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Table 4. lsolation of compounds Pl and P4.

System Volume (ml) Fraction code |Weight (g)
hexane: CHCI;

10 : 0 500

9 1 800 =Pl | 10
4 | 500

I S 600

2 3 1600 LA N2 2.0
307 {600°

1 : 4 800 P3 2.0
1 9 8004 P4 | 12
0 : 10 OO0 PS 0.6

1.9 “Isolation ‘of compound P1-

The ‘proton NMR pattero-of | P showed ‘that.Plicontain only one.
component. This P1 appeared as a quenching spot on TLC under UV (254
nm) light, and changed to an orange spot after spraying with anisaldehyde
reagent, Compound P1 was obtained as yellow oil (1.0g, .011%) after a silica
gel quick column, eluted with 20 % of CHCl; in hexane, It had Rf value of

0.3 in a solvent system of hexane : toluene : EtOAc, (20:1:1, v/v) and
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showed a quenching spot under UV 254 nm and orange color positive to

anisaldehyde reagent.

1.2 [solation _of compounds P44 and P45.

A 2g portion of P2, obtained from a quick column method (Table 1),
was further purified using a Sephadex LH =20 gel filtration. A column with an

. internal diameter of 2.5.em (46 cm long) was vsed. Chloroform was used as an eluent

(Table 5).

Table 5. Purification of P2 with gel filtration on Sephadex LH - 20.

Number of
Eluted Volume (ml) -} Fraction codel. Weight (mg)
1-2 200 P14 93.
4 150 P15 260
5-8 300 Pl6 1170
9414 300 P17 155

After routine TLC check up, fraction P16 (1170 mg) was purified with

gel filtration on Sephadex LH -20. A column (2,60 internal diameters and 96.00 cm
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long) was eluted with Chloroform. Detail of column chlomatography is shown in

" Table 6.

Table 6. Purification of P16 with gel ‘ﬁltration on Sephadex LH - 20.

Number of elution Volumne Fraction code Weight (mg)
\\N‘\‘ ¥
—
[-3 S P, 150
4 -8 S 161
9-12 \ 500
A J«
J"l
N.fmé-.(_.-::‘. :
P34 (500 mig : \/Q red purified by silica gel flash column (2 cm
diameter and 13 —————————— Fhe-detaried-of-el ution were &sh 1owed in Table 7

)
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Table 7. Purification of P34 by a silica gel flash column.

Solvent system. Volume fraction code, | Fraction weight
(ml) (mg).

Hexane : toluene

4:1 800

11 600 —— P35 | 164

0:1 180

toluene : chloroform 200

1: 4 200 P36 |122

0:1 400

Chloroform methanol, {500 P37 | 148

4:1
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P35 (164 mg) was furlher purified by MPLC with a silica gel C-18

reversed phase column (200 |ifinjection), A robile phase was methanol : water (8:2,

v/v). An UV - detector was set at 230 nm. A fraction containing compounds (P38,

9626 mg) was\ collected,) then concentrated under “vaccumy This fraction was

subsequently purified by a preparative TLC technique with a solvent system of hexane
: toluene : acetone (3:1:0.5, v/v). TLC plates were developed 6 times, and location of

each band was visualized under UV - light at 254 nm and spraying with anisaldehyde

reagent.
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There were 2 major bands detected under UV light. Location containing each
compound was collected and then eluted with chloroform : methanol (9:1, v/v). The
major 2 compounds, namely P44 (6.30mg, 1.1x1073 %) and P45 (10.70mg, 1.7x10™
%), were obtained from this purification. P44 and P45 gave orange color with
anisaldehyde reagent and showed quenching spots under UV light at 254 nm, and had
Rf valuelof 0.5 and 0.3 with a system of hexane : toluene : EtoAc (3:1:0.5, v/v, 6 time

developing), respectively:

1.3 Isblation oficompound KP9.

P4 which was obtained by a quick column technique eluted with
" solvent system shown in Table-I, was recrystallized in hexane : chloroform (1:9, v/v)
to yield white needles (KP9, 100 mg). KP9 showed purple color positive to
anisaldehyde reagent on TLC plate and had Rf value of 0.5 with a solvent system of .

hexane : CHCl; (1:2,v/v)..

1.4 Acetylation reaction of compound KP9.

The NMR, IR and mass spectral data indicated the ﬁl'eseilce of
a hydroxy group in compound KP9, so acetylation was performed to confirm the
hydroxy group. The sample (6 g) was put in to the 5 ml round bottom flask with a
magnetic bar inside. Pyridine and acetic acid anhydride 0.5 nﬂ each, were added.

The flask was sealed with rubber septum and the air inside was replaced by nitrogen
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-gas. The mixture was stirred at room temperature and reaction was monitored by
TLC. The reaction was completed within 15 hrs. The reaction mixture was dried .
under reduced pressure process and purified by a small silica gel column

chromatography using CHCl; an elutent, to yield 3.0 mg of an acetylation derivative.

V &PM and KP9 was summierized in

The isolation

Scheme 2.
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Sample 900 g wet weight

macerated in MeOH

[ |
Filtrate . Marc.

—

P1(1.0g) PS (Q.6 g2)

| Recry: stallized (hexane : MeOH, 1:2, v/v),

* wamn'mfuwﬁmmé’ ]

" Scheme 2 Isolation and purification of the Ircinia sp.
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P2(2g)

Sephadex LH-20 column

P14 (93 mg) P15 (260mg) = / P16 (1170 mg) P17 (155 mg)

Sephadex LH#20 columa.. jeluted by CHCl;

[ I I
P32 (150 mg) P33 (161 mg) P34(500 mg)

Silica gel flash column

2\

_P35(164 mg)  B36(122 mg) P37 (148 mg)

MPLC, C- 18 reversed phase |column, eluted by MeOH:H,0, 8:2 (v/v).

