CHAPTER III

RESULTS AND DISCUSSION

Structural Elucidation of the Is g%ated Compounds from the Leaf of

Amoora gigantea Pierre. o
2

1. Strucuu;j‘u/'c'dation - Compoundl
Compo 1 _was ‘whit amorphous solid, 3.54 g (2.63%wt/wt of
hexane crude), m;/: Ry value 0.87 (solvent system: 10%CHCl; in
hexane). This compb d enqgat{ve ‘results to Liebermann-Burchard’s, Br,
in CCly and 2,4-DNP

steroidal or triterpenoi skeleton,_fmsaturated part, and (as ketone or

ents whlch}m,dlcated that it was not composed of

,t’
aldehyde) carbonyl as ﬁmcuom grou@fbspectlvely
The IR speclrum of comﬂound lin Flg 10 suggested that this
compound should ; € sa ong chain tjc hydrocarbons. The IR

absorption bands ar_c_e__; shown in Table 6.

Table 6 TheIR Absorption Band Assignments of Compound 1

Wavenumber | - Intensity Tentative Assighments
(cm')
2956 high C-H stretching vibration of CH;-

2918, 2849 high C-H stretching vibration of CH;-, -CH,-
1463 medium | C-H asym. bending vibration of CH;-, -CH,-
1384 low C-H sym. bending vibration of CH;-

730,720 medium | C-H rocking vibration of (-CH,-),, n>4




When Compound 1 was analyzed by GLC technique, the
chromatogram showed 10 peaks at retention times: 1.67, 2.64, 3.02, 6.88, 8.81,
10.76, 14.10, 18.43, 23.52 and 30.37 min., respectively (Fig. 12). Therefore,
Compound 1 was a mixture of 10 long chain hydrocarbons. A standard curve

between log retention time and number of carbon atom (Fig. 13) from standard
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Table 7 Retention Time of Standard Long Chain Aliphatic Hydrocarbons (Cy4-

Ca6, C23-Cs3) and compound 1

Name of Retention Log Retention | Number of | % Composition
Substances \L i
Tetracosane " 5.71
Pentacosane 7.84
Hexacosane 4.78
Octacosane 9.58
Nonacosane 13.21
Triacontane 542
Hentriacontane 43.14
Dotriacontane 6.19
Tritriacontane 4.13
Compound 1 20.73
0.09
0.53
| 6,88 0.84 27 0.09
ALLTE NI | o
Uianme g L 29, 9.67
ARIANRTUUNNITBIREY =
9 18.43 1.27 31 46.47
23.52 1.37 32 5.01
30.37 1.48 33 15.02




The composition of saturated long chain aliphatic hydrocarbons

contained in Compound 1 is shown in Table 8.

Table 8 Various Type of Saturated Long Chain Aliphatic Hydrocarbons Found

in Compound 1

el

Name of Mole o . Molecular | %Composition
Substances Fon - WFor | Weight
Docosane : 310 20.73
Tricosane 324 0.09
Tetracosane 338 0.53
Heptacosane 380 0.09
Octacosane 394 0.14
Nonacosane 408 9.67
Triacontane 422 225
Hentriacontane | 436 46.47
Dotriacontane 450 5.01
Tritriacontane 464 15.02
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2. Structural Elucidation of Compound 2
Compound 2 was white amorphous solid, 3.37 g (2.51%wt/wt of
hexane crude), m.p. 65-68°C. R¢ value 0.84 (solvent system:10%CHCI; in
hexane). This compound gave negative results to Liebermann-Burchard’s, 2,4-
DNP and Br; in CCly which indicated that it was not composed of steroidal or
triterpenoidal skeleton, unsaturated pait and carbonyl functional groups of
ketone or aldehyde in its structure.

The IR spectrum of componnd 2 was shown in Fig. 14 which indicated
that this compound contained an ester functional group at 1737cm™ (C=O
stretching), and 1174 e AC-Q "]stretching) Other absorption bands were
observed at 2919, 2849 1473, 730md 720 cm’' corresponded to long chain
aliphatic. The m01ety IR absorptlon bands are tabulated in Table 9.

o

Table 9 The IR Absorption Balid AsSiigm!nents of Compound 2

Wavenumber | Intensity | " Tentative Assignments
e 8 J]
2919,2849 | Tigh | C-H stretohing vibraion of CHy-, -CHy-
1737 hlgh C=0 stretching vibra’tion of ester
1473, 1464 medium | C-H asym. bending vibration of CH;-, -CH,-
1174 medium | C-O stretching vibration of ester
730, 720 medium ) ['C-H rocking vibration-of (-CH,-),, n>4
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The 'H-NMR spectrum (Fig. 15) exhibited proton signals of -CH; at
chemical shift (&) 0.87 ppm. The signal at chemical shift (3) 1.24, 1.59 ppm.
exhibited proton signals of (-CH,-), Two signals were observed and could be

assigned to be protons of ester as follow: 2.26 ppm. (-CH»-C=0) and 4.02 ppm.
(-CH»-O-C=0).

The mass spec und 2 exhibited the important
fragmentation ion peaks @y& entation ion pattern of mass
spectrum of Compo fqmdﬂgmﬂar to mass spectrum of
Octatadecyl eicosanoate ‘ ‘

fragmentation ion peaks at
m/e 312 suggested that it icosanoic acid (CyHy00,)
part cleaved from the p ¢ of Compound 2 is shown

below.
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3. Structural Elucidation of Compound 3
Compound 3 was bright white needle crystal 4.86 g (3.34%wt/wt
of hexane crude and methanol crude), m.p. 75°C. Ry value 0.56 (solvent
system: 80%CHCI; in hexane ). This compound gave positive results (purple
color) with Liebermann-Burchard’s, decolourized Br, in CCl, and also gave a
positive result to 2,4-DNP reagents which indicated that it was composed of
triterpenoidal skeleton, unsaturated part and carbonyl functional groups as
ketone or aldehyde in'its structure.”
The IR spectzum of compound 3 (Fig. 18) which is assigned in Table

