
CHAPTER II

E X PE R IM E N T S AND R E SU L T S

2.1 P lan t M aterials

Root baric o f H arrisonia perforata  Merr. were collected at Kladkaw district, 
Chonburi province, Thailand during the November 1992 and dried by รนท light then 
milled to coarse powder. Specimen collection was no. T -16695.

2.2 Instrum ents and E quipm ents

2.2.1 R otary  E vaporator

The Eyela Model N -l Rotary Evaporator was used for rapid removal o f a large 
quantity o f volatile solvent.

2.2.2 F ourier T ransform  Infrared  Spectrophotom eter ( F I  IR )

The FT-IR spectra were recorded on a Perkin-Elmer M odel 1760X Fourier 
Transform Infrared spectrophotometer and calibrated with a polystyrene film. Solid 
samples were examined by incorporating the sample into a pellet o f potassium bromide.



1 1

2.2.3 M elting P o in t A pparatus

Melting points were determined on a Fisher-John melting point apparatus and 
were uncorrected.

2.2.4 1แ- and l^ C - N uclear M agnetic R esonance Spectrom eter

The ^H-NMR and l^C-NM R spectra were obtained by using a Bruker Model 
ACF 200 Spectrometer operated at 200.13 MHz. for 1h  and 50.32 MHz. for 
l^C-nuclei. The chemical shifts (6) were provided in ppm. down field from the TMS.

2.2.5 M ass Spectrom etry (M S)

The mass spectra were obtained by a Fisons Instruments Mass spectrometer 
Model Trio 2000.

2.3 Chem ical R eagents

2.3.1 All solvents used in this research were purified prior to use by distillation, 
except reagent grade solvents.

2.3.2 Merck’s silica gels 60 Art. 7734.1000 (70-230 mesh ASTM ) was used as 
adsorbents for column chromatography.

2.3.3 Merck's silica gel 60G Art. 7731 was used as adsorbent for quick column 
chromatography.

2.3.4 Merck's TLC aluminium sheets silica gel 60 F254 pre-coated 25 sheet 20 
X 20 cm., layer 0.2 mm., was used for identifying the identical fractions.
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2.4 Physiral Separation Techniques

Separation o f compounds from the extracts were performed with various 
procedures and techniques. Separation techniques used include :

- Quick Column Chromatography [20]

- Column Chromatography (CC) [21]

- Thin-Layer Chromatography [22, 23]

2.5 Extraction

The root bark o f H arrisonia perforata  Merr. (2000 g.) was separated and 
sun-dried for 5 days. The dried material was soaked at room temperature for 3-4 days 
before it was regrounded again. These grounding and soaking procedures were 
repeated 3 more times. After fractionation and solvent evaporation under reduced 
pressure, 240.17 g. (12.01 % wt. by wt.) o f methanolic extract was obtained as a 
dark-red residue. This methanolic extract was repeatedly extracted by diethyl ether 
until the solution was clear and the filtered solution was evaporated to afford 109.35 g. 
(5.47 % wt. by wt.) o f the crude (Fraction I) as a thick brown oil.
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T h e  d i e t h y l  e t h e r  i n s o l u b l e  p a r t  w a s  r e s u s p e n d e d  i n  m e t h a n o l  r e p e a t e d l y  u n t i l  

t h e  s o l u t i o n  w a s  c le a r .  T h e  m e t h a n o l  s o l u b l e  p a r t  w a s  c o l l e c t e d  a n d  c o n c e n t r a t e d  b y  

r o t a t o r y  e v a p o r a t o r  u n d e r  r e d u c e d  p r e s s u r e  t o  a f f o r d  8 0 . 2 5  g .  ( 4 . 0 1  %  w t .  b y  w t . )  o f  

m e t h a n o l i c  e x t r a c t  ( F r a c t i o n  H )  a s  a  d a r k - r e d  s o l i d  a n d  5 0 . 5 7  g .  ( 2 . 5 3  %  w t .  b y  w t . )  

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

T h e  e x t r a c t i o n  p r o c e d u r e s  a r e  s h o w n  i n  S c h e m e  1 .

Scheme 1  Extraction of the root bark of H a r r is  O  n ia  p e r fo r a ta  Merr.

S u n - d r i e d  r o o t  b a r i c  o f  Harrisonia perforata M e r r .  ( 2 0 0 0  g . )

M e O H  5  1., 5  t im e s

r - -
M e O H  s o l u b l e  

2 4 0 . 1 7  g .

