CHAPTER 1V

RESULTS AND DISCUSSION

The preliminary bioactivity scréé@,of the dichloromethane extract from
the soft coral Cladiella tuberosa Tleg—Dunv{k“revealed its cytotoxicity (ICso for

P-388, A-549, and HT;20m2°0,-5.0, Fnd 5.0 pg/mi, respectlvely) and brine shrimp
lethality activity (LDsoafa ml) TheSefore this soft coral was selected for isolation

: 'cal“ constltuents Large-scale investigation of the

i

lethahty test led to the isolation of four eunicellin

et S

The repeat. nharceratlon of thlS soﬁ coral (7 6 ké\yet weight) in methanol and
methanol : CH,Cl, (l} 1) and fractionation by solvent _pagtmon (Scheme 10) yielded

the active hexane (53 g) and methanolic (6.5 g) -extracts which were further

fractionated by successive éhromatographic'téchniques.

The hexane extract (1755_ g) was ﬁ'ac;ionated by silicasgel quick column
chromatography, silica,_gel flash cdlumnj'chrbmagbgﬁphy\and then recrystallized to
obtain a brine shrimp toxic compound (LDsp 0.6 pg/ml) which codenamed as CHF028
(140 mg, 5.5 x 10° % of wet weight). Compound CHF028 showed the cytotoxic
activity against P-388 (mouse lymphoma) at ICso 2.0 pg/ml; A-549 (human lung
carcinoma), HT-29 (human colon carcinoma) and MEL-28 (human melanoma) at ICs,

5.0 pg/ml.
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The methanolic extract (4.5 g) was further fractionated by chromatographic
techniques to yield eight fractions, CMF006 - CMFO013. Fraction CMF009 (335 mg),
which exhibited the highest activity, was investigated by using repeated column
chromatography to obtain compound CMF035 (4.2 mg, 8.0 x 10” % of wet weight).
Fraction CMF008 (367 mg), which showed less cytotoxic activity was also
investigated. After using several colum omatography, two compounds, CMF0201

AULININTNEINS
AN TUNNIINYAY
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Cladiella tuberosa Tixier-Durivault (7.6 kg wet weight)

- macerated in methanol

and methanol - dichloromethane (1 : 1)

dichloromethane

CH,Cl, extract "N , P \ Aqueous part

(61g)

: Z - partitioned
- partitioned betweer with butanol

90% methanoi as d-he

-~ BuOH extract
RY |
(14 g)

7

90% methanol extraﬂ : hexane extract m

“HuyIngrinens
PaN I TVYaY

q
— CMF0361

Extraction and isolation scheme of the compounds from the soft coral.
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Structure Elucidation of the Isolated Compounds

1. Compound CHF028

The electron impact mass spectrum (Figure 15) exhibited the molecular ion

peak at m/z 304 and a fragment ion at m/z 286 due to the loss of one molecule of

water. The ir spectrum (Figure 16) conﬁrmed the presence of hydroxy group (Vimax
3400 cm™) and also suggested the presence a{ exocychc methylene (Vmax 3080, 1660

and 900 cm™ ) and ether (Vs 1040 cm™) group. The *C nmr spectrum of CHF028 in
CDCl; (Figure 20) ShOng 20 carbon peaks determined as four methyl, six methylene,
seven methine and three guaternary carbons by High Sensitive Quantum Coherence
(HSQC) (Figure 21 - 23) Penment These data established its tentative molecular

Fs ! — i

formula as Cy0H3,0; . / !> e
"F " o " / v

jr f i 4

The 'H nmr éecﬁ‘um o_f CHFQ@.S in CDCl; (Figure 17 - 19) showed the
presence of two exocyclic methyl‘ene protﬁ!is d’é two 1H broad triplets at 4.74 and
4.67 ppm, an 1sopropyl group-as two 3H.dm)blets at 80 93 and 0.73 ppm and a 1H
multiplet at 51.80 pp

Tnd 3.70 ppm. A tertiary
methyl attached to oxygen-bearmg carbon appeared as three—proton singlet 51.14 ppm.
A broad doublet at 85.55 ppm (1H, J = 8.5 Hz) and a methyl singlet at 1.84 ppm
were attributable t6 a CH,-CH=C-CH;'group.

The '"H-'H, COSY |spectrum of CHF028 (Figure 24-25) which showed the
correlations among the protons having geminal, vicinal and allylic coupling was
summarized in Table 5. The vicinal couplings are observed as following : the proton
at 52.42 ppm (H-8a) to the proton at $3.98 ppm (H-9); H-9 proton to the proton at
52.67 ppm (H-10) which, in turn, coupled to the proton at $2.08 ppm (H-1); H-1 to
the proton at §1.29 ppm (H-14); H-14 proton to two protons at $1.69 ppm (H-13c)
and 1.00 ppm (H-13), and these H-13 protons to the protons at 2.22 ppm (H-12)
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and 2.08 ppm (H-12a1). H-12a proton also showed the allylic coupling to two olefinic
protons at 34.74 ppm and 4.67 ppm (H-20a and b). The above data suggested the
fragment A as shown below. Two methyl protons at 0.93 ppm (H-15) and 0.73 ppm
(H-16) were coupled to the proton at §1.80 ppm (H-17) suggesting the fragment B.
The fragment C was proposed due to the proton at §1.64 ppm (H-4c.) was coupled to
the proton at $2.38 ppm (H-58) which, in turn, coupled to the olefinic proton at §5.55
ppm (H-6) together with the exist of a mat'byl singlet at 51.84 ppm (19-CH;). The

