CHAPTER III

RESULTS AND DISCUSSION
At present, the research discovery and development of new
agrochemicals are still called for, agement. The search for natural-

product-based agrochemicals hias iitensi @ they are biodegradable, eco-
friendly, and safe to ifonfnent, Moreover in view of the ecotoxicity of
synthetic insecticides ‘and géSistance deve W the insects, antifeedants offer

considerable promise 4 orated pest management (IPM)

due to their capacity addition, Thailand is an
It should be a potent souse d#-ﬁ - ue or this regards. Therefore, the

preliminary screening for agrochemiea! =’ n seventeen Thai plants was conducted.

3.1 The results of prelimix

Seventeen Thar plaiis-weie-exiiaet "-""""‘“‘“: nethane and methanol by
i

the general procedure desc

lmof extraction are presented
in Table 3.1.
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Table 3.1 The results of extraction of selected seventeen Thai plants
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Name Part Weight of | Crude extract (g)
dried plants (% wt by wt)

® CH,Cl, | MeOH

Betula alnoides Buch. Ham. Leaves 550 16.40 30.18
(298) | (5.49

Cyperus alternifolius Roxb. Leaves 810 3.08 18.23
(0.38) | (2.25)

Cyperus rotundus L. Tubers 950 20.28 42.19
b . (2.13) | (4.44)

Artocarpus heterophyllus Lam. 900 13.86 13.18
(1.54) | (1.46)

Cinnamomum subavenium . 880 3.05 10.43
— Y (0.35) | (1.18)

Pterocarpus macrocarp(( 7| He 10.82 4747
/j” (1.20) | (5.27)

Tectona grandis L. F. 37.79 17.27
(3.98) | (5.40)

Alpinia galanga (Linn.) 24.71 23.8
(2.63) | (2.53)

Amomum xanthioides W alls 10.04 19.05
(1.00) | (1.90)

Kaempferia galanga L 19.92 6.74
(2.34) | (0.79)

Zingiber cassumunar Rox 32.86 9.93
(3.46) | (1.04)

Zingiber zerumbet (I:Tn J) Smx 16.16 16.03
(1.82) | (1.80)

Xylia xylocarpa Taub 19.27 36.60
7 . (2.14) | (4.07)

Anamirta cocculus (L;tr 1000 2.15 18.89
aJ (0.22) | (1.89)

Anaxagorea llﬁnﬁim VTW 10.71 8.65
ﬂ EJ A | &J ﬁfﬂj (1.13) | (0.91)

Cryptolepis buchanani Roem, Schul} HeartWOOCH 900 .96 3.27
S0 QN 0IN 1) | (0.59)

Ventﬂ@ ﬁﬁctﬁ iﬁlﬁ o bl [Heattwoodd |1 L pi043 | 16.52
q (0.80) | (1.27)

According to the above results, the highest amount of methanol and

dichloromethane extracts (% weight by weight) was achieved from the leaves of B.

alnoides and the heartwood of 7' grandis, respectively.
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3.2 The results of biological activity screening test

Both dichloromethane and methanol crude extracts of the aforementioned
plants were preliminarily screened for their insect antifeedant activity against S. litura
and phytotoxicity against lettuce seedlings in accordance with the procedures
described in Chapter II. The results are demonstrated in Tables 3.2 and 3.3.

AT T

o

, %

AULINENINYINg
ARIAATAUNNIING 1A Y



Table 3.2 Insect antifeedant indices of selected seventeen plants
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Species Solvent | AFI SD | FI (%) |CDC (%)
Anaxagorea luzonensis Gray. CHCl, | 409 12.86 18.2 100.0
MeOH ND ND ND ND
Cryptolepis buchanani Roem, Schult. | CH,Cl, | 41.2 12.49 17.7 100.0
MeOH ND ND ND ND
Betula alnoides Buch. Ham. CH.Cl, | inactive | ----- e 100.0
MeOH | inactive | ----- | ----- 100.0
Cyperus alternifolius Roxb. JlinClz 36.6 8.51 26.9 100.0
v \ | 46.1 | 5.52 7.8 100.0
Cyperus rotundus L. &;ﬂ | ctive | - — 100.0
‘-h- h’Me — _@ 10.47 14.8 100.0
Cinnamomum subaveni @ e — - 100.0
? //// d |ingetive | — | — 100.0
Pterocarpus macrocar, 9.49 82.2 83.6
----- e 100.0
Xylia xylocarpa Tau 5.00 92.9 16.9
3.98 6.3 83.3
Anamirta cocculus (L.) 3.66 52 100.0
425 68.5 46.2
Artocarpus heterophyllus Lam? 6.73 90.5 63.0
: 117 | 139 100.0
Ventilago denticul «. ::* : r;{6.73 52.3 100.0
4 40.25 0.4 88.2
e e
Tectona grandis L. F._| 27700 1393 | 447 74.5
¢ EQ}-I 17.6 4.52 64.8 100.0
Alpinia galanﬁ WW EJ Cﬁj Y Eisﬂ %7 | 326 | 86
U . MeOH 40.9 5.86 j 18.2 100.0
T R AR IL -eatox T TLa P
LA N MeOH| | 0423 [LJ 2 L15.4 49.7
Kaempferia galanga L. CHCL, | 68 958 | 865 100.0
MeOH 16.8 722 66.3 100.0
Zingiber cassumunar Roxb. CH,Cl, 7.7 10.88 84.6 20.2
MeOH 5:7 8.08 88.6 55.6
Zingiber zerumbet (Linn.) Smith CH,Cl, | 377 1.45 24.6 100.0
MeOH | inactive | ----- ——ee- 100.0

ND = not determined; Applied dose is 1.0 mg / disk




Table3.3 Effects of selected plants on lettuce seedling
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Alpinia galanga

Species Solvent | phytotoxicity Symptom
Anaxagorea luzonensis Gray. CHxCl, Inactive
MeOH Slightly
Cryptolepis buchanani Roem, CH,Cl, Inactive
Schult. MeOH Inactive
Betula alnoides Buch. Ham. CHyCl, Strong Necrosis
MeOH Strong
Cypérus alternifolius Roxb. Cl, Inactive
Q: f Inactive
Cyperus rotundus L. \ C Inactfve
= - MeO ctive
Cinnamomum subaven 7 (Hﬁ_ 7 tly
NN tly
Pterocarpus macroc AV ‘Q‘J\rl ve Radicle elongation
. tly Dying
Xylia xylocarpa Taub. o [ ctive Radicle elongation
A ; f‘ 1 tly Dying
Anamirta cocculus (L.) v} €] ctive
= Slightly
Artocarpus heterophyllus Lam Radicle elongation
Dying
Ventilago denticuldfa@-Watlds————CHCla— Chlorosis
Dying
Tectona grandis L. F
‘o Chlorosis

Chlorosis

o
RT3 T

Kaempferia galanga L. CH,Cl, Strong Necrosis
MeOH Strong
Zingiber cassumunar Roxb. CHCl, Inactive
MeOH Slightly Dying
Zingiber zerumbet (Linn.) Smith CH,Cl, Slight
MeOH Inactive

Data shown represent the observation of two replicates. Applied dose is 1000 ppm.
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As the results of screening tests, most of the dichloromethane extracts
displayed more antifeedant activity than the methanol extracts. Among them, the
dichloromethane extract of P. macrocarpus, X. xylocarpa, A. heterophyllus, K.
galanga and both extracts of Z. cassumunar showed strong antifeedant activity
against the common cutworm, while the methanol extracts from 4. cocculus, T.
grandis and K. galanga exhibited moderate activity.

The control disk consumption value displayed the feeding deterrent capacity

of the antifeedants. The strong antlfe hould express low values of the control
disk consumption percentage b@h inhibit feeding of insects not only
the treat disk, but also the ~disk. e results, the dichloromethane
extracts of X. xylocarp@ umunar- mterestmg results of %CDC

value at 16.9 and 20.2, resps \\
( the ‘growth of lettuce seeds were
investigated to look for t

results showed that bof!

10w the side effect on plants. The
glkrnij"olius, C. rotundus and
; zoner ocarpus, X. xylocarpa, A.
cocculus, A. heterophyll T gr £ 4 , munar did not exhibit the

As mentioned above, the'ﬂﬁlo; hane extract from the heartwood of X.

