
CHAPTER I I  

HISTORICAL

The O c c u r r e n c e  o f  A l k a l o i d s  i n  C a s s i a  s p p .

T h e r e  a r e  a b o u t  5 0 0 - 6 0 0  s p e c i e s  o f  C a s s i a , a t  
l e a s t  18 s p e c i e s  w er e  r e p o r t e d  t o  c o n t a i n  a l k a l o i d  w h i c h  
mo s t  o f  them a r e  unknown a l k a l o i d s ( 2 1 ) .  The o c c u r r e n c e  o f  
a l k a l o i d s  i n  t h i s  g e n u s  a r e  shown i n  T a b l e  1.

Table 1. The Occurrence of A lkalo ids in Cassia spp.

B otan ica l Source A lkaloid Plant P art1* Ref.

C a s s i a  a b s u s  Linn. chaksine sd 22,23
Isochaksine sd 22

c. a l a t a  Linn. Unknown Lf 21
c. a u r i c u l a t a  Linn P y rr o liz id in e Bk, FI, Sd 24

a lk a lo id s
c. b a d  1 l a r i s  Linn. Unknown Lf, St 21
c. b i c a p s u l a r i s  Lin Unknown Fr, Lf 21
c. b r a s i l i e n s i s  N ierd l Unknown Fr, Lf 21
C .  c a r n a v a l  Speg. Carnavaline Lf 25

Cassine Lf 25
Prosopinone Lf 26

c. e m a r g i n a t a  Linn. Unknown Lf 21
c. e x c e l s a  shard. C asselsin e Bk, Lf 27

C a ss ily s in e Bk, Lf 28,29
C a ss ily s id in e Bk 28,29

I ห อ ส ม ุค ก ล าา ส ก า บ [ท } )UUT0า1  
จห าล ากรณ ม ห า'IVโ บา ล้!i l
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B otan ica l Source A lkaloid Plant Part1* Ref.

Cassine Lf, Tw 27
c. f l o r i b u n d a  Cav. N1,Na-d ib en zo y l- Fl 30
( C .  l e a v i g a i a  W illd .) spermidine
c. j a h n i i  B r it t o n .et Carnavaline Lf 31

Rose Cassine Lf 31
c. s t a r y l a n d i c a  Linn N -m ethyl-p-phenyl- Lf 32

alanine a lk a lo id
c. o c c i d e n t a l  i s  Linn. N-methyl morphine Sd 33

a lk a lo id
c. p a l e l l a r i a  DC. Unknown Lf 21
c. s i a m e a  Lamk. C assiadin ine Fl 34

siamimine A Lf 35
siamimine B Lf 35
Siamimine c Lf 35
siamine L f  ,  Sd 36,37

c. s o p h e r a  Linn. Unknown Lf 21
( c. t o r o s a  Cav.)
c. s p e c t a b i l i s  DC. Cassine L f ,  s d , s t 16,18

C assin ic in e Lf, St 15
Iso -6 -ca rn a v a lin e Sd 17
Iso -6 -c a ss in e Lf 16,18
S p ecta lin e Lf 16
S p ecta lin in e Sd 17
Unknown Fl 21

c. t o n e n t e l l a  Domin Unknown Fl 21

(* Bk = bark, Fl = flo w ers , Fr = f r u i t ,  Lf = le a f ,  Pd = Pods, 
Rt = r o o t, sd = seed , St = stem, Tv = twig ) .
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F i g u r e  2 . S t r u c t u r e s  o f  O c c u r r e n t  A l k a l o i d s  i n  C a s s i a  s p p .

COOH

N-CH3
H

( 1 )  Chaks  i n e ( 2 )  N-iMethy 1 -  p - p h e n y  1 -
a l a n i n e

HC'3

OH
( CĤ ) ̂ H-CH (C »y 1- èH-CH

( 3 )  C a r n a v a l i n e ( 4 )  I s o - 6 - c a r n a v a l i n e

HOv.

พ:3 ''" '(C H  )“ C-CH_ a 10 3 HC - • J j ^ s (CH )-C-CHw MO

( 5 )  C a s s i n e (ธ) I s o - 6 - C a s s i n e
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( 7 )  S p e c i a l i n e ( 8 )  C a s s i n i c i n e

( 9 )  S p e c i a l i n i n e ( 1 0 )  P r o s o p i n o n e

(1 1 ) Cass  i a d i n  i n e



9

( 12) S i a m i n e , * 1 = H, Ra = CH3
( 13) s i a m i m i n e A, = R,  = ch3
( 14) s i a m i m i n e B, *1 = R~ = H

( 1 5 )  N 1 , Na - Di i >e nz o y  1 S p e r m i d i n e

( 17 ) N - M e t h y 1 - m o r p h i n e



1 0

T h e r e  h a v e  b e e n  v a r i o u s  g r o u p s  o f  a l k a l o i d  t h a t  
p r e s e n t e d  i n  C a s s i a  s p p .  c a s s i n e  and r e l a t e d  compounds  
c an  b e  c l a s s i f i e d  i n t o  2 , 6 - d i s u b s t i t u t e d  p i p e r i d i n - 3 - o l s  
g r o u p s  ( 3 9 ) ,  c a s s i a d i n i n e  i s  a new chro mone  a l k a l o i d  from  
C a s s i a  s i a m e a ( 34)  w h i l e  s i a m i n e ,  s i a m i m i n e  A, B and c a r e  
o w i n g  t o  i s o q u i n o l o n e  a l k a l o i d  g r o u p ( 3 5 ) .  Mo r e o v e r  t h e r e  
h a v e  b e e n  r e p o r t e d  o f  s p e r m i d i n e  a l k a l o i d ,  p y r r o l i z i d i n e  
a l k a l o i d ,  p s e u d o - a l k a l o i d  s u c h  as° N-meth.y 1 - p - p h e n y  l a l a n i n e  
and N - m e t h y 1 - m o r p h i n e  a l k a l o i d  c o n t a i n i n g  i n  t h i s  g e n u s .

