
CHAPTER I I I

EXPERIMENTAL

1. Source o f P la n t  M a te r ia l

The stem  b ark  of M ich e lia  lo n g i fo l ia  Blume (M. a lba  DC.) was 
c o l le c te d  from U t t r a d i t  P ro v in c e , T h a ilan d , in  Ju ly  1986. The p la n t  
m a te r ia l  was id e n t i f i e d  by com parison w ith  a specimen in  m ed ic in a l 
p la n t  garden  o f th e  F a c u lty  of P harm aceu tica l S c ien ces , C hulalongkorn 
U n iv e rs i ty .

2. G eneral Techniques * 20

2 .1  Thin Layer Chromatography (TLC) 

A n a ly t ic a l

Technique
A bsorbent

P la te  S ize

Layer T h ickness 
A c tiv a tio n

S o lv en t System s,

one way, ascending 
S i l i c a  g e l G (E. M erck);
30 g ./6 0  ml of d i s t i l l e d  w a te r 
5 cm X 20 cm, 10 cm X 20 cm and
20 cm X 20 cm 
0.25 mm
a i r  d r ie d  fo r  15 m inutes and th en  h e a t 
a t  105 ° c  fo r  1 hour.

a) Chloroform  ะ Acetone (9 :1)
b) Benzene ะ E thy l A ce ta te  (9 :1 )
c) Chloroform  : E thy l A ce ta te  (7 :3 )
d) M ethylene D ich lo rid e
e) Chloroform  : Acetone (7 :3 )
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D istance 15 cm

L a b o ra to ry  T e m p era tu re 2 4 - 3 0  c

D e te c t io n  on C h ro m ato g rap h ic  P l a t e

1) U l t r a v i o l e t  l i g h t  a t  365 nm.
The a lk a l o i d s  became v i s i b l e  a s  y e llo w  

f lu o r e s c e n t  s p o ts  u n d e r u v  l i g h t  a t  365 nm

2) D ev e lo p in g  r e a g e n ts

a) 2 % m e th a n o lic  s o l u t i o n  o f  r e s o r c i n  m ixed 
w ith  2 % บ2 ร0 ^ s o l u t i o n  (1 :1 )

The s p o ts  o f s e s q u i te r p e n e  l a c to n e s  
gave s p e c i f i c  c o lo r s  w ith  t h i s  r e a g e n t  
a f t e r  h e a t in g  a t  1 1 0 ° c  f o r  2 - 4  m in.

b) M o d ified  D ra g e n d ro f f l s s p ra y  r e a g e n t  
S o lu t io n  A ะ B ism uth s u b n i t r a t e  (850 m g )5

d i s t i l l e d  w a te r  (40 ml ) and 
g l a c i a l  a c e t i c  a c id  (IQ ml ) 

S o lu t io n  B : P o ta ss iu m  io d id e  (8 g) and 
d i s t i l l e d  w a te r  (20 ml ) 

S o lu t io n  A and B., 5 ml e a c h , w ere 
m ix ed , 20 ml of g l a c i a l  a c e t i c  a c id  and 
70 ml o f d i s t i l l e d  w a te r  w ere added and 
u sed  as  sp ra y  r e a g e n t .  The a l k a l o i d s  gave 
o ran g e  o r y e l lo w is h  o ra n g e  s p o ts  w ith  th e
r e a g e n t .
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2 .2  Column C hrom atography ( c c )

Column S iz e  
A d so rb e n t 
P a c k in g  o f  Column 
Sam ple lo a d in g

S o lv e n ts

2 .5  cm X 50 cm, 4 cm X 50 cm 
s i l i c a  g e l  0 .0 4 0 -0 .0 6 3  mm (E. M erck) 
d ry  p a c k in g
th e  p o r t io n  o f c ru d e  e x t r a c t  was 
d i s s o lv e d  in  sm a ll am ount o f o rg a n ic  
s o lv e n t ,  m ixed w ith  s m a ll  q u a n t i t y  o f  
a d s o r b e n t ,  d r i e d ,  t r i t u r a t e d  and added 
o n to  th e  to p  o f  a colum n.
a) C h lo ro fo rm  : A ce to n e  (9 :1 )
b ) B enzene : E th y l  A c e ta te  (9 :1 )
c) C h lo ro fo rm  : E th y l  A c e ta te  (7 :3 )
d) M eth y len e  D ic h lo r id e
e ) C h lo ro fo rm  : A ce to n e  (7 :3 )

2 .3  P h y s ic a l  C o n s ta n ts

2 .3 .1  M e ltin g  p o in t s

M e ltin g  p o in t s  w ere d e te rm in e d  by G allenkem p 
m e lt in g  p o in t  a p p a r a tu s .