methyl singlet at 81.14 ppm (18-CH3)Jwas suggested its connectivity to oxygenated-
quaternary carbon as fragment D. Finally, the oxymethine proton at 53.70 (H-2) which

appeared as singlet was?gged as fragTent E.
£ rf —

The position of an isopropyl group was confirmed by ‘the ‘mass fragment peak
at m/z 261 (M- 43) and the assignment of the structure was finally accomplished by
using Heteronuclear Multiple Bond Coherence (HMBC) experiment, optimized for
8 Hz coupling constant (Figure 26 - 28). Two exocyclic methylene protons at §4.74
and 4.67 ppm (H-20a and H-20b) were coupled to both C-10 (647.9 ppm) and C-12
(631.5 ppm) while a proton at 2.22 ppm (H-12) showed correlated peaks with both
the methylene carbon signal at $110.1 ppm (C-20) and the quaternary olefinic carbon
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signal at 6147.0 (C-11), establishing the connectivity of the exocyclic methylene part.
Both proton signal at 52.42 (H-8c)) and 1.99 ppm (H-8) were coupled to the olefinic
carbon signal at §124.5 ppm (C-7). The H-8p signal also coupled to the methyl carbon
signal at 20.5 ppm (C-19), which proton signal, in turn, coupled to C-6 (6132.5 ppm),
C-7 (8124.5 ppm) and C-8 (838.5 ppm) signals. Furthermore, the proton signal at
61.99 ppm (H-8B) and the methy! pr_‘ot?r:’ signals at 61.84 ppm (H-19) showed the
long-range coupling to the olefinic carbix@é%ﬁfal at 6132.5 ppm (C-6) indicating the
connectivity of C-7 and C-8 and placir‘l‘g anbtﬁg’dggble bond between C-6 and C-7.
The proton signals at &M(Ii—%t) land 2.38 ppm. (H-5B) were coupled to the
quaternary carbon signal'{ _____.,1 ppm (51-3), suggesting C-3 and C-4 connectivity.

' ¥ i
'ﬂr J ., 4 JJ

— il

roPylbgroup was established by the correlation

of the isopro yl group and the carbon signal at §42.6
T fP_ v P

six carbon signals at 546.1 (C-1)39.0 (C-4), 80'5 (C-9), 47.9 (C-10), 42.6 (C-14) and
29.5 ppm (C-18), s_upporting';tlie’:fpropq’s'éa“‘btiucture. The long-range correlations

between proton and-¢

Figure 5. The long-range correlations in the HMBC spectrum of CHF028



Table S. Carbon and proton chemical shift assignments and proton-proton

correlations of CHF028
6C OH Splitting multiplicity
(ppm) | (ppm) | pattern (J value, Hz )
|1 2.08 dd | H-10 (7.6), H-14 (12.0)
21 922 | am brs
T ) :
4 | 390 el !//
(14.0), H-5p (4.5), H-50: (6.4)
s | 243 | S'R'b‘mq,\fﬂ-m (4.5), H-6 (8.5)
N
6 | 1325 a | H5p @S
7 | s 1 4 % 2
e |
| 1 0), H-9 (5.3)
9 | 805  H-80 ?)3& H-10 (8.2)
10| 479 H-948.2), H-1 (7.6)
11 | 147.0 ]
19 218 ?)p & (3.3), H-13p (3.3)
13| 252 E]l.od +~ o (1288), HI128 (.3), Hla
L H-14 (12.8)
1514 ) 401 B o o
4 S (3 3)
I |26 o ql29 ol g | ﬂﬁ(ﬁw 1(122)
15| 220 bi ofblgyoN ”1 17 6. ?}
i6 158 0.73 d  |H-17(68)
17 | 280 1.80 m
18 295 1.14 brs
19| 205 1.84 5
20 | 1101 | a474 t  |H124012)
b4.67 brs | H-120(1.2)

