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Abstract: Convolubuuida A - F, new alkaloids containing an N-ryl-y-lachm moiety with a 
dibmmophmol group, have been isolated from the Floridian bryuzma Amu&3 cotm9uYu and the 
struc~elucidatedottthebmisof~drtl. 

Marine bryoxoans have proven to be a rich source of unique secondary metabolites,l~2 among which 

bryostatinss are well-known as a candidate of anticancer drugs obtained from kgukr netitim (Bryoxoa 

phylum) as well as from Amathia conwluta 4 During our search for new bioactive substances from marine 

organisms, we have examined extracts of the Fkrldian bryozoan Amathia comd~ and obtained new 

alkaloids, convolutamides A (la), B (lb), C (Za), D (2b), E (3a), and F (3b), possessing an N-acyl-r-l&am 

moiety with a dibromophenol group. Here we wish to report the isolation and structure elucidation of them. 

The bryoxoan Amathia comduta, dkcted off Northeastern Gulf of Mexico in Florida, was extracted 

with EtOH. The extract was partitioned between aqueous MeOH and hexane, and the aqueous MeOH phase 

was further extracted with EtOAc. The EtOAc-soluble mat&al was subjected to repeated chroma@mphies on 

silica gel and ODS columns, followed by gel filtration on Sephadex LH-20. Further purification using 

reversed-phase HPLC afforded a (1: 1.7) mixture (1) of convolutarnides A (1 a) and B (1 b) in 2 x 1~s % yield 

(wet weight), a (1.8:l) mixture (2) of convolutamides C (2a) and D (2b) in 2 x W 96 yield, and a (7.9~1) 

mixture (3) of convolutamides E (3a) and F (3b) in 6 x 10-a 96 yield It was unsuccessful to isolate each pure 

component fxnm these three mixtures (1 - 3) using several types of normal and reversed phase HPLC columns 

under various solvent systems. Structural studies of convohnamides were, however, able to be carried out by 

extensive spectral investigations using each of the three mixtures (1 - 3). 

The poaitive FABMS of 1 showed quasi-molecular ions [(M+H)+] at m/z 560,562 and 564 for la, 

and at m/z 586,588 and 590 for 1 b, respectively, in a ratio of ca 1:2:1, suggesting the presence of two 

bromine atoms for each component (la and 1 b). The molecular form&s of 1 a and 1 b were de&mined as 
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Table 1. *H and 13C NMR Data of Convolutamides A (1 a) and B (1 b) in CLXl3 

position ‘H JW 1% position ‘H 13C position ‘H 13C 

forlaandlb forla forlb 
1 177.7 12 2.10 t 33.9 12 2.10 t 33.9 

2 77.@ 13 1.51 m 24.7 13 1.51 m 24.7 
2-oH 3.00 8 14 1.25-1.32 br s 29.0 14 1.25-1.32 br s 29.2 
3s 252ddd 14.3, 7.9, 5.3 34.5 15 1.25-1.32brs 29.7 15 1.25-1.32brs 29.2 
3b 276ddd 14.3, 6.2, 5.3 16 1.25-1.32 br s 29.7 16 IS-1.32brs 29.2 
4a 3.91 ddd 11.8. 7.9, 5.3 59.3 17 1.25-1.32 br s 29.7 17 1.25-1.32brs 29.7 
4b 4.lOddd 11.8, 6.2, 5.3 18 1.25-1.32 br s 29.7 18 2.01 m 27.2 
5 126.7 19 1.25-1.32 br s 29.7 19 5.35 m 129.7 
6 6.99brd 112.9 20 1.25-1.32 br s 29.7 20 5.35 m 130.0 
7 143.2 1.25-1.32 br 8 29.7 21 2.01 m 27.2 
7-oH 7.35 s ;: 1.25-1.32 brs 31.8 22 1.25-1.32brs 29.7 
8 124.2 23 1.25-1.32 br s 227 23 1.25-1.32 br s 29.5 
9 120.5 24 0.88 t 14.1 ,” 1.24 m 31.9 
10 7.38 br d 129.5 1.27 m 22.7 
11 173.3 26 0.88 t 14.1 

% chemical shift was observed in CD30D. 

