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-: (*)-Quettamine (I) c h l o r i d e ,  ( i ) - n o r j u z i p h i n e  (g) ,  ( i ) - j u z i p h i n e  

(12) and (5 ) -ob long ine  (14) i o d i d e  have been  s y n t h e s i z e d .  

The q u e t t a m i n e s  a r e  a s m a l l  group o f  r e c e n t l y  d i s c o v e r e d  i s o q u i n o l i n e  a l k a l o i d s  which i n c o r p -  

o r a t e  e i t h e r  a benzofuran  o r  a d ihydrobenzofuran  m o i e t y  w i t h i n  t h e  m o l e c u l a r  fremework. They 

i n c l u d e  (*)-quet temine (I) i t s e l f ,  which i e  t h e  l i k e l y  b i o g e n e t i c  p r e c u r s o r  f o r  t h e  remain ing  two 

members of  t h e  g roup ,  namely secoque t ramine  (2) and ( * ) - d i h y d r o s e c ~ ~ u e t f a r n i i e  a ) . '  We now wish 

t o  r e p o r t  a s y n t h e s i s  of ( ; t ) -quet tamine (I) i n  which t h e  c r i t i c a l  0-8 t o  C-a bond i s  formed i n  a 

manner which e m u l a t e s ,  t o  some e x t e n t ,  t h e  b i o g e n e t i c  pathway. 

Treatment  of t h e  sodium s a l t  o f  t h e  known R e i s s e r t  compound 42 with  4-benr.yloxybenraldehyde 

i n  benzene s u p p l i e d  benzoa te  e s t e r  2 (70%) which was hydro lyzed  t o  t h e  c o r r e s p o n d i n g  a l c o h o l  6 

(70%). Var ious  e f f o r t s  t o  c y c l i z e  2 or 5 by fo rming  an 0-8 to C-u bond were u n g u c c e s s f u l .  It was 

t h e r e f o r e  dec ided  t o  work w i t h i n  t h e  framework of t h e  cetrahydrobenzylisoquinalines r a t h e r  than  

t h e  b e n ~ y l i s o q u i n o l i ~ e s .  

N-Methylat ion of  u s i n g  methy l  i o d i d e  i n  a c e t o n i t r i l e  f u r n i s h e d  q u a t e r n a r y  i o d i d e  s a l t  1 

which w i t h o u t  p u r i f i c a t i o n  was s u b j e c t e d  to sodium borohydr ide  r e d u c t i o n  i n  a methano l -wate r  min- 

t u r e .  The o i l y  b u t  s t e r e o c h e m i c a l l y  pure racemic  tetrehydrobenzylisoquinoline a l c o h o l  3 o b t a i n e d  

a s  t h e  major  p roduc t  was t r e a t e d  w i t h  r r i f l u o r o a c e t i c  a c i d  (TFA) to produce i n  35% y i e l d  t h e  d e s i r -  

e d  t e t r a c y c l i c  base g. This  c y c l i z a t i o n  p roceeds  th rough  t h e  l i k e l y  i n t e r m e d i a c y  o f  b e n z y l i c  

c a t i o n  9 t h a t  i s  s r r v c t u r a l t y  c l o s e  t o  t h e  c o r r e s p o n d i n g  b e n z y l i c  f ree  r a d i c a l  or  qu inone  merhide 

which i s  t h e  p robab le  i n t e r m e d i a t e  t h a t  undergoes  c y c l i z a t i o n  i n  t h e  n a t u r a l  p r o c e s s .  
1 

