
HETEROCYCLES, Vol 16, No 3, 198 1 

ON THE USE O F  LPCTONES X3 BUILDING BLOCKS I N  THE ALKALOID 

SYNTHESIS - A REVIEW* 

G a n e s h  D. ~ a n d e y *  and K m a l a  P. T i w a r i  

D e p a r t m e n t  o f  C h e m i s t r y .  U n i v e r s i t y  of A l l a h a b a d .  

A l l a h a b a d ,  211002. I n d i a  

A b s t r a c t  - R e c e n t  a l k a l o i d  s y n t h e s e s  i n v o l v i n g  t h e  lac tones  

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

and i n d o l e  a l k a l o i d s .  

CONTENTS 

I. INTRODUCTION 

11. 1.2.3.4-TETRAHYDROISOWINOLINE GROUP 

111. N-BENZYL-1,2,3,4-TETRAHYDROISOWINOUNE GROUP 

IV. N-PHENETHYL-1.2.3.4-TETRAHYDROISOWINOUNE GROUP 

V.  BENZO-, l N W L O O U I N O L I Z I N E  AND B E N Z O I N W U Z I N E  GROUP 

V I .  BERBINE GROUP 

V I I  . BERBANE , ALLOBERBANE AND EPIALLOBERBANE GROUP 

V I I I .  PHENANTHRENE AND ISOPAVINE GROUP 

I X .  YOHIMBANE AND HEXADEHYUROYOHIMBANE GROUP 

X. OESERPIDINE,  ISODESERPIDINE AND DEPYRROLODESERPIDINE 

GROUP 

XI. HOMPROTOBERBERINE GROUP 

X I I .  PHFHALIDE ISOQUINOLINE GROUP 

X I I I .  I N W m  GROUP 

XFJ . S P I R O O X I N M L E  GROUP 

W. STEROIDAL A W I O I D  GROUP 

XVT. W I N U C U D I N E  GROUP 

X V I I .  ETHANOPHENANTHRIDINE ALKALOID GROUP 

X J I I I  . BENZOPHENANTHRTDINE ALKArOlD GROUP 

XIX. U W W I S S I F I E U  A U W l O I U  GROUP. 

P D e d i c a t e d  ,to t h e  lnemory o f  l a t e  P r o f e s s o r  R o b e r t  B .  W o o d w a r d  

(1917-1979). 



I. INTRODUCT~ON 

The lac tones ,  a f a sc ina t ing  group of oxygen heterocycles  have v a r i o u s l y  been 

used i n  t h e  synthases o f  a lka lo ids  o f  a numher o f  groups such a s  t h e  isoquino- 

l ines ,  yohimbanes, deserpidines.  sp i rooxindoles ,  s t e r o i d a l  a lka lo ids  and cinchona 

a lkaloids .  In  t h e  r ecen t  pas t  w e  have been ac t ive  i n  t h e  f i e l d  of a l k a l o i d  

synthes is  and here wish t o  present  a c r i t i c a l  account o f  t h e  work done on t h e  

a lka lo id  syntheses involving t h e  lac tones .  The review though may f a i l  t o  

incorpora te  many more r e s u l t s , w i l l  be of i n t e r e s t  t o  a worker i n  searching 

newer l ac tone  based syntheses of t h e  a lkaloids .  

I .  I, 2,3,4-TETRAHYDROISWUINOLINE GROUP 

The simple te t rahydroisoquinol ine  a lka lo ids  have been synthes ized using t h e  

3-isochromanones. The lac tone (* on treatment with e t h a n o l i c  hydrogen bromUe 

afforded t h e  bromoester (2%). Condensation o f  t h e  e s t e r  (29 with  methylamine 

gave t h e  3-oxoisoquinoline (5%) which on l i t h ium aluminium hydride r e d u d i o n  

1 
gave t h e  a lka lo id  0-methylcorypall ine ($9. Likewise, co rypa l l ine  (2% was 

synthes ized using t h e  l ac tone2  (5% (Scheme 1 1 .  

LAH/THF - " 5  
R5 a s e r i e s ,  R ~ = R ~ = H ;  2 5 R ~ R ~ = O N ~  R~&N- 2 \ 
2.29 b s e r i e s ,  R =R =H: R&Xe : R ~ = O C H  Ph 

2 R~ 
Scheme 1 2%; 

Treatment of t h e  l ac tones  (l_a,bl with hydrazine af forded t h e  hydrazides(k3,b) 

which upon t rea tment  with hydrochloric acid g ive  t h e  lactams (;a,.&) which could 
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be converted t o  t h e  i soquinol ines  (4a.b) by l i t h ium aluminium hydride reduction3 
.-"*lY 

(Scheme 1) .  

111. N-BEN'YL-I, 2,3,4-TETRAHYDROISWUINOLINE GROUP 

T w ,  a lka lo ids  sendaverine (@ and corgoine (11) have been i s o l a t e d  from P lan t s  
YN 

of t h e  family ~ u m a r i a ~ a e ~ - ~ .  Condensation of t h e  bromoester (29 with the  

benzylamine (2) gave t h e  t r i c y c l i c  lactam (g )  which on reduction with l i t h ium 

aluminium hydride gave sendaverine7 (A%. Likewise corgoine (&) was synthesized 

by condensation o f  the  bromoester (ik) with t h e  benzylamine (2) followed by 

reduction and debenzylation of t h e  r e s u l t i n g  Lox0 j e r iva t ive8  (2) (Scheme 2 ) .  

