
CHAPTER III

EXPERIMENTS

3.1 Plant material

The s te m barks of c .  o b lo n g ifo liu s  Roxb. w ere co llec ted  from 
C h a c h o e n g sa o  Province, Thailand in Ju n e  1999. Botanical identification w as 
c laim ed  through com pariso n  with v o u ch e r sp ec im en  no. BKF 084729 in the 
herbarium  of the Royal Forest D epartm ent, Ministry of A griculture an d  C o­
opera tiv es, B angkok, Thailand.

3.2 Instrument and Equipments

3.2.1 Fourier Transform Infrared Spectrophotometer (FT-IR)
The Infrared sp e c tra  w ere  reco rd ed  on a Nicolet Im pact 410  Fourier 
Transform  Infrared S pec trop ho to m ete r. S p ec tra  of solid sa m p le s  
w ere reco rd ed  a s  KBr pellets and  liquid sa m p le s  w ere reco red  a s  
thin film on KBr cells.

3.2.2 Mass Spectrometer (MS)
The m ass  sp e c tra  w ere reco rd ed  on a F isons Instrum ents M ass 
S p ec tro m ete r m odel Trio 2000 GC-MS in Electron Im pact (El) m ode 
at 70 eV.

3.2.3 Ultraviolet-Visible Spectrophotometer (UV-Vis)
The UV-Vis s p e c tra  w ere re c o rd e d  on a  Hewlett P ack ard  8452 A 
d io de  array  sp e c tro p h o to m e te r in chloroform.
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3.2.4 1H and 13c Nuclear Magnetic Resonance Spectrometer (NMR)
The 1H an d  13c NMR sp e c tra  w ere reco rd ed  on a Bruker M odel 
AC-F 200 sp ec tro m e te r o p e ra ted  at 200 .13  MHz for 1H a n d  50.32 
MHz for 13c nuclei.

3.2.5 Optical Rotation
The optical rotation w ere m easu red  on a Perkin-Elm er 341 
p o larim eter in CHCI3.

3.3 Chemical Regents

3.3.1 Solvents
All so lv en ts u se d  in this re sea rch  such  a s  hexane , chloroform , ethyl 
a c e ta te  an d  m ethanol w ere com m ercial g ra d e  an d  w ere  purified 
prior to u se  by distillation.

3.3.2 Packing material
3.3.2.1 M erck’s silica gel 60 G Art. 7734 (70-230 m esh  ASTM) 

an d  9385 (230-400 m esh  ASTM) w ere  u se d  a s  
a d s o rb e n ts  for norm al colum n ch ro m ato g rap h y  a n d  flash 
colum n chrom atography.

3 .3 .2 .2  M erck's S i0 2  alum inum  sh e e ts  TLC, 2 0X 20  c m 3, layer 
th ick n ess 0 . 2  mm w as u sed  to monitor identical fractions.

3.4 Extraction and Isolation

The su n -d ried  an d  g round  stem  barks (6.5 kg) of c. o b lo n g ifo liu s  

Roxb. w as so a k e d  in h ex an e  (3X10 liters) at room tem p era tu re  for 2 w eeks. 
The h ex an e  solution w as filtered and  ev ap o ra ted  u n d er re d u c e d  p re s su re  to
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d ry ness, yielding the h ex an e  c ru d e  extract. The residue  w as e x trac ted  again  
with ethyl a c e ta te  (3X10 liters) and  m ethanol (2X10 liters), then  the two 
ex trac ts  w ere  filter an d  ev a p o ra te d  to obtain  ethyl a c e ta te  an d  m ethanol c ru d e  
ex trac ts , respectively .

Three different c ru d e  ex trac ts  of the stem  barks of c .  o b lo n g ifo l iu s  a re  
show n in T able 2 an d  the extraction  p ro ced u re  a re  show n in sc h e m e  1.

T able  3 The various ex trac ts  of the stem  bark of c .  o b lo n g ifo liu s  Roxb.

