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The structures of four sponge metabolites (7. 9. 11. 12). P-alkylpyridines 
terminating in oximino or amino methyl ethers, were determined by NRR 
measurements. Their cytotoxicity against KB cells (ICsc) ranged from 5 to 10 
l@mL. 

Long-chain hydrocarbons functionalized by pyridine at one end have been isolated from 

opisthobranch mollusks of the suborder Philinacea. e.g. navanone A (1)‘. pulo’upone (2)‘. 

and more recently also from sponges.3”4 Biosynthetic studies on the navanoness indicated 

that these compounds are produced by Ntuxuwx inermis and used as alarm pheromones. The 

niphatynes (3 and 4) from the Fijian sponge Niphates sp.’ and the theonelladins (5 and 6) 

from the Okinawan sponge Theonella swinhoei’ differ structurally by having nitrogen 

functions at the hydrocarbon terminus. We report here further examples of sponge-derived 

alkylpyridines which terminate in methoxyimino or methoxyamino functions and which we have 

named iklmines.b 

A red spotted orange sponge not yet identified’ was collected by SCUBA from a steep 

drop-off (-40 m) on the southwest side of Ant Atoll, Micronesia. The crude 1 ipophi 1 ic 

extract resulting from partitioning the aqueous ethanolic extract with chloroform showed 

significant cytotoxicity against KB ce1ls.s Purification of this extract by vacuum liquid 

chromatography (KC)’ on silica (elution with a solvent gradient: hexane-ethyl 

acetate-methanol) followed by repeated HPLC on silica and an amino bonded phase eventually 
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led to the isolation of four wjor cytotoxic components ikimine A (35 nrg). iklmine B (25 

mp), ikimine C (35 ng) and ikimine D (8 mg) and two minor artifacts. syn-ikimine A (12 mg) 

and syn-ikimine B (4 tqg). 

Ikimlne A (7) which was obtained as a colorless oil had a molecular formula of 

C 19 32 2 H N 0 established by HBEIMS. An extremely small molecular Ion peak and a base peak at 

m/z 273 (M’-31) in the EM.8 indicated facile loss of a methoxy group from the molecule. 

Further loss of CsHsN from the base peak followed by eight incremental losses of C& was 

in accord with the presence of a long hydrocarbon chain terminating In a CsHsNOCXs group. 

Further fragments at m/z 106 and 93 could be assigned to ethylpyrldine (minus H) and 

methylpyridlne respectively. 

The ‘H NMB (Table I) and *sC NMB (Table II) spectra for 7 confirmed the presence of a 

pyridine moiety in the molecule. The proton chemical shifts, multiplicities and coupling 

constants for this aromatic spin system were characteristic of a P-substituted pyridine 

ring. Homonuclear decoupling experiments allowed the C,HsNOC& terminus to be assigned to 

a methoxy imino group: -CB(cH,)Ui=NocH,. The cH=NocH, par tion was characterized by a 

hetero-substituted olefinic 13C NMB signal at 6155.43 and a methoxy signal at 

‘=C/‘H:661.11/63.77. The presence of only one oxygenated carbon resonance necessitated 

that the methoxy group was bonded to the second nitrogen atom. This methoxy imino group 

was the only hetero moiety of the chain, since the remaining aliphatlc signals in the ‘H 

and *sC NMB spectra could be assigned to eight methylene groups terminating at the 

pyridine end in a CTla(6 32.94/6 2.62, t. J~7.8 Hz) and at the other end in a 

-CH(CHo)CH=NOCHJ group. 

The oximino ether group was assigned anti stereochemistry on the basis of the 

chemical shifts of H17 and H18 in analogy with oxime chemical shifts. *’ This assignment 

was corroborated by a large NOE between the methoxy and Hl8. 

I x Y x Y 

1 1 0 0 7 0 

9 6 1 10 6 1 

Analysis of the ‘H NMI? spectrum of syn-ikimine A (8) (Table I) indicated that it was 

the syn isomer of 7 since all signals apart from 17-We. H17 and H18 were superimposable. 

Of the three non-superimposable signals. H18 was shifted upfield by 0.79 ppm. H17 was 

shifted downfield by 0.66 ppm and 17-Me was shifted upfield by 0.06 ppm as compared with 

the corresponding resonances of 7. 

