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Abstract: Misenine (1/1a), a new marine alkaloid possessing an unprecedented tetracyclic
cage-like core with two macrocyclic rings, has been isolated {from the Mediterranean sponge
Reniera sp. and its structure was determined by extensive spectroscopic studies. A suggestion

is made as to its biogenetic origin. © 1997 Elsevier Science Ltd. All rights reserved.

Polycyclic marine alkaloids containing 3-alkylpyridine or partially reduced 3-alkylpyridine as basic

building blocks represent an emerging and intriguing group of bioactive natural nroducts from marine sponges.
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Since halitoxin,? the first example of this kind of alkaloid, was reported in 1978, many related alkaloids have

been discovered from sponges of the order Haplosclerida. All of these alkaloids, in spite of formally exhibiting
quite different frameworks, could biogenetically derive from bis-3-aikyipyridine or reduced bis-3-alkyipyridine
units. In the last decade, the knowledge of this fascinating group of compounds has increased remarkably. A
recent review has exhaustively studied occurrence, distribution, plausible biogenetic origin and relatedness, as
well as biological activities, of 3-alkylpyridine derived marine alkaloids.3

The Mediterrancan sponge Reniera sarai is a rich source of 3-alkylpyridine derived alkaloids. Nine
macrocyclic alkaloids, named saraines, which occupy two positions of the eleven novel skeleta hitherto reported

compounds from marine organisms, another Reniera sponge was collected in the Bay of Naples. Chemical
............. i cmmrmon 1ad s thhn 2onlatlmie wfelan cmmaral cananem~asrnlin allralaid smicanina (1Y Tha ctmisatn
investigations of this sponge led to the isolation of the novel macrocyclic alkaloid, misenine (1). The structure

of 1, the first example of a new class of macrocyclic diamine aikaioids, is reported here.

The sponge Reniera sp. was collected off Capo Miseno (the locality suggested the name assigned to the
new alkaloid), Naples, Italy in 1994 and kept frozen until used. The acetone extract of the sponge was first
partitioned between EtyO and water and subsequently between n-butanol and water. The Et;0 soluble material
was fractionated by silica gel column chromatography (gradient from CHCl3; to MeOH). The fractions eluted
with CHCI3/MeOH (9:1 and 8:2) were further purified by silica gel column (CHCI3 as eluant) affording pure
misenine (1). Compound 1 was also obtained from the n-butanol soluble fraction by using the same work-up.

I {[alp + 6.4° (CHCl3)} that gave an
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Misenine (1) was isolated as an
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molecular formula, C33 H54N20 of misenine w stabhshcd

was aided by the previous experience acquired during the structural elucidation of saraines. In fact, 1 showed
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these reasons the NMR spectra of the same sample of misenine were seldom reproducible. Unfortunately, it was
impossible to obtain crystalline derivatives of misenine suitable for a resolved diffractometric analysis. By
analogy with saraines, a CHCIl3 solution of 1 was washed with a saturated NaHCOQO3 solution and then
immediately submitted to NMR analysis obtaining well-resolved NMR spectra. All 1D and 2D NMR
experiments ('H-1TH COSY, TOCSY, HMQC, HMBC, NOESY) including DEPT and spin-decoupling
experiments were performed on the same sample very quickly.

The 13C-NMR data of 1 disclosed four sp3 methines, four sp? methines, two sp3 quaternary carbons

and twenty-three sp3 methylenes. All the protons were connected to carbons (Table 1) by HMQC experiments.
ized by 1H. and I3C_.NMR resonances (8
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of unsaturation. Consequently, misenine must possess six rings containing two nitrogens. In the 1H-NMR
spectrum, the signal at 8 4.98, correlated by HETCOR experiment to a 13C-NMR resonance at 8 94.9, was
assigned to a methine between a nitrogen and an oxygen (N-CH-O-) which was strongly reminiscent of the
aminal proton of saraine-A.6 In order to confirm this relation, CD3COOD was added to a CDClj3 solution of 1.
IH- and 13C-NMR spectra of this sample (1a) (Table 1) displayed a new signal at § 8.71, correlated by
HETCOR experiment, to a carbon resonating at 8 174.5, assignable to an aldehydic proton meanwhile the signal
at  4.98 disappeared. This experiment provided an important anchor point to begin the substructure analysis on

