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Abstract-From a marine sponge (ffafichondtia sp.) we have isolated amorphane sesquiterpenoids that are 

substituted at C-IO by isocyanide (I), formamide (2), and isothiocyanate (3), and diterpenoids that are 37.1 l,lS- 

tetramethyl-1,6.10,14-hexadecatetraenes tneranvllinalovl) bearing isocyanide (13), formamide (14). and isothiocyan- 

ate (16) functions at C-3. 
_I. 

During a screening program for bioactive constituents of 
marine sponges that was initiated in our laboratory by T. 

R. Erdmant we examined the organic extract of Hali- 

chondria sp.i which was active against Sruphylococcus 

oureus. Spectral studies of the crude oily residue revealed 
an intriguing infrared band at 2130 cm-‘, suggestive of the 

rare isocyanide function. Up to that time only one 

naturally occurring isocyanide, the mold metabolite 

xanthocillin, had been reported.’ Since then, Italian 
workers have isolated three new sesquiterpenoid 

isocyanides, all from marine sponges.2A Work-up of our 

extract confirmed the suspected isocyanide function in a 

sesqui- and in a diterpenoid constituent. Each substance 

was accompanied by a corresponding formamide, an 
isothiocyanate, and by nonfunctionalized hydrocarbons. 

This paper describes the details of this work, which was 

the subject of two preliminary communications.‘.’ 
Preparative TLC of the organic sponge extract initially 

yielded five fractions, in order of increasing polarity: two 

hydrocarbon fractions, an isothiocyanate, an isocyanide, 

which possessed the antimicrobial activity, and at the 

origin a formamide fraction. The less polar hydrocarbon 
fraction was sesquiterpenoid and could be further 

separated into two equal components by GLC. The 

second fraction was the diterpene. The third TLC band, 
the isothiocyanate, could be further fractionated only 

after reaction with aniline, which left the severely 

hindered sesquiterpenoid constituent unreacted. The 

fourth (isocyanide) TLC band was cleanly separable into 
sesqui- and diterpenoid constituents by further TLC. The 

last (formamide) band was invariably contaminated with 
equal quantities of long chain aliphatic material, which 
could be removed only after LAH reduction to the two 

corresponding N-methylamines. 

Spectral (NMR, mass) examination of the pure con- 
stituents thus obtained made it apparent that each of the 

two terpenoid series was based on a single carbon 
skeleton and that the members in each series differed only 

in the nature of the functional groups. We proved this by 
interconversion of the isocyanides with the formamides 
(aq HOAC) and vice versa (benzenesulfonyl chloride, 
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pyridine), and by transforming the isocyanides into the 
isothiocyanates by heating with sulfur. 

The sesquiterpenoids 
We established the carbon framework, the site of 

functionalization and stereochemistry of the sesquiter- 

penoids (l-3) by several degradations which are outlined 
in Chart I. The isocyanide function of 1, C16HUN, m.p. 

4042”, umpr 2130 cm-‘, was clearly tertiary because of 
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broad singlet at 6 1.99 (5 allylic methylenes), a series of 

vinyl multiplets (3 protons) between 6 S*l-5.5, 3 other 

olefinic protons as a broad peak at S 5.0, and an 

unresolved 2 proton resonance for the C-4 methylene near 

S 1.2 completed the NMR spectrum. These data coupled 

with the lack of conjugation (UV end absorption only) 
suggested a structure for this sponge metabolite of 3- 
isocyano - 3,7,11,15 - tetramethyl- 1,6,10,14 - hexadecatet- 

raene (13). which is the isocyanide analogue of the 
known’* jasmine constituent geranyllinalool. Further 

confirmation of the postulated structure was gained by 

ozonolysis and reductive work-up of 13 leading to the 

2.4-DNPH derivatives of formaldehyde, acetone, and 

4-ketopentanal. 
Hydrolysis of 13 in acetic acid gave the formamide 14 

and LAH reduction of 14 yielded the N-methylamine 15. 
The mass spectrum of 15 showed, in addition to the 

molecular ion at m/e 303 (11%). major fragmentation 
resulting from allylic cleavage as shown. 

Reduction of 13 with lithium in ethylamine resulted not 

in 17 but in an unexpected isomeric hydrocarbon 18 (M’ 

m/e 274). Its PMR spectrum exhibits only signals for 

olefinic protons, allylic methylenes and allylic methyls. 
Formation of 18 may be rationalized by rearrangement of 

the initially formed allylic radical in the metal-amine 
reduction of 13. 

Formamide 14 is also a sponge constituent, but is 

cleanly separable from 2 only after treatment of the 
mixture with benzenesulfonyl chloride, leading to 13 and 
1. Similarly, isothiocyanate 16 (M- observed at m/e 331) 

can be removed from its sesquiterpenoid counterpart 3 

only after treating the mixture with aniline which left the 
more hindered 3 unreacted. 