Solvent ex trac t A p p e a ran c e W eight (g) %wt/wt of the 
d ried  stem  bark

H exane Yellowish g reen  oil 412.8 6 .35
Ethyl a c e ta te Dark brown oil 95.7 1.47

M ethanol Dark red  oil 33.5 0.52



รนท dried  an d  ground stem  barks of c .  o b lo n g ifo l iu s  Roxb.
(6.5 kg)

R esidue

Ethyl a c e ta te

H ex ane  c ru d e  ex trac t 
(412.8g, 6 .35%  พ/พ)

Ethyl a c e ta te  c ru d e  ex tract 
(95 .7g, 1.47%  พ/พ)

R esidue

R esidue

M ethanol

M ethanol c ru d e  ex trac t 
(33 .5g, 0 .52%  พ/พ)

Scheme 1 The extraction p ro ced u re  of the  stem  b ark s of c .

o b lo n g ifo liu s  Roxb.
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3.5 Isolation of crude extract of c .  o b lo n g ifo liu s  Roxb.

3.5.1 S ep ara tio n  of h ex an e  crude extract
The h ex an e  c ru d e  ex tract (400g) w as se p a ra te d  by o p en  colum n 

ch ro m ato g rap h ic  tech n iq u es . The colum n w as p a c k e d  with silica gel 60 Art. 
7734  (70-230 m esh  ASTM, 400g) and  the c ru d e  ex trac t w as  d isso lv ed  in a 
small am o un t of a su itab le  so lvent and  mixed with silica gel ( 1 :1 ) to afford the 
ex trac t p a s te . The p a s te  w as ev ap o ra ted  to d ry n ess  u n d e r re d u c e d  p re ssu re  
before  b eing  p laced  on top  of colum n. The colum n w as e lu ted  with h ex ane , 
hexane-ethy l a c e ta te  g rad ien t in a stepw ise  fashion. E ach  fraction w as 
co llec ted  (500 ml), co n c e n tra ted  to a small volum e (30 ml) a n d  then  c h e c k e d  
by TLC in o rd e r to com bin e  the fractions which had  the sa m e  TLC pattern . The 
fraction w hich co n ta in ed  uv active co m p o n en ts  w ere  further purified by 
colum n ch ro m ato g rap h y  or crystallization. The isolations of the  m ixtures an d  
c o m p o u n d s  from h ex an e  c ru d e  ex tract w as briefly su m m arized  in s c h e m e  2 .
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H exane c ru d e  extract-
(412.8 g)

I
100% Hexane

2% EtOAc 5% Eto Ac X๐ 
๐^ 
๐

 
C\J EtOAc 30% EtOAc

Compound 1 
0.05g

in hexane in hexane 10%EtOAc
in hexaneI

Compound 3
0.08g

in hexane 
โ

Mixture 5 
1.73g

Compound 2 
13.40g

Compound 4 
0.06g

25% EtOAc in hexane 
in hexane

Compound 7 
70.11 g

Compound 6 
8.49g

Scheme 2 The isolation p ro ce d u re  of h ex ane  c ru d e  ex tract

3.5.2 Separation of ethyl acetate crude extract
The ethyl a c e ta te  c ru d e  ex trac t (10g) w as se p a ra te d  by colum n 

ch ro m ato g rap h y  on silica gel 60 Art. 7734 (70-230 m esh  ASTM, 10g). The 
colum n w as elu ted  with h exane, hexane-ethy l a c e ta te , ethyl a c e ta te  an d  ethyl 
ace ta te -m eth an o l, respectively . A bout 125 ml of e a ch  fraction w as co llec ted  
an d  w as e v a p o ra te d  to give a b o u t 30 ml, then it w as ana ly zed  by TLC in o rder 
to co m b in e  the fractions which h ad  the  sa m e  TLC pattern .
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Ethyl a c e ta te  c ru d e  ex tract
95.7  g

