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mol %) for 16-24 h. After cooling, the reaction mixture was 
concentrated and the product was purified by flash chromatog- 
raphy (EtOAc/hexanes). 
5-[ (2-Chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-iso- 

propylideneindolin-2-one (17). Heating 10a in acetone con- 
taining piperidine (200 mol %) gave the desired product as a 
yellow solid in 74% yield mp 194-195 "C; 'H NMR (CDC13) 6 
9.17 (s, 1 H), 7.57 (8, 1 H), 7.38 (dd, J = 1.5, 6.6, 1 H), 7.27 (d, 
J = 1.8,l H), 6.77 (d, J = 9.0, 1 H), 6.60 (dd, J = 1.8,8.4, 1 H), 
2.61 (s, 3 H), 2.33 (8,  3 H); IR 1709, 1621, 1592 cm-'; CIMS 386 
(MH+). Anal. Calcd for Cl~H1zC1F4N0z: C, 56.05; H, 3.14; N, 
3.63. Found C, 56.01; H, 3.20; N, 3.51. 
5-[ (2-Chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-iso- 

propylidene-1-methylindolin-2-one (15a) was prepared as a 
beige solid in 78% yield by heating 14 and piperidine (200 mol 
%) in acetone at reflux: mp 121-124 OC; 'H NMR (CDClJ 6 7.60 
(8, 1 H), 7.38 (dd, J = 2.1, 9.6, 1 H), 7.31 (s, 1 H), 6.63 (8 ,  2 H), 
3.21 (s,3 H), 2.63 (s,3 H), 2.34 (s,3 H); IR 1686, 1621 cm-'; CIMS 
400 (MH+). Anal. Calcd for C19H14C1F4N02: C, 57.09; H, 3.53; 
N, 3.51. Found: C, 57.02; H, 3.68; N, 3.52. 

Alternatively, 15a was prepared by treatment of 17 with di- 
methyl sulfate to give 15a in 69% yield. See N-Alkylation of 
3-Alkylidene-Substituted Indolin-2-ones below. 
5 4  (2-Chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-cyclo- 

pentylidene-1-methylindolin-2-one (15b) was prepared as a 
yellow solid in 82% yield by treatment of 14 with cyclopentanone 
(500 mol %) and piperidine (200 mol %) in toluene at reflux: mp 
120-122 OC; 'H NMR (CDC13) 6 7.58 (8 ,  1 H), 7.39 (d, J = 9.3, 
1 H), 7.18 (8,  1 H), 6.67 (br s, 2 H), 3.23 (s,3 H), 3.15 (br s, 2 H), 
2.81 (br s,2 H), 1.86 (br s ,4  H); IR 1694,1640,1624 cm-'; CIMS 
426 (MH+). Anal. Calcd for Cz1Hl~C1F4N0z: C, 59.24; H, 3.79; 
N, 3.29. Found: C, 58.96; H, 3.93; N, 3.30. 
54 (2-Chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-cyclo- 

hexylidene-1-methylindolin-2-one (15c) was prepared as a 
yellow solid in 73% yield by treatment of 14 with cyclohexanone 
(500 mol %) and piperidine (200 mol %) in toluene at reflux: mp 
110-112 OC; 'H NMR (CDC13) 6 7.55 (s, 1 H), 7.42 (8,  1 H), 7.36 
(d, J = 9.0, 1 H), 6.62-6.58 (m, 2 H), 3.35 (t, J = 5.7, 2 H), 3.16 
(8 ,  3 H), 2.78 (t, J = 5.7, 2 H), 1.80-1.66 (m, 6 H); IR 1684, 1611 
cm-'; CIMS 440 (MH+). Anal. Calcd for CaH18ClF4N02: C, 60.0s; 
H, 4.13; N, 3.18. Found: C, 60.31; H, 4.23; N, 3.09. 
N-Alkylation of 3-Alkylidene-Substituted Indolin-2-ones. 

