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P e r  Mj / l g a a r d  B o l l

I t  wa s  o b s e r v e d  by  L u c a s  and  a s s o c i a t e s  (1)  t h a t  an a q u e ­

o u s  e x t r a c t  o f  t h e  p l a n t  S o l a n u m  p se udoc  ap s icum L.  p o s s e s s e d  

a n t i b a c t e r i a l  p r o p e r t i e s .  The p u r p o s e  o f  t h i s  s t u d y  wa s  t o  

i s o l a t e  and  c h e m i c a l l y  i d e n t i f y  t h e  a n t i b a c t e r i a l  s u b s t a n c e ( s ).

A s u b s t a n c e  a c t i v e  a g a i n s t  M y c o b a c t e r  Lum t u b e r c u l o s i s  was  

f o u n d  a s s o c i a t e d  w i t h  t h e  a l k a l o i d  f r a c t i o n  o f  t h e  p l a n t  and 

i d e n t i f i e d  a s  t h e  s t e r o i d a l  a l k a l o i d  so 1a n c a p s i n e . The m e t h o d  

w i t h  m o d i f i c a t i o n s  f o r  i s o l a t i o n  wa s  t h a t  u s e d  by  S c h l i t t l e r  

and  U e h l i n g e r  ( 2 ) .  The a n t i t u b e r c u 1a r  a c t i v i t y  o f  p u r e  s o l a n -  

o c a p s i n e  was  3 i f / m l ,  c u l t u r e  b r o t h .  The mi n i mum l e t h a l  d o s e

f o r  m i c e  i n j e c t e d  p e r i t o n e a l l y  was  5 0 - 1 0 0  m g . / k g .  o f  b o d y

w e i g h t  f o r  so 1a n o c a p s i n e  and  200 mg.  f o r  i t s  h y d r o c h l o r i d e .  

S u b c u t a n e o u s l y ,  t h e  l e t h a l  d o s e  was  300 m g . / k g .  o f  b o d y  w e i g h t  

f o r  b o t h  t h e s e  c o mp o u n d s .

In  a d d i t i o n  t o  s o i a n c a p s i n e  a c o l o r e d  p r i n c i p l e  i n h i b i t i n g  

g r o w t h  o f  D i p l o c o c c u s  p n e u m o n i a e  was  f o u n d  p r e s e n t .  No f u r t h e r  

w o r k  on  t h e  p u r i f i c a t i o n  o f  t h i s  s u b s t a n c e  was  u n d e r t a k e n .  

A t t e m p t s  w i t h o u t  much s u c c e s s  w e r e  made t o  i s o l a t e  and p u r i f y  

so 1a n o c a p s i n e  f r o m  t h e  c o l o r e d  i m p u r i t i e s  by  c o l u m n  c h r o m a t o ­

g r a p h y  u s i n g  a l u m i n a ,  a c i d  a l u m i n a ,  and Dowex 5 0 .

A l k a l o i d  d e t e r m i n a t i o n s  on p l a n t s  grown o v e r  a t h r e e  y e a r  

p e r i o d  showed t h a t  t h e  a l k a l o i d  c o n t e n t  v a r i e d  f r o m  0 . 8 3  t o

2 .  2l+ p e r  c e n t  ( b a s e d  on d r y  w e i g h t )  i n  r o o t s  and  f r o m  1 . 5 3  t o

2 . 1 5  Pe r  c e n t  in l e a v e s  p l u s  s t e m s .

So 1 a n o c a p  s i ne  i s  t h e  o n l y  a l k a l o i d  f r o m  t h e  p l a n t  g e n u s  

S o l a n u m  w h i c h  h a s  n o t  b e e n  i s o l a t e d  a s  a g l y c o s i d e .  T h e r e f o r e ,
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t h e  p o s s i b i l i t y  o f  an  e x t r a o r d  i n a r y  l a b i l e  g l y c o s i d i c  bond 

b e i n g  a c t e d  upon  e n z y m a t i c a l l y  o r  d u r i n g  i s o l a t i o n  was  c a r e ­

f u l l y  e x a m i n e d .  Enzyme i n a c t i v a t i o n  by  p l a c i n g  t h e  p l a n t s  

i n  a b s o l u t e  e t h a n o l  o r  i n  b o i l i n g  w a t e r  and u s i n g  we a k  a c i d s  

i n  t h e  i s o l a t i o n  p r o c e d u r e  d i d  n o t  y i e l d  a g l y c o s i d e .  I t  i s  

r e g a r d e d  t h a t  so 1a n o c a p s i n e  i s  p r e s e n t  in t h e  p l a n t  a s  a f r e e  

a l k a l o i d .

I t  h a s  b e e n  r e p o r t e d  t h a t  t h e  p l a n t  i n  a d d i t i o n  t o  s o l a n -  

o c a p s i n e  c o n t a i n s  an a mo r p h o u s  a l k a l o i d  so 1a n o c a p s i d i n e  ( 3 ) ,  

t h e  a l k a l o i d a l  g l y c o s i d e  s o l a n i n e  and i t s  a g l y c o n e  s o l a n i d i n e .  

P a p e r  c h r o m a t o g r a p h y  i n  d i f f e r e n t  s o l v e n t s  r e v e a l e d  o n l y  one  

s p o t  c o r r e s p o n d i n g  t o  t h e  a l k a l o i d  so 1a n o c a p s i n e . S o l a n o c a p -  

s i d i n e ,  a s  d e s c r i b e d  by  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 3 )  was  

f o u n d  t o  be a c r u d e  a m o r p h o u s  a l k a l o i d  p r e p a r a t i o n ,  w h i c h  

c o u l d  be  c r y s t a l l i z e d  t o  so 1a n o c a p s i n e .

S o l a n i n e  and  s o l a n i d i n e  f r o m  S o l a n u m t u b e r o s u m  and a 

c r u d e  a l k a l o i d  p r e p a r a t i o n  f r o m  S o l a n u m c a r o l i n e n s e  we r e  i s o ­

l a t e d .  Of  t h e s e ,  o n l y  s o l a n i n e  showed weak  a n t  i t u b e r c u l a r  

a c t i v i t y .  T o m a t i n e  f r o m  L y c o p e r  s i c o n  e s c u l e n t u m  was  l i k e w i s e  

f o u n d  i n a c t i v e .

Some c h e m i c a l  s t r u c t u r a l  s t u d i e s  on so 1a n o c a p s i n e  was  

u n d e r t a k e n .  Two d e r i v a t i v e s  p r e v i o u s l y  t h o u g h t  b o t h  t o  be 

N , N ' - d i a c e t y l s o l a n o c a p s i n e  was  f o u n d  mor e  i d e n t i f i a b l e  a s  

0 , N - d i a c e t y l s o  1a n o c a p s i n e  and  0 , N , N t - t r  i a c e t y l s o l a n o c a p s  i n e . 

The p i p e r i d i n e  r i n g  o f  t h e  s o l a s o d a n  n u c l e u s  was  o p e n e d  by 

h y d r o g e n o l y s i s .
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S c h l i t t l e r  and U e h l i n g e r  ( 2 )  p r o p o s e d  a s o l a s o d a n  s t r u c ­

t u r e  f o r  so 1a n o c a p s i n e  and l e f t  t h e  p r i m a r y  ami no  and  h y d r o x y l  

g r o u p s  u n a s s i g n e d .  From t h e  p r e s e n t  w o r k  t h e  a mi no  g r o u p  wa s  

c o n c l u d e d  t o  be i n  t h e  3 p o s i t i o n  and t h e  h y d r o x y l  g r o u p  p r o ­

v i s i o n a l l y  a s s i g n e d  t o  t h e  8 p o s i t i o n .  The  t e n t a t i v e  s t r u c t u r e  

p r o p o s e d  f o r  s o l  a n o c a p  s i ne  i s  3o<_-am i no  so 1 a s o d a n - 8 - o  1 mono-  

h y d r a t e  .

1.  F r i s b e y ,  A . ,  R o b e r t s ,  J .  M. , J e n n i n g s ,  J .  C . ,  G o t t s h a l l ,  
R.  Y . ,  and L u c a s ,  E .  H „, Q u a r t .  B u l l .  Mi c h .  A g r . Exp .  S t a . ,
Mi c h .  S t a t e  C o l l . ,  V o l .  35 ,  3_, 3 9 2 —ipOIp ( 1 9 5 3 ) .

2 .  S c h l i t t l e r ,  E . ,  and U e h l i n g e r ,  H . ,  H e l v .  Chi m.  A c t a ,
35,  2031^-20104- ( 1 9 5 2 ) .

3 .  B a r q e r , G . ,  and F r a e n k e 1- C o n r a t , H. L . ,  J .  Chem.  S o c . 
1936 ,  1 5 3 7 - 1 5 0 2 .



TABLE OF CONTENTS

P a g e

I . INTRODUCT I O N .....................................................................................................  I

I I .  H I S T O R I C A L .......................................................................................................... 2

A.  H i s t o r y  o f  A n t i b a c t e r i a l  A g e n t s  f r o m  H i g h e r
P 1 a n t  s .........................................................................................................  2
1.  D e f i n i t i o n  o f  A n t i b i o t i c  A g e n t s  ..................................  2
2 .  E a r l y  D e v e l o p m e n t s  ....................................................................  3
3 .  Mode r n  D e v e l o p m e n t s  ...............................................................  5
1+. P l a n t s  P o s s e s s i n g  A n t i b a c t e r i a l  A c t i v i t y  . . .  7

B.  C h e m i s t r y  and P h a r m a c o l o g y  o f  S o l a n u m
p s e u d o c a p  s i cum L ....................................................................................  10

C.  C h e m i c a l  S t u d i e s  on So I a n o c a p s i n e .....................................  12

I I I .  EXPER I MENTAL....................................................................................................  16

A.  A p p a r a t u s  .    16

B.  R e a g e n t s ,  M a t e r i a l s ,  and A n a l y t i c a l  M e t h o d s  . . .  18

C.  E x p e r i m e n t a l  P r o c e d u r e s  .............................................................. 25

ISOLATION W O R K .......................................................................  25

1.  P r e l i m i n a r y  E x p e r i m e n t s  ..................................................... 25
a .  E x t r a c t i o n  a g e n t s  ...............................................................  25
b .  P o s s i b i l i t y  o f  an a n t i b a c t e r i a l  a l k a l o i d  , 26
c .  F r a c t i o n a t i o n  u s i n g  i o n - e x c h a n g e  ..................... 27
d.  E x t r a c t i o n  o f  b a s i c  p r i n c i p l e s  .........................  30

2 .  I s o l a t i o n  and  P u r i f i c a t i o n  o f  So 1a n o c a p s i n e  . 31
a .  A n t i b a c t e r i a l  a c t i v i t y  i n  e x t r a c t s  o f

r o o t s  and l e a v e s .................................................................  31
b .  I s o l a t i o n  o f  c r u d e  a l k a l o i d  f r o m  r o o t s  . . 32
c .  I s o l a t i o n  o f  c r u d e  so 1a n o c a p s i n e  f r o m

l e a v e s   ..................................................................... 35
d .  The c o m p l e t e n e s s  o f  a l k a l o i d  e x t r a c t i o n  . . 37
e .  P u r i f i c a t i o n  o f  so 1a n o c a p s i n e ...................  38
f .  Co l umn c h r o m a t o g r a p h y  on a l u m i n a ,  Dowex

50  and ac  id a l u m i n a   ..........................  1+0
g .  A l k a l o i d  c o n t e n t  i n  t h e  p l a n t ................................  1+9
h .  D e r i v a t i v e s  o f  r o o t  and  l e a f  a l k a l o i d  . . . 52

iv



V

Page

3 .  A n t i b a c t e r i a l  S p e c t r u m  o f  So 1a n o c a p s i n e  . . .  53
1|_. Tox ic i t y , S t  ud i e  s on So 1 a n o c a p  s i n e .........................  5k-
5 .  A t t e m p t s  t o  I s o l a t e  an  A l k a l o i d a l  G l y c o s i d e  . 55

a .  P o s s i b i l i t y  o f  a g l y c o s i d e .....................................  5 6
b .  P a p e r  c h r o m a t o g r a p h y  ..................................................... 56
c .  I s o l a t i o n  a t t e m p t s  ..........................................................  59

6 .  P r i n c i p l e  w i t h  A n t i b a c t e r i a i  A c t i v i t y  a g a i n s t
D. p ne  umon i a e ..............................................................................  62

7 .  An t  i t u b e r c u l a r  A c t i v i t y  o f  O t h e r  S o l a n u m  
A l k a l o i d s .............................................................. ] [ ] . . . 65
a . Tomat  i n e ....................................................................................  65
b .  S o l a n i n e  and s o l a n i d i n e ...............................   65
c .  C r u d e  a l k a l o i d  p r e p a r a t i o n  f r o m  S_.

c a r o l i n e n s e  . . . . . .    67

CHEMICAL STUDIES ON SOLANOCAPSINE ................................ 69

8 .  P h y s i c a l  C o n s t a n t s ....................................    69
a .  So 1 a noc  ap s i n e ...................................................................  69
b .  So 1a n o c a p s i n e  d i h y d r o c h l o r i d e .........................  73

9 .  R e a c t i o n  w i t h  N i t r o u s  A c i d ..........................................  75
a .  N i t r o s o  so 1a n o c a p s i n e ...................................................  75
b .  D i g i t o n i d e  o f  n i t r o s o  so 1a n o c a p s i n e  . . . .  78
c .  D i h y d r  o so 1anoc  ap s i n e ...................................................  78
d .  ffN i t r o  sod i h y d r o  so 1 a n o c a p  s i n e t f .......................... 79

10.  A c e t y l a t i o n  S t u d i e s ..................................................................... 8 l
a .  0 ?N - d i a c e t y l s o  1a n o c a p s i n e ..........................................  8 l
b .  0 , N ?Nf - t r i a c e t y l s o  1a n o c a p s i n e ..........................  85

11.  M i s c e l l a n e o u s  D e r i v a t i v e s  ...............................................  87
a .  Tr  ime t h y l  so 1 a noc  ap s i n e ..............................................  87
b .  So 1a n o c a p s i n e  p i c r a t e ..............................................  88
c .  So 1a n o c a p s i n e  o x a l a t e  . . . .   88
d .  I s o p r o p y l  i d e n e s o  1a n o c a p s i n e ...............................  88
e .  A t t e m p t e d  t o s y l a t i o n  ...................................................  91
f .  A t t e m p t e d  d e h y d r a t i o n  ..............................................  92

12.  O x i d a t i o n  S t u d i e s ...............................     92
a .  O p p e n a u e r  o x i d a t i o n  o f  n i t r o s o  so 1a n o ­

c a p  s i n e   ...............................................................  93
b .  C h r o m i c  a c i d  o x i d a t i o n  o f  t r  i a c e t y s o l a n o -  

c a p s i n e   ...............................................................  93
13.  C o l o r  R e a c t i o n s .......................................................................... 98

IV.  DISCUSSION AND CONCLUSIONS ..........................................................  99

V.  SUMMARY........................................................................................    n 7

B I B L I O G R A P H Y .............................................................................................................. 120

APPENDIX I ..............................................................................................................  129

APPENDIX I I ...................................................................................................................  131



P a g e

26

29

31

32

35

k o

6-3

1+8

5 i

52

53

58

61

62

66-

LIST OF TABLES

R e s u l t s  o f  V a r i o u s  E x t r a c t i o n  S o l v e n t s  w i t h  R o o t s  
o f  S . p s e u d o c a p s i c u m  ..........................................................................

A n t i b a c t e r i a l  A c t i v i t y  o f  F r a c t i o n s  O b t a i n e d  b y  
I o n - E x c h a n g e  ...............................................................................................

A n t i b a c t e r i a l  A c t i v i t y  o f  F r a c t i o n s  O b t a i n e d  f r o m  
R o o t  E t h a n o l i c  E x t r a c t  ....................................................................

A n t i b a c t e r i a l  A c t i v i t y  i n  E x t r a c t s  f r o m  R o o t s  and 
L e a v e s  . ..... ....................................................................................................

A n t i b a c t e r i a l  A c t i v i t y  D u r i n g  R o o t  A l k a l o i d
E x t r  a c t  i o n ....................................................................................................

A n t i b a c t e r i a l  A c t i v i t y  D u r i n g  So 1a n o c a p s i n e
P u r  i f  i c a t  i on  .........................................................................  . . .

D a t a  f o r  E l u t i o n  C h r o m a t o g r a p h y  o f  E x t r a c t  f r o m  
R o o t s  o f  S_. p s e u d o c a p  s i cum on A 1 urn i n a ..........................

D a t a  f o r  E l u t i o n  C h r o m a t o g r a p h y  o f  C r u d e  S o l a n o -  
c a p s i n e  f r o m  R o o t s  on A c i d  A l u m i n a  .....................................

A l k a l o i d  C o n t e n t  i n  _S. p s e u d o c a p s i c u m  on Dr y  
We i g h t  B a s i s ...............................................................................................

C h e m i c a l  C o n s t a n t s  o f  R o o t  and L e a f  A l k a l o i d  . . .

A c t i v i t y  o f  C r u d e  So 1a n o c a p s i n e  A g a i n s t  V a r i o u s  
M i c r o o r g a n i s m s  .........................................................................................

R ^ - V a i u e s  f o r  So 1a n o c a p s i n e , Cr ude  L e a f  A l k a l o i d ,  
and  C r u d e  R o o t  A l k a l o i d  ...............................................................

D a t a  C o n c e r n i n g  A t t e m p t e d  I s o l a t i o n  o f  A l k a l o i d  
G l y c o s i d e  ....................................................................................................

R ^ - V a l u e s  o f  Compounds  I s o l a t e d  by  a S t a n d a r d  
P r o c e d u r e  f o r  A l k a l o i d a l  G l y c o s i d e s  ................................

A n t i b a c t e r i a l  A c t i v i t y  o f  F r a c t i o n s  D u r i n g  I s o l a ­
t i o n  o f  P r i n c i p l e  A c t i v e  A g a i n s t  D. p n e u m o n i a e  . .

v i



v i i

T a b l e  Pa ge

XVI.  A n t i b a c t e r i a l  A c t i v i t y  o f  D i f f e r e n t  S o l a n u m
A l k a l o  i d s .........................................................................................................  68

XVI I .  F r a c t i o n a t i o n  o f  D i a c e t y 1 so 1a n o c a p s i n e  b y  Col umn
C h r o m a t o g r a p h y  on A l u m i n a  .............................................................  82

X V I I I .  F r a c t i o n a t i o n  o f  T r i a c e t y l s o  1a n o c a p s i n e  b y  Col umn
C h r o m a t o g r a p h y  on A l u m i n a ........................    8 6



LIST OF FIGURES

F i g u r e  Page

1.  Scheme o f  I o n - E x c h a n g e  F r a c t i o n a t i o n  o f  R o o t
E x t r a c t ..............................................................................................................  27

2 .  Scheme o f  I s o l a t i o n  o f  A l k a l o i d  f r o m  R o o t s  . . . .  33

3.  D a t a  f o r  E l u t i o n  C h r o m a t o g r a p h y  o f  E x t r a c t  f r o m
R o o t s  o f  S_. p s e u d o c a p s  i c  um on A l u m i n a ..............................  6.i|

1|. C o l o r  I n t e n s i t i e s  and  Amoun t s  o f  Dr y  M a t e r i a l  in 
F r a c t i o n s  O b t a i n e d  by  E l u t i o n  C h r o m a t o g r a p h y  on 
Dowex 5 0 .........................................................................................................  6-6

5 .  I n f r a r e d  S p e c t r u m  o f  So 1a n o c a p s i n e ..............................  71

6.  T i t r a t i o n  C u r v e  o f  So 1a n o c a p s i n e ...................................  72

7 .  I n f r a r e d  S p e c t r u m  o f  So 1a n o c a p s i n e  D i h y d r o -
c h  1 o r  i d e ........................................................................................................   76-

8 .  I n f r a r e d  S p e c t r u m  o f  N i t r o s o s o l a n o c a p s i n e .....................  76

9 .  U l t r a v i o l e t  S p e c t r a  o f  N i t r o s o s o l a n o c a p s i n e  and
"N i t r o  sod i h y d r  o so 1 a n o c  ap s ine  , f ....................................................  77

10.  I n f r a r e d  S p e c t r u m  o f  " N i t r o s o d i h y d r o s o  1a n o c a p -
s i n e f f ...................................................................................................................  80

11.  I n f r a r e d  S p e c t r u m  o f  0 , N - D i a c e t y l s o  1a n o c a p s i n e  . . 83

12.  I n f r a r e d  S p e c t r u m  o f  0 , N , N - T r i a c e t y 1 so 1a n o c a p -
3 i n e ...................................................................................................................  81|

13.  I n f r a r e d  S p e c t r u m  o f  T r i m e t h y l s o  1a n o c a p s i n e  . . . .  8 9

16-. I n f r a r e d  S p e c t r u m  o f  Tr  ime t h y l  so 1 a noc  ap s i ne
H y d r o c h l o r i d e  ..............................................................................................  90

15.  I n f r a r e d  S p e c t r u m  o f  D e r i v a t i v e  O b t a i n e d  f r o m
O p p e n a u e r  O x i d a t i o n  o f  N i t  r o  so so 1 a n o c a p  s i ne  . . . .  96-

16.  U l t r a v i o l e t  S p e c t r u m  o f  O x i d a t i o n  P r o d u c t  o f
T r i a c e t y l s o  1a n o c a p s i n e ....................................................................  96

17.  R e a c t i o n  o f  So 1a n o c a p s i n e  and D i h y d r o s o  1a n o c a p s i n e
w i t h  N i t r o u s  A c i d ....................................................................................  97

v i i i



I . INTRODUCTION

The d i s c o v e r y  and  d e v e l o p m e n t  o f  a n t i b i o t i c  a g e n t s ,  

t y p i f i e d  b y  p e n i c i l l i n  ( 3 0 , 3 1 ) ,  h a s  e c l i p s e d  a l l  p r e v i o u s  

d i s c o v e r i e s  and  i n v e n t i o n s  f o r  t h e  s a f e ,  e f f e c t i v e  and  r a p i d  

t r e a t m e n t  o f  d i s e a s e s  c a u s e d  b y  m i c r o o r g a n i s m s .  Mo s t  a n t i ­

b i o t i c  w o r k  s i n c e  t h e  i s o l a t i o n  o f  p e n i c i l l i n  h a s  h a d  a s  i t s  

o b j e c t i v e  t h e  d i s c o v e r y  and i s o l a t i o n  o f  some o f  t h e  h u n d r e d s  

o f  n a t u r a l l y  o c c u r r i n g  a n t i b a c t e r i a l  c o mp o u n d s .

T h i s  s e a r c h  h a s  n o t  b e e n  r e s t r i c t e d  t o  m i c r o o r g a n i s m s .  

S e v e r a l  s u r v e y s  o f  t h e  a n t i b a c t e r i a l  a c t i v i t y  shown by  e x ­

t r a c t s  f r o m  l a r g e  n u m b e r s  o f  h i g h e r  p l a n t s  h a v e  b e e n  p u b l i s h e d .  

L u c a s  and  a s s o c i a t e s  ( 32,  3 3 ,  3L|., 35,  Ij-0, lj.1, 5 4 ^ 5 5 ,  ) h a v e  c o n ­

d u c t e d  a nd  r e p o r t e d  on  an  e x t e n s i v e  s c r e e n i n g  p r o g r a m  w i t h  

t h e  p u r p o s e  o f  f i n d i n g  s e e d  p l a n t s  p o s s e s s i n g  a n t i b a c t e r i a l  

a c t i v i t y ,  e s p e c i a l l y  a g a i n s t  M y c o b a c t e r  Turn t u b e r c u l o s  i s .

Th e y  f o u n d  t h a t  a c o n s i d e r a b l e  number  o f  p l a n t s  showed s u c h  

a n t i b a c t e r i a l  a c t i v i t y .  Of  t h e s e ,  S o l a n u m  p s e u d o c a p s  i cum L.  

a p p e a r e d  q u i t e  p r o m i s i n g  ( 3 2 ) .  On t h e  b a s i s  o f  t h e s e  f i n d i n g s  

t h i s  i n v e s t i g a t  i o n  was  u n d e r t a k e n  w i t h  t h e  p u r p o s e  o f  i s o l a t i n g  

and c h e m i c a l l y  i d e n t i f y i n g  t h e  m a i n  a n t i b a c t e r i a l  p r i n c i p l e  o r  

p r i n c i p l e s  i n  t h e  p l a n t .

1



I I .  HISTORICAL

A . H i s t o r y  o f  A n t i b a c t e r i a l  A g e n t s  f r o m  H i g h e r  P l a n t s

1.  D e f i n i t i o n  o f  A n t i b i o t i c  and A n t i b i o t i c  A g e n t s  

A n t i b i o t i c  a g e n t s  a r e ,  i n  t h e  t r u e s t  s e n s e  o f  t h e  w o r d ,  

c h e m o t h e r a p e u t i c  a g e n t s .  The t e r m  i s  d e r i v e d  f r o m  t h e  wo r d  

a n t i b i o s i s  w h i c h  may be d e f i n e d  a s  t h e  a n t a g o n i s t i c  a s s o c i a ­

t i o n  b e t w e e n  o r g a n i s m s  t o  t h e  d e t r i m e n t  o f  one  o f  t h e m.  The 

c o n c e p t  i s  n o t  new,  s i n c e  P a s t e u r  i n  1877 ( 6 8 )  s u g g e s t e d  t h a t  

i n f e c t i o n s  m i g h t  be  c o m b a t e d  b y  m a k i n g  us e  o f  t h e  a n t a g o n i s m  

b e t w e e n  d i f f e r e n t  o r g a n i s m s .

I n  t h i s  s t u d y  t h e  t e r m  a n t  i b a c t e r  i a l  a g e n t  i s  a p p l i e d  t o  

a compound ( o r  p r i n c i p l e )  i n h i b i t i n g  t h e  g r o w t h  o f  b a c t e r i a ,  

w h e r e a s  t h e  t e r m  a n t i b i o t i c  a g e n t  i s  c o n n e c t e d  t o  g r o w t h  i n ­

h i b i t i o n  o f  b o t h  b a c t e r i a  and o t h e r  m i c r o o r g a n i s m s .

I t  s h o u l d  be  e m p h a s i z e d  a t  t h i s  p o i n t  t h a t  a s u b s t a n c e  

c a n  be  c l a s s e d  a s  an  a n t i b i o t i c  o r  a n t i b a c t e r i a l  a g e n t  e v e n  

t h o u g h  i t  i s  w i t h o u t  e f f e c t  i n  v i vo  o r  i s  t o o  t o x i c  t o  p e r m i t  

use  i n  t h e  a n i m a l  b o d y .  _In_ v i t r  o a c t i v i t y  a l o n e  i s  s u f f i c i e n t  

t o  i n d i c a t e  a n t i b i o t i c  a c t i v i t y .  Ho w e v e r ,  o n l y  i f  t h e  s u b ­

s t a n c e  i s  e f f e c t i v e  i n  t h e  p r e s e n c e  o f  b o d y  f l u i d s  a nd  i s  

s u f f i c i e n t l y  n o n - t o x i c  t o  t i s s u e  c e l l s  t o  p e r m i t  s a f e  a d m i n ­

i s t r a t i o n ,  ho p e  f o r  i t s  v a l u e  a s  a m e d i c i n a l  c a n  be e n t e r -  

t a  i n e d .
2
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2 .  E a r l y  D e v e l o p m e n t s

R e c o g n i t i o n  o f  t h e  m e d i c i n a l  v a l u e  o f  c e r t a i n  p l a n t s  

o c c u r r e d  v e r y  e a r l y  i n  t h e  h i s t o r y  o f  m a n k i n d .  One o f  t h e  

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

i n  t h e  a n c i e n t  C h i n e s e  l i t e r a t u r e  ( 65 ) *  P l a n t  d r u g s  w e r e  

d e s c r i b e d  i n  P e n - 1 s a o  ( t h e  G r e a t  H e r b a l )  w r i t t e n  b y  S h e n - n u n g ,  

who i s  s a i d  t o  h a v e  l i v e d  a b o u t  3000  B . C .  In  t h e  f o l l o w i n g  

c e n t u r i e s  a d d i t i o n a l  i n f o r m a t i o n  was  c o l l e c t e d  i n  C h i n a ,  and 

i n  1597 A. D.  L i  S h i h - c h e n  p u b l i s h e d  a 5 2 - v o l u m e  s e r i e s  on 

C h i n e s e  m e d i c i n a l s  w h i c h  i n c l u d e d  s e v e r a l  p l a n t s  u s e d  a g a i n s t  

s e p t  i c  wound s .

A n o t h e r  e a r l y  r e f e r e n c e  t o  p l a n t  d r u g s  f r o m  a p p r o x i m a t e l y  

t h e  s i x t e e n t h  c e n t u r y  i s  t h e  E b e r  s P a p y r  us  ( 2 6 ) ,  d i s c o v e r e d  

i n  a t omb a t  T h e b e s  i n  187 3 .  I t  d e s c r i b e s  more  t h a n  s e v e n  

h u n d r e d  h e r b a l  r e m e d i e s ,  i n c l u d i n g  many t h a t  a r e  f a m i l i a r  and 

s t i l l  u s e d  t o d a y .

In t h e  O l d  T e s t a m e n t  more  s t r e s s  was  l a i d  on t h e  i n t e r ­

v e n t i o n  o f  t h e  d e i t y  t h a n  on use  o f  d r u g s  in h e a l i n g  t h e  s i c k .  

Even  t h e  i n s t r u c t i o n s  o f  I s a i a h  ( 1 2 )  f o r  s a v i n g  t h e  l i f e  o f  

H e z e k i a h  h a v e  a somewhat  a r b i t r a r y  c h a r a c t e r :  "And I s a i a h

s a i d ,  Take  a lump  o f  f i g s .  And t h e y  t o o k  and  l a i d  i t  on t h e  

b o i l ,  and he  r e c o v e r e d . "

E g y p t i a n  m e d i c i n e  d e c a y e d  a l o n g  w i t h  t h e  k i n g d o m  o f  E g y p t  

i t s e l f ,  b u t  i n  G r e e c e ,  and l a t e r  i n  Rome,  a new s c h o o l  o f  

m e d i c a l  t h o u g h t  e v o l v e d ,  and m o d e r n  m e d i c i n e  i s  g e n e r a l l y  

c o n s i d e r e d  t o  d a t e  f r o m  t h e  t i m e  o f  H i p p o c r a t e s  (Lj.60-361 B . C . ) .
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T h e o p h r a s t u s  ( 3 0 7  t o  2 ^ 6  B . C .  ) i n  h i s  H i s t o r  i a P 1 a n t  a r  uin 

d e s c r i b e d  t h e  t h e r a p e u t i c  u s e s  o f  p l a n t s  and  G a l e n  ( 1 0 3  t o  

193 A . D . ) a d v o c a t e d  in h i s  w r i t i n g s  t h e  us e  o f  v e g e t a b l e  in 

p l a c e  o f  m i n e r a l  p r e p a r a t i o n s  i n  m e d i c i n e .  D i o s c o r  i d e s ,  a 

G r e e k  s u r g e o n  t o  t h e  a r my o f  N e r o ,  d e a l t  w i t h  m e d i c i n a l  p l a n t s  

in De u n i  v e r  s a me d i c i n a  ( 3 ) .  C e l s u s ,  who i s  b e l i e v e d  t o  h a v e  

l i v e d  d u r i n g  t h e  r e i g n  o f  T i b e r i u s ,  m e n t i o n e d  i n  De M e d i c i n a  

t h e  u s e  o f  a number  o f  p l a n t s  i n  p r o v i d i n g  r e m e d i e s  f o r  p u r u l ­

e n t  w o u n d s .

H i p p o c r a t e s  a n d  G a l e n  t o g e t h e r  d o m i n a t e d  E u r o p e a n  m e d i ­

c i n e  f o r  some f i f t e e n  c e n t u r i e s .  I n  t h e  a b s e n c e  o f  o r i g i n a l  

t h i n k e r s  and  e x p e r i m e n t e r s  t h e i r  t e a c h i n g  t u r n e d  i n t o  dogma 

and be ca me  d i s t o r t e d  and  m i s u n d e r s t o o d .  The h e a l t h  o f  t h e  

b o d y  was  t h o u g h t  b y  many  t o  d e p e n d  on a b a l a n c e  o f  t h e  " f o u r  

p r i n c i p l e s , ” i . e . ,  h e a t ,  c o l d ,  m o i s t u r e ,  and  d r y n e s s .  I n  t h e  

same p e r i o d  o r  u n t i l  1^00  A. D.  t h e  " d o c t r  i n e  o f  s i g n a t u r e s ” 

was  p r o p a g a t e d .  A c c o r d i n g  t o  t h i s  d o c t r i n e ,  m e d i c i n a l  p l a n t s  

we r e  s t a m p e d  w i t h  some o b v i o u s  s i g n  o f  t h e  use  f o r  w h i c h  t h e y  

we r e  i n t e n d e d .  T h u s ,  So 1omon* s S e a l  owes  i t s  name t o  t h e  f a c t  

t h a t  i f  i t s  r o o t  i s  c u t  a c r o s s ,  t h e  s e c t i o n  r e s e m b l e s  a s e a l .  

H e n c e ,  i t  was  s u p p o s e d  t h a t  p r e p a r a t i o n s  o f  t h e  p l a n t  wo u l d  

be v a l u a b l e  f o r  " s e a l i n g ” wo u n d s ,  and i t  wa s  w i d e l y  u s e d  f o r  

t h i s  p u r p o s e  ( 9 1 ) .  By t h e  s i x t e e n t h  c e n t u r y  t h e  a r t  o f  h e r b ­

a l i s m  h a d  become  f i r m l y  e s t a b l i s h e d .  The h e r b a l  r e m e d i e s  o f  

many p e o p l e  and  many c e n t u r i e s  w e r e  r e c o r d e d  i n  f a i r l y  r e a d i l y  

a c c e s s i b l e  f o r m .  P a r a c e l s u s  (11^93-15^1)  i n  h i s  e x t e n s i v e
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w r i t i n g s ,  b e g a n  t o  b r i d g e  t h e  gap b e t w e e n  m e d i c i n e  and  c h e m­

i s t r y  and  t h u s  f o u n d e d  i a t r o c h e m i s t r y . J o h n  G e r a r d e ,  an  E n g -  

1 i s h m a n ,  w r o t e  The He r b a l 1 o r  Gene r a i l H i s t o r i e  o f  P 1 a n t e  s 

i n 1 5 9 7 . I t  i s  a  c u r i o u s  b o o k ,  a m i x t u r e  o f  a c c u r a t e  d e s ­

c r i p t i o n  and  c o n t e m p o r a r y  f o l k l o r e .  Some i d e a  o f  t h e  n a t u r e

o f  i t s  c o n t e n t  may be g a t h e r e d  f r o m  t h e  f o l l o w i n g  q u o t a t i o n

( 3 7 )  :

D i o s c o r  i d e s  w r i t e t h  t h a t  t h e  y e l l o w e  W a l l f l o w e r  i s  mo s t  
u s e d  i n  p h i s i c k e ,  and mor e  t h a n  t h e  r e s t  o f  s t o c k e  g i l l o -  
f l o w e r s ,  w h e r e o f  t h i s  i s  h o l d e n  t o  be a k i n d e ,  w h i c h  h a t h  
moved me t o  p r e f e r  i t  u n t o  t h e  f i r s t  p l a c e .  He s a i t h ,  
t h a t  t h e  j u i c e  m i x e d  w i t h  some u n c t i o n s  o r  o i l i e  t h i n g ,  
and  b o i l e d  t o  t h e  f o r m o f  a l y n i m e n t ,  h e l p e t h  t h e  c h o p p e s  
o r  r i f t e s  o f  t h e  f u n d a me n t , .  The h e r b  b o i l e d  w i t h  w h i t e
w i n e ,  h o n i e ,  and a l i t t l e  a l l o m ,  d o t h  c u r e  h o t  u l c e r s ,
and c a n k e r s  o f  t h e  m o u t h .

A f t e r  t h e  s e v e n t e e n t h  c e n t u r y  b o t a n y  be came  mor e  s c i e n ­

t i f i c  and  t h e  h e r b a l  was  g r a d u a l l y  r e p l a c e d  by  t h e  f l o r a  and  

t h e  p h a r m a c o p o e i a .

3.  Mode r n  D e v e l o p m e n t s  i n  C h e m o t h e r a p y  

I n  1910 w i t h  P a u l  E h r l i c h ' s  s y n t h e s i s  o f  t h e  o r g a n i c  

a r s e n i c a l  S a l v a r s a n  u s e d  i n  t h e  t r e a t m e n t  o f  s y p h i l i s  ( 2 7 ) ,  

t h e  m o d e r n  e r a  o f  c h e m o t h e r a p e u t i c s  was  i n a u g u r a t e d .  P l a s -  

m o c h i n ,  t h e  s y n t h e t i c  a n t i m a l a r i a l , Domagk'  s P r o n t o s i l ,  and 

m o d e r n  s u l f a  d r u g s ,  s u c h  a s  s u l f a n i l a m i d e ,  s u l f a t h i a z o 1e , and 

s u l f a d i a z i n e  gave  hope  t h a t  one  d a y  i t  w o u l d  be p o s s i b l e  t o  

f i g h t  a n y  d i s e a s e  w i t h  a s y n t h e t i c  d r u g .  C o n s e q u e n t l y ,  t h e  

c o n s i d e r a t  i o n  o f  p l a n t s  a s  s u p p l i e r s  o f  m e d i c i n a l s  w e n t  mor e  

or  l e s s  i n t o  t h e  b a c k g r o u n d  and  A l e x a n d e r  F l e m i n g ' s  o b s e r v a t i o n
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i n  1929 ( 3 0 )  t h a t  t h e  m o l d  P e n  i c  i l l  ium n o t a t  urn c o u l d  i n h i b i t  

t h e  g r o w t h  o f  M i c r o c o c c u s  pyo  g e n e  s v a r . a u r e u s  a l m o s t  p a s s e d  

u n n o t i c e d .  A b o u t  t e n  y e a r s  l a t e r ,  F l o r e y  and C h a i n  a t  O x f o r d  

i n v e s t i g a t e d  t h e  same a n t i b i o t i c  a g e n t  and  s u c c e e d e d  i n  o b ­

t a i n i n g  c r u d e  p r e p a r a t i o n s  w h i c h  ha d  r e m a r k a b l y  h i g h  a c t i v i t y  

a g a i n s t  many  G r a m - p o s i t i v e  o r g a n i s m s  ( 3 1 ) .

C o n s e q u e n t l y ,  t h e  w o r k  o f  t h e  O x f o r d  g r o u p  r e - e s t a b l i s h e d  

t h e  i m p o r t a n c e  o f  p l a n t s  a s  s u p p l i e r s  o f  m e d i c i n a l s  and  a f t e r  

191+0 t h e  i s o l a t i o n  o f  a g r e a t  many a n t i b i o t i c  a g e n t s  was  a n ­

n o u n c e d .  Some o f  t h e s e ,  l i k e  s t r e p t o m y c i n ,  a u r s o m y c  i n  and 

t e r r a m y c i n ,  h a v e  showed g r e a t  p r o m i s e  and a r e  u s e d  t h e r a p e u ­

t i c a l l y  w h e r e a s  many o t h e r s  h a v e  n o t  a p p e a r e d  a s  p r o m i s i n g .

S i n c e  one  i s  p r o n e  t o  a s s o c i a t e  a n t i b i o t i c s  w i t h  m i c r o ­

o r g a n i s m s ,  i t  may be  s u r p r i s i n g  t o  f i n d  t h a t  a l a r g e  number  

o f  d i f f e r e n t  s p e c i e s  and  v a r i e t i e s  o f  h i g h e r  p l a n t s  h a v e  b e e n  

e x a m i n e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .  I t  may be  c o n c e d e d  t h a t  

t h e  r e s u l t s  o f  t h e  s e a r c h  f o r  a n t i b i o t i c s  i n  h i g h e r  p l a n t s  

h a v e  n o t  a s  y e t  me t  w i t h  t h e  d r a m a t i c  s u c c e s s  t h a t  h a s  a t ­

t e n d e d  t h e  r e s e a r c h e s  on m i c r o o r g a n i s m s .

I n s o f a r  a s  c a n  be  d e t e r m i n e d ,  no a n t i b i o t i c  i s o l a t e d  

f r o m  a s e e d  p l a n t  h a s  y e t  shown s u f f i c i e n t  p r o m i s e  t o  w a r r a n t  

i t s  common t h e r a p e u t i c  u s e .  N e v e r t h e l e s s ,  t h i s  h a s  n o t  d e ­

c r e a s e d  t h e  i n t e r e s t  i n  h i g h e r  p l a n t s  a s  p o s s i b l e  s o u r c e s  o f  

a n t i b i o t i c s ,  s i n c e  i t  i s  n o t i c e d  t h a t  e v e n  i n  t h e  c a s e  o f  

m i c r o o r g a n i s m s ,  o n l y  a f e w  o f  t h e  many a n t i b i o t i c s  i s o l a t e d  

a c t u a l l y  h a v e  b e e n  u s e f u l  t h e r a p e u t i c a l l y .
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Ip. P l a n t s  P o s s e s s i n g  A n t i b a c t e r i a l  A c t i v i t y

S e v e r a l  s u r v e y s  o v e r  h i g h e r  p l a n t s  h a v i n g  a n t i b a c t e r i a l  

a c t i v i t y  h a v e  b e e n  p u b l i s h e d  o f  w h i c h  t h e  f i r s t  was  b y  O s b o r n  

i n  192-1-3 ( 6 7 ) .  Among t h e  m o s t  e x h a u s t i v e  o f  t h e s e  i n v e s t i g a ­

t i o n s  a r e  t h o s e  o f  L u c a s  and c o - w o r k e r s  a t  M i c h i g a n  S t a t e  

U n i v e r s i t y  ( 32 ,  33 ,  3]p, 35 ,  IpO, Ip 1,  £ip, 5 5 ,  56 ) , S a n d e r s ,  W e a t h e r w a x ,  

and McCl ung i n  I n d i a n a  (7lp) ,  Hu g h e s  and a s s o c i a t e s  i n  C a l i ­

f o r n i a  (Ip, 14.5 ) ,  B i s h o p  and  Ma cDona l d  in C a n a d a  ( 1 3 ) ,  and  W i n t e r  

and W i l l e k e  i n  Ge r many  ( 9 2 ) .  T h e s e  r e f e r e n c e s  do n o t  r e p r e s e n t  

a c o m p l e t e  s u r v e y  o f  p l a n t s  h a v i n g  a n t i b a c t e r i a l  a c t i v i t y  and  

a r e  o n l y  o f  p r e l i m i n a r y  s i g n i f i c a n c e ;  b u t  t h e y  i n d i c a t e  t h a t  

v e r y  a c t i v e  s c r e e n i n g  p r o g r a m s  a r e  c a r r i e d  on a t  s e v e r a l  p l a c e s  

i n  t h e  w o r l d .  Cne c a n  t h e r e f o r e  a n t i c i p a t e  a mor e  s y s t e m a t i c  

d e t e r m i n a t i o n  o f  a n t i b a c t e r i a l  p r i n c i p l e s  i n  h i g h e r  p l a n t s .

