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THE ROLE OF CYCLIC PERnXlOES I N  THE REACTIONS OF 1,Z-DIPHFNYLCvCLOPRnPEIIES 

AND CYCLORUTENES UlTH (INGLET OXYGEN (la,b,c,2) 

Caetan Vaz, Gary G r i f f i n * ,  S i e g f r i e d  Chr istensen and David Lankin ( I d )  

Dept. o f  Chemistry, Un i ve rs i t y  of  New Orleans, New Orleans, Louis iana 70122 

An a r r a y  of  c y c l i c  peroxy intermediates,  i nc l ud ino  dioxetanes, endo- 

peroxides and 1,2-dioxoles, a re  advanced as in te rmedia tes  i n  t he  reac t ions  o f  

w i t h  1,2-diphenylcyclopropenes and cyclobutenes. 

ble would l i k e  t o  present t he  r e s u l t s  o f  our  con t i nu ino  s tud ies  on the  course o f  t he  reac t ions  

o f  d i a r y l s u b s t i t u t e d  sma l l - r i nq  alkenes w i t h  s i n 7 l e t  oxygen oenerated by dye pho tosens i t i za t i on  ( 3 1  

chemica l ly  ( 4 ) ,  as we l l  as throuqh e lec t ron  t r ans fe r  ( 5 ) .  As repor ted  e a r l i e r ,  chemiexc i ta t ion  

a t tends t he  dye-sens i t i zed photoox ida t ion  o f  la, which o ives  t he  diketone 5 ( lb ,6 ) ,  presumably by 

way o f  a  dioxetane. The ox ida t i on  o f  E o c c u r s  a t  a  slower r a t e  than t h a t  o f  la, i s  more complex, 

and i s  accompanied by s t r u c t u r a l  reorgan iza t ion :  however, emission i s  a l so  associated w i t h  t h i s  

process. I n  t h i s  case, t he  1,3-diketone $ i s  conspicuously absent as a  product  of  t he  ox ida t i on  

process ( l b ) .  

la(Rs H) 2oWI.H) 
Ib(R=Ph) 2b(R=Fhl 
k ( R s  hb) ~ c ( R =  Ma) 

To r a t i o n a l i z e  t he  con t ras t i nq  reac t i on  pathways and d ispara te  r e a c t i v i t i e s  observed f o r  la 
and upon photooxidat ion,  we proposed t h a t  i n t r o d u c t i o n  o f  t he  second phenyl subs t i t uen t  a t  C-3 

i n  should exe r t  s u f f i c i e n t  a d d i t i o n a l  s t e r i c  in te r fe rence and/or e l e c t r o n i c  d r i v i n q  force t o  

render the  c y c l i z a t i o n  t o  a  dioxetane slow r e l a t i v e  t o  rearrangement. 

I n  o rder  t o  t e s t  t h i s  premise, we se lec ted  3-methyl-1,2,3-triphenylcyclopropene (k) ( 7 )  as an 

appropr ia te  and access ib le  subs t ra te  t o  employ i n  t he  nex t  phase o f  our  extended s tud ies  i n  t h i s  

area. It may be concluded from an examinat ion o f  confonnat ional  f r e e  enerqy b a r r i e r  data [A-fac- 

t o r s  (8 ) (9 )1  t h a t  cyclopropene ~ e m b o d i e s s t r u c t u r a l  c h a r a c t e r i s t i c s  which cou ld  prove i n s t r u c t i v e  

1  i n  d i sce rn ing  " the"  mechanism. The s t e r i c  b a r r i e r  a t  C-3 i n  toward approach o f  O2 a t  one face 

i s  in te rmedia te  i n  magnitude between t h a t  i n  lQand 1 4  however, no marked increase i n  the  



enhancenent of e l ec t ron i c  s t a b i l i z a t i o n ,  cleavaqe and rearranqement o f  the type observed w i t h  

should be induced. 

Af ter  i r r a d i a t i n g  ( 4 0 0  nm) a  continuous1.y oxyoenated s o l u t i o n  of & i n  methylene ch lo r i de  a t  

-30' f o r  2.5 h  conta in ing methylene blue ( M R )  as a  sens i t i ze r ,  we found t h a t  the  ex tent  O f  sub- 

s t r a t e  consumption was subs tan t i a l l y  reduced (i.e., r e l a t i v e  t o  la). Althouqh the an t i c i pa ted  

diketone & i s  detectable,  the  y i e l d  i s  low (%4%), and a  considerable amount of the cycloalkene 

l c  may be recovered ( s91%) .  Attempts t o  achieve ox ida t i on  w i t h  t r ipheny lphosph i te  ozonide (TPO) - 

( 4 )  a lso  proved unsuccessful w i t h  0.2 as we l l  as 1 .0M ozonide i n  methylene ch lo r i de  a t  -35'. 

