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Description 

SYNTHESIS  OF  VINBLASTINE  AND  VINCRISTINE  TYPE  COMPOUNDS. 

5  Background  of  the  Invention 

The  indole-indoline  alkaloids,  the  most  important  of  which  can  be  represented  by  the  compound  of  formula  I 

I  

4 

J 

R  C02CH3 

40  wherein  P»2  is  acetoxy  or  hydroxy  ;  and  R  is  formyl  or  methyl  include  vinblastine  and  vincristine,  which  are 
anti-tumor  agents  widely  used  in  the  treatment  of  cancer.  These  agents  have  been  prepared  from  extracts  of 
the  Vinca  rosea  plant.  As  these  alkaloids  are  present  in  the  plant  only  in  very  small  concentrations  and  since 
they  must  be  separated  from  many  other  companion  alkaloids,  their  synthetic  generation  becomes  particularly 
valuable. 

45  Preparation  of  compounds  of  formula  I,  by  a  pathway  quite  different  from  that  of  the  present  invention,  has 
already  been  described.  Thus  Potier  and  Kutney  obtained  products  with  the  C18'S-C2'R  absolute 
configuration,  which  is  critical  for  anti-tumor  activity,  by  a  coupling  reaction  of  the  Nb-oxide  of  catharanthine,  or 
its  derivatives,  with  vindoline,  in  the  presence  of  trifluoroacetic  anhydride,  followed  by  a  reduction  reaction 
(See  Potier  et  al.  J.  Amer.  Chem.  Soc.  98,  7017  (1976)  and  Kutney  et  al.  Helv.  Chim.  Acta,  59,  2858  (1976)). 

50  The  Potier  and  Kutney  coupling  process  has  disadvantages.  The  yields  are  not  satisfactory  except  for  the 
coupling  of  catharanthine  N-oxide  with  vindoline  and  even  there  the  preparative  yield  is  low.  While  vindoline  is 
the  most  abundant  alkaloid  of  Vinca  rosea  and  is  thus  readily  available,  the  other  possible  components  of  the 
Potier-Kutney  coupling  process  (catharanthine,  allocatharanthine,  voacangine)  are  relatively  inaccessible, 
costly,  and  they  do  not  allow  a  wide  range  of  structural  variation  of  that  component  of  the  coupling  process. 

55 

Summary  of  the  Invention. 

In  accordance  with  this  invention,  it  has  been  found  that  when  compounds  of  the  formula 
60 
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wherein  R1  is  lower  alkyl;  X  is  halo  and  R2  is  amino  protecting  group;  R5  is  lower  alkyl  and  R6  is  a 
hydrolyzable  ether  group  and  R10  is  -CH2Y,  Y  is  a  leaving  group; 
are  condensed  with  vindoline  or  salt  thereof,  a  compound  of  the  formula  : 

20 
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wherein  Z  is  the  residue  of  a  vindoline  and  R1,  R2,  R5,  R6  and  R10  are  as  above; 
or  mixtures  thereof  with  the  corresponding  7R  diastereoisomer  having  the  opposite  configuration  at  the 
5-position,  are  formed. 

Unexpectedly,  it  has  been  found  that  this  condensation  produces  the  correct  relative  configuration  of  the 
asymmetric  carbon  atoms  at  C7  and  C5  in  the  compound  of  formula  Hi,  to  produce  alkaloids  of  the  formula  I 
having  the  absolute  configuration  at  the  asymmetric  carbon  atoms  18'  and  2'  as  shown.  This  absolute 
configuration  is  critical  for  anti-tumor  activity.  Through  the  process  of  this  invention,  one  can  ultimately 
produce  compounds  of  the  formula 

40 
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wherein  Z  and  R1  are  as  above;  and  R5  is  lower  alkyl  and  R7  is  hydroxy 
which  have  the  "natural"  conformational  structure  i.e.  that  of  the  alcaloids  located  from  plants.  It  is  these 
alkaloids  of  the  "natural"  configuration  which  are  active  as  anti-tumor  agents.  In  addition  to  these  "natural 
type"  alkaloids,  the  process  of  this  invention  produces  for  the  first  time  alkaloids  of  the  formula 

where  Z,  R1,  R5  and  R7  are  as  above; 
which  have  a  conformational  structure  different  from  the  "natural  type"  conformational  structure,  in 
accordance  with  this  invention  the  compounds  of  formula  l-B  are  intermediates  for  the  "natural  type" 
compounds  of  formula  l-C  and  can  be  converted  to  the  compounds  of  formula  l-C  by  heating.  While  the 
compounds  of  formula  i-B  are  not  by  themselves  active  as  anti-tumor  agents,  they  may  be  administered  as 
"pro-drugs"  and  activated  by  transformation  into  the  compounds  of  formula  i-C  at  the  tumor  site  by  heating  or 
by  micro  waves  or  by  ultrasonics  of  by  infra-red  radiation. 

Through  the  stereospecific  nature  of  the  formation  of  the  compound  of  formula  III,  one  can  produce  the 
known  anti-tumor  agents; 
vinblastine  -  the  compound  of  formula  I  where  R  is  methyl,  R2  is  acetoxy,  R3  is  hydroxy,  R4  is  ethyl,  and 
vincristine  -  the  compound  of  formula  I  where  R  isformyl,  R2  is  acetoxy,  R3  is  hydroxy  and  R4  is  ethyl. 

In  addition,  this  synthesis  provides  a  method  for  producing  new  vincristine  and  vinblastine  type  compounds 
which  are  active  as  anti-tumor  agents,  since  it  provides  the  correct  relative  and  absolute  configuration  of  the 
asymmetric  carbon  atoms  at  C18'  and  C2'  respectively.  Therefore,  through  the  process  of  this  invention  not 
only  can  the  known  vincristine  and  vinblastine  alkaloids  be  synthesized,  but  also  new  anti-tumor  compounds 
having  the  following  formula  : 

4 
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wnerein  m  is  as  aDove;  H3'  is  nyaroxy,  H4  is  lower  alkyl  and  R  is  formyl  or  methyl. 
25 

Jetaiied  Description 

in  carrying  out  me  reacnon  to  proauce  tne  compound  of  formula  II,  the  hydrolyzable  ether  groups  can  be 
Bther  protecting  groups,  which  when  subjected  to  cleavage  form  a  hydroxy  group.  A  suitable  ether  protecting  30 
group  is,  for  example,  tri(lower  alkyl)  silyl  ethers  such  as  trimethyl  silyl  ether  or  dimethyl-tert-butyl  silyl  ether, 
rhe  preferred  ethers  which  are  removed  by  acid  catalyzed  cleavage  are  the  tri(lower  alkyljsilyl  ethers, 
Darticularly  dimethyl-tert-  butyl  silyl  ether  wich  may  be  removed  by  reaction  with  a  fluoride  such  as  tetrabutyl 
ammonium  fluoride. 