P38 (99.6 mg) P39 (2.5 mg) P40 (6.8 mg)

Preparative TLC, hexane:toluene:EtOAc, 3:1:0.5 (viv).

B

P4} P42 P43 P44 P45

(10mg)  (8mg) 23mg)  [(68mg) | |(10.7 mg)

Scheme 2. Continued.
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2 Spectral data of the isolated compounds.

The isolated compounds were charactrerized by spectroscopic data including IR,

UV, NMR and mass spectra.

Compound P1.

EIMS . m/z (relative intensity) (Figtiie6).
312, (W00, M), 297 (80), 203.(79), 175 (95), 163 (80), 145 (89),
133 (85), 12i (82),93 (80) ,79(95), 67 (92)
uv : Amaxdi (£)/1n methanol (Figure 8)
: 22048780)
IR (NaCl dilsc) : N em™y (Figure 7)
2855, 2927, 1766.
'"H-NMR (300 MHz, in chiotoform-d). : & in ppmn, J in Hz, (Figures 9 and 10)
164 (6H;b1s); 117 (ZH, p, T=7.5); 206 (2H, t, ] = 7.5), 2.06 (2H, t, J
=0.9), 2.13 2H, 1,6.9), 2.30 2H, q, J=7.4), 241 (2H, t,J = 7.5), 249 (2H, t, I =

7.4), 5.16 (1H, brs, ] = §9), 5.22(1H, t, J = 7.43:6.31 (1H, brs), 7.24 (1H, brs), 7.37
(1M, brs).

BC-nmi(75 MHz, in chloroform-d) : & in ppm (Figure 11),
142.38, 142.30, 138.61, 138.58, 135.45, 134.41, 124.48, 124.79,

124.41, 123.68, 110.94, 110.88, 39.73, 39.20, 28.52, 28.27, 26.58, 25.12, 2431,
16.10, 15.97.
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Compound P44.

EIMS : m/z, (relative intensity), (Figure 23), 342 (5, M), 327 (5), 175 (20),
149 (40), 135‘ (55), 81 (100), 67 (82), 55 (80).
IR (NaCl disc) : vV em™! (Figure 24), 3444, 1747.
uv ! Amax M (€); In methanol (Figure 25)
1214 (7910)

'H- NMR (300 MHzyift chloroisrm- d ) : & in ppui, ¥in Hz (Figures 26 and 27).

1.38 (2H, q)'1.45 (6K, m), 1.85 (2H, m), 1.86 (2H, m), 1.87 (2H, m), 1.96
(2H, q, I = 6.3), 2.1 Ld2Hy q4 1'="7:2); 2.31 (2H, t, ] = 7.2), 2.90 (1H, b;s), 4,63 (2H,
brs), 4.95 (ZH; brt), 503 (1H, brs); 5.40 (1H, brs), 6.14 (1H, brs), 7.07 (1H, brs), 7.20

(1H, brs).

3C.NMR (75 MHz, in chioroform-d) : & in ppm (Figure 28).
168.00; 142,37, 138.65, 135.46, 134.20, 133.93, 124.90, 124.81, 123.73,

115.25, 110.98, 7112, 39.71, 39.10, 31.78, 30.14, 2851, 26.61, 25.25, 25.15, 16.10,

15.97.

Compound P45!

EIMS : m/z (relative intensity), (Figure 33).
328 (19, M"), 175 (20), 149 (79), 136 (60), 82 (79), 79 (90) , 67
(100), 53 (95).

-UV : Amax i (E), in methanol (Figure 35)

: 220 (8490)
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IR. : Vem ™! (Figure 34), 1780, 1747, 2930, 1780
'"H-NMR (300 MHz, in chloroform-d) : & in ppm, J in Hz, (Figures 36 and 37).

1.57 (6H, brs), 1.68 (2H, p), 2.00 (4H, m), 2.06 (2H, m), 2.22 (2H, q,] =
7.5),2.33 (2H, 1), 2.43 (2H, 1), 4.70 (2H, brs), 5.09 (1H, brs), 5.14 (1H, brs), 5.18 (1H,
brs), 6.25 (1H, brs), 7.18 (1H, brs), 7.31(1H, brs).

BC-NMR (75 MHz, inchloroform-d). : & ppin(Figure 38).
175.25, 170.25,.442:37, 138.65, 135.37,7133.26, 125.57, 124.77, 123.79,

113.31, 110.97, 73.05439 63,38 .96, 28.49, 27.99, 26.59, 25.37, 25.13, 16.16, 15.87.

Compound KP9.

EIMS » m/z (telativeintensity), (Figure 46), 474 (9, M™), 446 (20), 428 (29),
414 (3.2), 401°(45), 371 (62),229 (62), 271 (78), 215 (98),
203 (100).
uv | : lm_a; nm-(g);-in-methanol-(Figure 48)
: 272 (9000)
IR (KBr disc) : ¥ em'S(Figure 4‘?).
3435,-1228,°1746, 1719,
'"HANMR\ (300MHz, in chl.‘oroform-d). 1o pphl, J in'Hz, (Figures 49-51).
0.77 (1H, brs, J = 12.6), 0.81 (3H, brs), 0.87 (3H, brs), 0.95 (1H), 0.96 (3H,
brs), 0.98 (3H, brs), 1.03 (1H, m), 1.10 (1H, m), 1.15 (2H, m), 1.20 (1H, brt), 1.42
(1H, m), 1.43 (2H, m), 1.55 (1H, m), 1.58 (1H, t), 1.82 (1H, m), 1.84 (1H, 1), 1.9 (1h,
brd, J = 12.6), 2.05 (4H, ddd, J = 11.0, 12.0 and 12.8), 2.15 (1H, d, J = 1].7), 2.25

(1H, brd, J = 12.8), 2.42 (31, brs), 2.88 (14, dd, J = 11,0 and 11.4), 3.65 (1H, dd, J =
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3.5 and 12.0), 3.93 (1H, td, 5.2 and 10.0), 2.10 (1H, d, J = 12.0), 4.63 (14, d, J =

12.0).