_ZC RN T N

xylocarpa exhibited rt_l}e best anufwdaﬂ‘t th g litura (%FI1 = 92.9). In

addition, it was obs  that the common ¢ id not consume the control disk
(%CDC = 16.9). Moregjer this ow the phytotoxicity against lettuce
seedling. These results supported that thig crude extract revealed potent feeding

inhibition wnhﬂ %ﬂa{}aﬁcﬂ ﬂe%f W:%Jh’e}rﬂﬁ of X. xylocarpa was

chosen for furth&f investigation on tl}e chemical constltuents and searchmg for insect

TEIRITRNN I UANAINYAY

3.3 The results of the extraction of the heartwood of X. xylocarpa

The heartwood of X. xylocarpa was extracted by various solvents according to
the procedure described in Chapter II. The results of the extraction of the heartwood
of X. xylocarpa are shown in Table 3.4.
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Table 3.4 The results of extraction of the heartwood of X. xylocarpa (7 Kg)

Crude extract Fraction Weight (g) % wiw
Hexane I 166.42 2.38
Dichloromethane II 7303 1.07
Ethyl acetate I 94.54 1.35
Methanol v 256.06 3.66

From the extraction results, i
the methanol extract 256. 06
extract.

ﬁed that the best yield was gained from

ﬂ the second was the hexane crude

The hexane and dic de extracts were preliminarily checked on

their chemical constitue a2 " 10% etate in hexane as a solvent

I= l;[exane extract, [ = chhloromethane extract

AUY PN INDING

The TLG results clearly rev%aled that the hexane extract ¢ tamed almost the

e T O

3.4 The results of X. xylocarpa antifeedant activity test

The hexane, dichloromethane, ethyl acetate and methanol crude extracts of X.
xylocarpa were preliminarily screened for the antifeedant activity against S. litura
according to the procedures described in Chapter II. The results are demonstrated in
Table 3.5.
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Table 3.5 Insect antifeedant indices of hexane, CH,Cl,, EtOAc and MeOH crude

extract
Crude extract AFI FI(%) SD
Hexane 31.1 37.7 16.7
CH,Cl, 154 69.9 1.67
EtOAc 29.6 40.9 0.2
MeOH 47.0 5.9 7.4

Applied dose is 1.0 mg / di

The portlom_ \dichloromethane extra , 40 g as yellow oil was
chromatographed on:silica gel colv h
Art 7734 as an adsorbﬂ The co
polarity by mixing with@thyl acetate, following by methanol in ethyl acetate. The

cted ot LS VR TN LR S the porion e

checked by TLC‘I and the fractions that showed s ilar componem; were combined.

e ’eWﬂaﬁﬁﬁﬁWﬁ%W%ﬁﬂ N

sing Merck’s silica gel 60

ally elut@wﬂh hexane and increasing



Table 3.6 The separation of dichloromethane crude extract (Fraction II)
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Fraction Eluent Remarks Weight

(% vol/vol) (2)
IT1A 100% Hexane Colorless oil 0.52
IIB 2% EtOAc-Hexane White solid 115

(compound 1)

IIC 2% EtOAc-Hexane Yellow pale solid 2.65
11D 8% EtOAc-Hexane White solid 2.01
IIE 8% EtOAc-Hexans White solid 7.40
IIF 10% EtOA: ‘. e w brown ol 2.25
G low solid 0.74

111111

As the results, the sepm;gﬁ,@e’of- dichloro
(ITA-IIG). After reerystalli

white platelet was obtdined. The solid

pethane extract yielded 7 fractions
raction TIB with rethanol, compound 1 as
n IIG was purified by first
washing with cooled

thyl acetate and then recrystalliz F ed with ethyl acetate. The

W“aﬁ”ﬂﬂ ANENIREAns

Structural elucidation of cozppound 1

WO IR VLN S
(6.50 g, %yle esignated as compound 1 exhibited a single spot on TLC with

Rf value 0.56 (10% ethyl acetate in hexane), m.p. 51-52 °C. This compound

immediately gave a blue spot after dipping in 10%H;SO4 in ethanol and was soluble
in hexane, dichloromethane and ethyl acetate, and slightly soluble in methanol.

The IR spectrum (Figure 1) showed the characteristic absorption peaks of
carbonyl group at 1700 cm™ (C=0) and a vinyl group at 3081, 1634, 999 and 914
cm’. The C=C stretching vibration of alkene displayed an absorption peak at 1634
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cm’'. In addition, the C-H asymmetric bending of CHj (gem-dimethyl) was observed
at 1385 cm’™.

The mass spectrum (Figure 2) exhibited the molecular ion peak at m/z 286
[M"] along with important fragment ion peaks at m/z 271, 258 and 135. Molecular
formula of this compound was determined to be CyH30O on the basis of 'H, *C-
NMR and mass spectral data, indicating 6 degrees of unsaturation.

The '"H-NMR spectrum and signal integration (CDCls, Figure 3) established
s at & 1.11 (s, CH3), 1.08 (s, 2xCH3) and
t at 8 5.31 and three signals of an

the presence of four tertiary methyl
1.02 (s, CHj3), an olefinic proto
ABX system correspondi vm m the mono-substituted double
bond at 4 5.78 (1H, dd, J = dd, J=17.4 and 1.7 Hz) and
492 (1H, dd, J = 10.5 a
with the skeleton of pima
heartwood of Xylia dola

pattern was well matched
commonly found in the
olefinic proton (5.31 ppm)
appeared as a sharp sifgleg; 1 in association with a C8-

C14 double bond in a n¢

19

. pimarane skelqtyn

The @lu spectru:{lg ?:,I Figure 4 g‘Jh:J)layed twenty carbon signals
which up) and four
T NS e e

chemical shift at & 55.3 and 49.4 could be determined as two tertiary carbons in a
cyclic skeleton (C-5 and C-9). The chemical shifts at 6 47.9, 38.1 and 37.5 were
accounted for quaternary carbons. The chemical shifts of the other respective carbons
could be assigned by the HSQC data (Figure 5).

Gathering from the above data, compound 1 was deduced to be 8(14),15-

sandaracopimaradien-3-one. The structure is shown below.
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e,” ** the carbon and some proton

assignments of 3-oxo-sandaracoy ‘ A ot been discussed. Therefore, 2D

The combination G 4nd | VIBC ( data was indeed confirmed
the pimarane skeleton having ihe ketone group at pos: 'on 3. The C-3 showed the

downfield proton signal at

8 2.67 connecting wi signal-a 8 was 2 igned for a proton at the C-
2 position which clear odh | ith the &c 216.8 and 37.7
Therefore, the carbon ch was proposed to be C-1. The
quaternary carbon at & 47.9 the methyl protons at & 1.08 and 1.11
According to the pimarane s% quz mary carbon could therefore be
assxgned for C-4 beafgxg the gm i T] g‘fertiary methyl proton at &

carbon established theI rrelation ) a -15'@]1’5 could be concluded that

these carbons were accountec d for the C-19 ( ial) and C-17 positions, respectively.

The other meﬂﬂ cu;cﬂa@ wg%q il e profonat 5 1.02 could thus be

assigned for C20l The assignment 9f other carbons and protons of compound 1 is

RTINS FPHTRY
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The absolute configurati assumed to be the above structure
from the value and sign o i =+46° (c, 1 in CHClI; at 23.4°C) in

compound 1 and [o]p = - 4),15-sandaracopimaradien-3-
one.”