2% 2, 

+ 

R1 
1 10 R = O H : R ~ =  we 9 R=H;R =OCH Ph Wd - 2 11 R = R ~ = O H  

-4 

L R1=Oa-l Ph Scheme 2 
2  

I V .  N-PHENETXYIrl, 2.3,4-TETRAmDROISWUINOLINE GROUP 

A group o f  a lka lo ids  o f  pure ly  s y n t h e t i c  o r i g i n  has heen repor ted  t o  possess 

important  hypotensive a c t i v i t y 9 .  The bromoesters (2a 2c) prepared from the  
.u.J YW 

corresponding 3-isodmmanones by d i s s o l u t i o n  i n  e t h a n o l i c  hydrogen bromide On 

m n d e m a t i o n  with t h e  phenethylamines (12a-c) gave t h e  lactams (13a-e) which on 
WW'YW N N N  

l i t h ium aluminium hydr ide  reduct ion gave t h e  corresponding N-phenethylisoquino- 

l l n e ~ ' ~ ( l 4 a - e )  (Scheme 3 ) .  
'V'V N 

V. BENZO-, INWLWUINOLIZINE AND BENZOINWLIZINE GROUP 

A number Of 2-suhstltuted-1,3,4,6,7,1lb-hexahydro-9,1O-dimethoxy-2H-benzo L a3 

qu ino l i z ines  and l.2,3,4,6.7.12,12boctahydroindolo C 2 , 3 . - 5  qu ino l i z ines  have 

t een  prepared s t a r t i n g  from 3-subst i tu ted  valerolac tones ,  t h e  Prepara t ion 

r equ i r ing  f i v e  ~ t a g e s ~ ~ ( s c h e m .  4).  me 3 - s ~ h s t i t u t e d ~ - v a l e r o l a c t o n e s ~ ~  were 



Scheme 3 

Meo / 

15 R=Me:Ph 
dd 

L$&R=p-Br Ph; m C l P h  
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prepared from corresponding g l u t a r i c  ac ids  by reduct ion o f  t h e  carboxyl ic  a c i d  

groups 13' 14. The conversion Of t h e  l ac tones  (&%,&6,) t o  the  s u b s t i t u t e d  

pyridones Gj?) r equ i red  t o o  high a temperatu?X1',if c a r r i e d  o u t  d i r e c t l y  and 
16 t k r e f o r e  was performed v i a  b r a n w a l e r a t e s  [a 

Benz(g) indol iz ines  have been prepared using the<-butyrolac tone (29.  The 

butyramide (a on phasphoryl ch lo r ide  c y c l i z a t i o n  followed by sodium borohydr* 

reduct ion af forded t h e  benz(g)indolizine17 (a) (Scheme 5 ) .  

Scheme 5 

A recent  h ighly  s t e r e o s e l e c t i v e  syn thes i s  of tenzindol iz ines l '  cons i s t ing  i n  

iminium ion cyc l i za t ion  t e g i n s  with c o n d e n s i n g ~ - a n g e l i ~ a l a c t o n e ~ ~ ~ ~  with 

2 , 2 - d i ~ h e n y l e t h ~ l d m i n e  t o  g e t  an acy l  iminium ion precursor (G which On 

polyphosphoric acid cyc l i za t ion  gave c h i e f l y  one diastereoisomer18Q2 (Scheme 6 ) .  

V 1 .  B6RBINE GROUP 

The berbineZO a lka lo ids  have been synthes ized using t h e  lac tones .  Condensation 



o f  t h e  3-isochromanones ( l a - f )  with t h e  phenethylamines (12b-d) af forded t h e  
W.V NN N'V 

hydroxymthylphenyl acetamides ( A + ) .  Phosphoryl ch lo r ide  cyc l i za t ion  of t h e  

amides (32a-f) followed by sodium horahydride reduct ion afforded t h e  
NNNN 

(35a-f). Al ternat ively ,  t rea tment  of t h e  dihydroisoquinoline s a l t s  (Za& with 
NNNN 

ammonia afforded t h e  berberinium s a l t s  (;4,aN5) w h i a  on sodium borohydride 

reduction af forded t h e  h r b i n e s  (;5,%,f). This m t h o d  has a l s o  been used t o  

prepare t h e  bromoberbines28(A5,';,) which on reduct ive  debromination afforded 

t h e  t e r b i n e s  (252;:) (Schsm~ 7 ) .  

%,??2* R R1 R 2  R 3  R~ R5 
.&22 

a m e  m e  H H H H F ( ~ e  w e  - H OMe (Me H 
2 m e  OH H W e  (Me H 
d (Me OH H H m e  OH 

M e  OMe 
OM, m e  

B r  Me CMe (Me 
Br H OMe M e  

OMe Me H Me M e  (Me 
H H M e  OMe 
H H OMe W e  

Scheme 7 
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29 The 1-(3,4-dimethoxybenzyl)-6,7-dimethoxy-3-isochromanone (23 prepared from 

t h e  ke to  a c ~ d ~ ~ - ~ ~ ( ~ 9  has been u t i l i z e d  t o  prepare t h e  berbine  (359. The 

l ac tone  (37) on t rea tment  with amnonia af forded (22) which could be  converted 
NN 

t o  dl-tetrahydmpalmatine33 (35h) through t h e  12-bromotetrahydmi~o9uinoline~~ 
NNN 

