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Abetract. - The isolation and the structure elucidation of six new nitrogenous 
sesquitergenes (_J$) fmn the marine sponge Acanttkslla amta are described. A 

canplete H- atxl C-NMR assignment for the new mstabol~ which form three 
new isocyanide-isothiocyanate pairs, was accunplished with the aid of 
carbon-proton shift correlated 2D-mi2 experiments. 

Recently w have described the isolation of the sesquiteqene isccyanide 1, the major metabolite 

fxm the sponge A. acuta’, along with its corresponding isothiccyanate 22 . several minor - 
metabolites carrying the rare -Ns Cm and -N=E S functicmlities are present in the methanol 

extract of this organism; the present paper deals with the stmzhu‘e detexmination of six of 

these caqmtxis ( 34 1. Spectral evidence clearly indicated that the new terpenoids were based on -- 

three different carbon skeletons in such a way to form three &cyanide-isothiccyanate couples, 

the difference within each couple being confined to the nature of the functional group. 
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This relationship was chemically confirmed through the conversion of each isonitrile into the 

corresponding isothiocyanate by treabwnt with sulphur at 12OV. Xost of the structural wrk was 

carried out on the xx-e abundant iscnitriles 3, 5, 2. 

CunpouM 3 was isolated as an optically active oil ( [a], -31.5, c 1.2, CHCl3). from 

the chloroform soluble material of the methanol extract of the sponge A.acuta, collected in the 

Bay of Napoli during the Spring 1885. Its molecular fomula Was established as C16H25N by 

elemental analysis, high resolution mass spectroscopy and carbon and proton count fawn the 

respective M spectra. The 13 C-tWR spsctrxnn contained fifteen distinct signals attributable to 

sixteen carbons, namely three non protcnated car-, five methines, fcur methylenes and four 

methyls (Table 1 ) as deduced fmn EET3 (Distortionless Enhancement by Polarization Transfer) 

experiments and ‘R-NMR spectrwn which displayed four nrathyl doublets at a 0.90 (3H, J= 6.6 Hz), 

0.96 (6H, J= 6.6 Hz), and 1.14 (3H, J= 6.6 Hz). ‘Ihe methyls rescnating at a 0.96 were shown to 

belong to an isopropyl group since their signal collapsed into a singlet by irradiation at a 

2.13 (lH, b septet, J= 6.6 Hz). ‘I& 13C-NMR signals at a 153.4 (A) and 71.7 (I :I:1 triplet, 

J= 6.1 Hz, 
9 

), suggested the presence in the molecule of a -Nk C- function which was confirmed 

byIR( “_ 2135 an-’ ), MS (m/z 204, M+-HCN) and ‘H-NM? spectnnn which contained a broad -- 

doublet at a 3.15 (J= 8.8 Hz) due to the proton seminal to the -Nt C- group. Furthenwm the 
13 G and ‘H-NMR spectra shcwd the rexmanc es pertinent to a trisubstituted double bond [‘H: 6 

5.05 (IH, bs); 13C: 6 125.9 ( 
9 

1, 143.7 ( 
+ 

) 1. Frun the above data arises that 2, having five 

degrees of unsaturation, must possess a carbobicyclic skeleton. Wreover, taking into account 

that its ‘13GNMR spectra contained only one sp3-quaternary carbon atan ( 6 48.9 1 and that the 

proton specmnn did not exhibit any methyl singlet resonance, the two rings had to be linked 

through a spiranic carbon. The good proton dispersion in the 500 MHz 
1 
H-RMR spectrwn of 1 

allowad to determine confidently the partial strxtums A and B, by spin decoupling experiments. 

9 - 
A B 

The only atan in the mlecule of 2 not accounted for by these structural elements is 

the above mentioned quatemary spJ-carbon which, evidently, connects moieties A and B as drawn 

in fonrmla 2. 

Support for such a structure cane fmn the one-bond ’ 3C-1H correlation4 , which 

pemitted the assignment of all the pmtonated carbons in the ‘3c-NMR spectrwn of 3, and 13G1H 

long-range correlation5 ( CC&CC), which definitely proved the proposed structure on the basis of 

a set of correlation peaks via ‘J and 3J listed in Table 1. 

