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Let  t h e  n u m b e r s  ci~ be de f ined  b y  
*t 

ci ~ = ~V' b ~  bs~ (i = 1 . . . . .  n ; / '  = 1 . . . . .  n). (2) 
k = l  

If, for  i =  1 . . . . .  n a n d  ] =  1 , . . . ,  n, 

.I C i / = l  if i - - ~ = 0  I 
[ I c i i [  < 1  if [ i - -  ] l  = 1 [ (3) 

e i ~ = 0  if l i - -  ] l  >__ 2 ~' 
K 

t hen  t he  ( n - 1 ) - d i m e n s i o n a l  c o n t e n t  of t he  p o i n t  se t  
def ined b y  (1) is g i v e n  b y  

m-I m 
(z/2)~. H (n-- 2~)- ' .  ~ (2/~)s • L, where  

k = l  s=O 

m = [ ~ n ] ,  I o =  1, a n d  f o r 0  < s : <  m 

%is 

i,, i . . . . . .  i s 0 - - _ _ ?  

s 

(4) 

fifli~i . . . .  isis)-~2 
D dyi l j ldyiz j2  . . .  dyisi s 

i, fi i~], i s i s /  J 

In  the  s u m  d e f i n i n g  I s (for 0 < s ~ m) : 

(a) j ~ = i u + l  ( p = l  . . . . .  s), 

(b) il, i ,  . . . . .  i s i s a n y s e t o f s i n t e g e r s  w i t h  i 1 < i ,  < . . .  < i s 
chosen  f r o m  t h e  whole  n u m b e r s  1 u p  to  ( n - l )  inc lu-  
sive in s u c h  a w a y  t h a t  for e ach  p a i r  (i r, iq) of i n t ege r s  

• i in  t he  se t  t h e  i n e q u a l i t y  ] iu - -  %1 ----> 2 ho lds  good,  

(c) s u m m a t i o n  is o v e r  all se ts  i 1, i 2 . . . . .  i o s a t i s fy ing  t h i s  
desc r ip t ion ,  

i ,  fi i2j~ . . . is is 
(d) D s t a n d s  for  t h e  d e t e r m i n a n t  of t h e  

i~it i2i~ . , . i s i s  
2s × 2s s q u a r e  s y m m e t r i c a l  m a t r i x  [legh][ in  w h i c h  
t h e  e l e m e n t s  egh (g a n d  h r u n n i n g ,  e a c h  of t h e m ,  
t h r o u g h  il, ]i ,  is, ]2 . . . . .  is, is) are  g i v e n  b y  

[ e # = ~ g a i f g = i ~ a n d  h =  ~ = i ~ +  1 (p = 1 . . . . .  s), 

a n d  

l e #  = Cgh o t h e r w i s e  [Cgh was de f ined  in (3)J. 
n n 

If  in (1) ~V'zg = 1 is r ep l aced  b y ~ ' z ~  < 1, t h e  r e s u l t  
k=l  k = l  

(4) is to  be  m u l t i p l i e d  b y  l / n ,  o f  course.  
The  ( n - 1 ) - d i m e n s i o n a l  c o n t e n t  of t he  p o i n t  se t  de f ined  

by  (1) occu r r ed  in a p r o b l e m  in  s t a t i s t i c s L  I t  h a d  b e e n  
inves t iga t ed ,  howeve r ,  as ea r ly  as 1852 b y  SCHLXFLI 2 w h o  
gave a n u m b e r  of t h e o r e m s  on  it,  b u t  n o t h i n g  l ike a 
genera l  r e su l t  b y  w h i c h  t h i s  c o n t e n t  s h o u l d  be  exp l i c i t l y  
d e t e r m i n e d .  COXETER 3 g a v e  a r a t h e r  c o m p l i c a t e d  series 
d e v e l o p m e n t  for  t h e  c o n t e n t  of o r t h o s c h e m e s  (see below) 
in case n = 4; t h e r e  is no  h i n t  a t  ou r  r e s u l t  (4) in  his  
pape r ;  m o r e o v e r ,  (4) ho lds  w i t h  a n y  ( integer)  v a l u e  of 
n (=> 2). 

