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s ind.  B e g i n n t  j e d o c h  e in  c h e m i s c h e s  Agens  n a c h  de r  
N e u v e r t e i l u n g  zu wi rken ,  d a n n  wi rd  das  we i t e re  W a c h s -  
t u r n  a l le r  c h e m o s e n s i b l e n  A r t e n  bzw.  V a r i a n t e n  u n t e r -  
dr f ick t ,  u n d  die N e u v e r t e i l u n g  f f ih r t  zu e ine r  E r h 6 h u n g  
de r  K o l o n i e n z a h l  n u r d e r  c h e m o r e s i s t e n t e n  Ke ime .  E i n e  
so lche  Z u n a h m e  de r  K o l o n i e n z a h l  i s t  be i  e n t s p r e c h e n d e r  
t { l e i n h e i t  d e r  p r i m ~ r e n  M i k r o k o l o n i e n  j e d o c h  n i c h t  zu 
e r w a r t e n ,  w e n n  c h e m o r e s i s t e n t e  V a r i a n t e n  e r s t  u n t e r  
de r  E i n w i r k u n g  des  c h e m i s c h e n  A g e n s  e n t s t e h e n .  

Bei  C h e m o r e s i s t e n z e n  i s t  e ine  h~[odifikation des  y o n  
NEWCOMBE zu r  P r i i f u n g  y o n  P h a g e n r e s i s t e n z e n  ange -  
g e b e n e n  T e s t v e r f a h r e n s  e r fo rde r l i ch ,  die Pine g u t  def t -  
n i e r t e  _~nderung  des  N ~ i h r m e d i u m s  o h n e  LAsion d e r  
M i k r o k o l o n i e n  gew~hr l e i s t e t .  M a n  g e h t  d a b e i  a m  ein-  
f a c h s t e n  so vor ,  d a b  die B a k t e r i e n  n i c h t  u n m i t t e l b a r  
au f  die A g a r o b e r f l g c h e ,  s o n d e r n  au f  s ter i le ,  b a k t e r i e n -  
d i c h t e  2¢Iembranf i l ter  g e b r a c h t  w e r d e n  (zum Be i sp i e l  
M e m b r a n f i l t e r  ((mittel,,  g 9 e r a  de r  F i r m a  S a r t o r i u s ,  
G 6 t t i n g e n ) .  Die  M e m b r a n f i l t e r  l a ssen  s ich  n a c h e i n a n d e r  
a u f  h a l b f e s t e  N / i h r b 6 d e n  v e r s c h i e d e n e r  Z u s a m m e n -  
s e t z u n g  legen  u n d  b e b r i i t e n .  E s  k o m m t  zu e i n e m  s c h n e l l e n  
A u s t a u s c h  des  N/~hrmediums .  Die  B a k t e r i e n  w a c h s e n  
au f  d e n  F i l t e r n  zu g u t  e r k e n n b a r e n  K o l o n i e n  aus .  

N a c h  d i e s e m  V e r f a h r e n  w u r d e  de r  E n t s t e h u n g s m e -  
c h a n i s m u s  c h e m o r e s i s t e n t e r  B a k t e r i e n v a r i a n t e n  ge- 
pr i i f t .  ~Jber  da s  E r g e b n i s  d iese r  U n t e r s u c h u n g  w i r d  a n  
a n d e r e r  Stel le  x b e r i c h t e t  w e r den .  WOLFGA~G DITTRICH 

U n i v e r s i t / i t s - F r a u e n k l i n i k  H a m b u r g - E p p e n d o r f ,  d e n  
6. Ju l i  1951, 

S u m m a r y  

A n e w  f o r m  of  t h e  N e w c o m b e  t e s t  is  d e s c r i b e d  w h i c h  
g ives  a good  pos s ib i l i t y  of t e s t i n g  m e c h a n i s m  of t h e  
o r ig in  of  c h e m o r e s i s t a n t  b a c t e r i a ,  

i H. BORNSCHEIN, W. DITTRICH und G. H6HNE Naturwissen- 
schaften 38, 383 (1951). 

