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therefore logical to  a s sume  t h a t  in th is  snail  t he  p a t t e r n  of 
enzyme p roduc t ion  changes  on ageing. W h e t h e r  th is  affects  
the food preference ,  or  w h e t h e r  i t  is on ly  a p a r t  of t h e  
entire physiological  process,  l ead ing  to  a change  in feeding 
habi ta ,  is sti l l  an  unso lved  p rob lem.  

A. C. SMITH and P.  B. VAN WEEL 

Department o[ Zoology and Entomology, University of 
Hawaii (U.S.A.), September 16, 1959. 

Zusammen[assung 

Junge I n d i v i d u e n  yon  Achatina/Mica Bowdich  f ressen 
mit  Vorl iebe Pf lanzente i le ,  ifltere I n d i v i d u e n  s ind omni -  
vor. Die E n z y m a k t i v i t ~ t e n  der  grossen Mi t t e lda rmdr i i se  
wurden u n t e r s u c h t :  bei  j ungen  Tieren  wi rd  e twas  m e h r  
Amylase als bei" ~tlteren Ind iv iduen ,  bei  ~tlteren Tieren 
deutl ich m e h r  P ro t ease  Ms bei j i ingeren I n d i v i d u e n  pro-  
duziert.  Zwischen  E n z y m p r o d u k t i o n  u n d  F u t t e r w a h l  be-  
s teht  also eine Kor re la t ion ,  doch  is t  ihre kausale  Bez iehung  
noch n ich t  geklXrt. 

Alkaloid Studies XXIIIX 
Isolation of Four New Aspidosperma Alkaloids: 

Cylindrocarpine, Refractine, Pyrifoline, 
and Pyrifolidine 

The  r ecen t  in te res t*  in  a lkaloids  of  t h e  genus  Aspido- 
sperma p r o m p t s  us t o  record  in p r e l i m i n a r y  fo rm some of  
t h e  resul ts  of  a s y s t e m a t i c  s u rv ey  of  Braz i l ian  Aspido- 
sperma spec ieswhich  is now in progress  in  ou r  labora tor ies .  

Our  resul ts  w i th  A. olivaceum Muell . -Arg.  do  n o t  d i f fe r  
f rom those  a l ready  pub l i shed  r ecen t l y  3, whi le  t h e  on ly  

x Paper XXII, J. S. E. HOLKSR, M. CxIs, F. A. HoeHsTEIN and 
C. DJERASSl, J. org. Chem. ~4, 314 (1959). 

2 For leading references see: J. SeHMUrZ and H. LEHNER, Helv. 
chim. Acta ~2, 874 (1959). - P. C. FERRE~rtA, G. B. gAa~Ni-B~rroLo, 
and J. SCHMUTZ, Exper. 15, 179 (1959). - M. A. OtCDETTX and V. 
DEULOFEU, Tetrahedron Letters No. 7, 1 (1959). 

s j .  SCHMUrZ and F. HU~ZIKER, Pharm. Acta Helv. 33, 341 
(1958). 

Table 

Formula 

Cylindrocarpine 

CmH~N204 

Refractine Pyrifoline 

AnMFsis 

N-acetyl 
Mol-weight a 
M.p .  

pKa e 

C 
H 
N 
O 

2 0 C H  s 

Calc. Found 
73.70 73.72 

6-83 6.86 
5,93 5.73 

13.54 13.77 
13.13 13.06 

168-169 ° C 
- 181 ° 

5.9 

Pyrlfolidine 

Z=H~I%O~ C~H.,N,0, 

Ultraviolett absorptionspeetrum d )'max m~ 

Calc. Found Calc. Found Calc. Cale. Found 
69.09 69,34 72"22 72.24 71.32 71"84 71-70 

6.85 6.88 7.91 7.91 8.16 8.39 8.27 
7.32 7.33 7"32 7.43 7.56 7"29 7.50 

12.55 12.64 12.96 12.48 12.79 
16-23 16.16 16.25 16.07 16.76 16.14 16-77 
11-25 11.65 11.25 11.15 11.62 11'20 11.25 