2% EtOAc
in hexane 25% EtOAc

in hexane

Compound 2 
182 mg

Compound 6 
115 mg

Scheme 3 The isolation p ro ce d u re  of ethyl a c e ta te  c ru d e  ex trac t

3.5.3 Separation of methanol crude extract
The m ethanol c ru d e  ex tract w as gum m y resid u e  which w as insoluble in all 

solvent. Therefore, it w as not s e p a ra te d  by colum n ch rom ato g rap h y .
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3.6 Purification and  p roperties of the com pounds elu ted  from column 
chrom atography  of h ex a n e  c rude  extract

3.6.1 Purification and  p roperties of C om pound 1
C om pound  1 w as e lu ted  with n-hexane. The so lvent w as rem oved  by 

rotary evaporation  an d  the re s id u e  w as purified by colum n ch ro m ato g rap h y  
(M erck’s silica gel Art. 1 .09385.1000). This com pound  is so lub le  in chloroform , 
ether, ethyl a c e ta te  an d  m ethanol.

C om pound  1 is co lo u rless  needle-like crystals (50 mg, 0.0121% yield 
from c ru d e  h ex an e  an d  0.0008% yield from starting m aterial), [a]D20-15.93° 
(CHCI3, c= 1 .0 ), Rfj 0 .30  (pu re  chloroform ), m.p. 118-120°c, uv (EtOH) A,max 
232sh  (log 8  4 .47).

FT-IR sp ec tru m  (KBr) (F ig .11, Table 5) V max (cm -1): 3 421-2626(b r.,ร), 
2946(s), 1707(s), 1652(m ), 1604(w), 1459(w), 1430(m), 1383(m ), 1345(w), 
1208(s).

1 H-NMR sp ec tru m  (CDCI3) (F ig.12) 8  (ppm ): 6.90(1 H, d t,9 = 2 .1 ,6.2), 
6.31 (1H, d d ,9=10 .7 ,17 .4 ), 5.47(1 H, t,9=6.7), 5.00(1 H, d ,9=17.4), 4 .84(1H , 
d ,9=11.0), 2.58(1 H, m), 2.37(1 H, m), 2.32(1H, d d ,9=6.1 ,16.8), 2.19(1 H, m), 
1.87(1 H, m), 1.67(3H, ร), 1.40(2H, d ,9=2.5), 1.18(1 H, d ,9=4.3), 0 .89(3H , ร),
0.86(3H, ร), 0.82(3H, ร).

1 3 C-NMR sp ec tru m  (CDCI3 ) (F ig.13, Table 6 ) 5  (ppm ): 174 .3(s), 141.8
(d), 140.6(d), 133.6(s), 133.5(d), 133.1 (ร), 110.0(0, 49 .9(d), 49 .3(d), 41.9(0 ,
40.1 (t), 36.9(s), 33.3(q), 32 .8(s), 26.0(t), 24.0(t), 22.2(q), 18.6(t), 14.8(q), 11.7 
(q).
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EIMS (F ig.15) m /z  (rel. int.): 302[M +](45), 284[M +-H20](9 ), 221(17), 220 
(13), 205(9), 203(14), 178(8), 175(29), 165(15), 151(38), 139(84), 137(29), 133 
(19), 125(7), 119(21), 109(72), 105(32), 97(38), 91(53), 81(100), 79(49), 77 
(28), 69(46), 55(30).

3.6.2 Purification and properties of Compound 2
C om pound  2 w as e lu ted  with n-hexane. The so lvent w as rem oved  by 

rotary evaporation  an d  the  re s id u e  w as purified by colum n ch ro m ato g rap h y  
(M erck’s silica gel Art. 1 .09385.1000; eluting with 2%  ethyl a c e ta te  in hexane). 
It is so lub le  in h ex ane , d ich lo ro m ethane, chloroform, ethyl a c e ta te , diethyl 
e th e r an d  m ethanol.

C om pound  2 is a white solid (13.21 g, 3.20 % yield from c ru d e  h ex ane  
an d  0.20 % yield from starting  m aterial), [ a ] D 2 0  -1 2 5 .2 8° (CHClg, c= 1 .0 ), Rf;

0 .29 (pu re  chloroform ), m .p. 103-104°c, uv (CHCI3) À,max 242sh  (log ธ 3.21 ).

