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Additional Cytotoxic Polyacetylenes from the Marine Sponge Petrosia Species
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Ten new polyacetylenic alcohols (1-6, 8—11), along with a known compound, petrocortyne C (7), were
isolated from the marine sponge Petrosia sp. The gross structures were established based on NMR and
MS data, and the absolute configuration was determined by the modified Mosher’'s method. These
compounds displayed considerable cytotoxicity against a small panel of human solid tumor cell lines.
Compounds 1—11 were further evaluated for in vitro inhibitory activity on DNA replication.

Marine sponges of the genus Petrosia are known as a
source of diverse bioactive polyacetylenic compounds.!
These polyacetylenic compounds exhibit various chain
lengths and functional groups as illustrated by Cz, petro-
synol,?2 Cye petroformynes,® brominated Cjg acids,* and
corticatic acids.> Most of them have shown interesting
biological activities, including antifungal activity,*® anti-
microbial activity,® HIV reverse transcriptase inhibition,”
and cytotoxicity.® In earlier papers we reported new Cg
and Cy¢ polyacetylenic alcohols from the Petrosia sp., which
displayed significant cytotoxicity against five human cell
lines.®~1 In our continuing search for bioactive metabolites
from the same sponge, additional new Cys, Css, and Cyz
congeners (1—6, 8—11) have been isolated, along with
petrocortyne C (7). Herein we report the structure elucida-
tion and biological evaluation of these compounds.

Results and Discussion

The methanolic extract of the frozen sponge showed
cytotoxicity in the in vitro P-388 assay. Guided by this
assay, the MeOH extract was successively fractionated
employing reversed-phase flash column chromatography
and HPLC to afford compounds 1—11 as the causative
constituents. Compounds 1—11 were further tested for
cytotoxicity against five human solid tumor cell lines to
display significant to moderate activities (Table 1). The
cytotoxicity of these compounds was comparable to that of
cisplatin, with the exception of 5. The potency of these
compounds was also comparable to those of C4s polyacety-
lenic alcohols, (3S,14S)-petrocortyne Al° and petrotetrayn-
diols A—B,° and somewhat less than those of Czy poly-
acetylenic alcohols, dideoxypetrosynols A—E,*10 which were
previously isolated from the same sponge. Compounds
1-11 also displayed significant inhibition on the DNA
replication in a concentration-dependent mode, which could
explain their cytotoxicity (Table 2). Structural analysis of
the compounds revealed that they are congeners of (3S,-
14S)-petrocortyne A,'° possessing diverse partial structures
a—m, as depicted in Figure 1.

Petrotetrayndiol C (1), which possesses a characteristic
enone moiety, was isolated as a colorless oil. The molecular
formula of 1 was established as CssHggOs on the basis of
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HRFABMS and NMR data (Tables 3 and 5). The [M + Na]*
ion was observed at m/z 691.5054 (C4sHesO3Na, A —1.8
ppm). The *H and 3C NMR data were reminiscent of those
of (3S,14S)-petrocortyne A. However, certain differences in
the H NMR data were noticed. The signal of one of the
cis-disubstituted double bonds was replaced by a trans-
disubstituted double bond (6 6.12, dd, J = 15.9, 4.7 Hz; ¢
6.93, dt, J = 15.9, 7.0 Hz). An additional signal for a
methylene o to a carbonyl group was observed at 6 2.59.
This keto carbonyl was also detected in the 3C NMR
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Table 1. In Vitro Cytotoxicity Data of 1—11 Against a Panel of
Human Solid Tumor Cell Lines?

compound A549 SK-OV-3 SK-MEL-2 XF498 HCT15
1 >10 4.2 4.1 12.7 5.7
2 7.3 4.4 3.8 6.1 35
cisplatin 0.4 0.6 0.9 0.2 1.8
3 >30 4.2 3.9 185 12.9
4 26.3 1.9 2.3 8.0 5.0
cisplatin 0.9 1.6 1.0 0.9 1.9
5 >10 >10 >10 >10 >10

6 >10 15 15 5.8 25
cisplatin 0.8 1.2 15 0.7 15
7 >10 0.7 24 >10 7.5
8 24.5 1.7 11 3.4 1.8
9 11.3 2.2 0.8 25 1.7
10 1.8 0.8 0.6 1.3 0.8
11 >30 4.6 5.2 >30 >30

cisplatin 0.6 0.9 0.7 0.6 0.6

a Data expressed in EDsg values (ug/mL). Cytotoxicity was
assessed in four separate batches. A549, human lung cancer;
SK-OV-3, human ovarian cancer; SK-MEL-2, human skin cancer;
XF498, human CNS cancer; HCT15, human colon cancer.

Table 2. The Percent Inhibitions of 1—11 on SV40 DNA
Replication?

concn
@My 1 2 3 4 5 6 7 8 9 10 11

125 45 12 63 79 66 40 89 62 59 62 76
250 46 47 77 94 80 70 100 83 86 90 100
500 81 70 100 100 100 100 100 100 100 100 100

a8 The bioactivity of compounds 1 and 2 was assessed as a
separate batch from others.

spectrum at ¢ 203.7, accompanied by a substantial down-
field shift (0 149.6) of one of the trans-olefinic carbon
signals, indicating that this carbonyl group is conjugated
with the trans-double bond comprising an enone moiety
(k in Figure 1). By analysis of the COSY spectral data of
1, the partial structures a, b, ¢, and e have been easily
deduced (Figure 1). The structure of the long-chain subunit
was deduced by careful examination of the COSY and
TOCSY spectral data (Figure 2). The long-range *H—'H
correlation between the allylic protons (6 2.06—2.11, H-20/
23) and the a-keto methylene protons (6 2.59, H-26) was

