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SELECTIVE REDUCTION OF SERRULATENOL AS A ROUTE TO
SECO-PSEUDOPTEROSIN ANALOGUES

LiINDA M. COWIN and RALPH A. MASSY-WESTROPP*

Department of Organic Chemistry, University of Adelaide, GPO Box 498, Adelaide, South Australia, Australia

ABSTRACT.—Deoxygenation of serrulatenol {3}, from Eremophila rotundifolia, at C-13 and
C-18, gave 5,8-dimethoxyserrulatane {12]. Caralytic hydrogenolysis and metal/NH; cleavage
of the allylic carbon-oxygen bond was followed by deoxygenation at C-18 via the tri-n-
butylstannane reduction of the C-18 iodo derivative.

Considerable interest has been gener-
ated by the recent discovery by Fenical
(1,2) of a new group of anti-inflamma-
tory compounds in the marine genus
Pseudopterogorgia. These compounds, the
pseudopterosins and the seco-pseudo-
pterosins which exist as mixtures of the
monoacetates of 1 and 2, respectively,
are pentose glycosides of diterpenes and
are reported to have significant antimi-
crobial activity in addition to their po-
tency as anti-inflammatory and analgesic
agents. Importantly, the mechanism of
their action as anti-inflammatory agents
appears to be distinct from that of exist-
ing drugs (2,3). The importance of these
inaccessible compounds has stimulated
interest in the synthesis of both the
pseudopterosins (4,5) and the seco-
pseudopterosins (6,7).

As an alternative approach we have
been investigating the use of the set-
rulatane diterpenes from Eremophila
species, which are shrubs indigenous to
the arid regions of Australia, as a possi-
ble source of isomeric aglycones suitable
for glycosylation. We report here the
selective reduction of serrulatenol {3}, a
diterpene isolated (8) from Eremophila
rotundifolia, as a route to compounds re-
lated to the seco-pseudopterosins but
with different stereochemistry. Ser-
rulatenol is the only serrulatane reported
which allows access to the 5,8-dioxyge-
nated substitution pattern in contrast
with the 7,8 pattern found in the agly-
cone of the seco-pseudopterosins. The
stereochemistry of serrulatenol has been
confirmed by X-ray analysis (8). The

present problem, which involves conver-
sion of serrulatenol {3} into 5,8-di-
methyoxyserrulatane [12], essentially
requires deoxygenation at C-13 and C-
18 without isomerization at C-11.

Serrulatenol {3] was methylated with
NaH and Mel to prevent oxidation of in-
termediate quinols during the transfor-
mation. Catalytic hydrogenolysis of the
ether 4 in the presence of Pd/C was
studied with varying amounts of HOAc
to promote the desired reaction. How-
ever, hydrogenation always predomi-
nated to give 5 with only about a 30%
yield of the hydrogenolysis product 6
being formed. The hemiacetal 6 was
found by 300 MHz 'H nmr spectroscopy
to be a mixture of C-18 epimers in a ratio
of 2:1. The hemiacetal proton (H-18)
appeared at 8 5.23 in the major epimer
as a doublet of doublets, coupled to the
vicinal proton (] = 8.9 Hz) and the hy-
droxyl proton. The analogous proton (d
5.59) for the minor epimer showed cou-
pling only to the hydroxyl proton. The
possibility that enolization of the al-
dehyde, from opening of the cyclic
hemiaceral, led to epimerizationat C-11
was excluded when the mixture of
hemiacetals 6, on reduction with
LiAlHy, gave the diol 7. The diol 7 was
homogenous, by 300 MHz 'H nmr
spectroscopy, with a pair of doublet of
doublets at 8 3.38 and 3.62 correspond-
ing to the AB part of the ABX system of
the hydroxymethyl group.

A more efficient method for cleavage
of the O-C-18 bond was found with Li/
NH,/EtOH reduction. After the metal/
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7 R=H, R,=OH
8 R=Ac, R;=0Ac
9 R=Me, R,=OH
10 R=Me, R,=OM:s
11 R=Me, R,=I
12 R=Me, R,=H

NH; reaction and hydrogenation to re-
move the double bond, the diol 7 and its
C-11 epimer were obtained in good yield
in a ratio of 10:1. Pure 7 could be ob-
tained by recrystallization of the mix-
ture, and chromatographic separation
could be achieved with the correspond-
ing acetates. Because the major isomer

