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1 INTRODUCTION 

p lan t s  of the sub-family Wurmbaeoidea ( ~ i l i a c e a e )  have proved to be r i c h  

sources  of a l a r g e  new c l a s s  of alkaloids based upon the 1 -phenethylisoquinoline 

sys tem.  " Thus ,  Androcymbium m e l a n t h i ~ i d e s , ~  which grows in Southern and 

E a s t e r n  Africa and h a s  been used in folk medicine fo r  the  treatment of many 

4 
d i s e a s e s ,  yielded androcymbine ( 1 1 ~ ' ~  and melanthioidine ( 1 1 1 ) ~ ' ~  a s  initial 

examples of 1 -phenethylisoquinoline alkaloids while Colchicum corn ige rumwas  

found to contain eight such a lkaloids ,  of which autumnaline (v) i s  the f i r s t  un- 

modified 1-phenethylisoquinoline to be found in n a t ~ r e . ~  F u r t h e r  the tropolane 

alkaloids such as colchicine (IV) i r e  now c la s s i f i ed  as modified 1 -phenethyliso- 

quinolines s ince  extensive t r a c e r  s tudies  showed that IV and re l a t ed  alkaloids a r e  

formed from autumnaline (V) by a novel biosynthetic pathway via?-methylandrocym- 

bine (11) as the key  intermediate.  
1 0  



In addition, 1 -phenethylisoquinoline re la ted  alkaloids have been isolated from 

Kreysigia rnultiflora" such as the homoaporphines floramultine (VI) ,  multiflor- 

amine (VII) and kreys igine  (VIII), the homoproaporphine kreysiginone (IX) , ' and 

the homomorphine kreysiginine (x)' while the Schelhammera spec ies  h a s  yielded 

homoerythrina type alkaloids as exemplified by schelhammerine (XI). 14 

Andracymbine (I) ,  C H N O 5 ,  was  obtained as co lo r l e s s  p r i sms ,  m.p. 
21 25 

199 - 201°, [a];' - 260O f 2 (c 0.500 in CHCl ). I ts  nmr spectrum 
3 

indicated th ree  ?-methyl g roups ,  one N_-methyl group,  one phenolic hydrowy 

group,  one aromatic hydrogen, and two olefinic hydrogens while i t s  i n f ra red  

spect rum showed a cha rac te r i s t i c  cross-conjugated cyclohexadienone system 

s imi lar  to the corresponding absorpt ions  of salutaridine (XII). S ince  oxid- 

at ion of g-methylandrocyrnbine (11), initially der ived from I and subsequently 



1 5  i so l a t ed  f rom Colchicum autumnale ( ~ i l i a c e a e ) ,  gave 3,4,5-trimethoxyphthalic 

anhydr ide  (XIII) while reduct ion  with sodium in  liquid ammonia a f forded  the 

6 
phenolic  isoquinoline (XIV),  Ba t t e r sby  and co -worke r s  proposed  the s t r u c t u r e  

(I). The  position of the  phenolic hydroxyl  g roup  is a s s igned  by analogy with 3- 

demethylcolchicine (XV) and  by oxidation of 0-ethylandrocyrnbine t o  3 , 5 -  

diethoxy-4-methoxyphthalic anhydr ide .  

Chart 3 
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In addit ion t o  autumnaline (v), Calchicum co rn ige rum was  found t o  have  

the  homomorphinandienones CC-10 (XVI) and  CC-20 (XVII) and  the  r e l a t e d  

a lka lo ids  CC-2 (XVIII) and CC-3b ( X I X ) ~  as wel l  as CC-21 which h a s  been  

identif ied as a n  enantiomer of kreys ig in ine  (X). 
1 3  
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In view of i t s  s t r u c t u r a l  s imi lar i ty  with sa lu tar id ine  (XII),  i t  is reasonable  

t o  a s sume  that  the  biosynthesis  of androcymbine (I) involves phenol oxidation of 

a diphenolic 1 -phenethylisoquinoline p r e c u r s o r .  In addit ion,  i t  was  assumed in 

the s t r u c t u r a l  determination of (I) that  t h e r e  i s  a c l o s e  biogenetic re la t ionship  

t o  the tropolone alkaloid s ince  androcymbine (I) o c c u r s  together  with co!chicine 

(IV). 

Suppor t ing  evidence came f rom the  succes s fu l  incorpora t ion  of phenyl- 

a lan ine  (XX) a n d  ty ros ine  (XXI) the 1-phenethylisoquinolines (XXII and 

V ) ,  into colchicine (IV). Thus ,  a phenol oxidation of 1 -phenethylisoquinulines 

(XXII) and  (v) a f fo rded  androcymbine (I) and hydroxylation of F m e t h y l a n d r o -  

cymbine (11) yielded (XXIII). The  rou te  leading to  demccolcine (XXV) and 

colchicine (1") h a s  been c l a r i f i ed  by va r ious  t r a c e r  experiments1" and 

involves r i n g  expansion reac t ion  of XXlV by "homoallylic ionization" of 
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the  nitrogen lone p a i r  (XXIV) as shown in Char t  5 .  

Androcymbine (I), a s  mentioned above,  plays an important ro l e  in the bio- 

genes is  of colchicine and re la ted  tropolone alkaloids while kreysiginine (X) 

i s  s t ructura l ly  s imi lar  to morphine and thebaine.  In view of these  re la t ionships ,  

the  synthes is  of androcymbine (I) and re la ted  alkaloids were  of par t icular  in t e res t  

and in th i s  connection the seve ra l  synthetic methods of the hornomorphinandienone 

r i n g  system will be d iscussed in the following chap te r s .  

2 PHENOL OXIDATION 16 ,17  

The c lose  re la t ionship  between androcymbine (I)  and salutaridine (XII) which 

is synthesized in the poppy from re t icul ine  (XXVI) by phenol oxidation16 suggested 

a biosynthetic connection between (I) and autumnaline (v). This  was confirmed 

by the  administrat ion of labelled O-methylandrocymbine - (11) and autumnaline (v )  

to Colchicum autumnale plants where  they were  incorpora ted  into colchicine (IV) 

C h a r t  6 



t o  t he  remarkably  high extent uf uve r  1 5  % and 9 %, respect ive ly .  T h e s e  r e -  

s u l t s  def ine  p a r t  of the biological pathway to colchicine as V to I1 (I) - v ~ a  oxidative 

coupling to  produce  a new carbon-carbon bond between the posi t ion para tc the 

phenolic hydroxy groups  followed by convers ion  to IV. 
10  

Based  on th is  biogenesis  of androcymbine and r e l a t ed  compounds,  the 

phenol oxidation of autumnaline ( v )  was  examined by Kametani a n d  Dat tersby ,  

independently. The  f i r s t  succes s fu l  synthes is  was  r cpo r t ed  by Kametani and  

h i s  a s sac i a t e s18  and involved the  fus ibn  of 4-benzylaxy-3-rnethoxyphenrthyl- 

amine (XXVII) with 3-hydroxy-4-methoxyphenylpropionic ac id  [XXVIII) to 

fu rn i sh  the amide (xXIX) whose phenolic function was pro tec ted  by ethoxycarbanyl-  

a t ion  with ethyl  ch lorocarbonate  and tr iethylamine . Ring c l o s u r e  of the amide 

(XXX) with phosphoryl  ch lor ide  in  boiling d r y  benzene gave the co r r e spond ing  

3,4-dihydroisoquinoline (XXXI),  cha rac t e r i zed  a s  i t s  c rys t a l l i ne  hydrochlor ide .  

