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TOTAL S Y N T H E S I S  O F  CERTAIN ISOQUINOLINE AND INDOLE ALKALOIDS 

BY THERMOLYSIS 

* 
T g s u s  KaggzLaf; and K s i i s h i r o  ---=== Fu&=Lg 

Pharmaceu t ica l  I n s t i t u t e ,  Tohoku Univers i ty ,  A ~ h a y a m a , ~ d ~ i  Jun 

T h e  to ta l  s y n t h e s e s  of some isoquinol ine and indole a lkaloids  

w e r e  achieved by in te r -and  in t ramolecu la r  cycloaddition of 

o-quinodimethanes by thermolysis .  - 

T h e  benzocyclobutenes  have a long h i s to ry  in o rgan ic  chemis t ry  and a l s o  in 

phys ica l  o rgan ic  chemis t ry .  T h e  f i r s t  s y n t h e s i s  of the  benzocyclobutene r i n g  sys tem 

2 
was r e p o r t e d  by F inke l s t e in  who p r e p a r e d  1.2-dibromobenzocyclobutene (2) i n  1910 

by the  r e a c t i o n  of a ,  a '  , P, P ' - tetrabromo-g-xylene (1) with sodium iodide in boi l ing 

a lcohol .  However ,  due t o  t h e  ins tabi l i ty  of the  benzocyclobutenes ,  the  f i e l d  of benao- 

3 
cyclobutene chemis t ry  l ay  dormant  f o r  5 0  y e a r s  until  C a v a  and N a p i e r  ( C h a r t  1) 

syn thes ized  the  p a r e n t  benzocyclobutene (3) by t reatment  o f  the  dibromo intermediate  

(2) with sodium iodide followed by ca ta ly t i c  dehalogenat ion with palladium-on-charcoal 

and m o r e o v e r  indicated the  reac t iv i ty  of the  benaocyclohutene r i n g  s y s t e m  by the 

convers ion  of benzocyclobutene (3) with hydrobromic acid  into phenethyl bromide (4). 

S o o n  t h e r e a f t e r ,  J e n s e n  and Coleman c a r r i e d  out a the rmolys i s  of 1,2-diphen:rlbenzo- 

cyclobutene (6) i n  the  p r e s e n c e  of the  dienophi le ,  maleic  anhydride (5) ,  obtained the  

t e t r a l i n  d e r i v a t i v e s  (8) a n d  sugges ted  the  g-quinodimethane (7) as the intermediate .  

5 In  1964, Huisgen and S e i d e l  proved t h a t  th i s  type of r e a c t i o n  p roceeded  s t e r e o -  



6 
s e l e c t i v e l y ,  and in 1970, Woodward and Hoffmann p roposed  tha t  thermolyt ic  r i r g  

open ing  o c c u r s  in a conro ta to ry  manner .  

C h r t  I 

T h e  benaocyclobutene de r iva t ives  give on heat ing the  react iGe 2-quinodimethanes 

(9) which can  e a s i l y  r e a c t  s t e r e o s e l e c t i v e l y  a n d  reg iose lec t ive ly  with o le f ins  t o  

afford t e t r a l i n  d e r i v a t i v e s ,  and t h e r e f o r e  a r e  potent ia l  s t a r t i n g  m a t e r i a l s  in synthe-  

t i c  o r g a n i c  c h e m i s t r y ,  e s p e c i a l l y  in t h e  s y n t h e s i s  of n a t u r a l  p r o d u c t s .  In  t h i s  

connec t ion ,  we examined the the rmolys i s  of benzocyclobutenes  (3) i n  the  p r e s e n c e  

o f  the  imines (10) o r  enamines  (11) as t h e  dienophi les  in o r d e r  t o  p r e p a r e  isoquinol ines  

Chart 2 
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of the  type 12 and 13 and t h e s e  developed a new method f o r  the  to ta l  s y n t h e s i s  of 

isoquinol ine and re la ted  a lka lo ids .  

7 In 1969, Shamma and Jones .  p roposed  tha t  the  spirobenzyl isoquinol ine a lka lo ids ,  

s u c h  as ochotensimine (19), could b e  biosynthesized from the p ro toberber ine  type 

compounds (14). In b a s i c  medium, t h i s  s a l t  (14) could c leave  t o  the  o-quinonoid 

in te rmedia te  (15) which by a n  e l e c t r o c y c l i c  p r o c e s s  due. t o  a Michael  condensat ion 

would form the  s p i r a n e  (16), followed b y  a tautomeric  s h i f t  to  yie ld  the  diphenol  

which could r e a d i l y  l ead  to  ochotensimine (19) in the  plant.  B a s e d  on th i s  hypothe- 

s i s ,  we cons ide red  the  c-quinonoid intermediate  (15), e l ec t ron ica l ly  equivalent  to  

t h e  o-quinodimethane s t r u c t u r e  (18) which would s e e m  t o  b e  e a s i l y  ava i l ab le  by t h e r -  

molysis  of the  l-ben~ocyclobutenyl-3,4-dihydro-2-methylisoquinolines (17). T h u s ,  

if the  1-beneocyclohutenyl-3,4-dihydroisoquinolines (17) w e r e  sub jec ted  to  thermoly- 

s i s ,  the  - 0-quinodimethanes (18) which would b e  genera ted  tautomeriae  t o  o-quinonoids 

(15) and then  conver t  to  the  p r o t o b e r b e r i n e  (14) and/or  ochotensine type compounds 

(19). 