I t  i s  i n t e r e s t i n g  t o  n o t e  c h a r  t e t r a c y c l i c  base 10 was o b t a i n e d  a s  o n l y  one recemic  d i a s t e r e o -  

mer. The Cm13 NNR c o u p l i n g  constant  between H - 1  and H-u  f o r  t h l s  compound is 10.7 Hz, c l o s e  to  

t h e  c o r r e s p o n d i n g  c o u p l i n g  c o n e t a n t  of  9.8 Hz r e p o r t e d  f o r  que t t amine  (i) c h l o r i d e  i n  TFA-!.' I t  

appeared  v e r y  l i k e l y  s t  t h i s  s t a g e ,  t h e r e f o r e ,  c h a r  TFA c y c l i z a t i o n  o f  8 had proceeded to f u r n i s h  

t h e  r e q u i r e d  d i a s t e r e o m e r  o f  10 which i n c o r p o r a t e s  a t r a n s  r e l a t i o n s h i p  between H-l and H-a .  
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M e t h y l a t i o n  of g with  methyl  i o d l d e  gave q u a t e r n a r y  i o d i d e  s a l t  1 which was passed  th rough  

a c h l o r i d e  a n i o n  exchange column t o  f u r n i s h  racemic  que t tamine  @) c h l o r i d e ,  i d e n t i c a l  w i t h  t h e  

n a t u r a l  p r o d u c t .  S i n c e  n a t u r a l  (*)-quettamine (1) is known t o  p o s s e s s  the  r e l a t i v e  t r a n s  s t e r e o -  

c h e m i s t r y  between H-1 and H-a, t h e  s y n t h e t i c  p r e c u r s o r  10 m u s t  p a r t a k e  of t h e  i d e n t i c a l  s c e r i c  

r e l a t i o n s h i p .  

1 
It had p rev ious ly  been e s t a b l i s h e d  t h a t  Hofmann e l i m i n a t i o n  o f  n a t u r a l  que t t amine  (1)  l e a d s  

to secoque t tamine  p), w h i l e  Emde r e d u c t i o n  of 1 y i e l d s  d ihydrosecoquecra~oine  (x), t h e  p r e s e n t  

sequence t h u s  r e p r e s e n t s  a l s o  a e y n t h e s i s  o f  2 and 2. 

In  t h e  course of  t h e  above work,  it  was observed  t h a t  r e a c t i o n  of  a l c o h o l  6 w i t h  TFA produced 

b e n z y l i s o q u i n o l i n e  11 i n  30% y i e l d .  The y i e l d  o f  11 cou ld  be i n c r e a s e d  to 60% by u s i n g  z i n c  d u s t  

and hydrobromic a c i d  i n  p l a c e  of TFA. A t  t h i s  s t a g e ,  b e n z y l i s o q u i n o l i n e  J l  seemed t o  be a n  appro-  

p r i a t e  i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  of  t h e  racemic  tetrahydrobenzylisoqoinoline a l k a l o i d s  nor- 

j u z i p h i n e  @) ,3  j u z i p h m e  (13) ,4  and o b l o n g i n e  (I&), '  which a r e  oxygenated a t  C-7 and C-8, 

and a r e  t h u s  b i o g e n e r i c s l l y  r e l a t e d  t o  t h e  que t ramines .  

Indeed ,  c a t a l y t i c  r e d u c t i o n  of t h e  p e r c h l o r a t e  s a l t  of 11 over Adsrns c a t a l y s t  l e d  t o  (*)-nor- 

j u z i p h i n e  @). On t h e  o t h e r  hand ,  q u a t e r n i z a t i o n  o f  11 w i t h  methy l  i o d i d e  gave r i s e  t o  methio-  

d i d e  s a l t  15 whose sodium borohydr ide  r e d u c t i o n  produced ( + ) - j u z i p h i n e  Kt). F u r t h e r  N-methyla- 

t i o n  o f  ( 5 ) - j u z i p h i n e  l e d  t o  ( t ) - o b l o n g i n e  @) i o d i d e .  

The p r e s e n t  e f f o r t  r e p r e s e n t s  t h e  f i r s t  s y n t h e s e s  o f  que t t amine  (I), secoque t tamine  (Z), end 

d ihydrosecoque t tamine  @), a s  w e l l  a s  of t h e  tetrahydrobenzylisoquinolines n o r j u z i p h i n e  (g), 

j u z i p h i n e  w), and o b l o n g i n e  (g). 

~cknowledment: mis  r e s e a r c h  -as s u p p o r t e d  by grant CA-11450 from the lietionsl cancer  ~nsriture. 