FT-IR sp ec tru m  (KBr) (F ig .16, Table 7) V max (cm '1): 3 60 0 -34 0 0(br.,ร), 
2960, 2930 an d  2868(s), 1675(s), 1634(m ), 1460(m), 1396(m ), 1381(m ), 1280 
(m), 893(m ).

1 F1-NMR sp ec tru m  (CDCI3) (Fig. 17) Ô (ppm ): 7.33(1 H, b r.,ร), 7.19(1 H, 
ร), 6.85(1 H, บ =3.0), 6.26(1 H, b r.,ร), 2 .5 0 -2 .16(6H, m), 1 .73-1 ,40(8H, m), 1.26 
(3H, ร), 0.84(3H, d ,J= 6 .0 ), 0 .76(3H , ร).

1 3 C-NMR (CDCI3) (F ig.18, T able  8 ) Ô (ppm ): 173 .1 (ร), 142.7(d), 141.5 
(ร), 140.4(d), 138.4(d), 125.6(s), 110.9(d), 46.7(d), 38.8(s), 38.6(t), 37.6(s), 
36.2(d), 35.8(f), 27.5(f), 27.3(f), 20 .5(q), 18.3(q), 18.2(f), 17.4(f), 16.0(q).

EIMS (Fig.20) m /z  (rel. int.): 316[M +] (7), 299(20), 283(13), 221(96), 203 
(77), 175(16), 151(23), 137(37), 125(100), 107(12), 105(13), 96(49), 95(41), 81 
(38), 79(8).
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3.6 .3  Purification and  properties of C om pound 3
C om p o u nd  3 w as o b ta in ed  from 10% chloroform  in h ex an e . Similar 

fractions w ere  co m bin ed  an d  the so lvents w ere rem oved by rotary evaporation  
an d  fu rther purified by colum n chrom atography  (M erck’s silica gel Art. 
1 .09385 .1000; eluting with 5% ethyl a c e ta te  in hexane). This co m p o u n d  is 
so lub le  in chloroform , ethyl a c e ta te , diethyl e ther and  m ethanol.

C o m p o u nd  3 is white solid (85 mg, 0.02% yield from c ru d e  h ex an e  and
0.0013 %  yield from starting  m aterial), [a]D20 +51.74° (CHClg, c  =1.0), Rf; 0.34 
(20% EtOAc in h ex ane), m .p. 102-103°c, uv (CHCI3 ) X max 2 4 4 sh  (log 8 4.45).

FT-IR sp ec tru m  (KBr) (Fig.21, Table 9) V max (cm"1); 3 4 6 5 (b r.,ทา), 2982, 
2940  an d  2862(s), 1730(s), 1642(m), 1441, 1373 and  1252(m ), 1036(m ), 758 
(ทา).

1 H-NMR sp ec tru m  (CDCI3) (Fig.22) 5 (ppm): 6 .3 1 (1H ,dd ,4=11 .0 ,17 .4 ), 
5.35(1 H ,d d ,4=6.4 ,6 .4), 5 .05(1H ,d ,4=17.4), 4 .96 (1 H ,d dd ,4= 4 .3 ,10 .0 ,11 .7 ), 4 .89 
(1H,d, 4= 11 .0), 4.87(1 H ,br.,d ,4=1.5), 4.49(1 H ,br.,d ,4=1.5), 3 .23
(1 FI,dd,4= 5.2 ,10 .0), 2.42(1 H ,dd d ,4=2.4 ,4 .3 ,13.1), 2.29(1 H ,b r.,d d ,4=4.3 ,15 .0), 
2 .1 9 (1 H ,d d ,4=6.4 ,10 .6), 2.12(1 H ,dd, 4=4.3,11.7), 2 .10 (3H ,ร), 2 .00
(1H ,dd ,4= 5.2 ,13 .1), 1.79(1 H ,b r.,d ,4= 11.6 ),' 1 ,74(3H ,d,4=0.9), 1.74
(1H ,d,4=1.0), 1.41 (1 H ,d d d d ,4=4.3 ,12 .6 ,12.6 ,12 .6), 1.25(1 H ,d d ,4 = 1 1.7,11.7), 
1.22(1 H ,d d ,2 .7 ,12.6), 1.06(3H ,ร), 0 .87(3H ,ร), 0 .85(3H ,ร).

