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CHAPTER I

Introduction

The soft coral, Asterospicularia randalli,l is a new marine species
in the family of Asterospiculariidae of the order Alcyonacea. It is
common around Guam Is. in shallow water (0-7 m in depth) and occurs as
colonies with densities up to 24 colonies per m?. Asterospicularia ran-
dalli is beige to light pink, with paler colony bases and is usuvally at-
tached to solid coral rock substrata, but many are scattered over long
upright skeletons of dead Acropora formosa. These colonies are under 4
cm tall and most of them have bases under 5 cm in diameter. Astero-
sptcularia randalli has a low (5-20 mm) sterile base which gives rise to
less than 50 short stalks. Each of these stalks contains a capitulum
with 50-100 polyps. These polyps are monomorphic and highly contractile
(1.5 mm in height and 1 mm in diameter excluding tentacles).

Soft corals iave afforded many unusual and potentially useful di-
cerpenoids.2 The majority of these diterpenoids are derivatives of the
cembrene3’4 grouv. Schmitz et al. first isolated a diterpenoid, xenicin
(;)5 (from Xenia elongata) which has a nine-membered carbocyclic ring
condensed to a dihydropyran ring to give an 2-oxabicyclo [7.4.0] tride-

cane system. Since that time, many other xenicins,6 (differing in their



functional groups), xeniolides,6’7 and the closely related xeniaphyl-

lanes6’7

have been isolated from different Xenia species (X. macrospicu-
lata, X. obscuronata and X. novaebritanniae). Other representatives of
this group have been isolated from other soft corals species (Nephthea

10

and Alcyonium spp.),a’9 and from a gorgonian - as well.

Recently, Coll et al. have reported the isolation of a modified

1

tricyclic xenicin, 1Q, from X. viridis.! Another closely related

diterpene, alcyonolide (31), was isolated from the Okinawan soft coral
of the genus Alcyonium.9

Xenicins are not exclusive to soft corals. Coraxeniolides (34-31)
and corabohcin (38) were isolated by Scheuer's group10 from the Hawiian
Pink coral, (Coralliwn so. Finer et al. isolated a cvclononane diterpene,

dictyodial (é%),lz

from the brown algae Dictyota ecrenulata, and D,
flabellata, and the closely related dictyolactone (;;)13 from the sea
hare Apilysia depilans (Opisthobranchia).

In a recent papter,14

Burns et al. have reported the isolation of a
new diterpene carbocyclic ring skeleton (related to xenicin) from an Ef-
flatounaria sp of soft coral for which structure 33 was determined.

Diterpenoids related to xenicins which have been isolated from soft
corals and other marine organisms are displayed in Figure 1.

The soft coral Asterospicularia randalli, a close relative to
Xenia, seems to have received no previous chemical attention. It was the
purpose of this work to investigate the chemistry of this new species in
the search for biologically active compounds. This research resulted in

the isolation of a new steroid, the known carotenoid pigment, peridinin,

and 26 diterpenoid compounds. These diterpenoids fall into 7 groups:



(1) xenicins; (2) xenialactols; (3) xeniolide-A and its derivatives; (4)
asteroxeniolide-A and its derivatives; (5) xeniolide-B and its deriva-
tives; (6) asterospicins; and (7) asterospiculins. Twenty out of the 26

isolated compounds are new diterpenoids.
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Results and Discussion

The soft coral, Asterospicularia randailli, used in this investi-
gation was collected at two different times from Guam Is. at depths of
3-4 ft. The first collection was in May 1979 and the second in April
1983. Both collections of soft corals were shipped frozen to Oklahoma.
The animals from the first collection were allowed to thaw at room tem—
perature for 24 h, soaked in 95% EtOH for a period of 2 days, filtered
using cheesecloth, then extracted with MeOH-CHCL4 (l:1), and filtered
again. The rasulting solutions from both extractions were combined and
fractioned according to Scheme l. The CHCLy extract (fraction F) and
CCL; extract (fraction D) were chromatographed extensively according to
Scheme 2 to afford eight pure compounds which are described individually
below. The second collection was processed using nearly the same proce-
dure as for the first collection (see Scheme 3 for extraction, Scheme 4
for separation). Scheme 4 shows the separation sequence for this second
CHCL, extract (fraction F') to yield 20 pure compounds which are de-
scribed individually below. Chart 1 displayed the structures of the
isolated compounds and their derivatives which will be discussed in this

chapter.

Identification of 13-fpi-9-0-deacetylzenicin {3):
The fourteenth fraction of scheme 4 was chromatographed by HPLC
with silica gel to give 9 fractions. The fourth of these fractions was

resolved by a reverse-phase HPLC column with MeOH-H,0 (7:3) as eluent to
11
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Scheme 2
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Eﬁ. 0.3 mg,
2t HPLC, C18
3k 1 HeOR-F,0 7, 0.3 5g ]
$10, HPLC, G4 (6:4)
..___5L‘ . -
?eOH-H?O
75:25
st o T
6l
Tp=
2
S:0
=2
28
i
4 2
HPLC, SiO2
“I iexane-Acetone ¢
HPLC, SiO2
G—rememerrome—oL12 1 ug
1.3 g (7:3)
égt 0-5 og
" HPLC, SiO2 HPLC ==
) 1.5 og
exane-Acetone C
(1:1) 18 | 61, 0 3
MeOH-H20
(25:75)



14

Crude Extract of Asterospicularia randalli

CH2C12/ H20 Partition
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Extract with CHCl3
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yield 2 fractions. The second fraction contained a new compound, astero-
spiculin (§§). The first fraction contained 42 mg of 13-epi~9-O-deace-
tylxenicin (3) as a colorless oil. The molecular formula CogHyg0g (9
unsaturations) was obtained for 3 from the following spectral data: (a)
the low resolution mass spectrum of 3 displayed the molecular ion at
476; (b) the Iy o spectrum (see Figure 2) showed signals for 35 nom—
exchangeable protoms; (c) IR (OH) at 3450 and acetate(s) at 1735 cm_l;
(d) the 13w spectra (see Figure 3) indicated the existence of 26
carbons including an acetylated hemiacetal carbon, 91.63 ppm (C-1, d), a
carbon deshielded by a hydroxyl group,* 67.64 ppm (C-9, d), two other
carbons each deshielded by an acetate group,* 74.87 ppm (C-12, d) and
69.93 {C-13, d). The 13 and 13 MR data (see Tables 1 and 2) of 3 were
identical to those of 13-epi-9-0-deacetylxenicin isolated earlier by

Braekman and Tursch.15

However, Tursch did not fully assign the Iy nvr
spectrum of 13-epi-9-0-deacetylxenicin, and Kashman® was not certain
about the assignments of two 3¢ wr signals in 13-epi-9-0-deacetyl-

xenicin. For these reasons we performed 1 aifference decoupling,l6’17
1y cosy,8:19520 4p4 heteronuclear correlated 2-D NMR (HETCOR)Z! expe-
riments and we fully established the 1y ana 13C NMR assignments in 3

(see Figures 4 and 5).

Structure elucidation of 13-Epi-9-0O-deacetyl-7,8-dihydro-7a,8a—
epoxyxenicin (40Q):

Silica gel chromatography of fraction F' (see Scheme 4) yielded 25

fractions. Further chromatography of fraction 14 by HPLC gave 9 frac-

*assignments are made by analogy to other compounds in this series.
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Table 1 ., 'H NMR Data of Xenicins
1 3 40 41 13
= < == == s s a
Table 2 . C NMR Data of Xenicins
H-1 5.83 d 5.85 t;l 8 5.92 g 6 5.89 d b
1.8 . .
H-3 6,554 6.48 d 6,52 d 6,52 d l 2 !_*Q' él
.5 .24 5 1.9
H-4a 2.15 br d 2,23 gr6d 2.40 8r5d 2.42 br d 90,87 4
. . . .8 c-1 1.7 d 1.63 d 91,19 4 .
H-5 1.48 n 1,50 = 1.57 8 1.60 » c-3 ?‘2,(, d ?‘1.3‘ d 42.10d 141.93 d
Ced 113,5 8 113.50 s 113.61 8 113,61 a
H-5' 1.5} @ 1.55 » 2.08 & 2,13 m C-4a 37.1 d 36,63 d 36.70 4 36.67 9
c-5 30,5 ¢t 30.48 ¢ 0.0 29,69 ¢
H-6 2,2-2,29 a 2,15 2.19 dt 2,21 dt c-6 39.9 ¢ 39,52 ¢ 39.57 t 39.67 t
13.513.5 13.233.3 C-1 134,13 8 132.99 8 59.48 8 59.15 8
H-6' 2,2.2,29 & 2,01 » 1.25 ddd 1.25 ddd c-8 126.2 d 130,97 4 66.83 d 63.31 4
13.5112.313.5 13.2512.41441 c-9 70.6 ¢ 67.64 d 69,0 d T1.66 d
H-8 5.24 br d 5,23 br d 3,0 dd Jaid c-10 42,9 t 46,28 t 43,53 41,04 t
8.4 7.3 8.531 8.7 c-11 146.5 & 147.28 8 144.81 @ 143.96 s
H-9  5.66 br dad 4.7 br dd 3.79 ddd 4.81 ddd C-11a 19.6 4 49.38 4 48,69 d 48,5 d
8.416.3 7.316.3 8.517.212.6 8.716.31) c-12 76.4 d 74.87 d 74453 d 74445 d
H-10 2,35 br dd 2,32 br'dd 2,42 br dd 2.38 br dd ¢-13 69.8 d 69.93 4 70,13 d 70,06 d
147112 13.951.3 14.512.6 14,643 C~14 119.6 d 119.52 d 119.14 4 118.69 4
H-10' 2,55 br dd 2.52 br dd 2.64 ddd 2,68 br dd c-15 140.7 140,15 8 140.42 o 140,36 &
. 14,7643 13.916.3 14.517.2)2 14.616.7 c-16 18.9 q 18.61 q 18,65 q 18.65 q
H-ta 1,85 br e 1.8{ br s 2,32 dt 2,33 br t c-17 25.6 q 25,85 q 25.90 q 25.40 q
2,212.6 c-18 17.5 q 17.78 q 17.62 17,2
R-12 5.36 d 5.31 br d 5.30 ad 5,28 d c-19 116.1 ¢ 115,12 ¢ 116,61 ¢ 117,12 ¢
9 6.8 6.211.5 OAe 169.5 38 170.1 a, 169.42 8, 170.55 a,
H-13 5,76 dd 5.68 dd 5.69 dd 5.69 dd 168.8 » 169.86 a8, 169.94 s, 170,15 s,
10,519 9.316,8 9.316.2 2.316 21,0 4q 169.54 s, 169,85 s, 169,65 o9,
H-14 5.03 br d 5.12 d sopt 5.15 d sept 5.17 d aspt 20,97 q, 21.19q, 20,43 q,
10,5 9.351.3 9.331.5 9.311.4 © 2117 q, 21,12 q, 20.64 q,
Ho¥ 1.84 br a 1.72 ? 3 1.73 111 s 1.75 “i . 21,23 q 20.95 q 20,68 29
Hod? 1,72 br s 173 4" IR7%Y 195 4"
6 1.3 1.5 1.4 a
ol T.70 br » 1.63 br o 1.35 139 e Spectra were recorded in CDCl1., at
H-® 4.78 br a .84 br o £.98 br s 5.02 br o 10l 101t 3
H-87 4,92 br s 4295 br s 5,15 br s 5,13 br s 75+4 MHz, Multiplicities were ob-
OAe 2,01 052,03 28 1.99 812,01 & 2.0 312,01 a3 2.0) 812,04 8 tained by DEPT and assignments
2,07 » 2,05 8 2,06 8 2,07 a12.12 »

were made by comparison to 13-epi-9-

#Spectra were recorded in CDC1, at 300 MHz wibh y comp b

X O-deacetylxeniein . ( 3). “Assignments

TMS as internal standard. The values are given R =
. i i were established by a heterocorre-

in & units. Assignments were established by 'H

. . lated 2-D experiment.

difference decoupling (DDS) experiments.

1¢
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tions. Repeated purification of the most polar fraction by HPLC led to
the isolation, inm trace quantities, of an oil, 13-epi-9-0-deacetyl-7,8-
dihydro-7a,8c-epoxyxenicin (4Q), 3.7 mg, [o;]IZ)5 +25.68° (c 0.37, CHCLj).
The molecular formula C, H, 0q (9 unsaturations) was established from
the following spectral data: (a) an ion in the high resolution mass
spectrum which corresponds to M'-59 was observed at 433.2259 which is in
agreement for the formula C24H3307 (calculated 433.2226); (b) IH NMR (35
non-exchangeable protons); (c¢) IR (OH); (d) 13C NMR |26 carbons with an
acetylated hemiacetal carbon, a carbon deshielded by a single oxygen
(OH), two carboms deshielded by an oxygen (an epoxide), and 3 acetate
carbons]. The IR spectrum of 40 exhibited a broad hydroxyl band at 3500

cw ! and a carbonyl band at 1735 cm ! indicative of acetate group(s).

Analysis of the 3¢ wr spectra of 40 (Figure 6) revealed the ewistence

of six methyl groups, three sp3

methylenes and one exocyclic methylene,
nine methines, and four quaternary carbons, in addition to the three
acetate carbonyl carbons.

Analysis of the 14 and 13C MMR spectra (Figures 6, 7, and 8) of 40
suggested the presence of three double bonds (:C=CH2, ——-CH=C<::,
— C=CH—), an epoxide (— C(-g—\C/—Me), three acetate groups, an acetal,
and a secondary hydroxyl group (see Tables 1 and 2). The presence of
the latter woiety was unequivocally confirmed by acetylation, which
yielded the expected 9-acetate, 4l, (H-9 shifts from 3.79 to 4.81

1

pom). Comparison of the "H and 1")‘C NMR data of 40 with the data of

previously isolated 13--ep:{.—9-0—de::u:et:ylxenicin15 (see Tables 1 and 2),
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OAg
&

Me~18
13-epi~9-0-deacetyl~7,8-dihydro~7u,8a-epoxyxenicin (40)
Me-17[Me-16
Y/
[
[o ]
H’"‘, H-8 H6
13-
H-3 H-1 Holn qu\
H-1 =
3 _ H-10 H-5 o HE
=)
Ha
/I?L MJAM.
T T T T T T T T T Y T
6.5 5.5 4.5 3.5 2.5 1.5 PPM

Figure 7. 300 MHz 1H NMR spectrum of 13-epi-9-O-deacetyl-7,8-dihydro-7«,8c-epoxyxenicin (40) in CDCl3.
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Figure & . Contour plot of the homocorrelated two-dimensional proton NMR
spectrum (symmetrized %Oof 40 inGDCl3 at 300 MHz. The final S(FZ’FI)
matrix plot consisted of 512 X 512 data points. Off-diagonal contour

establish direct proton spin-coupling connectivities.
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indicated the bicyclic skeleton of 40 to be identical with that of 13-
epi-9-0-deacetylxenicin except chat compound 40 possesses an epoxide
group at C-7,8.

The proposed structure of 40 was confirmed by double irradiation

1y

experiments which established all carbon-carbon comnectivities. The
assignments were accomplished by IH difference decoupling épeccroscopy
(DDS) and homonuclear correlated two~dimensional (COSY) (Figure 8)
experiments.

The geometry of the epoxide group at C-7,8 was assigned as trans,
on the basis of NOE results (irradiation of Me-18 enhanced H-9) (see
Table 3). Since the 1y and 13c mm data of 40 were very close to that
of 13-epi{§~0—deacetylxenicin except as noted, we proposed that 40 pos~
sesses the same stereocheamistry at C-1, C-1lla, C-4a, C-12, C-13, and C-

9. NOE experiment results, see Table 3, support these assignments.

Identification of Xenialactol (§):

The CHCL3 fraction, fraction F', was chromatographed over silica
gel. Elution with hexane-acetone (1:1) yielded a brown oily material.
Addition of a mixture of hexane-acetone (7:3) to the brown oily material
caused a light yellow solid (110 mg) to precipitate, but all attempts to
crystallize this solid failld. It was identified as xenialactol (§).6
The molecular formula CZOH30°4 (6 unsaturations) of 8 was obtained from
the following spectral data: (a) the low resolution mass spectrum ex—
hibited a peak at 316 (M+—H20); (b) 1H NMR (27 non-exchangable protons

>

and 3 exchangeable protons); (c) L3¢ o (20 carbons including a hemi-

acetal carbon 99.92 ppm (C-1, d) and an allylic* carbon deshielded by a
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Table 3 . Results of & nuclear Overhauser

ence speciroscepy (NOEDS)zBexperiment with

Proton irradiated,
chem shift, ppm

H-3, 6.52
H-1, 5.92
H-13, 5.69

Proton (s)

enhanced

H-12, 5.30
H-11a, 2.32
H-10, 2.42
H-12, 5,30
H-T4, 2415
H-3, 6.2
H-13, 5.£9
H-‘4a, 2.40
H-9, 3.79
H-11a, 2.32

enhancemnent differ-

40 in CDCl3 solution.:

% Enhancement

17

N

-
W

—
\J1

n

~O
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Figure 9 .

300 MHz proton NMR spectrum of xenialactol in CDC1
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GC-1
-3
C-4
C-4a
C-5
G-6
C-7
Cc-8
G-9
C-10
c-11
C-11a
C-12
C-13
C-14
C-15
C-16
c-17
c-18
c-19
OAc

Table 4 . 19¢ NMR Data of ¥enislachols

ga

99.92 d
69.76 t
139.44 8
44,08 d
35.55 t
40,22 t
132.99 s
130,46 d
67,56 d
46.86 t
151.05 3
57.61 d
122.11 d
120,81 ¢
142,37 d
70.88 s
29.99 q
29.91 q
17.61 q
112,35 ¢

4

o

100.74
65,21 ¢
139.97 s
52.3 d
36.88 t
40,07 &
133.17 s
130.23°d
67.67 d
46.88 t
150.74 &
57.93 d
122.49 d
121449 d
141,50 d
71.0 3
29,89 q
29.90 q
17.74 q
112.43 t

e
i

99.80 d
69.76 4
139.31 s
44035 d
36,38
40,33 1
134,045 8
125,96 d
70.66 d
43.69 t
150,56 o
57.29 4
122,17 4
120,74 4
142,43 d
70,97 o
30,0 ¢
30,0 q
17.57 q
1314 4
170,68 o
21.45 q

44

100.10 4
69,23 t
138,50 s
43,60
34021
40,38
59,03
67,02
68,96 4
45,18 ¢
149.02 s
56.03 d
122,58 d
120,40 d
142,92 4
70,87 3
79.96 q
29.90 q
17.73 q
113,76 t

o e o oo a

42

100,10 d
69.22 ¢
138.52 8
%3, 73
34417 4
4043 ¢
59.60 8
67.05 d
68.90 4
45,19
149.17 s
56,07 d
123.0 4
122,69 d
140.6 d
74.83 8
25.96 q
25.87 q
17.38 q
113,59 ¢

noN

A

97.24 4
69,30 1
137.03 9
43.19 d
34.22 ¢
40.24 &
58.90 o
63,35 d
71.99 d
42.81 1

146.71 8

52.96 4

123.92 4

120.10 d

143.59 d

70.89 s

30.0 q

29.97 q

17.41 q

115.86 ¢

170,45 o, 21q
170,2 5 21.3 q

#*Spectra were recorded in CDC1, at 75.4 MHz., Multiplicities were obtained by DEPT and

. .- a . \
assignments were made by comparison to xenianlactol (8 ). “Assignments were establish-

ed by a heterocorrelated 2-D experiment.

€€
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Table 5 . Proton NMR Data of Yenialactols

8 42 43 bl 432 46
-1 4.62 br 4 4.53 br d 4.61 br 4 4.65 Ad 4,67 br 4 5.55 4
8,2 8.4 8.2 7.834.5 7.4 8.7
H-3 4.30 br d 4.58 dd 4.31 br d 4.31 br d 4.33 br @ .42 br d
13.8 15 7!2 5 13.7 13.8 13.9 3.9
i-3* 4.68 br a 4.80 br 4.69 dd 471 dd 4.73 br 4 4.73 br d
13.8 15, 7 13.731.3 13.811.5 13.9 13.9
H-4a 2,89 br d 2,29 br d 2,89 br d 2,91 br d 2,91 br d 2.98 by d
10.4 10,6 10.5 10.5 10.5 10.5
H-5 1.52 br dt 1.57 br dt 1.53 br dt 1.59 br dt 1.61 br dt 1.60 br dt
13.653 13.533.7 13.533.5 11.33 5 1413.6 14135
H-5v 1,96 tdd 1.95 = 1.95 tad 2,02 2.05 dddd 2.04 tdd
13.6110.413.7 13.5310.533.7 14n05;35 14513.3110,533.6 143510,533.5
-6 2,17 m 2,04-2.22 m 2,15.2,22 1.22 br td 1.22 br td 1.28 br td
1433.5 13.313.6 1413.5
N-6' 2,22 m 2.04-2,22 n 2.,15-2,22 » 2,2/ dt 2,26 dt 2.30 dt
: 1433.5 13.313:6 14313.5
-8 5.27 br d 5.17 br d 5.31 br d 2.99 d 3.04d 3.17 d
7.4 . 7.4 7.8 8 8.2 7
-9 4.76 br dd 4.74 br dd 5,68 br ad 3.81 br ¢t 3.84 br dd 4.85 br t
7.436.5 741644 7.837 8 8.237.3 7
H-10 2,40 br d 2.38 br d 2.43 br @ 2,48 br dd 2,50 br d 2.48 br d
13.8 14 14.3 14.311.5 14.3 13.9
H-10' 2,57 br dd 2.55 br dd 2,60 br da 2,66 br dd 2,69 br dd 2,68 br dd
13.8:6.5 1436.4 14.337 14.3:8 14. 3!7 3 13.937
H-1ta 1.70 br d 1.70 br d 1.72 dt 2,08 br d 2,11 br d 2,09 br d
8,2 8.4 8.2;1.8 7.8 7. LH 7 8.7
1i-12 5.82 br d 5.89 br d 5.85 br d 45.85 br dd 5,89 br dd 5.95 br d
10.7 IR| 10,8 10 831.5 10.5351.4 10,5
H-13 6.42 dd 6.22 dd 6.44 dd 6.34 a 6,26 aa 6,38 ad
15.7310,7 15311 15.5110.8 15 2;10.8 15.4310.5 15.7310.5
i-14 5.83 d 5.75 d 5.83 d 5.83 d 5,69 d 5.90 d
15.7 15 15.5 15.2 15.4 15.7
He-®b 1,35 o 1.3, 8 1.36 & 1.32 8 1.28 @ 1.38 a
He? 1,35 o 1.3 8 1.36 s 1.32 8 1.28 8 1.38 8
He-18 1,75 br a 1.72 br s 1,81 br s 1.47 8 1.49 8 -1.52 8
H-19 4.76 br @ 4L.86 br 8 4.78 br s 4.86 br B ,.87 br s 4,75 br 8
H-9' 4.94 br o 4.95 br s 4.92 br o 5.12 br o 5.13 br s 4.93 br 8
OAc 2.10 @ 2,08 8} 2.16 8

#*Spectra were recorded in €DC1 4 at 300 MHz with MeASi as internal standard. The values
are given in § units. Assignments were established by H difference decoupling (DDS)

experiments.

we
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secondary hydroxyl* group 67.56 ppm (C-9, d) and a tertiary carbon de-
shielded by a tertiary hydroxyl* group 70.88 ppm (C-15, s); (d) IR (OH).
The 'H and 13C NMR (see Tables 4 and 5) data of 8§ were identical to

those of xenialactol which was isolated6

by Kashman and Groweiss. How—
ever, Kashman reported that the chemical shift of the H-9 signal in
xenlalactol occurred at 4.85 ppm as a multiplet. Our 300 MHz ly wr
analysis of 8§ established the chemical shift of H-9 signal to be at 4.75
ppm as a broad triplet in which the H-19 signal was superimposed (see

Table 4 and Figure 9).

Structure elucidation of Isoxenialactol (42):

Silica gel chromatography of fraction F' (see Scheme 4) yielded 25
fractions. The wmost polar fraction was purified by HPLC and gave a
minute amount (0.9 a2g) of compound 42, a white powder. The molecular
formula C20H3004 (6 unsaturations) was deduced for 42 from the following
data: (a) low resolution mass spectrum (M+ 334 and 3 consecutive losses
of HZO); (b) lH NMR (27 non-exchangeable protons); (c) 13C NMR (20
carbons with 3 carbons deshielded by a single oxygen [71.01 ppm (C~15,
s), 67.67 (C-9, d), 65.21 (C-3, t)] and one by two oxygens [100.74 ppm
(C-1, a)l. The 13c mr spectra (Figure 10) revealed the existence of 3

3

methyls, 4 sp~ methylene and one exocyclic terminal methylene, 4 sp3

methines and 4 sp2 methines, and 4 quarternary carbons. The IR spectrum

of 42 exhibited a broad hydroxyl band at 3450 cm '.

*assignments were made by analogy to the known compounds reported in the
literature.
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Comparison of 1H and 130 MMR spectra (Figures 11 and 10) of com—
pound 42 with the data of previously isolated xenialactol 6 (8) showed
close resemblance, except for some minor differences in 1H and 13C NMR
spectra associated with the side chain. This strongly indicated that 42
and xenialactol are stereoisomeric with regard to their side chain geom-
etry. The stereochemistry of the side chain in xenialactol was estab-
lished as E,E on the basis of coupling constants and an NOE effect
between H-%4a and H-13. 1In xenialactol, the olefinic proton signals for
H-12 (5.82 ppm) and H-14 (5.83 ppm) were very close. However, in com—
pound 42 H-12 and H-14 appeared at 5.89 ppm and 5.75, respectively.
Moreover, H-13 in compound 42 appears at 6.22 ppm while in xenialactol
it appears at 6.%2 ppm. This suggested that these differences in the
chemical shifts are due to a different geometry for the diene side
chain. Furthermore, the protoans giving rise in compound (42) to the AB
pattern at 4.58 ppm (H-3) zad %.80 (H-3') are presumably deshielded by
the diene moiety, whereas in xenialactol H-3 and H-3' were observed at a
higher field (4.30 and 4.68 ppm, respectively). However, H-4a in com-
pound 42 was observed at a higher field (by 0.5 ppm) than H-4a in
xenlalactol (see Table 4). This indicated that the geometry of the
A4’12 trisubstituted double bond in 42 is most probably Z. This was
confirmed further by comparing (see Table 5) 13C NMR chemical shifts of
C-4a observed for the isomeric pair xeniolide-A (Z) and isoxeniolide-al?
(ll) with those of xenialactol and 42. Finally, the Z geometry of p4-12
in 42 was unequivocally confirmed by an NOE experiment (irradiation of

H-13 enhanced B-3).
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{&C 50 PPM =0

Figure 10, (a) 75.4 MHz broadband lH decoupled 13C NMR spectrum of 4_2 in cepca
(b) all protonated carbons. (c) methine carbons. (d) methylenz carbons. (e)
methyl carbons. Spectra b-e were recorded at 75.4 Mz in CcDC1l. and resulted
from the DEPT experiment. 3
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The remaining sterochemical features in 42 were judged to be iden—
tical to those proposed for xenialactol on the basis of the following
similarities in NMR data for the two compounds (Tables 4 and 5). The E
geometry for A7’8 double bond in 42 was assigned according to the 13¢
chemical shift of Me-18 appearing at 17-18 ppm (rather than at 22-25 for
the 2 configuration).zl‘ Since the chemical shifts of H-9 and C-9 in
compound 42 and in xenialactol were identical, the stereochemistry at C-
9 in 42 is assumed to be the same as in xenialactol. The trans configu-
ration is assigned to the ring fusion in 42 on the basis of the similar~
ities of the coupling constants (Jlla,loa = 2 Hz) observed for 42 and

xenialactol. The relative stereochemistry of the hydroxyl group at C-1

i

el
(15
[13%)

o

7as 2ssigned as B as in xenialactol, because the coupling comstaunt

Ji112 = 8 Hz) was alwmost identical in xenialactol and in 42. All of
1,11

—~

the above evidence supports structure 42 for which we propose the name

isoxenialactol.

Zenialactol 9-Acetate (43):

The CHCL3 extract of Scheme 4 was chromatographed over silica gel.
One of the fractions eluted with hexane—acetone (6:4) was rechromato-
graphed by HPLC to give 5 mg of xenialactol 9-acetate (43) as a
colorless oil. The molecular formula C22H3205 (7 unsaturations) was
obtained from the following spectral data: (a) the highest mass peak in
the low resolution mass spectrum was detected at 376; (b) the 1H NMR
specitrum (Flgure 13) exhibited 26 mon—exchangeable protons; (c) the 13¢
MMR spectra (Figure 12) contained 22 peaks including one for a hemiace-

tal carbon, 99.8 ppm (C-1, d) and 2 other carbons each deshielded by a
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Figure 12. (a) 75.4 MHz broadband proton decoupled 13C NMR
spectrum of 43 in cpCl,. (b) all protonated carbons.
(c) methine carbons. (d) methylena carbons. (e) methyl
carbons. Spectra b-e were recorded at 75.4 MHz in CDCl3

and resulted from a DEPT experiment.
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Figure 13. 300 Miz proton NMR spectrum of xenlalactol 9-acetate (43) in CDCL,.



42

single oxygen, 70.66 ppm (C-9, d) and 70.94 ppm (C-15, s) and an acetate

carbonyl carbon, 170.68 ppm (o—g—-CH3, s); (d) IR absorptions at 3440

13

(0H) and 1730 cm™! (acetate group). The “°C NMR (DEPT) spectra (Figure

12) indicated the presence of 4 methyls, 4 sp3

3

methylenes and one exo~

cyclic terminal methylene, 4 sp 2

methines and 4 sp“ methines, and 4
quarternary carbons, in addition to the carbonyl (CH3-E-O) mentioned
above. The 'H NMR spectrum (Figure 13) of 43 was almost identical to
that of xenialactol6 (see Table 4) except for the existence of an addi-
tional acetate methyl group signal at 2.1 ppm and a downfield shift of
the H-9 signal from 4.76 to 5.68 ppm. Moreover, the 3¢ mwr spectrum of
43 contained two additional carbon signals at 21.45 (q) and 170.68 ppm
(s) which corresponded to an acetate group. It was concluded that com
pound 43 was the xenialactol S-acetate. The stereochemical features of
43 are assuzed to be identical to those proposed for =wenialactol,
because the ly mm chemical shifts and coupling constants and L3¢ mr

(see Table 5) data were mnearly identical for the two compounds (43 and

xenialactol (8)) except as noted.

Structure elucidation of 7,8-Dihydro—7a,8a-epoxyxenialactol (44):

The CHCL, fraction, fraction F’of Scheme 3, was chromatographed
over a silica gel column usling hexane—acetone (9:1) and increasing the
amount of acetone. Elution with 1l:1 hexane—acetone yielded a fraction
which was further chromatographed by HPLC to give 8 fractions. Fraction
8 was rechroumatographed by HPLC to give a minute amount of 7,8-dinydro—
7a,8c-epoxyxenialactol (44) as a white powder. The molecular ion of 44

was not observed in the high resolution mass spectrum. However, an ion
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Figure 14. (a) 75.4 MHz broadband proton decoupled 136 wmr

spectrunm of 44 in ¢ncl, . (b) all protonated carbons. (c)
methine carbons. (d) mdthylenes carbons. (e) methyl carbons.
Spectra h-e were recorded at 75.4 MHz in CDC1 and resulted
from a DIPT sxpeéerimsnt. 3
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corresponding to M*-18 was observed at 332.19594 which is in agreement
with the formula C,gH,g50, (calculated 332.19876). Consideration of both
the low resolution (M+ 350) and high resolution mass spectrometry data
established the formula of 44 to be CygH305 (6 unsaturations). Analysis
of the 3¢ M spectra of 44 (Figure 14) indicated the presence of three
methyl groups, four methylenes and ome exocyclic terminal wmethylene,
five methines, and four quarternary carbons. The UV spectrum of 44
exhibited a band at 241 nm indicative of a conjugated diene system.
Analysis of the 1y and 13C NMR (Figures 15 and 14) and IR spectra of 44
suggested the existence of three double bonds (;:C=CH—CH=CH—;::C=CH2),
an epoxide (-Cﬂii}fcﬁgg), a hemiacetal, and a secondary OH group (see
Tables 4 and 5). The latter two wmoieties were confirmed by acetylation
which gave the expected 1,9-diacetate, 48.

The MMR spectral properties of compound 4% (see Tables 4 and 5) are
very similar to those of xenialactol (8), isolated® by RKashman and
Groweiss, except that the 13¢ signals for C-7,8, and Me-18 are missing
and instead there arelBC signals appropriate for a 7,8-epoxide bearing
the 18-methyl (C—-18). The ly multiplicities and assignments of 44 were
accomplished by 1y decoupling and 1y difference decoupling spectroscopy
(DDS) experiments and these confirm all of the skeletal connectivities
presumed by the spectral analogy with xenialactol.

The proposed structure of 44 also received support from NOE expe-
riments (Table 6). The trans geometry of the epoxide at C-7,8 was es-
tablished by NOE (irradiation of Me-18 enhanced H-S and no NOE was ob-
served between Me-18 and H-8)., The E geometry at the Aﬁ’lz double bond

was also established by NOE experiments (irradiation of H~13 enhanced H-
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Figure 15. 300 MHz proton NMR spectrum of 7,8-dihydro-7ua,8a-epoxyxenialactol (44) in CDClB.
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Table 6. Results of a nuclear Overhauser enhancement differ-

ence spectroscopy (NOEDS) experiment with 44 in CDC1

5
Proton irradiated, Proton (s) % Enhancement
chem shift, ppm enhanced
H-13, 6.3} H-4a, 2.91 9
H-3, 4431 H-12, 5.85 6
H-3', 4.7 16
H-4a, 2.91 H-1, 4,65 7
H-13, 6.34 9
H-19, 4.85 5
Me-18, 1.47 H-9, 3.81 14
H-11a, 2.08 3

Figure 16. Possible Mass Spectral Fragmentation Pathways for 44
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4a) (see Table 6). The relative stereochemistry at C-1, C-4a, C-lla, C-
8, and C-9 were established by NOE (see Table 6), independent of the
methods used for xenialactol and related compounds. Upon irradiation of
H~%a, 4 proton signals (H-13, K-1, H-19 , and H-8) were enhanced (see
Table 6). This suggested that these protons are all on the a—face. The
lack of any NOE between H—~4a and H-lla and the observation of NOE (see
Table 6) between Me—-18, H-9, and H-lla suggested that Me-18, H-9, and H-
1la are on the f~face. The mass spectra data of 44 were consistent with

the proposed structure (see Figure 16).

Identification of Zeniolide-A (Z):

The CHCL, extract, fraction F' of Scheme 3 was chromatographed over
a column of silica gel. Elution with hexane-acatone {1:1) gave & brown
oily fraction. The oily material (fraction 22 of Scheme 4) was resolved
by HPLC to yield 4 fractions. The second fraction contained a pure
yellow oil which was identified as xeniolide-A (Z). The molecular
formula CygH,g0, (7 unsaturations) was deduced from the following
data: (a) the low rescolution mass spectrum exhibited a peak at 314
which was assigned to M+—HZO; (b) the Iy or spectrum contained 26 non-
exchangeable protons; (c) 3¢ nwr spectra showed signals for 20 carbons
including a carbonyl carbon (171.38 ppm, C-3, s); and 3 carbons that
were each deshielded by a single oxygen 71.0 ppm (C-15, s), 67.4 ppm (C-
9, d), 71.05 ppm (C-3, t); (d) IR absorptions at 3450 em ! (0H) and at
1712 (conjugated carbonyl group). The 13 and % MR data (see Figure
17 and Tables 7 and 8) of 1 were identical to those of xeniolide-A

isolated earlier by Kashman and Growiess.6 However, Kashman reported



Table 7 . Proton NMR Datn of ¥eniolide~A and its Derivatives

1 41 48 42 20 21
H-1 4.09 dd 4,07 dd 4.16 ad 4.07 dd 4.15 dad 4.13 dd
11.435.8 11.555.5 11,555 11.515.5 11.415.5 11:4315.3
H-1'  3.60 dd 3.57 ¢ 3.67 t 3.61 dd 3,69 dd 3.64 t
11.4312.4 1.5 11.5 12.5511.5 11,4312 1.4
H-4o  3.11 br dt 3,06 br dd 3.12 br dd 3.06 br dt 3.15 br ddd 3.11 br dd
5i3.5 10.635.5 10.815.5 1035.5 9.515.513 9.515.5
B-5 1.55- 1 65 m 1.50 ?5 dt4 1.68 n 1.60 n 1,67 u 1.66 n
ohi .
H-5'  1.55-1.65 m 1.65 0 1.68 n 1.60 o 1.67 m 1.66 m
H-6 2.17-2.31 m 2,22 m 1.2, n 2.200m 1.28 m 1.25 nm
H-6" 2,172,931 o 2.22 n 2.25 n 2.20 m 2,19 dt 2,22 dt
13.513.5 13.513.5
H-8 5.30 br d 5.44 br dd 3.02 da 5.30 br dd 3.01 d 3.12 4
7.3 9.2;6.8 10,314 7.6351.2 8.2 8.5
-9 4.78 ddd 2,10 » 2.3, o 4.78 br dad 3.79 ddd 4.79 ddd
7.3:16.2:2.1 7.636.332.2 8.236.3:3.7 8.556.433
-9 2,46 n 1.53 m
H-10 2,37 br dd 2.32 m 2.25 n 2.34 br dd 2.46 ddd 2,47 br dd
13.512.1 13.512.2 14:3.7;1.3 14.513
H-10' 2.48 br dd 2,50 o 2,48 o 2.49 br dd 2.55 d 2,57 br dd
13.516.2 13 5;6 3 14;6 311.5 14,5164
H-11a 2,09 br ddd 2,16 dt 2.50 br dt 2.09 br dt 2.43 d 2.42 br dt
12.435.853.5 12, 5 5.5 11.555.5 12 515.5 12;1 315.5 11.435.3
H-12  6.91 br d 6.89 br d 6.98 br 7.01 6.99 dd 6.97 br d
1.3 11.3 1.7 11.1.5 11.4351.3 1.5
H-13  6.52 dd 6.52 dd 6.45 ad 6,35 dd 6.46 ad 6.43 dd
15;11.3 15;11.3 15511.7 15811 15:11.4 15311.5
H-14 6.25d 6.24 d 6.26 d 6.29 d 6,27 d 6,25 d
15 15 15 15 15 15
Me-% 1.39 a 1.39 8 1.37 8 1.50 8 1.37 8 1.36 o
He-7 1.39 0 1.39 s 1.37 a 1.57 o 1.37 a 1.36 o
He-188  1.71 br s 1.70 br o 1.36 & 1.70 br e 1.39 0 1.42 p
H-19 4.90 br s 4.81 br s 5.08 br o 4.92 br 8 5.09 br a 5.09 br s
#-19" 5,08 br o 4.95 br 8 5.15 br u 5.08 br s 5.29 br s 5.24 br s
OAe 2.02 g 2,12 8

*Spectra were recorded in CDC13 at 300 Milz with Me,Si as internal standard. The values
are given in & units. Assignments were established by 1H difference decoupling (DDS)

experiments.
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Table 8§ . 130 NMR Data of Yeniolide

cil
C-1i
C-3
C-4
.C-/a
C-5
C-6
c-7
C-8
Cc-9
Cc-10
c-11
C-11a
C-12
c-13
C-14
C=15
C-16
c-17
G-18
C-19
OAc

7

70.99
171.38 s
133.11 s
42.88 d
38.0 t
40.16 &
133.11 s
130.59 d
67.40 d
44497 t
147.56 s
49.59 4
136,14 d
119.68 d
150,71 d
71.14 3
29.82 q
29,87 q
17.46 q
115.41 ¢

41

70.94 t
171.28 s
133.20 s
43.48 d
34.45 ¢
38,04 t
135.40 8
124.64 d
24.93 t
40,36 t
151.85 s
49.44 d
135.74 &
119.76 d
150,40 d
71.17 a
29.84 q
29.84 q
16,46 q
113.56 t

“Spectra were recorded in 09013

e
ji{oo]

71.03 4
171.27 s
132.35 1
42.25 a
31.79 ¢
36.31 t
58,98 o
62,6/ d
25.42
39.69
148.83 o
49.10 d
137.23 d
119,63 d
151,26 d
71.67 s
29.80 q
29.85 q
16.73 q
115,81

-

at 75.4 MHz with TMS as internal standard.