Conversion of XXXI into the methiodide (XXXII) followed by reductiqn with methano- 

l ic  sodium borohydride t o  the  monophenolic l ,2,3,4-tetrahydroisoquinoline (XXXIII), 

which was  r ead i ly  purif ied by way of the  hydrochlor ide  and then hydrolys is  with 

ethanolic hydrochlor ic  ac id  to a f ford  the diphenolic tetrahydroisoquinoline (XXXIV).  

Succes s fu l  phenolic oxidative coupling of (XXXIV) was  achieved with potassium 

fe r r i cyan ide  in a mixture of 5 7& sodium hydrogen ca rbona te  and chloroform followed 

by chromatography on s i l i c a  gel and then alumina to  fu rn i sh  in low yield t he  c rys t a l l i ne  

homomorphinandienone (XXXV). I t s  s t r u c t u r e  was  suppor ted  by i t s  ir spect rum which 

showed typical cross-conjugated u-methoxylated cyclohexadienone absorpt ion  a t  

1664,  1642,  and  1620 cm-I and by i t s  nmr  spec t rum which indicated two aromat ic  

proton s ingle ts .  The  p re sence  of the l a t t e r  ru l ed  out the  a l t e rna t e  caupled- 

compound XXXVII. F u r t h e r  evidence fm- XXXV was  obtained by methylation with 



diaaamethane to give a non-phenolic base ,  which was  spectroscopically ( i r  

and nmr)  and chromatographically identical  with the demethoxy-2-methylandro- 

cymbine (XXXVI), obtained by a modified P s c h o r r  reaction from the aminoisoquino- 

l ine to he desc r ibed  l a t e r .  
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Similar ly ,  the bromohomomorphinandienane (XXXIX) was synthesized from 

the diphenolic brornoisoquinoline (XXXVIII) by potassium fe r r i cyan ide  nxidation 

in chloroform in the p resence  of sodium hydrogen carbonate  and ammonia. 
19  

Chart  8 
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In contras t  t o  the above biogenetic type synthes is  of homomorphinandienones 

the conversion of autumnaline (V) by phenol oxidations coupling t o  the homo- 

morphinandienane (XL)  has  not been reproduced in the laboratory." It i s  

probable that s t e r i c  f ac to r s  were  the predominant r eason  fa r  fa i lure .  Ins tead,  

Battersby and co-workers2' obtained the bomaaporphine (XLI), in 25 % yield 

by fer r icyanide  oxidation of autumnaline (V), identical  with the alkaloid CC-24 

found in Nature.  9 

Phenol oxidation indicated that the coupling react ion between two aromatic r ings  

in the phenethylisoquinoline system gave the homomorphinandienone s t r u c t u r e ,  

the f a c t  of which suggested that the homomorphinandienone could be formed 



C h a r t  9 

by a s imi lar  type of coupling react ion.  

3 PSCHORR  REACTION^^ 
I t  i s  well known that  phenol oxidation mimics one of the biogenetic pathways 

in Nature and provides a facile route  to the synthes is  of ce r t a in  isoquinoline 

alkaloids.  However,  i t s  utility i s  limited s ince  intermolecular coupling a l s o  

o c c u r s  to genera te  polymers which a r e  formed from the s t a r t ing  material  and/or  

i t s  oxidation products .  Moreover,  intramolecular coupling alwal-s takes  place a t  

the  &o and =a position to the phenolic hydroxy group. Thus ,  phenol 

oxidation can not be employed in the synthes is  of androcymbine (I) i tself  where 

the hydroxyl i s  meta to the coupling s i t e .  

In view of these  inherent limitations associa ted  with phenol oxidation and in 

connection with the in t e res t  in a genera l  method f o r  the  synthes is  of homomorphin- 

andienone-type compounds, the  P s c h o r r  was investigated as follows.  



3.1 Synthes is  of C-nor-Androcymbine: In the 1940 ' s ,  Grewe repor t ed  the 

synthes is  of a morphinan (XLIII) by acidic treatment of the l-benzyloctahydro- 

isoquinoline ( x L I I ) . ' ~  Since  th is  cyclization involves a nucleophilic at tack a t  

the olefinic bond, i t  suggests  that if the  carbon atom a t  e i the r  C o r  C in 
4a 2 ' 

a 1 -benzyltetrahydroisoquinoline was positively charged,  nucleophilic at tack 

from the o ther  aromatic r i n g  would a lso  form the morphinan-type s t r u c t u r e .  

This  type of cyclization involving a n  aromatic cation is r e f e r r e d  to as an  

aromatic S 1 react ion and th4 generation of the cation by decomposition of 
N 

an  aromatic diazonium sa l t  is known as the P s c h o r r  react ion.  

C h a r t  10 
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In connection with the synthes is  of apa rph ines ,  the  use  of the P s c h a r r  

react ion could lead to a var ie ty  of products.  Thus ,  the following scheme 



indica tes  the  possible react ion pathways,  and in the c a s e  of the formation of the 

morphinandienone (XLIV), the proposed mechanism indicates that  nucleophilic 

a t tack of position 4a i s  facil i tated by the E-effect of the alkoxy group. 

Based on the above considera t ions ,  the following preliminary experiments 

w e r e  c a r r i e d  out.  Diazotiaation of 6'-aminolaudanosine (XLV) a t  0 - 5' with 

a sl ight excess  of sodium ni t r i te  i n  dilute sul fur ic  ac id  followed by increas ing 

the temperature to 70' f o r  1 h r ,  produced c-methylflavinantine (XLVII). The 

ethoxy analog (XLVI) was a l s o  converted to e-methylflavinantine using identical 

condit ions.  This  ru led  out s t r u c t u r e  (XLVIII) a s  that  represent ing the dienone 

product .25 Thus ,  by applying the P s c h o r r  react ion which had been widely used 

f o r  the synthes is  of aporphines ,  a genera l  synthetic method of preparing 

marphinandienones was developed. 



Chor l  12 
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This  modified P s c h o r r  react ion was  applied to the synthes is  of C-nor-andra- 

cymbine (LIV) as a model f o r  the to ta l  synthes is  of androcymbine (I). The s t a r t ing  

compound, 1 -(2-amino-3,4, 5-trimethoxybenzyl)-1 ,2,3,4-tetrahydro-6,7-di- 

methoxy-2-methylisoquinoline (LIII), was p repa red  by the following s tandard  

method. Heating of hornoveratrylamine with 3,4,5-trimethoxy-2-nitrophenyl- 

ace t i c  acid (XLIX) in d r y  xylene af forded the amide (L) which was  cyclized with 

phosphoryl chloride in d r y  chloroform to give the 3,4-dihydroisoquinoline (LI) ,  

character ized as i t s  methiodide (LII). Reduction of (LII) with zinc and concentrated 

hydrochloric acid gave the key intermediate (LIII) which was  unstable in air and 

thus used without purification. The aminoisoquinoline (LIII) was diazotized with 

a sl ight excess  of sodium ni t r i te  and 1 N sulfuric acid-acetic acid with s t i r r i n g  
- - 

a t  0' and the result ing diaaonium s a l t  decomposed and coupled a t  70' f o r  1 h r .  

