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PREPARATION A N D  STERFOCHE?IISTRY OF PI1ENOLIC I -MEW.YL-3-ARYL- 

T E T R A I I Y D R O I S O Q l I I U O L I N E  IERI\'ATIVES 

D o l o r e s  B a d i a ,  E s t h e r  Daminguez*,  Carmen I r i o n d o ,  and  E d u a r d o  

\ t a r t h e r  de N l a r i g o r t a  

D e p a r t a m e n t o  d e  Q u i m i c a ,  F a c u l t a d  d c  C i e n c i a i ,  

L l n i v e r s i d a d  d e l  P a i s  V a s c a ,  B i l h a o ,  S p a i n  

A b s t r a c t  - The p r e p a r a t i o n  o f  &- a n d  t r a n s - 1 - m e t h y l - 3 - ( 3 , 4 -  

dimethoxypl~e~iyl)-6-hy~lrcxy7methoxy-l , 2 , 3 , 4 t e t r a h y d r o i s o -  

q u i n o l i n e  ( 2 )  and (s) , and  t h e  s t e r e o c h e m i s t r y  o f  t h e  i s o -  

q u i n o l i n e  s y s t e m  of  t h e s e  compounds a r e  r e p o r t e d .  

I n  r e c e n t  y e a r s ,  i n t e r c s t  h a s  been  f o c u s e d  on t h e  3-aryl-l,2,3,4-tetrahydroisoquino- 

l i n e  n u c l e u s ,  s i n c e  o n e  o f  t h e  m e t h o d s 1 "  o f  c h o i c e  f o r  t h e  s y n t h e s i s  o f  t h e  p r o t o -  

b e r b e r i n e  and benzoplienanthric!ir ,e s k e l e t o n  i n v o l v e s  t h e  i n i t i a l  preparation o f  3 -  

aryltetrahydroisoquinolinc d e r i v a t i v e s .  

I n  e a r l i e r  p a p e r s 3 ,  we have  r e p o r t e d  t h e  s y n t h e s i s  o f  n o n - p h e n o l i c  6 , 7 - d i a l k o r y - 1 -  

s u b s t i t u t e d  3 - a r y l t e t r a h y d r o i s o q u i n o l i n e s  by means o f  t h e  c l a s s i c a l  P i c t e t - S p e n g l o r  

r e a c t i o n ,  h u t  t h i s  method a n  o u r  lhnnds was u n s u c c e s s f u l  when a p p l i e d  t o  p h e n o l i c  1 , 2 -  

d i n r y l e t h y l a m i n e s ,  i n  o r d e r  t o  o b t a i n  t h e  c o r r e s p o n d i n g  3-aryltetrahydrolsoquinoli- 

n e s .  l l e r e i n  we w i s h  t o  r e p o r t  a n  c i f i c i e n t  method f o r  t h e  p r e p a r a t i o n  o f  p l i e n o l i c  

6 , 7 - d i s u h i t i t u t e d  3 - a r ) - l t e t r a ! ~ y d r o i s o q u i n a l i n e s  ( )  a n d  (z) and  t o  d i s c u s s  t h e  

s t e r e o c h c m ~ i t r y  o f  t h e  t e t r a h y d r a i s a q u i n o l i n e  s y s t e m  on t h e  b a s i s  o f  t h e i r  s p e c t r a s -  

c o p i c  d a t a .  

T h e s e  compounds ( 2 )  a n d  (21, were p r e p a r e d  b y  t r e a t i n g  t h e  p h e n o l i c  1  , ? - d i a r y l -  

e t h y l a m i n e  (g) w i t h  a c e t a l d e h y d e .  The m i x t u r e  was h e a t e d  a t  80rC i n  a c l o s e d  s c r e w  
4 c a p  t e s t  t u b e  w i t h o u t  a c i d i c  med ia  , and t h e  r e a c t i o n  was c o m p l e t e  w i t h i n  12 11 f u r -  

n i s h i n g  t h e  m i x t u r e  ( 7 : 3 )  o f  p h e n o l i c  i s o q u i n o l i n e s  (@) and (%), x h i c h  were s e p a -  

r a t e d  by column c h r o m a t o g r a p h y .  The r e q u i r e d  k e t o n e  (3)  was p r e p a r e d  a c c o r d i n g  t o  t h e  

p r o c e d u r e  d e s c r i b e d  hy l lyheS ,  s u b s e q u e n t  L e u c h a r t  r e a c t i o n  o f  (3) f o l l o s e d  by t h e  