10, indicated that this'Compound contained a carbonyl function group (at 1704

cm™), addition bands’ of G=C strezghmg vibration (at 1642 cm™) and C-H
bending vibration of gem‘dimethy! group (at 1377 cm™). According to the IR
spectrum and color tests, Compound_?_a should be an unsaturated triterpenoidal

- P
ketone. A 2N

“ts

Table 10 The IR-Absorpfion BandAssignmeiits of Compound 3

Wavenumber | Intensity Tentative Assignments

(cm™)
3075 high C-H stretching vibration of alkene
2969-2946 high C-H stretching-vibration of CHjs-, -CH,-
2853 high C-H.stretching vibration of “CH,-
1704 high C=0 stretching vibration of ketone 1
1642 medium | non conjugated C=C stretching vibration
1481,1449 medium | C-H asym. bending vibration of CH;-, -CH,-
1377 high C-H sym. bending vibration of gem-dimethyl
879 medium | C-H out of plane bending vibration of =CH,
826 low C-H out of plane bending vibration of =CH,
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The '"H-NMR spectrum of Compound 3 (Fig. 19-22) showed the the
singlet signals of seven methyl protons at 0.88, 0.95, 1.02, 1.04, 1.08, 1.62 and
1.69 ppm.(3H each). Other signals could be assigned as follows; 1.05-2.54
ppm. corresponded to the proton signals of methylene and methine protons(26
H), the two signals at 4.72 and 4.75 ppm.(2H, J= 1.53, 0.93 Hz.) showed the
characteristic of terminal olefinic proton(CH,=C-) in agreement with the IR
spectrum and a multiplet signal at 5.43-ppm.(1H) was corresponed to the
vinylic proton. . d

The "“C-NMR_spéottum (Fig. 23-24) showed the olefinic carbon
signals at 107.61, 124,44, 14140 and 152.52 ppm. The signal at 218.01 ppm.
should be the carbor;y}ffhncﬁonal group of ketone. Other signals around 15.35
to 55.38 ppm. ought to e meﬂlyl_,fme;}*lylene, methine and quaternary carbons.

Mass spectrum of Cpmbouri@j}_ﬁ(Fig. 38) showed the molecular ion
peak at (m/e) 424 and other ﬁ":;’grnenf;atj_,_gn peaks at m/e 409, 218, 206, 205,
190, 189, 163,109, 95 and 8%~

The molecular formula of Cdmpound 3 was proposed as CsHsO
(MW 424) suppdrt%d—by—&xe—masrspecu'um—datzr 'and the elemental analysis
result. T 1

From data A“;:omparison (R, 'H, 13C-Nl\'ﬁ—{ and Mass spectrum), of
Compound 3:with many triterpenoidal compounds it indicated that Compound
3 should be 5a-dammara-20(21),24-dien-3-one. However, the >C-NMR and !
H-NMR chemicai shift assignments of 5 a-dammara-20(21),24-dien-3-one has
not been reported(64-65). Therefore, the tentative assignments of proton and
carbon chemical shift of Compound 3 are proposed by comparing to those of
the reported 5a-dammara-20(21),24-dien-3 50l which are shown in Table 11
and Table 12, respectively.
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Table 11 The Data Comparison of 'H-NMR Spectrum of 5a-dammara-20(21),
24-dien-3 f-ol and Compound 3

37

Position of Proton - Chemical Shift (ppm)
Compound 3 | 5a@-dammara-20(21),24-dien-3 -0l (66-67)
His | | 1.00
Hjo 0.86
Hy, 475
Hy4 5.16
Hye 1.62
Hy; 1.70
Hjg 1.00
Hyo 0.79
Hjo 0.88
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Table 12 The Data Comparison of ?C-NMR Spectrum of 5a-dammara-20(21),
24-dien-3 -0l and Compound 3

Position of Carbon

Chemical Shift (ppm)

C
G
Cs
Cs

392
274
78.9
39.0
5.9
18.3
34.2
40.5
51.0
312
214
28.9
453
49.5

107.61 ¢

124.44
131.40
.72
237}
26.77
15.36

15.83

273
35.5
478
15.7

TNYINTe2
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124.4
1513
17.7
23.7
28.1
15.4
16.0




From Table 11 and 12, they were found that proton and carbon of
Compound 3 were close resemblance to those of with 5a-dammara-20(21),24-
dien-33-ol. Therefore, Compound 3 should be 5a-dammara-20(21),24-dien-3-
one which was a triterpenoid containing ketone group at C-3. The C-1, C-2 and
C-4 adjacent to the C-3 in Compound 3 was appeared downfield at 39.96,

34.10 and 47.40 ppm, respectively ”/1/ other carbon was appeared at usual

correlation of Compg 3 (Fig.29 n Table 13.
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Table 13 The Chemical Shift of C-'H Correlation Assignment of

Compound 3
Position Chemical Shift Correlation
Proton Carbon Proton Carbon
H, 1.95 39.96
H, 144-2.50 34.10
H; 55.38
Hs 19.68
H, 34.14
Hy 50.31
Hy, 21.91
H» 28.87
His 4541
His 27.08
Hjs 34.76
H,; 47.74
Hjg 16.06
Hjo 21.03
Hy, 107.61
Hy, fa Cx» [ 1.23 31.36
i P U TR NINEINT | 200
Hy, Y Ca o 51 124.44
PRIANN T IR Y o
27 b - 1.69 : 2571
Hog Cas 1.08 26.77
Hao C 1.02 15.36
Hjo Cso 0.88 15.83
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From the information of '"H-'"H COSY analysis of Compound 3 (Fig.
27-28) the proton signal at & 2.12 ppm. was linked to the proton signal at § 1.97
ppm., the proton signal at § 2.44-2.50 ppm. was linked to the proton signal at &
1.42 and 1.95 ppm., the proton signal at & 2.20 ppm. was linked to proton
signal at 8 1.69 and 1.42 ppm., the proton signal at 3 1.62 ppm. was linked to
with the proton signal at § 1.08 and;lig_'Wm. and the proton signal at § 1.42
ppm. was linked to the proton signil} at 5 1.95 ppm..