OH
Z W
M
a b

Journal of Natural Products, 2001, Vol. 64, No. 1 47

clearly observed in the TOCSY spectrum of 1. This pair of
allylic methylene protons (H-20/23) showed a correlation
with another pair of allylic methylene protons (0 2.22,
H-17). The gross structure deduced by NMR spectral
analysis was further confirmed by FAB—CID tandem mass
spectrometry (Figure 3). The fragmentation of 1 showed
the characteristic pattern of a linear aliphatic chain
compound. A prominent fragment produced by a loss of
H,O from the [M + Na]* was observed at m/z 673. Major
fragmentations of the [M + Na]* ion were observed as odd
mass ions due to the remote charge fragmentation, which
is characteristic of collisional activation of an alkali-metal-
cationized ion.*? The terminal allylic cleavage was observed
as a base peak at m/z 625. From this base fragment,
sequential losses of methylene units continued until the
fragmentation at the double bond. Allylic cleavages were
observed as enhanced peaks at m/z 471 and 307. Fragment
ions of m/z 443 and 431 were observed as relatively weak
peaks with 12 amu difference, augmenting the evidence
for the location of the double bond.*®* The FAB—CID tandem
mass spectrometry was found useful for determining
double-bond location of these polyacetylenic alcohols, in-
asmuch as the migration of the double bonds was signifi-
cantly suppressed. The absolute configuration of 1 was
determined by the modified Mosher’'s method as 3S,14S,
which was the same as that of (3S,14S)-petrocortyne A
(Table 7).

Nor-(3S,14S)-petrocortyne A (2) and homo-(3S,14S)-
petrocortyne A (9) were isolated as yellow oils. The 'H and
13C NMR data of 2 and 9 were indistinguishable from those
of (3S,14S)-petrocortyne A (Tables 3 and 5, Experimental
Section). However, when coeluted in HPLC, they showed
retention times distinct from that of (3S,14S)-petrocortyne
A. In the LRFABMS, 2 showed the [M + Na]* ion at m/z
663, which was 14 amu less than that of (3S,14S)-
petrocortyne A, and 9 showed the [M + Na]* ion at m/z
691, which was 14 amu higher than that of (3S,14S)-
petrocortyne A. Based on the FABMS and NMR data, the
molecular formulas of 2 and 9 were established as C4s5HggO2
(m/z 663.5109, C4sHgsO2Na, A —1.3 ppm) and C47H7,0, (m/z
691, C4;H7,0,Na), respectively. Their gross structures were
further confirmed by FAB—CID tandem mass spectrometry
(Figure 3). The fragmentation of 2 and 9 showed the same
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Figure 1. Partial structures of compounds 1—11.
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Table 3. 'H NMR Data of (3S,14S)-Petrocortyne A and Compounds 1—4 (CD3;0D, 600 MHz)?2

Lim et al.

position  (3S,14S)-petrocortyne A 1 2 3 4

1 2.83(d, 2.2) 2.87(d, 2.2) 2.86 (d, 2.4) 2.86 (d, 2.1) 2.87(d, 2.2)

3 4.74 (brd, 5.9) 4.74 (br d, 6.2) 4.74 (brd, 6.3) 4.75 (br d, 6.0) 4.75 (br d, 6.0)

4 5.55 (ddt, 15.2, 5.9, 1.3)  5.56 (dd, 15.2, 6.2) 5.55 (ddt, 15.1, 6.3, 1.5)  5.56 (ddt, 15.2, 6.2, 1.0)  5.56 (ddt, 15.2, 6.2, 1.0)
5 5.85 (dtd, 15.2, 6.6, 1.0)  5.85 (dt, 15.2, 6.8)  5.85 (dtd, 15.1, 6.8, 1.0)  5.86 (dtd, 15.2, 7.1, 1.0)  5.85 (dtd, 15.2, 6.7, 1.0)
6 2.02—2.05 (m) 2.07 (m) 2.02—2.05 (m) 2.07 (m) 2.07 (m)

7 1.30—-1.51 (m) 1.41 (m) 1.30—1.51 (m) 1.42 (m) 1.42 (m)

8—9 1.30—1.51 (m) 1.30—1.60 (m) 1.30—1.51 (m) 1.30—1.38 (m) 1.30—1.36 (M)

10 1.30—1.51 (m) 1.50 (m) 1.30—1.51 (m) 1.52 (m) 1.52 (m)

11 2.21 (td, 7.0, 2.0) 2.21(td, 6.7, 1.7) 2.21 (td, 4.9, 2.0) 2.23(td, 6.7, 2.0) 2.21(t,6.7)

14 5.01 (quint, 2.0) 5.01 (br s) 5.00 (quint, 2.0) 5.09 (q, 1.7) 5.02 (m)

17 2.21(td, 7.0, 2.0) 2.22(td, 6.7,1.7)  2.21(td, 4.9, 2.0) 4.33(td, 5.2, 1.5) 2.22 (t, 6.7)

18 1.30—1.51 (m) 1.50 (m) 1.30—1.51 (m) 1.65 (m) 1.52 (m)

19 1.30—-1.51 (m) 1.30—1.60 (m) 1.30—1.51 (m) 1.49 (m) 1.30—-1.36 (M)

20 2.02—2.05 (m) 2.06—2.11 (m) 2.02—2.05 (m) 2.05 (m) 1.48 (m), 1.55 (m)
21 5.33—5.38 (m) 5.37—5.39 (m) 5.33—5.37 (m) 5.34—5.38 (m) 3.97 (quint, 5.9)
22 5.33—5.38 (m) 5.37—5.39 (m) 5.33—5.37 (m) 5.34—5.38 (m) 5.47 (dd, 15.2, 7.1)
23 2.02—2.05 (m) 2.06—2.11 (m) 2.02—2.05 (m) 2.05 (m) 5.61 (dt, 15.2, 7.1)
24 1.30—1.51 (m) 1.30—1.60 (m) 1.30—1.51 (m) 1.30—1.38 (m) 2.05 (m)

25 1.30—1.51 (m) 1.59 (m) 1.30—1.51 (m) 1.30—1.38 (m) 1.36 (m)

26 2.02—-2.05 (m) 2.59(q, 7.2) 2.02—2.05 (m) 2.05 (m) 2.05 (m)

27 5.33—5.38 (m) 5.33—5.37 (m) 5.34—5.38 (m) 5.36—5.37 (M)

28 5.33—-5.38 (m) 6.12 (dd, 15.9,4.7) 5.33-5.37 (m) 5.34—5.38 (m) 5.36—5.37 (M)

29 2.02—2.05 (m) 6.93 (dt, 15.9, 7.0)  2.02—2.05 (m) 2.05 (m) 2.05 (m)

