CHAPTER IV
RESULTS AND DISCUSSION

In this phytochemical investigation, the constituents of the leaves of
Diospyros undulata var. cratericalyx (Cra|b) Bakh WaS eXtenSively StUdied.
Purification of the hexane extract of the leaves by column chromatography afforded
Six compounds, whereas another compound was isolated from the chloroform extract
The identification and structure elucidation of these compounds were based on the
Interpretation of their spectral data, and further confirmed by comparison with those
described in the literature. They were proposed to be either naphthoguinones or
triterpenoids, both of which are abundantly found in this plant family (Ebenaceag).

Identification and Structure Elucidation

1. Identification of Compound DUI

Compound DUI was recrystallized as white powder from methanol and
gave violet color to vanillin-sulphuric acid reagent, suggesting the presence of a
triterpenoid nucleus. The IR spectrum of DUI (Figure 3) exhibited a broad band at
3464 ¢cm"(0-H stretching) indicating the presence of hydroxyl groups in the
molecule.

The [H NMR spectrum of DUI (Figure 4a-4b) is too complex to allow direct
assignment of most methylene and methine chemical shifts in the structure. However,
this experiment displayed the signals of 7 methyl protons as singlets at 50.73, 0.76,
0.80, 0.92, 0.94, 1.00 and 1.65 ppm  The presence of two downfield singlets of
exomethylene protons could be observed at 54.50 and 4.70 ppm.

The 13C-NMR spectrum (Figure 5a, 5b) showed the signals of 30 carton
atoms, supporting the assignment of DUI as a triterpenoid derivative. DEPT-90 and
DEPT-135 (Figure 6a, 6b) experiments helped in identifying the signals of 7 methyl
carbons at 5 14.7,15.5, 161, 162, 18.1, 194, and 28.1 ppm, 11 methylene carbons at
5 184, 210, 25.2, 275, 215, 299, 344, 35.7, 38.8, 40.1, and 109.2 ppm, 6 mething
carbons at 5 38.1, 48.0, 48.3, 50.5, 55.3, and 78.9 ppm, and 6 quaternary carbons at O
372,389, 409, 428, 43.1 and 150.7 ppm.



The EIMS of DUL (Figure 2) showed the molecular ion [M+] peak at m /.
426 (C30H500). Intense EIMS fragment peaks at . 189, 191, and 218 were
important in showing compound DUL &s having a skeleton structure of the lupane-
type triterpenoid (Ogunkoya, 1981).

% m/z 191

m/z 218
Scheme 2 Mass Spectral Fragmentation of compound DUL

Therefore, the identity of DUL was deduced as lupeol (61), which is a
lupane-type triterpenoid commonly found in several o iospyros Species, mainly by
comparison of its carbon chemical shifts with those reported in the literature
(Sholichin et «1., 1980).

The 7 methyl carbon signals at 28.1, 155, 163, 16.1, 14.7, 18.1 and 6.0 ppm
could then be assigned as those of C-23, C-24, C-25, C-26, C-27, C-28, and C-29,
respectively, whereas the 11 methylene carbon signals at 5 38.8, 27.6, 185, 34.4,
210, 25.2, 215, 35.6, 29.9 40.0, and 109.2 ppm were assigned as those of C-I, C-2,
C6, ¢ C-IL C12, C-16, C-21, C-22 and C-30, respectively. Similarly, the 6
methine carbon signals at 5 79.0, 55.3, 505, 38.1, 48.1 and 48.4 ppm were assignable
as those of C-3, C-5, C-9, C-13, C-18 and C-19, respectively, and the 6 quaternary
carbon signals at <7389, 40.9, 37.3, 42.9, 43.1 and 150.8 ppm could then be assigned
as those of C-4, C-8, C-10, C-14, C-17 and C-20, respectively.

Therefore, the methyl signals in the ‘H-NMR spectrum (Figure 4a-4b) could
be assigned as follows : the signals at 5 0.94 (), 0.73 ( ), 0.80 ( ), 1.00( ), 0.92 (),
0.76 () and 165 () pom could be assigned to H323, H324, H3-25, H3-26, H3-27,



H3-28 and H229, respectively, whereas the two exomethylene singlets at <7450 and

4.70 ppm were assigned as those of H230.

The complete carbon chemical shift assignments of DUL was found to be

fully in agreement with those of previously reported lupeol (Table 10).

