
HETEROCYCLES, Val 16, No 7, 198 1 

STUDIES I N  THE SANDWICINE SERIES 

* 
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A b s t r a c t  - A s  a r e s u l t  o f  s t u d i e s  i n  t h e  c o r r e l a t i o n  of s t r u c t u r e  

and a c t i v i t y  i n  t h e  sandwicine s e r i e s  of a l k a l o i d s ,  a number of new 

d e r i v a t i v e s  have been ob ta ined  through Von Braun B r C N  r e a c t i o n  and 

e l e c t r o p h i l i c  s u b s t i t u t i o n s  i n  t h e  benzene r i n g .  The e x a c t  p o s i t i o n  

o f  t h e  r a d i c a l s  has  been l o c a t e d  through s p e c t r a l  s t u d i e s .  

Sandwicine ( 1  was f i r s t  i s o l a t e d  by Neuss e t a l . '  i n  1967 from Rauwolfia sand- 

wicens i s .  L a t e r  it was found t o  occur  a long wi th  i sosandwicine  ($ )  i n  Rauwol- 

f i a  vomitoria. '  The spec t roscop ic  and chemical  d a t a  i d e n t i f i e d  sandwicine a s  

C-17 epimer o f  a jmal ine .  ' Isosandwicine,  on t h e  o t h e r  hand, h a s  d i f f e r e n t  

s t e reochemis t ry  £ran a jmal ine  a t  C-17, C-20 and C - 2 1  (17 -ep i i soa jma l ine ) .  
2 

I n  view o f  t h e  i n c r e a s i n g  importance of a j m a l i z ~ e , ~ - ~  t h e  main a l k a l o i d  of Rau- 

wol f i a  s e r p e n t i n a ,  i n  t h e  t r ea tmen t  o f  c a r d i a c  ar rhythmias  o f  va r ious  o r i g i n s ,  

t h e  r e l a t i o n s h i p  between s t r u c t u r e  and c a r d i a c  a c t i o n  i n  t h e  a jmal ine  s e r i e s  

o f  bases  was s t u d i e d  by S idd iqu l  e t a1 .8 '9  They noted t h a t  any chemical  i n t r u -  

s i o n  t h a t  s t a b i l i z e s  e i t h e r  t h e  c a r b i n o l - m i n e  o r  aldehyde-imine tautomeric  

s t r u c t u r e  of a jmar ine ,  g r e a t l y  reduces  lts c a r d i a c  a c t i v i t y .  Thus d i a c e t y l  

a jmal ine  and methyl a jmal ine  show very meagre a c t i v i t y ,  i n d i c a t i n g  t h a t  ca rb i -  

nolamine, aldehyde-imine tautomerism s e r v e s  a s  a c a r d i o t r o p i c  f a c t o r .  They 

c a r r i e d  o u t  t h e  B r C N  r e a c t i o n  on a jmal ine  and i ts  d e r i v a t i v e s  t o  s tudy  t h e  

comparative s t a b i l i t y  o f  t h e  c a r b i n o l  m i n e  r i n g  i n  them and i t s  p o s s i b l e  bear-  

i n g  on c a r d i a c  a c t i o n .  I t  was f u r t h e r  observed t h a t  e l e c t r o p h i l i c  s u b s t i t u t i o n s  

i n  t h e  benzene r i n g  of a jma l ine  have a p o t e n t i a t i n g  e f f e c t  on t h e  c a r d i a c  a c t i -  

v i t y  of a jma l ine ,  probably  by an accen tua t ion  o f  t h e  dynamic c h a r a c t e r  o f  t h e  

c a r b i n o l - m i n e ,  aldehyde-imine tautomerism of t h e  base.*" 

I n  view of t h e  l i k e l y  an t i a r rhy thmic  p o t e n t i a l  of sandwicine ( 1  and isosandwi- 

c ine  ( z ) ,  s t u d i e s  i n  t h e  d i r e c t i o n  r e f e r r e d  t o  above have been c a r r i e d  o u t  on 



t h e  two bases  i n  the  p r e s e n t  work. The cyanogen bromide r e a c t i o n  on sandwicine 

and hexahydrosandwicine was undertaken,  a f t e r  p r o t e c t i n g  t h e  hydroxyl groups 

through a c e t y l a t i o n .  Under the  cond i t ions  desc r ibed  i n  t h e  exper imenta l ,  a  

monoacetylcyano d e r i v a t i v e  (2) was r e a d i l y  obta ined a long wi th  monoacetyl sand- 

wic ine  hydrobromide (11, on t h e  t rea tment  of d i a c e t y l  sandwicine ) wi th  cya- 

nogen bromide while t h e  same r e a c t i o n  wi th  17.21-diacetyl  hexahydrosandwicine 

