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Steroids isolated from marine sponges frequently con-
tain substantially modified side chains.! The most com-
monly encountered modifications involve extensive alkyl-
ation and/or dealkylation.? Recently, a small group of
biologically active steroids containing more complex side
chain functional groups have been reported from sponges.
Examples include the following: a family of sterol di-
sulfates that contain a side-chain orthoester;? the xesto-
bergsterols,* which have a C16/C23 bond that generates
a new cyclopentane ring involving side-chain and ring D
carbon atoms; contignasterol,> which contains a cyclic
hemiacetal in the side chain; and the kiheisterones,® which
contain a C21 carboxylic acid and a furan ring in the side
chain. Aspartof an ongoing investigation of the secondary
metabolites of cold water marine invertebrates,’ it was
found that extracts of the Norwegian sponge Polymastia
boletiformis (Lamarck, 1815)8 exhibited antimicrobial
activity. Bioassay guided fractionation of the P. boleti-
formis extracts led to the isolation of the pure antimicrobial
metabolite polymastiamide A (1) and a complex mixture
of minor analogs. Theinteresting side chain modification
in polymastiamide A (1), which involves linkage to a
nonprotein amino acid via an amide bond, is to the best
of our knowledge without literature precedent.
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Polymastiamide A (1) was isolated as an optically active
amorphous solid that gave a parent ion at m/z 684.354 80
inthe negative ion HRFABMS appropriate for amolecular
formula of C3sHzyNOgS. Anintense IR band at 1249 ¢cm-!
suggested that the sulfur atom was present as a sulfate
functionality. A broad OH/NH stretching band that
extended from 3640 to 2400 cm-! with a maximum at 3519
cm1and carbonyl stretching bands at 1730 and 1656 cm-!
were tentatively assigned to carboxylic acid and amide
functional groups. Confirmation of the presence of the
sulfate and carboxylic acid functionalities came from the
reaction of polymastiamide A (1) with HCl/MeOH (12 h,
20 °C) to give the methyl ester 2. Compound 2 gave a
parent ion in the HREIMS at m/z 619.4235 appropriate
for a molecular formula of C33H57NOj5 indicating that the
transformation of 1 to 2 involved the loss of one sulfur and
three oxygen atoms and the gain of one carbon and three
hydrogen atoms. The water-soluble fraction from the
methanolysis reaction mixture gave a white precipitate
with BaCl; and the intense band at 1249 em-! in the IR
spectrum of 1, which was attributed to the sulfate
functionality, was absent in the IR spectrum of 2. Evidence
for the conversion of the carboxylic acid in polymastiamide
A (1) to a methyl ester in 2 came from the presence of a
new three proton resonance at 6 3.72 (s) in the 'H NMR
spectrum of 2 (Table I) and the absence of a carboxylic
acid OH stretching band in the IR spectrum.

