample).

6,7—bimethylf3-phenyl—l,2,3—triazolo[i,S—é]pyrimidin—5(4ﬂ)—one

(322) and 5,6-Dimethyl-3-phenyl-1,2,3-triazolo [l ’ 5—&3 pyrimidin-

7 (4H) —one (323)

(i) The aminotriazole (306 c) (0.80g; 0.005 mol) and ethyl 2-methyl-
acetoacetate (0.72g; 0.71ml; 0.605 mol) were heated under reflux
with piperidine (0.85g; 1.00 ml; 0.010 mol) in ethanol (80 ml)

for 24h or 100Oh. The reaction mixture was evaporated and the

residue was triturated with agueous diiute sulphuric acid to
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afford a solid which was combined with a.second crop obtained by .
extracting the mother liquor with chlorxoform. The aqueous mother
liquor was adjusted to pH8 by the addition of aqueous dilute ammonia
solution and extracted with chloroform (A).

(a) After 24h, the dimethyltriazolopyrimidone (322) was obtained

(0.06g)_m.p. 235o (from ethanol-dimethylformamide), v
1

3100br (NH) ,
max. :

and.lGGO(CO)cm- ’ Amax{234'241'2819h'295’3015h’ and 35énm(log € 3.95,
4.02,3.83,3.93,3.88 and 3.82’,T ECD3)2SQ] 1.99-2.68(5H,m,AxrH), 7.29
(3H,s,Me~7), and 7.92(3H,s,Me-6), m/e 240"y (4,240).
Found:  C,64.7; - H,5.2;  N,23.5%."
€ 5H;,NO requires:  C,64.9;  H,5.0; N,23.4%.
Evaporation of.the.extract (A) afferded the unchanged triazole
(306 c)(O.SOg) m.p. 115—80, which was ideﬁtical (m.é. and i.r.‘
. spectrum) with an authentic sample. - .
(b) After 100h, the isomer mixture 11322) + (323)] was oﬁtained
(0.45g) m.p.’2ll—229o(decomp.), vmax.3300br(NH)' and 1680, aﬁd 1660
'(CO)cm-l. The isomer mixture was approximately 1l:1 as estimated
from the integrated ratio of Me-7(322) ta Me-5(323) in the lH
n.m.r. spectrum,T [(CD3)2SC5J 1.99—2_.68(m,ArH),7.29 [s',Me-7(322§] .
7.55 s,NE-5(323a : 7.92 s,Me-6(3223 , and|7.96 s,Me—6(323ﬂ .
Evaporation of the extract (A) afforded the unchanged triazole

(306 c) (0.25g) m.p. 115-21° which was identical (m.p. and i.r.

spectrum) with an authentic sample.
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(ii) The 6,7-dimethyltriazolopyrimidone (322) (0.24g; 0.0dl mol) was
heated under reflux with piperidine (0.1l7g; 0.20'm1; 0.002 mol) in
ethanol (1C ml) fecr 100h. .Evaporation of the reaction mixture and
treatment of the resultant oil with aqueous dilute sulphuric acid
~gave the isomer mixture 0322) +-(323ﬂ (0.24q) m.p;‘208-227°(decomp.),
which was identical (m.p., and i.r., and ]H n.m.r. spectra) with a
sample obtained previously.
(iii) The isomer mixture [3322) + (3238 (0;36g; 0.0015 mol) was
heated under reflux in dimethylformamide (5.0 ml) for 2h. _.Evaporation
of the reaction mixture under reduced pressure gave the 6,7-dimethyl-
triazolopyrimidone (322) (0.36g9) m.p. 228-34°, ‘which was identical

(m.p., i.r., and lH n.m.r. spectra) with a sample obtained previously.

. The Reaction of the 5-aAmino-1H-1,2,3~-triazoles (306 a and c¢) with

- Ethyl Cyclopentanone-2-carboxylate

The triazoles (306 a and c¢)(0.005 mol) and ethyl cyclopentanone-
2-carboxylate (0.78g; 0.005 mol) were heated under reflux with
piperidine (0.20 ml) in ethanol (25-80 ml) for 18-24h.

(a) The insoluble solid from the triazole (306 a) was‘filtered
off and acidified with équeous dilute sulphuric acid to give

3—carbamoyl—7,8—dihydro-6H—cyclopenta[§]~1,2,3—triazolo[i,5—é]—

pyrimidin-5(4H)-one (324 a) and/or its isomer (325 a) (0.39g) (36%) m.p.
264°(from glacial acetic acid-ethanol),vmax.3400br, and 3200br (NH) ,
and 1680br (CO) cm T+, m/e 219 (M%) (M,219).

Found: Cc,47.3; H,4.4; N, 30. 3%.

CEHENSOE requires: C,49.3; H,4.1; N,31.9%.°
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Evaporation of the ethanolic mother liquor and treatment of the

" resultant oil with aqueous dilute sulphuric acid gave the vinyl-

aminotriazole (326 a) (0.59g) (45%) m.p. 205—120, Viax 3450,3350, and

3200bx (NH) , and 1660(co)em 1 [(cD,) ,S0] 2.22br (18,s,NH) ,2.51br
(18,s,NH) ,5.85 (2H,q ,J7Hz ,CH,) ,6.82-6.57 (2H,m,CH,) ,7.42-7.59 (2H,m,

CH,) ,8.09-8.24(2H,m,CH,) , and 8.75(2H,t,J7Hz,Me) , m/e 219 (' -C,H OH)

2
(M,265); whichxwhen crystallised from ethanol-benzene gave the
oyclized product (s) (324a) and/or (325 a). |
(b) The reaction mixture from £he triazole (306 c) wasvevaporated
énd~the residue was treated with water and extracted with chloroform.
.The oil obtained frou the extract, was triturated with aqueous diiute

sulphuric acid to give a solid (1.14g) which when leached with hot

-ethanol gave the insoiuble 7,8—dihydro—3+phenyl—6H-cyclopenta[é]—l,2,

3—triazolo[i,S—é]pyrimidin—s—(4H)—one(324 b)‘and/or its isomer

(325 b) (0.45g) (36%) m.p. 23l°(decomp.)(from aqueous dimethylformamide),
V__.. 3200-3000bx (NH) , and 1660(c0)cm 1, m/e 252(M%) (4,252) .
Found: Cc,66.7;  H,4.8; N,22.3%.

.N O requires: C,66.6; H,4.8; N,22.2%.
L

S8

The ethanol mother liquor was evaporated to afford the vinylamino-

‘ triaz@le(326 b) (0.60g) (40%) m.p. 1299(from benzene) ,v__  3200br (NH),
~and 1650br (CO)cm 1, ECD3)2SQ]O.37ﬂlH,s,NH),2.10—2.76(5H,m,Aﬁi),
5.79(2H,q,37Hz,CH,) , 7.03-7.19(2H,m,CH,), 7.35-7.50(2H,m,CH,),
8.01-8.31(2H,m,CH,), and 8.74(3H,t,J7Hz,Me), m/e 208 (M") (M,298) .

Found: C,64.1; H,6.0; N,19.0%.

CyH gN,O, requires:  C,64.9;  H,6.0;  N,18.5%.
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The Synthesis and Reactivity of Some l,2,3-Triazélo[1,5—élpy;imidines

The Synthesis of Some 1,2,3—Triazolo[l,5—é]pyrimidine—3—

carboxamides

(a) The aminotriazolecarboxamide (306 a) (0.48g; 0.00375 mol)
and ethoxymethyleneacetylacetone, ethyl ethoxymethyleneacetéacetate,
malonaldehyde bis-- (dimethylacetal), or .acetoacetaldehyde dimethyl-
acetal (0.00375 mol) weré stirred in dimethylformamide (5.0 ml)
confaining concentrated hydrochloric acid (2.5 ml) at 35° fo;‘3o min.
The iesultant solid was collécted, washed well witﬁ water, and
combined with a second c?op‘obtaiﬁed by dilutiﬁg the mother liquor
with a large volume of water; neﬁtralizing with ‘solid sodium hydrogen
carbonate, buffering with glacial acetic acid and extiacting with

chloroform.

_ (i) Ethoxymethyleneacetylacetone afforded a mixture of 6-acetyl-7-

methyl-l,2,3—triazolé[i,5-élpy;imidine—3—carboxamide(329 a; R = Me)

and 6—acetyl—5—methyl—l,2,3—triazolo[l,S—é]pyrimidine"3-carboxamide

(330 a; R = Me)(0;58g)(7l%), m.p} 155°(from ethanol), vmax 3350,3250w,

and 3100br (NH) , and 1680(CO)cm-1. The isomer mixture which ran as

a single’spot on t.l.c. examination, had the composition (329 a;

R = Me) (75%) /(330 a; R = Me) (25%) as estimated from the integrated

ratio of Me-7(329 a; R = Me) to Me-5(330 a; R = Me) signals in the

Me) and H-7

1

H n.yl.r. spectrum, T [(CD3)ZSQ 0.72 [s,H-—S(329 a; R
(330 a; R = Méﬂ + 2.28br(s,NH),6.86|s,Me~7(329 a; R = Méﬂ,7.24[;,
Ac(329 a and 330 a; R = Mgﬂ , and 7.27|s,Me-5(330 a; R = Méﬂ . m/e 219
), 136 (M7-83) (M,219).

Found: C,49.0; H,4.3; N,31.8%.

C;H;NSO: reguires: C,49.3; » H,4.1; N,3159%.
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[

When the isomer mixture -(329 a; R =.Me) and-(33o_a; R = Me) was

dried in the oven at.80° for 20h it had v__. 3300, 3150 (NH), 2100
'(ﬁzN), and 1680 and 1660(C0)Cm-l. The lH n.m.r.'spectrum in [zHé]-
dimethyisulphogide was identical with that obtained previously.

(ii) Ethyl ethoxymethyleneacetoacetate afforded a gummy solid
(Oﬂ40g), whose t.l.c. showed it to be a multicomponent mixture,

which could not be purified by crystallisation from ethanol.

(iii) Malonaldehyde bis- (dimethylacetal) gave l,2,3-triazolo[i,5—ﬂ-

pyrimidine-3-carboxamide (337 a)(0.389)(62%); m.p. 2160(decomp.)(from

ethanol-dimethylformamide) , vmax.3400,3360w,3150 and 3050(NH), and
1690 (c0)cx;xfl,. -)gmax,.221,236s‘h,274.,280 infl., and 315 infl. nm(log ¢
4.27, 3.98,3.70,3.68 and 3.45),7 [(cp,) ,30) ©.38 [in,ad,3 -7/8-6)
7Hz,J(H-7/H—5)2Hz,ﬁ—fl ,1.03[11,8d, 3 (h-5/8-6) 482, (B-5/8-7) 28z,
- B-5) ,2.26br (2H,s,NH) , and 2.55[1H,dd,J (H-6/H-7) 7Hz,J (H-6/H-5) 4Hz
-6, m/e 163(M"),80(M*-83) (,163) "

Found: C,44.2; H,3.2; N,43.2%.