2 .3 .2  S p e c i f i c  r o t a t i o n s
S n e c i f i c  r o t a t i o n s  w ere p e rfo rm e d  in  a B e n d ix - 

NPL a u to m a tic  p o la r im e te r .

2 .4  S p e c tro sc o p y

2 .4 .1  N u c le a r  M ag n e tic  R esonance S p e c tr a

^H-nmr s p e c t r a  w ere re c o rd e d  on a B ru k er WH
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400 s p e c tro m e te r  w ith  TMS (6 = 0) a s  i n t e r n a l  
s ta n d a rd  w ith  s o lv e n t s  a s  i n d i c a t e d .

2 .4 .2  Mass s p e c t r a

Mass s p e c t r a  w ere  o b ta in e d  on a  V a r ia n  MAT CH 7 
o r  VG M icrom ass 7070 F s p e c tro m e te r .

2 .4 .3  I n f r a r e d  s p e c t r a

IR  s p e c t r a  w ere o b ta in e d  on a P e rk in -E lm e r  
M odel 1330 o r  180 s p e c tro p h o to m e te r .

2 .4 .4  U l t r a v i o l e t  s p e c t r a

uv s p e c t r a  w ere o b ta in e d  on a V a r ia n  DMS 90 
s p e c t r o p h o to m e te r .

2 .5  A u th e n tic  sam ples
t

p a r th e n o 1id e  and l i r i o d e n i n e  o b ta in e d  from  P a v a m ic h e lia  
b a i l l o n i i  ( P i e r r e )  Hu w ere k in d ly  s u p p l ie d  by Mr. Ar th o r n  R iv e p ib o o n .

8 - S i t o s t e r o l  o b ta in e d  from  Typha e le p h a n tin a  Roxb. was k in d ly  
s u p p l ie d  by Ms. A runporn  A u k k a n ib u tra .

3 . I s o l a t i o n  o f C hem ical S u b s ta n c e s  from  M ic h e lia  l o n g i f o l i a . B l. 
stem  b a r k .

3 .1  E x t r a c t io n

The f r e s h  stem  b a rk  o f M ic h e lia  l o n g i f o l ia  B l. ( 2 .5  kg) was 
b le n d e d  w i th  95 % e th a n o l  (10 L ) , m a c e ra ted  tw ic e  o v e r  a p e r io d  o f  3 
d a y s , and th e n  f i l t e r e d .  The f i l t r a t e  was e v a p o ra te d  u n d e r  re d u c e d
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p r e s s u r e  to  y i e l d  a sy ru p y  m ass (8 1 .2  g ) . The sy ru p y  m ass was su sp en d ed  
in  d i s t i l l e d  w a te r  (150 m l) ,  e x t r a c t e d  w ith  c h lo ro fo rm  (5 X 300 m l) ,  
d r i e d  (N a^so^ an h y d ro u s) and e v a p o ra te d  u n d e r red u c e d  p r e s s u r e  to  d ry n e s s  
to  y i e l d  th e  c ru d e  e x t r a c t  (10 g ) .

3 .2  I s o l a t i o n  o f C hem ical S u b s ta n c e s

The c ru d e  e x t r a c t  (10 g) was d iv id e d  i n t o  f o u r  e q u a l  p o r t i o n s .  
Each p o r t i o n  was ch ro m ato g rap h ed  o v e r a s i l i c a  g e l  colum n (4 cm X 50 cm) 
u s in g  c h lo ro fo rm  : a c e to n e  (9 :1 )  a s  th e  e l u e n t .  F r a c t io n s  o f 20 m l. 
w ere  c o l l e c t e d  and exam ined by t h i n  l a y e r  ch ro m ato g rap h y  (TLC). Those 
f r a c t i o n s  o f  s i m i l a r  p a t t e r n  w ere com bined and y ie ld e d  2 m ajo r f r a c t i o n s  
a s  fo l lo w s  : -

a) F r a c t io n s  4 -22  a f f o r d e d  a c ru d e  m ix tu re  (0 .3 2  g) w hich  was 
f u r t h e r  p u r i f i e d  u s in g  b en zen e  : e th y l  a c e t a t e  (9 :1 )  a s  th e  e lu e n t .  
F r a c t io n s  o f 20 m l. w ere  c o l l e c t e d  and com bined as  fo l lo w s  : —

i )  F r a c t io n s  3 -7  w hich  was f u r t h e r  ch ro m ato g rap h ed  o v e r a s i l i c a  
g e l  colum n u s in g  m e th y le n e  d i c h l o r i d e  a s  th e  e lu e n t  to  y i e l d  a w h ite  
am orphous powder o f  ML-4, 58 mg.