T h a t  t h i s  g o a l  i s  w i t h i n  r e a c h ,  c a n  be  s e e n  f r o m  t h e  f i r s t  

r e p o r t s  o f  L u c a s  and  c o - w o r k e r s  ( 1 ^ 0 , 5 5 , 3 2 )  . I t  was  f o u n d  

t h a t  a c t i v i t y  a g a i n s t  M. t u b e r c u l o s  i s  o c c u r r e d  i n  1 6 . 8 ,  2 1 . 1 ,  

a nd  lp3.2 p e r  c e n t  o f  t h e  t e s t e d  p l a n t s  i n  t h r e e  c o n s e c u t i v e  

s u r v e y s .  T h i s  d e m o n s t r a t e s  t h a t  t h r o u g h  e x p e r i e n c e  i t  i s  

p o s s i b l e  t o  s e l e c t  p l a n t s  w h i c h  p r o b a b l y  w i l l  e x h i b i t  a n t i ­

b a c t e r i a l  a c t i v i t y .

B e s i d e s ,  i t  may be c o n c l u d e d  f r o m  t h e  s u r v e y  r e s u l t s  

t h a t  a n t i b a c t e r i a l  a c t i v i t y  o c c u r s  mo s t  f r e q u e n t l y  i n  t h e  

f l o w e r s  and  l e a v e s  and l e s s  f r e q u e n t l y  i n  t h e  f r u i t s  a nd  s e e d s .  

R o o t s  h a v e  n o t  b e e n  e x a m i n e d  t o  s u c h  an  e x t e n t  t h a t  s i m i l a r  

c o n c l u s i o n s  c a n  be  d r a w n .
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P h e n o l i c  and  a c i d i c  s u b s t a n c e s . -  S i n c e  t h e  e a r l y  d a y s  

o f  b a c t e r i o l o g y  i t  h a s  b e e n  r e c o g n i z e d  t h a t  p h e n o l i c  s u b s t a n c e s  

e x h i b i t  a n t i b a c t e r i a l  a c t i v i t y .  One o f  t h e s e  i s  t h y m o l ,  p r e s e n t  

i n  Thymus  v u l g a r  i s . O t h e r s  a r e  p r o t o c a t e c h u i c  a c i d  and  c a t e c h o l  

i s o l a t e d  f r o m  a p i g m e n t e d  v a r i e t y  o f  o n i o n ,  A 1 1 ium c e p a , b y  

L i n k  and c o - w o r k e r s  ( 5 8 , 2 ) .

The  e a r l i e r  wo r k  on  s t e a m - v o l a t i l e  p r o d u c t s  o f  c e r t a i n  

gymnosperms p r o v o k e d  i n t e r e s t  b e c a u s e  o f  t h e  a n t i b a c t e r i a l  p r o p ­

e r t i e s  o f  ma ny  o f  t h e  c o mp o u n d s .  T h u j i c  a c i d  (1|_2), c a r v a c r o l  

( 1 9 ) ,  and  c h a m i c  a c i d  ( 19 )  a r e  e x a m p l e s  o f  s u c h  s u b s t a n c e s .  

P i n o s y l v i n e  and  i t s  mo n o me t h y l  e t h e r  i s o l a t e d  f r o m  t h e  h e a r t -  

woods  o f  P i n u s  s y 1ve  s t r  i s b y  R e n n e r f e l d t  ( 7 8 )  i n h i b i t e d  t h e  

g r o w t h  o f  a  number  o f  w o o d - r o t t i n g  f u n g i .

Lac  t o n e  s . -  L a c t o n e s  a s  a g r o u p  s eem t o  e x h i b i t  a n t i b a c t e ­

r i a l  p r o p e r t i e s .  The  u n s a t u r a t e d  l a c t o n e  k a w a i n  i s o l a t e d  f r o m  

t h e  r o o t s  o f  P ipe r  me t h y s  t  i cum ( I l f )  showed s u c h  a c t i v i t y ,  e s p e ­

c i a l l y  a g a i n s t  G o n o c o c c u s  ( 8 6 ) .  P r o t o a n e m o n i n  and a n e m o n i n  f r o m  

Anemone p u l  s a t  i l i a  ( 1 7 )  showed c o n s i d e r a b l e  a c t i v i t y  a g a i n s t  

f u n g i ,  m o d e r a t e  a c t i v i t y  a g a i n s t  s e v e r a l  b a c t e r i a ;  b u t  t h e  

t o x i c i t y  o f  b o t h  c o mp o u n d s  was  f a i r l y  h i g h .  P a r a s o r b i c  a c i d  

i s o l a t e d  f r o m  t h e  r i p e  b e r r i e s  o f  t h e  m o u n t a i n  a s h ,  So r b u s  

a u c u p a r  i a ,  i s  a n o t h e r  e x a m p l e  o f  an a n t i b a c t e r i a l  l a c t o n e  ( 1 7 ) -  

In  19lfi  C a m p b e l l  and L i n k  ( 18 ) i s o l a t e d  a s u b s t a n c e  r e s p o n s i b l e  

f o r  t h e  h e m o r r h a g i c  d i s e a s e  o f  c a t t l e  c a u s e d  by  e a t i n g  s w e e t  

c l o v e r .  The compound r e s p o n s i b l e  f o r  t h i s  d i s e a s e  was  d i c u m a r o l ,  

w h i c h  wa s  a l s o  f o u n d  t o  h a v e  a n t i b a c t e r i a l  p r o p e r t i e s  ( 1 7 ) -
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A l k a l o  i d s . -  S i n c e  a l k a l o i d s  p o s s e s s  i n t e r e s t i n g  p h a r ­

m a c o l o g i c a l  p r o p e r t i e s ,  t h e i r  p o s s i b l e  a n t i b a c t e r i a l  a c t i o n  

h a s  b e e n  g i v e n  some a t t e n t i o n .  Hai m ( Lp3) t e s t e d  a t r o p i n e ,  

h y o s c i n e ,  a c o n i t i n e ,  m o r p h i n e ,  and c o c a i n e  a g a i n s t  a number  

o f  b a c t e r i a  and f o u n d  t h a t  t h e y  a l l  showed o n l y  n e g l i g i b l e  

a c t i v i t y .  T h i s  c o n f i r m s  t h e  f i n d i n g  t h a t  s u c h  w e l l - k n o w n  

d r u g  p l a n t s  a s  A t r o p a  and D a t u r a  e x h i b i t  no d e t e c t a b l e  a n t i ­

b a c t e r i a l  a c t i v i t y .  Lamb in a nd  B e r n h a r d  ( 5 1 )  t e s t e d  s e v e r a l  

a l k a l o i d s ,  s u c h  a s  a p o m o r p h i n e ,  b e r b e r i n e ,  c o n e s s i n e ,  and  

s t r y c h n i n e  a g a i n s t  M. t  ube r c u 1o s i s and  f o u n d  s i m i l a r l y  t h e i r  

a c t i v i t y  n o t  a p p r e c i a b l e .  B e r s c h  and Dopp ( 9 )  on t h e  o t h e r
rt

ha n d  f o u n d  t h a t  c e p h a r a t i n e ,  b e r b e r i n e ,  and s a n g u m a r i n e  a l l  

we r e  f a i r l y  a c t i v e  a g a i n s t  M. t u b e r c u l o s i s .

Lamb i n and B e r n h a r d  ( 1oc . c i t  . ) s t a t e d  t h a t  b e r b e r i n e  

a t  t h e  c o n c e n t r a t i o n  o f  150  i f / m l  . i n h i b i t e d  t h e  g r o w t h  o f  

M. t u b e r c u l o s i s , w h e r e a s  B e r s c h  and Dopp ( 1 oc . c i t . )  m e n ­

t i o n e d  a c o n c e n t r a t i o n  o f  o n l y  10 t o  1+0 i f / m l .  f o r  t h e  same 

e f f e c t .  T h e s e  e x a m p l e s  show how d i f f i c u l t  i t  i s  t o  c o mp a r e  

t h e  r e s u l t s  o f  b a c t e r i o l o g i c a l  t e s t i n g .  The r e s u l t s  o b t a i n e d  

a r e  i n f l u e n c e d  t o  s u c h  a g r e a t  e x t e n t  b y  t h e  m e t h o d s  u s e d  f o r  

d e t e c t i n g  and m e a s u r i n g  a n t i b a c t e r i a l  a c t i v i t y .  The a l k a l o i d  

s a n g u i n a r i n e  t e s t e d  b y  B e r s c h  and Dopp ( l o c . c i t . ) i n h i b i t e d  

t h e  g r o w t h  o f  M. t u b e r c u l o s i s a t  c o n c e n t r a t  i o n s  0 . 5  t o  5 

ml .  I t  wa s  i s o l a t e d  by  J o h n s o n  et_ aj^. (1+7) and  f o u n d  a c t i v e  

a g a i n s t  s e v e r a l  s p e c i e s  o f  E s c h e r i c h  i a  and A e r o b a c t e r .
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The s t e r o i d a l  a l k a l o i d  g l y c o s i d e ,  t o m a t i n e ,  r e p o r t e d  by  

F o n t a i n e  and  Ma ( 5 7 )  showed low a c t i v i t y  a g a i n s t  M i c r o c o c c u s  

p y o g e n e  s v a r .  a u r e u s  and B.  s u b t  i 1 i s  and  no a c t i v i t y  a g a i n s t

E.  c o 1 i . On t h e  o t h e r  h a n d ,  i t  e x h i b i t e d  a h i g h  a c t i v i t y  

t o w a r d  c e r t a i n  f u n g i .

B . C h e m i s t r y  and  P h a r m a c o l o g y  o f  S o l a n u m  P s e u d o c a p s  i cum L .

So 1 anurn p s e u d o c a p s i c u m  L.  ( 5 ) ,  commonl y c a l l e d  J e r u s a l e m  

C h e r r y ,  C h r i s t m a s  C h e r r y ,  or  N a t a l  C h e r r y  ( 6 6 ) ,  i s  a s m a l l  

b r a n c h i n g  l e a f y  s h r u b  t h a t  g r ows  t o  a h e i g h t  o f  t h r e e  t o  f o u r  

f e e t .  I t  h a s  n a r r o w ,  l a n c e o l a t e  l e a v e s  w h i c h  a r e  d a r k  g r e e n  

and p o s s e s s  a s h i n y  s u r f a c e .  The s m a l l  and  w h i t e  f l o w e r s  a r e  

s o l i t a r y  o r  f e w in l a t e r a l  c l u s t e r s .  I t s  b r i g h t  o r a n g e  c h e r r y ­

l i k e  f r u i t  ma k e s  i t  an a t t r a c t i v e  o r n a m e n t a l .  The p l a n t  i s  

p r o b a b l y  a n a t i v e  o f  t h e  Ol d  W o r l d ,  p e r h a p s  t h e  i s l a n d  o f  

M a d e i r a  o f f  t h e  n o r t h w e s t  c o a s t  o f  A f r i c a .  I t  i s  w i d e l y  d i s ­

t r i b u t e d  i n  t r o p i c a l  and  s u b t r o p i c a l  r e g i o n s  o f  A f r i c a  and 

h a s  b e e n  n a t u r a l i z e d  in F l o r i d a .  I t  i s  w i d e l y  grown i n  g r e e n ­

h o u s e s  f o r  o r n a m e n t a l  p u r p o s e s  and c a n  be g r own i n f i e l d s  

a n y w h e r e  i n  t h e  U n i t e d  S t a t e s  w h e r e  t o m a t o e s  a r e  c u l t i v a t e d .

Kyi  i n  f o u n d  i n  1927 ( 5 0 )  t h a t  t h e  b e r r i e s  c o n t a i n  t h e  

p i g m e n t s  p h y l l o r h o d i n  and p h y s a l i n . " *  Br e y e r - B r  a ndwi  j k  r e p o r t ­

ed i n  1929 ( 1 5 ) t h a t  t h e  d r i e d  l e a v e s  c o n t a i n  0 . 2 5  -  0 . 5 3  

p e r  c e n t  o f  a n  unknown,  n o n - v o l a t i l e  a l k a l o i d ,  w h i c h  wa s  

t o x i c  and  n o t  i d e n t i c a l  w i t h  s o l a  i n e .

" P r o b a b l y  p h y s a l i e n
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W a t t  e_t_ al_. ( 8 7 , 8 8 , 8 9 )  d e s c r i b e d  t h e  a c t i o n  o f  t h e  a l k a ­

l o i d  p r o d u c t  f r o m  t h e  l e a v e s  o f  So l  anurn p s e u d o c a p s  i cum on t h e  

c i r c u l a t o r y  s y s t e m .  The a m o r p h o u s  a l k a l o i d a l  p r e p a r a t i o n  was  

c a l l e d  so 1a n o c a p s i n e  i n  t h e i r  s e c o n d  p a p e r .  The a l k a l o i d  i s  

i r r i t a n t ,  p r o d u c e s  v o m i t i n g  when  g i v e n  b y  t h e  s t o m a c h ,  and 

g i v e s  l o c a l  i r r i t a t i o n  when  i n j e c t e d  s u b c u t a n e o u s l y .  The 

a p p l i c a t i o n  o f  t o x i c  c o n c e n t r a t i o n s  r e s u l t e d  i n  w i d e  d i s o r g a n ­

i z a t i o n  o f  t h e  h e a r t  a c t i o n  b y  p r o d u c i n g  s i n u s  a r r h y t h m i a ,  

a u r  i c u l o v e n t r  i c u l a r  b l o c k ,  and  w e a k e n i n g  o f  t h e  m u s c l e .  I t  

was  p o s s i b l e  t o  a d m i n i s t e r  d o s e s  o f  0 . 0 6  t o  0 . 081 |  g.  t o  human 

s u b j e c t s .  I t s  t o x i c i t y  i s  a b o u t  e q u a l  t o  t h a t  o f  c o c a i n e  

h y d r  o c h 1o r  i d e  .

M u e n s c h e r  ( 6 6 )  m e n t i o n e d  t h a t  t h e  p l a n t ,  i n  a d d i t i o n  t o  

t h e  a l k a l o i d  s o l a n o c a p s i n e , c o n t a i n e d  s o l a n i n e  and s o l a n i d i n e .  

He a l s o  s t a t e d  t h a t  t h e  b e r r i e s  s h o u l d  n e v e r  be  e a t e n  a s  t h e y  

p o s s e s s  t o x i c  s u b s t a n c e s  t h a t  may c a u s e  s e v e r e  p o i s o n i n g .

S c h n e l l  and  T h a y e r  ( 82 )  t e s t e d  t h e  b e r r i e s  o f  S_. p s e u d o - 

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

e x t r a c t  wa s  i n a c t i v e  in_ v i t r o  a g a i n s t  M i c r o c o c c u s  p y o g e n e  s 

and  E.  c o 1 i .

L u c a s  e t  a l . ( 3 2 ) f o u n d  t h a t  a w a t e r  e x t r a c t  o f  t h e  r o o t s

o f  S.  p se udoc  ap s i cum was  p r o m i s i n g l y  a c t i v e  a g a i n s t  b o t h  M. 

t u b e r c u l o  s i  s and  M i c r o c o c c u s  p y o g e n e  s , w h e r e a s  an  e t h a n o l i c  

e x t r a c t  o f  t h e  l e a v e s  showed a c t i v i t y  o n l y  a g a i n s t  M i c r o c o c c u s  

p y o g e n e s . The a l k a l o i d  so 1a n o c a p s i n e  was  f i r s t  c h e m i c a l l y  

c h a r a c t e r i z e d  by  B a r g e r  and F r a e n k e 1- C o n r a t  ( 6 ) ,  who t h o u g h t
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t h a t  two a l k a l o i d s  w e r e  p r e s e n t .  S c h l i t t l e r  and U e h l i n g e r  

( 78 ) f  o und o n l y  one  a l k a l o i d ,  n a m e l y  so 1a n o c a p s i n e .

C . C h e m i c a l  S t u d i e s  on So 1a n o c a p s i n e

I n  1929 B r e y e r - B r a n d w i j k  p r e p a r e d  f r o m  t h e  l e a v e s  o f  

S o l a n n m  p s e u d o c a p s  i cum an  a m o r p h o u s  a l k a l o i d  p r o d u c t  ( 1 5 ) ,  

w h i c h  h a d  a d e p r e s s a n t  e f f e c t  on  t h e  h e a r t .

In 1936  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 )  i s o l a t e d  f r o m  t h e  

l e a v e s  o f  t h e  same p l a n t  a c r y s t a l l i n e  a l k a l o i d  w h i c h  t h e y  

a s s i g n e d  t h e  f o r m u l a  Cp^Hj ^ NpQp o r  ^  2  ̂  1^2^ 2 ^  2 anC  ̂ nam0<  ̂ t h i s  

so 1a n o c a p s i n e . F u r t h e r m o r e ,  t h e  two w o r k e r s  o b t a i n e d  an a mo r ­

p h o u s  a l k a l o i d  w h i c h  wa s  f o u n d  t o  h a v e  t h e  f o r m u l a  C2 6 H^ 2 N2°1|

and  c a l l e d  t h i s  compound so 1a n o c a p s i d i n e . No a l k a l o i d  g l y c o ­

s i d e  wa s  i s o l a t e d ;  b u t  t h e  c r u d e  a l k a l o i d  t r e a t e d  w i t h  2 N 

h y d r o c h l o r i c  a c i d  gave  r e a c t i o n  f o r  c a r b o h y d r a t e s  and f o r  

p e n t o s e s .  The a u t h o r s  c o n c e i v e d  t h a t  t h e  two b a s e s  w e r e  

s e c o n d a r y  p r o d u c t s  f o r m e d  d u r i n g  i s o l a t i o n  and  n o t  p r e s e n t  

a s  s u c h  i n  t h e  p l a n t .

So 1a n o c a p s i n e  wa s  u s e d  f o r  a number  o f  m i l d  d e g r a d a t i o n  

r e a c t i o n s ,  b u t  due  t o  i n s u f f i c i e n t  m a t e r i a l  f o r  s e l e n i u m  d e ­

h y d r o g e n a t i o n ,  t h i s  r e a c t i o n  wa s  c a r r i e d  o u t  on  t h e  mor e  

a b u n d a n t  so 1a n o c a p s i d i n e . A s s u m i n g  a s i m i l a r i t y  o f  s t r u c t u r e  

i n  t h e  two a l k a l o i d s ,  t h e y  a p p l i e d  t h e  r e s u l t s  o f  s e l e n i u m  

d e h y d r o g e n a t i o n  t o  so 1a n o c a p s i n e . So 1a n o c a p s i n e  r e a c t e d  w i t h  

two e q u i v a l e n t s  o f  n i t r o u s  a c i d ;  a s e c o n d a r y  a mi no  g r o u p  

a c q u i r e d  a n i t r o s o  g r o u p ,  a p r i m a r y  ami no  g r o u p  was  c o n v e r t e d
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i n t o  a  h y d r o x y l  g r o u p ,  and  p r o b a b l y  t h e  h y d r o x y l  o r i g i n a l l y  

p r e s e n t  wa s  e l i m i n a t e d  a s  w a t e r .

A c c o r d i n g  t o  B a r g e r  and  F r a e n k e 1- C o n r a t  ( i b i d .  ) s o l a n o -  

c a p s i n e  showed t h r e e  a c t i v e  h y d r o g e n s  a t  room t e m p e r a t u r e  and 

f o u r  a t  h i g h e r  t e m p e r a t u r e ,  t h e  f o u r t h  b e i n g  t h e  s e c o n d  h y d r o ­

gen i n  t h e  p r i m a r y  ami no  g r o u p .  S i n c e  t h e  s e c o n d a r y  ami no  

g r o u p  a c c o u n t s  f o r  one and  t h e  p r i m a r y  ami no g r o u p  f o r  one  

( o r  t wo )  o f  t h e  t h r e e  ( o r  f o u r )  a c t i v e  h y d r o g e n s ,  i t  was  d e ­

d u c e d  t h a t  a  h y d r o x y l  g r o u p  was  o r  i g i n a l l y  p r e s e n t .  On h e a t i n g  

w i t h  a c e t i c  a n h y d r i d e ,  s o l a n o c a p s  i ne  y i e l d e d  a n e u t r a l  d i a c e t y l  

d e r i v a t i v e .  S i n c e  t h e s e  w o r k e r s  ( i b i d . ) f o u n d  t h a t  t h e  h y d r ox y l  

g r o u p  d i d  no t '  a c e t y l a t e  a nd  b e l i e v e d  t h a t  i t  wa s  r e a d i l y  e l i m ­

i n a t e d  a s  w a t e r  w i t h  f o r m a t i o n  o f  a d o u b l e  b o n d ,  t h e y  c o n c l u d e d  

t h a t  i t  was  t e r t i a r y .  I n a s mu c h  a s  t h e  f u n c t i o n  o f  t h e  s e c o n d  

o x y g e n  a t o m c o u l d  n o t  be  d e t e r m i n e d ,  i t  wa s  a s s ume d  t h a t  i t  

was  a member  o f  a h e t e r o c y c l i c  r i n g .

I t  was  a l s o  r e p o r t e d  b y  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 )  

t h a t  s o l a n o c a p s i n e  c o u l d  be  c o n d e n s e d  w i t h  a c e t o n e  t o  y i e l d  

a compound t h a t  showed o n l y  one  a c t i v e  h y d r o g e n .  A c e t y l a t i o n  

o f  t h e  a c e t o n e  c o m p l e x  r e s u l t e d  i n  a m o n o a c e t y l  so 1a n o c a p s i n e ; 

t h e  a c e t y l  g r o u p  wa s  a s s u me d  a t t a c h e d  t o  t h e  s e c o n d a r y  ami no  

g r o u p  and  t h e  a c e t o n e  p a r t  wa s  s p l i t  o f f  d u r i n g  i s o l a t i o n  o f  

t h i s  a c e t y l  d e r i v a t i v e .  By s e l e n i u m  d e h y d r o g e n a t i o n  o f  s o l a n -  

o c a p s i d i n e ,  D i e l s  h y d r o c a r b o n  ( 3 1- m e t h y l - e y e  1o p e n t e n o p h e n a n -  

t h r e n e ) ,  2 - m e t h y l - 5 - e t h y l p y r i d i n e , and l | - m e t h y 1- 2 - e t h y l p y -  

r i d i n e  w e r e  o b t a i n e d .  B a s e d  upon  t h e s e  r e s u l t s  t h e  a u t h o r s
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p r o p o s e d  a s t r u c t u r e  f o r  so 1a n o c a p s i n e  a s  p r e s e n t e d  i n  d r a w i n g  

number  I .

I n  19lf5> R o c h e l m e y e r  ( ?L|_) s u g g e s t e d  a s t r  u c t u r a l  f o r m u l a  

f o r  so 1a n o c a p s i n e  w i t h  27 c a r b o n s ,  w h i c h  wou l d  b r i n g  s o l a n o -  

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

S o l a n u m . W i t h o u t  a ny  r e p o r t e d  e x p e r i m e n t a l  e v i d e n c e  t h e  

f o r m u l a  g i v e n  i n  d r a w i n g  number  I I  was  s u g g e s t e d .
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S c h l i t t l e r  and U e h l i n g e r  ( 78 )  p u b l i s h e d , i n  1 9 5 2 ? a p a p e r  

on  t h e  s t r  u c t  ure, o f  s o l  a n o c a p s  i n e . T h e r e  wa s  no d o u b t  a b o u t  

t h e  i d e n t i t y  o f  t h e i r  compound w i t h  t h e  b a s e  i s o l a t e d  by  B a r g e r  

and  F r a e n k e l - C o n r a t  ( 6 ) ;  b u t  t h e y  d e c i d e d  t h a t  t h e  e m p i r i c a l  

f o r m u l a  was  mor e  i n  a g r e e m e n t  w i t h  t h e i r  e l e m e n ­

t a r y  a n a l y s i s  o f  t h e  c o mp o u n d .  By t h i s  f o r m u l a  so 1a n o c a p s i n e  

was  c l a s s i f i e d  a s  an  a g i y c o n e  w i t h  27 c a r b o n s  ( o t h e r s  b e i n g  

s o l a n i d i n e ,  t o m a t i d i n e ,  s o l a s o d i n e ,  e t  c e t e r a ) . L i k e  B a r g e r  

and Fr  a e n k e  1- C o n r  a t  (op_. c i t . ) t h e y  m a i n t a i n e d  t h a t  t h e  com­

p o u n d  ha d  a p r i m a r y  and a s e c o n d a r y  a mi no  g r o u p  and f o r m e d  a 

t r i m e t h y l  d e r i v a t i v e .  Th e y  a l s o  c o n c l u d e d  t h a t  one  o f  t h e  

o x y g e n  a t o m s  was  e i t h e r  p r e s e n t  a s  a t e r t i a r y  h y d r o x y l  g r o u p
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o r  a s  a n o n r e a c t i v e  s e c o n d a r y  h y d r o x y l  g r o u p ,  w h i l e  t h e  s e c o n d  

o x y g e n  wa s  p r e s e n t  a s  an  e t h e r .

S c h l i t t l e r  and U e h l i n g e r  ( 6 )  f o u n d  t h a t  t h e  h y d r o x y l  g r o up  

c o u l d  n o t  be  a c e t y l a t e d  o r  e l i m i n a t e d  a s  w a t e r  b y  a l c o h o l i c  

a l k a l i .  By d e h y d r o g e n a t i o n  o f  so 1a n o c a p s i n e  w i t h  s e l e n i u m ,  

D i e l s  h y d r o c a r b o n  wa s  o b t a i n e d  b e s i d e s  B - e t h y l -% -m e t h y l p y r i -  

d i n e . S h o r t  t i m e  h e a t i n g  o f  so 1a n o c a p s i n e  w i t h  s e l e n i u m  gave  

a b a s i c  r e a c t i n g  compound w i t h  t h e  f o r m u l a  C ^ y H ^ N O .  I t  c o n ­

t a i n e d  a l l  t h e  c a r b o n  a t o m s ,  b u t  h a d  l o s t  t h e  h y d r o x y l  and  t h e  

p r i m a r y  ami no  g r o u p s  and  t h r e e  d o u b l e  bond  w e r e  i n t r o d u c e d  

i n t o  t h e  c o mp o u n d .  The u l t r a v i o l e t  s p e c t r u m  seemed t o  i n ­

d i c a t e  t h a t  t h e  d o u b l e  b o n d s  w e r e  c o n j u g a t e d .

The i n f r a r e d  s p e c t r u m  o f  t r i m e t t y l  so 1a n o c a p s i n e  h y d r o -  

c h l o r  i de  showed a mor e  i n t e n s e  h y d r o x y l  b a n d  t h a n  t h e  s p e c t r u m  

o f  t r i m e t y l  so 1a n o c a p s i n e , and  t h a t  i s  why i t  was  s u g g e s t e d  

t h a t  r i n g  E o p e n e d  u n d e r  i n f l u e n c e  o f  a c i d .  From t h e s e  r e ­

s u l t s  t h e  a u t h o r s  p r o p o s e d  a s t r u c t u r e  f o r  so 1a n o c a p s i n e  a s  

g i v e n  in d r a w i n g  number  I I I .

I l l



I I I .  EXPERIMENTAL

A.  A p p a r  a t  us

W i l e y  l a b o r a t o r y  m i l l ,  No.  1 . - A s m a l l  s c a l e  r o t a r y  

k n i f e  c u t t e r  w i t h  i n t e r c h a n g e a b l e  s i e v e  o p e n i n g s .  S o l d  b y  

A r t h u r  H.  Thomas  Company,  P h i l a d e l p h i a ,  P e n n s y l v a n i a .

F l a s h  e v a p o r a t o r . -  The r o t a t i n g  e v a p o r a t o r  d e s c r i b e d  

by  C r a i g  and  G r e g o r y  ( 2 2 )  and b u i l t  i n  t h e  s h o p s  o f  t h e  

K e d z i e  C h e m i c a l  L a b o r a t o r y .  I t  was  o p e r a t e d  a t  17 t o  20 mm. 

p r e s s u r e  and  a t e m p e r a t u r e  b e l o w  5 0 ° C .

p H - m e t e r . -  A Beckman  mode l  H 2 ,  g l a s s  e l e c t r o d e ,  l i n e

o p e r a t e d .  pH m e t e r  was  u s e d  in m a k i n g  pH m e a s u r e m e n t s .

M e l t i n g  p o i n t  a p p a r a t u s . - A m i n e r a l  o i l  b a t h  was  u s e d  

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

b e a k e r  w i t h  a m e c h a n i c a l  s t i r r e r  and t h e r m o m e t e r  s u p p o r t i n g  

t h e  c a p i l l a r y .  M e l t i n g  p o i n t s  we r e  r e p o r t e d  w i t h o u t  c o r r e c -  

t  i o n .

C h r o m a t o g r a p h y  c o l u m n s . -  Two t y p e s  o f  c o l u m n s  we r e  u s e d .  

The f i r s t  t y p e  was  a s t r a i g h t  g l a s s  c o l u mn  (50  x 2 . 1  cm. i . d . )  

r e d u c e d  t o  a s m a l l  d i a m e t e r  e f f l u e n t  o u t l e t  ( 0 . 5  cm. i . d . ) .  

a p l u g  o f  P y r e x  g l a s s  wool  wa s  i n s e r t e d  i n t o  t h e  t o p  o f  t h e  

o u t l e t  t u b e  and  c o v e r e d  w i t h  a f i l t e r  p a p e r  d i s k  s l i g h t l y  

s m a l l e r  t h a n  t h e  i n s i d e  d i a m e t e r  o f  t h e  c o l u m n .  T h i s  p r o v i d e d

an e v e n  b a s e  f o r  t h e  a d s o r b e n t .

1 6
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The s e c o n d  t y p e  was  a g l a s s  c o l u m n  ( 60  x 2 . 2  cm.  I . d . )  

w i t h  t h e  l o w e r  e n d  c o m p r i s e d  b y  a g r o u n d  g l a s s  j o i n t  ( ^  29/1+2).  

The f l o w  r a t e  o f  t h e  e l u e n t  was  c o n t r o l l e d  b y  a s t o p c o c k  a t  

t h e  e f f l u e n t  o u t l e t .  A p l u g  o f  P y r e x  g l a s s  wool  and  a f i l t e r  

p a p e r  d i s k  w e r e  i n s e r t e d  a s  d e s c r i b e d  a b o v e .

P a p e r  c h r o m a t o g r a p h y . - The  a s c e n d i n g  me t h o d  a s  d e s c r i b e d  

b y  C r a me r  w i t h  What man No.  1 f i l t e r  p a p e r  was  u s e d  ( 2 3 ) .

I n  o r d e r  t o  s a t u r a t e  t h e  p a p e r  w i t h  s o l v e n t  a p i e c e  o f  

b e n t  i r o n  w i r e  was  h o o k e d  f r o m  one s i d e  t o  t h e  o t h e r  o f  t h e  

p a p e r  c y l i n d e r .  By p l a c i n g  a s m a l l  m a g n e t  on t o p  o f  t h e  g l a s s  

p l a t e  t h a t  c o v e r e d  t h e  c y l i n d e r ,  t h e  i r o n  w i r e  was  h e l d  b y  t h e  

m a g n e t  and t h e  p a p e r  c y l i n d e r  i n  t h i s  way  k e p t  a b o v e  l e v e l  o f  

t h e  s o l v e n t .  When r e a d y  f o r  d e v e l o p m e n t  o f  t h e  s p o t s ,  t h e  

m a g n e t  was  r e m o v e d  and t h e  b o t t o m  o f  t h e  p a p e r  c y l i n d e r  l o w e r e d  

i n t o  t h e  s o l v e n t .

I n f r a r e d  s p e c t r o p h o t o m e t e r , -  A r e c o r d i n g  i n f r a r e d  s p e c ­

t r o p h o t o m e t e r ,  mod e l  21 ,  f r o m  The P e r k i n - E l m e r  C o r p o r a t i o n ,  

N o r w a l k ,  C o n n e c t i c u t ,  was  u s e d .

U l t r a v i o l e t  s p e c t r o p h o t o m e t e r . -  A r a t i o  r e c o r d i n g  s p e c ­

t r o p h o t o m e t e r ,  mode l  D K j ^ f r o m  Beckman I n s t r u m e n t s ,  I n c o r p o ­

r a t e d ,  S o u t h  P a s a d e n a ,  C a l i f o r n i a  was  u s e d .

V i s i b l e  s p e c t r o p h o t o m e t e r .  -  A m a n u a l l y  o p e r a t e d  B a u s c h
<i

S j* t c f  f r « H  t c Z . o

and Lomb s p e c t r o p h o t o m e t e r ^ w a s  u s e d  f o r  m e a s u r i n g  o p t i c a l  

d e n s i t y  i n  t h e  v i s i b l e  r e g i o n  o f  t h e  s p e c t r u m .

P o l a r  i m e t e r . -  The o p t i c a l  r o t a t i o n  was  m e a s u r e d  i n  a 

p o l a r i m e t e r  m a n u f a c t u r e d  and  s o l d  b y  O. C* R u d o l p h  and S o n s ,  

C a l d w e l l ,  New J e r s e y .
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B a r n s t e a d  e x t r a c t o r . -  A l a r g e  c a p a c i t y  e x t r a c t o r  w o r k i n g  

on t h e  p r i n c i p l e  o f  c o m p l e t e  i m m e r s i o n  o f  s o l i d  i n  t h e  l i q u i d  

w i t h  p e r i o d i c  s i p h o n i n g  o f f  o f  s o l v e n t  and r e p l a c e m e n t  by  

f r e s h  l i q u i d .  F a b r i c a t e d  b y  B a r n s t e a d  S t i l l  and S t e r i l i z e r  

Company,  I n c o r p o r a t e d ,  F o r e s t  H i l l s ,  B o s t o n ,  M a s s a c h u s e t t s  

and u s e d  t h r o u g h  c o u r t e s y  o f  Dr .  H.  S e l l ,  D e p a r t m e n t  o f  

A g r i c u l t u r a l  C h e m i s t r y .

P e r c o l a t o r  t y p e  e x t r a c t o r . -  A S o x h l e t  t y p e  o f  e x t r a c t o r  

w h i c h  i n s t e a d  o f  a s i p h o n i n g  d e v i c e  was  f u r n i s h e d  w i t h  a 

p o r o u s  d i s k  a l l o w i n g  t h e  e x t r a c t  t o  p a s s  t h r o u g h .  Us ed  

t h r o u g h  c o u r t e s y  o f  Dr .  H.  S e l l ,  D e p a r t m e n t  o f  A g r i c u l t u r a l  

Chem i s t r y .

H y d r o g e n  c h l o r i d e  g e n e r a t o r . -  H y d r o g e n  c h l o r i d e  was  

g e n e r a t e d  b y  d r o p p i n g  c o n c e n t r a t e d  s u l f u r i c  a c i d  f r o m  a s e p ­

a r a t o r y  f u n n e l  ( c o n n e c t e d  t o  a s u c t i o n  f l a s k  ) o n t o  s o l i d  

s o d i u m c h l o r i d e .  The g a s  was  d r i e d  b y  p a s s i n g  i t  t h r o u g h  a 

c o n c e n t r a t e d  s u l f u r i c  a c i d  w a s h e r .

B . R e a g e n t s ,  M a t e r i a l s  and  A n a l y t i c a l  Me t h o d s

1.  R e a g e n t s  and  M a t e r i a l s

C h e m i c a l s .  -  A l l  c h e m i c a l s  u s e d  f o r  a n a l y t i c a l  p u r p o s e s  

we r e  r e a g e n t  g r a d e  o r  C . P .  q u a l i t y .

D i e t h y l  e t h e r . -  T h i s  wa s  o b t a i n e d  f r o m  Me r c k  and Company,  

w a s h e d  w i t h  a s o l u t i o n  o f  f e r r o u s  s u l f a t e ,  d r i e d  o v e r  c a l c i u m  

c h l o r i d e  and m a g n e s i u m  s u l f a t e .  F i n a l l y  i t  wa s  d i s t i l l e d  o v e r  

s o d i u m and  s t o r e d  o v e r  s o d i u m  w i r e .
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A1 u m i n a . -  A l c o a  a l u m i n a ,  g r a d e  F - 2 0 ,  80  m e s h ,  " a c t i v i t y

I . ” When d i s p e r s e d  i n  a s m a l l  amount  o f  w a t e r ,  t h i s  a l u m i n a

r e a c t e d  t o  p r o d u c e  a pH o f  a r o u n d  12.

Ac id a l u m i n a . - Al u mi n u m o x i d e  ( Woe i m) ;  a c t i v i t y  g r a d e  I 

f o r  c h r o m a t o g r a p h i c  a n a l y s i s .  O b t a i n e d  f r o m  A l u p h a r m  C h e m i ­

c a l s ,  *~>h- C S t r e e t ,  E l m o n t ,  Long I s l a n d ,  New Yo r k .

Dowex 1 . -  A n i o n  e x c h a n g e  r e s i n  o f  50 t o  100 mes h  s i z e

and 12 p e r  c e n t  c r o s s  l i n k a g e .  O b t a i n e d  f r o m  Dow C h e m i c a l

Company,  M i d l a n d ,  M i c h i g a n .

Dowex 5 0 ■ -  C a t i o n  e x c h a n g e  r e s i n  o f  100 t o  200 mesh  

s i z e  and I4. p e r  c e n t  c r o s s  l i n k a g e .  O b t a i n e d  f r o m  Dow C h e mi ­

c a l  Company,  M i d l a n d ,  M i c h i g a n .

0 . 0 2  N HC1 . -  P r e p a r e d  by  d i l u t i n g  3 m l . o f  c o n c e n t r a t e d

h y d r o c h l o r i c  a c i d  t o  1 l i t e r .  S t a n d a r d i z e d  a g a i n s t  b o r a x ,  

Na2B^0 7 , 1 0  H2 0 .

0 . 0 2  N NaOH. -  T w e n t y - f i v e  m i l l i l i t e r s  o f  N s od i um h y ­

d r o x i d e  wa s  d i l u t e d  t o  1 l i t e r  w i t h  f r e s h l y  b o i l e d  w a t e r .

N s o d i u m  h y d r o x i d e  was  p r e p a r e d  f r o m  50 p e r  c e n t  s o d i u m h y ­

d r o x i d e .  S t a n d a r d i z e d  a g a i n s t  0 . 0 2  N h y d r o c h l o r i c  a c i d .

T o m a t i n e .  -  O b t a i n e d  t h r o u g h  c o u r t e s y  o f  Dr .  P .  S.  S c h a f ­

f e r ,  E a s t e r n  U t i l i z a t i o n  R e s e a r c h  B r a n c h ,  U . S . D . A .  and may be 

p r e p a r e d  by  t h e  p r o c e d u r e  o f  F o n t a i n e  e t  a l  . ( 3 1 a )  .

M o l i s c h * s  r e a g e n t . -  A 5 p e r  c e n t  e t h a n o l i c  s o l u t i o n  o f  

<X. -napht o  1 .

Ma ye r  * s r e a g e n t  . -  1 . 3 6  g .  o f  m e r c u r i c  c h l o r i d e  was  d i s ­

s o l v e d  i n  60 m l .  o f  w a t e r  and  5 9 * o f  p o t a s s i u m  i o d i d e  in
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10 m l .  o f  w a t e r .  The two s o l u t i o n s  w e r e  m i x e d  and d i l u t e d  

t o  100 m l .  w i t h  w a t e r  (2LjJ.  I t  p r e c i p i t a t e s  t h e  h y d r o c h l o ­

r i d e s  o f  m o s t  a l k a l o i d s  i n  v e r y  d i l u t e  s o l u t i o n .  The r e a g e n t  

s h o u l d  be  a d d e d  t o  s o l u t i o n s  r e n d e r e d  d i s t i n c t l y  a c i d  w i t h  

d i l u t e  h y d r o c h l o r i c  a c i d  o r  s u l f u r i c  a c i d .  The a l k a l o i d  

s o l u t i o n  s h o u l d  n o t  c o n t a i n  a c e t i c  a c i d  and mor e  t h a n  a 

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

i s  s o l u b l e .  A f e w  d r o p s  o f  t h e  r e a g e n t  s h o u l d  be  a d d e d  a s

t h e  p r e c i p i t a t e s  o f  some a l k a l o i d s  a r e  s o l u b l e  i n  e x c e s s  o f

t h e  r e a g e n t .

A n i l i n e  h y d r o g e n  p h t h a l a t e  r e a g e n t . - For  r e d u c i n g  s u g a r s  

1 . 6 6  g.  p h t h a l i c  a c i d  and  0 . 9 3  g.  o f  a n i l i n e  was  d i s s o l v e d  

i n  100 m l .  o f  w a t e r  s a t u r a t e d  w i t h  1- b u t a n o l .  The p a p e r  was  

s p r a y e d  w i t h  t h i s  m i x t u r e  and warmed t o  105°C.  f o r  10 m i n u t e s .  

A l d o p e n t o s e s  p r o d u c e  r e d d i s h - b r o w n  s p o t s  and  o t h e r  s u g a r s  

o l i v e - b r o w n  s p o t s  ( 2 3 ) .

