CHAPTER 1V

DISCUSSION

ponge P é,pp. from Sichang Island, Chonburi
Province, Thailand was plifsued beganscats-di€filoromethane extract was active in

bioassay pre-screens @ 4 -/a xid and Q«- eshilmp assays. This extract was later
partitioned with n-hg an g ) i Lin order to obtain its polar and
non-polar parts. The 2@ / 1300l | \\-\ wed better activity in brine shrimp
lethality assay than the atne 1). This result led us to investigate
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methanol extract was

r""

’\\ \\‘;\ | extract. The crude 90% v/v
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pools B-1, B-2, B-3, B-#'a « hic yielded the highest amount, was
selected to further pufify msﬁlﬂ lowe§t fctivity against the brine shrimp
bioassay. Preliminary sépariiiion-c i phase HPLC of the pool B-2 did not
succeed. The infrared 5‘“’#‘?{' f T Eigure 7) showed the carboxylic acid
functional group (Strofig band ¢ g 173 cm-! and C-O stretching at
1,709 cm-1). AttepipEtio esterity pool =2 iwhine was carried out. This pool

i

B-2 was subscqu:
reversed-phase HI

: a8l column chromatography and
C (acetonitrile/water, 75/257as mcrb:le phase) to furnish

ﬂn ]ﬁlm pectra indicated H-1 was
lEI iiﬁsl H-1A and H-1B. The

isolation pmcadurc of these compounds are s wn in Scherm: The characterization

AR T
and miass spectra. e structure eluc £ s are described as

follows.

compaunds
the mixturc

The pattern of UV absorption spectrum of H-1 (Figure 11) showed Amax at
254(17,084), 269(19,735), and 284(17,313) nm, respectively . The spectrum
indicated that H-1 consisted of ene-diyne chromophore (Bohlmann, Burkhardt, and
Zdero, 1973). The infrared spectrum of H-1 (Figure 10) exhibited C-H aliphatic
stretching at 2,931 cm-l, C == C stretching at 2,361 cm-1, and the carbonyl ester
stretching at 1,734 cm-1, The EI mass spectrum of H-1 (Figure 12) did not show the
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molecular ion peak. However, fragment ion peak at m/e 345/347 (ratio 1:1) indicated
the presence of one bromine atom in H-1. The base peak at m/e 281 supported the

loss of one bromine from the molecular ion. Therefore H-1 was proposed to have the
molecular weight of 360 implying the tentative molecular formula of ¢ QHZIB"D.?.'

The fragmentations of H-1 may occur as shown below:

M- OCH, {azi 331)
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However, the MR (Figtre 13)8 . C-NMR (Figure 24) spectra showed
that H-1 consisted of two i :.“ SOmip ~"i‘ inl the approximate ratio 2:1. The
different intensities of sig ff{a.,- s pardte signals of the major H-1A from

the minor H-1B.
T.

[ TLUC LLITE =
The 1-D 1H=¢ ""-' COSY (Figures 15, 18)
spectral part of H-1 i“ the major H-TA"Showed Lhc rans relationship between two

adjacent olefinic protons at 6 6.64 ppm @,J =14.1 Hz, H-18) and & 6.30 ppm (dd,
T=14.1,22 % g ﬂ@ﬂﬁm ﬂlﬁl’ﬂ z. The small coupling
constant 2. 2‘ co and H-14 (8 5.56 ppm, dq,
= 15. upling through
] REAEEi iatatit Yakot o

ted as a doublets of quartet (J =15.9, 2.2 Hz) (Figure 14). The larger coupling
cunstam 15.9 Hz indicated its additional trans relation to H-13 (8 6.17 ppm, dt,

J = 15.9, 7 Hz) and the smaller coupling constant 2.2 Hz further indicated its
long-range coupling to two methylene protons at & 2.14 ppm (H-12,qd, J =7, 1.5