Chart 3 



In  o r d e r  t o  exp lo re  t h e  t h e m o l y s i s  of the  1-benzocyclobutenyl-3,4-dihydroiso- 

quino l ines ,  the  l a t t e r  was syn thes ized  as follows:8 6-Bromoveratra ldehyde (ZO), 

obtained from v e r a t r a l d e h y d e ,  was condensed with cyanoace t i c  a c i d  in the  p r e s e n c e  

of ammonium a c e t a t e  and pyridine i n  boi l ing benzene and the r e s u l t i n g  cinnamic acid  

(21) was r e d u c e d  with sodium borohydr ide  in s a t u r a t e d  aqueous sodium b ica rbona te  

solut ion to the  c o r r e s p o n d i n g  hydrocinnamic a c i d  (22) in 95 $ yield. Decarboxylat ion 

of (22) a t  170' i n  dimethylacetamide o r  hexamethylphosphoramide a f fo rded ,  in 95 % 

and 8 5  % yie ld ,  r e s p e c t i v e l y ,  the  phenylpropiononi t r i le  (23). Trea tment  of (23) with 

4 m o l a r  equivalents  of sodium amide i n  liquid ammonia gave t h e  benzocyclobutene 

d e r i v a t i v e  (24) i n  7 4  % yield  possibly  & t h e  benayne reac t ion .  

Hydro lys i s  of the  n i t r i l e  (24) with potass ium hydroxide yie lded the  c o r r e s p o n d i n g  

ca rboxy l ic  a c i d  (25) in 91 % yie ld ,  followed by condensat ion with homoveratryl-  

amine o r  3-bensyloxy-4-methoxyphenethylamine in the p r e s e n c e  of dicyclohexyl-  

carbodi imide i n  dichloromethane to  give the expec ted  amides  (26a) and (26b) in 83% 

and 7 8  % yie ld ,  r e spec t ive ly .  B i sch le r -Napie ra l sk i  r e a c t i o n  of t h e s e  amides  (26) 

with phosphory l  ch lo r ide  in boi l ing benzene  afforded t h e  s t a r t i n g  3 ,4-dihydroiso-  

quinol ine hydroch lo r ides  (27) a n d  (28)  in 9 8  $ and 7 8  % yie ld ,  r e s p e c t i ~ e l y ~ ' ~  which 

w e r e  sub jec ted  to  t h e m o l y s i s  in bromohenzene a t  150 - 170' f o r  2 0  min in a c u r r e n t  of 

n i t rogen  t o  f u r n i s h ,  presumably by cyc l i aa t ion  of the  2-quinodimethane (29) t o  the  

uns tab le  d ihydropro toherber ine  (30) followed by dehydrogena t ion ,  the  p r o t o b e r h e r i n e s  

(31) i n  9 0  % and 7 8  8 y i e l d ,  r e s p e c t i v e l y .  Catalyt ic  reduct ion of t h e s e  p r o t o b e r b e r i n e s  

+ 
(31) gave (-)-xylopinine (32) and (?)-discretine (34a) ,  in good yield mhich w e r e  

iden t i ca l  with authent ic  samples  p r e p a r e d  by the P lc te t -Speng le r  r e a c t i o n  from the  

1-benayl-1,2,3,4-tetrahydroisoquinolines (33). 8 , 9  
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Chad 4 

1 31) R=Me ond CH2Ph I 3 2  1  R=Me 1 3 3 1  
( H a l  R=CH2Ph 
13461 R=H 

In the above thermolysis the same result  was obtained when dichlorobenzene was 

used a s  a solvent although none of the expected protoberberines was isolated when 



the  f r e e  b a s e  (27) was heated a t  150 - 170° in bromobenaene under  a c u r r e n t  of 

ni t rogen.  The d i f fe ren t  behav ior  o f  the f r e e  b a s e s  and the hydrochlor ides  in  thermo- 

l y s i s  might be  due  to the or ientat ion of the bcnzocyclobutene r i n g  c leavage  product .  

During the thermolyt ic  r i n g  cleavage of (27) .  the more s t a b l e  E-form of the o-quinodi- 

methane (35) prefe ren t ia l ly  formed o v e r  the unstable  Z - form (38) ,  t a u t o m e r i a ~ s  due  

t o  theact ivated >c=&H- group t o  give the oqu inodimethane  (38) &intermediatcs  (36) 

and (37) followed by cycl iaat ion to the p ro toberbcr ine  (31). In  c o n t r a s t ,  the  f r e e  b a s e  

o f  (35) l acks  the act ivat ing g roup  and t h e r e f o r e  cannot tautomeriae to the Z - form 

c o r r e s p o n d i n g  t o  (38). 