In  carrying  out  this  reaction,  temperature  and  pressure  are  not  critical  and  this  reaction  can  be  carried  out  at  35 
@00m  temperature  and  atmospheric  pressure. 

The  term  lower  alkylidenedioxy  designates  a  lower  alkylidenedioxy  substituent  where  lower  alkylidene contains  from  1  to  7  carbon  atoms.  Among  the  preferred  lower  alkylidenedioxy  substituents  are  included 
sopropylidenedioxy. 

The  leaving  group  can  be  any  conventional  leaving  group.  Among  the  conventional  leaving  groups  which  are  40 
Dreferred  are  tosyloxy,  mesyloxy  and  halogen.  With  respect  to  R2,  which  is  an  amino  protecting  group,  any conventional  amino  protecting  group  which  can  be  removed  by  hydrogenolysis  or  photochemical  cleavage  can 
De  utilized  in  accordance  with  this  invention. 

In  condensing  the  compound  of  formula  II  with  the  vindoline,  one  produces  the  compound  of  formula  III  with 
tie  configurations  as  shown  at  the  5  and  7  positions,  which  are  necessary  for  obtaining  vinblastine  type  45 

1  ne  compouna  oirarmuia  in  witn  tne  configuration  as  snown  can  be  produced  as  a  mixture  thereof  with  the 
sorresponding  diastereoisomer  having  the  opposite  stereo-configuration  at  the  5  and  7  positions  from  that 
ihown,  depending  upon  the  stereo-configuration  at  the  5  position  of  the  compound  of  formula  II.  If  the 
;ompound  of  formula  II  has  a  5  configuration  as  shown,  condensation  of  the  compound  of  formula  II  containing  50 
he  vindoline  will  produce  the  compound  of  formula  III  with  the  configuration  at  the  5  and  7  positions  as  shown. 
Dn  the  other  hand,  if  the  compound  of  formula  II  contains  a  mixture  of  5S  and  5R  isomers,  the  compound  of 
ormula  III  will  be  formed  as  a  mixture  of  the  7  diastereoisomer  as  shown,  with  the  corresponding liastereoisomer  having  the  opposite  configuration  at  both  the  7  and  5  positions  to  that  shown.  Through  the 
irocess  of  this  invention,  even  with  a  mixture  of  enantiomers  of  formula  II,  one  can  produce  the  compound  in  55 
ormula  III  only  as  a  mixture  of  the  aforementioned  diastereoisomers.  This  allows  one  to  synthesize  the 
inblastine  type  compounds  of  formula  I  with  the  correct  stereo-configuration.  If  one  utilizes  a  5R,S 
liastereoisomeric  mixture  of  the  compound  of  formula  II,  the  compound  of  formula  III  is  produced  as  a  mixture 
if  the  7S  diastereoisomer  as  shown  with  the  corresponding  7R  diastereoisomer  having  the  opposite 
:onfiguration  at  the  5-position  to  that  shown.  This  diastereoisometric  mixture  can  be  separated  either  at  this  60 
;tage  or  at  some  later  stage  in  the  reaction  scheme  utilizing  conventional  means  such  as  chromatography. in  carrying  out  the  condensation  of  the  compound  of  formula  II  with  the  vindoline,  any  organic  compound i/hich  contains  the  structure  shown  in  formula  II  can  be  utilized.  It  has  been  found  that  compound  of  formula  II, i/hen  condensed  with  the  vindoline  or  salt  thereof,  produce  the  compound  of  formula  III  with  the  specific 
tereoconfiguration  about  the  5  and  7  position  shown  therein.  65 

;umpuunas. 
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The  condensation  of  the  compound  of  formula  II  with  vindoline  or  salt  thereof  is  carried  out  in  the  presence 
of  an  aprotic  solvent.  In  carrying  out  this  reaction  any  conventional  aprotic  solvent  can  be  utilized.  Among  the 
conventional  aprotic  solvents  are  aldehydes  and  ketones  such  as  acetone,  methyl  ethyl  ketone,  etc.  Other 
aprotic  solvents  which  are  also  preferred  include  ethers  such  as  dioxane  and  diethyl  ether.  In  accordance  with 
a  preferred  embodiment  of  this  invention,  this  reaction  takes  place  in  the  presence  of  a  protic  acid  or  with  a  salt 
of  vindoline  with  a  protic  acid.  Any  conventional  protic  acid  can  be  used  in  carrying  out  this  reaction.  Among 
the  preferred  protic  acids  are  hydrohalic  acids  such  as  HCI  and  HBr  as  well  as  acids  such  as  HBF4.  In  carrying 
out  this  reaction  it  is  also  generally  preferred  that  condensation  take  place  in  the  presence  of  a  silver  salt.  Any 
conventional  silver  salt  which  reacts  with  halides  can  be  utilized  in  carrying  out  this  reaction.  Among  the 
preferred  silver  salts  are  silver  nitrate,  silver  fluoroborate,  silver  perchlorate.  In  carrying  out  this  reaction, 
temperature  and  pressure  are  not  critical  and  this  reaction  can  be  carried  out  at  room  temperature  and 
atmospheric  pressure.  On  the  other  hand,  higher  or  lower  temperatures  can  be  utilized.  Generally,  it  is 
preferred  to  carry  out  this  reaction  at  a  temperature  of  from  -10°C  to  +20°C. 

The  compound  of  formula  III  can  be  converted  to  a  compound  of  the  formula 
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wherein  Z,  R1,  R2,  R5,  R6  and  R10  are  as  above. 
This  conversion  is  carried  out  by  treating  the  compound  of  formula  III  with  an  alkali  metal  borohydride  in  an 

acid.  Any  conventional  acid  can  be  used  in  this  conversion.  Among  the  acids  are  included  inorganic  acids  such 
as  phosphoric  acid,  sulfuric  acid  as  well  as  organic  acids  such  as  formic  acid  and  acetic  acid,  with  organic 
acids  such  as  acetic  acid  being  preferred.  In  carrying  out  this  reaction,  the  organic  acid  can  be  utilized  as  the 
solvent.  Furthermore,  in  carrying  out  this  reaction,  temperature  and  pressure  are  not  critical  and  this  reaction 
can  be  carried  out  at  room  temperature  and  atmospheric  pressure.  On  the  other  hand,  if  desired  elevated  or 
lower  temperatures  can  be  utilized. 