Hz). The homonuclear decoupling experiment confirmed the long-range correlations of
the olefinic proton H-14 (8 5.56 ppm) to H-17 (8 6.30 ppm) and to the methylene
protons (8 2.14 ppm). The irradiation at H-14 (5 5.56 ppm) (Figure 20) caused the
H-17 doublets of doublet at & 6.30 ppm collapse to a doublet (J = 14 Hz) and the H-12
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doublets of quartet at 8 2.14 ppm to a quartet (J = 7 Hz). Further, H-12 showed
vicinal couplings to H-13 and to two methylene protons at H-11(8 1.53 ppm, m) with
the coupling constant of 7 Hz. The methylene protons H-9 (5 2.26 ppm, brt, J=7 Hz)
were coupled to the methylene protons H-10 which were overlapped with H-11. The
high field region of ln-1g cosy spectrum showed the correlations among three
contiguous methylene protons, H-2 (8 2.45 ppm, t, J = 7.2 Hz), H-3 (5 1.85 ppm,
quintet, J = 7.2 Hz) and H-4 (8 2.34 ppm, brt, J = 7.2 Hz). The chemical shift of H-2

ester carbonyl (C-1). The gignal of niei ylefter was presented at & 3.68 ppm (s,
C-19). Therefore, the bromiifie-atem must b&aetheGther end of the terminated methyl
' The broad signals of H-9 and
ch were confirmed by selective

ester and it was conne
H-4 originated from thgs
rradiation of methylene protons at
collapse to a sharp triplet

proton decoupling expef
5 2.26 ppm caused the L€
U=THZ} These N dagh sihis

B 5 \;\)L
18 -rr; 4 2 1 OCH,
Fragment A - ﬂ; %;__, Fragment C
These N ‘; ccounted for £y bl Brirs—Lhe remaining six carbons must
be assigned for th B 10 ..rf:l be placed among these three

- . |
fragments. Thus, A was proposed as methyl I#-bromo-(13E,17E)-octadeca-

13.1'?-diene-5ﬁl - gjﬁﬁh crufte’of H-1A is shown below:
LTI INT
" i3 € k A A

H-1A
The 13C-NMR spectrum of H-1A (Figure 24) indicated nineteen carbon
signals. The methyl ester functional group was confirmed by an ester carbonyl carbon
at 8 173.37 ppm (C-1) and a methoxy carbon at 8 51.62 ppm (C-19). The signals of
the protonated carbons were unambiguously assigned by the HMQC spectrum (Figure
23). The four ethylenic carbons were at & 117.64 ppm (C-18), 6 117.71 ppm (C-17),
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8 109.61 ppm (C-14), and 8 145.25 ppm (C-13). The five methylene carbons were at
§ 32.71 ppm (C-12), § 27.60 ppm (C-11),  27.65 ppm (C-10), & 18.98 ppm (C-9),
§ 18.67 ppm (C-4), 8 23.50 ppm (C-3), and & 30.08 ppm (C-2).

With the aid of the HMBC spectrum (Figure 22), the carbon assignments and
the placement of three acetylenic groups were completely established. C-16 (5 84.64
ppm) showed long-range correlation to both H-18 and H-14. C-15 (8 90.49 ppm)
exhibited correlations to H-13 and \ l JG@-8  (877.47 ppm) showed correlation to
H-9. C-7 (8 65.46 ppm) showed long- rieoC elation to H-9. C-6 (8 66.11 ppm)
showed long-range correlalio -4. §°876.15 ppm) showed correlations to

both H-4 and H-3. Thes€ ddiidunted his 104CPIACE One acetylene group between the

o

two trans double bonds anget™g ?. ;
carbons at C-9 and C-4. 'l I
protons are shown inJ4fg

2ne groups between the methylene

\\\\%\: ic carbons and neighbouring

Br._ 18 l?l

6
A

?Tﬂﬁﬁ“ﬂﬁ’?ﬁ ‘”a‘“’”““”d ;<
0 mmpaun

Conseqiiently, the structure was, then, identified as methyl

' S A A

of carb n and proton signals of H-1A are summarized in Table 7. The EI mass
spectrum of H-1 showed the characteristic fragmentations which confirmed the
structure of H-1A. The patterns of fragmentation were shown in Figure 2.



Table 7 Carbon and proton assignments of H-1A and long-range correlation
between carbon and proton by HMBC spectrum.

