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Synthese des Cantharidins in Larven. In  5 L a r v e n  des 
2. S tad iums  und je  4 La rven  des 4. sowie des 5. S tad iums  
inj iz ier ten wir  wgssrige Natrium-X4C2l-acetat-L6sung. 
Nach  24 h wurden  die Tiere  get6tet .  Die Aufarbei tungs-  
me thode  fiir die L a r v e n  des 2. und 4. S tad iums  unterschied  
sich v o n d e r  berei ts  beschr iebenen 3 darin, dass die Tiere  
nach  Zugabe von  50 mg inak t iven  Canthar id ins  n icht  in 
Salzs/inre, sondern in 2 N 80% Mkoholischer Na t ron lauge  
30 rain un te r  St ickstoff  gekocht  wurdert ;  dami t  wurde  er- 
reicht ,  dass die ebenfalls  mark ie r t en  F e t t e  verse i f t  nnd  
das  Canthar id in  anschliessend durch  E x t r a k t i o n  aus soda- 
a lkal ischer  L6sung von  den Fetts~iuren ge t renn t  werden  
konnte .  

Aus den  in Tabel le  I I  zusammenges te t l t en  Resu l t a t en  
geh t  hervor ,  dass nile einzeln un te r such ten  L a r v e n  Can- 
tha r id in  aufgebau t  haben ;  die E i n b a u r a t e  va r i i e r t  alter- 
dings in wei ten  Grenzen.  Da  die ~Vahrscheinlichkeit ,  dass 
bei  einer  Geschlechtsver te i lung von  1 : 1 alle 7 der  gepr i i f ten  
L a r v e n  M~nnchen waren  (eine ba ld  nach  der  In jek t ion  
ges torbene L a r v e  des 4. S t ad iums  wird n ich t  beri icksich- 
t igt) ,  nu r  0 ,8% betrfigt,  is t  anzunehmen ,  dass die V~Teib- 
chen als La rven  Canthar id in  synthet is ieren.  Mi t  diesen 
Versuchen  ist  n icht  nachgewiesen,  dass die gesamte  Can- 
tha r id inmenge  adu l te r  Weibchen  la rva le r  H e r k n n f t  ist. 
Es  wird zu kl~iren sein, ob Ir ischgeschlfipfte Adul tweibchen  
noch Canthar id in  bi lden k6nnen,  und  ob bei  der  Kopula -  
t ion  auch  Canthar id in  v o m  Mttnnchen auf  das "vVeibchen 
i iber t ragen wird.  Letz teres  ist  n ich t  ganz ausgeschlossen, 
well  die Subs tanz  in den Geschlechtsorganen be ider  Ge- 
sehleehter  angere icher t  i s tL  

Da  Can tha r id in  sowohl in Adul twe ibchen  als auch  deren 
abgelegten  E ie rn  und den daraus  schl i ipfenden Triungu- 
linus-Larven v o r k o m m e n  soll 6, wurde  bisher angenom-  
men, dass der  in den Triungulinus-Larven nachgewiesene 
Stoff  mi i t te r l icher  H e r k u n f t  sei. Dieser  Schluss ist  n ich t  

unbed ing t  gerechtfer t igt ,  da  wi t  mi t  unseren Versuchen 
wahrscheinl ich machen  konnten ,  dass schon die L a r v e n  
des 2. S tad iums  Canthar id in  selber synthet is ieren.  Die  
Abkl~rung  der  Verh~ltnisse bei Triungulinus-Larven ist  
uns noch nicht  gelungen, da  die kleinen, aber  s ta rk  
sklerot inis ier ten Tiere  die In jek t ion  nicht  i iberlebten.  