T
m a r c

E*2°

r ~
E t 2 0  s o l u b l e  

( F r a c t i o n  1 1 0 9 . 3 5  g . )

s o l i d  r e s i d u e

M e O H  s o lu b l e

M e O H

1
m a r c .

(Fraction n ,  6 0 .2 5  g .) (5 0 .5 7  g .)
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2 . 6  Isolation of the Chemical Constituents from the Root Bark of 

H a r r is o n ia  p e r fo r a ta  Merr.

2 .6 . 1  Fractionation of Fraction I

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

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

S i l i c a  g e l  6 0 G  A r t .  7 7 3 1  ( a d s o r b e n t )  w a s  p a c k e d  t o  t h e  h e i g h t  o f  a b o u t  4  c m .  

( - 3 0 0  g . ) .  a n d  1 5 . 2  g .  o f  d i e t h y l  e t h e r  c r u d e  w a s  a p p l i e d .  T h e  c o l u m n  w a s  e l u t e d  w i t h  

2 0 0  m l .  o f  h e x a n e ,  h e x a n e - d i e t h y l  e t h e r ,  d i e t h y l  e t h e r ,  a n d  d i e t h y l  e t h e r - m e t h a n o l ,  

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

v o l u m e  o f  a b o u t  5 0  m l . .  E a c h  f r a c t i o n  w a s  a n a l y z e d  b y  T L C .  F r a c t i o n s  w i t h  i d e n t i c a l  

T L C  p a t t e r n  w e r e  t h e n  c o m b i n e d  a n d  p h y s i c a l  a p p e a r a n c e  o f  e a c h  c o m b i n e d  f r a c t i o n  

w a s  d e t e r m in e d .  F r a c t i o n s  o b t a in e d  f r o m  t h i s  p r o c e d u r e  w e r e  p r e s e n t e d  i n  T a b l e  4 .



T a b l e  4  S i l i c a  g e l  q u i c k  c o l u m n  c h r o m a t o g r a p h y  o f  F r a c t i o n  I

E l u e n t F r a c t i o n

N o .
R e m a r ie

1 0 0  %  h e x a n e 1 -2 -
3 - 4 g r e e n - y e l l o w  o i l  ( P A - 1 )

5 - 8 y e l l o w  o i l
5 %  E t 2 0 - h e x a n e 9 - 1 6 y e l l o w  o i l

1 7 - 2 4 y e l l o w  n e e d le  s o l i d  i n  y e l l o w  o i l
1 0 %  E t 2 0 - h e x a n e 2 5 - 3 0 o r a n g e  o i l

3 1 - 3 5 w h i t e  p p t .  i n  p a t e  y e l l o w  o i l  ( P A - 2 )
2 0 %  E t 2 0 - h e x a n e 3 6 - 3 9 y e l l o w  o i l

4 0 - 4 5 w h i t e  p p t .  i n  y e l l o w  o i l  ( P A - 3 )
3 0 %  E t 2 0 - h e x a n e 4 6 - 5 2 y e l l o w  o i l

5 3 - 5 8 b r o w n  o i l
5 9 - 6 2 y e l l o w  o i l

4 0 %  E t 2 0 - h e x a n e 6 3 - 6 7 y e l l o w  o i l

6 8 - 7 0 o r a n g e  o i l
7 1 - 7 8 w h i t e  p p t .  i n  p a l e  y e l l o w  o i l  ( P A - 4 )
7 9 - 8 4 y e l l o w  o i l

6 0 %  E t 2 0 - h e x a n e 8 5 - 8 8 y e l l o w  o i l
8 9 - 9 4 w h i t e  p p t .  i n  p a l e  y e l l o w  o i l  ( P A - 5 )

9 5 - 9 9 y e l l o w  n e e d le  s o l i d  i n  p a l e  y e l l o w  o i l
1 0 0 - 1 0 8 y e l l o w  s o l i d  i n  p a l e  y e l l o w  o i l
1 0 9 - 1 1 2 y e l l o w  o i l

8 0 %  E t 2 Ü - h e x a n e 1 1 3 - 1 1 7 o r a n g e  o i l
1 0 0 %  E t 2 0 - h e x a n e 1 1 8 - 1 2 2 r e d  b r o w n  o i l

5 %  M e O H - E t 2 0 1 2 3 - 1 2 5 b r o w n  o i l
1 0 %  M e O H - E t 2 0 1 2 6 - 1 3 0 y e l l o w  o i l
2 5 %  M e O H - E t 2 0 1 3 1 - 1 3 5 y e l l o w  o i l

5 0 % M e O H - E t 7 O 1 3 6 - 1 4 0 y e l l o w  o i l
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2 .6 . 2  Fractionation of Fraction I I

Q u i c k  c o l u m n  c h r o m a t o g r a p h y  t e c h n i q u e  w a s  u s e d  t o  s e p a r a t e  3 0 . 2  g. o f  t h e  

c r u d e  m e t h a n o l  i n t o  m a n y  f r a c t i o n s .  S i l i c a  g e l  6 0 G  A r t .  7 7 3 1  a s  a d s o r b e n t  u s i n g  4 0 0  g .  

