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ABSTRACT: A  rev iew o f  some recen t  work on an t icancer  compounds from p lan t s  

i s  presented. 

Our l abo ra to r y  has been engaged i n  s tud ies  designed t o  i s o l a t e ,  iden- 

t i fy,  and/or determine t he  s t r u c t u r e  o f  b i o l o g i c a l l y  a c t i v e  p l a n t  cons t i -  

tuen ts  f o r  several  years. More recen t l y ,  our  major e f f o r t  has been con- 

cerned w i t h  p l a n t s  having confirmed in uiuo and/or in vitro ( c y t o t o x i c )  

an t i cancer  a c t i v i t y .  Dur ing t h i s  per iod ,  we have d iscovered a  broad ranae 

o f  a c t i v e  compounds, rang ing  from t h e  complex d imer ic  i n d o l e  a l k a l o i d s  r e -  

presented by leuros ine ,  t o  t he  s imp les t  a c t i v e  na tu ra l  quinoid,  jacaranone. 

Other types o f  a c t i v e  compounds i nc l ude  monomeric i ndo le  a l ka lo i ds ,  benzo- 

phenanthridine, and phenanthroqu ino l i z id ine  a l ka lo i ds ,  t r i t e r p e n e  saponins 

and l ignans .  Leurosine, t he  most a c t i v e  member o f  t he  group, has been 

evaluated c l i n i c a l l y ,  ma in ly  i n  France, whereas fagaronine and jacaranone 

appear t o  have s u f f i c i e n t  a c t i v i t y  t o  be considered as candidates f o r  pre-  

c l i n i c a l  pharmacology. 

I n  t h i s  b r i e f  review, we would l i k e  t o  summarize our  data on a c t i v e  

c y t o t o x i c  and an t i tumor  compounds over t h e  pas t  decade. 

THE CATHARANTHUS ALKALOIDS . 
Probably no o the r  s i n g l e  event gave a  g rea ter  s t i m u l a t i o n  t o  t he  i s o -  

Dedicated t o  Professor  T. Takemoto, Pharmaceutical I n s t i t u t e ,  Tohoku Uni- 

v e r s i t y  on t he  occasion o f  h i s  re t i rement .  



l a t i o n  o f  an t i cancer  p r i n c i p l e s  from p l a n t s  than t he  d iscovery o f  t he  po- 

t e n t  an t i tumor  a l k a l o i d s  v inca leukob las t ine  (VLB) ( I )  and l e u r o c r i s t i n e  

(VCR) (11). 

A t  t h i s  t ime i t  i s  r e l e v a n t  t o  r e c a l l  some o f  these e a r l y  r e s u l t s  and 

t o  rev iew the  cu r ren t  s t a tus  of some o f  t he  Catharmzthus a l ka lo i ds .  

The o r i g i n a l  i n t e r e s t  i n  Catharanthus roseus arose because o f  a  r e -  

puted use as an o r a l  hypoglycemic agent (1). A l a r g e  number o f  labora to ry  

s tud ies  however, have almost i n v a r i a b l y  g iven negat ive  r e s u l t s .  Noble, 

Beer and Cut ts  (2)  who were i n v e s t i g a t i n g  t he  hypoglycemic a c t i v i t y  found 

t h a t  e x t r a c t s  o f  C. roseus caused a  r a p i d  onset  o f  per iphera l  granulocyto-  

penia and bone marrow depression i n  r a t s .  A  chance examination of t he  wh i t e  

b lood c e l l  count revealed a  dramatic r educ t i on  i n  leucocytes. Th is  a c t i -  

v i t y  was t raced t o  the  a l k a l o i d  f r a c t i o n  and chromatography, w i t h  concomi- 

t a n t  bioassay, even tua l l y  gave a  small q u a n t i t y  of v inca leukob las t ine  as 

the  s u l f a t e  (3 ) .  

Independently, a t  the  L i l l y  Research Laborator ies,  Ind ianapo l i s ,  a  

group headed by Svoboda observed t h a t  a  de fa t ted  e thano l i c  e x t r a c t  of C. 

roseus produced a  dramatic and reproduc ib le  p ro longat ion  of l i f e  f o r  DBAIZ 

mice i n f e c t e d  w i t h  the  P-1534 lymphocytic leukemia. Using t h i s  new in vivo 

system as a  monitor, i n i t i a l l y  l e d  t o  the  i s o l a t i o n  o f  l eu ros ine  and v inca-  

l eukob las t i ne  (VLB). However, l abo ra to r y  "cures" were observed i n  f r a c t i o n s  

devoid o f  these two compounds. As a r e s u l t  o f  t h i s  work, t he  d ime r i c  a n t i -  

tumor a l k a l o i d s  l e u r o c r i s t i n e  and l eu ros id i ne  were obta ined (4)  by t he  pH 

g rad ien t  technique. 

These e a r l y  experiments have been reviewed by Svoboda ( 5 ) .  It was 

these e a r l y  r e s u l t s  which r e s u l t e d  i n  a  ve r t ab le  army o f  researchers who 

assaul ted t he  genus Catharanthus i n  search of a d d i t i o n a l  an t i tumor  a l ka lo i ds .  



HETEROCYCLES, Vol. 4, No. 2, 1976 

Th i s  work cont inues i n  a  number o f  l a b o r a t o r i e s  today. 

Over 80 a l k a l o i d s  have been i s o l a t e d  from C. roseus alone, and o f t hese ,  

s i x  have demonstrated an t i tumor  a c t i v i t y ,  i .e .  l e u r o c r i s t i n e ,  leuros ine ,  

v inca leukob las t ine ,  l eu ros id i ne .  leuros id ine ,  l e u r o s i v i n e  and r o v i d i n e  (5) .  

V i n c r i s t i n e  (VCR)  i s  c u r r e n t l y  used e i t h e r  s i ng l y ,  i n  combination o r  

i n  combined moda l i t y  t r i a l s  aga ins t  t he  f o l l ow ing  s o l i d  tumors, l a r g e  bowel 

cancer, stomach cancer, b reas t  cancer and sarcomas, b u t  has had i t s  g rea t -  

e s t  success i n  t he  t reatment  o f  acute leukemia i n  ch i ld ren .  Vincaleukoblas- 

t i ne ,  having a  more r e s t r i c t e d  a p p l i c a t i o n  as an an t i tumor  agent, i s  used 

p r i m a r i l y  f o r  methoxtrxate - r e s i s t a n t  Hodgkin's disease and Chor iocarc i -  

noma (6). 

