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ABSTRACT 
A method is described for the preparation of ( R ) -  and (S)-2-ethoxycarbo- 

nyl-l-formyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoqui~oline involving a Swern- 
type oxidation of (R)- and ~S)-2-etlioxycarbonyl-l-hydroxymethyl-6,7-dimethoxy- 
1,2,3,4-tetrahydroi~oquinoli~e ( ( R )  - and ( S )  -2- (ethoxycarbonyl) calycotomine! . 
The utility of these aldehydes in-asymmetric synthesis of isoquinoline alka- 
loids has been demonstrated by their conversion into ( 2 ) -  and (_R)-xylopinine, 
respectively: also, the (R)-aldehyde has been employed for the synthesis of 
(8S,14S)-coralydine. 

INTRODUCTION 
The isoquinoline alkaloids are a large group of compounds found in a va- 

riety of plant families (1,2). Many of them are physiologically active and a 
large number are pharmacologically useful. The synthesis of the racemic alka- 
loids has been extensively investigated but it is only in the past two decades 
that serious effort has been applied to the asymmetric synthesis of the opti- 
cally active alkaloids (3). Many of the alkaloids are 1,2,3,4-tetrahydroiso- 
quinolines, or contain this unit within their structures, and carry a substi-. 
tuent at C-1 making this a chiral centre. The l-benzyl-1,2,3,4-tetrahydroiso- 
quinolines are widely distributed and serve as biosynthetic precursors of many 
of the other ring systems present in this family of alkaloids. Itisnotsurpri- 
sing therefore that much of the research on asymmetric synthesis of the isoqui- 
nolines has focused on the induction of asymmetry at C-1 of the tetrahydroiso- 
quinoline system. 

Three basic approaches have been applied in the enantioselective synthe- 
sis of the tetrahydroisoquinolines substituted at C - 1 .  The first of these in- 
volved the reduction of 1-substituted 3,4-dihydroisoquinolines or the corres- 
ponding quaternary salts. Several examples of the reduction of 3,4-dihydroiso- 
quinolines with chiral reducing agents have been reported (4-6): however, the 
optical yields were variable and the highest were of the order of 70% ee. 
3,4-Dihydroisoquinolinium salts bearing a chiral alkyl qroup on nitrogen have 
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b e e n  p r e p a r e d  and r e d u c e d  c a t a l y t i c a l l y  w i t h  hydrogen  ( 7 ) ,  b u t  a g a i n  t h e  o p t i -  

c a l  y i e l d s  were n o t  h i g h  (15-44% ee l .  
The second and m o s t  r e c e n t  a p p r o a c h  i n v o l v e s  t h e  a l k y l a t i o n  o f  l - m e t a l l o -  

1,2,3,4-tetrahydroisoquinolines i n  which  t h e  n i t r o g e n  atom of t h e  i s o q u i n o l i n e  

h a s  b e e n  i n c o r p o r a t e d  i n t o  a c h i r a l  a m i d i n e  f u n c t i o n .  T h i s  a p p r o a c h ,  i l l u s t r a -  

t e d  i n  Scheme 1 ,  h a s  been d e v e l o p e d  by t h e  g r o u p  of  A . I .  Meyers  (8:-f) and  h a s  

been r e c e n t l y  r e v i e w e d  ( 8 g , h ) .  The a l k y l a t i o n  p r o c e e d s  w i t h  h i g h  e n a n t i o s e l e c -  
t i v i t y  ( > g o % )  and t h e  c h i r a l  a u x i l i a r y  i s  e a s i l y  removed,  and  r e c o v e r e d ,  w i t h -  

o u t  l o s s  o f  o p t i c a l  p u r i t y .  

The t h i r d  g e n e r a l  method,  a n d  t h e  one t h a t  h a s  been  s t u d i e d  most  e x t e n s i -  

v e l y ,  i s  t h e  u s e  of  t h e  P i c t e t - S p e n g l e r  c o n d e n s a t i o n  o r  a r e l a t e d  c o n d e n s a t i o n .  

To i n d u c e  asymmetry a t  C - 1 ,  a n  i m i n e  i s  u s e d ,  or  formed i n  s i t u ,  t h a t  c o n t a i n s  
a c h i r a l  c e n t r e  e i t h e r  i n  t h e  p o r t i o n  of t h e  m o l e c u l e  d e r i v e d  from t h e  amine  

o r  i n  t h e  p o r t i o n  d e r i v e d  from t h e  a l d e h y d e .  

The u s e  of  c n a n t i o m e r i c a l l y  p u r e  amino a c i d s  a s  t h e  amine  component i n  

t h e  P i c t e t - S p c n g l c r  s y n t h e s i s  o f  a l k a l o i d s  h a s  been  i n v e s t i g a t e d  by S .  Yamada 

and coworkers  ( 9 ) .  I n  t h e  c a s e  o f  t h e  i s o q u i n o l i n e s ,  ( 2 ) -  ( - ) - ( 3 , 4 - d i h y d r o x y -  

p h e n y 1 ) a l a n i n e  (&-dopa)  ( I )  was used a s  s t a r t i n g  m a t e r i a l  i n  t h e  s y n t h e s i s  o f  
(?)-(+)-(lo) and ( R ) - ( - ) - l a u d a n o s i n e  (11) (I1 and 111, r e s p e c t i v e l y )  and  o f  

(5 )  - ( + I  - r e t i c u l i n e  1 3 '  ,7-des-O-methyl-  - ( S )  - - 1 a u d a n o s i n e '  ( 1 2 )  ( I V )  . I n  p r a c t i c e ,  

the m e t h y l  ester ( V )  o f  &-dopa as i t s  h y d r o c h l o r i d e  was c o n d e n s e d  w i t h  sodium 

(3,4-dimetlioxyphenyl)glycidate ( V I )  { a  (3,4-dimethoxyphenyl)acetaldehyde syn-  

t h e t i c  e q u i v a l e n t i  t o  y i e l d  a s e p a r a b l e  m i x t u r e  of d i a s t e r e o m e r i c  p r o d u c t s  i n  

which  t h e  (l?,35) isomer ( V I I )  was formed i n  p r e f e r e n c e  t o  t h e  ( l X , 3 g )  isomer 
( V I I I )  i n  a r a t i o  of 2 . 3 : l  (Scheme 2 ) .  Isomer V I I ,  a f t e r  0- and N - m e t h y l a t i o n  

t o  a f f o r d  I X ,  was t r a n s f o r m e d  i n t o  ( S ) - ( + ) - l a u d a n o s i n e .  A key  s t e p  i n  t h e  syn-  

t h e s i s  was t h e  deve lopment  of a method f o r  removal  of t h e  e s t e r  g r o u p  a t  C-3. 
T l i i s  o p e r a t i o n  was a c c o m p l i s h e d  by way of c o n v e r s i o n  of t h e  e s t e r  i n t o  t h e  amide 

and t h e n  i n t o  t h e  n i t r i l e :  t r e a t m e n t  o f  t h e  n i t r i l e  w i t h  sodium b o r o h y d r i d e  

r e s u l t e d  i n  a c l e a n  r e p l a c e m e n t  of t h e  CN g r o u p  by Ii ( 9 a )  t o  a f f o r d  11. 

Compound X was c o n v e r t e d  s i m i l a r l y  i n t o  111. Also, ( S ) - ( + ) - r e t i c u l i n e  was p r e -  

p a r e d  i n  a n  a n a l o g o u s  f a s h i o n  u s i n g  s u i t a b l y  p r o t e c t e d  p r e c u r s o r s .  These  syn-  

t h e s e s  p r o v i d e  examples  o f  1 , 3 - t r a n s f e r  o f  asymmetry.  The p r o c e s s  may b e  re- 

f e r r e d  t o  a s  a s a c r i f i c a l  asymmetr ic  s y n t h e s i s  (13 )  i n  t h e  s e n s e  t h a t  t h e  c h i -  

r a l  c e n t r e  i n  t h e  s t a r t i n g  amine  h a s  been  e l i m i n a t e d  i n  p r o c e e d i n g  to p r o d u c t .  

Another  example o f  t h e  u s e  of a c h i r a l  amine  i n  a P i c t e t - S p e n g l e r  conden-  

s a t i o n  h a s  been  p r o v i d e d  by B r o s s i  and c o w o r k e r s  ( 1 4 , 1 5 ) .  I t  was found t h a t  

t h e  c o n d e n s a t i o n  of &-dopa (I) w i t h  a c e t a l d e h y d e  y i e l d e d  t h e  ( 1 5 , 3 S ) - t e t r a h y -  
d r o i s o q u i n o l i n e  d e r i v a t i v e  ( X I )  (Scheme 3 )  i n  9 0 %  e e .  t T h i s  compound i s  a na-  

t u r a l l y - o c c u r r i n g  s u b s t a n c e  ( 1 6 ) : .  Dean and  Rapopor t  ( 1 7 )  u s e d  X I  a s  a n  i n t e r -  

m e d i a t e  i n  a stereoselective s y n t h e s i s  o f  g - m e t h y l c o r y t e n c h i r i n e  ( X V )  a s  o u t -  

l i n e d  i n  Scheme 3.  Compound X I  was c o n v e r t e d  i n  good y i e l d  and w i t h o u t  l o s s  

o f  e n a n t i o m e r i c  p u r i t y  i n t o  X I I .  A l k y l a t i o n  o f  X I 1  a t  n i t r o g e n  a f f o r d e d  XIII, 
which w a s  c o n v e r t e d  i n t o  t h e  u n i s o l a t e d  i n t e r m e d i a t e  iminium s a l t  X I V ;  t h e  s a l t  

c y c l i z e d  s t e r e o s p e c i f i c a l l y  t o  0 - m e t h y l c o r y t e n c h i r i n e  ( X V ) .  

