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ABSTRACT 

The p h o t o d i s s o c i a t i o n  o f  N-aryl-  and N-alkyl-  

t r iphenyliminophosphoranes ( y l i d s  ) l e a d  t o  t r ipheny lphosph ine  

and  p r o d u c t s  which c o u l d  be  c o n s i d e r e d  t o  be  d e r i v e d  from 

monovalent  n i t r o g e n  ( n i t r e n e )  i n t e r m e d i a t e s .  Only one case  

o f  t h e  i r r a d i a t i o n  of a  triphenylimin6phosphorane h a s  been 

r e p o r t e d  ( ~ . ~ i m m e r  and M. Jayawant ,  T e t r a .  L e t t e r s ,  5061 (1966)). 

Like  t h e  i r r a d i a t i o n  o f  methylenetriphenylphosphoranes,  

t h e  i r r a d i a t i o n  of  N-subst i t u t e d  t r iphenyliminophosphoranes 

i s  a l s o  wavelength-dependent ,  r e s u l t i n g  i n  d i f f e r e n t  modes 

of photodecomposi t  i o n .  

Y l i d s  w i t h  r e s o n a n c e - s t a b i l i z t n g  s u b s t  i t u e n t  s on t h e  

n i t r o g e n  a r e  s t a b l e  t o  i r r a d i a t i o n  w i t h  a  pyrex  f i l t e r  

( ~ 3 0 0  nm) b u t  l i b e r a t e  benzene when i r r a d i a t e d  i n  a  q u a r t z  

c e l l  (> 200 nm) . 
N-aryl y l i d s  a f f o r d  p h o t o e x c i t e d  y l i d s  upon i r r a d i a t i o n ,  

r e s u l t i n g  i n  azobenzene d e r i v a t i v e s  and t r ipheny lphosph ine  . 
P r y 1  n i t r e n e s  a r e  u n l i k e l y  i n t e r m e d i a t e s .  Tn t h e  p r e s e n c e  of 

oxygen, p h o t o o x i d a t i o n  t a k e s  p l a c e  t o  produce  t r i p h e n y l p h o s -  

phine  ox ide  and  s e c o n d a r y  p r o d u c t s .  A r y l  n i t r e n e s  a r e  

a p p a r e n t l y  i n v o l v e d  v i a  deoxygenat ion  of n i t r o s o b e n z e n e  

d e r i v a t i v e s  by t r i p h e n y l p h o s p h i n e  . Both of t h e  l a t t e r  a r e  

p r o d u c t s  of  t h e  i r r a d i a t i o n .  

N-alkyl  y l i d s  may g e n e r a t e  a l k y l  n i t r e n e s  upon 

i r r a d i a t  i o n ,  a l t h o u g h  more c o n c r e t e  e v i d e n c e  i s  n e c e s s a r y  

t o  c l a r i f y  t h i s .  
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INTRODUCTION 

Molecules posses s ing  double bonds between pen tava len t  

phosphorus and carbon (methylenephosphoranes) o r  n i t r o g e n  

(iminophosphoranes,  monophosphazenes, o r  phosphinimines) ( 1-1 ) 

a r e  c l a s s i f i e d  as y l i d s  . 1 

Depending on t h e  phosphorus, carbon and n i t r o g e n  s u b s t i -  

t u e n t s ,  some of t h e s e  y l i d s  a r e  s u s c e p t i b l e  t o  p h o t o l y t i c  

f r agmen ta t ion .  Rad ia t ion  induced homolyt ic  d i s s o c i a t i o n  

of t h e  h e t e r o m u l t i p l e  bonds of t h e s e  y l i d s  may l e a d  t o  a  

phosphine ( I -2 ) ,  and a  r e a c t i v e  carbene o r  n i t r e n e  (1-3) 

( e q u a t i o n  1 ) . 

Amino n i t r e n e s  have been invoked i n  a  number of n i t r o -  

gen - su l fu r  y l i d  p h o t o d i s s o c i a t i o n s .  Anderson and co-workers 2  

i r r a d i a t e d  a  number of d imethylsulfoximines  i n  t h e  presence 

of o l e f i n s ,  and found t h a t  a z i r i d i n e s  were formed a long  wi th  

d ime thy l su l fox ide  ( e q u a t i o n  2 ) .  S ince  t h e  same a z i r i d i n e s  

were formed when t h e  analogous c y c l i c  N-amino compound was 

ox id i zed  by l e a d  t 3 t r a a c e t a t e  i n  t h e  presence  of o l e f i n s ,  t h e  

amino n i t r e n e  was cons ide red  t h e  most l i k e l y  i n t e rmed ia t e  i n  



both r e a c t i o n s .  S t r e n g t h  i s  l e n t  t o  t h i s  sugges t ion  by 

s e v e r a l  a d d i t i o n a l  r e p o r t s  of t h e  t r a p p i n g  of presumed amino- 

3 n i t r e n e s  wi th  o l e f i n s  t o  form a z i r i d i n e s  . A l l  of t h e  r e a c t i o n s  

r epo r t ed  t o  d a t e  t h a t  appear  t o  involve  t r a p p a b l e  amino 

n i t r e n e s  a r e  t h o s e  where t h e  amino n i t r o g e n  i s  s u b s t i t u t e d  

wi th  e lect ron-withdrawing groups.  

0 

Carbenes have been invoked i n  a  number of carbon s u l f u r  

4 p h o t o d i s s o c i a t i o n  r e a c t  i o n s .  Corey and Chaykovsky f i r s t  

r epo r t ed  t h e  r e s u l t s  of i r r a d i a t i o n  of dimethylsulfoxonium 

phenacyl ide  (1-4). Upon i r r a d i a t i o n  i n  a l c o h o l ,  t h e  y l i d  

was t ransformed smoothly t o  d imethylsu l fox ide  and t h e  c o r r e s -  

ponding e s t e r  1-5 by a r e a c t i o n  t h a t  was envis ioned  t o  involve 

t h e  k e t  ocarbene (1-6) and ke tene  (1-7) i n t e r m e d i a t e s  ( equa t ion  

ROH 
- PhCH=C=O -> PhCH2C02R 

1-7 1-5 



3 

It was not  determined i f  t h e  format ion  of t h e  ke tene  

was concer ted  o r  involved t h e  ke tocarbene  i n t e r m e d i a t e  

( equa t ion  4 ) .  

T ros t  has  i r r a d i a t e d  dimethylsulfonium phenacyl ide  

5 (1-8) i n  chloroform and benzene , and ob ta ined  n e a r l y  q u a n t i -  

t a t i v e  y i e l d s  of trans-1,2,3-tribenzoylcyclopropane ( 1 - 9 ) .  

The cyclopropane (1-9) was envis ioned  a s  a r i s i n g  from t h e  

r e a c t i o n s  of a  carbene (1-6) wi th  a second mole of y l i d  (1-8) 

t o  produce d ibenzoyle thy lene  (1-10) which subsequent ly  

combined e i t h e r  wi th  y l i d  o r  carbene t o  form cyclopropane 

1-9 ( equa t ion  5 ) .  

R ' O H  1 
Ph CMe 

I I 
0  

(1-11)  



I n  e t h a n o l  a 48% y i e l d  of acetophenone (1-11), 

propiophenone (1-12, and e thy lphenyl  a c e t a t e  (1-13, R f  = ~ t )  

were formed and t h e  y i e l d  of cyclopropane 1-9 was lowered t o  

40-50%. A reasonable  mechanis t ic  pathway f o r  t h e  format ion 

of propiophenone invo lves  a Stevens rearrangement of t h e  

y l i d  fol lowed by t h e  p h o t o l y t i c  decomposit ion of t h e  r e s u l t a n t  

6 &-methylthiopropiophenone . The y l i d  does no t  undergo t h e  

S tevens  rearrangement t he rma l ly  under  t h e s e  c o n d i t i o n s .  This  

fo rmat ion  of propiophenone was t h u s  t aken  by t h e  au tho r  as 

a n  example f o r  t h e  f i r s t  p h o t o l y t i c  induced Stevens rear range-  

ment ( equa t ion  6 ) .  

Using 2-propanol caused s i g n i f i c a n t  i n c r e a s e  i n  t h e  r a t i o  

of  acetophenone t o  pheny lace t i c  e s t e r .  This  was considered 

t o  i n d i c a t e  t h a t  t h e  ketone a r o s e  v i a  a carbene in t e rmed ia t e ,  

s i n c e  an i n c r e a s e  i n  t h e  r e a c t i v i t y  of  t h e  so lven t  toward 

hydrogen a b s t r a c t  i on  should i n c r e a s e  t h e  r e l a t i v e  amount of 

ketone by t h i s  r o u t e .  The format ion  of benzoylnorcarane 

(1 -14 )  when t h e  r e a c t i o n  was c a r r i e d  out  i n  t h e  presence of 

cyclohexene was cons idered  t o  be a n o t h e r  i n d i c a t i o n  of a 

carbene . 



Although t h e  course  of r e a c t i o n  can be expla ined  by 

o t h e r  mechanisms, t h e y  were cons idered  l e s s  l i k e l y .  The 

y l i d  1-6 could g ive  a d i r a d i c a l  which dimerized t o  form 

d ibenzoyle thy lene  (1-10) and t h e n  underwent f u r t h e r  r e a c t i o n  

with  t h e  i r r a d i a t e d  y l i d  t o  y i e l d  cyclopropane 1-9.  Photo- 

e x c i t e d  y l i d  could  r e a c t  wi th  cyclohexene t o  form benzoyl- 

norcarane (1-14) o r  undergo concer ted  rearrangement t o  g ive  

t h e  ke tene  1-7 and t h u s  e s t e r  1-13. Photoexc i ted  y l i d  o r  

i t s  d i r a d i c a l  cou ld  a b s t r a c t  hydrogen from s o l v e n t  be fo re  

t h e  c leavage t o  form ketone 1-11. 

Recent r e p o r t s  of t h e  p h o t o d i s s o c i a t i o n  of ca rbon-su l fur  

y l i d s  i n d i c a t e d  t h a t  a carbene may no t  be involved i n  such 

p roces ses .  S e r r a t o s a  and Quintana7 r e p o r t e d  t h e  i r r a d i a t i o n  

of s t r u c t u r a l l y  analogous P-ketosulfonium y l i d s  (1-15) and 

d -d i azoke tones  (1-16). Since d-d iazoke tones  (1-16) have been 

shown t o  produce carbenes  upon i r r a d i a t i o n  t h e  f a i l u r e  of 

analogous f i-ketosulfonium y l i d s  t o  y i e l d  i d e n t i c a l  p roduc t s  

upon i r r a d i a t i o n  was i n t e r p r e t e d  t o  mean t h a t  a  carbene was 

no t  involved i n  t h e  l a t t e r  p roces s .  I r r a d i a t i o n  of ke to-  

sulfonium y l i d s  was shown t o  produce n e a r l y  q u a n t i t a t i v e  

y i e l d s  8~ of trans-1,2,3-triacylcyclopropanes whereas d-d iazo-  

ketones  (1-16) gave 1 ,2 -d i acy le thy lenes  (1-17) and bu teno l ides  

(1-18) a s  t h e  main p roduc t s  (e qua t ion  7 ) .  

F i sh  and co-workers i r r a d i a t e d  2-methyl-isothiochroman- 

4 - 0 n e - 3 - ~ l i d  (1-19) i n  both  chloroform and anhydrous methanol 1 0  

and ob ta ined  indan-1-one (1-20) as t h e  only  v o l a t i l e  product  

( equa t ion  8 ) .  The absence of methyl e s t e r  and methyl ketones  

i n d i c a t e s  a  carbene i s  no t  involved .  



Only a few examples of i r r a d i a t i o n  of phosphorus-carbon 

y l i d s  have been r e p o r t e d .  ~ s c h e s c h e "  r e p o r t e d  t h e  i r r a d i a t i o n  

of d iphenylmethylenet  r iphenylphosphorane (1-21 ) i n  cyclohexene 

gave t r iphenylphosphine,  diphenylmethane ( I - 2 2 ) ,  1 ,1 ,2 ,2 -  



t e t r a p h e n y l e t h a n e  ( I -23) ,  and 3,3 -bicyclohexenyl  (1-24) 

( e q u a t i o n  9 ) .  The format ion of  t h e s e  produc ts  can be expla ined  

by both carbene and pho toexc i t ed  y l i d  i n t e r m e d i a t e s ,  a l though 

t h e  former was proposed by t h e  i n v e s t i g a t o r .  

h 9  
Ph P=CPh2 -> Ph P + Ph2CH2 + Ph2CHCHPh2 

3 3 
( 1-21 ) 0 ( 1-22 ) (1-23)  

(1-24) 

( 9 )  

I r r a d i a t i o n  of y l i d  1-21 i n  1 , l -d ipheny le thy lene  (1-23) 

w a s  shown by R i t t e r  and ~ i m ' ~  t o  y i e l d  (73%) 1,1 ,2 ,2-  

t e t  raphenylcyclopropane ( I -26) and t r iphenylphosphine 

(e q u a t i o n  1 0 )  . I r r a d i a t  ion1* of diphenyl t r iphenylphosphinazine 

(1-27) under  i d e n t i c a l  r e a c t i o n  c o n d i t i o n s  gave cyclopropane 

1-26, t r iphenylphosphine ,  and n i t r o g e n  ( equa t ion  1 0 ) .  