A solution of 17, KzC03 (125 mol %), and the appropriate al- 
kylating agent (110 mol %) was heated at reflux in 2-butanone 
(ca. 0.1 M) for 24 h. After cooling, the reaction mixture was 
partitioned between EtOAc and HzO. The phasea were separated, 
the aqueous phase was back-extracted, and the combined organic 
phases were dried and concentrated. The residue which contained 
the desired product and some unreacted starting material was 
purified by flash chromatography (EtOAclhexanes, 15/85). 
Ethyl 5-[ (2-chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-iso- 

propylidene-a-methyl-2-oxo- 1-indolineacetate (15d) was 
prepared from 17 and ethyl bromoacetate as a yellow solid in 46% 
yield: mp 142-144 OC; 'H NMR (CDC13) 6 7.57 (8, 1 H), 7.38 (dd, 
J = 1.8, 8.4, 1 H), 7.33 (d, J = 1.8, 1 H), 6.63 (dd, J = 2.4, 8.7, 
1 H), 6.56 (d, J = 8.4,l H), 4.47 (8,  2 H), 4.20 (q, J = 7.2, 2 H), 
2.63 (8,  3 H), 2.36 (8,  3 H), 1.25 (t, J = 7.2, 3 H); IR 1744, 1736, 
1694, 1636, 1616 cm-'; CIMS 472 (MH+). Anal. Calcd for 

3.86; N, 3.03. 
Reduction of 3-Alkylidene-Substituted Indolin-2-ones. 

General Procedure. A solution of the appropriate alkylidene- 
substituted indolin-2-one in DME/EtOH (1/1) was hydrogenated 
over PtOz (5-10 wt %) at 50 psi until reduction was complete 
(usually 4-7 h). The catalyst was filtered, washed with fresh 
EtOH, and concentrated to afford essentially pure material. 
54 (2-Chloro-ap,a,6-tetrafluoro-p -tolyl)oxy]-3-isopropyl- 

1-methylindolin-2-one (16a) was obtained from the reduction 
of 15a aa a tan solid in 90% yield mp 7679 OC; 'H NMR (CDClJ 
6 7.56 (8,  1 H), 7.37 (d, J = 9.3, 1 H), 6.96 (8, 1 H), 6.77-6.69 (m, 
2 H), 3.33 (d, J = 3.3, 1 H), 3.16 (8,  3 H), 2.49-2.41 (m, 1 H), 1.02 
(d, J = 6.9, 3 H), 0.86 (d, J = 6.9,3 H); IR 1697,1624,1603 cm-'; 
CIMS 402 (MH'); HRMS calcd for ClsH1,C1F4N02 (MH+) 
402.0884, found 402.0883. 
54 (2-Chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-cyclo- 

pentyl-1-methylindolin-2-one (16b) was obtained from the 

CzzH&lF4NO4: C, 56.00; H, 3.85; N, 2.97. Found C, 55.95; H, 

0022-3263/92/1957-4772$03.00/0 

reduction of 15b as a white solid in 91% yield mp 114-117 OC; 
'H NMR (CDC13) 6 7.57 (8, 1 H),7.37 ( d , J  = 9.3, 1 H), 6.99 (8,  
1 H), 6.77-6.69 (m, 2 H), 3.48 (d, J = 4.8, 1 H), 3.16 (8,  3 H), 
2.46-2.40 (m, 1 H), 1.86-1.33 (m, 8 H); IR 1697,1625,1599 cm-'; 
CIMS 428 (MH+). Anal. Calcd for CZ1Hl8C1F4NO2: C, 58.96; 
H, 4.24; N, 3.27. Found: C, 58.64; H, 4.35; N, 3.18. 
5 4  (2-Chloro-a,a,a,6-tetrafluoro-p -tolyl)oxy]-3-cyclo- 

hexyl-1-methylindolin-2-one (16c) was obtained from the re- 
duction of 15c as a beige solid in 90% yield; mp 95-102 "C; 'H 

6.71-6.62 (m, 2 H), 3.28 (br 8, 1 H), 3.12 (8,  3 H), 2.11-2.04 (m, 
1 H), 1.70-1.12 (m, 10 H); IR 1704,1625,1605 cm-'; CIMS 442 
(MH+). Anal. Calcd for CZ2HmC1F4NO2: C, 59.80; H, 4.56; N, 
3.17. Found: C, 59.39; H, 4.55; N, 3.13. 
Ethyl 54 (2-chloro-ap,a,6-tetrafluoro-p-tolyl)oxy]-3-iso- 

propyl-a-met hyl-2-oxo- 1-indolineacetate (16d) was obtained 
from the reduction of 15d as a yellow solid in 98% yield mp 86-88 
"C; 'H NMR (CDClJ 6 7.51 (8,  1 H), 7.31 (dd, J = 2.1,9.9,1 H), 
6.92 (d, J = 1.8, 1 H), 6.69 (dd, J = 2.4, 8.4, 1 H), 6.52 (d, J = 
8.7, 1 H), 4.52 (d, J = 17.1, 1 H), 4.19 (d, J = 17.1.1 H), 4.12 (9, 
J = 7.2, 2 H), 3.37 (d, J = 3.3, 1 H), 2.48-2.38 (m, 1 H), 1.66 (t, 
J = 7.2, 3 H), 0.99 (d, J = 6.6, 3 H), 0.88 (d, J = 6.6, 3 H); IR 
1742, 1709 cm-'; CIMS 474 (MH'). Anal. Calcd for 