I n  t h i s  l a b o r a t o r y  ( 1 8 , 1 9 )  we have  condensed  (5)- ( + I - q l y c e r a l d e h y d e  of  

h i g h  e n a n t i o m e r i c  p u r i t y  w i t h  dopaminc h y d r o c h l o r i d e  i n  a P i c t e t - S p e n y l e r  r e a c -  

t i o n .  'The c o n d e n s a t i o n  p r o d u c t  w a s  a s e p a r a b l e  m i x t u r e  o f  d i a s t e r e o m e r s ,  w i t h  
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the (E)-isomer a t  C - 1  (XVI) being formed in preference to the (?)-isomer in a 

ratio of 9:l (Scheme 4). In a series of steps, XVI was transformed into the 
aldehyde XVII that was converted as shown in Scheme 4 into (_R)-(-)-calycotomine 
(XVIII), (2)-(-)-cargnegine (XIX) and (S)-(+)-laudanosine (11). 
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I n  a r e a c t i o n  r e l a t e d  t o  t h e  P i c t e t - S p e n g l e r  condensa t ion  KanO &. ( 2 0 )  
have used  e n a n t i o m e r i c a l l y  pure  N-acyliminium compounds t o  induce  asymmetry a t  
C-1. S e v e r a l  o t h e r  approaches  t o  asymmetric s y n t h e s i s  of t h e  a l k a l o i d s  have 
been d e s c r i b e d  a l s o .  Kametani @. ( 2 1 )  have s y n t h e s i z e d  ( - ) - x y l o p i n i n e  ( X X V )  

of h igh  enan t iomer i c  p u r i t y  u s i n g  a photochemica l  c y c l i z a t i o n  o f  an  enamide de- 

r i v e d  from L-dopa. I n  a r e l a t e d  s t u d y  Ninomiya and coworkers ( 2 2 )  p r e p a r e d  

( - ) - x y l o p i n i n e  by p h o t o c y c l i z a t i o n  o f  an a c h i r a l  enamide i n  t h e  p r e s e n c e  o f  a 

c h i r a l  r educ ing  agen t .  

Other  methods o f  i n d u c t i o n  of c h i r a l i t y a t c - 1  i n  i s o q u i n o l i n e  sys tems have 

been r e p o r t e d  by Ddrnyei and Sz6ntay  (23) and from t h i s  l a b o r a t o r y  ( 2 4 ) .  
Yamada and coworkers ( 2 5 )  have a l s o  s t u d i e d  asymmetric s y n t h e s i s  i n  t h e  

r e l a t e d  Amaryl l idaceae  group o f  i s o q u i n o l i n e  a l k a l o i d s ,  i n  p a r t i c u l a r ,  i n  t h e  

c a s e s  of m a r i t i d i n e  and ga lan thamine .  I n  t h a t  work they  used & - t y r o s i n e  a s  
s t a r t i n g  m a t e r i a l  t o  i nduce  asymmetry a t  a n o t h e r  s i t e  i n  t h e  f i n a l  p roduc t ;  

t h e  o r i g i n a l  ca rboxy l  group of t y r o s i n e  was removed i n  a l a t e r  s t e p .  

RESULTS AND DISCUSSION 

A s  shown i n  Scheme 4, w e  have demons t r a t ed  t h a t  t h e  a ldehyde ,  (_R)-2-ethoxy- 
carbonyl-l-formyl-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline ( X V I I ) ,  is  a 
v e r s a t i l e  i n t e r m e d i a t e  f o r  t h e  e n a n t i o s e l e c t i v e  s y n t h e s i s  o f  several  i soqu ino-  

l i n e  a l k a l o i d s .  I n  t h e  p r e s e n t  s t u d y  a more conven ien t  r o u t e  t o  t h e  key a l d e -  

hyde X V I I  and i t s  enant iomer  has  been developed .  The method (see Scheme 5 )  i n -  
vo lves  t h e  p r e p a r a t i o n  o f  (+ ) -ca lyco tomine  ( X X )  e s s e n t i a l l y  by t h e  method o f  

Griissner "I. (26), and i t s  r e s o l u t i o n  u s i n g  ( - ) - t a r t a r i c  a c i d  as d e s c r i b e d  

by B r o s s i  and Burkhard t  ( 2 7 )  f o r  ( + ) - t a r t a r i c  a c i d ,  fo l lowed  by conve r s ion  of  
t h e  t a r t r a t e  i n t o  t h e  2-e thoxycarbonyl  d e r i v a t i v e  X X I .  A Swern-type o x i d a t i o n  

( 2 8 )  of X X I  a f f o r d e d  t h e  a ldehyde  X V I I  i n  -75% y i e l d .  The (? ) - i somer  o f  XVII  

was p repa red  ana logous ly  from ( 5 ) - ( + ) - c a l y c o t o m i n e  which had been  o b t a i n e d  by 

r e s o l u t i o n  o f  (5 ) - ca lyco tomine  u s i n g  ( + ) - t a r t a r i c  a c i d .  T h i s  improved r o u t e  

t o  X V I I  makes p o s s i b l e  t h e  u n d e r t a k i n g  of t h e  s y n t h e s i s  of more-complicated 

r i n g  sys tems i n  t h e  i s o q u i n o l i n e  f ami ly  o f  a l k a l o i d s .  I n  t h i s  a r t i c l e  w e  des -  

c r i b e  t h e  conve r s ion  o f  X V I I  and i t s  enant iomer  i n t o  ( 5 ) -  and ( g ) - x y l o p i n i n e ,  

r e s p e c t i v e l y ,  and of  X V I I  i n t o  (8g ,14S) -co ra lyd ine  ( X X X I I ) .  The a ldehyde  i s  
prone  t o  r a c e m i z a t i o n ,  and should  be  used  immedia te ly  upon i s o l a t i o n ;  q u a l i t a -  

t i v e  s t u d i e s  have shown t h a t  75% of  i t s  o p t i c a l  a c t i v i t y  i s  l o s t  upon chromato- 
graphy on  s i l i ca  g e l  and 225% is l o s t  d u r i n g  s t o r a g e  f o r  1 2  h i n  t h e  c o l d .  

I n  t h e  p rev ious  s t u d y  ( 1 9 ) ,  w e  r e p o r t e d  t h a t  t r e a t m e n t  o f  X V I I  w i t h  3,4- 
dimethoxyphenyl l i th ium gave (+)-threo-N-(ethoxycarbonyl)hydroxynorlaudanosine 
i n  6 4 %  y i e l d .  (We have now found, i n  an exper iment  performed w i t h  t h e  r acemic  

a ldehyde ,  t h a t  a t  h i g h e r  t e m p e r a t u r e s  a s m a l l  p r o p o r t i o n  of t h e  e r y t h r o  isomer 
i s  formed a l s o . )  Hydro lys i s  of t h i s  compound u s i n g  sodium hydrox ide  i n  e t h a n o l  
a f f o r d e d  ( + ) - e - h y d r o x y n o r l a u d a n o s i n e  ( X X I I )  i n  a lmos t  q u a n t i t a t i v e  y i e l d .  

Treatment of X X I I  w i th  formaldehyde i n  e t h a n o l  i n  t h e  p r e s e n c e  of h y d r o c h l o r i c  

a c i d  f o r  2 h a t  r e f l u x  t empera tu re  gave  (lR,lOb_R)-1,5,6,1Ob-tetrahydro-8,9- 
dimethoxy-l-(3',4'-dimethoxyphenyl)-3~-oxazolo [4,3-21 i s o q u i n o l i n e  ( X X I I I )  

(Scheme 6) i n  84% y i e l d .  However, X X I I  was conve r t ed  i n t o  t h e  p r o t o b e r b e r i n e  

X X I V  i n  89% y i e l d  by t r e a t m e n t  w i t h  formaldehyde i n  water i n  t h e  p re sence  o f  

h y d r o c h l o r i c  a c i d  f o r  3 h a t  r e f l u x  t empera tu re ;  t h e  p r o g r e s s  of t h e  r e a c t i o n  
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was monitored by thin-layer chromatography (5% methanol in chloroform), and, 
within the first 30-min interval, only the formation of an intermediate, pre- 
sumably the oxazolo[4,3-a]isoquinoline XXIII, was observed. Deoxygenation of 
XXIV was effected by using a method developed in this laboratory (19) involving 
treatment with thionyl chloride and pyridine followed by the direct addition 
of lithium aluminum hydride; the target compound, (S)-xylopinine (XXV) , was 
obtained in 75% yield and the ee was 92.3% {based on published data (295)). 

