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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 .  
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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. 
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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.  

1 D. H. R. BARTON and W. J. ROSENFELDER, J. Chem. Soc. 
1951, 1048. 

2 G. VAVON, Bull. Soc. chim. 49, 937 (1931). - W. HOCKEL, Ann. 
Chem. 533, 1 (1938). 

W. HOCK~L~ flLIIIL Chem. 585, 1 (1938). 
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Cyclohexylamine (NH, equatorial) 

"trans"-3-MethylcyclohexylamineL~ . . 
trans-4-Methylcyclohexylamine 2 
trans-4-Phenylcyclohexylamine s 
trans-4-Cyclohexylcyclohexylamine 8 . 

trans-4-t -Butylcyclohexylamine s 
Menthylamine 
iso-Menthylamine 
Carvomenthylamine ~ 
trans-c~-Decalylamine 5, m.p. - 1 ° 
trans-fl-Decalylamine 5, m.p. 15 ° 

Composition of product 

Cyclohexene 

Little 
Litt le 
15% 
nil 
nil 

Cyclohexanol 

Mostly 
Mostly 

85% 
100% 
100% 

Cyclohexanol produced (OH equatorial) 

cis-3-Methylcyclohexanol s 
trans-4-Methylcyclohexanol z 60 % yield 
trans-4-Phenylcyclohexanol a 53% yield 
trans-4-Cyclohexylcyclohexanol 

49% yield 
trans-4-t-Butylcyclohexanol a 55% yield 
Menthol ~ 
iso-Meuthol ~ 
Carvomenthol 4 
trans-¢t-Decalol ~, m.p. 63 ° 
trans-fl- Decalol 5, m.p. 75 ° 

Ref. 

1 Conformational analysis indicates that "trans"-l,3-methyl- 
cylohexylamine should actually be termed cis. 

2 M. M. CLAUDON, Bull. Soc. chim. France, 1950, 627. 
a D. V. NIGHTINGALE, J. D. KERR, J. A. GALLAGHER, and M. 

MAIENTHAL, J. Org. Chem. 17, 1017 (1952). 
¢ A. K. BOSE, Exper. 8, 458 (1952). 
5 W. HOCKEL, Ann. Chem. 533, 1 (1938). 

s D. S. NovcE and D. B. DENNEV, J. Amer. Chem. Soc. 74, 5912 
1952}. - H. L. GOERING and C. SERRES, J. Amer. Chem. Soc. 74, 
5908 (1952). 

D. H. R. BARTON, Exper. 6, 316 (1950). 
J. READ, A. M. COOK, and M. I. SHANNON, J. Chem. Soc. 1926, 

2223. 
9 R. G. JOHNSTON and J. READ, J. Chem. Soe. 1935, 1138. 

Table I I  

Cyclohexylamine (NH~. polar) 

"cis' '-3 -Methylcyclohexylamine I 
cis-4-Methylcyclohexylamine b 
neo-Menthylamine 
neo-iso-Menthylamine. 
neo-Carvomethylamine 8 . 
trans-cc-Decalylamine 4, m.p. - 18 ° . . . 
trans-fl-Decalylamine 4, m.p. --47 ° . . . 

Composition of product 

Cyclohexene 

81% 
80% 
80% 
70% 
70% 

Cyclohexanol 

~9% 
20% 
20% 
30% 
30% 

Cyclohexanol produced 

45% WALDEN inversion 
25% WALDEN inversion 
Mixture of epimers 
Mixture of epimers 
60~o WALDEN inversion 
90% WALDEN inversion 
90% WALDEN inversion 

Ref. 

2 
2 
6 
6 
3 
4 
4 

x Conformational analysis indicates that "Cis"-l,3-methylcylo- 
hexylamine should actually be termed trans. 

M. M. CLAUDOlq, Bull. Soc. ehim. France, 1950, 627. 
a A. K. BOSE, Exper. 8, 458 (1952). 
4 W. H0CKEL, Ann. Chem. 533, 1 (1938). 

