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I n d i a  

Ded ica ted  t o  P r o f e s s o r  G i l b e r t  S t o r k  on t h e  occas ion  o f  h i s  6 5 t h  b i r t h d a y  

A b s t r a c t  - S y n t h e t i c  approaches t o  t h e  i n d o l i z i d i n e  a l k a l o i d s  as w e l l  as c h i r a l  

syntheses of some members o f  t h i s  group p u b l i s h e d  d u r i n g  1979-1985 a re  rev iewed.  

The l i t e r a t u r e  on t h e  syntheses of i n d o l i r i d i n e  a l k a l o i d s  up to  t h e  end o f  1979 has been the 

s u b j e c t  o f  some Subseqi lent ly  t h e r e  have been a  l a r g e  number o f  p u b l i c a t i o n s  5 

on t h i s  s u b j e c t  and t h e  p resen t  rev iew covers t h e  l i t e r a t u r e  f rom 1979 t o  t h e  end o f  1985. 

A  number of genera l  methods have been developed f o r  t h e  syntheses of t h e  b a s i c  s k e l e t o n  of  

i n d o l i r i d i n e s  and s u b s t i t u t e d  i n d o l i r i d i n e s  and these  w i l l  be t h e  s u b j e c t  o f  a  separate 

r e v i e w .  The p resen t  r e v i e w  i s  r e s t r i c t e d  t o  syntheses o f  compounds of n a t u r a l  o r i g i n .  F o r  

convenience,  t h e  r e v i e w  i s  p resen ted  accord ing  t o  t h e  f o l l o w i n g  p l a n .  
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1. Introduction 

The i n d o l i z i d i n e  system 1 i s  p r e s e n t  i n  many a l k a l o i d s  i s o l a t e d  from p l a n t s ,  and a l s o  from 

funga l  and animal sources. The a l k a l o i d s  found among t h e  Amary l l i daceae  o r  E r y t h r i n a  a r e  n o t  

i n c l u d e d  i n  t h i s  rev iew because o f  s t r u c t u r a l  and b i o g e n e t i c  c o n s i d e r a t i o n s .  Secur ineqa a l k a -  

l o i d s  a r e  a l s o  n o t  d iscussed here .  

2.1. Simple I n d o l i z i d i n e  Bases 

2.1.1. P l a n t  O r i g i n  

2.1.1.1. Castanospermum A l k a l o i d s  

Castanospermine 2 i s o l a t e d  f r o m  t h e  t o x i c  seeds o f  Castanospermum s6 i s  a p a t e n t  

i n h i b i t o r  of numerous ca rbohydra te -p rocess ing  enzymes. I t  i s  shown t o  i n h i b i t  &-and P - g l u -  

cos idases i n  f i b r o b l a s t  e x t r a c t s  as w e l l  as t h e  p rocess ing  o f  o l i g o s a c c h a r i d e  p o r t i o n s  o f  i n -  

7  f l u e n z a  v i r a l  hemagg lu t in in  . The f i r s t  and t h e  o n l y  s y n t h e s i s  of castanospermine 2 i s  a  c h i r a l  

7  
s y n t h e s i s  r e p o r t e d  by Ganem and Bernotas s t a r t i n g  f r o m  t h e  c h i r a l  synthon a D-glucose accord ing  

t o  Scheme 1. (+)-Castanospermine thus  syn thes ised  had ( m i D  + 71' (C,0.27,HZO). 

2.1.1.2. E laeocarpus A l k a l o i d s  

These a l k a l o i d s  v i r .  elaeokanines A  B  & C & D & E 18, e l a e o c a r p i n e  & and i s o e l -  

aeocarp ine  3 have been i s o l a t e d  by Johns u. f rom t h e  leaves o f  E laeocarpus spec ies  (m 
8  

carpaceae)  - r a i n  f o r e s t  t r e e s  wh ich  f l o u r i s h  i n  New ~ u i n e a ~ ' ~  and I n d i a  . 

b ~ n  OBn 
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Reagen ts :  a .  Benzy lamine:  b .  LAH,THF; c .  (CF3CO)20,Py; d. TBDMSCI, i m i d a r o l e ;  e. MsC1, Et3N, 

f .  fi-BuqNF, THF; g .  CH30Na, MeOH; h. NaBH4,EtOH, 4 0 ' ~ ;  i . (COCI)2 ,  DMSO; j .  L i t h i o -  

t - b u t y l  a c e t a t e ;  k .  H y d r o g e n o l y s i s ;  1. TFA, H20, 60°c, 3h; m. D i b a l ,  THF. - 



9  The syn thes is  of t h i s  s e r i e s  o f  a l k a l o i d s  s t a r t i n g  f r o m  n i t r o n e s  was r e p o r t e d  by T u f a r i e l l o  . 
The i s o o x a r o l i d i n e  21 was p repared  by t h e  a d d i t i o n  o f  n i t r o n e  22 t o  t h e  h indered  s t y r e n e  23 

(Scheme 2 ) .  E laeocarp ine  19 and i s o e l a e o c a r p i n e  20 were syn thes ised  by t h i s  method. 

Scherne 2 

Reagents: a. Toluene, 85%; b. HZ, P t02 ;  c. BzOCOCI, Py; d .  C o l l i n s  reagen t ;  e. H2, Pd-C; 

f .  A c r o l e i n ;  g. B B r 3  

10 A formal s y n t h e s i s  of 14, 15 and 16 was r e p o r t e d  by Howard and coworkers . The s u b s t i t u t e d  

d e h y d r o i n d o l i z i d i n e  was syn thes ised  from t h e  e x o c y c l i c  v i r ~ y l o g o u s  u re thane  v i a  an a c y l a -  

t i v e  r i n g  c l o s u r e .  P y r r o l i d i n e - 2 - t h i o n e  was a l k y l a t e d  on t h e  n i t r o g e n  t o  y i e l d  (CH2=CHCOOEt, 

THF, NaOH ( c a t a l y t i c ) ,  55OC, 98%) which was conver ted  t o  t h e  v iny logous  u re thane  26 u s i n g  a 

s u l p h i d e  c o n t r a c t i o n  sequence1' (Scheme 3 ) .  

As an ex tens ion  of T r o s t s  method14 f o r  t h e  s y n t h e s i s  o f  q u i n o l i r i n e  d e r i v a t i v e s  f rom i rn inoe ther  

and CL,p -unsa tu ra ted  ketones,  2 - e t h o x y - I - p y r r o l i ~ i e  and e t h y l  3-oxopentenoate y i e l d e d  27 i n  

80% y ie ld15  which was conver ted  t o  e laeokanines A  2, B 12, and C 16 and a l s o  compounds 17, 
19 and 0. 

I !e inreb and h i s  team16 i n  t h e i r  s y n t h e s i s  o f  e laeokanine A  14 have envisaged t h e  i m i n e d i e n o p h i l e  

as 2 and have c o n s t r u c t e d  i t  i n  i t s  'masked fo rm '  t o  f r e e  i t  when needed f o r  t h e  i n t r a m o l e c u -  

l a r  c y c l o a d d i t i o n  r e a c t i o n .  Thus, t h e  'masked i m i n e d i e n o p h i l e  34' was prepared and was conver ted  

t o  e laeokanine A 2 (Scheme 4 ) .  Conice ine and t y l o p h o r i n e  10 were a l s o  syn thes ised  by t h i s  

method. 
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Scheme 3 

Reagents :  a. CH2BrCOOEt, CH3CN, r . t . , lSh; Ph3P, Et3N, CH3CN, r . t ;  b. Aq.NaOH (0.4M, 1 e q u i v . ) ,  

r e f l u x ,  0 .5h;  c.AceO, CH3CN, r . t . ,40h;  d. CH3COC1, AgC104, CH3CN, N2, d a r k ,  r . t . ,  

1 .5h ;  e. NaBH4, CH3CN, r . t . , l h  , gl.HOAc, reflux; f .MeL i ,  THF, N2, O'C, 0.25h, RCOCN, 

THF, N2, O'C. 



Scheme 4 

Reagents: a. Piperidine, HOAc, C6H6; b. HSCH2CH0, Et3N; c .  mCPBA, CH2C12; d. H5106, Cr03, ace- 

tone, H20; e. EtOCOC1, Et3N; f.NH3; g .  chloromethyl methylsulphide, CF3COOH; h.NaBHq, 

CeC13; i. Mercuric acetate, g1.HOAc; j. Silylation; k .  A ,  370°C, 1. Dibal, THF; 

m. CF3COOH, DMSO. 

Shono and coworkers1' have synthesised Elaeocarpus alkaloids 14 and 16 by utilising anodically 

prepared 1-(alkoxycarbony1)-2-methoxypyrrolidine 41, as a key intermediate1' according to Scheme 5 
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Reagents: a . h '  TiC14; b.  (CH20H)2,P-TSOH, c.  K O  NH2NH2; d. NaH,BrCH2CH2@ 

e .  1N HCI; f. NaOH; g . @ ~ ~ t ,  TiC14; h. p y r r o l i d i n e ,  K2C03; ~ .AcooE~; 

j. (CH20H)2, p-TsOH; k .  NH2NH2, KOH. 