Diphenylcarbene i s  a  p l a u s i b l e  i n t e r m e d i a t e  i n  t h e s e  

r e a c t i o n s ,  bu t  based on t h e  f a c t  t h a t  y l i d s  a r e  more 

7 nu c l e o p h i l i c  t h a n  ca1,benes , it i s  probable  t h a t  phosphinazine,  

1-27, decomposed upon i r r a d i a t i o n  t o  n i t r o g e n  and y l i d  1-21, 

which r e a c t e d  w i t h  o l e f i n  1-25 t o  produce 1-26 ( equa t ion  11). 



~ipheny ld i azome thane  has  been p o s t u l a t e d  t o  undergo 

p h o t o d i s s o c i a t i o n  v i a  a  carbene.  S ince  comparison of 

products  of phosphinazine 1-27 and diphenyldiazomethane 

under a  v a r i e t y  of r e a c t i o n  condi t ions13  r evea l ed  d i f f e r e n t  

product  d i s t r i b u t i o n s  from t h e s e  two p o t e n t i a l  carbene 

sources   a able I ) ,  it was cons idered  u n l i k e l y  t h a t  y l i d  

1-27 y i e l d e d  t h e  same i n t e r m e d i a t e .  

I r r a d i a t i o n  of y l i d  (1-28)  i n  cyclohexene14 has  been 

r epo r t ed  t o  produce benzene almost  q u a n t i t a t i v e l y  bu t  no 

t r iphenylphosphine  was d e t e c t e d .  The benzene was considered 

t o  be der ived  from phosphorus-phenyl bond c leavage of e i t h e r  

t h e  y l i d  o r  t r i pheny lphosph ine .  

I n  view of  t h e  d i f f e r e n c e  i n  r epo r t ed  behavior  between 

y l i d  1-28 and y l i d  1-21, t h e  i r r a d i a t i o n  of y l i d  1-21 i n  

cyclohexene was i n v e s t i g a t e d  i n  g r e a t e r  d e t a i l .  The format ion 

of t r iphenylphosphine  from t h i s  y l i d  was found t o  depend on 

t h e  e x c i t a t i o n  wavelength  a able 11). Such wavelength 

dependence was no t  observed i n  t h e  i r r a d i a t i o n  of y l i d  1-28 

i n  cyclohexene . 
T h e W spectrum of y l i d  1-21 e x h i b i t s  a  maximum a t  

432 nm which could be a t t r i b u t e d  t o  a  benzhydryl  an ion  o r  

an in t r amolecu la r  charge t r a n s f e r  s t r u c t u r e 1 6 .  It w a s  

Suggested t h a t  i r r a d i a t i o n  of 1-21 u s i n g  l i g h t  above 320 nm 

broke t h e  P=C bond v i a  i n t r amolecu la r  charge t r a n s f e r .  
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( e q u a t i o n  1 3 ) ,  o r  l i g h t  a b s o r p t i o n  a t  a  benzhydryl  moie ty .  

On t h e  o t h e r  hand,  s i n c e  t h e  W s p e c t r a  of y l i d  1-21 and 

t r i p h e n y l p h o s p h i n e  i n  wavelength r e g i o n s  s h o r t e r  t h a n  300 nm 

a r e  v e r y  s i m i l a r 1 7 ,  l i g h t  e n e r g y  of 253.7nm would be  expec ted  

t o  b r e a k  a phosphorus-phenyl  bond i n  a  s i m i l a r  manner t o  

t h a t  caused by i r r a d i a t i o n  of  t r ipheny lphosph ine  14 ,18 ,19  

Wavelength-dependent i r r a d i a t i o n  o f  y l i d  (1-29) i n  a  

number of s o l v e n t s    able I I I ) ,  p rov ided  ev idence  t h a t  t h e  

phot  o e x c i t e d  y l i d  ( d i r a d i c a l )  I-29a was t h e  r e a c t i v e  i n t e r -  

media te  ( ~ i g u r e  

n -3" 
PhjP = CMe - 2 

I R H  
PhH 

major  p roduc t  

F I G U R E  1 

Although t h e  b e h a v i o r  of phosphorus -n i t rogen  y l i d s  a t  

21 h i g h  t e m p e r a t u r e s  h a s  been t h e  s u b j e c t  of some i n v e s t i g a t i o n  , 
1 l i t t l e  i s  known abou t  t h e i r  photochemical  r e a c t i o n s  . 

Zimmer and ~ a ~ a w a n t ~ ~  have  s t u d i e d  t h e  i r r a d i a t i o n  o f  

N - t  - b u t y l t  r iphenyliminophosphorane ( 1-30) i n  cyclohexene . 
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- They obse rved  t h e  f o r m a t i o n  of t r i p h e n y l p h o s p h i n e ,  t r i p h e n y l -  

~ h o s p h i n e  ox ide ,  t -bu ty lamine  (1-31 ) , d i - t  -buty lamine  ( I - 3 2 ) ,  

t-butylcyclohexenylamine ( 1-33),  3-3 - b i c y c l o h e x e n y l  ( 1-24) ,  

benzene,  n i t r o g e n  and hydrogen ( ~ i g u r e  2 ) ,  which t h e y  

accoun ted  f o r  by p o s t u l a t i n g  b o t h  phosphorus -n i t  rogen and 

c a r b o n - n i t r o g e n  bond breakage  a c c o r d i n g  t o  F i g u r e  2 .  

FIGURE 2 

From t h e  above mechanism one would expec t  p r o d u c t s  

which were n o t  o b s e r v e d ,  e  . g .  t h o s e  shown i n  e q u a t i o n  14. 

Fi lms o f  s o l i d  polyiminophosphoranes ( N P C ~  ) o r  
2  3 

( N P C ~ ~ ) ~  a r e  u n a f f e c t e d  a f t e r  40 h o u r s  of i r r a d i a t i o n  by a  

mercury a r c ,  b u t  s o l u t i o n s  of  t h e s e  compounds i n  hexane,  



tBu ' +H > t BuH 

benzene, t o luene  o r  d e c a l i n  do undergo r eac t ion23  t o  form 

brown, g e l a t i n o u s  m a t e r i a l s  on t h e  w a l l s  of t h e  q u a r t z  

r e a c t i o n  v e s s e l ,  t o g e t h e r  wi th  d i s t i l l a b l e  l i q u i d s  which a r e  

o r g a n i c - s u b s t i t u t e d  cycloiminophosphoranes, p o s s i b l y  formed 

by t h e  p roces s  i n  equa t ion  15. The p h o t o - s t a b i l i t y  of t h e  

e t c .  

cycloiminophosphoranes t o  W i r r a d i a t i o n  i s  noteworthy s i n c e  

W - v i s i b l e  s p e c t r o s c o p i c  a n a l y s i s  r e v e a l s  e x t e n s i v e  T-e lec t ron  

i n t e r a c t i o n s  i n  t h e s e  and polyiminophosphoranes 2 4 2 5  

I n  view of t h e  e x t e n s i v e  work c a r r i e d  out  of t h e  gene ra t ion  

of n i t  renes  from v a r i o u s  p r e c u r s o r s  and t h e  presumed gene ra t  i'on 

of carbenes  from i r r a d i a t i o n  of analogous phosphorus-carbon 

y l i d s ,  we env i s ioned  t h a t  iminophosphoranes would be l i k e l y  

P recu r so r s  of n i t r e n e s .  

Our prime o b j e c t i v e  i n  t h i s  s tudy  was t o  i n v e s t i g a t e  

t h e  mechanism involved i n  and t h e  e f f e c t  of n i t r o g e n  and 



15 

phosphorus s u b s t i t u t i o n  on t h e  course  of pho tod i s soc i a t i on  

of iminophosphoranes . Since photodecomposit ion of iminophos- 

phoranes wi th  va r ious  s u b s t i t u e n t s  on t h e  n i t rogen  was 

observed t o  occur ,  we sought t o  determine i f  a  n i t r e n e  o r  

e x c i t e d  y l i d s  were t h e  r e a c t i v e  i n t e rmed ia t e s .  

We a l s o  endeavored t o  determine i f  e lect ron-withdrawing 

o r  r e sonance - s t ab i l i z ing  s u b s t i t u e n t s  on n i t r o g e n  would reduce 

t h e  phosphorus-nitrogen double bond c h a r a c t e r  making i t  

pho tos t ab l e .  

I f  n i t r e n e s  were indeed produced dur ing  t h e  i r r a d i a t i o n  

of t r iaryl iminophosphoranes ,  it would provide an a l t e r n a t i v e  

26 means of gene ra t ing  n i t  renes  under r e l a t i v e l y  mild  cond i t i ons  

compared with reduc t ion  of n i t ro -27  and a r y l - n i t r o s o  

compounds28, and ox ida t  ion of N-amino compounds 2,29 

Since a z i d e s  have served a s  n i t r e n e  p recu r so r s ,  we chose 

t o  compare t h e  course  of p h o t o d i s s o c i a t i o n  of iminophosphoranes 

with t h a t  of s t r u c t u r a l l y  r e l a t e d  a z i d e s  . The comparison 

i s  no t  completely s t r a i g h t f o r w a r d  s i n c e  a z i d e s  r e a c t  by two 

p r i n c i p a l  mechanisms w i t h  t h e i r  p r e f e r r e d  subs t  r a t e s ,  o l e  f i n s  . 
The r e a c t i o n  of an a z i d e  i n  t h e  presence  of an o l e f i n ,  t o  

give  n i t r o g e n  and an  a z i r i d i n e ,  can be induced by heat o r  

l i g h t  ( ~ i g u r e  3 ) .  Loss of n i t r o g e n  t o  g ive  a n i t r e n e  could 

be t h e  f i r s t  s t e p ,  o r  a  t r i a z o l i n e  i n t e rmed ia t e  could be 

i n i t i a l l y  formed. T r i a z o l i n e  format ion i s  w e l l  documented 

and t r i a z o l i n e s  a r e  known t o  decompose t o  g ive  n i t r o g e n  and 

a ~ i r i d i n e s ' ~ - ' ~ .  The d i r e c t  a d d i t i o n  of n i t r e n e s  t o  o l e f i n s  



i s  a l s o  a  well-documented r e a ~ t i o n ~ ~ ~ ' ~ ' - ~ ~ .  A d e c i s i o n  

between t h e  two mechanisms must be made f o r  each r e a c t i o n  

s t u d i e d .  From t h e  s t r u c t u r e  of t h e  product  a lone ,  t h e  

i n t e r v e n t i o n  of a  n i t r e n e  in t e rmed ia t e  can n e i t h e r  be proved 

nor  d i sproved .  

* \ / 
R-N: + C=C - 

/ \  

F I G U R E  3 

A second r e a c t i o n  p a r t i c u l a r l y  i n d i c a t i v e  of a n i t r e n e  

in t e rmed ia t e  i s  i n s e r t i o n  i n t o  C-H bonds ( equa t ion  16), 

al though even t h i s  r e a c t i o n  can be w r i t t e n  as a n  a z i d e  r e a c t i o n  

( equa t ion  1 6 ) .  . . I . H ' I 

R-N: + H - C -  - - I 
I . '  

' \ H I I 

R-NJ R-N-C- 
I 

I 
H-C- H 

I I I 
R-N-N=N P R-N-N2 + ' C -  

"I: 
. . I 

o t h e r  resonance 
forms 

(16) 



A number of methods have been used t o  deduce t h e  

in te rven t  ion  of n i t r e n e s  i n  r e a c t i o n s  : 

1. Kine t i c  methods 

In  a l l  known n i t  rene reac t  ions,  t h e  rate-determining 

s t e p  i s  the  formation of t h e  n i t r e n e .  I n  t h e  case of az ide  

o r  precursors  undergoing &-elimination, t h e  r a t e  law i s  

thus  f i r s t - o r d e r  i n  t h e  disappearance of a z i d e  o r  p recurso r .  

T h i s  i s  t h e  f i r s t  k i n e t i c  c r i t e r i o n  a p p l i e d  t o  n i t r e n e  r e a c t i o n s .  

