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Abstract - Two new antimicrobial sesquiterpenoids, dictyoceratin-A (3a) and 
~-B&era isolated from the Okinawan marinesponge Iii 
with known compounds, 

rpEp"ponqia sp. al;E 
furospinulosin-1 (1) and il magrtinone (2). 

structures of dictyoosratin-A (3a) and -B (4a) were determined on the basis 
of spectral data and their absolute configurations were deduced to be 
antipcdal to that of illmaquinone (2) by comparing an ozonolysis product (5) 
with that (6) derived from ilistaquinone (2). 

Marine sponges have yielded a variety of antimicrobial compounds having a 

hydroquinone moiety attached to aterpenofd skelton.3 In the course of our study on 

physiologically active substances from marine organiams,4r5 we found that crude 

extracts of the Okinawan marine sponge HipposPonsia sp. (family Srxineiidae, order 

Dictvoceratfda), exhibited in vitro antimicrobial activity against Staphyrococcue -- 
aureus and 8acillus subtilis. -. From the sponge, we isolated two novel antimicrobial 

sesquiterpenoids containing a hydroquinone moiety, dictyoceratfn-A (3a) and 

dictyoceratin-B (la) together with known compounds,. furospinulosin-1 (1)6t7 and 

ilimaquinone (2).'#8 In this paper, we describe the structural elucidation of 

dictyoceratin-A (3a) and -B (la). 

Specimens of the sponge were collected at Ckinawa Islands in July, 1984, and were 

stored frozen until required. Sthanolic extracts were partitioned between hexane and 

80% ethanol and the 80% ethanol portion was further divided into ethyl acetate soluble 

and water soluble materials. Chromatography of the hexane soluble part on a silica gel 

column using 95:5 benzene-acetone as eluant afforded furoapinulosin-1 (l), ilimaquinone 

(2), a mixture of ilimaquinone (2) and dictyoceratin-B (4a) and crude dictyoceratin-A 

(3a). The mixture of 2 and la was separated by a silica gel column (4:l hexane-ethyl 

acetate) followed by a Sephadex W-20 column (1:l chloroform-methanol) to'yield pure 

la. Crude 3a was subjected to silica gel and LK-20 column chromatography ae same to la 

to give pure 3a. Additional amounts‘of 2, 3a and.'4a wers obtained fma-de ethyl 

acetate soluble portion. 

Dictyoceratin-A f3af was obtained as colorless amorphous .aolid, mp 188-1'81.5 OC 

and showed UV absorption maxima at 218 (E 24900), 268 (10000) and 300 nm (4350). 
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3a I R=H 
3b : R-AC 

la t R=H 5 
4b I R=Ac 6 enant iomer 

Table 1. 13C NMR rata for ~erpenoid Parts for Ilimaquinone (21, Dictyoceratin-A (3d, 

and Dictyoceratin-B (da) in CM313.a 

Carbon 2 3a 4a Carbon 2 3a la 

C-l 

c-2 

c-3 

c-4 

c-5 

C-6 

c-7 

C-8 

23.2 t 

28.0 t 

36.8 t 

153.5 a 

40.5 s 

36.3 t 

27.9 t 

38.2 d 

23.1 t 23.1 t c-9 43.4 s 42.1 ..s 41.8 s 

27.6 t 27.8 t c-10 50.3 a 48.1 d 48.1 s 

36.9 t 36.7 t C-l 1 32.5 t 32.9 t 33.1 t 

150.7 s 149.1 8 C-l 2 102.6 t 103.0 t 102.7 t 

40.1 s 40.2 a C-l 3 20.5 q 20.5 q 20.6 q 

36.5 t 36.3 t C-l 4 17.9 q 17.4 q 17.5 q 

27.8 t 27.9 t C-l 5 17.3 q 17.4 q 17.5 q 

36.3 d 36.3 d 

a: 6 in ppn. 

Table 2. 13C NMR I&&I for Aranatic Parts of Dictyoceratin-A (3a) and Dictyocexatin-B 

(la) in CDCl3. 