c o r r e s p o n d i n g  h y d r o l y s i s  and d e b e n z y l a t i o n ,  a f f o r d e d  t h e e x p e c t e d  1 , Z - d i a r y l e t h y l a -  

mine (g). 
The pmr s p e c t r a  ( a c e t o n e - d 6 )  o f  (g) and (SJ) r e a d i l y  showed t h a t  t h e  c y c l i z a t i o n  

r e a c t i o n  had  t a k e n  p l a c e .  'The two a r o m a t i c  p r o t o n s  o f  t h e  i s a q u i n o l i n e  s y s t e m  a p p e a r  

i n  ( g )  as  u n c o u p l e d  s i n g l e t s  a t  6 6 . 5 1  and  6 . 8 1  ppm, w h i l e  t h e  c o r r e s p o n d i n g  aroma- 

t i c  p r o t o n s  i n  (2) a f f o r d  two s i n g l e t s  a t  6 6 .51 and  6.69 ppm. 

The s t e r e o c h e m i s t r y  i n  s t r u c t u r e s  (g )  and (e) was a s s i g n e d  a s  f o l l o w s :  



A n a l y s i s  o f  c h e m i c a l  s h i f t  (CDCl31 ( 6  1 . 5 0 1  r e v e a l s  t h a t  t h e  1 - m e t h y l  g r o u p  i n  (a 
o c c u p i e s  t h e  p s e u d o e q u a t o r i a l  p o s i t i o n ,  b e i n g  s l i g h t l y  d e s h i e l d e d  w i t h  r e s p e c t  t o  

t h e  p s e u d o a x i a l  1 m e t h y l  ( 6  1 . 4 8 1  of  ( s ) ,  w h i l e  t h e  c o r r e s p o n d i n g  p s e u d o a x i a l  l  - p r o -  

ton  o f  ( 2 1  ( 6  4.251 i s  s h i e l d e d  w i t h  r e s p e c t  t o  t h e  p s e u d o e q u a t o r i a l  1 - p r o t o n  o f  

(%I ( 6  4 . 3 0 ) .  C o n s i d e r a b l e  p r e c e d e n t  f o r  t h i s  e f f e c t  e x i s t s  f o r  n i t r o g e n  h e t e r o c y -  
7 c l e s 6 ,  i n c l u d i n g  t e t r a h y d r o i s o q u i n o l i n e s  

On t h e  o t h e r  hand ,  t h e  s i g n a l  due t o  C3-H i n  (2) and ( 2 )  shows an  ABX s p l i t t i n g  

p a t t e r n ,  which i s  c o n s i s t e n t  w i t h  t h i s  p r o t o n  b e i n g  i n  an a x i a l  p o s i t i o n  i n  b o t h  

compounds. 

These  d a t a  l e t  u s  p r o p o s e  a c o n f i g u r a t i o n  f o r  compound (el and a  trans c o n f i g u -  
r a t i o n  f o r  (El, t h u s  showing t h a t  o u r  method f o r  p h e n o l i c  c y c l i z a t i o n  i s  n o t  d i a s -  

N(Et12 

+ 
O M e  

(1) 

M e 0  OBz M e 0  @OMe ' 

O M e  

M e 0  \ NHY 
@OMe 0 R 

( 4 2 )  R=H , Y z H  

(4-b) R = B z ,  Y = H  

(42) R= Bz , Y= CHO 
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* l e l t i n g  p o i n t s  !were d e t e r m i n e d  o n  e i t h e r  E l e c t r o t h e r m a l  1.4 6304 o r  Buch i  a p p a r a t u s  

and  a r e  u n c o r r e c t e d .  For  t h i n - l a y e r  c h r o m a t o g r a p h y  !!erck K i e s e l g e l  GF 254 p l a t e s  

( 0 . 2  m s  t h i c k )  i:ere u s e d .  V i s u n l i r a t i o n  was a c c o m p 1 i ~ i i e . i  by uv l i g h t  o r  by s p r a -  

y i n g  w i t h  D r a g e n d o r f f ' s  r e a g e n t .  Column c h r o m a t o g r a p h y  was c a r r i e d  o u t  on S i 0 2  

( s i l i c a  g e l  60 Vlerck ,  230-400 m e s h ) .  : l i c r a a n a l y s e s  were  p e r f o r m e d  by t h e  " C o l e g i o  

