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The r e g l o s e l e c t i v i t y  o f  t h i s  k i n d  of a d d i t i o n  has r e c e i v e d  a  v a r i e t y  of t h e o r e t i c a l 2  and 

exper imental3 s tud ies .  According t o  then : -e t l ca l  considera:ions, a d d i t i o n  a t  t h e  p y r l d i n e  

a- o r  V-posi t ions can be expected depending on t h e  hardness o f  t h e  n u c l e ~ ~ h i l e : ~  hard nucleo- 

p h i l e s  p r e f e r e n t i a l l y  a t i ack  a t  C-2 w:weas s o f t  ones r r 2 c t  a t  C-4. On t h e  o the r  hand, t h e  addi- 

:ion i s  considered t o  proceed bo th  a: t h e  a- and V-carbon centers  undei- k i n e t i c  c o n t r o l  



and a t  the  Y-carbon under thermodynamic c o n t r o ~ . ~ ~ ' ~  I n  t h e  l a t t e r  case, i f  the  nuc leoph i le  i s  

s u f f i c i e n t l y  stable,  r a p i d  add i t i on  and e l im ina t i on  leads t o  an equ i l i b r i um i n  which u l t i m a t e l y  

t he  thermodynamically more s tab le  1 ,Cd ihydropyr id ine  becomes t h e  major product. 

The s t a b i l i t y  of t he  r e s u l t i n g  d ihydropyr id ine  adducts depends on several f ac to r s  such as t he  

type o f  nuc leoph i le  o r  t he  subst i tuent  a t  t he  p y r i d i n e  n i t r ogen  o r  a t  o ther  r i n g  pos i t ions .  Thus, 

i t  i s  we l l  known t h a t  an 1- acyl  group o r  an electron-wi thdrawing subs t i t uen t  a t  t he  p y r i d i n e  p- 
5 p o s i t i o n  causes a  s t a b i l i z i n g  e f f e c t  upon t he  d ihydropyr id ine  system. On the  o the r  hand, t h e  i n -  

t ramolecular  d ihydropyr id ine  adducts are e n t r o p i c a l l y  less  d is favoured than t he  in te rmolecu lar  

ones. Accordingly, t he  d ihydropyr id ine  adducts can be i s o l a t e d  i n  some cases but, i n  others,  they  

spontaneously change o r  are d i r e c t l y  converted t o  more s tab le  products. These t ransformat ions 

can be c l a s s i f i e d  i n :  i) conversion t o  t he  corresponding d ihydropyr id in lum s a l t  through a d d  

treatment, ii I rearomat iza t ion  o f  t he  adduct by ox ida t i on  o r  d i sp ropo r t i ona t i on ,  and iii r i n g  

opening, espec ia l l y  i n  t he  case o f  1.2-dihydropyridines. 

This review i s  centered on t he  app l i ca t i on  t o  a l k a l o i d  synthesis of t he  addition, i n  both t he  

i n t e r -  and in t ramolecu lar  modes, o f  s t a b i l i z e d  carbon nucleophi les teno la te  i ons )  t o  1 - a l k y l p y r i -  

dinium sa l t s .  This reac t ion ,  i nves t i ga ted  long ago i n  t he  form of t he  base-catalyzed condensa- 

t i o n  o f  ketones and F -a l ky l -  and 1-acy lpyr id in ium s a l t s S 6  possesses a  p a r t i c u l a r  syn the t i c  i n t e r -  

es t  s ince i t  cons t i t u tes  an use fu l  method of forming carbon-carbon bonds t o  g i ve  subs t i t u ted  df- 

hydropyr id ines,  which can be f u r t he r  e laborated i n t o  complex p o l y c y c l i c  a l k a l o i d  systems. 
7 

2. INTERMOLECULAR ADDITIONS 

We have c l a s s i f i e d  these reac t ions  i n  two groups, according t o  t he  t reatment ef fected upon t h e  

i n i t i a l l y  formed d ihydropyr id ine ,  which genera l ly  can not  be i so la ted .  

2.1. Add i t ion  fo l lowed by ac id  t reatment 

The sodium d i t h i o n i t e  reduct ion  o f  py r i d i n i um s a l t s  bear ing an electron-wi thdrawing subs t i t uen t  

a t  the  p-pos i t ion  a f fo rds  1 , 4 - d i h y d r o p ~ r i d i n e s . ~  The reac t i on  proceeds v i a  an in te rmedia te  su l -  

f i na te  adduct, which i s  s tab le  i n  a l k a l i n e  s o l u t i o n  but  r e a d i l y  decomposes under neu t ra l  o r  
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ac id i c  cond i t ions  t o  g i ve  t h e  reduced product. 9 

The r e g i o s e l e c t i v i t y  of t h e  process can be r a t i o n a l i z e d  by consider ing the softness o f  d i t h i o n i t e  

anion as nucleophi le and the reve rs ib le  character o f  t h e  f i r s t  step of the  reduct ion.  The re-  

s u l t i n g  1,4-dihydropyridines are able t o  generate iminium s a l t s  i n  a  reg iose lec t i ve  manner s ince 

pro tonat ion  occurs exc lus i ve l y  a t  t h e  P-carbon of the  unsubst i tu ted enamine funct ion  ra the r  

than a t  the  vinylogous amide moiety. Consequently, i t  i s  poss ib le  t o  e f f e c t  r eg iose lec t i ve  cy- 

c l i z a t i o n s  upon ac t i va ted  aromatic r i ngs  such as indole.  10 

This methodology has been widely used i n  the  synthesis of indolo[2,3-~lquinolizidine Mvat ives ,  
11 

several val lesiachotamine models1' and i ndo le  a l ka lo ids  o f  the  gambirtannine type,13 as we l l  as 

i n  t h e  t o t a l  synthesis of the  i ndo le  a l k a l o i d  deplancheine.14 I n  t h e  l a s t  case, the  reduct ion  of 

pyr id in ium s a l t  1  y i e l ded  the unstable enamine 2, which was d i r e c t l y  cyc l i zed  under ac id i c  con- 

d i t i o n s  t o  i ndo loqu ino l i z i d i ne  3, a  precursor o f  deplancheine. 

The sodium d i t h i o n i t e  reduct ion  can be formal ly envisaged as a  nuc leoph i l i c  hydr ide  a t tack  a t  

the  ?-pos i t ion  of the  pyr id in ium r i n g .  Consequently, the  use o f  a  s t a b i l i z e d  carbon nucleophi le 

i n  the  f i r s t  step of the  above nuc leoph i l i c  add i t i on -cyc l i za t i on  sequence should a l low the i n -  

t r oduc t i on  of func t iona l lzed carbon subst i tuents  a t  t h e  2-pos i t ion  of the  indolo[Z,3-alquin- 

o l i z i d i n e  r i n g  system. This t ransformat ion has been s a t i s f a c t o r i l y  accomplished by Wenkert s ince 

the base-induced condensation of pyr id in ium s a l t s  4 w i t h  acetone, fo l lowed by ac id  treatment of 

the  in termedia te  l ,+dihydropyr id ines 5, afforded the corresponding acetonyl de r i va t i ves  6a (7%). 

6b (23%), and 6c ( lo%), which can be considered as s i m p l i f i e d  analogues o f  vallesiachotamine. 
15 

I n  s p i t e  of t h e  low y ie lds ,  the  above two-step sequence opened a  new general scheme fo r  t h e  

synthesis of t h e  i ndo loqu ino l i z i d i ne  skeleton, c h a r a c t e r i s t i c  o f  many i ndo le  a l ka lo ids .  
16.17 

When appropr iate carbon nucleophi les were used, t h i s  methodology made poss ib le  the  synthesis of 



a. R=OMe 
b. RaH 
c. R=Mc 

COR 

CH2COCH3 

mNF- CH3-C-CH3 9 
Et3N-DMSO 

COR 
4 

a jma l i c i no id  a l ka lo ids  a f t e r  f u r t h e r  e labora t ion  o f  the  v-subst i tuent.  Thus, the  add i t i on  of 

dimethyl sodlomatonate t o  pyr id in ium s a l t s  4 fa l lowed by c y c l i z a t i o n  o f  the in te rmedia te  1.4- 

dihydropyr id ines 7 w i t h  benzene saturated w i t h  hydrogen bromide gave the t e t r a c y c l i c  systems 
18 

8a (34%). 8b ( l l % ) ,  and & ( ~ 9 % ) . ' ~  The use o f  hydrogen ch lo r i de  and/or other solvent systems 

(DME-benzene, CHC13-benzene) i n  the  c y c l i z a t i o n  step d i d  not a f f e c t  appreciably the  y i e l d  of 

t e t racyc le  &. I n  cont ras t ,  methanolic hydrogen ch lo r i de  o r  g l a c i a l  ace t i c  ac id  were i ne f f ec t i ve .  