The 'H, C ents of compound 1 are
reported in Table 3.7. Fhe u - d was also confirmed by

comparison the proto
3-oxosandaracopimaragd & Phowgie

The EI mass spéctram Q re2) \ ed the proposed structure of

compound 1. The molecula: " ar d other important fragmentation

ion peaks at m/z (% relative intén

74.0%), 271 (100%), 258 (11.0%),
9 detected. The possible mass fragmentation>?
135 (66.9%) were ‘L? <P pattern was proposed

as shown in Scheme

2
ﬂ‘UEJ’J'VIﬂWﬁWH']ﬂ‘i
’QW']&Nﬂ‘iflJ AN Y



I J
- — — -
i — ]
L]
f m
J @i

AULINININDINT
AR T I TR

35



36

Table 3.7 The 'H, °C NMR chemical shift assignments and 2D correlation of compound 1

Chemical shift (ppm)
Compound 1 3-Oxosandara
Position copimaradiene HMBC
S TH TH
la CH, | 37.7 2.05 €2, C3,C5
(ddd, J=13.1, 6.1, 3.5 Hz)
le 1.50 (m)
2e CH, | 34.8 2.67 Cl1,C3
(ddd, J=3.1, 14.8, 14.8 Hz)
2a 2R C3,C5
3 C=0
4 C
5 CH
6 CH,
7a CH, Cs5,C8,C9,Cl14
Te C6, C8,Cl14
8 &
9 CH C8, C10, C11,C14, C20
10 C
11 CH2 C8, C9,C13
C7,C8, C19
12 CH2
Cl1, C13, C14, C15,
L7
13
14 |IC 7.9, CI2,C13,C15
15 & 14, C13, C12,C17
ol - fa
% W\ i
9 C13,C15
(dd, J=10.5, 1.7 Hz)
17 CH; | 26.1 1.08 1.08 Cl,C2,C3,C4,C5, CT,
C13,.C14,C15,€C18
18 CH; | 25.8 1.11 1.10 C3,C4,C5,C19
19 CH; | 22.3 1.08 1.08 €1, C2,C3,C4,C5, C7,
C13,Cl14,Cl15, C18
20 CH; | 14.7 1.02 1.02 €1, €S, €9,C10, C19

a: axial position, e: equatorial position
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Structural elucidation of compound 2

Compound 2 had Ry 0.58 (ethyl acetate), m.p. 149-150 °C. This compound
was soluble in dichloromethane, ethyl acetate and methanol, and slightly soluble in
hexane.

The IR spectrum of this compound (Figure 7) gave the absorption band of
hydroxyl group at 3200-3600 cm™. The characteristic absorption peak of a vinyl
group was detected at 3081, 1638, 999 and 910 cm™. The C=C stretching vibration of
alkene showed the absorption peak at 1'6 8 cm™. In addition, the C-H stretching of
CH, and CH; was observed at 29& 1 cm™. Furthermore, the medium

absorption peak of C-H aszﬂﬁic bendi inal dimethyl appeared at 1381
-1 < -

cm” was also detected. ~ -
The mass spec 8) xhjpited olecular ion peak at m/z 304

[M'] along with fragme z 289,271,255 and 121. Molecular formula
PRI Nm and mass spectral data.
of this compound displayed the

proton signals of three gérti ethijl' gll s at. 8 1.07 (s, CH3), 0.97 (s, CH3) and
0.88 (s, CHs), an olefinic proton at 5:5 .26 lH) d a vinyl proton at 5.80 (1H, dd,
492 (1H, dd, J= 10.6 and 1.2

J=17.6 and 10.6 Hz), 4.9 1];1,%::7
Hz). The spectrum pattern imm@% with a pimarane type skeleton

containing the doublé borid at C8-14 anci C15-16 position,/T

compound 2 show d

e proton spectral data of

~usual four methyl groups
. The additional peak with an AB
system clearly observed at 3,74 and 3.47 ppm (each doublet, J = 10.6 Hz) could be

assigned to a ﬂ:%%h'yg %ﬂ%‘% %ﬂlﬁnﬁcmm The chemical

shifts observed i the range reported, for equatorial hydroxymethyl group must be at
Y

o] TSI Y TS e

to the praton geminal to the secondary hydroxy group.

associated with the p}_{j!laradlene-' :

The C-NMR spectrum (CDCIs, Figure 10) displayed twenty carbon signals
which could be assigned for four olefinic carbons at 8 110.1, 129.0, 135.3 and 148.9
corresponding with C16, C14, C8 and C15, respectively, similar to those proposed in
compound 1. In addition, the carbon signals at 8 77.2 and 72.2 were attributed for
primary and secondary alcohols.’® The chemical shift at § 50.3 and 48.6 could be

possibly assigned for two tertiary carbons in a pimarane skeleton. Comparing the
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carbon spectrum of this compound with that of compound 1, the chemical shift at &
11.0 was obviously compatible with C19. The strong shielding of the C19 methyl
signal suggested its proximity to the carbon having the oxygenated function that
correspondingly located at C3. The proton signal (3.71 ppm) was also in good
agreement with the equatorial disposition of the OH group at C3.

Based on the above data and comparison the '"H and '*C-NMR with those
reported in the literature,”” the structure of compound 2 should be sandaraco

pimaradiene-3f3,18-diol which w: viously found in the heartwood of

X. dolabriformis.® The structure - /

a&

44

ﬁCl{ 0
ﬂdaa. ¥,
D] l-; AL cf 21

S AN
* ek

Moreover, the sign of optical rotatic

CHCl; at 23.0°C) was similar ol that o

ompound 2 as [a]p = -8° (c, 0.2 in
andaracopimaradien-3f,18-diol as
[a]p = -18.5° (c, 4 .in .1__.__,.%,,..;,._,. ................. ";—" olute stereochemistry of

Fl

V s
compound 2 should b racopimaradien-3,18-diol.

The 'H and " C of compound 2 compared

1) ‘VI?LT YW
AMIAN TN INAE

[R chemical shift assignmerits
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Table 3.8 The comparison of 'H, *C NMR chemical shifts of compound 2 and

sandaracopimaradiene-3p,18-diol*

Chemical shift (ppm)
Compound 2 Sandaracopimaradiene-33,18-diol
Position TH BC H e
1 37.0 374
2 7.2 215
3B 3.71(dd,J=11.1 3.66 (dd, J=10.0 and 77.4
and4.7Hz)w | 4.2 Hz)
2 E 378
5 49.0
6 2 22.9
7 34 35.1
8 136.7
5 0, 5038
10 1 4@ ot 38.4
11 DAL 19.2
12 fean3s. 36.0
13 AT 226
14 1,26 ( ; ) 129.5
15 5.80 (ddy \ 1493
and 105}&)
16 494 (1H,d, =176 110.5
,ad, J=
A 6and 1.2
17" 0. ] 26.5
3 374 (d, J=10.6 Hz) 722 3.65 (d,J=10.5 Hz) 71.9
3.47 (d,J=10.56 Hz) 3.38(d,J=10.5 Hz)
19 1.07 (s) 11.5 1.03 (s) 12.0
20 0.97 (s) 15.5 0.90 (s) 15.9
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The HSQC (Figure 11) and HMBC (Figure 12) experiments were performed
to acquire additional information to confirm the carbon and proton assignments of
compound 2, particularly the configuration. The results revealed that the previous
assignments for C17, C19 and C20 reported in the literature were different. The
HSQC data clearly displayed that the methyl protons at 1.07, 0.95 and 0.87 ppm were
in fact connected with the carbon at 26.0, 11.5 and 15.5 ppm, respectively. The
signals of C17 and C20 appeared at almost the same location as those observed in
compound 1, the pimaradiene Vi
sandaracopimaradiene,’ the pin ﬁ ‘
The comparison of chemic. meth

— ? -

Table 3.9 The chemica {0 methyl groups of compounds 1, 2 and sandaraco
/1S

the ketone group at C3, and

d without any functional group.
is displayed in Table 3.9.

Position Compo6u Il/' ‘ompo -:\ | Sandaracopimaradiene
TR NP R
17 1.07 2 i ‘ﬂ‘t‘ : 1.02 26.0
18 - ﬂ 0.87,0.78 33.8
19 0.97 22.1
20 0.88 0.85 15.0

Moreover, e ‘f“_':'f-t"f"ff!-?‘-“-'-'f."-f:-f‘-_'-szﬁ-f‘.‘.'?-‘: 7 and C12 was disagreed
. I
with the HMBC correlation perfo: . The C13 exhibited the

correlation with the pro‘ on connecting to C5, C18 and C19, while C4 was associated
. .. LY

with proton ¢ eﬂﬁ%ﬁﬂ mg&zlﬂ]e way, C7 was clearly

correlated wi\ﬁﬁv, 147 C A e was ‘correlated with C5, C6, C14

and Cl15. ﬁ correct correlation "would be esﬁbﬁeﬁjf b§' evious carbon

rign AR ) VL2 P Sl A O T E Lk B Ehrnd 2 o

shown inql'able 3.10.
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Table 3.10 The 'H, °C NMR chemical shift assignments and 2D correlation of compound 2