Chart 5 

- 
0 OMe 

Me0 1351 E- form 1 36 I 
( 2 7  1 

The  same synthet ic  sequence  was appl ied to the total syn thes i s  of the proto-  

b e r b e r i n e  alkaloid,  coreximine (51).1° T h u s ,  Knoevenagel reac t ion  o f  4-benzyloxy- 

3-bromo-5-methoxybenaaldehyde (39) with cyanoacet ic  ac id  followed by sodium boro-  

hydride reduct ion of the r e s u l t i n g  cinnamic ac id  (40) gave the hydrocinnamic acid 

(41). which was heated in dimethylacetamide to afford the phenylpropiononi t r i le  (42). 
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Trea tment  o f  42 with sodium amide in liquid ammonia gave  the benzocyclobutene 

(44) by *-substitution which indicated tha t  th i s  r e a c t i o n  p roceeded  %the benzyne 

Chart 6 



intermediate  (43). Hydrolysis  of the n i t r i l e  (44) furnished the cor responding  

ca rboxyl ic  ac id  (45) which was condensed with 4-benzylaxy-3-methoxyphenethylamine 

in  t h e  p r e s e n c e  o f  dicyclohexylcarbodiimide to give the amide (46) which was cycl ized 

by a Bisch le r -Napie ra l sk i  r eac t ion  to yield the 1-benzocyclobutenyl-3,4-dihydroiso- 

quinoline hydrochlor ide (47). Thermolys i s  o f  (47) then gave the phenolic p ro tober -  

be r ine  (49) whose reduct ion with sodium horohydr ide  afforded the t e t rahydropro tober -  

be r ine  (50) with t h e  phenolic hydroxyl g roup  ass igned  to r i n g  D based  on the reac t ion  

mechanism of debenzylation a s  shown f o r  intermediate  (48). T h i s  suggest ion was 

par t i a l ly  suppor ted  by mass  spec t romet ry  which showed fragment ions a t  m/e 267 and  m/e 

150. Confirmation f o r  this  ass ignment  was obtained by a n  a l t e rna t ive  syn thes i s  of the 

11-hydroxytetrahydroprotoberberine (50) v i a  - s t a n d a r d  methods involving Mannich re- 

ac t ion  of appropr ia te ly  1-substituted benzyltetrahydroisoquinolines. 

Fina l ly ,  debenzylat ion of the phenolic p ro toberber ine  (50) with ethanol ic  hydro- 

+ 
c h l o r i c  a c i d  afforded (-)-coreximine (51) ident ical  with authent ic  coreximine by ir 

s p e c t r a l  comparison.  
10 

The  above p ro toberber ine  alkaloid s y n t h e s i s ,  based  on the rmolys i s  of su i t ab le  

bensocyclobutene,  p roved  more convenient  than the s t a n d a r d  Mannich reac t ion  

with r e g a r d  t o  the number o f  synthet ic  s t e p s  a s  well a s  ' y ie lds .  

In  addi t ion,  we w e r e  a l s o  i n t e r e s t e d  in  de te rmin ing  whether  thermolysis  of 241- 

benzocyclobutenyl)-3 ,4-dihydroisoquinolinium s a l t  (52) would form the p q u i n o d i -  

methane der iva t ive  (53) followed by  r e a r r a n g e m e n t  to give the d ihydropro toberber ine  

(54) o r  p ro toberber ine  (55). 
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Chart 7 

In this  connection 1-bromobenzocyclobutenc (57) was heated with 3,4-dihydro- 

6 ,7-dimethoxyisoquinol ine  (56) without solvent  on a w a t e r  bath f o r  20 h r  to g ive ,  

s u r p r i s i n g l y ,  the d e s i r e d  protoberberinium s a l t  (62) ,  but not the cor responding  

2-(1-benaocyclobutenyl)-3,4-dihydroisoquinoline (58). The s t m c t u r e  was eas i ly  

proved by comparison with a n  authent ic  sample p repared  by a known method. 
11 

This  reac t ion  can be  explained by the t ransformation of q u a t e r n a r y  s a l t  (581, 

obtained from the 3,4-dihydroisoquinoline (56) and bromobenzocyclobutene (57) ,  

into protoberberine (62). &the unstable  dihydroprotoberberine (61) formed by 

cycl izat ion of c-quinodirnethane (60) having t h e  2-form.  However ,  the d i rec t ion  

of r i n g  opening i s  p re fe rab le  t o  the s t a b l e  E-form (59) which could not be  cyc l iaed  

t o  the p r ~ t o b e ~ b e r i n e ,  than to the unstable 2-form (60). M o r e o v e r ,  l-bromo- 

benzocyclobutene (57) could not r e a c t  with the 3.4-dihydmisoquinoline (56) under  

the reac t ion  condition in which the 3,4-dihydroisoquinoline (56) forms the c o r r e s -  

ponding qua te rnary  s a l t s  with the usual ha l ides .  



