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ABSTRACT 

The first part of this study was devoted to the synthesis 

of various nitrogen heterocycles via nitrene-induced reactions. 

Thus, decomposition of several aryl 2-azidophenyl ethers 

containing substituents in the relevant ortho positions led to the 

isolation of many new compounds. In this way the first successful 

synthesis of 5, il-clihydro 4-methyldibenzo[ , J[l,4]oxazepi.ne and 

its 2, 4-dimethyl homologue by a nitrene (or nitrenoid) reaction has 

been achieved. 4- Methoxyphenoxazine and 1, 2- dimethoxyphenox-

azine were similarly obtained. This again is the first successful 

synthesis of a phenoxazine via a nitrene-induced cyclisation. 

Deoxygenation of the corresponding aryl 2-nitrophenyl ethers 

by triethyl phosphite led to isolation of the hitherto unreported 

phosphoranylidene azepine in two instances. Thus 2, 6-dimethyl-

phenyl- and 2, 4, £-trimethylphenyl 2-nitrophenyl ether gave the novel 

7-triethoxyphosphoranylidene 2-(2, 6-dimethylphenoxy) azepine and 

its 2, 4, 6-trimethylphenoxy homologue respectively. These azepines 

were observed to undergo a novel, rapid hydrolysis resulting in loss 

of the three ethoxy groups and leading to the corresponding azepinyl 

phosphenic acids. 

In the thermal decomposition of aryl 2-azidophenyl suiphones 

it was established .that the competing processes of rearrangement 

and direct insertion led to a mixture of phenothiazine 5, 5-dioxides. 

In the thermal deoxygenation of 2, 4, 6-trimethylphenyl 2-

nitrophenyl methane by triethyl phosphite a novel, nucleophilic attack 

by phosphorus on the methylene function of the substrate was observed. 

This reaction resulted in the formation of diethyl 2-N-(2,4, 6- trimethyl-

phenyl)amino benz yl pho s phona te. 



An attempt to prepare 3-methyl 6-oxo-anthra[1, 9-

4ad]isoxazole by reductive cyclisation of 2-methyl 1-nitro-

anthraquinone resulted in the isolation of bis 9, 9'-(10-ethoxy 

2-methyl 1-nitro) anthryl in addition to the primary amine and 

the phosphoramidate. 

The second part of this study consisted of experiments 

directed towards the synthesis of 2, 6-disubstituted phosphorins 

via the 1, 2-dihydrophosphorins. The latter objective has been 

achieved by the reaction of phenyl phosphine with various 

diynols - a novel synthetic route to phosphorus heterocycles. 
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I. 1. DEFINITION, NOMENCLATURE AND HISTORICAL 

DEVELOPMENT OF NITRENES 

In many reactions, species containing a monovalent nitrogen 

atom are formed or have been postulated as reactive intermediates. 

Such species in which the electron-deficient nitrogen atom possesses 

six electrons in its outer shell, have been variously named: azenes, 

azacarbenes, azylenes, imine radicals, imidogens, nitrenes. 
1 
 In 

recent years the term "nitrene"  seems to have been generally accepted. 

As early as 1891, Tiemann2  postulated a carbonylnitrene, 

R-CO-N in his interpretation of the Lossen rearrangement. Curtius3  

adopted the nitrene mechanism to account for the reactions of some 

carbonyl azides while Bertho4  in 1924 proposed phenylnitrene as an 

intermediate in the decomposition of phenyl azide in-xylene. 

The appearance of reviews in 1959, 5 19636 and 1964 indicated 

a revival of interest in the chemistry of nitrenes. However, it was 

only in 1962 that physical evidence for the existence of organic nitrenes 

was obtained. Smolinsky, Wasserman and Yager8  reported the E. S. R. 

signals of stable triplet species obtained by irradiating solid solutions 

of phenyl azide and related molecules in a plastic matrix at 77°K. 

1.2. ELECTRONIC STRUCTURE AND SPECTRA. 

The nitrogen atom in a nitrene is bonded to a single carbon centre 

and is therefore sp-hybridised. Thus one of its five valence electrons 

is involved in the .bond to carbon; one pair occupies the non-bonding 

sp-orbital and the remaining two electrons are in the unhybridised 

orbitals p and Py•  Since the spin multiplicity is given by 2S + 1 

where S is the total spin, the nitrene is a singlet when the two 

electrons are spin-paired (i. e. S = 0; 2S + 1 = 1). If the spins of 

the electrons are parallel, then the nitrene is a triplet (i. e. 

S= +=1; 2S+1=3). 

Nitrenes can therefore exhibit the properties either of triplet 

3. 



diradicais, R-N or of electrophilic singlet species, R-N . Since 

the two p-orbitals are equivalent in energy and will contain one electron 

each, both electrons having the same spin, the ground state for nitrenes 

is expected to be the triplet state. 

Spectroscopic data of the triplet state of nitrenes is quite well 

documented largely due to the electron paramagnetic resonance studies 

of Smolinsky and his co-workers 8-11 andto the optical spectroscopy 

of azide photolysis products achieved by Reiser and his group. 12-15 

By irradiating dilute solutions of phenyl azide and related mole-

cules frozen in a plastic matrix at 77°K, Smolinsky and his co-workers8  

observed E. S. R. signals which are characteristic of two strongly 

interacting unpaired spins localised essentially on a single atom. 

These were assigned to the triplet ground state of the nitrene. This 

work has been extended to aromatic dinitrenes 9 
 and alkylnitrenes. 10  

Using a similar technique, Reiser and his group have been able 

to record ultra-violet spectra of several aromatic nitrenes and 

dinitrenes12  and also to detect the nitrene intermediate in the photo-

cyclisation of 2-azidobiphenyl. 13 Direct observation of a nitrene at 

room temperature was first reported in the flash photolysis of 1-

azidoanthracene. 
14 

 The peak at 342 nm. in the u. v. spectrum was 

assigned to the nitrene intermediate whose half-life was provisionally 

estimated to be between 3 and 10 sec. The absorption bands were 

identified by comparison with the spectra of 1-azidoanthracene when 

photolysed in a solid matrix at 77°K. 

There is as yet no spectroscopic information on the first excited 

singlet state of a nitrene. This is because intersystem crossing of 

the excited singlet to the triplet state is possible, provided a low-lying 

singlet state exists. The intermediate may then react in either form. 

Thus if a singlet nitrene produced in the primary step finds no suitable 

substrate with which to react, decay to the triplet state occurs. This 

makes it difficult to predict the spin state of the nitrene intermediate 

generated in the primary step. Application of the Wigner spin 

conservation rule 
16 

 would suggest that thermolysis of azides should 
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initially generate a singlet nitrene while photolysis should yield the 

triplet species. As it is not possible thus far to generate nitrenes 

by thermolysis of azides under conditions which will allow physical 

observations to be made, any conclusion on the state of the reactive 

intermediate will have to be based on the nature of the final products. 

1.3. GENERAL REACTIONS OF NITRENES 

The most extensive work on nitrenes has been carried out with 

carbethoxynitrene, EtO-CO-N, mainly by Lwowski and his co-workers. 17 

In these reactions, the same products have been obtained from very 

different precursors. It thus seems reasonable to deduce that the 

nitrene is the common intermediate in the reactions. In the case 

of many other reactions of nitrene precursors, there is no rigorous 

proof that nitrenes are intermediates. Very often, the reaction 

products can be rationalised by alternative mechanisms that do not 

involve nitrenes. Some of the general reactions of nitrenes are 

discussed in the following sections. 

Recombination 

The reaction of two nitrenes to form an azo compound is spin 

allowed for both the singlet and triplet species. 

2 R-N 	> R-N = N-R 	 (1) 

Such a process requires a high local nitrene concentration. Provided 

the solvent is inert, the preferred reaction pathway in flash photolysis 

is recombination. 15 

Electrophilic Attack On Bonding Pairs 

(i) 	Insertion into C - H bonds 

Only singlet nitrenes undergo insertion into C-H bonds; 

5. 



R-N + H-C— 	 R-N-C- 	 (2) 
I 	 II 

H 

the yield of secondary amine depending on the substrate and on the 

rate of competing processes. It appears that in alkylnitrenes the 

insertion reaction is less favourable than the faster process of hydrogen 

migration which results in imine formation. 18, 19 However when 

hydrogen migration and other rearrangements are inhibited, insertion 

becomes important: e.g. carbethoxynitrene inserts into cyclohexane 

with a yield of 50%. 20 The yields of insertion products of pivaloyl-

nitrene (tert-butyl carbonylnitrene) into primary, secondary and 

tertiary C-H bonds are in the ratio of 1:19:160. 21 

Arylnitrenes are more selective in their insertion reactions 

than carbonylnitrenes. Phenylnitrene inserts into primary, secondary 

and tertiary C-H bonds in the ratio of 1:100:4000. 22 The insertion 

of arylnitrenes into aromatic C-H bonds is as efficient as that into 

secondary C-H bonds of aliphatic hydrocarbons, e. g. photolysis and 

thermolysis of 2-azidobiphenyl yielded 78% of carbazole, 23,24  

Q—.O orhv> Q.P (3) 

H 

while the corresponding insertion into a cyclohexane ring gave the 

ring closure product in 86% yield. 25 

Q-0 (4) 

The pyrolysis of optically active 1- azido- 2- (2- methylbutyl)benz ene 

(1), (X = N3), in the vapour phase and in diphenyl ether solution gave 



active 2-ethyl-2-methyl indoline (2), in yields of 50% and 43% 

respectively. Smolinsky and Feuer 26 interpreted these results as 

suggesting the direct insertion of a singlet nitrene into the C-H bond 

at the 2-position of the side chain via a transition state such as (3) 

(Scheme 1). The alternative process involving triplet nitrene via 

radical abstraction to give the intermediate (4) followed by recom-

bination would have led to extensive racemisatjon. 

Me 

oc"t 
Me 

0 
(1) 
	

ZK 	I 

Me 

k. 
- -'H 

(3) 

/ 

Scheme 1. 

The degree of retention was greater in the vapour phase than 

in solution. This suggests, as would be expected, that collisional 

deactivation of the singlet to the triplet nitrene occurred more readily 

7. 



in solution. 

Insertion into 0-H bonds. 

Carbonylnitrenes insert into 0-H bonds with the formation of 

hydroxylamine derivatives. The photolysis and thermolysis of ethyl 

azidoformate in t-butanol gave the insertion product in 55% yield. 27 

R- OH + N-CO2Et 	R0-N-CO2Et 	 (5) 

Insertion into N-H bonds. 

Thermolysis of ethyl azidoformate in aniline gave a 52% 

yield of the hydrazine which can be formally accounted for by 

insertion of the nitrene into the N-H bond of the amine. 28 

A 
EtO-00-N3 PhNH2> Ph-NH-NH-COEt 	 (6) 

The photolysis of-cyanophenyl azide in dimethylamine was 

reported by Odum and Aaronson 29 to yield 70% of 1, 1-dimethyl 

2- (4-c yanophenyl)hydrazine and 5% of p.- cyanoaniline (eq. 7). 

hv 
NC 	

N3Me2NH 
NC—--NH—NMe2  

700/0  

+ 
	

(7) 

NC—K --NH2 

In the presence of a triplet sensitiser, the photolytic reaction gave a 
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reversal of product yields, 70% of-cyanoaniline and 6% of 

hydrazine. By implication the large yield of hydrazine in the 

absence of sensitiser is due to the intermolecular insertion reaction 

of the singlet nitrene. 

The synthetic applicability of the N-H insertion reaction with 

primary amines is limited by the dehydrogenation of the primary 

product R-NH-NH-GO2R' to the azo compound R-NN-GO2R' by 

the nitrene. 30 

(iv) 	Hydrogen abstraction. 

This is possibly the most general reaction of triplet nitrenes. 

Two separate abstraction steps are required to saturate the electron 

deficiency of the triplet. The nitrene is converted to an amino 

radical and the substrate into a carbon radical in the first step: 

'tt 	I ___ 
- C-N• + H-C- 	) -C-N-H +C- 

r 	
8) I 	 I  

The two radicals have unpaired spins at this stage and cannot couple 

unless one of their spins is reversed. The time required for spin 

reversal is usually sufficient to allow the two radicals to diffuse away 
31 

 from-each other. 	The amino radical will then abstract a second 

hydrogen to form the primary amine. 

—C—NH + H—C— 	> —U —NH+ •C— 	(9) I 	 I 	 I 	 I 

Other probable reactions include a series of radical recombinations 

resulting in secondary amines (pseudo insertion), hydrazines and 

hydrocarbon dimers (eq. 10-12). 

H 

—C—NH + .C— - > —C—N—C— 	 (10) I 	 I 	 I 	I 

VIP 



I. 	.1 
—C—NH + FIN — C —  -> —C—N—N—C— 	 (11) 

—c• + c — 	> —C—c-- 	 (12) 
I 	I 	 I 	I 

Sensitisation experiments have given proof for the triplet 

character of the hydrogen abstracting species e. g. photolysis of 

ethyl azidoformate in cyclohexene gave the hydrogen abstraction 

product (urethane, H2N-CO2Et) in 3% yield and a trace of bis-

cyclohexene. 20 These yields are increased to 74% and 63% respec-

tively in the sensitised photoreaction. 

(C) 	Addition To Multiple Bonds. 

(i) 	Addition to carbon-carbon double bonds. 

Addition of nitrenes to olefins is a reaction of both the singlet 

and triplet species. Such reactions, resulting in aziridine formation 

has been positively established only for some carbonylnitrenes like 

carbethoxynitrene. 17 

I 	 I 
I 	 C—R 	 C—R 

	

—C—N +11 )  _C_N(j 	 (13) 

I 	 I 

- 	By adapting Skell's model 
32

for correlation of data in the 

carbene field, Lwowski17  has shown that in the addition of carbethoxy 

nitrene to olefins, the singlet species adds stereospecifically while 

the triplet adds non-stereospecifically. (Scheme 2). 

- 	Lwowski assumed that the singlet nitrenes adds stereospecifically 

in one step to the C=C bond while the triplet adds in two discrete steps 

via a triplet 1, 3-diradical intermediate. 	The rate of ring closure of 

10. 



H. ,a 
'C 

R—N + II 
	

R—<[ 

Hb 
	

H Irç 

singlet 
nitrene cis-olefin cis-aziridi ne 

t. 
R—N + 

triplet 
nitrene 

Ra 

II 
I
JC 

H 	b 

cis-olef in 

H..I. a ka 

H 	b 

ci sold 

a 

R—N' 

H 	b 

ci .s- azi rid i ne 

kh 	kc 

a 	H 	 a-j 
C 	 tC 	kd 

R—, 	
I —) 

H 	b 	 H 	b 

a. 
'C 

R NI 

triplet 	trans 
nitrene 	olefin 	 trans old 

	
trans-az in dine 

kdck< khlkc  

Scheme 2 - Skell's scheme for the addition of singlet and triplet 
species to olefin adapted for the addition of a nitrene. 
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the latter is supposed to be considerably smaller than that for 

rotation about the C-C bond between the two former olefin carbons. 

Consequently stereospecificity is lost and a mixture of cis- and 

trans-azjrjdjnes result. 

Using cis- and trans -4_methylpent_z_ene as the olefin 33, 34 

and producing carbethoxynitrene in three independent ways: 

by thermolysis of ethyl azidoformate, by the alkali-induced decom- 

position of N- (j- nitrob enz enesulphonoxy)ur ethane (an a- elimination 

reaction) and by the direct photolysis of ethyl azidoformate, 

Lwowski obtained the same aziridine in good yield. In thermolysis 

and in a-elimination the addition of the nitrene to the double bond is 

almost completely stereospecific if conducted in neat olefin; trans-

aziridine is formed from_trans-pentene and cis-aziridine from the 

cis-isomer. In photolysis, a mixture of about 70% of the stereo-

specific and 30% of the non-stereospecific addition products was 
37 

 obtained. 	Thus in direct photolysis the nitrene is generated as a 

mixture of 70% of the singlet and 30% of the triplet species. This 

conclusion is borne out by interception experiments in cyclohexane. 38 

As a result of Lwowski's work the mechanism of the primary 

photolytic step is better understood. Since the singlet carbethoxy-

nitrene is intercepted quantitatively in the neat olefin in thermolysis, 

the triplet nitrene observed in photolysis must originate from an 

excited triplet azide. Intersystem crossing from the singlet excited 

azide to the triplet state competes successfully with the dissociation 

of the excited singlet azide. Both the singlet and triplet states of the 

azide group must be capable of dissociation, a conclusion borne out 

by sensitisation experiments. 

Rees and his co-workers 39 have also synthesised aziridines 

in good yields by oxidation of cyclic a-amino compounds with lead 

tetraacetate in the presence of a wide range of olefins e. g. oxidation 

of N -amino phthalirnide in the presence of trichloro ethylene gave 

2, 2, 3-trichloro- l-phthalimidoazjridine via an aminonitrene inter-

mediate in 90% yield. 

12. 



N-N H2  

0 

Pb(OAc)4  

0 

/Cl2C=CHCI 

Ct\ /CJ 

0, C 
H 	C1 

The additions to cis- and trans-but- 2- ene are at least 95% 

stereoselective indicating the singlet nature of the aminonitrene. 

1, 3 Cyci oaddition. 

Huisgen has reported 40,41 1,3 cycloaddition of carbethoxy-

nitrene to triple bonds (e. g. diphenylacetylene) to yield a mono-

adduct and a diadduct. (Scheme 3) 

Ph—C =—C— Ph 

0 	 130°  
Ph—C ------ C—Ph 

I 	I 
NO 

	

I 	 I 
OEt 	 OEt 

N-COEt 

OEt 

?O2Et  

Ph—Cph 	 Ph—C—C—ph 

N 
II  I 

	

CO2 	 IEt 	 Scheme 3 	
OEt 

13 
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Carbethoxynitrene adds to nitrile groups to give 1, 3,4-

oxadiazoles in good yield e. g. irradiation of ethyl azidoformate 

with acetonitri.le gave 2- ethoxy-5-methyl 1, 3,4-oxadiazole in 55% 
42 

yield. 	The mechanism is not known. A concerted 1, 3-dipolar 

addition as well as a diazir-2-ene or a nitrilimjne intermediate 

seems reasonable. (Scheme 4) 

/ 

R-C=N 

QN 
\/ 

0 OEt 

R-CEN -I-  N-CO2Et 1,3-dipolar 

addition 
R-C=N 

I 	I 
ON 

/ 

+ - 
R-CEN-N-c 

OEt 

R-C=N-N-C 
OR 

) R-CE-N=C °  
OEt 

_ 1 
' R-CN-NC 
OR 

Scheme 4 

(D) 	Electrophilic Attack On A Non-Bonding Pair. 

Being stronly electron-deficient nitrenes will react with 

non-bonding pairs. Thus carbethoxynitrene attacks the lone pair 

of amino groups 28 to form hydrazine derivatives and polyamines. 

14. 



N-CO2Et 	> C~+-N-CO2Et 

(15) 

CO2Et 

 of 2 -CO2Et 

/ 
aN-CH~-NldCO2 Et 

The intermediate zwitterion-betaine has actually been isolated in the 

case of pyridine. 
28 

CON: + —CO2Et 	> CO)-~-Co 	
(17) 

670/0 

Similarly, benzoylnitrene is trapped by strong nucleophile 

with lone pairs like dirnethylsuiphoxide. 
43 
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O
-CH 3 	 CH 

c-I3  

	

CO-N 1- S0 	 CO-NS=O (18) 
I 	 I 

	

CH3 	 CH3  

1.4. METHODS OF GENERATION OF NITRENES 

(A) 	The Question Of Nitrene Participation. 

Being monovalent nitrogen species, nitrenes are usually 

generated from some derivative of tervalent nitrogen by some 

elimination, reduction or oxidation process, in the presence of the 

substrate with which the nitrene is supposed to react. In these 

circumstances, it is possible that the reactions observed are not 

those of the nitrene but those of the precursor, of an excited state 

or of a partially reduced form of the precursor, and so on. 

In the case of azides as nitrene precursors, loss of nitrogen 

as the first, unassisted, reaction step leads to a nitrene. Reactions 

of excited azides with the substrate followed by loss of nitrogen are 

not nitrene reactions; neither are concerted cyclisation and loss of 

nitrogen nitrene reactions. For example, photolytic or thermal 

decomposition of an azide in the presence of olefins yield an aziridine 

and liberate nitrogen. A nitrene mechanism (route A, Scheme 5) 

requires loss of nitrogen as the first step. The azide mechanism 

involves formation of a triazoline and subsequent loss of nitrogen 

leading to an aziridine (route B, Scheme 5). This latter reaction is 
44  well documented. 	A decision between the two mechanisms must be 

made for every reaction studied as long as the azide is used as a 

nitrene precursor. From the structure of the product alone the 

intermediacy of a nitrene species can neither be proved nor disproved. 

An interesting example which illustrates the necessity to 
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-+ 	A R-N-NN 	 R-N + NN 

I 

-N2 	 C- 
R-\ 	

R-<J 
-c-C- 	 C- 

I 	I 	 I 

Scheme 5 

consider both the nitrene mechanism and the concerted reaction is 

the work of Boyer and Mikol45  on the photolysis of 2- 2'- diazidobi-

phenyl. These workers obtained 50% of 4-azidocarbazole (3) and 

trace amounts of benzo[c]cinnoline (2). The postulated reaction 

pathways are shown in Scheme 6. 	Since the formation of carbazole 

by either photolysis or pyrolysis of 2-azidobiphenyl proceeds from an 

intermediate nitrene, 13 the formation of (3) from (i 

construed as diagnostic evidence for the intermediacy of 2-azido-2'-

nitrenobiphenyl (4). The formation of benzo[c]cinnoline could proceed 

either by a concerted mechanism not involving nitrenes (route B) 

or via the nitrene (4). 

The intermediacy of a nitrene species has been shown to be 

highly probable in many reactions by generating the species by two or 

more independent routes and showing that the same products or product 

mixtures result. The example of the addition of carbethoxynitrene 

17. 



N3  N3 	 N—N 

route 

BLb 
 

(1) 

j,-N2 

+, 

N N3 	
0 	

N-N 

6b 
(4) 

N3 	 N—N 

dPb 
(3) 	Scheme 6 

(generated by three independent ways) to olefins has already been 

discussed in the previous section. Another example is the formation 

of 2-dialkylamino-clihydroazepines from a number of reactions 

carried out in the presence of a dialkylamine: the pyrolysis 
46 

 and 

photolysis 
47 

 of phenyl azide; the deoxygenation of nitrosobenzene48  

and nitrobenzene 
49 

 and the photolysis of oxaziranes. 50 (Scheme 7). 

Phenylnitrene seems to be the only likely intermediate in these 

reactions. 

Some of the reactions used as criteria for the intermediacy of 

a nitrene (exemplified by arylnitrene) are listed in eq. 19-24. '  
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0—N3 

O-NO Ph 3P 	 NR2 
R2  NH4 ON 

(EtO)3P 

NO 2 	
hv 

Scheme 7 

Each of these reactions is more or less difficult to explain without 

invoking a nitrene but none of them by itself constitutes absolute 

proof: abstraction of hydrogen, 

Ar—N RH 
+ R—H - R' + Ar—NH --)ArN1-12 	(19) 

addition to a multiple bond, 

\/ 	 I 
C 	 C— 

Ar-N 	Ar-N(I 	(20) C 
/\ 	 C- 

19. 



insertion into a single bond (usually C-H), 

Ar—N + R—H -.--_-> Ar—NH—R 
	

(21) 

ring expansion accompanied by reaction with a suitable nucleophile, 

+ R2NH 

NR2  C12 
N 

(22) 

bond formation at an unshared electron pair (usually on phosphorus), 

Ar—N + P(OEt)3 	 Ar—N=P(OEt) 
3 	

(23) 

and dimerisatjon. 

2Ar—N --.> Ar—N=N--Ar 	 (24) 

The isolation of a specific reaction product does not necessarily 

allow the unambiguous deduction of the reaction by which it arose. 

There are usually other possible routes to be considered some of which 

may not involve a nitrene. Interpretation may be further complicated 

by the fact that the initial products may be so labile that the final 

products actually isolated are the result of further transformation. 

(B) 	Thermolysis and Photolysis of Azides 

The extensive work of Lwowski and his group 17 on the thermo-

lysis and photolysis of ethyl azidoformate in olefins has been discussed 

in the section on the addition of nitrenes to C=C double bonds. 

Thermolysis of the azide yielded a completely stereospecific product, 

a result of the reaction of singlet nitrene with olefin. From photolysis 

20 



they obtained a mixture of stereospecific and racemised products, 

the latter being formed from the reaction of triplet nitrene which 

has its origin in an excited triplet state of the azide. There is thus 

a competition between dissociation of the singlet excited state and the 

intersystem crossing from the excited singlet azide to the triplet state. 

The decomposition can thus be summarised in Scheme 8. 

k 
Azjde 	1_) 

singlet excited azide 

1k3 

singlet nitrene 

lk 5 

stereos pe c if i c 
addition product 

by pioducts 

k 	 f 
k 

- 2 	
triplet excited azide 

jk4  

triplet nitrene 

1k  

non- stereos pecific 
addition product 

Scheme 8 

Sensitised decomposition provides a useful method of studying 

the triplet nitrene with minimum contamination by the singlet species. 

In a study of the photo decomposition of 2-azidobiphenyls, Swenton52  
C 

ound that direct irradiation of 2-azidobiphenyl in various solvents 

produced carbazole (68-74%) and azo-2-biphenyl (8- 12%). Aceto-

phenone-sensitised photolysis yielded 40-49% of the azo compound and 

less than 5% of carbazole, thus establishing the intermediacy of the 

excited triplet state in the formation of the azo compound. Quenching 

studies using piperylene a known triplet quencher reduced the formation 

of azo compound to less than 3% while enhancing the yield of carbazole 

to 90%. 

In practice, most azides decompose smoothly in solution or 

in the vapour phase at temperatures between 140-2000. Thermolysis 

of azides is usually accomplished in dilute solution in order to moderate 
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the exothermic reaction. Decomposition does not appear to depend 

on the nature of the solvent (as long as it is not acidic) although the 

final products may involve reaction with the solvent. Some examples 

of the solvents used are decalin, tetralin, hexadecane and resorcinol 

climethyl ether. 

(C) 	Deoxygenation Of Nitro And Nitroso Compounds By Tervalent 

Phosphorus Reagents. 

Tervalent phosphorus reagents (X3P) such as trialkyl phosphites 

and triaryl phosphines react with a wide variety of oxygen-containing 

compounds to yield the corresponding pentavalent phosphorus compounds 
53 

 (X3PO). 	The great strength of the P=O bond provides the major 

driving force for these reactions. Typical bond dissociation energies 

of the P0 bond in phosphates and phosphine oxides lie in the range 

500-630 kJ mole 	(120-150 kcal. mole-  )54  compared with values 

in the range 210-300 kJ mole '  (50-70 kcal. mole- 1) for the 	-0 

bond in amine oxides. 55 

The deoxygenation of nitro and nitroso compounds by tervalent 

phosphorus reagents has been the subject of recent reviews by 
56,57 	 58  Cadogan 	and Boyer. 	Recent evidence indicates nitrene inter- 

mediacy in many of these reactions since many cyclisations similar 

to those observed in azide decompositions have been achieved by such 

reactions. Aromatic nitro compounds react more slowly than the 

corresponding nitroso compounds and it has been proposed that stepwise 

deoxygenation first transforms the nitro compound into the nitroso 

group. 59-61 cadogan62 proposed the following scheme 
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Ar-N0 , PR3 - > Ar-N--O--PR3  

o) 

Ar- 	R3 	< 	Ar - 0 PR3  
+ 

R3  PO 

Ar-N 

Scheme 9 

while Smolinsky59  suggested a scheme involving a cyclic intermediate, 

thus: 

c5 

Ar-N + PR 	- Ar--PR3  
0 

0 

j
,-R3PO 

R3P 
Ar-N--PR3 < 	Ar-NO 

0 

[R3PO 

Ar-N 
Scheme 10 
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The initial nucleophilic attack by the phosphorus reagent is sub-

stantiated by the fact that phosphorus trichioride Pd 3  will not 

deoxygenate 2- nitrobiphenyl. 61 

In practice it is difficult to establish that the nitro group is 

first reduced to the nitroso group because the latter is itself more 

easily reduced e. g. in the reduction of 2-nitro- and Z- nitro sobiphenyl 

by triethyl phosphite, the half-lives are 50 mm. at 145°  and 2 mm. at 
00 respectively. 1 Katritzky et al. 63 have recently adduced indirect 

evidence that reduction of 3-methyl-7-nitroanthranjl to 4-acetylbenzo-

furazan proceeds via the intermediacy of the corresponding nitroso 

compound, 

Me 

00 

P(OEt)3  

Me 

(25) 

Earlier work 64 has shown that nitrosation of 5-dimethylaminobenzo 

furoxan gave 4- dimethylamino- 7- nitrob enzofurazan via a similar 

rearrangement. 

