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do n o t  ho ld  t h e m s e l v e s  respons ib le  for  t h e  op in ions  expressed  in  t he  a u t h o r s '  b r ie f  repor t s .  - 0TBeTCTBeHH0CTb 3a 

Kopowva4e cooCmeHHa HeCCT HC~CnmqHwenhH0 aBT0p. -- Igl r e sponsab le  de los i n fo rmes  reducidos ,  es t~ el au tor .  

Fragmentation of Photoadducts between Vinylene Carbonate and Unsaturated Ketones 

A procedu re  for t he  p r e p a r a t i o n  of u n s a t u r a t e d  1,4- 
d i c a r b o n y l  c o m p o u n d s ,  w h i c h  i n v o l v e d  a n  ox ida t i ve  
f r a g m e n t a t i o n  of a s u i t a b l y  s u b s t i t u t e d  c y c l o b u t a n e  
d e r i v a t i v e  ha s  been  desc r ibed  r ecen t l y  x. W e  n o w  wish  to 
r e p o r t  a sho r t e r  a n d  more  c o n v e n i e n t  m e t h o d  for  the  
syn thes i s  of t h e  same  k ind  of de r iva t ives ,  wh ich  appea r s  
to  be  qu i t e  general .  

T h e  s imple  p rocedu re  cons i s t s  in  t he  hydro lys i s  (by 
w a t e r  or d i lu t e  alkal i)  of t he  p h o t o a d d u c t  b e t w e e n  an  
e, f l - unsa tu r a t ed  k e t o n e  a n d  v i n y l e n e  c a r b o n a t e .  The  
process  is i l l u s t r a t ed  in e q u a t i o n  (1) a n d  i t  gives t he  f ina l  
p r o d u c t s  in  a good overa l l  yield.  

possess ing  a ful ly s u b s t i t u t e d  doub le  bond .  On  t r e a t m e n t  
w i t h  d i lu te  alkal i ,  (IVA) gave  t h e  cyc lop ropy l  a l d h y d e  
( IVB) .  F u r t h e r  t r e a t m e n t  of (IVB) w i t h  10% m e t h a n o l i c  
p o t a s s i u m  h y d r o x i d e  gave  q u a n t i t a t i v e l y  t he  h y d r o x y -  
k e t o n e  (VI) w h i c h  was ox id ized  a t  low t e m p e r a t u r e  in  
a ce tone  w i t h  J o n e s '  r e agen t  to  t h e  d i k e t o n e  (VII)  Imp 
49°; I R  cm-1:  1720, 1750; N M R :  m u l t i p l e t  (1H) T = 7.44, 
s ing le t  (1H) T = 7.60, s ing le t  (3H) ~ = 8.60]. T h e  I R -  
s p e c t r u m  of (VII)  w h i c h  h a d  t h e  t yp ica l  cyc lop ropy l  
k e t o n e  c a r b o n y l  a b s o r p t i o n  a t  1720 cm -1 ~ a n d  a f ive- 
m e m b e r e d  k e t o n e  a t  1750 cm -x suppo r t s  t he  s t r u c t u r e  
shown.  
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R = H, alkyl group 