M o d i f i e d  D r a g e n d o r f f  r e a g e n t . - A m i x t u r e  o f  2 . 6  g.  o f

b a s i c  b i s m u t h  c a r b o n a t e ,  7 - 0  g .  o f  s o d i u m i o d i d e ,  and 25  ni l .

o f  g l a c i a l  a c e t i c  a c i d  w e r e  b o i l e d  f o r  a f e w m i n u t e s .  A f t e r  

s t a n d i n g  o v e r n i g h t  t h e  s u p e r n a t a n t  was  d e c a n t e d  f r o m  t h e  

c r y s t a l  d e p o s i t  o f  s o d i u m  a c e t a t e .  T we n t y  m i l l i l i t e r s  o f  

t h i s  d e c a n t a t e  was  a d d e d  t o  80  ml .  o f  g l a c i a l  a c e t i c  a c i d  

f o r  u s e  a s  s t o c k  r e a g e n t .  Fo r  s p o t  d e v e l o p m e n t  20 m l .  o f  

s t o c k  r e a g e n t  wa s  m i x e d  w i t h  50  m l .  o f  g l a c i a l  a c e t i c  a c i d  

and 120 m l .  o f  e t h y l  a c e t a t e .  W h i l e  s h a k i n g  10 m l .  o f  w a t e r  

was  a d d e d  t o  t h e  m i x t u r e .
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P a p e r  c a n  be  d i p p e d  i n  t h i s  s o l u t i o n  f o r  d e v e l o p m e n t  

and i t  d o e s  n o t  s p r e a d  t h e  d e v e l o p e d  c o l o r s  ( 8 5 ) .

Buf  f  e r  s . -  The b u f f e r s  w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  

t a b l e s  b y  G o r t n e r  ( 3 9 ) .

A n h y d r o u s  a c e t o n e . -  The  a c e t o n e  was  d i s t i l l e d  o v e r  

a n h y d r o u s  c a l c i u m  s u l f a t e .

Al u mi n u m p h e n o x i d e . -  The r e a g e n t  u s e d  f o r  an O p p e n a u e r  

o x i d a t i o n  wa s  p r e p a r e d  f o l l o w e d  t h e  p r o c e d u r e  o f  F u c h s  and 

R e i c h  s t e i n  ( 3 6 ) .

S o u r c e  o f  c r u d e  m a t e r i a l . - In  o r d e r  t o  o b t a i n  s u f f i c i e n t  

m a t e r i a l  o f  u n i f o r m  q u a l i t y  o f  S_. p s e u d o c a p s  i cum a b o u t  500  

s p e c i m e n s  w e r e  gr own i n  t h e  f i e l d .  T h e s e  w e r e  h a r v e s t e d  j u s t  

b e f o r e  t h e  f i r s t  f r o s t  and  s t o r e d  u n d e r  r e f r i g e r a t i o n .  T e s t s  

we r e  c o n d u c t e d  i n  o r d e r  t o  d e t e r m i n e  t h e  s t a b i l i t y  o f  t h e  

a n t i b a c t e r i a l  s u b s t a n c e .  I t  was  f o u n d  t h a t  t h e  a c t i v i t y  was  

r e t a i n e d  r e g a r d l e s s  w h e t h e r  t h e  m a t e r i a l  was  r e f r i g e r a t e d  or  

d r i e d .  For  t h i s  r e a s o n  a l l  p l a n t  m a t e r i a l  was  d r i e d  in a 

f o r c e d  d r a f t  o v e n  a t  a ma x i ma l  t e m p e r a t u r e  a t  60° C.  G r e e n  

p a r t s  and r o o t s  w e r e  s e p a r a t e d  b e f o r e  d r y i n g  and l a t e r  s t o r e d  

s e p a r a t e l y .  A l l  p l a n t  m a t e r i a l  was  g r o u n d  i n  a W i l e y  m i l l  t o  

20  me s h .

2 .  A n a l y t i c a l  P r o c e d u r e s

D e t e r m i n a t i o n  o f  a c e t y l  g r o u p s . - The number  o f  a c e t y l  

g r o u p s  wa s  d e t e r m i n e d  b y  t h e  p r o c e d u r e  o f  Kuhn and R o t h  a s  

d e s c r i b e d  b y  M i l t o n  and W a t e r s  ( 6 0 ) .  N e t h a n o l i c  p o t a s s i u m
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h y d r o x i d e  wa s  u s e d  f o r  h y d r o l y s i s  e x c e p t  i n  t h e  c a s e  o f  t h e  

t r i a c e t y l  so 1 a n o c a p s i n e , w h e r e  N 1- b u t a n o l i c  p o t a s s i u m  h y d r o x ­

i de  was  u s e d .  The  l a t t e r  r e a g e n t  h a s  b e e n  r e g a r d e d  t o  be 

mor e  e f f i c i e n t  i n  t h e  h y d r o l y s i s  o f  N - a c e t y l  c o mp o u n d s .  The 

compound  was  d i s s o l v e d  i n  p y r i d i n e  b e f o r e  a d d i t i o n  o f  h y d r o -  

l y t  i c  r e a g e n t .

The m e t h o d  u s e d  b y  A l i c i n o  ( 1)  was  e m p l o y e d  f o r  d e t e r ­

m i n a t i o n  o f  O - a c e t y l  g r o u p s .

R a s t 1 s m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n . - M o l e c u l a r  w e i g h t  

was  d e t e r m i n e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  B e l c h e r  and  God-  

b e r t  ( 7 ) .  A b e a k e r  o f  m i n e r a l  o i l  o u t f i t t e d  w i t h  m e c h a n i c a l  

s t i r r e r  s e r v e d  a s  t h e  h e a t i n g  b a t h .  A t h e r m o m e t e r  c a l i b r a t e d  

f r o m  9 0 ° t o  2 0 0 ° C . w i t h  0 . 2 ° s u b d i v i s i o n s  was  u s e d  f o r  t e m p e r ­

a t u r e  m e a s u r e m e n t s .  T wi c e  s u b l i m e d  camphor  was  u s e d  a s  s o l v e n t .

D e t e r m i n a t i o n  o f  m e t h y l  g r o u p s  a t t a c h e d  t o  c a r b o n . -  The 

p r o c e d u r e  and r e a g e n t s  d e s c r i b e d  by  M i l t o n  and W a t e r s  ( 6 1) 

we r e  a d o p t e d .

N e u t r a l i z a t i o n  e q u i v a l e n t . -  A w e i g h e d  s a mp l e  o f  s o l a n o -  

c a p s i n e  was  d i s s o l v e d  i n  e t h a n o l  c o n t a i n i n g  a known e x c e s s  

o f  0 . 0 1 0 2  N h y d r o c h l o r i c  a c i d ,  and t h e n  b a c k - t i t r a t e d  w i t h

0 . 0 1 2 0  N p o t a s s i u m  h y d r o x i d e .  From t h e  d a t a  o b t a i n e d ,  t h e  

n e u t r a l i z a t i o n  e q u i v a l e n t  was  c a l c u l a t e d .  The pH c h a n g e  

d u r i n g  t h e  t i t r a t i o n  was  f o l l o w e d  w i t h  a Beckman p H - m e t e r .

S e m i - m i c r o  K j e l d a h l  a n a l y s i s . -  P r o c e d u r e  and r e a g e n t s  

a c c o r d i n g  t o  C l a r k  ( 2 1 )  w e r e  f o l l o w e d .  D i g e s t i o n  and



d i s t i l l a t i o n  e q u i p m e n t  f o r  a n a l y s i s  was  t h a t  a s  m o d i f i e d  and 

u s e d  i n  t h i s  l a b o r a t o r y .  A d i g e s t i o n  t i m e  o f  a t  l e a s t  6 h o u r s  

was  n e c e s s a r y  t o  i n s u r e  c o m p l e t e  d i g e s t i o n .

Va n  S l y k e  a mi no  n i t r o g e n  d e t e r m i n a t i o n . - The m e t h o d  i s  

b a s e d  on m e a s u r e m e n t  o f  n i t r o g e n  g a s  l i b e r a t e d  i n  t h e  r e a c t i o n  

RNH2 + HN02  ------------ » ROH + N2  + H2 0

D u r i n g  t h e  r e a c t i o n ,  e x c e s s  n i t r o u s  a c i d  d e c o m p o s e s  

s p o n t a n e o u s l y  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  n i t r i c  o x i d e :

3 HNC>2 -------------> HN03 + 2 NO + H2 0.

P r o c e d u r e  and  r e a g e n t s  we r e  f o l l o w e d  a c c o r d i n g  t o  Mor row 

and S a n d s t r o m  ( 6 3 ) .

E l e m e n t a r y  a n a l y s i s . -  The a n a l y s e s  we r e  p e r f o r m e d  b y  

e i t h e r  H u f f m a n  M i c r o a n a l y t i c a l  L a b o r a t o r i e s ,  P .  O. Box 125,  

W h e a t r i d g e ,  C o l o r a d o  or  G e l l e r  L a b o r a t o r i e s ,  lp73 B l a n c h a r d  

T e r r a c e ,  H a c k e n s a k ,  New J e r s e y .

M i c r o h y d r o g e n a t  i o n  ( e . g .  d e t e r m i n a t i o n  o f  " d o u b l e  b o n d s " ) .  

A W a r b u r g  a p p a r a t u s  f i t t e d  w i t h  h o i  1o w - s t o p p e r e d  v e s s e l s  i s  

a d a p t a b l e  f o r  f o l l o w i n g  h y d r o g e n a t i o n  r e a c t i o n s  and w i t h  r e ­

d u c e d  p l a t i n u m  o x i d e  a s  c a t a l y s t  was  u s e d  f o r  h y d r o g e n a t i o n .  

P r o c e d u r e  a s  d e s c r i b e d  b y  M i l t o n  and W a t e r s  ( 62 )  was  f o l l o w e d .

P e r i o d a t e  o x i d a t i o n s . -  P r o c e d u r e  and r e a g e n t s  a s  g i v e n  

b y  Dye r  ( 2 5 )  w e r e  u s e d .  The p e r i o d a t e  o x i d a t i o n s  w e r e  p e r ­

f o r m e d  a t  t h r e e  d i f f e r e n t  h y d r o g e n  i on  c o n c e n t r a t i o n s  (pH 2,

5 ,  and  8 ) .  A l i q u o t s  we r e  t i t r a t e d  a f t e r  3,  6 , 12,  2 If, lf8 ,

1 2 0 , and  600 m i n u t e s  a s  d e s c r i b e d  i n  t h e  p r o c e d u r e .
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T e s t  f o r  a c e t o n e . - The i o d o f o r m  t e s t  was  an a d a p t a t i o n  

f r o m  t h e  p r o c e d u r e  d e s c r i b e d  b y  C h e r o n i s  and E n t r i k i n  ( 2 0 ) .  

R e a g e n t s  u s e d  w e r e  t h o s e  m e n t i o n e d  by  t h e  t wo a u t h o r s ;  b u t  

t h e  p r o c e d u r e  wa s  s c a l e d  down s u c h  t h a t  o n l y  a t e n t h  o f  b o t h  

compound and  r e a g e n t s  w e r e  u s e d .

B i o a s s a y . -  The  p u r i f i c a t i o n  p r o c e d u r e s  w e r e  f o l l o w e d  b y  

b i o l o g i c a l  assay-"- a g a i n s t  M y c o b a c t e r  ium t u b e r c u l o s i s  and D i -  

p l o c o c c u s  p n e  umon i a e . I s o l a t i o n  wo r k  c o u l d  h a v e  b e e n  h a m p e r e d  

b y  S_. p s e u d o c a p s i c u m 1 s s p e c i f i c  a c t i v i t y  a g a i n s t  M. t u b e r c u - 

1o s i s b e c a u s e  o f  i t s  l o n g  i n c u b a t i o n  p e r i o d .  For  t h i s  r e a s o n  

an e x t e n d e d  b a c t e r i a l  s p e c t r u m  was  s t u d i e d  i n  o r d e r  t o  f i n d  

f a s t - g r o w i n g  o r g a n i s m s  w h i c h  a r e  a t  l e a s t  t o  some e x t e n t  i n ­

h i b i t e d  by  t h e  s u b s t a n c e  i n  q u e s t i o n .  I t  was  f o u n d  t h a t  t h e  

a n t  i t u b e r  c u l  a r  s u b s t a n c e s  o f  _5. p s e u d o c a p s  i cum c o u l d  be i n ­

d i c a t e d  w i t h  a s u f f i c i e n t  d e g r e e  o f  c e r t a i n t y  by  t e s t i n g  

a g a i n s t  D ip 1o c o c c u s  pne  umon i a e . The a s s a y s  w e r e  d e s i g n e d  

and d i r e c t e d  by  Dr .  R.  Y. G o t t s h a l l  a t  t h e  D i v i s i o n  o f  L a b o r a ­

t o r i e s ,  M i c h i g a n  D e p a r t m e n t  o f  H e a l t h .  A d i s c u s s i o n  o f  t h e  

m e t h o d s  o f  a s s a y  w i l l  be f o u n d  i n  t h e  A p p e n d i x  I .  The a c t i v ­

i t i e s  a r e  e x p r e s s e d  a s  t h e  l e a s t  number  o f  m i c r o g r a m s  ( ^ ) 

p e r  m i l l i l i t e r  o f  c u l t u r e  b r o t h  w h i c h  i n h i b i t s  g r o w t h .  In 

t h e  i n t r o d u c t o r y  e x p e r i m e n t s  t h e  a c t i v i t y  i s  a l s o  e x p r e s s e d  

in  a r e l a t i v e  way*  As  t h e  h i g h e s t  d i l u t i o n  w h i c h  i n h i b i t s  

b a c t e r i a l  g r o w t h .

"'The a u t h o r  w o u l d  l i k e  t o  t h a n k  Mr s .  S h i r l e y  G e i s  f o r  
c o n d u c t i n g  t h e  b i o a s s a y s  on s a m p l e s  f r o m  t h i s  p r o j e c t .
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C . E x p e r i m e n t a l  P r o c e d u r e s

ISOLATION WORK

1.  P r e l i m i n a r y  E x p e r i m e n t s  

L u c a s  and  c o - w o r k e r s  ( 32 )  f o u n d  t h a t  an a q u e o u s  e x t r a c t  

o f  t h e  m a c e r a t e d  r o o t s  o f  So l a n u m  p s e u d o c a p s  i cum c o n t a i n e d  t h e  

a n t i b a c t e r i a l  p r i n c i p l e .  T h e r e f o r e ,  t h e  f i r s t  e x p e r i m e n t s  

w e r e  m o s t l y  c o n c e r n e d  w i t h  f r a c t i o n a t i o n  o f  a w a t e r  e x t r a c t  

i n t o  d i f f e r e n t  a c t i v e  f r a c t i o n s .  By e x t r a c t i o n  w i t h  v a r i o u s  

w a t e r - i m m i s c i b i e  s o l v e n t s  or  a d d i t i o n  o f  d i f f e r e n t  s o l v e n t s  

t o  t h e  w a t e r  e x t r a c t ,  c o l l e c t i o n  and t e s t i n g  o f  t h e  p r e c i p i ­

t a t e s  f o r  a n t i b a c t e r i a l  a c t i v i t y  was  c a r r i e d  o u t .  D u r i n g  

t h e s e  i n t r o d u c t o r y  e x p e r i m e n t s  t h e  a c t i v e  p r i n c i p l e  was  f o u n d  

c o n s i d e r a b l y  more  s o l u b l e  i n  e t h a n o l  t h a n  i n  w a t e r .  F u r t h e r ­

mo r e ,  t h e  o n c e  w a t e r - e x t r a c t e d  r o o t s  r e - e x t r a c t e d  w i t h  e t h a n o l  

r e l e a s e d  s t i l l  mor e  o f  t h e  a n t i b a c t e r i a l  p r i n c i p l e .  Thus  a 

s t u d y  wa s  u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  e f f i c i e n c y  o f  v a r i o u s  

s o I v e n t  s .

a .  E x t r a c t i o n  a g e n t s . -  F i f t e e n - g r a m  p o r t i o n s  o f  t h e  

d r i e d  r o o t  p o wd e r  we r e  e x t r a c t e d  w i t h  150  m l .  o f  t h e  a p p r o ­

p r i a t e  s o l v e n t  f o r  l ^O m i n u t e s  i n  a ^ S o x h l e t  a p p a r a t u s .  The 

o b t a i n e d  e x t r a c t s  w e r e  f i l t e r e d ,  c o n c e n t r a t e d  u n d e r  d i m i n i s h e d  

p r e s s u r e  i n  a f l a s h  e v a p o r a t o r  t o  15 ml .  t o  g i v e  a p r o p o r t i o n  

o f  r o o t  w e i g h t  t o  s o l v e n t  v o l u me  o f  1 : 1 .  The o n c e - e x t r a c t e d  

r o o t  p o wd e r  wa s  r e - e x t r a c t e d , now w i t h  150  m l .  o f  a d i f f e r e n t  

s o l v e n t .  The e x t r a c t s  w e r e  f i l t e r e d  and c o n c e n t r a t e d  a s
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b e f o r e  t o  l £  m l .  A l l  c o n c e n t r a t e s  w e r e  t e s t e d  f o r  a n t i b a c ­

t e r i a l  a c t i v i t y .  The a n t i b a c t e r i a l  a c t i v i t y  o f  t h e  e x t r a c t s  

made w i t h  d i f f e r e n t  s o l v e n t s  c a n  be s e e n  f r o m  t h e  d a t a  g i v e n  

i n  Tab i e I .

TABLE 1

RESULTS OF VARIOUS EXTRACTION SOLVENTS WITH 
ROOTS OF S.  PSEUDOCAPSICUM

15 g .  I n h i b i t  Gr o wt h  o f :
R o o t  E x t r a c t i o n  E x t r a c t i o n  D . p n e u m o n i a e  M . t u b e r c u l o s I s

Sa mpl e  O r d e r  S o l v e n t - ”- i n  a D i l u t i o n  Tn a U 1 i u t  i on
N o . o f  o f

1 .
1 , e x t r a c t  i o n ab so 1 . e t h a n o 1 1 : 1021+ 1 : 61+0

2 . e x t r a c t  i o n w a t e r i n a c t  i ve i n a c t  i ve

1 . e x t r  a c t  i o n 8 0 % e t h a n o l > 1 : 128 >1 : 1 2 8 0
2 .

2 . e x t r  a c t  i on w a t e r i n a c t  i ve i n a c t  i ve

3.
1 . e x t r a c t  i o n w a t e r 1:61+ 1 : 8 0

2 . e x t r  a c t  i o n Q0% e t h a n o l 1 : 61+ 1 : 8 0

A l l  s o l u t i o n s  h a v e  a r e l a t i v e  c o n c e n t r a t i o n  o f  1 g.  o f  r o o t s  
t o  1 m l .  o f  s o l v e n t .

b .  P o s s i b i l i t y  o f  an  a n t i b a c t e r i a l  a l k a l o i d . - A d d i t i o n  

o f  6 N ammonium h y d r o x i d e  or  6 N s o d i u m h y d r o x i d e  c h a n g e d  t h e  

s t r a w  y e l l o w  c o l o r  o f  t h e  e t h a n o l i c  r o o t  e x t r a c t  t o  a d e e p  

y e l l o w  and a f l u f f y  p r e c i p i t a t e  a p p e a r e d .  A d d i t i o n  o f  6 N 

h y d r o c h l o r i c  a c i d  t o  t h e  same e x t r a c t  d i d  n o t  c h a n g e  i t s  

a p p e a r  a n c e .

S i n c e  a l l  S o l a n u m  s p e c i e s  i n v e s t i g a t e d  so f a r  h a v e  c o n ­

t a i n e d  a l k a l o i d s ,  i t  was  t h o u g h t  t h a t  t h e  p r e c i p i t a t e  a p p e a r i n g
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a f t e r  a d d i t i o n  o f  ammonium h y d r o x i d e  c o u l d  be  an a l k a l o i d .

A d r o p  o f  M a y e r r s r e a g e n t ,  a common a l k a l o i d  r e a g e n t ,  when 

a d d e d  t o  1 m l .  o f  t h e  r o o t  e x t r a c t  p r e p a r e d  w i t h  8 0  p e r  c e n t  

e t h a n o l  ( T a b l e  1 ) ga ve  a w h i t e  p r e c i p i t a t e .  T h i s  i n d i c a t e d  

t h e  p o s s i b i l i t y  o f  an  a l k a l o i d .  A f t e r  some t i m e  t h e  c o l o r  

o f  t h e  s o l u t i o n  c h a n g e d  t o  a b l u e .  T h i s  may be due t o  a r e ­

a c t i o n  b e t w e e n  i o d i n e  ( f r o m  t h e  r e a g e n t )  and  s t a r c h  p r e s e n t  

i n  t h e  s o l u t i o n .

One m i l l i l i t e r  o f  t h e  w a t e r  e x t r a c t  p r e p a r e d  b y  e x t r a c t ­

i ng  t h e  r o o t s  p r e v i o u s l y  e x t r a c t e d  w i t h  8 0  p e r  c e n t  e t h a n o l  

( r e f e r  w i t h  T a b l e  I )  gave  o n l y  a v e r y  s l i g h t  c l o u d i n e s s  w i t h  

M a y e r 1 s r e a g e n t .  T h i s  i n d i c a t e s  t h a t  t h e  a l k a l o i d s  f o r  t h e  

m o s t  p a r t  w e r e  e x t r a c t e d  t h e  f i r s t  t i m e  b y  e t h a n o l .

c .  F r a c t i o n a t i o n  u s i n g  i o n - e x c h a n g e . -  The i o n - e x c h a n g e  

f r a c t i o n a t i o n  was  c a r r i e d  o u t  i n  a b a t c h  p r o c e s s  and may be 

s c h e m a t i c a l l y  r e p r e s e n t e d  a s  f o l l o w s :

E t h a n o l i c  e x t r a c t  o f  r o o t s
( a n i o n s ,  c a t i o n s ,  n o n - i o n i c  s u b s t a n c e s )I
Dowex 50 (H*") ____________r e g e n e r a t i o n  w i t h  * c a t i o n s  a s

( c a t i o n s )  2 N HC1 s a l t s

▼ ^ , ♦ ,
Dowex l (OH ) r  e g e n e r  a t  i o n .  Dowex 50(H )

( a n i o n s )  w i t h  2N NaOH N a - s a l t s  f r e e  a c i d s

v n o n - i o n  ic
—:------------------ ----------1 s u b s t a n c e s .

F i g u r e  1.  Scheme o f  i o n - e x c h a n g e  f r a c t i o n a t i o n  o f  r o o t  e x t r a c t .
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Dowex 50 wa s  i n  t h e  f r e e  s u l f o n i c  a c i d  f o r m  (RSO^OH).  

T w e n t y  g r a m s  was  p r e p a r e d  by  w a s h i n g  t h e  r e s i n  t w i c e ,  e a c h  

t i m e  w i t h  100 m i .  o f  2 N h y d r o c h l o r i c  a c i d ,  and t h e n  w a s h i n g  

w i t h  w a t e r  u n t i l  t h e  w a s h i n g s  d i d  n o t  g i v e  p r e c i p i t a t e  w i t h  

0 . 0 5  N s i l v e r  n i t r a t e .  Dowex 1 was  i n  t h e  q u a t e r n a r y  ammon­

ium b a s e  f o r m .  T w e n t y  g r a ms  o f  t h e  r e s i n  was  w a s h e d  t w i c e ,  

e a c h  t i m e  w i t h  100 m l .  o f  N s o d i u m  h y d r o x i d e ,  a nd  f i n a l l y  

w i t h  w a t e r  u n t i l  n e u t r a l  t o  l i t m u s  p a p e r .

The f o l l o w i n g  d e s c r i b e s  s t e p w i s e  t h e  p r o c e d u r e  o f  s e p a -  

r a t  i o n :

S t e p  1.  -  T h i r t y  g r a ms  o f  r o o t  me a l  was  e x t r a c t e d  w i t h  

300 m l .  o f  80  p e r  c e n t  e t h a n o l  in a S o x h l e t  a p p a r a t u s  f o r  

t h r e e  h o u r s .  The e x t r a c t  was  c o n c e n t r a t e d  in a f l a s h  e v a p o ­

r a t o r  t o  150 m l .  and  gave  a s o l u t i o n  o f  pH

S t e p  2 .  -  The e t h a n o l i c  e x t r a c t  was  mi x e d  w i t h  t h e  Dowex 

50 r e s i n  and  t h e  pH c h a n g e  f o l l o w e d  on a Beckman p H - m e t e r .  

A f t e r  one  m i n u t e  t h e  pH was  1 . 9  and b o t h  a f t e r  t h r e e  and f i v e  

m i n u t e s  1 . 8 5 .  The r e s i n  was  now w a s h e d  w i t h  50 m l .  o f  80  

p e r  c e n t  e t h a n o l .

S t e p  3.  -  The e f f l u e n t  p l u s  wash  l i q u i d s  we r e  a d d e d  t o

t h e  Dowex 1 r e s i n .  The  pH was  a f t e r  one m i n u t e  i | . 0 ,  and  a f t e r  

t h r e e  and f i v e  m i n u t e s  6 .5  and 9 . 5 , r e s p e c t i v e l y .  The r e s i n  

was  w a s h e d  w i t h  5 0  m l ,  o f  8 0  p e r  c e n t  e t h a n o l .

S t e p  1+. -  The e f f l u e n t  p l u s  w a s h i n g s  w h i c h  c o n t a i n  t h e

n o n - i o n i c  s u b s t a n c e s  w e r e  e v a p o r a t e d  a t  5 0 ° C .  t o  d r y n e s s  in 

a f l a s h  e v a p o r a t o r .  The r e s i d u e  was  d i s s o l v e d  in 30 m l .  o f
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8 0  p e r  c e n t  e t h a n o l  and  t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .

S t e p  5 .  - The  Dowex 50 r e s i n  was  f e j e n e r a t e d  t w i c e ,  e a c h  

t i m e  w i t h  100  m l .  o f  2 N h y d r o c h l o r i c  a c i d  and t h e  g r e e n i s h  

c o l o r e d  e f f l u e n t  wa s  e v a p o r a t e d  t o  n e a r  d r y n e s s .  A f t e r  n e u ­

t r a l i z a t i o n ,  e t h a n o 1 wa s  a d d e d  t o  p r o d u c e  a f i n a l  v o l u me  o f  

30 m l .  o f  80  p e r  c e n t  e t h a n o l .  T h i s  s o l u t i o n  p r e s u m e d  t o  

c o n t a i n  t h e  o r g a n i c  c a t i o n i c  m a t e r i a l s  was  t e s t e d  f o r  a n t i ­

b a c t e r i a l  a c t i v i t y .

S t e p  6 . -  The Dowex 1 r e s i n  was  g e n e r a t e d  t w i c e ,  e a c h  

t i m e  w i t h  100 m l .  o f  N s o d i u m  h y d r o x i d e .  The s o d i u m  s a l t s  

o f  o r g a n i c  a c i d s  p r e s e n t  i n  t h e  e f f l u e n t s  we r e  c o n v e r t e d  t o  

f r e e  a c i d s  b y  a d d i n g  t h e  e f f l u e n t s  t o  a Dowex 50 r e s i n  on t h e  

f r e e  a c i d  f o r m .  The e f f l u e n t s ,  o f  a g r e e n i s h  c o l o r  b e f o r e  

a d d i t i o n  t o  t h e  Dowex 50  r e s i n ,  w e r e  c o l o r l e s s  a f t e r  h a v i n g  

p a s s e d  o v e r  t h e  r e s i n .  The e f f l u e n t  wa s  e v a p o r a t e d  t o  d r y ­

n e s s ;  t h e  r e s i d u e  wa s  d i s s o l v e d  i n  30 m i .  o f  80  p e r  c e n t  

e t h a n o l  and t h e n  t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .

The a c t i v i t i e s  o f  t h e  f r a c t i o n s  a r e  g i v e n  i n  T a b l e  I I .

TABLE I I

ANTIBACTERIAL ACTIVITY OF FRACTIONS OBTAINED BY ION-EXCHANGE

I n h  i b  i t Gr o wt h o f  :
F r a c t i on - " -  D.  p n e u m o n i a e

i n  a D i l u t i o n  o f
M.
in

t u b e r c u l o s i s  
a D i 1u t  i o n  o f

I n o r g a n i c  c a t i o n s
n i t r o g e n o u s  c o mp o u n d s  1 : 8 1 : 5
F r e e  a c i d s  i n a c t i v e i n a c t  i ve
Non i o n i c  s u b s t a n c e s  i n a c t i v e i n a c t  i ve

A l l  f r a c t i o n s  h a d  a r e l a t i v e  c o n c e n t r a t i o n  o f  1 g.  o f  r o o t s  
t o  1 m l . o f  s o l v e n t .



30

d .  E x t r a c t i o n  o f  b a s i c  p r i n c i p l e s . - As  r e p o r t e d  a b o v e  

i t  was  f o u n d  t h a t  t h e  a c t i v i t y  wa s  a s s o c i a t e d  w i t h  t h e  c a t ­

i o n i c  s u b s t a n c e s ,  w h i c h  w o u l d  i n c l u d e  n i t r o g e n o u s  c o mp o u n d s .

I n  t h e  f o l l o w i n g  e x p e r i m e n t  i s o l a t i o n  o f  t h e  b a s i c  p r i n c i p l e s  

b y  e t h e r  e x t r a c t i o n  wa s  a t t e m p t e d .

T h i r t y  g r a ms  o f  r o o t  p o wd e r  was  e x t r a c t e d  i n  a S o x h l e t  

a p p a r a t u s  w i t h  300  m l .  o f  80  p e r  c e n t  e t h a n o l  f o r  2 h o u r s .

The e t h a n o l  e x t r a c t  was  c o n c e n t r a t e d  i n  a f l a s h  e v a p o r a t o r  

t o  a v o l u me  o f  50 m l .  and  made d i s t i n c t l y  a m m o n i a c a l . Then  

i t  was  e x t r a c t e d  f i v e  t i m e s  w i t h  e t h y l  e t h e r ,  t h e  f i r s t  t i m e  

w i t h  2 5 0  m l .  a nd  t h e  n e x t  f o u r  t i m e s  w i t h  1 0 0 - m l . p o r t i o n s .

The e t h e r - e x t r a c t e d  w a t e r  p h a s e  was  t e s t e d  f o r  a n t i b a c t e r i a l  

a c t  i v  i t y .

The c o m b i n e d  e t h e r  e x t r a c t s  w e r e  d r i e d  o v e r  a n h y d r o u s  

s o d i u m  s u l f a t e  and  e v a p o r a t e d  t o  r emove  s o l v e n t .  The r e s i d u e  

was  r e d i s s o l v e d  i n  300 m l .  o f  e t h y l  e t h e r  and a o n e - s i x t h  

a l i q u o t  ( o r  50 m l . )  wa s  e v a p o r a t e d  t o  d r y n e s s .  T h i s  r e s i d u e  

was  d i s s o l v e d  i n  5  nil • o f  e t h a n o l  and  t e s t e d  f o r  a n t i b a c t e r i a l  

a c t i v i t y .  A s t r e a m  o f  d r y  h y d r o g e n  c h l o r i d e  g a s  f r o m  a g e n ­

e r a t o r  was  p a s s e d  t h r o u g h  t h e  r e m a i n i n g  f i v e - s i x t h  o f  t h e  

e t h e r  e x t r a c t .  A w h i t e  p r e c i p i t a t e  o c c u r r e d  w h i c h  was  f i l ­

t e r e d  o f f  and w a s h e d  w i t h  e t h e r  and  d r  i e d .  The w e i g h t  o f  t h e  

p r e c i p i t a t e  was  275  itiq - To t e s t  f o r  a n t i b a c t e r i a l  a c t i v i t y  

t h e  p r e c i p i t a t e  wa s  d i s s o l v e d  i n  2 5  ni l .  o f  e t h a n o l .

The a n t i b a c t e r i a l  a c t i v i t y  o f  t h e  v a r i o u s  f r a c t i o n s  o f  

t h e  e t h a n o l i c  e x t r a c t  c a n  be s e e n  i n  T a b l e  I I I .
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TABLE I I I

ANTIBACTERIAL ACTIVITY OF FRACT IONS OBTAINED 
FROM A ROOT ETHANOL IC EXTRACT

a ) I nh  ib i t Gr owt h o f  :
Fr  a c t  i o n  D .

i n  a
pne  umon i ae 
D i l u t i o n  o f :

M.
: in a

t u b e r c u l o s i s  
D i l u t i o n  o f

E t h e r e x t r a c t e d  w a t e r  p h a s e 1 : 8 1 : 5

Ba s  i c s u b s t a n c e s  i n  e t h e r 1 : 6 J4- 1 : 160

Cr ude a l k a l o i d  h y d r o c h l o r i d e 1 : 2 5 6 1 : 61+0

E t h e r , a 1k a l o  id f r e e i n a c  t  i ve i n a c t  i ve

a)  A l l  f r a c t i o n s  h a v e  a r e l a t i v e  c o n c e n t r a t i o n  o f  1 g .  o f  
r o o t s  t o  1 m l .  o f  s o l v e n t .

From T a b l e  I I I  i t  c a n  be s e e n  t h a t  t h e  a c t i v i t y  f o l l o w e d  

t h e  a l k a l o i d  f r a c t i o n .

2 .  I s o l a t i o n  and P u r i f i c a t i o n  o f  So 1a n o c a p s i n e

a .  A n t i b a c t e r i a l  a c t i v i t y  i n  e x t r a c t s  f r o m  r o o t s  and 

l e a v e s .  -  I t  wa s  o r i g i n a l l y  f o u n d  b y  L u c a s  and a s s o c i a t e s  ( 32 )  

t h a t  o n l y  t h e  r o o t s  o f  S_. p s e u d o c a p  s i cum showed a c t i v i t y  

a g a i n s t  M. t u b e r c u l o s i s . In t h e  p r e c e d i n g  p a r a g r a p h  i t  was  

r e p o r t e d  t h a t  t h e  a n t  ib ac t e r i a l  p r i n c i p l e  was  c l o s e l y  r e l a t e d  

t o  t h e  a l k a l o i d s  i n  t h e  p l a n t .  S i n c e  t h e  a l k a l o i d  s o l a n o c a p -  

s i n e ,  w h i c h  i s  p r e s e n t  i n  t h e  p l a n t ,  o n l y  had  b e e n  i s o l a t e d  

f r o m t h e  l e a v e s ,  i t  was  d e c i d e d  t o  t e s t  w h e t h e r  t h e  l e a v e s

a l s o  p o s s e s s e d  a n t i b a c t e r i a l  a c t i v i t y .

T w e n t y - f i v e  g r a ms  d r i e d  and  g r o u n d  l e a v e s  and t h e  same 

w e i g h t  o f  r o o t  me a l  w e r e  e x t r a c t e d  f o r  f o u r  h o u r s ,  e a c h  i n  a
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S p x h l e t  a p p a r a t u s .  E a c h  2 5 - g .  s a m p l e  wa s  e x t r a c t e d  w i t h  250  

m l .  o f  80  p e r  c e n t  e t h a n o l .  B o t h  e x t r a c t s  w e r e  c o n c e n t r a t e d  

i n  a f l a s h  e v a p o r a t o r  t o  2 5  n i l .  a n d ,  a f t e r  d r y  w e i g h t  d e t e r ­

m i n a t i o n s ,  t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .

TABLE IV

ANTIBACTERIAL ACTIVITY IN EXTRACTS FROM ROOTS AND LEAVES

I n h i b i t  Gr o wt h  o f ;
P l a n t  P a r t m g . Dr y  W t . / m l . D. p n e u m o n i a e  M. t u b e r c u l o s i s

L e a v e  s 108 8 31+0

R o o t  s 56 I4I4.0 J+Û

-a- See  A p p e n d i x  f o r  d e t a i l s  and d e f i n i t i o n s  o f  u n i t s .

The  a c t i v i t i e s  shown i n  T a b l e  IV do n o t  i n d i c a t e  t h a t  

one p a r t  o f  t h e  p l a n t  i s  b e t t e r  t h a n  t h e  o t h e r  a s  a s o u r c e  

o f  t h e  a n t i b a c t e r i a l  p r i n c i p l e .  D i f f e r e n t  a m o u n t s  o f  b a l l a s t  

m a t e r i a l  d i s s o l v e d  d u r i n g  e x t r a c t  i on  c o u l d  h a v e  c h a n g e d  t h e  

a c t i v i t i e s  r e p o r t e d .  B u t  i t  i s  c o n f i r m e d  t h a t  t h e  l e a v e s  t o o  

c o n t a i n  t h e  a n t i b a c t e r i a l  p r i n c i p l e .

b .  I s o l a t i o n  o f  c r u d e  a l k a l o i d  f r o m  r o o t s . -  As  a r e s u l t  

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

r o o t s  o f  S .  p s e u d o c a p s i c u m  wa s  a t t e m p t e d .  B e s i d e s  d e t e r m i n i n g  

w h e t h e r  t h i s  a l k a l o i d  h a d  a n y  a n t i b a c t e r i a l  a c t i v i t y ,  i t  r e ­

m a i n e d  t o  be  a s c e r t a i n e d  w h e t h e r  s o l a n o c a p s i n e  was  t h e  a l k a ­

l o i d  p r e s e n t  i n  t h e  r o o t s .  The m e t h o d  u s e d  f o r  i s o l a t i o n  wa s ,  

e x c e p t  f o r  m i n o r  c h a n g e s ,  t h a t  g i v e n  b y  S c h l i t t l e r  and
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U e h l i n g e r  ( 7 8 )  f o r  t h e  i s o l a t i o n  o f  so 1a n o c a p s i n e  f r o m  t h e  

l e a v e s .  The m e t h o d  u s e d  i s  o u t l i n e d  i n  F i g u r e  2 .

I4.OO g .  d r i e d  and g r o u n d  r o o t s  
p e r c o l a t e d  w i t h  6 1 . o f  8 0  p e r  c e n t  e t h a n o l

r
E t h a n o l  e x t r a c t  

(Te s t  n o . 9 5 )
Re s i due  

( d i s c a r d e d )

1) C o n c e n t r a t e d  t o  250  m l .
2)  Made a m m o n i a c a l
3)  E x t r a c t e d  w i t h  500  m l .  and

5 t i m e s  w i t h  2 5 0  m l .  p o r t i o n s  o f  e t h y l  e t h e r

E t h e r  e x t r a c t

1) E x t r a c t e d  w i t h  s m a l l  p o r t i o n s  o f
t e n  p e r  c e n t  a c e t i c  a c i d .  Us e d  1250 ml

Ac id e x t r  ac  t

1) N e a r l y  s a t u r a t e d  b y  a d d i t i o n  
o f  370 g .  s o d i u m  c h l o r i d e

10 g .  c r u d e  a l k a l o i d  h y d r o c h l o r i d e  
( Te s t  n o . 99)

Aq u e o u s  
a mmo n i a c a l  

1 aye  r 
( T e s t  n o . 96 )

E t h e r  e x t r a c t  
1 a y e r  

(Te s t  n o . 97)

I
M o t h e r  1 i q u o r  
( T e s t  n o . 9 8 )

F i g u r e  2 .  Scheme o f  i s o l a t i o n  o f  a l k a l o i d  f r o m  r o o t s .
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D r i e d  and  g r o u n d  r o o t s  (I4.OO g . )  we r e  m a c e r a t e d  w i t h  6 1.  

o f  8 0  p e r  c e n t  e t h a n o l  f o r  J4.8 h o u r s  i n  a c o n i c a l  g l a s s  p e r c o ­

l a t o r  e q u i p p e d  w i t h  g l a s s  s t o p  c o c k  and a p l u g  o f  c o t t o n  t o  

p r e v e n t  t h e  r o o t  powde r  f r o m  p l u g g i n g  t h e  s t o p  c o c k .  A f t e r  

i_l_8 h o u r s ,  p e r c o l a t i o n  was  p e r f o r m e d  a t  a s p e e d  o f  10 d r o p s  p e r  

m i n u t e  and a g o l d e n  b r o wn  e x t r a c t  ( 5 * 6  1 . )  wa s  o b t a i n e d .

The  e x t r a c t  wa s  c o n c e n t r a t e d  in a f l a s h  e v a p o r a t o r  t o  

250 m l .  The  c o n c e n t r a t e  wa s  made d i s t i n c t l y  a mmo n i a c a l  and 

e x t r a c t e d  on c e  w i t h  %00 m l .  o f  e t h y l  e t h e r  and 5 t i m e s  w i t h  

250 m l • p o r t i o n s  o f  t h e  same s o l v e n t .  The r e m a i n i n g  ammoni a ­

c a l  p h a s e  was  t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .

The c o m b i n e d  e t h e r  e x t r a c t ' s  w e r e  p l a c e d  i n  a 2 - l i t e r  

s e p a r a t o r y  f u n n e l  and e x t r a c t e d  w i t h  s m a l l  a mo u n t s  o f  10 p e r  

c e n t  a c e t i c  a c i d  u n t i l  1250  m l .  o f  10 p e r  c e n t  a c e t i c  a c i d  

was  u s e d .  An a l i q u o t  o f  t h e  a c i d  e x t r a c t e d  e t h e r  p h a s e  was  

e v a p o r a t e d  t o  d r y n e s s ,  d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  and 

t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .

S o d i u m  c h l o r i d e  was  a d d e d  t o  t h e  a c e t i c  a c i d  s o l u t i o n  

i n  an  amoun t  ( 3 7 0  g . )  s u f f i c i e n t  t o  p r e c i p i t a t e  t h e  a l k a l o i d  

a s  t h e  h y d r o c h l o r i d e .  A f t e r  s t a n d i n g  o v e r n i g h t  i n  t h e  r e f r i g ­

e r a t o r  t h e  c r y s t a l l i n e  a l k a l o i d  h y d r o c h l o r i d e  was  c o l l e c t e d  

on a  f i l t e r  and  d r i e d  a t  r oom t e m p e r a t u r e .  The y i e l d  o f  c r u d e  

a l k a l o i d  h y d r o c h l o r i d e  was  1 0 . 0  g .  and f o u n d  c o n t a m i n a t e d  w i t h  

a l a r g e  amount  o f  s o d i u m c h l o r i d e .  B o t h  t h e  c r u d e  a l k a l o i d  

h y d r o c h l o r i d e  and t h e  a c i d i c  m o t h e r  l i q u o r  w e r e  t e s t e d  f o r  

a n t i b a c t e r i a l  a c t i v i t y .
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Two g r a ms  o f  c r u d e  a l k a l o i d  h y d r o c h l o r i d e  was  d i s s o l v e d  

b y  h e a t i n g  i n  20 m l .  o f  w a t e r .  The w a t e r  s o l u t i o n  made d i s ­

t i n c t l y  a m m o n i a c a l  wa s  e x t r a c t e d  t h r e e  t i m e s  w i t h  1 0 0 - m l .  

p o r t i o n s  o f  e t h y l  e t h e r .  The c o m b i n e d  e t h e r  e x t r a c t s  we r e  

d r i e d  o v e r  a n h y d r o u s  s o d i u m s u l f a t e  and  e v a p o r a t e d  t o  d r y n e s s  

t o  g i v e  2 6 0  mg.  o f  c r u d e  a l k a l o i d  b a s e .  The a n t  i b a c t e r  i a l  

a c t i v i t y  o f  b o t h  t h e  b a s e  and  t h e  e t h e r  e x t r a c t e d  w a t e r  p h a s e  

was  d e t e r m i n e d .  The a n t i b a c t e r i a l  a c t i v i t y  o f  t h e  v a r i o u s  

f r a c t i o n s  c a n  be s e e n  i n  T a b l e  V.

