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Abstract - Five new indoles, cis-trikentrin A (1). e-trikentrin A (21, 
trans-trikentrln B (3). cis-t=entrin B (4) and iso-trans-trikentrin B (5), -- 
zlsolated from the mxne sponge Eikentrion Plabelllforme. All possess 
antimlcroblal activity and were identified by detailed spectroscopic 
analysis. 

ResiJLTS ARD DISCUSSI’M 

An aqueous acetone extract oP the marine sponge Trikentrion Plabelllforme~ collected from 

the coastal waters off Darwin, Australia. was Found to exhibit growth inhibitory activity 

agalnst the gram positive bacteria Bacillus subtills. Trituration of the concentrated extract 

with ethyl acetate/hexane yielded an antimicroblally active lipid soluble fraction, which was 

further fractionated by rapid elutlon through silica. High perpormance liquid chromatography of 

the resulting active material on silica yielded three pure compounds, 1. 2 and 3, together with 

an inseparable two component (3:2) mixture of 4 and 5. 
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The mass spectrum of 1 showed an t4+ at m/x 213 with the base peak at m/x 198 (F!‘-CH3). High 

resolution mass measurements on m/z 213 gave the molecular formula of 1 aa C15HlgN, requiring 

seven degrees of unsaturation. The presenoe of eight deshielded carbon resonances (C2 to C7a) 

In the ‘3C NMR spectrum of 1 (see Table 1) suggested the presence of four double bonds, implying 

a tricyclic structure. 

Table 1 --- 

13 C lsVJ (CD213) asaignnents for the trikentrins 

2 122.9 122.8 123.7 123.7 

3 101.3 101.5 102.8 103.1 

3a 132.4 132.1 132.1 131.9 

4 126.3 126.1 115.1 115.6 

5 114.0 114.1 128.0 128.5 

6 143.0 142.5 141.4 140.6 

7 127.0 127.2 126.6 127.7 

7a 135.0 135.0 129.1 129.5 

1’ 

2’ 

3’ 

4’ 

1’ 37.Za 36.08 

29 44.1 43.8 

3’ 3g.ga 37.9” 

1 “-ai 20.sb 2n.ab 

3=cXl) 21.1b 20.Bb 

26.6 

15.1 

26.5 

15.0 

127.0 127.4 

131.0 131.0 

26.4 26.4 

14.0 14.1 

3fi.in 37.0a 

43.5 41.8 

37.4a 36.4a 

20.0b 22.5b 

21.1b 24.3b 

123.3 

101.7 

132.0 

112.4 

l 

141.0 

t 

t 

129.1 

132.5 

26.4 

14.1 

36.1’ 

43.7 

37.sa 

20.cb 

20.1b 

a) b) Assigrxnents with identical suprscripts within a cf.lmnn may be 

intarchawed. 

Signals obscured by other carbon r4aonances in the rniv,d 13C M 

spactcun of 5 Md 5. _. 

Intense and sharp N-H absorption at 3490 cm-’ in the IR spectrum of 1 was consistent with a 

strongly deshielded (6 8.03) N-H resonance in the ‘H NM spectrum. This latter signal was 

observed, by double resonance and homonuolear correlated 2D (COSY) experiments, to be coupled to 

an isolated spin system consisting of two mutually coupled deshielded protons (6 6.59 and 7.101, 

and furthermore, on addition of D20 was very slow to undergo deuterium exchange. These 

observations, together with those of UV absorption maxima at 241 (E 11350) and 271 nm (E 112001, 

were consistent with an indole moiety, unsubstltuted at positions 1. 2 and 3. 
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Remaining functionallties identlfled in 1 included an isolated ethyl group (b 2.94 and 

1.36). two secondary methyls (6 1.37 and 1.47) together ulth attendant methine protons (6 3.42 

and 3.23). a methylene bearing non-equivalent‘ protons (6 1.31 and 2.60) and an arcmatic proton 

(6 6.84)(see Table 2). Long range ooupllngs (<lHz) were observed between the latter and both 

the methine proton at 6 3.23, and the meethylene protons at 6 2.94. Combining this evidence 

with the observation of IlOEs between the msthylene protons at 6 2.94 and both the aromatic 

proton slnglet (6 6.84, 2.62) and the C3 proton multiplet (6 6.59, 2.71) permitted formulation 

of the structure for 1 as shown. The cis relatlonshlp between the two secondary methyls could - 
be deduced from non-equivalence of the q ethylene protons on C2”. This effect had previously 

been observed with appropriately methylated indanes2. 