Table 10 Comparison of 13C-NMR chemical shifts in CDCI3 of DUL and lupeol

(Sholichin et a1, 1980)

position DUL (ppm)

1 38.8
2 27.5
3 8.9
4 38.9
5 55.3
6 18.4
1 34.4
8 40.9
9 505
10 31.2
11 21.0
12 25.2
13 38.1
14 42.9
15 27.5

lupeol (ppm)

38.7
27.5
79.0
38.9
55.3
183
34.3
40.9
50.5
31.2
21.0
25.2
38.1
42.9
Zigs

position

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

DU 1(ppm)

35.7
43.1
48.0
48.3
150.7
29.9
40.1
28.1
15.5
16.2
16.1
14.7
18.1
194
109.2

lupeol (ppm)

35.6
43.0
48.0
48.3
150.9
29.9
40.0
28.0
153
16.1
16.0
14.6
18.0
19.3
109.3

Therefore, it was concluded that compound DUL IS the triterpenoid

|upeol, the structure of which is shown below.
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Lupeol was previously isolated from several species of ebenaceous plants,
i.e. Diospyros greeniwayi (Khan and Rwekika, 1998), D. cornii (Khan, Nkunya and
Wevers, 1973 ) ando iospyros maritima (KUO et a1, 1997 ). Previous pharmaceutical
studies of lupeol revealed antifungal activity and germination inhibitory activity
(Higa et ai, 1998). The large quantity of lupeol found in the leaves of o. indulata
VAT cratericalyx Might prove to be useful in the development of medicinal agents.
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Figure 4a The 300 MHz 'H NMR spectrum of compound DUL
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2. Identification of Compound DU2

Compound DU2 was crystallized as colorless needles from acetone-
chloroform (2:1) and gave a yellow-brown color to vanillin-sulphuric acid reagent,
suggesting the presence of a triterpenoid nucleus. Its ER spectrum (Figure 8) showed
absorption bands at 2933 and 2869 cm"(C-H stretching), 1715 and 1632 cm"(C-H
stretching), 1457 and 1390 cm®(C-H bending)

The EIMS of DU2 (Figure 7) displayed a prominent molecular fon peak at
m 1z 426 (C30H500). Intense EIMS fragment peaks atm 12 95, 123, 163, 205, 246, 273
and 426 were important in showing compound DU2

The 'h NMR (Figure 9a-9b) spectrum of DU2 displayed signals due to one
secondary and seven tertiary methyls suggesting that DU2 has the friedelane skeleton
(Klass et 1., 1992). The proton peaks were observed for H-23 (3H, ; §=10.86), F-
24 (3H, ; 8=0.70), H-25 (3H, ; 5=084), H-26 (3H, d ;5= 1.00), H-27 (3HS ;
5=1.02), H-28 (3H, ;6= L115), H-29 (3H,d ;8 = 1.00) and H-30 (3H, ;6=0.92)

The 13C NMR spectrum (Figure 10a-10b) showed the signals of 30 carbons
atom, supporting the assignment of DU2 as a triterpenoid derivative. The identity of
compound DU2 was then mainly proven by comparison of its carbon chemical shifts
with those of a friedelane-type triterpene with 3-keto substituent, friecelin
(Klass et a1, 1992). DEPT-45, DEPT-90 and DEPT-135 (Figure 1la lib)
experiments indicated the signals of 8 methyl carbons at 6.8, 14.6, 180, 20.2, 186,
32.1,31.8 and 350 ppm  These signals could then be assigned as those of C-23,
C-24, C-25 C-2, C-21, C-28, C-29 and C-30, respectively, whereas the 1
methylene carbon signals at 8 223, 415, 413, 182, 356, 30.5, 327, 36.0, 353,
324 and 39.2 ppmwere assigned as those of C-I, C-2, C6, C-7, C-lI, C-12, C-15,
C-16, C-19, C-21 and C-22, respectively.

Similarly, 4 methine carbon signals at 5 58.2, 53.1, 594 and 42.8 ppm
were assigned as those of C-4, C-8, C-10 and C-I8, respectively, and the 7
quaternary carbon signals at 8 213.2, 42.1, 37.4, 353, 39.7, 30.0 and 28.1 ppm could
then be assigned as those of C-3, C-5, C-9, C-13, C-14, C-I7 and C-20, respectively.
The HETCOR experiment was used to establish the correlations between each carbon
signal and its directly attached proton signals the correct assignment of H-I, H-2, H-4,
H-6, H-7, H-10, H-I 1, FI-12, H-15, H-16, H-21 and H-22 respectively.