4.54; N, 2.71. 
54 (2-Chloro-a,a,a,G-tetrafluoro-p -tolyl)oxy]-3-isopropyl- 

indolinf-one (16e) was obtained from the reduction of 17 aa a 
pale yellow solid in 84% yield: mp 139-141 OC; 'H NMR (CDCl,) 
6 9.56 (s, 1 H), 7.57 (8, 1 H), 7.38 (d, J = 9.3, 1 H), 6.95 (8,  1 H), 
6.83 (d, J = 8.4, 1 H), 6.71 (d, J = 8.4, 1 H), 3.40 (d, J = 3.0, 1 
H), 2.50-2.44 (m, 1 H), 1.08 (d, J = 6.6, 3 H), 0.93 (d, J = 6.6, 
3 H); IR 1705,1688 cm-'; CIMS 388 (MH+). Anal. Calcd for 

3.78; N, 3.44. 

NMR (CDClJ 6 7.54 (8, 1 H), 7.35 (d, J 9.6,l H), 6.97 ( 8 , l  H), 

CzzHmClF4N04: C, 55.76; H, 4.25; N, 2.96. Found: C, 56.03; H, 

C18H14ClF4N02: C, 55.76; H, 3.64; N, 3.61. Found: C, 56.02; H, 

A New Bis(indo1e) Alkaloid from a Deep-Water 
Marine Sponge of the Genus Spongosorites 

Amy E. Wright,* Shirley A. Pomponi, Sue S. Cross, and 
Peter McCarthy 

Harbor Branch Oceanographic Institution, Inc., Division of 
Biomedical Marine Research, 5600 Old Dixie Highway, 

Ft. Pierce, Florida 34946 
Received February 18, 1992 (Revised Manuscript Received 

May 29, 1992) 

A number of bis(indo1e) alkaloids have been reported 
from the marine environment over the past few years. 
Some examples reported from sponges include: the top- 
sentins reported from Topsentia genitrix,' Spongosorites 
~ p p . , ~  and Hexadella sp.? which have a ketone and imid- 
azole spacer between the two indole rings; the dragmaci- 
dins reported from both Dragmacidon sp.4 and Hexadella 
spS5 which have a piperazine spacer; the nortopsentins 
reported from a Spongosorites sp. which lack the ketone 
observed in the topsentins;6 and fascaplysin, a fully aro- 
matized compound reported from Fascaplysinopsis sp.' 
Bidindole) alkaloids have also been reported from the 
ascidians Dendroda grossulariag and Didemnum candi- 

(1) Bartik, K.; Braekman, J.-C.; Daioze, D.; Stoller, C.; Huyeecom, J.; 
Vandevyer, G.; Ottinger, R. Can. J .  Chem. 1987,65,211&2121. 
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5446-5453. 
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(5) Morris, S. A,; Andersen, R. J. Tetrahedron 1990, 46, 715-720. 
(6) Sakemi, S.; Sun, H. H. J. Org. Chem. 1991,56,4304-4307. 
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Table I. *H and NMR Data for 1 in DMSO-d6 and Methanol-d, 
atom 13C 6O lH 6O mult long-range lH-13C correlations 13C bb ‘H 6 mult long-range lH-13C correlations 
no. mult (J ,  Hz) from C to:’ mult (J ,  from C to:* 

1 L 

2 
3 
4 
5 
6 
1‘ 
2‘ 
3’ 
3a’ 
4’ 
5’ 
6’ 
7‘ 
7a’ 
1” 
2“ 
3” 
3a” 
4‘‘ 
5” 
6” 
7“ 
7a“ 1”’ 
2”’ 
3”’ 4”’ 
5”’ 
6”’ 7”’ 
2”‘-NHz 

155.10 a 
148.46 a 

123.87 d 
131.16 a 

131.51 d 
112.17 a 
125.25 a 
124.60 d 
123.32 d 
115.11 a 
114.55 d 
137.44 s 

127.35 d 
107.52 a 
126.94 a 
125.89 a 
118.56 d 
106.54 d 
143.10 s 
125.59 a 

147.48 a 

108.98 d 
131.43 a 
31.22 d 
20.48 q 

H-5 and/or H-2” 
H-5 

7.50 a 

11.75 d (2.7) 
8.80 d (2.7) 