TABLE V

ANTIBACTERIAL ACTIVITY DURING ROOT ALKALOID ISOLATION

8 / m l ,  I n h i b i t  Gr o wt h  o f :

T e s t  F r a c t i o n  mg.  Dr y  D . p n e u m o n i a e  M . t u b e r c u l o s i s
n o .  W t . / m l .  On On B l o o d

Ag a r  A g a r

95 E t h a n o l  e x t r a c t 138 30 5k
96 Ammo n i a c a l  l a y e r 188 > 1 0 0 > 1 0 0 > 1 0 0

97 E t h e r  e x t r a c t  l a y e r k-.6 72 i n a c t  ive i n a c  t

98 M o t h e r  1 i q u o r 5 5 .>5 > 1 0 0 > 1 0 0 > 1 0 0

99 C r u d e  a l k a l o i d  HC1 2 .,0 16 25 25

100 A l k a l o  id b a s e 1 .,0 16 12 12

101 A q u e o u s  p h a s e  f r o m 85 > 1 0 0 i n a c t  i ve i na c  t
e x t r .  o f  a l k a l o i d
b a s e

c * I s o l a t i o n  o f  so 1a n o c a p s i n e  f r o m  l e a v e s . -  S e v e r a l  

b a t c h e s  o f  so 1a n o c a p s i n e  w e r e  i s o l a t e d  d u r i n g  t h i s  i n v e s t i g a t  i o n .
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The  p r o c e d u r e  w i t h  m i n o r  m o d i f i c a t i o n s  was  t h a t  f o l l o w e d  by 

S c h l i t t l e r  a nd  U e h l i n g e r  ( 78 ) *

D r i e d  and  g r o u n d  l e a v e s  ( 500  g . )  we r e  m a c e r a t e d  w i t h  9 1* 

o f  8 0  p e r  c e n t  e t h a n o l  in a c y l i n d r i c a l  g l a s s  j a r  f o r  1+8 h o u r s .  

The l e a f  m a t e r i a l  wa s  f i l t e r e d  on a B u c h n e r  f u n n e l  and a g a i n  

e x t r a c t e d  f o r  1+8 h o u r s  w i t h  9 1.  o f  80  p e r  c e n t  e t h a n o l .  The 

c o m b i n e d ,  d e e p  g r e e n  f i l t r a t e s  we r e  c o n c e n t r a t e d  in a f l a s h  

e v a p o r a t o r  t o  1250 m l .  D u r i n g  c o n c e n t r a t i o n  l a r g e  a mo u n t s  o f  

c h l o r o p h y l l  s e p a r a t e d  on t h e  s i d e  o f  t h e  f l a s k  a s  a v i s c o u s  

c o a t i n g .  To p r e c i p i t a t e  c h l o r o p h y l l  200  m l .  g l a c i a l  a c e t i c  

a c i d  was  a d d e d  t o  t h e  c o n c e n t r a t e .  A f t e r  s t a n d i n g  o v e r n i g h t  

i n  t h e  r e f r i g e r a t o r  t h e  c h l o r o p h y l l  was  r emove d  b y  f i l t r a t i o n .

The c o n c e n t r a t e  was  t h e n  d i v i d e d  i n t o  f r a c t i o n s  o f  500 ml. 

and e a c h  made d i s t i n c t l y  a m m o n i a c a l .  In a 2-1  i t e r  s e p a r a t o r y  

f u n n e l  e a c h  f r a c t i o n  was  e x t r a c t e d  on c e  w i t h  1 1 . o f  e t h y l

e t h e r  and  f i v e  t i m e s  w i t h  5 0 0 - m l . p o r t i o n s .  The e t h e r  p h a s e  

s e p a r a t e d  r e a d i l y  f r o m  t h e  a q u e o u s  ammonia  l a y e r  d u r i n g  

t h e  f i r s t  t h r e e  e x t r a c t i o n s .  Ho we ve r ,  d u r i n g  t h e  l a s t  two 

e x t r a c t i o n s  i t  was  v e r y  d i f f i c u l t  t o  s e p a r a t e  t h e  two p h a s e s  

due t o  e m u l s i f i c a t i o n . Some o f  t h e  l i p i d s  p r e s e n t  i n  t h e  

e x t r a c t  we r e  p o s s i b l y  s a p o n i f i e d  by  t h e  ammonium h y d r o x i d e .

The c o m b i n e d  e t h e r  e x t r a c t s  we r e  e x t r a c t e d  w i t h  s m a l l  

a m o u n t s  o f  10 p e r  c e n t  a c e t i c  a c i d .  To t h e  c o mb i n e d  a c e t i c  

a c i d  e x t r a c t s  was  a d d e d  s o d i u m c h l o r i d e  ( 3 3 0  g . )  u n t i l  c l o u d ­

i n e s s  p e r s i s t e d  and t h e  s o l u t i o n  was  t h e n  p l a c e d  i n  t h e  r e ­

f r i g e r a t o r .  A f t e r  10 h o u r s  t h e  p r e c i p i t a t e  was  c o l l e c t e d  on
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a f i l t e r  a n d  d r i e d  a t  room t e m p e r a t u r e .  The m o t h e r  l i q u o r  

ga ve  o n l y  a n  i n s i g n i f i c a n t  c l o u d i n e s s  w i t h  M a y e r ’ s r e a g e n t .

The y i e l d  o f  c r u d e  so 1a n o c a p s i n e  h y d r o c h l o r i d e  was  8 . 0  g . ,  

w h i c h  c o r r e s p o n d s  t o  a 1 . 6  p e r  c e n t  y i e l d  b a s e d  on  t h e  d r y  

w e i g h t  o f  t h e  l e a v e s .

S e v e r a l  a d d i t i o n a l  i s o l a t i o n s  u s i n g  t h e  p r o c e d u r e  d e s ­

c r i b e d  a b o v e  g a v e  y i e l d s  o f  1 . 2 6  p e r  c e n t  and  1 . 51+ p e r  c e n t  

o f  c r u d e  a l k a l o i d  h y d r o c h l o r i d e  b a s e d  on d r y  w e i g h t  o f  l e a v e s .

B a r n s t e a d  e x t r a c t o r . -  To s i m p l i f y  t h e  c umbe r s ome  p r o ­

c e d u r e  a l a r g e  s c a l e  i s o l a t i o n  was  a t t e m p t e d  by  m a k i n g  use  o f  

a B a r n s t e a d  e x t r a c t o r .  A 2 k g .  b a t c h  o f  r o o t  me a l  was  a l l o w e d  

t o  a b s o r b  2 1 . o f  w a t e r  and  t h e n  e x t r a c t e d  i n  t h e  a p p a r a t u s  

w i t h  12 1.  o f  e t h a n o l  f o r  s e v e n  h o u r s .  The m a i n  p o r t i o n  o f  

t h e  a l c o h o l  was  r e m o v e d  b y  d i s t i l l a t i o n  and  t h e  r e m a i n i n g  

e x t r a c t  was  f u r t h e r  c o n c e n t r a t e d  t o  2 1 . i n a f l a s h  e v a p o ­

r a t o r .  The c o n c e n t r a t e  was  d i v i d e d  i n t o  5 0 0 - m l . f r a c t i o n s  

and w o r k e d  up a s  d e s c r i b e d  a b o v e .  The y i e l d  o f  c r u d e  a l k a ­

l o i d  h y d r o c h l o r i d e  was  o n l y  2 . 2  g.  c o r r e s p o n d i n g  t o  a 0 . 1 1  

p e r  c e n t  y i e l d  b a s e d  on d r y  w e i g h t  o f  r o o t s .

d * The c o m p l e t e n e s s  o f  a l k a l o i d  e x t r a c t i o n . -  S c h l i t t l e r  

and  U e h l i n g e r  ( 7 8 ) n o t i c e d  t h a t  t h e  c o n c e n t r a t e d  and a q u e o u s  

a mm o n i a c a l  l a y e r  o b t a i n e d  f r o m  an e x t r a c t  o f  l e a v e s  a f t e r  

e t h e r  e x t r a c t i o n  ga ve  a h i g h l y  p o s i t i v e  a l k a l o i d  t e s t  w i t h  

M a y e r ’ s t e s t .  When t h i s  p a r t i c u l a r  s t e p  was  c h e c k e d  o n l y  a 

v e r y  s l i g h t  c l o u d i n e s s  w i t h  M a y e r ’ s r e a g e n t  was  o b s e r v e d .  

N e v e r t h e l e s s ,  i t  wa s  d e c i d e d  t o  r e - e x t r a c t  t h e  e t h e r  e x t r a c t e d
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a m m o n i a c a l  c o n c e n t r a t e  w i t h  a c h i o r o f o r i n - e t h a n o l  m i x t u r e  t o  

d e t e r m i n e  i f  mor e  a l k a l o i d  c o u l d  be  r e m o v e d .

F o r  t h i s  p u r p o s e  a 1 i q u i d - 1 i q u i d  e x t r a c t o r  a s  d e s c r i b e d  

by  M o r t o n  ( 614.) wa s  u s e d  and  1250 m l .  o f  a mm o n i a c a l  c o n c e n t r a t e  

was  e x t r a c t e d  w i t h  11^.00 m l .  o f  c h l o r o f o r m - e t h a n o l  ( 2 : 1 ) .  

U s u a l l y  i t  i s  a v e r y  c o n v e n i e n t  t y p e  o f  e x t r a c t o r  f o r  e x t r a c ­

t i o n  o f  a l i q u i d  w i t h  a h e a v i e r  l i q u i d ;  b u t  i n  t h i s  c a s e  

c h l o r o f o r m  and e t h a n o l  f o r m e d  an a z e o t r o p  i c  m i x t u r e .  S i n c e  

e t h a n o l  was  more  h y d r o p h i l i c  t h a n  o r g a n o p h i l i c  t h e  vo l u me  o f  

t h e  e x t r a c t a n t  i n c r e a s e d  so much t h a t  i t  was  n e c e s s a r y  t o  

s t o p  t h e  e x t r a c t i o n .

I n s t e a d  t h e  m o t h e r  l i q u o r  was  e x t r a c t e d  w i t h  c h l o r o f o r m  

i n  a s e p a r a t o r y  f u n n e l .  Two 7 5 0 - m l . p o r t i o n s  o f  t h e  m o t h e r  

■l iquor  w e r e  e x t r a c t e d  f i v e  t i m e s  w i t h  2 5 0 -ml  . p o r t i o n s  of  

c h l o r o f o r m  and  t h e  c o m b i n e d  c h l o r o f o r m  e x t r a c t s  we r e  s a t u r a t e d  

w i t h  d r y  h y d r o g e n  c h l o r i d e  g a s .  The p r e c i p i t a t e d  a l k a l o i d  

h y d r o c h l o r i d e  was  f i l t e r e d  and d r i e d  t o  g i v e  a y i e l d  o f  1 .1  g.  

The a m m o n i a c a l  c o n c e n t r a t e  u s e d  i n  t h i s  e x p e r i m e n t  was  o r i g ­

i n a l l y  o b t a i n e d  f r o m  5 0 0  g .  o f  r o o t  m e a l ,  h e n c e  t h e  y i e l d  in 

p e r  c e n t  was  0 . 2 2  b a s e d  on  d r y  w e i g h t .

e .  P u r i f i c a t i o n  o f  so I a n o c a p s i n e . -  In  an  a t t e m p t  t o

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

c a p s i n e  wa s  g r e a t e r  t h a n  t h e  a c t i v i t y  o f  t h e  c r u d e  a l k a l o i d  

f r a c t i o n ,  p a r t  o f  t h e  p r e c e d i n g  c r u d e  m a t e r i a l  was  p u r i f i e d .

One gr am o f  t h e  c r u d e ,  g r e e n i s h  p r e p a r a t i o n  o f  l e a f  

a l k a l o i d  h y d r o c h l o r i d e  was  d i s s o l v e d  i n  70  m l .  o f  80  p e r
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c e n t  e t h a n o l ,  h e a t e d  t o  6 0 - 7 0 ° C .  and d e c o l o r i z e d  w i t h  N o r i t .

The f i l t e r e d  s o l u t i o n  wa s  t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y  

t o  d e t e r m i n e  i f  t h e  a c t i v e  c a r b o n  ha d  a d s o r b e d  a n y  a n t i b a c -  

t e r  i a l  m a t e r  i a l .

The  e t h a n o l i c  s o l u t i o n  was  e v a p o r a t e d  t o  d r y n e s s ,  s u s ­

p e n d e d  in 3 N ammonium h y d r o x i d e  and  e x t r a c t e d  in a s e p a r a t o r y  

f u n n e l  s e v e n  t i m e s  w i t h  1 0 0 - m l .  p o r t i o n s  o f  e t h y l  e t h e r .  The 

r e m a i n i n g  a mmoni a  l a y e r  was  s a v e d  and t e s t e d  f o r  a n t i b a c t e r i a l  

a c t i v i t y ,  and t h e  c o m b i n e d  e t h e r  f r a c t i o n s  we r e  d r i e d  w i t h  

a n h y d r o u s  sod ium s u l f a t e  and e v a p o r a t e d  t o  d r y n e s s .  The y i e l d  

o f  c o l o r l e s s  a l k a l o i d  b a s e  o b t a i n e d  was  l\.^0 mg.  R e c r y s t a l l i z a ­

t i o n  f r o m  e t h a n o 1 - w a t e r ( 1 : I ) gave  c o l o r l e s s ,  c r y s t a l l i n e  s o l a n -  

o c a p s i n e  o f  m e l t i n g  p o i n t  212- 211 | ° C.  A s e c o n d  r e c r y s t a l l i z a t i o n  

gave  a compound m e l t i n g  a t  215>-2l 6°C.  The r e s u l t s  o f  t e s t i n g  

t h e  m a t e r i a l s  f o r  a n t i b a c t e r i a l  a c t i v i t y  c a n  be s e e n  in T a b l e  

VI .

T a b l e  VI  shows t h a t  t h e  a n t  1 t u b e r c u l a r  a c t i v i t y  o f  t h e  

a l k a l o i d  i n c r e a s e d  f o u r - f o l d  d u r i n g  t h e  p u r i f i c a t i o n ,  w h i l e  

i t s  a c t i v i t y  a g a i n s t  D, p ne  union i ae d e c r e a s e d  one  and o n e - h a l f  

t i m e s .  T h i s  may s u g g e s t  t h a t  a n o t h e r  a n t i b a c t e r i a l  compound 

b e s i d e s  so 1a n o c a p s i n e  was  p r e s e n t  i n  t h e  p l a n t .

O f t e n  d u r i n g  r e c r y s t a l l i z a t i o n  o f  d i f f e r e n t  b a t c h e s  o f  

so 1 a n o c a p s i n e  an  a m o r p h o u s ,  r e s i n o u s  m a t e r i a l  was  e n c o u n t e r e d ,  

w h i c h  was  d i f f i c u l t  t o  c r y s t a l l i z e .  Bu t  b y  r e p e a t e d  s o l u t i o n  

and c a u t i o u s  p r e c i p i t a t i o n  f r o m  e t h a n o l - w a t e r ( 1 : 1 ) s o l a n o c a p -  

s i n e  c o u l d  be  o b t a i n e d  i n  c r y s t a l l i n e  f o r m .
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TABLE VI

ANTIBACTERIAL ACTIVITY DURING SOLANOCAPSINE PURIFICATION

^ m l  . I n h i b i t  Gr o wt h  o f :
F r a c t i o n  mg.  Dr y  D . p ne  umon i ae M . t u b e r c u l o s i s

W t . / m l .  On On B l o o d
Ag a r  Ag a r

Cr u d e  a l k a l o  id 
h y d r o c h 1 o r  i de 1 20 13 13

D e c o l o r i z e d  a l k a l o i d  
h y d r o c h l o r  i de l i t l i t kk 22

E t h e r  e x t r a c t e d  
ammoni a  l a y e r 20 78 > 1 0 0 i n a c  t  i ve

A l k a l o i d  b a s e  
( s o l a n o c  ap s i n e ) 2 8 25 25

S o l a n o c a p s  i n e , 
r e c r y s t a l  1 i z e d  
f  o ur  t  ime s

o . kS 30 3 3

f .  Co l umn c h r o m a t o g r a p h y . -  I t  was  f o u n d  a v e r y  d i f f i c u l t  

t a s k  t o  p u r i f y  c r u d e  so 1a n o c a p s i n e . The c o l o r e d  i m p u r i t i e s  

we r e  d i f f i c u l t  t o  r e m o v e ,  e v e n  a f t e r  t r e a t m e n t  w i t h  a c t i v a t e d  

c a r b o n .  O n l y  t h r o u g h  r e p e a t e d  c r y s t a l l i z a t i o n  o f  so 1a n o c a p s i n e  

f r o m  e t h a n o 1 - w a t e r ( 1 : 1 ) was  i t  p o s s i b l e  t o  o b t a i n  a p u r e  com­

p o u n d ;  b u t  t h e  y i e l d  was  e x t r e m e l y  s m a l l .  T h e r e f o r e ,  i t  was  

d e c i d e d  t o  t r y  s e p a r a t i o n  o f  t h e  a l k a l o i d  f r a c t i o n  b y  a d s o r p ­

t i o n  on  a l u m i n a ,  a c i d  a l u m i n a ,  o r  Dowex 50 • An e x t r a c t  o f  t h e  

r o o t s  was  u s e d  f o r  a l u m i n a ,  w h e r e a s  a c r u d e  so 1a n o c a p s i n e  

p r e p a r a t i o n  f r o m  t h e  r o o t s  was  u s e d  f o r  t r i a l s  on a c i d  a l u m i n a  

a nd  Dowex 5 0 .



Col umn  c h r o m a t o g r a p h y  on a l u m i n a . -  P r e p a r a t i o n  o f  e x ­

t r a c t :  A 175 9* p o r t i o n  o f  r o o t  p o wd e r  was  e x t r a c t e d  w i t h

1500  m l .  o f  8 0  p e r  c e n t  e t h a n o l  in a p e r c o l a t o r  t y p e  o f  e x ­

t r a c t o r  ( d e s c r i b e d  i n  A p p a r a t u s  S e c t i o n ) .  The e x t r a c t i o n  

was  c o n t  i n u e d  f o r  s e v e n  h o u r s  t o  s e c u r e  c o m p l e t e  r e m o v a l  o f  

a l k a l o i d s .  H o w e v e r ,  some d o u b t  e x i s t e d  a b o u t  t h e  e f f e c t i v e ­

n e s s  o f  t h e  e x t r a c t i o n .  The s o l v e n t  f l o w e d  so r a p i d l y  t h r o u g h  

t h e  r o o t  p o wd e r  t h a t  i t  wa s  i m p o s s i b l e  t o  m a i n t a i n  a h e a d  o f  

l i q u i d  o v e r  t h e  r o o t  s a m p l e .  The e x t r a c t  o b t a i n e d  h a d  a 

vo l ume  o f  1270 m l .  and  an  a n t i b a c t e r i a l  a c t i v i t y  o f  330 )f/m l . 

a g a i n s t  M. t u b e r c u l o s  i s . When t h e  e x t r a c t  was  c o n c e n t r a t e d  

t o  125  ni l .  and  f i l t e r e d ,  t h e  a n t i b a c t e r i a l  a c t i v i t y  became  

125 ^ / m l  . a g a i n s t  same o r g a n i s m .

Col umn p r e p a r a t i o n :  The 50 x 2 . 1  cm.  c o l umn  was  " d r y -

p a c k e d "  w i t h  200 g.  o f  A l c o a  a l u m i n a ,  g r a d e  F - 2 0 ,  80  mesh ,  

i n  t h e  f o l l o w i n g  f a s h i o n .  The a l u m i n a  was  p o u r e d  i n t o  t h e  

c o l u mn  i n  s m a l l  p o r t i o n s  and a f t e r  e a c h  a d d i t i o n ,  t h e  c o l u mn  

was  t a p p e d  g e n t l y  w i t h  a r u b b e r  m a l l e t .  A f t e r  a d d i t i o n  o f  

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

ad s o r b e n t .

I n t r o d u c t i o n  o f  e x t r a c t :  A b o u t  I4.OO m l .  o f  a b s o l u t e

e t h a n o l  was  a p p l i e d  i n t o  t h e  c o l u m n  and t h e  f i r s t  e f f l u e n t  

was  d i s c a r d e d .  When o n l y  a 2 mm. h e i g h t  o f  s o l v e n t  r e m a i n e d  

a bo ve  t h e  a l u m i n a ,  t h e  r o o t  e x t r a c t  was  a d d e d  t o  t h e  c o l u m n .  

A f t e r  t h e  r o o t  e x t r a c t  h a d  p a s s e d  so f a r  down i n t o  t h e  a l u m i n a  

t h a t  o n l y  a 2 mm. l i q u i d  h e i g h t  r e m a i n e d  a b o v e  t h e  a l u m i n a ,



t h e  c o l u m n  was  e l u t e d  w i t h  a b s o l u t e  e t h a n o l .  F r a c t i o n s  o f  

20 m l .  w e r e  c o l l e c t e d  i n  t a r e d  5 0 - m l . b e a k e r s .  E l u t i o n  w i t h  

a b s o l u t e  e t h a n o l  was  c o n t i n u e d  u n t i l  no r e s i d u e  showed a f t e r  

e v a p o r a t i o n  o f  t h e  s o l v e n t .

T a b l e  V I I  and F i g u r e  2 shows t h a t  t h e  amount  o f  b a s i c  

c o mp oun ds  ( = a l k a l o i d s )  f o l l o w e d  t h e  a n t i b a c t e r i a l  a c t i v i t y .  

A p p a r e n t l y  n o t  much s e p a r a t i o n  o f  i m p u r i t i e s  f r o m  a l k a l o i d s  

was  a c c o m p l i s h e d .  I t  s h o u l d  be r e p o r t e d  h e r e  t h a t  f r a c t i o n s  

1 t o  11 w e r e  a l l  y e l l o w - c o l o r e d  w i t h  t h e  h i g h e s t  i n t e n s i t y  

i n  f r a c t i o n  1+.

E x t r u s i o n :  The u p p e r  o n e - f o u r t h  o f  t h e  a l u m i n a  was  o f

a d e e p  y e l l o w  c o l o r ,  w h i l e  t h e  r e s t  was  c o l o r l e s s .  The u p p e r  

c o l o r e d  p a r t  ga ve  no f l u o r e s c e n c e  in u l t r a v i o l e t  l i g h t ,  w h e r e a s  

t h e  l o we r  p a r t  d i d .  The a l u m i n a  was  e x t r u d e d  and d i v i d e d  i n t o  

3 p a r t s .  P a r t  1 c o n s i s t e d  o f  t h e  m a t e r i a l  i n t h e  y e l l o w  zone  

and p a r t s  2 and 3 w e r e  o b t a i n e d  by  d i v i d i n g  t h e  l owe r  c o l o r l e s s  

p a r t  i n t o  2 e q u a l  s e g m e n t s .  Ea c h  s e c t i o n  was  e x t r a c t e d  i n  a 

S o x h l e t  a p p a r a t u s  f o r  f i v e  h o u r s  w i t h  300 m l .  o f  80 p e r  c e n t  

e t h a n o l .  The e x t r a c t ,  e v a p o r a t e d  t o  d r y n e s s  i n  a f l a s h  e v a p o ­

r a t o r ,  was  d i s s o l v e d  i n  20 m l .  o f  80  p e r  c e n t  e t h a n o l  and 

t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .  None of  t h e  3 f r a c t i o n s  

showed a c t i v i t y  a g a i n s t  D. p n e u m o n i a e ; b u t  t h e  f r a c t i o n  w i t h  

i t s  o r i g i n  i n  t h e  c o l o r e d  u p p e r  o n e - f o u r t h  o f  t h e  c o l u mn  c o n ­

t a i n e d  1 mg.  o f  d r y  m a t e r i a l ,  w h i c h  showed an a n t i b a c t e r i a l
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I o n - e x c h a n g e  c h r o m a t o g r a p h y . -  Col umn p r e p a r a t i o n :  The

Dowex SO r e s i n  wa s  p r e p a r e d  b y  w a s h i n g  t h e  r e s i n  s e v e r a l  t i m e s ,  

a l t e r n a t e l y  w i t h  2 N h y d r o c h l o r i c  a c i d  and  2 N s o d i u m  h y d r o x ­

i d e .  A f t e r  e a c h  a d d i t i o n  o f  e i t h e r  a c i d  o r  b a s e  t h e  r e s i n  was  

w a s h e d  w i t h  w a t e r  u n t i l  n e u t r a l .  A f t e r  a f i n a l  w a s h i n g  w i t h  

2 N h y d r o c h l o r i c  a c i d ,  t h e  r e s i n  wa s  w a s h e d  u n t i l  n e u t r a l  

f i r s t  w i t h  w a t e r  a nd  t h e n  w i t h  60 p e r  c e n t  e t h a n o l .  The r e s i n ,  

now f i l l e d  i n t o  t h e  c o l u m n  i n  a s l u r r y ,  h a d  t h e  d i m e n s i o n s  

39 x 2 . 1  cm.  c o r r e s p o n d i n g  t o  a vo l ume  o f  135 m l .  D u r i n g  t h e  

c h r o m a t o g r a p h i c  p r o c e s s  t h e  l e n g t h  o f  t h e  r e s i n  i n  t h e  c o l u mn  

d e c r e a s e d  t o  3l± cm.  When t h e  r e s i n  ha d  s e t t l e d ,  a f i l t e r  

p a p e r  d i s k  wa s  p l a c e d  on t o p  o f  t h e  r e s i n  and 60 p e r  c e n t  

e t h a n o l  wa s  a l l o w e d  t o  p e r c o l a t e  t h r o u g h  t h e  c o l u mn  t o  a i d  

t h e  f i n a l  p a c k i n g .

I n t r o d u c t i o n  o f  c r u d e  a l k a l o i d  s o l u t i o n :  A s o l u t i o n  o f

2 . 2  g .  o f  c r u d e  so 1a n o c a p s i n e  f r o m  r o o t s  i n  100 ml .  o f  60 p e r  

c e n t  e t h a n o l  and 5 m l . o f  g l a c i a l  a c e t i c  a c i d  was  i n t r o d u c e d  

i n t o  t h e  c o l u m n  and  a l l o w e d  t o  f l o w  down t h r o u g h  t h e  r e s i n  

u n t i l  o n l y  a 2 mm. h e i g h t  r e m a i n e d  above  t h e  r e s i n .  Th e n  a 

s m a l l  v o l u me  o f  60 p e r  c e n t  e t h a n o l  was  a p p l i e d  t o  t h e  c o l u mn  

and a g a i n  a l l o w e d  t o  p a s s  down u n t i l  o n l y  a 2 mm. h e i g h t  o f  

l i q u i d  r e m a i n e d  a b o v e  t h e  r e s i n .  Now t h e  d e v e l o p i n g  s o l v e n t  

o f  S p e r  c e n t  ammonium h y d r o x i d e  i n  60 p e r  c e n t  e t h a n o l  was  

a d d e d ,  a l l o w e d  t o  f l o w  t h r o u g h ,  and  f r a c t i o n s  o f  100 ml . e l u a t e  

we r e  c o l l e c t e d .  When 1300 m l .  w e r e  c o l l e c t e d ,  t h e  d e v e l o p i n g  

s o l v e n t  was  c h a n g e d  t o  10 p e r  c e n t  ammonium h y d r o x i d e  i n  60 

p e r  c e n t  e t h a n o l .
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I n  a d d i t i o n  t o  d r y  w e i g h t  d e t e r m i n a t i o n s ,  t h e  o p t i c a l  

d e n s i t y  o f  e a c h  f r a c t i o n  wa s  d e t e r m i n e d  a t  750  mji i n  a B a u s c h  

and Lomb s p e c t r o p h o t o m e t e r .  The s p e c t r o p h o t o m e t r i c  d a t a  we r e  

i n t e n d e d  t o  g i v e  an  i d e a  a b o u t  t h e  d i s t r i b u t i o n  o f  c o l o r e d  

i m p u r i t i e s .  The  w a v e l e n g t h  o f  750 mji was  s e l e c t e d ,  s i n c e  

s p e c t r a  o f  s e v e r a l  f r a c t i o n s  i n  t h e  r e g i o n  l;0 0 - 9 5 0  mp showed 

maximum a b s o r p t i o n  a t  750 mp.  F i g u r e  J_|_ r e c o r d s  c o l o r  i n t e n ­

s i t i e s  and  amoun t  o f  d r y  m a t e r i a l  i n  t h e  d i f f e r e n t  e l u a t e  

f  r a c t i o n s .

P a p e r  c h r o m a t o g r a p h y  was  a p p l i e d  t o  a l l  e l u t e d  f r a c t i o n s  

t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  so 1a n o c a p s i n e  and t o  d e c i d e  

w h e t h e r  o n l y  one  a l k a l o i d  was  p r e s e n t  i n  wh a t  i s  c a l l e d  " c r u d e  

s o l a n o c a p s  i n e . "  The c o m p o s i t i o n  o f  b o t h  s o l v e n t  and  c o l o r  

r e a g e n t  i s  d e s c r i b e d  i n  t h e  s e c t i o n  on p a p e r  c h r o m a t o g r a p h y .

R e s u l t :  The o v e r a l l  r e s u l t  o f  t h i s  e x p e r i m e n t  was n e g a ­

t i v e .  No s e p a r a t i o n  o f  a l k a l o i d  f r o m  c o l o r e d  i m p u r i t i e s  was  

a c c o m p l i s h e d .  The R ^ - v a l . u e  o f  t h e  a l k a l o i d  f r o m  a l l  f r a c t i o n s  

was  0 . 5 7 , t h e  v a l u e  f o u n d  c h a r a c t e r i s t i c  f o r  so 1a n o c a p s i n e .

The ^ w a s h i n g ” c o n t a i n e d  a compound w i t h  R^ = 0 . 14.8 ; b u t  i f  

t h i s  compound was  e l u t e d  f r o m  t h e  p a p e r  and r e - c h r o m a t o g r a p h e d ,  

t h e  R ^ - v a l u e  was  0 . 5 7 *

Col umn c h r o m a t o g r a p h y  on a c i d  a l u m i n a . - The a c i d  a l u m i n a  

u s e d  was  Woelm'  s a n i o n o t r o p  ic a l u mi n u m o x i d e ,  a c t i v i t y  g r a d e  

1,  and  s p e c i f i e d  f o r  c h r o m a t o g r a p h i c  a n a l y s i s .  One h u n d r e d  

g r a ms  o f  t h e  a l u m i n a  wa s  f,d r y - p a c k e d " a s  d e s c r i b e d  b e f o r e .

W a t e r  s a t u r a t e d  1- b u t a n o l  was  a p p l i e d  t o  t h e  c o l u mn  b e f o r e
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TABLE V I I I

DATA FOR ELUTION CHROMATOGRAPHY OF CRUDE SOLANOCAPS INE
FROM ROOTS ON ACID ALUMINA

Fr  a c t  i o n  
E l u t e d

Amo u n t  
o f  Dr y  

M a t e r  i a l  
i n  m g .

Co l o r  
o f

F r a c t  i on
I nh ib i t  s 

D . pne  umon i a e

J/5nl .
Gr o wt h  o f :

M . t u b e  r c u l o  s i s

1 1 c o l o r l e s s i n a c t  i ve i n a c  t  i ve

2 1 c o l o r l e s s i n a c t  i ve i n a c t  i ve

3 2 c o l o r l e s s i n a c t  i ve i n a c t  i ve

Ip 8 we ak ye 1 1 ow 25 i n a c t  i ve

5 106 we ak ye  1 1 ow 16 13

6 327 ye 1 1 ow 16 13

7 3 5 k ye  i 1ow 16 13

8 2 k k we ak ye  1 1 ow 16 13

9 81 we ak ye  1 1ow 8 6

10 38 we ak ye 1 1 ow 60 k7

11 10 c o l o r l e s s 8 6

12 3 c o l o r l e s s 5 It

13 It c o l o r l e s s 6 5

I k 2 c o l o r l e s s 3 2 . 5

15 3 c o l o r l e s s 5 k

16 2 c o l o r l e s s 3 2 . 5

17 1 c o l o r l e s s 1 . 5 1 . 25

18 1 c o l o r l e s s 3 2 . 5
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a p p l i c a t i o n  o f  t h e  a l k a l o i d .  A s o l u t i o n  o f  1 . 2  g.  o f  c r u d e  

so 1 a n o c a p s i n e  f r o m  r o o t s  i n  2 0  m l .  o f  w a t e r  s a t u r a t e d  1 - b u ­

t a n o l  wa s  i n t r o d u c e d  i n t o  t h e  c o l u m n .  When o n l y  a 2 mm. 

h e i g h t  o f  l i q u i d  r e m a i n e d  above  t h e  a l u m i n a  t h e  a d s o r b e n t  

wa s  e l u t e d  w i t h  w a t e r  s a t u r a t e d  1- b u t a n o l .  E l u a t e  f r a c t i o n s  

o f  10 m l .  w e r e  c o l l e c t e d ,  t h e  s o l v e n t  was  e v a p o r a t e d  and  t h e  

a moun t  o f  d r y  m a t e r i a l  was  d e t e r m i n e d .  A l l  f r a c t i o n s  we r e  

t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y .  T a b l e  V I I I  g i v e s  t h e  d a t a  

f o r  t h e  e x p e r i m e n t .

R e s u l t :  Some s e p a r a t i o n  o f  c o l o r e d  i m p u r i t i e s  f r o m

a l k a l o i d  wa s  a c c o m p l i s h e d .  F r a c t i o n s  1 1 - 1 8  c o n s i s t e d  o f  p u r e  

s o 1a n o c a p s  Ine  i n d i c a t e d  b y  f a i r l y  c o n s t a n t  a n t i b a c t e r i a l  a c t i v ­

i t y ” , b u t  t h e  y i e l d  was  e x t r e m e l y  s m a l l .

g .  A l k a l o i d  c o n t e n t  i n  t h e  p l a n t . -  S i n c e  i t  was  n o t  

known t o  w h a t  e x t e n t  so 1a n o c a p s i n e  o c c u r s  i n  S.  p s e u d o c a p s i c u m , 

a l k a l o i d  d e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t .  The p r o c e d u r e  us e d  

i s  a n  a d a p t a t i o n  o f  t h e  m e t h o d  g i v e n  f o r  B e l l a d o n n a  L e a f  i n  

P h a r m a c o p e i a  o f  The U n i t e d  S t a t e s :

E x t r a c t i o n : Ten  g r ams  o f  d r i e d  l e a f  or  r o o t  powde r  ( IpO

mes h)  wa s  p l a c e d  i n  a n  e x t r a c t i o n  t h i m b l e ,  and t h e  t h i m b l e  

was  i n s e r t e d  i n  a S o x h l e t  e x t r a c t o r .  The p l a n t  m a t e r i a l  wa s

The a c t i v i t y  o f  t h e  f r a c t i o n s  c a n  e a s i l y  v a r y ,  s i n c e  
t h e  d i l u t i o n  t e c h n i q u e  h a s  e x p e r i m e n t a l  l i m i t a t i o n s .  B e s i d e s ,  
t h e  a moun t  o f  d r y  m a t e r i a l  i s  o n l y  d e t e r m i n e d  t o  t h e  n e a r e s t  
mg.  When t h e  a mo u n t  o f  d r y  m a t e r i a l  i n  a f r a c t i o n  i s  i n  t h e  
r a n g e  o f  1 mg.  a s l i g h t  d e v i a t i o n  i n  t h e  w e i g h t  d e t e r m i n a t i o n  
c a n  e a s i l y  c h a n g e  t h e  a c t i v i t y  c o n s i d e r a b l y .



50

m o i s t e n e d  w i t h  a m i x t u r e  o f  8 m l .  c o n c e n t r a t e d  ammonium h y d r o x ­

i d e ,  10 m l .  o f  a b s o l u t e  e t h a n o l ,  and 20 m l .  o f  e t h y l  e t h e r ,  

m i x e d  t h o r o u g h l y ,  and  m a c e r a t e d  f o r  s i x  h o u r s .  The t h i m b l e  

was  t h e n  c o v e r e d  w i t h  a t u f t  o f  p u r i f i e d  c o t t o n ,  and  t h e  p l a n t  

m a t e r i a l  wa s  e x t r a c t e d  f o r  s i x  h o u r s  w i t h  1^0 m l .  o f  e t h y l  

e t h e r  .

P u r i f i c a t i o n :  The a l k a l o i d a l  s o l u t i o n  o b t a i n e d  b y  t h i s

m a c e r a t i o n  was  c o n t a m i n a t e d  w i t h  o t h e r  e x t r a c t i v e s  w h i c h  wo u l d  

i n t e r f e r e  w i t h  t h e  v o l u m e t r i c  d e t e r m i n a t i o n  o f  t h e  a l k a l o i d .

To e f f e c t  t h e  p u r i f i c a t i o n ,  t h e  a l k a l o i d s  we r e  r e move d  f r o m  

t h e  s o l v e n t  b y  e x t r a c t i n g  w i t h  an a c i d ,  t h e n  t h e  a q u e o u s  s o ­

l u t i o n  was  made a mmo n i a c a l  and e x t r a c t e d  w i t h  an  i m m i s c i b l e  

s o l v e n t  s u c h  a s  e t h y l  e t h e r :

The e t h e r  e x t r a c t  was  t r a n s f e r r e d  t o  a s e p a r a t o r y  f u n n e l ;  

t h e  S o x h l e t  e x t r a c t o r  was  r i n s e d  t w i c e  w i t h  a b o u t  10 ml .  o f  

e t h y l  e t h e r  e a c h  t i m e ,  and t h e s e  r i n s i n g s  we r e  a d d e d  t o  t h e  

s e p a r a t o r y  f u n n e l .  The a l k a l o i d  was  r emov e d  c o m p l e t e l y  f r o m  

t h e  e t h e r  l a y e r  b y  e x t r a c t i n g  w i t h  7 s u c c e s s i v e  1 0 - m l .  p o r t i o n s  

o f  N a c e t i c  a c i d ,  f i l t e r i n g  e a c h  p o r t i o n  d r a wn  o f f .  The com­

b i n e d  a c i d i c  s o l u t i o n s  we r e  r e n d e r e d  d i s t i n c t l y  a m m o n i a c a l ,  

and t h e  f r e e  a l k a l o i d  was  i m m e d i a t e l y  e x t r a c t e d  w i t h  5 s u c c e s ­

s i v e  5 0 - m l .  p o r t i o n s  o f  e t h y l  e t h e r .  To d e t e r m i n e  t h e  c o m p l e ­

t i o n  o f  e x t r a c t i o n ,  1 m l .  o f  t h e  l a s t  e x t r a c t  was  e v a p o r a t e d  

and  r e d i s s o l v e d  in 0 . 5  m l .  o f  a p p r o x i m a t e l y  0 . 5  N h y d r o c h l o r i c  

a c i d .  T h i s  s o l u t i o n  s h o u l d  n o t  show mo r e  t h  an a s l i g h t  t u r b i d ­

i t y  u pon  t h e  a d d i t i o n  o f  a d r o p  o f  M a y e r 1 s r e a g e n t .
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D e t e r m i n a t i o n : The s o l u t i o n  o f  p u r i f i e d  a l k a l o i d  in

e t h y l  e t h e r  wa s  d r i e d  b y  s h a k i n g  w i t h  a n h y d r o u s  s o d i u m  s u l f a t e  

and  f i l t e r e d .  The  f i l t e r  was  wa s h e d  w i t h  10 m l .  o f  e t h y l  

e t h e r , and  t h e  w a s h i n g  was  a d d e d  t o  t h e  e t h e r  s o l u t i o n .  T h i s  

s o l u t i o n  wa s  t h e n  e v a p o r a t e d  t o  d r y n e s s  on  a s t e a m  b a t h  and 

h e a t e d  t h e r e  f o r  15 m i n u t e s .  The r e s u l t i n g  r e s i d u e  was  s o f t e n e d  

by  a d d i t i o n  o f  a b o u t  1 m l . o f  a b s o l u t e  e t h a n o l  and d i s s o l v e d  

i n  a m e a s u r e d  and  s u f f i c i e n t  v o l u me  o f  0 . 0 2  N h y d r o c h l o r i c  

a c i d  t o  g i v e  an  a c i d i c  s o l u t i o n .  The m i x t u r e  was  g e n t l y  h e a t e d  

t o  i n s u r e  c o m p l e t e  s o l u t i o n  o f  t h e  a l k a l o i d .  The e x c e s s  a c i d  

was  t i t r a t e d  w i t h  0 . 0 2  N s o d i u m  h y d r o x i d e  i n  t h e  p r e s e n c e  o f  

m e t h y l  r e d  a s  i n d i c a t o r .

A l k a l o i d  d e t e r m i n a t i o n s  on p l a n t  m a t e r i a l  f r o m  t h e  p a s t  

t h r e e  y e a r s  c a n  be f o u n d  i n  T a b l e  IX.