Due to the particular geawtry of the molecule, the overall relative. stereochemistry 

of 3 could not be derived solely fmn noed’s experimsnts which, txwever, settled the 

configuration at the chiral centers C-l and G2 (Table 3 ). The configuration at the rwwiniq 

chiral centers (C-5 aM Cl0 1 was assigned on the basis of the values of the ticinal coupling 

constants of 10-H with g-H2 (6.6 and 3.0 Hz) which established the pseudoaxial orientation of 

10-W and a series of ‘H-NMR spectra performed in the presence of variable arrrlunts of Eu( fed j3, 

The next significant result arising fmn this experiment was the mnwkable Eumpiwn shifts 

suffered by both 10-H and 10-W which, by examination of mlecular models, could be explained 
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Table 1. ‘H- atxI ‘3C-w data for “. 

Position t eH (J) 
1 13 H/ C 1~ range 

correlation 
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1 71 .7b 

2 42.8 

3 30.5 

4 33.8 

5 48.9 

6 125.9 

7 $43.7 

8 23.6 

9 

10 

11 

12 

13 

14 

15 

16 

27.9 

32.4 

34.9 

21.4 

27.4 

16.7 

19.0 

153.4 

3.15 w (8.81 

2.20 m 

Ha 1.85 m 

Hb 1.27 dddd (10.0,9.5,9.5,9.0) 

Ha 1.75 ddd (13.2,9.0,9.0) 

Hb 1.41 m 

5.05 bs 

1 .g1 bdd (6.0.6.0) 

Ha 1.70 dddd (13.2,6.0,6.0,3.03 

rib 1.41 m 

1.98 ddq f6.6,6.6,3.0) 

2.13 b septet (6.6) 

0.96 d (6.6) 

0.96 d (6.6) 

0.90 d (6.6) 

1.14 d (6.6) 

4-Hb 

4-Hb 

3-mti-H 

1-H, 6-H. e-14 

1-H 

6-H 

8-H, Me-14 

6-H, W-14 

6-H, rHis72,Me-13 

l-H, 3-x? 

a. l?ke assigmnents are based on 
13 1 c- H shift correlated 2D-NMR spect_xwxopy. 

b. The signal appear as a I:7 :7 triplet f J= 6.7 Hz) due to the coupling with the nitrqlen atan. 

only assuming that the chirality at G5 and C-70 is the cne depicted in fozxiula 2. 

canpound 2, [aI D -13.7 (c 7.4, CHC13), is a colourless crystalline solid, m.p. 

6566*C, having the ~Bzular fomula C, 6H25N [elemental analysis, HRHS and ’ 3f24MR (Table 2 I 1. 

'Ihe presence of the -N’S_ group was easily deduced frun the IR ahsorption at 2135 -? an alId t&I! 

mass spectrwn (m/z 204, M+-HCN 1 and skipported by the 13 
-- C-NMR spectrum which also indicated it to 

be linked to a fully substituted sp3-carbon I6 756.5 ( +), 65.7 (bxwd signal, 
+- 

) I; this 

was confirmed by the ‘H-NMR qxxtxwn which did not show any resonance for pxwtons geminal to the 

-N+&- group (all the signals are conftied in the xx&n 0.7-2.2 ppnf. 

Taking into account that the elemental fonmcla of 2 implies thaw further degrees of 

unsaturation, in addition to the two accounted for by the -Ns C- gxwp, and that in its 13GNMR 

spectrun no sp2-carbn signals are present, it cculd be inferred that the molecule must 

incorporate three rings. 