Scheme 8 

The bromoesters (2a- ) have t een  employed i n  t e r b i n e  syn thes i s .  Condensation of ,A 
t h e  bmmoesters Q%-&) with (3-phenethylamine 2 afforded t h e  t r i c y c l i c  

lactams ( 1 3 b k )  which on phosphoryl ch lo r ide  c y c l i z a t i o n  followed by sodium 
N N d  

borohydride reduct ion af forded t h e  berbines  (35J2--) i n  f a i r l y  good y i e l d s .  The 

method worked equal ly  w e 1 1  f o r  both 9.10- and 10.11-disubst i tu ted  berbines ,  t h e  

s u b s t i t u t i o n  p a t t e r n  of t h e  r i n g  D of t h e  berbine  being d i c t a t e d  by t h e  

s u b s t i t u t i o n  On t h e  bromoesters (2a-h) . Thus, 2 - x y l o p i n i n e  ( m & , s - g o v a n i n e  
NNN 

(352). 2 - s c o u l e r i n e  (&5,%, dl-pseudoepitetrahydroterberine (222 ,dl- i socopt i -  
WN 

s i n e  (35f),  2 - c a n a d i n e  (??a), dl-3-hydroxy-9.10-dimethoxyterbine (351) ,dl-2.3. 
WCII 'VNN - 

10- t r imt toxyberb ine  (353) and&-2.3.11-trimethoxyberbire (35k) were accord- - Vw7"- 

i ng ly  prspared by us 34-39 (scheme 9). 

The 3-isochromanone (37) on t rea tment  with e t h a n o l i c  hydrogen bromide gave t h e  
w 

corresponding bromoester (42) which could be converted t o  t h e  i ~ z r b i n e ~ ~ ( 4 0 h )  
?N ryd 
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(Scheme 10). 

T k  3tZH)-isoquinolone (44) (\IN prepared from t h e  corresponding 3-isochromanone (29 
has been e f f e c t i v e l y  w e d  t o  g e t  t h e  berbine (a). Condensation o f  t h e  

phenethyl bromide (43) with t h e  3(2H)-isoquinolone QQ gave t h e  lactam (9% 
YY 

which on phosphoryl ch lo r ide  c y c l i z a t i o n  followed by sodium borohydride 
4 1 

 ducti ion gave dl-xylopinine (25% (Schema 11) .  

An a l t e r n a t i v e  syn thes i s  of  t h e  berbines involved t h e  condensation of the  

azomethines ( a a , b )  with ace ty l -S - l ac tone  (s) t o  g e t  t h e  lactams which 
N'V 

could be converted t o  t h e  berbine  (35a.l)  i n  four  ~ p e r a t i o n s ~ ~ ( S c h e m e  12) .  
N W  

$3- R=H + 
b_ R = M e  46 



- 
Scheme 1 2  

V I I .  BERBANE, ALLOBERBANE AND EPIALLOBERBANE GROUP 

The lac tone of dl-trans-2-hydroxymethylhexahydrophenylacetic acid  50)prepared 
43 L 

by perbenzoic ac id  oxidat ion of dl-tran~-2-hydrindone~~(g$ on t rea tment  with 

e t h a n o l i c  hydrobromfcacid gave e t h y l  dl-trans-2-bromomethylhexahydrophenyl 

ace ta t e  (5&. Condensation of t h e  e s t e r  (5 ) with phenethyl m i n e  (A$$ .-& 
afforded t h e  lactam (521 which on phosphoryl ch lo r ide  c y c l i z a t i o n  followed by 

v-, 

sodium borohydride reduct ion produced t h e  berbane9 (5.9 (Scheme 13) .  

Likewise t h e  a l lo t e rbane  ) and ep ia l lobe rbane  (?Z) were prepared condensing 

t h e  m i n e  (12e) with t h e  aldehydoester (54) Prepared from corresponding lac tone9 w 'W 

(Scheme 14) .  

OAc 
OAc 
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V I I I .  PHBNANTHRENE AND ISOPAVINE GROUP 

The l ac tone  (3 on anodic ox ida t ion  i n  dichloromethane-trifluoroacetic acid 

with tetrabutylamnonium t e t r a f l u o b o r a t e  as  a supporting e l e c t r o l y t e  gave 

epOxyetha~phenanthrene29EjZ) . The same spi rodienone (XS1) was i s o l a t e d  when 

(_j;U was oxidized with vanadium oxyf luor ide  using same so lven t s .  An analogues 

dienone Qa was prepared from lactam (29 using same oxidants .  Elec t rode 

oxidat ion o f  (37) i n  a c e t o n i t r i l e  with qua r t e rna ry  ammonium s a l t s  gave an 
W Y  

l a c t o n i c  analogue o f  t h e  a l k a l o i d    so pa vine^^($^ (Scheme 15) .  

0 
e - ,  oxidation 

Me0 

22 x=NMe 
Scheme 15 

IX. YOHIMBANE AND HEYADEHYDROYOHIMBANE GROUP 

A s t e r e o s p e c i f i c  syn thes i s  of dl-yohimbane(661 begins wi th  t h e  condensation 

of t h e  bmrnoester QL) with tryptamine43'45 (Scheme 16) .  