I n  a l l  cases the s t a r t i n g  pyr id in ium s a l t  i s  recovered i n  considerable extension.18 not on l y  as a  

- - mN 
A p COR 
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b 

consequence of ,the r e v e r s i b i l i t y  of the  nuc leoph i l i c  a t tack  but a lso  due t o  t h e  tendence of the  

r e s u l t i n g  dihydropyr id ines t o  undergo fragmentation i n t o  the  s t a r t i n g  py r i d i n i um s a l t s  under acid- 

i c  condi t ions.  20 
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It i s  noteworthy t h a t  Indolo[2,3-~Iqulnolizidines 6 and 8 (see a lso  below) possess un i fo rmly  a  

3-H115-H t r ans - re l a t i onsh ip .  This stereochemical r e s u l t  i s  a  consequence of t he  a x i a l  a t tack  o f  

t he  i ndo le  r i n g  t o  t h e  iminium double bond. 

The t e t r a c y c l e  8c appeared t o  be a  v e r s a t i l e  in te rmedia te  s ince from which,' short ,  h i g h l y  speci- 

f i c  syntheses of t h e  racemates o f  t h e  a l ka lo i ds  akuamig ine  and te t rahydroa ls ton lne ,  as we l l  as 

formal t o t a l  syntheses of t h e  racemates o f  a jma l i c i ne  and t h e  oxindole a l ka lo i ds  formosanine and 

7-isoformosanine have been reported.'' The synthesis o f  ( i ) - h i r s u t l n e  and Ci l -geissoschiz lne 

from 8c f u r t he r  i l l u s t r a t e s  t he  power o f  t he  new method f o r  t he  cons t ruc t i on  of members o f  t he  

corynanthoid a l ka lo i ds  fami ly.  21 

HlRSUTlNE GEISSOSCHIZINE 

S im i l a r l y ,  #hen t he  same two-step r e a c t i o n  sequence, i .e. ,  a d d i t i o n  of t he  sodio s a l t  of dinethyl 

malonate and subsequent acid-induced r i n g  c losure  of t h e  r e s u l t a n t  v -a lky la ted  1,C-dihydropyr i -  

dine, was ef fected from py r i d i n i um s a l t  1, bear ing a  methoxycarbonylv inyl  subs t i tuent  a t  t he  p- 

pos i t i on ,  t e t r a c y c l e  9 was obtained i n  18% y i e ~ d . ~ ~ , ~ ~  Fur ther  e l abo ra t i on  o f  t h i s  in te rmedia te  

r e s u l t e d  i n  formal t o t a l  syntheses of ( + ) - y ~ h i m b i n e , ~ ~ ~ ~ ~  (-)-p-yohimbine, 22'23 ( i ) -a l loyoh im-  



and ( * ~ - a - y o h i r n b i n e , ~ ~  as we l l  as i n  a new t o t a l  synthesis of ( * ) - g e i s s o s ~ h i z i n e . ~ '  (*I- 

pseudoyohimbine, and (*I-pseudoyohimbone. 22,23 

r - 

1 

COOM 
I 
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I n  order t o  con t ro l  the  r e g i o s e l e c t i v i t y  of t h e  Dieckmann condensation requ i red fo r  t h e  construc- 

t i o n  o f  r i n g  E i n  the  above synthesis o f  pseudoyohimbine, a r e l a t e d  sequence s t a r t i n g  from p y r i -  

dinium s a l t  10 was developed.17 Tetracycle 11 i s  a precursor o f  pseudoyohimbinone and o f  penta- 

c y c l i c  ketone 12.17 The former had been transformed e a r l i e r  i n t o  (*)-pseudoyohimbine23 whereas 

the l a t t e r  possesses t h e  requ i red r e l a t i v e  con f i gu ra t i on  and appropr ia te  E r i n g  subst i tuents  for  

t h e  synthesis o f  deserpidine. 

I n  cont ras t  t o  the  above resu l t s ,  no t r a c t a b l e  products cou ld  be i s o l a t e d  from t h e  reac t i on  of 

pyr id in ium s a l t  13 w i t h  sodio malonic es ter  under a l a rge  v a r i e t y  o f  condit ions.' '  The presence 

of an electron-withdrawing subst i tuent  t acy l  o r  a v inylogue the reo f )  a t  t h e  p -pos i t i on  o f  the  

pyr id in ium r i n g  seems t o  be a neceskary r e q u i s i t e  f o r  the  success o f  the  in termolecu lar  add i t ion-  

c y c l i z a t i o n  sequence. This subst i tuent  enhances the e l e c t r o p h i l i c i t y  o f  the  p y r i d i n e  r i n g  i n  the  

nuc leoph i l i c  add i t ion  step, i s  t h e  responsible o f  the  r e g i o s e l e c t i v i t y  i n  the  c y c l i z a t i o n  process, 

and s t a b i l i z e s  both the  d ihydropyr id ine  r e s u l t i n g  from V-addit ion and the enamine u n i t  i n  the  

f i n a l  cyc l i zed  product. 

I n  order t o  evaluate if t h e  nuc leoph i le  cou ld  be var ied  w i thout  a f f e c t i n g  the  ove ra l l  scheme o f  

a l k a l o i d  synthesis, the  condensation of formylpyr id in ium s a l t  4b w i t h  methyl sodioacetoacetate 

was invest igated."  However, a f t e r  t h e  usual ac id  treatment, two unexpected products, 15 and 16, 

were obtained. Their  formation has been accounted fo r  as i l l u s t r a t e d  i n  the  Scheme and impl ies  

an oxidat ion-reduct ion in ter ference i n  t h e  desired syn the t i c  path. 
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The vinylogous formamlde 15 i s  t h e  produc:t r e s u l t i n g  f rom 1 ,Creduct ion  of py r i d l n i um s a l t  4b and 

subsequent acid-induced c y c l l r a t i o n  o f  t h e  resulting d ihydron ico t ina ldehyde 14, whereas ke to  

es te r  16 would be formed by y-addi t ion o f  t he  acetoacet ic  es te r  anion t o  4b fo l lowed by intramo- 

l e c u l a r  a l do l  c y c l i r a t i o n ,  dehydrat ion,  and dehydrogenation. I n  accordance w i t h  t he  above i n t e r -  

p re ta t i on ,  when t h e  a c i d  t reatment was suppressed t h e  y i e l d  o f  16 increased (29%) and dlhydro- 

p y r i d i n e  14 was obtained as a  minor by-product 



i b  

14 
CHO CK) 

A s i m i l a r  process i nvo l v i ng  a l do l  condensation between a methyl ketone and a fo rmy l  group being 

p a r t  o f  a vlnylogous amide moiety was produced24 when 4-acetonyl-.l,4-dihydropyridine 5b15 was 

t r ea ted  w i t h  sodium hydr ide  i n  tetrahydrofuran.  

4b 
E1aN I 

THF I 
5b CW 17 

CH2COCH3 

0 

The unexpected ke to  es te r  16 was s y n t h e t i c a l l y  usefu l  s ince  i t  cou ld  be elaboratedz4 i n t o  2-meth- 

ylhexadehydroyohlmbine 18, which represented a shor t ,  formal synthesis of (*)-yohlmbine. 
25 

The replacement of t he  dimethyl  malonate anion by t he  s a l t  o f  Meldrum's a c i d  produced a dramat- 

i c  change i n  t he  global  process.26 Tkus, r eac t i on  of t he  py r i d i n i um s a l t  1 w i t h  t h e  potassium 

s a l t  o f  2,Z-dimethyl-4,6-dloxo-1,3-dioxane  e el drum's .ac id )  fo l lowed by t h e  usual t reatment w i t h  

ac id  l e d  t o  two i s o l a b l e  products. bne of them was t e t r a c y c l e  3 (7%). whose format ion can be ra- 
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t i o n a l i z e d  as above, by !consider ing an hydr ide  t rans fe r  t o  t h e  Y-pos i t ion  of t h e  pyr id in ium s a l t  

1 and f u r t h e r  acid-induced r i n g  c losure  o f  t h e  r e s u l t i n g  1,4-dihydropyrldlne. I n t e r e s t i n g l y ,  the  

major product (17%) was d ies te r  19. I t s  formation impl ies  t h e  t rapp ing of the  enolate a t  t h e  a- 

p o s i t i o n  o f  the  py r i d i ne  r i n g .  This observat ion i l l u s t r a t e s  an example o f  in ter ference i n  t h e  

thermodynamic process by a fas t  ox ida t i on  of the  k i n e t i c  product. 