The NMR experiments (Table I and supplementary
material) which led to the proposed structure for poly-
mastiamide A (1) were initially carried out on the derivative
2 in order to exploit the convenience of collecting data in
CDCls. Subsequently, all of the NMR experiments were
repeated on a solution of the natural product 1 in DMSO-
dg. The 13C NMR spectrum (Table I) of methyl ester 2
contained only 37 resolved resonances, which indicated
the presence of some element of symmetry in the molecule.
Detailed analysis of the COSY, HMQC (heteronuclear
multiple quantum coherence),’ and HMBC (heteronuclear
multiple bond connectivity)!® data for 2 revealed that a
p-methoxyphenylglycine methyl ester fragment accounted
for the symmetry apparent from the 13C NMR spectrum.
A pair of scalar coupled !H NMR resonances at § 6.85 (d,
J =8.7Hz, H34/36) and 7.27 (d, J = 8.7 Hz, H33/37), each
integrating for two protons, could be assigned to the para-
disubstituted aromatic ring in the amino acid. The !H
NMR resonance at § 7.27 (H33/37) showed a HMBC
correlation to a deshielded aromatic carbon at § 159.8,
which was also correlated in the HMBC spectrum to a
deshielded methyl resonance at 6 3.77 (s). This pair of
HMBC correlations established that there was a methoxy
substituent on the aromatic ring. A deshielded methine
resonance at 6 5.55 (d, J = 7.1 Hz, H30) in the 'H NMR
spectrum showed a HMBC correlation to an aromatic
carbon resonance at 6 128.5 (C33/37) which was correlated
in the HMQC spectrum to the aromatic proton resonance
at§7.27 (H33/37). The methine resonance at é 5.55 (H30)
showed an additional HMBC correlation into a carbon
resonance at 6 171.7 (C31), which was in turn correlated
into the methyl ester proton resonance at § 3.72. This
second set of HMBC correlations established that the
methine carbon was the second substituent on the aromatic
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Notes
Table I. NMR Data for Polymastiamide A (1), Methyl
Ester 2, and Model Steroid 3
carbon polymastiamide A (1)° methyl ester 2° 3
no. 5 1H4 5 13Ce 5 1Hd 318Ce §13C
1 1.60 358 1.68 36.3 36.5
1’ 1.03 1.12
2 2.10 28.1 1.81,dq, 312 3156
J=13,4Hz
2 1.28 1.42
3 3.53 80.1 3.11,dt, 765 71.0
J=44,108 Hz
4 1.21 37.1 1.26 39.7 38.2
5 0.89 50.7 0.84 50.7 44.2
6 1.64 247 1.69 249 289
6’ 0.87 0.98
7 2.32 29.2 238 29.7 29.6
7 1.63 1.65
8 125.8 126.0 126.1
9 1.60 48.7 1.61 494 49.2
10 36.8 375 36.7
11 1.55 19.48 1.58 20,0 199
11’ 1.40 1.43
12 1.85 36.9 1.88,dt, 374 372
J=122,4Hz
13 42.1 426 426
14 141.4 142.1 1424
15 2.16 25,3 2.16 25.7 257
15 2.08 2.16
16 1.69 26,5 1.73 27.0 270
16’ 1.25 1.27
17 0.97 56.3 1.06 56.6 56.8
18 0.76, s 180 0.78,s 181 18.2
19 0.63,s8 136 0.69,s 139 128
20 1.34 339 137 345 344
21 0.83,d, 189 0.86,d, 19.1 19.0
J=6.5Hz J=6.6 Hz
22 1.32 325 1.36 33.1 359
22 0.96 1.01
23 1.46 313 152 318 23.7
23/ 1.13 1.17
24 2.54 349 2.57,tq, 35,8 39.5
J=6.8,68H:z
25 149.5 1509 279
26 5.61, bs 1158 5.57,bs 1156 22.5
2¢’ 5.21, bs 5.22, bs
27 168.5 1689 22.7
28 0.98, d, 19.6 1.05,4d, 19.8
J=68Hz J=68Hz
29 0.87,d, 1556 0.97,d, 15.2
J=6.2Hz J=63Hz
NH 8.48,d, 6.65,d,
J=T75Hz J="171Hz
30 5.35,d, 55.6 5.55,d, 55.8
J=176Hz J=71Hz
31 172.2 171.7
COOH 11.0
32 129.3 128.7
a3 7.31,d, 129.1 7.27,d, 128.5
J=87Hz J=8.7Hz
34 6.88,d, 1136 6.85,d, 114.4
J=87THz J=8.THz
35 158.8 159.8
36 6.88,d, 1136 6.85,d, 114.4
J=87Hz J=8T7THz
37 7.31,d, 129.1 7.27,d, 128.5
J=8THz J=87Hz
38 3.72,8 851 3.77,s 55.3
39 3.72,8 52.7

s Recorded in DMSO-dg. ® Recorded in CDCl;. ¢ Recorded in
CDCl; at 20 MHz. ¢ 500 MHz. ¢ 125 MHz. Assignments are based
on HMQC, HMBC, and COSY data.

ring and also that it was attached to the methyl ester
functionality. The 'H/'H COSY spectrum showed a
correlation from the methine resonance (6 5.55, H30) to
a deshielded resonance at 4 6.65 (d, J = 7.1 Hz) that was
assigned to an NH proton because it failed to show a
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correlation to a carbon atom in the HMQC spectrum.
Intense fragment ions at m/z 179 (100, C10H;;03) and 194
(90, C10H12NO3) in the EIHRMS of 2 confirmed the
presence of the p-methoxyphenylglycine methyl ester
fragment.

