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The new synthetic reaction of the 1-monosubstituted and 1 ,1- 

disubstituted 1,2,3,4-tetrahydraisoquinolines from 3-hydroxy- 

phenethylamines and carbonyl compounds without an  acidlc catalyst  

i s  descr ibed.  

I  Introduction 

The chemistry of isoquinolines has  a long his tory  s ince  an  isolation of morphine 

( I )  in 1805 by Ser t i i rner  which h a s  an  isoquinoline unit as a basic skeleton.  Iso- 

quinoline and i t s  simple derivatives a r e  found in coal  t a r ,  and there  a r e  many natura l  

products having an isoquinoline r ing  system which we ca l l  the isoquinoline alkaloids. 1 

There fo re ,  the synthesis of the isoquinolines as well as then- reactions has  been 

studied in details  by many r e s e a r c h e r s , '  and many synthetic methods a r e  repor ted .  3 

The most important and widely used synthesis i s  Bischler-Kapieralski r e a ~ t i o n , ~  

whose application i s  shown in the synthesis of an  alkaloid g-methylpsychotrme (2). 5 



C h a r t  1 

Me0 \ 
C'o 
I POC 1 

\ OMe 

1 , OMe 

( 2 )  

The second useful method i s  Pictet-Spengler react ion,6  whose method provides a 

biomimetic synthesis of the isoquinoline alkaloids as shown in the formation of 

ipecoside (4) from secologanine (3) .  7 

C h a r t  2 

1 )  pH 5 ,  

3 d a y s  > HO \ 
2 )  Ac20-Py 

3 )  NaOMe 



HETEROCYCLES, Vol. 3 ,  No.  4 ,  1975 

8 The third i s  ~ o m e r a n e - ~ r i t s d h  reaction as shown in the following c h a r t , 9  and 

modification i s  repor ted  by Bobbitt. 10  

C h a r t  3 

1 )  H ? N C H ? C H ( O E ~ )  

2 )  H2SOq 
/ \ - ?? Me0 OMe 

In these syntheses ,  r ing  formation proceeds usually in s t rong acidic medla, and 

therefore  these methods could not be apphed to compounds sensit ive fo r  ac ids .  

Moreover, the isoquinoline alkaloids would be biosynthesiaed by Pictet-Spengler 

type reaction from the phenolic phenethylamines and the suitable aldehydes o r  the i r  
. .  . 

equivalents, but the r ing  formation in Nature would occur in milder condition than 

a s t rong acidlc condition used m laboratory.  

In 1968, we developed a new synthetic reaction of the 1 ,2,3,4-tetrahydroiso- 

quinolines in neutral  medium (without acid) from the variable 3-hydroxyphenethylamines 
-_C_ 

and suitable carbonyl compounds by a modification of P~c te t -Speng le r  reaction and 

proposed that th is  type of non-acidic reaction be called "Phenolic Cyclisation",  

because the phenolic hydroxy-group in the pbenethylamines apparently played an  

important role." L a t e r ,  we found this reaction could proceed in a basic condition 
1 2  



and a l so  reported a simple synthesis of 7,s-dioxygenated isaquinalines whose pre- 

paration by other methods was difficult.13 In this a r t i c l e ,  those a r e a s  in which the 

phenolic hydroxy-group in the phenethylamines has  played a key ro le  in a synthesis 

of the isoquinoline r ing  system and i t s  re la ted  compounds will be summarised. 

I1 Synthesis of Tetrahydroisoquinolines 

1 . 1-Substituted tetrahydroisoquinolines from 3-hydroxy-4-rnethoxyphenethylamines: 

The mechanism of Pictet-Spengler reaction could- be explained by an  aromatic sub- 

stitution by electrophilic a t tack;  the intermediate Schiff bases  have been isolated 

and then cyclised as a separa te  reaction catalysed by ac ld .6  A probable over-all 

reaction mechanmm is i l lustrated a s  follows. 