P i p e r i d i n e  A l k a l o i d s

P i p e r i d i n e  a l k a l o i d s  a r e  n i t r o g e n o u s  n a t u r a l  
p r o d u c t s  w h i c h  h a v e  p i p e r i d i n e  r i n g  (JU3) a s  t h e  d i s t i n g u ­
i s h i n g  s k e l e t a l  f e a t u r e s .

c K
ท

( 1 8 )  p i p e r i d i n e  r i n g

The n u m b e r i n g  i n  t h e  p i p e r i d i n e  s y s t e m  i s  same a s  
t h a t  i n  p y r i d i n e  t y p e ( 3 8 ) .  The c h e m i s t r y  o f  p i p e r i d i n e  i s  
p r i m a r y  due  t o  a s e c o n d a r y  a m i n e ,  w h i l s t  t h e  b a s i c i t y  i s  
d e p e n d e n t  on t h e  a v a i l a b i l i t y  o f  t h e  l o n e  p a i r  o f  
e l e c t r o n s  on n i t r o g e n .  s i n c e  t h e  s i x - m e m b e r e d  r i n g  i n  
p i p e r i d i n e  i s  s a t u r a t e d , i t  e x i s t  a l l  t h e  p o s s i b i l i t i e s  o f  
o p t i c a l  and g e o m e t r i c a l  i s o m e r s  t h a t  a r e  f o u n d  i n  t h e
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c y c l o h e x a n e  s e r i e s .  The  p i p e r i d i n e  r i n g  i s  n o t  c o m p l e t e l y  
s y m m e t r i c a l ,  t h u s  t h e  p o s i t i o n  o f  t h e  g r o u p s  on t h e  r i n g  
i s  a l s o  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  number o f  s u c h  
i s o m e r s  (3 8  ) .

C l a s s i f i c a t i o n  o f  P i p e r i d i n e  A l k a l o i d s
A c c o r d i n g  t o  G e o r g e  M. s t r u n z  and John A. F i n d l a y  

( 3 9 ) ,  p i p e r i d i n e  a l k a l o i d s  c an  be  c l a s s i f i e d  l i m i t i n g  
t h e  c l a s s  t o  a l k a l o i d s  c o n t a i n i n g  a p i p e r i d i n e  t y p e  
n i t r o g e n  h e t e r o c y c l i c  t h a t  i s  n o t  f u s e d  t o  a c a r b o c y c l i c  
s y s t e m .  The c o n j u g a t e d  p i p e r i d i n e  ami de  a l k a l o i d s  from  
P i p e r  s p p . ,  t h e  p i p e r i d i n e  m e t a c y c l o p h a n e  a l k a l o i d s  from
L . y t h r a c e a e ,  t h e  Nuphar  a l k a l o i d s ,  t h e  Solanum s t e r o i d  
a l k a l o i d s ,  and t h e  s e s q u i t e r p e n e  n i c o t i n i c  a c i d  e s t e r  
f rom C e l a s t r a c e a e  c o u l d  b e  o m i t t e d  h e r e .

T h e r e f o r e  p i p e r i d i n e  a l k a l o i d s  can be  c l a s s i f i e d  
i n t o  10 g r o u p s  ะ

1.  2 , 6 - D i s u b s t i t u t e d  P i p e r i d i n - 3 - o l s .
A s e r i e s  o f  p i p e r d i n - 3 - o l s  ( 1 9 ) ,  mo s t  b e a r i n g  

c 1 and ท - c„ s i d e  c h a i n s  a t  p o s i t i o n  2 and 6 r e s p e c t i v e l y ,  
h a v e  b e e n  i s o l a t e d  f rom C a s s i a  and P r o s o p i s  s p e c i e s ,  t r o ­
p i c a l  L e g u m i n o s a e . T h e s e  a l k a l o i d s  d i f f e r  i n  t h e  s t e r e o ­
c h e m i s t r y  and  o x y g e n a t i o n  p a t t e r n s  o f  t h e i r  s i d e  c h a i n ( 3 9 )  
( T a b l e  2 , p a g e  12 ) .
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R‘ H R‘
(19) piperidin-3-ols

Table id. 2 ,6-Disubstituted Piperidin-3-ols from Cassia and Prosopis  spp.

Source Name
C-3-01I

conf igurat ion
C-2

subst ituent
C-6

substituent

Cassia excelsn .Cass ine a «-CH, a -(CH, >10COCH,
c. spectabi1 is Iso-6-cass ine a 0,-Cll' P̂ (CH, ' 1. “ « '3 ,
Pros op is spp. N-Metliy leas sine a <*-CH, a-(CH, >10COCH,
C. carnaval Carnavaline a «-CH, «-(CH, >10CH0HCH3
c. spectabilis Iso-6-carnavaline a a —CH, P-(CH, >10CHOHCH,
Prosopis africana Prosopine p a-CH,0H P-(CH, >1' chohch.
P. africana Prosopinine p a-CH,0H p - < CH 1. > 0coch, ch3
p. af ricana Isoprosopinine A p a-CH,0H P-(CH, >0C0(CH,),CH3
P. africana Isoprosopinine B p a-CH,0II P-(CH, >,C0<CH,),CH, .
P. africana (+)-Prosophylline 3 ot —CII,0II a-(CH, )8C0CH,CH,
P. africana Prosafrine a «-CH, «-(CH, > 8CHOHCH,CII3
p. africana Prosaf r inine a «-CH, «-(CH, >8coch, ch3
c. carnaval Prosopinone ? CH,0H (CH,>10COCH,
p. juliflora Ju1 if loridine ? c»3 (CH,>11ch, oh
p. spicigera Spicigerine a o,-ch3 «-(CH, >11C00H
c. spectabilis Spectaline p b- ch~ p- (CH, >1, coch3
c. spectabi1 is Spectalinine p P-CH, P-(CH, >1, CHOHCH,
C. carnaval Alkaloid D ? c»3 (c»*>0CHOH(CH,) 10CHOHCH,

to
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C r y p t o p h o r i n e  (_20) and c r y p t o p h o r i n i n e (  2J.) were  
i s o l a t e d  f rom f o l i a g e s  o f  B a t h i o r h a a n u s  c r y p t o p h o r u s  

(H. P e r r i e r )  R. Capuron  ( R h a m n a c e a e ) ( 4 0 ) .