The occurrence and a v a i l a b i l i t y  o f  a  number o f  o the r  Catharanthus 

species l e d  us t o  search f o r  b e t t e r  sources o f  t he  a c t i v e  d ime r i c  a l k a l o i d s  

and f o r  r e l a t e d  compounds w i t h  lower t o x i c i t y .  

The f i r s t  species t h a t  we examined was Catharanthus Zanceus, indigenous 

t o  Madagascar (7) .  P re l im ina ry  s tud ies  i nd i ca ted  t h a t  the  r o o t s  o f  C. 

lanceus e l i c i t e d  a  pronounced i n h i b i t o r y  e f f e c t  aga ins t  t he  RC mammary car -  

cinoma i n  mice. Subsequently, i t  was found t h a t  the  benzene-soluble a lka-  

l o i d  f r a c t i o n  (A) from the  leaves of t h i s  p l an t ,  a l though i n a c t i v e  on re -  

p l i c a t e  t e s t i n g  aga ins t  t he  P-1534 leukemia, a f fo rded l eu ros ine  (8,9), a  

compound h i g h l y  a c t i v e  aga ins t  t h i s  system (10 , l l ) .  A  s i m i l a r  observa t ion  

was made when l eu ros ine  was i s o l a t e d  from the  l ea f  (C) a l k a l o i d  f r a c t i o n  o f  

C. Zanceus (12). 

A  summary of t e s t i n g  some o f  the  C. lanceus a l k a l o i d s  f o r  an t i tumor  

and c y t o t o x i c  a c t i v i t y  i s  a v a i l a b l e  (13). 

Another member o f  t he  Catharanthus genus which has been i nves t i ga ted  

i n  our  l abo ra to r i es  i s  C. pusiZZus. From t h i s  p l a n t  two a c t i v e  p r i n c i p l e s  



were obtained, lochnerinine (111) (14) and leurosine (15). 

Potier and co-workers have shown that leurosine and VLB are also present 

in C. ovalis (15). Leurosine therefore appears to be the most widespread of 

the dimeric antitumor indole alkaloids from Catharanthus. 

Leurosine was first isolated by Svoboda from C. roseus (17), and the 

molecular formula was suggested to be C46H580gN4 by a variety of methods (18). 

Leurosine and VLB exhibited virtually superimposable IR spectra (18,19), thus 

confirming their close similarity. The molecular formula, however, was re- 

garded as doubtful because of the tenacious inclusion of many solvents. 

It was the structure elucidation of catharanthine and vindoline which 

permitted a suggestion (19) that leurosine and VLB were derived from these 

two monomeric alkaloids. Also, as a result of chemical evidence, both leuro- 

sine and VLB were shown to contain a vindoline "half", and from leurosine, 

the compound cleavamine (IV) was obtained (ZO), and the molecular formula of 

leurosine was corrected to C46H560gN4. Subsequently, this molecular formula 

was confirmed from the examination of several derivatives (21). 

In the nmr spectrum of leurosine the aromatic region was very similar to 

that of VLB, thereby indicating the mode of attachment to the vindolinemoiety. 

The isolation of cleavamine (IV) indicated that the additional oxygen 

function must have been in this "half" of the molecule, and by the molecular 

formula this must have been in the form of an oxide. 

The correct structure of leurosine was determined by a careful examination 

of the high resolution mass spectrum (22). 

' Given that one "half" of leurosine is vindoline and the other "half" an 

oxide of cleavamine, three series of ions should be observed; one each for 

the fragmentation of vindoline and cleavamine oxide, and one for the frag- 

mentation of the dimeric species. In particular, the major fragment ions of 
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R, R2 R3 R, 
I H OH CH, Ac 

I I H OH CHO Ac 

V I -0- CH, Ac 
XV I I I  H OH CH, H 

Ill OCH, H 
VII H OH 
Vlll OCH, H 
I X  H H 



v i n d o l i n e  and t he  cleavamine p a r t  cou ld  be added toge ther  (23) t o  a r i t h m e t i -  

c a l l y  de r i ve  t he  t h i r d  se r i es  o f  ions, a l l  of which were found and analyzed 

( f o r  t h e i r  molecular  formula) .  An important  fragment i o n  a t  m/e 152 could, 

on the  bas is  of a McLaf fer ty- type rearrangement of the  cleavamine-type a lka-  

l o i d s  (24), be ascr ibed  t o  the  i o n  (V), C9H14N0, and t h i s  was confirmed by 

mass measurement. 

A s tudy o f  t he  nmr spectrum i nd i ca ted  t he  presence of a doub le t  ( J  = 4.1 

Hz) a t  63.1 ppm i n  agreement w i t h  t he  formulat ion of an epoxide (22) .  From 

the  magnitude o f  the  coup l ing  constant  the  stereochemistry  shown cou ld  be de- 

duced f o r  t he  epoxide group. Th is  evidence supported the  s t r u c t u r e  ( V I )  f o r  

leuros ine .  Th is  s t r u c t u r e  ( V I )  has r e c e n t l y  been confirmed by CMR s tud ies  

(25), b u t  X-ray ana l ys i s  of l eu ros ine  has n o t  y e t  met w i t h  success (26) .  

Several reviews o f  the  s t r u c t u r e  e l u c i d a t i o n  and chemistry  of the  d imer ic  

Catharanthus a l k a l o i d s  a re  a v a i l a b l e  (26,27). 

The recent  complet ion of th ree  independent syntheses of VLB (28-30) has 

s t imu la ted  research i n  t h i s  area, again i n  the  e f f o r t  t o  i s o l a t e  a d d i t i o n a l  

a c t i v e  dimers which might  be amenable t o  p a r t i a l  synthesis. 

With the  development of VLB and VCR as c l i n i c a l  e n t i t i e s  i t  became neces- 

sary  t o  develop a rap id ,  q u a n t i t a t i v e  a n a l y t i c a l  technique f o r  the  es t imat ion  

o f  these a l k a l o i d s  i n  the  d r i e d  p l a n t  m a t e r i a l .  The technique evolved (31) 

uses a small sca le  mod i f i ca t ion  of the  pH g rad ien t  technique (32) e x t r a c t i n g  

a t  pH 4.0 and pH 6.1 f o r  t he  t o t a l  VLB content .  The VLB i s  then separated 

from the  remaining a l k a l o i d s  by two-dimensional p repara t i ve  t h i n - l a y e r  chro- 

matography, and q u a n t i f i e d  by uv spectroscopy. 