H-5 and/or H-2” 

H-l’, H-2’ 
H-1’, H-2’, H-7’, H-5’ 

8.58 d (8.6) H-5’ 
7.27 dd (8.6, 1.7) H-7’ 

7.69 d (1.7) H-5‘ 
H-4’, H-7’ 

H-1’, H-2’, H-4’ 
11.62 d (2.6) 
7.52 d (2.6) H-1” 

H-l”, H-2’’ 
H-1”, H-2”, H-5” 
H-5”, H-6”’, H-7”’ 

6.61 ac H-6”’ 
6.61 ac H-5”’ 

H-5” or H-6” 
H-1”, H-2”, H-6” 

H-1”’ or H-3”’, H-4’’’ 

H-1”’ or H-3”’, H-6”’ 
H-1”’ or H-3”’, H-4”’, H-6”‘, H-7”’ 

11.85 bs 

11.88 bs 
6.37 a 

4.33 q (6.8) H-7”‘ 
1.33 d (6.8) H-6‘” 
7.34 bs (2H) 

156.98 a 
149.81 a 

125.40 d 
132.17 a 

133.56 d 
113.14 a 
126.29 a 
125.25 d 
124.78 d 
116.94 a 
115.32 d 
138.81 8 

127.80 d 
108.51 a 
126.93 a 
125.63 a 
120.02 d 
107.38 d 
144.42 8 
128.46 a 

148.49 a 

109.90 d 
133.78 a 
32.97 d 
20.60 q 

H-5 

7.51 a 
H-5, H-2” 

8.67 a 

8.55 d (8.6) 
7.34 dd (8.6, 1.8) 

7.68 d (1.8) 

7.43 8 

6.85 d (7.9) 
6.65 d (7.9) 

6.05 a 

4.35 q (6.9) 
1.54 d (6.9) 

H-2’ 
H-2’, H-5’, H-7’ 

H-7’ 
H-4’, H-5’, H-7’ 
H-5‘ 
H-2’, H-4’ 

a In DMSO-d6 containing a trace of TFA. In methanol-d,. CAssignmenta may be interchanged. 

dum? One of the compounds from D. candidum contains 
a piperazine spacer similar to that observed in the drag- 
macidin series. In this paper, we report the isolation and 
structure elucidation of a new bidindole) alkaloid which 
we call dragmacidm d, 1, from a deep-water sponge of the 
genus Spongosorites. Dragmacidin d inhibits the growth 
of the feline leukemia virus, the opportunistic fungal pa- 
thogens Cryptococcus neoformam and Candida albicam 
and the P388 and A549 tumor cell lines. Structurally, it 
varies from the previously reported dragmacidins in the 
further oxidation of the piperazine ring to a l(2H)- 
pyrazinone and the addition of a 2-aminoimidazole-con- 
taining side chain on one of the indole rings. 

Dragmacidin d was first detected in our laboratory as 
part of a study to determine the utility of secondary me- 
tabolites as chemotaxonomic markers in the Halichon- 
drida.1° A number of samples of Spongosorites were 
analyzed by thin-layer chromatography and the secondary 
metabolites compared. One sample lacked the topsentins 
and nortopsentins which are characteristic of moat species 
of Spongosorites but appeared to contain a more polar 
related metabolite. Insufficient quantities of this sponge 
were available for full chemical characterization at  the 
time, but fortunately, a second sample of this sponge was 
subsequently collected at York Bay, St. Vincent, Grena- 
dines. A crude ethanol extract of this sample was found 
to show activity against feline leukemia virus which in- 
creased our interest in this organism. Reversed-phase 
chromatography led to the isolation of the triiluoroacetate 
salt of 1 (=98% pure) as a reddish-orange glass which was 

(9) Fahy, E.; Potta, B. C. M.; F a h e r ,  D. J.; Smith, K. J. Nat. Prod. 

(10) Pomponi, S. A.; Wright, A. E.; van Soeat, R. W. M.; Dim, M. C. 
In Fossil and Recent Sponges; Reitner, J., Keupp, H., Eds.; Springer- 
Verlag: Berlin, 1991; pp 151-158. 

U.S.A. 1991,54,564-569. 

used in the NMR studies. Further purification by HPLC 
led to material which was used in the bioassays. 

