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Abstract - The structural elucidation of isosarain-1 (1). a minor 
component from the alkaloid fraction of Rehem sarai is reported; the 
previously partially characterized structures of sarains 1-3 (3-5) are 
further clarified. 

Recently, the literature on marine alkaloids has received a great deal of contributions 2.3. 

Many new structures have been reported. Among these, some nitrogenous macrocyclic systems 

seem to be characteristic metabolites of the sponges belonging to the closely related orders 
Nepheliospongida 4~55.7,8 and Haplosclerida 9.1&t 1, 

The sponge Renieru sarui, order Haplosclerida, is widely present in the Bay of Naples, Its 

metabolic pattern is heavily characterized by a series of macrocyclic alkaloids, named sarains, 

possessing interesting ‘phase transfer catalytic properties and which have resisted to every 

structural investigation 12 for a long time. Only recently 13 the structures of sarains 1-3 have 

been partially determined mainly by an extensive 500 MHz NMR study. They belong to a new 

class of alkaloids showing in their skeletons a truns-quinolizidine system Iinked to an 

unsaturated piperidine moiety. The two heterocyclic systems are further jointed by two linear 

alkyl chains undetermined in the relative length. 

In this paper we report the isolation and the structure determination of isosarain-1 (I), a 

minor component of R. snrui which, being closely related to sarain-1, offers key-arguments to 

complete the structural study of sarains 1-3. 

Collection, extraction and isolation followed the published 13 procedure to afford after a 

series of chromatographic steps sarains 1-3 along with a compound slightly less polart4 of 

sarain-1, isosarain-1 (I, 60 mg from 600 g of dry sponge). 
Isosarain-1 (I) is an optically active amorphous solid: [(x]D-23.1’ (C 1.2; CHC13); v max 

(CHC13) 2930, 2859, 2809, 2760, 1711 cm-*; EIMS m/z (%): 466 (M+. loo), 327 (17), 232 (5); 

HREIMS: M+ found 466.3916, C31H5oN20 requires 466.3923; m/z 327 found 327.2449, C21H31N20 

requires 327.2436; the NMR data are reported in Table 1. 
All the above data suggested a structure closely related to that of sarain-1. In fact, the two 

compounds have the same molecular formula and both Possess a pentacyclic skeleton containing 

a ketone carbonyl group and two double bonds; furthermore, both display in their mass spectra 

a relevant fragment at m/z 327, originating from M + by loss of the alkyl chain CluH 19. The 
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proton decoupled 13C-NMR (Table 1) spectrum of I showed 29 distinct resonances with only two 
superimpositions at 6 27.16 and S 25.87. The lH-NMR (Table 1) of 1 was complex but its 1H-1H 

COSY interpretation, facilitated by a 2D 1H -1%’ shift heterocorrelation and supported by a series 
of mono-dimensional spin decouplings, led to structure I. 

TABLE I - 500 MHz II-I-NMR and 125.7 MHz 13C-NMR data for isosarain-1 (I)a 

---_--__ -----------~-----. 
N" 6 13C (m) S1lI (m. J in Hz) N" 6l3C (m) 611-I (m. J in 1Jz) 

--- ------_ ------ 

1 34.59 (d) 1.70 (br ddd; 9.2, 9.2, 6) 2’ 55.73 
2 41.79 (d) 1.52 (m) 
3 31.82 (I) 1.75 (dddd; 11.8, 11.8. 11.8, 2) 3’ 42.38 

1.62 (br d; 11.8) 4’ 119.46 
4 53.52 (d) 2.79 (ddd; 11.8, 3, 2) 5’ 138.19 

1.96 (ddd; 11.8. 11.8, 2) 6’ 54.91 
6 55.92 (I) 3.02 (br dd; 11.4. 6.9) 

2.22 (br dd: 11.4. 15.1) 58.01 
7 37.98 (1) 2.79 (ddd; 15.1, 15.1, 6.9) ; 28.29 

2.16 (br d; 15.1) 

8 212.53 (s) - i 25.87 
9 53.92 (d) 2.29 (br m) 

10 68.65 (d) 2.08 (dd; 9.2, 2) h 129.25 
a 28.55 (1) 2.01 (m) m 130.80 

1.18 (m) n 24.94 

b 27.49b (t) 1.48c (m) 
C 27.16 (L) 1.25 (m) 0 27.49b 

d 25.87 (L) 1.80 (m) P 27.16 
1.35 (m) q 29.16 

e 26.83 (1) 1.55 (m) r 26.37 
1.07 (m) 

f 33.59 (t) 1.89 (m) S 32.81 

1:83 (ml 

_____I___Ic--- -- 

a The spectra were recorded in CDC13, TMS was used as internal reference. 

b+c Values are interchangeable. 

d Value deduced by analysis of the H 2’eq - H 2’ax COSY cross peak. 