( $ 1  .took 24 hours f o r  completion. The comparative speed wi th  which t h i s  reac- 

t i o n  proceeds is a measure of t h e  i n s t a b i l i t y  of t h e  carbinol-amine r i n g  of 

sandwicine and i ts considerable  s t a b i l i z a t i o n  through t h e  r educ t ion  of  t h e  ben- 

zene r ing .  Moreover, the  r educ t ion  o f  benzene. r i n g  i n  sandwicine b r i n g s  about 

cons ide rab le  i n c r e a s e  i n  t h e  b a s i c  s t r e n g t h  of t h e  indo le  n i t rogen ,  wi th  t h e  

r e s u l t  t h a t  a s t a b l e  acetylcyano hexahydrosandwicine hydrobromide s a l t  (&Q) was 

formed i n  t h e  BrCN r e a c t i o n  wi th  it. The cyanogen bromide r e a c t i o n  proceeds 

wi th  t h e  two bases  on t h e  fo l lowing p a t t e r n  which corresponds t o  t h e  behaviour 

of a jmal ine  s e r i e s  of a l k a l o i d s  a s  noted by S idd iqu i  and c o - ~ o r k e r s . ' ' ~  
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The formation o f  these  products  has  been d i scussed  a t  l eng th  i n  case  of t h e  

a jmal ine  s e r i e s  of  base^.^" On mild a l k a l i n e  hydro lys i s  of monoacetyl cyano 

sandwicine,  t h e  a c e t y l  group is hydrolysed t o  f u r n i s h  cyanosandwicine (i). while  

prolonged r e f l u x i n g  wi th  a l c o h o l i c  a l k a l i  r e s u l t e d  i n  complete hydro lys i s  and 

i somer iza t ion  t o  i sosandwicine .  On t h e  o t h e r  hand when B r C N  r e a c t i o n  was 

c a r r i e d  o u t  wi th  sandwicine wi thout  p r o t e c t i n g  t h e  hydroxyl groups,  t h e  cyano 

d e r i v a t i v e  I was d i r e c t l y  ob ta ined  a long wi th  t h e  hydrobromide ( 1  o f  t h e  

unreacted  base i n  1:l molecular  p ropor t ion .  

Acetyl  cyano d e r i v a t i v e s  o f  sandwicine and hexahydrosandwicine on t r ea tmen t  

wi th  LiA1H4 a f fo rded  dihydrosandwicinel  and unrepor ted  d ihydroder iva t ive  of 

hexahydrosandwicine , r e s p e c t i v e l y ,  by t h e  r educ t ion  of a c e t a t e  and rep- 

lacement of cyano group. On t h e  o t h e r  hand borohydride r educ t ion  of a ldehyd ic  

groups i n  acetylcyanosandwicine I ,  cyanosandwicine , cyanobexahydrosand- 

wic ine  1 )  and acetylcyanohexahydrosandwicine I a f fo rded  t h e  corresponding 

dihydro products  @, , & and A:, r e s p e c t i v e l y .  



11 : R, = H ,  R = CH O H ,  R =H 
1% . 2  2 3  

&. : R1 = H ,  R2 = CH OH 2 
&z : R = H, R = CH OH, R = CN 

1 2' 2 3  

: R1 = COCH3, R2 = CH OH 2  22 : R = COCH3, R2 = CH OH, R = CN 
1 2  3  

1% : R1 = H ,  R = CHO, R = CN 
% 2 3  

On a  s i m i l a r  p a t t e r n  of s t u d i e s  on isosandwicine (i), monoacetylcyano isosand- 

wic ine  ( )  ~ ~ a n o i s o s a n d w i c i n e  ( 8 )  dihydrocyanoisosandwicine ( k x ) ,  monoacetyl- 

cyanohexahydroisosandwicine ( Z R ) ,  and cyanohexahydroisosandwicine . were 

obta ined.  

$x : R1 = COCH3, R2 = CHO : R1 = COCH3, R = CHO 
2  

1@ : R1 = H ,  R = CHO 
% 2  <& : R1 = H ,  R2 = CHO 

&x : R1 = H, R = CH20H 2 

AS a r e s u l t  of e l e c t r o p h i l i c  s u b s t i t u t i o n i n  t h e  benzene r i n g  o f  sandwicine,  bramo 

and s u l f o n i c  a c i d  d e r i v a t i v e s  ( )  and (£2) were ob ta ined  i n  good y i e l d  following 

t h e  procedures descr ibed i n  t h e  exper imenta l .  I n  case of  n i t r o s o  d e r i v a t i v e  it 

was noted t h a t  when t h e  r e a c t i o n  i s  c a r r i e d  o u t  i n  d i l u t e  a c e t i c  a c i d  medium an  

N-nitroso d e r i v a t i v e  (Zk)  i s  ob ta ined  whereas i n  d i l u t e  H C 1  a  C-ni t roso  product  

