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STUDIES ON THE SYNTHESIS OF BISINWLE ALKALOIDS. THE SYNTHESIS, 

STRUCTURE AND ABSOLUTE CONFIGURATION OF 18'-EPI-4'-DEOXO-4'-EPI 

VINBLASTINE, 18'-DECARBOMETHOW-18'-EPI-4'-EPIVINBLASTINE AND 

18'-EPI-3' ,4'-DEHYDROVINBLASTINE. 
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Studies on the syntheses of 18'-epi-4'-deoxo-4'-epivin- 

blastine (III), 18'-epi-3',4'-dehydrovinblastine (111, 3',4'- 

double bond) and 18'-decarbomethoxy-l8'-epi-4'-deaxo-4'-epivin- 

blastine (V) are described. Particular emphasis is placed on the 

stereochemistry of the coupling reaction involving chloroindole- 

nine derivatives of the cleavamine series with vindoline under 

acidic conditions. X-ray analyses on I11 and V provide the com- 

plete structures, including absolute configuration. These studies 

reveal that the chloroindolenine approach provides products bearing 

the unnatural configuration at ClB1. 



The bisindole or "dimeric" alkaloids, vinblastine (I) and vin- 

cr%btine (I, N-formyl instead of N-methyl) are presently regarded as amongst 

the most active clinical agents fbr the treatment of various cancers in 

humans.' In spite of their clinical importance studies on structure-activity 
.. . 

relationships are sadly lacking and it is not known whether the "dimeric" 

system portrayed by I and which of the functional groups or chiral centers in 

these complex natural products are required for anti-tumor activity. The 

extremely low concentration of the alkaloids in the plant, Catharanthus roseus 

G. Don, and the rather labile bond linking the indole and dihydroindole units 

has effectively prevented any detailed degradative studies to provide simpli- 

fied synthetic analogues far biological screening. It is clear that the 

development of a general and versatile laboratory synthesis of such systems 

would provide the ultimate solution. This communication describes some of our 

most recent studies to fulfill this objective. 

I, R = COOCH, 
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I n  a previous pub l i ca t ion4  we had described a genera l  approach t o  

t h e  syn thes i s  of such dimeric systems. The formation of t h e  bond l ink ing  

the  two u n i t s  involved,  i n  e f f e c t ,  the  nuc leoph i l i c  a t t a c k  of t h e  dihydro- 

indole  u n i t ,  v indol ine ,  onto the  double bond of t h e  appropr i a t e  chloroindo- 

l en ine  de r iva t ives  der ived from the  46-dihydrocleavamine system. Although 
- 

chemical and spect roscopic  evidence was provided t o  e s t a b l i s h  the  r e s u l t a n t  

dimeric products it was n o t  poss ib le  t o  ob ta in  any conclusive da ta  f o r  the  

s tereochemis t ry  a t  C I 8 v ,  the  newly created  c h i r a l  cen te r  l i n k i n g  t h e  indole  

and dihydrojndole u n i t s .  The obvious importance of t h i s  cen te r  i n  terms of 

t h e  syn the t i c  problem and i n  determining b i o l o g i c a l  a c t i v i t y  i n  t h i s  s e r i e s  

demanded f u r t h e r  i n v e s t i g a t i o n  and X-ray ana lys i s  was s e l e c t e d  f o r  t h i s  purpose. 

Crys ta l s  of t h e  methiodide of t h e  s y n t h e t i c  dimer4 derived from 

18-carbomethoxy-48-dihydrocleavamine (11) and vindol ine  (Figure 1) were grown 

from methanol. Since t h e  c r y s t a l s  r ap id ly  crumbled t o  a powder on removal from 

so lven t ,  they were sea led  i n  Lindemann c a p i l l a r i e s  with a generous por t ion  of 

mother l i q u o r .  Preliminary X-ray photographs d isplayed mmm Laue symmetry wi th  

sys temat ic  absences of t h e  type hOO (h = 2n + I ) ,  OkO (k = 2n + 1)  and OOP(P = 

2n + 1). A pseudoextinction of t h e  type 0k2(k + 1 -  2n + 1) was also observed. 