The enantiomer of XXII was also prepared from the cnantiomer of the alde- 
hyde XVII and converted into (R!-xylopinine in an analogous manner. Also, ( 2 ) -  
erythro-hydroxynorlaudanosine (XXVI) and (+)-erythro-13-hydroxyxylopinine 
(XXVII) were obtained by the method of Kametani &. (30), and the latter was 
converted into (2)-xylopinine (Scheme 7) using the deoxygenation procedure em- 
ployed for the preparation of XXV from XXIV. {A sample of (%)-erythro-hydroxy- 
norlaudanosine (XXVI) was prepared also by base-catalyzed hydrolysis of the 
sample of (+)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanosine which had been 
obtained previously. The solvent employed for the conversion of XXVI into 
XXVII was ethanol; if methanol is employed, Kametani gg g .  (30) have reported 
that an oxazolo [4,3-aIisoquinoline - is formed also.; This procedure was an im- 
provement over that described by Kametani g .  (30). 

Another example of the utility of the (E)-aldehyde (XVII) in asymmetric 
synthesis of isoquinoline alkaloids is provided by the preparation of (85,14g)- 
coralydine (XXXII) (Scheme 8). A logical approach to XXXII (and to its epimer 
at C-8, namely the enantiomer of XV) appeared to be by way of a Pictet-Spengler 
condensation of XXII and acetaldehyde. However, in a model study, using ( 2 ) -  
erythro-hydroxynorlaudanosine (XXVI) and acetaldehyde under the conditions em- 
ployed for the conversion of XXII into XXIV, none of the desired condensation 
product was obtained. {If (2)-erythro-hydroxynorlaudanosine (XXVI) were trea- 
ted with acetaldehyde in water in the presence of hydrochloric acid, the pro- 
duct obtained was a 1:l mixture of epimers at C-3 of (1~,10b~)-1,5,6,10b-tetra- 
h y d r o - 8 , 9 - d i m e t l ~ o x y - 3 - m e t h y l - 1 - ( 3 ' , 4 ' - d i m e t h o x y p h e n y l ) - 3 ~ - o x a z o l o [ 4 , 3 - ~ ]  isoqui- 
noline.) A successful cyclization was achieved by a Bischler-Napieralski reac- 
tion using (+)-threo-(c,N-diacetyl)hydroxynorlaudanosine (XXVIII) to afford 
the iminium salt (XXIX) (Scheme 8) in 68% yield. The formation of this salt 
proceeds satisfactorily only in the presence of a small proportion of pyridinc: 
in the absence of pyridine, cyclization is accompanied by the elimination of 
acetic acid. Reduction of the iminium salt XXIX using sodium borohydride pro- 
ceeds diastereoselectively to give crystalline (8~,13~,14~)-13-acetoxy-8-methyl- 
2,3,10,11- (tetramethoxy) tetrahydroprotoberberine (XXX) in 89% yield. Base- 
catalyzed hydrolysis of XXX afforded the 13-hydroxy compound XXXI in 85% yield. 
Deoxygenation of XXXI by the previously described method gave the target com- 
pound, namely (85,14g)-coralydine (XXXII), which w a s  isolated as the hydrochlo- 
ride salt in 70% yield: the free base was liberated using aqueous ammonia. 
Brossi and coworkers (31) have reported the preparation of ( + ) -  and (-)-coraly- 
dine and of ( + ) -  and (-)-9-methylcorytenchirine and have established the ahso- 
lute configuration ofthe four isomers by X-ray analysis. 

(2)-erythro-Hydroxynorlaudanosine (XXVI) was converted into its g,N-diace- 
tyl derivative (+)-XXXIIIl ( 3 0 ) ,  which, when subjected to the analogous series 
of reactions that had been performed with (+) --- (2,N-diacetyl) hydroxynor- 
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l audanos ine  ( X X V I I I ) ,  a f f o r d e d  (:)-coralydine (Scheme 9 ) .  I t  i s  notewor thy  
t h a t  r e d u c t i o n  u s i n g  sodium borohydr ide  of t h e  iminium s a l t s  i n  bo th  of t h e  

c a s e s  of t h e  (+)-= and ( 2 ) - e r y t h r o  compounds l e a d s  t o  t h e  same r e l a t i v e  
c o n f i g u r a t i o n  a t  C-8 and C-14.  Reduct ion  from t h e  a - f ace  would l e a d  t o  a 

-_F t r a n s - q u i n o l i z i d i n e  (and hence t o  c o r a l y d i n e )  whereas r e d u c t i o n  from t h e  B-face 

would l e a d  t o  a c i s - q u i n o l i z i d i n e  (and  hence t o  g-methylcorytenchirine); how- 

e v e r ,  examinat ion  o f  molecu la r  models s u g g e s t s  t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  

i n  s te r ic  h ind rance  f o r  a t t a c k  from e i t h e r  f a c e .  I t  a p p e a r s ,  t h e n ,  t h a t  t h e  

cour se  of t h e  reac t ion  i s  de termined  by p roduc t  s t a b i l i t y .  I n  c o n t r a s t ,  it 

has been r e p o r t e d  (32 )  t h a t  r e d u c t i o n  u s i n g  sodium borohydr ide  o f  a r e l a t e d  

sys tem,  i n  which r i n g  C i s  a romat i c  and which l a c k s  a s u b s t i t u e n t  a t  C-13, 

l e a d s  t o  t h e  fo rma t ion  o f  t h e  s t e r e o i s o m e r s  having  t h e  hydrogens a t  C-8 and 
C - 1 4  cis and trans i n  t h e  r a t i o  o f  3:1,  r e s p e c t i v e l y .  

The work d e s c r i b e d  i n  t h i s  a r t i c l e  p r o v i d e s  a r o u t e  t o  t h e  asymmetric 

s y n t h e s i s  of t h e  p r o t o b e r b e r i n e  a l k a l o i d s .  The s y n t h e s i s  o f  ( 8 g , 1 4 ~ ) - c o r a l y -  

d i n e  complements t h e  s y n t h e s i s  of (8g,14g)-~-methylcorytenchirine ( X V )  r epor -  

t e d  by Dean and Rapoport ( 1 7 ) .  

EXPERIMENTAL 
The 'H NMR s p e c t r a  were recorded  on a Bruker AM500 s p e c t r o m e t e r  a t  500 MHz 

o r  a Var ian  EM390 spec t romete r  a t  90 M H z ;  C D C l  was t h e  s o l v e n t ,  and ,  u n l e s s  
o the rwise  s t a t e d ,  t e t r a m e t h y l s i l a n e  (TMS) w a s  used  as t h e  i n t e r n a l  s t a n d a r d .  

Chemical s h i f t s  a r e  r e p o r t e d  i n  ppm ( 3 )  downf ie ld  from t h e  s i g n a l  o f  TMS. The 

symbols, s ( s i n g l e t ) ,  d ( d o u b l e t ) ,  t ( t r i p l e t ) ,  q ( q u a r t e t ) ,  m ( m u l t i p l e t ) ,  and 
b r  (b roadened) ,  a r e  used  t o  r e p o r t  t h e  m u l t i p l i c i t y  and shape  of s i g n a l s .  E I  

mass s p e c t r a  were r eco rded  on a VG Micromass 7070F mass spec t romete r  a t  an ion-  

i z i n g  v o l t a g e  of 7 0  e V  o r  on a VG A n a l y t i c a l  ZAB-E mass s p e c t r o m e t e r ,  and C I  

s p e c t r a  were recorded  u s i n g  N H 3  a t  %l t o r r  a s  r e a g e n t  g a s ;  d a t a  a r e  g i v e n  a s  

m/z _ _  ( %  r e l a t i v e  i n t e n s i t y ) .  I n f r a r e d  ( i r )  s p e c t r a  were r e c o r d e d  on a Pe rk in -  

E l m e r  283 spec t ropho tomete r .  

3 

Mel t ing  p o i n t s  were de termined  u s i n g  a Gallenkamp a p p a r a t u s  and a r e  un- 

c o r r e c t e d .  O p t i c a l  r o t a t i o n s  were measured u s i n g  a Perkin-Elmer 247MC p o l a r i -  

meter i n  a I-mL m i c r o c e l l  t h a t  i s  1 dm i n  l e n g t h .  The v a l u e s  f o r  ee were c a l -  

c u l a t e d  as d e s c r i b e d  by Anderson g .  ( 3 3 ) .  F l a s h  chromatography was p e r f o r -  

med on K i e s e l g e l  6 0  (230-400 mesh) .  

The homogeneity of t h e  p roduc t s  was e s t a b l i s h e d  on t h e  b a s i s  o f  chromato- 
g r a p h i c  and s p e c t r o s c o p i c  ('H NMR and mass s p e c t r a l )  examina t ion .  

