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SINDAMINE, PUNJABINE AND GILGITINE: THREE NEW SECOBISBENZYLIS03UINOLINE ALKALOIDS 

John E .  L e e t ,  S. F a z a l  ~ u s s a i n , '  R o b e r t  D. Minsrd and Maurice  shamma* 

Department  o f  Chemis t ry ,  The Pennsy lvan ia  S t a t e  U n i v e r s i t y ,  
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~ b s t r a c t :  Three new secobisbenzylisoquinolines found i n  B e r b e r i s  lycium - 

noyle ( ~ ~ ~ b ~ ~ i d a e s ~ )  are ( + ) - ~ i n d a r n i n e  (2). ( - ) - p u n j a b i n e  (Q and  ( - ) -  

g i l g i t m e  ( 2 ) .  A l k a l o i d s  4 and  2 a re  t h e  f i r s t  seco d i m e r i c  a l k a l o i d s  

d e r i v e d  from o x i d a t i o n  o f  a b i s b e n z y l i s o q u i n o l i n e  p r e c u r s o r  i n c o r p .  

o r a t i n g  t h r e e  d i a r y l  e t h e r  b r i d g e s .  

secobisbenzyl i saquinol ines  may be c o n s i d e r e d  t o  be &-  c a t a b o l i c  p roduccs  o f  b ~ s b e n z y l -  

i ~ o q ~ i n o l i n e s .  So f a r ,  o n l y  two o f  t h e s e  h a v e  been  d e s c r i b e d  i n  t h e  l i t e r a t u r e ,  namely ( - ) - b a l u -  

c h i s t a n e m i n e  and  ( - ) - r e v o l u t i n o n e  (L).3 We d e s c r i b e  h e r e  t h r e e  a d d i t ~ o n s l  s e c o b i s b e n z y l -  

~ s o q u m o l i n e s ,  ( + ) - s i n d a m h e  (3, ( - ) - p u n j a b i n e  (5) and ( - ) - g i l g i c i n e  ( 2 ) .  P u n p b i n e  and g i l -  

g i f i n e  a r e  o f  p a r t i c u l a r  i n t e r e s t  s i n c e  t h e y  a r e  ithe F i r s t  seco  a l k a l o i d s  r e s u l t i n g  from ox ida -  

f ~ v e  c l e a v a g e  of  s b i s b e n z y l i s o q u i n o l l n e  p r e c u r s o r  p o s s e s s i n g  t h r e e  d i a r y l  e t h e r  b r i d g e s .  

B e r b e r i s  lycium Royle  ( B e r b e r i d a c e a e ) ,  c o l l e c t e d  i n  t h e  Murree H i l l s  o f  n o r t h e r n  P a k i s t a n ,  

h a s  a s  i t s  two major t e r t i a r y  s l k a l o l d s  t h e  known b i s b e n z y l i s o q u i n o l i n e s  (+ ) -be rbamme (6) and 

(+ ) -oxyscanfh ine  (1). C a r e f u l  f r a c f m n s r i o n  of t h e  m m o r  a l k a l o i d a l  consrltuenrs prov ided  

c h r  monophenol ic  b a s e  ( + ) - s m d a m i n e  ( L ) ,  c ~ ~ H ~ ~ ~ ~ N ~ ,  v max (CHCI ) 1605 and 1645 cm-' (lacram 
3  

c a r b o n y l )  and 1695 cm-' ( c o n j u g a t e d  a ldehyde  c a r b o n y l ) .  Whereas a s u b s t a n t i a l  ba thochromic  

s h i f t  and hyperchromic  e f f e c t  were  obse rved  i n  rht.  U V  spec t rum of ( - ) - b a l u c h m t a n a m i n e  (1) when 

measured i n  b a s i c  s o l u t i o n ,  t h e  U V  s p e c t r u m  of s indamine  (2) underwent  a r e l a t i v e l y  s m a l l  b s rho-  

chromic s h i f t  upon a d d i r i o n  of  b a s e  ( T a b l e ) ,  s u g g e s t i n g  r h s r  the  p h e n o l i c  g roup  does  n o t  l i e  i n  

a pa ra  r e l a t m n s h i p  ro  t h e  a l d e h y d e  f u n c t i o n .  