For example, t h e  decomposition of benzenesulfonyl az ide  i s  

40 f i r s t - o r d e r  i n  most so lven t s  . 
2 .  S p e c t r a l  v e r i f i c a t i o n  

A s  i n  t h e  carbene f i e l d  n i t r e n e s  have been generated 

i n  a  f rozen matr ix  a t  very low temperatures ,  t h e i r  ESR and 

W s p e c t r a  observed, and then  they  have been subsequently 

41 allowed t o  r e a c t  by r a i s i n g  t h e  temperature . 
3 .  Chemical methods 

The i n t e r v e n t i o n  of a  n i t r e n e  has been argued t o  be 

h ighly  probable i n  s e v e r a l  r eac t ions  by genera t ing  t h e  spec ies  

by two o r  more independent routes ,  and then  demonstrating 

t h a t  t h e  same products  o r  product mixtures r e s u l t e d  i n  each 

c a s e .  Carboethoxynitrene,  f o r  example, can be generated by 

i r r a d i a t  ion42 o r  pyroly.sis43'  44 of e t h y l  azidof  ormate, and 

by cC-eliminat ion of p -n i t  robenzenesulfonic a c i d  from N- 

(P-nitrobenzene su l fonyloxy)   reth than^^ (equat ion  17) . The 



s e l e c t i v i t i e s  of t h e  C-H i n s e r t i o n  r e a c t i o n  of t h e  spec ies  

generated i n  each ins tance  have been compared, and found 

t o  be nea r ly  i d e n t i c a l  
44-49 . Phenyl n i t r e n e  seems t o  be 

t h e  only l i k e l y  in termedia te  i n  a  number of r eac t ions ,  a l l  

l ead ing  t o  2-dialkylaminodihydroazepines : t h e  pyrolys is  49 

o r  i r r a d i a t i o n 5 0  of phenyl az ide ,  t h e  deoxygenation of 

nitrosobenzene5' of n i t r o b e n ~ e n e ~ ~ ,  and t h e  i r r a d i a t i o n  of 

oxaziranes 5 3 ~ 5 4 ( s u c h  a s  I - ) .  A l l  of t h e s e  r e a c t i o n s  

were c a r r i e d  out i n  t h e  presence of a  dialkylamine 

(e.quat ion  18 ) . 

Sometimes, a  given precursor  g ives  two d i s t i n c t  s e t s  

of products,  depending on t h e  mode of decomposition. This 

can fo rce  one t o  p o s t u l a t e  two d i f f e r e n t  mechanisms, only 

one of which can be t h e  n i t r e n e  me'chanism. Consideration of 

t h e  na tu re  of t h e  products ,  t h e  s e l e c t i v i t y  with which 

they  a r e  formed, and t h e  mode of decomposition of t h e  



p r e c u r s o r  might t h e n  a l l ow one t o  a s s i g n  a n i t r e n e  

mechanism t o  one of t h e  r e a c t i o n  p a t h s .  Saunders h a s  

a p p l i e d  t h i s  t y p e  of reasoning  t o  t h e  i r r a d i a t i o n  and 

thermolys i s  of t r i a r y l m e t h y l  az  ides55-57 and Edwards 58 

used it t o  c o n s i d e r  t h e  r e a c t i o n s  of  e t h y l  azidoformate  

with dihydropyran . 
I n  t h e  p r e s e n t  s tudy  we have compared t h e  i r r a d i a t i o n  

of t h e  y l i d  and t h e  corresponding a z i d e  under  s i m i l a r  

r e a c t i o n  c o n d i t i o n s .  The involvement of n i t r e n e s  i n  t h e  

59 i r r a d i a t i o n  of a z i d e s  i s  w e l l  documented . 



RESULTS AND DISCUSSION 

Work wi th  P-chloroi.minophosphoranes 

Iminophosphoranes wi th  s u b s t i t u e n t s  o t h e r  than  a r y l  

on phosphorus a r e  r e l a t i v e l y  u n s t a b l e ,  making t h e  s tudy  of 

t h e i r  photochemical  behavior  d i f f i c u l t .  Chlorodiphenylphos- 

phine and phenyl a z i d e  have been r e p o r t e d  t o  form t h e  

expected iminophosphorane which was extremely s u s c e p t i b l e  

t o  hydrolysis1'  ( e q u a t i o n  1 9 )  . 

The halogen atoms i n  P-haloiminophosphoranes a r e  a l s o  

s u b j e c t  t o  displacement  by a p p r o p r i a t e  nuc l eoph i l e s  

(e  qua t ions  20 and 2 1  ) . 

Some of t h e  haloiminophosphoranes have been shown t o  

have d imer ic  r a t h e r  t h a n  monomeric s t r u c t u r e s ,  e . g . ,  N- 

phenyliminot r i c h 1  orophosphorane ( 1-35) 60-62. There appears  

t o  be a c o n s i s t e n t  c o r r e l a t i o n  between t h e  e s t ima ted  b a s i c i t y  

of a g iven iminophosphorane and i t s  tendency t o  d imer ize .  



- Only t h o s e  iminophosphoranes which c a r r y  phosphorus 

s u b s t i t u e n t s  which a r e  e lec t ron-wi thdrawing  and n i t r o g e n  

s u b s t i t u e n t s  which a r e  not  e l e c t r o n  withdrawing appear  t o  be 

capable  of d i m e r i z a t i o n .  

The i r r a d i a t i o n  of N-phenyliminotrichlorophosphorane 

(1-35) d i d  not  g i v e  any i d e n t i f i a b l e  p roduc ts  on g lpc  

a n a l y s i s .  I n s t e a d  a  c o l o r l e s s  polymeric m a t e r i a l ( s )  

( u n i d e n t i f i e d )  depos i t ed  on t h e  w a l l  of  t h e  c o l d  f i n g e r .  

No azobenzene and/or a n i l i n e  could be d e t e c t e d .  

Thermally,  iminotr ihalophosphoranes  have been r epo r t ed  

t o  undergo r e a c t  i ons  s i m i l a r  of o t h e r  iminot r ichlorophosphoranes  

a f f o r d i n g  t h e  monomeric form which t h e n  undergoes W i t t  i g  

6 3  type  r e a c t i o n s  wi th  carbonyl  compounds . 
In  view of t h e  h y d r o l y t i c  i n s t a b i l i t y  of t h e  P-chloro- 

iminophosphoranes, we c e n t e r e d  ou r  a t t e n t i o n  on t h e  s tudy  of 

t h e i r  P- t  r i a r y l  a n a l o g s .  

P r e p a r a t i o n  of  Tr ia ry l fminophosphoranes  

The t r i a ry l iminophosphoranes  u t i l i z e d  i n  t h i s  s tudy  were 

p repa red  by warming t r i a r y l p h o s p h i n e s  wi th  t h e  corresponding 

a ~ i d e s ~ ~  and r e c r y s t a l l i z a t i o n  of t h e  produc ts  (elquat  ion  '22) . 



$ This  method i s  a p p l i c a b l e  t o  a v a r i e t y  of a z i d e s ,  e . g . ,  

benzoyl a ~ i d e ~ ~ ,  t r i p h e n y l s i l y l  a z i d e  6 6 6 7  , t r i m e t h y l s i l y l  

a z i d e s  68-70, and v i n y l  azides7', and t h e  s t r u c t u r e  of t h e  

phosphine component of t h e  r e a c t i o n  can be v a r i e d  wi thout  

a l t e r i n g  t h e  course  of t h e  r e a c t i o n .  For example, t r i s -  

(dimethylamino) -phosphine72, 1 ,2-bis-(disphenylphosphonio) - 

ethane73, t r i a lky lphosph ines74 ,  and t r . i a lky lphosph i t e s  75 

have been used .  i 

The mechanism of t h e  r e a c t i o n  i s  known t o  involve  
i + 

n u c l e o p h i l i c  a t t a c k  by t h e  phosphine on t h e  t e r m i n a l  

n i t r o g e n  of t h e  a z i d e  fol lowed by n i t r o g e n  expuls ion  from 

t h e  r e s u l t i n g  t r i a z i n e  in te rmedia te76  ( e q u a t i o n  2 3 )  . 

Ph P: + NgN-N-R - Ph P N-R - Ph P-NR + N2 
3 3 ' &N /  3 

Other methods of p r e p a r a t i o n  have been reviewed ex ten-  

s ively  1,77,78 

I r r a d i a t i o n  of Iminophosphoranes 

A )  UV s p e c t r a  of 1.minophosphoranes 

The W s p e c t r a  of a l l  t r iaryl iminophosphoranes  s t u d i e d  

4 -1 posses s  an i n t e n s e  ( E  = 1 .35  X 1 0  M ) broad a b s o r p t i o n  i n  t h e  

220-280 nm reg ion  due t o  t h e  a romat ic  phosphoranes s u b s t i t u e n t  s . 
2  -1 I n  a d d i t i o n  t h e r e  i s  a  weak ( &  = 1 0  M ) a b s o r p t i o n  shoulder  

cen te red  a t  315 nm i n  p h o t o l a b i l e  ( e  . g .  ' 1-39) t r i a ry l iminophos -  

phoranes .  This  l a t t e r  a b s o r p t i o n  i s  i n  t h e  pyrex- t ransparen t  

reg ion  ( > ~ o o  nm) of t h e  W spectrum and undoubtedly i s  

r e c e i v i n g  i r r a d i a t i o n  i n  t h e  p r e s e n t  exper iments .  We 



a t t r i b u t e  t h i s  a b s o r p t i o n  t o  t h e  n -TJ* t r a n s i t i o n  of t h e  

y l i d  n i t r o g e n  l o n e  p a i r .  I n  t h e  p h o t o s t a b l e  y l i d s  t h e  315 nm 

a b s o r p t i o n  i s  no t  n o t  i c e a b l e .  

B ) General I r r a d i a t i o n  Condi t ions  : 

I n  g e n e r a l ,  110 m l  of 3 X I O - ~ M  s o l u t i o n s  of y l i d s  i n  

d ry  s o l v e n t  were i r r a d i a t e d  wi th  a  200 W Hanovia mercury 

lamp u s i n g  a  pyrex c o o l i n g  j acke t  f o r  3 hours  (o the rwi se  

s p e c i f i e d )  . 
A l l  s o l v e n t s  were d i s t i l l e d  ove r  l i t h i u m  aluminum 

hydr ide  and t h e  r e a c t i o n  mix tures  were made up i n  a  d ry  box. 

A f t e r  t r a n s f e r  t o  t h e  p h o t o c e l l ,  t h e  s o l u t i o n s  were purged 

w i t h  n i t r o g e n  o r  hel ium gas  d r i e d  through 3 t r a i n s  of an-  

hyd~cers  calc ium c h l o r i d e .  The condenser a t  t h e  purge gas 

o u t l e t  was f i t t e d  wi th  an anhydrous calc ium c h l o r i d e  d ry ing  

t u b e .  

C )  Photochemical ly  S t a b l e  V l id s  

Under our  r e a c t i o n  c o n d i t i o n s ,  benzenesu l fonyl ,  N-benzoyl, 

N-carbomethoxy and N-cis-1,2-diphenylvinyl-t r iphenyliminophos - - 
phoranes a r e  photochemical ly  s t a b l e .  The y l i d s  were recovered 

q u a n t i t a t i v e l y  a f t e r  i r r a d i a t i o n  f o r  8 h o u r s .  

This  may be a t t r i b u t e d  t o  t h e  d e l o c a l i z a t i o n  of t h e  l one  

p a i r  of e l e c t r o n s  on t h e  n i t r o g e n  atom t o  t h e  resonance- 

s t a b i l i z i n g  s u l f o n y l ,  carbonyl  o r  o l e f  i n i c  moie ty .  This 

resonance e f f e c t  a l s o  l e a d s  t o  i n c r e a s e d  s t a b i l i t y  of t h e s e  

iminophosphoranes t o  h y d r o l y s i s  . 
The ove r l app ing  o f  vacant  phosphorus 3 d - o r b i t a l s  wi th  

t h e  f i l l e d  p n i t r o g e n  o r b i t a l s  l e a d s  t o  a  dv-pq i n t e r a c t i o n  

which i n c r e a s e s  t h e  bond s t r e n g t h  as compared t o  t h a t  of a 



96 P-N s i n g l e  bond . St rong ly  e lec t ron-wi thdrawing  groups on 

t h e  phosphorus i n c r e a s e  t h e  bond o r d e r  of  t h e  P-N l i n k a g e .  

I n  bo th  s i t u a t i o n s  t h e r e  r e s u l t s  a p a r t i a l  p o s i t i v e  charge 

on phosphorus .  

D) N-Aryl-tr iphenyliminophosphoranes 

When N-phenylt r iphenyliminophosphorane ( 1-36) was 

i r r a d i a t e d  i n  d ry  benzene through a pyrex f i l t e r ,  t h e  

react  i on  mix ture  changed q u i c k l y  from p a l e  yel low t o  orange- 

r e d .  Two p roduc t s  produced i n  q u a n t i t a t i v e  y i e l d s  were 

t r iphenylphosphine  and azobenzene ( e q u a t i o n  24). The quantum 

y i e l d  of t h e  i r r a d i a t i o n  based on azobenzene format ion  was 

0.7 ( s e e   isc cuss ion). 

