CHAPTER III

RESULTS AND DISCUSSION
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lica gel column. The oil was removed from
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was separated o S
i n—l}éxa% "and then the solid residue was

solid by washing /w
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white needle crystal w:L,ththe Rfe_j__f_é}ue 0.45 (1:1 hexane : chloroform

recrystallized fr

as developing solvent and Using sﬁma— gel TLC plate)
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ijp in chloroform and
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slightly solubl'e": in nr-hexane. The coqu tests of this compound

indicated that this eompound had a steroidal skeleton and unsaturation
part in molecule|

‘ The IR spegt:um‘ (Fig. 1)_ gave the absorption bands
of secoﬁﬁary aicohol at’ "3430 and 1050 em 3 and bands at 1660-1640
eml due to the c=C ‘stretching vibration; The absorptibn bands
at 840 and 800 cm™l (C-H out »of plane bending) coincided with the
characteristic absorption peaks of trisubstituted olefin. The IR
absorption band assignments of this compound were presented in |

Table 3.1 [47,48].



67

Table 3.1 The IR absorption band assignments of Compound (1)

Frequency Band type - Tentative assignments

(em~1)

7
3430 O—H”gﬁpetphing vibration

2960-2840 C-H stretehing vibration of —-CH3, -CHy-
1650 ¢=C streteching vibration

1460

b
=
e
-
1380 fff%d ‘
.fff
Jm
/
m

éLHlbending vibration of -CH3, -CHy-
Céﬁwin plane bending vibration of
fff_r R ;ﬁabstituted of olefin

P C—éi%ﬁietching vibration of

ald 34 ok

/i secondary 'alcohol

1050

970,950 et C—H}ﬁﬁt}cf plane bending vibration of
" : N 7
- A .
h trains configuration
.l Y 1-3
840,800 W C-=H out of plane bending vibration of

trisubstituted olefin

The'results™ of“the coler tesés and’ the IR spectral
data supported a steroidai structure of this compound.

The 1H NMR spectrum (CDCl3) of Compound (1) (Fig. 2)
showed £he signals at 0.70-1.06 ppm., which were the signals of
angular methyl groups of C-18 and C-19 and methyl groups at side
chain which were C-21, C-26, C-27 and C-29. The signals at 1.51-2.30

ppm. exhibited methylene group (-CHp-) and methylnic group (CH) of
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steroids. The proton of hydroxyl group showed the multiplet signal at
3.46 ppm. while the double of doublet at 5.08 ppm. was the signal of
disubstituted vinyl protons (H-22 and H-23). The last signal at
5.32 ppm. was the signal of trisubstituted vinyl proton (H-6).

The 13¢ Q’ ctrum (CDCl3) (Fig. 3) showed the

signals which corres NMR spectrum of g-sitosterol

and stigmasterol

Table 3.2 The 13 —sitosterol,' stigmasterol

Carbon position

Compound (1)

AUINININYIAT | ne
aasnsdiNvAEnay =2

9 50.3  50.3 50.18

(continued)



Table 3.2

(continued)

Carbon position

Chemical shift (ppm.)

10
321
12
i3
14
15
16

17

26
27
28

29

stigmasterol

Compound (1)

36.2

18.8

19.8

23.1

11.9

40.5

NENINYINT

“n 138.4

AR YJQEHQ

51.3

31.9

19.0

2101

25.4

12.9

36.48

21.09

39,73

42.28

28.24 , 28.89
13.83 45.12.21

36.15 , 40.43
18.99, .21.09
Qf 33.99 ,138.27

EJ9.22 ,129.28

50.21

26.13 , 31.87

18.99

19:.79 ,.21.20
23.09 , 45.37

11.83 , 12.04
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The MS spectrum (Fig. 4 ) showed the expected
molecular ion peak of p-sitosterol at m/e 414.0 and also revealed
the fragmentation pattern of C-29 steroids. However, two significant
peaks at m/e 412.0 and m/e 400.0 could not be accounted for the

p-sitosterol structure.

indicated that this compx

%jze compound of steroids

generally found in ' tsJ' aioﬁni—thls mixture could not be
' separated eventho _he ads er ' e column and the developing

solvent system were'varied. ossik mass fragmentation pattern
in plants is

stigmasterol and campeste 21.  When,compared the GLC analysis data
of Compound (1) (Fig. Siﬁﬁt ose o e authentic campesterol,

0d; 3t indicated that

~ Compound (1) co§ ded erol LTFﬁigmasterol and

campesterol as sho Table 3.3y,

ﬂummmwmm
ammnmwnwmaﬂ
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Table 3.3 The comparison of GLC retention times between

Compound (1) and authentic steroids

Retention time (min)

~results aboye indicated that Compound (1) was

. mrﬂ uﬂ ANUNTHEN BT e,
structure of these three stéroids are ﬁven as follow:

ARIANTIUARTINEINE =

ki HO O

R=Et , p-sitosterol stigmasterol

R=Me , campesterol
Compound (1)



Scheme 3.1 - The possible mass fragmentation pattern of Compound (1)

RIARTRANLINYIAY
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3.1.2 Compound (2)

Compound (2) was collected from the hexane parts ,
using silica gel column. After purification by recrystallization
from hexane, pale yellow needle crystals were obtained. This compound
showed a single spot with the Rf value 0.68 (solvent 1:19 n-hexane-

. bt ;;.«/ ; . I )
chloroform using silica gel TLC pi ‘e'ﬁgnd m.p. 103.0-104.0 C.
This*ecompound ﬁave negative result with Liebermann-

‘Burchard's reag?(' gavel a positive results with 2,4 DNP

and decolorized B /6014 reagent. These results indicated that it

)

#

was not composedd o e,i‘ojﬂal:or triterpenoidal skeletons.

