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Wegen  die H e r r e n  Dr.  H .  M. E.  CARDWELL (Oxford) ,  Dr.  
SYDNEY SMITH (Dart ford)  und  Dr .  D.  A. H .  TAYLOR, 
N a t i o n a l  I n s t i t u t e  for Medica l  Resea rch  in L o n d o n L  

Die ausf i ihr l iche Arbe i t  wird  demni ichs t  in der  (( Hel-  
ve t i ca  ch imica  A c t a  ), publ iz ier t .  

(%=0 
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I Digoxigenin II  3fl,12fl-Dioxy- 
/itians/iuremethylester 

Ausser  Urez igen in  2 e n t h a l t e n  dahe r  s~tmtliche bis 
heu te  konf igu ra t iv  aufgekl~r ten  d ig i ta lo iden  Ag lykone  
eine 3f l -Oxygruppe.  Dasselbe  gi l t  i ibrigens auch  fiir  die 
Sapogenine.  

Herrn Prof. A. STOLL danken wir bestens ffir die 0bcr/assung 
e i n e r  gr6sseren Menge Cedilanid. 

S. I:)ATAKI, K.  MEYER 
und T. I:{EICHST~IN 

Pharmazeutische und Organisch-Chemische A nstalt der 
Universiti~l Basel, den 21. Mai  7953. 

Summary 

The  miss ing m e m b e r s  of the  four  s te reo isomer ic  3,12- 
d i h y d r o x y e t i a n i c  acid  m e t h y l  esters  and the i r  d iace ta tes  
were  syn the t i zed .  The  ester  ob ta ined  by  deg rada t ion  of 
d igoxigenin  was iden t ica l  w i th  the  3fl ,12fl-derivat ive.  

x Herr Dr. D. A. H. TAYLOR hat Digoxigenin ebenfalls erneut ab- 
gebaut und uns eine Probe des daraus gewonnenen 3,12-Diazetoxy- 
Atians~iuremethylesters zum Vergleich gesandt. Es erwies sich naeh 
Mischproben ebenfalls identisch mit dem synthetischen 3fl,19~- 
Derivat. 

2 R. TSCHESCHE und K. H. BRATItGE, Bet. dtsch. Chem. Ges. 85, 
1042 (1952), haben kfirzlich auf Grund ihrer vorldu/igen Abbauver- 
suche am Urezigcnin angenommen, dass dieses sich yon Uzarigenin 
nur durch die sterischen VerhMtnisse an C-3 unterseheidet; damit 
k~ime Urezigenin die 3x-Konfiguration zu. 

D I  S P U T A N D U M  

The Constitution of Ajmaline 

Ajmal ine ,  C~0He,O2N2, m.p.  159-160 °, t he  m a j o r  
a lkaloid  of Rauwol[ia serpentina Benth ,  was f irs t  i so la ted  
f rom its roots  by  S. SIDDIQUI and  R .  H.  SIDDIQUI 1 and 
a lmos t  s imu l t aneous ly  by  VAN ITALLIE and  STEEN- 
HAUER 2 f rom the  same r aw mater ia l s .  These  inves t iga -  

I I 
to rs  3 sugges ted  the  fo rmula  N M e R ( N H )  C O 0  for t he  base.  
The  c h e m i s t r y  of a jma l ine  has r ecen t l y  been s tud ied  b y  
MUKHERJI, ROBINSON, and  SCHLITTLER s. T h e y  h a v e  
conf i rmed the  above  compos i t ion  for the  a lka lo id  and  
h a v e  shown t h a t  a j m a l i n e  is a monoac id i c  d i - t e r t i a ry  
base, con ta ins  an  i so la ted  double  bond  and  shows 

1 S. SIDDIQUI and R. H. S[DDIQUL J. Ind. Chem. Soc. 8, 667 
(1931); 9, 539 (1932); 12, 37 (1935). 

2 L. VAN ITALLIE and A. J. STI~V'NHALrER, Arch. Pharm. 270, 311 
(1932). 

8 S. SIDmQUx and R. H. SIDDIQUI, J. Ind. Chem. Soc. 8, 667 
(1931); 9, 539 (1932); 12, 37 (1935). - L. VAN ITALLIE and A. J. 
STEENHAUER; Arch. Pharm. 270, 311 (1932). 