Essen t i a l l y  a l l  (,99%) of the  cyclapropene i s  recovered i n  t h i s  case. The suppressed r e a c t i v i t y  

of " represents a  s i g n i f i c a n t  departure from the behavior observed w i t h  la and which cannot be 

accommodated by our o r i g i n a l  mechanistic ra t i ona le .  Rased on these l i m i t e d  data, i t  appears t h a t  

subst i tuents  i n  the  3 -pos i t i on  exe r t  a  more profound i n f l uence  than mioht be an t i c i pa ted  on the 

1  mode o f  approach and i n t e r a c t i o n  of O2 w i t h  the s t ra ined p-bond.  C lear ly  t h i s  bond i s  s t e r i c a l l y  

shielded by the  1,2-diary1 subst i tuents  from edoe-on approach i n  an an t a r a f ac i a l - sup ra fac i a l  man- 

ner  [which preserves o r b i t a l  phase c o n t i n u i t y  (10a) l  and/or end-on a t tack  t o  g i ve  a  perepoxide 

( l ob ) .  

I n  an attempt t o  i s o l a t e  those fac tors  responsible f o r  the  d iverse r e a c t i v i t i e s  displayed by 

1  
l a ,  &, and toward 02, 3,3-dimethyl-l,2-diphenylcyclopropene (3) (11 ) was subjected t o  oxida- - 

t i o n  under cond i t ions  s imula t inq  those employed w i t h  & and-& (Eq. 1 ) .  I n  cont ras t  t o  &, the 

1  
cyclopropene 3 i s  suscept ib le  t o  ox ida t i on  by O2 under s i m i l a r  cond i t ions  f o r  reasons y e t  unclear.  

The primary products inc lude the cross-conjugated ketone 4 (1RR) ( l l a )  and the ketoalcohol  (14%) 

i n  add i t i on  t o  an u n i d e n t i f i e d  substance 5 (27%), which i s  assumed t o  he a  secondary ox ida t i on  

product on the basis o f  the  mass spectrum and elemental ana lys is .  The diketone 2,2-dimethyl-1,3- 

diphenylpropane dione (1) was a lso  absent i n  t h i s  case as a  product as evidenced by t h i n - l a y e r  and 

h igh  r e z o l u t i o n  g l c  i n  which an authent ic  sample o f  1 was used i n  con t ro l  runs. It i s  noteworthy 

t h a t  -40% of the  s t a r t i n "  ma te r i a l  was recovered, and thus again the  mater ia l  balance i s  h iqh 

(1.99%). 

RPH 
a R&+Phw 4. - + C A O ,  (Eq. l ) 

Ph Fil M 

3 4 5 6 

The major product formed upon treatment o f  3 w i t h  TPO i s  the  ketone 4 (z36%): however, a  

t r ace  of another product, i s o l a b l e  by t l c ,  i s  a l so  produced, which chemiluminesces upon warming. 

I n  fact ,  t h i s  substance (m/e 252) i s  isomeric w i t h  and rearranges t o  the  epoxyketone 8, which was 
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synthesized independently by perbenzoic a c i d  ox ida t i on  of  4 (El. 2 ) .  S i g n i f i c a n t l y ,  n e i t h e r  t he  

ketoalcohol  5 nor 5 i s  detected as a TPO ox ida t i on  product ,  a l though they c o n s t i t u t e  major com- 

ponents obtained upon photosens i t i zed ox ida t i on  o f  3. 