The minor component 2 (n+, m/z 213) was iscmerlc with 1 and possessed many common 

spectroscopic features (see Tables 1 and 2). Hcmonuclear oorrelated 2D and NOE analyses on 2 

confirmed the presence of an indole moiety with a substitution pattern identical to that of 1. 

Unlike 1, 2 did not exhibit. the non-equivalent methylene protons at C2” indicative of cis - 

secondary methyls. Instead, the relevant methylene protons in the ‘H NMR spectrum of 2 

resonated as a complex multiplet at 6 2.02, identifying 2 as the ‘trans’ analogue of 13. 

Although both compounds were optically active. absolute stereochemistries uere not determined 

for either 1 or 2. Thus, 1 and 2 have been named cis-trikentrin A and trans-trikentrin A, - 

respectively. 

Table 2 

1 H HR (cDc13) assigrwents for + and trans trikentrin A 

Proton 

No. 

1 2 

- 

1 8.03, ta, \ - 13 HZ 8.02, be, w+ = 14 Hz 

2 7.10, dd, J = 2.7.3.2 HZ 7.16, dd, J = 2.6.3.2 HZ 

3 6.59, dd, J - 2.0,3.2 Hz 6.12, dd, J = 2.0,3.2 HZ 

4 

5 6.04, bs, “r, - 2 112 6.85, 5, \ - 2 Hz 

1’ 

2’ 

2.94, q, J = 7.4 Hz 2.95, q, J - 7.6 Hz 

1.36, t, J - 7.4 Hz 1.37, t, J - 7.6 Hz 

3.23, dq, J - 7.4.7.4 Hz 3.43,.dq, J = 7.0,7.0 Hz 

2.60, ddd, J = 12.4,7.4,7.4 HZ 2.02, tul 

1.31, ddd, J - 12.4,3.6,3.6 HZ 

3.42, dq, J = 7.4,7.4 HZ 3.54, dq, J = 4.4,7.0 HZ 

1.47, d, J - 7.4 Hz 1.22, d, J - 7.0 Hz 

3=a3b 1.37, dr J - 7.4 Hz 1.34, rl, J - 7.0 HZ 

e) b) Asstgrasnts with identical superscripts ssy be lntcrchanged. 
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For reasons similar to those discussed for cis and trans trlkentrln A, 3 could be - - 
formulated as an indole unsubstituted at positions 1,2 and 3. High resolution accurate mass 

r&xWWbSntS established its molecular formula as Cj7H2,N, an addition of C2H2 to that observed 

for 1 and 2. Resonances in the ‘H NKfi (6 6.61 and 6.18) and 13C NMR (ppm 127.0 : 131.0) spectra 

of 3 (see Tables 1 and 3) indicated the presence of a 1-but-1-enyl substituent. instead of the 

ethyl substituent observed in both cis and trans trlkentrln A. - - A deshfelded aromatic proton (6 

7.61) In the 'H NE(R spectrum of 3, lacking In long range couplings. was located at C4 rather 

than at C5 as in 1 and 2. Confirmation of this and the substitution of a I-but-1-enyl moiety at 

C5 came from the measurement of NOE’s between the aromatic proton singlet at 6 7.61 and those 

resonances attributed to the C3 and C2’ protons (91 and 161, respectively). A lack of non- 

equivalence between the two q ethylene protons adjacent to the secondary methyls was taken3 as 

evidence for a trans configuration about these centres (c.P. 2). Thus 3 was assigned the 

structure of trans-trikentrln B, as shown. 

Table 3 

1 H W (cDc13) aaslgrmenta for trans, cis and ho-trams tr-ikentrin 8 -- 

PCOton 3 5' 5' 

No. 