Subtraction of the atoms in the p-methoxyphenylglycine
methyl ester fragment (C;oH;2NO;) from the molecular
formula of 2 (C3gH57NO3) indicated that the remaining
portion of the molecule had to account for an elemental
composition of CagHy;50. and seven sites of unsaturation.
Deshielded resonances at & 168.9 (s, C27), 126.0 (s, C8),
142.1 (s, C14), 150.9 (s, C25), and 115.6 (t, C26) in the 13C
NMR spectrum of 2 were assigned to an amide carbonyl
and two olefinic functionalities that had to be present in
this second portion of the molecule. The absence of 13C
NMR evidence for additional unsaturated functional
groups in 2 indicated that this remaining fragment was
tetracyclic, and the presence of a series of diagnostic methyl
resonances (6 0.69, s; 0.78, s; 0.86, d, J = 6.6 Hz; 0.97, d,
J=6.3Hz; 1.05,d, J = 6.8 Hz ) in the 'H NMR spectrum
suggested that it was steroidal in nature.

Analysis of the HMBC, HMQC, and COSY data
obtained for 2 provided confirmation of the steroidal
substructure and established the location of the functional
groups on the steroid skeleton. A deshielded methine
resonance at § 3.11 (dt, J = 4.4 and 10.8 Hz) in the 'H
NMR spectrum, which was correlated to a carbon reso-
nance at  76.5 in the HMQC spectrum, was assigned to
H3. The C3 carbon resonance (6 76.5) was correlated to
amethyl doublet at § 0.97 (Me29) in the HMBC spectrum.
Additional HMBC correlations were observed from the
methyl doublet (5 0.97; Me29) to methine carbon reso-
nances at 6 39.7 (C4) and 50.7 (C5) suggesting that there
was a methyl substituent at C4. In the COSY spectrum,
the methyl doublet at 6 0.97 (Me29) showed a correlation
to the H4 methine resonance at 6 1.26 (HMQC correlation
to 6 39.7), and the H4 resonance was further correlated to
the H3 methine (6 3.11) and to a second methine at § 0.84
which was assigned to H5 by its HMQC correlation to the
carbon resonance at § 50.7. A methyl singlet at & 0.69 in
the 1H NMR spectrum, which was correlated to the C5
carbon resonance at 6 50.7 in the HMBC spectrum, was
assigned to Mel9. The coupling constants observed for
the H3 methine resonance (6 3.11, dt, J = 4.4 and 10.8 Hz)
showed that both H3 and H4 were axial and, therefore,
that 2 contained 38-hydroxyl and 4a-methyl substituents.

The remaining methyl singlet at § 0.78 in the 'H NMR
spectrum of 2 was assigned to Me18. HMBC correlations
were observed from the Mel8 resonance (5 0.78) to a
methylene carbon at 6 37.4, a methine carbon at 56.6, a
quaternary carbon at 42.6, and a fully substituted olefinic
carbon at 142.1. The HMBC correlations observed from
the Me18 protons required that the olefinic (6 142.1) and
methine (8 56.6) carbons be situated at C14 and C17, but
they did not indicate which type of carbon, either olefinic
or aliphatic methine, was at each site. An additional
HMBC correlation between a methyl doublet at 3 0.86 (J
= 6.6 Hz; C21) and the aliphatic methine carbon at § 56.6
(C17) was attributed to a Me21/C17 three-bond coupling.
The Me21/C17 HMBC correlation located the aliphatic
methine and olefinic carbons at C17 and C14, respectively.
13C APT data showed that the three remaining olefinic
carbons in 2 included two fully substituted carbons and
one olefinic methylene carbon. Therefore, the second
olefinic carbon in the steroid nucleus had to be located at



6926 J. Org. Chem., Vol. 58, No. 24, 1993

C8. Comparison of the 13C NMR assignments for the
steroid nucleus of 2, obtained from HMQC, HMBC and
COSY data, with the literature values for the steroid 3
(Table I),!! confirmed the proposed constitution for the
nucleus and also provided evidence for the relative
stereochemistries at C5, C9, C10, C13, C17, and C20 that
are shown in 2.