. ,fépectm?}J (Fig. 6 ) gave the absorption band
] -')'--;,1 i: .

of aromaticity at ‘3(%40 . c;m‘ 3 -_If,l'xe vibration of carbonyl group
¥ FY ey il

Th:

that conjugated to Jouljflé ‘bond appeared at 1660 cm™l. The peaks at

1600 and 1500 cml weres'béliongecﬁ:ﬁt‘)'-iéarbon-?arbon double bond and
i

-

C-0 stretching Vi ;Ojl at 1270 and 1080 cm-1
el o

The IR absorptiog_' band assignments of this __E:ompound were presented
in Table 3.4,

The' 1H 'NMR- (CDCI;) 'spectrum! (Fig. 7) showed the
signal of, hydroxyl group .at 12.76 .ppm. . .The, .signals,” of olefinic
protsns appeared at 6.36, 5.99 and 5.14 ppm. The methoxy protons
showed a signal at 3.88 ppm. and methyl protons around 1.78-1.67 ppm.

The 1lH MR (CDC1l3) spectrum (Fig. 7) showed the
signals which corresponded to the 1y MR spectru:ﬁ of heteropeucenin-

7-methyl ether [11] and are presented in Table 3.5.
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Table 3.4 The IR absorption band assignments of Compound (2)

Frequency Band type Tentative assignment
(em™1)

L4 B

, %\él{%“g vibration.

-'C—HJstreea'mg-vn.bratlon

3070

2980,2850

1660

1620-1500

1270-1210
1080

1110-980

850-720

The ~13c MR

et LU EL AN Y b1 TG one e

(Fig.8) gave the

ﬁiﬁﬁﬁ A H oy V0 L

was assigned at 55.96 ppm. and other peaks around 25.73 ppm. to 17.76

ppm. were assigned to geminal dimethyl carbon.
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Table 3.5 The 1H MMR chemical shifts of hetercpeucenin-7-methyl ether

and Compound (2)

chemical shift (ppm.)

Thed MS spectrum (Eig. 10) of this compound showed the

molecular % uxﬂ Qmw 87% iMﬂi ‘jormula was proposed
as CigHyg0y. This formula the eiémental analysis
AR

as methyl group. The m/e 219 (M*-55) suggested the elimination of

-CH=C-(CHz) 2 and m/e at 177 took place when a carbqnyl group was
eliminated after the loss of -CHp-CH=C-(CH3)y (M*-69-28). The mass

fragmentation pattern of Compound (2) was presented in Scheme 3.2.
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Scheme 3.2 The possible mass fragmentation pattern of Compound (2)

OH 0

CH

o+
(A}

e CH,

J
m/e 258 m/e 229
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According to spectroscopic evidences , chemical
reactions and physical properties, Compound (2) was identical to
heteropeucenin-7-methylether [13]. The structure of this compound

was shown below :

@

3.1.3 Colbomid('é)-— é

Compound?(ji‘was:féalated from the chloroform parts

. | g ¥ Y

using column chromatogrqpﬁic techqiége. After purification by
recrystallization from,,ﬁgé mixgatééaof 'ethanol and chloroform,
the ' pale yel1dﬁ—amerpheus——eempeaaé7——m?p722?0.0(% (dec.), Rf value
0.60 using etA;nbl as a developing solv;;t (silica gel TLC plate
was used) was obgained. This compound decqlorized Bry in CCly reagent
and liberated €0 'with| 5% | NaHCQ3 solution. |This results hinted the
presence of unsaturated part and carboxyl part fin this molecule,
respectively.

The IR spectrum (fig. 11) which was assigned in Table
3.6 revealed the characteristic aromatic stretching vibration at
3040 cml, The carboxyl and conjugated carbonyl showed the
absorption peak at 1660 and 1655 cm™1, respectively. The additional
band'of carbon-carbon double bond appeared at 1620 em1 together

with geminal dimethyl group at 1385 and 1370 cm'¥
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Table 3.6 The IR absorption band assignments of Compound (3)
Frequency | Band type Tentative assignments
(cm1)
Tl,f
3040 m C-H sfréiqggng vibration of aromatic
and alkene
2980,2960 jlfm' " C-% stretching vibration of -CHy~, -CHj
1660 //,, C=O\ stretching vibration of -COCH
1655 }g(fifnﬁ.’résoigiretching of <,f-unsaturated ketone
1620,1605 jfff fff“EbC‘§F;etching vibration of double bond
1470 m ﬁ'3"“fﬁ'H ;%5&5. stretching of -CHy- and
fJJJi3{asym:ﬁ%§§;tching of —CHj '
1385,1370 m 2 C;C—H bézging of gem—dimethyl aroup
1200,1150 | é—m——G—O—G—benéé;ng—e%-:éﬁher
: wd s
820,810 m C=H bending of aromatic
The 1H MMR (DMSO+CDC13) spectrum (Fig. 12) exhibited
the sihglet signal ' of “alkene "and' aromatic carbom” adjacent to

quarternary carbon at 6.37 ppm.

and 6.62 ppm., respectively.

 The doublet signals at 5.67 and 6.86 ppm. (J = 9.9 Hz.) could be

assigned to olefinic protons (-CH=CH-), the peak at 3.83 ppm.,

assigned to' methoxy pfotons (3H) and the singlet signal at 1.44 ppm.

(6H) corresponded to geminal-dimethyl group (6H).



The 3¢ MR (DMSO) spectrum (Fig.13) exhibited the
carbor;yl carbon and carboxyl carbon at 175.58 and 161.46 ppm.,
respectively. The singlet signals at 128.29 ppm. and 115.13 ppm.
were assigned to carbon-carbon double bond (-CH=CH-). The signals

of benzene ring with one substituted group on each carbon atom were

at 160.14 (s), 157.85(5), 18
97.03 ppm. (s) was assic o %roﬁ#ﬂbon which was not connected
to any substituent | |
could be assign Arbon h two substituents group and

methoxy carbon, re ' . _The signa: .27.80 ppm. was attributed

13¢ NMR chemical s 5.-similar. _to perforatic acid [12]. The 13¢

NMR chemical shifts of Con 4 1) and perforatic acid could be

AUEINENINYINT
ARIAN TN INYAE



Table 3.7

The 13¢ NMR chemical shifts of Compound (3) and

perioratic acid.

&0

GRIL

5
C 5—0CH3‘

Co—COOH

Chemical shift (ppm.)