P r e p a r a t i o n  of N-ethoxycarbonyl d e r i v a t i v e  X X I  

A sample of (2 ) - ca lyco tomine  ( X X )  w a s  p repa red  e s s e n t i a l l y  by t h e  method 

of Griissner _ _  e t  a l .  ( 2 6 )  and r e s o l v e d  u s i n g  ( - ) - t a r t a r i c  a c i d ,  a s  d e s c r i b e d  by 

Bross i  and Burkhard t  ( 2 7 )  f o r  ( + ) - t a r t a r i c  a c i d ,  t o  a f f o r d  t h e  t a r t r a t e  of ( - ) -  

X X  131% based  on ( + ) - ~ X I ,  mp 175-177"C, -35.5'  (5 1 . 1 9 ,  H20) ( l i t .  ( 2 7 )  

f o r  enan t iomer i c  s a l t ,  mp 178-17goC, To a s o l u t i o n  of ( - ) - X X  

(723 mg), which had been l i b e r a t e d  from ;he t a r t r a t e ,  i n  wa te r  ( 3 0  mL) were ad- 
ded d ich loromethane  ( 5 0  mL)  and a few d rops  o f  a 25% aqueous s o l u t i o n  of sodium 

hydroxide .  The m i x t u r e  w a s  s t i r r e d  v i g o r o u s l y  w h i l e  e t h y l  ch lo ro fo rma te  ( 3 . 5  

mL) was added i n  small p o r t i o n s  o v e r  a p e r i o d  of 30 min; t h e  r e a c t i o n  m i x t u r e  

[aID 1.35' ( H 2 0 ) i .  
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was k e p t  s t r o n g l y  a l k a l i n e .  The mix tu re  was then  s t i r r e d  f o r  30 min ,  and t h e  
o r g a n i c  phase  was washed t w i c e  w i t h  a s a t u r a t e d  aqueous s o l u t i o n  o f  sodium 

c h l o r i d e ,  d r i e d  (MgSO ) ,  and evapora t ed .  Chromatography o f  t h e  r e s i d u e  on si- 
l i c a  g e l  u s i n g  2 %  methanol i n  ch loroform a s  t h e  e l u a n t  a f f o r d e d  (+)-XXI a s  a 
c o l o r l e s s ,  v i s c o u s  o i l  ( 9 5 % ) ,  [ a ]  i3 +92.0° (2  1 . 7 7 ,  CHC13) [ l i t .  ( 1 9 )  [a] 
+ 8 8 . 8 "  ( 2  2.08 ,  CHC13)  1 .  
wi th  t h o s e  r e p o r t e d  p r e v i o u s l y  ( 1 9 ) .  

Reso lu t ion  of a sample of ( + ) - X X  was e f f e c t e d  a l s o  u s i n g  ( + ) - t a r t a r i c  

4 

23 

The 'H RMR and mass s p e c t r a l  d a t a  w e r e  i d e n t i c a P  

a c i d  t o  a f f o r d  t h e  t a r t r a t e  o f  (+)-XX, mp 177-180°C, +35O (5 1.27, H 2 0 ) ;  

t h i s  s a l t  was t h e n  c o n v e r t e d ,  by t h e  procedure  desc r ibed=above ,  i n t o  t h e  enan- 
t i omer  o f  X X I ,  which was i s o l a t e d  a s  an o i l ,  -92.0" (c 1 . 7 7 ,  C H C 1 3 ) .  

9 

P r e p a r a t i o n  o f  a ldehyde  X V I I  

Oxa ly l  c h l o r i d e  ( 0 . 3  mL) was added t o  d r y  d i ch lo romethane  (15 mL)  under  

n i t r o g e n  a t  -7OOC; a s o l u t i o n  of d ime thy l  s u l f o x i d e  (0 .53  mL) i n  d ich lorome-  

thane  ( 7  mL) was added s lowly  wh i l e  t h e  t empera tu re  was ma in ta ined  below -50°C. 

A f t e r  2 0  min ,  a s o l u t i o n  of (+)-XXI ( 1 . 0 2  g )  i n  d i ch lo romethane  ( 5  mL) was ad- 

ded wi th  s t i r r i n g  a t  -60°C, and then  a f t e r  15 min, t r i e t h y l a m i n e  (2 .35  mL) was 
s lowly  added. The r e a c t i o n  mix tu re  was s t i r r e d  f o r  1 0  min a t  -60°C, warmed t o  

room tempera tu re ,  and evapora t ed  under reduced  p r e s s u r e  a t  a b a t h  t empera tu re  

of C35'C. To t h e  r e s i d u e  were added benzene (30 mL) and wa te r  (20 m L ) ,  and 

t h e  o r g a n i c  phase  was washed w i t h  a s a t u r a t e d  aqueous s o l u t i o n  of sodium ch lo -  

r i d e ,  w i t h  1% h y d r o c h l o r i c  a c i d ,  and t h e n  s u c c e s s i v e l y  w i t h  s a t u r a t e d  aqueous 

s o l u t i o n s  o f  sodium c h l o r i d e ,  sodium hydrogen c a r b o n a t e ,  and sodium c h l o r i d e .  

The o r g a n i c  s o l u t i o n  w a s  d r i e d  (MgSO ) and evapora t ed  a lmos t  t o  d r y n e s s ;  t h e  

r e s i d u e ,  which con ta ined  traces o f  benzene ,  w a s  u t i l i z e d  w i t h o u t  f u r t h e r  p u r i -  
f i c a t i o n .  The p roduc t  a ldehyde  X V I I  (%759,), la] i3 = -10' ( C H C 1 3 ) ,  e x h i b i t e d  

'H NMR and mass s p e c t r a  i d e n t i c a l  w i t h  t h o s e  of zhe  m a t e r i a l  p r e p a r e d  p r e v i -  

4 

o u s l y  ( 1 9 ) .  

Conversion o f  (+)-threo-N-(ethoxycarbcnyl)hydroxynorlaudanosine i n t o  ( + ) - t h r e o -  
hydroxynor laudanos ine  ( X X I I )  

A s o l u t i o n  o f  (+)-threo-N-(ethoxycarbonyl)hydroxynorlaudanosine (19)  (250 

mg) i n  d r y  e t h a n o l  (15 mL) c o n t a i n i n g  sodium hydroxide  (140 mg) was hea ted  a t  

r e f l u x  t empera tu re  under n i t r o g e n  f o r  3 h .  The s o l v e n t  was e v a p o r a t e d ,  and 

t h e  r e s i d u e  i n  water  (50 mL) was e x t r a c t e d  t h r e e  t i m e s  w i t h  d ich loromethane .  

The o r g a n i c  s o l u t i o n  was washed t w i c e  w i t h  a s a t u r a t e d  aqueous s o l u t i o n  o f  so- 
dium c h l o r i d e ,  d r i e d  (MgS04), and evapora t ed  t o  g i v e  a c r y s t a l l i n e  r e s i d u e ,  
which w a s  r e c r y s t a l l i z e d  from methanol to  g i v e  (+)---hydroxynorlaudanosine 
( X X I I )  ( 9 5 % ) ,  mp 187-189'C, 

CDC13)  S : 6 .95 ,  6.82 and 6 .55  T l H ,  2 H  and 1 H  s ' s ,  a r o m a t i c  H ' s ) ,  5.26 ( l H ,  s ,  

H-8), 4 . 6 0  ( l H ,  d ,  J=7.5 H z ,  C H O H ) ,  3 . 8 6  (7H, b r  s ,  H - 1 ,  2 0 C H 3 ) ,  3.83 (3H, s, 
O C H 3 ) ,  3.42 (3H, s ,  OCH3 a t  C - 7 ) ,  3.23-2.93 ( 3 H ,  m ,  2H-3, O H ) ,  2.83-2.60 ( 2 H ,  

m ,  2 H - 4 ) :  rns ( C I )  : 360 (M+l)+ ( 2 5 ) ,  3 4 2 ( 1 8 ) ,  1 9 4 ( 1 0 ) ,  1 9 2 ( 1 0 0 ) .  