42

70.91 ¢
170,65 s
133.18 s
42074 4
37.93 t
L0254
133,23 8
130,45 d
67,52 d
L 86t
147.28 s
49.77 d
136.0 d
121.02 d
146,96 4
77.82 g
26,58 g
2618 q
17.55 q
115,64 4
169,85 a

22014 q

2

71.02 t
170.29 s
132.06 s
41.52 d
36,39 ¢
39.78 t
59.08 s
67.27 d
69.07 d
42.0 t
144.57 8
49.69 d
137.57 d
119,55 d
151,52 d
71.02 8
29.78 q
29.82 q
17.74 q
117.76 t

no

-h and its Derivatives

2

M.74 b
170,10 s
131.87 a
LO.46
36,37
39.76
58,38
63.81
69.44
A2.14
1hhohh s
47,82 d
137.47 4
119.41 d
151,55 d
69.96 s
29.89 q
29.89 q
17.63 q
118,09 t
170.0 s
21,25 q

=

o~ o

D o

="

The values

are given in é units. Multiplicities were obtained by DEPT and assignments were made

by comparison to other compounds in this series.

6%
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Figure 17. 300 MHz proton NMR spectrum of xeniolide-A (Z) in CDCl3
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that the chemical shifts of the C-14 and C-12 signals in xeniolide-A
were at 136.5 and 15l.1 ppm, respectively. Our 75.4 MHz NMR investiga-
tion using single~frequency on-resonance decoupling experiments estab-
lished that the chemical shifts of C-14 and C-12 signals were at 150.71

and 136.14 ppm, respectively. Therefore, compound Z is xeniolide-A.

Structure elucidation of 9-Deoxyxeniolide-A (41):

Silica gel chromatography of fraction F' of Scheme 3 yielded 25
fractions. One of the fractions eluted with hexane-acetone (7:3) (frac-
tion 10) was rechromatographed by HPLC using silica gel and hexane-
acetone (88:12) as eluent to give 5 fractions. Further purification of
the fifth fraction 1led to the isolation, in trace amounts, of 9
deoxyxeniolide~A (£71) in ca. 837 purity. The molecular formula Cypting0y
(7 unsaturations) was deduced from the following spectral data: (a) IR
3440 (OH) and 1712 ecm ! (conjugated carbonyl group); (b) the 13¢ wr
spectra (Figure 18) showed signals for 20 carbons: 3 methyls, 6 methyl-
enes, 6 methines, and 4 quaternary carbons and a carbonyl carbon (equals
27 H). Two of these carbons were each deshielded by a single oxygen,
70.94 ppm (C-1, t) and 71.17 (C-15, s). Analysis of the 'H and !3¢c mm
data together with the IR data of 47 suggested the existence of 4 double
bonds (— CH=CH-CH=CZ, CH2=C:, —CH=CMe), a conjugated carbonyl group,
C-3 [171.28 ppm (s)], a tertiary hydroxyl group, C-15 [71.17 ppm (s)].
The 3¢ wm spectra (Figure 18) of 41 are identical to those of
xeniolide-a® (1) except for the presence of an additional methylene
group signal at 24.93 ppm, which was assigned to C~9, and the absence of

a methine carbon signal at 67.4 ppm which is due to the hydroxylated C-9
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Figure 18. (a) 75.4 MYz broadband proton decouplad 13C
NMR spectrum of L7 in CDCl, . (b) all protonated carbons.
(c) methine carbons. (d) methylene carbons. (e) methy]l
carbons. Spectra b-e were recorded at 75.4 MHz in cnc13
and resulted from a DEPT experiment.
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carbon in xeniolide-A. Additiomally, the Iy NMR spectrum of 47 lacks
the allylic methine proton signal at 4.78 ppm due to H-9 in xeniolide-A.
The vinylic proton signal at 5.44 ppm (H-8) in 41 was coupled vicinally
to the methylene proton signals at 2,10 (H-9) and 2.46 ppm (H-9'). These
data support the conclusion that 47 is the 9-deoxy analog of xeniolide-A
@-.

The E configuration of the C-4,12 double bond in 47 was established
by the correlation of the 1H and 13C NMR data (see Tables 7 and 8) for
4] and those proposed for xeniolide-A. The E configuration for A7 was
assigned on the basis of the 3¢ om chemical shift of Me-~18 appearing
at 16.46 ppm (instead of 22-25 for the Z configuration). The trans con-
figuration of the ring fusion in 47 was assigned on the basis of the
similarities of the counling coastants (Jlla,ha = 5,3 Hz) and 13 wr
chemical shift signals of C—4a and C-lla observed for 4Z and xeniolide-

A. Thus, the structure 47 is confirmed for 9-deoxyxeniolide~A (4Z7).

Structure elucidation of 9-Deoxy—7,8-dihydrc-7a,8a-epoxyzeniolide-A
(48):

Silica gel chromatography of the fraction F' of Scheme 3 afforded
25 fractions. Further chromatography by HPLC of fraction 14 gave 9
fractions, the sixth of which was subjected to HPLC using a reverse-

phase C;g column to yield, in trace quantities (1 mg), 9-deoxy-7,8-

dihydro-7a,8a-epoxyxeniolide-A (48) as a colorless oil; [a]f)‘s +3° (c.

0.1 CHCL3). The high resolution mass spectrum of 48 established a

13

molecular formula of C20H2804 (7 unsaturations). Analysis of the C

NMR (DEPT) spectra of 48 revealed the existence of 3 methyls, 5 sp2
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methylenes and one exocyclic terminal methylene, 6 wmethines, and 5 qua-
ternary carbons. Analysis of the 1y and 13¢ WMR data together with the
UV (267 nm) and IR (see Experimental) data indicated the presence of 3
double bonds (— CH=CH-CH=, CH2=C\/), a conjugated carbonyl, an epoxide
(—C(—o—\c/ﬁ ), and a tertiary hydroxyl6 group, [C-15, 71.0 ppm (s)].
The latter moiety was supported by the loss of one molecule of water in
the mass spectrum (m/z 314 [M* - H,0)]. Comparison of the 14 and 13¢ R
data (see Figure 19 and Tables 7 and 8) of 48 with the data of 9~
deoxyxeniolide-A (41) showed close resemblance except that 48 exhibited
signals corresponding to an epoxide group at C-7,8 [H-8, 3.02 ppm (dd)
and H-18 (CH3), 1.36 (s)]. Therefore, it was concluded that 48 has the

saze skeleton and functionality as 9-deoxyxeniolide-A except for the

)

7 ,8-epoxide. he Z configuration of the 7,8-epoxide group was assigned
on the basis of the 3¢ MR chemical shift similarities observed for 43
and 7,8-dihydro-7a,8a-2poxyxeniolide-A. (Me—-18 signal in 48 was ob—
served at 16.73 ppm and Me-18 signal in 7,8-dihydro-7a,8a-epoxyxenio—
lide-A (5Q) at 17.74 ppm). The E configuration of the C-4,12 double
bond in 48 was established by an NOE experiment (irradiation of H~13
enhanced H-4a). The E configuration of the C-13,14 double bond was as—-
signed on the basis of the magnitude of the coupling constant observed
(J13,14 ~ 15 Hz). The trans ring fusion was assigned by comparing the
coupling constants (Jlla,laa = 5 Hz) and the 13C NMR chemical shifts of
C-4a and C-lla for 48 and 7,8-dihydro-7a,8a-epoxyxeniolide~A (30Q) (see

Tables 7 and 8).
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Structure elucidation of 15-Dehydroxy-l5-acetyldioxyxeniolide-A (49):

The CHCL3 extract, fraction F', of Scheme 3 was chromatographed
over silica gel. One of the fractions eluted with hexane—acetone (7:3)
was rechromatographed by HPLC to give 1.7 mg of 15-dehydroxy-l15-acetyl-
dioxyxeniolide~A (43) as a colorless oil;j [a]%s -12.9° (c. 0.17 CHCL3);
uv (EtOH) Amax 265 nm (¢ = 14500). The molecular formula C22H3006 (8
unsaturations) was established from the following spectral data: (a)
the highest mass peak in the field desorption spectrum was found at 390

which corresponded to the molecular ion; (b) the 1

H NMR spectrum (Figure
21) exhibited 29 non-exchangeable proton signals; (c) the IR spectrum
showed a hydroxyl band at 3440 em ! and two carbonyl bands at 1730 and
1712 cm_l; {d) 3¢ aw spectra (Figure 20) indicated the presence of 22
carbons with an allylic carbon deshielded by a secondary hydroxyl group
67.52 ppm (C-9, d), a carbon deshielded by an oxygen of a lactone group
70.91 ppm (C-1, t), a tertiary carbon deshielded by a peroxide group

25
b

79.82 ppm (C-15, s) and two carbonyl carbons 169.85 ppm (s) and

13

170.65 ppm (s). The C NMR spectra of 49 (Figure 20) indicated the

existence of 4 methyls, & sp3 methylenes and one exocyclic terminal

3 methines and 4 sp2 methines, 4 quaternary carbons and a

methylene, 3 sp
carbonyl carbon. The Iy nom spectrum of 439 (Figure 21) was nearly
identical to that of xeniolide—A6 (1) except for the presence of an
additional acetate methyl signal at 2.02 ppm, a shift in the H-13 signal
to 6.36 from 6.52 ppm, and a shift of the two methyls at C-15 to 1.57
and 1.58 ppm from 1.35 ppm. Hence, a structure like xeniolide—A6 could

be postulated with a minor difference in the side chain. The 13C NMR

spectrum of 43 was also very similar to that of xeniolide-A (7) except
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for the two extra carbon signals due to the acetate group and a shift in
the C-14, C-15, C-16, and C-17 signals to 146.96, 79.82, 26.78, and
26.58 ppm, respectively. These shifts were attributed to the presence
of a peroxide groups at C-15 (B effect). The peroxyacetyl group was
postulated because of the loss of a Ac00-fragment and the abseance of the
loss of AcOH in the low resolution mass spectrum (M+;Ac00, 315). Counse
quently, the acetyl group was fixed to the peroxide group. Because the
H-13 and H-14 signals overlapped in CDCL3 (see Figure 21), the spectrum
of 49 was also obtained in CgDg (see Figure 22) and lg decoupling and g
difference decoupling were performed in both solvents (CDCL3 and C6D6)
to establish the carbon connectivity in 49. A homocorrelated 2-D (COéY)

eaxperiment was performed in JDCL; which shows direct proton spin—

~r

coupling connectivities (see Figure 23).

The stereochemical features of 49 were established by NOE expe-
riments (see Table 9). The E configuration of the C-7,8 double bond was
assigned on the basis of the NOE observed between Me-18 and H-9 and the
lack of any NOE between Me—18 and H-8. The stereochemistry of the diene
at C-4,12,13,14 was confirmed as E,E, on the basis of the magnitude of
the coupling constant J13’14=15 Hz and of the observation of an NOE
effect between H-4a and H-13. The trans ring fusion was assigned on the
basis of the correlations of the coupling constants (Jlla,&a = 5 Hz) and
the 13¢ MR chemical shifts of C-l1la and C-4a (see Tables 7 and 8) ob-
served for 49 and xeniolide-A (Z). The observation of NOE effects
between Me-18, H~lla, and H-S9 led to the conclusion that #-9, H-lia, and
Me-18 are on the same face (8 face). Irradiation of H-4a gave rise to

Overhauser enhancements of H-13 and H-8 (see Table 9). This suggested
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(e) methyl carbons. Spectra b-e were recorded at75.4
MHz 1in CDC13 and resulted from a DEPT experiment.
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Table 9. Recsult of NOE experiments with 49 in €D, solution at

6 6
300 MH=z.
Proton (s) Proton (s) % Enhancement
irradiated enhanced
H-13 Hela 16
H-16 1.5
H-17 1.5
H-9 Me-18 3
H-8 H-4a 5
H-4a H-19 3
H-8 8
H-13 17
Ma-16, Me-17 H-14 11
5.3 a

48
H
N
I

1
—_ 0
—_
[
\s) —
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that H~4a and H-8 are on the same face (a face). Thus, the structure of

49 1is cowmpletely elucidated.

Structure elucidation of 7,8-Dihydro-7a,8a—epoxyexniolide-A (3Q):

Silica gel chromatography of the CHClg extract of Scheme 1 gave 9
fractions. Fractions 8 and 9 were combined and rechromatographed over
silica gel to afford 7 fractions. The fifth of these fractions was sub—
jected to HPLC to produce pure 7,8-dihydro-7q,8a-epoxyxeniolide-A (30),
7 mg, as a white powder; [algs +22,1° (c. 0.19 CHCL3). The high resolu-
tion mass spectrum established a molecular formula of C20H2805 (7 unsar-
urations). The 13¢ NMMR spectra (Figure 24) of 30 indicated the presence

3

of 3 methyls, 4 sp~” methylenes and one exocyclic terminal methylene, 4

sp3 mathives and 3 592 zethines, and 3 quaternary carbons, in addition
to a carbonyl carbon. The IR spectrum of 30 exhibited a broad hydroxyl
band at 3440 cm ' and a band at 1712 cm_l which was assigned to a conju-
gated carbonyl group. The latter moiety was supported by the UV band at
268 nn.

Analysis of results from ly gifference decoupling (DDS) experi-
ments, COSY spectrum, and 13¢c MR data of 30 (see Figure % and Tables 7
and 8) suggested the existence of 3 double bonds ( —CH=CH-CHZ ,

- A
CHZ-C< ), an epoxide moiety (——Cf— “— ), a tertiary hydroxyl group
71.02 ppm (C-15, s), and a secondary hydroxyl group 69.07 ppm (C-9, d).
The latter group was confirmed by acetylation of 30 to give 31 in which

. s - = - . - 1.
tnhe H-9 signal was shifted from 3.79 ppm to 5.79. Comparison of the ~H

and 13 wmr spectral data (Figures 5 and 24 and Tables 7 and 8) of 30
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with the data of the known lactone xeniolide-A® (1) indicated that 30 is
the 778-dihydro-7a,8a-epoxide of xeniolide-A (7).

The proton NMR data (see Table 7) of 30 were similar to that of
xeniolide-A (Z) except that the H-8, H-9, and H-B signals in 320
appeared at 3.01 ppm, 3.79, and 1.39, respectively (see Figure 26).
Moreover, two signals in the 13C NMR spectrum of 30 were suitable for an
epoxide group [59.08 ppm (C~7, s) and 67.27 (C-8, d)].

The carbon connectivity in 30 was confirmed by g decoupling, IH
difference decoupling (DDS), and a homocorrelated 2-D NMR spectrum
(CO0SY). Figure 26 shows the contour plot of the COSY spectrum which
contains off-diagonal peaks that establish direct proton spin-coupling
connactivities.

The stereochemical features of 30 were confirmed by NOE experiments
(see Table 10). The trans geometry of the epoxide group at C-7,8 was
assigned by an NOE experiment {irradiation of the Me~18 signal enhanced
both H-9 and B-lla signals). The stereochemistry of the diene side
chain at C~4 was assigned as E,E, on the basis of the value of the cou
pling constant (J13’14 = 15 Hz) and of the observation of Overhauser
enhancements between H-4a and H-13. The trans assignment of the ring
junction was established on the basis of the similarities of the cou-

pling constants (Jlla 4a = 5 Hz) and of the 13
?

C NMR chemical shift
signals of C-4a and C-lla observed for 30 and xeniolide-A () (see

Tables 7 and 8).
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Figure 24.(a) 75.4 MHz broadband H decoupled ~C NMR spectrum of
50 incpcl, . (b) all protonated carbons. (c) methine carbons. (d)
methylene” carbons. (e? methyl carbons. Svectra b-e were recorded

at 75.4 MHz in CDC13 and resulted from a DEPT experiment.
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Table 10. Results of NOEDS experiment with 30 in CDC1,-at

300 MHz.

Proton(s) irradiated Proton (s) % Enhancement
enhanced

H-13 E-4a 12

H-14 E-12 17

H-19 H-19! 23

H-191 H-19 2L

H-Za H-13 13
HE-190! 2
H-8 7

e-12, M=217, 2=12 2.0 <
-1z z
H=14 11
H-13 >
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Structure elucidation of 18-Hydroxyasterozeniolide~A 9-Acetate (32):

The CHCL, fraction, fraction F' of Scheme 3, was chromatographed
over silica gel. The material was eluted using a step gradient begin-—
ning with hexane-acetone (9:1) and then increasing the amount of ace-
tone. Two of the fractions eluted with (1:1) hexane-acetone (fractious
23, 24) were purified by HPLC to yield compound 32 as a light yellow
oil. The molecular ion (M+ 390) of 32 was observed in the low
resolution mass spectrum. However, in the high resolution mass spectrum
the highest mass peak corresponded to Mt-18 (372.19585) which is consis—
tent with the formula C,,H,q05 (calculated 372.19368). Consideration of
both low and high resolution mass spectrometry data established the
formula for 32 to be Cy,H3404 (8 unsaturations)., The 13¢ o spectra of
22 (Figure 27) zevealed the existence of 3 methyl groups, % methylenes,
7 methines, and 6 quaternary carbons. Th2 IR spectrum of 32 exhibited a
broad hydroxyl band at 3440 en ! and two carbonyl bands. The first band

was at 1735 cm~! (acetate) and the second band was at 1715 cm L

and was
assigned to an q,B-unsaturated § lactone. The latter moiety was sup-
ported by the UV absorption at 217 nm.

Analysis of ly ana 13¢ mm spectra (Figures 28 and 27) of 52
indicated the presence of four double bonds (T>C=CH,, —CH=C___ e} CH=C<,
—CH=CZ_ ), an acetate, and a,B-unsaturated carbonyl gtoup}:ea doubly
allylic secondary hydroxyl, and a primary allylic hydroxyl group. The
Iy am signals due to the 2° and 1° alcohol groups were paramagnetically
shifted as expected when 32 was acetylated to give the diacetate 33 (H-

13 shifts from 5.20 ppm to 6.15 and H-B from 4.08 ppm to 4.61 and H-18'

from 4.32 ppm to 4.65).
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In the 13C NMR spectrum of 32, the resonance at 116.73 ppm (C~19,

t) together with the IR band at 890 cam 1

, suggested a terminal methylene
group. Irradiation of the proton resonance at 5.13 ppm (H-19) (Figure
29a) sharpened the broad resonance at 5.07 ppm (H-19') and caused re-
moval of small allylic couplings (J = 1.3, 1, 1 Hz) from the resonances
at 2.16 ppm (H-lla), 2.46 (H-10'), and 2.48 (H-10), respectively. This
suggested that (H-10), (H-10'), and (H-lla) were allylic to the terminal
methylene protons.

Irradiation of either of the vinylic methyls at 1.76 ppm or 1.73,
sharpened the broad doublet at 5.30 ppm (H-14). This suggested that
these methyls (Me-16 and Me-17) were vinylic and also geminal. The de-
shielded proton signal at 6.3% ppm (H-12) was found by a Yy difference
decoupling experiment (DDS) (Figures 29b and 2%¢) to couple vicinally (J
= 7.8 Hz) to the proton dd at 5.20 ppm (E-13) and allylically (J = 1.5
Hz) to the signal at 3.02 ppm (H-4a) {see Table 13). The doubled doub~
let at 5.20 ppm (H-13 was also coupled vicinally (J = 9.1 Hz) to the
doubled septet at 5.30 (H~14). These interactions established partial

structure A of this molecule.
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An AMX pattern was found (DDS experiments) between the proton res-
onances at § 4.09 (H-1), 3.64 (H-1'), and 2.14 (H-l1la). The X part (H-
l la) was coupled vicinally (J = 3.9 Hz) to the proton resonance at 3.02
ppm (H4a) and also allylically to the exocyclic methylene proton res-
onances at 5.13 ppm (H-19) and 5.07 (4-19'), establishing the expanded

partial structure B.

An ABX system was found between the proton resonances at 2.48 ppam
(H-10), 2.456 (H-10"), and 5.82 (H4-9). The AB part of the ABX pattezn
was found to couple allylically to the terminal methylene proton res-
onances at 5.13 ppm (H-19) and 5.07 (H-19'). The X part (H-9) of this
ABX pattern was coupled vicinally (J = 8.8 Hz) to the olefinic proton
resonance at 5.31 ppm (H-8) which was partially obscured by the proton
signal of H-14. To unequivocally establish the multiplicities of these
two protons (H-14 and H-8) as well as the other protons, a homonuclear
two-dimensional J-resolved (ZDJ)26 experiment (Figure 30) was performed.

This confirmed a larger partial structure, C.
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The AB protons absorping at 4.08 ppm (H-18') and 4.32 (H-18) were
mutually coupled with 13.2 Hz which suggested a geminal coupling. The
proton signals of this AB pattern were also coupled allylically to the

olefinic proton signal at 5.31 ppm (8-8). Thus, partial structure C

could be extended into D.

In the up-field region (1.3-2.55 ppm) of the ly omr spectrum (Fig-
ures 3lb-c) of 32, an ABMX pattern was established between the protons
absorbing at 1.49 ppm (H-5'), 1l.61 (H-5), 2.01 (H-6'), and 2.49 (H-6)
and confirmed by homocorrelated 2-D (COSY)la’19 (see Figures 3la—c) and
by heterocorrelated®! 2-D (see Figure 32) NMR spectroscopy. This une—

quivocally established the fourth partial structure, E.
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The proton signal at 1.61 (H-5) was coupled vicinally (J = 10.8 Hz)
to the allylic proton signal at 3.02 ppm (H-4a, see partial structure
D), linking C-4a to C-5. The connectivity of C-6 to C-7 was established
on the basis of the small allylic coupling observed between H-6' and H-8
(see Figures 3la and 28L). Therefore, a carbocyclic ring feature (par-

tial structure F) was established,

The double doublet at 6.39 ppmn (H-12) is most likely to arise from
the B-H and of «,funsaturated carbonyl feature. Therefore, the car-
bonyl group of the é—lactone (see above) was joined to C—4 and an oxygen
link to C-l. The position of the carboayl lactone was confirmed by se-
lective irradiation of the proton signal at 3.02 ppm (H-4a) in the pro-

ton NMR spectrum while observing the 13C fully coupled spectrum. The
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result was a removal of 3-bond coupling that sharpened the carbonyl sig=—
nal (C-3) at 170.48 ppm. An IR band at 1715 cm !, Uv band at 217 nm,
the NMR chemical shift similarities of H-1, H~-1', and C-1 in 32 and in
xeniolide—A® (see Tables 11, 12, 7, and 8) all support this assignment.
The remaining acetate group was connected to C-9 on the basis of ly mr
chemical shift observed for H-9 at 5.82 ppm.

The relative stereochemistry of 32 was established from ly R
experiments, including nuclear Overhauser enhancement difference spec—
troscopy (NOEDS) which are summarized in Table 14, The E configuration
of A7’8 was established by an NOE (irradiation of H-18 enhanced H-9).
Moreover, neither H-18 nor H-18' was enhanced when H~8 was irradiated.
NOE effects were observed also between H-9, H-1la, H-18, and H-18'.
This suggested that H-9 and H-lla are on the sawme face (3-face). Irra—
diation of the allylic proton at 3.02 ppm {(H~4a) was found (NOEDS expe-
riment) to enhance H-6', H-8, and H-13. This indicated that H-%4a, H-6',
and H8 are on the same face ( «-face). The E geometry of C-4,12 was
assigned on the basis of the observation of NOE effects between H—~4a and
H-13, and lack of an NOE between H-12 and H-4a., The trans configuration
of the ring junction in 32 was established on the basis of the simi-
larities of the coupling constants (Jlla,4a =~ 4 Hz) and the 13C NMR
chemical shifts of C-lla and C-%a (see Tables 7, 8, 11 and 12) recorded
for 32 and xeniolide-A (7).

Because the chemical shifts of H-8 and B-14 are very close (see
Table 11) in the proton MMR spectrum of 32 in CDCLy (Figure 2Ba), the
NOE enhancements observed when H-4a resonance was irradiated, were not

certain. In order to confirm the assigned relative stereochemistry, the



Table 11. Proton NMR Data of Asteroxeniolide~A and its Derivatives

a
22 23 54 22
H-1 4.09 dd 4.04 dd 4,10 dd 4.10 dd
11.5;5.8 11.635.5 11.636 11.535.9
H-1 3.64 dd 3.61 t 3.64 dd 3.65 dd
12.6311.5 11.6 12.3311.6 12,5311.5
H-4a 3.02 dddd 3.10 br dd 2.99 br dd 2,99 ddt
10.8;3.9;31.8;31.5 10.334.4 10.333.7 10.8;3.8;1.7
H-5 1.61 dddd 1.58 dddd 1.57 m 1.59 o
14312.8;10,833.5 143113310.354.5
H-5! 1.49 dddd 1.45 br add 1.45 br dt 1.45 dddd
1435.2:3.551.8 1434.5:3.5 1433.5 14.435.233.651.7
H-6 2.49 dt 2,41 du 2.16 n 2.18 br dt
12,8;3.5 13.084.5 12,633.6
H-6! 2,01 ddt 2.07 2,07 br dt 2.09 ddd
1.335.2312.8 12.034.0 14.0312,635.2
H-8 5.31 ddd 5.50 br d 5.22 br d 5.27 dd
8.831.531 . 8.3 7.3 7.831.0
H-9 5.82 ddd 5.74 br ad 4.78 br dd 5.67 ddd
8.8;6.4:2.4 8.3:6.8; . 7.315.8 7.835.412.8
H-10 2,48 ddd 2,52 br 4 2.46 br ad 2,50 br dd
1432.431 13.2 13.715.8 14.435.4
H-10" 2,46 ddd 2.38 br dd 2,40 br dd 2.45 br dd
14,036,431 13.2:6.0 13,731.6 ° 14.432.8
H-1ta 2,14 dddd 2.10 br ddd 2,02 br ddd 2,02 dddd
12.635.853.931.3 11.635.514.4 12.316.013.7 12.515.9:3.8;2.0
H-12 6.39 dd 6,29 da 6,38 dd 6.39 dd
7.831.5 8.831.5 8,031.4 7.731.7
H-13 5,20 dd 6.15 dd 5.722 dd 5.23 dd
9.1;7.8 9.4:8.8 9.2;8.0 9.237.7
H-14 5.30 d sept 5.25 br d 5.30 4 oept 5.31 d sept
9.1;1.5 9.4 9.231.3 9.231.6
Me-H 1.76 dd 1.79 d 1.79 d 1.79 a4
1.5:;0.5 1.5 1.3 1.6
Me-7 1.73 dd 1.76 d 1.75 d 1.75 d
1.530.5 1.5 1.3 1.6
H-18 4.32 dd -01(2 4.63 AB quartet He-18, 1,70 br 8 He-18, 1.75 br o
13.2;1.5 13.4 .
K#-18' 4,08 dd
13.2351.0 13.4
H-19  5.13 br s 5.29 br o 5.11 br a 5.08 br o
1-19" 5,07 br a ' 5.17 br a 5,01 br a 5.04 br a
OAc 2.09 s 2,08 9, 2.07 o 2.10 8
2.06 a

*Spectra were recorded in CDCl, at 300 MHz with Me[Si as internal standard. The values
+
are given in § units. Assignments were estallished by 1H difference decoupling experi-

ments (DDS). aCoupling constants were measured by homonuclear 2-D J-resolved experiment.

SL



Table 12. 12C NMR Data of Asteroxeniolide-A and its Derivatives

52° 53 54 55

70.84 t 70.67 t 70.98 t 70,82 ¢
C-3 170,48 8 170,41 s 170.76 8 170.58 o
C-4 134414 8 135,17 s 134426 8 134.28 8
C-4n 43.71 d 43.00 @ 44.0 d 4Lh .24 4
C-5 37.92 t 38,06 t 37.32 & 37.28 ¢
c-6 35.53 t 35.63 t 39.64 t 39.72 ¢
c-7 136.20 s 131,10 s 132,0 s 133.71 n
c-8 128,68 d 131.81 a 130,66 d 126,32 d
c-9 69.51 d 69.10 d 67.03 d 70.0 4
C-10 43.19 ¢ 43.51 t L5045 b A2.37
C-11 147.25 s 145.77 s 147.0 = 147.69 s
C-11a 49.50 d 49.86 d 49.25 d 49.06 d
C-12 139,10 d 135.88 d 138.87 d 138.86 d
C-13 64,95 d 67.37 d 64.92 d 64.93 d
C-14 124.14 d 119.88 d 124,73 d 124.69 d
C-15 137.36 s 139.57 s 137.11 g 137.27 s
c-16 25.85 q 25.88 q 25.85 q 25,85 q
C-17 18,50 q 18.87 q 18.50 q 18.49 q
c-18 61.34 t 61.77 t 17.32 q 17.30 q
C-19 116.73 ¢ 117.81 ¢ ' 115.05 t 115.89 ¢
OAc 170,78 s 170.62 s, 170.3% s, 170,58 @

21.32 q 170.30 s, 21.19 q, 21.35 q

21.29 q, 20.86 4

#*Spectra were recorded in cpel, at 75.4 Miz. Multiplicities were obtained by DEPT

and assignments were made by comparison to 18-Hydroxyasteroxeniolide-A 9-Acetate (52).

aAssignments were established by a heterocorrelated 2-D experiment.

9L



Table 13. Results of 1H Difference

Irradiated proton, chemical
shift , ppm, multiplicity (J, H7)

H-12, 6,39 ad (7.8, 1.5)
He®, 5.82 ddd (8.8, 6.4, 2.4)

H-8, 5.31 ddd (8.8, 1.5, 1)

H-14, 5.30 d sept (9.1, 1.5)
H-19, 5.13 br s

H-18", 4.11 br d (13.2)

H-1, 4.09 dd (11.5, 5.8)

H-11, 3.64 dad (12.6, 11.5)

H-4a, 3.02 dddd (10.8, 3.9, 1.8,1.

H-11a, 2.14 dddd (12.6, 5.8, 3.9,

H-5', 2.01 ddt (1.3, 5.2, 12.8)

H-5', 1,49 dadd (14, 5.2, 3.5, 1.8)

ki3
becoupling (DDS) Experiments with (52)

cffect of 1" decoupling

H-13, 5.2 dd (9.1, 7.8) ——=d (9.1)

H-4a, 3.02 dddd (10.8, 3.9, 1.8, 1.5) —3 ddd (10.8, 3.9, 1.8)

H-8, 5,31 ddd (8.8, 1.5, 1) —3 br d {1.5)

H-10, 2.48 ddd (14, 2.4, 1) — dd (14, 1)

H-10%, 2,46 ddd (14, 6.4, 1) —3 dd (14, 1)

H-9, 5.82 ddd (8.8, 6,4, 2.4) == dd (6.4, 2.4}

H-18, 4.32 da (13,2, 1.5) —» a (13.2)

H-18', 4,11 40 (13,2, 1) == d (13.2)

H-6', 2,01 ddi. (1.3, 5.2, 12,8) —» dt (5,2, 12.8)

Me-16, 1.73 a4 (1.5) —> s

Me-17, 1.76 d (1.5) ~— o

H-13, 5.20 dd (9.1, 7.8) —> d (7.8)

1-10, 2.48 ddad (14, 2,4, 1) ~—3 dad (14, 2.,4)

H-101, 2,46 ada (14, 6uk, 1) —> ad (14, 6.4)

H-11a, 2.1/ ddadd {12.6, 5.8, 3.9, 1.3} — ddd (12.6, 5.8, 3.9)
H-19', 5,07 br s —3 gharpened

H=18, 4.32 br d (13.2) —>» br o

H-8, 5.31 d4dd (8.8, 1.5, 1) — dd (8.8, 1.5)

H-1', 3.64 dd (12,6, 11.5) — a (12.6)

H-11a, 2.1/ dddd (12,6, 5.8, 3.9, 1,3) —a addd (12,6, 3.9, 1.3)
H-1, 4.00 44 (11,5, 5,8) —» d (5.8)

H-11a, 2,14 dddd (12,6, 5.8, 3.9, 1.3) -=> ddd (5.8, 3.9, 1.3)
5) H-12 6.39 dd (7,8, 1.5) —» d (7.8)

H-11n, 2,14 Addd (126, 5.8, 3.9, 1.3) —> ddd (10.8, 5.8, 1,3)
H-5, 1.61 daad (14, 12.8, 10,8, 3.5 ) — ddd (14, 12.8, 3.5)
H-5t, 1 49 ddad (14, 5.2, 3.5, 1.8) -—4 adad {14, 5.2, 2.5)
1.3) H- 19, 5.13 br g -—3 sharpened

H-1, 4.09 dd (11.5, 5.8) —3 d (11.5)

Hed b, 3,64 dd (106, 11.5) —3 d (11.5)

H-An, 3,02 ddad(t0.8, 3.9, 3.9, 1.8, 1.5) - ddd(10.8, 1.8, 1.5)
K-8, 5.31 ddd (8.8, 1.5, 1) -~3 sharpened

H-6 2,49 di. {12.8, 3,5) —3 t (3.5)

-5, 1.61 ddda (14, 12.8, 10,8, 3.5) —p ddd (14, 10.8, 3.5}
H-5', 1.49 dddd (1/, 5.2, 3,5, 1.8) —>» ddd (14, 3.5, 1.8)

H-4n, 3.02 addd (10.8, 3.9, 1.8, 1.5) — ddd (10.8, 3,9, 1.%)

W6, 2249 b (12,8, 3.5)-—> dd (12,8, 3.5)

H-6', 2,01 ddt (1 3, 5.2, 12,8) —» dt (1.3, 12.8)

He5, 1.61 dadd (14, 12.8, 10,8, 3.5) —» ddd (12.8, 10.8, 3.5)

*Spectra were recorded in CDCl3 at 300 MHz with Me[Si as internal standard. The
+

values are given in ppm downfield

from THS,

LL
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Figure 27. (a) 75.. MHz broadband proton decoupled '3C NMR
spectrum of 22 in cDel, - {b) all protonated carbons. {c)

methine carbons. (d) methylene carbons. (e) methyl carbons.
Spectra b-e were recorded at 75.4 MHz in CDCl3 and resulted

from a DEPT =superiment.
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Figure 30, Stacked plots of the homonulear 2DJ spectrum of 22
1H chemical shifts are plotted along the vertical

in CDClB.
direction, and J (H-H) is plotted in the horizontal dimension.
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18-hydroxyasteroxeniolide-A 9-acetate (52)
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Tigure 31a. Contour plot of the homocorrelated two-dimensional
proton NMR spectrum (symmetrized) of 22 in cpcl, at 300 MHz.
The final S(F2,F1) matrix plot consisted of 512 ¥ 512 data
points. Off-diagonal contours establish direct proton spin-

coupling connectivities.
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4.5 2 5PPM

Figure 37d . Stacked plot of the down-field region of homo-
correlated 2-D proton spectrum of 22 in CDCl, at 300 MHz.
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Table l4. Results of NOEDS experiment with 52 in CDC13

at 300 MHz,
Proton irradiated Proton (s) % Enhancement
chem shift, ppno enhanced
H-12, 6.39 H-14, 5.30 9
H-13, 5.20 5
H-9, 5.82 H-18, 4.32 9
B-18', 4.08 5
H-10, 2..48 2
H-10%, 2.46 2
H-11a, 2.14 2
H-4a, 3.02 H-19', 5.07 3
H-13, 5.20 7.3
H-8, 5.31 13
H-6', 2.01 2
H-11a, 2.14 H-9, 5.82 2
H-18, 4.32 5
H-18', 4.08 6
H-1, 4.09 4
H-g', 2.01 -6, 2,49 12
H-4a, 3.02 3
H-13, 3.20 4
H-3, 5.31 7
H-13, 5.31 H-12, 6,39 5
H-61', 2,01 3
H-4a, 3.02 10
Ha1t', 3,64 q-1, 4.09 17
H-19', 5.07 A
H-11a, 2.14 6
g-18, 4.32 H-9, 5.82 7
H-18', 4.08 17

Table 15. Results of NOEDS experiment with 53 in

CDC1 ., solution at 300 MHz.

3
Proton irradiated Proton (s) 4 Enhancement
chem shift, ppm enhanced
H-12, 6.29 H-14, 5.25 8
H-14, 5.25 H-12, 6.29 8
H-13, 6.15 4
H-4a, 3.10 H-8, 5.50 8
H-13, 6.15 17
H-6', 2,07 4
H-19, 5.29 4
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lH NMR NOEDS experiment was also performed on the acetate derivative 53
of compound 32 where the chemical shifts of H-8, H-13, and H24 are very
different (see Table 1l and Figure 33). The results of these experiments
(Table 15) supported the previous assigoment. Thus, the structure of 32

is completely elucidated.