78

Position & C (ppm) & H (ppm) long-range correlation
(multiplicity, J Hz) | from C on H observed
in HMBC spectrum
1 H-2, H-3, H-19
2 H-3, H-4
3 H-2, H-4
4 H-2, H-3
5 H-3, H-4
6 H-4
7 H-9
8 H-9
9 y
10 H-9, H-11
11 H-10, H-12
12 H-13, H-14
13 H-12
14 H-12
15 H-13
16 H-14, H-18
17 6.30(dd, 14.1,2.2) H-18
18 H-17
: ﬂuaﬁmﬁ%fwﬂm |

Qﬁqﬁﬂﬂ‘iﬁumﬂ’nﬂmﬁﬂ
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' m/e 329/331
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¥
m/fe 249
Figure 2 The proposed H-1A from the EI mass spectrum
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2. Structure Elucidation of H-1B
The !3C-NMR spectrum of the mixture H-1(Figure 36) exhibited the
remaining nineteen carbon signals belong to the minor H-1B. They composed of one
ester carbonyl (8 173.33 ppm), four ethylenic carbons(d 147.18, 117.98, 117.07,
108.56 ppm), six acetylenic carbons(8 92.78, 83.42,78.16, 77.32, 72.27,66.00 ppm),
one methoxy carbon (8 51.60 ppm), two shielded signals of methylenes adjacent to
acetylenic carbons (8 19.22, 19.07 ppm), and five methylene carbons (8 32.63, 29.69,

sy (Figure 27) spectral part
ans at & 6.58 ppm (d, J = 14.0
H-17), the large coupling constant

* 14.0 Hz indicated the ‘\\ i d chemical shift of H-18 at
8 6.58 ppm suggested th le substiltion @ his términal as in compound H-1A.
The small coupling consta \ 1 'f 7 and the gorrelation, in 2D 1.1 cosy
spectrum, between H-17 find $h8 & “tH¥lene protons H-12 (8 2.30 ppm, td,

J =7, 2 Hz) implied their lon® suplinig through the acetylenic bonds. The

selective proton decoupli “exXp aen hen, designed to confirm their

relationships. UpogrBfadiation of the olefinic-protonfi-17 at 5 6.18 ppm(dt), the
& —— A

doublet H-18 at & 6:5&p the'triplets of doublet H-12 at

& 2.30 ppm collapsed r}} a triplet "HZ)(Figure 3@ The cross peak in lp.ly

COSY spectrum showed tghat H-12 were furgher coupled to the methylene protons H-11

(8 1.53 ppm, ﬁ m: ﬁ milmm erimposed with H-11,
were connect e Thethiyléne’ s H- 36 9d, =7, 1.2 Hz). The
pmmnrﬁ—iﬁmwcd vicinal cou 1i1fgij = 7 Hz)=e the olefinic proton H-8 at § 6.03

ppm (d 04 ﬂ%ﬂ ﬂh§° cﬁﬁ%ﬂ&z ef fhat 5.8 was cis

to the oléfinic proton H-7 at § 5.49 ppm (doublet of quintet, J = 10.8, 1.2 Hz).

The NMR data for three contiguous methylene protons, H-2 (8 2.46 ppm, t,
J =7 Hz), H-3 (8 1.88 ppm, quintet, ] = 7 Hz), and H-4 (4 2.42 ppm, td, ] =7, 0.9
Hz) showed similar connection to those of H-1A. The chemical shift of H-2 was
rather down field, thus H-2 should connect to the terminated carbonyl ester (C-1).

The long-range coupling between H-4 and H-7 (J#% 1 Hz) was supported by the
selective proton decoupling experiment (Figure 32). Upon irradiation of H-7 at 6 5.49
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ppm, the triplets of doublet H-4 collapsed to a sharp triplet (J = 7 Hz). This
experiment also showed the long-range coupling between H-7 and H-9. The small
cross peaks in 2D H-TH COSY spectrum between H-4 and H-7, and between H-9 and
H-7(Figure 28) further supported these phenomena.

The above 'H-NMR data led to the proposed fragments as shown below.
These fragments were counted for C;qH5BrO,.

