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The photochemistry o f  a p a i r  of s t i lbene oxides i n  which the 
2,3-positions are bridged by three and four methylene groups has 
been studied and compared w i th  a lower homolog. Evidence i s  pro- 
vided t h a t  c y c l i c  y l i des  are produced upon photo lys is  o f  these 
oxiranes i n  so lu t ion  a t  254 nm. The primary photoproducts de- 
r i v e d  from the y l i des  i n  t u rn  are B-styrylpropio- and B-styry l -  
butyrophenones, respectively. I n  the  l a t t e r  case Norr ish type I 1  
cleavage then occurs t o  give as f ina l  products, 1-phenylbutadiene 
and acetophenone. The bridged oxiranes were shown t o  be more 
photostable than t h e i r  open chain analogs and on the basis o f  
double i r r a d i a t i o n  experiments i t  was establ ished t h a t  a carbene 
ra ther  than a conventional d i rad ica l  process i s  operative o r  
competes i n  the y l i d e  photocleavage and ketone formation. 

The photochemistry of a r y l  (1) and arene oxides (2)  has been the 

subject o f  extensive study i n  our laboratories. Among common reactions 

o f  the fonner are [W+l ]cyc loe l im ina t ions  t o  g ive carbonyl compounds and 

carbenes ( la -c )  presumably through carbonyl y l i des  which have been i n -  

tercepted i n  several cases w i t h  alkenes ( lc-e,  19-h)and nucleophiles ( I d )  

(Eq. 1). Recently, we have observed t ha t  epoxydiphenylmaleic anhydride, 

which forms a remarkably stable c y c l i c  y l ide ,  does no t  photofragment i n  the 

conventional manner ( I f ) .  I n  contrast  carbon d iox ide i s  l o s t  upon photoly- 

s i s  i n  so lu t ion  (25') and, un l i ke  the c lose ly  re la ted  dicarboxy- o r  d icar-  

bomethoxystilbene oxide analogs, no carbenes are detected as primary photo- 

products (3,4). This observation rek indled our i n t e res t  i n  the photochemical 

behavior o f  bridged s t i lbene oxides and we wish t o  summarize our previously 

unpublished as wel l  as supplementary work i n  t h i s  area. 



While our invest igat ions i n  t h i s  area were i n  progress i t  was estab- 

l i shed  t h a t  the  bridged oxides 1,4-diphenyl-2,2,3,3-tetramethyl-5-oxabicyclo- 

C2.l .O]pentane (9 (as wel l  as the 4,4'-dibromodiphenyl analog 3 and the 

re la ted  monoaryl g l yc i d i c  ester  &undergo thermolysis t o  g ive stable y l i des  

2 which, a t  l eas t  i n  the case o f  and &, may be trapped by d ipolaro-  - 
ph i les  inc lud ing  benzon i t r i l e  which gives the unstable adducts 3 (Eq. 2 )  

which i n  t u r n  undergo retrograde cleavage t o  oxazoles and 2,3-dimethyl-2- 

butene (5) .  

While y l i d e  formation i s  a lso observed upon photo lys is  o f  la-c (254 

nm)no evidence fo r  photocleavage o f  the oxiranes 1 o r  y l i des  2 t o  g ive keto- 

carbenes 4 andlor  5 i s  presented. I n  fac t ,  reportedly, the oxide i s  r e -  
markably stable.  Repet i t ive cycles of thermolysis ( o r  photo lys is)  and con- 

s t ra ined  recyc l i za t i on  i n  the d is ro ta to ry  fashion (d ic ta ted  by s t e r i c  fac to rs )  

leads only t o  l i m i t e d  decomposition (5,6). 