The information-of '{H-'HgNOESY analysis of Compound 3 (Fig. 32-
34) indicated that p?;n(on signésl at & 5.13 ppm. was linked to the proton
signal at § 1.69 p Of(e;p}mm mgnpl at & 2.44-2.50 ppm was linked to the
proton signal at & 0:95 .,,e"t_rl_.le‘sigial'proton at & 2.20 ppm. was linked to the
proton signal at & O§Z E thé mgﬂal proton at'6 1.97 ppm. adjoins with the
signal proton at § 2.12'p ,Ehgprot(;é __;1g11a1 at & 1.91 ppm. was linked to the
proton signal at & 0.88 ppm;"hi_& the @ signal at & 1.95 ppm. was linked to

the proton signal at §1.42 pprit.. RN

- j_ et
The PC-'"H/COLOC of Compound 3 (Fig. 35-37) is assigned in Table
14, . _
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Table 14 The Chemical Shift of >C-'"H COLOC Assignment of Compound 3

Position Chemical Shift Correlation
Proton Carbon Proton Carbon
Hjo, Hig C 1.04, 0.95 39.96
H, C, 1.95 34.10
Hys, His, Hao Co\ [ /A4, 108,104,102 47.40
H,s, H; B 108,138 55.38
Hs, Hq, Hyg Lo ¥ 1138, 1.55, 1.62 19.68
His T 2.12 34.14
Hao, Hyy, Hy, ) P’ (74 0.88,1.34, 1.52 40.37
H;s, Hag, Hy, st/ (P 0.95, 1,02, 1.42, 1.60 50.31

i LA

Hi H Hy |/ /Cg 0.95,1.38, 1.42 36.92
Ha), Ho, Hpz © /f( £l A 4 1.23, 1.42, 1.60 21.91
Hp; g, Ciy-<S 1.60 28.87
Hso, Hyy, Has, His )J/ £ 7Ch [ 08852, 1.60, 1.68 45.41
Hzo, Ha3, Hi3 | o “Cua ﬂ':, 0.88, 1.60, 1.68 49.40
His ““Ess é}f‘ 212 27.08
Hie SN 134 3476
His 2 Cyz 168 47.74
Hjs, Hy 4 ci 095'1.42 16.06
Hy b, Cio .42 21.03
H;, Hz7, Ho Co 1.95, 1.69, 1.42 152.52
Hy) € 4724775 107.61
H3zo Cx 0.88 31.36
Hj3 Cx 1.68 24.99
HNH, Ca4 1,62,/1.69 124.44
Has, Hyy Cas 1.62, 1.69 131.40
Hye, Hyy Cas 1.62, 1.69 17.72
Has, Hyy Car 1.62, 1.69 25.71
Hyo Cas 1.04, 1.38 26.77
Hao, Hyo, Ho, Hyg Cxo 0.88, 1.02,1.42, 1.62 15.36
Hso, Hy; Cao 0.88, 1.69 15.83




Literature surveys on 5@-dammara-20(21),24-dien-3-one indicated that
only IR spectra and melting point were available but no information on 'H-
NMR, “C-NMR and 2D-NMR. The comparison of melting point data of Sa-
dammara-20(21),24-dien-3-one with Compound 3 is shown in Table 15.

Compg M‘“\ elting Point (°C) Ref.

5 a-dammara-20( 3 \ 8-79 64, 71-72
om ‘ =

Themeltmgpomto omj o~ : ‘c
J'h'_.u
q{':f Jidl
7
The possible ma s fragm r on pattern of Compound 3 (66) is
[ - g

/

Z ?”

presented in Scheme 2.

= .—.ﬂ'
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Scheme 2 The Possible Mass Fragmentation Pattern of Compound 3

m‘}ﬂuﬂ’?‘ﬁﬂ'ﬂﬁw

m/e
m/e 190 % i, m/e 163
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According to all of spectral evidences and color test, Compound 3 was
5a-dammara-20(21),24-dien-3-one. The structure of this compound is shown

below.

1
!
[
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4. Structural Elucidation of Compound 4
Compouﬁd 4 was white amorphous solid, 1.88 g (1.13%wt/wt of
hexane crude and methanol crude), m.p.78-79°C. R¢ value was 0.61 (solvent
system: 100%CHCIl; in hexane). Compound 4 gave negative results to
Liebermann-Burchard’s, 2,4-DNP and Br, in CCl, reagents which indicated
that it was not composed of steroidal or Bl;terpenoidal skeleton, unsaturated part
and carbonyl functional groups of ketone or aldehyde in its structure.

The IR spectrum of compound 4 was shown in Fig. 39 which
exhibited the absorpte@-band at 3502-3314 ¢m’ indicated that Compound 4
should contain OH gr S ifs ﬁmc}_tional group. Other absorption bands were
similar to Compounc%a' S5 thls k;oin‘f)ound ought to be a saturated long chain
aliphatic primary alco hé IR abso

;IR}’ab#s)rption band assignments of compound 4

ohd ol

1s shown in Table 16.
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Table 16 The IR Absorption Band Assignments of Compound 4

Wavenumber | Intensity Tentative Assignments

(cm™)

3502-3314 medium | O-H stretching vibration
2918, 2849 high C-H stretc}nng vibration of CHj3-, -CH,-
1470, 1463 | medium | C-H asyfn’ b€ndmg vibration of CH;-, -CH,-
1379 low C-H sym. bending vibration of CH;-
1059 hiéh« 41C-0 s;tretching vibration of 1° ROH