Carbon 6 

c-16 125.7 

c-17 160.8 

C-18 144.6 

c-19 114.0 

c-20 120.2 

C-21 127.0 

C-22 168.9 

C-23 52.0 

ma 

s/t /5 Iiz(ll-H)= 

s/m 

dbrs 

ala 164 Hz/7 Hz(21-HI” 

s/s 

afq 160 HZ/~ H~(ll-H,l9-H)~ 

s/aixtet /4 Hz(~~-H,~!-H,OCH~~~ 

qls 148 Hz/ 

6 m 

117.2 a/t 

160.2 s/m 

130.4 afbrd 

147.1 da 
104.5 s/a 

124.7 a/t 
170.7 a/quintet 

52.0 q/s 

/5 Hz(~~-H)~ 

13 Hz(19-OH) 

19 Hz(21 -HIc 

161 Hz/6 Hz(ll-H)c 

/4 Hz(~~-H,OC!H~)~ 

148 AZ/ 

a: Multiplicity, direct coupling/long range coupling. 

b: ‘H-13C coupling constant, direct coupling/long range coupling. 

c: Coupled proton as+ned by low power proton selective CkdWUQiing. 
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nolecular formula ~2~~~204 for k was obtiimd from its HRHIMS (m/z 3723308, A0.7 mmu) 

anda d fragmentionate/z 191 s-tad the presence of a reerrangeddriman 

skeltan in 3a. lEwltRspbctruarof h showfd twosirqlet~methyl, cmebroadmethyl, one 

benzylic methylene and an exocyclic methylene signals at 6 0.88, 1.05, 1.00, 2.66 and 

4.40, respectively, like that .of ilimaguinone (6 0.84, 1.86, 1.00, 2.50 and 4.43). 

Thesedataandcomparisonof 13CNMRdata of k with that of 2 (Teble 1) revealed that 

the structure of terpenoid part of 3a is identical with that of 2. The remaining 

portion of k was compoSea of C8H704 and IR bands at 3500 and 1695 cm-' indicated the 

presence of hydroxyl and ester functionalities, respectively. Acetylaticn of 3a with 

acetic anhydrideqyridine yielded a diacetyl compound 3b and meta-coupling was observed 

between aromatic proton sig~ls at 6 7.38 and 7.50 (J-l.8 Hz), suggesting the presence 

of a 2,4,5,6-tetrasubstituted benzene ring. Substitution pattern of the benzene ring 

was deduced by analysis of 'H-l3 C long range couplings (Table 2)': The ester carbonyl 

carbon coupled with two aromatic protons and methoxy protons, and the C-21 carbon 

coupled with the benzylic methylene protons. This was further supported by NOE 

experiment: NDE on 19-H (29) and 21-H (28) upon irradiation of the methoxy signal 

(6 3.86), and NOEon 21 -H (7%) upon irradiation of 11-A proton signal (6 2.60). 

Dictyoceratin-B (la), colorless amorphous solid, mp 154.5-155.5 OC, showed a 

molecular ion peak atm/z 388.2258 (C23H32O5, A0.9 mmu) inthe mass spectrum. The 'H 

NMR spectrum of 4a contained two singlet methyl, one broad methyl, one bensylic 

methylene and an exocyclic methylene signals at 6 0.84, 1.08, 1.00, 2.60 and 4.40, 

respectively, like that of 3a. 13C NMR signals for the terpenoid part of la were 

superimposabletothatof 3a, suggesting that lahas the sameterpenoid structure as 

3a. la upon treatment with acetic anhydride-pyridine afforded a triacetyl compound 4b. 

In the ‘H NMR, one arcmatic proton; two hydroxyl proton and a hydrogen bonded hydroxyl 

proton signals were observed at 6 7.14, 5.48, 5.90 and 10.74, respectively, suggesting 

the presence of an additional hydroxyl group located at C-19 position in la. The 

structure of aromatic part of la was established by 13C NMR data (Table 21, in vhich 
'H-13C long range coupling betw&n C-18 carbon and the hydrogen bonded hydroxyl proton 

(C-19CH) was observed.'O 

Ozonolyses of 3a and la followed by Jones oxidation and methylation with 

diazomethane gave an identical ketone 5 whereas ilimaguinone (2) afforded a ketone 6 by 

the same sequence of reacticns.7 The mass spectrum and the 'H NNR spectrum of 5 were 

superimposable to those of 6. However, CD spectrum of 5 was opposite in sign to that 

of 6, suggesting that the structure of sesguiterpenoid parts of dictyoceratin-A and -B 

is antipodal to that of ilimaguinone (2). 

Dictyoceratin-A and -B might be produced biogenetically via a pathway similar to 

ilimaquinone. It is estimated that the terminal polar functionalities of 

dictyoceratins and ilimaguinone are recognized when the enantiomeric bicyclic systems 

are formed. Such relationship is also found in that of agelasines and agelasidines.5 

Dictyoceratins and ilimaguinone showed antimicrobial activity against staphyrococcus 

aureus and Bacillus subtilis and dictyoceratin-A exhibited the mbstpotentactivity 

among them. ‘lh minimum inhibitory concentrations against S. aureus and & subtilis 

mre 6.3 and 3.1 Ccg/ml, respectively. 