OH 

1 

HR FABMS suggested a formula C25H21BrN702 for 
dragmacidin d (A 0.6 mmu). This formula requires 19.5 
unsaturation equivalents and suggested that compound 1 
is a salt. The ‘H NMR (Table I), 13C NMR (Table I), and 
UV [A,, 213 (43000),270 (144001,278 sh, 383 (20700)l 
spectra were reminiscent of those of the topsentins and 
dragmacidins and consistent with the presence of indole 
functionality in l.1-5 lH homonuclear decoupling as well 
as 2D-COSY experiments were used to determine proton 
connectivities while one and multiple bond 13C-lH con- 
nectivitiea were determined by the XHCORR experiment” 
optimized for 140 Hz and the proton detected HMBC 
experiment,12 respectively. All experimenb were run in 
both methanol-d, and DMSO-$ containing a trace of TFA. 
The most obvious difference between the proton NMR 
spectrum of 1 and those of the topsentins and dragmaci- 
dins was the presence of a methine proton (6 4.35 (4, J = 

(11) Bax, A.; Morris, G. J. Magn. Reson. 1981, 42, 501-505. 
(12) Bax, A.; Summers, M. F. J. Am. Chem. SOC. 1986,108,2093-2094. 
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6.8 Hz) which was coupled to a methyl resonance (6 1.50, 
J = 6.8 Hz), suggesting the presence of a 1,l-disubstituted 
ethane moiety in 1. The proton NMR spectrum also 
contained one additional aromatic resonance while the 
carbon NMR spectrum contained three additional sp2- 
hybridized carbon resonances. The indole rings were as- 
signed as a 6-bromoindol-3-yl moiety and a 7-hydroxy- 
3,4-dialkyl-substituted indole based upon interpretation 
of the NMR data (Table I). The presence of a protonated 
2-aminoimidazole unit in 1 was suggested by the carbon 
resonances observed at 6 147.9 (a), 131.4 (a), and 108.9 (d) 
and the ‘H NMR resonances observed a t  6 6.37 (a), 7.34 
(2 H, bs, exchangeable), 11.87 (bs, exchangeable), and 11.88 
(bs, exchangeable) which are similar to those observed for 
the same structural unit in oroidin,13 stevensine,14 and 
hymenidin.ls All correlations observed in the lH-13C 
HMBC experiment were consistent with this assignment. 
Long-range lH-13C correlations observed between the 
methine proton observed at 4.35 ppm (H-6”’) and both 
(2-4’’ and C-5” of the 6-hydroxyindole as well as to C-4”’ 
and C-5”’ of the 2-aminoimidazole moiety tied these 
fragments together. 

The NMR resonances which remain to be assigned are 
attributable to four sp2-hybridized carbons observed at 6 
155.1 (a), 148.4 (a), 131.1 (a), and 123.8 (d) and an aromatic 
proton observed at 6 7.50 (8). Two nitrogen atoms and one 
oxygen atom also remain to be placed in 1. In the top- 
sentin series these atoms are assigned as an imidazole and 
ketone which link the two indole rings. The high-field 
chemical shift of the carbon observed at 155.0 ppm in 1 
is inconsistent with a ketone functionality but would fit 
that of an amide. Morris et al. have proposed the re- 
placement of the imidazole/ ketone functionality in top- 
sentin c and 4,5-dihydr0-6’‘-deoxybromotopsentin which 
have similar amide resonances (6 157.5 and 160.49) with 
a 2-ketodehydropiperazine ring.16 Similarly, the unas- 
signed resonances in the NMR spectra of 1 could be as- 
signed as a 3,6-dialkyl-substituted 2(1H)-pyrazinone ring. 
Comparison of the NMR and IR data to those of known 
2(lH)-pyrazinones allowed for assignment of the remaining 
atoms.17 The 4-alkyl-7-hydroxyindole ring has been at- 
tached at C-6 of the pyrazinone based upon the observation 
of two low-intensity correlations (H-5 to C-3” and H-2” 
to (2-6) in the methanol-d, HMBC spectrum. Further 
support for this assignment is the observation of a 3% 
enhancement of H-5 when H-6”’ was irradiated in a dif- 
ference NOE experiment. This leaves the 6-bromoindole 
ring to be placed at C-3 of the pyrazinone completing the 
planar structure of 1. A series of NOE difference exper- 
iments were carried out which lend further support to the 
proposed structure (Table 11). The stereochemistry at 
C6”’ could not be determined from these experiments.18 
The proton on N-1 was not observed, but this is most likely 
due to rapid exchange caused by equilibration between the 
2(1H)-pyrazinone and 2-hydroxypyrazine forms of l.17b 

Notes 

(13) Kobayashi, J.; Ohizumi, Y.; Nakamura, H.; Hirata, Y.; Waka- 
matsu, K.; Miyazawa, T. Experientia 1986, 42, 1064-1065. 