68
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The relative configuration of compound CHF028 was determined by analysis
of its proton coupling constants, Nuclear Overhauser Effect Correlations (NOESY)
spectrum (Figure 29 - 30), and Nuclear Overhauser Effect difference spectrum
(NOEDS). The NOEDS showed correlations between protons through space by
which the irradiated protons would affect the intensity of correlated proton signals,
while NOESY spectrum showed correlations through space between protons in the
whole molecule at the same time. The 9(()?'L /ﬁ/bedral angle between H-1 (52.08 ppm)
and H-2 (83.70 ppm) produeed virtually no. degplmg between the two protons.
However, H-1 showed 2}# % enhanceu‘l ent when H—2 was irradiated. The proton
at position 1 was coupl@-d”s -14 at 01.29 ppm and H-10 at 62.67 ppm with the

d' 76 Hz respectlvely, however, only the correlation

coupling constants of 12:
to H-10 was visible in SY spectrum and the NOEDS showed 3.0 %
enhancement of H-1"upen irra atlon _Sf ‘H-10 (Figure 31) suggesting a frans
14 and a czs, relattonshlp between H-1 and H-10. The
proton at position 10, while ulmg coupqu:,go H-9 at 83.98 ppm, also did not show
any NOE to this proton, hence s&_g&stmg éi@% relationship between H-10 and H-9.
In the six-membered portion, the I;OESY s?ecmxn showed the correlations between
H-12a (62.08), H-13c Mm_ﬂﬁmm@ that these protons are in
the same plane. NO/ESY spectrum also showed the-correlatlon between H-12f3
(62.22) and H-138 (SIUO) H-12p and H-13a; H-12 and H-20a (54.74) and between
H-20b (54.67) and H410, thus establishing the chairiconformation of the six-membered

ring. The NOESY correlations between each proton are shown in Figure 6.
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while the H-16 methyl at 50. -‘ h £0 efxlon to H-1, suggesting the same
he proto stgnal at position 17 was enhanced
by 14 % and the methyl pr ton’%s at
(Figure 32). Conversely, irradiation of the

pm by 2 % when H-2 was irradiated
yl protons at 51.14 ppm showed
esting the 18-Me, H-2 and

»ond can be assigned the trans

H-6 to be in the same vlane. The t

configuration since o y negligible enhancement (0. 73;;) of the NOE differrence

Zii:tr:: :f :@ ﬂiz‘wﬂmm Tmlated The correlations
a0 ﬂ\mﬁm URIINYIAY

&ompound CHF028 was therefore identified as the known eunicellin

diterpenoid, deacetylcladiellin [085], which has been obtained as a reduction product
of cladiellin [038] (Kazlauskas, Murphy, and Wells, 1977). This is the first report of
naturally occurring deacetylcladiellin and its bioactivities.
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Table 6. The correlations between protons observed from the NOESY spectrum and
long-range correlations between carbons and protons in the HMBC spectrum

o6C oH long-range correlations nOe observed between
(ppm) | (ppm) in HMBC spectrum protons in NOESY spectrum
46.1 208 | C3.€09 CI0,C14,C-17 H-2, H-10, H-16
2 92.2 370 | C-1,C4,C-9 C-10,C-14, H-1, H-17, H-18
i1, /P

o e A -

4| 300 | pLiE=r= . 4 -
a 1.6‘4}’4#’/“ ch C-5

5 243 B 2.28'/ i, c-4 H-19
B I{Q/ A 7 - - “

6 | 1325 554 /F’ / / H-8a

1.1 1345 W 4 ;, JA «

8 385 | B1.99/ / (;-.6 c-z';n § Hb-20
«2.42 g:-'i C-9 CT?@ 19 H-6, H-9

9 80.5 398 | e -‘,H_ N H-8a, H-12a.

10| 4719 | 27 i WL,  H1Hb20

1| 170 | SO A :

v S TR 2.gj C-11, €-13, €14, C-20 H-130, H-13B, Ha-20
« 2.08 H-9, H-13a, H-14

13 | 25217 «.l1.69 Ct1 H-120, H-12B, H-14
B 1.00 7 H-12

14 AR AJANS A1 H2, [312%) H-130,, H-15

15 §220 1 093 [ "l cHs cl” " H14

61 155 0.73 C-14, C-16, C-17 H-1

17 | 28.0 1.80 H-2, H-14

18 [ 295 1.14 H-2

19 | 205 1.84 C6,€7.C8 H-5p, Hb-20

20 | 1101 | a4.74 C-10, C-12 H-128
b4.67 C-10, C-12 H-8p, H-10, H-19
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2 Compound CMFO035

The electron impact mass spectrum (Figure 33) showed the molecular ion
peak at m/z 320, loss of a molecule of water at m/z 302, an isopropyl group at m/z 277
and a further methyl at m/z 262. The ir spectrum (Figure 34) also confirmed the

presence of hydroxy group (Vmax 3425 cm™) and suggested the existance of exocyclic

methylene (Vmax 3080, 1650 and 900 cm’l) and ether (Vmax 1070 cm™) moieties in the
structure. The “C nmr (Figure 37) and Hl\if)?,xpectrum of CMFO035 (Figure 38 - 40)
exhibited 19 carbon peak “two sp’ carbons atgfﬁ 9 and 109.2, four oxygen-bearing
carbons at §90.5, 80.1, 78:1"and-74.9 ppm and the rest were thirteen sp’ carbons. The
HMBC spectrum of 06// nd CMFQ?S (Figure 43) revealed another quaternary

carbon signal hidden in¢

tentative molecular fo

signals of two exocyclic m ylene‘ proto@4 67 and 4.64 ppm), three oxymethine
protons (84.57, 4.13, and 3. 63 p‘pm) andﬁnr methyl groups (61.16, 1.20, 0.97, and

fns ol =

0.80 ppm). Jud ng, from the characterlstlc of eunicellin diterpenoid, the exocyclic
PP gi )

methylene protons © jcompound ‘CMF035 could be assi g-rsbd to the position 20. The
carbon and proton ass_ggnments and the multiplicity oﬂf protons were summarized in

Table 7.