C h a r t  4 

- 
Me0 \ 

+ Me 0 
1 CH 

CHO R I 
I R 
R 

In this rnechanism.acid strengthens the electrophilicity of the imine system in 

the Schiff base by protonation to nitrogen. Now, we supposed that th is  type cycli- 

sation would proceed without acid if the electron density a t  the cyclisation position 

on the aromatic r ing  i s  extremely high. The e lec t ron density a t  the cyclisation s i te  

in 3-hydroxy-4-methoxyphenethylamine (5) and homoveratrylamine (6) was calculated 
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as 1 .9 and 1 . l ,  respectively,  by LCAO method, and therefore  the nucleophihclty 

of the former  phenolic amine (5)  i s  g r e a t e r  than that of the la t ter  nonphenolic amine 

(6).11 Thus ,  the phenolic amine would afford the cyclisation product without an 

acidlc catalyst .  

On the ground of th is  speculation,  the isoquinoline synthesis was examined by using 

of 3-hydroxy-4-methoxy-(5), 4-hydroxy-3-methoxy-(7), and 3,4-dimethoxyphenethyl- 

amine (6) in a neutral  medmm. 
11 

Heating of a mixture of the phenolic amine (5) and veratraldehyde (8) in boiling 

ethanol gave 1 ,2,3,4-tetrahydro-6-hydroxy-7-methoxy-1-(3 ,4-dimethoxyphenyl)iso- 

quinoline ( l o ) ,  whose s t ruc tu re  was determined on the basis of elemental analys ls  

and spectroscopy. Condensation of the phenolic amine (5) wlth veratraldehyde (8) 

in ethanol a t  room temperature af forded the Schiff base (9) ,  which was converted 

into the 1 ,2,3,4-tetrahydroisoquinoline (10) by fusion o r  heating in ethanol. This 

shows that the Schiff base (9) can be an  intermediate in the formation of the 1 , 2 , 3 , 4 -  

tetrahydroisoquinoline (10) from the phenolic amine (5) and veratraldehyde (8). 

On the other hand, 3,4-dimethoxyphenethylamine (6) and 4-hydroxy-3-methoxyphene- 

thylamine (7) reacted  with veratraldehyde (8) in boiling ethanol to give the c o r r e s -  

ponding Schiff bases  (1 1 )  and (1 Z), which could not be transformed into the tetrahydro- 

isoqumolines (13 and 14) by fuslon.  These facts show that the phenolic hydroxy- 

group to the s i te  of cyclisation plays an  important ro l e  in th is  reaction.  

Thus ,  the key point in this cyclisatlon does  not depend upon a c l d ~ c  catalyst  o r  

on the acidity of the subst ra tes  themselves but upon the electron density [1 .9 in 

(5) and 1 . 1  in (6)] a t  the posltlon of cyclisation,  l . e . ,  a phenolic hydroxy-group 

to the cyclisation s i t e  i s  necessary:  i t s  e lec t ron donatmg effect i s  l a r g e r  

than that of a methoxy group. The simplest mechan~sm to explain this cychsation 

i s  shown in the following Table I .  We, therefore ,  proposed that this  type of non- 

acidic cyclisation be called "Phenolic Cyclisation". 
11 



T a b l e  I 

H1 

4-Benzyloxyphenyl  

Methy l  

3 ,4-Dimethoxybenzyl  

Cyc lohexy l ,  

C y c l o p e n t y l  

3,4-Methylenedioxybenzyl 

Methyl  

Methy l  

4-Hydroxyphenyl  

3-Hydroxy-4-methyoxynhenyl 

4-Benzyloxy-3-methoxyphenyl 

3-Benzyloxy-4-methoxyphenyl 

4 -Benzy loxybenzy l  

4-Benzyloxy-3-methoxybenzyl 

3-Benzyloxy-4-methoxybenzyl 

P y r i d o x y l  

Ref 

11 

11 

11 

11 

11 

1 3  

1 4  

1 5  

1 5  

1 5  

'1 5 

1 5  

1 5  

1 5  

1 5  

1 6  

The phenolic cyclisation of this  amine (5) with seve ra l  carbonyl compounds gave 

the corresponding 1,2,3,4-tetrahydroisoquinolines, and spiro-cowpounds we re  

obtained by the reaction of the arnine (5) with cycloalkanones." Moreover,  this  

amine (5) was used fo r  the synthesis of the spirobenaylisoquinoline (1 5)17 as shown 

in Char t  6 .  
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C h a r t  6 

0 

( 5 )  