Careful  work-up, involving s i l i ca  gel and alumina chromatographies and monitoring 



by the  i r  spect roscopy,  afforded many compounds from which the des i r ed  g- 

nor-androcymbine (LIV) was  obtained and cha rac te r i zed  by s p e c t r a l  da ta  as i t s  

o 26 
metbiodide, mp 234 - 235 . 
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27 3 . 2  Synthes is  of an  Androcymbine-type Compound by the P s c h o r r  Reaction-: 

The prepara t ion of morphinandienone-type compounds by the P s c h o r r  reaction 

as desc r ibed  i n  the previous section was applied to the synthes is  of the hamo- 

mrphinandienone system. However,  f o r  the l a t t e r ,  coupling of the cation (LvI),  

der ived from the diazotised aminophenethylisaquinoline (Lv), can occur  to form 

e i the r  the d e s i r e d  seven-membered r i n g  homomorphinandienone (LVII) o r  by 

coupling between the  C position and the C carbon the thermodynamically more 
2 ' 8 a  

s table  (LXIII). Bearing these  two possibil i t ies inmind, the  following investigation 

was  c a r r i e d  out. 



C h o r l  14 

The  s t a r t i ng  aminoisoquinoline (LXIV) w a s  synthes ized  by two methods as 

follows.  Nitrat ion of 3,4-dimethoxyphenylpropionic ac id  (LIX) gave  the  4,5- 

dimethoxy-2-nitrophenylpropionic ac id  (LX)  which was conver ted  into the  

amide (LXI) by fusion with 3,4-dimethoxyphenethylamine. Ring c l o s u r e  of 

(LXI) with phosphoryl  ch lor ide  in boiling chloroform gave the  3,4-dihydroiso- 

quinoline (LXII) ,  cha rac t e r i zed  a s  i t s  hydrochlor ide .  The  co r r e spond ing  

methiodide (LXIII) was  then reduced with z inc  powder in  concent ra ted  hydro- 

ch lo r i c  ac id  t o  afford the aminoisoquinoline (LXIV) which w a s  readi ly  purif ied 

as i t s  d ihydrochlar ide .  
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By the second syn thes i s ,  based on S u g a s a w a ' s  methodf8 the amide (LXV), 

der ived from 3,4-dimethoxyphenylpropionic acid (LIX) and 3,4-dimethoxy- 

phenethylamine, was cyclized with phosphoryl chlor ide  in boiling benzene to 

yield the 3,4-dihydroisoquinoline (LXVI) which was converted into i t s  methio- 

dide (LXVII). Borohydride reduction of LXVII, followed by nitrat ion of the  

resul t ing  1 ,2,3,4-tetrahydroisoquinoline (LxVIII) with concentrated n i t r ic  

ac id  in chloroform-acetic acid afforded t h e  2 '-nitroisoquinoline derivative 

(LXIX) which was  reduced by 'zinc and concentrated hydrochloric acid to give 

the  s tar t ing  aminoisoquinoline (LXIV). 

 he aminoisoquinoline (LxW) was then diazotized with 10 % sodium ni t r i te  

in 5 $ sul fur ic  ac id  at oO,  and t h e  result ing diazonium salt decomposed at  

70° to give the cyclahexadienone (XXXVI) which, a f t e r  purification by s i l i ca  

gel  chromatography, was cha rac te r i zed  by spec t ra l  da ta  as i t s  methiodide, 



mp 251 - 252'. 

The  a l t e r n a t e  s t r u c t u r e  (LXX),  a l s o  cons is ten t  with above physical  d a t a ,  

w a s  ru l ed  out by the  following evidence .  T h e  second aminoisoquinoline 

(LXXV) which was  synthes ized  by s t anda rd  methods from 2-nitraphenylcarboxy- 

l ic  ac id  (LX) a n d  4-benzyloxy-3-rnethoxyphenethylamine 9 the  amide (LXXII), 

the 3,4-dihydroisoquinoline (LXXIII), and i t s  rnethiodide (.LXXIV ),  gave  upon 

diazotizat ion the dienone (XXXV~), ident ica l  t o  the  product  obtained from 

(LXIV) r a t h e r  than (LXXI). 

3.3 Abnormal P s c h o r r  ~ e a c t i o n ~ ~ :  Rased an  the  synthes is  of the  horno- 

morphinandienone sys tem by the P s c h o r r  r e a c t i o n ,  the total  syn thes i s  of andro-  

cymbine (I) and  0-methylandrocymbine - (11) f rom the  app rop r i a t e  aminophenethyl- 

isoquinolines was  inves t iga ted .  

The  s t a r t i n g  aminoisoquinolines w e r e  synthes ized  as follows.  3 ,4 ,5 -Tr i -  



methoxy-2-ni t robenzyl  a l c o h o l  ( L X X V I ~ )  a n d  i t s  4-benzyloxy-analog ( L X X V I ~ )  

w e r e  o x i d i z e d  with  a c t i v e  m a n g a n e s e  d i o x i d e  a n d  t h e  r e s u l t i n g a l d e h y d e s  

(1,XXVII) were s u b j e c t e d  t o  the  Knoevenage l  r e a c t i o n  with  rnalonic a c i d  t o  

g i v e  t h e  c innanric  a c i d s  ( ~ X X V 1 l l a  a n d  b ) .  Scho t ten-Baumann  r e a c t i o n  of 

t h e  c o r r e s p o n d i n g  c innamoyl  chlorides ( LXXVIIIc a n d  d )  wi th  3 , l - d i m e t h o x y -  

phenethylamirre a f f o r d e d  t h e  a m i d e s  (LXXIX),  fo l lowed  by B i s c l l l e r - N a p i e r a l s k i  

c y c l i z a t i o n  t o  t h e  3,4-dihydroisoquinolines ( L x X X ~  a n d  b ) .  T h e  rnethiodides  

(LXXXIa  a n d  b) w e r e  t h e n  f i r s t  r e d u c e d  with z i n c  a n d  h y d r o c h l o r i c  a c i d  a n d  

t h e n  with  hydrogen  o v e r  A d a m s  c a t a l y s t .  

T h e  1-(2-aminophenethyl)isoquinuline d e r i v a t i v e  (LXXXII)  w a s  t h e n  d i a z o t i z e d  

wi th  sod ium n i t r i t e  i n  s u l f u r i c  a c i d  a n d  the  m i x t u r e  h e a t e d  to g i v e  t h r e e  c o m p o u n d s .  

Char t  18 
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Two of t hese  w e r e  identif ied by comparison with authentic samples as 3 , 4 , 5 -  

t r imethvxybenzaldehyde (LXXXIV) and 3,4-dihydro-6,7-dimethoxy-2-methyliso- 

quinoline-l(2H)-one (LXXXV).  The  th i rd  product ,  obtained in  36 yield,  

C H N O 5 ,  showed by uk spect rum the p r e s e n c e  of a 1 , 2 ,3 ,4 - t e t r ahydro -  
23 29 

6,7-dimethoxyisoquinoline sys tem but not of a homoaporphine sys tem.  I t s  nmr 

spec t rum revea l ed  s ignals  f o r  t h r e e  aromat ic  protons and one E- and f ive c- 
methyl groups  which indicated tha t  i t  was  not the  deaminated compound (LXXXVI). 