If  c~  = 0 for  e a c h  p a i r  (i, ]) w i t h  [i -- /' [ :> 2 (i ~ 1 . . . . .  
n; ] = 1 . . . . .  n), t h e  p o i n t  se t  de f ined  b y  (1) is ca l led  a n  

1 H. R. VAN DER VAART, Proc. Kon. Ned. Akad. Wet. 53, 494, 
507 (1950); Indagationes Mathematicae 12, 146, 159 (1950). 

2 j .  H. GRAF, Mitt. Bern. Naturfor. Ges. 1896, 77. - L. SCttLXb'LI 
(hg. V. J. H. GRAF), Neue De~kschri/ten d~r allgemHnen schweizeri- 
schen Gesellscha[t liar die gesamten Naturwissenscha#en, Bd. 38 (1901), 
IV und 239 S. 

z H. S. M. COXETER, Qaart. J. Math., Oxf. Ser. 6, 13 (1935). 

n - s p h e r i c a l  o r t h o s c h e m e  b y  SCHLAFLI 1 (1.C., p. 74); if 
t h i s  e q u a l i t y  does  n o t  h o l d  t r u e  for  e ach  p a i r  (i, ?') w i t h  
[i -- ~'1 ;> 2, t h e  p o i n t  se t  de f i ned  b y  (1) is ca l l ed  a n  
n - s p h e r i c a l  p l a g i o s c h e m e  b y  SCHL£FLI (1.C., p.  58);  I 
wou ld  p re fe r  t h e  t e r m s  ( n - 1 ) - d i m e n s i o n a l  s p h e r i c a l  o r t h o -  
scheme ,  a n d  p l a g i o s c h e m e ,  r e spec t ive ly .  T h e  r e s u l t  (4) 
o b t a i n s  for  o r t h o s c h e m e s  on ly .  R e s e a r c h  on  p lag io-  
s c h e m e s  is in  progress ,  as  is r e s e a r c h  on  t h e  e x p a n s i o n  of 
I s in  a p a r t i c u l a r ,  r e l a t i v e l y  s imple ,  m u l t i p l e  series.  

T h e  r e s u l t  (4) c a n  be  p r o v e d  b y  t w o  wide ly  d i f f e r e n t  
m e t h o d s ,  one  of t h e m  b~ ing  a s t r a i g h t f o r w a r d  s o l u t i o n  
of t h e  s y s t e m  of l i n e a r  p a r t i a l  d i f f e r en t i a l  e q u a t i o n s  of 
t h e  f i r s t  o r d e r  g i v e n  b y  SCHLAFLI ~" (1.C., p. 65). B o t h  
m e t h o d s  a re  s o m e w h a t  l e n g t h y ,  b u t  f a i r ly  e l e m e n t a r y .  

H. R. VAN DER V A A R T  

Zoological  Labora tory  o/ Univers i t y ,  Le iden ,  N o v e m -  
ber 22, 1952. 

Z u s a m m e n [ a s s u n g  

I n  k u r z e r  F o r m  wi rd  de r  I n h a l t  gewisse r  (o r thosche -  
m a t i s c h e r )  sph~ir ischer  P o l y e d e r  f i i r  e ine  wi l lk i i r l iche  
D i m e n s i o n e n z a h l  m i t g e t e i l t .  Diese  F o r m e l  b i l d e t  die 
L 6 s u n g  e ines  v o n  SCHL£FLI a u f g e s t e l l t e n  S y s t e m s  l ine-  
a r e r  p a r t i e l l e r  D i f f e r e n t i a l g l e i c h u n g e n  e r s t e r  O r d n u n g .  

t L. SCHLAFLI (hg. v. J. H. GRAF), Neue Denkschri/ten der all- 
gemeinen schweizerischen Gesellscha# ]i~r die gesamten Naturwissen- 
scha]ten , Bd. 38 (1901), IV u. ~39 S. 