30 1.30—1.51 (m) 2.26 (quint, 7.9) 1.30—1.51 (m) 1.30—1.38 (m) 1.30—1.36 (M)

31 1.30—1.51 (m) 1.56 (m) 1.30—1.51 (m) 1.30—1.38 (m) 1.30—1.36 (m)
32-40  1.30—-1.51 (m) 1.30—1.60 (m) 1.30—1.51 (m) 1.30—1.38 (m) 1.30—1.36 (m)

41 1.30—-1.51 (m) 1.42 (m) 2.31(q, 6.8) 1.43 (m) 1.42 (m)

42 2.32 (q, 6.6) 2.32(q, 7.3) 5.99 (dtd, 10.7,7.3,1.0) 2.32(qd, 7.5, 1.3) 2.32(q, 7.3)

43 5.98 (dtd, 10.8, 7.4, 1.0)  5.99 (dt, 10.7, 7.6)  5.44 (ddt, 10.7, 2.0, 1.0) 5.99 (dt, 10.8, 7.5) 6.00 (dt, 10.8, 7.3)
44 5.43 (ddt, 10.8, 2.0, 1.3)  5.44 (br d, 10.7) 5.44 (br d, 10.8) 5.45 (br d, 10.8)
45 3.39 (br d, 2.0)

46 3.36 (d, 2.0) 3.40 (br d, 1.9) 3.39 (br d, 2.0) 3.40 (br d, 1.6)

a Multiplicity and coupling constants (Hz) in parentheses. Compound 2 and (3S,14S)-petrocortyne A were measured at 200 MHz.

Table 4. 'H NMR Data of Compounds 5, 8, 10, and 11 (CD3z0D, 600 MHz)2

position 5 8 10 11

1 2.87 (d, 2.2) 2.85(d, 2.1) 2.86 (d, 2.2) 2.86 (d, 2.2)

3 4.75 (br d, 5.6) 4.74 (br d, 6.0) 4.74 (brd, 6.2) 4.75 (brd, 6.2)
4 5.56 (dd, 15.2, 6.2) 5.56 (dd, 15.0, 6.3) 5.54 (ddt, 15.3,5.9, 1.5) 5.56 (ddt, 15.2, 6.1, 1.3)
5 5.85 (dt, 15.2, 7.0) 5.85 (dt, 15.0, 6.9) 5.85 (dtd, 15.3, 6.8, 1.1) 5.86 (dtd, 15.2, 6.8, 1.3)
6 2.07 (m) 2.05 (m) 2.06 (m) 2.05—-2.10 (m)
7 1.42 (m) 1.42 (m) 1.42 (m) 1.42 (m)

8—-9 1.30—1.37 (m) 1.29-1.37 (m) 1.30—1.33 (m) 1.29-1.37 (m)
10 1.52 (m) 1.50 (m) 1.49 (quint, 8.1) 1.61 (m)

11 2.22 (td, 6.3, 1.9) 2.22 (td, 6.6, 1.8) 2.20 (td, 6.8, 1.9) 2.44 (t, 7.0)

14 5.02 (quint, 1.9) 5.13(q, 1.8) 5.06 (dt, 7.4, 1.9)

15 5.48 (ddt, 10, 7.4, 0.5)¢

16 5.46 (dt, 10, 5)°

17 2.23 (td, 6.9, 1.9) 5.53 (br d, 15.9) 2.12 (m) 2.45 (t, 7.0)

18 1.52 (m) 6.13 (dt, 15.9, 6.6) 1.43 (m) 1.61 (m)

19 1.30—-1.37 (m) 2.15 (m) 1.36—1.38 (m) 1.48 (m)

20 2.06 (m) 2.15 (m) 2.03—2.50 (m) 2.05—-2.10 (m)
21-22 5.37 (m) 5.33-5.38 (m) 5.33-5.37 (m) 5.35—5.39 (m)
23 2.06 (m) 2.05 (m) 2.03—-2.05 (m) 2.05-2.10 (m)
24-25 1.30—-1.37 (m) 1.29-1.37 (m) 1.36—1.38 (m) 1.38 (m)

26 1.55 (m) 2.05 (m) 2.03—-2.05 (m) 2.05-2.10 (m)
27 2.46 (t, 7.5)P 5.33-5.38 (m) 5.33-5.37 (m) 5.35—5.39 (m)
28 5.33-5.38 (m) 5.33-5.37 (m) 5.35—5.39 (m)
29 2.45 (t, 7.5)b 2.05 (m) 2.03—2.05 (m) 2.05—2.10 (m)
30 1.55 (m) 1.29-1.37 (m) 1.36—1.38 (m) 1.38 (m)

31-40 1.30—1.37 (m) 1.29-1.37 (m) 1.36—1.38 (m) 1.30—1.34 (m)
41 1.43 (m) 1.29-1.37 (m) 1.36—1.38 (m) 1.42 (m)

42 2.32(q, 7.3) 1.29-1.37 (m) 2.33(qd, 7.3, 1.3) 2.32(q, 7.2)

43 5.99 (dt, 10.9, 7.6) 1.48 (m) 5.99 (dt, 10.8, 7.4) 5.99 (dt, 10.8, 7.6)
44 5.44 (br d, 10.9) 2.15 (m) 5.44 (br d, 10.9) 5.44 (br d, 10.8)
46 3.40 (br d, 1.8) 2.15 (m) 3.39 (br d, 2.0) 3.39 (brd, 1.8)

a Multiplicity and coupling constants (Hz) in parentheses. Compound 8 was measured at 300 MHz. ® Assignments with the same
superscript in the same column may be interchanged. ¢ The values were estimated by simulation.