I n  s e v e r a l  runs  of t h i s  and o t h e r  y l i d  pho to reac t ions  

t h e  f o r n a t i o n  of  both  t r iphenylphosphine cx ide  and amine 

was n o t e d .  These produc ts  a r e  i n d i c a t i v e  of  t h e  presence of 

mois ture  i n  t h e  p h o t o l y s i s  s o l u t i o n .  

When phenyl a z i d e  was i r r a d i a t e d  i n  benzene, a  small 

y i e l d  ( 5 % )  of azobenzene was obtained5'. The major product  

was a n i l i n e .  However, it has  been r epo r t ed  t h a t  when 

s u b s t i t u t e d  phenyl a z i d e s  were i r r a d i a t e d  i n  d ry  benzene 

h igh  y i e l d s  of t h e  cor responding  azo  compounds were produced 



TABLE IV 

FORMATION O F  AZOBENZENE I N  THE IRRADIATION OF - 

PHENYL AND SUBSTITUTED PHENYL AZIDES 

SOLVENT 
- - - -  

~ ~ s o ~ ~  

A C O Y ~ '  

p-xylene 50 

benzene 79 

d ie thy lamine  50 

benzene 79 

t e t  rahydrofuran 79  

a c e t o n i t r i l e  79 

D M S O ~ ~  - 

benzene 79 

benzene 79 

"/o YIELD AZOARYL 

0 

0 

s m a l l  

5 

0 

18 

82 

82 

91 

81 

0 

The format ion  of azo compounds, t h e  formal  dimers of 

n i t r e n e s ,  du r ing  r e a c t i o n s  t h a t  a r e  presumed t o  gene ra t e  

a r y l  n i t r e n e s ,  i s  widely  documented, bu t  whether t hey  a r e  i n  

f a c t  formed by d imer i za t ion  i s  u n c e r t a i n .  

Although a  sys t ema t i c  s t u d y  has  llot been made, a  

comparison of pub l i shed  r e s u l t s  f o r  fo rmat ion  of a z o a r y l s  

upon i r r a d i a t i o n  of  a r y l  a z i d e s  r e v e a l s  t h a t  phenyl a z i d e s  



with e l e c t r o n - d o n a t i n g  s u b s t i t u e n t s  g ive  much h i g h e r  y i e l d s  

of azo  compound t h a n  t h o s e  wi th  e lec t ron-wi thdrawing  

s u b s t i t u e n t   a able IV) . The f a c t  t h a t  t h e  i r r a d i a t i o n  of 

p -an i sy l  a z i d e  gave only  18% of azo  compound i n  benzene 

s o l u t i o n ,  bu t  82-91 % i n  s o l v e n t s ,  such a s  t e t r a h y d r o f u r a n ,  

t h a t  have unshared e l e c t r o n  p a i r s ,  s u g g e s t s  t h a t  fo rmat ion  

of azo  compound i s  f avo red  by f a c t o r s  t h a t  s t a b i l i z e  t h e  

suspec ted  n i t r e n e  i n t e r m e d i a t e .  It i s  t h e  s i n g l e t  s t a t e  of 

79 t h e  a r y l  n i t r e n e  t h a t  would be t h u s  s t a b i l i z e d  . 
A d i s t i n c t i o n  between d i r e c t  d i m e r i z a t i o n  of a r y l  n i t r e n e s  

and a t t a c k  of a r y l  n i t r e n e  on a r y l  a z i d e  t o  form an i n t e r -  

mediate t e t r a z a d i e n e  i s  no t  p o s s i b l e  from a v a i l a b l e  k i n e t i c  

evidence59.  Dirnerization of h i g h l y  r e a c t i v e  s p e c i e s  formed 

i n  low concen t r a t  i ons  i s  improbable; t h e r e f o r e ,  i f  d imeriza-  

t i o n  of a r y l  n i t r e n e s  i s  t h e  source  of a z o  compounds, a r y l  

n i t r e n e s  must be of s u f f i c i e n t l y  low r e a c t i v i t y  t o  s u r v i v e  

many c o l l i s i o n s  wi th  s o l v e n t  molecules b e f o r e  combining with  

ano the r  a r y l  n i t r e n e .  This  view i s  c o n s i s t e n t  wi th  t h e  

s e n s i t i v i t y  of t h e  y i e l d  of azo  compound t o  t h e  r e a c t i v i t y  

of t h e  s o l v e n t .  React i on  of an a r y l  n i t r e n e  wi th  undecomposed 

a r y l  a z i d e  i s  s t a t i s t i c a l l y  much more probable ;  a l though  i t  

would a l s o  be s u s c e p t i b l e  t o  i n t e r f e r e n c e  by r e a c t i o n  of 

a r y l  n i t r e n e  w i t h  s o l v e n t ,  t h e  r e a c t i v i t y  of t h e  a r y l  

n i t r e n e  would no t  need t o  be so  low a s  i n  t h e  ca se  of d i r e c t  

d imer i za t  ion .  

The on ly  exper imenta l  evidence on t h e  s u b j e c t  l i e s  i n  

80 t h e  t he rmolys i s  of l-methyl-3,5-diphenyl-4-azidopyrazole , 



which t a k e s  p l a c e  r e a d i l y  a t  80'. When thermolyzed a lone  i n  

cyclohexane,  i t  g ives  t h e  azopyrazo le  i n  23-36% y i e l d .  

When it was thermolyzed i n  t h e  presence  of a l a r g e  excess  

d p-an i sy l  a z i d e ,  which i s  s t a b l e  a t  80•‹, it s t i l l  gave 

azopyrazo le  (25% y i e l d )  and no d e t e c t a b l e  mixed azo compound, 

which would have been expected i f  t h e  a n i s y l  a z i d e  had been 

a t t a c k e d  by a  p y r a z o l y l  n i t r e n e  ( e q u a t i o n  2 5 ) .  

Ph p-CH OPhN Ph N=N 

1 \ ophUph ( 2 5  Ph C6H12' 80•‹ 
' N 

I I Ph 

cH3 CH - 3 

2 5 % ( p l u s  t a r  
f r agmen ta t ion  p roduc t s )  

No s o l v e n t  e f f e c t  on t h e  format ion  of azo  compounds was 

observed when a number of p - s u b s t i t u t e d  phenyl y l i d s   a able V )  

were i r r a d i a t e d  i n  v a r i o u s  s o l v e n t s .  I n  each case  high 

y i e l d s  of azo  d e r i v a t i v e s  were ob ta ined .  

The format ion  of d i a r y 1  azo  compounds i n  t h e s e  i r r a d i a t i o n s  

can be v i s u a l i z e d  b a s i c a l l y  i n  two d i f f e r e n t  mechanisms. 

The y l i d s  may .undergo complete s c i s s i o n  of t h e  P=N bond t o  

a f f o r d  t r i pheny lphosph ine ,  and a  r - a c t i v e  a r y l  n i t r e n e .  The 

l a t t e r  may couple  wi th  ano the r  n i t r e n e  o r  r e a c t  wi th  

un reac t ed  y l i d  t o  a f f o r d  an  azobenzene d e r i v a t i v e  ( equa t ion  

26 )  . A l t e r n a t i v e l y ,  t h e  y l i d  may be photochemical ly  

promoted t o  an  e l e c t r o n i c a l l y  e x c i t e d  s t a t e .  The e x c i t e d  



y l i d  may then  r e a c t  wi th  a  ground s t a t e  y l i d  and t h e  dimer 

undergo subsequent f ragmenta t ion  t o  p roduc ts  ( equa t ion  27). 

A number of a lkenes  were used a s  s o l v e n t s  

(27 ) 

hoping t o  t r a p  

t h e  a r y l  n i t r e n e s   a able v ) .  When cumene was used i n  cyclo-  

hexene i n  an a t tempt  t o  t r a p  any r a d i c a l  formed i n  t h e  

i r r a d i a t i o n ,  on ly  a  t r a c e  amount (1 %) of dicumyl was 

25 d e t e c t e d .  It i s  l i k e l y  t h a t  t h i s  r e s u l t s  from P-N cleavage . 
Phenyl n i t r e n e  49y50'82-84 i s  r e p o r t e d  t o  undergo r i n g  

expansion i n  t h e  presence of bases ,  such a s  d ie thy lamine ,  t o  

a f f o r d  azep ine  d e r i v a t i v e s .  I r r a d i a t i o n s  of bo th  phenyl az ide  

and N-phenylt r iphenyl iminophosphorane (1-36) i n  die thylamine 

were t h u s  c a r r i e d  out  s e p a r a t e l y ,  under i d e n t i c a l  r e a c t i o n  

c o n d i t i o n s .  With phenyl a z i d e ,  2-diethylamino-3H-azepine 

was indeed i s o l a t e d .  No azep ine  was d e t e c t e d  from i r r a d i a t i o n  

of t h e  y l i d .  

Although in t e rmolecu la r  a d d i t  i o n  and i n s e r t  i o n  r e a c t  ions  

a r e  i n e f f i c i e n t  p roces ses  f o r  phenyl -n i t rene  5 0 ~ 8 5 ~ 8 6  in,..ra- 

molecular  i n s e r t i o n s  have been r e p o r t e d .  It was t h u s  hoped 

t h a t  i n t r amolecu la r  a b s t r a c t  ion o r  i n s e r t  i on  would be a 



TABLE V 

SOLVENT 

BENZENE 

CYCLOHEXENE 

STYRENE I N  
CYCLOHEXENE 

DIHYDROPYRAN 

1,1,2,2- 
TETRAMETHYL- 
ETHYLENE 

ACETON ITRILE 

CUMENE I N  
CYCLOHEXENE 

DIETHYLAMINE 

RX. TIME 

Ph P + a n i l i n e  + PhN=NPh 
3 

(78%) (17%) (55 % )  

Ph P + Ph P=0 + a n i l i n e  + PhN=NPh 
3 3 

(79%) (8%) (7%) (73%) 

Ph P + Ph P=O + a n i l i n e  + PhN=NPh 
3 3 

(64%) (13%) (12%) (34%) 

Ph P + PhN=NPh + dicumyl 3 
(87%) (83%) (1%) 

Ph P + PhN=NPh + no azepine 
3 

(80%) (78%) 



s u i t a b l e  r e a c t i o n  f o r  t h e  d e t e c t i o n  of a r y l  n i t r e n e .  

Three N-o r tho - subs t i t u t ed  phenyl t r iphenyl iminophosphoranes  

were prepared  and i r r a d i a t e d  under  i d e n t i c a l  r e a c t i o n  

c o n d i t i o n s   a able V I )  . 
I n  no  c a s e  was t h e r e  any C-H i n s e r t i o n  of t h e  suspec ted  

a r y l  n i t r e n e  i n t o  t h e  a l i p h a t i c  appendages of 1-37 o r  

1-38 o r  t h e  a r y l  C-H of 1-39,  Whereas t h e  i r r a d i a t i o n  of 

1-37 and 1-39 each gave only  one azo  compound, two azobenzene 

d e r i v a t i v e s  (e q u a t i o n  28)  wi th  t h e  same molecular  weight 

( M . w .  294) but  d i f f e r e n t  g lpc  r e t e n t i o n  t imes  were d e t e c t e d  

i n  t h e  pho to reac t ion  of 1-38. The r a t i o  of t h e s e  two 

d e r i v a t i v e s  f l u c t u a t e d  du r ing  t h e  r e a c t i o n  t i m e .  The one 

with  s h o r t e r  r e t e n t i o n  t ime decreased  whi le  t h e  o t h e r  

i nc reased  a f t e r  t h e  i r r a d i a t i o n  was s topped .  Although t h e r e  

i s  l i t t l e  doubt t h e y  a r e  - c i s -  and t rans- i somers ,  t h e y  

f a i l e d .  t o  c r y s t a l l i z e .  

These r e s u l t s  c o n t r a s t  wi th  t h e  produc ts  observed upon 

t h e  r educ t ion  of o-propyl- ,  87 o-cyclohexyl-  , and 



TABLE VI 

IRRADIATION OF ORTHO-SUBSTITUTED 

N-PHENYLTRIPHENYLIMINOPHOSPHORANES IN BENZENE 

YLID TIME PRODUCTS 

P, 3 P, c, azobenzene 
\ NH2 d e r i v a t i v e s  

azob ipheny l  ( 93%)  



32 

88 o-e thy l  n i t robenzene  with  t r i e t h y l p h o s p h i t e  which g ive  

minor but  d e t e c t a b l e  amounts of C-H a b s t r a c t i o n  and i n -  

s e r t i o n  produc ts  a t t r i b u t a b l e  t o  t h e  i n t e r m e d i a t e  n i t r e n e s  

( e q u a t i o n s  29 and 30). 