A sample o f  ( i ) - m - h y d r o x y n o r l a u d a n o s i n e  w a s  p repa red  by an  ana logous  

+82.5'  ( 2  2.48, C H C 1 3 ) ;  'H NMR ( 9 0  M H z ,  

p rocedure  and  had mp 168-171OC. 
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Conversion of (+)-threo-hydroxynorlaudanosine ( X X I I )  i n t o  (lR*R)-1,5,6,10b- 
tetrahydro-8,9-dimethoxy-l-(3',4'-dimethoxyphenyl)-3H-oxazolo14,3-al i soqu ino-  
l i n e  ( X X I I I )  

A s o l u t i o n  of X X I I  (128 mg) i n  e t h a n o l  (20 mL) was t r e a t e d  wi th  a 37% so- 
l u t i o n  o f  formaldehyde (0.5 mL)  and c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (1  d r o p )  a t  

r e f l u x  t empera tu re  f o r  2 h.  The s o l u t i o n  was e v a p o r a t e d ,  and t h e  r e s i d u e  was 

d i s s o l v e d  i n  ch loroform.  The ch loroform s o l u t i o n  was washed s u c c e s s i v e l y  w i t h  

s a t u r a t e d  aqueous s o l u t i o n s  o f  sodium hydrogen c a r b o n a t e  and sodium c h l o r i d e ,  

d r i e d  (MqS04), and evapora t ed  t o  a brown gum, which was chromatographed on  s i -  
l i c a  g e l  u s i n g  2% methanol i n  ch loroform t o  a f f o r d  X X I I I  a s  a c o l o r l e s s  oil 

(108 mg, 84%), 
and 6.66 (3H and 1H s ' s ,  a romat i c  H's), 5.93 ( 1 1 1 ,  s ,  H-lo), 5.10 and 4.80 (two 

+33.3" (5 2.77, CHC13); 'H NMR (90 MHz, CDC13) C : 6.92 

1 H  d ' s ,  2 = 7 Hz, 2H-3), 4.50 (lH, d ,  J=9 Hz, H - I ) ,  4.05 (IH, d ,  J=9 HZ, H-lob), 
3.83 (9H, s,  30CH3), 3.47 ( 3 H ,  s ,  OCH3 a t  C-9), 3.17-2.56 (4H, m ,  2H-5, 2H-6); 
m s  ( C I )  : 372 (M+1)+ (loo), 205(75), 167(25). 

Conversion o f  (+)-threo-hydroxynorlaudanosine ( X X I I )  i n t o  p r o t o b e r b e r i n e  X X I V  

A m i x t u r e  o f  X X I I  (243 mq) i n  water  (30 mL) was t r e a t e d  wi th  a 37% s o l u -  

t i o n  of formaldehyde (1 mL) and c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (0.35 mL) a t  

r e f l u x  t empera tu re  under n i t r o g e n  f o r  3 h. The s o l u t i o n  was coo led  and made 

b a s i c  by t h e  a d d i t i o n  o f  sodium c a r b o n a t e ,  and t h e  mix tu re  was e x t r a c t e d  t h r e e  

times w i t h  ch loroform.  The o r g a n i c  s o l u t i o n  was washed t w i c e  wi th  a s a t u r a t e d  

aqueous s o l u t i o n  of sodium c h l o r i d e ,  d r i e d  (MgS04), and evapora t ed .  The resi-  
due w a s  r e c r y s t a l l i z e d  from methano l -d i e thy l  e t h e r  t o  g i v e  X X I V  (223 m g ,  89%), 
mp 150-152OC, -298.2" ( 2  2.72, CHC13); u~~~ (CHC13) : 3400-3200, 2830, 
2810, 2750 c m - l ,  =l11 NMR (90 MHz, CDC13) 6 : 7.07, 6.87, 6.68 and 6.63 ( f o u r  

1H s ' s ,  a romat i c  H's), 4.82 (lH, b r  m ,  d a f t e r  a d d i t i o n  of D20, 2=1.5 I:z, 11-13), 
3.93 (13H, b r  s ,  H - 1 4 ,  4UCH3), 3.72 (2H, br  s, 2H-8), 3.33-2.93 (2H, m ,  2H-6), 
2.90-2.47 (2H, m ,  2H-51, 2.66 (lH, b r  s ,  exchanged wi th  D20, OH); m s  ( C I )  : 

372 (M+l)+ (lo), 3 5 5 ( 5 ) ,  354(15), 193(5), 192(100), 180(20), 179(7), 151(3). 
A sample of t h e  ( + ) - m o d i f i c a t i o n  of X X I V  was p repa red  by an ana logous  

procedure  and had mp 199-201OC i l i t .  (34) mp 198-2OO0CJ. 

- ( S )  - ( - )  Xylopin ine  ( X X V )  

To a s o l u t i o n  o f  compound X X I V  (165 mg) i n  d r y  t e t r a h y d r o f u r a n  ( 5 0  mr,) 
were added ,  under n i t r o g e n  and a t  c - l O O C ,  d r y  p y r i d i n e  ( 0 . 0 4  mL) and t h e n  t h i o -  

ny l  c h l o r i d e  (0.035 m L ) ,  and t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  -10 t o  -2OOC 
f o r  30 min. S o l i d  l i t h i u m  aluminium hydr ide  ( 1 5 0  mg) was t h e n  added i n  sma l l  

p o r t i o n s ,  and t h e  mix tu re  was hea ted  a t  r e f l u x  t empera tu re  f o r  15 min. To t h e  
mix tu re  were added s u c c e s s i v e l y  water ( 0 . 1 5  m L ) ,  a 15% aqueous s o l u t i o n  of so- 

dium hydroxide  ( 0 . 1 5  m L ) ,  and water (0.45 m L ) ;  t h e  mix tu re  was f i l t e r e d ,  t h e  

r e s i d u e  was washed t h r e e  times w i t h  h o t  ch lo ro fo rm,  and t h e  combined f i l t r a t e  

and washings werc evapora t ed .  Chromatography o f  t h e  r e s i d u e  on s i l i c a  g e l  

u s i n g  2% methanol i n  ch loroform a s  t h e  e l u a n t  gave  a v i s c o u s  o i l  which c r y s t a l -  

l i z e d  from e t h a n o l - d i e t h y l  e t h e r  t o  a f f o r d  XXV (75%), mp 178-180°C, 
-274' (5 2.11, CHC13) {lit .  (292) mp 182"C, l a ]  -297' ( C € I C 1 3 ) i ;  m s  ( E I T  : 355 
(MI' (1001, 190(17), 164(60). The '13 NMR d a t a  a r e  i n  agreement  wi th  t h o s e  re- 
p o r t e d  by Tourwi. g g .  

IcII 23 D 
P 

(29b). 
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- (R) - (+) -Xylopinine 
The enantiomer of the N-ethoxycarbonyl derivative XXI, namely (?)-2-(etho- 

xycarbonyl)calycotomine, was converted into the enantiomer of the aldehyde 
X V I I ,  namely ~~)-2-ethoxycarbonyl-l-formyl-6,7-dimethoxy-l,2,3,4-tetrahydroiso- 
quinoline, by a Swern-type oxidation as described for the conversion of X X I  

into X V I I .  Treatment of the enantiomer of the aldehyde X V I I  with 3,4-dimetho- 
xyphenyllithium (see ref. 19) afforded ( - )  -threo-N- (ethoxycarbonyl) hydroxynor- 
laudanosine as an oil, [a] ;3 -29.2' (c 2.36, CHC13); base-catalyzed hydrolysis 
of this compound, as descrPbed for the preparation of X X I I ,  gave (-)-=- 

hydroxynorlaudanosine, which was crystallized from methanol and had mp 186- 
1 8 8 " C ,  [a] i3 -78.9' (2 3.49, CHC13). 
verted intc the enantiomer of protoberberine X X I V  as described for the prepa- 
ration of X X I V ;  the product was crystallized from methanol-diethyl ether and 
had mp 150-152'C, [a1i3 +296.5' (2 2.67, CHC13). Deoxygenation of the enan- 
tiomer of protoberberrne X X I V ,  as described for the preparation of XXV, affor- 
ded a sample of (R)-(+)-xylopinine, which crystallized from ethanol and had 
mp 178-18OoC, [ a ]  :3 +271° (5 2.25, CHC13). 
this sequence of Feactions exhibited 'H NMR and mass spectra identical with 
those of the corresponding enantiomers. 

(-)-threo-Hydroxynorlaudanosine was con- 

All of the compounds prepared by 

Reaction of the racemic modification of aldehyde X V I I  with 3,4-dimethoxyphenyl- 
lithium 

A solution of bromoveratrole (2.13 g) in dry tetrahydrofuran (50 mL) was 
treated with a 2.4 g solution of 2-butyllithium in n-hexane (4.5 mL) at -78OC 
(Dry Ice-methanol) for 15 min. A solution of the racemic modification of al- 
dehyde X V I I  (720 mg) in tetrahydrofuran (15 mL) was added at a rate such that 
the temperature rose to -5O'C; the reaction mixture was then stirred at -78'C 
for 10 min. Methanol (2 mL) was added, and the mixture was warmed to room 
temperature and processed, as described previously (19) for a reaction with 
XVII ,  to afford an o i l ,  which was chromatographed on silica gel using 1% metha- 
nol in chloroform as the eluant to give (2)-threo-N-(ethoxycarbony1)hydroxynor- 
laudanosine (see ref. 19) (520 mg, 49.1%) and a lesspolar component, namely 
(i)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanosine, as a colorless oil (84 mg, 
7.9%); 'H NMR (90 MHz, C6D6) E : 6.97-6.37 (5H, m, aromatic H's), 5.67 (lH, br 
s ,  d after addition of D20, 5'3 Hz, CHOH), 5.35 (lH, br s ,  ~ ~ , ~ = 1 2  Hz, H-l), 
4.50 (lH, br s ,  exchanged with D20, OH), 4.10 (2H, q ,  J=6 Hz, C€12CH3), 3.43 