Both 7 and 8 isomerized upon standing in chloroform solution for 24 h at room 

temperature to produce a 3: 1 mixtures of the ontt(7)/syn(S) oximino ethers. as seen from 

the intensities of the H18 NMB signals. 
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Table II. ‘“C RMR Ihta for Ikimine A. B. C ad d 

m-w 

carbon ikimine A(7) ikimine B(9) ikimine C(ll) ikimine D( 12) 

149.10 149.41 149.57 148.01 

138.50 138.31 138.08 138.08 

136.56 136.17 136.01 136.57 

123.49 124.73 123.27 123.48 

146.30 146.85 146.79 146.24 

32.94 32.95 32.97 32.98 

31.04 30.75 31.07 31.03 

9 29. 34b 29. 73b 29.97b 29.41b 

10 29. 4gb 29. 48b 29.6Ob 29.60b 

11 29.45 29.48? 29.60b 29. 60b 

12 29.45 29. 48b 29.60b 29.55b 

13 29. 34b 29. 4sb 29.55b 29. 14b 

14 29. 52b 29.35b 29.55b 29. 10b 

15 29.08b 29. lob 29. 4ob 27.10 

16 26.98 29.02b 29. 4ob 18.63 

16-Me 19.55 

17 34.76 26.89 29. lob 81.19 

17-Me 18.22 

18 155.43 155.31 27.21 81.19 

19 54.84 20.59 

20 56.86 

a, 61.11 61.11 61.34 61.36 

a 13C NMR spectra were recorded at 75 MHz. Chemical shifts are in 6 units (downfield of 

TMS) 

b-e 
Assignments may be interchanged within the column. 
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one oxygenated carbon resonance in the 13C NMR spectrum of ikimine C. the methoxy group 

could logically only be a substituent of the nitrogen atom N20. The LlZEIM!3 fragmentation 

pattern confirmed that 13 ala’s separated the pyridine and the methoxy amine units. 

Combination of the above spectroscopic data allowed structure 11 to be assigned to ikimine 

Ikimine D was obtained as part of an inseparable mixture of ikimine C and ikimine D. 

The ‘H NMR spectrum of ikimine D (Table I) differed from that of ikimine C only by two 

additional methylene resonances downfield from the methylene envelope of 6 2.50 and 2.10 

and by three fewer methylene resonances in the methylene envelope. As was the case of 

ikimine C. a molecular ion was not observed in the EI mass spectrum of ikimine D. However 

the most abundant mass fragment, the base peak m/z 285 (C,eHaeNa) was again assumed to 

lack only a methoxy group. The molecular formula C H N 0 was therefore deduced, 20 32 2 

containing six elements of unsaturation. Four elements of unsaturation were accounted for 

by the pyridine ring, leaving two unsaturation elements unaccounted for. A quar ternary 

carbon resonance at 6 81.19 and two upfield methylene resonances (6 18.63. H16 and 6 

20.59, H19) in the ‘oC NHR spectrum of ikimine D (Table II) provided the only major 

differences between the “C NMR spectra of ikimine C and ikimine D. The downfield 

resonance at 6 81.19 was assigned to two coincident alkyne carbon resonances, thus 

accounting for the two remaining elements of unsaturation. while the two resonances 

upfield from 21 ppm could be assigned to the two progargylic carbons. The position of the 

acetylenic group on the hydrocarbon chain was established by homonuclear decoupling 

experiments. The two methylene signals at 6 2.09 and 2.45 obviously arose from protons at 

either end of the acetylene group, since irradiation of one of these signals produced 

sharpening of the other signal. Irradiation of the methylene attached to the nitrogen 

He-19 at 6 2.79 indicated that it was vicinal to one of the propargylic methylenes at 6 

2.45, while irradiation of the methylene envelope at 6 1.27 caused the other propargylic 

methylene triplet at 6 2.09 to collapse to a broad singlet. Ikimine D was therefore 

assigned structure 12. 

While superficially similar, marine alkylpyridines exhibit considerable structural 

diversity. The molluskan metabolites. navanone A (1)’ and pulo’upone (2)’ terminate in 

methyl ketone functions, but pulo’upone is the only a-alkylpyridine encountered so far. 

The sponge metabolites. the niphatynes (3 and 4). the theonelladins (5 and 6). and the 

ikimines (7. 9. 11 and 12) which terminate in methoxyamino functions might be derived from 

chains with aldehydic termini. No pattern is apparent for the positions of the acetylenic 

functions or the methyl substituents. 
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Experimental Part 

General Procedures. Infrared spectra were recorded on a Perkin-Elmer Model 1600 

spectrometer and ultraviolet spectra on a Hewlett-Packard Model 8452A diode array 

spectrophotometer. Mass spectra were measured on a VG-79SE instrument and NMR spectra on 

a General Electric QE-300 instrument at 300 MHz(‘H) and 75 MHz (‘“C) respectively. 

Solvents were freshly distilled before use. 

The sponge (12Og wet weight) was extracted with ethanol followed by chloroform. The 

aqueous ethanol extract was reduced to half its volume and partitioned against chloroform. 

The two chloroform extracts were combined yielding a dark green brown viscous oil (2.3g. 