The in te rmediacy  of n i t r e n e s  i n  t h e s e  deoxygenat ions  

were confirmed by Smolinsky and Feuer8' who compared t h e  

product  d i s t r i b u t i o n  of such deoxygenations w i t h  t h a t  of 

t h e  cor responding  a z i d e s .  

Consider ing t h e  low y i e l d s  of t h e  n i t r e n e  i n s e r t i o n  

produc ts  i n  t h e  a z i d e  i r r a d i a t i o n s ,  i t  i s  l i k e l y  t h a t  t h e  

competing r e a c t i o n  of t h e  y l i d  wi th  t h e  n i t r e n e  ( i f  formed) 



t o  a f f o r d  a z o  compounds may r e s u l t  i n  y i e l d s  of n i t r e n e  

i n s e r t i o n  p r o d u c t s  t o o  low t o  b e  d e t e c t e d  by g l p c .  

Format ion  of  c a r b a z o l e  from t h e  i r r a d i a t i o n  of 2 -az ido-  

b i p h e n y l  i s  a n  e f f i c i e n t  r e a c t i o n 9 0 ,  e s p e c i a l l y  when t h e  

r e a c t  i o n  i s  u n d e r  s i n g l e t  s e n s i t  i z a t  ion9' . The involvement  

of  n i t r e n e  i n  t h i s  i r r a d i a t i o n  h a s  r e c e n t l y  been f u r t h e r  

conf i rmed  by f l a s h  i r r a d i a t  ion9* and i s o l a t i o n  o f  a z e p i n e  

w i t h  n u c l e o p h i l i c  t r a p p i n g  agent93.  These o b s e r v a t i o n s  

prompted t h e  p r e p a r a t i o n  and i r r a d i a t i o n  of N-2-biphenyl- 

t r iphenyl iminophosphorane  ( 1 - 3 9 ) .  

I r r a d i a t i o n  of  (1 -39)  i n  benzene,  i n  d ioxane ,  and i n  

e t h e r  a f f o r d e d  a z o b i p h e n y l  (1 -40)  i n  n e a r  q u a n t i t a t i v e  

y i e l d s .  However, t h e  o t h e r  p r o d u c t ,  t r i p h e n y l p h o s p h i n e ,  

underwent  a s e c o n d a r y  photodecomposi t ion  ( 2 0 %  )I9.  T h i s  

was conf i rmed  by s e p a r a t e  i r r a d i a t i o n  o f  t r i p h e n y l p h o s p h i n e  . 
There  seemed t o  be  no  s o l v e n t  e f f e c t  on t h e  c o u r s e  of t h e  

i r r a d i a t i o n   a able VII), and  c a r b a z o l e  was n o t  d e t e c t e d .  

T h i s  c o u l d  be i n d i c a t i v e  of  t h e  absence  of a n i t r e n e  i n t e r -  

mediate7', which was r e p o r t e d  t o  g i v e  d i f f e r e n t  p roduc t  

d i s t r i b u t i o n s  i n  d i f f e r e n t  s o l v e n t s .  A number of  s e n s i t i z e r s  

and quenchers  were a l s o  used  b u t  f a i l e d  t o  a f f e c t  any 

change i n  t h e  p roduc t  d i s t r i b u t i o n s   a able VII )  . 
When d r i e d  a i r  was u s e d  a s  purge  g a s  and t h e  i r r a d i a -  

t i o n  conducted  i n  benzene,  c a r b a z o l e  was formed i n  2 6 . 4 %  

y i e l d   a able V I I I ) .  I n  t h e  p r e s e n c e  of oxygen, i t  was presumed 

t h a t  two r e a c t i o n s  o c c u r r e d .  I n  a d d i t i o n  t o  t h e  u s u a l  

photodecomposi t  i o n  t o  a f f o r d  a z o b i p h e n y l  (1-4.0) and t r i p h e n y l -  
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phosphine,  y l i d  1-39 p robab ly  underwent p h o t o o x i d a t i o n  t o  

g i v e  t r i p h e n y l p h o s p h i n e  oxide  and o - n i t r o s o b i p h e n y l  ( 1 - 4 0 ) .  

The l a t t e r  was t h e n  deoxygenated by t r i p h e n y l p h o s p h i n e  t o  

a f f o r d  t r ipheny lphosph ine  ox ide ,  o-aminobiphenyl  (1-42)  

and c a r b a z o l e  ( 1-43) 95996 ( ~ i g u r e  4 ) . 
T h i s  s p e c u l a t i o n  was r e i n f o r c e d  by t h e  o b s e r v a t i o n  

t h a t  t h e  y i e l d  of azob ipheny l  d e c r e a s e d  when pure  oxygen 

was used a s  purge gas   a able V I I I ) .  

S ince  i t  has  been r e p o r t e d  97-99 t h a t  2-aminobiphenyl  

(1-42) undergoes  o x i d a t i v e  c y c l i z a t i o n  t o  form c a r b a z o l e  

we wished t o  de te rmine  i f  2-aminobiphenyl  was a p r e c u r s o r  

of  c a r b a z o l e  i n  o u r  p h o t o - r e a c t i o n .  Accordingly  a s o l u t i o n  

of  2-aminobiphenyl was i r r a d i a t e d  i n  a n  equ imola r  amount 

of t r i p h e n y l p h o s p h i n e  w i t h  oxygen a s  purge g a s .  No c a r b a z o l e  

was d e t e c t e d  ( g l p c )  and t h e  amine was u n r e a c t e d .  

It s h o u l d  be p o i n t e d  out  t h a t  azob ipheny l  c o u l d  a l s o  

be formed by t h e  r e a c t i o n  of 2 - n i t r o ~ o b i p h e n y l ~ ~  w i t h  

y l i d  1-59. Ni t robenzene  and n i t r o s o b e n z e n e  were observed 

p roduc t s  of  i r r a d i a t i o n  of  N-pheny l t r ipheny l iminophosphorane  

(1-36) i n  t h e  p resence  of a i r .  When i r r a d i a t i o n  of  N- 

pheny l t  r i p h e n y l  iminophosphorane ( 1-36 ) was r e p e a t e d  wi th  

oxygen a s  purge g a s ,  c a r b a z o l e  was formed i n  15'5 % y i e l d  

 a able I X )  . Small  amounts of n i t r o s o b e n z e n e  and n i t r o b e n z e n e  

were a l s o  d e t e c t e d .  

The y l i d  remained u n r e a c t e d  i n  r e f l u x i n g  benzene under  

a n  oxygen a tmosphere .  No a n i l i n e ,  n i t ,  rosobenzene , n i t  robenzene 

o r  t r i p h e n y l p h o s p h i n e  oxide  was d e t e c t e d  by g l p c .  





TABLE I X  

EFFECT OF OXYGEN ON PRODUCT DISTRIBUTION OF THE 

I R R A D I A T I O N  OF YLID 1-36 ( %  YIELD) 

/ COMPOUNDS 
I 

HELIUM OXYGEN 
i 

ca rbazo le  ND 1 5 2 5 %  

a n i l i n e  ND 5 f 2 %  

azobenzene 9 4 f 5 %  5 2 2 %  

/ n i t robenzene  ND t r a c e  

/ ni t rosobenzene  ND 1 5 + 5 %  



Format ion  o f  c a r b a z o l e  h a s  been r e p o r t e d  i n  t h e  g a s -  

98 phase  t h e r m o l y s i s  o f  phenyl  a z i d e  , which h a s  been p o s t u l a t e d  

t o  i n v o l v e  a  nove l  a d d i t i o n  of  phenyl  n i t r e n e  t o  benzene 

( dquat  i o n  31 ) 

(Ph-N:) + PhH Ph2NX -- 

It h a s  been r e p o r t e d  99 and conf i rmed  u n d e r  o u r  r e a c t i o n  

c o n d i t i o n s  t h a t  d iphenylamine  underwent p h o t o l y t  i c  c y c l i z a t  i o n  

t o  c a r b a z o l e  . 
These r e s u l t s  seemed t o  i n d i c a t e  t h a t  a r y l  n i t r e n e s  

a r e  i n v o l v e d  when t h e  i r r a d i a t i o n  was performed i n  t h e  

p r e s e n c e  o f  oxygen, w i t h  a r y l  n i t r o  o r  a r y l  n i t r o s o  

compounds a s  t h e  p r e c u r s o r s .  

I n  o r d e r  t o  s e e k  e v i d e n c e  a s  t o  t h e  i n t e r m e d i a c y  of  a  

n i t r e n e  o r  a n  e x c i t e d  y l i d  (p resumably  a  d i r a d i c a l )  i n  t h e  

i r r a d i a t i o n  of t r i p h e n y l i m i n o p h o s p h o r a n e s ,  t h e  f o l l o w i n g  

e x p e r i m e n t s  were a t t e m p t e d .  



a .  Trapp ing  of Aryl  n i t r e n e  by  a  P h o t o s t a b l e  V l i d  

To de te rmine  whether  a r y l  n i t r e n e s  c o u l d  be t r a p p e d  

by y l i d ,  phenyl  n i t r e n e  was g e n e r a t e d  p h o t o c h e m i c a l l y  and 

t h e r m a l l y  from phenyl  a z i d e  i n  t h e  p r e s e n c e  of a  photo-  

c h e m i c a l l y  s t a b l e  y l i d  ( 1 - 4 4 ) .  

The y l i d  remained u n r e a c t e d  under  both  s e t s  of 

c o n d i t i o n s  and no  carbomethoxy azobenzene (T-45)  was formed 

( e q u a t i o n  3 2 ) .  

0  
I I h j  o r  A 

PhjPN-C-OCHj ) Ph P  + N + PhN=N- OCH 
benzene 3 2 

1 3 
( 1-44) ( 1-45) 

b .  Trapp ing  of Aryl  n i t r e n e  by a P h o t o l a b i l e  Y l i d  

When an  a r y l  n i t r e n e  ( f rom t o l y l  a z i d e )  was g e n e r a t e d  

t h e r m a l l y  i n  t h e  p r e s e n c e  of t h e  pho tochemica l ly  r e a c t i v e  

y l i d  1-36, t h e  y l i d  remained u n r e a c t e d .  F1owever, i n  t h e  

a t t e m p t  t o  g e n e r a t e  t h e  same a r y l  n i t r e n e  pho tochemica l ly  i n  

t h e  p r e s e n c e  of  t h e  p h o t o l a b i l e  y l i d  1-36, t h r e e  azobenzene 

d e r i v a t i v e s  were formed.  The same r e s u l t  was observed wi th  

N - t  o l y l t  r iphenyl iminophosphorane  ( L -46 ) and phenyl  a z i d e  

( e q u a t i o n  33)  . 
The f o r m a t i o n  of t h e  asymmetric  azobenzene was 

a p p a r e n t l y  due t o  t h e  p h o t o d i m e r i z a t i o n  of y l i d  1-32 and 

y l i d  1-46 ( ~ i g u r e  5 ) .  The l a t t e r  was formed between t h e  

u n r e a c t e d  a z i d e  and t r i p h e n y l p h o s p h i n e  g e n e r a t e d  by t h e  

y l i d  i r r a d i a t i o n .  



t o l y l  a z i d e  

o r  

t o l y l  n i t r ene  



Ph P=NPh + p-CH 3 y P h N 3  
+PhN=NPh + PhN=NPh-CH 

3 -p 

( 1-36 ) + p-CHj-PhN=N-Ph-CH -p + PhjP 1% 3 
Ph P=N-Ph-CH -P + PhN 

3 3 3 l i d  u n r e a c t e d  + azobenzene 
and a n i l i n e  d e r i v a t i v e s  from 

(1-46) t h e  r e s p e c t i v e  a z i d e  

To conf i rm t h i s ,  a 1 :1 mixture  of  y l i d  1-36 and ylid 

1-46 were i r r a d i a t e d  under  s i m i l a r  r e a c t i o n  c o n d i t i o n s .  The 

same t h r e e  azobenzenes  were formed i n  t h e  r a t i o  of 1 :2 :l. 

The same r e s u l t  was o b t a i n e d  wi th  y l i d s  1-36 and 1-37 

(e ,quat ion  3 4 ) .  

Ph 3 P=NPh + ( p -  o r  O - ) C H ~ - P ~ - N = P P ~  3 
( 1-36) (1-46 o r  1-37) 

To f u r t h e r  s u b s t a n t i a t e  t h e  f o r m a t i o n  of  y l i d  1-46 

as a n  i n t e r m e d i a t e  ( ~ i g u r e  5 ) ,  we r e p e a t e d  t h e  exper iment  

w i t h  y l i d  1-36 and an a z i d e  which would produce  a photo-  

c h e m i c a l l y  s t a b l e  ylid w i t h  t r i p h e n y l p h o s p h i n e  and t h u s  

c o u l d  be i s o l a t e d .  Tndeed, when methyl a z i d o f o r m a t e  was 



i r r a d i a t e d  wi th  y l i d  1-36, y l i d  1-44 was formed a long  wi th  

azobenzene ( equa t ion  35 ) . Again y l i d  1-36 remained unreac ted  

when t h e  r e a c t  i on  was repea ted  t h e r m a l l y .  

