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Abstract: Ingewmine (l), a novel cytotoxic pentaeyclii alkaloid, has been isolated from the marine 
sponge Xeslospongio ingc~ collected in Papua New Guinea. The srn~cture of iagenamine has been 
solved by extensive spectrosqic analysis. 

Marine sponges have been the source of an interesting group of nitrogenous metabolites that appear to 

be biosynthetically derived from 3-alkylpyridine or reduced 3-alkylpyridine units. The halitoxinsl and a 

recently reported epidermal growth factor active consti~tent from C~~ys~~g~a fibrosa are high molecular 

weight cyclic oligomers (~4) of 3-~~lp~~ne monomer. Ir has been suggested that the halicla~nes,3 the 

sarains, the xestospongins,s and the petrosins are all biogenetically derived from macrocyclic dimers of fully 

or partially reduced 3-allcylpyridine monomers. 7 Baldwin and Whiteheads recently put forward a very elegant 

and insightful proposal which suggested that the manzaminesg are also biogenetically derived from a b&3- 

alkyldihydropyridine macrocycle. Interestingly. the Baldwin proposal suggested the possible occurrence of EWO 

new classes of alkaloids. Ircinal B,*o subsequently isolated from the sponge Ircinia sp., represented the first 

example of one of the new classes of alkaloids predicted by the Baldwin proposal. As part of an ongoing search 

for biologically active metabolites in tropical marine sponges,11 it was found that extracts of Xestospongia 

kgens (Thiele, 1989)12 collected in Papua New Guinea showed in vitro cytotoxicity against murine leukemia 

P3S8. Bioassay guided ~a~ionation of the extract led to the isolation of ingenamine (l), a novel cytotoxic 

pentacyclic alkaloid. Ingenamine (1) represents the first example of the second new class of alkaloids foreseen 

by the Baldwin proposal.8 

Specimens of X. inger~, collected by hand using SCUBA on reefs (-15 to -20m) near Sek Point off 

Madang, Papua New Guinea, were frozen on site and transported to Vancouver over dry ice. Freshly thawed 

sponge was extracted exhaustively with methanol. Repeated fractionation of the methanol extract via Sephadex 

LH20 chromatography (EtOAc/MeOH,&O 40:10:4) gave pure ingenamine (1) (20 mg from 200 g wet wt. of 

sponge) as a white optically active ([a]~ +62’; MeOH, c 0.14) amorphous solid. Ingenamine (1) gave an 

intense (M+ + H) ion in the CIHRMS at m/z 397.32058 appropriate for a molecular formula of C26HaN20 

(AM 3.3Oppm) requiring eight sites of unsaturation. The 13C NMR spectrum of 1 (Table l), which showed well 
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resolved resonances for df twenty six carbon atoms (APT: 2 X C; 9 X CH, 15 X CHz), contained six deshielded 

resonances that could be assigned to olefinic carbons. No additional unsaturated functional groups were 

apparent from the l3C NMR data, indicating that ingenamine (1) was pentacyclic. A band at 3398 cm-l in the 

IR spectrum and NMR resonances at 6 66.1 (QiOH: C!?) and 3.35 (CHCW) ppm were assigned to a secondary 

alcohol, which accounted for the one proton not attached to carbon. 

-e 

‘Proposed 

~* H iBiogenesis’ 

A C!sH& fragment, that included C2 to C6 and C8 to Cl0 and contained the secondary alcohol 

f~c~on~i~ and 8 ~su~t~t~~d a&me, was rauthely identified from the CQSY, HMQC, and HMBC data 

(Table 1) collected for 1. COW correlations were observed between H4 (6 6.01) and HS (8 2.751, H8, (6 0,871, 

H2 (8 3.301, II28 (6 2.41) and H28’ (6 2.36); between H5 (6 2.75) and H6 (6 2.89), H6’ (6 1.76) and II8 (6 0.87); 

between HS (8 0.87) and H9 (8 3,35); and between H9 (S 3.35) and HlO (6 3.00) and HlO (6 2.92). HMBC 

correlations were ubserved between H4 (S 6.01) and C2 (6 63.8), CS (8 34.8), C8 (S 51.6) and C28 (8 37.2); 

between HS (8 2.75) and C3 (8 143.0); between H6 (S 2.89) and C4 (6 f25.8), CS (6 34.8) and C8 (S 51.6); 

between H8 (6 0.87) and CS (S 34.8); between H9 (& 3.35) and CS (6 34.8); and between HlO (8 3.00) and CS 

(6 51.4j.The aliphatic quaternary carbon at S 452 (C7), that was indicated by the APT experiment, could be 

positioned between C2 and C8 on this fragment by a series of HMEW correlations. Thus, H8 (6 0.87) and H2 (6 

3.30) both showed two bond HMBC correlations to 5 45.2 (C7), In addition, H2 (6 330) was correlated to C8 @ 

51_6) via a three bond coupling, A Network of HMBC correlations identiflecl Cl2 and C20 as the remaining two 

substituents anached to the quaternary carbon. A pair of geminai methylene protons at 6 3.10 (H12) and 2.22 

(H12’) that were attached to a carbon at 6 50.8 (C12) showed two bond HMBC camlations to the quaternary 

carbon (6 45.2: C7) and three bond correlations to 8 methylene carbon at 641.6 (CZO}, In addition, H12 (6 3.10) 

showed a three bond correlation to C8 @ 51.6) and H12’ (62.22) showed a three bond correlation to C2 (6 63.8). 