T h i s  c o l u m n  w a s  i n i t i a l l y  e l u t e d  b y  5 0 %  c h l o r o f o r m  i n  n - h e x a n e  a n d  c o l l e c t e d  a b o u t  

6 0 0  ml/fraction- E a c h  f r a c t i o n  w a s  c o n c e n t r a t e d  t o  a b o u t  5 0  m l .  T h e y  w e r e  f u r t h e r  

c o n c e n t r a t e d  t o  1 0  m l .  w i t h  t h e  w a t e r  b a t h  a n d  c h e c k e d  b y  T L C  p la t e .  T h e  f r a c t i o n s  

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

o f  t h e  m e t h a n o l  e x t r a c t  b y  q u i c k  c o l u m n  c h r o m a t o g r a p h y  w a s  s h o w n  i n  T a b l e  5 .

Table 5  Silica gel quick column chromatography of Fraction I I

E l u e n t F r a c t i o n

N o .

R e m a r k

5 0  %  C H C l 3 - h e x a n e 1 - 3 y e l l o w  o i l

7 5  %  C H C l 3 - h e x a n e 4 - 8 y e l l o w  o i l

C H C 1 3 9 - 1 0 y e l l o w  o i l

1 1 - 1 5 b r o w n - r e d d i s h  o i l

5  %  M e O H - C H C l 3 1 6 - 2 0 b r o w n - r e d d i s h  o i l

2 1 - 2 4 y e l l o w  o i l

1 0  %  M e O H - C H C l 3 2 5 - 3 2 b r o w n - r e d d i s h  o i l

2 0  %  M e O H - C H C l 3 3 3 - 3 5 b r o w n - r e d d i s h  o i l

3 6 - 3 9 y e l l o w  o i l

3 0  %  M e O H - C H C l 3 4 0 - 4 1 y e l l o w  o i l

4 2 - 4 6 s q u a r e  s o l i d  i n  p a l e  y e l l o w  o i l

4 7 - 5 1 y e l l o w  o i l

4 0  %  M e O H - C H C l 3 5 2 - 5 6 y e l l o w  o i l

5 0  %  M e O H - C H C l 3 5 7 - 6 3 b r o w n  t a r

7 5  %  M e O H - C H C l 3 6 4 - 7 0 b r o w n  t a r

M e O H 7 1 - 8 0 b r o w n  t a r
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2 . 7  Purification and Properties of the Eluted Compounds 

by Column Chromatography

2 .7 . 1  Purification and properties of PA- 1

P A - 1  w a s  a  m i x t u r e  o f  g r e e n - y e l l o w i s h  o i l  ( 0 . 6 8  g . ) ,  w h i c h  w a s  o b t a i n e d  f r o m  

t h e  d i e t h y l  e t h e r  e x t r a c t  a n d  e l u t e d  b y  1 0 0  %  h e x a n e  i n  f r a c t i o n  n o .  3 - 4  f r o m  s iH c a  g e l  

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

c h l o r o f o r m ,  e t h a n o l  a n d  m e t h a n o l .

F T - I R  s p e c t r u m  ( n e a t )  vmàX ( c m ' 1 )  3 0 7 8 ( w ) ,  2 9 6 0 ,  2 9 2 9 ,  2 8 6 3 ( s ) ,  1 7 5 9 ( s ) ,  

1 6 7 2 ( s ) ,  1 5 4 7 ,  1 4 5 3 ( m ) ,  1 3 7 7 ( g ) ,  1 1 8 8 ( m ) ,  1 0 2 8 ,  9 9 3 ( m ) ,  ( F i g .  2 )

T h e  P A - 1  w a s  a n a l y z e d  b y  G L C - M S  s p e c t r o m e t e r  t o  i d e n t i f y  i t s  c h e m i c a l  

c o n s t i t u e n t s .  G L C  t e c h n iq u e  w a s  p e r f o r m e d  o n  a  D B - 1  c o l u m n .  T h e  c o n d i t i o n s  o f  