The mechanism by which t he  cyclopropene 3 undergoes conversion t o  4 and t he  p o s s i b i l i t y  t h a t  

9a i s  imp l i ca ted  as an in te rmedia te  has been considered (Scheme I). I t  had been demonstrated t h a t  - 

perac id  ox ida t i on  of  3 occurs t o  g i ve  9 (>99%) ( I l a l .  Valence isomer iza t ion  o f  t he  t r a n s i e n t  oxa- 

b icyc lobutane 2 i s  invoked t o  r a t i o n a l i z e  t h i s  t ransformat ion ( l l a ) .  The format ion o f  epoxides 

as photoox ida t ion  products i n  a v a r i e t y  of  systems i s  no t  uncommon and i s  c i t e d  as evidence f o r  

perepoxide intermediates by advocates o f  t h i s  mechanism (3 f ) .  Althouqh the  mode o f  ox i rane forma- 

t i o n  remains a sub jec t  of  controversy and a c t i v e  research ( 3 f ) ,  i t  i s  i n v i t i n g  t o  propose t h a t  

i s  a l so  imp l i ca ted  i n  t he  photoox ida t ive  conversion of 3 t o  4. An i o n i c  mechanism (Scheme I) may 

1 a l so  be w r i t t e n  t o  r a t i o n a l i z e  t he  conversion of 3 t o  4. At tack  of O2 on 3 may occur t o  g i ve  t he  

dioxetane 10 d i r e c t l y  o r  i n d i r e c t l y  v i n  a z w i t t e r i o n  E. The l a t t e r ,  i n  tu rn ,  may be formed from 
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an i n i t i a l  perepoxide by ring-opening. The cyclopropane r i n a  may then co l lapse t o  z, which 

through oxygen t rans fe r  o r  c y c l i z a t i o n  t o  provides r a t i o n a l  routes t o  the  unsaturated ketone 4 
and epoxide 8, respect ive ly .  

Dehydration of an a- o r  8-ketoalcohol precursor i s  discounted as a poss ib le  rou te  t o  the  con- 

juqated ketone 4 since nmr sc ru t i ny  o f  the  crude react ion  mix ture  formed upon TPO ox ida t i on  o f  3 
reveals no evidence f o r  the  presence of such ketoa lcoho l (s )  desp i te  the  h iqh y i e l d  o f  the conju- 

qated ketone formed. 

The s t ruc tu re  of ?was es tab l ished through independent synthesis i nvo l v i ng  condensation o f  

2-propenylmaqnesium bromide generated i n  tetrahydrofuran (12) w i t h  benz i l .  The photooxidat ive 

format ion of such a-hydroxyketones i s  not unprecedented. Ando and co-workers (13a-c) and 

Wasseman (13d) repo r t  t h a t  a-hydroxyketones are generated from dioxetanes produced i n  t u r n  upon 

dye-sensi t ized photooxidat ion of alkenes. Masserman (13d) app l ied  the  Kornblum-DeLaNare (14) 

mechanism, which has since been reexamined (15). t o  exp la in  t h e i r  r e s u l t s  obtained upon enamine 

ox idat ion .  The react ion  involves an i on i c ,  base induced process i n  which removal o f  a proton from 

a dioxetane r i n g  bear ing an o-hydrogen i s  accompanied by 0-e l iminat ion  r e q u i r i n g  0-0 bond cleavage. 

Ando and co-workers ( l 3a -c ) ,  however, advance an a l t e rna te  mechanism invo l v i ng  homolvsis of a 

dioxetane peroxide bond followed by in t ramolecu lar  hydroqen t ransfer .  The l a t t e r  provides a rea- 

sonable rou te  t o  exp la in  formation o f  the ketoalcohol  5 from the dioxetane 10 (Scheme 11). 

I n i t i a l  homolysis o f  the 0-0 bond o f  10, i f  fo l lowed by hydroqen t ransfer  from the syn methyl 

group, should g ive  E. Collapse o f  the  cyclopropane r i n g  would then af ford 5. Al te rna t i ve l v ,  

r ing-opening o f  11 t o  form 13 may precede H-transfer, i n  which case the d i r a d i c a l  13 would be 

impl ica ted i n  t h i s  mechanism. Fur ther  experiments w i l l  be requ i red t o  v e r i f y  o r  r e j e c t  these 

po ten t i a l  mechanisms and def ine  w i t h  c e r t a i n t y  the pathway(s) which i s l a r e  indeed opera t ive .  
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Clear ly ,  however, the  resemblance of 5 t o  an "ene" product der ived from 4 i s  co inc identa l ,  s ince 

con t ro l  experiments conducted.with 4 exclude the ketoalcohol  5 as a product. Furthermore, the 

diketone I i s  s tab le  under the  reac t i on  cond i t ions  and thus i s  no t  invo lved as a precursor for  

secondary ox ida t i on  products.. Conversion o f  8_ t o  5 i s  excluded by appropr ia te  con t ro l  runs, which 

i n d i c a t e  t h a t  the  epoxyketone 8 i s  unchanged under the  reac t i on  cond i t ions .  