C~~H~SNO~BQ and C!&-I37NO@2, respectively, by HRFABMS data [la: m/z 560.1009 (M+H)+ for 
C@I~NO47%2, A +0.2 mmu; lb: m/z 586.1132 (M+H)+ for C&-I3sN0479B~, A +3.6 mmu]. 

Interpretation of the tH and 1% NMR data of 1 (Table 1) facilitated by application of several types of 2D 

NMR spectra (IH-tH COSY, HMQC? HMBC,e and HMQC-HOHAHA7) suggested that 1 consisted of 

partial structures of a dibromophenol group, a five membered-lactam moiety, and an acyl side-chain. NMR 
signals of 1 for the aromatic ring and y-lactam mokties were singly observed, while those for the acyl chain 

part were observed as split signals due to two components (1 a and 1 b) . 
The tH and 1% NMR signals for the aromatic portion (C-5 - C-10) in 1 suggested the presence of a 

1,2,3,5-tetrasubstituted benzene ring, which was verified by the HMBC cross-peaks for H-6/C-7, H-6/C-8, 
H-10/C-8, and H-10/C-9. The 1% NMR chemical shifts for quaternary aromatic carbons of C-7 (k 143.2 s), 
C-8 (8~ 124.2 s), and C-9 (k 120.5 s) implied that bromine atoms were substituted at C-8 and C-9, and a 
hydroxyl group was attached at C-7. The presence of a phenol group was further supported by the IH NMR 
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1 b) as 1 H, based on this fact, the ratio of ccnvolutamides A (1 a) and B (1 b) was estimated as 1:1.7. The 1% 

chemical shifts for the ally1 methylene carbons of C-18 and C-21 @oth 8~ 27.2) suggested 19Zconfigumtion 
for 1 b. 12 

The~HNMRspectraof2 and3 chxelyresembkdthatof1,andbothof2and3consistedoftwo 

components (2aLZb and 3aL3b). whose ratios were estimated by 1H NMR spectra as 1.8:1 and 7.9~1, 
respectively. The FABMS of 2 showed quasi-molecular ion peaks [(M+H)+] at m/z 588,590, and 592 (or. 
12~1) for 2a and m/z 614,616, and 618 (cn. 1:2:1) for 2b, while theFABMS of3 afforded (M+H)+ peaks at 
m/z 616, 618, and 620 (ar 1:2:1) for 3a and m/z 642, 644, and 646 (ca. 1:2:1) for 3b. These MS data 

suggested that convolutamides C (2a) and E (3a) are homologues of convolutamide A (la) with two and four 
more CH2 groups, respectively; convolutamides D (2b) and F (3b) are alsO homologues of convohmmide B 
(1 b) with two and four more CH2 groups, respectively. This inference was verified by the HRFABMS data, 
..,I.;.& -a.-1a.l *I.&* . . ..WL.-...L.- C-..*rr c..llr..“.. o-_I.r__LrA.n--. 1n. VV’luQU IG”‘oLcU UZGU LLI”,WIpL lullllyLlw zs I”U”WJ. 2r, qg5rxyJ~.“4D‘~, 1”, P-_U..LTA.rn-. 1‘. ~2~1’~~4p’Z, J-9 
C&I&NO&2; 3b, C!3oH&O4Br2. Both positive FAB MSlMS spectra of 2 and 3 @recumm ions, mk 
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588 (M+H)+ for 2a and m/z 616 (M+H)+ for 3a] exhibited &rack&c daughta ions at m/z 332,314, and 

302, which were also observed in the positive MS/MS of 1 [pffcursor ion, nr/z 560 (M+H)+ for la1 and 
assignable to ions of (IQ+, (Z - &G)+, and (x)+, mspectively. These results argued that the r-m moiety 

is commonly embraced by convolutamides C (2a) and E (3a) and they contain homologous acyl side-c- 