3C-NMR (75 MHz, in Chloroform- d), 8 in ppm (Figure 52)
210.41, 174.45, 170.52, 9023, 74.67, 64.64, 61.22, 57.85, 56.78, 52.46,
51.64, 43.20, 41.81, 41.47, 41.42, 38.28,.35.37, 33.82, 33.47, 3324, 29.69, 23.88,

21.90, 21.30, 18.41,409:91, 1779, 14.40,

3 Structure elucidationof the isolated compounds

3.1 Compound Pl

The molecular formula of compound PI was established as
C21H230; based on the EIMS (Figure 6) showing a molecular ion peak at m/z 312,
and the '>C (Figlite 11) and DEPT 135 (Figure 12) spectra showing 21 carbon signals
which wére 2 ‘miethyl carbons at & 16.10 (C-20) and at § 15.97 ppm (C-21), 7
methylene carbons at § 25.12 (C-5), 28.52 (C-6), 39.73(C-9), 26.58 (C-10), 39.20 (C-
13), 28.27(C-14) and 24.31 ppni (C-15); 8 olefinic methine carbons at § 142.38 (C-
1), 110.94 (C-2), 138.58 (C-4), 123.68 (C-7), 124.41 (C-11), 138.61 (C-19), 110.88
(C-17) ‘and 142.30 ppm (C-18) ; and 4 quaternary carbons at & 124.48 (C-3), &

134,41 (C-8), 5 135.45 (C-12) and § 124.79 ppm (C-16).

From the NMR spectral data of 'H-NMR, *C-NMR, DEPT
135, 'H-'H and C-H COSY and C-H long range correlation could be assigned as two

furan rings of fragment A and as 3 fragments (B, C and D) of a linear skeleton.
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The 'H-NMR spectrum of compound P1 in CDCls (Filgures 9

and 10) showed the presence of two furén rings. There are.6 protons attributable to
_protons of two typical B-substituted furan ring at & 7.37 (brs, 2H, H-1 and H-18), 7.24
(brs, 2H, H-4 and H-19) a;ld 6.31 (brs, 2H, H-2 and H-17). The HETCORR spectral
data (Figures 13 and 14) which showed the C-H couplings, assisted the assignment of
the carbon atoms in two furan rings : at 6°142.38 (C-1), 110.94 (C-2), 124.48 (C-3),
138.58 (C-4), 124.79.(€=16),.138.61 (C-19), 1 10:88(C-17) and at 142,30 (C-18). The

'"H- 'H COSY spectral data (Figures 15-17, table 9) exhibited correlations between the

protons in two furan rifigs/asfollows: proton at § 7.37 (2H, H-1 and 18) to protons at
0 7.24 (2H, H-4 and H-19) and a6 6.31 (2H, H-2 and H-17); The C-H long range
correlation spectra data (Figlres 18-22, Table 8) showed a quaternary carbon at §
124.48 (C-3) correlated 'to a/proton at 8 7.37 (1H, H-1) and quaternary carbon at &

124.79 (C-16) courelated to a proton at § 7.24 (1H; H-19)-in another one of furan ring,

The IR spectrum. tévealed the presence of the furan rings at 1502, 1164, 1065, 1065

and 1025 ¢’
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Table 8. 'H-NMR, '*C- NMR and C-H long range correlations data of compound P1.

Position 5 'H (ppm) | J-value 5 1*C C-H long rang correlation
. in COLOC spectrum
(Hz) (ppm)
1 7.37, brs,1H - 142.38,d* | H-4
2 6.31,brs, IH| _ = 110.94,d® | H-1
3 - \ 12498 4° | H-1
4 7.24, bigplbhpe - 138.58,d"| H-2, H-1, H-5
5 2.49, (,2H 7.4 25.12,t |-
6 2.30, q,2H 7.4 28.52,t | H-5,H-10
7 5.22, t 1 7.4 =1"123.68,d | H-10
8 - - 13441, 5" | H-9, H-10
9 2.06, t, 28 6.9 39.73, t* | H-20, H-11
10 2.13,t, 2H 6.9 26.58,t |H-9,H21
1 5.16,brs, IH|~—6.9 | 1244]1,d |H-9
12 - . 135.45, 8% Be21, H-13
13 2,06, t, 2H 7.5 39.20,t° | H-11,H-21
14 1.71,p, 2H 7.5 28.27,t | H-15
15 2.41,t,2H 7.5 24314 | H-13
16 - ] 124.79, s | | H-19
17 6.31,brs, IH| - 110.88/d" | H-19
18 7.37, brs, IH{ O & 142.30, d* H-15; H-17
19 7.24,brs, IH| - 138.61,d" | H-18
20 1.64, brs, 3H| - 16.10, q* | H-7, H-9
21 1.64, brs,3H| - 15.97,¢® | H-11, H-13

a, b,c,d, e, f, g interchangeable. * Multiplicity determine by DEPT 1335 spectrum.




64

Table 9. 'H-'H COSY correlation of compound P1.