730, 720 m% C.H r&cking vibration of (-CH,-),, n>4
V.92

2

-

The 'H-NMR/spéc
at 3.62 ppm. which was

(Flé 40) showed the important triplet signals

he signal %ﬁ the proton on the carbon attaching to
oxygen atom (-CH;-O ’Ehc hlghf;mtensuy singlet signal at 1.25 ppm.
revealed that there were sevcral @Mg of methylene groups in the
molecule of this compound’ The smglét §ignal at f87 ppm. was corresponded

o

to the methyl groy_p signal. Y J

s

The 13C-IET:'MR spectrum (Fig. 41) shovgpd the signal of carbon at
chemical shift (8) 13:52-32.86 ppm. (€Hs, -CH,-) and the signal of carbon at
62.54 ppm. which was the ¢arbon adjagent to OH. The other signal of carbon at
30.00 ppm. was the signal of (-CH,-), which its structure could be assigned

below,

CH3-CH,-CH,-CH,-(CH,),-CH,-CH,-CH,-OH

13.52 22.27 31.83 29.28 30.00 25.64 32.86 62.54



The GLC data analysis indicated that Compound 4 was not a single
compound. The chromatogram (Fig. 43) showed 2 retention times at 27.78,
30.71 min. The standard chromatogram of long chain aliphatic alcohols (C =
14, 16, 18, 20, 22) (Fig 43) and calibration curve of log retention times and
number of carbons of standard long chain aliphatic primary alcohols (Fig. 44).
indicated that Compound 4 was a miixture of 2 saturated long chain aliphatic
primary alcohols with 32 and 33 carbci; ';t‘(')ms. The retention time of standard
long chain aliphatic primary alcohols (C = 14,16, 18, 20, 22) and Compound 4
are shown in Table 17. ’

.,1
Table 17 Retention T e of Standard’ Long Chain Aliphatic Primary Alcohols

(C=14,1o, 1‘% )20, 22) ang Compound 4

A4 J.'f S

R'etentwn J

Name of Lﬁg_-_getention Number | % Composition
Substances Tlmé _:_;l;fifne of Carbon
L (mln) or -

CHy(CH,),,CH,0H | ~—0%1——0ﬂ9— T 14 11.28
CHy(CH,)«CH,OH | 7| 1.06 003 1 16 32.06
CH3(CHy)16CH,OH 1.52 s - a8 32.86
CH;(CHy),sCHJOH 242 0.38 20 9.26
CHj3(CH;)20CH,OH 3.82 0.58 22 14.57
Compound 4 27.78 1.44 32 0.99
30.71 1.49 33 99.01

Various type of saturated long chain aliphatic primary alcohols in

Compound 4 is shown in Table 18.
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Table 18 Various Type of Saturated Long Chain Aliphatic Primary Alcohols

Found in Compound 4

Natﬁe of Molecular | Structural Formula | Molecular | %Composition
Substances Formula Weight
Dotriacontanol | C;,HgO CH3-(CH2)30-CH20H 466 0.99
Tritriacontanol | Ci3Hg©Q | CH;- (CHz)gl-QHon 480 99.01
- |

H

5. Structural Elucidation Qf Compound 5
Compound 5. was whxté platet solid 1.76 g (1.31%wt/wt of hexane
crude), m.p. 128- 12;)?,{, value 0‘ 63 (solvent system: 5%MeOH in CHCls).

This compound gave positive resulté (puxple color) to Liebermann-Burchard’s
reagent and also deco rlied Brz in- CCvl4 reagent but gave negative result to
2,4-DNP reagent whlcy’ m(hc'ated tﬁ_ltflt was composed of triterpenoidal
skeleton and unsaturated part mlts sﬂ‘&nre

The IR spectrum of compoum"l 5 (F1g 4;) gave good agreements to
color tests. Its IR,§pecirum gave the characteristic abﬁorptlon band of secondary
alcohol at 3376 cm'l(O-H stretching vibration) and at 1092 and 1034 cm™ (C-O
stretching vibration),saddition bands of C=C stretching vibration at 1643 cm™
and C-H bending vibration of gem-dimethyl group at 1388 and 1375 cm’.
According to the IR spectrum’ and color tests, Compound 5 should be an
unsatarated triferpendidal. alcohol. The IR absorption band |assignments of

compound 5 is shown in Table 19.
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Table 19 The IR Absorption Band Assignments of Compound 5

Wavenumber | Intensity Tentative Assignments
(cm™)
3376 high O-H stretching vibration
3082 low C-H siretghmg vibration of asym. R;R,C=CH,
2927, 2860 high C-H stretchmg‘ vibration of CHj-, -CH,-
1643 mediuin-{ 0n cehjugaied C=C stretching vibration

1466, 1443 | high - bending vibration of -CH,-, CHy-

1388, 1375 mefiy:{ €4 bending vibration of gem-dimethyl

1092,1034 me?d(\ /00 stetehing vibration of 34 -OH (equatorial)
vy

985 C*H_jout“scfplane bending vibration of =CH,
887 me«ﬁ/um _i CH outf(}j; plane bending vibration of =CH,
R TN
P e e

The 'H-NMR spectrum (F ig. ﬁ-49) showed the the singlet signals of
seven methyl protons at 0.78, 0.85, 0.87, 0.98, 1. 62 9nd 1.69 ppm. (3H each).

Other signals coul'd’be assigned as follows; 1.04-2. 24 ppm corresponded to the
proton signals of methylene and methine protons(24H), a broad multiplet at
3.20 ppm. was typical for, a hydrogen geminal-to-a_ hydroxy group at C-3
(-CHOH), the, two'signals at 4.72 and 4.74 ppm.(2H, J=1.53, 0.92 Hz.) showed
the characteristic.of terminal olefinic proton(CH,=C-) in agréement with the IR
spectrum ‘and ‘a“multiplet ‘signal at'5.14 ppm.(1H)~was Corresponded to the
vinylic proton.