Chamberl in and coworkers19a have u t i l i s e d  t h e  k e t e n e d i t h i o a c e t a l  c y c l i s a t i o n  f o r  t h e  syn thes is  

o f  p y r r o l i z i d i n e ,  i n d o l i z i d i n e  and q u i n o l i r i d i n e  a l k a l o i d s .  Ketene d i t h i o a c e t a l  group was used 

e f f e c t i v e l y  as a new c a t i o n i c  ( a c y l i m i n i u m )  c y c l i s a t i o n  t e r m i n a t o r  ( a s  c l e a r l y  d e p i c t e d  i n  

Scheme 6 ) .  I n  a d d i t i o n ,  two m o d i f i c a t i o n s  t o  t h e  c o n v e n t i o n a l  methodologies f o r  t h e  acy l im in ium 

i o n  fo rmat ion  f o r  t h i s  c y c l i s a t i o n  were made. F o r  t h e  convers ion  o f  N - a l k y l i m i d e  45 t o  the 

hydroxy lac tam 46, sodium borohydr ide  r e d u c t i o n  was c a r r i e d  o u t  i n  methanol a t  - 4 ' ~ .  Over- 

r e d u c t i o n  was p reven ted  by s i m p l y  p o u r i n g  t h e  r e a c t i o n  m i x t u r e  i n t o  a s t i r r e d  aqueous b i c a r -  

b o n a t e - m e t h y l m e c h l o r i d e  m i x t u r e .  The hydroxy lactam recovered  f r o m  t h e  o r g a n i c  l a y e r  was s u i t a -  

b l e  f o r  t h e  c y c l i s a t i o n  s t e p  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  Secondly, t h e  f o r m a t i o n  o f  t h e  i m i n i -  

urn i o n  was done i n  n o n - a c i d i c  medium i . e .  t h e  hydroxy lac tam 46 was conver ted  i n t o  t h e  mesylate.  

T h i s  mesy la te  was n o t  observed b u t  undergoes r a p i d  e l i m i n a t i o n  t o  t h e  a c y l i m i n i u m  i o n  !l& f o l l o w -  

ed by c y c l i s a t i o n  t o  which w i t h  t h e  l o s s  o f  a  p r o t o n  g i v e s  a  new c y c l i c  k e t e n e d i t h i o a c e t a l  

4 1  i n  good y i e l d  (Scheme 6 ) .  Convers ion o f  47 t o  3 i s  d e p i c t e d  i n  t h e  Scheme. 



Scheme 6 

Reagents :  a. Ph3P, COOEt-N=N-COOEt; b.  NaBH4; c .  MsC1, E t p ,  CH2C12, - Z C - Z O ~ C ;  d .  LAH; 

e .  LDA, 1% ; f .  M e r c u r i c  c h l o r i d e ,  H 2  

2.1.1.3. The lpomoea A l k a l o i d s  

These a l k a l o i d s  a r e  i s o l a t e d  f r o m  t h e  seeds o f  lpomoea a l baZ0  and Ipomoea m u r i c a t a 2 1 ' 2 2 .  They 

are, t w o  g l y c o s i d e s  i p a l b i n e  48 and i p o m i n e  2 and t h e i r  a g l y c o n e  i p a l b i d i n e  3. I p a l b i d i n e  

50 i s  t h e  o n l y  example  o f  a  n a t u r a l l y  o c c u r r i n g  i n d o l i z i d i n e  a l k a l o i d  h a v i n g  a  u n i q u e  s t r u c t u r a l  

26 f e a t u r e  o f  a  C-methy l  g r o u p  on t h e  h e x a h y d r o i n d o l i r i n e  n u c l e u s  . S e v e r a l  s y n t h e s e s  of i p a l b i -  

23 d i n e  a r e  known u p t o  1979 . H e r b e r t  and ~ e d ~ e s ' ~  have s y n t h e s i s e d  i p a l b i d i n e  a c c o r d i n g  t o  

Scheme 7. 
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OR, 

Reagents: a. Benzene, r.t.; b .  MeOH; c .  NaBH4, PrOH; d .  H C 1  

Howard et?5 have syn thes ised  t h e  b i c y c l i c  ke tone  55 by an a c y l a t i v e  r i n g  c l o s u r e  of t h e  

v iny logous  u re thane  3 t h rough  61. Since  t h e  convers ion  of 55 t o  i p a l b i d i n e  i s  a  w e l l  known 

r e a c t i o n ,  t h i s  completes t h e  fo rma l  s y n t h e s i s  o f  i p a l b i d i n e  50 (Scheme 8).  

R e c e n t l y  i i d a  e t J 6  have syn thes ised  t h e  b i c y c l i c  ke tone  55 by i n t r a m o l e c u l a r  c y c l i s a t i o n  

of t h e  N- fo rmy l  ke tone  69 which was o b t a i n e d  v i a  a ( 3 + 2 )  c y c l o a d d i t i o n  r e a c t i o n  of t h e  c y c l i c  

n i t r o n e  w i t h  t h e  o l e f i n e  64 (Scheme 9 ) .  



Scheme 8 
C02Me 11 

a 

Ar 

'2 
Reagen ts :  a. N a O H ( c a t a l y s t ) ,  THF; b.  BrCH2COOMe, THF; c .  PPh3. EtJN, CH3CN; d .  NaOH (1  e q u i v . ) ,  

H20; e. n -BuqNI ;  f. CICOOMe, THF; g. KOH, H20. N2; h. HCI; H20; i. LAH, THF 

Reagen ts :  a .  To luene ,  r e f l u x ;  b .  Pd-C,H2; c .  HCOOH; d .  C o l l i n s  r e a g e n t ;  e . A l u m i n i u m  i s o b u t o x i d e ;  

f .  L i ,  l i q .NH3  
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2.1.2. Fungal and Animal O r i g i n  

2.1.2.1. A l k a l o i d s  o f  R h i z o c t o n i a  l e g m i n i c o l a  

2.1.2.la. S la f ramine  

27 Slaf ramine 3 i s  a  funga l  t o x i n  produced by Rh izoc ton ia  l e q u m i n i c o l a  . It i s  respons ib le  f o r  

excessive S a l i v a t i o n  o f  t h e  l i v e s t o c k  consuming mou ld - in fes ted  legume feeds.  I t  i s  a l s o  a  stirnu- 

l a t o r  o f  t h e  parasympathomimetic e x o c r i n e  glands. The syn thes is  o f  t h e  same was repor ted  e a r l i e r  

by R inehar t  w i t h  an o v e r a l l  y i e l d  of O.l%, l a t e r  by ~ h r i s t o ~ h e l ~ ~  w i t h  an o v e r a l l  y i e l d  

o f  0.3%. Weinreb and h i s  team3' have syn thes ised  f rom t h e  d iene  aldehyde 2 th rough  an i n t r a -  

mo lecu la r  im ino  D i e l s - A l d e r  r e a c t i o n .  The o v e r a l l  y i e l d  o f  70 f rom was 1.5% (Scheme 10). 

Schew 10 

CHO YR 
a-c 

t - 
-HOAc 

rnnMr COOMe 

75 (+I p -  isomer 76 R:TBDMS - 78 - R=TBDMS 

Reagents: a. n -BuL i ,  t r i m e t h y l s i l y l a c e t a m i d e  carbanion,  -78 '~;  b. H ~ o + ;  c .  TBDMSC!, imidazole, 

DMF; d. (CH20),, CsC03, THF; e.  Ac20,Py; f. A ;  g. 9-BBN,THF, O'C; h. 5% KOH, MeOH; 

i. EtOCOC1, Py; NaN3,H20, O'C; j. THF; A ; k .  C6H5CH20H,r.t.; 1. B2H6,THF; 

m. HC! , THF; n. Ac20, Py; 0. 10% HOAc,MeOH 



A  s t e r e o s e l e c t i v e  s y n t h e s i s  o f  (+ ) -s la f ramine  was achieved by Schneider  and ~ a r r i s ~ ' .  The key  

s tep  i n  t h i s  s y n t h e s i s  i s  t h e  f o r m a t i o n  o f  t h e  o c t a h y d r o i n d o l i z i n e  nuc leus  v i a  a potass ium 

h y d r l d e  c y c l i s a t i o n  o f  t h e  N - a c e t y l o i p e c o l a t e  e s t e r  82 t o  g i v e  a  P - ke to lac tam & The s t e r e o -  

chemis t ry  of C6 and Cga o f  70 was s e t  d u r i n g  t h e  c a t a l y t i c  r e d u c t i o n  o f  81 and t h i s  -- r e l a -  

t i o n s h i p  o f  s u b s t i t u e n t s  was r e t a i n e d  d u r i n g  t h e  c y c l i s a t i o n  p rocess .  The r e l a t i v e  c o n f i g u r a t i o n  

of C  was  e s t a b l i s h e d  v i a  a  s t e r e o s e l e c t i v e  r e d u c t i o n  o f  t h e  P - k e t o l a c t a m  w i t h  L - s e l e c t r i d e .  
8a 

The y i e l d  o f  ( i b s l a f r a m i n e  70 f r o m  80 was 12% (Scheme 11). 