1 a R=R =H 
Scheme 16 

The yohimbane syn thes i s  has a l s o  been accomplished using 3-isochmmanones and 

t h e i r  de r iva t ives  
46-48 . condensation of trypeamine ( 6 2 9  with 3-isochroma- 

rVU 

none (A$ afforded the phenylacetamide ( 3  which on phosphoryl ch lo r ide  

cyc l i za t ion  followed by sodium borohydride reduct ion gave t h e  hexadehydro- 

yohimbane ($84. Al te rna t ive ly  t h e  +carbolinium ch lo r ide  gz) may be 
YY 

cyc l i zed  wi th  sodium carbonate to give  (53) which could be reduced t o  t h e  

yohimbane (Ed (Scheme 17). The sulphur49 and oxygen5' containing anologlles 

of yohimbane (68a) have a l s o  been prepared. 
*MY 
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A recen t  s y n t h e s i s  o f  t h e  hexadehydroyohimbme a l k a l o i d s  involves t h e  condensa- 

t i o n  of t h e  bmmoesters ( ,  2) with S u b s t i t u t e d  tryptamines (62a-$)to g ive  
dNIV 

t h e  t e t r a c y c l i c  lactams (6&a;5) which could be converted t o  t h e  yohimbanes 

5 1-5 3 
($%a;:) ( s c k m e  18) .  

pa_ R = H 

6 2b R=OCH2Ph -." 
62c REOH 
NUN EtOH + reflux 6%-e -",- .., - 68.33 
2% ? , b . 5 _ 2 &  

Scheme 18 

m o t h e r  approach t o  t h e  yohimbane ske le ton  involved t h e  condensation of t h e  

indo ly le thy l  bromide (zzl with 3(2H)-isoquinolone (kg prepared from correspond- 

ing 3-isochromanone ( l a ) .  The r e s u l t i n g  t e t r a c y c l i c  lactam (69a) could be 
IVN NNN 

converted t o  t h e  he~adehydroyohtmbane~~(48a) (Scheme 19) .  
'Uw 

Scheme 19 

X. DESRPIDINE, ISODESERPIDINE AND Di3PYRROLOBSERPIDINE GROUP 

3P. 5 ~ e p o x y - 8 ~ - h y d r o x y - l ,  2.3.4.5.8. W, 1M-octahydro-1Pnaphthoic ac id  lac tone 

has been employed t o  g e t  17-demethoxydeserpidine &I and 17-demethoxy-3- 



~ s o d e s e r ~ i d i n e ~ ~  (82) (Scheme 20). 
BT a. H20,H2s04.:~o cfi3 :ao 0 

NBS,8Z0 P 
*OH 

71 0 ..., O L% O LL 

0 

HI0 -H 0 
4 2 

R Of OAc 
OAC 

Scheme 20 
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dl-10,ll-~ethylenedioxydepyrrolodeserpidine~~ (119 has been prepared from the - 
Woodward's methyl-2-P-carbomethoq-36-methoxy-4 -acetoxy-6&formylcyclohexyl- 

l e a c e t a t e  and ~ h e n e t h ~ l a m i n e ~ ~  (&2$. 

XI. HOMOPROTOBERBERINE GROUP 

The h o m o ~ r o t o b e r b e r i n e s ~ ~  are ye t  t o  be discovered in plants.  A scherre for 

their synthes is  involves a  lac ton ic  acid5' (w (Scheme 21) .  -- ~. 

Scheme 21 



X I I .  PHTHALIDE 1 5 0 0 ~ 1 ~ 0 ~ 1 ~ ~ ~ ~  GROUP 

(-1-&-Naratine (2) has been synthes ized using m e c 0 n i n e ~ ~ ( 9 l a )  (Scheme 22). 
nN 

Resolut ion 
(-)-Gnorco- 

t i n e  t i n e  

R *.% -- 95 

22 R=me 
R=H OMe 

OMe 
Scheme 22 

Hope and Robinson synthes ized (3)-(3-nsrcotine (23 s t a r t i n g  from condensation 

of cotarnine  (92) with nitromemnine61(91b R = NO2)  (Scheme 23). 
w 4 

OMe 2% 
OMe 

Scheme 23 

dl -Narmtine  (102) has been synthes ized by condensation c - 
'VW 

tf mcon ine  ch lo r ide (98)  

with the phenethylamine O)?). The r e s u l t i n g  amide (a) on phoaphoryl c h l o r i d e  

Cycl iza t ion followed by sodium borohydride reduct ion gave&-and @-nornarco- 

t i n e s  (LslJ which on methylation gave&-and p-narcotines 6 2 ' 6 3 ( k ~ ~ ( ~ c t m r e  24).  

Scheme 24 
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A p a r a l l e l  syn thes i s  of hydras t ines  has a l s o  been a ~ h i e v e d ~ ~ ' ~ ~  (Scheme 251. 

+- - dias tereoisomeric  
9 3 -- 3. K I  hydras t ines  

4. Na/Hg 

obk S c k m  25 

An improved syn thes i s  o f  ( - )+hydras t ine  (119  involved t h e  use of t h e  lac tone 
*N 

( k g 3  prepared from op ian ic  (&0,4J (Scheme 26). 

\ 157, 
OMe 
104 --* 
w N  OMe 

1.Frac. 
c r y s t .  