i i )  F r a c t io n s  8-11 w hich  was f u r t h e r  p u r i f i e d  u s in g  c h lo ro fo rm  : 
e t h y l  a c e t a t e  (7 :3 )  a s  th e  e lu e n t  to  y i e l d  a w h ite  am orphous pow der o f 
ML-2, 29 mg.

i i i )  F r a c t io n s  12-24 w hich  was e v a p o ra te d  u n d e r  red u ced  p r e s s u r e

to  d ry n e s s  and c r y s t a l l i z e d  in  p e tro le u m  e t h e r  to  y i e ld  c l e a r  c o l o r l e s s  
c u b ic  c r y s t a l s  o f ML-1, 106 mg.
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b) F r a c t io n s  23-65 from  th e  f i r s t  colum n was re c h ro m a to g ra p h e d  
o v e r  a s i l i c a  g e l  colum n u s in g  c h lo ro fo rm  : a c e to n e  (7 :3 )  a s  th e  e lu e n t  
to  a f f o r d  y e llo w  r o s e t t e  c r y s t a l s  o f  ML-3, 14 mg.

4. C h a r a c t e r i z a t i o n  o f ML-1, ML-2, ML-3 and ML-4

ML-1, ML-2, ML-3 and ML-4 w ere c h a r a c t e r i z e d  by  s t u d i e s  on c o lo r  
r e a c t i o n s ,  m e l t in g  p o i n t s ,  u l t r a v i o l e t ,  i n f r a r e d ,  n u c l e a r  m a g n e tic  
re s o n a n c e  and m ass s p e c t r a .  The hRf v a lu e s  g iv e n  a r e  o b ta in e d  
from  th e  fo l lo w in g  sy stem s : -

a ) s i l i c a  g e l  G /c h lo ro fo rm  : a c e to n e  (9 :1 )
b) s i l i c a  g e l  G /benzene : e th y l  a c e t a t e  (9 :1 )
c) s i l i c a  g e l  G /c h lo ro fo rm  : e th y l  a c e t a t e  (7 :3 )

4 .1  Ch a r a c t e r i z a t i o n  o f  ML—1 a s  P a r trh e n o lld e

ML-1 was o b ta in e d  a s  c l e a r  c o l o r l e s s  c u b ic  c r y s t a l s .  I t  was 
s o l u b l e  in  e t h e r ,  a c e to n e ,  c h lo ro fo rm  and e th y l  a lc o h o l .

hRf v a lu e s

a) 5 2 .7  (F ig .  3 .1 )  b) 1 8 .0  (F ig .  3 .2 )  c) 4 5 .3  (F ig .  3 .3 )

C o lo r  R e a c tio n

ML-1 gave c h e r ry  re d  c o lo r  w ith  2 % m e th a n o lic  s o l u t i o n  o f 
r e s o r c i n  m ixed w ith  2 % s u l f u r i c  a c id  s o lu t io n  (1 :1 )  on TLC ( s i l i c a  g e l  
G) p l a t e .

M elting  P o in t

1 1 2 - 1 1 5 ° c  ( u n c o r re c te d )
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O p t ic a l  R o ta t io n

( a ) * 0 = -  76 ๐ (CHC13)

M o le c u la r  w e ig h t 
248 (EIMS)

I n f r a r e d  A b s o rp tio n  S pectrum  (CCl^)

V ( cm ^)max
3020 , 2920, 1770, 1650, 1281, 1260, 1130 and 940 cm~* 
(F ig u re  3 .4 ,  p .  133)

NMR S pectrum

The NMR sp e c tru m  was p e rfo rm ed  in  d e u te ro c h lo ro fo rm  a t  400 MHz 
in  6 v a lu e  (ppm) from  t e t r a m e t h y l s i l a n e  (T .M .S .) .