Br 17 e 2 OCH,
P “w/\;/\gr
Fragment A Fragment C
The remainings i ofl b Eie " assigne '~- three acetylene groups as in

H-1A. The placemenps® : -‘.*}*\: the aid of HMBC spectrum
(Figure 34) as folloWs. # 8y siiowed correlation to H-18. C-15
(8 72.27 ppm) showegfcogfe lftionto  BE o \ 66.00 ppm) and C-13 (8 77.32
ppm) showed correlatioft’ ig el - X : pm) showed correlation to H-4.
C-5 (5 83.42 ppm) showed coreelarion: h'H-4 and H-3. The relationships of
these acetylenic carbons and o6t tons are shown in Figure 3.
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The signals of the other carbons were unambiguously assigned by the HMQC
spectrum (Figure 35). The ester carbonyl carbon was at & 173.33 ppm (C-1) and the
methoxy carbon was at & 51.60 ppm (C-19). The four ethylenic carbons were at
8 117.98 ppm (C-18), 8 117.07 ppm (C-17), 3 147.18 ppm (C-8), and 3 108.56 ppm
(C-7). The five methylene carbons were at 8 19.22 ppm (C-12), 8 27.87 ppm (C-11),

8 27.72 ppm (C-10), 5 29.69 ppm (C-9), & 19.07 ppm (C-4), § 23.45 ppm (C-3), and
§ 32.63 ppm (C-2). Thus, H-1B is identified as methyl 18-bromo-(7Z, 17E)-
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* octadeca-7,17-diene, 5,13,15-triynoate, which is the methyl ester of a new member of
brominated polyacetylenic acids. The structure of H-1B is shown below:

Brogs 17
— 16
\5
14

The summary
Table 8. The EI mas

which were confirmeg
shown in Figure 4.

d proton signals is shown in
haracteristic fragmentations
erns of fragmentation were
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Figure 4 The proposed fragmentation patterns of H-1B from the EI mass spectrum
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Table 8 Carbon and proton assignments of H-1B and long-range correlation between
carbon and proton by HMBC spectrum

Position 6 C (ppm) & H (ppm) long-range correlation
(Multiplicity, J Hz) from C on H observed
in HMBC spectrum
1 H-2, H-3, H-19
2 H-3, H-4
3 H-2, H-4
4 H-2, H-3
5 H-3, H-4
6 H-4
7 H-9
8 H-9
9 H-7
10 H-9, H-11
11 H-10, H-12
12 -
13 H-12
14 H-12
15 H-17
16 H-18
17 - H-18
18 & H-17
19 _ 51.60.ea 3.70(s) &/ ﬁ
AR IVIEY
7

ARIAINTANIINE
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3. Structure Elucidation of H-2
The infrared absorption spectrum of H-2 (Figure 37) suggested aliphatic C-H
stretching at 2,934 eml, c=C stretching at 2,355 cm™1, and the carbonyl ester
stretching at 1,732 emL. The ultravioet spectrum (Figure 38) showed the maximum
absorption at 242 nm (15,698) indicating an enyne system (Bohlmann, Burkhardt, and
Zdero, 1973). The EI mass spectrum of H-2 (Figure 39) exhibited the molecular ion

peak at m/e 362/364 (ratio 1:1 gment ion peak at m/e 283 implying the
presence of one bromine atom i #Fherefore, H-2 was shown to have the
molecular weight of 362 implying the ehigs¥Cmblecular formula of C BrO,,

‘ — 19523505

135° (Figures 45, 46) spectra
confirmed nineteen of one ester carbonyl (6 173.38
ppm), two olefinic Y K191, 02, acetylenic carbons (8 92.98,
77.72, 77.32, 75.99, 6614 65 20 ppm), oné, methdxy carbon (5 51.60 ppm), three
shielded signals of feth#¥lefics ¢ =: el 19 deelylenic Carbons (8 19.34, 19.10, 18.65
ppm), and six methyléfie @rBons (6 3369, 28 25, 28.15, 28.07, 23.49 ppm).

The decoupled

The 'H-NMR )) exhibited signals for two trans
ethylenic protons at & § z, H-18) and at & 6.16 ppm (dt,
J = 14.0, 2.0 Hz, H-17 , ant of 14.0 Hz. The 'H-1H cosy
spectrum (Figureid2y alse con he correlatio -18 and H-17. The small
coupling constant=2.€ o ,,‘ ge coupled to H-14 (§ 2.25
ppm, d, J = 7.0, 2.0Hz) throug Jlenic nd The long range 'H-1H COSY
spectrum (Figure 43) gonfirmed this relgtionship. The down field chemical shift of

e LRI e

H-1B.