General. Nelting points were taken on a Yanagimoto micro melting point 

apparatus. Wspectra were m on a Verian Gary-17 spectrophotometer. IRspectra 
were obtained on a Hitachi 260-50 spectrometer. CD spectra were taken cm.a JASCO DIP 

360. Low resolutiaa and high resoluticm RI mass spectra (HRHIMS) wers m with 

Shimauu (Ic-7000 and JNDL II%-100 inst. ruments, respectl~ly. 'H (98 NHz) and 13C (22.5 
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Msis) NMB spectra were obtained with a JIW3L PX-9OQ iastrument. Chemical shifts were 
expressed in parts per million from internal tetramethylsilane.(6). Ccupling constants 

are in hertz (Hz) and splitting pattern abbreviations are: 8, singlet; d,'doublet; 9, 

quartet; br, broad. 

Collection, Extraction and Isolation. Speoimens of.the marine sponge 

Hinoosucmgie sp. were collected by SCUBA at Okinawa Islands (-10 - -20 m), freexed and 

stored at -20 OC until vorkup. The freezed specimens (510 g, wet waight) vere cut into 

small pieces and extracted with ethanol (11 x 3). The.ethanol solublr,part of the 

extracts van partitioned between hexane and 80% ethanol. Ihehexsnesolubleportion 

was &romatographsd on a silica gel column with 95:5 bsnsene-acetone as elm& to yield 

furospinuloein-1 (1, 1.14 g), illmaqulnone (2, 926 mg), a mixture of ilimaquinone and 

dyctyoceratin-B (I), and'crude dyctyoceratin-A (3). The later two fractions vere 

separated on a silica gel column (4:l hexane-ethyl acetate) followed by an LH-20 column 

(1:l chloroform-methanol) to afford pure compounds 48 (27.6 mg) and 38.(X.8 mg), 

respectively, The 808 ethanol soluble portion was suspenbed invater and extraoted 

with ethyl acetate, and then with l-butanol. Chromatography of ethyl acetate soluble 

material on LH-20Wand silica gel columns as described above gave compourxls 2 (721 mg), 

3a (30 mg) and la (9.6 ms). 

Furospinulosin-1 m: A colorless oil: 'B Nl4R (CDC13) 6 1.60 (bra, 12H), 1.68 

(bra, 31i), 2.0-2.6 (m, lbli), 5.09 (m, 4H), 6.25 (t, 1B, J-1 Hs), 7.19 (t, 1H, J-1 As), 

7.30 (t, lH, J-l Hz); 13c NNR (cDc~~) 6 16.0 (q, 3c), 17.6 (q), 25.1 (t), 25.6 (q), 

26.7 (t, ZC), 26.9 (t), 28.5 (t), 39.7 (t, 3C), 111.0 (d), 123.8 (a), 124.3 (d, 2C), 

124.5 (d), 125.0 (B), 131.1 (B), 134.9 (a), 135.0 (s), 135.7 (B), 138.8 (d), 142.5 (d); 

BIMS m/z 354 (M+). 

Ilimaauinone~ Golden color crystals; mp111.5-113 OC; (alg5 -27.7O (C 1.12, 

cHc13); ~114s m/z 358 (M+). 

Dictvoceratin-A(3a):' Amorphous solid; rap 180-181.5 OC; [ala5 +5.8Oo (c 0.965, 

c~cl~)t w (EtOH) Amax 218 (E 24900), 268 (lOOOO), 300 nm (4350); IR (XBr) vmax 3500, 

3330, 1695, 1605, 1440, 1300 cm-'; EIMS (%) m/z 372 (H+, 3), 357 (2), 341 (I), 302 (21, 

191 (loo), 182 (54), 165 (25), 135 (31), 121 (33), 109 (14), 95 (100), 81 (7); 'H NXB 

(cycle) 6 0.88 (3H, 8, 15-CH3), 1.00 (3H, br, 14-C!H3)., 1.05 (3H, 5, 13-CH3), 1.0-2.4 

(m, 12H), 2.66 (2H, B, ll-CH2), 3.86 (3H, 8, QCH3), 4.40 (2H, brs, =a,), 6.12 (2% 

brs, OH), 7.38 (lo, d, J-1.8 HZ, 19-H), 7.50 (18, d, J-l.8 Hr, 21-H); HBBIMS m/s 372. 