2.73 (dd; 11.7, 1.8) 

2.33 (dd; 11.7, - 1 Id) 

2.22 (m) 
5.48 (br d. 4.3) 

3.14 (d. 15.9) 

2.44 (d, 15.9) 

2.35 (m) 
I.54 (m) 
1.46 (m) 
2.09 (m) 
1.94 (m) 
5.54 (dt; 10.8, 8.1) 

5.26 (dt; 10.8, 7.9) 

2.14 (m) 
2.08 (m) 
1 .43c (m) 
1.25 (m) 
1.15 (m) 
1.24 (m) 
1.09 (m) 
2.21 (m) 
1.25 (m) 

m 

Starting from the methylene and the methine linked to the ketone group, all the 

connectivities of the quinolizidine system were pomted out. 
In fact, the resonances at 6 2.79 (H- 

7 ax) and 6 2.16 (H-7 es) together with the signals at 6 3.02 (H-6 eq) and 6 2.22 (H-6 ax) were 
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assigned to two methylenes between a ketone group and a nitrogen atom. Furthermore, starting 
from the signal at S 2.29 (H-9) all the protons of the chain C-9, C-10, C-l, C-2, C-3, C-4 were 

assigned. The upshifted resonance of H-10 at S 2.08 suggested a vans fused junction 15, which 

was confirmed by the presence in the IR spectrum of the typical Bohlmann bands16 at 2809 and 

2760 cm-l.The coupling pattern of H-10 (dd, J9-10 2.0 Hz, Jl_10 9.2 Hz) allowed to assign the 

relative stereochemistry to the adjacent chiral centres C-l and C-9. The axial orientation of H-2 

(6 1.52) was suggested by the large coupling (11.8 Hz) with H-3 ax (6 1.75) and confirmed by the 

l3C-NMR resonance value of C-4 at S 53.5 which excludes y-shielding effects of a C-2 axial 

substituent. 

The partial piperidine structure was strongly supported by the coupling pattern of H-4’ 
which , in the IH-tH COSY spectrum, exhibited a vicinal coupling with H-3’ (6 2.22). allylic 

coupling with the protons at C-6’ (6 3.14 and 2.44) and, also, a W coupling with H-2’ eq (6 2.73) 

which in turn was further coupled with H-6’ eq (6 3.14). The stereochemistry at C-3’ remains 

undetermined even though the H-Z’ax - H-3’ coupling value ( - 11 Hz), deduced by the analysis 

of the COSY cross peaks, could suggest an axial orientation for H-3’. 

Regarding the allcyl chain between C-9 and C-5’, starting from the proton value (6 2.29) 

assigned to H-9, the lH-1H COSY spectrum and decoupling experiments indicated the presence of 

six consecutive methylene units, the last one (6 1H-NMR 1.89 and 1.83) being linked to C-5’. 

Analogously, starting from S 1.70 (H-l) a series of subsequent correlations led to identify an 

alkyl chain containing 11 carbons the last one being linked to a nitrogen atom (C-g, 6 13C- NMR 

58.01). It is relevant to note that, analogously to sarain-113, in this alkyl chain there is a 

oriented double bond separated from the nitrogen atom by three methylenes. 

All the above evidence led to the structure 1 characterized by a linkage between 

carbons 2 and 3’, even though couplings between the protons at these positions were 

observed in the 1H-1H COSY spectrum. However, the suggested structure was supported by 

obtainment of a derivative of 1 (2) by an unusual procedure . 

cis 

the 

not 

the 

The sample of 1 stored in CDC13 17 showed in its tH-NMR some additional low-field singlets 

(S 9.40, 8.62 and 8.86) increasing with time. The CDC13 solution was partitioned with water and 

then the water extract was partitioned with n-butanol. All the spectral data 18 of the n-butanol 

soluble fraction (7 mg) were in agreement with the structure 2 exhibiting a pyridinium ring. In 

particular, the NMR spectra provided evidence for a methylene group (C-g, S 61.20; H-g’s, S 5.17 

and 4.85) linked to a quaternary nitrogen 19. The tH and t3C NMR signals18 were carefully 

assigned by two dimensional 1H-1H and lH-l3C shift correlation experiments. The linkage 

between the carbons 2 and 3’ was confirmed by the tH-NMR resonance value of H-2 (6 2.98). 

The structural analogies between I and sarain-l (3) suggest that the two compounds have 

to be stereoisomers differing only for the stereochemistry at the chiral centres C-l, C-2, C-9 and 

perhaps C-3’. Sarain- (4) and sarain- (5) should be respectively the inferior and the superior 

homolog of 3, differing only for the characteristics of the longest alkyl chain1 The position of the 

double bond in 5 remains to be determined. 
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The skeletons of sarains are unique among the natural alkaloids. However, they could be 

biogenetically linked to other macrocyclic alkaloids recently found in sponges. In particular, 

analogously to petrosins5.7 and xestospongins6 ,sarains could be obtained by oxidative coupling 
of two 3-alkylpiperidine precursorsr3. It is interesting to observe that also xestospongins and 

petrosins are present in Xestospongia exigua and in Petrosia seriata, respectively, as a mixture 

of stereoisomers. 
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