Table 7. The carbon and proton chemical shift assignments and the multiplicity of

protonsof CMFO3S: -
5C 5H multiplicity and J value (Hz)
(ppm) (ppm)

1 45.1 2.17 ddd; J=11.0,7.3

2 90.5 3.63 brs

3 74.9 : :

4 39.9 o 186 |dd;J=14.6,10.4
B 1.80 dd; J=14.6, 8.8
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Table 7. (continued)

8C SH P
multiplicity and J value (Hz)
(ppm) (ppm)

3 293 a 1.99 m

10
11
12

13

14
15
16
17

117 wgw;wa1ﬂi
qﬁ%aéﬂiaﬁuﬁﬁﬁqwmaa

The HMBC spectrum of compound CMFO035 (Figure 41 - 43) revealed a

quaternary carbon signal (C-7) at §77.0 ppm resonated at the same chemical shift as
the solvent (chloroform—d) and long-range correlated to the protons at 61.73 (H-8c)
and 1.20 ppm (H-19). The ethereal bridge between C-2 and C-9 was confirmed by the
long-range correlation between the proton at $63.63 ppm (H-2) and C-9 (678.1 ppm)
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and also between H-9 (84.13) and C-2 (890.5). In addition, two methyl signals at
81.16 and 1.20 ppm can be assigned as H-18 and H-19, respectively. The correlations
from the HMBC spectral data were shown in Figure 7 and summarized in Table 8.

Figure 8. The correlations in the NOESY spectrum of compound CMF035
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Table 8. The long-range correlations between protons and carbons and nOe observed

between protons of CMF035
8C SH long-range correlations nOe observed between protons
(ppm) (ppm) in HMBC spectrum in NOESY spectrum
1 45.1 2.17 C-9, C-14, C-17 H-2, H-10, H-16, H-18
2| 905 3631 C3,C9, m) 14, C-18 | H-1, H-4a, H-14, H-17,H-18
3 74.9 %
4 39.9 H-2, H-5b, H-6
5 29.3
H-4a
6 80.1 H-40.
7 77.0 g
8 453 H-19
H-10
9 78.0 H-12a, H-14, H-20b
10 | 530 H-1, H-8B, H-12p, H-20b
11 | 1479
12| 316 |a2ed H-9
28 IR H-10, H-20a

e ixmmﬂmwﬂ e =

B 1.06 o H-17
LEOL L Mk ) m UAII T Rt
15 | 20 0.97 C-14,C-17 H-13a, H-14
16 | 159 0.80 C-14, C-17 H-1
17 | 29.1 1.74 H-2
18 | 303 1.16 C-2,C3,C4 H-1, H-2
19 | 230 1.20 C6,CH.C8 H-6, H-8.
20 | 1092 | a4.67 C-10 H-128

b4.64 C-12 H-9, H-10
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Finally, comparison of the nmr spectral data of compound CMFO035 with
reported values of related compounds revealed to be the known eunicellin diterpenoid,
sclerophytin A [052], which exhibited cytotoxicity to L1210 cell line at the concen-
tration of 0.001 pg/ml (Sharma and Alam, 1988). The compound was initially

reported as a constituent of the soft coral Sclerophytum capitalis.

/7.

3 Compound CMFEQ201 S

4
The ir spectumﬂ?lgure 45) exhibited absorption peak at V. 3500 cm’

(OH stretching), 1650—4:’11’1’1 =C stretching), 1070 em™ (C-O stretching), 910 cm™

(C-O-C stretching). t;bn 1mpact mass spectrum (Figure 46) showed fragments
indication of successive'lo e§fof two rmlecules of water at m/z 302 and 284 and an
isopropyl group at m/z }11e L m;u' spectrum (Figure 50) displayed 20 carbon
signals which were dete as three m@thyl seven methylene, seven methine, and
three quaternary carbons fr)dm theaHSQO(Ex_.gure 53 - 54) and DEPT (Dlstomonless
Enhancement by Polarization Txansfer) peatta (Figure 51 - 52). The above data
established the tentative molecular formula bf €MF0201 fs C20H3,0s5.

-J

-0
“"I

j
The completc“asmgnment of CMF0201 was aceompllshed by analysis of its 'H

and C nmr spectra and the absolute configuration was established by using the
Mosher’s method: 1The 'H nmr spectrum: (Bigure |47, ~49)-gave the signals of four
olefinic protons at 85.52, 5.14, 4.80 and 4.67 ppm, three oxymethine protons at 84.40,
4.12 and 3.66.ppm-and three-methyl groups,at-61-23; 0.96 and 0-74 ppm.