-- ___ -_p- 

1 

2 

3 

4 

5 

1’ 

2’ 

3’ 

4’ 

1-a 

29 

3-a 

lVH3b 

2”-ai3b 

7.91, bs, k\l = 10 HZ 7.94, bs, I$ = 15 Hz 8.03, bs e% = 15 HZ 

7.03, dd, .I = 2.6,2.6 HZ 7.14, dd, J - 2.5.3.0 Hz 7.20, dd, J - 2.6, 3.0 Hz 

6.49, dd, J - 2.0.2.6 HZ 6.54, dd, J - 2.0,3-O Hz 6.75, dd, J - 2.0, 3.0 Hz 

7.62, bs, k+, = 2 Hz 7.62, bS, r = 2 HZ 

7.09, bs, \ = 2 HZ 

6.61, M, .I = 15.8 HZ 

6.18, dt, J - 15.8,6.4 Hz 

2.26, dq, J = 6.4,7.6 Hz 

1.10, t, J - 7.6 Hz 

6.60, M, J - 15.8 HZ 

6.17, dt, J = 15.8,6.4 HZ 

2.30, hn 

1.12, t, J - 7.2 Hz 

h.79, td, J - 15.6 lb? 

6.40, dt, J - 15.6,6.6 HZ 

2.30, hn 

1.15, t, J - 7.0 Hz 

3.46, dq, J - 5.2,6.8 HZ 

2.0, tml 

3.61, dq, J-7.2,6.8 HZ 

3.5, m' 3.5, m' 

2.72, ddd, J = 13.0,9.2,9.2 HZ 2.0, hn 

1.55, ddd, J = 13.0,2.4,2.4 Hz 

3.5, In+ 3.5, .+ 

1.40, d, J = 6.8 HZ 

1.17, d, J - 6.8 HZ 

1.36, d, J - 7.4 Hz 

1.46, d, J - 7.2 Hz 

1.29, d, J - 6.h llz 

1.33, d, J - 7.2 Hz 

-___. - 

a) b) Assignments with identical superscripts may be lnterchaqad. 

. overlapping mu1tip1et.s. 

t Assignments mede from ‘ii HR spectra taken on a 3:2 rPixture of 4 and 2. 
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Attempts to resolve the mixture of minor components 4 and 5 proved unsuccessful. The 

presence of 4 and 5 in a 3:2 ratio in the mixture, together with extensive hcmonuclear 

decoupling and NOE experiments, permitted ccmplete 1~ Nl% spectral assignments to be made for 

each component (see Table 3). Slmllarly. complete and partial 13C Nm assignments could be made 

for 4 and 5 respectively. Consequently, after examination of NKi data and nixed UV. Iii and mass 

spectral data, 4 and 5 were identlfled as isomers of 3. Furthermore, 1~ NMB comparisons between 

3 and the major component 4, revealed the only significant difference to be the non-equivalence 

of the C2” methylene protons in 4 relative to 3 (see Table 3). This, together with similar NOE 

measurements in 4 as observed for 3, established 4 as the cis analogue of 3. - 

Unlike the aranatlc proton singlet in the ‘H NMR spectra of 3 and 4 (6 7.62) the 

corresponding signal in 5 resonated at higher field (6 7.09) and exhibited no NOE to the C3 

proton, similar to that observed for C5 in 1 and 2 (6 6.84 and 6.85 respectively). Instead, NOES 

were observed between the C2’ proton and the C3 proton (411, and also between the C2’ proton and 

the aromatic proton (I$). Thus 5 possessed the same substitution pattern as both cis and trans 

trikentrin A but with the ethyl group replaced by a I-but-1-enyl substltuent. Lack 0r non- 

equivalence in the methylene protons adjacent to the secondary methyls pointed3 to a trans 

configuration about these centres. Consequently 5 was assigned the structure, iso-trans- -- 

trlkentrin B. as shown. As in the case of 1 and 2, absolute stereochemistries were not 

determined for either 3, 4 or 5. As such,.the structures represented (1 to 5) should not be 

interpreted as ravouring a C3” epimeric relationship between cls and trais isomers over - - 
epimerisation about the alternate Cl” centre. 