the basis of 1H-'H COSY, TOCSY, HMQC, HMBC, and NOESY spectral data.
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Analysis of the TH-NMR spectra of 1, aided by 'H-TH COSY, HMQC, TOCSY and HMBC, revealed
the proton connectivities for five partial structures a-e and also allowed recognition of three pairs of
diastereotopic methylenes which should be located either between a nitrogen and a quaternary carbon (8 63.0,
58.8) or between two quaternary carbons (8 43.0) based on their downfield I3C-NMR chemical shifts. For the
partial structure a, the nitrogen-bearing methylene (6 2.89, H- 3eq; 2.07, H- 3ax; 0 54.8, C-3) exhibited clear
correlations with the adjacent methylene pro (8 1.72, H-4,44, 1.53, H- 49,,) which, in turn, were further

b Y T =TT T e

correlated with the methine at § 1.43 (H-4a ) n the other hand, the sharp doublet signal at & 4.98 (H-11) was
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ced to the methine proton at § 2.37 (H-5) which, in turn, was also coupled with H-4a. For the partial
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between Ho-e and Hp-d (8 1.43) were also observed. The trans nature of the double bond was assigned on the
basis of the large coupling constant between H-f and H-g (J=15.8 Hz). Strangely, no coupling was observed
between H-5 and H-6. For the partial structure c, starting from the nitrogen-bearing methylene (8 2.34 and
2.30), assigned to Ha-h (8¢ 57.4), the !H-1H COSY, TOCSY and HMBC indicated the presence of three
consecutive methylene units, the last one (8 2.04, 1.94, Ha-j) being linked to the second isolated double with
the resonances at 8 5.42 (H-k) and 8 5.35 (H-/) which was in turn connected to Hp-m (8 2.04, 1.98) and Hy-n

(8 1.37, 1.33). The cis geometry of this double bond was suggested on the bagis of the I3C_NMR resonances

oo
s geometry ag of the 13C-NMR resonances
of the vinyl carbons C-j (§ 27.3), C-m (8 27.1) nalogously, starting from Hz-a (8y 2.74, 2.66; 8¢ 53.4), a
cmemimn ~F Alotiamnt mrsmalnblmans lembrvraaia .l TT 1 29\ lenbccena.e TT 1. ~ad TY LIS 1 £ [o 10 2N
STLICD UL UIdLLIILL CULICIALIULL UCLWCCCI ﬂ2 nz-(} \U l ‘I‘O, 1.20), DCLWCCII 112-0 diild 12-C {0 1.1, 1.24)

were observed according to the partial structural d. Finally, the HMQC spectra of 1 showed another two well
resolved methylenes (dy 1.34, 1.26; 8¢ 20.7 and dy 1.28, 1.20; 3¢ 38.5) which were assigned to C-o and C-p
(partial structural e), respectively, being linked to a quaternary carbon. NMR data were completed by assigning
the residual overlapping resonances to the methylenes in the aliphatic chains.
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All the subunits, bearing in mind three unassigned AB type methylenes (C-1, 8 63.0; C-8, 6 43.0; C-10,
 58.8) and two quaternary carbons (C-7, & 37.7; C-8a, § 76.0), were connected by extensive interpretation of
well-resolved HMBC spectra. Significant IH-13C long-range correlations, as shown in Table 1, connected C-
1 (8 63.0) to H-3¢q (8 2.89), Ha-h (8 2.34, 2.30), and H-8¢q (8 1.22); C-4a (8 47.1) to Hp-1 (3 2.81, 1.88),
H»-3 (8 2.89, 2.07), H-5 (8 2.37), H-6 (3 2.18) and H-8eq; C-8a (5 76.0) to H-4a (8 1.43), H-leq (3 2.81),
and H-8ax (§ 2.41); C-7 (8 37.7) to H-5 (8 2.37), H3-10 (8 2.72, 2.42), H-8¢q, and H-g (8 5.85): C-11 (8
94 .9) to Hp-a (8§ 2,74, 2.66) and H-6; C-p (8 38.5) to H-6, Thus, the partial structure £ was unambiguol
assigned.