A f a c t  t h a t  a lso  accounts f o r  the  low y i e l d s  o f  the  two-step a l k a l o i d  synthesis scheme developed 

by Wenkert i s  the  existence of compet i t ive,  i r r e v e r s i b l e  s ide  react ions  such as ox idat ion  (see 

above) z4'26 o r  py r l d i ne  r i n g  opening processesZ7 t h a t  p a r t l y  o r  f u l l y  block the  e q u i l i b r a t i o n  o f  

t h e  k i n e t i c  a-add i t ion  product ( a  1,2-dlhydropyridtne) t o  t h e  thermodynamic Y-addit ion product ( a  

1,4-dihydropyridine). The opening of the  py r i d i ne  r i n g  was f i r s t  observed i n  the  react ions  o f  

p -acy lpyr id in ium s a l t s  4b and 4c w i t h  t h e  l i t h i o  s a l t  of e t h y l  tmethy1thio)acetate. fo l lowed by 

t reatment w i t h  acid,  i n  which vinylogous amides 20a and 20b were obtained i n  43 and 35% y i e l d ,  



respect ive ly .  27 A 
Exposure of s a l t  1 t o  t h e  same nucleophi le,  and then t o  acid,  l e d  t o  a m ix tu re  o f  t h e  des i red  Y- 

add i t i on  product 21 (21%) and 2-pyridone 22 ( 1 5 % ~ ~ ~  Formation of 22 again invo lves  add i t i on  of 

t he  nuc leoph i le  a t  t h e  o-carbon of t he  py r i d i ne  nucleus fo l lowed by r i n g  opening. I n  t h i s  case 

t h e  es te r  group of t he  ac ry l a te  moiety i n t e r a c t s  w i t h  t h e  t ryp tamine n i t r ogen  atom i n  t he  resu l -  

t a n t  intermediate,  w i t h  format ion o f  t he  pyridone r i n g .  28 

n 

1 

I 22 
H 

Recently, a n& desc r i p t i on  of t he  mechanistic course o f  t he  carbanion add i t i on  t o  3-acyl-pyri- 

d in ium sa l t s ,  probably i n v o l v i n g  a s i ng le  e lec t ron- t rans fer  f rom t h e  nuc leoph i le  t o  t he  p y r i d i n e  

r i n g  p r i o r  t o  carbon-carbon bond format ion,  has been pos tu la ted .27 Consequently, t h e  success of 

t he  above two-step sequence would be associated t o  t h e  capac i ty  of t h e  nuc leoph i le  t o  s t a b i l i z e  

no t  on l y  t h e  carbanion but  a lso  t he  r a d i c a l  c rea ted therefrom. 

The f i r s t  i n d i c a t i o n  of t h e  opera t ion  of an homolyt ic  process came from t h e  behavior of dimer 23 

i n  d imethyl  sblfoxide-chloroform so lu t i on .  Formation of t h i s  ma te r i a l  as an i nso lub le  prec ip i ta te ,  

which disappeared a f t e r  longer r eac t i on  t ime , had been already observed i n  t he  reac t i on  o f  d l -  

methyl sodiomalonate w i t h  py r i d i n i um s a l t  1. However, i t  cou ld  be i s o l a t e d  i n  90% y i e l d  on expo- 
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sure o f  s a l t  1 t o  sodium hydr ide  i n  t e t r a h y d r o f ~ r a n . ~ ~  I n  both cases i t s  format ion can be explain.  

ed by consider ing the i n i t i a l  abs t rac t ion  of the  i ndo le  N-H proton by t h e  malonate o r  the  hydr ide  

ac t i ng  as bases, and subsequent d imer iza t ion  of t h e  r e s u l t i n g  zw i t t e r i on .  

The fo l lowing scheme sumnarlzes the react ions  of dimer 23 w i t h  chloroform under several reac t ion  

cond i t ions .  The 2-trichloromethyl-l,2-dihydropyridlne 24 can be e q u i l i b r a t e d  t o  the  most s tab le  

1  ,Cisomer ~ 5 , ' ~  whose cyc l  i zat ion  pro,duces te t racyc le  26 i n  47% y ie ld .27 Fur ther  e l  aborat ian o f  

26 fo r  f u t u r e  use i n  a l k a l o i d  synthesis gave es te r  27 and ethyl fdene d e r i v a t i v e  28. 

It i s  worth mentioning t h a t  t h e  ove ra l l  y i e l d  o f  the  above three-step conversion of s a l t  

1 i n t o  t e t racyc le  26 i s  h igher  than the y i e l d s  o f  t h e  two-step add i t i on -cyc l i za t i on  sequence i n  

the  malonic es ter  add i t ions  prev ious ly  developed as a  general method f o r  the  i ndo le  a l k a l o i d  syn- 

t hes i s .  

The above unusual r e s u l t s  have been explainedz7 on t h e  basis o f  the  homolysis o f  the  bond between 

t h e  i ndo le  n i t rogen and t h e  d ihydropyr id ine  V-carbon o f  dimer 23 and subsequent i n t e r a c t i o n  of 

Reagents: (1)  DMSO-CHCI3, 0.5 h, r e f l ux ;  (14) DMSO-CHCI3, 8 days, r.t.; (111) DMSO-CHC13, 

3 weeks, r.t.; ( i v )  CHClj (HCI), 72 h, r.t.; t v )  AgNOJ, CH30H, H20, r.t., 5 h; 

t v i )  4N HCI, 5 h, re f lux ;  NaBH4-CH30H. 



the  r e s u l t i n g  i n d o l y l  p y r i d y l  r a d i c a l  p a i r  w i t h  ch lo ro fo rm t o  g i ve  t r i ch l o rome thy l d i hyd ro -  

py r i d i nes  24 and 25. I n  t u rn .  t h e  t rans format ion  of 24 i n t o  25 has been v i s u a l i z e d  as a  homolysis 

and r e s t r u c t u r i n g  of t h e  r e s u l t i n g  ' t r i ch l o rome thy l  p y r i d y l  r a d i c a l  p a i r  complex lead ing  t o  t h e  

most s t ab l e  product .  29 

I n  accordance w i t h  a  homolyt ic  mechanism, r eac t i on  of l i t h i u m  d i m e t h y l c ~ p r a t e ~ ~  w i t h  py r i d i n i um  

s a l t s  1, 4a, and 4c3' and subsequent ac i d  induced c y c l i z a t i o n  o f  t h e  r e s u l t a n t  1.4-dihydropyri- 

d ines produced i te t racyc les  29a-c i n  y i e l d s  h igher  than those obtained i n  malonic es te r  

 addition^.^^'^^,^^ 

S i m i l a r l y ,  t h e  r eac t i ons  o f  py r i d i n i um  s a l t  4a w i t h  t h e  l i t h i o  s a l t s  der ived  f rom e t h y l  ( t r ime th -  

~ 1 s i l y l ) a c e t a t e ~ ~  o r  e t h y l  ( m e t h ~ l t h i o ) a c e t a t e , ~ ~  f o l l owed  by t h e  usual a d d  t reatment,  a f fo rded 

t e t r a c y c l e s  30 and 31, r espec t i ve l y ,  i n  47% and 64% y ie ld ,once again much h igher  than t h e  y i e l d s  

obtained i n  t h e  malonic e s t e r  addit ' ions. The former r eac t i on  c o n s t i t u t e s  t h e  i n i t i a l  s tep  i n  t h e  

t o t a l  synthesis o f  t h e  i n d o l e  a l k a l o i d  v a l l e s i a ~ h o t a m i n e . ~ ~  Taking i n t o  account t h a t  r a d i c a l s  a re  
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s t a b i l i z e d  by t he  combined ac t i on  o f  an electron-wi thdrawing and an e lec t ron- re leas ing  subs t i t u -  

ent  on t he  r a d i c a l  center  ( t h e  captodat lve  ef fect) ,33 t h e  above y i e l d s  prov ide  support t o  t he  

proposed mechanist ic  desc r i p t i on  of t h e  process.27 However, a  y i e l d  o f  on l y  28% has been repor ted  

f o r  t he  format ion o f  32 by reac t i on  o f  s a l t  1 w i t h  methyl tmethy1thio) l : th ioacetate and subse- 

quent ac id  t reatment.  27 

We have recen t l y  app l i ed  t he  same methodology, i . e . ,  a d d i t i o n  of a  s t a b i l i z e d  carbon nuc leoph l le  

t o  an N-a lky lpyr id in ium s a l t  having an electron-wi thdrawing subs t i t uen t  a t  t he  3-pos i t ion  fo l low- 

ed by r e g i o s p e c i f i c  c y c l i z a t i o n  o f  t he  in te rmedia te  l ,Cd ihydropyr id lne ,  t o  t he  synthes is  of t he  

br idged i ndo le  a l k a l o i d  v i n ~ x i n e . ~ ~  Thus, i n t e r a c t i o n  o f  es te r  33 w i t h  py r l d i n i um s a l t  34a i n  t he  

presence o f  LDA, fo l lowed by t reatment w i t h  hydrogen c h l o r i d e  i n  benzene, afforded C-16 epimer lc 

mix tures  o f  t e t r acyc les  35a and 35b i n  30$ o v e r a l l  y i e l d .  Fur ther  s te reose lec t l ve  e l abo ra t i on  of 

t he  E-ethyl idene subs t i t uen t  of vinoxinse and 16-epiv inoxlne was ef fected by t ak i ng  advantage of 

t he  doubly v inylogous urethane moiety present i n  35. 

Fol lowing t h e  same methodology f rom methyl 3- indoleacetate,  we have r e c e n t l y  obtained a  br idged 

t e t r a c y c l i c  system35 t h a t  possesses f o u r  of t he  f i v e  r i n g s  of pentacyc l ic  a l ka lo i ds  s t r i c tm iw  

and a k u a m i l i n e .  