2 .  1,2,3,4-Tetrahydro-4-hydroxyisoquinolines f r o m  2-(3-hydroxyphenyl)-2-hydroxy- 

e thy lamines :  S i m i l a r l y ,  c o n d e n s a t ~ o n  of n o v a d r a l  (1 6) with  a c e t o n e  a f f o r d e d  1 ,2,3,4- 

tetrahydra-4,6-dihydroxy-1 , l  -d imethyl isaquinol ine (1 7) ,  hut no t  5-(3-hydroxy- 

pheny1)-2,2-dimethyloxazolidine (18)  w h o s e  s t r u c t u r e  w a s  g iven  by D ' A m i c o ,  
1 8  

T h e  s t r u c t u r e  of 1 7  w a s  d e t e r m i n e d  by c h e m i c a l  a n d  spectroscopic method.  T h e  s a m e  

r e a c t i o n  of t h e  a m i n e  (16)  with  c a r b o n y l  compounds g a v e  t h e  c y c l i s a t i o n  p r o d u c t s  

as shown i n  C h a r t  7 a n d  T a b l e  2 .  

C h a r t  7 
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T a b l e  I1 

Me E t  

M e - ( ~ ~ 2 )  5-  'gH5 

- ( C H  ) - 
2 4 

-CH2CH2NCH C H  - 
2 2 

CH2C6H5 
-CH CH NCH CH - 

2 2  2 2  
Mo - - -  

-CH2CH20CH CH - 
2 2 5 1 2 0 

-CH2CH2SCH CH - 
2 2 3 8  20  

~ ~ ~ 2 ~ 0 : ; ~  33 1 6  

C02H H 8 7 2 1 

C02Me H 6 5 2 1 

C02H E t  8 0  21 

The reactlon of novadral  (16) wlth benzaldehyde in ethanol a t  room temperature 

af forded solely the Schiff  base (1 9 ) ,  which was converted mto the 1 ,2,3,4-tetrahydro- 

lsoquinolme (20) in 53.5 9 yield in boiling ethanol. Accordingly, the formatlon 

of 20 would proceed * Schiff base (19). On the other hand, condensation of the 

amine (16) with cyclohexanone by refluxmg in ethanol gave 5-(3-hydraxyphenyl)- 

2-spirocyclohexanaoxazolid~ne (21), whose heatlng a t  150' afforded the tetrahydro- 

isoquinoline (22) in 80 9 yield. This fact  shows that the formatlon of 22 would 

proceed the oxazolidine (21) as an intermediate. There fo re ,  the route  in the 

pheno l~c  cyclisatlon in 1-(3-hydroxyphenyl)-2Zaminoethanol type amme would involve 

the formation of isoquinoline s t h e  oxazolidine because of no stahilisation by 

conjugation of double bonds in c a s e  of a h c y c l ~ c  o r  ahphatic carbonyl compounds and 

via the Schiff base because of stabilisation by conjugation of the azomethine group - 

in c a s e  of aromatic carbonyl compounds. 19 

- 319 - 



C h a r t  8 

In the above reaction of navadral (1 6) with benaaldehyde, the diastereoisomeric 

mixture of products was obtained and successfully separated.  The relat ive 

configurations of the isoquinolines were determined by thei r  n . m . r .  spect ra l  con- 

s i d e r a t l a  on the products and thei r  derivatives,  and the absolute configuration of 

(I R ,  4R)-1 , 2 , 3  ,4-tetrahydro-4-hydroxy-6-methoxy-2-methyl- -phenylisoquinoline 

(23a) and i t s  epimer,  which were synthesised by cyclisation of D-(+)-novadral ( I6a)  

with benzaldehyde, followed by methylatian, were a l so  determined by thei r  n .m.r .  

spec t ra  and 0 . r . d .  and c.d.  cu rves .  
2 2 , 2 3  
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C h a r t  9 

main  p r o d u c t  minor  p r o d u c t  

I I 

Phenolic cyclisation of a secondary amine would proceed more eas i ly ,  because 

the intermediate, Schiff base (24) derived from a secondary amine would have s t ronger  

electrophilicity than the Schiff  base (2) from a primary amine. On this hypothesis, 

we examined the condensation of N-methylnovadral (26) with seve ra l  carbonyl com- 

pounds and obtained the expected isoquinolines a s  shown In Char t  10 but the i r  yield 

did not increase  as expected in the same condition. 20 



C h a r t  10 

nlore  p o l a r  
( 2 5  

( 24 ) 