P r i o r  t o  t h i s  study a simple t h i n  l a y e r  chromatographic system was devel- 

oped t o  separate VLB, VCR, l eu ros ine  and l eu ros id i ne  (33). 

A number o f  a l k a l o i d s  i s o l a t e d  from Catharanthus spp. e x h i b i t  c y t o t o x i c  
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activity, but are inactive in antitumor tests. All of these are monomeric 

and each belongs to the 8-anilinoacrylate group of compounds. Two of these 

alkaloids were isolated from Catharanthus Zanceus. The first of these was 

lochnerinine (111), which was identified (34) by its melting point uv and 

mass spectrum in comparison with literature (35,36) data. Subsequently, 

lochnerinine (111) was isolated from Cat)raranthus pusiZZus (14) and shown to 

be cytotoxic (ED50 1.0 x ugfnl) against the 9KB cell culture system. 

Two new alkaloids of this general type were isolated from C. Zanceus (37, 

38). Each compound showed ir and uv spectral data in agreement with a $- 

anilinoacrylate structure. A characteristic chromogenic response with CAS of 

this chromophore, was noted, i.e. blue, changing to pale green for both com- 

pounds after 24 hours. The differences between these two compounds in the 

uv spectrum indicated that one was the demetinoxy base of the other. 

The structures of these two compounds were readily deduced (39) from an 

examination of the mass spectra. Both horhammericine and horhammerinine 

showed a typical retro Diels-Alder fragmentation and gave rise to base peaks 

at m/e 154. The other "half" of the molecules differed by 30 mu as expected. 

The mass spectrum also indicated that the ethyl side chain contained a hy- 
+ 

droxyl group, (M -45). This group was secondary from the nmr spectrum, which 

showed a methyl doublet. The piperidine ring must therefore contain an 

epoxide group (no ketonic carbonyl) in order to account for the base peak. 

Hence the structure of horhamnericine was deduced to be (VII). The aromatic 

regions of lochnerinine (111) and horhammerinine were very similar. Horham- 

merinine therefore has the structure (VIII). 

Horhammericine (VII) was later isolated from C. trichophyZZus (40) and 

evaluation against the 9KB test system, indicated that it was cytotoxic. 

Also isolated at this time from C. trichophyZZus were lochnericine (IX), 



minov inc in ine  (X) and minovinc ine (X I ) :  o f  these, on l y  l ochne r i c i ne  was 

c y t o t o x i c  (40) .  C l e a r l y  t he  epoxide group present  i n  l ochne r i c i ne  (1x1, 

l ochne r i n i ne  ( I I I ) ,  and horhammericine ( V I I )  i s  c r u c i a l  f o r  t he  c y t o t o x i c  

a c t i v i t y .  Other s t r u c t u r a l  requirements f o r  c y t o t o x i c  a c t i v i t y  have n o t  

been evaluated i n  t h i s  se r i es  of compounds. 

I n  a d d i t i o n  t o  our i n t e r e s t  i n  the  ant icancer a c t i v i t y  of Catharanthus 

spp. and t h e i r  a l ka lo i ds ,  t he  a v a i l a b i l i t y  of t he  var ious  i s o l a t e s  has per-  

m i t t e d  b i o l o g i c  t e s t i n g  i n  a  number of o the r  pharmacologic screens. 

The r e s u l t  of some o f  these t e s t s  on t he  a l k a l o i d s  of C. lanceus are  

shown i n  Table I. 

TABLE I. PHARMACOLOGIC ACTIVITIES OF ISOLATED CATHARANTHUS ALKALOIDS 

A c t i v i t y  A l k a l o i d  

Hypotensive Yohimbine 

Hypoglycemic V indo l in ine ,  leuros ine ,  catharanth ine,  t e t r ahyd roa l -  
s ton ine  

D i u r e t i c  Catharanthine, V indo l i n i ne  

Ana lep t ic  Pe r i ca l  l i n e  

A n t i d i u r e t i c  A jma l ic ine  

A n t i v i r a l  P e r i c a l l i n e ,  pe r i v i ne ,  per i fo rmy l ine ,  v i n d o l i n i n e  

Yohimbine ( X I I ) ,  a  po ten t  a-adrenergic b lock ing  agent, s i g n i f i c a n t l y  r e -  

duced b lood pressure i n  r a t s  and dogs (13), whereas the  o the r  a l k a l o i d s  tes-  

t e d  were e s s e n t i a l l y  i n a c t i v e .  P e r i c a l l i n e  ( X I I I )  e l i c i t e d  a  pronounced 

ana lep t i c  e f fec t  (13) .  

Catharanthine (as the  hydroch lo r ide)  (XIV) and v i n d o l i n i n e  (as t he  d i -  

hydroch lo r ide)  (XV) were found t o  e x h i b i t  d i u r e t i c  a c t i v i t y  comparable t o  

ch lo ro th i az i de  and d ihydroch lo ro th iaz ide  (41) .  

It w i l l  be r e c a l l e d  t h a t  the  o r i g i n a l  i n t e r e s t  i n  C. roseus was because 



HETEROCYCLES, Vol. 4, No. 2, 1976 

XIV x v  

CH, : 
X V I  R = H  
X V I I  R=CHO 

X IX  



of its reputed hypoglycemic activity. Of the a1 kaloids evaluated, leurosine 

sulfate (VI) and vindolinine dihydrochloride (XV) were the most active, their 

hypoglycemic action being intermediate between that of acetohexamide and 

to1 butamide (42). 

Thirty-six Catharanthus alkaloids were evaluated in vitro against the 

polio type I11 virus and the vaccinia virus. Pericalline (XIII) was active 

against both viruses and perivine (XVI), periformyline (XVII) and vindoli- 

nine (XV) were active against only the former virus. The anticancer alka- 

loids leurosivine, VLB, VCR, leurosidine and desacetyl VLB (XVIII) were also 

active against the vaccinia virus in vitro (43). 

Clearly, the alkaloids of Catharanthus have a great potential in other 

clinical pharmacologic areas than cancer. It is therefore not surprising to 

find new structures and alkaloids still being investigated in several labor- 

atories throughout the world. 

Recently we have derived the structures of a number of Catharanthus 

alkaloids which, coincidentally, all contained a tetrahydrofuran ring. 