Our isolation from Ifalichondtia sp. of two terpenoid 
isocyanide-formamide pairs carries the implication that in 

this sponge the formamides are the biogenetic precursors 

of the isocyanides. In the earlier xanthocillin case an 

attempt to demonstrate by radiofeeding experiments the 
biosynthetic origin of the mold metabolite had failed.19 

EXPERIMENTAL 

IR spectra were recorded on a Beckman IR-10 spectrophotome- 

ter in CH,Cb. PMR and CMR spectra were taken at 100 MHz on 
Varian HA-100 and XL-100 spectrometers in CCL and DCCI, 
respectively, with TMS (8 = 0) as an internal standard s. singlet; d, 

doublet; t, triplet: m, multiplet; b, broad. The “C off-resonance 
multiplicities are shown in parentheses. UV and CD spectra were 

taken on Cary I4 and Cary 61 spectrophotometers in 95% EtOH 
and anhyd MeOH respectively. Mass spectra were recorded on a 

Hitachi RMUdD instrument with a direct inlet system at 20eV. 
Rotations were measured with a Bendix Ericsson ETL-NPL 
automatic polarimeter type 143A in CCL. Gas chromatography 

was performed with 6’ x i/8” 3% OV-I7 on Gas Chrom Q and 
6’ x l/8” 3% SE-30 on Gas Chrom Q stainless steel columns. 
Elemental analyses were performed by the Universitv of 

California Chemical Analytical Services.. Berkeley, California. 
Silica gel HF 254 + 366 (EM Laboratories) was used for thin laver 
chromatography. M.ps were taken on a Fisher-Johns apparatus 
and are uncorrected. Spectral (NMR, IR. MS) comparison 
established identity of all interconversion products. 

Sponge extraction. Hakhondrio sp. was collected by trawling 
at a depth of 200 m off the north shore of Oahu and frozen prior to 
extraction. The sponge (200 g dry after extraction) was homogen- 
ized with MeOH in a blender and the solvent replaced twice at 
24 hr intervals. The aqueous concentrate was extracted with ether 
which was dried (MgSO,) and taken to dryness to yield 4.6 g of oil. 

Separation and purification. TLC (silica gel. hexaoe, visuahza- 
tion with long wavelength UV light) gave 5 major fractions. A 
sesquiterpene hydrocarbon fraction (42mg). was isolated at R, 

0.7; it gave two equal peaks on GLC (3% Se-30, 95”). and at R, 
0.6 a diterpene hydrocarbon (42 mg) m/e 272. An isothiocyanate 

fraction (200 mg) was isolated at R, 0.5, an isocyanide fraction, 

850 mg, at R, 0.3, and an impure formamide fraction I .4 g obtained 

from the origin. The isocyanide fraction was purified by TLC 

(silica gel, CH&-hexane, I : I) to give 1 at R, 0.5 (480 mg) and 13 
at R, 0.6 (120mg). 

Isocyanide I is a solid m.p. 40-42”. [a],, - 75” (c 5.0, CCL); Y,,. 
2130. 1385, 1375cm-‘; PMR 8 53bs, 1.63s. I.421 (J = 1.5Hz), 
097 d (J = 6.5 Hz). 0.91 d (J = 6.5 Hz); CMR. ppm 155.4 t (J = 4 + 

I Hz) (s) [C-16]. 136.8 (s) [C-3], 118.8 (d) [C-t], 57.8 t (J = 4 2 1 Hz) 

(s) [C-to], 48.4 (d). 42.4 12 carbons] (d, t), 36.0 (d), 298 (q). 28.5 (q) 
27.2 (d), 24.0 (1). 23.3 (1). 22.5 (1). 21.6 (a). 20.5 (a): m/e 231 (M’ 

45%). 204 (-HCN lp&%). I88 (-isopropyl si%j, )6] (-HCN 

-iSOPrOPYl 74%). (Found: C, 8286; H, 10.75; N, 596. Catc. for 
C,6H2JN:C. 83.05; H, 1089; N, 6.05%). 