S c h m  11 

OAc 

f 

HY 0 

Reagents: a. H2,Pd-C; b. pTsC1,Py; c .  t i2,Pt02, HOAc,Ac20; d. Ac20; e. KH; f .  L - i e l e c t r i d e  

r e d u c t i o n ;  g .  BH ,THF; h. Na,NH3; i. HOAc, HC1 3  

2.1.2.1.b. Swainsonine 

Swainsonine 85 i s  a  p o t e n t  i n h i b i t o r  o f  mannosidase and d i s r u p t s  t h e  p rocess ing  of g l y c o p r o t e i n .  

33 I t  has been i s o l a t e d  f r o m  Swainsona canescens3', f r o m  t h e  locoweed As t raga lus  l e n t i g i n o s u s  , 
f rom t h e  fungus, R h i z o c t o n i a  ~ e ~ u r n i n i c o l a ~ ~  and f r o m  c u l t u r e d  b r o t h  o f  t h e  fungus Meta rh iz ium 

34 a n i s o p l i a e  F3622 . The a l k a l o i d  induces c o n d i t i o n s  s i m i l a r  t o  mannosidosis  i n  c a t t l e  which 

35 graze on pas tu res  c o n t a i n i n g  these  weeds . Severa l  c h i r a l  syntheses o f  t h i s  a l k a l o i d  a re  r e -  

p a r t e d  r e c e n t l y .  

Suami and coworkers36 have syn thes ised  ( )  - swainsonine 85 from 0-mannose by a 15 s tep  

sequence s t a r t i n g  f r o m  86. The o v e r a l l  y i e l d  of ( - )  - swainsonine 85 ( 25 - 81.7" 

(c,O.6,MeOti) f r o m  t h e  c h i r a l  p recurso r  @ was 2.3% (Scheme 1Z) .  Takaya 2!4 have u t i l i s e d  

0-mannose f o r  t h e  s y n t h e s i s  o f ( - ) - s w a i n s o n i n e  85 - 84.7' (c,0.53,MeOH). The i n t e r m e d i a t e  

s3' was o b t a i n e d  i n  3  s teps  f r o m  D-mannose. The c o n f i g u r a t i o n  o f  C4 was i n v e r t e d  a t  t h e  f o u r t h  

s t e p  t o  y i e l d  91 (Scheme 13)  
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R e a g e n t s :  a. MsC1,Et3N; b.  MeOH, 0 .06M HCI ;  c .  NaOAc, m e t h o x y e t h a n o l ;  d. NaOMe; e .  E~SH,H+ ;  

f .  TrCl,,p-DMAP;g.BnBr,DMF,NaH; h. H+; i . p - T s C 1 , P y ;  j. NaOH, r e f l u x ;  k .  HgCI2 ,  CaC03; 

I .  D i e t h y l  ethoxycarbonylrnethylphosphonate, NaH; m. R a n e y  N i ,  Hz; n. Aq.EtOH,KOH; 

1 g e n t s : a . r s C l  ,p":h. CF3COOH,MeOH; c .  NaN. ,DMF; d. p- T S O H - M ~ ~ C ( O M ~ ) ~ ,  a c e t o n e ;  e .  KOH,MeOH; 

f .  DMS0,Py-SO3-Et3N; g.  P h 3 P =  CHCOOMe, THF; h .  Hz, Pd-C, MeOH; i. MeOH, r e f l u x ;  

j. BH ,THF; k .  B C I  ,CH2C12; 1.  NaBH3CN,H20-MeOH. 3 3 



Richardson and coworkers38 have syn thes ised  85, ( a ) D  -84"(MeOH), from t h e  c h i r a l  synthon methyl  

3-amino-3-deoxya-D-mannopyranoside h y d r o c h l o r i d e  93 which was r e a d i l y  a v a i l a b l e  f r o m  methy l -  

~ ~ - ~ l u c o ~ ~ r a n o s i d e ~ ~  i n  20-25% y i e l d .  (-)-Swainsonine 85 was o b t a i n e d  f r o m  93 i n  11 s teps  

(Scheme 14) .  

Scheme 14 
CBz 

a-c 
___) OH 

d-9 

Reagents: a. Benry loxy ca rbony la t ion ;  b .  p-TsC1,Py;Pd-C,H2; EtOH,NaOAc; Benzyloxy ca rbony la t ion ;  

c .~ ' , ref lux;  d. E t h a n e t h i o l ,  HCI; e. Ac20,P.y; f. HgCI2, CaC03; g. Ethoxycarbonyl -  

methylenetriphenylphosphorane; h. Pd-C,H2; i. BH3-DMS; j. NaOMe, MeOH. 

20 T o t a l  syn thes is  o f  ( - ) - swa inson ine  85 -67.4"(c,0.33,MeOH) was c a r r i e d  o u t  b y  Smith 

et.40 s t a r t i n g  f r o m  t h e  c h i r a l  synthon benzyl-a-D-mannopyranoside 98. The az ido  group 

was in t roduced  a t  C4 w i t h  t h e  r e t e n t i o n  of c o n f i g u r a t i o n  b y  o x i d i s i n g  t h e  hydroxy l  group 

a t  C4 f o l l o w e d  by r e d u c t i o n .  The o v e r a l l  y i e l d  o f  85 f rom 98 was 26% (Scheme 15). 
Schem 15 & a-d HO GDP& & 22- 

m; 
OBn 0 ~ 0  

0 0 

OBn 
'43 OBn 

98 99 

Reagents: a. E - B u t y l d i p h e n y l s i l y l  c h l o r i d e ,  im idazo le ;  b. acetone, Me2C(OMe)2, camphor 

su lphon ic  acid; c .  PCC, powdered mol. s ieves ,  CH2CI2; d. NaBH4; e. T r i f l i c  anhydride, 

Py,CH2Cl2; f. NaN3, DMF, r.t.; @u4NF, DMF; g. PCC, powdered mol. s ieves,  CH2CI2; 

h. Ph3p=c~CHO; i. 10% Pd-C, H2,MeOH; j. Pd-black, HOAc, t . ,  3 days; k. CF3COOH, 

80% D20. 
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25 Sharp less =?la have r e p o r t e d  a  t o t a l  s y n t h e s i s  o f  ( - ) -swai , lsonine 85, -73.8' (c,0.21, 

EtOH), i n  21 s teps  and i n  6.6% o v e r a l l  y i e l d  from trans-1,4-dichloro-2-butene and N-benzyl-p- 

to luenesulphonamide.  It i s  t h e  f i r s t  r e p o r t e d  non-carbohydrate r o u t e  t o  t h i s  a l k a l o i d .  I t  was 

w e l l  demonstrated t h a t  s u i t a b l y  p r o t e c t e d  n i t r o g e n  was compat ib le  w i t h  t h e  asymmetric epoxida- 

t i o n  and w i t h  t h e  o t h e r  t r a n s f o r m a t i o n s  i n  t h e  ~ a s a m u n e - ~ i l a r p l e s s ~ ~ ~ ' ~ ~ ~  i t e r a t i v e  process. 

The N-benzyl-p-toluenesulphonamide m o i e t y  met these  requ i remeots .  The s t e r e o c h e m i s t r y  o f  the 

isomers was e s t a b l i s h e d  v i a  asymmetric e p o x i d a t i o n  using ( - ) - d i i s o p r o p y l t a r t r a t e  and T i tan ium 

I V  i s o p r o p o x i d e .  

Asymmetric e p o x i d a t i o n  o f  under s tandard  cond i t i ons41b  y i e l d e d  t h e  e p o x y  a l coho l  100b. 

Convers ion o f  epoxy a l c o h o l  i n t o  was accomplished i n  9 s teps.  The c h e m i s t r y  i n v o l v e d  i s  

s i m i l a r  t o  t h e  one used f o r  t h e  t o t a l  s y n t h e s i s  of h e x o ~ e s ~ ~ ~ .  The f i n a l  two carbons requ i red  

f o r  swainsonine backbone were added by a  M o f f a t  o x i d a t i o n  o f  f o l l o w e d  by d i r e c t  a d d i t i o n  

of (ethoxycarbony1methylene)-triphenyl phosphorane. D i i m i d e  r e d u c t i o n  o f  t h e  r e s u 1 t a n t a . p - u n s a -  

t u r a t e d  e s t e r  a f fo rded  lOOf i n  74% y i e l d  f rom m. D e p r o t e c t i o n  o f  t h e  p - t o s y l  group of lOOf 

u s i n g  sodium n a p h t h a l i d e  f o l l o w e d  by p r o t e c t i o n  of t h e  hydroxy l  group u s i n g  e - b u t y l d i m e t h y l -  

s i l y l  t r i f l a t e  and r e d u c t i o n  a f f o r d e d  t h e  a l c o h o l  loOg. M e s y l a t i o n  o f  lOOq f o l l owed  by debenry- 

l a t i o n  gave t h e  amido a l c o h o l  i n  q u a n t i t a t i v e  y i e l d .  D e s i l y l a t i o n  u s i n g  Dowex ~ o w - x ~ ( H +  

fo rm)  y i e l d e d  ( - ) - swa inson ine  & 

Scheme 16 

Bn OBn TACHCH~OH 
Ts-~+s(m) - Ts-N = ---C Ts-N 

68" 
OBn OAC 

B n  OBn OBn OTBDMS BnO OTBDMS 

TS-l: &CH~COOE~ - ,  
--C '-6 6Bn --c ---c -ow 

OH OTBDMS 
1- B n  clQ 

l o o h  -- -+""a A. 