R CWMe v 

Simi la r l y ,  exposure o f  py r i d i n i um s a l t s  Ma and 34b t o  t he  l i t h i u m  eno la te  o f  es te r  36a and sub- 

sequent acid-induced c y c l i z a t i o n  l e d  t o  t he  br idged methanoazocino[4,3-undoles 37a (70%) and 

37b (.SO%), respect ive ly ,  as C-6 epimer ic mix tures  i n  which predominated ( 3 : l )  t he  5-H/6-H trans- 
isomer. When the  above two-step sequence was ef fected from es te r  36b and py r i d i n i um s a l t  34b, a  

mixture'of t h e  an t i c i pa ted  c y c l i z e d p r o d u c t  37c (50%; on l y  t r ace  amounts o f  t h e  5-H/6-H G - i s o -  

mer) and t he  regiolsomer 38 ( ~ 5 % ) .  i n  which c y c l i z a t i o n  had occurred upon t he  i ndo le  n i t rogen,  

was obtained. 36 

c m e  

36 34 37 

CWMe H CWMe 

38 39 

The mod i f i ca t i on  of t h e  reac t i on  cond i t i ons  i n  t he  f i r s t  s tep  produced a  dramatic change i n  t he  

product c o m p ~ s i t i o n . ~ ~  Thus, when reac t i on  o f  py r i d i n i um s a l t  34b and es te r  36b was c a r r i e d  out  

i n  methanol so lu t i on  i n  t he  presence o f  sodium methoxide as t he  base, 3-(1,4-dihydropyridy1)-in- 
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dole  39 was obtained i n  60% y i e l d .  I t s  Formation imp l i es  nuc leoph i l i c  a t tack  o f  the  i ndo le  nucle- 

us upon t h e  y-pos i t ion  of the  pyr id in ium s a l t .  I n  contrast ,  t h e  use of te t rahydro furan as the  

solvent l e d  t o  a  complex mixture,  from which 2-pyridone 40a was the on ly  i s o l a b l e  product 

(<5% y i e l d ) .  The use of t h e  same set  of cond i t ions  (MeONa-THF) i n  t h e  reac t i on  o f  es te r  36a w i t h  

s a l t  34b also a f fo rded a  2-pyridone system (40b), although i n  higher y i e l d  (60%). A r e l a t e d  com- 

pound, 40c, had been obtained35 as a  by-product i n  the  f i r s t  step o f  our synthesis of v inoxine 

34 ( reac t i on  o f  s a l t  34a w i t h  t h e  eno la te  of 33). 

I 40 

a. Ar=Z-indolyl; R=CH3 
b. Ar.1-methyl-2-inQlyl: R=CH3 
c. Ar.1-indolyl; RsCHfiHpH 

Pyridones 40 are r e l a t e d  t o  t h a t  (22) repor ted by ~ e n k e r t , ' ~  and t h e i r  format ion invo lves  again 

the attack of the nuc leaph i le  a t  the  p y r i d i n e  a-pos i t ion ,  fa l lowed by r i n g  sc i ss ion  and subse- 

quent c v c l i z a t l o n .  28 

Tetracycles 37a-c were fu r the r  elaborated t o  the  corresponding 4E-ethylidene de r i va t i ves  4 1 . ~ ~  I n  

the  case o f  37c decarboxylat ion of the  C-6 carboxy group occurred dur ing  the ac id  h y d r o l y t i c  Step 

and a  mix ture  o f  t h e  expected es ter  41c and 41d (major component) was formed. Compounds 41 pos- 

sess the r i n g  ske le ton of i ndo le  a l k a l o i d s  u l e i n e  and dasycarpidone and incorpora te  four of the  

f i v e  r i n g s  as we l l  as t h e  c h a r a c t e r i s t i c  C-16 and C-20 appendages o f  pentacyc l ic  Strychnos i n -  

dole a l ka lo ids .  The !-hydroxyethyl subst i tuent  of 41a can a l low f u r t h e r  e labora t ion  of r i n g  E of 

these a l ka lo ids .  38 R( - R & !Z 
I 

1. LN KI a CH+CHfiHpH....SOOMe 

b CH,..........M,MX)Me 

...... ".LH . . .  - 
R d H. ........... CH). ........... n 

41 R2 



A compound r e l a t e d  t o  t e t racyc les  3'7 has been prepared i n  the  context  o f  s tud ies  d i rec ted  t o  the  

synthesis o f  e l l i p t i d n e   derivative^.^^ The synthesis i s  a lso  based on t h e  add i t i on  of an 

es ter  a-anion t o  a  pyr id in ium s a l t ,  as i l l u s t r a t e d  i n  t h e  fo l lowing scheme. The i n i t i a l l y  formed 

4-substituted-l,4-dihydropyridine was transformed (70%) i n  an e s e n t i a l l y  i r r e v e r s i b l e  manner t o  

2,7-naphthyridine-l,3-dione 44a by in t ramolecu lar  nuc leoph i l i c  a t tack  o f  the  amide n i t rogen on 

the es ter  carbonyl group. Fur ther  ac id  c y c l i z a t i o n  upon the i ndo le  3-posi t ion gave (784.1 penta- 

cyc le  45. 

b. R =  Tos Br 

The straightforward const ruc t ion  o f  the  above br idged systems c l e a r l y  i l l u s t r a t e s  t h a t  t h e  scope 

o f  the  scheme o f  a l k a l o i d  synthesis developed by Wenkert can be extended t o  the  synthesis o f  

br idged po l ycyc l i c  systems fused t o  t h e  i ndo le  nucleus. 

The in termolecu lar  add i t i on  o f  es te r  a-anions t o  1-(indolylethy1)-3-carbamoyl pyr id in ium sa l t s ,  

fo l lowed by acid-catalyzed c y c l i z a t i o n  o f  the  r e s u l t a n t  ( indolylethyl lnaphthyridines,  has been 

repor ted as a  convenient rou te  t o  synthesize pentacyc l ic  naphthyr idocarbol ine d e r l v a t i ~ e s . ~ ~  Thus. 

react ion  of the  anion der ived from es te r  47a w l t h  s a l t  46b l e d  t o  a  mix ture  o f  t h e  a-adduct 48 

and the naphthy'ridine d e r i v a t i v e  49a. Formation o f  the  l a t t e r  invo lves  y-addi t ion t o  t h e  p y r i -  

dinium s a l t  and subsequent c y c l i z a t i o n  o f  t h e  in termedia te  adduct t o  t h e  imide system 49. 

I n  cont ras t  t o  the  above resu l t ,  add i t i on  of t h e  anions of es ters  47b and 47c t o  pyr ld in ium s a l t  

46a l e d  t o  naphthyridine-l,3-dione de r i va t i ves  (49b and a  mix ture  of 49c and 50, respec t i ve l y )  as 

the  on ly  i s o l a b l e  products ( y i e l d  50%). Compounds 49a-c were cyc l i zed  i n  exce l l en t  y i e l d s  

(90%) t o  naphthyr idocarbol ines 51a-c, respect ive ly ,  by  t reatment w i t h  ac id  . 39 

The d i f fe rent  r e g i o s e l e c t i v i t y  i n  the  add i t i on  o f  es te r  47a, as compared w l t h  47b o r  47c, 

i s  cons is tent  w i t h  the  d i f fe rent  s t a b i l i z a t i o n  o f  t h e  corresponding enolates. I n  the  l a t t e r  cases, 

the  negative charge i n  the  nuc leoph l le  i s  more s t a b i l i z e d  and an equ i l i b r i um can be es tab l ished 
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between the a-adduct and the thermodynamically favoured 1,4-dihydropyridine which, furthermore, 

undergoes irreversible cyclization to a stable h i d e  system. The presumably greater stability of 

the radical formed by electron transfer from the enolates derived of 47b and 47c could also arc& 

for the exclusive observation of v-attack to the pyridinium salt 

Similarly, the anlon derived from the benzylidene derivative of alanine ethyl ester added to 

Salts 43 and 46a to form the anticipated naphthyridinediones 52 and 53, respectively. Acid treat- 

ment of 53 gave hexacycle 54, whose formation involves protonation of the benzylidene nitrogen, 

nucleophilic attack of the enamine moiety and, finally, electrophilic cyclization upon the indole 

nucleus.39 A similar acid treatment from 52 afforded the polyheterocyclic compound 55. 40 



2.2. Add i t ion  fo l lowed by ox ida t i on  o r  reduct ion  

The dihydropyr id ines r e s u l t i n g  from nuc leoph i l i c  add i t i on  of carbanions t o  pyr id in ium s a l t s  can 

ac t  as hydr ide donors e i t h e r  under the  reac t i on  cond i t ions  o f  the  add i t i on  step o r  i n  a separate 

synthet ic  step. 