s t rychn id ine - l ike  react ions .  A semi -ace ta l  group has 
been  found  to  be p resen t  in t he  a lka lo id  a l though  the 
in f ra red  s p e c t r u m  of the  base as r epo r t ed  by  t h e m  shows 
t h e  absence  of c a rbony l  f requencies .  On dis t i l la t ion over 
soda  l ime and zinc dus t  a jma l ine  has been  found to 
yield I n d - N - m e t h y l  h a r m a n  (I) C13Hx2N v m.p.  102 °, and 
carbazole  (II) CI2HgN , m.p.  236 °, as t he  m a j o r  scission 
products .  

NMe I HN 
CH 3 

(I) (II) 

On the  basis of these  resul ts  t he  fo l lowing  two  hypo- 
the t i ca l  s t ruc tu res  ( I I I )  and  ( I V ) h a v e  been  postulated 
by  ROBINSON and his co l labora tors  1. 
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T h e y  are, however ,  of opin ion  t h a t  i t  would  be reasonable 
to  accep t  the  s t ruc tu re  (III) and  no t  (IV) as t he  latter 
represen ts  a d ihydro indo le  d e r i v a t i v e  which  as such 
has  no t  ye t  been found to occur  in na tu re .  

The  inf ra red  s p e c t r u m  of a jma l ine  s tud ied  by the 
p resen t  au thors  shows an absorp t ion  band  a t  5-82/~ 
ind ica t ing  a b o u t  1 5 - 2 0 %  ca rbony l  absorp t ion  which 
def in i t e ly  shows t h a t  a jma l ine  con ta ins  a carbouyl 
group.  The  presence  of a cycl ic  ace ta l  g roup ( - C H O H - O - )  
group in a jma l ine  sugges ted  by  ROBINSON and his col- 
l abora to rs  1 has  been  conf i rmed  f rom the  spectrographic 
da ta .  F r o m  the  spec t ra l  d a t a  severa l  o the r  impor tant  
i n fo rma t ions  have  also been  ob ta ined .  The  spectrum 

shows an absorp t ion  band  for ~ C M e  group  a t  7.24 P, 
for e the r  br idge  a t  9 p and  t h a t  for d ihydro indole  at 
6 .2-6 .8 /x  and for h y d r o x y l  a t  3.02 #t in a jmal ine .  

I t  has  also been obse rved  in the  p resen t  investigation 
t h a t  on fusion w i t h  p o t a s s i u m  h y d r o x i d e  a jmal ine  pro- 
duces a c rys ta l l ine  base and  two  d i f fe ren t  acids, one of 
which  has  been p roved  to  be iden t ica l  w i th  indole-2- 
ca rboxy l i c -ac id  (V) CgH~NO 2, m.p.  199 °. (Found:  C, 
67-06; H,  4.34; N,  8.72. Calcd. for C, 67.09; H,  4.35; N, 
8.70 %). The  second acid has  been  found to be free from 
n i t rogen ;  t he  cha rac te r i sa t ion  of th is  non-nitrogenous 
acid  and  the  base is in progress.  F o r m a t i o n  of indole- 
2-carboxyl ic -ac id  (V) f rom a jma l ine  shows t h a t  ~-posi- 
t ion  of t he  d ihydro indo le  nucleus  (B) in the  base is 
s u b s t i t u t e d  by  a m e t h y l  or  a m e t h y l e n e  group.  These 
obse rva t ions  do n o t  seem to  suppo r t  the  b locked hydro- 
indole  s t ruc tu re  ( I I I )  for a jma l ine  pos tu l a t ed  by RO- 
BINSON et al. 1. The  s t ruc tu re  (IV), however ,  can explain 

1 D. MUKHERJI (Miss), R. ROBINSON, and E. SEHLITTLER, Exper. 
s, ~215 (1949). 
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the f o r m a t i o n  of indole-2-acid  f rom a jma l ine  by  its 
degrada t ion  wi th  alkali .  B u t  accord ing  to  s t ruc tu re  (IV), 
the base should  p roduce  on se len ium d e h y d r o g e n a t i o n  
I n d - N - m e t h y l  de r iva t ives  of a ls tyr ine ,  viz. ,  N - m e t h y l  
als tyr ine (VI), d e s e t h y l - N - m e t h y l  a l s tyr ine  (VII) or  
d e s m e t h y l - N - m e t h y l  a l s ty r ine  (VII I ) .  