( 2 0 )  C r y p t o p h o r  i n e  (2JL> C r y p t o p h o r i n i n e

A z i m i n e  ( 2 2 )  and c a r p a i n e  (2_3) a r e  m a c r o c y c l i c  
d i m e r i c  b i s l a c t o n e s  e l a b o r a t e d ,  r e s p e c t i v e l y ,  by A z i m a  

t e t r a c a n t h a  L. and C a r i c a  p a p a y a  L . ( 4 1 ) .

Az im i n e  
C a r p a i n e

( 2 2 )  ท = 5
( 2 3 )  ท = 7
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2 .  O t h e r  P i p e r i d i n - 3 - o l s .
P s e u d o c o n h y d r i n e ( 24_) o n e  o f  t h e  mi nor  

a l k a l o i d a l  c o n s t i t u e n t s  o f  p o i s o n  h e m l o c k  C o n i u m  m a c u l a t u m  

L. ( U m b e l 1 i f e r a e ) ( 4 2 ) .

N - M e t h y 1 - p s e u d o c o n h y d r i n e ( ^ 5 ) ,  a new n a t u r a l  
p r o d u c t  h a s  b e e n  i s o l a t e d  a s  a m a jo r  a l k a l o i d  from  
c. m a c u l a t u m  L.  g r o w i n g  a t  h i g h  a l t i t u d e  i n  S o u t h  A f r i c a  
( 4 3 ) .  The m a j o r  a l k a l o i d  from t h e  f o l i a g e  and s t em o f  

A m o o r a  r o h i t u k a  ( M e l i a c e a e )  i s  r o h i t u k i n e  - ( 2 6 ) ( 4 4 ) .

OH 0

( 2 4 )  R=H P s e u d o c o n h y d r i n e
( 2 5 )  R=CH3 N - M e t h y 1 - p s e u d o -  ( 2 6 )  R o h i t u k i n e

c o n h y d r i n e

T a b t o x i n -  5 - l a c t a m  ( 2 7 )  i s  a p i p e r i d o n a m i n o  a c i d  
p r o d u c e d  by v a r i o u s  P s e u d o m o n a s  s p e c i e s ,  and i s  a l s o  a 
p r o d u c t  o f  h y d r o l y s i s  o f  t a b t o x i n .  T a b t o x i n  r e a d i l y  
u n d e r g o e s  i s o m e r i z a t i o n  t o  t h e  more s t a b l e  n o n t o x i c  
ร - l a c t a m  i s o t a b t o x i n  ( 2 8 ) ( 3 9 ) .
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HOOC

c h2n h 2

0 Thr-C ✓ ร . ^  0

( 2 7 )  T a b t o x i n - S - l a c t a m ( 2 8 )  <^-Lactam i s o t a b t o x i n

3 .  P i n u s  A l k a l o i d s  
A l k a l o i d s  a r e  n o t  

s p e c i e s ;  i n d e e d ,  r e p o r t s  o f  
g e n u s  h a v e  b e e n  r a r e .  A b a s e  
v a r i o u s  s p e c i e s  o f  P i n u s  i s  (

ma j o r  m e t a b o l i t e s  o f  P i n u s  
t h e i r  i s o l a t i o n  from t h i s  

t h a t  h a s  b e e n  o b t a i n e d  from 
) - p i n i d i n e  ( 2 9 ) ( 4 5 ) .

( 2 9 )  P i n i d i n e

4 .  O t h e r  2 , 6 - D i s u b s t i t u t e d  P i p e r i d i n e s .
The r e d  form o f  t h e  f i r e  a n t ,  S o l e n o p s i s  

s a e v i s s i w a , o we s  i t s  t r i v i a l  name t o  t h e  p o t e n c y  o f  i t s
venom 5 w h i c h  e x h i b i t s  h e m o l y t i c ,  i n s e c t i c i d a l ,  and  
a n t i b i o t i c  a c t i v i t y .  The venom was f o u n d  t o  be  comp os ed  
o f  f i v e  c o n s t i t u e n t ,  d e s i g n a t e d  s o l e n o p s i n  (3_0 -  3_4), and  
seem t o  b e  t h e  o n l y  known non  
d e l i v e r e d  by b i t e  o r  s t i n g  ( 4 6 ) .

u  i  ช น 3  3

p r o t e i n a c e o u s  venom
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( 3 0 ) S o l e n o p s  i n A, ท = 10 ( 3 3 ) D e h y d r o s o l e n o p s i n  B, ท = 3
( 31 ) S o l e n o p s  i n B, ท = 12 ( 3 4 ) D e h y d r o s o l e n o p s i n  C, ท = 5
( 3 2 ) S o l e n o p s i n c , ท = 14

A n o t h e r  r e p o r t  was f o u n d  t h a t  s o l e n o p s i n  d e r i v a ­
t i v e s  w e r e  i n c l u d e d  s i d e  c h a i n s  w h i c h  ท = 6 ,  8 ,  and ท = 7 
o f  d e h y d r o s o l e n o p s i n  ( 4 7 ) .