Perforatic acid

163.2
117.3
178.6
153.4
100.1
160.9
105.1
156.0
111.9
078.29 _ 81.3
SHUNNG s
128.16~ ' @/ 131.1
WIIANUNAEL

27.80 30.
56.30 59.3

161.46. 165.0




81

The MS spectrum (Fig. 14) displayed the molecular
ion peak at m/e (%rel int.) 302 (19.86, M*) and base peak at 301
(100.0,M*-1). - This pattern was a characteristic of carboxylic acid.
The signal at 287 (21.74, M'-15) could account for the loss of one
methyl group from gem-dime . group (302-CH3) and it also

exhibited the dominant fragment: Gnfién peaks at 258 (3.91,M%~C0y),

\-.1 i
243 (7.20,287-C0;) , 217 -(6.54,) 243-Collp)and 213 (10.10, 243-CHo0).
| H '

Ko ~ |-cHz0

0

m/e 2117 m/e 213



-
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The spectral evidences, some of chemical reactions and

physical properties of this compound confirmed that this compound

was perforatic acid foundrrecently from the root of this plant
(Harrisonia perforata Merr.) by two Chinese scientists in 1984 [11].

The structure of this compound was shown below:

A4

3.1.4. compoumd(f) 4

Compourid (4) was ‘isolated from the hexane parts of

=4

both silica géfjand aluminium oxide columnsf;;After recrystallization
from methanol, wﬁite amorphous product, m.pL;260 C (dec.), Rf value
0.28 (using ethanol as developing solvent and silica gel TLC platr was
used) was obtained. “ The colér tests "of this compound indicated the
presenceqyof ,a steroidal-part, pnsaturatedA part ~and also a
carbohydrate moiety, since it gave a deep green color with-Liebermann-
Burchard's reagent, decolorized Br, in CCly reagent and gave
positive result to Molisch's reagents; respectively [36,42-43].

The IR spectrum (Fig. 15) which was assigned in Table
3.8, strongly pointed out an O-H stretching vibration at 3420 cm1.
The C-0 stretching vibration of glycosidic linkage was observed at

1080-1030 cm~! and geminal dimethyl group were observed at 1370 cm™1.



83

Table 3.8 The IR absorption band assignments of Compound (4)

Freguency Band type Tentative assignment
(cm™1)
1
3600-3400 b 0-H s{ig%sging vibration
2950-2870 C+H strétehing of -CHy- and -CHg

C=£ stretching vibration

S
1640 i
1470 ’,df##f C-H asym. bending of -CHy- and -CHj
/! F | 4| - ag a;
1370 J,fﬁrffﬂ“' C-H bending of gem-dimethyl
S ‘

1080-1030 ' .G-OQEtietching vibration of glycosidic
# l'I‘ :1 & j'--" “e":
o5 G,
e
e _:, -:.}im.':--
2 1 : ””“é%ﬁm (Fig. 16) evealed
" : r
- e

signals around 0.68-2.20 ppm. typical for steroid moiety. The proton

-

signal at 5.36 ppm... should be olefinic protons. The rest of the
signals between (4.79-3.73/ppm. | were assigned for the protons on the
- sugar moiety. The doub;et signal at 4.48 ppm. (J=8%00 Hz) which was
attributed to an anomeric ‘proton was significant to“state the presence
of glycosidic linkage; This information was consisted to the IR
spectrum and chemical reaction tests that this compound should be
composed of steroida}'part adjacent to a sugar mdiety at C-3 position

with glycosidic linkage [52].
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The 13¢ MR spectrum (DMSO+CDCl3) (Fig. 17) showed
two olefinic carbon signals at 140.63 pem., 121.68 ppm. and other
six carbon signals belonging to the sugar molecule were observed at
101.30-62.50 ppm. Some parts of the carbon signals of this
compound were closely resevge / to steroidal compounds.

To seggXr

hydrolysis react:.or@our@ (4 th  10% hydrochloric acid (HC1)

/ eture of this compound , the acid

e part and a glycone fraction
and €Q'$Olmd (4b), respectively.

Ltl_of QCompound (4a) was similar

11“3 0 C) [53].
Thea, information aegve demonstrated that Compound (4)

o UAFBHNIWYADNT., s sicontarnoo

glucopyranos:.de and stlgmﬁteryl-S—O-glucopyranosﬁé The structure

ot b lomsdabas &b sl albthon d VI 27161 2



HZOH

H H
HO

J ;
R=H chloresteryl-3-O-giucopyranoside  stigmasterol-3-0-glucopyranoside

R=Et -sitosteryl=3-0<qi ranoside
B Ty - g W si

F
P 4 4

fx"f " “compound. (4)

F ] l‘" &

#
" ! .
i L

F b

3.1.5. Cogoubd’(s). ~ ="

i
ald o Y

Compéhng;fi) was g@%@ected from the hexane parts using
aluminium oxide column,ané'purifgiéuhq'recrystallization from hexane
to yield whitea%?athe;—ptoduct—wieh—wide—meléfﬁg point range 191.0-
210.02C. There%ﬁte, a purification of Comﬁ?und (5) was performed by
preparing its ac;tyl derivative. €ompound (5) acetate had m.p. 216.5-
218.5 C Rf value 6.70 (solvent| 50% chloroform-nshexane and silica gel
TLC plate was'used). After"Compound (&) acetate was hydrolysed by 10%
potassium hydroxide' (KOH) " in“ethanol “ and “was ' Worked up in usual
manner, the pure Compound (5) was collected éé white needle crystals,
m.p. 214.0-215.0 3c, Rf value 0.35 using chloroform as a developing
solvent (silica gel TLC plate was used). Compound (5) gave a purple
color with Liebermann-Burchard's and decolorized Bry in CCl, reagents.
This information suggested that Compound (5) had an unsaturated

triterpenoid [36,42-43].



The IR spectrum (Fig. 28) was assigned as in Table
3.9. It showed characteristic absorption bands of secondary alcohol
at 3400-3150 cm ! and 1040 cm~l and additional bands of a vinylidine

group (CH3-C=CH,) at 1370 and 1150 cm™l.

The UV spe (Fig. 31) gave the M., at 205 nm.
(log€ = 3.64) this 0 m n—conjugated system in this

#

compound [54].