These r e s u l t s  and t h e  prev ious  f i n d i n g s  t h a t  i r r a d i a t i o n  

of N-aryltr iphenyliminophosphoranes does n o t  a f f o r d  a r y l  amine, 

and t h a t  N-2 -b iphenyl t  r iphenyliminophosphorane ( 1-39) does 

no t  undergo photochemical  s e n s i t i z a t i o n  t o  y i e l d  ca rbazo le  

a s  does t h e  cor responding  az ide ,  i n d i c a t e  t h a t  n i t r e n e  i s  no t  

involved a s  t h e  r e a c t i v e  i n t e r m e d i a t e  i n  t h e  i r r a d i a t i o n  

of N-aryl y l i d s .  

Thus i t  seems l i k e l y  t h a t  i r r a d i a t i o n  of N - a r y l t r i -  

phenyliminophosphoranes a f f o r d s  photoexc i ted  y l i d s  which 

combine wi th  a  ground s t a t e  y l i d  and then  fragment 

( equa t ion  36 ) . 
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E . N-Alkyl t r iphenyl  iminophosphoranes 

These y l i d s  hydrolyze r e a d i l y  w i t h  t h e  mois ture  i n  t h e  

atmosphere ( e q u a t i o n  37) . A s  one might expec t  resonance 

s t a b i l i z i n g  and s t e r i c a l l y  h indered  s u b s t  i t u e n t s  on t h e  a l k y l  

carbon i n c r e a s e  t h e  r e s i s t a n c e  t o  h y d r o l y s i s .  Thus, whi le  

N-/3-phenethylt riphenyliminophosphorane ( 1-47 ) and N-cyclo- 

hexyltr iphenyliminophosphorane ( 1-54 ) a r e  r e a d i l y  hydrolyzed,  

and N-benzylt riphenyliminophosphorane ( 1-48) i s  s lowly  hydro- 

l yzed ,  N-tr i tyl t r iphenyl iminophosphorane (1-49) is  s t a b l e  t o  

mo i s tu re  i n  t h e  a tmosphere .  

R = a l k y l  

The p r c a u c t s  ob t a ined  by i r r a d i a t i o n  of  t h e  N-alkyl y l i d s  

 a able X )  were d i f f e r e n t  t han  expected from a n i t r e n e  i n t e r m e d i a t e .  

The i r r a d i a t i o n  of  y l i d  1-47 gave e thy lbenzene .  Alkanes are 

no t  u s u a l l y  formed from a l k y l  n i t r e n e s  produced v i a  a z i d e  

decomposi t ion.  

When y l i d  1-48 was i r r a d i a t e d  i n  benzene o r  e t h e r ,  t h e  

major p roduc t s  d e t e c t e d  by g lpc  were t r iphenylphosphine ,  

N-benzyl-benzaldimine ( 1-50), benzylamine ( 1-51 ) and 

t r i pheny lphosph ine  ox ide .  The imine 1-50 i s o l a t e d  was 

a p p a r e n t l y  t h e  condensa t ion  product  of amine 1-51 and . 

benzaldehyde formed by h y d r o l y s i s  of  benzaldimine (1-52). 

The l a t t e r  was presumably formed by a b s t r a c t i o n  of t h e  

benzy l i c  p ro ton  ( ~ i g u r e  6 ) . 





H2•‹ > / + PhCH=NH - PhCHO ( 1-50) 

( 1-52) 

FIGURE 6 

Imine 1-53 i s  formed by phenyl  m i g r a t i o n  

a s  i n  t h e  a z i d e  i r r a d i a t i o n 1 0 0 .  imine 1-53 i s  u n s t a b l e  and 

a n  a t t e m p t  t o  s y n t h e s i z e  it ti:! c o n d e n s a t i o n  of 

a n i l i n e  wi th  formaldehyde gave on ly  t h e  t r i m e r .  T h i s  t r i m e r  

was no t  found i n  t h e  r e a c t i o n  mixture  of t h e  i r r a d i a t i o n  of 

y l i d  1-48, but  imine 1-53 may w e l l  have polymer ized .  

The m i g r a t o r y  a p t i t u d e  of t h e  phenyl  and t h e  hydrogen 

100 i n  t h e  i r r a d i a t i o n  of benzyl  a z i d e  i s  1 :1 . T h i s  c o u l d  

e x p l a i n  t h e  low y i e l d  (45%) of imine 1-50, 

I n  t h e  i r r a d i a t i o n  o f  N-cyclohexyltriphenyliminophosphorane 

( 1-54), o n l y  hydrogen m i g r a t i o n  i s  e x p e c t e d .  Accord ing ly ,  

y l i d  1-54 gave t r i p h e n y l p h o s p h i n e ,  N-cyclohexylcyclohexanone 

imine ( 1-55), cyclohexylamine  ( 1-56) and t r ipheny lphosph ine  

ox ide  a s  major p r o d u c t s  ( ~ i g u r e  7 ) .  S u b s t r a c t i n g  t h e  amount 

of cyclohexylamine (1-56) formed from t h e  h y d r o l y s i s  of t h e  



y l i d  ( e q u i m o l a r  t o  t r i p h e n y l p h o s p h i n e  ox ide  formed)  r e v e a l e d  

t h a t  t h e  product  d i s t r i b u t i o n  of cyclohexanone imine ( 1-57) 

and amine 1-56 formed from t h e  p h o t o r e a c t i o n  i s  i n  good 

agreement wi th  t h a t  of t h e  c o r r e s p o n d i n g  a z i d e  
100,101 

FIGURE 7 

I r r a d i a t i o n  o f  N - t  r i t y l t  r iphenyl iminophosphorane  ( I - 4 9 ) ,  

y i e l d e d  o n l y  t r i p h e n y l p h o s p h i n e  and N-phenylbenzophenone imine 

(1-58) ( e q u a t i o n  38) .  The l a t t e r  i s  t h e  o n l y  p roduc t  i n  

t h e  i r r a d i a t i o n  and the r rno lys i s  of t r i t y l  azide55-57, where 

t r i t y l n i t r e n e  was p o s t u l a t e d  a s  t h e  r e a c t i v e  i n t e r m e d i a t e .  



F .  Wavelength Dependence of t h e  I r r a d i a t i o n  of  Tr iphenyl -  

iminophosphoranes 

When t h e  p h o t o s t a b l e  ( w i t h  pyrex,  > 300 nm) y l i d  1-44 

was i r r a d i a t e d  i n  e t h e r  f o r  8 hours  i n  a  q u a r t z  ( 7 200 nm) 

c e l l ,  benzene was formed i n  good y i e l d  ( s e e  expe r imen ta l )  

and no t r iphenylphosphine  o r  o t h e r  p roduc t s  cou ld  be d e t e c t e d .  

W i t h  y l i d  1-36 under  s i m i l a r  c o n d i t i o n s  t h e  y i e l d  of 

t r iphenylphosphine  and azobenzene decreased  s i g n i f i c a n t l y  

t o  40% and 4 1 %  r e s p e c t i v e l y  ( f rom 100% and 100% r e s p e c t i v e l y  

i n  pyrex  a able v ) )  wi th  t h e  format ion  of benzene.  The photo- 

chemical  behavior  of  t r iphenyl iminophosphoranes  i s  governed by 

t h e  s u b s t i t u e n t  on t h e  n i t r o g e n  moiety .  While t h e  N-sulfonyl,  

N-carbonyl, o r  N-vinyl s u b s t i t u e n t  comple te ly  s t a b l i z e  imino- 

phosphoranes a g a i n s t  phot o l y s i s ,  N-aryl  s u b s t i t u t i o n  does no t  . 

The wavelength dependence of t h e  pho to reac t ions  of t h e s e  

y l i d s  may be exp la ined  on t h e  b a s i s  of two d i f f e r e n t  t y p e s  

of e l e c t r o n i c  e x c i t a t i o n  from d i f f e r e n t  molecular  o r b i t a l s .  
20 ~ a g a o ' ~  and Durr have a s s igned  P=C c leavage  t o  n-W 

e x c i t a t i o n  of t h e  non-bonding e l e c t r o n s  on t h e  a n i o n i c  carbon 

($-F) and phosphorus-phenyl c leavage  t o  '7-T* e x c i t a t i o n  of a  

phenyl group.  E x c i t a t i o n s  of an e l e c t r o n  from t h e  h igh -  

energy non-bonding o r b i t a l s  ( n )  t o  t h e  lowest  unoccupied MO 

(SF) r e q u i r e s  l e s s  energy than  any o t h e r  e l e c t r o n i c  t r a n s i t i o n  

This  n-R* t r a n s i t i o n  i s  r e s p o n s i b l e  f o r  t h e  long  wavelength, 

low i n t e n s i t y  u l t r a v i o l e t  a b s o r p t i o n  of k e t o n e s .  

From t h e  energy of t h e  l i g h t  source  a p p l i e d ,  t h e  LmaX of 

P=N (315 nm), and t h e  c o r r e l a t i o n  of s u b s t i t u e n t  e f f e c t s  wi th  



b a s i c i t y ,  a s  w e l l  a s  s u s c e p t i b i l i t y  t o  h y d r o l y s i s  and i r r a d i a t i o n  

of  iminophosphoranes , i t  seems r e a s o n a b l e  t o  make s i m i l a r  a s s i g n -  

ments i n  t h e  i r r a d i a t i o n  of t r ipheny l iminophosphoranes  . 
The r e s u l t s  we have accumula ted  f o r  N - a r y l t r i p h e n y l i m i n o -  

phosphoranes p h o t o r e a c t  i o n s  a l l o w  f o r m u l a t i o n  of  a p o s s i b l e  

m e c h a n i s t i c  scheme f o r  t h e  i r r a d i a t i o n .  

S i n c e  y l i d  1-36 ( o r  1-46) d i d  n o t  r e a c t  w i t h  t o l y l  ( o r  

p h e n y l )  n i t r e n e  and s i n c e  no t r a p p i n g  exper iment  f o r  a r y l  

n i t r e n e s  from t h e  i r r a d i a t i o n  of t h e s e  N-aryl y l i d s  was 

s u c c e s s f u l ,  a r y l  n i t r e n e s  a r e  a p p a r e n t l y  n o t  t h e  r e a c t i v e  

i n t e r m e d i a t e s .  If phenyl  n i t r e n e  were p r e s e n t  ( ~ l g u r e  

8 ) , t r i p h e n y l p h o s p h i n e  shou ld  e x h i b i t  a  quenching e f f e c t  

on t h e  i r r a d i a t i o n  b u t  n o t  a f f e c t  t h e  e x c i t e d  y l i d  mechanism. 

( P ~ N )  + PhjP 

Ph 3 P=NphA t r a p p i n g  

FIGURE 8 



From t h e  r e s u l t s  o f  t h e  i r r a d i a t i o n  of  N - a l k y l t r i p h e n y l -  

iminophosphoranes ,  it  seems p o s s i b l e  t h a t  a l k y l  n i t r e n e s  may 

indeed  be i n v o l v e d .  Y l i d s  d e r i v e d  f rom t r i t y l  a z i d e s  s h o u l d  

b e  t h e  b e s t  c a n d i d a t e s  f o r  f u r t h e r  m e c h a n i s t i c  s t u d i e s .  

F i r s t  of a l l ,  y l i d s  l i k e  1-49 ( a n d  i t s  d e r i v a t i v e s )  a r e  

l e a s t  s u s c e p t i b l e  t o  h y d r o l y s i s .  Secondly ,  t h e  same p r o d u c t ,  

namely benzophenone a n i l ,  was o b t a i n e d  a s  f rom t h e  a z i d e  a n a l o g .  

The f a c t  t h a t  t h e  a n t i c i p a t e d  a z o  and/or  azo-decompos i t ion  

p r o d u c t s  were n o t  d e t e c t e d 2 2  i n  t h e  i r r a d i a t i o n  of y l i d  

1-49 i s  v e r y  e n c o u r a g i n g  ( e q u a t i o n  3 9 )  . T h i r d l y ,  t h e  

mechanism o f  a z i d e  p h o t o l y s i s  h a s  been e x t e n s i v e l y  s t u d i e d .  