C_H_N_O requires: C,44.2; H,3.1; N,42.9%.
B © SIS Juan® sy

(iv) "Acetoacetaldehyde dimethylacetal gave a mixture of 7-methyl-

1,2,3—triazolo[i,S—éJpyiimidine-3—carboxamide(333 a) and 5-methyl-

1,2,3~triazolo[1,5-5) pyrimidine-3-carboxamide (334 _a) (0.57g) (86%),

m.p. 212°‘deco$p.)(fr0m benzene-dimethylformamide vﬁax.34oo,3250br,
and 3050(NH), and 1690w, and 1660br (CO), which ran as a single spot
on t.l.c; examination, and had ‘the composition (333 a) (70%)/(334 a).
(30%) as‘estimated from the integrated rétio of Me-7(333 a) to Me-5

1 .
(334 a) in the "H n.m.r. spectrum,t [(cn3)zsc§] 0.53[a,J (8-7/8~6) 78z

(334 a),8-7) ,1.12[48,5 (5-5/H-6) 482 (333 a) ,H-5] , 2.32br(s,NH),
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2.64[ad, 5 (-6/8-5) 4Hz,J (B-6 fte-7) 1Hz (333a) ,, H-6] , 2.66 [a,7 (a-6/8-7)
7Hz (334 a) ,H-6} ,7.07 [3,J Me-7/H~6) 1Hz (333a) ,,Me-7], and 7.30[s,Me-5
(334 aﬂ . The assignments of the signals in the multiplet ‘at
12.60-2.70 were made by expanding the spectrum to.sweep width 1O0OHz
aﬁd irradiating on the doublet at 711.97. The isomer mixture

[(333 a) + (334 a)] haa m/e 1770y, 9a(n™-83) 4,177).

Found: C,47.6; H,4.2; N,40.1%.
c7H;,NCo requires: C,47.5; H,4.0; N,39.5%.
—rTTmo

(b) The aminotriazolecarboxamide (306 a) (0.38g; 0.003 mol) and
éthoxymethyleneacetylacetone or ethyl ethoxymethvleneacetoacetate
were heated under reflux with piperidine_(o.lo ml) in ethanol (35 mi)
for 1h. The reaction migfures becane veryldark and wére evaporated
and treated with chléroform td afford gummy solidé which were compined
.with second crops obtained from fhe chloroform extracts af£erlwashing
with water (total 0.44-0.58g). T;l.c.'exaﬁination of the products
-showed them to be multicomponeht mixtures.

(c) The aminotriézolecarboxamide (306 a) (0.64g; 0.005 mol)
and'ethomeethyleneacetylacetone, ethyl etho#ymethyleneacetoaceta;e,
orvdimethyl acetyleneaicarboxylate.(0.00S.mol) were heated upder
reflu# in glacial acetic acid(lOml) for 4h.Evaporation of the reaction
mixtures afforded dark red oils which were insoluble in chlcroform
and which, when triturated with ethanol, gaQe tan coloured solids
(O.66—O¥7ég). T.l.c. examination of the solids showed them to be
multicomponent mixtures which were not purified by crystallisation

from etharol.
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The solid obtained from ethoxymethyleneacetylacetone had m.p.
-l33—45°(dec§mp.). Crystallisation three times from ethanol,
raised the m;p. to l48-72°(decomp.), but t;l.c. examination after
crystallisation showed that the solid.was still aimulticomponent

mixture.

The Syntﬁesis of Some 3-Phenyl—l,2,3—triazolo[i,S—é]pyrimidines,

" (a) The triazole (306 c)(0.80g; 0.005 mol) and ethbxymethylene-
acefylacetbne, ethyl ethoxymethyleneacetoacetate or ethyl.ethoxymethylene—
cyanoacetate, orxr diméthyl acetylenedicarboxylate (6.005 mol) were
heated under reflux with biperidine (0.20 ml) in eﬁhénol (20 ml) for
24h [}h in the case of the first two naued ethoxymethy;ene compouﬁdg .
TheAreaction mixture was ailowedvto cool ané any solid deposited
- was collected, washed with water and dried in vacuo at room temperature.

- (i) Ethoxymethyleneacetylacetone afforded a mixture of 6-acetyi-7-

methylfophenyl-l,Z,3-triazolo[i,S—élpyrimidine (329 b; R = Me)

and 6—acetyl—5-methyl—3—phenyl—l,2,3—triazolq£i,S—é]pyrimidine

(330 b; R = MeXl.O4g)k83%), m.p.AIQlo(from ethénol),vmax.l680(co)
cm~l, which ran as a single spot on t.l.c. examination, and'héd
the composition (32§ b; R=Me)(90%)/(336 b; R=Me) (10%) as estimated
frdm the integrated ratio of Me—7(329 b;R = Mé) to Me—s‘(330 b;
R = Me) in the H n.m.r. spectrum,T(CDClé)O.68[§,H—7(330b; R = Meﬂ '
l.lO[%,H-5(329 b; R4= Meﬂ ' 1.56-1;67(m,ArH), 2.40~2.65(m,ArH),
6.79[s,Me-7(329 b; R = Me)] ,7.14 [s,Me-5(330 b; R = Me)] ,7.29
[s.ac(320 b,R = Me)] , ana 7.34[5,ac(330 b; R = Me)] , m/e 252(%) (u,252) .

Found: C,66.9; H,4.9; N,22.1%.

G, 48, N0 requires: C,66.7; H,4.8; N,22.2%.
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(ii) Ethyl ethoxymethyleneacetoacetate gave a mixture of ethyl

7-methyl-3-phenyl-1,2,3-triazolo [l ’ S—aJ pyrimidine~6-carboxylate

(329 b; R = OEt) and ethyl 5-methyl-3-phenyl-1,2,3-triazolo[l,5-4-

pyrimidine-6-carboxylate (330 b; R = OEt) (0.99g) (71%), m.p. 118°

(from ethanol),\)lnax 1720(C0)cm-l, which ran as a single spot on

t.l.c. examination, and had the composition (322 b;R = OEt) (93%)/

(330 b; R OEt) (7%) as estimated from the integrated ratio cf Me-7

(329 b; R OEt) to Me-5(330 b; R = OEt) in the lH n.m.r. spectrum,

90.64[s,8-7(330 b; R = 0Bt) , 1.01[s,H-5(329 b; R = 0Et)] ,

1.58-1.70 (m,ArH),2.43-2.67 (m,ArH) +5.55(q,37Hz ,CH,) ,6.73 [s,Me-7

t(cpcl

(329 b; R = OEt)] , 7.10[s,Me-5(330 b; R = OEt)] , and 6.56(t,J7Hz,
Me), m/e 282(1') (M,282).

Found: C,63.8; . H,5.0; N,19.4%.

w

.S&5§14§492 requires: Cc,63.8; H,5.0; N,19.9%.

(iii) Ethyl ethoxymethylenecyanoacetate gave ethyl 7-amino-3-phenyl-

1,2,3—triazolo[l,S—élpyrimidine—6—carboxz;ate(335) which was combined

with a second crop'obfained by eVaporating the mother liquor treating
the residue with aqueous dilute sodium hydfoxide solution, extfacéing
with thoroform and £riturating with ether (total, Q;SBg), n.p. 193o
(from ethanol—dimeﬁhylformamide),vmax;3350}3200br(NH), aqé 1680(CcO)
cm—l,')\m x.209,253,280,288 and 325 nm(log € 4.39,4.21,3.87,3.98 and
4.33),T(CDC13)1;10(1H,s,H—5),l.54—1.65(2H,m,ArH),l.4l—l.6é(3H,m,ArH),
5.56(2H,q,J7Hz,CH2), and 8.57(3H,t,J7Hz,Me) ,m/e 283(M+)(M,283);1

Found: ‘'C,59.4; . H,4.6; N,24.7%.

G, 48 3N:0, requires: C,59.4; H,4.6; N,24.7%.
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Acidification of the aqueous ﬁofher liquor followed by -extraction
with chloroform gave an oil which t.l.c. examination showed. to be
a multicomponent mixture.  Further adjustment of the mother liquor
to pH8 with dilute aqueous ammonia solution, and extraction with
éhloroformh gave unchanged triazole (206 c) (0.1llg), m.p. ll3—9°(identi—
fied by m.p. and i.r. spectrum).
.(iv)‘Dimethyl acetylenedicarboxylate gave a solution, which when
evaﬁorated-and tréated with dilute aqueoué sulphuric acid and ether,

yielded a solid, i#dentified as methyl 4,5-dihydro-5-oxo-3-phenyl-1,2,

3-triazolo[i,S—é]pyrimidiﬁe—?—carboxylate(33l b) or methyl-4,7-

dihydro—?—oxo—3-phenyl—l,2,3~triazolo[i,5-é]pyrimidine—S—carboxylate

(332 b) (0.969) (71%), m.p.vlsoo(from ethanol), vmax.3100-2700br(NH),
and 1740, and 1700(CO)§m—l{ Amax_212,238 infl., 258,320 infl., and
o 360nm(log € 4.16,4.03,4.15,3.42 and 3.86),T(CDC13) 2.28-2.71(5H,m,AxH),
3.49 (1E,s,H-6) , and 5.99 (3H,s,Me) ;m/e 270(") (M,270) .
Found: c,58.0; H,4.0; N,20.5%.
913§10§493 requires: | C,57;8; . H,3.7; N,20.7%.

Evaporation of the ether gave an oil (0.50g) which was shéwn
by t.l.c. to be a mﬁlticomponent mixture.

When the. triazole (306 c¢) (0.40g; 0.0025 mol) and ethyl cyano-
acetate (0.29g; 0.28 ml; 0.0026 mol) were heated under reflux with
piperidine (0.10 ml) in ethanol (25 ml) for 48h, and the resultant
solution was evaporated and the residue was treated with water and
washed with a little ether, unchanged triazole (306 c) was obtained
and was combined with a second crop obtained by adjusting the mother
liquor to pHB, extracting with chloroform and triturating the

resultant oil with ether (total, O.34g) (85%), m.p. 118°.
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(b) The amiﬁotriazole(306 é)(l.ZQg; 0.0075 mol) and malonaldehyde
bis- (dimethylacetal) or . acetcacetaldehyde dimethylacetal (0.0075.mol)
© were stirrea in ethanol (10 ml) containing concentrated hydrochloric
acid (5 ml) for 30 min at 35°, 'The resultant solid was collected,
‘washed with water, and combined!with a second crc) obtained bf
diluting the mother liquor with waﬁer, extracting with chloroform,
and tri£urating_the residue with ethanol-ether.

(1) Malonaidehyde bis- (dimethylacetal) gave 3-phenyl-1l,2,3-triazolo-

[1,5-alpyrimidine (337 b) (1.349) (91%), m.p. 188°(£rom ethanol-dimethyl-
formamide) . Apay, 213,233,257,279,299sh and 352nm(log € 4.14,4.22,4.18,3.78,
3.56 and 3.56), T(CDC1-3)l.lZl:lH,dd,J(H—7/H—6)7Hz,J(H—7_/H—5)2Hz.,H-7J .
1.36 [18,d4, 7 (i5-5/8-6) 4Hz ,J (B-5/H-7) 2Hz ,H-5) , 1. 52-1.63 (2H,m,ArH) ,
2.40-2.65 (3H,m,ArH) , and 3.03[1H,44,9 (H-6/8-7) THz ,J (H-6/H-5) 41z,
H-6) ,m/e 195(M") (M,196).
Found:  C,67.2;  H,4.3; . N,29.0%.
€, ,Hg, requires:  C,67.4;  H,4.1; N,28.5%.
(ii).Acetoacetaldehydé dimethylacetal gave a mixture of 7—methzl-3—

phenyl-1,2,3-triazolo[l,5-a) pyrimidine (333 b) and S5-methyl-3-phenyl-

1,2,3-triazolo[1,5-a] pyrimidine (334 b) (1.32g) (84%), m.p. 188° (from

" ethanol-dimethylformamide) . The isomer mixture, which ran as a
single spot on t.l.c. examination, had the compos;tion (333 b) (85%)/
{334 b) (15%) as estimated from the integrated ratio éfuMé-7(333‘b)
to Me-5(334 b) in the ]H n.m.r. spectrum,T (CDC13)1.29[b,J(H-7/H—6)
78z (334 b) ,H—'_7:| /1.49 [d,J(H-S/H-—6)4Hz(333 b) ,H—E}] ,1.51-1.62 (m,AXH),
2.40-2.68 (m,AxH) ,3.23[d,J(H-6/H-—7) 7Hz (334 b) ,H—él ;3.24 Eid,J(H—G/H—S)

4Hz,J (H-6/Me-71Hz (333 b),H-6],7.10[d,J (Me-7/H-6) 1Hz (333 b) ,Me~7],
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and 7.37 [s,Me-5(334 bﬂ . ' The a;ssignments of the signals in the
multiplet at t3.18-3.27 were obtained by expanding the spectrum to
sweep width 1OOHz and i:'cradiatiAng on the doublet at t7.10. 'I;he
isomer mixture [(333 b) + (334 b)] had m/e 210(u") (4,210).
— EQEEQ: c,68.7; H,5.0; N,27.0%.
[P S requires: C,68.5; H,4.8; N,26.7%.