Structure elucidation of Asteroxeniolide-A (34):

Silica gel chromatography of fraction F' from Scheme 3 afforded 25
fractions. One of the fractions eluted with hexane-acetone (l:1) frac-
tion 21, was resolved by HPLC with silica gel and hexane-acetone (75:25)
as eluent to yield four fractions. Repeated chromatography of the
fourth fraction by HPLC afforded 3 mg of asteroxeniolide-A (34) as a
colorless oil; [c]?)s%- 26° {(c. 0.29, CHCL3). The molecular ion of 34 was
not observed in the high resolution mass spectrum. However, an ion coxr—
relating to MT-18 was detected at 314.1918 which is 1in agreement with
the formula C,gH, 04 (calculated 314.1882). Consideration of this data
with the observation of a peak at m/z 332 in the low resolution mass
spectrum confirmed the formula of 34 to be Cyotpg0, (7 unsaturations).
The 13C NMR spectra (Figure 33/) of 34 indicated the presence of three

methyl groups, 4 sp3

methylenes and 1 exocyclic terminal methylene, 7
methines, and 5 quaternary carbons, The IR spectrum of 34 showed a
broad hydroxyl band at 3420 en ! and a band at 1712 cn! which was as-
signed to aa a,f~unsaturated § lactone. The UV spectrum of 34 exhibited
a band at 217 nm which supported the latter moiety.

Analysis of the 1y and 13C NMR data (Tables 1l and 12 and Figures

33, 34, and 35) of 34 indicated the existence of four double bonds
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Me
e
(:C=CH2,-—CH=C<, ——CH=CiM ,—CR=C< }, a conjugated carbonyl group,

an allylic secondary hydroxyl [C-9 67.(§ge ppr (d)], and a doubly allylic
secondary hydroxyl [C-13 64.92 ppm (d)]. The presence of two hydroxyl
groups in 34 was suggested by the loss of two molecules of water in the
mass spectrum [m/z 314 (M+-H20) and 296 (M+-2H20)]. Comparison of the
ly and 13C NMR data of 54 with data of previously isolated xenio].:l.de-A6
(1) indicated that compound 34 possesses the same bicyclic skeleton as
xeniolide-A (2Z). From the analysis of the iy and L3¢ mr data (see
Tables 11 and 12) and UV data, it was clear that compound 54 differs
from xeniolide-A (Z) in the structure of the side chain (see the struc-
tures of 34 and xeniolide-A), but 34 clearly has a side chain identical
to 32. The structural features of 34 (see Tables 11 and 12) are very
similar to those of compound 32 except that coopound 34 possesses a
methyl group at C-7 (rather than a primary alcohol group) and it lacks
the acetyl group at C-9,

The proposed structure of 34 was confirmed by 1y difference decou
pling (DDS) and homocorrelated 2-D (COSY) (see Figure 35) spectroscopy
experiments; all expected proton couplings were observed.

The stereochemical features of 34 are similar to those proposed for
compound 32 according to the 4 anda 3¢ mm data of 32 and 34 (see
Tables 11 and 12). The assignment of the trans configuration of the
ring fusion in 34 was based on the similarities of the coupling con-
stants <Jlla,4a = 3,7 Hz) observed for 34 and 32. The E configuration

was assigned to C-7,8 on the basis of the 13

C NMR chemical shift ob-
served for Me-18 at 17.32 rpu {rather than at 22-25 for the Z configura-

tion).zl‘ The « configuration of the hydroxyl group at C-9 was based on
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Figure 33. (a) 75.4 MHz broadband 'H decoupled ~C NMR spectrum
5. (b) all protonated carbons. (e¢) methine carbons.
(d) methylene carbons. (e) methyl carbons. Spectra b-e were rec-

orced at 75.4 MHz in ¢oCl, and resulted from a DEPT experiment.
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the similarities of the corresponding 1H and 13C NMR chemical shifts for
22 and xeniolide-A (Z) (see Tables 1l and 12). Similarly, C-4,l2 and C-
13 in 32 were assigned the same stereochemistry as in 34 on the basis of
the correlation of H and 3¢ om data assoclated with their side chains

(see Tables 11 and 12). Thus, the structure of 34 is completed.

Structure elucidation of Asteroxeniolide—A 9-Acetate (33):
The CHCLy extract, fraction F' of Scheme 3, was chromatographed on
a column of silica gel. Elution with 7:3 hexane-acetone yielded a frac-
tion (fraction 14) which was further chromatographed by HPLC to give
nine fractions. Repeated chromatography of fraction 6 led to the isola-
tion, in trace quantities, of an oil, asteroxeniolide-A 9-acetate (33),
5

2
5 =1 (e. 0.3, CHCL3). The molecular ion of 33 was not ob-

3 23, lc'-J
served in tha high resolution mass spectrum. However, a peak relating to
a loss of one molecule of water was detected at 3536.19796 which is con-

sistent with the formula C,,H,00, (cald 356.1988). IR (OH group), 14 and
13C MMR (22 carbons and 29 non—-exchangeable protons) and high resolution
mass spectral data taken together confirmed the formula of 35 to be
Cyol3005 (8 unsaturations). The 13¢ mm spectra of 23 (Figure 36)
revealed the presence of 4 methyls, 4 methylenes, and one exocyclic ter-
minal methylene, 7 methines, and 6 quaternary carbons. The IR spectrum
of 33 exhibited a broad hydroxyl band at 3450 cm—l, and bands
appropriate for an acetate (1730 cm_l) and an a,B-unsaturated § lactone
(1712 cm-l). The latter moiety was consistent with the UV band at 217

Ne
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The B MR spectrum of 33 (see Figure 37) is almost identical to
that of asteroxeniolide-A (34) except for the existence of an additional
acetate methyl group signal at 2.1 ppm and a downfield shift of the H-9
signal to 5.67 ppm from 4.78. Additionally, the 3¢ mm épectrum of 33
is almost identical to that of 34 except that in 33 the chemical shifts
of C-7, C-8, C-9, and C-10 were changed relative to their counterparts
in 34 (see Table 12) and an acetate carbonyl carbon signal appeared at
170.58 ppm in the spectrum of 33. Consequently, compound 35 was
determined to be asteroxeniolide-A 9-acetate (33). The proposed struc—
ture of 35 was confirmed by DDS and homocorrelated 2-D (COSY) spectro—
scopy (Figure 38 represents the contour plot of the COSY spectrum which
contains off-diagonal peaks that establish direct proton spin-coupling
connectivities).

The stereochemical features of 33 are assumed to be identical to
those proposed for asteroxeniolide-A (34), since the 4 MR chemical
shifts and J values, and the 13C NMR data are virtually identical for

the two compounds (34 and 33) except as noted.



95

CHy
c-n
ot
o
j c -8
h to
Cpt
c-0 '
i lcs "
(d) , 2
R - vl
Cs3  oa
o o ‘l
caz Ca

S e e ey e N B S e

i1c |00 PPM 2
Tizure 36. (a) 75.4 MHz broadband 'H decounled '2C NMR spectrun
23 in cncl, . (b) all protonated carbons. (c) methine carbons.

of
(4) methylene carbons. (e) methyl carbons. Spectra b-e were rec-

orded at 75.. MHz in epep. and resulted from a DEPT experiment.
3 A



V4
74
OAc

AN

Met6|{Me-17
(Y
Me-18
v
H-19
H-19
Asteroxeniolide-~A 9-Acetate (55).
ey .
H-!
H-12 Nl H-1
H-8 A
H-9 HAqu-0 | o fles B
H i "ML M
_ | U M .
615 ' 5.5 ' Wls ! s ' 2ls ! 115 pem
Figure 37. 300 MHz proton NMR spectrum of 53 in CDC1,

96



97

Asteroxeniolide-A 9-Acetate (22)

T/(
OAc
<
Meg{Me-17
A Me <18
4
H-12 -0 {H0 w e HS
. o -
L
. _ o
e
?"*%1-_—::_—.——:—_—: :'-_ pi _____,:‘ N '-"
! . . . - b Uy
\ ?_ﬂ___ L TR, -.‘!—% =
1 ioh ! ' ! b
i TN 0, R PR O -
n g ! l | R T s
! o ) . i 'l ! o
b I ¢ i i ! ’ " l! f !
- RSP 1 EESESSISRY.... JME.
' ! | . ! :'J ! (43 I..l a
H L ' i
N R
i ! oMo _mh —
1 ; | I; % @ | [ i N m
Co R
Rt R
‘ ! ) oy
] ! (] 1 ! || 1
H i h ' I L
! T ' N ~
3 o Lo
é’- 'I" - ‘,‘ﬂ%‘:‘:: e il s Piind S '_:Im‘ -t -
SRR SR
' ) i 1 ! : =)
' R e it SEEES ) i
' ]
] | ! L
] ] |
4 ]
A S @ -
eds T sl T L TS T T T T ey

Figure 38. Contour plot of the homocorrelated 2-D proton NMR

spectrum of 25 in cpcl

3

at 300 MHz.

ff-diagonal peaks estab-

lish direct proton spin-coupling connectivities.



98

Identification of Xeniolide-B(l3):

The twenty-third fraction of Scheme 4 was chromatographed by HPLC
using hexane—acetone (80:20) as eluent to give 4 fractions. The second
fraction contained 23 mg of a light yellow oil which was identified as
xeniolide-B (13) on the basis of identity of the IR, UV, lH and 13c mm

data observed in this work and values reported6 for xeniolide-B (13).

Identification of Zeniolide-B 9-Acetate (14):

The fifteenth fraction of Scheme 4 was chromatographed by HPLC
using a column of silica gel and hexane-acetone (83:17) as eluent to
give pure xeniolide-B 9-acetate (l4), 65 mg, as a yellow oil. The
molecular formula C22H3005 (8 unsaturations) was deduced from the
following data: (a) the low resolution mass spectrum displayed the mc—
lecular ion at m/z 3743 (b) the Iy NMR spectrum (see Figure 40) showed
signals for 29 non—exchangable protoas; {c) IR absorptions occurred at
3440 cm! (OH) and 1730 (acetate); (d) the 3¢ sor spectra (see Figure
41) exhibited signals for 22 carbons including .2 carbonyl ester carbonse.
The 11 MR spectrun (see Figure 40) of 14 was very similar to that of
xeniolide-B (13) except for the presence of an extra acetate methyl
group signal at 2.06 ppm and a downfield shift of the H-9 signal from
4.8 to 5.55 ppme Furthermore, the 136 NMR spectrum of 14 contained two
additional carbon signals at 21.25 {(q) and 170.54 ppm (s) which corre-
sponded to an acetate group. Hence, it was concluded that 14 was the

xeniolide-B 9-acetate (l4), a known compound isolated by Kashman and

6

Growiess. However, Kashman reported that the chemical shift of the H-

8, H-9, and H-13 signals in xeniolide-B 9-~acetate (l4) were at 4.45 (m),
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Table 16. 1H NMR Data of Xeniolide-B

and its Derivatives Table 17. 120 NMR Data of YXeniolide-B
13 14 15 Derivatives™

H-3 4L.42 br d 442 br d 4o42 br d cH 1é lé
12 12.1 12.1

H-3'  4.85 br d 4.88 br d 4.89 br d c-1 172.9 o 172.25 g
12 12,1 12,1

H-4a 3.12 br dd 3.09 br dd 3.11 br dd c-3 70.65 t 70.58 t
9.5:6 9.136 10.434.8

H-5 1.65 m 1.65m 1.96 br d Cc-4 136.95 8 136,86 a

15

H-5' 1.81 dq 1.82 dq 1.75 tdd C-4a 36,91 d 36.05 d
14:3.8 14.233.8 15:4.8;2.5

H-6 2,17 m 2,17 m 1.44 ddd c-5 37.33 t 36,05 t

15:3.333.0

H-6'  2.27 td 2,27 td 2.12 ddd c-6 39.55 t 37.89 t
11.8;3.8 11.833.8 13.314.5i2.5

H-8 5.3 br d 5¢39 br d 3.0 d c-7 136,01 o 59.63 8
10 10.2 9.5 .

H-9 4.69 ddd 5.45 ddd 3.70 ddd c-8 126.,0 d 67.23 d
1039:5.4 10.239.255.4 1039.535.1

H-10 2,16 br dd 2,16 br dd 2,21 ddd c-9 72,25 d 71.26 d
13.5:9 13.639.2 13.4310;2

10 2,89 br dd 2,94 br dd 3,01 br dd c-10 39.62 t 38.84 ¢
13.535.4 13.635.4 13.435.1

H-11a 2,89 br d 2.98 br d 3.17 4 c-1 141.2 8 138.92 s
9.5 9.1 9.8

H-12 6,04 br d 6.06 br d 6,06 br d C-11a 57.0 d 57.25 d
11 1.1 11.3

H-13  6.37 dd 6.37 dd 6,23 dd Cc-12 127.66 d 128,39 d
15311 15.1511.1 15511.3

H-14  5.95 d 5.97 d 5.95 d c-13 121,08 d 121.69 d
15 15.1 15

Me-% 1.38 8 1.38 8 1.32 @ Cc-14 145,20 d 145.66 d

Me- 1.39 8 1.39 8 1.34 8 c-15 70.65 8 70,78 s

He-18 1,65 br s 1.72 br s 1.2 o c-16 29.71 q 29,81 q

H-19  4.98 br s 5.07 br 8 5.15 br o c-17 29.82 q 29,89 q

H-19 5,05 br s 5.15 br 8 5.22 br & c-18 19.23 q 19.61 q

OAc 2,06 o c-19 120,68 t 120.82 t

*Spectra were recorded in ch13 at 300 Miy OAc ;ng&u
«25 q

with TMS as internal standard. The values a .
Spectra were recorded in ¢DCl, at
are given in 6 units. Assignments were 75.4 MHz, Multiplicities were ob-
. . ; e a tained by DEPT and assignments
established by spin-decoupling experiments. were made by comparison to other

compounds in this series.

001
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4,45 (m), and 6.43 ppm (dd), respectively. We performed 1y gifference
decoupling and COSY (see Figure 42) NMR experiments to establish the
chemical shifts and multiplicities of all the proton signals in l4. Our
results indicated that the chemical shifts of H-8, H-9, and H-13 signals
were at 5.39 (br d), 5.55 (ddd), and 6.37 (dd), respectively. Our ob—
served 3¢ mw data (see Table 17) is identical to that reported6 by

Kashman for xeniolide-B 9-acetate (l4).

Identification of 7,8-Dihydro-7a,8aepoxyxeniolide-B (13):

Silica gel chromatography of the CHCl3 extract of Scheme 1 gave 9
fractions. Fractions 8 and 9 were combined and rechromatographed over
silica gel to yield 7 fractions. The sixth of these fractions was
subjected to HPLC to afford pure 7,8-dihydro—7a,8c-epoxyxeniolide-B

(L3), 1 =mg, as a white powder. The molecular formula CogHygOg (7

kN

unsaturations) was obtained fer from the following data: {a) the low

1

resolution mass spectrum exhibited the molecular ion at 348; (b) the 1y
NMR spectrum (see Figure 43) showed signals for 26 non—exhangeable pro-
tons; (c) the IR spectrum showed OH (3500) cm-l and carbonyl ester
(1730) absorptions; (d) the 13C NMR spectra indicated the presence of 20
carbons including two carbons each deshielded by a single oxygen, [70.59
ppm (C-9, d) and 70.78 (C-15, s)], 2 other carbon signals due to an
epoxide group, [59.63 ppm (C-7, s) and 67.23 (C-8, d)], and a lactome
carbonyl carbon, [172.25 (C-1, s)l. The 1y WR data (see Figure 43) of
15 were very close to those of 7,8-dihydro-7a,8cepoxyxeniolide-B
6

isolated by Kashman® and Growiess and hence identity between these two

compounds was assumed. However, Kashman reported that the chemical
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shift of H-13 signal in 7,8-dihydro-7a,8c-epoxyxeniolide-B was at 6 .35
ppm. Our 300 MHz i ar analysis of the spectrum of 13 indicated that
H~13 signal is at 6.23 ppm. Also, Kashman did not report the 13C NMR
chemical shifts of 7,8,-dihydro-7a,8cepoxyxeniolide-B. We would like
to report the 13C NMR data of 7,8-dihydro—-7a,8c-epoxyxeniolide-B (13),

as well as the complete assignments of the 1H NMR spectrum of l3.

Structure elucidation of Asterospicin (36):

Silica gel chromatography of the CHCly extract of Scheme 1 afforded
9 fractions. Fractions 3-7 were combined and rechromatographed on a
column of silica gel to give 6 fractions. The fourth of these was sub-
jected to HPLC to yield 3 fractions, the first of which contained 8 mg
of o0ily material, This o0ily material was vresolved by HPLC using a
reverse-phase column with MeOH-H,0 (60:40) as eluent to give 3 frac—
tions. Evaporation of the second fraction left 2.2 wmg of asterospicin
(38) as a colorless oil. The molecular formla CpgH,g0, was established
for 36 by the analysis of its high resolution mass spectrum. The
molecular ion was also observed in the low resolution mass spectrum (M+
= 332). The 3¢ or spectra (Figure 44) of 36 indicated the presence of

3 methyls, 4 sp3 methylenes and one exocyclic terminal methylene, 5 sp3

methines and 3 sp2

methines, and 4 quaternary carbons. The IR spectrum
exhibited a broad hydroxyl band at 3440 cm_l. The presence of (OH)
group was unequivocally confirmed by acetylation of 56 to give the

expected 9-acetate 37 in which H-9 signal experienced a downfield shfit

to 4.74 from 3.74 ppm. A study of the 14 and 3¢ MR data suggested the



107

Me

- ), an epoxide

existence of three double bonds (CHy=C [, —CH=CH-CH=C[_
group (-CHCE>C1:§E), and an acetal group, 105.64 ppm (ijf d).

In the !3¢ MMR spectrum (Figure 44d) of 36, the signal at 115.60
ppm (C-19, t)*, together with the proton signals at 5.14 (H-19') and
5.33 ppm (H-19), suggested an exocyclic terminal methylenme group. Irra-
diation of H-19' signal sharpened the broad singlet at 5.33 ppm (H-19)
and caused removal of small allylic couplings from the proton signals at
2,25 ppm (H-1la), 2.40 (H-10), and 2.58 (H-10'). This suggested that H-
10, B-10', and H-lla were allylic to the terminal methylene protons.

These coupling results led to the establishment of partial structure A

of 36.

gt

j/H

4

i
2Nt 10

A ABM pattern was established between the proton signals at 2.40
ppm (H~10), 2.58 (H-10'), and 3.74 (H-9). The AB part which arises from
the H-10 and H-10' proton signals of this ABM system was found to couple
allylically to the terminal methylene proton signals (H-19 and H-19').
The M part (H~9) of this ABM pattern was also coupled vicinally to the
methine proton at 2.75 ppm (H-8) which was assigned to the epoxide

group. Therefore, partial structure A could be extended into B.

*assignment was made by analogy to other compounds in this series.
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19

A small W-coupling (J = 0.9 Hz) was confirmed (by homonuclear 2- DJ
and COSY experiments) between the epoxide proton signal at 2.75 ppm (H-
8) and the methyl singlet at 1,38 ppm (Me-18), see Figures 45k, 45i, and
46, Thus, C-8 was connected to C7 and this enlarged partial structure

B into C.

N
\ C
‘a

s

In the high-field region (1-2.3 ppm) of the 1H NMMR spectrum (Figure
47) of 36, an ABMX system was confirmed between the proton signals at
1.83 ppm (H-5), 1.53 (E-5'), 1.05 (H-6'), and 2.24 (H-6). The carbon
connectivity in this ABMX spin system was established by homocorrelated
2- D experiment (see Figures 46 and 47) in which all the proton—spin cou
pling connectivities were shown very clearly. C-7 was determined to be
bonded to C-6 because a small W-coupling was observed (see Figures 45h,

45k, and 46) between H-6' and Me-18. The signal assigned to H-5' (1.53
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ppn of this ABMX system was coupled vicinally (J = 10.5 Hz) to the one-
proton signal at 1.76 ppm (H-%a), see Figure 47. Therefore, C-5 was
connected to C-4a. Moreover, H-4a was also coupled (J = 4.5 Hz) vici-
nally to H-1lla, see Figure 3b. This proved the connection between C-4a

and C-lla and completed the carbocyclic partial structure D.
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4, a proton singlet at 5.32 ppa (E-1)
was resolved by homonuclear 2- DJ experiment, Figure 43b, into a quintet
(J = 0.8 Hz). In the COSY spectrum (Figure 46) of 34, the H-1 signal
was coupled (J = 0.8 Hz) to H-lla signal., This small coupling between
H-1la and H-1 was attributed to a dihedral angle near 90° between H-lla
and H-l. Consequently, C-lla was fixed to C-1, see partial structure E.
This linkage was supported further by a small W-coupling (J = 0.8 Hz)
observed between H-1 and H-4a signals, see Figure 46.

An AB pattern was established between the proton signals at 3.35
ppm (H-3) and 3.96 (H-3'), see Figure 46, J = 6.7 Hz. This small
geminal coupling was also found in front:alinz7 in which the carbon
bearing the two protons due to this AB system is adjacent to am oxygen
atom and is a part of bicyclic acetal system, see structure of fron—

talin. Based on the frontalin analogy, C-3 was counected to C-1 through
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an ether oxygen. Indeed, H-3 was found to be long-range coupled to H-1

(see Figure 46).

0

FRONTALIN

Furthermore, a 1.9 Hz W-coupling was established between H-3 and H-4a.
The lack of any vicinal coupling between either H3 or H-3' signals and
other proton signal(s) in the COSY spectrum of 38 suggested that C-3
could be attached to a quaternary carbon. The C-3, C-4, and G-4a chain
was fixed on the basis of the W—coupling observed between H-4a and H-3

(see Figure 48). Tharefore, partial structure D was extended to T

°

In the downfield region of the y or spectrum of 34, an ABM spin
system was confirmed for the olefinic proton signals at 5.73 ppm (H-12),
6.47 (H-13), and 5.86 (H-14). It was clear from the coupling constant
(J = 15.7 Hz) that H-12 and H-13 were trans and H-13 signal was also
coupled vicinally to H-14 signal (J = 10.3 Hz). Irradiation of H-14

signal changed the H-13 signal from a double doublet into a doublet and
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sharpened both the vinylic methyl signlets at 1.80 and 1.78 ppm. Con-
versely, irradiation of either of the vinylic methyl signals sharpened
the broad proton signal at 5.86 ppm (H-14). This indicated that these
methyls (Me-1€ and Me~17) were vinylic and also geminal. Therefore, a

diene chain was constructed as a partial structure G.

A close examination of the lH COSY spectrum (see Figure 46) of 3
indicated that H-12 signal was found to couple with long-range cou
olings to H-3, B-3', F4a, and H-14 signals., Turtherwmore, the lack of
any vicinal coupling for H-12 signal other than H~13 coupling suggested
that C-12 must be connected to a quaternary carben. The chemical shift
of the carbon signal at 88.26 ppm (C-4, s) suggested that it must be
deshieleded by an oxygen substituent and adjacent to a double bond.
Consideration of the long-range couplings observed between H~12 and H-3,
H-3', and H-4a signals and the fact that C-12 must be connected to a
quaternary carbon led to the conclusion that C-4 must be linked to C-12.
The chemical shift of the carbon signal at 105.64 ppm (C-1, d) suggested
an acetal carbon which bears two oxygens, one of which was connected to
C-3 as mentioned above and the second oxygen could be connected to only
one position which was C-4. Thus, the skeleton of 36 was established.

The stereochemical features of 36 were established by NOE expe-

riments (see Table 20). The E configuration of the epoxide group at C-
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Table 18 . Proton NMR Data of the Aaterospleins

911

a
56 21 8 22
-1 5.32 quintet 5.30 a 5,30 o 5.30 s
0.8
H-3 3,35 dad 3434 dd 1.32 dd 3.34 dd
6.831,9;0,8 6,732 1.71:2 Te732
H-3'" 3.96 br dad 3.94 d 31,96 4 3.96 d
6.8:0.8 6.7 1.7 7.7
Hedn 1.76 br ddd br ddd by ddd br ddd
10.534.751.9 10.514.512 1044.332 1034.332
H-5 1.83 dt dt dt at
14.5:3.5 14.513.5 14.553.5 14.5:3.5
H~5' 1,53 dddd dddd dddd dddd
14,5313.5:10.5;2.2 14,5313:10.5: 3.5 1445313.531053.5 14.5:13.5310;7.5
H-6 2,24 ddd dt at dt
13.533.5:2,2 13.433.5 13,9:3.5 13.9:3.5
H-6' 1,05 tdd ddd ddd ddd
13.5:3.5:0.9 13.431313.5 13,9413.533.5 13.9313.533.5
H-8 2,75 dt d d d
7.8;0.9 7.8 1.7 7.7
-9 3.74 ddad ddd by dd by dd
7.835.951.9 7.8154251.5 173645 7.746.5
H-10  2.40 ddd br dd hr dd br dd
14.235.931.8 14.835.2 13.9;6,5 13.936.5
H-10' 2,58 ddd 2,61 br d . br d 2.58 br d
14.231.931 1.8 13,9 13.9
H-Na 2.15 br dt 2.13 br ad 2,15 brod 215 e d
LeT31.8 ha531.5 £a3 Ae3
H-12 5,73 d quintet 5.72 d G 2 br o d 6H,12 br a
15.630.8 15,7 [ROA 15.4
He13 6,47 dd 6,46 Ad L7 dd 5.71 dd
15.6110,3 15.7410.4 YA 150436045
H-14 5,86 br d 5.85 br d a0 e d 3.27 bhr 4
10.3 10,4 ] 1 h
He«% 1,80 br a 1.79 br a P37 s 1,37 s
Me-T7 1,78 br 8 1.77 br s t.28 s
He-18 1,38 t 1.40 s 1.36 5
0,8
H-19 4,33 br o 5435 br s 3,31 by 5.31 br s
H-13' 5,14 br a 5.04 br s Go14 by s 5.14 br o5
OAc 2.1 8

8ultiplicity and coupling constants were obtained from a homonclear 2-DJ experiment.
*Spectra were recorded in ¢nclg at 300 MHz with e, 51 as %nternal stagdard except for
compounds 60 and 61 in which their spectra were obtained in 5% CDBOD in cpCcl, . The
values are given inm § units,



( Continued Table 18)

H-1
H-3
n-3t
H-4a
H-5
H-5?
H-6
H-61
H-8
H-9
H-10
H-10t
H-11a
H-12
H-13
B-14
He-%
Me~17
He-18
H-19
H-

OAc

2.20

dt

14.233,6

dddd

14 2:13.5810.5:2.3
13 5:3.612.3

1.0 tdad

2,73 d
3.66 4
2.35
2,55 d
2.11

13.5&3.6;0.9
7 8;0 9

7. 811-9 1.9
ddd
1L 235.931.5

14 2 1.911
br ddd
4.632;0.9

6,04 ddt

15.631,7:0.9

5,81 dad

15.615.9

3.9t dd

5.951.7

1,18 d

1.09

0.6
dd
0.63.03

1.34 t

5.27
5.12

0.9
br g

by 8

1o~
n—=

5.29
3.29

t
0.9
dd
6.8;2

3.94 4

2.20
1.0

6.8

br ddd
10.554.632
dt

14.233.6
dddd
14.2:13.5:10.512.3
dd

13 513.632.3
tdd
13.513.6;0.9

2,73 dt

7.8;0.9
d

3.66 dd

2.35 d

7.8:5.931.9
dd
14.2!5.9;1.5

2.55 dd

2,11
6.04
5.82
3.92

14.2:1 9;1
br dd

be 6:2 0.9

dd

15, 6 1.7:0.9
dd

15.635.9

dd

5.9:1.7

1,18 d

1.09
1.34
5.27

5.12

0.6

dd
0.630,3
t

0.9

br s

br s

[{{e)

112

5.28
5.04
2,56
1.1
1.86
1,41

2,22 4

1.99
5.08
400
2,42
2,40
1.76
5.6
6,72
5400
.81

1.81

8
d

12.1

a (on)

1241

br dd
10.533.7

dt

13.333.7

tdd
13.4310.5;53.7
it

12.3:13.7

ddd
13.4312.333.7
br d

6.7

by n

br o
13,7

by dd
13.7:5.4
br dd
3.731.5
3

15.7

1G]
15.60311
br d

11

e s

no~
10

5.39
6.10

1.78

br

dd

1034.2
1.93 dt

13.
m

dat
12
td
12
br

br

633.4

233.4

223344
d

7.8

dd

7.815.9

br

13.

dd
635.9

br d

13.

br

42

d

15.

dd

15,

br
1
br
br

hr

6
d
6

O3
A

a
5

a

"8

a

2.07 5

br t

9.6

br dd
12,855.5
m

br dd
12.533.8
br dd
12,535.5
br d

9.3

add
9.318.255.4
br dd
13;8.2

5 br dd

1335.4
br dd
9.634.7
d

15.2

0 dd

15,2;10,8
br d
10.8
br a

L)

L1t



3%

Table 19. 13C NMR Chemical Shifte {ppm) of the Acoterospicins

56 27 28 29 60 61 62
cH
c-1 105,64 d 105.53 d 105,71 d 105,71 d 105,63 d 105.67 d 104,40 d
c-3 67.37 ¢ 67.34 t 67.25 t 67.19 67.19 t 67.21 ¢ 93.51 d
C-4 88,26 s 88,25 s 87,37 s 87.19 a 87.78 0 87,76 o 90.10 5
C-4a 55.62 d 55.86 d 55.59 d 55.61 d 55.44 4 55,44 d 565.10 d
Cc-5 27.49 t 27.36 ¢ 27.37 t 27,37t 27.23 t 27.31 t 28.7% t
C-6 39.82 t 39.82 t 39.72 ¢ 39,72t 39.598 t 39,62 1 39.82 t
c-7 58.58 3 58423 8 58.47 8 G847 u 98,7 8 58,77 a 132.26 g
c-8 66.82 d 63,38 d 66,74 d 66,74 d 66.91 4 66,87 d 130,30 d
c-9 69.36 d V2,34 4 69,34 4 69,34 a 6R.T1 A 68,88 d 67.10 d
C-10 4,.88 t 42,49 t 44,86 t LA JHE L L4075 b AL 75 t 46,86 t
C-11 146,11 s 145,62 a 145,92 n 145,490 g 145,86 5 145.90 =r 147.80 n
C-11a 60,55 d 60,48 d 60,46 d 6046 d (0,31 4 60,37 d 60,26 d
C-12 122,86 d 122,79 d 130,01 d 130,00 d 113,460 133,30 4 121,06 A
c-13 130.22 d 130.20 d 128.99 d 129,00 125.80 d 126,29 d 131,00 d
C-14 124,14 4 124.10 d 63.18 4 63.22 4 77.29 d TR,76 d 124,35 4
C-15 138.43 s 138,47 o 57.45 3 GTedh 8 T2.40 1 72.43 & 138,12 a
C-16 18,52 q 18.51 q 24,56 q 24050 4 26,92 q 26,26 4 18,56 q
C-17 26.09 q 26,08 q 18,70 q 22,77 23,46 q 23.82 q 26,07 q
c-18 17,02 q 17.05 q 17,01 q 17,01 4 16.86 q 16,93 q 16,95 q
C-19 115,60 t 116,17 ¢ 115,68 ¢ 115,68 1 15,54 t 115,63 114,17 ¢
Ghe 171,00 o
21,28 q

“Spectra wvere recorded in CDCl3 at 75.4 MHz with MeASi as internal standard. The values

are given in § units. Assignments of multiplets were made by DEPT experiments. Spectra

of 60 and 61 were obtained in 5% CD30D in CDCl4.

=

811
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Table 20, Results of NOEDS Experiment with Asterospicin (3%)

in cnc13 solution at 300 MEz.

Proton(s) irradiated Proton(s) %Enhancement
enhanced
H-1 H-11a 7
H-11a Me-18 3
H-1 9
H-3! H-3 25
H-5 6
H-11a 4
H-8 H-/ja 10
H-la H-8 12
H«19 2
H-12 4
m_-:_)f e 3' L
E-1la 3
2-178 H-11a 4
H-9 g

asterospicin (éé)

SCHEME 5
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7,8 was assigned on the basis of te Overhauser enhancement observed be-
tween Me-~18 and H-9 and the lack of any NOE between Me-18 and H-8. The
trans configuration of the ring fusion was established by the following:
(a) the observation of an NOE effect between H-8 and H-4a; (b) the
Overhauser enhancements observed between Me-18, H-9, and H-1lla; (c) the
similarities of the coupling constants (Jéa,lla = 4.5 Hz) observed for
36 and 7,8-dihydro-7a,8a-epoxyxeniolide-A (30) (see Table 18); (d) the
absence of any NOE between H-1lla and H-4a. The a configuration of the
C-1 to C~4 oxygen bridge was assigned on the basis of the W-coupling (J
= 1,9 Hz) observed between H-3 and H-4a and the Overhauser enhancement
between H~3', H-5', and H-1la. In 4B,lB—configuration, none of these
Overhauser effects or the W-coupling between H-3 and H-4a would be
expected.

The structure of 30 was confirmed further when it was found that
treatment of 7,8-dihydro-7a,8a—epoxyxenialactol (44) with acetic acid,
produced compound 36. The mechanism of the latter conversion is shown

in Scheme 5

Structure elucidation of 14,15-Dihyro-14£,15E-€poxyasterospicin-1 (38)
and 14,-15-Dihydro-14£,15E-e poxyasterospicin—-2 (39):

The CHCL3 extract of Scheme 1 was chromatographed over silica gel.
Repeated chromatography on silica gel of fractions 3-7 (Scheme 2) led to
an 8 mg fraction that when subjected to HPLC gave 3 fractions, one of
which was resolved by HPLC using a reverse-phase C,g column and MeOH-H,0
(6:4) to yield two fractions, 0.3 mg each, of pure 14,15-dihydro-

14 ,156-epoxyasterospicin—l (328) and 14,15-dihydro-léa,l5a~epoxyastero-
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spicin-2 (32) as colorless oils. The molecular formula Cootlag0s (7
unsaturations) was obtained for 38 from the following spectral data: (a)
the highest mass peak in the low resolution mass spectrum was observed
at 348 corresponding to M+; (b) the 5 R spectrum (Figure 48) contains
27 non-exchangeable and one exchangeable protons; (c) the IR spectrum

showed a broad hydroxyl band at 3500 cm—l; (d) the 13

C NMR spectra of 38
indicated the presence of 20 carbons including a carbon deshielded by a
secondary hydroxyl group,* 69.34 ppm (C-9, d), 4 other carbons de-
shielded by oxygens (corresponding to two epoxide groups), 58.47 ppm (C-
7, s), 66.74 (C-8, d), 63.18 (C-14, d), 57.45 (C-15, s), and an acetal
carbon. The 13C MMR spectra of 38 revéaled the existence of 3 methyls,

3 . . . . .
4 sp” methylenes and one exocyclic terminal methylene, © sp3 zethines

2 :

and 2 sp” methines, and 4 quaternary carbons. Analvsis of the !

H de-
coupling experiments suggested that 28 possesses the same carbon frame-
work as asterospicin except that 58 contains an epoxide group at C-14,15
rather than a double bond in asterospicin. The 1H and l3C NMR data of
28 and asterospicin are similar except for some differences due to the
presence of an epoxide group at C-14,15 in 38 (see Table 22).

Three methyl singlets were found in the 1

H NMR spectrum of 38, one
of which was assigned to the epoxide methyl group at C~7 on the basis of
the observation of a w-coupling between it (Me-18; 1.36 ppm) and H-6'
(1.05) and a W-coupling between Me-18 and B-8. The other two methyl

singlets were assigned to the geminal dimethyl groups at C-15 since

irradiation of H-14 (3.26) ppm in 38 sharpened the two methyls at 1.26

*assignment was made by analogy to other compounds in this series.



Table 21.1H and 130 NMR chemical shifts of some signals in 58and
asterospicin (spectra of both compounds were taken under the sanme
experimental conditions).

ST 6 of 58 56
12 6.12 5.73 ppr 12 130.01 ppn 122.86
13 5.73 6.47 13 128.99 130.22
T4 3.26 5.86 14 63.18 124,14
16 1.36 .80 15 mgis 128,13
17 1.26 1,78 16 24,26 18,52
17 18.70 26.09

1. . . RPN . .= .
Table 22, H NMR chemical shifts for some signals in 28 and 52 in
CDC1l3 ispectra of 58 and 59 were cbltained under the same experimen-
tal conditions). :

H¥ 28 22

13 5.73 pom 5.71
14 3.26 3.27
16 1.26 1.28
3 3.32 3.34
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and 1.37 ppm and caused a removal of a vicinal coupling from H-13 signal
and also removed an allylic coupling from H-12 signal. Hence, a struc-
ture like asterospicin, but with a modified side chain, was established
for 38.

The mass spectrum of 33 was identical to that of 38. This
suggested that both 38 and 39 possessed the same molecular formula.

Moreover, the 13

C NMR spectra of 58 and 39 are nearly identical (see
Table 19) except that the Me-17 signal in 38 was observed at 18.7 ppm
while in 39 at 22.77. The 1H NMR spectra of 58 and 39 (see Figures 48
and 49) are virtually identical except for some very minor differences
in respect to the IH MMR chemical shifts of four proton signals, H-3, H-
13, H-14, and #H-17 (see Table 22).