2308 (M+, C23H3204 requires M, 372.2301). 

Dictvoceratin-B m Amorphous solid; mp 154.5-155 OC, [alg5 -1.22O (C 1.12, 
ac13); uv (EtoH) Xmax 221 (c 338001, 275 nm (12600); IR (XBr) Max 3550, 3450, 1670, 

1440, 1300 cm-l; BIMS (%) m/z 388 (M+, 1.5), 373 (l), 357 (1.55, 301 (2), 198 (100), 

175 (39), 166 (31), 135 (21), 121 (22), 109 (lo), 95 (50), 91 (10); 'H BMB (CDCl3) 

6 0.84 (3H, s, 15-CH3), 1.00 (3H, br, 14-CH3), 1.08 (3H, 51 13-CH3), 1.0-2.4 (128, m), 

2.60 (2H, s, ii-CH*), 3.90 (3H, 8, OCH3), 4.40 (2H, brs, =CH2), 5.48 (1H, brs, OH), 

5.90 (1H, brs, OH'), 7.14 (lH, 8, 21-H), 10.74 (1H, bra, OH); HBBIBS m/s 388.2258 (B+, 

C23H3205 reqUire8 M, 388.2249). 

Acetylationof Dictvoceratin-A(3aland -B[la). -_ 3a (2 mg) and la (2 mg) were 

treated with a mixture of acetic anhydride (0.05 ml) and eyridine (0.05 ml) at room 

temperature for 1 h and evaporated to dryness to give the diacetate 3b and the 

triacetate 4b, respectively. 3a: EIWS m/z 456 (hi+); 'H NMR (-13) 6 0.83 (3H, S)t 

1.00 (3H, br), 1.08 (3H, s), 2.28 (3H, S), 2.33 (3H, s), 2.58 (2B, s), 3.89 (3H, s), 

4.38 (lo, bra), 4.44 (lH, brs), 7.75 (ZH,,s). 4b: EIMS m/z 514.(N*); 'H NMR (CDC13) 

60.86 (3~, a), 0.98 (3H, br), 1.08 (3H, a), 2.27 (3H, s), 2.31 (6H, s), 2.55 (2H, B)r 

3.84 (3H, a), 4.45 (2H, brs), 7.73 (1H, S). 

Osonolyses of Dictyoceratin-A (3a) and -B &&&)_ and Ilimeeuinone m A 

solution of 3a (5 mg) in dry acetone (2.5 ml) was saturated with OltW at -78oc for l-5 
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h. After removing excess ozone using a nitrogen stream Jones reagent (6 N, 0.23 ml) 

was added at 0 OC and the mixture was stirred for 1 h. The resulting mixture was 

diluted with water and then extracted with diethyl ether (5 ml x 4). The combined 

ether extract was washed with water and extracted with 5% sodium hydrogen carbonate (5 

ml x 4). The extract after acidified with 1 N HCl was extracted with diethyl ether (5 

ml x 4). The extract was washed with water, dried over anhydrous sodium sulfate, and 

evaporated to give a mixture of carboxylic acids, which was treated with diazomethane 

at room temperature overnight. The resulting mixture was purified by HPLC (Davelosil 

60-3, 10 x 250 mm, hexane-diethyl ether 4:1, flow rate 3.1 ml/min) to give 5 (1.5 mg, 

tR=15.4 min). By the same sequence of reactions, 5 and 6 were obtained from la and 2, 

respectively. 5: CD (EtoH) [el 296 -16 (from 3a), -19 (from la); EIMS ($1 m/z 266 (M+, 

2), 251 (8), 248 (6), 193 (341, 192 (24), 174 (100); 'H NMR (CDC13) 6 0.82 (3H, s), 

0.88 (3H, d, J-5.1 Hz), 1.10 (3H, s), 2.34 (2H, d, Jo2 Hz), 3.58 (3H, 8). 6: CD 

(HtGH) (61296 +60; 13C NMR (CDCl,) 6 16.1 (q), 17.3 (q), 18.9 (q), 21.2 (t), 25.6 (t), 

26.4 (t), 32.7 (t), 37.3 (t), 37.5 (t), 41.3 (s), 42.8 (t), 48.9 (s), 49.2 (d), 51.1 

(q), 171.7 (s), 215.3 (6); HREIMS m/z 266.1900 (M+, C16H2603 requires M, 266.1882). 
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