(-1-p-hy- 

mric hy- 2 . ~ e s . 0 1 . ~ ' ~ ~ ~ ~ ~ ~  
d r a s t i n e s  wi th  110 

(+)-camphor- YLn 

10-sulphonic 
ac id  

Ow2 Scheme 26 

Phthalide-&carboxylic ac id  (a) has a l s o  found app l i ca t ion  i n  t h e  syn thes i s  

of t h e  a l k a l o i d s  adlumidine $l2 and corydaine6' (113) (Scheme 27). 
rVWV 

Scheme 27 

XIII. INDOIE GROUP 

koodward e& synthes ized reserpine  (l7&) employing t h e  l a c t o n e  (A&$). The 

l a c t o n e  (&4J on success ive  t r ea tmen t  with aluminium isopropoxide and sodium 



methoxide gave the  l a c t 0 n e ~ ~ [ 1 1 6 ) .  the key intermediate which contained a l l  
.-,*d 

f i v e  asymmtric carbon atoms of ring E o f  reserpine (2 properly oriented.  

successive t rea tmnts  of lactone (116) gave dl-methyl-0-acetylisoreserpinate70 
NIIn 

(22k (Scheme 28). 

0 

d l - m t h y l  0- H A -  ace ty l  isore- 
serpinate 

Meqc ?,G- 
OMe : 

0 Ac 

121 -m.-, Scheme 28 
OMe 

A synthes is  o f  a lkaloid  ~ - c o r ~ n a n t h e i d o 1 ~ ~ " ~ ( 1 2 7 )  u t i l i z e s  the pyridine 
NNN 

l a ~ t o n e ~ ~ ' ~ ~ ( l ~ 9  (Scheme 29) .  
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b~ 
Scheme 29 

~ e n d r o b i n e ~ ~  ( 1 4 1 ) .  a s e s q u i t e r p e n e  a l k a l o i d  from Dendrobium nobile L.  having a 
Nn* 

picrotoxane  s k e l e t o n  has t e e n  s y n t h e s i z e d  from t h e  lacton~4'75(L2,8,)  (Scheme 3 0 ) .  



Borch s+ a i  s u c c e s s f u l l y  c o n v e r t e d  t h e  l a c t o n e  (kit) to 8 - ~ d e n d r o b i n e ~ ~  ( 1 4 4 )  
.,** 

(scheme 3 1 ) .  

A s h o r t  s y n t h e s i s  o f  e b ~ r n a m o n i n e ~ ~  (?,<7,, has been  a c h i e v e d  f rom the c a r b i n o l -  

amine-<-lactone (;P_5?. N-alky la t ion  of  t h e  l a c t o n e  wi th  t r y p t o p h y l  

bromide (7%) Gave t h e  l a c t o n e  (264. l b e r m o l y s i s  of  (+%) y i e l d e d  a - e b u r n a -  

monine7' (3-2 (Scheme 3 2 ) .  

f,% dm& 146 
147 

Schema 32 
dd- 

Et 

A l t e r n a t i v e l y , t h e  e s t e r  (~%_8? on a c i d  h y d r o l y s i s  gave t h e  l a c t o n e  (l44,9J which 

on b r o m i n a t l o n  w i t h  b o r o n t r i b r o m i d e  i n  m a t h y l e n e d i c h l o r i d e  gave a  m i x t u r e  o f  

two d ibromides  (sl50_a,:). me dibromides  on t r e a t m e n t  wi th  d i l u t e  h y d r o c h l o r i c  

a c i d  i n  dioxan gave a  b r o m - < l a c t o 1  (15,1,, which r e a c t e d  wi th  t r y p t a n i n e  to 

g i v e  t h e  l a c t o n e  which was p y r o l y s e d  to e b ~ r n a r n o n i n e ~ ~ ( ~ 4 J j  (scheme 3 3 ) .  
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150b 
w-4- 

Scheme 33 

The C-9 lactone (25) prepared from the c y c l i c  dithioaceta17' (A23 in f i v e  s teps  

consist ing o f  ring cleavage,  ethoxycarbonylation, reduction and cyc l i za t ion  has 

been used to synthesize dl-eburunmenine (161) &-I and * e b u r ~ n m e n i n e ~ ~  (2%) 

(Scheme 34) .  

Scheme 34 



an approach to s k e l e t o n  of  Rauwol f ia  a l k a l o i d s 8 1  i n v o l v e s  l a c t o n i c  i n t e r m e d i a t e s .  

The h y d r o l y s i s  o f  t h e  adduc ts  (&sLas$J fol lowed by h a l o l a c t o n i z a t i o n 8 1 a ' b  g a v e  

(16,4,azd). The A m d t - E i s t e r t  r e a c t i o n  of (%_a) (R' = C02H, R ~ = H ,  rt3=sr) gave 

(;6,4,cI. The d i a z o k e t o n e  (16,491 was condensed w i t h  t r y p t a m i n e  ( 6 2 a )  and 
-111 

6-methoxytryptamine 929 t o  g i v e  (A6,5~81 (Scheme 351. 

Scheme 35 

h g e n e r a l  method o f  s y n t h e s i s  o f  t h e  i n d o l e  a l k a l o i d s  u s e s  t h e  l a c t o n e  (166J 
-,d 

which c o u l d  be c o n v e r t e d  i n  t h r e e  s t e p s  t o  an a n t i r h i n e  d e r i v a t i v e e 2  (k6,9J 

(Scheme 36).  