According to the "H-'"H COSY spectrum of CMF0201 (Figure 55-58), the
vicinal couplings are observed as followed : the proton at $2.79 ppm (H-8a) to the
proton at 84.12 ppm (H-9); H-9 proton to the proton at 62.96 ppm (H-10) which
further coupled to the proton at §2.22 ppm (H-1); H-1 proton to the proton at 61.29
ppm (H-14) which, in turn, coupled to the protons at 81.73 (H-13c) and 1.04 ppm
(H-13a), and H-13a to two protons at $2.05 (H-12c) and 2.27 ppm (H-128). H-12a
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proton showed allylic coupling to two olefinic protos at 64.80 and 4.67 ppm (H-20a
and b). The above data suggested the fragment A as shown below. The fragment B
was suggested because of the vicinal coupling between two methyl protons at §0.96
(H-15) and 0.74 ppm (H-16) and the proton at 51.81 ppm (H-17). The proton at
84.40 ppm (H-6) was coupled to the protons at 62.08 (H-5c) and 1.86 ppm (H-58)
which, in turn, coupled to the protons at §1.62 (H-40)) and 1.79 ppm (H-4B) indicating
the fragment C as shown below. The ren{qm/ef; fragments D, E, and F were assigned
by analysing the splitting patterns of protons.and the chemical shifts of 'H and C.
The carbon and proton cﬁgnﬂcal shiﬁ?lssignments 5n_d proton-proton correlations of
CMF0201 were summarized fa Table 9.\ A

Table 9. Carbon and proton chemical shift assignithents and proton-proton

correlations of CMF0201
6C O0H | Splitting multiplicity

(ppm) | (ppm) | pattern (J value, Hz )
1 44.1 2.22 dd | H-10(7.6), H-14 (12.2)
2 91.9 3.66 brs
3 74.1 - = 7
4 351 | B1.79 ddd | H-4o (15.0), H-5B (3.6), H-50 (11.0)

o 1.62 ddd | H-4B (15.0), H-5B (7.0), H-5a. (4.0)




Table 9. (continued)

6C O0H | Splitting multiplicity
(ppm) | (ppm) | pattern (J value, Hz)
5 356 | p1.86 tdd | H-5a (11.0), H-4B (3.6), H-4o. (7.0),
H-6 (11.0)
208 | \t\‘ 'V (11.0), H-4B (11.0), H-4a (4.4),
6 72.9
711522
8 393
9 | 797
10 | 477
11 | 1463
T 313 3.0), H-13 (3.3), H-130. (3.0)
13.0), H-13p (12.8)
13| 253 . Jp (3.3), H-120. (12.8)
3 (12.8), ﬂlzp (3.0), H-12a (3.0)
g, | HeM33)
14 44&] 1“ ﬁlw'g _ SJ | ﬁlWi]Hr]ﬂgs) H-130 (3.3),
Y H-17 (3.0)
AT i v TR
161 152 0.74 H-17 (6.7)
17 | 279 1.81 m -
181 270 1.23 brs -
19 116.6 as.52 brs -
b5.14 brs -
20 | 1112 | a4.80 brt -
b 4.67 brt -

78
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The unambiguous assignment of this compound was accomplished by HMBC
experiment optimized for coupling constant of 8 Hz (Figure 57). Two olefinic protons
at 85.52 and 5.14 ppm showed long-range coupling to the carbons at §72.9 (C-6) and
39.3 ppm (C-8), suggesting the position of an exocyclic methylene moiety (C-19).
Two more olefinic protons at §4.80 and 4.67 ppm (H-20a and b), which coupled to
carbon signal at §31.8 (C-12) and 47.7 pym (C-10), indicated the position of the other
exomethylene to be at C-11. The.pro*(é{pf}f)&% ppm (H-2) showed long-range
correlation through a hetef?atom toa ?Jarboﬂ's!g{al-it 879.7 ppm (C-9) supporting the
position of an ethereal pmdge__'be_t_weenl C-2 and €-9. This proton also correlated to
carbon signal at 827.(?/} ppm sﬁggesting the position of 18-methyl group and
the connectivity betwegen C dQ—Z, re;s!):ectively. The position of C-4 at $35.1 ppm
was proven from the long-gan, é c;u':ela%ﬁc;n of the H-2 proton at 3.66 ppm and the
18-Me protons at 51.23 pp C-4 sré?a;l The position of 18-methyl group was
t carhtgn mgn?is at 674.1 (C-3) and §91.9 ppm (C-2). An
isopropyl group, appearing as g__g‘_;;ﬁ;prot‘é:é’ﬁ?}tiplpt at 61.81 (H-17) and two methyl

confirmed by its correlati

o i

i ams £ ;,
doublets at 50.96 and 0.74 ppm,—gx}ﬁbite@‘ig-range correlation to carbon signal at

W

844.4 ppm, indicating its position as at C-14. The long=range correlations between
e —— m—— ———
protons and carbons Were shown in Figure 9. A

Figure 9. The long-range correlations in the HMBC spectrum of CMF0201
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Upon treatment with acetic anhydride in pyridine, the compound CMF0201
formed a monoacetyl derivative [086] at 6-OH as indicated by the downfield shift of
H-6 from 64.40 ppm to 85.32 ppm (Figure 58) thus confirming the presence of a

secondary alcohol moiety at C-6.