N o t e s  o n  t h e  A l k a l o i d s  of  P l c r a l l m a  

T h e  a lka lo id s  of P i c r a l i m a  n i t ida  occu r  in  t h e  seeds  
a n d  h a v e  b e e n  s t u d i e d  b y  HENRY a n d  SHARP 1 a n d  
HENRY ~, as  wel l  as b y  RAYMOND-HAMET s w h o  ha s  
g i v e n  a r e v i e w  of t h e  s u b j e c t  a. 

24 k u a m m i n e L - - - T h e  f o r m u l a  a t t r i b u t e d  to  t h e  ba se  b y  
HENRY a n d  SHARP 1 was  Cz2HzsOaN2, b u t  t h e  r e su l t s  d id  
n o t  e x c l u d e  C2zH2604N ,. 16 a n a l y s e s  of 12 d i f f e r en t  
s p e c i m e n s  (all d e c o m p o s i n g  a t  254 -259  ° ) gave  as a v e r a g e  
C, 69 .02;  H,  6 . 8 8 % .  10 r e su l t s  w i t h i n  4 - 0 - 3 %  of t h e  
m e a n  g a v e  C, 68.98 %, a n d  13 r e su l t s  w i t h i n  ~ 0 .1% of 
t h e  m e a n  g a v e  H,  6.88 %. T h e  a v e r a g e  of 6 r e su l t s  g a v e  
N, 7 .18%.  C2,H2804N 2 r equ i r e s  C, 69.09;  H,  6.85;  N, 
7 .33%.  C22H~sO4N2 requ i r e s  C, 68.73;  H,  7.34;  N, 7 .29%.  
T h e  f o r m u l a  w i t h  H26 is e v i d e n t l y  p re fe rab le .  

T h e  g r o u p s  k n o w n  to  be  p r e s e n t  a re  1 0 M e ,  i NMe,  
1 O H  w h i c h  we h a v e  c o n f i r m e d .  1 C1V[e is a lso p r e s e n t  
( found,  Me, 2 .89%) .  A k u a m m i n e  is a s t r o n g  base ,  pKa ,  
7"5 ( s t r y c h n i n e ,  7.6) a n d  e l e c t r o m e t r i c  t i t r a t i o n  w i t h  
a lka l i  g a v e  a c u r v e  w i t h  no  i n f l ec t i on  up  to  p H  10. T h i s  

1 T. A. HENRY and T. M. SHARP, J .  Chem. Soc. 1927 (i950). 
2 T.A. HENRY, J. Chem. S~c. 1932, 2759. 
3 M. RAYMOND-HAMET, C. r. Acad. Sci. 211, 125 (1940); Arch. 

exp. Path. Pharm. 199, 399 (1942); C.r. $3c. Biol. 137, 404 (1943); 
138, 199 (1944); C. r. Acad. Sci. 221, 699 (1945); 230, 1183 (1950); 
Rev. Int. bot. app. Agric. trop. 31, 465 {1951); C.r. Acad. Sci. 233, 
560 (1951). 

4 ~[. RAYMOND-HAMET, Rev. Int. bot. app. Agric. trop. 31, 465 
(1951). 

5 The initiation of the present investigation was the result of the 
good offices of Professor E. 8CIILITTLER who put us in touch with 
Dr. A. UFFER of Ciba, Ltd. Dr. UFFER separated the alkaloidal content 
of seeds of Picralima nitida collected in Kumasi (August, 1947} and 
very kindly sent us sub3tautial quantities of akuammine and fractions 
obtained in the course of his work. We are also deeply indebted to 
Dr. T. M. SHARP of the Wellcome Research Laboratories for spe- 
cimens of akuammine and some of its congeners. The akuammine was 
derived from Picralima Klaineana and was found by comparison of 
I. R. spectra to be identical with that from Picralima nitida. 
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was  n o t  in  a g r e e m e n t  w i t h  o u r  p r e c o n c e p t i o n  t h a t  t h e  
base  was  a r e a d i l y  h y d r o l y s a b l e  l a c tone .  Th i s  i dea  was  
l i n k e d  w i t h  t h e  p o s t u l a t i o n  of a m e t h o x y l  g r o u p  in  t h e  
b e n z e n e  n u c l e u s  w h i c h  a p p e a r e d  to  be  s u p p o r t e d  b y  t h e  
b e h a v i o u r  of m o d e l  c o m p o u n d s .  