The 360 MHz (CDC1 ) NMR spec t rum of  s indamine  h a s  been o u t l i n e d  a round  e x p r e s s i o n  2 and  
3 

c l e a r l y  shows t h e  p r e s e n c e  of  t w o  N-methyl  singlets, one of  which is a p p r e c i a b l y  downf ie ld  

( 6  3 .04)  s i n c e  i t  r e p r e s e n t s  a me thy l  g roup  bonded t o  a "on-bas ic ,  laccsrn n i t r o g e n .  There  is 

a l s o  an a r o m a t i c  A2B2 sys tem r e p r e s e n r i n g  f o u r  p r o t o n s ,  which i s  c e n t e r e d  a t  5 7.03 and 7 . 8 1 ,  

Jo = 8 . 8  Hz. The l a r g e  d i f f e r e n c e  i n  chemica l  s h i f t s  for t h e s e  p r o t o n s  is d i a g n o s t i c  of  a 

e - a r y l o x y b e n z a l d e h y d e  system.  F i n a l l y ,  a one p r o t o n  downf ie ld  s i n g l e t  a t  6  9 . 9 1  r e p r e s e n t s  t h e  

a l d e h y d e  p rocan .  



The mass specrrum of s indamine (2) d i s p l a y s  s smal l  molecu la r  i o n  peak m l z  638, w h i l e  t h e  

mlz 411 base  peak i s  due to  p o r t i o n  a of t h e  molecule.  P a r t m n  b i s  r e p r e s e n t e d  by t h e  mlz 227 

peak (Table) .  

The CD spectrum (Table)  w i t h  a descending t a i l  beyond 220 nm i s  i n d i c a t i v e  o f  s b e n z y l i s a -  

q u i n o l i n e  possess ing  t h e  R  c o n f i g u r a t i o n .  I n  accord  w i r h  t h i s  s t e r e o c h e m i c a l  a ss ignment ,  t h e  

a c e t s t e  e s t e r  of sindamine shows s p o s i t i v e  s p e c i f i c  r o t a t i o n ,  [01]i5+38' (c 0.04,  MeOH). 
4  

S ince  ( - ) -ba luch i s tanamine  (1) i s  t h e  seco dimer cor responding  t o  t h e  b i s b e n z y l i s o q u i n o l i n e  

(+)-oxyscanthine ( I ) ,  i t  was reasoned t h a t  s indamine cou ld  be  d e r i v e d  from (+)-berbamine (6). 

Indeed,  a c e t y l a t i o n  of berbamine w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e ,  fol lowed by potassium perman- 

g s n a t e  i n  a c e t o n e  o x i d a t i o n  gave a 25% o v e r a l l  y i e l d  of t h e  aldehydo lec tam a c e t a t e  2, i d e n t i c a l  

w i t h  t h e  a c e t a t e  e s t e r  of s indamine (Table) .  

The second seco dimer we r e p o r t  from the  same p l a n t  i s  t h e  monophenolic ( - ) -pun jab ine  (&), 

C35H3207N2, which b i o g e n e t i c a l l y  can be cons idered  sn o x i d a t i o n  p roduc t  of a bisbenzylisoquinol ine 

o f  the  mic ran th ine  type (8). The I R s p e c t r u m  of 4 shows v max (CHC1 ) 1620 and 1645 c m - I  3 

( l ac t sm c a r b a n y l )  and 1690 cm-' ( con juga ted  aldehyde ca rbonyl ) .  The UV spectrum undergoes a 

l e r g e  barhochromic s h i f t  accompanied by a hyperchromic e f f e c t  i n  b a s i c  s o l u t i o n    able), r e f l e c t -  

i n g  a pare r e l a t i o n s h i p  between t h e  p h e n o l i c  f u n c t i o n  and t h e  aldehyde group. 

The 200 MHz (CDC1 ) NMR spectrum of  pun jab ine  is d e s c r i b e d  around e x p r e s s i o n  4. S a l i e n t  
3  

f e a t u r e s  a r e  the  s i n g l e  methoxyl s i n g l e t  a t  6 3 . 8 7 ,  a s  w e l l  a s  t h e  r e l a t i v e l y  c l o s e  A B system 
2  2 

of  f o u r  p ro tons  c e n t e r e d  a t  6 6 .94  and 7 .18 ,  J - 8 . 5  Hz, r e p r e s e n t i n g  t h e  a r o m a t i c  p ro tons  of 

r i n g  C  t o  which no aldehyde group i s  a t t a c h e d .  