A l k a l o i d s  from b o t h  L o b e l i a  and S e d u m  s p e c i e s  
m i g h t  a l s o  b e  i n c l u d e d  i n  t h i s  s e c t i o n  u n d e r  t h e  h e a d i n g  
2 , 6 - d i s u b s t i t u t e d  p i p e r i d i n e s .  I s o l a t i o n  o f  l o b e l i n e  ( 3 5 )  
from f o u r  A p a l a c h i a n  l o b e l i a s  and i n d i a n  l o b e l i a  h as  b e e n  
r e p o r t e d ( 4 8 ) .  L o b e l a n i n e  ( 3 6 )  and L o b e l a n i d i n e  ( 3 7 )  w e r e  
a l s o  d e t e c t e d  i n  t h e  N o r t h  A me r i c a n  s p e c i e s  ( 4 9 ) .

( 3 5 ) R1 = H, OH, R,  = 0 L o b e l i n e
( 3 6 ) R, ๐IIMII L o b e l a n i n e
( 37) R 1 = R„ = H, OH L o b e l a n i d i n e
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5 .  Sedum A l k a l o i d s .
The p r e s e n t l y  known o f  Sedum a l k a l o i d s  a r e

shown b e l o w  ( 5 0 ) .

( 3 8 )  S e d a m i n e ( 3 9 )  A l l o s e d a m i n e

( 4 0 )  N o r s e d a m i n e ( 4 1 )  N o r a l l o s e d a m i n e
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( 4 6 )  S e d e r i n e ( 4 7 ) S s d i n o n e
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T o b a c c o  c o n t i n u e s  t o  b e  a p o p u l a r  d r u g ,  
a l t h o u g h  i t s  u s e  h a s  a b u s e d  s o me wh at  i n  r e c e n t  y e a r  a s  a 
c o n s e q u e n c e  o f  t h e  d e m o n s t r a t e d  a d v e r s e  e f f e c t s  o f  s m o k i n g  
on h e a l t h ,  T o b a c c o ,  w h i c h  a n a b a s i n e  ( 4 8 ) ;  f i r s t  i s o l a t e d  
f rom A n a b a s i s  a p h y l l a  i s  t h e  m a jo r  a l k a l o i d  o f  N i c o t i a n a  

g l a u c a , and a m i n o r  c o n s t i t u e n t  o f  N .  t a b a c u m .  ( - ) -  
A n a t a b i n e ( 4 9 ) ,  a m i n o r  c o - m e t a b o l i t e  i n  s e v e r a l  N i c o t i a n a  

s p e c i e s ,  i s  A ^ - d e h y d r o a n a b a s i n e . A n a b a s a m i n e  (5_1) was  
i s o l a t e d  f r o m A n a b a s i s  a p h y l l a .

6 .  T o b a c c o  A l k a l o i d s .

( 4 8 )  A n a b a s i n e  ( 4 9 )  ( - ) - A n a t a b i n e

( 5 0 )  1 - M e t h y l a n a b a s i n e ( 5 1 ) Anabasam i n e
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A r e c o l i n e  (J32) i s  a c o n s t i t u e n t  o f  t h e  f r u i t  o f  
t h e  palm A r e c a  c a t e c h u  L . ( P a l m a e ) ,  a l o n g  w i t h  a r e c a i d i n e  
( 5 3 ) ,  g u v a c i n e  ( 5 4 )  and o t h e r  c omp o u n d s .  The p r o n o u n c e d  
c h o l i n e r g i c  a c t i v i t y  o f  a r e c o l i n e  i s  r e s p o n s i b l e  f o r  some  
o f  e f f e c t  a s s o c i a t e d  w i t h  c h e w i n g  o f  b e t e l  n u t .  A n t h e l ­
m i n t i c  a c t i v i t y  o f  a r e c o l i n e  h as  b e e n  r e p o r t e d  ( 5 1 ) .

C00CH3 COOH COOH

( 5 2 )  A r e c o l i n e ( 5 3 )  A r e c a i d i n e  ( 5 4 )  G u v a c i n e

The new p i p e r i d i n e  a l k a l o i d s  from r o o t  b a r k  o f  
S c h u m a n n i o p h y t o n  p r o h l e m a t i c u m  ( R u b i a c e a e )  a r e  s t r u c t u r e  
( 5 5 )  and ( 5 6 )  ( 5 2 ) .

( 5 5 ) R = H
( 56) R = CH
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The m a j o r  a l k a l o i d s  f o u n d  i n  e x t r a c t s  o f  L u p i n u s  

f o r m o s u s  G r e e n e  w e r e  h i r t r i n e  ( 5 7 )  and ( + ) - a mm o d e n d r i n e  
( 5 8 ) ,  N - a c e t y l h i r t r i n e  ( 5 9 )  and  ( + ) - N ’ - m e t h y 1 ammodendr i ne
( 6 0 ) ( 3 9 ) .

R c=0
R

( 5 7 )  R = H H i r t r i n e ( 5 8 )  R ะ= H ( + ) - Ammodendr i ne
( 5 9 )  R = C0CH;3 N - A c e t y 1 ( 6 0 )  R = CH3 ( + ) - N - M e t h y 1ammo

h i r t i n e d e n d r  i n e

Sm i p  i n e  ( 6_1 ) i s  a n o v e l  a l k a l o i d  w h i c h  h as  N - f o r m y l  
g r o u p  and a f  i v e - m e m b e r e d  n i t r o g e n  h e t e r o c . y c l e  c o n t a i n i n g  
o ne  d e g r e e  o f  u n s a t u r a t i o n  ( 5 3 ) .