Based on the above evidence we concluded that compounds 38 and 39
are epimers in regard tc ctheir C-14 configuration. The trans
configuration of the double bond at C~12,13, in 38 and 33 was assigned
on the basis of the magnitude of the coupling constant (JH12,13 = 15.4
Hz). The remaining sterochemical features of 38 and 33 are assumed to
be identical to those proposed for asterospicin (36), since the ly NMR
chemical shifts and J values and 13C MMR data (see Tables 18 and 19) are

virtually identical for these three compounds (36, 38, and 39) except as

noted. The configuration at C-14 was not determined for 38 or 33.
Structure elucidation of 14,15-dihydro—14£,15-dihydroxyasterogspicin-l
(60) and 61:

Silica gel chromatography of the CHCL3 extract of Scheme 1 yielded

9 fractions of which 8 and 9 were combined and rechromatographed on a
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column of silica gel to give 7 fractions. The most polar fraction was
subjected to HPLC using a silica gel column and hexane-acetone (l:1) to
give a 3.5 mg of colorless oil* which was resolved further into 2 pure
compounds §Q and ¢} by HPLC with a reverse-phase C;o column and MeQOH-H,0
(25:75) as eluent. The molecular formula CyoH3g0¢ (6 unsaturations) was
deduced for §Q from the following spectral data: (a) the molecular ion
was observed in the field-desorption spectrum at m/z 366 (low resolu-
tion); (b) the high resolution mass spectrum contained a peak corre-
sponding to M+¥18 at m/z 348.1909 which was consistent with the formula
CZOHZBOS (calcd, 348.1937); (c) the Iy or spectrum (Figure 50) showed
signals for 27 non-exchangeable and 3 exchangeable protons; (d) IR ab-
sorption was observed at 3500 et (0H) group(s); (e) the 3¢ wR data
revealed 20 carbons including an acetal carbon, 105,63 ppm (C-i, d),
epoxide carboas, 58.79 (C-7, s), 66.91 ppm (C-8, d), and 3 carbons each
deshielded by a single oxygen, 68.71 ppm (C-9, d), 78.29 (C-1l4, d), and
72.40 (C-15, s). The 3¢ ar spectra (Figure 51) indicated the presence
of 3 methyls, 4 sp3 methylenes and one exocyclic terminal ethylene, 6

2

sp3 methines and 2 sp” wmethines, and 4 quaternary carbons. The 1H and

13¢ wR data of 60 and §1 are very similar (see Figures 50a, 51 and 52)

except for very minor differences (see Table 23) in the chemical shifts

due to the configuration of the hydroxyl group at C-14. Comparison of

the 18 and 13 MR data of 60 and asterospicin (56) (see Tables 1% and

*This olly mixture of 60 and gl was soluble in CHCL, solution but after
resolving this oily mixture into 60 and 81 by HPL?, purelgg and fl were
slightly soluble in CHCLB. For this reason, all "H and “~C NMR spectra
were obtained in a mixture of 5% CD40D in CDCLj. However, 60 and fl are
soluble in excess of CDCLj (see Experimental for "H MMR data of 60 and
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Table 23. (a) 1H NMR Chemical Shifts for some Signals of

60 and 61 in 5% CD,OD in CDCl,. (b) '7C WMR Chemical
Shifts for some Signals of 60 and €1.
Hi &0 e1 (b) c# &0 el
3 3.28 ppm  3.29 ppm 12 133.46 ppn 133,30
13 5.81 5.82 13 125.80 126.29
14 3.91 3.92 14 78.29 78.76
16 25.92 26.26
17 23.56 23.82
Table 24. (2) 'H NME Chemical Shifts for some Signals of
5§ and 60 in cpcl,. (b) '2C WA Chemical Snifts for some
Signals of 5% and 60.
e 28 {4 () cf 56 60
12 5.73ppm  6.08 ppm 4 88.26 ppm  87.78 ppm
13 6,47 5.86 12 122.86 133.46
T4 5.86 4.0 13 130.22 125.80
16 1.80 1.15 14 124,14 78.29
17 1.78 1.25 15 138,43 72,40
16 18.52 25.92
17 26.09 23.56
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19) suggested that both §Q and asterospicin (36) possess the same carbon
skeleton and they differ only in the structure of the side chain at C-4.

The 1! 13

H and C NMR chemical shift differences between £Q and astero-
spicin (38) are shown in Table 24. The structure of §Q was also
confirmed by DDS, COSY, and homonuclear 2-DJ spectroscopy (see Figures
50-54). The assignment of the geminal dimethyl groups at C-15 in Q0 was
established by a COSY experiment (see Figure 53b) in which off-diagonal
peaks indicated a 4-bond spin coupling between the two methyl signals at
1.09 and 1.18 ppm.

The stereochemistries at C-4a, C-7,8, C-9, and C-lla were estab—
lished by NOE experiments. The results of these experiments were simi-
lar to the NOE results obtained for asterospicin (36). Thus, AQ has the
same stereocheamistry as asterospicin (38). It was not possible to de-
termine the configuration of the hydroxyl group at C-14 in 80 or gl by
NMR spectroscopye.

The proposed struétures of 60 and §1 were further confirmed when
xenialactol (8) was treated with m~chloroperbenzoic acid and 4 products
were obtained, two of which were identified as §Q and §l, see Scheme
6e Compound 43 1is 7,8-dihydro-7a,8caepoxyxenialactol and contains a
peroxide group at C~15. Compound 44 is the 7,8-dihydro-7a,8a-epoxy—
xenialactol (44), a natural product which is also isolated from this
organism and discussed above. The formation of §0 and §) f£from
xenialactol (8) can be explained by the mechanism shown in Scheme 6.

The 1H NMR spectrum (see Figure 33) of 43 was nearly identical to
that of 44 except for some signals which appeared at slightly different

chemical shifts, (H-12) 5.89 ppm, (H-13) 6.26, (H-14) 5.69, (Me-16 and
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Me-17) 1.28. Hence, a structure like 44 could be postulated with a
minor difference in the side chain. The 3¢ spectrum (see Figure
56) of 43 was also similar to that of 44 except for a shift in the C-14,
C-15, C-16, and C-17 signals to 140.60, 74.83, 25,87, and 25.96 ppm, re-
spectively. These shifts are consistent with the g-effects from having
a peroxide group at C-15. Thus, the presence of peroxide group at C-15
in 43 was confirmed (see discussion of 493). Reaction of 43 with zinc
dust in acetic acid in an attempt to reduce the peroxide group to an
alcochol gave asterospicin (36). This can be explained, since in acidic

solution 43 can undergo dehydration after reduction to give asterospicin

elucidaticr of 3-g-Hydroxy-7,8-dz2epoxy~7,8-dchydro-asterc—

The CHCL3 extract, fraction F' of Scheme 3 was chromatographed
over silica gel. One of the fractions eluted with hexane-acetone (7:3),
fraction 14, was subjected to HPLC to give 2.2 mg of 3-a—hydroxy-7,8-
deepoxy-7,8-dehydro-asterospicin (§2) as a colorless oil; UV (EtOH) }'max
235 nm (e = 15119). The molecular formula Coolag0, (7 unsaturations)
was established for 62 from the following data: (a) a peak corre-
sponding to the molecular ion was detected in the field-desorption mass
spectrum at m/z 332; (b) the high resolution mass spectrum exhibited an
ion corresponding to M+—30, m/z 302.18377 which is in agreement with the
formula C;gH,.04 (calculated, 302.18820); (c) the 3¢ wr spectrum
(Figure 57) exhibited signals for 20 carbons including a carbon de-

shielded by a secondary hydroxyl group,* 67.1 ppm (C-9, d) and a
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hemiacetal carbon, 93.51 ppm (C-3, d) and an acetal carbon, 105.4 ppm
(C~1, d); (d) the iy NMR spectrum (see Figure 58) showed signals for 26
non-exchangeable and 2 exchangeable protons; (e) IR absorption was ob—
served at 3450 <:m—1 (OH) group(s). The 130 NMR spectra (Figure 57)
revealed the existence of 3 methyls, 3 sp3 methylenes and one exocyclic

3 methines and 4 sp2 methines, and 4 quaternary

terminal methylene, 5 sp
carbons. The presence of hydroxyl groups were confirmed by the acetyla-—
tion of §2 to give the expected 3,9-diacetate §3 in which two proton
signals were shifted, H-9 signal from 4.69 to 5.61 ppm and H-3 signal
from 5.04 to 6.10 ppm. In addition, the 1,9-diacetate §4 was obtained.

Analysis of the results of the g difference decoupling spectro—
scopy (DDS) experiments (see Table 25) indicated that compound 62 pos—
sesses the same carbon skeleton as asterospicin (38). The 1H and 13C
MMR data of £2 and asterospicin (see Tables 18 and 19) are similar ex—
cept for some differences (see Table 26) which reveal that §2 possesses
a hydroxyl group at C-3 and a double bond at C-7,8.

When §2 was acetylated using a mixture of acetic aphydride-
pyridine, two diacetate derivatives were obtained (see Figures 59 and
60). The first diacetate §3 was the expected derivative but the second
diacetate was identified as a rearranged product f4 (see Scheme 7). The
structure of compound 64 was established by 1H,DDS experiments and by
analysis of the low resolution mass spectrum data (see Scheme 8). The
presence of an aldehyde group in §4 was confirmed because when the
proton signal at 9.63 ppm was irradiated, the H-4a signal was sharpened

and vice versa. The proton signal at 6.10 ppm was assigned to the
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Table 25, Results of ' Dirference Decoupling (DDS) Experiments with (62)

Irradiated proton, chemical effect of 1I{ decoupling
shifts, ppm, multiplicity (J, Hz)
H-13, 6.72 dd(15.6, 11) H-14, 5.90 br d(11) ~> br s
H-12, 5,76 4(15,6) —> a
RH-14, 5.90 br d{11) H-13, 6,72 dd(15.,6, 11) —3 a(15.6)
Me-16, Me-17, 1,81 br 5 3 sharpened
H-12, 5.76 A(15.6) H=13, 6,72 A4d(15.6, 11) —» a(11
H-1, 5,28 br s H-11n, 1,76 br dd(3.7, 3) — shrrpened
H-4a, 1.7, br da(10.5, 3.7) -—3 sharpened
H-19', 5.24 d{(1.3) H-19, 4.94 br s -—3 sharpened
H-11a, 1.76 br ad(3.7, 3? ~—3sharpened
H-8, 5,08 br d{6,7) H-9, 4.69 br m —3 br t
H-3, 5,04 br d(12.1) He-18, 1.65 br 8 --3 sharpened

-6, 1,99 ddd(13.4, 12.3, 3.7) «=» sharpened
OH, 2.56 br d(12.1) —) br g
H-19, 4,94 br s H-191, 5.24 d(1.3) —> g
H-10', 2.46 by dd(13.7, 5.4) —> sharpened
H-10, 2.42 br 4(13,7) -—> sharpened
H-11a, 1,76 br dd(3.7, 3) ~—> sharpened
H-9, 4.69 br m H-10, 2,42 br d(13,7) —> sharpened
H-10%, 2,46 br dd{13.7, 5.4) —> br d{13.7)
H-8, 5.08 br d(6,7) —3 br s
OH, 2,56 br d(12,1), exchanpabla H-3, 5.04 br a(12,1) —> 3
H-101, 2.46 br aa(13.7, 5-4% H-9, 4,69 br w —>br d(6,7)
H-19, 4.94 br 5 =3 sharpened

H-19', 5,24 a(1,3) —> sharpened
H-6, 2,22 dt(12,3, 3.7) H-6', 1,99 ddd(13.4, 12.3, 3.7) ~-=> dd(13.4, 3.7)
-5, 1.86 dL(13.4, 3.7) —> ad(13.4, 3.7)
H=5Y, 1,41 tdd{13.4, 10.5, 3.7) —3 td(13.4, 10.5)
H-6', 1.99 dad{13.4, 12.3, 3.7) H-6, 2,22 dt{12.3, 3.7; —3 t{3.7)
H-5, 1.86 dt.(13.4, 3.7) —3 dd(13.4, 3.7)
H-5', 1.41 tdd(13.4, 10,5, 3,7) —3 dad(13.3, 10.5, 3.7)
H-8, 5,08 br d(6.7) —> gharpened
H-5, 1.86 dt{13.4, 3.7) H-5t, 1,41 tad(13.4, 10,5, 3.7) —> ddd(13.4, 10.5, 3.7)
H-6, 2,22 di(12.3, 3.7) —> ad(13.4, 3.7)
. H-6', 1,97 ddd{13.4, 12,3, 3,7) —=> dd{13.4, 12.3)
Me-16, Me-17, 1,81 br s H=14, 5,90 br 4(11) —> sharpened
He-18, 1.65 br g H-8, 5.08 br d(6H,7) -—3 sharpened

#Spectra were recorded in CDCl3 at 300 MHz with He/Si as internal standard. The
+

values are given in ppm  downfield from THS.

6€1
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Table 26. (a) Ty wvm Chemical Shifts Differences between
62 and 56. (b) Carbon-13 NMR Chemical Shifts Differences

between 62 and 56
(a) H# 62 56 (b)) C¥ 62 56

31 5.04 3.96 1 1044 105,64
3 2.56 (OH) 3.35 3 93.51 67.37
51 (A 1.53 4 90.1 88.26
61 1.99 1.05 7 132.26 58,58
8 5.08 2.75 8 131.0 66.82
9 L.69 3.74 9 671 69.36
101 2.46 2.58

11a 1.76 2.15

13 6.72 6.47

18 1.65 1.38

19 L.94 5.14

191 5.2 5.33

61 1.99 1.05

\
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acetylated hemiacetal group (H-1) on the basis of the chemical shift
observed for the H-1 signal between §2 and f4.

The sterochemical features of £2 were established by NOE expe-
riments. The E configuration of the C-7,8 double bond was confirmed by
the observation of an NOE effect between Me~18 and H-9 and the lack of
any NOE between Me—-18 and H-8. The trans ring fusion (H-lla, H-4a) was
assigned because of the similarities of the J values observed for the
coupling constants (Jlla,4a = 4 Hz) and of the 13C NMR chemical shifts
of C-4a and C-1la (see Tables 18 and 19) for §2 and asterospicin. The «
configuration of the hydroxyl group at C-3 was established on the basis
of the observation of an NOE effect between H-3 amd H-5' and the absence
of any W—-coupling between H-3 and H-4a. The « configuration of the
bridge—head oxygen was also assigned by the Ovarhauser enhancement ob-

served between Y-3 and H-5'. Thus, the structure of §

[

is fully

elucidated.
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Structure elucidation of Asterospiculin (§3):

The fourteenth fraction (250 mg) of Scheme 4 was chromatographed by
HPLC using silica gel and hexane—acetoune (82:18) to give 9 fractioms.
The fourth of these fractions was subjected to HPLC using a reverse—
phase Cjg column and MeOH-H,0 (7:3) as eluent to yield two fractiomns.
The first fraction contained a known compound [13-epi-9-0O-deacetyl-
xenicin (3)]. The second fraction contained 90 mg of pure astero—
spiculin (f3) as a viscous oil: [a]§5—163.37° (c. 0.51, CHCL3); UV
(Eton) )‘max 241 nm (e = 15900). The molecular formula c26ﬂ3807 (8
unsaturations) was established for §3 from the analysis of the field-
desorption mass spectrum (M+ at 462, C26ﬂ3807) and high resolution mass
spectrum (M'-18, obs, 444.2518, calcd, 444.2512, CycHyeOg). The 3¢ mm

spectra (Figure 61) revealed the presence of 6 methyls, 5 sp3 methylenes

and one exocyclic terminal wethylene, 3 sp3

methines and 4 sp2 methines,
and 4 quaternary carbons, in addition to 3 c¢arbonyl carbons. The IR
spectrum exhibited a broad hydroxyl band at 3450 and acetate(s) band at
1730 em . The 1H, 13C, and cros-heterocorrelated 2-D NMR spectra
(Figures 61-64) of £3 indicated the existence of three acetate groups.
The analysis of 13¢ and cros-heterocorrelated 2-D NMMR spectra (Figures
61 and 64) suggested the presence of 4 carbons each deshielded by a sin-
gle oxygen, 72.44 pm (C-9, d), 70.81 (C-15, s), 64.95 (C-1, t), and
60,95 (C-3, t). The three acetate groups were assigned to C-1, C-3, and
C-9 on the basis of the i o chemical shifts observed for (H-1 and H-
1), (-3 and H-3'), and (H-9), respectively and by analogy to other
compounds in this series. The hydroxyl group in 5 was connected to C-

15 on the basis of the similarities of the 13'C NMR chemical shifts
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observed for C-15 in §5 and in other compounds of this series. (see
Tables 28, 8, and 5). Analysis of the results of the 1y difference de-
coupling (DDS) and lg COSY experiments (see Figure 63) suggested that §3
contained 4 double bonds (——CH=CH—CH=C::,—-CH=C::FE, CH,=C) incorpo-
rated in partial structures A and C while the remaining carbons were as—

sociated with partial structures B and D.

H
17
HO ba
!
16 I 14 B

1312
A : I
Ao N Y

D c

H-8 in partial structure A was found to be coupled allylically to
H-6 (see Figure 63) in partial structure B. Therefore, C-7 was con-
nected to C-6. The proton signal at 2.27 ppm (H~4a) was coupled to H-lla
signal (Jlla,4a = 10.7 Hz). This suggested that C-lla could be joined
to C-4a (see Figure 63). Thus, a 9-membered-ring carbocyclic partial

structure E was constructed.

AcO
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In the COSY spectrum (Figure 63) of §3, off-diagonal contours
clearly indicate a swmall allylic coupling between H-4a and H-12. This

proved C-4a, C-4 linkage and extended partial structure E into F.

The proton signals at 4.75 ppm (H-3) and 4.69 (H-3') which comprise
an AB spin system ({partial structure D) were found to have allylic cou-
plings with H-12 signal as shown in COSY spectrum (Figure 63). There-
fore, C-4, C-3 connection was fixed and the structure of §3 is
established.

The stereochemical features of §3 were established by NOE
experiments (see Table 29). The E configuration of C-7,8 double bond
was confirmed by the observation of an NOE effect between Me—-18 and H-9
signals and the absence of any enhancement between Me-18 and H-8 sig-
nals. Overhauser enhancements were alsc observed between H-9, H-lla,
and Me-18. This suggested that H-9, H-1la, and Me-18 are on the same
face (B face). Irradiation of H-4a signal enhanced both H-8 and H-12
signals. This observation led to the conclusion that H-4a and H-8 are

on the same face (o~face). The trans configuration of the ring fusion
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Table 27, Proton NMR Data of Asterospiculins

65 66 67 68 62 19
fi-1 £.02 dd 4.09 dd 4,05 dd 4,05 dd 4.19 dd 4.23 dd
11,4349 11.234.8 11.2;4.8 11.234.8 11.534.8 11058467
B-1' 3,79 dd 3.82 ¢t 3.80 ¢ 3.83 ¢ 3.76 t 3.83 ¢
10.7111.4 11.2 11.2 11,2 11.5 11.5
H-3 4,69 d 4.70 4 4.68 d 4,71 d 3.86 br d 4.39 d
12.6 12,7 13 13 12.6 12,6
H=3" 4,75 4d 4.77d 4,75 d 4.80 d 3.98 br d 4.49 d
12.6 12.7 13 13 12.6 12,6
H-4a 2,27 br ddd 2,26 br dt 2,26 br dt 2,26 br dt 1.72 ddd 1.70 br dd
10.714.231.8 11.213.5 11.233.5 11.233.5 11.534.332.2 11.5:35
H-5 1.44 br t 1.73 br ddt 1.75 br ddt 1.75 br ddt 2.05 m 2,18 br ddd
13.5 14.215.133.5 14.235.113.5 14.235.133.5 14:532.5
H-5' 1,61 br d 1.63 br ddd 1,63 br ddd 1,63 br ddd 1,38 m 1.5 m
13.5 14.2311.813.5 14.2311.813.5 14.2311.833.5
H-6 1,88 dt t.11 br ddd 1,10 br ddd 1.11 br ddd 1.06 br dd 1,09 br t
3.5313.3 133111.833.5 13311.833.5 13311.833.5 13.3310.8 12.5
B-6' 1,99 m 2.0 br a4 2.0 br d4 2.0 br dad 2,04 = 2,05 m
1315.1 13151 131541
H-8 5.25 br d 3.05 4 3.04d 3.01 ¢ 2,89 d 2,90 d
10,3 10 10 10 10 10
H-9 5450 dt 4.78 dt 4,78 dt 4,18 db 4.70 ddd 4472 ddd
5.3;10,3 5310 5110 5310 1131035 1131035
H-10 1,95 br dd 2,06 br dd 2.06 br dd 2,06 br dd 1.86 ddd 1.87 ddd
12,7;10.3 13,5410 13.5310 13.5310 13,5511352.1 13.631132
H«10' 2.56 br dd 2,74 br dd 2,74 br ad 2,74 br dd 2,68 ddt 2,70 br dad
12,715.3 13,535 13.515 13.515 13.51531.8 13,615
H-tla 2.45 br dt 2,64 br dt 2,60 br dt 2,60 br dt 2,48 br dt 2.54 ddd
4e9310.7 4.8311.2 4.83111.2 4.8311.2 4.8311,5 12.2311.5:34.7
H-12 6,07 br d 6.02 br d 5.18 br @ 5.21 br d 3.76 br d 3,62 br d
11 11 9 9 5.7 .
H-13 6,42 dd 6.44 dd 3.68 dd 3.68 dd 5.76 dd 573 dd
15.2311 15. 2311 912.5 912.5 15.315.7 15.515.6
H-14 5.86 4 5.88 d 2.84 ¢ 2,85 4 5.99 br d 6,02 br d
15.2 15.2 2.5 2,5 15.3 15.5
Hes% 1.34 s 1.35 6 1.32 @ 1.32 8 1.41 8 143 8
He-T 1.34 o 1.35 8 1.32 0 1.32 8 1.37 8 1.40 a
Mo-18 1,68 br a 1.28 o 1.27 8 1,27 8 1.23 8 1.26 8
H-19 4499 br s 5«17 br o 5.17 br o 5,17 br 8 5.12 br 5.15 br 8
H-1* 5.0 br s 5423 br 8 5.22 br 8 5.22 br B8 5.17 br 5.20 br 8
OAe 1.93 832,05 0;2.08 8 1.97 832.10 28 1.97 832,09 2 o 1.97 8:2.09 2a 1.96 a3 2,05 8 1.98 032,07 032,09 8

*Spectra were recorded in CDCl, at 300 MHz with le,S1 as internal standard. The values
+
are given in § units. Assignments were established by 1H difference decoupling experi-

ments (DDS).

061
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Table 28, '2C NMR Data of Asterospiculins

oo oaaooaaoaooan

oF 65% 66 82
-1 64.95 t 6L.66 t 63.27 t
-3 60.95 % 60,4 t 59.31 t
-4 137.87 s 137.6 s 67.9 s
i 46.92 4d 46.96 & 37,89 4
-5 33.29 % 31.47 t 27.16 t
-6 39.75 % 38.19 t 39.0 t
-7 138.01 s 59.85 s 59.60 s
-8 124.03 4 63.54 4 63.41 4
-9 72.44 4 72.34 d 72.33 4
-10 36.58 % 32.57 t 32.19 t
-11 1L2.,16 s 143.4 s 139.5 s
-11a 52.37 d 52.29 & 51.21 d
-12 130.99 4 131.21 & 60.79 @&
-13 121.52 4 121.31 d 120.6¢ 4
=14 143,68 4 144,18 @ 144,52 d
-13 T70.81 s 70.87 s 70.04 s
214 29.73 g 29.75 @ 30.03 g
-7 29.73 g 29.75 g 29,99 q
-18 19.49 g 19.77 g 19.63 q
-19 120,12 ¢ 123.62 % 122.0 ©
Ac 170.94 s, 170.93 s, 170.52 s,
170.61 s, 170.57 s, 170,85 s,
170.57 s, 170.49 s, 20.8 q,
21.3 q, 21.25 q, 21.2 g
20.97 q, 20.98 q,
20.89 g 20.88 g

*Spectra were recorded in CDC1, at 75.4 MHz. aAssign—
ments were made by a heterocorrelated 2-D experiment.

Multiplicities were made by DEPT experiments.
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was established on the basis of the observation of NOE effects between
H-4a/H-8 and H-11a/H-18. The stereochemistry of the dieme at C-4, 12,
13, and 14 was confirmed as Z,E on the basis of the magnitude of the
coupling constant J13’14 = 15 Hz and of the observation of Overhauser
enhancements between H-13, H-3, and H-3' and also between H-12 and H-4a

(see Table 29). Thus, the structure of §3 is completely elucidated.

im CpCi, at 320 NEz.
Proton(s) irradi=zied Proton(s) enhancad % Enhancs
Me-16 and Me-17 H=T4 12
H-13 8
Me-18 H-9 13
H-11a A
H-la H-8 12
H-19 5
H-12 11
H-13 H-3 12
H-31 12
H-8 H-ta 11
H-12 H-14 11
H-La 10
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Structure elucidation of 7,8,-Dihydro-7a,8c-epoxyasterospiculin (6§):

The fourteenth fraction (250 mg) (see Scheme 4) was chromatographed
by HPLC with silica gel and hexane-acetone (82:18) as eluent to give 9
fractions. The ninth of these fractions was resolved by HPLC using a
reverse-phase C;g column and MeQH-H,0 as a mobile phase to yield two
fractions. The second fraction contained 3.7 mg of 40 which was
discussed above. The first fraction contained 1.9 mg of 7,8-dihydro-
7a,8a—epoxyasterospiculin (§f) as a colorless oil; UV (EtOH) Amax 241 nm
(e = 15900). The molecular formula CygH3g0g (8 unsaturations) was
deduced for §6 from the following spectral data: (a) the low resolution
mass spectrum showed a ion peak at 460 (M+—H20); (b) IR (OH) band at
3440 em ! and acetate(s) band at 1730 cm_l; (¢) the i mr spectrum
exhibited signals that accounted for 37 non-exchangeable protons; (d)
the 13C MR spectra of g contained signals for 26 carpbons including ©
carbons representing 3 acetate groups,* 2 carbon signals due to an
epoxide group, [59.85 ppm (C~7, s) and 63.54 (C-8, d)], 4 carbons each
deshielded by a single oxygen, [64.66 ppm (C-1, t), 60.40 (C-3, t),
72.34 (C-9, d), and 70.87 (C-15, s)].* The 13C NMR spectra revealed the

presence of 6 methyls, 5 sp3

3

methylenes and one exocyclic terminal meth-
ylene, 4 sp- methines and 3 sp2 methines, and 4 quaternary carbomns, in
addition to the three acetate carbonyl carbons.

Analysis of the 14 ang 13C NMR data of 66 suggested the presence of
three double bonds (CH2=C::;::C=CH—CH=CH—), an epoxide group, three ace-

tate groups, and a tertiary hydroxyl group.*

*assignments were made by analogy to asterospiculin (f3).



158

Comparison of the IH and 13

C NMR data of g6 with the data of
asterospiculin (83) (see Tables 27 and 28) indicated the carbon skeleton
of 66 to be identical with that of asterospiculin (§3) except that §f
possesses an epoxide group at C-7,8. The gy mr spectrum of §6 (see
Figure 65) is similar to that of asterospiculin (§3) except that the H-
5, H-6, H-8, H-9, and H-18 signals in 66 appeared at 1.73 ppm, 1l.1l1,
3.05, 4.78, and 1.28, respectively.

The proposed structure of §§ was established by 1

H difference
decoupling (DDS) and lH COSY NMR experiments (see Figure 66).

The geometry of the epoxide group at C-7,8 was assigned as trans,
on the basis of the NOE results (irradiation of Me-18 enhanced H-9) (see

1y and }3c MR data of 66 were very close to that

Table 30). Since the
of asterospicuiin {%)3) (see Tables 27 and 28), we proposed that a§ has
the same stereochemistry as asterospiculin (§3) at C-lla, C-4a, C-4, 12,
13, 14, and C-9. Moreover, the results of NOE experiment (see Table 30)
supported these assignments.

The structure of £f was further confirmed when §3 was treated with
m—chloroperbenzoic acid and 3 products were obtained (85:8:7) (see
Scheme 9 ). The major product was found to be 7,8-dihydro-7a,8a-epoxy—
asterospiculin (66), identical in all aspects (NMR, TLC, IR) with the
natural material. The minor products £7 and £8 were deduced to be
dieponides having the same overall structures, 7a,8a-13f,l4f£-diepoxy-7,
8:13,14~tetrahydroasterospiculin, and differing only in the configura-

tion of the epoxide group at C-13,14. The structures proposed for 67

and $8 (see Table 27), were established by DDS experiments and compari-
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Table 30 . Results of NOEDS experiment with 66 in CDCl, at

300 MHz.
Proton(s) irradiated Proton(s) enhanced 9Enhancement
Me-18 H-11a 3
H-9 9
H-8 H-la 11
H-la H-8 11
H-12 12
H-12 H-/La 12
H-14 11
H-13 H-3 9
H-37 9
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1

sons of their "H NMR data with that of f3. The configuration of the

epoxide group at C-13,14 in both 67 and §8 was not determined.

Structure elucidation of 4£,12f:7a,B8a-Diepoxy—4,12:7,8-tetrahydro-3-0-
deacetylasterospiculin (§9):

The CCLA extract of Scheme 1 was chromatographed on a column of
silica gel (15 X 6.5 cm). Elution was started with hexane-EtOAc (8:2)
and the amount of EtOAc was increased stepwise and collecting 25 frac—
tions. The most polar fraction was subjected to HPLC using a silica gel
column and hexane—acetone (7:3) as eluent to give 3 fractions. The
third of these fractions contained 2.7 mg of 4E,128:7a,80~diepoxy—
4,12:7,8-tetrahydro-3-0O-deacetylasterospiculin (§3) as a white powder;
0.0. The molecular formula C,,H,.0q (7 unsaturations) was ob—
tained for A9 from the following spectral data: (a) the molecular ion
was detected in the field-desorpticn spectrum 2t m/z 452 (low resolu-—
tion); (b) the high resolution mass spectrum showed a peak corresponding
to M'-78 at m/z 374.2125 which was in agreement with the formula
0221-13005 (caled, 374.2093); (c) the Iy wwr spectrum (Figure 67)
exhibited signals for 34 non—-exchangeable protons; (d) IR absorption oc-—

13¢ MR data indicated the

curred at 3500 cm } (OH) group(s); (e) the
presence of 24 carbons including 4 carbons each deshielded by a single
oxygen, [63.27 ppm (C-1, t), 59.31 (C-3, t), 72.33 (C-9, d), 70.64 (C-
15, s)], 4 other carbons deshielded by oxygeuns, correlating to two
epoxide groups [59.60 ppm (C-7, s), 63.41 (C-8, d), 67.90 (C-4, s),
66.79 (C-12, d), and two carbonyl acetate carbons, 170.52 ppm (s),

13

170.85 (s). The C NMR spectra (Figure 68) of 69 indicated the
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existence of 5 methyls, 5 sp3 methylenes and one exocyclic terminal

3 2

methylene, 5 sp” methines and 2 sp“ methines, and 4 quaternary carbons,

in addition to the two carbonyl acetate carbons.

3¢ ana s cosy mr

Analysis of IH difference decoupling,
experiments (see Figures 68-69) suggested the presence of the following
moieties: two double bonds (CH2=C::} —-CH=CH-), two epoxide groups, two
acetate groups,* a tertiary hydroxyl group,* and a primary alcohol
group. The presence of the latter moiety was confirmed by acetylation
of 69 to give 70 (see Table 27) in which two proton signals were
shifted, H-3 signal from 3.86 ppm to 4.39 and H-3' signal from 3.98 to
4449,

Cozparison of the 1y ana 13¢ me dara (see Tadles 27 and 28) of A2
with the data of 09 suggested that 53 has the same carbon framework as
compound §3. However, £3 possesses an additional epoxide group at C-4,12
and lacks the acetyl group at the C-3 oxygen. The 1H NMR spectrum of §3
(see Figure 67) is similar to that of 88 except that H-3, B~3', H-4a, H-
lla, H-12, and H-13 signals appeared at 3.86 ppm, 3.98, 1.72, 2.48,
3.76, and 5.76, respectively (see Table 27).

The carbon connectivity in 9 was established by DDS and confirmed
by COSY NMR experiments (Figure 69 exhibits the contour plot of the COSY
spectrum which confirms direct proton spin—coupling comnectivities).

The trans configuration at C-13,14 was assigned on the basis of the
magnitude of the coupling constant observed JH13,14 = 15 Hz. The comn-

figuration of the epoxide group at C-4,12 was not determined. The E

*assignments were made by analogy to other compounds in this series.
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configuration of the epoxide group at C-7,8 was established by NOE, ir-
radiation of Me~18 signal enhanced the H-9 signal. Because 4 and
13c wR data for 63 were very close to those of compound £f (see Tables
27 and 28), we proposed that §9 possesses'the same stereochemistry at C-
lla, C-4a, and C-9. Furthermore, the results of the NOE experiment sup—

ported these assignments.



H-14

Oec

Ol_\c

Me-17

Me <16

Me-18

91

I

H-19
H-13
HA9
H—li]]ﬂ
] : T ¥
5.0

Figure 67. 300 MHz proton NMR spectrum of 69 in

L]
1.0 PPM



166

Me-t],
Mo OAcyMetd
(o) | crs
¢3 £\
C-1 Cocs
}
e ‘L v . —*‘CH?_
:-ju CT [ c-3 o t- }
(c) CH
| J A ( 'L_ l - i

(5) [ l J_L lCHX
vvv*] Gt e an T - Wiy by vaﬂ; . Lo
E. ﬂ oo - E
s $z 8 new B OER oz
= 5 =ow ooz
(a) C - ¢oeL, R
S | T
S i
R T T R T S N A A N
] (00 20PPM

Figure 68 (a) 75.4 iz broadband 'H decousled 3¢ MR spectrum

n

(o]

Q . 1 I 2 1
£ 82 in cpc1, . (b) all protonated carbons. (¢) methine carbons.

(d) methylerne carbons. (e) methyl carbons. Spectra b-e were rec-

orded in CDCl3 at 75.4 MEz and resulted from a DEPT experinent.



167

~4
H-S)
Heta
B0 | B-¢

Qac

Me-~1%

¥e=-17

6.0 5.0 L. 3.0

Figure 69. Contour plot of the homonuclear correlat

)

CpCl, at 300 Off-diagonal peaks establish
ccupling connectivities.

1.
2-D of
proton

Me 8

1.0 PPM

3

4.0

[[Ne) ) ().0
U

ez

3

HON ©

[4)
‘o
1o
3
1



168

ldentification of Peridinin (Z1):
The nineteenth fraction of Scheme 4 was chromatographed by HPLC
with a silica gel column and hexane—acetome (75:25) as eluent to yield 6
fractions. The fourth of these fractions was purified by HPLC using a

reverse-phase C;g column and MeOH-H,0 (95:5) as a mobile phase to afford
7.5 mg of a pure orange-red pigment. Preliminary analysis of the 14 and

130 NMR data of Jl suggested that compound Z1 is a wmember of the
carotenoid family (see Figures D and 71). In depth analysis revealed
that the lB, 13C MMR and mass spectral properties of the orange pigment
matched those reportedZB for peridinin and hence identification was

confirmed.
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Structure elucidation of (22R)-24f-Methyl-5a-cholestane-38,5,68,22,24~
pentaol 6-Acetate (Zg):

The twenty-first fraction (0.31 g) of Scheme 4 was chromatographed
by HPLC with silica gel and hexane—acetone as eluent to give 4 frac-
tions. The most polar fraction (fraction 4) was chromatographed by HPLC
using a reverse-phase 018 column and MeOH-H,0 (8:2) as a mobile phase to
afford two fractions. The first fraction contained 3 mg of asteroxenio-
lide-A (34), a new compound which was discussed above in this section.
The second fraction contained 180 mg of 72 as a colorless oil: [aJZD5
-29.2 (c. 0.31, CHCL3). The molecular formula C40H500¢ (5 unsatura-
tions) of 72 was deduced from the following considerations: (a) the
molecular ion was detected in the low resolution field desorption mass
spectrum at wm/z 508; (b) the highest mass peek in the high-resolution
mass spectrum was observed at m/z 369.27794 which was in agreement with
the formula Cys5H470,, (calcd. 369.27936); (c) the 3¢ wr spectra
(Figure 72) exhibited signals for 30 carbons; (d) IR absorptions occur-
red at 3440 cm t (0OH) and 1728 (acetate); (e) the g er spectrum in
pyridine dS showed four exchangeable proton signals. The 130 spectrum
showed signals for 9 methylenes, 9 methines, and 4 quaternmary carbons in
addition to the carbonyl acetate carbon, (this accounts for 48 non-
exchangeable protons). Two of the four quaternary carbons were each
deshielded by a single oxygen, [77.15 ppm (C-5, s)] and [78.13 (C-24,
S)], and two other carbons were each deshielded by a secondary hydroxyl

group,* [69.54 ppm (C-3, d)] and [72.54 (C-22, d)}. The presence of two

*assignments were established by heteronuclear 2-D experiment.
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secondary alcohol groups in ]2 was established by acetylation (see
Scheme 11) of 72 to give 15 in which two proton signals were shifted
from 4.07 ppm (30-H) to 5.14 and 4.07 (H-22) to 5.19 (see Figures 7 3a
and 74). The Iy MMR spectrum (Figure 73a) of 212 in CDCl3 indicated the
presence of one acetate [2.05 ppm (s)}. Furthermore, the 13C NMR spec-
trum (Figure 72) of 72 also confirmed the acetate group, [23.11 ppm
(OAc, q)] and [169.7 ppm (CH3-8—O, s)le The ly mr spectrum ( Figure
73a) displayed signals for methyl groups typical of a sterol with an ad-
ditional methyl group in the side chain: 0.70 (s, C~18), 0.85 (3H, 4, J
= 7.5 Hz, C-27), 0.95 (34, d, J = 7.5 Hz, C-21), 0.98 (34, d, J = 7.5
Hz, C-26), l.07 (s, C-28), and l.14 (s, C~19). The broad signal at 4.06

ppm in

I~
o
0

suggested a 3c proton with a hydroxyl group bteing at 33
position. The lower chemical shift observed for 3a-H signal was attrib-
uted to the deshielding effect from having an axial 5 o hydroxyl group.
The methine proton signal which was observed at 4.71 ppm (6a-H) was de
shielded by an acetate group (hydrolysis of 22 gave 23 in which H-6
signal was shifted to 3.52 ppm). H-6 in 72 was established to be in an
equatorial position on the basis of the coupling constants (J = 3 Hz)
observed between H-6 and both7 a-H and 78-H signals. The assigned loca
tion of the acetylated hydroxyl group in J2 was confirmed by a single
frequency on-resonance decoupling experiment im which H~6 signal in the
by wr spectrum was selectively irradiated while observing 13¢ fully
coupled spectrum. The result showed a sharpening in C-5 signal which
confirmed the C-5,6 connection and established the assignment of C-5.
The high resolution mass spectrum of 72 displayed a fragment ion at

m/z 123 which was consistent with the formula C9H15' This ion corm-—
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sponded to the loss of rings A»D plus 2H,0 (M+;2H20-rings A+D) which led
to the conclusion that the side chain in 72 consisted of 9 carbons.
Moreover, a peak was observed at m/z 131 for C7H1502 which corresponded
to a cleavage between C-20 and C-22 (see Figure 76). This suggested
that two of the four hydroxyl groups .in 72 were present in the side
chain from C-22 onward. The 1latter formula (C7H1502) presumably
contained 2 hydroxyls and an isopropyl group connected to a blocked po-
sition (see Figure 76). Tne presence or an isopropyl group 1in 72 was
established by ly difference decoupling experiments in which the latter
moiety was also confirmed to be next to a blocked position [irradiation
at 2,03 ppm (H-25) collapsed only the two doublets at 0.98 ppm (Me—26)
and 0.85 (lMe-27) to two singlets]. 3Based om the above spectral data,
two possible partial structures (A and B) for the fragment C7H1502 were

postulated.