8 'H(ppm) YH-"H correlation

737,H-1 |H-4, H2
631, H2 | HA 14
728 HA | H-1 05HS
2.49:H55, | H-6
730056/ | A-5, 87
526 A4/ | He6,H-20
20606 <4110
208, B-1020 HAL, He
5.16 H-11, {110, B-21
2,06, H-13 | H-l4

171 B4 | 43 HELS
2,41, H-15 | H-14
6.31, H-17 | H-18, H-19
737, H-18 | H-19, H-17
724H: 19, | 5 15, H- 18
164, 20" | H-7
£64°H20) | A-11

Fragment B is similarly to that of fragment C, because both
- consisted of CH,CH;HC=CMe groups. Fragment B was organized by 'H-'H COSY
spectral data, showed the proton- proton correlations of methylene protons at § 2.49

(H-5,J = 7.4 Hz) coupled to protons at § 2.30 (H-6, J = 7.4 Hz) and these protons
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coupled to an olefinic proton at & 5.22 (H-7, J = 7.4 Hz), which in turn allylic
coupled to methyl protons at § 1.64 (20-CH3). The COLOC pectrum showed the C-H
long range correlation of a quaternary carbon at § 134.41 ppm (C-8) to a broad singlet

methyl resonance at 5 1.64 ppm, exhibited the location of the methy! proton.

The correlation of fhethylene protons at § 2.06 (H-9, ] = 6.9
Hz) to protons at 8 2.13 (H-10,J = 6.9 Hz) which in turn coupled to proton at & 5.16
(H-11, J = 6.9 Hz)..The proton at § 5.16 showed allylie coupling to methyl. proton at &
1.64 (H-21) and this proten was long range coupled by a quaternary carbon at &

135.475 (C-12) in the JCOLOC spectra. “As above data supported the assignment

fragment C,

The 'H="H-COSY speciral data were used to establish fragment
D as follow: methylene protons at § 2.06 (H-13, J = 7.5 Hz) coupling to protons at §

1.71 (H-14,1 = 75 kHz) and further coupled to methylene protons at § 2.41 (H-15,] =

7.5 Hz).

The C-H long range correlations data were used to link of all
frag_ments, subséquently. Fragment B connected with fragment G by the correlation of
the methyl carbon at 516.10 (C-20) to the methylene protons at & 2.06 (H-9) and
fragment C was connected to fragment D by the correlation of the methyl carbon at 5

15.69 (C-21) to the methylene protons at & 2.06 (H-13). These data gave a linear

skeleton of P1 as shown below.
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9 13
A S S
20 21

Finally, two furan tings.connected to both ends of the linear
skeleton by the carbons ai6-138.58 ppm (C-4) and at 5138.61 ppm (C-19) correlated
to methylene protoils ate8 2:49 (H-§) and at & 2.41 (H-15). These information

‘revealed that P1 has B.substituted furan ting at the both ends of a molecule.

! P

Wik Witwl

Chemical structure of the compound P1 with C-H long range correlation.

. - By _comparison with the published data Pl was identified as
“anhydrofurospangin-1"previously isolated fromca marine sponge Spongia officinalis

(Cimino,| Stefaiojand Minale, 4972

5 7 9 10 1 13 15
2 3 6 \8 \12 14 16 17

1 . BT 18
o 20 21

Structure of P1 with the position of carbon atoms.
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3.2 Compound P45.
The electron impact (EI) mass spectrum (Figure 35) exhibited
the molecular ion peak at m/z 328. The IR spectrum (Figure 34) revealed the
presence of an o, B-unsaturated carbonyl stretching at vmax 1781 cm™! and 1748"clm‘"

and also the presence of a furan ring at 1503,1169, 1025, 874 and 782 cm™

The-"C (Figute 38), DEPT 135 (Figure 39), and HETCORR
(Figures 40 and 41) speetral'data revealed that P45 contains 2 methyl carbqns at &
16.16 (C-20) and 13.87 (C-21), 6'oleﬁnic methine carbons at § 142.37 (C-1), 110.97
(C-2), 138.65 (C-4), 123,99 (C-7), 125.57 (C-11) and 115.31 (C-17); 8 methylene
carbons at & 25,13 (C-3), 28.49(C-6), 39.63 (C-9), 26.59 (C-10), 38.96 (C-13), 25.37°
(C-14), 27.99 (C-15) and 73.05 (C-19); 4 quaternary carbons at 5124.77 (C-3),
135.37 (C-S), 133.26 (C-12)and 17.0..'.)_5 (C-16); and 1 ester carbonyl carbon at &

175.25 (C-18). | From the above data established its tentative molecular formula as

C21H230;.

Strt;cture elucidatioﬁ of compound | P45 was_l organized by
comparison their 'JC-NMR and 'H-NMR data with those of compound P1. The °C
and H-NMR spectrum revealed that the structures of P45 and P1 are closely related;
both had nearly the same pattern of '°C and 'H-NMR data. However, P45 had 4
carbons distinguishable from P1, including carbons at § 170.25 (C-16), 115.31 (C-17),
175.25 (C-18) and 73.05 (C-19) which were attributablelto a P-substituted o, p-
unsaturated -y-lactone ring, similar to a knqwn lactone ring of luffracin-R reported

previously by Capon and Bulter (1992). Structures of a lactone ring of luffracin-R
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and a possible fragment of compound P45 (with C-H long range correlation pattern)
are shown below. The 'H-NMR spectra of compound P45 (Figures 36) showed
protons in the lactone ring at & 5.81 (brs, 1H, H-17) and 8 4.70 (brs, 2H, Hz-19). The .
BC-NMR spectrum showed the characteristic of the lactone carbonyl carbon at &
175.25 (C-18). The COLOC technique revealed C-H long range correlations (Figures

42-44) of the carbonyl carbon (C-18) to pretons.at 8 5.81 (H-17) and at 54.70 (H-19);
' a carbon 115.31 (C=17) showed coupling to protons at 5 4.70 (C-19); a quaternary
carbon of & 170.25 (€<16)to protons at § 5.81 (H-17) and at § 4.70 (H-19). These

data confirmed the piesence of o, B-unsaturated- y-lactone ring in a molecule,

A_ . (coLoc)

Lactone ring of luffracin-R Eragment A of compound P45

Furthermore, the 'H and '*C-NMR spectra of P45 showed
typical characters of a B- substituted furan ring and a linear skeleton similar to those

of P1, careful assighment of 'H-'H COSY (Figure 45) and C-H long range

correlations in the COLOC spectra are summarized in Table 10.
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The placements of 3 substituted furan ring and o,f-
‘unsaturated -y- lactone ring at both ends of the molecule were deduced by the
observed allylic coupling; in the 'H-'H COSY spectrum; olefinic proton at 5 5.81
(H-17) to methylene proton at & 2.33 (H-15); olefinic proton ﬁt 5 7.18 (H-4) to

methylene proton at 6 2.43 (H-5) are shown below.