The relative conﬂguraﬁon_of compzmﬁa CMF0201 was proposed by analysis
of NOESY spectrum (Figure 59°= 60). andip"i'efon coup};ng constants. For the six-

membered ring pan:' th
the H-10 proton s1gnal at 02.96 and also showed the nOe indicating the cis

o1 Sig ? at 62.22 ppm coupled to
relationship at the rmg Junction which were ass1gnedJas B orientation. The H-1

proton also coupled to'the H-14 proton at-61.29 ppm (Ji.s = 11.5 Hz) without nOe
observed, suggesting the a-axial of H-14, thus, the configuration of an isopropyl
assigned' as {B-€quatorial - In“the ten‘mefabered Ting pait lincluling’ the 2,9 ethereal
bridge, the 90° dihedral angle between H-1 and H-2 exhibited virtually no coupling
between these two protons, therefore, H-2 appeared as singlet and its configuration
assigned as o-equatorial. This H-2 proton signal showed nOe to proton signals at
81.23 (18-CHs), 1.81 (H-17), and 4.40 ppm (H-6) suggesting similar configuration for
these protons. H-10 proton (62.96 ppm) was coupled to the proton at 84.12 (H-9)
with the coupling constant of 10.3 Hz but did not show any nOe suggesting a frans

relationship between H-9 and H-10. However, H-10 showed nQOe to proton at §2.28
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ppm (H-8) indicating B-configuration of this proton. The dihedral angle between
H-8B and H-9 protons was about 90°, so no coupling was observed between these
protons and H-8 appeared as doublet. On the other hand, H-9 was coupled to the
proton at 82.79 ppm with the coupling constant of 5.5 Hz corresponding to the
dihedral angle of about 30°. Thus the conﬁguration of H-9 was assigned as o, while
the proton signal at 62.28 ppm was d as H-8 B-axial and at 62.79 ppm as H-8
a-equatorial. The correlations betw om the NOESY spectrum were
shown in Figure 10 and wei%lanzed i

Figure 10. Fhe correlations in

Table 10. L’%hig spe:tl m?wasp‘ﬂcﬁﬁ?nd nOe observed in the
R MBR] ﬂl‘ﬁ%ﬁﬁ}@sﬂ 7 e

sfjctrum of CMF0201

q(ppm) protons in NOESY spectrum
1 44.1 .22 H-2, H-16
2 91.9 3.66 C-1,C+4, C9, C-14,C-18 | H-1, H-6, H-14, H-17, H-18
3 74.1 - - -
4 35.1 o 1.62
B 1.79 H-10

5 | 356 | «2.08
B 1.86 Ha-19




Table 10. (continued)
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8C SH long-range correlations nOe observed between
(ppm) (ppm) in HMBC spectrum protons in NOESY spectrum
72.9 4.40 C-19 H-2, H-50,, H-80, H-18
152.2 : g .
8 | 393 [«279 | C6,C7C9.C10,C19 H-6
B2.28 C-6, o 7.€-19 H-10, Hb-19, Hb-20
o | 799 | 412 &1/, H-120
10 | 477 296, 1 C-8,C-9 G11, Cal4,C-20 | H-4p, H-12B, Hb-19, Hb-20
11 | 1463 —Ar 5
12 ] 318 ol / \ H-9, H-14
B 2J?/ | Ha-20
3] 253 |al2 / f H-15
B 104 / / / L 4 H-12, H-16
14 | 444 129 / o H-2, H-12a, H-15
15| 220 096 4 |/ “Caaa. c—xﬁ c 17 H-130, H-14, H-16
6] 152 0.74 L4, €3 H-1, H-13p, H-15
17°] 219 1.81 {é-lﬂ;C 14, &H C-16 H-2, H-18
18 | 270 123 Ca2,c3ca . H-2, H-6, H-17
19 | 1166 q‘-i«? C-5.C-3. — ;‘f: - H-5B
bsaa C-6, C-8 .o H-8p, Hb-20
20 | 1112 | 2480 C-10, C-12 H-12p
b4.67 C-10, €12 H-10, H-8p

modified: Mosher’s method since this compound has a secondary hydroxy group at
C-6. The (R) - and (S) - MTPA esters were prepared by treatment the alcohol with
(S) - and (R) - a-methoxy a-trifluoromethyl-phenylacetic chloride, respectively. Each
product was further purified by using silica gel column chromatography and CHCI; :
ethylacetate (1 :
chemical shifts between these two derivatives (Figure 61-63 and 64-66) The A§

(8s-0r) values were shown in Table 11.