Some examples o f  in ox idat ion  o f  1 ,2- '~  o r  1 , 4 - d i h ~ d r o p y r i d i n e s , ~ ~  i n  which the s t a r t i n g  

pyr id in ium s a l t  acts as hydr ide acceptor, have been discussed above (see 2.1). I n  o ther  cases, 

the  d ihydropyr id ine  systems can be f u r t h e r  ox id ized by potent hydr ide  acceptors such as y-benzyl- 

o r  fl-(eth~xycarb~nylmethyl)quinolinium s a l t s  t o  g i ve  s tab le  pyr id in ium s a l t s  which can be subse- 

quent ly elaborated t o  the desired products. This two-step opera t ion  (add i t i on  fo l lowed by oxida- 

t i o n )  has been s a t i s f a c t o r i l y  used i n  t h e  context  o f  the  synthesis of s e ~ b a n i n e ~ ~ , ~ '  and struc- 

t u r a l  analogues possessing the unusual 2,7-naphthyridine-4-spirocyclopentane framework of t h i s  

a l k a l ~ i d . ~ ~ , ~ ~  

The s t ra tegy f o r  the  const ruc t ion  o f  t h e  t r i c y c l i c  r i n g  system o f  sesbanine invo lves  the reac t i on  

o f  an appmprlately subs t i t u ted  cyc lopenty l  es ter  anion w i t h  I -benzylnicot inamide (431, fo l lowed by 

ox idat ion  of the  resu l t an t  1.4-dihydropyridine and subsequent debenzylation. Thus, reac t i on  o f  

s a l t  43 w i th  the  enolate der ived from 56a (LDA) gave a mix ture  of 1,2-dihydropyridine 57a (25%) 

and naphthyr id ine 59a (51%), i n  which c y c l i z a t i o n  of the  in termedia te  1,4-adduct 58a t o  an imide 

system had o c ~ u r r e d . ~ ~ , ~ ~  S im i l a r l y ,  add i t i on  o f  t h e  anion o f  56d (LDA) t o  43 gave the 2,)-naph- 

t h y r l d i n e  d e r i v a t i v e  59d (513%) along w i t h  t h e  C-6 add i t i on  product 57d!0'41 I n  contrast ,  the  



HETEROCYCLES, Vol 27, No. 3, 1988 

on n 

+ & (from :lck 61 d) N++ N& 
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61 SESBANINE l0- EPIKSBANINE 

r eac t i on  of 43 w l t h  t he  more s tab le  anions der ived from 56b (NaH, THF) o r  56c Cpotassium s a l t )  

l e d  exc lus i ve l y  t o  t h e  Y-addit ion products 59b (97%) and 62 ( 67%) ,  r e ~ p e c t i v e l y . ~ ~ , ~ ~  The l a t t e r  

was formed by a t t ack  o f  t he  amide n i t r ogen  t o  t h e  ke to  group, i ns tead  o f  t o  t h e  es te r  funct ion,  

i n  t he  in te rmedia te  1.4-dihydropyridine 58c. 
p W E '  

62 O 63 O 
The d i f f e r e n t  r e g i o s e l e c t l v i t y  o f  t he  above add i t i ons  i s  worthy o f  comment since, again, i t  i n -  

creases w i t h  t he  s t a b i l i t y  o f  t h e  nuc leoph i le .  When the  reac t i on  i s  c a r r i e d  out  w i t h  r e l a t i v e l y  

s tab le  anions, t he  e q u i l i b r i u m  i s  es tab l ished between u- and y-dihydropyr id ine adducts (57 and 

58, r espec t i ve l y )  t o  g i ve  t he  thermodynamic product, whereas w l t h  l ess  s tab le  anions mix tures  of 

t h e  k i n e t i c  u-adduct 57 and 1,4-dihydropyr id ines are  formed. 40 

Ox ida t ion  o f  d ihydropyr id ines  59a-b and 62 was c a r r i e d  out  by r e a c t i o n  w i t h  J-tethoxycarbonyl- 

methy1)quinol in ium bromlde t o  g i ve  i n  e:ccellent y i e l d s  t h e  corresponding py r i d i n i um s a l t s ,  which 

were debenzylated t o  t he  py r i d i nes  61a-15 and 63, respect ive ly ,  by hydrogenolysis over pa l lad ium 



o r  by reac t i on  w i t h  t r iphenylphosphine i n  DMF.~ '  I n  t he  case o f  59d, E-benzylquinol in ium bromide 

was used as o x i d i z i n g  agent (67%), and t he  r e s u l t i n g  py r i d i n i um s a l t  6Od cou ld  be most conve- 

n i e n t l y  (78%) debenzylated t o  61d by heat ing  fn. Deprotect ion o f  t h e  carbonyl f unc t i on  o f  

6ld fo l lowed by s tereose lec t ive  reduct ion  gave.a  6 : l  m ix ture  o f  (*)-sesbanine and i t s  .ID-epl- 

40,41 mer. 

The f o l l ow ing  reac t i on  sequence i l l u s t r a t e s  another example i n  which a 1,4-dihydropyr id ine i s  

s t a b i l i z e d  by ox ida t ion .  The unstable naphthyr ld lnedione 44b, prepared as t he  above d e r i v a t i v e  

44a, was converted (95%) t o  py r i d i n l um s a l t  64 by t reatment w i t h  E-benzylacr id in ium bromide. Al- 

coholysis of 64 w i t h  potassium carbonate IDMSO-ROH) produced opening o f  t he  imide r i n g ,  fo l lowed 

39 by decarboxylat ion and in t ramolecu lar  acy la t i on  o f  t h e  i n d o l e  n i t rogen,  t o  g ive  t e t r a c y c l e  65. 

NaOEt 44b + 42b.43 j 
THF 

I 

The synthesis o f  t he  i ndo le  a l k a l o i d  nauc le f ine  i l l u s t r a t e s  an a l t e r n a t i v e  fash ion  t o  t rans form 

the  i n i t i a l l y  formed 1 ,Cd ihyd ropy r i d i ne  i n t o  a p y r i d i n e  system by t h e  way o f  a 1,Cdihydro-4- 

py r i dy l i dene  de r i va t i ve .  Reaction o f  l -benzy lpyr id in ium s a l t  66 w i t h  t he  anion o f  es te r  67 pro- 

ceeded as expected t o  g ive  d ihydropyr id ine  68 which, upon heating, was converted t o  t he  dihydro- 

pyr idy l idene d e r i v a t i v e  69 v i a  a simple t h i o l  e l im ina t i on .  D ihydropyr id ine  49c showed a s i m i l a r  

behavior, and pro tonat ion  of t h e  r e s u l t i n g  d ihydropyr idy l idene 50 produced a stablenaphthyrldiniun 

i on .  DeSulfurlZaticn of 69 fo l lowed by removal of benzyl group gave t he  tautomeric p y r i d i n e  der iva- 

39 t i v e  70, whlch was cyc l i zed  t o  nauc le f ine .  
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The ox i da t i on  of 1.4-dihydropyr id ines r e s u l t i n g  from r e a c t i o n  between e s t e r  o r  n i t r i l e  o-anions 

and 1-triphenylmethylpyridinium s a l t s  c o n s t i t u t e s  a convenient  method f o r  p repar ing  r e g i o s p e d f -  

i c a l l y  u-(4-pyr idy1)-esters o r  - n i t r i l e s ,  Thus, a d d i t i o n  o f  s a l t s  71 t o  a t e t r a -  

hydrofuran s o l u t i o n  o f  t h e  es te r  o r  n i t r i l e  l i t h i u m  s a l t s  gave d ihydropyr id ines  72 o r  73, respec- 

t i v e l y ,  which were no t  normal ly  i so l a ted ,  a l though i n  some cases i s o l a t i o n  and cha rac te r i za t i on  

1 
by H-NMR spectroscopy was possib le.Decomposi t ion of these in te rmed ia te  d ihydropyr id ines  t o  t h e  

corresponding py r i d i nes  74 o r  75 occurs e i t h e r  under t h e  r e a c t i o n  cond i t i ons  o r  i n  a separate 

Step by a i r  o r  d ibenzoyl  perox ide  ox i da t i on .  The o v e r a l l  y i e l d  f rom t h e  s t a r t i n g  py r i d i nes  was 

On t h e  o ther  hand, r educ t i on  of t h e  d i hyd ropy r i d i ne  adducts formed by a d d i t i o n  o f  carbon 

nuc leoph i les  t o  k j -a lky lpyr id in ium s a l t s  cou ld  be aprlorl envisaged as an useful s yn the t i c  opera- 

t i o n  t o  s t a b i l i z e  those uns tab le  systems &, simul taneously,  t o  prepare 2-piper ideines o r  p i p e r i -  

d ines.  However, t h i s  two-step sequence ( i n t e rmo lecu la r  a d d i t i o n  f o l l owed  by r educ t i on )  has re-  

ce ived  a few a t t e n t i o n  p robab ly  due t o  t h e  r epo r t ed  d iscourag ing  r e s u l t s .  On t h e  cont ra ry ,  i t  has 

been success fu l l y  used i n  t h e  contex t  of i n t r amo lecu la r  add i t i ons  (see below). Thus, at tempts o f  

hydrogenat ion of d i hyd ropy r i d i ne  adducts 7 over p la t inum o r  pa l lad ium l e d  t o  products f rom which 

t h e  malonate es te r  r es i due  had been extruded.'' 

More r ecen t l y ,  hydrogenat ion of 1,4-dihydropyr id ine 77 has been reported.44 3-Acety lpyr id i  nium 

s a l t  76 was a l k y l a t e d  w i t h  d imethyl  sodiomalonate and, w i t hou t  i s o l a t i o n ,  t h e  l a b i l e  d i hyd ropy r i -  

d i ne  i n t e rmed ia te  was hydrogenated t o  t h e  p i p e r i d l n e  78, al though i n  very  low y i e l d  (6%). Th i s  

p i p e r i d l n e  was f u r t h e r  converted t o  t h e  qu inuc l i d i ne  d e r i v a t i v e  79. 