characteristic pattern of linear aliphatic chain compounds
as in the case of 1. Prominent fragment ions generated by
a loss of H,O from the [M + Na]* were observed at m/z
645 for 2 and at m/z 673 for 9. The terminal allylic
cleavages were observed as base peaks at m/z 597 and 625

for 2 and 9, respectively. From these base fragments,
sequential losses of methylene units continued until the
fragmentations at the double bonds for each compound.
Allylic cleavages of each compound were observed as
enhanced peaks at m/z 443, 389, 361, and 307. Each
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Table 5. 13C NMR Data of (3S,14S)-Petrocortyne A and Compounds 1—4 (CDsOD, 50 MHz)a

position (3S,14S)-petrocortyne A 1 2 3 4

1 74.5 74.5 74.5 74.5 74.5

2 84.8 84.8 84.8 84.9 84.8

3 63.1 63.2 63.2 63.2 63.2

4 130.5® 130.7¢ 130.5f 130.5¢ 130.5¢

5 134.0 134.1 134.0 134.0 134.0

6 32.9 32.9 32.9 32.9 32.9
7-10 29.2—30.9 29.5—-30.7 29.2—30.9 29.2—30.8 29.2—30.8
11 19.2¢ 19.2¢ 19.2¢ 19.2 19.28¢

12 84.5P 84.5P 84.50 85.40 84.5P

13 79.9d 79.9 79.98 79.9d 79.9

14 52.6 52.6 52.6 52.5 52.6

15 79.84 79.9 79.8¢ 79.44 79.9

16 84.3b 84.4b 84.40 83.6° 84.4°

17 19.3¢ 19.3¢ 19.3¢ 62.7 19.31¢

18 29.2-30.7 29.5—-30.7 29.2-30.9 38.8 29.2-30.8
19 29.2-30.7 29.5-30.7 29.2-30.9 26.1 29.2-30.8
20 27.8f 27.74 27.7d 27.7° 38.0

21 130.7¢ 131.58 130.75f 130.7¢ 73.6

22 131.1# 131.3¢ 131.1f 131.1# 134.7

23 28.22f 27.69 28.1d 28.1° 132.3

24 29.2—30.9 29.5—-30.7 29.2—30.9 29.2—30.8 33.1

25 29.2—30.9 23.7 29.2—30.9 29.2—30.8 29.2—30.8
26 28.20f 40.5 28.044 28.05¢ 28.2d

27 131.08 203.7 130.9f 131.0¢ 131.0¢

28 130.7¢ 130.3¢ 130.74f 130.8¢ 130.8¢

29 28.1f 149.6 28.03d 28.02¢ 27.74

30 29.2-30.9 335 29.2-30.9 29.2-30.8 29.2-30.8
31-40 29.2—30.9 29.5—30.7 29.2—30.9 29.2—30.8 29.2—30.8
41 29.2—30.9 29.5—30.7 31.1 29.2—30.8 29.2—30.8
42 31.2 31.1 146.4 31.1 31.1

43 146.3 146.4 109.3 146.4 146.4

44 109.4 109.3 81.2 109.3 109.3

45 81.2 81.2 82.7 81.2 81.3

46 82.8 82.7 82.7 82.7

a Compound 1 was measured at 150 MHz. b~ Assignments with the same superscript in the same column may be interchanged.

fragment ion at m/z 415 and 333 showed a 12-amu
difference from the next lower mass ions as relatively weak
peaks, augmenting the evidence for the location of the
double bonds. The absolute configuration of 2 was deter-
mined by the modified Mosher’'s method as 3S,14S, which
was the same as those of 1 and (3S,14S)-petrocortyne A
(Table 7). The stereochemistry of 9 was also determined
as 3S,14S by comparing the *H NMR data of the (R)-MTPA
ester with that of 2. Nor-(3S,14S)-petrocortyne A (2) and
homo-(3S,14S)-petrocortyne A (9) were chemically unique
for their linear C45 and Cg47 skeletons, respectively. Except
for the C4; polyacetylenic acids with a terminal carboxyl
group, such as nepheliosyne A,'* osirisynes,’> and hali-
clonyne,® most of the long-chain (> C,) polyacetylenes
isolated from marine sponges possess Cg linear carbon
skeletons. Although 2 and 9 possess the same partial
structures and absolute configurations as (3S,14S)-petro-
cortyne A, their C45 and Cy47 skeletons are unprecedented.

Petrotetrayntriol A (3) was isolated as a yellow oil. The
molecular formula of 3 was deduced to be CsH7003 based
on LRFABMS and NMR data. The 'H and *3C NMR data
show that 3 has a structure similar to (3S,14S)-petrocor-
tyne A (Tables 3 and 5; a, b, and c in Figure 1). However,
an additional hydroxyl group at the o-position of diacety-
lenic carbinol moiety was indicated by the 'H NMR (6 4.33,
1H, td, J = 5.2, 1.5 Hz) and 3C NMR (6 62.7) data. And
an additional methylene signal was also observed in the
IH NMR (6 1.65, 2H, m) and 3C NMR (6 38.8) data, which
may be ascribed to the a-hydroxymethylene group (f in
Figure 1). By analysis of the COSY and TOCSY spectral
data of 3, the structure of the long-chain subunit was
deduced (Figure 2). The long-range 'H—H correlation
between the o-hydroxymethylene protons (6 1.65, H-18)
and the allylic protons (6 2.05, H-20) was observed in the

Table 6. 13C NMR Data of Compounds 5, 8, 10, and 11
(CD30D, 75 MHz)?

position 5 8 10 11

1 745 745 745 745

2 84.9 h 84.7 84.8

3 63.2 63.2 63.1 63.1

4 130.7¢9 130.84 130.7¢ 130.76¢

5 134.1 1341 134.0 134.0

6 329 329 329 32.9
7-10 29.2-30.7 29.5-30.8 29.7-30.8 29.5-30.8
11 19.25°¢ 19.3 19.4 19.4d

12 84.51P 85.0° 85.4 95.7

13 79.9° 79.50 81.9 83.2

14 52.6 52.9 58.8 162.4

15 79.9° 87.1b 131.9 83.2

16 84.49° h 132.2 95.7

17 19.31°¢ 110.5 28.3 19.5d

18 29.2-30.7 145.9 29.7-30.8  29.5-30.8
19 29.2-30.7 34.1 29.7-30.8 29.5-30.8
20 27.7d 27.5¢ 28.00° 28.01°

21 129.99 129.4d 130.8¢ 131.1¢

22 130.89 131.8d 131.0¢ 131.4¢

23 28.0d 28.1° 28.1° 28.30
24-25 29.2-30.7 29.5-30.8 29.7-30.8 29.5-30.8
26 24.9¢ 28.04°¢ 28.03° 28.1°

27 43.5f 131.0d 130.9¢ 130.76°¢

28 214.4 130.84 130.8° 130.84¢

29 43.4f 28.0¢ 28.03° 28.04°

30 24.5¢ 29.5-30.8 29.7-30.8 29.5-30.8
31-41 29.2-30.7 29.5-30.8 29.7-30.8 29.5-30.8
42 31.1 29.5-30.8 31.1 31.1

43 146.4 29.5-30.8 146.4 146.4

44 109.3 19.0 109.3 109.3

45 81.3 85.6 81.1 81.3

46 82.7 69.3 82.7 82.7

a Compounds 5 and 10 were measured at 50 MHz. =9 Assign-
ments with the same superscript in the same column may be
interchanged. " Not observed due to low intensity.
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Figure 2. Diagnostic COSY, TOCSY, and HMBC correlations of 1,
3-5, 10, and 11 (600 MHz, CD3;0D).