B-substituted furan ring‘and linear skeleton with 'H-'H correlation of P45.

Finally, a complete siructure of P45 was organized as shown
below. By coniparison the chemical shifts of protons and carbons of P45 with that of
the known compouind of furospongolide (Kashman and Zviely, 1980) in Table 11, it is
likely that P45 has the same chemical structure as that of furospongolide, which was
previously isolated from a ‘marine sponge, Dysidea nerbacea.. P45 showecli moderate

- anti HSV-1 activity at concentration of 20 ug/mk
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Structure of compound P45 with C-'H long range correlation.

14 ‘
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Table 10, 'H-NMR, BC.NMR with 'H-"H COSY and COLOC correlations of atoms

in a molecule of compound P45.

Position | 'H-NMR 5 ppm/| J-value[’C-NMR,3 'H-H correlatio C-H long range
(Hz) ppm in COSY correlation in
COLOC

spectrum spectrum

1 7.31, brs, 1H - 142,37, H-dy H-2 -

2 6.25, brs, 1H - 110.97,d "By li-4 -

3 - - 124,775 | - -

4 7.18, brs, 1H 4 138.65,d | H-1, H-2, H-5 H-1

5 2.43,1, 21 7.5 75,13, ¢t | H-4, H-6 .

6 2.22,q,2H 245 28494 | Bes, B -

7 5.14, brt, 111 7:5 123.99,d/ | H-6,20-CH; 20-CH,

8 - - 135:30% | - 20-CH,

"9 2.00, m, 2H - 39.63%¢ | H-10 20-CH,

10 2.06, m, 2H < 26,50, | H-9, H-11 -

1 5.09, bit, 334 - 1255750 =He0y21aCH 21-CH,

12 - : 133.26%s | - 21-CH;

13 2.00, m. 2H - 38.96"t | H-14 21-CH3‘

14 1.68¢p, 211 . 25,37, ¢ | HI3,H-15 .

15 2.33,1,3H : 27,99, - H-14 '

16 ) , 170,251 J-s [9-CH, H-17

17 5.81, brs, 1H 7.6 {15.31,d | H-15, H-19 19/CH,

12 . i 175.25,s | - H-17, H-19

19 4.70, brs, 2H - 73.05,t | - .

20 1.57, brs, 3H - 16.16%q | - .

21 1.57, brs, 3H - 15.87,9 | - ;

* g, b and ¢ assignment may be interchanged.




Table 11. The comparative of 'H-NMR and 13C.NMR between compound P45 and

furospongolide {Kashiman and Zviely, 1980).

Position Compound P45 ; Fufospongo]ide
SH (ppm) 3C (ppin) oH (ppm) 5C (ppm)
| 7.31, brs 142.37 7.33, brs 142.30
2 6.25,brs 11097 6.27, brs 110.90
3 - 12477 - o 124.77
4 7.18, bis A 188065 7.20, brs 138.50
5 2.43, t 25.13 2,33, t 24.80
6 2229 28.49 2.05,9 27.70
7 5.14, brt 12379 5.16, t 123.70
8 - : 13537 - 135.30
9 2.000m - 39.63 2.05,m 38.70
10 2,06, m 26.59 . 2,05, q 26.20
11 5.09, brt 125.57 * 125.50
12 ' - 133.26 . 132,20
13 2.00,m 38.96 233, 39.40
14 2.33,1 27,99 . 24.80
15 1.68,p 25.37 4 28.20
16 - 170.25 . 170.40
17 5.81, bré 115.31 5.83,b:s ) 15510
18 ‘ - 175.25 - 170.00
19 4.70, brs 73.05 4,72 72.90
20 1.57, brs 16.16 1,59, brs 15.70
21 1.57, brs 15.87 1,68 15,70

~* Not reported in the literature.
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3.3 Compound P44,

The '*C-NMR, DEPT 135 (Figure 29) and HETCOR (Figures

4

30 and 31) spectra of compound P44 revealed 22 carbons including, 2 lmet.hyl carbons
at § 16.10 (C-21) and 15.97 ppm (C-22), 9 methylene carbons at 8 25.15 (C-5), 28.5}
(C-6), 39.71 (C-9), 26.61 (C-10, 123.73 (C-11),.3%.10 (C-13), 25.25 (C-14), 31.78
(C-15) and 71.12 ppm (C-20): 6 olefinic methine carbons at 142.37, 110.98, 138,65,
124.90, 123.73, 115.25 and"4 _guaterbary carbons at 5124.81 (C-3),.134.20 (C-B),
135.46 (C-12) and 13390 ppin (C-16) and one a ester carbonyl carbon at & 168.00
ppm. The IR spectrum (Figurg 24) exhibited;a lacione carbonyl adsorption at Vyax
1,748 cm’' and a typical chagacteristic of a futan ring. The electron impact (EI) mass

spectrum (Figure 23) indicated mglecular ion peak at 342, suggesting a molecular

formula of C22H3003.