Position Chemical shift (ppm)
e 'H HMBC
1 CH, | 370 1.78 (dt, J=13.1 and 3.5 Hz) C2,C3
1.21 (dd, J=13.1 and 4.4 Hz) C17
2 CH, | 272 1.64 (m)
3 |CHOH| 772 3.71 (dd, J=11.1 and 4.7 Hz) C2,C3,C4,C18,C19
4 e 422
5 CH | 486 C2, C4,06,C7,C8,09,
C10, C18, C19, C20
6 CH, | 224 C5,C7,C10
7 CH, | 356 2223 (d m C5,C6,C8,Cl4
s ////‘W‘&k . C6, C8, C14
BMENEL ﬂllﬁl\\\\\
9 CH | 503 \ Cs,C7,C8,Cl10,Cl11, Cl4,
C17,C20
10 C 38
11 CH, | 188
12 | CH, | 344 C9,Cl1
C9, C11,C13,C15,C17

13

14 C1,09,€C12,C13
15 Ci12, €15, €17

16

17

18

19 C3 C4 Cs5,C18
20 CH3 155 0.87 (s) C1, C5,09,C10,C13
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The mass spectrum (Figure 8) supported the proposed structure which was
well-matched with the molecular ion peak, M", at m/z 304. Other important
fragmentation ion peaks at m/z (% relative intensity): 304 (M", 38.9%), 289 (23.5%),
271 (38.8%), 255 (56.9%) and 121 (100%) were detected. The fragmentation pattern

of this compound** was proposed as shown in Scheme 3.3.

HO

24

#

4

¥
»

f/j
‘ !

Y

wﬂwswawni
qmmmmwﬁﬂmé’ o)

Scheme 3.3 Possible mass fragmentation pattern of compound 2
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Separation of Fraction I1A
Fraction IIA (0.52 g) was reseparated by flash column chromatography eluting

with hexane to afford compound 3. The results of separation are shown below.

Fraction IIA
colorless oil compound 3 colorless oil

14.5 mg white sohd

mg 13.2 mg

The IR spectrum (Figufe d3) : teristic absorption peaks of a
- : etching of alkene revealed
an absorption peak at 1684 ¢ . « di on stretching vibration of CH, and
CHj3 was observed at 2926 54 cm -, the medium absorption peak

and 0.87 (s, CHs) in gogi agrel
Table 3.9. In addition, the.vinyl protons gorresponded to C15-C16 position were

observed at & ﬂ u@h’%ﬁﬂ gn%(fg Iﬂ Bﬂlﬂ@ J=17.6 and 1.8 Hz)

and 4.90 (1H, d&i‘ J=10.6 and 1.8 Elz) respectlvely Besides, the oleﬁmc proton at

Ry RS2 199111918118

B3C NMR spectrum (CDCIl3, Figure 15) of this compound displayed

. sanda@copimaradiene presented in

twenty carbon signals corresponding to 8(14),15-pimaradiene skeleton named
sandaracopimaradiene.

In addition, the sign of optical rotation of compound 3 was [a]p=-7° (c, 0.5 in
CHCI; at 23.0°C) similar to those of compounds 1, 2 and 8(14),15-sandaraco
pimaradiene (- form) as [o]p = -12.4° (¢, 5 in CHCI3).”> Based on the 'H and '>C
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NMR spectral data and physical proporties, it could be indicated that compound 3 was

(-)sandaracopimaradiene.

N

(-)sandaracopimaradiene

The structure of compound 3 was ed by comparison the *C NMR data
with that of (-)sandaracopimara e. The assignments of compound 3 and

Table 3.11 The ‘3C al shift assignments of compound 3 and
(-)sandaracg A/// é \ \

Position 'I/ / — !&1;:\\‘\
77 2500 VO ——
AW

7
8
9 ¢ o 50.6 50.7
Jll '"'I“l. 3”2’1.8" v
12 346 © £234.6
O BN PR d
14 128.3 128.5
15 149.1 149.2
16 110.0 109.9
17 26.0 26.0
18 33.8 33.8
19 223 22.1
20 15.0 15.0
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Study on Fraction IIC

Fraction IIC was pale yellow solid showing two spots on TLC using 10% ethyl
acetate in hexane as a developing solvent, after dipping with 10% H;SO4. The second
spot (more polarity) displayed blue color identical with compound 1.

The GCMS technique was exploited for analyzing the components in Fraction
IIC. The chromatogram of Fraction IIC revealed 3 major components presented (Figure

3.1) at retention times of 33.16, 33.97 & .43 min corresponding with molecular ion

q W'ﬂ'ﬂ*&ﬁ‘ﬁ’fﬁ%‘ﬁ"r‘?‘mﬂ Y
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Table 3.12 The composition of diterpenoids in Fraction [IC

Component Retention time (min) | % Composition
1 33.16 9.70
2 33.97 62.27
3 34.43 21.50

The comparison of the m ass s each component with Wiley 275

databases revealed that the &o _—%72 (Figure 19) was possibly ent-
kaur-16-ene. The second.¢ en :

C30H3002 (MW 286.456

was suggested to be 7,154180pi

igure 17) was equivalent to

pect | thirty nine major carbons
reasonably assigned forB/  twe rbo g to components 2 and 3.
The high intensity signals observed at,§ 148.6, 135.8, 129.6 and 110.4 belonging

to the componeﬂu ﬁp’ﬂ%@%aﬁ %.Ed Mt%stic protons of 8(14),15

pimaradiene skeléton. Besides, the %Iher carbon sxgna.ls were 1dent1cal with those of

e R T BN T Y e
on TLC an e pattern of mass spectrum, it co e obviously concluded that

component 2 is sandaracopimaradiene-3-one (compound 1).

The C NMR spectrum of the low intensity set of signals belonging to
component 3 exhibited the characteristic carbon of 7,15-isopimaradiene skeleton®” of a
vinyl group at & 109.5 and 150.0, and alkene at § 121.2 and 135.6. In addition, the *C

NMR spectrum of component 3 was directly compared with 7,15-isopimaradiene-3-one®
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as shown in Table 3.13. The nineteen carbon signals were well identical with 7,15-
isopimaradiene-3-one. However a ketone peak belonging to component 2 was only
present in Fraction IIC. The absence of carbonyl carbon may due to the peak overlapped
with the signal of 8 217.0 or the amount this composition was too tiny. The mass
spectrum of this component was compared with that of 7,15-isopimaradiene-3-one from
Wiley 275 databases as shown in Figure 20 and the possible mass fragmentation®*

proposed in Scheme 3.4.

Scheme 3.4 Possgl.c mass fragmentatlon pattern of component 3

ﬂUEI’JVIEWIﬁWEI’]ﬂ‘i
ammnim AN Y



Table 3.13 The >C NMR chemical shift assignments of Fraction IIC
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Position Chemical shift (ppm)
Component 2 | Compound 1 | Component 3 | 7,15-isopimaradiene-3-one
1 87.7 319 38.2 38.1
2 34.9 34.8 34.7 34.6
3 217.0 216.8 216.0
4 47.9 479 37.0 374
5 55.3 ' 518
—
6 233 238
7 35.6 1212
8 135.8 135.6
9 49.5 51.1
10 38.0 352
11 19.0 21.6
12 344 36.1
13 315 36.8
14 129.6 459
15 148.6 149.9
16 11047 109.4
17 26.1 2135
18 25.8 \ d 23.8
P
19 J_g | .-'1 203
20 lejjgpgig'-‘ ' 148

Fﬂnﬁ '}‘ﬁeﬂdﬂ»‘im 5 3 18 Rk 2 n 3 v

compound 1 and 7,15- -isopimaradiene-3-one, respectively.
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Separation of Fraction IID

Fraction IID was subjected to flash column chromatography over silica gel eluting
with 5% ethyl acetate in hexane. The eluting solvent was collected and then concentrated
to small volume. Each fraction was monitored by TLC and similar fractions were
combined. Fraction IID2 was further fractionated in the same manner. The results of

separation are exhibited as follows:

Fracti

:

Fraction IID1
compound 4
white solid (0.36 g)
competind . bound 4+5 compound 5
73.0 mg X colorless oil
67.2 mg
From the above scheme, », ' SUTIC 4% white solid was obtained from Fraction

IID. In addition, the separatlon-eﬁémﬁiq} PractionID2, led to colorless oil, compound

5. “)‘

Structural eluciﬂﬁon 0
The R value of compound 4 was .52 (10% ethyl acetate in hexane), m.p.