U n i v e r s i t a r i a  d e  .3 lava" .  The i r  s p e c t r a  were  r e c o r d e d  o n  a P e r k i n - E l m e r  1430 s p e c -  

t r o p h o t o m e t e r  and o n l y  n o t e w o r t h y  a b s o r p t i o n s  f a - ' )  a r e  l i s t e d .  Pmr s p e c t r a  were  

r u n  on a  P e r k i n - E l m e r  11-12 (60 \! l?z) and  a R r u k e r  'X-200-SY (200 MHz) i n s t r u m e n t s  

. , s ing  TbIS as i n t e r n a l  s t a n d a r d .  Chemica l  s h i f t s  a r e  r e p o r t e d  i n  ppm d o w n f i e l d  

( 6 ) f r o m  TMS. Mass s p e c t r a  w e r e  m e a s u r e d  w i t h  a  H e w l e t t - P a c k a r d  HP-5970 a ? p a r a -  

t u s .  

3 - B c n z ~ l o x y - . i - m e r I ~ o x y h e n z y l  3 , 4 - D i m e t h o x y p h e n y l  Ketone (L). 
5  

A s a l u t l o n  o f  t!le 2-(X,\.diethylninino)-2-(3,4-dimetl~oxyphenyl)acetonitrile (1 . I  g,  

4 . 1  n m a l e )  i n  d r y  D>IF (25 ml )  was adde6  t o  0 . 2 5  g o f  sod ium ihydr ide  ( 8 5 %  s u s p e n -  

s i o n  i n  a i l ) ,  washed w i t h  p e t r o l e u m  e t h e r  and s u s p e n d e d  i n  d r y  DMF (10  ml )  u n d e r  

! J2 .  The r e s u l t i n g  s u s p e n s i o n  ,<as s t i r r e d  u n d e r  h 2  f a r  3  h and  t h e  3 - b e n r y l o x y - 4 -  

m e t h a x y b e n z y l  c h l o r i d e  ( L )  ( 1 . 0 7  g ,  1 . 4  mmole ) ,  added  o v e r  a  f u r t h e r  3 / 4  h .  Af -  

t e r  s t i r r i n g  o v e r n i g h t ,  t!ie e x c e s s  Nali was d e s t r o y e d  w i t h  Me011 and  t h e  s o l v e n t  

e v a p o r a t e d  t o  y i e l d  an  a i l  wh ich  rras d r i e d  u n d e r  0 . 0 0 1  mm p r e s s u r e  a t  90°C o v e r  

3  11. The r e s u l t i n g  s y r u p  was s t i r r e d  in 6U HC1 ( I 5  ml) f o r  24 h .  A f t e r  d i l u t i o n  

u l t h  x a t e r  (15 ml )  t h e  a q u e o u s  s o l u t i o n  was e x t r a c t e d  w i t h  CIIC13 (3x30 ml )  and  t h e  

combined o r g a n i c  e x t r a c t s  were washed ~ i i t h  a q u e o u s  Ual:C03 (2x15 ml )  and H20 (2x15 

m l ) ,  d r i e d  (Na2S04)  and  e v a p o r a t e d  to l e a v e  an  a i l .  The r e s u l t i n g  o i l  was column 

c h r o m a t o g r a p h e d  u n d e r  p r e s s u r e  o n  s i l i c a  g e l  by e l u t i n g  w i t h  d i c h l o r o m e t h a n e  t o  

a f f o r d  a  w h i t e  s o l i d .  C r y s t a l l i z a t i o n  f rom e t h a n o l  gave  t h e  k e t o n e  ( 3 ) .  Y i e l d :  1 . 0 4  

g ( 6 0 % ) ,  mp 102-104  ' C .  A n a l .  C a l c d .  f o r  Cz4112qOj: C, 7 3 . 4 7 ;  H, 6 . 1 2 .  Found :  C ,  

7 3 . 4 0 ;  11, 6 . 0 5 6 .  I r  (XRr) u r n a x  
- 1  

cm : l i i75 ( - C O - ) .  P m r  (C!1Cl3), 6 :  7 . 6 - 7 . 3  (711, m, 

I 1  and - I )  7 . 0 - 6 .  8  ( 4 9 ,  m, H 5 .  I 5  ( 2 ,  s ,  C t l 2 - P I ~ ) ,  4 . 1  ( t i  s ,  - C : 3 - C @ - ) ,  

J . 9 2  I ,  5 ,  ~ X O C I ! ~ ) ,  3 . 8 8  (311, 5 ,  @ C H I ! .  