M e2N2N HNO2 Me2N-1.N\ 	Me2N1 fI (26) 

' j,o 
NO2  

0 

However it is not possible to rule out other routes to 4-acetylbenzo- 

furazan (such as eq. 26A) which do not involve initial reduction of the 

nitro group to the nitroso. 
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(26A) 

Pyrolysis of 2-azido-21 ,41 , 6'-trimethyl biphenyl was reported 

by Smolinsky6  to 'yield 8, 10-dimethylphenanthridine (2; 50%),  2,4,9-

trimethy1carbazole (3; 5%)  and 2-amino- 2', 4', 6'- trimethylbiphenyl 

40%) (Scheme 11). These products were rationalised by a nitrene 

mechanism. Cadogan and Todd 61 in a study of the triethyl phosphite-

induced deoxygenation of 2, 4, 6-trimethyl-2'-nitrobipheriyl has given 

evidence in support of such a mechanism. Reaction of excess of 

phosphite with the nitro compound gave the amine (4; 13%) (suggesting 

hydrogen abstraction by an electron-deficient species, possibly a 

nitrene) and triethyl-N- (2', 4', 6- trimethylbiphenyl- 2- yl)phos phorimidate 

15%)  which could arise thus: 

ArN + P(OEt)3 	> ArN = P(OEt)3 	 (27) 

This interpretation was supported by the results of the deoxygenation 

in excess cumene as solvent. As expected the coupling reaction (eq. 27) 

was suppressed while insertion and hydrogen abstraction reactions were 

enhanced as indicated by the isolation of 32% amine (4) and 14% of the 

phenanthridine (2). (Scheme 11) 

Furthermore 11% of 2, 3-dimethyl 2, 3-diphenylbutane was obtained 

This product can arise only by dimerisation of a-cumenyl radicals 

produced by abstraction of hydrogen from cumene by a radical species 
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Me 

O,.

Me + 

NH2 
Me 

(4) 

Me 

"O—Y 

Me + 

(2) 

Me 

QMe 

Me 
(3) 

X:N3 

Me 

—O 

- 

(EtO)3P 

Q- 

Me  

Me 	
(X:NO2) 

(X: NO2)d,(EtO)3P//PhCHMe2 

(2) 4- (4)-f- (5) 

(4) 

Scheme 11 

presumably triplet nitrene. 

ArIt + PhCHMe2 - ArNH2 + PCMe2 	> (PhCMe2)2 	 (28) 

The decomposition of phenyl azide in amines to give azepines 

has been suggested to go via phenylnitrene and 7-.azabicyclo[4, 1, 
47 	

0]-. 

hepta- 2, 4, 6-. triene. 
46, 	

(Scheme 12) 

CNR2 RNH 
> 	N 

U~ 

Scheme 12 
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This ring expansion has been used by Odum and Brenner 48 
 to 

support the suggestion 
66 

 of nitrene participation in the triphenyl-

phos phine- induced deoxygenation of nitrosobenzene. When nitro-

benzene was deoxygenated by diethyl methyl phosphonite in a large 

excess of diethylamine, 2-diethylamino-3H-azepine was obtained in 

83% yield. 6  

NEt 

NO2  + (EtO)2PMe + EtNH 	
- 	CN 2 

The corresponding reaction of 2-nitrobiphenyl gave 2-diethylamino- 

3-phenyl-3H-azepine (13%) in addition to carbazole (67%). Cadogan 
61 

 has suggested 	that the nitrene and azabicycloheptatriene are 

present in equilibrium (cf. Abramovitch and Davis' similar suggestion 7), 

C 
 Ph 	 (1Ph 	

(30) c
N 

 

carbazole arising from the nitrene and the azepine from the azabicyclo-

heptatriene. That such a bond reorganisation is competitive with 

cyclisation has been established by Sundberg in a photolytic decomposi-

tion of 2-azidobiphenyl. 67 

Cadogan et al. 
68 

 have also established the intermediacy of 

nitrenes in the thermal reaction of nitrobenzene and substituted 

nitrobenzenes with trialkyl phosphites in the absence of amines. Low 

but significant yields (< 18%) of dialkyl 3-azepin-7-ylphosphonates 

were formed (Scheme 13) in addition to dialkyl-N-arylphosphoramidates 

and dialkyl-N- alkyl-N- arylpho s phoramidates. 
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 NO2 	
N 

:P(OEt)3  

aN K 	Ii 't'j 

P(OEt)2 	 P(OE03  I, 
0 

+ 

CH2 =CH2  

Scheme 13 

Sundberg and his coworkers have also reported 69 
 the similar 

formation of diethyl 2, 4, 6- trimethyl- 3- azepin-. 7- yl phosphonate in 

the photochemical and thermal reaction of triethyl phos phi te with 

2-nitro mesitylene. 

(D) 	Deoxygenation Of Nitro Compounds By Ferrous Oxalate 

The cyclisation of nitro compounds using ferrous oxalate has 

long been known and constitutes the Waterman-Vivian synthesis of 

phenazine. 70 By heating a mixture of the nitro compound and ferrous 

oxalate to temperatures between 200-3000 , Z-methoxyphenazine was 

obtained from 4'-methoxy Z- nitro diphenylamine in 49% yield; carbazole 

from Z-nitrobiphenyl in 63% yield; benzo{cjcinnoline from 2, 2'-

dinitrobiphenyl in 17% yield and acridine from 2-nitrobenzophenone. 

The phenazine synthesis has been extended to a wide range of phenazines 1  ' 

However an attempt to prepare phenothiazine from 2-nitrodiphenyl 

sulphide gave only 2, 21 -bis(phenylmercapto) azobenzene, 74 while 

2-nitrodiphenyl sulphone gave only 2- aminodiphenyl suiphone. 

Abramovitch et al. have postulated a nitrene mechanism 



(31) 

Fe2C2O4  

A 27O0 28O0  

for the deoxygenation of nitro compounds by ferrous oxalate. They 

obtained pyrido[ 1, 2-b]indazole from 2-o- nitrophenyl pyridine, 75 

0 7Wn  IN 03 No 	 >[OciOJ 
/ 
	

(32) 

8, 10-dimethyiphenanthricline (22. 6%) and 2-amino 2',4', 6'-trimethyl-

biphenyl (27.4%) from 2-nitro 2',4', 6L trim ethylbiphenyl. 76 

NO Me 

	 e 

- -0  0 'IP 'b Me  0 
(33) 

Me 

Me 

NH  Me 
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Suschitzky and Smith 77 have prepared phenazine (2) and 

several benzimjdazoles from N- substituted o-nitroanjlines and have 

suggested a plausible mechanism based on the loss of water from 

the aci-nitro form (1) thus: 

OH N020:   
aN,  H (1) 

N:O a-,  N 	 aN 

1 

(2) 
Scheme 14 

Likewise Smolinsky and Feuer 59 have obtained 8, 10-dimethylphenan-

thridine (32%) and carbazole (27%) by heating a diphenyl ether 

solution of 2-nitro 2', 4', 6'- trim ethylbiphenyl at 3500 without ferrous 

oxalate. They postulated that the nitro group was reacting through 

its aci form and concluded there was no need to invoke a nitrene 

intermediate in the ferrous oxalate reductions. 

Abramovitch and Davis 
78 

 in a further report reasoned that in 

cases where the aci-nitro compound can be formed the cyclisations 

proceed by two different mechanisms particularly if a suitable deoxy-

genating agent is absent. In the other cases he maintains that a 

mechanism involving complexed nitrene bound to the surface of the 

reagent and therefore not necessarily free, will account for all the 

products observed. 
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Scheme 15 

1.5. SYNTHETIC APPLICATIONS 

This section will be limited to a review of cyclisation reactions 

which occur on decomposition of aromatic azides and on reduction of 

aromatic nitro compounds by triethyl phosphite. In many cases they 

represent useful synthetic routes to heterocyclic compounds of nitrogen. 

Most of the examples cited proceed via a nitrene intermediate. Where 

a concerted cyclisation is the preferred pathway this will be mentioned 

specifically. 

(A) 	Five-membered Heterocycles. 

(i)Carbazoles, carbolines and benzocarbazoles. 

Smith et al. 	synthesized carbazole in 77% yield by the 

thermal and photolytic decomposition of 2-azidobiphenyl. This work 

was extended to include halo-, methoxy- and nitro-substituted 

carbazoles. Cadogan et al. 62 obtained carbazoles in good yield 
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1800  

+ 

32 

(35-83%) by deoxygenation of the readily available 2-nitrobiaryls: 

R"R' (EtO)3P R 	

to. 
R I 

NO2 	
H 

R, R1  = H, Br, CH  or polymethyl. 79 

The reduction of l-(2- nitro phenyl)naphthalene (1) gave 7H-benzo[c] 

carbazo].e (2; 64%) rather than the isomeric six-membered hetero- 

cycle (3) thus showing a preference for formation of five-membered rings. 

0
HN 

0 

 X 

0  

_ 1c 

0  CO  
(3) 	 (1) 

 

NO2  

1010 
(2) 

Scheme 16 

A mixture of a- and -carboline (5) and (6) respectively was 

obtained in high yield by thermolysis of 3- (2- azidophenyl)pyri dine (4), 80 

(35) 



0-70 
02N 	Me 

(9) 

> O—CN  
NMe 
H 

(10) 

(37) 

whereas thermolysis of 2-(2-aziclophenyl)pyrjdjne  (7; R = H, R' = N3) 

failed to yield the expected -carboline (8) which has since been 

prepared in good yield by pyrolysis of the isomeric 3-azido- 2-phenyl-

pyridine (7; R = N3, R I = H). 81  

07 3  
R' 	R 

(7) 

Harman, a j3- carboline alkaloid (10) was synthesized by 

reductive cyclisation of 6-chloro 3-nitro 2-methyl 4- phenylpyri dine (9) 

and subsequent dechlorination. 82 

(36) 

(8) 

(ii) Indoles and related systems. 

Tri ethyl phosphite-induced deoxygenation of cis- and trans- 

2-nitrostilbene (ii) and a-nitrostilbene (12) gave 2-phenylindole (13) 

in 85, 58 and 16% yields respectively. 62 

chilI:::  Ph 	 P 

NO _CI  Ph < 
	

h 

(38) 

 H 	
0 

(11) 	 (13) 	 (12) 
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Sundberg83 has extended the indole synthesis to include 2-alkyl 

(CH 3, C211 
5 
2 50-60% yields) and 2-acyl (CH 3co, C6H5CO; 16% 

yields) indoles. Minor by-products of mechanistic interest are also 

formed. 

When 3, 13-disubstituted 2-nitrostyrenes84 are reductively 

cyclised indoles again form the major products. Thus cyclohexylidene-

(2-nitrophenyl)methane (14) undergoes ring closure with rearrangement 

to give 5, 6, 7, 8, 9, JO_hexahydro_cyclohepta[b]indole (15; 35%) together 

with smaller yields of the bi-indolyl (16; 24%) and the spiro-indolinone 

(17; 8%) (Scheme 17) 

O~Nw
(15) 

C _._

CH=0

NO 2 

 

0 NO 

Scheme 17 

Similarly, the reaction of 2-nitro j3, t3-dimethylstyrene gave 2, 3-

dimethylindole (33%). A further extension 85 to the indole synthesis 

involving migration of a -substituent in a mono-substituted 2-nitro-

styrene is outlined in Scheme 18. 
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Nk 
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J 

Scheme 18 

Two biologically interesting pyrrolo[3, 2-d]pyrimidines (19) 

have resulted from the thermal and photolytic reaction of the corres- 

ponding 5- nitro- 6-styrylpyrjmj.dine derivative (18) in the presence of 

triethyl phosphite. 86 

Me 

ON(Ar 

Me(NO2 
0 

(18)  

Me 

> Mefl
Ar 

ç> 

0 
(19) 

(39) 

Pyrolysis of P-azidostyrenes has been reported to give indoles. 

Thus cis- and trans- p_azidostyrene in boiling n-hexadecane solution 

gave 85% of a 1:1 mixture of indole and phenylacetonitrile, 87 

(rN . 

PhCH2CN 
3 WJ 

 

while the corresponding thermolysis of cis- and _trans -P-azido__ 

methylstyrene gave only 2-methylindole (86%). 

(40) 
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OZN )"CH3 	(41) 
H 

Sundberg et al. 88 have prepared 2-substituted indoles in yields 

of 50-80% by thermolysis of Z-azidostyrenes. 

A

a~ N R 
H 

Co 

C 6H5, C6H5CO and (ON 

(42) 

R = CH3CH2CH2, 

 

This synthesis provides a promising route to 2-acylindoles which are 

relatively inaccessible by known indole synthesis but which are of 

interest in connection with indole alkaloids. 

4a- Thieno[3, 2-b]indole (20) was obtained in 93% yield when 

2-(2-azidophenyl)thiophene was pyrolysed in decalin. 80 

so 	 S 

iII1t1I11 
(20) 

Suschitzky et al. 89 
have recently reported the preparation of benzo-

Lb]thieno[ 3, 2-b]indoles (22) in yields of 30-60% by reductive cyclisa-

tion of 2-aryl-3-nitro benzo[]thiophens (21) with triethyl phosphite, 

R' 1I-;IIIIiiii::I:J 	 (44) 

H 

(21) 	 (22) 
R' = H, Me, Cl, Br 	R 2 NO2 
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and by the pyrolysis of the corresponding azides (21; R' = H, 

R2  = N3). 

(iii) Inclazoles, imidazoles, triazoles and related systems. 

Pyrido[l, 2-b]indazole (24) was obtained in almost quantitative 

yield when 2-(2- nitro phenyl)pyridjne (23) was treated with triethyl 

phosphite and boiled under reflux. 62 

Q-Q >Q0 (45) 

NO2  

(23) 
	

(24) 

Similarly the successful cyclisations of N- (2- nitrobenzylidene)anilines 

(25) gave 2-arylindazoles (26) in yields of 35-38%, 62 

NO 2 
	 - 	c:IIIii> 	

(46) 

(25) 
	

(26) 

Ar = C6H5, o-Br-C6H4, -MeO-C6H, £-CH3-C6H4, o-CH3-C6H4, 

1-na phthyl. 

while 2-nitrobenzaldazine yielded 2- Z'bi- ZH-indazolyl (27) and bis- 

(2-nitrobenzylidene)- phenylenediamine gave 1, 4- bis(2H- indazolyl)-

benzene (28). 

/ CrN 	 N 	 N 
-aN\ ..-I 

 N_Do 	-- P 

(27) 	 (28) 
37 



The reductive cyclisation of the nitro compounds (29) and (30) gave the 

imidazoles (31), (32) in good yields. 90 

--No 	

7 Q.Q 

	

(29) 	 (31) 

(0) 	

(0 

K)6 
NO2 

	

(30) 	 (32) 

Similar treatment of N-benzylidene 2-nitroaniline resulted in the 

formation of Z-phenylbenzimidazole (33). 91 

C  N 
T CH-Ph 

Benzimidazoles (35) have also been obtained in high yield by 

pyrolysis of the anils (34)
9 2 while similar treatment of the isomeric 

anils (36) yielded the indazoles (37). 93 

Bentotriazoles (38) are synthesized by the reductive cyclisation 

of Z-nitroazoarenes in yields of 30-37%. 62 

 

 

C  N 

	

(49) 

(33) 



	

J1CH-Ar 	 OCN 
-Ar 

	

IN3 	 N> 
 

	

(34) 	 (35) 

H 

J N_Ar 
CIN3 

[OrN 

	

(36) 	 (37) 

N 

	

~~N-Ar 	 N\ OCIN02 	 C):-N 

(38) 

The interesting tetra- azapentalene ring system (39) has been 

successfully synthesized from 2- Z'-dinitroazobenzene. 2 

O2N...y 

7N " 

NO2 
	 \) 

	
(53) 

(39) 

Extensions of these reactions include the formation of triazoles 

and triazines, two examples of which are given in eq. 54, 55. Pyrazolo-

[1, 2-a]benzotriazole (40) from l-(2- nitro phenyl)pyrazole, 94 
and 

benzotriazolo[2, 1 -J - naphtho{ 1, 8-d,Jtriazine (42) from the naphtho-

triazine (41). 
95 
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(40) 

(&N7~,, JO 

(42) 

 

The ease of formation of benzotriazoles by low-temperature 

thermolysis of o-azido azo compounds has been interpreted as a 

concerted ring closure with loss of nitrogen. 	However the formation 
of the tetra- azapentalene system (44) from the diazine (43) proceeded 

in two distinct steps the latter of which definitely involved a nitrene 

intermediate. 96 

N30 

'N 

OctN3 

58° 

(concerted? 
-N2 

OI'-IIrN 

N \ .J ,J 

3 

(43) 

/N---c- <1- N\ 
LL 

(44) 

280° — 
—(ni trene) 

-N2 

Scheme 19 
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(iv) Benzoxazoles, anthranils and furoxans. 

Z-Phenyl-benzo 1, 3-oxazole (45) is formed from the reaction 

of Z-nitrophenyl benzoate and excess phosphite, 97 presumably via 

nitrene insertion into the carbonyl function followed by deoxygenation: 

NO2 	

La0XPh 	
(56) 

0 
(45) 

N/>-Ph 
 

2, l-flenzisoxazoles (anthranils) (46) are similarly prepared 

from 2-nitrophenyl ketones. 91 

R 	 R 

NO2 	 -N' 	
(57) 

(46) 

Pyrolysis or more usually photolysis of o-nitrophenyl azides is 

the most reliable method of preparing benzofuroxan (47). 

yN3  

NO2  (58) 

This reaction has been used to prepare naphtho-, quinolino- and pyrido-

furoxans. 98 However kinetic evidence indicates a concerted ring 
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closure rather than a nitrene mechanism in these reactions. Likewise 

the formation of anthranils (48) is achieved by cyclisation of o-azido-

aryl aldehydes or ketones. 99  

(59) 

(48) 

(B) 	Six-membered Heterocycles. 

(i)Phenothiazineg and related systems. 

Six-membered ring heterocycles are not usually formed via 

nitrene intermediates. However the pyrolysis of Z-azidodiphenyl 

sulphide and sulphone has been reported 100 to give phenothiazine (49) 

and phenothiazine 5, 5-dioxide (50) respectively. The reaction of the 

corresponding ether failed to cyclise. 

a  S-~O 

	

	 S O (60) IN 	 aN 

(49) 

S02,0 
71 	 (61) 

N 	 OCO:0 

(50) 

The formation of phenothiazine has been subsequently shown by 

Cadogan et al. 101 to involve a five-membered spirodiene intermediate 
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which rearranges to the final product. 

aaI Ii 	 I II 
X 	R 

(51) 	
1 

aS)]Of R 

N 	 CINC>  R 

Scheme 20 

Thus, the thermolysis of aryl 2-azidoaryl sulphides (51; X = N3) 

gave the phenothiazine in yields of 30% while the corresponding 

reductive cyclisation of aryl 2-nitroaryl sulphide (51; X = No2) with 

triethyl phosphite resulted in 50-85% yields of the phenothiazine. 

Similarly, 5H- pyrido[2, 3-b][1, 4]benzothiazine (52) and the isomeric 

5j-pyrido{3, 4-][l, 4]benzothiazine (53) were prepared from the 

corresponding azides and nitro compounds. 102 

a  "'_6 	> 	so 
sxr3 	aN 

 

OrSX  CON 	S ):ODN 
 

X = N3  or NO2  

 

 



The rearrangement as outlined in Scheme 20 requires the 

aryl group -C6H4-R to have a free ortho position. Whenboth ortho 

positions are blocked, the reactions of the azides and nitro compounds 

have resulted in a new series of aromatic rearrangements leading to 

interesting phenothiazines and dibenzothiazepines thus: 103 

1-Methoxy (54) and 1, 2-dimethoxyphenothjazjnes (55) from 2-azido-

and 2-nitrophenyl 2, 6-dimethoxyphenyl sulphide: 

Me 

ax 
S 

ome 
X: N3  NO2  

> aN 
M Q 

OMe 
+ 	(54) (64) 

N)Q1 OMe 
OMe 

(55) 

5, 11_dihydro 4 methyldibenzo[,e]L1,4Jthjazepjfle (57; R = H) and the 

2, 4-dimethyl derivative (57; R = Me) from the azide (56; X = N3) and 

nitro compound (56; X = NO 2), 	 / 

0  CH2 

!Iq
R 

(65)  

H Me 
(57) (56) 

R 	H, Me; X=N 
3
, NO 
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and di ethyl- 4aH- ph enothiazine 1,4a-dicarboxylate (58) from 2,6-

dicarbethoxyphenyl-2-nitrophenyl sulphide. This last compound (58) 

is specially interesting as it represents the isolation of one of the 

two key intermediates postulated in the rearrangement (Scheme 20), 

thus giving good evidence in support of the mechanism. 

CO2Et 	 COEt 

(66) 

CO2Et 	
COP 

(58) 

Details of these rearrangements will be discussed in the third 

chapter. 

Recently azo-methine dyestuffs e. g. (59) have been prepared 

directly and in good yields (50-70%) by intermolecular insertion of 

phenyl nitrene into benzoLb]phenothiazine. 104 

N L 
PhN3  + 	

A SS 
F1 

(67) 

(59) 

(ii) Quinolines and derivatives. 

Reductive cyclisation with triethyl phosphite has been 

successfully used to prepare oxazolo[5, 4-bjquinolines (60) and the 
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quinoline (6 1). 105 

) 
0 	

-R
0 	 IMNM 0  

NO2  
(60) 

(68) 

R" co2E:t 

)L COEt 
R 	NO2  =NN Et (69) 

(61) 

RR'MeO; R=MeO, R'=C6H5 CH2O 

(C) 	Seven-membered Heterocycles. 

Two of the seven-membered azepines have been synthesized 

by reaction of diethyl methyl phosphonite in the presence of excess 

diethylamine with 2- nitrobiphenyl or nitrobenzene giving 2-diethyl-

amino- 3-phenyl- 311 azepine (13%) (62; R = Ph) and 2- di ethylamino 

3-azep1ne (83%) (62; R = 1-1) respectively. 61 

Et2NH Et 

(70) 

(62) 

Photolysis of nitrobenzene, nitrotoluenes and nitromesitylene in 

triethyl phosphite with diethylamine have also resulted in the formation 

of 3-azepines. 69  

These azepines and others have been synthesized much earlier 

on by pyrolysis or photolysis of aryl azides in the presence of amines. 46,47  
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When the thermal reaction of simple nitrobenzenes with triethyl 

phosphite was carried out in the absence of amines, phosphonylated 

3H-azepines (63) in low yields (5-20%) result. 68 

G-%  
P(OEt )2  

0'  

(71) 

(63) 

An indoloazepine (64) was obtained when 2-azidodiphenyl 

methane was pyrolysed, the product being formed by ring expansion 

of the initial aziridine. 106, 107  

A aN  L 3  (Nn  

j  N 
\b,  CN 

(64) 

Scheme 21 
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1. 6. PROGRAMME OF RESEARCH. 

The recent study by Cadogan and Ku1ik103  on the 'blocked 

ortho effect' in the reactions of 2-azido- and 2-nitrophenyl 2, 6-

disubstituted_aryl sulphides has shown that many novel rearrange-

ments occur in such reactions. It was considered to be worthwhile 

to investigate whether such an effect exists in the reactions of closely 

allied systems e. g. the corresponding ethers. 

Only two reports 100, 102 exist of attempts to synthesize 

phenoxazine or its derivatives by ring closure via nitrene or nitrenoid 

reactions. Both attempts resulted in failures. It was considered to 

be particularly interesting therefore to see if indeed the 'blocked 

ortho effect' will lead to successful cyclisations of these compounds. 

Of interest too are the parallel reactions of the corresponding 

suiphones and methanes. Smith et al. 100
have isolated a cyclised 

product, phenothiazine 5, 5-dioxide but no mechanism was postulated. 

Had Cadogan's'phenothiazin rearrangement' occurred here too? 

The use of substituent groups in suitable positions should provide 

helpful clues in coming to some conclusions. 
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ymbo1s and Abbreviations 

b. p. 	boiling point 

M. P. 	melting point 

t. 1. C. 	thin-layer chromatography 

Rf  ratio of distance moved by the substance to 

the distance moved by the solvent front 

w/v weight/volume ratio 

v/v volume/volume ratio 

i.r. infrared 

U. V. ultraviolet 

p.m.r. proton magnetic resonance 

S singlet 

bs broad singlet 

d doublet 

t triplet 

q quartet 

in multiplet 

J spin-spin coupling constant 
+ 

M mass of molecular ion 

m/e mass/charge ratio 
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II. 1. INSTRUMENTATION 

Melting points were determined on a Kofler hot stage 

microscope and were corrected. 

Infrared spectra were recorded on a Perkin-Elmer 337 

Grating Spectrophotometer. Solids were examined as nujol mulls 

and liquids as thin films. Solution spectra were obtained using 

matched cells (path length 0. 1 mm) with sodium chloride windows. 

Polystyrene, v 
max  1603 and 1029cm' was used as reference 

for calibration purposes. 

Ultraviolet spectra were recorded on a Unicam SP 800 Ultra- 

violet and Visible Spectrophotometer using a matched pair of 1. 0 cm 

quartz cells. 

Nuclear magnetic resonance spectra were recorded on a 

Perkin-Elmer Model RIO Nuclear Magnetic Resonance Spectrometer 

operating at a frequency of 60M1-Iz and a probe temperature of 330 
 or 

on a Varian HA-l00 instrument operating at 100MHz and a probe 

temperature of 280. Chemical shifts were recorded as tau (T) values 

in parts per million using tetram ethyl silane as internal reference 

(T = 10. 0). Spectra were determined on 10- 15% w/v solutions unless 

solubility or availability of the sample imposed limitations. 

Mass spectra and exact mass measurements were recorded on 

an AEI MS 902 mass spectrometer. 

Microanalyses were carried out on a Perkin-Elmer Elemental 

Analyser 240. 

II. 2. PREPARATION OF MATERIALS 

Benzene and light petroleum used in elution chromatography 

were redistilled and dried over sodium wire. Unless otherwise stated 

'light petroleum' refers to light petroleum (b. p.  40-60°). Elution 

chromatography was carried out on columns of alumina (Laporte 

Industries, Type 1-I, 100/200's mesh, Brockmann activity 2) while thin 

layer chromatography was performed on 0. 3 mm layers of alumina 
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(Merck, Aluminium oxide G type E) or of silica gel (Merck, silica gel 

G acc. to Stahl). Components in the developed chromatogram were 

detected by their fluorescence in ultraviolet light or by their reaction 

with iodine. 

Except where stated, starting materials used were commercially 

available samples and were not further purified. 

Triethyl phosphite was allowed to stand over sodium wire for 

24 hr. and then distilled (b. p. 41-420 /10 mm) from fresh sodium wire 

in an atmosphere of dry nitrogen. 

Cumene was dried and deperoxidised by storage over sodium 

wire. Decalin was purified by distillation from sodium wire in an 

atmosphere of dry nitrogen (b. p. 66-680 /11 mm) and stored over 

molecular sieve. 

Ethyl diphenylphosphinite, Ph2POEt, was prepared by the method 

of Rabinowitz and Pellon. 108 Diphenylphosphinous chloride (10. 95 g; 

0. 05 mole) and dry ethanol (2. 75 g; 0. 06 mole) reacted in the presence 

of tri ethylamine (5.45 g; 0. 05 mole) and benzene (30 ml) as solvent to 

give ethyl diphenylphosphinite (9. 2  g; 80%), b.  p. 96°/ o. 05 mm (lit. 108 
1210/0. 7 mm). 

4- Chlorophenyl-2-nitrophenyl sulphide was prepared by the 

method of Galt and Loudon 109 from o-chloronitrobenzene (50.3 g; 0.32 

mole) and 27 chlorothiophenol (50.8 g; 0. 35 mole) in the presence of 

aqueous sodium hydroxide (14 g; 0. 35 mole in 30 ml H20). The product 

crystallised from ethanol as yellow prisms (83 g; 98%) m. p.  94-950  
(lit. 109 97°). 

i.-o-nitrophenyl disulphide was prepared from o-chloronitro-

benzene, sodium sulphide and sulphur by Bogert and Stull's method 110  

in 60% yield. 

o-Nitrophenyl sulphur chloride, was prepared by Hubacher's 

method III in 60% yield from bis-o-nitrophenyl disulphide. 

Thanks are due to my colleagues Dr. S. Kulik and Miss E. M. 

Ramage for supplying samples of 4-t-butylphenyl 2-nitrophenyl sulphide, 

2,4, 6- trimethylphenyl- 2-nitrophenyl sulphide, 3-t- butylphenothiazine, 
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and 2- chloro, 3.. chiorophenothiazine- 5, 5-dioxides respectively. 