The mass spectrum w i t h  molecu la r  i o n  m/z 592 prominen t ly  d i s p l a y s  b e n e y l i c  cleavage wirh 

fo rmat ion  of base peak m l z  365 ( p o r t i o n  a) and peak m l z  227 ( p o r t i o n  b) (Tab le ) .  In format ion  on 

t h e  a b s o l u t e  c o n f i g u r a t i o n  of the  a l k a l o i d  i s  conveyed by t h e  C D  spectrum, which i n c l u d e s  a 

p o s i t i v e  c o t t o n  e f f e c t ,  c u l m i n a t i n g  i n  a maximum a t  222 nm, d e n o t i n g  t h e  s c o n f i g u r a t i o n  (Table). 5 

This  conc lus ion  i s  f u r t h e r  suppor ted  by the  n e g a t l v e  s p e c i f i c  r o t a t i o n  of pun jab ine ,  [ 8  -40" 
D 

(c 0.48,  MeOH). 
4  

The aldehyde group of a secabisbenzylisoqoinoline may undergo &- r e d u c t m n  t o  t h e  

a l c o h o l  s t a g e ,  o r  e l s e  may be o x i d i z e d  to  a c a r b o x y l i c  a c i d  which may i n  turn undergo e s t e r i f i c a -  

t i o n .  The l a t t e r  sequence indeed a p p l i e s  i n  t h e  case of o u r  t h i r d  a l k a l o i d ,  ( - ) - g i l g i t i n e  (2 ) .  

C36H3408N2, whose 200 MHz (CDC1 ) NMR spectrum (see e x p r e s s i o n  2 )  includes a n  e s t e r  methoxyl 
3 

s i n g l e t  a t  6 3.81. The remaining features of t h e  spectrum bear a d i s t i n c t  s i m i l a r i t y  t o  t h a t  o f  

punjabine.  

The UV spectrum of g i l g i t i n e  (Table)  e x h i b i t s  a l a r g e  bathochromic s h i f t  i n  b a s e ,  d e n o t i n g  

a para r e l a t m n s h i p  between the  phenol ic  f u n c t i o n  and t h e  e s t e r  group. The I R  spectrum has 
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- 1 \, max ( c H c ~ ~ )  1620 and 1645 cm ( l ac tam c a r b o n y l )  and 1710 cm-' ( con juga ted  e s t e r  c a r b o n y l ) .  

=he mass spec t rum shows m o l e c u l a r  i o n  peak mlz 622,  b e n z y l i c  c l e a v a g e  r e s u l t s  i n  base peak m / z  

365  orti ti on a) as s e e n  w i t h  p u n j a b i n e ,  and mlz 257 ( p o r t i o n  b). The s p e c i f i c  r o t a t i o n  o f  

g i l g i t i n e  cou ld  not be measured a c c u r a t e l y  due t o  p a u c i t y  of  m a t e r i a l ,  however t h e  g e n e r a l  shape 

of t h e  CD curve  (Tab le )  i s  i d e n t i c a l  t o  t h a t  of  ( - ) - p u n j a b i n e  (5) (Tab le ) .  Both a l k a l o i d s  mus t ,  

t h e r e f o r e ,  p o s s e s s  t h e  same a b s o l u t e  c o n i i g u r a c i o n  a s  w e l l  as t h e  same s i g n  of r o t a t i o n .  
4  

A l l  o f  t h e  l a c r a m i c  secobisbenzylisoquinoline a l k a l o i d s  d e s c r i b e d  t h u s  f a r  p o s s e s s  one com- 

mon f e a t u r e ,  namely t h a t  & oivoidarlon h a s  cmccurred at t h e  l e s s  s t e r i c a l l y  h i n d e r e d  b e n z y l i c  

s i t e ,  i.5 a r  t h a t  h a l f  of  t h e  molecu le  i n  which C-8 i s  u n s u b s t i t u t e d .  It i s  ~ n t e r e s t i n g  t o  n o t e  - 

i n  t h i s  r e s p e c t  t h a t  & o x i d a t i o n  of  a b i s b e n z y l i s o q u i n o l i n e  u s i n g  po tass ium permanganate 

i n  acetone a l s o  p roceeds  p r e f e r e n t i a l l y  s t  t h e  l e s s  h i n d e r e d  s i d e  of  t h e  d i m e r ,  t h e  p roduc t  b e i n g  

6  
a l a c t a m i c  secobisbenzylisoquinoline. 

TABLE: S p e c t r a l  C h a r a c t e r i s t i c s  of  New A l k a l o i d s  

(+)-Sindamine ( 3 ) :  A max (MeOH) 208,  259 ,  270, 283 nm ( l o g  E 4 . 6 2 ,  4 .09 ,  4 .07 ,  4 .04) ;  A max 

( M ~ O H , O H -  212,  272, 294 nm ( l o g  C 4 . 8 6 ,  4 .05 ,  4 . 0 8 ) ;  ms mlz 638 (M') ( 1 . 2 ) ,  411 ( l o o ) ,  365 ( 2 4 ) ,  

227 ( 9 ) .  206 ( 1 3 ) ,  204 (31) ;  CD A~(nm)  (MeOH) 0 ( 3 0 0 ) ,  - 1 . 7 ( 2 5 5 ) ,  0 ( 2 4 5 ) ,  +5(232) ,  O(220). 