CH~ 

\/~C%H 
~,//X'~CHz 

H*H~3C C~ Ha 

(V) (VI) 

CH 2 CH~ 

CH a HaC CH a 

(VII) (VIII) 

Ajmal ine  on d e h y d r o g e n a t i o n  wi th  se len ium at  300 ° 
has been  found  to  p roduce  none  of these  p r o d u c t s  b u t  
only I n d - N - m e t h y l  b a r m a n  (I), C13HleN2, m.p.  102 ° 
(Found:  C, 79.8; H,  5.99; N,  14.31. Calcd. for C, 79.6; 
H, 6.12; N, 14.28%) and  a few uncha rac t e r i zed  indole  
der iva t ives  as nonbas ic  f ragments .  Dur ing  a lkal i  fusion 
and d e h y d r o g e n a t i o n  of the  base w i t h  se len ium the  
format ion of carbazole  could  no t  be es tabl i shed.  I n d - N -  
m~thyl h a r m a n ,  however ,  seems to  be the  c o m m o n  
degrada t ion  p r o d u c t  of the  a lkaloid o b t a i n e d  dur ing  its 
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dist i l lat ion o v e r  soda  l ime,  zinc dus t  1 as also dur ing  its 
dehydrogena t ion  w i t h  se lenium.  I t  is therefore  sugges ted  
that  a jma l ine  con ta ins  t he  fused r ing sys t em A, B, and  
C as shown in s t ruc tu re  ( IX) .  The  r ing D appears  to  be 
involved in a w e a k  l inkage  as a resu l t  of which  I n d - N -  
methyl  b a r m a n  is read i ly  p roduced  f rom the  base 
during i ts  deg rada t i ons  and  no t  t he  I n d - N - m e t h y l  
alstyrine de r iva t ives .  (IX) represen ts  a d ihydro indo le  
der ivat ive .  Such de r iva t i ve s  h a v e  been found to occur  in 
Nature,  viz. ,  t h e  e r y t h r i n a  a lkaloids  ~ (Faro. Legumi- 
nosae). ROBINSON et al. a and  SCHOPF 4 and his col labo-  

1 D. MUKnERJ* (Miss), R. ROBISSON, and E. SCHLITTLER, Exper. 
5, 215 (1949). 

2 K. FOLKERS, F. KONIUSZV, and J. SH^VEL, Jr., J. Amer. Chem. 
Soc. 64, 2146 (1942). 

a R. RoBncSON and S. SUGASAWA, J. chem. Soc. 789 (1932); R. 
RoBinsoN, ibid., 1079 (1936). 

4 C. SCH6PF and K. TmERFELDER, Lieb. Ann. Chem. 497, 22 
(1932). 

r a to rs  h a v e  also sugges ted  t h a t  t he  biogenesis  of such 
d ihyd ro indo le  a lkaloids  is possible in Na tu re .  

The  p robab le  loca t ion  of the  ~ C M e  group,  the  charac-  

t e r i s t i c  b a n d  of which  appears  in i ts  I . R .  s p e c t r u m  at  
7.24 p and  the  presence  of which  has  been  es tab l i shed  

KUHN-RoTH m e t h o d  (found N/CMe, 4"47.  Ca lcu la ted  by 

for  one N/CMe, 4 - 6 0  %) seems to be in r ing E as shown 
f 

in ( IX) .  
I n  such a case E would  be a s i x -membered  he te rocyc l i c  

r ing- l ike  t h a t  of a l s tonine  1 (X) or  se rpen t ine  2 (XI)  and 
no t  s e v e n - m e m b e r e d  (IV) as a d v o c a t e d  by  ROBINSON 
and  his col labora tors .  