1 3 C-NMR sp ec tru m  (CDCI3 ) (Fig.23, Table 10) 5 (ppm ): 171 .6(s), 146.9 
(ร), 141.4(d), 133.7(s), 133.1(d), 110.1(0, 108.8(0, 80.4(d), 73 .2(d), 56.6(d), 
54.4(d), 4 2 .3 (0 , 40 .1(s), 39.9(s), 37.6(0, 28.7(q), 23.5(0 , 23 .4 (0 , 21 .4(q), 16.5 
(q), 15 .2(q), 11.9(q).

EIMS (Fig.25) m /z  (rel. int.): 346[M +] (24), 331 [M+-CH 3 ]( 6 ), 328[M +-H20 ]
(4), 317(7), 304(8), 290(15), 286[M +-CH3COOH](75), 272(16), 271(72), 268
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(63), 255(25), 253(100), 243(49), 230(28), 229(43), 225(34), 213(33), 191(30), 
187(46), 185(32), 173(37), 171(27), 147(31),. 145(41), 133(32), 131(40), 119 
(40), 105(57), 91(70), 79(42), 77(66).

3 .6.4 Purification and properties of Compound 4
C om p o u nd  4 w as e lu ted  with 10% chloroform  in h ex an e . Similar 

fractions w ere  co m b in ed  an d  the so lvents w ere rem oved by rotary evaporation  
an d  further purified by colum n ch rom ato grap h y  (M erck 's silica gel 
Art.1 .09385 .1000; eluting with 10% ethyl a c e ta te  in hexane). This co m p o u n d  is 
so lub le  in d ich lo rom ethan e, chloroform , ethyl a c e ta te , diethyl e th e r and  
m ethanol.

C om p o u nd  4 is a  white solid (60 mg, 0.01%  yield from c ru d e  h ex an e  
an d  0 .0009  % yield from starting  m aterial), [ a ] D 2 0  +9.46° (CHClg, c  = 1 .0), Rf;

0.35 (20%  EtOAc in hexane), m .p. 99-101°, uv (CHCI3) ^ max 2 4 4 sh  (log 8 
4.53).

FT-IR sp ec tru m  (KBr) (Fig.26, Table 11 ) V max (cm '1): 3439  (b r.,ทา), 2940, 
2848 a n d  1722 (ร), 1644(m ), 1460, 1373 and  1250 (m).

1 H-NMR sp ec tru m  (CDCIgXFig. 27) ô(ppm ): 6 .32 (H ,dd ,7=11 .0 ,17 .4 ),
5 .40 (H ,dd ,7= 6 .4 ,6 .4), 5 .05 (1 FI,d,7=17.4), 4 .89  (1 H ,d ,7= 1 1.0), 4 .87
(1 H ,b r.,d ,7 = 1 .5), 4 .55  (1 H ,d,7=10.1), 4.51 (1H ,br.,d , 7= 1.5), 3.81
(1FI,ddd,7 = 4 .3 ,10 .1 ,11 .6 ), 2.41 (1 H ,d d d ,7=2.4 ,4 .3 ,12.1), 2 .36  (1H,m), 2.21 
(1H ,dd ,7= 4 .3 ,12 .1 ), 2 .19  (1H,m), 2 .15  (3H,ร), 2 .02 (1 H .d d d ,7 = 4.9 ,13 .1 ,13 .1 ), 
1.80 (1H ,b r.,d ,7=10.4), 1.75 (3H ,d ,7=0.9), 1.74(1 H .d d d d ,7 = 2 .6 ,5 .2 ,5 .2 ,12 .8 ),
1.41 (1 H ,d d d d ,7= 4 .3 ,12 .8 ,12 .8 ,12 .8), 1.29 (1 H ,dd ,7= 12 .1 ,12 .1 ), 1.09
(1H ,dd ,7= 2.4 ,12 .8), 0 .90 (3H,ร), 0 .87  (3H,ร) 0.80 (3H,ร).
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13C-NMR sp ec tru m  (CDCI3) (Fig.28, T able 12) 8 (ppm ): 172.4 (ร), 146.9 
(t), 141.4 (d), 133.8 (ร), 133.0 (d), 110.1 (t), 108.8 (t), 84 .5  (d), 67 .8  (d), 56.6
(d), 54.4  (d), 46.3  (t), 40.0 (ร), 39.3 (ร), 37.6 (t), 28.7  (q), 23 .5  (t), 23.3  (t), 21.1 
(q), 17.5 (q), 15.4 (q), 11.9 (q).