In  the  next  step  of  this  process  the  compound  of  formula  V  where  R6  is  hydrolyzable  ether  is  converted  to 
the  compound  of  the  formula 
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wnere  rv,  £  ana  H'  are  as  above. 
The  compound  of  formula  V  where  R  1  0  is  -CH2Y  and  Y  is  a  leaving  group  or  taken  together  with  R6  forms  oxo 3an  be  converted  to  the  compound  of  formula  l-A  by  first  subjecting  the  compound  of  formula  V  to lydrogenolysis  or  photochemical  cleavage  depending  upon  the  substituent  R2.  In  the  manner  the  compound )f  formula  V  where  R2  is  hydrogen  is  produced. 
In  carrying  out  this  reaction  any  conventional  method  of  hydrogenolysis  or  photochemical  cleavage  to emove  an  amino  protecting  group  can  be  utilized. 
in  producing  the  compound  of  formula  l-A,  the  compound  of  formula  V  where  R2  is  hydrogen  and  R10  is CH2Y  and  Y  is  a  leaving  group,  or  taken  together  with  R6  forms  oxo  can  be  cyclized  in  an  organic  solvent  at  a emperature  of  10°C  to  100°C.  In  carrying  out  this  reaction  any  conventional  hydrocarbon  or  ether  solvent  can )e  utilized  with  aromatic  solvents  such  as  toluene  or  benzene  being  preferred.  If  elevated  temperatures  are equired,  lower  boiling  solvents  can  be  utilized.  With  these  lower  boiling  solvents  the  cyclization  occurs  by leafing  in  a  sealed  tube.  Where  R6  taken  together  with  Y  forms  oxo  in  the  compound  of  formula  V,  the 

:ompound  of  formula  l-A  is  formed  where  R7  is  hydroxy. 
In  accordance  with  an  alternative  embodiment  the  compound  of  the  formula  V  where  R10  is  -CH2Y  and  Y  is  a saving  group  or  taken  together  with  R6  forms  oxo  is  converted  to  the  compound  of  formula  l-A  via  an itermediate  of  the  formula 
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wnerein  n  \  H',  h=  ana  c  are  as  above,  R'  is  hydroxy  and  Y'  is  an  anion. 
In  producing  the  compound  of  formula  VI,  the  compound  of  formula  V  where  P,™  is  CH2Y  and  Y  is  a  leaving roup  or  taken  together  with  R6  forms  oxo  is  heated  in  a  organic  solvent  to  a  temperature  of  35°  C  to  100°  C.  In arrying  out  this  reaction,  any  conventional  inert  organic  solvent  can  be  utilized  with  aromatic  hydrocarbons 5 
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such  as  toluene  and  benzene  or  ether  solvents  or  lower  alkanols  sucn  as  meinanoi  Deing  preierrea.  Mmuny 
the  solvents  which  can  be  utilized  are  solvents  boiling  above  35°  C.  However,  lower  boiling  solvents  can  also 
be  utilized  if  the  reaction  is  carried  out  in  a  sealed  tube.  The  leaving  group  Y  in  this  reaction  becomes  the  anion 
Y'  upon  formation  of  the  quaternary  salt.  Where  R6  in  the  compound  of  formula  V  is  a  hydrolyzable  ether  group, 

5  the  compound  of  formula  VI  is  formed  where  R7  is  a  hydrolyzable  ether  group.  The  compound  of  formula  VI  is 
converted  to  the  compound  of  formula  l-A  by  removal  of  the  amino  protecting  group  as  described  above  and 
removal  of  the  hydroxy  protecting  ether  group  through  conventional  hydrolysis.  Either  the  ether  hydroxy 
protecting  group  or  the  amino  protecting  group  may  be  removed  first,  depending  upon  the  conditions  utilized 
for  removing  these  groups. 

<0  The  compounds  of  formulae  III,  V,  VI,  and  l-A  can  be  formed  as  either  the  75-diastereomer  with  the  C5 
configuration  as  shown  or  as  a  mixture  thereof  with  its  corresponding  7R  diastereoisomer  where  the 
configuration  at  C5  is  opposite  to  that  shown.  The  formation  of  the  7S-diastereomer  or  its  mixture  with  the 
corresponding  7R-diastereomer  depends  upon  enantiomeric  purity  of  the  compound  of  formula  II  at  the 
tertiary  carbon  attached  to  the  tertiary  nitrogen  group  contained  therein.  If  a  mixture  of  the  7S-diastereomer 

15  with  the  corresponding  7R-diastereomer  is  formed  these  diastereoisomers  can  be  separated  at  any  stage  of 
the  process  by  means  of  chromatography.  In  each  instance,  the  stereochemistry  at  C5  will  correspond 
uniquely  to  the  stereochemistry  at  C7  and  have  the  priority  anti-reflective  relationship  (PARF)  found  in 
vinblastine. 

The  compound  of  formula  l-A  can  exist  as  one  or  the  other  or  as  a  mixture  of  both  of  two  conformational 
20  isomers,  i.e.  a  compound  of  the  formula  l-B  and  l-C.  The  compound  of  formula  l-C  has  the  conformational 

structure  of  the  natural  product. 
In  accordance  with  this  invention,  we  have  found  that  when  a  compound  of  structure  l-B  is  heated  at  a 

temperature  of  from  30°Cto  150°  C,  it  is  converted  to  a  compound  having  the  natural  conformational  structure, 
i.e.  a  compound  of  the  formula  l-C.  In  carrying  this  reaction,  any  conventional  inert  organic  solvent  can  be 

25  utilized  but  this  conformational  conversion  of  l-B  to  l-C  can  be  obtained  in  any  medium.  In  fact,  heating  the 
compound  of  formula  l-B  in  solid  form  will  accomplish  this  result.  If  a  solvent  is  desired,  the  preferred  solvents 
are  the  aliphatic  or  aromatic  hydrocarbons  boiling  over  30°  C.  Among  these  solvents  are  included  toluene  and 
benzene.  On  the  other  hand,  a  mixture  of  compounds  of  formula  l-B  and  l-C  can  be  converted  to  the  "natural" 
conformational  isomer  by  heating  in  the  manner  described  above.  If  it  is  desired  to  obtain  the  compound  of 

30  formula  l-B  in  pure  form,  the  compound  of  formula  l-B  can  be  separated  from  its  mixture  with  the  compound  of 
formula  l-C.  Any  conventional  method  of  separation  can  be  used  to  separate  the  compound  of  formula  i-B  from 
this  mixture  of  conformational  isomers. 