D I S P U T A N D U M  

C o n c e r n i n g  t h e  M e c h a n i s m  o f  t h e  S i l v e r  

S a l t - B r o m i n e  R e a c t i o n  

Introduction.  I n  t h e  course  of s y n t h e t i c  a n d  d e g r a d a -  
t i v e w o r k ,  e x t e n s i v e  use  h a s  b e e n  m a d e  in  t h i s  l a b o r a t o r y  
a n d  e l sewhere  of t h e  s i lve r  s a l t - b r o m i n e  r e a c t i o n  (cf. 1 
for  a review) .  T h e  q u e s t i o n  as *o t h e  m e c h a n i s m  of t h i s  
use fu l  r e a c t i o n  was  of o b v i o u s  i n t e r e s t ,  a n d  t h i s  q u e s t i o n  
s t i l l  f o rms  a s u b j e c t  of a c t i v e  c o n t r o v e r s y  (cf. ~ for  r e c e n t  
d i scuss ions) .  A s t u d y  of t h e  p e r t i n e n t  l i t e r a t u r e  r e v e a l e d  
t h a t  c e r t a i n  s t e r e o c h e m i c a l  c o n s i d e r a t i o n s  a p p a r e n t l y  
h a v e  n o t  as  y e t  b e e n  p u t  f o r w a r d  in  c o n n e c t i o n  w i t h  t h i s  
r e a c t i o n ,  a n d  i t  t h e r e f o r e  s eems  a p p r o p r i a t e  t o  g ive  a 
b r i e f  r e v i e w  on  t h e  p r e s e n t  s t a t e  of  t h e  p r o b l e m .  

T h e  o v e r a l l  r e a c t i o n  (A) of  b r o m i n e  w i t h  t h e  s i lve r  s a l t  
of a c a r b o x y l i c  ac id  is k n o w n  t o  p r o c e e d  in  t w o  s tages ,  
(B) a n d  ( C ) l  

(A) RCOOAg + Br~ --~ R Br  + AgBr  + CO 2 
(i) 

(B) RCOOAg + Br~ -+ RCOOBr + AgBr 
(I) (II) 

(C) RCOOBr --> RBr  + CO~. 
(II) 

T h e  m a i n  q u e s t i o n  a t  i ssue h a s  b e e n  w h e t h e r  in  t h e  
d e c a r b o x y l a t i o n  s t e p  (C) t h e  g r o u p  R is a t t a c k e d  b y  a 
free b r o m i n e  a t o m ,  Br ' ,  o r  b y  a b r o m i n e  ca t i on ,  B r  +. 

