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FORMATION OF PROTOBERBERINES BY DEBENZYLATION AND 

PHOTOLYSIS OF TETRAHYDROISOQUINOLINES~ 

Treatment o f  1- (3-benzyloxybenzyl) -1 ,2 ,3 ,4 - te t ra -  

hydroisoquinol ines  (1, 5 and 6) wi th  hydrochlor ic  a c id  

i n  e thanol  wi thout  formalin gave t h e  corresponding 

phenolic i soquino l ines  ( 2 ,  8 and 9) and t he  te t rahydro-  

protoberber ines  (3 ,  11 and 12 ) .  The former products (2 ,  

8 and 9) on photo lys i s  a l s o  gave t h e  te t rahydroproto-  

berber ines  (3 ,  11 and 12) toge ther  wi th  t he  normal pro- 

duc t s ,  aporphines. 

A c l a s s i c  syn thes i s  o f  tetrahydroprotoberberines i s  Mannich 

r eac t i on  of  1-benzyl-1,2,3,4-tetrahydroisoquinoline with formal- 

dehyde i n  the  presence of a c i d . l t 2  I n  t h i s  condensation,  form- 

aldehyde provides so-ca l led  "berber ine  br idge" ,  a carbon atom a t  

8-posi t ion i n  a p ro toberber ine  system. However, w e  have found a 

t Dedicated t o  Professor  T. R. Govindachari on t h i s  60th b i r thday .  



pro toberber ine  formation from 1-benzyl-1,2,3,4-tetrahydroisoquino- 

l i n e s  i n  the  absence of C8 source  i n  b e r b i n e  system i n  a ground s t a t e  

and e x c i t e d  s t a t e ,  and here  wish t o  r e p o r t  t h i s  r e s u l t .  

F i r s t l y ,  h e a t i n g  7-benzyloxy-l-(5-benzyloxy-2-bromo-4-methoxy- 

benzy1)-1,2,3,4-tetrahydro-6-methoxyisoquinoline (1) (2 g) wi th  con- 

c e n t r a t e d  hydroch lor ic  a c i d  (100 m l )  i n  a b o i l i n g  p u r i f i e d  e thano l  

(100 m l )  f o r  12 h r  gave t h e  o b j e c t i v e  2 ' -bromonorre t icul ine  ( 2 ) ,  m.p. 

205O, i n  80 % y i e l d  (1.1 g)  i n  a d d i t i o n  t o  unexpected compound (15 

3 
mg) , m.p. 156 - 158O (chloroform-methanol) , both o f  which were 

s e p a r a t e d  on s i l i c a  gel chromatography. The l a t t e r  product  has 

molecular formula ClgH20N04Br by mass spectrometry  [m/e 407 and 405 

( M + ) ,  326 (M+ - B r )  and microana lys i s  (Found: C ,  54.72; H ,  5.59; 

N ,  3.62. ~ ~ ~ ~ ~ ~ N o ~ ~ r . 0 . 5 ~ ~ 0  r e q u i r e s  C ,  54.95; H, 5.10; N, 3.37 % ) I ,  

which showed an incorpora t ion  of one carbon atom a f t e r  debenzylation.  

The i r  [Vmax 
4 

( K B r )  2700 - 2850 cm-1 (Bohlmann bands) I and uv [ A  max 

(EtOH) 235 Sh and 286 nm ( l o g  e 4 . 1 1  and 3 .84) ,  Amax (EtOH + NaOH) 

249 and 302 nm ( l o g  E 4.19 and 3 .99) l  suggested t h i s  product  t o  be a 

pheno l ic  tetrahydroprotoberberine, which was supported by mass spect-  

rum5 showing m/e 230 , 228, 178, and 176. Moreover, nmr spectrum 

( 6 i n  DMSO-d6) revealedoue of C8-protons a t  4.09 a s  a double t  show- 

i n g  2 = 16 Hz and t h r e e  aromat ic  p ro tons  a t  6.64, 6.70, and 7.06 

a s  each s i n g l e t  t o g e t h e r  wi th  two methoxyl (3.78 and 3.81) and hydro- 

x y l  (8.72 disappeared on D20 a d d i t i o n )  groups. On t h e  b a s i s  o f  t h e s e  

d a t a  t h e  unexpected product  should be ass igned  12-bromoscoulerine ( 3 ) ,  

whose s t r u c t u r e  was proved by a d i r e c t  comparison wi th  the  a u t h e n t i c  

sample (700 mg, 68.5 % y i e l d )  prepared from 2 ' -bromonorre t icul ine  (2) 

(1 g)  and 37 % formal in  ( 5  m l )  i n  r e f l u x i n g  g l a c i a l  a c e t i c  a c i d  ( 5  m l )  
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Char t  1 

M::%oH 

' OMe 

( 4 )  

f o r  20 min by our  method.6 12-~romoscouler ine  (3 )  (250 mg) was 

hydrogenated i n  the  presence of 10 % palladium on carbon (100 mg) i n  

e thanol  (250 m l )  a t  40 - 50 p s i  t o  g ive  ( t ) - s cou l e r i ne  ( 4 )  (100 mg), 

m.p. 183 - 185' (lit. , 6  m.p. 183 - 185') which was a l s o  i d e n t i c a l  

wi th  the  au then t i c  ( t ) - s cou l e r i ne6  i n  s p e c t r a l  comparisons. 