(F ig u re  3 .5 ,  p . 134)

P ro to n M u l t i p l i c i t y C hem ical S h i f t  
((ร) ppm

C o u p lin g  C o n s ta n t  
G7) Hz

1 (1H) d d , b r 5 .21 4 .0 ,  1 2 .2
2a (1H) dd 2 .0 9 -2 .3 8 5 .1 ,  1 3 .1
26 (1H) ddd 2 .46 1 3 .8 , 1 2 .2 , 1 2 .5
3a (1H) m 1 .25
36 (1H) m 2 .0 9 -2 .1 7
5 C1H) d 2 .79 8 .9
6 (1H) dd 3 .8 6 8 .9 ,  8 .3

m7 (1H) 2 .78
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P ro to n M u l t i p l i c i t y C hem ical S h i f t C o u p lin g

8a (1H) m 2 .0 9 -1 .7 2
88 (1H) m 1.73
9a (1H) m 2 .0 9 -2 .2 4
96 (1H) m 2 .3 8

13a (1H) d 6 .3 8 3 .6
13b (1H) d 5 .6 2 3 .1
14-CH3 (3H) ร 1.72
15-CH3 (3H) ร 1.31

Mass S pec trum  (EIMS)

m /z  ( % r e l a t i v e  i n t e n s i t y )
248 (M+ , 2 ) ,  230 ( 9 ) ,  191 ( 2 5 ) ,  190 (6 1 ) ,  119 (100)
(F ig u re  3 .6 ,  p. 135)

T hese d a ta  w ere  i d e n t i c a l  w ith  th o s e  o b ta in e d  f o r  a sam ple o f 
p a r t h e n o l i d e ,  w h ich  had b een  i s o l a t e d  from  P aram ich el'ia  b a i l l o n v i  (94) 5 
and a l s o  w ere in  a c c o rd  w ith  th o s e  p u b lis h e d  p r e v io u s ly  f o r  t h i s  l a c to n e  
(9 4 , 6 ) .  Thus ML-1 i s  co n c lu d e d  to  have th e  s t r u c t u r e  shown below  ะ-

M L - 1

P A R T H E N O L I D E
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4 .2  C h a r a c t e r i z a t io n  o f ML-2 a s  3 - S i t o s t e r o l

ML-2 was o b ta in e d  a s  a w h ite  am orphous pow der. I t  was s o lu b le  
i n  p e tro le u m  e t h e r ,  e t h e r ,  a c e to n e  and c h lo ro fo rm .

hRf V alue

a) 2 8 .0  (F ig .  3 .1 )  b) 2 9 .3  (F ig . 3 .2 )  c) 3 6 .0  ( F ig .  3 .3 )

C o lo r  R e a c tio n

ML-2 gave o ra n g e  c o lo r  w ith  2 % m e th a n o lic  s o l u t i o n  o f r e s o r c i n  
m ixed w ith  2 % s u l f u r i c  a c id  s o l u t i o n  (1 :1 )  on TLC ( s i l i c a  g e l  G) p l a t e .

M e ltin g  P o in t

134-135 ๐c 

M o le c u la r  W eight

414 (EIMS)

I n f r a r e d  A b so rp tio n  S pectrum  (KBr d i s c )

V ( cm *) max
3520 ( b r o a d ) ,  2950, 2850, 1650, 1 4 5 0 , 1 3 90 , 1 3 8 0 , 1060, 1020 and 
800 cm ^
( F ig u re  3 .7 ,  p ,  136)

NMR S pectrum

The NMR sp e c tru m  was p e rfo rm ed  in  d e u te r o c h lo r o f orra a t  400 MEz 
I n  d v a lu e  (ppm) from  te t r a m e t h y l s i l a n e  (T .M .S .)

(F ig u re  3 .8 ,  p . 137)
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P ro to n M u l t i p l i c i t y C hem ical
ppm

18-CH3 (3H) ร 0 .6 8
29-CH3 (3H) t 0 .7 8
26,27-C H 3 (6H) d 0 .8 2
21-CH3 (3H) d 0 .9 2
19-CH3 (3H) ร 1.01

3-H (1H) m 3 .5
6-H (1H) t 5 .3

Mass S p ec tru m  (EIMS)