~ b e r  die biologische Bedeu tung  des Geschlechtsunter -  
schiedes der  Can tha r id in -Syn these  ist  noch nichts  be- 
kann t  1L 

Summary. Adul t  males  of Lytta vesicatoria (Coleopt., 
Meloidae) synthesize  canthar id in ,  bu t  females  do not ,  
a l though  the  subs tance  is p resent  in t he  females  too.  Vte 
developed a m e t h o d  for rear ing la rvae  of this  paras i t ic  
beet le  in t h e  labora tory .  I t  is shown t h a t  there  exis t  7 l a rva l  
s tages and 4 h y p e r m e t a m o r p h i c  forms (triungulinus, 
second larva,  pseudochrysalis and four th  larva) .  L a r v a e  
f rom the  second to  the  f i f th  s tage  (second larva)  synthes ize  
can thar id in .  Therefore,  we conclude t h a t  t he  subs tance  
present  in the  adu l t  female  is a t  least  in p a r t  synthes ized  
in the  la rva l  period. No th ing  is known a b o u t  the  biological  
s ignificance of  this b iochemical  sexual  d imorphism.  
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S y n t h e s i s  and  T a s t e  P r o p e r t i e s  of  an  N - ( G l u c o s e ) - s a c c h a r i n  C o m p o u n d  

I t  is general ly  concluded t h a t  subs t i tu t ion  of the  imide 
N - H  in the  sacchar in  molecule  resul ts  in loss of sweetness 1,2. 
The  main  reason for this  migh t  be the  loss of wa te r  solu- 
bility, which would  be t rue  for mos t  N- subs t i t u t ed  der iva-  
t ives.  Fo r  instance,  N - m e t h y l  sacchar in  would  no t  be 
considered a val id  s tudy  case, though  its tastelessness was 
recent ly  used a to suggest  t h a t  the  N - m e t h y l  p reven t s  
approach  to the  tas te  receptor  site. Subs t i tu t ing  a sugar, 
on the  o ther  hand,  a t  the  imide n i t rogen should give a 
water-soluble  der iva t ive ,  which migh t  t hen  re ta in  the  
sweetness of saccharin.  Because  i t  was t hough t  t h a t  the  
glucose moiety ,  in addi t ion  to pe rmi t t i ng  wate r  solubil i ty,  
migh t  enhance  the  sweetness or  a l ter  the  b i t t e r  a f t e r t as te  
of saccharin,  these 2 sweetening agents  have  been com- 
bined in a single molecule'  by  the  synthesis  of 6-deoxy- 
6- (o-sulfobenzimido)-D-glucose (I). 
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3, 5-O-Benzylidene-1, 2-O-isopropylidene-6-o-p-toluene- 
sulfonyl-D-glucofuranose 4 was t rea ted  wi th  sod ium sac- 
char in  in d i m e t h y l f o r m a m i d e  a t  135 ° for 19 h. U p o n  con- 

cen t ra t ion  and di lut ion wi th  water ,  a b rown  solid was 
obta ined.  Af te r  c h r o m a t o g r a p h y  on a silica-gel co lumn 
(CHCI~ as e lut ing solvent)  followed by  crysta l l izat ions  
f rom isopropyl  alcohol and ethanol ,  a 29% yield of 3, 5-0-  
benzyl idene-6-deoxy-1 ,  2-O-isopropyl idene-6-(o-sulfoben-  
zimido)-D-glucose ~ was realized, as a b road-mel t ing  bu t  
ana ly t ica l ly  pure  powder ,  [~]~)9 + 38.1 ° (c 0.52, c h l o r o -  
form). The  benzyl idene  and isopropyl idene blocking 
groups were r emoved  by  t r e a t m e n t  wi th  an acidic ion- 
exchange  resin (Ambefl i te  I R - 1 2 0 H )  in 50% e thanol  a t  
60-70 °. A 71% yield of crystal l ine p roduc t  was obtained,  
appa ren t ly  a mix tu re  of anomers  of I, m.p.  180-187 °, 
[~]~ + 36.3 ° (c 0.97, water)  --~ + 32.7 ° (24 h). Two 
fur ther  recrys ta l l iza t ions  f rom e thanol  gave  the  a -anomer  
(I) as whi te  needles s, m.p. 204.5-206 °, [~]~ + 42.1 ° (c 0.98, 
water)  --> + 32.7 ° (24 h). W a t e r  solubi l i ty  had  an upper  
l imi t  of abou t  10%. 

