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-: [+)-Chenabine i@ and ( t i - jhetumine (n are t h e  f i r s t  dimeric 

a lkaloids  incorporating a benzyZisoquinoline bonded through o diaryZ e ther  

bridge t o  a simple isoquinoZine. They may be formed en e i ther  through 

cleavage of a bisbenzytisoquinoline precursor, or by os idnt ive  coupling of 

t he  isoquinoline corypalline iGl wi th  on omlog o f t h e  new a l k t o i d  

(+I-karakormnine (14. 

OTie of t h e  main c a f a b o l i c  pathways a v a i l a b l e  ro the  b i s b e n z y l i s o q u ~ o n l i n e s  i n  n a t u r e  i n v o l v e s  

o x i d a t i v e  c leavage  a t  t h e  b e n r y l i c  C - 1  t o  C-a bond of one of the  rwo tetrahydrobenzylisoquinoline 

wits.  mi8 o x i d a t i o n  occurs p r e f e r e n t i a l l y  a t  the  tetrahydrobenzylisoquinoline which is unsubs t i -  

Luted a t  C-8, s i n c e  t h e  a d j a c e n t  C-1  center 1s less s t e r i c a l l y  h indered .  The r e s u l t i n g  s e c o b i s -  

b e n z y l i s o q u i n o l i n e s  are lac ram a ldehydes  as exempl i f i ed  by the a l k a l o i d s  (-)-baluchistanamine (i), 2 

(-1-revolurinone (3 , 3  and ( - ) - p u n j a b h e  (?) .& Occass iona l ly ,  t h e  a ldehyde  f u n c t i o n  may s u f f e r  

o x i d a t i o n  o r  r e d u c t i o n ,  s o  t h a t  secobisbenzylisoquinolines may a l s o  be l ac tam a l c o h o l s ,  l ac tam 

c a r b o x y l i c  a c i d s  or  l a c t a m  methyl  esters. 5 

I n  a c o n t i n u i n g  chemical  s t u d y  of the f l o r a  of P a k i s t a n ,  we had o c c a s s i o n  t o  i n v e s t i g a t e t h e  c o n t e n t s  

of B e r b e r i s  lycium Royle (Berber idaceae) ,  from which a s m a l l  sample of t h e  new a l k a l o i d  (+)-kara- 

koramine, C25H270iN, was o b t a i n e d  as an amorphous m a t e r i a l . 6  The s p e c t r a l  p r o f i l e  of karakoramine 

i s  i n  agreement w i t h  s t r u c t u r e  4. The UV spectrum shows a maximum st 283 nm, t y p i c a l  of terra- 

hydrobenzylisoquinolines (Tab le ) .  m e  CD curve,  with a p o s i t i v e  t a i l  a t  212 nm, is d i a g n o s t i c  of 

t h e  S a b s o l u t e  c o n f i g u r a t i o n .  In  accord  wi th  t h i s  s t e reochemica l  assignment ,  t h e  a l k a l o i d  shows a 

p o s i t i v e  s p e c i f i c  r o t a t i o n ,  [ a 1 2  +71' (c  0.17, MeOH). 7 

The 200 MHz NKR spec t rum (CDC1 has  been summarized around express ion  4. The A2B2 double r  of 3 

d o u b l e t s  appears  ar 6 6 .92  and 7.06 (J = 8.5 Hz) .  These s h i f t s  are i n  agreement wi th  t h e  cor- 

responding  v a l u e s  f o r  t h e  known d i n e r  (+)-berbamunine (2) which are at 6 6.82 and 7 .03  (J  = 8 . 5  

Hz). The main f e a t u r e  of t h e  mass spectrum (Tab le )  i s  base  peak mlz 192 r e p r e s e n t i n g  r i n g s  A and 

B of t h e  molecule.  



(+)-Karakoramine (4) is the first known benzylisoquinoline derivat~ve resulting from & a 
oxidation of a bisbenzylisoquinoline possessing only one diary1 linkage; as such, it lacks the 

lacram moiety. Its precursor may  ell be (+)-berbamunine (2) which we have also found in the 

plant. 