Table 11 Comparison of 13C-NMR chemical shifts in CDCI3of DU2 and friedelin
(Agetaerar, 199)

position DU2 friecelin -~ position DU2 friedelin

1 22.3 22.3 16 36.0 36.0
2 415 415 17 30.0 30.0
3 213.2 213.2 18 428 428
4 8.2 8.2 19 3.3 35.3
) 421 421 20 281 282
6 413 413 21 32.1 32.8
T 182 182 2 39.2 39.2
8 h.1 53l 23 68 63
9 374 374 24 146 147
10 794 59.5 25 180 180
11 35.6 35.6 20 20.2 203
12 30.5 30.5 21 186 187
13 38.3 39.3 28 32.1 321
14 39.7 39.7 29 35.0 350
15 324 324 30 318 318

Therefore, it was concluded that DU2 is friedelin, the structure of which is
shown below.

Friedelin (DU2)



Friecelin is a known triterpenoid previously isolated from several species of
Ebenaceous plants, |e Diospyros maritima (nga et al, 1998), D. buxifolia and
o. kaxi (Chandler and Hooper), 1979,

90
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Figure 10a The 75 MHz C NMR spectrum of compound DU2



88
77.433
77.009
76.586

— 59.448
—— 58.194
— 53.074

v Sl * . Wl 471"\ . &

20 200 100 180 170 160 150 140 130 120 110 100 90 80 70 60 ppm
iy BRET BT Lgiey o g g BR 3
T W IR/

1? 5 211 14| 13 9 16|1|l|17)9 2}1|5T73) l|21|7 2I0 } 2l6 27|7||25 2I4 2|3
0 35 0 ﬁ s 20 15 10 ppm

Figure 10b  The 75 MHz 13 NMR spectrum of compound DU2 (expanded from J 220.0-5.0 ppm) 0



DU2
DEPT-90
(w)

60

%%

50

4

40 3 30 % 2

Figure 11a The DEPT-90 spectaim of compound DUZ2

10

ppm



DEPT-135
(JW)
J J .
OB %, SUNE-TNN L_W,__,,\ ”fJL r.)u\__..\r -+ L._,JL}AL
60 55 50 45 40 3 30 25 20 10 ppm

Figure lib The DEPT-135 spectrum of compound DU2



PpM e

0.4
0.6
0.8
Lo
12
La-
1.6
16
2.0
2.2
2.4

2.6

O

Do

60

T T — | B  FREREEE B En iy o

55 50 45 40 35 30 25 20 15

Figure 12 The HETCOR spectrum of compound DU2




3. Identification of Compound DU3

Compound DU3, crystallized as red needles from hexane, showed its
molecular ion [M+] at m/z 374 in the EIMS (Figure 14). However, its "H-NMR
spectrum showed integration for only 7 protons, whereas the 13C-NMR spectrum
displayed only 11 carbon signals. Therefore, it is possible that this compound is a
symmetrical dimer and a tentative molecular formula of C2H 140 6was suggested. The
UV spectrum (Figure 15) exhibited absorption maxima at AW 264 (log  4.42) and
436 (log 8 3.87) nm, while the IR spectrum (Figure 16) showed two peaks at 1656 and
1647 cm'l corresponding to the unchelated and chelated quinone carbonyls,
respectively, and the hydroxy absorption band at 3450 cm'l The existence of a
hydroxy group hydrogen-bonded to a carbonyl was also indicated by the most
downfield signal in the proton NMR spectrum at 5 12.57 ppm. Compound DU3 is
thus proposed as a symmetrical dimer ofjuglone derivative.

The 'n NMR spectrum of DU3 (Figure 17a-17b) also showed the presence
of two of7/io-coupled aromatic proton signals at 5 7.27 and 7.18 ppm (each 2H, d,
7=8.7 Flz, H-6/6" and H-7/7", respectively), together with a quinonoid proton signal at
56.79 ppm (2H, d, 7=1.4 Hz, H-3/3") allylically coupled to a methyl signal at 5 2.00
(6H, d, 7=1.4 Hz, CHs-11/1T).