Thii tinding was consistent with the negative FAB MS/MS data (Table 2), which also suggested that 

convolutamides D (2b) and F (3b) possess the same y-la&m nucleus and homologous acyl chains. The 

negativeFAB MSMS of 2 and 3 iprecursor ions, m/z 255 (Y-) for 2a and m/z 283 (Y-) for 3a (Figure l)] 

closely corresponded to those of palmitic acid @mcumor ion, m/z 255 (M - II)-] and s&ark acid lprgxlrsot 

ion, m/z 283 (M - H)-1, respectively. Thus the acyl side-chains of 2a and 3a were assigned as pelmitoyl 

[CH3(CH&4CQ Cla:o] and steamy1 [CH3(CH2)1&$ C18:0] groups, respectively. Gn the other hand, the 

acyl chain moieties for 2b and 3b were also deduced from the negative FAB MS/MS data [precursor ions, m/z 

281 (Y-) for 2b and m/z 309 (Y-) for 3b] to be 9-octadecenoyl (C17H33cO; Cls:l) and 8-eicosenoyl 

(C19H37CQ C&l) gaps, respectively; particularly, the intense daughter ions (m/z 127 and 181 for 2b and 

m/z 113 and 167 for 3 b) implied the positions of the double bonds (Figure 1). The geometry of the double 

bond in the acyl chain of 2b was 2, indicated by the 13C NMR chemical shifts of the ally1 methylene carbons 

(8~ 27.2 for both C-18 and C-21). Since satisfactory 13C NMR data of 3a and 3b were not obtained due to 

small quantity of the sample, the geomeixy of Al**l%touble bond of 3b remained unassigned. 

From these results, the structures of convolutamides A - F were conch&d as la, 1 b, 2a, 2 b, 3a, and 

3b, respectively. Convolutamides may belong to an unprecedented class of natural products posseming a 

stmctumlly unique y -1sctam and dibromophenol ring system, and their biogenetic provenance is presently 

unknown. The mixture (1) of convolutamides A and B exhibited cytotoxicity against L1210 murine leukemia 

and RB human epidermoid carcinoma cells with ICso values of 4.8 and 2.8 ug/mL, respectively, while 2 and 

3 showed no cytotoxicity (ICso, >lO @nL). 

Experimental Section 

General Methods. Gptical rotations were recorded on a JASCG DIP-370 digital polarimeter. UV 

and IR spectra were taken on a JASCG Ubest-35 spectrometer and a JASCG Report-100 infrared spectrometer, 

mspectively. The NMR spectra were measured on JEGL JMN GX-270 and EX-400, or Bruker ARX-500 

spectrometers FAB mass spectra were obtained on a JBGL HX- 110 spectrometer. 

Collection, Extraction and Isolation. The bryozoan Am&k con~Jr#e (Bryozoan phylum) was 

collected off the Northeastem Gulf of Mexico, Florida, in 1982. The A. com&ra (100 kg, wet weight) was 

extracted with EtGH. The EtOH extract (639 g) was pmtitiontxl between 10% aqueous MeGH and hexane. 

The MeGH phase was diluted with water to give 70% MeGH solution, and this was partitioned with EtOAc. 

The EtOAc-soluble materials (150 g) were subjected to a silica gel column (Wakogel C-200, Wako Pure 

Chemical, 10.7 x 30 cm) with hexaneketone (2: 1 - 1:l). Thefraction%utingwithhexaneke&ne(2:1)was 

chromatographed on Sephadex LH-20 (Pherma& 3.0 x 35 cm) with hexaneK!H~C!l~eGH (10:1&l) and 

reversed-phase flash column chromatography (chromatorex-GDS, 2.8 x 23 cm) using a gradient of JO- 100% 

MeGH. The fraction eluting with 85-901 MeGH was sepamkd on Sephadex LH-20 (Pharnm& 3.0 x 35 

cm) with hexsne/2-pmpnnol/MeGH (8:l:l) to give a liaction (6693 mL), which was then purified on a 

preparative thin layer chromamgmphy on silica gel (whatman 20 x 20 cm) with hexan&cetcme (7:3) to give a 

crude fin&on containing convolutamides. Finally, this fraction was purified by reversed-phase HBLC 
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(Hitachi Packed column In&l PREPXlDS, 5 CI m, 20 x 250 mm, 90% CI+CN flow rate 5.0 mllmin) to 

afford a 1:1.7 mixture of convolutamides A and B (1,2.4 mg, wet weight, Q 43.12 min, yield 2 x l&g%, wet 

weight) a 1.8:1 mixtureof convolutamides C and D (2, 2.3mg, Q 76.24 min, yield 2 x lQ*%), and a 7.9:1 

mixture of convolutamides E and F (3,0.6 mg, h 119.07 min, yield 6 x 10-9X). 