A 0.01 M aqueous  solut ion of the  compound  was s t rongly  
bi t ter ,  wi th  no appreciable  sweetness,  and an unp leasan t  
af ter tas te .  The  s t rong f lavor  indica ted  t h a t  there  was good 
in te rac t ion  of I wi th  the  receptor  sites, a t  least  w i th  t he  
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b i t t e r  ones, desp i te  t h e  b u l k y  N - s u b s t i t u e n t .  T he  absence  
of sweetness  m a y  be  r e l a t ed  w i t h  some v a l i d i t y  to  t he  
N - s u b s t i t u t i o n ,  in  t e r m s  of a r e c e n t  h y p o t h e s i s  6 t h a t  t h e  
s y s t e m  AH,  I3 (where  A H  is a p r o t o n  d o n o r  a n d  B is a 
p r o t o n  acceptor ,  of a c e r t a i n  p r o x i m i t y )  is a p r e r equ i s i t e  
for  sweetness .  I n  sacchar in ,  t he  A H  g roup  is t h e  imide  
N H -  miss ing  f rom I.  

Th i s  t h e o r y  a s sumes  t h a t  swee tness  c an  b e  r e l a t ed  to  a 
p a r t i c u l a r  s t r u c t u r a l  f e a t u r e  (e.g. t h e  AH,  B sys tem) ,  
r a t h e r  t h a n  t o  overa l l  p rope r t i e s  of t h e  molecule .  I f  
N - s u b s t i t u t i o n  m a d e  t h e  s a c c h a r i n  m o i e t y  tas te less ,  one  
m i g h t  e x p e c t  a mild,  sugar - l ike  swee tness  w i t h  I, s ince t h e  
AH,  B g roup  of t h e  glucose m o i e t y  (C.1-OH,  C .2 -OH)  
r e m a i n s  i n t ac t .  A p p a r e n t l y ,  a n y  such  effect  of the  suga r  is 
o v e r w h e l m e d  b y  t h e  m u c h  g r ea t e r  b i t t e r n e s s  of I. T h e  
i n t e n s i t y  sugges t s  t h e  b i t t e r n e s s  is t h a t  i n h e r e n t  7 in  t h e  
s a c c h a r i n  s t ruc tu re ,  a n d  o n l y  t h e  swee tness  of s a c c h a r i n  
h a s  b e e n  r e m o v e d  b y  N - s u b s t i t u t i o n .  

Rdsumd. La  saccha r ine  a 6t6 fix4e p a r  son  azo te  im id ique  
su r  le C6 du  glucose, p a r  Fac t ion  de  la s accha r ine  sod6e sur  
u n  d6r iv6 pro t6g6  du  p- to lu6nesulfonyl-6-O-D-glucose ,  e t  
61iminat ion  des  g roupes  p r o t e c t e u r s  p o u r  f o r m e r  u n  com-  
pos6 hydroso lub le .  L a  savour  a m h r e  p e u t  ~tre  a t t r i b u 6 e  
l ' 6 I imina t ion  du  p r o t o n  i m i d i q u e  de  la  sacchar ine .  
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S t u d i e s  i n  M e d i c i n a l  P l a n t s .  
pareira L i n n .  1 

Our  i n t e r e s t  in  t h e  a lka lo ids  f rom t h e  roo ts  of Cissam- 
pelos pareira Linn .  a-5 led us to  t h e  e x a m i n a t i o n  of i t s  
wa te r - so lub le  q u a t e r n a r y  bases  p rev ious ly  i so la ted  b y  two  
of us  5. I n  t h e  p r e s e n t  c o m m u n i c a t i o n  on ly  t h e  essen t i a l  
d a t a  r equ i r ed  to  e s t a b l i s h  t h e  c o n s t i t u t i o n  of C i s s a m i n e -  
t h e  m a j o r  q u a t e r n a r y  a lka lo id  p r e s e n t  in  t h e  roo t s  of t h e  
p l a n t  - a re  r epo r t ed .  