Dwble re!sonance exw+nents rw&ily established the presence of the segment c in 

the molecule wkich must also incorporate the structural elements +& C-, -&i-CH3, -A! CH3 12 artd 
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four methylenes as resulted by inspection of both ‘X- and I3 GNt4R spectra:lhe above fragments 

could be arranged as drawn in fonmita 5 on the basis of the following criteria. The +.$ c- 

group is to be linked to G5 since 5-H resonated at 6 1.64 as a double d&let ( J= 11 .O and 11 .O 

Hz ), vith each line further split into a 1 :I :I 

triplet (J= 2.9 Hz ) due to the coupli with 

the nitrogen atan. Furthersme the 1 ( cH3 j2 

residue vas required to join C-6 arxl C-7, thus +Q 

forming a cyclopropyl ring, on acccuht of the C 

chemical shift of the quaternary carbon atan ( * 20.2, C-II) and those of 6-H and 7-H ( 6 0.79 

and 0.74, respectively). 

Although a canplete analysis of the mmining pmtm signals could not be 

accanplished, wing to the canplmity of their spin system and the partial overlapping of sane 

signals, spin decoupling experiments, assisted by one-bond ’ 3 ’ C- H shift comalated spectrm, 

which allowed the location of all the aACHS systems in the ‘H-NMR spectxwz, gave evidence that 

7-H, 6-H2, 9-H2, and IO-H are contiguous in the given order and not coupled with the protons of 

the rwnaining m CR2 groups which, in tum, ware seen to be adjacent as wall. These data 

suggested for the new canpound the structure 2 (devoid of stereo&m&try) which also seems to 

be quite plausible on a biogenetic ground. lb put these conclusions on a firm basis the 

arcmtizaticm of 2 was perfonmxl by treatmsnt with Se at 2WC which afforded guaiazulene 

identified by canparism with an authentic specinm. 

The overall relative stereochemistry of 5 was assigrkxl on the basis of nOed’s data 
. 

(Table 3) and measuring the Eumpiwn induced shifts in the ‘H-NMR spectrm. Particularly the 

configuration of the chiral centers C4, C-5, C-6 and C-7 was deters&xl by observation of 

nuclear Cverhauser effects betveen 5-H and 13-H 3, 6-H and 14-H3 and 5-H and 4-H. The cis 

relationship amng 15-H 3, l4-H3. 6-H. 7-H and the -N+sC- group resulted fmn the rem&able LIS 

suffered by these protons when a set of ‘l-M&E spectra of 2 ware perfomed in the presence of 

increasihg mkmnts of EM fod j3. The spatial proximity between 6-H and the fuhcicmal group could 

be also responsible for the consistent upfield shift observed for this proton (6-H) in the 

isothiocyanate 5 (see experimental ). During the drawing up of the present paper & bscms 

acquainted with the finding of the smz metabolite fmn Braelarants gmq. The Selgiqw 

researchers determined the structure devoid of the chirality at C-l and Cl0 through the 

chemical correlation with palustro16. 

Isonitrile 7 was isolated as ah optically active oil [a] D 44.0 (c 1.0, CHC13) and 

vas show to be an isaner of 3 and 2 by elemntal analysis, HRMS and 13C-mlR data. The 

iscmitrile function vas evident fmn IR ( u _ 2130 an-‘). XS (I+ 204, M+-HCN) and 13cm [a 

48.7 +x21, 1:l:l triplet, J= 6.6Hz] spectra. Cm the other hand the presence of a 

trisubstituted double bond and, consequently, a carbobicyclic skeleton for 2, was deduced fmn 

both the ‘H-[&5.55 (lH, txl. J= 2.2 Hz)] and I3 C-NMR [a 134.0 (-/Xl), 132.9 (+-)I spectra (Table 

2 ). The marked downfield shift of the bmxl tw-proton singlet at 4 3.90 indicated that the 

protons in question ( 1 4-H2 ) were allylic as well as gminal to the -N’z C- group. This deduction 

was supported by the observation of a long-range coupling betveen 6-H and l+H2. ‘lhemfme, 

since three further allylic protons were observed in the ‘H-NMR spectmn of 1, the partial 

structure D could be re&ily derived by spin decoupling experiments. 