The r e a c t i o n  of n i t rous  acid  w i t h  c y c l o h e x y l a m i n e s  
possesses d i agnos t i c  va lue  a n d  p romises  to  be useful  for  
conformat ion  d e t e r m i n a t i o n  1. 

A. K. BOSE 

Applied Chemistry  Department,  Ind ian  Insti tute o/ 
Technology, Kharagpur,  Ind ia ,  December 30, 1952. 

Zusammen /as sung  

Wenn  die A m i n o g r u p p e  in Z y k l o h e x y l a m i n e n  d u r c h  
eine ~iquatoriale B i n d u n g  v e r k n f i p f t  ist ,  is t  das  H a u p t -  
produkt  bei de r  R e a k t i o n  mi t  s a lpe t r ige r  S~iure das  
en tsprechende  Z y k l o h e x a n o l  m i t  e iner  ~iquatorialen 
Hydroxy lg ruppe  (das heiss t ,  die W a l d e n s c h e  U m k e h -  
rung f inder  n i c h t  s t a t t ) .  W e n n  die A m i n o g r u p p e  d u r c h  
eine polare B i n d u n g  v e r k n i i p f t  ist ,  w e r d e n  be t rAcht l i che  
Mengen yon  Z y k l o h e x e n e n ,  beg le i t e t  yon  e iner  Mischung  
beider ep imeren  F o r m e n  des  e n t s p r e c h e n d e n  Zyklo-  
hexanols, g e b i l d e t  (das heiss t ,  die W a l d e n s c h e  U m -  
kehrung f inde r  s ta r t ) .  

1 A. K. BOSE, Exper. 8, 458 (1952). 

$ D. V. NIGHTINGALE, J. D. KERR, J. A. GALLAGHER, and M. 
MAIENTIIAL, J. Org. Chem. 17, 1017 (1952). 

6 j .  READ and G. J. ROBERTSON, J. Chem. Soc. 1927, 2168. 
R. G. JOHNSTON and J. READ, J. Chem. Soc. 1935, 1138. 

T h e  E n z y m a t i c  H y d r o l y s i s  o f  G l u t a t h i o n e  
by Vibrio Cholerae 

The  p a t h w a y  of m e t a b o l i s m  of g lu t a th ione ,  wh ich  is 
n o r m a l l y  cons ide red  to  be c o m p a r a t i v e l y  s tab le  t o w a r d s  
e n z y m e s  because  of t he  y- l inkage  in it ,  is fa i r ly  well  
k n o w n  in an imal s .  T h u s  GRASSMANN, DYCKERHOFF, a n d  
EIBELER 1 s h o w e d  t h a t  ox id ized  g l u t a t h i o n e  was  h y d r o -  
lyzed  in to  g lycine  a n d  d i - g l u t a m y l  cys t ine  b y  panc reas .  
L a t e r  SCHROEDmL MUNRO, a n d  WEIL 2 a n d  SCHROEDER 
a n d  WOODWARD 3 r e p o r t e d  t h e  c o m p l e t e  b r e a k d o w n  of  
r e d u c e d  g l u t a t h i o n e  in to  i t s  c o n s t i t u e n t  a m i n o  ac ids  b y  
t h e  e n z y m e s  p r e s e n t  in t h e  r a t  k idney .  The  w o r k  of 
DYER a n d  DU VIGNEAUD 4 on t h e  r e p l a c e m e n t  of c y s t i n e  

1 W. GRASSMANN, H. DYCKERHOFF, and H. EI~ELE~, Z. physiol. 
Chem. 189, 112 (1930). 

E. F. SCHROEDER, M. P. MUNRO, and L. WEIL, J. Biol. Chem. 
110, 181 (1935). 

a E. F. SCHROEDER and G. E. WOODWARD, J. Biol. Chem. 120, 
209 (1937). 

4 H. M. DYER and V. DU VmNEAUD, J. Biol. Chem. 115, 543 
(1936). 
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