Cathanneine (Cathovaline) (44) from C. Zanceus was shown by uv and ir 

spectra to be a dihydroindole containing an ester and a carbomethoxy group, 

but with no NH or OH functionalities. Comparison of the nmr spectrum with 

those of vindoline and vindorosine indicated a close similarity. In parti- 

cular, the presence of three aromatic, three N-methyl, three methyl ester and 

three acetate protons was observed. No olefinic protons were observed and 

since the pattern due to the ring C-protons and the ethyl group were similar 

to that in vindorosine, the tertiary hydroxy group must have reacted with the 

14,15-double bond. The ether bridge proton appeared as a doublet of doublets 

centered at 64.08 ppm. This splitting pattern is only consistent with attach- 

ment of the ether bridge at C-15 as shown in XIX (45). The absolute config- 
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u r a t i o n  o f  ca thova l ine  was determined subsequently (46). 

E a r l i e r  workers had i s o l a t e d  t he  a l k a l o i d  v i n c o l i n e  from C. roseus (47) 

and C. Zanceus (48). By chance t he  same a l k a l o i d  was i s o l a t e d  from Vinca 

Zibmotica (49) and r e - i s o l a t e d  from C. roseus (50) a t  approximately  t he  

same t ime i n  our  l abo ra to r i es .  Since t he re  a re  on l y  very  few a l k a l o i d s  i s o -  

l a t e d  from both  Vinca and Catharmthus species. I t  was therefore of some 

i n t e r e s t  t o  e l u c i d a t e  t he  s t r u c t u r e  of v i nco l i ne .  

The uv and i r  spec t ra  o f  v i n c o l i n e  i nd i ca ted  the  presence of a  d ihydro-  

i n d o l e  toge ther  w i t h  es te r ,  -OH and -NH groups and the  molecular  formula was 

found by h i gh - reso lu t i on  mass spectrometry t o  be C21H24N204. Since the  nmr 

spectrum o f  v i n c o l i n e  showed t he  presence of two o l e f i n i c  protons,  t he  r e -  

maining oxygen must be p resent  as an e the r  group (no ketone o r  amide carbonyl  

i n  t h e  i r  spectrum). I n  support  o f  t h i s ,  v i n c o l i n e  a f f o rded  a  monoacetyl 

d e r i v a t i v e  f o l l ow ing  ace t y l a t i on .  

The p o s i t i o n  of two o f  t he  oxygen l inkages  was r e a d i l y  determined from 

the  nmr spectrum, which showed a  s i n g l e t  f o r  t he  C-2 p ro ton  a t  63.81 ppm and 

a  q u a r t e t  f o r  t he  C-19 pro ton  a t  63.81 ppm. The hydroxyl  group was p laced a t  

C-6 on t h e  bas is  of an i o n  X X  a t  m/e 146 and an i o n  X X I  a t  m/e 160. An e the r  

l i n kage  t he re fo re  can be p laced a t  C-19 t o  C-16. The negat ive  r o t a t i o n  and 

s h i e l d i n g  o f  t he  C-18 methyl group (doub le t  a t  60.60 ppm) suggested a  prob- 

ab le  s t r u c t u r e  XXII f o r  v i nco l i ne .  

From a  h i g h l y  an t i cancer  a c t i v e  f r a c t i o n  o f  C. roseus ou r  group i s o l a t e d  

an a l k a l o i d  which turned o u t  t o  be i d e n t i c a l  w i t h  v incarod ine  (51), an a lka-  

l o i d  o f  unknown s t r u c t u r e  i s o l a t e d  p rev ious l y  by Svoboda and co-workers from 

C. roseus (52) .  

The molecular  formula of v incarodine was es tab l i shed as C22H26N205, M+ 

m/e 398 and t he  nmr spectrum es tab l i shed t he  presence o f  an aromatic methoxy 



group (64,lO ppm) as well as a carbomethoxy group. The location of the aro- 

matic methoxy group was determined to be at C-11 from the similarity of the 

aromatic region with that of vindoline. NMR spectroscopy also confirmed the 

presence of an ethyl group attached at a tertiary carbon. 

The uv spectrum was quite unlike any that we had previously encountered 

from Catharanthus species. Compounds in the 11-methoxy 16-oxygenated Eburna 

alkaloids were found to exhibit similar spectra, and at this point we could 

write a partial structure. 

Vincarodine readily afforded a monoacetate derivative so that clearly 

the remaining oxygen function was an ether of some type, and it became impor- 

tant to assign the attachment of ether and hydroxyl functions. The base peak 

in the mass spectrum of vincarodine and its acetate was at m/e 200 having a 

composition CI2Hl2N20, suggesting a probable structure XXI I1 for this ion. A 

metastable ion was observed for the transition m/e 398-200, indicating a 

very interesting loss of nine of the ten iridoid-derived carbon atoms in one 

process. 

From the previous evidence it was clear that four oxygen atoms must be 

located in the iridoid-derived part of the molecule, including an acetyla- 

table hydroxyl group. The retro Diels-Alder fragmentation pathway in ring C 

is a common primary process for the Eburna alkaloids (53). This fragmenta- 

tion in the case of vincarodine leads to the ion m/e 297 (C18H19N03). This 

ion was not affected by acetylation, thus indicating the presence of the hy- 

droxy group in ring E. 

The ether bridge could therefore be attached from C-16 to either C-14 or 

C-15. 

From an extensive analysis of forty-four fragment ions a number of path- 

ways were derived, some of which served to distinguish between the two pos- 
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sible structures. One example is that indicated in Scheme I for the forma- 

tion of the ions m/e 297 and 101, which suggested that vincarodine had the 

structure XXIV. 

This structure was confirmed, and the relative stereochemistry of vin- 

carodine deduced, from a study of the nmr spectrum of acetyl vincarodine. 

The proton on the carbon bearing the acetoxy group appeared at 64.93 ppm as 

a broad signal. Irradiation at this position produced collapse in only two 

regions, 63.87 and 2.30 ppm. Triple resonance irradiation at 63.87 and 2.30 

ppm collapsed the signal at 64.93 ppm to a singlet. 

These data are compatible only with a hydroxy group at C-14 and an ether 

function at C-15. Furthermore, the C-14 proton is trans (diaxial) to the 

ether bridge. 

Vincarodine, exhibiting a negative rotation, therefore has the structure 

XXIV. Vincarodine had been isolated some twelve years earlier by Svoboda 

(52), yet within six months three independent groups deduced the structure 

(51,54,55). 

Antitumor principles of CheZidoniwn w ' u s  (Papaveraceael 

The clinical use of CheZidonim mmajs (Papaveraceae) dates back to 1896 

when Botkin (56) reported two cases of carcinoma which responded to treat- 

ment with C. rnajus extracts. Subsequent clinical reports include the use of 

chelidonine sulfate for gastric cancer (57), and C. rnajus extracts for breast 

cancer (58), and in other clinical trials (59,60). In addition, C. majus 

has a long history of use in other parts of Europe in the treatment of warts, 

papillomas and condylomas (61,62). 