G L C  w e r e  a s  f o l l o w s .

i n j e c t i o n  t e m p e r a t u r e  : 2 5 0  ° c  o v e n  t e m p e r a t u r e  : 7 0 - 2 6 0  ° c

r a t e  o f  h e a t in g  : 3  ° c / m i n .  f l o w  r a t e  ะ 5 0  « ท 3 /  m i n

T h e  G C - M S  s p e c t r u m  w a s  s h o w n  i n  F i g u r e  3 .  R e t e n t i o n  t im e s  o f  e a c h  

c o m p o n e n t  w e r e  1 2 . 7 2 ( 0 . 6 2  % ) ,  1 6 . 0 9 ( 0 . 3 8  % ) ,  1 8 . 1 1 ( 2 . 2 0  % ) ,  1 8 . 4 2 ( 2 . 9 6  % ) ,

2 0 . 2 2 ( 1 3 . 9 2  % ) ,  2 1 . 4 8 ( 1 . 9 0  % ) ,  2 1 . 7 7 ( 4 . 2 0  % ) ,  2 2 . 2 1 ( 1 . 8 3  % ) ,  2 2 . 5 8 ( 1 . 8 0  % ) ,

2 2 . 7 1 ( 0 . 9 5  % ) ,  2 3 . 8 8 ( 1 . 1 8  % ) ,  2 5 . 2 6 ( 2 . 9 2  % ) ,  2 5 . 6 3 ( 0 . 4 6  % ) ,  2 5 . 8 8 ( 1 . 8 2  % ) ,

2 6 . 4 9 ( 1 . 2 1  % ) ,  2 7 . 0 0 ( 2 . 3 3  % ) ,  2 9 . 2 0 ( 4 . 9 9  % ) ,  3 3 . 3 6 ( 0 . 9 2  % ) ,  3 4 . 1 3 ( 3 . 3 1  % ) ,

3 5 . 4 0 ( 1 0 . 3 7  % ) ,  3 7 . 3 8 ( 1 . 5 4  % ) ,  4 1 . 0 6 ( 1 2 . 7 8  % ) ,  4 5 . 8 3 ( 1 . 1 1  % ) ,  4 6 . 1 6 ( 4 . 9 8  % ) ,  

4 6 . 9 3 ( 1 . 4 7  % ) ,  4 7 . 0 8 ( 7 . 3 0  % ) ,  a n d  5 0 . 9 1 ( 1 . 8 2  % )  m in . ,  r e s p e c t i v e l y .
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2 .7 . 2  Purification and properties of PA- 2

P A - 2  w a s  o b t a in e d  f r o m  t h e  d i e t h y l  e t h e r  p a r t  w h i c h  w a s  s e p a r a t e d  o n  t h e  s i l i c a  

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

o b t a in e d  c o m p o u n d  w a s  r e c r y s t a l l i z e d  f r o m  m e t h a n o l  s e v e r a l  t im e s  t o  g i v e  b r i g h t  

w h i t e  n e e d le  c r y s t a l s  3 0  m g .  ( 0 . 2 0  %  w t .  b y  w t .  o f  d i e t h y l  e t h e r  c r u d e )  w i t h  m . p .  

1 3 0 - 1 3 2  ° c .  T h e  R f  v a l u e  o f  t h i s  c o m p o u n d  w a s  0 . 5 0  u s i n g  5  %  m e t h a n o l - c h l o r o f o r m  

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

m e t h a n o l  a n d  s l i g h t l y  s o l u b l e  i n  h e x a n e .  I t  g a v e  a  d e e p  g r e e n  c o l o r  w i t h  L i b e r m a n n  

B u r c h a r d ' s  r e a g e n t .

F T - I R  s p e c t r u m  ( K B r )  V j n a x  ( c m ' l )  3 4 4 3 - 3 3 4 1 ( b r , ร ) ,  2 9 5 9 ,  2 9 3 7 ,  2 8 6 8 ( s ) ,  

1 6 4 1 ( m ) ,  1 4 6 4 ( s ) ,  1 3 8 1 ( s ) a n d  1 0 5 9 ,  1 0 2 3 ( s )  a n d  8 0 2 ( s ) .  ( F i g .  3 1 )

! h - N M R  s p e c t r u m  ( C D C 1 3 )  5  ( p p m . )  0 . 6 8 - 1 . 9 8 ,  2 . 2 6 ,  3 . 5 0 ,  5 . 0 9 ,  5 . 3 5  