The  N- and 2-methyl r e sonances  w e r e  a t  a n  abnormally high f ield which were  - 

probably due t o  the exis tence  of s e v e r a l  groups  on the same r ing .  Poss ib l e  

s t r u c t u r e s  f o r  th is  compound could then be limited to (LXXXVII), (LXXXVIII), 

(LXXXIX), (XC) and (XCI) .  All but (XCI) w e r e  ru l ed  out a s  fol lows.  

C h a r t  19 
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S i n c e  t rea tment  of the  t h i rd  r eac t ion  product  with cold concent ra ted  su l fu r i c  ac id  

had no e f f e c t ,  t h i s  ru led  out t he  cyclopropene s t r u c t u r e  (LXXXVII). Hofmann 



degradation gave a methine base whose nmr spectrum showed a s ignal  fo r  only 

+ 
one olefinic proton [ 5 6.16 ppm ( t ,  J 1 .7 H z ) ]  and whose mass  spectrum (M , 

* 
m/e 41 3) showed a s t rong fragment ion [ M - ( c H ~ N M ~ ~ )  ]at  m/e 355 and thus 

consis tent  with e i the r  (XCIII) o r  (XCIV). A second Hofmann degradation caused 

the los s  of trimethylamine and the nmr spect rum of the product showed the p resence  

of a vinyl group as a typical ABX pattern as well as an  olefinic signal  a t  6.16 ppm 

( t ,  2 1 .7  Hz) coupled with a methylene doublet a t  3 .45 ppm (proved by decoupling). 

S ince  both chemical sh i f t s  were  similar  to those f o r  indene - the coupling constant  

between a n  olefinic proton and i t s  neighboring methylene protons i n  cyclopentene 

is known t o  be 5 1 .4  Ha ,  while that f a r  al lylic system in&isbenzylidenebenzo- 

cyclobutene is J 1 . 9  H5 - t h e  product was ass igned s t ruc tu re  (XCV). This  

implies that  the P s c h o r r  reaction product h a s  s t r u c t u r e  (XCI). Fur the rmore ,  

oxidation of the P s c h o r r  product with an  excess  of potassium permanganate did 
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not fu rn i sh  the  isoquinoline (LXXXV), thus  indicat ing that  i t  was  not the  cyclo- 

butane der iva t ive  (LXXXVIII). 

A mechanism f o r  the  formation of compound (XCI) is shown in  t he  following 

C h a r t .  

S i m i l a r  t rea tment  of the 4'-benzyloxy-analog (LxXXIII) afforded the 

5 I-benzyloxy-analog (XCII) of t he  spiroisoquinoline (XCI), along with 

4-benzyloxy-3,5-dimethoxybenealdehyde and t h e  isoquinoline (LXXXV). 

The  spiro-compound was  c h a r a c t e r i z e d  by spec t roscop ic  comparison with 

that  of the  spiraisoquinoline (XCI). By a sl ight  modification of the reac t ion  

condit ions aminoisoquinoline (LXXXII) gave a deaminated products  (LxXXVI), 

i den t i ca l  with a n  authentic sample ,  as well  as compounds (XCI), (LXXXIV) 

a n d  (LXXXV). The  r e s u l t s  are summarized in  Table  I. 



d able 1 P r o d u c t s  of t h e  P s c h o r r  r eac t i on  of t h e  (2-aminophenethy1)iso- 

quinoline (LXXXII) unde r  va r ious  condi t ions .  

LXXXII NaN02 5 % H 2 S 0 4  Medium Decornp. 
Heating 

(mole) (mules)  (moles)  Temp. Time (XCI) (LXXXIV) (LXXXV) 
( h r  .) 

1 6 1 4 . 5  H 2 S 0  70' 1 36 2.5  4 .8  
4 

1 1 . 7  6 H2s04 70 1 34 .5  

1 1 6 AcONa 20 - 3 0  3 

1 6 5 H SO4 70 1 9 3 . 4  4 .0  2 

4 PHOTO-PSCHORR REACTION 30 

T h e  P s c h o r r  r e a c t i o n s ,  a s  ut i l ized i n  the p r ev ious  sec t ion  f o r  t h e  syn thes i s  

of morphinandienones and hornomorphinandienones, probably involved the  ionic 

i n t e rmed ia t e s  (XCVII and XCVIII) a cco rd ing  to a n  a romat ic  S 1 type mechanism. 
N 

On t h e  o t h e r  hand ,  0sbond3'  c a r r i e d  out  th i s  type of r eac t i on  by decomposing 

a diazonium s a l t  (XCVI) i n  the  p r e s e n c e  of a metal  and minera l  a c i d .  S i n c e  th is  

modification probably  p roceeds  in a reduct ive  manner whereby a n  a romat ic  ca t i on ,  

s u c h  as XCVII, g e n e r a t e s  the  a romat ic  r a d i c a l  (XCIX) which then cyc l i ze s  to a f ford  

the  dienone (C) ,  i t  could be  assumed tha t  photolysis  of a diazonium s a l t  is a more  

e f f ic ien t  way of e f fec t ing  homolysis  of carbon-nitrogen bond to form the  postulated 

r a d i c a l  in te rmedia te .  
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In o r d e r  to tes t  the validity of the above assumption,a model experiment was 

c a r r i e d  out by the photolysis of the readi ly  access ib lediaaut ized aminoisoquinoline 

(CII). Nitration d _O,c-dibenzylorientaline (CI) followed by reduction with zinc 

in hot hydrochloric acid gave 6'-aminaorientaline !CIl) whose diazonium sa l t  

(CIII) was i r r ad ia t ed  in dilute sulfuric acid a t  5 - 10' f o r  seve ra l  hours to 

af ford  a sepa rab le  mixture of the morphinandienane flavinantine (CIV) and 

the aporphine bracteoline (CV). To prevent dienone-phenol rearrangement  

X 
of the resul t ing  morphinandienone by n j iL t rans i t ion ,  the photolytic r e -  

action was c a r r i e d  out with a Hanovia 450 W mercury lamp surrounded by a pyrex 

f i l t e r  to cut off the light below 31 0 nm and in the p resence  of a mineral acid 

to coordinate the nonbanding e lec t ron on the carbonyl oxygen. 
3 2 



Based on th is  successful  transformation,  the  photo-Pschorr react ion was 

used to synthesize hamomorphinandienones . 23 Diaaotization of the 1 -(2-amino- 

phenethy1)isoquinoline (LXXXII) followed by photolysis with a Hanovia 450 W 

mercury lamp using a pyrex f i l t e r  a t  5 - l o 0 ,  gave four compounds a f t e r  chro-  

matographical separation on s i l i ca  gel .  

