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P i c r a l i n a l  - A K e y  A l k a l o i d  of P i c r a l i m a  G r o u p  f r o m  Alstonia scholaris R. Br .  ~ 

The  r epo r t ed  h y p o t e n s i v e  a n d  a n t i c a n c e r  ac t iv i t i es  ~ 
of t h e  crude  ex t r ac t s  of s t e m - b a r k  of A lstonia scholaris 
R. Br.  (Sansk r i t :  s a p t a p a r n a ;  f a m i l y  : Apocynaceae)  a n d  
our  i n t e r e s t  in  t h e  b io syn thes i s  of n o n - t r y p t o p h a n  C9_10 
u n i t  in  indole  a lkaloids  a led to the  de ta i led  i nves t i ga t i on  
of t he  c o n s t i t u e n t s  of th i s  p lan t .  T he  p r e s en t  c o m m u n i c a -  
t ion  descr ibes  t he  i so la t ion  a n d  c o n s t i t u t i o n  of a miss ing  
key  a lkaloid  of p i c r a l ima  group  f rom t he  leaves  of 
Alstonia scholaris R. Br.  

The  c o n c e n t r a t e d  alcohol ic  e x t r a c t  of t h e  f resh leaves  
of t he  p l a n t  was m a c e r a t e d  w i t h  2 N  t a r t a r i c  acid and  
t h e n  de fa t t ed  w i t h  l igh t -pe t ro leum.  T he  p H  of t he  
aqueous  so lu t ion  was b r o u g h t  down successively  to  5 
and  9. The  weak  an d  s t rong  bases  were e x t r a c t e d  separ-  
a t e ly  w i t h  benzene  a n d  e thy l  ace t a t e  respect ively .  
Co lumn  c h r o m a t o g r a p h y  of t he  weak  bases  on n e u t r a l  
a l u m i n a  gave  p ic r in ine  ( Ia)4  a n d  a new alkaloid.  The  
e thy l  ace t a t e  e x t r a c t  s imi la r ly  gave  a compound ,  m p  236~ 
C21H24N~O3 (M+, 352) wh ich  was cha rac te r i zed  as aku-  
a m m i d i n e  5. 

b:  R = CHO 
CI]3 c: IR= CH20H 

The  new alkaloid,  C2iH~N204 (M+, 366), m p  179-180 ~ 
[ej~)9 _ 179.7 ~ (CHC13; c, 1.78); showed  a n  U V - s p e c t r u m  
a t  2max (E tOH)  237 and  293 n m  (log e 3.87 a n d  3.43 
respect ive ly)  cha rac te r i s t i c  of a n  indol ine  sys tem.  The  
I R - s p e c t r u m  (CHC13) s u p p o r t e d  t he  p resence  of a n  NI-I 
g roup  (3370 cm -i) and  i nd i ca t ed  an  es ter  C=O (1730 cm -i ,  
shoulder)  a n d  a n  a ldehyde  func t ion  (1720 and  2750 cm- i ) .  
The  N M R - s p e c t r u m  (CDC18) showed the  fol lowing s ignals  : 

/ C H a  
z 8.49, dd  (J 2 and  7 t t z ) ,  3, = C ~ H  ; 6.30, s, 3, 

O ~  
CO2CHa; 5.15, d (j 2.5 Hz) 1 , N / C H ;  4.59, b q  (J 7 Hz),  

/CH3 
1, = C ~ H  ; 4.47, bs, 1, N H ;  2.56-3.44, m, 4 ar. H ;  

1.42, s, 1, HC-O.  
Sod ium b o r o h y d r i d e  r educ t i on  of t he  base  af forded 

an  alcohol,  m p  194-195 ~ The  N M R - s p e c t r u m  of t he  
l a t t e r  was  s imi la r  to  t h a t  of t he  new base,  excep t  t h a t  the  
a ldehyd ic  p r o t o n  s ingle t  h a d  been  rep laced  b y  s ignals  a t  
z 6.40 (2H) a n d  6.42 (1H) re spec t ive ly  co r re spond ing  to  
a CH2OH group.  F u r t h e r ,  t r e a t m e n t  of th i s  a lcohol  w i t h  
aqueous  alcoholic  p o t a s s i u m  h y d r o x i d e  a t  80 ~ for 15 min  
read i ly  gave  a compound ,  C~0H22N203, fo rmed  b y  t he  
loss of e l ement s  of f o r m a l d e h y d e  and  iden t ica l  w i t h  