HO '_:'

Further analysis of the HMBC, HMQC, and COSY data
for 2 revealed the nature of the link between the steroidal
and p-methoxyphenylglycine fragments. A pair of broad
one proton singlets at § 5.22 (H26’) and 5.57 (H26) in the
1H NMR spectrum, which were both correlated to the
same 13C NMR resonance at 6 115.6 (C26) in the HMQC
spectrum, were assigned to an olefinic methylene func-
tionality. HMBC correlations were observed from both
of the olefinic methylene proton resonances (6 5.22 (H26")
and 5.57 (H26)) to a fully substituted olefinic carbon
resonance at 6 150.9 (C25) and to a carbonyl resonance at
6 1689 (C27), revealing an af-unsaturated carbonyl
substructure. An additional HMBC correlation between
the NH proton resonance at ¢ 6.65 and the carbonyl
resonance at & 168.9 (C27) showed that the p-methox-
yphenylglycine fragment was linked to the a8-unsaturated
carbonyl via an amide bond. The acrylamide substructure
defined above could be most readily accommodated by
the C25, C26, and C27 carbons of a standard steroidal side
chain skeleton. A methyl doublet at § 1.05 (J = 6.8 Hz,
Me28) in the 1TH NMR spectrum of 2 was correlated in the
HMBC spectrum to the a-olefinic carbon at 6 150.9 (C25)
indicating the existence of a methyl substituent at C24.
The COSY spectrum showed coupling between the methyl
doublet (8 1.05, Me28) and a methine at 6 2.57 (H24) that
was correlated in the HMQC spectrum to a carbon at &
35.8 (C24). HMBC correlations from the olefinic meth-
ylene protons at 6 5.22 (H26’) and 5.57 (H26) to the methine
carbon at 4 35.8 (C24) confirmed the presence of the methyl
substituent at C24. COSY, HMQC, and HMBC data (see
supplementary material) confirmed the indicated side
chain connectivity between C24 and C20 in 2.

Reaction of 2 with aqueous HBr followed by derivati-
zation with Marfey’s reagent'2 and HPLC analysis showed
that p-hydroxyphenylglycine had been formed in the
hydrolysis reaction. Comparison of the HPLC retention
times of the Marfey’s reagent derivative of the p-hydrox-
yphenylglycine liberated from 2 by hydrolysis with au-
thentic standards revealed that the amino acid residue in
2 had the L configuration.

The initial conversion of polymastiamide A (1) to the
derivative 2 involved hydrolysis of a sulfate functionality
and formation of a methyl ester. With the structure of 2
established, it was apparent that the sulfate group had to
be attached at the C3 hydroxyl group and that the
p-methoxyphenylglycine residue contained a free carbox-
ylic acid in polymastiamide A (1). The NMR and MS

(11) Kho, E.; Imagawa, D. K.; Rohmer, M.; Kashman, Y.; Djerassi, C.
J. Org. Chem. 1981, 46, 1838.
(12) Marfey, P. Carlsberg Res. Commun. 1984, 49, 591.
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data for polymastiamide A (1) (Table I) were completely
consistent with these conclusions.

Polymastiamide A (1) is the first example of a new type
of marine natural product that is formed by combination
of steroid and a-amino acid components.!3 Its discovery
in the extracts of Polymastia boletiformis adds to the rich
diversity of steroid modifications that are known from
marine sponges.- Polymastiamide A (1) exhibited in vitro
antimicrobial activity against various human and plant
pathogens (MIC’s in a 1/4-in. disk assay: Staphylococcus
aureus (100 ug/disk); Candida albicans (75 ug/disk) and
Pythium ultimum (25 ug/disk)) but it was found to be
inactive against HIV-1.

Experimental Section

Isolation. Specimens of Polymastia boletiformis were col-
lected by hand using SCUBA at depths of 20-25 m on vertical
rock faces off Korsnes Peninsula on Fanafjiord south of Bergen,
Norway, in July 1992. Freshly collected sponge was frozen on
site and transported to Vancouver over dry ice. A portion of the
frozen sponge (152 g) was cut into small pieces, immersed in
MeOH, and soaked at room temperature for 2 days. The
methanol extract was concentrated in vacuo to give a red
suspension that was partitioned between an aqueous solution
(300 mL) of 1:1 H;0/MeOH and hexanes (200 mL X 2). The
aqueous layer was concentrated and lyophilized to give a brown
solid (12.2 g, mostly salt). The solid was suspended in MeOH,
and the suspension was filtered. The filtrate was concentrated
in vacuo and chromatographed on Sephadex LH-20 in MeOH to
giveafraction containing steroid-like compounds (378 mg) which
was desalted by reversed-phase silica column chromatography
(eluent: first water, then 1:1 H,O/MeOH) to afford 193 mg of
a steroid mixture. Subsequent chromatography on Sephadex
LH-20 (eluent: 40:10:4 EtOAc¢/MeOH/H;0) yielded almost pure
polymastiamide A. Final purification was achieved by repeated
Sephadex LH-20 chromatography (eluent: 40:10:4 EtOAc/
MeOH/H;0) to give pure polymastiamide A (1) (34 mg).

