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Abstract—A new dipyrroloquinone, zyzzyanone A 1, having a pyrrolo[3,2-f]indole-4,8(1 H,7 H)-dione skeleton, was isolated from the
Australian marine sponge Zyzzya fuliginosa, along with the known pyrroloquinoline alkaloids, makaluvamines C, E, G, H, and L,
and damirones A and B. The structure of 1 was determined by spectroscopic data. Zyzzyanone A 1 shows moderate cytotoxic activ-
ity against mouse Ehrlich carcinoma cells (ICs, 25 pg/mL), inhibits the cell division of fertilized sea urchin eggs at a concentration of

25ng/mL, and exhibits UV-A and UV-B absorbing activity.
© 2004 Elsevier Ltd. All rights reserved.

Marine sponges of the genera Latrunculia, Batzella, Pri-
anos, Zyzzya are a rich source of alkaloids bearing a
pyrrolo[4,3,2-de]quinoline skeleton. This series of alka-
loids comprises of about 60 metabolites: discorhabdins,
epinardins, batzellines, isobatzellines, makaluvamines,
damirones, veiutamine.! Several structurally related
alkaloids, for example, wakayin, isolated from the asci-
dian Clavelina sp.? and tsitsikammamines A and B, iso-
lated from a South African latrunculid sponge,® have a
dipyrrolo[4,3,2-de:2’,3’-h]quinoline core. Pyrroloquino-
line alkaloids have shown a variety of biological activi-
ties such as inhibition of topoisomerase 1* and II,°
cytotoxicity against different tumor cell lines,>® inhibi-
tion of the phosphatase activity of calcineurin and pep-
tidase activity of CPP32,” antifungal,* and antimicrobial®
activities.

In the course of our search for biologically active meta-
bolites from marine sponges we have investigated the
aqueous EtOH extract of the Australian marine sponge
Zyzzya fuliginosa (order Poecilosclerida).” We have isol-
ated a new dipyrroloquinone, named zyzzyanone A 1,
together with the known makaluvamines C,° E,> G 5,*
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H.° and L.° and damirones A and B.'° The known com-
pounds were identified by comparison of their spectral
data with published values. In this letter we describe
the isolation and structural elucidation of the new com-
pound 1.

The freeze-dried sponge (125g) was extracted with 50%
EtOH at room temperature. The extract was concen-
trated under reduced pressure to yield a dark red resi-
due. This residue was subjected to column
chromatography on a Polychrome-1 (powder Teflon)
column with a solvent elution gradient from H,O to
EtOH. Dark red fractions eluted with 25-40% EtOH
gave makaluvamines C,> H,” and damirones A and B'°
after chromatography on a Sephadex LH-20 column
in CHCIl;-EtOH-TFA (4:1:0.1%). A brownish-green
fraction eluted with 50% EtOH was chromatographed
on a Sephadex LH-20 column in CHCl;-EtOH-TFA
(3:1:0.1%) to yield makaluvamines E (0.004%),° G
(0.055%),* L (0.008%).°> and among them compound 1
(0.006% on the dry weight of the sponge).

Zyzzyanone A 1 was obtained as a purple TFA salt, mp
300°C (decomp.), which gave an orange color as a meth-
anolic solution; UV-vis (MeOH) .« (loge) 242 (4.26),
286 (3.90), 342 (3.59), 484 (3.44) nm; UV-vis (MeOH/
KOH) 243 (4.28), 286 (3.96), 346 (3.60), 505 (3.48) nm;
IR (KBr) vpax 3600-2100 (with peaks at 3400, 3221),
1678, 1633, 1591, 1545, 1519, 1501, 1479, 1457, 1438,
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1402, 1382, 1270, 1204, 1182, 1134, 984, 909, 838, 798,
722cm™'; HRFABMS m/z 350.1483 (M'+H),
C,0H,9N303 requires 350.1504.

Compound 1 showed a protonated molecular ion at m/z
350.1483 by HRFABMS. The '*C NMR and DEPT
spectra revealed 20 carbons and indicated the presence
of 2 methyls, 2 methylenes, 6 methines, and 10 quater-
nary carbons (Table 1). On the basis of HRFABMS
and '>C NMR data of 1, its molecular formula was
established as C,oH,)N303;. The UV and IR [1678,
1633 (C=0), 1591 (C=C)] spectra indicated the pres-
ence of a 1,4-benzoquinone moiety in 1. This was sup-
ported by the two %uaternary carbon signals at 6 180.4
and 168.7 in the '°C NMR spectrum (Table 1). The
IR spectrum of 1 also showed the band of a phenolic
hydroxyl group (3400). The presence of a para-substi-
tuted phenol in 1 was evident from a pair of ortho-cou-
pled doublets at 6 6.75 and 6 7.56, two protons each,
and an exchangeable proton at § 9.46 in the 'H NMR
spectrum. This was substantiated by COSY, DEPT,
HSQC, and HMBC experiments.