The  compound  of  formula  II  is  prepared  by  reacting  a  compound  of  the  formula 
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wherein  R1  are  as  above;  and  R16  is  hydrogen  or  an  amino  protecting  group  with  the  following  compouna 
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wherein  Rs  is  as  above  and  R12  is  lower  alkylidenedioxy. 
The  compound  of  formula  XII  where  R16  is  hydrogen  can  be  reacted  with  the  compound  of  formula  Xlll-C 

60  where  R12  is  lower  alkylidenedioxy  to  produce  a  compound  of  the  formula 
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wnere  H'  ana  w  are  as  above;  is  -CH2-R9;  R9  taken  together  with  R8  forms  lower  alkylidenedioxy The  reaction  of  the  compound  of  formula  XII  with  R16  being  hydrogen,  with  one  of  the  compounds  of  formula Xlll-C  where  R12  is  lower  alkylidenedioxy  to  form  the  compound  of  formula  XIII  is  carried  out  by  a  Mannich reaction.  Any  of  the  conditions  conventional  in  Mannich  reactions  can  be  utilized  in  carrying  out  this  reaction  to form  the  compound  of  formula  XIII.  The  reaction  of  the  compound  of  formula  XII  with  the  compound  of  formula Xlll-C  produces  the  compound  of  formula  XIII  where  R5  is  lower  alkyl,  R15  is  -CH2R9  where  R9  and  R8  form lower  alkylidenedioxy. 
The  compound  of  formula  XIII  is  converted  to  the  compound  of  formula  II  via  the  following  intermediates. 
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wherein  Y',  R1,  R2,  R5,  R6,  R8,  R10  and  R15  are  as  above. 
40  The  compound  of  formula  XIII  is  converted  to  the  compound  of  formula  XIV  by  protecting  the  tertiary  amine 

group.  Any  conventional  method  of  protecting  a  tertiary  amine  group  with  any  of  the  aforementioned  tertiary 
amine  protecting  groups  which  can  be  removed  by  hydrogenolysis  or  by  photochemical  cleavage  can  be 
utilized  to  carry  out  the  conversion  of  formula  XIII  to  the  compound  of  formula  XIV.  In  the  formation  of  the 
compound  of  formula  XIV,  generally  the  amino  protecting  reagent  containing  a  leaving  group  such  as  halide  is 

^  reacted  with  the  compound  of  formula  XIII.  This  leaving  group  becomes  the  anion  Y~. 
The  compound  of  formula  XIV  is  converted  to  the  compound  of  formula  XV  by  treating  the  compound  of 

formula  XIV  with  a  amine  or  inorganic  base.  Any  conventional  amine  base,  such  as  tri-lower  alkylamine 
particularly  triethylamine  and  diisopropylethylamine  or  an  inorganic  base  such  as  sodium  carbonate  can  be 
utilized.  This  reaction  can  be  carried  out  in  any  conventional  inert  organic  solvent.  Among  the  preferred 

50  organic  solvent  are  the  alcohols,  such  as  the  lower  alkanols  including  methanol.  In  carrying  out  this  reaction, 
temperature  and  pressure  are  not  critical.  This  reaction  can  be  carried  out  at  room  temperature  and 
atmospheric  pressure.  On  the  other  hand,  higher  or  lower  temperatures  can  be  utilized.  Generally,  it  is 
preferred  to  carry  out  this  reaction  at  the  reflux  temperature  of  the  solvent. 

On  the  other  hand,  when  in  the  compound  of  formula  XII,  R16  is  an  amino  protecting  group,  condensation  via 

55  a  Mannich  reaction  with  the  compound  of  formula  Xlll-C  produces  the  compound  of  formula  XVI  directly. 
The  compound  of  formula  XV  where  R15  is  -CH2R9  and  R9  taken  together  with  R8  forms  lower 

alkylidenedioxy  can  be  converted  to  the  compound  for  formula  XVI  where  R1  0  is  -CH2Y  and  Y  is  a  leaving  group 
and  R6  is  a  hydrolyzable  ether  group.  In  this  regard,  the  alkylidenedioxy  group  in  the  compound  of  forms  XV  is 
first  hydrolyzed  to  form  the  corresponding  compound  of  formula  XV  where  R15  is  -CH2OH  and  R8  is  -OH.  This 

60  hydrolyzable  product  is  then  treated  by  conventional  means  so  that  the  -OH  group  in  the  CH2OH  substituent 
represented  by  R15  is  converted  to  a  leaving  group  such  as  mesyloxy  or  tosyloxy.  The  formation  of  a  leaving 
group  occurs  at  the  -CH2OH  substituent  and  not  at  the  -OH  substituent  represented  by  R8.  The  -OH 
substituent  represented  by  R8  can  therefore  be  etherified  by  a  conventional  mean  to  form  a  hydrolyzable  ether 
preferably  a  benzyl  ether  or  tri(lower  alkyl)  silyl  ether. 

65  The  compound  of  formula  XVI,  which  includes  the  compound  of  XV  when  R8  and  R9  form  lower 
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aiKynaeneaioxy,  can  be  converted  to  the  compound  of  formula  II  by  treating  the  compound  of  formula  XVI  with 
a  halogenating  agent  such  as  organic  or  inorganic  hypohalite  preferably  calcium  hypohalite,  sodium  hypohalite 
or  t-butylhypohalite  in  the  presence  or  a  tertiary  amine  base.  Any  conventional  tertiary  amine  base  can  be 
utilized  in  carrying  out  this  reaction.  Among  the  preferred  tertiary  amine  bases  are  the  tri-lower  alkyl  amines 
and  the  cyclic  tertiary  amines.  Among  the  preferred  cyclic  tertiary  amines  included  N-lower  alkylpyrrolidine, 
N-lower  alkylpiperidine,  N,N-di-lower  alkylaniline,  pyridine,  etc.  In  carrying  out  this  reaction  an  inert  organic solvent  can  be  utilized.  On  the  other  hand,  the  amine  base  can  act  as  the  solvent  medium.  If  it  is  desired  to utilize  a  solvent  generally  aprotic  solvents,  such  as  halogenated  hydrocarbons,  ethers  and  dimethylformamide 
are  preferred.  In  carrying  out  this  halogenation,  temperature  and  pressure  are  not  critical  and  this  reaction  can be  carried  out  at  room  temperature  and  atmospheric  pressure,  with  temperatures  of  -40°  C  to  30°  C  being 
generally  preferred. 