2.07 (2H, m, 2H-4), 1.05 (3H, t, 5'6 Hz, CH2CH3). 
(lOH, S ,  H-3eqr 30CH3), 3.40 (3H, S ,  OCH3), 2.70-2.43 (lH, m, H-3,,), 2.40- 

Conversion of (_t)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanosine into ( * I -  
erythro-hydroxynorlaudanosine ( X X V I )  

A solution of (+)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanosine (72 mg) 
in 3% sodium hydroxide in ethanol (20 mL) was heated at reflux temperature for 
3 h. The solvent was evaporated, and the residue in an aqueous solution of 
sodium chloride was extracted with chloroform. The crystalline product was re- 
crystallized from methanol to afford (+)-erythro-hydroxynorlaudanosine ( X X V I )  

as colorless crystals (55 mg, 92%), mp 137-140'C; H NMR (500 MHz, CDC13) 6 : 

6.85-6.54 (5H, m, aromatic H's), 4.96 (lH, d, J=4.8 Hz, CHOH), 4.27 (lH, d, J 

1 
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= 4 . 8  H z ,  H - l ) ,  3 . 8 5 ,  3 . 8 3 ,  3 . 7 3  and 3 . 7 2  ( f o u r  3H s ' s ,  4 0 C H 3 ) ,  2 . 9 0 - 2 . 7 9  ( 2 H ,  

m ,  2 H - 3 ) ,  2 . 5 9 - 2 . 4 9  (2H,  m ,  2 H - 4 ) ,  1 . 9 0 - 1 . 5 0  (2H, b r  s ,  exchanged w i t h  D 2 0 ,  

O H ,  N H ) ;  m s  (CI) : 3 6 0  (M+l)+ ( l o o ) ,  3 4 2 ( 1 0 ) ,  1 9 2 ( 8 0 ) ,  1 6 7 ( 1 7 ) .  The 'H NMR 

d a t a  a r e  i n  agreement w i t h  those  r e p o r t e d  by Kametani &. ( 3 0 ) .  

(*) -Xylopinine_ 

Samples of (+)-erythro-hydroxynorlaudanosine ( X X V I )  and (+ ) -e ry th ro -13-  

hydroxyxylopin ine  ( X X V I I )  were p repa red  by t h e  method of Kametani & &. ( 3 0 ) ;  

t h e  l a t t e r  had mp 1 5 8 - 1 6 0 ° C  (from benzene) {lit. ( 3 0 )  mp 1 5 8 - 1 6 0 ° C  (from ben- 

zene)  1 .  To  a s o l u t i o n  of  X X V I I  ( 9 1  my) i n  d r y  t e t r a h y d r o f u r a n  ( 3 0  mL)  were 
added, a t  - 2 5 " C ,  d ry  p y r i d i n e  ( 0 . 0 2 2  m L )  and t h e n  t h i o n y l  c h l o r i d e  ( 0 . 0 1 8  m L ) ,  

and t h e  r e a c t i o n  mix tu re  was s t i r r e d  a t  t h i s  t empera tu re  f o r  2 0  min. S o l i d  

l i t h i u m  aluminum hydr ide  ( 3 0 0  my) was then  added i n  small p o r t i o n s ,  and t h e  

mix tu re  w a s  hea t ed  a t  r e f l u x  t empera tu re  f o r  3 0  min and t h e n  p rocessed  i n  t h e  

u s u a l  manner. Chromatoyraphyof the  p roduc t  on  s i l i c a  g e l  u s i n g  2 %  methanol  i n  

ch loroform a s  t h e  e l u a n t  a f f o r d e d  ( 2 ) - x y l o p i n i n e  a s  a ye l low o i l  ( 7 3  mg, 8 4 %  

based on X X V I I ) .  

b i t e d  by ( + ) -  and ( - ) -xy lop in ine .  

The 'H NMR and mass s p e c t r a  were i d e n t i c a l  w i t h  t h o s e  exh i -  

P r e p a r a t i o n  o f - th reo - (0 ,N-d iace ty1 )hydroxynor l audanos ine  ( X X V I I I )  

A s o l u t i o n  o f  ( + ) - a - h y d r o x y n o r l a u d a n o s i n e  ( X X I I )  ( 4 2 0  mg) i n  a m i x t u r e  

of p y r i d i n e  ( 5  mL) and a c e t i c  anliydride ( 4  mL)  was k e p t  o v e r n i g h t  i n  a r e f r i y e -  

r a t o r  and then  evapora t ed  a t  3 0 ° C  under t h e  i n f l u e n c e  of a s t r eam o f  n i t r o g e n .  
A s o l u t i o n  o f  t h e  r e s i d u e  i n  benzene w a s  washed t h r e e  times w i t h  a s a t u r a t e d  

aqueous s o l u t i o n  of sodium c h l o r i d e ,  d r i e d  (MyS04) ,  and evapora t ed  t o  a f f o r d  a 

pa le -ye l low o i l  which c r y s t a l l i z e d  from methanol t o  g i v e  t h e  d i a c e t y l  compound 

XXVIII as whi t e  c r y s t a l s  ( 4 7 2  mg, 9 1 % ) ,  mp 1 6 1 - 1 6 3 " C ,  [ u l i 3  + 2 1 . 8 '  (5 1 . 5 5 ,  

CHC13) ;  'H NMR ( 9 0  MHz, CDC13) ,5 : 6 . 8 7 - 6 . 5 1  ( 4 H ,  m ,  H - 5 , = H - 2 ' ,  H - 5 ' ,  t I - 6 ' ) ,  

5 . 9 5 - 5 . 6 7  ( 2 l / , H ,  m ) ,  4 . 9 0  ( ' / 3H,  d ,  < = 1 1 . 4  Hz)  and 4 . 5 8 - 4 . 5 2  ( 1 / 3 H ,  m) (H-8, 

CHOAC and ~ - l ) ,  3 . 8 3 ,  3 . 8 2 ,  3 . 8 1 ,  3 . 8 0 ,  3 . 7 9  and 3 . 7 8  (911, s i x  s ' s ,  OCHJ g roup  

a t  C - 6 ,  C-3'  and C - 4 ) ,  3 . 7 2 - 3 . 6 6  ( l H ,  m ,  H - 3 e y ) ,  3 . 4 4  and 3 . 4 2  ( 3 H ,  two s ' s ,  

OCH3 a t  C - 7 ) ,  2 . 9 3 - 2 . 7 1  ( 3 H ,  m ,  H-3ax, 2H-41, 2 . 2 7  ( 1 + H ,  s ) ,  2 . 1 6  ( l S H ,  s) and 

2 . 0 5  (311, s )  (OAc and NAc): m s  ( C I )  : 4 4 4  ( M + l ) +  ( 3 0 1 ,  3 8 4 ( 1 0 0 ) ,  2 3 4 ( 7 5 1 ,  1 9 2  

( 3 8 ) .  

A sample of (+)-threo-(g,N-diacetyl)hydroxynorlaudanosine __ was p repa red  

from ( 2 ) - m - h y d r o x y n o r l a u d a n o s i n e  by an ana logous  p rocedure  i n  9 5 %  y i e l d  and 

had mp 1 4 3 - 1 4 5 ' C  (from methano l ) .  

P r e p a r a t i o n  o f  iminium s a l t  X X I X  

To a s o l u t i o n  o f  t h e  d i a c e t y l  compound X X V I I I  ( 3 8 4  mq) i n  a c e t o n i t r i l e  

( 2 0  mL) were added p y r i d i n c  ( 0 . 1  mL) and then  phosphorus  o x y c h l o r i d e  ( 1  mL), 
and t h e  r e a c t i o n  mix tu re  was hea ted  a t  r e f l u x  t empera tu re  on a steam b a t h  f o r  

2 min and then  kep t  a t  room t empera tu re  f o r  15 min. The m i x t u r e  was evapora-  

t e d  under reduced p r e s s u r e ,  t o l u e n e  (10 mL) was added, and t h e  e v a p o r a t i o n  pro- 

cess was r e p e a t e d .  C r y s t a l l i z a t i o n  of t h e  r e s i d u e  from methano l -d i e thy l  e t h e r  

a f f o r d e d  t h e  iminium s a l t  a s  a ye l low powder ( 2 7 1  mg, 68%), mp 2250OC ( d e c . ) ,  

-10.0' ( g  0 . 7 7 ,  CH30H);  'H NMR ( 9 0  MHz, CD30D) 5 : 7 . 7 4 ,  7 . 3 5 ,  7 . 2 0  and 
G . 9 7  ( f o u r  1 H  s ' s ,  a r o m a t i c  H ' s ) ,  6 . 4 1  ( l H ,  d ,  J = 3  I l z ,  H - 1 3 ) ,  5 . 5 7  ( l H ,  b r  s ,  
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wll3=6 Hz, H-14) ,  4 . 0 3  (6H, S ,  20CH3),  3 .87  (6H, s ,  20CH3), 3 . 3 7  (3H, S ,  CH3 

a t  C - 8 ) ,  3 .42 -2 .97  (4H, m, 2H-5, 2H-6) ,  1 . 7 2  (3H, S ,  OAC). 