Frequency

(em1)

3400-3200

3080

2980-2870 p C-H stretching vibration of CH3, -CHy-

165cﬂ | EJ ’3 qn E 1{1@34!&21 acﬁstretching vibration
\

1480—1431"5l s ¢| C-H bending vibrationicf -CHy-,
ﬂlﬁf] ‘j m u—n: Lig nﬂlﬁ)ﬂem—dmethyl

1150 m | skeleton vibration of (CH3)3-C with

no free hydrogen atom on the central

carbon
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The 1H NMR (CDC1l3) spectrum (Fig.29) gavé information
in good agreement with the IR spectrum information. It exhibited
the singlet signals of six methyl proton at chemical ghifts :  0.75,
0.80, 0.84, 0.94, 0.96 and 1.05 ppm. (3H each), the broad singlet
of vinylic methyl proton at 1.65 pem. (3H), the broad multiplet of a

atom bearing a hydfoxyl group

methine proton attached to :

ls in olefinic region which

| ::===::::::F 4.65 and 4.54 ppm. (2H,

1 shifts of Compound (5) and

("CH-OH) at 3.16 p o’ A\ '-u"'n. c v
should be a termi
J = 9.00 H2). The

Compound (5) acetaieé .10.

ﬂUEJ’JVIEJﬂﬁWEJ"Iﬂ‘i
QW']MT]‘E&JNW]’JV]EJ’]GEJ
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Table 3.10 The lH NMR chemical shift assignments of Compound (5) and

Compound (5) acetate.

chemical shift (ppm.)
Compound -
olefinic ,%lic methyl| methyl protons
4/ :
Compound (5) 0.76 ,0.95 ,1.03
acetate (2H,J= RN (3H each) , 0.83
(Fig. 24) |10.24 e T\ N\ (6H)
Compound (5)| 4.65,4.5 Z0LE .67 0.75 ,0.80 ,0.84
==
(Fig. 29) 0.94 ,0.96 ,1.05
(3H each)
lupeol [ 4.68,4478| 3.13 1.70 | 0.78(3H),0.80(3H)
A& AN ENTNENT Y osecam o.0806m
Hz) ¢ o 1./05(3H)
4

The 13¢ MR (CDC13) spectrum (Fig. 30a) exhibited the
olefinic carbon signals at 150.55 and 108.89 ppm.. In 13c mr
DEPT 90 and DEPT 135 spectra (Fig. 30b, 30c) showed signals that

corresponded to authentic lupeol.
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The mass spectrum (Fig. 32 ) displayed the molecular
ion peak (M") at (% rel int.) 426.0 (75.96) (calcd. for C3gHg00 : MW
426.39) with other abundant fragmentation ions at m/e 383.0(5.99),
207.0 (79.54), 189.0 (88.55) and 95.0 (100.00). This peak series
pattern implied a triterpenoid . compound which belongs to lupane

i 7
series, i.e., the fragmentation 101;'?eak at m/e 383.0 was due to the
loss of isoprepynyl group (@3—C=CHZ) which was the most important
characteristic of trlterpeno;d compounds [55]. The presence of the
ion at m/e 207.0 md;cated tha\t the hydroxy group ought to locate at
C-3 position [56] / The poesmle mass fragmentation pattern of
Compound (5) is pggfseﬁted m schi}ne 3.4.

The anve ;nfoi;;}etlon obv1ously proved that
Compound (5) possed ?:1 lu};a;ne pet;t;ciicllc triterpenoidal skeleton with
one hydroxy group at C-3:-- pos:.tlon aﬁd ~one vmylldlne moiety, probably

in ring E togeth?r—v&th—sa::—methyi—grotms.—a Jﬁased on a literature

search its sharp  melting point, Conbound;( 5) was to be likely one

of the following cempounds.

Mg 3-epimoretenol

A

HO Y 5
o 38 lupeol 3-epilupeol



The melting point of Compound (5) could be compared
to those of possible compounds, moretenol, 3-epimoretenol, lupeol and

3-epilupeocl as given in Table 3.11.

Table 3.11 The comparison among moretenol, 3-epimoretencl,
lupeol, \;m und’ (5)
Compound
s  Ref.
moretenol 283-285 57,58
3-epimoretenol 22 233-234 58
lupeol ) ,;gng—;ﬁe@?; 3 217-218 57
3-epilupeol *17- 59
authentic lupeqj 215. 0-218.0 -
Compound‘é;) 216.5-218.5 -
ek ‘

Q ‘m ASNIDIY AN @aﬂmmd )

was closely to be lupeol rather than other triterpenoids. :

To confirm this observation, TLC and GLC analysis of
Compound (5) and Com?ound (5) acetate were carried out by comparing
with the authentic compounds. The results of this examination were
of no- doubt to state that Compound (5) and Compound (5) acetate were

lupeol and lupeolacetate, respectively.
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Scheme 3.4 The possible mass fragmentation pattern of Compound (5)

A T
L ==l = o
- +
2 e g Q:jcnz
: M e

AULINENINYINT
RIAIATUAMINYAE



3.1.6 Compound (6)
Compound (6) was obtained from the chloroform parts
after purification by recrystallization to give white solid, m.p.
68.5—69.5‘6, Rf value 0.67 (4:6 n—heXane-chloroform when silica gel
TLC plate was used). It was soluple in hot n-hexane, chloroform,
ether, alcohol and slightly sof;éles_in water. The alkali test
revealed that this compound was coum;riﬁu

The IR spectrum (Fig. 34) gave the absorption bands of

™ il

aromaticity at 30 cm?l anA 1600-1400 cml. The absorption peak
at 1700 cm1 migpz’;g due to'tgg C=0 of lactone that conjugated with
double bond. The ¢ aétéfistb:&wiﬁd for the conjugated double bond

appeared at 1460- 16%?’ d%‘i [60] ‘éﬁd SO On aromatic absorption bands

JV ‘J{l"
were found in their usﬂal reglons_‘jgbg IR absorption band assignments

of this compound are prggggtgd 1n-g§b§e_3.12 .
W £

“The 1 <rum! (Fig. 35) showed a
X y f,‘ i _ahJ

pair of doublets, WJ=9.5 Hz at 7.12 (d,1H) and 6.43 (4, 1H) which

strongly indicateé; a_coumarin unsubstituted in'pyrone ring. These
characteristic signals, arised from H-4 (the hydroéen attached to C-4)
and H-3 proton respectively’[46]. The sigﬁals around 7.53 to 7.26
ppm. shbuld beé ‘the cﬁemical shifts of arématic-protons.