Table 7. Selected Ad (ds — Or) Values (ppm) of the MTPA
Esters of 1-4, 6, and 10 (CDCl3)?

position 1 2 3 4 6 10
1 +0.04 +0.04 +0.10 +0.04 +0.04 +0.04
4 -0.10 -0.10 -0.07 -0.11 -0.10 -0.10
5 -0.07 -0.06 -0.06 -0.07 -0.06 -0.08
11 -0.03 -0.03 0.00 -0.02
15 +0.04
17 +0.01 +0.01 —-0.04 +0.03

a Spectra were recorded at 200 MHz for 1-4, 10, and at 300
MHz for 6.

TOCSY spectrum. The gross structure deduced by NMR
spectral analysis was further confirmed by FAB—CID
tandem mass spectrometry (Figure 3). The absolute con-
figuration of C-3 was determined by the modified Mosher’s
method as S, however, those of C-14 and C-17 could not
be determined due to their decomposition during analysis
(Table 7).

(3S,14R)-Petrocortyne E (4) was isolated as a yellow oil.
The molecular formula of 4 was deduced to be CssH7003
based on LRFABMS and NMR data. The 'H and 3C NMR
data showed partial structures a—c, e, and | (Figure 1,
Tables 3 and 5). Careful analysis of the COSY, TOCSY,
HMQC, and FAB—CID tandem mass spectral data con-
firmed that 4 has a gross structure identical to petrocortyne
E.1” The absolute stereochemistry of 4 was determined by
the modified Mosher’'s method as 3S,14R, although the
absolute configuration of C-21 could not be determined due
to its decomposition during analysis (Table 7). The absolute
stereochemistry of petrocortyne E was not previously
reported because of its decomposition during esterification
reaction.
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Petrotetrayndiol D (5), with a molecular formula of
C46H7003 (LRFABMS and NMR), was isolated as a yellow
oil. The presence of the partial structures a—c and e was
immediately recognized. In addition, a keto group was
indicated by 13C (0 214.4, C-28) and 'H (0 2.46,t, J = 7.5,
H-27/29; 6 2.45, t, J = 7.5, H-27/29) NMR data. The location
of this ketone moiety was deduced by an HMBC experiment
(Figure 2). The allylic carbon at 6 27.7/ 28.0 (C-20, 23)
showed correlations with the -carbonyl protons at 6 1.55
(H-26) and the allylic protons at 6 2.23 (H-17). The FAB—
CID tandem mass data further confirmed this interpreta-
tion (Figure 3). The absolute stereochemistry of 5 could not
be determined by the modified Mosher’'s method due to
decomposition during esterification.

The 'H and 13C NMR data of (3S,14S)-petrocortyne B
(6) were similar to those of (3S,14S)-petrocortyne A1
(Experimental Section). However, the proton and carbon
signals of C-43 (0n 5.99, 0c 146.4) and C-44 (0w 5.44, Oc
109.3) have shifted upfield to 6y 1.49, dc 29.2—30.8 (C-43)
and oy 2.15, dc 19.1 (C-44), indicating that 6 has a
saturated structure at C-43 (d in Figure 1). This interpre-
tation was supported by the [M + Na]* ion of 6 at m/z 679,
which was 2 amu higher than that of (3S,14S)-petrocortyne
A. The gross structure of 6 was the same as that of the
known compound petrocortyne B.18 However, the absolute
configuration of 6 was determined to be 3S,14S, whereas
that of petrocortyne B was reported to be 3R,14R (Table
7).

Compound 7 was deduced to have the same gross
structure as that of petrocortyne C,'® by comparison of the
IH and C NMR and LRFABMS data with the reported
data. The stereochemistry of C-3 could not be determined
due to its decomposition during esterification.

Petrotetrayndiol E (8), with a molecular formula of
C46H7002 by LRFABMS and NMR, was isolated as a yellow
oil. Comparison of the spectral data with those of petro-
tetrayndiol A revealed that 8 differed from petrotetrayn-
diol A by an additional saturation at C-43. This was further
supported by FAB—CID tandem mass spectrometry (Figure
3). The stereochemistry of 8 was determined to be 3S,14S
by comparing the 'H NMR data of the (R)-MTPA ester with
that of petrotetrayndiol A.1°

Petrotriyndiol A (10) was isolated as a yellow oil. The
molecular formula of 10 was deduced as C4sH7,0,, based
on LRFABMS and NMR data. The *H and *C NMR data
showed that 10 has a structure similar to that of (3S,14S)-
petrocortyne A (Tables 4 and 6, a—c in Figure 1). However,
the signals of the acetylenic carbinol moiety showed dif-
ferences in chemical shifts and splitting patterns in *H and
13C NMR. The acetylenic carbinol proton (H-14) and one
of the allylic methylene protons (H-17) have shifted down-
field to 6 5.06 (dt, J = 7.4, 1.9) and 6 2.12 (m), respectively.
Additional olefinic protons were detected at ¢ 5.48 (H-15)
and 0 5.46 (H-16), which showed a second-order splitting.
In the 13C NMR data, diacetylenic carbinol carbon (C-14)
has shifted downfield to ¢ 58.8. Two of the acetylenic
carbons have disappeared, and a pair of additional olefinic
carbons was detected at 6 131.9 (C-15) and 6 132.2 (C-16).
These data indicated that one of the triple bonds of the
diacetylenic carbinol moiety was saturated to a double bond
to compose an acetylenic enol group (i in Figure 1). The
geometry of this acetylenic enol group was determined to
be Z based on the 'H—1H coupling constant (J = 10 Hz),
which was analyzed by spin simulation. The Z-geometry
of C-15 was further confirmed by the chemical shift of the
allylic carbon (C-17) at 6 28.3.1° The entity of the long-chain
subunit was deduced by careful analysis of HMBC and
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Figure 3. Key FAB—CID tandem mass spectral fragmentations of the [M + Na]* of 1-5 and 7—11. Fragmentation of 11 is that of di-deuterated
[M + Na]* at m/z 677. The percent relative abundance is given in parentheses.