More recently, antitumor testing i n  vivo indicated that extracts of C. 

majus were inhibitory for sarcoma 180 and Erlich mouse carcinoma (63,64). 

Our initial work on this plant (65,66) indicated that the extracts of 
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C. majus were devoid o f  an t i tumor  a c t i v i t y  b u t  d i d  e x h i b i t  s i g n i f i c a n t  

c y t o t o x i c i t y .  

Extensive p r i o r  phytochemical work ( f o r  a rev iew see re f .  67) succeeded 

i n  i s o l a t i n g  a number of a l ka lo i ds ,  some of which have been shown t o  e x h i b i t  

an t i cancer  e f f e c t s .  

Sanguinarine (XXV) andche le r y th r i ne  (XXVI) showed an t i tumor  a c t i v i t y  i n  

animals b u t  a re  probably t oo  t o x i c  f o r  human use (68), and che l idon ine  (XXVII) 

and pro top ine  (XXVI I I )  e x h i b i t e d  c y t o t o x i c  a c t i v i t y  (64) .  

Chromatography o f  t he  c y t o t o x i c  a1 k a l o i d  f r a c t i o n  afforded a number of 

cons t i tuen ts ,  two o f  which proved t o  be cy to tox i c .  The f i r s t  of these, on 

t he  bas is  o f  uv and mass spec t ra l  data, was i d e n t i f i e d  as c o p t i s i n e  (XXIX) 

(67). Comparison w i t h  au thent ic  sample confirmed t he  i d e n t i t y .  

The second a l k a l o i d  proved t o  be new and was g iven t he  name chel id ime- 

r i n e  (69) .  The uv spectrum i nd i ca ted  t h a t  che l i d ime r i ne  was a member of t h e  

benzophenanthridine group o f  compounds, b u t  t h e  ir spectrum (67)  showed a 

1 ke ton i c  carbonyl (vmax 1710 cm- ). The mass spectrum i n d i c a t e d  t he  presence 

o f  a molecular  i o n  a t  m/e 720, w i t h  a probable molecular  formula of C4H32 

N209 Important  fragment peaks were observed a t  m/e 389 (C23HlgN05) and 

m/e 332 (C20H14N04). Th i s  l a t t e r  peak, which was a l so  t he  base peak, cou ld  

be a t t r i b u t e d  t o  t he  sanguinarium i o n  (XXX). 

The nmr spectrum subs tan t ia ted  t he  presence o f  a sanguinarine moiety 

showing one N-methyl, two methylenedioxy and s i x  aromat ic  protons. I n  ad- 

d i t i o n ,  a m u l t i p l e t  was observed a t  64.88 ppm and a p a i r  o f  doub le ts  a t  

62.52 and 2.20 ppm. Th i s  cou ld  be exp la ined  i n  terms o f  a CO-CH2-CH-N sys- 

tem where t he  n i t r ogen  atom must be p a r t  o f  t he  sanguinarine nucleus. 

These data l e d  t o  t he  s t r u c t u r e  X X X I  f o r  che l id imer ine .  Since c h e l i -  

d imer ine showed no o p t i c a l  r o t a t i o n ,  i t  must be e i t h e r  meso o r  racemic. 



'31 R2 '33 '34 

xxv -cH,- c i  H 
X X V I  CH, CH, c i  H 
XXVll -CH,- - OH 

Rings B/C hexahydro and c> 

RlO 
XXX CH, CH, - H 

Single crystal X-ray analysis indicated that chelidimerine belonged to the 

space group P 212121. Chelidimerine is therefore meso-l,3-bis-(11-hydrosan- 

guinariny1)-acetone (XXXI). 

This structure assignment was confirmed by synthesis. Treatment of 

sanguinarine with acetone dicarboxylic acid gave chelidimerine identical with 

the natural product (69). 

XXVlll XX lX  
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XXXIII R,R,= -cH,- 

X X X l V  R 1 = H ;  R2=CH3 

X X X V  R,=CH3; R 2 = H  

Sanguinaria canadensis, like C. majus also has a long history in the 

empirical treatment of cancer (68), and a number of similar phytochemical 

constituents have been isolated (for a review see ref. 70) including sangui- 

narine (XXV) and chelerythrine (XXVI). 

In addition to sanguinarine (XXV), we also isolated a new alkaloid, 

sanguidimerine, belonging to the benzophenanthridine series (70). Except 

for optical rotation and mp, the alkaloid proved to be identical in all re- 

spects to chelidimerine. Sanguidimerine therefore, has the structure (+)-  

1 ,S-bis-(11-hydrosanguinariny1)-acetone (XXXII). 

Surprisingly, sanguidimerine (XXXII) in addition to being inactive in 

the Walker carcinosarcoma 256 and P-388 lymphocytic leukemia system, was also 



i n a c t i v e  i n  t he  9KB system. This,  i n  c o n t r a s t  t o  che l i d ime r i n i ne  (XXXI) 

which was a c t i v e  i n  t h i s  in vitro t e s t .  

Fagaronine 

The benzophenanthridine a l k a l o i d s  have r e c e n t l y  proved t o  be one of t he  

most promis ing groups o f  na tu ra l  products from the  p o i n t  o f  view of c l i n i c a l  

eva lua t ion .  The two most important  compounds i n  t h i s  se r i es  a re  n i t i d i n e  

(XXXI I I )  and fagaronine (XXXIV). 

Fagaronine was i s o l a t e d  as t he  c h l o r i d e  s a l t  from the  r o o t s  of Fagara. 

zanthoxycyloides (Rutaceae) (71). The uv spectrum i nd i ca ted  t h a t  i t  belonged 

t o  t he  benzophenanthridine c lass  o f  a l ka lo i ds ,  and i n  p a r t i c u l a r ,  a resem- 

b lance t o  t he  uv spectrum o f  n i t i d i n e  (XXXI I I )  was noted. A pheno l i c  hy- 

droxy group was demonstrated by t he  bathochromic s h i f t  i n  the  uv observed 

on t he  a d d i t i o n  o f  d i l u t e  a l k a l i ,  and by a broad hydroxyl  absorp t ion  i n  t he  

i r  spectrum. 

The nmr spectrum showed an N+ methyl s i n g l e t  (65.11 ppm) and t h ree  O- 

methyl s i ng le t s ,  i n  a d d i t i o n  t o  t he  aromatic protons which appeared as expec- 

ted. Two s t ruc tu res ,  (XXIV) and (XXXV) were proposed f o r  fagaronine a t  t h i s  

po in t .  