382.5 378 382.5 373 370.5 384.5 374 
157.5-159 ° C 141.5-143.5 ° C 1-7.5-150 ° C 

-23-5  ° +102 ° +90* 
6.64 6,40 6.85 

. . . . . . . . . . . . . . . . .  

log s ),max m~t log e I ).max m~ log e ~.max m~ log 

216 4.53 216 4.43 217 4.41 223 4.50 
248 4.05 260 4.12 261 4.04 252 3.94 
285 4.31 286-289 3.44-3.45 286-288 3.63 286 3.32 

inflec~on inflection 

~.min ~g ~ )'min log8 ~-ain log ~ ).min ~g  

237 4.02 237 3-78 238 3-73 243 3.91 
254 4"04 279 3-31 

Infraredabsorption spectrum e ).max ~ ).max t~ 

5"79 
6"06 
6'23 

5"74 
6"00 
6"27 

).max Ix ).max 

6.10 
6.23 
6.29 

6.05 
6.14 

a Perchloric acid titration; b All rotations in chloroform; e Poteritial titration in 66% dimethylformamide; d In ethanol; e In chloroform 
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p u r e  a lka lo id  e n c o u n t e r e d  b y  us in  A. pyricollum Muell . -  
Arg.  p r o v e d  to  b e  u l e in  4, as d e m o n s t r a t e d  b y  d i r ec t  com-  
p a r i s o n  w i t h  a spec imen  k i n d l y  p r o v i d e d  b y  Dr.  J .  
ScH~aUWZ. T h e  fo l lowing t h r e e  species y ie lded  seve ra l  n e w  
a lka lo ids ,  of  w h i c h  four  h a v e  b e e n  i so la ted  in  p u r e  fo rm.  
T h e  e m p i r i c a l  f o r m u l a s  g i v e n  be low are  c o n s i s t e n t  w i t h  
t h e  a n a l y t i c a l  d a t a ,  b u t  t h e y  s h o u l d  on ly  b e  cons ide red  
as  t e n t a t i v e  ( ~  CHa) u n t i l  m o r e  e x t e n s i v e  d e g r a d a t i v e  
w o r k  h a s  b e e n  comple t ed .  

Aspidosperma cylindrocarpon Muell . -Arg.  f u r n i s h e d  
cylindrocarpine (Table)  a f t e r  p u r i f i c a t i o n  t h r o u g h  t h e  
c rys t a l l i ne  p e r c h l o r a t e  a n d  r e g e n e r a t i o n  of  t h e  a lka lo id .  
Al l  o x y g e n  f u n c t i o n s  are  a c c o u n t e d  for b y  a N - c i n n a m o y l -  
7 - m e t h o x y - d i h y d r o i n d o l e  g r o u p i n g  a n d  one  c a r b o m e t h o x y  
func t ion .  T h e i r  p resence  was  e s t a b l i s h e d  b y  ac id  h y d r o -  
lysis (yielding c i n n a m i c  acid),  b y  h y d r o g e n a t i o n  to  di- 
h y d r o c y l i n d r o c a r p i n e  (y ie ld ing d i h y d r o c i n n a m i c  acid),  
whose  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  was  p r a c t i c a l l y  
s u p e r i m p o s a b l e  u p o n  t h a t  of a s p i d o s p e r m i n e  s, a n d  b y  
a lka l ine  hyd ro lys i s  of d i h y d r o c y l i n d r o c a r p i n e  to  t h e  
a m i n o  acid d i h y d r o c y l i n d r o c a r p i c  acid,  w h i c h  could  be  re-  
m e t h y l a t e d  w i t h  d i a z o m e t h a n e  to  d i h y d r o c y l i n d r o c a r p i n e .  