FAB—CID tandem mass spectral data. The allylic protons intensity as other allylic cleavages at m/z 309 and 363
of the acetylenic enol group at ¢ 2.12 (H-17) showed (Figure 3). The absolute configuration was determined to
correlation with the allylic carbon of C-20 (6 28.00/ 28.03/ be 3S,14R by the modified Mosher’s method (Table 7).

28.1) in the HMBC spectrum (Figure 2). The allylic Petrotetraynol A (11), isolated as a yellow oil, showed
cleavage of the acetylenic enol group was observed at m/z an 'H NMR spectrum similar to that of (3S,14S)-petrocor-

281 as an enhanced peak with almost the same relative tyne A. In fact, compound 11 differed from (3S,14S)-
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petrocortyne A only by the absence of a carbinol proton
(H-14) and by the downfield shift of H-11, -17 (6 2.44, 2.45),
and H-10, -18 (6 1.61) (Table 4). These data indicated the
presence of a ketone at C-14 instead of a hydroxyl group.
Likewise, the 13C NMR data of 11 showed a carbonyl signal
at ¢ 162.4 and a substantial downfield shift of C-12 and
C-16 (0 95.7) (Table 6). The structure of the long-chain
subunit was deduced by the analysis of COSY and HMBC
spectral data (Figure 2). The allylic protons at 6 2.44
(H-11) and 6 2.45 (H-17) showed correlations with the
carbonyl carbon (C-14, 6c 162.4), a-acetylenic carbons
(C-13/15, o6c 83.2), and p-acetylenic carbons (C-12/16, d¢
95.7). The correlation between the homoallylic methylene
protons (H-18, oy 1.61) and the allylic carbon (C-20, d¢
28.01) was also observed. In the FABMS, the ion cluster
of [M + Na]* was observed between m/z 675 and 679, with
the m/z 677 peak being most intense, which was 2 mass
unit higher than the expected [M + Na]* (m/z 675). It was
considered that the acidic protons at C-11 and C-17 have
been partially exchanged with deuterium during NMR
measurements. The labile hydroxyl deuterium (—OD)
might be easily reexchanged by triturating with CH3;OH
prior to mass measurement, while the deuteriums at C-11
and C-17 were not readily reexchanged by CH3OH tri-
turation. Careful examination of the 'TH NMR spectrum
revealed that the allylic protons (H-11, -17) showed dimin-
ished integral (ca. 60%). FAB—CID tandem mass spectral
fragmentation of the m/z 677 ion, in accordance with the
proposed gross structure (Figure 3). The absolute stereo-
chemistry was determined to be 3S by comparison of the
chemical shifts of the (R)-MTPA ester of 11 with those of
the (R)-MTPA ester of 2.

Experimental Section

General Experimental Procedures. Optical rotations
were measured in MeOH on a JASCO DIP-370 digital pola-
rimeter. UV spectra were obtained in MeOH using a UV-2401
PC Shimadzu spectrophotometer. IR spectra were recorded on
a JASCO FT/IR-410 spectrometer. *H and *C NMR spectra
were recorded on a Bruker AC200, DMX600, and Varian Unity
Plus 300 instruments. Chemical shifts are reported with
reference to the respective residual solvent peaks (6 3.30 and
Oc 49.0 for CD30D, dy 7.26 and ¢ 77.0 for CDCl3). HRFABMS
data were carried out on a JEOL JMS SX-101A. FAB—CID
tandem MS data were obtained using a JEOL JMS-HX110/
110A. HPLC was performed with a YMC ODS-H80 (semi-
preparative, 250 x 10 mmi.d., 4 um, 80 A; preparative, 250 x
20 mmi.d., 4 um, 80 A) and YMC-Pack CN (250 x 10 mmi.d.,
5 um, 120 A) column using a Shodex RI-71 detector.

Animal Material. The sponge Petrosia sp. was collected
in July 1995 (15—25 m depth), off Komun Island, Korea.® A
voucher specimen (J95K-11) was deposited in the Natural
History Museum, Hannam University, Taejeon, Korea.

Cytotoxicity. In vitro cytotoxicities were determined at the
Korea Institute of Chemical Technology following the protocols
established by the National Cancer Institute. Five cancer cell
lines, A549 (lung cancer), SK-OV-3 (ovarian cancer), SK-
MEL-2 (skin cancer), XF498 (CNS cancer), and HCT15 (colon
cancer), were employed for the measurement of cytotoxicities.

In Vitro SV40 DNA Replication. The reaction mixtures
(40 uL) included 40 mM creatine phosphate-di-Tris salt (pH
7.7), 1 ug of creatine kinase, 7 mM MgCl,, 0.5 mM DTT, 4
mM ATP, 200 uM UTP, GTP, and CTP, 100 uM dATP, dGTP,
and dCTP, 25 uM [*H]dTTP (300 cpm/pmol), 0.6 ug of SV40
T-Ag, 0.3 ug of SV40 origin-containing DNA (pUC), and the
indicated amounts of replication proteins. The reactions ran
for 90 min at 37 °C, after which the acid-insoluble radioactivity
was measured. Replication products were analyzed using
[0-*2P]dATP (30000 cpm/pmol) instead of [H]dTTP in the
reactions just described. After incubation, the reactions were
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stopped by the addition of 40 uL of a solution containing 20
mM EDTA, 1% sodium dodecyl sulfate, and E. coli tRNA (0.5
mg/mL). One-tenth of the reaction mixture was used to
measure the acid-insoluble radioactivity. DNA was isolated
and electrophoretically separated in a 1.0% agarose gel for 12—
14 h at 2 V/cm. The gel was subsequently dried and exposed
to X-ray film.