The f i r s t  compound was shown to be 3,4-dihydro-6,7,8-trimethoxycarbostyril 

(CVI) on the bas is  of i t s  i r  and nmr spec t ra  and a l so  by d i r ec t  comparison with 

an  authentic sample prepared by the reduction of 3,4,5-trimethoxy-2-nitro- 

phenylpropionate (CVII), obtained from methyl 3,4,5-trimethoxyphenylpropio- 

nate (CVIII). The mechanism f o r  the formation of (CVI) remains unclear .  The 

second e luate  afforded 3,4-dihydr0-6,7-dimethoxy-2-rnethylisocarbostyril 

(LXXXV) which was identical in a l l  r epec t s  with an  authentic sample.  The 

third compound was identified as 1 ,2 ,3 ,4- te t rahydro-1  -(2-hydroxy-3 , 4 , 5 -  



trimethoxyphenethyl)-6,7-dimethoxy-2-methylisoquinoline (CIX) on the  bas i s  

of the following evidence .  'The mass  spectrum indicated the p resence  of a 1,2, 

3,4-tetrahydro-6,7-dimethoxyisoquinoline system (m/e 206) and a Z-hydroxy- 

3,4,5-tr imethoxybenzyl moiety ( m / e  197) with the expected molecular ion 

(m/e 417). I r  spect roscopy showed the  presence  of a phenolic isoquinoline; 

uv spect roscopy confirmed th is  and indicated that the  compound was a 1 , 2 , 3 , 4 -  

tetrahydro-6,7-dimethoxyisoquinoline. The nmr spectrum showed the  presence  

of th ree  aromatic protons and a l so  the expected five g-met i~yi  and one 

methyl r e sonances .  2-hlethylation gave a hexamethoxyisaquinoline (CX).  The 

fourth compound of molecular formula C H NO exhibited i r ,  uv, and mass 
22  27 5 

spec t ra  typical of a cross-conjugated u-rnethoxycyclohexadienone system. The 

nmr spectrum showed a n  N-methyl, an  enolic ?-methyl, t h ree  0-methyl resonances  - 

as well as singlets f o r  two olefinic and one aromatic proton and thus data  indicated 

**+j U.0. ::TW / OH --:.33J$ , om 
M.0. ' o ~  , NY L O  

U.0 \ I OM. 
Pd.0 

M.0. l C i X i  
U.0 

i c x ,  



t h a t  t h e  f o u r t h  compound w a s  the d e s i r e d  e - m e t h y l a n d r o c y m b i n e  (11). H o w e v e r ,  

s i n c e  s t r u c t u r e  ( C X I ) ,  which  c o u l d  b e  f o r m e d  by  c o u p l i n g  b e t w e e n  the 2 ' -  a n d  8 a -  

p o s i t i o n s ,  w a s  a l s o  c o n s i s t e n t  wi th  the  s p e c t r a l  d a t a ,  tilo fo l lowing  e x p e r i m e n t s  

w e r e  p e r f o r m e d  i n  o r d e r  t o  r u l e  i t  o u t .  

If t h e  f o u r t h  p r o d u c t  i n  t h e  a b o v e  r e a c t i o n  had  s t r u c t u r e  (111, treatment of 

1 -(2-amino-3,4, 5-trimethoxyphencth).I)-7-benzylory-I , 2 , 3 . 4 - t e t r a h y d r o - 6 -  

methoxy-2-methylisoquinoline (CXII )  i n  a s i m i l a r  r e a c t i o n  would a l s o  g i v e  

compound (11); i f ,  h o w e v e r ,  t h e  p r o d u c t  h a s  s t r u c t u r e  ( C X I ) ,  t h e  2 ' - a rn ino i su-  

q u i n o l i n e  (CXII) would be c o n v e r t e d  i n t o  t h e  benzy loxy-ana log  (CXII I )  of (cXI) .  

T h u s ,  t h e  p h o t o - P s c h o r r  r e a c t i o n  o f  ( C X I I  1 was e x a m i n e d  as f o l l o w s .  



Schotten-Baumann reaction of 4-benzyloxy-3-methaxyphenethylamme with 

3,4,5-trimethoxy-2-nitrocinnamoyl chlor ide  (LXXVIIIC), followed by a Bischler-  

Napiera lski  react ion of the resul t ing  amide (cXIV), gave the  corresponding 

3,4-dihydmisoquinolme (cxV), whose methiodide (CXVI) was reduced to 

a f f o r d  the  mtermedia te  2'-aminophenethylisoquinoline (CXII). Dlazotizatian of 

(CXII) followed by photolysis of the  diasonium s a l t ,  gave the dienone,  spectroscopically 

identical with the fourth product in the  react ion (11); both gave a n  undepressed mixed 

melting point. Thus ,  i t  has  been demonstrated that diasotization and then photolysis 

of the 2'-aminaphenethylisoquinolines (LXXXII) and (CXII) give the homornorphinan- 

dienone r a t h e r  than the dienones (CXI) and (CXII). 

F u r t h e r ,  s ince  product (11) was  identical by ir and uv with natura l  Q-methyl- 

androcymbine,  p repa red  from natura l  androcymbine (I) ,  the total  synthes is  of 



32 
methylandracymbine (11) has  been achieved and thus  confirmed i t s  sugges ted  s t r u c t u r e .  

The above reac t ion  was  a l s o  applied to the total synthes is  of androcymbine (1). 

S i n c e  the  most promisin6 p r e c u r s o r  f o r  (I) would be phenolic aminophenethyliso- 

quinolines (CXVII and cXIX), t he se  w e r e  subjec ted  to t he  photo-Pschorr  r eac t ion .  
33 

I r r ad i a t i on  of the  diazonium salt obtained by the usual  method from (CXVII) which in 

t u rn  was  p repa red  from the  4 '-benzyloxy der iva t ive  (LXXXIII), gave  only the  

i s o q ~ i n o l o n e  (LXXXV). On the o the r  hand,  diaaotiaat ion of the diphenolic aminoiso- 

quinoline (CXIX), p r e p a r e d  f rom (CXVIII), gave the diazonium s a l t  which was  

photolyzed with a mercu ry  lamp unde r  t he  same condit ions as above to  give a n  un- 

expected  compound, the homoproaporphine (CXX),  as the  main product .  The  s p e c t r a  

of (CXX) were  superimposable upon those  of a n  authentic sample  p r e p a r e d  f rom the 

C h o r l  27 



diphenolic isoquinoline (cXXI) by phenol oxidation.  

It was  evident  that  the phenolic hydroxy group on the  phenethyl r e s idue  played 

a n  important  r o l e  in  thus abnormal r eac t ion  s ince  the  diaaonium s a l t  of the  

aminoisoquinoline (CXIX),  when t r e a t e d  a t  5 - 10' f o r  4 h r  in  d i lu te  su l fur ic  ac id  

without i r r ad i a t i on  gave no hamaproaparphine (CXX). Moreover ,  the  diphenolic 

isoquinoline (CXIX) was  i n e r t  t o  photolysis  in  the  p r e s e n c e  of n i t rous  ac id .  The re -  

f o r e ,  i t  would a p p e a r  that t he  hornoproaporphine (CXX) could have  been formed & 

the  r ad i ca l  in termedia tes  (CXXII), (CXXIII) and  (CXXIV). 34 

C h a r t  28  



Since  the phenolic hydroxy group prevents  the formation of the homomorphinan- 

I L X X X V  1 
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d i e n o n e ,  a n  i n d i r e c t  method u t i l i z i n g  a p r o t e c t e d  pheno l ic  h y d r o x y  g r o u p  w a s  

e x a m i n e d  by t h e  p h o t o - P s c h o r r  r e a c t i o n .  

D i a z o t i z a t i o n  of t h e  2 ' -aminophenethylisoquinoline (LXXXIII)  i n  the  u s u a l  

m a n n e r  f o l l o w e d  by p h o t o l y s i s  wi th  a H a n o v i a  450 W m e r c u r y  l a m p  u s i n g  a p y r e x  

f i l t e r  a t  5 - 10' g a v e  f o u r  compounds  a f t e r  s e p a r a t i o n  by s i l i c a  g e l  co lumn 

c h r o m a t o g r a p h y .  