To determine which of these structures, A or B, was present in 72, an
oxidation reaction was performed (see Scheme 10) on 72 using Jones re-
agent which produced a diketone Z4 whose 4 o spectrun lacked the two
methine proton signals due to H-3 and the side chain —-CHOH-, but con-
tained two AB patterns which were consistent with the expectations for
the two isolated methylene groups at C-4 and C-23 of the oxidized form

of a sterol with side chain A above. This was consistent with the
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presence of two acetylatable hydroxyl groups in 72 at C-3 and C-22.
Therefore, partial structure A is the correct one. The low resolution
mass spectrum of Z4 was also consistent with this structure (see Figure
77). Therefore, the location of the secondary hydroxyl groups in 22
were fixed to C-3 and C~22. The high resolution mass spectrum of 72 was
fully consistent with the proposed structure (see Figure 76).

Hydrolysis of 72 with KOH in aqueous ethanol gave the pentaol Z3
(see Scheme 10), the 6-hydroxy derivative of 12. The g spectrum of
13 in CDCL3 was similar to that of Z2 except that I3 lacked the acetate
group methyl signal at 2.05 ppm and the H-6 signal was shifted to 3.52

ppm. This further confirmed that C-6 bore the acetate group in 12. The
1

[FS]

H MMR spectrum of 12 in revealed the presence of 5 hydroxyl

"3

yridine—dg
groups (exchangeable signals at 5.29 (s), 5.92 (s), 6.16 (d, J = 4.5 Hz,
coupled to H-6), 6.07 (d, J = 3 Hz, coupled to H-3), and 6.03 (4, J =

4,5 Hz, coupled to H-22), The 13

C MMR spectra (see Figure 78) and the
low resolution mass spectrum of /3 supported the structure of 713 (see
Figure 79).

Oxidation of I3 using Jones reagent (see Scheme 10) gave 3,6,22-
triketone 76 whose Iy wr spectrum lacked the three methine proton
signals due to H~3a, H-6a, and H-22 and contained signals assignable to
H-4a, and H-4B, AB system at 2.28 ppm and 2.92; to H-23 and H-23', AB
pattern at 2.50 ppm and 2.66; and to H-7a (2.73 ppm) and H-78 (2.18

ppm), part of an ABM system (see Figure 80 and Experimental). The low
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resolution mass spectrum of Zfi was in full agreement (see Figure 81)
with the structure Zf.

The configurations of the hydroxyl group in 12 at C-24 was not
determined. However, the configuration at C-22 could be assigned as 22R
on the basis of the coincidence of the 13¢ chemical shift of C-20 (42.5
ppm) in Z2 with that reported for C-20 (40.3)* in (228)-22-hydroxycho-

lesterol (cf. 42.6 for C-22 in (22R)-22-hydroxycholesterol)*

*Letourneux, L.; Khuong-Huu, Q.; Gut, M.; Lukacs, G.J. Org, Chem. 1975,
40, 1674,
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SUMMARY

Seven known compounds and twenty-one new compounds have been isolat—
ed from Asterospicularia randalli. Six of the seven known natural products,
13~epi-9-0-deacetylxenicin (3), xenialactol (8), xeniolide-A (7), xeniolide-
B (13), xeniolide-B 9-acetate (14), and 7,8-dihydro-7ua,8a~epoxyxeniolide-B
(13), have been isolated previously from Xenia macrospiculata and Xenia
obscuronata. The seventh known compound, peridinin (Z;),,has been isolated
from various marine and fresh-water dinoflagellates (Chart 2).

One of the twenty-one new compounds described is the novel steroid 72.
Compound 40 is the 7a,8a-epoxide of the known l3-epi-9-0-deacetylixenicin
(g). Isoxenialactol (ég) is the gecmetric isomer at C-12 of the known
xenialactol (8). Compound 43 is the 9-Acetate and compound 44 the 7c,8c-
epoxide of the known xenialactol (8). Compounds 47, 48, 43, and 30 are the
9-deoxy, 9-deoxy-7a,8u-epoxy, 15-dehydroxy-15-acetoxydioxy, and 7a,8c—
epoxy analogs of the known xeniolide-A (Z), respectively. Compound 52
possesses the same carbon skeleton as xeniolide-A (l), but it contains a
hydroxyl group at C-13 rather than at C-15, there is a hydroxyl group at
C-18, and the hydroxyl group at C-9 is acetylated. Compound 54 is the 18-
deoxy-9-0-deacetyl analog of compound 32. Compound 33 is the 9-acetate of
asteroxeniolide-A (34). Asterospicin (36) has a novel tricyclic skeleton
which possesses a 9-membered-ring as in any other compound in this series.

Compounds 3 and

nos
1191

9 are epimeric 14,15-epoxides of the asterospicin (gg).

Compounds 60 and

o
oy

1 appear to arise from ring opening of the 14,15-

epoxides 38 and 22, respectively and are epimeric at C-14. Compound 62 is

188
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similar to asterospicin, but lacks the epoxide group at C-7,8 and contains
an additional hydroxyl group at C-3. Asterospiculin (gg) is a novel 9-member-
ed ring carbocyclic diterpenoid compound. Compound 66 is the 7a,8a-epoxide
of asterospiculin (gé). Compound 69 is similar to 7a,8a~epoxyasterospiculin
(g;), but has a free alcohol group at C-3 and contains an additional epoxide

group at C-4,12 (see Chart 2).
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Experimental

Melting points were taken on an A.H. Thomas Unimelt apparatus and
are uncorrected. Infrared spectra were taken on a Perkin-Elmer 298
spectrophotometer, Ultraviolet spectra were taken in ethanol on a
PerkimElmer Lambda 3 UV/VIS spectrophotometer. Optical rotations were
recorded on a Perkin-Elmer 141 polarimeter. Low resolution mass spectra
were taken on a Hewlett-Packard 5985B GC/MS system. High resolution
mass spectra were obtained on CEC-110 (Dupont, Monrovia, CA) spectrom
eter. NMR spectra were acquired on a Varin XL-300 spectromester in the
solvents specified; signals are reported in parts per million (&)
downfield from internal tetramethylsilane. The chromatographic adsor
bent used was Brinkmann silica gel 60 (230-400 mesh). Thin layer chrom-
atograms were run on precoated Macherey-Nagel polygram sil G/UV,g, (0.25
mm) plates. A sulfuric acid-vanillin spray was used to visualize TLC
plates. Some chromatographies were run on a Hitachi CLC-5 centrifugal
preparative liquid chromatograph. Altex 5-u particle 9.6 mm X 25 cm
preparative silica gel (Li Chrosorb 60) and Adsorbosphere 5 p particle
9.6 X 25 cm reverse phase C;g columns were used for HPLC separations.

Bxtraction and vartition procedure of the first collection: The
freshly thawed soft coral, Asterospicularia randalli, collected and
shipped frozen from Guam Is. in May of 1979 was allowed to soak in etha—

nol (4 1liters) for 24 h, and then in a mixture of MeOH~CHCL4 (1:1) (8

194
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liters) for 2% h. Ethanol and CHCLy-MeOH extracts were combined, 63.4g,
after the solvents were evaporated. One liter of water was added to the
combined crude extracts and then the aqueous suspension was partitioned
against CH,CL, (3 X 1500 mL) to give an aqueous layer designated frac—
tion B, and a CHZCLZ solution. The CHyCL, solution was evaporated to
yield 45.2 g of extract designated as fraction A. Fraction A was dis-
solved in 0.5 liter of 10% aqueous methanol and partitioned against hex-
ane (3 X 1500 mL). The hexane solution was evaporated to give 25 g of
extract (fraction C). The 10% aqueous methanol solution was diluted
with more water (200 mL) and then it was partitioned against CCL,‘ 3Xx
1000 mL). The CCL, solution was evaporated to give 9.6 g of extract

(fraction D). The aqueous methanol soluticn was further diluted wit!

=

water (100 mL) and partitioned with CHCLy (2 X 1000 al) to give 3.5 g of
chloroform solubles, fraction F. The remaining aqueous methanol solu-
tion was labeled fraction E. Fractions E and B have not been studied
any further (see Scheme 1).

Extracticn and partition procedure of the second collection: The
freshly thawed soft coral, Asterospicularia randalli, collected and
shipped frozen from Guam Is. in April of 1983 was allowed to soak in
ethanol (15 liter for 24 h, and then in a mixture of MeOH—CHCL3 (1:1)
(15 liter) for three days. Ethanol and CHCL3—MeOH extracts were com—
bined (71.2 g) after the solvents were evaporated using a cyclone evap-
oratorgao Tuo liters of water were added to the combinmed crude extracts
and then the aqueous suspension was partitioned against CH,CL, (3 X 2500
ml) to give an aqueous layer designated fraction B', and a CHoCL, solu-

tion. The CH,CL, solution was evaporated to yield 50.1 g of extract
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designated as fraction A'., Fraction A' was dissolved in 1.3 liter of
10% aqueous methanol and partitioned against hexane (3 X 2500 wl). The
hexane solution was evaporated to give 30 g of extract (fraction C').
The 10%Z aqueous methanol solution was diluted with more water (250 mL)
and then it was partitioned against chloroform (3 X 2500 mL). The CHCLg
solution was evaporated to give 15 g of extract (fraction F'). The
aqueous methanol solution was labeled fraction E'., Fractions E' and B'
have not been studied any further (see Scheme 3).

Isolation of 13-Epi-9-0-deacetylxenicin (3): . The fourteenth
fraction (see Scheme 4) (250 mg) was chromatographed by HPLC on a column
of silica gel with hexane-acetone (82:18) as eluent to give 9 fractions.
The fourth of these fractions was resolved by HPLC using a reverse-phase
CIB column and MeOH-i,0 (7:3) to yield 2 fractions. ZEvaporation of the
first fraction lefr 42 mg of pure 13-epi-9-O-deacetylxenicin (3) as a
colorless oil. Compound 3 has the following spectral data: IR (neat)
3450, 2970, 2920, 2850, 1735, 1660, 1440, 1380, 1240, 1155, 1030, 980,

940, 900, 870 cm—l; for ' ana 13

C MMR data see Tables 1 and 2; low
resolution mass spectrum (70 eV) m/z (relative intensity) 476.3 [M+,
(2)], 416.1 [M*-acoH, (3)], 365.2 (15), 356.2 [M'-2acOH, (18)], 349.2
(45), 307.3 (40), 247.2 (41), 229.1 (42), 201.1 (26), 159.1 (34), 157.1
(28), 131.0 (41), 105.1 (46), 85.1 (100).

Isolation of 13-Epi-9-0-deacetyl-7,8,—dihydro-7a,8aepoxyxenicin
(40): A portion (15 g ) of fraction F' (see Scheme 4) was chro-
matographed over silica gel eluting with 9:1 hexane-acetone and increas-—

ing the amount of acetone while collecting 450 ml fractions. Fraction

14 (eluted with 7:3 hexane-acetone) (250 mg) yielded a yellow oil. This



197

oil was passed through a silica gel Sep-Pak column (elution with 7 :3
hexane-acetone) to yield 220 mg of light yellow oil which was further
resolved by HPLC using silica gel with 8 3:17 hexane-acetone as eluent to
afford 9 fractions. Fraction 9 (8 mg) was purified by HPLC using a
reverse-phase Cj;g column with a mobile phase of MeOH-H,0 (55:45) to
produce two fractions. The first fraction contained a pure compound (2
mg) which will be discussed later in this thesis. The second fraction
contained 3.7 mg of 13-epi-9-0-deacetyl-7,8,-dihydro-7a,8cepoxyxenicin
(40) as a colorless oil; [a] + 25.68 (c 0.37, CHCL3); IR (CHCL3) 3500,
3050, 2940, 2850, 1735, 1660, 1440, 1380, 1250, 1180, 1040, 975, and 910
cm_l; for lH and 13¢ mr data (see Tables 1 and 2} low resolution mass
spactrua (70 2V} n/z (relative intensity) 433.1 (1), 373.3 (2), 372.2
(1), 366.2 (19), 365.2 (90), 323.1 (52), 305.1 (27), 263.1 {58), 245.1
(57), 147.0 (39), and 85.1 (100).

Acetylation of 13-E£pi-9-0-deacetyl-7,8-dihydro-7a,8c-epoxyxenicin
(4Q): Acetic anhydride (0.02 mL) was added dropwise to a solution of 40
(1.5 mg) in pyridine (0.02 mL) and the reaction mixture was allowed to
react at room temperature for 24 h. Excess reagents were then evapo-
rated under nitrogen, and the residue was purified by HPLC using a sil-

ica gel column, Elution with 8:2 hexane-acetone gave the corresponding

IH and 13C NMR data see

tetraacetate (4l) (1 mg) as a white powder; for
Tables 1 and 2 low resolution mass spectrum (12 eV) m/z (relative inten
sity) 415.1 [‘M+-(59 + 60); 1], 408.2 (256), 407.1 {(79), 355.3 {(5), 347.2
(19), 305.2 (60), 287.1 (51), 254.1 (76), 189.0 (31), and 146.9 (51).
Isclation of ZXenialactol (8): A 15 g sample of CHCLj extract

( fraction F' of Scheme 4) was chromatographed on a Biichner funnel column
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of silica gel (24 X 9 cm) using a water aspirator as a source of
vacuum.?'9 The material was eluted using a step gradient beginning with
hexane-acetone (9:1) and then increasing the amount of acetone and col-
lecting 45 uwL fractions. One of the fractions eluted with hexane-
acetone (l:1) was a brown oily material (300 mg). Addition of 15 mL of
a mixture of hexane-acetone (7:3) to the brown oily material caused a
yellow solid (110 mg) to precipitate. The light yellow solid (all at
tempts to crystalize this solid failed) was identified as xenialactol
(8); UV (EtOH) Apax 242 mm (e = 15180); IR (neat) 3400, 3010, 2975,
2940, 2850, 1640, 1450, 1380, 1350, 1250, 1130, 1080, 970, 905, 876
cm—l; for lH and 13C NMR data see Tables 4 and 5; low resolution mass
spectrun (70 e¥) n/z (relative intensity) 316.3 [l-1+—H20 (3001, 238.3
MF-28,0, (17)), 283.3 [MT-2H,0-¥e, (17)], 270.2 [M7-28,0-CO, (24)],
253.3 (17), 201.1 (42), 199.1 (30), 185.2 (48), 145.1 (57), 109.2 (43),
95.1 (100).

Isclation of Isoxenialactol (42): A portion (15 g) of fraction F”
(see Scheme 4) was chromatographed over silica gel eluting with hexane-
acetone first and then hexane-acetone mixtures with increasing amounts
of acetone and collecting 450 mL fractions. Fraction 25 was eluted with
1:1 hexane—acetone (100 mg) and yielded a brown oily residue. This oily
fraction was passed through a silica gel Sep-Pak column (elution with
6:4 hexane—-acetone) to give 80 mg of yellow oil which was further chro-
matographed by HPLC using silica gel with 75:25 hexane-acetone as eluent
to yield 8 fractions. Fraction 4 (0.9 mg) contained isoxenialactol
(42), which was obtained as a white powder. Compound %42 has the

following spectral properties: IR (neat) 3450, 2980, 2950, 2850, 1640,
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1450, 1382, 1533, 1250, 1130, 1070, 975, 905, 875 cm for 'H and !3¢ MR
data see Tables4 and 5; low resolution mass spectrum (12 eV) m/z (rela-
tive intensity) 334.2 ¥, (9)], 316.2 M*-H,0, (53)], 298.1 [M*-2H,0,
(65)], 280.2 [M+—3H20, (14)], 270.1 (60), 225.2 (56), 214.1 (63), 199.2
(78), 173.1 (70), 171.1 (83), 159.1 (73), 157.1 (76), 145.0 (96), 143.1
(65), 95.2 (100).

Isolation of Yenialactol 9-Acetate (43): Silica gel chromatography
of the CHCLy extract of Scheme 4 yielded 25 fractioms. Elution of
hexane-acetone (6:4) gave a red oily fraction. A 15 mg portion of this
oily material was resolved by HPLC with a reverse-phase C;g column and
MeOH-H,0 (7:3) as a mobile phase to afford 2 fractions. The first frac-
tion contaired a2 colorless o0il, 5 =g, of =xenialactol %-acetata (£3).
Compound £3 possesses the following spectral data: UV (EtOH) Amax 241
mn (¢ = 14000); IR (neat) 3440, 2970, 2930, 2850, 1730, 1640, 1440,
1370, 1250, 1120, 1110, 1050, 1030, 990, 960, 900 cm—l,; for 13¢ and 1n
NMR data see Tables 4 and 3; low resolution mass spectrum (12 eV) m/z
(relative intemsity) 376.4 MY, (3)], 358.4 M¥-H,0, (12)], 340.1 [M*-
M0, (8], 316.2 [MT-AcoH, (15)), 298.2 IM'-Acom-H,), (36)}, 283.1
(38), 270.2 (37), 269.1 (34), 255.2 (59), 252.2 (41), 237.2 (73), 227.2
(54), 213.2 (58), 212.2 (96), 211.2 (81), 209.1 (88), 199.1 (64), 170.0
(89), 183.1 (100), 171.1 (91), 157.0 (71), 145.0 (88), 120.2 (42).

Isclation of 7,8-Dihydrc-7c,8c—epoxyzenialacteol (44): A 15 g
sample of CHCly extract, fraction F', (see Scheme &) was chromatographed
on a silica gel column (24 X 9 cm). The material was eluted starting
with a2 hexane-acetone (9:1) mixture and increasing the amount of ace-~

tone. Elution with hexane-acetone (1:1) gave a fraction (fraction 25,
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100 mg) which was passed through a silica gel Sep—Pak column to obtain
80 mg of yellow oil. This oily material was chromatographed by HPLC
using silica gel with 75:25 hexane-acetone and collecting eight frac-
tions. Fraction 4 (3.5 mg) was rechromatographed by HPLC using the same
solvent mixture to afford 2.9 mg of triol 44 as a white powder in ca.
95% purity. Compound 44 exhibits the following spectral properties: UV
(EtOH) me 241 om (e = 15320); IR (neat) 3400, 3010, 2980, 2930, 2860,
1640, 1450, 1380, 1350, 1250, 1130, 1080, 970, 900, 880 cm_l; for '8 and
13C NMR data see Tables 5 and 4; low resolution mass. spectrun (12 eV)
m/z (relative intemnsity) 350.2 (11), 332.1 (46), 314.1 (11), 286.2 (20),
271.1 (17), 207.2 (17), 199.1 (36), 187.2 (60), 173.1 (59), 161.0 (88),
145.0 (100), 130.0 (27); high-resolution mass spectrum, observed m/z
(composition, interpretation, calculated millimass) 332.19594 (C,nH,q0y,

+ +

(CgHye0p, MT-H,0-CH,0,, 286.19328).

Acetylation of 7,8-Dihydro-7c,8c-epoxyxenialactol (44): Acetic
anhydride (15 pL) was added to a solution of 44 (1 mg) in pyridine (25u
L) and the reaction mixture was allowed to react at room temperature
for 24 h. The excess of reagents was evaporated under nitrogen and the
residue was chromatographed by HPLC using a silica gel column with 8:2
hexane-acetone as eluent to yield the 1,9-diacetate 4f; for 1y ana 13¢
NMR data see Tables 5 and 4.

Isclaticn of Xenlolide—-A (I): The CHCL; extract, fraction F' of
Scheme 4, was chromatographed (see isolation of xenialactol) over silica
gel, Repeated chromatography of fraction 22, Scheme 4, by HPLC using a

silica gel column and hexane-acetone (8:2) led to the isolation of
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xeniolide~A (Z) as an o0il which decomposed after 4 weeks even in low
temperature. Compound / possesses the following spectral data: uv
(EtOH) Amax 265 nm (e = 15000); IR (neat) 3450, 2970, 2930, 2875, 1712,
1638, 1605, 1440, 1380, 1240, 1160, 1100, 1035, 970, 900, 850 cm_l; for
1H and 13C NMR data see Tables 7 and 8; low resolution mass spectrum (20
eV) m/z (relative intemsity) 314.2 [M+FH20, (9)], 299.3 [M+-H20~Me,
(7))}, 296.1 [M+;2H20, (7)1, 280.9 (7), 271.2 (17), 253.3 (22), 218.3
(31), 199.1 (22), 185.1 (30), 157.1 (48), 144.8 (63), 132.9 (58), 131.1
(100), 105.0 (56), 91.1 (51), 81.0 (32). -

Isolation of 9-Deoxyxepiolide—A (47): A 15 g sample of fraction F'
(see Scheme &) wa§ chromatographed over a column of silica gel. The
material was aluted first with hexane-acetone (9:1), fraction 10, and
then dincreasing amounts of acetone. One of the fractions eluted with
hexane-acetone (7:3) fraction 10, was a yellowish oil, This oily frac-
tion was resolved by HPLC with silica gel and hexane—acetone (88:12) to
give 5 fractions. Fraction 5 was rechromatographed by HPLC using a re—
verse-phase Cyg column and MeOH-H,0 (7:3) as eluent to yield, in trace
amounts, 1.2 mg of ca. 88% pure 9-deoxyxeniolide-A (4]) as a colorless
oil. Compound 47 possesses the following spectral data: IR (neat)
3440, 2945, 2830, 2840, 1712, 1635, 1455, 1440, 1380, 1245, 1200, 1160,
1020, 995, 885 cm_l; for IH and 13c NMR data see Tables 7 and 8.

Isolation of 9-Deoxy-7,8~dihydro-7a,8a—epoxyxeniolide—A {48): A 15
g sample of the CHCL3 extract of Scheme 3 was chromatographed on a col-
umn of silica gel (24 X 9 cm). Elution started with hexane—acetone
(9:1) and then the amount of acetone was increased. One of the frac-
tions eluted with hexane—actone (7:3), fraction 14, was rechromato—

graphed by HPLC using a silica gel column and hexane—acetone (82:18) as
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eluent to give 9 fractionms, of which fraction 6 was further purified by
HPLC using a reverse-phase Cl8 column and MeOH-HZO (6:4) as eluent to
yield 1 mg of 9-deoxy-7,8-dihydro-7ua,8u-epoxyxeniolide-A (48) as a

colorless oil. Compound 48 possesses the following spectral properties:

25
D

3430, 2950, 2820, 2835, 1714, 1635, 1460, 1450, 1380, 1240, 1200, 1170,

[a} +3° (c. 0.1 CHCL3); UV (EtOH) Amax 267 om (e = 15300); IR (neat)
1025, 990, 900, 885 cm '; for 'H and 13¢ NMR data see Tables 7 and 8;
low resolution mass spectrum (12 eV) m/z (relative intensity) 332.2 [M+,
(21)], 314.2 [M+;H20 (11)1, 289.1 (100), 271.1 (34), 253.0 (34), 215.1
(34), 197.1 (25), 159.0 (49).

Isolation of 15-Dehydroxy-15-acetyldioxyxeniolide—A (49): The

w

CHCL3 extract, fraction F' of Schezs 3 was chromatographed om a column
of silica gel. Elution was started with hexane-acetone (9:1) and the
amount of acetone was increased stepwise and 450 mL fractions were col—
lected. One of the fractions eluted with hexane-acetone (7:3), fraction
14 of Scheme 4, was rechromatographed by HPLC using a silica gel column
with hexane—acetone (82:18) to give 9 fractions. Fraction 7 therefore
was resolved by HPLC with a reverse-phase 018 column and MeOH—HZO (7:3)

to afford 2 fractions. Evaporation of the second fraction left 1.7 mg

of 15-dehydroxy-15-acetyldioxyxeniolide-A (43) as a colorless oil;

25
D

0.17 CHCLB); UV (EtOH) Amax 265 am (e = 14500); IR (neat) 3440, 2980,

compound 43 has the following spectral properties: [a]) -12.9° (c.

2930, 2845, 1730, 1712, 1640, 1600, 1440, 1385, 1370, 1320, 1250, 1190,
1120, 1030, 990, 900 cm-l; for proton and carbon-13 NMR data (CDCL3) see

Tables 7 and 8; 1H NMR (C6D6) (number of protons, multiplicity, J in Hz,

assignment) § 1.24 (3, br s, Me-18), 1.36 (1, m, H-3), 1.40 (6, s, Me-16
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and Me-17), 1.43 (1, m, H-5"), 1.68 (3, s, ocAc), 1.76 (1, br dt, 12.2,
5.5, H-1la), 1.80 (1, dt, 12.2, 3.5, H-6), 1.93 (1, br dd, 13.5, 5.4, H-
10), 1.96 (1, br 4, 13.5, H-10'), 1.99 (1, ddd, 13, 12.2, 5.4, H-6'),
3.0 (1. br d4d, 10.5, 5.5, H-4a), 3.33 (1, 4d, 12.2, 1l.6, H-1}, 3.72 (1,
dd, 12.2, 5.5, B-1'), 4.31 (1, ddd, 8.4, 5.4, 1.8, H-9), 4.66 (1, br s,
H-19), 4.84 (1, br s, H~-19'), 5.18 (1, br d, 8.4, H-8), 5.98 (1, d,
15.4, H-14), 6.48 (1, dd, 15.4, 1l1l.4, BH-13), 7.08 (1, br 4, 1ll.4, B-12);
low resolution mass spectrum (70 eV) m/z (relative intensity) 315.3 [M+-
4c00, (2)}, 314.3 [M™-AcOOH, (7)), 296.2 [M'-AcO0H-H,0, (1)], 273.1
(15), 199.1 (12), 185.2 (11), 171.1 (20), 159.1 (25), 145.1 (34), 131.1
(53), 117.2 (43), 105.1 (67), 91.1 (100), 83.1 (6l), 79.2 (76), 77.1
(84).

Isolation of 7,8-Dihydro-7a,8c—epoxyxeniolide—Ad (5Q): A 3 g sanmple
of CHCL3 extract, Scheme 1, was chromatographed on a column of silica
gel (40 X 2.5 cm). The material was eluted first with chloroform-ace-
tone (9:1) and then increasing the amount of acetone and collecting 9
fractions. Elution with chloroformacetone (75:25) gave fractions 8 and
9 which were combined and rechromatographed over silica gel using chlo-
roformacetone (85:15) as eluent and increasing the amount of acetone
and collecting 7 fractioms. Fraction 5 was resolved by HPLC with silica
gel and hexane—acetone (6:4) as a mobile phase to give 4 fractions.
Fraction 3 contained pure 7,8-dihydro-7a,8c-epoxyxeniolide-A (3Q3) as a
white powder, 7 ug, [uJSS +22.1° (c. 0.19 CHCLg); UV (Et0H) A pax 268 nm
(e = 15270); IR (CHCL5) 3600, 3440, 2970, 2930, 2870, 1712, 1638, 1610,
1455, 1385, 1365, 1320, 1180, 1105, 1035, 970, 910 cw !; for 1H and 13c

NMR data see Tables 7 and 8; HRMS, observed m/z (composition, interpre-—
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cation, calculated nillimass) 348.19259 (CpoH,g0s, M', 348.19367),
330.18089 (CpgHyc0,, M'-H,0, 330.18311), 305.17305 (Cyglys04 M-Ac,
305.17528), 135.08053 (CgH;,0, Mf—C11H1704, 135.08099), 91.05346 (CyHy,
M+-C13H2105, 91.05477); low resolution mass spectrum (70 eV) m/z (rela-
tive intensity) 348.3 (7), 330.2 (2), 305.2 (26), 289.2 (27), l6l1.1
(31), 145.1 (53), 135.1 (47), 121.1 (56), 119.2 (53), 109.2 (51), 91.1
(100), 81.1 (63), 77.1 (60).

Acetylation of 7,8-Dihydro-7a,8z-epoxyxeniolide-A (30): Compound
30 (2 mg) was allowed to react with 0.0l mL of acetic anhydride—pyridine
(1:3) at room temperature overnight. Cold water (1.3 mL) was added and
the resulting mixture was dried under nitrogen. The residue was puri-
fied by HPLC using a silica gel column ard hexane-acatone ¢{8:2) as
eluent to give compound 31; for "H and : C NMR data see Tables 7 and 8.

Isolation of 18-Hydroxyasteroxeniolide~A 9-Acetate(32): A 15 g
sample of the CHCL3 extract (fraction F') of Scheme 3 was chromato-
graphed on a Biichner funnel column of silica gel (24 X 9 cm) and using a

water aspirator as a source of vacuum.zg

The material was eluted using
a step gradient beginning with hexane-acetome (9:1) and then increasing
the amount of acetone and collecting 450 mL fractions. Two of the frac-
tions eluted with hexane-acetone (l:1) was a brown oily material (300
mg). Addition of 15 mL of a mixture of hexane—acetone (7:3) to the
brown oily material caused a yellow solid (110 mg) to precipitate. This
yellow solid was discussed above (see isolatin of 8)., After removal of

the yellow solid by filtration, the remaining solution was chromato—

graphed by HPLC using a silica gel column and hexane-acetone (8:2) as
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eluent to yield four fractions. The first fraction contained pure 32,
yellow oil, 45.2 mg, [a]2> 0.00 (CHCLy); IR (CHCLy) 3430, 3030, 2940,
2860, 1725, 1715, 1640, 1450, 1380, 1340, 1260, 1180, 1130, 1020, 960,
840 cm'l; UV (EtOH) Amax 217 nm (e = 11764); for 1§ and L3¢ mm data see
Tables 11 and 12; mass spectrum (12 eV, low resolution), m/z (relative
intensity) 390.2 [M* CooH3g0g (&)1, 372.2 (11), 362.4 (20), 361.3 (82),
331.1 (14), 330.3 (19), 313.1 (14), 312.1 (34), 302.3 (28), 301.2 (93),
299.1 (13), 297.2 (33), 284.1 (39), 283.1 (37), 271.2 (27), 270.2 (31),
269.2 (100), 267.2 (25), 244.2 (26), 243.2 (71), 241.2 (47), 229.2 (37),
228.2 (28), 227.2 (32), 225.2 (32), 199.2 (91), 197.1 (44), 183.2 (48),
181.1 (37), 173.2 (44), 171.2 (58), 159.1 (40), 157.1 (51), 145.0 (44),
83.1 (45), and 81,0 (14).

Acetylation of 18-Bydrozyasterczeniolide~A 9-Acetate{32): Compound
32 (1.5 mg) was allowed to react witn 0.075 mL of acetic anhydride-
pyridine (1i:3) at room temperature overnight, Cold water (1 ml) was
added and the resulting mixturé was dried under nitrogen. The residue
was purified by HPLC using a silica gel column and hexane-acetone (8:2)
as eluent to give compound 33; for 14 and 13¢ MR data see Tables 11 and
12; low resolution mass spectrum (70 eV), m/z (relative intensity) 474.1
Mt CogHq,0g (4)], 432.1 (26), 415.2 (30), 414.1 (33), 373.,1 (l00),
372.1 (18), 330.2 (13), 313.1 (14), 312.2 (23), 297.1 (16), 269.0 (l4),
253.1 (14), 225.0 (13), 199.0 (13), 195.0 (14), 143.0 (25), 131.0 (25),
117.1 (20), and 105.1 (23).

Isolation of Asteroxeniolide-A (34): The 2lst fraction (0.19 g)
obtained upon elution with hexane-acetone (l:1) from a silica gel column

of the CHCL3 extract (fraction F') (see isolation of compound 32) was
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chromatographed by HPLC using a silica gel column and hexane-acetone
(75:25) as eluent to afford four fractions. The fourth fraction (60 mg)
was rechromatographed by HPLC using a reverse-phase column and MeOH-H,0
(8:2) as eluent to afford two fractions. The first fraction (4.5 mg) was
purified by HPLC using a reverse-phase column and MeOH—H20 (1l:1) as
eluent to give pure 34, light yellow oil, 3 mg; [ct]lz)5 +26° (c. 0.29,
CHCL3); UV (EtOH) Xmax 217 mm (e = 11547); IR (neat) 3420, 3080, 2980,
2930, 2850, 1710, 1640, 1442, 1382, 1218, 1190, 1025, 990, 910, 850, and
760 cm_l; for lH and 13C NMR data see Tables 1l and ]2, respectively;
mass spectrum (12 eV, low resolution), m/z (relative intensity) 332.1
M+ CygHog0y (0.8)], 314.1 (12), 300.1 (12), 299.1 (50), 296.2 (13),
286.1 (21), 285.1 (24), 281.1 (22), 272.1 (19), 271.1 (100), 231.1 (39),
230.1 (30), 218.1 (71), 173.0 (58), 171.1 (39), 15%9.1 (55), 157.0 (38),
145.0 (57), 133.0 (47), 131.1 (50), 105.1 (35), 95.1 (56), and 83.1
(41).

Isolation of Asteroxeniolide-A 9-Acetate (33): The l4th fraction
(0.25 mg) obtained upon elution with hexane-acetone (7:3) from a silica
gel column of the CHC'L3 extract (fraction F', Scheme 3) was chromato-—
graphed by HPLC using a silica gel column with 82:18 hexane-acetone as
eluent to give nine fractions. The sixth faction was chromatographed
further by HPLC using a Cig reverse-phase columm (6:4 MeOH-HZO) to
obtain three fractions. The second fraction contained pure 33, light
yellow oil, 4 mg; [a]gs ~1° (e. 0.3, CHCLy); UV (EtOH) A__ 217 m ( =
11429); IR (neat) 3450, 3080, 2940, 2850, 1725, 1730, 1640, 1450, 1380,

1370, 1370, 1260, 1180, 1030, 990, 900, 840 cm™>; for !H and *3¢ NMR
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data see Tables 11 and 12, respectively; mass spectrum (12 eV, low reso-
lution), m/z (relative intensity) 356 [M'-H,0 C,,H,g0, (27)], 345.1
(100), 341.3 (66), 296.2 (64), 286.1 (37), 281.1 (60), 271.1 (79), 253.3
(48) 241.1 (41), 230.1 (70), 218.1 (73), 190.1 (34), 171.2 (37), 157.0
(67), 143.0 (62), 107.2 (60), 95.1 (75), and 83.1 (64).

Isolation of Xeniolide-B (}3): The twenty-third and twenty-fourth
fraction (155 mg) of Scheme 4 was chromatographed by HPLC using a silica
gel column and hexane-acetone (8:2) as eluent to give 4 fractioms. The
second of these fractions contained 23 mg of pure xeniolide-B (l13) as a
light yellow oil. Compound 13 has the following spectral data: UV
(EtOH) Xmax 241 nm (¢ = 15000); IR (neat) 3440, 2970, 2930, 2845, 1730,
1660, 1640, 1455, 1380, 1360, 1248, 1160, 1020, 970, 910, 870 cm_l; for
ly MR data see Table 15; lcw resolution mass spectrum (70 2V) m/z (zel-
ative intensity) 314.3 [M+—H20, (2)}, 256.2 (5), 230.1 (13), 207.1 (28),
187.2 (22), 173.1 (33), 159.1 (41), 147.0 (42), 133.1 (42), 129.0 (60),
115.1 (40), 105.1 (67), 91.1 (100), 79.1 (61), 69.1 (50).

Isolation of Xeniolide=B 9=Acetate (l4): A 0.1 g portion of the
fifteenth fraction of Scheme 4 was chromatographed by HPLC using silica
gel and hexane-acetone (83:17) to yield a pure Xeniolide-B 9-acetate
(14), 65 mg, as a yellow oil. Compound 14 has the following data: UV
(EtOH) lmax 241 nm (e = 15000); IR (neat) 3440, 2970, 2930, 2850, 1730,
1660, 1640, 1450, 1380, 1365, 1250, 1164, 1020, 970, 910, 870 cm—l; for
' ana 3¢ MR data see Tables 16 and 17; low resolution mass spectrum
(12 eV) m/z (relative intensity) 374.5 [M¥, (9)], 314.2 [MT-AcOH, (30)],

299.3 [MT-AcOH-Me, (12)], 296.1 [N'-AcOH-H,0, (34)], 280.9 (27), 256.1
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(100), 225.3 (57), 212.0 (46), 185.0 (85), 169.1 (44), 144.8 (38), 131.0
(51), 109.2 (22).

Isolation of 7,8-Dihydro-7a,3a-epoxyxeniolide-B (1J): The CHCLq
extract (3 g) of Scheme 1 was chromatographed on a column of silica gel.
The material was eluted initially with chloroform—acetone (9:1) and then
gradually the amount of acetone was increased while 9 fractions were
collected., Fractions 8 and 9 were combined and rechromatographed over
silica gel using chloroform-acetone (85:15) as eluent initially and then
increasing the amount of acetone and collecting 7 fracgions. The sixth
of these fractions was subjected to HPLC with a silica gel column and
hexane-acetone (7:3) as a mobile phase to give pure 7,8-dihydro-Ja,8a-—
epoxyxeniolide-B (l13), 1 mg, as a white powder. Compound 13 has the
following spectral data: IR (neat) 3500, 2975, 2930, 2850, 1730, 1640,
1450, 1380, 1360, 1250, 1160, 1025, 975, 910, 875 ca™; for W and 3¢
MMR data see Tables 16 and 17; low resolution mass spectrum (70 aV) m/z
(relative intensity) 348.1 [M+, (16)], 330.2 [M+—H20, (7)), 227.1 (1),
207.0 (15), 161.0 (21), 148.9 (30), 147.0 (80), 133.0 (32), 119.1 (36),
107.1 (43), 95.1 (59), 75.1 (100).

Isolation of Asterospicin (36): A 3 g portion of the CHCL4 extract
of Scheme 1, was chromatographed on a column of silica gel (40 X 2.5
cm). The sample was eluted first with chloroform-acetone (9:1) and the
amount of acetone was increased stepwise and 9 fractions were collected.
Fractions 3 to 7 were combined and rechromatographed on a short column
of silica gel to give © fractions. The fourth of these fractions was
subjected to HPLC using a reverse-phase C;g column with MeOH-H,0 (75:25)

as eluent to yield 3 fractions. The first fraction, 8 mg, was resolved
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by HPLC using a reverse—phase Cyg column with MeOH-H,0 (6:4) as a mobile
phase to afford 3 fractions. Evaporation of the second fraction left
2.2 mg of pure asterospicin (38) as a colorless oil. 36 has the
following spectral data: UV (EtOH) kmax 235 nm (e = 16100); IR (neat)
3440, 2960, 2925, 2850, 1660, 1640, 1440, 1385, 1220, 1080, 1040, 990,
910, 880 cm'l; for H and 13¢c NMR data see Tables 18 and 19; low
resolution mass spectrum (70 eV) m/z (relative intensity) 332.3 (4),
302.3 (12), 286.3 (5), 185.1 (12), 171.2 (24), 159.0 (17), 157.0 (26),
145.0 (34), 143.1 (35), 131.1 (32), 129.1 (31), 119.2 (24), 117.1 (23),
109.1 (100), 105.1 (45), 96.1 (10), 95.1 (38), 93.1 (24), 91.1 (50),
81.1 (35), 79.1 (38), 77.1 (27); high-resolution mass spectrum, observed
m/z {composition, interpretation, calculated millimass) 332.20101
(CogHagOy, M7, 332.19876), 314.18902 (CpgHz05, M -H,0, 314,1882),
303.19493 (CygHy704, HT-CHO, 303.19602), 302.18691 (C1gHrg03, M+-CH20,
302,1882), 286.19516 (C19H2602), 244 ,14824 (C16H2002), 199,.11159
(Cy4H 50), 185.09594 (Cy3H;40), 109.06562 (CyHg0), 81.07028 (Cglg).