I+)-Sindarnine A c e t a t e  Es t e r  @): 
C39H400gN2, 

* man (MeOH) 221 a h ,  259, 270 nm ( l o g  E 4 . 4 8 ,  

+ 
4 .11 ,  4 . 1 0 ) ;  ms m/z 680 (M ) ( 0 . 1 ) ,  411 ( l o o ) ,  365 ( l l ) ,  269 ( 0 . 4 ) ,  227 (2 .4 ) .  206 ( 4 ) ,  204 ( 9 ) ;  

C D  aE(nm) (MeOH) 0 ( ? 0 0 ) ,  - 1 ( 2 5 8 ) ,  O(245) ,  +3(233) ,  O(220). 

( -1 -Pun jab ine  ( 5 ) :  h max (MeOH) 231 ,  274, 325 rrn ( l a g  E 4 . 8 1 ,  4 .32 ,  3 . 9 8 ) ;  A max ( M ~ O H , O H - )  

+ 
228,  253 s h ,  295,  339 nm ( l o g  i 4 . 7 8 ,  4 .57 ,  4 . 1 1 ,  4 .50) ;  ms mlz 592 (M ) ( 0 . 3 ) ,  365 ( l o o ) ,  227 

(12) ;  CD Az(nm) (MeOH) O(300). -3 .6 (280) ,  -12 .6 (247) ,  0 ( 2 3 2 ) ,  +10.4(222). 

G i l i t i  (5): h man (M~OH)  224,  250 s h ,  285, 325 ( t o g  4 . 3 2 ,  3 .96,  3 .57 ,  3 . 2 2 ) ;  man 

( M ~ O H , O H - 1  208,  252 s h ,  297 nm ( l o g  i 4 . 6 6 ,  3 .95 ,  3 . 8 2 ) ;  ms m l i  622 (M') ( 0 . 1 ) ,  621 ( 0 . 3 ) ,  365 

( l o o ) ,  257 ( 2 ) ;  CD ~ ~ ( n m )  (MeOH) 0 ( 2 8 5 ) ,  - 4 ( 2 4 9 ) ,  0 ( 2 3 2 ) ,  +2(220) .  

A c k n o w l e d p e n t s :  T h i s  research was s u p p o r t e d  by g r a n t  cA-11450 from t h e  N a t i o n a l  Cancer I n s t i t u -  

t e ,  N a t i o n a l  I n s t i t u t e s  of  H e a l t h ,  USDHHS; and by g r a n t  1 ~ ~ 8 2 . 0 9 5 3 7  from t h e  N a t l o n a l  Sc ience  

Founda t ion  I n t e r n a t i o n a l  Program. 
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E x t r a c t i o n  a& P u r i f i c a t i o n :  The d r i e d  e t h a n o l i c  e x t r a c t  from 10 kg d r i e d  p l a n t  m a t e r i a l  ( r o o t s )  

was d i s s o l v e d  i n  5% HC1 and f i l t e r e d  to remove i n s o l u b l e  m a t e r i a l .  The f i l t r a t e  was c h i l l e d  t o  

a l l o w  f o r  p r e c i p i t a t i o n  of b e r b e r i n e ,  and chen f i l t e r e d  a g a i n .  The f i l t r a t e  was extracted  w i t h  

ch lo roform.  The o r g a n i c  phase wae d r i e d  over sodium s u l f a t e ,  f i l t e r e d ,  and t h e  s o l v e n t  evapors-  

r e d ,  l e a v i n g  55 g  of r e s i d u e  A which wes mainly no" a l k a l o i d a l  i n  n a t u r e .  The a c i d i c  aqueous 

~ h s s e  was b s s i f l e d  co pH:8 (ammonium h y d r o x i d e ) ,  and e x t r a c t e d  w i t h  chloroform. The o r g a n i c  

l a y e r  was a g a i n  d r i e d  and t h e  s o l v e n t  evapora ted  t o  f u r n i s h  50 g  of t e r t i a r y  a l k a l o i d a l  e x t r a c t  B. 