The 13¢ MR (CDC13) spectrum (Fig. 36) displayed
the signal at 160.66 ppm. which was corresponded to carbonyl carbon
of .lactone. The signals at 153.94 ppm. and 118.74 ppm. could be
assign for quaternary carbons by 13c mr spectrum from DEPT 135
(Fig. 36 C) did not reveal all of this signals. The signals at 143.38

and 116.55 ppm. were assigned toX,f-unsaturated . carbonyl carbon.



The signals at 131.73, 127.80, 124.34 and 116.74 ppm. ought to be

aromatic carbons.

The tentative 13C NMR chemical shift assignments
of Compound (6) as compared with unsubstituted coumarin were shown

in Table 3.13. f

-
- s

Table 3.12 The IR absorption béﬁd assignments of Compound (6)

F;equency Baﬂﬁj?ypé L 72 4 Tentative assignments

(cn1) T/ =

Jﬁ’ fr v
FIN7% Y

3050 sg ‘: ﬁd;é?H é%%féching vibration of aromatic
1750-1720 s Q@:L@haraéigiﬁstic for «(-pyrone.

1700 | Samr—ECeg sfgéféhing off£”8—unsaturated lactone
1640-1625 Lé; s C=C stretching 6fi§6njugated double bond.
1630-1500 s ¢=C stretching of aromatic.

890-870 54 C-H out'of plane bending of furan ring

The MS spectrum (Fig. 37) displayed the molecular ion
peak at m/e (% rel int.) 146.0 (100.0) which agrees with the molecular
formular CgHgOy (proposed from elemental analysis).' The fragmentation
ion peaks at m/e 118 indicated jfor lossing 28 mass units from
molecular ion. The lafter ion occured from lossing carbonyl (CO) from
molecular ion directly. The resulting ion has been postulated as the

structure of the molecular ion of benzofuran and then benzofuran



ion decomposes further by consecutive loss of CO as shewed by the
metastable transition 1187 —> 90f+28 to give the strong peak at m/e
80 corresponding to the ion C7H6+ of uncertain structure and a lcss
of a hydrcgen atom from the ion of mass 90 (metastable ion due to

90t—> 89%+1) [46,61]. The sible mass fragmentation pattern of

this compound was sho

Table 3.13 The =hem: H\M;;Hf tentative assignments of

ubstltuged coumarin

em ical shift (ppm.)

ituted coumarin | Compound (6)

ﬂ,umwmwﬁ?im L
qummmwﬁﬁlhma e
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Scheme 3.5
+ . +
0 0
O OO i
e :
M* 148 n/e 118 m/e 80 m/e 89

F

According to ail H;pgptral evidences and chemical
reactions it was elearly proved that Compound (6) was unsubstituted

coumarin. The structure of this compound was shown below :

A\ N
,f;f. 4 1923
. F, Y 2
f J 7
& . 0
;f f : '58 \ '
."‘r .l‘_‘ -
J y Cogpound (6)
il ;5-
> f -';' -rj"l

3.1.7 _ Compound (7 DN

‘SEompcund—f?}——was—obtatngd~fﬁdm the chloroform parts.
After purificatlpp by recrystallization to g}ve yellow solid, it had
Rf valﬁe 0.67 (solvent : 4:6 n-hexane :chloroform and silica gel TLC
plate was used) and m.p. 68.5+69.5 C. Accordingrto chemical reactions
it revealed that this_ compound_ is not“composed of steroidal and
triterpenoidal ‘structures. “The ‘alkali’ test demonstfated that this
compound was coumarin ,

Thé IR spectrum (fig. 38) revealed the characteristic
absorption bands of alcohol at 3500-3100, 1220 and 660 eml. At
1710, 1200 and 1150 el correspond to lactone. The absorption
ﬁands of aromatic appeared at 1620-1470 em™1  and ether appeared

.

at 1445, 1120 and 1020 cm™l. The IR absorption bands of



Compound (7) were shown in Table 3.14.

Table 3.14 The IR absorption band assignments of Compound (7)

Frequency
(em™1)
3500-3100
3060
2000-1650 a.g\ aromatic
1710 ; vibration of lactone
1620-1490 = ;;:'E;’:. ing vibration of aromatic
1445 -
1395
1360 O
1260,1120,1020 : ¢ ; C-0-C stretchlng of ether
w0, 8023 ) ) 544 7 T
930 855LI m C-H bending of aromatig,
—aA RN AR NN 8
9

The ly R (CDCl3) spectrum (Fig. 39) reveals a
pair of doublet, at 77.96 ppm. (d, 1H) and 6.21 ppm.(d, 1H)
(0 = 9.5 Hz), strongly indicated for a coumarin unsubstituted in
pyrone ring. These characteristic signals arised from H-4 ~and H-3

protons, respectively [46] and the signal at 6.44 ppm. should be
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chemical of hydroxyl proton. The signal at 6.4Q pem. was the H-8
signal and the signal of methoxy proton found at 3.89-3.92 ppm.

The 13c MR (CDCl3) spectrum (Fig. 40) displayed
for eleven carbon signal. The signals at 56.18 ppm. and 61.34 ppm.
corresponded to methoxy protons: ,In addition to being a substitued
coumarin, positionsso for each caégé;?s gnal could be calculated from

substituent chemical.shift (SC8) of unsubstltuted coumarin.

substituted co

i ét-of %nyéroxyl group and methoxy group when

.f-* ¥

CllC rlng,-was quite characteristic. The newly

,jJ .'- .I'-h

T\ moves appgqgimately 30, 33 ppm., respectively

present in the ¢ :
formed quaternary c

downfield from the valueffbbserﬁgESimkcnumarin itself. Carbons ortho
£
and para to fh3#Hﬁﬁﬁﬂfﬁﬂﬁt—b@%ﬁ——ﬁﬁﬁ?iﬂﬁ&é%F by 11-15 ppm. and 7-10

pem. , respectlvely, while those which are meta appear a little

affected, but movercensistently dewnfield by 0.3-2.3 ppm. [62,63].