Scheme 36 

C a t h a r a n t h i n e  l a ~ t o n e ~ ~ ( 1 7 9  h a s  been couple3  wi th  v i n d o i i n e  t o  g e t  d e r i v a t i v e s  
-n 

of  t h e  t y p e  (,&,22,) and ( 1 ~ 3 ' ~  (Scheme 3 7 ) .  

- 4 7 0 -  
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v indoline 

- 
-0 
0 

Scheme 37 

N-oxide derivative of catharanthine lactone (171; R=O) has been coupled with 
*NC 

84-86 
vindoline t o  provide the  rearranged dimeric products (A742 and (JL9 
(scheme 38) .  

F N  

Scheme 38 

XIV. SPIROOXINWLE GROUP 

The spircoxindole a lkaloids  dl-formosanine, dl-isoformosanine have been 

prepared from lac ton ic  intermediates (w and dl-mitraphylline and dl-Lao- 

mitraphylline from the lactonee7 (g6,% (Scheme 3 9 ) .  



scheme 39 

XV.  S T E R O I m  ALKALOID GROUP 

The pregnanoic  a c i d  l a c t o n e  (17_:1 h a s  been used  i n  t h e  s y n t h e s i s  o f  salamander  

a l k a l o i d s  sarnandaridine (;z%j and cyc loneosamandar id ine  (1193 which h a s  t h e  

r e v i s e d  3 . 6 - c y c l i c  c a r b i n o l a m i n e  s t r u c t u r e  (A7,93. Reformatsk i  r e a c t i o n  of  38 ,  

16~-dia~eto~yandro~t-5-en-17-0ne w i t h  b m n a m e t h y l a c e t a t e  and s u b s e q u e n t  dehydra-  

t i o n  and hydrogena t ion  gave methyl  38, 16&diacetoxy-LC-pregnan-2l-oate u h i c h  

was c y c l i z e d  i n  methanol c o n t a i n i n g  aqueous a l k a l i  to g i v e  l a c t o n e a s  (JJJ 

(Scheme 40) .  

1 7 8  Aco 179 
H 

177 
-.w 

Scheme 40 w 
XVI . OUINUILIDINE GROUP 

me q u i n u c l i d i n e  r i n g  with t h r e e  c h i r a l  c e n t r e s  is  t h e  c h a r a c t e r i s t i c  f e a t u r e  of  

t h e  c inchona  a l k a l o i d s  and e l a b o r a t i o n  of t h i s  r i n g  system i s  t h e  key f o r  success- 
89.90 91-94 f u l  total  s y n t h e s i s  . A l l  r e c e n t  s y n t h e s i s  o f  c inchona  a l k a l o i d s  u t i l i z e  t h e  

95 ,% 
norana logue  of  homomerosuinene ; the  3 (8)-viny1-4(S)-piperidineacetic acid(meroqu- 

9 7 1nene)which i s  a l s o  a d e g r a d a t i o n  p r o d u c t  o f  c i n c h o n i n e .  Racemic cis-N-benzoyl- 

merequinene (184) h a s  been s y n t h e s i z e d  from t h e  l a c t o n e  (181) . me a c e t i c  a c i d  
4r.d M.4 .., 
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and v i n y l  s i d e  chains  of (k8,4J were formed by 

[leOJ, opening of t h e  lac tone (m,,b) t o  t h e  
_n 

el iminat iong8 (Scheme 41). 

B.V.oxidation 

Ph 
180 ,.,-- oA Ph 

a ~ a e y e r - v i l l i g a r  ox ida t ion  of  

hydroxyester (182a.b) and 
NW.Y-d 

XVII. STHANOPHENANTHRIDINE ALKALOID GROUP 

The bromolactone (A%) on dehydrobromination, ox ida t ion  with osmium t e t r a o x i d e  

and a c e t y l a t i o n  af forded d i a c e t y l  l ac tone  ( g 6 J .  A modified Bischler-  

Napiera lski  c y c l i z a t i o n  of (A% gave t h e  lactam CAW. Success ive  hydrolys is  

and i r r a d i a t i o n  of  ( followed by a c e t y l a t i o n  and hydrolys is  gave c i s -  and 

9 
rra15-dihydrolycorricidw~ (%8,"&) (Scheme 42).  

OH 

0 

scheme 42 



XVIII  . BENZOPHENANTHRIDINE ALKALOID GROUP 

A r e c e n t  s y n t h e s i s  of  c h e l i d o n i n e l O O  (LeL i n v o l v e s  t h e  b e n z o x y c l o b u t e n e l o 1  

(&8,9, a n o v e l  method f o r  t h e i r  p r e p a r a t i o n  b a s e d  o n  t h e r r n o l y s i s  o f  3 - i s o c h r o -  

manones102 h a s  r e c e n t l y  b e e n  d e s c r i b e d  (Scheme 43 J .  

R~ R= ~~m - ':f$ - :-,-$ 
I? \ R \ R \ R+ \ 

R~ 1 8 9  7z5 ",-.- L?.% 0,s US 2; 

120° ,1h  
. 

- d i o x a n  
H ' , o " ,~  min .  