I J.  KLEINBERG, Chem. Rev. 40, 381 (1947). 
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R e c e n t  e x p e r i m e n t s  x in  t h e  a r o m a t i c  ser ies  (R  = Ar)  
s t r o n g l y  i n d i c a t e  t h a t  in  t h e s e  cases t h e  c o m p l e x  (II)  
c a n  a c t  as a sou rce  of f ree  b r o m i n e  a t o m s ,  a n d  t h e s e  
cases  wil l  n o t  be  d i scussed  here .  I n  t h e  a l i p h a t i c  series, 
on  t h e  o t h e r  h a n d ,  t h e r e  is e v i d e n c e  of a n  ion ic  m e c h a n -  
i sm,  a n d  t h e  l a s t  w o r d  in  t h i s  r e s p e c t  a p p e a r s  t o  b e  t h e  
p a p e r  b y  ARCUS, CAMPBELL, a n d  KENYON ~ w h i c h  is 
c o n s i s t e n t  in  i t se l f  a n d  h a s  r e m a i n e d  u n c h a l l e n g e d  so 
far .  O n  t r e a t i n g  t h e  s i lve r  s a l t  of o p t i c a l l y  a c t i v e  e- 
p h e n y l p r o p i o n i c  ac id  w i t h  b r o m i n e ,  t h e  B r i t i s h  a u t h o r s  
o b t a i n e d  a - p h e n y t e t h y l b r o m i d e  w h i c h w a s  s t i l l  o p t i c a l l y  
ac t ive ,  t h e  r e t e n t i o n  of  a s y m m e t r y  a m o u n t i n g  to  43 %, 
w i t h  inversion of c o n f i g u r a t i o n .  T h e  a u t h o r s  c o n c l u d e  
f r o m  t h e i r  e x p e r i m e n t  t h a t  t h e  r e a c t i o n  of  b r o m i n e  w i t h  
s i lve r  a - p h e n y l p r o p i o n a t e  is m a i n l y  or  e n t i r e l y  a bi-  
m o l e c u l a r  s u b s t i t u t i o n  w i t h  i n v e r s i o n  of  c o n f i g u r a t i o n  
e f fec ted  b y  t h e  e l ec t roph i l i c  r e a g e n t ,  pos i t i ve  b r o m i n e .  
T h o u g h  t h e  p r o p o s e d  m e c h a n i s m  s a t i s f a c t o r i l y  e x p l a i n s  
t h e  o b s e r v a t i o n s  in  t h a t  p a r t i c u l a r  e x p e r i m e n t ,  i t  
fol lows f r o m  i n f o r m a t i o n  a v a i l a b l e  in  t h e  l i t e r a t u r e  t h a t  
s t i l l  a n o t h e r  m e c h a n i s m  or  m e c h a n i s m s  m u s t  ex i s t  w h i c h  
can  de f in i t e ly  n o t  i n v o l v e  a n y  c o n f i g u r a t i o n a l  i n v e r s i o n .  
Thus ,  SMITH a n d  HULL a c o n v e r t e d  t h e  s i lve r  sa l t  of 
t - b u t y l a c e t i c  ac id  i n t o  n e o p e n t y l b r o m i d e  in  62 % yie ld .  
S ince  t h e  n e o p e n t y l  s y s t e m  is k n o w n  to  be  u n u s u a l l y  
s t a b l e  a n d  i n e r t  t o  s u b s t i t u t i o n  r e a c t i o n s  i n v o l v i n g  
i n v e r s i o n  m e c h a n i s m s  a, a n d  s ince  t h i s  i n e r t n e s s  is of 
s t e r i c  r a t h e r  t h a n  of p o l a r  o r ig in  s, t h e  b i m o t e c u l a r  course  
a p p e a r s  u n l i k e l y  in  t h i s  case.  F u r t h e r m o r e ,  PRELOG a n d  
SEIW'ERTH ~ were  ab le  t o  secure ,  w i t h o u t  d i f f i cu l ty ,  a n d  
in  fa i r  y ie ld ,  t h e  d i b r o m i d e  ( I I I b )  f r o m  a d a m a n t a n e - -  
1 ,3 -d i ca rboxy l i c  ac id  ( I I I a ) ;  a n d  s imi la r ly ,  CoPE a n d  
SYNERHOLM ~ o b t a i n e d  1 - b r o m o b i c y c l o  [3.3.1] n o n a n - 9 -  
one  ( IVb)  f r o m  t h e  ac id  ( IVa)  in  74 % yie ld .  T h e  t w o  
l a s t - n a m e d  e x p e r i m e n t s  c o n s t i t u t e  e x a m p l e s  of  suc-  
cessful  t r a n s f o r m a t i o n s  a t  h i g h l y  h i n d e r e d  b r i d g e h e a d  
pos i t i ons .  
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(IV) 
a R = COOH 
b R = Br 
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(1) I t  fol lows t h a t  in  t h e s e  cases t h e  s i lve r  s a l t  r eac-  
t i o n  cou ld  not h a v e  t a k e n  t h e  bimolecular, SE2 course  
b e c a u s e  BARTLETT a n d  his  co -worke r s  x h a v e  s h o w n  t h a t  
b i m o l e c u l a r  s u b s t i t u t i o n  a n d  W a l d e n  i n v e r s i o n  a re  
i m p o s s i b l e  a t  t h e  b r i d g e h e a d  of a b icyc l ic  s t r u c t u r e  of 
t h e  a p o c a m p h a n e  t y p e ,  " a t t a c k  f r o m  t h e  r e a r "  b e i n g  
e x c l u d e d  'on s t e r i c  g r o u n d s  r ega rd l e s s  of w h e t h e r  t h e  
c a r b o n  a t o m  a t  w h i c h  t h e  s u b s t i t u t i o n  t a k e s  p lace  
ca r r ies  a f o r m a l  pos i t i ve  or  n e g a t i v e  c h a r g e  in  t h e  t r a n s i -  
t i o n  s t a t e .  