The >C-NMR spectrum (Fig. 50) showed the olefinic carbon signals at
107.49, 124.49, 131.43 and 152.74 ppm.. The signal at 78.97 ppm. should be
the carbon signal adjacent to oxygen atom bearing one proton (-CHOH). Other
signals from 15.38 to 55.90 ppm. ought to be methyl, methylene methine and

quaternary carbons.



Mass spectrum of Compound 5 (Fig. 69) showed the molecular ion
peak at (m/e) 426 and other fragmentation peaks at m/e 408, 218, 208, 207,
190, 189 and 95.

The molecular formula of Compound 5 was proposed as C;oHs,O
which was supported by the mass spectrum data and the elemental analysis
result.

From the comparison of specﬂ;’scopic data (IR, 'H, *C-NMR and
Mass spectrum) of Compound 5 with many triterpenoidal compounds it was
found that Compound S should belpng to 5 dammarane triterpenoid series(64-
65) with one equatgnﬁ hydroxy éoup at C-3, seven methyl group and two
vinylidene groups. M&s asmgned‘tﬁat it should be Sa-dammara-20(21),24-
dien-35-0l. The IH-NJ(/IR and °C ﬁMR spectra of this compound were very
closely to 5a—dammaﬁ-20(21} 24+ dmen~3 J-ol. The tentative assignments of
proton and carbon chetgcal sinft of: éOmpound 3 were compared with those
reported for 5a—dammara-20é21) 24m -3f-0l in Table 20 and Table 21,

.j““ —

respectively.

7
|
o

| |’ L o,

O

Table 20 The Comparison of 'H-NMR Spectrum of 5a-dammara-20(21),
24-dien-3 -0l and Compotnd 5

Position of Proton Chemical Shift (ppm)
Compound 35 _| 5a-dainmara-20(21),24-dien-3 -0l (66-67)
Hj 3.20 3224
H,s 0.98 1.00
Ho 0.85 0.86
H, 4.72-4.74 4.75
Hy,4 5.14 5.16
Hys 1.62 1.62
Hy; 1.69 1.70
Hyg 0.98 1.00
Hyo 0.78 0.79
Hjo 0.87 0.88
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Table 21 The Comparison of *C-NMR Spectrum of 5a-dammara-20(21),24-

dien-3 -0l and Compound 5
Position of Carbon Chemical Shift (ppm)
Compound 5 ,|,5a-dammara-20(21),24-dien-3 5-ol (68-70)
C | 39.2
G, 27.4
G 78.9
Cqy 39.0
Cs 55.9
Cs 18.3
G 342
Cg 40.5
Co 51.0
Cio 312
Cu 214
Cr2 28.9
Cis 45.3
Cia : 45 s 495
Cis (o) £) 271
Ci7 I 8¢ [L\ 47.8
Cis p n15'66 15.7
Cio
Co ﬂuﬂ ’qlm‘lv jqﬂﬁj’-]f]§126
Can 107.49 6’
f‘fjﬁ’] ANTIZEM A URIIN El’]’&il
Co 124 .49 124.4
Cys 131.43 131.3
Cx 17.73 17.7
Cy 2571 25.7
Cas 28.03 28.1
Coo 15.38 15.4
Cso 15.94 16.0




From Table 20 and 21, they were found that the proton and carbon

carbon of Compound 5 were very close resemblance with those of 5a-

dammara-20(21),24-dien-34-0ol. Therefore, Compound 5 should be S5a-

dammara-20(21),24-dien-3 -0l which was a triterpenoid containing hydroxy

group at C-3.

To confirm that Compound 5 was 5a-dammara-20(21),24-dien-35-ol

by 2D-NMR method which the infosmation on "C-'H correlation of

Compound 5 (Fig. 59-60) is carried out and the data is assigned in Table 22.

Table 22 The Chexpi*é:;ll Suiff of 13)C-IH Correlation Assignment of Compound

5 ___.-"-- -

> T}*

Position 2, Chemical Shift Correlation

Proton Cﬁib._(;n ﬂ;;, Proton Carbon
H, e Sk 39.14
H, " R Oy 27.44
H = 3120 78.97
H; I Cs 0.72 55.90
He " 1.53 18.31
H, s 196 34.14
Ho 37 1.30 50.97
Hea & 1.51 21.39
H) Y 1,89 28.92
Hi & 1.66 4529
Ik, & 312 27.10
His Cis 1.27 35.45
H, o 2.18 47.86
Hg Cis 0.98 15.66
Hyo Cio 0.85 16.24
H,, Oy 4.72-4.74 107.49




Table 22 (continued)

Position Chemical Shift Correlation

Proton Carbon Proton Carbon
Ha, Q Y. 110 31.41
Hys Oy 1.54 24.99
Has = Y 514 124.49
Hays 0/ | 1.62 17.73
Ha PR 169, 25.71
Has f Chl < ad 0.98" 28.03
Hao TV NV 0.78 15.38
Hso v . Csd i | 0.87 15.94

.9..~
F

The mfonnatlon gn 1H "‘H COSIX;analyms of Compound 5 (Fig. 54-58)
indicated that the proton mgna‘l%t o9 lgpm was linked to the proton signal at
d2.12, 1.62 and 1 69 ppm., ‘the proton s1gnal atd 3. 20 ppm was linked to the

proton signal at 81:58 ppm., the proton signal at & HS ppm. was linked to the
proton signal at 127 ppm., the proton signal at‘6 2.12 ppm. was linked to
adjoins with the proton signal at 5:1:96-ppm. othe-proton-signal at & 1.89 ppm.
was linked tothe proton signal at & 1.51 ppm. and the proton signal at & 1.69
ppm. wasilinkedto the protonssignal at/& 0:98 ppni.