TABLE IX

ALKALOID CONTENT IN S.  PSEUDOCAPSICUM ON DRY WE IGHT BASIS

Ye a r  
o f  

H a r v e  s t
N i t r o g e n  L e v e l  

i n  S o i l
A 1 k a l o  id 

L e a v e s  and
P e r c e n t  age  
S t e ms

i n :
R o o t  s

1953 n o r m a l 1 . 5 3 0 . 8 3

1951| n o r m a l 2 . 11| 1 . 5 3

1955 1 ow 2 . 2 1 1 . 8 6

1955 n o r m a 1 2 . 1 5 2 . 2 l|

T h e s e  d e t e r m i n a t i o n s  showed t h a t  t h e  p l a n t  c o n t a i n s  a 

f a i r l y  u n i f o r m  amount  o f  a l k a l o i d .  S e a s o n a l  and  o t h e r
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e n v i r o n m e n t a l  f a c t o r s  may c a u s e  f l u c t u a t i o n s  w i t h i n  l i m i t s ;  

b u t  so f a r  t h e y  h a v e  n o t  b e e n  e x t e n s i v e .

h .  D e r i v a t i v e s  o f  r o o t  and l e a f  a l k a l o i d . -  To c o n f i r m  

t h a t  t h e  i s o l a t e d  a n t i b a c t e r i a l  a l k a l o i d  i s o l a t e d  f r o m  b o t h  

r o o t s  and l e a v e s  wa s  i d e n t i c a l  w i t h  t h e  a l k a l o i d  so 1 a n o c a p s i n e  

i s o l a t e d  b y  b o t h  B a r g e r  and F r a e n k e 1- C o n r a t  ( 6 ) and S c h l i t t i e r  

and  U e h l i n g e r  ( 7 8 )  p h y s i c a l  c o n s t a n t s  w e r e  d e t e r m i n e d  and a 

number  o f  d e r i v a t i v e s  p r e p a r e d .  D e t a i l s  o f  p r o c e d u r e  a r e  d e s ­

c r i b e d  i n  t h e  s e c o n d  p a r t  o f  t h i s  i n v e s t i g a t i o n .  O n l y  m e l t i n g  

p o i n t s  and p h y s i c a l  c o n s t a n t s  a r e  r e p o r t e d  in T a b l e  X.  From 

t h i s  t a b l e  t h e  i d e n t i t y  o f  b o t h  t h e  r o o t  and l e a f  a l k a l o i d  

w i t h  so 1a n o c a p s i n e  c a n  be  s e e n .

TABLE X

CHEMICAL CONSTANTS OF ROOT AND LEAF ALKALOIDS

A 1 k a l 0 id s f  rom
L e a v e  s R o o t s

D e t e r m  i n a t i o n F ound S c h l i t t l e r  
e t  a l  .

B a r g e r  
e t  a l  . Found

B a s e , m . p . 2 1 5 - 6 ° 2 1 6 - 7 ° 2 2 2 ° 2 1 6 - 6 °
D i h y d r o c h l o r i d e ,  m . p . >300° >3 0 0 ° 2 8 0 ° >3 0 0 °

P i c r a t e , m . p . 19 lp-6 °

0*—1100C\J 191+° 1 9 8 - 9 °
O x a l a t e ,  m . p . >3 0 0 ° 2 8 8 - 9 ° 2 8 7 - 9 °
I s o p r o p y l i d e n e  d e r i v a t i v e , m . p . 2 3 2 - 3 ° 2 3 3 °

N i t r o s o  d e r i v a t i v e ,  m . p . 19l t -6° 2 0 0 ° I 9 k °
T r i m e t h y l  d e r i v a t i v e ,  m . p . 2 0 5 - 6 ° 209 ° 2 0 8 °

N i t r o g e n ,  p e r  c e n t 6 . 2 0 6 . 2 9
3LS"O p t i c a l  r o t a t i o n ,  [oC ]j> +25° + 22j ° + 2 5 .5 ° + 2 3 . 6 °

R a s t ' s  m o l e c u l a r  w e i g h t  
de t e r m  i n a t  i o n i_l_5 6 , Ip81 1+60

N e u t r a l i z a t i o n  e q u i v a l e n t J4.82



53

3 .  The A n t i b a c t e r i a l  S p e c t r u m  o f  So 1a n o c a p s i n e  

So 1a n o c a p s i n e  i s o l a t e d  f r o m  t h e  l e a v e s  o f  S.  p s s u d o c a p - 

s i c u m  g a v e  a n  a n t i b a c t e r i a l  s p e c t r u m  a s  shown i n  T a b l e  X I .

TABLE XI

ACTIVITY OF CRUDE SOLANOCAPSINE BASE AGAINST 
VARIOUS MICROORGANISMS

C o n c e n t r a t i o n  R e q u i r e d  
O r g a n i s m s  and  S t r a i n  No.  f o r  I n h i b i t i o n  o f  Gr o wt h

A e r o b a c t e r  a e r o g e n e s  6 l 8 500
B a c i l l u s  s u b t i l  i s  231 78
C o r y n e b a c t e r i u m  d i p h t e r i a e  PW8 125
D i p l o c o c c u s  p n e u m o n i a e  Type I I I  20
E s c h e r i c h i a  c o l i  621 500
H i s t o p l a s m a  c a p s u l a t u m  Duke U n i v . ,  y e a s t  p h a s e  15 - 5
H i s t o p l a s m a  c a p s u l a t u m  Duke U n i v . ,  mol d  p h a s e  125
K l e b s i e l l a  p n e u m o n i a e  NIH I I I  500
M i c r o c o c c u s  p y o g e n e s  v a r . a u r e u s  209P 312
M y c o b a c t e r  Turn p h l e i  125
M y c o b a c t e r i u m  s m e g m a t i s  125
M y c o b a c t e r i u m  t u b e r c u l o s i s  D . T .  31
M y c o b a c t e r i u m  t u b e r c u l o s i s  H37 31
M y c o b a c t e r i u m  t u b e r c u l o s i s  H37Rv 31
P r o t e u s  s p . OXK 11+11+ 500
P s e u d o m o n a s  a e r u g i n o s a  R- P- CC 312
S a l m o n e l l a  t y p h i m u r i u m  9 500
S a r c  i n i a  l u t e a  PCI  1001 1-56
S h i g e l l a  p a r a d y s e n t e r i a e  3009 312
S t r e p t o c o c c u s  h e m o l y t  i c u s  286 39
X a n t h o m o n a s  p h a s e o l i  78
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S i n c e  t h e  a l k a l o i d  wa s  n o t  one  o f  t h e  m o s t  h i g h l y  p u r i f i e d  

p r e p a r a t i o n s  t h e  i n h i b i t o r y  a c t i o n  a g a i n s t  M. t u b e r c u l o s i s  

was  l e s s  t h a n  t h a t  o f  o t h e r  p r e p a r a t i o n s .  Howe ve r ,  t h e  t a b l e  

s e r v e s  f o r  c o m p a r a t i v e  p u r p o s e s ,  p r o v i d e d  t h a t  a p o s s i b l e  

e n h a n c i n g  e f f e c t  o f  i m p u r i t i e s  i s  g i v e n  due  c o n s i d e r a t i o n .

L|_. T o x i c i t y  S t u d i e s  on So 1 a n oc  ap s i ne  

The  t o x i c i t y  d e t e r m i n a t i o n s  we r e  d i r e c t e d  b y  Dr .  R.  Y. 

G o t t s h a l l  and  c a r r i e d  o u t  a t  t h e  D i v i s i o n  o f  L a b o r a t o r i e s ,  

M i c h i g a n  D e p a r t m e n t  o f  H e a l t h ' * .

A 1 p e r  c e n t  s o l u t i o n  o f  b o t h  so 1a n o c a p s i n e  and  s o l a n o -  

c a p s i n e  h y d r o c h l o r i d e  was  made by  d i s s o l v i n g  100 mg.  o f  t h e  

compound i n  2  m l . o f  s t e r i l e  p r o p y l e n e  g l y c o l  and s l o w l y  

a d d i n g  8 m l . o f  s t e r i l e  0 . 9  p e r  c e n t  s o d i u m c h l o r i d e  s o l u t i o n .

The c o mp o u n d s  we r e  i n j e c t e d  s u b c u t a n e o u s l y  and i n t o  t h e  

p e r i t o n e a l  c a v i t y  o f  w h i t e  mice ' ,  W e b s t e r  s t r a i n ,  in a mo u n t s  

o f  1,  2 ,  1+, a nd  6 mg.  The c o n t r o l  m i c e  we r e  i n j e c t e d  w i t h  

0 . 1  m l .  o f  p r o p y l e n e  g l y c o l .

By t h e  i n t r a p e r i t o n e a l  r o u t e  o n l y  5 0 - 1 0 0  m g . / k g .  o f  b o d y  

w e i g h t  o f  so 1a n o c a p s i n e  was  t o l e r a t e d ,  w h e r e a s  w i t h  t h e  f r e e  

b a s e  i t  was  n e c e s s a r y  t o  i n j e c t  2 0 0  m g . / k g .  b e f o r e  t h e  a n i m a l  

s u c c u m b e d .  The l e t h a l  d o s e  b y  s u b c u t a n e o u s  i n j e c t i o n  was  300 

m g . / k g .  f o r  e i t h e r  so 1a n o c a p s i n e  o r  so 1a n o c a p s i n e  h y d r o c h l o -

r  i de  .

“The  a u t h o r  w o u l d  l i k e  t o  t h a n k  Mr s .  S h i r l e y  G e i s  f o r  
c o n d u c t i n g  t h e  t o x i c i t y  d e t e r m i n a t i o n s .
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A f t e r  i n j e c t i o n  o f  a s  l i t t l e  a s  0 . 2 5  nig. o f  so 1 anoc  ap s i ne  

t h e  mouse  b e c a me  v e r y  n e r v o u s .  From 9 - 1 5  m i n u t e s  a f t e r  i n o c u ­

l a t i o n  s h o r t  j e r k y  c o n v u l s i o n s  s t a r t e d  w i t h  t h e  a n i m a l  demon­

s t r a t i n g  c o m p l e t e  c o l l a p s e  b e t w e e n  s e i z u r e s .  A f t e r  15 m i n u t e s  

t h e  p o s t e r i o r  l i m b s  w e r e  a l m o s t  i m m o b i l e .  F o l l o w i n g  3 0 - 6 0  

m i n u t e s  t h e  mouse  u s u a l l y  c o l l a p s e d ;  b r e a t h i n g  was  r a p i d  and 

s h a l l o w .  The  a n i m a l  u s u a l l y  r e m a i n e d  c o l l a p s e d  f r o m one t o  

t h r e e  d a y s  a nd  t h e n  e x p i r e d ,  i f  l e t h a l  d o s e  had  b e e n  a d m i n i s ­

t e r e d .  O t h e r w i s e ,  t h e  a n i m a l  r e c o v e r e d  and a p p e a r e d  n o r ma l  

and a c t  i v e .

I n  many c a s e s  t h e  mi c e  d e v e l o p e d  s o r e s ,  w h i c h  o f t e n  t u r n e d  

i n t o  a c r u s t y  e c z e m a  o v e r  t h e  e n t i r e  b o d y  o r  e l s e  i t  l o c a l i z e d  

t o  t h e  b a c k .  A s c a b b y  s o r e  u s u a l l y  a p p e a r e d  a t  t h e  s i t e  o f  

i n j e c t  i o n .

5 .  A t t e m p t s  t o  I s o l a t e  an A l k a l o i d a l  G l y c o s i d e  

A i l  a l k a l o i d s  i s o l a t e d  so f a r  f r o m  t h e  g e n u s  S o l a n u m h a ve  

b e e n  g l y c o s i d e s  w i t h  t h e  e x c e p t i o n  o f  so 1a n o c a p s i n e . I f  one 

w e r e  t o  a t t a c h  a n y  s i g n i f i c a n c e  t o  t h e  g e n e t i c  r e l a t i o n s h i p s  

among s i m i l a r  c o mp o u n d s  i s o l a t e d  f r o m  c l o s e l y  r e l a t e d  s p e c i e s ,  

one  wo u l d  c o n c l u d e  t h a t  so 1a n o c a p s i n e  p r o b a b l y  was  an a r t i f a c t  

and t h a t  t h e  a l k a l o i d  was  p r e s e n t  i n  t h e  p l a n t  a s  a g l y c o s i d e .  

Two p l a u s i b l e  r e a s o n s  f o r  f i n d i n g  an a l k a l o i d  and n o t  a g l y ­

c o s i d e  may be  p r o p o s e d :  E i t h e r  a  v e r y  a c t i v e  g l y c o s i d a s e

c a t a l y s e s  t h e  h y d r o l y s i s  o f  t h e  compound a t  t h e  t i m e  o f  h a r ­

v e s t i n g  t h e  p l a n t  o r  t h e  g l y c o s i d e  i s  so l a b i l e  t h a t  t h e
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weak  a c i d  u s e d  i n  t h e  i s o l a t i o n  p r o c e d u r e  w i l l  h y d r o l y z e  t h e  

c o m p o u n d .

a.. P o s s i b i l i t y  o f  a g l y c o s i d e . - The f o l l o w i n g  o b s e r v a ­

t i o n s  s u p p o r t e d  t h e  t h e o r y  o f  so 1a n o c a p s i n e  o c c u r r i n g  a s  a 

g l y c o s i d e  i n  t h e  p l a n t :  1) The i s o l a t e d  a l k a l o i d  was  v e r y

d i f f i c u l t  t o  p u r i f y  t o  s u c h  an  e x t e n t  t h a t  t h e  p h y s i c a l  c o n ­

s t a n t s  w e r e  i d e n t i c a l  w i t h  t h o s e  f o u n d  f o r  so 1a n o c a p s i n e . 2 )

D i f f e r e n t  b a t c h e s  o f  c r u d e  r o o t  so 1a n o c a p s i n e  u s u a l l y  gave  a 

we ak ,  b u t  p o s i t i v e  M o l i s c h  t e s t  (l+3a),  a t e s t  c h a r a c t e r i s t i c  

f o r  f u r f u r a l  and  f u r f u r a l - y i e 1d i n g  s u b s t a n c e s .  B a t c h e s  o f  

c r u d e  l e a f  so 1a n o c a p s i n e  o n l y  i n  one  c a s e  h a v e  g i v e n  a p o s i ­

t i v e  t e s t .  P u r e  so 1a n o c a p s i n e  gave  a n e g a t i v e  M o l i s c h  t e s t .

In  a l l  c a s e s  t h e  t e s t  was  c o m p a r e d  w i t h  a b l a n k  t e s t .  I n c i ­

d e n t a l l y ,  t h e  b l a n k  t e s t  w i t h  d i s t i l l e d  w a t e r  was  f o u n d  t o  

show a f a i n t  p u r p l e  r i n g  a t  t h e  i n t e r f a c e .  3) The m o t h e r  

l i q u o r  f r o m  r e c r y s t a l l i z a t i o n  o f  t h e  r o o t  a l k a l o i d  g a v e ,  

a f t e r  c o n c e n t r a t i o n ,  a p o s i t i v e  M o l i s c h  t e s t .  1+) The same 

m o t h e r  l i q u o r  g a ve  u p o n  p a p e r  c h r o m a t o g r a p h y  and d e t e c t i o n  

o f  s u g a r  s p o t s  w i t h  a n i l i n e  h y d r o g e n  p h t h a l a t e ,  a r e d d i s h  

s p o t  w i t h  an  R ^ - v a l u e  c o m p a r a b l e  w i t h  t h e  o f  a r a b i n o s e .

b .  P a p e r  c h r o m a t o g r a p h y . - Unde r  t h e  a s s u m p t i o n  t h a t  t h e

c r u d e  r o o t  so 1a n o c a p s i n e  was  p a r t l y  p r e s e n t  a s  a g l y c o s i d e ,  

b o t h  a c i d  a nd  e n z y m a t i c  h y d r o l y s i s  was  a t t e m p t e d .

A c i d  h y d r o l y s i s :  A s o l u t i o n  o f  i| . 8  mg.  o f  c r u d e  a l k a l o i d

in 0 . 5  ml . o f  0 . 1  M s u l f u r i c  a c i d  was  r e f l u x e d  on s t e a m b a t h .  

A f t e r  0 ,  5 ,  10 ,  15,  2 0 ,  1+0, and 130 m i n u t e s  5 - p l  • a l i q u o t s
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we r e  r e m o v e d  w i t h  a m i c r o p i p e t  and  d e p o s i t e d  on a s h e e t  o f  

What man n o .  1 f i l t e r  p a p e r .  The c h r o m a t o g r a m  was  d e v e l o p e d  

w i t h  1 - b u t a n o 1 - e t h a n o l - w a t e r ( 8 0 : 2 0 : 2 0 ) and a s i n g l e  r e d d i s h  

s p o t  o f  R j , - v a l u e  0 . 2 5 - 0 . 2 6  was  d e t e c t e d  w i t h  a n i l  i ne  h y d r o g e n  

p h t h a l a t e  r e a g e n t  ( 2 3 ) .  O n l y  t h e  a l i q u o t  h y d r o l y z e d  f o r  130 

m i n u t e s  ga ve  t h e  r e d d i s h  s p o t  e x p e c t e d  f o r  a p e n t o s e .

In  a n o t h e r  e x p e r i m e n t  10 mg.  o f  t h e  c r u d e  a l k a l o i d  was  

d i s s o l v e d  i n  1 m l . o f  N h y d r o c h l o r i c  a c i d  in a s m a l l  t e s t  

t u b e  w h i c h  t h e n  wa s  s e a l e d  and  h e a t e d  a t  100°C.  f o r  f i v e  

h o u r s  i n  an  o v e n .  A l i q u o t s  w e r e  s p o t t e d  on p a p e r  a l o n e  and 

t o g e t h e r  w i t h  d i f f e r e n t  p e n t o s e s .  A g a i n  a s u g a r  was  d e t e c t e d  

and i t  wa s  mo s t  i d e n t i f i a b l e  w i t h  a r a b i n o s e .

E n z y m a t i c  h y d r o l y s i s :  O t h e r  h y d r o l y s i s  e x p e r i m e n t s  we r e

c o n d u c t e d  w i t h  P a r k e ,  D a v i s  and Company T a k a - D i a s t a s e  in 

n e u t r a l  b u f f e r e d  s o l u t i o n s ;  b u t  c h r o m a t o g r a p h y  on p a p e r  f o r  

s u g a r  was  w i t h o u t  a n y  s u c c e s s .  N e i t h e r  d i d  m e t h a n o l y s i s  o f  

t h e  compound p r o d u c e  a n y  s u c h  r e s u l t .

C r u d e  r o o t  so 1a n o c a p s i n e , c r u d e  l e a f  so 1a n o c a p s i n e , and 

c r y s t a l l i n e  so 1a n o c a p s i n e  we r e  e a c h  c h r o m a t o g r a p h e d .  As s o l ­

v e n t ,  t h e  u p p e r  p h a s e  o f  e t h y l  a c e t a t e - g l a c i a l  a c e t i c  a c i d -  

w a t e r ( 3 : 1 : 3 ) t o  w h i c h  was  a d d e d  15 p e r  c e n t  o f  a 85  p e r  c e n t  

e t h a n o l  (1+9),  wa s  u s e d .  A l l  f o u r  m a t e r i a l s  p r o d u c e d  s p o t s  o f

t h e  same R „ - v a l u e  when d e t e c t e d  w i t h  a m o d i f i e d  D r a g e n d o r f f  f
r e a g e n t  ( 8 5 ) .  T a b l e  X I I  r e c o r d s  t h e  R e v a l u e s  f o r  t h e  com­

p o u n d s  d e v e l o p e d  i n  t h e  a b o v e  m e n t i o n e d  and o t h e r  s o l v e n t  o .
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TABLE X I I

R f  -VALUES FOR SOLANOCAPS INE,  CRUDE LEAF 
ALKALOID, AND CRUDE ROOT ALKALOID

So 1v e n t
C r y s t a l  1 i ne  

So 1a n o ­
c a p  s i ne

Amo r pho us  
C r u d e  L e a f  

A l k a l o  id

Amo r pho us  
C r u d e  R o o t  

A l k a l o  id

1- b u t  a n o 1 - e  t h a n o 1 - w a t e r  
( 8 0 : 2 0 : 2 0 ) 1 ) no s p o t 0 . 2 5 no s p o t

Upper  p h a s e  o f  e t h y l  
a c e t a t e - a c e t i c  a c i d -  
w a t e r  ( 3 : 1 : 3 )  t o  w h i c h  
i s  a d d e d  o f  8 5 % 
e t h a n o l  2 ) 0 . 5 7 0 . 5 6 0 . 5 7

1 - b u t  a n o 1 - e t h a n o 1 - 
p h o s p h a t e  b u f f e r  ( p H 8 . 2 )  
(8 0 : 2 0 : 2 0 ) 2 ) 0.71; 0 . 7 5 0 . 7 k

E t h a n o l -  N HC1 - w a t e r  
( 5 0 : 2 :l|-8 ) 2 ) 0 . 7 3 0.71; 0 . 7 3

1) S p o t s  d e v e l o p e d  w i t h  a n i l i n e  h y d r o g e n  p h t h a l a t e  r e a g e n t .
2)  S p o t s  d e v e l o p e d  w i t h  m o d i f i e d  D r a g e n d o r f f  r e a g e n t .

T h e s e  f i n d i n g s  i n d i c a t e d  t h a t  t h e  a l k a l o i d  i s o l a t e d  f r o m  

S.  p s e u d o c a p s i c u m  was  t h e  f r e e  a l k a m i n e  so 1a n o c a p s i n e  and n o t  

a g l y c o s i d e .  N e v e r t h e l e s s ,  t h e  r e s u l t s  d i d  n o t  d i s c l o s e  t h e  

e x i s t e n c e  o f  so 1a n o c a p s i n e  i n  t h e  p l a n t  a s  a g l y c o s i d e .

I t  h a d  b e e n  s t a t e d  i n  t h e  l i t e r a t u r e  t h a t  s o l a n i n e  and 

so 1 an id i ne  we r e  p r e s e n t  i n  S.  p s e u d o c a p  s icum ( 6 6 ) .  T h e r e f o r e ,  

a l c o h o l i c  e x t r a c t s  f r o m  t h e  r o o t s  and l e a v e s  and s a m p l e s  o f  

s o l a n i n e ,  s o l a n i d i n e ,  and  t o m a t i n e  w e r e  p a p e r  c h r o m a t o g r a p h e d  

s i d e  b y  s i d e  i n  t h e  a f o r e m e n t i o n e d  s o l v e n t  f o r  d e v e l o p i n g  

a l k a l o i d s .  The a l k a l o i d s  w e r e  d e t e c t e d  w i t h  t h e  m o d i f i e d
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D r a g e n d o r f f  r e a g e n t .  The r o o t  and  l e a f  e t h a n o l i c  e x t r a c t s  

gave  o n l y  one  s p o t  w i t h  e a c h  an  Rf  o f  0 . 2 2 .  T h e n ,  when e l u t e d  

and r e - r u n  t h e s e  s p o t s  h a d  a R o f  0 . 5 7 .  S o l a n i d i n e  f o l l o w e d  

t h e  l i q u i d  f r o n t ,  w h i l e  s o l a n i n e  and t o m a t i n e  h a d  R ^ - v a l u e s  o f  

0 . 0 8  and 0 . 0 7 ,  r e  s p e c t i v e 1 y . Thus  i t  was  f o u n d  t h a t  t h e  one 

and  o n l y  a l k a l o i d  s p o t  g i v e n  b y  t h e  r o o t  and l e a f  e x t r a c t s  

was  i d e n t i f i e d  i n  R ^ - v a l u e  a s  t h a t  g i v e n  b y  a p u r e  s a mpl e  o f  

so 1 anoc  ap s i ne  .

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

p o s s i b i l i t y  o f  a g l y c o s i d a s e  c a t a l y z i n g  t h e  h y d r o l y s i s  o f  a 

g l y c o s i d e  c o u l d  n o t  be e x c l u d e d .  T h e r e f o r e ,  i n a c t i v a t i o n  o f  

such  an  enzyme was  a t t e m p t e d  a s  f a s t  a s  p o s s i b l e  a f t e r  h a r ­

v e s t i n g  t h e  p l a n t s .  The m e t h o d  u s e d  f o r  I s o l a t i n g  t h e  b a s i c  

s o 1a n o c a p s i n e  u t i l i z e d  e t h y l  e t h e r  a s  a s o l v e n t ,  b u t  s i n c e  

e t h e r  p r o b a b l y  i s  a p o o r  s o l v e n t  f o r  more  h y d r o p h i l i c  g l y c o ­

s i d e s ,  a s t a n d a r d  m e t h o d  f o r  i s o l a t i n g  t h i s  c l a s s  o f  c ompounds  

was e m p l o y e d  ( 8 l|_).

Two m e t h o d s  o f  enzyme i n a c t i v a t i o n  w e r e  u t i l i z e d :  1 )

S u b m e r s i o n  o f  t h e  h a r v e s t e d  p l a n t s  in a b s o l u t e  e t h a n o l  and

2 ) i m m e d i a t e  f r e e z i n g  i n  d r y  i c e  and s t o r a g e  in d e e p  f r e e z e  

u n t i l  t h e  d a y  o f  i s o l a t i o n  when t h e y  w e r e  b o i l e d  w i t h  w a t e r .

1) The r o o t s  and t o p s  o f  15 f r e s h  p l a n t s  we r e  i m m e d i a t e l y  

s e p a r a t e d  and e a c h  p a r t  c o v e r e d  w i t h  a b s o l u t e  e t h a n o l  and 

s t o r e d  u n t i l  t i m e  f o r  i s o l a t i o n .  A t o t a l  o f  1 LpOO g.  o f  

d e h y d r a t e d  t o p s  was  m a c e r a t e d  in a W a r i n g  b l e n d e r  w i t h
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Ilf 1 • o f  2 p e r  c e n t  a c e t i c  a c i d  and  a l l o w e d  t o  s t a n d  f o r  1+8 

h o u r s  w i t h  o c c a s i o n a l  s t i r r i n g .  The  s u p e r n a t a n t  was  r e mo v e d  

b y  f i l t r a t i o n  and  t h e  p l a n t  p u l p  was  s i m i l a r l y  r e - e x t r a c t e d  

w i t h  5 .J- o f  2 p e r  c e n t  a c e t i c  a c i d  f o r  2 l|  h o u r s  and f i l t e r e d .

The c o m b i n e d  f i l t r a t e s  w e r e  made d i s t i n c t l y  a l k a l i n e  and 

h e a t e d  t o  a b o u t  5 0 ° C .  t o  f l o c c u l a t e  a p r e c i p i t a t e .  A f t e r  s t a n d ­

i ng  o v e r n i g h t  t h e  s u p e r n a t a n t  wa s  d e c a n t e d  and t h e  p r e c i p i t a t e  

c o l l e c t e d  on  a f i l t e r .  A f t e r  d r y i n g  a t  room t e m p e r a t u r e  t h e  

p r e c i p i t a t e  w e i g h e d  0 . 7 6  g.  The d a r k  b r own  p r e c i p i t a t e ,  w h i c h  

c o n t a i n e d  l a r g e  a m o u n t s  o f  i n o r g a n i c  s a l t s ,  was  r e f l u x e d  f i v e  

t i m e s  w i t h  1 0 0 - m l .  p o r t i o n s  o f  m e t h a n o l ,  e a c h  t i m e  f o r  one 

h o u r .  D u r i n g  c o n c e n t r a t i o n  o f  t h e  g r e e n  c o l o r e d  m e t h a n o l  

e x t r a c t s  i n  a f l a s h  e v a p o r a t o r  a compound c r y s t a l l i z e d  in 

f i n e  n e e d l e  c l u s t e r s ,  b u t  a d s o r b e d  r a p i d l y  g r e e n  i m p u r i t i e s  

f r o m  t h e  m o t h e r  l i q u o r .  The c r y s t a l l i n e  p r e c i p i t a t e  was  r e ­

moved and d r i e d  a t  l±5°C. t o  g i v e  20 mg.  o f  p r o d u c t .  I t  was  

r e c r y s t a l l i z e d  f r o m  60 p e r  c e n t  m e t h a n o l  w i t h  n o t  much s u c c e s s  

i n  d e c o l o r  i z i n g .

The r o o t s  ( 3 5 0 g . )  w e r e  t r e a t e d  i n  t h e  same way a s  j u s t  

d e s c r i b e d  f o r  t h e  t o p s .  F o r  a m o u n t s  o f  e x t r a c t i o n  a g e n t  and 

y i e l d  o f  i s o l a t e d  compound s ee  T a b l e  X I I I .

2)  For  t h e  s e c o n d  p a r t  o f  t h e  e x p e r i m e n t  13 p l a n t s  we r e  

h a r v e s t e d ,  i m m e d i a t e l y  p l a c e d  in d r y  i c e  and p r e s e r v e d  in d e ep  

f r e e z e .  A t  t h e  t i m e  o f  g l y c o s i d e  e x t r a c t i o n  t h e  p l a n t s  we r e  

p l a c e d  in b o i l i n g  w a t e r  f o r  10 m i n u t e s  a nd  t h e n  i s o l a t i o n  

p r o c e d u r e  c o n t i n u e d  i n  t h e  same way a s  a b o v e .
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The  v a r i o u s  d a t a  c o n c e r n e d  w i t h  t h e s e  e x p e r i m e n t s  a r e  

s u m m a r i z e d  i n  T a b l e  X I I I .

TABLE X I I I

DATA CONCERNING ATTEMPTED ISOLATION OF ALKALOID GLYCOSIDE

Number
o f

P l a n t s

P a r t  
o f  

P 1 a n t  s
S t o r e d

in

We i g h t  
( De hy-  

d r  a t e d )

1 s t  T ime 
Mace r a t e d  

w i t h  S% 
A c e t . A c  id

2nd  T ime 
Mace r  a t e d  

w i t h  5% 
A c e t . A c  id

Y i e l d
o f

Cr ude
" g l y c o -

s ide"

Y i e l d  
o f  

Cr  ude
" g l y c o -

s ide'

s terns 
and
1e ave  s

6 1 . a b s  
e t h a n o 1 114-00 g . 11; .  0 1 . 5 . 0 1 . 0 . 7 6  g. 20  mg

15

r  o o t  s
3 1 . ab s 

e t h a n o 1 350 g 3 . 5  1 . 1 . 0 1 . 1 . 28  g . 61 mg

13 who 1 e 
p 1 a n t  s

d e e p
f r e e z e 2200  g lip. 0 1 . 5 . 0 1 . 1 2 . 5  g- 128 mg

The t h r e e  c o mp o u n d s  i s o l a t e d  a l l  m e l t e d  i n  t h e  b o a r d  r a n g e  

o f  1 7 5 - 1 9 5 ° C .  w h i c h  s u g g e s t e d  i m p u r i t i e s .  C h r o m a t o g r a p h y  i n  t h e  

s o l v e n t s  m e n t i o n e d  i n  T a b l e  XIV showed t h a t  t h e  t h r e e  compounds  

a l l  g a v e  same a l k a l o i d  R ^ . - v a l u e  a s  so 1 a noc  ap s i ne  . I f  t h e  com­

p o u n d s  w e r e  c h r o m a t o g r a p h e d  i n  I - b u t a n o 1 - e t h a n o l - w a t e r ( 8 0 : 2 0 : 2 0 ) 

and t h e  s p o t s  d e t e c t e d  w i t h  a n i l i n e  h y d r o g e n  p h t h a l a t e ,  o n l y  t h e  

compound i s o l a t e d  f r o m  t h e  p l a n t  t o p s  and t h e  compound i s o l a t e d  

f r o m  t h e  f r o z e n  p l a n t s  showed s p o t s  o f  D - g l u c o s e .

The r e s u l t  o f  t h e s e  e x p e r  i m e n t s  i n d i c a t e  t h a t  i t  i s  n o t  

p o s s i b l e  t o  i s o l a t e  an  a l k a l o i d  g l y c o s i d e  f r o m  S.  p s e u d o c a p s i c u m  

by  t h e  c o n v e n t i o n a l  m e t h o d  u s e d  f o r  i s o l a t i n g  g l y c o s i d e s .  B e ­

s i d e s  i t  s u g g e s t s  v e r y  s t r o n g l y  t h a t  so 1a n o c a p s i n e  p r o b a b l y  d o e s
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n o t  e x i s t  i n  t h e  p l a n t  a s  a g l y c o s i d e ,  b u t  a s  a g e n u i n e  a l k a ­

l o i d ,  s i n c e  i n a c t i v a t i o n  o f  a p o s s i b l e  g l y c o s i d a s e  d i d  n o t  

y i e l d  a g l y c o s i d e .

TABLE XIV

R f -VALUES OF COMPOUNDS ISOLATED BY A STANDARD 
PROCEDURE FOR ALKALOIDAL GLYCOSIDES

R^ - V a l u e  of ;

So 1v e n t S o l a n o - 
c a p  s i ne

Compo und 
I s o l a t e d  

f  r  om
Top s

Compound 
I s o l a t e d  

f  r  om 
R o o t s

Compound 
I s o l a t e d  

f  r  om 
Who 1 e 
P 1 a n t

1 -  b u t a n o l - e t h a n o l  -  
w a t e r  ( 8 0 : 2 0 : 2 0 ) 1 ) no s p o t 0 . 2 0 no s p o t 0 . 1 9

Upper  p h a s e  o f  e t h y l  
a c e t a t e - a c e t i c  a c i d -  
w a t e r  ( 3 : 1 : 3 )  t o  w h i c h  
i s  a d d e d  o f  8 5 % 
e t h a n o l  2 ) 0 . 5 7 0 . 5 7 0 . 5 6 0 . 5 7

1- b u t  a n o 1 - e  t h a n o 1 -  
p h o s p h a t e  b u f f e r  (pH 
8 . 2 ) (8 0 : 2 0 : 2 0 ) 2 ) 0.71+ 0.71+ 0 . 7 5 0 . 7 4

E t h a n o l - N  H C l - w a t e r  
( 50  : 2 : 1+8 ) 2 ) 0 . 7 3 0.71+ 0 .71+ 0 . 7 3

1) S p o t s  d e v e l o p e d  w i t h an i 1 i ne h y d r o g e n p h t h a 1 a t  e r e  a g e n t .

2)  S p o t s  d e v e l o p e d  w i t h m o d i f i e d  D r a g e n d o r f f  r e a g e n t .

6 . Pr  i nc  ip 1 e w i t h  A n t i b a c t e r i a l Ac t  iv i t y
A g a i n s t  D.  p n e u m o n i a e  

In s e v e r a l  i n s t a n c e s  d u r i n g  t h i s  s t u d y  i t  was  o b s e r v e d  

t h a t  t h e  a n t i b a c t e r i a l  a c t i v i t y  a g a i n s t  D. p n e u m o n i a e  seemed 

t o  be  a s s o c i a t e d  w i t h  t h e  c o l o r e d  i m p u r i t i e s .  Such  e x a m p l e s  

we r e  f o u n d  i n  some o f  t h e  f r a c t i o n s  o f  an e t h a n o l i c  e x t r a c t
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f r o m  r o o t s  c h r o m a t o g r a p h e d  on  a l u m i n a  ( p a g e  1|1 ) . A l s o  i n  

t h e  p u r i f i c a t i o n  o f  c r u d e  s o l a n o c a p s i n e ,  t h e  a c t i v i t y  o f  

so 1a n o c a p s i n e  a g a i n s t  D,  p n e u m o n i a e  d e c r e a s e d  a s  i t  was  f r e e d  

o f  c o l o r e d  i m p u r i t i e s .

An a t t e m p t  was  made t o  i s o l a t e  t h i s  p r i n c i p l e  by  e t h e r  

e x t r a c t i o n  o f  a n  e t h a n o l i c  r o o t  e x t r a c t  made a c i d i c  t o  p r e v e n t  

t h e  a l k a l o i d  f r a c t i o n  g o i n g  o v e r  i n t o  t h e  e t h e r  p h a s e .

T w e n t y  g r a ms  o f  r o o t s  w e r e  r e f l u x e d  f o r  f o u r  h o u r s  w i t h  

25*0 m l .  o f  80  p e r  c e n t  e t h a n o l  i n  a S o x h l e t  e x t r a c t o r .  The 

o b t a i n e d  e x t r a c t  was  c o n c e n t r a t e d  t o  m l . ,  10 m l .  o f  a c e t i c  

a c i d  was  a d d e d ,  and  t h e  s o l u t i o n  was  e x t r a c t e d  t w i c e  w i t h  2 0 0 - 

ml . p o r t i o n s  o f  e t h y l  e t h e r .  The c o mb i n e d  e t h e r  f r a c t i o n s  

we r e  e v a p o r a t e d  t o  d r y n e s s  i n  a f l a s h  e v a p o r a t o r  t o  g i v e  a 

y i e l d  o f  210  mg.  o f  m a t e r i a l .  T h i s  r e s i d u e  was  p a r t l y  d i s ­

s o l v e d  i n  50 itU . o f  8 0  p e r  c e n t  e t h a n o l  ( s o l u t i o n  I ) ,  and t h e  

r e m a i n i n g  r e s i d u e  was  d i s s o l v e d  i n  ^0  m l .  o f  a b s o l u t e  e t h a n o l  

( s o l u t i o n  I I ) .  The two p r e p a r a t i o n s  we r e  t h e n  t e s t e d  f o r  

a n t i b a c t e r i a l  a c t i v i t y  w i t h  r e s u l t s  shown i n  T a b l e  XV.

T a b l e  XV i n d i c a t e s  t h a t  a n o t h e r  a n t i b a c t e r i a l  p r i n c i p l e  

b e s i d e s  s o l a n o c a p s i n e  i s  p r e s e n t ,  s i n c e  a f r a c t i o n  was  o b t a i n ­

ed w h i c h  o n l y  showed a c t i v i t y  a g a i n s t  D. p n e u m o n i a s . The 

f a i r l y  h i g h  a n t i b a c t e r i a l  a c t i v i t y  o f  s o l u t i o n s  I and I I  

s u g g e s t e d  t h a t  t h e  o t h e r  p r i n c i p l e  was  i n  f a c t  o r g a n o p h i 1 i c . 

T h i s  wa s  t e s t e d  b y  an  a t t e m p t  t o  i s o l a t e  t h i s  p r i n c i p l e  by  

a d i r e c t  e t h e r  e x t r a c t i o n  o f  t h e  r o o t  p o w d e r .
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TABLE XV

ANTIBACTERIAL ACTIVITY OF FRACT IONS DURING ISOLATION 
OF PRINCIPLE ACTIVE AGAINST D. PNEUMONIAE

- F r a c t i o n ^ / m l . I nh  ib i t  s 
D. p n e u m o n i a e  M.

Gr owt h  o f : 
t u b e r c u l o s i s

e t h a n o l i c  r o o t  e x t r a c t 720 255

so 1u t i o n  I 11 i n a c  t  i ve

s o l  u t  i o n  11 22 i n a c t  i ve

w a t e r  p h a s e  
(m o t h e r  1 i q u o r  )

19 8

F o u r  h u n d r e d  g r ams  o f  d r y  r o o t  p o wd e r  was  e x t r a c t e d  w i t h  

1 . 6  1.  o f  e t h y l  e t h e r .  An a p p a r a t u s  a s  d e s c r i b e d  b y  Mo r t o n  

( 61|) f o r  c o n t i n u o u s  e x t r a c t i o n  o f  a l i q u i d  w i t h  a h e a v i e r  

l i q u i d  was  u s e d .  A p l u g  o f  g l a s s  wool  was  i n s e r t e d  i n t o  t h e  

o u t l e t  t u b e  o f  t h e  c o l u mn  and  i t  was  t h e n  f i l l e d  w i t h  t h e  

r o o t  p o w d e r , w h i c h  c o u l d  be c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r .  

By t h i s  p r o c e s s  5 5 0  m l .  o f  a s t r o n g l y  y e l l o w  c o l o r e d  s o l u t i o n  

was  o b t a i n e d  w h i c h ,  when  t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y ,  

d i d  n o t  show a n y  i n h i b i t i n g  e f f e c t  a g a i n s t  D_. pne  umon i a e .

I f  t h e  r o o t  powde r  w a s  r e - e x t r a c t e d  w i t h  80 p e r  c e n t  e t h ­

a n o l ,  a s o l u t i o n  wa s  o b t a i n e d ,  w h i c h  had  h i g h  a c t i v i t y  a g a i n s t  

b o t h  D. p n e u m o n i a e  and M. t u b e r c u l o s i s . T h e s e  a c t i v i t y  x e s u l t s  

c o r r e s p o n d e d  v e r y  c l o s e l y  t o  t h e  a n t i b a c t e r i a l  a c t i v i t i e s  e n ­

c o u n t e r e d  d u r i n g  i s o l a t i o n  o f  s o l a n o c a p s i n e  f r o m  t h e  r o o t s .

From t h i s  e x p e r i m e n t  i t  c a n  be s e e n  t h a t  a l t h o u g h  e t h y l  

e t h e r  c a n  e x t r a c t  t h e  p r i n c i p l e  a c t i v e  a g a i n s t  D. pne  umon i_ae
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f r o m  an  e t h a n o l i c  e x t r a c t ,  i t  c a n  n o t  be  e x t r a c t e d  f r o m  t h e  

p l a n t  m a t e r i a l  d i r e c t l y .  The s i g n i f i c a n c e  o f  t h i s  o b s e r v a t i o n  

h a s  n o t  b e e n  f u r t h e r  e x a m i n e d .

7 .  A n t i t u b e r c u l a r  A c t i v i t y  o f  O t h e r  So l a n u m A l k a l o i d s

S i n c e  so 1a n o c a p s i n e  e x h i b i t e d  a n t  i t u b e r c u l a r  a c t i v i t y  i t  

was  d e c i d e d  t o  t e s t  a l k a l o i d s  o r  t h e i r  g l y c o s i d e s  o f  o t h e r  

p l a n t s  b e l o n g i n g  t o  S o l a n a c e a e .

a .  T omat  i n e . -  T o m a t i n e  i s  an a l k a l o i d a l  g l y c o s i d e  i s o ­

l a t e d  f r o m  t h e  l e a v e s  o f  t h e  t o m a t o  p l a n t  L y c o p e r  s i c o n  e s c u l e n - 

t um M i l l .  Ma and F o n t a i n e  ( 5 7 )  f o u n d  i t  t o  h a v e  o n l y  v e r y  low 

a c t i v i t y  a g a i n s t  m o s t  b a c t e r i a ,  b u t  h i g h e r  a c t i v i t y  a g a i n s t  

c e r t a i n  f u n g i .  I n  t h i s  e x p e r i m e n t  i t  was  t e s t e d  a g a i n s t  M. 

t u b e r c u l o s i s  and f o u n d  t o  be c o m p l e t e l y  i n a c t i v e .

b .  S o l a n i n e  and  s o l a n i d i n e . -  S o l a n i n e  i s  an a l k a l o i d  

g l y c o s i d e  w h i c h  t o g e t h e r  w i t h  i t s  a g l y c o n e  s o l a n i d i n e  i s  

p r e s e n t  i n  t h e  p o t a t o  p l a n t ,  So l  anurn t u b e r o  sum L.  The h i g h e s t  

c o n e e n t r a t  I o n s  o f  s o l a n i n e  a r e  f o u n d  in p o t a t o  s p r o u t s  ( 52)  .