The mnainiq part of the m&cule incorporates three methyls, four methylenes, two 

mathynes arkI a quatemaq carbon atan as deduced fmn DEPI experiments. T~I methyl doublets are 
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n&b& 2. 'H- aYKPw@!R data fcs"2 andza. 
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Position a_ a 
c 

7 65Jb 

2 39.9 

3 32.4 

4 34.8 

5 47.2 

6 24.2 

7 27.0 

8 24.4 

9 32.6 

IO 45.4 

11 20.2 

12 28.5 

13 15.7 

14 18.0 

15 18.3 

16 156.5 

~a 2.09 bdd (12.5s6.6) 

Hb 1.45 m wb 1.28f m 

Hal.94m Ha1.80'm 

Hbl.?.+Rl 

2.16 m 

7.M ddt (11.0,11.0,2.9) 

0.79 dd (9.6,9.6) 

0.74 ddd 69.6,9.6,6.6) 

Ha 1.89 m 

Hb 1.02 m 

HaandHb1.51m 

1.37 m 

1.06 

0.99 

1.00 (7.3) 

1.02 (7.3) 

42.8 

42.1 

24.7 

55.5 

51.1 

134.0 

132.9 

30.6 

21.0 

45.3 

31.6 

18.9= 

21.6' 

48.7e 

19.1 

Hbf.36'm 

?.76f m 

2.16 dd (10.3, 5.81 

5.55 w (2.2) 

Ha 2.03 dd (14.7,14.71 

Hb 2.25 dd (14.7,6.0) 

HaandHbl.Rf m 

?ial.Wfm 

Hb l.3gf m 

,.5af m 

0.82d d (6.6) 

0.8~j~ d (6.6) 

3.90 bs 

0.75 s 

not observed 

** e 

a. The assignments are based on ‘%-‘H 5Mft correlated 2%NMR spectswscopy. 

b. ‘IBe signal appear bro&ened due to the coupling with the nitxgen ata. 

C-d. Values with identical superscript within each column may be interchanged. 

e. The Signal appear as a 1:l:l triplet ( JE 6.6 Hz) due to the ccupling with the nitrogen 

atan. 

f. Values deduced fron the 13 1 C H shift correlated E-NMR spectxwn. 

pxsent in the ‘H-N?@ spectxwn of 2 at 6 0.85 (J= 6.6 Hz) and 0.82 (J= 6.6 HZ) and they were 

S- to belong to an isopropyl grwp 1 by irrzxiiation at 6 1.58 both doublets collapsed into 

singlets 1. The third methyl group resonated as a singlet at 6 0.75 thus indicating it to be 

znked to the only quaternary carbon atan of the molecule ( 6 42.8, c-l 1. The carbon-proton 

shift conolated B-NMR spectrum via 'J allcwd the loCat& in the ‘H-BE spectrwn of all the 

couples of signals due to mnal protons and the signal pertinent to the rwwinin~ methyne 

gxup ( 6 1.76, 4-B 1. spin decwpling vork indicated that this grwp is canprised by C-5 and 
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C-11. Furthemre, since 5-H did not show any other vicinal coupling, apart fhn those with 4-H 

and 6-H, C-5 must be linked to the fully substituted carbon (C-1 ). Thus, the partial structure D 

could be extended to E. 

D E 

At this stage only four methylene groups are to be accounted for to cmplete the 

gross structure for the nretabolite under investigation. Extensive spin-decoupling experiments 

corroborated by SD-tiMR data showed that they form tw separate couples of consecutive hi2 
groups one of them contiguous to 8-X2 and the other one to 4-H. Therefore, structure 2 is the 

only one in which the above data can be logically accamdated. 

The n&d’s data (Table 3) indicated that the relative configuration for the novel 

isccyanide is the same reported for mintsulphide7 and aphamml I and II*, the only other 

mtatolites based on this skeleton reported in literature. Cm the other hand the NMR data of 2, 

when canparable with those of aphananmls, are in good agreement. 

Inspfction of the mlecular model (Dreiding) of 7 indicated that the two Ethylene - 

groups G-IS and !WiS are spatially oriented in such a way to form tw dihedral angles in the 

range of 80-l oO” ( &Ha with 9-Hb and 8-Hb with g-Ha). This agrees with the smll values, if any, 

of the coupling constants within each couple of the alxwe protons thus accounting for the 

mltiplicities observed for &Ha and 8-Hb. 