E x t r a c t  B was chromatographed on a column of  s i l i c a  g e l ,  and one h a l f  t o  one l i t e r  f r a c t i o n s  

were c o l l e c t e d  by e l u t i o n  f i r s t  w i t h  ch lo roform,  fol lowed by I n c r e a s i n g  p r o p o r r m n s  of methanol 

i n  chloroform. A 1 1  of t h e  succeed ing  t h l n  l a y e r  chromatography ( r l c )  was on Merck S i l i c a  Gel G 

F-254 g l a s s  p l a t e s .  A l l  compounds o b t a i n e d  a r e  amorphous u n l e s s  i n d i c a t e d  o therwise .  

Pvn iab ine  (2) :  F r a c t i o n s  40-41,  e l u t e d  w i t h  3% MeOH i n  CHC13, were combined t o  g i v e  40 m g  of 

m a r e r l a l .  This  was s u b j e c t e d  t o  t l c  u s i n g  CHC13-MeOH (95:5)  and then CHC13:DEA (85:15) t o  a f f o r d  

8  m g  punjabine.  

Baluchisranarnine (1) & Sindarnine (3): Column f r a c t i o n s  61-65 (4% MeOH i n  CHCl ) gave 188 mg. 
3  

m C  was f i r s t  w i t h  CHCl -MeOH (90: lO) and chen w ~ r h  CHCl -DEA (100:10) ,  and w i t h  CHCl -MeOH 
3  3  3  

(85 :15) .  Baluchistanamine (22 mg) and s indamine (2 mg) were t h u s  ob ta ined .  

Berbamine (i): F r a c t i o n s  79-85 (5% MeOH i n  CHCl ) were combined t o  g ive  2.5 g. A smal l  p o r t i o n  3  

of t h i s  m a t e r i a l  (150 mg) was s u b j e c t e d  t o  t l c  u s i n g  CHC13-MeOH (85:15) and then  C6H6-CHC13-DEA 

(5 :4 :1 )  t o  p rov ide  47 mg berbamine,  mp 155-155.5•‹  C  ( E ~ O H ) .  

C i l z i r i n e  (2) Gxvacanrhine ( L ) :  F r a c t i o n s  103-117 (7% MeOH i n  CHC13) were amalgamated to  

supp ly  2.7 g.  Th is  m a t e r i a l  was loaded on a smal l  S i l i c a  m el F-254 column u s i n g  C  H -CH COCH - 
6 6  3 3  

NH40H (20 :20 :0 .5 ) .  F r a c t i o n s  measuring 30 mL were c o l l e c t e d .  F r a c t i o n s  16-21 were combined and 

f u r t h e r  p u r i f i e d  by t l c  u s i n g  CHCl -DEA (90:lO) to a f f o r d  3  mg g i l g i t i n e .  F r a c t i o n s  51-60 w e r e  
3 

combined and s u b j e c t e d  t o  t i c  f i r s t  uslng CHCl -DEA (90 :10) ,  and then  CHC13-MeOH-NH40H (90:10:1)  
3  

to g i v e  7  mg of onyacanfhme.  

A c e t y l a t i o n  g Berbsmine (6): P y r i d i n e  (0.5 m L ) ,  a c e c l c  anhydr ide  ( 1 . 0  mL) and berbamine (26 mg) - 
were mined and t h e  s o l u t i o n  al lowed t o  s t a n d  o v e r n l g h i .  Work-up a f f o r d e d  a n e a r l y  quantitative 

y i e l d  of berbamine a c e t a t e  ester. 

Potassium Permanganate O a i d a t l a n :  A 27 mg sample of berbamine a c e t e t e  e s t e r  was dissolved i n  30 

mL acetone,  and a s o l u t i o n  of potassium permanganate (30 mg) i n  ace tone  (20 mL) was added drop- 

wise  over 0.5 h  w i t h  s f i r r m g .  A f t e r  4  h ,  t h e  m i x t u r e  was f i l t e r e d ,  t h e  s o l v e n t  e v a p o r a t e d ,  and 

the  r e s i d u e  p u r l f i e d  by t l c  u s i n g  CHCl -MeOH (80:20) .  C o l l e c t i o n  of t h e  h i g h e s t  R f  band a f f o r d e d  3  



7  mg secaberbamine a c e t a t e  aldehydo lac tam,  i d e n t i c a l  w i t h  s indamine a c e t a t e  e s t e r  (2). 

TLC R, Values a f  New A l k a l o i d s :  Using the  system CH CN-C H  -CH COOCH2CH3-CH OH-NH OH 3 6 6  3  3 4  

(40:30:20:5:5 "1 " ) :  a l k a l o i d  1 0 . 5 5 ,  d e r i v a t i v e  2 0 . 7 1 ,  a l k a l o i d  4 0 . 1 6 ,  a l k a l o i d  5 0.34.  
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