I would also like to thank Dr. E. W. Greenhalgh, I.C.I. (Dyestuffs 

Division) who kindly supplied samples of 6-oxo-anthra[l, 9-cd]isox-

azole, 1- aminoanthraquinone, 1- amino- 2- methylanthraquinoiie, 

I -nitroanthraquinone and 2-methyl- 1 -nitroanthraquinone. 

(A) Aryl 2-Nitrophenyl Ethers 

These compounds were prepared by the method of Wright and 

Jorgensen 
112 

 as described in the following example. 

A mixture of 2, 6-dimethoxyphenol (27. 7 g; 0. 18 mole), 0-

chloronitrobenzene (23. 7 g; 0. 15 mole), potassium hydroxide pellets 

(8.4 g; 0. 15 mole) and dimethyl sulphoxide (200 ml) was heated at 900  

with stirring for 24 hours. The resultant dark-coloured solution was 

poured into 2N hydrochloric acid (300 ml) containing ice chips (100 g) 

and stirred thoroughly. After a few minutes the oil crystallised. 

This was collected and recrystallised from methanol to give 
2j-

dimethoxyphenyl 2-nitrophenyl ether as light yellow needles (30. 0 g; 

74%) m.p. 80-810 . 
Found: 	C, 61. 3; H, 4. 7; N, 5. 1; 

C14H13N05  requires C, 61. 1; H, 4. 7; N, 5. 1%. 

Table I shows a series of aryl- 2-nitrophenyl ethers prepared 

by the same method from the appropriate phenols. 

Attempts to prepare the following aryl-2-nitropinyl ethers 

gave intractable tars which did not yield the expected product on 

subsequent work-up: 

2, 6-dichlorophenyl 2-nitrophenyl ether, 

2, 4, 6-trichlorophenyl 2-nitrophenyl ether, 

2, 6- di- tert-butylphenyl 2- nitrophenyl ether, 

and 1-naphthyl 2-nitrophenyl ether. 
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Table I. Preparation of Aryl 2-Nitrophenyl Ethers 

NO- 

R 	 Yield 	 Analysis (%)* 

(%) M.p.(°C) 	 C H N 

4-OMe 	78 	76-77 (lit. 113 77) 	63.2 	4.4 	5.6 

	

63.7 	4.5 	5.7 

6-Me 	31 	89-90 	 59.4 3.8 5.3 

59.2 3.8 5.3 

2, 6-DiMe 	72 	75-76 (lit. 
114 

 73-74) 	69.0 5. 2 5.4 

69.1 5.3 5.8 

+24 6-TriMe 	52 	74-75 	 70.3 6.0 5.2 

70.3 5.8 5.4 

Upper row corresponds to 'Found' and lower row to 'calc'd' 

values. 	+ New compounds. 

(B) Aryl 2-Nitropheny]. Sulphones. 

The method used involved the oxidation of the corresponding 

sulphides by hydrogen peroxide 

4-Chlorophenyl Z-nitrophenyl sulphide (42.5 g; 0. 16 mole) 

was dissolved in warm glacial acetic acid (300 ml) and hydrogen 

peroxide (30% w/v, 80 ml) was added gradually to it with stirring at 

100°. After the addition the mixture was stirred at 100°  for 3 hours. 

Water was then added till crystals appeared. The rest of the product 

crystallised as colourless needles on standing. These were collected 

and recrystallised from ethanol to give 4-chlorophenyl 2-nitrophenyl 

suiphone as long colourless needles (45. 3 g; 95%) m. p.  140- 141°  
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115 
(lit. 	137-8 

0 
). 

Found: 	C, 48. 2; H, 	2. 7; 	N, 	4. 6; 

calc'd for C12H8C1 NO4S 	C, 48.4; H, 	2.7; 	N, 4.7%. 

The following suiphones were prepared in the same manner 

from the corresponding sulphides: 

4-t-butylphenyl 2-nitrophenyl sulphone (92%) m. p. 	129- 1300  (EtOH) 

Found: 	C, 60.4; 	H, 5. 2; 	N, 	4. 3; 

C16HJ7NO4S 	requires 	C, 60.2; 	H, 5.3; 	N, 4.4%. 

2,4, 6-trimethylphenyl 2-nitrophenyl sulphone (85%) m. p. 	138-139°. 

(Purified by column chromatography on alumina using ether/light 

petroleum (1:6 	v/v) as eluent). 

Found: 	C, 	58.8; 	H, 4.8; 	N, 	4.2; 

C15H J5NO4S requires 	C, 59.0; 	H, 4.9; 	N, 4. 6%. 

(C) Miscellaneous Aromatic Nitro Compounds. 

(i) 4-Hydroxyphenyl 2-nitrophenyl sulphide. 

This compound was prepared by the method of Levi and Smi1es 6  

A mixture of o-nitrophenyl sulphur chloride (28.5 g; o. 15 mole) and 

phenol (16. 2 g; 0. 17 mole) was heated to 1000  while stirring. HC1 

gas was evolved. The mixture was kept at 1000  for 12 hours. The 

product, a black tarry solid was stirred with a little benzene (10 ml) 

during which it solidified (28 g; 75%). Repeated attempts to recrystal-

use it failed to clean it up. It was finally sublimed at 120- 140°/0. 04 
116 	o mm 	 o to give yellow crystals, m. p.  125- 128 (lit. 	132 ) 

Found: C, 58. 5; H, 3. 7; N, 6. 3; M+  247; 

calc'd for C12H9NO3S , C, 58. 3; H, 3. 6; N, 5. 7%;  M, 247. 

T. 1. c. on alumina showed two spots with very close R  values. 

I. r. spectra (Nujol) showed two absorption maxima for the 0-H 

stretching 1) max 3400, and 3480 cm. 1 It would seem therefore 

that a mixture of the two isomers viz. 2-hydroxyphenyl and 4-hydroxy-

phenyl 2-nitrophenyl sulphide was obtained. Column chromatography 

on alumina failed to separate the isomers. 
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2, 4, 6- Trim ethoxyphenyl 2-nitrophenyl sulphide. 

A solution of 1, 3, 5-trimethoxybenzene (14. 3 g;  0. 085 mole) 

in chloroform (25 ml) was added dropwise to a warm (400) stirred 

solution of o-nitrophenyl sulphur chloride (15. 15 g; 0. 08 mole) in 

chloroform (50 ml). After a few minutes there was an evolution of 

acid fumes (HC1). An orange-yellow solid precipitated out after 
0 	 0 

30 min stirring at 40 . The mixture was stirred at 40 for a further 

hour to complete the reaction. The yellow solid was collected. 

Evaporation of the mother liquor yielded a further crop of crystals. 

Recrystallisation from benzene gave the product as bright yellow 

prisms (23 g; 90%)  m. p.  188-189
0 
 

Found: C, 56. 6; H, 4. 7; N, 4. 7; 

C15H15N05S requires C, 56.1; H, 4. 7; N, 4. 4%. 

2,4, 6-Trimethylphenyl 2-nitro-phenyl methane. 

This compound was prepared by a Friedel.-G rafts reaction. 

To a chilled (ice-bath) solution of o-nitrobenzyl chloride (24.0 g; 

0. 14 mole) and mesitylene (dried and redistilled) (16. 8; 0. 14 mole) 

in dry benzene (20 ml) was added in small portions and with stirring, 

powdered anhydrous aluminium chloride (20. 5 g;  0. 19 mole) over 30 

mm. 	The dark reddish brown slurry was stirred at 0_50  for 1 hour 

and then at room temperature till no more HC1 gas was evolved. 

The paste was then poured into cold dii. HC! (400 ml) and 

stirred for 10 mm. It was then extracted with ether and dried. 

Removal of ether gave a brownish oil which solidified on scratching. 

Recrystallisation from methanol gave the product as light yellow 

prisms, m. p. 90-91 

Found: C, 75. 0; H, 6. 6; N, 5.4; 

C 6H17NO2  requires, C, 75. 3; H, 6. 7; N, 5. 7%. 

An attempt to prepare 2, 4, 6- trimethoxyphenyl - 2-nitrophenyl 

methane by the same method from o-nitrobenzyl chloride and 1, 3, 5-

trimethoxybenzene gave only tarry products. 
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(D) 2-Aminophenyl Aryl Ethers, Suiphones and Sulphides. 

These amines were prepared by the reduction of the correspond-

ing nitro compounds using iron powder as described in the following 

example. 

Hydrochloric acid (0. 96 g; d 1. 16) was added dropwise, to a 

stirred mixture of 2, 6-dimethylphenyl Z-nitrophenyl ether (9. 72 g; 

0. 04 mole), iron powder (8. 96 g; 0. 16 mole), ethanol (16 ml) and 

water (16 ml). The reaction mixture was stirred and boiled under 

reflux under nitrogen for 12 hours. When cool the product was 

neutralised by ZN sodium hydroxide, leached with hot ethanol and 

filtered through C elite. Removal of the ethanol gave a brown solid 

which was sublimed to yield Z-aminopheny]. 2, 6-dimethylphenyl ether 

as colourless needles, (6. 0 g; 70%) m. p.  85-860 . 
Found: C, 78.6; H, 7. 1; N, 6. 1; 

C14H15N0 requires C, 78.9; H, 7.0; N, 6. 6 %. 

In the same manner a series of Z-aminophenyl aryl ethers, 

suiphones and sulphides were prepared from the corresponding nitro 

compounds, as listed in Table II. (Where the amine is a liquid, the 

alcoholic filtrate was extracted with ether, washed with 'Water and 

dried. Removal of the ether and distillation in vacuo gave the product). 

(E) Aryl 2-Azidophenyl Ethers, Suiphones and Sulphides. 

These azides were prepared by diazotisation of the corres-

ponding amines followed by treatment with sodium azide using the 

method of Smith et al. 
100

as described in the following example. 

Water (5 ml) was added to a warm mixture of Z-aminophenyl 2, 6-

dimethoxyphenyl ether (4. 9 g; 0. 02 mole) and hydrochloric acid (5 ml; 

d 1. 16) and the resultant mixture cooled to 00  in an ice-salt bath. 

While stirring this mixture, an aqueous solution of sodium nitrite 

(1. 54 g;  0. 022 mole in 3. 5 ml water) was added dropwise to it, keeping 

the temperature between 0-30 . After the addition, the mixture was 

stirred at 00  for a further 2 hours to complete the reaction. An aqueous 



Table II. Preparation of 2-Aminophenyl Aryl 

Ethers, Suiphones and Suiphides. 

aN H 

R 	 Yield 	M. P. (°C) 	 Analysis (%)* 

(%) b.p.(°C/mmHg) 	C H N 

X=O 

4-OMe 	64 	122-4°/O. 05 	72.7 	6.1 	6.8 

72.6 6.1 6.5 

2-Cl, 6-Me 	96 	66-67 	 67. 0 4.9 	5.7 

66.8 5.1 6.0 

2,6-DiOMe 91 	103-104 	 69.1 6.0 5.9 

	

68.6 	6.1 	5.7 

2,4, 6-TriMe 	77 	63-64 	 79. 2 	7.3 	5.9 

79.3 7.5 6.2 

X=S02  

4-Cl 	 84 	134-135 	 54.1 3.8 5.5 

53.8 3.7 5.2 
4But 	 86 	107-108 	 66.8 6.5 5.2 

66.4 6.6 4.8 

2,4, 6-TriMe 	84 	153-154 	 66.0 6. 1 5.2 

65.5 6.2 5.2 

X=S 

+40H + 2-OH 74 	 - 	 66.7 5.2 	6. 2 

66.4 	5.1 	6.5 

All the compounds listed in this table are new compounds. 
* 

Upper row corresponds to 'Found' and lower row to 'calc'd' values. 

+ Obtained as a mixture. 
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solution of sodium azide (3. 15 g; 0. 048 mole; in 40 ml water) was 

then added dropwise to the stirred mixture, keeping the temperature 

between 0-3
0
. It was then allowed to stand overnight at 00. The 

solid which separated was collected, washed thoroughly with water 

and dried in vacuo over phosphorus pentoxide in the absence of light 

to give 2-azidophenyl 2, 6-dimethoxyphenyl ether as a fine light brown 

powder (5. 0 g; 93%)  m. p.  67-68°. 

Found: 	C, 61.8; H, 4.7; N, 15.6; 

C14H13N 303  requires C, 62.0; H, 4.8; N, 15.5%. 

In the same way, a series of aryl 2-azidophenyl ethers, suiphones 

and sulphides were prepared from the corresponding amines as listed 

in Table III. (Where the azide separates as an oil, the mixture was 

extracted with ether, washed with sodium bicarbonate solution, then 

with water and dried over anhydrous magnesium sulphate in the dark. 

Removal of ether j .  vacuo gave the product as an oil). 

In the same way, 2-methoxyaniline (7. 38 g; 0. 06 mole) ws 

converted to 2-methoxyphenyl azide (8. 3 g; 92%), obtained as a 

yellow-brown oil. 

Found: 	C, 56. 3; H, 4. 7; N, 28. 6; 

calc'd for C7H7N30, C, 56.4; H, 4.7; N, 28. 2%. 

(F) 	Tri ethyl- N-o-Anisyl Phosphorimidate and Triethyl-N- 

0- (4-. Methoxyphenoxy) Phenyl Phospho rimidate. 

These two phosphorimidates were prepared by the method of 

Kabachnik et al. 117  

To a stirred solution of triethyl phosphite (2. 5 g; 0. 015 mole) 

in benzene (30 ml) at 500  was added 2-methoxyphenyl azide (2. 24 g; 

0. 015 mole) in benzene (5 nil) at such a rate that the temperature was 

maintained at 50-55
0 	

The reaction was carried out in an atmosphere 

of nitrogen. After the addition the mixture was stirred at 50- 55°  for 

30 mm, then at 600 under reduced pressure (water pump) and finally 

kept at 70°  at high vacuum (0. 05 mmHg). The product was an orange 
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Table III. Preparation of Aryl 2-Azidophenyl Ethers, 

Suiphones and Sulphides 

I  la R 

R 	 Yield 	M. P. 	 Analysis (%) 

	

(%) 	(°c) 	 C 	H 	N 

(i) X=O 

4-OMe 93 Liquid 64.6 4.4 17.7 

64.7 4.6 17.3 

2-Cl, 6-Me 93 Liquid 60. 2 3.8 16. 3 

60.1 3.9 16.2 

2, 6-DiMe 90 41-42 71.0 5.6 18.1 

71.0 5.4 17.6 

2, 4, 6-TriMe 94 54-55 71.6 5.8 16.6 

71.1 5.9 16. 6 

(ii) 	xso2  

4-C1 85 108-110 49.0 2.8 13.6 

49.1 2.7 14.3 
4_But 95 122-123 60.9 5.3 13.6 

61.0 5.4 13.3 

2,4, 6-TriMe - 175-176 59.9 4.8 14.6 

59.8 5.0 14.0 

(iii) X=S 

+4OH+2OH 97 	Liquid 	 59.4 4.1 17.5 

59.3 	3.7 	17.3 

All compounds listed- in this table are new compounds. * 
Upper row corresponds to 'Found' and lower row to 'calc'd' values. 

+ Obtained as a mixture. 
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liquid, triethyl-N-o-anisyl phosphorimidate (3.5 g;  82%). 

P.m. r. spectrum (CC14 ): (T) 8. 75 (, 9H, 3 x P-O-Et); 6. 30 

(, 31-1, OMe); 5.95 (overlapping quartet of doublets, 6H, 3 x P- O- Et); 

3.2-3.5 (rn, 4H, aromatic). 

In the same way, triethyl phosphite (1. 0 g;  0. 006 mole) 

reacted with 2-azidophenyl 4-methoxyphenyl ether (1. 2 g; 0. 005 mole) 

to give tn ethyl-N-o- (4- methoxyphenoxy)phenyl phosphorimidate as an 

orange liquid (1.7 g; 90%). 

P.m. r. spectrum (CC14 ): (T) 8.85 (jj 9H, 3 x P-O-Et); 6.40 (, 3H, 

OMe); 6. 10 (overlapping quartet of doublets, 6H, 3 x P-O-Et); 

3. 0- 3. 5 (rn, 8H, aromatic). 

(G) 	- t- Buylphenothiazine . 5,5- Dioxide. 

This compound was prepared by the oxidation of the correspond-

ing phenothiazine by hydrogen peroxide 

3-1-Butyiphenothiazine (0. 255 g;  0. 001 mole) was stirred with 

glacial acetic acid (3 ml) at 1000 and hydrogen peroxide (30% w/v, 

0. 5 ml) added dropwise to it. The dark coloured mixture was stirred 

at 1000  for 24 hours to complete the reaction. Water was then added 

till a solid separated. This was collected and sublimed to give 3-!-  

butylphenothiazine 5, 5-dioxide (0. 17 g; 60%) m. p.  229-230°. 

I. r. spectrum (nujol): v 
majs. 

-- 	
2 

3300 (-NH); 1140 (so )cm. 1 

P.m. r. spectrum (CDC13): (T) 8. 70 (, 9H, t-Bu); 3. 2 (, 2H, 

aromatic); 2. 5- 3. 0 (rn, 3H, aromatic); 2. 20 (, 1H, NH); 

1.95-2.05 (m, 2H, aromatic). 

11.3. THERMOLYSIS OF ARYL 2-AZIDOPHENYL ETHERS 

IN DECALIN. 

General procedure: The azido-compound (0. 01 mole) was added over 

30 min to decalin (80 ml), stirred at 150- 160°  under an atmosphere 

of nitrogen. After the mixture was boiled under reflux for a further 

2 hr, the decaljn was removed by distillation in vacuo. The dark- 
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coloured residue was chromatographed on activated alumina (23 x 420 

mm column) and eluted with solvents. 

2-Azidophenyl 4- Methoxyphenyl Ether. 

Thermolysis of the azido compound (2.4 g; 0.01 mole) in 

decalin (80 ml) gave a black tar after removal of decalin. This tar 

was chromatographed on alumina and eluted with solvents. Trace 

amounts of a few coloured materials were obtained. Elution of the 

column with methanol gave a large quantity of an intractable tar. 

2-Azidophenyl 2, 6- Dimethyiphenyl Ether. 

Thermolysis of the azido compound (2. 39 g; 0. 01 mole) in 

decalin (80 ml) gave a dark-coloured residue which was chromato-

graphed on alumina. 

Elution with ether/light petroleum (1:12 v/v) gave a light brown 

solid which sublimed to yield 5, 11-dihydro 4-methyldibenzo[b, e][1,4]- 

oxazepine (0.23 g; 11%). m. p. 120-1210 
 

Found: 	C, 79. 6; H, 6. 1; N, 6. 2; 

C14H13N0 requires C, 79.6; H, 6.2; N, 6.6%. 

I. r. spectrum (nujol): 1 
max  3390 cm 1 (-NH). The mass spectrum 

showed the correct parent ion at m/e 211 

Found: 	M+, 211.099437; 

C14H13N0 requires M, 211. 099708 

and an important fragment at ion m/e 182. Exact mass measurement 

of this fragment gave a value of 182. 096761; 

C13H12N 	requires 182. 096970. 

P.m. r. spectrum (CDC13): (T) 7.79 (, 3H, Me); 5. 11 (, 2H, 

-O-CH2-); 4.43 (j, 1H, -NH) and 3.0-3.6 (complex band, 7H, aromatic). 

Elution with ether/light petroleum (1:5 v/v) gave a white solid 

whose structure was as 	as the bis- ether (1; RH) (0.02 g; 

1%) 	m.p. 177-1790 . 
I. r. spectrum (nujol): 1/ max 3400 cm 1 (-NH). 
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Me ao 
HN CH 2 	 (1) 

HN CH2  

ao 
Me 

The mass spectrum showed the parent ion at m/e 422 

Found: 	M+,422. 199103 

C 28H26N 202  requires M, 422. 199417 

and a major fragment at ion m/e 210 (mass abundance ratio 100%). 

Found: M 210.091800; 

C14H12N0 requires M, 210. 091884 

indicating a dimeric structure. 

P.m. r. spectrum (CDC13): (T) 8.00 (, 3H, Me); 7.65(s, 2H, 

-CH 2-); 4. 05 (, 1H, -NH); 2.6-3.4 (complex band, 7H, aromatic). 

(C) 	2-Azidophenyl 2,4, 6-Trimethylphenyl Ether. 

The dark-coloured residue from the thermolysis of the above 

azide (2. 15 g; 0. 0085 mole) was chromatographed on alumina. 

Elution with ether/light petroleum (1:12 v/v) gave a light 

brown solid which sublimed to give 5, 11-dihydro-2,4-dimethyldibenzo-

[b, e][1,4]oxazepine (0.3  g; 15%) m. p.  119-120°  

Found: C, 79.9; H, 6.6; N, 6.4; M+  225.115246; 

C 15H 15N 0 requires C, 80. 0; H, 6. 6; N, 6. 15%; M. 225. 115358. 

I. r. spectrum (nujol): 1) max 3410 cm 1 (-NH). 

The mass spectrum showed the half-mass ion at m/e 112. 5 and an 

important fragment at m/e 196. Exact mass measurement of this 

latter ion gave a value of 	196.111522; 

C 14H14N requires 196. 112619. 

P.m. r. spectrum (CDC13): (T) 8. 03 (, 6H, 2 x Me); 5. 14 (, 2H, 

-CH 2-); 4.54 (, 1H, -NH); 3.2-3.5 (rrì, 6H, aromatic). 

Elution with ether (light petroleum (1:6 v/v) gave a brown 
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solid which on recrystallisation from ethanol/light petroleum (b. p. 

60-80°) yielded the bis- ether (1; R=Me) as white needles (0.03 g; 

1.5%) m. p. 169- 170
0  

I. r. spectrum (nujol): v max  3440 cm 1 (-NH). The mass spectrum 

showed the parent ion at m/e 450 

Found: 	M+, 450. 230114 

C 30H30N 20 requires M, 450. 230715. 

and a major fragment (mass abundance ratio 100%) at m/e 224 

Found: 	M+, 224.1067u8; 

C J5H J4NO requires M, 224. 107533. 

This was taken as strong evidence for a dimeric structure as assigned. 

P. m. r. spectrum (CDC13): (T) 8. 04 (, 3H, Me); 7. 76 (, 3H, Me); 

7.70 (, 2H, -CH2-); 4. 17 (, 1H, -NH); 2. 7-3. 3 (En, 6H, aromatic). 

(D) 	2-Azidopheny]. 2, 6-Dimcthoxyphenyl Ether. 

The azido compound (2. 71 g; 0. 01 mole) when decomposed in 

decalin gave a brown residue which was chromatographed on alumina. 

Elution with ether/light petroleum (1:20 v/v) gave a colourless 

oil which turned purplish on prolonged exposure to light. This was 

sublimed to give light yellow crystals, identified as 4-methoxyphenox-

azine, (0. 64 g; 30%) m. p.  81-82
0 
 

Found: C, 73.4; H, 5.1; N, 6.6; 	M+, 213.079522; 

C13H11NO2  requires C, 73.3; H, 5.2; N, 6. 6%; M, 213.078973. 

I. r. spectrum (nujol): V max 3410 cm 1 (-NH). 

The mass spectrum showed an abundant fragment (mass abundance 

ratio 75%) at ion m/e 198, attributable to the loss of a methyl radical 

and formation of the quinoid ion. This is good evidence that the 

methoxy group is either o or p  to the oxygen atom. 

The p.m. r. spectrum (CDC13) showed the compound to be a mono-

methoxyphenoxazine: (T) 6. 24 (, 3H, OMe); 4. 62 (, 1H, -NH); 

3. 2-3.8 ( complex band, 7H, aromatic). The aromatic region of the 

spectrum was fairly well resolved when hexadeuteriobenzene was 
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used as solvent and showed the following signals which are compatible 

with the assigned structure: (T) 6. 81 (,, 3H, OMe), 4. 84 (, 1H, 

-NH); 4. 10-4. 20 (, lH, proton Ha) 3. 93 (, 1H, proton H f ; J, 

5Hz); 3.46-3. 60 (rn, 4H, protons Hb H, He  Hg); 3. 30-3.40 ( 

1H, proton Hd). 

Ha 	Me 
Hb70)H 2) 

He 

These couplings were confirmed by double irradiation. 

Elution of the column with ether/light petroleum (1:2 v/v) 

gave a brown oil, identified as 1, Z-dimethoxyphenoxazine (0. 29 g; 

11%), which failed to crystallise. 

The i. r. spectrum (thin film) showed the N-H stretching as a strong 
-1 broad band at IV 	3340 cm. 

max 
The mass spectrum showed the parent ion at m/e 243 

Found: M 243.089137; 

C14H13NO3  requires M, 243.089537 

and a fairly abundant fragment (mass abundance ratio 30%) at ion 

m/e 228 corresponding to the loss of a methyl radical and formation 

of a quinoid ion. This again is good evidence for one of the methoxy 

groups to be o or p to the oxygen atom. 

P.m. r. spectrum (CDC13): (T) 6. 25 (, 3H, OMe); 6. 19 (, 3H, OMe); 

4.42 (, 1H, -NH); 3.2-3.9(M, 6H, aromatic). From the latter 

complex band, two doublets (J = 9Hz) are prominent, centred at 3. 87 

and 3. 64-r respectively. These are attributed to the protons Ha  and 

Hb respectively. 

Ha  

(3) 
N {'OMe 

OMe 

99 



Estimation of formaldehyde liberated during thermolysis of 

2-azidophenyl 2, 6-climethoxyphenyl ether. The estimation was 

carried out by Yoe and Reid's method 
118 

 using dimedone (5, 5-dimethyl 

cyclohexane 1, 3-dione). 

Nitrogen gas was bubbled through decalin (20 ml) stirred at 

1600. The azido compound (0. 27 g; 0. 001 mole) in a small glass 

thimble was added to the decalin which was then boiled under reflux 

for 4 hr. The formaldehyde which was liberated was led through a 

condenser into two traps, each containing excess thrnedone (0. 11 g) 

dissolved in water (40 ml). The white precipitate (4), found only in 

the first trap was allowed to stand overnight. It was then collected 

in a weighed sintered glass crucible and dried to constant weight 

under high vacuum over phosphorus pentoxide in a vacuum desiccator. 

From the amount of the white solid obtained (0. 043 g) and from eq.(l) 

the yield of formaldehyde was determined (0. 0045 g; 14. 7%). 

0 	
0 H2 

	

HCHO + 2 Me 	 > Me I 	Me 

	

Me 	0 	Me 	OH Q <Me  (l) 

Dimedone 	 (4) 

The estimation was repeated once to give a comparable result 

(15. 6%). 

11.4. DEOXYGENATION OF ARYL 2-NITROPHENyL ETHERS 

BY TRIETHYL PHOSPHITE 

General procedure: A mixture of the nitro compound (0. 01 mole), 

purified cumene (80 ml) and triethyl phosphite (6. 65 g; 0. 04 mole) 

was boiled under reflux under dry nitrogen for 48 hr. After removal 

of the lower boiling fractions (cumene and phosphorus esters) by 

distillation in vacuo, the resulting residue was chromatographed on 

alumina (23 x 420 mm column) and eluted with various solvents. 
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(A) 4-Methoxyphenyl Z-Nitrophenyl Ether 

The nitro compound (2.45 g; 0.01 mole) reacted with triethyl 

phosphite (6. 65 g; 0. 04 mole) in curnene (80 ml) to give a brown oil 

after removal of lower boiling fractions. This residue was chromato-.. 

graphed on alumina. 

Elution with ether/light petroleum (1:20 v/v) gave a colourless 

oil (0. 185 g; 7. 5%), identified as 2-N-ethylaminophenyl 4-methoxyphenyl 

ether. 

I. r. spectrum (thin film): V 	3410 cm. -1 
max 

The mass spectrum showed the parent ion at m/e 243 

Found: M243. 126120; 

C15H17NO2  requires 243. 125921 

and a fragment at ion m/e 214 (mass abundance ratio 45%) corresponding 

to the loss of an ethyl group. 

P.m. r. spectrum (CDC13): (T) 8. 60 (j 3H, Et; J, 7. 5 Hz); 6. 33 

(, 3H, OMe); 6. 00 (, ZN, Et; J, 7. 5 Hz); 4. 20 (, 1H, -NH); 

2.9-3.5 (rn, 8H, aromatic). 

Elution with ether/light petroleum (1:10 v/v) gave a yellow 

solid identified as the starting nitro compound (0.46 g; 19%) m. p. 
113 	o and mixed m. p. 76-77 o (lit. 	77 ). 

(B) 	2, 6- Dimethylphenyl 2-Nitrophenyl Ether. 

Reaction of the nitro compound (2.43 g; 0.01 mole) with 

triethyl phosphite (6. 65 g; 0. 04 mole) in cumene (80 ml) gave a brown 

oil after removal of lower boiling fractions. The oil was chromato- 

graphed on alumina. 

Elution with light petroleum gave a colourless oil which solidified 

on cooling. This was identified as 7-triethoxyphosphoranyljdene 2- 

(2, 6_ dime thyphenoxy)azepjne (5, R=H) (2.6 g; 70%) m. p.  36-38°. 