T h e  f i r s t  compound  w a s  iden t i f i ed  as 4-benzyloxy-3,  5-dimethoxybenaaldehyde 

(LXXVI) by d i r e c t  c o m p a r i s o n  with  a n  a u t h e n t i c  s a m p l e .  T h e  jccond e l u e n t  

a f f o r d e d  3,4-dihydro-6,7-dimethoxy-2-methylisocarboxtyril ( L X X X V )  which  

w a s  i d e n t i c a l  i n  all a s p e c t s  B-ith a n  a u t h e n t i c  s a m p l e .  T h e  t h i r d  cornpound w a s  

assigned as 1 -(4-benzyloxy-2-hydroxy-3, 5-dirnethoxpphenethy1)-1 , 2 , 3 , 4 - t e t r a -  

hydro-6,7-dirnethoxy-2-methylisoquinoline (CXXV) b a s e d  on  t h e  fo l lowing  e v i d e n c e .  

T h e  ir s p e c t r u m  i n d i c a t e d  a p h e n o l i c  i s o q u i n o l i n e  a n d  t h e  uv s p e c t r u m  showed  

Chart 3 0  



t h e  p r e s e n c e  of a 1 ,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline . T h e  n m r  s p e c t r u m  

r e v e a l e d  t h r e e  a r o m a t i c  p r o t o n s  with  one  0 - b e n a y l ,  - f o u r  0 - m e t h y l ,  - a n d  one N- - 
methy l  r e s o n a n c e s .  Uebenzy la t ion  of (CXXVI fo l lowed  b y  O_-methylation wi th  

d i a a o m e t h a n e  g a v e  1 ,2,3,4-tetrahydro-h,i'-dimethoxy-l -(Z, 3 , 4 , 5 - t e t r a m e t h o x y -  

phenethyl)-2-methylisoq~in~line which  w a s  i d e n t i c a l  wi th  a n  a u t h e n t i c  s a m p l e .  

T h e  f o u r t h  compound had  t h e  m o l e c u l a r  f o r m u l a  C H NO by m a s s  s p e c t r o -  
28 31 5 

m e t r y  a n d  s h o w e d  t h e  t y p i c a l  c r o s s - c o n j u g a t e d  a-methoxycyclohexadienone s y s t e m  

by ir a n d  uv. T h e  n m r  s p e c t r u m  s h o w e d  a n  i'-methyl, t h r e c  O_-methyls, and t h e  

methy lene  of one  benzyloxy g r o u p  as w e l l  as two o l e f i n i c  a n d  o n e  a r o m a t i c  p r o t o n s .  

A c c o r d i n g l y ,  t h e  s t r u c t u r e  cou ld  b e  e i t h e r  t h e  d e s i r e d  0-ber izylani l rocymbi!~e - 

(CXXVII) o r  (CXVIII) ,  h o w e v e r , t h e l a t t e r .  p o s s i b i l i t i e s  w a s  r u l e d  o u t  by the  fol low- 

i n g  e v i d e n c e .  

If t h e  s t r u c t u r e  of t h e  d i e n o n e  w a s  (CXXVIII),  t h e  p r o d u c t s  f r o m  the  amino-  



i s o q u i n o l i n e  (LXXXIII) a n d  (CXVIII) s h o u l d  b e  d i f f e r e n t .  H o w e v e r ,  d i a z o t i z a t i o n  

of (CXVIII),  fo l lowed  by p h o t o l y s i s  of t h e  d iazon ium s a l t  (CXXX) i n  a m a n n e r  

s i m i l a r  t o  t h e  a b o v e ,  g a v e  t h c  s a m c  d i e n o n e  (CXXV11) o b t a i n e d  f r o m  C X X X I I .  

T h u s ,  i t  w a s  a p p a r e n t  t h a t  i n  both c a s e s  i n t r a m o l e c u l a r  r e a c t i o n  h a d  o c c u r r e d  

b e t w e e n  t h e  2 '  a n d  4 a  pos i t ion  i n  t h e  i s o q u i n o l i n e  s k e l e t o n .  F i n a l l y ,  d e b e n z y l a t -  

+ 
i o n  of (CXXVII)  g a v e  ( - ) -androcymbine ( I )  i d e n t i c a l  in ir, u v ,  a n d  n m r  with  t h e  

n a t u r a l  a l k a l o i d  f r o m  Androcymbium m c l a n t h i u i d c s  v a r .  s t i r i c a .  
34 

5 P H O T O L Y T I C  CYCLODEHYDR0HALOGF:NA TION 
30 

'She f o r m a t i o n  of homonrorphinandienune r i n g  s y s t e m  by a p h o t o - P s c h o r r  re- 

a c t i o n  s u g g e s t e d  t h e  p o t e n t i a l  u t i l i ty  nf photolyt ic  cyclodehydrohalogenatiurr in 

t h e  s y n t h e s i s  of a n d r o c y m b i n e  ( I )  a n d  r e l a t e d  compounds .  S i n c e  t h e  k e y  i n t e r -  

m e d i a t e  i n  t h e  p h o t o - P s c h o r r  r e a c t i o n  of the  d i a z o n i u m  s a l t  (CXXXI)  is probab ly  

t h e  a r o m a t i c  r a d i c a l  (CXXXII) ,  i t  a p p e a r e d  l i k e l y  t h a t  t h e  l a t t e r  cou ld  b e  g e n e r a t e d  



by r ad i ca l  formation a t  the C ,-halo-subst i tuted isoquinoline (CXXXIII) to a l s o  
2 

af ford  the homomorphinandienone (CXXXIV) al though the  formation of t h e  second 

dienone (CXXXV), formed by coupling between C 2 ,  and  C is a l s o  pos s ib l e .  
8 a  

The r a t i ona l e  f o r  t h i s  approach  was  based  on t h e  known behav io r  of a romat ic  

ha l i de s  on p h o t ~ l y s i s . ~ ~  F o r  example ,  photo lys is  of t h e  s imple  a romat ic  ha l i ce  

(CXXXVI) e f f ec t s  homolytic c l eavage  of the  carbon-halogen bond the  a r y l  

r ad i ca l  (CXXXVII) t o  a f ford  the biphenyl de r iva t i ve  (CXXXVIII). S imi l a r l y ,  s i n c e  

subs t i tu ted  a romat ic  ha l i de s ,  s u c h  as CXXXIX, are known t o  r e a c t  by i n t r amo lecu l a r  

cyc l ica t ion  t o  give the benzazepine (CXL) ,  t h i s  model was exp lo red  as a rou t e  f o r  

the  syn thes i s  of homomorphinandienones . 

Chart  33 
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In the in i t ia l  s t ud i e s , t he i r r ad i a t i on  of t h e  r ead i ly  a c c e s s i b l e  6 ' -bromoor ien ta l ine  

(CXLI) was  c a r r i e d  out as a model experiment  with a Hanovia 450 W mercu ry  lamp 

us ing  a py rex  f i l t e r  in t h e  p r e s e n c e  of a n  e x c e s s  of sodium hydroxide f o r  7 h r  



a t  room temperature  to a f fo rd  the morphinandienone flavinantine (CIV) and the 

aporphine bracteol in t  (CV).  36 

C h o r l  3 4  

NaOH > NMe 
, NMe M e 0  

M e 0  \ OMe 
nu 0 

Based on th is  f inding,  the  synthes is  of homomorphinandienone was investigated 

as follows.  Since  the formation of a seven-membered r ing  system by a radical  

coupling react ion is not fac i le ,  the preliminary experiment was c a r r i e d  out by 

using eas i ly  available mater ia ls .  F a r  th is  purpose  the  phenolic 2 '-bromoisoquinoline 

( C X L V I ~ )  was synthesized from 2-bromo-4,5-dimethoxyphenylpropionic acid and 

4-benzyloxy-3-mrthoxyphenethylmine in the usual manner as shown in a following 

c h a r t .  