7-Methyl-3-phenyl-1,2,3-triazolo [l ’ 5—a]gxrimidine--6-carboxylic Acid

(338) or 5-Methyl—3—phenyl-l,2,3—triézolo{1,5-—z;| pyrimidine-6-carboxylic
Acid(339) '
The ethyl triazolopyrimidinecarboxylate isomer mixture E(329 b) +

(330 b); R = OEa (1.41g; 0.005 mol) was heated under reflux in
éthanol(ZO ml) containing >aqueous 10% w/v sodiurp hydrokide solution

(10 ml) for 20 min.  The rea.ction mixture was evaporated and the residue
-was treated wit';h water to give' a solid wl;ich, when acidified with dilute
aqueous sulphuric Vacid,‘ gave the acid (338) or (339) (0.48g) (38%),

m.p. 212° (from ethanol-dimethylformamide), Vpay, 3500-2500bz (OH) ,
andAl710(CO)cin_l,. _)\max.209,251,2815h and 335nm(log € 4.03,3.93,3.72

and 4.21),7 [(cD,),80] 1.57 [18,s,H-5(338) ox B-7(339)] ,2.10-2.60(5H,m,AxH) ,
and 7.40[3.H,s,Me-7(338) ‘or Me-—5(3392| ,m/e 254(M+) (M,254).

Found: C,61l.4; H,4.2; N,22.1%.

_(_?13‘11101_\149_2 requires: Cc,61l.4; H,4.0; N,22.1%.
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Acidification of the aqueous mofher liquor with aqueous dilute
sulphuric acid gave the decarboxylated isomer mixture [}33§Ab) + (334 bﬂ
(0.31g) (3c%), m.p.vl37—4lo, which was identical,.(m.p., i.r. and
'ﬁ}H n.m.r.'spectra), with a sample obtained'previously, and had the
coﬁposition.t333 b) (81%) /(334 b) (19%) as estimated from the integrated

ratio of Me-7(333 b) to Me-5(334 b) in the !

. 2
H n.m.r. spectrum in [ Hé]-
dimethylsulphoxide.-- The isomer mixture [:(333 b) + (334 b)|] was ‘

insoluble in dilute aqueous sodium hydroxide solution.

The Attempted Reaction of the Acetyltriazolopyrimidine Isomer Mixture

[(329b) # (330b); R = M&) with Hypochlorous Acid.

Chlorine gas was passed into a solut;on of sodium hydroxide
(7.5g) in watei (60 ml) at <Oo (ice-salt bath) until the solution
was ngutral to litmus, and a solution of sodium hydroxidg (1.39)
in water (5 ml; was‘then added. The mixture was stirred vigorously,
warmed to 550, and the isomer mixfure [(329 b) + (330 b); R = MP:_I
(5.04g; 0.02 mol) was added.b No temperature rise was observed
and the mixture was warmed to 70° and»kept at tﬁis temperatﬁre for
45 min. The mixture was allowed to cool and solid sodium bisulphite
was added to destroy any excess sodigm’hypochlorite. The reaction
mi#ture was extracfed wiﬁh chloroform giving an oily residue which
on trituration with ether gave the ﬁnchanged isomer mixture [1329 b) +
(330 b); R = Mé] (4.01qg) (80%) m.p. 1880, which wastidentical (m.p. and

i.r. spectrum) with a sample prebared previously.
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~

The Synthesis of Some 2-Substituted Pyrimidines.

2- (q-Acetoxybenzyl) pyrimidines (340 a; R = Me ox OEt)

(a) 2—(&—Acetoxzbenzyl)—S-acetyl-4—methy1pyrimidine(340 a; R = Me)

was formed (84—93%) by heating the aminotriazole (306 c) (0.80g; 0.005 mol)
- and ethoxyméthyleneacetylaceﬁone (0.78g; 0.005 mol) or the isomer
mixtur.e [(329 b) + ('330 b); R = Me:l (0.50g; 0.002 mél) under reflux in
glacial acétic acidA(lb ml) for 4h. The reaction mixture was evaporated
and the residue was extracted into chlordform and washed with a saturated
agueous solution of sodium hydrggen carbonate. The resultant oil did
not crystallise andhfad i.r. and:lH n.m.r. spectra consigtent with the
2-substituted py;imidine(340a; R = Me) Vmax.l74o and'l690(CO)cm—l,
T(CDCl3)l;O7(lH,s,H—6),2.41—2.76(5H,m,ArH),3.30(1H,s,benzylic H),
7.29(3H,s,Me-4), 7.46(3H,s,Ac), and 7.79(3H,s,0Ac). |

(b) When the aminotriazole(306 c) (0.005 mol) ana ethyl ethoxy-
methyleneacetoacetate (0.005 mol) or the isémer mixture E329 b) +
(330 b); R = OEE](0.00Z mol) were similarly treated with glacial

acetic acid, a mixture of ethyl 2- (a-acetoxybenzyl)-4-methylpyrimidine- -

5-carboxylate (340 a; R = OEt) and ethyl 2-(a-hydroxybenzyl)-4-

methylpyrimidine-5-carboxylate (340 b;‘R = QEt) (85-92%) was obtained.
The mixture (l.17g) was separated by chromatography ;ver alvmina.
Elution with bernzene gave an oil whose i.r. and lH n.m.r. spectra
were consisteﬁt with the acethy compound (340 a; R = OEt),vm .
1730br(CO)cm—l,t (CDC13)0.90(1H,er—6),2.40—2.74(5H,m,ArH),3.27(1H,
s,benzylic H),5.65(2H,q,J7Hz,CH,) ,7.11(3H,s,Me-4) ,7.80(3H,s,0Ac),

and 8.66(3H,t,J7Hz,Me). Further elution with benzene gave insepar-

able mixtures of (340 a; R = OEt) and (340 b; R = OEt) (0.21qg)
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followed by.a pure sample of the hydroxy compound (340 b; R = OEt)
which was an oil and had vmax.3450br(0H)' and l720(c0)cm_l, T(CDCl3)
0.91(1H,s,H-6) ,2.46-2.78(5H,m,AxH), 4.13(1ﬁ,s,benzylic H) ,5.04br (1H,
‘s,on),5.64(2H,q,J7Hz,cuz), 7.10(3H,s,Me-4) , and 8.64(3H,t,7Hz,Me) .

2-(a—Hydroxybenzyl)pyrimidines (342; R = Me,OH)

The acetoxy compound (340 a; R = Me) (0.50g) and the 2-substituted
pyrimj;dine mixture [(340 a) + (340 b); R = OEt'_ZI (0.50g) were heated under
reflux with agqueous N-sodium carbonate solution (5 ml) in ethanol
(10 ml) for 0.5-1 h. The reactiqn mixtures were evaporated, treated
with water, and extracted with chloroform.

(a) The acetoxy compound (340 a; R = Me) gav-= an oil whose i.r.
and 1H n.m.r. spectra were consistent with 5-acetyl—2—(d—hydroxybenzyl)—

4-methylpyrimidine(342; R = Me) (0.40q), Vnax 3400bx (CH) , and41690(C0)cm_l,

f(CDCl3)1.06(lH,s,H—6),2.46—2,77(5H,m,ArH),4.14[iH,d,J(benzylic H-OH)
6Hz, benzylic @, 5.16(}H,d}J(OH—benzylic H)6Hz,oﬁ],7.25(3H,s,Me—4), and
7.44(3H,s,Ac) . Attempts to form 2,4—dinitrophenylhydrazone, oxime or
semicarbazcne derivatives of'(342; R = Me) were unsuccessful.

(b) The 2-substituted pyrimidine mixture [(340 a) + (340 b);

R = OEEI gave an oil which crystallised from ethanol-light petroleum

to give 2-(a—-hydroxybenzyl)-4-methylpyrimidine-5-carboxlic acid (342; K = .OF
(0.31g) , m.p. 135°,vma¥.3450—2500br(OH), and 1710(c0)cm“;, T (eDCly) |
0780(1H,S,H-6), 1.72br(14,s,0H) , 2.46-2.78(5H,m,ArH) ,4.08(1H,s,benzylic H),
and 7.15(3H,s,Mef4).

Found: C,63.8; H,Q.O; N,11.8%.

C, 38, N0, requires: C,63.9; H,5.0; N,11.5%.
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2—- (a—Chlorobenzyl)pyrimidines (341; R = Me or OEt)

The triazolopyrimidine isome;—mixtures [2329 bf + (330 b);
R = ‘Meg , and E329 b) + (330 b); R = OEg (1.0g) were heated under
reflux with acetyl chloride (10 ml) and glécial acetic acid (5.0 ml)
for 1.5h. The reaction mixtures were evaporated, washed with
saturéted aqueous sodium hydrogen carbonate solution and extracted
with chloroform to give oils, which did nét crystallise. The i.x.
_and lH n.m.r. spectra of the oils were consistent with the 2-
(a-chlorobenzyl)pyrimidines(341; R = Me or OEt).

(a) 5-Acetyl-2-(g-chlorobenzyl)-4-methylpyrimidine(341; R = Me)

had vmaxl69O(CO)cm_l,T(CDCl3)1.Ol(lH)s,H-6),2.29-2375(5H,m,ArH),3.88
(1H,s,benzylic H) ,7.25(3H,s,Me~4), and 7.42(3H,s,Ac).

(b) Ethyl 2-(a-Chlorobenzyl)-4 methylpyrimidine-5-carboxylate

-“(341; R = OEt)had Y ax 1720(C0) cm-l,'r (CDCl'3)O.87(lH,s,H—6) 72.32-2.78

(54,m,ArH) ,3.85(1H,s,benzylic H),5.66(2H,q,J7Hz,CH2),7.10(3H,s,Me—4),
and 8.66(3H,q,J7Hz,Me).

Ethyl 2-Benzyl-4-methylpyrimidine-5-carboxylate (343)

(a) The acetoxy compcuna (340 a; R = OEt) (0.63g; 0.002 mol) was
hydrogenolysed in éthanol (50 ml) over 10% palladium-charcoal.
Evaporation of the filtered reaction mixture gave an oil which was
washed with saturated agueous sodium hydrogen carbonate and extracted
into chloroform to yield an oil whosé i.r. and lH n.m.r. spectra were
consistent with the benzylpyrimidine (343) (0.48q), vmax.l720(CO)cm—l,

T(CDC13)0.97(1H,S,H-6),2.65-2.82(5H,m,ArH),5.64(2H,q,J7HZ,CH2),

5.74(2H,s,benzylic CHZ)' 7.23(3H,s,Me~4) and 8.64(3H,t,J7Hz,Me}.
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(b) Ethyl ethoxymethyleneacetoacetate (0.19g; 0.001 mol) and
phenylacetamidinegs(o.l4g; 0.001 mol) in ethanol (5.0 ml) were
heated under reflux with a solution of sodium (0.1lg; 0.005 mol)
in ethanoi (25 ml) for 1h. The reaction mixture was evaporated,
treated with water, and extracted with chloroform to give an oily
solid, which Qhen triturated-. with ether gave phenylacetamide99

(0.12g), m.p. 151°(1it.,>>

155°), v___ 3350, and 3150(NH), and 1640
- max. _
‘(CO)cm—l. Evaporation of the ether gave the benzylpyrimidine (343)

(0.03g) which was identical (i.r. and 18 n.m.r. spectra) with a sample

obtained previously.