I. r. spectrum (thin film): V max 1260 (P=C) 1050 and 970 (P-O-Et) 
-1  

cm. 

The mass spectrum showed the correct parent ion at m/e 377. 



Found: 	M+, 377.177548; 

C 20H28N04P requires M, 377. 185585. 

P. m. r. spectrum (CC14): (T) 9. 0 (triplet of doublets, 9H, 3 x 

P- O- Et; J H H 7Hz, J 
H  1.8Hz); 7. 91 (s, 6H, 2 x Me); 6. 12 

(overlapping quartet of doublets, 6H, 3 x P-O-Et; J H H 7Hz, 

H 8.8Hz); 4. 2 (m, 1H, azepine proton); 3.3-3.6 (rn, 3H, 

azepine protons); 3.04 (, 3H, aromatic). 

Elution with ether/light petroleum (1:25 v/v) gave the starting 

nitro compound (0.05 g;  2%) m. p. and mixed m. p.  75-76°  (lit. 114 

74°). Further elution of the column with ether/light petroleum (1:12 

v/v) gave a light yellow solid identified as 5, 11-dihydro 4-methyldi-

benzo[b,e][1,4]oxazepine (0.01 g; 0.5%) m. p. and mixed m. p. 

120-121
0  

Total accountance of materials = 72. 5%. 

It was observed that when the phosphoran'ylidene azepine (5) 

was exposed to the air for an hour, a white solid, identified as 2- 

( 	6- dimethylphenoxy)az epin- 7- ylidene phos phenic acid (6; RH) 

Me 

°M II R (6) 

0 OH 

was obtained (m. p. '210 0). 

I. r. spectrum (nujol): V max 2350 (P-OH) 1230 (P=C) and 1200 



Fig.1 Before hydrolysis 

6 	 7 

Figs  2 After hydrolysis 

7 	 8 	 9 



(P=O) cm. 
-1 

 The P-O-Et frequencies at 1060 and 970 cm 1 
 was 

abs ent. 

The mass spectrum showed the parent ion at m/e 275 

Found: 	M+, 275.069278; 

C14H14NO3P requires M, 275.071125. 

P.m.r. spectrum (CDCI3): (T) 7.80 (, 6H, 2 x Me); 3.8-3.9 (rn, 

1H, azepine proton); 2. 8- 3. 2 (complex band, 6H, azepine + aromatic 

protons). 

When a solution of the phosphoranylidene azepine (5; R=H) 

in Cd 4  in an n. m. r. tube was shaken with a few drops of D 
2 
 0 and 

allowed to stand for 1 hr, the signals assigned earlier to the P-O-Et 

groups were absent and the following were observed: (T) 8. 9 (j 

6H, 2 x Et) and 6. 5 (, 4H, 2 x Et). This was taken as good 

evidence for the hydrolysis of the phosphoranylidene azepine to the 

phosphenic acid (6; R=H) at a neutral pH. The relevant signals of 

the p.m. r. spectra of the azepine before and after hydrolysis are 

shown in fig. 1 and 2 respectively. 

(C) 	2, 4, 6-Trimethylphenyl 2-Nitrophenyl Ether. 

The nitro compound (2. 57 g; 0. 01 mole) reacted with triethyl 

phosphite (6. 65 g; 0. 04 mole) in cumene (80 ml) to give a brown oil 

after removal of lower boiling fractions. This residue was chromato-

graphed on alumina. 

Elution with light petroleum gave a colourless oil which 

solidified on cooling. This was identified as 7-triethoxyphosphor-

y.idene 2-(2,4, 6- trim ethylphenoxy)azepine (5, R=Me) (2.4 g; 62%) 
m. p. 38-400 . 
I. r. spectrum (thin film): V max 1250 (PC), 1050 and 970 (P-O-Et) 

-1  
cm. 

The mass spectrum showed the correct parent ion at m/e 391 

Found: 	Mt 391. 191046, 

C 21H30NO4p requires M 391. 191234. 
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P.m. r. spectrum (CC14): (T) 9.0 (triplet of doublets, 9H, 3 x P- O- Et; 

H 7Hz, J H • 5Hz); 7. 96 (, 6H, 2 x Me); 7. 74 (, 3H, Me); 

6. 13 (overlapping quartet of doublets, 6H, 3 x P- O- Et; 
3
H H 7Hz, 

H 8. 5Hz); 4. 19 (En, lH, azepine proton); 3. 3-3. 6 (complex 

band, 3H, azepine protons); 3. 2 (, 2H, aromatic). 

Elution with ether/light petroleum (1:20 v/v) gave the starting 

nitro compound (0. 08 g;  3. 5%)  m.  p. and mixed m. p. 74750• 

Further elution of the column with ether/light petroleum (1:15 v/v) 

gave a light yellow solid, identified as 5, 11-dihydro 2,4-dimethyl- 

dibenzo[,e1[1, 4]oxazepine (0. 02 g; 1%) m. p. and mixed m. p. 119- 

1200. Total accountance of materials = 66. 5%. 

As with the case of the dimethyl analogue, this trimethyl 

phosphoranylidene azepine (5; R=Me) hydrolysed on exposure to the 

air to give 2- (2, 4, 6- trimethylphenoxy)azepjn. 7- ylidene phos phenic 

acid (6; R=Me) m. p. r  2100 . 

I. r. spectrum (nujol): ' max 2400 (P-OH) 1260 (P=C) and 1200 

	

(P=O) cm 	P-0-Et frequencies were absent. 

The mass spectrum showed the expected parent ion at m/e 289 
+ 

Found: M , 289. 085937, 

C15H16NO3P requires M, 289.086775. 

P.m. r. spectrum (CDC13): (T) 7. 84 (, 6H, 2 x Me); 7. 72 (, 3H, 

Me); 3.8-3.9 (rn, 1H, azepine proton); 3.0-3.3 (rni, 5H, azepine + 

aromatic); 0.5 (, 1H, P-OH). 

A hydrolysis of this phosphoranylidene azepine (5; R=Me) by 

D 
2  0 in an n. m. r. tube was observed in a manner similar to the 

dimethyl analogue as described in the previous section. 

	

(D) 	2- Chioro- 6- Methyiphenyl 2-N itrophenyl Ether. 

Reaction of the nitro compound (2. 1 g; 0. 008 mole) with 

triethyl phosphite (5. 3 g; 0. 032 mole) in cumene (60 ml) gave a brown 

oil after removal of lower boiling fractions. The oil was chromato-

graphed on alumina. 
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Elution with ether/light petroleum (1:20 v/v) gave a colourless 

oil which solidified on cooling. This was identified as 2-N-ethy 

aminophenyl 2-chioro 6-methylphenyl ether (0. 14 g; 6%). 

	

I. r. spectrum (nujol): V max 3390 cm 	(N-H). 

The mass spectrum showed the correct parent ion at m/e 261/263 

(C15H16C1NO requires M+, 261/263.) 

P.m. r. spectrum (CDC13): (T) 8. 53 Lt, 31-I, Et); 7. 78 (, 3H, Me); 

5. 84 (, 2H, Et); 2. 6- 3. 9 (complex, 8H, aromatic + NH). 

Elution with ether/light petroleum (1:15 v/v) gave the starting 

nitro compound (0. 005 g;  2. 5%)  m. p. and mixed m. p. 89-90
0 
 

Elution with ether/light petroleum (1:10 v/v) gave a purplish 

solid which sublimed to give white needles, identified as 1-methyl-

penoxazine (0. 11 g; 7%) m. p.  82-83°. 

I. r. spectrum (nujol): V max 3300 cm 1 (N-Fl stretching). 

The mass spectrum showed the parent ion at m/e 197. 

Found: M 197. 082599 

C13H11N0 requires M 197.084059. 

The p.m. r. spectrum (CDC13) was poorly resolved and showed the 

following signals: (T) 7.87 (g, 3H, Me); 5.01 (, 1H, -NH); 

3. 6- 3. 9 (broad complex band, 2H, aromatic); 3. 2- 3. 6 (broad complex 

band, 5H, aromatic). On shaking the CDC13  solution with a solution 

of sodium dithionite in D20, the spectrum was better resolved. The 

broad band at 3. 2-3. 6T resolved into two multiplets, each containing 

the 	-&coupling quartet 	H 7. 5Hz). 

(E) 	2, 6-Dimethoxypheiiy2-Nitrophenyl Ether. 

The nitro compound (2. 2 g; 0. 008 mole) reacted with triethyl 

phosphite (5. 3 g; 0. 032 mole) in cumene (60 ml) to give a yellow oil 

after removal of lower boiling fractions. The yellow oil was 

chromatographed on alumina. 

Elution with ether/light petroleum (1:15 v/v) gave a colourless 

oil which sublimed to give a yellow solid identified as 4-methoxyphenox-

azine (0. 09 g; 5%) m. p. and mixed m. p. 810. 
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I. r. spectrum (nujol): *V max3410 cm 1 (-NH). 

Elution with ether/light petroleum (1:10 v/v) gave a white 

solid, identified as 2-N-ethylaminophenyl 2, 6-dimethoxyphenyl ether 

(0. 13 g; 6%) m. p. 137-80 . 

I. r. spectrum (nujol): V 
max  3390 cm 	(-N-H stretching). 

The mass spectrum showed the correct parent ion at m/e 273 

Found: 	Mt 273.135573; 

C16H19NO3  requires M 273.136485. 

P. m. r. spectrum (CDC13): (T) 8. 54 Lt, 3H, Et); 6. 22 (, 6H, 2 x 

OMe); 5.88 (9., 2H, Et); 3.96 (, JH, -NH) 3.56-3.7 (, 1H, 

aromatic); 3.1-3.4 (rn, 5H, aromatic); 2.9 (2d, 1H, aromatic; 

H 8. 5 Hz, J H, H 7. 5Hz). 

Elution with ether/light petroleum (1:6 v/v) gave the starting 

nitro compound (0. 28 g; 13%) m. p. and mixed m. p. 808l0. 

Elution with ether/light petroleum (1:5 v/v) gave a yellow oil, 

identified as 1, 2-dimethoxyphenoxazjne (0. 04 g; 2%). The i. r. spectrum 

(thin film) showed the N-H stretching frequency at 3340 cm' and had 

an exactly identical fingerprint region as the compound identified as 

1, 2-dimethoxyphenoxazine in section II. 3 (D). 

11.5. THERMOLySIS OF ARYL 2-AZIDOPHENYL SIJLPHONES 

AND SULPHIDES IN DECALIN. 

(A) 2-Azidophenyl 4-Chiorophenyl Suiphone. 

The azido compound (2.9 g; 0. 01 mole) was added in small 

amounts over 30 min to decalin (80 ml) stirred at 1600 under an 

atmosphere of dry nitrogen. After the mixture was boiled under reflux 

for 3 hr the decalin was removed by distillation in vacuo. The black 

residue was sublimed under high vacuum (0. 05 mmHg) to give two 

fractions. 

The first fraction, a white solid, was identified as 2-amino-

phenyl 4-chlorophenyl sulphone (0. 27 g; 10%) m. p. and mixed m. p. 

134°  
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Fig. 3 

2-Chlciro PhenothiaZifle 55-Dioxide 

Fig.4 	3-Chioro Phenothiazine 5,5-Dioxide 

ZO 	 24 	 2.8 

-.+ kA v+, 

2.0 	 x 	2.4 	 2.8 



I. r. spectrum (nujol): Vmax  3420 and 3350 (-N-H stretching, 
l primary amine); 1140 (-SO2-) cm.

-  

The second fraction, also a white solid was identified as a 

mixture of 2-chloro- and 3-chloro-phenothiazine 5, 5-dioxide (0. 7 g; 

26%) m.p. 248-2540 . 
I. r. spectrum (nujol): Vmax 3300 (-NH) 1140 (-SO2-) cm. 

Comparison of the fingerprint region of the spectrum of the mixture 

with that of authentic samples of 2-chloro and 3-chloro isomers 

indicated that the mixture contained mainly the 2-cliloro isomer. 

The p.m. r. spectra (CH 3 COCH3) gave further support to the 

evidence from i. r. spectra that the 2-chioro isomer was the main 

component of the mixture (see figs 3-5). The spectrum of these 

compounds had four bands: T 2.58-2.82 (rn, 4H, aromatic); 2. 3-2.5 

(rn, 1H, aromatic); 2.0-2. 1 (rn, 21-1, aromatic); 0. 0 (js, 1H, -NH). 

The mass spectrum had the correct parent ion at m/e 265/267 

C12H8C1NO2S requires M+, 265/267. 

Attempts to separate the two isomers by fractional sublimation 

and crystallisation were not successful. 

(B) 	2-Azidophenyl 4- t- Butyiphenyl Suiphone. 

The azido compound (2. 2 g; 0. 007 mole) was decomposed in 

the usual way in decalin (60 ml). On removal of decalin, a black solid 

was obtained. This was chromatographed on alumina. 

Elution with ether/light petroleum (1:1 v/v) gave a brown solid 

which sublimed to yield 2-aminophenyl 2-t-butylphenyl sulphone (0. 29 g; 

14%) m. p. and mixed m. p.  1070 . 
10 r. spectrum (nujol): V max 3490 and 3390 (-NH stretching, primary 

amine) 1140 (SO 2)cm. 1  

Elution with ether/methanol (25:1 v/v) gave a light brown solid 

which sublimed to yield a white solid, identified as a mixture of 2-t- 

butyl- and 3--buty1phenothiazine 5, 5-dioxide (0.8 g; 40%) m. p.  223-5°. 

This was recrystallised from ethanol to give white needles m. p.  224-60 . 
T. 1. c. showed two spots with very close R values. 
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The i. r. spectrum (nujol) showed the -NH stretching at 3320 cm 

and a shoulder at 3300 cm. 1 The SO2  frequency occurred at 1130 
1 

cm. 	The mass spectrum showed the correct parent ion at m/e 287 

Found: 	M 287. 097059, 

C16H17NO2S requires M 287. 097994. 

The p. m. r. spectrum (CDC13) was compatible with a mixture 

of two !-butylphenothiazine dioxides as assigned: (T) 8. 78 (, 9H, 
_L- Bu); 8. 72 (, 9H, t- Bu) 1. 96-3. 22 (complex band, aromatic + NH). 

The integral tracing for the two t-butyl singlets showed the ratio of 

the isomers i. e. 2-t-butyl to 3--butyl phenothiazine 5, 5-dioxide to 

be approximately 4:3. 

2-Azidophenyl 2, 4, 6- Trimethyiphenyl Suiphone. 

This azido compound (o.45 g; 0. 0015 mole) was decomposed 

in decalin. Removal of decalin gave a bluish-black solid residue. 

A small portion of it was heated to 250°  (0. 02 mmHg) in a sublimation 

tube but no solid sublimed. The rest of the residue was chromatographed 

on alumina. 

Elution with the usual graded series of solvents and solvent 

mixtures gave only minute traces of unidentified compounds. A large 

black band remained on the column even after it was eluted with methanol. 

2-Azidophenyl 2- Hydroxyphenyl- and 4-Hydroxyphenjl 

Sulphide. 

A mixture of the two azido compounds (2.4 g; 0.01 mole) was 

decomposed in decalin (80 ml) in the usual way. Removal of decalin 

gave a dark-coloured tar as residue. This was chromatographed on 

alumina. 

Elution with various solvents gave only trace quantities of 

several oils; elution with methanol gave a brown tar which did not 

sublime. 
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11. 6. MISCELLANEOUS DEOXYGENATION REACTIONS. 

2-Hydroxy- and 4-Hydroxyphenj-Nitrophenyl 

Sulphide. 

A mixture of the above nitro compounds (1. 85 g;  0. 0075 mole) 

was boiled under reflux with triethyl phosphite (4. 98 g; 0. 03 mole) 

and curnene (60 ml) under nitrogen for 10 hours. Removal of lower 

boiling fractions yielded a black tar which was chromatographed on 

alumina. 

Elution with ether/light petroleum (1:8 v/v) gave a yellow 

solid, identified as ethoxyphenyl 2-nitrophenyl sulphide (0. 03 g) rn. p. 

111-112
0 

 

I. r. spectrum (nujol): i 
max 	 2 

1.520 and 1340 cm 1 (-NO ). 

The mass spectrum showed the correct parent ion at rn/c 275 

C J4H13NO3S requires M+ 275 and a minor fragment at ion rn/c 

246 i.e. (M+ -29), indicating loss of an ethyl group. 

Elution with ether/light petroleum (1:1 v/v) gave a red oil 

which on addition of light petroleum gave a white solid (0. 01 g), 

identified as mono- ethoxy phenothiazine. 

I. r. spectrum (nujol): v max 3350 cm 
1 
 (-NH). 

The mass spectrum gave the correct parent ion at rn/c 243 

C J4H13NOS requires M+  243 and a major fragment (mass abundance 

ratio 80%)  at ion rn/c 214 indicating loss of an ethyl group. 

Elution with methanol gave an intractable tar. 

2, 4, 6- Trimethoxyphenyl 2- Nitrophenyl Sulphide. 

Reaction of this nitro compound (3. 21 g;  0. 01 mole) with 

triethyl phosphite (6. 65 g;  09 04 mole) in cumene (80 ml) at the boiling 

point for 48 hr gave a brownish oil after removal of lower-boiling 

fractions. This residue was chromatographed on alumina. 

Elution with ether/light petroleum (1:20 v/v) gave a white 

solid, identified as 2, 3-dimethyl 2, 3-diphenylbutane (0.01 g; 0.4%) 

m. p. and mixed m. p. 1150. 
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Elution with ether/light petroleum (1:15 v/v) gave a greyish 

solid which on recrystallisation from ethanol/light petroleum (b. p.  60-

800) yielded yellow prisms. This was identified as a mixture of 1, 3-

and 2,4-dimethoxyphenothjazine (0. 86 g; 33%) m. p.  84-85°  (lit. 103 

1, 3-dlmethoxyphenothiazine m. p. 80-81 ). 

I. r. spectrum (nujol): v max 3380 cm
-1 

 (-NH). 

The mass spectrum showed the correct parent ion at m/e 259 

Found: 	M 259. 067372, 

C14H13NO2S requires M 259.066696. 

P.m. r. spectrum (CDC13): (T) 6. 32 (, 3H, OMe); 6. 28 (, 3H, OMe); 

6. 23 (, 3H, OMe); 6. 21 (, 3H, OMe); 2. 6-. 3. 9 (complex band 14H, 

aromatic + 2-NH). 

T. 1. c. on silica showed on 1 spot having a R  value identical to that 

of the authentic sample. 

Elution with ether/light petroleum (1:2 v/v) gave a yellow 

solid, identified as the starting nitro compound (0. 24 g;  7%) m. p. 

and mixed m. p.  188-189
0 

Elution with ether/methanol (15:1 v/v) gave a pinkish-white 

solid which yielded on sublimation white crystals of diethyl N-ethyl-

N-[o- (2, 4, 6 trimethoxypheny1thjo)phefly1]phosphoramj date (1. 2 g; 26%) 
M.P. 99-1000 . 

Found: 	C, 55. 3; H, 6. 6; N, 3. 3; 

C 21H30NO6ps requires C, 55.4; H, 6.6; N, 3. 1%. 

I. r. spectrum (nujol): V max 1250 (P=O), 1040 and 960 (P-0-Et) cm. 

The mass spectrum showed the parent ion at m/e 455 

Found: 	M+ 455 152837, 

C 21H3 NO6PS requires M 455. 153135. 

P.m. r. spectrum (CDC13): (T) 8. 82 (, 3H, Et; J 7. 5Hz); 8. 80 

riplet of doublets, 6H, 2 x P- O- Et; J H H 7Hz, J H 1Hz); 7. 22 

(, 2H, Et; J,7. 5Hz); 6. 28 (s, 9H, 3 x OMe); 5.82 (quintet, 4H, 

2 x P- O- Et; J,7Hz); 3.94 (s, 2H, aromatic); 2.8-3.0 (rn, 3H, aromatic); 

2. 0- 2. 2 (rn, 1H, aromatic). 

Total accountance of materials: 66%. 
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(C) 	2, 4, 6-Trimethylphenyl 2-Nitrophenyl Methane. 

A mixture of this nitro compound (2. 55 g; 0. 01 mole), 

triethyl phosphite (6. 65 g;  0. 04 mole) and cumene (80 ml) was 

boiled under reflux under nitrogen for 48 hr. The residue, after 

removal of lower boiling fractions, was chromatographed on alumina. 

Elution with ether/light petroleum (1:20 v/v) gave a yellow 

oil which did not crystallise. This was probably an impure sample 

of 6, 8, 10-trimethyl 1OH-azepino{l,2-a]indo].e (0. 2 g; 10%). 

The mass spectrum showed the correct parent ion at m/e 223 

(C16H17N requires M, 223 

P.m. r. spectrum (CDC13): (T) 8. 66 (d, 3H, Me; J 8Hz); 8. 16 (, 

3H, Me); 7. 9 (, 3H, Me); 4. 8 (g, 1H, proton 10 in azepine ring); 

4. 1 (bs, lH, proton 7) 3.35 (, 1H, proton 11); 2.3-3.0 (complex 

band, 5H, aromatic + 1 azepine proton). 

Elution with ether/light petroleum (1:5 v/v) gave a yellow 

solid which on sublimation gave white crystals, identified as 2-amino-

phenyl 2, 4, G- trim ethylphenyl methane (0.21 g; 9%) m. p. and mixed 

m.p. 95-96
0 . 

I. r. spectrum (nujol): v 	3480 and 3390 cm 1 (-NH ). max 	 2 
The mass spectrum showed the correct parent ion at m/e 225 

Found: M+ 225, 

(C16H19N requires M, 225). 

P.m. r. spectrum (CDC13): (T) 7. 87 (, 6H, 2 x Me); 7. 72 (, 3H, 

Me); 6.40 (, 2H, -NH2); 6.32 (, 2H, -OH2-); 3. 3-3.6 (rn, 3H, 

aromatic); 3. 1 (, 2H, aromatic); 2. 9-3.0 (rn, 1H, aromatic). 

Elution with ether/light petroleum (1:4 v/v) gave a brown oil 

(0. 25 g; 7%). 

I. r. spectrum (thin film): V 
max  3300 (NH) 1250 (P=O), 1050 and 

960 (P-0-Et) cm-. 1 

The mass spectrum showed the parent ion at m/e 361. 

P.m. r. spectrum (CDC13): (T) 8.76 Lt, 6H, 2 x P- O- Et; J 7Hz); 

7. 87 (, 6H, 2 x Me); 7.72 (, 3H, Me); 6. 70 Lc, 2H, J 20Hz); 5. 96 

(overlapping quintets, 4H, 2 x P- O- Et; J 7. 51-Iz); 3.72 Ld, 1H, 
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aromatic; J 81-Iz); 2. 8- 3. 4 (complex band, 6H, aromatic + NH). 

(D) 2-Methyl 1-Nitroanthraguinone 

The nitroanthraquinone (3. 2 g; 0. 012 mole) was boiled under 

reflux with triethyl phosphite (4. 0 g; 0. 024 mole) under nitrogen for 

5 hr. The dark mixture which resulted was chromatographed on 

alumina. 

Elution with benzene/light petroleum (1:1 v/v) gave a yellow 

solid which on recrystallisation from ethanol yielded his 9, 9L(10_ 

ethoxy 2-methyl l - nitro)anthryl (0. 25 g; 7.5%) m. p.  250- 2510. 

Found: 	C, 72. 2; H, 5. 1; N, 5. 1; 

C34H28N 206  requires C, 72.9; H, 5.0; N, 5.0%. 

I. r. spectrum (nujol): t 	1520 and 1320 cm''  (-NO ). max 	 z 
U. v. spectrum (EtOH): 	max 225, 262, 385, 408 nm. The spectrum 

had the same envelope as anthracene but a bathochrornic shift of 5-10 

nm was observed. 

The mass spectrum showed the parent ion at rn/c 560 (C34H28 2  NO6  

requires M+ 560) and two important fragments at ion rn/c 504 (mass 

abundance ratio 70%) and at ion rn/c 252 (mass abundance ratio 22%). 

The former fragment indicated loss of two molecules of ethylene and 

the latter fragment gave good evidence for the dirneric structure as 

assigned. 

P.m. r. spectrum (CDC13): (T) 8. 36 (t, 3H, Et); 7. 62 (, 3H, Me); 

5. 72 (, ZH, Et); 2.4-3. 1 (complex band, 5H, aromatic); 1. 65 Li 
JH, aromatic; J 8. 5Hz). 

Elution with benzene gave a dark purple solid which when re- 

crystallised from ethanol yielded l-ethylamino Z-methylanthraquinone 

(0.16 g; 3.5%) m. p. 125-126°  (lit. 119 125°). 

Found: 	C, 76.4; H, 5.4; N, 5.9; 

Calc'd for C17H15NO2: C, 77.0; H, 5.7; N, 5. 3%. 

I. r. spectrum (nujol): -P max1650 cm 	(quinone). 

U.v. spectrum (cyclohexane): 11 max 235, 252, 267, 272, 315 nm 

(same envelope as anthraquinone). 
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The mass spectrum gave the correct parent ion at m/e 265. 

P.m. r. spectrum (CDC13): (T), 8. 70 Lt, 3H, Et); 7. 56 (, 3H, Me); 

6. 53 ( 	2H, Et); 2.7-2. 8 (rn, 1H, aromatic; 2. 2-2.5 (rn, 3H, 

aromatic); 1. 7-1. 9  (rn, 2H, aromatic); 0.45 (, 1H, -NH). 

Elution with benzene/ether (3:1 v/v) gave a brick-red solid, 

which yielded on recrystallisation from ethanol 1-amino 2-methyl-

anthraquinone (0.70 g;  24.  5%) m. p.  205-206°  (lit. 120 205°). 

Found: 	C, 75. 9; H, 4. 8; N, 5. 7; 

calc'd for C15H11NQ 2: C, 75. 9; H, 4.6; N, 5. 9%. 

I. r. spectrum (nujol): -i, max 3420 and 3290 (NH 2), 1670 (Quinone) 

The mass spectrum showed the correct parent ion at m/e 237. 

Elution with ether gave a brown solid which when recrystallised 

from acetone/light petroleum (b. p. 60-800) yielded yellow needles, 

identified as diethyl N- 1- (2-methylanthraguino)phosphoramjd 	(0. 15 

g; 	3%) m. p. 150-151 
0  . 

Found: 	C, 61. 3; H, 5. 3; N, 4. 1; 

C19H20N05P requires C, 61.1; H, 5.4; N, 3. 8%. 

I. r. spectrum (nujol): '' max  1660 (quinone), 1260 (PO), 1050 and 

970 (P-O-Et) cm. 

The mass spectrum showed the parent ion at m/e 373 (019H20N05P 

requires M,373). 

P.m. r. spectrum (CDC13): (T) 8.60 (j 6H, 2 x P-O-Et); 7. 35 (, 

3H, Me); 5.80 (quintet, 4H, 2 x P- O- Et; J 8Hz); 1.6-2.7 (complex 

band, 7H, aromatic + NH). 

Total accountance of material = 38. 5%. 

The reaction was repeated using cumene as a solvent. Thus 

triethyl phosphite (5. 0 g; 0. 03 mole) was boiled under reflux with a 

suspension of 2-methyl 1-nitroanthraquinone (2. 0 g; 0. 0075 mole) in 

cumene (60 ml) for 6 hr under nitrogen. A dark red solid residue was 

obtained when lower boiling fractions were removed. This residue 

was chromatographed on alumina. 

Elution with benzene/light petroleum (1:1 v/v) gave a yellow 

solid, identified as bis 9, 9L(10_ethoxy  2-methyl 1-nitro)anthryl 
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(0. 09 g; 4%)' m. p. and mixed m. p.  250- 2510. Correct i. r. and 

mass spectra as described earlier. 

Elution with benzene/ether (3:1 v/v) gave a red solid, 

identified as 1-amino 2-methylanthraquinone (0. 68 g; 38%), m.  p. 
120 	o and mixed m. p.  205 

o 
 (lit. 	205 ). 

Elution with ether gave an orange yellow solid which on re-

crystallisation from acetone/light petroleum (b. p.  60-800 ) yielded 

diethyl N-1- (2-methylanthraquino)phosphoramidae (0.23 g;  8%), 

m. p. and mixed m. p.  150
0 . 

Total accountance of materials = 50%. 

(E) l-Nitroanthraguinone. 

Ethyl diphenylphosphinite (1. 8 g; 0. 08 mole) was added to a 

stirred mixture of l-nitroanthraquinone (0. 66 g; 0. 003 mole) in 

benzene (25 ml). The mixture turned dark green immediately. It 

was then stirred at room temperature under nitrogen for 12 hr. The 

residue, after removal of benzene, was chromatographed on alumina. 

Elution with benzene gave a brick-red solid, identified as 1-

aminoanthraquinone (0. 04 g; 69%), m. p. and mixed m. p.  252- 2530  

(lit. 121 253-254 0 )_ 

I. r. spectrum (nujol): 	max 3400 and 3290 (-NH2), 1660 (Quinone) 
-1 

cm. 