Signal 

irradiated 

Signal 

enhanced 

Signal 

irradiated 

Signal 

enhanced 

Signal 

irradiated 

Signal 

enhanced 

1-H 

6-h 

15-H3 

6-H 

1-H 

11-H 

1-H 

3-Ha 

5-H 

13-H 
3 

l-3 
6-H 

4-h 

1 3-H3 

B-Ha 

6-H 

14-H 
3 

6-H 

1 4-H2 

15-H 
3 

14-H* 

4-h 

6-H 

8-Ha 

5-H 

11-H 

lO-Ha 

lC-Hb 

It is noteworthy that 7 is the only sesquiterpehe isonitrile so far isolated in - 
which the -N+E C- group is located oh a methylene carbon. ‘Ihe fact that also in aphanmols the 

same carbon is functionalized suggests they could derive fmn a camm biogenetic recursor’. p 

The isaneric isothiccyanates 4, 5 and !j (mlecular formula C,6H,_5~S deduced fmn 
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HRMsand 
13 C-IWR spectroxopy) were isolated fxwn the less polar fraction of the methanol 

extractofA.acuta. 'Ihe presence ineachof themofthe -N=C=S functionalitywas readily derived 

frantheinspectionafboththeIRandHSspectraandccplfinnedbyNMRdata.Adetailedandlysis 

of the spectral properties of the individuaI metabolites (see etaI) clearly indicated a 

close structurdl relationship with isccyanides 3, 2 and 2, respectively, thus suggesting they 

were the correspcmding isothiccyanates. This hypothesis was corroborated by canparing the 

spectroscopic and chronatographic properties of 3, 5 and s with those of the synthetic 

isothiccyanates obtained frwn 3, 2 and 1, by reaction with sulphur at 120°C. 

GeneraImethcds. EIMS weredeterminedat70 eVcn a Kratos T 80 mass spectrometer. 
IRspectrawe~recordedonaPerkin-E~r~399 spectrophotaneter. H-WRexperimsntswere 
perf&onaHn1I~erW4-5CC spectruneterand '$tw~spectrauererecordedonaHrukerWM-250 
SpsctMneter in CDCl soluticns. proton chenica~ shifts are referenced to the residuaI 
chloroform signal (7.34 ppq$C_ re carbon-13 chmical shifts are referenced to the solvent (77.0 
ppn). The multiplicity of sonawes vas determined by DEPI experiments vfiich W~FZ 
performed using polarization transfer pulses of 90" and 135" obta+ing in the first case onIY 
signqs for -+I groups and in the other case positive signals for -$H and -CH and negative ones 
for -CH~ groups. Polarization transfer delays ware adjustled to an average 2H coupling of 135 
HZ. The shlftcorreiationstithpolarization transfer via J couplingwerecafiied out adjusting 
the fixed delays to give ma&mnn polarization for J 

FH 
= 135 Hz. The long-rpe he$.ercnuclear 

~W&UJII polarization or 6.25 Hz. leading to J and J spots in 
run at 250W in degassed CIZI solutions. Gptical rotations 
141 polarirreter using a IO d microcell. High PYfO~Ce 

IiquidchraMtographies were performed on a Brian 2010 apparatus equipped with a differential 
refractcxnster using a Hibar LiChrosorb Si 60 (IO x 250 ma) colurrm and n-hexane/diethYI ether 
solvent mixtures as eluent. 

Extracticm and isolation. Fresh spoqe A.acuta was collected in the Hay of Napoli in 
April 1985. A voucher specimen is deposited in our laboratory in the Dipartimento di ChimiCa 

Oxganica e Biolcgica dell'universith di Napoli. freshly collected animals (48 g, dry weight 
afterextracticp1)wareextractedthree times with MsQH at T0cm temperature for three days. The 
canbined lipid extracts were concentrated under reduced pressure to obtain an aqueouS Suspension 
whichwas extracted with CXCl (4 x 200 mL). The organic phase was dried over scdiwn sulphate 
and the solvent evaporated to zi eld a dark red oil (6.3 g) which was ChmMtograPh?d on a silica 
gel corm eluted under a slight N pressure with a solvent gradient system fmn light petrolem 
todiethyl ether through benzene. &Ifs early eluted fractions (eluent light petrole& , 8:2) 
containing mixtures of isothiocyanates, ware canbined and further separated by eluent 
+exane-Et20, 97:3) affording canpowds~ (8 q), 6 (7 mg), and 8 (6 mg) in pure form. 