I r radia t ion d CXLVIa with a Hanovia 450-W merucry  lamp surrounded by a 

pyrex f i l t e r  i n  aqueous ethanolic sodium hydroxide solution a t  room temperature  

f o r  7 h r  gave two compounds which were  obtained by s i l i ca  gel column chromata- 

grqphy. The f i r s t  compound, cha rac te r i zed  as i t s  methiodide, was identified as 

t h e  homomorphinandienone (XXXVI) by comparison of i t s  spect roscopic  data  with 

an authentic sample.  The second compound, Z H NO4, m/e 355 (M'), showed 
21 25 

a typical  homoaporphine system in i t s  uv spectrum ( h 262.5 and 290 nm), 
max 

+ supported by a n  w n  a t  m/e 388 (M - OH,  base peak) and a l s o  by i t s  nmr spect rum 

showing th ree  aromatic protons a t  6 6.57, 6.73, and 7.18 ppm, and was  the re fo re  

ass igned as 1 -hydroxy-2,10,11 -trimethoxyhomoaporphine (CXLVII). 

Thus ,  a new synthetic route  was developed to the homomofphinandienone and 

homaaporphine type compounds which have the basic skeleton of the alkaloids 



found i n  L i l i a c e a e  s p e c i e s .  T h e  above  s y n t h e s i s  of homomorphinandienones 

a n d  homoaporphines should function,  i n  p r inc ip l e ,  a l s o  with 1 -(2-bromo-3,4,5- 

trimethoxyphenyl)-I, 2,3,4-tetrahydro-7-hydroxy-6-metholy-2-methylisoquino- 

+ 
l i ne  ( C X L V I ~ ) ,  t hus  leading  to the  to ta l  syn thes i s  of (-)-2-methylandrocymbine 

+ (11) and ( -)-kreysigine (VIII). 

The  p r e c u r s o r  phenolic  isoquinoline ( L X L V I ~ )  w a s  synthes ized  f r o m  2-bromo- 

3,4,5-trimethaxyphenylpropionic a c i d  by s t anda rd  methods. Photo lys is  of 

CXLVIb unde r  condi t ions  s imi l a r  to the  r eac t i on  of CXLVIa,  yielded two compounds 

i n  addit ion to t h e  s t a r t i n g  mater ia l .37  The f i r s t  one was  ident ica l  with 2-methyl- 

androcymhine (11) while the  second compound, which showed the same molecular  

+ 
fo rmu la ,  C H NO5, as 2-methylandrocymhine,  was  identif ied a s  (-)-kreysigine 

2 2  27 

(V,III), a n  a lka lo id  found in  Kreys ig i a  mul t i f lora ,  by compar ison  of i t s  spec t ro -  

s c o p i c  da t a  with t hose  of a n  au thent ic  sample p r e p a r e d  by a photo-Pschorr  r e -  

a c t i on .  Moreover ,  the to ta l  s y n t h e s i s  of  (-)-2-methylandrocymbine (IIA), (-)- 



kreys ig ine  (VIIIA), and the i r  optical  antipodes (IIB) and ( V X B )  w a s  accomplished 

by ap2lying th is  method38 to  the optical ly ac t ive  2 ' -bromophenethylisoquinolines 

(CXLVIA and B) 

C h o r l  37 

... 1 
\ 1 :.... ..NMs ""OgH 

MOO 0 

I C X L V b  I R = C H 2 P h ,  X=-H, Y = B r  
i C X L V A I  R = C H z P h ,  X = r H ,  Y = B r  

The  (?)-2'-bromophenethylisoquinoline ( C X L V ~ )  was  readi ly  resolved  with 

di-p-toluoyltartaric a c i d .  The  (-)-antipode (CXLVA), obtained from the  (-)- 

di-p-toluoyltartrate,  showed two posit ive Cotton ef fec ts  a t  290 and 250 nm and 

the (+)-base (CXLB),  r ecove red  f rom the (+)-di-p-toluoyltartrate,  showed two 

negative Cotton ef fec ts  a t  the same posit ions (F igu re  1 ) .  It h a s  been r epo r t ed  that  

in 1-phenethyltetrahydroisoquinoline de r iva t ives ,  t he  S - s e r i e s  show two posit ive 

Cotton e f f ec t s  a t  290 and 245 nm, whereas  the  R-ser ies  have double negative c u r v e s  

It w a s  t h e r e f o r e  expected that  the (-)-base (CXLVA) (S-configurat ion) would be 

conver ted  into ( - ) -0 - rne thy l and ro~~mbine  - (IIA), w h e r e a s  the (+)-isomer (CXLVB) 

(R-configurat ion) would give the optical  antipode (IIB) of n a t u r a l  O-methylandro- - 
cymbine and (-)-kreysigine (VIIIA). 



T h e  (-)-2'-bromophenethylisoquir~oline ( C X L V A )  w a s  d e b e n z y l a t e d  with 

e t h a n u l i c  h y d r o c h l o r i c  a c i d  a n d  t h e  r e s u l t i n g  pheno l ic  b romoisoqu ino l ine  

( C X L V ~ A )  in  e t h a n o l  w a s  i r r a d i a t e d  \\-ith a Hanovia  450 W m e r c u r y  lamp 

f i l t e r )  a t  room t e m p e r a t u r e  l o r  7 h r  to  g i v e  (-)-0-methylandrocy~nhine - 

( I I A )  a n d  ( + ) - k r e y s i g i n e ( V I I I B ) .  The (+)-2 ' -b romophene thy l i soqu ino l ine  

( C X L V B )  was s i m i l a r l y  c o n v e r t e d  i n t o  (+) -0 -mcthy landrocymbine  - (IIB) a n d  

( - ) -k reys ig ine  (VI I IA) .  

F i g u r e  1 0 . r . d .  (A)  and c.d. (B)  c u r v e s  of compound 

( C X L V A  ) a n d  0 . r . d .  ( C )  a n d  c . d .  (D)  c u r v e s  of com- 

pound ( C X L V B  ) (in m e t h a n o l  ) 



Figure 2 0 . r . d .  (A) and cod .  (B) curves of (-)-0- 

methylandrocymbine ( IIA ) and 0 . r . d .  (c) and c o d .  

(D) curves of ( + ) - 0 - m e t h ~ l a n d r o c ~ m b i n e  ( IIB ) 

( in methanol ) 

Figure 3 0 . r . d .  (A) and c . d .  ( B )  curves of natural 

0-rnethylandrocymbine ( in methanol ) 



4 0 . r . d .  ( A )  a n d  c .d .  ( B )  c u r v e s  of (+)- 

k r e y s i g i n e  ( VIIIB ) and 0 . r . d .  ( C )  a n d  c o d .  (D) 

c u r v e s  of ( - ) -k reys ig ine  ( VIIIA ) ( i n  methanol  ) 

B o t h  (- ) -enant iomeric  compounds  were s h o w n  t o  be iden t i ca l  with Q-methyl- 



a n d r o c y m b i n e  d e r i v e d  f r o m  n a t u r a l  a n d r o c y m b i n e  a n d  wi th  k r e y s i g i n e  p r e p a r e d  

by p h o t o - P s c h o r r  r e a c t i o n ,  r e s p e c t i v e l y ,  by s p e c t r a l  c o m p a r i s o n s .  

