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From our search for compounds from marine organisms with
potential pharmacological utility, a violet pigment that exhibits
antitumor, antiviral, and immunomodulatory properties in vitro!
and antitumor properties in vivo was discovered. From spectro
scopic analysis, including long-range lH-13C correlation and
natural abundance l3C_13C NMR experiments, the structure
elucidation of this fused pentacyclic aromatic alkaloid, which we
have designated dercitin (1), was achieved. This alkaloid rep
resents a unique variation on fused-ring alkaloids previouslyfound
in marine organisms.?

Shipboard extraction (3:1 MeOH-toluene) and screening of
fresh sponge material, collected by manned submersible at 160
m near Goulding Cay, Bahamas, showed significant in vitro ac-

(I) Dercitin 1 had in vitro antitumor activity against P388 (ICso 0.05
I'g/ml) and human tumor cells (HCT-8, A-549, T47D, 1.0 I'g/ml) and in vivo
activity against P388 (TIC 170%, 5 mg/kg). Compound 1 had immuno
suppressiveactivity in a murine derived, two-way mixed lymphocyte reaction
assay (0% MLR, 0.01 I'g/mL) and showed activity against Herpes simplex
type I (10, ++ at 5 I'g/well) and A-59 murine coronavirus (0, +++ at I
I'g/well) viral models (cytotoxicity: 16 = no viable cells, 8 = partial viability,
o= no toxicity; antiviral activity: +++ =complete inhibition, + =partial
inhibition, +1-= marginal inhibition, - = no protection).

(2) Schmitz, F. J.; Agrawal, S. K.; Gunasekara, S. P.; Schmidt, P. G.;
Schoolery, J. N. J. Am. Chern. Soc. 1982, 104, 4835-4836. Faulkner, D. J.
Nat. Prod. Rep. 1984, 1, 551. Cimino, G.; Crispino, S.; DeRosa, S.; De
Stefano, S.; Gavaginin, M.; Sodano, G. Tetrahedron 1987,43, 4023-4030.
Bloor, S. J.; Schmitz, F. J. J. Am. Chern. Soc. 1987, 109, 6134-6136.
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Scbeme I

(9) Brown, H. C.; Brown, A. C. J. Am. Chern. Soc. 1962,84,1493-1494.
(10) Bax, A.; Freeman, R.; Kempsell, S. P. J. Am. Chern. Soc. 1980,102,

4849-4850.

(I) was found to be resistant to hydrogenation with Pt catalyst
but underwent complete hydrogenation with Raney Ni catalyst
giving complex mixtures. However, a tetrahydro product 3 was
isolated by NaBH4 reduction followed by further in situ reduction
in modification of the Brown and Brown procedure'' (Scheme I).

The IH spectrum of 3 had an exchangeable downfield one
proton singlet at I> 9.68 that showed three-bond coupling to C-3b,
C-7, C-9, and C-12c. This allowed for the combination of the
two partial structures la and Ib to give the partial structure Ic
(Figure I). This also confirmed the presence of an N atom at
position 8.

As this data did not permit the unambiguous assignment of a
structure for dercitin, natural abundance I3C-I3C coupling in
formation was obtained from a 2D INADEQUATE experiment.l?
The observed connectivities (ld) enabled the confirmation of the
partial structures 18 and lb. The coupling between C-9a and
C-12a confirmed the presence of a five-membered heterocycle in
the molecule. The combination of the partial structures Ia, lb,
and Id and the assumption of a bond between the carbons 12a
and 12b completed the carbon skeleton of dercitin. The regio
chemistry of the thiazole ring was assigned based on the chemical
shift comparison of C-9a and C-12a to the respective carbons in
thiazole derivatives!' giving the new structure N,N-I-trimethyl-

tivity against P388 murine leukemia cells. Subsequent bioassay
guided fractionation of the MeOH extract of the frozen sponge
lead to the isolation of 1 as the active principle (0.01%) as well
as I, l-dimethyl-5,6-dihydroxyindolinium chloride;' which is in
active in our assays. Optimized extraction of the sponge with a
mixture of NH40H (5%) and CH2Cl2 followed by purification
with CCCC gave 1 in improved yield (0.69% of wet wt) as a deep
violet powder (mp 168°C).

All attempts to crystallize dercitin 1 and a number of its de
rivatives were unsuccessful. Because of their hygroscopic natures,
satisfactory elemental analyses could not be obtained. HREIMS
gave the formula C21H 20N4S (m]z 360.1398, t. I.l mmu) for
dercitin 1. Only one major fragment at mlz 302 (100%) was
observed, indicating a fairly stable structure. Both UV absorption
pattern and IH NMR chemical shifts were found to be dependent
on the pH of the medium, while the latter was shown to be
concentration dependent as well. The chemical shift values"
recorded on a 0.45-mol solution in TFA-d is used throughout the
discussion as this was the solvent of choice for the 2D INADE
QUATE experiment.