Although the  pho tos tab i l i t y  o f  the higher homologs o f  la, namely & 
and I exceeds t h a t  of c is-d imethylst i lbene oxide (1 j) , which photolyzes t o  an 

acyc l i c  y l i d e  (v ide  inf ra) ,  the dramatic pho tos tab i l i t y  a t t r i b u t e d  t o  

i s  absent although i n  both cases photochromic behavior i s  observed a t  77'K: 

Typ ica l l y  a benzene so lu t ion  (0.1 M) of the oxide 6 (mp 104'C) (7) pre- 

pared by peracet ic  ac id  ox ida t ion  of 1,2-diphenylcyclopentene was i r r ad ia ted  
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(254 nm)(8] i n  a quartz vessel f o r  5 h. The major products formed and iso la ted  

by preparative g lc  were i d e n t i f i e d  as cis- and trans-1,5-diphenyl-4-penten-1- 

one (&and &, 2:1, respect ive ly)  (Eq. 4). The i d e n t i t y  of & [nmr CC14) r 2.0- 

2.8 (m, aromatic and v i ny l  protons), 3.75 ( t ,  v iny l  protons), and 6.8-7.5 

(m, methylene protons)lwas con f imed by comparison o f  spectral data ,with t ha t  

o f  an authentic sample (mp 58-59°C) prepared i n  an a l te rna te  f a s h i o n  ( 9 ) .  

(y"" - GPL 
and/or&ph 

% 
Ph 

Fh Ph Ph  

80 cis 90 
9 b  

6 

I n  addit ion, ozonolysis of g [nmr (CC14) T 2.0-2.7 (m, aromatic protons), 3.58 

(d, v iny l  protons), 4.1-4.6 (m, v iny l  protons), 7.0-7.4 (m, methylene protons)] 

and subsequent sequential treatment of the products w i th  hydrogen peroxide and 

diazomethane gave as expected, dimethyl succinate and methyl 3-benzoylpro- 

pionate. F ina l l y ,  the thermodynamically less stable c i s  isomer 5 was con- 

verted, as expected, t o  the t rans isomer & upon treatment w i th  iodine i n  ben- 

zene a t  the r e f l u x  tetnperature (80°C). A minor (> 1%) c r y s t a l l i n e  photoproduct 
(mp 280°C) i s  formed upon prolonged i r r a d i a t i o n  of 6 (26 h) which was assigned 

s t ruc tu re  I f a o r  on the basis o f  u l t r a v i o l e t  and inf rared spectral as well  as 

combustion ana ly t i ca l  data (10 , l l ) .  That the thermodynamically less stable 

isomer i s  the predominant photoproduct may only r e f l ec t  the fact t h a t  secondary 

photoequi l ibrat ion o f  the primary products i s  r e l a t i v e l y  rapid.  This contention 
i s  supported by the observation t ha t  d i r e c t  i r r a d i a t i o n  of a benzene so lu t ion  

o f  under condit ions simulat ing those employed w i th  6 gives r i s e  t o  the  

same product mixture o f  and 3 (2 :1, respect ive ly) .  

Photolysis (254 nm) (8)  o f  the oxide 7 (mp 77-7E0C) prepared by per- 

acet ic  ac id  ox idat ion o f  1,2-diphenylcyclohexene (12), under condit ions i den t i -  

cal t o  those employed f o r  preparation of 6, gives four products (lOa, lob, 

12, and 3, which were separated and iso la ted  by preparative g lc  (Eqs.5 and 6). - 
I n  add i t ion  t o  the isomeric unsaturated ketones and l o b  [lOa, nmr (CC14) 

r 2.5-2.7 (m, aromatic and v iny l  protons), 3.69 ( t ,  v iny l  protons) and 7.0-8.0 

(m, methylene protons)] the secondary photoproducts acetophenone (11) and 



trans-1-phenylbutadiene (5) prepared independently (14) are  also formed 

and were identif ied by comparison with authentic samples. I t  i s  reasonable 

to assume that  these products ar ise  by Norrish Type I1 cleavage via the 
Y 

Ph 
IOa cis 
IOb trans 

Fh 
Ph 

diradical intermediate 11, derived fron &I andlor lOJ, W c h  have a l l y l i c  

gamna hydrogens (Eq.6) (15).  In the case of @ and much less  reactive 

vinylic hydrogens appear a t  the y-position and only a trace of the fragmenta- 

tion product 12 was detected by glc. 
A p r i o r i  a t  l eas t  two viable mechanisms may be invoked to rat ional-  

ize the conversion of b a n d  l t o  the isomeric pairs of unsaturated ketones 
8 and 10, respectively. Extensive precedent may be found in the l i t e ra tu re  (2d) - 
(16) fo r  C-O bond photolysis to give d i radica l (s )  such as  14. 1,2-Migration 