The reaction was repeated using t-butylbenzene as solvent. 

l-Nitroanthraquinone (0. 9 g; 0. 0035 mole) in t-butylbenzene (40 ml) 

was boiled under reflux with triethyl phosphite (2.4 g; 0.014 mole) 

under nitrogen for .,6 hr. Removal of lower boiling fractions gave a 

black tar which was chromatographed on alumina. 	 - 

Elution with benzene/ether (2:1 v/v) gave a red solid, identified 

as l-aminoantliraquinone (0. 1 g; 14%)  m. p. and mixed m. p.  252- 2530  

(lit. 121 253-254 0 

(F) 	6-Oxo-Anthra[1, 9-cd]Isoxazole. 

A mixture of this isoxazole (0. 11 g; 0. 0005 mole), ethyl diphenyl-

phosphinite (0. 23 g; 0. 001 mole) and benzene (10 ml) was stirred under 
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nitrogen at 500 for 20 hr. After removal of lower boiling fractions 

the residue was chromatographed on alumina. 

Elution with benzene/ether (2:1 v/v) gave a red solid, iden- 

tified as 1-aminoanthraquinone (0. 55 g; 50%) rn. p. and mixed m. p. 

252-253°  (lit. 121 253-2M°). Correct 1. r. spectrum. 

Elution with benzene ether (1:1 v/v) gave an orange solid 

identified as diphenyl-N- 1-anthraguinophosphinamidate, (0. 25 g;  12%) 

m.p. 244-245
0 . 

I. r. spectrum (nujol): v max 1660 (Quinone) 1250 (P=O) cm. 1 

The mass spectrum showed the correct parent ion at rn/c 423 

(C 26H180P requires M+ 423) and two important fragments at rn/c 

346 	(corresponding to loss of a phenyl group) and at rn/c 201 (Ph 2PO). 
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III. 1. REACTIONS OF ARYL 2-AZIDOPHENYL ETHERS 

Cadogan et al. 
101 

have successfully synthesized numerous 

phenothiazines (5) in good yields (50-85%) by the reductive cyclisation 

of aryl 2-nitrophenyl sulphides (1) by triethyl phosphite. The postu-

lated mechanism (Scheme 1) involves an initial attack at the electron-

rich 1' position to give a five-membered spirodiene intermediate (3). 

This then undergoes a 1, 2-sigmatropic rearrangement followed by a 

prototropic shift to give the phenothiazine (5). 

II1NO- tI11R (Et O)3p 

(1) 	 (2) 

SR 

N; 	 C Nu a.,. 
(4) 	 (3) 

if 

aSX~R 	
R: H, Cl, Me, OMe, But  

H 

(5) 

Scheme 1 

This phenothiazine rearrangement was demonstrated to be a 

general one by the reductive cyclisation of [4- 2H]phenyl 2-nitrophenyl 

sulphide (1; R = 2H). The product was shown to be [3- 2H]phenothiazine 

by comparison of the e. s. r. spectrum of its cation radical with those 

computer-simulated for [2- 2H]- and [3-2H]phenothiazine. 



The same phenothiazines were obtained when the corresponding 

2-azidophenyl aryl sulphides were decomposed in decalin. This would 

seem to be good evidence for the nitrene (2) as the common inter-

mediate in these reactions. 

After the preliminary communication of this work had been 

published, Messer and Farge '22  also observed a similar rearrange-

ment in the decomposition of 2-azido 4-acetylphenyl 2- and 4-substituted 

phenyl sulphides, (6) and (8) respectively. 

Acia RD 	 AcIaN  
N3 	

H R 
(6) 	 (7) 	(1) 

R: CI, Me, OMe 

AcCrN3 	R 	

) 
ACIIN12Ic (2) 

H 
(8) 
	

(9) 

R: CI1  Me, OMe, SMe 

Two possible mechanisms were postulated. The first (Scheme 

2) seems rather dubious as it has been established (see chapter I, 

Introduction) that thermal decomposition of aryl azides (especially in 

the absence of alkenes) yield aryl nitrenes with concommitant loss 

of nitrogen as the first reaction step. 

The second mechanism (Scheme 3) is rather unlikely as it 

depends on a structure involving expansion of the sulphur valence shell. 

Considerable evidence, mainly spectral, has been presented against 

structures involving such a valence shell expansion in sulphur. 123 By 

124 means of refined theoretical calculations, Bendazolli and Zauli 	have 

predicted that participation of d-orbitals in aromatic sulphides is likely 

to be negligible. 
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Kwok and Pranc125 have also reported a similar type of 

rearrang=A in a study of the formation of acridones from methoxy-

lated phenylanthranils under pyrolytic conditions. Thus 2-(2,4-

dimethoxyphenyl)anthranji (10) on heating to 2600 gave 2, 4- dimethoxy-

acridone (11) rather than the 1, 3-dimethoxy isomer (12). The proposed 

mechanism is represented in Scheme 4. 
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It will be noted that one of the two key intermediates in Cadogan's 

phenothiazine rearrangement [(4), Scheme 1], requires an ortho 

hydrogen for aromatisation to the phenothiazine. By blocking both 

ortho positions (the so-called 'blocked ortho effect') in the ring not 

containing the nitrene Cadogan and Kulik'°3 have shown that some 

very interesting and novel rearrangements result. Some of these 

reactions have been outlined in the Introduction and will be discussed 

in greater detail here in conjunction with the present investigations. 

Only two reports exist of attempts to synthesize phenoxazine 

and its derivatives from nitrene or nitrene precursors by cyclisation 

reactions. Both attempts have resulted in failures. The first was 

by Smith et al. 
100

Thermolysis of o-azidodiphenyl ether in inert 

solvents gave an intractable tar "from which was obtained only a small 

amount of an impure picrate resembling that reported from the 

expected phenoxazine. " Smalley et al. 102 in a very recent paper 

reported the failure of an attempt to cyclise nitropyridyl ethers (13, 14; 

R = NO2) by reaction with triethyl phosphite. 

~ao 

QN 

R 

i2Y° TTh 
) RN 

Decomposition of the corresponding azidopyridyl ethers (13, 14; R = N3) 

in bromobenzene also failed to yield any cyclised products. 

(A) 	2-Azidophenyl 2, 6-Dimethylphenyl-. and 2, 4, 6-Trimethylphenyl 

Ether. 

As expected the thermolysis of 2-azidophenyl 4-methoxyphenyl 

ether gave only minute traces of some unidentifiable compounds and a 

large amount of intractable tar. 

However when both relevant ortho positions are blocked by 

methyl groups, the product (if formed) was expected to be either 

10, 11-dihydro 4-methyldibenzo[b.f][1,4]oxazepine (17; R = H) or the 



5, 11-dihydro isomer (16; R = H). In the event, decomposition of 

2-azidophenyl 2, 6-dimethylphenyl ether (15; R = H) gave 5, 11-dihydro 

4-methyldibenzo{,e][1,4]oxazepine (16; R = Fl) (11%) rather than the 

isomer (17; R = H). 

Me 

Me 

	

1C 	
(17) 

R 

)e 	 (3) 

N3a—CH R 
(16) 

(15) 	 N  

	

H 	Me 

This represents the first successful synthesis of a dibenzo-oxazepine 

by cyclisation of a nitrene precursor. It parallels the reaction of 

the corresponding sulphide 103 which yielded the analogous thiazepine. 

The yield in the present study is however much lower. 

The structure of this product was assigned as the 5, 11-dihydro 

(16; R = H) rather than the 10, 11-dihydro (17; R = l- isomer on the 

basis of p. m. r. and mass spectral data. In particular the chemical 

shifts of the N-H proton of several closely related compounds were 

compared (Table I). These values were all obtained from p.m. r. 

spectra of the compounds under identical conditions viz, as 10% w/v 

solutions in CDC13  as solvent. 

The chemical shifts of the methylene protons is also in agree-

ment with the deshielding effect of the oxygen, nitrogen and sulphur 

atoms viz. O>N>S. 

The mass spectrum of the 5, 11-dihydro-oxazepine (16; R = H) 

in addition to giving the correct parent ion at m/e 211 also showed a 



Table I 

	

Compound 	 Chemical Shifts (1) 

NH 	-CH2- 

	

20 	
4q43 	5.11 

H 	Me 

	

~X N :2 QO 	4.34 6.10 

H 	Me 

Me 	
4.30 	6.00 

Me 

	

aNJO 	
4.60 

H 
Me 

S

__ CCN- 6.15 	5.30 

ON-CH2jo 

625 5.80 

fragment at m/e 182. This could arise by the process: 

CH0 	
C13H12N 

(4) 

Me 



Exact mass measurement of the fragment showed it to be C13H12N. 

Thus the intermediate nitrene (or nitrenoid species) generated 

by thermolysis of the azide (15; R = H) prefers not to insert into the 

adjacent C-H bond but undergoes an aromatic rearrangement result-

ing in the oxygen atom being attached to one of the methyl carbon atoms. 

The mechanism is likely to be similar to that for the reaction of the 

analogous sulphur compound (see ref. 103), thus, 

	

Me 	 Me 
"'0 	

~J 
)AN ao, 	LR 	 OIN "_ R 

(15) 	 (18) 

1 
CH2 	 Me 

	

R 	
0 + 

O 	
1

N 	 N C 	
X)R 

O 
M 	 Me 

(19) 

	

H Me 	 H Me 

(16) 

Scheme 5 

As a 1, 3-sigmatropic shift is not symmetry allowed, it is 

more likely that a diradical species (21) is involved. 

A minor reaction product (1%) is the bis- ether (22; R = H). 

Its mode of formation, however, is not easily rationalised. 
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(22) (23) 

The structure was assigned on the basis of evidence from 

spectral data to be (22) (R = H) rather than (23) (R = H). The chemical 

shift of the -CH 
2
-group was found to be 7. 65 T while that for com-

pounds of the type Ar-NH-CH2-Ar are of the order of 5. 0-6. 0 T (see 

table I). Furthermore the signal of the N-H proton occurred at 

4. 05 T while that for compounds of the type Ar-NH-CH2-Ar are 

around 6. 0-6. 5 T (see table I). 

The dimeric nature of the product was established from the 

mass spectrum. It gave the correct parent ion at m/e 422 and the 

most abundant fragment (mass abundance ratio 100%)  at m/e 210, 

corresponding to a molecular formula of C J4HJ2N0 (from exact 

mass measurements). 

Similarly the thermolysis of 2-azidophenyl 2, 4, 6-trimethyl-

phenyl ether (15; R = Me) gave 5, 11-dihydro 2,4-dimethyldibenzo-

[, eJ[l,4]oxazepine (16; R = Me) (15%)  and the bis-ether (22; 

R = Me) (i. 5%). 

(B) 	2-Azidopheny]. 2, 6- Dimethoxyphenyl Ether. 

By analogy with the reaction of 2-azidophenyl 2, 6-dimethoxy-

phenyl sulphide, 103 it was expected that the decomposition of this 

azido compound (24) would lead to l-methoxyphenoxazine and 1, 2-

dimethoxyphenoxazine. Perhaps it might even lead to isolation of 
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the other key intermediate of Cadogan's phenothiazine rearrangement 

[cf. (3); Scheme 1] thus, 

Me 

C  0 

	+ 

N  —3 (5) 

The products actually isolated from the thermolysis of 2-

azidophenyl 2, 6- dimethoxyphenyl ether (24) were 4- methoxyphenox-

azine (25) (30%)  and 1, Z- dim ethoxyphenoxazine (26) (11%) as shown 

by detailed p. m. r. and mass spectral investigations. 

OMe 

0--0 C'N3   

(24) 

OMe 

N)O 
(25) (6) 

NOMe 
OMe 

(26) 
4-. Methoxyphenoxazine. 

The mass spectrum and exact mass measurements gave good evidence 

that the compound was a mono-methoxy phenoxazine. This conclusion 

was substantiated by the p.m. r. spectrum with CDC13  as solvent. 

When hexadeuteriobenzene was used as solvent the complex aromatic 

band resolved into four separate groups of signals. Scale expansion 

and double irradiation allowed the assignments of the signals due to 

protons Ha, Hd and Hf (see fig. 1) 

H2 	OMe 

g 

HC 	N 	Ht  
Hd f1  
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Table II summarises the results of the spin decoupling 

experiments. 

Table II 

Irradiation frequency 	 Changes Observed on 
(equivalent chemical 

Irradiation shift value, T given) 

	

3.33 	 Multiplet at 4. 15 T —Quartet 
1Q,b 

 6Hz; J 	31-i 

	

3. 58 	 Multiplet at 4. 15 T -* Singlet 

	

3.62 	 Triplet at 3. 97 T -> Singlet 

Thus the multiplet centred at 4. 15 T is the signal arising from 

Ha - this is the expected upfield signal for the proton ortho to the 

oxygen function. The triplet at 3. 97 T is due to the signal from Hf 

the complex band at 3.48-3. 62 T due to Hb, Nc and He; and the 

multiplet at 3. 35 T to Hd 

1, 2- Dimethoxyphenoxazine 

The mass spectrum and exact mass measurements provided good 

evidence that the compound was a dimethoxy phenoxazine. The p. m. r. 

spectrum showed that the methoxy signals were not identical (viz. 

singlets at 6. 19 and 6. 25 T). The two o-o coupled doublets (J 9  Hz) 

at 3. 64 and 3.87 T ruled out the 1, 3, 2, 3, and 2, 4- dime thoxyphenox-

azines. The 1, 4- dimethoxy isomer is likewise unlikely as the methoxy 

signals for the analogous 1, 4- dim ethoxyphenothia zine 103 appear as a 

6-proton singlet in the p.m. r. spectrum. This leaves only the 1, 2 

and 1,4 isomers to consider. As both o-o coupled doublets occur 

at higher field than the multiplet due to Ha, it indicates that the ortho 

position in the relevant ring must be unsubstituted. This indicates 

that the compound is 1, 2-dimethoxy phenoxazine. 

The formation of these products can be rationalised (Scheme 6) 

by assuming the formation of the spirodiene intermediate which under-

goes a 1, 2-sigmatropic shift to give the hydroaromatic intermediate (27). 
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OMe 	 Me 

all 
OMe 	 OMe 

(24) 

OMe 	 OMe 

CIO 	 aN A 
0 	 -:0 

OMe 
H 	CH2—H 

I j,-HCHO 

OM

01- 

	

	

e Me 
 

	

OCNI" + 	 aN)O 
- 	 Me 	

H 

(25) 

N H 	 aN :]$~ 	 HDQ 

	

OMe 	 OMe 
(26) 

Scheme 6 

One of the two ways through which it can aromatise is by a 1,4 trans-

methoxylation via the oxoniurn species (28) to give the observed 1, 2-

dimethoxyphenoxazjne. The other way is through loss of formaldehyde 
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and concommitant formation of l-methoxyphenoxazine thus: 

0—C H2--H 
HCH0 	 0 

(7) 

	

N"Q~ + 
	

aN)] 
I 
) 

	

OMe 	 OMe 

However, in contrast to the sulphur analogue, this product was not 

obtained in this investigation. A possible explanation is that its 

formation is by a higher energy pathway (as in the case of 1-methoxy-

phenothiazine126) as compared to the 1, 2-dimethoxy compound. 

Otherwise it is difficult to explain this negative result. 

In its place, 4-methoxyphenoxazine was obtained. Its 

formation is rationalised (Scheme 6) by an initial attack at the 2' 

position followed by aromatisation via loss of formaldehyde. However 

the quantity of formaldehyde trapped (by means of dimedone) is only 

about half the amount expected corresponding to the yield of 4-methoxy-

phenoxazine. 

III. 2. REACTIONS OF ARYL 2-NITROpI-JENyL ETHERS 

Cadogan et al. 61,
62, 101, 103 

have shown that reduction of 

aromatic nitro compounds by triethyl phosphite has led in many 

instances to formation of interesting heterocyclic compounds of nitrogen 

by the process of reductive cyclisation. 

However, with many of these reactions a setback (against 

cyclisation) is the ready formation of phosphorimidates whose genesis 

is presumably by the reaction between an intermediate nitrene and the 

phosphite thus, 

ArN + P(OEt)3 	> ArN = P(OEt)3 	 (8) 

although it is not possible to rule out other non-nitrene pathways such 

as the deoxygenation of intermediates such as (29) and (30) by phosphite. 

The yi elds of these phosphorimidates have been reduced by carrying 



0 

Ar-N-P(OEt)3 	 Ar- --P(OEt)3  

(20) 
	

(30) 

out the reactions in solvents such as cumene and t-butyl benzene. 

Thus used, this reaction has been put to great advantage as a synthetic 

route to nitrogen heterocycles. 57 

(A) 	2, 6-Dimethylphenyl and 2, 4, 6-Trimethylphenyl 2-Nitrophenyl 

Ethers. 

Reaction of 2, 6-dimethylphenyl 2-nitrophenyl ether with 

triethyl phosphite gave only a very small amount (0. 5%)  of the cyclised 

product, 5, 11- dihydro 4-methyldibenzo[, e][i, 4]oxazepine (16; RH) 

(Scheme 5). The major product (70%) was a colourless solid, initially 

assigned as triethyl N-o- (2, 6- dim ethylphenoxy)pheny]. phosphorimidate 

(33; R = H) (Scheme 7). This preliminary assignment was the obvious 

one in the light of existing results on such reactions. Thus Cadogan 

et al. 61,68 reported the isolation of phosphorimidates and phosphora- 

midates (being the products of hydrolysis of phosphorimidates) in the 

thermal deoxygenation of aromatic nitro compounds. Likewise Sundberg 

et al. 69 have obtained high yields (60-80%) of phosphorimidates in the 

photochemical deoxygenation of several aromatic nitro compounds. 

What is dubious about the present assignment is that the phosphori-

midate and not the phosphoramidate should be isolated in view of the 

experimental method used viz. elution chromatography on alumina. 

Both Cadogan 61 and Sundberg6  have shown that phosphorimidates are 

converted by hydrolysis to the phosphoramidates by elution chromato-

graphy on silica or alumina. Furthermore Cadogan and Armour 127 

have shown that hydrolysis of this product does not yield the expected 

phosphoramidate. Final proof that this product is not the phosphorimidate 

came by the preparation 127 of an authentic sample of triethyl-N-o-

(2, 6- dim ethyl phenoxy)phenyl phosphorimidate by an unambiguous known 



method 
117 

 viz, reaction of the azide with triethyl phosphite. The 

i. r. and p. m. r. spectra of this authentic is significantly different 

from those of the reaction product. 

A closer study of the i. r. spectrum revealed a strong absorp-

tion band at 1260 cm . This is too low for the usual P=N absorption 

band (1415- 1290 cm 1- )
128 

It fits however with values for PC 

stretching frequencies. Data for P=C frequencies are limited since 

the majority of this type of compounds exist in the ylid rather than the 

ylene form. 

R 
3 
 P = CHR' 	' R3  -CHRt 	 (9) 

In cases where the ylene form is stabilised by conjugation [for e.g. (31) 
129, 130 

and (32)], 	the characteristic absorption appears in the range 

1180-1230 cm. 1 

LçiJ 
PPh3 	 PPh3  

(31) 	 (32) 

The p.m. r. spectrum showed the presence of three P- O- Et 

groups (overlapping quartet of doublets and triplet of doublets) and 

that the ring containing the methyl substituents remained intact (as 

indicated by the three-proton singlet in the aromatic region). The 

one-proton multiplet at 4. 2 -r (probably non-aromatic) suggested that 

the other ring had undergone a change - probably a ring expansion. 

From the spectral data the product isolated is assigned the 

structure of 7- triethoxyphosphoranylidene 2- (2, 6- dimethylphenoxy)_ 

azepine (34; R = H). The formation of this compound is rationalised 

(Scheme 7) by assuming deoxygenation of the nitro-group to give a 

nitrene which can be considered to be in equilibrium with a 7-azabi-

cyclo[4, 1, 0]hepta- 2, 4, 6-triene derivative (35) of the type postulated 
46 

by Huisgen. 



OR' 	 OR' 

2NO2  

OR / 1aN=P(OEt)3  

OR,  
L-N 

J.  

(:P(OEt)3  

(35) 

Me 

R' = _3_.R 

Me P(OEt)3  
(34) 

R' 
N- 

P(OEt) 
1 

(36) 

Scheme 7 

Nucleophilic attack by the triethyl phosphite on the azabicyclo 

compound (35) gives rise to a phosphonium intermediate (36) which 

ring expands to the phosphoranylidene azepine (34). This is in 

accord with earlier work ó1 68, 69 on the ring expansion of aryl 

nitrenes to 3H-azepinyl phosphonates consequent upon nucleophilic 

attack by triethyl phosphite. 

It would seem that in the present case, ring expansion of the 

first-formed nitrene is more favourable than the alternative ring 

closure reaction to the dibenzo-oxazepine. There is some evidence 

supporting this conclusion from investigations currently in progress. 131 

A 31-1-az epine was detected (mass spectrum) as a product of this 

reaction in the presence of an added nucleophile, diethylamine. The 

formation of 3H-azepines has been attributed to nucleophilic attack 

on the aza-bicyclo heptatriene by di.ethylamine. This reaction is 

well documented (see section 1.4). The preference for ring expansion 

over ring closure could well account for the previous anomalous (by 

comparison with the sulphur analogues) results in the failure to obtain 



any cyclised products. Such ring expansions could well be responsible 

for the tarry products previously obtained. Following on from this 

result, the next phase of investigation will obviously centre on the 

reasons for this preference for ring expansion over ring closure. 

It was further observed that the phosphoranylidene azepine 

(34; R = H) hydrolysed within an hour on exposure to air. A similarly 

rapid hydrolysis in CC14  solution in an n. m. r. tube occurred on the 

addition of D20. The hydrolysed product was identified tentatively 

as 2- (2, 6- dimethylphenoxy) az epin- 7- ylidene phos phenic acid (37; 

R = H). 

O' OR 

	

	 R ' 

	

C

H2O > 	iII 
P(OEt)3 	 VP—OH 	

(10) 

	

Me 	 0 (34) 	

R': 	
(37) 

Me 

The structural assignment is based on spectral data. The i. r. 

spectrum showed a broad, shallow band at 2400 cm, typical of P- OH 

absorptions, 128 and the P=O frequency at 1200 cm. '  When the 

hydrolysis was carried out in an n. m. r. tube the very striking replace-

ment of the P-0-Et signals (overlapping quartet of doublets and the 

triplet of doublets) by the normal ethyl signals was observed (cf. fig. 

1 and 2 on page facing page 70). The p. m. r. spectrum of the white 

solid obtained on aerial hydrolysis confirmed the complete disappearance 

of the P-0-Et signals. The molecular formula was confirmed by 

exact mass measurements. 

The half-life of this rapid hydrolysis, determined on an 

automatic radiometric titrator, was found to be 25 min at a pH 3. 8 
o 127 

and 26 

The isolation of the azepinylidene phosphenic acid (37) was most 

unexpected in view of earlier results 68, 69 which would suggest the 
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3H-azepinyl phosphonate (38) as the product of hydrolysis. 

OR' 

P(OEt)3  

R' 

/ P(OEt) 
0' 	

2 
 

(38) 

Hydrolysis of phosphoranes usually lead to rupture of the P=C bond 

resulting in formation of the phosphine oxide 132
(for example, eq. 12). 

H OH 	 rCC HR 	 R3  P=O 
I'll 	1 R3  P=C R 	 R3P\ 	 > 	+ 

R' CH(12) 
H2O 

The loss of the three P-0-Et groups in the present hydrolysis 

reaction is most unusual. It has been further observed that a solution 

of the phosphenic acid in aqueous ethanol turned blue in colour when 

allowed to stand in air for a few days, thus suggesting further reac-

tions. Further investigations are obviously necessary before a more 

definite conclusion on the structure of the hydrolysis product can be 

made. 

The reaction of 2, 4, 6-trimethylphenyl 2-nitrophenyl ether with 

triethyl phosphite gave similar products viz, the dibenzo-oxazepine 

(16; R = Me) (1%)  and the phosphoranylidene azepine (34; R = Me) 

(62%). A similarly rapid hydrolysis of the phosphoranylidene azepine 

to the azepinylidene phosphenic acid (37; R = Me) was also observed. 

(B) 	2- Chlo ro 6- Methylphenyl 2- Nitrophenyl Ether. 

The only products isolated from the deoxygenation of this 

compound by triethyl phosphite were Z-N-ethylaminophenyl 2-chloro 

6-methylphenyl ether (39; 6%) and l-methylphenoxazine (40; 7%). 

The N-ethylamino compound (39)  is presumably produced as a result 

of ethylation of the first formed primary amine by triethyl phosphate 133 
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0 Me  

(Et 0)3 P

-16 	 C1 

> 	
0 
be 

a 
NC C1 	 NHEt 

+ 	(39) 

(13) 

N Q 
H Me 

(40) 

or phosphite. 134 By analogy with the case of the sulphur analogue 103  

the formation of l-methylphenoxazine is rationalised (Scheme 8) by 

the usual 'phenothiazine rearrangement' except that in this case, 

aromatisation is achieved probably by a loss of the chlorine atom. 

CI 

[aN 
Me 

CN 
Me 

RH 
> 

Scheme 8 

aJD 
Me 

(40) 

The postulated N-chloro intermediate (41) is converted to the phenox- 
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azine (40) by chlorination of decalin. The similar chlorination by 

N-chloro succinimide with decalin as reported by Cadogan and Kulik 103  

is good evidence for this pathway. 

Unlike the sulphur analogue, 4-methylphenoxazine was not 

isolated. 

Trace amounts of the expected phosphoranylidene azepine was 

detected (by i. r. spectroscopy) but its very rapid hydrolysis prevented 

further spectral determinations. This would seem to indicate that 

the azepine produced was being hydrolysed on the column during 

elution. 

(C) 	2, 6-Dimethoxyphenyl 2-Nitrophenyl Ether. 

The residue from the reaction of this compound with triethyl 

phosphite was unusually light in colour (indicating little tar formation). 

However the accountance of materials was very poor (26%). Not even 

trace amounts of the expected phosphoranylidene azepine was detected. 

It was considered that the azepine (assumed formed) hydrolysed on the 

column during elution chromatography to the very polar azepinylidene 

phosphenic acid. A faint yellow band remained at the top of the column 

even after elution with methanol. 

The products isolated from the reaction were 2-N-- ethylaminophenyl 

2, 6-dimethoxyphenyl ether (6%), 4-methoxyphenoxazine (5%) and 1, 2-

dimethoxyphenoxazine (2%). 

In the similar reaction of 4-methoxyphenyl 2-nitrophenyl ether 

only 2-N-ethylaminophenyl 4-methoxyphenyl ether was isolated (7. 5%). 

From these results it would seem rather fortuitous that the 

easily hydrolysed phosphoranylidene azepine was isolated at all in this 

series of reactions, but the isolation has opened up new avenues of 

investigation. 
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C 

(15) 

0 

CK CQO+ C'a , -- I  
Me 

III. 3. REACTIONS OF ARYL 2-AZIDOPHENYL SULPHONES 

Preliminary investigations by Cadogan and Ramage135  on the 

thermolysis of 2- azidophenyl 4- chlo rophenyl suiphones indicated the 

product to consist of a mixture of mono-chiorophenothiazine 5, 5-

dioxides (probably the 2-chioro- and 3-chloro-isomers) thus, 

OCS020 	 S 2 

N 	C1 	 NDO  C1 

+ 

	

M

S02 	
C, (14) 

N!)D  
Kwok and Pranc125  in their study of the pyrolysis of methoxy-

lated phenylanthranils found that by heating 3-(p-methoxyphenyl) 5- 

chioroanthranil to 2600,  a mixture of 2- and 3-methoxy7-chloro 

acridones (identified as the corresponding 9-chloro acridines) in the 

ratio 1:3 was obtained. 

H 	 H 
1 	 3 

An examination of these two sets of results in the light of 

Cadogants phenothiazine rearrangement (Scheme 1) would seem to 
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indicate that the electron-withdrawing properties of both the carbonyl 

and suiphonyl functions have reduced the electron density at the 1' 

position to such an extent that the direct insertion by the intermediate 

nitrene into the 2' position becomes a competitive process. 

X-*-QR  aXN)Ka' 
R 

I 
x 	 aX:OR 

N)aR 	 N 
H 	X:CO,S02 	H 

Scheme 9 

The present study of the thermolysis of 2-azidophenyl 4-

chiorophenyl- and 4-t-butylphenyl suiphones is to show the validity 

of these suggestions. The former suiphone yielded on thermolysis 

a mixture of 2-chioro- and 3-chlorophenothiazine 5, 5-dioxides in the 

ratio 3:1 (approx.) - the product ratio being estimated from p.m. r. 

spectra studies in conjunction with authentic samples. 