The information on 'H-'H NOESY analysis of Compound 5 (Fig. 61-
65) indicated that the proton signal at & 5.14 ppm. was linked to the proton
signal at & 1.69 ppm., the proton signal at & 4.72-7.74 ppm was linked to the
proton signal at & 1.62 ppm., the proton signal at § 3.20 ppm. was linked to the
proton signal at § 0.78 and 0.98 ppm, the proton signal at § 2.18 ppm. was
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linked to the proton signal at § 0.87 ppm. and the proton signal at & 2.12 ppm.

was linked to the proton signal at 8 1.96 ppm.
For the result of “C-'"H COLOC of Compound 5 (Fig. 66-68) is

assigned in Table 23.

Table 23 The Chemical Shift of l"'C-le_,COLOC Assignment of Compound 5

Position. 1 Chemical Shift Correlation
Proton o Carbon | Proton Carbon
By, B 0.85 39.14

H, L) Ak 1.72 27.44

Has / £ 18084 0.98 78.97
Hyo, Hag £/ 70| ) 0785098 38.99
Hys, Hio, Hs | 4 f€5° 1%0.98,0385,0.72 55.90
Hao, His, Hn |/ G 1087098, 151 40.49
Hys, Hyo E= ;?—%.27,0.89, 0.85 50.97
His, Ho, Hs “€j /50185, 1.30, 1.53 37.25
Hso A - 0.87" 45.29
Hyg, Hzp A Cu 0.98,0:87 49 45
His Ll o 0.98 35.45
His L 0.98 15.66
Hio, Hs, His Cu 0.85,0.72, 0.98 16.24
Ha, e 4.72-4.74 107.49
Hio 78 0.87 31.41

s M 5 X 1.69, 1:62 124.49
. il &, 1.62, 1.69 131.43
Hag, Has € 1.69, 1.62 17.73
oo Ha Cor 1.62, 1.69 25.71
.o ths Co 0.78, 0.98 28.03
Hao, Hs, Hys Cis 0.78, 0.72, 0.98 15.38
Hso Cso 0.87 15.94




Literature surveys on Sa-dammara-20(21),24-dien-33-0l found that
there was report on IR, 'H-NMR, “C-NMR spectra and melting point but no
previously reported on 2D-NMR. The melting point data of 5a-dammara-20
(21),24-dien-3 -0l and Compound 5 is shown in Table 24.

Table 24 The Comparison of Melt / int Between of 5a-dammara-20(21),
24-dien-f-ol V "?;;«‘u -
T ———
——

—#'J

77/ )
5a-dammara-20(21),2 .ﬂ.,,; S I36-138 64, 71-72
Compotind$ / / - 'J' 28-129" "

" The melting point of Cox

The possible mass fragm i’_ n'pattern of Compound 5 is presented

in Scheme 3.
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Scheme 3 The Possible Mass Fragmentation Pattern of Compound 5
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According to all of spectral evidences, and color test, it was concluded

that Compound 5 was 5@-dammara-20(21),24-dien-35-ol. The structure of this

compound is shown below.

- E| 1
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6. Structural Elucidation of Compound 6
Compound 6 was bright white needle crystal 2.41 g (1.79%wt/wt.
of hexane crude), m.p. 130-132°C. R value 0.60 (solvent system: 5%MeOH in
CHCl3). This compound gave positive results (green color) with Liebermann-
Burchard’s reagent and also decolorized Br, in CCl, reagent but gave a
negative result to 2,4-DNP reagent Wlpgh indicated that it was composed of
steroidal skeleton and unsaturated part in‘iis'structure.

The IR spectruim of compd"und 6 was shown in Fig. 70 which exhibited
the characteristic ap}argjiﬁn band of hydroxy group (OH) at 3430 cm’,
absorption band gﬁ"'};ﬁsaturatioﬁ at 1646 cm" and disubstituted and
trisubstituted vinyl zy9/59and80_2 c;jg:;', respectively. The IR absorption band is
shown in Table 25. 4 yic VA

d

’)'J-:II #

Table 25 The IR Abst;rgﬁon Band Agi{’gnments of Compound 6
2l

— E—
—

Wavenumber Il}tensity B o ;I‘Tentaﬁvqf Assignments
CONRS
3430 lugh O-H stretching vibraflon
2960-2868 high C-H stretching vibration of CHs-, -CH,-
1646 low C=C stretching vibration

1464, 1380 medium | C<H bending vibration of -CHy~, CH;-
1059, 1023 medium | [.C<O,stetching vibration 'of 38-QH (equatorial)
959 medium | C-H out of plane bending vibration of trans

configuration

802 low C-H out of plane bending vibration of =CH,
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The 'H-NMR spectrum (Fig. 71-75) showed that the signals of protons
at chemical shift 0.73-2.35 ppm. corresponded to the proton signals of methyl,
methylene and methine protons, a broad multiplet at 3.55 ppm. exhibited the
proton linked to carbon having hydroxy group at C-3(-CHOH). The signal at
5.00-5.10 ppm. indicated -CH=CH- group and the proton signals at 5.37 ppm.
was assigned to be the signal of vinyli¢ proton (-CH=C-).

The *C-NMR spectrum (Fig.76-77), DEPT-135 and DEPT-90 "*C-
NMR (Fig. 78-80) exhibited the cﬁa’irbon signals of 43 peaks which were the
olefinic carbon signaléét"l}l.m, 129.13, 138.18 and 140.83 ppm.. The signal
at 71.46 ppm. shoulghéhe carbonh.!signal adjacent to oxygen atom (-CHOH).
Other signals at 11. 7 té 56.78 ppm_‘_r Jil)ught to be methyl, methylene, methine
and quaternary carbo? S “

Mass spectrum,, of] Compound.ﬁ. (Fig. 83) showed the molecular ion
peak at (m/e) 414 and 412 and other ﬁ‘igpentatlon peaks at m/e 396, 394, 275,

