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Preliminary Note 

Z-E photoisomerizat ion of  3-methyl-3-penten-2-one. Evidence for non- 
radiative d e c a y *  
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Department of  Chemistry, Purdue University West Lafayette, Ind. 47907 (U.S.A.) 
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Although the photochemistry  of  conjugated ketones has been exten- 
sively studied, it is remarkable that, as yet,  there has been no report  on the 
quantum efficiencies of c i s - t rans  isomerization in a simple, aliphatic, a,/~- 
unsaturated ketone [ 1] .  Since the subject of  non-radiative decay in con- 
jugated carbonyl derivatives is of  considerable current interest [ 1 - 3] ,  both 
intrinsically as well as with respect to the photobiological properties of  
retinal [ 4] ,  we report  herein our results for direct irradiation in solution of 
3-methyl-3-penten-2-one (I). 

Both the E and Z isomers of  I have been previously prepared stereo- 
chemically pure [5] ,  and in contrast  to 3-penten-2-one [3] ,  are thermally 
stable in solution at room temperature.  The two isomers are readily distin- 
guished by i.r. spectroscopy [6] ,  Z-I  having three bands in the carbonyl /  
olefin region (1690, 1670, 1625 cm-1) ,  while E-I  has only two (1670, 
1645 cm-1) .  We have also found n.m.r, useful, E- I  having its vinyl proton 
(6.80 6 ) downfield from that  (5.84 6 ) observed for Z-I ,  as one would 
expect  [ 7] .  

E-I  was obtained commercially (Chemical Samples Co.) and purified 
by vapour phase chromatography (v.p.c.) followed by molecular distillation. 
Irradiation of a pentane solution, either at 254 or 313 nm, gives rise to a 
single product  detectable by v.p.c.; isolation and spectral analysis of  this 
product  verified that  it was the Z-isomer. It was readily established that the 
photoisomerizat ion is reversible (eqn. 1), and v.p.c, analysis of  an E/Z mixture 
after prolonged photolysis at 313 nm demonstrated that  all of  the starting 
material could be accounted for by these two isomers: 

© o 

C - pen tane  ~ -  Z - 1 (1) 

*Organic  P h o t o c h e m i s t r y ,  XXIX.  
Par t  XXVII I :  P. P. Wells and  H. Morr i son ,  J. Am.  Chem.  Soc., in the  press. 
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Starting isomer, M 

TABLE 1 

Quantum efficiencies for photoisomerization of 3-methyl-3-penten-2-one 

q)a 

E 
0.014 
0.032 
0.040 
0.070 
0.070 
0.070 
0.333 

0.39 
0.42 
0.42 
0.43 
0.44 
0.44 
0.42 b 

Av. 0.42 -+ 0.02 
Z 

0.034 0.40 
0.034 0.41 

Av. 0.405 

a In pentane solution, using, except where noted (footnote b), a medium pressure 
mercury lamp filtered to pass 313 nm irradiation, b This value was obtained using a 5 cm 
cylindrical cell with a flat quartz face; excitation was from a Hanovia high-pressure 
mercury-xenon arc passed through a Bausch and Lomb monochromator set at 313 nm. 

T h e  q u a n t u m  e f f i c i enc ie s  for  E - Z  i s o m e r i z a t i 0 n  were  d e t e r m i n e d  a t  
313  n m  a n d  are p r e s e n t e d  in  T a b l e  1. 

All  t h e  d a t a  we re  o b t a i n e d  a t  l o w  c o n v e r s i o n  (1 to  10%) a n d  a re  cor-  
r e c t e d  fo r  b a c k  r e a c t i o n .  U r a n y l  o x a l a t e  a c t i n o m e t r y  was  u s e d  for  t h e  
E -~ Z d e t e r m i n a t i o n s ,  a n d  t he  E-* Z r e a c t i o n  was t h e n  e m p l o y e d  as a second-  
ary  a c t i n o m e t e r  for  t h e  Z-+E m e a s u r e m e n t s .  I t  s h o u l d  be n o t e d  t h a t  t h e  
E-~ Z q u a n t u m  e f f i c i e n c y  r e m a i n s  e f f ec t i ve ly  c o n s t a n t  over  a 2 3 - f o l d  c h a n g e  

in  c o n c e n t r a t i o n .  
T h e  v a l i d i t y  o f  t hese  d a t a  is s u p p o r t e d  b y  p h o t o s t a t i o n a r y  s t a t e  mea-  

s u r e m e n t s  p r e s e n t e d  in  T a b l e  2. T h e  p h o t o s t a t i o n a r y  s t a t e  is r e l a t e d  t o  t h e  
q u a n t u m  e f f i c i enc ie s  by :  