The relative stereochemistry around the tetracyciic core (Figure 1) was established by detailed analysis
of NOE difference, NOESY, as well as decoupling spectra. The NOE's between H-6 and Hp-4 (6 1.72, 1.53),
H-8ax (8 2.41), Hp-p (8 1.28, 1.20); between H-45x (8 1.72) and H-8,x indicated, for the A and B rings of the
isoquinoline moiety, a cis-fused junction adopting chair conformations. Analogously with A and B, C ring,
resulting from the interaction between C-11 and N-9, also adopted a chair conformation. In addition, analysis of
the Drieding model constructed on the basis of NOE experiments revealed that the dihedral angle between H-5

and H-6 was almost 90° according to a coupling constant very close to zero and according to the absence of
nH-S and H- A in tha h'—‘ lu COSY .ﬂvnpnmpntc

and -0 1N IN¢ "N- 10 LS 1 CXPerimens.
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Figurel. N

Subtraction of the atoms present in the above elaborated tetracyclic core and aliphatic side-chains from

the molecular formula of misenine (1) indicated that the other 6 methylenes have to complete the alkyl chains to
form two linear bridges between the four appendages at N-2, N-9, C-6, and C-7 according to the unsaturation

number indicated by the molecular formula. Unfortunately, it was not possible to determine the individual
lengths of the two alkyl chains, because the aliphatic ends of b-e showed couplings with high field protons (8

1.3-1.5), which, in turn, were further coupled with protons resonating in the same range. As a consequence,
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Table 1. 'H- and 13C-NMR Data? of Misenine (1/1a) and HMBCP Correlations Observed for 1