The absence of a s e l f - c o n s i s t e n t  pa t te rn  of behavior f o r  the  ser ies  of cyclopropenes 1 and 3 

l e d  us t o  expand our program t o  i nc lude  diarylcyclobutenes. The dye-sensi t ized photooxidat ion o f  

1.2-diphenylcyclobutene (14) was the sub jec t  o f  a previous study by o ther  i nves t i ga to rs  (16) and 

the product d i s t r i b u t i o n  shown t o  be solvent dependent, a feature we found i n  common w i th  la and 

l b  ( l b ) .  The r e s u l t s  observed w i t h  14 were r a t i o n a l i z e d  by invok ing an "ene" reac t i on  i n  polar - 
Solvents (methanol, acetone) where the pr imary product i s  a c y c l i c ,  a l l y l i c  hydroperoxide, wh i le  

[2 tZ ]cyc loadd i t ion  a f fo rd ing a dioxetane and f i n a l l y  diketone i s  t h e  dominant pathway observed i n  

nonpolar media (methylene ch lor ide ,  benzene) (16). 

,Ph 

14 

I n  accordance w i t h  the behavior observed f o r  the  cyclopropene substrates,  a seemingly minor 

mod i f i ca t i on  i n  s t ruc tu re  a t  an apparent ly remote s i t e  on the d iary lcyc lobutene r i n g  of H a l s o  

exer ts  a major i n f l uence  on the r e a c t i o n  path  and ra te .  The course o f  the  photooxidat ion o f  3,3- 

d imethy l - l  ,2-diphenylcyclobutene (15). f o r  example, departs markedly from t h a t  observed f o r  the 

unsubst i tu ted counterpar t  14. The cyclobutene 15 was prepared by photoaddi t ion of d iphenylacety- 

lene t o  isobutylene i n  a modi f ica t ion  o f  a procedure described f o r  the  photocycloaddi t ion o f  t o l an  

t o  Z,3-dimethyl-2-butene (17).  

Dye-sensit ized photooxidat ion o f  5 under cond i t ions  i d e n t i c a l  t o  those employed above fo r  k, 
3, and 14 i s  accompanied by r i n q  con t rac t i on  and leads t o  formation of the  cyclopropane 2 (14%) as - 

the pr imary product from which 17 (16%) and 18 (14%) a re  presumably der ived (Eq. 3 ) .  

The r i n g  con t rac t i on  process accompanyina the ox ida t i on  o f  the  dimethyl subs t i t u ted  1,2- 

1 diphenylcyclobutene 15 may be explained by invok inu i n i t i a l  [4+2]cycloaddi t ion of O2 t o  the  styr'yl 

moiety w i t h  format ion o f  the  endoperoxide 19 (Scheme 111). Ample precedent e x i s t s  f o r  endoperoxide 



format ion from s y t r y l  systems (18. 19, 20, 21a). Subsequent homolysis o f  the  endoperoxide bond 

and H- t ransfer  may be an t i c i pa ted  t o  q i ve  16 v i a  the  b i c y c l i c  in termedia te  21 (19) o r  conceivably 

U 

20 may be implicated (20) .  The c o n s t i t u t i o n a l  s t ruc tu re  of the cyclopropane 16 precludes us from - 

discern ing whether a t tack  occurs i n  a d d i t i o n  t o  o r  so le l y  i n  the  a l t e r n a t e  manner t o  g i ve  the  i so -  

1  meric counterpart  o f  19 i nvo l v i nq  i n t e r a c t i o n  of O2 w i t h  the  reverse phenyl r i n g  v ic iwt  t o  the  

dimethyl subst i tuents .  Frimer (21a) has arqued t h a t  the photooxidat ion o f  cyclopropenes, inc lud ing 

l a  and l b  w i t h  '0 invo lves  i n i t i a l  [4+2]cycloaddi t ion t o  q i ve  an endoperoxide (Z lb ) .  - - 2 

The r e q u i s i t e  r i ng -con t rac t i on  i s  a l so  not w i t hou t  precedent and i s  a l so  observed i n  the  case 

of I -phenylcyclobutene (19) .  This process i s  dominated by o the r  modes o f  reac t ion ,  as evidenced 

by the f a c t  t h a t  the analoa o f  16 obtained a l so  incorporates an ortho-hydroxy subs t i t uen t  on phenyl 

(a remnant of i n i t i a l  endoperoxy r i n g )  and i s  formed i n  low y i e l d s  r e l a t i v e  t o  o the r  products (19). 

