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Abstract: Chemical investigation of the Philippine ascidian
Perophora namei has resulted in the isolation of a novel
polycyclic alkaloid, perophoramidine (1). The structure of 1
was determined by the interpretation of 1D/2D NMR and
MS data. Dehalogenation of perophoramidine (1) by am-
monium formate catalyzed transfer hydrogenation confirmed
the type and number of halogen atoms present in 1.

The study of ascidian chemistry has been driven by
frequent discovery of unique and biologically active
metabolites. Examples include the antitumor compound
ecteinascidin-743* from Ecteinascidia turbinata and the
HIV integrase inhibitor lamellarin a 20-sulfate? from an
unidentified ascidian. As part of our continuing chemical
investigation of tropical ascidians, we report here the
isolation, structure determination, and biological activity
of a novel polycyclic alkaloid, perophoramidine (1).

1 R1=Br, R2=Cl, R3=Cl
2 R1=R1=R3=H

The colonial ascidian Perophora namei Hartmeyer
and Michaelson (Perophoridae) was collected in the
Philippines just east of Zamboanga City near Tictauan
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Notes

Island. P. namei was exhaustively extracted with MeOH,
and the dried extract was subjected to a modified
Kupchan procedure,® resulting in a hexane, CHCls3, and
30% ag MeOH fraction. The CHCIs-soluble material was
purified by silica gel flash chromatography using a
gradient from 2% MeOH/98% CHCI; to 30% MeOH/70%
CHCIs. The 5% MeOH/95% CHCI; fraction was further
purified by trituration using a MeOH/H,0 (7:3) mixture
to yield pure perophoramidine (1).

Perophoramidine (1) was assigned a molecular formula
of C,1H17N4BrCl; on the basis of (+)-HRFABMS analy-
sis (M + H]*, m/z 475.0028, —0.0066 mmu). The (+)-
LRFABMS isotopic pattern for 1 suggested the presence
of one Br and two ClI's, and MeOD exchange LRFABMS
indicated that perophoramidine (1) contained one ex-
changeable proton. The analysis of 'H NMR (Table 1)
data revealed one N-methyl singlet (H25), two isolated
ethylene systems (H2—H3, H21—-H22), and five aromatic
signals that were assigned to a 1,2,4-trisubstituted (ring
C) and 1,2,3,5-tetrasubstituted (ring F) benzene ring on
the basis of coupling constants. The 3C NMR spectrum
displayed signals for 21 carbons. DEPT analysis indicated
that 1 contained four methylenes, five methines, and one
methyl carbon. An HMQC experiment established all
one-bond *H—3C connectivities.

Analysis of the gradient HMBC experiment provided
connectivity between rings A and B to form a 1-methyl-
hexahydro-1H-pyrrolo[2,3-b]pyridine system. Some key
correlations establishing this ring system were observed
between H3a to C24 and H3b to C20; H21a and H21b to
C4, C20, and C22; and H22a and H22b to C20 and C24.
Connections from the pyrrolopyridine system to rings C,
D, E, and F were limited to HMBC correlations from H3a
and H3b to C5 and from H21a and H21b to C12 and C19.
The data interpretation was initially hampered by ob-
servation of an atypical 5-bond HMBC correlation from
the N-methyl (H25) to C5. The hexacyclic system was
confirmed by a 2D INADEQUATE experiment (*Jcc =
55 Hz) that provided all 3C—%3C connections. These
connectivities were determined both visually and with
NMR Analyst software.*

Additional evidence for the type and number of halo-
gens present in 1 was obtained by the dehalogenation of
perophoramidine under hydrogenation conditions using
HCO,NH, and Pd/C in MeOH.5 Purification using a Cig
SPE cartridge afforded pure dehalogenated perophor-
amidine (2) as its TFA salt. The structure of 2 was
determined following interpretation of 1D/2D NMR (Table
1) and MS data. The dehalogenated compound was
assigned a molecular formula of C;;H»N,4 on the basis
of (+)-HRFABMS analysis (M + H]", m/z 329.1758,
—0.0008 mmu).
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TABLE 1. NMR Data for Perophoramidine (1) and Dehalogenated Perophoramidine (2)

perophoramidine (1)

dehalogenated perophoramidine (2)°

C no. 13C (ppm) (Ldcc, Hz) IH (ppm) (mult, J, Hz) gHMBC 13C (ppm)  H (ppm) (mult, J, Hz) gHMBC
2a  46.6(33.9) 3.09 (dd, 10.0, 8.8) 3, 4,24 51.0  3.46 (dd, 10.5, 8.9) 3, 4,24