พ /3 ( % r e l a t i v e  i n t e n s i t y )
414 (M+ , 8 5 ) ,  399 (2 1 ) ,  396 (1 0 0 ) ,  381 ( 3 6 ) ,  329 (2 9 ) ,  273 ( 2 5 ) ,
255 (6 1 ) ,  231 (1 9 ) ,  213 ( 4 1 ) ,  173 (2 1 ) ,  163 (3 7 ) ,  161 ( 4 7 ) ,
159 (5 8 ) ,  147 (6 6 ) ,  145 (8 5 ) ,  135 (4 1 ) ,  133 ( 5 5 ) ,  131 (4 3 ) ,
121 ( 5 3 ) ,  119 (5 1 ) ,  109 (4 8 ) ,  107 (7 5 ) ,  105 £ 7 9 ) , 95 (7 5 ) ,
93 ( 6 4 ) ,  91 (6 5 ) ,  83 ( 5 0 ) ,  8 1 (1 0 0 ) , 4 3 (9 2 ) .
(F ig u re  3 .9 ,  p . 138)

T hese d a ta  w ere  i d e n t i c a l  w ith  th o s e  o b a t in e d  f o r  a sam ple  o f 
8 - s i t o s t e r o l ,  w h ich  had  been  i s o l a t e d  from  Typha e le p h a n tin a  ( 9 7 ) ,  
and a l s o  i n  a c c o rd  w ith  th o s e  p u b lis h e d  p r e v io u s ly  f o r  t h i s  s t e r o l  
(96 t 9 7 ) .  T h e re fo re  i t  i s  c o n c lu d e d  t h a t  ML-2 i s  8 - s i t o s t e r o l ,  th e  
s t r u c t u r e  o f  w hich  i s  shown on page 103.
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21 24

M L - 2

p  - S I T O S T E R O L

4 .3  C h a r a c t e r i z a t i o n  of' ML-3 a s  L i r io d e n in e

ML-3 was o b ta in e d  a s  y e llo w  r o s e t t e  c r y s t a l s .  I t  was s l i g h t l y  
s o lu b le  i n  c h lo ro fo rm , s o lu b le  in  e th y l  a lc o h o l  and i n s o l u b l e  in  

p e tro le u m  e t h e r .

hRf V alue

a) 18 .7  (F ig .  3 .1 )  b) 3 .3  (F ig . 3 .2 )  c) 1 3 .3  ( F ig .  3 .3 )

C o lo r R e a c tio n

ML-3 g ave  o ra n g e  c o lo r  w ith  D ra g e n d ro f f ' ร r e a g e n t  

M e ltin g  P o in t

278-282 ๐c

M o le c u la r  W eight

275 (EIMS)
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I n f r a r e d  A b s o rp tio n  S pectrum  ( ๓ 2C l2)

V ( cm7"! ) max
3040, 2920, 1655, 1590, 1480, 1462, 1438, 1410, 1300, 1220, 1050, 
1010, 965 , 890 , 865 cm-1  
(F ig u re  3 .1 0 ,  p . 139)

U l t r a v i o l e t  A b s o rp tio n  S p e c tr a  

(EtOH)
\n a x  2 50 , 270 , 310, 400 (sh ) , 416 nm (F ig u re  3-.14, p . 1 4 3 )
a ( 0.1NHC1 i n  EtOE)

niax 260, 282, 320, 396 , 452 nm (F ig u re  3 .1 5 ,
p . 144)

NMR S pectrum

The NMR s p e c t r a  w ere p e rfo rm ed  in  d e u te ro c h lo ro fo rm  and 10 %

DMSO-d^ in  d e u te ro c h lo ro fo rm  a t  400 >fHz in  6 v a lu e  (pnm) from  
t e t r a m e t h y l s i l a n e  (T .M .S .) ,

CDCl^ (F ig u re  3 .1 1 ,  p . 140)
P ro to n M u l t i p l i c i t y C hem ical S h i f t  (Ô) C o u p lin g  C o n s ta n t

3 ร 7.17
( J )  Hz

4 b r , ร 7 .74
5 b r , ร 8 .8 0
8 d 8 .5 8 8 .1
9 t 7 .5 7 8 .0

10 t 7 .73 8 .0
11 d 8.61 8 .1
- 0 - ๓ 2- 0 - ร 6 .3 7



10 % DMSO-d in  CPC13 (Figure 3 .12, p. 141)

P ro to n M u l t i p l i c i t y C hem ical S h i f t  (Ô) C o u p lin g  1
( J )