A c t u a l l y  a k u a m m i n e  is a p h e n o l  as s h o w n  b y  i t s  i m-  
m e d i a t e  s o l u b i l i t y  in  m e t h a n o l i c  a lka l i  ( i t  is o n l y  spa r -  
i ng ly  so luble  in m e t h a n o l )  a n d  r e c o v e r a b i l i t y  on  a d d i t i o n  
of ac id  ( iden t i ca l  I .R .  spec t r a ) ,  b y  i t s  c o u p l i n g  w i t h  
p - n i t r o b e n z e n e d i a z o n i u m  sa l t s  to  a n  a z o - c o m p o u n d  
w h i c h  d i sso lves  in  a lcoho l ic  a lka l i  t o  a b lue  so lu t ion ,  a n d  
f ina l ly  b y  i t s  r e a c t i o n  w i t h  2 : 6 - d i c h l o r o q u i n o n e - c h l o r o -  
i m i d e  in  w a r m  ace t i c  ac id  s o l u t i o n  to  a r e d d i s h  v io le t  
dye  w h i c h  b e c o m e s  p u r e  b lue  on  t h e  a d d i t i o n  of s o d i u m  
h y d r o x i d e .  T h e  l a t t e r  r e a c t i o n  r e s e m b l e s  t h a t  e x h i b i t e d  
b y  p - m e t h y l a m i n o p h e n o l  (metol) .  

A k u a m m i n e  d e v e l o p s  a t  once  a c h a r a c t e r i s t i c  o r a n g e  
r ed  c o l o u r a t i o n  w i t h  fer r ic  ch lor ide  in  v e r y  d i l u t e  cold 
h y d r o c h l o r i c  ac id  so lu t i on .  A f t e r  a c e t y l a t i o n  no  co lour  
is d e v e l o p e d ,  e v e n  o n  k e e p i n g  for  some  hours .  E x a c t I y  
t h e  s a m e  co lou r  is s o m e w h a t  m o r e  s lowly  d e v e l o p e d  
u n d e r  t h e s e  c o n d i t i o n s  b y  t h e  m o d e l  s u b s t a n c e  (I), b u t  
n o t  b y  a n y  o t h e r  of t h e  t h r e e  i somers  in  w h i c h  t h e  
m e t h o x y l  occup ies  one  of t h e  a l t e r n a t i v e  p o s i t i o n s  in  
t h e  b e n z e n e  nuc leus .  

CH3 CH 3 

( i )  (II) 

T h i s  m o d e l  b e h a v e s  s imi l a r l y  t o  a k u a m m i n e  in o t h e r  
r e a c t i o n s  a n d  i t  is l ike ly  t h a t  t h e  m e t h o x y l  g r o u p  of (I) is 
eas i ly  e l i m i n a t e d  in  o x i d a t i v e  processes .  

RAYMOND-HAI~IET 1 f o u n d  t h a t  t h e  U.V.  a b s o r p t i o n  
s p e c t r u m  i n d i c a t e d  a h y d r o - i n d o l e  s t r u c t u r e ,  a n d  t h i s  
we h a v e  c o n f i r m e d .  T h e  I .R .  a b s o r p t i o n  shows  b a n d s  a t  
3.06 /, (OH or  N H ) ,  5.76 /~ (es te r  or l a c t o n e  u n c o n j u -  
g a t e d  w i t h  C : C ) ,  a n d  12.33 /t ( p r o b a b l y  l : 2 : 4 - t r i -  
s u b s t i t u t e d  benzene )  s u p p o r t e d  b y  a b s e n c e  of b a n d s  a t  
13.3 /z ( 1 : 2 - d i s u b s t i t u t e d  benzene )  a n d  12.8 /z ( l : 2 : 3 -  
t r i s u b s t i t u t e d  benzene ) .  