2—Benzyi—4—methylpyrimidine—5—carboxylic Acid (344)

The benzyipyrimidine (343)(0.465; 0.0518 mol) was heated under
reflux with- agueous stodium‘carbonate solution (5 ml) in ethanol
klo} ml) for lh: The reaction mixture was evaporated and the
residué was dissolved in water and washed with chloroform. | Acidifica-
tion of the aqueous mother liquor with dilute aqueous sulphuric acid
solution gave the acid (344)(0;29g)(7l%), m.p. 1750(from aqueous
ethanol), vmax_2600—2350br,.and 1890br (OH) , and 1710(cO)cm T,
T(CDC13)O.81(1H,S,H-6), 2.69-2.84(5H,m,ArH) ,5.69(2H,s,benzylic CH2),
and 7.16(3H,s,Me-4), m/e 228(M') (M,228).

Found: C,68.7; H,5.4; N,12.2%.

513§12§292 requires: C,68.4; H,5.3; N,12.3%.

Methyl 2-(a-Acetoxybenzyl)-3,4-dihydro-4-oxo-pyrimidine-6-carboxylate
(345).

The aminotriazole(306 c) (0.80g; 0.005 mol) and dimethyl acetylene-
dicarboxylate (0.71g; 0.61 ml; 0.005 mol) were heated under reflux in

- glacial acetic acid (10 ml) for 4h. Evaporation of the reaction
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mixture gave an oil which solidified on contact with ether to give
the pyrimidone (345) (1.02g) (68%), m.p. 190° (from ethanol), v
3000br (NH), and 1750, and 1680br(CO) cm—1,1 (CDC13)2.37-2.70(511,m,ArH) '
2.93(14,s,H-5),3.40(1H,s,benzylic H), 6.08(3H,s,Me), and 7.75(3H,s,

OAc), m/e 302(M') (M,302).

Found: C,59.7; H,4.7; N,9.0%.

€158 4N

N,_O. requires: C,59.6; H,4.6; N,9.3%.
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Table 4

lH N.m.r. study of the monomethyl = isomer mixture [(333 b) + (334 bﬂ

Solvent < . ' lH N.m.x. signalsa('r) . ' Composition (%)
H-5(333 b) H-7(334 b) H-6(333 b) H-6(334 b) Me-7(333 b) Me-5(334 b) ArH (333 b) (334 b)
‘ ¢ . c
b . c o ’d e 1.51-1.62
CDCl3 1.49 1.29 3.19 «—» 3.29 7.10 7.37 85 15
' 2.40-2.68
. g g . 5&.504l.61f |
(CD3) 2CO 1.35 0.927 2.84 «<—» 2.92 7.09 7.31 = 81 19
. : - | L2.42—2.68
. . 4 . E 1.58-1.71F |
(CD3)ZSO . 1.27 0.65 2.72 —» 2.79" 7.11 7.33 82 © 18

; - . (2.38-2.64
a Signals were sharp singlets unless otherwise designated. b Doublet (J4Hz).
C

Doublet (J7Hz). d Multiplet which on expansion to sweep width 1OOHz becomes a doublet [J?Hz(334 bﬂ and a

double doublet [J4Hz, J1Hz (333 bﬂ . € Becomes a doublet on expansion to sweep width 1OOHz. £ Multiplet.
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1
H N.M.R. Studies on Some l',2,3—Triazolo[l,S-—a]pyrimidines. .

The Room Temperature Study of the Isomer Mixture 7-Methyl-3-phenyl-

1,2,3-triazolo [l ‘ S—a:' pyrimidine (333 b) /5--Methyl-3-phenyl-1,2,3-

triazolo[l,s-a:] pyrimidine (334 b)

' n.m.r. spectra of the isomer mixttre [(333 b) -+ (334 b)j

. . 2 4 2
were measured in deuteriochloroform, [ HG] acetone ‘and [ HG-J-
dimethylsulphoxide”at 28°. The results obtained are collected in
Table 4. The percentage composition of the isomer mixture _E(333 b) +
(334 bzl was éstimated in each case from the integrated ratio of the

Me-7(333 b) to Me-5(334 b) signals.

e

The Variable Temperature Study of Some 1,2, 3-—Triazolo[l, S-eﬂer'imi.dine—}-

carboxamides

The lH-n.m.r. spectra in _[2H6] dimethylsulphoxide of:~

(a) 5,7—dimethyl—l,2,3—triazolo[l,5-a]pyrimidine;-3—carboxamide (311),
(b) the 6—-acetyltriazolo [l,S—zg pyrimidine isomer mixture [(329 a) +
(330 a)'; R = Ma ’
(c) l,2,3—triazolo[l,'5-a]pyrimi-dine—3—carboxamide (337 a),
(d) the methylt-riazolo[:l,S—é] pyrimidine ‘isomer mixture [(333 a) +
(334 a)] ,
were measured at ILSo and 280 and thereafter at 5o intervals, using
sweep width 250Hz. Extl;acts of the results obtained are collected
in Tables 5-8. In each case the [2H6:| dimethylsulphdxide solution
was allowed to cool after reaching a temperature of lSOo and the
Spect-;rum remeasured at 28° giving a spéctrum identical with the original

(measured at 280) .  (See over).
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Table 5

The variable temperature lH n.m.r. spectrum of 5,7-dimethyl-1,2,3-

triazolo[l,S-é]pyrimidine—3—carboxamide (311), over a range which

includes the Me-5 and Me-7 signals.

Temperature(oc) | | Signalsa
Me-5 Coalesced Me-5/Me-7 Me-7
15 270 : 201P
28 270 , - 20r®
57 268° 290br
ge 277%
118 - | 274°
143 ‘ 271
a

All signéls, measured in Hz from silicone oil as external standard
at the temperature stated, were sharp singlets unless otherwise
.stated.

b

Doublet (J1Hz).

€ Broad singlet.
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Table 6

Variable temperature JH n.m.r. signals of the acetyltriazolo[].,s—ea-

pyrimidine iscmer mixture [(329 a) + (330 a); R = 4é]

Temperature (°c) ‘ Signalsa
. Me=5(330 a) Coalesced Me-5/Me-7 Me-7($29 a)

23 | 277 ' 317

28 277 ' 317

48 . 277br | | ~ 317br

59 _ ‘ - 313br

89 - . © 295br

1046 ) 292bx

a . ' . AU .
All signals, measured in Hz from silicone oil as external standard
at the temperature stated, were sharp singlets unless otherwise

designated.
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Table 7

The variable temperature lH n.m.r. spectrum of l,2,3-triazolo[i,5—é]-

pyrimidine-3-carboxamide (337 a) over a range which includes the

H-5, H-6, and H—7;signals.

Temperature(oc) ' Signalsa
H-6 H;S Coalesced H-5/H-~7 : H-7
15 747°  900° , 9652
28 747 900° : : 965°
65 742°  go6T _ : 9569
100 ' 736 : 908"
125 731° 909*
153 o726 9007
a

All signals were measured in Hz from silicone oil as external .

standard at the temperature stated.

Double dogblet’ (J78z,J4Hz) .

Double doublet (J4Hz,J2Hz) -

Double doublet (37Hz,J2Hz).-

Triplet(J5Hz) .

Broad doublet (J4Hz).

Broad doublet (J7Hz). h Broad singlet.
' 3

Broad doublet (JSHz). Doublet (JS5Hz).
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Table 8

The variable temperature lH n.m.r. spectrum of the methyltriazolo-— -

[l,S—a}-_lpyrimidine isomer mixture [(333 a) + (334 a)_J over the range

including the Me-7 (333 a) and Me-5 (334 a) signals

Temperature (OC) ‘ _S_iﬂa}_s_a_
Me—-5 Coalesced Me~5/Me-7 Me-7
15 272 | 296°
28 272 . 296°
62 271° . 295°
g8 289°
114 - 282°€
138 _ " 280
a

All signals, measured in Hz from silicone oil as external standarxd
at the temperature stated, were sharp singlets unless otherwise

designated.
b
Doublet (J1Hz).

¢ Broad singlet.
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The Variasble Temperature Study of Some 3-Phenyl-1,2,3-triazolo-

[l,S—é]pyrimidines

The “H n.m.r. spectré in [zHé]diméthylsulphoxide of:-
(a) 5,7—dimethyl—3—phenyl—l,2,3jtriazolo[i,5—é]pyrimidine (346)
(Table 9),
(b) ‘the 6—acetyltriazolo[i,5—é]pyrimidine isomer mixture {3329 b) +
(330 b); R = Mg (Table 10), |
(c) 3—phenyl—l,2,3—triazolo[i,5—é]pyrimidine (337 b) (Table 11),
(@) the methyltriazolo[;,S—é]éyriﬁidine isomer mixture [3333 b) +
(334 b)] (Table 12), | | |
‘were measured at rooﬁ temperature (280) and thereatter at approximately
250'intervals. Signals obtainedlat 28° togethef with those obtained 
©at the approximate coalescence temperature are listed in Tables 9-12.
In each case the [2Hé]dimethylsulphoxide solution was allowed to cool
. after réaching a temperature of 200o and the spectrum was remeasured
at 28°bgiving a spectrum identical with the original (measured at 286),

(See over).
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Tables (12)

Variable temperature lH n.m.r¥. signals of some .3-phenyl-1,2,3-triazolo-

[l,S—é]pyrimidines

Temperature (°c) Signa1®
Me~5 Coalesced Me-5/Me-7 Me-7
(9) 28 260 ‘ 281°
175 h 269br
(10) 28 | 272 | o3
125 ' ' 282br
H-5 Coalesced H-5/H-7 H-7
(11) 28 - 883° . 9502
T 175 | | soobr
(12) 28 871 | 033%
175 . =. 890br

a . ) . . . . 1
All signals, measured in Hz from silicone oil as external standard

at the temperature stated, were sharp sihglets unless otherwise

' designated.
P poublet (JiHz). © Double.doublet (J4Hz,J2Hz).
4 Double doublet (J7Hz,J2HZ). € Doublet (J7Hz) .
. ) .

‘Doublet (J4Hz).
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<

The Attempted Reaction of 5,7 Dimethyl—3—phenyl;l,2,3—triazolo—

[l,S—é]pyrimidine (346) with Dimethyl Acetylenedicarboxylate

The triazolopyrimidine :(346) (1.12g; 0.005 mol) and dimethyl
acetylenedicarboxylate (0.85g; 0.73 ml; 0.006 mol) were heated at
180° in sulpholane (5.0 ml) for 0.5 h. The solution became very
. dark. - Dilution with a large volume of waéer followed by extraction
with‘chloioform éave an oil which when treated with water and ether
~gave a solid. Crystallisation from ethanol afforded the unchanged
triazolopyrimidine (346) (0.35qg). Evaporation of the ether gave an
0il (2.03g) which on t.l.c. éxamination proved to be a multicomponent

mixture.
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General Experimental Procedures

Crude solids obtained froem reaction mixtures by filtration were

-dried in vacuo at room temperature unless otherwise stated.

Infrared spectra were measured for nujol susp=nsions or thin
films using a Pye-Unicam S.P.200 Spectrophotometer; bands were
either strong or very strong, unless otherwise specified. (w!weak or (br)

broad.

Ultraviolet spectra were measured for ethanol solutions using a
Pye-Unicar S.P.600 Spectrophotometer; bands were clear, unless

otherwise specified (sh) shoulder or (infl.) point of inflection.

