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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 .  
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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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w i t h  a n d  e x p o n e n t  ~ 0.70 *. (Cri ter ia  of a fu l ly  r a t e  
con t ro l l ed  v o l u m e  reac t ion) .  I t  c an  b e  r igorous ly  conc luded  
t h a t  t h e  reduc ib le  species respons ib le  for th i s  p o l a r o g r a p h i c  
w a v e  is indeed  t h e  c a r b o n i u m  ion I I .  On ly  t h e  s t a r t i n g  
ch lor ide  I, t h e  c a r b o n i u m  ion I I  a n d  t h e  p r o d u c t  I I I  
p a r t i c i p a t e  in  t he  SN1 d i sp l acemen t .  T he  p r o d u c t  I I I  
is n o n r e d u c i b l e  a n d  can  n o t  be  respons ib le  for t h e  wave .  
Moreover ,  i t s  c o n c e n t r a t i o n  is g rowing  w i t h  t i m e  whereas  
t h e  p o l a r o g r a p h i c  w a v e  is d imin i sh ing .  Since t h e  w a v e  is 
fuIly r a t e  con t ro l led ,  i t  c a n  n o t  be  due  to  t h e  s t a r t i n g  
chlor ide  I b u t  m u s t  be  due  to  a species p r o d u c e d  f rom 
I b y  a chemica l  reac t ion .  T he  c a r b o n i u m  ion I I  is t h u s  
t he  on ly  cand ida t e .  

Values of k~ and k~ derived for the SN1 reaction of p-methoxy 2-phe- 
nyI propyl chloride 

% H20(v/v) k ~  = kls -I* i~o/ia* ~as -1 

5 9 . 2  × 10 - a  3 .2  × 10 - a  2 .0  × 10 e 

7 .5  10 .5  × 10 -3 2 .7  X 10 -4  3 .9  X 10 3 

8 .7  12 .4  × 10 -~ 2.1 × 10  -4  8 .6  × 10 3 

*Data obtained at -0.45V vs S.C.E., drop time = 2.50 s, 25°C. 

I I ~l 

I n  a g r e e m e n t  w i t h  t h i s  conc lus ion  one m a y  d i r ec t ly  
obse rve  a b e a u t i f u l l y  deve loped  one  e lec t ron  r e d u c t i o n  
wave  of t he  c a r b o n i u m  ion I I  if one dissolves  t h e  a lcohol  
I I I  in  su lphur i c  ac id -wa te r  or  su lphur i c  ac id-ace t ic  ac id  
m i x t u r e s  of e x t r e m e  a c i d i t y  (El/2 = - 0 . 4 9  V vs  S . C . E .  
a t  Ho : - 2 ;  El/2 = -0 .40  V vs  S . C . E .  in  6 %  s u l p h u r i c  
acid in ace t ic  acid.  T h e  sma l l  d i f ferences  in  ha l f  wave  
p o t e n t i a l  are  u n d e r s t a n d a b l e  in v iew of t h e  large differ-  
ences  in  so lvent ,  ionic  s t r e n g t h ,  a n d  t h e  r e su l t i ng  uncor -  
r ec ted  d i f fus ion  po ten t ia l s ) .  

Consequen t ly ,  we h a v e  conc luded  t h a t  we are  i ndeed  
deMing w i t h  a case  as  d i scussed  a b o v e  a n d  we p roceeded  
w i t h  t h e  e v a l u a t i o n  of  k~ in t h e  m a n n e r  ind ica t ed .  T h e  
decrease  of t h e  wave  gave  a n  exce l l en t  s t r a i g h t  l ine  f i t  in  
a f i r s t  o rde r  p lo t  f rom w h i c h  ke,~ was  e v a l u a t e d .  The  
va lue  of kexp was  i n d e p e n d e n t  of m e r c u r y  pressure ,  
s u r f a c t a n t s  a n d  t h e  c o n c e n t r a t i o n  of I. T h e  s t r a i g h t  l ine  

p lo t s  also gav.e t h e  va lues  of leo for  t he  i n d i v i d u a l  concen-  

t r a t i o n s  of I. The  v a l u e  of /-a was  d e t e r m i n e d  f rom t h e  
k n o w n  w a v e s  of a c e t o p h e n o n e  in t h e  s a m e  m e d i u m .  To  
insure  suff ic ient  c o n d u c t i v i t y  a r o u n d  t i m e  zero (before 
more  hydroch lo r i c  acid is formed)  an  in i t i a l  c o n c e n t r a t i o n  
of hydroch lo r i c  acid 0 , 0 5 M  was used. I t  was  also ascer ta i -  
ned  e x p e r i m e n t a l l y  t h a t  t h e  c h a n g i n g  c o n c e n t r a t i o n  of 
hydroch lo r i c  acid h a d  no  in f luence  on  t h e  m a g n i t u d e  
of t i le  l imi t ing  c u r r e n t  of t h e  w a v e  w h i c h  was  m e a s u r e d  
a n d  specif ical ly  t h a t  hyd r och l o r i c  ac id  d id  n o t  in f luence  
t h e  c u r r e n t  a t  t h e  p o t e n t i a l  ( -0.45 V v s  S .C .E . )  a t  

w h i c h  t h e  r ead ings  of iem were  made .  I n  t h i s  m a n n e r  
t h e  d a t a  a s sembled  in t he  T a b l e  were  ob ta ined .  