EXPERIMENTAL 

M e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  IR s p e c t r a  a r e  i n  ch lo roform and U V  s p e c t r a  i n  methanol  

s o l u t i o n s .  NMR s p e c t r a  were r e c o r d e d  on a Bruker 200 or 360 MHz Supercon (FT) s p e c t r o m e t e r  i n  

CDC13 w i t h  m S  a s  i n t e r n a l  s t a n d a r d .  TLC was on  Merck F-254 s t l i c a  g e l  g l a s s  p l a t e s .  

R e i e s e r t  Compound 4. Prepared  a s  per r e f .  2 ;  rnp 132-133" C  (MeOH), ( l i t . 2  mp 135' C). 

Benzoate E s t e r  2. A 60% d i s p e r s i o n  of NaH i n  o i l  (100 mg, 2.5 -01) was washed f ree  o f  o i l  w i t h  -- 
pe t ro leum e t h e r ,  and d r y  benzene (5 m ~ )  was added m d e r  a ~ 2  a tmosphere .  R e i s s e r t  compound 4 
(500 mg, 1.26 -01) i n  d r y  benzene (10 mL) was added ,  and t h e  m i x t u r e  was r e f l u n e d  for 10 mi" 

a f t e r  which 4 - b e n z y l o x y b e n ~ s l d e h ~ d e  (268 mg, 1.26 -01) i n  d r y  benzene (5 mL) was added. Hea t ing  

was c o n t i n u e d  u n t i l  TLC showed t h e  d i s a p p e a r a n c e  of 4. The p r o d u c t  was coo led  and 0.5 mL o f  

e t h a n o l  added.  The m i x t u r e  was f i l t e r e d ,  washed w i t h  w a t e r ,  d i l  h y d r o c h l o r i c  a c i d ,  and w a t e r ,  

and then  d r i e d .  F i l t r a t i o n  and s o l v e n t  e v a p o r a t i o n  l e f t  c rude  c r y s t a l s  which were r e c r y s t a l l i z e d  

from methano l ,  510 mg (70%), C38H31N05. mp 160-161' C (MeOH), IR vmax 1715 cm-'; Rf 0.62 clhcr- 

benzene (10: 90 "1") .  



Alcohol  6 .  Hydro lys i s  of 5 i n  e t h a n o l  was with  aq po tass ium hydrox ide  and r e f l u x i n g  under  N2 

o v e r n i g h t .  The y i e l d  o f  6 ,  C31H27N04. was 70%, rnp 93-94' C (ether-MeOH); IR Vmax 3320 cm-I 

b r o a d )  ; Rf 0.14 e the r -benzene  (10: 90) .  

Alcohol  4. A mix ture  o f  6 i n  a c e t o n i t r i l e  and methyl  i o d i d e  was r e f l u x e d  o v e r n i g h t  w i t h  p e r i o d i c  

a d d i t i o n s  of methyl  i o d i d e .  Work-up gave t h e  rnethiadide s a l t .  Th i s  waa d i s s o l v e d  i n  methanol-  

w a t e r ,  end sodium borohydr ide  was sdded.  The mix ture  was r e f l u x e d  f o r  3 h. Work-up gave a s  t h e  

major  p roduc t  oily!, C32H33N04, i n  50% y i e l d ,  NMR 6 2.20 (3H, s, NCH3), 3.91 ( lH,  m, H - l ) ,  3 .93 

(3H, s, 0CH3), 4.97 (2H, s, 0CH2Ph), 5.02 (2H, d ,  J 11.0 H Z ,  CH2Ph), 5.25 ( I H ,  d ,  J~~~ 11.0 HZ,  
gem 

H a ) ,  6 .71 (ZH, d ,  J,i, 8.5 Hz, ArH), 6.72 ( lH,  d ,  JVic 8 .3  Hz, ArH), 6 .88 (ZH, d ,  JVi, 8.5 Hz, 

ArH), 7.31 (IH, d ,  J,i, 8 . 3  Hz, ArH), 7.26-7.43 (10H. m, ArH); MS m/e 496 (M + 1)' (0 .1 ) ,  91 (100); 

R~ 0.65 MeOH-CHC13 (3:97). 