R1 R~ i d  Ref 

Me Me 3 2  2 0 

- ( C H 2 ) q -  2 2  20 

,'C6H5 H 4 6 2 0 

S i m i l a r l y ,  n o r a d r e n a l i n e  (27) 1 6 ' 2 1  and  a d r e n a l i n e  ( 2 ~ ) ~ '  gave  t h e  c y c l i s a t i o n  

p r o d u c t s ,  bu t  t h e  r e a c t i o n  of 28 with d ihydroxyace t ic  a c i d  a f f o r d e d  the isoquinol ine 

in  addi t ion to  t h e  a z e p i n e  type compound (29) a s  shown in  C h a r t  11 
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C h a r t  11 

3 .  R e a c t i o n  of 2-(3-hydroxyphenyl)ethylamines: T h e  s imple  p h e n o h c  amine  (30) w a s  

c o n v e r t e d  in to  the  t e t r a h y d r o i s o q u i n o l i n e s  by c a r b o n y l  compounds i n  boi l ing e t h a n o l ,  
24 

a n d  2-methyl-(31) a n d  2-phenyl-2-(3-hydroxyphenyl)ethylamine (32)  g a v e  t h e  c o r r e s -  

ponding i soqu ino l ines  ( C h a r t  1 2 )  u n d e r  f u s i o n  o r  r e f l u x  i n  2 -p rapano l .  25 

4. Reac t ion  of 3-hydroxyphenylalanines: Pheno l ic  amino  a c i d s  (33)26 a n d  (34)  27 

a f f o r d e d  t h e  3-carboxy-1 ,2,3,4-tetrahydroisoquinollnes m good y ie ld  i n  the  p r e s e n c e  

of ammonia a n d  i n  c a s e  of t h i s  c y c l i s a t i o n  t h e  c o r r e s p o n d i n g  h y d r o c h l o r i d e s  w e r e  a l s o  

u s e d  as s u b s t r a t e s  to  a f f o r d  the  s a m e  r e s u l t s .  

5 .  C y c l i s a t i o n  i n  b a s i c  medium: T h e  a b o v e  p h e n o h c  c y c l i s a t i o n  p r o c e e d s  i n  n e u t r a l  

medium, but  the  nuc leoph i l i c  a t t a c k  to  the  i m m e  s y s t e m  would o c c u r  m o r e  e a s i l y  in 



C h a r t  1 2  

R R ]  

-CH CH NCH CH - 
2 2 1 2 2  

Me 

-CH CH SCH CH - 
2 2  2 2  

Me Me 

Me E t  

'gH5 H 

'hH5 Me 

-(CH ) - 2 4 

-(CH2I5- 

-CH CH NCH CH - 
2 21 2 2 

Me 

-CH CH NCH C H  - 
2 2 1 2 2  

CH2C6H5 

'gH5 
-CH CH NCH CH - 

2 \ 2 2  
CH.. 

Y i e ld ($ )  Ref 
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C h a r t  1 3  

( 33 ) X=H 

( 34 ) X=OH i3l R' X S o l v e n t  Y i e l d ( % )  R e f  

-(CH ) _ -  
2 > H NH40H 67 .4  26  

H H20 4 1 . 7  26  

-(CH ) - 
2 4 H H20 4 0 . 0  26 

-CH CH NCH CH - H 
2 2 1 2 2  78 .0  26  

Me 

a basic medium than in a neutra l  one due to the presence  of phenolic hydroxy- 

group to the cyclisation s i t e .  On assummg th i s ,  we mvestigated the isoquinoline 

cycllsation.under basic conditions. The phenolic amine (30) was condensed with benz- 

aldehyde with pyridine as solvent to give the expected tetrahydroisoquinoline (36) in 

better  yield than the case  of neutral  condition. The same reaction with use of t r i -  

ethylamine as solvent afforded similar r e su l t s  a s  shown in Char t  17.  Moreover,  

pJ-methyl-3-hydr~xy~hen~lethylam~ne (35) gave the 1 , 2 , 3  ,4-tetrahydroisoquinoline 

in basic medium. Chart  14 a l so  descr ibes  the seve ra l  cyclisation products in  

neutral  conditions. 1 2  

A s  mentioned above,  phenolic cyclisation between phenethylamine o r  N-methyl- 

phenethylamine possessing the hydroxy-group a t  the 3-pos~t ion and carbonyl compounds 

occurred in a l l  media, neut ra l ,  bas ic ,  and ac idic ,  to give the corresponding te t ra-  



hydro i soquino l ines .  