+ 
T h e  to ta l  s y n t h e s e s  of ( - ) -androcymbinr  (1) a n d  (5)-rnul t i f loraminc ( ~ 1 1 )  by 

p h o t o l y s i s  of t h e  I-(2-bromophenethyl)isuquinoiine ( C L V )  ivcre a l s o  o b t a i n e d  

as f o ~ ~ o w s .  
-39 

T h e  s t a r t i n g  m a t e r i a l  (CLV) was s y n t h e s i z e d  by c s t e r i f i c a l i o n  uf 4 -hydrouy-  

3 ,  5-dimethoxyphenylpro1i ' ionic a c i d  (CXT,\'II) to  g i v e  t h e  e s t e r  (CXLVII )  w h i c h  

was brorniriated t o  f u r n i s h  methyl  2 -b romopheny lprop iona tc  (CXl.. lX). l3erizyl- 

a t i o n  of (CXLIX)  a f f o r d e d  the benzy l  compound (CI . , ) ,  which w a s  c o n v e r t e d  i n t o  

t h e  a m i d e  ( C L I )  by f u s i o n  with  4-benzylory-3-rnethoxj-phe~~et t1ylarni i1e .  U i s c h l e r -  

N a p i e r a l s k i  c y c l i z a t i o n  of ( C L I )  g a r c  t h e  3 .4 -d i t~yd~-o i soc ju ino l ine  ( C L I I )  w h u s c  

meth iod ide  (CLIII)  w a s  t r e a t e d  wirh sodium.borohyclr ide  t o  a f f o r d  t h e  b r o m o -  

phenethyl-1 ,2,3,4-tetrahydro-2-methylisor~uinolinc ( C I , I \ ~ )  fo l lowed  liy d e h e n z y l -  

a t i o n  with  h y d r o c h l o r i c  a c i d  i n  bo i l ing  e t h a n o l  to  g i v e  t h e  d i p h e n o l  C L V .  

I C L l V  I I C L V I  



I r radia t ion of (CLV) with a Riko 400 W mercury lamp (pyrex f i l t e r )  was 

c a r r i e d  out in aqueous alcoholic solution in the presence  of sodium hydroxide 

+ and sodium iodide a t  room temperature  with s t i r r i n g  f o r  8 h r  t o  give (-)-andro- 

cymbine ( I ) ,  cha rac te r i zed  a s  i t s  methiodide. The s t ruc tu re  of th is  compound 

was confirmed by comparison ( i r ,  u v ,  and nmr spec t ra )  with natura l  andro- 

cymbine . 
However,  when the foregoing photolysis was done without sodium iodide, i t  

+ 
afforded only (-)-multifloramine (VII). 

F rom a biogenetic viewpoint kreysiginine (x) i s  the most in teres t ing  s t ruc tu re  

in the phenethylisoquinoline s e r i e s ,  s ince  i t s  synthes is  would involve the r e -  

action of a n  oxygenated function a t  the 7-position of a p r e c u r s o r  to form an  oxygen 

br idge .  In con t ra s t  to the situation which o c c u r s  in the biogenesis of morphine 

where salutaridine (XII) does  not undergo oxygen bridge formation,  such a r e -  

ac t ion would be s imi lar  t o  the biogenetic methanism f o r  galanthamine ( see  following 



Char t ) .  

In o r d e r  to investigate whether oxygen bridge formation would occur  with 

retention of the oxygen function a t  the 7-position, the synthes is  of a kreys i -  

ginine-type compound from 1 -(2-bromo-3-hydroxy-4-methoxyphenethy1)-1 , 2 , 3 ,  

4-tetrahydro-7-hydroxy-h-methoxy-Z-methylisoquinoline (CLXIV) by photolytic 

reaction was investigation. 

The required  s tar t ing  bromophenol (cLXIV) w a s  synthesized as follows.  2- 

Bromo-3-hydroxy-4-methoxycinnamic acid (CLVI) ,  obtained from 2-brornoiso- 

vanil in,  was hydrogenated over  platinum oxide to give Z-brorno-3-hydroxy-4- 

methoxyphenylpriopionic acid (CLVII), which was esterified, benzylated and then 

condensed with 4-benzyloxy-3-rnethoxyphenethylamine to af ford  the amide (CLX). 

Bischler-Napieralski  reaction of CLX gave the corresponding dihydroisoquinoline 



(CLXI)  which w a s  c o n v e r t e d  i n t o  i t s  me th iod ide  (CLXII)  and r e d u c e d  with sod ium 

b o r o h y d r i d e  t o  g i v e  t h e  1 ,2,3,4-tetrahydro-2-methylisoquinoline d e r i v a t i v e  

(CLXII I )  f o l l o w e d  by d e b e n a y l a t i o n  with  a l c o h o l i c  h y d r o c h l o r i c  a c i d  to  y ie ld  1 - 

(2-bromu-3-hydroxy-4-methoxYPhenethyl)-1 ,2,3,4-tetrahydro-7-hydroxy-6- 

methoxy-2-methylisoquinoline (CLXIV].  

'The b romopheno l ic  i soqu ino l ine  (CLXIV) w a s  i r r a d i a t e d  f o r  7 h r  i n  t h e  p r e s e n c e  

of sod ium h y d r o x i d e  a n d  sod ium iod ide  ( ~ i k o  400 \V m e r c u r y  l a m p  u s i n g  pq-rex f i l t e r )  

t o  g i v e  two c o m p o u n d s ,  i n  a d d i t i o n  to a m a j o r  amount  of s t a r t i n g  m a t e r i a l . 1 9  T h e  

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

c o m p a r i s o n  with  a n  a u t h e n t i c  s a m p l e .  T h e  s e c o n d  p r o d u c t  h a d  a !molecular f o r m u l a  

C H NO4 (by m a s s  s p e c t r u m  a n d  meth iod ide  m i c r o a n a l y s i s )  whose ir s p e c t r u m  
20 23 

c u n l a i n r d  b a n d s  a t  1685 a n d  1630  cm-I but n o  h y d r o x y  group a b s o r p t i o n .  T h e  

e n o n e  s y s t e m  w a s  a l s o  i n d i c a t e d  by a uv band a t  299 nm. M o r e o v e r ,  th  n m r  SpectrLm 



showed two coupled methine protons (revealed by decoupling experiments)  a t  

4 .63 and 4.89 in addition to an  olefinic proton a t  5 .89 ,  two aromatic protons 

a t  6 .70 ,  two Q-methyls a t  3.86 and 3.62,  and one ?-methyl resonance a t  2 .69 ppm. 

The coupling constant  ( J  9 .5  Hz) indicated that both protons should be located in 

vicinal and t r ansconf igura t ion .  These  f ac t s  indicate that r i n g  c l o s u r e  to the enone - 
has  taken place so  that the second product can be ass igned as the kreysiginine- 

type s t ruc tu re  (CLXV).  Based on th is  finding, i t  would appea r  that  t h i s  method 

should provide an  efficient route  to'the synthes is  of kreysiginine (X). 
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