The 'H-NMR (Figures 28 and 29)-and BC.NMR data of
compound P44 are closely related to those of compound ¥45 (summarized in Table
14), suggesting tliatP44 has linear ekeletonandya Pe substituted-furan ring similar to
P45. The linear skeleton and B- substituted furan ring-were assigned by 'H-'H COsY

spectral data (Figures 32, Tablel 1), The structure of B-substituted> furan ring with

linear skeleton is shown below.
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ing was deduced by data of 'H-'H

COSY showing the methyle "él 8) correlated to the olefinic
‘ T—

proton at & 5.40 (brs, H-( i Nrelated to the methylene

and HETCOR spectra

confirmed the B, y unsalura 2 he fing; ), 115.25 (C-17), 30.14

s 1921|515
ANRINITUNINE AL
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Finally, the lactone ring was connected to linear skeleton by the

allylic coupling of proton signal at & 1.85 (m, 2H, H-15) to proton signal at & 5.40

(brs, 1H, H-17) in the 'H-'H COSY spectrum. After careful comparison of TH-NMR

and "’C-NMR data of P44 with the literature (Table 13), compound P44 was

identified as furodendin which was previously isolated from a marine sponge,

Phyllospongia dendyi (Kaslauskas, et al, 1980).

Chemical structure of P44 with an assignment.of carbon position.



Table 12. Chemical shift of 'H, °C and 'H-"H COSY of compound P44,

Position 'H-NMR, | 'H-'H J-value (Hz) | C-NMR, &
5 ppm correlation ppm°
1 7.20, brs,1H H-2, H-4 - 142.37,d
2 6.14, brs,1H H-1, H-4 - 110.98, d
3 ) . - 124.81,'s
4 7.07, brs,1H H-1, H-2, H-5 . 138.65, d
5 2.31,¢, 2H H-4, H-6 7.2 25.15,t
6 2.11,q, 2H H=5H-7 2] 28.51,
7 5.03, bit, 1H He6,21-CH; 72 124.90,d
8 . | : - 134,20, s
9 1.87, m, 2H H-10 - 39.71,t
10 1.96, q, 2H H-9, H-11 6.3 26.61,q
11 4.95, bit, 2H HA10, 22-CHs 6.3 123.73,d
12 - : - 135.46, s
13 1.86, m, 2H H-14 A 39.10, t
14 1.38, q,2H HASHAS - 2525,
15 1.85, m, 2H H-14:H-17 - 31.78, t
16 . ] 5 133.90, s
17 5.40, brs, 1 H-15, H-18, : 11525,
H-20
18 2.90, brs, 1H H-17, H-20 - 30.14, t
19 - - : 168.00, s
20 4.63, bi's, 2H H-17 ¢ 71012, t
21 1.45, brs, 3H H-11 < 16.10, §
22 1.45, brs, 3H - - 15.97,4

a: multiplicity detemined by the DEPT 135 spectrum
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Table 13 The comparison of >C and 'H-NMR data between P44 and

Furodendin.
Position Furodendin Compound P44.
'"H-NMR (ppm) 'JC-NMR (ppm) | 'H-NMR (ppm) | *C-NMR (ppm)

1 7.20 142,60 7.20 142.37
2 6.30 11Q:00 6.14 110.98
3 - 12530 - 124,81

-4 7.36 138.80 7.07 138.65
5 - : 25.10 2.31 25.15
6 260 28,40 211 28.51
7 5.20 125.40 5.03 124.90
8 5 134,20 P 134.20
9 - * 1.87 39.71
10 1.54 26.50 1.96 26.61
11 5012 X 4,95 123.73
12 - 135,00 C- 135.46
13 * * 1.86 39,10
14 1.9 25.50 1.38 25.25
15 - 30.00 1.85 31.78
16 . 134.00 . 133.90
17 5.56 115.40 5.40 115.25
18 3.08 * | 2.90 30.14
19 - 169.40 - 168.00
20 4,62 71.00 4,63 71.12
21 1.60 ] 16.00 145 16,10
22 1.60 16.00 1.45 15.97

* Not reported in the literature.
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3.4 Compound KPP9.

The "C-NMR spectrum of KP9 (Figure 52) exhibited 28
carbon atoms in a molecule consisting of 2 ester carbonyl carbons at 5174.45 and
5170.52 ppm and 1 keton carbony! carbox? at.5 210,41 ppm. The DEPT 135 spectral
data (Figure 53) showed 6 methyl carbons at.8.33.82(C-19), 21.90 (C-20), 17.91 (C-
21), 14.40 (C-23), 33.24 (C.-26)and 21.30 ppm (C-28); 8 methylene carbons lat )
35.37 (C-1), 18.41 (C-2), 4142 (C:3), 41.47 (C-6), 17.79 (C-7), 23.88 (C-11), 29.69
(C-IS) and 64.64 ppmi (C-22);“7 methine ¢arbons at 6 57.85 (C-5), 61.22 (C-9), 90.23
(C-12), 52.46 (C-14), 74.67 (C-16), 51.54 (C-17) and at & 56.78 ppm (C-18); 4
quaternary carbons at 5 33.47 (C-4); 38,28 (C-8), 41.81 (C-10) and at 6 43.20 ppm (C-
13). The IR spectrum (Figure 47) exhibited the presence of OH group at 3,435, ester
carbonyl group at 1,746 and ketognie carbonyl at 1,719 cm”, Combination of the above
data with the EIMS showing-a-melecuiar-ion-peak-at n‘;/z 474 (Figure 46) suggested

the tentative molecular formula of C;sHi:0¢  which indicated eight degrees of

unsaturation.