THé abollte, Configeation|of dipound OMFG201 WA established utilizing

1) as an eluent. The result was achieved by comparison the proton



83

Table 11. The A5(8s-0r) values of the MTPA derivatives of compound CMF0201

proton SH (ppm) AS (85-8R)
(S)-MTPA (R)-MTPA

2 3.651 3.652 -0.001
4ot 1.560 1.590 -0.030
4p 1.815 1.826 -0.011
Sa 1.968 21082 -0.114
5B 1.945 1.982 -0.037
9 4120 ? =i +0.010
10 2852 2.878 +0.014
192 5195 .F'i 5.100 +0.095
19b sS4 ' 5253 +0.188
20a 44633 =" a6 +0.011
20b agdsf fo | L 44780 +0.005

Yy
.‘fr. # .

Following the MTPA . mles these daﬁa} indicated an § configuration for C-6
and therefore the absolute stereochennstry’for compound CMF0201 was assigned as
(1R, 2R, 3R, 6S, 9S 10R, 14R) cladiell- 7(19)‘11(20) d;en—3 6-diol. This compound
was identical with &Lgﬂown eunicellin diterpenoid first lsq'fgied from Cladiella australis

(Rao et al., 1994b).

4 Conipound CMF0361

The molecular formula; CasHeOQs of compound CMF0361 was deduced
from the high resolution fabms measurement ( [M+I-I]Jr observed : m/z 413.2916,
calculated : m/z 413.2904) (Figure 68). The eims spectrum (Figure 67) showed the
[M-H,0]" and [M-H;_O-HOAc]+ fragments at m/z 394 and 334, respectively. The ir

spectrum (Figure 69) exhibited the presence of hydroxy groups (Vma 3500 cm™),

carbonyl (1720 cm™) and ether moieties (910 cm™).
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The 'H nmr spectrum of CMF0361 (Figure 70 - 71) showed the presence of
three oxymethine protons at 84.08 (dd, /= 11.0, 3.6 Hz), 4.06 (ddd, /=11.0, 7.5, 3.6
Hz) and 3.55 (s). Seven methyl peaks were observed including a methoxy group 83.36
(s), an acetoxy group 82.00 (s), a methyl geminal to the acetoxy group 61.46 (s), two
methyls of an isopropyl group 80.95 and 0.82 (d, J =6.7 Hz), and two tertiary methyl
signals attached to oxygen-bearing carbons and resonated at the same chemical shift of

51.16 ppm. f,- .,

o
The “C nmr (Figure 72) and HMQC spectrum of compound CMF0361
(Figure 73 - 74) indic?c‘arbons l.assignable as three quaternary, seven methine,

five methylene, seven yland one carbonyl carbon.

The 'H-'H

" }mm of cgmpound CMF0361 (Figure 75) displayed the
S ds foll‘dwed"‘ the H-8B proton at §2.30 to H-9 at 54.06

nstjnt of 10 Hy’ H-9 to the proton signal at 52.82 (H-10)
with the coupling constant gf 15 Hz H-10 miﬁe proton signal at 62.18 (H-1) with the

correlations between prot

ppm with the coupling

coupling constant of 7.5 Hz. mturn, H-1 eﬁupled to the proton signal at 61.22 (H-14)

which finally couph@mﬁcﬂﬁpmm_&éﬂ_mé'he above data indicated that
compound CMF0361 had a eunicellin skeleton with noa:aeﬁmc moieties. The carbon

and proton chemical sh'lﬁ assignments and the multiplicity of protons were summarized

in Table 12.

Table 12. The carbon and proton chemical shift.assignments andithe multiplicity of

protons of CMFO0361.
oC oH multiplicity and J value (Hz)
(ppm) (ppm)
1 42.0 2.18 dd; J=104,75
2 90.8 355 brs
3 74.6 - -
4 41.0 1.85 ddd; J=146,8.0,2.0
1.83 ddd; J=14.6,10.3,2.0
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Table 12. (continued)

(pi)(:n) (:;In) multiplicity and J value (Hz)
5 25.7 1.97 m
2.40 m
6 90.8 dd; J=11.0,3.6
. W/
| . T
B2.30 | | ddd; J=150, 11.0,1.22
9 5% A _-  ‘ "“ 0,75,36
10 3 A 3 \
11 A\
12
13
14
15
16 7
17 2’9'..1,‘; : Ju
FIUBINPNENLING
q .0 .‘6 S e <
RN INENAY
-00CMe | 170.2 : - :
00CMe | 226 2.00 s

The connectivity and the assignment of the quatémary carbons of each
fragment were determined by the HMBC spectrum (Figure 76 - 78). The methyl
protons of the isopropyl showed long-range coupling to the carbon at §42.6 ppm
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revealed that the isopropyl group was connected to C-14. The methine proton H-2 at
63.55 ppm showing long-range coupling to carbons at 642.0 (C-1), 54.4 (C-10), and
42.6 ppm (C-14) confirmed the connectivity of C-2 to C-1. Furthermore, this proton
showed long-range coupling to the quaternary carbon at §74.6 ppm which was
assigned as C-3. The proton at §1.85 ppm which showed long-range coupling to the
carbon at §74.6 (C-3) and 90.8 (C-2) was gssigned as H-4. This proton showed long-
range coupling to the carbon at 625.7 ppm@d& was assigned as C-5. The proton at
81.74 (H-8a) showed long-range corrslatioﬂiﬁhe quaternary carbon at §76.8 ppm
which was assigned as C<7" The taethoxy group was placed at C-6 based on the long-
range correlation :‘:ﬁ//n(ethoxy p‘otos at 83.36 ppm to C-6 (8690.8 ppm).