The c o n c e n t r a t i o n  i s  e s p e c i a l l y  h i g h  i f  t h e  p o t a t o  t u b e r s  

ha v e  b e e n  a l l o w e d  t o  s p r o u t  i n  d a y l i g h t .

I s o l a t i o n .  -  The i s o l a t i o n  me t h o d  f o r  s o l a n i n e  was  a mod­

i f i c a t i o n  o f  t h e  c o n v e n t i o n a l  m e t h o d  f o r  a l k a l o i d  g l y c o s i d e s  

f r o m  So 1a n a c e a e  ( 9 3 ) .  G r e e n  p o t a t o  s p r o u t s  ( 970  g.  ) was  mac ­

e r a t e d  w i t h  2 1.  o f  2 p e r  c e n t  a c e t i c  a c i d  i n  a Wa r i n g  b l e n d e r  

and a l l o w e d  t o  s t a n d  f o r  I4.8 h o u r s .  The s u s p e n s i o n  was  t h e n  

c e n t r i f u g e d  i n  an  I n t e r n a t i o n a l  c e n t r i f u g e  ( s i z e  2)  and  t h e
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s u p e r n a t a n t  wa s  f i l t e r e d  w i t h  t h e  a i d  o f  a l i t t l e  H y f l o  s u p e r -  

c e l .  The r e m a i n i n g  p l a n t  r e s i d u e  was  r e - e x t r a c t e d ,  t h i s  t i m e  

w i t h  750 m l .  o f  2 p e r  c e n t  a c e t i c  a c i d .  A f t e r  21; h o u r s  t h e  

s u s p e n s i o n  wa s  c e n t r i f u g e d  and f i l t e r e d  a s  b e f o r e ,  and  t h e  

f i l t r a t e  wa s  c o m b i n e d  w i t h  t h e  f i r s t  f i l t r a t e .

C o n c e n t r a t e d  ammonium h y d r o x i d e  was  add e d  t o  t h e  1 i g h t  

b r own  f i l t r a t e s  ( 3 . 5  1 . )  u n t i l  t h e  ammoni a  o d o r  r e m a i n e d  and 

t h e  t u r b i d i t y  o f  t h e  s o l u t i o n  was  p e r m a n e n t .  By h e a t i n g  t h e  

s o l u t i o n  t o  5 0 - 7 0 ° C . f o r  a s h o r t  t i m e  t h e  c r u d e  a l k a l o i d  

f l o c c u l a t e d .  A f t e r  2l_i_ h o u r s  t h e  p r e c i p i t a t e  was  c o l l e c t e d  

on a f i l t e r ,  w a s h e d  w i t h  50  m l .  o f  5 p e r  c e n t  ammonium h y ­

d r o x i d e ,  and  d r i e d  o v e r  p h o s p h o r u s  p e n t o x i d e  a t  65° C.  in an 

A b d e r h a l d e n  d r y i n g  p i s t o l .  The y i e l d  o f  c r u d e  s o l a n i n e  and 

s o l a n i d i n e  wa s  3 . 6  g .  The p r o d u c t  was  g r e a t l y  c o n t a m i n a t e d  

w i t h  i n o r g a n i c  s a l t s .

P u r  i f  i c a t  i o n . - The s e p a r a t i o n  o f  s o l a n i n e  f r o m s o l a n ­

i d i n e  i s  b a s e d  upon  t h e  f a c t  t h a t  s o l a n i n e  i s  i n s o l u b l e  in 

e t h y l  e t h e r ,  w h e r e a s  t h e  b a s i c  a g l y c o n e  s o l a n i d i n e  i s  s o l u ­

b l e .  T h e r e f o r e ,  t h e  3 . 6  g.  m i x t u r e  o f  s o l a n i n e  and s o l a n i ­

d i n e  was  e x t r a c t e d  t h r e e  t i m e s  w i t h  2 0 0 - m l . p o r t i o n s  o f  e t h y l  

e t h e r  w h i c h  w e r e  c o m b i n e d  and d e h y d r a t e d  o v e r  a n h y d r o u s  s o d i u m

s u l f a t e .  A f t e r  e v a p o r a t i o n  t o  d r y n e s s  t h e  y i e l d  was  30 mg.  

o f  c r u d e ,  s l i g h t l y  b r o w n i s h  c o l o r e d  s o l a n i d i n e .  Upon r e c r y s ­

t a l l i z a t i o n  f r o m  a c e t o n e  t h e  compound m e l t e d  a t  20 i ; - 207  C.  

( L i t .  v a l u e  2 1 7 ° C .  [ 9 3 ] ) .  No f u r t h e r  a t t e m p t  was  made t o



p u r i f y  s o l a n i d i n e .  The compound wa s  t e s t e d  f o r  a n t i t u b e r c u l a r  

a c t i v i t y  and  f o u n d  t o  be  i n a c t i v e .

The r e m a i n i n g  r e s i d u e  o f  c r u d e  s o l a n i n e  was  r e f l u x e d  

f i v e  t i m e s ,  e a c h  t i m e  f o r  one  h o u r ,  w i t h  2 5 0  ml .  o f  80  p e r  

c e n t  e t h a n o l .  The u n d i s s o l v e d  r e s i d u e  ( 1 . 3  g . )  was  t e s t e d  

f o r  a n t i t u b e r c u l a r  a c t i v i t y  and  t h e  c o m b i n e d  e t h a n o l  f r a c t i o n s  

we r e  c o n c e n t r a t e d  t o  250 m l .  i n  a f l a s h  e v a p o r a t o r .  D u r i n g  

c o n c e n t r a t  i o n  t h e  s o l a n i n e  c r y s t a l 1 i z e d . The y i e l d  o f  c r u d e  

s o l a n i n e  wa s  280 mg.  o f  m e l t i n g  p o i n t  2 5 5 ~ 2 6 0 ° C .  A f t e r  r e ­

c r y s t a l l i z a t i o n  f r o m  80  p e r  c e n t  e t h a n o l  t h e  compound m e l t e d  

a t  2 7 8 - 2 8 0 ° C .  ( L i t .  v a l u e  2 8 5 - 2 8 7 ° C .  [ 9 3 ]  ). W i t h o u t  f u r t h e r  

p u r i f i c a t i o n  t h e  s o l a n i n e  was  t e s t e d  f o r  a n t i t u b e r c u l a r  a c ­

t i v i t y .

The r e s u l t s  w e r e  t h a t  s o l a n i n e  showed weak a n t i b a c t e r i a l

p r e s e n c e  o f  b l o o d .  The i n s o l u b l e  r e s i d u e  o b t a i n e d  a bove  d i d

n o t  show a n y  i n h i b i t o r y  e f f e c t .

c .  C r u d e  a l k a l o i d  p r e p a r a t i o n  f r o m  S.  c a r o l i n e n s e . -  

Sol  anurn c a r o l i n e n s e  h a s  b e e n  r e c o r d e d  a s  c o n t a i n i n g  s o l a n i n e  

( 9 0 ) .  T h i s  i n f o r m a t i o n  i s  i n  e a r l y  l i t e r a t u r e  and r e q u i r e s  

c o n f i r m a t i o n  s i n c e  t h e  i d e n t i f i c a t i o n  was  s u p e r f i c i a l  and 

t h e r e f o r e  a p o s s i b i l i t y  o f  o t h e r  a l k a l o i d a l  g l y c o s i d e s  c a n

n o t  be  e x c l u d e d .

A 1000 g .  s a m p l e  o f  d r i e d  and  g r o u n d  (20 mes h)  l e a v e s

and s t e m s  wa s  m a c e r a t e d  f o r  i;8 h o u r s  i n  a l a r g e  g l a s s

a c t i v i t y  a g a i n s t  D.  pneumon i a e  ( 125  and M. t u b e r c u l o s  i

( 25 ^ / ml  . ) .  S o l a n i n e  showed no a n t i b a c t e r i a l  a c t i v i t y  i n  t h e

and M. t u b e r c u l o s i s
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c y l i n d r i c a l  j a r  w i t h  30 1 . o f  w a t e r  and 60 0  ml .  o f  g l a c i a l  

a c e t i c  a c i d .  The  p l a n t  r e s i d u e  wa s  r e move d  by  f i l t r a t i o n ,  

t h e  f i l t r a t e  wa s  made a m m o n i a c a l  u n t i l  t h e  o d o r  p e r s i s t e d  

and t h e  t u r b i d i t y  o f  t h e  s o l u t i o n  was  p e r m a n e n t .  H e a t i n g  t h e  

s o l u t i o n  f o r  a s h o r t  t i m e  a t  5 0 - 7 0 ° C .  f l o c c u l a t e d  t h e  c r u d e  

a l k a l o i d .  A f t e r  2 l| h o u r s  t h e  p r e c i p i t a t e  was  c o l l e c t e d  on 

a f i l t e r ,  w a s h e d  w i t h  2 0 0  m l .  o f  5 p e r  c e n t  ammonium h y d r o x ­

ide , and d r i e d  a t  r oom t e m p e r a t u r e  t o  g i v e  a y i e l d  o f  11 g.  

o f  c r u d e  a l k a l o i d  b a s e .  B o t h  t h e  m o t h e r  l i q u o r  and  t h e  c r u d e  

a l k a l o i d  w e r e  t e s t e d  f o r  a n t i t u b e r c u 1a r  a c t i v i t y .  The m o t h e r  

l i q u o r  w h i c h  c o n t a i n e d  32 mg.  o f  d r y  m a t t e r  i n h i b i t e d  g r o wt h  

o f  M. t u b e r c u l o s i s  i n  a d i l u t i o n  o f  1 : 5 ? w h e r e a s  t h e  c r u d e  

a l k a l o i d  p r o d u c t  was  c o m p l e t e l y  i n a c t i v e .  In v i e w  o f  t h i s  

r e s u l t  no f u r t h e r  a t t e m p t  t o  p u r i f y  t h e  a l k a l o i d  was  made .

The r e s u l t s  o b t a i n e d  f r o m  t h e  t e s t i n g  o f  t h e  above  

m e n t i o n e d  a l k a l o i d s  a r e  s u mma r i z e d  i n  T a b l e  XVI .

TABLE XVI

ANTIBACTERIAL ACTIVITY OF D IFFERENT SOLANUM ALKALOIDS

X?ml . I n h i b i t s  t h e  Gr owt h  o f :  
A l k a l o i d  D. pn e  umon i ae M. t u b e r c u l o s i s

On B l o o d
On Ag a r Aga r

Tomat ine i n a c  t  i ve i n a c t  i ve i n a c  t  i ve

So 1 an i ne 125 25 i n a c t  i ve

So l  an id i n e

A l k a l o i d  p r e p a r a t i o n  f r o m

i n a c t  ive i n a c t  ive i n a c t  ive

S . c a r o l i n e n s e i n a c t  i ve i n a c t  i ve i n a c t  ive
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CHEMICAL STUDIES ON SOLANOCAPSINE

8 . P h y s i c a l  C o n s t a n t s  

n . So l  a n o c a p  s i n e  . -  F i v e  h u n d r e d  m i 11 i g r  arris o f  s o l a n o c a p ­

s i n e  d i h y d r o c h l o r i d e  wa s  d i s s o l v e d  i n  10 m l .  o f  e t h a n o 1 - w a t e r  

( 1 : 1 ) .  By a d d i t i o n  o f  6 N ammonium h y d r o x i d e  s o l a n o c a p s i n e  

p r e c i p i t a t e d .  The y i e l d  o f  c r u d e  s o l a n o c a p s i n e  was  370 mg.

A f t e r  r e c r y s t a l l i z a t i o n  f r o m  e t h a n o 1- w a t e r  ( 1 : 1 )  i t  c r y s t a l ­

l i z e d  a s  p l a t e l e t s  w h i c h  m e l t e d  w i t h  d e c o m p o s i t i o n  a t  2 l 5 - 2 l 6 ° C .  

( L i t .  v a l u e  2 l 6 - 2 1 7 ° C .  [ 7 8 ] ,  2 2 2 ° C .  [ 6 ] ) .

F o r  a n a l y s i s  t h e  compound was  d r i e d  l_j_8 h o u r s  a t  17 mm. 

p r e s s u r e  o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  a t  room 

t e m p e r  a t u r e .

Ana l  . C a l c ' d  f o r  C ^ y H ^ N ^ O ^  *HpO: N, 6 . 2 I4. %

F o u n d :  N, 6 . 2 0 ,  6 . 2 9  % ( K j e l d a h l )  

D e t e r m i n a t i o n  o f  w a t e r  c r y s t a l l i z a t i o n :  The compound was

d r i e d  i n  an  A b d e r h a l d e n  d r y i n g  p i s t o l  f o r  72 h o u r s  a t  2 mm. 

p r e s s u r e  o v e r  p h o s p h o r u s  p e n t o x i d e .  The p i s t o l  was  h e a t e d  by 

r e f  l u x  i ng  1 - b u t a n o l  ( b . p .  1 I 7 - H 8 ° C . ) .  The compound ( 6I4.2 . 3

mg . )  l o s t  2 5 . 6  mg.  b y  d r y i n g ,  w h i c h  c o r r e s p o n d s  t o  3 . 9 8  p e r  

c e n t  ( c a l c u l a t e d  f o r  1 mo l e  o f  w a t e r  I4. .OI p e r  c e n t )  . On e x ­

p o s u r e  t o  a i r  t h e  a n h y d r o u s  s u b s t a n c e  r e g a i n e d  i t s  o r i g i n a l  

we i g h t .

O p t i c a l  r o t a t i o n :  A s o l u t i o n  o f  0 . 2 0 6  mg.  i n  5 ml ■

m e t h a n o l  showed a r o t a t i o n  o f  + 2 . 0 6 1  i n  a 20  cm.  t u b e .  

C a l c u l a t e d  s p e c i f i c  r o t a t i o n  [ c t ] 2 ^  = + 2 5 . 0 1 ° .
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R a s t ' s  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n :  1 1 . 3  mg.  i n

19k., 2 mg.  c a mp h o r  d e p r e s s e d  t h e  m e l t i n g  p o i n t  5 . 1 °C . , c o r r e s ­

p o n d i n g  t o  a m o l e c u l a r  w e i g h t  o f  1+56. S e v e n t e e n  and f o u r -  

t e n t h s  m i l l i g r a m s  i n  1 9 . 3  mg.  c a mp h o r  d e p r e s s e d  t h e  m e l t i n g  

p o i n t  7 . 6 ° C . ,  c o r r e s p o n d i n g  t o  a m o l e c u l a r  w e i g h t  o f  1+81 .

N e u t r a l i z a t i o n  e q u i v a l e n t :  S o l a n o c a p s i n e  ( 6 3 . 5  mg . )

d i s s o l v e d  i n  10 m l .  e t h a n o l  and  1+0 m l .  0 . 0 1 0 2  N h y d r o c h l o r i c  

a c i d  c o n s u m e d  1 2 . 0 5  m l .  0 . 0 1 2 0  N s o d i u m h y d r o x i d e  c o r r e s p o n d ­

i ng t o  a m o l e c u l a r  we i g h t  o f  1+8 2 .

D e t e r m i n a t i o n  o f  m e t h y l  g r o u p s  a t t a c h e d  t o  c a r b o n :

So 1a n o c a p s i n e  ( 8 . 6  m g . )  u s e d  a f t e r  o x i d a t i o n  and t i t r a t i o n  

5.71+- m l .  0 . 0 1 0 3  N s o d i u m  h y d r o x i d e .  S o l a n o c a p s i n e  ( 7 . 1  mg . )  

u s e d  a f t e r  o x i d a t i o n  and d i s t i l l a t i o n  1+.80 m l .  0 . 0 1 3  N s od i u m 

h y d r o x i d e  ( o x i d a t i o n  t i m e  was  s i x  h o u r s ) .

C a l c u l a t e d  f o r  3 m e t h y l  c r o u p s :  1 0 . 0 5  %

F o u n d :  1 0 . 2 8 ,  10.1+2 %

O p p e n a u e r  o x i d a t i o n  f o l l o w i n g  t h e  p r o c e d u r e  l a t e r  d e s ­

c r i b e d  d i d  n o t  o x i d i z e  t h e  h y d r o x y l  g r o u p .  S o l a n o c a p s i n e  was  

r e c o v e r e d  and i d e n t i f i e d  t h r o u g h  m e l t i n g  p o i n t  and  i n f r a r e d  

s p e c t r u m .

One m i l l i g r a m  i n  m e t h a n o l  showed no a b s o r p t i o n  i n  t h e  

u l t r a v i o l e t  p a r t  o f  t h e  s p e c t r u m .

No u n s a t u r a t i o n  wa s  d e t e c t e d  w i t h  p o t a s s i u m  p e r m a n g a n a t e

( 8 0 ) o r  b r o m i n e  ( 8 1 ) .

S o l a n o c a p s i n e  ( 1 0  m g . )  d i s s o l v e d  in 10 m l .  o f  e t h a n o l  

and m i x e d  w i t h  10 m l .  o f  a 1 p e r  c e n t  d i g i t o n i n  s o l u t i o n  i n



o

GO

to

OJ
oooo

CO
oo

£/)
cof-o

jc:
cn
C0)

>cd

u o i  s s j uisuB j x  T-uao uod

Fi
gu

re
 

5.
 

In
fr

ar
ed

 
Sp

ec
tr

um
 

of 
S

ol
an

oc
ap

si
ne

 
(N

uj
ol

 
M

ul
l)



72

oOJ

GO

Oj

o

o

GO

o CO
CXI

Xo

o
C\J
i—H
o
o

oc
tocx
cd
Ooc
cd

Oin
Xo
cd
>u-3
CJ
do

X-l
+->
cd
x

fc-

vO
Ci)
XG3
CD
»H
X

a

(6
3.

5 
m

g. 
of 

so
la

no
ca

ps
in

e 
di

ss
ol

ve
d 

in 
10 

m
l.

 
et

ha
no

l 
an

d 
1|0

 
m

l.
 

0.
01

02
0

N 
H

C
i)



73

90 p e r  c e n t  e t h a n o l  r e m a i n e d  c l e a r ,  e v e n  a f t e r  10 h o u r s  o f  

s t a n d  i n g .

No c o n s u m p t i o n  o f  p e r i o d i c  a c i d  was  o b s e r v e d ,  e v e n  a f t e r  

10 h o u r s .  The  o x i d a t i o n  was  a t t e m p t e d  a t  3 d i f f e r e n t  h y d r o g e n  

i o n  c o n c e n t r a t i o n s :

pH 2 :  S o l a n o c a p s i n e  (20 m g . )  d i s s o l v e d  in 10 m l .  e t h a n o l

and 10 m l . 0 . 0 2 1 6  m o l a r  p e r i o d i c  a c i d .

pH S o l a n o c a p s i n e  ( 20  mg . )  d i s s o l v e d  in 10 m l .  e t h a n o l ,

2 m l .  pH 8 b u f f e r ,  and  10 m l .  0 . 0 2 1 6  m o l a r  p e r i o d i c  a c i d .

pH 8 :  S o l a n o c a p s i n e  ( ll|. m g . )  d i s s o l v e d  in 10 m l .  e t h a n o l ,

6 m l .  pH 9 b u f f e r  and  7 m l .  0 . 0 2 1 6  m o l a r  p e r i o d i c  a c i d .

b .  S o l a n o c a p s i n e  d i h y d r o c h l o r i d e . -  Two h u n d r e d  m i l l i g r a m s

of  c r u d e  s o l a n o c a p s i n e  h y d r o c h l o r i d e  was  r e c r y s t a l l i z e d  t w i c e  

f r o m w a t e r .  The  y i e l d  o f  p u r e  s o l a n o c a p s i n e  d i h y d r o c h l o r i d e  

was  105 rag. and d i d  n o t  m e l t  b e l o w  3 0 0 ° C.  ( L i t .  v a l u e  > 3 0 0 ° C .

[ 7 8 ] ,  32U° [ 6 ] ) .

B e f o r e  a n a l y s i s  t h e  compound was  d r i e d  f o r  JL|_8 h o u r s  a t  

17 mm. p r e s s u r e  o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  a t  

room t e m p e r a t u r e .

Ana l  . C a l c ' d  f o r  C p y H ^ N ^ O ^  • 2HC1 ' H^O: C,  6 2 . 1 7 ;  H, 9 . 6 6 ;  N, 5*37  %

F o u n d :  C,  62.27?* H, 9. J+0;  N, 5 - 5 9  %

D e t e r m i n a t i o n  o f  w a t e r  c r y s t a l l i z a t i o n :  A s a mp l e  o f  t h e

compound wa s  d r i e d  i n  an  A b d e r h a l d e n  d r y i n g  p i s t o l  f o r  72 h o u r s  

a t  2mm. p r e s s u r e  o v e r  p h o s p h o r o u s  p e n t o x i d e .  The p i s t o l  was  

h e a t e d  b y  r e f l u x i n g  1 - b u t a n o l  ( b . p .  1 1 7 - l i 8 ° C . ) .  The compound

( 5 7 6 . 8  m g . )  l o s t  1 9 . if mg.  b y  d r y i n g ,  c o r r e s p o n d i n g  t o  3 . 3 6  p e r
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cent ,  ( c a l c u l a t e d  f o r  1 mo l e  o f  w a t e r  3 . 3 6  p e r  c e n t )  . On e x ­

p o s u r e  t o  a i r  t h e  a n h y d r o u s  s u b s t a n c e  r e g a i n e d  i t s  o r i g i n a l  

we i g h t  .

As  w i t h  s o l a n o c a p s i n e  no a b s o r p t i o n  i n  t h e  u l t r a v i o l e t  

p a r t  o f  t h e  s p e c t r u m  was  o b s e r v e d .

9 .  R e a c t i o n  w i t h  N i t r o u s  A c i d

a .  N i t r o s o s o l a n o c  ap s i n e . -  T h i s  d e r i v a t i v e  was  p r e p a r e d  

f o l l o w i n g  t h e  p r o c e d u r e  o f  B a r g e r  and F r a e n k e 1- C o n r a t  ( 6 ) .

When a s o l u t i o n  o f  110 mg.  o f  s o l a n o c a p s i n e  i n  6 N a c e t i c  

a c i d  was  t r e a t e d  w i t h  1 e q u i v a l e n t  o f  s o d i u m n i t r i t e  ( 1 6 . 9  

m g . ) ,  o n l y  a s l i g h t  p r e c i p i t a t e  was  f o r m e d .  Bu t  a d d i t i o n  o f  

a s e c o n d  e q u i v a l e n t  o f  s o d i u m n i t r i t e  p r o d u c e d  a c o p i o u s  

p r e c i p i t a t e .  The y i e l d  o f  compound was  80  mg.  R e c r y s t a l 1 i z e d  

f r o m  a b s o l u t e  e t h a n o l  i t  m e l t e d  a t  19i j . -196°C.  ( L i t .  v a l u e  

19I+0C.  [ 6 ] ,  2 0 0 ° C .  [ 7 8 ] ) .

The u l t r a v i o l e t  s p e c t r u m  o f  0 . 2 5  mg.  n i t r o s o  so 1a n o c a p -  

s i n e / m l .  m e t h a n o l  showed a maximum a t  355 mp ( l o g  E 2 . 1 | 2 ) .

U n s a t u r a t i o n  c o u l d  be d e t e c t e d  w i t h  b r o m i n e  i n  g l a c i a l  

ace  t  i c  ac id ( 8 1 ) .

M i c r o h y d r o g e n a t i o n :  One and o n e - h a l f  m i l l i g r a m  o f  t h e

compound s h o u l d  t h e o r e t i c a l l y  a b s o r b  75 p i .  o f  h y d r o g e n  (1 

d o u b l e  b o n d ) .  I t  was  f o u n d  t h a t  71 p i -  was  a b s o r b e d .

Van S l y k e  a mi no  n i t r o g e n  d e t e r m i n a t i o n :  N i t r o s o  so 1a n o -  

c ap s i n e  ( 2 1 . 3  m g . )  i n  7 m l .  o f  6 N a c e t i c  a c i d  g ave  e v o l u t  i on  

o f  1 . 3 0 0  mg.  n i t r o g e n ,  c o r r e s p o n d i n g  t o  0 . 9 9  mo l e  o f  n i t r o g e n .
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b .  D i g i t o n i d e  o f  n i t r o s o s o l a n o c a p s i n e . -  To a s o l u t i o n  

o f  70 m g . n i t r o s o s o l a n o c a p s i n e  i n  20 m l . e t h a n o l  wa s  mi xe d  

20 m l . o f  a 1 p e r  c e n t  d i g i t o n i n  s o l u t i o n  i n  80  p e r  c e n t  

e t h a n o l .  A f t e r  s t a n d i n g  o v e r n i g h t  t h e  c o p i o u s  p r e c i p i t a t e  

was  f i l t e r e d ,  w a s h e d  w i t h  w a t e r  and d r i e d  t o  g i v e  1+5 mg.  o f  

d i g i t o n i d e .  The d e r i v a t i v e  was  wa s h e d  w i t h  5 m l . o f  e t h a n o l  

and d r i e d  f o r  1+8 h o u r s  a t  17 mm. p r e s s u r e  o v e r  p h o s p h o r o u s  

p e n t o x  i d e .

A n a l .  C a l c ' d  f o r  1(£  %

Fo u n d :  N, 182,  1 . 9 0  % ( K j e l d a h l )

c .  D i h y d r  o s o  1a n o c a p s  i n e . -  A m i x t u r e  o f  200 mg.  s o l a n o ­

c a p s i n e  and  200  mg.  o f  p l a t i n u m  o x i d e  i n  10 m l .  o f  g l a c i a l  

a c e t i c  a c i d  and 5 m l . o f  e t h a n o l  was  s h a k e n  u n d e r  3 a t m o s p h e r e s  

o f  p r e s s u r e  f o r  12 h o u r s  i n  an Adams h y d r o g e n a t i o n  a p p a r a t u s .

A f t e r  f i l t r a t i o n  o f  t h e  c a t a l y s t ,  t h e  s o l v e n t  was  r emoved  

b y  d i s t i l l a t i o n  u n d e r  d i m i n i s h e d  p r e s s u r e  i n  a f l a s h  e v a p o r a ­

t o r .  The r e s i d u e  was  d i s s o l v e d  i n  e t h a n o l - w a t e r  ( 1 : 1 )  and 6 

N ammonium h y d r o x i d e  wa s  a d d e d  f o r  p r e c i p i t a t i o n  t o  g i v e  a 

y i e l d  o f  170  mg.  o f  t h e  c omp oun d .  I t  was  r e c r y s t a l l i z e d  f r o m  

e t h a n o l - w a t e r  ( 1 : 1 ) ,  m e l t e d  a t  2 1 0 - 2 1 2 ° C .  and a m i x e d  m e l t i n g  

p o i n t  w i t h  s o l a n o c a p s i n e  d i d  n o t  show a ny  d e p r e s s i o n .

O p t i c a l  r o t a t i o n :  A s o l u t i o n  o f  0 . 1 1 2  mg.  o f  t h e  com­

p o u n d  i n  5 m l .  o f  m e t h a n o l  showed a r o t a t i o n  o f  1 . 7 9 2  . 

C a l c u l a t e d  s p e c i f i c  r o t a t i o n  [ 0 6  ] = + 1+0°.

Va n  S l y k e  a mi n o  n i t r o g e n  d e t e r m i n a t i o n :  D i h y d r o s o  1a n o -

c ap s i n e  ( 6 . 7  m g . )  i n  7 ml .  o f  6 N a c e t i c  a c i d  g ave  e v o l u t  i on
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o f  0 . 7 9 1  mg.  o f  n i t r o g e n ,  c o r r e s p o n d i n g  t o  1 . 9 7  mol e  o f  n i ­

t r o g e n .

A c t i v e  h y d r o g e n  d e t e r m i n a t i o n :  O.I4.2 p e r  c e n t  a c t i v e

h y d r o g e n  wa s  f o u n d  a t  r oom t e m p e r a t u r e  and  O. 8 I4. p e r  c e n t  a t  

100°C.  R e c a l c u l a t e d  t o  n u m b e r s  o f  a c t i v e  h y d r o g e n s  t h e  r e ­

s u l t  was  3 , 614- a c t i v e  h y d r o g e n s .

d .  T,N i t r  o sod i h y d r  o s o l  a n o c a p  s i ne  . n - D i h y d r  o so 1 anoc  ap 3 i ne  

( 1 0 0  m g . )  wa s  t r e a t e d  w i t h  n i t r o u s  a c i d  i n  t h e  same manne r  a s  

d e s c r i b e d  u n d e r  n i t r o s o  so 1a n o c a p s i n e  and y i e l d e d  8 2  mg.  A f t e r  

r e c r y s t a l l i z a t i o n  f r o m  a b s o l u t e  e t h a n o l  t h e  compound m e t l e d  

a t  1 6 5 - 1 6 8 ° C .

F o r  a n a l y s i s  t h e  d e r i v a t i v e  was  d r i e d  I4.8 h o u r s  a t  17 mm. 

p r e s s u r e  o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  a t  room t e m ­

p e r a t u r e  .

A n a l .  C a l c l d f o r  ^ 2 3 ‘ ^ ? 77 - Q Ip; H, IO.6I4. %

Fo un d :  C, 6 8 . 6 7 ;  H, 9 . 3 8  %

C a l c ’ d f o r  ^ 2 5 ^ 14.0 ^ 6 * ^  6 8 . 7 7 ;  H, 9 .  2 I4. %

A s o l u t i o n  o f  0 . 2 0  mg.  c o m p o u n d / m l .  m e t h a n o l  showed o n l y  

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

So d i u m f u s i o n  f o l l o w i n g  t h e  m i c r o p r o c e d u r e  o f  S c h n e i d e r  

( 7 9 a ) d i d  n o t  d e t e c t  a n y  n i t r o g e n  i n  t h e  c ompound .

U n s a t u r a t i o n  c o u l d  be  d e t e c t e d  w i t h  b r o m i n e  in g l a c i a l  

ace  t  i c  ac  id ( 8 1) .

M i c r o h y d r o g e n a t i o n :  One and s e v e n - t e n t h s  o f  t h e  compound

s h o u l d  t h e o r e t i c a l l y  a b s o r b  93 p i  o f  h y d r o g e n  (1 d o u b l e  b o n d ) .  

I t  wa s  f o u n d  t h a t  109 p i  was  a b s o r b e d .



10
0

00

o

CO

CD

oOJoo
CO

uoj ss juisub jx T-tiao J3d

Fi
gu

re
 

10
. 

In
fr

ar
ed

 
Sp

ec
tr

um
 

of 
"N

it
ro

so
d

ih
y

d
ro

so
la

n
o

ca
p

s 
in

er
T 

(N
uj

ol
 

M
u

ll
).



81

A s o l u t i o n  o f  10 mg.  o f  t h e  compound i n  10 m l .  o f  e t h a n o l  

gave  w i t h  10 m l . o f  a  1 p e r  c e n t  d i g i t o n i n  s o l u t i o n  i n  90 p e r  

c e n t  e t h a n o l  a c o p i o u s  p r e c i p i t a t e .

10.  A c e t y l a t i o n  S t u d i e s

a .  D i a c e t y l  s o l a n o c a p s i n e . -  The  compound was  p r e p a r e d  

u s i n g  t h e  p r o c e d u r e  o f  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 ) .  So ­

l a n o c a p s i n e  ( 1 5 0  m g . )  was  d i s s o l v e d  i n  1|_ m l .  o f  p y r  id i ne  and 

a l l o w e d  t o  s t a n d  w i t h  5  m l .  o f  a c e t i c  a n h y d r i d e  f o r  l_p8 h o u r s .  

The y e l l o w  s o l u t i o n  was  e v a p o r a t e d  t o  d r y n e s s  und e r  d i m i n i s h e d  

p r e s s u r e  a t  9 0 ° C .  The b r o wn  r e s i d u e ,  a f t e r  d i s s o l v i n g  in 2 0 m l  

o f  c h l o r o f o r m ,  wa s  e x t r a c t e d  f o u r  t i m e s  w i t h  1 0 - m l .  p o r t i o n s  

o f  10 p e r  c e n t  s o d i u m  b i c a r b o n a t e  s o l u t i o n  and wa s h e d  n e u t r a l  

w i t h  w a t e r .  A f t e r  d r y i n g  o v e r  a n h y d r o u s  s o d i u m s u l f a t e  and 

e v a p o r a t i o n  o f  t h e  c h l o r o f o r m  s o l u t i o n  139 mg.  o f  g e l a t i n o u s  

p r e c i p i t a t e  wa s  p r o d u c e d .  T h i s  a c e t y l a t e d  a l k a l o i d  was d i s ­

s o l v e d  i n  9 m l .  o f  b e n z e n e  and c h r o m a t o g r a p h e d  on 8 . 7  g.  o f  

a l u m i n a .  E l u a t e  f r a c t i o n s  o f  20 m l .  w e r e  c o l l e c t e d .  The 

c o m p o s i t i o n  o f  t h e  f r a c t i o n s  was  a s  f o l l o w s  i n  T a b l e  XV I I .

F r a c t i o n s  1 0 - 1 3  w e r e  c o m b i n e d  and r e p r e c i p i t a t e d  t h r e e  

t i m e s  f r o m  m e t h a n o l - e t h y l  e t h e r  ( 1 : 9 )* was  n o t  p o s s i b l e

t o  o b t a i n  a c r y s t a l l i n e  p r o d u c t .  The a mo r p h o u s ,  g e l a t i n o u s  

p r e c i p i a t e  a f t e r  d r y i n g  m e l t e d  a t  1 9 8 - 2 0 0 ° C .  ( L i t .  v a l u e  193-  

196°C.  [ 7 8 ] ) .

Fo r  a n a 1y s i s  t h e  d e r i v a t  iv e was  d r i e d  a t  17 mm. p r e s s u r e  

o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  a t  r oom t e m p e r a t u r e .
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TABLE XVII

FRACTIONATION OF DIACETYL SOLANOCAPSINE BY COLUMN 
CFfROMATOGRAPHY ON ALUMINA

F r a c t  i o n E 1 u a n t R e s  i due

1- 3 b e n z e n e 9 mg. b r o wn  o i l ,  s o l u b l e  
i n  e t h y l  e t h e r

l l -5 b e n z e n e  + 5% c h l o r o f o r m 7 mg. c o l o r l e s s  o i l ,  
s o l u b l e  i n  e t h e r

6 - 7 b e n z e n e  + 10% c h l o r o f o r m 9 mg . c o l o r l e s s  o i l ,  
s o l u b l e  i n  e t h e r

8 - 9 b e n z e n e  + 2 5 % c h i o r o f o r m 5 mg . c o l o r l e s s  o i l ,  
s o l u b l e  in e t h e r

10 - 13 c h l o r o f o r m  4- 1% m e t h a n o l 79 mg. w h i t e  f oam,  i n ­
s o l u b l e  in e t h e r

11J.-16 c h l o r o f o r m  + 2% m e t h a n o l 6 mg . g r e e n i s h  o i l ,  
i n s o l u b l e  in 
e t h e  r

Ana l  . C a l c ' d  f o r  £ 3 1 ^ 5 0 ^ 2 ^ 11/ ^ 2 ^ * ^  > 7 0 . 7 7 ;  H , 9 . 6 2  %

Fou nd :  C,  6 9 . 9 0 ;  H , 9 . 8 1 |  %

D e t e r m i n a t i o n  o f  e q u i v a l e n t s  o f  a c e t y l  g r o u p s :

1 . 3  e q u i v a l e n t s  o f  0 , N- a ce t y l ~ ' ~ ) ( 6 . $  mg.  c ons umed  a f t e r

h y d r o l y s i s  f o r  1 . 9  h o u r  and  d i s t i l l a t i o n  1 . 5 8  m l .  o f  0 . 0 1 0 3

N s o d i u m  h y d r o x i d e ) .

1 . 6  e q u i v a l e n t s  o f  0 , N - a c e t y l  ) (5-lj- rag. c o n s u me d  a f t e r

h y d r o l y s i s  f o r  f i v e  h o u r s  and  d i s t i l l a t i o n  1 . 6 3  m l .  o f  0 . 0 1 0 3  

N s o d i u m  h y d r o x i d e ) .

“*) The c a l c u l a t i o n s  a r e  b a s e d  on a d i a c e  t y  1 so 1 a n o c a p -
s i ne  .
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0 . 9  e q u i v a l e n t s  o f  0 - a c e t y l * )  ( 5 . 7  mg.  c o n s u me d  a f t e r  

h y d r o l y s i s  a nd  t i t r a t i o n  0 . 9 1  m l .  o f  0 . 0 1 0 3  N s o d i u m  h y d r o x ­

i de  ) .

D i a c e t y l s o  1a n o c a p s i n e  was  s o l u b l e  i n  6 N a c e t i c  a c i d .

A s o l u t i o n  o f  0 . 2 0  mg.  o f  t h e  c o m p o u n d / m l .  o f  m e t h a n o l  

showed no a b s o r p t i o n  i n  t h e  u l t r a v i o l e t  p a r t  o f  t h e  s p e c t r u m .

b .  Tr  i a c e t y l  s o l a n o c a p s  i n e . -  B a r g e r  and F r a e n k e 1- C o n -  

r a t '  s p r o c e d u r e  ( 6 ) was  f o l l o w e d .  A m i x t u r e  o f  500  mg.  o f  

s o l a n o c a p s i n e  and  10 m l .  o f  a c e t i c  a n h y d r i d e  was  r e f l u x e d  

i n  an o i l  b a t h  f o r  f i v e  h o u r s .  The s o l v e n t  was r emoved  u n d e r  

d i m i n i s h e d  p r e s s u r e  and t h e  b r o wn ,  o i l y  r e s i d u e  d i s s o l v e d  i n  

e t h a n o l .  W a t e r  wa s  a d d e d  t o  s l i g h t  t u r b i d i t y  and t h e  com­

pou nd  a l l o w e d  t o  c r y s t a l l i z e .  Thus  a y i e l d  o f  J4.OO mg.  o f  

p r o d u c t  m e l t i n g  a t  1[]_0-150°C.  was  o b t a i n e d .  The compound 

was a m o r p h o u s  and  e v e n  r e p e a t e d  s o l u t i o n  in h o t  b e n z e n e -  

l i g r o i n  d i d  n o t  c h a n g e  i t  t o  a c r y s t a l l i n e  c ompound.  The 

m e l t i n g  p o i n t  o f  t h e  p u r i f i e d  compound was  1 5 0 - 1 5 5 ° C .  ( L i t .

v a l u e  1 5 0 - 1 6 0 ° C .  [ 6 ] ) .

A f u r t h e r  a t t e m p t  was  made t o  c o n v e r t  t h e  a mo r p h o u s  

m a t e r i a l  i n t o  a c r y s t a l l i n e  compound by c o l u mn  c h r o m a t o g r a p h y  

on a l u m i n a .  A s o l u t i o n  o f  83  mg.  o f  a c e t y l a t e d  s o l a n o c a p s i n e  

in 5 m l . o f  b e n z e n e  wa s  c h r o m a t o g r a p h e d  on 9 g.  o f  a l u m i n a

“ ) The c a l c u l a t i o n s  a r e  b a s e d  on a d i a c e t y 1 so 1a n o c a p
s ine .
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and e l u a t s  f r a c t i o n s  o f  20 m l .  w e r e  c o l l e c t e d .  The c o m p o s i ­

t i o n  o f  t h e  f r a c t i o n s  was  a s  f o l l o w s  i n  T a b l e  X V I I I .

TABLE XV 111

FRACTIONATION OF TRI ACETYL SOLANOCAPSINE BY COLUMN 
CHROMATOGRAPHY ON ALUMINA

F r a c t  i on E 1u a n t R e s  i due

1 - 3 b e n z e n e 5 mg . b r o w n i s h  o i l ,  s o l ­
u b l e  in e t h y l  e t h e r

k - 5 b e n z e n e  + 5% c h l o r o f o r m k mg . c o l o r l e s s  o i l ,  
s o l u b l e  i n  e t h e r

6 - 7 b e n z e n e  + 10% c h l o r o f o r m 6 mg . c o l o r l e s s  o i l ,  
s o l u b l e  in e t h e r

8 - 9 b e n z e n e  + 29% c h l o r o f o r m k mg . c o l o r l e s s  o i l ,  
s o l u b l e  in e t h e r

10 - 13 c h l o r o f o r m  + 1% m e t h a n o l 56 mg . wh i t e  f 0 am, i n s o l ­
u b l e  in e t h e r

111-16 c h l o r o f o r m  + 2% m e t h a n o l 5 mg . g r e e n  i sh o i l ,  i n -  
s o l u b l e  in e t h e r

F r a c t i o n s  1 0 - 1 3  w e r e  c o m b i n e d and a f t e r  e v a p o r a t i o n  o f

so 1v e n t g a v e  an  a m o r p h o u s  p r o d u c t s t i l l m e l t i n g  a t  l 5 0 - l 5 5 ° G .

F o r  a n a l y s i s  t h e  e x p e c t e d  t r i a c e t y l  d e r i v a t i v e  was  d r i e d  

a t  17 mm. p r e s s u r e  o v e r  p h o s p h o r u s  p e n t o x i d e  and  p a r a f f i n  a t

room t e m p e r a t u r e .

An a l  . C a l c f d f o r  C^ 3H^ 2 N2 ° 5 : C 9 7 1 - 1 7 ;  H,  9l |2 %

F o u n d :  C,  7 1 - 6 1 ;  H, 9i |9 %
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D e t e r m i n a t i o n  o f  e q u i v a l e n t s  o f  a c e t y l  g r o u p s :

2 . 8  e q u i v a l e n t s  o f  0 , N - a c e t y i  ) ( i | . 3  mg.  cons umed  a f t e r

h y d r o l y s i s  f o r  e i g h t  h o u r s  and  d i s t i l l a t i o n  2 . 1 1  m l .  o f  0 . 0 1 0 3  

N s o d i u m  h y d r o x i d e ) .