Same reac t ion  of the  1- (3-benzyloxybenzyl) -1,2,3,4-tetrahydroiso- 

qu ino l ine  (5  and 6 )  wi th  concentrated hydrochlor ic  a c id  i n  ethanol 

gave t he  corresponding phenolic i soquino l ines  (8 ,  80 % y i e l d ,  m.p. 



Chart 2 

R1 R1 R 2  

( 5 ) H OMe ( 8 ) H OMe ( 11 ) R=OMe 

( 9 )  H H 

( 10 ) Me OMe 

230 - 231° and 9, 71.5 % yield, m.p. 236O) and phenolic 12-bromo- 

protoberberines (11, 1.2 % yield, m.p. 13207 and 12, 1 % yield, m.p. 

149 - 150° '1. 

On the other hand, treatment of the N-methylated 1-benzyl-1,2, 

3,4-tetrahydroisoquinoline (7) with hydrochloric acid under the 

same conditions gave the corresponding phenolic 1-benzylisoquinoline 

(lo), m.p. 140 - 142O. 
Interstingly, 1,2,3,4-tetrahydro-l-(3-hydroxy-4-methoxybenzyl)- 

6,7-methylenedioxyisoquinoline (13) was heated with concentrated 

hydrochloric acid in ethanol for 24 hr to afford the corresponding 

protoberberines, nandinine (14) and its isomer (15)' which were 
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Char t  3 

0 (:TF (0 R~ 

OMe OMe 

OH 

( 13 ) 1 2 
( 1 4 )  R = O H , R  =H 

1 2 ( 15 ) R  = H ,  R =OH 

de tec ted  by gas  chromatography. Treatment of t he  hydrochloride of 

1 3  wi th  benzyl ch lo r i de  i n  b o i l i n g  e thanol  f o r  2 4  h r  recovered t he  

s t a r t i n g  ma te r i a l .  These f a c t s  revealed t h a t  a berber ine  br idge 

source would come from e i t h e r  methoxy methyl and/or methylenedioxy 

methylene group. 

Secondly, i r r a d i a t i o n  of the  phenolic i soquino l ine  (2 )  hydrochlo- 

r i d e  ( 2  g) i n  d i s t i l l e d  water  (1200 m l )  containing sodium b i s u l p h i t e  

(600 mg) with  Hanovia mercury lamp surrounded by a pyrex f i l t e r  a t  

room temperature f o r  10 h r  gave a normal product ,  (*)-nor isoboldine 

[Amax (EtOH)  280 and 304 nm (log E 4.08 znd 4.07). Amax ( E t O H  t 

NaGH) 328 nm ( log  E 4.131, m/e 313 (M+), 312, 298, 296, 284, 282, 269 

and 2631 and an abnormal product,  12-bromoscoulerine (3 )  (80 mg), m . ~ .  



Char t  4 

R1 R 2  R3 

( 1 6 )  Me H OMe 

(17 ) - CH2 - OMe 

( 1 8 )  -CH2- H 
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156 - 1 5 8 O , ~  which was i d e n t i c a l  wi th  t h e  above sample. S i m i l a r l y ,  

p h o t o l y s i s  o f  t h e  phenol ic  benzyl isoquinol ines  ( 8  and 9) a f fo rded  

the  aporphine a l k a l o i d s ,  actionodaphnine (17, 8.3 % y i e l d ) ,  m.p. 

195 - 189 O and anolobine (18,  8.3 % y i e l d ) ,  m.p. 242 - 244°,8 

i n  a d d i t i o n  t o  12-bromotetrahydroprotoberberines (11, 5 .3  % y i e l d  

and 1 2 ,  12.7 % y i e l d ) .  Moreover, i r r a d i a t i o n  of 1 ,2 ,3 ,4- te t rahydro-  

l-(3-hydroxy-4-methoxybenzyl)-6,7-dimethoxyir;oquinoline ( 1 9 )  gave 

(l.) -corytenchine ( 2 0 ) ~ '  i n  4.5 % y i e l d  (16.3 % y i e l d  based on re- 

covery o f  s t a r t i n g  m a t e r i a l )  , m.p. 235 - 237', and ( + )  - s c h e f f e r i n e  

(palmatrubine) (21)12 i n  2  % y i e l d  (7 .1  % y i e l d  base  on recovery of 

s t a r t i n g  m a t e r i a l ) ,  m.p. 1 4 4  - 145O, which were i d e n t i c a l  wi th  t h e  

a u t h e n t i c  samples i n  s p e c t r a l  comparisons and mel t ing p o i n t  t e s t .  