(14) Albmti, K. F.; Faulkner, D. J. J. Org. Chem. 1986,50,4163-4164. 
(15) Kobayaehi, J.; O b i ,  Y.; Nakamura, H.; Hirata, Y. Experientia 

1986,42, 1176-1177. 
(16) (a) Morris, S. A. Ph.D. Dissertation, University of British Co- 

lumbia, Vancouver, B.C., 1986. (b) Morris, s. A.; Andersen, R. J. J .  Nat. 
Prod. U.S.A., submitted for publication. 

(17) (a) MacDonald, J. C.; Bishop, G. G.; Mazurek, M. Tetrahedron 
1976,32,655-660. (b) Porter, E. A-E. In Comprehensive Heterocyclic 
Chemistry, The Structure, Reactions, Synthesis and Uses of Hetero- 
cyclic Compounds; Katritzky, A. R., Rees, C. W., Boulton, A. J., 
McKillop, A., Eda.; Pergamon: Oxford, 1984, Vol. 3, Part 2B, pp 157-198. 

(18) All attempts to determine an optical rotation failed due to the 
extremely colored nature of solutions of 1. At all concentrations where 
light could penetrate the cell, no rotation was observed. 

Table 11. NOE Difference Enhancements for 1 
1H ‘H enhanced 

irradiatad IH enhanced (DMSO-d6) (methanol-&) 
a H-6”’ (weak) 

H-1’ none 
H-2’, H-7‘ 

H-5‘ H-5‘ 
H-4‘ H-4‘ 

H-2” 

none H4”,  H-7”’ 
none H-5“ 

None none 

a none 

2”’-NH2, H-6”’, H-5” or H-6”, 

2”’-NHz, H-6”’, H-5” or H-6”, 
H-4”’ 

H-4“’ 
H-4”’ H-1” and/or H-3”’, H-6”’, H-5“ 

H-7”’, H-5” or H-6” 
H-6”’ H-5” or H-6’’ H-5. H-5” (weak). H-4”’ 
H-7”’ H-5” or H-6”, H-4”’, H-5, H-1”’ H-5’(weak); H-5”; 

2”’-NH, H-1”’ and/or H-3”’ 
or H-3/”, H-6”’ H-4”’, H-6’” 

“In DMSO-d6 the protons are very close together and difficult to 
irradiate independently. *In DMSO-d6 the protons overlap. En- 
hancements are reported for both protons irradiated simultaneously. 
‘In DMSO-d, the protons overlap. Enhancements are reported for 
both protons irradiated simultaneously. 

Treatment of 1 with acid (HC1 or TFA) results in the 
formation of a deep red color with the expected batho- 
chromic shift in the W spectrum. This may be due to the 
formation of a more planar fully conjugated pyrazine. In 
some solvents (acetonitrile and DMSO when no acid is 
present) the compound appears to be greenish in color, 
suggesting a different nonplanar conformation. 

Dragmacidin d adds a new twist to the growing class of 
bis(indo1e)-derived sponge metabolites. To the best of our 
howledge, thia is the first of the marine derived bis(indo1e) 
compounds to have alkyl substitution on C-4 of an indole 
ring, the fiist to incorporate the 2-aminoimidazole func- 
tionality which has been reported previously in the Age- 
lasidae,Ig A~inellidae,’~ and Verongidaem sponges, and the 
first to have the 2(lH)-pyrazinone spacer. Dragmacidin 
d exhibits a broad spectrum of biological activity. It in- 
hibits in vitro replication of feline leukemia v i rus  (FeLV) 
with a minimum inhibitory concentration of 6.25 pg/mL 
(ELISA assay). It has antimicrobial activity with the 
following minimum inhibitory concentrations: Escherichia 
coli, 15.6 pg/mL; Bacillus subtilis, 3.1 pg/mL; Pseudo- 
monas aeruginosa, 62.5 pg/mL; Candida albicans, 15.6 %/a, and Cryptococcus neoformans, 3.9 pg/mL. It also 
inhibits the in vitro growth of the P388 murine and A549 
human lung tumor cell lines with ICMs of 1.4 and 4.4 
pg/mL, respectively. It was recently suggested that the 
6-bromotryptophan-derived alkaloids may be produced by 
associated  microorganism^.^ A number of 2(1H)- 
pyrazinones have been reported from microbial sources.2l 
Research to investigate this possible source of dragmacidin 
d and related bis(indo1e) alkaloids from Spongosorites is 
currently in progress in our laboratories. 