T r i a c e t y l s o l a n o c a p s i n e  was  f o u n d  i n s o l u b l e  in 6 N a c e t i c

ac i d .

A s o l u t i o n  o f  0 . 2 0  mg.  o f  t h e  c o mp o u n d / m l .  m e t h a n o l  showed 

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

11.  M i s c e l l a n e o u s  D e r i v a t i v e s

a .  Tr  i m e t h y l s o  1a n o c a p  s i n e . - The d e r i v a t i v e  was  p r e p a r e d  

f o l l o w i n g  t h e  p r o c e d u r e  o f  S c h l i t t l e r  and U e h l i n g e r  ( 7 8 ) .  

S o l a n o c a p s i n e  ( 150  mg . )  was  r e f l u x e d  f o r  f o u r  h o u r s  on a w a t e r  

b a t h  w i t h  0 . 7  n l . o f  1|0 p e r  c e n t  f o r m a l d e h y d e  and 0 . 8  m l .  o f  

100 p e r  c e n t  f o r m i c  a c i d .  E v o l u t i o n  o f  g a s  soon  b e g a n  i n  t h e  

y e l l o w  c o l o r e d  o i l .  The r e a c t i o n  p r o d u c t  was  d i l u t e d  w i t h  

5 m l . o f  w a t e r  and  2 m l . o f  N h y d r o c h l o r i c  a c i d .  The a c i d i c  

s o l u t i o n  was  f i r s t  e x t r a c t e d  f o u r  t i m e s  w i t h  10 ml .  o f  e t h y l  

e t h e r ,  t h e n  made d i s t i n c t  a mmo n i a c a l  w i t h  d i l u t e  ammonium 

h y d r o x i d e  and  e x h a u s t i v e l y  e x t r a c t e d  w i t h  e t h e r .  The l a t t e r  

e t h e r  e x t r a c t s  we r e  c o m b i n e d ,  d r i e d  o v e r  a n h y d r o u s  s o d i u m s u l ­

f a t e  and  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was c r y s t a l l i n e  

and w e i g h e d  1 IpO mg.  R e c r y s  t  a 11 i zed  t w i c e  f r o m  a b s o l u t e  m e t h ­

a n o l ,  t h e  c ompound  m e l t e d  a t  2 0 8 ° C .  ( L i t .  v a l u e  209 C.  [ 7 8 ] ) .

" ) The c a l c u l a t i o n  i s  b a s e d  on a t r i a c e t y l s o l a n o c a p s i n e .
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Fo r  a n a l y s i s  t h e  e x p e c t e d  t r i m e t h y l s o  1a n o c a p s i n e  was 

d r i e d  o v e r  p h o s p h o r u s  p e n t o x i d e  and  p a r a f f i n  a t  17 mm. p r e s ­

s u r e  .

A n a l . C a l c 1d f o r  c 2 qh^ 2N2 ° 2 : ^

N,  5 8 6 , 572  % ( K j e l d a h l )

b .  So 1a n o c a p s i n e  p i c r a t e . - The p i c r a t e  was  p r e p a r e d  a s  

d e s c r i b e d  b y  S c h l i t t l e r  and U e h l i n g e r  ( 7 8 ) .  So 1a n o c a p s i n e  

( 100  m g . )  wa s  d i s s o l v e d  i n  3 m l .  o f  e t h a n o l .  A s m a l l  e x c e s s  

o f  s a t u r a t e d  e t h a n o l i c  p i c r i c  a c i d  ( 1 . 2 5  m l . )  was  a d d e d .  The 

s o l u t i o n  wa s  h e a t e d  t o  t h e  b o i l i n g  p o i n t  and 5  ml .  o f  b o i l i n g  

w a t e r  was  a d d e d .  By s l o w l y  c o o l i n g ,  f i n e  n e e d l e s  c r y s t a l l i z e d .  

A f t e r  s t a n d i n g  12 h o u r s  i n  t h e  r e f r i g e r a t o r ,  166 mg.  o f  c r u d e  

p i c r a t e  wa s  o b t a i n e d .  The d e r i v a t i v e ,  r e c r y s t a l l i z e d  f r o m

e t h a n o 1 - w a t e r  ( 1 : 1 ) and d r i e d ,  gave  a m e l t i n g  p o i n t  o f  1 9 8 - 

199°C.  ( L i t .  v a l u e  2 0 0 - 2 0 i ° C .  [ 7 8 ] ) .

c .  So 1a n o c a p s i n e  o x a l a t e . - A g a i n  t h e  p r o c e d u r e  o f  

S c h l i t t l e r  a nd  Ueh l  i n g e r  ( 78 )  was  f o l l o w e d .  A s o l u t i o n  o f

I4.O mg.  so 1 a n o c  ap s i ne  i n  3 ml .  o f  a b s o l u t e  e t h a n o l  was  r e a c t e d  

d r o p w i s e  w i t h  10 p e r  c e n t  o x a l i c  a c i d  in a b s o l u t e  e t h a n o l .

When t h e  c a l c u l a t e d  e q u i m o l a r  a mount  o f  e x a l i c  a c i d  was  a d d e d ,  

a c o p i o u s  p r e c i p i t a t e  a p p e a r e d .  The d e r i v a t i v e  was t h o r o u g h l y  

wa s h e d  w i t h  a b s o l u t e  e t h a n o l  and gave  a f t e r  d r y i n g  l±2 mg.  o f  

t h e  d e r i v a t i v e .  I t s  m e l t i n g  p o i n t  was  2 8 7 - 2 8 9 ° C .  ( L i t .  v a l u e

2 2 8 - 2 8 9 ° C . [ 7 8 ] ) .

d .  1 s o p r  o p y 1 i d e n e s o l a n o c  ap s i n e . - The compound was  made 

f o l l o w i n g  t h e  p r o c e d u r e  o f  B a r g e r  and F r a e n k e 1- C o n r a t  ( 6 ) .
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So 1a n o c a p s i n e  ( 7 0 m g . )  and  10 m l .  o f  a c e t o n e  was  h e a t e d  on a 

w a t e r  b a t h  f o r  a f e w  m i n u t e s  u n t i l  c r y s t a l s  b e g a n  t o  a p p e a r .  

A f t e r  s t a n d i n g  f o r  e i g h t  h o u r s  i n  t h e  r e f r i g e r a t o r ,  t h e  c r y s ­

t a l s  w e r e  s e p a r a t e d  b y  c e n t r i f u g a t i o n  and y i e l d e d  67 mg.  o f  

p r o d u c t .  R e c r y s t a l l i z e d  f r o m  e t h y l  a c e t a t e - a c e t o n e , t h e  com­

pou nd  m e l t e d  a t  2 3 2 - 2 3 3 ° C .  ( L i t .  v a l u e  2 3 3 ° C .  [ 6 ] ) .

The s t a b i l i t y  o f  t h e  c o m p l e x  was  e x a m i n e d  b y  s h a k i n g  t h e  

compound w i t h  w a t e r  o r  w i t h  h y d r o c h l o r i c  a c i d  and  t h e n  t e s t i n g  

f o r  a c e t o n e :

1) Ten  m i l l i g r a m s  o f  t h e  compound was  s t i r r e d  w i t h  0 . 1  ml .  

o f  w a t e r  i n  a c e n t r i f u g e  t u b e  f o r  a f ew m i n u t e s .  The s u s p e n ­

s i o n  wa s  c e n t r i f u g e d ,  and t h e  s u p e r n a t a n t  d r a wn  o f f  w i t h  a 

m i c r o p i p e t .  The s u p e r n a t a n t  gave  a n e g a t i v e  i o d o f o r m  t e s t .

2)  Ten  m i l l i g r a m s  o f  t h e  compound was  s t i r r e d  w i t h  0 . 1  

ml .  o f  2 N h y d r o c h l o r i c  a c i d  f o r  a f ew m i n u t e s .  T h r e e - t e n t h s  

o f  a  m i l l i l i t e r  o f  10 p e r  c e n t  s o d i u m h y d r o x i d e  s o l u t i o n  was  

a d d e d  and t h e  c o n t e n t  was  c e n t r i f u g e d .  The s u p e r n a t a n t  was  

t e s t e d  f o r  a c e t o n e .  The i o d o f o r m  t e s t  was  p o s i t i v e .

e .  A t t e m p t e d  t o s y l a t i o n  o f  s o l a n o c a p s  i n e . -  A s o l u t i o n  of

100 mg.  so 1 a n o c a p  s i ne  i n  2 . ml ■ p y r i d i n e  was  t r e a t e d  w i t h  

100 mg.  o f  p - t o l u e n e  s u l f o n y l  c h l o r i d e .  A f t e r  s t a n d i n g  12 

h o u r s ,  5> m l .  o f  w a t e r  was  a d d e d  and t h e  r e s u l t i n g  p r e c i p i t a t e  

was w a s h e d  w i t h  much w a t e r .  The p r o d u c t  was  r e c r y s t a l l i z e d  

f r o m  e t h a n o 1- w a t e r  ( 1 : 1 ) .  O n l y  s o l a n o c a p s i n e  was  r e c e i v e d  as  

e v i d e n c e d  b y  m i x e d  m e l t i n g  p o i n t  and i n f r a r e d  s p e c t r u m  o f  t h e  

c o m p o u n d .
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f  • A t t e m p t e d  d e h y d r a t  i o n  o f  s o l  a n o c a p  s i ne  . - 

By a c i d  c a t a l y s i s . -  A s o l u t i o n  o f  50 m g . so 1a n o c a p s i n s  

i n  15 ml . c o n c e n t r a t e d  h y d r o c h l o r  ic ac  id and 35 ml . s t h a n o l  

was  r e f  1 ux e d  f o r  10 h o u r s .  A f t e r  50 m l . o f  w a t e r  was  a d d e d ,  

t h e  s o l u t i o n  was  made  d i s t i n c t l y  a mmo n i a c a l  and t h e n  e x t r a c t e d  

f o u r  t  ime s w i t h  1 0 0 —m l .  p o r t i o n s  o f  e t h y l  e t h e r .  The c omb i ne d 

e t h e r  f r a c t i o n s  w e r e  d r i e d  o v e r  a n h y d r o u s  s od i um s u l f a t e  and 

e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was  r e c r y s t a l l i z e d  f r o m  

e t h a n o 1- w a t e r  ( 1 : 1 ) .  O n l y  so 1a n o c a p s i n e  was  r e c o v e r e d  a s  

e v i d e n c e d  by m i x e d  m e l t i n g  p o i n t  and i n f r a r e d  s p e c t r u m  o f  

t h e  c o m p o u n d .

By b a s e  c a t a l y s i s . -  D e h y d r a t i o n  in b a s i c  s o l u t i o n  by  t h e  

p r o c e d u r e  o f  B a r g e r  and F r a e n k e l - C o n r a t  (6)  was  a s  f o l l o w s :

A s o l u t i o n  o f  60 mg.  o f  so 1a n o c a p s i n e  d i h y d r o c h l o r i d e  i n  5 ml .  

o f  10 p e r  c e n t  m e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  was  h e a t e d  a t  

100°C.  f o r  f o u r  h o u r s .  Upon a d d i t i o n  o f  w a t e r ,  e x t r a c t i o n  

w i t h  e t h y l  e t h e r ,  d r y i n g  and  r e m o v a l  o f  s o l v e n t ,  an a mo r p h o u s  

r e s i d u e  was  o b t a i n e d .  The y i e l d  o f  p r o d u c t  was  36 mg.  R e ­

c r y s t a l l i z e d  f r o m  e t h a n o 1- w a t e r  (1:1)  t h e  p r o d u c t  was  f o u n d  by 

m e l t i n g  p o i n t  and  i n f r a r e d  s p e c t r u m  t o  be so 1a n o c a p s i n e .

The r e c o v e r e d  so 1a n o c a p s i n e  gave  a c o n d e n s a t i o n  p r o d u c t  

w i t h  a c e t o n e ,  w h i c h  i s  c o n t r a r y  t o  t h e  compound t h u s  o b t a i n e d  

by  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 ) .

12.  O x i d a t i o n  S t u d i e s

a .  O p p e n a u e r  o x i d a t i o n  o f  n i t r o s o  so 1a n o c a p s i n e . -  The 

o x i d a t i o n  wa s  p e r f o r m e d  f o l l o w i n g  t h e  p r o c e d u r e  o f  P r e l o g  and
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S z p i l f o g e l  ( 7 1 ) .  N i t r o 30 so 1a n o c a p s i n e  ( 1 0 0  mg . )  was  r e f l u x e d  

on s t e a m  b a t h  w i t h  8 m l .  o f  a n h y d r o u s  a c e t o n e ,  20 m i .  o f  a b s o ­

l u t e  b e n z e n e ,  and  1 g ,  o f  a l u m i n u m  p h e n o x  i de  f o r  2l\. h o u r s .  The 

c o n d e n s e r  wa s  e q u i p p e d  w i t h  d r y i n g  t u b e  c o n t a i n i n g  a n h y d r o u s  

c a l c i u m  s u l f a t e .

The r e a c t i o n  m i x t u r e  wa s  r e a c t e d  w i t h  w a t e r  and 6 N sod i um 

h y d r o x i d e  and  e x t r a c t e d  t h r e e  t i m e s  w i t h  3 0 - m l . p o r t i o n s  o f  

e t h y l  e t h e r . The  y i e l d  o f  y e l l o w  r e s i d u e  was  60 mg.  R e c r y s ­

t a l l i z e d  f r o m  e t h a n o  1- w a t e r  ( Lp: 1 ) t h e  s o l i d  t r a n s f o r m e d  t o  

c o l o r l e s s  c r y s t a l s  m e l t i n g  a t  2 5 8 - 2 6 0 ° .

For  a n a l y s i s  t h e  o x i d i z e d  n i t r o s o  so I a n o c a p s i n e  was  d r i e d  

o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  a t  17 mm. p r e s s u r e .  The 

d r y i n g  p i s t o l  was  h e a t e d  by r e f l u x i n g  m e t h a n o l .

Ana l  . C a l c ’ d f o r  C ^ H ^ O ^ : C,  7 3 . 6 0 :  H, 9 . 1 5 ;  N, 6 . 3 6  %

Fo u n d :  C,  7 2 . 8 9 ;  H,  9 . 1 6 ;  N, 6 . 0 3 %

A s o l u t i o n  o f  0 . 2 0  mg.  c o m p o u n d / m l .  m e t h a n o l  showed o n l y  

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

The compound  d i d  n o t  g i v e  a n y  p r e c i p i t a t e  w i t h  d i g i t o n i n  

c o n t r a r y  t o  n i t r o s o  so 1a n o c a p s i n e ,

b . C h r o m i c  a c i d  o x i d a t i o n  o f  t r i a c e t y l  so 1a n o c a p s i n e . -

The o x i d a t i o n  was  p e r f o r m e d  a f t e r  t h e  p r o c e d u r e  u s e d  f o r  o x i ­

d a t i o n  o f  t o m a t i d i n e  b y  S a t o  e t  a l . ( 7 6 ) .  To a s o l u t i o n  o f

600 mg.  o f  t r i a c e t y l  so 1a n o c a p s i d i n e  in 20 ml .  o f  g l a c i a l  

a c e t i c  a c i d  was  a d d e d  d r o p w i s e  w i t h  s t i r r i n g  5 0 0  mg.  o f  c h r o m i c  

a c i d  i n  10 m l .  o f  8 0  p e r  c e n t  a c e t i c  a c i d .  The r e a c t i o n  m i x ­

t u r e  wa s  k e p t  a t  c a . 10°C.  b y  c o o l i n g  i n  i c e - w a t e r . A f t e r
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s t a n d i n g  a t  r oom t e m p e r a t u r e  f o r  1 . 5  h o u r s ,  t h e  d a r k - b r o w n  

s o l u t i o n  w a s  p o u r e d  i n t o  i c e - w a t e r  and  e x t r a c t e d  w i t h  e t h e r .  

The e t h e r e a l  s o l u t i o n  was  w a s h e d  w i t h  w a t e r ,  d i l u t e  sod i um 

c a r b o n a t e  s o l u t i o n  and  w a t e r  a g a i n ,  d r i e d  o v e r  a n h y d r o u s  

s o d i u m s u l f a t e  a nd  e v a p o r a t e d .  The y i e l d  o f  s e m i - c r y s t a l l i n e  

p r o d u c t  wa s  135 rng. R e c r y s t a l  1 i .zed f r o m  d i l u t e  m e t h a n o l  t h e  

m e l t i n g  p o i n t  was  13i ^- 135°C.

To p u r i f y  t h e  compound f u r t h e r ,  70 mg.  o f  t h e  compound 

was  t r e a t e d  w i t h  G i r a r d 1s r e a g e n t  (T)  t o  s e p a r a t e  t h e  k e t o n i c  

m a t e r i a l  f r o m  i m p u r i t i e s  or  n o n - k e t o n i c  m a t e r i a l .  The p r o ­

c e d u r e  d e s c r i b e d  by  f t e i c h s t e i n  ( 79)  was  f o l l o w e d .  Y i e l d  o f  

" n o n - k e t o n i c ' 1 m a t e r i a l  was  61 mg.  and o f  " k e t o n i c "  m a t e r i a l  

10 mg.  The  m e l t i n g  p o i n t  o f  t h e  " k e t o n i c "  m a t e r i a l  was  a f t e r  

r e c r y s t a l l i z a t i o n  f r o m  m e t h a n o l  1 5 8 - 1 6 0 ° C .  The u l t r a v i o l e t  

s p e c t r u m  o f  t h e  d e r i v a t i v e  ( 0 . 2 0  m g . / m l .  m e t h a n o l )  showed an

a b s o r p t i o n  p e a k  a t  285  mp.

For  e l e m e n t a r y  a n a l y s i s  t h e  d e r i v a t i v e  was d r i e d  a t  room 

t e m p e r a t u r e  o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  a t  17 mm. 

p r e s s u r e .

Ana l  . F o u n d :  C,  Lj.2.82; H,  8 . 8 0 ;  N, 1 3 . 0 6  %

I t  h a s  n o t  b e e n  p o s s i b l e  f r o m  t h e s e  a n a l y s e s  t o  c o n s t r u c t  

a r e a s o n a b l e  e m p i r i c a l  f o r m u l a  f o r  t h e  o x i d a t i o n  p r o d u c t .

The d e r i v a t i v e  gave  a y e l l o w  p r e c i p i t a t e  w i t h  2 , 6 “ 

d i n i t r o p h e n y l h y d r a z i n e  ( 7 9 ) .
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13.  C o l o r  R e a c t i o n s  

l i e b e r m a n n - B u r c h a r d  c o l o r  t e s t  a s  d e s c r i b e d  by  F i e s e r  ( 28 )  

was  n e g a t i v e  w i t h  so 1a n o c a p s i n e , b u t  p o s i t i v e  w i t h  n i t r o s o l a n -  

o c a p s i n e  a nd  Mn i t r o  sod i h y d r o  so 1 a n o c a p  s i ne  . TT

R o s e n h e i m  c o l o r  t e s t  ( 8 3 )  g i v e s  an i mm e d i a t e  and i n t e n s e  

r e d  c o l o r  w i t h  c o mp o u n d s  c o n t a i n i n g  a c o n j u g a t e  d o u b l e  b ond  

s y s t e m  o r  a d o u b l e  b o n d  i n  t h e  - p o s i t i o n  t o  a h y d r o x y l

g r o u p .  N i t r o  so so 1 a n o c a p  s i ne  and T,n i t  r o sod i h y d r  o so 1 anoc  ap s i ne  " 

gave  no c o l o r  r e a c t i o n .

S e 1e n i um d i o x i d e  t e s t  ( 28)  . The m i l d  o x i d a t i o n  a g e n t  

s e l e n i u m  d i o x i d e  i n  a c e t i c  a c i d  c a n  i n t r o d u c e  an a c e t o x y  g r o u p  

a d j a c e n t  t o  a  d o u b l e  b o n d .  The e a s e  o f  o x i d a t i o n  d e p e n d s  on 

t h e  p o s i t i o n  o f  t h e  d o u b l e  bond  i n  r e l a t i o n  t o  t h e  h y d r o x y  

g r o u p  i n  t h e  s t e r i o d .  The s e l e n i u m  d i o x i d e  i s  r e d u c e d  t o  

s e l e n i u m ,  d e t e c t a b l e  f i r s t  a s  a y e l l o w  c o l l o i d a l  s o l u t i o n  

and t h e n  a s  a r e d  p r e c i p i t a t e .  B o t h  n i t r o s o  so 1a n o c a p s i n e  

and  " n i t r o s o d i h y d r o  so 1a n o c a p  s i n e ” gave  a r e d  p r e c i p i t a t e  a t  

1 0 0 ° C . ,  b u t  n o t  a t  2 0 ° C .  o r  ]+0°C.



I V .  DI SCUSS I ON AND CONCLUSIONS

I so I a t  i o n . -  The  p u r p o s e  o f  t h i s  r e s e a r c h  was  t o  i s o l a t e  

and c h e m i c a l l y  i d e n t i f y  t h e  a n t i b a c t e r i a l  s u b s t a n c e ( s )  in 

So l  anum p s e u d o c a p s  i cum L .

L u c a s  and a s s o c i a t e s  ( 32)  r e p o r t e d  t h a t  t h e  a n t i t u b e r -  

c u l a r  a c t i v i t y  wa s  a s s o c i a t e d  w i t h  t h e  r o o t s  and  t h a t  no suc h  

a c t i v i t y  wa s  p r e s e n t  i n  t h e  t o p s .  T h i s  was  n o t  f o u n d  t o  be 

t h e  c a s e ,  s i n c e  t h e  a n t  i t u b e r c u l a r  a c t i v i t y  o f  t h e  r o o t s  and 

o f  t h e  t o p s  wa s  a p p r o x i m a t e l y  t h e  same.  The p r i n c i p a l  a n t i -  

t u b e r c u l a r  s u b s t a n c e  was  f o u n d  t o  be t h e  s t e r o i d a l  a l k a l o i d  

so 1a n o c a p s  i n e .

B e s i d e s ,  a s u b s t a n c e  i n h i b i t i n g  t h e  g r o wt h  o f  D i p l o c o c c u s  

p n e u m o n i a e  was  p r e s e n t .  I t  c o u l d  be  r e mov e d  f r o m an e t h a n o l i c  

e x t r a c t  o f  t h e  p l a n t  w i t h  e t h y l  e t h e r ,  b u t  no a c t i v i t y  was 

f o u n d  i f  t h e  p l a n t  was  d i r e c t l y  e x t r a c t e d  w i t h  e t h y l  e t h e r .

The s u b s t a n c e  seemed t o  be c o n n e c t e d  w i t h  t h e  g r e e n  c o l o r e d  

f r a c t i o n  o f  t h e  p l a n t  e x t r a c t .  I t  had  a c e r t a i n  a f f i n i t y  f o r  

so 1a n o c a p s i n e  and wa s  v e r y  d i f f i c u l t  t o  s e p a r a t e  f r o m  t h e  

a l k a l o i d .  No a t t e m p t  was  made t o  i s o l a t e  and c h e m i c a l l y  

i d e n t i f y  t h i s  s u b s t a n c e .

So 1a n o c a p s i n e  i s  t h e  o n l y  a l k a l o i d  f r o m  t h e  g e n u s  So l a n u m 

w h i c h  h a s  n o t  b e e n  i s o l a t e d  a s  a g l y c o s i d e .  I n  t h i s  s t u d y  i t  

was  a s s u m e d  u n t i l  c o n t r a r y  e v i d e n c e  t h a t  so 1a n o c a p s i n e  was  

p r e s e n t  i n  t h e  p l a n t  a s  a g l y c o s i d e .  E i t h e r  a g l y c o s i d a s e

99
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c a t a l y z e d  t h e  h y d r o l y s i s  o f  a n  e x i s t i n g  g l y c o s i d e  a t  t h e  t i m e  

o f  h a r v e s t i n g  o r  t h e  a c i d  u s e d  i n  t h e  i s o l a t i o n  p r o c e d u r e  w a s  

a b l e  t o  h y d r o l y z e  t h e  p r e c u r s o r  c o m p o u n d  t o  so  1a n o c a p s i n e  a n d  

a c a r b o h y d r a t e  m o i e t y .  T h e  a t t e m p t  t o  i n a c t i v a t e  e n z y m e  b e ­

f o r e  i s o l a t i o n  b y  e i t h e r  p l a c i n g  t h e  p l a n t s  i n  b o i l i n g  w a t e r  

o r  i n  a b s o l u t e  e t h a n o l  d i d  n o t  y i e l d  a g l y c o s i d e ,  b u t  a l w a y s  

so 1a n o c a p s i n e . F a i r l y  l a r g e  a m o u n t s  o f  D - g l u c o s e  w e r e  p r e s e n t  

i n  t h e  p a r t i a l l y  p u r i f i e d  a l k a l o i d  p r e p a r a t i o n s .  I t  w a s  f i r s t  

t h o u g h t  t h a t  a  g l y c o s i d e  w a s  p r e s e n t ,  i n  t h e s e  a n d  t h a t  i t  

w a s  h y d r o l y z e d  i n  t h e  f a i r l y  a c i d i c  s o l v e n t  u s e d  f o r  c h r o m a ­

t o g r a p h y .  A b a s i c  r e a c t i n g  s o l v e n t  w a s  t r i e d  f o r  d e v e l o p i n g  

t h e  a l k a l o i d ,  b u t  i t  d i d  n o t  c h a n g e  t h e  r e s u l t ;  o n l y  s o l a n o -  

c a p s i n e  c o u l d  b e  d e t e c t e d .

One  m u s t  t h e r e f o r e  c o n c l u d e  t h a t  so 1 a n o c a p s i n e  i s  n o t  a n  

a r t i f a c t ,  b u t  p r e s e n t  i n  t h e  p l a n t  i n  t h e  s ame  f o r m  a s  i s o l a t e d .  

T h a t  i t  i s  a  r e a s o n a b l e  c o n c l u s i o n  w i l l  b e  s e e n  f r o m  t h e  d i s ­

c u s s i o n  o f  t h e  c h e m i c a l  s t r u c t u r a l  s t u d i e s ,  w h e r e  i t  w a s  f o u n d  

t h a t  so 1 a n o c a p s i n e  h a s  a  p r i m a r y  a m i n o  g r o u p  i n  p o s i t i o n  3 o n  

t h e  s t e r o i d  n u c l e u s .  A l l  o t h e r  s t e r o i d a l  a l k a l o i d  g l y c o s i d e s  

h a v e  a  h y d r o x y i  g r o u p  i n  t h i s  p o s i t i o n  a n d  t h e  c a r b o h y d r a t e  

m o i e t y  h a s  b e e n  f o u n d  t o  b e  a t t a c h e d  t o  t h i s  h y d r o x y l  t h r o u g h  

a n  a c e t a l  l i n k a g e  ( 8  ip) . Th e  p o s s i b i l i t y  f o r  a n  N - g l y c o s i d e  

s e e m s  r e m o t e .

B a r g e r  a n d  F r a e n k e 1 - C o n r a t  ( 6 )  r e p o r t e d  t h a t  b e s i d e s  s o l a -  

n o c a p s i n e  t h e y  f o u n d  a n  a m o r p h o u s  c o m p o u n d  c a l l e d  so  1a n o c a p s i d -  

i n e . D u r i n g  t h e  i s o l a t i o n  a n d  p u r i f i c a t i o n  o f  so  1a n o c a p s i n e
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an a m o r p h o u s ,  r e s i n o u s  m a t e r i a l  was  o f t e n  o b t a i n e d ;  b u t  i t  

was  a l w a y s  p o s s i b l e  b y  r e p e a t e d  p r e c i p i t a t i o n  f r o m  a q u e o u s  

e t h a n o l  t o  c h a n g e  t h i s  m a t e r i a l  t o  c r y s t a l l i n e  so 1 anoc  ap s i ne  . 

S c h l i t t l e r  a nd  U e h l i n g e r  ( 7 8 ) o b s e r v e d  t h e  same r e s u l t .  T h i s  

t o g e t h e r  w i t h  t h e  f a c t  t h a t  o n l y  one  compound was  o b t a i n e d  by  

p a p e r  c h r o m a t o g r a p h y ,  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  s o i a n o c a p -  

s i d i n e  i s  n o n - e x i s t e n t  and  wh a t  B a r g e r  and  F r a e n k e 1- C o n r a t  

( op . c i t . ) c a l l e d  s o l a n o c a p s i d i n e  i s  i mp u r e ,  a mo r p h o u s  s o l a n o -  

cap  s i n e .

I t  h a s  b e e n  s t a t e d  t h a t  t h e  p l a n t  S_. p s e u d o c a p s  i cum c o n ­

t a i n s  s o l a n i n e  a nd  s o l a n i d i n e  ( 6 6 ) .  T h e s e  two compounds  wer e  

i s o l a t e d  f r o m  p o t a t o  s p r o u t s  b u t  d i d  n o t ,  by  p a p e r  c h r o m a t o ­

g r a p h y ,  g i v e  t h e  same R ^ - v a l u e  a s  so 1a n o c a p s i n e . T h e r e f o r e  

s u c h  a s t a t e m e n t  s h o u l d  be r e v i s e d .

Now t h a t  t h e  compound ” so 1a n o c a p s i d i n e ” a p p a r e n t l y  i s  

n o n - e x i s t e n t ,  i t  m i g h t  be  s u g g e s t e d  t h a t  t h e  name f o r  s o l a n o -  

c a p s i n e  be c h a n g e d  t o  so 1a n o c a p s i d i n e . Suc h  a c h a n g e  wou l d  

b r i n g  t h e  name i n  l i n e  w i t h  t h e  n o m e n c l a t u r e  f o r  o t h e r  s t e r ­

o i d a l  a l k a l o i d s .  F o r  t h i s  c l a s s  o f  a l k a l o i d s  i t  i s  c u s t o m a r y  

t o  l e t  t h e  name o f  t h e  a g l y c o n e  end in - id i n e , w h e r e a s  t h e  

name o f  t h e  c o r r e s p o n d  i ng  g l y c o s i d e  h a s  t h e  s u f f i x  - i n e .

( 16 , 14 . 9 , 52 , 57 , 8!+)  .

C o n c e r n i n g  t h e  p o s s i b i l i t y  o f  so 1a n o c a p s i n e  a s  an a n t i -  

t u b e r c u l a r  d r u g ,  i t  c a n  be s a i d  t h a t  t h e  t o x i c i t y  i s  n o t  

e x t r e m e l y  l a r g e ,  b u t  t h e  s i d e  e f f e c t s  o f  t h e  compound when 

i n j e c t e d  i n t o  m i c e  a r e  s e r i o u s .  B e f o r e  one c o u l d  e v e n  t e s t
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t h e  c ompound  c l i n i c a l l y ,  i t  wo u l d  be n e c e s s a r y  t o  m o d i f y  i t  

i n  s u c h  a way  t h a t  t h e  u n d e s i r a b l e  s i d e  e f f e c t s  d i s a p p e a r e d .

C h e m i c a l  s t u d i e s . -  By me a n s  o f  c a r b o n ,  h y d r o g e n ,  and 

n i t r o g e n  a n a l y s e s  o f  so 1a n o c a p s i n e  and i t s  d e r i v a t i v e s ,  i t  

c a n  be  c o n c l u d e d  t h a t  so 1a n o c a p s i n e , i n  a g r e e m e n t  w i t h  S c h l i -  

t l e r  a nd  Ue h l  i n g e r  ( 7 8 )  h a s  t h e  e m p i r i c a l  f o r m u l a  C2 rj Hl^GN2 ° 2 ’

• R a s t '  s m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  and t h e  n e u t r a l ­

i z a t i o n  e q u i v a l e n t  f o r  so 1 a n o c a p  s i ne  gave  v a l u e s  o f  1+56, JL+8 1, 

and 1+82. T h e s e  r e s u l t s  a g r e e  mor e  w i t h  a 2 7 - c a r b o n  a t om com­

pou nd  t h a n  w i t h  a  2 ^ - o r  2 6 - c a r b o n  a t om compound a s  s u g g e s t e d  

b y  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 ) .  T h e r e f o r e ,  so 1a n o c a p s i n e  

c a n  be c l a s s i f i e d  t o g e t h e r  w i t h  t h e  o t h e r  2 7 - c a r b o n  a t om 

a l k a l o i d s  i s o l a t e d  f r o m  t h e  g e n u s  S o l a n u m . A d o u b l e  bond 

c o u l d  n o t  be  d e t e c t e d  b y  n e i t h e r  b r o m i n e  i n  g l a c i a l  a c e t i c  

a c i d  n o r  p e r m a n g a n a t e  r e a g e n t .  No 0 - m e t h y l  or  N - m e t h y l  g r o u p s  

we r e  p r e s e n t ,  b u t  a n a l y s e s  f o r  m e t h y l  g r o u p s  a t t a c h e d  t o  c a r ­

bon  gave  a v a l u e  o f  t h r e e .  No p r e c i p i t a t e  was  f o r me d  w i t h  

d i g i t o n i n  i n  e t h a n o l .

R i n g  s t r u c t u r e .  -  B a r g e r  a nd  F r a e n k e 1- C o n r a t  ( 6 )  i s o l a t e d  

a f t e r  d e h y d r o g e n a t  i o n  o f  TT so 1 a noc  ap s id i n e TT w i t h  s e l e n i u m ,

D i e l s  h y d r o c a r b o n  ( 3 f - m e t h y l c y c 1o p e n t e n o - p h e n a n t h r e n e ) ( I ) .

A f t e r  12 h o u r s  h e a t i n g  o f  so 1a n o c a p s i n e  w i t h  s e l e n i u m  a t  320 

C,  i n  an  e v a c u a t e d  t u b e ,  S c h l i t t l e r  and W e h l i n g e r  ( 78)  i s o l a t e d  

t h e  same c o mpo und .  S i n c e  t h i s  compound was  i d e n t i c a l  w i t h  t h e  

a u t h e n t i c a l  compound w i t h  r e s p e c t  t o  m e l t i n g  p o i n t ,  mi xed  

m e l t i n g  p o i n t  and  u l t r a v i o l e t  s p e c t r u m ,  no d o u b t  r e m a i n s
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a b o u t  s o l a n o c a p s  i ne  b e i n g  a s t e r o i d a l  a l k a l o i d .  T h r o u g h  a c i d  

e x t r a c t i o n  o f  t h e  ma t  e r i a l  o b t a i n e d  f r  om s e 1e n i um d e h y d r o g e n a -

( I I ) 2

CH3

HC—(  >
\  /  C H 3

C I U
I ^

9 IHG
( I I I )

CH3

t i o n  o f  so 1a n o c a p s i n e , t h e  l a t t e r  a u t h o r s  i s o l a t e d  a s  t h e  o n l y

compound 2 - e t h y l ~^~me t h y l p y r  i d i n e  ( I I ) .  B a r g e r  and F r a e n k e l -

C o n r a t  ( 6 )  i s o l a t e d  a f t e r  s e l en i um d e h y d r o g e n a t i o n  b o t h  2 - e t h y l -

5-me t h y  l p y r  id i ne  and  i t s  i s o me r  l4_“met h y l - 2 - e t h y l  p y r  id ine ( I I I ) .
e.

I f  one  c a n  a t t a c h  a n y  i m p o r t a n c e  t o  b i o g e i y t i c  r e l a t i o n ­

s h i p s ,  one  w i l l  a s s u me  t h a t  so 1a n o c a p s i n e  h a s  a s o l a s o d a n

CH

CH

( iv)

-H3

2 4

CH
27

(v)

s t r u c t u r e  ( I V ) .  S i n c e  i t  i s  g e n e r a l l y  t h o u g h t  t h a t  s t e r o i d s  

w i t h  27 c a r b o n  a t o m s  a r e  p r e c u r s o r s  f o r  t h e  s t e r o i d a l  a l k a l o i d s
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( 1 6 ) ,  i t  d o e s  n o t  seem l i k e l y  f r o m  b i o g e n e t i c  r e l a t i o n s h i p s  

t h a t  B a r g e r  a nd  F r a e n k e 1 - C o n r a t *  s i p - me t hy l  — 2 — e t h y  1 p y r  id i ne  

( I I I )  wa s  c o r r e c t l y  i d e n t i f i e d .  I f  t h i s  compound r e a l l y  was 

i s o l a t e d ,  a n  u n e x p e c t e d  p r e c u r s o r  f o r  so 1a n o c a p s i n e  s h o u l d  

ha ve  h a d  a m e t h y l  g r o u p  a t  c a r b o n  2 Ip i n s t e a d  o f  a t  t h e  u s u a l  

c a r b o n  25 p o s i t i o n  ( I ) .

F u n c t i o n a l  g r o u p s . -  B o t h  B a r g e r  and F r a e n k e 1- C o n r a t  ( 6 )  

and S c h l i t t l e r  and U e h l i n g e r  ( 7 8 )  f o u n d  t h a t  so 1a n o c a p s i n e  

p o s s e s s e s  a p r i m a r y  a mi n o ,  a s e c o n d a r y  ami no g r o u p ,  and a 

h y d r o x y l  g r o u p .  The e v i d e n c e  f o r  h a v i n g  two amino g r o u p s  

came f r o m  m e t h y l a t i o n  o f  t h e  n i t r o g e n  a t oms  w i t h  f o r m i c  a c i d  

and f o r m a l d e h y d e ,  w h i c h  gave  a t r i m e t h y l  d e r i v a t i v e  

T h i s  o b s e r v a t i o n  was  c o n f  i r me d  b y  t h e  p r e s e n t ,  i n v e s t i g a t i o n .

F u r t h e r  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  two ami no g r o u p s  

was g i v e n  b y  S c h l i t t l e r  and U e h l i n g e r  ( 78)  by  r e a c t i n g  s o l a n o -  

c a p s i n e  w i t h  n i t r o u s  a c i d .  In  t h i s  s t u d y  t h e  same was  o b s e r v e d  

and i t  was  f u r t h e r  d e t e r m i n e d  t h a t  b y  r e a c t i n g  so 1a n o c a p s i n e  

w i t h  2 e q u i v a l e n t s  o f  n i t r o u s  a c i d ,  a n e u t r a l ,  u n s a t u r a t e d  

n i t r o s o  d e r i v a t i v e ,  ^27^1p2^2^3 , r e s u l t e d .  A Van S l y k e  a n a l y ­

s i s  i n d i c a t e d  t h a t  1 mo l e  o f  n i t r o g e n  was  l i b e r a t e d  p e r  mol e  

o f  so 1a n o c a p s i n e , f r o m  w h i c h  c a n  be c o n c l u d e d  t h a t  a p r i m a r y  

ami no g r o u p  wa s  p r e s e n t .  The u l t r a v i o l e t  s p e c t r u m  o f  t h e  

o b t a i n e d  n i t r o s o  d e r i v a t i v e  ( F i g u r e  9)  showed a p e a k  o f  low 

i n t e n s i t y  a t  355  ( I ° 9  E 2.1p2) and  s u g g e s t e d  t h e  p r e s e n c e

o f  a n i t r o s a m i n o  g r o u p .  D i ( e y e  1o h e x y l m e t h y l ) - N - n i t r o s a m i n e  

( VI )  shows  two a b s o r p t i o n  p e a k s  a t  2)p0 mji ( l o g  E 3 . 9 )  and
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c h2—  in —c h 2 ^  N -N -0

( VI )  ( v i i )

355 inji ( l o g  E 1 | . 2 5 ) ,  w h i l e  1 - n i t r o s o p  i p e r  id i ne  ( V I I )  h a s  p e a k s  

a t  255 my  ( l o g  E J+.25)  and  3^0 mp ( l o g  E 2 . 0 )  ( 3 8 ) .  O n l y  t h e  

p e a k  a t  t h e  l o n g e r  w a v e l e n g t h  was  p r e s e n t  i n  n i t r o s o s o l a n o c a p -  

s i ne  .

I t  wa s  a s s u m e d  b y  B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 )  t h a t  

d u r i n g  t h e  f o r m a t i o n  o f  n i t r o s o  so 1a n o c a p s i n e  t h e  h y d r o x y l  

g r oup ,  o r i g i n a l l y  p r e s e n t  i n  t h e  m o l e c u l e ,  was  e l i m i n a t e d  a s  

w a t e r ,  w h e r e a s  S c h l i t t l e r  and U e h l i n g e r  ( 7 8 ) t h o u g h t  i t  more  

l i k e l y  t h a t  t h e  a c t i o n  o f  n i t r o u s  a c i d  on t h e  p r i m a r y  amino 

g r o u p  w o u l d  r e s u l t  i n  t h e  f o r m a t i o n  o f  a d o u b l e  bond  and 

l e a v e  t h e  h y d r o x y l  g r o u p  i n t a c t .  The l a t t e r  seems l i k e  a 

more  p l a u s i b l e  e x p l a n a t i o n ,  s i n c e  d e a m i n a t i o n  o f  p r i m a r y  

ami no g r o u p s  o f t e n  r e s u l t s  i n  t h e  f o r m a t i o n  o f  b o t h  u n s a t u ­

r a t e d  c o mp o u n d s  and t h e  c o r r e s p o n d i n g  h y d r o x y  c o mp o u n d s .  From 

e x p e r i e n c e s  i n  t h i s  s t u d y  i t  was  n o t  p o s s i b l e  t o  d e h y d r a t e  

so 1a n o c a p s i n e , w h i c h  i s  c o n t r a d i c t o r y  t o  B a r g e r  and F r a e n k e l -  

C o n r a t * s  f i n d i n g s  and  c o n s e q u e n t l y  s u p p o r t s  S c h l i t t l e r  and 

U e h l i n g e r * s  c o n c l u s i o n s .