The presence of 2 ester carbonyls and 1 ‘ketone carbonyl
suggested that the remaining unsaturations are ‘pentacarbocyelic in nature. This data
was used to guide for the elucidation of the moiecular structure of KP9 using in
combination with HSQC (Figures 54-57), HMBC Gigures 58-63) and 'H-'H COSY |
(Figures 64 and 65) techniques. The correlation in the 'H-'H COSY spectral data
(summarized in Table 16) revealed the presence of two separate spin systems :

fragment A and B. Fragments A was deduced by the following correlations: proton at
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8 2.25 (H.-11) to § 1.10 (H-9), proton at & 2.05 (H,- 11) to prc‘)ton at § 3.65 (H-12)
and this proton coupling to a proton at § 2.05 (H,-11). Fragment B was also formed
by the following correlations ; proton at § 2.15 '(H-l18) to proton at 8 2.88 (H-17);
proton at & 3.93 (H-16) to protons at 5 2.88, 1.58 (H,-15) and & 1.86 ppm (H.-15).
The latter methylene protons were further coupied by proton at § 1.20 (H-14). The
HMBC spectral data (Figures, 58-63 and data s.ummarized in Table 17) helped the
connection of these two'fragments as shown in fragment C: the methyl protonﬁ at
.0.98 (H-23) correlated toearbons at o 90.23 (C-12), and 56.78 ppm (C-18) and a
quaternary carbon at § 43.20 ppm (C-13). The methyl protons at § 0,96 (H-21)
correlated to two mething cagbons at § 61.22 (C-9) and 52.46 (C-14) and a quaternary
_ carbon at 5 38.28 (C-8). In addition, ‘the dewnfield signal of protons at 5 3.65 (H-12)
and & 3.93 ppm (H-16) indicated the oxymethine proton in nature. The proton at &
2.15 (H-18) is connected to an ester carbonyl carbon to forni a lactone ring which was
observed by the correlation of this proton to the ester carbonyl carbon at § 174.45 (C-

25) in the HMBC spectium data.

o)llh |
“(E* ’ 17
9 14 A’w 16 0}""

(A) U: 'H-'H COSY  (B)
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(C), =" : HMBC

The remaining 2 saturated fused - rings fused was performed

based on 'H-'H COSY,HSQC and HMBC spectral data. The BMBC spectra
(Figure58-63) showed C-H fong range correlations. of oxymethylene protons at & 4.63
and & 4.10 ppm (H; -22 and Hy -22) to a carbon at 6 35.77 (C-l), and then 'H-'H
correlations of a proton at & 0.77 (Ha-1) to 6 1.55 (H-2) which in turn coupled to a
proton at § 1<l 7-(He=3), The geminal methy! protons at-5.0.81 (brs, H-19) and 5 0.87
(brs, H-20) correlated to carbons at 33.47 (C-4), 57.85 (C-5) andy41.42 ppm (C-3). A
. proton at'd 1.03,ppm (H“'.,G) shiowed C-H long range carrelation to'a/methine carbon at
§ 57.85 ppm (C-5). Furthermore, a proton at § 1,03 (H, -6) also showed 'H-'H
coupling to & 1.44 (H, -7). The coniléctivity of fragment C and 2 ring sfstems was
performed by correlations of proton at § 1.10 ppm (H-9) to a carbon at § 23.88 (C-11)

and a quaternary carbon at & 4]1.81 ppm (C-10). As above discussed, the complete

assignment of the ring system is shown below.



81

\HMBG, Xy ' cOSY

b
The presence of an acetoxy! group and a methyl ketone group
were formed by HMBC techiiique. ~The methyl protons at & 2.05(brs, H-28)
correlated to an ester carbonylcarbon at 170.52' (C-27) and the methyl protons at &
2.42 (brs, H-26) .to a carbonyl ~ketone at 5 210.41 (C-24). According to the
downfield shift of H<17 at 8 2.88, the methyl ketone group was placed at C-17 at §

51.64 ppm.

The placement of the-acetyl group and the free OH group was
deterniined by acetylatioh feaction: Thé)' HNMR spettiuth oflthe deetylation product
of KP9 (Figure 67) showed a 3.97 ppm downfield shift of H-16 (8 4.90) comparing to -

that of KP9 (8 3.93). This information pernﬁtted the OH substituted at C-16 and

hence, the acetoxyl at C-22,
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The final structure of KP9 was confirmed by comparison of its
chemical shifts of '*C-NMR and 'H-NMR data with those of the known compound
which has been reported by Kazlauskas et al (1982) (Table 17). Thus, compound

KP9 was induced 22p-acetoxy-16fB-hydroxy-24-methyl-24-oxoscalaran-25, 12[-

olactone which was previously i enfeldia sp. However, the report is

the first complete proton a ig is compound.

FONUUMUSNNS )
RN ITNINENAY
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Structure of compound KP9 with C-H long range correlation.

H

Configuration of KP9.




Table 14 Chemical shift of 'H and '*C-NMR of compound KP9.

Position 8H (ppm) | multiplicity (J = Hz) 8C (ppm)‘
le 1.99 1H, bid, J = 12.6 35.37,t
la 0.77 1H, brt, } = 12,6
2e 1.55 1H, m ' 18.41,t
2a 1.42 IH, m ‘
3e 1.43 1H, m 41.42,1
3a 1.15 1H, m
4 - - 33.47,s
5 0.95 | H, 57.85,d
be 1.82 1Hy ™ 41.47,t
6a 1.03 LH, m
Te 1.55 1H, m 117.79,t
7a 1.44 THfm
8 - - 38.28,s
9 1.10 1H, m 61.22,d
10 - - 41.81,s
lle 2.25 1H, brd , 7= 12.8 23.88,t
11a 2.05 1H, ddd, J=11.0,12.0, 12.8,
12 3.65 1H, dd; =35, 12.0 90.23, d
13 - - 43.20, s
14 1.20 1H, brt 5246, s
15¢ 1.84 1H, t 29.69,t
15a 1.58
16 3.93 1H, td, J=5.2, 10.0 74.67,d
17 2.88 1H/dd, }=10.0,11.4 51.64,d
18 2645 IH, o, 1= 117 36,78y d
|19 0.81 3H, brs 21.90, g
20 0.87 "3H, bs, 33.82,4
21 0.96 3H, brs 17.91, q
22a 4.63 1H,d,J=12.0 64.64, t
22b 4.10 1H,d,J=12.0
23 0.98 3H, brs 14,40, q
24 - - 21041, s
25 - - 17445, s
26 2.42 3H, brs 3324, q
27 - - 170.52, s
28 2.05 3H. brs 21.30,q°

* Multiplicity determined by the DEPT 135 spectrum.
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Table 15 'H-'H correlation of compound KP9.