91-92 °C.In addﬂﬂdeﬁt@l%@x%ﬁtwoﬂ q{ﬂ (ﬁ 1 in CHCl; at 23.5°C).

This compound wis soluble in hexang, d1chloromcﬂane and ethyl etate, and slightly
e SRR 4N T 111112118118

Thé] IR spectrum (Figure 22) showed the characteristic absorption peak of a
carbonyl group at 1696 cm™, the C-O asymmetric stretching of ether at 1116 and 1077
cm™ and a vinyl group at 3089, 1645, 995 and 910 cm™’. In addition, the C-H stretching
of CH, and CH; was observed at 2941 and 2867 cm™. Furthermore, the medium
absorption peak of C-H asymmetric bending of geminal dimethyl was appeared at 1373

em’™.
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The '"H NMR spectrum (CDCls, Figure 23) of this compound displayed five
tertiary methyl groups at 8 1.37 (s, CH3), 1.33 (s, CH3), 1.12 (s, CH3), 1.06 (s, CH3) and
0.94 (s, CH3) and a typical ABX system of a vinyl proton at 5.90 (1H, dd, J=17.6 and
10.6 Hz), 5.18 (1H, dd, J = 17.6 and 1.76 Hz) and 4.96 (1H, dd, J = 10.6 and 1.8 Hz).
This proton spectral pattern was found to be close to that of labdane diterpenoid skeleton,

named manoyl oxide.

The *C-NMR spegf:
2174, 147.7, 110.5, 74.8, 7
249, 21.1, 20.8, 15.7 and 1} _
carbonyl group at & 217.4 (ketone.—gfw) ns next to the ether functional group at &
El“.—.r{_""; ‘f - .
74.6 and 73.5 and twqﬁeﬁmc carbons at § 1 _147.6 (C14) corresponding
with the manoyl oxidesikeleton. L
The signals at 8 57 (1 .3 and % Hz) and 2.44 (1H, ddd, J =

16.0, 7.5 and 3.9 Hz) could be assigned for the proton attached to the carbonyl carbon

(CH,C=0). The ﬁt%ﬂ ﬁ}m’g agfi]sﬁ %'ﬁhwe@ '}ﬂ:‘% cithinr 07 or €3 wiese

connecting to C2 ﬂ!)smon Therefore, ahe HSQC and HMBC expenmsnts (Figure 25 and

% QRO ITO] A TN & B o

compound 4

From HSQC data, the carbon signals at § 15.1, 21.1, 24.9, 26.6 and 28.4 exhibited
the correlation with the methyl protons at § 0.94, 1.06, 1.37, 1.12 and 1.33, respectively.
The upfield signals of proton (6 0.94) and carbon (8 15.1) and could be assigned for C20.

ed twenty carbon signals at §
7.8, 36.6, 35.9, 33.9, 28.3, 26.6,

carbons could be assigned to a

The assignment of other methyl groups could be possible by the use of HMBC

experiment.
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The two methyl protons at  1.37 and 1.33 were clearly correlated with the carbon
next to ether functional groups at 8 74.6 and 73.5, respectively. In addition, the chemical
shift at 1.33 ppm only showed the correlation with the alkene group (C14 and C15). This
demonstrated that the carbons at & 28.4 and 24.9 should be C16 and C17, respectively.
The two residue carbons at & 21.1 and 26.6 must be placed at C18 or C19 position.
Besides, these protons were correlated to the ketone group (8 217.4). This information
also supported that C3 should be a ket:

As presented above, c

n.
V;%/e concluded as 3-oxomanoyl oxide

&Iolabriformis. From the value and

: wstructure and configuration of
\ N, N

which was previously found i
sign of optical rotation, co

compound 4 was shown

The Ry¢ value ’2{ - acetate in hexane). This
compound was solubl ! ich cetate, and slightly soluble
in methanol. D

The '"H NMR specgum (CDCls, Figu1ae}27) was identical to that of the pimarane

type dlterpenmdﬂ uﬂ;ﬁ %Wdﬁﬂﬂ Eii'?] ﬂe‘gmton signals displayed

four tertiary methyl groups at § 1.07 (s CH3), 1.00 (s CHj), 0.91 (s, CH3) and 0.85 (s,
CHs). In GT 16n|was observed at
85.81 (1H Wﬁgm&:ﬂ QW? ?Fﬁrz) anﬁ. (1H,d,J=10.4
Hz), respectively. Besides, the olefinic proton as a sharp singlet appeared at & 5.25 could

be assigned for C14. The broad singlet at 3 3.48 was assigned to the proton on carbon
attached to the secondary hydroxy group.
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The *C NMR spectrum (CDCls, Figure 28) of this compound displayed twenty
carbon signals which corresponded to 8(14),15-pimaradiene skeleton with 3-hydroxy
group, sandaracopimaradiene-33-ol (see also Table 3.9).

Taking into an account that the broad singlet proton at & 3.48 was deshielded
more than that noticed for sandaracopimaradiene-3B-ol (H3a at & 3.24, dd, J = 12.3 and
4.5).*%*! This was suggested that the C3 hydroxy group could be epimerized to the axial

conformation or a-configuration. This observation was in good agreement with the fact

that an axial proton in cyclohexane ring was more shielded than its equatorial

adaracopimaradiene-3ca-ol.

In addition, HSQC,

additional information to con -.=-'—.r osed structure. Gathering from the

pectra (Figures 29-31) provided some

spectroscopic data, it cou at c
3a-ol. The data was p \;{— ———————— —

]
AU INENINGINS
AN TUNM NN Y

J.} as sandaracopimaradiene-
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Table 3.14 The 'H, *C NMR chemical shift assignments and 2D correlation of
compound 5

Position ¢ on HMBC COSY

1 CH, | 31.6 1.58 (m), 1.48 (m) -

CH,| 25.5 | 1.94 (m), 1.65 (m) -
CH | 76.1 3.48 (br, 5) C1,C5 H2
C | 375 -

CH | 48.2 ‘Q\W/ } -

| | B W

CHy | 22.2

7a CHy | 35.9

~[=C6, C8, €9, C14

8 C [137.1 NN

9 | CH| 503 33 (my — " | |C8, €10, C11, C14, H14
L T . 0

10 C 38

11 CH, | 18.7

12 CHy | 34.5
13 C | 374

14 | CH |128. 359 / T (?‘CIS H7b, HO
15 | cH 1495 __ ----------- €14, C17 HI6

16 CH, | 110 __j494
491(dJ 104Hg)l

[]
17 [ CH; & 10 ]gpﬁ:&,cw
18 |CHs ﬂsa E 3 Hkﬁ)’ 5 Ng,duds,ﬁ:w

19 |CH, 557 0.91(s) .C3,C4,C5,Cl8s

c;g, C15 H15

%?
e
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The separation and structural elucidation of Fraction IIE

Fraction IIE (7.46 g) as white solid had melting range of 67-109 °C. TLC was
however exhibited only one yellow purple spot after dipping with 10% H;SOy4 in ethanol
with R¢ value of 0.76 (SiO,, 20% ethyl acetate-hexane).