N e v e r t h e l e s s ,  t h e r e  may be v a l i d i t y  i n  t h e  c o n t e n t i o n s  

o f  B a r g e r  and  F r a e n k e l - C o n r a t  ( o p . c i t . ) due t o  t h e  f o l l o w i n g :  

S o 1a n o c a p s i n e  d o e s  n o t  g i v e  a n y  p r e c i p i t a t e  w i t h  d i g i t o n i n  and
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t h i s  i s  why t h e  h y d r o x y l  g r o u p  s h o u l d  n o t  ho 3 ^ —h y d r o x y .  I t  

c a n  n o t  be  a  3 ĉ . —h y d r o x y  g r o u p  e i t h e r ,  s i n c e  i t  wou l d  h a v e  

b e e n  p o s s i b l e  t o  d e h y d r a t e  s uc h  a g r o u p .  N i t r o s o  so 1a n o c a p s i n e  

g i v e s  a  p r e c i p i t a t e  w i t h  d i g i t o n i n ,  and i t  mus t  be a s s u me d ,  

t h e r e f o r e ,  t h a t  t h e  p r i m a r y  a mi no  g r o u p  was  i n  t h e  3 p o s i t i o n .

D i g i t o n i n  i s  a g l y c o s i d e ,  w h i c h  i s  g e n e r a l l y  r e g a r d e d  t o  

f o r m  s p a r i n g l y  s o l u b l e  c o m p l e x e s  w i t h  3($ - h y d r o x y ,  b u t  n o t  

w i t h  3 c*, - h y d r o x y  s t e r o i d s .  The l a t t e r  t y p e  p r o d u c e s  c o m p l e x e s  

t h a t  a r e  much mor e  s o l u b l e .  U s u a l l y ,  o n l y  3 ^  - h y d r o x y  s t e r o i d s

VH3

(c h ^ n

CHO

OH

OH
( V I l I ) ( IX)

( w i t h  3 -OH and  10-CH^ c i s t o  e a c h  o t h e r )  s u c h  a s  t h e  s t e r o i d a l  

a l k a l o i d s  t o m a t i d i n e ,  s o l a n i d i n e ,  and s o l a s o d  i n s  a r e  p r e c i p i ­

t a t e d  a s  d i g i t o n i d e s .  E x c e p t i o n s  among n a t u r a l l y  o c c u r r i n g  

c o mpounds  a r e  c o n e s s i n e  ( V I I I ) ,  w h i c h  h a s  a - d ime t  h y 1 am i no

g r o u p  and  i s  p r e c i p i t a t e d  w i t h  d i g i t o n i n  ( 1 0 )  and s t r o p h a n t i d  in

( I X ) ,  w h i c h  h a s  an  a l d e h y d e  g r o u p  i n  t h e  10 p o s i t i o n  b e s i d e s  a 

3 p - h y d r o x y  g r o u p  and i s  p r e c i p i t a t e d  w i t h  d i g i t o n i n  ( 7 0 ) .

H a w o r t h  e t  a l  . (U-1-I-) h a v e  s y n t h e s i z e d  s e v e r a l  a m i n o c h o l e s -

t e n e  d e r i v a t i v e s  and  f o u n d  t h a t  / V ^ - c h o 1e s t e n e - 3 ^3- a m i n e  (X)



107
A 5 nand  &  - c h o l e s t e n e - 3  p  -  I s o p r o p y l  i d e n e a m i n e  ( X I ) ,  b u t  n o t  t h e

3o( - e p i m e r s ,  r e a d i l y  y i e l d e d  p r e c i p i t a t e s  w i t h  d i g i t o n i n .

Ber  t h o  et_ aA_. ( 1 1 )  r e p o r t e d  t h a t  A 7 - c h o  1 e s t e n e  - 3 |3 - d  ime t h y l  -  

ami ne  ( X I I )  a nd  Z^\7 - c h o  l e  s t e n e - 3  p - p  i p e r  id i ne  (XI 11 ) gave  no 

p r e c i p i t a t e  w i t h  d i g i t o n i n .

C H t 
I 9
CH-CHo'CHp-CHp'CH-iL CH

H-CH2'CH2-CH2'CH-CH

(X) R = -NH2 ( X I I )  R = (CH3 ) 2N-

(x i ) r  = ( c h 3 ) 2 c =n -  (x i i i ) r = c y 1QN-

S i n c e  so I a n o c a p s i n e  ga ve  no p r e c i p i t a t e  w i t h  d i g i t o n i n ,  

i t  c a n  now be a s s u m e d  by  a n a l o g y  w i t h  o t h e r  3 - a m i n o  compounds  

t h a t  t h e  ami no  g r o u p  p r o b a b l y  h a s  a 3 <*.- c o n f  i gur  a t  i o n . An 

i n v e r s i o n  o f  c o n f i g u r a t i o n  m u s t  ha ve  h a p p e n e d  d u r i n g  t h e  

d e a m i n a t i o n .  I n g o l d  ( l_j_6) e x p l a i n s  t h e  d e a m i n a t i o n  r e a c t i o n  

a s  i n v o l v i n g  an  i n t e r m e d i a t e  f o r m a t i o n  o f  a d i a z o n i u m  i on 

w h i c h  d e c o m p o s e s  by  an  S ^ l  p r o c e s s  and a f f o r d s  an a l c o h o l  o f  

l a r g e  i n v e r t e d  c o n f i g u r a t i o n ,  e . g . :

L-RNH + HNO -------» RN2 +  > R+  > D-ROH + D.L-ROH

H i l l s  ( 5 9 )  h a s  d e s c r i b e d  d e a m i n a t i o n  o f  a m i n o d e c a l i n s  

w i t h  n i t r o u s  a c i d  a nd  f o u n d  i t  t o  be a t r u e  s t e r e o  s p e c  i f i c  

r e a c t i o n .  E q u a t o r i a l  a mi no  g r o u p s  a f f o r d e d  a l c o h o l s  o f  same
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c o n f  i g u r a t  i o n ,  w h i l e  a x i a l  ami no  g r o u p s  r e a c t s d  by  i n v e r s i o n  

o f  c o n f i g u r a t i o n .  T h a t  i s  i n  a g r e e m e n t  w i t h  t h e  c o n c e p t  t h a t  

t h e  3 - h y d r o x y  g r o u p  i n  s t e r o i d s  w i t h  t h e  same s t e r e o c h e m i c a l  

c o n f i g u r a t i o n  a s  c h o l e s t e r o l  i s  e q u a t o r i a l  and t h e r e f o r e ,  

t h e r m o d y n a m i c a l l y  mor e  s t a b l e .

R i ng  o p e n  i n g . -  H y d r o g e n a t i o n  o f  so 1a n o c a p s i n e  a t  room 

t e m p e r a t u r e  and  a b o u t  3 a t m o s p h e r e s  p r e s s u r e s  w i t h  r e d u c e d  

p l a t i n u m  o x i d e  c a t a l y s t  ga ve  a d e r i v a t i v e  w i t h  m e l t i n g  p o i n t  

2 1 0 - 2 1 2 ° C .  T h i s  d e r i v a t i v e  showed no d e p r e s s i o n  o f  m e l t i n g  

p o i n t  m i x e d  w i t h  so 1a n o c a p s i n e , b u t  t h e  s p e c i f i c  r o t a t i o n  had  

c h a n g e d  f r o m  + 2 0 °  t o  +J4.O0 . S c h l i t t l e r  and Uehl  i n g e r  ( 7 8 ) 

o b s e r v e d  t h e  same r e s u l t s  b y  r e d u c t i o n  o f  so 1a n o c a p s i n e  w i t h  

l i t h i u m  a l u m i n u m  h y d r i d e .  A Van S l y k e  ami no  n i t r o g e n  a n a l y s i s  

on t h e  d i h y d r o  compound showed t h a t  2 m o l e s  o f  n i t r o g e n  we r e  

g i v e n  o f f  p e r  mo l e  o f  compound and t h a t  t h e  r e s u l t i n g  p r o d u c t  

d i d  n o t  g i v e  t h e  u l t r a v i o l e t  a b s o r p t i o n  c h a r a c t e r i s t i c  f o r  a 

n i t r o  s a mi n e  ( F i g u r e  9 ) .  i t  i s  t h e r e f o r e  c o n c l u d e d  t h a t  r i n g  

F was  o p e n e d  a s  i l l u s t r a t e d  in t h e  f o l l o w i n g :

CH

3  P t O^

HN02 CH3
— CH 3

The h y d r o x y  s t e r o i d  o b t a i n e d  a f t e r  r e a c t i o n  o f  d i h y d r o ­

s o l  a noc  ap s i n e  w i t h  n i t r o u s  a c i d  a b s o r b e d  a l i t t l e  more  t h a n  

1 mo l e  o f  h y d r o g e n  and  ga ve  a p r e c i p i t a t e  w i t h  d i g i t o n i n .

T h i s  h y d r o x y  s t e r o i d  d e r i v a t i v e  i s  n o t  c o m p l e t e l y  i d e n t i f i e d ,



solanocapsine

riNO-

C C )=(C )

n i t ro soso lan o cap -  ^ —
sine

CH
—C i

d i p v d r c s c  a n o c a  d s i n e

diq'tom n 

precipitate

HNO2

H3 HO— \

ni t r o s o d ' h  vdrc  - r*-u
/  ^  i <

t o i a n o c a p s  i se n 

CH,

F i g u r e  17 .  R e a c t i o n  o f  So 1a n o c a p s i n e  
and  D i h y d r o s o  1a n o c a p s i n e  
w i t h  N i t r o u s  A c i d .

(c)=(0

p r e c i p i t a t e
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s i n c e  t h e  e l e m e n t a r y  a n a l y s i s  i s  mor e  i n  a g r e e m e n t  w i t h  a 2 5 -  

c a r b o n  a t o m  c ompound  t h a n  a 2 7 - c a r b o n  a t om c ompound.

The r e a c t i o n s  o f  n i t r o u s  a c i d  w i t h  so 1a n o c a p s i n e  and 

d i h y d r o s o  1a n o c a p s  i ne  a s  d e s c r i b e d  above  a r e  s u mma r i z e d  i n  

F i g u r  e 17.

S c h l i t t l e r  and U e h l i n g e r  ( 78 )  o b s e r v e d  t h a t  t h e  i n f r a r e d  

s p e c t r u m  o f  t r i m e t h y l s o  1a n o c a p s i n e  h y d r o c h l o r i d e  showed a more  

i n t e n s e  h y d r o x y l  b a n d  t h a n  t h e  s p e c t r u m  o f  i t s  c o r r e s p o n d i n g  

f r e e  b a s e .  B e s i d e s ,  t h e  s p e c t r u m  o f  t h e  h y d r o c h l o r i d e  showed 

a b a n d  a t  6 . 1  ji c h a r a c t e r i s t i c  o f  a C=N b a n d .  To e x p l a i n  t h i s  

t h e  a u t h o r s  s u g g e s t e d  t h a t  i n  t h e  p r o d u c t i o n  o f  t h e  h y d r o c h l o -  

r i d e  o f  t h e  t r i m e t h y l  d e r i v a t i v e  r i n g  E o f  t h e  f r e e  b a s e  (XIV) 

o p e n e d  u n d e r  i n f l u e n c e  o f  a c i d  (XV):

F u r t h e r m o r e , t h e y  p r o p o s e d  t h a t  r i n g  E o f  so 1a n o c a p s i n e  

u n d e r  i n f l u e n c e  o f  a c i d  o p e n e d  i n  t h e  same m a n n e r , b u t  f o u n d  

no s i m i l a r  e v i d e n c e  o f  t h i s  i n  t h e  i n f r a r e d  s p e c t r u m .

T h e s e  o b s e r v a t i o n s  a s  c a n  be s e e n  f r o m  t h e  i n f r a r e d  

s p e c t r a  ( F i g u r e s  13 and  1]+) h a v e  b e e n  c o n f i r m e d .

A c e t y l  d e r i v a t i v e s .  -  S c h l i t t l e r  and  U e h l i n g e r  ( 78)  p r e ­

p a r e d  an  a m o r p h o u s  a c e t y l  d e r i v a t i v e  o f  so 1a n o c a p s i n e , c o n ­

s i d e r e d  b y  t h e m  t o  be  a N,N - d i a c e t y l  so 1a n o c a p s i n e . Ba^ed

NaOH

(XIV) (XV)
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upon c a l c u l a t i o n  f o r  2 a c e t y l  g r o u p s  t h e y  f o u n d  t h a t  a c e t y l  

a n a l y s i s  g a ve  11+.97 p e r  c e n t  o f  t h e  t o t a l  w e i g h t  o f  t h e  com­

p o u n d  w h e r e a s  t h e o r e t i c a l l y  i t  s h o u l d  be  1 6 . 7 3  p e r  c e n t .  In 

t h i s  w o r k  t h e  a m o r p h o u s  d i a c e t y l  d e r i v a t i v e  was  f o u n d  t o  c o n ­

t a i n  11+.22 p e r  c e n t  a c e t y l  and  s u g g e s t s  t h a t  t h e  compound i s  

r a t h e r  an  0 , N - d i a c e t y l  d e r i v a t i v e  t h a n  a N, Nf - d i a c e t y l  d e r i v a -  

t  i ve  .

The r e a s o n s  f o r  s u c h  a c o n c l u s i o n  a r e  t h e  f o l l o w i n g :  1)

The d e r i v a t i v e  was  s o l u b l e  i n  d i l u t e  a c e t i c  a c i d  i n d i c a t i n g  

t h a t  a b a s i c  g r o u p  p r o b a b l y  i s  p r e s e n t .  2)  The i n f r a r e d  

s p e c t r u m  o f  t h e  d e r i v a t i v e  showed t h e  c h a r a c t e r i s t i c  a b s o r p ­

t i o n  b a n d s  f o r  an O - a c e t y l  g r o u p  (5»78 p, 8 . 0 0  p, and 9 . 75  p) 

and a l s o  t h e  b a n d s  c h a r a c t e r i s t i c  f o r  a s e c o n d a r y  ami de  or  

N - a c e t y l  (CH^CO-NHR) ( 6 . 0 6  p and 6.1+5 p ) .  The s p e c t r u m  o f  

t h e  d i a c e t y l  so 1a n o c a p s i n e  i s  g i v e n  in F i g u r e  11.

N o r m a l l y  t h e  a b s o r p t i o n  i n s t e n s i t y  o f  an e s t e r  i s  a p p r o x ­

i m a t e l y  t h e  same a s  t h a t  o f  a s e c o n d a r y  ami de  ( 8 ) .  T h i s  was 

f o u n d  t o  be t h e  c a s e  f o r  t h e  s p e c t r u m  o f  t h e  d i a c e t y l  d e r i v a ­

t i v e  and t h e r e f o r e  i t  i s  c o n c l u d e d  t h a t  a p r i m a r y  ami ne  i s  

a c e t y l a t e d .  F u r t h e r m o r e ,  f o r  a s e c o n d a r y  ami de  t h e  i n t e n s i t y  

o f  t h e  6 . 0 6  p b a n d  i s  u s u a l l y  t h e  same a s  t h a t  o f  t h e  6.1+5 p 

b a n d ;  b u t  t h i s  was  n o t  f o u n d  t o  be t h e  c a s e  f o r  d i a c e t y l s o l -  

a n o c a p s i n e .  The 6 . 0 6  p ba n d  showed a l i t t l e  more  i n t e n s e  

a b s o r p t i o n  t h a n  t h e  6.1+5 p b a n d ,  and s i n c e  a t e r t i a r y  amide 

(CH3CO-NRR* ) o n l y  h a s  one  c h a r a c t e r i s t i c  a b s o r p t i o n  ba n d  

o c c u r r i n g  a t  6 . 0 6  p,  i t  may be  c o n c l u d e d  t h a t  t h e  s e c o n d a r y
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ami no  g r o u p  p r e s e n t  i n  so 1a n o c a p s i n e  was  p a r t l y  a c e t y l a t e d .

S e v e r a l  a t t e m p t s  t o  p r e p a r e  a d i a c e t a t e  n e v e r  gave  t h e  

e x a c t  e l e m e n t a r y  a n a l y s i s  e x p e c t e d  f o r  a d i a c e t y l s o l a n o c a p s  i n e , 

j u s t  a s  t h e  d e r m i n a t i o n  o f  a c e t y l  g r o u p s  a l w a y s  gave  a v a l u e  

o f  l e s s  t h a n  two a c e t y l  g r o u p s .  T h e r e f o r e ,  t h e  c o n c l u s i o n  i s  

t h a t  t h e  a m o r p h o u s  d i a c e t a t e  p r e p a r e d  a f t e r  t h e  p r o c e d u r e  o f  

S c h l i t t l e r  a nd  U e h l i n g e r  ( 78 )  i s  n o t  a p u r e  compound.  But  t h e  

a c e t a t e  i s  n o t ,  a s  s u g g e s t e d  by  t h e  two a u t h o r s ,  a N , N1- d i a c e ­

t a t e ,  b u t  r a t h e r  an  0 , N - d i a c e t a t e .

B a r g e r  and  F r a e n k e 1- C o n r a t  ( 6 )  a c e t y l a t e d  so 1a n o c a p s i n e  

by  r e f l u x i n g  w i t h  a c e t i c  a n h y d r i d e  f o r  f i v e  h o u r s  and o b t a i n e d  

an a m o r p h o u s  a c e t a t e  w i t h  m e l t i n g  p o i n t  1 5 0 - 1 6 0 ° C .  On t h e  

b a s i s  o f  t h e  e l e m e n t a r y  a n a l y s i s  i t  was  c o n s i d e r e d  t o  be a 

d i a c e t a t e .  Bu t  i t  s eems  t h a t  t h e  a u t h o r s  b a s e d  t h e i r  c a l c u ­

l a t i o n  on  t h e  wr o n g  e m p i r i c a l  f o r m u l a .  When r e c a l c u l a t e d  on 

b a s i s  o f  a so 1a n o c a p s i n e  w i t h  2 7 - c a r b o n  a t o m s ,  t h e  a n a l y s i s  

i s  more  i n  a g r e e m e n t  w i t h  a t r i a c e t a t e .  I t  was  c o n s i d e r e d  t o  

be a N , N - d i a c e t a t e  s i n c e  i t  was  i n s o l u b l e  in d i l u t e  a c i d s .

The a c e t a t e  p r e p a r e d  i n  t h i s  i n v e s t i g a t i o n  a f t e r  t h e i r  p r o ­

c e d u r e  ga ve  an  e l e m e n t a r y  a n a l y s i s  w h i c h  i s  i n  a g r e e m e n t  w i t h  

a t r i a c e t a t e  and a c e t y l  g r o u p  a n a l y s i s  a l s o  i n d i c a t e d  3 a c e t y l  

g r o u p s .  The  i n f r a r e d  s p e c t r u m  showed t h e  b a n d s  c h a r a c t e r i s t i c  

f o r  an  O - a c e t y l  g r o u p  and  a s e c o n d a r y  ami de  (CH^CO- NHR) .  

F u r t h e r m o r e ,  t h e  i n t e n s i t y  o f  t h e  6 . 0 6  p ba nd  was c o n s i d e r a b l y  

h i g h e r  t h a n  t h e  6.1+5 p  b a n d .  S i n c e  a t e r t i a r y  ami de  (CH^CO-  

NRR1 ) o n l y  shows one  c h a r a c t e r i s t i c  a b s o r p t i o n  band  a t  6 . 0 6  p ,
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i t  i s  c o n c l u d e d  t h a t  t h e  t h i r d  a c e t y l  g r o u p  was  a t t a c h e d  t o  

t h e  s e c o n d a r y  a mi no  g r o u p .  The a c e t y l  d e r i v a t i v e  i s  t h e r e f o r e  

c o n s i d e r e d  t o  be  0 , N , n ' - t r i a c e t y l s o l a n o c a p s i n e .

The h y d r o x y l  g r o u p  was  by  b o t h  B a r g e r  and F r a e n k e 1- C o n r a t  

( 6 )  and  S c h l i t t i e r  a nd  U e h l i n g e r  ( 7 8 )  c o n s i d e r e d  t o  be a t e r ­

t i a r y  o r  a n  u n r e a c t i v e  h y d r o x y l  g r o u p .  T h i s  c o n c l u s i o n  was  

b a s e d  on  t h e  a c e t y l  d e r i v a t i v e s .  T h i s  i n v e s t i g a t i o n  h a s  shown 

a s  p r e v i o u s l y  d i s c u s s e d  t h a t  t h e  h y d r o x y l  g r o u p  c a n  be a c e t y -  

l a t e d ,  b u t  n o t  t o s y l a t e d .

L o c a t i o n  o f  h y d r o x y l  g r o u p . - N i t r o s o s o l a n o c a p s i n e  g i v e s  

l i k e  c h o l e s t e r o l  a p o s i t i v e  L i e b e r m a n - B u r c h a r d  t e s t .  The r e ­

q u i r e m e n t s  n e c e s s a r y  t o  g i v e  a p o s i t i v e  r e a c t i o n  a r e  n o t  known,  

e x c e p t  t h a t  a d o u b l e  bond  seems  n e c e s s a r y  t o g e t h e r  w i t h  a 

h y d r o x y l  g r o u p .

L a t h o s t e r o l  (XVI)  i s  o x i d i z e d  by  s e l e n i u m  d i o x i d e  a t  

20°C . , w h e r e a s  c h o l e s t e r o l  ( XVI I )  r e q u i r e s  60°C.  ( 28)  f o r

ox i d a t  i o n .

HO' HO'
( XVI)  ( XVI I )

N i t r o s o  s o 1a n o c a p s i n e  w h i c h  was  f o u n d  t o  c o n t a i n  a h y d r o x y l  

g r o u p  ( p r e s u m a b l y  a t  t h e  3 p o s i t i o n )  and a d o u b l e  bond io f  i r o t  

o x i d i z e d  by  s e l e n i u m  d i o x i d e  a t  100 C. T h e r e f o r e ,  i t  io c o n ­

c l u d e d  t h a t  t h e  d o u b l e  bond  d o e s  n o t  o c c u p y  a p o s i t i o n  ao f o u n d  

i n  e i t h e r  o f  t h e  two p r e v i o u s l y  m e n t i o n e d  s t e r o l o .  The



R o s e n h e i m  t e s t  i s  c h a r a c t e r i s t i c  f o r  e i t h e r  a c o n j u g a t e d  

d o u b l e  b o n d  s y s t e m  o r  a d o u b l e  bond  in t h e  cX, (3 - p o s i t i o n  t o  

t h e  h y d r o x y l  g r o u p .  S i n c e  n i t r o s o  so 1a n o c a p 3 i ne  i s  n e g a t i v e  

t o  t h i s  t e s t ,  i t  s u g g e s t s  t h a t  t h e  d o u b l e  bond  i s  n o t  b e t w e e n  

c a r b o n s  if and  5 .

An O p p e n a u e r  o x i d a t i o n  o f  n i t r o s o s o l a n o c a p s i n e  s h o u l d  

o x i d i z e  t h e  h y d r o x y l  g r o u p  in t h e  3 p o s i t i o n  t o  a k e t o  g r o u p .  

I f  t h e  d o u b l e  b o nd  p r e s e n t  i n  t h e  compound i s  b e t w e e n  e i t h e r  

c a r b o n s  If and  5 ( X V I I I )  or  c a r b o n s  5 and 6 ( XI X)  an <X, (3 - u n ­

s a t u r a t e d  k e t o n e  (XX) s h o u l d  be  o b t a i n e d .  Such a compound

X V I I I ) O p p e n a u e r

( XI X)

Ox i d a t i o n

O p p e n a u e r
Ox i d a t  i on

s h o u l d  show u l t r a v i o l e t  a b s o r p t i o n  a b o u t  2If0 m^i. T h i s  was  

n o t  f o u n d  t o  be t h e  c a s e ,  h e n c e  i t  i s  c o n c l u d e d  t h a t  t h e  

d o u b l e  b on d  c o u l d  n o t  o c c u p y  a n y  o f  t h e  m e n t i o n e d  p o s i t i o n s .

I t  h a s  b e e n  o b s e r v e d  t h a t  m o s t  compounds  w i t h  a s o l a s o d a n  

n u c l e u s  c a n  be o x i d i z e d  t o  a p r e g n e n o l o n e  d e r i v a t i v e .  T h i s  

h a s  n o t  a s  y e t  b e e n  a c c o mp l  i s h e d  i n  t h e  c a s e  o f  so 1a n o c a p s i n e , 

s i n c e  t h e  c h r o m i c  a c i d  o x i d a t i o n  p r o d u c t  o f  t r i a c e t y l s o  1a n o -  

c a p s i n e  was  n o t  c o m p l e t e l y  i d e n t i f i e d .  N e v e r t h e l e s s ,  i t  

c o n t a i n e d  a  c a r b o n y l  g r o u p  a s  i n d i c a t e d  by  a p r e c i p i t a t e
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w i t h  2 , l | - d  i n i t r o p h e n y l h y d r a z  i ne  , and t h e  u l t r a v i o l e t  s p e c t r u m  

showed a b s o r p t i o n  a t  2 85  mp.  T h i s  m i g h t  be i n d i c a t i v e  o f  two 

d o u b l e  b o n d s  in c o n j u g a t i o n  w i t h  a c a r b o n y l  g r o u p .  I f  t h a t  

i s  t h e  c a s e ,  one  c o u l d  i ma g i n e  t h a t  b e f o r e  d e h y d r a t i o n  t h e

C h k
CH3  9=0

2
( XXI } (XXI I)

' h y d r o x y l  g r o u p  was  a t t a c h e d  t o  c a r b o n  1 Ip in a h y p o t h e t i c a l  

am i n o p r e g n e n o  l o n e  ( XX I ) .  Howe v e r ,  1 a l 1 o p r e g n e n e - 3

- o l - 2 0 - o n e  ( XXI I )  shows  a b s o r p t i o n  a t  b o t h  239 and 306 mp 

( 2 8 ) .  T h i s  p o s s i b i l i t y  i s  t h e r e f o r e  e x c l u d e d .  As a new 

w o r k i n g  h y p o t h e s i s  i t  i s  t h e n  s u g g e s t e d  a h y d r o x y l  g r oup  i s  

a t t a c h e d  t o  c a r b o n  8 .  F o l l o w i n g  t h i s  h y p o t h e s i s  i t  i s  c o n ­

c e i v a b l e  t h a t  a p o s s i b l e  o x i d a t i o n  p r o d u c t  c o u l d  be / \ ®  *  ̂

a l l o g r e g n e n e - 2 0 - o n e - 3 - a m i n e  and t h a t  t h i s  d e r i v a t i v e  woul d  

show a b s o r p t i o n  a b o u t  2 8 0 - 2 9 0  myi.

P l a c i n g  t h e  h y d r o x y l  g r o u p  in t h e  8 p o s i t i o n  w i l l  be in 

l i n e  w i t h  t h e s e  o b s e r v a t i o n s  by  S c h l i t t l e r  and U e h l i n g e r :  I f

so 1a n o c a p s i n e  was  h e a t e d  w i t h  s e l e n i u m  f o r  75 m i n u t e s  a s ma l l  

y i e l d  o f  a b a s i c  compound C^ yH^ NO was  o b t a i n e d .  T h i s  com­

p o u n d  ha d  l o s t  a p r i m a r y  ami no g r o u p  and a h y d r o x y l  g r o u p .

No t  t wo ,  b u t  t h r e e  d o u b l e  bond seemed t o  ha v e  b e e n  i n t r o d u c e d  

An u l t r a v i o l e t  s p e c t r u m  i n d i c a t e d  c o n j u g a t e d  d o u b l e  bond s



max

116
287 muv .

}. b i n c e  i t  i s  p r o p o s e d  in t h i s  wor k  t h a t  t h e

p r i m a r y  a mi n o  g r o u p  i s  i n  t h e  3 p o s i t i o n ,  one c a n  w r i t e  f o r m u l a  

XXI I I  f o r  t h e  d e h y d r o g e n a t i o n  p r o d u c t  o b t a i n e d  by S c h l i t t l e r  

and U e h 1 i n g e r .

As a f i n a l  c o n c l u s i o n  o f  t h i s  s t u d y  t h e  f o l l o w i n g  f o r m u l a  

(XXIV) i s  p r o p o s e d  f o r  s o l a n o c a p s  i n e ,  a l t h o u g h  i t  i s  r e a l i z e d  

t h a t  n o t  v e r y  much e v i d e n c e  f o r  a h y d r o x y l  g r o u p  in t h e  8 

p o s i t i o n  i s  s u b m i t t e d .  The s y s t e m a t i c  name f o r  so 1a n o c a p s i n e  

w i l l  t h e n  be 3 o< -  am ino so 1 a s o d a n - 8  - o 1 m o n o h y d r a t e .

C o n c e r n i n g  f u t u r e  wo r k  i t  wo u l d  be v e r y  d e s i r a b l e  t o  

s u c c e e d  i n  o x i d i z i n g  so 1a n o c a p s i n e  t o  a p r e g n e n o l o n e  d e r i v a ­

t i v e .  I f  s u c h  a t y p e  o f  compound c a n  be p r e p a r e d ,  a n o t h e r  

p o t e n t i a l l y  a b u n d a n t  r a w m a t e r i a l  f o r  t h e  s y n t h e s i s  of  c o r ­

t i s o n e  and  o t h e r  s t e r o i d  h o r m o n e s  wou l d  be a s s u r e d .

H

( XX I I I )

(XXIV)

H



V. SUMMARY

1 . The a n t  i t  ube r c u 1 a r  p r i n c i p l e  in t h e  p i  an t  S o l a n  urn 

p s e u d o c ap s c um L . i s  f o u n d  t o  be t h e  a l k a l o i d  so 1 anoc  ap s ine , 

w h i c h  i n  a c o n c e n t r a t i o n  o f  3 If'/mL . i n h i b i t s  g r o w t h  o f  Myco- 

b ac t  e r  i um t  ub e r c u l o s i s . The m i n i  mum l e t h a l  do s e  i n j e c t e d  i n t o  

t h e  p e r i t o n e a l  c a v i t y  o f  m i c e  i s  f o r  s o l a n o c a p s i n e  5 0 - 1 0 0  m g . /  

k g .  o f  b o d y  w e i g h t  a nd  f o r  i t s  h y d r o c h i  o r i d e  200 mg.  w h e r e a s  

by  s u b c u t a n e o u s  i n j e c t i o n  t h e  mini mum l e t h a l  d o s e s  a r e  200 

m g . / k g .  o f  b o d y  w e i g h t  f o r  b o t h  c o mp oun ds .  The a l k a l o i d  was  

t e s t e d  f o r  a n t i b a c t e r i a l  a c t i v i t y  a g a i n s t  21 d i f f e r e n t  b a c ­

t e r i a l  o r g a n i s m s .

2 .  In a d d i t i o n  t o  so 1a n o c a p s i n e  a c o l o r e d  p r i n c i p l e  i n ­

h i b i t i n g  g r o w t h  o f  D i p l o c c u s  pne  umon i a e  i s  p r e s e n t .

3 .  A t t e m p t s  t o  i s o l a t e  t h e  a l k a l o i d  a s  a g l y c o s i d e  have  

n o t  b e e n  s u c c e s s f u l .  C o n t r a r y  t o  f i n d i n g s  a b o u t  o t h e r  a l k a ­

l o i d s  f r o m  t h e  g e n u s  S o l a n u m , i t  i s  r e g a r d e d  t h a t  so 1a n o c a p s i n e  

o c c u r s  i n  t h e  p l a n t  a s  a f r e e  a l k a l o i d  and  n o t  a s  a g l y c o s i d e .

1|_. M o d i f i c a t i o n s  and v a r i a t i o n s  o f  p r o c e d u r e  f o r  e x t r a c t ­

i ng and  p u r i f y i n g  t h e  a l k a l o i d  a r e  d e s c r i b e d .  P u r i f i c a t i o n  by 

c o l u mn  c h r o m a t o g r a p h y  on a l u m i n a ,  a c i d  a l u m i n a ,  or  Dowex 50 

was  n o t  s u c c e s s f u l .

5 .  I t  h a s  b e e n  s t a t e d  t h a t  S.  p s e u d o c a p s i c u m  i n a d d i t i o n  

t o  so 1a n o c a p s i n e  c o n t a i n s  s o l a n i n e  ( 6 6 ) ,  s o l a n i d i n e  ( 6 6 ) ,  and 

so 1a n o c a p s i d i n e  ( 6 ) .  No i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  t h e s e

U 7
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a d d i t i o n a l  c o mp o u n d s  h a s  b e e n  f o u n d .  P a p e r  c h r o m a t o g r a p h y  in 

d i f f e r e n t  s o l v e n t s  r e v e a l e d  o n l y  one  a l k a l o i d ,  so 1a n o c a p s i n e .

S o l a n o c  ap s id i n e , a s  r e p o r t e d  b y  B a r g e r  and F r a e n k e 1- C o n r a t  ( 6 ) ,  

i s  In r e a l i t y  i m p u r e ,  a mo r p h o u s  s o l a n o c a p s i n e , w h i c h  c a n  be 

c h a n g e d  t o  t h e  c r y s t a l l i n e  f o r m .

6.  The s o l a n o c a p s i n e  c o n t e n t  v a r i e d  f r o m  1 . 5 3  t o  2 . 1 5  p e r  

c e n t  i n  ( d r y  w e i g h t  b a s i s )  l e a v e s  p l u s  s t e ms  and f r o m 0 . 8 3  t o  

2 . 214. p e r  c e n t  i n  r o o t s  o f  p l a n t s  gr own d u r i n g  a t h r e e  y e a r

p e r  iod .

7 .  The  a l k a l o i d a l  g l y c o s i d e  s o l a n i n e  and i t s  a g l y c o n e  

f r o m  So 1anum t u b e r o s u m  t o g e t h e r  w i t h  a c r u d e  a l k a l o i d  f r a c t i o n  

f r o m  S o l a n u m  c a r o 1 i n e n s e  we r e  i s o l a t e d .  Of t h e s e  o n l y  s o l a n i n e  

showed we a k  a n t i t u b e r c u l a r  a c t i v i t y .  B e s i d e s ,  t h e  a l k a l o i d a l  

g l y c o s i d e  t o m a t i n e  f r o m  L y c o p e r  s i c o n  e s c u l e n t u m  was  t e s t e d  and 

f o u n d  t o  be  i n a c t i v e  a g a i n s t  M. t u b e r c u l o s i s .

8 .  I t  h a s  b e e n  v e r i f i e d  t h a t  so 1a n o c a p s i n e  h a s  t h e  e m p i r ­

i c a l  f o r m u l a  c 2 7HIj_6N2 0 2 *H2 °  a3 P r o P o s e d  S c h l i t t l e r  and

U e h 1 i n g e r  ( 78 ) .

9 .  A s s u m i n g  a s o l a s o d a n  s t r u c t u r e ,  s o l a n o c a p s i n e  h a s  b e e n  

f o u n d  t o  h a v e  a p r i m a r y  a mi no  g r o u p  i n  t h e  3 p o s i t i o n .  The 

c o n f i g u r a t i o n  i s  p r o b a b l y  3 (X. .

10 .  S c h l i t t l e r  and U e h l i n g e r ' s  a mo r p h o u s  N , N1~ d i a c e t y l - 

so 1a n o c a p s i n e  ( 7 8 )  i s  f o u n d  t o  be  mor e  i d e n t i f i a b l e  a s  0 , N-

d i a c e t y l s o l a n o c a p s i n e .

11.  E v i d e n c e  f o r  B a r g e r  and  F r a e n k e 1- C o n r a t ' s N,N - d i a c e t y l -  

s o l a n o c a p s i n e  ( 6 )  b e i n g  0 , N , N 1 - t r i a c e t y l s o l a n o c a p s i n e  io p r e s e n t e d .
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12 .  O p e n i n g  o f  t h e  p i p e r i d i n e  r i n g  i n  t h e  s o l a s o d a n  

s t r u c t u r e  h a s  b e e n  a c c o m p l i s h e d  by  h y d r o g e n o 1y s i s  .

13 .  The h y d r o x y l  g r o u p  i n  s o l a n o c a p s i n e  may be p r o v i s i o n ­

a l l y  a s s i g n e d  t o  c a r b o n  8 .

l i f .  The t e n t a t i v e  s y s t e m a t i c  c h e m i c a l  name p r o p o s e d  f o r  

s o l a n o c a p s i n e  i s  3 -  a m i n o s o  1 a s o d a n - 8 - ol  m o n o h y d r a t e .
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APPENDIX I

ANTIBACTER IAL ACTIVITY 

B i o a s s ay

The s a m p l e s  f r o m  S o 1 anum p s e u d o c a p s  i cum L_. we r e  t e s t e d  

f o r  a c t i v i t y  a g a i n s t  M y c o b a c t e r i u m  t u b e r c u l o s i s , s t r a i n  H- 3 7 ,  

and  D ip 1o c o c c u s  p n e u m o n i a e , Type I I I ,  N . I . H . ,  u s i n g  t h e  s e r i a l  

d i l u t i o n  m e t h o d :

A l l  c o l d - w a t e r  and a n y  e t h a n o l  e x t r a c t s  f o u n d  t o  be  c o n ­

t a m i n a t e d  w e r e  s t e r i l i z e d  b y  p a s s i n g  t hem t h r o u g h  a S e i t z  

f i l t e r .  H o t - w a t e r  e x t r a c t s  we r e  s t e r i l i z e d  by  a u t o c l a v  i n g .

The e x t r a c t s  w e r e  t e s t e d  f o r  a n t i b a c t e r i a l  p r o p e r t i e s  

b y  m a k i n g  s e r i a l  d i l u t i o n s  in l i q u e f i e d  g l y c e r o l  b e e f  e x t r a c t  

a g a r ,  pH 7 . 0 .  The a g a r  was  a l l o w e d  t o  h a r d e n  i n  a s l a n t i n g  

p o s i t i o n ,  and  a f t e r  s o l i d i f i c a t i o n  t h e  t u b e s  we r e  i n o c u l a t e d  

w i t h  an 1 8 - to - l+ 0 - d a y - o  Id c u l t u r e  o f  M. t u b e r c u l o s  i s , s t r a i n  

H - 3 7 ,  g r own on  P e t r a g n a n i 1s med i um.  To p r e v e n t  e v a p o r a t i o n  

d u r i n g  t h e  l o n g  i n c u b a t i o n  p e r i o d  s c r e w - c a p p e d  t u b e s  we r e  

u s e d  f o r  m a k i n g  t h e  c u l t u r e s .  A f t e r  s i x  we e k s  o f  i n c u b a t i o n  

a t  37°C.  t h e  c u l t u r e s  w e r e  e x a m i n e d .  I f  t h e y  we r e  i n h i b i t e d ,  

t h e  h i g h e s t  d i l u t i o n  i n  w h i c h  no g r o wt h  o c c u r r e d  was  r e c o r d e d .  

The  a c t i v e  e x t r a c t s  w e r e  t e n  r e t e s t e d  on g l y c e r o l  b e e f  e x t r a c t  

a g a r  t o  w h i c h  10% w h o l e  s h e e p  b l o o d  had  b e e n  a d d e d .  W i t h  t h e  

a l c o h o l i c  e x t r a c t s  a l l o w a n c e  h a d  t o  be made f o r  t h e  i n h i b i t o r y
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e f f e c t  o f  t h e  a l c o h o l .  T h i s  s o l v e n t  was  f o u n d  t o  i n h i b i t  t h e  

t u b e r c l e  b a c i l l u s  a t  a d i l u t i o n  o f  1:1+0 and t h e r e f o r e  o n l y  

e x t r a c t s  i n  w h i c h  t h e r e  wa s  no g r o w t h  a t  a d i l u t i o n  h i g h e r  

t h a n  t h i s  w e r e  c o n s i d e r e d  a c t i v e .  The a n t i b a c t e r i a l  a c t i v i t y  

o f  t h e  e x t r a c t s  a g a i n s t  D i p l o c o c c u s  p n e u m o n i a e , Type I I I ,  

N . I . H . ,  wa s  d e t e r m i n e d  b y  m a k i n g  s e r i a l  d i l u t i o n s  in n u t r i e n t  

b r o t h  ( F . D . A .  f o r m u l a ) .  The b r o t h  was  i n o c u l a t e d  w i t h  1 . 0  ml .  

o f  an  1 8 - t o - 2 l+ -hour b r o t h  c u l t u r e  o f  t h e  o r g a n i s m  p e r  100 m l .  

o f  me d i um j u s t  b e f o r e  m a k i n g  t h e  d i l u t i o n s .  R e s u l t s  we r e  

r e a d  a f t e r  i n c u b a t i o n  f o r  2l+ and 1+8 h o u r s  a t  37°C.

I t  was  f o u n d  t h a t  e t h a n o l  i n h i b i t e d  D ip l o c o c c u s  pneumon i ae  

a t  a  1 : 8  d i l u t i o n .  C o n s e q u e n t  1y , o n l y  e x t r a c t s  s howi ng  an 

i n h i b i t i o n  g r e a t e r  t h a n  t h i s  d i l u t i o n  w e r e  r e c o r d e d  a s  b e i n g  

a n t  i b a c t e r i a l .



APPENDIX I I

EXPRESSION AND CALCULATION OF ANTIBACTERIAL ACTIVITY

The  s p e c i f i c  a n t i b a c t e r i a l  a c t i v i t y  o f  e a c h  s a mpl e  was  

e x p r e s s e d  a s  t h e  s m a l l e s t  num ber o f  m i c r o g r a m s  ( f t  ) p e r  m i l ­

l i l i t e r  o f  c u l t u r e  b r o t h  w h i c h  i n h i b i t e d  b a c t e r i a l  g r o w t h .

Examp 1e : A 1 p e r  c e n t  ( w / v )  s a mp l e  s o l u t i o n  was  s e n t

f o r  b i o a s s a y  and  was  f o u n d  t o  i n h i b i t  b a c t e r i a l  g r o w t h  a t  a 

d i l u t i o n  o f  1 : 2 5 6 .  The c o n c e n t r a t i o n  a t  t h i s  s o l u t i o n  i s  

1 / 2 5 6  o f  t h e  o r i g i n a l  s a mp l e  ( w h i c h  i n  t h i s  c a s e  was  0 . 0 1  

g . / m l . ) .  A f o r m u l a  f o r  c a l c u l a t i n g  t h e  a c t i v i t y  i s  g i v e n  

be  1ow:

C = c o n c e n t r a t i o n  o f  o r i g i n a l  s a mp l e  in p e r  c e n t  ( w / v ) .3
D = maximum o b s e r v e d  d i l u t i o n  i n h i b i t i n g  b a c t e r i a l  g r o w t h .  

F o r  t h e  a b o v e  e x a m p l e  t h e n :

S p e c  i f  i c  a n t  i b a c t e r i a l  a c t i v i t y  ( i n

C x 10^ s 1 x 10^

v m l  . ~ D 256 39
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