0 
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n = 2 , 3  

Il l  
(VI) R = -OH ~ M ~  e 

I n  a t y p i c a l  r eac t ion ,  i r r a d i a t i o n  of i sophorone  ( I I I )  
(276 mg) a n d  v i n y l e n e  c a r b o n a t e  (1.30 g) in d is t i l led  
t e t r a h y d r o f u r a n  (8 ml)  w i t h  a n  100 W H a n o v i a  Mercu ry  
l a m p  t h r o u g h  a P y r e x  f i l te r  u n d e r  n i t r o g e n  a t  - - 1 0 ° C  
for  14 h r e su l t ed  in  t h e  i so la t ion  of 2 c rys t a l l i ne  a d d u c t s  
( I I IA) ,  cis-anti-cis a n d  cis-syn-cis ( ra t io  2:1) in  a n  85~o 
y ie ld  2. A n t i - i s o m e r  of ( I I I A ) :  Imp 98°; I R  cm-X: 1800, 
1700; N M R :  q u a d r u p l e t  (ABX,  JAB = 6 cps, JAx  = 
3.6 cps, 1H) T = 4.95, d o u b l e t  (J = 6 cps, 1H) ~ = 5.23, 
d o u b l e t  (J = 3.6 cps, 1H) • = 7.13]. S y n - i s o m e r o f  ( I I I A ) :  
Imp 90°; I R  c m - i :  1800, 1700; N M R :  t r i p l e t  (ABX,  
JAB = 6 cps, JAx  = 7 cps, 1H) T = 4 . 7 4 ,  d o u b l e t  
(J = 6  cps, 1H) T = 5.27, d o u b l e t  (J = 7 cps, 1H) 
z = 7.14]. On t r e a t m e n t  w i t h  w a t e r  or  p o t a s s i u m  h y d r o -  
x ide  in  m e t h a n o l  a t  r oom t e m p e r a t u r e ,  t h e  a n t i - i s o m e r  
of ( I I IA)  was  r ead i ly  c o n v e r t e d  to  a n  oi ly  u n s a t u r a t e d  
k e t o a l d e h y d e  ( I I IB)  [ I R  c m - i :  1670, 1725, 1640; N M R :  
t r i p l e t  (1H) T = 0.42, b r o a d  s ing le t  (2H) z = 6.53, b r o a d  
s ing le t  (4H)T = 7.70, s ing le t  (3H) T8.07,  s ing le t  (6H 
z = 8.95; U V  :l Et°H n m  (log e): 243 (4.10)], in  a y ie ld  "max 
of 90% (2 ,4-d in i t rophen~glhydrazone  m p  131°). The  
conve r s ion  of t h e  syn - i somer  in to  ( I I IB)  p roceeded  in a 
lower  yield.  I n  a s imi l a r  m a n n e r ,  a series of u n s a t u r a t e d  
ke tones  s h o w n  in  C h a r t  I h a s  b e e n  s tud ied  a n d  t h e  spec t r a l  
d a t a  of t h e  p r o d u c t s  a re  a s sembled  in t h e  Table .  

I n  a l l  cases t h e  o u t c o m e  was  t h e  same,  e x c e p t  in  t he  
case of c o m p o u n d  (IV) w h i c h  differs  f rom t he  o the r s  b y  

Product IR (era -a) NMR (v, ppm)" 

(IB) 2740 0.32 (1H) t 
1725 3.12 (1H) t 
1670 6.72 (2H) d 

(IIB) 1730 0.40 (1H) t 
1670 6.57 (2H) d 
1640 8,07 (3H) s 

(IVB) 2740 0.39 (1H) d 
1700 8.50 (3H) s 

(VB) 1728 0.40 (1H) t 
1650 3.60 (1H) t 

6.80 (2H) d 

=s = singlet, d = doublet, t = triplet. 

1 N. R. HUNTER, G.A. MACALPXNE, H.J .  LIu and Z. VALENTA, 
Can. J. Chem. d8, 1436 (1970). 
Satisfactory analytical data were obtained for all new compounds 
reported. 

a H. DUTLER, C. GANTER, H. RYF, ]~. C. UTZINGER, K. WEINBERG, 
K. SCHAFFNER, D. ARmoSI and O. JEGER, Helv. chim. Acta ,/5, 
2346 (1962). - P. J. KRoPP and W. F. ERMAI¢, J. Am. chem. Soe. 
85, 2456 (1963). 
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EXPERIENTIA 27/12 

* Because the product VB was unstable the yield varied 
from run to run. 

I n  a l l  cases s h o w n  in C h a r t  I ou r  p rocedu re  r e p r e s e n t s  
a v e r y  s imple  a n d  ef f ic ient  m e t h o d  to  replace  a n  x -hydro-  
gen in a n  x, f l - unsa tu r a t ed  k e t o n e  b y  a n  a c e t a l d e h y d e  s ide 
chain .  The  r eac t ion  m e c h a n i s m  wh ich  we be l ieve  m a y  be  
respons ib le  for  t he  r epo r t ed  f r a g m e n t a t i o n s  is p o r t r a y e d  
b y  t h e  a r rows  in e q u a t i o n  (1). 