1:1.7 Mixture (1) of Convolutamides A (la) and B (lb): a colorless amqhous solid; [a]D20 

-6.0°(c 0.4, CHCl3); W (MeOH) A~ 225 nm (E 34000); IR (neat) vmpx 3270, 1740, 1720, 1700, 1600, 

1560, and 1160 cm-l; tH and 13C NMR (see Table 1); FABMS (positive) m/.. 560,562, and 564 (M+H)+ for 

la and m/z 586, 588, and 590 (M+H)+ for lb; HRFABMS m/z 560.1009 for la (calcd for CzsH3a- 

NO479Br2, M+H, 560.1007) and m/z 586.1132 (c&d for C2&13sN0479B~, M+H, 586.1096) for 1 b. 

l&l Mixture (2) of Convolutamides C (la) and D (2b): a colorless amorphous solid; [aI@ 

-5.1°(c 0.4, CHCl3); W (MeoH) A, 225 nm (E 27000); IR (neat) vmu 3325, 1730, 1710, 1700, 1600, 

1560,and 116Ocm-l; lH NMR(CDCl3) M 0.88 (3H, t), 1.25-1.32 (br s), 2.12 (2H, t, Hz-12), 2.52 (lH, 

ddd, H-3a), 2.76 (lH, ddd H-3b), 5.35 (0.71H, m, H-19 and H-20 for 2b), 6.99 (lH, br d, H-6), and 7.38 

(lH, H-10); 13C NMR (CDC13) for both 2a and 2b: tk~ 178.4 (C-l), 173.6 (C-11), 143.4 (C-7), 129.5 (C- 

lo), 126.9 (C-5), 124.1 (C-8), 120.5 (C-9), 113.1 (C-6), 77.2 (C-2), 59.4 (C-4), and 34.3 (C-3); for 2a: a~ 

33.9 (C-12), 29.7 (C-14-C-23), 32.0 (C-24), 22.7 (C-25), 14.2 (C-26); for 2b: 8~ 130.1 (C-20), 129.8 (C- 

19), 33.9 (C-12), 32.0 (C-26), 29.7 (C-17, C-22, and C-24), 29.5 (C-23 and C-25), 29.3 (C-15), 29.2 (C- 

14), 27.2 (C-18 and C-21), 24.7 (C-13), and 14.2 (C-28). FABMS (positive) m/z 588,590, and 592 (M+H)+ 

for 2a and m/z 614, 616, and 618 (M+H)+ for 2b; HRFABMS m/z 588.1321 for 2a (calcd for Cs- 

H40N0479B~, M+H, 588.1324) and m/z 614.1437 (calcd for CzsH42N047gBr2, M+H, 614.1481) for 2b. 

7.9~1 Mixture (3) of Convolutamides C (3a) and D (3b): a colorless amorphous solid; [alp 

-25.0°(c 0.1, CHC13); W (MeOH) h mu 225 nm (E 23000); IR (neat) vmex 3270, 1740, 1720, 1700, 1600, 

1560, and 116Ocm-f; 1H NMR (CDCl3) aH 0.88 (3H, t), 1.25-1.32 (br s), 2.12 (2H, t, H2.12), 2.52 (lH, 

ddd, H-3a), 2.76 (lH, ddd, H-3b), 5.35 (0.22H, m, H-18 and H-19 for 2b), 6.99 (lH, br d, H-6), 7.38 

(lH, br d, H-10); FABMS (positive) m/z 616, 618, and 620 (M+H)+ for 3a and m/z 642, 644, and 646 

(M+H)+ for 3b; HRFABMS m/z 616.1609 for 3a (calcd for C$I.@O~7gBr2, M+H, 616.1637) and m/z 

642.1722 (calcd for C$I@0.+7%r2, M+H, 642.1793) for 3 b. 
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