CHO

( 6 1 )  S m i p i n e

m o o n  รโเท!นไ,’ ), 
il I เทกรโนมห !'} >|!|
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The p i p e r i d i n e  m e t a c y c l o p h a n e  a l k a l o i d s  a r e  
s u b g r o u p  o f  t h e  L . y t h r a c e a e  a l k a l o i d s ,  l y t h r a n i d i n e  ( 6_2) i s  
a r e p r e s e n t a t i v e  o f  t h i s  c l a s s  ( 5 4 ) .

7 .  P i p e r i d i n e  M e t a c y c l o p h a n e  A l k a l o i d s .

( 6 2 )  L y t h r a n i d i n e  8

8 .  P i p e c o l i c  A c i d  D e r i v a t i v e s .
P i p e c o l i c  a c i d  (6_3> i s  a p i p e r i d i n e  a l k a l o i d  

t h a t  h a s  b e e n  f o u n d  from v a r i o u s  s o u r c e s .  The h y d r o x y p i -  
p e c o l i c  a c i d  (64- -  6_8) h a v e  b e e n  n o t e d  i n  v a r i o u s  s p e c i e s  
o f  B r a c h y s t e g i o i d a e . An N - m e t h y l - 4 - h y d r o x y p i p e c o l i c  a c i d  
i s o l a t e  f ro m M i  1  l e i i a  o v a l i f o l i a  s e e d ,  h a s  b e e n  a s s i g n e d  
s t r u c t u r e  (6_9) . t r a n s - 4 -  A c e t y l a m i n o  - L -  p i p e c o l i c  a c i d  
( 7 0 )  h a s  b e e n  i s o l a t e d  from t h e  l e a v e s  o f  C a l l i a n d r a  

h a e m a t o c e p h a l a ,  an N - m e t h . y l - 4 , 5 -  d i h y d r o x y p i p e c o l i c  a c i d  
( 7 A ) h a s  b e e n  o b t a i n e d  from t h e  i n d i a n  t r e e  P o n g a m i a  g l a b r a  

and t h e  N-meth.y l p i p e c o l  i c  a c i d  b e t a i n e  h o m a r i n e  (7_2) h as  
b e e n  i s o l a t e d  f rom m a r i n e  s o u r c e s .
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( 66 ) ( 6 7 ) ( 68 )

( 6 9 ) ( 70 ) ( 7 1 )

( 7 2 )  Homari ne
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G a i  1 l a r d i a  p u l c h e l l a  i s  t h e  s o u r c e  o f  some
T e r p e n o i d  A l k a l o i d s .9 .

n o v e l  s e s q u i t e r p e n o i d  a l k a l o i d s  p o s s e s s i n g  a n t i i n f l a m ­
m a t o r y  a c t i v i t y .  F o l l o w i n g  e x t e n s i v e  c h e m i c a l  and  
s p e c t r o s c o p i c  s t u d i e s  Y a n a g i t a ,  e t \  a l  h a v e  e s t a b l i s h e d  
s t r u c t u r e s  o f  p u l c h e l 1 i d i n e  ( 7 3 )  and n e o p u l c h e l l i d i n e  ( 7 4 )  
( 5 8 , 5 9 ) .

Nup ha r  a l k a l o i d s  a r e  i n c l u d e d  s e v e r a l  s u b s t i t u t e d  
p i p e r i d i n e s  s u c h  a s  n u p h a r a m i n e  ( 7 5 ) ,  3 - e p i n u p h a r a m r n e ,  
a n h y d r o n u p h a r a m i n e  (7_6) , nuphami ne  ( 7T ) and 3 - e p i n u p h a m i n e
( 7 8 )  ( 6 0 )  .

3 - E p i n u p h a r a m i n e ,  
a n h y d r o n u p h a r a m i n e

( 75) N u p h a r a m i n e ( 76 )
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1 0 .  M i s c e l l a n e o u s
1 0 . 1  P i p e r i d i n e  from H i g h e r  P l a n t s

S t r u c t u r e s  o f  p i p e r i d i n e  a l k a l o i d s  i n  
t h i s  g r o u p s  a r e  c a m p e d i n e  ( 79 )  from C a m p a n u l a  m e d i u m  ( 6 1 ) ,  
a n a f  e r  i n e  (j30 ) f r o m  w i t h a n i a  s o m n i f  e r a i § 2 . )  ,  and k u r a r a m i n e  
( 8 1 )  a l o n g  w i t h  i s o k u r a r a m  i n e  (8_2 ) from S o p h o r a  f l a v e s c e n s  

( 63 ) .

( 7 9 )  C a mp e d i n e ( 8 0 )  A n a f e r i n e
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C o n h y d r i n e  (8_3, 8_4)', c o n i i n e  (8_5) and t f - c o n i c e i n e  
( 8 6 )  a r e  i s o l a t e d  from C o n i u m  m a c u l a t u m , p o i s o n  h e m l o c k  
( 6 4 , 6 5 ) .  C o n i i n e  and ช- c o n i c e i n e  a r e  e x t r e m e l y  t o x i c  and  
i n d u c e  p a r a l y s i s  o f  t h e  mo t o r  n e r v e  e n d i n g ;  a f t e r  a c c e l e ­
r a t i o n ,  r e s p i r a t i o n  i s  s l o w e d  , and d e a t h  r e s u l t s  d ue  t o  
p a r a l y s i s  o f  t h e  r e s p i r a t o r y  s y s t e m  ( 6 4 ) .

( 8 5 )  (+)  C o n i i n e ( 8 6 )  t f - C o n i c e i n e
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Fo ur  n o v e l  a l k a l o i d s  f rom L y c o p o d i u m  s p e c i e s ,  
p h l e g m a r i n e  ( 87 ) and N p - me t h y  l p h l e g m a r  i n e  ( 8_8 ) w er e  o b t a i n e d  
from L . p h l e g m a r i a  w h i l e  N ^ - m e t h y l p h l e g m a r i n e  ( 8 9 )  was  
i s o l a t e d  from L . c e r n u u m  and N ^ - a c e t y  1 - N n - m e t h y I p h i e g m a i  m e  
( 9 0 )  f rom L . c l a v a t u m  ( 6 6 ) .