CO,CH,ph O"" C02CHz Ph 
1 9 6  

HO' 

H ,Pd/C,EtOH 
2 N - m e t h y l a t i o n  

A 

Scheme 43 1 9 9  
1 9 8  -*.. -"a 

XIX. UNCbASJIFIED u r d u . U I D   GROUP^^^ 
~ a m p t o t h e c i n l ~ ~ ,  (2%) an  a n t i t u m u r  a l k a l o i d  h a s  b e e n  s y n t h e s i z e d  f r o m  l a c t o n e  

(LC:). T h e  s y n t h e s i s  f e a t u r e d  a n o v e l  m e t h o 3  f o r  t h e  f u s i o n  o f  a ( - l a c t o n e  

r i n g  to a p r e - e x i s t i n g  c o n j u g a t e d  c a r b o n y l  s y s t e m l o 5 .  T h e  l a c t o n e  (202_J o n  

h y 3 r o l y s i s .  r e d u c t i o n  w i t h  s o d i u m  b o r o h y 3 r i d e ,  a c e t y l a t i o n  a n d  d e h y d r o g e n a t i o n  

i n  d i c y a n o d i c h l o r o q u i n o n e  g a v e  (226 )  w h i c h  a f f o r d e d  c a m p t o t h e c i n ( ~ ; ~  b y  

h y d r o l y s i s ,  r e d u c t i o n  w i t h  s o d i u m  b o r o h y d r l d e  a n 3  a c i d i f i c a t i o n  (Scheme 4 4 ) .  

&~Methylene-Pp-diethoxycarbonyl-<-tutyrolactone106(~0_9_) has b e e n  employ53  t o  

?et an  i m p o r t a n t  p r e c u r s o r  (21;) t o  c a m p t o t h e c i n l o 7  ( i j j z )  (Scheme 4 5 ) .  

S e v e r a l  DE a n 3  CDE r i n g  a n a l o g u e s  of camptothecin(L%?_)  h a v e  b e e n  s y n t h e s i z e d  

f r o m  l a c t o n e s .  The l a c t o n e  (2?4) was c o n v e r t e 3  t o  c a m p t o t h e c i n  analoque(22&) 
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% Dehydrogenation O 2.NaBH4 3 .  .aq.NaOH H C l  t 3 
i n  DDC 0 k 

E t  2512 R = E ~ : R : O H  0 2 0 %  R=Rl=H 
/ 

2 0 6  - 
W W d  

C O ~ H  R -... o 

Scheme 44 
R' 

0 

scheme 45 



by o x i d a t i o n  wi th  oxygen and a l k a l i  i n  t h e  p r e s e n c e  o f  t r i e t h y l p h o s p h i t e 1 0 8  

(Scheme 4 6 ) .  Four  DE (216 a-c) and CDE (5% r i n g  analogues were prepared .  
I*.J** 

214 
,..,*I 

215 
*I* 

Scheme 46 

~ y r a n o p y r i d i n o n e ' O ~ ( ; ~ ~  m t h i o d i d e  

216a R=H 
.."r,., 

216b R=C02Me 
U N N  

216c R=Ph 
N ~ V  

o x i d a t i o n  g a v e  

r a t h e r  than  t h e  i s o m e r i c  pyranopyr id ined ione  

2  18 
rUn- 

E t h o x y l a c t o n e  "0-114(312 was smoothly c o n v e r t e d  t o  t h e  2 s - & d u c t  (222) by a 
W l "  

Michae l  a d i t i o n  o f  d i e t h y l m a l o n a t e .  Acid h y d r o l y s i s  o f  (A223 gave  t h e  b&- 

l a c t o n e  222). Reduct ion of  (22,3J u s i n g  sodiumborohydride under  a l k a l i n e  

c o n d i t i o n s  gave a c i d  (224J which was conver ted  i t s  a c i d  c h l o r i d e  t o  t h e  

c o r r e s p o n d i n g  p y r r o l i d i n y l  amide (2-2,53. The amide (55%) was methoxycarbonyla ted  

t o  t h e  r e q u i r e d  b u t e n o l i d e  (2;:) by t r e a t m e n t  w i t h  sodium h y d r i d e  and dirnethyl-  

c a r b o n a t e .  Condensa t ion  o f  t h e  b u t e n o l i d e  (,Zzg w i t h  t h e  p y r r o l o q u i n o l i n e  115 

(210)  gave t h e  c o r r e s p o n d i n g  hydroxyamide (227) which could  be c o n v e r t e d  t o  
r.-- -4.. 

3eethyldeoxyCamptothecin1lo (22:). Transformat ion  of  93&J t o  deoxycamptothe- 

cin116,119 (&a, and to c a m p t o t h e c i n  (zO_?? have been  r e p o r t e d  b y  s e v e r a l  g roups  

of vorkers117 (Scheme 48) .  