3 ร 7 .21
4 b r , ร 7 .83
5 b r , ร 8 .90
8 d 8 .57 8 .0
9 t 7 .5 8 8 .0

10 t 7 .77 8 .0
11 d 8 .7 2 8 .0

o- ch2- o- ร 6 .41

Mass S p ec tru m  (EIMS)

m /z  ( % r e l a t i v e  i n t e n s i t y )
275 (M+ , 80 ) ,  247 ( 1 4 ) ,  246 (10)
( F ig u re  3 .1 3 ,  p . 142)

A cco rd in g  to  a l l  s p e c t r a l  d a ta  and d i r e c t  co m p ariso n  w ith  an  
a u t h e n t i c  s a m p le (9 4 ) , i t  i s  c l e a r l y  p roved  t h a t  ML-3  i s  l i r i o d e n i n e  ( 6 ) 5 
th e  s t r u c t u r e  o f w hich  i s  shown on page 106.
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M L - 3

L I R I O D E N I N E
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4 .4  C h a r a c t e r i z a t io n  o f ML-4 a s  C o s tu n o lid e

ML-4 was o b ta in e d  a s  a w h ite  am orphous pow der. I t  was s o lu b le  
in  e t h e r ,  a c e to n e ,  c h lo ro fo rm  and e th y l  a lc o h o l .

hRf V alue

a) 6 2 .7  (F ig .  3 .1 )  b) 5 0 .0  (F ig . 3 .2 )  c ) 5 4 .0  (F ig .  3 .3 )

C o lo r R e a c tio n

ML-4 gave v i o l e t  c o lo r  w ith  2 % m e th a n o lic  s o l u t i o n  o f r e s o r c i n  
m ixed w ith  2 % s u l f u r i c  a c id  (1 :1 )  on TLC ( s i l i c a  g e l  G) p l a t e .

M e ltin g  P o in t

105-106° c

O p t ic a l  R o ta t io n

( a ) p °  = + 125° (CBC13 )

I n f r a r e d  A b so rp tio n  S pectrum  (CCl^)

V (cm ร  max
2932, 1772, 1289, 1244, 1137, 971 h n f1 
( F ig u re  3 .1 6 ,  p .  145)

NMR S pec trum

The NMR sp e c tru m  was p e rfo rm ed  in  d e u te ro c h lo ro fo rm  a t  400 MHz 
in  6 v a lu e  (ppm) from  t e t r a m e t h y l s i l a n e  (T .M .S .) .

(Figure 3 .17, p . 146)
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P ro to n  M u l t i p l i c i t y  C hem ical S h i f t  (6 ) C o u p lin g  C o n s ta n t
(J )  Hz

1 (1H) b r  5 d 4 .8 3
2a (1 H )> •

26 (1H) > m 1 .6 9 -2 .9 8
3a (1H)
36 (1H)
5 (1H) d 4 .79
6 (1H). t 4 .5 4 10
7 (1H) m 2 .5 8
8a (1H )'
86 (1H) > m 1 .6 9 -2 .9 8
9a (1H)
9 6 (1H) _
13a (1H) d 6 .2 4 3
13b ( 1H) d 5 .5 2 3
14-CH3 (3H) d 1 .69* 1
15-CH3 (3H) d 1 .43* 1

•JLA A ssig n m en ts may be in te r c h a n g e d .

Mass S pec trum  (EIMS)

m /z  (% r e l a t i v e  i n t e n s i t y )
232 (M+ , 2 0 ) ,  217 ( 1 7 ) ,  150 ( 1 5 ) ,  123 (4 8 ) ,  121 (3 6 ) ,
119 ( 1 9 ) ,  109 (6 2 ) ,  107 ( 2 8 ) ,  105 (3 2 ) ,  95 ( 2 3 ) ,  93 ( 3 1 ) ,  
91 ( 2 3 ) ,  81 (1 0 0 ) ,  80 ( 2 7 ) ,  79 ( 3 0 ) ,  53 (3 1 ) .
(F igure 3 .18, p. 147)



A ll  th e  above d a ta  a r e  in  a c c o rd  w ith  th o s e  p u b lis h e d  
p r e v io u s ly  f o r  c o s tu n o l id e  ( 6 ) .  Thus ML-4 i s  c o n c lu d ed  to  be 
c o s tu n o l id e  u n a m b ig o u s ly . The s t r u c t u r e  i s  shown below  ะ-

M L - 4

C O S T U N O L I D E
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