OMe

OH

13

was identical with the diol 7 from
the catalytic hydrogenolysis/LiAIH se-
quence, it can be concluded that the con-
figuration at C-11 is the same as that in
the natural product and only a small
amount of equilibration of the inter-
mediate aldehyde occurred during the
Li/NH,/EtOH reduction.
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Reduction of a C-18 sulfonate ester of
the diol 7 was a method considered for
the removal of the C-18 oxygen. How-
ever, because tosylation of 7 gave the
cyclic ether 13, diol 7 was converted
into the dimethoxy alcohol 9. Mesyla-
tion, followed by reaction of the mesyl-
ate 10 with Nal in Me,CO gave the
iodide 11 in good yield. Subsequent re-
duction of 11 with tri-z-butylstannane
gave the desired product 12. The spec-
tral data supported the structure of 12;
in particular the new methyl (H-18) ap-
peared as a doublet at 8 0.76.

We plan to prepare 12 on a scale
sufficient to enable an analogue of seco-
pseudopterosin to be prepared for assay.
This will require demethylation of 12
and glycoside formation, which should
be possible in a manner analogous to that
reported recently in the pseudopterosins

4).
EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—
Ir spectra were measured on a Jasco-102 spec-
trophotometer. 'H nmr (300 MHz) were re-
corded in CDCl; on Bruker CXP-300 or ACP-
300 spectrometers and 60 MHz on a Varian T60
spectrometer, using TMS as internal standard.
Chemical shifts are reported in 8 (ppm) values.
Eims were obtained with an AEI MS-30 double
focusing mass spectrometer operating at 70 eV. Si
gel 60 Merck (230—400 mesh) and Merck PF,44
were used for flash chromatography and
chromatography {dry column (9), solvent gra-
dient], respectively. Si gel Merck HF 554 was used
for preparative tlc. All solvents were distilled be-
fore use, and dry Et,O and THF were obtained by
distillation from sodium benzophenone ketyl.
The serrulatenol used in this study was part of a
sample whose structure has been confirmed by X-
ray crystallography (8).

METHYLATION OF SERRULATENOL {3}.—
Me,SO (3.2 ml) was added to a mixture of ser-
rulatenol {3} (400 mg, 1.27 mmol) and NaH (64
mg, 2.68 mmol, 50% mineral oil suspension).
The mixture was stirred for 15 min, Mel (0.47
ml, 7.62 mmol) was injected, and the mixture
was stirred for 48 h. Dilute HCI (15 ml) was
added and the mixture extracted with CH,Cl,.
After drying (MgSO,) and removal of the solvent
under reduced pressure, chromatography on Si
gel (petroleum ethet/CH,Cl, gradient) gave
(135,18R)-5,18:13,18-diepoxy-8-methoxyser-
rulac-14-ene {4} (300 mg, 72%), mp 108-109°
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(from MeOH). Found C 76.6, H 8.4; calcd for
C,1Hz0;, C 76.8, H 8.6%. I v max (CHCl,)
cm™! 2950, 2925, 2850, 1670, 1600, 1480,
1460, 1440, 1220, 1100, 1060, 970, 840; 'H
nmr & (300 MHz) 1.21 (3H, d, J=6.9 Hz, H-
20), 1.5-2.4 (polymethylene CH, and CH),
1.76 (6H, s, H-16, H-17), 2.27 (3H, s, H-19),
2.57 (1H, m, H-4), 3.10 (1H, m, H-1), 3.78
(3H, s, OMe), 5.12-5.25 (2H, m, H-13, H-14),
5.3 (1H, d, J=5.7 Hz, H-18) 6.54 (1H, s, H-
7); eims m/z M1 329.