Chart 8 

Therefore, it i s  reasonable to postulate that the bensocyclobutene (57) is 

Chart 9 
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thermally converted into the o-quinodimethane (63) which then reacts  with the 

3.4-dihydroisoquinoline to form the 8- o r  13-bromotetrahydroprotoberberine (64 

o r  66) followed by transformation into the protoberberine (62) via the correspond- 

ing dihydroprotoberberine (65 o r  67). Thus, this trmsformation demonstrates a 

facile and simple entry into the synthesis of certain protoberberine type compounds. 

The above example i l lustrates a new synthetic method for the bensoquinolisidine 

system based on electrocyclic reaction of 1-benaocyclobutenyl-3,4-dihydroisoquino- 

lines by thermolysis. This method could a lso  be  similarly applied to the synthesis 

of the yohimbane system (68) which would be a useful key intermediate f o r  the synthe- 

s i s  of yohimbine (69). 

F o r  example, 5-methoxybenaocyclobutene-1-carboxylic acid (76). as a key inter- 

mediate, was synthesized in the usual way as follows; KnBvenagel reaction of e- 
anisaldehyde (70) with cyanoacetic acid gave the cinnamic acid (71) which on sodium 

borohydride reduction afforded the hydrocinnamic acid (72), followed by decarbboxy- 

lation a t  1 5 0 ~  in dimethylacetamide and bromination of the resulting nitrile (73) with 



bromine in the p r e s e n c e  o f  sodium ace ta te  in ace t i c  acid to give 3-bromo-4-methoxy- 

phenylpropiononi t r i le  (74). Trea tment  of (74) with sodium amide in liquid ammonia 

gave t h e  benzocyclobutene (75) &a bbenynn intermediate  which was hydrolyzed 

with ethanol ic  potassium hydroxide to the cor responding  carboxyl ic  ac id  ( 7 6 ) "  
12 

Condensation of tryptamine ( 7 7 4  with the carboxyl ic  acid (76) in the p r e s e n c e  of 

dicyclohexylcarbodiimide gave the amidc (78a)  which was converted by a  Bisch le r -  

Napie ra l sk i  r eac t ion  with phosphoryl  ch lor ide  to the 3,4-dihydro-P-carboline hydro- 

0 
ch lor ide  (79a).  Thermolys i s  of (79a)  a t  155 i n  bromobenzene f o r  30 mi" in a  c u r r e n t  

of  ni t rogen gave the expected decadehydroyohitnb,ane (80a) in 70 % yield which was 

reduced with sodium borohydride to give the hexadehydroyohimbane (68a) followed by 

12 
convers ion  into yohimbone and alio-yohimbone. 

T h e  s t r u c t u r e s  of  the decadehydroyohimbane (80a) and the hexadehydroyohimbanr 

Chart I I 
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(68a) were  proved by comparison with authent ic  samples  synthesized by s tandard  

method. 
12 

S i m i l a r l y ,  using 6-methoxytryptamine (77b) as a s t a r t i n g  mate r ia l ,  the decade-  

hydroyohimbane (80b) and hexadehydroyohimbane (68b) d e r i v a t i v e s ,  both key com- 

pounds f o r  the syn thes i s  of r e s e r p i n e  ,13 were  obtained.  

Trea tment  of the known cyanobenzocyclobutene (24) with methyl iodide in the 

p r e s e n c e  of sodium amide f o r  3 0  h r  afforded 1-cyano-1-methylbenzocyc10butene (81) 

in 41 % yield. Hydrolysis  o f  th i s  with ethanol ic  potassium hydroxide provided the 

ac id  (82)  in 8 2  % yield which was condensed with N_-methylhomoveratrylamine in 

t h e  p r e s e n c e  of dicyclohexylcarbodiimide a t  room tempera tu re  t o  give the amide 

(83) in  52 % yield. ~ i s c h l e r - ~ a p i e r a l s k i  r eac t ion  of the amide (83) with 2 molar  

equivalents  of phosphoryl  ch lor ide  in boiling benzene f o r  22 h r  did not yield the 

expected 3,4-dihydro-2-methylisoquinolinium s a l t  (18) but afforded the s p i r o -  

benzylisoquinoline (86) in  14 % yie ld ,  accompanied by 35 % of the s t a r t i n g  amide. 

Chart 12 



I t  i s  probable  tha t  the  3,4-dihydroisoquinoliniun~ s a l t  ('8) was initially fonned and 

th i s  rearranged thermal ly  ~ ~ q u i n o d i m e t h a n e  (84) and the s p i r o  compound (85) 

to  yield the  ochotensinr- type cu~npound (86). 
14 

T h i s  finding p rov ides  a !more d i r e c t  rou te  to  the ochotemsine-type a lkaloids  

than the s t e p w i s e  p r o c e d u r e  h e r ~ t o f o r e  r e p o r t e d ,  and th i s  t ransformat ion a l s o  

r e p r e s e n t s  a convenient e n t r y  into the  s y n t h e s i s  of t h r  spirobenzyl isoquinol ine 

a lka lo ids .  