42 A s h o r t  e n a n t i o s p e r i f i c  s y n t h e s i s  o f  f rom D-mannose has been achieved b y  Hashimoto c. 
by a  r o u t e  i n v o l v i n g  a  one s t e p  c y c l i s a t i o n  o f  t h e  epoxyamino e s t e r -  t o  t h e  lactarn 

fo l l owed  by t h e  r e d u c t i o n  o f  t h e  lac tam t o  t h e  p r o t e c t e d  swainsonine z. I t  was found  

t h a t  t h e  con juga ted  e s t e r  was reduced w i t h  NaBH4 i n  t r i f l u o r o e t h a n o l  th rough  % t o  

1m and f u r t h e r  t o  102b. The compound c o u l d  be genera ted  v i a  a  NaBH4 t rea tmen t  by appro-  

p r i a t e l y  p r o t e c t i n g  t h e  amino group (eg .  CF3CO-) b y  a  d i r e c t  convers ion  o f  t o  - through  

a synchronous occur rence  of a  sequence o f  r e a c t i o n s  v i z .  i )  r e d u c t i o n  and d e p r o t e c t i o n  o f  

t o  &I& i i )  doub le  c y c l i s a t i o n  o f  t o  i i i )  r e d u c t i o n  o f  t o  1026. There fo re ,  an 

ex t reme ly  s h o r t  e n a n t i o s p e c i f i c  t o t a l  s y n t h e s i s  of 85 [ ( c ~ ) ~ ~ ~ - 7 9 . 8 ~ ( c ,  0 .55,  MeOH)] was develop-  

ed by a  r o u t e  i n v o l v i n g  as a key  s t e p  t h e  convers ion  of - t o  -. The i n t e r m e d i a t e  - 
was prepared i n  a s t r a i g h t f o r w a r d  manner f rom t h e  oxirne 104 f r o m  t h e  r e a d i l y  a c c e s s i b l e  D -  

r n a n n ~ s e ~ ~ .  Two isomers of swainsonine(  15, 25, 85, 8aR )-1,2,8-trihydrouyoctahydroindolizidine 

105 and t h e  c o r r e s p o n d i n g ( l S ,  ZR, 85, 8aR) d e r i v a t i v e  106 were syn thes ised  f r o m  D-glucose v i a  

a  one s t e p  c y c l i s a t i o n  t o  t h e  5-0x0-1,2,8-trihydroxyindoliridine d e r i v a t i v e q q  107 (Scheme 17,18) 
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R e a g e n t s : a . Y s C l , P y ;  b.  CF3COOH,H20(9:1); c. Ph3P=CH-COOEt, THF; d.H2, 10% Pd-C, MeOH; e .  A ,  

DMF-EtOH(1:4) ;  f .  [ ( C H ~ ) ~ S ~ I ~ H ( C H ~ ) ~ S ~ C ~ ;  q.BH3(CH3)?S, THF; h. BzONa, QMF; i . NaOMe, 

NaOH 

Scheme 18 

Reagents :a .MsCl ,Py ;  b.  CF3COOH,H2Q(9:1); c .  Ph3P=CH-COOEt, THF; d.H2, 10% Pd-C, MeOH; e .  A, 

DMF-EtOH(1 :4 ) ;  f. [ ( c H ~ ) ~ s ~ ] ~ - N H ( c H ~ ) ~ S ~ C ~ ;  g.  BH3(CH3)2S9 THF 



2.1.2.2. Pheromones o f  t h e  Pharoah a n t  

45 A  t r a i l  substance of t h e  Pharoah an t ,  Monomorium pharaonis ( L )  was i s o l a t e d  b y  R i t t e r  et . 
46 There a r e  several  n o n - s t e r e o s e l e c t i v e  syntheses o f  monomerine I 116 r e p o r t e d  e a r l i e r  . Lee 

and ~ o b e r t ~ '  have r e p o r t e d  a  s t e r e o s p e c i f i c  t o t a l  syn thes is  o f  (:)-rnonomerine-I (Scheme 1 9 ) .  

The key step i n  t h e  syn thes is  i s  t h e  r e d u c t i v e  c y c l i s a t i o n  of t h e  n i t r o k e t o n e  t o  m. 
Sodiumcyanoborohydride r e d u c t i o n  o f  t h e  enamine 119 y i e l d e d  o n l y  one isomer v i z .  monomerinel 

116. 

S c h m  19 

Reagents: a. Mg,THF; CH2=CHCHO; b. PCC o r  Mn02, CH2CI2; c .  N i t r o p e n t m e ,  TMG; d.10% PdS04, 

anhyd.Na SO ; e .  ~ ~ 0 ' ;  f .  pH 3.8-5.4; g. NaBH3CN, MeOH. 2 4  

Recen t l y  Husson and ~ o y e r ~ ~  have syn thes ised  ( - ) -  monomerine by an asymmetric syn thes is  u s i n g  

a c h i r a l  a u x i l i a r y  120 (2-cyano-6-oiazolopiperidine)4g e q u i v a l e n t  t o  1 ,4 -d ihydropyr id ine .  React-  

i o n  c o n d i t i o n s  were e s t a b l i s h e d  i n  such a  way t h a t  d i f f e r e n t i a t e d  t h e  r e a c t i v i t y  o f  t h e  amino- 

n i t r i l e  and aminoether m o i e t i e s  o f  t h e  synthon,  enab l ing  t h e  c o n t r o l  o f  r e l a t i v e  and abso lu te  

c o n f i g u r a t i o n s  over  2  and 6  p o s i t i o n s .  As chemo- and s t e r e o s e l e c t i v e  r e a c t i o n s  c o u l d  be achieved 

e i t h e r  a t  C2 o r  C6 cen t res  of t h e  c h i r a l  synthon and as hydrogeno lys is  produced a secondary 

n i t r o g e n  c e n t r e  capable o f  undergoing an i n t r a r ~ o l e c u l a r  r i n g  c l o s u r e ,  t h i s  synthon represented 

an i d e a l  s t a r t i n g  p o i n t  f o r  t h e  c h i r a l  syn thes is  o f  i n d o l i z i d i n e  a l k a l o i d s  (Scheme 2 0 ) .  
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aeagents: a. LDA; -1; b.  AgBF4; c .  Z ~ I ( B H ~ ) ~ ;  d. MeMgBr-ether; e .  H2, Pd-C, MeOH;f.HCl 1%. 
OL# 20 

( - ) -Monomer ine so o b t a i n e d  had ( a  ) D  -35.8' (C, 1.35, 5-Hexane). The n a t u r a l  monomerine being 

d e x t r o r o t a r y ,  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  monomerine was ass igned as 3R,5S and 98 based on 

t h e i r  p r e v i o u s  r e s u l t s .  

2.1.2.3. A l k a l o i d s  o f  t h e  Dendrobat idae 

A number of a l k a l o i d s  125.121 t h a t  possess i n t e r e s t i n g  pharmaco log ica l  p r o p e r t i e s  have been 

i so la ted5 '  i n  m inu te  q u a n t i t i e s  from t h e  s k i n  e x t r a c t s  o f  f r o g s  be long ing  t o  Dendroba t id  fami l y .  

They a r e  d i v i d e d  i n t o  b a t r a c h o t o x i n ,  h i s t r i o n i o t o x i n ,  p u m i l i o t o x i n  and gephyro tox in  c lasses  

of a l k a l o i d s .  O f  t hese  t h e  i n d o l i z i d i n e  a l k a l o i d s  p u m i l i o t o x i n s ,  gephyro tox in  223A a r e  b i c y c l i c  

whereas gephyro tox ins  a re  t r i c y c l i c  i n d o l i z i d i n e  a l k a l o i d s .  There a re  severa l  syntheses,  s te reo -  

s p e c i f i c  o r  s t a r t i n g  from a c h i r a l  synthon o r  u s i n g  a c h i r a l  a u x i l i a r y ,  which w i l l  be d iscussed 

here .  