1 - (3 ,4 -Dimethcx) -p l l eny l )  2  ( ~ 1 m e t I 1 o x y 3 b e n z y l n x y p h e n y l  j e C h y l f o r m a m i d e  (&I. 
!I m i x t u r e  o f  t h e  k e t o n e  (3) ( 1 5 . 1 2  g ,  0 . 0 4  m o l e ) ,  ammonium f o r m a t e  (25 .20  g, 0 . 4  

m o l e ) ,  90% f o r m i c  a c i d  ( 4  ml )  a n d  fa rmamide  ( 4  ml) was h e a t e d  a t  185-190  "C f o r  

3 . 5  h .  Then ,  t h e  r e a c t i o n  m i x t u r e  was c o o l e d  t o  room t e m p e r a t u r e ,  w a t e r  added  and 

t h e  r e s u l t i n g  s o l i d  f i l t e r e d  o f f .  C r y s t a l l i z a r i o n  f rom e t h a n o l  gave  t h e  formamide 

(s) a s  a w h i t e  s o l i d .  y i e l d :  1 2 . 7 3  g  ( 7 5 % ) ,  mp 113-114°C.  A n a l .  C a l c d .  f o r  

CZSHZ70!N: C, 71 . 2 5 ;  H ,  6 . 4 1 ;  N ,  3 . 3 2 .  Found:  C ,  7 1 . 2 1 ;  H ,  6 . 3 7 ;  N ,  3 . 2 9 % .  Ir (KBr) 

umax c n  I :  3340 ( -NH-) ,  1665 ( - C O - ) .  Pmr (CDC13), 6 :  8 . 0  ( l H ,  s ,  -CHO), 7 . 3  ( S H , . s ,  

P h - H ) ,  6 . 7 - 6 . 5  (6H, m ,  A r - H ) ,  5 . 9  ( l H ,  b r o a d  d ,  N H - ) ,  5 . 1 5  ( l H ,  m ,  - t i - C H ~ - ) ,  5 . 0  

[ZH, 5 ,  - C H 2 - P h ) ,  3 . 8  (6H, s ,  2xOCH3), 3 . 6 5  (3H, s ,  0CH3), 2 . 9 5  (ZH, d ,  J - 7  H z ,  
4 

-CH2-CH-).  

1-(3,4-DimethoxyphenyI)-2-(4-methoxy-3-benzyloxyphenyl)ethylamine (5). 
To a w e l l  s t i r r e d  s o l u t i o n  o f  t h e  e t h y l f o r m a m i d e  (s) ( 2 . 7 4  g ,  6 . 5 3  mmole) i n  e t h a -  



no1 (25 ml) a solution (5 ml) of aqueous NaOH (40%) was added. The mixture was 

heated under reflux for 2 h, the solvent was evaporated, water was added and then 

extracted with chloroform (3 x I00 ml). Evaporation of the solvent from the combi- 

ned dried extracts afforded an oil, which was crystallized from ethanol to give the 

ethylamine (G) .  Yield: 2.03 g (79%), mp 108-109°C. Anal. Calcd. for CZ4HZ704N: C, 
73.28; H, 6.87; N, 3.56. Found: C, 73.26; M, 6.85; N, 3.61%. I r  (KBr) vmax Cm l: 

3340 and 3280 (-NH2) Pmr (CDCI3), 6 :  7.4 (SH, s, Ph-HI, 7.0-6.6 (6H, m, Ar-HI, 

5.15 (2H, s, -CH2-Ph), 4.1 (lH, m, -cH_-CH~-), 3.9 (9H, 5, 3xOCH3], 2.8 (ZH, d, 

5-7.7 Hz, - C H 2 - k ) ,  1.5 (2H, broad s, -NH2). 

l-(3,4-Dimethoxypheny1]-2-(3-hydro~y-4-methoxyphenylethylamine (4a). - 
A solution of the ethylamine (fi) (1.5 g, 3.8 mmole) in '35% ethanol (150 ml), was 
hydrogenated over 10% Pd/C at atmospheric pressure and room temperature for 3 h. 