To date, attempts t o  conf i rm the s t ruc tu re  of 16 by independent synthesis of the  corresponding 

methyl e ther  by techniques which proved successful f o r  the model synthesis o f  the  l ess  complex 

analog, 2,2-dimethyl-1 -phew]-1 - b e n z o y l c y c l o p r o p a  (22). have f a i l e d  (Scheme IV) . 
Deoxybenzoin (e) may be synthesized from benzaldehyde upon treatment w i t h  benzylmagnesium 

bromide and subsequent ox ida t i on  of the  alcohol  3 w i t h  d i l u t e  sodium hypobromite (22) o r  w i t h  

pyr id in ium chlorochromate i n  methylene ch lo r i de  (23). D i f f i c u l t i e s  were encountered i n  generat ing 

2-methoxy benzylmagnesium bromide i n  the above manner, and i t  was necessary t o  r e s o r t  t o  an a l t e r -  

nate pathway t o  circumvent the  adverse e f f e c t s  exerted by the  methoxy subs t i t uen t  on the ueneration 

of the  Grignard reagent and subsequent ox idat ion .  It was found, however, t h a t  the  s y n t h e t i c a l l y  

equ iva lent  organo l i th ium reaqent cou ld  be generated e f f i c i e n t l y  by cleavaqe o f  2-methoxybenzyl 

phenyl e ther  ( E )  w i t h  l i t h i u m  (24). The d ie the r  E, i n  turn,  was qenerated i n  h igh y i e l d  by 

treatment of 2-methoxy benzyl bromide (G) w i t h  sodium phenoxide i n  dioxane. Sodium hypobromite 

ox ida t i on  (22) of g proved undesirable because concomitant aromatic s u b s t i t u t i o n  by bromine 
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accompanies the  ox ida t i on  process. This r e s t r i c t i o n  on the u t i l i t y  o f  t h e  reac t i on  cou ld  n o t  be 

avoided under a va r i e t y  of cond i t ions .  

On the o the r  hand, the  ox ida t i ve  conversion o f  the  a lcoho l  t o  the  deoxybenzoin a was 

achieved us ing pyr id in ium chlorochromate ( 2 3 )  as  the  o x i d i z i n g  aoent. Several obvious d i r e c t  

routes f o r  the  conversion o f  3 t o  the  conjugated ketone 4 were attempted, i nc lud inn  the crossed 

a ldo l  condensation of 3 w i t h  acetone, and proved f u t i l e .  Treatment o f  % w i t h  1,2-dibromo- 

2-methylpropane and hase (25 )  i n  an at tempt t o  ob ta in  d i r e c t l v  a l so  f a i l e d .  Conversion of 

deoxybenzoin % t o  4 was f i n a l l y  achieved i n  two steps by i n i t i a l  a l k y l a t i o n  o f  the  deoxybenzoin 

anion, generated from po tass ium t -butox ide i n  r-butanol  w i t h  2-bromopropane. The C-alkylated 

ketone 3 obtained i n  h iqh y i e l d  was then r e a d i l y  transformed t o  the  unsaturated ketone 4 by 

brominat ion i n  carbon d i s u l f i d e  and dehydroha locpat ion  w i t h  l i t h i u m  ch lo r i de  i n  dirnethylformamide 

1 and proved i d e n t i c a l  t o  t h a t  obtained upon treatment o f  3 w i t h  0 p w r a t e d '  by photosens i t i za t ion  
2 

o r  from TPO. Unfortunately, attempts t o  extend t h i s  procedure t o  the  accessible analon 3 proved 

i ne f f ec t i ve  because of the  f a c i l e  compet i t i ve  e l e c t r o p h i l i c  brominat ion o f  the aromatic nucleus. 

Cyclopropanation of 4 emPlo.yins the Corey method ( 2 6 )  n ives  the  cyclopropane 21, which proved 

indispensable i n  cha rac te r i z i np  the hydroxy analoq 16 by spectroscopic means. 

