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This Letter describes our use of C-glycosides to synthesize the A-D ring system of the marine ladder toxin gambierol in 20 steps.

Gambierol was isolated in 1993 by Yasumoto and co-workers have also become interested in the synthesis of gambierol.
as part of a screening study to determine the causative agenRetrosynthetically, we envisioned that gambierol’s octacyclic

of ciguatera poisoning from the marine dinoflagell&am-
bierdiscus toxicus As part of this initial study, the Yasumoto
group determined gambierol’'s relative configuration; in

framework could be constructed from the coupling of a
tetracyclic A—D subunit with a tricyclic FH subunit. In
turn, we were confident that each of these fragments could

subsequent experiments, they elucidated its absolute strucbe constructed in a linear fashion using a strategy that would

ture?

1: Gambierol

Not surprisingly, gambierol’s polycyclic ether architecture
and its intriguing biological activity has attracted the interest
of a number of synthetic chemists. Thus far, this attention
has led to the generation of the8, C—G, and E—H ring
systems by Yamamotand the synthesis of the-fH ring
system by SasakKi.

As part of our program utilizing C-glycosides in the
synthesis of polycyclic ether containing natural products, we

(1) Satake, M.; Murata, M.; Yasumoto, J.Am. Chem. S04993,115,
361.

(2) Morohashi, A.; Satake, M.; Yasumoto, Tetrahedron Lett1999,
40, 97.
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be similar to the one that we had employed in our formal
synthesis of (&)-hemibrevetoxin BOutlined herein is the
partial achievement of these goals through the synthesis of
the gambierol A—D ring system.

From our perspective, the-AD subunit presented several
challenging stereochemical problems, of which the most
noteworthy involved the selective incorporation of the C-7
and C-11 stereocenters where the angular methyl groups were
in a 1,3-diaxial orientation to one anotlfee were hopeful
that our ability to generate C-glycosides having either cis or
trans stereochemistry relative to the adjacent alcohol would
enable us to overcome these challenges.

(3) Kadota, I.; Park, C.-H.; Ohtaka, M.; Oguro, N.; Yamamoto, Y.

Tetrahedron Lett1998,39, 6365. (b) Kadota, |.; Kadowaki, C.; Yoshida,
N.; Yamamoto, Y Tetrahedron Lett1998,39, 6369. (c) Kadota, I.; Ohno,
A.; Matsukawa, Y.; Yamamoto, YTetrahedron Lett1998,39, 6373. (d)
Kadowaki, C.; Chan, P. W. H.; Kadota, |.; Yamamoto,T¥trahedron Lett.
2000,41, 5769. (e) Kadota, I.; Ohno, A.; Matsuda, K.; YamamotoJY.
Am. Chem. So2001,123, 6702.

(4) Fuwa, H.; Sasaki, M.; Tachibana, Ketrahedron Lett2000, 41,
8371. (b) Fuwa, H.; Sasaki, M.; Tachibana,etrahedror2000,57, 3019.

(5) Rainier, J. D.; Allwein, S. P.; Cox, J. M. Org. Chem2001, 66,
1380.

(6) Sasaki and Yamamoto have employed somewhat circuitous routes
to the similarly substituted gambierol F,G-ring system. See refs 3d and 4.



Our efforts toward the gambierol-AD subunit began with
the synthesis of the dihydropyran A-ring using a hetero-
Diels—Alder cycloaddition reaction between aldehyiend

at C-6 relative to gambierol, we were confident that a
subsequent Mitsunobu inversion would enable us to access
the correct C-6 diastereomer. Moreover, we were hopeful

diene3.? Because of its success in catalyzing the analogousthat the C-6 stereocenter could be used to control the facial

reaction between Danishefsky's diene a8 our initial
experiments examined Keck’s titanium BINOL protoédl.
Surprisingly, when dien8 was subjected t@, BINOL, and
Ti(Oi-Pr), no reaction was observétAlthough other Lewis
acid/BINOL complexes gave moderate yields of cycloadduct,
the cycloadduct was formed racemically or in low enantio-
meric exces$?

With the failure of the BINOL complexes to catalyze the
asymmetric reaction betweeéhand 3, we turned to Jacob-
sen’s tridentate Cr(lll) cataly&!® Although5 had not been
subjected t@ prior to our work, this catalyst had performed
remarkably well with other substituted dienes. To our delight,
5 catalyzed the reaction betwe2and3 to give cycloadduct
4in both high yield and high enantiomeric excess (ef1).
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With an efficient entry into pyrond, we set out to convert
it into the gambierol A,B-dihydropyraB (Scheme 1). 1,2-

90% vyield
94%ee

Scheme 1
OPMB PMBO Me
Me OAc
ab cd
4 — | 7
H B B X
R i (o} R G o =
6
PMBO . NAr
*011Me ~Mog,_C(Me)zPh
ef
= . | or 9
R”: 0" 7\
H 8H 9 Mes'N\rN\Mes
R = (CH,)30Bn Ph
2)3 C|>Ruj
Cl | 10
PCy3

a(a) NaBH,, CeCl7H,0, EtOH,—60°C to rt; (b) PMBCI, NaH,
DMF, 0°C to rt (95%, 2 steps); (c) DMDO, Ci&l,, —60°C to rt;
CH,CHCH,MgCI, THF (65%); (d) AgO, i-PLNEt, DMAP, CHCl,
(78%); (e) TiCk, Zn, PbC}, TMEDA, CH,Br,, TMEDA, THF; (f)
10 (20 mol %), rt, 16 h (65%, 2 steps).