The 1X NMR spectrum (Figure 18) and DEPT-90 and DEPT-135 spectra
(Figure 19a-19b) displayed two carbonyl signals at O 1905 (C-4/4') and 185.2 (C-
1/1') ppm, a signal for methyl carbon at O 16.6 ppm (C-1 1/1T), three methine carbon
signals at 5 137.9 (C-7/7'X 1349 (C-3/3"), and 1243 (C-6/6') ppm, and five
quaternary carbon signals at 5 161.3 (C-5/5'), 150.0 (C-2/2"), 135.5 (C-8/8"), 128.1
(C-9/9') and 115.4 (C-10/10") ppm.

Iy

OH O
Plumbagin (109)

These spectral data closely resembled those of plumbagin (109) (Tezuka et
al., 1973), suggesting that the compound is a symmetrical dimer of plumbagin. The
ort/70-coupling pattern of the two benzenoid proton signals implied that DU3 could be
either 6,6'- or 8,8'-dimer. However, inspection of its HMBC spectrum (Figure 22a-



101
22¢) revealed the cross-peak between the signals of H-7 (5 7.18 ppm) and C-8' (5
1355 ppm), hence establishing the linkage as 8-8'. Therefore, compound DU3 was
identified as the known naphthoquinone dimer, maritinone (Tezuka, et al., 1973). The
'H-'H cosy (Figure 21) and HETCOR (Figure 20) experiments were also used in
the complete assignments of this compound (Table 12). The spectral data of DU3
were in agreement with those reported in the literature.

Table 12 'n, 13C-assignments and HMBC correlations of compound DU3

position ‘H °C HMBC correlated with carbon
5h (ppm) 5¢ (ppm) signals at 5¢ (ppm)
1T - 185.2
2,2 : 150.0
3, 3 6.79 (d,J= 1.4 134.9 16.6, 115.4, 1852
Hz)
4, 4 - 190.5
5, 5" : 161.3 :
6, 6 7.27 (d, J=8.7 Hz) 1243 115.4, 1355, 1613
7T 7.18 (d,y=8.7 Hz)  137.9 128.1, 1355, 161.3
g 8 : 1355
9, 9" - 128.1
10, 10' | 115.4 :
11, 11 2.00 (d,>1.4 Hz) 16.6 134.9, 150.0, 185.2
5-OH, 5'-OH 12,57 () - 115.4, 1243, 161.3

Fiaufe 13 Selected lonff-rancre O.-H correlations of r.omnonnd nr 13 observed in the.



Maritinone is a naphthoquinone derivative previously isolated from several
Diospyros Species, i.e. Diospyros maritima (Tezuka et al., 1973 ;Higa et al., 1998)
and D. samoensis (Richomme et ai, 1991) and Diospyros maritima (Higa et al,
1998). The compound was examined for ichthyotoxicity activity, germination
inhibitory activity, and antifungal activities (Higa et al., 1998).

102
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4. Structure Elucidation of Compound DU4

Compound DU4 was recrystallized as red needles from benzene-hexane
(1:1).  Its molecular ion peak appeared at » /. 374, identical to that of maritinone
(compound DU3). The 'h (Figure 27a-27h) and 1 NMR spectra (Figure 28) of this
compound also appeared to represent only halfthe number of protons and carbon that
could be deduced from the molecular weight. Therefore, DU4 appeared to be another
symmetrical naphthoguinone dimer, of which a molecular formula of C2HmCewas
again suggested.

The uv spectrum (Figure 25) displayed absorption maxima at Avax212 (log
83.97), 250 (log 3.69), 285 (log 8 3.32) and 420 nm (log 83.09). The IR spectrum
(Figure 26) gave two distinct carbonyl bands at 1643 and 1609 cm'l, indicating the
presence of hoth free and hydrogen-bonded carbonyl groups of the naphthoguinone.
The mass spectrum displayed significant mass fragment peaks at m 1 357 ([M-OH]4),
346 (M-COJ4, 331 ([M-CO-Me]#, 318 ([M-2COJH and at miz 187, which
represented the fission of the molecule into two identical subunits (C1:H705).