(5%) w a s  formed as descr ibed i n  t h e  experimental .  Ace ty la t ion  o f  sandwicine i n  

d i l u t e  a c e t i c  ac id  and a c e t i c  anhydride a f fo rded  a c r y s t a l l i n e  compound i n  70% 

y i e l d .  On t h e  b a s i s  of s p e c t r a l  da ta  i t  was concluded t o  be 21-0-acetyl sandwi- 

c i n e  ( al though t h e  17-acetyl  and 17 ,21  d i a c e t y l  sandwicine were r e p o r t e d l r 2  
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t o  be produced by A c  0-pyr id ine  t r ea tmen t  o f  2 .  
2 

The NMR s p e c t r a l  s t u d i e s  o f  t h e  s u b s t i t u t i o n  products  i n d i c a t e d  t h a t  groups 

have e n t e r e d  a t  p o s i t i o n  10 (pa ra  t o  i n d o l i c  N ) .  For example t h e  aromat ic  

region of t h e  NMR spectrum of  ;$ shows a  double t  a t  6 6 .98 (J = 9 . 1  c/s) and 

may be ass igned t o  H-12  which has a  h ighe r  e l e c t r o n  dens i ty .  shows o r t h o  

coupl ing wi th  H - 1 1  and a sma l l  pa ra  coupl ing wi th  H-9 ( J  = 0.6 c / s )  v i s i b l e  

under high r e s o l u t i o n  on ly .  The s i g n a l  of H - 1 1  is  a  d i s t o r t e d  q u a r t e t  cen te red  

a t  6 8.32 whlch 1s s h i f t e d  downfield,  due t o  t h e  e l e c t r o n  withdrawing n a t u r e  of 

t h e  n i t r o s o  group a t  C-10. I t  shows o r t h o  coupl ing wi th  H-12 ( J  = 9 . 1  c / s )  and 

meta coupl ing wi th  H-9 ( J  = 2.5 c/s). A l l  o t h e r  s u b s t i t u t i o n  products  showed 

s i m i l a r  NMR p a t t e r n  i n  t h e  aromat ic  region.  

22 : R1 = BT, R = H 
""% 2 

22 : R1 = SO H ,  R = H 
3 2 

&$ : Rl = NO,  R2 = H 

22 : R1 = H ,  R2 = COCH 
3 

EXPERIMENTAL 

The a c t i o n  of cyanogen bromide on sandwicine:  Sandwicine (1 g., 0.003 mole) was 

d i s s o l v e d  i n  dry  chloroform (10 m l )  and cyanogen bromide (0.43 g . ,  0.004 mole) 

i n  dry chloroform ( 4  m l )  was slowly added t o  i t  wi th  c o n s t a n t  s t i r r i n g  and e f f i -  

c i e n t  cool lng.  There was no immediate p r e c i p i t a t i o n  b u t  c r y s t a l s  began t o  form 

slowly i n  t h e  cold .  The r e a c t i o n  mixture was allowed t o  s t and  ove rn igh t ,  fil- 

t e r e d  and t h e  c r y s t a l l i n e  p r e c i p i t a t e  e x t r a c t e d  wi th  warm 10% a c e t i c  ac id .  The 

r e s idue  l e f t  ove r  a f t e r  e x t r a c t i o n  wi th  a c e t i c  a c i d  c r y s t a l l i s e d  o u t  from metha- 

n o l i c  benzene a s  e longa ted  c o l o u r l e s s  needles  which melted a t  Z A ~ O C ,  and ana- 

+ lysed f o r  C21H25N302 (Found: C ,  71.11; H ,  6.99; N, 12.1%: and M peak a t  351. 



cyanosandwicine, C H M 0  required:  C ,  71.76; H ,  7.12; N ,  11.96% and mol. 21 25 3  2 

w t .  351). 

The f r e e  base obta ined from t h e  a c i d i c  e x t r a c t ,  f a i l e d  t o  c r y s t a l l i s e  h u t  could 

he i d e n t i f l e d  a s  sandwicine through comparison of phys ica l  and s p e c t r a l  da ta  

wi th  s tandard  sample. 