The  compounds  of  formula  I  wherein  the  vindoline  ring  contains  a  methyl  group  at  R,  i.e.  compounds  of  the 
vinblastine  type,  can  be  converted  to  the  corresponding  compounds  where  R  is  CHO,  i.e.  compounds  of  the 
vincristine  type,  by  oxydation  procedures  well  known  in  the  art. 

The  following  examples  are  illustrative  but  not  limitative  of  the  claimed  invention.  In  the  example,  the  ether  is 
diethyl  ether  and  Celite  is  diatomaceous  earth.  HPLC  in  the  examples  designates  high  pressure  liquid 
chromatography. 

EXAMPLES 

zh  k!-bthyl-2,3-epoxypropanol 

Dichloromethane  (80  mL)  and  powdered  activated  4.0  A  molecular  sieves  (2.0  g,  Aldrich)  were  stirred  in  a 
3-neck  flask  equipped  with  a  thermometer,  a  dropping  funnel  and  a  septum  and  cooled  to  -5°C.  D(-) 
Diethyltartrate  (0.8C  g,  3.9  mmol)  and  titanium  (IV)  isopropoxide  (0.73  g,  2.6  mmol)  were  added  sequentially. 
The  reaction  was  then  brought  to  -20°  C  (dry  ice,  carbontetrachloride)  and  t-butyl  hydroperoxide  (18.57  mL,  78 
mmol,  4.2  M  in  toluene)  was  added,  the  mixture  stirred  for  10  minutes  and  2-ethyl  allyl  alcohol  (4.48  g,  52  mmol 
in  3  mL  of  dichloromethane)  was  added  dropwise  with  vigorous  stirring  over  10  minutes. 

The  reaction  mixture  was  stirred  for  60  minutes  at  -20  to  0°C,  then  quenched  with  water  (14  mL),  allowed  to 
warm  to  room  temperature,  and  stirred  another  60  minutes.  The  tartrate  was  hydrolyzed  by  addition  of  3.5  mL 
of  a  30%  aqueous  solution  of  sodium  hydroxide  saturated  with  sodium  chloride  and  stirring  for  30  min.  The 
mixture  was  filtered  through  a  glass  wool  plug,  the  organic  layer  was  separated  and  the  aqueous  phase  was 
extracted  with  dichloromethane  (2x15  mL).  The  combined  organic  layers  were  dried  over  magnesium  sulfate 
and  filtered  through  Celite.  Concentration  and  distillation  gave  the  title  compound  as  a  clear  colorless  oil  (3.03 
g,  57o/o,  bp  62°C/7-10mm).  TLC  Rf  0.24  (silica  gel,  1:1  ether:  hexane,  CAS  chantan). 

zxample  2 

2i>  2-Ethyl-2-hydroxyhex-5-enol 

A  mixture  of  2  R  2-ethyl-2,3-epoxypropanol  (2.6g,  25.5  mmol)  and  copper  iodide  (475  mg,  2.5  mmol)  was 
stirred  in  tetrahydrofuran  (50  mL)  under  nitrogen  and  brought  to  -30°  C  (dry  ice,  acetonitrile).  Allyl  magnesium 
)romide  [32  mL,  2  M  in  tetrahydrofuran  (THF),  2.5  eq]  was  added  from  a  dropping  funnel  at  such  a  rate  as  to 
naintain  the  temperature  at  -25  to  -30°  C.  The  reaction  mixture  was  stirred  at  -30°  C  for  2  h  then  brought  to  0°  C 
md  acidified  with  10%  HCI.  The  THF  layer  was  separated  and  the  aqueous  phase  was  extracted  with  ether 
3x50  mL).  The  organic  layers  were  combined,  dried  over  sodium  sulfate,  oncentrated  and  distilled  to  give  the 
itle  compound  as  a  clear  colorless  oil  (2.2  g,  6O0/0,  b.p.  85°C/5mm).  TLC  Rf  0.26  (silica  gel,  50/0  MeOH  in 
:H2Cl2,  CAS/char:brown). 

:xample  3 

2-btnyl-2-nydroxyhex-5-enol  Acetonide 

A  solution  of  2S  2-ethyl-2-hydroxyhex-5-enol  (1.7  g,  11.8  mmol)  in  acetone  (25  mL)  was  stirred  under 
litrogen  with  2,2-dimethoxypropane  (2  mL)  and  a  catalytic  amount  of  p-toluene  sulfonic  acid.  After  2  h,  the 
eaction  was  complete  as  indicated  by  TLC.  The  acetone  was  removed  under  reduced  pressure  at  room 
emperature,  the  residue  was  basified  with  aqueous  saturated  sodium  bicarbonate  and  extracted  with  ether 
3x50  mL).  The  combined  ether  layers  were  dried  over  sodium  sulfate.  Concentration  and  distillation  (75-80°  C, 
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10  mm)  gave  1.5  g  of  the  title  product  (70%).  TLC  Rf  0.72  (silica  gel,  4:1  hexane-ether). 

Example  4 
5 

4S  4-Ethyl-4,5-dihydroxypentanal  Acetonide 

10  A  solution  of  2S  2-ethyl-2-hydroxyhex-5-enol  acetonide  (1.2  g,  6.52  mmol)  in  dichloromethane  (25  mL)  was 
brought  to  -78°  C  (dry  ice,  acetone)  and  ozone  was  bubbled  through  until  the  reaction  mixture  turned  a  pale 
blue  (approx.  15  min.).  The  reaction  mixture  was  then  flushed  with  nitrogen  for  1  h,  triphenylphosphine  (850 
mg,  3.26  mmole)  was  added  and  the  mixture  was  allowed  to  slowly  warm  to  room  temperature.  The  solvent  was 
removed  under  reduced  pressure  and  the  residue  was  taken  up  in  hexane,  filtered  and  again  concentrated. 

15  Flash  chromatography  on  50  g  of  silica  gel,  eluting  with  3:2  hexane/ether,  gave  0.92  g  (76%)  of  the  title 
aldehyde.  TLC  Rf  0.39  (silica  gel,  3:2  hexane-ether). 