. : 1. '
Nuclear magnetic resonance ("H n.m.r.) spectra were measured at

10OMHz using a Varian HAlOO instrument.
Mass spectra were measured at 800 Kv on an A.E.I. MS902 instrument.

Microanalysés were carried out by Alf:ed Bernhardt, West Germany,
The Nationai ﬁhysical Laboratory, and by Mr. Brian Ciark and Mr. Jchn
Grunbaum, Department of Chemistry, Edinburgh University. Melting
poinis (uncorrected) of all analytical sanmples were{determined on a

Kofler-block.
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Thin layer chromatography kt.l.c.) was carried.out in chloroform
over silica, which was kiesglgel G.F.254 nach Stahl (Typ 60), unless
otherwise specified. | |

Column chromatography was carried out over 5% deactivated alumina
or Fison's Silica Gel (100-200 mesh).

Soiﬁents were of technical grade and light petroleum had

b.p. 60-80°C.

Chloroform extracts were dried'(MgSO4) and evaporated uncder

reduced pressure.
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The Chemistry of Polyazaheterocyclic Compounds. Part Vi.? Condensa-
tion Reactions of 5-Amino-14-1,2,3-triazoles with Ethyl Acetoacetate and
a2 New Type of Dimroth Rearrangement

By Darek R. Sutherland, George Tennant,” and Robin J. S. Vevers, Department of Chemistry, University
of Edinburgh, West Mains Road, Edinburgh EH9 3JJ

Condensation of 5-amino-4-phenyl-1H-1,2,3-triazole (4a) with ethyl acetoacetate in the presence of piperidine
affords mainly 5-methyl-3-phenyi-v-triazolo[3.4-a]pyrimidin-7(4~)-one (9a). which is also the major product
of the piperidine-catalysed cyclisation of the triazole derivatives (5a) and (7a). The isomer (10a) was only a
minor product of these reactions. In contrast, heating a mixture of the amino-1.2.3-triazolecarboxamide (4c) and
ethyl acetoacetate, or the vinylaminotriazole (5c) with piperidine in ethanol affords an inseparable mixture
of the isomeric v-triazolo[3,4-a)pyrimidinecarboxamides (9b) and (10b). The thermal conversion of the v-tri-
azolopyrimidine (9a) into the isomer (10a) and its re-formation from the latter by heating with piperidine in ethanol

constitutes a new type of reversible Dimroth rearrangement. The course of the reactions are discussed.

AZIDE-TETRAZOLE tautomerism [{1) === (2); X = N]
and the attendant Dimroth-type rearrangements [(1) ===
(2) === (3); X = NJ of fused tetrazoles are now well
documented.2 The analogous diazoalkylideneamine—
triazole equilibrium has long been known for hydroxy-
1,2,3-triazoles 3 and has been demonstrated recently for
simple amino-1,2,3-triazoles 4 [¢f. (1) === (2); X = CR].
Ring—Chain tautomerism of this type is almost certainly
involved in the Dimroth rearrangements® of amino-

| N X%
N3 X - 2 YO
At = R
ZN N g
= ~

{3)
(1) (2)

1,2,3-triazoles [¢f. (1) === (2) === (3); X = CR]andin
certain related processes.® So far, attempts 7 to detect
equilibria of the type [(1) === (2); X = CR] in fused
1,2,3-triazoles have been unsuccessful. We now report
further studies 1 of the synthesis and reactivity of the
v-triazolo[3,4-a]pyrimidine ring system which were
undertaken with the aim of demonstrating the hitherto
unknown Dimroth-type rearrangement [(1) === (2) ===
(3); X = CR]in a fused 1,2,3-triazole.

Ethyl acetoacetate condensed readily with §-amino-
4-phenyl-1H-1,2,3-triazole (4a) in the presence of
piperidine to give a product (X) which after drying at
140° and crystallisation, melted sharply and gave
analytical data consistent with the molecular formula
C;oH,oN,O. The properties and transformations of this
product are consistent with either of the possible
v-triazolo[3,4-a]lpyrimidine formulae (9a) or (10a). It

t Part V, D. R. Sutherland and G. Tennant, J. Chem. Soc.
(C), 1971, 2156,

2 C. Temple, W. C. Coburn, M. C. Thorpe, and J. A. Mont-
gomery, J. Org. Chem., 1965, 30, 2395; C. Temple, C. L. Kussner,
and J.”A. Montgomery, ibid., 1966, 31, 2210, and references cited
therein.

3 B. R. Brown and D. L. Hammick, J. Chem. Soc., 1947, 1384,
M. Regitz and H. J. Geelhaar, Chem. Ber., 1969, 102, 1743.

4+ M. Regitz and H. Schwall, Annalen, 1969, 728, 99, M.
Regitz and G. Himbert, Tetrahedvon Letters, 1970, 2823; Chem.
Ber., 1972, 188, 2975, 2963; R. E. Harmon, F. Stanley, S. K.
Gupta, and J. Johnson, J. Org. Chem., 1970, 85, 3444; Chem.

and Ind., 1970, 1021; A. C. Ochlschlager and L. H. Zalkow,
Canad. J. Chem., 1969, 47, 461.

showed broad i.r. absorption at 3100—2700 (™ NH) and
1660 (> C=0) cm™ attributable to a cyclic amide

==N
R'n RzN M H R? E 2
= e SN ZR
Hr ! J/ RJ(\'# - Mjl/ \')1
(4} sy - (6)
N==N. R' R?
N R | : a; H Ph
0 NN N__JR?
Acon f —= O b; Ac Ph
2 RN AcCH, NHR' ¢&; H CO-NH;
(7) (8) d; Ac CO-NH,
1 2
073:)R 0.8 N 832
3 =
Y
6% NH 6 _N—N
SMe ¢ ™e
(9} (10)
H R
0] NN R
1/\Il/\lll° a; Ph
X N M b: CO-NH;
Me
(1)
structure. The lack of diazo-absorption near 2000 cm™

excludes the diazo-structure (1la). Its H n.m.r.
spectrum in [?Hg]dimethyl sulphoxide contained a

5 D. R. Sutherland and G. Tennant, J. Chem. Soc. (C), 1971,
708.
8 A. Albert and K. Tratt, Angew. Chem. Internat. Edn., 1966,
§, 587; D. J. Brown and M. N. Paddon-Row, J. Chem. Soc. C),
1967, 1856; M. Regitz and A. Liedhegener, Annalen, 1967, 710,
118; M. Regitz and H. Scherer, Chem. Ber., 1969, 102, 417;
M. Begtrup, Acta Chem. Scand., 1972, 28, 1243; C. Temple,
B. H. Smith, and J. A. Montgomery, J.C.S. Chem. Comm., 1972,
52.

? G. Tennant, J. Chem. Soc. (C), 1966, 2290; 1987, 1279,
2658; D. R. Sutherland and G. Tennant, Chem. Comm., 1969,
423.
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cowu2 ) H R
"‘[/ oMb
N—N ~ N
Me
12) R 14) R
a; Me a;: H
b. Ph b; OAc
¢ 0,C-CR
d; OH
N_.0
HHz = e; Ct
o N AN
I .
- ..
Me
(13)

poorly resolved quartet at < 3-64 (1H) and a doublet
at 7 7-:31 (3H) in the ranges expected for H-6 and the

- J.C.S. Perkin I

exhibited an abundant fragment ion at (M* — N,) as
well as a strong parent ion. Scission ! in hot acetic acid
or in acetic acid containing acetyl chloride gave the
acetoxybenzylpyrimidine (14b) and the chlorobenzyl-
pyrimidine (14e), respectively. Hydrogenolysis of both
of these products yielded the known ® 2-benzyl-6-methyl-
pyrimidin-4(3H)-one (14a). Scission of the product (X)
in trifluoroacetic acid occurred more slowly than
for 5,7-dimethyl-3-phenyl-v-triazolo[3,4-a]pyrimidine.!
Initially, the 'H n.m.r. spectrum in trifluoroacétic acid
(Table 1) shows a poorly resolved quartet at ~ 3-07 (1H)
and a doublet at v 7-07 (3H) consistent with the presence
of the ring-closed form (9a) or (10a). With time (Table
2) these signals diminish and are replaced by singlets at
t 279 (1H), 3-15 (1H), and 7-37 (3H) in the ranges
expected [by analogy with the 'H n.m.r. absorption of
the acetoxybenzylpyrimidine (14b) (Table 2)] for H-5
and the benzylic and methyl protons of the trifluoro-
acetoxybenzylpyrimidine (14c). Ultimately (Table 2)

TaBLE 1
1H N.m.r. signals (1) of v-triazolo[3,4-a]pyrimidines ¢
Compound Solvent 2 H-6 Me-5 Me-7 ArH Others
(9a) A 4:22 7-59
A 3-84¢ 7-314 {1-55—1-70 (m) ¢
(10a) 2.06—2-35 (m)
} Bo 3-07¢ 7.074 2-28 (m)
A 4-16 ot 7-684 : {l-94br 4
(9b) A ‘ 2-40br *
B! 3-40 &m 7-304 2:40br *
A 3-75 o8 7-36n {l-94br“
(10b) A 2-40br ¢
B 3-304 7-084 2:40br ¥
(12a) ° A 275 7.35 714

e Signals were sharp singlets unless otherwise designated.
on expansion to 100 Hz.
acid run immediately.
100 Hz. * NH.
on expansion to 100 Hz.
lock signal in spectra recorded prevnously (cf. ref. 1).

3 A, (CD,),SO; B, CFyCO,H.

4 Becomes a doublet (J 1-1 Hz) on expansion to 100 Hz,
A Part spectrum of the mixture of (9b) and (10b).
! Spectrum unchanged after 8 days at room temperature.
° Signals are 0-37 p.p.m. upfield from reported values (cf ref. 1) owing to an error in the position of the

¢ Becomes a poorly resolved quartet
¢« 2H. 7 3H. ¢ Spectrum in trifluoroacetic
¢ J 004—0-56 Hz. 3 Not resolved on expansion to
» J 1.0 Hz. » Becomes a doublet (J 0-4—0-5 Hz)

TABLE 2
1H N.m.r. signals (1) of 2-substituted pyrimidines ¢
Compound Solvent ® H-5 Me-6 Benzylic H ArH Others

(14a) {A 3-80 7-70 6-05 2-48—2-80 (m)

B 3-31 7-46 5-50 2-42—2-70 (m)

A 3-83 7-73 (d) 3-53 {2-30—-2-50 (m) ¢
(14b) 2:50—2-72 (m) 778

B 3-24 7-42 (d) ¢ 2-86 2-42 (m) 7-59 ¢
(14c) o> B 3-16 7-37 2-79 2-23
(14d) B 275 6-36 226 1-46 (m)

A 377 7-68 413 {2-30—2-47 (m) 4
(14¢) 2.53—2-70 (m) /

B 3.22 7-36 3-61 2:40br (m)
o Signals were sharp singlets unless otherwise designated. 3 A, CDCly; B, CF,,COH. ¢ J 0-8 Hz. 4 2H. OAc. / 3H.

¢ Spectrum of compound (9a) run immediately, or of compound (10a) run after 2-0 h, in trifluoroacetic acid at room temperature.
A After 48 h in trifluoroacetic acid, the spectrum becomes indentical with that of the alcohol (14d).

protons of the methyl group in (9a) or (10a) by analogy
with s-triazolo[1,6-a]pyrimidines of closely related
structure.® The presence of a fused 1,2,3-triazole
nucleus is supported by the mass spectrum, which

® H. Reimlinger and M. A. Peiren, Chem. Ber.,
3266.
* A. Pinner, Ber., 1889, 22, 1612.