(2) I t  is t e m p t i n g  to  d iscuss  t h e  pos s i b i l i t y  of a free 
r ad i ca l  m e c h a n i s m  on t h e  e v i d e n c e  a t  h a n d ,  b u t  t h e  
s i t u a t i o n  is confus ing .  On  t h e  one  h a n d  i t  is g e n e r a l l y  
b e l i e v e d  2 t h a t  a n  a l i p h a t i c  c a r b o n  r ad i ca l  h a s  a p l a n a r  
c o n f i g u r a t i o n .  Th i s  v i ew  is f u r t h e r  s u b s t a n t i a t e d  b y  t h e  
e x p e r i m e n t s  of ROBERTS a n d  h is  co -worke r s  3. These  
a u t h o r s  were  u n a b l e  to  o b t a i n  a n y  e v i d e n c e  of free 
r a d i c a l  i n t e r m e d i a t e s  (V) a n d  (VI) f rom c a m p h e n e  or  
n o r b o r n y l e n e  r e s p e c t i v e l y ;  t r e a t m e n t  of t h e  b icyc l i c  
o lef ins  w i t h  N - b r o m o s u c c i n i m i d e  in  bo i l i ng  c a r b o n  
t e t r a c h l o r i d e  u n d e r  i r r a d i a t i o n  a n d  a d d i t i o n  of b e n z o y l  
p e r o x i d e  a l w a y s  r e s u l t e d  in  a b n o r m a l  p r o d u c t s ,  a n d  
no  b r i d g e h e a d  al lyl ic  b r o m i d e  cou ld  be  d e t e c t e d .  
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CH2 C H - -  
I 

CH~ 

I 
C H 2 - - - C  

(VI) 

On  t h e  o t h e r  h a n d  KHARASCH, ENGELMANN, a n d  
LfRRY 4 p r o v i d e d  s t r o n g  e v i d e n c e  t h a t  t h e  n o n - c o p l a n a r  
free rad ica l ,  1 - a p o c a m p h y l ,  is c a p a b l e  of ex i s t ence .  
W h e n  t h e  d iacy l  p e r o x i d e  f r o m  1 - a p o c a m p h y l c a r b o x y l i c  
ac id  was  s u b j e c t e d  to  p r o l o n g e d  bo i l i ng  in  c a r b o n  
t e t r a c h l o r i d e ,  t h e  a u t h o r s  were  ab le  to  i so la t e  a n d  
i den t i fy ,  as b y - p r o d u c t s  of t h e  d e c o m p o s i t i o n ,  1-chloro-  
a p o c a m p h a n e ,  1 , 1 ' - b i a p o c a m p h y l ,  a n d  h e x a c h l o r o -  
e t h a n e ,  f o r m a t i o n  of c o u p l i n g  p r o d u c t s  a n d  p a r t i c i p a -  
t i o n  of s o l v e n t  c a r b o n  t e t r a c h l o r i d e  b o t h  b e i n g  c h a r a c -  
t e r i s t i c  Of a f ree  r ad i ca l  r e ac t i on .  T h u s  t h e  c o n t r a d i c t o r y  
s i t u a t i o n  a s  o u t l i n e d  is a p r o b l e m  in  i t se l f  a n d  fails to  
p r o v i d e  a n y  a r g u m e n t  in  f a v o u r  of t h e  o c c u r r e n c e  or  
n o n - o c c u r r e n c e  of free r ad i ca l  i n t e r m e d i a t e s  in  t h e  s i lve r  
s a l t - b r o m i n e  r e a c t i o n .  

(3) T h e  unimolecular, SE1 m e c h a n i s m  can  be  cons id -  
e r ed  as a p r o b a b l e  course  of t h e  s i lve r  s a l t  r e a c t i o n  
p r o v i d e d  t h a t  HUGHES 's v i ew of s t r a i g h t f o r w a r d  s low 
i o n i z a t i o n  r a t h e r  t h a n  SWAIN'S 6 " c o n c e r t e d  p u s h - p u l l "  
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m e c h a n i s m  is o p e r a t i v e  here .  T h e  i n t e r m e d i a t e  c a r b a n i o n  
w o u l d  t h e n  be  h e l d  r i g id ly  in  a s t a b l e  p y r a m i d a l  con-  
f i g u r a t i o n  in  w h i c h  c a r b a n i o n s  in  g e n e r a l  a re  t h o u g h t  
to  o c c u r  x. T h e  d e c o m p o s i t i o n  of t h e  acy l  h y p o b r o m i t e  
m i g h t  t h e n  be  f o r m u l a t e d  as to  i n v o l v e  t h e  fo l lowing s t eps  : 

(a) f o r m a t i o n  of a c a r b a n i o n  b y  s low i o n i z a t i o n  of t h e  
C -  C b o n d ,  

(b) s p l i t t i n g  of  t h e  pos i t i ve  f r a g m e n t  i n t o  c a r b o n  
d iox ide  gas  a n d  b r o m i n e  ca t ion ,  a n d  

(c) f o r m a t i o n  of t h e  C - - B r  b o n d  f r o m  t h e  o p p o s i t e l y  
c h a r g e d  p a r t s ,  with retention o[ configuration. 

