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ABSTRACT

The known 3,6-dibromoindole (1), 6-bromo-3-chloroindole (2) and 6-bromo-2-oxindole (3) were isolated from the marine ascidian
(sea squirt) Distapia skoogi collected from Algoa Bay, South Africa. Standard spectroscopic techniques were used to elucidate the
structures of 1-3. All three compounds were found to be moderately cytotoxic to metastatic MDA-MB-231 breast cancer cells.
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1. Introduction

Ascidians, also known as sea squirts or Tunicates, are a diverse
group of filter feeding marine invertebrates, which have proven
over the last four decades to be a rich source of bioactive alkaloid
metabolites with potential medicinal properties.' Most notable
amongst these medicinally important ascidian alkaloids, are
trabectedin (Yondelis®) isolated from Ecteinascidia turbinata and
plitidepsin (Aplidin®) isolated from Aplidium albicans.* Yondelis®
has been available in Europe since 2007 for the treatment of
soft tissue sarcomas and is the first drug to enter the market
to treat this form of cancer in 20 years.** Aplidin® is currently
in phase II clinical trials against various cancers, e.g. multi-
ple myeloma, metastatic melanoma, prostate cancer, bladder
cancer, non-Hodgkin’s lymphoma and acute lymphoblastic
leukaemia.”®

This investigation focused on the isolation and bioactivity of
the nitrogenous secondary metabolites of the Algoa Bay
ascidian, Distaplia skoogi Michaelsen, 1934,%” Aplousobranchia:
Holozoidae® (Fig. 1). Algoa Bay is centrally situated within the
Agulhas Ecoregion on the Eastern Cape coast of South Africa.?
This area has been recognized for both its species diversity and
high endemicity.”"* The ascidian Distaplia skoogi was collected
using SCUBA at a depth of 25 m at White Sands, Algoa Bay,
South Africa, in July 2004, and kept frozen until extraction. A
methanol extract of D. skoogi was chosen for further investiga-
tion from distinctive *] and *J,"H-"N correlations observed in the
aromatic window (F1 = 6 -8.0 ppm; F2 = 0 10-50 ppm) of a
N HMBC NMR experiment used to screen the crude methanol
extracts of 22 ascidians collected by SCUBA from Algoa Bay,
South Africa in 2004.

To date the only reported natural product isolated from the
genus Distaplia is 3,6-dibromoindole (1) which was isolated from
D. regina collected in Malakal Harbour, Palau."

* To whom correspondence should be addressed. E-mail: cloromley @ gmail.com

Figure 1 Distaplia skoogi, White Sands, Algoa Bay, South Africa (photo-
graph by Dr. A. Oosthuizen).

2. Results and Discussion

The lyophilized ascidian, Distaplia skoogi, was sequentially
extracted with methanol followed by dichloromethane. The
organic extracts were combined, concentrated under reduced
pressure and partitioned between ethyl acetate and water. The
ethyl acetate partition was subjected to extensive normal phase
DIOL HPLC to yield the known compounds 3,6-dibromoindole
(1), 6-bromo-3-chloroindole (2) and 6-bromo-2-oxindole (3).
Spectroscopic data (MS, NMR and IR) obtained for 1 were con-
sistent with data reported for this compound, isolated from
Distaplia regina.”

The molecular formula of 6-bromo-3-chloroindole (2) was
established as C;H,N”’BrCl from the appearance the molecular
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ion [(M-H)T] at m/z 227.9215 (A 0.1 mDa) in the negative ion
HRESIMS. A strong band at 3445 cm™ in the IR spectrum was
characteristic of a N-H stretch. The "C NMR and DEPT 135
spectrashowed the presence of four aromatic methines (6.123.9,
121.4, 119.7 and 114.4) and four quaternary carbons (6. 135.7,
124.4, 116.8, and 107.0) with typical heteroaromatic shifts,
suggestive of a disubstituted indole system, which would
account for the six degrees of unsaturation implied by the molec-
ular formula. The IR spectrum also showed a band at 737 cm™
suggesting that the indole ring was halogenated." That this
halogenation comprised both bromine and a chlorine substituents
was further supported by the presence of characteristic isotope
peaks at m/z 232, 230, 228 [(M-H) ]in a 3:4:1 ratio in the ESI mass
spectrum of 2.