The '"H NMR spectrum of 1, recorded in CD3;0D, in

part resembled the spectra of pyrroloquinoline alka-
loids. Aside from the signals of the para-substituted

Table 1. '*C (125MHz) and 'H (500MHz) NMR data of 1

phenol, the "H NMR spectrum contained two singlets
of two N-methyl groups, a pair of triplets from two
methylene groups, and two one-proton singlets in the
aromatic region (Table 1). The values of coupling
constants 'Jcy (184 Hz) of these aromatic protons at o
7.06 and 6 7.20, measured in gated decoupling experi-
ments, showed that both belong to pyrrole rings. The
"H NMR spectrum of 1, recorded in DMSO-dj revealed
three additional signals of exchangeable protons. More-
over, one of the signals in the aromatic region (6 7.20)
was now a doublet coupled with an exchangeable proton
at 6 12.65, and a signal from one N-methyl group at 2.56
was a triplet coupled with a broad signal from two
exchangeable protons at o 8.51, as shown by a '"H-'H-
COSY spectrum.

The presence of a 2,3,4-trisubstituted N-methyl-pyrrole
ring in 1 was suggested by "H NMR [(6 3.92 (s) and ¢
7.06 (s)] and "*C NMR [35.8 (q), 129.5 (s), 125.4 (s),
119.6 (s), 130.3 (d, 'Jcy = 184 Hz)] data (Table 1). The
"H-"H-COSY spectrum revealed a correlation of pro-
tons in a fragment from Me-13 to Me-12. The protons
of Me-13 (¥ 3.92) correlated with the proton at C-2 (¢
7.06), which itself exhibited long range correlation with
protons at & 2.99 of the mutually coupled methylene
proton spin system. The protons at ¢ 3.10 of the mutu-
ally coupled methylene proton spin system correlated to
a broad signal from two exchangeable protons at ¢ 8.51,
which in turn coupled to the protons of Me-12 (6 2.56).
These correlation data suggested the protonated methyl-
aminoethyl chain in 1, is attached to the N-methyl-
pyrrole ring. This was supported by HMBC data. The
HMBC correlations from the proton at 6 7.06 (H-2) to
the carbons at 6 125.4, 6 129.5, and 6 119.6 supported
the presence of the pyrrole ring. The carbon at 6 129.5
correlated to the N-methyl protons at 6 3.92 and to

No. CD,0D DMSO-dg

sC SH (J) 5C SH (J) HMBC
2 1319 6.80 s 130.3 (CH) 7.06 s 3, 3a, 8, 9, 13
3 121.4 119.6 (C)
3a 127.9 125.4 (C)
4 183.3 180.4 (C)
4a 123.6 121.4 (C)
5 129.4 126.6 (C)
6 125.2 7.01 s 123.9 (CH) 7.20 d (2.5) 4a, 5, 7a, 14
7a 135.6 133.3 (C)
8 170.9 168.7 (C)
8a 132.3 129.5 (C)
9 24.3 3.01 t(7.1) 22.0 (CH») 2.99 t (7.4) 2,3, 3a, 10
10 512 319t (7.1) 48.1 (CH,) 3.10 m 3,9, 12
12 34.3 2.67 s 32.6 (CHs) 2.56 t (5.5) 10
13 37.1 3.89s 35.8 (CHs) 3.92s 2, 8a
14 126.6 124.0 (C)
15 131.7 7.54 d (8.7) 129.8 (CH) 7.56 d (8.7) 5,17, 19
16 116.2 6.77 d (8.7) 114.6 (CH) 6.75 d (8.7) 14, 17, 18
17 158.6 156.7 (C)
18 116.2 6.77d (8.7) 114.6 (CH) 6.75d (8.7) 14, 16, 17
19 1317 7.54 d (8.7) 129.8 (CH) 7.56 d (8.7) 5,15, 17
NH-7 12.65 d (2.5) 4a,5, 7a
N*Ha-11 8.51 m
OH 946 b s
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the proton at 6 7.06, allowing assignment of this carbon
as C-8a. The proton at 6 7.06 (H-2) and the protons at ¢
2.99 (H»-9) correlated to the carbon at ¢ 125.4 indicating
it to be C-3a. The HMBC correlations from the proton
at 6 7.06 (H-2) to the carbon at ¢ 22.0 (C-9), and from
the protons at ¢ 2.99 (H,-9) to the carbons at 6 130.3
(C-2), 6 119.6 (C-3), and 6 125.4 (C-3a) pointed to the
position of the methylaminoethyl chain being at C-3.