1 1a
Nos
13C, me¢ 1HY, m (J=Hz) HMBC (C-H) 13C. m THd, m (J=Hz)
1 A2 N ¢+ Y Qta~ 40 QN U 28~ LT. L 1T QA AA A # N Mias A1 MY
1 AL vy .0 l\z\.], “Uu\z.9) ll'Jb\-l, llz"l, ll'U\r\-l Ust.r | P IUCLI, wa 1r.vy
1.88ax, d (9.8) 1.88ax, m
3 5481 2.89eq, br. d (11.0) Hs-1, Hp-h, H-4a 54.8 ¢ 2.80eq, br. d (9.8)
2.07ax, m 2.18ax, m
4 248 ¢t 1.72ax, dddd Hj-3, Hy-h 28.3 ¢ 1.78, m
(12.5,12.5,12.5,4.4)
1.53eq, m 1.64, m
da 47.1 4 1.43ax, m Hz-1, H-3eq, H-4ax, 4284 2.33ax, m
H-$, H-6, H-8eq
5 4544 2.37eq, m H-4a, H-6, H-g 42.8d 3.0leq, br. s
6 3884d 2.18ax, d (7.9) H-5, H-6, H3-8, 3494 2.52ax, br. s
H-f. H-g
7 377 s - H-leq, H-5, H-6 37.7s -
H-8eq, H»-10, H-g
8 430« 241ax, 4 (14.1) Hj-1, H-10ax 4251+ 2.40eq, 4 (14.6)
1.22eq, m l.41ax, m
8a 76.0 5 - Hj-1, H-4a, H-5 71.0 s -
H3-8, H-10cq, H-2
10 58.8 ¢t 2.72ax, d (9.8) H-6, H»-8, H-q, H-11 593 ¢ 3.38eq, d (15.6)
2.42eq, d (9.8) 3.25ax, d (15.6)
i 949 d 4.98,d (5.9 H-6, H-10ax, H-a i74.5d 8.71, s
a 5341t 274, m H-10eq, H-11 61.4 ¢t 3.93, br. t (11.6)
2.66, m 338, m
b 2511t 1.48, m Ha-c 2431 1.64, m
133, m 157, m
¢ 2531 1.61, m 23.3¢ £
112, m )
d 293¢ 143, m - f |
e 0.1 ¢ 207, m Ho-d, H-f, H-g 3171y 2.08 m
197, m 1.98, m
f 129.04d 542, m H-6, H-¢ 1272d 5.46, m
£ 12134 5.85,4d (15.8,7.9) H-5, H-6, H;-¢ 13194 553, m
h 574t 234, m Hj-1 57.1 1t 232, m
2.30, m
i 28.3¢ i.40, m - 2901 i.65
J 2711t 2.04, m H-k 27.71 2.20, m
1.98, m 192, m
k 129.6d 542, m Hp i29.6d 542, m
l 13004 535, m Hp-m 130.0d 535, m
m 273 ¢ 2.04, m H-/ 278 ¢ 2.10, m
1.98, m 192, m
o . ¢ £
n 276t i37, m - - -
1.33, m
] 20.7 ¢ 134, m - 2061 141, m
; 1.26, m
p 3851 1.28, m H-6 3771t 1.46, m
1.20, m i.30, m
3 Bruker AMX 500 MHz; & values are reported in ppm referenced to CHCl3 (8y 7.26 and 8¢ 77.0).
b j= 10Hz.
¢ Deduced by DEPT sequence.
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with protons resonanting between 8 1.1-1.5; while other 13C-NMR resonances for 1a at 8 29.0, 28.7, 27.1,
26.9, 24.2, 23.8, 23.0, 22.0 all assigned to carbons of methylenes with protons resonanting between 6 1.1-1.5
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In order to ascertain the proposed structure of misenine and to understand its NMR pH-dependent
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reproducible NMR spectrum was obtained when the sample contained an equimolar amount of 1 and
CD3COOD. Based on this observation, a new sample containing this ratio was used for an extensive NMR
analysis. Detailed interpretation of H-1H COSY, TOCSY, HMQC, and HMBC spectra of this sample (1a)
allowed assignments of four segments (Hz-3 to H-6, Hz-a to H-g, Hy-h to Ha-p, H-5 to H-11) and three AB
type methylenes (Hz-1, Hp-8 and Hy-10). The !3C chemical shifts at C-1 (8 64.4), C-3 (8 54.8), C-8a (8
71.0), C-10 (8 59.3), C-a (61.4), and C-h (8 57.1) indicated that each carbon was attached to a nitrogen atom.
Moreover, the newly appeared aldehydic proton (3 8.71, H-11) displayed not only coupling with the adjacent
methine at & 3.01 (H-5) but also couplings (faint but clearly visible) with Hp-10 (8 3.38, 3.25) indicating the
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inued presence of an interaction
segments corresponding to above mentioned partial structures a-e via two nitrogens, two quaternary carbons
and three pairs of diastereotopic methyienes. important iong-range correiations inciuded those from C-i1 (8
174.5) to Hz-a (8 3.93, 3.55), to H-10eq (& 3.38); from C-8a to H-1;x (8 2.70), to H-4a (3 1.64), to H-5 (3
3.01), to H-8,x (& 1.41); from C-7 (3 37.7) to H-5, to Ha-10 (§ 3.38, 3.25); from C-6 (& 34.9) to H-10,4 (3
3.25), to H-g (3 5.53); from C-5 (8 42.8) to H-4a, and to H-g. Finally, the relative stereochemistry around the
tetracyclic system was confirmed to be the same as that depicted in 1 (Figure 1) by NOE experiments. Thus

the structure of 1 in the presence of CD3COOD was unequivocally established to be 1a. Of course, the

decahydro-8a,7-azamethano-isoquinoline-5-aldehyde) surrounded by two alkyl chains. The spatial proximity
between the carbonyi (C-11) and the tertiary amine moiety (N-9) induces an interaction, namely "proximity
effect”, which was well described many years ago by Leonard ef a/i! and that had also been observed in
saraines -A6 and -B.% This transannular N/C=O-interaction is very sensitive to the pH environment. Because of
this, the spectral and chemical properties of both the carbonyl and amine moieties can be strongly modified by
solvent concentration, temperature and acidity. As a consequence, misenine (1) could be present in two forms
(1 or 1a) in solution. The formation of the former is favoured in neutral or weakly basic condition while the
latter is preferred when increasing the acidity. It may be worth pointing out that increasing acidity weakened the