OqG t. 
COO ME COO Me 

(X) (XI) 

There  migh t  be, however ,  a n o t h e r  poss ib i l i ty  t h a t  t he  

--~CMe in t he  a lka lo id  migh t  be in r ing B as shown group 

in (XII )  l ike t h a t  of physos t igmine  a ( X I I I )  or  ca lycan th -  
idine 4 ( X I V ) a  or  (XIV)b .  

Me CH ,~a CH~ 

B j ~ CH~ 

XA/X/C--H--~ e 
MeN MeN 

(XII) (XIII) 

Me CH 2 Me CH~ 

--)c I, Me v , , , / / \ /  
IN CH,, HN CH 

(XIV) a (XIV) b 

B u t  f rom the  s imul t aneous  occur rence  of a jma l ine  
wi th  a ls tonine  in Rauwolfia vomitoria and  R. obscura 5 
(Faro. Apocynaceae) and  wi th  se rpen t ine  in R. serpen- 
tinaa i t  seems p robab le  t h a t  t he  ~ C M e  group in a jma l ine  

wou ld  be in r ing E (IX).  
A. CHATTERJEE and S. BOSE 

Department o/ Pure Chemistry, University College o/ 
Science and Technology, Calcutta, India, February 3, 
1953. 

Zusammen/assung 
Das I R . - A b s o r p t i o n s s p e k t r u m  des Alkaloids  A j m a l i n  

die typ i sche  ~ C M e - B a n d e  (7,24 p) in der  Sei ten-  zeigt  
ke t t e  ( fes tges te l l t  m i t  KUHN-ROTH); bei 5 ,92p  er- 

1 R. C. F..LDERFIELD and A. P. GRAV,J. Org. Chem. 16,506 (1951). 
- E. SCHUTTLER, H. SCnWARZ, and F. BADER, Heir. ehim. Acta 35, 
271 (1952). 

F. BADER und H. SCHWAeZ, Helv. chim. Acta 35, 1594 (1952). 
a R. Romr~soN and H. SvcmoME, J. chem. Soc. 1932, 298, 304. 
a p. R. LEvY and R. ROBINSON, Festschrift Karrer (April, 

1949), p. 40. 
a E. SCHLI,TTLER, H. SCLIWARZ, and F. BADER, Helv. chim. Acta 

35, 271 (1952). 
a E. SenLXTTLER und H. SCUWARZ, Helv. ehim. Acta, 33, 1463 

(1950). 
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sche in t  die Bande  der  K a r b o n y l g r u p p e .  A j m a l i n  wurde  
d u t c h  Abbau  m i t  Selen in I n d - N - m e t h y l - h a r m a n  fiber- 
geft ihr t .  D u t c h  Ka l i schmelze  1/isst sich A j m a l i n  in eine 
k r i s ta l l ine  Base (in kle iner  Meng¢), eine s t ickstoffre ie  
S/iure und  Indol-2-Karbons~ure aufspa l ten .  Auf  Grund  
dieser  Spal t s t i icke  wurde  eine m6gl iche  S t r u k t u r f o r m e l  
fiir A j m a l i n  d iskut ie r t .  

Rdsumd 

Cet ar t ic le  d4cr i t  une m6 thode  sans ambigu i t6  pour ]a 
synth~se  des 3 : 4 :8  : 9 - t6 t r am6thoxy-  e t  3 : 8 : 9-trim~- 
t hoxy - f l -b r azanqu inone .  

S y n t h e s i s  of  3: 8 :  9 - T r i r n e t h o x y -  and  3:  4 :  8 :  9 -  

T e t r a m e t h o x y - f l - B r a z a n q u i n o n e  

I~OSTANECKI and  his coworkers  p r epa red  3 : 8: 9-tri- 
m e t h o x y - f i - b r a z a n q u i n o n e  (I, R = H,  m.p.  260°C) 1 and  
3 : 4 : 8 : 9 - t e t r a m e t h o x y - f l - b r a z a n q u i n o n e  (I, R = OCH3, 
m.p.  264°C) ~ by  the  o x i d a t i o n  of 3 : 8 : 9 - t r i m e t h o x y - 6 -  
h y d r o x y -  and  3 : 4 : 8 : 9 - t e t r a m e t h o x y - 6 - h y d r o x y - f l - b r a -  
zan r e spec t ive ly  wi th  ch romic  acid. I n  an  ear l ie r  com-  
munica t ion ,  a synthes is  of (I, R = H) was descr ibed ~. 
An  i n d e p e n d e n t  m e t h o d  of syn thes i s  of the  two  above-  
m e n t i o n e d  qu inones  is now repor ted .  