T e t r a c v c l i c  Bases .  Alcohol  8 (100 mg, 0.2 mmol) was s t i r r e d  i n  TFA f o r  18  h.  The s o l v e n t  was 

removed w i t h o u t  e x c e s s i v e  h e a t i n g ,  and t h e  r e s i d u e  ~ a r t i t i o n e d  between aq sodium b i c a r b o n a t e  and 

e t h y l  a c e t a t e .  The o r g a n i c  l a y e r  was d r i e d ,  f i l t e r e d ,  and t h e  e o l v e n t  evapora ted .  TLC of  t h e  

r e s i d u e  a f f o r d e d  2 1  mg (35%) of c o l o r l e s s  c r y s t a l s ,  ClgHl9NO3, mp 187-189' C decomp (MeOH); Aman 

208,  231,  275 nm ( l o g  E 4.49,  4 .26 ,  4 . 0 4 ) ;  NMR 6 2 . 1 3  (3H, s ,  NCH3), 3.85 (3H, s, 0CH3), 4.22 ( lH,  

q ,  H-1). 5.37 ( lH,  d ,  J 10.7 HZ, H-a), 6.68 (lH, d ,  J 8 .3  Hz, ArH), 6.78 ( lH,  d ,  J 8 .3  Hz, ArH), 
+ 6.84 (ZH, d ,  J 8 .6  Hz, ArH), 7.46 (pH, d ,  J 8 .6  Hz, ArH); MS mie 297 (M , 76), 174 (100); Rf 0.57 

MeOH-CHC13 (3: 97) .  

(*)-Quettamine (1). Base O w a s  d i s s o l v e d  i n  a c e c o n i t r i l e  and methyl  i o d i d e ,  end t h e  mix ture  

r e f l u x e d  f o r  1 h .  Work-up gave 1 i o d i d e ,  which was d i s s o l v e d  i n  MeOH-acetone ( 3 : l )  and passed 

through an Amber l i t e  IRA-400 c h l o r i d e  column. E v a p o r a t i o n  of  t h e  s o l v e n t  a f f o r d e d  amorphous 1 
c h l o r i d e  i n  91% y i e l d ,  i d e n t i c a l  w i t h  t h e  n a t u r a l  producc.  

Diphenol 11. Alcohol  6 (100 mg, 0.21 rnmol) was d i s s o l v e d  i n  2 mL of  TFA, and t h e  m i x t u r e  s t i r r e d  

o v e r n i g h t .  Excess TFA was removed w i t h o u t  e x c e s s i v e  h e a t i n g ,  and t h e  r e s i d u e  p a r t i t i o n e d  between 

aq sodium b i c a r b o n a t e  and ch lo roform.  The o r g a n i c  l a y e r  was d r i e d ,  f i l t e r e d ,  and t h e  s o l v e n t  

evapora ted .  TLC of  t h e  r e s i d u e  a f f o r d e d  11 (18 mg, 30%) ,  C17H15N03, mp 219-221' C decomp ( e t h y l  

acetate-MeOH); NMR 6 4.00 (s ,  3H, 0CH3), 4.85 (s, 2H, H-a), 6.64 (2H, d ,  J 8.5 Hz, ArH), 7.10 

(ZH, d ,  J 8.5 Hz, ArH), 7.35 ( lH,  d ,  J 8 . 8  Hz, ArH), 7.39 ( lH,  d ,  J 5 .5  Hz, ArH), 7 .41  ( lH,  d ,  J 

8.8 Hz,ArHh 8.30 ( lH,  d ,  J 5.5 Hz, ArH);MS m/e 281 (M', 1 2 ) ,  57 (100);  RE 0.79 MeOH-CHC13 (8:92) .  

A l t e r n a t i v e l y ,  6 (200 mg, 0.42 mmol) i n  a c e t i c  a c i d  (6 mL) was c o a l e d  t o  10' C, and HBr g a s  

passed f o r  10 mi". The m i x t u r e  was a l lowed  t o  s t a n d  f o r  12 h a t  10" C. Zinc d u s t  (275 mg, 4.2 

mmol) was added over 15 min, and t h e  s o l u t i o n  h e a t e d  a t  60' C f o r  30 mi". Work-up a f f o r d e d  11 
(71 mg, 60%). 