Cissamine  ch lor ide  ha s  m.p .  215-220 °, [~]~s _ 129 ° 
(c = 1.00; MeOH) .  I t s  m a s s - s p e c t r u m  revea l ed  t h a t  t h e  
p rev ious  f o r m u l a  5 was u n t e n a b l e ;  t h i s  ha s  now  been  

rev i sed  to  C20H,4NO~C1. I t s  U V - a b s o r p t i o n  a t  1EtOH 212, ~ r a a x  

235 a n d  285 n m  (log e 4.51, 4.10 a n d  3.94 respec t ive ly)  
co r r e sponds  to  a t e t r a h y d r o b e r b e r i n e  s t r u c t u r e  a n d  t h e  
pheno l i c  n a t u r e  was s h o w n  b y  t h e  spec t r a l  c h a n g e  in 
a lka l i  to  218 n m  (log e 4.52) 253 n m  (tog e 4.15} a n d  302 n m  
(log ~ 4.04). T h e  I R - s p e c t r u m  s u p p o r t e d  t h e  p re sence  of 
pheno l i c  h y d r o x y l  group(s)  (3509 -x cm).  

T h e  N M R - s p e c t r u m  t a k e n  in  D ,O  on  u V a r i a n  A-60 
m a c h i n e  showed  s ignals  for  4 a r o / n a t i c  p r o t o n s  (3.02 to  

@ 
3.15r) ,  1 "~/N'/-Me (6.75v) a n d  2 a r o m a t i c  OMe groups  
(6.18 T, 6.24 z). T h e r e  were  6 p r o t o n s  in  t h e  reg ion  6.4-7.0 T 
a n d  3 a t  * 5.45. 

A clue to  t h e  s t r u c t u r e  of c i s samine  ch lor ide  was  pro-  
v ided  b y  d e g r a d a t i o n  s tudies .  A d o u b l e  H o f m a n n  deg rada -  
t i o n o f  t h e b a s e  ch lor ide  y ie lded  a c o m p o u n d ,  m.p .  152-153 ° 
w h i c h  c o n t a i n e d  1 NMe,  a n d  2 0 M e  groups .  This,  in  con-  
j u n c t i o n  w i t h  t h e  foregoing  d a t a  i n d i c a t e d  t h a t  t h e  N in  
t h i s  c o m p o u n d  was  in  a n  e n v i r o n m e n t  as  in  t e t r a h y d r o -  
p a l m a t i n e  a n d  t h e  p a r t i a l  s t r u c t u r e  of c i s samine  ch lor ide  
could  t h u s  b e  w r i t t e n  as  (I). Th i s  was  c o n f i r m e d  b y  t h e  
m a s s - s p e c t r u m  of t h e  q u a t e r n a r y  base  w h i c h  showed  t h e  
base  p e a k  a t  m /e  341 co r r e spond ing  to  t h e  f r a g m e n t  M - H X  
(X = C1) 6 Th i s  n a r r o w e d  t he  a s s i g n m e n t  of t he  s t r u c t u r e  
of c i s samine  ch lor ide  to  (II)  a n d  ( I I I ) .  T h e  f ixa t ion  of t he  
pos i t ions  of t h e  2 h y d r o x y l s  a n d  2 m e t h o x y l s  in  t he  2 aro-  
m a t i c  r ings  in  t he se  s t r u c t u r e s  follows m a i n l y  b iogene t i c  
g rounds .  

A c o m p o u n d  w i t h  t h e  s t r u c t u r e  (II) ,  n a m e d  cyc lano l ine  
h a d  r e c e n t l y  b e e n  i so la ted  f rom Stephania tetrandra b y  
TOM~:rA e t  a id .  A c o m p a r i s o n  of c i s samine  ch lo r ide  w i t h  
cyc lano l ine  ch lor ide  (m.p.,  t h i n - l a y e r  c h r o m a t o g r a p h y ,  
op t i ca l  r o t a t i o n  a n d  I R - s p e c t r u m )  showed  t h a t  t h e  2 com-  
p o u n d s  were, indeed,  iden t i ca l  8. S t r u c t u r e  I I  for  c i s samine  
ch lor ide  is t h u s  conf i rmed .  

P a r t  I I I .  P r o t o b e r b e r i n e  A l k a l o i d s  f r o m  t h e  R o o t s  o f  Cissampelos  

MeO- [.~'--ll/,--.] ..Me e e l  

Ho- } %2". 
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Zusammen[assung. Cissaminech lo r id  aus  den  W u r z e l n  
v o n  Cissampelos pareira Linn.  is t  als P r o t o b e r b e r i n -  
Alka lo id  e r k a n n t  u n d  m i t  Cyc lano l inech lo r id  aus  Stephania 
terandra iden t i f i z ie r t  worden .  
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