Thp hydroch lo r ides  of the  1-bc~naocyclobutenyl-3,4-dihydroisoquinoline (34) 

a r e  s t a b l e  a t  room tempera tu re  but the  f r c r  b a s e s  of t h e s e  compounds arc un- 

s t a b l e  in a i r .  A chloroform solut ion of th? f r e e  base (34) on s tanding a t  room 

tempera tu re  f o r  2 o r  3 days was t r a n s f o r m e d ,  in  p o d  y i e l d ,  into the  k r~ tosp i ro -  

benzyl isoquinol ines  (89). ?'he mechanism of th i s  r eac t ion  could b e  c rp la incd  by 

a i r  oxidation of the  benzocyclobutencs  (34) to the  bonaocyclobutenols (87), io l lowrd 

b y  r i n g  opening to  2-quinodimethanes (88) and then e l e c t r o c y c l i c  react ion a s  

- _j -- 
1341R=Me and CH2Ph 1871 1881 
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shown in C h a r t  1 3 . ' ~ .  One of the ketospirobenzylisoquinoline (89) was converted t o  

xylopinine (32) by I r i e  and co-workers;16 thus the photolysis of the tetramethony 

compound (89) gave the p ro toberber ine  (31) whose reduct ion by the usual  method 

a f fo rded  xylopinine (32). 

In addi t ion,  we syn thes ized  two kinds of hexadehydroyohimbancs (68a and 921, 

d i f f e r i n g  only in the position of the methoxyl subs t i tuen t  by utilizing the d i f fe ren t  

r r a c t i v i t y  of the f r e e  b a s e  and the hydrochlor ide.  T h u s ,  the hydrochlor ide of 

0  
79n was heated a t  155 to form the decadehydroyohimbane (80a) which was eas i ly  

~ o n v e r t e d  into the 17-methoxyyohimbane (68a) .  On the o t h e r  hand,  the f r e e  b a s e  

(79a)  r e a r r a n g e d  on s tanding i n  chloroform a t  room tempera tu re  f o r  3  d a y s  to 

tho ketospirobenzyl-P-carbolinr (90), followed by i r rad ia t ion  in d r y  te t rahydro-  

furan a t  room temperatun? for 3 h r  to give the lactam (91) which has  a l r e a d y  been 

converted into the 18-methuxyyohimbane (92). 
15 

It i s  in te res t ing  that the same s t a r t i n g  mate r ia l  (79a) gives  the t w  yohimbanes 

(68a and 92) which a r e  position i somers .  

Chart 14 



S i m i l a r l y ,  the  hexadehydroyohimbane ( 9 8 )  was  syn thes ized  as follows: Schot tgn-  

Baumann r e a c t i o n  of tryptamine (77a) with the  ac id  ch lo r ide  (93) gave the  amide (94) ,  

which was  cyclodehydrated with phosphoryl  ch lo r ide  t o  afford the  3.4-dihydro-P- 

c a r b o l i n e ,  c h a r a c t e r i z e d  as i t s  hydroch lo r ide  (95).  The f r e e  b a s e  of 95 was re- 

a r r a n g e d  to  the  spiro-compound (96)  and photolyaed to  give the lactam (97)  followed 

by reduc t ion  to  f u r n i s h  the  hexadehydroyohimbane (98).15 

T h u s ,  we have  demonstra ted the  util i ty of a new method f o r  the  s y n t h e s i s  of the  

p r o t o b e r b e r i n e  a lkaloids  and yohimbane r i n g  sys tem which i s  based  on t h e m o l y -  

sis of the  1-benaocyclobutenyl-3,4-dihydroisoquinolines and 1-ben7,ocyclobutenyl- 

3.4-dihydro-P-carbolines - the  c o r r e s p o n d i n g  2-quinodimethanes. T h i s  method 

i s  a l s o  a use fu l  r e a c t i o n  f o r  the s y n t h e s i s  of the  henaoquinol iz idine r i n g  sys tem 

which h a s  pharmacological  act ivi ty .  

Chart 15 

A - 
Me0 

Me0 OMe Me0 Me0 

18 O p p o l s e r  and K e l l e r  h ~ v e  evolved the  s y n t h e s i s  of chel idonine (109) b a s e d  on 

the  the rmolys i s  of a benzocyclobutene and in t ramolecu la r  cycloaddi t ion of the  
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resu l t ing  2-quinodimethane. The  condensation of u re than  (100) with benzyl ic  

blamide (99) gave the olefin (101), which was converted into the acetylenic  

u re than  (102) by bromination, followed by dehydrobromination in the p r e s e n c e  of 

potassium butoxide and 1,5-diaaobicyclo[5,4,0]undecene-6 (DBU). Thermolysis  

of 102 led to the formation of the benzophenanthridine (104) through the o-quinodi- 

methane ( 1 0 3 ) ~  Hydroborat ion then a f fo rded  t h e  secondary  alcohol  (105). which 

w a s  t rans formed  to the ep imer ic  alcohol (107) s t h e  ketone (106). Hydrogenolysis  

of the b e n ~ y l o x y c a r b o n y l  g roup  then produced norchelidonine (108) which on methyl- 

a t ion gave chelidonine (109). 