R 0 OCH 8 

C H a O _ _ ~ ' , / O \  --OCH a C H a O - - ~ / O \ c  = 0 

U 
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I I I  

OCH 3 
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C H a O - - / ~ / .  Ox~,/CO ,X~ '~ - -OCHa 

m II rl I l 
- 

I I I  

6 : 7 - d i m e t h o x y e o u m a r a n o n e  4 was c o n v e r t e d  in to  6 : 7- 
d i m e t h o x y - 2 - o x i m i n o c o u m a r a n o n e  (m.p. 194 °) and  then  
hydro l i zed  to  2 -hydroxy-3  : 4 : d i m e t h o x y p h e n y l g l y o x a l i c  
acid  (m.p.  178°C; m e t h y l  ester ,  m.p.  99-100°C).  T h e  
l a t t e r  on t r e a t m e n t  w i t h  acet ic  a n h y d r i d e  gave  6: 7- 
d i m e t h o x y c o u m a r a n d i o n e  (II ,  m.p.  153°C). On in te r -  
ac t ion  w i t h  m - b r o m o a c e t o v e r a t r o n e  in presence  of sod ium 
e t h o x i d e  this  a f forded  e thy l  6: 7 - d i m e t h o x y - 2 - v e r a t r o y l -  
c o u m a r o n e - 3 - c a r b o x y l a t e  ( I I I ,  R=C2Hs ,  m.p.  99-101°C). 
The  cor responding  acid  ( I I I ,  R = H,  m.p .  205°C) on 
cyc l i sa t ion  t h r o u g h  the  ac id  chlor ide  fu rn i shed  (I, 
R =  OCH3, m.p .  265°C) pur i f i ed  by  s u b l i m a t i o n  in 
v a c u u m .  The  i d e n t i t y  was conf i rmed  b y  eo lour  reac t ion  
and  b y  r e d u c t i v e  a c e t y l a t i o n  to 3 : 4: 8 : 9 - t e t r a m e t h o x y -  
6: 11-d iace toxy- f l -b razan  (m.p.  235°(2)2. 

Analogous ly ,  6 - m e t h o x y c o u m a r a n d i o n e  5 was con- 
v e r t e d  in to  e thy l  6 - m e t h o x y - 2 - v e r a t r o y l c o u m a r o n e - 3 -  
c a r b o x y l a t e  (m.p. 127-128°C).  The  re l a t ed  acid  [m.p. 
208~C) on cyc l i sa t ion  gave  ( I ,R = I-I, m.p.  262°C) iden-  
t ica l  w i th  t he  spec imen  syn thes ized  earl ier .  

J .  N.  CHATTERJEA 

Chemical Laboratory, Science College, Patna, India, 
February 7g, 1953. 

1 V. KOSTANECKI and L. LLOYD, Bet. dtsch, chem. Ges. 36, 
~2oo (19os). 

$ V. KOSTANECKI and A. ROST, Ber. dtseh, chem. Ges. 36, 2~05 
(19o3). 

a j .  N. CHATTERJEA, Exper. 7, 374 (1951). 
4 A. FELZX and P. FRIEDLANDER, Mh. Chem. 31, 55 (1910}. 