3. INTRAMOLECULAR ADDITIONS 

There are some important  d i f f e rences  between t h e  i n t r a -  and in te rmolecu lar  modes o f  add i t i on  o f  

s t a b i l i z e d  carbon nucleophi les t o  1 -a l ky l py r i d i n i um s a l t s .  F i r s t l y ,  inasmuch as t he  intramolecu- 

l a r  d ihydropyr id ine  adducts are  e n t r o p i c a l l y  l ess  disfavoured than t h e  in te rmolecu lar  ones, they 

are gene ra l l y  obtained i n  higher y i e l d s  and can be conven ient ly  i s o l a t e d  and handled. Even i n  

some cases t h e  presence of an electron-wi thdrawing subs t i t uen t  a t  t he  p -pos i t i on  o f  t he  pyridinim 

s a l t  i s  no t  a  necessary r e q u i s i t e  f o r  t he  success of t he  add i t ion .  Secondly, g iven t h a t  t he  i n -  

t ramolecular  add i t i on  invo lves  a  cyc l i za t i on ,  t he  r e g l o s e l e c t i v i t y  of t h e  process (nuc leoph i l i c  

a- o r  %at tack)  i s  of ten governed by s t r u c t u r a l  reasons. This f a c t  i s  i l l u s t r a t e d  by t he  intramo- 

l e c u l a r  condensation of 145-oxohexy l  )pyr id in ium s a l t  80 under extremely m i l d  cond i t ions .  The a- 

adduct 81 was obtained i n  72% y i e l d  as a  s o l i d  t h a t  cou ld  be chromatographed and c r y s t a l l i z e d .  45 

As i t  cou ld  be expected," t he  process i s  r e v e r s i b l e  and under a c i d i c  cond i t i ons  (HCl, CF3COOH) 

t h e  d ihydropyr id ine  81 was converted i n t o  t he  s t a r t i n g  s a l t  80. 
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The u t i l i t y  of t h i s  annu la t ion  procedure has been demonstrated by extending t he  reac t i on  t o  t he  

isoqu ino l in ium s a l t  82. The r e s u l t a n t  unstable d ihydro isoqu ino l ine  83 was benzoylated t o  form the  

charac ter izab le  d e r i v a t i v e  The ab!;ence of an electron-wi thdrawing subst i tuent  a t  t he  P-s i te  

of d ihydropyr id ine  r i n g  cou ld  account f o r  t he  i n s t a b i l i t y  of 83 as compared w i t h  81 and 84. 

Cyc l i za t i on  o f  t+(2-cyanomethyltryptophyl)pyridinium s a l t s  85 c o n s t i t u t e s  another i n t e r e s t i n g  

example o f  in t ramolecu lar  a d d i t i o n  o f  an eno la te  t o  t he  a -pos i t i on  of a  py r i d i n i um s a l t ,  favoured 

against  t he  Y-attack by s t r u c t u r a l  reasons.46 Thus, s a l t s  85 were r a p i d l y  transformed i n t o  dihy- 

d ropyr id ines  86 when t r ea ted  w i t h  NaHC03. Dihydropyr id lnes 86a (a s i n g l e  isomer having the 6HI6bH 

c i s - re l a t i onsh ip )  and 86b tan epimer ic !mixture i n  which predominated t h e  fi-isomer1 were obta in -  - 
ed i n  9W y i e l d ,  again as s tab le  c r y s t a l l i n e  substances, whereas d ihyd ropy r l d i ne i  der ived from 

8% were q u i t e  unstable and were not  character ized.  

CN H 
b. H COO!& COOM 
c COO& H COOMr 

85 86 

S im i l a r l y ,  i n  t he  context  of s tud ies  on t he  synthesis and chemistry of a  s t a b i l i z e d  dehydrosemlire 

model system,47 py r i d l n i um s a l t s  87a-c were c y c l l z e d  w i t h  t r i e t hy lam ine  t o r  DEN i n  t he  case o f  

87b) t o  a f f o r d  i n  exce l l en t  y i e l d s  m'ixtures of t h e  epimer ic a-adducts 88a-c, r espec t i ve l y .  I n  

each case, t he  6-Me16a-H trans-epimer was formed as t he  major product .  The separated epimers were 

s tab le  i n  c r y s t a l l i n e  form but  underwent ep imer lza t lon  i n  so lu t i on .  A l l  of these condensations 

cou ld  be reversed i n  t h e  presence o f  s t rong acids.  20 

f+ 



It is worth mentioning that dihydropyridines 86 and 88 incorporate the pyrido[l:2;1,21azepino- 

[4,5+1indole system present in the tetracyclic indole alkaloid ngouniensine. 48 

The bistmethoxycarbonyl ld ihydropyr id ine 88a was found to undergo an interesting oxidative frag- 

mentation4' with E - b u t y l  hypochlorite to give the (2-vinyltryptophyllpyridinium salt 89 in 86% 

yield. The mechanism of this reaction is believed to involve initial chlorination at the 

3-position of the indole nucleus followed by fragmentation of the seven-membered ring, as shown 

in the following Scheme. In contrast, dihydropyridine 88b, which lacks the C-3 methoxycarbonyl 

substituent, undergoes chlorination at the dihydropyridine ring to give (95%) the corresponding 

3-chloro-1,2-dihydropyridine. 

1.2-Dihydropyridine 90, obtained together with the 1.4-isomer 91 by sodium cyanoborohydride re- 

duction of pyridinium Salt 89, undergoes an intramolecular hydride transfer with oxidation of the 

dihydropyridine ring and reduction of the vinyl group. The resulting betaine intermediate 92 col- 

lapses (11% yield) to the previously isolated cyclic dihydropyridine epimers 88~t.~' This cycli- 

6 'a qdH - *+  Q?' CN CN 
91 

A - @a 

CN 
92 
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zat ion  invo lves  an in t ramolecu lar  nuc leoph i l i c  at tack o f  a  n i t r i l e u - a n i o n  t o  t hem-pos i t i on  o f  a  

pyr id in ium s a l t .  

As i n  the  in termolecu lar  mode of add i t lon ,  the  in t ramolecu lar  d ihydropyr ld ine  adducts can be ox i -  

d ized t o  the  corresponding pyr id in ium s a l t s  and subsequently F-dealkylated t o  g i ve  pyr id ines .  

This methodology ( in t ramolecu lar  nuc leoph i l i c  add i t i on  t o  the  v -pos i t ion  o f  an i -benzy lpyr id in ium 

s a l t  fo l lowed by ox ida t i on  of t h e  r e s u l t i n g  1 ,Cd ihydropyr id ine  and subsequent debenzylat ion) has 

been successfu l ly  used by Pandit f o r  the const ruc t ion  of the  t e t r a c y c l i c  pyridor4.3-&lcarbazole 

skeleton of the  i ndo le  a l ka lo ids  e l l i p t i c i n e  and 0 1 i v a c i n e . ~ ~ ' ~ ~ - ~ ~  

Thus, quatern iza t ion  o f  p y r i d y l  ke tor~e 93a w i t h  benzyl bromide af forded pyr id in ium s a l t  94a, 

which was d i r e c t l y  used f o r  the  c r i t i c a l  r i n g  c losure  step. Cyc l i za t i on  o f  94a t o  d ihydropyr i -  

d ine 95a (mixture o f  epimers) proceeded smoothly upon reac t i on  w i t h  t r i e thy lam ine  a t  room temper- 

a ture  t ove ra l l  y i e l d  81%). 39'49 Oxidat ion of 95a w i t h  !-benzylacridinium bromide (90% y i e l d )  

fol lowed by reduct ive  debenzylat ion (8% y i e l d )  gave py r i d i ne  97a. 

S im i l a r l y ,  s t a r t i n g  from methy lpyr idy l  ketones 93b39950 and 93cS5 l  through a  Sequence of reacticns 

cons i s t i ng  i n  quaternizat ion,  in t ramolecu lar  nuc leoph i l i c  add i t ion ,  ox idat ion ,  and reduct ive  

debenzylation, pyr id ines  97b 39'50 and !17c,~' respect ive ly ,  were obtained. I n  the  2-methyl ser ies  

the  ove ra l l  y i e l d  of the  t ransformat ion 93-97 was 49% whereas i n  the  &methyl ser ies  was 21%. 

Compounds 97 served as cen t ra l  intermed'lates f o r  the  synthesis o f  d iverse e l l i p t i c i n e  and ol ivaine 

analogues 98.39,49-51 

Rc R2 R3 - - -  
........ ............. ...... a H ...H OH ref. 39,49 

............. ....... b H H Me (or n-Bu,Bz&H~ref 39.50 

............ ....... ........ 2 c Me H H ref. 39,50 

Me Me d ............. H ....... Me ...... Me red. 5l 
....... ........ ............ 98 c H ~e H ref. 51 



The above synthet ic  approach t o  the ,  pyridocarbazole r i n g  system i s  based on the in t ramolecu lar  

at tack of an es ter  enolate t o  a  pyr id in ium s a l t  ac t iva ted by an electron-withdrawing subst i tuent.  