The protons (S 1.93 and 1.7 1: H20, H20’) attached to the methylene carbon at 6 41.6 (C20) in turn showed two 

bond HMBC correlations to the quaternary carbon (6 45.2: C7). Furthermore, I-I20 (61.93) showed a three bond 

correlation to Cl2 (6 50.81, H20’ (6 1.71) showed a three bond correlation to C2 (6 63,8), and H8 (5 0.87) 

showed a three bond correlation to 6 4 1.6 (CZO}. 

Since the single proton in 1 not attached to carbon could be assigned to an alcohol, it was apparent that 

the two nitrogen atoms were not d&e&y bonded to hydrogen atoms. COSY and HMEE data provided evidence 
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Table 1: NMR data for imenam 

~Coneiatcd to proa 

ROESY correlationa 

0.87, dd(10.5,l.S) 

I@ (1). Recorded in M&XI-dq at 500 MHz (fHf 
correletions 

A HZ& 5328’ H4. ES. H12’. H13. HW. H2R. H2R’ 

H2ti. HkH8- - - 
9, H4, H5 Hd’, H2, H12, HlO, H20, H6, : H6, H5,H20, I-DO’, 

H4 HlO 
IO, HlO’. H8 HlO, HIO’, H8 H4, H5, H 12 

z rut’, HZ7 I 
,’ , H25, H26 

I -. , __-_, _ ._._ I 

28’. H27’. H4 f H27, H2, H4, H26 i H2, H4 
28, H4 I I 
n. b Cm-related ta carbon resananca in ft 13C c&mm. c Observed as diff-e NOES and as 

n was irradiated in differencr! MOE experiments. 

that both nitrogens were present as tertiary amines and that they were attached to the carbon atoms at 

C6/C2K13 and ClO/Cl2/C21, respectively. The COSY data (Table 1) suggested that the remaining 

substitutents on C2, C6, Cl0 and Cl2 had to be non-protonated atoms and the chemical shifts of the carbons (6 
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C2, 63.8: Cd, 53.8; Cl@ 52.5; C12, 50.8) were consistent with attachment to nitrogen. HMBC correlations 

between H2 (6 3.30) and C6 (S 53.8) and between H6 (S 2.89) and C2 (6 63.8) were consistent with a nitrogen 

bridge between C2 and C6. Further HMBC cor~&tions between Hd’ (6 1.76) and a methylene carbon at S 55.1 

(C13), and between one of the protons (6 3.02: H13) attached to the carbon at S 55.1 and C2 (S 63.8) and Cd (S 

53.8) idez#ified the anethy&~~ carbon fC13) as the third substituent of the teriary amine. Similarly, HMBC 

czorrelations between H12 (S 3,lO) and Cl0 (S 52.5) provided evidence for a nitrogen bridge between Cl0 and 

Cl2, and correlations between a methylene carbon at S 56.7 (C21) and HlO, HlO (S 3.00 and 2.92) and H12’ (6 

2.22) identified this methylene carbon as the third substituent of the second tertiary amine. Location of the two 

tertiary amines completed the structure of the tricyclic central core of 1 complete with methylene appendages at 

Nl, C3, C7, and Nil. Differrznce NOES observed between H9 (6 3,35) and H12’ (6 2.22) shuwed that the G? to 

Cl2 pipe&line ring was in a boat conformation with H9 and H12’ occupying flagpole orientations. Difference 

NOES observed between K9 (6 3.35) and H4 (S 6.01), between H8 (S 0.87) and H6 (6 2.89), and between H8 

and H20 (S 1.93) required that the relative configurations at C2, C5, C7 and C8 be those shown in 1. A COSY 

correlation observed between the H4 (S 6.01) and HS (S 0.87) resonances, that was attributed to W coupling, 

was consistent with the proposed relative connations_ 

The remaining portion of 1 had to account for eight aliphatic methylene and four olcffnic methine 

carbons. Detailed analyis of the COSY, HMQG and HMBC data (Table 1) showed that these atoms comprised 

two linear six c&on chains (Cl4 to Cl9 and C22 to C27), each containing an alkene. Furthermore, the NMR 

data revealed that the six carbon chains Iinlcexi the C21 and c28, and the Cl3 and c=20 methylene appendages, 

respectively, as shown in 1. Comparison of the NMR data fur ingen~~e (1) with that reported for the 

ircinalslu and the haliclamines3 confirmed the 2 geometry for the At7918 and A25* alkenes, 

Ingenamine (1) represents a new class of cytotoxic alkaloid (in vitro murine leukemia P388: ED50 = 1 

l.@nL,). Its biosynthesis can be formally envisaged to arise from an intramolecular “4 + 2’ cycloaddition reaction 

as shown. Ihe discovery of ingenamine (1) provides further support for Baldwin and Whitehead’s proposal for 

the biosynthesis of the manzamines.8 
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