The *HNMR spectrum of DU4 (Figure 27a-27b) showed the presence of a
quinonoid proton signal at 06.83 (2H, d,» - 1.1 Hz, H-3/3" ) long-range coupled to
the methyl group attached to position 2/2' (0221 ppm, eH, d, .7=L1 Hz, H3I1/IT
). A signal of hydrogen-bonded hydroxyl group appeared as the most downfield one at
5 12.48 ppm ( 2H, , OH-5/5" ). A couple of broad singlets at 5 7.71 and 7.24 ppm
could be assigned to those of meto-coupled H-'6" and H-g8', respectively.

The & NMR spectrum (Figure 28) and DEPT-90 and DEPT-145
experiment (Figure 33) helped in identifying the carbon signals of two carbonyls at 5
1905 (C-4/4") and 1845 ppm ( C-I/T ), one methyl carbon at 0165 ppm (C-Il/L T
), three methine carbons at 5 135.5 ppm ( C-3/3" ), 118.7 ppm ( C-g'6") and 137.7
ppm ( C-g8") and five quaternary carbons at O 149.8 ( C-212' ), 1589 ( C-55"),
1312 (C-7/7"), 1319 (C9/9') and 115.3 ppm ( C-10/10")

Analysis of HMBC experiments (Figure 31a-3 1d) confirmed the guinonoid
part of DU4 to be identical to that of maritinone, judging from the cross-peaks
observed between Hz-1 /1T and C-I/r, C-2/2' and C-3/3". As for the benzenoid part,
the hydroxy group could be located at position C-5/5" according to its downfield
proton signal and the HMBC cross-peaks between this hydroxy proton and C-5/%',
C-77" and C-10/10". Therefore, in order for this molecule to be composed of two
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identical naphthoguinone monomers, the linkage between the benzenoid parts could
be between positions 6-6" (elliptinone), 7-7* or 8-8" (maritinone). But since in the
cases of hoth elliptinone and maritinone the two benzenoid protons had to be ortho-
coupling, compound DU4 should be connected at positions 7-7'. This connectivity
was also confirmed from the long-range correlation observed between H-6 at 5 7.71
pom and C-8' at O 137.7 ppm. Compound DU4 was thus elucidated as a new
naphthoquinone  dimer, 7,7-biplumbagin, and was given the trivial name,
undulatanone (110). The *Hand & NMR assignments and long-range correlation of
compound DU4 are summarized in - Table. 13

Table 13 'n, 13C-assignments and HMBC correlations of compound DU4

position 1x  HMBC correlated with carbon
CH(ppm) 0c (ppm) signals at oc (ppm)

Lr - 1845 -

2 2 - 1498 -

3 3 6.83 (d,>1.1 H) 1355 165, 1845

4, 4 - 1905 -

5 o - 1589 -

6, 6 171 (2H, br ) 1187 1312

[ 1312 -

8 & 1.24 Hbr ) 1317

9 ¢ - 1319

10, 10 - 1153 -

1, 11" 220 (6H,d.= L1H) 165 1355, 149.8, 1845

5-OH, 5-OH 1248 (2H, ) - 118.7, 1589, 1153



The results obtained from HMBC spectral examination suggested that the
assignments of DU4
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6. Identification of Compound DU5

Compound DU5 was obtained as orange needles from hexane. The IR
spectrum (Figure 35) exhibited maximum absorption bands at 3450 cm'], indicating
the presence of hydroxyl group in the molecule and showed two distinct carbonyl
bands at 1647 and 1612, cm'Lthus demonstrating both free and hydrogen-bonded
carbonyls and, finally, stretching of aromatic ring at 1457 cm'1(Waterman and Mbi,
1979). The complex uv spectrum with maxima at 210, 255, 267 and 424 nm was
typical of @ monomeric quinone (Tezuka et o1, 1973). The EEMS spectrum (Figure
36) exhibited a molecular ion peak at » = IBS then showed the ioss of cHs, CO,
CHs+Co and 2CO in the monomeric quinone as fragment peaks atm 1 173, 160, 145
and 132, respectively.

The *HNMR spectrum of DU5 (Figure 36a-36b) showed a downfield singlet
signal of hydrogen-bonded hydroxy group at 5 12.01 ppm. Three aromatic protons
were observed as a doublet of doublets at d 7.62 ppm (7=7.4, 2.1 Hz, H-8), atriplet a
5 7.61 ppm (7=7.4 Hz, H-T) and a doublet of doublet at 07.63 ppm (7=7.4, 2 1 Hz,
H-6) while one quinonaid proton was presented at 06.82 ppm (d, 7= 10 Hz, H-3)
The remaining signal is that of the methyl resonance at 02.20 ppm (d, 7=1.0 Hz,
Ha-11).