A c lose l y  r e l a t e d  synthesis using an y-unsubst i tuted indo le  d e r i v a t i v e  and an unact ivated y-meth- 

y l py r i d i n i um s a l t  allowed the synthesis o f  e l l i p t ~ c i n e . ~ ~  Thus, quatern lza t ion  o f  i n d o l y l  pyidyl  

ethylene 99 t o  y-methylpyridinium s a l t  100 and imnediate treatment w i t h  sodium methoxlde i n  meth- 

anol produced the dihydropyridocarbazole de r i va t i ve  101, by isomer iza t ion  of the  i n i t i a l l y  formed 

1,4-dihydropyridi ne. Oxidat ion o f  101 by add i t i on  o f  y-methyl-3-ethoxycarbonylpyridl nium iod ide  

t o  the  react ion  mix ture  afforded the pyr id in ium s a l t  102. The ove ra l l  y i e l d  o f  the  above 

three-step sequence was 78%. 

Me1 

99 m 

coot& COOM 
(01 102 

The same s a l t  102 was obtained i n  57% ove ra l l  y i e l d  through a  s i m i l a r  synthet ic  sequence i nvo l v -  

i n g  nuc leoph i l i c  a t tack  t o  a  pyr id in ium s a l t  bear ing a  3-alkyl  s u b s t i t ~ e n t . ~ ~  i n  t h i s  case, no 

isomer iza t ion  o f  the  f i r s t  formed 1,4-dihydropyridine 104 was observed. 

c m  H coot& 
103 104 

'8 
Treatment of 102 w i th  V i t r i d e  brought about es ter  and py r l d i ne  reduct ion  t o  g i ve  a  d ihydropyr i -  

d ine which wasimmediately reox id ized t o  105. Demethylation o f  s a l t  105 t o  e l l i p t i c i n e  was sa t i s -  

f a c t o r i l y  accomplished (91%) by using sodium thiophenoxide. 52 

2. 101 DMSO 

H Me Me 

105 ELUPTICINE 
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This syn thet ic  e n t r y  t o  t h e  pyr idocarbazole r i n g  system i s  q u i t e  general s ince s t a r t i n g  from 99, 

several  e l l i p t i c i n e  analogues 108, ox id ized a t  C-17, were obtained.53 !-Benzylpyridinium s a l t s  

106 and 107 (8rX o v e r a l l  y i e l d )  were prepared by a  three-step reac t i on  sequence s i m i l a r  t o  t h a t  

employed f o r  t h e  prepara t ion  of t h e  !-methyl d e r i v a t i v e  102. However, bo th  demethylat ion o f  102 

w i t h  sodium thiophenoxide and debenzylat ion o f  106 under a  v a r i e t y  of experimental cond i t i ons  

were unsuccessful. The requ i red  N-dea lky la t ion  t o  108a cou ld  o n l y  be accomplished f rom the  !-(p- 

n i t r obenzy l  )pyr id in ium s a l t  107, e i t h e r  by reac t i on  w i t h  p-nitrosodimethylaniline (47%) o r  by 

hydrogenolysis i n  t h e  presence of pa l lad ium on charcoal (30%). 

1. RX q+$ @I& / / 

3. COOMe R17 

102 RZ Me; ):=I 108 a R= COOMe 
106 R= %,&; XzBr b. R = C w  
107 R=CH2C6Hlp-NOZX* C. R=CHO 

(l7-omellip~ine) 

It i s  worth ment ioning an e f f i c i e n t  synthesis (72%) o f  e l l i p t i c i n e  ( l l l a )  based on t h e  thermoly- 

s i s  (35O0C, 5  min) o f  py r i d i n i um s a l t  1 0 9 a , ~ ~  al though t h e  c y c l i z a t i o n  probably proceeds v i a  an 

o-quinodimethane in te rmedia te  110. A s i m i l a r  r e s u l t  was obtained by heat ing  (80'C) 109a w i t h  - 
sodium ethoxide i n  ethanol .  Under thelie cond i t ions  c y c l i z a t i o n  probably invo lves  nuc leoph i l i c  

a t tack  o f  an i ndo le  a-anion t o  t he  py r i d i n i um s a l t .  However, when t he  r e l a t e d  s a l t  109b was pyro- 

lyzed, on l y  a  t r a c e  o f  t he  pyr ido [4 ,3-~ lcarbazo le  l l l b  was iso la ted .55 On the  o the r  hand, 

55 attempted photochemical o r  thermal c y c l l z a t i o n s  o f  3-acylpyr id ln ium s a l t  109c were unsuccessful. 

The f o l l ow ing  synthesis of t h e  i n d o l e  a1 k a l o i d  nauclef ine of fers an example o f  in t ramolecu lar  

n u c l e o p h i l i c  a t t ack  o f  an enamide p-carbon t o  t h e  v -pos i t ion  o f  a  3-acyl-E-benzylpyridinium 



sa l t . 56  ~ h u s ,  when enamide 112 was t r ea ted  w i t h  benzyl bromide t he  on l y  product i s o l a t e d  was t he  

t h e  pentacyc l ic  quaternary s a l t  114. I t s  format ion can be r a t i o n a l i z e d  by cons ider ing  t h a t  t he  

i n i t i a l l y  formed pyr id in ium s a l t  113 undergoes reg iospec i f i c  c y c l i z a t i o n  and t h a t  t he  r e s u l t i n g  

d ihydropyr ld ine  t o r  tautomer) i s  r a p i d l y  ox id ized by a i r .  Pyr id in ium s a l t  114 was debenzylated t o  

nauclef ine by heat ing i n  to luene conta in ing  ace t i c  ac id  and sodium acetate (55% o v e r a l l  y i e l d  

from 1 1 2 ) ~ ~ ~  or ,  more e f f i c i e n t l y ,  by hydrogenation fo l lowed by heat ing  w i t h  palladium-charcoal 

(65% ove ra l l  y i e l d ) .  
56b 

112 113 

2. W-C 250'~' 

114 NAUCLEFPE 

A r e l a t e d  c y c l i z a t i o n  was observed, when enamide 115 was t r ea ted  w i t h  benzyl bromide.56b The nu- 
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c l e o p h i l i c  p-carbon of the  enamide moiety promotes again the  c y c l i z a t i o n  by a t tack  t o  t h e  Y-posi- 

t i o n  o f  the  i n i t i a l l y  formed pyr id in ium s a l t .  A f t e r  column chromatography, the  pentacyc l ic  dihy- 

dropyr id ine  117, which ar ises  from the an t i c i pa ted  acyliminium s a l t  116 by at tack of the  solvent 

d ie thy l  ether, was obtained (25%) as a c r y s t a l l i n e  s o l i d .  I n  t h i s  case, the  quaternary s p i r o  

carbon prevents ox ida t i on  of the  d ihydr l lpyr id ine  r i n g .  

A f u r t h e r  example of in t ramolecu lar  add i t i on  o f  an enamide carbon t o  a pyr id in ium s a l t  fo l lowed 

by ox idat ion  of the  r e s u l t i n g  d ihydropyr id ine  and subsequent debenzylation i s  depicted i n  the  

f o l l ow ing  Scheme. Treatment o f  1-benzylpyr id in ium s a l t  119 w i t h  DEN gave d ihydropyr id ine  120 i n  

52% y i e l d .  I n  t h i s  case the ox ida t i on  w,rs e f f ec ted  (91%) w i t h  N-~ethoxycarbonylmethyl)quinolinium 

bromide and the benzyl group was removed by hydrogenolysis (71%). 40 

E r n  

Bz 

The in t ramolecu lar  add i t i on  of ketone and es ter  enolates t o  4-ary lpyr id in ium s a l t s  t o  produce 

spiro[benzofuran-3l2~),4'll'~)-pyridinesl has been employed as the  key step i n  several synthet ic  

approaches t o  s i m p l i f i e d  analogues of t h e  morphine  alkaloid^.^^-^^ Thus, pyr id in ium s a l t s  123a 

and 123b were c lean l y  converted i n t o  the  corresponding 1,4-dihydropyridines 124a ( 9%)  57,58 and 

12% ( 8 0 % ) ~ ~  by treatment w i t h  4N sodium hydroxide i n  benzene-DMSO. The es ter  analogue 124c was 

was prepared i n  87% y i e l d  by treatment o f  123c w i t h  sodium ethoxide i n  e t h a n 0 1 . ~ " ~ ~  S im i l a r l y ,  

i n  order t o  explore the  formation o f  C-.3 subs t i t u ted  dihydropyr id ines, 4-(2-hydroxypheny1)-1,3- 

dimethylpyr id in ium iod ide  was a l ky la ted  w i t h  chloroacetone and then t rea ted  w i t h  base (4N sodium 

hydroxide I n  benzene-hexane) t o  a f f o rd  d ihydropyr id ine  124d (87% y i e l d )  as a 3:2 mixture  o f  G- 

Syn isomers.58 The s p i r o  dihydropyr id ines 124 conta in  t h e  t r i c y c l i c  AN0 r i n g  system and the im- - 
portant  quaternary carbon of t h e  morphine molecule. As expected, t h e  r i n g  c losure  could be re-  

ver ted by ac id  t reatment,  and dihydropyr id ines 124a and 124c were e a s i l y  reconverted t o  .he cor- 



responding pyr id in ium Sal ts  w i t h  concentrated hydr iod ic  ac id  o r  triethylammonium iod ide  i n  re-  

f l u x i n g  ethanol .  