)
273, 255 and 213, respectlveiy-_ —

—

The formauon obtained from ﬁll spectral cwdences and color test of

Compound 6 suggﬂg;wtea that it might be a steroidal cmppound

The structl_lr_p of Compound 6 was conﬁgned by GLC technique by
comparison of its ch_romatogram with the chromatogram of the mixture of three
standard steroids (Fig. 81). The GLC analysis data showed that Compound 6
was not a single compound. The.2 peaks at retention time 15.84 and 17.28 min.
(Fig. 82) which indicated that Compound 6 was a mixturg'of stigmasterol and
p-sitosterol, respectively. Retention time of the mixture of three standard

steroids and Compound 6 is shown in Table 26.
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Table 26 Retention Time of the Mixture of Three Standard Steroids and

Compound 6

Name of Retention time | Log Retention | % Composition

substances (mm ; time

campesterol \‘\ / 1.17 10.86

stigmasterol | 1.19 26.10

Bsitosterol __—___, 30"’ . 63.04

Compound 6 22.63
A\‘ 7137

From all of the '3 C-NMR spectrum, GLC
chromatogram and Mags spectrum), ‘was concluded that Compound 6 was a
mixture of stigmasterol and 2sitosterols The structure of steroids is shown in

é .l | 2=
Table 27.
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Table 27 Various Type of Steroids Found in Compound 6

Name of | Molecular Structural formula Molecular

substance formula weight
stigmasterol 412
[P-sitosterol 414

PR IUNMINGA Y
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7. Structural Elucidation of Compound 7
Compound 7 was white amorphous solid, 0.18g (0.07%wt/wt of
methanol crude), m.p. 284°C (decompose). R¢ value 0.23 (solvent system: 10%
MeOH in CHCI; ). This compound gave positive results (green color) with
Liebermann-Burchard’s reagent and decolourized Br, in CCl, reagent but gave
negative result to 2,4-DNP reagent wh)ch indicated that it was composed of
steroidal skeleton and unsaturated part #vifs structure.

The IR spectrum of compound™7 (Fig. 84) was exhibited the
characteristic absorpt;,on band. of | hydroxy group (OH) at 3423 cm”, C-O
stretching vibration ,Qfgycomdlc l}hkage at 1074-1025 cm™ and an anomeric
axial C-H defonnatl,ah of ﬂ—sugar “at 890 cm’™. The additional bands were
compatlble with a tyébmmted oleﬁn and gem-dimethyl group at 1645 and

1380 cm™ respectlvely, The IR absorp;lo,n band of Compound 7 is assigned in

Table 28. Fiore. N
b aas ':*.;:iJ:J

m— —
-

Table 28 The IR Absorptloﬁ Band Assignments of Compound 7

| all
-

Yy .
Wavenumber Intensity Tentative Assignments
(cm™)
3423 high O-H stretching vibration
2961-2874 high C-H stretching vibration of CHj-, -CH,-
1645 low C=C stretching vibration
1463 medium | C-H bending vibration of CH;-, -CH,-
1380 medium | C-H bending vibration of gem-dimethyl
1074-1025 medium | C-O stetching vibration of glycosidic linkage
890 low anomeric axial C-H deformation of S -sugar
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The 'H-NMR spectrum (Fig. 85) showed that the signals of protons at
chemical shift 0.64-2.49 ppm. was corresponded to the proton signals of
methyl, methylene and methine protons of steroid. A broad multiplet at 3.61
ppm. was assigned for the proton on sugar (-CH-O-sugar). The proton signal at
5.32 ppm. should be an olefinic proton (-CH=C-) and the signal at 2.89-3.41
ppm. was assigned for the proton of sugar m01ety

The “C-NMR spectrum (Fig. 86) ‘showed 36 signal of carbon which
the carbon signals 36 peaks which sliowed the-olefinic carbon signals at 121.19
and 140.40 ppm and 6 Qarb()ﬂ s1gnals of sugar moiety at 61.02, 70.02, 73.42,
76.72, 76.87 and loyG/ppm Oth¥r carbon signals of this compound were
similar to those of C pmmd 6 {a —mlxture of [sitosterol and stigmasterol)
which suggested that it » gxt to be a g}ycomde of Compound 6.

Mass spec }{f pompouna' 1 (Flg 87) did not give the molecular
ion peak, but it exhlbl‘f;:de‘the ,d‘gmunaht fragmentation ion peaks at (m/e) 414
and 412. The series of ﬁdg@entauog,?l(’;n peaks was similar to those of
glycosides of ,B-s,i;osteroldaﬁtif—' stigmﬁ&&(%) which suggested that this
compound was a 1t c ycosides o Itqsterol and stigmasterol.

L1terature studxes suggested that the carbohydrate which was linked to

both of these sterols was.D-glucose. Thus, Compound 7 consisted of a mixture
of B-sitosterol-3-O-4-D-glucopyranoside and stigmasteral-3-O-3D-glucopyra-
noside. The structure of steroids glycoside is shown in Table 29.
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Table 29 Various Type of Steroid Glycosides Found in Compound 7

Name of substance

Structural formula
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8. Structural Elucidation of Compound 8
Compound 8 was ivory amorphous solid, 0.009 g (0.004%wt/wt of

methanol crude), m.p. 86-88°C. R¢ value 0.75 (solvent system: 40% MeOH in
CHCIl; ). This compound gave negative results with Liebermann-Burchard’s,
2,4-DNP and also decolourized Br;, in CCl, reagents which indicated that it was
not composed of steroidal skeleton, carbonyl functional group and unsaturated

f J

part in its structure. /7,

The IR spectruni.of compound & wis shown in F ig. 88 which exhibited
the characteristic absosption. band of O-H.stretching vibration peak of

carboxylic group (ver?ad) ar 350? -2400 cm . The absorption bands at 1701
and 1294 cm™ oughtm/ ff*-O stretchmg vibration of carboxylic acid and C-O

stretching vibration mode of Carboxylw group, respectively. The C-H stretchmg
vibration peaks of an hétlc compo&nd were observed at 2918 and 2849 cm™
and the absorption peayf at 720° ‘e gevealed the presence of saturated long
chain of (-CH,-), group. T.he IR aBsorptifam?and 1s shown in Table 30.