Assignment of the “C chemical shifts of the two halogenated
carbons in 2 was provided from a combination of gHMBC,
HSQC and COSY NMR experiments. The position of the
bromine and chlorine substituents at C-6 and C-3 on the indole
ring in 2 was determined by initially comparing the "C chemical
shift data of 2 with those of 1. The chemical shift of C-6in 2 (0.
116.8) was consistent with that of C-6 in 1 (0.116.8), while the
downfield shift of C-3 (6. 107.0) in 2 compared to that of C-3in 1
(0. 91.9) placed the chlorine substituent at this position in 2.

3-Chloro-6-bromoindole has not previously been isolated
from a tunicate species, but it has been shown to be produced,
along with compound 1, by marine acorn worms Ptychodera flava
laysanica and Ptychodera flaval."® Ascidians (Urochordata:
Ascidiacea) and acorn worms (Hemichordata: Enteropneusta)
are both marine detritus filter feeders, but phylogenetic analy-
ses of the deuterostome phyla supported by cladistics analysis of
morphological data iterates that these groups belong to two
different clades.""” Therefore the occurrence of 2 in marine
organisms from different phyla would possibly suggest a
common symbiotic marine microbial source for 2."**

The oxindole 3 was isolated as colourless needles with a melt-
ing point range of 216-219 °C. The molecular formula of 3 was
established as CHNO”Br from HRESIMS, m/z 211.9710
(A 0.1 mDa) which implied six degrees of unsaturation. The

Figure 2 Selected * and 3/g HMBC correlations used to assign the
structure of 3.

IR spectrum contained a characteristic carbonyl band at
1643 cm™, as well as a strong band at 3435 cm™, indicating the
possible presence of an amide." The presence of a carbonyl
moiety was further supported by a deshielded *C NMR reso-
nance (0. 176.4) and thus accounted for one of the six double-
bond equivalents required by the molecular formula. The
C NMR spectrum also showed the presence of three aromatic
methines (0. 126.0, 125.3 and 112.9), three aromatic quaternary
carbon signals (0. 143.4, 124.0, 121.3) as well as a methylene
carbon (0. 35.6), suggesting a monosubstituted bromo-oxindole
chemical structure for 3. Correlations observed in a 2-dimen-
sional COSY NMR experiment between the aromatic protons
0y 7.16 and 7.08 (] = 7.9 Hz) and the long-range correlation
betweend,;7.16 and 7.03 (] = 1.5 Hz) suggested that the oxindole
system was brominated at position 6. The distinctive, approxi-
mately 1:1 molecular ion [(M+H)*] isotope pattern [(m/z 214
(100), 212 (97)] in the ESI mass spectrum confirmed this
substituent to be bromine. The ] and 3] gHMBC correlations
acquired for 3 (Fig. 2 and Table 1) unequivocally supported the
proposed structure for 3.

The oxindole 3 is commercially available’ and has also been
detected, using GC/MS, in extracts of the marine murex snails
Plicopurpura patula and Plicopurpura columellaris (Mollusca:
Gastropoda).” Once again, the presence of the same secondary
metabolite in marine organisms from different phyla may
indicate a bacterial source from which, in the case to the preda-
tory murex snails, the metabolite is sequestered.™™

As part of our on-going investigation of the cytotoxicity of
South African marine invertebrate and algal natural products to
various cancer cell lines, 1-3 were screened against the metastatic
MDA-MB-231 breast cancer cell line.** The IC,, values observed
for 1-3 were 117.72 uM, 72.53 uM and 74.41 uM, respectively,

Table 1 'H (600 MHz, CDCL,),C (150 MHz, CDCl,), COSY and HMBC NMR data obtained for 3.

6-Bromo-2-oxindole (3)

13C lH

Position o/ppm Mult o/ppm Mult J/Hz COsy HMBC*
1 - N 7.76 br. s - - -
2 176.4 C - - - - -
3 35.6 CH, 3.48 s - 4,57 2,3a,4,6,7,7a
3a 124.0 C - - - - -
4 126.0 CH 7.08 d 7.9 3,5 3,6,7a
5 125.3 CH 7.16 dd 79,15 34,7 3a,7
6 121.3 C - - - - -
7 112.9 CH 7.03 d 15 3,5 3a,5,6
7a 143.4 C - - - - -

#HMBC correlations are from the proton(s) stated to the indicated carbon.
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indicating that these compounds are moderately cytotoxic
to MDA-MB-231 breast cancer cells.