Example The calculation of 13C‘NMR ¢hemical shift of
C-5, C-6, C=7"and"C-9.
Sc-5 =8¢-5 (unsubstituted) * SCS 5-on

+ 5CS ortho,5-0H + SCS peta,7-OMe

128.0 + 30 - 13 + 1.3

146.3 ppm.
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8c-6 =9C-5 (unsubstituted) * SCS g-oMe

+ SCS ortho,5-0H * SCS ortho,7-OMe
- 124.4 + 33 -13 -13

- 131.4 ppm.

i

d¢c-7 (unsuBstituted) * SCS 7-oMe

d¢-7

- -
+5CS ortho,6-0Me * SCS meta,5-OH

327774 33— w1

]

00 7 pém.
®cdy = dc-9 (unsubstituted) * SCS neta,5-OH

scs'paraiﬁ-OMe + SCS meta,7-0Me

0

1154.0 + 1';-9::_& 8.5+ 1

——

4596 pomie e

f
F|

- -

L, |
-

J
-

&he MS spectrum (Fig. 41) qésplayed the molecu;gr ion
peak at m/e 222¢ (79.9) and thenother fragmentation ions at m/e 207
(100.0), 179! (15.16) and 151.(29.11).

The literature search of methoxy coumarin [64,65]
fragmentation ‘indicated that” 'the 'methyl radical ‘and™ two groups of
carbonyl were removed from the remainder ion to give ion at m/e 207,
179 and 151. By tﬁe way, loss of methyl radical gives quinonoid
structure which was very stable. Therefore, after this compound loss
methyl radical at C-7 (m/e 207) to give p-quinonoid structure,
this peak at m/e 207 was also a base peak. The possible mass

fragmentation patterns of this compound were presented Scheme 3.6.



Table 3.15 The 13C NMR chemical shifts of unsubstituted coumarin,

99

the observed chemical shifts of Compound (7) and the

calculated chemical shifts of Compound (7)

emical shift (ppm.)

carbon position

tlated (cpd 7)|unsub.coumarin

160.3
116.5
143.5
128.0
124.4
131.7
116.5
154.0

118.8

QRIAIN I INEAL
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Scheme 3.6 The possible mass fragmentation pattern of Compound (7)
+
EE o
CH30 ;
M+ 222 . 5
3 ——
+
CH [} -C0 +
S — > o0
0
we 201 4 f P\ W m/e 151
- astal chemical reaction and physical

properties demigst:at;d.‘ was_5-hydroxy-6,7- dimethoxy
oy

coumarin or EZ:,:.:.:. The
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3.1.8 Compound (8)

Compound (8) was eluted from the chloroform parte
which was separated on the silica gel column. A white amorphous solid
was obtained by recrystallization. The collected compound showed a
single spot on silica TLC plate with Rf value 0.57 by using
chloroform as a developing sol'izeﬁz’ This compound gave negative
results to Llebermarm-Burchard '*é reagent and Bry in CCl, reagents.
This result sug re were neither steroidal,
triterpenoidal nor// atlon part in molecule [36,42-43].

T F

,«spectrum, (Fig. 42) displayed the absorption

peak at 3350 em 1 4 that \\&.m.s compound contain hydroxyl group

ThJ.S mfbrmatlon could be confirm by the

_....': b J.n

absence of this peak ‘when thls c@mgound was acetylated (Fig. 48).

as a functional

The characterlstlc peak = at 1050 JCﬂﬂl‘- was mportant to state C-0
A Vi

stretching vibr‘a?‘on—of—prﬁmrr—dcomi.—‘i‘hé ‘Jabsorption band at 1460
i ot

cml to show -CHy- and =CHy bending. .T:he IR absorption bands of
this compound were shown in Table 3.16.

The 3c! MMRI (cDC13) Jpobfring (rig. 44) displayed
the signal of one carbon at 63.10 ppm: which was the carbon adjacent
to hydrexYI groxrp. The “signal at chemical'shift around=32.85 to 22.75
ppm. refered_ to the chemical shift of methylene carbons. The rest

signal at 14.0 ppm. was assigned for the methyl carbon [67].
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Tapie 3,16 The IR absorption band assignments of Compound (8)

Frequency Band type Tentative assignment
(cm™1)
3350 b,s O#ifseretching vibration
F .l:ré",:‘J
2940,2860 S C-H-stistehing vibration of -CH;
4
| —CHo=
1490,1480 | - 7n "f—H bending Vibration of -CHz,~CHy-
1050 Jf;ffm / /4 ‘| €0 stretching vibration of primary
/;"; [ [ acana
730,720 /9 i [ CR zocking mode of -CHy- (for C > 4)
Fy AR
; 7

‘The lg MR (Fig. 43) exhibited the important peak

| "

1 v r-a. i
that was trip&é; signal at 3.67 ppm. (2H) ﬂhich should be the signal

of the proton ©on carbon attaching to Héteroatbm. In IR spectrum
showed abs&rption band/ | that!/ belonging ‘to’ loXygen atom, so this
heteroatom “should be an oxygen atom. The presence of high intensity
singlet "’ signal ai 1227  ppm. revealed |that | there | were severalA
interlinking of methylene groups in the molecule of thisvcompound.
The singlet signai at 0.90 ppm. (3H) was corresponded to the methyl
proton [68].

The molecular formular of Compound (8) was proposed to
be C34H700. This formular was supported by the mass spectrum data.