i s  also recognized as  a reaction characterist ic of excited s t a t e  processes 
(17a) i f  not the i r  ground s t a t e  counterparts (17b) and in the case of 14 
would afford the l,4-diradical 15 which in turn would undergo fragmentation to 
the observed products 8 and 10 (Eq. 7 ) .  This mechanism, i t  i s  true,  suffers 

from the disadvantage that  a l e s s  stable diradical 15 must be formed from 
14 although the intramolecular transfer of hydrogen from even methyl substituents 

i s  a well-documented photoreaction f i r s t  recognized in our laboratories (17a). 
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An a l t e rna t i ve  mechanistic pathway i n  which the photogenerated car-  

bony1 y l i des  E a r e  implicated may be operative. Subsequent photocleavage 

t o  the ketocarbene 17 ( I c )  fol lowed by 1,2-hydrogen migrat ion (17) (Eq. 8) 

would also account fo r  the observed conversion. If, i n  fac t ,  the y l i d e  

mechanism i s  operative (despi te our i n a b i l i t y  t o  observe luminescence 

and epr spectra an t i c ipa ted  f o r  c), then enhancement o f  the conversion 

should be observed upon simultaneous i r r a d i a t i o n  o f  g and L wi th  radia- 

t i o n  i n  the v i s i b l e  and u l t r a v i o l e t  regions [ i .e.,  through double i r r a d i a -  

t i o n  studies ( l c )  v i d e  in fm] .  This assert ion i s  dependent upon the 

v a l i d i t y  o f  our contention t h a t  the y l i d e  16 w i l l  absorb i n  the v i s i b l e  and 

the reasonable assumption whi le the 1.4-diradical 15 should be transparent 
i n  t h i s  spectral region. A comparison of the absorption spectral data fo r  

the intermediates (presumed t o  be carbonyl y l  ides) (1) formed upon i r r a d i a t i o n  

of 5 and ? w i t h  those formed from c is-d imethylst i lbene oxide are presented 

i n  Table 1 and a t t e s t  t o  the f a c t  t h a t  br idging does no t  g rea t l y  a f f e c t  the 

nature o f  the intermediate. 



Table 1 
Spectral Properties of the Species Generated Upon Photolysis of the 

Oxides 6 and 73) 

a)~hotolyses (254 nm) (8) were conducted in 2-methyltetrahydrofuran at 77OK. 

That t he  proposed ylides 16 are formed upon photolysis of oxides 6 and 
7 was confirmed by interception to give the expected cycloadducts 18, E, - 
20, and among the photoproducts obtained from 6 and L using the dipolaro- - 
philes fumaronitrile (Eqs. 9 and.10) and maleonitrile in acetonitrile. The results 

of the photocycloaddition of 5 and I to fumaro- and maleonitrile are presented in 
Table 2. Structures 18 and 3 may be assigned to the major photoadducts obtained from 
fumaronitrile and the oxides 5 and 7, respectively. On the other hand, while the 

Table 2 
Cyclosdducts '3btain2.i from 6 and 7 and iiolco- and Fumsronitrile 

I Oxide Dipolarophile 

1 Fumaronitrile 
/ Maleonitrile 
; Fumaronitrile 

7 , 

% cycloadductasb 

- ?S i 2 0 1 -  19 i - .  21 ! 

40.5 1 1 4.7 / i 

5.6 / 1 33.0 i i 

1 38.11 4.5 

1 :  aleo on it rile i 
9.1 ' 1 34.3 

a)~rradiation (254 nm) (8) for 5 h at 40" in acetonitrile as a solvent. 
b)~he values reported were determined by actual isolation using thick-layer 
and column chromatographic techniques. 
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c i s  adducts 19 and 21, l ike  the trans adducts g and 20, have been character- 
ized spectroscopically (Table 3 ) ,  the structures of the fonner pair  remain t o  
be elucidated. Clearly, however, the stereospecifici ty of the cycloaddition 

reactions of 6 and 7 i s  high although precisely how high must yet  be estab- 
lished and i s  complicated by competitive photoisomerization of the dipolaro- 

phile. Furthermore, i t  should not be overlooked that  these cycloaddition 
reactions, although photoinitiated, generally occur in the ground s t a t e  ( lc-h).  