QAR IUNBAINUAE B comiguons

methyl8nes at 5 2.24 ppm , 8 1.52 ppm, and & 1.38 ppm. The integration of IH-NMR
signals of these methylene protons (Figure 40) showed that each signal was composed
of four protons. Thus, these NMR data suggested the connection of six methylene
protons as follows. H-14 (8 2.25 ppm, td, J = 7.0, 2.0 Hz) connected to H-13 (§ 1.52
ppm, broad quintet, J = 7.0 Hz). H-13 coupled to H-12 which was superimposed with
H-11(5 1.38 ppm, m). H-11 coupled to H-10 (1.52, quintet, J = 7 Hz). H-10 coupled
to H-9 (8 2.24 ppm, brt, J = 7.0 Hz).
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The long range Iy-14 cosy spectrum (Figure 43) indicated the long-rang
coupling through acetylenic bond between H-9 and H-4 (8 2.33 ppm, brt, J = 7 Hz).
The high field IH-14 cosy spectrum (Figure 41) showed the three contiguous
methylenes at & 2.33 ppm (brt, J = 7 Hz, H-4), 8 1.84 ppm (quintet, J = 7 Hz, H-3),
and & 2.44 ppm (1, J = 7 Hz, H-2). The down field chemical shift of H-2 indicated its
connection to the ester carbonyl.

The above 'H-NMR dz @ o /thie_proposed fragments as shown below.

0
Br% r'.t \/3\/“\
18 s w3 ! OcH
Fragment A Fragmemt C
The remaining si ofrelate between these fragments.
The 'H-NMR data of H- blished values of the methyl ester
of xestospongic acid extracige tudinaria (Bourguet-Kondracki et

., 1993). Thus, it was proposed to be
-triynoate. The structure of H-2 is

., 1992) and Pertrosia volcar
methyl 18-bromo-(17E )-o
shown below:

QW'\Nﬂ‘iﬁu wﬂ'mma El

Fm‘thmnore. the carbon signals in decoupled 13C-NMR (Figure 44) and DEPT
135° (Figure 45) corresponded with those signals of the published values of the methyl
ester of xestospongic acid. Consequently, these carbon signals were assigned by
comparing with those values. The methyl ester was confirmed by the carbonyl carbon
at & 173.38 ppm ( C-1) and the methoxy carbon at § 51.60 ppm (C-19). Two
ethylenic carbons were at & 117.02 (C-18) and 8 117.97 ppm (C-17). Six acetylenic
carbons were at & 77.32 ppm (C-16), & 92.98 ppm (C-15), & 77.72 ppm (C-8),
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8 65.20 ppm (C-7), & 66.14 ppm (C-6), 8 75.99 ppm (C-5). Three shielded signals of
methylenes adjacent to acetylenic carbons were at & 19.34 ppm (C-14), 8 19.10 ppm
(C-9), and  18.65 ppm (C-4). Six methylene carbons were at & 28.15 ppm (C-13),
& 28.25 ppm (C-11, C-12), & 28.07 ppm (C-10), 8 23.49 ppm (C-3), and & 32.69
ppm (C-2). The summary of carbon and proton assignments including the correlations
between protons and protons by a1y cosy spectrum are shown in Table 9. The EI
mass spectrum of H-2 showed the characteristic fragmentations which confirmed the
structure of  H-2. The patternsof fidgmeéntation were shown in Figure 5.
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Table 9 Carbon and proton assignments of H-2 and correlations between proton and
proton in 2D 1414 cosy spectrum

Position 8 C (ppm) d H (ppm) 1H,1H-COSY spectrum
(multiplicity, J Hz)
1 173.38 - -
2 H-3, H-4
3 H-2, H-4
4 H-2, H-3, H-9*
5 =
f -
7 ;
8 -
9 H-10
10 H-11
11 H-10
12 H-13
13 H-14
14 H-13, H-17*
15 -
16 -
17 H-18
18 H-17
19 51, 60 3.67(s5)

S m@ummmmmmm —

d the o ' l&]nlngtcal activity
against .nne shnmp lethahty hmassay at LDS{-J = 0.5 and 0.8 pg/ml, respectively.

Xestospongic acid and its methyl ester of xestospongic acid (H-2) were reported about
antimicrobial activity against Staphylococcus auwreus: diameter inhibition 12 mm at 100
and 500 pg/disc, respectively (Bourguet-Kondracki et al., 1992). H-1A was reported
about antifungal activity against Mortierella ramannianus (Fusetani et al., 1993).
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