Experimental Section 
General Experimental Procedure. Spectral data were 

measured on the following instruments: IR, Bruker FTIR with 
microscope probe; UV/visible, Perkin-Elmer Lamda 3B; NMR, 

(19) Keifer, P. A.; Schwartz, R. E.; Koker, M. E. S.; Hughes, R. G.; 
Rittachof, D.; Rinehart, K. L. J. Org. Chem. 1991, 56, 2965-2975 and 
references contained therein. 

(20) Cimino, G.; De Rosa, S.; De Stefano, S.; Self, R.; Sodano, G .  
Tetrahedron Lett. 1983,24,3029-3032. 

(21) CRC Handbook ofhficrobiology; Laskin, A. I., Lechevalier, H. A,, 
Eds.; CRC Press, Inc.: Boca Raton, FL, 1984; Vol. V, pp 623-626. 
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Bruker AM360 with the Aspect 3000 computer; HRFAB, Kratos 
MS-80RFA, thiothreitol matrix (Chemical Instrumentation 
Center, Yale University); [a], JASCO DIP-360 Digital polarimeter. 
'H NMR chemical shifts are reported as 8 values in ppm relative 
to DMSO-d6 (2.49 ppm) or methanol-d4 (3.31 ppm). 13C NMR 
chemical shifts are reported as 8 values in ppm relative to 
DMSO-d, (39.1 ppm) or methanol-d4 (49.0 ppm). '% multiplicities 
were measured using the DEFT sequence. One bond 'H-13C 
connectivitiea were determined via the XHCORR experiment and 
multiple-bond lH-13C connectivities were determined through 
the proton-detected HMBC experiment. 

Collection and Taxonomy. A sample of Spongosorites n. sp. 
(Phylum Porifera, Class Demospongiae, Order Halichondrida, 
Family Halichondriidae, Genus Spongosorites, HBOI no. 31- 
111-89-1-010) was collected by the Johnson-Sea-Link manned 
submersible at  a depth of 292 ft at  York Bay, St. Vincent, Gre- 
nadines. This new species is a massive, amorphous, thickly en- 
crusting sponge, dark yellow alive and dark brown in ethanol 
preservative. Vermetid gastropods are associated with and in- 
corporated in the sponge. The consistency is firm but crumbly. 
The genus is characterized by a distinct dermal layer of smaller 
spicules arranged tangentially to the surface and a confused 
choanaeomal arrangement of spicules with sporadic spicule tracks 
(30-100 pm in width) running parallel to the surface. In our 
sponge, there are two size categories of oxeas, some of which are 
slightly flexed at the mid-point. Thii new species is most similar 
to S. ruetzleri (van Soest and Stentoft, 1988)22 from which it is 
distinguished by the absence of bromotopsentin. A voucher 
specimen of the sponge has been deposited at the Harbor Branch 
Oceanographic Museum, catalog number 003:00544. 

Isolation of 1. The frozen sponge (100 g) was extracted ex- 
haustively with ethanol by macerating in a Waring blender. The 
extract was filtered through a bed of Celite and then concentrated 
to an orange oil by distillation under reduced pressure. The 
residue was chromatographed under vacuum column chromato- 
graphic conditions on an RP-18 stationary phase. The column 
used had a volume of 360 mL and was 4 cm in height The column 
was eluted with a step gradient of acetonitrile-water-trifluoro- 
acetic acid The extract was applied adsorbed onto a small amount 
(5 g) of RP-18 packing as a slurry in water containing 0.05% 
trifluoroacetic acid (TFA) to the top of the column. The column 
was eluted as follows: fraction 1, 500 mL of water containing 
0.05% TFA; fraction 2,250 mL of water containing 0.05% TFA; 
fraction 3,200 mL of water-ACN-TFA (160400.1); fraction 4, 
200 mL of water-ACN-TFA (12080:O.l); fraction 5,200 mL of 
water-ACN-TFA (801200.1); fraction 6, 200 mL of water- 
ACN-TFA (4Q.16o:O.l); fraction 7,500 mL of ACN. Dragmacidin 
d eluted in fractions 3,4,  and 5 dependent upon loading of the 
column. Yield from 100 g of sponge: 534 mg. 'H NMR: see Table 
I. '% NMR: see Table I. IR: FT IR (neat, mictoecope) v, (cm-' 
3165 broad, 1678,1637,1531,1447,1408,1244,1200,1136,955, 
806. UV: EtOH A- 213 (47870), !270 ah, 278 (14470), 383 (20740) 
after addition of 1 drop of HCl to a 2-mL cell; 214 (54000), 280 
(16400), 452 (19946). FABMS: 5301532 (M'), 449/447 (M+ - 
(2-aminoimidazole)). HRFABMS: M+,w 532.0916, M+calcd 
532.0922. 