The isothiocyanates had the follcwing HPLC retfxtiontimas in minutes on the above 
column (n-hexane-Et20 97:3, flow rate 1 mL/min.): _4 (18.8), 6 (20.2): 8 (23.0). The fractions of 
the original chKlnatogram eluted slightly after the isothi&yanates (eluent light 

2:8) gave m.ixtwes of isocyanides which, cunbined, were subjected to a further 
(eluent n-hexane Et 0, 9713) affording pure samples of 3 5, and 7 (35, 25 and 

20 mg, respectively). Tfie HPLC rete&ion times in minutes for these ccq&mds (above conditions) 
were: 3 (36.4), 5 (37.4), 7 (49.0). Elemental analyses 3: fouwl C 83.11%, N 6.02%. H 10.93%; 1: 
found C 83.09%. N 6.00%, H 10.91%; 1: found C 83.08%, N 6.02%, H 10.93% (C H N requires C 
83.05%. N 6.05%, H 10.89%). The NMR data for caqxxnds 3, 2, and 1 are report g ?n Tables l-3. 
Canpounds 4, 5 and s showed the following spectral features: 

_4, colourless oil, [al, -12.9 (c 0,3, CXCl ); IR (CHCl ) v 2100 an-'* HRMS, M+ 
found 263.1721 (talc. for C16H NS 263.1709); H-NMR &Cl ) 6 5.053(lH,=, 6-H), 3.;2 (lH, d, 
J= 8.8 Hz, I-H), 2.19 (IH, m, T-H), 2.13 (IH, b septet, ,& 6.6 Hz, II-H), 2.02 (IH, m, IO-H), 
1.91 (w, bt, J= 6.6 Hz, 8-H ), 1.85 (IH, m, 3-Ha), 1.73 (IH, ddd, J= 13.2, 8.8 and 8.8 Hz, 
4-Ha), 1.70 (IH, m, 9-Ha), 1.&l (IH, m, 9-W and 4-Hb), 1.27 (IH, m, 3-Hb), 1.12 (3H, d,lJj= 6.6 
HZ, Me-15). 0.96 (6H, d, J= 6.6 Hz, irle-12 and i*13), 0.9 (3H, d, j= 6.6 HZ. W-14); C-NMR 
(CDCI ) 6 143.8 (C-7), 126.2 (C-6), 75.0 (C-l), 49.1 (C-S), 42.6 (C-2), 35.0 (C-11 ), 34.0 (C-4), 
32.5 ?C-10). 30.4 (G3), 28.2 (C-9). 23.6 (G8), 21.4 (C-12 and C-13), 19.4 (Gl5), 16.8 (C-14), 
G16, not. observed. 

6, colourless oil, [a] -32.8 (c 0.7, CHcl ); IR (CHCl ) v 2100 all -'; HRXS, M+ 
found 263.1712 (talc. for C1sH2 NS 2g3.1709); 'H-NMR CC& ) 6 2.193(lH,y 4-H), 2.07 (IH, m, 
I-Ha), 1.92 (W, m. 3-Ha and &Ha), 1.76 (IH, dd, J= 13.0 and 11.0 Hz, 5-H), I.07 (3H, s, 
W-13), 1.04 (lH, m, 8-1, 1.01 (3H, d, J= 6.6 Hz, b-15). 1.00 (3H. d, J= 6.6 Hz, Me-14). 0.99 
(W. s,j’fe-12), 0.75 (IH, ddd, J= 9.6, 9.6 and 5.9 ib, 7-H). 0.67 (lH, dd. J= 11.0 and 9.6 Hz. 
6-H); C_ KTx13) 6125.5 (C-16), 79.8 (Cl), 49.1 (C-10). 47.2 (G5), 39.7 (G2), 34.7 