1970, 108,

the spectrum becomes identical with that of the alcohol
(14d) derived by alkaline hydrolysis of the acetoxy-
compound (14b). Gradual contamination of the tri-
fluoroacetic acid solution by atmospheric moisture
accounts for the observed hydrolysis [(14c) — (14d)].
With the.object of establishing the precise structure of
the product (X) the unambiguous synthesis of structures
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(9a) and (10a) by cyclisation of the condensates (6a) and
(7a) was attempted. It has been shown ! that con-
densation of an amino-1,2,4-triazole with the most
electrophilic centre in a B-dicarbonyl compound under
basic conditions involves initial attack at a ring N-atom,
whereas mildly acidic media promote reaction at the
primary amino-group. However, the general validity
of these observations has been questioned.!! In the
present case, condensation of the amino-1,2,3-triazole
(4a) with ethyl acetoacetate at room temperature under
both basic and mildly acidic conditions yielded the same
product, whose spectral properties are consistent with
either of the vinylaminotriazole formulae (5a) or (Ga).
The former structure is established by the absence
of a diazotisable centre and the formation of a
monoacetyl derivative (5b) which shows ir. carbonyl
and 'H n.m.r. absorption characteristic® of a 1,2,3-
triazole ring N-acetyl group. Formation of the com-
pound (5a) under basic conditions implies attack at the
primary amino-group in preference to reaction at a
ring N-atom and contrasts with the reported 19 behaviour
of amino-1,2,4-triazoles. However, this apparent in-
consistency in the reactivity of amino-1,2,3-triazoles is
explained if initial attack at a ring N-atom to give (6a) is
followed by base-catalysed Dimroth rearrangement 12 to
the more stable isomer (5a).5 The condensation of ethyl
acetoacetate with the aminotriazole (4a) in refluxing
toluene occurred between the ester group and the
primary amino-group to afford the acetoacetylamino-
triazole (7a). The side-chain position for the aceto-
acetyl group in this product is consistent with the
absence of a diazotisable centre and the formation of a
ring N-acetyl derivative (7b). The possibility of
structural ambiguity due to the operation of Dimroth
rearrangement ® [1.e. (7a) === (8a) === (8b) or (7a) ==
(7b)=== (8b)] concurrent with acetylation is excluded
by the regeneration of the acetoacetylaminotriazole (7a)
from the acetyl derivative (7b) by mild hydrolysis.
Preferential condensation at the primary amino-group
rather than at a ring N-atom is further demonstrated by
the failure of the acetylaminotriazole (4b) ! to condense
with ethyl acetoacetate in refluxing toluene.

Both condensates (5a) and (7a) underwent piperidine-
catalysed cyclisation to afford the same product, which,
after purification, proved to be identical with the com-
pound (X). This unexpected result is most readily
explained in terms of Dimroth rearrangement prior to
[(5a) === (6a) or (7a)===(8a)] or subsequent to
[(fa) === (15) === (16) === (10a); «¢f. Scheme 1}
cyclisation. Dissociation of either substrate (5a) or
(7a) into the amino-1,2,3-triazole (4a) and ethyl! aceto-
acetate (or an equivalent fragment) and subsequent
‘recondensation at the alternative carbonyl centre in the
latter is also a possible course (see later) which finds
analogy in the condensation reactions of ethyl aceto-
acetate with aniline® Rearrangement prior to cyclis-

1o L. A, Williams, J. Chesz. Soc., 1881, 3048.
87“112.00 Taylor and R. W. Hendess, J. Awmer. Chem. Soc., 1885,
, 1980.
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ation, though possible (see later), cannot be a major
pathway since the formation of (X) by such a process
would require the complete transformation under equili-
brium conditions of one or other of the compounds (5a)
or (7a) into the isomers (6a) or (8a), which are dis-
favoured on the grounds of lower stability (presence of
an electron-withdrawing group on a ring N-atom %) and

N=N H o oy
0 Nﬁ'y’?h NOLNP
I/NH I/N' N
Me e
(15) (16)
N=LF
N Ph N ph
0 /J 0 N
1§ 1@
S~ UNH S ——N
M
€(2a) Me (10a)

ScHEME 1

lower acidity (absence of triazole NH). However, the
operation of rearrangement subsequent to cyclisation
was revealed by a careful examination of the crude
v-triazolopyrimidine product before purification. The
H n.m.r. spectrum in [2Hg)dimethyl sulphoxide (Figure,
A) of a sample dried at voom temperature contained a
poorly resolved quartet at = 4-22 (1H) and a doublet at
< 7-59 (3H) at higher field than the proton resonances of
H-6 and the methyl group in the pure compound (X},
and attributable to a different species (¥). Compound
(X) was also present to the extent of ca. 209, (as estimated
from the integrated ratio of the H-6 signal in both
species; c¢f. Figure, A), but increased in proportion
(Figure, B) and ultimately became the predominant
component (Figure, C) when the sample was heated at
140°. Attempted crystallisation of the impure sample
of (Y) from ethanol also tended to promote the trans-
formation (Y) —& (X). On the other hand, heating
for a short time with piperidine in ethanol reconverted
the pure compound (X) mainly into compound (Y)
(Figure, D), demonstrating the reversibility of the
process (Y) === (X). The isomeric relationship of (Y)
to (X) is supported by analytical and mass spectral
data, and also by the reaction of (¥Y) with hot acetic acid
or cold trifluoroacetic acid (¢f. Tables 2 and 3) to afford
the acetoxybenzyl- and trifluoroacetoxybenzyl-pyr-
imidines (14b and c), respectively. The interconversion
of the compounds (X) and (Y) is most readily inter-
preted in terms of a new type of reversible Dimroth

12 E. Lieber, T. S. Chao, and C. N. R. Rao, J. Org. Chem., 19567,
28, 654.

13 C. R. Hauser and G. A. Reynolds, J. Amer. Chem. Soc., 1948,
70, 2402. .
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rearrangement [(9a) === (15) === (16) === (10a)] as-

sociated with a prototropic shift (¢f. Scheme 1). The
T-oxo-structure (9a) is assigned to the base-stable isomer

I3 i 1 1

*H N.m.r. spectra of mixtures of (9a) and (10a) derived (a) by
piperidine-catalysed condensation of ethyl acetoacetate with
the aminotriazole (4a) followed by drying the product A, at
room temperature; B, at 140° for 10 min; or C, at 140° for
60 min, or (b) by heating pure (10a) with ethanolic piperidine,
followed by drying the product, D, at room temperature

[compound (Y)] in anticipation 1° of its greater acidity
relative to the 5-oxo-isomer (10a). The assignment of
the latter structure to the thermally stable isomer

TABLE 3
" Triazole scission of the v-triazolo(3,4-a]pyrimidines (9a) and
(10a) in trifluoroacetic acid at room temperature ¢

Substrate composition (%,) * Product composition (%) ¢

(9a) (10a) (9a) (10a) (14c
80 20 0 14—17 83—86
52 48 0 46 54

o 100 0 77 23

¢ Detected by the 'H n.m.r. absorption at 100 MHz of a
trifluoroacetic acid solution aged at room temperature for
ca. 5 min. ? Estimated fromj the integrated ratio of the
Me-5 and Me-7 proton resonances of mixtures of (9a) and (10a),
respectively.
Me-7 and Me-6 proton resonances of (10a) and (l4c), re-
spectively.

[compound (X)] is in accord with the expected & lower
field position for the proton resonances of H-6 and the
C-7 methyl group compared with those in the 7-oxo-
structure (9a). The 'H n.m.r. spectrum of impure (9a)

¢ Estimated from the integrated ratio of the -
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in trifluoroacetic acid (Tables 2 and 3) shows immediate
ring-opening to the trifluoroacetoxypyrimidine (l4c),
whereas scission of the contaminant (10a) occurs much
more slowly. The greater rate of scission in the case of
(9a) can be attributed to the greater destabilisation
inherent in the direct attachment of a carbonyl group
to a triazole ring N-atom and further supports the
structures assigned to (9a) and (10a).

Piperidine in ethanol also catalysed the condensation
of ethyl acetoacetate with the amino-1,2,3-triazole-
carboxamide (4c). The product gave analytical and
mass spectral data consistent with the formula C;H,N,O,
and showed i.r. absorption at 3350—3200 (>NH) and
1670 (>C=0) cm™ in accord with either of the expected
v-triazolo[3,4-a]pyrimidinecarboxamide structures (9b)
and (10b). However, the H n.m.r. spectrum in [2Hg]-
dimethyl sulphoxide showed poorly resolved quartets
at v 3'76 and 4-16 (each 1H) and a singlet and a doublet
at = 7-36 and 7-58 (each 3H) consistent with the presence
of both isomers (9b) and (10b). Attempts to separate
the mixture were unsuccessful. The isomer mixture
was also formed when the amide (4c) was heated with
ethyl acetoacetate in glacial acetic acid alone or in the
presence of dimethylformamide. The -acetylaminotri-
azolecarboxamide (4d) was a by-product of the former
reaction. The lack of triazole scission under these
conditions is in accord with the stabilising effect of the
carboxamide group,! which also accounts for the
stability of the isomer mixture to prolonged treatment
with acetic and trifluoroacetic acids. The relative
stability of the structures (9b) and (10b) to nitrogen loss
is also demonstrated by the mass spectrum of the isomer
mixture, which contains a strong molecular ion but
lacks a fragment ion corresponding to (M* — N,).
Instead, the primary fragmentation process corresponds
to the formation of an ion (M* — 83). The mass
spectra of the v-triazolopyrimidine carboxamides (12a
and b) ! show similar primary fragment ions which may
be formed by H-atom transfer and loss of the side-chain
in radical cations derived from ring-opened structures of
the type (13).

The inertness of the structures (9b) and (10b) to
triazole scission implies a reluctance to undergo the ring
opening [cf. Scheme 1; (9a; CO-NH, for Ph) === (15;
CO:NH, for Ph)], which is a prerequisite of Dimroth
rearrangement [(9b) === (10b)]. It was anticipated
therefore, that the specific cyclisation of the condensates
(6c) and (7c) to the structures (9b) and (10b) would be
uncomplicated by their subsequent interconversion and
so should provide a means for their unambiguous syn-
thesis. Attempts to condense the amide (4c) with ethyl
acetoacetate alone or in refluxing toluene either failed or
gave the isomer mixture, thereby precluding the study
of the acetoacetylaminotriazolecarboxamide (7c). In
contrast, condensation of the amide (4c) with ethyl
acetoacetate occurred smoothly in dimethylformamide
at room temperature to give the vinylaminotriazole
(6c), which was isolated as the hydrate. The structure
of this product follows from its spectral properties and
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from its conversion by acetylation into a ring N-acetyl
derivative (5d). The attempted reconversion of this
derivative by mild hydrolysis into the parent vinyl-
aminotriazole (5c) resulted in complete degradation to
the amide (4c). The structure (6c) is further supported
by the failure of the acetylaminotriazole (4d) to condense
with ethyl acetoacetate in the presence of acetic acid,
demonstrating preferential attack on the primary amino-
group under these conditions.10

Heating the vinylaminotriazole (6c) with piperidine
in ethanol afforded not the single isomer (9b) but,
contrary to expectations, the isomer mixture {(9b) +
(10b)]. The isomer mixture was also the product
when the compounds (5¢ and d) were heated under
reflux with glacial acetic acid or when they were left
in contact with cold aqueous alkali for a short time.
Since Dimroth rearrangement before and after cyclisation
is unlikely (see before), the formation of the isomer

H H
M . Me 7z N+
T = v
RN RN N
Et0,C Et0,C
{17) (18)
R=H \

L% N

N N=
J
(9b) R=n MeJI/N'%,/JCO'NHl’ MJI/N :=2/CO-NH2
L4 D r——
NHR NHR
(10b) Et0,C Et0,C
{20} (19)
R=Ac R
hydrolysis a; H
b; Ac
(4d)
ScHEME 2

mixture from the compound (5c¢) is most readily ex-
plained by a course involving dissociation-recombination
(see before). Support for a dissociation-recombination
mechanism is provided by reaction of the compound
{5c) with acetylacetone alone, or in the presence of
piperidine or glacial acetic acid, to give 5,7-dimethyl-v-
triazolo[3,4-e¢]pyrimidine-3-carboxamide (12a),! which
was also formed when the aminotriazolecarboxamide
(4c) was heated in neat acetylacetone. The synthesis of
(12a) from the amide (4c) and acetylacetone in piperidine—
ethanol or acetic acid has already been described.! On
the other hand, the observed formation of the isomer
mixture from (8c) in the melt is difficult to reconcile
with such a mechanism and indicates that rearrange-
ment may become possible at elevated temperatures.
Support for the operation of Dimroth rearrangement
prior to cyclisation (¢f. Scheme 2; R = H) under
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thermal conditions is provided by the conversion of the
pure compound (5¢) in refluxing toluene into a mixture
of the starting compound and a component whose *H
n.m.r. absorption is consistent with the isomeric structure
(6¢c). Significantly, the observed ratio of (5¢) to (6c)
corresponds within experimental error to the pro-
portions of (9b) and (10b) in the isomer mixture. The
operation of a similar rearrangement process [(17b) ===
(18b) === (19b) === (20b)] before hydrolysis [(20b) ===
(4d)] provides a rationale for the conversion of the acetyl
derivative (5d) in warm aqueous ethanol into a mixture
of the acetamidotriazole (4d) and the parent amide (4c).
However, in this case the acetyl group may play a
crucial role % in promoting rearrangement.