The *C NMR spectrum (CDCls) of this mixture (Figure 32) displayed two sets of

compositions. The major composition exhibited the carbon spectra of two compounds

that showed important carbon s1gnals ws olefinic carbon at 6 148.9, 148.8, 137.0,
136.5, 128.8, 128.6, 110.2 and 11 ng hydroxy group at & 78.9 and
71.7. The carbon spectrum of mposx ed the important carbon signals

as follows: olefinic carbon a L
hydroxy group at & 79.1. f ction IIE composed of at least

three compounds. The ch e :
were similar to those of i feaeed(@l und in compounds 1, 2, 3 and 5,
except for the signal belongi ' atacl a aoxy group. Besides, another

13 %d 109.2, and carbon bearing

compound in a minor co
of alkene corresponding to

The 'H NMR spec _
signals as follows: seven tertiary m@jﬁ g,ro 1._04 (s, 2xCH3), 1.01 (s, CH3), 0.84
(s, CH3), 0.83 (s, Cl-[.(;))o .81 (s, CH3) and
secondary hydroxy gr '(CH-OH) at § 3.30 .7 and 4.1 Hz), 3.41 and
3.14 (each doublet, J = a 1 and 10.6 Hz). The chemical &Lft of proton confirmed that
the structure of two' compounds in @/ major composition was belonged to
w15 sy o ied ) 113 W) 1119

The GCMg'{echmque was employed for further analyzing the ¢omponents of this

mixture. &mMﬁ (Figiire 3.)|Bowed fhtedmdjof péaks af retention time of

24.10, 24.33 and 24.53 min. The corresponding molecular ion peaks were observed at m/z

288. The mass spectra of three components are displayed in Figures 34-36.
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Apariaics . TIC: 030820250

The mass spectr: ompared with that of 8(14),15-

isopimaradien-3-ol and 11ey 275 databases (Figures

37 and 38, respectively). Fhe
t % %
AT

in Table 3.15. /
il el
Bgs)E

Table 3.15 The composition of texg@g,, '

Component = :‘!:’F_ : % composition

¥ s

e
v : 'r:_, , .0-‘ 'l 45-08

-,
i J 833

i | . 1,
39 : I 40.59
(compoun

As aforﬂulzcj ’M&rﬂi%ﬂ QIQ ‘j and 2 (in a major

composition) wen?!hﬁ’erent in the position of an alcehol group. Thespectral data implied

o o 3 B PO k) ) B o

compound as confirmed by comparison of physical properties and spectroscopic data

with the compound obtained from the reduction of sandaracopimaric acid (compound 9)
with LiAlHj in anhydrous ether according to the protocol described in Chapter II.

In addition, Fraction IIE was purified by crystallization with MeOH-H,0
affording compound 6 whose the structure was further elucidated.
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From the spectral data and GCMS, it could be concluded that components 1, 2
and 3 should be 8(14),15-isopimaradien-3B-ol (sandaracopimaradiene-38-ol, compound
6), 7,15-isopimaradiene-3B-ol and 8(14),15-isopimaradien-18-ol. The possible mass

fragmentation®” of components 1, 2 and 3 is proposed as shown in Schemes 3.5-3.7.

m/z 135

Scheme 3.5 Possible r 2.0f component 1

T Y

D e~ (O
S e neis

N KABYIA Y

MU

m/z 270 m/= 255

Scheme 3.6 Possible mass fragmentation pattern of component 2
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m/z 257

cetate in hexane as a solvent system,

hexane, dichloromethane and ethyl

l'
The IR spectrum
group at 3082, 1634, 9

3110-3640 cm™ ﬂﬂu M ﬁiﬁﬂ’lﬁdﬁmn peak at 1634 cm™.
In addition, the t 2941 and 2867 cm™
Furthermore, the absorption peak off C-H asymmetric bending éf’geminal dimethyl

appemedalﬁ'lmaﬁﬂ‘im RPN ERE

The lH -NMR spectrum (CDCls, Figure 40) displayed typical proton signals of

1r stic absorption peaks of a vinyl
a.nd 910 cm™ and the absorptid band of a hydroxyl group at

pimarane type diterpenoids. The presence of four tertiary methyl groups was manifestly
detected at 8 1.07 (s, CH3), 1.04 (s, CH3), 0.86 (s, CH3) and 0.83 (s, CH3), a vinyl proton
as ABX system at  5.80 (1H, dd, J= 17.6 and 10.6 Hz), 4.92 (1H,d, J = 17.6 and 1.8
Hz) and 4.94 (1H, d, J = 10.6 and 1.8 Hz) and an olefinic proton as a sharp singlet at &
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5.27. In addition, the proton on carbon connecting to the secondary hydroxyl group as a
double doublet (J = 11.7 and 4.1 Hz) centered at § 3.30, in agreement with the range of
signal reported for an axial proton at 3 position.***!

The *C-NMR spectrum (CDCls, Figure 41) displayed twenty carbon signals
corresponded with 8(14),15-pimaradiene skeleton. Four olefinic carbons could be
observed at & 110.0, 128.8, 136.7 and 149.0 associated with C16, C14, C8 and C15,
respectively. In addition, one carbinol was found at 8 79.2. The chemical shift at 8 54.1
and 50.4 could be assigned for tw¢ ‘% 7 . On the basis of spectroscopic data
and a comparison of the 'T@c&um%d 6 with published data (shown
in Table 3.16), the stru undmm:ldated as sandaracopimaradiene-

cture of | m -
3B-0l 4041

A &

" i L
e ]

In addition, the sign and optical rotation valu ompound 6 as [alp = -18° ¢, 1
in CHCl; at 22.6°C),"was in good ag
[o)p=-19.5° (¢, 5 in CH§3)L"

This structure was gonfirmed by comparing physical properties and spectroscopic

evidence with ﬁﬂc&dpﬂm@eﬂeim e §8defion 9t campound 1 with NaBH,

according to the pfocedure cited in Ch}pter II. The ;I;I-NMR spectrqllt?Ir (Figure 42) of the

e R LT B A T B e e
properties and spectroscopic data, it could be concluded that this product and compound

6 is sandaracopimaradiene-3f3-ol.
HSQC, HMBC and COSY (Figures 43-45) were conducted to gain additional
information for confirming the proposed structure. The data obtained was ascertained for

A91¢C

the proposed structure and the proton and carbon chemical shift assignments are shown in
Table 3.16.
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Table 3.16 The 'H, "C NMR chemical shift assignments and 2D correlation of compound 6

comparing with sandaracopimaradiene-33-ol

Position 8C SH HMBC COSY
Cpd 6 |Sandaracopima Cpd 6
radiene-3§-ol
1 CH, | 373 373 1.88 (dt, J=12.9 and 3.5 Hz) 2
1.20 (dd, J=13.5, 13.5 and C2
3.5 Hz)
2 CH, | 276 217 \ 1.67 (m), 1.59 (m) .
LN
3 CH | 79.2 79,05 =11.7 and 4.1 C18,C19
4 C | 39.0 o 2 ” B
5 CH | 54.1 / 1 :
6 CH, | 222 -
7 CH, | 35.9 C5,C8,C9, | H6
Cl4
Cé6,C8,Cl4
8 Cc | 1367 -
9 CH | 504 =
10 Cc | 38.1 -
11 CH, | 188 - H6
12 CH, 34.§ B C9, Cl11
\ Cs5, C7, C9,
— < C10, Cl11
13 C (375 ) 37 -8 -
14 CH | 1288 | ¢« »1289 as 527(s) C7,C9, Cl12,
Flid S s ek
15 CH |1 , 489 . .80/(dd,V&517.6and 10.6 | C13,Cl4,
Y ¢ Hz) Cl17
16 |.C 1 110.1 /. ( ,1.8 Hz) ﬂs,cw
N\ 1) dd s+ 106,
17 qC A 077" "2607 7 1.07 (s o1, C13,
Cl4, C15
18 CH; | 285 28.5 1.04 (s) C3,C4,C5, | H7
C19
19 CH; | 15.8 15.7 0.86 (s) C3, C4, C5,
C18
20 CH; | 15.0 15.0 0.83 (s) Cl, C5, C9,

C10, C13
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Structural elucidation of compound 7

Compound 7, constituting as a major composition of Fraction IIE, was confirmed
the structure by comparing with the product obtained from the reduction of
sandaracopimaric acid (compound 9) with LiAlH4 in anhydrous ether according to that
described in Chapter II.

The reduction product or compound 7 had R value as 0.76 using 20% ethyl
acetate in hexane as a solvent system. This compound was soluble in hexane,
dichloromethane and ethyl acetate luble in methanol.