Polymastiamide A (1): off-white amorphous solid; [«])2!p
+67.4° (MeOH, ¢ = 1.1); UV Ana 224 nm (e 8840), 272 nm (e
1520), and 278 nm (¢ 1270); IR (KBr) 3519, 2945, 1730, 1656,
1613, 1514, 1465, 1380, 1249, 980, 827, and 630 ¢cm-1; 1H NMR
see Table I; 13C NMR see Table I; negative ion HRFABMS m/z
684.35480 (C33HsNOsS AM ~3.24 ppm).

Methanolysis of Polymastiamide A (1). Polymastiamide
A (1) (12 mg) was dissolved in 3 mL of MeOH containing five
drops of concentrated HCl, and the reaction mixture was stirred
overnight at room temperature. The reaction mixture was
partitioned between EtOAc and H,0. Evaporation of EtOAc
layer gave the methyl ester 2 that was further purified on normal
phase HPLC (eluent: 3:1 hexane/EtOAc) (yield 4.5 mg).

Methyl Ester 2: amorphous white solid; [a]2!p +66.6° (MeOH,
¢ = 0.35); UV Apar 226 nm (e 10 620), 272 nm (e 1590), and 278
nm (e 1420); IR (KBr) 3316, 2933, 2872, 1741, 1651, 1615, and
1507 cm-!; 'H NMR see Table I; 13C NMR see Table I; LREIMS
m/z 619, 601, 586, 194, and 179; HREIMS M* m/z 619.4235
(CssH57N05 AM 0.2 mmu).

Determination of the Absolute Configuration of the
p-Methoxyphenylglycine Residue. Methyl ester 2 (3 mg) was
dissolved in 4 mL of 5 N HBr and refluxed overnight with stirring.
The cooled reaction mixture was evaporated to dryness, and traces
of HBr were removed from the residue by repeated evaporation
from 10-mL aliquots of H20. The residual hydrolysate was
treated with excess Marfey’s reagent, 2 5-fluoro-2,4-dinitrophenyl-
L-alanineamide (FDAA), for 1 hat 40 °C. The FDAA derivative
was analyzed by reversed-phase HPLC. A linear gradient of (A)
9:1 triethylammonium phosphate (50 mM, pH 3.0)/MeCN and

(13) While this manuscript was in review, a report appeared describing
a starfish steroid in which a 24-carboxylic acid functionality is linked via
an amide bond to D-cysteinolic acid. See: De Riccardis, F.; Minale, L.;
Riccio, R.; Iorizzi, M.; Debitus, C.; Duhet, D.; Monniot, C. Tetrahedron
Lett. 1998, 34, 4381.
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(B) MeCN with 0% at the start to 40% (B) over 40 min (flow
rate 0.7 mL/min) was used to separate the FDAA derivative which
was detected by UV absorbance at 340 nm. The peaks in the
chromatograph were identified by comparing their retention times
and photodiode array UV spectra with those of pure amino acid
derivative standards and by coinjection. The hydrolysate showed
peaks at 54.2 min (major) and 57.1 min (minor). The amino acid
standards gave the following retention times in minutes: 57.9
for D-p-hydroxyphenylglycine; 55.1 for L-p-hydroxyphenylgiycine
injected as a racemic mixture, 57.7 for D-p-hydroxyphenylglycine
injected as a pure enantiomer. In all cases a peak at 42 min was
observed, which was attributed to the excess FDAA. Coinjection
of the hydrolysate sample with the authentic amino acid
derivatives confirmed that the p-methoxyphenylglycine residue
in polymastiamide A had the L configuration.
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