Isocyanide 13 is an oil, [(I]~+ IS” (c 2.8, Ccl.; Y,.. 2140,990, 
93Ocm-‘; 6 5.1-5.5 several m, 5.0 b, 199 bs, I.67 s, 1.62 s, I.59 s, 
I.47 t (J = I.5 Hz). 1.27m: onm 155.6 t (J = 4.52 I Hz) (s) 

[isocyano carbon],‘t38.l (d).[d-21, 136.2 (s), i34.8 (s), 131.0 ($1 
123.9 12 carbons] (d), 122.3 (d), 114.0 (t) [C-l], 62.5 t 
(J = 4.5 -c I Hz) (s) [C-3], 41.5 (1). 39.7 (1). 29.7 (t), 28.4 (q), 26.8 [2 

carbons] (t), 25.6 (q). 22.8 (1). 17.7 (q). 16.0 [2 carbons] (q); m/e 

299 (M’ 23%), 284 (-CH, RX)%), 272 (-HCN 23%). 230 (23%) 163 
(49%), I21 (51%), 81 (46%). 69 (4%). 

‘f’he isothiocyanates. This fraction (200 mg) was refluxed with 
freshly distilled aniline (200 mg) in benzene for 5 hr. TLC (silica 

gel, hexane) gave pure 3 as an oil. 120 mg, [a 1” - 63” (c 7.4, CCL); 
A m.x 214 (1800). 243 (94O)nm; Y,., 2250, 2lOOcm~‘; 8 5,25bs, 

I.70 bs, I40 s, 094 d (J = 6 Hz) and 0.88 d (J = 6 Hz); m/e 263 
(M’ lOO%), 230 (SH 22%), 204 (-HSCN 51%) 161 (-HSCN 
-isopropyl 43%). (Found: C. 73.12: H. 9.72: N. 5.1s: S. 12.04. 

Calcd. for C,,H,NS: C, 72.95; H, 9.53; N, 5.32; S, 12.16%). 
Hydrolysis of 1 to 2. To 1 (I I2 mg), 99.7% glacial AcOH (IO ml) 

was added and the soln allowed to stand I8 hr. The AcOH was 
evaporated under reduced pressure to give a 2: I mixture of frans 

and cis formamide 3, oil, [aI6 - 50” (c 5.1, CCL); Y,.. 3380, 1680, 

0 

e 1510, 1450, 1390, 1385cm-‘; 6 8.00d (J= 12Hz) ( -H trans], 

0 

7.91 d (J = 2 Hz) [ e -H cis], 546 bs [H-S], I.60 bs [C-IS], I.52 s 

[C-l4 cis], 1.42s [C-l4 trons], 098d (J =6Hz) and 09Od 

(J = 6 Hz) [isopropyl]; m/e 249 (M’ 65%). 234 (-CH, 58%). 204 
(-NH,CHO 100%). 161 (-NHEHO-isopropyl 4%). 

Conoersion of 1 to 3. A mixture of 1 (105 mg) and S (204 mg) 
was heated at 120 for I6 hr. Extraction with CH,Cb followed by 

TLC gave 37 mg 3. 
Dehydrafion of 2 to 1 and 14 lo 13. To the crude formamide 

fraction (200 mg) (ca. 50% formamide) in pyridine (IO ml), 
benzenesulfonyl chloride (I g) was added and the soln allowed to 

stand at room temp. for 3 hr. After dilution with water, the 
suspension was extracted with ether and the ether layer washed 

with water, then dried. TLC gave 28 mg of 1 and 8 mg of 13. 
Lithium ethylamine reduction of 1 to 5. To 1 (175 mg) in freshly 

distilled anhyd ethylamine (5Oml). Li (co. 50mg) was added in 

small pieces until the soln developed a blue color. After stirring 
for I more hr. a small amount of NRC1 was added and the amine 
was allowed to evaporate. Water was added and the suspension 

extracted with CH& which was dried and then evaporated. TLC 
(silica gel, hexane, UV) gave 94 mg of 5, R, 0.7, oil, [a]” t I I (c. 

9.4, CCL); 6 5.15 bs, I.61 bs, 0.93 d (J = 6 Hz), 090 d (J = 6 Hz), 
0.87 d (J = 6 Hz). GLC (3% OV-17. 953 showed > 99% nuritv. 

Lkhydqenation of 2 and 5 IO codalene, 6. A mix&e if 5 

(37 mg) and 10% Pd/C 50 mg was heated at 265” under N2 for I Hr. 
Extraction of the mix:& with CH,Cl, and TLC (silica gel, 
hexane, UV) gave I I mg cadalene, 6, R, 0.6; 6 I .35 d (J = 7 Hz), 
248 s, 2.54 s, 3.65 septet (J = 7 Hz), 7.08 m, 7.75 m; picrate m.p. 
113-I 15” (lit.” I IS’). 

A mixture of 2 (100 mg) and 10% PdlC (100 mg) was heated at 
250” for 6 hr under NT. Extraction and TLC gave IO mg cadalene. 

Epoxidation of 5 to 7. To a soln of 5 (61 mg) in CH& 
m chloroperbenzoic acid (120 mg) was added and the soln allowed 




