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Abstract: Synthesis of the AB ring system of gambierol (1) was achieved from 2-deoxy-D-ribose.
The key steps were the stereoselective allylation of the aldehyde 6, comresponding to the B ring, and
the intramolecular hetero-Michael reaction of 9. © 1998 Elsevier Science Ltd. All rights reserved.

Since 1981, a number of polycyclic ethers have been isolated from marine dinoflagellates." Much

attention has been paid to the synthesis of these compounds due to their unusual structures, biological activities,
i which has a 6,6,6,6,7,6,6,7-polycyclic ether

has a 6,6,6,6 yeyclic
Yasumoto in 1993.7 The compound shows toxicity against mice (LD, 50 ug/kg), and the symptoms
resemble those caused by ciguatoxins inferring the possibility that it is also implicated in ciguatera poisoning.’
Due to its limited availability from the natural source, the absolute configuration and the nature of the biological
activity have not been established. In this paper, we report the stereocontrolled construction of the AB ring
system of Gambierol (1) as a part of its total synthetic study.

Gambierol (1) Me
First, the allylation of the aldehyde 2 was investigated as a model study for the stereoselective introduction
of the hydroxy group on the A ring. Table 1 summarizes the results of the allylation of 2 under various

conditions.* The best result was obtained from the reaction with allylmagnem um bromide in THF (entry 1).
solvents such as ether and toluene decreased the stereoselectivity {(entries 2 and 3). On the other hand, the
reactions using allyitributyltin-Lewis acid combined systems gave predominantly the undesired isomer 4. The
stereochemistry of 3 was unambiguously determined by 'H NMR analysis and NOE experiments of the
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bicyclic derivative S, prepared by deprotection with TBAF followed by treatment with PhCH(OMe),/CSA
{Crhama 1) Irradiatinn nf tha mathul nratane {1 22 nnm) nf & oave a cianificant anhancamant (S 40, nf the
\\JUIIMII.« l}- 211 CGABIGRIVAE VL WIW lll\.ﬂl.llyl HJUWIID \I.JJ kll.}lll} Vil o 5“"-’ “ otsl.uxxwu.ut CAIARLINVAWILARALLY \ o/ T /V J NJ1 uiw
armm o man mmry o bl BT ned I ansnbneacs 73 EMN Y T e NT T exeno ~lesceera | atearnnin thha mensbaer] B
TGS OHAancey Ol ﬂ. F. 19108 I]b PIOWOLD (L.0U-£. 17 pplll). INU l‘ VL wWad UUBU{ YCU UU!WDGH e Uiyl Prowoiis
and the H_ proton. Based on these findings, we started a synthesis of the AB ring system of gambierol (1)
Toahla 1 Allylatinn ~f tha aldahyda 24
A4 AUIC 1 . Nylauuvil vl uiv cuucu_yu» i
Me HO Me HQ Me
OHC. ;.0 z z
)@ aNe Y
D ———— +
TBSO A" TBSO I~ TBSO I~
H H H
2 3 4
entry reagent solvent ratio (3 : 4)° yield (%)°

1 allylmagnesium bromide THF 5:1 91

~ P | P USRI PRI R PRy el 2.1 ~O

Z dllyHIIagIKCSIULL DIOIIHAC Cuici 2.1 o

3 allylmagnesium bromide toluene 3:2 74

2 allylermilaaterltin M O ™ 1.4 d

o allyiulu l._yu,uu 11\,14 A3 12\,12 1. -

4 allyltributyltin/BF,- OEt, CH,C], 1:5 -

“All reactions were carried out with 1.2 equiv of the reagents at -78 °C. “Determined by 'H NMR analysis.
‘Isolated yields. “Not determined.
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epimer in 88% yield (Scheme 2). Oxidative cleavage of the double bond of 7 with OsO,/NalO, followed by
Wittig reaction of the resulting aldehyde with Ph,P=CHCO,Me afforded the o, f-unsaturated ester 8 in 63%
yield. The TBS protective group of 8 was removed by the treatment with TBAF to give 9 in quantitative yield.
The diol 9 obtained above was then subjected to the intramolecular hetero-Michael reaction.® The treatment of
9 with K,CO,’ gave the desired and thermodynamically stable 10 as a major product in 75% yield with high
stereoselectivity (9:1).  The stereochemistry of the bicyclic system 10 was confirmed by the 'H NMR
analysis and NOE experiments on the corresponding acetate derivative 11 as shown in Figure 1.* The

observed NOE (7.7%) between Me, (1.31 ppm) and H, (5.00 ppm) indicates the trans stereochemistry of the
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methyl and the acetoxy group. Irradiation of H_(4.17 ppm) gave an enhancement (12%) of the resonance at
H, (3.62 ppm), indicating the cis relationship of these protons.

Scheme 2°
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a(a) allylmagnesium bromide, THF, -78 °C, 88% (R:S = 72:28); (b) (i) OsO,, NalO,, THF-H,0, rt; (i) Ph,P=CHCO,Me,
CH,Cl,. reflux, 63%; (c) TBAF, THF, 0 °C, 100%; (&) K,CO,, THE-MeOH, 40 °C, 75% (S:R = 90:10); (¢) TIPSOTf, 2,6-

(ii) Ph,P"CH,Br, NaHMDS, THF, 0 °C, 90%; (h) $-BBN, THF, rt, then H,0,, aq NaOH, rt, 90%:; (i) TBDPSCI, imidazole,

A o~

DMF, 40 °C, 93%.
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Figure 1. NOE experiments on the acetate 11.

Introduction of the hydroxylated side chain was carried out in the following way (Scheme 2). The
hydroxy group of 10 was protected as a TIPS ether using TIPSOTf/2, 6-lutidine to give 12 in 96% yield. The
undesired diastereomeric isomer formed in the cyclization step (9 — 10) was separated at this stage.
Reduction of the ester group of 12 with LiAlH, gave the primary alcohol 13 in 88% yield. Swern oxidation
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of 13 followed by Wittig reaction using Ph,P=CH, afforded the olefinic compound 14 in 90% yield
Wardealnentinm ~AF 14 with O DDA sava tha alanl Al TE 10 QONOL <13a1d Tinalley tha Fraa hedrnavyy araiin
I1yulvuvviauuil Ul 1% widl Z-DDIN pave Ui l.uuucuy ai UL 1O 1 JU/0 yiviu, L1111 Y, WU LICO HYUIUAY pluup
was protected as a TBDPS ether using TBDPSCVimidazole to give 16 in 93% yield.
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11: '"H NMR (500 MHz, CDCl,) §7.34-7.24 (m, 10H), 5.00 (t, J= 2.9 Hz, 1H), 4.63 (d, J=11.5 Hz,

1H), 4.45 (s, 2H), 4.44 (d, J= 11.5 Hz, 1H), 4.20-4.24 (m, 1H), 3.70 (s, 3H), 3.62 (dd, J=12.7, 3.5

Hz, 1H), 3.59-3.52 (m, 1H), 3.51 (dd, J=11.3, 4.6 Hz, 1H), 2.54 (dd, J = 15.4, 7.9 Hz, 1H), 2.39

(dd, J = 15.4, 49 Hz, 1H), 2.16 (ddd, J = 11.8, 4.0, 4.0 Hz, 1H), 2.01 (s, 3H), 2.00-1.71 (m, 6H
31 (s, 3H), 1.28 (s, 3H).
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