Extraction and Isolation. The frozen sponge (14.5 kg) was
extracted with MeOH at room temperature. The MeOH
solubles were fractionated between H,O and CHCl,. The CH--
Cl; solubles were further partitioned between 90% MeOH and
n-hexane to yield 58.15 and 61.5 g of residues, respectively.
The 90% MeOH fraction was then partitioned again between
H,0 and CHCI; to afford 34 g of the CH,CI, residue, which
was subjected to a reversed-phase flash column chromatog-
raphy (YMC Gel ODS-A, 60 A 500/400 mesh), eluting with a
solvent system of 25 — 0% H,O—MeOH followed by Me,CO,
to obtain eight fractions. These fractions were evaluated for
activity in the in vitro P-388 assay. Fraction 7 (7 g) was active
in the P-388 assay (EDso 4.7 ug/mL, doxorubicin 4.0 ug/mL).
Guided by the P-388 assay, fraction 7 was further separated
by a reversed-phase flash column chromatography (YMC Gel
ODS-A, 60 A 500/400 mesh), eluting with 10 — 0% H,O—
MeOH, EtOAc, and CHClI; to afford 13 fractions. Fraction 7-5
(322.9 mg, EDsg 0.75 ug/mL), fraction 7-7 (1.283 g, EDso 0.5
ug/mL), fraction 7-8 (417.6 mg, EDsg 0.75 ug/mL), and fraction
7-9 (762.1 mg, EDs 3.7 ug/mL), which were eluted with 5%,
3%, and 1% H,O—MeOH and 100% MeOH, respectively, were
more active than other fractions in the in vitro P-388 assay.
Fraction 7-7 was further separated on the same flash column
eluting with 16.7 — 0% H,O—MeOH to yield fraction 7-7-5
(1.073 g, EDso 4.5 ug/mL), which, upon subsequent reversed-
phase flash column chromatography eluting with 4.8% H,O—
MeOH, afforded fraction 7-7-5-4 (484 mg, EDso 0.5 ug/mL).
Fraction 7-7-5-4 was separated on a preparative ODS HPLC
eluting with 100% MeOH to afford crude compounds 1 and 2.
Pure compounds 1 (0.96 mg) and 2 (10.53 mg) were obtained
upon purification on a CN column eluting with 37% and 33.3%
H,O—CH3CN, respectively. Fraction 7-5 was further separated
on a preparative ODS HPLC eluting with 100% MeOH to
afford fractions 7-5-17 and 7-5-8. Pure compound 3 (3.5 mg)
from fraction 7-5-17 was obtained upon purification on a CN
HPLC eluting with 35.7% H,O—CH3CN. Fraction 7-5-8 was
purified by the same CN HPLC system to afford compounds 4
(4.2 mg) and 5 (2.8 mg). Fraction 7—8 was separated on a
semipreparative ODS HPLC eluting with 3.2% H,O—MeOH
to afford fraction 7-8-6, which was subjected to purification
by the same column with 100% MeOH to yield compound 7
(3.9 mg), fraction 7-8-8, fraction 7-8-9, and compound 6 (31.2
mg). Fraction 7-8-8 was subjected to repeated purification on
a semipreparative ODS HPLC eluting with 3.2% H,O—MeOH
and 60% MeCN—MeOH to afford compound 8 (2.0 mg).
Fraction 7-8-9 was also subjected to repeated purification on
a semipreparative ODS HPLC eluting with 100% MeOH and
60% MeCN—MeOH to obtain compounds 9 (1.6 mg) and 10
(3.5 mg). Fraction 7-9 was separated by a semipreparative
ODS HPLC eluting with 100% MeOH to obtain 17 fractions.
Fraction 7-9-6 was purified by repetitive HPLC using 50%
MeCN—-MeOH and 60% MeCN—MeOH to yield compound 11
(7.1 mg).

Petrotetrayndiol C (1): colorless oil; *H NMR data, see
Table 3; °C NMR data, see Table 5; LRFABMS m/z 691
[M + Na]*; HRFABMS m/z 691.5054 (calcd for CssHesOsNa,
691.5066).

Nor-(3S,14S)-petrocortyne A (2): yellow oil; [a]*®p +10°
(c 1.0, MeOH); UV (MeOH) Amax (log €) 223 (3.9) nm; IR (film)
Vmax 3297, 2925, 2853, 1452, 995 cm~1; 'H NMR data, see Table
3; 13C NMR data, see Table 5; LRFABMS m/z 663 [M + Na]*;
HRFABMS m/z 663.5109 (calcd for CssHssO2Na, 663.5117).

Petrotetrayntriol A (3): yellow oil; *H NMR data, see
Table 3; 13C NMR data, see Table 5; LRFABMS m/z 693 [M +
Na]+ (C46H7003Na).

(3S,14R)-Petrocortyne E (4): yellow oil; *H NMR data,
see Table 3; 13C NMR data, see Table 5; LRFABMS m/z 693
[M + Na]* (C46H7003Na).
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Petrotetrayndiol D (5): yellow oil; *H NMR data, see Table
4; 13C NMR data, see Table 6; LRFABMS m/z 693 [M + Na]*
(C45H7003Na).