( 8 7 ) R1 =R2 = H P h l e g m a r i n e
( 8 8 ) R1 = H, R2 = CH3 N p - M e t h y l p h l e g m a r i n e
( 89 ) R,  = CH3 , R2 = H N ^ - M e t h y l p h l e g m a r i n e
( 9 0 ) Rx = COCH3 ’ R2 = CH3 iM^-Acety 1-N^-meth.y 1 -  

p h l e g m a r i n e

1 0 . 2 P i p e r i d i n e A l k a l o i d s  from A ni m a l s
The s p i r o p i p e r i d i n e ,  h i s t r i o n i c o t o x i n  

( 9 1 )  and d i h . y d r o h i s t r i o n i c o t o x i n  (9J2) were  i s o l a t e d  from  
t h e  s k i n  o f  t h e  p o i s o n o u s  C o l o m b i a n  f r o g  D e n d r o b a t a s  

h i s t r  i n  i c u s .  In  a d d i t i o n ,  a number o f  new r e l a t e d  m i n o r  
b a s e  ( 9 3 ,  9 4 ) h a v e  b e e n  f o u n d  i n  t h e  same s o u r c e  and  i t  
h a s  b e e n  l e a r n e d  t h a t  t h e  n a t u r e  o f  s i d e  c h a i n  i s  an  
i m p o r t a n t  f a c t o r  f o r  c h o l i n o l y t i c  a c t i v i t y  and s o d i u m -  
p o t a s s i u m  i o n  membrane pheno mena  ( 6 7 ) .
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( 9 1 ) * 1 = CH2 CH— .CH C = = C H R2 -  CH— CH C = Z C H
( 9 2 ) R = CH CH CH------C----- CH Rw CH “  CH c  CH1 2 2 2
( 9 3 ) R = CH CH CH.CH-CH R„ = CH CH CH CH1 2 2 2 2 2  2 2 3
( 9 4 ) R 1 = CH2 CH2 CH2 CHะ̂ CH2 R2 CH2 CH2 CH ๙10 CH2

R e c e n t l y  i t  h a s  b e e n  r e p o r t e d  t h e  i s o l a t i o n  o f  
2 , 6 - d i p e n t y l p i p e r i d i n e  f r o m  t h i s  s o u r c e  ( 6 8 ) .

B i o s y n t h e s i s  o f  P i p e r i d i n e  A l k a l o i d  
P i p e r i d i n e  a l k a l o i d s  h a v e  mo r e  t h a n  o n e  

b i o s y n t h e t i c  r o u t e s .  The  p i p e r i d i n e  r i n g  a r i s e s  b y  a t  
l e a s t  t w o  b i o s y t h e t i c  r o u t e s .  One i s  d e r i v e d  f r o m  a m i n o  
a c i d  l y s i n e ,  t h e  o t h e r  f r o m  p o l y a c e t a t e  ( 6 4 ) .

1 .  B i o s y n t h e s i s  f r o m L y s i n e
T h e  a m i n o - a c i d  L y s i n e  s e r v e s  a s  t h e  p r e c u r s o r  

o f  p i p e r i d i n e  r i n g ,  via A1- p i p e r i d e i n e  o r  1 , 2 - d e h y d r o  
p i p e r i d i n e  a s  a k e y  i n t e r m e d i a t e ,  i n  t h e  b i o s y t h e s i s  o f  a  
l a r g e  n u m b e r  o f  p i p e r i d i n e  a l k a l o i d s  ( 6 9 ) .  P i p e r i d i n e  
a l k a l o i d s  w h i c h  h a v e  b i o s y n t h e s i s  f r o m  l y s i n e  a r e  i n c l u d e d  
N i c o t i a n a  a l k a l o i d s ;  s u c h  a s  a n a b a s i n e  , Sedum a n d  L o b e l i a  
a l k a l o i d s  , L y t h r a c e a e  a l k a l o i d s  5 a n d  p i p e c o l i c  a c i d  
t o g e t h e r  w i t h  i t s  d e r i v a t i v e s  ( 6 9 - 7 3 ) .
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A g e n e r a l  s c h e m e  o f  t h e  b i o s y n t h e s i s  o f  
p i p e r i d i n e  a l k a l o i d s  f r o m  L y s i n e  i s  s h o w  i n  s c h e m e  1 ( 7 0 ) .

R

S c h e m e  1 .  T h e  B i o s y n t h e s i s  o f  p i p e r i d i n e  a l k a l o i d s  f r o m  L y s i n e
( a )  L - L . y s i n e  d e c a r b o x y l a s e  ( s t e r o s p e c i f  i c  d e c a r b o x y l a t i o n )
( b )  D i a m i n e  o x i d a s e  ( s p e c i f i c  o x i d a t i v e  d e a m i n a t i o n )
( c )  S t e r e o s p e c i f i c  e n t r y  o f  s i d e  c h a i n  a t  C - 2 : b e n z o y l  a c e t i c  

a c i d  ( r e - f a c e )  —̂ s e d a m i n e , a c e t o a c e t i c  a c i d ( ร i - f a c e ) —̂  
p e l l e t i e r i n e , d i h y d r o n i c o t i n i c  a c i d ( r e - f a c e ) — a n a b a s i n e
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2 .  B i o s y n t h e s i s  f r o m  P o l y a c e t a t e
T h e r e  a r e  s e v e r a l  p i p e r i d i n e  a l k a l o i d s  w h i c h  

s t r u c t u r a l l y  q u i t e  s i m i l a r  t o  l y s i n e - d e r i v e d ,  t h a t  h a v e  
d i f f e r e n t  b i o s y n t h e t i c  r o u t e s  f r o m  p o l y a c e t a t e .