Gephyro tox in -223  131 and i t s  s tereoisomers were synthesised5' v i a  a N1-C2-v ic ina l  anne la t ion  

of a  1,4-dibromoalkane on t o  a p ~ r r o l i n e  r i n g  system. 132 was a l k y l a t e d  e x c l u s i v e l y  a t  t h e  

p r i m a r y  carbon s i t e  w i t h  1,4-dibromoheptane a f f o r d i n g  a 1:l m i x t u r e  of 4 ' -bromo stereoisomers 



R 
,Me 

H-C 
LR 

127 R.  n-propyl 1% R = -CHZ = CHZ 

1 s  when t r e a t e d  w i t h  LDA (THF - 4 0 ' ~ ) .  Decarboxymethylat ion and c y c l i s a t i o n  o f  gave 

13% which on c a t a l y t i c  hydrogenat ion a f f o r d e d  a  s i n g l e  s tereoisomer 131. - 

hie ,J 
Me 

There were t h r e e  groups headed by Freeman, H a r t  and K i s h i  who have a lmost  s imu l taneous ly  s t a r t e d  

t h e i r  work on t h e  syn thes is  of t h i s  group of a l k a l o i d s .  K i s h i  et?2 have s y n t h e s i s e d ( i ) -  

gephyro tox in  128 through t h e  i n t e r m e d i a t e  v iny logous  amide 134. The un ique  aspect o f  t h i s  synthe-  

s i s  i s  t h a t  a l l  the  f i v e  asymmetric cen t res  were in t roduced  s imu l taneous ly  through hydrogena- 

t i o n  r e a c t i o n s .  One of the  key s t r a t e g i e s  i n v o l v e d  t h e  use o f  a  hydroxye thy l  s idecha in  t o  d i r e c t  

t h e  stereochemical  course o f  t h e  hydrogenat ion o f  t h e  v iny logous  amide 134. The o v e r a l l  y i e l d  

of 134 from 135 ( t h e  s t a r t i n g  m a t e r i a l )  was about 20% i n  14 steps.  Hydrogenat ion of 134 us ing  

5% p l a t i n u m  on alumina i n  e t h y l  ace ta te  fo l l owed by a c e t y l a t i o n  gave 136 (61% f rom a which 
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was c o n v e r t e d  t o  137 and 138 i n  seven s t e p s .  The r a t i o  o f  d i a s t e r e o m e r i c  a l c o h o l s  v a r i e d  acco rd -  

1 3  6 p  

i n g  t o  d i f f e r e n t  r e d u c i n g  agen t s  used  (LAH o r  P t  on  a l u m i n a  o r  d i s s o l v i n g  m e t a l  r e d u c t i o n ) .  

The compound 137 was c o n v e r t e d  t o  p e r h y d r o g e p h y r o t o x i n  129 i n  4 s t e p s .  (PCC,CH2Cl2, r.t.; 

CH CH CH=PPh3, THF,O'C; 5% Rh on a l um ina ,  EtOH, 6 0  p s i ,  Hz, r.t.;Q-Bu4NF, DMF, r . t . ) .  L i k e w i s e  3  2  

137 was c o n v e r t e d  t o  i n  6  s t e p s  (PCC,CHZCI2,r . t . ;  E ~ O C H = C H P +  Ph j  B r - ,  NaOEt, r . t . ;  pTsOH, 

ace tone ,  w a t e r ,  O'C; C ~ C H ~ P ' P ~ ~ C I - ,  BuL i ,  THF; MeLi ,  THF; MejS iC l ;  n-Bu4NF, DMF) i n  an o v e r a l l  

y i e l d  o f  45% f r om 137. L a t e r  K i s h i  u,113 have r e v i s e d  t h e  s t r u c t u r e  o f  g e p h y r o t o x i n  t o  128, 

w h i c h  was e a r l i e r  a s s i g n e d  as 139 (Cl & C6 s i d e c h a i n  a i n  128) b y  D a l y  et?O b y  s y n t h e s i s i n g  

1 2  f r o m  a  c h i r a l  s t a r t i n g  m a t e r i a l  v i z . ,  L - p y r o g l u t a m i c  a c i d  (Scheme 21 ) .  

Scheme 21 

Z p  1% R-CHzOMe 

W b  R = B n  

ref 
52 

-1a----Lll_B 

Reagen ts :  a .  P 2 S 5 , P y , 8 5 0 ~ ;  b.  MeoCHBrCOOEt, NaHC03, t .  r e f l u x ;  c .  0 . 1N  :<OH, EtOH, 6 0 ' ~ ;  

d .  H 2 ( 1  a tm) ,  5% Pt -C,  HCIOq, MeOH, r . ;  e .  C6H5COC1,Py, CH2ClZ, r.t.; f .  L iBH4,  

THF, r.t.; g. KH, THF, r . t.; h .  D i b a l ,  THF- to l uene ;  i. NaBH4, DME, r.t.; j. MeOCHpr, 

i pr2EtN,CH2C12; k .  Ba(OH)?,HZ0, r e f l u x .  

Gephymtoh cbtained by s m &  had an (CYD + mO(c,l EtOH). As the n a t v d y  occun'ng alkaldd was a  k a v a o i a t o y  me, W 

5 0  
Sbubue of gephmtoxin wm mvbed m =(Howeve; the sbudve of alka!oid r e m a i n s  u n s e t t l e d )  . 



Lee and ~ t e v e n s ~ ~  have  r e p o r t e d  a  s t e r e o s p e c i f i c  t o t a l  s y n t h e s i s  of g e p h y r o t o x i n - 2 2 3  (Scheme 

2 2 ) .  The sequence of r e a c t i o n s  a r e  s i m i l a r  t o  t h e  one m e n t i o n e d  e a r l i e r  f o r  monomer ine  - I 

116. The d i e n a m i d e  app roach  p r e v i o u s l y  d e v e l o p e d  was adop ted  b y  Overman 9?'56 t o  p r o v i d e  

a  r e a d y  access  t o  t h e  b i c y c l i c  i n t e r m e d i a t e s  152 and 157 (Scheme 23 and 24 ) .  

Scheme 23 
B n o  

7 a + Bn0-CHO -- 
1 4  

NHCOOBn """ NHCOOBn 
H 

718 - 1 3  

BnO BnO 

d - OMe 

H H 2 
151 - 

E n 0  H OMe 

--C 

0 

Reagents :  a. I ~ O ~ C , A ;  b .  FormylmethyltriphenyIphosphorane, THF; c .  A c e t a l i s a t i o n  w i t h  p y r i d i n i u m -  

p - t o s y l a t e ,  MeOH; d. Pd-C, H2,MeOH, 1 atm; e. 2-methoxy-2-methy l -3-butenal ,  NaBH4; 

f .  b ,  benzene,p-TsOH; g .  BnBr,  CHC13 r e f l u x ;  h.  2% NaOH; i . NaBH4; j. O r t h o e s t e r  

C l a i s e n  rea r rangemen t ;  k .  E t h a n e t h i o l ,  BF3-EL20; 1 .  T o s y l a t i o n ;  m. L iBu2Cu,  e t h e r ,  

- 2 0 ' ~ :  n. C h l o r o f o r m a t e  d e b e n r y l a t i o n ;  o .  Ozone; p.  NaBH4; q .  LiOH: r .  NaH; s .  CH2N2; 

t '  Se02: u. Zn,HOAr, 90°c; v. NaOMe,NaOH r e f l u x ;  w .  LAH. 
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55 56 They have syn thes ised  p rehydroqephyro tox in  129 and gephyro tox in  128 by u t i l i s i n q  a- 
1,3-butadiene-1-carbamate 148 and =-2-benzyl-2-butenal 149. 

9 pH -E 

CN f 
147 - 

Me 

Reagents: a. CH CflrSOPh; b .  re f lux ing ,CClq ;  c .  1 - ~ l t r o p e n t a n e ,  TMG; d. Raney N i ,  H ; e. H 0'; 
0 2  0 2 3 

f. KCN; q. PrMqBr, e t h e r  

S c h m  24 

MOMO 

157 R E  Metal 

R'=CH~OMOM 
158 

MOMO - 
MOMO 

g,h 
__C 

1s 

160 - 
i ,  j 

Ph2SiO 

t 
1g 

Reagents: a. C1COOCH2CCI3, 1,2,2,6,6-pentamethylpiperidine, CC14; b .  HC104, THF; Formylmethyl- 

enetr iphenylphosphorane;  c .  Pyr id in ium p- to luenesu lphona te ,  MeOH; d .  KOH,MeCHOHMe,H20; 

e. 1M HCl,THF, NaOMe; NaBH4,MeOH; f .  TBDPSCI, Et3N, pDMAP, CH2CI2; q. H B ~ , D M E , ~ O ~ C ;  h. (COCI)?, 

DMSO; i. i P r 3 ~ i ~ ~ 2 ~ = ~ ~ i P r 3 i ,  BuLi,THF, - 78 '~-r . t . ;  j. n-Bu4NF 



L i k e w i s e  a  t o t a l  s y n t h e s i s  o f  ( f ) - g e p h y r o t o x i n  128 was achieved56 i n  6.5% o v e r a l l  y i e l d  from 

t h e  r e a d i l y  a v a i l a b l e  trans-l,3-butadienecarbamate 148. The key  s t e p  i n  t h e  r e a c t i o n  i s  t h e  

r e d u c t i o n  o f  t h e  b i c y c l i c i m i n i u m  i o n  157 from t h e  more h indered  a - f a c e  t o  p r o v i d e  158 w i t h  

LAH under c o n t r o l l e d  tempera tu re .  T h i s  r e a c t i o n  y i e l d e d  158 and i t s  a -isomer i n  t h e  r a t i o  

O f  1 2 : l .  

A h i g h l y  convergent ,  conc ise  and p r o c h i r a l  r o u t e  f o r  t h e  chemical s y n t h e s i s  o f  p u m i l i o t o x i n  

2 5 1 0 ~ ~ , ~ ~  1x and p u m i l i o t o x i n  B~~ 126 was developed by Overman Ual. v i a  a s t e r e o s p e c i f i c  

i m i n i u m i o n - v i n y l s i l a n e  c y c l i s a t i o n s  s t a r t i n g  from t h e  c h i r a l  synthon v i z . ,  L - p r o l i n e  e s t e r  

162. The m i x t u r e  of epoxides 3 and (1:2)  were o b t a i n e d  i n  2  s teps  f r o m  L - p r o l i n e  e s t e r  

162 (Scheme 25) .  