The UV spectrum of cyanosandwicine was c h a r a c t e r i s t i c  of d ihydroindoles  wi th  

maxima a t  246 nm ( l o g  6 3.9) and 286 nm ( l o g  5 3.46).  The I R  spectrum showed 

0-H s t r e t c h i n g  between 3260-3400 cm-l, C-H s t r e t c h i n g  of aldehydes a t  2760 cm-l, 

C:N s t r e t c h i n g  a t  2250 a n - l ,  C=O s t r e t c h i n g  a t  1700 cm-' and -C-0 s t r e t c h i n g  of 

c a r h i n o l s  a t  1055 cm-l. The nmr spectrum showed peaks a t  6 9.13 ( 1 H .  double t ,  

CHO g roup) ,  6 6.60-7.28 ( 4 H ,  m u l t i p l e t ,  aromatic p r o t o n s ) ,  6 4.12 ( l H ,  doub le t ,  

J=9Hz, C-17 $OH), 6 3.57 (2H. m u l t i p l e t ,  C-3: and C-5 H ) ,  6 3.1 ( l H ,  s i n g l e t ,  

C-2 H )  and 6 2.84 ( N - C H ~ .    he mass spectrum showed molecular Ion peak a t  m/e - - 
+ + 

351, followed by o t h e r  impor tant  fragments a t  m / e  336 (M-CH3) , 333 (M-H20) , 
+ + 

323 (M-CO)+,  322 (M-CHO) and (M-C2H5)  , i n  a d d i t i o n  t o  peaks a t  m/e 200, 182, 

158, 157, 145 and 144, which are common t o  t h e  mass s p e c t r a  o f  sandwicine and 

a jmaline. 10-13 

S imi la r  work up wi th  i sosandwicine  a f fo rded  cyanoisosandwicine a s  c o l o u r l e s s  

s l ender  needles ,  m.p. 228Oc t o g e t h e r  wi th  the  hydrobromide o f  t h e  unreacted 

base i n  almost equa l  p ropor t ion .  

The a c t i o n  of cyanogen bromide on d i a c e t v l  sandwicine: Diacetyl  sandwicine ( l g . ,  

0.0025 mole) was d i s so lved  i n  e t h e r  wi th  t h e  he lp  of a few drops o f  e t h y l  ace- 

t a t e ,  and a s o l u t i o n  of 0.3 g. (0.0028 mole) B r C N  i n  e t h e r  was added on t o  i t  

wi th  e f f i c i e n t  i c e  coo l ing  and s t i r r i n g .  The g e l a t i n o u s  p r e c i p i t a t e ,  which 

sepa ra ted  o u t  i n  t h e  co ld ,  was f i l t e r e d  and we l l  washed wi th  e t h e r .  The e the -  

r e a l  f i l t r a t e  and washings were taken toge the r  and w e l l  washed wi th  water ,  

d r i e d  over anhydrous Na2S04 and f r eed  of the  so lven t .  The r e s idue  c r y s t a l l i s e d  

0 
From methanol i n  c o l o u r l e s s  p r i s m a t i c  rods  which melted a t  227-28 C and ana- 

lysed f o r  monoacetyl cyanosandwicine. (Found: C ,  70.00; H, 6.92; N ,  10.75% and 

M+ peak a t  393. Calcula ted  f o r  C H N 0  : C ,  70.23: H ,  6.87: N ,  10.88% and 
23 27 3 3  

mol.wt. 393).  

The I R  spectrum was i d e n t i c a l  wi th  t h a t  of cyanosandwicine excep t  f o r  an addi-  

t i o n a l  carbonyl peak a t  1730 cm-' and another  hand a t  1240 cm-' f o r  C-0 s t r e -  

t ch ing  of a c e t a t e .  The proton nmr spectrum showed a d d i t i o n a l  peaks a t  6 2.06 
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(3H. s i n g l e t ,  0COCH3) and t h e  peak f o r  C-17 S A C  appears  a t  6 5.71 ( 1 H .  doub le t ,  

J = 9Hz). 

The precipitate ob ta ined  i n  t h e  r e a c t i o n  was r epea ted ly  c r y s t a l l i s e d  from metha- 

0 n o l i c  acetone t o  g ive  f i n a l l y  c o l o u r l e s s  need les  which melted a t  238 C and ana- 

ly sed  f o r  monoacetylsandwicine hydrobromide. (Found: C ,  58.63; H ,  7.00; N ,  6.44; 

Br. 17.85%. Calcd. f o r  C22H28N203. H B r :  C.58.79 : H, 6.68: N ,  6.46: B r .  17.81%) 

The aqueous s o l u t i o n  of t h e  hydrobromide was b a s i f i e d  wi th  a m o n i a  and t h e  l i b e -  

r a t e d  base c r y s t a l l i s e d  from methanol t o  a f f o r d  monoacetyl sandwicine,  m.p. 

153-54'~ (lit. m.p. 153-156°~).1 '2 

Mild hydro lys i s  of monoacetyl cyanosandwicine: Monoacetyl cyanosandwicine (0.2 g . )  

was taken up i n  2 c . c .  methanol containing potassium hydroxide (0.02 9.1 and 

re f luxed  on t h e  water  ba th  f o r  h a l f  an hour. The r e a c t i o n  mixture was n e u t r a l i s e d  

wi th  a l c o h o l i c  hydroch lo r i c  a c i d  and t h e  p r e c i p i t a t e d  potassium c h l o r i d e  f i l t e r e d  

o f f .  On concen t ra t ion  o f  t h e  f i l t r a t e  i n  a r o t a r y ,  c o l o u r l e s s  e longa ted  need les ,  

m.p. 248O~ were ob ta ined  which could  be i d e n t i f i e d  wi th  cyanosandwicine through 

mixed m e l t m g  po in t .  