CATALYTIC HYDROGENOLYSIS OF THE METHYL
ETHER 4.—The ether 4 was stirred in EtOAc
under H, in the presence of varying amounts of
HOACc and Pd/C. The best yield of hydrogenolysis
product 6 was 30% using 4 (100 mg), 109% Pd/C
(100 mg), HOAc (10% in EtOAc). Filtration
through Celite, removal of solvent under vacuum,
and preparative tlc on Si gel with CH,Cl,-petro-
leum ether (3:2) gave the higher R hydrogenation
product, (13R,18R)-5,18:13,18-diepoxy-8-me-
choxyserrulacane {5} as an oil. 'H nmr (60 MHz)
8 0.98 (6H, d, J=6 Hz, H-16, H-17), 1.17
(3H, d, J =6 Hz, H-20), 1.3-2.5 (polymethylene
CH, and CH, H-4), 2.30 (3H, s, H-19), 3.10
(1H, m, H-1), 3.80(3H, s, OMe), 4.60 (1H, m,
H-13), 5.33 (1H, d, J=5.0 Hz, H-18), 6.57
(1H, s, H-7). The lower Rhydrogenolysis prod-
uct was recrystallized from petroleum ether: mp
115-116°; hreims m/z [M}* 332.2364 (C21H3,0,
requires 332.2351); ir v max (CHCl;) cm™
3575, 2900, 2850, 1600, 1470, 1460, 1360,
1330, 1220, 1100, 1080, 1020; 'H nmr (300
MHz) revealed two isomers ina ratioof 2: 1, (18R)
and (185)-5,18-epoxy-8-methoxyserrulatan-18-ol
{6]. Major isomer: 8 0.88 (6H, d, J = 6.6 Hz, H-
16, H-17), 1.23 (3H, d, J=6.7 Hz, H-20),
1.3-2.1 (polymethylene CH, and CH), 2.20
(3H, s, H-19), 2.93 (1H, m, H-4), 2.76(1H, d,
J=6.6 Hz, D,0 exch., OH), 3.14 (1H, m, H-
1), 3.76 (3H, s, OMe), 5.23(1H,d,J= 6.6, 8.9
Hz, H-18), 6.56 (1H, s, H-7). Minor isomer: &
0.88 (6H, d, J=6.6 Hz, H-16, H-17), 1.23
(3H, d, J=6.7 Hz, H-20), 1.3-2.1
(polymethylene CH, and CH), 2.20 (3H, s, H-
19), 2.52 (1H, m, H-4), 2.69 (1H, d, J=3.7
Hz, D,0O exch., OH), 3.14 (1H, m, H-1), 3.76
(3H, s, OMe), 5.59 (1H, d, /= 3.7 Hz, H-18),
6.58 (1H, s, H-7); eims m/z (%) IM1™ 332 (44),
204 (100).

LiAlH; REDUCTION OF THE EPIMERIC
HEMIACETALS 6.-—A solution of LiAlH, (14
mg) in THF (5 ml) was added to 6 (60 mg), and
the mixture was warmed under N, for 3 days.
Workup and purification by chromatography on
Si gel (petroleum ether/CH,Cl, gradient) gave
(115)-8-methoxyserrulatane-5,18-diol {7} (50
mg, 83%): mp 134—136° (from petroleum ether);
hreims m/z [M}" 334.2513 (C,,H;,0; requires
334.2508); it v max (CHCl;) cm™ 3600, 3325,
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2925, 2850, 1460, 1410, 1360, 1210, 1090; 'H
nmr (300 MH2) 3 0.86 (3H, d, J=6.7, H-16 ot
H-17),0.88 (3H, d, ] = 6.5 Hz, H-16 or H-17),
1.12 (3H, d, J=6.8 Hz, H-20), 1.3-2.1
(polymethylene CH, and CH), 2.25 (3H, s, H-
19), 3.02 (1H, m, H-4), 3.15 (1H, m, H-1),
3.38 (1H, dd, J=10.9, 2.2 He, H-18), 3.62
(1H, dd, J=10.9, 4.5 Hz, H-18), 3.49 (1H, s,
D,0 exch., OH), 3.77 (3H, s, OMe), 6.54 (1H,
s, H-7); eims m/z (%) (M1 334 (24), 205 (100).

Li/NH, REDUCTION OF METHYL ETHER 4.—
Methyl ether 4 (1.2 g, 3.66 mmol) in dry THF
(20 ml) was added to dry NH; (100 ml). Li (1.5
g, 214 mmol) and then EtOH (12 ml) were added
and the mixture stirred for 5 min before the excess
of Li was destroyed with isoprene. After the NH,
had evaporated, H,O (50 ml) was added and the
mixture extracted with CH,Cl,. After drying
(Na,580y), evaporation f the solvent gave a residue
which was hydrogenated without purification
with PtO, (400 mg) in EtOAc (150 ml). Filera-
tion through Celite, removal of solvent under re-
duced pressure, and purification by flash
chromatography on Si gel with EtOAc-CH,Cl,
(1:19) gave the epimeric diols (850 mg, 71%)ina
ratio of 9:1 by 'H nmr (300 MHz) spectroscopy.
Recrystallization from hexane gave pure (115)-8-
methoxyserrulatane-5, 18-diol {7] with physical
data identical with those above. The minor (11R)
isomer has 'H nmr (300 MHz) 8 0.85 (3H, d,
J=6.6Hz,H-160r H-17),0.86 (3H,d, /= 6.9
Hz, H-16 or H-17), 1.12(3H,d, J = 6.7 Hz, H-
20), 1.2-2.1 (polymethylene CH, and CH),
2.23 (3H, s, H-19), 3.02 (1H, m, H-4), 3.14
(1H, m, H-1), 3.38(1H, dd, /= 10.9, 2.0 Hz,
H-18), 3.62 (1H, dd, J=10.9, 4.6 Hz, H-18),
3.77 (3H, s, OMe), 6.51 (1H, s, H-7); eims m/z
(%) IMY™ 334 (26), 205 (100).