TABLE 2 

Photostationary state composition for 3-methyl-3-penten-2-one a 

Initial composition (% Z) Photostationary state (% Z) 

59.7 46.0 
49.2 44.5 
44.6 44.6 
39.3 44.5 

Av. 44.9 + 0.07 

a Pentane solution, 313 nm excitation. 
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[E]pss eZq)Z~E 
- ( 2 )  

[Z]ps~ eE~E~z 

With ez = 36 and  e E = 29 at  313 n m ,  and  the  q u a n t u m  eff ic iencies  of  
Table  1, a p h o t o s t a t i o n a r y  s ta te  o f  1.21 is p red ic ted .  This  value is wi th in  
e x p e r i m e n t a l  e r ror  o f  t h a t  obse rved  (1.23 + 0 .04) .  

The  s ignif icant  a spec t  o f  these  da t a  is t h a t  (PZ-~E and (PE-*Z do  n o t  sum 
to  un i ty  ! A sum o f  u n i t y  wou ld  be  the  c o n s e q u e n c e  o f  a m e c h a n i s m  for  
p h o t o i s o m e r i z a t i o n  which  involved  rapid ,  complete f o r m a t i o n  o f  a c o m m o n ,  
twis ted  i n t e r m e d i a t e  [ 8 ] ,  the  s imples t  m e c h a n i s m  usual ly  assoc ia ted  wi th  
olefins [8 - 1 0 ] .  Thus ,  no  m a t t e r  which  o f  the  va r ie ty  [8] o f  a l t e rna te  
m e c h a n i s m s  is opera t ive ,  non- rad ia t ive  decay  ( the  mo lecu l e  is non - f luo re scen t )  
at  least  pa r t l y  c o m p e t i t i v e  wi th  twis t ing  a b o u t  the  doub l e  b o n d ,  wou ld  seem 
to  be a requis i te .  Similar  conc lus ions  have  been  r eached  for  3 ,5 -hep t ad i enone  
[ 1 ] ,  and  2 - c a r b o m e t h o x y - 2 - b u t e n e  [ 3 ] .  Fo r  these  molecu les ,  the  exc i t ed  
singlet  s ta te  has been  imp l i ca t ed  in the  non-sens i t ized  i r radia t ions .  T h o u g h  
we canno t ,  a t  this  t ime ,  assign wi th  c e r t a i n t y  the  mul t ip l i c i ty  of  the  reac t ing  
p e n t e n o n e  exc i t ed  s ta te ,  we have  obse rved  t h a t  p ipe ry l ene  (0.53 M) c a n n o t  
quench  the  reac t ion .  Quench ing  o f  the  t r ip le t  p o r t i o n  of  2 - c a r b o m e t h o x y -  
2 -bu tene  p h o t o i s o m e r i z a t i o n  has been  shown  to  be  feasible [3]  and pre l im-  
inary sens i t iza t ion  da ta  place the  p e n t e n o n e  t r ip le t  10 - 15 kcal  h igher  than  
t h a t  o f  p ipe ry lene .  The  abi l i ty  of  radia t ionless  decay  to  c o m p e t e  wi th  rapid  
twis t ing  a b o u t  the  doub le  b o n d  in these  con juga t ed  c a r b o n y l  der ivat ives  
m a y  be  a c o n s e q u e n c e  o f  e n h a n c e d  in terna l  convers ion  caused  b y  the  mix ing  
of  c lose- lying n,n* and  n,n* singlets [3, 1 1 ] ,  or  o f  the  f inite barr ier  to rota-  
t ion  ca lcu la ted  for  t he  (acrole in)  n,u* and  n,u* singlet  and  n,u* t r ip l e t  s ta tes  
[ 12 ] .  The  f o r m e r  p ro pos a l  has been  invoked  r ecen t ly  to  expla in  rapid  in- 
te rnal  conve r s ion  in c o u m a r i n  [ 13 ] .  

We t h a n k  the  Purdue  Research  F o u n d a t i o n  for  a David Ross  Fel lowship  
(O.R.)  and  the  Na t iona l  Science F o u n d a t i o n  fo r  par t ia l  s u p p o r t  o f  this  
research.  
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