( f ) - N o r i u z i ~ h i n e  w). A s o l u t i o n  o f  11 (100 mg, 0.36 mmol) i n  30 mL of e t h a n o l  c o n t a i n i n g  70% 

p e r c h l o r i c  a c i d  was hydrogena ted  over Adam. c a t a l y s t  a t  35 p s i  f o r  2  h .  work-up, i n c l u d i n g  

n e u t r a l i z a t , o n  w i t h  ammonium h y d r o x i d e ,  and TLC, a f f o r d e d  amorphous 12, 45  mg (45%),  i d e n t i c a l  
3  w i t h  t h e  n a t u r a l  p roduc t ,  NMR 6 3.88 (3H, s ,  OCH3), 4 . 4 1  ( lH,  c l o s e  d d ,  H- I ) ,  6.62 ( lH,  d ,  

J 8.3 Hi, ArH), 6.69 (2H, d ,  J 8.0 Hz, ArH), 6.74 ( lH,  d ,  8 . 3  Hz, ArH), 7.11 (2H, d ,  J 8 .0  Hz,ArH). 

I* ) - Juz iph ine  (11). A m i x t u r e  of 11 (100 mg, 0.35 mmol) i n  methanol  and methy l  i o d i d e  was r e f l u x -  

ed f o r  8 h. The s a l t  15 was t h e n  reduced  w i t h  sodium borohydr ide  t o  g i v e  o i l y  13, 64 mg (60%), 

i d e n t i c a l  w i t h  t h e  n a t u r a l  NMR 6 2.40 (3H, a ,  NCH3),3.89 OH, s ,  0CH3), 4 .19 ( lH,  

c l o s e  q ,  H-l) ,  6.45 (2H, d ,  J = 8.5 Hz, ArH), 6.63 (lH, d ,  J 8.2 Hz, ArH), 6.75 (IH, d ,  J 8.2 H Z ,  

ArH), 7.07 (2H, d ,  J 8.5 Hz, Arh). 

I*)-Oblonpine (14) I o d i d e .  Free base 13 (50 mg, 0.167 m o l )  i n  methanol  was r e f l u x e d  wi th  methyl  

i o d i d e  (0.5 mL) f o r  1 h. A d d i t i o n a l  methy l  i o d i d e  was sdded a t  i n t e r v a l s .  Work-up a f f o r d e d  66mg 
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(901) of amorphous m a t e r i a l ,  i d e n t i c a l  w i t h  n a t u r a l  ob long ine  i ~ d i d e ; ~  NMR (TFA-d) 6 3.17 and 

3.28 (2 x 3H, s, N(CH3)2),4.01 (3H, s, 0CH3), 5 .01  ( lH,  m, H-I) ,  6.91 (lH, d ,  J 8 .0  Hz, ArH), 

6.95 (2H, d ,  J 7 .8  Hz, ArH), 7 .08 (ZH, d ,  J 7.8 Hz, ArH), 7 .11 ( lH,  d ,  J 8 .0  Hz, ArH). 
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chem., s, 1882 (1980);  as w e l l  a s  i n  m z a b e l i a n s  S c h n e i d e r  and B. b a l u c h i s t a n i c a  - 
Ahrendt  ( B e r b e r i d a c e a e ) :  M. Shamma, M.H. Abu Zarga and J.E. L e e t ,  unpubl i shed  r e s u l t s .  Our 

s y n t h e t i c  g, 13, and 14 cor responded  w i t h  n a t u r a l  r acemic  12, 12, end 14, r e s p e c t i v e l y .  
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