The next new alkaloid isolated from B. lycium was the monophenolic (+)-chenabine @), 
-1 

c ~ ~ H ~ ~ ~ ~ N ~ ,  whose IR spectrum (CHC13) ~hows a conjugated aldehyde carbony1 at 1680 cm , but no 

lacram absorption. The UV spectrum (Table) displays a substantial bathochromic shift as well as a 

hyperchromic effect in base, reflecting the fact that the phenolic function lies para to the alde- 

hyde group. The 360 MHz NMR spectrum (CDC13) is described around expression 6. Noteworthy are 

the qfield C-7' merhoxyl singlet at 6 3.25 and the upfield H-8 singlet at 6 5.23 consonant with 

a conformation i n  which the phenolic function is hydrogen bonded to the nitrogen as indicated in 

expression The 7'-merhoxyl is shielded by ring A, while H-8 is in the shielding region of 

ring C. In CD30D solution, intramolecular hydrogen bonding is minimlzed, so that the 7'-methoxyl 

signal falls at 6 3.48 and that for H-8 is at 5.75. 

Since NMR NOE measurements are ideally suited to the structural elucidation of dimeric isoquino- 

line bases,9 this analyt~cal method was applied to chenabine (6). The results corroborate the 

structural assignment, and are summarized around expression g. Irradiation of H-8 ( 6  5.23) leads 

r o  a 1.8% enhancement of the H-l signal (6 3.521, as well as to a 2.2% enhancement of the S 6.77 

broad singlet which represents H-10 and 14 as well as H-11 and 13. Furthermore, irradiation of 

the 7'-methoxyl absorption (6 3.25) results in 1.7% and 0.7% enhancements of the H-8 (6 5.23) and 

H-10,11,13,14 signals. respectively. 

The mass spectrum of chenabine (6) (Table) shows molecular ion m/z 624 which was also confirmed by 

CI as well as FAB mass spectroscopy. The rest of the spectrum reflects cleavage at the C-1 to C-a 

benzyllc bond with formation of peaks m/r 397 (a) (base) and 227 (1). 

Acetylation of 6 with acetic anhydride in pyridine led to 0-acetylchenabine, C H 0 N whose mass 39 42 8 2 

spectrum (Table) still showed base peak m/r 397 congruent with placement of the phenolic function 

in g i n  the lower half of the molecule. 

The CD spectrum of chenabine (6) (Table) has a positive tail beyond 217 nm due to the S configura- 

tion at C-1. The positive sign of the specific rotation, [a]: +40" (c 0.18 MeOH) also confirms 

this stereochemical assignment. 7 

The third new alkaloid obtained from B. lycium is the diphenolic (+)-jhelumine (L) ,  C36H3807N2, 

which is more polar than chenabine. The IR spectrum again shows an aldehyde carbonyl absorption at 

1680 The UV spectra m neutral and basic solutions are generally similar to chase for chena- 

bine (Table). The NMR spectrum (360 m e )  as shown in expression? is nearly identical with that of 
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6 ,  except f o r  t h e  absence  o f  t h e  6 3 .25 methoxyl resonance .  The mass spec t rum (Table)  h a s  ~ e a k  - 

m/z 610 (M'). c leavage a t  t h e  b e n z y l i c  C-1 to C-a bond g i v e s  base  peak 383 (5) and peak 227 (b). 

~ h e l v m i n e  h a s  a CD curve wi th  a p o s i t i v e  t a i l  beyond 217 nm ( T a b l e ) ,  and a p o s i t i v e  r o t a t i o n ,  

+2s0 ( C  0 . 6 ,  MeOH), mirroring t h e  f a c t  t h a t  s t r u c t u r e s  6 and 7 p o s s e s s  t h e  i d e n t i c a l  

c o n f i g u r a t i o n .  
1 0  

Chenabine (3) and jhelumine (1) r a i s e  an i n t e r e s t i n g  problem i n  b i o g e n e s i s .  Two pathways are 

p o s s i b l e  f o r  t h e i r  fo rmat ion .  It may be  t h a t  they  o r i g i n a t e  • ’ ran  c leavage  of a b i sbeney l i soqu ino-  

l i n e  possess ing  two d i a r y l  e t h e r  b r i d g e s  such as t h e  commonly o c c u r r i n g  (+)-berbamine (8) or one 

of i t s  ana logs .  I n  such a sequence,  t h e  b i s b e n z y l i s o q u i n o l i n e  would f i r s t  undergo b e n z y l i c  

ox ida t ion  a t  C-a t o  y i e l d  a l c o h o l  9. I f  l e a v i n g  group X now r e p l a c e s  t h e  a l c o h o l i c  hydrogen, t h e  

a l k a l o i d  can undergo b e n z y l i c  c l e a v a g e  as i n d i c a t e d  i n  e x p r e s s i o n  10 t o  y i e l d  a n  a ldehydo  iminium 

s a l t .  This m a t e r i a l  can then  s u f f e r  r e d u c t i o n  a t  t h e  iminium c e n t e r  t o  p rov ide  chenab ine  or 

jhelumine. Such a c leavage  of b e n z y l i s o q u i n o l i n e  h a s  never been f o r m a l l y  demonstrated,  b u t  it 

shou ld  n e v e r t h e l e s s  be  cons idered  a possibi l i ty .11 One f a c t o r  m i t i g a t i n g  a g a i n s t  t h l s  sequence,  

h o ~ e v e r ,  i s  t h a t  t h e  o r i g i n a l  b i s b e n z y l i s o q u i n o l i n e  would have t o  undergo o x i d a t i o n  a t  t h e  more 

h indered ,  and hence t h e  l e s s  r e a c t i v e  b e n z y l i c  s i t e .  