A c l e a r  d i s t i n c t i o n  between these two p o s s i b i l i t i e s  was made a f t e r  de- 

g radat ion  of fagaronine t o  the  N-demethyl d e r i v a t i v e  (XXXVI) (72) .  The im- 

proved s o l u b i l i t y  of t h i s  l a t t e r  compound permi t ted  a nmr i n v e s t i g a t i o n  t o  be 

made. 

Hydrogen bonding o r  phenolate anion formation i s  expected t o  s h i f t  ortho 

o r  para r e l a t e d  protons up f ie ld ,  due t o  increased s h i e l d i n g  (73) .  Indeed, 

one aromatic proton d i d  e x h i b i t  subs tan t i a l  sh i e l d i ng  on t he  a d d i t i o n  o f  tri- 

ethylamine and sodium deuteroxide, and the  magnitude o f  t h i s  s h i f t  (73) i n d i -  

cated an ortho r e l a t i o n s h i p  t o  the  phenol ic  group. 
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On t h e  bas is  o f  t he  two s t r uc tu res  f o r  fagaronine, t h i s  proton, o r i g i -  

n a l l y  a t  6 7 . 3 7  ppm, must e i t h e r  be a t  C-1 o r  C-4. A  second aromatic proton,  

o r i g i n a l l y  a t  68.68 ppm was a l s o  s h i f t e d  on t he  a d d i t i o n  o f  sodium deuter-  

oxide. The magnitude o f  t h i s  s h i f t  (24) i nd i ca ted  t h a t  i t  had a  meta r e l a -  

t i o n s h i p  t o  t he  pheno l i c  group. Th is  p ro ton  must t he re fo re  be e i t h e r  a t  C4 

o r  C,. 

E l uc i da t i on  o f  t he  s t r u c t u r e  therefore depends upon an assignment of the  

68.68 and 7 . 3 7  ppm protons t o  C1 and C4. The c lose  p r o x i m i t y  of t he  n i t r o -  

gen atom i s  expected t o  g i v e  r i s e  t o  a  marked desh ie l d i ng  o f  t he  C4 proton.  

On t h i s  bas is ,  t he  68.68 pprn p ro ton  can be assigned t o  C4  and fagaronine has 

the  s t r u c t u r e  X X X I V .  

Subs tan t i a t i ng  evidence f o r  t h i s  s t r u c t u r e  assignment came from a  t o t a l  

syn thes is  of fagaronine ( X X X I V )  ( 7 4 ) .  

Although n i t i d i n e  ( X X X I I I )  and fagaronine ( X X X I V )  a re  s t r u c t u r a l l y  q u i t e  

s i m i l a r ,  they  a re  q u i t e  i n t e r e s t i n g l y  d i f f e r e n t  i n  t h e i r  spectrum of a n t i -  

cancer a c t i v i t y .  Fagaronine ( X X X I V ) ,  f o r  instance,  a l though j u s t  as a c t i v e  

as n i t i d i n e  i n  t he  P388 t e s t  system, i s  devoid of c y t o t o x i c i t y ;  whereas n i t i -  

d ine  ( X X X I I I )  i s  q u i t e  s t r o n g l y  cy to tox i c .  

Although fagaronine ( X X X I V )  o f f e r s  several  advantages over n i t i d i n e  

( X X X I I I ) ,  p r e c l i n i c a l  t o x i c i t y  s tud ies  have so f a r  been l i m i t e d  t o  t he  l a t t e r  

compound. 

A  f u r t h e r  c l ass  of compounds which we found t o  e x h i b i t  c y t o t o x i c  a c t i -  

v i t y  was i s o l a t e d  from Boehmeria eyzindriea (Urt icaceae) (751,  a p l a n t  na- 

t i v e  t o  Nor th  America. 

Chromatography o f  t he  a l k a l o i d  f r a c t i o n  gave a number of pure a l ka lo i ds ,  

one o f  which was shown t o  be c r yp top leu r i ne  ( X X X V I I ) ,  an a l k a l o i d  a l s o  ob- 



t a i ned  from an Aus t ra l i an  Boehmeria species, B. pZatyphyZZa (76,77). 

Cryp top leur ine  (XXXVII) was found t o  be i n a c t i v e  i n  several tumor sys- 

tems, i nc l ud ing  the  sarcoma 180, adenocarcinoma 755, Lewis lung  carcinoma, 

L-1210 leukemia, P-388 lymphocytic leukemia and t he  Walker 256 int ramuscular  

sarcoma. I t  was however h i g h l y  a c t i v e  aga ins t  Eagle 's  9 KB carcinoma of the  

nasopharynx i n  cel.1 cu l t u re ,  e x h i b i t i n g  an ED50 o f  approximately  1.0 x 10- 5 

~ lg /ml  (75). The compound was a l s o  shown t o  e x h i b i t  a n t i v i r a l  a c t i v i t y  (78) .  

The macrol ide a1 ka lo ids .  

One of t he  most s i g n i f i c a n t  new types of compounds, showing ant i tumor 

and c y t o t o x i c  a c t i v i t y ,  t o  be i s o l a t e d  i n  recent  years a re  t he  macrol ide a l -  

ka lo ids .  The c l i n i c a l l y  most important  of these a t  the  present  i s  maytansine 

(XXXVII) a macrocycl ic  a1 k a l o i d  Of  Maytenus senegatensis (79) .  

I n  our  labora to r ies ,  a sample o f  Maytenus senegatensis from Ghana was 

found t o  e x h i b i t  an t i tumor  (WM-256, L-1210, and P-388) and c y t o t o x i c  (9KB) 

a c t i v i t i e s  (80). Because of a pauc i t y  of p l a n t  ma te r i a l ,  we were forced t o  

suspend our  e f f o r t s  on t h i s  p l an t .  D u l c i t o l  showing marginal PS in v i m  

a c t i v i t y ,  was i so l a ted .  
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Subsequently, Kupchan and co-workers have i s o l a t e d  a number o f  c l o s e l y  

r e l a t e d  macrol ide a l k a l o i d s  from o the r  Maytenus spp. e x h i b i t i n g  marked i n  

vivo and c y t o t o x i c  a c t i v i t y  (81,82). The novel s t r uc tu res  o f  thesecompounds 

and t he  d i s s i m i l a r i t y  t o  any p rev ious l y  known p l a n t  a l k a l o i d s  gave r i s e  t o  

s"spic ions t h a t  p o s s i b l y  these products were funga:l.products de r i ved  from 

the  s o i l  where t he  p l a n t s  grow. Several f a c t o r s  m i t i g a t e  aga ins t  t h i s  the-  . , . .. : .  v : . . ,. 

o ry .  The f i r s t  i s  t h a t  Maytenus spp. from Niger ia ,  Ghana and Kenya show the  
: . - .  

presence o f  maytansinoids. Secondly, r e c o l l e c t i o n s  of p l a n t  ma te r i a l  con ta i n  

maytansinoids. T h i r d l y ,  and probably most.convincingly,,  r e l a t e d  compounds 

have been i s o l a t e d  by Wall and co-workers (83)  from CoZubrina texensis, a 

p l a n t  n a t i v e  t o  Texas (U.S.A.). 