In mass spectrum (Fig. 45) of saturated aliphatic alcohol which
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contain many carbon atoms, the molecular ion peak, MT is usually
very weak or missing. However, it always shows the prominent‘peak
corresponded to the successive loss of one molecule of water from the
molecular ion peak (M*-18) together with the elimination of an olefin
L68-69J; Therefore, the fragmqn;ation pattern of aliphatic primary
alcohol is M' (sometime missing),“;aifg; , M-Hy0-olefin, i.e., (M*-18)
(Mt-46), (M*-74) and-so-on. THe maés: épectrum of Compound (8), the
molecular ion peaE was, mlssmng and there was the prominent one at

m/e (% rel int.),&?f:b £33 50)ILh1ch should be loss of one molecule of
water (M*t-18) jsz. The otgé; peaks were corresponded to the
fragmentation pagpéi?' 5 of s;§urated primary alcohol, there were at
448.0 (12.85, M+—526—QCH2 = 1@6 420.0 (14.25, 448.0-(CHp)3),
392.0 (4.85, 420.0- Cﬁzlz); 364. O 42715 392.0-(CHyp)4), 336. 0.(2 00

364.0-(CHp)3), 167.0 (1250336 Gﬁmz)llcrl_q,) and 97.0 (167.0-(CHy)s)
[

This informati }ar structure of this
compound was cd@posed of one methyl groupiithirty three of methylene
group and a hydroxyl.functional group. Addition tb these information,
Compound (8) should be a | saturated long.chain primary alcohol.

3 ﬁy the way, the.GLC data revealed that compound (8) is
a mixture of '5°'saturated long chain aliphatic primary alcohol. The
plotted standard correlation curve between logarithm of retention time

and the number of carbons in the authentic primary long chain alcohol

samples® [70]. The GLC analysis result and the standard correlation

*standard samples are tetradecanol (C14HpgO0H) , hexadecanol (CqgH330H)

octadecanol (C1gH370H) , icosanol (CooHy410H) and doicosanol (CooHys50H) ,
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curve revealed 5 peaks on gas chromatogram (Fig. 46 and Fig. 47) at
retention time 9.60, 11.76, 14.78, 18.29 and 22.96 min., respectively
which were corresponded to number of carbon 31, 32, 33, 34 and 35
respectively. The substances at retention time 18.39 was the. major
components in this mixture.

Compound (8) was‘.infact a mixture of 5 saturated long

chain aliphatic primary alcaé;iy hentriacontanol (C31Hg30H),

-

dotriacontanol  (CgoHgsOH), & triffiacomtanol  (C33Hg70H),
tetratriacontanol (C34H590H) and  pentatriacontanol (C35H710H)
respectively. TeEpdﬁgiacontanos (C34HggoOH) was the major components

in this mixture. jgfig structure of Compound (8) was shown below :

/ r r B #
r }-" | i id

CH4( €H5) L CHLOH n=29,30,...,33
ry ik e dia
F e _:”_--‘I:if’ﬁ
<42 - Compound (8)
,.,:-" _:_J'

3.1.9 stiuctural Elucidation Compound (9)

Cgépound (9) was isolated from the methanol parts and
purified by recrystallization from' the mixture of chloroform and
methanol to yield yellow " amorphous«<compound, deéomposed at 250 oC.
This 'compound’® decolorized™ Bry in CCly ‘and-'gave negative result to
Liebermann-Burchard's reagent. This results revealed that the
compound had unsaturated part but not composed of steroid and
triterpenoid part, respectively. ‘

The IR spectrum (Fig. 49) which was assigned in Table

3.17 revealed that the characteristic of hydroxyl group of



alcohol displayed the signal at 3600-3200 cm™1. Aromatic streching
vibration at 3040 cm~l. The conjugated carbonyl appeared at 1670
cml. The signals at 1390 and 1380 cml were assigned for

geminal dimethyl group together with C-O streching of primary

Table 3.17 The IR Mon band mnts of Compound (9)
f—r

alcohol at 1060 cm™1.

Frequency

3600-3200

3040

1670

1620

C=C strec&}ng vibration

1600—1400F u EJ 'g Yz}:ﬂ %W &}Qﬁf aromatic

1390,1380 geminal dimethwl

AW AN THLBIUNLAL e

The lH NR (CDC1l3) spectrum (Fig. 50) exhibited two
doublet signals at 6.44 ppm. and 5.47 ppm. (J = 10.0 Hz) should be
olefinic proton (-CH=CH-). The singlet signal of aromatic carbon

which adjacent to ‘quarternary carbon showed the signal at 6.25 ppm..
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The methoxy proton (3H) showed the singlet signal at 3.85 ppm.
The methyl group showed two of singlet signals, the first one (3H)
at 2.25 ppm. and the last one (6H) belongs to gem-dimethyl groups
at 1.43 ppm.

The 13¢ ' Cl3) spectrum (Fig. 51) exhibited

the carbonyl carbon i The singlet signals at 164.56

P

, 160.61 ppm. am6 ppm. ﬁiﬂ.gned for quarternary carbon
f “-\

that adjacent to
ppm., 108.52 ppm
carbon. The sign

carbon double bond

Sea -----'-'-;-?E revealed that
Compound (9) exl@bi‘ted. cl exﬁcal shift closely to
2—hydroxymethylall@geroxylm [71]. The comparison between 13¢c R

Chemical @M Ef%%ﬁaw &J-mthylalloptaeroxylm

could be ass:.gned in Table 3.18.

ammmmummmaﬂ



Table 3.18

3
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The 13¢ NMR chemical shifts of Compound (9) and

2-methylhydroxyalloptaeroxylin

Chemical shift- (ppm. )

ot
UHANYN

q w;,aﬂﬁ-izﬁ g

4

(9) 2-methylhydroxy
alloptaeroxylin
164.97
109.91
il 7. 178.03
%k; 154.00
: .36 96.60 |
.02 160.61 |
. 108.74 !
.16{0 157.98
102.17 102.48
NERANT o
27.20 | & 127.36
r]lgmﬂ a E'I 115.10
27.76 28.26
27.76 28.26
30.60 -
56.09 56.31
61.10 61.16
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The MS spectrmp (Fig. 52) displayed the a very weak
molecular ion peak at m/e 302 (M*) and base peak at m/e 284
(M-Hy0,M™-18) that corresponded to the successive loss of one
molecule of water from the molecular ion peak. This peak is most

noticeable in spectra of alcohol. The signal at m/e 287

(MF-CH3) could be assigned for tHe’less of one methyl radical from

at m/e 258 (273- ( respectively. The

fragmentation of i t /e 3%0st @ ethylene group to give
signal at m/e 217. Iy t ation at 243 also lost a
—-CH0 group to giveé;gi‘g—iqj__ The possible mass