picr inine.  I t  is obv ious ly  a re t roa ldo l  t y p e  of r eac t ion  
I 

i nvo lv ing  HO-  CI-t 2 �9 IC. CO2CH a grouping.  The  alcohol  

was  t h u s  iden t i f i ed  as desace ty lp ic ra l ine  (Ic)~. 
The  foregoing ev idence  led to  the  c o n s t i t u t i o n  (Ib)  

for t he  new base  iden t ica l  w i t h  p ic ra l ina l  p r epa red  earl ier  
b y  BRITTEN a n d  SMITH s b y  t he  ch romic  acid ox ida t ion  
of (Ic).  This  a s s i g n m e n t  received s u p p o r t  f rom the  con- 
vers ion  of p ic ra l ina l  to  (Ia)  on  a lkal i  t r e a t m e n t  a n d  b y  
its mass  s p e c t r u m  wh ich  showed,  a p a r t  f rom t h e  M+ 
peak,  a b u n d a n t  ions a t  m/e 338, 337 (base peak,  M-29), 
307 (M-59), 277 [ M - ( 2 9 + 5 9 + 1 ) 1 ,  239 (M-127, due to 
loss of OHC-C-CO2CH a t oge the r  w i t h  CO der ived  f rom 
C-5 and  a H t ransfer ) ,  a n d  130. 

In  v iew of t h e  p r e sen t  s t a t u s  of t he  b iogenet ic  t h e o r y  
concern ing  indole  alkaloids,  p i c ra l ina l  would a p p e a r  to  
be  a key  i n t e r m e d i a t e  for t he  b iosyn thes i s  of severa l  
indole a lkaloids  (i.e., p icral ine,  desace ty lp icra l ine ,  v in-  
car ic ine  7, p i c r in ine  and  ech i tamine) .  The  p re sen t  i so la t ion  
of th i s  h i t h e r t o  miss ing  a lka lo id  p rov ides  an  a d d i t i o n a l  
example  of a n a t u r a l  p r o d u c t  p rev ious ly  k n o w n  as a 
s emi - syn the t i c  l a b o r a t o r y  productS,% 

Zusammen/assung.  Aus den  B1/i t tern yon  A lstonia scho- 
laris R.  Br. s ind P ik r in ine  (Ia),  A k u a m m i d i n e  u n d  ein 
neues,  b i she r  in P f l anzen  n i c h t  gefundenes  Alkaloid,  
P ik ra l i na l  (I b) isol iert  worden.  P ik ra l i na l  is t  eine Schlfissel- 
s u b s t a n z  fiir die B iosyn these  vieler  Alkaloide  des P ikra -  
l ima typus .  
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F l u o r e s c e n t  M e t a b o l i t e s  in  M o l d - D a m a g e d  W h e a t  F l o u r  

Cereals s to red  a t  e leva ted  t e m p e r a t u r e s  and  h i g h  
mo i s tu r e  levels show rap id  increases  in  mold  c o u n t  a n d  
ex tens ive  l ipid b reakdown1 ,  3. I n  t he  case of w h e a t  flour,  
t he  b r e a d m a k i n g  p roper t i e s  are ser iously  impa i r ed  and  
de te r io ra t ion  is a c c o m p a n i e d  b y  t he  f o r m a t i o n  of severa l  
f luorescent  c o m p o u n d s  of u n k n o w n  s t r u c t u r e  a. T he  pos- 

s ib i l i ty  t h a t  those  c o m p o u n d s  were fungal  tox ins  4 
p r o m p t e d  f u r t h e r  inves t iga t ion .  