T h e  i n s t a b i l i t y  of a k u a m m i n e  u n d e r  c e r t a i n  c o n d i t i o n s  
in  h o t  a lcohol ic  s o l u t i o n  is n o w  u n d e r s t a n d a b l e  s ince  i t  
is a d e r i v a t i v e  of p - a m i n o p h e n o l .  Befo re  we k n e w  th is ,  
a c o n s i d e r a b l e  loss of  m a t e r i a l  o c c u r r e d  in  a f i na l  re-  
c r y s t a l l i s a t i o n .  T h e  p r o d u c t  was  d i s t i l l ed  w i t h  z inc d u s t  
(WITXOP'S t e c h n i q u e )  a n d  a f fo rded  3 - e t h y l p y r i d i n e  a n d  
(p robab ly )  ska to le .  T h e  3 - e t h y l p y r i d i n e  was  i d e n t i c a l  
w i t h  a s y n t h e t i c  spec imen .  

A k u a m m i n e  is o n l y  s lowly  h y d r o g e n a t e d  (pa l l ad i sed  
c h a r c o a l  or  ADAM'S c a t a l y s t  in  e thano] ) ,  a n d  a p p e a r s  to  
a f fo rd  a d i h y d r o - d e r i v a t i v e  w h i c h  r equ i r e s  f u r t h e r  s t u d y .  
T h e  h y d r o c h l o r i d e  h a d  m.p .  232-233  ° a n d  c r y s t a l l i s e d  
w i t h  one  C~HaO. Models  of t y p e  (II)  show o x i d a t i o n  
co lour  r e a c t i o n s  q u i t e  d i f f e r e n t  f r o m  t h o s e  of t y p e  (I) 
due  to  d e h y d r o g e n a t i o n  of t h e  h y d r o - i n d o l e  nuc leus .  
A k u a m m i n e  b e h a v e s  l ike a 2 : 3 : 3 - t r i s u b s t i t u t e d  di- 
h y d r o i n d o l e  a n d  t h u s  m u s t  be  c lass i f ied  as a s t r y c h n i n e  
(fl) r a t h e r  t h a n  a y o h i m b i n e  (~) t y p e L  

T h e  c o n s t i t u t i o n  ( I I I )  f i ts  a l l  t h e  k n o w n  fac t s  in-  
c l ud ing  t h e  p h a r m a c o l o g i c a l  f i nd ings  of RAVMOND- 
HAMET t h a t  a k u a m m i n e  r e s e m b l e s  coca ine  in i t s  ac t ion .  

T h e  p o s i t i o n  of t h e  d o u b l e  b o n d  is t h e  m o s t  d o u b t f u l  
f ea tu re .  I t  is p r o v i s i o n a l l y  p l a c e d  t o  a c c o m o d a t e  the  
f ac t  t h a t  a k u a m m i n e  g ives  t h e  i o d o f o r m  r eac t i on .  

R\ , f \__ [ / \_ t~  \ 
, i i t II , , 

~ / \ ~ / \ / - - ~  . . . .  
C H ) / ~ \  / / '~-- '~.~ 

CO2Me CH2-O 

(III) mad (IV) 

(III) R = O H  
(IV) R = H  

Pseudo-ahuammigine.--This base  ~ h a s  t h e  f o r m u l a  
C22H2003N 2, H20,  i t  c o n t a i n s  1 0 M e  a n d  1 NMe.  U n l i k e  
a k u a m m i n e  i t  h a s  no  r e d u c i n g  p r o p e r t i e s  t o w a r d s  
a m m o n i a c a l  s i lve r  so lu t i ons  a n d  t h e  I .R .  a b s o r p t i o n  
shows  no  b a n d  c o r r e s p o n d i n g  to  O H  or  N H  be low 
3.28 /~ w h e r e  t h e  a b s o r p t i o n  b y  t h e  p a r a f f i n  p a s t e  
c o m m e n c e s .  T h e r e  is a b a n d  (es ter  C = O )  a t  5.76 /t, ex-  
a c t l y  t h e  s a m e  f r e q u e n c y  as w i t h  a k u a m m i n e ,  a n d  a b a n d  
a t  13.26 # i n d i c a t i n g  a d i s u b s t i t u t e d  b e n z e n e  d e r i v a t i v e .  
O t h e r w i s e  t h e  I .R .  s p e c t r u m  is v e r y  s im i l a r  to  t h a t  of 
a k u a m m i n e .  