C h a r t  1 4  

R~ R~ S o l v e n t  

'gH5 
H P y r i d i n e  

E t 3 N  

EtOH 

EtOH-HC1 

Me C6H5 H P y r i d i n e  

E t 3 N  

EtOH 

EtOH-HC1 

Me H EtOH - 
Me C6H5CH2CH2 H EtOH 

Me -(CH ) - EtOH 
2 5 

Me -(CH ) - EtOH 2 4 

111 Synthesis of ~ e n z o [ a ] q u i n o l i z i d l n e s  and  Benzo  [ a l i n d o l m i d m e s  

T h e  s imple s y n t h e s i s  of b e n z o l a  q u i n o l i z i d l n e  and  benao [a] indol ia idine 

d e r i v a t i v e s  by phenol ic  cyc l i sa t ion  i s  a l s o  r e p o r t e d .  Condensation of 3-hydroxy- 

phenethylarnine (30) with a c y l b u t y r i c  a c l d  and  acy lprop ion ic  a c i d  u n d e r  fus ion  a t  
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150 - 200' o r  ref lux in 2-propanol afforded the lactams (37),  which were reduced 

with lithium alummiurn hydride to give the benzo[alquinolizine and benzoral -  

indolizidine der ivat ives ,  respectively.  The conf~gurat ion of these products were 

determined to trans by i . r .  spect ra l  consideration.  
28 

C h a r t  1 5  

R n Y i e l d  ($1 

Me 1 5 9  

Me 2 5 1 

'gH5 5 7 

C6H5 2 . 71 

IV Synthesis of Benzaaepines 

Phenolic cyclisation i s  applied to a s y n t h e s ~ s  of 2,3,4,5-tetrahydro-lH-bena- 

azepine derivatives by the extension of this reaction.  Refluxing 3-(3-aminopropy1)- 

phenol (38) hydrochloride with the aromatic aldehydes in butanol afforded the 2 , 3 , 4 , 5 -  

tetrahydro-lH-2-benzazepines (41); however, in  the corresponding reactions with 

the f r ee  amine the products could not be i sola ted ,  although thei r  presence  was 



indicated by t .1.c.  3-Benzyloxy-(39) and 3-methoxyphenylpropylamine (40) hydro- 

chlorides dld not r eac t  with the aldehydes in the samecondit ions.  Thus ,  thephenolic 

hydroxy-group must play an important ro le  in r ing  formation, indicating this reaction,  

to be a type of phenolic cyclisation. 29 . . , 

C h a r t  1 6  

. . 

, . .... , 

Interestingly, the 3-hydroxyphenethylisoquinoline (42) upon being heated with . . . . . . 
formalin . in  ethanol underwent phenolic cyc!isation to give the e - c y c l i s e d  horno- 

protoberberine (43) in 72 $, yyield,30 but the Pictet-Spengler reaction of this isoqui- . . . , 

noline (42) afforded the para-cyclisec! product (44): 30,31 
. . , .. , . . ' .  , , ., , . 



. . 

V S y n t h e s i s  of P h e n a n t h r i d m e s  a n d  Bena  r ~ 1 ~ h e n a n t h r l d i n e s  

T h e  e x t e n s i o n  of the  phenol ic  c y c l i s a t i o n  r e a c t l o n  l e a d s  t o  the  s y n t h e s i s  of the  

p h e n a n t h r i d i n e s  a n d  henz[c ]phenan th r id ines  f r o m  the  a p p r o p r i a t e  pheno l ic  a m i n e s .  