Acetylation of some of the mixture with Ac,O
in Et3;N gave the mixture of acetates which were
separated by flash chromatography on Si gel with
CH,Cl,. Higher R component, (115)-18-acetoxy-
8-methoxyserrulatan-5-yl acetate {8]: 'H nmr
(300 MHz) 3 0.81(6H, d, J = 6.7 Hz, H-16, H-
17), 1.12 (3H, d, J=6.9 Hz, H-20), 1.2-2.4
(polymethylene CH, and CH), 1.95 (3H, s, 18-
0OAc), 2.10(3H, s, H-19), 2.32 (3H, s, 5-0A0),
2.77 (1H, m, H-4), 3.16 (1H, m, H-1), 3.80
(3H, s, OMe), 3.96 (2H, m, H-18), 6.56 (1H, s,
H-7). Lower R, compound, (11R)-18-acetoxy-8-
methoxyserrulatan-5-yl acetate: 'H nmr (300
MHz) 8 0.79 (3H, d, J=6.6 Hz, H-16 or H-
17), 0.86 (3H, d, J=6.5 Hz, H-16 or H-17),
1.14 (3H, d, J=6.5 Hz, H-20), 1.1-2.7
(polymethylene CH, and CH, H-4), 1.89 (3H, s,
18-OAc), 2.06 (3H, s, H-19), 2.33 (3H, s, 5-
OAc), 3.15 (1H, m, H-1), 3.79 (3H, s, OMe),
5.17 (2H, m, H-18), 6.54 (1H, s, H-7). LiAlH,
reduction of the (115) isomer 8 gave 7.

TOSYLATION OF THE DIOL 7.—The diol 7

(24 mg) was treated with TsCl in pyridine for 2
days. Workup and purification by preparative tlc
with CH,Cl,-hexane (3:7) gave 5,18-epoxy-8-
methoxyserrulatane {13} (10 mg, 45%): hreims
mlz M} 316.2392 (C,,H,0, requires 316.2402);
ir v max (CHCl;) cm™! 2952, 2875, 1466,
1260, 1102; 'H nmr (300 MHz) 8 0.88 (6H, d,
J=6.5 Hz, H-16, H-17), 1.21 3H, d, J=6.6
Hz, H-20), 1.3-2.3 (polymethylene CH, and
CH, H-4), 2.17 (3H, 5, H-19), 3.19 (1H, m, H-
1), 3.67 (1H, t, J=10.7, H-18), 4.33 (1H, dd,
J=10.7, 3.5 Hz, H-18), 3.76 (3H, s, OMe),
6.56 (1H, s, H-7); eims m/z (%) IM]™ 316 (35),
301 (100).

SELECTIVE METHYLATION OF DIOL 7.—The
diol 7 (205 mg, 0.61 mmol) was methylated as
described above with NaH (21 mg, 0.87 mmol,
80% in mineral oil), Me,SO (7 ml), and Mel
(0.23 ml, 3.74 mmol). Isolation and purification
by flash chromatography on Si gel with EtOAc-
CH,Cl, (1:99) yielded, after crystallization from
MeOH-H,0, 5,8-dimethoxyserrulatan-18-ol {9]
(102 mg, 48%) as colotless crystals: mp 97-100°%;
found C 76.3, H 10.3 (calcd for C,,H360;, C
75.8, H 10.4%); ir v max (CHCl;) cm™ ' 3460,
3016, 2948, 2869, 1604, 1466, 1402, 1326,
1104; 'H nmr (300 MHz) §0.86 (6H, d, J = 6.5
Hz, H-16, H-17), 1.13 (3H, d, J=6.8 Hz, H-
20), 1.3-2.2 (polymethylene CH, and CH),
2.28 (3H, s, H-19), 2.86 (1H, m, H-4), 3.11
(2H, m, H-1, H-18), 3.38 (1H, dd, J=13.2,
5.0 Hz, H-18), 3.40 (1H, brs, D,O exch., OH),
3.65, 3.78 (each 3H, s, 2 X OMe), 6.52 (1H, s,
H-7); eims m/z (%) M} 348 (11), 219 (100).