Complete hydro lys i s  of monoacetyl cyanosandwicine: Yonoacetylcyanosandwicine 

(0.5 g . )  was r e f luxed  over  water  ba th  wi th  methanolic potassium hydroxide (5% w/v, 

10 c.c.). The hydro lys i s  proceeded a t  a very slow r a t e  wi th  t h e  formation of 

potassium a c e t a t e  and evo lu t ion  of ammonia. Af te r  4 days t h e  r e a c t i o n  mixture 

gave on keeping i n  t h e  c o l d  f o r  48 hours ,  a bulky crop o f  c o l o u r l e s s  c r y s t a l s  

which was f i l t e r e d ,  and washed wi th  a l i t t l e  ice-cold  methanol. I t  gave colour- 

0 l e s s  p r i s m a t i c  p l a t e s  which melted a t  250°c (lit. m.p. 250 c12 and could  be iden- 

t i f i e d  as isosandwicine  through mixed me l t ing  po in t .  

Hexahydr0sandwicine:Sandwicine (1 g . )  i n  50% a c e t i c  a c i d  was hydrogenated i n  t h e  

presence o f  Adams c a t a l y s t  (0.1 9 . ) .  The absorp t ion  ceased a f t e r  t h e  uptake of 

6 atoms o f  hydrogen p e r  molecule of sandwicine.  The c a t a l y s t  was then f i l t e r e d ,  

washed wi th  10% a c e t i c  a c i d ,  and t h e  combined f i l t r a t e  and washings were b a s i f i e d  

wi th  ammonia. Ttie p r e c i p i t a t e  when f i l t e r e d ,  washed wi th  water  and d r i e d ,  crys-  

t a l l i s e d  o u t  from methanol i n  e longa ted  p l a t e s  of hexahydrosandwicine, m.p. 170'~.  

(Found: C ,  72.35; H ,  9.40; N ,  8.31% and M' peak a t  332. Calcd. f o r  C20H32N202: 

C ,  72.29; H ,  9.63: N, 8.43% and mol.wt. 332). 

The I R  and NMR s p e c t r a  were i d e n t i c a l  w i th  those  of sandwicine wi th  n o t a b l e  excep- 

t i o n  of aromat ic  peaks. The mass spectrum showed common f e a t u r e s  of a jmal ine  and 



sandwicine with an increment of six units in all the fragments representing 

indolic moieties. 

Diacetyl hexahydrosandwicine: 1 g. of hexahydrosandwicine was acetylated with 

acetic anhydride -pyridine to yield through usual work up diacetyl hexahydro- 

sandwicine which crystallised from dilute alcohol, m.p. 132Oc. (Found: C, 69.41; 

+ 
H, 8.32; N, 6.87% and M peak at 416. Calcd. for C24H36N204: C, 69.23; H.8.65; 

N, 6.73% and mol.wt. 416). The IR spectrum was identical with hexahydrosand- 

wicine except for the absence of OH bands and presence of carbonyl stretching 

at 1730 cm-l, and C-0 stretching of acetate at 1240 cm-l. The '~~-Nnr spectrum 

showed 6H singlet at 6 2.03 (OCOCH3), 1H doublet at 6 5.64 for C-17 S A C  and 

6 5.24 (IH, broad doublet of C-21 HOAC). - 

Action of cyanogen bromide on diacetylhexahydrosandwicine: To an ethereal solu-, 

tion of diacetylhexahydrosandwiclne (0.57 g., 0.0014 mole1 was added drop by 

drop a solution of BrCN (0.2 g., 0.0015 mole) in ether (5 c.c) with efficient 

cooling and mechanical stirring. No imediate precipitation followed, as in 

the case of this reaction with diacetylsandwicine. After keeping the reaction 

mixture in the cold for 24 hours, a gelatinous mass settled down which was re- 

peatedly triturated with ether. The residue left on removal of the solvent 

from combined ethereal extract crystallized from methanol, in colourless needles, 

which melted at 18g0c and analyzed for monoacetylcyanohexahydrosandwicine. 
+ 

(Found: C, 69.71; H, 8.11; N, 10.19% and M peak at 399. Calcd. for C23H33N303: 

C, 69.17; H, 8.27; N, 10.52% and mol.wt. 399). 

The hydrobromide salt formed in the reaction, which separated out as gelatinous 

0 
mass, yielded a base which melted at 189 C and showed no depression in the mel- 

ting point on admixture with the acetylcyanoderivative obtained directly from 

the ether soluble portion of the reaction product. The total yield of the cyan0 

product was nearly theoretical. 