A similar decomposition of 2-azidophenyl 4-t-butylphenyl 

suiphone led to a mixture of 2- and 3-t-butyl phenothiazine 5, 5-dioxides 

in the ratio 4:3. 

These results would appear to agree with the earlier suggestion 

that the electron-withdrawing sulphonyl group has reduced the electron 

density at the 1' position thus enabling the formation of the 2-substituted 

phenothiazine 5, 5-dioxide by a direct insertion process. As the t-butyl 

group is fairly electron-releasing it would be expected to reduce the 

product ratio of the 2-isomer to the 3-isomer which is indeed the case 

(4:3 for the t-butyl compound compared with 3:1 for the chioro example). 
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Perhaps electron-releasing groups in the right positions 

viz. 2, 6 or 2, 4, 6 positions will allow the formation of only the 

rearranged product while electron-withdrawing groups in the same 

positions will lead to direct insertion products. 

In this context it is difficult to explain why the thermolysis of 

2-azidophenyl 2,4, 6-trimethylphenyl sulphone should give only an 

intractable tar. It will be worthwhile to re-investigate this reaction 

and others involving sulphones with blocked ortho groups. 

A practical difficulty in dealing with these suiphones is the 

question of polarity, involatility and insolubility of the expected 

products, the phenothiazine 5, 5-dioxides. This makes the standard 

techniques of separation of the isomers viz, column chromatography 

or fractional recrystallisation a difficult task. 	Their high involatility 

rules out the possibility of using gas-liquid chromatography as an 

experimental technique. 

The other products in these reactions are the 2-aminophenyl 

aryl suiphones, formed presumably by hydrogen abstraction by the 

intermediate nitrene. 

111.4. MISCELLANEOUS REACTIONS. 

(A) 	4-Hydroxyphenyl 2-Azidophenyl- and 2-Nitrophenyl Sulphide. 

In Cadogan!s phenothiazine rearrangement (scheme 1) two key 

intermediates are postulated. These are the spirodiene (3) and the 

hydroaromatic species (4). The latter intermediate has been iso-

lated103  as diethyl 4aH- phenothiazine- 1, 4a- dicarboxylate (42) thus, 
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(aN 

(42) CO2Et 

The rational of the present study is the isolation of the 

other key intermediate as the spirodienone (44). 

[N >C 0 

 

1  
0 

[ CIN 

soj 
1 

< 	 aS)(::),+-O-H 

a S~'-QOH 

 

Scheme 10 

As it turned out the attempt at reductive cyclisation of 4-hydroxy 

phenyl 2-nitrophenyl sulphide (43; X = NO2) by triethyl phosphite gave 

only small amounts of a monoethoxy phenothiazine (probably 3-ethoxy). 

This was formed presumably by initial ethylation of the hydroxyl 

group by triethyl phosphate (or phosphite) followed by reductive cyclisa-

tion via the phenothiazine rearrangement. Isolation of trace amounts 

of ethoxyphenyl 2-nitrophenyl sulphide gives good support for this 
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conclusion (Scheme 11). 

a IIL0 
H (EtO)3P 

llol 

f 	 V 

~as) 0 	 aS:jDOEt 

Scheme 11 

It was hoped that by decomposing the azido compound (43; 

X = N 
3 ) the spirodienone could be isolated. However only intractable 

tars were obtained. Perhaps by blocking the relevant ortho positions 

by suitable groups (like methoxy) it may be possible to isolate this 

elusive intermediate. 

(B) 	.2, 4, 6-Trimethoxyphenyl 2-Nitrophenyl Sulphide. 

Reductive cyclisation of this compound by triethyl phosphite 

led to a 1:1 mixture of 1, 3 and 2, 4 -dim ethoxyphenothiazine {(45), (46); 

33%] and di ethyl-N- ethyl-N- (2, 4, 6- trimethoxyphenylthio)phenyl 

phosphoramidate (26%). 

The formation of 1, 3-dimethoxyphenothiazine can be rationalised 

(Scheme 12) by assuming that the first formed spirodiene undergoes a 

sigmatropic shift to give the hydroaromatic intermediate (47) which 

then aromatises by loss of formaldehyde. The other mode of aromatisa-

tion (as observed in the rearrangement of 2, 6-dimethoxyphenyl 2- 

nitrenophenyl su1phide 3) by a transmethoxylation via the oxoniurn  

species is not likely here in view of unfavourable steric factors. 



OMe OMe 

0+0  Me 
QCN02 	 QEN 

OMe 	 OMe 

I 
Me O-CH2--H 
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OMe 

OMe 
H'9 O\-  

CH2-H 	 (47) 

-HCHO 	 -HCHO 

OMe 

a NS)] 1-1 	

POMe 

OMe 	 aN 
H 	 H OMe 

(46) 	 (45) 

Scheme 12 

The rather unexpected formation of 2,4-dimethoxyphenothiazine 

is rationalised by initial attack at the 2' position, followed by aromatisa-

tion by loss of formaldehyde. This sequence is similar to the formation 

of 4-methoxyphenoxazine (Scheme 6). 

As noted earlier in section III. 2 the formation of phosphorimidates 

is a regular feature of reactions involving reduction of aromatic nitro 

compounds by triethyl phosphite. Where elution chromatography is 

used as the method of separation of the reaction products, the phos-

phorimidates are isolated as the phosphoramidates. In the present 

study, the N-ethyl phosphoramidate is isolated. 
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(C) 	2, 4, 6- Trin-iethylphenyl 2-Nitrophenyl Methane 

The preference for formation of five-membered rings is 

illustrated in a different way in the study of the thermolysis of 

106 	
o-. 

azidodiphenyl methane. Krbechek and Takimoto 	isolated a product 

to which they assigned the structure 11H-azepino[l, 2-a]indole (48) 

(Scheme 13). 

CH 2-*,o 	 CH 2 

IaIN 3 	 N 

1 
O:N 	 N 

(48) 

(40) 
Scheme 13 

As azepines show a marked preference to exist as the 3H 

tautomer Jones et al. 107 has re-assigned the structure of (48) as the 

tautomer 10-azepino{1, 2-a]indole (49) on the basis of its }-1 n. m. r. 

spectrum. This re-assignment was confirmed by the isolation of 

11-methyl 1OH-azepino[1, 2-a]indole (rather than the 11H isomer) when 

a_(o-azidophenyl) a-methyltoluene was decomposed. A subsequent 

study by Cliff and Jones 
135 

 on the thermolysis of 2-azidophenyl 2-

methyiphenyl and 2-methoxyphenyl methane revealed that the former 

reaction led to formation of only 10-methyl lOH-azepino[1, 2-a]indole 

while the latter reaction resulted in a host of products. By the use 

of gas-liquid chromatography, they have been able to trace the presence 

of methoxyazepinoindole, acridine, acridan and their methoxylated 
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derivatives. These products were attributed to new nitrene 

insertion reactions. 

The present study is to investigate the effect (if any) of 

blocking both relevant ortho positions by methyl groups. The reduc-

tion of 2, 4, 6 -trim ethylphcnyl 2-nitrophenyl methane by triethyl 

phosphite led to a complex mixture of numerous products (as indicated 

by t. 1. c. ). Among those isolated and identified were 6, 8, 10-trimethyl 

1OH-azepino[l, 2-a]indole (50) (10%), 2-aminophenyl 2,4, 6-trimethyl-

phenyl methane (51) (9%)  and diethyl 2-N-(2,4, 6 -trim ethylphenyl)-

amino-benzyl phosphonate (52). 

me 

UNO2Me  
Me 

- ------\ Me - Ii \>'H 

Me Me 

Me 	 O=F(OEt)2 	 (17) 

CH2 

2 NH 2 	-Me 

(51) 

The azepino-indole (50) was presumably formed by a reaction 

sequence similar to that outlined in Scheme 13 while the amine (51) 

was produced by a hydrogen abstraction reaction of the intermediate 

nitr ene. 

The structure of the phosphonate (52) was assigned from 

spectral data. I. r. spectrum showed the presence of an N-H group 

(3300 cm) and the diethyl phosphonyl function (1250, 1050 and 960 cm-

The p. m. r. spectrum ruled out the expected phosphoramidate (53) as 

a possible structure because the methylene protons appeared as a 

doublet (J, 20Hz). Heteronuclear spin decoupling indicated that the 

phosphonyl function was linked to the methylene group. The observed 

C H2  Me 	Me 

H Me 
(52) 



phosphorus coupling compares favourably with that in diethyl benzyl 

phosphonate (J 
H 

22Hz). The upfield doublet at 3. 72 T (J 8Hz) 

was assigned to the proton ortho to the amino group. Scale expansion 

showed this doublet to be unusually broad and could conceivably incor-

porate a small meta coupling of 1 Hz. The integral tracing showed a 

decrease of 1 proton in the aromatic region after shaking the CDC13 

solution with D20, thus giving further evidence for the presence of 

the amino function. 

The formation of the phosphonate was rationalised (Scheme 14) 

by a nucleophilic attack by triethyl phosphite on the strongly electro-

philic methylene function of the first-formed spirodiene intermediate 

(54). Loss of ethylene (a process previously observed in formation 

of azepinyl phosphonates68) by the phosphoni 	species (55) leads to 

the phosphonate. 

Me 

a~ ,N 

CH2

O2 )Me 
Me 

Me 

Me 	Me 

 

(EtO)3P: Me 

(54) Me 

1 
+ 

(EtO)3! 	Me 
Me 

Me 

Me 

I Me 
0P(OEt)2 

(53) 

(EtO)2 O 

M2 e 
	Me 

H Me 

- CH2  -CH 2 

(52) 	 Scheme 14 
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As diethyl benzyl phosphonate underwent Homer's reaction 

with benzaldehyde under the influence of a strong base (e. g. NaOMe) 

to stilbene, 137 it was considered that the benzyl phosphonate (52) 

might likewise be converted to the corresponding alkene (56; eq. 18). 

However an attempt to achieve this conversion resulted in isolation 

of only unreacted starting materials. 

(EtO)2 O 

H2 Me 2yMe 

Me 

PhCH 1.NaOMe 	 Me 
2 PhCHO 	 H C 	Me 

V 
> 	

(18) 
H Me 

(56) 

Steric hindrance by the mesityl function could well be responsible 

for this failure. 

(D) 	2-Methyl- 1-Nitroanthraquinone. 

Anthraquinone and its derivatives are of enormous importance 

to the dyestuff industry. Consequently there has been extensive 

investigations into the synthesis of various types of anthraquinoid 

structures, especially those with useful chromophores. Many of 

these attempts have resulted in interesting and useful products. For 

example as early as 1916 Schaarschmidt138  prepared 6-oxo-anthra-

[1, 9-cd]isoxazole (57) by thermolysis of 1-azidoanthraquinone in water. 

As with all other azide decompositions one could write either a 

nitrene mechanism or a concerted non-nitrene pathway for the 

reaction (Scheme 15). In view of the low temperatures used (boiling 

water) it is likely that the concerted non-nitrene mechanism is in 

operation. 

Among the many other similar products synthesized in this 

manner are the interesting anthra[1, 9-cd: 4, 10-c'd'}diisoxazole (58) 

and anthra[1, 9-cd: 5, 10-c'd']diisoxazol.e (59). 
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concerted 

-N2  

[ii 
	

0 

(57) 

a =-= N 

Scheme 15 

(59) 

In the light of these results it was considered to be of interest 

to investigate whether reaction of the corresponding nitro compounds 

with triethyl phosphite would lead to the same products by reductive 

cyclisation. In the event, reaction of 2-methyl 1-nitroanthraquinone 

with triethyl phosphite yielded bis 9,9' (10-ethoxy 2-methyl 1-nitro) 

anthryl (60) (7. 5%), 1-amino  2-methylanthraquinone (61) (24. 5%), 

1-ethylamino 2-methyl anthraquinone (62) (3.5%) and diethyl N-1-

(2- methylanthraquino)phos phoramidate (63) (3%). 

It seems likely that the amine (61) was formed by hydrogen 

abstraction by the intermediate nitrene. Alkylation by triethyl phosphate 
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NO2 	 Et 

(EtO)3P > 

MeJII11IIhhIIIJ 
0 	 02N 	 02 

Me 
22 

'H 2 	+ 

Me 	 OEt 

[JjJ 	 (60) 

0 	
(19) 

 

NHEt 	 HNP(0)(OEt)2  

+ 	 + 	
Me 

(63) 

or phosphite of the amine accounts for the ethylamino compound. 

Formation of phosphoramidate has been attributed to hydrolysis of 

phosphorimidate (61) whose formation has in turn been rationalised 

(eq. 8) as a reaction of phosphite and nitrene. The formation of the 

bis-anthryl (60) is more difficult to rationalise. Ramirez et al. 139 

have reported that reaction of trimethyl phosphite with anthraquinone 

led to formation of 10-methoxy 9-hydroxyanthracene 9-dimethyl 

phosphate (64). 

It is obvious that the bis-anthryl was produced as a result of 

attack by the tervalent phosphorus reagent on the quinone function 

rather than on the nitro group, but the mechanism is unknown. A 

radical intermediate is likely to be involved in view of the dimeric 

structure. 
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+ 
O—P(OMe) 

(MeO)3P 	,- V 

V 

0- 

0 
? (OMe)2 

(20) 

OMe 
(64) 

When the reaction was repeated in the presence of a solvent, 

cumene, similar products (except the ethylamino compound, which 

was not isolated) but in different ratios were obtained. The yield 

of the bis-anthryl was reduced to 4% while that of the amine and 

phosphoramidate increased to 38 and 8% respectively. 

The failure to isolate the anthra{l, 9-cd]isoxazole from the 

reaction could be due to its subsequent reaction with the phosphorus 

reagent. 	To test the validity of this suggestion, 6-oxo-anthra[J, 9-cd]-- 

isoxazole (65) was reacted with ethyl diphenyl phosphinite. The only 

products isolated were the amine (66) and the phosphinamidate (67) 

(eq. 21). 

JIC 	III 	Ph2  POEt 

0 

(65) 
	

(66) 	(21) 

ft,TIHI N P IP  
+ 

0 
(67) 
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Thisi 	 i 	 99  s not totally unexpected as t is known 	that the isoxazole 

ring is not stable towards attack by base. The nucleophilicity of the 

tervalent phosphorus reagent used could have been sufficient to cause 

rupture of the isoxazole ring. However little is known of the basicity 

of tervalent phosphorus reagents other than that of the primary 

phosphines. 140 The results of this reaction would seem to suggest 

that it is quite likely that the anthra[l, 9-cd]isoxazole was formed. 

Subsequent ring rupture initiated by the reagent led to the amine. 

III. 5. SYNTHETIC ASPECTS AND CONCLUSIONS 

The unavailability of starting materials for this series of 

investigations was a great hindrance towards a more extensive study. 

Only a few of the aryl 2-nitrophenyl ethers with suitable substituents 

in the relevant ortho positions were successfully prepared. Likewise 

only one example of the aryl 2-nitro phenyl methane with ortho blocking 

groups was synthesized. 

Another serious difficulty is the sensitivity of many of the 

products of the reactions (especially the phenoxazine and henothiazine 

derivatives) towards light. This makes elution chromatography an 

onerous technique. However it still remains the most suitable, though 

time-consuming. 

The successful synthesis of the phenoxazine derivatives and the 

isolation of the phosphoranylidene azepines has widened the scope of 

the two main reactions used in this study viz. thermolysis of azides and 

reduction of aromatic nitro compounds by triethyl phosphite. There 

remains much to be done. The isolation of the other key intermediate 

in Cadogan's phenothiazine rearrangement is of vital importance. In 

addition to the many other extensions already suggested, it should be 
ID 

extremely interesting to study the reaction of the aryl-2-nitrophenyl 

suiphide with t-butyl groups in the relevant ortho positions, and the 

reactions of benzophenones with ortho blocking groups. 
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IV. 1. INTRODUCTION 

(A) Methods of Synthesis of Phosphorins and Phosphabenzenes 

The, phosphorus analogue of benzene (1) named either phosphorin 

or phosphabenzene is not known. 	But the corresponding compound 

with a pentacovalent phosphorus atom has been synthesized with two 

phenyl groups saturating the lone pair of the phosphorus atom (2). 

P 	 P_ 
Ph' Ph 

(1) 	 (2) 

To date there has been a lack of agreement in the nomenclature 

of such compounds. They are referred to either as phosphorins or 

phosphabenzenes. For the sake of clarity and simplicity the ring 

system having a tervalent phosphorus atom will be named phosphorin, 

while that having a pentavalent phosphorus atom, phosphabenzene in 

this thesis. 

Most of the knowledge of the chemistry of phosphorins and 

phosphabenzenes has been accrued from the investigations of G. Mrkl 

and K. Dimroth and their respective co-workers. 

The first compound of these six-membered phosphorus hetero-

cycles to be synthesized is 1, l-diphenylphosphabenzene (2) by Mrkl. 1 

This intriguing synthesis is outlined in Scheme 1. 

* 
But see appendix on a very recent report of the synthesis of 

phosphorin. 
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BrI, Br Dioxan/THF 	

Br 	
Br 

Me 	 Me 	 OMe 

+ 	Ph 2PK 	 Ph P h 	 Ph Ph 

HBr 

Br 	 OH 

Br/CH3COOH r' 	 KHSO4 

2100 /P\ CIOI 	 /P\ CJO4 	
/ \ 

Ph Ph 	 Ph Ph 	 Ph Ph 

DMF/Quinoline 

( -HBr) 

Br 

H3 PO4 	 NaOHaq 

2500 ~ 	L-jJ 
7P\ C104 (-HBr) 	,P\ C104 	H 

/\ 
Ph Ph 	 Ph Ph 	 Ph Ph 

(2) 

Scheme 1 

The heterocycle (3) ( nt phosphanaphthalenerl) was prepared in a manner 

similar to that used in the synthesis of (2). 2 

Price et al. in an investigation designed towards a synthesis 

of the phosphorin system found that reaction of 2,4, 6-triphenylpyrylium 

fluoroborate (4) with phenyiphosphine in boiling pyridine produced a 
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(3) 

Ph" '"Ph 

quantitative yield of two isomeric phosphorus heterocycles of composi-

tion C 29H2502P. The evidence presented indicated the two isomers 

to be (5) and (6). It was postulated that the first transient intermediate 

(7) formed in the reaction coupled with hydroxyl ion to give a compound 

of which (8A) and (8B) are resonance forms. Prototropic rearrange-

ment of (813) followed by 1, 4-addition of water would give (5) while 

direct addition of water to (8A) will yield (6). (Scheme 2). 

Ph 	 Ph 

JI'Ji BF4 	
Ph PH2  

Ph 0 Ph 	 Ph P Ph 
Ph 

(4) 
(7) 

OH 

Ph 	 Ph 

Ph P Ph 	Ph P Ph 
HO 'Ph 	 HO' "Ph 

(8A) 	 (BB) 

Ph 

.z, 	I 
Ph P Ph 
HOOH

Ph 2 
 

	

Ph 	 Ph 
(6) 	

Ph>!k 	

H20 	
Ph>1'i1 

H 	
Ph < 	

H/P\Ph 
/ 

Ph --H 0  Ph 

	

(5) 	 (9) 
Scheme 2 
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it 	 4 
The first phosphorin was prepared by Mrkl in 1966, by 

reaction of the fluoroborate (4) and tris(hydroxymethyl)phosphine (10) 

in boiling pyridine. He obtained 2, 4, 6-triphenylphosphorin (ii) as 

pale yellow needles in 24- 30% yield. 

	

Ph 	 Ph 

+ P(CH20H)3 C5H5N A Ph'0Ph 	 Ph P Ph 
+ 

	

(4) 	 (10) 	 (11) 

(1) 

In an improved synthesis Mrkl and his co-workers5  have 

prepared a series of aryl-substituted phosphorins (14) by reaction of 

the corresponding pyrylium salts (12) and tris(trimethylsilyl) phosphine 

(13) in boiling acetonitrile (Scheme 3). 

R3  
4 

	

R4 	R2 

o R 

R 	1R2 	
+ 	P(SIMe3) 	

RO FRi 1 	
P(SIMe3)2 + I- 

(12) 	 (13) 	
+ .ISIMe3  

R3  

R4 	
R2 + Me3SI-0-SIMe3  

R5 ' 'p R1  

(14) 

Scheme 3 

1 	3 	5 
The method is limited to examples where R , R and R are aryl 

groups and R2  and R4  are phenyl groups or hydrogen but has the 

advantages that no basic solvent is required, no water is formed and 

gave higher yields. 
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Dimroth et al. 
6 
 have extended M rklT s  original synthesis .to 

include phosphorins with alkyl groups in the ring. By this method 

they have obtained 2, 4, 6-tri-t-butyl phosphorin the first known phos-

phorin containing only alkyl substituents. 

A further improvement of his original method has enabled 
if 

Mrkl and his co-workers7  to prepare 2-alkyl 4, 6-diaryl or 4-alkyl 

2, 6-diaryl phosphorins. This improvement required the reaction of 

phosphine (generated in situ from phosphonium iodide) with 2, 4, 6-

trisubstituted pyrylium fluoroborate. 

Another group of workers  have modified 	rkl's method by 

using 2, 4, 6-triaryl pyrylium perchlorate instead of the fluoroborate. 

The 1, 1-disubstituted phosphabenzenes have mostly been 

synthesized from the corresponding phosphorins and will be discussed 

in the next section. 

(B) Reactions, Spectra and Structure of Phosphorins and 

Phosphabenzenes. 

(i) Electrophilic reactions. 

2, 4, 6-Triphenylphosphorin (ii) does not undergo alkylation 

with methyl iodide or even with triethyloxonium fluoroborate, 

[(CH3CH2)30]BF4  but reacted readily with nucleophilic reagents such 

as alkyl or aryl lithiums. For example, phenyl lithium in benzene 

at room temperature added directly to phosphorus (whose valence shell 

apparently expands to a decet) giving a product, represented as the 

canonical forms (15A) and (15B), which formed a deep blue solution. 

Hydrolysis of (15) gave 1, 2-dihydro 1,2,4, 6-tetraphenyl phosphorin (16) 

which quarternised readily with methyl iodide to give the phosphonium 

iodide (17). Treatment of (17) with aqueous alkali gave the red, non-

crystalline phosphabenzene (18) which was also obtained by the direct 

reaction of methyl iodide with (15). 

Oxidation of the 1, 2-dihydro phosphorin (16) with hydrogen 
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Mel 

Ph 

Ph4 T1Ph  
Ph'  Me 

(17) (18) 

HI :> 

ph 	Ph 

(16) 

peroxide gave the phosphorin- 1-oxide (9), the compound suggested as 

an intermediate in Price's work (see Scheme 2) (9) was also obtained 

from phenyiphosphine and the fluoroborate (4), being formed by the 

action of water on the cation (7). 

Ph 

Ph •••p Ph 

P 

	

Ph 	 h  

PhLI 	 ______ 

Ph 	Ph 	 Phnp Ph 

	

Ph 	 Ph 

	

(A) 	(15) 	(B) 

  

H20 

Ph 

pPPh 

(7) 
	

(9) 
	

(19) 

Scheme 4 

The ultraviolet spectra in methanol indicated that the phosphorin-

1-oxide (9) is in tautomeric equilibrium with (19). Addition of weak 

bases to this tautomeric mixture produced a brilliant red resonance-

stabilised anion. 
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The marked electrophilic reactivity of 2, 4, 6-triphenylphosphorin 

(ii) was further investigated in subsequent studies by Mrk1 et al. 10, 11 

Reaction with organolithium or Grignard compounds gave the 1-aryl 

and 1-alkyl phosphabenzene anions (20) whose contrasting dual electro-

philic behaviour is indicated in Scheme 5. 

Ph 

Ph n~P Ph 

RU 

(RMgX) P 

	Ph 

h, Al 	Ph Ph 

J 
(A) 	(20) 	(B) 

/WX 

R1: Me 
Et' 

Ph 

P h Ph 

(21) 

Ph 

Ph 
R' p Ph 

R 

- 	 (22) 

R': —CH2C6H5 

- CH2-CHCH2 

Scheme 5 

With SN2 reactive alkyl halides, the 1, 1-disubstituted phosphabenzene 

(21) was obtained, but alkylation (as well as protonation) in the 2-

position (which has the highest electron density) follow SN1 mechanism 

to give (22). 	The orientation is directed by the leaving group in R'X. 

Methyl iodide alkylated (20), R = Ph to give (21), R' = Me while 

trim ethyloxo nium fluoroborate gave (22), R! = Me. 

In another study, Marki and Merz 
12 

achieved the conversion of 

the 1, 2-dihydrophosphorin (16) to the phosphabenzene (23) by hydride 

transfer with trityl perchlorate followed by reaction with phenyl 

lithium as outlined in Scheme 6. 
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Ph 

PhPh 

Ph 

Ph3CCIO 

Ph 

Ph  'p - 'Ph 

Ph 

Ph 

PhLi 

Ph ep.,  h 
Ph Ph 

(16) 	 (23) 

Scheme 6 

(ii) Cycloaddition reactions. 

Marki has observed 13 that 2, 4, 6-trisubstituted phosphorins 

have only slight diene reactivity. For example the triphenyl derivative 

did not react with diethyl acetylene dicarboxylate or with maleic 

anhydride. However it underwent cycloaddition with the highly reactive 

dienophile, hexafluoro-2-butyne, at 1000. The reaction occurred 

exclusively in the 1, 4-position yielding the substituted l-phosphabarrelenes 

(24). 

CF 3  
F3C 	

R' 
+ 	CF3-CEC-CF3 	> R H P 	

H 	(2) R "p R ,21:

R:R:Ph; 	
(24) R 

R:t-Bu, R':Me 

R:Me, R':Ph 

Following on from this result it was expected that phosphorins should 

react with arynes to form the cycloadduct, benzo-phosphabarrelene (26). 

However, no cycloadduct was obtained when 2, 4, 6-triphenyl phosphorin 

reacted with benzrne (generated from anthranilic acid and iso-amyl-

nitrite). Likewise the reaction with benzene diazonium-o- carboxylate 

(a known benzyne precursor) failed. 14 In view of the marked electro-

philic character of the aryl-substituted phosphorins, 11 the reaction with 
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o-fluorophenyl magnesium bromide as aryne precursor was investigated. 

They obtained a cycloadduct (26; R = Ph, 'yield 15%; R = But, yield 

69%). 14 The cycloadduct was attributed to the reaction with benze 

while the route via the anion (27) was not ruled out in view of the 

failure to yield the cycloadduct with some other known aryne precursors. 

The cycloaddition was not limited to benzyne only as pentachlorophenyl 

lithium gave a similar adduct. 

R 
(26) 

R P R 	

R (25) 	

,IIIIIIIIft 
R P R ___ R pR 

K > 

L) 

(27) 

Scheme 7 

(iii) Oxidation and reduction reactions. 

Dimroth and his co-workers have studied in some detail the 

oxidation and reduction of phosphorins. They found that when benzene 

solutions of 2, 4, 6-triphenylphosphorin (ii) and the phenoxyl radical 

(28) were mixed the deep red colour of the latter immediately faded to 

give a stable greenish yellow solution whose e. s. r. spectrum indicated 

a phosphorus radical. The same spectrum was obtained when (11) was 
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treated with various deuteriated-phenyl analogues of (28) or with the 

17 derivative of (8). This showed that the spectrum was indepen-

dent of the oxidising phenoxy radical and must be due to the phosphorus 

radical cation shown in (29). 15 

	

Ph 	

[ 

	7T, 

Ph 

P hO 	Ph Ph 	 PPh 

9 

	

(28) 	 (29) 

In a subsequent investigation, 6 various 2, 4, 6-trisubstituted phosphorins 

were oxidised by 2, 4, 6-triarylphenoxyls, lead (IV) acetate or benzoate, 

or mercury (II) acetate. The e. s. r. spectra of all the radical cations 

so formed were very similar in type showing a doublet due to the 

interaction of the free electron with phosphorus. The phosphorus 

coupling constant a lies between 21. 5 and 27 gauss. 

A synthetic application of the oxidation of 2, 4, 6-trisubstituted 

phosphorins by various oxidising agents consisted in carrying out the 

reactions in the presence of alcohols and phenols. 
16 

 Using mercury 

(II) acetate the novel, strongly fluorescent, stable, crystalline 1, 1-

dialkoxy and 1, l-diaryloxyphosphabenzenes were obtained. (Scheme 8). 