The u t i l i t y  of frontier  orbital  theory in selecting the most favorable di-  

polarophiles (electron-rich or electron-poor) shculd be noted. On the basis 
of frontier  orbital  energies, Houk (18) suggested that  ylides substituted 
with alkyl or  conjugating substituents should react readily with electron- 
deficient dipolarophiles and less  readily or  not a t  a l l  with electron-rich 

adducts. The reaction of electron-deficient dipolarophiles with carbonyl 
ylides of the conjugated type 16 described herein are  c lass i f ied  as HOMO 

controlled; i . e . ,  the lowest unoccupied o rb i t a l s  of the dipolarophiles in ter -  

a c t  with the highest occupied o rb i t a l s  (HOMO) of the ylide. Our inabi l i ty  
as well as tha t  of others ( lg )  t o  detect adducts of 5 w i t h  those of electron- 
rich dipolarophiles and cis- and trm-butene-2 supports the predictions. 



Table 3 
Spectral 

Adduct 

18 (trans) 

19 (cis) 

20 (trans) 

21 (cis) 

ta and Physical F perties of Adducts from 18 - 3 

Mass Spectrum M+ 314 
IR (Nujol) 2250 cm-l(-~N) 
NMR (CDC13) r 2.2-2.8 (m, aromatic, protons 
6.37 (q, methine protons), 7.2-8.4 (m, 
methylene protons) 

Mass Spectrum M+ 31 
IR (Nuiol) 2240 cm-' (-CN, 
NMR'(CDC~') r 2.2-2.8'(m,'aromatic, protons 
6.46 (s, Jethine protons), 7.2-8.4 (m, 
methylene protons) 

Mass Spectrum M+ 32 
IR (Nujol) 2245 cm-a (-CN) 
NMR (CDC1 ) r 2.2-2.8 (m, aromatic protons) 
6.27 (q, iethine protons), 7.1-8.4 (m, 
methyiene protons) 

Mass Spectrum M+ 32 
IR (Nujol) 2245 cm-y (-CN) 
NMR (CDCI-) T 2.4-2.8 im. aromatic orotons) 
6.23'(s, &thine protoisj, 6.9-8.3 (m, 
methylene protons 

While spectral and chemical evidence has been provided for the generation 
of the cyclic carbonyl ylides 16 under photolytic conditions where conversion of 
6 and to 8 and 10, respectively, occurs, additional evidence is required to con- - 
firm that the ylides are indeed intermediates. To this end a comparison of the 
stabilities of band 7 relative to that of cis-dimethylstilbene oxide was con- 
ducted (Table 4). 
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T m  
The P h o t o s t a b i l i t y  of the  Oxides 6 and.7 Re la t i ve  t o  t h a t  o f  0;s-Dimethyl- 

"&"bere Oxibe 

a ~ r r a d i a t i o n s  (254 nm) (8) were conducted under s i m i l a r  condi t ions (40') i n  
cyclohexane as a so lvent  and the  res idual  ox ide was i s o l a t e d  by t l c .  

Inspect ion of the  data shown i n  Table 4 ind ica tes  t h a t  the c y c l i c  y l i d e s  

16 a re  indeed somewhat more s tab le  under the  condi t ions u t i l i z e d  than the - 
corresponding open chain y l i d e  der ived from c is -d imethy ls t i l bene  oxide; how- 

ever  the  marked p h o t o s t a b i l i t y  repor ted for  & (5a) i s  no t  an i n t r i n s i c  

proper ty  o f  the  next h igher  homologs 6 and L. The s i g n i f i c a n t  feature, however, 
i s  t h a t  simultaneous i r r a d i a t i o n  w i t h  v i s i b l e  l i g h t  (double i r r a d i a t i o n ) a c -  

ce le ra tes  the conversion o f  s t a r t i n g  mate r ia l  i n  the  case o f  5 and 1. For ex- 
ample, when the subst rate 1 was subjected t o  double i r r a d i a t i o n  ( l c )  o n l y  34% 
was recovered r e l a t i v e  t o  44% upon d i r e c t  i r r a d i a r i o n  f o r  3 h (40') i n  cyclohexane. 

This  r e s u l t  supports the  content ion t h a t  the conversion o f  b a n d  l t o  & a n d  111 
may occur a t  l e a s t  i n  par t ,  according t o  the ketocarbene mechanism depicted i n  

Eq. 8. 
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