g

a_.‘f

Jed-

Table 30 The IR Absorptlon Band Assignments of Gb,mpound 8

= |

\ 7 g
_Wavenumber(cm'l)-- Intensity Tentative Assignments
3500-2400 high O-H stretching.yibration of acid
2918, 2849 high C-H stretching vibration of CH;-, -CH,-
1701 low C=Q stretching vibration of acid
1473} 1463 rilediim™™| C-H beiiding vibration of-CH,-, CH;-
1294 medium | C-O stretching vibration of coupled with
O-H deformation
720 medium | C-H rocking vibration of -(CH,),, n>4




Mass spectrum of Compound 8 (Fig. 89) showed the molecular ion
peak at (m/e) 508 and other fragmentation peaks at m/e 480, 479, 466, 465,
451, 437, 423, 409, 185, 129, 111, 97, and 57, respectively which were
corresponded to be lost -CH,-(m/e 14) step by step.

The information obtained from the IR spectrum suggested that

Compound 8 should be long
fragmentation ion pattg

xylic acid and when compound the

f Compound 8 with those of
(NIST database) of MS
o the fragmentation of mass

reference substances
spectrometer. Compo

spectra of Tetratriac 7 well (Fig. 90). Its structure

i1s shown below:
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The possible mass fragmentation pattern of Compound 8 is presented

in Scheme 4.

Scheme 4 The Possible Mass Fragmentation Pattern of Compound 8
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9. Structural Elucidation of Compound 9

Compound 9 was ivory amorphous solid, 0.003g (0.001%wt/wt of
methanol crude), m.p. 138-140°C. R value 0.54 (solvent system: 40% MeOH
in CHCl3 ). This compound gave negative results with Liebermann-Burchard’s
reagent and also decolourized Br, in CCl, reagent which indicated that it was
not composed of steroidal skeleton and unsaturated part in its structure.

The IR spectrum of compourid 9" was shown in Fig. 91 which exhibited
the characteristic absorption bafi’d of O-H stretching vibration peak of
carboxylic group (vegt«brgad) at 3500 2500 ¢cm’', The absorption bands at 1740
and 1288-1038 cm l,-oﬁght to'be CLO stretching vibration of carboxylic acid
and C-O stretching y;bration mode Gf carboxylic group, respectively. The C-H
stretching vibration pg&ks of an ahph&tic compound were observed at 2919 and
2849 cm” and the abﬁonptlon peak ‘at 721 em’' revealed the presence of
saturated long chain of (-CHz--)n The Hiﬂbsorptlon band is shown in Table 31.

------

‘‘‘‘‘

_.- =4

< J Sl

Wavenumber(cm"_f_) Intensity Tgptaﬁve Assignments
3500-2500 medium |«O-H stretching vibration of acid
2919,2849 high C-H stretching vibration of CH;-, -CH,-

1740 mediim | C=0 stretching vibration of acid
1470 low C-H bending vibration of CH,- CH;-
1228-1038 medium | C-O stretching vibration of coupled with
O-H deformation
721 low C-H rocking vibration of -(CH,),, n>4




I

90

Mass spectrum of Compound 9 (Fig. 92) showed the important
fragmentation ion peaks at m/e 578, 550, 507, 479, 465, 451, 423, 367, 354,
341, 331, 313(base peak), 299, 267, 256, 240, 239, 213, 185, 171, 157, 134,
129, 116, 98, 83, 71 and 57, respectively.

From information obtained above it could be assigned that Compound
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10. Structural Elucidation of Compound 10
Compound 10 was ivory amorphous solid, 0.004g (0.002%wt/wt
of methanol crude), m.p.217-220°C. R¢ value 0.62 (solvent system: 40%MeOH
in CHCl; ). This compound gave negative result with Liebermann-Burchard’s
reagent but gave positive result to Br, in CCl; and 2,4-DNP reagents which
indicated that it was not composed (of steroidal skeleton but composed
unsaturated part and carbonyl functional gtOu,p in its structure.

The IR spectium of compouid 10-was shown in Fig.93 which
exhibited the characteristie absomtion band of O-H stretching vibration peak of
carboxylic group (very«broad) at 3@0—3050 cmi’', absorption band of carbonyl
group (C=0) at 1736,€m" and C-O stretching vibration mode of carboxylic
group at 1148 to ld{:m The C—C stretching vibration peaks was observed
at 1636 cm™ and thé ab801pt10n' peal’(‘ at 966 775 and 728 cm™ supported the

existence of (-CH,-), g‘roup The IR aB'§91pt10n band is shown in Table 32.

2
—1_

Table 32 The IR Absorption -B’aind Aséi'gﬁﬁcnts of Compound 10

|
b -

S - -

— |

o i -

Wavenumber(cm™) Intensity Tentative Assignments
3600-3050 medium | O-H stretchi;lg vibration
2944 high C-H stretching vibration of CH3-, -CH,-
1736 low C=0 stretching vibration of acid
1636 low C=C'stretching vibration
1460 low C-H bending vibration of CH,- CH;-
1148-1038 medium | C-O stretching vibration of glycosidic
linkage and O-H bending vibration
996, 755, 728 C-H rocking vibration of -(CH,),, n>4
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Mass spectrum of Compound 10 (Fig. 94) showed the important
fragmentation ion peaks at m/e 163, 149, 145, 133, 127, 115, 103, 91, 85, 74,
73(base peak) and 60, respectively.

From information obtained above it could be assigned that Compound

10 should have hydroxyl, carbonyl(C=0), C=C stretching and C-O stretching

vibration of glycosidic linkage ) ctional group. Unfortunately, this

ount that its structure cannot be
—

further elucidated. 7 | --...#

compound was obtained- i

Y
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