Mild hydrolysis of monoacetylcyanohexahydrosandwicine - cyanohexahydrosandwicine: 
The mild hydrolysis of acetyl group carried out in exactly the same manner as 

descrihed for monoacetylcyanosandwicine, gave cyanohexahydrosandwicine, which 

crystallised out from methanol as colourless slender needles, m.p. 2 0 3 ~ ~ .  (Found: 

+ 
C, 70.81; H, 8.51; N, 11.39% and M peak at 357. Calcd. for C21H31N302: C, 70.58; 

H, 8.68; N, 11.76% and mol.wt. 357). 
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Complete hydrolysis of monoacetylcyanohexahydrosandwicine - hexahydroisosandwicine: 
The complete hydrolysis of monoacetylcyanohexahydrosandwicine was achievedthrough 

methanolic alkali by following the procedure described for monoacetylcyanosandwi- 

cine. On repeated crystallisations from methanol, hexahydroisosandwicine was 

obtained as colourless bunches of needles whlch melted at 224Oc and analysed for 

+ C20H32N202. (Found: C, 71.99; H, 9.65; N, 8.39% and M peak at 332. Calcd. for 

C20H32N202: C, 72.29; H, 9.63; N, 8.43% and mol.wt. 332). 

The borohydride reduction of cyano derivatives: To a solution of cyanosandwicine 

(0.1 g.) in ethanol (5 c.c.1 was added an aqueous solution of sodium borohydride 

(0.2 g. in 5 c.c.) and the mixture allowed to stand overnight at room temperature. 

The excess of borohydride was decomposed by the addition of acetic acid (1081, and 

the residue left on removal of solvent was treated with cold dilute ammonia. The 

liberated base was extracted out with chloroform. On working up the chloroform 

solution cyanodihydrosandwicine was obtained on crystallization from acetone as 

hexagonal rods, melting at 261-62'~. (Found: C, 71.14; H, 7.71; N, 11.91% and M+ 

peak at 353. Calcd. for C H N 0 . C, 71.38; H, 7.64; N, 11.89% and mol.wt.3531. 
21 27 3 2' 

By following the above procedure, acetylcyanosandwicme, cyanoisosandwicine, cya- 

nohexahydrosandwicine and acetyl cyanohexahydrosandwicine, were reduced to their 

corresponding dihydro derivatives. 

Acetylcyanodihydrosandwicine: It formed colourless prismatic rods, m.p. 221-22Oc 

and analysed for Cz3HZ9N3O3 (Found: C, 69.80; H, 7.27; N, 10.82% and M+ peak at 

395. Calcd. for C23H2gN303: C, 69.87; H, 7.34; N, 10.63% and mol.wt. 395). 

Cyanodihydroisosandwicine: Crystallised from methanol as colourless hexagonal 

plates, m.p. 237Oc and analysed for C21H27N302. (Found: C, 71.19; H, 7.69; N,11.82% 

and M+ peak at 353. Calcd. for C21H27N302: C, 71.28; H, 7.64; N, 11.89% and mol.wt. 

353). 

Dihydroderivative of cyanohexahydrosandwicine: Colourless prismatic plates from 

methanol. It melted at 198'~ and analysed for C21H33N302. (Found: C, 70.28; 

+ 
H, 9.14; N, 11.58% and M peak at 359. Calcd. for C21H33N302: C, 70.19; H, 9.19; 

N, 11.70% and mol.wt. 359). 

Dihydro derivative of acetyl cyanohexahydrosandwicine: It formed colourless pris- 

matic plates from methanol, melted at 2 0 3 ~ ~  and analysed for C23H35N303 (Found: 

+ 
C, 68.77; H, 8.66; N, 10.81% and M peak at 401. Calcd. for C23H35N303:C, 68.82; 



H ,  8.72; N ,  10.47% and mol.wt. 401) .  

The I R  and 'H -nmr s p e c t r a l  da ta  o f  these  d ihydroder iva t ives  were i d e n t i c a l  w i th  
1 

those of t h e  pa ren t  bases ,  except  f o r  t h e  absence o f  peaks due t o  a ldehydic  group 

and the  presence of a d d i t i o n a l  2 H  double t  a t  6 3.6 f o r  t h e  grouping -CH2-0-H. 