W e  h a v e  also c o n s i d e r e d  t h e  fo l lowing m e c h a n i s t i c  
poss ibi l i ty .  I t  would  be  conce ivab le  t h a t  a l l  t h e  f r a g m e n -  
t a t i o n s  p roceed  v ia  cyc lopropy l  a l d e h y d e  i n t e r m e d i a t e s  
such  as (VII I ) .  These  i n t e r m e d i a t e s  could t h e n  open  b y  a 
reverse  Michae l  r eac t i on  ( ind ica ted  b y  t h e  a r rows  in 
f o r m u l a  (VII I ) )  p r o v i d e d  t h e r e  is a n  x - h y d r o g e n  p resen t .  
I n  t h e  absence  of a n  x -hydrogen ,  t he  cyc lop ropy l  a l d e h y d e  
would  be  t h e  f ina l  p r o d u c t  (cf. IVB) .  However ,  t h i s  p a t h  
does n o t  seem to  be  correct .  W e  h a v e  succeeded  to  
p r e p a r e  c o m p o u n d  (VI I I )  a n d  we h a v e  f o u n d  t h a t  i t  
does no t  y ie ld  t he  f r a g m e n t a t i o n  p r o d u c t  ( I I I B )  on  t r e a t -  
m e n t  w i t h  w a t e r  or  d i lu te  alkal i .  

o f~H 

M~~~~H 

I r r a d i a t i o n  of ( I I I )  w i t h  cis-l,2-dichloroethylene in 
t e t r a h y d r o f u r a n  gave  two  i somer ic  adduc t s ,  I X A  a n d  
I X B  (rat io  12:1) in a yie ld  of 73%.  C o m p o u n d  ( I X A ) :  
Imp  99°; I R  cm-X: 1700; N M R :  t r i p l e t  (ABX,  J A B  = 8.5 
cps, J A x  = 8 cps, 1H) T = 5.68, d o u b l e t  (J = 8.5 cps, 

1H) v = 5.96, d o u b l e t  (J = 8 cps, 1H) z = 7.35]. Com- 
p o u n d  ( I X B ) :  Emp 89°; I1~ c m - l :  1700; N M R :  t r i p l e t  
(ABX,  JAB ~ 6 cps, JAx = 8 cps, 1H) T ~ 5.15, d o u b l e t  
(J = 6 cps, 1H) T = 5.57, d o u b l e t  (J = 8 cps, 1H) T = 
6.96]. 

T r e a t m e n t  of ( IXA)  w i t h  zinc d u s t  in  bo i l ing  glacial  
acet ic  acid gave  t he  c h l o r o a c e t a t e  (X), w h i c h  o n  m e t h a -  

0 0 

M ~ ~ ' - . C L  Me~C [ 

~ O A C  

~ A - - "  M e ~ .  C, 

0 H X " - 4 , ,  0 H 

M8 CHO MB~ "'H 
M~ ,8 ~e v ~e 

MB~M ~ 
R 
R=~H 
R==(] 



15. 12. 1971 Specialia 1379 

nolys is  in  d i lu t e  a lka l i  a t  p H  9 y ie lded  t h e  oi ly cyc top ropy l  
a l d e h y d e  ( V I I I A )  [ I R  cm-~:  1700, 1716; N M R :  d o u b l e t  
(1H) T = 0.20, s ing le t  (3H) T = 8.57, s ing le t  (6H) T --=- 
8.95]. R e a c t i o n  of ( IXA)  w i t h  l i t h i u m  c a r b o n a t e  a n d  
l i t h i u m  chlor ide  in a n h y d r o u s  d i m e t h y l f o r m a m i d e  gave  
q u a n t i t a t i v e l y  t h e  c rys ta l l ine  cyc lop ropy l  a l d e h y d e  
(VI I IB) ,  i somer  of (VI I IA)  Imp 56°; I R  cm-X: 1700, 1716; 
N M R :  d o u b l e t  (1H) "c = 0.54, s ing le t  3H) "r = 8,60, 
s ing le t  (6H) T = 9,00~. T he  mass  s pec t r a  of c o m p o u n d  
(VIIIA) and (VIIIB) were  ident ica l .  B o t h  (VIIIA) and  
(VIIIB) o n  t r e a t m e n t  w i t h  10% m e t h a n o l i c  p o t a s s i u m  
h y d r o x i d e  gave  exc lus ive ly  t h e  h y d r o x y  k e t o n e  (XI)  
wh ich  was  ox id ized  w i t h  J o n e s '  r e agen t  to  t h e  d i k e t o n e  
(XlI) Imp 109°; I R  cm-X: 1724, 1750; N M R :  s ing le t  (1H) 
T = 7.35, s ing le t  (1H) T = 7.96, s ing le t  (2H) v = 8.10, 
s ing le t  (3H) T == 8.70, s ing le t  (GH) T = 8.91]*. 

