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SYNTHESIS OF (t)-PREPINNATERPENE, A BROMODITERPENE FROM THE RED ALGA
LAURENCIA PINNATA YAMADA
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Department of Chemistry, Faculty of Science, Hokkaido University,
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Abstract: A total synthesis of (t)-prepinnaterpene, a brominated diterpene
with a unique skeleton, and (%)-oppositol, a related sesquiterpene, is

described.

Two Laurencia species, L. irieiil and L. Einnata,2 produce a group of
brominated diterpenes, represented by irieol1 (%) and pinnaterpene B2 (2),
which possess an unprecedented bicyclic skeleton with five chiral centers.

The title compound, prepinnaterpene3

(%), isolated from L. pinnata and re-
garded as one of the biosynthetic intermediates of these bromoditerpenes, is
also characterized by the unique structure. In one of the continuing studies
on synthesis of marine natural products,4 we describe herein a stereoselective

synthesis of (t)-prepinnaterpene (%) and its related sesquiterpene, ()~

oppositol5 (%).
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The synthesis involves, as an initial step, transformation of readily
available trans—octalin—l,4—dione6 (%) into l-hydroxyperhydroindan-6,4-
carbolactone7 (é) (Scheme 1). Thus hydride reduction of the octalin (é)
afforded trans-octalin-1,4~diol (Z) with diaxially oriented hydroxyl groups,
which was isolated as its diacetate (l%) [§ 5.62 (2H, br s)] in 60% yield.
Ozonization of Z% followed by acid treatment effected cyclization, giving enal
(é), which was converted into aldehyde (2) by hydrogenation with high stereo-
selectivity. The aldehyde (%), when submitted to Jones oxidation and subse-
quent deprotection, produced the lactone (g) in 81% yield.

Introduction of a methyl group into the angular position (C-9) of the
skeleton required formation of perhydroindan-l-one (%Q) with suitably protect-
ed functions (Scheme 2). The lactone (é) was transformed into triol dibenzyl

ether (%%) by a usual four-step process, which was then smoothly oxidized
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4 THF, room temp, 20 min; ii) ac,0, Py, DMAP;
30 CH2C12, =78 °C; In, ACOH-HEO: iv) p-TsOH, C6H6’ reflux, 40 min; v)
H,, 108 Pd-C, EtOH, room temp, 0.5 h; vi) Jones reagent, acetone, 0 °C, 10

THF, -20 °C, 2 h.

Scheme 1. Reagents: i) LiAlH
iii) ©
min; vii) LiAlH4,
to yield 10. Treatment of the l-ketone (10} according to a modification of
the Irela;é procedureﬁb resulted in succe;;ful methylation at C-9, giving
9 - methylperhydroindan-l-one (12) with cis-fused A/B rings8 as a single
product in 80% yield. Reductiéé of 12 afforded l-equatorial alcohol (13},
which formed its ronocacctate (l3a) ié 4,82 (lH, dd, J = 12 and 5 Hz};
Substitution of the hydroxyl group, located on the neopentyl carbon (C-1)
of the alcohel {12), with a bromine atom proceeded only with difficulty; at-
tempted brominatién under usual conditions le.g., PBr3 or CBr4—(C6H5)3P]
failed, leaving tarry materials. However, treatment of 13, after mesylation,
with tetrabutylammonium bromide in toluene at 95 °C for 20 h9 produced a
mixture of three compounds, from which l-bromoperhydroindan (l14) with an equa-
torial bromine atom [# 4.19 (1H, dd, J = 13 and 5 Hz)] was obtained in 63%