2b 3.27 (ddd, 10.0,9.5,6.2) 3 3.67 (M) 3

3a  30.1(33.9, 32.4) 1.77 (ddd, 12.1, 9.5, 8.8) 4, 30.1  1.91(dd, 12.5, 5.8) 4,5, 24

3b 1.71 (dd, 12.1, 6.2) 4, 2.10 (ddd, 12.5,8.9,8.7) 2,4,5,20

4 457(42.8,42.6,35.2, 32.4) 50.9

5 125.7 (62.7, 62.4, 42.8) 123.0

6 127.5 (62.7, 56.3) 6.74 (d, 8.3) 4,8,10 124.3 6.73 (dd, 7.8, 1.2) 4,8, 10

7 127.0(63.9, 56.3) 7.11 (dd, 8.3, 2.0) 5 1249  7.07 (7.9, 7.8) 5

8 121.9 (67.4, 63.9) 130.3 7.34 (ddd, 7.9,7.9,1.2) 6,9, 10

9 123.1 (67.4, 66.3) 7.23 (d, 2.0) 4,5,7,8,10 1222 7.19(d, 7.9) 4,5,7,8,10
10 138.6 (66.3, 62.4) 138.8

12 173.2 (41.4) 169.2

14 148.3 (77.3,54.7) 148.2

15 120.6 (77.3, 67.6) 113.9 7.12 (d, 7.8) 14, 16, 17, 19, 20
16 129.2 (69.1, 67.6) 7.27 (d, 1.7) 14, 15,17, 18 130.1  7.31(dd, 7.8, 7.8) 14, 15, 17, 19
17 128.3 (69.1, 66.3) 123.6 7.04 (dd, 7.8, 7.8) 15, 19

18 122.6 (66.3, 64.0) 6.96 (d, 1.7) 14, 15, 16, 20 123.4 7.09 (d, 7.8) 16, 20

19 135.9 (64.0, 54.7, 46.5) 128.6

20 52.6 (46.5, 41.4, 35.2, 29.7) 48.2

2la 25.4(32.4,29.7) 1.39 (dd, 13.7, 5.8) 4,12,19, 20, 22 24.3 1.68 (ddd, 14.1,5.1,1.2) 4,19, 20

21b 2.22 (ddd, 13.7,10.3, 7.9) 4,12, 19, 20, 22

2.41 (ddd, 14.1, 10.6, 8.3) 4,12, 19, 20, 22

22a  43.0 (32.4) 3.66 (ddd, 16.2, 10.3, 5.8) 20, 21, 24 387  3.71(m) 20, 21, 24
22b 3.73 (br dd, 16.2, 7.9) 20, 24 3.75 (m) 21, 24

24 150.8 (42.6) 164.8

25 312 3.12 (s) 2,5,24 339  3.61(s) 2,5,24

a Spectra were recorded in CDClz at 25 °C on a 400 MHz spectrometer. ? Spectra were recorded in CDCI3 at 26 °C on a 500 MHz

spectrometer.

The distribution of the halogen atoms in 1 among the
three available aromatic sites was established on the
basis of 13C chemical shifts using ChemNMRS® software
in conjunction with literature values.” The calculated
chemical shifts for Br at C8 and Cl at both C15 and C17
varied only slightly from the measured values: C8, obsd
121.9 ppm, calcd 121.6 ppm; C15, obsd 122.6 ppm, calcd
121.6 ppm; C17, obsd 128.3 ppm, calcd 125.0 ppm. The
13C chemical shifts for all other possible Br and ClI
permutations were computed and found to have large
deviations from the recorded values: with Cl at C8 (calcd
132.3 ppm); with Br at C15 (calcd 110.9 ppm); with Br
at C17 (calcd 114.3 ppm). With the halogen substitution
pattern determined, the planar structure for 1 was
assigned.

The relative stereochemistry of perophoramidine (1)
about the C4—C20 bond was determined to be trans on
the basis of ROESY correlations between H6—H2b, H18—
H3b, and H18—H22a. This assignment was supported by
modeling studies using Chem3D Pro (MM2) in which the
steric energy values for the trans and cis isomers for 1
were calculated to be 36 and 80 kcal/mol, respectively.
Interestingly, the communesins that contain a related
system except where the amidines are reduced to aminals
were assigned cis stereochemistry for this region of the
molecule on the basis of observed NOEs.2 In contrast to
perophoramidine, modeling of the communesin isomers
showed that the cis and trans isomers have nearly
identical steric energy values.