3. Conclusion

The isolation of 1-3 from Distaplia skoogi has added to our
growing knowledge of the diverse secondary metabolites
produced by the ascidians of Algoa Bay, South Africa. In addition
to the halogenated indoles and 2-oxindole described here the
cytotoxic unsaturated aliphatic amines 4-7 were isolated from
the Algoa Bay ascidian Pseudodistoma sp. as part of an investiga-
tion by the US National Cancer Institute from ascidians collected
in Algoa Bay in 1998.* More recently, a series of glycosylated
polyketide macrolides, mandelalides A-D (8-11), with cytotoxic
activity against human lung cancer cells, were obtained from a
new species of Lissoclinum, collected from Algoa Bay.? While the
Algoa Bay ascidian Synoicum globosum Parker-Nance, 2012
afforded a group of new anti-microbial rubrolides, 12-17.”

12 R;=H, Ry=Br, Rz = Me
13 Ry =Br,Ry=H, Ry=H
14 R, =Br,R,=H, Ry=Me
15 Ry =Br,R,=Br, Ry = H
16 R;=H, Ry=H, Ry=H
17 Ry=H, R,=H, Ry=Me

10 Ry = COCH,CH,CHs,
R, = OH

11 Ry = COCH,CH,CHs,
R2 = COCH2CH20H3

4. Experimental

4.1. General

Infra-red spectra were recorded on a Perkin-Elmer Spectrum
2000 FT-IR spectrometer and Digilab FTS 3100 Excalibur
HE Series with compounds as films (neat) on KBr discs. NMR.
spectra were acquired using standard pulse sequences on a
Bruker Avance 600 MHz Avance II spectrometer. Chemical shifts
are reported in ppm and referenced to residual solvent reso-
nances (CDCL, d,,7.26, 5. 77.0). Coupling constants are reported
directly from the NMR spectra. Mass spectrometry was performed
on a Waters API Q-TOF Ultima instrument using electrospray
ionization in the positive or negative ion mode (ES+, or ES-) at
the University of Stellenbosch Central Analytical Facility. Normal
phase DIOL semi-preparative HPLC separations were per-
formed on a Machery-Nagel VP 250/10 Nucleosil 100-7
OH column using an Agilent 1100 Series quad pump and an
Agilent 1100 diode array detector.

4.2. Animal Material

The colony of Distaplia skoogi Michaelsen, 1934 collected from a
depth of 25 m at the White Sands Reef, Algoa Bay, South Africa
(34:00.436S, 25:43.296E), on 15 July 2004, was identified by
S. Parker-Nance. The voucher specimen (SAF2004-030), pre-
served in 5 % buffered formalin, is housed at the South African
Institute for Aquatic Biodiversity (SAIAB), Grahamstown, South
Africa. Samples of D. skoogi were frozen immediately after collec-
tion in the field and kept at —18 °C until extracted.

4.3. Extraction and Isolation
The frozen ascidian colony (309.41 g wet mass) was lyophilized
and then sequentially extracted with 100 % MeOH followed by
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100 % CH,CL,. The combined organic extracts were concentrated
in vacuo and then subjected to liquid-liquid partitioning
between EtOAc and H,O. The combined EtOAc fractions were
concentrated in vacuo to yield 1.11 g of extract. A 350 mg aliquot
of the partitioned extract was purified further with normal
phase HPLC (40 % EtOAc/hexane) on a semi-preparative
DIOL column to afford four fractions. Fraction 2 was subjected
to normal phase DIOL HPLC (60 % CH,Cl/hexane) followed by
further normal phase DIOL HPLC (20 % CH,Cl/hexane) purifi-
cation to yield 3.0 mg of 3,6-dibromoindole (1) and 2.2 mg of
6-bromo-3-chloroindole (2). Fraction 3 was further purified
using a small DIOL plug (10 % EtOAc/hexane), and recrystal-
lization from hexane to afford 2.4 mg of 6-bromo-2-oxindole
(3) as colourless needles.