Acetylation of Asterospicin (56): Compound 56 (1 mg) was allowed
to react with 0.008 mL of acetic anhydride-pyridine (1:3) at room tem-
perature overnight., The excess reagents were dried_under nitrogen and
the residue was chromatographed by HPLC using a silica gel column with
hexane-acetone (8:2) to give compound 37; for 14 and 13¢ MR data see
Tables 18 and 19: low resolution mass spectrum (12 eV) m/z (relative in-
tensity) 345.0 [M™~CHO, (5)1, 344.1 [M'-CH,0, (27)], 314.2 [M'-AcOH,
(101, 225.2 (14), 197.1 (31), 1i72.1 (13), 164.2 (32), 147.1 (23), 135.1

(24), 133.2 (23), 124.2 (20), 109.1 (100), 95.0 (24).
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Dehydration of 7,8-Dihydro-7a,8c-epoxyxsnialactol (44): To a
solution of compound 44 (2 mg) in CHCLy (2 mL) at 4 C° was added 0.25 mL
of glacial acetic acid with stirring for 4 h. The excess of the reagents
were dried under nitrogen and the residue was chromatographed by HPLC
with a silica gel column and hexane-~acetone (7:3) as a mobile phase to
give asterospicin (56) (1.2 mg), identical in all aspects (NMR, IR, TLC)
with the natural material.

Igsolation of 14,15-Dihydro-14F,155-epoxyasterospicin-1 (58) and
14,15-Dihydro=-14E ,155~epoxyasterospicin-2 (39): A 3 g sample of the
CHCL, extract, see Scheme 1, was chromatographed on a column of silica
gel. Elution started with chloroform-acetone (9:1) and the amount of
acetone was increased stepwise and 9 fractions were collected. Frac-
tions 3-7 were combined (0.6 g) and rechromatographed on a short column
of silica gel using chloroform-acetone (8:2) initially and increasing
the amount of acetone and collecting & fractioms. Fraction 4, 8 mg, was
then subjected to HPLC with a reverse-phase C18 column and MeOH:H,0
(75:25) to give 3 fractions. The first fraction was resolved further by
HPLC with MeOH-H20 (6:4) to yleld two fractions containing compounds 58
and 33 as colorless oils, 0.3 mg each. Compound 5B has the following
spectral data: IR (neat) 3500, 2960, 2920, 2840, 1610, 1450, 1380,
1225, 1090, 1024, 990, 910, 885 cm™); for 1H and 3¢ MR data of 38 and
29 see Tables 18 and 19; low resolution mass spectrum (70 eV) m/z (rela-
tive intensity) 348.3 [M¥, (2)], 330.4 [M*-H,0, (2)], 279.2 (8), 167.0
(21), 149.0 (82), 129.0 (34), 113.1 (24), 109.1 (43), 105.1 (29), 97.1
(95), 95.2 (53), 86.0 (62), 85.1 (77), 84.1 (100), 83.1 (81), 75.1 (63),

71.1 (87).
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Isolation of 14,15-Dihydro-14f,15-dihydroxyasterospicin-1 (§0Q) and
14,15-Dihydro-14£,15-dihydroxyasterospicimr2 (fl): A 3 g portion of the
CHCL3 extract of Scheme 1 was chromatographed on a column of silica gel
(40 X 2.5 cm). The materials were eluted first with chloroform-acetone
(9:1) and then increasing amounts of acetone and collecting 9 fractions.
Elution with chloroform—acetone (75:25) gave fractions 8 and 9 which
were combined and rechromatographed over silica gel using chloroform—
acetone (85:15) as eluent and increasing the amount of acetone and col-
lecting 7 fractions. The last of these fractions (fraétion 7) was puri-
fied by HPLC with silica gel and hexane-acetone (1:1) as a mobile phase
to give a mixture of 1.5 mg of §Q and 6l as white powder. This mixture
was resolved by H?ZLC with a reverse-phase Cig column aad MeOH-H,0
(25:75) as eluent to give pure 60 (0.5 mg) and 61 (0.4 mg) as colorless
oils. Compound §&Q has the following spectral data: IR (neat) 3500,
2980, 2930, 2860, 1630, 1440, 1385, 1260, 1220, 1160, 1080, 1040, 990
900, 885 cm_l; 300-MHz lH MMR (CDCL3) (assignment, multiplicity, J in
Hz) § 6.08 (H-12, br d, 16), 5.86 (H-13, dd, 16, 6), 5.33 (H-1l, s), 5.32
(H-19, br s), 5.15 (H~19', br s), 4.00 (H-14, br d, 6), 3.97 (H-3', 4,
6.8), 3.74 (H-9, br dd4, 7.6, 6.5), 3.31 (H-3, dd, 6.8, 2), 2.74 (H-8, d,
7.6), 2.59 (H-10', br d, 14.5), 2.40 (H-10, br dd, 14.5, 6.5), 2.15 (H~-
lla, br dd, 4.16, 1.2), 1.82 (H-5, br dt, 14.2, 3.6), 1.75 (H-4a, br dd,
10.5, 4.6), 1.54 (H-53', ddad, 14.2, 13.5, 10.5, 3.6), 1.38 (Me~18, s),
1.25 (Me-16, s), 1.15 (Me-i7, s), 1.05 (H-6', br td, 13.5, 3.6); low
resolution mass spectrum (12 eV) m/z (relative intensity) 348.4 [M+FH20,
(4)], 284.3 (37)], 279.1 (19), 241,2 (10), 227.2 (l4), 213.1 (31), 199.2

(20), 193.1 (20), 185.2 (45), 171.1 (30), 167.1 (60), 149.0 (93), 129.0
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(100), 115.2 (31), 97.1 (92), 83.1 (53). IR data of §1 are identical to
those of §0; 'H NMR (CDCLy) data of gl are identical to those of fQ
except for the following protons in respect to the chemical shift; §
5.84 (H-13, dd, 16, 6), 3.98 (H-14, br d, 6), 3.32 (H-3, dd, 6.8, 2);
low resolution mass spectrum of &l was identical to that of §0; high-
resolution mass spectrum of §Q, observed m/z (composition, interpreta-
tion, calculated millimass) 348.19087 (CygH,g0s, M'-H,0, 348.19368),
336.19306 (CygH,g05, M+-CH20, 336.19368), 333.170 (C;gH,50s, M+—Me0,
333.17020), 330.18382  (CyqHy04, M+—2H20, 330,18311), 308.16148
(C; 745,05, M+~C3H60, 308.16238), 290.15286 (C,,H,,0,, M -H,0-C4H O,
290.15181), 272.14137 (C17H2003, M+—2H20—C3H60, 272.14125), 262.15491
(CygHpp0g),  244.14803 (G Hy00,), 201.12869 (C,,H;0), 123.051Z5
(CqHg0,), 97.06499 (C HgO).

Expoxidation of Xenialactol (8): To a solution of xenialacrol (§)
(35 wg) in CHCL3 (10 wL) at 2 C° was added a solution of m-chloroperben-
zoic acid (20 mg) in CHCL3 (3 mL) dropwise with stirring over a period
of 1.5 h. Stirring was continued for another 2 h. The reaction mixture
was extracted with 207% Na,C05 solution, and the solution was washed with
water, and evaporated to give 30 mg of an oily material. The oily mix—
ture was chromatographed on a preparative TLC plate using hexane-acetone
(l1:1) as eluent to yield two fractions. The first fraction (10 mg) (Rf
= 0.6) was purified by HPLC with a reverse-phase column and MeOH-HZO
(1:1) to yield 8 mg of compound 43 as a colorless oil. The second frac-
tion (12 mg) (Rf = 0.47) was subjected to HPLC using a reverse-phase Cg
column and MeOH—HZO (1:1) to give two fractions. The first fraction
contained a mixture of two compounds. This mixture was resolved by HPLC

using reverse-phase and MeOH-H,0 (25:75) to afford two pure compounds
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which were found to be 60 (2.5 mg) and 61 (1.9 mg), identical in all
respects with the natural material. The second fraction (6 mg) was
found to be 7,8-dihydro-7a,8ax-epoxyxenialactol (44), identical in all
respects (TLC, NMMR, IR) with the natural material. Compound 43 has the
following spectral data: UV (EtOH) Amax 240 om (g = 15700); IR (neat)
3450, 3010, 2980, 2940, 2840, 1640, 1445, 1380, 1355, 1250, 1130, 1080,
980, 905, 885 cm !; for !H and !3C MR data of 45 see Tables 4 and 5.

Reduction of compound 43: Compound 43 (3 mg) in acetic acid (1 ml)
was treated with zinc dust (22 mg) and stirred for 4 h at room tempera-
ture. The reaction mixture was diluted with CHCl3 and extracted with
15% Na2C03 solution. The organic solution was washed with water and
evaporated to give 1.0 mg of oily material which was chromatographed by
HPLC using a silica gel column and hexane—acetone (65:35) as eluent to
give 1 mg of asterospicin (38), identical in all respects (TLC, NMR, IR)
with the natural material.

Isolation of 3a-Hydroxy-7,8-deepoxy-7,8-dehydroasterospicin (82):
Silica gel chromatography of the CHCL3 extract, fraction F', of Scheme 3
afforded 25 fractions. Fraction 14 (250 mg) was subjected to HPLC with
a silica gel column and hexane—acetone (82:18) as eluent to give 9
fractions. The fifth of these fractions (12 mg) was resolved by HPLC
using a reverse-phase C;gq column and MeOH-H,0 as a mobile phase to yield
3 fractions. Evaporation of the first fraction left 2.2 mg of 3a-
hydroxy-7,8-deepoxy-7,8~dehydroasterospicin (62) as a colorless oil; UV
(EtOH) Amax 235 nm (e = 15119); IR (neat) 3450, 2930, 2850, 1655, 1640,
1440, 1380, 1090, 1040, 918, 885 cm™'; for 'H and '3C NMR data of §2 see

Tables 18 and 19; low resolution mass spectrum 70 eV) (m/z, relative
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intensity) 305.1 (2), 304.1 (6), 303.2 (24), 287.2 (6), 286.1 (34),
161.1 (11), 159.1 (19), 145.1 (23), 143,0 (16), 131.0 (25), 129.0 (20),
121.1 (20), 119.1 (26), 111.1 (11), 109.1 (100), 107.1 (28), 105.1 (37),
95.2 (28), 93.2 (28), 91.1 (59), 83.1 (26), 8l.1 (64), 79.1 (49), and
77.0 (37); high resolution mass spectrum, observed m/z (compsosition,
interpretation, calculated millimass) 317.17090 (CjqHy50,, M -de,
317.17529), 302.18377 (CygHy603, M+—CH20, 302.18820), 286.18912
(C1gHo605), M+—C0—H20, 286.19328), 109.06606 (C,HgO, M+-CH20-C12H1702,
109.06534), 91.05465 (C;Hg, M+—CH20-H20-CIZH1702, 91.05478), 81.07130
(Cglg, M'-CHy0-Ci,H;70,-C0, 81.07042), 79.05597 (CgHy, M¥-2CH,0-
CyoH; 705, 79.05478) ; FAB mass spectrum, m/z 332.

Acetylation of 3—a-hydroxy—7,8-deepoxy~7,8-dehydroasterospicin
(82): A 1 mg portion of 52 was allowed fo react with acetic arhydride-
pyridine (1:3) (0.08 mL) at room temperature overnight. The excess re-
agents were dried under nitrogen and the resultant residue was chromato-
graphed by HPLC using a silica gel column and hexane-acetone (9:1) as
eluent to give £3 (0.3 mg) and £4 (0.2 mg) as white powders; for y R
data of 63 and 64 see Table 18; low resolution mass spectrum of A3 (12
eV): m/z (relative intensity) 388.1 [M'-CO, (4)], 387.1 [M'-cHO, (8)],
263.1 (5), 221.0 (12), 207.0 (12), 189.1 (7), 167.1 (10), 155.1 (11),
149.0 (46), 125.1 (21), 109.0 (43), 99.0 (59), 97.1 (55), 85.1 (73),
75.1 (100); low resolution mass spectrum of §4: (12 eV) m/z relative
intensity) 388.1 [M¥co, (1)], 387.1 [M™-CHO, (6)], 357.1 [M'-AcO, (1)],
356.2 [M¥-AcOH, (1)], 239.1 [M'—CO-AcO, (22)], 328.2 [M'-CO-AcOH,
(100)1, 328.2 [M™-CO-2acOH, (9)1, 250.2 (8), 235.1 (13), 207.0 (9),

175.0 (7), 147.0 (18), 109.1 (81), 79.1 (13), 75.1 (30).
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Isolation of Asterospiculin (§53): The fourteenth fraction (250 mg)
of Scheme 4 was chromatographed by HPLC with a silica gel column and
hexane-acetone as eluent to give 9 fractions. The fourth fraction (127
wg) was resolved by HPLC using a reverse-phase 018 columm and MeOH—H20
(7:3) to yield 2 reactions. The first fraction contained a known com-
pound, 13-epi-9-O-deacetylxenicin (3). The second fraction contained 90
mg of pure asterospiculin (£3) as a viscous oil; [t!]]2)s -163.37° (c. 051,
CHCL3); UV (EtOH) )‘max 241 nm (¢ = 15900); IR (meat) 3540, 3020, 2970,
2925, 2850, 1730, 1640, 1440, 1375, 1365, 1240, 1150, 1020, 980, 900
cm'l; for 4 and 3¢ MR data see Tables 27 and 28: low resolution mass
spectrum (12 eV) m/z (relative intensity) 462.3 [M+, (1)], 444.2 (M*-
Hy0, (7)1, 402.2 [M*-AcOH, (28)], 384.1 [M™-AcOH-H,0 (8)], 342.2
(MF2ac08, (14)], 324.2 [¥*-24c0H-H,0, (20)], 282.2 [MF-3acoM, (28)],
264.2 [b1+—3Ac0H—H20, (26)1, 249.0 (29), 209.1 (62), 183.1 (44), 155.0
(39), 145.1 (85), 131.0 (82), 107.1 (100), 91.1 (81); high- resolution
mass spectrum, observed m/z (composition, interpretation, calculated

millimass) 444.25183 (CpgHacOq, MY-H,0, 444.25119), 348.22931 (CyuHgy O,

M'-ACOH, 348.23006), 324.20845 (CpyHpg0p, MY'~2AcOH-H,0, 324.20893),
282.19514 (CyoH, (0, Mt-3AcOH, 282.1984), 264.18813 (Coptyys Mt-3AcOH-
Hy0, 264.18780), 249.16353 (C gH,;, M+—3Ac0H—H20—Me, 249.16433),
107.08612 (CgHy;), 105.07103 (CgHg), 93.07041 (C;Hg); FD spectrum, m/z,
462,

1solation of 7,8-Dinydro-je,8a-epoxyasterospiculia (§§): The
fourteenth fraction (250 mg) (see Scheme 4) was chromatographed by HPLC
with a silica gel column and hexane-acetone (82:18) as eluent to give 9

fractions. The ninth fraction (8 mg) was resolved by HPLC using a
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reverse-phase C18 column and MeOH-H,0 as a mobile phase to give 2 frac-
tions., The first fraction contained 3.7 mg of 40 which was discussed
above. The second fraction contained 1.9 mg of 7,8-dihydro-7a¢,8a-epoxy-
asterospiculin (ff) as a colorless oil; UV (EtOH) Xmax 241 tm (e =
15900); IR (neat) 3440, 2980, 2930, 2850, 1730, 1640, 1440, 1375, 1240
1080, 1030, 970, 910, 875 cm™!; for ! and 13¢ MR data see Tables 27
and 28; low resolution mass spectrum (12 eV): m/z (relative intemsity):
460.1 [M™-AcOH, (3)], 418.2 [M*-AcHO, (3)], 400.1 [M"-H,0-AcOH, (8)]
358.2 [M*-2 AcOH, (4)], 340.2 [M"-2 AcOB-H,0, (9)], 298.2 [M™-3 AcoH,
()], 280.2 [MT-3 AcOH-H,0, (22)], 265.1 (12), 239.2 (20), 209.2 (27),
197.1 (30), 185.1 (31), 161.0 (36), 149.0 (67), 147.1 (64), 145,0 (74),
134.0 (80), 60.1 (100).
Zzpoidaticn of 2sterospiculin {A3): To a solution of asterospicu-
lin (63) (18 mg) in CHCL3 (7 aL) at 2° was added a solution of m~chloro-
perbenzoic acid (10 mg) in CHCLy (2 mL) dropwise with stirring over a
period of 2.5 h. Stirring was continued for another 2 h. The reaction
mixture was extracted with 157 Na?_Co3 solution, and then water, and the
solvent was evaporated to give 14 mg of an oily material. The oily ma-
terial was chromatographed by HPLC with a silica gel column and hexane-
acetone (75:25) -as eluent to yield 2 fractioms. The first fraction
(8.5 mg) was found to contain 7,8-dihydro-7a,8a—-epoxyasterospiculin
(f6), identical in all respects (TLC, NMR, IR) with the natural ma-
terial. The second fraction contained a mixture of 2 epimeric compounds
67 and 68 (0.8 mg each); for 'H NMR data see Table 27.

Isolation of 4%,12¢:7a,8c-Diepoxy—4,12:7,8-tetrahydro~3—-0—deacetyi—

asterospiculin (§2): A &4 g portion of CCL, extract, see Scheme 1, was
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chromatographed on a column of silica gel (15 X 6.5 cm). Elution started
with hexane-EtOAc (8:2) then the amount of EtOAc was gradually increased
while 25 fractions were collected. The most polar fraction (fraction
25) (10 mg) was subjected to HPLC using a silica gel column and hexane-
acetone (7:3) as eluent to yield 3 fractions. The third fraction con-

tained 2.7 mg of compound §3 as a white powder; [a.]I?‘)5

0.0 (c.0.27,
CHCLg); IR (neat) 3500, 3025, 2930, 2850, 1730, 1445, 1380, 1240, 1040,
970, 950, 905, 875 cw™!; for ! and 13¢ MR data see Tables 27 and 28;
low resolution mass spectrum (70 eV) m/z (relative integsity) 337.2 [M+—
CgHy 10 (2)1, 295.2 (10), 235.2 (2), 217.1 (4), 199.1 (3), 159.2 (15),
105.1 (23), 97.2 (100); high-resolution mass spectrum, observed m/z
(composition, interpretation, calculated millimass) 374.2125 (C22H3005,
}X+—ACOH—H20; 374,20933), 337,16./476 {Cygly50g), 295.15744 (Cy4H550s, M-
AcOH-H,0-CgHy, 295.15455), 235.13560 (Cj,4H;g03, M'=2 AcOH-H,0-Cgliy,
235.13342), 217.12444 (Cy4H70,, MT-2 AcOH-Hy0-CgHy,  217.12286),
199.11378  (Cy4H,; 50, M2 AcOH-3 Hy0-CgHy, 199.11229), 187.11362
(Cy3Hy50), 175.11184 (C;,H;50), 159.11823 (C;,H,5), 119.08641 (C9H11)’
109.0666 (C7H90), 98.07267 (C6H100), 97.0657 (CGHQO); FD mass spectrum
m/z, 452.

Acetylation of compound §9: Acetic anhydride (0.02 mL) was added
to a solution of £3 (0.5 mg) in pyridine (0.02 mL) and the mixture was
stirred at room temperature for 24 h. The excess of reagents were then
removed with a stream of nitrogen and the residue was chromatographed by
HPLC using a silica gel column and hexane-acetone (8:2) as eluent to

give pure 70: !4 MMR data see Table 27; low resolution mass spectrum
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(12 eV) m/z (relative intemsity) 338.1 [M"-2 AcOH-2 H,0, (12)], 337.2
(70), 217.0 (19), 199.1 (13), 159.0 (11), 97.1 (100).

Isolation of Peridinin (Z}]): The nineteenth fraction (40 mg) of
Scheme 4 was chromatographed by HPLC with a silica gel column and
hexane-acetone (75:25) as eluent to give 6 fractioms. The fourth of
these fractions was purified by HPLC using a reverse-phase C;g column
and MeOH-H,0 as a mobile phase to yield 7.5 mg of pure peridinin (21) as
an orange-red pigment. Compound 7] has the following spectral data: IR
(CHCL3) 3400, 2970, 2940, 2870, 1940, 1750, 1735, 1600, 1525, 1450,
1370, 1255, 1165, 1135, 1070, 1030, 990, 900 cm'l; 300-MHz lH MMR
(CDCL3) (number of protons, multiplicity, J in Hz, assignment) § 0.97
(3, s), 1.07 (3, s), 1.20 (6, s), 1.27 (1, dd, 11.8, 10, H-2'), 1.35 (3,
s), 1.38 (3, s), 1.40 (I, t, 12, H-2), 1.51 (1, &4, 13,2, 11.7, H-4),
1.64 (1, ddd, 12.5, 3.5, 1.7, H-2'), 1.64 (1, dd, 14.2, 8.9, H-4'), 1.80
(3, s, Me-16), 1,99 (1, ddd, 14.5, 4.1, 1.9, H-2), 2,04 (3, s, OAc),
2.23 (2, s, Me-20'), 2.29 (1, ddd, 13.6, 6.1, 1.9, H~4), 2.40 (1, d4dd,
14.3, 5.1, 1.5, H-4"), 3.90 (1, m, H-3'), 5.37 (1, tt, 11.5, 4.2, H-3),
5.73 (1, s, H-12'), 6.05 (1, s, H-8), 6.10 (1, br 4, 11.7, H-10), 6.37
(1, d, 4.6, H-7"), 6.35-6.46 (3, m, B-12, B-15, H-15'), 6.53 (1, br d,
10.6, H-14'), 6.60 (1, dd4, 13.9, 1l1l.4, B-11), 7.02 (1, s, H-10'), 7.16
(1, 4, 15.4, B-8"). 75.4-MHz 13c NMR (CDCL;) 6 14.0 (q), 15.42 (q),
19.89 (q), 21.4 (q), 24.90 (q), 29.17 (q), 29.53 (q), 31.24 (q), 32.07
(q), 35.23 (s), 35.80 (s), 40,92 (r), 45.23 (t), 45.42 (r), 47.2 (v),
64.18 (d), 67.53 (s), 67.98 (d), 70.48 (s), 72.66 (s), 103.32 (d),
117.60 (s), 119.24 (d), 121.80 (d), 124.77 (s), 127.8 (d), 128.94 (d),

131.49 (d), 133.03 (d), 133.64 (d), 133.91 (s), 133.97 (s), 170.44 (s),
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202.66 (s); low resolution mass spectrum (12 eV) m/z (relative inten~
sity) 630.5 MY, (4)), 612.4 [MP-H0, (21)], 552.3 [M*-H,0-AcOH, (15)],
275.1 (12), 234.1 (14), 223,1 (10), 221.2 (7), 207.0 (6), 197.0 (12),
181.1 (100), 149.2 (100).

Isolation of (22R)-24E-Methyl-5a cholestane-38,5,68 ,22,24-pentaol
6-Acetate (72): The twenty-first fraction (0.31 g) of Scheme 4 was
chromatographed by HPLC with a silica gel column and hexane-acetone
(75:25) as eluent to give 4 fractions. The most polar fraction (frac-
tion 4) was rechromatographed by HPLC using a reverse—phase Cyg column
and MeOH—HZO (8:2) as a mobile phase to afford 2 fractions. The first
fraction contained 3 mg of asteroxeniolide-A (34), a new compound which
was discussed above in this section. The second fraction consisted of

s
180 mg of pure 72 as a colorless oil: [G]BD

[N

-29.2 (c. 0.31 CHCL3); iR
(CHCL3) 3600, 3440, 2850, 2870, 1728, 1460, 1440, 1375, 1250, 1210,
1090, 1030 cm_l; 300-MHz 1B MR (CDCL3) (number of protons, malti-
plicity, J in Hz, assignment) 6 0.70 (3, s, Me-18), 0.85 (3, d, 7.5 Hz,
Me-27 or Me-26), 0.95 (3, d, 7.5 Hz, Me-21), 0.98 (3, d, 7.5 Hz, Me-26
or Me-27), 1.07 (3, s, Me-28), l.14 (3, s, Me-19), 2.03 (1, sept, 7.5
Hz, H-25), 2.05 (3, s, OAc), 4.07 (1, m, H-3), 4.07 (1, br d, 11 Hz, H-
22), 4.70 (1, br t, 3.0 Hz, H-6); 300-MHz lH NMR (CD40D) § 0.74 (3, s,
Me-18), 0.89 (3, d, 7 Hz, Me-27 or Me-26), 0.96 (3, d, 7 Hz, Me-21),
0.98 (3, d, 7 Hz, Me~26 or Me-27), 1.06 (3, s, Me-28), 1.16 (3, s, Me-
19), 2.05 (3, s, ggjg-o), 4.0 (1, tt, 11, 5.4 Hz, H-3), 4.06 (1, br d,
11 Bz, B-22), 4.71 (1, t, 3 Hz, H-6); 75.4-MHz 13C MR (CD40D) § 14.29
(Me—-18, q), 1l4.72 (Me-21, q), 18.77 (Me—-19, q), 19.07 (Me-27 or Me-26,

q), 20.76 (Me-26 or Me-27, q), 23.11 (CH —%—O, q), 23.91 (t), 24.72 (Me-
3
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28, q), 27.03 (t), 30.49 (t), 33.21 (t), 33.78 (d), 3&.11 (t), 34.87
(t), 37.96 (d), 40.21 (&), 41.20 (C-10, s), 42,63 (r), 43.05 (t), 45.7
(d), 45.92 (C-13, s), 47.75 (d), 55.85 (d), 58.50 (d), 69.54 (C-3, d),
72.54 (C-22, 4), 77.15 (C-5, s), 78.13 (C-24, s), 79.49 (C-6, d), 169.70
(CH3g—O, s); low resolution field desorption mass spectrum, observed Mt
(508); high-resolution mass spectrum, observed m/z (composition, inter-
pretation, calculated millimass) 369.27794 (CZSH37°2' Mt-2 Hy0-AcOH-
C3Hy, 369.27936), 360.26912 (Cy4Hg403, M+-OH-C7H1502, 360.26645),
300.24382 (CyyH390, bﬁlACOH—OH-C7H1502, 300.24532), 282.23263 (CyH3p,
M+-Ac0H-H20-0H~C7H1502, 282,23475), 131.10794 (CyH;50,, M+-C23H3704,
131.10721), 123.11900 (CgH;s, M+—C21H3?06, 123.11738), 113.09858
(C7H130, M+?H20—C23H370A, 113.09664); low resolution mass spectrum (12
2V) nm/z (relative intensity) 369.3 (4), 360.3 (8), 300.3 (53), 282.2
(6), 131.1 (19), 123.2 (9), 113.2 (100), 99.2 (16), 95.2 (15).
Acetylation of compound 72: Compound 272 (12 mg) was allowed to
react with 3 mL of acetic anhydride-pyridine (1:3) at room temperature
for 24 h. The excess of reagents were evaporated in vacuo, and the re-
sultant oily residue was purified by HPLC using a silica gel column and
hexane-acetone (8:2) as eluent to yield 8 mg of pure 75: 300-MHz lp om
(CDCL3) (number of protons, multiplicity, J in Hz, assignment) § 0.69
(3, s, Me-18), 0.88 (3, 4, 7.5 Hz, Me-27), 0.91 (3, 4, 7.5 Hz, Me-26),
0.94 (3, d, 7 Hz, Me-21), 1.03 (3, s, Me-28), 1.14 (3, s, Me~19), 4.69
(1, ¢, 3 Bz, B-6), 5.14 (1, tt, 11, 5.4 Hz, B-3), 5.19 (1, br d, 11 BHz,
H-22); 75.4-MHz 13¢ r (CDCLy) & 12.24 (C-18, gq), 12.81 (C-21, q),
16.34 (C-19, q), 16.95 (C-270r C-26, q), 17.83 (C-26 or C-27, q), 21.01

(t), 21.47 (OAc, 1), 21.50 (OAc, gq), 21.75 (OAc, q), 22.86 (C-28, q),
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24.19 (t), 26.62 (r), 27.05 (t), 30.73 (d), 31.38 (t), 31.76 (t), 36.03
(t), 36.84 (t), 37.61 (d), 38.47 (C-10, s), 39.79 (tr), 40.07 (d), 43.06
(C-13, s), 45.0 (d), 52.76 (d), 55.39 (d), 70.57 (C-3, d), 73.56 (C-22,
d), 74.03 (C-5, s), 74.90 (C-24, s), 76.05 (C-6, d) 170.13 (s), 170.55
(s), 170,61 (s); low resolution mass spectrum (12 eV) m/z (relative
intensity) 549.5 [M*-CqHy, (3)], S514.4 [MY-AcOH-H,0, (9)], 489.3 [i*-
AcOH-C3Hy, (26)], 472.4 [M'-2 AcOH, (10)], 545.4 [MT-2 AcOB-H,0, (15)],
429.3 [M'-2 AcOH-C4Hy, (11)], 412.3 [M*-3 AcOH, (16)], 411.4 [M™-2 AcOH-
Hy0-Caliy (42)], 394.4 [M'-3 AcOH-H,0, (12), 276.3 [M'-3 AcOH-2H,0,
(23)], 369.3 (51), 368.3 (60), 351.4 (74), 326.3 (83), 308.3 (100),
253.3 (35), 211.2 (33), 155.1 (84), 124.2 (64), 113.1 (79).

Hydrolysis of compound J2: A 2.5 mg of 72 was heated with 15% KOR
in 95% ethanol (7 mL) uvnder reflux for 25 m¥in. The rszaction mixture was
cooled to room temperature, acidified, diluted with water and then ex-—
tracted with CHCL3. The organic layer was evaporated under nitrogen to
afford an oily residue. The oily residue was purified by HPLC with sil-
ica gel and hexane-acetone (6:4) to yield pure 73 (1.5 mg) as a white
powder. Compound Z3 has the following spectral data: 300-MHz g wm
(CDCL3) (number of protons, multiplicity, J in Hz, assignment) § 0.70
(3, s, Me-18), 0.88 (3, d, 7 Hz, Me-27), 0.96 (3, 4, 7 Hz, Me—-26), 0.99
(3, d, 7 Hz, Me-21), 1.08 (3, s, Me-28), 1.17 (3, s, Me-19), 3.52 (1, br
t, 3.5 Hz, H-6), 4.08 (1, m, H-3), 4,10 (1, br d, 11 Hz, H-22); 300-Miz
I er (Pyridine—ds) § 0.75 (3, s, Me-18), 1.02 (3, d, 7 Hz, Me-27),
1.21 (3, 4, 7 Hz, Me-26), 1.24 (3, d, 7 Hz, Me-21), 1.34 (3, s, Me-28),
1,67 (3, s, Me=19), 4.17 (1, q, 4.5 Hz, H-6), 4.46 (1, m, H-3), 4.88 (1,

m, H-22), 5.29 (1, s, 24-0H), 5.92 (1, s, 5-OH), 6.03 (1, 4, 4.5 Hz, 22-
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OH), 6.07 (1, d, 3 Hz, 3-OH), 6.16 (1, d, 4.5 Hz, 6-OH); 75.4-MHz 13¢
NMR (CDCL3 + 5% CD40D) § 11.65 (C-18, q), 12.07 (c-21, q), 16.34 (C-19,
q), 16.34 (C-27 or C-26, q), 18.33 (C-26 or C-27, q), 20.90 (t), 22.55
(C-28, q), 24.08 (t), 27.59 (t), 30.1i1 (d), 30.23 (t), 32.08 (t), 33.89
(t), 34.01 (d), 37,11 (t), 37.94 (C-10, s), 39.74 (t), 39.90 (t), 42.42
(d), 42.91 (C-13, s), 45.33 (d), 52.6 (d), 55.47 (d), 67.16 (C-3, 4),
68.81 (C-22, d), 75.37 (C-5, s), 75.65 (C-6, d), 75.67 (C-24, s); low
resolution mass spectrum (12 eV) m/z (relative intensity) 448.4 [M+-H20,
(0.7)], 405.3 [M+-H20-C3H7, (1)], 369.3 t-3 H,0-CqH7, (3)], 318.3
(50), 300.2 (49), 282.2 (9), 131.1 (21), 113,1 (100).

Oxidation of compound 72: A 2.5 mg of compound Z2 was dissolved in
0.5 mL of acetone and one drop of Jones reagent was added. The reaction
mixture was left for one hour and then diluted with CHCL3, filtered and
evaporated under a stream of nitrogen to give an oily residue which was
chromatographed by HPLC using a silica gel column and hexane-acetone
(7:3) as eluent to yield 1.5 mg of white solid Z4: IR (meat) 3400,
2950, 2870, 1727, 1712, 1455, 1435, 1375, 1250, 1214, 1095, 1015 cm‘l;
300-MHz 1H MR (CDCL3) (number of protons, miltiplicity, J in Hz, as-—
signment) § 0.71 (3, s, Me-18), 0.87 (3, d, 7.5 Hz, Me-27), 0.92 (3, d,
7.5 Hz, Me-26), 1.10 (3, d, 7 Hz, Me-21), 1.11 (3, s, Me-28), 1.31 (3,
s, Me-19), 2.02 (1, br 4, 15 Hz, 4a-H), 2.07 (3, s, OAc), 2.46 (1, dgq,
10,5, 7 Hz, 208-H), 2.51 (1, 4, 17 Bz, B-23), 2.64 (l, 4, 17 Hz, H-23'"),
2.90 (1, d, 15 Hz, 48-H), 4.64 (1, br t, 3 Hz, H-6); 75.4-MHz 3¢ NMR &
12.36 (q), 15.92 (q), 16.2 (q), 16.8 (q), 17.72 (q), 21.1 (q), 21.39
(t), 22.82 {(q), 24.4 (), 27.45 (&), 30.57 (d), 31.35 (t), 33.64 (4),

37.26 (t), 37.74 (d), 38.94 (s), 39.60 (t), 42.97 (s), 45.35 (d), 48.0
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(t), 49.0 (t), 50.87 (t), 51.90 (d), 54.92 (d), 73.86 (s), 75.79 (d),
75.79 (s), 169.80 (s), 210.30 (s), 210.35 (s); low resolution mass spec-—
trum (12 eV) m/z (relative intensity) 486.4 [M+-H20, (8)], 461.5 [M™-
H,0-C4H,, (10)], 403.2 (32), 358.2 (10), 357.2 (13), 315.3 (25), 298.2
(18), 297.2 (79), 227.1 (20), 211.2 (18), 206.9 (51), 191.2 (29), 167.0
(72), 149.0 (42), 129.0 (13), 125.1 (63), 111.1 (100), 96.1 (57).

Oxidation of Z3: Compound Z3 (1.5 mg) was dissolved in 0.2 mL of
acetone and treated with 0.05 mL of Jones reagent and the reaction mix-
ture was left at room temperature for one hour. The reaction mixture
was diluted with CHCLg, filtered and evaporated to give an oil which was
purified by HPLC using a silica gel column and hexane-acetone (7:3) as
eluent to give 0.8 mg of white solid 7§: 300-MHz ly R (CDCL3) (number
of protens, =multiplicity, J in Hz, assigament) ¢ 0.598 (3, 5, Me-18),
0.87 (3, d, 7 Hz, Me-27), 0.92 (3, d, 7 Hz, Me=-26), 1.00 (3, s, Me-28),
1.10 (3, 4, 7 Hz, M-—Zlﬁ, 1.12 (3, s, Me-19), 2.18 (1, dd, 13, 4 Hz, 78-
H), 2.28 (1, dd, 16, 2 Hz, 4a-H), 2.47 (1, m, H~-20), 2.50 (1, d, 16.5
Hz, H-23), 2.66 (1, d, 16.5 Hz, H-23'), 2.73 (1, t, 13 Hz, 7a-H), 2.92
(1, d, 16 Hz, 4B-H); low resolution mass spectrum (12 eV) m/z (relative
intensity) 442.4 [M+-HZO, (71, 424.3 [M+—2H20, (3)1, 417.3 (15), 399.3
(8), 374.3 (10), 359.3 (32), 356.3 (20), 331.2 (63), 313.3 (100), 285.2

(43), 276.2 (50), 129.1 (9), 111.1 (82), 86.1 (4l1).
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COAPTER TwO
Introduction

The nudibranch, Tridachia erispata,l is a marine mollusc in the
family of Elysiidae. It is a common species found in shallow water (6 m
in depth) and occurs on reef and algal covered areas. It has been
observed on dead parts of the coral Acropora cervicornis, Tridachia
erispata lacks the shield of an external s.hell and its dorsal surface,
which reaches 10 cm in lengtn, has a group of ruffled ridges on its
back. The cells of the dorsal surface contain chloroplasts, acquired
from food eaten by the nudibranch, which produce secondarv metabolites
by photosynthetic processes using dissolved inorganic carbonate. Tri-
dachia crispata which possesses functional chloroplasts obtained from
siphonous marine algae.5

The chemistry of opisthobranch molluscs has turned out to be very
int:ererst:l.ng.2 The absence of shell protection for opisthobranchs has
led these marine molluscs to use other types of defense, such as toxic
or noxious chemicals which are acquired from their diet.3’l‘

Faulkner et al. have investigated the chemistry of two marine mol-
luscs, Tridachiella diomedea® and Tridachia crispata,’>® obtained from
the Gulf of California, and the Caribbean, respectively. Figure 1
exhibits the structures of 4 metabolites which they have isolated from

Tridachiella diomedea and Tridachia erispata.
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We have investigated Tridachia crispata, collected from Jamaica,
Discovery Bay, and this work has resulted in the isolation of the known
metabolites crispatone (3) and crispatene (4), and nine more new

compounds (see Figure 2).

Results and Discussion

The nudibranch, T'ridachia crispata, used in this work was collected
from Jamaica, Discovery Bay, in June 1979, in shallow water (~ 1-2 m in
depth). Eighty animals were shipped frozen to Oklahoma. The specimens
were allowed to thaw for 24 h, and soaked in acetone (4000 mL) for ome
day. The acetone solution was concentrated and the concentrate diluted
with H,0 and extracted with ether (2 X 3000 mL). The ether-soluble
portion of the acetone extracts was chromatographed extensively accord-
ing to Scheme 1 to yield 11 compounds which are described individually
below.