The reaction probably proceeded via the radical cation stage which 

can be detected by e. s. r. spectroscopy. Using 2, 4, 6-triphenylphenoxyl 

as the oxidising agent and the phenoxide from the reaction as reaction 

partner, Dimroth et al. 17 obtained 1, 1-bis(2,4, 6-triphenylphenoxy) 

2,4, 6-triphenylphosphorin (30; R = 2, 4, 6-triphenylphenoxy);  

with tetra phenyihydrazine the 1, 1-bis(diphenyl amino)phosphorin (31) 

was obtained. (Scheme 9) 
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Ph 
	

Ph 

Ph Ph K 
	

Ph Qp Ph 
	

Ph 	Ph 

RO OR 
	 R2N NR2  

(30) 
	

(31) 

Scheme 9 

Aerial oxidation of benzene solutions of 2, 4, 6-triphenylphosphorin 

gave two products, a monomer (32) and a dimer (33) 18 A product 

analogous to (33) was obtained when 2, 6-bis(4-methoxyphenyl) 4-

phenylphosphorin was similarly oxidised. (eq. 3) 

2, 4, 6- Triphenylphosphorin also gave stable radicals by 

reduction. Treatment ci the phosphorin in tetrahydrofuran with 

potassium or potassium-sodium alloys gave three reduction stages, 
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Ph 

Ph 

	

Ph 	 Ph 
H P.' Ph 

Air 
Ph 	 + 	0 

Ph p Ph 	 HO ,P\\  Ph 	H ' 	Ph 
HO 0 	Ph1jf (3) 

	

(32) 	
Ph 

(33) 

considered by e. s. r. spectroscopy to indicate the stepwise addition 

of three electrons with the formation of a monoanion radical, a non-

radical dianion and a trianion radical respectively. 19 

(iv) Miscellaneous reactions. 

Mrkl and Merz'  found that thermolysis of 1, 2-dihydro-

phosphorins (34) at temperatures between 200-2500  gave the corres-

ponding phosphorins (35) thus: 

R> 	
[ RIH> 

-- 	 R P R H 	p 	R 	 R, p \ 	

-4 

(34) 	 (36) 	 (35) 

R:Ph;  R':CH3 	CH2_Me2NO 

(4) 

The reaction probably proceeded via the intermediate (36) which 

underwent a synchronous 1, 1-elimination to give the phosphorin. 

In another investigation, Mrkl and Merz2°  found that 2, 4, 6-

triphenylphosphorin did not react by thermolysis in the presence of 

known carbene precursors like CC13  COONa or C6H5HgCC12Br. 

However they found that phosphorins reacted with halogeno-methanes 
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(CH 2C12)  CHC13  and C6H5CHC12) in the presence of potassium 

t-butoxide thus 

+ R'CHCl2 -BuOK
0 A R P R 	 R 	R 

R' 

(37) 

(5) 

The postulated mechanism involved initial electrophilic reaction followed 

by ring expansion and extrusion of the phosphorus atom as the halide. 

(v) Spectra and structure. 

The u.v. spectrum of 2,4, 6-triphenylphosphorin in methanol  

max 278 nm., £ = 41, 000) when compared with those of analogous 

compounds like 1, 3, 5-triphenylbenzene ( max 254 nm. , £ = 56, 000) 

and 2, 4, 6-triphenylpyridine 	max 254 nm., £= 49, 500) shows a 

bathochromic shift. U. v. spectra of other 2, 4, 6-trisubstituted 

phosphorins 5  show similar trend. 

The 	'H n. m. r. spectra of these compounds 
4,7 

 are also consis- 

tent with an aromatic phosphorin ring, the chemical shift of the ring 

protons ( T = 2. 0) indicating deshielding. The 31P n. m. r. spectrum  

showed a large chemical shift, 6=-178. 2 p. p.m. (in pyridine 

H3PO4  = 0) indicating considerable deshielding of the phosphorus 

nucleus. 

15 
 The e. s. r. spectra ' 	of the phosphorus radical cation has 

been discussed in the section on the oxidation reactions. 

The crystal and molecular structure of a few 2, 4, 6-trisubstituted 

phosphorins and phosphabenzenes have been determined by X-ray methods. 

Daly et al. 
21 

 found that in 2, 6-dimethyl 4-phenylphosphorin, the two 

rings are planar, with the heterocyclic ring having two equal P-C bond 

lengths of 1. 7435, and four equal C-..0 bond lengths of 1, 389. For 

1, 1-dimethyl- 2, 4, 6-triphenylphosphabenzene Daly and Mrkl22  found 

an almost planar heterocyclic ring with a P-C bond length of 1. 754 51, 
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and C-C bond length of 1. 399 . Thewalt23  found similar values for 

1, 1- dimethoxy- 2, 4, 6- triphenylphos phabenzene. 

(C) Programme of Research. 

One of the many varied reactions used in the synthesis of 

phosphorus heterocycles involves the reaction of phosphines and allied 

compounds with unsaturated hydrocarbons. For example, phenyl 

phosphonous dichloride (39)  when heated with 1,4-diphenylbutadiene (38) 

at 2300  for 10 hrs. gave the yellow, 1, 2, 5-triphenyiphosphole (40) 

in 60% yield. 24 

-2HCI 	II 
Ph-CHCH—CH=CH—Ph + PhPCI2 	> 

Ph''P Ph (6) 

(38) 	
Ph 

(40) 

Mrk1 and Potthast25  have developed a general synthesis of 

phospholes by reaction of phenyiphosphine with butadiynes. This is 

analogous to the synthesis of pyrroles26  and thiophenes. 
27 

 They found 

that phenyiphosphine added smoothly to butadiynes in benzene at room 

temperature in the presence of catalytic amounts of phenyl lithium to 

give 2, 5-disubstituted-1-phenyl phospholes in yields of 50-90%. 

R-CC—CEC—R + PhPH2 > JLji 
R p R (7) 

Ph 

It would be useful therefore to investigate the reactions of 1, 5-

disubstituted- penta- 1,4- diynes 28  and the penta 1,4- diyn- 3-ols with 

phenyl phosphine as a route to six-membered phosphorus heterocycles. 

The products will have a useful, unsubstituted 4-position in the hetero-

cyclic ring. Known methods of synthesis of phosphorins as developed 

by Mrkl and Dimroth all gave 2, 4, 6-trisubstituted derivatives. 
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(D) Appendix. 

Ashe29  in a very recent communication has reported a one- 

step synthesis of the unsubstituted phosphorin (1). 	1,4-dihydro 1, 1- 

dibutyl stannabenzene was treated with phosphorus tribromide to give 

the hydrobromide of (1). Addition of 1, 5-diazabicyclo[4. 3. O]non-5-

ene to the hydrobromide liberated the phosphorin which was isolated 

as a colourless volatile liquid by preparative g. 1. c. 

The 'H n. m. r. of phosphorin indicated that the a-protons are 

shifted to lower field as compared with those of pyridine. 

PB r3  

(8) 

 

(1) 
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IV. 2. EXPERIMENTAL 

Instrumentation 

See under Chapter II, section 1. 

Preparation of Materials. 

(1) Hepta-2, 5-diyn-4-ol. This diynol was prepared by the 

reaction of propynyl magnesium bromide 
30 

 and ethyl formate as 

described by Chauvelier. 31. 

Propyne was generated by adding 1, 2-dibromopropane (340 

g; 1. 68 mole) dropwise to a stirred solution of potassium hydroxide 

(375 g) in u-butanol (750 ml) boiling under reflux. The gas thus 

formed was passed through water, dried over granular fused calcium 

chloride and bubbled into an ice-cooled and well-stirred solution of 

ethyl magnesium bromide (from Mg, 30 g; 1. 25 mole; and EtBr, 

144 g;  1. 32 mole) in dry ether (700 ml) and kept under an atmosphere 

of dry, oxygen-free nitrogen. The propyne was generated over 6 

hours. After all the dibromopropane had been added the butanol solu-

tion was refluxed until no more gas was liberated. The propynyl 

magnesium bromide thus prepared was allowed to stir overnight in a 

bath of cold water. 

A solution of ethyl formate (39 g;  0. 53 mole) in dry ether (100 

ml) was then added dropwise to the stirred, ice-cooled solution of 

propynyl magnesium bromide over 1 hour. The resultant mixture was 

stirred at 00  for another hour and finally boiled under reflux for a 

further hour. 

The dark-coloured solution was then poured into a mixture of 

ammonium chloride (200 g), water (100 ml) and crushed ice (200 g) 

and stirred for 15 mm. The mixture was extracted with ether, and 

dried over anhydrous potassium carbonate. Removal of most of the 

ether gave colourless needles on standing. Recrystallisation from 

light petroleum (b. p. 6080°) gave the product hepta-2, 5-diyn-4-ol, 

(16.0 g;  24% - yield based on Mg used), m. p.  102-1030  (lit. 31 
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105-107 
0 

). 

I. r. spectrum (CHC1 	
max 

3 sol'n): 1) 	3580 (OH) 2240 (-C=—C-) cm. 1 

Trideca-5, 8-diyn-7-ol. This compound was prepared 

by a Grignard reaction of hex- 1-ynyl magnesium bromide with hept-

2-ynal. 

Hept-2-ynal was first prepared by the method of Jones et al. 32 

An ethereal solution of hex- 1- ynyl magnesium bromide was prepared 

from hex- 1-yne33  (41.0 g;  0.5 mole) and ethyl magnesium bromide 

(from Mg, 12 g;  0. 5 mole and EtBr, 60 g; 0.55 mole). This was 

added to a stirred solution of dimethylformamide (110 g;  0.66 mole) 

in ether (250 ml). After decomposition in dil. H2SO4  and work-up 

in the usual way by extraction with ether, hept-2-ynal was obtained 

as a light yellow liquid (26.2 g; 48%) b. p. 60-61°/l7-l8 mm. (lit. 32 

54-55°/16 mm). 

A solution of hept-2-ynal (as prepared above) (26. 0 g;  0. 24 

mole) in dry ether (50 ml) was added dropwise to a stirred solution 

of hex- l-ynyl magnesium bromide (as prepared above) (0. 24 mole) 

in ether (150 ml) over 1 hour. This was decomposed by a mixture of 

ammonium chloride (100 g) water (100 ml) and crushed ice (300 g). 

Work-up by ether extraction etc. and distillation in vacuo gave trideca-

5, 8-diyn-7-ol as a light yellow liquid (34. 3 g; 75%) b. p.  84-860! 

0.04 mm (lit. 34 155-1560 /15 mm). 

I. r. spectrum (thin film): 1) max 3300-3400 (broad, 0-H), 2240 

(-CC-) cm.
-1 
 

2, 2, 8, 8- Tetramethyl- nona- 3, 6-diyn-5-ol. 	This was 

prepared by a method analogous to (ii) from 3, 3-dimethylbut-1-ynyl 

magnesium bromide and 4, 4- dimethylpent- 2-'ynal. 

3, 3- Dimethylbut- 1- yne. Reaction of pinacolone (240 g;  2. 4 

mole) with phosphorus pentachloride (500 g;  2.4 moles) by the method 

of Bartlett and Rosen 
35 

 gave 2, 2-thchloro 3, 3-dimethylbutane (197 g; 

53%) and 2-chloro 3, 3-dimethylbut- 1-ene (40.0 g; 14%). 

Dehydrochiorination of a mixture of 2, 2-dichioro 3, 3-dimethyl- 
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butane (166 g;  1. 1 mole) and 2-chioro 3, 3-dlimethylbut- 1-ene (40.0 g; 

0. 34 mole) by alcoholic potassium hydroxide (504 g in 65 ml ethanol) 

by the method of Puterbaugh and Newman 
36 

 gave 3, 3-dimethylbut- 1- 

yne (64.7 g; 55%), b. p. 39-41°. 

I. r. spectrum (CHC1 sol'n): i., max 3300 (CH stretching, -C:CH), 

2100 (-CC-) cm. 

4, 4- Dimethylpent- 2-ynal was prepared by the method of 

Bohlmann. 37 Reaction of 3, 3-dimethylbut-1-ynyl magnesium bromide 

[from 3, 3-dimethylbut-1-yne (49.5 g; 0.6 mole)] with triethyl ortho-

formate (95 g; 0. 64 mole) gave the acetal (33. 6 g; 30%) b. p.  74-800! 

15 mm (lit. 37 70-760 /12 mm). Hydrolysis of the acetal (33.6 g; 

0. 18 mole) by 10% oxalic acid solution (200 ml) gave on work-up 4, 4-

dimethylpent-2-ia1 (13. 1 g; 66%) b. p.  1320  (lit. 
37 

 132°). 

The required diynol was prepared from 4, 4-dimethylpent- 2-

ynal (13. 1 g;  0. 12 mole) and 3, 3-dimethylbut-1-ynyl magnesium 

bromide (0. 12 mole) in a manner similar to that described in (ii). 

The product on recrystallisation from 80% ethanol gave colourless 

needles, 	2, 2, 8, 8-tetram ethyl- nona-3, 6-diyn-5-ol (10.8 g; 4 3%) 
38 

m. p.  80-81 
o 
 (lit, 	no m. p. reported). 

I. r. spectrum (CHC1 
3 

solT n):  V max 3580 (-OH), 2240 (-CC-) cm. 1 

(iv) 1, 5-Diphenyl-penta-1,4-diyn-3-ol. This was prepared 

by the reaction of phenylethynyl magnesium bromide with 3-phenyl-

prop- 2-ynal in a manner analogous to that described in (ii). 

Phenyl acetylene was prepared from styrene dibromide (264 g; 

1. 0 mole) and sodamide by Vogel's method 
39 

 in 65% yield, b. p.  73°! 

75 mm (lit. 
39 

 82°/80 mm). 

3- Phenyl- prop- 2- ynal. Reaction of phenyl acetylene (51.0 g; 

0. 5 mole) and triethyl orthoformate (74. 0 g; 0. 5 mole) by the method 

of Howk and Sauer 
40 

 gave 3- phenylprop- 2- ynal diethyl acetal (60.0 g; 

59%), b. p. 105-107°/1;5 mm (lit. 40 99-100°/2 mm). Acid hydrolysis 

of the acetal (59.0 g; 0.029 mole) gave 3- phenylprop- 2- ynal (26.0 g; 

70%) b. p. 104°/12 mm (lit. 
41 

 114-117  0 / 17 mm). 
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The required diynol was prepared from 3-phenylprop-2-ynal 

(13.4 g; 0. 1 mole) and phenylethynyl magnesium bromide (0. 1 mole) 

in a manner similar to that described in (ii). The product, 1, 5-

diphenylpenta- 1,4- diyn- 3-ol, crystallis ed as colourless needles from 

light petroleum (b. p. 60-80°) (11.8 g; 51%) m. p. 88-89° (lit 
42 

88-

89 0 ). 

8-.

89°). 

I. r. spectrum (nujol): v max 3220-3260 (broad, OH), 2230 (-CEC-) 
-1 

cm. 

Phenyl phosphine. The method used to prepare this 

compound was the original method of Michaelis -Khler,43 modified 

by Mann and Millar 44 for optimum conditions. Thus phenylphosphonous 

dichloride (330 g; 1. 84 mole) was hydrolysed by ethanol (600 ml) to 

give phenylphosphonous acid which decomposed on heating to phenyl 

phosphine (35. 0 g; 52%) b. p. 60-620 /23 mm (lit. 4
4 

157-159 
0 

). 

Benzyl phosphine. Diethyl benzylphosphonate was first 

prepared by the Arbusov reaction from triethyl phosphite (127 g; 0.85 

mole) and benzyl chloride (87 g; 0. 69 mole) in 85% yield, b. p. 148- 1490! 

7.5 mm (lit. 
45 

169-171 0 / ~ 5 mm). The phosphonate (32 g; 0. 14 mole) 

was then reduced by lithium aluminium hydride (6 g; 0. 15 mole) using 

the method of Homer et al. 
46 

A very low 'yield of benzyl phosphine 

was obtained (0.7 g), b. p. 72°/25 mm (lit. 
46 

180°). 

Triphenylmethyl fluoroborate. This compound was 

prepared by the method of Dauben et al. 
47 

Triphenyl methanol (33. 8 g; 

0. 12 male) gave, on reaction with 48% fluoroboric acid (33.8 ml) in 

propinic anhydride as solvent (338 ml), orange crystals of triphenyl 

methyl fluoroborate (38 g; 95%). 

(C) Reaction of Phenyl Phosphine with Various Diynols. 

(i) Trideca-5, 8-diyn-7-ol. A mixture of trideca-5, 8-diyn-7- 

ci (4. 0 g; 0. 021 mole) and phenyl phosphine (3. 0 g; 0. 027 mole) was 

stirred under an atmosphere of dry nitrogen and gradually heated to 

180° in an oil bath. Reaction was evident at 150° when the colour of 

the mixture became brown. The mixture was stirred at 1800 for 30 

mm. The viscous light-brown oil which resulted was distilled in vacuo 
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to give a yellow oil, probably 2, 6-di-n-butyl- 1-phenyl- 1, 2-clihydro-

phosphorin (1. 3 g; 22%), b. p. 104-60 /0. 05 mm. 

Found: 	C, 79. 5; H, 9. 5; 	M+ 286. 184191 

C19H27P requires C, 79.7; H, 9. 4%; M, 	286. 185030. 
-1 

I. r. spectrum (thin film): 'V max 1440 cm 	(P- Ph). 

The mass spectrum showed the following fragmentation pattern: 

m/e 286 (parent ion, M+);  271 (M -CH 3); 255 (M -C 2H7) 243 (M 

230 (M -C4H9); 187 (M -C7H15). 'H n. m. r. spectrum 

(CDC13): (T) 9. 1-9.3 (2t, 6H, 2 xn- Bu; J 7Hz); 8.4-9.0 (i,  8H, 

4 x -CH 2-); 7.9-8. 1 (rn, 1H, proton Ha);  7.5-7.75 (rni, 4H, 2 x -CH2-); 

3.4-4.4 (rn, 3H, ring protons); 2.6-2.8 (fli,  5H, aromatic). 

H 

H bnj Hd 	
(41) 

CH3  (CH 2)2CH2 r CH2(CH2)2CH3 

Ph 

Scale expansion of the complex band at 3. 4-4.4 T showed it to 

consist of three groups of signals: (i) a doublet of doublets (broad), 

centred at 4. 25 T (proton i-i,), (ii) three asymmetric peaks centred 

at 3. 8 T (proton Hc)  and (iii) multiplet, centred at 3. 5 T (proton Hd). 

These assignments were supported by spin decoupling experiments 

which indicated that the proton at 4. 25 T (i. C. Hb) was coupled to 

proton Ha  and to the proton at 3. 8 T (i. e. H). The 
31 

 P n. m. r. 

showed two signals at 8= -21 ppm and -77 ppm (in CDC1
3) 
 SH3PO4  = 0). 

The distillation residue, a viscous brown oil was chromatographed 

on silica. Elution with benzene gave a brown oil which when dissolved 

in benzene and added to light petroleum yielded a light brown solid, 

probably 2, 6-di-n-butyl- l-phenyl 1, 2-dihydrophosphorin- 1-oxide (2. 1 

g; 17%) m. p.  103-60 . 
I. r. spectrum (nujol): 	max 1180 cm 

1 
 (P0). 

The 'H n. m. r. spectrum showed very broad signals from which no 

deductions could be made. 

The mass spectrum was compatible with the assigned structure showing 
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the following fragmentation pattern: rn/c 302 (parent ion M+; 

C19H 270P requires 302); 287 (M -CH3) and 273 (M -C
2  H5

). 

A similar reaction using trideca-5, 8-diyn-7-ol (0. 77 g; 

0. 004 mole) and benzyl phosphine (0. 6 g; 0. 005 mole) gave a light 

brown oil (0. 17 g) b. p. 146-1480 /0. 05 mm. 

The mass spectrum showed the presence of two compounds with parent 

ions rn/c 316 (C 20H290P requires M, 316) 

and 300 (C20H29P requires M, 300). 

The 'H n.m. r. (Cd 4) showed the following signals. T 6. 6-9. 1 

(In, 22H); 3. 5-4. 2 (rn, 2H) and 2. 8-3. 0 (rn, 5H, aromatic protons). 

(ii) 2, 2, 8, 8- Tetramethyl- nona- 3, 6-diyn-5-ol. A mixture of 

this diynol (2.87 g;  0.015 mole) and phenyl phosphine (2.45 g;  0.023 

mole) was reacted in a manner similar to that .used in (i). Distillation 

of the resultant mixture gave a light yellow-green oil which is probably 

a mixture of two isomers, viz. 2, 6-di-t-butyl- 1-phenyl 1, 2-dihydro-

phos phorin 4 2) and 2-. t- butyl 5-(2, 2- dimethylpropylidene) 1- phenyl-

phosphol 2- eneW3) (1.02 g; 24%), b. p. 95-970 /0. 02 mm. 

I. r. spectrum (thin film): p 
max 

 1470 and 1430 cm 1 (P-Ph). 

The mass spectrum showed the parent ion at m/e 286 

(Found: M+,  286. 184550, 

C19H27P requires M, 286. 185030) and a major fragment (mass 

abundance ratio 100%)  at ion rn/c 229, indicating a loss of a t-butyl 

group. 

'H n. m. r. spectrum (CDC13: (T) 9. 1 (, 18H, 2 xt-Bu); 8.90 (, 18H, 

2 x t- Bu); 7. 9 (b s, 3H, -CH2- + CH); 3. 8-4. 2 (rn, lH, ring proton); 

3.56 {rn, 1H, proton Ha  of compound (43)1; 3.44 [m, 2H, ring protons 

of compound (42)]; 3. 3 (d, 1H, =CH-; J , 
H 

 3Hz); 2.75 (In, 10H, 

aromatic). 

Irradiation at 7. 9 T caused the multiplet at 3. 56 T to collapse to a 

doublet J 	3Hz. 
31 P,H 

The 	P n. m. r. showed a major signal at =-70 ppm and a minor one 

at S= -iii opm (in CDC1
3) 
 SH3PO4  = 0). 
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H1) t-Bu P t-Bu 

Ph 

(42) 

Ha 	1< 
tBupH- U 

Ph 

(43) 

Further distillation of the residue gave a very viscous yellow-

green liquid, probably a mixture of the oxides of compounds (42) and 

(43) (1. 5 g; 33%), b. p.  130-1400 /0. 02 mm. 

I. r. spectrum (thin film): v max  1440 (P-Ph) 1180 (P=O) cm. 1 

The mass spectrum showed the correct parent ion at m/e 302 

(C19H270P requires M, 302). 

'H n. m. r. spectrum (CDC13): complex bands at 8. 7-9.  2 T and 

2.3-2.8-r. 

(iii) Hepta- 2, 5-diyn-4-ol, Phenyl phosphine (4. 3 g;  0. 04 

mole) was added to a suspension of hepta-2, 5-diyii-4-ol (3. 25 g; 0.03 

mole) int-butylbenzene (15 ml). The mixture was stirred and heated 

to 1600  in an oil bath. The temperature was kept at 1600 for 2 hours. 

The resulting oil was distilled in vacuo to give two fractions of a 

yellow oil: (i) (0. 35 g) b. p.  125- 1280 /0. 02 mm (ii) (1. 36 g) b. p. 

130-132 
0 
 /0. 02 mm. Fraction (i) was identified as a mixture con-

taining mainly 2- ethyl- 5-methylphosphole. 

I. r. spectrum (thin film): -v 
max 

 1430 cm '  (P-Ph). 

The mass spectrum showed the parent ion at m/e 202 (C13H15P 

requires M 202). A small peak at m/e 218 was also noted. 

The 'H n. m. r. (CDC13) was compatible with the assigned structure 

showing, among other signals, the following: (T) S. 96 (j  3H, Et; 

J = 7. 5 Hz); 7.97 Ld,  3H, Me; J 
H 

 10. 5 Hz) and 3. 52 Ld,  2H, ring 

protons J P, 
H 

 12. 5 Hz). 

Fraction (ii) contained a mixture of a few compounds as 

indicated by a complicated 'H n. m. r. spectrum. 
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The mass spectrum (m/e 218, 202; C 13H 15P requires M, 202; 

C13H150P requires M, 218) 

indicated that the mixture was isomeric with (i). 

(iv) 1,5-Diphenyl--penta-1,4--diyn-3-ol. 	The diynol (1.0 g; 

0. 004 mole) was reacted in the usual way with phenyl phosphine 

(0. 65 g; 0. 005 mole) at 1800. An intractable viscous tar was 

obtained. 

(D) Miscellaneous Reactions. 

Reaction of hepta-2, 5-diyn-4-ol with tetrakis(hydroxy-

methyl)phosphonium chloride (THPC). A mixture of the diynol (1. 08 

g; 0. 01 mole) and THPC (5. 7 g;  0. 03 mole) in pyridine (50 ml) was 

boiled under reflux in an atmosphere of nitrogen for 4 hours. A white 

film of paraformaldehyde was coated on the walls of the condenser. 

The mixture was extracted by chloroform, washed with water, and 

dried over anhydrous MgSO4. Removal of the chloroform gave a 

brown solid which was chromatographed on silica. 

Elution with benzene/ether (4:1 v/v) gave a white solid 

identified as the starting diynol (0.8 g; 74%) m. p. and mixed m. p. 
031 	o 

102 (lit. 105- 107 ). Elution with methanol gave a white polymeric 

material (0. 1 g). 

Reaction of 2, 6- di-n- butyl- 1- phenyl-. 1, 2- dihydropho sphorin 

with triphenylmethyl fluoroborate. A solution of the fluoroborate 

(0. 66 g;  0. 002 mole) in redistilled acetonitrile (4 ml) was added drop-

wise to a stirred solution of the dihydrophosphorin (0. 57 g;  0. 002 

moles) in acetinitrile (4 ml). The stirred mixture was then boiled 

under reflux in an atmosphere of dry nitrogen for 5 hr. Removal of 

the solvent yielded a brown oil which when triturated several times 

with ether gave a brownish yellow solid (0. 6 g) m. p.  90-950 . 
I. r. spectrum (KBr disc): v max 	 4 

1435 (P-Pi) 1050 (BF ) cm. 1 

'H n. m. r. spectrum (CDC13): (very broad signals) (T) 7. 0-9. 2 (rn, 

18H, ); 2. 2- 2. 8 (rn, 8H). 

The mass spectrum showed a peak at ion m/e 286. 
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The ethereal extracts yielded a mixture of two solids, 

separated by fractional recrystallisation and identified as triphenyl- 
o 	48 	o methane, m. p. and mixed m. p. 93 (lit. 	92. 5 ) and triphenyl.- 

methanol m. p. and mixed m. p.  160-162 
0 
 (lit. 

 49 
161-162 0 )- 

A mixture of methyl iodide (0. 70 g; 0. 005 mole) and 

2, 6-di-n-butyl- 1-phenyl 1, 2-dihydrophosphorin (0. 143 g;  0. 0005 mole) 

was boiled under reflux in an atmosphere of nitrogen for an hour. 

After this 2N NaOH (2 ml) was added and the mixture stirred for 24 

hr. 	The organic layer was extracted with chloroform, dried over 

anhydrous MgSO4  and distilled to give a yellow oil, identified as 

trideca-5, 7-dien-5-yl methylphenyl-phosphine 1-oxide (0.04 g; 25%) 

b. p. l60-l65°/0.OZmm. 

I. r. spectrum (thin film): Vmax  1460 (P-Ph) 1180 (P=O) cm. 1 

The mass spectrum gave the parent ion at m/e 318 (C 20H310P 

requires M, 318). 

'H n. m. r. spectrum (CDC13): (T) 9. 1-9. 2 (complex band, 6H, 2 x Me); 

8.2-8.9 (complex band, 13H, Me + 5 x -OH2-); 7. 5-8.0 (broad band, 

4H, 2 x -CH 2-); 3.7-4. 2 (m, 2H, -CH=CH-); 2.3-2.8 (complex band, 

6H, -OH + aromatic). From the complex band at 8. 2-8. 9 T, a doublet 

centred at 8. 5 T, J H 12Hz was very prominent. This was assigned 

to the methyl protons directly linked to the phosphorus atom. 

2, 6-Di-n-butyl- 1-phenyl 1, 2-dihydrophosphorin (0. 124 g; 

0. 0004 mole) was heated in an atmosphere of nitrogen at 240. 250°  for 

2 hr. The product was a brown oil whose i. r. spectrum (thin film) 

showed  strong broad band at 1160-1170cm- 1 (P=O). 

The mass spectrum gave an ion at m/e 304. 

'H n. m. r. spectrum (CDC13): (T) 7. 6-9.4 (complex broad band, 22H); 

5.2 (bs, 1H); 2.3-2.8 (complex band, 6H). 
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IV. 3. DISCUSSION 

(A) Reactions of Phenyl Phosphine with Various Diynols 

Preliminary investigations by Cadogan, Atkinson, and 

Gripper-Gray 
50 

 on the reactions of phenyl phosphine with various 

diynes (44; R = n-Bu, Ph) and diynols (46; R =n-Bu, t-Bu) indicated 

that the products consisted of 1,4-dihydrophosphorins (45) in the 

first reaction series (eq. 9) and a mixture of 1, 2-dihydrophosphorins 

(47) and the phosphorin- 1-oxides (48) in the second series (eq. 10). 