S c h m  25 

Reagents: a. MeM91; b .  SOCI2,Py; c.m-CPBA, hexane, 25'~; d. 3M EtOH-KOH; e. (CH20),; f .  EtOH, 

camphorsulphonic ac id ,  r e f l u x .  

Thus t h e  t o t a l  s y n t h e s i s  of ( + ) - p u m i l i o t o x i n  2510 h y d r o c h l o r i d e  127 ( a ) D 2 5 + 2 8 0  ( c ,  0.62, MeOH) 

was achieved by a convergent  sequence i n  9 s teps  i n  an o v e r a l l  y i e l d  o f  6.3% f r o m  S- l -hep tyn -3 -  

o l  and 3.6% from N-benryloxycarbonyl-L-proline 162. 
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The s i d e  c h a i n l l p  o f  p u m i l i o t o x i n  B was i n t r o d u c e d  t o  compound 171 (Scheme 26) which was p repar -  

ed accord ing  t o  Scheme 25 mentioned e a r l i e r .  The compound 170 was prepared f rom e t h y l  L - l a c t a t e  

i n  4 s teps  i n  18% o v e r a l l  y i e l d .  Thus P u m i l i o t o x i n  B ,  ( a ) D  + 19.3':C,1.00,MeOH) was o b t a i n e d  

i n  13 s teps  i n  an o v e r a l l  y i e l d  o f  1.8% from L - p r o l i n e  e s t e r .  T h i s  s y n t h e s i s  unambiguously 

e s t a b l i s h e d  t h e  complete s t e r e o s t r u c t u r e  o f  t h i s  p o t e n t i a l l y  i m p o r t a n t  c a r d i a c  agent. A l l o -  

p u m i l i o t o x i n - A ,  (276A) 174a and(339B) were a l s o  syn thes ised  u s i n g  t h e  c h i r a l  synthon L -  

58a p r o l i n e  c a r b o x y l a t e  . 
Scheme 26 

Reagents: a. T h r e o s e l e c t i v e  r e d u c t i o n  u s i n g  LAH; b .  o-Bu&NF,DMF 

59 
i i a r t5 '  and Tsai  have syn thes ised  depentenylperhydrogephyrotoxin , gephyro tox in  - 223AB 131 

and i t s  isomer6', gephyro tox in  128, dehydrogephyrotox in E~~ by i n t r o d u c i n g  t h e  asymmetric 

c e n t r e  a t  C j a  t h rough  a  fo rm ic  a c i d  induced vinylogous-N-acyliminium c y c l i s a t i o n  of c a r b i n o l a -  

mides"9'60 o f  t h e  t y p e  175 t o  176 (Scheme 27) .  

S c h m  27 

H H 
oHcom 

HCOOH - 
R CHCOOEt H CHCOOEt 



Scheme 28 

Reagen ts :  a. 1, H u t a d i e n e ,  A1CI3; b.  L A H , - ~ O ' C ;  c .  S u c c i n i m i d e - M i t s u n o b u  c o n d i t i o n ;  d .  Ozone, 

MeOH, NaBH4; e .  Bu3P, p - n i t r o p h e n y l  s e l e n o c y a n a t e ;  f .  H202; g. D i b a l ;  h .  HCOOH,CH C1 ; 2 2  

i. NaOH; j. X a n t h a t e  f o r m a t i o n ;  k Bu3SnH; i. Lawesson reagen t61b ;  m.Ethy1 bromo- 

a c e t a t e ;  n. EtjN,Ph P; 0 .  NaBH3CN,pHL;p.LAH; q. TBDPSCI; r .  D i s i a m y l b o r a n e ,  H202; 3  

s .  P t  on  AI2O3, EtOAc-hexane; t.n-Bu4NF,THF; u. (COCl)2, Me SO, E t  N; v. I - ( T r i m e t h y l -  2  3  

sily1)-3-5-butyldimethylsilyl-1-propyne, t - B u L i ;  w. D i b a l ;  x.n-Bu4NF, OMF; y .  P i n a c o l -  

E-I-trimethylsilyl-I-propene-3-boronate, CH2C12, r.t.; z .  H y d r o l y s i s ;  y ' .  D i b a l ;  

r ' .  KH i n  THF. 
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As a  t y p i c a l  example, s y n t h e s i s  o f  gephypro tox in  &la i s  g i v e n  i n  Scheme & An i n t e r e s t i n g  

f e a t u r e  o f  t h i s  23 s t e p  s t e r e o s e l e c t i v e  s y n t h e s i s  i s  t h a t  no p r o t e c t i n g , d e p r o t e c t i n g  r e a c t i o n  

sequences were i n v o l v e d .  Compound183 was compared w i t h  t h e  sample p r o v i d e d  by Dr .  K i s h i .  

 art^' has syn thes ised  t h e  i n t e r m e d i a t e  188 f o r  t h e  s y n t h e s i s  o f  gephyro tox in  u s i n g  an a - a c y -  

l i m i n o  radical c y c l i s a t i o n  (Scheme 29)  

S c h m  29 

Reagents: a. NaBH,; b .  EtOH,HCl; c .  PhSH, TsOH; d. Bu,SnH, A I B N ,  PhH, 

i buka  e t t 3  have syn thes ised  ( t ) -pe rhydrogephyro tox in  129 s t a r t i n g  f r o m  1 , 3 - b i s - t r i m e t h y l -  

s i l y l o x y b u t a - l , 3 - d i e n e  190. An e f f i c i e n t  new d e c a r b o x y l a t i v e  r e d u c t i o n  o f  ?/-carbomoyloxy-&p- 

enoate 192 by l i t h i u m  d i b u t y l  c u p r a t e  i s  a  new f e a t u r e  i n  t h i s  s y n t h e s i s  (Scheme 30) .  

Recen t l y  Husson and ~ o y e r ~ ~  have c l e a r l y  e s t a b l i s h e d  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  gephyrotox in-  

223AB 131 b y  u t i l i s i n g  t h e  c h i r a l  a u x i l i a r y  120 mentioned e a r l i e r .  The compound was prepared 

f o l l o w i n g  a v a r i a t i o n  o f  t h e  scheme used f o r  t h e  syn thes is  o f  (-)-monomerine 1  115. The c r i t i c a l  

s tep  o f  t h i s  s y n t h e s i s  was t h e  s t e r e o s e l e c t i v e  i n t r o d u c t i o n  of t h e  b u t y l  c h a i n  a t  C 3  of 197 

v i a  t h e  i n t e r m e d i a t e  im in ium i o n .  As t h e  s y n t h e t i c  m a t e r i a l  131 e x h i b i t e d  t h e  same s i g n  of 

r o t a t i o n  [ (a )D20-1010  (c,2.3,n-hexane)] as t h e  n a t u r a l  p roduc t ,  i t  was then  deduced t h a t  the 

a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  n a t u r a l  ( - ) - g e p h y r o t o x i n  223A8 as 3R, 5R and 9R (Scheme 31). 

2.1.2.4 The A l k a l o i d s  o f  Castor  f i b e r  

The n u p h a r i n d o l i z i d i n e  a l k a l o i d  198 i s  a  minor  c o n s t i t u e n t  from Castoreum ( d r i e d  scent  glands 

65 o f  t h e  Canadian beaver )  an a r t i c l e  o f  commerce used i n  perfumery . The isomer was synthe- 

66 s i s e d  from a  2 , 3 - d i s u b s t i t u t e d  cyc lopentenone oxime 199 b y  La londe  and coworkers . Beckmann 

rearrangement  of 199 gave a 6 - s u b s t i t u t e d  p i p e r i d o n e  200. E p o x i d a t i o n  o f  00 f o l l o w e d  by 



r e f l u x i n g  w i t h  sodium h y d r i d e  i n  benzene gave t h e  b i c y c l i c  i n t e r m e d i a t e  202. Convers ion of 

202 - t o  198 i s  g i ven  i n  ~che'me 32. 