Aspidosperma re/ractum Mar t .  e x t r a c t  gave  a f t e r  chro-  
m a t o g r a p h y  of t h e  w e a k l y  bas ic  f r ac t i on  re/ractine 
(Table) .  T h e  e x t r e m e  s i m i l a r i t y  of the  u l t r a v i o l e t  abso rp -  
t i on  s p e c t r u m  w i t h  t h a t  of a s p i d o s p e r m i n e  coup led  w i t h  
t h e  N-aceLylana lys i s  i n d i c a t e s  t h e  p resence  s of a N-  
a c e t y l - 7 - m e t h o x y - d i h y d r o i n d o l e  moieW,  whi le  t h e  in-  
f l a r e d  b a n d  a t  5.74 ~, t h e  m e t h o x y l  ana lys i s  a n d  t h e  
s apon i f i c a t i on  r e su l t s  show t h a t  t h e  o t h e r  t w o  o x y g e n  
a t o m s  fo rm p a r t  of a c a r b o m e t h o x y  group .  

Aspidosperma pyri]olium Mar t .  f u r n i s h e d  t h e  t w o  a lka -  
loids pyriJoline a n d  pyri[olidine w h i c h  were  s e p a r a t e d  b y  
f r a c t i o n a l  c r y s t a l l i z a t i o n  of t h e  p e r c h l o r a t e s  f r o m  t h e  n o n -  
pheno l i c  a lka lo id  f rac t ion .  T h e  ana ly t i ca l ,  spec t r a l  a n d  
i n f r a r ed  d a t a  of pyr i fo l ine  i n d i c a t e  the"  p resence  of a 
N - a c e t y l - 7 - m e t h o x y - d i h y d r o i n d b l e  c h r o m o p h o r e  a n d  of  
a n  a l i p h a t i c a l l y  b o u n d  m e t h o x y l  func t ion .  

W o r k  is n o w  u n d e r  w a y  in o u r  l abo ra to r i e s  o n  t h e  s t ruc -  
t u r e  e l uc ida t i on  of t he se  a lka lo ids  as well  as on  t h e  isola- 
t i o n  of a d d i t i o n a l  a lka lo ids  f rom t h e  a b o v e - m e n t i o n e d  
Aspidosperma species.  
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Zusammen]assung 

Die I so l i e rung  y o n  v ie r  n e u e n  A spidosperma-Alkaloiden 
e r g a b  Cylindrocarpin (ers tes  N - C i n n a m o y l - d i h y d r o i n d o l -  
de r iva t )  sowie Re[ractin, Pyri[olin u n d  Pyri/olidin (alles 
N - A c e t y l - d i h y d r o i n d o l e ) ,  d ie  al le  v ie r  e ine  M e t h o x y l -  
g r u p p e  i m  D i h y d r o i n d o l s y s t e m  bes i t zen .  

Tri terpene  Acids  

f r o m  Commiphora glandMosa Sch inz  1 

T h e  c h e m i s t r y  of t h e  genus  Commiphora J a c q .  ( =  Bal- 
samodendron iKunth),  n a t u r a l  o rde r  Burse raceae ,  h a s  n o t  
been  e x t e n s i v e l y  s t u d i e d ;  ear l ie r  re ferences  are  g iven  b y  
WEHMER 2. Myr rh ,  u sua l ly  o b t a i n e d  f rom C. abyssinica 
(Berg) Engl . ,  C. molmoI Engl .  a n d  C. opobalsamum (L.) 
Engl . ,  h a s  b e e n  found  to  cons i s t  of vo la t i l e  oils, m o s t l y  
m o n o -  a n d  sesqu i t e rpenes ,  gums,  a n d  u n i d e n t i f i e d  resins ,  
b u t  t h e  p resence  of t r i t e r p e n e s  h a s  n e v e r  b e e n  sugges ted  3 
a n d  i t  was  the re fo re  of i n t e r e s t  to  f ind  t h a t  t h e  res in  of 
C. glandulosa Schinz  4, a t r ee  g rowing  in  t h e  a r id  p a r t s  of 
S o u t h e r n  Afr ica,  is a r i ch  source  of t r i t e r p e n e  acids,  b o t h  
free a n d  c o m b i n e d  as  glycosides,  F r o m  t w o  s a m p l e s  of 
res in  col lec ted  for  us  b y  Dr .  I. B.  POLE EVANS a t  d i f f e ren t  
t i m e s  f r o m  t h e  s ame  t ree ,  we found  t h a t  t h e  free ac ids  
were  p r e s e n t  in  r o u g h l y  t h e  s a m e  p ro p o r t i o n s ,  b u t  t h a t  
t h e  glycosides  in  one  case  y ie lded  m a i n l y  ' ag lycone  E '  a n d  
in  t h e  o t h e r  ' ag lyconec '  (see be low for  n o m e n c l a t u r e ) .  