The presence of another 2,3,4-trisubstituted pyrrole ring
was suggested by "H NMR [(d 12.65 (d, J = 2.5Hz) and
87.20 (d, J=2.5Hz)] and ">*C NMR [133.3 (5), 121.4 (s),
126.6 (s), 123.9 (d, 'Jcy = 184 Hz)] data (Table 1). The
HMBC correlations from the proton at § 7.20 (H-6)
and from the exchangeable proton at 6 12.65 (NH) to
the carbons at ¢ 133.3, 6 121.4, and J 126.6 supported
the presence of the pyrrole ring. The position of the
attachment of the para-substituted phenol to this pyr-
role ring and assignment of C-5 were decided on the
basis of HMBC data. Key HMBC correlations from
the pyrrole proton at 6 7.20 (H-6) to the carbon atom
at 6 124.0 (C-14) of the phenol ring and from the protons
H-15(19) at 6 7.56 of the phenol ring to the carbon at ¢
126.6 indicated the attachment of the phenol to this
carbon (0 126.6), and have allowed assignment of this
carbon as C-5, as shown in 1.

The 'H and '>C NMR spectra and the unsaturation
requirements of the molecular formula indicated 1 to
be tetracyclic. Indeed, the presence of a tetrasubstituted
1,4-benzoquinone unit, two 2,3,4-trisubstituted pyrrole
rings, and the para-substituted phenol in 1 were substan-
tiated by COSY, DEPT, HSQC, and HMBC experi-
ments. Unfortunately, the connectivity between a
tetrasubstituted 1,4-benzoquinone unit and two 2,3,4-
trisubstituted pyrrole rings was not fully clarified on
the basis of the HMBC correlations. The data obtained
allowed for two skeletons, 2 and 2a, as the possible tri-
cyclic backbone of 1.

Two dipyrroloquinones, terreusinone 3, and terreusinol
4, having a skeleton 2, have been recently isolated as
the products of the marine-derived fungus Aspergillus
terreus.'"'? Dipyrroloquinones 2 and 2a were known
previously as the products of isomerization of dipyr-
rolo[1,2-a:1’,2'-d]pyrazine-5,10-dione during a flash vacu-
um pyrolysis at 850-900°C.!* When we compared the
13C NMR data of the 1,4-benzoquinone units in com-

Table 2. '3C NMR data for 1,4-benzoquinonoe units of 1-4 (DMSO-dy)

H i 1
H H
N N N
R\ ‘ ‘ N R, N\ | ‘ Y/
H
0 o]
2 R,=R,=H 2a

3 R,=R,=CH(OH)CH(Me),
4 R,=CH(OH)CH(Me),
R,=CH(OH)C(OH)(Me),

pounds with skeletons 2 and 2a (Table 2), we noted that
significant differences in '*C chemical shifts occurred at
C-4, C-4a, C-7a, and C-8. The presence of substituents
on pyrrole rings have no significant influence on the
chemical shifts of the carbonyl carbons in compounds
1, 3, and 4 in comparison with the parent dipyrroloqui-
nones 2 and 2a. Thus, the chemical shift at 6 180.4 is a
diagnostic C-4 chemical shift for the presence of the
skeleton 2a in compound 1. The structure of zyzzyanone
A was thus determined to be pyrrolo[3,2-f]lindole-
4,.8(1H,7H)-dione.

To confirm the structure of zyzzyanone A 1, we pre-
pared it from makaluvamine G 5. Treatment of an
EtOH solution of 5 with aqueous NHj3 at room tempera-
ture for 10h gave a mixture of products. Chromatogra-
phy of the reaction mixture on a Sephadex LH-20
column in CHCLI;-EtOH-TFA (3:1:0.1%) yielded dami-
rone A'® (14.5%) and a cyclized product 1 (32%), the
spectral and physical data of which were identical with
those for zyzzyanone A. Thus the structure 1 was
confirmed.

The marine sponge Z. fuliginosa has been investigated
for makaluvamines and damirones,>’ veiutamine,'* bat-
zellines, and isobatzellines,!® discrhabdins,!® makaluvic
acids,!” and modified purines.'® To our knowledge,
compound 1 is the first example of a pyrrolo[3,2-f]in-
dole-4,8(1 H,7 H)-dione alkaloid isolated from a marine

No. oC
1 2a® 22 3° 4°

3a 125.4 127.3 125.7 126.0 127.7
4 180.4 179.3 174.0 174.0 173.9
4a 121.4 127.3 132.9 131.3 130.9
7a 1333 131.9 125.7 126.0 125.7
8 168.7 168.3 174.0 174.0 174.0
8a 129.5 131.9 132.9 131.3 131.3

3 Data reported by Qiao et al.'?
®Data reported by Lee et al.!!
°Data reported by Li et al.'
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sponge. The tricyclic dipyrroloquinone skeleton of
zyzzyanone A 1 can be considered as a seco-derivative
of a tetracyclic dipyrroloquinoline core of tsitsikamm-
amines A 6 and B 7, isolated from the South African
latrunculid sponge.® Zyzzyanone A could arise from
makaluvamine G 5 by intramolecular cyclization at
the benzylic position with a concomitant hydrolysis of
an imino bond in a hypothetical analogue of tsitsik-
ammamines. Thus, zyzzyanone A can be seen to have
a plausible interrelationship with the makaluvamines
and with the tsitsikammamines.