The & NMR spectrum (Figure 37) showed eleven carbon signals, of which
the DEPT-135 experiment (Figure 38) indicated these as the signals of one methyl
carbons at 5 165 ppm, four methine carbons at 5 119.3, 124.1, 1354 and 136.1 ppm,
and six quaternary carbons atd 190.2, 1848, 161.1, 149.6, 132.0 and 115.1 pom. Two

of the most downfield carbon signals were assigned as those of the quinonoid
carbonyl groups.

The structure of DUS was therefore identified s that of the naphthoquinone
plumbagin (109) by comparison with reported data (Khan and Rwekika, 1996) and
also confirmed by HETCOR experiment (Figure 39a-39b) which provided the
information for the assignments of the methine carbons at C-3 (5 1354 ppm), C-6 (6
1241 ppm), C-7 (O 136.1 ppm), C-8 (5 119.3 ppm) and the methyl carbon at C-Il (O
165 ppm), and HVMBC experiment (Figure 43a-43c) which displayed  correlations of
the Hs-11 proton signal at § 2.20 ppm with C-I (5 184.7 ppm), C-2 (O 149.6 ppm),
and C-3 (5 135.4 ppm), confirming its position as attached at C-2
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The hydroxy proton at 012,01 ppm showed long-range coupling with C-5 (0
1611 ppm), C-6 (5 1241 ppm) and  C-10 (5 115.1 ppm ), as depicted in scheme 4,
The 'h and 13 NMR assignments and long-range correlation of compound DU5 are
summarized in Table. 14

Table 14 ‘h, 1C-assignments and HMBC correlations of compound DU5

position *H B HMBC correlated with carbon
OH (ppm) 5¢ (ppm) signals at 5¢ (ppm)
1 - 184.7 -
2 - 149.6 -
3 6.82 (d, 1= 10 Hz) 1354 184.7, 1151, 165
4 - 190.2 -
5 - 161.1 -
0 163 (1H,7=74, 21 Hz) 1241 161.1, 1151
! 1,61 (1H, .7=74 Hz) 136.1 161.1, 124.1, 1320
8 124 (1H, =74, 21 Hz) 1193 184.7, 1241, 1151
9 - 1320 -
10 - 1151 -
1 2.20 (3H, d,,7=L0 Hz) 165 184.7, 1496, 1354
5-OH 1201 (1H, ) - 1611, 1241, 1151

The results obtained from HMBC spectral examination suggested that the
assignments of DU5

Figure 32 Structure of DU as confirmed by the HMBC experiment



Therefore, it was concluded that DU5 is the naphthoquinone  plumbagin.
The compound was previously isolated from several species of the family Ebenaceae,
for example, oiospyros kaki ( TeZUKAet a1, 1972), 2, samoensis (RIChOMME et a1,
1991), D. chamaethammis (COStaet al., 1998), D. greeniwayi (Khan and RW@kika,
1998). Plumbagin is the first naphthoguinone in higher plants shown to be formed
through the acetate pathway which has long been known for the formation of
naphthoguinone in fungi (Thomson, 1971). It is interesting to note that, plumbagin,
found in significant quantity ino. mespititormis, Was shown to have antibacterial
activity against a wide rang of organisms (Lajubutu et a1, 1995).  Plumbagin found
in the stems of . maritina alS0 exhibited strong cytotoxicity against HEPA-3B
(hepatoma), KB (nasopharynx carcinoma cells), COLO-205 (colon carcinoma) and
HELA (cervix carcinoma) cells with EDS) of 0.25, 181, 0.13 and 0.27 pg/mL,
respectively (Kuo et 21, 1997). The compound has been studied using a blood
platelet aggregation assay (Kuke e: a1, 1998) and was found to show maximum
activity. Furthermore, plumbagin was reported as showing ecdysis inhibition activity
against the larva of pink bollworm —(pectinopnora gossypiena) and exhibiting
nematocidal activity against the larva of dog rouncworm (toxoecara cams ) (Higa et
a1, 1998). The quinone is therefore expected to be utilized both in the medicinal and
agricultural fields.
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6. Identification of Compound DUG