(3S,14S)-Petrocortyne B (6): yellow oil; [a]*p +2° (c 0.6,
MeOH); UV (MeOH) Amax (log €) 222 (3.6) nm; IR (film) vmax
3310, 2925, 2853, 1627, 1462, 1245, 1009, 971 cm™%; 'H NMR
data, (CD3OD, 300 MHz) ¢ 5.84 (1H, dt, J = 15.1, 6.7, H-5),
5.55 (1H, dd, J = 15.1, 6.1, H-4), 5.35—-5.37 (4H, m, H-21, -22,
-27, -28), 5.00 (1H, br s, H-14), 4.73 (1H, br d, 3 = 5.9, H-3),
2.87 (1H, d, 3 = 2.1, H-1), 2.19—2.22 (4H, m, H-11, -17), 2.15
(3H, m, H-44, -46), 2.05 (10H, m, H-6, -20, -23, -26, -29), 1.49
(6H, m, H-10, -18, -43), 1.29—1.44 (38H, m, H-7—H-9, -19, -24,
-25, -30—42); 1°C NMR data, (CD3;OD, 75 MHz) 6 134.0 (C-5),
131.1 (C-4/21/22/27/28), 131.0 (C-4/21/22/27/28), 130.8 (C-4/21/
22/27/28), 130.6 (C-4/21/22/27/28), 84.5 (C-12/13/15/16), 84.3
(C-12/13/15/16), 80.0 (C-12/13/15/16), 79.9 (C-12/13/15/16),
74.5(C-1), 69.3 (C-46), 63.1 (C-3), 52.6 (C-14), 32.9 (C-6), 29.2—
30.8 (C-7-10, 18, 19, 24, 25, 30—43), 28.2 (C-20/23/26/29), 28.1
(C-20/23/26/29), 27.7 (C-20/23/26/29), 19.3 (C-11/17), 19.2 (C-
11/17), 19.1 (C-44), (signals of C-2 and C-45 were not detected);
LRFABMS m/z 679 [M + Na]* (CssH720.Na).

Petrocortyne C (7): yellow oil; [a]®p +3° (c 0.09, MeOH);
UV (MeOH) Amax (log €) 222 (4.1), 255 (3.8) nm; IR (film) vmax
3310, 2925, 2853, 1719, 1660, 1597, 1151, 1089, 971 cm™%; *H
NMR data, (CD3;OD, 300 MHz) ¢ 6.15 (2H, s, H-13, -15), 5.98
(1H, dt, J = 11.4, 7.5, H-43), 5.84 (1H, dt, J = 15.3, 8.1, H-5),
5.55 (1H, dd, J = 15.3, 6.3, H-4), 5.42 (1H, br d, J = 11.4, H-44),
5.33—5.37 (4H, m, H-21, -22, -27, -28), 4.73 (1H, brd, 3 =5.7,
H-3), 3.39 (1H, br d, 3 = 2.1, H-46), 2.86 (1H, d, J = 1.8, H-1),
2.60 (2H, t, 3 = 7.5, H-11/17), 2.59 (2H, t, J = 7.5, H-11/17),
2.31 (2H, q, J = 6.6, H-42), 2.03—2.10 (10H, m, H-6, -20, -23,
-26, -29), 1.69 (4H, quint, J = 7.5, H-10, -18), 1.28—1.42 (36H,
m, H-7—H9, -19, -24, -25, -30—41); *C NMR data, (CD;OD,
75 MHz) 6 189.1 (C-14), 173.0 (C-12, -16), 146.4 (C-43), 134.0
(C-5), 131.4 (C-4/21/22/27/28), 131.0 (C-4/21/22/27/28), 130.8
(C-4/21/22/27/28), 130.7 (C-4/21/22/27/28), 130.1 (C-4/21/22/27]
28), 113.4 (C-13, 15), 109.3 (C-44), 84.8 (C-2), 82.7 (C-46), 81.3
(C-45), 74.5(C-1), 63.1 (C-3), 34.4 (C-11/17), 34.3 (C-11/17), 32.9
(C-6), 31.1 (C-42), 29.8—30.7 (C-7—C10, -18, -19, -24, -25, -30—
41), 28.13 (C-20/23/26/29), 28.05 (C-20/23/26/29), 27.9 (C-20/
23/26/29), 27.8 (C-20/23/26/29); LRFABMS m/z 693 [M + Na]*
(C46H7003Na).

Petrotetrayndiol E (8): colorless oil; *H NMR data, see
Table 4; 13C NMR data, see Table 6; LRFABMS m/z 677 [M +
Na]* (C4eH7oOzNa).

Homo-(3S,14S)-petrocortyne A (9): yellow oil; *H NMR
data, (CD3;0OD, 200 MHz) 6 5.99 (1H, dtd, J = 10.7, 7.3, 1.0,
H-44), 5.85 (1H, dtd, J = 15.6, 6.4, 1.0, H-5), 5.55 (1H, ddt,
J=15.6,5.9, 1.5, H-4),5.44 (1H, ddt, J = 10.7, 1.9, 1.0, H-45),
5.34—5.36 (4H, m, H-21, -22, -27, -28), 5.00 (1H, quint, J =
2.0, H-14), 4.73 (1H, br d, 3 = 5.9, H-3), 3.40 (1H, br d, J =
1.9, H-47), 2.86 (1H, d, J = 1.9, H-1), 2.31 (2H, q, J = 6.3,
H-43),2.21 (4H, td, 3 = 4.4, 2.0, H-11, -17), 2.05 (10H, m, H-6,
-20, -23, -26, -29), 1.20—1.51 (42H, m, H-7—H10, -18, -19, -24,
-25, -30—42); LRFABMS m/z 691 [M + Na]* (Cs7H720.Na).

Petrotriyndiol A (10): yellow oil; [a]?®> +7° (c 0.05,
MeOH); UV (MeOH) Amax (log €) 221 (3.7) nm; IR (film) vmax
3311, 2925, 2853, 1458, 1653, 1014, 970 cm~*; 'H NMR data,
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see Table 4; 13C NMR data, see Table 6; LRFABMS m/z 679
[M + Na]* (C46H7202Na).

Petrotetraynol A (11): yellow oil; *H NMR data, see Table
4; 13C NMR data, see Table 6; LRFABMS m/z 675 [M + Na]*
(C46H6302Na), 679 (C45H64D402Na), 678 (C45H55D302Na), 677
(C46H65D202Na), 676 (C45H67D02Na)

Preparation of MTPA Ester. The (R)-MTPA and (S)-
MTPA esters of 1-11 were prepared as described previously.3
To solutions of 1—11 in dry pyridine (20 L) were added four
times the molar excess of (R)(—)- or (S)(+)-a-methoxy-a-
trifluoromethylphenylacetyl chloride [paying attention to the
fact that (R)-MTPA-CI gives (S)-MTPA ester and vice versa].
Each mixture was allowed to stand at room temperature for
16 h, and an equimolar amount of 3-(dimethylamino)propyl-
amine was added. After standing for 10 min, the solvent was
evaporated. The residue was purified on Si gel in a Pasteur
pipet eluting with CH,Cl, and characterized by *H NMR.
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