Chad 16 

A s  previously mentioned, the z-quinodimethanes der ived  from the benzocyclo- 

butene r e a c t  intrarnolecularly with the imine sys tem to give the benzoquinolizidine 



der iva t ives  by an e lec t rocyc l ic  reac t ion .  T h i s  type of reac t ion  h a s  a l s o  been  

extended to the syn thes i s  of the protoberberine alkaloids  and the ochotensine- 

type compounds. S i n c e  i t  i s  well known that the 2-quinodimethanes r e a c t  in te r -  

molecular ly  with o le f ins  t o  e a s i l y  give t h e  t e t r a l i n  de r iva t ives , '  we attempted 

the syn thes i s  of the p ro toberber ine  system by the in te rmolecu la r  reac t ion  of 2- 

quinodimethanes with imines. 

T h e  s t a r t i n g  benzocyclobutenol (113) was syn thes ized  a s  follow. The  t rea tmsnt  of 

the n i t r i l e  (25) with hydrogen peroxide and sodium hydroxide a t  60' gave the amide 

(110) which was subjected to a Hofmann rea r rangement  with potassium hypobromite a t  

70' to f u r n i s h  the amine (111). T h i s  arninr was then oxidized with potassium per -  

manganate a t  room tempera tu re  to afford the benmcyc lobutene  (112) '~ which on 

sodium borohydr ide  reduct ion gave the d e s i r e d  benzocyclobutenol (113). T h i s  

Chad 17 



HETEROCYCLES, Vol. 3, No. 1, 1975 

was  condensed with 3,4-dihydro-6,7-dimethoxyisoquinoline (56) i n  benzene  a t  8 0  
0 

f o r  5 h r  to  give the  p ro toberber ine  (31) in 52 % yie ld ,  iden t i ca l  with the  the rmal  

product  f rom the  1-benzocyclobutenyl-3,4-dihydroisoquinoline der iva t ive  mentioned 

p rev ious ly .  Moreover ,  th i s  q u a t e r n a r y  (31) was conver ted  into t h e  p ro toberber ine  

a lkaloid  xylopinine (32) ,  in good y ie ld ,  by reduct ion with sodium borohydride.  

T h e  mechanism of th i s  r e a c t i o n  could b e  reasonab ly  explained ( rou te  A )  by 

a cycloaddi t ion of the  2-quinodimethane (114) to  the  isoquinoline (56) t o  give the  

7,8,13,13a-tetrahydro-8-hydroxyprotoberberine (115) followed by dehydrat ion and 

dehydrogenat ion t o  yield (31). Al te rna t ive ly ,  i t  i s  poss ib le  to  p roceed  by a n  

a n o t h e r  r o u t e  v i a  the second intermediate  (116) as shown in r o u t e  B. In o r d e r  t o  - 
c la r i fy  which i s  the  p r e f e r r e d  r o u t e ,  we examined the  following reac t ion .  

In the  the rmolys i s  of 5-methoxybenzocyclobutenol-1 (117) in the  p r e s e n c e  of the  

3,4-dihydroisoquinoline (56). a t t ack  by the  rnethylene ca rbon  of o-quinodimethane 

(118) on the  C -carbon in the  isoquinoline (56)  by r o u t e  A would lead &(119) t o  
1 

E";b 
(120 I I OMe 



the 10-methoxyprotoberberines (121, 124) whereas  a t tack by the methine ca rbon  of 

intermediate  (118) ( route  B) would g e n e r a t e  (120) and r e s u l t  in the formation of the 

11-methoxyprotoberberines (122, 123). 

Exper imenta l ly ,  we fourd that  t r ea tment  of 3,4-dihydroisoquinoline (56) and the 

0 benzocyclobutenol (117) a t  8 0  f o r  5 h r  formed a methoxyprotoherberine which was 

reduced  with sodium borohydride t o  afford the 10-methoxyprotoberberine (124), 

in  20 '$ y i e l d ,  ident ical  by mp and s p e c t r a l  comparisons with a n  authent ic  sample.  19 

T h u s ,  t h e  reac t ion  of the benzocyclobutenol with t h e  3,4-dihydroisoquinoline 

p r o c e e d s  regioselect ively v i a  rou te  A to fo rm the 8-hydroxyprotoberberine (119). - 
S i m i l a r l y ,  heat ing the 1-cyclobenzocyclobutene (25) with the 3.4-dihydmiso- 

quinoline (56) a t  150 - 160° gave in good yield the i somer ic  cyano-7,8,13,13a- 

t e t r a h y d r o b e r b e r i n e s  (125a and 126a). T h e  l a t t e r  i somer  (126a) was conver ted  

by hea t ing  o r  by s i l i c a  ge l  chromatography into (125a). Dehydrogenation o f  both 

p roduc t s  with iodine afforded the same cyanoprotoberberine (128). T h i s  indicated 

tha t  the the rmal  p roduc t s  w e r e  a mixture  of s t e r e o i s o m e r s  r a t h e r  than position 

i somers  (125a) o r  (126a) and  (127). Trea tment  of the dehydrogenat ion product  (128) 

with sodium hydroxide gave t h e  lactam (129) which located the cyano group  a t  the 