T h e  f o r m u l a  (IV) is i n d i c a t e d ,  t h a t  is a k u a m m i n e  less 
t h e  p h e n o l i c  h y d r o x y l ,  b u t  t h e r e  a re  two  d i f f i cu l t i es ;  in 
t h e  f i r s t  p lace,  t h e  o x i d a t i v e  co lour  w i t h  fer r ic  ch lo r ide  
is d e v e l o p e d  r e l u c t a n t l y ;  t h i s  cou ld  be  a t t r i b u t e d  t o  t he  
p r o x i m i t y  of  t h e  e s t e r  g r o u p  to  t h e  m e t h y l i m i n o  group .  
Second ly ,  t h e  (C)Me d e t e r m i n a t i o n  i n d i c a t e s  t w o  such  
g roups .  W h i l s t  t h i s  r e s u l t  c an  be a c c o m o d a t e d  b y  modi -  
f i c a t i on  of (IV), i t  is also poss ib le  t h a t  some  --COeMe 
has  b e c o m e  - - C O 2 E t  in  t h e  course  of w o r k i n g  u p  the.  
bases  u s ing  e t h a n o l i c  so lu t ions .  V e r y  l i t t l e  m a t e r i a l  is 
ava i l ab le ,  a n d  we h o p e  to  r e t u r n  to  t h i s  p o i n t .  

T h e  U.V.  a b s o r p t i o n *  i n d i c a t e s  a d i h y d r o - i n d o l e  con-  
s t i t u t i o n .  W e  h a v e  c o n f i r m e d  th is ,  b u t  n o t e  t h a t  t h e  
s h a p e  of t h e  c u r v e  is s o m e w h a t  a n o m a l o u s  for  a n  N-  
m e t h y l h e x a h y d r o e a r b a z o l e ,  a n d  t h i s  m a y  once  m o r e  be  
due  to  t h e  p r o x i m i t y  of - -COzMe to  NMe.  

A kuammidine (C21H2,O3N2, H 2 0  ) . - T h i s  b a s e  c o n t a i n s  
1 0 M e  (NMe a b s e n t )  a n d  a f fo rds  a n  a c e t y l  a n d  a b e n z o y l  
d e r i v a t i v e L  RAYMOND-HAMET d e t e c t e d  t w o  a c t i v e  
h y d r o g e n  a t o m s  3 a n d  we f i nd  (C)Me, 5 .3%,  [2(C)Me 
r equ i r e s  8.2 %]. 

T h e  U.V.  s p e c t r u m  4 shows  t h a t  t h e  b a s e  is a t r u e  
indo le  d e r i v a t i v e  a n d  i t  t h u s  be longs  to  t h e  co-series. 
L a r g e l y  on  p h a r m a c o l o g i c a l  g rounds ,  b u t  also on  a c c o u n t  
of h y d r o l y s i s  to  t h e  a m p h o t e r i c  a k u a m m i d i n i c  acid,  
RAYMOND-HAM~T 3 p r o p o s e d  t h e  c o n s t i t u t i o n  of a d ide-  
h y d r o y o h i m b i n e .  Th i s  f i ts  t h e  o c c u r r e n c e  of t w o  a c t i v e  
H a t o m s  b u t  n o t  t h e  (C)Me d e t e r m i n a t i o n .  I t  is h a r d  to 
reconci le  t h e s e  r e su l t s  a n d  t h e  p r o b l e m  r e q u i r e s  f u r t h e r  
s t u d y .  

Akuammigine (C~H2603N2,H20) is also a n  indole  
d e r i v a t i v e  (U.V.  s p e c t r u m )  5 c o n t a i n i n g  1 0 M e  b u t  no  
N M e L  

I M. RAYMOI'ID-HAMET, C. r. Acad. Sci. 230, 1183 (1950). 
2 The expressions "strychnine" and "yohimbine" types are not 

very satisfactory. Taking cognisance of the well established biogen- 
esis we could speak of the ce-series and fl-series (yohimbine and 
strychnine respectively) which indicate the coupling of the ce- or ]5- 
p~sitions of tryptamine with the second amino-acid component (e.g. 
dihydroxyphenylalanine). 