The o r i g i n  of the  be rber ine  b r idge  p o r t i o n  i s  unc lea r ,  b u t  it 

would be de r ived  from alkoxyl  group, C3-carbon i n  i soqu ino l ine  sys- 

tem o r  methylene i n  benzyl res idue  a s  shown i n  Char t  5. Thus, a  

photo-induced retro-Diels-Alder reac t ion13  o f  1 ,2 ,3 ,4 - te t rahydro-  

i soqu ino l ine  would g ive  the  imine (22) which provides formaldehyde. 

Moreover, 1-benzyl-1,2,3,4-tetrahydroisoquinoline on i r r a d i a t i o n  with 

uv l i g h t  formed 1,2,3,4-tetrahydroisocarbostyril and benzaldehyde 

(23) by a  c leavage,14 and then t h e  l a t t e r  transformed i n t o  formalde- 

hyde by pho to lys i s .  

I n  s u m a r y ,  p recau t ion  i s  necessary  i n  a  s y n t h e s i s  of phenol ic  

benzy l i soqu ino l ines  by debenzyla t ion wi th  a c i d s ,  e x p e c i a l l y  i n  case  

of p repara t ion  of the  precursor  t o  p ro toberber ine  a l k a l o i d s  i n  bio-  

s y n t h e t i c  s t u d i e s .  



Chart 5 

O M e  """'0- ' 



HETEROCYCLES, VoI. 3, No. 10, 1975 

1 M. Shamma, "The I s o q u i n o l i n e  A l k a l o i d s  - C h e m i s t r y  a n d  Pharma- 

c o l o g y " , A c a d e m i c  P r e s s ,  New York a n d  London, 1 9 7 2 ,  p.  271. 

2 W .  M. Whaley a n d  T. R. G o v i n d a c h a r i ,  Org.  R e a c t i o n s ,  1 9 5 1 ,  g , 1 5 1 .  

3 Ph. D. T h e s i s  o f  H. Suguna ,  U n i v e r s i t y  o f  ~ ~ d ~ ~ ~ ,  1 9 7 5 ,  C h a p t e r  

VI ,  p .  10.  

4 T. Kametan i ,  A. U j i i e ,  M. I h a r a ,  K. Fukumoto,  a n d  H.  Koizumi,  

H e t e r o c y c l e s ,  1 9 7 5 ,  3, 371,  a n d  r e f s .  c i t e d  h e r e i n .  
% 

5 M. O h a s h i ,  J. M. W i l s o n ,  H. B u d z i k i e w i c z ,  M. Shamma, W. A. S l u s a r c h y k ,  

a n d  C. Djerassi, J. Amer. Chem. S o c . ,  1 9 6 3 ,  , 2807. 

6 T. Kametan i  a n d  M. I h a r a ,  J. Chem. Soc.  ( C ) ,  1 9 6 7 ,  530 .  

7 Ph. D. T h e s i s  of H.  SUgUna, U n i v e r s i t y  o f  Madras ,  1 9 7 5 ,  C h a p t e r  

IV, p .  75. 

8 Ph. D. T h e s i s  of H.  Suguna ,  U n i v e r s i t y  o f  M a d r a s ,  1 9 7 5 ,  C h a p t e r  

V, p .  86.  

9 T. Kametan i .  K .  Fukumoto,  T. T e r u i ,  K. Yamaki, a n d  E. T a g u c h i ,  

J. Chem. SOC. ( C ) ,  1 9 7 1 ,  2709.  

1 0  T. R. G o v i n d a c h a r i ,  P. C. P a r t h a s a r a t h y ,  M. S. P r e m i l a ,  a n d  B. R. 

P a i ,  " P h o t o l y t i c  s y n t h e s i s  o f  ( * ) - A c t i n o d a p h n i n e "  - u n d e r  publication 

i n  I n d i a n  J. Chem., 1 9 7 5 ,  LJ .  

11 S.-T. Lu,  T.-S. S u ,  T. K a m e t a n i ,  A. U j i i e ,  M. I h a r a ,  a n d  K .  

Fukumoto,  H e t e r o c y c l e s ,  1 9 7 5 ,  2 ,  459;  T. K a m e t a n i ,  K. Nyu, S. I k e d a ,  

T. Tominaga,  a n d  R. I w a s h i r o ,  J. Pharm. Soc .  J a p a n ,  1 9 7 3 ,  2 ,  1120 .  

1 2  T. K a m e t a n i ,  M. I h a r a ,  a n d  T. Honda, 3. Chem. Soc.  ( C ) ,  1 9 7 0 ,  1060.  

1 3  R .  B. Woodward a n d  R. Hoffmann, "The C o n s e r v a t i o n  o f  O r b i t a l  Symmetry",  

Academic P r e s s  I n c . ,  1970 .  



14 T. Kametani, K. Fukumoto, S. Shibuya,  H. Nemoto, T. Nakano, T. 

Sugahara, T. Takahashi, Y.  Aizawa, and M. Toriyama, J. C. S. Perk in  I ,  

1972, 1435. 

Received, 18th August, 1975 