2%). This residue was fractionated by vacuum liquid chromatography (VLC) on silica with a 

hexanelethyl acetate/methanol gradient, yielding the ikimine mixture concentrated in the 

non-polar fractions. HPLC on silica (hexane/ethyl acetate, 93:7) yielded pure ikimine A 

(35 mg. 0.0299.q. syn-ikimine A (12 n\g. 0.012%). ikimine B (25 ng. 0.02%). syn-ikimine B (4 

mg. O.c003%). and a crude mixture of ikimine C and ikimine D (120 rmg). Repeated 

chromatography of this crude fraction on both an amino bonded phase (Brownlee Labs 

Lichrosorb NH,, lOurn) with ethyl acetate/hexane. 12:88) and silica (elution with ethyl 

acetate/hexane, 20~80) yielded pure ikimine C (35 mg. 0.029%). and a second fraction 

containing a 2:l mixture of ikimine D and ikimine C (8 mg). 

Ikimine A (7) - Colorless oil. W (MeOH):h _26O(log E 3.32). 265 (3.89). 272 nm 

(3.22): IR 2950. 2850. 1477. 1465. 1438. 1422. 1376. 1186. 1056. 1026. 884. 797, 714 cm-‘; 

HREIMS m/z 304.2515 (CisH3eN20 requires 304.2515). 273.2329 (CIsH29N2 requires 273.2327). 

218.1910 (C,sH,,N requires 218.1909). 106.0661 (C,HsN requires lC6.0657). 93.0578 (C,H,N 

requires 93.0577); EIMS m/z 304 (1.3%). 273 (100). 246 (7). 218 (49). 204 (8). 190 (7). 

176 (7). 162 (9). 148 (8). 134 (4). 120 (11). 106 (88). 93 (62). 92 (36). 

syl-Ikiaine A (8) - Colorless oil. W (MeOH): h 262 (log E 3.34). 265 (3.95). 272 

nm (3.22); IR 2950, 2851, 1480. 1465. 1435, 1422, 137. 1196. 1050. 1020, 890. 800. 720 

cm-’ ; HREIMS m/z 304.2515 (C19H32H20 requires 304.2515): EIKS m/z 304 (1.3%). 273 (100). 

246 (7). 218 (49). 204 (8). 190 (7). 176 (7). 162 (9). 148 (S), 134 (4). 120 (11). 106 

(88). 93 (62). 92 (36). 

Ilcimine B (9)- Colorless oil. W (MeOH):h _ 260 (log E 3.30). 264 (4.01). 274 nm 

(3.23); IR 3000. 2800. 1560, 1465. 1445, 1390. 1200. 1000 cm-‘; HREIBS m/z 304.2528 

(C19H3,N,0 requires 304.2515). 273.2324 (C1eH,,N2 requires 273.2327). 232.2070 (CICIHc6N 

requires 232.2075); EMS m/z 304 (5%), 273 (100). 259 (20). 232 (78). 218 (12). 204 (22). 

190 (13). 176 (10). 162 (13). 148 (15). 134 (10). 120 (15). 106 (100). 93 (70). 92 (40). 

syl-Ikhine B (10) - Colorless oil. W (&OH): A_ 263 (log E 3.00). 267(3.89), 276 

nm (3.46); IR 3ooO. 2850. 1547. 1460, 1430. 1380. 1180 cm-‘: HREIMS m/z 304.2528 

(C,,HJaN,O requires 304.2515); EIMS m/z 304 (5%). 273 (100). 259 (20). 232 (78). 218 (12). 

204 (22). 190 (13). 176 (10). 162 (13). 148 (15). 134 (10). 120 (15). 106 (100). 93 (70). 

92 (40). 
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Ikimlne C (ll)- Colorless oil. w (&OH): h _ 260 (log E 3.20). 264 (3.79). 272 nm 

(3.56); IR 3250. 2950. 2850. 1580. 1477. 1465. 1438. 1422 cm-l; HREIMS m/z 275.2494 

(C1sBs1Ne requires 275.2500). 261.2404 (ClsHo,N requires 261.2352). 246.2222 (C,7H,sN 

requires 246.2223). 232.2066 (C,eH,.N requires 232.2067); EIMS m/z 275 (23%). 261 (10). 

246 (20). 232 (18). 218 (12). 204 (18), 19’3 (15). 176 (IO). 162 (IO), 148 (13). 120 (16). 

106 (loo), 93 (87). 92 (38). 

Ikisine D (12)- Colorless oil. uv (&OH): h 260 (log E 3.30). 265 (3.82). 270 nm 

(3.46); IR 3200. 3000. 2850. 2300. 1580, 1442 cm-‘; EMS m/z 285 (loo%), 271 (10). 270 

(5). 256 (15). 242 (40). 218 (50). 204 (40). 190 (15). 176 (10). 162 (IO). 148 (13). 120 

(17). 106 (80). 93 (60). 
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The Hawaiian word iht meaning small was chosen since the animal was collected on a 

small atoll (Ant) in Micronesia. 

Pending identification a voucher specimen is available at the University of Hawaii. 

Cytotoxicity against KB cells for the crude extract and pure compounds are as 

follows: crude chloroform extract IC,o=lO &ml_; ikimine A I&,=5 ug/mL; ikimine B 

I&,= 7 ug/mL; lkimine C IC,o=5 &ml_. 
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