(44) jJIftt 	
1500  

	

R + R 	 R F(R 

FrH2 	 Ph 
Ph 	 (45) 

H OH 
1500  

(46) 

	

H 	+ 

	

R + R 	 R p R 	/P\\  

P, H2 
	 Ph 	Ph 0 

Ph 	 (47) 	 (48) 

The isolation of these dihydrophosphorins led to the proposal 

of a reaction sequence (Scheme 10) as a possible route to the hitherto 

unknown 2, 6-disubstituted phosphorins. 	This sequence envisages an initial 

hydride transfer reaction using trityl fluoroborate or perchlorate to give 

the phosphonium salt (49). Cathodic reduction by Horners method 51 

should yield the desired phosphorin (50). 

The present investigation was centred on the reaction sequence 

involving diynols while the reactions dealing with diynes were studied 

by a colleague. 28 

The initial experiments were therefore designed towards the 

preparation of pure samples of the 1, 2-dihydrophosphorins. Thus a 

mixture of phenyl phosphine and trideca 5, 8-diyn-7-ol (46; R = n-Bu) 
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H)1 	 >Inn 	+ Ph3CH 

R 	R 	 R 

Ph 	 (49) Ph>( 

I

Cathodic 
Reduction 

,7 Ph3CX 

R 	R 	 Rp R 

Ph 

	

	 (50) 
X: BF 4 ,  

Scheme 10 

was allowed to react at 150
0
. Distillation yielded a fraction which 

consisted mainly of 2, 6-di-n-butyl 1-phenyl 1, 2-dihydrophosphorin 

(47; R = n- Bu). The 
31 

 P n. m. r. spectrum showed two signals at 

-20 and -77 ppm, indicating a mixture of two phosphorus-contain-

ing compounds. The 'H n. m. r. spect rum was not very well defined, 

especially for the signals assigned to the ring protons. However 

double irradiation technique enabled the proper assignments of these 

signals. 

The residue of the reaction was a viscous oil, identified as the 

1, 2-dihydrophosphorin- 1-oxide (48; R = n-Bu). Addition of light 

petroleum (b. p.  60-80°) precipitated out a brown solid which contained 

the oxide. 

The 1, 2-dihydrophosphorin is presumably formed (Scheme 11) 

by an initial addition reaction between phenyl phosphine and the diynol 

followed by dehydration and reduction. 

Oxidation of (47) leads to (48). 

The reaction took a slightly different course when other alkyl-

substituted diynols were used. For instance with t-butyl groups as 
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HH 	 aH [ f,4~ 
t 	>Hrc 

R 	LR 	 R 
F'H2 
Ph 	 [ 	Ph 

-H20 > 

Ph 

(47) 

Scheme 11 

substituents, the reaction led to the 1, 2-dihydrophosphorin (52) and 

the phospholene (51). 

> 
BBUt 

(52) 

+ 
But p CH B Ut 

Ph 

(51) 

The mixture of (52) and (51) co-distilled. Their structures were 

assigned from 'H n. m. r. and 
31 

P n. m. r. (the latter showed two signals 

- a major one at 8= -70 ppm and a minor one at S= -111 ppm) and mass 

spectral data. 

With methyl groups as substituents, the reaction between the 

diynol and phosphine led to an even more complex mixture. Mass 

spectral data indicated the mixture to consist of components whose 

masses were 202 and 218. From the 1H n. m. r. spectrum the 

presence of 2-ethyl-5-methyl 1-phenyl phosphole as one of the com-

ponents in the mixture was quite evident. 

The main difficulty in dealing with these reaction mixtures lies 

in the inability to separate the components of the mixtures. These 

components all seem to co-distil. Attempts at preparative g. 1. C. 28 

as a means of separation led to ring opening reactions at the conditions 

required to achieve separation. 

Cadogan and Gee 28 in their study of the reactions of phenyl 
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phosphine with various diynes (44; R = n-Bu; Ph) obtained similar 

mixtures of products. The products obtained in various ratios con-

sisted of a mixture of three components viz, the 1, 4-d.ihydrophosphorin 

(45), the phospholene (53) and the phosphole (54). 

I 	1 	 11 	11 
R 	R 	 R C HR 	R H2  R 

	

P h 	 Ph 	 Ph 

	

(45) 	 (53) 	 (54) 

In trying to account for the formation of these products, the 

steric factors of the substituents could well play an important role. 

The five-membered heterocycles are presumably formed by addition 

at the end of the -CE-C- bond not containing the substituent. 

An attempt was also made to react hepta 2, 5-diyn-4-ol with 

tn s(hydroxymethyl) phosphine (generated in situ from tetrakis (hydroxy-

methyl) phosphonium chloride 52). Only a polymeric phosphorus-

containing material was obtained. 

(B) Miscellaneous Reactions 

From the reactions of phenyl phosphine with various diynols, 

it appears that only in the case where n-butyl groups are the subs tituents, 

was a fairly pure product obtained. It was considered useful to carry 

out a few reactions to establish its structure as 2, 6-di-n-butyl 1-phenyl 

1, 2- dihydrophosphorin. 

(i) Hydride transfer 

In accordance with the proposed plan (Scheme 10) of the 

synthesis leading to the 2, 6-disubstituted phosphorin, a hydride transfer 

reaction was attempted using trityl fluoroborate as reagent. 	A brown 

solid, whose i. r. spectrum indicated the presence of the BF 	group 

was obtained. The mass and 'H n. m. r. spectral data were inconclusive. 

However the isolation of tniphenylmethane was an indication that the 
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Ph 3C 	 + Ph H 

R 	 R''p'"R 	
(12) 

	

Ph 	 Ph BF  

reagents had reacted. Subsequent to this attempt, Mrkl and Merz12  

reported a one-step conversion of 1, 2, 4, 6-tetraphenyl 1, 2-dihydro 

phosphorin (16) to the phosphabenzene by hydride transfer (using trityl 

perchiorate) followed by reaction with phenyl lithium (see Scheme 6). 

It seems reasonable to assume that the intermediate phosphonium salt 

was not stable. 

(ii) Conversion to the phosphabenzene. 

Mrk1 et al. have achieved the conversion of the 1, 2-dihydro-

phosphorin (16) to the corresponding phosphabenzene (18) by quarter-

nisation followed by base hydrolysis. 

Ph 	 Ph 	 Ph 

JJ 

	

H 	
Mel 	 OH 

> H 

	

Ph 	p Ph 	 Ph /P\  Ph 	 Ph 	Ph (13) 

Ph 	 Ph Me 	 "''Me ph  

(16) 	 (18) 

A similar reaction sequence was attempted. The product isolated was 

however not the expected phosphabenzene (56) but a ring-opened 

phosphine oxide (55). The first step in this reaction is quarternisation 

to the phosphonium salt. Alkaline hydrolysis afforded the phosphine-

oxide. 

It is very difficult to explain why the phosphabenzene (56) was 

not obtained by the expected proton abstraction by hydroxide ion. 
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H Mel > H (fli 	x > 
R 	R 	 R P R 	 RPR 

Ph 	 Ph Me 	 Ph Me 

(56) 

0H 

R: n-Bu 	
> 

	

R p R 	 R p R 

	

Ph"JMe 	 Ph"I0 

	

0—H 	 Me 

(55) 

Scheme 12 

(iii) Pyrolysis 

Mrk1 and Merz''  in a very recent paper reported that 

pyrolysis of 1, 2-dihydrophosphorin afforded the phosphorin (see eq. 4). 

A similar pyrolysis at 2000  of 2, 6-di-n-butyl 1-phenyl 1, 2-dihydro-

phosphorin gave a product of mass 304, which was not identified. 

The i. r. indicated the presence of the P=O group. 

(C) Conclusions. 

The reactions of phenyl phosphine with various diynols produced 

mixtures of products which proved very difficult to separate. These 

products are invariably the 1, 2-dihydrophosphorin, the phosphol-2-ene 

and the phosphole. The reactions of the 1, 2-dihydrophosphorin (46; 

R = n- Bu) seem to be different from those of 1, 2, 4, 6-tetraphenyl 1, 2-

dihydrophosphorin. Apparently the presence of the phenyl groups as 

opposed to n-butyl groups must account for the differences. It would 

require further detailed investigations to account for these differences. 

149. 



REFERENCES 

PART ONE 

W. Lwowski in 'Nitrenes' ed. W. Lwowski, Interscience, 

New York, 1970, pp. 2-3. 

F. Tiemann, Ber., 1891, 24, 4162. 

T. Curtius and F. Schmidt, Ber., 1922, 55, 1571. 

A.Bertho, Ber., 1924, 57, 1138. 

W. Kirmse, Angew. Chem., 1959, 71, 540. 

L. Homer and A. Christmann, Angew. Chem. Internat. Edit., 

1963, 2, 599. 

R. A. Abramovitch and B.A.Davis, Chem. Rev. 1964, 64, 149. 

G. Smolinsky, E. Wasserman and W. A. Yager, J. Amer. Chem. 

Soc., 1962, 84, 3220. 

A. M. Trozzolo, R. W. Murray, G. Smolinsky, W. A. Yager, and 

E. Wasserman, J. Amer. Chem. Soc., 1963, 85, 2526. 

E. Wasserman, G. Smolinsky, and W. A. Yager, J. Amer. Chem. 

Soc., 1964, 86, 3166. 

E. Wasserman, R. W. Murray, W.A.Yager, A. M. Trozzolo, 

and G. Smolinsky, J. Amer. Chem. Soc. , 1967, 89, 5076. 

A. Reiser and V. Frazer, Nature, 1965, 208, 682. 

A. Reiser, H. M. Wagner, and G. Bowes, Tetrahedron Letters, 

1966, 2635. 

A. Reiser, G. C. Terry, and F. W. Willets, Nature, 1966, 211, 

410. 

A. Reiser, F. W. Willets, G. C. Terry, V. Williams, and R. Marley, 

Trans. Farad. Soc., 1968, 64, 3265. 

J. G. Calvert and J. N. Pitts, Jr., in "Photochemistry, II  John 

Wiley and Sons, New York, 1966, pp. 88-92. 

W. Lwowski in 'Nitrenes' ed. W. Lwowski, Interscience, New 

York, 1970, Ch. 6. 

D. H. R. Barton and L. R. Morgan, Jr., J. Chem. Soc., 1962, 

622. 

150. 



R. M. Moriarty and M. Rahman, Tetrahedron, 1965, 21, 2877. 

W. Lwowski and T. W. Mattingly, Jr., J. Amer. Chem. Soc., 

1965, 87, 1947. 

W. Lwowski and G. T. Tisue, J. Amer. Chem. Soc., 1965, 87, 

4022. 

J. H. Hall, J. W. Hill, Hu-Chu Tsai, Tetrahedron Letters, 

1965, 211. 

P. A. S. Smith and B. B. Brown, J. Amer. Chem. Soc., 1951, 73, 

2435, 2438. 

P. A. S. Smith, J. M. Clegg, and J. H. Hall, J.Org. Chem., 

1958, 23, 524. 

G. Smolinsky, J. Amer. Chem. Soc., 1961, 83, 2489. 

B. I. Feuer and G. Smolinsky, J. Amer. Chem. Soc., 1964, 86, 

3085. 

R. Puttner and K. Hafner, Tetrahedron Letters, 1964, 3119. 

K. Hafner, D. Zinser, and K. L. Moritz, Tetrahedron Letters, 

1964, 1733. 

R. A. Odum and A. M. Aaronson, J. Amer. Chem. Soc., 1969, 91, 

5680. 

W. Lwowski and L. Selman, Abstracts, 150th Natl. Meeting, 

ACS, Atlantic City, Sept. 1965, Abstract S25. 

A. Reiser and H. M. Wagner, 'Chemistry of the Azido Group, 

John Wiley, in press. 

P. S. Skell and R. C. Woodworth, J. Amer. Chem. Soc., 1956, 

78, 4496. 

W. Lwowski and J. S. McConaghy, J. Amer. Chem. Soc. , 1965, 

87, 5490. 

J. S. McConaghy and W. Lwowski, J. Amer. Chem. Soc., 1967, 

89, 2357. 

W. Lwowski, T. J. Maricich, and T. W. Mattingly, Jr., 

J. Amer. Chem. Soc., 1963, 85, 1200. 

W. Lwowski and T. J. Maricich, J. Amer. Chem. Soc., 1965, 

87, 3630. 

151. 



J. S. McConaghy and W. S. Lwowski, J. Amer. Chem. Soc., 

1967, 89, 4450. 

W. Lwowski and F. P. Woerner, J. Amer. Chem. Soc., 1965, 

87, 5491. 

D. J. Anderson, T. L. Gilchrist, D. C. Horweil, and C. W. Rees, 

J. Chem. Soc. (C), 1970, 576. 

R. Huisgen and H. Blaschke, Tetrahedron Letters, 1964, 1409. 

R. Huisgen and H. Blaschke, Chem. Ber., 1965, 98, 2985. 

W. Lwowski, A. Hartenstein, C. Devita, and R. L. Smick, 

Tetrahedron Letters, 1964, 2497. 

L. Homer and A. Christman, Ber., 1963, 96, 388. 

R. Huisgen, C. Grashey, and J. Sauer, in 'The Chemistry of 

Alkenes, ed. S. Patai, Interscience, New York, 1964, 

p.835 ff. 

J. H. Boyer and C. J. Mikol, Chem. Comm., 1969, 734. 

R. Huisgen, D. Vossius, and M. Appi, Chem. Ber., 1958, 91, 

1, 12. 

W. von E. Doering and R.A.Odum, Tetrahedron, 1966, 22, 81. 

R. A. Odum and M. Brenner, J. Amer. Chem. Soc., 1966, 88, 

2074. 

R. J. Sundberg, W. G.Adams, R. H. Smith, and D. E. Blackburn, 

Tetrahedron Letters, 1968, 777. 

E. Meyer and G. W. Griffin, Angew. Chem. Internat. Ed., 1967, 

6, 634. 

p. A. S. Smith in 'Nitrenes, ' ed. W. Lwowski, Interscience, 

New York, 1970, p. 105 ff. 

J. S. Swenton, T. J. Ikeler, and B. H. Williams, J. Amer. Chem. 

Soc., 1970, 92, 3103. 

J. I. G. Cadogan, Quart. Rev., 1962, 16, 208. 

S. B. Hartley, W. S. Holmes, J. K. Jacques, M. F. Mole, and 

J.C.McCoubrey, Quart.Rev., 1963, 17, 204. 



T. L. Cottrell, 'The Strengths of Chemical Bonds, 

Butterworths, London, 1958. 

J. I. G. Cadogan, Quart. Rev. , 1968, 22, 222. 

J.I.G.Cadogan, Synthesis, 1969, 1, 11. 

J. H. Boyer in 'Nitrenes, ' ed. W. Lwowski, Interscience, 

NewYork, 1970, ch.5. 

G. Smolinsky and B. I. Feuer, J. Org. Chem., 1966, 31, 3882. 

R. J. Sundberg, J. Amer. Chem. Soc., 1966, 88, 3781. 

J.I.G.Cadogan and M.J.Todd, J.Chem.Soc.(C), 1969, 2808. 

J.I.G.Cadogan, M.Cameron-Wood, R.K.Mackie, and 

R. J. G. Searle, J. Chem. Soc., 1965, 4831. 

A. J. Boulton, I. J. Fletcher, and A. R. Katritzky, Chem. 

Comm., 1968, 62. 

A. J. Boulton, P. B. Ghosh,and A. R. Katritzky, J. Chem. Soc. 

(B), 1966, 1004. 

G. Smolinsky, J. Amer. Chem. Soc., 1960, 82, 4717. 

P.J. Bunyan and J.I.G.Cadogan, J.Chem. Soc., 1963, 42. 

R. J. Sundberg, M. Brenner, S. R. Suter, and B. P. Das, 

Tetrahedron Letters, 1970, 2715. 

J.I.G.Cadogan, D. J. Sears, D. M. Smith, and M J. Todd, 

J. Chem. Soc. (C), 1969, 2813. 

R. J. Sundberg, B. P. Das, and R. H. Smith, Jr.,, J. Amer. 

Chem. Soc., 1969, 91, 658. 

H.C. Waterman and P. L. Vivian, J. Org. Chem., 1949, 14, 

289. 

D.L.Vivian, G.Y.Greenberg, and J. L. Hartwell, J.Org. 

Chem., 1951, 16, 1. 

D. L. Vivian and J. L. Hartwell, J. Org. Chem., 1953, 18, 1065. 

D. L. Vivian, J. L. Hartwell, and H. C. Waterman, J. Org. Chem., 

1954, 19, 1136; ibid., 1955, 20, 797. 

D. L. Vivian and H. C. Waterman, J. Org. Chem., 1956, 21, 914. 

153. 



R. A. Abramovitch and K. A. H. Adams, Canad. J. Chem., 

1961, 39, 2516. 

R.A.Abramovitch, Y.Ahmad, and D.Newman, Tetrahedron 

Letters, 1961, 752. 

R. H. Smith and H. Suschitzky, Tetrahedron, 1961, 16, 86. 

R.A.Abramovitch and B.A.Davis, J.Chem. Soc. (C), 1968. 

119. 

I. Puskas and E. K. Fields, J. Org. Chem., 1968, 33, 4237. 

P. A. S. Smith and J. H. Boyer, J. Amer. Chem. Soc., 1951, 

73, 2626. 

R.A.Abramovitch, K. A. H. Adams, and A. D. Notation, 

Canad. J. Chem., 1960, 38, 2152. 

T. Kametani, K. Ogasawara, and T. Yamanaka, 3. Chem. Soc. 

(C), 1968, 1006. 

R. J. Sundberg, 3. Org. Chem., 1965, 30, 3604. 

R.J.Sundberg and T.Yamazaki, J.Org.Chem., 1967, 32, 290. 

R. J. Sundberg, J. Org. Chem., 1968, 33, 487. 

E. E. Taylor and E.G. Garcia, 3. Org. Chem., 1965, 30, 655. 

K. Isomura, S. Kobayashi, and H. Taniguchi, Tetrahedron 

Letters, 1968, 3499. 

R. J. Sundberg, L. S. Lin, and D. E. Blackburn, J. Heterocyclic 

Chem., 1969,  6, 441. 

K. E. Chippendale, B. Iddon, and H. Suschitzky, Chem. Comm., 

1971, 203. 

H. Suschitzky and M. E. Sutton, J. Chem. Soc. (C), 1968, 3058. 

J. I. G.Cadogan, R. Marshall, D. M. Smith, and M. J. Todd, 

J. Chem. Soc. (C), 1970, 2441. 

L. Krbechek and H. Takimoto, 3. Org. Chem., 1964, 29, 3630. 

L. Krbechek ard H. Takimoto, 3. Org. Chem., 1964, 29, 1150. 

Y. Y. Hung and B. M. Lynch, J. Heterocyclic Chem., 1965, 2, 

218. 

H. Sieper, Tetrahedron Letters, 1967, 1987. 

154. 



R. A. Carboni, J. E. Castle, J. C. Kauer, and H. E. Simmons, 

J. Amer. Chem. Soc., 1967, 89, 2618. 

D. G. Saunders, Chem. Comm., 1969, 680. 

A. J. Boulton and P. B. Ghosh, Adv. Heterocyclic Chem., 

1969, 10, 1. 

K. -H. Wunsch and A. J. Boulton, Adv. Heterocyclic Chem., 

1967, 8, 303. 

ioo. 	P. A. S. Smith, B. B. Brown, R. K. Putney, and R. F. Reinisch, 

J. Amer. Chem. Soc., 1953, 75, 6335. 

J. I. G. Cadogan, S. Kulik, C. Thomson, and M. J. Todd, 

J. Chem. Soc. (C), 1970, 2437. 

J. J. Eatough, L. S. Fuller, R. H. Good, and R. K. Smalley, 

J. Chem. Soc. (C), 1970, 1874. 

J.I. G.Cadogan and S. Kulik, J. Chem. Soc. (C), 1971, 2621. 

J. A. Van Allen, G. A. Reynolds, and D. P. Maier, J. Org. Chem., 

1969, 34, 1691. 

T. Kametani, K. Nyu, T. Yamanaka, H. Yagi, and K. Ogasawara, 

Tetrahedron Letters, 1969, 1027. 

L. Krbechek and H. Takimoto, 3. Org. Chem., 1968, 33, 4286. 

G. R. Cliff, E. W. Collington, and G. Jones, J. Chem. Soc. (C), 

1970, 1490. 

R. Rabinowitz and J. Peilon, J. Org. Chem., 1961, 26, 4623. 

R.H.B. Gait and J. D. Loudon, J. Chem. Soc., 1959, 885. 

M. T. Bogert and A. Stull, Org. Synth., 8, 64. 

M. H. Hubacher, Org. Synth. , 15, 45. 

J. Wright and E. C. Jorgensen, J.Org.Chem., 1968, 33, 1245. 

R. Q. Brewster and H. S. Choguill, J. Amer. Chem. Soc., 1939, 

61, 2702. 

R. G. R. Bacon and 0. J. Stewart, J. Chem. Soc. (C), 1969, 301. 

Gen. Aniline Works, U.S.P. 1936721 (1932). 

A. A. Levi and S. Smiles, J. Chem. Soc., 1932, 1488. 

V. A. Gilyarov, R. V. Kudryavtsev, and M. J. Kabachnik, 

Zh. Obshch. Khim 1966, 36, 708. (Chem. Abs. , 1966, 

155. 



65, 8798e). 

J.H. Yoe and L. C. Reid, Ind. Eng. Chem. Anal. Ed., 1941, 13, 

238. 

G. D. Woods and A. T. Peters, J. Chem. Soc., 1962, 3373. 

F. Ullmann and H. Bincer, Ber., 1916, 49, 742. 

F.Reverdin, Helv.Chim.Acta, 1918, 1, 209. 

M. Messer and D. Farge, Bull. Soc. chim. France, 1968, 2832. 

G. Cilento, Chem. Rev., 1960, 60, 147. 

G. L. Bendazolli and C. Zauli, J. Chem. Soc., 1965, 6827. 

R. Kwok and P. Pranc, J. Org. Chem., 1968, 33, 2880. 

S.Kulik, Ph. D. dissertation, University of St. Andrews, 1970. 

M. A. Armour and J. I. G. Cadogan, Unpublished results. 

D. E. C. Corbridge in "Topics in Phosphorus Chemistry," 

Vol. 6 ed. M. Grayson and E. J. Griffith, Interscience, 

New York, 1969,  pp. 274-297. 

L. Homer and H. Oedliger, Ann. Chem., 1959, 627, 142. 

L. C. Thomas and R. A. Chittenden, Spectrochim. Acta, 1965, 

21, 1905. 

J. I. G. Cadogan and H. M. Mc William, Unpublished results. 

A. J. Kirby and S. G. Warren, 'The Organic Chemistry of 

Phosphorus' Elsevier, Amsterdam, 1967, ch. 10. 

D. G. Thomas, J. H. Billman, and C. E. Davis, J. Amer. Chem. 

Soc., 1946, 68, 895. 

D. Amos and R.G.Gillis, Austral. J. Chem. , 1969, 22, 1555. 

J. I. G. Cadogan and E. M. Ramage, Unpublished results. 

G. R. Cliff and G. Jones, Chem. Comm., 1970, 1705. 

E. J. Seus and C. V. Wilson, J. Org. Chem., 1961, 26, 5243. 

A. Schaarschmidt, Ber., 1916, 49, 1632. 

F. Ramirez, S. B. Bhatia, A. V. Patwardhan, E. H. Chen, and 

C.P.Smith, J.Org. Chem. , 1968, 33, 20. 

A. J. Kirby and S. G. Warren, 'The Organic Chemistry of 

Phosphorus' Elsevier, Amsterdam, 1967, ch. 2. 

156. 



PART TWO 

G. Mrk1, Angew. Chem. Internat. Ed., 1963, 2, 479. 

G. Mâ'rkl, Angew.Chim.Internat. Ed., 1963, 2, 153. 

C. C. Price, T. Parasaran, and T. V. Lakshminarayan, 

J. Amer. Chem. Soc., 1966, 88, 1034. 

G.M'rk1, Angew. Chem. Internat. Ed., 1966, 5, 846. 

G. Mrk1, F. Lieb, and A. Merz., Angew. Chem. Internat. Ed., 

1967, 6, 458. 

K. Dimroth, N. Greif, W. Stade, and F. W. Steuber, Angew. 

Chem. Internat. Ed., 1967, 6, 711. 

G. Mrk1, F. Lieb, and A. Merz, Angew. Chem. Internat. Ed., 

1967, 6, 944. 

A.I. Tolmachev and E.S.Kozlov, Zh.Obshch.Khim., 1967, 37, 

122. 	(Chem. Abs., 1968, 68, 105298k). 

G. M'rk1, F. Lieb, and A. Merz, Angew. Chem. Internat. Ed., 

1967, 6, 87. 

G. Mrk1 and A. Merz, Tetrahedron Letters, 1968, 3611. 

G.Mrk1andA.Merz, Tetrahedron Letters, 1971, 1215. 

G. Mrk1 and A. Merz, Tetrahedron Letters, 1969, 1231. 

G. Mâ'rkl and F. Lieb, Angew. Chem. Internat. Ed., 1968, 7, 733. 

G. M!rk1, F Lieb, and C. Martin, Tetrahedron Letters, 1971, 

1249. 

K. Dimroth, N. Greif, H. Perst, and F. W. Steuber, Angew. 

Chem. Internat. Ed., 1967, 6, 85. 

K. Dimroth and W. Stde, Angew. Chem. Internat. Ed., 1968, 7, 881. 

K. Dimroth, A. Hettche, W. Stde, and F. W. St euber, Angew. Chem. 

Internat. Ed., 1969,  8. 770. 

K. Dimroth, K. Vogel, W. Mach, and U. Schoeler, Angew. Chem. 

Internat.-Ed. , 1968, 7, 371. 

K. Dimroth and F. W. Steuber, Angew. Chem. Internat. Ed., 1967, 

6, 445. 
/ 

G. Ma
IIrkl and A. Merz, Tetrahedron Letters, 1971, 1269. 

157. 



J. C. J. Bart and J. J. Daly, J. Chem. Soc. (A), 1970, 567. 

J. J. Daly and G. Mrkl, Chem. Comm., 1969,  1057. 

U. Thewalt, Angew. Chem. Internat. Ed., 1969,  8,  769. 

I. G. M. Campbell, R.C.Cookson, and M.B.Hocking, Chem. 

and Ind. (London), 1962, 359. 

G. Mrkl and R. Potthast, Angew. Chem. Internat. Ed., 1967, 

6, 86. 

K. E. Schulte, J. Reisch, and L. Homer, Chem. B er., 1962, 

95, 1943. 

K. E. Schulte, J. Reisch, and H. Walker, Chem. Ber., 1965, 

98, 98. 

R. D. Gee, Ph.D. dissertation, University of Edinburgh, 1971. 

A.J.Ashe, III, J. Amer. Chem. Soc., 1971, 93, 3293. 

J. C. Lunt and F. Sondheimer, J. Chem. Soc., 1950, 3365. 

J.Chauvelier, Ann.Chim. (France), 1948, 3, 411. 

E. R. H. Jones, L. Skattbol, and M. C. Whiting, J. Chem. Soc., 

1958, 1054. 

A. I. Vogel in tA Textbook of Practical Organic Chemistry, 

Longman, 3rd ed. 1970, p.897. 

C. K. Liang, Bull. Soc. chim. France, 1933, 53, 34. 

P. D. Bartlett and L. J. Rosen, J. Amer. Chem. Soc., 1942,  64, 

544. 

W. H. Puterbaugh and M.S.Newman, J. Amer. Chem. Soc., 1959, 

81, 1613. 

F. Bohlmann, Chem._Ber., 1953, 86, 68. 

Jozitsch and Orelkin, Zhur.Russ. Fiz. - chim. Obshch. (Chast. 

Chim. ), 42, 1082. (Beilstein, 1, I, 241.) 

A. I. Vogel in "A Textbook of Practical Organic Chemistry" 

Longman, 3rd ed. 1970, p.900. 

B. W. Howk and 3. C. Sauer, Org. Synth., 39, 59. 

C. F. H. Allen and C. 0. Edens, Jr., Org. Synth., 25, 93. 

M. Siemiatycki, Ann. Chim. (France), 1957, 2, 189. 

158. 



H. KShler and A. Michaelis, Ber., 1877, 10, 807. 

F. G. Mann and I. T. Millar, J. Chem. Soc., 1952, 3039. 

B. C. Saunders, G.J.Stacey, F. Wild, and l.G.E.Wilding, 

J. Chem. Soc., 1948, 699. 

L. Homer, H. Hoffmann, and P. Beck, Chem. Ber., 1958, 91, 

1583. 

H. J. Dauben, Jr., L. R. Honnen, and K. M. Harmon, J. Or 

Chem., 1960, 25, 1442. 

A. Kekule and A. Franchimont, Ber., 1872, 5, 907. 

G.Stadnikow, Ber., 1924, 57, 6. 

R. E. Atkinson, J. I. G. Cadogan, and A. Gripper-Gray, 

Unpublished results. 

L. Homer and A. Mentrup, Ann., 1961, 646, 65. 

J. Vullo, J. Org. Chem., 1968, 33, 3665. 

159. 