Fou r  w h e a t  f lours (wi th  mo i s tu r e  c o n t e n t s  of a b o u t  
18%) s tored  for a b o u t  16 weeks a t  t e m p e r a t u r e s  of 23, 
30 or 37 ~ showed  a decrease  in p e t r o l e u m - e t h e r - e x t r a c t -  
able  Iipids f rom 0 .75-0 .89% to  0 .17-0 .36% a n d  a n  
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increase  in mold  c o u n t  (chiefly Aspergillus niger, A. can- 
didus, A. versicolor, and  A. flavus) f rom a b o u t  100 to  
nea r ly  3 mi l l ion  pe r  g of flour. E x t r a c t i o n  w i t h  p e t r o l e u m  
e the r  of 6 kg of m o l d - d a m a g e d  f lour  y ie lded  a l ipidic 
f r ac t ion  (12g)  f rom wh ich  t he  f luorescen t  m a t e r i a l  
(60 mg) was i so la ted  b y  c h r o m a t o g r a p h y  on  a series of 
7 silicic acid a n d  S e p h a d e x  LH-20  columns,  and  followed 
b y  c rys t a l l i za t ion  f rom p e t r o l e u m  ether .  Deta i l s  of t he  
isolat ion,  pur i f ica t ion ,  and  c h a r a c t e r i z a t i o n  will be  
r epo r t ed  elsewhere.  

A l t h o u g h  c h r o m a t o g r a p h i c a l l y  homogeneous ,  t he  f luor-  
escent  m a t e r i a l  (rap 105-107 ~ was found  b y  mass  spec- 
t r o m e t r y  to cons is t  of 2 m a j o r  c o m p o n e n t s  w i t h  molecu la r  
we igh ts  392 (C~sH400) a n d  406 ( C~H ~O )  in t he  approx i -  
m a t e  p ropo r t i ons  7 0 - 7 5 %  a n d  20 - 25%,  and  i t  also 
c o n t a i n e d  (in ear l ier  p repa ra t ions )  a b o u t  5% of C~,sHasO ~ 
(molecular  we igh t  406). 

I n  a f ina l  separa t ion ,  t he  m i n o r  c o m p o n e n t  was  
r e m o v e d  b y  r e c h r o m a t o g r a p h y  a n d  recrys ta l l i za t ion .  
Tile f luorescen t  m a t e r i a l  so o b t a i n e d  m p  107-109.5 ~ 
cons is ted  of 2 c o m p o n e n t s  h a v i n g  fo rmulae  C~sH~00 
(ca. 75%)  a n d  C~,H~O (ca. 25%).  The  2 samples  of 
f luorescent  m a t e r i a l  were i nd i s t i ngu i shab le  in  t he i r  spec- 
t roscopic  p rope r t i e s  excep t  for t he  m i n o r  C~sHasO2 
molecu la r  ion in t h e  mass  s p e c t r u m  of t he  f i rs t  p r epa ra -  
t ion  and  t he  presence  of a n  a d d i t i o n a l  a b s o r p t i o n  max i -  
m u m ,  ~t~a~ 328 E 1% 900, in t h e  U V - s p e c t r u m  of that 1 em 
p repa ra t i on .  

The  mass  s p e c t r u m  of t he  f luorescen t  m a t e r i a l  below 
mass  400 was iden t ica l  w i t h  t h a t  of 4, 6, 8(14), 22-ergo- 
s t a t e t r a e n - 3 - o n e  (from D. H.  R.  B~RTON) (I in  Figure) ,  
hence  t he  m a j o r  c o m p o n e n t  m u s t  be  t h e  e rgos t a t e t r a -  
enone.  This  was  conf i rmed  b y  t he  v i r t u a l  i d e n t i t y  of t h e  
N M R -  and  I R - s p e c t r a  of c o m p o u n d  (I) w i t h  those  of t h e  

Structural formulas of 4,6,8(14),22-ergostatetraen-3-one and its 
Ce~-ethyl homolog. 

m e t h y l a t i o n  a t  C~2 or C23 is excluded,  and  d) t h e r e  is 
amp le  p r e c e d e n t  in  k n o w n  s tero ids  for  t h e  C24-ethyl 
s t r u c t u r e  b u t  there  is no  p r e c e d e n t  for a n y  of t he  o t h e r  
r e m a i n i n g  possibi l i t ies .  