( F i g .  3 2 )

1 3 C - N M R  s p e c t r u m  ( C D C I 3 )  8  ( p p m . )  1 1 . 3 5 - 5 7 . 1 3 ,  7 1 . 9 1 ,  7 1 . 5 1 ,  1 2 1 . 6 1 ,  

1 2 9 . 2 1 ,  1 3 8 . 2 2 ,  1 4 0 . 6 8  ( F i g .  3 3 )

E l  M S  s p e c t r u m  m / e  4 1 4 . 0 ,  4 1 2 . 0  a n d  4 0 0  ( c a l c d .  f o r  C 2 9 H 5 0 O ,  0 2 9 ท 4 8 < ว  

a n d  0 2 8แ 4 80 , r e s p e c t i v e l y )  3 9 6 . 0 ,  3 8 1 ,  3 2 9 . 0 ,  3 0 3 . 0 ,  2 7 3 . 0 ,  2 5 5 . 0 ,  2 1 0  ( F i g .  3 4 )

T h e  G L C  a n a ly s i s  ( F i g .  3 5 )  i n d i c a t e d  t h r e e  p e a k s  o n  t h e  c h r o m a t o g r a m  a t  

r e t e n t i o n  t im e s  s h o w n  i n  T a b l e  6 ..
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Table 6  The retention times of various peaks from the gas chromatogram 

of PA- 2  compare with steroid standards.

C o m p o u n d R e t e n t i o n  t im e  

( m i n s )

P e a k  a r e a

c h o r e s t e r o l 5 . 7 3

c a m p e s t e r o l 6 . 7 9

s t ig m a s t e r o l 7 . 2 7

( 3 - s i t o s t e r o l 7 . 9 4

C o m p o u n d e d ) 6 . 9 1 0 .1  %

7 . 3 8 4 6 . 6  %

8 . 1 4 4 3 . 3  %

( c o l u m n  D B - 1 ,  c o l .  t e m p .  2 9 0  ° c ,  i n j .  t e m p .  2 5 0  ° c ,  

M a s s  d e t e c t o r , H e  f l o w  r a t e  5 0  c m ^ / s e c . )

2 .7 . 3  Purification and properties of PA- 3

P A - 3  w a s  i s o l a t e d  f r o m  d i e t h y l  e t h e r  p a r t  w h i c h  w a s  s e p a r a t e d  o n  t h e  s i l i c a  g e l  

c o l u m n  w i t h  a  m i x t u r e  o f  « - h e x a n e  a n d  d i e t h y l  e t h e r  a s  e l u t i n g  s o lv e n t .  T h e  o b t a in e d  

c o m p o u n d  w a s  r e c r y s t a D i z e d  f r o m  5 0  %  m e t h a n o l - c h l o r o f o r m  f o r  s e v e r a l  t im e s  t o  g i v e  

a  w h i t e  a m o r p h o u s  s o l i d  4 0  m g .  ( 0 . 2 6  % w t .  b y  w t .  o f  d i e t h y l  e t h e r  c r u d e )  w i t h  m . p .  

1 5 3 - 1 5 4  ° c .  I t  w a s  s o l u b l e d  i n  c h l o r o f o r m ,  a c e t o n e ,  e t h y l  a c e t a t e ,  e t h e r ,  m e t h a n o l .

F T - E R .  s p e c t r u m  ( K B r )  v m a x  ( c m ' l )  3 4 4 6 ( b r , ร ) ,  3 1 5 2 ,  3 0 7 6 ( w ) ,  2 9 8 6 ,  2 9 5 3 ,  

2 9 0 3 ( m ) ,  1 7 4 2 ,  1 7 1 8 ( s ) ,  1 6 3 1 ( m ) ,  1 2 6 7 ,  1 2 1 1 ,  1 1 8 5 ( s ) a n d  8 7 6 ( s ) .  ( F i g .  3 6 )

i H - N M R  s p e c t r u m  ( C D C 1 3 )  8  ( p p m . )  1 . 1 6 ,  1 . 1 9 ,  1 . 2 8 ,  1 . 3 7 ,  1 . 5 0 ,  1 . 5 6 ,  1 . 6 5 -

1 . 9 5 ,  3 . 0 0 ,  3 . 6 1 ,  3 . 7 9 ,  4 . 2 9 ,  5 . 0 6 ,  5 . 6 7 ,  5 . 7 9 ,  5 . 9 8 ,  6 . 0 2 ,  6 . 3 3 ,  7 . 4 0 ,  7 . 4 2  ( F i g .  3 7 )