Diffractometer measured c e l l  constants  w e r e 2  = 25.66(4), = 11.79(2) and = 

17.26(3) i. A ca lcu la t ed  densi ty  of 1.15 g lcc  was i n t e r p r e t e d  t o  mean t h a t  

t h e r e  were four  molecules of dimer pe r  u n i t  c e l l  of space group P2 . 
1 1 1  

A t o t a l  of 3693 unique r e f l e c t i o n s  wi th  Q55O was c o l l e c t e d  on a fully-automated 

four -c i r c l e  d i f f rac tometer  using Ni - f i l t e red  Cu K (1.5418 A) r ad ia t ion .  After 
a 

cor rec t ion  f o r  background, Lorentz and p o l a r i z a t i o n  e f f e c t s  3428 r e f l e c r i o n s  

were judged observed ( I  3 0 0 ) ) .  



The three-dimensional Pa t t e r son  syn thes i s  c l e a r l y  revealed the  

iodide  ion a t  ( . l o ,  .25, . l o ) .  The r e s u l t i n g  three-dimensional F syn thes i s ,  

which had the s y m e t r y  appropr ia te  f o r  Pnam, revealed a chemically reasonable 

fragment containing 17 atoms. The remaining nan-hydrogen atoms were located  

i n  subsequent syntheses.  Four .molecules of methanol were revealed i n  the  f i n a l  

d i f ference  syntheses.  Full-matrix, least-squares refinement of a l l  s ix ty-e ight  

atoms has cu r ren t ly  converged t o  13.2%: The f i n a l  X-ray model ( l e s s  so lven t )  

is shown i n  l l l a S .  The so lven t  molecules a r e  c lus tered  about t h e  iodide  ion i n  

the  l a r g e  hole  famed by t h e  two halves of t h e  dimer. 

I t  was thus c l e a r ,  a s  shown i n  Figure 1, t h a t  the  r e s u l t a n t  dimer 

obtained i n  t h i s  r eac t ion  possesses t h e  unnatural  stereochemistry a t  CIBt 

and is the re fo re  18'-epi-4'-deoxo-4'-epi v inb las t ine  (111). 

It is pe r t inen t  t o  no te  here  t h a t  f u r t h e r  s t u d i e s  t o  he  repor ted  

l a t e r  employing t h e  above chloroindolenine approach have provided o the r  syn- 

t h e t i c  dimers f o r  purposes of b io log ica l  evaluat ion.  The above X-ray study 
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allowed unambiguous assignment of s t r u c t u r e  and abso lu te  conf igura t ion t o  

these  products s i n c e  d i r e c t  c o r r e l a t i o n  could bc made wi th  I11 o r  V (see 

l a t e r ) .  It is of i n t e r e s t  t o  mention b r i e f l y  the  syn thes i s  of t h e  dimer 

r e s u l t i n g  from t h e  r e a c t i o n  of the  chloroindolenine d e r i v a t i v e  of 18-carbo- 

methoxycleavamine (11, 3,4-double bond) wi th  v indol ine .  The r e s u l t a n t  product 

is  t h e  expected 18'-epi-3',4'-dehydrovinblastine (111, 3',4'-double bond). 