me«) sh@wed Jong-range correlation to the carbon at §90.8

d/in/ tum, H-Q also showed long-range correlation to C-9
between Cé and C-9 which was the characteristic of the

Furthermore, H-9 (
(C-2) through hetero

suggesting the etheral bridg
eunicellin diterpenoids. T e ?1'015011 at 52. '82 (H-10) showed long-range correlations to
two carbons at 682.9 an‘ 306 ppm wﬁﬁh were assigned as C-11 and C-12,

m— —

respectively. = _—;r :
e -

A £
T : —
The HMBC Spectrum also showed the location 0f methyl group. The methyl

carbon at 30.4 ppm}vas assigned as C-18 since the p_r:oton at 83.55 (H-2) and 1.85
ppm (H-4) showed longsrange correlation to this carbon, in turn, the 18-CHj protons
showed long-range correlation to €-2 and C-3.\ The methyl carbon at 5624.0 ppm was
assigned as C-19 because the methyl protons showed long-range correlation to C-8,
C-7, and C-6. Finally, the methyl carbon at 324.5 ppm. was asgigned as C-20 since
H-10 showed long-range correlation to this metilyl carbon and this methyl proton
(61.46) showed long-range correlation to C-10, C-11, and C-12. The downfield signal
of C-11 (682.9 ppm) comparing to those of C-3 (674.6 ppm) and C-7 (876.5 ppm)
suggested the palcement of the acetoxy group at C-11 and the hydroxy groups at C-3
and C-7. The long-range correlations between protons and carbons from the HMBC

spectrum were shown in Figure 11 and summarized in Table13.
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‘1 0 without nOe suggested
ong 195ch3, H-8c, and H-8p defined

o-configuration of I-I-?} Observation of
the B-configuration of tbe methyl group. EI;6a and pseudo-B-axial of 6-OCHz: were

defined beca-ﬁ %ﬂuﬂa Sbsefiatit fgt%xﬂﬂpﬂﬁl H-6. Observation of

nOes among H:2, H-4, H-14, an‘ql H-17 suggested the a-conﬂguratxon of these

pmtoﬂ m ﬁ.@ﬂﬁdm nﬁmw ﬁﬂaﬂ ﬂCH3 defined the

o-configuration of these protons. The results from NOESY spectrum and the relative
stereochemistry of CMF0361 were shown in Figure 12 and summarized in Table 13.



Figure 12.

elations 1

=

Table 13. The long-ran

88

ki the NOESY spectrum of CMF0361

observed n Protoﬂs of: (j,];\/lf 0361
J N L
6C SH ’F J!Z;g-range'g‘rf:‘ﬁy}atldns nQOe obseserved between
(opm) | (ppm) | SHEHMBEREtrum | protons in NOESY spectrum
1 420 |, 248 & 'éiﬁ, c-1o,"€1'7'[—'b-17 £, H2,H-10, H-16,
% 90.8 75.5.33 L CICI CGIU— f_j H-1, H-14, H-17, H-18,
T C-14,C-18 T C-4a, H-21
3 U el ; ;
4 410 1185 0-2/CBECH)\CA8 H-18
1.83 H-2, H-18
5 25.7 1.97 H-21
2.40
6 90.8 4.08 H-21
7 76.8 . . 4
8 464 | 0174 C-6,C-7 H-9, H-19, H-20
B 2.30 C-9, C-10 H-19
9 75.6 4.06 C2on H-8c, H-20
10 544 280 {01, CRCh Ot H-1, H-20
12, C-14
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Table 13. (continued)

6C 6H long-range correlations nOe obseserved between
(ppm) (ppm) in HMBC spectrum protons in NOESY spectrum
11 829 - - : -
12 30.6 2.40 C-10, C-11 -
1.40
13 18.0 o 1.40 H-15
....... H-16

14 42.6 | _Ldde H-2

15 218 | 095 M £/0514, ( H-13a

16 154 | G246 If H-13B, H-1

17 29.1 H-2

18 304 H-2, H-4a, H-4p

19 24.0 H-8a, H-8B

20 245 H-8a, H-9, H-10

-OMe 57.1 H-5, H-6

-00CMe | 170.2 f -

-O0OCMe 22.6

e GH LB ARSIV I QIS criontn dtopen

which the structure is similar to pa]x;:omn A a compound lsolateiﬁ'om the gorgonian,

B WAR @ﬁ’?‘?ﬂ 998 oA QR s ames 1

deacetyl’almomn A
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