20

1 3 C - N M R  s p e c t r u m  ( C D C 1 3 )  6  ( p p m . )  1 4 . 6 ,  1 5 . 1 ,  1 7 . 2 ,  1 8 . 2 ,  2 4 . 0 ,  2 6 . 2 ,  2 7 . 3 ,

3 9 . 4 ,  4 6 . 7 ,  4 9 . 5 ,  4 9 . 8 ,  5 1 . 9 ,  5 7 . 2 ,  6 8 . 5 ,  7 8 . 3 ,  8 0 . 8 ,  8 8 . 5 ,  1 0 8 . 2 ,  1 0 9 . 8 ,  1 2 0 . 9 ,  1 2 3 . 0 ,  

1 4 1 . 0 ,  1 4 2 . 9 ,  1 5 3 . 8 ,  1 6 6 . 6 ,  1 6 7 . 7 ,  2 1 6 . 6  ( F i g .  3 8 )

D E P T - 1 3 5  1 3 C - N M R  ( C D C I 3  )  8  ( p p m . )  ( F i g .  3 9 )

C H 3 , C H  s i g n a l  ( u p  p h a s e )  1 4 . 6 ,  1 7 . 2 ,  1 8 . 2 ,  2 4 . 0 ,  2 7 . 3 ,  4 6 . 7 ,  5 1 . 9 ,

5 7 . 2 ,  6 8 . 5 ,  7 8 . 3 ,  1 0 9 . 8 ,  1 2 3 . 0 ,  1 4 1 . 0 ,  1 4 2 . 9 ,  1 5 3 . 8  

C H 2  s i g n a l  ( d o w n  p h a s e )  1 5 . 1 ,  2 6 . 2  

D E P T - 9 0  1 3 C - N M R  ( C D C I 3 )  8  ( p p m . )  ( F i g .  3 9 )

C H  s ig n a l  4 9 . 8 ,  5 7 . 2 ,  7 8 . 3 ,  1 0 9 . 8 ,  1 2 3 . 0 ,  1 4 1 . 0 ,  1 4 2 . 9 ,  1 5 3 . 8  

C H - c o r r e l a t i o n ,  C O S Y  a n d  N O E S Y  ( F i g .  4 0 ,  4 1 ,  4 2 )

C l  M S  s p e c t r u m  m / e  5 1 6 ,  4 9 8 ,  4 7 0  ( F i g .  4 3 )

E l  M S  s p e c t r u m  m / e  5 1 6 ,  4 9 8 ,  4 7 2 ,  4 6 7 ,  4 3 0 ,  3 9 8 ,  3 9 3 ,  3 7 5 ,  3 4 7 ,  3 0 6 ,  2 9 1 ,  

2 5 9 ,  3 1 3 ,  2 8 7 ,  2 7 3 ,  2 5 5  ( F i g .  4 4 )

2 .7 . 4  Purification and properties of PA- 4

P A - 4  w a s  c o l l e c t e d  f r o m  t h e  d i e t h y l  e t h e r  c r u d e  i n  f r a c t i o n  n o .  7 1 - 7 8  w h i c h  w a s  

e l u t e d  b y  4 0  %  d i e t h y l  e t h e r  i n  h e x a n e  b y  c o l u m n  c h r o m a t o g r a p h y .  T h e  p r e c ip i t a t e  w a s  

p u r i f i e d  b y  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 .  T h e  w h i t e  a m o r p h o u s  s o l i d  w a s  d e s ig n a t e d  

a s  P A 4  3 3 . 5  g .  ( 0 . 2 2  % w t .  b y  w t .  o f  d i e t h y l  e t h e r  c r u d e )  w i t h  m . p .  2 9 2 - 2 9 5  ° c .  R f  

v a l u e  w a s  0 . 4 0  i n  2 0  %  m e t h a n o l  i n  c h l o r o f o r m  s y s t e m .  T h i s  c o m p o u n d  w a s  s o l u b l e  i n  

m e t h a n o l  a n d  e t h a n o l  a n d  s l i g h t l y  s o l u b l e  i n  c h l o r o f o r m  5 d i e t h y l  e t h e r  b u t  i n s o l u b l e  i n  

h e x a n e .  I t  g a v e  p o s i t i v e  t e s t  ( g r e e n - b lu e  c o l o u r )  t o  L i e b e r m a i m - B u r c h a r d ' s  r e a g e n t .