"H-‘H correlation

Position SH (ppm) of KP9

le 1.99 Hs-1

la 0.77 H.-1, He-2
2e 1.55 H.-2, H,-3
2a 1.42 H.-2, H,-3
3e 1.43 He=2

3a 1.15 H.-3

4 - y

5 0.95 -

6e 182 Ha '6, He"7
6a 1.03 Hel6,H,-7
Te 1.55 Hi-6

7a 1.44 He~6, H. <7
8 - A

9 1.10 B-5

10 - -

lle 2.25 H-98, H,-11
11a 2.05 H.-11,H-12
12 3.65 Ha-11, H18
13 - -

14 1.20 H.-15

15¢ 1.84 H-14

15a 1.58 H-14

16 3.93 H,-15, H.-15, B-17
17 2.88 H16, H18
18 2.15 H-7, H-26
19 0.81 -

20 0.87 -

21 0.96 -

22a 4.03 Hp-22

22b 4,10 H,-22

23 0.98 -

24 - -

25 - -

26 2.42 -

27 - -

28 2.05 -
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Table 16. HMBC correlation of KP9.

86

Position &H (ppm) 8C (ppm) Correlation in HMBC spectrum(8 ppm)
Lle ‘ 1.99 35.77 -

la 0.77

2e 1.55 18,41 -

2a 1.42

3e 1.43 41,42 2-1,C-5

3a 115 C-9,C-19,C-20

4 - 33.47 .

5 0.95 57.85 -

6e 1.82 4147 C-5

Ga 1.03

Te 1.55 17.79 C-6

7a 1.44

8 - 38.28 -

9 1.10 61£22 C-8,C-10, C-11, C-21, C-22
10 - 41,81 -

e 2,25 23.58 -

11a 2.05

12 3.63 50.23 -

13 - 43.20 -

14 1.20 5245 C-21

15e 1.84 29.69 C-14, C-16,C-17
15a 1.58 C-14, C-16, C-17
16 3.93 4767

17 2.88 51.64 C-15,C-16,C-18
138 2.15 56.78 C-13,C-17,C-23,C25
19 0.87 33.82 C-3,C-4,C-5,C-20
20 0.96 21.90 C-3, C-4, C-5¢C-19
21 0:81 17,91 C-8,C-5,C-10
22a 4.63 64,64 C-1,C-9,C-10
220 4.10 |

23 0.98 14.40 C-12, €13, C-18
24 - 210.41 -

25 - 174.45 -

26 2.42 33.24 C-24

27 - 170.52 -

28 2.05 21.30 C-27




Table 17. Comparison of chemical shift of °C and 'H-NMR data between

compound KP9 and known compound .

Compound KI9 22B~acetoxy-16f-hydroxy-24-methyl-24-
oxo scalarun-25, 12P-olactone
Position 31 (ppm) 8C (ppm) 8H (ppm) 8C (ppm)
le 1.99 35.37 3 35.20
la 0.7
2e 1.55 18.41 - "1 18.30 .
2a 1.42
le 1.43 4142 * 41.30
3a 1.15
4 - 3347 % 33.10
5 0.95 57.85 & 57,70
e 1.82 41,47 * 17.70
6a 1.03 '
Te 1.55 17.79 ¢ 41,70
7a 1.44
8 - 38.28 1 38.10
9 1.10 6122 * 61.10
10 - 41:81 " - | 41.80
lle 2.25 23.88 N 23.70
lla 2.05 '
12 3.65 90.23 3.69 90.30
13 - 43,20 = 43.0
14 1.20 52.46 - 52.30
15e 1.84 29.09 * 26.60
152 1.58
16 3.93 74,67 3.88 74,40
17 288 51.64 2.88 ‘ 51.50
18 2,95 56:58 2.18 56,70
19 0.81 33.82 0.83 21.80
20 0.87 21.50 0.88 30
21 0.96 17.91 0.98 17.70
22a 4,63 64.64 4,64 . 64.70
226 4.10 4.09
23 0.98 14.40 098 14.20
24 - 21041 " 210,80
25 . 174.45 * _ -174.70
26 2.42 33.24 2.40 33.40
27 - 170.52 - 170.70
28 2.05 21.30 2.06 21.10

" * Not previously assigned,
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4 Bioactivities of the isolated compounds

Compound P1, P45 and KP9 were subjected to test for brine shrimp lethality

assay and anti - HSV activity except P44 due to its limited quality.

4.1 Compound PI is yellow oilly which has toxicity to brine shrimps (LDsg

at 2.38 pg/ml) and moderate active to HSV-L.at cencentration of 20 ug/ml.

4.2 Compound P45 showed moderated active to HSV-] at concentration of
20pg/ml

4.3 KP9 wassot active in both bioactivities test.

Therefore, compound Pl was responsible for the activity of the

dichloromethane extract against beine shrimp. This isthe first report for anti-HSV activity

of linear furanoterpenes.
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