EXPERIMENTAL

Lr. and u.v. spectra were recorded for Nujol suspensions
and ethanolic solutions, respectively, with Unicam SP 200
and SP 800 instruments. N.m.r. spectra were measured at
100 MHz for solutions in deuteriochloroform, [2Hg]dimethyl
sulphoxide, or trifluoroacetic acid, at 28°, with tetramethyl-
silane as internal standard, with a Varian HA 100 instru-
ment. Mass spectra were recorded at 70 eV and 150°
(probe temperature) with an A.E.I. MS 902 spectrometer.

Light petroleum had b.p. 60—80°.

5-Amino- and 5-Acetamido-1H-1,2,3-triazoles (4).—5-
Amino-4-phenyl-1H-1,2,3-triazole (4a) and 5-amino-1H-
1,2,3-triazole-4-carboxamide (4c) were prepared as described
previously.!

Heating the aminotriazolecarboxamide (4c) in glacial
acetic acid gave the acetic acid solvate ¥ of the monoacetyl
compound (4d), m.p. 269—272° (from glacial acetic acid),
Vnax 3350, 3200br, and 2700br (OH, NH), 1710, and 1690
(CO), and 1670 cm™, 7 [(CD,),SO] —0-05br (1H, s, OH),
2-16br (1H, s, NH), 2-47 (1H, s, NH), 7-84 (3H, s, Ac), and
8:10 (3H, s, Ac), which was converted by crystallisation
from water into the acetamidotriazolecarboxamide (4d),
m.p. 270—273° (lit.,*¢ 268°), v, 3400, 3250, and 3100
(NH), and 1680 (CO) cm™, < [(CD,),SO] 2-18br (1H, s,
NH), 2-49br (1H, s, NH), and 7-84 (3H, s, Ac).

8-(2-Ethoxycarbonyl-1-methylvinylamino)-4-phenyl-1H-
1,2,3-triazole (5a).—(a) A solution of the aminotriazole (4a)
(4'8 g, 0-03 mol) and ethyl acetoacetate (4:3 g, 4:2 ml,
0-:033 mol) in anhydrous benzene (2560 ml) was heated under
reflux with glacial acetic acid (0-5 ml) for 18 h. Evapor-
ation of the mixture gave an oil which afforded the solid
product (5a) (5:6 g) in contact with benzene-light petroleum.

(b) The vinylaminotriazole (5a) was also formed (0-4¢ g)
by heating a mixture of the aminotriazole (4a) (0-4 g,
0-0025 mol) and ethyl acetoacetate (0-7 g, 0-7 ml, 0-0054
mol) under reflux (24 h) with a solution of sodium (0-23 g) in-
absolute ethanol (10-0 ml). The mixture was evaporated,
treated with water and dilute aqueous sulphuric acid, and
neutralised with aqueous ammonia. The product had m.p.
123° (from benzene-light petroleum), v 3200 (NH),
1840 (CO), and 1620br (C=C) cm™, =t (CDCl;) 2-13—2-28
(2H, m, ArH), 2-46—2-75 (3H, m, ArH), 6-17 (1H, d,
J 0-8 Hgz, olefinic CH), 5-80 (2H, q, J 7 Hez, CH,), 8-01 (3H,
d, J 0-8 Hz, Me), and 871 (3H, t, J 7 Hz, Me) (Found: C,
61-7; H, 5-8; N, 20-59%,; M™*, 272. C,,H,;N,O; requires

¢ This product was formulated previously (¢f. ref. 1) as a
diacetyl derivative.

1¢ 1. L. Bennett and H. T. Baker, J. Org. Chem., 1957, 83, 707.
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C, 61-8; H, 59; N, 20-6%; M, 272), and was converted

by heating under reflux (15 min) with acetic anhydride into_

the acetyl derivative (5b) (96%), m.p. 115° (from benzene-
light petroleum), v, 3150 (NH), 1735 and 1665 (CO), and
1640 (C=C) cm™, t (CDCl,) 2:06—2-15 (2H, m, ArH), 2-35—
2:50 (3H, m, ArH), 5-05 (1H, s, olefinic CH), 5-85 (2H, q,
J 7 Hz, CH,), 7-23 (3H, s, Ac), 7-60 (3H, s, Me), and 8-75
(3H, t, J 7 Hz, Me) (Found: C, 61-0; H, 57; N, 18-0.
C,6H,gN,O; requires C, 61-1; H, 5-7; N, 17-8%).
5-(2-Ethoxycarbonyl-1-methylvinylamino)-1H-1,2,3-tri-

azole-4-carboxamide (5¢).—A mixture of the amide (4c)
(1-3 g, 0-01 mol) and ethyl acetoacetate (1:5 g, 1-5 ml,
0-011 mol) in dimethylformamide (7-0 ml) containing glacial
acetic acid (10 ml) was stirred at room temperature. for
16 h. The mixture was diluted with water (10-0 ml) and
the precipitated solid was combined with a second crop
obtained by evaporating the mother liquor and treatment
with water, washed with ether, and crystallised to afford
the hydrate of the vinylaminotriazole amide (5c) (1-4 g),
m.p. 175° (from ethanol), v, 3450, 3375, and 3150 (NH),
1660br (CO), and 1610 (C=C) cm™, t [(CD,),S0O] 2-24br (1H,
s, NH), 2-56br (1H, s, NH), 5-22 (1H, s, olefinic CH), 5-93
(2H, q, J 7 Hz, CH,), 7-68 (3H, s, Me), and 8-82 (3H, t,
J 7 Hz, Me) (M*, 239. CyH,;N;O; requires M, 239)
(Found: C, 42:0; H, 57; N, 27-7. CyH;3N;0,H,0
requires C, 42-0; H, 58; N, 27-29), which formed a
sparingly soluble salt in dilute aqueous sodium hydroxide
and was recovered unchanged on acidification. The
hydrate of (5¢) was converted in hot acetic anhydride into
the acetyl derivative (5d) (83%), m.p. 196° (from ethyl
acetate), v, 3400, 3250, and 3200 (NH), and 1770, 1690,
and 1670 (CO) cm™, 1 [(CD,),SO] 1-78br (1H, s, NH),
2-16br (1H, s, NH), 5-07 (1H, s, olefinic CH), 5-90 (2H, q,
J 7 Hz, CH,), 6-70 (3H, s, Me), 7-29 (3H, s, Ac), and 8:80
(3H, t, J 7 Hz, Me) (Found: C, 47-3; H, 53; N, 25-2.
C,1H 5N O, requires C, 47-0; H, 5-3; N, 24:9%).-

Heating the compound (5c) (0-48 g, 0-002 mol) under
reflux in toluene (300 ml) for 2 or 18 h, followed by evapor-
ation of the solution gave a solid (0-41 g) whose 'H n.m.r.
spectrum, t [(CD,),S0O] 2-24br (s, NH), 2-56br (s, NH),
3-65 [s, olefinic CH of (6¢)] 4-20br (s, NH), 5-20 [s, olefinic
CH of (5c)], 5-91 [dq, overlapping CH, of (5¢c) and (6c)],
7-59 [s, olefinic Me of (6¢)], 7-66 (s, olefinic Me of (5c)], and
8-80 [dt, overlapping Me of (5¢) and (6c)], was consistent
with a mixture of (5¢) (80%,) and (6c) (20%). Attempts to
separate the mixture by fractional crystallisation or
chromatography were unsuccessful.

The acetyl derivative (5d) (0-14 g) slowly dissolved when
it was stirred at room temperature with a mixture of
aqueous N-sulphuric acid (3-0 ml) and ethanol (5-0 ml).
After 1 h the ethanol was evaporated off under reduced
. pressure at room temperature, and the solution filtered.
The aqueous mother liquor was adjusted to pH 7 to afford
the amide (4c) (0-03 g), m.p. 223° (from water), identical
(mixed m.p. and i.r. spectrum) with an authentic sample.t

The compound (5d) (0-28 g) was heated under reflux in
aqueous 759%, w/v ethanol (10-0 ml) for 10 min. Concen-
tration and dilution with water gave the acetamidotriazole
(4d) (0-1 g), m.p. and mixed m.p. 270—273° (decomp.),
identical (i.r. and H n.m.r. spectra) with a sample prepared
before. The colourless solid isolated by evaporating the
aqueous filtrate was crystallised to yield the triazole-
carboxamide (4c) (0-06 g), identified by comparison (m.p.,
mixed m.p., and i.r. spectrum) with an authentic sample.

The amide (4d) (0-84 g, 0-0055 mol) was stirred with
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ethyl acetoacetate (0-72 g, 0-7 ml, 0-0055 mol) and glacial
acetic acid (0-5 ml) in dimethylformamide (7:5 ml) at room
temperature for 17 h. The mixture was evaporated and
treated with water to give unchanged amide (4d) (77%,).
5-Acetoacetamido-4-phenyl-1H-1,2,3-triazole =~  (7a).—A
mixture of the aminotriazole (4a) (3-2 g, 0:02 mol) and ethyl
acetoacetate (2-6 g, 2-5 ml, 0-02 mol) in anhydrous toluene
(500 ml) was heated under reflux for 7 h. The ethanol
formed was allowed to distill through a short Vigreux
column. The solution was concentrated to 250 ml and
cooled, and the solid was collected, combined with a
second crop obtained by evaporating the mother liquors,
and crystallised to yield the acetoacetamidotriazole (7a) (3-1
g), m.p. 161° (from benzene-ethanol), v . 3150 and 3050
(NH), and 1695 (CO) cm™, = (CDCl;) 2-51—2-85 (5H, m,
ArH), 6-25 (2H, s, CH,), and 7-65 (3H, s, Me) (Found: C,
58-9; N, 4-9; N, 23-1%; M*, 244. C,,H,N,O, requires
C, 59-0; H, 4-9; N, 23-09%,; M, 244), which was converted
in hot acetic anhydride into the acety! derivative (7Tb) (90%,),
m.p. 182° (from benzene-light petroleum), v 3150 (NH),
1750, 1720, and 1680 (CO) cm™, = (CDCl,) 2-15—2-35 (2H,
m, ArH), 2-42—2-62 (3H, m, ArH), 6-28 (2H, s, CH,),
7-20 (3H, s, Ac), and 7-68 (3H, s, Ac) (Found: C, 59-0; H,
5-1; N, 20-3. C,H,N,O; requires C, 58:7; H, 49; N,
19-6%,). Hydrolysis of the compound (7b) by heating
under reflux (0-5 h) with aqueous 109% w/v sodium
hydroxide, and careful neutralisation with aqueous dilute
sulphuric acid, gave the parent triazole (7a) (509).