trans-2-(3-Hydroxyphenyl)cyc1ohexylamine (45)  w a s  c o n d e n s e d  with  t h e  aliphatic - 
c a r h o n y l  compounds t o  g ive  the  i s o q u i n a l i n e s  (46) c y c l i s e d  a t  t h e  pa ra -pos i t ion  to  t h e  

pheno l ic  hydroxy-group .  T w o  o i a s t e r e o i s o m e r s  (47)  an; (48)  of t h e  i soqu ina l ine  

w e r e  obtained in the  r e a c t l a n  wlth h e n z a l d e h y d e ,  and both i s o m e r s  w e r e  s e p a r a t e d  



during recrystal l isation.  Moreover, the reaction of 45 with aromatic aldehydes 

gave 6-substituted phenanthridine (49) cyc l i sed  at  the *-position to the hydroxy- 

group, whose structure was  determined by spectroscopy.  The same phenomenon 

was observed in the reaction of 45 with p-chlarobenzaldehyde. 
32 

Char t  18 

Yield ($1 
6 7 . 8  

7 9 . 7  

6 8 . 7  

91 . 5  

6 9 . 3  
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S i m i l a r l y ,  cis-1-amino-1 ,2,3,4-tetrahydro-2-(3-hydroxyphenyl)naphthalene (50) 7 3  - 
w a s  h e a t e d  with a l i p h a t i c  k e t o n e s  i n  e t h a n o l  t o  g ive  t h e  c o r r e s p o n d i n g  benz[a~Iphenan-  

C h a r t  19 

Y i e l d  ($) 

1 2 . 9  

3 7 . 4  

7 6 . 7  

1 8 . 3  

1 4 . 6  

t h r i d i n e s  (51 )  c y c l l s e d  a t  the  pa ra -pos i t lon  t o  the  hydroxy-group .  H o w e v e r ,  i n  the  

r e a c t i o n  with benza ldehyde ,  c y c l l s a t i o n  w a s  found t o  occur  no t  only a t  t h e  para- 

pos l t ion  t o  glve the  two d i a s t e r e o i s a m e r s  but a l s o  the  *-position to the  phenol ic  



hydroxy-group.  34 

T h e s e  o r tho-cyc l i sa t ion  p r o d u c t s  (49) a n d  ( 5 2 )  would b e  fo rmed  f r o m  benzalde-  

hyde on the a p p r o a c h  t o  t h e  a ldaz ine  funct ion t o  the *-position owing to a n  i n t e r -  

ac t ion  of t h e  phenol ic  hydroxy-group with 2 - e l e c t r o n s  on the benzene  r i n g  i n  the Schiff  

b a s e  as shown i n  the fo rmat ion  of 52. T h e  r e a c t i o n  of the  a m i n e s  (45) and  (50) with 

a l ipha t ic  ke tones  gave s e l e c t ~ v e l y ' t h e  ,usua l  p r o d u c t s  s i n c e  t h e  i n t e r a c t i o n  between 

t h e  hydroxy-group and  the p - e l e c ' t r a n s  of t h e  benzene  r i n g  w a s  a b s e n t .  

C h a r t  20 
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VI Application to Total  Synthesis of Isoquiooline Alkaloids 

There  a r e  many examples of the synthesls of the 6,i-dioxygenated l-benayliso- 

quinolines from 3,4-dialkoxyphenethylamines by the Dischler-Napieralski reaction 
4 

and the Pictet-Spengler However, these  methods were not useful  f o r  the 

synthesls of the i,8-dioxygenated 1 -benzylisoquinolines s ince  the cyclisatlon occurs  

preferentially a t  the position to the oxygenation function. Many chemists made 

seve ra l  unsuccessful attempts to obtain the 7,8-dmxygenated 1 -benzylisaqu~nolines 

by the forgoing We a l so  subjected the phenethylamines, whose w- 
cyclisation s l te  was protected by a bromine atom, to the Pictet-Spengler react ion,  

in o rde r  to obtain 7,s-dioxygenated isoqunol ine ,  but this  reaction resulted in fa i lure .  

However, we presumed that the cyclisation a t  the &o-position to the hydroxy-group 

would proceed smoothly if the reactivity of the benzene nucleus were  increased by 
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H Me Me 53.5 

OMe Me Me 69.2 



the presence of a phenolic hydroxy-group in the amine. T h e r e f o r e ,  we investigated 

the phenolic cyclisation. 