EIMS (Fig.30) m /z  (rel. int.):346[M ๆ (9), 328[M +-H20 ]  (4), 313 (1), 286 
[M+-CH 3 COOH] (19), 271 (45), 268 (32), 255 (22), 253 (78), 243 (39), 229 (44), 
213 (32), 203 (27), 187 (52), 173 (67), 159 (56), 147 (6 8 ), 145 (60), 135 (73), 
133 (87), 121 (80), 119 (95), 107 (82), 105 (100), 95 (53), 93 (6 8 ), 91 (70), 81 
(67), 79 (89).

3.6.5 Purification and properties of Mixture 5
Mixture 5 w as elu ted  with 20% chloroform  in h ex an e . The so lvent w as 

rem oved  by rotary evaporation  and  the elu ted  m aterial co n ta in ed  white solid 
to g e th e r with yellow oil. After rem oval of the yellow oil by m ethanol, the  solid 
w as recrystallized  from hot h ex ane  for several tim es. T h ese  co m p o u n d s  w ere 
so luble  in chloroform , a ce to n e , ethyl a c e ta te , diethyl e ther, hot m ethanol and  
slightly so lub le  in n -h ex ane  an d  m ethanol. Mixture 5 w as w hite n eed le  c rystals 
(1.73 g, 0.42% yield from c ru d e  h ex an e  and  0.03 % yield from starting 
m aterial), m .p. 143-145°c. The Rt value w as 0.45 using  20% EtOAc in h ex an e  
a s  a  dev e lo p in g  solvent.

FT-IR sp ec tru m  (Fig.31) V max (cm-1): 3 43 0 (b r.,ร), 2937(s), 1641 (พ), 
1464(m), 1381 (ทา), 1059(m), 950(w),800(w).

1H-NMR sp ec tru m  (CDCI3) (Fig.32) 8  (ppm ): 5 .35(1H ,d), 5.09(1H,m ), 
3.50(1 H ,ทา), 1.08-2.30(๓ ), 1.68(3H ,ร), 1 .25(3H ,ร), 0 .98(6H ,ร), 0 .82(3H ,ร), 0 .68 
(3H,ร).
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1 3 C-NMR sp ec tru m  (CDCIg) (Fig.33) 8  (ppm ): 140.8(s), 138.3(d), 129.4 
(d), 121.7(d), 71.8(d), 56.9(d), 56.0(d), 51.3(q), 50.2(d), 42.4(t), 42 .4(s), 39.8 
(t), 37.3(t), 36.6(s), 36.2(s), 36.2(d), 33.9(d), 32.0(t), 32 .0(d), 31 .7 (0 . 29.2(q), 
28.2(t), 26.2(t), 24.3(t), 21.1(t), 21.1(q), 19.7(q), 19.3(d), 19.0(d), 12.2(d), 11.9
(q).

M ass sp ec tru m  m /z  (Fig.34): 414[M +](85), 412(47), 400(12), 399(22), 
396[M +-H20](37), 381(21), 369[M +-CH3], 351(17), 329(28), 303(29), 300(17), 
273(24), 271(27), 256(10), 255(45), 231(18), 215(12), 213(39), 199(16), 185 
(13), 173(19), 163(27), 161(32), 159(43), 147(35), 145(52), 133(48), 121(34), 
119(45), 107(61), 105(64), 95(66), 91(61), 81(88), 79(56), 69(73), 67(45), 57 
(57), 55(100), 44(89).