With t r i t y l  a z i d e ,  t h e  s u b s t i t u e n t s  on t h e  pheny l  

r i n g s  have  p r a c t i c a l l y  no  e f f e c t  on t h e  m i g r a t o r y  a p t i t u d e s  



i n  t h e  p h o t o l g s i s  r e a c t i o n 5 6  i n  c o n t r a s t  t o  t h e  t h e r m a l  

r ea r rangement  where e l e c t  ron-donat  i n g  s u b s t  i t u e n t s  

on t h e  phenyl  r i n g  have  been shown t o  f a v o r  phenyl  

55 m i g r a t i o n  and e l e c t  ron-wi thdrawing g roups  t o  h i n d e r  i t  . 
It was concluded on t h i s  b a s i s  t h a t  t h e  t h e r m a l  

rear rangement  was a  c o n c e r t e d  p r o c e s s ,  b u t  t h a t  t h e  photo-  

chemica l  r e a c t  i o n  proceeded th rough  a  ' d i s c r e t e  n i t r e n e  

i n t e r m e d i a t e .   a able X I )  

TABLE XI" 

MIGRATORY APTITUDES FOR PYROLYSIS OF TRITYL AZIDES 

Ilumerous a t t e m p t s  have  been made t o  i d e n t i f y  t h e  

p r o d u c t s  of i r r a d i a t i o n  o f  t r i p h e n y l p h o s p h i n a z e n e s  of 

s t r u c t u r e  1-58. I r r a d i a t i o n  of t h i s  t y p e  of y l i d ,  



e  .g .  1-59 and 1-60, y l i d s  t r i pheny lphosph ine ,  bu t  no o t h e r  

i d e n t i f i a b l e  p roduc ts  were d e t e c t e d  ( such  a s  t h e  degrada t ion  

produc ts  from t h e  t e t r a z e n e ,  R~N-N=N-NR2). Attempts should be 

made with  d e r i v a t i v e s  which could a f f o r d  i d e n t i f i a b l e  

p roduc ts  i n  o rde r  t o  d i f f e r e n t i a t e  t h e  e x c i t e d  y l i d  mechanism 

from t h e  g e n e r a t i o n  of N-amino n i t r e n e s .  



EXPERIMENTAL 

Genera l  D e s c r i p t i o n  o f  Equipments and S e r v i c e s  

I n f r a r e d  s p e c t r a  were r e c o r d e d  w i t h  Unicam SP200 

o r  Beckman IR-12 s p e c t r o p h o t o m e t e r .  The nmr s p e c t r a  were 

t a k e n  on a  V a r i a n  A-56-60 s p e c t r o m e t e r  w i t h  t e t r a m e t h y l s i l a n e  

a s  a n  i n t e r v a l  s t a n d a r d .  U l t r a v i o l e t  s p e c t r a  were recorded  

on e i t h e r  Unicam S P / ~ O O  o r  Cary 1 4  s p e c t r o p h o t o m e t e r .  

Mass s p e c t r a  were o b t a i n e d  on a  Perkin-Elmer  H a t a c h i  

s p e c t r o m e t e r  u s i n g  a n  i o n i z a t i o n  v o l t a g e  of 70eV and am 

i n l e t  t e m p e r a t u r e  of 175-200'. 

Genera l  D e s c r i p t i o n  o f  I r r a d i a t i o n  

A l l  s o l v e n t s  were d i s t i l l e d  o v e r  l i t h i u m  aluminum h y d r i d e  

and t h e  r e a c t i o n  m i x t u r e s  were made up i n  a  dry-box.  A f t e r  

t r a n s f e r r e d  t o  t h e  p h o t o c e l l ,  t h e  r e a c t i o n  m i x t u r e s  were 

purged w i t h  d r y  h e l i u m  f o r  1 h o u r  b e f o r e  b e i n g  i r r a d i a t e d .  

The p h o t o l y s a t e s  were purged w i t h  h e l i u m  gas  ( u n l e s s  

o t h e r w i s e  s p e c i f i e d )  which was d r i e d  by p a s s i n g  t h r o u g h  3 

t r a i n s  o f  anhydrous  c a l c i u m  c h l o r i d e .  A condense r  was f i t t e d  

on t h e  purge  g a s  o u t l e t  w i t h  a n  anhydrous  c a l c i u m  c h l o r i d e  

d r y i n g  t u b e .  

A 200 W Hanovia mercury lamp w i t h  t h e  a p p r o p r i a t e  f i l t e r  

c o o l i n g  j a c k e t  was u s e d  a s  t h e  s o u r c e  of  i r r a d i a t i o n .  

Analyses  were c a r r i e d  o u t  by  g a s - l i q u i d  p a r t i t i o n  

chromatography on a  V a r i a n  Areograph Autoprep and S e r i e s  1200 

gas  chromatography u n i t s .  The column u s e d  was 6 f t .  X 1 / 4  i n . ,  

2 0 %  SE-30 s i l i c o n  o i l  s t a t i o n a r y  phase  on 100-200 mesh 

HMDS washed chromosorb W s u p p o r t .  Each a n a l y s i s  was 



t e m p e r a t u r e  programmed from 60• ‹ -3000~  a t  a  r a t e  of 4 ' ~  p e r  

minute .  

New compounds were e i t h e r  a n a l y z e d  by GC-mass s p e c t r o -  

meter  o r  i s o l a t e d  by  p r e p a r a t i v e  GC f o r  f u r t h e r  a n a l y s i s .  

E lementa l  a n a l y s e s  were performed on a  Perkin-Elmer 

240 m i c r o - a n a l y z e r  i n  t h e  Simon F r a s e r  U n i v e r s i t y  l a b o r a t o r y  

Y i e l d  d e t e r m i n a t i o n  was c a l c u l a t e d  by means of a n  

oc tadecane  i n t e r n a l  s t a n d a r d  ( I  .S .  ) w i t h  t h e  f o l l o w i n g  

e q u a t i o n  : 

S p e c i f i c  Response = 
W t .  X W t .  I.S. 

Response X Response I .S. 

Response X W t .  I . S .  W t .  X = S p e c i f i c  Response X Response I .S.  

P r e p a r a t i o n  of  N-phenyltrichloroiminophosphorane 60 

Equimolar  q u a n t i t i e s  of a n i l i n e  and phosphorus 

p e n t a c h l o r i d e  were r e f l u x e d  i n  ca rbon  t e t r a c h l o r i d e  a t  

7 0 - 7 5 ' ~  f o r  2  h o u r s .  A f t e r  removal of  s o l v e n t  u n d e r  vacuum, 

t h e  r e s i d u e  was d i s s o l v e d  i n  d r y  benzene f o r  i r r a d i a t i o n  

wi thou t  f u r t h e r  p u r i f i c a t i o n .  

I r r a d i a t  i o n  of N-pheriylt rich1.oroiminophosphorane 

A 110 m l  benzene s o l u t i o n  of ( N  1 0  r n ~ )  N - p h e n y l t r i c h l o r o -  

iminophosphorane was i r r a d i a t e d  w i t h  a pyrex  f i l t e r  f o r  1 2  

h o u r s .  Glpc a n a l y s i s  i n d i c a t e d  no f o r m a t i o n  of  azobenzene 

and/or  a n i l i n e .  However, some c o l o r l e s s  polymer ic  m a t e r i a l ( s )  

( u n i d e n t i f i e d )  d e p o s i t e d  on t h e  w a l l  of  t h e  c o l d  f i n g e r .  



P r e p a r a t i o n  of  Azides 1 0 5 ~ 6  

A l l  a z i d e s  were prepared  by convent iona l  methods 

r e p o r t e d  i n  t h e  l i t e r a t u r e  c i t e d  ( s e e  t e x t ) .  P u r i f i c a t i o n  

was accomplished by pas s ing  a  petroleum e t h e r  s o l u t i o n  of t h e  

crude a z i d e  through a  s i l i c a  g e l  column i n s t e a d  of d i s t i l l a t i o n  

( f o r  l i q u i d  a z i d e s )  o r  r e c r y s t a l l i z a t  i o n ( f o r  s o l i d  a z i d e s )  . 
I d e n t i f i c a t i o n  of a z i d o  group was i n d i c a t e d  by t h e  I R  

band a t  2100 cm-' and t h e  complete i d e n t i f i c a t i o n  was 

performed on t h e  cor responding  y l i d  formed. 

P r e p a r a t i o n  of N-subs t i t u t ed  Triphenyliminophosphoranes 

S t a u d i n g e r f s  method64 was adopted f o r  t h e  p r e p a r a t i o n  

of t h e  fo l lowing  y l i d s  by r e a c t i n g  t r iphenylphosphine  wi th  

t h e  cor responding  a z i d e s   a able X I I )  . 
A benzene s o l u t i o n  of va r ious  a z i d e s  was added drop- 

wise  under  d ry  c o n d i t i o n s  t o  a  benzene s o l u t i o n  of t r i p h e n y l -  

phosphine i n  1.1 :1 molar r a t i o ,  r e s p e c t i v e l y .  The mixture  was 

l e f t  s t i r r i n g  overn igh t  ( o r  u n t i l  n i t r o g e n  e v o l u t i o n  c e a s e d ) .  

A f t e r  evapora t ion  of s o l u t i o n ,  t h e  y l i d  was c r y s t a l l i z e d  

tw ice  from benzene-petroleum e t h e r .  



TABLE XI1 

LIST OF IMINOTRIPHENYLPHOSPHORANES PREPARED 

Y l i d  m.p.  m.p.!l-it . )  

156-7Oc 

1.96-7.c 

135-6Oc 

136-7Oc 

157-9Oc 
(decomp . ) 

1 3 3 - ~ O C  

130-1•‹c 

135-6Oc 

134-~OC 

140-1•‹c 

105 -8Oc 

1 1 2 - 3 O c  

228-gOc 

71 -3OC 

H NP 4 2 9 ( ~ + ) ;  Calc . f o r  C j O  24 
Found 429 (M+)  

Calc . f o r  C26H24NP 381 (Mf ) ; 
Found 381 ( M + )  

Calc . f o r  
Found 367 

1 0  
228-g0c. 

Calc .  f o r  c~~ H 26 NP 3 5 9 ( ~ + ) ;  
Found 359 (M+)  



I r r a d i a t i o n  of Photochemically S t a b l e  Y l i d s  

A 30 mM s o l u t i o n  of  t h e  y l i d  i n  110 m l  of benzene 

(wi th  octadecane a s  i n t e r n a l  s t a n d a r d )  was i r r a d i a t e d  f o r  

8 hours  through a  pyrex f i l t e r  c o o l i n g  j a c k e t .  The r e a c t i o n  

w a s  concen t r a t ed  t o  1 0  m l  and s u b j e c t e d  t o  g lpc  a n a l y s i s .  

The r a t i o  of y l i d  t o  octadecane remained unchanged from t h e  

i n i t i a l  c o n c e n t r a t i o n s  and no t r iphenylphosphine  was d e t e c t e d .  

Evaporat ion of t h e  s o l v e n t  and r e c r y s t a l l i s a t i o n  from benzene/ 

pet roleum e t h e r  gave 90% recovery of t h e  y l i d .  

I r r a d i a t i o n  of  Y l i d  1-36 i n  Various  Solvents  

A 25-30 mM s o l u t i o n  ( c l e a r  t o  p a l e  ye l low)  of  each 

y l i d  i n  benzene ( 1 1 0 m l )  wi th  octadecane a s  i n t e r n a l  s t anda rd  

was i r r a d i a t e d  f o r  1 hour  through a pyrex f i l t e r  coo l ing  

j a c k e t .  The p h o t o l y s a t e  ( b r i c k  r e d  t o  brown) was 

concen t r a t ed  t o  1 0  m l  and s u b j e c t e d  t o  g lpc  a n a l y s i s .  The 

i d e n t i t y  of a z o a r y l ,  a r y l  amine, t r iphenylphosphine  and 

t r iphenylphosphine  oxide was determined by mixed i n j e c t i o n  

with  a u t h e n t i c  samples .  The y i e l d s  given i n  Table V were 

determined a s  desc r ibed  above. The pho to reac t ions  of 1-36 

i n  die thylamine was c a r r i e d  out  i n  a  s i m i l a r  manner. 