(6) ChemDrawUltra Version 4.5, CambridgeSoftCorp., Cambridge,
MA, 02140—-2317.

(7) Pretsch, E.; Clerc, T.; Seibl, J.; Simon, W. Tables of Spectral Data
for Structure Determination of Organic Compounds; Springer-Verlag:
Berlin, Heidelberg, 1989; pp C120—121.

(8) Numata, A.; Takahashi, C.; Ito, Y.; Takada, T.; Kawai, K.; Usami,
Y.; Matsumura, E.; Imachi, M. Tetrehedron Lett. 1993, 34, 2355—2358.

Perophoramidine (1) contains an unusual carbon skel-
eton and is the first reported metabolite from the genus
Perophora. In addition, 1 exhibits cytotoxicity toward the
HCT116 colon carcinoma cell line with an 1Csy of 60 uM
and induces apoptosis via PARP cleavage within 24 h.

Experimental Section

General Methods. NMR spectra were recorded on either a
400 spectrometer (*H, 399.880 MHz; 13C, 100.559 MHz) at 25
°C or a 500 spectrometer (*H, 500.620 MHz; 13C, 125.893 MHz)
at 26 °C. The H and 13C chemical shifts are reported in parts
per million relative to the reference solvent peaks at 6 7.24 and
77.00 ppm for CDCls.

Animal Material. The colonial ascidian Perophora namei was
collected during August of 2001 by scuba (—12.2 m) east of
Zamboanga City near Tictauan Island in the Philippines.
Voucher specimen DZ-UFPR PEROPH 11 has been deposited
at the Departamento de Zoologia, Universidade Federal do
Parana, C.P. 19020, 81.531-990, Curitiba, Brazil.

Extraction and Isolation. P. namei was macerated and
exhaustively extracted with MeOH. The dried extract (7.58 g)
was subjected to a modified Kupchan procedure,? resulting in a
hexane (644 mg), CHCI; (729 mg), and 30% aq MeOH (6.17 g)
fraction. The CHCIs-soluble material was purified by silica gel
flash chromatography on a column (45 x 200 mm) packed with
silica (40—63 um, 60 A) using a gradient from 2% MeOH/98%
CHCIl; to 30% MeOH/70% CHCls. The 5% MeOH/95% CHCI;
fraction was further purified by trituration using a MeOH/H,0
(7:3) mixture to yield pure perophoramidine (1, 185 mg).

Perophoramidine (1): stable, off-white amorphous solid; UV
(MeOH) Amax 338 (¢ 4600), 308 (¢ 6800), 298 (sh, e 5800), 240
(sh, € 10300), 220 (e 13300); IR (NaCl) vmax 1698, 1632, 1564,
1490, 1408, 1202 cm~1; [a]p +3.8 (¢ 0.733, CHCI3); CD (MeOH)
[0]253 —19800, [O]30s +24700, []3zs —3990; (+)-LRFABMS (rel
int) m/z 475 (57), 477 (100), 479 (45) 481 (8); (+)-HRFABMS m/z
475.0028 ([M + H] ", C21H17N4"°Br35Cl,, —0.0066 mmu); *H and
13C NMR data (Table 1).

Dehalogenation of Perophoramidine (1). To a Np-purged
solution of 1 (5.0 mg, 10.5 umol) in MeOH (1.4 mL) were added
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HCO2NH4 (14.0 mg, 47.5 umol) and 10% Pd/C (10.0 mg), and
the mixture was stirred under N, at rt for 24 h.> The MeOH
was removed under reduced pressure, and the resulting residue
was purified on a Cig (40 um, 60 A) packed SPE cartridge (10 x
20 mm) that was initially flushed with 100% H,O (discarded)
and then flushed with 95% MeOH/5% aq TFA (0.1%). This
yielded pure dehalogenated perophoramidine (2, 2.3 mg, 66%
yield) as its TFA salt.

Dehalogenated perophoramidine (2): stable, yellow oil;
UV (MeOH) Amax 332 (e 2300), 294 (e 3100), 226 (sh, ¢ 8600),
208 (¢ 9900); IR (NaCl) vmax 1695, 1650, 1573, 1468, 1201 cm™1;
CD (MeOH) [#]245 +4500, [6].s6 +8700, [6]s2s —3300; (+)-
LRFABMS (rel int.) m/z 329 (100); (+)-HRFABMS m/z 329.1758
(IM + H]*, C21H2:N4, —0.0008 mmu); *H and 3C NMR data
(Table 1).
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