F T - I R  s p e c t r u m  ( K B r )  v m a x  ( c m ' l )  3 4 7 5 ( b r , ร ) ,  2 9 4 6 ( b r , ร ) ,  1 6 8 2 ( s ) ,  1 5 4 0 ,  

1 4 5 7 ,  1 4 3 6 ( s ) ,  1 3 7 5 ( s ) , 1 2 3 2 ,  1 2 0 1 ,  1 1 6 9 ,  1 1 4 3 ( m ) ,  1 0 1  l ( m ) ,  7 4 3 ( m ) .  ( F i g .  4 5 )

^ H - N M R  s p e c t r u m  ( C D C I 3 )  8  ( p p m . )  0 . 5 6 ,  0 . 7 0 ,  0 . 7 2 ,  0 . 7 4 ,  0 . 7 6 ,  0 . 8 0 ,  0 . 9 7 ,

1 . 0 4 - 2 . 9 9  ( F i g .  4 6 )
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1 3 C - N M R  s p e c t r u m  ( C D C 1 3  +  D M S O )  6  ( p p m . )  1 5 . 3 ,  1 7 . 1 ,  1 8 . 8 ,  1 9 . 4 ,  2 0 . 2 ,  

2 1 . 7 ,  2 4 . 7 ,  2 7 . 1 ,  2 7 . 5 ,  2 7 . 7 ,  2 9 . 4 ,  2 9 . 8 ,  3 0 . 1 ,  3 0 . 5 ,  3 0 . 8 ,  3 2 . 3 ,  3 4 . 1 ,  3 4 . 8 ,  3 6 . 6 ,  3 6 . 9 ,

3 7 . 1 ,  3 8 . 4 ,  3 9 . 6 ,  4 1 . 4 ,  4 4 . 4 ,  5 0 . 2 ,  7 8 . 0 ,  1 3 3 . 5 ,  1 3 3 . 7 ,  1 8 0 . 4  ( F i g .  4 7 )

D E P T - 1 3 5  1 3 C - N M R  ( C D C I 3  +  D M S O )  Ô  ( p p m . )  ( F i g .  4 8 )

C H 2 , C H  s i g n a l  ( u p  p h a s e )  1 5 . 3 ,  1 7 . 1 ,  1 9 . 4 ,  2 1 . 7 ,  2 7 . 7 ,  3 0 . 8 ,  3 2 . 3 ,

4 4 . 4 ,  5 0 . 2 ,  7 8 . 0

C H 2  s i g n a l  ( d o w n  p h a s e )  1 8 . 8 ,  2 0 . 2 , 2 4 . 7 ,  2 7 . 1 ,  2 7 . 5 ,  2 9 . 4 ,  3 9 . 8 ,

3 0 . 1 ,  3 4 . 1 ,  3 4 . 8 ,  3 6 . 6

D E P T - 9 0  1 3 C - N M R  ( C D C I 3 +  D M S O )  Ô  ( p p m . )  ( F i g .  4 8 )

C H  s i g n a l  4 4 . 4 , 5 0 . 2 , 7 8 . 0

C O S Y  ( F i g .  4 9 )

C l  M S  s p e c t r u m  m / e  4 5 6 ,  4 3 8  ( F i g .  5 0 )

E l  M S  s p e c t r u m  m / e  4 5 6 ,  4 4 1 ,  4 2 3 ,  4 1 0 ,  3 9 5 ,  3 7 7 ,  3 3 1 ,  2 5 9 ,  2 4 7 ,  2 2 9 ,  2 7 3 ,  

2 5 5  ( F i g .  5 1 )

2 .7 . 5  Purification and properties of PA- 5

P A - 5  w a s  o b t a in e d  f r o m  d i e t h y l  e t h e r  p a r t  i n  f r a c t i o n  n o .  8 9 - 9 9  w h i c h  w a s  

e l u t e d  b y  6 0  % d i e t h y l  e t h e r  i n  h e x a n e  b y  c o l u m n  c h r o m a t o g r a p h y .  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 l  f o r  s e v e r a l  t im e s ,  t h e  w h i t e  a m o r p h o u s  s o l i d  w a s  

o b t a in e d  ( 1 2 5 . 7  m g . ,  0 . 8 3  %  w t .  b y  w t .  o f  d i e t h y l  e t h e r  c r u d e ) .  I t s  m e l t i n g  p o i n t  w a s  

2 2 2 - 2 2 3 ° C  a n d  R f  v a l u e  w a s  0 . 3 5  i n  3 0  %  m e t h a n o l  i n  c h l o r o f o r m  s y s t e m .  T h i s  