P i p e r i d i n e  a l k a l o i d s  i n  t h i s  g r o u p  a r e  i n c l u d e d  
P i n u s  a l k a l o i d s ;  s u c h  a s  p i n i d i n e ,  H e m l o c k  a l k a l o i d s ;  s u c h  
a s  c o n i i n e ,  n i g r a f a c t i n e  f r o m  s e v e r a l  Streptomyces s t r a i n e ,  
c a r p a i n e ,  c a s s i n e  a n d  r e l a t e d  c o m p o u n d s , a n d  f i r e  a n t  ve no m  
( 6 4 )  .

C o n i i n e ( 9 5 ^  a n d  r e l a t e d  c o m p o u n d ;  s u c h  a s  V-  
c o n i c e i n e  ( 9 6 )  w e r e  f o u n d  t h a t  a l l  c a r b o n  a t o m s  d e r i v e d  
f r o m  a c e t a t e ,  a n d  L y s i n e  a r e  n o t  t h e i r  p r e c u r s o r  < 7 4 ) .  
O c t a n o i c  a c i d  ( 9 7 )  i s  a l s o  a  s p e c i f i c  p r e c u r s o r  b y  
i n c o r p o r a t i o n  e x p e r i m e n t s  ( 7 5 )  w i t h  5 -  k e t o  -  C6 - 1ACD 
o c t a n o i c  a c i d  a n d  t h e  c o r r e s p o n d i n g  C 6 - lJlC3 a l d e h y d e  
( s c h e m e  2 ) .

S c h e m e  2 .  B i o s y n t h e s i s  o f  C o n i i n e

P i n i d i n e ( 9 8 ) ,  t h e  b i o s y n t h e t i c  p a t h w a y  s i m i l a r  t o  
t h e  h e m l o c k  a l k a l o i d  c o n i i n e ,  i s  d e r i v e d  f r o m  a l i n e a r  
c o m b i n a t i o n  o f  f i v e  a c e t a t e  u n i t s  ( s c h e m e  3)  ( 7 5 ) .
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5CH}C00H

S c h e m e  3 .  B i o s y n t h e s i s  o f  P i n i d i n e

N . B .  M u l c h a n d a n i  a n d  S . A .  H a s s a r a j a n i  
p o s t u l a t e d  b i o g e n e s i s  o f  c a s s i n e ,  c a s s i n i c i n e  
a n t h r a q u i n o n e s  c o u l d  b e  d e r i v e d  f r o m  a c e t a t e  u n i t  
( s c h e m e  4 )  ( 1 5 ) .

C ASS I NE

o r

C a s s i n e

< 1 5 )  
a n d  

o n l y .

S c h e m e  4 . B i o g e n e s i s  o f  C a s s i n e
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S y n t h e s i s  o f  P i p e r i d i n e  A l k a l o i d s .
A l a r g e  n u m b e r  o f  p i p e r i d i n e  a l k a l o i d s  w e r e  

r e p o r t e d  t o  b e  s y n t h e s i z e d  f o r  e x a m p l e  c a s s i n e  ( 7 6 ) ,  
c a r p a i n e  ( 7 7 ) ,  p i n i d i n e  ( 7 8 ) ,  p s e u d o c o n h y d r i n e  ( 7 9 ) ,  
s o l e n o p s i n  A ( 8 0 ) ,  a n h y d r o n u p h a r a m i n e  ( 8 1 ) ,  h i s t r i o n i c o -  
t o x i n ( 8 2 ) ,  p e r h y d r o h i s t r i n i c o t o x i n  ( 8 3 ) ,  ( - ) - d e o x o p r o s o -  
p i n i n e  a n d  ( - )  -  d e o x o p r o s o p h y 1 1 i n e  ( 8 4 ) ,  p i p e r i n e  a n d  
i s o c h a v i c i n e ( 8 5 ) , a n d  e t c .

A ne w a p p o a r c h  o f  s y n t h e s i s  o f  p i p e r i d i n e  
a l k a l o i d s  i s  d e a l  w i t h  t h e  a s y m m e t r i c  s y n t h e s i s  ( 8 6 ) .  
A g e n e r a l  m e t h o d  f o r  t h e  s t e r o s e l e c t i v e  s y n t h e s i s  o f  cis- 
a n d  trans- 2 , 6 -  d i a l k y l  p i p e r i d i n e  a l k a l o i d  h a s  b e e n  
d e s c r i b e d  ( 8 7 ) .

D i s t r i b u t i o n  o f  P i p e r i d i n e  A l k a l o i d s  i n  N a t u r e
S o u r c e s .

P i p e r i d i n e  a l k a l o i d s  a r e  w i d e l y  d i s t r i b u t e d  i n  
h i g h e r  p l a n t s ,  f r e q u e n t l y  f o u n d  i n  Piper s p p . ( P i p e r a c e a e )  
( 4 2 ,  8 8 - 9 1 )  m o s t  o f  w h i c h  a r e  c o n j u g a t e d  p i p e r i d i d e  
d e r i v a t i v e s ,  p i p e r i n e  i s  t h e  b a s i c  c o n s t i t u e n t  i n  t h i s  
s p e c i e s ;  .Nicotians s p p .  ( S o l a n a c e a e )  ( 4 2 ) ;  Lobelia s p p .
( L o b e l i a c e a e ) ( 4 2 ,  9 2 - 9 9 ) ;  Conium s p p .  ( e s p e c i a l l yConium maculatum, ( U m b e l l i f e r a e )  ( 6 4 )  a n d  Sedum s p p .
( C r a s s u l a c e a e )  ( 4 1 , 5 0 ) .  T h e y  a r e  a l s o  o c c u r  t h r o u g h o u t  Achillea s p p .  ( Compos  i t a e ) ( 4 2 , 1 0 0 , 1 0 1 ) ;  Anabasis aphylla 
( C h e n o p o d i a c e a e ) ( 4 2 ) ;  Bochmeria s p p . ( U r t i c a c e a e ) ( 1 0 2 , 1 0 3 ) ,  Carica s p p .  ( C a r i c a c e a e ) ( 4 1 , 4 4 ) ;  Lytrum anceps( L y t h r a c e a e ) 
( 5 4 ) ;  Nuphar japonicum( N y m p h a e a c e a e ) ( 1 0 4 , 1 0 5 )  ; a n d  Pinus 
s p p .  ( p i n a c e a e ) ( 6 4 )  .
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Many s p e c i e s  o f  L e g u m i n o s a e  w e r e  r e p o r t e d  t o  
c o n t a i n  p i p e r i d i n e  a l k a l o i d s  a s  f o l l o w i n g .