Scheme 30 

1% R1=CH2COOMe. R 2 = H  
RI 9 

MeOOC R2 & R] = H, R2= CH2COOMe 

0 Reagents: a. 175 C ,  48h; b. [CH20H)2, 1;-TsOH, C6H6 r e f l u x ,  10h; c .  D i b a l ,  Hexane-Toluene, - 7 3 O ~ ,  

3h; d.  BuL i ,  THF, HMPT (2:1) ,  - 7 3 ° ~ ; ~ - l r ~ l ,  -73°-00~; e. CuCH2CN, THF, - 7 3 - - 3 0 ' ~ ;  

f .  30% HZO2, 25% aq. KOH,r.t., 1Zh; g .  5% aq.HC1; h.5% NaOMe, M ~ o H , ~ ~ ' c ;  i. (CH2SH)2, 

BF3-Et20, CHCI3, t ;  j Raney W-2 N i ,  EtOH, 78 '~;  k .  k*-xy lene,  140'~;  

1. BrCH2COC~2CH2C00Me, CHCI3,Ph3P (CH2CH2NMe)2, 61°c; rn. NaBH3CN, 5% aq. HC1,Mefl~; 

n. N~BH$N, MeOH, -2flO~;P-TsOH, benzene, r e f l u x ,  l h ;  a. CICOOPh,Py, p-DMAP, r,t.; 

P .  L i t h i u m  cyc lohexy l  isopropylamide,  THF,HMPT, -73Oc; q. phsec l ,  LiOH, M ~ O H ,  H ~ O ,  

r e f ' ux ;  CH2N2i r .  30% H ~ ~ ~ , P Y , c H ~ C ~ ~ , ~ ~ C ;  s .  LiBu$u,THF; t .  NaOMe,MeOH, r e f l u x ;  

u. D i b a l ,  hexane-toluene, - 6 0 4 - 3 0 0 ~ .  
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Scheme 31 

197 - 131 + 3s  epirner - 

0 
Reagents: a. LDA, I- 1; b; A ~ B F ~ , T H F ,  Ln(BH4)2; c .  PrMgBr,ether; d. H 2 , w c ,  MeOH; 

0 
e. CH2C12, HC1; KCN; f .  n-BuMgBr, ether, 

S c h m  32 
Me 0 

/ \ 

0 
0 0 

1 s  zoo 201 - 

r",..g-&,h.i --L 1p& 

0 0 R3 

2 9  203 e R2 
198 a RI=Me,R2=H.R3;Furyl.RL.H 

b RI=Me, R2:R3iH. RL= Furyl  

c RI:RI= H.R2=Me,R3=Furyl 

d R1=RJ=H, R 2 = M e ,  R4.Furyl 

Reagents: a. PC15, ether,p-TsC1,Py; b.m-CPBA; c. NaH,ber~zene,reflux; d. Cr03,H2S04, acetone; 

e. P ~ ( O A C ) ~ ,  CU(OAC)~ ,H~O;  Py,N2. A ; f. H2,Pd,MeOH; g. NaBH3CN,pH ~ . O , M ~ O H , Z ~ ~ C ;  

h. 3 - F u r y l l i t h i u m ,  e ther ;  i. NaBH3CN, MeOH, pH 3.0. 



Ban e C 7  have used a novel  t ype  of r e a c t i o n  which they  named as ' C r i s s - c r o S S ~ n n u l a t i o n ' ~ ~  

f o r  t h e  syn thes is  of 198. Scheme 33 c l e a r l y  d e p i c t s  t h i s  ' C r i s s - c r o s s  A n n u l a t i o n ' .  

Scherne 33 

The a p p l i c a t i o n  of t h i s  method t o  t h e  syn thes is  of t h e  isomers and i s  g iven  i n  

Scheme 34. 

Scheme 34 

Reagents: a. A  c r y l o n i t r i l e ;  b. (CH20H)2, CSA; c. F u r y l l i t h i u m ,  H20, NH20Me, d.  LAH, THF, 

e. (CF3C0)20, Py; f. aq.CF3C00H; g. LiOH, aq. MeOH, 6 5 ' ~ ;  h. aq.HC1, MeOH, 

i. NaBH3CN,Me0H, pH 3.0; j. LAH, THF. 

2.2 P h e n a n t h r o i n d o l i z i d i n e  A l k a l o i d s :  

The p h e n a n t h r o i n d o l i z i d i n e  a l k a l o i d s  have been t h e  s u b j e c t  o f  numerous b i o l o g i c a l  and chemical 

studies1-'. Several  of these n a t u r a l  p roduc ts  are power fu l  ves ican ts ,  o f t e n  h i g h l y  t o x i c ,  and 

can modulate the  growth o f  v a r i o u s  normal and abnormal mammalian t i s s u e s .  The ment ion-  

ed sunmarise the  e f f o r t s  towards t h e  chemical s t r u c t u r e ,  s te reochemis t ry  and syn thes is  up to  
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1979. 

In t h e  most commonly r e p o r t e d  s y n t h e t i c  method$, t h e  h e t e r o c y c l i c  r e s i d u e  i s  coup led  w i t h  the 

phenanthrene r e s i d u e  th rough  a  9-halomethy l  mo ie ty .  The comp le t ion  o f  t h e  s k e l e t o n  proceeded 

under F r i e d e l - C r a f t s  c o n d i t i o n s .  Thus, many p h e n a n t h r o i n d o l i z i d i n e s  u s i n g  p r o l i n e  e s t e r s  have 

been p repared  by t h i s  I n  a l l  cases racemic p roduc ts  r e s u l t e d  due t o  t h e  d r a s t i c  

c o n d i t i o n s  employed f o r  t h e  r i n g  c l o s u r e  i n t o  t h e  phenanthrene. S imple p h e n a n t h r o i n d o l i z i d i n e  

s k e l e t o n  209, t y l o p h o r i n e  210 and 6-methoxyphenan th ro indo l i z id ine  11 were syn thes ised  by t h i s  

method. 

2 g  Rl = R2 = R3 = R4 = H ,  ( n = l ) , S i m p l e  p h e n a n t h r o i n d o l i z i d i n e  

210 R1 = R2 = R3 = R  = OMe ( n = l ) , T y l o p h o r i n e ;  (n=Z) ,Cryp top leu r ine  4  

2 1 1  R1 = R 3  = R4 = H, R = OMe; n = l , 6 M e t h o x y p h e n a n t h r o i n d o l i z i d i n e  2  

2 3  R2 = R3 = Rq = OMe, R - H; n = l ,  D a x y t y l o p h o r i n i n e  1 - 

213 R = R = OMe, R4 = OH, R  = H; n = l  2  3  1 

214 R1 = R2 = R4 s OMe, R = H, n = l ,  A n t o f i n e  .- 3 

215 R1 = R2 = OMe, R  = OH, R  = H ,  n = i ,  A l k a l o i d  C 4 3 

2 1 6  R1 = R2 = R3 = R  - OMe, n=l, S e p t i c i n e  4 - 

217 R1 = R2 = R = OMe, R3 = H, J u l a n d i n e  4  

The b i o g e n e t i c a l l y  p a t t e r n e d  sequence i n  which t h e  condensat ion of p h e n a c y l p y r r o l i d i n e  218 

w i t h  phenacy la ldehydes  219 af forded t h e  enamine 220. The enaminoketone condensat ion i s  e f fected 

i n  methanol a t  r.t. C y c l i s a t i o n  o f  t h e  enamine and subsequent dehydra t ion  u s i n g  s e l e c t e d  Lewis 

such as SnC14, TiC14 i n  benzene o r  MgF2 i n  e t h e r  l e d  t o  t h e  s t i l b e n e  d e r i v a t i v e  

wh ich  5 y  choos ing  a s u i t a b l e  c o u p l i n g  3gent f o r  t h e  b i a r y l  f o r m a t i o n  y i e l d e d  t h e  co r respond ing  

p h e n a n t h r o i n d o l i z i d i n e  d e r i v a t i v e s .  Ju land ine  217, s e p t i c i n e  216, - 212 and 10 were 

syn thes ised  b y  t h i s  method (Scheme 3 5 ) .  



o "h::h 

- - 
O M e  Fc" " M e 0  

O M e  e2 O M e  2 2 0  - 

:___I_ - 2 )  I )  Reduction 0 

TlKF3CO)32 2 x  

/ 0. \ 

\ / 
M e 0  M e 0  

M e  O M e  
217 - 

Another b i o g e n e t i c a l l y  p a t t e r n e d  sequence72 i n v o l v e d  t h e  t r e a t m e n t  of 2 - p h e n a c y l p y r r o l i d i n e  

218 w i t h  t h e  phenacyl  c h l o r i d e  1. The 2-phenac~l-N-phenylacetylpyrrolidine so formed - 

c y c l i s e d  i n  t h e  presence of 5% e t h a n o l i c  a l k a l i  y i e l d i n g  t h e  lac tam 223. Reduc t ion  of 223 w i t h  

LAH-A1Cl3 gave t h e  secophenanthro indol  i r i d i n e  d e r i v a t i v e  (Scheme 36) 

Scheme 3 6  

C.% " + pC' - pN L 
M e 0  M e 0  

O M e  O M e  
2J - 2 2 2  

MeO* - 
\ \ 

M e 0  / M e 0  ' 
e O M e  

223 2 n  

Reagents: a. E t h a n o l i c  a l k a l i ;  b. LAH, AIC1; 



Antofine 214 and alkaloid C 215 were synthesised b y  the  oxidation of the  secophenanthroindoliridines 

73 l ike 17 with e i ther  Mn02 or  S i 0 2  or  C U  CI2,O2, pyridine . 

Using an in t ramolecular  Diels-Alder strategy tylophorine 10 was synthesised16 i n  8 steps from the known 

ester  24 i n  an overal l  yield of 5 % .  Reduction of 24 with L A H  gave 225 which on P C C  oxidation afforded 

26 i n  good yield. Treatment  o f  226 with v iny l l i th ium i n  THF yielded (79%). Orthoester Claisen 

r e a ~ r a n g e m e n t ~ ~  of 27 gave the  ester 228 which was converted t o  229 with dimethylaluminium amide 

i n  ref luxing methylene chloride. The compound 2 was converted t o  the  aryl imine precursor 230 by 

t rea tment  w i th  formaldehyde fo l lowed by acetylat ion. Heating 30 i n  bromobenzene a t  2 1 0 . 2 2 0 ~ ~  for 

5 h produced 231 i n  50% yield. Reduction of 31 with LAH gave racemic tylophorine 10 (Scheme 37). 