Lithium aluminium hydride r educ t ions  o f  acetylcyano d e r i v a t i v e s :  To a s o l u t i o n  of 

acetylcyanosandwicine (0.1 g . )  i n  dry t e t r ahydro fu ran  (5  c.c.) was added an ex- 

c e s s  of l i t h ium aluminium hydride.  The r e a c t i o n  mixture was r e f luxed  f o r  4 hours 

i n  absence of molsture (CaC12 drying tube )  and then l e f t  w e l l  corked a t  room tem- 

p e r a t u r e  overnight .  Excess of t h e  hydride was des t royed by t h e  a d d i t i o n  of 

crushed i c e  t o  t h e  cold  r e a c t i o n  mixture which was then e x t r a c t e d  o u t  wi th  e t h y l  

a c e t a t e .  The r e s idue  obta ined from e t h y l  a c e t a t e  f r a c t i o n  a f t e r  washing, drying 

and removal of s o l v e n t  was taken up i n  acetone,  o u t  of which it c r y s t a l l i s e d  o u t  

on coo l ing  as c o l o u r l e s s  long hexagonal rods ,  which melted a t  210-12Oc and ana- 

+ 
lysed f o r  dihydrosandwicine (Found: C ,  73.21; H ,  8.60; N ,  8.50% and M peak a t  

328. Calcd. f o r  C20H28N202: C ,  73.17; H ,  8.53; N ,  8.53% and mol.wt. 3281. The 

i d e n t i t y  was confirmed through repor t ed  mel t ing  p o i n t  a s  w e l l  a s  formation of 

c r y s t a l l i n e  hydrobromide, m.p. 252-53O~ (lit. m.p. 2 5 0 - 2 5 ~ ~ ~ 1 .  
1 

Acetylcyanohexahydrosandwicine could a l s o  be reduced by t h e  above procedure t o  the  

d ihydroder iva t ive  of hexahydrosandwicine. I t  c r y s t a l l i s e d  o u t  from methanol as 

c o l o u r l e s s  r e c t a n g u l a r  p l a t e s  which melted a t  174-76Oc and analysed f o r  

C20H34N202 (Found: C ,  71.72; H ,  10.23; N ,  8.50% and M'  peak a t  334. Calcd. f o r  

C20H34N202: C, 71.85: H ,  10.18; N ,  8.38% and mol.wt. 334).  

The I R  and ' ~ ~ - n m r  s p e c t r a l  da ta  of t h e  dihydro d e r i v a t i v e s  were i d e n t i c a l  w i th  

those  of t h e  corresponding p a r e n t  base except f o r  a d d i t i o n a l  peaks due t o  NH 

group and 2H double t  a t  6 3.6 f o r  t h e  grouping -E2-0-H. 

Sandwicine mono sulphonic  ac id :  0.4 g. sandwicine wi th  1  m l  conc. H2S04 (d ,  1.84; 

96%) was heated a t  1 0 0 ~ ~  f o r  10 minutes,  t h e  r e a c t i o n  mlxture was w e l l  cooled and 

d i l u t e d  wi th  co ld  water ( 7  m l ) ,  when t h e  sulphonated product  sepa ra ted  o u t  i n  

0  
c l u s t e r s  of p r i s m a t i c  rods (0.4 g.) which d i d  no t  me l t  upto  360 C and anal<sed 

+ 
f o r  C20H25NZ02. SOjH (Found: C ,  58.92; H ,  6.71; N ,  6.66; S, 7.97% and M peak 

a t  406. C20H25N202. SO H r equ i re s :  C ,  59.11; H ,  6.40; N ,  6.89; S ,  7.88% and 3  

mol.wt. 4061. The I R  spectrum was s i m i l a r  t o  sandwicine wi th  additional bands 

f o r  S=0 s t r e t c h i n g  a t  1150-1165 and 1342-1350 cm-l. The mass spectrum showed 

common f e a t u r e s  of sandwicine wi th  i n d o l i c  fragments showmg an increment of 80 
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u n i t s  due t o  a d d i t i o n a l  S03H group i n  t h e  benzene r ing.  The NMR spectrum loca ted  

S03H group a t  C-10. 

10-bromosandwicine: A s o l u t i o n  of sandwicine (0.75 9 . )  i n  methanol (25 m l )  was 

a c i d i f i e d  wi th  a  few drops o f  50% a c e t i c  a c i d  and t r e a t e d  wi th  a  s o l u t i o n  of 

CuBr2 (0.75 9.1 i n  methanol. The r e a c t i o n  mixture was s t i r r e d  a t  room tempera- 

t u r e  f o r  5  hours ,  f r e e d  of t h e  s o l v e n t ,  t h e  r e s idue  taken up i n  water and bas i -  

f i e d  wi th  excess of  ammonia t o  keep t h e  copper s a l t  i n  s o l u t i o n .  The l i b e r a t e d  

base was shaken o u t  wl th  e t h y l a c e t a t e ,  which when washed, d r i e d  (Na2S04) and 

f r e e d  of t h e  s o l v e n t  gave a  r e s idue  t h a t  c r y s t a l l i s e d  from methanol, i n  p r i s m a t i c  

p l a t e s ,  melted a t  230-~OC and analyzed f o r  monobromosandwicine (Found: C ,  59.55; 

H ,  6.10; N, 6.66 and B r ,  19.65%. Calcd. f o r  C20H25N202Br: C ,  59.40; H ,  6.1; 

N, 6.93; and B r ,  19 .55%).  The NMR spectrum revealed  t h e  p o s i t i o n  o f  B r  a t  C-10 

( y i e l d  0.48 g.)  