The 'H-NMR spec owed three methyl signals instead
of the usual four methyl w ldi (s-GHS’-O'M (s, CH3) and 0.81 (s, CH3),

' Wad therefore been replaced by
a hydroxymethyl group whi€h appes ,,: tem at & 3.40 and 3.13 (each
doublet, J = 10.9 Hz) identieal w _ ‘ t&h@ppemed from Fraction IE. The
signals of this methylen - 7

reported’®*® for an equatosiz ormat " vhich was the same as the position of

associated with a pimarane typ

carboxylic acid (compound i d information established the presence of an

olefinic proton as a sharp sing the vi roton at$5.78 (1H,dd,/=17.9

and 10.9 Hz), 492 (1H, dd, J= 17.9.and 1.6 Hz)and 4.88 (1H, dd, J=10.9 and 1.6 Hz).
The “C- NMR‘:ipectrum (CDC13, F 47 ﬁyed twenty carbon signals

observed at & 110.0, 1@7 1 associated with C16, C14, C8 and C15,

respectively. The chemicalsshift at 8 72.2 wasassigned to be carbinol exchanged from the

carboxylic carbﬂ of bampond/9 Eﬂs‘ﬂ ‘ppr| Thé ‘ol Garbon signals were also

corresponded witfithose of compound ‘9 Gathenng from the above results this product is

no doub s also 8(14),15-
isopimaraiene—lS-o san arcg)llmara 1eni1ﬁ1ﬁllﬁgt?q m‘ﬂ El
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“u,
CH,0H

e-18-0l

sanda
I.U
: D gures"48 and 49) were useful for the

The HSQC and HMBC

assignment of this product.and"€0; bstructure. The carbon and proton

assignments of this produetare sho

ﬂUEJ’JVIEmiWEI”Iﬂ‘ﬁ
Qﬁﬁﬂﬁﬂimﬂﬁﬂﬂﬂ’lﬁﬂ
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Table 3.17 The 'H, *C NMR chemical shift assignments and 2D correlation of the

product obtained from the reduction of compound 9

Position Chemical shift (ppm) HMBC
13C IH
1 | CH; | 389 0.89 (m)
1.72 (m)
2 | CH, | 184 1.60 (m)
3 | CH; | 35.5 1.41 (m), 130
4 C | 382 =
5 | CH | 479 |
6 | CH, | 224 0 (m)
7 | CH; | 357 AR 5, C6, C8, Cl4
) %\ce, C8,Cl4
8 C |[137.0 = \
9 | CH | 506 1 781
0 | C |378 A ;;;1;3,,
11 | CH, | 1838 760 my
12 | CH, | 346 135¢m) -
13 | C |374 _.e_,f:;;#;g 7
4 [ cH [1287] = S0t ¢9/Ci2,C13.C15
15 | CH |149.1| 5.78'(dd,J=17.9: 12, C13,C17
16 | CH, |110.0 4.92%!(dd, J=17.9 and 1.6 Hz) g
477 = 10. . C13.CI5

17 | CH; | 26.0 1 E%Tﬂc% C14,C15
18 |CH,0H| 722 [ 340(dJ=109Hz) _ 4 C3 C4,C5/CI9

Vbt NTRE
19 | CH; | 18.0 0.81 (s) C3, C4, C5, C10,C18
20 | CH; | 156 0.84 (5) C1, C4, C5, C9, C13
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Fraction IIF

.

B-Sitosterol

v oYy vy

IIF1 IIF2 IIF3 IIF4 IIF5

compound 9

,WIIF
@lizaﬁon_ with acetone yielding

dition, Fraction IIF3 was first

Scheme 3.8 The separation of the re:

Further purification h\eﬁb

needle crystal (0.2 g, 0.6
purified by flash col

ethyl acetate in hexane and
then the receiving solid tion with acetone to yield

compound 9 (54.3 mg).

compound was soluble in dichlo

e e
acetone and methanol. P TITeY,
el e
The IR spectruﬁof this compou: yfy d the absorption band of a
hydroxyl group at 3200-3700 em ", a car 1696 cm™ (C=0) and a vinyl

group at 3073, 1638, 993:@ 910 addition, the C@ asymmetric bending of CH,

and CHj; was observed at 1400-1500 cm™

The 'H W&@ﬁ@lﬂ@w&m@e 51) displayed the

protons of three t&hary methyl groups.at 8 1.25 (s, CH3) 1.04 (s, C&I}) and 0.84 (s, CH3)
mdlcatmq.lw The carboxylic
group was%m@?dmaﬁ;g@oﬁﬁﬂfh{ﬁﬁﬁﬁycm (0.84 ppm)
based upon the previous data reported.* In addition, the proton at C5 (1.92 ppm) of this
compound was deshielded comparing with those reported in compounds 1, 2, 5 and 6.
This implied that the carboxylic group should be placed in C18 position. The typical
signal of 8(14),15-pimaradiene established vinyl protons at & 5.77 (1H, dd, J = 17.1 and
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10.2 Hz), 4.91 (1H, d, J = 17.1 Hz) and 4.88 (1H, d, J = 10.2 Hz), and an olefinic proton
at 5 5.22 (s, 1H).

The *C NMR spectrum (CDCI3) of this compound (Figure 52) displayed twenty
carbon signals corresponded with a pimarane skeleton. The important signal of
carboxylic carbon was viewed at 3 185.4. Other signals were detected and compared with
the reported sandaracopimaric acid* as presented in Table 3.17.

In addition, the sign of optical ro
CHCI; at 23.0°C) was similar

ion in compound 9 as [a]p = -7° (¢, 0.5 in
ith 1 / ; ounds 1, 2 and 8(14),15-sandaraco
pimaradiene (- form) as [o]p = =12.4 1& Based on the 'H and *C NMR

and physical proporties %mmd 9 was (-)sandaracopimaric
acid. NS

HSQC, HMBC and COSY (Figure 53, 54 ai -spectively) spectra provided
an additional -;";,:_,:_t.:.:.:..::_,...:__..:._:“ i strueture. The carbon and proton

assignments of compoufﬂ
3.19.

Moreove "n m | . ed by single crystal
X-ray difﬁacﬁomuznﬂ stal of 'this m:i:repared by carefully
recrystallizati ith_acetone. Eﬁ:ﬂ: -gene w and a plot of
crystal pgﬁ)ﬁhmi : i %ﬂﬁwm

i:ﬁric acid are shown in Table
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Table 3.19 The 'H, °C NMR chemical shift assignments and 2D correlation of compound 9
p

comparing with the sandaracopimaric acid

Position 8C SH HMBC COSY
Cpd 9|sandaracopi Cpd 9
maric acid
1 CH, | 38.3 384 1.74 (m) -
1.14 (m) C2,C20
2 CH, | 18.1 18.3 m) -
i i
3 CH | 37.0 371 - -
1.62 Cl,C2,4.C5
4 473 1 -
5 CH | 48.8 1 Cé, C7, C9, C10, | H6 (1.46)
1 N 18, C19, C20
6 CH, | 249 4. .46 N -
2 o \\ N\
= ) \ RN C7,C8
T CH, | 35.5 , C5, C6, C8, C9,
Cl4
C6,C8,Cl14 H6

8 C |136.6 -

9 CH | 50.5 C8,Cl10, C14, C20

10 C 37.7 L. -

L J
11 CH, | 185" -l -
12 CH, | 344 |7 34. .
2 I ‘ i El
13 C 374 37.4 '
o [V
14 CH ﬁ .1 EJI?? 1[‘ EJ mw /Tﬁ&l Cl15, | H7(2.12)
15 CH W89 149.0 5.77(dd, J=17.1,10.2| C14,C13, C12 Cl17
Hz) &
* o WITAN 9 TR T A
7 J 0 H
17 4 CH; | 26.0 26.2 1.04 (s) C12,C13, Cl14, C15,
Cl16

18 C |1854 185.3

19 CH; | 16.8 16.8 1.25 (s) C3,C4,C5,Cl18
20 CH; | 152 15.3 0.84 (s) C1,C5,C9,C10
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crystal packing of comp(:;jnd -

4
In summ niné ©ompounds couﬁ' be isolated from Fractions IIA-IIG.
Stopmbb 3 bk bbb, 06 ) o

obtained from Fractions IIA and IIG, réspectively. Sandaracopimaradien-3-one (1, 6.5 g),
v oo AT B e A i e Bhions 5
IIC. 3-Oxo?nanoyl oxide (4, 0.43 g) and sandaracopimaradien-3a-ol (5, 67.2 mg) were
isolated from Fraction IID. Sandaracopimaradien-3B-ol (6, 2.49 g) and sandaraco
pimaradien-18-ol (7) were derived from Fraction IIE. While, B-sitosterol (8, 18.2 mg) and

sandaracopimaradien-18-oic acid (9, 0.25 g) were obtained from Fraction IIF. The

isolation diagram of all substances was summarized in Scheme 3.9.



v v
A IIB
0.52 g) (1.75 g)

v

sandaracopimaradiene (3)

. v .