S u b f a m i l y  C a e s a l p i n o i d e a e  ะ -  Cassia s p p .  ( 3 9 ) ,  Baikiae plurijuga ( 1 0 6 )  a n d  Ceratonia siliqua ( 1 0 6 ) .

S u b f a m i l y  M i m o s i o i d e a e  ะ -  Acacia s p p . ( 4 2 , 1 0 7 ) ,  Albizzia lophanta ( 4 2 ) ,  Galliandra haematocephala ( 1 0 8 ) ,  Leucaena glauca ( 1 0 9 ) ,  Lysiloma bahamensis ( 1 0 7 )  a n d  Prosopis s p p .  ( 3 9 , 1 1 0 , 1 1 1 ) .

S u b f a m i l y  P a p i l i o n o i d a e  ะ -  Adenocarpus s p p .  ( 4 2 ,  
1 1 2 - 1 1 6 ) ,  Ammodendron conollyi ( 1 1 7 ) ,  Coelidium fourcadei 
( 9 0 ) ,  Cytisus s p p . ( 4 1 ) ,  Gernista o r  Rétama s p p . ( 4 1 ,  9 4 ,  
1 1 8 ) ,  Laburnum vulgare ( 1 1 9 ) ,  Lathyrus s p p . ( 1 1 9 ) ,  Lupinus formosus ( 5 3 ) ,  Medicago sativa ( 1 2 0 ) ,  Phaseolus vulgaris 
( 1 2 1 ) ,  Pongawia glabra ( 5 7 ) ,  Trifolium pratense a n dT. repens ( 1 1 9 ) .

P i p e c o l i c  a c i d  a n d  i t s  d e r i v a t i v e s  a r e
d i s t r i b u t e d  a mo n g  t h e  f a m i l y  ะ -  A l l i a c e a e  ( 1 1 9 ) ,  
L e g u m i n o s a e  ( 4 2 , 1 0 6 , 1 1 9 ) ,  M o r a c e a e  ( 1 2 2 ) ,  P a l m a e  ( 1 0 9 ) ,  
p l u m b a g i n a c e a e  ( 1 2 3 ) ,  s t r e l i l z i a c e a e  ( 4 2 ) ,  V i o l a c e a e  ( 4 2 ,  
1 2 4 )  a n d  Z y g o p h y 1 l a c e a e  ( 1 2 5 ) .

T h e  o t h e r  f a m i l i e s  t h a t  c o n t a i n i n g  s o m e  p i p e r i d i n e  
a l k a l o i d s  a r e  f a m i l y  A i z o a c e a e  ( 4 1 , 4 2 ) ,  A n n o n a c e a e  ( 4 1 ) ,  
A p o c y n a c e a e  ( 4 1 , 1 2 6 ) ,  C a m p a n u l a c e a e  ( 6 1 ) ,  C h e n o p o d i a c e a e  
( 4 1 ,  4 2 ,  1 2 7 - 1 2 9 ) ,  C o m p o s i t a e  ( 5 8 ,  5 9 ) ,  E r i c a c e a e  ( 4 1 ) ,
E u p h o r b i a c e a e  ( 4 1 ,  1 2 9 - 1 3 3 ) ,  H i m a n t a d r a c e a e  ( 1 3 1 , 1 3 4 ; ,
L a u r a c e a e  ( 1 3 5 ) ,  R h a m n a c e a e  ( 4 0 ) ,  R u b i a c e a e  ( 5 2 ) ,  S a l v a d o -  
r a c e a e  ( 4 1 ) ,  S a x i f r a g a c e a e  ( 1 3 6 ) ,  S o l a n a c e a e  ( 1 3 5 )  and  
Z y g o p h y l l a c e a e  ( 1 3 7 ) .
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New p i p e r i d i n e  a l k a l o i d s  a r e  r e c e n t l y  r e p o r t e d  i nAmoora rohituka, Tecoma jstans ( 4 4 ) ,  Achillea s p p .  ( 1 3 8 ) ,  Excoecaria agallocha ( 1 3 9 ) ,  Rhazya stricta ( 1 4 0 )  a n dAndrachne aspera ( 1 4 1 ) .

P i p e r i d i n e  a l k a l o i d s  a r e  a l s o  d i s t r i b u t e d  i n  
a n i m a l s ;  f i r e  a n t s  (Solenopsis s p p . ) ( 4 6 , 4 7 )  a n d  p o i s o n o u s  
C o l u m b i a n  f r o g s  (Dendrobates s p p . ) ( 6 7 , 6 8 ) .  M o r e o v e r ,  i n  
b a c t e r i a ,  Pseudomonas s p p .  ( 3 9 )  a n d  Streptomyces s p p . ( 6 4 )  
w e r e  r e p o r t e d  t h e  p r e s e n c e s  o f  p i p e r i d i n e  a l k a l o i d s .
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