Example  5 
20 

3aR,4R  and  3aS,4R  2'S-Methyl  3-Benzyl-1,2,3,3a,4,5-hexahydro-4-(2-ethyl-2,3-acetonidopropyl)-7H-pyrrolo 
(2,3-d)  carbazole-6-carboxylate 

A  solution  of  500  mg  (2.05  mmol)  of  1  ,2,3,4,5,6-hexahydroazepino-[4,5-b]  indole-5-carboxylate  and  420  mg 
25  (2.25  mmol,  1  .leq)  of  4S  4-ethyl-4,5-dihydroxypentanal  acetonide  in  50  mL  of  tetrahydrofuran  was  heated  at 

reflux  under  nitrogen  until  TLC  showed  no  remaining  starting  material  (approx.  2h).  The  solvent  was  removed 
under  reduced  pressure  and  the  residue  was  taken  up  in  50  mL  of  toluene.  Any  water  present  was  azeotroped 
off  and  0.50  mL  (4.2  mmol,  2eq.)  of  benzyl  bromide  was  added.  The  reaction  mixture  was  heated  at  reflux  for  1  7 
hours.  Concentration  under  vacuum  and  flash  chromatography  of  the  residue  on  a  23  x  3.5  cm  silica  column, 

30  eluting  with  3:2  hexane/ether,  gave  730  mg  of  the  title  products  (71%  yield).  TLC  Rf  0.32  (silica  gel,  1:1, 
ethenhexane,  CAS-blue). 

Example  6 
35 

3aR,4S  and  3aS,4R  2'S-Methyl  3-Benzyl-1,2,3,3a,4,5-hexahydro-4-(2-ethyl-2,3-dihydroxypropyl)-7H-pyrrolo 
(2,3-d)carbazole-6-carboxylate 

The  mixture  of  the  title  compounds'  acetonide  (500  mg,  1  .0  mmol)  was  heated  at  reflux  in  25  mL  of  methanol 
40  containing  10  mL  of  10  aqueous  hydrochloric  acid  for  15  min.  The  methanol  was  removed  under  reduced 

pressure,  the  solution  basified  with  ammonium  hydroxide  and  then  extracted  with  ether  (3  x  50  mL). 
Concentration  gave  440  mg  (950/o)  of  the  title  diols.  Separation  of  the  diasteromers  (400  mg)  was  partially 
effected  by  flash  chromatography  on  a  5  x  12  cm  silica  gel  column  eluting  with  0.2%  triethylamine  in  ether,  to 
give  175  mg  of  the  less  polar  3aS,4R  title  isomer,  TLC  Rf  0.32  (silica  gel,  ether,  CAS-blue).  This  was  followed  by 

45  the  more  polar  3aR,4S  title  isomer;  TLC  Rf  0.25  (silica  gel,  ether,  CAS  blue-fade  to  purple),  and  110  mg  of  a 
mixture  of  the  two  isomers. 

Example  7 
50 

3aR,4S  2'S-Methyl  3-Benzyl-1  ,2,3,3a,4,5-hexahydro-4-(2-ethyl-2-hydroxy-3-p-toluenesulfonyloxy 
propyl)-7H-pyrrolo(2,3-d)carbazole-6-carboxylate 

A  solution  of  175  mg  (0.38  mmol)  of  3aR,4S,2'S  methyl  3-benzyl-1,2,3,3a,4,5-hexahydro-4-(2-ethyl-2,3-dihy- 
55  droxypropyl)-7H-pyrrolo  (2,3-d)  carbazole-6-carboxylate  and  106uL  (0.76  mmol)  of  triethylamine  in  25  mL  of 

dichloromethane  was  brought  to  0°C  and  247  mg  (0.76  mmol)  of  p-toluene  sulfonic  anhydride  was  added.  The 
reaction  flask  was  purged  with  nitrogen  and  the  reaction  mixture  stirred  for  26  h.  The  reaction  mixture  was  then 
washed  with  water,  dried  over  magnesium  sulfate  and  concentrated  under  reduced  pressure.  Flash 
chromatography  on  a  15  x  3.5cm  silica  gel  column  gave  177mg  (76%)  of  the  title  tosylate.  TLC  Rf  0.45  (silica 

60  gel,  4:1  ether-hexane,  CAS-blue). 

55  t 
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Example  8 

3aR,4S  2'S-Methyl 
3-Benzyl-112,3,3a,4,5-hexahydro-4-(2-ethyl-2-trimethylsilyloxy-3-p-toluenesulfonyloxypro- 
pyl)-7H-pyrrolo(2,3-d)carbazole-6-carboxylate  "  ~~  5 A  solution  of  150  mg  (0.32  mmol)  of  3aR,4S  2'S  methyl  3-benzyl-1,2,3,3a,4,5-hexahydro-4-(2-ethyl-2-hy- 
droxy-3-p-toluenesulfonyloxy  propyl)-7H-pyrrolo(2,3-d)  carbazole-6-carboxylate  and  64  mL  (15  eq)  of dnsopropylethyl  amine  in  25  mL  of  tetrahydrofuran  was  stirred  under  nitrogen  and  brought  to  0°C  and  71  uL (1  .5  eq)  of  trimethylsilyl  trifluoromethanesulfonate  added  by  syringe.  The  solution  was  stirred  for  15  min  then washed  with  15  mL  of  aqueous  saturated  sodium  bicarbonate,  dried  over  magnesium  sulfate  and  concentrated  10 under  reduced  pressure.  Flash  chromatography  on  a  12.5  x  3.5  cm  silica  gel  column,  eluting  with  1-1 ether-hexane,  gave  154  mg  (920/o)  of  the  title  product  as  a  white  foam.  TLC  Rf  0.37  (silica  gel  1  -1  ether-hexane CAS-blue  green). 

15 
Example  9 

i  vj,i-vj,£.  yj  ivigu  iyi 
3-Benzyl-1,2,3,4,5,6,7,8-octahydro-5-(2-ethyl-2-trimethvlsilyloxy-3-p-toluenesulfonvloxypropvl)  azonino  20 (6,7-b)indole-7-(15-vindolinyl)-7-carboxylate  " 

A  solution  of  0..9  g  (0.14  mmol)  of  3aR,4S,2'S  methyl  3-benzyl-1  ,2,3,3a,4,5-hexahydro-4-(2-ethyl-2-trimethyl- 
silyloxy-3-p-toluenesfulonyloxypropyl)-7H-pyrrolo(2,3-d)carbazole-6-carboxylate  and  21jxL  (l.leq)  of  triethy- lamine  in  5  mL  of  dichloromethane  was  stirred  under  nitrogen  and  brought  to  0°C.  Dropwise  addition  of  19u.L (1  .leq)  of  t-butyl  hypochlorite  in  2  mL  dichloromethane  and  stirring  for  5  min  gave  a  solution  which,  by  TLC,  was  25 free  of  starting  compound  (CAS,  blue)  and  which  contained  a  new,  less  polar  chlorination  product  (Rf  0.6  2"3 hexane/ether,  CAS,  purple).  The  solution  was  washed  with  2  x  5  mL  of  water,  dried  over  magnesium  sulfate and  concentrated  under  vacuum  to  give  a  white  foam  which  was  used  in  the  next  reaction. To  a  solution  of  the  chlorination  product  and  0.063  g  (0.95  eq.)  of  vindoline  in  5  mL  of  dry  acetone,  was  added 47U.L  (2  eq  of  tetrafluoroboric  acid-diethyl  ether  complex)  .  After  5  min.  0.056  g  (2  eq)  of  silver  tetrafl'uoroborate  30 in  2  mL  of  dry  acetone  was  added,  causing  the  mixture  to  become  heterogeneous.  After  5  min,  TLC  showed  no remaining  starting  material.  Addition  of  10  mL  of  10o/o  aqueous  ammonium  hydroxide,  extraction  with  4  x  15  mL of  dichloromethane,  drying  (Mg  S04)  and  concentration  under  vacuum  gave  a  white  foam. 