I t  is of b iogenet ic  i n t e r e s t  t h a t  t he  m e t h y l  a n d  e thy l  
homologs  I a n d  I I  are cogeners  in  t he  same  biological  
sys tem.  C o m p o u n d  I has  p rev ious ly  been  isola ted f rom 
a n a t u r a l  source 7 b u t  C~9 s tero ids  h a v e  h i t h e r t o  on ly  
r a re ly  been  encoun t e r ed  as mic rob ia l  me tabo l i t e s .  Me thy -  
l a t ion  a t  C24 to give ergosterol  is k n o w n  to invo lve  
m e t h i o n i n e  s as t he  c a r b o n  source. R e c e n t  ev idence  9 
suggests  t h a t  t h e  e thy l  g roup  in C29 s teroids  is fo rmed  
b y  s tepwise  m e t h y l a t i o n ,  m e t h i o n i n e  supp ly ing  b o t h  
c a r b o n  a toms .  The  mic rob ia l  syn thes i s  of I a n d  its 
homolog  I I i s  para l le led  b y  the  occur rence  of homologous  
C24-methyl and  C25-ethyi s te ro ids  in p lan t s ,  for example  
campes te ro l  a n d  y-s i tos terol  are b o t h  found  in soy- 
beans  ~o. 

I n  a comple te ly  d i f fe ren t  field of e n d e a v o r  our  resu l t s  
sugges t  a s imple  t e s t  for s torage  de te r io ra t ion ,  u t i l iz ing  
t he  cha rac t e r i s t i c  f luorescence of I a n d  I t  in  d e t e c t i n g  
t he  c o m m e n c e m e n t  of mold  damage .  P r e l i m i n a r y  tes t s  
h a v e  shown t h a t  t he  f luorescence can  be  easi ly  de t ec t ed  
b y  TLC on silica gel G in ear ly  s tages  of mold  d a m a g e  
a n d  t h a t  t he  f luorescence is a p p a r e n t l y  mold-species-  
d e p e n d e n t  ~. 

Zusammen/assung. Aus Sch immelp i l zen  (Aspergillus 
niger, A. candidus u n d  A. flavus), die auf  W e i z e n m e h l  
wachsen,  w u r d e n  die be iden  f luoresz ie renden  Sterole  
22 -Ergos t a t e t r aen -3 -on  u n d  dessen C24-A'thylhomologe 
isoliert .  
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n a t u r a l  p roduc t .  F u r t h e r m o r e ,  t he  r epo r t ed  s, ~ UV-  
s p e c t r u m  of I ( ) 1 ~  350 nm,  s 27,100; ~m~ 282, e 7100; 
" ~ x  237, v 4700) m a t c h e s  closely t he  U V - s p e c t r u m  of 
the  pur i f ied  p r e p a r a t i o n  of f luorescen t  m a t e r i a l  (2 , ,~  
351 nm,  e 25,800; ~max 282, e 5800; ~max 239, e 4100). 
Carbon,  hydrogen ,  a n d  oxygen  e l emen ta l  ana lys i s  on  
t he  pur i f ied  p r e p a r a t i o n  gave  resu l t s  in  a g r e e m e n t  w i t h  
i ts  f o r m u l a t i o n  as a 3 : 1 m i x t u r e  of C,sIt400 a n d  C~9H4~O 
(Found :  C, 85.58; H,  10.61; O, 4 .07%.  Ca lcu la ted :  C, 
85.65; t-I, 10.32; O, 4.05). The  ion m/e 406, C~9H~20, m u s t  
be  due  to  a c o m p o u n d  h a v i n g  one m e t h y l e n e  group  more  
t h a n  I. I t  is ass igned s t r u c t u r e  I I  (Figure) on t he  fol- 
lowing bas i s :  a) t h e  c o n j u g a t e d  s y s t e m  m u s t  be t he  
same  as t h a t  in  I, b) t he  e x t r a  CH 2 group m u s t  be  in t he  
side cha in  s ince t h e  mass  s p e c t r u m  shows t h a t  all  frag- 
m e n t  ions  wh ich  h a v e  lost  t he  side cha in  h a v e  also lost  
t he  e x t r a  m e t h y l e n e  g roup  of t he  homolog,  c) t h e  olefinic 
p ro tons  in  t h e  side cha in  of I and  of t he  n a t u r a l  p r o d u c t  
show complex  b u t  iden t i ca l  r esonances  a t  4.8 z, hence  
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