This compound could be  c o r r e l a t e d  wi th  111 by c a t a l y t i c  reduct ion (Pt  c a t a l y s t )  

methods, and thus its s t r u c t u r a l  assignment is secure .  It i s  mentioned he re  

s i n c e  ~ t t a - u r - b h m a n 6 . h a s  claimed t h e  syn thes i s  of "~~~'~~-anh~drovinblastine" 

by a l s o  coupling 18-carbomethoxycleavamine wi th  v inda l ine  i n  a c i d i c  methanol 

i n  a  manner s i m i l a r  t o  t h a t  published from our l abora to ry  s e v e r a l  years  e a r l i e r . "  

It is c l e a r  t h a t  h i s  compound is  a l s o  18'-epi-3',4'-dehydrovinblastine and does 

no t  possess the  n a t u r a l  v i n b l a s t i n e  stereochemistry a t  C l e f  as  claimed i n  t h a t  

publ ica t ion.  

Figure 1. Synthes is  of 18'-epi-4'-demo-4'-epivinblastine (111) 
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F i n a l l y  i t  was of i n t e r e s t  t o  cons ider  t h e  s t e r eochemis t ry  o f  dimers 

r e s u l t i n g  from the  48-dihydrocleavamine s e r i e s  (IV, F igure  2 ) .  I n  t h i s  i n s t a n c e  

t h e  r e s u l t a n t  product  possess ing  an ep imer izable  hydrogen atom a t  C l s T  ( see  V) 

may conver t  t o  t h e  n a t u r a l  s t e r eochemis t ry  a t  t h i s  c e n t e r  under. t h e  i n f l u e n c e  

of the  a c i d i c  medium. I n  a d d i t i o n  some b i o l o g i c a l  a c t i v i t y  was recognized i n  

t h i s  s e r i e s  and i t  became c r u c i a l l y  important  t o  e s t a b l i s h  t h e  c o r r e c t  abso lu t e  

conf igura t ion .  . ' 

C r y s t a l s  of t h e  dihydrohromide o f  t h e  s y n t h e t i c  dimer der ived  from 

46-dihydrocleavamin and v indo l ine  (F igure  2) depos i ted  from h o t  e thano l .  Elemen- 

t a l  a n a l y s i s ,  which was subsequently confirmed by X-ray d i f f r a c t i o n  i n d i c a t e d  

two wa te r s  of c r y s t a l l i z a t i o n  pe r  molecule of d imer i c  a l k a l o i d .  The c r y s t a l s  

belonged t o  t h e  t e t r a g a n a l  space  group PI, 2 2 w i t h  & = b  = 12.72(1) and c= 57.62(5) 
1 1  

A and one molecule of dimer dihydrobromide d ihyd ra t e  p e r  asymmetric u n i t .  A l l  

unique d i f f r a c t i o n  maxima w i t h  8 5 1111' were c o l l e c t e d  b u t  only 1170 were judged 

observed because of t h e  smal l  c r y s t a l  s i z e  a v a i l a b l e .  So lu t i on  o f  t h e  s t r u c t u r e  

proceeded a s  above and l e a s t  squa re s  ref inement w i t h  i s o t r o p i c  tempera ture  f a c t o r s  

only converged t o  0.112. A drawing of t h e  f i n a l  X-ray model is given i n  Va and t h e  

i s o l a t e d  product  is  t h e r e f o r e  18'-decarbomethoxy-18'-epi-4'-deoxo-4'-epivinblas- 

t i n e  (V). 

I n  conclus ion  the  above s t u d i e s -  r evea l  t h a t  a l though t h e  chloroindo- 

l e n i n e  approach provides a gene ra l  and mild s y n t h e t i c  method f o r  t h e  p r e p a r a t i o n  

of d imer ic  subs tances  c l o s e l y  r e l a t e d  t o  t h e  c l i n i c a l  d rugs ,  it y i e l d s  t h e  

ep imer ic  s e r i e s  a t  Cl8w and t h e r e f o r e  a l t e r a t i o n s  i n  t h e  approach must be  con- 

s i de red .  Experiments . in t h i s  d i r e c t i o n  a r e  p r e s e n t l y  underway i n  our  l abo ra to ry .  
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Figure 2. Synthesis of 18'-decarbomethoxy-18'-epi-4'-deoxo-4'-ei vinblas- 

tine (V). 
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