Maytansine (XXXVII I )  has proceeded through p r e c l i n i c a l  t ox i co logy  and 

drug f o rmu la t i on  and i s  about t o  be evaluated i n  t he  c l i n i c .  

Ant i tumor and Cy to tox i c  Lignans 
..' - . . 

Probably the  bes t  known o f  t he  ant i tumor.  l i gnans  7s pbdophy l lo tox in  

(XXXIX), a compound o r i g i n a l l y  i s o l a t e d  from PodophyZZm peltatwn by Har twe l l  

(84) ,  and e x h i b i t i n g  c y t o t o x i c  and a wide range o f  an t i tumor  a c t i v i t i e s  (85) .  



XLl l l  R = H 

XLlV R =CH, 

X L I  m/e 201 

CH,O Q- OCH, 
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We have r e c e n t l y  i s o l a t e d  podophy l lo tox in  (39) from a  new source, and have 

a l s o  obta ined a  new l i g n a n  e x h i b i t i n g  bo th  c y t o t o x i c  and an t i tumor  e f f e c t s  

(86). 

An e thano l i c  e x t r a c t  o f  L i n m  aZbm (Linaceae) e x h i b i t e d  bo th  c y t o t o x i c  

and an t i tumor  e f fec ts .  App l i ca t i on  o f  the  standard f r a c t i o n a t i o n  procedure 

gave petro leum e the r  and chloroform e x t r a c t s  each o f  which was ac t i ve .  Chro- 

matography o f  t he  chloroform e x t r a c t  a f f o rded  podophy l lo tox in  (XXXIX) and a  

small  q u a n t i t y  o f  a  c r y s t a l l i n e  compound, which, from the  mass spectrum, 

lacked a  methyl group compared w i t h  X X X I X .  

The compound showed a  f ragmentat ion p a t t e r n  c h a r a c t e r i s t i c  o f  t he  podo- 

p h y l l o t o x i n  se r i es  (87) .  I n  p a r t i c u l a r ,  fragment i ons  a t  m/e l54,XL,and 

m/e 201,XLI, indicated t h a t  t he  four teen  mass u n i t s  were miss ing  from the  

lower, D, r i n g .  

Th i s  i n t e r p r e t a t i o n  was confirmed by t he  nmr spectrum which showed t he  

presence of two methoxy groups and a  methylenedioxy group. The a l i p h a t i c  

p a r t  of the  spectrum was very  s i m i l a r  t o  t h a t  o f  podophy l lo tox in  (XXXIX), 

b u t  t he  aromatic r eg ion  showed d i s t i n c t  d i f fe rences .  I n  p a r t i c u l a r ,  t he  

asymmetric na tu re  o f  r i n g  D was es tab l i shed,  f o r  two doublets (J=EHz) were 

observed a t  66.78 and 6.01 ppm. Double-resonance s tud ies  confirmed t h a t  

these two protons were coupled t o  each other ,  and were t he re fo re  meta- 

o r i en ta ted .  Several poss ib l e  s t r uc tu res  cou ld  be proposed on t he  bas is  o f  

t h i s  evidence, b u t  t reatment  of the  i s o l a t e  w i t h  diazomethane a f f o rded  podo- 

p h y l l o t o x i n  (XXXIX). The compound there fo re  has the  s t r u c t u r e  3'-demethyl- 

podophy l lo tox in  ( X L I I )  (86). 

The compound showed marginal  c y t o t o x i c  and an t i tumor  a c t i v i t y .  

Podophy l lo tox in  (XXXIX) has proved t o  be somewhat d i sappo in t i ng  i n  t he  

t reatment  o f  human neop las t i c  disease, regressions being ma in ly  t r a n s i e n t  and 



c l i n i c a l l y  i n s i g n i f i c a n t  (88). Side ef fects (nausea, vomit ing,  d iarrhea,  

o r a l  u l c e r s  and f eve r )  were f requent .  

Two o the r  l ignans,  a - p e l t a t i n  ( X L I I I )  and 6 - p e l t a t i n  (XLIV), were de- 

t ec ted  i n  Linwn aZbwn by t h i n  l a y e r  chromatography i n  comparison w i t h  authen- 

t i c  samples. 

Although these compounds a re  e f f e c t i v e  i n  the  t reatment  of tumors i n  

l abo ra to r y  animals (89,90), they a re  of no s ign i f i cance i n  t he  c l i n i c a l  se t -  

t i n g  (91,92). 

Although the  podophyl lo tox in- type l i g n a n  aglycones have l i t t l e  o r  no 

c l i n i c a l  ef f icacy,  considerable a t t e n t i o n  has r e c e n t l y  been focussed on cer -  

t a i n  water-soluble g l y c o s i d i c  de r i va t i ves .  Most important  o f  these i s  4'- 

demethylepipodophyllotoxin-(4,5-~-thenylidene)--D-glucopyranoside, which 

has been used c l i n i c a l l y  w i t h  some success. 