Figure 2 shows all the compounds which were isolated in this work.
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Figure 1.

OMe

tridachione

I

Tridachiella diomedeaé

2. 9,10-deoxytridachione
cchiiella dicmelea

Flzecoraienus ceellatus

3. crispatone

Tridachia crispata7’8

L. crispatene

Tridachia crispata7’8
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Figure 2
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Identification of Crispatone (3):
The ether-soluble fraction of acetone extracts of homogenized

was chromatographed over silica gel tc give 24 frac-
tions. The twenty-second of these fractions was rechromatographed on a
short column of silica gel to obtain 5 fractions. The most polar frac-
tion (fraction 5, 20 mg) was subjected to HPLC with a silica gel column
and hexane-acetone (65:35) as eluent to afford 5 fractions. The second
of these fractions was further purified by reversed-phase HPLC to obtain
12 mg of pure crispatone (3) as a colorless oil. The molecular forﬁula
C25H3405 was deduced from the analysis of the high-resolution mass
spectral data of 3. The 3¢ er spectra (Figure 3) indicated the
presence of 25 carbons including 9 methyls, one methylene, 5 methines,

— 1

and 10 quaternary carbons. The “H MMR spectrum (

Tigure 4) displayed
signals for 6 methyl singlets, two methyl doublets, and a methyl trip-—
let. This isolate was identified as crispatone (3), isolated by Ireland
and Faulkner8 from , when it was found that the 1H MR

and 3¢ ar data of the isolate and crispatone were identical.

Identification of Crispatene (§):

Fraction C3 (15 mg) of Scheme 1 was chromatographed by HPLC using a
reverse-phase 018 column and MeOH—H20 (8:2) as eluent to yield 10 frac-
tions. The tenth of these fractions contained 6.2 mg of pure crispatene
(4) as a colorless oil. The molecular formula 025H3404 was obtained for
4 from the following spectral data: (a) the low-resolution mass spec-—
trum displayed the molecular ion at m/z 398; (b) the IH MMR spectrum

showed signals which accounted for 34 non-exchangeable protons; (c) IR
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Table 1. 'H NMR Data of Tridachione (1), 9,T-Deoxytridachione (2), 7% and 82

n#

H-7
H-9
H-10
H-11
H-13
H=-14
H-15
H-16
Ma-17
Me-18
Me-19
Me-~-20
Me-21
Me-22
Me-23
He-24
OMe

]

N
.
o
-
o

N
-
(=}
o
B Jcr = ~Jct

3.93 &

“Spectrgs were recorded in CDCl

aSpectra were recorded in CDC1

3

3

2

5.56 8
5.65 o

2,71 8
5.09 ¢
7

3.95 0

at 220

Mz

8

t.41 br 8 1.83 br s
5.45 br s
3.52 br s
2.80 q

7
1.15 &

ki
1.84 8
1.98 8
1.19 8
1.28 8 1.25 8
1.58 br a 1.05 d

71 -
5.72 8 5.92 8
6.21 8 22 8
8

3.96 8 3.96 s

with TMS as internal standard.

at 300 MHz with TMS as internal standard,

assignments were made by spin decoupling and NOE experiments and by analogy

to compounds 3 and 4. All values are given in & units,

9¢¢



Table 1a,
Hif 3
H-7 1.89 br s
-9
H-10  2.37 q

7.2
H-11 2,40 br 8
H-13 5.37 br d

8
H-14  3.45 dq

8, 7
H-15
H-16 2,47 o
Mo-17 1.05 t
He-18 1.83 s
He-19 1.95 &
Ho-20 1,20 8
Me-21 1,2, 8
He-22 1,05 ¢

7.2
Mu-23 1.83 br @
He-24 1.17 d

7
Ole 3.95 8

were established by 1H decoupling,

{ NMR

Data of crispatone

4 5 6
141 br o 6,60 br a 6,63
5¢39 br 8
2.80 br a
5.26 br d 4496 br d 4499

8 8
3.45 dq 3.39 dq 3.37
8, 7 8, 7
2,47 n 2,32 n 2.41
1.04 ¢ 0.99 t 1.01
7 7
1.84 a 1.85 a 1.84
1,95 8 1.85 8 1.84
1.11 8 1,63 8 1.66
1.20 6 1.94 br a 1.95
1.61 br a 1.72 8 1.72
1,58 br o 1.70 br 8 1.67
1,16 d t.17 d 1.08
7 7
3.94 8 3.96 8 3.93

br

br
8
dq
8

B Qe B

©

br
8
br

d
7
[

1II

and by analogy to the reported value58

units.

o 5.64 br s

5.69 br o

2,78 br 8
d 4,97 br d
3.16 dq

2,34 n
0.98 t
1.80 8
2,08 o
143 0

8 1.79 br @
1.69 br a

8 1446 br s
0,75 d

3,97 u

difference

1=
no

5.61 br 8
5,71 br 8

2,80 br s
5.07 br d

9
3.20

2,11 m
0.88 ¢
1
1.81 8
2,10 8
tdh 8
1.80 br s

1.75 br e
1.44 br a

1.05 4d
7

3.98 8

=
-

5.50 br a8
3.0 br e

3,40 br =

5.41 br d
9.2
3.50 m

Qe+ @

2.02 8
1.17 8
1.95 br 8

1.32 8
1.58 br 8

1,20 d
7

3.98 8

=
N

5.47
3.16

2,99
hoh2
2.78

3

3), Crispatene (4), and Tridachiapyrones

«0

dq

© e

q&intet
7

br

© 3ttt O

-

N

-
1w

5.16
3.22

5.64
5419
3,42

decoupling, and NOEDS experiments

br s
br 8

éSpectra were recorded at 300 MHz in CI)C].3 with TMS as internal standard, assignments

for 1, 2, 3, and 4. All values are given iné

JA%4



Table 2. '2C NMR Datd’ of Tridachione (1)°and 9,10-Deoxytridachione (2)°
o 1 2
1 161,0 s 161.7 s
2 97.8 s 98,8 s
3 181.8 s 181.8 s
4 118.4 s 120.0 s
5 160.,1 s 161.1 s
6 55.3 s 59.6 s
7 129,02 d 124.37 d
8 132,50 s 134,95
9 54.7 d 122,47 a
10 60.5 s 132,21 5
11 46,7 4 47,6 d
12 128.5° 131.0M &
13 131,62 d 127.8" d 15
11 31.2 t 26,9 t 1
15 e} €] =
16 6.1 q 6.8 q
17 11.6 q 12.2 q
18 c e
19 c ¢!
20 c e
21 c e

“130 NMR spectra were recorded at 20 Mllz and assignments were made by using JT values.
ab,t s tt
following signals, ¢ 21.8 (q), 21.5 (q), 20.2 (q), 12.9 (q), 12.0 (q). ®Assignments

were not made for the following signals, 6 22,3, 21.5, 13.8, 13.7. All spectra were obtain-

in CDCl3.

These assignments may be interchanged, ¢ Assignments were not made for the

8€C



Table 26_130 NMR Data of Crispatone (3), Crispatene (4), 5, 6, and

CH 3 4 2 6

1 162.20 s 162.17 s 161.85 5 161.94 s
2 99.84 s 99.45 s 99.925 s 100.02 s
3 181,06 s 181.46 s 180.27 = 180.54 s
4 120.94 s 126.34 s 121.94 © 122.16 s
5 157442 s 159.95 s 158.05 ¢ 158,05 s
6 L2.45 s 40,68 s 48,13 3 48,62 s

7 37.63 a 36.76 d 146.21 4 146.78 d
] 31.92 s 31,88 s 132,192 5 132,208 s
9 215.51 s 129.29 4d 186,05 5 186,03 s
10 49.14 a 143.25 s 133.35% s 133,282 g
11 51.32 d 58.16 d 156,33 = 156.13 s
12 137.04 s 137.67 s 13427 ¢ 133.718 g
13 126.88 d 126446 d 130,19 4 130,58 d
14 46,02 d 46,07 d 46,10 a 46,46 4
15 211,95 s 212.28 s 210.91 s 210,26 s
16 33.81 t 33.65 t 33.75 ¢ 34458 t
17 c e iy g

18 6.82 q 6.76 q 6.97 q 7.03 q

19 10.87 q 12.92 q 12.68 ¢ 12,70 q
20 c e f g

21 c <] f g

22 c e £ g

23 c e f g

24 c e £ g
OMe 55.36 g 55.08 ¢ 55445 q 55.94 q

“Spectra were recorded at 75.4 MHz in CDCl

2
9

161,90 s
96.95 s
181.10 s
119.79 s
161.20 s
59051 S
124419 d
137.71 S
122.94 d
134410 s
45.52 d
136.08 s
128,70 d
59.67 d
212.21 s
34.29 t

h
6.72 q
12.24 q
h

6€C

h
h
h
h

55.38 q

multiplicities were established by DEPT

experiments, assipnments were made by analér\ to the reported values for 3 and 4,
TS was used as internal standard, and the va1ucu are given in § units.2 Assignment
may be interchanged. © These 31gna1u, 16.680q), 16.0(q), 14.0(q), 11.4(q), 10,87(q),

and 7.9(q), were not assigned . ®These signalc, 16.59(q), 13. 6(q), 13 35( 12,9

(q), 10. 7( )y and 7.9(q) were not assigned . frhese 31gnals, 24.2(q), 15.8 qs 1647

(q), 17.6 (q), ), and 7.6{(q), were not assipned. & Thege signals, 24. 5(q), 15.9

(q), 16.5(q), 17 5 qS 9. 2(q) 7.8(q), were noL ‘assigned., " These signals, 22.28(q),
6(q), 1?.1(q), 14, 2(q) 27.0(q), 8.0(q), were not assigned.
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absorptions were observed at 1715 and 1660 cm_1 (carbonyls); (d) the 13C
NMR data indicated the presence of 25 carbons including two carbonyl
carbons, [212.28 ppm (C-15, s); 18l.46 (C-3, s)], and one sp2 carbon
deshielded by two oxygen substituents, [162.17 ppm (C-1l, s)]. The 1y
NMR spectrum (Figure 5) exhibited 7 methyl singlets, one methyl doublet,
and one methyl triplet (see Table 1). The 13C NMR spectra (Figure 6)

3 3

contained signals for 9 methyls, one sp methines and 2

sp2 methines, and 8 quaternary carbons in addition to the two carbonyl

methylene, 3 sp

carbons. The spectral properties of compound 4 (see Tables la, 2a and
experimental) are identical to those of crispatene isolated earlier by

8

Faulkner® and Ireland. Therefore, this metabolite was identified as

crispatene.

StructureelucidationoiTridachiapyrone=3(S)ardIsotridachiapyrone-3

(&:

Fraction C6 of Scheme 1 was chromatographed by HPLC with a reverse-—
phase C18 colum and MeOH—H20 (75:25) as eluent to yield 7 fractioms.
The third of these fractions was resolved by HPLC using a reverse-phase
C18 column and Me-OH—H20 (42:58) as a mobile phase to give two pure com-
pounds, 3 (1.5 mg) and § (1.8 mg), as colorless oils. A molecular for-
mula C,cHy,05 for 3 was derived from the following considerations: (a)
the low resolution mass spectrum of 3 showed a molecular ion at m/z 412;
(b) the 13¢ NMR spectra of )5 indicated the presence of 25 carbons in-
cluding 3 carbonyl carbons, (180,27 oom, C-3), (186,05, C-9), and

(210.9, C-15); (c) the Iy NMR spectrum of 3 (Figure 7) contained signals

*assignment was made by analogy to crispatone (3) (see Table 2).
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for 32 non-exchangeable protons including a methyl signal deshielded by
a single oxygen, (3.96 ppm, OMe); (d) the IR spectrum of 3 displayed two
carbonyl bands at 1710 and 1650 cm'l, and two bands at 1660 and 1590%

cm_1 due to a Y-pyrone. The 13¢ NMR spectra of 3 revealed the existence

3 3 2

of 9 methyls, one sp~ methylene, one sp methines, and

methine and 2 sp
9 quaternary carbons, in addition to the three carbonyl carbons, The
NMR data (C-1 to C-5) (see Table 2a) and 1y om signals at 1.85 ppm (s,
6H) and 3.96 (s, 3H) together with the IR bands at 1660 and 1590 en”!
and UV band at 248 nm suggested the existence of the a-methoxy-8,B'-

dimethyl-Y-pyrone ring system (partial structure A).

| l 5 A
MeO” T 0)\/

The 1H NMR spectrum of 35 showed a down-field proton signal at 6.60 ppm
(H-7) which was coupled (J = 1.5 Hz) to the methyl signal at 1.94 ppm
(Me~21). The chemical shift of H-7 suggested that it could be at B po-
sition of an @¢,B-unsaturated carbonyl system (partial structure B). The

side chain structural feature in 5 was established by g decoupling

*assignment was made by analogy to compound 3.
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experiments, Irradiation of the multiplet at 2,32 (H-16) collapsed the
methyl triplet at 0.99 ppm (Me—-17) and also sharpened the g signal at
3.39 ppn (H-14) (long-range “W"-type coupling). Considerations of the
chemical shift of H-16 together with the mutual coupling between H-16
and Me-17 suggested a terminal ethyl ketone group. The olefinic proton
signal at 4,96 ppm (H-13) was coupled (J = l.4 Hz) to the vinylic methyl
signal at 1.70 ppm (Me-24) and also to the methine protom signal at 3.39
ppm (H-14) which was in turn coupled (J = 7 Hz) to the methyl doublet
signal at 1.17 ppm (Me-23). Therefore, a 1,3-dimethyl—l-hexenyl—4-one

partial structure C was formulated.

0 0 0

The carbonyl band at 1650 cm™ ! in the IR spectrum and the 13: nr
signal at 186.05 ppm (C-9, s) suggested a cross conjugated ketome as im
partial structure D. The methyl signal at 1.72 ppm (Me~22) was linked
to C-10 on the basis of its chemical shift and by applying biogenetic
rules. The lack of any coupling between the Me-20 signal (1.63 ppm) and
any other Iy signals suggested that Me-20 could be connected to a qua-
ternarv carbon (C-6). Further evidence for placing a methyl group (Me-
20) at C-6 was the observation of an Overhauser enhancement between Me-
20 and H-7. Moreover, biogenetic rules supported this assignment. The

side chain partial structure C was connected to C-11, because of the
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observation of an NOE effect between B-13 and Me-20 and also biogenetic
reasons. The observed UV band at 248 nm (e = 11900) was assigned to the
Y-pyrone ring and to the cross-conjugated o,B-unsaturated carbonyl sys-—
tem C-7 to C-11, This suggested that the double bond at C-12,13 was not
conjugated with the «,B-unsaturated carbonyl system (C-9,10,11) since
such an extended conjugated system would be expected to absorb at longer
wave lengths. This conclusion was supported by the observation of an NOE
effect between H-13 and Me-20.

The relative stereochemistries at C-6 and C-14 were not determined.

Compound § had the same molecular formula as 3. The IR spectrum of
6 was also identical to that of 3. The Iy ar spectrum of § (see Figure

8 and Table la) was almost identical to that of 3 but for the two sig-

(]

nals appearing at 2.41 oppm (H-16) and 1.08 (M=2-23), urthermore, the
3¢ wmr spectra of f (see Table 2a) and 3 are virtually identical. This
led to the conclusion that § is an epimer of 5 in regard to the config-
uration at C-14,

The geometry of the double bond at C-12,13 was assigned as E on the
basis of the Overhauser enhancement observed between Me-23 and H-14 and

the absence of any NOE between Me-23 and H-13. Irradiation of the Me-21

caused H-7 to enhance which further confirmed the assignment of Me-21,

Structure elucidation of Tridachiapyrone-E (Z):
Fraction Bl7 of Scheme 1 was chromatographed by reverse phase HPLC
to yield 14 fractions. The fourteenth of these fractions contained tri-
dachiapyrone-E (7), 0.8 mg as a colorless oil. The molecular formula

CyoHyg0, of 7 was derived from the following spectral data: (a) the low
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resolution mass spectrum exhibited a molecular ion at m/z 356; (b) the
ly spectrum (Figure 9) showed signals for 28 non-exchangeable pro-
tons including one for a methyl deshielded by a single oxygen, (3.96
ppm, OMe); (c) the IR spectrum showed bands at 1690 c:m_1 (C0), 1660, and
1585 cm™! (Y-pyrone). The IR band at 1690 cm™! together with the UV
absorption at 225 nm suggested a conjugated carbonyl group. The 1y em
signals at 1.84 ppm (Me-16, s), 1.98 (Me-17, s), and 3.96 (OMe, s) sug-
gested the existence of the a-methoxy-B8,8 '-dimethyl-Y-pyrone ring sys-
tem. Two other methyl singlet signals at 1.19 (Me-19) and 1.21 ppm (Me-
18) and the methine proton signal at 1.41 ppm (H~7) were assigned to a
cyclopropyl ring by analogy to crispatene (4) (see Table 1). Comparison
of the 'H MMR data of Z with the data of the known crispateme (4) (see
Tables 1 and la), led to the conclusion that 7 possessad the samz2 bi-
cyclic ring system and the a-methoxy-B,8 '-dimethyl-~y-pyrone ring system
as in crispatene (4) and that Z and 4 differ only in the structure of
the side chain at C-11. The structure of the side chain in 7 was con-
firmed by Iy decoupling experiments. Irradiation of the doubly allylic
methine proton signal at 3.52 ppm sharpened the terminal methylene pro-
ton signals at 5.72 (H-21', s) and 6.21 (H-21, s) and also sharpened the
methyl signal at 1.58 ppm (Me-20, s). A mutual coupling (J < 1 Hz) was
found between H-21 and H-21' signals which confirmed that H-21 and H-
21'; were part of an exocyclic terminal methylene group. The chemical
shifts of H-21 and H-21' required that the terminal methylene group must
be the terminus of anm «,B-unsaturated carbonyl system. The methyl
triplet signal at 1.15 ppm and the quartet signal at 2,80 were assigned

to a terminal ethyl ketone moiety. The lack of coupling between H-7 and



Me-17

He-16 Me-19
Me-20
Me-18
[
£~
~
H=-21 H-21 Me <15
2H-14
|
{ H-7
H-11
- Tt e L ,]il i
T 1 l — T | T T T T
6.0 545 5.0 Leb 4.0 3.5 3.0 2.5 2.0 1.5 PPM
Figure 9. 300 MHz proton NMR spectrum of 7 in €DC1



248

H-11 protons was attributed to the dihedral angle of near 90° between H-
11 and H-7 as found in crispatene (4). This provided evidence that the
stereochemistry about the bicyclic ring system is the same as for cris-
patene (4). A small W-coupling (J < 1 Hz) was found between H-7 and Me-—
18 which supported the assigned trans orientation between H-7 and Me-

18. Therefore, the structure of 7 is completely elucidated.

Structure elucidation of Tridachiapyrone-F (§):

Fraction A22 of Scheme 1 was chromatographed on a short columm of
silica gel to give 5 fractions, The most polar fraction (fraction 5)
was subjected to HPLC with silica gel to affort 5 fractions. The third
of these fractions was purified by HPLC using a silica gel column and
hexane—acetone (65:35) as eluent to produce 1,2 mg of tridachiapyrone-F
(8) as a white powder. The molecular formula CyoHyg0g of 3 was obtained
from the following spectral datra: {a) the lcw resoluticn mass spectrum
exhibited the molecular ion at m/z 372; (b) the 1H NMR spectrum (Figure
10) displayed signals that accounted for 28 non-exchangeable protons
including that for a methyl group deshielded by a single oxygen, (3.96

ppm, OMe); (c) the IR spectrum showed a carbonyl band at 1725 cm"l, an

a,B-unsaturated carbonyl band at 1690 en”!

, and two bands typical for a
Y-pyrone at 1665 and 1595 cn”L. Comparison of the 1y MR data of 8 with
that of 3 (see Tables 1 and la) showed close similarities which led to
the conclusion that compound § contained the a-methoxy-8,8'-dimethyl-y-

pyrone ring system which was connected to a bicyclic ring system as in

crispatone (3). Compounds § and 3 differed in the structure of the side
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chain at C-11 and in the configuration at C-10. The side chain struc-
ture in 8 was established by g decoupling experiments and by the

presence of the IR band at 1690 cm™}

which confirmed the a,B-unsaturated
carbonyl group (C-13). Moreover, the UV band at 225 nm supported this
assignment. The same side chain structure was assigned to § as was
confirmed for J. The i chemical shifts associated with the side chain
for the two compounds were almost identical (see Table 1). The allylic
methine proton signal at 2.80 ppm (H-11) was coupled (J = 8.2 Hz) to the
methine proton signal at 2,50 ppm (H-10) which was in turn coupled (J =
7.1 Hz) to the methyl doublet signal at 1.05 ppm (Me-20). The 8.2 Hz
coupling between H-10 and H~l1 suggested that these protons are cis.
The absence of any coupling between H-7 and H-11 protons suggested a di-
hedral angle near 90° between these protons as found in crispatone (3).
The stereochemistry about the bicyclic ring system (C-6, C-7, and C-8)
1s assumed to be the same as in crispatone (3) because of the similar-
ities in the lH MMR chemical shifts of H-7, Me-18, and Me-19 in § and in

crispatone (3) (see Table 1).

Structure elucidation of Tridachiapyrone-A (§):

Silica gel chromatography by HPLC of the combined fractions of B5
and B6 (see Scheme 1) yielded two fractions., The second of these frac-
tions was purified again by HPLC using a reverse-phase Cis column and
MeOH-H,0 (73:27) as a mobile phase to yield a pure tridachiapyrone-A
(9), 1.5 mg, as a colorless oil., The molecular formula C25H3404 was
deduced from the following spectral data: (a) the low resolution mass

spectrum exhibited a molecular ion at m/z 398; (b) the y am spectrum
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(see Figure 11) displayed signals for 34 non-exchangeable protons; (c)
the 130 NMR spectra indicated the presence of 25 carboms including two
carbonyl carbons, [18l.1 ppm (C-3, s); 212.0 (C-15, s)], and one other
sp2 carbon deshielded by two oxygen substituents, [161.9 ppm (C-1, s)]*.

The 13C NMR spectra revealed the existence of 9 methyls, ome sp3

3 2

methyl-
ene, 2 sp” methines and 3 sp“ methines, and 8 quaternary carbons in
addition to the two carbonyl carbons. The molecular formula of 2 cor-
relates to the molecular formula of the known 9,10-deoxytridachione (2)
plus an extra "proplonate” unit., The IR data of 9 indicated the pres—
ence of one CO band at 1715 cm™! together with the y-pyrone bands at
1660 and 1585 cm—l*. Comparison of the 1H and 13C NMR data (see Tables
1, 1la, 24and 2a) of 9 with that of 9,10-deoxytridachione (2) suggested
that both possessed the sama carbon framework except that 3 contained an
additional propionate moiety which was connected to the side chain to
form a 1,3-dimethyl-4-oxo-l-hexenyl moiety. The presence of the latter
side chain structural feature in 9 was confirmed by ly decoupling expe-
riments. Irradiation of the multiplet at 2,34 ppm (H, H-16) collapsed
the triplet at 0.98 (Me-17) to a singlet. This suggested that these
protons (H-16) and (Me—17) could be assigned to a terminal ethyl ketone
moiety. Furthermore, a small W-coupling (J < 1 Hz) was observed between
(H~14) and (H-16). Thus, the C-14, C-15, and C-16 connections were con-
firmed. In the lH NMR spectrum (Figure 11) of 9, the methyl doublet

signal at 0.98 ppm (Me-23) was coupled (J = 6.8 Hz) to the methine pro-

ton signal at 3.16 ppm (H-14), which was in turn coupled (J = 9.5 Hz) to

*assignment was made by analogy to crispatone (3).
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the vinylic proton signal at 4.96 ppm (H-13). The 13¢ MR data (C-1 to
C-5) (see Table 2a) and the !H NMMR signals at 1.80 ppm (s, 3H), 2.08 (s,
3H), and 3.97 (s, 3H) together with the IR bands at 1660 and 1590 en™1
suggested the presence of the a-methoxy-8,8'-dimethyl-Y-pyrone ring
system*,

The cyclohexadiene ring structural feature in 9 was established by
1H decoupling experiments. Irradiation of the doubly allylic methine
proton signal at 2.78 ppm (H~11) sharpened the vinylic proton signal at
5.69 (H-9) which was in turn coupled (J = 1.5 Hz) to the vinyl methyl
signal at 1.69 ppm (Me-22). Moreover, a small W-coupling (J = 1 Hz) was
observed between H-11 and Me-22, The vinylic proton signal at 5.64 ppm
(H-7) was coupled (J = 1.5 Hz) to the vinylic methyl signal at 1.79 ppm
(M=2-21). <Consequently, two double bonds ware astablished. The UV band
at 253 am (¢ = 12000) suggested a conjugated diene system for these two

double bonds (see partial structure A).

Further evidence for this partial structure, is the similarity of the
observed 1H NMR chemical shifts of H-7, H-9, H-11 in 9 and 2 and Me-21
vs Me-19 and Me-22 vs Me-20 in 9 vs 2 (see Tables 1 and la). The methyl
singlet signal at 1.42 ppm (Me-20) was assigned to a quaternary carbon
(C-6) and C~6 was linked to C-11 by analogy with the triachione struc-

ture. Similarly, C-5 at the pyrone ring was bonded to C-6. NOE
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Figure 11. 300 MHz proton NMR spectrum of 9 in mm13.
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experiments supported this assignement: irradiation of Me-20 enhanced
both H-7 and H-11, This also provides evidence for the cis configura-
tion between Me-20 and H-11. Furthermore, 13C data confirmed the
proposed structure for 2 (see Table 2a).

The E geometry of the double bond at C-12,13 was assigned because
irradiation of Me-23 signal caused an Overhauser enhancement of the H-14
signal and no enhancement was observed between Me-23 and H-13. The con-
figuration at C-1l1 was assumed to be the same as the one observed for 2
on the basis of the similarities of the 'H MMR chemical shifts for H-11
in 9 and 2 (see Tables 1 and 1la). The configuration at C-14 was not

determined.,

Structure elucidaticn of Isciridachiapyrone-A {1Q):

Silica gel chromatography using HPLC of the combined fractions B5
and B6 of Scheme 1 produced two fractions. The first fraction was puri-
fied by reverse-phase HPLC to yield pure isotridachiapyrone-A (1Q), 1.1
mg, as a colorless o0il. The molecular formula 025}13404 was obtained
from the following considerations: (a) the low resolution mass spectrum
showed the molecular ion at m/z 398; (b) the 1H MMR spectrum (Figure 12)
displayed signals that accounted for 34 non—exchangeable protons includ-
ing a methyl singlet signal deshielded by a single oxygen, [3.98 ppm
(OMe)]}; (¢) the IR spectrum showed bands at 1715 en”! (CO), 1660, and
1585 cm™! (Y-pyrone group)*, Comparison of the i er spectrum of 10
with that of 9 (see Table l1la) showed close resemblance except for some

minor differences associated with the side chain. Moreover, i mr

*assignment was made by analogy to other compounds in this series.
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decoupling experiments established the g connectivities in the side
chain structure and confirmed the assignment of the y signals due to
the cyclcohexadiene ring system. This led to the conclusion that 9 and
10 are epimeric in respect to their configuration at C-14,.

The E. geometry of the double band at C-12,13 was established by
the observation of an NOE effect between Me-24 and H-14 and the lack of
any NOE between Me-24 and H-13. The configuration at C-14 was not

determined.

Structure elucidation of Tridachiapyrone-C (ll):

Fraction C6 of Scheme 1 was chromatographed by HPLC using a
reverse-phase Cig column and MeOH-H,0 (75:25) as eluent to yield 7
fractions. The fifth of these fractions contained 1,5 mg of tridachia-
pyrone-C {l1) as 2z colorless oil, The molecular formula Cys5tiz 05 was
obtained from tne foilowing spectral data: (a) the low resolution mass
spectrum showed a molecular ion at m/z 4l4; (b) the y nw spectrum
(Figure 13) exhibited signals for 34 non-exchangeable protons including
an epoxide proton signal, (3.0 ppm, H-9),* and a methyl signal de-
shielded by a single oxygen, (3.98 ppm, OMe)*; (c) the IR data showed
absorptions at 1715 em™! (C0), and 1655, 1585 en™! (Y-pyrone)*., The ly
NMR signals at 1.85 ppm (Me-18, s), 2.02 (Me-19, s), and 3.98 (OMe, s)
together with the IR bands at 1655 and 1585 el and the WV absorption
at 254 nm suggested the presence of Y-pyrone ring system (partial

Structure A).
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The side chain structural feature in ]l was established by g
decoupling experiments, Irradiation of the multiplet signal at 2,46 ppm
(E-16) cnanged the wmethyl triplet signal at 1.05 ppm (Me-17) into a
singlet and also sharpened H-14 signal at 3.50 ppm. The mutual coupling
between H—ié and Me-17 signals and the chemical shift of H-16 suggested
a terminal ethyl ketone moiety in Jl. Irradiation of the olefinic
proton signal at 5.41 ppm (H~13) collapsed the multiplet signal at 3.50
ppm (H-14) into a quartet and removed small allylic couplings (J = 1 Hz)
from H-11 and Me-23 signals., The H-14 signal was also coupled (J = 7
Hz) to the methyl doublet signal at 1.20 ppm (Me-24). Thus, the 1,3-

dimethyl-4—oxo-l-hexenyl partial structure B was built.

17 24 23
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The allylic methine proton signal at 3.40 ppm (H-1l) was found to
be coupled (J = 1 Hz) to the epoxide proton signal at 3.0 ppm (H-9) (W-
coupling) and also coupled (J = 1 Hz) to the olefinic proton signals at
5.41 ppm (H-13) and 5.50 (H-7). The epoxide proton resonating at 3.0
ppe (B-9) was found to couple (J = 1 Hz): (a) to the olefinic proton
appearing at 5.50 ppm (H-7) (allylic coupling), to the vinylic methyl at
1.95 ppm (Me-21), and to the allylic proton at 3.40 ppm (H-11) (W-cou-
pling). Irradiation of the vinylic methyl signal at 1.95 ppm (Me-21)
confirmed the presence of a long-range coupling between H-9 and Me-21
signal and removed a small allylic coupling from H-7 signal. The methyl
singlet signal at 1.32 ppm (Me-22) was connected to C-10 on the basis of
the observation of an NOE efifect between Me—-22 and both H-9 and H-li.

Therefore, partial structure B was extended into partial structure C,

The methyl group causing the singlet signal at 1.17 ppmn (Me-20) was
placed on a quaternary carbon (C-6) because of the absence of any coupl-
ing between the Me-20 signal and any other 1y signal, and also for bio-
genetic reasons. C-11 was linked to C-6 and C-6 to C~7 on the basis of

a long-range coupling observed between H-11 and H-7. Furthermore, the

*assignment was made by analogy to tridachione (l).
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observation of an NOE effect between Me~20 and H-7 supported the C-6 and
C-7 connection., €-5 of partial structure A was connected to C-6 by ap-
plying biogenetic rules.

Neither the stereochemistry of the epoxide group at C-9,10, nor the
configuration at C-6 was determined. However, the lack of an NOE effect
between Me-20 and H-11 and the downfield shift which is observed for H-
11 in 11 compared to that of tridachione (1) (see Tables 1 and la)
suggested that Me-20 and H-11 are trans to each other, unlike the ob-
served configuration for tridachiome (l). The geometry of the double
bond at C-12,13 was established as E on the basis of the observation of
an NOE effect between Me-23 and H-14 and the absence of any NOE between
Me-23 and H-13. The configuration at C-14 in 11 was assumed to be the
same as in crispatena (&) on the basis of the similarities of the lH MR

chemical shifts observed for the side chain in ]} and 4 (see Table la).

Structure elucidation of Tridachiapyrone-D {12):

Fraction C6 of Scheme 1 was chromatographed by HPLC using a
reverse-phase c18 column and MeOH—H20 (75:25) to give 7 fractions.
Evaporation of the seventh fraction left 0.7 mg of pure tridachiapyrone-
D (12) as a colorless oil. The molecular formula CysHy 0 for 12 was
established by the analysis of its high resolution mass spectrum (obs,
430.2421; requires 430.2355). The IR spectrum of 12 showed a broad band
(OH) at 3450 cm_l, a carbonyl band at 1712, and two bands for a y-pyrone
at 1660 and 1585 cm™'. The H MR spectrum (Figure 14) exhibited sig-
nals for 33 non-exchangeable protons and one exchangeable proton (OH).

Comparison of the Iy MR data of 12 with those of 11 led to the



261

conclusion that 12 and ]l had the same carbon skeleton, but that 12 had
an additional hydroxyl group at C-13 and had a terminal methylene group
joined to C-12 instead of a vinyl methyl (Me-23) at C-12. The side
chain moiety in }2 was established by ly decoupling and Iy difference
decoupling (DDS) experiments, Irradiation of the multiplet at 2.48 ppm
(H~-16) collapsed the triplet at 1.03 ppm (Me—17) into a singlet. Fur-
thermore, a small W-coupling (J < 1 Hz) was found between H-14 and H-16.
Considerations of the chemical shift of H-16 together with the mutual
coupling between H-16 and Me-17 led to the suggestion that Me—~17 and H-
16 were in a terminal ethyl ketone moiety. The methine proton signal at
2.75 ppm (H-14) was coupled (J = 7 Hz) to the methyl doublet signal at
1.13 prm (Me-23) and to the one—proton doublet of quartets at 4.42 opm
(4-13) which was in turn couplad (J = 2.1 Hz) to the terminal zethylene
proton signals at 4.84 ppm (H-23') and 4.92 (H-23). Moreover, the H-13
signal was found to have a 2.1 Hz W-coupling with H-11 (2.99 ppm). The
allylic methine proton signal at 2.99 ppm (H-11) was established to be
coupled (J = 2.1 Hz) to the terminal methylene proton signals at 4,92
and 4.84 ppm. Furthermore, a W-coupling (J = 2.1 Hz) was confirmed
between H-11 and the epoxide proton at 3.16 ppm (H-9). The epoxide
proton signal was also coupled (J < 1 Hz) to the vinylic methyl signal
at 1,53 ppm (Me-21) and to the vinylic proton signal at 5.47 ppm (H-

7). From the above discussion, a partial structure A was formulated.
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Consideration of the chemical shift at H-13 (4.42 ppm) required
that C-13 also bear a hydroxyl group. The remaining structural
features in 12 were assumed to be similar to those of tridachione (l) on
the basis of the similarities of the lH chemical shifts observed for 12
and ) (see Table 1),

The stereochemical features in 12 were established by NOZ experi-
ments, The 2 configuration of the epoxide gzroup at C-9,10 was confirmed
by the Overhauser enhancement between Me-22 and H-9. The cis configura-
tion of Me-20 and H-11 was also established by an NOE experiment (irra-
diation of Me-20 enhanced H-11 and vice versa). The configuration at C-
14 in 12 was assumed to be identical to that of 11 on the basis of the
similarities of the g chemical shifts of Me-23, H-16, and Me-17 ob-

served in 12 and 11 (see Table la).

Structure eludication of Tridachiapyrome-G (13):
Fraction C2 of Scheme 1 was chromatographed by HPLC using a
reverse-phase Cyg column and MeOH-H,0 (7:3) as eluent to yield 9 frac-
tions. The eighth of these fractions was subjected to HPLC with a

reverse-phase C;g column and MeOH-H,0 (8:2) as a mobile phase to afford
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3 fractions., The second of these fractions contained 0.2 mg of tri-
dachiapyrone-G (13) as a colorless oil. The molecular formula C,gH5,0,
was obtained from the following spectral data: (a) the low resolution
mass spectrum exhibited a molecular ion at m/z 398; (b) the lH NMR spec-
trun (Figure 15) showed signals for 34 non-exchangeable protons includ-
ing a methyl signal deshielded by a single oxygen, [3.92 ppm (OMe)]; (c)
the IR spectrum displayed bands at 1715 cm™! (CO), 1660, and 1585 cm™*
(Y-pyrone group).* The lg mr signals at 1.82 ppm (Me-~18, s), 2.07 (Me-
19, s) and 3.92 (OMe, s) together with the IR bands at 1660 and 1585
1

cm - and UV absorption at 250 nm suggested the existence of the a-

methoxy—B ,8 '—dimethyl-Y -pyrone* ring system (partial structure A),

N
IO/‘E\OMe *

The side chain structural feature in 13 was confirmed by g
decoupling experiments. Irradiation of the multiplet at 2.42 ppm (H-16)
collapsed the methyl triplet at 1.03 ppm (Me-17) into a singlet and also
sharpened H-14 signal (W-coupling). Considerations of the chemical
shift of H-16 and the mutual coupling between H-16 and Me-17 suggested a
terminal ethyl ketone group. The olefinic proton signal at 5.19 ppm (H-

13) was found to be coupled (J = 1.1 Hz) to the vinylic methyl signal at

*assignment was made by analogy to other compounds in this series.
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1.65 ppm (Me-23) and also to the methine proton signal at 3.42 ppm (H-
14) which was in turn coupled (J = 7 Hz) to the methyl doublet signal at
1.12 ppm (Me-24). Thus, the 1,3-dimethyl-4-oxo—l-hexenyl partial

structure B was constructed. o

B

Two isolated double bonds were established in ]3. The downfield
proton signal at 5.64 ppm (H~1l) was coupled (J = 1 Hz) to the vinylic
methyl signal at 1.65 ppm (Me-22) and also to the triply allylic proton
signal at 3.22 ppm (H-9). Consequently, partial structure C was

confirmed.

Irradiation of the vinylic methyl signal at 1.77 ppm (Me-21) sharp-
ened the olefinic proton signal at 5.16 ppm (H-7) and also sharpened the
proton signal due to H-9. Therefore, partial structure C was extended

into D,



266

P 8

22

Irradiation at the 3.22 ppm signal, H-9 of partial structure D, re-
moved small allylic coulings from the olefinic proton signals at 5.64
ppm (B-11) and 5.19 (H-13) and also sharpened the signal at 1.65 ppm
(Me=22 or Me-23) and 1.77 (Me-21). This established the C-9,12 connec-

tion and enlarged partial structure D into E.

The absence of any coupling between the Me-20 signal (1.31 ppm) and
any other ly signals suggested that Me-20 could be connected to a qua-
ternary carbon (C-6). This quaternary carbon (C-6) was also linked to
C-7, C-11 and C-5 on the basis of biogenetic reasons, However, two
other possible structures like F and G would satisfy the presented data.