PREPARATION OF THE IODIDE 11 AND ITS
REDUCTION WITH TRI-#-BUTYLSTANNANE.—
The dimethoxy alcohol 9 (80 mg) was mesylated
with MeSO,Cl in pyridine at 0° overnighe.
Workup and chromatography on Si gel (petro-
leum ether/EtOAc gradient) gave 5,8-di-
methoxyserrulatan- 18-yl mesylate {10} as an oil:
'H nmr (300 MHz) § 0.84 (6H, d, J=6.6 He,
H-16, H-17), 1.13 (3H, d, ] = 6.9 Hz, H-20),
1.2-2.2 (polymethylene CH, and CH), 2.26
(3H, s, H-19), 2.81 (3H, s, MeSO,), 3.04 (1H,
m, H-4), 3.14 (1H, m, H-1), 3.64, 3.78 (each
3H, s, 2XOMe), 3.94 (1H, t, J=9.7 Hz, H-
20) and 4.12 (1H, dd, J=9.7, 6.3 Hz, H-20),
AB part of ABX system.

The mesylate 10 (80 mg) was refluxed with
Nal (85 mg) in dry Me,CO (10 ml) for 24 h. After
removal of Me,CO, H,O was added and the mix-
ture extracted with CH,Cl,. After drying
(Na,SOy) and removal of solvent, purification by
chromatography on Si gel (petroleum ether/EtOAc
gradient) yielded 18-iodo-5,8-dimethoxyserrulatane
{111 (73 mg, 85%) as an oil: ir v max (CHCl,)
cm™ ' 2940, 1604, 1466, 1418, 1380, 1098; 'H
nmr (300 MHz) 8 0.82 (6H, d, ] = 6.6 Hz, H-
16, H-17), 1.13 (3H, d, J=6.9 Hz, H-20),
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1.0-2.1 (polymethylene CH, and CH), 2.26
(3H, s, H-19), 2.98 (1H, dd, J=9.8, 7.4 Hz,
H-18), 3.33 (1H, dd, /=9.8, 7.3 Hz, H-18),
3.15 (2H, m, H-1, H-4), 3.66, 3.79 (each 3H,
s, 2X OMe), 6.52 (1H, s, H-7); eims m/z (%)
[M}™ 458 (4), 219 (100).

AIBN (1 mg) was added to the iodide 11 (73
mg, 0.16 mmol) in dry CgH (1.5 ml) under N.,.
Tri-n-butylstannane (0.26 ml, 0.95 mmol) was
injected, and the mixture was refluxed for 16 h.
After the solvent was removed, the residue was
dissolved in Et,O (5 ml) and treated with dilute
KF solution (2 X 5 ml). The organic layer was col-
lected, dried, and concentrated. The tin by-prod-
ucts were removed by flash chromatography on Si
gel with hexane and the product elured with
CH,Cl,-hexane (1:4). A further purification by
flash chromatography gave 5,8-dimethoxyserrula-
tane [12} (20 mg, 38%) as an oil: hreims m/z [M}*
332.2721 (Cy,H,40, requires 332.2715); [a}*’D
—30.9° (¢=1.3, CHCly); ir v max (CHCI,)
em™! 2928, 2864, 1466, 1402, 1206, 1226,
1102, 1008; 'H nmr (300 MHz) 8 0.76 (3H, d,
J=6.9Hz, H-18), 0.83 (6H, d, ] = 6.7 Hz, H-
16, H-17), 1.12 (3H, d, J=6.9 Hz, H-20),
1.2-2.1 (polymethylene CH, and CH), 2.27
(3H, s, H-19), 2.80(1H, m, H-4), 3.12(1H, m,
H-1), 3.63, 3.78 (each 3H, s, 2 X OMe), 6.50
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(1H, s, H-7); eims m/z (%) [M1* 332 (7), 219
(100).
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