Zyzzyanone A 1 showed moderate cytotoxic activity
against mouse Ehrlich carcinoma cells (ICsy 25 ug/mL),
inhibited the cell division of fertilized sea urchin eggs
at concentration of 25ug/mL, and exhibited UV-A and
UV-B absorbing activity. An investigation of UV-pro-
tecting activity is in progress.

Acknowledgements

The authors are grateful to Dr. N. G. Prokof’eva for bio-
assays, and Dr. V. B. Krasokhin for sponge taxonomy.
This research was supported by grants 03-04-49515
(RFBR), the program ‘Molecular and Cell Biology’ of
the Presidium of the Russian Academy of Sciences,
and scientific school-—725.2003.4 (The President of the
Russian Federation). A.E.M. is grateful to CRDF and
the Ministry of Education of the Russian Federation
for a stipend for young scientists (grant REC-003).

References and notes

1. Faulkner, D. J. Nat. Prod. Rep. 2002, 19, 1-48, and
previous reviews in the series.

2.

3.

10.

11.

12.

13.

16.

17.

18.

Copp, B. R;; Ireland, C. M.; Barrows, L. R. J. Org. Chem.
1991, 56, 4596-4597.

Hooper, G. J.; Davies-Coleman, M. T.; Kelly-Borges, M.;
Coetzee, P. S. Tetrahedron Lett. 1996, 37, 7135-7138.
Carney, J. R.; Scheuer, P. J.; Kelly-Borges, M. Tetrahe-
dron 1993, 49, 8483-8486.

Radisky, D. C.; Radisky, E. S.; Barrows, L. R.; Copp, B.
R.; Kramer, R. A.; Ireland, C. M. J. Am. Chem. Soc. 1993,
115, 1632-1638.

Gunasekera, S. P.; Zuleta, 1. A.; Longley, R. E.; Wright,
A. E.; Pomponi, S. A. J. Nat. Prod. 2003, 66, 1615-1617.
Gunasekera, S. P.; McCarthy, P. J.; Longley, R. E.;
Pomponi, S. A.; Wright, A. E.; Lobkovsky, E.; Clardy, J.
J. Nat. Prod. 1999, 62, 173-175.

. Perry, N. B.; Blunt, J. W.; Munro, M. H. G. Tetrahedron

1988, 44, 1727-1734.

Schmidt, E. W.; Harper, M. K.; Faulkner, D. J. J. Nat.
Prod. 1995, 58, 1861-1867.

Stierle, D. B.; Faulkner, D. J. J. Nat. Prod. 1991, 54, 1131—
1133.

Lee, S. M.; Li, X. F.; Jiang, H.; Cheng, J. G.; Seong, S.;
Choi, H. D.; Son, B. W. Tetrahedron Lett. 2003, 44, 7707—
7710.

Li, X. F.; Lee, S. M.; Choi, H. D.; Kang, J. S.; Son, B. W.
Chem. Pharm. Bull. 2003, 51, 1458-1459.

Qiao, G. G.; Meutermans, W.; Wong, M. W.; Traubel,
M.; Wentrup, C. J. Am. Chem. Soc. 1996, 118, 3852-3861.

. Venables, D. A.; Barrows, L. R.; Lassota, P.; Ireland, C.

M. Tetrahedron Lett. 1997, 38, 721-722.

. Chang, L. C.; Otero-Quintero, S.; Hooper, J. N. A.;

Bewley, C. A. J. Nat. Prod. 2002, 65, 776-778.

Dijoux, M.-G.; Gamble, W. R.; Hallock, Y. F.; Cardel-
lina, J. H., II; Van Soest, R.; Boyd, M. R. J. Nat. Prod.
1999, 62, 636-637.

Fu, X.; Ng, P.-L.; Schmitz, F. J.; Hossain, M. B.; Van der
Helm, D.; Kelly-Borges, M. J. Nat. Prod. 1996, 59, 1104—
1106.

Tasdemir, D.; Mangalindan, G. C.; Concepcion, G. P.;
Harper, M. K.; Ireland, C. M. Chem. Pharm. Bull. 2001,
49, 1628-1630.



	Zyzzyanone A, a novel pyrrolo[3,2-f thinsp ]indole alkaloid from the Australian marine sponge Zyzzya fuliginosa
	Acknowledgements
	References and notes