T h e  v a l u e  of kl de r ived  e x p e r i m e n t a l l y  in  t h i s  s t u d y  is 
a b o u t  s ix t i m e s  sma l t e r  t h a n  t h a t  p rev ious ly  o b t a i n e d  b y  
e x t r a p o l a t i o n  f rom resu l t s  a t  low t e m p e r a t u r e s  a n d  differ-  
en t  w a t e r  c o n c e n t r a t i o n s  G. The  increase  of k~ w i t h  increas-  
ing w a t e r  c o n c e n t r a t i o n  is on ly  a b o u t  ha l f  of t h a t  pre-  
v ious ly  e x t r a p o l a t e d  5. I n  v iew of t he  h ighe r  c o n c e n t r a t i o n s  
of I (5% v/v)  in  our  ease a n d  t h e  f ac t  t h a t  t he  p r e v i o u s  
s t u d y  o b t a i n e d  t h e  resu l t s  b y  ex t r apo l a t i on ,  t h e  two  va lues  
of t h e  overa l l  r a t e  c o n s t a n t s  c an  be  cons idered  compa t ib l e .  
As would  be  expec t ed  t h e  v a l u e  of k ,  increases  m o r e  
r a p i d l y  t h a n  kx w i t h  inc reas ing  w a t e r  c o n c e n t r a t i o n .  
T h e r e  is a d i f fe rence  of a l m o s t  six orders  of m a g n i t u d e  
b e t w e e n  t h e  r a t e  of t h e  f i r s t  a n d  second step.  

Th i s  e x a m p l e  is t h e  f i rs t  case in  w h i c h  t he  r a t e  of t h e  
second  s tep  of a n  SN1 d i s p l a c e m e n t  ha s  b e e n  d i rec t ly  
d e t e r m i n e d .  P o l a r o g r a p h y  is u n i q u e l y  su i t ab l e  for  such  a 
s tudy ,  s ince  r e l a x a t i o n  t e c h n i q u e s  are  on ly  c a p a b l e  of 
s t u d y i n g  e q u i l i b r i u m  sys tems .  

Zusammen[assung. Die Ze i t abhAng igke i t  des  po laro-  
g r a p h i s c h e n  S t romes ,  welche  m a n  bei  de r  gemAss SN1 
v e r l a u f e n d e n  H y d r o l y s e  y o n  p - M e t h o x y - 2 - p h e n y l p r o p y l -  
ch lor id  b e o b a c h t e t ,  e r m 6 g l i c h t  d ie  ] 3 e s t i m m u n g  d e r  
G e s c h w i n d i g k e i t s k o n s t a n t e n  k 1 de r  G e s a m t r e a k t i o n  so- 
wie  a u c h  de r  G e s c h w i n d i g k e i t s k o n s t a n t e n  k s des  zwe i t en  
r a s c h e n  Schr i t tes ,  we lche r  n a c h  pseudo-e r s t e r  O r d n u n g  
ver l i iuf t .  F i i r  k 2 e rg ib t  s ich in Aceton ,  das  5% W a s s e r  
enth~ilt,  bei  25~C k 2 = 2,0 x 10~ sec -1. 
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A D e f e n s e  A l k a l o i d  in  a C a r n i v o r o u s  B e e t l e  

The  c o m m o n  E u r o p e a n  l a d y b u g  Coccinella septem- 
punctata L. (Coleoptera,  Coccinell idae) ha s  long  been  
k n o w n  to  possess  t h e  chemica l  defenses  t h a t  are expec t ed  
to  b e  assoc ia ted  w i t h  i t s  a p o s e m a t i c  co lo ra t ion  1. T h e  
insect ,  w h e n  moles ted ,  re leases  d rop le t s  of o range  h a e m o -  
l y m p h  a t  i t s  a r t i cu l a t ions .  Th i s  ' re f lex  b l eed ing '  of  

Coccinel l idae insures  a r e l a t i v e  i m m u n i t y  t o w a r d s  p reda -  
tors ,  especial ly  a n t s  *. 

I n  a p r e l i m i n a r y  s tudy ,  1600 C. septempunctata (collect- 
ed  in  Brusse l s  in  D e c e m b e r  1970) were  b l e n d e d  a t  r o o m  
t e m p e r a t u r e  in  m e t h a n o l .  T h e  s u p e r n a t a n t  was  s e p a r a t e d  
b y  c e n t r i f u g a t i o n  a n d  p a r t i t i o n e d  b e t w e e n  m e t h a n o l  a n d  