Q,uantum Yie ld  Determinat ion f o r  1-36 

The method of  Pa rke r  102 
was fo l lowed .  The l i g h t  source  

was found t o  emit 1 . 0 5  X 1015 photons p e r  s e c . .  Y l i d  

ccnsumption as w e l l  a s  t r iphenylphosphine  and azobenzene 

format ion  f o r  t h e  f i r s t  10  m i n ,  when a b s o r p t i o n  i n t e r f e r e n c e  

from azobenzene was n e g l i g i b l e ,  were determined by g lpc  

wi th  a u t h e n t i c  samples u s i n g  octadecane a s  i n t e r n a l  s tandard  



I r r a d i - a t i o n  of  Y l id  1-38 

A 25 mM s o l u t i o n  (110 m l )  of y l i d  1-38 i n  benzene was 

i r r a d i a t e d  through a  pyrex f i l t e r  f o r  3 h o u r s .  The pho to lysa t e  

was concen t r a t ed  t o  1 0  m l  and analyzed by g l p c .  Comparison 

of  t h e  r e t e n t i o n  c h a r a c t e r i s t i c s  of  t h e  p h o t o l y s a t e  components 

wi th  2-ethyl-2,3-dihydroindole and 2-methyltetrahydroquinoline 

89 gene ra t ed  by p h o t o c y c l i z a t i o n  of o-butylphenyl  a z i d e  

r evea l ed  t h e s e  components were n o t  formed ( 4  0 . 1 % )  dur ing  

i r r a d i a t i o n  of  y l i d  1-38. Two components were d e t e c t e d  

(49% ) i n  a d d i t  i on  t o  t r iphenylphosphine  and 2 - b u t y l a n i l i n e  

( 5 0 % )  and were i s o l a t e d  from t h e  p h o t o l y s a t e  by p r e p a r a t i v e  

g lpc  

Calc . f o r  C20H26N2 294 (M') ; Found 294 (M+) 

They were found t o  i n t e r c o n v e r t  upon s e p a r a t e  i r r a d i a t i o n .  

and possessed  W max a t  320 nm and 285 nm. By analogy wi th  

t r a n s  (Ama, 319 nm) and (Xmax 280 nm) azobenzene 107 

t h e s e  two compounds a r e  cons idered  t o  be t r a n s  and c i s  - 
o,ol-dibutylazobeTzenes. 

I r r a d i a t i o n  of Y l id  1-39 

S o l u t i o n s  (110 m l )  of y l i d  1-39 (27 m ~ )  i n  t h e  s o l v e n t s  

given i n  Table V I I  c o n t a i n i n g  octadecane s t a n d a r d  were each 

i r r a d i a t e d  f o r  9 hour s  through a  pyrex f i l t e r .  The pho to lysa t e  

was concen t r a t ed  t o  1 0  m l  and ana lyzed  by g l p c .  Biphenyl, 

o-aminobiphenyl, c a rbazo le ,  t r iphenylphosphine ,  and azobiphenyl 

were i d e n t i f i e d  by mixed i n j e c t i o n  wi th  a u t h e n t i c  samples.  

Y ie lds  given i n  Table  V I I  were c a l c u l a t e d  i n  t h e  u s u a l  

manner. The e f f e c t  of a l t e r a t i o n  of purge gas  i n  t h e s e  



experiments whi le  keeping t h e  r e a c t  i on  parameters  unchanged 

i s  recorded i n  Table V I I I .  

I r r a d i a t i o n  of 2-Aminobi phenyl wi th  Triphenylphosphine 

A 110 m l  benzene s o l u t i o n  of 2-aminobiphenyl (0.856 gm) 

and t r iphenylphosphine  (1.336 gm) wi th  octadecane a s  i n t e r n a l  

s t anda rd  was i r r a d i a t e d  f o r  6 hours  wi th  oxygen as purge 

g a s .  o-Aminobiphenyl remained unreac ted  bu t t r i pheny lphosph ine  

was p a r t i a l l y  conver ted t o  t r iphenylphosphine  oxide (46.8%) . 
I r r a d i a t i o n  o f  Y l id  1-36 i n  Various  Purge Gas 

A 110 m l  benzene s o l u t i o n  of  1 0  mM y l i d  1-36 was 

i r r a d i a t e d  through a pyrex f i l t e r  s e p a r a t e l y  wi th  dry  helium 

and dry oxygen a s  purge g a s .  With d r y  hel ium as .purge gas ,  

azobenzene (94k5 %) and t r iphenylphosphine  (9025 % ) were 

t h e  on ly  produc ts  formed. With dry  oxygen a s  purge gas ,  

t h e  produc ts  formed were t r iphenylphosphine  oxide ( 9 0 f 5 % ) ,  

c a r t a z o l e  (15+5%), a n i l i n e  ( 5 f 2 % ) ,  azobenzene [5+2%) 

n i t  robenzene ( t r a c e )  and n i t rosobenzene  (1525 % )  . Yields  

were c a l c u l a t e d  wi th  octadecane as i n t e r n a l  s t a n d a r d  and 

a u t h e n t i c  samples .  

Thermolysis of Y l id  1-36 wi th  Purged Oxygen 

A 50 ml benzene s o l u t i o n  of y l i d  1-36 (0 .34  gm) was re f luxed  

overn igh t  under  anhydrous cond i t i on  purged with  d r i e d  

oxygen ( ~ n h y d r o u s  calc ium c h l o r i d e ) .  Glpc a n a l y s i s  i n d i c a t e d  

y l i d  1-36 remained un reac t  ed ( octadecane a s  i n t e r n a l  s t a n d a r d )  

and no a n i l i n e  and/or t r iphenylphosphine and/or t r ipheny l -  

phosphine oxide were formed. 



I r r a d i a t i o n  of Diphenylamine 

A 110 m l  benzene s o l u t i o n  of diphenylamine (0.5111 gm) and 

octade-ane (0 .4232  gm) ( i - n t e r n a l  s t a n d a r d )  was i r r a d i a t e d  f o r  6 

hours  wi th  oxygen a s  purge gas  ( t o  s imu la t e  ou r  r e a c t i o n  

cond i t i on  f o r  t h e  i r r a d i a t i o n  of y l i d  1-36). Analysis  of 

r e a c t i o n  mix ture  by g p l c  i n d i c a t e d  format ion  of cabazole  

i n  35% y i e l d .  

I r r a d i a t i o n  of 1-44 i n  p resence  of Phenyl Azide 

A 110 ml benzene s o l u t i o n  of y l i d  1-44 (1 . o g m )  and phenyl 

a z i d e  (0.8 gm) c o n t a i n i n g  octadecane s t anda rd  was i r r a d i a t e d  

f o r  6 hours  th rough  pyrex f i l t e r .  Analys i s  of t h e  concen- 

t r a t e d  p h o t o l y s a t e  by g lpc  i n d i c a t e d  no asymmetric azobenzene 

o r  t r iphenylphosphine  was formed. Azobenzene ( 4 0 % )  and 

a n i l i n e  ( < 1"/0) were formed. Y l id  1-44 remained un reac t ed .  

Thermolysis  of p - t o l y l  Azide and Yl id  1-36 

A 100 m l  benzene s o l u t i o n  of y l i d  1-36 (1 gm) and p - t o l y l  

a z i d e  (0 .37 p) were r e f luxed  overn igh t  under anhvdrous eon- 

d i t  i on.  Glpc a n a l y ~ i s  i n d i c a t e d  y l i d  1-36. remained unreac ted  

(oc tadecane  as. i n t e r n a l  s t a n d a r d ) .  

I r r a d i a t i o n  of p - t o l y l .  Azide and Yl id  1-36 Mixture 

A 110 m l  benzene s o l u t i o n  of p - t o l y l  a z i d e  (0.37 gm) 

and y l i d  1-36 (1 .0  gm) c o n t a i n i n g  octadecane as s t anda rd  was 

i r r a d i a t e d  f o r  3 hour s  through a pyrex f i l t e r .  The 

p h o t o l y s a t e  was concen t r a t ed  t o  1 0  ml and analyzed by g lpc  



I r r a d i a t i o n  of 1-46 and Phenyl Azide Mixture 

A benzene s o l u t i o n  (L10ml) of phenyl a z i d e  (0 .40 gm) 

and y l i d  1-46 (1.05 gm) was i r r a d i a t e d  f o r  3 hours  through a  

pyrex f i l t e r .  The p h o t o l y s a t e  was concen t r a t ed  t o  1 0  m l  

and analyzed by g lpc  ( d i s c u s s i o n )  . 
React ion of 2-Nit  rocobiphenyl wi th  Y l id  1-39 

Equimolar q u a n t i t i e s  of 2  - n i t  r o s  ob iphenyl and y l i d  

1-20 were r e f l u x e d  i n  benzene and t h e  r e a c t i o n  followed 

by g l p c .  The p roduc t s  formed were azobiphenyl  and 

t r iphenylphosphine  oxide i n  42% and 80% y i e l d  

r e s p e c t i v e l y .  2-Nit rosobiphenyl  was prepared  by t h e  

procedure  of Havinga 
110 

m.p. 1 1 2 - 1 1 4 • ‹ ~  ( 6 t h a n o l ) .  

I r r a d i a t i o n  of 1-36 and 1-46 

A 110 m l  benzene s o l u t i o n  of 1-36 (0 .7  gm)  and y l i d  

1-46 (0 .6  gm) was i r r a d i a t e d  f o r  3 hours  through a  pyrex 

f i l t e r .  The p h o t o l y s a t e  was concen t r a t ed  f o r  1 0  m l  and 

analyzed by g lpc  ( d i s c u s s i o n ) .  

I r r a d i a t i o n  of  Methylazidoformate and 1-36 

A 110 m l  benzene s o l u t i o n  of methylazidoformate ( 0 . 3  

gm) and 1-36 (1 .0  g m )  was i r r a d i a t e d  f o r  3 hours  through 

a  pyrex f i l t e r .  The p h o t o l y s a t e  was concen t r a t ed  t o  1 0  m l  

and analyzed by g l p c .  1-44 and azobenzene were t h e  only  

produc ts  formed. 

I r r a d i a t i o n  of  Y l i Z  1-48 

A 110 m l  e t h e r  s o l u t i o n  of y l i d  1-48 (1 gm) con ta in ing  

octadecane s t a n d a r d  was i r r a d i a t e d  f o r  12  hours  through a  



pyrex f i l t e r .  The pho to lysa t e  was concen t r a t ed  t o  1 0  m l  

and analyzed by g l p c .  Triphenylphosphine and imine 1-50 

were i s o l a t e d  by prep  g l p c .  For  1-50: c a l c .  C H N 1 9 5 ( ~ + ) ;  15 13 
Found 195 (M') . Acid h y d r o l y s i s  of  1-50 a f f o r d e d  benzaldehyde 

109 and benzylamine . 
Condensation of Analine wi th  Formaldehyde 

-- - 

Equimolar q u a n t i t i e s  of a n i l i n e  and formaldehyde 

i n  benzene were r e f luxed  a z e o t r o p i c a l l y  w i th  a  Soxhlet  

r e f l u x e r  u n t i l  t h e  t h e o r e t i c a l  q u a n t i t y  of wate r  had been 

formed. Upon evapora t ion  of benzene, t h e  r e s i d u e  was r e c r y s -  

t a l l i z e d  from benzene-petroleum e t h e r  t o  g ive  75% y i e l d  

of a  t r i m e r  of  1-53 as a  whi te  s o l i d ,  m.p. 141-2 '~ .  For 1-53: 

Calc .  f o r  C21 N N 3 1 5 ( ~ + ) ;  Found 3 1 5 ( ~ + )  

I r r a d i a t i o n  of  Y l id  1-54 

An e t h e r  s o l u t i o n  (110 m l )  of y l i d  1-54 (1 gm) con ta in ing  

octadecane s t anda rd  was i r r a d i a t e d  f o r  12  hours  through a 

pyrex f i l t e r .  The p h o t o l y s a t e  w a s  concen t r a t ed  t o  1 0  m l  

and analyzed by g l p c .  Products  l i s t e d  i n  Table  X were 

i d e n t i f i e d  by mixed i n j e c t i o n  wi th  t h e  a u t h e n t i c  samples.  

The major p roduc ts ,  1-55 and t r iphenylphosphine,  were 

i s o l a t e d  by prep  g lpc  . For 1-55 : c a l c  . C12H21N l 7 9 ( ~ + )  ; Found 

1 7 9 ( ~ ' ) .  

P r e p a r a t i o n  of 1-55 

Equimolar q u a n t i t i e s  of cyclohexylamine and cyc lo-  

hexanone i n  benzene were r e f luxed  a z e o t r o p i c a l l y  wi th  a  
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Soxhlet  r e f l u x e r  u n t i l  t h e  t h e o r e t i c a l  q u a n t i t y  of water 

had been separa ted  out from benzene. Upon evaporat ion of 

benzene, t h e  res idue  was a c o l o r l e s s  o i l  b .p .  136-7O~/15 min. 

(70% y i e l d ) .  L i t .  b .p .  1 3 6 - 7 ~ ~ / 1 5  min. 108 

I r r a d i a t i o n  of Y l i d  1-49 

A benzene s o l u t i o n  (110 m l )  of y l i d  1-49 (0 .5  gm) 

conta in ing  octadecane s tandard was i r r a d i a t e d  f o r  6 hours 

through a pyrex f i l t e r  . 
t o  1 0  ml and analyzed by 

phenylbenzophenone imine 

The photo lysa te  was concentrated 

glpc . Triphenylphosphine and N- 

(I-58)were t h e  only products formed. 

For 1-58 : CalC . C H N 257 (&); Found 257 (M') . The imine 19 1 5  
1-58 was i d e n t i c a l  t o  t h e  condensation product of a n i l i n e  

0 109) and benzophenone, m.p. 1 1 2 ' ~  (lit .  m.p. 110-2 C. 
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