R - - - - C  = O  

B r  O 
(+ )  ( - )  

A n  e v e n  m o r e  s a t i s f a c t o r y  p i c t u r e  wou ld  be  o b t a i n e d  
b y a s s u m i n g  a conce r t ed ,  i n t r a m o l e c u l a r ,  c y c l i c m o d i f i c a -  
t i o n  of t h e  s c h e m e  j u s t  o u t l i n e d  (Si, F igure) ,  in  pe r f ec t  
f o r m a l  a n a l o g y  w i t h  t h e  d e c o m p o s i t i o n  of c h l o r o s u l p h i n i c  
e s t e r s  2 w h i c h  a p p e a r  as m o r e  or  less s t a b l e  i n t e r m e d i a t e s  
in  t h e  t r a n s f o r m a t i o n  of a lcohols  i n t o  t h e  c o r r e s p o n d i n g  
a lky l  ha l ides  b y  m e a n s  of t h i o n y l  ch lor ide ,  w i t h  r e t e n -  
t i o n  of c o n f i g u r a t i o n .  H o w e v e r ,  s ince  BARTLETT a n d  
KNOX 3 were  u n a b l e  to  b r i n g  a b o u t  a n y  r e a c t i o n  w i t h  
t h i o n y l  ch lo r ide  a t  t h e  b r i d g e h e a d  of t h e  b icyc l ic  s t r u c -  
t u r e  1 - a p o c a m p h a n o l  t h i s  p o i n t  r e q u i r e s  f u r t h e r  c lar i f i -  
c a t i on .  
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A n  H a n d  de r  n e u e r e n  L i t e r a t u r  w i r d  de r  s t e reo -  u n d  
s t r u k t u r c h e m i s c h e  V e r l a u f  d e r  S i l b e r s a l z - B r o m - R e a k -  
t i o n  bei  a l i p h a t i s c h e n  K a r b o n s ~ u r e n  d i s k u t i e r t .  KENYON 
u n d  M i t a r b e i t e r  h a b e n  s c h o n  f r i ihe r  i h r e n  V e r s u c h  als 
b i m o l e k u l a r e  S u b s t i t u t i o n  m i t  W a l d e n s c h e r  U m k e h -  
r u n g  d e u t e n  k 6 n n e n ;  die T a t s a c h e  j edoch ,  d a b  die be-  
s p r o c h e n e  R e a k t i o n  k e i n e r  s t e r i s c h e n  H i n d e r u n g  i r gend -  
we l che r  A r t  u n t e r w o r f e n  ist ,  schliel3t  in  a n d e r n  F~illen 
K~NYONS C h e m i s m u s  m i t  B e s t i m m t h e i t  aus  u n d  m a c h t  
e i n e n  u n i m o l e k u l a r e n  R e a k t i o n s v e r l a u f  u n t e r  Erhaltung 
der Kon]iguration w a h r s c h e i n l i c h .  

1 K. ZXEGLER and A. WENz, Ber. Dtsch. chem. Ges. 83, 354 
(1950).--G. WITTm, F. VXDAL, and E. BOItNERT, Ber. Dtsch. chem. 
Ges. 83, 359 (1950).--M. HEINTZELER, Ann. chem. 569, 97 (1950).,  
R. L. LETSINGER, J.  Amer. Chem. Soc. 72, 4842 (1950). 

2 W. A. COWDRES', E. I). HUGIIES~ C. K. INGOLD, S. MASTERMANj 
and A. D. SCOTT, J. Chem. Soc. 1252 (1937). 

3 p. D. BARTLETT and L.H. KNox, J. Amer. Chem. Soc. 61, 
3184 (1939). 

Expcr, 28 