AUEINENINYINT
AMIANIUNNIINYAY
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CHy

Scheme 3.7 The possible mass fragmentation pattern of Compound (9)

CHjy :
/ﬁj:CHJ

m/e 287

-CHy

H3C'

n/e 213

109
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- shown below :

110

According to spectrum evidances and some of chemical
reactions it is confirmed that this compound is 2-hydroxymethyl-3-
methylalloptaeroxylin (Cy7H1g05). The literature search revealed

that it is a novel Compound. The structure of .this compound was

qugineningns
RN TUNNINGIAE
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3.2 Biolcgical Activities and Utilizations of the Isolated

Compounds

The reported biological activities and utilization of the

‘isolated compounds were prﬁ e as follow. However, the study of

biological activities@ , was not performed in this case
o /
study. S—

2.1

steroid hormones. Fg ?W—j e z@s rol has been reported to be

nesize |progesterone hormone [721,

used as precursors fgg;@t
R’
f hypercholesterolemia

E131: Moreover, ﬁthe~-- mix
activity [74]. p

AUEINENINEINT
) 3 8 WALTNED

7-methyl ether. This compound is a major component in roots of

o dsaisplayeds the antifeedant

Harrisonia perforata Merr. However, there has not been reported abou

its activities or wutilization.
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3.2.3 Compound (3)
Compound (3) was elucidated to be a perforatic acid.
Literature surveys stated that this compound is an inhibitory action

hepatic carcinoma [12].

- |

Co (4)] was elucidated to be a mixture of .
B-sitosteryl-3-0- &Tanosi » stigmasteryl-3-O-glucopyranoside and

r J
Fd Nt 2 -

rF s ¥

chloresteryl-3-0- DYTE qéidé, Literature surveys stated that it

is B-sitosteryl-3 u éyggn ;;dé abundant sterylglycoside. It was

mﬁo@ﬁé ﬁ;é ﬁffected on vascular permeability,
ald RO Y
antiulcerrogenic an @éﬁ@Statiéggigect [75] and showed. growth
- promoting actiYity in-hhmé&f[76];§§ii%was also reported that a mixture
of sterylglycd%g?e—cenaxhﬁrmrﬁﬂﬁsitosteryifégp—glucopyranoside shoﬁed

antitumor activify against leukemia [77-787} Moreover, this compound

reported that thi

revealed inflammatory activity gand - was said to be used as drug

carriers.

3.2.5"" Compound “(5)
Compound (5) was identified as 1lupeol. This
compound is a pentacyclic triterpene belonging to a lupane group.
This triterpenoid compound was found to be one of the most widely
distributed compound in mangrove plants [79]. Lupeol was an effective
* compound for rheumatism and wurinary infections [80]. It also

showed significant antitumor activity in Spraque rats against the
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tumor system [81]. Moreover, lupeol had been reported to infect with
the fungus Verticillium [82]. 1In recent years, the acetyl

derivative of this compound (lupeolacetate) was found to be used as
the inhibitor of incidence of stress-induced ulcers and decreased

the incidence of gastric ulqe#ration induced by pyloric ligation

[83]. //,,,

rAG)

{
ndl () w&s elucidated as an unsubstituted

oy = i

branch of the pl tfact # E%ate:rature surveys stated that this

sd i d Y .")'-;"' F: §
flayoring agent for formulating some drugs.
,Q‘.h"u e d

fit}qz_:@ture tﬁ;fj_;j;hm compound is an inhibitory

compound was used
It was stated in the

action of vitamin K and -have effé&':bh human vascular system [44].
A y
& =)
3.2.7 Compound (1) .

Compound (7) was elucidated as a 5-hydroxy-6,7-

P,

| !

dimethoxy coumarin.! (The coumarin are widely Odistributed in the
leaves of the plant extract. The 5 /6~dimethoxy _COumarin has been
reported to be'an inhibitof c;n the growth of the funguS Phytophthora
citrophthora, Verticillium dahlqlae, Penicillium digitatum,
Penicillium italicum, Collectotrichum glocosporioides, Diplodia
natalensis and Hendersonula toruloidea [84]. Similarly, it might be
assumed that Compound (7) should have inhibitory effect on the growth

of fungus.
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3.2.8 Compound (8)

. Compound (8) was elucidated as a mixture of saturated
long chain aliphatic alcohols (C31-C35). The saturated long chain
aliphatic alcohols are widely distributed in the waxy fraction of
the plant extract. The triacontanol (C30H610H) had been reported

to be wused as a plant gro ator (PGR) [85-86]. 1In addition,

close to triacontanol so that
.J‘

t@losely to triacontanol.

-

3:2.9
was elucidated st f ' -methylalloptaeroxylin.
This compound is vel md. terature search stated that

alloptaeroxylin is

:—:—-‘ jady : l‘

antibacterial and antiféedant

might be shown tlg activiti

AUEINENINYINg
AMIAINITNUNMINYINY



3.3 The Isolated Compounds from Roots of Harrisonia rforata Merr.

Compound (1) : bright white needle crystals, m.p. 128—130‘%,
was identified as a mixture of steroids :

F-sitosterol, campesterol and stigmasterol.

Compound (2) : brlght! Z ye

llow needle crystal, m. p.103.0-

idated as heteropeucenin-7-

Compound

Compound (_g white needle solid, m.p. 68. 5—69'5 C, was

AU ANBNINEINT. ce
RN ot ior e

coumarin.

; (o]
Compound (8) : white amorphous solid, m.p. 84.5-85.5 C, was
elucidated as a mixture of saturated long

chain aliphatic alcohol.
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[+]
Compound (9) : yellow amorphous compound, decomposed at 250 C,

was identified as 2—hydroxymethyl—3—methyl—

alloptaeroxylin.

Scheme 3.8 The isolat ] zompounds ots of Harrisonia perforata

Merr.

l MeCH

hexane ext act  chloroform e ot 1 methanol extract
—compound 1 m mpounc —compound 9

compound

mﬂummmwﬂm
ammmm llWTJV]Eﬂﬂ d
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