IIE ITF 11G
(7.40 g) 225g) (0.74 g)

(44.2 mg) [3-sitosterol (8)
(18.2 mg)
sandaracopimaradien-3-one (1) sandaracopimaradien-18-oic acid (9)
6.5) ddndara " en-30-ol (5) (025 g)
= v
¢ e ——————————— sandaracopimaradien-3[3,18-diol (2)

sandaracopimaradien-3-one (1) (0.69 g)

i

sandaracopimarad ﬂyoﬂ@ ‘V] EJ n?ﬂﬂﬂ:ﬂﬁ sandaracoplmatdlene-m-ol (7
Wﬂmnm URIANYIAY

Scheme 3.9 Isolation diagram of the dichloromethane extract from the heartwood of X. xylocarpa

89
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3.6 The results of biological activity of the isolated compounds

As mentioned above, the separation of dichloromethane extract from X. xylocarpa
led to the isolation of eight substances. The isolated substances, except compound 5, were
further studied for biological activity. The antifeedant activity against S. litura and
termite including phytoxicity against lettuce seedling were selected for exploration

followed the protocols described in Chapter II.

i gainst S. litura

3.6.1 The results of antife t
S\

Seven isolated compo%é? Vi the antifeedant activity against S.
litura by choice leaf disk @e reshlts 6f antifeedant activity (%) are displayed in

Table 3.20.
Table 3.20 The antifee

Compound

%)
o\.imadisk 1.0 mg/disk

sair st S. litura e isolated compounds
AN i 3

i
=

1 | 1\9({(1 9.4) |27.83 (+ 14.0)
2 13.6) | 24.53 (2.1
3 8 (+6.6) -

4 i 46.85(+10.2) | 41.97 (+6.2)
6 - ' 115.43 (£ 9.0)
7 T':)f = 2.91 (+2.0)

9

26.34(£5.7) | 60 85(439) | 81.58 (& 1.6)

From mﬂ%@%ﬂ%ﬁ@aﬂ@ revealed the highest

activity while comipound 4 (3-oxoman3yl oxide) exhibited medium activity. Compounds
B N N T R 1201 £
pimaradieng) displ low acti ereas compound daracopimaradiene-33-ol)

and 7 (sandaracopimaradiene-18-ol) were inactive. Calculating by Probit analysis

program, the EDso of compound 9 is 2.75x10”7 mol/cm’ that showed comparatively
potent to the commercial substance, rotenone'* (EDsp = 1.5x107 mol/cmz).
As the comparison with preliminary result of dichloromethane crude extract, it

could be concluded that one of the active principles should be compound 9 and/or
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compound 4. The carboxylic group at C4 is indeed virtually essential for the antifeedant

acitivity against S. Jitura.

3.6.2 The results of antifeedant activity against termite

The seven isolated substances were also tested for the antifeedant activity against
termite by bioassay described in Chapter II. The results of antifeedant activity (%) are
displayed in Table 3.21.

Table 3.21 The antifeedant acti i

Compound — Anixfe ty (%)

5 pgidi e/disk | SOmg/disk | 100 pg/disk
1 7 ?\7&& 20) | 979 1.7)
2 65 0.1 w\&Q 99.0 (+ 0.6)
3 9. 8) | 842@62) | 79.7(11.7)
y 96.5 975 @22) : 973 (£0.5)
6 471 09) | 97407 J 82.8 (+ 12.8)
7 35.6 (£ 13)1) L9851 . 96.4 (+ 2.8)
9 e 916(*12) | 93229

feeding inhibition, espe compound 4 : %% feeding inhibition at 5 pg/disk,
d 9 exhibited less activity than compound 4.

X wlocﬁarz:mﬂﬁmmmﬁm from the heartwood of
563 i i,

Theflphytotoxicity was chosen for checking the toxicity of substances in crops.

while compounds 2, 6,

The effect of isolated substances on the growth seedlings against lettuce was evaluated

according to the procedure written in Chapter II, and the results are demonstrated in
Table 3.22.
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Table 3.22 Effect of isolated substances on the growth of seedlings

Compound| Conc. Plant growth rate (%) F.W
(ppm) Cotyledon | Hypocotyl Radicle

1 500  [87.3(£0.23)[110.9 (£ 0.05)[154.3 (+ 1.46)] 85.5
100 | 91.3(£0.27)]95.7 (£ 0.04) [115.2 (£ 0.88)| 77.7

2 500 | 86.1(+0.21)]93.6 (+0.04) [265.4 (+ 1.29)| 79.7
100 1949 (0 00.0 (+0.05)|188.4 (£ 0.66)|  78.1

3 500 | 99:0 (0.1 +0.04) [145.3 (+ 1.11)| 101.5
100 {1004 0.17) ' 04) | 99.4 (+042)| 96.5

4 500 3% 0.20) | 93.5(&0.04) [166.3 (£ 0.73)| 745
100 7401 )\%1358@063) 94.5

6 500 F0:21) \pz\a (:I:MHS 9(£0.53)] 94.0
100 +0. 1 (£0.05)[163.1 (£ 1.39)] 962

7 5 04 0.18){1043 (& 0:05)[203.5 (£ 1.11)] 894
10 ;(,«F{g 2.1 (= 165.4 (+ 1.67)| 94.8

9 500 4.4 (£0.19) 89.4 (+0.03) [148.5 (+ 1.47)| 83.6
100 1@@&2 (£0.04) [108.7 (+ 0.84)| 103.1

LKA '
In this expen?%lt the doscs;pphcdw 100 ppm. All of isolated

| the effect on

compounds did not reveal
that the isolated substanc:l mlght be used as envuonmentauh

seedling. This pointed out

iendly insect antifeedant.

7 Reviewof i UUIBUBINYINT

The dlterpenes are Cy compounds that are widely distributed in plant and fungal
o B BG|o3) 5 B 1 S k] Gppins. Fmar
derivatives ‘are a group of tricyclic diterpenoid which have been found in various plants
and fungi that exhibited some biological activities.*® Some of these pimarane derivatives
are exemplified as follows:

Recently, several pimaric acid derivatives, including pimaric and isopimaric
acids, abundant in pine rosin exhibited novel potent BK,,, large conductance Ca*-

dependent K", channel opener.‘”'48 In addition, fermentation broth of an unidentified
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coelomycete produced a diol, maxikdiol, which was a powerful agonist of the maxi-K
channel.*’

I

il [e}

"
S
“,

Y
ZcooH

pimaric acid

i W) maxikdiol
As seen from the a ) c&mcopimaric acid (found in this
- E————

research as compound 9) as the lipoxygenase inhibitor from Juniperus
phem‘cea.45 7B-Hydroxy: acid \"t.\ obtained from the roots of
Juniperus chinensis.> '

Some other pi 1-' nes-have been-ad ' oxins such as sphaeropsidin
A from the cypress canker funge _ arﬁupressi.s !

OH

sphaeropsidin A

A number of pimarane derivatives have been isolated from Labiatae family. For
example, two highly oxygenated pimaranes, orthosiphols A and B, were obtained from
the leaves of the medicinal plant Orthosiphon stamineus and exhibited potent inhibitory

activity against the inflammation induced by the tumour promoter 12-O-
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tetradecanoylphorbol-13-acetate.’>> 7a.,18-Dihydrosandaracopimaradiene which
possessed antimicrobial and antispasmodic properties have been isolated from an

important medicinal plant in Central Africa Iboza riparia.>*

2%

-Dihydrosandaracopimaradiene

lated from the Zingiberaceae such as

C9 \\'Jl) have been obtained from the

sandaracopimaradienes oxyg
rhizomes of a Thai Kaempfexia s

.:\

A large num '_*__,e_f__!_;_,_ggy ane derivatives) such as
oryzalexins E F7 2 “ 1t-isop a.i,ﬂ have been detected in rice

Oryza sativa infected wmm various

dlik)

oryzalexin E oryzalexin F ent-isopimara-8(14),15-dien-33-ol



74

Biosynthesis of sandaracopimaradiene structure

Geranylgeranyl pyrophosphate was postulated as a general precursor of cyclic
diterpene and converted into (+)-copalyl pyrophosphate, and then sandaracopimaradiene
derivatives were obtained.’®* The biosynthesis of sandaracopimaradiene derivatives are

demonstated in Scheme 3.10.

nization-initiated
ion formation

[t

S a@ @-w
AUYINTTNYINT

(-)-sandaracopimamd% sandgracopimarenyl cation isopimara-7,15-diene

s ARSI AU NBATNEIS L.
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