A mixture of 2-bromo-5-hydroxy-4-methoxyphenethylamine (53) and veratraldehyde 

in ethanol was refluxed f o r  7 h r  to give the expected 7,8-dioxygenated isoquinolines 

(54), whose debromination by usual method afforded I ,2,3,4-tetrahydro-8-hydroxy- 

On the ground of the above model experiment, the phenolic amine (53) was condensed 

with seve ra l  phenylacetaldehydes in boiling ethanol, followed by debromination, 

to furnish the 1-benaylisoquinalines (55 - 57), which were converted into the alkaloids 

cular ine  ( 5 ~ ) , ' ~  petaline (59),  36,37 and caseadine (b0). 
38 
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T h e  s a m e  idea h a s  been a p p l i e d  t o  to ta l  s y n t h e s i s  af the  9,10-dioxygenated 

tetrahydroprotoberberine a l k a l o i d s ,  s c o u l e r l n e  (63) , 3 9  t e t r a h y d r o p a l m a t i n e  ( 6 4 ) ,  
39.40 

nandinine (65)  ,41 c a n a d m e  (66) ,41 c a p a u r i n e  (67) , 42 ,  c a p a u r i m i n e  ( 6 8 1 ~ ~  a n d  r e l a t e d  

compounds .44 F o r  e x a m p l e ,  condensa t ion  o f  1-(2-bromo-5-hydroxy-4-methoxy- 

benzyl)-1,2,3,4-tetrahydro-6,7-dimethoxy~soqu~no1~ne (61) h y d r o c h l o r i d e  with  

fo rmal in  on  a w a t e r  b a t h  g a v e  12-bramonandinine (62)  in 81 $ y i e l d ,  whose  debrom-  

inat ion with  l i th ium aluminium hydr ide  a f f o r d e d  n a n d m i n e  (65) .  Although a c i d  c a t a l y s e s  

the  b e r b e r i n e  b r i d g e  f o r m a t i o n ,  t h i s  t y p e  c y c l i s a t i o n  cou ld  not p r o c e e d  in the  a b s e n c e  

of the  phenol ic  hydroxy-group  a t  t h e  a p p r o p r i a t e  pos i t ion  as shown in the  fo rmat ion  

on N-methylisoquinoline (69).45 T h u s ,  t h i s  r e a c t i o n  i s  a kind of pheno l ic  c y c l l s a t i o n .  
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Tet rahydropro toberber ine  s y n t h e s i s  o c c u r s  in a  n e u t r a l  medium; t h u s ,  1 , 2 , 3 , 4 -  

tetrahydro-1-(3-hydroxy-4-methoxybenzyl)-6,7-dimethoyisoquino1i (70) and  

n o r r e t i c u l i n e  (71) r e a c t e d  with formalin in e thano l  without a c i d  t o  give t h e  2-methyl-  

corex imine  (72) and  corex imine  ( 7 3 ) ,  r e s p e c t i v e l y ,  in good yield, ' '  but  &a- 

cyc l i sa t lon  p roduc t  cou ld  not be oh tamed  al though t h i s  r e a c t i o n  condi t ions r e s e m b l e  

physiological  conditions , 46 - 48 whose example i s  shown in a  to ta l  s y n t h e s i s  of 

nandmine  (65) ,46 kikemanine (74) ,48 and  s c o u l e r l n e  (63) .  4 7  

I n  s u m m a r y ,  we have found tha t  h c a t m g  3-hydroxyphenethylamines with c a r b o n y l  

compounds in .  a lcohol  wlthout ac id  gave t h e  1,2,3,4-tetrahydro-6-hydroxyisoqulno- 

l i n e s  having mono-  o r  d i subs t i tuen t  a t  C - 1 pos i t ion ,  and  t h i s  phenol ic  cyc l i sa t ion  

cou ld  be  app l ied  t o  t h e  synthesis of 7 , s -d ioxygena ted  i scqu ino l ines  as a  key i n t e r -  

mediate  f o r  the to ta l  s y n t h e s i s  of t h e  a lka lo ids  whose p r e p a r a t l o n  would h e  diff icul t  

by  o t h e r  methods.  S p e c i f i c a l l y ,  t h i s  r e a c t i o n  is a n  effective method f o r  the s y n t h e s i s  

of compounds s e n s i t i v e  f o r  a c i d  s u c h  as t h e  1,2,3,4~tetrahydro-4-hydroxyisoqu1nolines 
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