A s a m p l e  o f  t h e  racemic m o d i f i c a t i o n  o f  X X I X  w a s  p r e p a r e d  b y  a n  a n a l o g o u s  
p r o c e d u r e  i n  72% y i e l d  a n d  had  mp 2255OC ( d e c . ) .  

P r e p a r a t i o n  o f  (8S,13R,14R)-13-acetoxy-8-methy1-2,3,10,11- ( t e t r a m e t h 0 x y ) t e t r a -  

h y d r o p r o t o b e r b e r i n e  ( X X X )  

To a s o l u t i o n  of t h e  imin ium s a l t  X X I X  (350  mg) i n  m e t h a n o l  ( 4 0  mL) w a s  
a d d e d  sod ium b o r o h y d r i d e  ( 0 . 7 5  g ) ,  s l o w l y  w i t h  s t i r r i n g ,  w i t h  t h e  t e m p e r a t u r e  

b e i n g  m a i n t a i n e d  b e l o w  5'C u s i n g  a n  i c e  b a t h .  T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  

f o r  a f u r t h e r  p e r i o d  o f  1 5  m i n ,  and  t h e n  warmed t o  room t e m p e r a t u r e  a n d  e v a p o -  
r a t e d  u n d e r  r e d u c e d  p r e s s u r e ;  c h l o r o f o r m  w a s  a d d e d  t o  t h e  r e s i d u e ,  a n d  t h e  so-  
l u t i o n  w a s  washed  t w i c e  w i t h  a s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  s o d i u m  c h l o r i d e ,  

d r ied  (MgS04),  a n d  e v a p o r a t e d  t o  leave a n  o i l .  A d d i t i o n  o f  w a r m  d i e t h y l  ether 

a f f o r d e d  c r y s t a l s  of compound XXX ( 2 8 7  mg, 8 9 % ) ,  m p  159-163'C ( d e c . ) ;  umax 
( C H C 1 3 )  : 2830-2800,  1 7 2 5  cm-'; 'H NMR (500  MHz, C D C 1 3 )  6 : 6 . 9 8 ,  6 . 7 4 ,  6 . 7 2  

a n d  6 . 6 1  ( f o u r  1 H  s ' s ,  aromatic H ' s ) ,  6 . 5 1  ( l H ,  d ,  5 = 2 . 4  H z ,  H-13) ,  3 . 9 1  ( 1 H .  

d ,  - J = 2 . 4  Hz, H - 1 4 ) ,  3 . 8 9 ,  3 . 8 6  and  3 .85  (3H,  6H a n d  3H s ' s ,  40CH3),  3 .60  ( l H ,  

q ,  5 ~ 6 . 2  Hz ,  H-8 ) ,  3 .55 -3 .48  ( l H ,  m ,  H-6 ) ,  3 .14-3 .09  ( l H ,  m ,  H-5 a x ) ,  2 . 6 8  
( l H ,  b r  d ,  5 = 1 5 . 9  Hz, H-5eq) ,  2 .45-2.40 ( l H ,  m ,  H-6,,), 1 . 7 7  (3H,  s ,  O A c ) ,  

1 . 6 3  (3H,  d ,  5 = 6 . 2  Hz, CMe); m s  (CI) : 428 (M+1)+ ( 2 5 ) ,  3 6 8 ( 1 0 0 ) ,  1 9 2 ( 7 ) .  

e q  

A sample o f  t h e  racemic m o d i f i c a t i o n  o f  XXX w a s  p r e p a r e d  b y  a n  a n a l o g o u s  

p r o c e d u r e  i n  94% y i e l d  a n d  had  mp 162-165°C ( f r o m  d i e t h y l  e t h e r ) .  

P r e p a r a t i o n  o f  1 3 - h y d r o x y  compound X X X I  

Compound XXX ( 2 2 5  m g )  was t r e a t e d  w i t h  sodium h y d r o x i d e  ( 2 5 0  mg) i n  metha- 

n o l  ( 3 0  mL) w i t h  s t i r r i n g  o v e r n i g h t .  The s o l v e n t  was  e v a p o r a t e d ,  a s a t u r a t e d  

a q u e o u s  s o l u t i o n  o f  s o d i u m  c h l o r i d e  ( 2 0  mL) w a s  a d d e d  t o  t h e  r e s i d u e ,  a n d  t h e  

m i x t u r e  was  e x t r a c t e d  t h r e e  times w i t h  c h l o r o f o r m .  T h e  o r g a n i c  s o l u t i o n  w a s  
d r i e d  (MgS04) a n d  e v a p o r a t e d  t o  l e a v e  a n  o i l .  A d d i t i o n  o f  m e t h a n o l  ( 0 . 5  mL) 

a n d  d i e t h y l  e t h e r  (%3  mL) a f f o r d e d  c r y s t a l s  o f  compound X X X I  ( 1 7 4  m g ,  8 5 % ) ,  

mp 1 7 8 - 1 8 l o C ,  -243.5 '  (c 0 . 9 4 ,  C H C 1 3 ) ;  Vmax ( C H C 1 3 )  : 3600-3500 ,  2810- 

2750 c m - ' ;  'H NMR=(90 MHz, CDCL3)  6 : 6 . 9 5 ,  6 . 8 9 ,  6 .75  a n d  6 . 6 8  ( f o u r  1 H  s ' s ,  

aromatic H ' s ) ,  4 . 75  ( l H ,  b r  d ,  J = 9  H z ,  b r  s a f t e r  a d d i t i o n  of D 2 0 ,  wl12=3.5 

H z ,  H-131, 3 . 9 3  (12H, b r  s ,  4 0 C H 3 ) ,  3 . 7 7  ( l H ,  q ,  5 = 7 . 5  Hz,  H - 8 ) ,  3 . 5 6 - 2 . 3 3  

(6H, m ,  D 2 0  e x c h a n g e  c a u s e d  d i s a p p e a r a n c e  of a s i g n a l  a t  6 3 . 1 0  c o r r e s p o n d i n g  
t o  l H ) ,  1 . 5 8  (3H,  d ,  L=7.5 Hz, C M e ) ;  m s  ( C I )  : 386 ( M + l ) +  ( 1 0 0 1 ,  3 6 8 ( 4 0 ) ,  1 9 2  

( 4 0 ) .  
A sample of t h e  racemic m o d i f i c a t i o n  o f  X X X I  was p r e p a r e d  by  a n  a n a l o g o u s  

p r o c e d u r e  i n  959 y i e l d  a n d  had  mp 165-166°C.  

( 8 S , 1 4 S ) - C o r a l y d i n e  ( X X X I I )  

To  a s o l u t i o n  o f  compound X X X I  ( 1 8 2  mg) i n  d r y  t e t r a h y d r o f u r a n  ( 3 5  mL) 

were a d d e d ,  u n d e r  n i t r o g e n  a n d  a t  -78"C,  d r y  p y r i d i n e  ( 0 . 0 5  m L )  a n d  t h e n  t h i o -  

n y l  c h l o r i d e  ( 0 . 0 4 5  mL) ,  and t h e  m i x t u r e  was s t i r r e d  a t  t h i s  t e m p e r a t u r e  f o r  

30 min .  S o l i d  l i t h i u m  a l u m i n i u m  h y d r i d e  ( 0 . 2 5  g )  was t h e n  a d d e d  i n  sma l l  por- 
t i o n s ,  a n d  t h e  m i x t u r e  w a s  h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  20 h a n d  t h e n  p r o -  

c e s s e d  i n  t h e  u s u a l  manner .  The  p r o d u c t ,  compound X X X I I ,  f o r m e d  a h y d r o c h l o -  
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r i d e  s a l t  (135 mg, 70.3%), which c r y s t a l l i z e d  f rom a c e t o n e - d i e t h y l  e t h e r  and 

had mp 246-250°C ( d e c . ) ,  [ a ] k 3  -130.4' (5 1.27, CHC13) (lit. (31) mp 256-258"C, 

lal 
r e c F y s t a l l i z e d  from e t h a n o l - d i e t h y l  e the r -hexanes ;  mp 124-127'C, [a] i3 -219.3" 
(c 0.88, CHC13) {lit. ( 3 1 )  mp 129-130OC (from m e t h a n o l ) ,  [a ID -226' tCHC13)1. 
The 'H NMR spectrum of XXXII was i d e n t i c a l  w i t h  t h a t  of (+ ) -Zora lyd ine  r e p o r -  

t e d  below. 