Secondary metabolites incorporating lndole moletles are not uncommon among marine natural 

products lsolated from sponges’. The unusual aspect of the trlkentrins, apart from their 

aromatic ring substitutions, is their lack of substltutlon at position 3. All other lndole 

containing secondary metabolltes from marine sponges identified to date bear substltuents at C3, 

reminiscent of their probable biosynthetic precursor, tryptophan. This may indicate that the 

biosynthesis of the trikentrlns does not involve tryptophan as a precursor. 

EXPERI~AL 

General experimental details 

‘H and 13C NMB spectra, together with homo and heteronuclear correlated 2D spectra and NOE 
measurements; were recorded on a Varlan XL-200-E spectrometer. Electron impact mass spectra 
were recorded on a VC Mlcraoass 707OF instrument at 70 eV, with chemical ionization mass spectra 
being recorded on the same instrument using ammonia as the reagent gas. High resolution 
accurate mass measurements were determined under electron impact conditions on an AEI MS 902 
mass spectrometer. Optical rotations were recorded on a Perkin Elmer 121 polarlmeter. A Varian 
Dolts 90 W-Visible spectrophotaneter was used to obtain ultraviolet absorptlon spectra while 
lnfr?red absorption spectra were recorded on a Perkln Elmer 683 Infrared spectrophotaneter. 13C 
and ,H NMR spectra are tabulated in Tables 1, 2 and 3. 

Collection, extraction and isolation 

A specimen of Trlkentrlon flabelllforme (15 g dry wt) collected by hand (SCUBA) was packed 
in dry ice and transported to the laboratory. ‘The diced sponge was steeped in acetone at-20°C 
for approximately one week and the acetone extract decanted. The acetone extract was then 
reduced to a thick syrup and re-extracted wlth 50% ethylacetate:hexane to yield an 
antlmlcrobially active fraction (600 mgs). Antimicrobial activity was determined in a standard 
disc assay, against cultures of Bacillus subtillls. by measuring zones of inhibition. 

Rapid silica filtration (stepwise elutlon; hexane to ethylacetate) of the resulting active 
material yielded a non polar material (433 mgs) of which half was subsequently subjected to HPLC 
fractlonatlon on a ‘Whatman’ Partlsll 10 M9/50 column (50 cm x 1.28 cm, 10 u particle size, 51 
ethylacetate/hexane as eluant). Fractions collected, in order of increasing polarity. 
corresponded to cis-trikentrln A (1, 74 q gs), trans-trikentrin A (2_, 13 mgs), trans-trlkentrin B 
(J,,ll8 mgs) andy3:2 mixture of G-trikentrln B and lso-trans-trikentrin B (4 and 2, 9 mgs). 
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Thus percentage dry weight yields for the trlkentrlns in the examined specimen of Trikentrlon 
flabelliforme were 1 (O.OSSl), 2 (0.017%). 3 (0.160%). 4 (0.0071) and 5 (O.OOSl). 

cls-Trlkentrln A (1) 

An unstable colourless 011 which darkens on storage: 
(&OH) (nm), 241 (E 113501, 271 (11200): 
198 (100); HRMS’213.1517 (H’ requires 213.1%: 

trans-Trlkentrln A (2) 

A stable colourless 011 whioh crystallizes on standing: co 
(HeOH) (nm), 222 (E 684001, 271 (12600); v x (CHCl 1, 3480 cm 
198 (100): HRHS 213.1517 (H’ requires 213.%7, C15ilgN). 

trans-Trikentrln B (3) 

An unstable colourleas 011 which darkens on Storage: 
(MeOH) (nm), 249 (c 24200). 275 (8800); 

HRKS 239.1674 (M* requires 23?%74. C17H21N). 

Ccl:+ -13O (c 1.97, CHCl 1; 
EIKS-m/z (I), 233 (M’~“&), 

224 (100); 
(CCl41, 3495 cm .i 

Mixture of cis and lso-trans trlkentrln B (4 and 5) 

An unstable 011 which darkens on storage: Amax (MeOH) (nm), 240 
.&x 0$M&m’, 240 (E 449001, 298 (12300); (CHCl ), 3480 om-l 

. ; HRHS 239.1673 (M* requires 239?)41974, C,7221~). 
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