Biological Methods: Antimicrobial Assays. Minimum 
inhibitory concentrations (MICs) were determined by standard 
microdilution broth techniquesu in a total volume of 50 pL. The 
growth media used were as follows: Candida albicam, Sabouraud 
dextrose broth, Cryptococcus neoformam, Emmon's modifcation 
of Sabouraud dextrose broth; Bacteria, Mueller-Hinton broth 
supplemented with Ca2+ and Mg2+. Plates were incubated at 37 
OC for either 24 h (bacteria and C. albicans) or 48 h (C. neo- 
formam). The MIC was determined as the lowest concentration 
of the drug which completely inhibited growth. 

Antitumor and Antiviral Assays. The FeLV assay is an 
ELISA assay developed by Dr. Sue Cross at  HBOI; full details 
have been published elsewhere.% The antitumor assays were run 

(22) van Soest, R. W. M.; Stenthoft, N. Stud. Faunn Curacao Caribb. 

(23) Jones, R. N.; Barry, A. L.; Gavan, T. L.; Washington, J. A. 111. In 
Manual of Clinical Microbiology; Lennette, E. H., Balows, A., Hausler, 
W. J., Shadomy, H. J., E&.; American Society for Microbiology: Wash- 
ington, D.C., 1985; Chapter 101, pp 972-977. 

I d .  1988, 70 (215), 1-175. 
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using standard protocols in 96-well plates and MTT to detect 
cytotoxi~ity.~~ 
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Arylsulfonyl substituents have served as effective pro- 
tecting groups for both oxygen and nitrogen functionali- 
ties.' As arylsulfonates and arylsulfonamides they provide 
strong chromophores and are stable to a variety of reaction 
conditions.' Subsequently, the arylsulfonyl group can be 
removed from the amine2 and the arylsulfonate can be 
hydrolyzed, displaced, or eliminated. As a consequence 
of this versatility of sulfonamides, the arylsulfonyl group 
has found particular application for the masking of amine 
and guanidine functions' and for the protection of a-amino 
acids in which the carbonyl group is destined to undergo 
reaction with an organometallic reagents3 

The preparation of toluenesulfonyl and benzenesulfonyl 
derivatives generally relies on the use of the corresponding 
sulfonyl chloride or anhydride in the presence of pyridine 
or aqueous base in a Schotten-Bauman type reaction.' 
These procedures fail or are limited when the nucleophiles 
are insufficiently nucleophilic or sterically encumbered. 
Side reactions are possible due to the presence of base or 
the liberated chloride nucleophile, especially under forcing 
conditions with relatively non-nucleophilic substrates. It 
would thus be highly desirable to have an arylsulfonating 
reagent that would operate under mild conditions in the 
absence of base and competing nucleophile and that could 
sulfonate relatively non-nucleophilic substrates. Addi- 
tionally, it would be advantageous if this reagent could be 
applied in an organic solvent under homogeneous condi- 
tions rather than in an aqueous or a mixed phase. With 
these properties, such a reagent also would be useful for 

Triflates: Effieient Reagents for the Preparation 

(1) (a) Green, T. W. Protecting Groups in Organic Synthesis; John 
Wiley and Sons: New York, 1981. (b) The Peptides: Analysis, Syn- 
thesis, Biology, Vol. 3 Protection of Functional Groups in Peptide 
Synthesis; Gross, E., Meienhofer, J., Eds.; Academic Press: New York, 
1981. (c) Coppola, G. M.; Schuster, H. F. Asymmetric Synthesis: Con- 
struction of Chiral Molecules using Amino Acids; John Wiley and Sons: 
New York 1987. (d) Rudinger, J. In The Chemistry of Polypeptides; 
Katsoyannis, P. G., Ed.; Plenum Press: New York, 1973; pp 87-123. (e) 
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