P r e p a r a t i o n  of iminium s a l t  (rt)-XXXIV 

-138" (CHC13) 1 .  The f r g e  base  was l i b e r a t e d  u s i n g  aqueous ammonia and 

To a s o l u t i o n  o f  (2 )  - e ry th ro -  (g ,N_-diace ty l )  hydroxynor laudanos ine  ( (2 )  - 
X X X I I I )  (787 mg),  which had been p repa red  from (2)-erythro-hydroxynorlaudano- 
s i n e  ( X X V I )  by t h e  method o f  Kametani & g .  1301, i n  d r y  a c e t o n i t r i l e  (30 mL) 

was added phosphorus oxych lo r ide  (4 m L ) ,  and t h e  r e a c t i o n  m i x t u r e  was h e a t e d  

on a steam b a t h  f o r  5 min and kep t  a t  room t empera tu re  f o r  30 min. The m i x t u r e  
was evapora t ed  on a steam b a t h  under reduced p r e s s u r e ,  t o l u e n e  was added ,  and 

t h e  e v a p o r a t i o n  p rocess  was r e p e a t e d .  To  a s o l u t i o n  o f  t h e  c r y s t a l l i n e  r e s i d u e  

i n  methanol (4 mL) was added g r a d u a l l y  d i e t h y l  e t h e r  (%20 m L ) ;  t h e  iminium 

s a l t  ( 2 ) - X X X I V  was o b t a i n e d  a s  a ye l low powder (541 mg, 70%), mp >25O0C ( d e c . ) ;  
'H NMR (90 M H ~ ,  CD~OD) 6 : 7.68, 7.34, 6.98 and 6.95 ( f o u r  1~ s ' s ,  a r o m a t i c  

and 3.82 
2H-6), 3.50-3.20 ( m ,  2H-51, 3.03 (3H, s ,  CH3 a t  C-8), 2.15 (3H, s ,  O A c ) .  

P r e p a r a t i o n  of p r o t o b e r b e r i n e  ( + I - X X X V  

H's ) ,  6.58 (IH, d ,  J=8 Hz, H-13), 5.43 (lH, d ,  2'8 H z ,  H-14), 4.05, 3 . 9 8 ,  3.85 
( f o u r  311 s ' s ,  40CH3), 4.23-3.80 ( m ,  ove r l apped  by methoxyl s i g n a l s ,  

To a s o l u t i o n  o f  t h e  iminium s a l t  ( 2 ) - X X X I V  (474 mq) i n  methanol (50 mL) 

was added sodium borohydr ide  ( 1 . 0  g )  i n  sma l l  p o r t i o n s  over  a 10-min p e r i o d  a t  
0 t o  5OC. The r e a c t i o n  mix tu re  was s t i r r e d  f o r  a f u r t h e r  p e r i o d  o f  1 0  min a t  

5°C and evapora t ed ;  ch loroform was added t o  t h e  r e s i d u e ,  and t h e  s o l u t i o n  was 

washed t w i c e  wi th  a s a t u r a t e d  aqueous s o l u t i o n  o f  sodium c h l o r i d e ,  d r i e d  
(MgS04), and evapora t ed  t o  l e a v e  a c r y s t a l l i n e  r e s i d u e .  R e c r y s t a l l i z a t i o n  from 

methanol a f f o r d e d  p r o t o b e r b e r i n e  ( + ) - X X X V  (420 mg, 95%), mp 181-183°C: wmax 
(KBr) : 2830-2800, 1725 cm-'; 'H NMR (500 MHz, CDC13) 5 : 6.74, 6.72, 6.71 and 

6.63 ( f o u r  1H s ' s ,  a r o m a t i c  H's), 6.17 (lH, d ,  J=8.4 Hz, H - l 3 ) ,  4.23 (lH, q ,  

- J = 6 . 8  Hz, H-81, 4.13 (lH, d, J=8.4 112, H-14), 3.89, 3.85, 3.84 and 3.81 ( f o u r  

311 s ' s ,  40CH3j, 2 . 8 8 - 2 . 6 2  (111, m ,  H - b  eqj, 2.80-2.77 (3H, m ,  211-5, 11-6ax), 2.20 
(311, s, OAc), 1 . G O  (311, d ,  J=6.3 Hz, CH3 a t  C-3); m s  (CI) : 4 2 8  (?.1+1)+ (55j, 
3 9 1 ( 7 ) ,  3 6 8 ( 1 0 0 ) ,  352(30), 236(12), 194(20). 

P r e p a r a t i o n  o f  13-hydroxy compound (k)-XXXVI 

T o  a s o l u t i o n  of compound ( + ) - X X X V  (400 rng) i n  methanol ( 5 0  mL) was added 

sodium hydroxide  (500 mg) ,  and t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  

room t empera tu re .  The s o l v e n t  was evapora t ed ,  t h e  r e s i d u e  was d i s s o l v e d  i n  
water  (20 r n L ) ,  and t h e  s o l u t i o n  w a s  e x t r a c t e d  t h r e e  times w i t h  ch lo ro fo rm.  The 

e x t r a c t s  were washed w i t h  a s a t u r a t e d  aqueous s o l u t i o n  of sodium c h l o r i d e ,  

d r i e d  (MgS04), and evapora t ed  t o  a f f o r d  t h e  13-hydroxy compound ( ? ) - X X X V I  a s  
need le s  ( 8 8 % ) ,  mp 187-189°C ( d e c . )  (from methanol )  ; vmax (CHC13) : 3600, 2850- 
2800  cm-l; 'Ii NMR (500 M H z ,  CDC13) 6 : 7.18, 7.06, 6.69 and 6.45 ( f o u r  1H s ' s ,  

a romat i c  HIS), 4.69 (lH, m ,  d a f t e r  a d d i t i o n  of D20, g=8.6 H z ,  H-13),  4 . 0 6  (lM, 
q ,  5=6.6 Hz, H-8) ,  3.89, 3.88, 3.87 and 3.86 ( f o u r  3H s ' s ,  40CH3), 3.73 (lH, 
d ,  J=8.6 H Z ,  H-14), 3.11 (lH, m ,  H-6 e q ) ,  2.90 (lH, m ,  H-5 a x ) ,  2.82 (lH, m, 



H-5eq), 2 .64  ( l H ,  m ,  H-6 

(3H, d ,  J=6.6 Hz, CH3 a t  C-8 ) ;  m s  ( C I )  : 386 ( M + l ) +  ( 3 0 ) ,  3 6 8 ( 5 0 ) ,  1 9 2 ( 6 0 ) ,  

190 ( 1 0 0 ) .  

1, 2.10 ( l H ,  br m ,  e x c h a n g e d  w i t h  D 2 0 ,  O H ) ,  1.56 ax 

(+) - C o r a l y d i n e  

To a s o l u t i o n  o f  t h e  13 -hydroxy  compound (2)-XXXVI (220  m g )  i n  d r y  t e t r a -  
h y d r o f u r a n  ( 3 0  mL) were a d d e d ,  a t  -15 t o  -2OoC, d r y  p y r i d i n e  (0.05 mL) a n d  t h e n  

t h i o n y l  c h l o r i d e  ( 0 . 0 4 5  mL),  a n d  t h e  m i x t u r e  was  s t i r r e d  i n  t h i s  t e m p e r a t u r e  

r a n g e  f o r  30 min .  S o l i d  l i t h i u m  a luminum h y d r i d e  (250  mg) was  t h e n  a d d e d  i n  

s m a l l  p o r t i o n s ,  a n d  t h e  m i x t u r e  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  20 min  and 
t h e n  p r o c e s s e d  i n  t h e  u s u a l  manner .  C h r o m a t o g r a p h y  o f  t h e  r e s i d u e  o n  s i l i c a  
g e l  u s i n g  2 %  m e t h a n o l  i n  c h l o r o f o r m  as  t h e  e l u a n t  gave a p r o d u c t ,  w h i c h  w a s  

r e c r y s t a l l i z e d  f rom m e t h a n o l - d i e t h y l  e t h e r  t o  a f f o r d  ( 5 1 - c o r a l y d i n e  as  y e l l o w  

c r y s t a l s  (8l%), mp 114-115°C { l i t .  ( 2 9 ~ )  mp 115"C1;  'H NMR ( 5 0 0  MHz, C D C 1 3 )  6 : 
6 . 7 4 ,  6 . 6 7 ,  6 .64  and  6 . 6 1  ( f o u r  1 H  s ' s ,  aromatic H ' s ) ,  3 . 8 7 ,  3 .86  a n d  3 . 8 5  

(3H, 6H a n d  3H s ' s ,  40CH3),  3 .72-3.66 (2H,  m ,  H-8,,, H-14) ,  3 .38 -3 .34  ( l H ,  m ,  

( l H ,  m ,  H - 5  e q ) ,  2 . 4 9 - 2 . 4 1  ( l H ,  m,  H-6,,), 1 . 5 3  (3H,  d ,  2 ~ 6 . 4  Hz,  CH3 a t  C - 8 ) ;  

m s  ( E I )  : 3 6 8  ( M - 1 ) '  ( a ) ,  3 5 4 ( 3 0 ) ,  3 3 8 ( 5 ) ,  1 9 2 ( 5 ) ,  1 7 8 ( 1 0 0 ) ,  1 6 3 ( 1 0 ) .  T h e  'H 

NMR d a t a  a r e  i n  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  by  Bross i  a n d  c o w o r k e r s  ( 3 1 ) .  

H-6 ) ,  3 .14-2 .02  (2H, m ,  H-5ax, H-13 ) ,  2 .88-2 .82  ( l H ,  m ,  H-13ax) ,  2 .73 -2 .66  
e q  e q  
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