The observed UV band for L3 at 250 nm (¢ = 6000) was assigned to the Y-
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pyrone ring system as found in other compounds in this series. If, how-
ever, a structure like F is considered, the UV band at 250 nm should
have an €=12000 as found in compounds 2, 9, and 1Q. Therefore,

<7
structure F was ruled out,

2

77 O

The observed small coupling (J = 1 Hz) between the two signals at

3.22 ppm (H-9) and 5.64 could be due to either am allylic type coupling
(proposed structure) betwzen H-9 and H-11l, or could de a vicinal type
coupling between the signals at 3.22 ppm (H-9) and 5.64 (H-10 in struc-—
ture G)., However, if structure G is to be considered the dihedral angle
between H-9 and H-10 (structure G) must be near 90° in one conformation
and that must be the predominant conformation.

The relative stereochemistries at C-9, C-1l1, and C-1l4 were not

determined.
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Summary
Two known compounds and nine new compounds have been isolated from
Tridachia erispata. The known natural products, crispatone (3) and
crispatene (4), have been isolated previously from Tridachia crispata,
collected from the Caribbean.7

The epimeric metabolites

i

and § have new carbon skeletons. Compound
71 possesses the same substituted ring system as crispatene (é), but 7 has
one less propionate unit in the side chain. Compound 8 is structurally
similar to 7, but has a ketone in the S5-membered-ring rather than a double
bond. The C-14 epimeric compounds 9 and 10 have the same substituted ring
system as the known 9,10-deoxytridachione (2), but they bear an additional
propionate unit at C-14. Compound 1l possesses the same substituted ring
system as in the known tridachione (1), but has an extra propionate unit
at C-14. Compound ;g is similar to the known tridachione (;), but in ;g
the side chain is longer by one propionate unit , there is a hydroxyl
group at C-13, and there is a terminal methylene group at C-12,23. Com—
pound 13 is similar to 3 and 10, but the side chain is attached to C-9
rather than C-11 and there is a l,4-cyclohexadiene ring instead of the

conjugated 1,3-cyclohexadiene found in 3 and 10 .
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Experimental

i mwr spectra were recorded at 300 MHz and 13C spectra at 75.4 MHz
on a Varian XL-300 spectrometer; chemical shifts are reported in parts
per million (8) downfield from internal tetramethylsilane. IR spectra
were recorded on a Perkin-Elmer Model 298 spectrophotometer. UV spectra
were measured with a Perkin-Elmer Lambda 3-spectrophotometer. Low reso—
lution mass spectra were recorded on a Hewlett-Packard 5985B mass spec-—
trometer; high resolution mass svectra were taken on a CEC (DuPont,
Monrovia, CA) 110 instrument. The chromatographic adsorbent used was
Brinkmann silica gel 60(230-400 mesh). Thin layer chromatograms were
run on precoated Macherey-Nagel polygram silica gel G/UV254 (0.25 mm)
plates. A sulfuric acid-vanillin 1%9 spray was used to visualize TLC
plates. Altex 9.6 mm X 25 cm preparative silica gel (5u particles,
LiChrosorb 60) and Adsorbosphere 9.6 mm X 25 cm reverse—phase Cis (5n
particles) columns were used for HPLC separations.

Extraction and Partition Procedure: Freshly thawed nudibranchs,
Tridachia ecrispata (80 animals), collected and shipped frozen from
Discovery Bay, Jamaica, in May of 1979, were allowed to soak in acetone
(4000 mL) for 24 h., The acetone solution was concentrated and the con—
centrate diluted with H-20 and extracted with either (2 X 3000 mL). The
ether-soluble portion (6.5 g) of the acetone extracts was chromato—

graphed extensively to yield 10 compounds (see Scheme 1).

271



272

Isolation of Crispatone (3J): The ether-soluble fraction (6.5 g) of
acetone extracts of homogenized Tridachia crispata (80 animals) was
chromatographed on a columm of silica gel [elution started with acetone-—
hexane (6:94)] and the amount of acetone was increased stepwise to yield
24 fractions, The twenty-second of these fractions (70 mg) was rechro-
matographed on a short column of silica gel using hexane-acetone (6:4)
as eluent and collecting S fractions. The most polar fraction (fraction
5, 20 mg) was subjected to HPLC with a silica gel column and hexane-
acetone (65:35) as eluent to afford 5 fractions. The second of these
fractions was further purified by HPLC with a reverse-phase C18 column
and MeOH-H,0 (75:25) to give 12 mg of pure crispatone (3) as a colorless
oil. Compound 3 has the following spectral data: IR (CHCL3) 2990,
2970, 2930, 2870, 1735, 1712, 1680, 1530, 1450, 1420, 1380, 1330, 1240,
1160, 880 cnl; for !H and !¢ MR data see Tables la and 2a; low
resolution mass spectrum (70 eV) m/z (relative intensity) 414.2 (M+,
(4), 348.9 (16), 289.1 (4), 277.1 (25), 249.1 (15), 233.1 (1l1), 203.1
(14), 194.0 (16), 189.1 (26), 159.1 (16), 155.0 (21), 149.0 (44), 125.1
(29), 115.1 (28), 111.1 (44), 109.1 (49), 97.2 (52), 91.1 (53), 83.1
(89), 77.1 (40), 69.1 (85), 57.1 (100), 55.2 (58); HRMS, obs: 414,24325,
CysHq,05 requries 414.2406.

Isolation of Crispatene (§): Fraction C3 (15 mg) (see Scheme 1)
was subjected to HPLC with a reverse-phase 018 column and MeOH—H20 (8:2)
as eluent to obtain 10 fractions. Evaporation of the tenth fraction
left 6.2 mg of pure crispatene 4 as a colorless oil. Compound 4
possesses the following spectral properties: IR (neat) 2970, 2930,

2870, 1715, 1660, 1615, 1590, 1460, 1405, 1340, 1255, 1170, 1110, 1050,
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990, 890 cm'l; for H anda 3¢ mm data see Tables la and 2a; low-
resolution mass spectrum (70 eV) m/z (relative intensity) 398.2 [,
(35)1, 383.3 (28), 342.2 (23), 341,2 (65), 313.1 (56), 281.1 (15), 273.1
(10), 253.2 (56), 237.1 (47), 225.2 (36), 182,1 (40), 159.1 (39), 145.0
(33), 133.0 (54), 129.0 (4), 125.,1 (26), 119.1 (41), 115.1 (47), 105.1
(57), 91.1 (71), 85.1 (20), 83.1 (79), 57.1 (100).

Isolation of Tridachiapyrone-B (3) and Isotridachiapyronme-B (§):
Fraction C6 (35 mg) of Scheme 1 was chromatographed by HPLC with a
reverse-phase 018 column and MeOH—HZO (75:25) as eluent to give 7 frac-
tions, The third of these fractions was resolved by HPLC using a
reverse-phase C-18 column and MeOH—HZO (42:58) as a mobile phase to af-
ford two pure compounds, 3 (1.5 mg) and & (1.8 mg), as colorless oils.
Compound 35 has the following spactral data: UV (MeOH) Amax 248 nm (¢ =
11900); IR (CHCL3) 3020, 2995, 2925, 2880, 1710, 1660, 1650, 1635, 1600,
1590, 1450, 1400, 1370, 1310, 1250, 1160, 1025, 975, 880 cm_l; for lm
and 3¢ mmr data see Tables la and 2a; low resolution mass spectrum (70
eV) m/z (relative inmtemsity) 412.1 [M', (6)1, 356.1 (20), 355.2 (4),
327.1 (12), 253.1 (12), 241.1 (15), 214.1 (13), 213.1 (43), 183.1 (17),
182,1 (91), 155.0 (10), 153.1 (10), 142.0 (15), 128.2 (13), 115.2 (16),
105.1 (15), 91.1 (33), 83.1 (87), 57.1 (100). Compound § has the fol-
lowing spectral data: UV (MeOH) Amax 248 nm (¢ = 11900); IR data are
identical to that of 35 (see above); for 1H and 13C NMR data see Tables
la and 2a; low resolution mass spectrum is identical to that of 5 (see
above).,

iscaition of Tridachiapyrome-E (Z): Fraction Bl7 of Scheme 1 was

chromatographed by reversed phase HPLC [elution with MeOH-H,0 (7:3)} to
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yield 14 fractions. The fourteenth of these fractions contained tri-
dachiapyrone-E (7), 0.8 mg as a colorless oil. Compound 7 has the
following spectral data: UV (MeOH) Amax 255, 225 (e = 5800, 7500); IR
(neat) 2980, 2950, 2860, 1690, 1660, 1585, 1460, 1415, 1380, 1330, 1260,
1160, 1170, 1040, 990, 870 cm™}; for lH MMR data see Table 1; low
resolution mass spectrum (70 eV) m/z (relative intensity) 356.2 [M+,
(17)], 341,2 (13), 299.2 (20), 267.1 (13), 239,2 (25), 213.1 (17), 185.,1
(32), 182,1 (82), 157.0 (16), 153.1 (33), 141.0 (16), 129.0 (25), 119.2
(31), 115.1 (31), 105.1 (17), 97.1 (26), 91.1 (35), 83.1 (54), 81.1
(16), 77.0 (25), 69.1 (33), 65.1 (14), 57.1 (100).

Isolation of Tridachiapyrone-F (8§): The twenty-second fraction (70
mg) of Scheme 1 was chromatographed on a short column of silica gel
[2lution with hexane-acetone (56:4)] to give 5 fractioms. The most polar
fraction (fraction 5, 20 mg) was subjected to HPLC with a silica gel
column and hexane-acetone (65:35) as eluent to afford 5 fractions. The
third of these fractions was purified by HPLC with a silica gel column
and hexane-acetone (65:35) as a mobile phase to produce 1.2 mg of tri-
dachiapyrone-F (§) as a white powder. Compound 8 has the following
spectral data: UV (MeOH) Amax 255, 225 nm (¢ = 5800, 7400); IR (CHCL3)
2960, 2850, 1725, 1690, 1665, 1595, 1450, 1390, 1370, 1325, 1220, 1050,
990, 920 cm'l; for H MMR data see Table 1; low resolution mass spectrum
(70 eV) m/z (relative intensity) 372.8 [M+, (35)1, 357.7 (8), 315.7
(14), 297.5 (12), 283.5 (13), 269.4 (15), 255.6 (23), 241.5 (22), 227.5
(29), 220.4 (12), 201.4 (36), 189,3 (28), 182.3 (32), 173.3 (31), 171.4

(19), 161.3 (24), 159.3 (23), 155.3 (20), 153.3 (16), 134.2 (56), 133.2
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(36), 128.4 (31), 115.3 (45), 105.2 (44), 91.2 (100), 77.2 (41), 57.2
(78).

Isolation of Tridachiapyronme-A (9): The combined fractions B5 and
B6 (6 mg) from Scheme 1 were chromatographed by HPLC with a silica gel
column and hexane-acetone (75:25) as eluent to produce 2 fractions. The
second of these fractions was purified by HPLC using a reverse-phase ClB
column and MeOH-H,0 (73:27) as a mobile phase to afford pure tridachia-
pyrone-A (3), 1.5 mg, as a colorless oil. Compound 9 has the following
spectral data: UV (MeOH) kmax 253 nm (¢ = 11900); IR (CHCL3) 2990,
2930, 2860, 1715, 1660, 1600, 1585, 1460, 1410, 1375, 1315, 1250, 1165,
1100, 990 cml; for li and 13¢c NMR data see Tables la and 2a; low
resolution mass spectrum (70 eV) m/z (relative intensity) 398.2 [M+,
7)1, 383.3 {21), 341l.1 (153), 313.1 (41), 273.1 (3), 267.2 (6), 253.1
(18), 237.1 (17), 225.1 (14), 199.1 (14), 179.1 (22), 171.1 (18), 155.1
(26), 153.0 (11), 149.0 (28), 143.1 (22), 135.1 (12), 129.0 (40), 125.1
(17), 119,2 (22), 1l15.1 (41), 111.2 (26), 105.1 (35), 97.1 (28), 91.1
(48), 85.1 (31), 83.1 (84), 73.0 (42), 69.1 (44), 57.1 (100).

Isolation of Isotridachiapyrone-A (]0): The combined fractions B5
and B6 of Scheme 1 were subjected to HPLC with silica gel and hexane-
acetone (75:25) as eluent to give two fractions. The first fraction was
purified by HPLC using a reverse-phase C;g column and MeOH-H,0 (75:25)
as a mobile phase to afford pure isotridachiapyrone-A (10), 1.1 mg, as a
colorless oil. Compound 1Q has the following spectral proverties: UV
(MeOH) Amax 255 nm (¢ = 11800); IR (neat) 2980, 2915, 2860, 1715, 1660,
1600, 1585, 1460, 1405, 1325, 1310, 1250, 1160, 985 cm'l; for i MR

data see Table la; low resolution mass spectrum (70 eV) m/z (relative
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intensity) 398.2 [M', (20)], 384.2 (52), 341.2 (35), 313,2 (l00), 297.2
(17), 281.2 (14), 273.1 (6), 259.1 (21), 253.2 (34), 237,2 (29), 225.1
(22), 209.1 (11, 197.1 (17), 179.1 (23), 155.1 (24), 153,0 (9), 129.0
(19), 115.1 (20), 105.1 (21), 91.1 (25), 83.1 (25), 57.1 (28).

Isolation of Tridachiapyronme-C (}1): Fraction C6 (35 mg) of Scheme
1 was chromatographed by HPLC using a reverse-phase ClB column and MeOH-
H,0 (75:25) as eluent to afford 7 fractions. The fifth of these frac-
tions contained 1.5 mg of tridachiapyrone-C (ll) as a colorless oil.
Compound 11 has the following spectral properties: UV (MeOH) Amax 254
nm (€ = 5890); IR (neat) 2990, 2930, 2860, 1715, 1655, 1600, 1585, 1460,
1410, 1380, 1330, 1240, 1170, 980 cm_l; for H MMR data see Table la;
low resolution mass spectrum (12 eV) m/z (relative intensity) 414.1 [M+,
(3)1, 399.2 (2), 357,3 (5), 329.2 (5), 289.2 (1), 273.1 (3), 246.2 (l9),
245.2 (100), 233.1 (3), 227.3 (21), 199.2 (16), 170.1 (31), 155.0 (9J,
153.0 (5), 1l42.1 (8), 125.1 (22), 57.2 (10).

Isolation of Tridachiapyrone-D (12): A 35 mg sample of fraction C6
(see Scheme 1) was chromatographed by HPLC using a reverse-phase C;g
column and MeOH—H20 (75:25) to give 7 fractions. Evaporation fo the
seventh fraction left 0.7 mg of pure tridachiapyrone-D (12) as a col-
orless oil. Compound ]2 showed the following spectral properties: UV
(MeOH) Xmax 255 om (e = 5900); IR (neat) 3450, 2980, 2860, 1712, 1660,
1600, 1585, 1460, 1415, 1380, 1375, 1260, 1180, 1110, 980, 900, 885
cm"lg for i MR data see Table la; high-resolution mass spectrum, ob-
served m/z (composition, interpretation, calculated millimass) 430.24209
(CygHq,0¢, M7,  430.2355), 412.2235 (CycHg,0s, M+-H20, 412,2250),

+
299.16785 (C19H2303, M+-C6H1103, 299.,16472), 153.05363 (CSH9O3’ M=
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Cj7Hy505, 153.05517), 141.09030 (CgH;30,, M+—C17H2104, 141,09156),
123.07868 (CgH,;0, M+-C17H2305), 123,08099), 115.07465 (CgHy;0,, ur-
CygHp30,4, 115.07591), 97.06567 (CgHqg0, M+—C1932505, 97.06534), 85.06498
(CsHgO, M'-CoHy505, 85.06534).

Isolation of Tridachiapyrone-G (;;): Fraction C2 of Scheme 1 was
chromatographed by HPLC using a reverse-phase C18 column and MeOH-H,O
(7:3) as eluent to yield 9 fractions. The eighth of these fractions was
subjected to HPLC with a reverse-phase C18 colum and MeOH—HZO (8:2) as
a mobile phase to afford 3 fractions. The second of these fractions
contained 0.2 mg of tridachiapyrone-G (l3) as a colorless oil. Compound
13 has the following spectral properties: UV (MeOH) Amax 250 nmm (e =
5900); IR (neat) 2985, 2910, 2845, 1715, 1660, 1600, 1585, 1455, 1400,
1320, 1300, 1250, 1135, 985 cm !; for 1B MR data see Table la; low
resolution mass spectrum (70 eV) m/z (relative intensity) 398.8 Uf?,
(17)1, 342.7 (20), 341.6 (79), 313.6 (29), 273.5 (7), 253.5 (47), 237.4
(47), 225.4 (37), 197.4 (31), 193.3 (29), 182.3 (60), 165.3 (29), 159.3
(44), 155.3 (70), 153.3 (27), 149.2 (57), 145.2 (39), 143.3 (46), 132.2
(45), 129.2 (53), 128.3 (39), 125.3 (40), 121.3 (59), 119.3 (47), 115.2
(53), 107.3 (53), 97.3 (56), 91.2 (84), 85.2 (36) 83.2 (100), 69.2

(100), 57.2 (87).
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CHAPTER III

Introduction

Chemical investigation of the organic extracts of gorgonians
started in 1896, when Drechsel isolated diiodotyrosine from Gorgenia

1

cavollint This was followed by the isolation of dibromotyrosine from

the gorgonian, rrimmoa lepadifera, by Msrner? in the early 1900's.

3,4,5,6

By 1958, researchers had isolated antibiotic and toxic com-

pounds from non-sterol extracts from gorgomians., Several review pap-
ers’»8:9 have sumparized the chemistry of metabolites obtained from
Gorgonacea. The metabolites include sesquiterpenoids, diterpenoids, and
prostaglandins. Among the numerous diterpenoid metabolites are a small
group which may be classified as furanocembranoids., These modified cem-
branoids and a few closely related derivatives are listed in Figure 1.
These compounds are reviewed here because a new metabolite isolated from
Leptogorgia setacea in this work is a member of this furanocembranoid
group.

The sea whip coral, Leptogorgia &etacea (pallas), is a marine
lnvertebrate in the family Gorgoniidae. It is found in the Gulf of

4

Mexico. This gorgonian attaches to shell fragments or other solid
objects by a tuft of stolons. It is sometimes washed ashore in great

tangled masses especially after a storm. Leptogorgia setacea does not
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FIGURE 1 (continued)
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FIGURE 1 (continued)
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contain the symbiotic zooxanthellae found in many other reef coelen-
terates (L.S, Ciereszko, personal communication)’.
Chemical investigation of Leptogorgia setacea was initated in the

4 of a lactone

late 1950's by Ciereszko who reported the isolation
compound. However, the structure was not elucidated. This chapter
describes results of a reinvestigation of this problem im collaboration

with Professor Ciereszko with the objective of purifying and determining

the structure of this lactone.

BESULTS AND DISCUSSION
Structure elucidation of 118,128-Epoxypukalide (§):

Our investigation of the gorgonian Leptogorgia setacea (pallas),
the spaghetti of shrimp fisherzmen” collacted from Mustamg Island, in the
Gulf of Mexico led to the isolation of §. Leptogorgia is often washed
up on the beach after storms blowing in from the south. The collected
animals were dried in the sun. Drying was rapid as the animals are
slender and are comprised largely of calcite spicules. The cortex of
the dried, yellow Leptogorgia was stripped off and ground in a blender.
The ground cortex was extracted in a large continuous extractor with
redistilled n-pentane. The precipitate, obtained by allowing the
extract to stand at room temperature for a week, was filtered off on a
sintered glass funnel, washed with pentane and extracted with chloro-
form. Crystals formed readily when pentane was added to the chloroform
solution. After standing overnight and washing with pentane, 6 mg of
118 ,128-epoxypukalide (8) was obtained as white crystalline needles.

The structure of 118,128-epoxypukalide (8), was elucidated by

spectral analysis, A molecular formula of C21H2407 was established for

283
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8 by high resolution mass spectrometry (see Experimental). The 3¢ mr
spectrum of § (Figure 2) revealed the existence of 21 carbons in agree-
ment with this formula. This composition indicated 10 degrees of
unsaturation in §. Infrared bands at 1710, 1070, and 1225 cm-l, uv
absorbtion at 238 mm (¢ = 5424), 13¢ NMR resonances at 164.03 ppn (C-
18,s), and 51.39 (C-21,q), and a three-proton singlet in the g aw
spectrum (all 4 MR data discussed below are in CDCL3) (Figure 3) at
3.78 ppm (Me-21) established the presence of an a,8-unsaturated carbo-
methoxy group. Consideration of the 3¢ o absorptions at 160.04 ppm
(C-3,s), 114.5 (C-4,s), 148.27 (C-6,s), and 107.55 (C-5,d) permitted the
formulation of a furan function with a carbomethoxy group in a B posi-
tion by analogy with literature precedents.l3 A resonance in the Iy R
spectrum at 6.48 ppm (d-5) could be assigned to a proton in the B' posi-
tion on the furan ring which was also a,x'-dialkylated, This same
structural feature is present in pukalide.13 An IR band at 1782 cm™!
together with a 13¢ signal at 170.20 ppm (C-20,s8) and a lp nr

resonance at 4.73 ppm (H-10), were consistent with the presence of an

14 15

a ,B-epoxy-Y—lactone group as found in micromelin and linderane.
Four of the heteroatom deshielded 13¢c MMR signals at 62,57 ppm (C-12,s),
63,36 (C-11,d), 56.31 (C-8,s), and 55.63 (C-7,d) could be assigned to

11 yien corresponding ll-l NMR signals at 4.0l

two trisubstituted epoxides,
ppm (H-11), and 4.05 (H-7).

Careful analysis of the 1y er decoupling data in CDCLg and in C()Dé
(Tables 2 and 3), resulted in the construction of additional partial

structures (Figure 4). Irradiation of the broad singlet at 6.48 ppm,

corresponding to the proton on partial structure A, resulted in a
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removal of small allylic coupling (J = 1 Hz) from the broad singlet at
4.05 pom due to H-7 of partial structure B and vice versa., Conse-
quently, C-6 of partial structure A must be joined to C-7 of partial
structure B (see Figure 4).

The connectivities between C-7, C-8, and C-9 as shown in partial
structure B were established from the results of irradiation of the
methyl signal at 1.14 ppm (Me-19). This sharpened the signals at 2.04
ppm (H-9') and 4.05 (H-7) and conversely, irradiation at 2.04 ppm and
4.05 sharpened the methyl signal at 1.14 ppm (Me-19). Thus, a W-
coupling between Me-19 and both H-7 and H-9' was indicated. Carbon 9
was linked to C-10 on the basis of mutual lH coupling (see Tables 2 and
3 and Figure 4). Thus, the C-7,8,9 and 10 connectivity in partial
structure B was completely established.

A strong IR band at 890 en™! considered together with a L3¢ mMr
signal at 113.45 ppm (C-16,t), suggested a terminal methylene group. A
3-proton broad signal at 1.75 ppm (Me-17) was found to be coupled (J =
1.9 Hz) to two terminal methylene proton signals at 5.11 ppm (H-16') and
4,91 (H-16). Thus, the presence of an isopropenyl group, partial strue—
ture C, (Figure 4) in 8 was postulated,

Partial structure D was formulated from the following data: The
chemical shift of the methine singlet at 4.0l ppm (H-11) suggested an
oxygen substituent. Since this signal was a slightly broadened singlet,
it was assumed that C-11 was flanked by a non-protonated carbon (C-12).
A very slight coupling (J = 1 Hz) was found between H-11 and H~13 which
was attributed to W-coupling across a quarternary carbon, as shown on

partial structure D, The connectivity sequence C-13, C-14, C-1, and C-2
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in partial structure D followed from vicinal proton couplings, see
Figure 4, all of which were detected but some of which were not resolved
into first order patterns. A small allylic coupling (J < 1 Hz) was
found between H-1 and H-16 of partial structure C. This proved that the
isopropenyl group is tied to structure D at C-1 (see Figure 4). Since
the chemical shifts of the signals (1H MMR spectrum in CDCL,) at 3.05
ppn (H-2) and 2,95 (H-2') were close, the results of Iy decoupling expe-—
riments in CDCL3 at H-2 and H~2' were not definite. For this reason, 1y
decoupling experiments were also performed in C6D6 (see the chemical
shift difference between H-2 and H-2' in the lH MR spectrum of 8 in
C6D6, Figure 5). The results of these experiments are shown in Table
3. The carbon bearing the allylic proton signals at 3.06 ovpm (H-2) and
2.95 (H-2") was bonded to partial structure A at C~3. This was proved
by NOE experiments which showed that H-2, H-2' proton signals were en-—
hanced by irradiation of the methoxy signal, H-21 (see Table 4). A very
small coupling (J < 1 Hz) was found between H-10 and H-11l. The small
value of this vicinal coupling was attributed to the dihedral angle
between H-10 and H-11 being near 90° and provided evidence for joining

1 where

these carbons. A very similar situation is found for lophotoxin
the coupling between H-10 and H-11 is also very small. Accordingly, C-
10 and C-11 are bonded.

On the basis of the above evidence, partial structures A to D could
be linked together to give partial structure F (see Figure 4), 1In par-
tial structure F, six unsaturation sites were accounted for. The two

epoxides, the lactone carbonyl carbon, and two bonds to C-12 were not

accounted for yet. The two epoxides could be assigned to carbons 7,8
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and 11,12. The carbonyl carbon could be connected to C-12 and to the
oxygen at C-10 to form a vY-lactone. This assignment is consistent with
the biogenetic considerations and with the observed chemical shift of H-
10. Therefore, this accounted for all ten degrees of unsaturation in 8.
The a,B—epoxy-Y-lactone””15 feature was in full agreement with the
spectral data of §. This same functional group has been found in sev-

14

eral natural products, including 2,10 lophotoxin,11 micromelin, and

linderane.15
The proposed structure of 8 received support from nuclear
Overhauser enhancement difference spectroscopy (NOEDS) experiments (see

Table 4). Since irradiation of the Me-19 protons enhanced the signals

of oth H-5 and H-11, 211 three ¢

Hh

these groups cust be generally di-
rected towards one face of the carbocyclic ting. Accordingly, the
orientation of the epoxide groups were assigned as B, like in lopho-

toxin.ll

The trans configuration of the 7,8 epoxide was established by
confirmation of an NOE between H-7 and H-9' and the lack of NOE between
H-7 and Me-19. The trans assignment between H-10 and H-11 was supported
by recent 1y NMR data for some synthetic a,y-dialkylated «,B—epoxy-—Y-—
lactones which showed less than 1 Hz couplings in the trans arrangement
of the B-epoxy and Y-lactone methine protons, and 2-3 Hz coupling in the

16

cis arrangement, The relative stereochemistry at C-1 is assigned as

1 since the chemical

the omne observed for pukalide13 and lophotoxin,
shifts of H-1 and C-1 in pukalidel3 and in § were very close.
The high resolution mass spectrum of 8 is fully consistent with the

proposed structure (see Scheme 1).
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Figure 2. (a) 75.4 MHz broadband Tq decoupled 136 wmm spectrum
of 118,12g-epoxypukalide (8) in cpci. . (b) all protonated carbons.
(¢) methine carbons. (d) methylene carbons. (e) methyl carbons.

Spectra b-e were recorded in CDCl, and resulted from a DEPT

3
experiment.
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Table 1. NMR Data of 118,128-epoxypukalide (8)

oj 13gx 'H chem shift®,ppm, "M chem shirt?, ppm,
_bultiplicity (J, Hz) multiplicity (J, Hz
1 40.68 d 3./",7 dddd (11.59 9-5, 5-1p 202), 3-()5 ddt (11.9p 10-5' 3-4).
5 32,13 306 dd (1844, 9.5), 3.09 dd (18.3, 11.9).
. 2.95 ad (18.4, 5.1), 2.90 dad (18.3, 3.4),
3 160.04 s
L 114.50 s
5 107.55 s 6.48 br s, 6.56 br s,
6 148,27 s
7 55.63 d 4.05 br s, 3.95 br s.
8 56.31 s ( ) (16 |
S 2.8 dd (15.3, 2.9). 1.51 dd (16.5, 3.5),
9 39.2T % 5704 br dd (15.3, 4.3), 1.44 ad (16.5, 1)
10 76.84 4 4,73 ad (4.3, 2.9), 3.95 dd (4, 3.4),
11 63.36 4 L.01 s, 3.03 s,
12 62.57 s . ( ) (16 )
, 2,56 br dd (15.2, 11.5), 2.59 ddd (16, 10.3, 2.2).
1326.71 ¢ 142 . 1.17 ddd (16, 8.2, 2),
1.60-1.74 m, 1.31 m,
14 23.99 % 1760-1.74 n. 1.2 m
15 145.40 s (1.9) ( )
5,11 br d (1.9), 5.28 br d (1.8)
16 113.54 % 779, br g (1.9). 4,92 br q ( 1.8),
17 18.90 g 1.75 br s, 1.58 br s,
18 164.03 s
19 20,30 q  1.14 s. 0.71 s.
20 171.20 s
21 51.39 q  3.78 5. 3.39 s.

#* The '30 NMR epectrum was recorded in c¢bCl, at 75.40 MHz. Multiplicities were obtained by
DEPT and assignments veye made by comparison™ to models.. The values are givenr in ppm down-
field from TMS. a) The 'H NMR spectrum was recordedTin cpel, at 300 MHz., Assignments were
established by spin-decoupling experiments, b) The H NMR spectrum was recorded in 06D6 at
300 MHz and assignments were established by spin-decoupling experiments.

26T
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Table 2. Results of 1H decoupling with 11§, 12p~8poxypukalide (8)

Irradiated proton, chemical

shift , ppm, multiplicity (J, Hz)
H-5, 6.48 br s

H-16, 5.11 br 4 (1.9)

H-16', 4.94 br q (1.9)
H-10, 4.73 dd (4.3, 2.9)

H-7, 4,05 br s
H-11, 4.01 8
H-1, 3,47 dddd (11.5, 9.5, 5.1, 2.2)

H-13, 2.5% br dd (15.2, 11.5)

JH-9, 2.48 ad (15.3, 2.9)
H-9', 2.04 br dd (15.3, 4.3)

Me-17, 1.75 br s
H-1/4, & H=14', 1.60-1.7} m

H-13', 1.42 m
Me-19, 1.14 s

standard. The values are given in ppm

effect of 'H decoupling

H-7, 4.05 br s -—) aharpened

H-16', 4.94 br q (1.9) —» q (1.9)

Me-17, 1.75 br 3 —3 sharpened

Hetl, 3,47 dddd (11,5, 9.5, 5.1, 2.2) —3 sharpened
H-16, 5.11 br d (1,9) — sharpend

He-17, 1.75 br s —3 sharpened

H-9, 2.48 dd (15.3, 2,9) — d (15.3)

H-9', 2.04 br ad (15.3, gﬁg) —> br d (15.3)
H-11, 4.01 s —> gharpene

H-5, 6.48 twr 5 —3 8

Me-19, 1,14 9 ~—3 gsherpened

1-10, 4.73 dd (4.3, 2.9) —> sharpened

H-13, 2.56 br dd (15,2, 11.5) —> sharpened
H-2, 3.06 dd (18.4, 9.5) —» d (18.4)

H-21, 2,95 dd (18,4, 5.1) — d (18.4)

H-16, 5,11 br d (1.9) —» sharpened

He1dy & H-14%, 1,60-1,74 m —> a

H-11, 4,01 s —> sharpened

H-13%, 1.42 w —3 &

H-14, & H-141, 1.60-1.74 m —3 a

H-9', 2,04 br dd (15,3, 4.3) — br 4 (4.3)
H-10, 4.73 dd (4.3, 3;2; —> d (4.3)

-9, 2.48 dd (15.3, 2.9) —» d (2.9)

H-10, 4,73 dd (4.3, 2.9) - d (2.9)

Me-19, 1,14 s —3 sharpened

H=16, 5.11 br d (1.9) —3 d (1.9)

H-161, 4.94 br q (1.9) —3 d (1.9)

H-1, 3.47 dddd 211.5. 9.5, 5.1, 2.2) —~—3 a
H-13', 1./2 n —3 a

H-13, 2.56 br ad (15.2, ) = br d (15.2)
H-13, 2,50 br dd (15,2, 11.5) —> br & (11.5)
H-th, & B-14', 1,60-1.74 m —» a

H-9', 2,04 br dd (15.3, 4.3) - dd (15.3, 4.3)
H-7, 4,05 br 5 ~3 sharpened

1H decoupling experiments were performed in mxng at 300 MHz with TMS as internal

dawuficld from TMS. %Change in multiplicity.

€6¢
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Table 3. Results of lu decoupling with 118,12g-epoxypukalide (g)

Trradiated proton, chemical effect of 1H decoupling
shift , ppm, multiplieity (J, Nz)

H-5, 6,56 br s, H-7, 3.95 br s -—> sharpened.
H-16, 5.28 br d (1.8), H-16', 4,92 br q (1.8) —3 q (1.8)

Me-17, 1.58 br s -—y sharpened.
H-1, 3.65 ddt (11, 9, 10.5, 3.4) —3) aharpened.
H-16', 4.92 br q (1.8), H-16, 5.28 tr d (1,8) —3) sharpened.
. Me-17, 1.58 hr o -—) sharpened.
H-7, 3.95 br g, H-5, 6.56 br 5 —) =5,
Mn-19, 0,71 & ~» sharpened.
H-10, 3.95 dd (4, 3.5), H-9, 1,51 dd (16,5, 4) —3 d (16,5
H=-9', 1,44 dd (16,5, 3.5) —> d (1
H-1, 3,65 ddt (11.9, 10.5, 3.4)., H-16, 5.28 br d (1 8) —> sharpened
H-2, 3.09 ad (lf da (1
H-2', 2,90 ad 18 3 3.4) — d (1
Helh, 1,31 m —3 &,
Hetdt, 1,24 w —3) a
H-13, 2 59 dad (16, 10,
H-2, 3,09 dd (18.3, 11.9), H-2tv, 2,90 dd (18 8.3, 3. Y 374 (3.4).
H-1, 3. 6: ddt (11.9, 10 ?. 3.4) — dt (10.5, 3.4).
1 d
1

I

3, 2.2) —> sharpened.
)3
H-2', 2.90 dd (18.3, 3.4), H-2, 3.09 dd (1{Lg, 11.9) — a (11,
H-1, 3.65 ddt. (11,9, 10,5, 3,4) —> ddd (11.9, 10,5, 3.4).
H-11, 3.03 g, H-13, 2,59 ddd (16,10.3, 2.2) —5 sharpened,
H-13, 2.59 ddd (16, 10.3, 2.2), H-11, 3,03 5 —» "hnrpennd.

H-13%', 1,11 ddd (16, 8.2, 2) —3dd (8,2, 2).

He14, 1.31 n — a.

H-1A‘, 1,24 0 w3 a,

He1, 3,65 ddt (11.9, 10.5, 3.4) —> sharpened.
Me-17, 1.58 br =, H-16, 5.,8 br d (1.8) —> a4 (1,8),
H-16', 4,92 br q (1.8) — 4 (1.8).
H-14, t.31 m, H-1, 3.65 aat (11.9, 10.5, 3.4) —> a.
H-13, 2,59 ddd (16 10.3, 2.2) ~3 br 4 (16),
H-13', 1,11 ddd (16, 8,2, 2) ~» br ad (16),
H-13', 1.11 ddd (16, 8.2, 2), H-13, 2,59 add (16, 10.3, 2.2) — dd (10.3, 2,2).
H-14, 1.31 w ~— na,
Hetd', 1,24 m —2 a.
He-19, 0.71 1, H-7, 3.95 br 8 - gharpened.

-9, 1.51 dd (16,5, 4) —> sherpened.

1H decoupling experiments were performed in G, D, at 300 MHz with MeASi as internal

standard., The values are given in ppm downfield from TMS, aChange in multiplicity.
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Table 4. Results of NOEDS experiments with 118,128-epoxypukalide

(8) in CDc13solution at 300 MHz with T™MS as internal standard.

Irradiated proton, chem shift , ppm

E-5, 6,48
BE-7, 4.05

H-10, 4.73

H-11, 4.01

Me-21, 3.78

H-9', 2.04
e-17, 1.75
Me-19, 1.14

1

proton (&) enhanced

H-7, 4.05
H-5, 6.48
H-9', 2.04
H-11, 4.01
H-9, 2.48
H-10, 4.72
H-19, 1.14
H-2, 3.06
H-2%', 2.95
H-9, 2.48
E-7, 4,05
=10, 4£.73
E-2, 3.06
H-2', 2.95
H-16', 4.94
H-11, 4.01
H-5, 6,48
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Scheme 1. Possible Mass Spectral Fragmentation Pathways for 8



Exverimental

Collection and Isolation. Leptogorgia setacea was collected in the
surf near the Jetty on Mustang Island near Port Aramsas. Texas. as it
was being washed up onto the beach followineg a storm. The animals were
freed of adhering debris. washed in sea water. drained and spread out on
a clean concrete walkway to drv in the sun., Drving was rapid as the
animals are verv slender and are comprised largelv of calcite spicules.

The cortex of the driad. vellow Leptogorgia was stripped off and
ground in a blender. The ground cortex was extracted in a large contin-
uous extractor with redistilled n-pentane. The precipitate. obtained by
allowing the extract to stand at room temperature for a week. was fil-
tered off on a sintered glass funnel. washed with pentane and extracted
with chloroform. Crystals formed readily when pentane was added to the
chloroform solution. After standing overnight and washing with pentane.
6 mg of white crystalline needles* were obtained from 920 g of gorgonian

cortex. 11B.128-epoxvpukalide 8 has the following sPectral properties:

[a]D ~5.33 (c .6. MeOH): UV (EtOH) Amax 238 om (¢ = 5424): IR (CHCL3)
3090. 3030. 2950. 2860. 1782. 1708. 1640. 1575. 1440. 1380. 1350. 1285.

1255. 1210. 1070. 900. 890. 860. 820 cm ': for 'H MMR and 1°C MMR see

*Only 6 mg of pure ] were isolated. Unfortunatelv. no mp is available

because it was not taken at the outset and after prolonged exposure to
solvents for spectral measurements. the sample had decomposed.
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Table 1; high-resolution mass spectrum, observed m/z (composition, in-
terpretation, calculated millimass) 388.15316 (Cp;H,,0;, M', 388.15221),
+ +
373.12938 (CyoHy 07, M'-Me, 373.12873), 356.12796 (CygHy0g, M'-MeOH,
356.12599), 328.13280 (CjgH,(05, M'-MeOH-CO, 328.13108), 313.11019
(CygH; 705, M'-NeOH-CO-YMe, 313.10760), 208.07579 (CyyH;50,, M'=CyqH;,04,
=
208.07356), 168.04149 (CgHgO,, M'-C jH, 05, 168.04226), 167.07055
(CgH, 04, M'=C),H,30,, 167.07082), 167.03361 (CgH;0,, M"-C 3H 04,

167 .03444) .
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