But  this method could n o t  be extended t o  more complicated examples. 

Scheme 37 

OMe 

t?_L R: COOMe 

225 R :  CHZOH 

226 R=CHO - 

I I MeO*o' V ~ N  

i MeO 

/ 

OMe 

OMe 

I 1 OMe 



Scheme 38 

R = CON (Et)2 

Q - % 

M e 0  
235  

R e a g e n t s :  a. x - B u L i ,  TMEDA, e t h e r ,  THF, -78 '~;  b. N-Btnrylpyrrol-2-carboxaldehyde; c .  Silica 

gel, C H C 1 3 ,  A ;  d. Zn-Cu, KOH,Py; e. CH2N2; f .  H2,Pt,HOAc; g .  LAH, THF. 

Schem 39 

OMe 

b-d 
2LO - 2 4  

239 3,L-(OMe)2 C6H3CH2COCI - 2 3  R:H 

R =  COCH2C6H3(0Me)2 

R e a g e n t s :  a .  Zn, HOAc; b .  NaOEt;  c .  LAH; d .  h 3 ,  I 
2 
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M e t a l l a t i o n  o f  phenanthrene ~ a r b o x a m i d e ~ ~  f o l l o w e d  b y  r e a c t i o n  w i t h  N-benzylpyrrole-2-carboxalde- 

hyde has been a p p l i e d  f o r  t h e  s y n t h e s i s  o f  p h e n a n t h r o i n d o l i z i d i n e s  and q u i n o l i r i d i n e s .  The 

p h t h a l i d e  i n t e r m e d i a t e  233 was conver ted  t o  racemic a n t ~ f i n e ~ ~  (Scheme 38) ,  i n  38% y i e l d .  

The i s o x a z o l i d i n e  a v a i l a b l e  f r o m  t h e  1 ,3 -d ipo la r  a d d i t i o n  of n i t r o n e  t o  o l e f i n e s g a  c o u l d  be 

u t i l i s e d  as s y n t h e t i c  e q u i v a l e n t s  o f  0 -amino a l c o h o l s a n d  thus  B -amino ketones which a re  c la imed 

t o  be t h e  b i o g e n e t i c  p r e c u r s o r  o f  p h e n a n t h r o i n d o l i z i d i n e  and q u i n o l i z i d i n e  a l k a l o i d s .  Thus, 

1 , 3 - d i p o l a r  c y c l o a d d i t i o n  of w i t h  2 gave 237a and &37J (d ias te reomers ,  93%). The m i x t u r e  

237 on r e d u c t i v e  c leavage w i t h  z i n c  and a c e t i c  a c i d  gave t h e  amino a l c o h o l s 2 3 8 a  and m. The 

convers ion  of 238a t o  t y l o p h o r i n e  i s  g i v e n  i n  t h e  Scheme 39. 

T y l o l p h o r i n e  210, c r y p t o p l e u r i n e  m, s e p t i c i n e  16 and j u l a n d i n e  217 were syn thes ised  by 

77 t h i s  method . 
I n  t h e  s y n t h e s i s  o f  these  a l k a l o i d s  t h e  f o r m a t i o n  of t h e  b i a r y l  l i n k a g e  cou ld  be ach ieved  f rom 

t h e  co r respond ing  s t i l b e n e  d e r i v a t i v e s b y  adopt ing anyone o f  t h e  co r respond ing  methods 

i )  Pschorr  c y c l i s a t i o n :  T h i s  i s  t h e  f i r s t  and foremost  r o u t e  t o  t h e  f o r m a t i o n  o f  phenanthrene 

skeleton78a.  However, photochemical  methods a re  p r e f e r a b l e  t o  these  methods f o r  t h e  s i m p l i c i t y  

o f  o p e r a t i o n .  

i i )  P h o t o c y c l i s a t i o n :  T h i s  method y i e l d e d  t h e  d e s i r e d  phenanthrenes and a l s o  t h e  unwanted i so .  

mers. However, these  methods a r e  s u p e r i o r  t o  Pschor r  c y c l i s a t i o n  78b 

i i i )  Anodic o x i d a t i o n :  T h i s  e lec t rochemica l  method y i e l d e d  t h e  c lean  d e s i r e d  phenanthrene 

79 d e r i v a t i v e  . 
i v )  Pheno l i c  o x i d a t i v e  coup l ing :  The o x i d i s i n g  agents used a r e  t h a l l i u m  I 1 1  t r i f l u o r o a c e t a t e  70,71 

and VOF i n  t r i f l u o r o a c e t i c  3  

F i n a l l y  c h i r a l l y  s p e c i f i c  syntheses of S ( + ) - t y l o p h o r i n e  210 and c r y p t o p l e u r i n e  were achie-  

ved'' by choos ing  a - a m i n o a c i d  such as t h e  d i i s o p r o p y l  e s t e r  o f  L ( + )  -g lu tamic  a c i d  as a c h i r a l  

educt .  Reduc t i ve  amina t ion  of t h e  phenanthrene aldehyde 241 w i t h  t h e  m i n e  e s t e r  242 f o l l owed  

by c y c l i s a t i o n  gave 43, which on h y d r o l y s i s  fo l l owed  b y  F r i e d e l -  C r a f t s  a c y l a t i o n  gave 244 

i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  T h i s  on c a t a l y t i c  hyd rogena t ion  f o l l o w e d  by deoxygenat ion and 

LAH r e d u c t i o n  gave S ( + ) -  t y l o p h o r i n e ,  ( a  )D+12.00, mp 282 - 2 ~ 4 ~ ~ .  T h i s  i s  i n  d i sc repancy  w i t h  

t h e  abso lu te  c o n f i g f u r a t i o n  ass igned t o  n a t u r a l  t y l o p h o r i n e  on t h e  b a s i s  o f  o r o n o l y s i s  e x p e r i -  

mentsE2 and f u r t h e r  work i s  i n  p rog ress  t o  s e t t l e  t h e  i ssue .  



a-c 
__C 

Me0 

OMe OMe OMe I 

2 3  2 2  R. -COOCHMe2 

2L3a R = COOH 

210 
2 3  diisopropyl- L-  glutemate 

Reagents: a. 42; b. NaBH3CN,MeOH; c. MeOH,HOAc; d. H y d r o l y s i s ;  e .  AICl3;  f .  C a t a l y t i c  hyd ro -  

gena t ion ;  g. Deoxygenation; h. LAH, THF. 

The r e c e n t l y  r e p o r t e d E 3  new s y n t h e t i c  r o u t e  t o  q u i n o l i z i d i n e  and i n d o l i r i d i n e  d e r i v a t i v e s  b y  

i n t r a m o l e c u l a r  D i e l s - A l d e r  r e a c t i o n  o f  I -ara-1,3-d ienes (Scheme 41) has been a p p l i e d  t o  t h e  

84 s y n t h e s i s  o f  t y l o p h o r i n e  10, an a n t i n e o p l a s t i c  agent by Kametani et . The a c i d  248 was 

conver ted  t o  t h e  a c i d  c h l o r i d e  and then  condensed w i t h  4-aminobutyra ldehyde d i e t h y l a c e t a l  t o  

S c h m  41 

r COOEi 

Me SiCI 

0 
0 

R = COOEt 

y i e l d  t h e  amide 249. D e p r o t e c t i o n  o f  t h e  a c e t a l  249 u s i n g  d i l u t e  a c e t i c  a c i d  f o l l o w e d  by Witiig 

r e a c t i o n  gave t h e  enamide e s t e r  (93%) .  T h i s  was sub jec ted  t o  a n n e l a t i o n  u s i n g  t r i b u t y l s i l y l -  

t r i f l u o r o m e t h a n e  sulphonate (TBSOTC) and Et3N i n  CH2CI2 t o  y i e l d  51 (68%) .  Convers ion of 50 

t o  t j l o p h o r i n e  i s  g i v e n  i n  Scheme 42. 
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Reagents: a. (COC1)2; b .  NH2(CH2)3CH(OEt)2, NaHC03; c. HOAc,H20; d. Ph3P=CHCOOEt; e. TBSOTf, 

Et3N, t . ;  g.TTFA,BF3-Et20, TFA; g.KOH,MeOH, h .  HMPA, 230°c; i. NaA1(OCH2CH20Me)2,H2 

Abbrev ia t ions  used i n  t h e  review: 

Bn benzyl  

BnBr b e n r y l  bromide 

Bz benzoyl 

mCPBA m- ch lo roperbenzo ic  a c i d  

CSA carnphorsulphonic a c i d  

pDMAP p-d imethy laminopyr id ine  

DME dimethoxyethane 

HMPA hexamethylphosphoramide 

PCC p y r i d i n i u n  chlorochromate 

PpTSONa pyr id in iurn-p- to luenesulphonate 

TBSOTf t r i b u t y l s i l y l t r i f l u o r m t h a o e  su lphona te  

TBDMS t e r t - b u t y l d i m e t h y l 5 i l y l  

TBDPS t e r t - b u t y l d i p h e n y l s i l y l  

TMEDA te t ramethy le the lened ia rn ine  



TMG t e t r a m e t h y l g u a n i d i n e  

TrCl  t r i t y l  c h l o r i d e  

TTFA t h a l i u m  (111)  t r i f l u o r o a c e t a t e  
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