The triazole derivatives (4b) and (4c), heated under
reflux with ethyl acetoacetate in anhydrous toluene as
described before, were recovered unchanged (93—979%,).

5-Methyl-3-phenyl-v-triazolo[3,4-a)pyrimidin-1(4H)-one
(92) and T-Methyl-3-phenyl-v-triazolo(3,4-a)pyrimidin-5(4H)-
one (10a).—(a) The amino-1,2,3-triazole (4a) (3-2 g, 0-02
mol) and ethyl acetoacetate (2-9 g, 2:8 ml, 0-022 mol) were
heated under reflux with piperidine (0-5 ml) in ethanol
(70-0 m1l) for 27 h. Alternatively (b) the triazole derivative
(5a) or (7a) (0-001 mol) was heated under reflux with
piperidine (0-25 ml) in ethanol (10-0 ml) for 24 h. The gum
obtained by evaporating the mixture was dissolved in warm
water and acidified with dilute aqueous sulphuric acid.
After drying in vacuo at room temperature, the 'H n.m.r.
spectrum [(CD,),SO] (Figure, A) of the solid obtained
(80—909,) showed it to be a mixture of the v-triazolo-
pyrimidines (9a) (80%) and (10a) (209,), m.p. 232—234°, "
Vpax 3100sh and 2700sh (NH), and 1660br (CO) cm™
(Found: C, 63-8; H, 4+5; N, 24-7%,; M*, 226. C,,H,;(N,O
requires C, 63-7; H, 4-4; N, 24-89%,; M, 226). Heating
this solid at 140° for 2-0 h followed by crystallisation from
ethanol gave the pure v-triazolo[3,4-a]pyrimidine (10a)
(quant.), m.p. 240° (from ethanol), v, 3150sh and 2700sh
(NH), and 1665br (CO) cm™, A 210, 243, 250sh, 276infl,
294infl, and 325 nm (log ¢ 4:22, 4-30, 4-28, 3-94, 3-62, and
3-39), m/fe 226 (489%, M™) and 198 (68, M* — N,) (*H
n.m.r. data are shown in Table 1 and the Figure) (Found:
C, 63-6; H, 45; N, 24.9. C,,H,,N,O requires C, 63-7; H,
4-4; N, 24-89,), which was reconverted into the isomer
mixture of (9a) (809%) and (10a) (209%) (quant.) by heating
with piperidine in ethanol and work-up as described before.

2-(a-Acetoxybenzyl)-6-methylpyrimidin-4(3H)-one (14b).—
{(a) A mixture of the aminotriazole (4a) (0-4 g) and ethyl
acetoacetate (0-39 g, 0-38 ml) was heated under reflux in
glacial acetic acid (5-0 ml) for 14 h. Alternatively (b) the
v-triazolo[3,4-a]pyrimidine (10a) or the isomer mixture
containing predominantly (9a) (see before) (0-0025 mol)
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was heated under reflux in glacial acetic acid (25-0 ml) for
4 h. Evaporation gave a gum which was triturated with
ether-light petroleum to yield the solid acetoxybenzyl-
pyrimidine (14b) (60—909%,), m.p. 187° (from benzene-light
petroleum), v 3100sh and 2700sh (NH), and 1745 and
1660 (CO) cm™ (*H n.m.r. data in Table 2) (Found: C,
65-0; H, 5-8; N, 10-9. C,;H,,N,0; requires C, 651; H,
5-4; N, 10-99%).

When reaction (a) was carried out for 3-5 h, the product
was the acetamidotriazole (4b) (829%), m.p. 204° (from
benzene-ethanol), identical (mixed m.p. and i.r. spectrum)
with an authentic sample.?

2-(a-Hydroxybenzyl)-8-methylpyrimidin-4(3H)-one (14d).—
The acetoxybenzylpyrimidine (14b) (0-8 g) was heated
under reflux with aqueous 10% w/v sodium hydroxide
(5:0 ml) in ethanol (20-0 ml) for 30 min. Evaporation of
the mixture gave a gum which was dissolved in water,
acidified (aqueous dilute sulphuric acid), and adjusted to
pH 7 with solid sodium hydrogen carbonate. The solid
alcohol (14d) was collected and crystallised (0-56 g), m.p.
199° (from benzene-light petroleum), v _ 3400, 3150, and
2750 (NH), and 1665 (CO) cm™ (1H n.m.r. data in Table 2)
(Found: C, 66-4; H, 57; N, 13-3. C,;H,,N;O, requires
C, 66-7; H, 5-6; N, 13-0%).

2-(a-Chlorobenzyl)-6-methylpyrimidin-4(3H)-one  (l4e).—
The v-triazolopyrimidine (10a) or the isomer mixture in
which (9a) predominates (0-004 mol) was heated under reflux
with a mixture of acetyl chloride (30-0 ml) and glacial acetic
acid (10-0 ml) for 1-75 h. Evaporation gave an oil which
afforded the solid chlorobenzylpyrimidine (14e) in contact
with benzene-light petroleum (619%), m.p. 194° (from
ethanol), v . 3200sh and 2750sh (NH) and 1680 (CO) cm™
(*H n.m.r. data in Table 2) (Found: C, 61-6; H, 49; N,
12-2. C,,H,,CIN,O requires C, 61-3; H, 4-7; N, 11-9%).

2-Benzyl-6-methylpyrimidin-4(3H)-one (14a).—The pyr-
imidine derivative (14b) or (14e) (0-001 mol), hydrogeno-
lysed in ethanol over 109 palladium—charcoal, gave
2-benzyl-6-methylpyrimidin-4(3H)-one (14a) (62—829%),
m.p. 175° (from water), v, 3050sh and 2700sh (NH) and
1680 (CO) cm™, identical (mixed m.p. and i.r. spectrum)
with an authentic sample.?

4,7-Dihydro-5-methyl-T-oxo-v-triazolo[3,4-a)pyrimidine-3-
carboxamide (9b) and 4,5-Dikydro-T-methyl-5-oxo-v-triazolo-
-(8,4-a)pyrimidine-3-carboxamide (10b).—The isomer mixture
(9b) and (10b) was formed (60—909%), (a) when the
vinylaminotriazole (5c) (12:0 g, 0-05 mol) or a mixture
of the aminotriazolecarboxamide (4c) (6-4 g, 0-05 mol) and
ethyl acetoacetate (7-0 g, 6-8 ml, 0-054 mol) was heated
under reflux with piperidine (2-5 ml) in ethanol (600 ml)
for 24 h, or in glacial acetic acid (200 ml) for 4 h, and the
mixture then evaporated and treated with aqueous dilute
sulphuric acid or water, (b) when the vinylamino-
triazole (5¢c) or (5d) (0-0005 mol) was stirred at room
temperature for 5 min in aqueous N-sodium hydroxide
(1:0 ml), and the solution obtained acidified (aqueous
dilute sulphuric acid), (¢) when the amide (4c) (0-32 g) and
ethyl acetoacetate (0-4 g, 0-39 ml) were heated under reflux
in dimethylformamide (4-0 ml) containing glacial acetic
acid (0-25 ml) for 1-5 h, and the mixture was evaporated
and treated with water, (d) when a mixture of the amide
(4c) (0-64 g) and ethyl acetoacetate (15-0 ml) was heated
under reflux for 4 h, concentrated, and diluted with ether,
or {¢) when the ethylideneaminotriazole (5c¢) (0-1 g) was
melted at 180° on a Kofler block, and the solid which
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crystallised in the melt was purified. The isomer mixture
had the composition (9b) (72%), (10b) (289,) as estimated
from the integrated ratio of the H-6 signal in the 'H n.m.r.
spectrum (Table 1) of the mixture in [2Hg]dimethyl
sulphoxide; m.p. 274—275° (from glacial acetic acid—
ethanol), v 3350, 3250br, and 3200br (NH), 1670 (CO),
and 1640 (NH def) cm™, A, 210, 243, 250sh, 276infl,
294infl, and 325 nm (log e 4-22, 4-30, 4-28, 3-94, 3-62, and
3-39), m/e 193 (75%, M™*) and 110 (75, M* — 83) (Found:
C, 434; H, 3-6; N, 36-4. Calc. for C,H,N;O,: C, 43-5;
H, 3-7; N, 36-3%). The mixture was unchanged (m.p.,
and i.r. and 'H n.m.r. spectra) after heating under reflux
with glacial acetic acid or ethanolic piperidine for 8 days.

Evaporation of the aqueous filtrate from the acetic
acid-catalysed reaction of the compound (5¢) in (a) gave a
solid which was crystallised to afford the triazole amide
(4c) (21%).

The solution obtained by heating the acetyl compound
(5d) (0-28 g) under reflux (3 h) in glacial acetic acid (5-0 ml),
on cooling deposited the acetamidotriazole (4d) (809%,),
identical (m.p., mixed m.p., and i.r. spectrum) with an
authentic sample. Evaporation of the acetic acid mother
liquor and treatment with ether gave the isomer mixture of
(9b) and (10b) (0-05 g).

5,7-Dimethyl-v-triazolo[3,4-a)pyrimidine-3-carboxamide
(12a).—(a) The aminotriazolecarboxamide (4c) (0-64 g,
0-005 mol) was heated under reflux in acetylacetone (15-0
ml) for 2-5 h. The mixture was cooled and the precipitated
solid was combined with a second crop obtained by evapor-
ating the filtrate and treatment with ether to give the
v-triazolo[3,4-a]pyrimidine (12a) (0-91 g).

(b) The vinylaminotriazole (5c) (30 g, 0-0125 mol)
was heated under reflux with acetylacetone (50 g, 5-2 ml,
0-05 mol) in glacial acetic acid (50-0 ml) for 4 h. Evapor-
ation of the mixture gave a solid which was treated with
water and ether, washed (ethanol then ether), and dried to
give the product (12a) (0-73 g).

(¢) The vinylaminotriazole (5c¢) (0-6 g, 0-0025 mol)
was heated under reflux in acetylacetone (8-0 ml) for 4 h,
or with acetylacetone (102 g, 1-0 ml, 0-01 mol) in the
presence of piperidine (0-6 ml) in ethanol (25-0 ml) for 24 h.
The mixture was evaporated and treated with ether, and
the resulting solid (0-28—0-35 g) was suspended in water
(30 ml), treated with piperidine (0-25 ml), and filtered off
to yield the v-triazolopyrimidine (12a) (0-11—0-23 g).
Acidification of the aqueous filtrate with aqueous dilute
sulphuric acid gave the isomer mixture of (9b) and (10b).
(0-08—0-17 g), identified by comparison (m.p., and i.r. and
H n.m.r. spectra) with a sample prepared before.

The v-triazolopyrimidine (12a) had m.p. 265° (from
ethanol-acetic acid), m/fe 191 (55%, M*) and 108 (100,
M* — 83) (*H n.m.r. data in Table 1), and was identified by
comparison (m.p., mixed m.p., and i.r. spectrum) with an
authentic sample.? '

Mass Spectral Data for v-Tviazolo[3,4-alpyvimidines.—
The v-triazolopyrimidine (12a; Ph for CO-NH,) had m/e
224 (289%, M*) and 196 (100, M+ — N,); compound (12b)
had m/e 253 (100%, M*) and 170 (100, M+ — 83).
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