This  material  was  dissolved  in  10  mL  of  acetic  acid  and,  with  stirring,  0.078  g  (10  eq)  of  potassium borohydride  was  slowly  added.  After  stirring  for  10  min,  the  reaction  mixture  was  poured  onto  ice  and  made  35 
strongly  basic  with  concentrated  ammonium  hydroxide.  Extraction  with  4  x  15  mL  of  dichloromethane,  drying (MgS04)  and  concentration  under  vacuum  gave  a  white  foam.  Flash  chromatography  on  silica,  eluting  with 
ethyl  acetate  gave  0.126  g  (80<Vo  based  on  vindoline)  of  the  title  product.  TLC  Rt  0.61  (ethyl  acetate  CAS  dark 
brown-purple). 

40 

Example  10 

-Benzyl-1,2,3,4,5,6,7,8-octahydro-5-(2-ethyl,2,3-oxopropyl)azonino(6,7-b)indole-7-(15-vindolinyl)-7-carboxy- 
ite  ~  ~  ' 
To  a  solution  of  0.07  g  (0.06  mmol)  of  7S,4S,2'S  methyl  3-benzyl-1,2,3,4,5,6,7,8-octahydro-5-  (2-ethyl-2-tri- 

iethylsilyloxy-3-p-toluenesulfonyloxypropyl)  azonino  (6,7-b)indole-7-(15-vindolinyl)-7-carboxylate  in  20  mL  of 
strahydrofuran,  was  added  0.184  mL  (3  eq  in  1  M  THF)  of  tetrabutyl  ammonium  fluoride.  After  25  min,  TLC  50 howed  complete  conversion  of  starting  material  to  a  more  polar  product.  The  reaction  mixture  was  washed nth  aqueous  saturated  sodium  bicarbonate,  dried  (MgS04)  and  concentrated  under  vacuum.  Flash 
hromatography  on  silica,  eluting  with  ethyl  acetate,  gave  0.047g  (850/0  yield)  of  the  title  compound  TLC  Rf .33  (silica  gel,  ethyl  acetate,  CAS-brown). 

55 

Example  11 

60 
Vinblastine  and  its  1  '-Axial  Conformational  Isomer 

A  solution  of  0.040  g  (0.044  mmol)  of  7S,4S,2'S  methyl  3-benzyl-1,2,3,4,5,6,7,8-octahydro-5-(2-ethyl,2,3-ox- 
Dropyl)  azonino(6,7-b)indole-7-(15-vindolinyl)-7-carboxylate  in  10  mL  of  methanol  was  heated  at  reflux  for  26 at  which  time  TLC  showed  no  remaining  starting  material  and  a  new  more  polar  product  (Rf  0.20,  2°/o  65 
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triethylamine-methanol  CAS-blue).  The  reaction  mixture  was  cooled  and  flushed  with  nitrogen  and  20  mg  of 
5%  Pd  on  charcoal  was  added.  The  reaction  mixture  was  stirred  under  a  hydrogen  atmosphere  at  room 
temperature  for  2  h,  filtered,  and  concentrated  under  vacuum.  Flash  chromatography  on  a  22  x  12  cm  silica  gel 
column,  eluting  with  1°/o  triethylamine  in  methanol  gave  0.032  g  (89%)  of  the  1'  equatorial  conformational 

5  isomer  of  vinblastine  as  a  white  solid.  TLC  Rf  0.23  (silica  gel,  1%  triethylamine  in  methanol,  CAS  purple). 
This  product  was  dissolved  in  toluene  and  heated  at  reflux  for  8  h,  at  which  time  TLC  showed  no  remaining 

starting  material  and  a  new  less  polar  product,  which  chromatographically  matched  an  authentic  sample  of 
vinblastine,  TLC  Rf  0.24  (silica  gel,  5%  methanol  in  dichloromethane,  CAS  purple).  Concentration  of  the 
solvent  and  flash  chromatography,  eluting  with  5:1:  0.01  ether-acetone-triethylamine,  gave  0.03  g  (95%  yield) 

10  of  vinblastine. 

A  solution  of  0.010  g  (0.0087  mmol)  of  7S,4S,2'S  methyl  3-benzyl-1,2,3,4,5,6,7,8-octahydro-5-(2-ethyl-2-tri- 
20  methylsilyloxy-3-p-toluenesulfonyloxypropyl)  azonino(6,7-b)indoIe-7-(15-vindoIinyl)-7-carboxyIate  in  5  mL  of 

methanol  was  heated  at  reflux  under  nitrogen  for  40  h,  at  which  time  TLC  showed  no  remaining  starting 
material  and  a  new,  more  polar  product  (Rf  0.38,  2%  triethylamine  in  methanol,  CAS-brown).  The  reaction 
mixture  was  cooled  to  room  temperature,  flushed  with  nitrogen  and  0.010  g  of  10%  palladium  on  carbon  was 
added.  The  mixture  was  stirred  under  a  hydrogen  atmosphere  for  2  h.  TLC  then  showed  complete  conversion 

25  of  starting  material  to  a  less  polar  compound  (TLC,  Rf  0.36,  5%  methanol  in  dichloromethane,  CAS-purple). 
The  reaction  mixture  was  filtered,  the  filtrate  washed  with  dichloromethane  and  the  combined  solvents  were 
concentrated  under  vacuum.  The  concentrate  was  dissolved  in  5  mL  of  tetrahydrofuran  and  26u.L  of  tetrabutyl 
ammonium  fluoride  (1  M  in  THF,  3eq)  was  added.  After  30  min  TLC  showed  no  remaining  starting  material  and 
orly  the  presence  of  vinblastine  in  its  natural  conformation. 