Miscel laneous Ant i tumor and Cyto tox ic  Compounds 

Myrsine-saponin 

WaZZenia yunquensis o f  the  fami ly  Myrsinaceae i s  indigenous t o  t he  

L u g u i l l o  Mountains o f  Puerto Rico. I n  p a r t i c u l a r  i t  i s  a common shrub i n  the  

Pico de l  Oeste area (93) .  An aqueous a lcohol  ( 1 : l )  e x t r a c t  o f  t he  whole 

p l a n t  ma te r i a l  was found t o  be a c t i v e  i n  t he  Walker 256 (EM) carcinosarcoma 

t e s t  system. We the re fo re  endeavored t o  ob ta i n  t he  a c t i v e  p r i n c i p l e ( s )  o f  

t h i s  p l a n t  (94) .  A f t e r  t he  p l a n t  ma te r i a l  had been defatted, i t  was ex t rac-  

t e d  w i t h  ethanol .  Concentrat ion o f  t h i s  e x t r a c t  gave a p r e c i p i t a t e  which 

was f i l t e r e d  and shown by f r o t h  and hemolysis t e s t s  t o  be a saponin. The 

crude saponin was p u r i f i e d  over magnesium o x i d e - c e l i t e  t o  g i ve  t he  saponin 

i n  2.1% y i e l d .  Ac id  hyd ro l ys i s  o f  the  saponin a f f o rded  a pure sapogenin mp 

242-244'. Comparison w i t h  pr imulagenin A (XLV) an olean-12-ene d e r i v a t i v e  

obta ined p rev ious l y  by Kupchan e t  aZ. (95), i nd i ca ted  a c lose  s i m i l a r i t y  and 
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d i r e c t  comparison by m ix tu re  mp, t l c  and mass spectra confirmed t he  i d e n t i t y  

(94). 

The i d e n t i t y  o f  t he  sugar components was determined by comparison w i t h  

standards us ing  paper chromatography and quan t i t a t ed  by g l c  comparison w i t h  

t r i m e t h y l s i l y l a t e d  sugars. These experiments (94) i nd i ca ted  t h a t  t he  sugar 

m i x tu re  was composed of rhamnose, glucose, galactose and g lucuron ic  a c i d  i n  

t he  molar  r a t i o  ( 2 : l : l : l ) .  Th is  i s  i n  agreement w i t h  a compound, myrsine- 

saponin i s o l a t e d  from Myrsine africana by Kupchan e t  aZ. (95), and demon- 

s t r a t e d  t o  be respons ib le  f o r  t he  an t i tumor  a c t i v i t y  o f  t h i s  p l an t .  

The p rec i se  s t r u c t u r e  o f  t h i s  saponin remains t o  be determined. 

Jacaranone ( X L V I )  

A fu r t he r  new, a l though n o t  he te rocyc l i c ,  s t r u c t u r e  type  has r e c e n t l y  

been shown t o  e x h i b i t  bo th  i n  vivo and i n  v i t ro  a c t i v i t y .  

The i s o l a t i o n  o f  jacaranone, as we have named the  compound, p rov ides  

a c l a s s i c  example of t he  i s o l a t i o n  o f  pharnaco log ica l l y  a c t i v e  compounds by 

mon i to r ing  b i o l o g i c a l  a c t i v i t y ,  and w i l l  t he re fo re  be descr ibed i n  d e t a i l .  

An aqueous e thano l i c  e x t r a c t  of ~acmanda caucuna (Bigoniaceae) showed 

i n  vivo ant i tumor  a c t i v i t y  aga ins t  the  P388 system. Eva lua t ion  of the  ex- 



tracts and fractions after preliminary fractionation indicated that the ac- 

tivity was in the chloroform-soluble fraction (TIC 163% at 200 mglkg). The 

petroleum ether and aqueous fractions were devoid of activity (Scheme 2). 

Chromatography of the chloroform-soluble material afforded five major 

fractions, and antitumor activity was now concentrated in the first two frac- 

tions (eg. TIC 153% at 100 mglkg). Each fraction contained the same major 

constituent and chromatography of each fraction afforded an identical pale 

yellow oil, jacaranone, which crystallized slowly on standing, and which was 

shown to be the active constituent (TIC 165% at 2 mglkg; 1.3 uglml). 
1 The ir spectrum indicated the presence of hydroxyl (vmax 3320 cm' ) ,  

carbonyl (1745 cm-l) and quinonoid (1680 and 1635 cm-l) absorptions. The nmr 

spectrum showed that two pairs of ortho protons were present in addition to 

a methoxyl group and a deshielded methylene group. A molecular ion at m/e 

182 was observed in the mass spectrum, and high resolution analysis indicated 

a molecular formula CgHI0O4 

The above data can only be interpretated in terms of a single structure, 

and the structure (XLVI) was proposed (96). 

This structure was substantiated by an examination of the cmr spectrum 

and by synthesis from methyl p-hydroxy-phenylacetate via the acetate (XLVII). - 
The acetate (XLVII) was also prepared from jacaranone (XLVI) for anticancer 

evaluation. The compound was devoid of antitumor activity but maintained 
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c y t o x i c i t y .  

Add i t i ona l  an t i tumor  t e s t i n g  of jacaranone i s  p resen t l y  underway. 

Scheme 2. F rac t i ona t i on  o f  Jacaranda caucana by mon i to r ing  i n  vivo a n t i -  
leukemic a c t i v i t y  

J. carcana ch lo ro fo rm so lub le  

TW-LF TIC 163 a t  200 mglkg 

chromatography 

i I 
TIC 153 a t  TIC 142 a t  i n a c t i v e  i n a c t i v e  i n a c t i v e  
100 mg/kg 50 mglkg 

chromatography 

Jacaranone 
TIC 165 a t  

2 mglkg 
ED50 1.3 uglml 

Tannins 

The an t i tumor  a c t i v i t y  o f  many p l a n t s  i s  due t o  t he  presence o f  tann ins .  

These compounds, however, a re  o f  no i n t e r e s t  f o r  c l i n i c a l  purposes because of 

t h e i r  e r r a t i c  and t o x i c  na tu re  (85) .  

Several o f  the  an t i tumor  a c t i v e  p l an t s  w i t h  which we have worked have 

been found t o  con ta in  subs tan t i a l  q u a n t i t i e s  o f  an t i tumor  a c t i v e  tann ins  (97) 

The l a t t e r  be ing  obta ined by the  method of Wall e t  aZ. (98) .  Among t he  p l a n t s  

shown t o  con ta i n  an t i tumor  a c t i v e  tann ins  were CayZcogoniwn squmZoswn, 

Cornwn canadensis, Lespedeza capitata var. vezutina, and Rubus odorata (97) .  

Hydro lys is  of t he  t ann in  obta ined from CaZycogoniwn squamuZosm, fo l lowed 



by  chromatographic examination, i nd i ca ted  the  presence of g a l l i c  a c i d  and 

glucose i n  t h e  molar  r a t i o  ( 3 : l ) .  On t h i s  bas is  a p a r t i a l  s t r u c t u r e  o f  tri- 

0-gal loy l -D-g lucose was proposed (99) .  - 

Recently, we have demonstrated t h a t  the  an t i tumor  a c t i v i t y  of Drimys 

granatensis var .  granatensis (Winteraceae) i s  a l s o  probably due t o  tann ins  

(100). 
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