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

e t h a n o l ,  b u t  s l i g h t l y  s o l u b l e  i n  h e x a n e ,  e t h a n o l ,  m e t h a n o l  a n d  e t h e r .
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F T - I R  s p e c t r u m  ( K B r )  V j n a x  ( c m " 1 )  3 6 5 8 - 3 4 2 3 ( ๒ - , m ) ,  3 2 1 0 ( m ) ,  3 1 3 4 ( m X  

3 0 4 l ( m ) ,  2 9 7 4 ,  2 9 5 0 ,  2 8 8 9 ( s ) ,  1 7 4 5 ,  1 7 0 0 ( ๒ , ร )  1 6 2 6 ( m ) ,  1 5 3 6 ,  1 5 0 6 ,  1 4 5 5 ,  1 4 2 2 ( m ) ,  

1 3 9 4 ,  1 3 7 2 ( s ) ,  1 3 4 3 ( m )  1 2 8 3 ,  1 2 2 1 ,  1 1 6 4 ( s ) ,  1 1 1 8 ,  1 0 7 1 ,  1 0 2 7 ,  9 9 3 ( s ) ,  9 1 7 ,  8 9 4 ( s ) ,  

8 7 5 ( s ) ,  8 2 2 ,  8 0 3 ( s )  ( F i g .  5 2 )

i H - N M R  s p e c t r u m  ( C D C 1 3 )  8  ( p p m . )  1 . 1 0 ,  1 . 2 2 ,  1 . 4 3 ,  1 . 4 9 ,  1 . 8 6 ,  2 . 1 0 ,  2 . 2 6 ,  

2 . 5 8 ,  2 . 9 7 ,  3 . 6 3 ,  5 . 4 4 ,  5 . 9 3 ,  6 . 3 4 ,  6 . 5 0 ,  7 . 3 8 ,  ( F i g .  5 3 )

1 3 C - N M R  s p e c t r u m  ( C D C 1 3 )  8  ( p p m . )  1 6 . 4 ,  1 6 . 9 ,  1 9 . 4 ,  2 1 . 0 ,  2 6 . 7 ,  3 1 . 9 ,  3 2 . 7 ,

3 7 . 4 ,  3 9 . 8 ,  4 3 . 1 ,  4 9 . 1 ,  5 2 . 9 ,  5 3 . 2 ,  5 7 . 2 ,  6 5 . 0 ,  7 7 . 9 ,  8 3 . 9 ,  1 0 9 . 7 ,  1 2 0 . 0 ,  1 2 2 . 9 ,  1 4 0 . 9 ,

1 4 3 . 1 ,  1 5 6 . 7 ,  1 6 6 . 6 ,  1 6 6 . 8  a n d  2 0 7 . 4  ( F i g .  5 4 )

D E P T - 1 3 5  1 3 C - N M R  ( C D C I 3 )  8  ( p p m . )  ( F i g .  5 5 )

C H 3 , C H  s i g n a l  ( u p  p h a s e )  1 6 . 4 ,  1 6 . 9 ,  2 1 . 0 ,  2 6 . 7 ,  3 1 . 9 ,  4 9 . 1 ,  5 3 . 2 ,

5 7 . 2 ,  7 7 . 9 ,  1 0 9 . 7 ,  1 2 2 . 9 ,  1 4 0 . 9 ,  1 4 3 . 1 ,  1 5 6 . 7  

C H 2  s i g n a l  ( d o w n  p h a s e )  1 9 . 4 ,  3 2 . 7 ,  3 9 . 8  

D E P T - 9 0  1 3 C - N M R  ( C D C I 3 )  8  ( p p m . )  ( F i g .  5 5 )

C H  s i g n a l  4 9 . 1 ,  5 3 . 2 ,  5 7 . 2 ,  7 7 . 9 ,  1 0 9 . 7 ,  1 2 2 . 9 ,  1 4 0 . 9 ,  1 4 3 . 1 ,  1 5 6 . 7  

C H - c o r r e l a t i o n  a n d  C O S Y  ( F i g .  5 6 ,  5 7 )

C l  M S  s p e c t r u m  m / e  4 5 4  ( F i g .  5 8 )

E l  M S  s p e c t r u m  m / e  4 5 4 ,  4 3 9 ,  3 9 7 ,  3 7 5 ,  3 3 1 ,  3 1 3 ,  2 8 7 ,  2 7 3 ,  2 5 5  ( F i g .  5 9 )
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