NI/C=_interartinn nf 1 On tha cantrary in analnonne eanditinne tha nratan attarhad the nvvoen atom of the
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Misenine (1) has an unprecedented skeieton reiated to ircinals/ircinois,2-!2 such as 4.2 However, there
is no easy way to explain the biogenetic origin of 1 by analogy with that of 4.14 A hypothetical pathway
(Scheme 1), incorporating principles proposed for manzamines,!4 saraines®919 and other macrocyclic diamine
alkaloids,!5-20 involves the formal coupling of two long chain dialdehydes with two acroleins and two
ammonias to give the tricyclic carbon skeleton 5. Subsequent cyclizations (9-8a; 4a-5) lead to 6 which, after
cleavage between C-11 and N-9 bond, gives the intermediate structure 7. Finally, couplings between C-8 and

C-7, C-g and C-6 with subsequent break of the linkage between C-8 and C-g should give the skeleton (9) of

The discovery of misenine has added to an extremely diverse and complex array of marine macrocyclic

by L. -

alkaloids which is rapidiy expanding. Now, there is a sirong interest in peiforming fi idies aimied at
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experimentally proving the true biogenetic origin and the effective biological role that misenine, and related
alkaloids, play in the life cycle of the sponges and finally at confirming their structural peculiarities by synthesis.
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Scheme 1. Formal biosynthetic pathway of misenine
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spectrometer. 2D experiments were performed using standard micro programs of Bruker software. AEI MS-30
(EIMS), Kratos MS-50 (HREIMS) instruments were used for obtaining mass spectra. FABMS spectrum was
recorded on ZAB VG tandem mass spectrometer using m-nitrobenzyl alcohol (positive-ion mode) as matrix. IR
spectra were recorded in liquid film with Bio-Rad FTS 7 spectrometer. Optical rotation was measured with a
Jasco DIP-370 digital polarimeter.

Merck precoated Silica gel plates were used for TLC; Spots were detected by exposure to iodine vapour.
Commercial Merck Silica gel 60 (70-230 mesh ASTM) was used for column chromatography.
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Extraction and Isolation of Misenine: Specimens of Reniera sp. (240g, dry wt.) were thawed and
exhaustively extracted with acetone (500 ml x 3). The acetone extract was filtered and concentrated in vacuo to
give a dark brown aqueous suspension which was then diluted with H>O to 300 ml and partitioned sequentially
against EtpO (400 ml x 3) and n-butanol (150 ml x 3). The Et,O soluble material (4.2 g) was subiected to silica

using CHC13 as eluant to afford pure misenine (1) (22.3 mg). A portion (] g) of n-butanol soluble material (4 2)
was aiso chromatographed on the siiica gel column using the same procedure as described above to give pure

misenine (1) (7.7 mg).

Misenine (1): Colorless liquid, [a]p + 6.4° (¢ 2.23, CHCl3); IR v, (liquid film): 3441, 2928, 1462, 1026,
744 cm-1; EIMS, m/z (%): 494 (M*, 100), 437 (91); HREIMS: m/z 494.4230 (C33H54N,O requires
494.4236); FABMS: m/z 495 (M+H)*.

A sample of 7.7 mg of 1 (after washmg with saturated NaHCO3 ) in 0.5 ml CDCl; was used for NMR
exneriments: 13C- and |H-NMR data

v a
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infiuence of Acidity on NMR Feaiures of Misenine: The evaiuation of the influence of acidity on
misenine was performed following the procedure previously reported for saraine-A.6 A sample of 1 (1.0 mg)
was used for this study. Following the addition of the CD3COOD, the 'H- and 13C-NMR spectra varied. In
particular, the aldehydic proton (H-11) resonance appeared range between & 8.5 to 9.2 whereas carbonyl
resonances were detected in the & 200-175 ppm region of the 13C-NMR spectra. The best-resolved NMR
spectra were obtained when the sample contained equimolar amounts of 1 and CD3COOD. Due to this

observation, a new sample (1a) (10 mg) containing this ratio was used for recording 2D NMR spectra. 13C-
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and 'H-NMR data of 1a are listed in Table 1. IR[ V4, (liquid film)] data of 1a: 2928, 1714, 1724 (in
presence of DC1), 1544, 1462, 1251, 755 cm-!.
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