10-nitrososandwicine:  Sandwicine n i t r i t e  (1 g . )  was d i s so lved  i n  methanol (10 m l ) ,  

t h e  s o l u t i o n  was d l l u t e d  wl th  water  (10 m l )  cooled and t r e a t e d  wi th  2 N  hydrochlo- 

r i c  a c i d  (20 m l ) .  The r e s u l t i n g  blood red  s o l u t i o n  g radua l ly  turned brown and 

then green.  Right a t  t h i s  s t a g e ,  i t  was b a s i f i e d  wi th  ammonia and e x t r a c t e d  o u t  

wi th  e t h y l a c e t a t e  a f t e r  s a t u r a t i n g  wl th  sodium c h l o r i d e .  The e t h y l a c e t a t e  l a y e r  

was washed, d r i e d  and concentra ted  whereby C-ni t roso  sandwicine was ob ta ined  a s  

yel lowish green p l a t e s  which d i d  no t  mel t  upto  3 6 0 ~ ~  and analyzed f o r  mononitro- 

+ 
sosandwicine. (Found: C ,  67.77; H ,  7.24; N, 11.67% and M peak a t  335. 

C 2 0 H 2 S N 3 0 3  r equ i red :  C, 67.60; H ,  7.40: N, 11.83% and mol.wt. 335).  The I R  spec- 

trum was i d e n t i c a l  wi th  sandwiclne showing a s t r o n g  a d d i t i o n a l  band a t  1500 cm 
- 1 

f o r  N-0 s t r e t c h i n g .  S i m i l a r i t y  wi th  sandwicine was a l s o  shown by t h e  mass spec- 

trum i n  which a l l  t h e  i n d o l i c  fragments showed an increment of 29 f o r  NO group. 

The p o s i t i o n  C-10 could be a s s lgned  t o  t h l s  group on t h e  b a s i s  of i t s  NMR spectrum 

( y i e l d  0.57 9.1. 

N-nitrososandwlcine: A s o l u t i o n  of sandwicine (0.5 g . )  i n  10% a c e t i c  a c i d  (5 m l )  

was t r e a t e d  wi th  an aqueous s o l u t i o n  o f  sodium n i t r i t e  i n  t h e  cold .  The yellow 

c r y s t a l l i n e  p r e c l p l t a t e  which began t o  s e p a r a t e  immediately was f i l t e r e d ,  washed 

wi th  d i l u t e  a c e t i c  a c i d  and then wi th  water ,  d r i e d  and recrystallized from e t h y l -  

0 
a c e t a t e .  The yel lowish p r i s m a t i c  p l a t e s  o f  N-nitrososandwicine melted a t  210 C 

+ 
and analyzed f o r  C20H25N303 (Found: C, 67.42; H ,  7.77; N ,  11.72% and M peak a t  

335. C20H25N303 r e q u i r e s :  C ,  67.60; H ,  7.40; N ,  11.83% and mol.wt. 335).  I n  t h e  



IR spectrum it shows absorption bands at 3500 (OH), 2700 (aldehydic C-H stre- 

tching) , 1700 (CO) and 1430 cm-' (N-NO) . 
21-0-acetylsandwicine: A solution of sandwicine (0.5 g.) in 10% acetic acid (3 ml) 

was gradually added with acetic anhydride (2 ml) with continuous vigorous stirring 

at room temperature. The reaction mixture was well shaken up with water till the 

acetic anhydride was decomposed, the solution basified with ammonia and extracted 

out with ethylacetate. The ethyl acetate layer was washed, dried (Na2S04) and 

concentrated, whereby the monoacetylated product was obtained as colourless elon- 

gated needles, which melted at 172-4Oc and analyzed for monoacetylsandwicine 

+ 
(Found: C, 71.62; H, 7.85; N, 5.7%; and M peak at 368. C22H28N203 requires: 

C, 71.74; H, 7.61; N, 5.67% and mol.wt. 368). The IR spectrum showed bands at 

3400 cm-' (OH/NH group), 1730 cm-' (acetyl C=O group) and 1240 cm-' LC-0 stre- 

tching of acetates). Its Rf value differed from that of 17-0-acetyl sandwicine 

and was found to be 21-0-acetyl sandwicine through NMR spectral data which showed 

similar features as sandwicine with additional 3 protons singlet at 6 2.00 for 

COCE3 and a one proton doublet at 6 5.25 for 21-EAc. 

Acknowledgement: The Authors wish to express their gratitude to M/s Kali Chemie 

(West Germany) for the generous supply of sandwicine. 
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