Precedent may a l so  be c i t e d  f o r  the  fo rmat ion  of the secondary ox ida t i on  products 11 and 18. 
1 

4dd i t i on  of f12 i n  the  [4+21 manner t o  phenols such as 16 t o  q i ve  endoperoxides of the  type 29 i s  a 

(ery f a c i l e  process (Scheme V ) .  Since the phenol 16 i s  consumed a t  r a tes  comparable t o  i t s  precur-  

% o r  15. i t  i s  no t  unexpected t h a t  the  secondary ox ida t i on  products are fonned i n  high y i e l d .  Sub- 

Tequent homolysis of the  peroxide bond and. rearrangement o f  the  r e s u l t i n a  d i r a d i c a l  t o  s i v e  such 



products as 11 and 18 has been observed (27). The proposed rearrangement o f  9 t o  the  b i s  epoxide 

30, the inmediate precursor f o r  x a n d  E, i s  not  w i thout  prec dent e i t h e r  (28) - 6 

, . 
30 17 

The s t ruc tures  assigned t o  16, 12. and E r e s t  l a r g e l y  on ms, pmr, cmr, and i r  spectroscopic 

data. For example, the  pro ton nmr spectra o f  16, 18 and prove very s i m i l a r  i n  the  sense t h a t  

a l l  e x h i b i t  i so la ted  A5 pat te rns  f o r  the  cyclopropyl  protons. I n  add i t ion ,  the  presence o f  the  

benzgvl group i n  16-1R and i s  cons is tent  w i t h  the presence of a  lob-fie:d n u l t i o l e t  centered at 

n s 8.0-8.2 assigned t o  t h e  aromatic protons or tho  t o  the  carbonvl group. The aromatic patterns i n  

the proton spectra o f  16 and 22 (F ig .  1 )  are very s i m i l a r  and may be d is t inou ished on the basis o f  

the exchangeable W s iqna l  a t  6 9.01. 

The proton spectrum o f  displayed i n  Figure 2a revea ls  the presence of two epoxy proton 

m u l t i p l e t s  i n  a d d i t i o n  t o  another pa i r .  The r e s u l t s  o f  decoupling experiments and coup l ing  con- 

s tants  are depicted i n  Figure 2b. Such unusual coup l ing  pat terns  have been documented i n  the  

l i t e r a t u r e ,  and the nature and magnitude of coupl ino i n  our system i s  very s i m i l a r  t o  t h a t  pre- 

v ious ly  repor ted f o r  r e l a t e d  types (29). 

Analysis o f  the  carbon-13 nmr spectra o f  1P_, 12 and 22 (Fig.  3), coupled w i t h  add i t i ona l  

l i t e r a t u r e  r e s u l t s  (30) provides se l f - cons i s ten t  data i n  support o f  the s t r u c t u r a l  assignments. It 

i s  noteworthy t h a t  the data c o l l a t e d  f o r  16 i nd i ca te  t h a t  the  phenol ic OH i s  in t ramolecu lar ly  

hydrogen bonded t o  the  a r y l  carbonyl ,  i . r .  downf ie ld s h i f t  ( 3 . 9  ppm) o f  the  carbonyl carbon of 16 

r e l a t i v e  t o  22 
1.2-Diphenyl-3,3,4,4-tetramethylcyclobutene (31) prepared by [2+2] photoadd i t ion  of t o l a n  t o  

2.3-dimethyl-2-butene ( 1 7 )  was a lso  subjected t o  photosensi t ized ox ida t i on  under cond i t ions  s im i l a r  

t o  those employed w i t h  the  cyclobutenes 14 and E. This substrate proved even l ess  reac t i ve  than 

the dimethyl anal09 under the standard cond i t ions  emnloved throuohout t h i s  study. I n  fact ,  95% 
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of t h e  cyclobutene 3l was recovered. An examinat ion of t h e  t r a c e  q u a n t i t i e s  o f  products which a re  

ob ta ined from cyclobutene 31 employing h i a h  pressure l i q u i d  chromatoqraphic techniques,  and 

standard au then t i c  s m p l e s  of  t h e  d ike tone 22 (31) and t h e  oxabicyclobutane 31 (32)  confirmed t h a t  

these a re  n o t  formed as o x i d a t i o n  p roduc ts .  