Example  12 
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Claims 

35 
1  .  A  process  for  producing  a  compound  of  the  formula  : 

45 

40 
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I I I  
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wherein  Z  is  the  remaining  portion  of  a  vindoline;  R1  is  lower  alkyl;  R2  is  an  amino  protecting  group;  R5 
is  lower  alkyl;  R6  is  a  hydrolyzable  ether  group,  R10  is  -CH2Y,  Y  is  a  leaving  group, 
or  mixtures  thereof  with  the  corresponding  7R-diastereomer  having  the  configuration  at  C-5  opposite  to 
that  shown  above,  comprising  condensing  a  compound  of  the  formula 

65 
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CH,—  C  R 10 

10 

wherein  R1  ,  nd,  R°,  Rb,  R™  are  as  above  and  X  is  halogen  with  a  vindoline  or  a  salt  thereof. 
2.  A  process  for  producing  a  compound  of  the  formula 

15 

LO 

20 

25 

30 

35 

wherein  Z  is  the  remaining  portion  of  a  vindoline;  R1  is  lower  alkyl,  R2  is  hydrogen  or  an  amino 
protecting  group;  R10  is  -CH2Y,  Y  is  a  leaving  group;  R5  is  lower  alkyl,  R6  is  a  hydrolyzable  ether  group  or 
taken  together  with  Y  forms  oxo;  with  the  proviso  that  when  R6  is  a  hydrolyzable  ether  group,  R10  is 
-ChaY,  Y  is  a  leaving  group; 
or  mixtures  thereof  with  the  corresponding  7R  diastereomer  having  the  configuration  at  C-5  opposite  to 
that  shown  above  by  treating  the  compound  of  formula  III  with  an  alkali  metal  borohydride  in  an  acid. 

3.  A  process  for  producing  a  compound  of  the  formula 
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wherein  R1  is  lower  alkyl;  Y'  is  an  anion;  R2  is  an  amino  protecting  group;  R°  is  lower  aiKyi,  K'  is 
nydroxy,  hydrolyzable  ether  group  and  Z  is  the  remaining  portion  of  a  vindoline. 
Dr  mixtures  thereof  with  the  corresponding  7R  diastereomer  having  the  configuration  at  C-5  opposite  to 
:hat  shown  above  by  cyclisation  of  compound  of  formula  V  by  heating  in  an  organic  solvent. 

4.  A  process  for  producing  a  compound  of  the  formula  : 

30 

35 
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45 

ou  wherein  Ri  is  as  above;  R'3  is  hydroxy,  R'4  is  lower  alkyl  and  R  is  tormyi  or  metnyi. 
by  hydrogenolysis  of  the  amino  protecting  group  of  compound  of  formula  VI. 

5.  A  compound  of  the  formula 
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wnerein  R  is  lower  alkyl;  R2  is  an  amino  protecting  group;  X  is  halogen;  R5  is  lower  alkyl  and  R6  is  a hydrolyzable  ether  group;  R™  is  -CH2Y,  Y  is  a  leaving  group. 
6.  The  compound  of  claim  5  wherein  R2  is  benzyl. 
7.  A  compound  of  the  formula 20 

25 

30 

35 

40 

wnerein  /.  is  me  remaining  portion  ot  a  vindoline;  R1  is  lower  alkyl;  R2  is  hydrogen  or  an  amino 
jrotecting  group;  R1°  is  -CH2Y,  Y  is  a  leaving  group;  R5  is  lower  alkyl,  R6  is  a  hydrolyzable  ether  group  or aken  together  with  Y  forms  oxo;  with  the  proviso  that  when  R6  is  a  hydrolyzable  ether  group,  R1°  is 
CH2Y,  Y  is  a  leaving  group  ; 
)r  mixtures  thereof  with  the  corresponding  7R  diastereomer  having  the  configuration  at  C-5  opposite  to hat  shown  above. 

8.  A  compound  of  the  formula 
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wherein  Z  is  the  remaining  portion  of  a  vindoline;  R1  is  lower  alkyl;  R2is  an  amino  protecting  group;  R5 
is  lower  alkyl,  R6  is  a  hydrolyzable  ether  group;  R10  is  -CH2Y,  Y  is  a  leaving  group; 
or  mixtures  thereof  with  the  corresponding  7R  diastereomer  having  the  configuration  at  C-5  opposite  to 
that  shown. 

9.  A  compound  of  the  formula  : 

wherein  R1  is  lower  alkyl,  Y'  is  an  anion;  R2  is  an  amino  protecting  group;  R5  is  lower  alkyl,  R7  is 
hydroxy,  hydrolyzable  ether  group  and  Z  is  the  remaining  portion  of  a  vindoline. 
or  mixtures  thereof  with  the  corresponding  7R  diastereomer  having  the  configuration  of  C-5  opposite  to 
that  shown  above. 

10.  A  process  of  producing  a  compound  of  the  formula 
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7 
R' 

20 
wherein  Z  is  the  remaining  portion  of  a  vindoline  ;  R1  is  lower  alkyl,  R5  is  lower  alkyl  and  R7  is  hydroxy; 

comprising  isomerzing  a  compound  of  the  formula  : 

wnerein  H1,  h°,  H'  and  z  are  as  above;  by  heating. 
1  1  .  The  process  of  claim  10  wherein  said  is  heating  carried  out  in  a  hydrocarbon  solvent. 
12.  The  process  of  claim  1  1  wherein  the  heating  is  carried  out  at  a  temperature  of  from  30°  C  to  the  reflux  45 
emperature  of  the  solvent. 
13.  A  compound  of  the  formula  : 
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20 
wherein  Z  is  the  remaining  portion  of  a  vindoline;  R1  is  lower  alkyl,  R5  is  lower  alkyl  and  R7  is  hydroxy; 

or  pharmaceutically  acceptable  salts  thereof. 
14.  A  compound  of  the  formula 
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wherein  R1  is  lower  alkyl;  R10  is  -CH2Y,  Y  individually  forms  a  leaving  group  or  an  etherified  hydroxy 
group;  R2  is  an  amino  protecting  group;  R5  is  lower  alkyl;  R6  is  a  hydrolyzable  ether  group  or  taken 
together  with  Y  forms  lower  alkylidenedioxy  with  the  proviso  that  when  R6  is  a  hydrolyzable  ether  group, 
and  R  1  0  is  -CH2Y  is  a  leaving  group  ; 

15.  A  compound  of  the  formula 
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65 
wherein  R15  is  -CH2-R9;  R1  and  R5  are  lower  alkyl;  R9  is  taken  together  with  R8  forms  lower 

alkylidenedioxy. 
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or  compounds  thereof  where  the  tertiary  nitrogen  atom  is  protected  with  an  amino  protecting  group. 1  6.  A  compound  of  the  formula  : 

21 
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