Zusammen/assung. E i n f a c h e  p h o t o c h e m i s c h e  M e t h o d e  
fiir die S u b s t i t u t i o n  yon  e - H - A t o m e n  eines c~, fl-ungesXt- 
t i g t e n  K e t o n s  d u r c h  eine A c e t a l d e h y d - S e i t e n k e t t e .  

PAK-TsuN HO, S.F. LEE, D. CHANG, 
a n d  K. WIESNER 

Natural Products Research Center, 
University o / N e w  Brunswick, 
Fredericton (N.B., Canada), 28 June 1971. 

4 We wish to thank the National Research Council, Ottawa, and 
Hoffmann-La Roche, Nutley, New Jersey, for financial support of 
these studies. 

P o l a r o g r a p h i c  D e t e r m i n a t i o n  of  the  R e a c t i o n  R a t e  

W e  wish  to  disclose t he  f i r s t  d i rec t  d e t e r m i n a t i o n  of t h e  
r a t e  of t he  second ' v e r y  f a s t '  s tep  in a n  SNI  d i s p l a c e m e n t  
b y  a nove l  app l i c a t i on  of p o l a r o g r a p h i c  k ine t i c  cu r r en t s .  

Since t he  d i scove ry  of  p o l a r o g r a p h i c  k ine t i c  c u r r e n t s  ~ 
t h i s  m e t h o d  ha s  been  f r e q u e n t l y  used for t h e  d e t e r m i n a t i o n  
of f a s t  r e ac t i on  r a t e s  m a i n l y  in  a n  ' e q u i l i b r i u m  s i t ua t i on ' .  

N ~ ~ R (I) 
h2 

If  a n o n r e d u c i b l e  species N is in  e q u i l i b r i u m  w i t h  a 
r educ ib le  species R,  t h e n  u n d e r  c e r t a i n  condi t ions ,  w h i c h  
re su l t  in  ' comple t e  k ine t i c  cont ro l ' ,  t h e  p o l a r o g r a p h i c  
w a v e  of R is con t ro l l ed  b y  t h e r a t e  of f o r m a t i o n  k x a n d  
t h e  r a t e  of decay  k 2 of t h i s  species. 

Equation (2) gives t h e  v a l u e  of t he  k ine t i c  c u r r e n t  i~ 
as a f u n c t i o n  of t h e  c o n c e n t r a t i o n  of N, t he  t w o  r a t e  
c o n s t a n t s  kl a n d  k~, t h e  d i f fus ion  c o n s t a n t  of the reduc ib le  
species D a n d  t h e  a v e r a g e  surface  of t h e  e lec t rode  
q2-4. 

= n F 10 -a q DI/2 k 1 ~ [N] (2) 

S ince  e q u a t i o n  (2) c o n t a i n s  two  u n k n o w n s  (k x a n d  k,), 
we m u s t  h a v e  a t  ou r  d i sposa l  a second  r e l a t i o n s h i p  
b e t w e e n  t h e m ,  in o rde r  to  be  ab l e  to  solve  t h e  sys tem.  
Such  a r e l a t i onsh ip  is m o s t l y  p r o v i d e d  b y  t h e  d e t e r m i n a -  
t i o n  of t he  equ i l i b r ium c o n s t a n t  K = k x / k 2 = JR] / IN]. 

Cons ider  now a n  i r revers ib le  s y s t e m  u n d e r g o i n g  SN1 
d i sp l acemen t .  

R x  z s  (3) 

T h e  s t a r t i n g  m a t e r i a l  R X  ejec ts  t h e  l eav ing  g r o u p X -  
in  t h e  r a t e  - d e t e r m i n i n g  f i r s t  s tep  a n d  yields  t h e  carbo-  
n i u m  ion R(+). Th i s  species r eac t s  ' e x t r e m e l y  r a p i d l y '  
w i t h  t he  so lven t  S a n d  yields  t h e  end  p r o d u c t  RS. The  
r eac t i on  is f i rs t  o rde r  a n d  t h e  overa l l  r a t e  is iden t i ca l  w i t h  
t h e  r a t e  of t h e  f i r s t  s t ep  h v L e t  us  a s s u m e  t h a t  b o t h  R X  
a n d  R S  are  p o l a r o g r a p h i c a l l y  n o n r e d u e i b l e  a n d  R(+} yie lds  
a wel l  def ined  p o l a r o g r a p h i e  wave .  