GLC analysis (Fig.35) (DB1 capillary  colum n, colum n tem p era tu re  
isotherm al 290°c, injection tem p era tu re  250°c, m a ss  d e tec to r, flow rate  of Fte 
50 c m 3 /sec): g av e  3 p ea k s  on g a s  ch rom atogram  a t retention  tim e 20.12, 
20.99 a n d  23.96 min, respectively . The results of GLC ana lysis  of s tan d a rd  
s te ro id s  nam ely  cam p este ro l, stigm astero l and  (3-sitosterol sh o w ed  th ree  
p ea k s  a t retention time 19.77, 20.91 an d  24.15 min, respectively .

3.6.6 Purification and properties of Compound 6
C om po und  6  w as e lu ted  with 30%  chloroform in h ex an e . The so lvent 

w as rem o v ed  by rotary evaporation  and  the residue  w as purified by colum n 
ch ro m ato g rap h y  (M erck’s silica gel A rt.1.09385.1000; eluting with 30%  ethyl 
a c e ta te  in h exane). It is so luble  in d ich lo rom ethane, chloroform , ethyl a c e ta te , 
diethyl e th e r  an d  m ethanol.
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C om pound  6  is a  white solid (8.49 g, 2.06%  yield from c ru d e  hex ane  
an d  0.13%  yield from starting  m aterial), [ a ] D 2 0  +6.96° (CHCI3 ,c = 1 .0), Rf; 0.45 

(30% EtOAc in hexane), m .p. 69-70°C, uv (CHCI3) À,max 2 45 .5sh  (log 8 4.14).

FT-IR sp ec tru m  (KBr) (Fig.36, T able 16) V max (cm"1): 3 37 4 (b r.,ร), 2975, 
2945 an d  2854(s), 1645 an d  1610(m ), 1446 and  1388(m), 1218(m).

1 FI-NMR sp ec tru m  (CDCI3) (Fig.37) § (ppm ): 6.29 (1H ,dd ,4= 11.0 ,17 .4), 
5 .38 (1H ,dd ,4=6.1 ,6.1), 5 .02 (1 FI,d,4=17.4), 4 .86  (1 H ,d ,4= 11.0), 4 .85  
(1H ,br.,d ,4=1.2), 4 .47  (1H ,br.,d ,J= 1 .2 ), 3 .69 (1 H ,d d d ,J= 4 .3 ,9 .6 ,11.7), 3.02 
(1 FI,d,4=9.6), 2 .39  (1H ,ddd ,4=2.4 ,4 .0 ,12 .8), 2 .34 (1H ,b r.,dd ,4=5.5 ,11 .0), 2 .17 
(1H ,dd, 4=6.7 ,11 .0), 2 .10 (1H ,dd ,4=4.6,12.5), 1.99 (1H,m), 1.76
(1H ,br.,d ,4=10.7), 1.72 (3H ,d ,4=0.9), 1.71 (1H,m), 1.40
(1H ,dd dd , 4= 4.3 ,12 .5 ,12 .5 ,12 .5), 1 .19 (1H ,dd ,4=2.7 ,12 .5), 1.18
(1H ,dd ,4= 11.7 ,12 .5), 1.01 (3H,ร), 0 .80  (3H,ร), 0 .78 (3H,ร).

1 3 C-NMR sp ec tru m  (CDCIg) (Fig.38, Table 17) 5(ppm ): 147.2 (ร), 141.5 
(d), 133.7 (ร), 133.2 (d), 110.1 (t), 108.6 (t), 83.5  (d), 69.1 (d), 56.7  (d), 54.6 
(d), 45.0  (t), 40.1 (ร), 39.4  (ร), 37.7 (t), 28.8  (q), 23.6  (t), 23.3  (t), 16.6 (q), 15.4 
(q), 11.9 (q).