T h e  re s in  of  C. glandulosa is so luble  in  cold  e t h e r  to  
a n  e x t e n t  of a b o u t  50%.  T h e  free ac ids  ( a b o u t  25% of 
o r ig ina l  res in)  were  i so la t ed  f rom t h e  e t h e r e a l  so lu t ion  
t h r o u g h  t h e  b a r i u m  sal ts ,  t h e n  m e t h y l a t e d  w i t h  d iazo-  
m e t h a n e ,  a n d  t h e  m e t h y l  es te r s  s e p a r a t e d  o n  a c o l u m n  of 
n e u t r a l  a l u m i n a  ( ac t i v i t y  I I I ,  acco rd ing  to  BROCKMANN 5). 
E x t r a c t i o n  of t h e  r e s idua l  res in  w i t h  e t h e r  o r  m e t h a n o l  
a t  r e f lux  t e m p e r a t u r e  y ie lded  t h e  c rude  c ry s t a l l i n e  gly- 
cosides ( a b o u t  10% of o r ig ina l  resin).  

F i v e  m e t h y l  es te rs  cou ld  be  s e p a r a t e d  b y  t h i s  m e t h o d ;  
these  will  be  d e s i g n a t e d  m e t h y l  c o m m a t e  A, B,  C, D,  E,  
fo l lowing t h e  o rde r  in  w h i c h  t h e y  were  e lu ted ,  g r a d e d  sol- 
v e n t s  f rom e t h e r - c h l o r o f o r m  (1:1)  t h r o u g h  ch lo ro fo rm 
to c h l o r o f o r m - m e t h a n o l  (9:1)  b e i n g  used.  E s t e r s  A, I3, 
a n d  C were  pur i f i ed  b y  r ec rys t a l l i z a t i on  f rom m e t h a n o l  
a n d  E was  r ec rys ta l l i zed  f rom ch lo ro fo rm.  E s t e r  D could  
n o t  be  freed f r o m  C us ing  m e t h a n o l  as a so lven t ,  b u t  re- 
c r y s t a l l i z a t i o n  f rom m e t h y l e n e  chlor ide,  in  w h i c h  C dis- 
so lves  read i ly ,  gave  a n  a p p a r e n t l y  h o m o g e n e o u s  p roduc t .  

1 \¥-e are indebted to Dr. H. HORLIMANN for supplying the bo- 
tanical information in this paper. 

* C. WEttMER, Die Pflanzenstol/e, 2. Aufl., II (Jena 1931), p. 647. 
a Triterpenes are well known from other genera of the order 

Burseraceae, e.g. Canarium (Elemi resin), Boswellla ere. 
* C. glandulosa belongs to the group of C. pyracanthoides Engl. s. 

Int., as pointed out by J. P. M. BRg~'AN, Kew Bull. 1953, 104. This 
author regards C. Iugardae N. E. Br., C. seineri Engl. and C. berberi- 
di[olia EngL as synonyms of C. glandulosa. The species seems to be 
distributed over a wide area of Southern Africa, from Mozambique 
through the Rhodesias to Bechuanaland, Transvaal, and South- 
West Africa. - I t  is noteworthy that we found the resins of C.roy 
burghii (Stocks) Engl. (=  C. mukul) and of C. viminea Burtt-Davy, 
a species still somewhat related to C. pyracanthoides (BRENAN), 
to be completely devoid of triterpene acids both free and combined 
as glycosides. 

s H. BROCKMANN and H. SCtlODDER~ Ber. dtsch, chem. Ges. 75, 
73 (1941). 