4.4. Characterization Data

3,6-Dibromoindole (1)

Colourless oil; IR (film) v, 3445, 1422,1265,1106, 895,736 cm™;
'H and "C NMR data were consistent with published data;"
EIMS m/z 276 [(M-H)] (48), 274 (100), 272 (49); HRESIMS m/z
271.8719 (calcd for C;H,N™Br,[(M-H) ], 271.8710, A 0.9 mDa).

6-Bromo-3-chloroindole (2)

Colourless oil; IR (film) v, 3445, 3055, 1265, 895, 737 cm™;
"H NMR (CDCl,, 600 MHz) 6 8.08 (1H, br, s, NH), 7.53 (1H, d, ] =
1.5 Hz, H-7),7.50 (1H, d, ] = 8.3 Hz, H-4), 7.30 (1H, dd, ] = 8.3,
1.5 Hz, H-5), 7.16 (1H, d, ] = 2.6 Hz, H-2); *C NMR (CDCI,
150 MHz) 6 135.7 (C, C-7a), 124.4 (C, C-3a), 123.9 (CH, C-5), 121.4
(CH, C-2), 119.7 (CH, C-4), 116.8 (C, C-6), 114.4 (CH, C-7), 107.0
(C, C-3); ESIMS m/z 232 [(M-H)7] (28), 230 (100), 228 (78);
HRESIMS m/z 227.9215 (caled for C,H,N”’Br*Cl[(M-H)7],
227.9216, A 0.1 mDa).

6-Bromo-2-oxindole (3)

Colourless needles (hexane); mp 216-219 °C, lit.* 217-221°C;
IR (film) v, 3435, 1643, 1096 cm™; '"H NMR (CDCl,, 600 MHz) d
7.76 (1H, br,s, NH), 7.16 (1H,dd, ] = 7.9, 1.5 Hz, H-5), 7.08 (1H, d,
J = 7.9 Hz, H-4), 7.03 (1H, d, ] = 1.5 Hz, H-7), 3.48 (2H, s, H,-3);
13C NMR (CDCL,, 150 MHz) 6 176.4 (C, C-2), 143.4 (C, C-7a), 126.0
(CH, C-4), 1253 (CH, C-5), 124.0 (C, C-3a), 121.3 (C, C-6), 112.9
(CH, C-7), 35.6 (CH,, C-3); ESIMS m/z 215 [(M+H)"] (10), 214
(100), 213 (10), 212 (97); HRESIMS m/z 211.9710 (calcd for
C,H NO”Br[(M+H)"], 211.9711, A 0.1 mDa).

5. Bio-assay

MDA-MB-231 breast cancer cells (ATCC HTB-26) were cultured
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 5 % (v/v) heat-inactivated FCS, 1 mM L-glutamine,
100 U/mL penicillin, 100 ug mL™ streptomycin and 12.5 ug mL™
amphotericin (PSA) at 37 °C in a humidified 9 % CO, incubator.
The effect of the compounds on cell proliferation was assessed
using the MTT iassay (Roche) as previously described.”* Cells
were seeded at a density of 6000 cells per well into 96-well plates
and incubated overnight, followed by treatment with a range of
concentrations (0, 0.5, 5,50, 250 and 500 M) of the compounds or
dimethyl sulphoxide (DMSO) vehicle control (0.02 % v/v
DMSO) for 96 hours and absorbance at 595 nm recorded using a
Powerwave spectrophotometer (BioTek). The half maximal
inhibitory concentration (IC,)) for each compound was calcu-
lated relative to the vehicle-treated control from a dose response
curve (log concentration vs absorbance at 595 nm) using
non-linear regression with GraphPad Prism 4 (GraphPad Inc.).

Paclitaxel was included as a positive control (IC,; of 100 nM). All
treatments were conducted in triplicate on each of the two
plates.”

Supplementary Material

The 'H (CDCL, 600 MHz) and”C (CDCL, 150 MHz) NMR
spectra obtained for compounds 1-3 are available in the online
supplement.
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