EIMS (Fig.40) m /z  (rel. int.): 304[M +] (27), 289[M +-CH3] (21), 286[M +- 
CH 3 COOH] (6 ), 271 (27), 253(20), 248 (51), 243(14), 233 (27), 229(15), 215 
(19), 201 (23), 191(30), 187 (65), 175(30), 173 (47), 161(43), 159 (45), 147 
(61), 145 (65), 135(75), 133 (73), 131(55), 121(74), 119 (74), 109(63), 107(81), 
105 (74), 95(55), 93(70), 91(70) 81(72), 79 (100), 77(70), 69(64), 67(77), 65 
(46), 59(22), 57(31), 55(100).
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3.6.7 Purification and properties of Compound 7
Compound 7 was obtained from 50% chloroform in hexane. Similar 

fractions were combined and the solvents were removed by rotary evaporation 
and further purified by column chromatography (Merck’s silica gel Art. 
1.09385.1000; eluting with 30% ethyl acetate เท hexane). This compound is 
soluble in chloroform, ethyl acetate, diethyl ether and methanol.

Compound 7 is a viscous transparent oil (106 mg, 0.03% yield from 
crude hexane and 0.0017% yield from starting material), [OC]20D -46.79°
(CHCI3, c=1.0), Rfi 0.42 (30% EtOAc in hexane), uv (EtOH) X max 243 sh (log 8  

3.59).
FT-IR spectrum (neat) (Fig.41, Table 18) Vmax(crnf1): 3500-3100 (br.,ร), 

1718(s), 1675(s), 1243(m).
1 H-NMR spectrum (CDCI3 ) (Fig.42) 5 (ppm): 8.01 (2H, d,0=1.2), 7.55 

(1H, dd,0=7.6,7.6 ), 7.45(2H, dd,0=7.6,7.6), 7.35(1H, d,0=1.5), 7.26(1H, ร), 
6.92(1 H, dd,0=2.5,4.6), 6.28(1H, d,0=1.5), 4.50(1H, d,0=11.9), 4.30(1H, 
d,0=11.9), 2.53(1 H, ddd,0=3.1,3.1,12.8), 2.40(1H, m), 2.35(1H, m), 2.25(1H, 
m), 2.20(1 H, m), 2.08(1H, m), 1.95(1 H, m), 1.93(1 H, m), 1.78(1 H, m), 1.72(1 H, 
m), 1.65(1 H, m), 1.58(1 H, d,0=12.5), 1.53(1 H, m), 1.32(3H, ร), 1.24(1 H, m), 
1.02(3H, d,0=6.7).

1 3 C-NMR spectrum ( C D C I 3) (Fig.43, Table 19) Ô (ppm): 173.0(s), 167.4 
(ร), 143.4(d), 141.5(s), 141.0(d), 139.0(d), 133.5(d), 130.9(s), 130.0(d), 130.0 
(d), 129.0(d), 129.0(d), 125.7(s), 111.5(d), 68.3(t), 47.9(d), 42.8(s), 38.2(s), 
36.8(d), 36.5(f), 32.9(f), 28.6(f), 27.7(t), 20.7(q), 19.7(f), 18.4(f), 17.5(q).

EIMS (Fig.45) m/z (rel. inf.): 436[M+](16), 418(5), 414(5), 403(9), 342(8), 
341(29), 331(36), 321(8), 315(13), 314(45), 300(8), 299(27), 296(18), 287(10), 
281(16), 269(7), 267(7), 232(11), 220(25), 219(38), 205(24), 201(30), 189(22),
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175(25), 173(33), 159(25), 149(36), 135(29), 133(33), 125(44), 121(39), 109 
(34), 105(100).

3.7 Cytotoxicity Test [26-27]

Bioassay of cytotoxic activity against 6  tumor cell lines, which 
were Hs 27 (fibroblast), Kato-3 (gastric), BT 474 (breast), Chago (lung), รพ 
620 (colon) and HEP-G2 (hepatoma) culture in vitro was performed by the 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetric 
method [26-27], เท principle, the viable cell number/ well is directly 
proportional to the production of formazan, which follow solubilization, can be 
measured spectrophotometrically.

This experiment was performed by Mrs. Songchan Phuthong at the 
institute of Biotechnology and Genetic Engineering.
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