C-13 .position. T h u s ,  cycloaddition of t h e  2-quinodimethane, de r ived  from the cyano- 

benzocyclobutene (25), t o  t h e  3.4-dihydmisoquinoline (56) proceeded reg iose lec t ive ly  

t o  give a mixture  of t h e  13-cyanotetrahydroprotoberberines (125a and 126a). T h e  

s t e r e o c h e m i s t r y  of both p roduc t s  could be  e a s i l y  determined by  nmr s p e c t r a l  analy- 

sis. B a s e d  on the chemical s h i f t s  of the C13-H and the C -H and a l s o  of t h e  coupl- 
13a 

ing cons tan t s  of both hydrogen,  (125a) and  (126a) could b e  ass igned  a s  trans and c>, 

respec t ive ly .  

Moreover ,  I-cyano-i-methylbenzooyclobutene (81) a l s o  gave two kinds of 13-cyano- 

methyltetrahydmprotoberberines (125b and 126b). However ,  in th i s  c a s e  the conver-  

s i o n  of one  product  into the o t h e r  did not t ake  p lace .  
20 
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Finally, decyanation of the 13-cyanotetrahydroprotoberherine (128) by a Birch- 

type reduction by use of lithium in liquid ammonia in the presence of isopropyl 

alcohol afforded xylopinine (32). 
22 

Ctmrf 19 

Since thermal intermolecular cycloaddition between benaocyclobutenes and 3,4- 

dihydroisoquinoline gave benzoquinoliaidines , such a s  protoberberines , in good yield 

and in a highly regioselective manner, this suggested that an intermolecular reaction 

of the benzocyclobutene with the acyclic imine system could regioselectively give iso- 

quinoline derivatives. Therefore ,  we examined a new regioselective cycloaddition 

fo r  the synthesis of isoquinoline derivatives by extending the thermal intermolecular 

cycloaddition of bensocyclobutenes to the imine system. 



In th i s  conect ion,  the Schiff b a s e s  (130) could r e a c t  wtih the cyanocyclobutene 

(25) to give t h e  3,4-disubstituted 1,2,3,4-tetrahydroiso4uinolines (133) a r  1.3- 

subst i tuted isoquinol ines  (134). The f o r m e r  (133) would be  a n  important s t a r t i n g  

mate r ia l  f o r  the syn thes i s  of henzophenanthr idine alkaloids  (135) while the l a t t e r  

(134) would be  the intermediates  leading to the pavine alkaloids  (176). 

Experimental ly ,  r eac t ion  of 1-cyanobenaocyclobutene (25) with Schiff  b a s e s  

(130) was c a r r i e d  out  a t  150 - 160' without solvent  t o  give only the 3,4-disubstituted 

1,2,3,4-tetrahydroisoquinolines whose s t r u c t u r e s  were  deduced from nmr  s p e c t r a l  

a n a l y s i s  which showed vicinal  methine p ro tons  and a methylene having an A B  type 

coupl ing pa t t e rn .  Although the s te reochemis t ry  of the C-3 and C-4 posi t ions was 

u n c l e a r ,  we assumed that  the t rans-configurat ion was tho p r e f e r r e d  one s i n c e  epi- - 
mer isa t ion  a t  the  C-4 position would be  more thermodynamically. F ina l ly ,  s i n c e  

the 3,4-disubstituted isoquinoline (133) was obtained a s  a s ing le  s t e r e o s t r u c t u r e ,  

i t  may b e  concluded that  the cycloaddition ~ r o c e e d e d  in both a regose lec t ive  and 

s t e r e o s e l e c t i v e  manner .  21 

Chart 20 
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S i m i l a r l y ,  a n  in te rmolecu la r  cycloaddition of 1-cyanobenzocyclobutene (75)  t o  3,4- 

0 
d i h ~ d r o - P - c a r b o l i n e  (137) was e f fec ted  a t  150 - 160 without so lven t  o v e r  2 h r  in 

a c u r r e n t  of ni t rogen to give reg iose lec t ive ly  the  14-cyanohexadehydroyohimbane 

(138) in 8 5  $ yield  which was  decyanated by t r ea tment  with metal l ic  lithium and 

l iquid ammonia in the  p r e s e n c e  o f  i sopropy l  a lcohol  t o  a f f o r d  i n  6 5  $ yield  the  hexa- 

dehydroyohimbane (68a). ident ical  with the  p roduc t  formed from the 1-bensocyclo-' 

butrnyl-3.4-dihydro-P-carboline hydroch lo r ide  (79a) by thermal  r e a r r a n g e m e n t  

followed by borohydride reduc t ion .  B i rch  reduc t ion  of the  hexadehydroyohimbane 

( 6 8 4  with a lithium and liquid ammonia-isopropyl a lcohol  sys tem gave t h e  en01 

e t h e r  (139) as the  major  p roduc t ,  and in th i s  r e a c t i o n ,  the  i somer ic  e t h e r  (140) as 

t h e  minor  p roduc t .  T h e  same r a t i o  of (139) and (140) was obtained by reduct ion of 

14-cyanoyohimbane (138) with a l a r g e  excess o f  lithium i n  liquid ammonia and iso-  

propyl  alcohol.22 F ina l ly ,  t reatment  of the  en01 e t h e r  (139) with oxal ic  ac id  gave 

the  dehydroyohimbone (141) in good yield while r e a c t i o n  with h f l r o c h l o r i c  acid  by 

Swan ' s 'me thod23  afforded the  dehydroyohimbone (142). 