Proton decoupling and COSY experiments indicated the
presence of three proton spin systems: the four protons on C-4
to C-7 [I> 8.51 (I H, d, J = 8.3 Hz, H-4), 7.74 (1 H, dd, J = 8.3,
6.6 Hz, H-5), 8.10 (I H, dd, J = 8.3,6.6 Hz, H-6), and 7.97 (I
H, d, J = 8.3 Hz, H-7)] appeared to be on contiguous carbons
on an aromatic ring, while the olefinic protons H-2 and H-3 [I>
8.7 (1 H, d, J = 7 Hz, H-2) and 8.17 (I H, d, J =7 Hz, H-3)]
and the methylene protons on C-14 and C-15 [I> 4.14 (2 H, t, J
= 5.7 Hz, H-14) and 3.95 (2 H, t, J = 5.7 Hz, H-15)] formed
separate vicinal pairs. The remaining protons appeared as singlets
at I> 3.56 (l7-CH3 and 18-CH3) , 5.21 (l3-CH3) , and 9.5 (H-1l).
Due to the large number of quaternary carbons and heteroatoms
present in the skeleton of this compound, I3C-I3C and long-range
IH-I3C NMR coupling information was paramount in the
structure elucidation of 1. The partial structure la was established
from the following: the ready loss of a C3HgN fragment in the
mass spectrum' together with the presence of tH NMR signals
for two vicinal methylene and six methyl protons confirmed the
presence of an N,N-dimethyl ethyl moiety in the molecule. From
HETCOSy6 and COlOC7 NMR experiments, the methylene
protons on C-15 showed three-bond coupling to the N-methyl
carbons (C-17 and C-18) and C-9, while the protons on C-14
showed three-bond coupling to C-8a and C-9a. The proton
resonating at I> 9.5 (H-11), which appeared to be on a carbon
situated between two heteroatoms from its I3C chemical shift
(151.68 ppm) and one-bond C-H coupling (JC-H = 218 Hz),g
showed long-range coupling to C-9a and C-12a. The N-methyl
enamine moiety in the partial structure Ib was evident from the
presence of an NOE effect between the 13-CH3 protons and H-2
and three-bond coupling between the methyl protons and C-2,
which must be attached to a heteroatom (I> 149.26, JCH = 187
Hz for C-2/H-2). The C-2 proton also showed three-bond cou
pling to C-13 and C-3a, while the C-4 proton also showed
three-bond coupling to C-3a. A strong NOE between.If-B and
H-4 provided additional evidence for the spatial proximity of these
two protons.

On treatment of I with NaBH4 a reduction product 2 was
formed, but it underwent reoxidation readily on workup. Dercitin

(3) Kohmoto, S.; McConnell, O. J.; Wright, A. Experientia 1988, 44,
85-86.

(4) I3C (90 MHz, TFA-d), /)151.7 (d C-II), 150.9 (s, C-3a), 149.3 (d,
C-2), 148.2 (s, C-9a), 141.1 (s, C-7a), 138.2 (d, C-6), 136.6 (s, C-126), 136.1
(s, C-12a), 135.5 (s, C-8a), 126.5 (d, C-4), 126.5 (d, C-5), 122.0 (s, C-l2c),
119.1 (d, C-7), 116.4 (s, C-36), 109.8 (d, C-3), 107.0 (s, C-9), 56.5 (t, C-15),
51.4 (q, C-13), 45.2 (2C, q, C-17, 18),28.5 (t, C-14).

(5) HRErMS: mfz 360.1398 (7%, C21H20N4S, ~ I.l mmu), 314.0746 (5,
CI~HI2NlS. Ii 0.6), 302.0731 (100, C,sH 12NlS, ~ 2.1), 288.0570 (2, C 17

HIONlS, Ii 1.9).
(6) Sa to, Y.; Geckle, M.; Gould, S. J. Tetrahedron Lett. 1985, 26(34),

4019.
(7) Kessler, H.; Bermel, W.; Griesinger, C. J. Am. Chern. Soc. 1985, 107,

1083-1084.
(8) Stothers, J. B. C-B NMR Spectroscopy; Academic Press: Orlando,

FL, 1972; Chapter 10.
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I H-pyrido[ 4,3,2-mn]thiazolo[5,4-b]acridine-9-ethanamine for
dercitin (I). This is the first report of a pentacylic aromatic
alkaloid bearing the thiazole functionality.
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