Compound DU6 was obtained as white needles from acetone and gave
violet color to vanillin-sulphuric acid reagent, suggesting its triterpenic nature. The IR
spectrum (Figure 42) revealed ahsorption bands for hydroxy group at 3449 em'L(( -H
stretching) and (C-H stretching) at 2932 and 2869 cm'L

The n NMR spectrum of DUG (Figure 43a-43b) displayed the signals for
six methyl protons as singlets at 50.71, 0.80, 0.95, 0.98, 138, and 1.68 ppm (3H
each). Furthermore, exomethylene protons appeared as a pair of broad singlets at 5
4,52 and 4.65 ppm (LH each), while two doublets at 5 3.80 and 5 3.37 ppm (1H each,
1= 2.3 Hz) could be attributed to hydroxy methylene protons. Another one proton
double doublet at 5 3.15 ppm (7=4.4 and 2.1 Hz) could be assigned to carbinylic
proton. Evidence from the *HNMR suggested the presence of a lupane skeleton in the
molecule.

The 13C-NMR spectrum (Figure 44a-44b) showed the signals of 30 carbon
atoms, supporting the assignment of DUG as a triterpenoid derivative. DEPT-90 and
DEPT-135 experiments (Figure 45a-45b) helped in identifying the of signals six
methyl carbons at 5 14.9,155, 16.1, 162, 192, and 28.1 ppm, twelve methylene
carbons at 5 184, 209, 25.3, 27.1, 21.5, 29.3, 29.8, 34.1, 34.3 388, 60.6, and 109.6
ppm, six methine carbons at 5 37.4, 47.8, 48.8, 504, 55.3, and 79.0 ppm, and five
quaternary carbons at 5 37.2, 38.9, 41.0, 42.8, and 150.3 ppm

Mass spectrum of DU6 (Figure 41) showed a molecular ion peak at /. 442
corresponding to the molecular formula caorsoo2.  The mass fragment peaks at m /.
135, 207, 220 and 234 were the results of cleavage at different positions across the
¢ ring of lupane skeleton. This also indicated that, in addition to a hydroxy group
normally found at C-3 on ring A, there is another hydroxy function located on either
ringD orE

Therefore, it was concluded that compound DU is the triterpenoid betulin
(67) by comparison of its 1X NMR chemical shift data with reported values
(Table 15)
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Table 15 Comparison of 1C-NMR chemical shifts in cpcls of DU6 and betulin
(Sholichin et a1, 1980)

position

1

2
3
4
5
6
!
8
9
1

(e

il
iV
13
4

|

15

DUT o) betulin (o)

38.8
215
19.0
38.9
5.3
184
343
41.0
504
314
210
253
37.2
428
21.2

38.7
214
191
38.8
59.3
183
343
41.0
50.9
31.3
209
252
372
428
211

position

16
1
18
19
20
2
22
23
24
25
26
21
28
29
30

DUT (ppm)  betulin (ppm)

29.2
418
4138
488
1503
29.9
341
281
155
161
16.2
149
60.6
192
109.6

Betulin (DUG)

29.2
419
419
488
1505
29.8
340
281
154
161
16.1
143
60.6
191
109.7
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207 m/z

220 m/z

234 m/z

Scheme 3 Mass Spectral Fragmentation of compound DU6

The occurrence of betulin was reported mainly from the order Ruxales,
Dilleniales, Ebenales and Lamiales (Dahlgren e: =1, 1981). It has been isolated from
several ebenaceous Species, 1e. o isspyros watkeri (Herathet a1, 1978), 0. waincnii
(Zakariaet al., 1984), D. zenkeri (Zhong etal, 1984) ando. maritin a (KUO et al,

1997¢). Betulin has been used as an antiseptic (Batta and Rangaswami, 1973), and

also showed inhibitory effect against Epstein-Barr virus activation (Konoshima et « i,
1987).  The compound also exhibited antitumor activity against human epidermoid
carcinoma of the nasopharynx in vitro (Miles et 21, 1974) and Walker 256 tumour
system (Sheth et »1, 1973). Betulin from the leaves 0f o tevcom eras Showed anti-
inflammatory activity in the carrageenan and serotonin paw edema test and TPA and
EPP ear edema test (Recio et 2, 1999).
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Figure 41 El mass spectrum of compound DU6
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Figure 43a  The 300 MHz *HNMR spectrum of compound DUG
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Figure 45a The DEPT-90 spectrum of compound DU6
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