A s  a f u r t h e r  extension of the  e lec t rocyc l i c  r eac t ion  and in te rmolecu la r  cyclo- 

addi t ion of 2-quinodimethanes, de r ived  from bensocyc lobu tenes ,  t o  the  imines  

s y s t e m ,  the  poss ib i l i ty  of obtaining a t e t r a l i n  de r iva t ive  by the  r e a c t i o n  of a n  2- 

quinodimethane with indole ,  which i s  a type of enamine ,  was  invest igated.  T h i s  

was  of m articular i n t e r e s t  i f  the  expected cycloaddi t ion p roduc t  (147), which would 

r e s u l t  f rom indole (145) a n d  the benzocyclobutene (25),  would b e  a n  ana log  of oliva- 

c ine  (143) o r  e l l ip t ic ine (144) which show ant i tumor act ivi ty .  

However ,  s i n c e  r e a c t i o n  of indole (145) with the  cyanobenaocyclobutene (25) in 

boi l ing dichlorobennene a f fo rded  only benzocyclobutene d i n e r ,  the  more  nucleo- 

phi l ic  indolylmagnesium bromide (146) was fused  with cyanobenzocyclobutene (25) 

a t  160' f o r  10 min to  give reg iose lec t ive ly  and s t e r e o s e l e c t i v e l y  a mixture  of 6- 

cyano-8,9-dimeth~x~tetrah~draben~ocarbaaole (147b) i n  8 3  $ yield  and i t s  9-hydmxy- 

compound (147a) in 5 $ yield .  While both compounds could b e  e a s i l y  s e p a r a t e d  b y  

Chart 22 
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s i l i c a  gel ch romatography ,  the  reac t ion  mixture  was t r e a t e d ,  without pur i f icat ion,  

wilh diaaomethane,  followed by dehydrogenat ion on 30 % palladium-carbon i n  

re f lux ing  x y l e m  t o  fu rn i sh  6-cyano-8,9-dimethoxybenzocarbaaole (148) in 60 % 

yield .  T h e  s t r u c t u r e s  of (147) and (148) w e r e  ass igned  by nmr  and mass  s p e c t r o -  

scop ic  methods. 
24 

F i n a l l y ,  in o r d e r  to  p r e p a r e  the  pyr idocarbazo le  (153) which had the  same  r i n g  

sys tem as el l ip t ic ine and o l ivac ine ,  we invest igated the  r e a c t i o n  of pyr idoxyl  

dibromide (149), obtained from pyridoxine a n d  hydrobromic a c i d ,  with indole 

s i n c e  i t  is known t h a t  o-di(halomethyl)benzene d e r i v a t i v e s  give 2-quinodimethanes 

on t reatment  with sodium iodide. 

Heat ing indole (145) and pyridoxyl dibromide (149) in dimethylformamide a t  160°, 

followed by acetyla t ion with a c e t i c  anhydride and pyr id ine ,  gave the  expec ted  

i somer ic  pyr idocarbazo les  (150 and 151). While th i s  r eac t ion  p roceeded  in the  

p r e s e n c e  of sodium iodie , the  y ie lds  of 150 and 151 w e r e  poor  a n d  many un- 

identified p roduc t s  were formed.  

Chart 23 



T h e  s t r u c t u r e s  of both p roduc t s  (150 and 151) w e r e  determined by uv s p e c t r a l  

compar i son  of the  dehydrogenated p roduc t s  (152 and 153) with the  authent ic  10H- 

pyr ido[3,4-b]carbaaole  and ol ivacine.  Dehydrogenation was c a r r i e d  out b y  

us ing  30  $ palladium-carbon in boiling xylene. 25 

In summary ,  we have found tha t  heat ing benzocyclobutenes  give the  r e a c t i v e  

0-quinodimethanes which r e a c t  in termolecular ly  o r  in t ramolecu la r ly  with imines  - 

o r  enamines  in a reg iose lec t ive  o r  s t e r e o s e l e c t i v e  manner  to give a var ie ty  of 

h e t e r o c y c l i c  compounds. S p e c i f i c a l l y ,  we have shown tha t  t h i s  type of r e a c t i o n  is 

a n  effect ive  method f o r  t h e  to ta l  s y n t h e s i s  of n a t u r a l  p roduc t s  s u c h  as isoquinol ine 

and indole a lka lo ids .  
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