1 T.A. HENRY, J. Chem. Soc, 1932, 2759. 
M. RAYMOND-HAMET, C. r. Acad. Sci. 230, 1183 (1950). 

8 M.RAYMOND-HAMET, Rev. Int. bot. app. Agric. trop. 31, 465 
(1951); cf. Pull. Soc. Pharm. Bordeaux 90, 178 (1952). 

4 M. RAyMOND-HAMET, C. r. Acad. Sci. 221, 699 (1945). 
5 M.  RAYMOND-HAMET, C. r. Acad. Sci. 221,699 (1945) ; 332, 560 

(1951). 
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We find (C)Me 5-78, 6-37%; active H, 0.62% [2(C)Me 
requires 7.7 and 2 H requires 0.52 %]. 

The I .R. absorption spectrum includes bands at 2.82, 
3.00 and 3.28 /~ (OH and NH), 5.86 /~ and 5.94 # (ester 
or ketone carbonyl  group conjugated with a double 
bond), 6 .14/ ,  (asymmetrical ly subst i tuted double bond) 
and 13.50 /z (o-disubstituted b~nzene nucleus). This 
evidence, together  with the U.V. is consistent with the 
presence of M e O ~ C - - C = C - - O - - ,  al though the ext ra  
conjugated earbonyl peak in the I .R. is an unusual 
feature. There is an " e x t r a "  carbon atom, probably 
corresponding .to a (C)Me, and the const i tut ion (V) is 
feasible ( R =  H, R ' = M e ,  or R =  Me, R ' =  H), this 
structure also showing the suggested ~ relation to 
mayumbine. 

n t ! 

I o 
RCH2COz/" ~ / 

(v) 

Akuammiline (C22H24041NT2) contains 1 0 M e  and no 
NMe *. I t  appears to contain two (C)Me groups (7.0%, 
theory, 7.9 %), and its U.V. spectrum is in the main like 
that of an indole, al though it  presents some slight 
variations. The first max imum at 2,200 A (loge, 4.25) is 
about 50 A shorter, and the second peak (~m~,, 2,400 A; 
loge, 3-54) is rather  broader than usual. The I .R. ab- 
sorption shows a broad and very  weak band at  2-9 /~ 
(OH or N'H or not  significant), bands at  5.76 p (C = O of 
unconjugated ester type), at  6 .16/ ,  (probably C = C but 
could be C = N), at 6.26/~ (more conjugated C = C), at 
13.29 p (o-disubstituted benzene, but  this is uncertain 
because bands at 12.90 and 13.21 /z are also observed). 

Akuammiline could be a keto-akuammigine or a 
hydroxydehydroakuammigine.  The modified indole 
spectrum suggests t ha t  a functional group is a t tached 
to the indole nucleus. The base gives a bright  crimson 
red OTTO reaction which is characteristic.  

Akuammicine (C19H,zO~N2) is said to contain 1 0 M e  
and no NMe ( but  v.in/ra). In  many ways it is sui generis 
with the remarkably  high ro ta tory  power Va~D -- 737-5 ° 
(in alcohol)2. I ts  OTTO reaction is an intense and persist- 
ent royal blue colour. 

The U.V. spectrum differs fundamental ly  from the 
spectra of the congeneric alkaloids. I t  is almost identical 
with tha t  given by echitamidine 3 (which also has a high 
rotatory power 4) and suggests considerable conjugation.  

Among strychnine derivatives,  benzylidenestrychnine 
exhibits a deep blue OTTO reaction, and high rota tory  
powers are observed with a number  of substances in the 
group which have double bonds in conjugation with the 
amide carbonyl. We may  be sure tha t  akuammicine 
contains the par t  s tructure - - N - - C O - - C = C ,  with an 
asymmetric centre vicinal  to an unsaturated group. 

(C)Me determinat ion gave Me 6.15, 6.6% (2(C)Me 
requires 9-68 %~. 