K. FRms and K. SAFTIEN, Ann. Chem. a4~, 291 (1925}. 

T h e  S t e r e o c h e m i s t r y  of the R e a c t i o n  of Nitrous 
Ac id  w i t h  C y c l o h e x y l a m i n e s  

BARTON and I{OSENFELDER 1 have  obse rved  t h a t  ionic 
e l imina t ion  reac t ions  i n v o l v i n g  subs t i t uen t s  on adjacent 
ca rbon  a toms  in a cyc lohexane  d e r i v a t i v e  p roceed  most 
read i ly  when  the  two  subs t i t uen t s  fo rm polar  bonds 
( tha t  is t he  two  ca rbon  a toms  and  the  two  subst i tuents  
i n v o l v e d  are  in one plane) .  T h e y  h a v e  also po in t ed  out 
t h a t  t he  f o r m a t i o n  of olefines b y  the  ac t ion  of nitrous 
acid  on p r i m a r y  amines  shows the  same  geomet r i c  spe- 
c i f ic i ty  and  c i ted  m e n t h y l a m i n e s  as examples .  

We  h a v e  found tha t ,  on the  basis of t he  concept  of 
po la r  and  equa to r i a l  bonds,  t he  b e h a v i o u r  of cyclo- 
h e x y l a m i n e s  wi th  n i t rous  acid  can be cor re la ted  as 
follows : 

W h e n  the  amino  group  forms an equa to r i a l  bond the 
ma in  reac t ion  p r o d u c t  is the  co r respond ing  a lcohol  with 
the  h y d r o x y  group  equa to r i a l  ( tha t  is no WALDEN 
invers ion  t akes  place).  

W h e n  the  amino  group  is l inked  b y  a po la r  bond, 
cons iderable  a m o u n t s  of cyc lohexenes  are fo rmed  along 
wi th  a m i x t u r e  of b o t h  ep imer ic  forms of t he  alcohol 
( tha t  is WALDEN invers ion  occurs).  

We  h a v e  t es ted  these  rules for a n u m b e r  of cyclohexyl-  
amines  (Table I, n). The  c o n f o r m a t i o n  of cyclohexyl-  
amines  and  cyc lohexano l s  was  d e t e r m i n e d  in most 
cases on the  basis of t he  o b s e r v a t i o n  t h a t  sod ium and 
a lcohol  r educ t ion  of a ke tone  or  an ox ime  leads pre- 
d o m i n a n t l y  to the  t h e r m o d y n a m i c a l l y  more  stable 
ep imer  of t he  cor respond ing  a lcohol  or  amine  2. Cyclo- 
hexano l s  and c y c l o h e x y l a m i n e s  p roduced  by  such 
r educ t ion  should  the re fore  in genera l  h a v e  the i r  hydroxy 
and  amino  groups  e q u a t o r i a l l y  bonded,  while  catalyt ic 
r educ t ion  in presence  of p l a t i n u m  in acid  med ia  should 
m a i n l y  afford ep imers  in which  the  h y d r o x y  and the 
amino  groups  will  be  polar  l inked.  

HfJCKEL and  coworkers  3 h a v e  car r ied  ou t  epimerizat ion 
e x p e r i m e n t s  w i t h  decalols .  On the  basis of the i r  work 
the  equa to r i a l  pos i t ion  can be ass igned to  t he  hydroxy 
and  the  a m i n o  groups in t he  fo l lowing compounds:  
t rans-a-deca lo l ,  m.p.  63 °, t r ans -a -deca ly lamine ,  m.p. 
- - 1  °, t rans-f l -decalol ,  m.p.  75 °, t rans-f l -decalylamine,  
m.p.  15 °. 

The  d a t a  p re sen ted  in tab les  I and  I I  t e s t i fy  to the 
v a l i d i t y  of t he  rules pos tu l a t ed  by  us. As the  result  of 
t he i r  s tudies  on the  ac t ion  of  n i t rous  acid on deca~yl- 
amines  H0CKEL and  coworkers  found  t h a t  those  trans- 
deca ly lamines  t h a t  are o b t a i n e d  by  the  sod ium and 
a lcohol  r educ t ion  of ox imes  r eac t  w i t h  n i t rous  acid to 
afford decalols  t h a t  are  p r e d o m i n a n t l y  p roduced  by the 
sod ium and  a lcohol  r educ t ion  of decalones  3. I t  should be 
n o t e d  t h a t  th is  rule is t he  s a m e  as t he  rule  described 
above  in t e rms  of po la r  and  equa to r i a l  bonds.  
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