E q u a t i o n  (2) is i m m e d i a t e l y  app l i cab l e  to  t h i s  s y s t e m  
a n d  m a y  be  w r i t t e n  in t h e  fo rm (4) 

i-~(0 = n F 10 -a q D1/2 k, V1--~2 [RX]t (4) 

The k ine t i c  c u r r e n t  of t h e  c a r b o n i u m  ion, i,~(o is d i r ec t l y  
p r o p o r t i o n a l  to  t he  c o n c e n t r a t i o n  of t he  s t a r t i n g  m a t e r i a l  

of t h e  S e c o n d  S t e p  in an  S N 1  D i s p l a c e m e n t  

RX.  Since R X  decreases  b y  a f i rs t  o rde r  reac t ion ,  t h e  
k ine t i c  c u r r e n t  is t i m e  d e p e n d e n t  a n d  f rom th i s  t i m e  
d e p e n d e n c e  i t  is poss ible  to  e v a l u a t e  s i m p l y  t he  overa l l  
r e ac t i on  r a t e  kex~. 

N o w  t h e  overa l l  r e ac t i on  r a t e  h,xp is iden t i ca l  w i t h  t h e  
r a t e  of t h e  f i r s t  s t ep  k 1. 

Consequen t ly ,  if we i n t r o d u c e  i n to  t h e  e q u a t i o n  (4) 

t h e  k ine t i c  c u r r e n t  a t  t i m e  zero igo o b t a i n e d  b y  e x t r a -  
po la t ion ,  t h e  in i t i a l  c o n c e n t r a t i o n  of t he  s t a r t i n g  m a t e r i a l  
[RXJo a n d  s u b s t i t u t e  t h e  k n o w n  hez~ for k 1 t h e  r a t e  con-  
s t a n t  for  t h e  second  fas t  s t ep  k2 m a y  be  ca l cu la t ed .  

Since dif fus ion coeff ic ients  are  d i f f icu l t  to  de t e rmine ,  
i t  is c o n v e n i e n t  to  e l i m i n a t e  f rom e q u a t i o n  (4) t he  d i f fus ion 
coeff ic ient  D b y  i n t r o d u c i n g  t h e  c o n c e p t  of ' t heo re t i ca l  

d i f fus ion c u r r e n t '  ia. Thi s  m a y  be  def ined  as t h e  h e i g h t  of 
t he  d i f fus ion  con t ro l l ed  p o l a r o g r a p h i c  wave  g iven  b y  a 
reduc ib le  c o m p o u n d  wh ich  h a s  the  s a m e  di f fus ion coeffi- 
c i en t  as R X  in  t h e  s ame  so lven t  s y s t e m  a n d  is p r e se n t  

in t h e  s ame  c o n c e n t r a t i o n  as  RX.  I t  is c lear  t h a t  ia m a y  
be  d e t e r m i n e d  b y  r eco rd ing  a p o l a r o g r a m  of a reduc ib le  
c o m p o u n d  of v e r y  a p p r o x i m a t e l y  t h e  s ame  size a n d  
s h a p e  as  RX.  Thus ,  we o b t a i n  t h e  e q u a t i o n  (5) wh ich  
c o n t a i n s  besides  k 2 on ly  r ead i ly  m e a s u r a b l e  quan t i t i e s .  

i~o/~a = 0.886 ]/[-d-rr~p time] k e z p / ~  (5) 

I n  a ce tone  w a t e r  m i x t u r e s  wh ich  c o n t a i n  less t h a n  10% 
v / v  w a t e r  t h e  ch lor ide  I has  been  r e p o r t e d  5 to unde rgo  a n  
S N I  d i s p l a c e m e n t  a n d  yie ld  t h e  a lcohol  I I I  v i a  t h e  
c a r b o n i u m  ion I I .  
W e  now f ind t h a t  t h i s  s y s t e m  gives  a c lear  p o l a r o g r a p h i c  
wave  (El/2 = - 0 . 3 7  V vs  S .C ,E . )  w h i c h  decreases  w i t h  
t i m e  as a f i r s t  o rder  reac t ion .  T h e  w a v e  is i n d e p e n d e n t  
of m e r c u r y  p r e s s u r e 1  su r f ac t an t s ,  l i nea r ly  d e p e n d e n t  on  
t h e  c o n c e n t r a t i o n  of I a n d  i t  g ives  s m o o t h  'i-t' p a r a b o l a s  
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