A comparison of  t h e  r e a c t i v i t i e s  and products generated by e l e c t r o n  t r ans fe r  sens i t i zed  o x i -  

d a t i o n  us ing  dicyanoanthracene i n  a c e t o n i t r i l e  as a so l ven t - sens i t i ze r  system and a 400-450 nm 

band pass f i l t e r  was conducted. I t  i s  ev ident  from t h e  r e s u l t s  t h a t  t h e  r e a c t i v i t y  increases and 

t h e  products d i f f e r .  For example, o x i d a t i o n  of  3l under these cond i t i ons  a f fo rds  t h e  d ike tone 32 

(-.22%), b e n z i l  (14%), and conce ivab ly  t h e  1,2-dio l  (3%) whose s te reochemis t ry  remains t o  be esta-  

b l i shed.  These r e s u l t s  p rov i de  an i n d i c a t i o n  t h a t  t h e  methylene b l ue  sens i t i zed  processes a re  pro- 

1 
ceerl ing "in f12 r a t h e r  than e l e c t r o n  t r ans fe r ,  as r e c e n t l y  suogested cou ld  be t h e  case under ce r -  

t a i n  cond i t i ons  (33).  These p r e l i m i n a r y  r e s u l t s  s u f f e r  frm t h e  disadvantage t h a t  a so l ven t  

of  h i gh  d i e l e c w i c  cons tan t  n u s t  be employed i n  t h e  e l e c t r o n - t r a n s f e r  experiments ( a c e t o n i t r i l e )  

which d i f f e r s  f rom t h a t  used w i t h  methylene b l ue  (methylene c h l o r i d e ) ,  and i t  i s  r eco ln i zed  t h a t  

1 
t h e  course of  O2 r eac t i ons  i s  so l ven t  s e n s i t i v e  ( lb.16) a t  l e a s t  i n  c e r t a i n  cases(39) .  

I n  sumary ,  t h e  r e s u l t s  of  t h i s  s tudy  conf i rm t h a t  t h e  course o f  o x i d a t i o n  o f  t h e  cyc lopro-  

penes 2, 3 and t h e  cyclobutenes 14, 11 and 31 by s i n g l e t  oxy9en nenerated by p h o t o s e n s i t i z a t i o n  

and chemical means show no cons i s t en t  o r  p r e d i c t a b l e  behavior  and i s  h i g h l y  s e n s i t i v e  t o  s u b s t i -  

t uen t  e f fec ts .  I n  most cases, p roduc t  s t r u c t u r e  has been conf i rmed by independent svn thes is .  

Furthermore, t h e  essen t i a l  d e t a i l s  necessary t o  expand t h i s  p r o j e c t  and eva lua te  these subs t ra tes  

f o r  chemiluminescent behavior  have been accumulated. The r e q u i s i t e  samples a r e  a v a i l a b l e  i n  a 

s t a t e  o f  p u r i t y  s u f f i c i e e t  t o  expand our  ongoing spectroscopic i n v e s t i g a t i o n s  i n  t h i s  area ( l c ) .  

P re l im ina ry  t o t a l  luminescence s tud ies  and product  ana l ys i s  i n  t h e  case of  3.3-dimethyl-1.2-di -  

phenylcyclopropene (1) and 1,2-diphenylcyclobutene 1%) con f i rm  t h a t  these two compounds m e r i t  f u r -  

t h e r  stlrrlv as p n t e n t i a l  lumonhores. 

Furthermore, we have demonstrated t h a t  i n  t h e  case o f  the  cyclobutenes,  t h e  i n t r o d u c t i o n  of  

methyl  subs t i t uen t s  a t  an a l l y l i c  p o s i t i o n  d r a s t i c a l l y  a f fec ts  bo th  t h e  course and ex ten t  o f  photo-  

s e n s i t i z e d  o x i d a t i o n .  The d i f f e r e n t  r e a c t i v i t i e s  d isp layed by t h e  cyclobutenes s tud ied  prov ides  
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evidence t h a t  the  s t e r i c  fac tors  p lay  a  s i 9 n i f i c a n t  r o l e  i n  d i c t a t i n o  the nature o f  the  t r a n s i t i o n  

s t a t e  f o r  the  photooxidat ion react ions .  Further studies,  bo th  t heo re t i ca l  and experimental, are 

requ i red t o  de f i ne  the  nature o f  the  i n t e r a c t i o n ( s )  o f  s i n o l e t  molecular oxygen w i t h  cyclopropenes 

and cyclobutenes. 
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