TWO i n t e r e s t i n g  features of the  above r i n g  c losures are worthy o f  comnent: t h e  absence, again, o f  

a s t a b i l i z e d  electron-withdrawing group a t  the  p -pos i t i on  of the  d ihydropyr id ine  and the forma- 

t i o n  o f  a quaternary carbon center i n  the  add i t i on  reac t i on .  

The above methodology has been extended 59,60 t o  the  prepara t ion  of p a r t i a l l y  reduced benzofuro- 

[ 3 , 2 - ~ l i s o q u i n o l i n e  der iva t ives ,  t h e  t e t r a c y c l i c  skeleton o f  which corresponds t o  the  ACNO r i n g  

system o f  morphine. I n  these cases, t h e  s t a r t i n g  pyr ld in ium s a l t  incorporates an ester-containing 

p-side chain t h a t  promotes a Dieckmann c y c l i z a t i o n  a f te r  t h e  in t ramolecu lar  add i t i on  step. Thus, 

treatment o f  pyr ld in ium s a l t  125a w i t h  sodium ethoxide i n  ethanol-DMF afforded (92%) d ihydropyr i -  

d ine  126a as 45:55 mix ture  o f  syn and epimers. However, the  use o f  ethanol- f ree sodium eth- 

oxide resu l t ed  i n  the  formation of d ihydrobenzofuroisoquinol ine 127a as the  so le  product 17296) by 

sequent ia l  c losure  o f  0 and C r i ngs .  

I n  contrast w i t h  the  behavior of the  in termolecu lar  d ihydropyr id ine  adducts, c a t a l y t i c  hydrogena- 

t i o n  of d ihydropyr id ine 127a gave i n  nea r l y  q u a n t i t a t i v e  y i e l d  a stereoisomeric mix ture  o f  t h e  

fused, po lysubst i tu ted p ipe r i d i ne  128a. This hydrogenation i s  h i g h l y  se lec t i ve  f o r  t h e  trans C/N 

r i n g  j unc t i on  c h a r a c t e r i s t i c  o f  the  morphine ser ies,  s ince subsequent a d d  hydro lys is  of 128a 

a f fo rded 176%) a mix ture  o f  129a and 130a i n  a r a t i o  of 88:12. However. t h i s  r a t i o  i s  reversed 

when c a t a l y t i c  hydrogenation (96%) i s  e f f ec ted  a t  t h e  sp i rocyc l i c  d ihydropyr id ine  stage (126a1, 

p r i o r  t o  c losure  o f  t h e  C r i n g  by Dieckmann c y c l i z a t i o n  (64%). The isomeric mix ture  o f  p i p e r i -  

dines 128a obtained through t h i s  sequence was converted, as above, i n t o  129a and UOa, but i n  a 

r a t i o  o f  29:71, respect ive ly .  59,60 

In te res t i ng l y ,  1 ,Cd ihydropyr id ine  132a, which was prepared from 127a, undergoes e l im ina t i on  of 

the  en01 moiety w i t h  regenerat ion o f  a pyr id in ium species upon treatment w i t h  hydr iod ic  acid.  The 

r e s u l t i n g  3-oxacyclononanone d e r i v a t i v e  133 was r e a d i l y  reconverted t o  132a w i t h  sodium hydroxide 

i n  aqueous DMSO. 59 
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The synthes iq  o f  t h e  benzofuroisoquinol ines i n  t h e  pharmacological ly more i n t e r e s t i n g  methoxy 

ser ies  was performed i n  a s i m i l a r  manner, from s a l t  125b, through the three-step sequence 125b- 

127b (69%)-128b (1008)-129b+1306 (88:12 r a t i o ;  6 ~ 9 . ~ '  As i n  t h e  above demethoxy ser ies,  the  

Dieckmann c y c l i z a t i o n  of the  i n i t i a l l y  formed d ihydropyr id ine  adduct i s  very slow i n  t h e  presence 

of added ethanol  and, under these cond i t ions ,  s p i r o  d ihydropyr id ine  126b i s  obtained i n  65% y i e l d  

as a mix ture  of epimers. 

When the in t ramolecu lar  es te r  enolate r i n g  c losure  was e f f ec ted  from pyr id in ium s a l t s  134, having 

an alcoxycarbonyl subst i tuent  a t  the  p-pos i t ion ,  the  expected t r i c y c l i c  spfro[benzofuran-dihydro- 

p y r i d i n e l  systems were obtained.61 Thus, although treatment o f  134a w i t h  a v a r i e t y  of bases under 

ap ro t i c  cond i t i ons  ILDA, LiTMP, KH, and A-BuOK i n  THF and DMF) a f fo rded unrecognizable products. 

r i n g  c losure  was s a t i s f a c t o r i l y  accomplished w i t h  methoxide i n  methanol. However, under these 

cond i t ions  t r a n s e s t e r i f i c a t i o n  of the  n i c o t i n a t e  es te r  was compet i t i ve  and a 1 : l  mix ture  of 



hk 134 135 136 

R R1 135/136 ratio - - R R1 135/136 ratio - - 
a. Me ...... t-Bu .......... 1 c. i8u ..... 1-8u ......... 5 

b. Et ......... 1-Bu .......... 2 d. Me ...... El$ .......... 10 
e. €1 ........ El+ ........ >20 

es ters  135a and 136a was formed. The use of other d ies te r  combinations (134b-dl a f fo rded s i m i l a r  

mixtures (see Scheme), whereas the b u l k i e r  3-ethyl-3-pentyl es te r  (134e) prevented the t ransester -  

i f f c a t i o n  and allowed the prepara t ion  o f  sp l ro  d ihydropyr id ine  13% i n  71% y i e l d  as a  10:l mix- 

t u r e  o f  diastereomers. The d lhydropyr id ine  double bonds could be reduced i n  two separate synthet- 

i c  steps. C a t a l y t i c  hydrogenation o f  135e brought about se lec t i ve  reduct ion  o f  the  unsubst i tu ted 

enarnine funct ion  t o  g ive  (78%) te t rahydropyr id ine  137. Subsequent sodium cyanoborohydride reduc- 

t i o n  of the  vinylogous urethane double bond provided (96%) p ipe r i d i ne  d ies te r  138, which was then 

convekted t o  the  a-methylene lactam 139. This in termedia te  had been ea r l i e r6 '  e laborated i n t o  an 

oc tahydro-1~-benzofuro [3 ,Z-~soqu ino l ine  de r i va t i ve  conta in ing fou r  r i n g s  (ACNO) o f  t h e  penta- 

c y c l i c  morphine skeleton. When the 'above three-step sequence 134e-138 was e f f ec ted  wi thout  

p u r i f i c a t i o n  of any intermediate,  the  ove ra l l  y i e l d  was 75%. 

134c 
1. E10Na-EtOH NaBHFN 
2 y- WIC * 

0 

On the other hand, the  a p p l i c a b i l i t y  of the  in t ramolecu lar  pyr id in ium-enolate add i t i on  toward t h e  

formatton o f  a  r e l a t e d  morphine fragment, the  4a-phenyldecahydroisoquinollne r i n g  system 141, has 

been However, when pyr id in ium s a l t  140 was t rea ted  w i t h  4N sodium hydroxide i n  

DMSO, a  s ing le ,  unstable dihydropyr id ine, i d e n t i f i e d  as the  a-adduct 142, was obtained i n  97% 

y ie ld .58 This urysual r e g l o s e l e c t i v i t y  has been explained by consider ing t h a t ,  i n  t h i s  case, the  

a-adduct 142 i s  favoured by both s t e r i c  and resonance fac to rs .  Thus, fo rmat ion  o f  141 would 

requ i re  the  generation o f  a  quaternary carbon a t  the  r i n g  j unc t i on  wh i le  t h e  corresponding carbon 
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i n  142 i s  t e r t i a r y .  Furthermore, t h e  diene system i s  conjugated w i t h  t he  benzene r i n g  i n  t h e a -  

adduct 142. I n  accordance w i t h  t h i s  i n t e r p r e t a t i o n  py r i d i n i um s a l t  143, which bears as t he  above 

s a l t  140 a 3-oxobutyl s ide  chain a t  the  p y r i d i n e  p -pos i t i on  bu t  lacks  t he  v-ary l  subs t i tuent ,  was 

converted18 i n  14% y i e l d  i n t o  t he  pentacyc l ic  ketone 145 by sequent ia l  t reatment w i t h  base and 

acid,  presumably by way o f  t he  V-adduct 144. Hydrogenation of 145 y i e l ded  (i)-pseudoyohimbone. 

5% NaHC03-ether 
> 

I 40% KOH 
H 

0 

In conclusion, t h e  add i t i on  o f  s t a b i l i z e d  carbon nuc leoph i les  t o  t - a l k y l p y r i d i n i u m  sa l t s ,  both I n  

the  i n t e r -  and t he  in t ramolecu lar  modes, c o n s t i t u t e s  an usefu l  procedure t o  ob ta in  subs t i t u ted  

1.2- o r  1.4-dihydropyridines, which have proved t o  be v e r s a t i l e  synthons f o r  a l k a l o i d  synthesis.  
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