Removal o f  the catalyst and solvent afforded the required amine (%I. Yield: 0.98 g 

(85%), mp 145-147°C (from methanol). Anal Calcd. for C17HZ104N/,C, 67.65; H ,  6.96; 

N, 4.62. Found: C, 67.10; Hi 6.94; N, 4.66%. Ir (KBrl vmax cm . 3345 and 3285 
(-NH2), 3200-2500 (-3H). Pmr (CDC13), 6 : 7.1-6.7 (6H, m, Ar-H), 4.2 (lH, m, 

-CH-CH2-), 3.9 (61.1, s, 2xOCH3), 3.85 (3H, 5, 0Cli3), 3.3 (3H, broad s, -NI12 and -OH, 

exchangeable with D20), 2.9-2.7 (211, d, -CH2-&-). Ms, m/z ( 1 :  303 (1.5) M+, 186 

(15.01, 164 (18.5), 149 (loo), 135 (2l:O). 

cis- and trans-l-Methyl-3-(3,4-dimethoxyphenyl)-6-hydroxy-7-mcthoxy-l,2,3,4-tetra- 

hydraisaquinoline (g )  and (9. 
The phenolic amine (h) (1.0 g ,  3.3 mmole) and acetaldehyde (0.2 ml, 3.3 mmole) 
were mixed in 10 ml of ethanol. The mixture was heated at 80°C far 12 h in several 

closed screw-cap test tubes. After concentrating the so-obtained solution under 

vacuum, the resulting oil was treated with methanol to afford a white solid, can- 
taining two major components (tlc). Subsequent work-up and column chromatography 

(silica gel, eluting with CHC13 + 1.5% MeOH) gave the following compounds: 

a) I b o m e x  1 :  Rf=0.82 (silica gel, CHC13/MeOH, 9:1), yield: 610 mg (56%), color- 
less crystals of mp 164-165"~ (from methanol). Anal. Calcd. for C1gH2304N: C, 69.32; 

H, 6.99; N, 4.25. Found: C, 69.31; H, 7.01; N, 4.25%. Ir (KBr)Vmax cm-1: 3320 

H 3100-2300 (-OH). Ir (CHCI3]: 3550 (free -OH), 3315 (-NH-). Pmr (CDC13), 6 : 

7.01 (lH, d, Jmeta=2.0 Hz, H-2'1, 6.93 (IH, dd, Jmeta=2.0 Hz and Jortho=8.2 Hi, 

6 )  6.83 O H ,  d ,  Jortho =8.2 Hz, H-S'), 6.67 (lH, s, H-51, 6.56 (lH, 5 ,  H-8), 
4.25 (lH, q, J=6.9 Hz, - 1 ,  3.97 (IH, dd, JAX= 3.5 Hz and JBX=ll.O Hz, H-3), 3.88 

(3H, s ,  0CH3), 3.86 (311, 5 ,  0CH3), 3.82 (3H, s, 0CH3), 2.90' (IH, dd, JBX=ll.O Hz 

and JAB= 15.5 Hz, H-41, 2.80 (ZH, broad s, exchangeable with D20, -NH-, -OH), 2.75 

(IH, dd, JAX=3.5 Hz and JAB=15.5 Hz, H-41, 1 .SO (3H, d, 5 ~ 6 . 9  Hi, -CH3). Ms, m/z 
I :  329 (22) M', 314 (97), 166 (921, 164 (100). 

b) l h o m e n  1 % ) :  Rf=0.73 (silica gel , CHC13/MeOH, 9:1), yield: 250 mg (23%), mp 

187-189-C (from methanol) Anal. Calcd. for ClgHZ304N: C, 69.30; H, 6.99; N, 4.25. 

Found: C, 69.31; H, 7.00; N ,  4.26%. Ir (KBr) umax cm-': 3320 (-NH-), 3100-2300 

(-OH). Ir (CHC13): 3550 (free -OH), 3315 (-NH-1. Pmr (CDC13), 6 : 7.01 (lH, d, 
Jmeta=2.3 Hz, H-2'1, 6.94 (lH, dd, Jmeta=2.3 Hz and Jortho=8.2 Hz, H-6'), 6.82 (lH, 

d, JOrth;8.2 Hz, H-5'1, 6.57 (lH, 5 ,  H-51, 6.56 (lH, 5, H-81, 4.30 (lH, q ,  5.6.9 

H z  - 1 ,  4.20 (IH, t, J=6.7 Hz, H-3), 3.86 (6H, s ,  2xOCH3), 3.81 (3H, s, 0CH3), 
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3.1-2.6 (ZH, b r o a d  s ,  e x c h a n g e a b l e  w i t h  D20, - N H  a n d  -OH), 2.82 ( 2 H ,  d ,  J=6.7 Hz, 

H - 4 ) ,  1.48 (3H, d ,  J = 6 . 9  Hz, -Cl13) Ms, m/z ( 1 :  329 (19) M i ,  314 (loo), 166 (76), 

164 (81). 
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