The I .R.  absorption spectrum has bands at 2-99 p 
(OH or more probably NH), 6.03 /~ (typical amide 
carbonyl, probably with further conjugation), 6 .24/ ,  

1 M. RAYMOND-HAMET, C. r. Acad. Sci. 233, 560 (1951). 
2 T.A. HENRY, J. Chem. Soc. 1932, 2759. 
s M. RAYMOND-HAMET, C. r. Acad. Sci. 233, 560 (1951). 
t j .A.  GooI)soI% J. Chem. Soc. 1932, 2626. 

(probably armoat ic  double bond), 13.39/z (o-disubsti- 
tu ted  b~nzene, supported by absence of bands at 12.3 
and 12.8 /~). 

In the case of echitamidine ~ about  half of the methyl  
was obtained as OMe (ZEISEL) and half as NM2 (HERZIG- 
MEYER), but  there is only one methyl  group, and hence 
the (O)Me is unusually hard to remove, or the (N)Me is 
unusually labile. We prefer the lat ter  hypothesis,  which 
was noted by GoonsoN as a possibility, b~cause COOMe 
cannot  b~ present in akuammicine and it is hard to 
accomodate  a methoxyl  group otherwise. 

M. F. MILLSON, R. I{OBINSON and A. F. THOMAS 

The Dysou Perrins Laboratory University o/ Ox/ord, 
December 77, 1952. 

Zusammen/assung 

Fiir das Alkaloid Ahuammin wird die neue Brut to-  
formel C2~H2604N2 aufgestellt  und durch Vergleich ver- 
schiedener UV.- und IR. -Spekt ren  und Reakt ionen das 
Vorliegen einer 5-Hydroxydihydroindol-Verbindung ab- 
geleitet. Die Zinkstaubdesti l lat ion liefert 3-~thyl- 
Pyridin und vermutl ich Skatol. Als Arb2itshypothese 
wird fiir Akuammin die Formel  (III) vorgeschlagen. 
Die UV.- und IR. -Spekt ren  und Reakt ionen von Pseudo- 
akuammigin,  Akuammigin,  Akuammil in  und Akuam- 
micin sind gleichfalls diskutiert .  

1 j .A. GOODSON, J. Chem. Soc. 1932, 2626. 

The Origin of Steric Hindrance in Cyclohexane 
Derivatives 

HASSEL 1 and PITZER 2 and coworkers have pointed out 
tha t  in the stable or " cha i r "  form of cyclohexane there 
are two types of bonds, so-called equatorial  (~ or e) and 
polar (e or p) bonds. On the basis of this concept, BAR- 
TON a has been able to make impor tan t  and far-reaching 
predictions on the react iv i ty  of subst i tuted cyclohexanes 
and natural  products containing cyclohexane rings. One 
of these predictions is concerned with the relative ease 
of esterification of hydroxyl  groups and ease of hydroly-  
sis of ester groups in polar and equatorial  positions. 
Hydroxy l  groups are esterified more easily and ester 
groups hydrolyzed more easily when in the equatorial 
than  when in the polar position, due to the greater  steric 
hindrance in the latter.  The reason for this might  be 
twofold. I t  is possible that  an ester group in the polar 
position of a subst i tuted cyclohexane has to s tay in this 
position during hydrolysis and tha t  the resulting 
crowded transition state (crowded due to steric inter- 
ference of non-adjacent  polar substituents) accounts 
for the relat ively slow rate (reaction path  A). On the 
other hand, i t  is also possible tha t  prior to reaction the 
molecule is forced into a different conformation in which 
the ester group is now in the equatorial  position (and 
some other, more bulky group in the polar position), and 
tha t  the slower rate is due to the ex t ra  energy required 
to bring about  the conformat ional  t ransformation 
(reaction path  B). 

1 O. HASSEL et al., Aeta Chem. Scand. 1, 149, 929 (1947), and 
earlier papers. 

2 C. W. BECKETT, K. S. PITZER, and R. SP[rZER, J. Amcr. Chem. 
Soc. 69, 2488 (1947). 

3 D. H. R. BARTON, Exper. 6, 316 (1950). 