Another s y n t h e s i s  o f  ; l l -camptothecin (ziv d e v i s e d  by Sugasava at g invo lved  

t h e  l a c t c n e 1 1 8 ~ 2 ~ .  T h i s  method as o u t l i n e d  i n  scheme 49 c o n s i s t e d  i n  deforny-  

l a t i n g  t h e  c r u d e  ep i rner ic  m i x t u r e  o f  t h e  l a c t o n e  (233) by t r e a t m e n t  w i t h  
Id., 



HETEROCYCLES, Yo1 16, No 3, 198 1 

.$ I m p 2 E t ) 2  -- o$, H ~ O +  + ":$-"NaH4 - 
OH- 

CH,KO*Et), 
OEt 2 2 4  

2 2 1  &t Y -- 
-.I* 2 2 3  

0 -._- 
C O ( O M e ) 2 , N a H  2,1,0M R=H - - 

2 2 5  
-.-..-A 

2 2 6  
W Y U  

2 2 7  R = C H 2 0 H  
vn- 

2 2 8  R = CHO ,.,..J" 

2.29 
0 

S c h e m e  48 

1 .  LiBH4/DHE 

2 .  H C l  

R1= OH, R2= E t  a 

2 3 9  7 3 2 z  w., ., 

7 H 

- DDO 
v 2- 

CamptOthecin 

1 2 3 3  R = H : R ~ = E ~  n 2% 
.",..I 



c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  to g i v e  ( j  fo l lowed by d i r e c t  oxygena t ion  of  

(235)  wi th  oxygen to a f f o r d  an ep imer ic  m i x t u r e  of  (235) and dehydrogena t ion  o f  
*I* 

(3251 w i t h  d i c h l o r o d i c y a n w u i n o n e  to g i v e  dl-cam~tothecin~~~(332). T h i s  method, 

however, s u f f e r e d  from t h e  d i s a d v a n t a g e  of  t h e  unavoidab le  coformat ion  of  t h e  

d i e t h y l l ~ t o n e  (224) i n  t h e  e t h y l a t i o n  o f  t h e  l a c t o n e  (232-1 t o  (QJJ w i t h  

sodium h y d r i d e  and e t h y l  i o d i d e  i n  dimethylformamide (Scheme 49 ) .  

R e c e n t l y ,  employing an o n e - s t e p  e t h y l a t i o n - o x y g e n a t i o n  method119 Sugasawa & 
have  improved t h e  y i e l d  of  monoethy l lac tone  (22:) by approximate ly  1.6 t i m e s  

o v e r  r h e  p r e v i o u s  method119. 

A b i o g e n e t i c a l l y  p a t t e r n e d  convers ion120  of  t h e  l a c t o n e s  (2;:. LZ8,a) has been 

e x p l o i t e d  f o r  t h e  s y n t h e s i s  o f  d l -campto thec in  (3Lg and i t s  7-chloroanalogue 

(3,0,1,",. 
The c a r b i n o l s  (2% 2_37.) on t r e a t m e n t  wi th  t r i f l u o r o a c e t i c  a c i d  a t  

room t e m p e r a t u r e  a f f o r d e d  t h e  l a c t o n e s  (238, &;%a) which on e t h y l a t i o n  w i t h  

s03iun h y d r i d e - e t h y l  i o d i d e  fo l lowed by oxygena t ion  of t h e  r e s u l t i n g  deoxy- 

campto thec ins  3 ,  529,") w i t h  oxygen i n  P r e s e n c e  of  c u p r i c  c h l o r i d e  a f f o r d e d  

dl-camptothecin ( )  and jl-7-chlorocamptothecin120 (3.02:) (scheme 50) .  - 

NaH, E t1 
Room Temp. 

D m  
* 

C02CMe3 

...̂I* 

?*gz X= C 1  C 

cuc 12/UME 

-. 
aaz x = . -. 
207a x = c1 - ."." 

H 
Scherre 5 0  OH O 

I n  ano ther  s y n t h e s i s  o f  d&camptothecin (29J.J a D-E r i n g  ana logue ,  t h e  4-hydro- 

x y p y r i d i n e  l a c t o n e  (a) was s y n t h e s i z e d  121'122. The t e t r a c y c l i c  b i f o r m y l  

i n t e r m e d i a t e 1 1 6 ' 1 2 2 ( 2 t p  gave t h e  pyricionemalonate (2%) on t r e a t m e n t  w i t h  

3i-=-butylmalonate  and sodium h y d r i d e  i n  d ioxan  which on sodium b o r o h y d r i d e  
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r e d u c t i o n  gave (243) .  T r e a t m e n t  o f  (2::) w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  -* 
l e d  to l a c t o n e  (223)  by s i m u l t a n e o u s  l a c t o n e  format ion  and j e f o r m y l a t i o n .  

Dehydrogenat ion o f  (a$,J w i t h  d i c h l o r o d i c y a n o q u i n o n e  i n  d i o x a n  gave t h e  l a c t o n e  

(225) which upon e t h y l a t i o n  w i t h  sodium h y d r i d e  and e t h y l  i o d i d e  gave d&deoxy- 

campto thec in  (228). (k399 was c o n v e r t e d  t o  j l -campto thec in  (2~71) by p a s s i n g  

oxygen i n  p r e s e n c e  o f  t r i e t h y l a m i n e  and c o p p e r  a c e t a t e  i n  dimethylformamide-  

methanol  (Scheme 51). 

Y e t  a n o t h e r  s y n t h e s i s  of  g - c a m p f o t h e ~ i n ~ ~ ~  (2yJ) u s e s  t h e  t r i c y c l i c  l a c t o n e  

( 3 5 )  prepared  b y  a  series of  r e a c t i o n s  i n  which rrost of t h e  s t e p s  gave 

s a t i s f a c t o r y  y i e l d s .  H y d r o l y s i s  with q u e o u s  o x a l i c  a c i d  and c o n d e n s a t i o n  

w i t h  a n t h r a n i l a l d e h y d e  gave (2%) vhich could  b e  t rans formed t o  d&camptothec 

(202) (Scheme 5 2 ) .  
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