yield with its labile l-axial epimer (15) (10%) and an olefin (16) (20%). "
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Scheme 2. Reagents: i) EtOCH=CH2, PPTS, CHZClz’ room temp, 0.5 h; ii) LiAlH
THF, 0 °C, 1 h; iii} BnBr, KH, DMF, room temp, 20 min; iv) 0.5 M HCl, room
temp, 1.5 h; v) PCC, CH2C1,, room temp, 1.5 h; vi) HCOOEt, NaOEt, CGHG' D ¢ =+
room temp, 40 min; vii) BuSH, p-TsOH, MgSOQ, CEHG' room temp, 16 h; viii) MeI,
t-BuQK, DME, -78 °C, 1 h; ix) KOH, DEG, reflux (bath temp 130-140 °C), 10 h;
x) NaBH,, MeOH, 0 °C - room temp, 40 min; xi) MsCl, Et, N, CH,CIl 0 °Cc, 40

min; xii) Bu4NBr, toluene, 95-97 °C, 20 h.
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The l-bromoperhydroindan (l14) was converted, via diol {%z} and its mono-
benzyl ether (]18), into bromo-4-ketone (%2} with an equatorial bromine atom [§
4.25 (1H, dd, J = 11 and 5.5 Hz)] (Scheme 3). Treatment of the cis-fused 4-
ketone (]9) with acid led to exclusive formation of a 1:18 inseparable mixture
of 19 and its trans-fused isomer (20) with an axial bromine atom [§ 4.54 (lH,
t, J = 2.5 Hz)], which was then treated with methyllithium, giving trans-
fused 4-methyl-4-hydroxyperhydroindan (21) in 95% yield from 1% as a sole
isolable product. The C-4 (relative) configuration of %% was tentatively
assigned as shown by the formula on the basis of the preferable equatorial
approach of the reagent to the C-4 carbonyl carbon atom of %Q. Since the
trans-fused compound (2]) also possessed the axially oriented bromine atom [
4.54 (1H, t, J = 2.5 Hz)], it was again submitted to Sy2 type substitution
with tetrabutylammonium bromide in toluene at 115 °C for 2 d, when its eguato-
rially brominated epimer (22} [6 3.99 (1H, dd, J = 12 and 4 Hz)] was iso-
lated in 55% yield with an olefin (23) (35%). Hydrogenolysis of %% followed
by oxidation afforded bromo aldehyde (%é) in 92% yield, which was identical
with an authentic sample3 obtained from the Lemieux-Johnson oxidation of 3.

The aldehyde (%%) was then converted by the Pojer procedurell into iés
methylthiomethyl ether (25), which underwent the Wittig reaction with 1,5-
dimethyl—4—hexenylidenephosphorane12'13
(10E) ~diene (%é} in 54% yield with its (10Z)-isomer (29%). Likewise, the

followed by deprotection to give a

ether (25} was treated with isopropylidenephosphorane and then deprotected to
afford an olefin (27) in 95% yield. These olefins (26) and (27) were identi-
fied as (i)-prepinnaterpene (3) and (%)-oppositol (4), respectively, by
comparison of the spectral data of the respective synthetic and natural sam-
ples. The present synthesis of (#)-3 involved 32 steps and amounted to 2.6%
overall yield from 2.
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Scheme 3. Reagents: i) Hz, 10% Pd-C, 1M HC1l, EtOH, rcom temp, 1 h; ii) BnBr,
NaH, DMF, =70 °C, 40 min; iii) PCC, CH2012,
PPTS) , CH2C12, room temp, 15 h; v) MeLi, ether, -20 °C, 0.5 h; vi) Bu4NBr,
toluene, 115 °C, 2 d; wvii) H2, 10% pd-C, 1M HCl, EtOH, room temp, 1 h; wviii) PDC,
CH2C12, room temp, 4 h; ix) DMSO, Ac,0, AcOH, room temp, 10 h; x)
Ph3P=C(CH3](CH2}2CH=C{CH3]2, THF, 10 min; xi) Mel, NaHCO3, acetone—H2
12 h; xii) Ph P=C(CH3}2, THF, 0 °C, 10 min.

room temp, 6 h; iv) p-TsOH (not

0, 55°C,
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