An a l t e r n a t e  and e q u a l l y  p l a u s i b l e  b i o g e n e t i c  r o u t e  would s t a r t  wi th  t h e  aldehyde a n a l o g  of 

karakoramine (as i n  4, bur w i t h  CH20H r e p l a c e d  by CHO) which can be cons idered  t o  be  r h e  d i r e c t  

product  of sn b e n z y l ~ c  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  i n c o r p o r a t i n g  on ly  one d i a r y l  

b r i d g e .  Phenol ic  o x i d a t i v e  coup l ing  of t h i s  p h e n o l i c  d d e h y d e  w i t h  t h e  s imple  i s o q u i n o l i n e  cory-  

p a l l i n e  (11) can l e a d  t o  jhelumine ( I ) ,  whose 0-methylaf ion would f u r n i s h  chenabine (6 ) .  P a r t i a l  

suppor t  f o r  t h i s  r o u t e  comes from t h e  f i n d i n g  t h a t  karakoramine (4) i s  p r e s e n t  i n  t h e  p l a n t .  I f  

t h i s  rou te  o b t a i n s ,  chenabine and jhelumine cou ld  b e  cons idered  t h e  f i r s t  examples of s imple  

isoquinoline-benzylisoquinoline d i n e r s .  

TABLE: S ~ 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  
1 2  - 

(+)-Karakoramine (4): h max (MeOH) 208, 226 s h ,  283 nm ( l o g  E 4.56, 4 .30,  3 .75) ;  ms m/z 420 

(M - l ) +  ( 0 . 2 ) ,  403 (0 .4 ) ,  192 (100) ;  CD As(nm) (MeOH) +2(285),  0 (265) ,  +7.4(230), 

+6(222), +14(212).  

(+)-Chenabine ( 6 ) :  h max (MeOH) 209, 227 s h ,  281, 326 nm ( l o g  E 4.72, 4 .49,  4 .08,  3 .87) ;  h max 

(M~OH,OH') 211, 283, 342 nm ( l o g  c 4.83, 3 .91,  4 .28);  ms mlz 624 (M') (O.Z), 397 (100). 365 (17). 

227 (4 ) ,  222 ( 2 ) ,  206 ( 4 ) ;  CD AE(nm) (MeOH) 0(310) ,  +4(287),  0 (270) ,  +8.3(236), 0 (217) ,  +10(210). 

(+)-Chenabine A c e t a t e  E s t e r :  NMR 360 KHz (CDC13) 6 2.26 (3H, s ,  COCH3), 2.42 and 2.46 ( 2 x 3H, Z s ,  

2  NCH3), 3 .68,  3 .81  and 3.92 ( 3  x 3H, 3 9 ,  7'-0CH3, 6-0CH3 and 6'-0CH3, r e s p e c t i v e l y ) ,  6.21, 6.54 

and 6.66 ( 3  x lH, 3 s ,  H-8, H-5 and H-5', r e s p e c t i v e l y ) ,  6.82 and 7.02 (4H, dd, Jo 8.5 Hz, H-10,11, 
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13,14), 7.30 (IH, d, Jo 8.2 Hz, H-13'1, 7.33 (In, d, J 2.0 Hz, H-lo'), 7.60 (lH, dd, J 8.2 Hz, 
m 

Jm 2.0 HZ, H-14'), 9.87 (lH, s, CHO); msmle 666 (M+) (0.3) 624 (0.2), 623 (0.4). 397 (loo), 269 

(0.2). 

(+)-Jhelmine (I): h man (MeOH) 211, 227 sh, 281, 326 nm (log E 4.72, 4.56, 4.17, 3.89); h man 

+ 
(&OH-OH') 214, 233 sh, 287, 341 nm (lag E 4.78, 4.47, 4.07, 4.31);~~ dz 610 (M ) (0.1), 609 

(0.4), 608 (0.5), 383 (loo), 227 (4). 192 (26); CD A~(nm) (NeOH) 0(310), +2.3(286), 0(270), 15.3 

(235), 0(217), +7(210). 
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