Reduction of the carbonyl id using Luche’s conditiori§
gave6 after PMB ether formation. Although is epimeric

(7) Rainier, J. D.; Cox, J. MOrg. Lett.2000,2, 2707.
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selectivity in the subsequent reaction ®fwith dimethyl
dioxirane!’

Fortunately, we had the opportunity to test this latter notion
immediately. Exposure d to dimethyldioxirané® followed
by propenylmagnesium chloritferesulted in the generation
of 7 after acylation of the newly formed Jiydroxyl group.

As we had hoped-for, the C-3 alkoxy substituent had
controlled the facial selectivity in the oxidation reaction; anti

addition to the glycal anhydride had resulted in the desired
stereochemistry at C-8.

Having established the gambierol A-ring, we investigated
the synthesis of the B-ring using an enol ether-olefin ring
closing metathesis (RCM) protoctl.As in our previous
work, Takai's procedure was utilized to generate the acyclic
enol ether fronv.?! Both the Schrock Mo alkylideng? and
the 2nd generation Grubbs Ru alkylidel@? catalyzed the
conversion of the acyclic enol ether into the cyclic enol ether
8.

With ready access t8, we were in a position to examine
the use of our C-glycoside forming technology in the
formation of the critical C-11 stereocenter. Unfortunately,
the addition of allyl nucleophiles to the epoxide frodn
resulted in either the exclusive formation of the undesired
C-11 diastereomer or in the formation of mixtures at C¥11.

Our inability to selectively generate the gambierol C-11
stereocenter forced us to consider other methods for its
preparation. It occurred to us that a solution to our problem
might come from the use of a Claisen rearrangement from a
C-10 allyl enol ether. This strategy was appealing not only
because of the likelihood that the C-7 angular methyl would
direct the stereoselectivity in the rearrangement in the desired
sense but also because of the possibility that we could
generate the rearrangement precursor by simply subjecting
a bicyclic ketal precursor to an acid-catalyzed elimination
reaction?®

To generate the precursor to the Claisen rearrangement,
we subjected glycaB to m-CPBA in MeOH. This resulted
in the formation of the corresponding hydroxy ketal as an
inconsequential 2:1 mixture of anomers in a 92% overall
yield. Allyl ether formation then provided rearrangement

(8) McDonald, F. E.; Vadapally, Pletrahedron Lett1999,40, 2235.

(9) Miyashita, M.; Yamasaki, T.; Shiratani, T.; Hatakeyama, S.; Miyaza-
wa, M.; Irie, H. Chem. Commuril997, 1787. (b) Barrett, A. G. M.; Carr,
R. A. E.; Attwood, S. V.; Richardson, G.; Walshe, N. D.A.Org. Chem.
1986,51, 4840.

(10) Keck, G. E.; Li, X.-Y.; Krishnamurthy, DJ. Org. Chem1995,60,
5998.

(11) The analogous cycloaddition reaction between Danishefsky’s diene
and 2 proceeds in 95% ee and 65% yield. See ref 8.

(12) We examined the use of BINOL with AIMeand B(OPhy.

(13) Dossetter, A. G.; Jamison, T. F.; Jacobsen, EAhgew. Chem.,
Int. Ed.1999,38, 2398.

(14) Compound4 is enantiomeric to that expected on the basis of
Jacobsen’s results. See ref 13.

(15) The enantiomeric excess #fvas determined using a chiracel OD
HPLC column.

(16) Gemal, A. L.; Luche, J.-LJ. Am. Chem. S0d.981,103, 5454.

(17) Halcomb, R. L.; Danishefsky, S. J. Am. Chem. S0d.989,111,
6661.
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precursorll. Whenll was exposed to PPTS and pyridine
in PhCH; we isolated an 8:1 mixture of C-glycosidé3and

14 in 97% vyield. As predicted, the major isomer from the
rearrangement (i.e13) had the desired C-11 stereochem-
istry.26 Although it was not isolated, we presume that the
reaction proceeded through allyl enol ether intermediZte
and a subsequent Claisen rearrangerffent.
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With an efficient approach td3, we were prepared to
examine the inversion of the C-6 stereocenter. Oxidative
hydrolysis of the PMB ether and inversion of the resulting
2° alcohol using Martin’s Mitsunobu protoédlgave 15
having the desired gambierol stereochemistry at C-6 after
TMS ether formatior?? Reduction of the C-10 ketone to the
desired equatorial alcoh8lwas followed by esterification
with 17 to give RCM precursot.6.

Scheme 3
TMS(:)

a(a) DDQ, CHClIy, H,0 (93%); (b) DEAD, PPk p-NO,CeH4-
COH PhCH;, 110 °C; (c) NaOH, HO, THF, MeOH (70%, 2
steps); (d) TMSOTIfj-Pr,NEt, CH,Cl, (87%); (e) NaBH, EtOH;
(f) DCC, DMAP, (MeO}CH(CH,),COH (17), CHCl, (91%, 2
steps).

As in the conversion of7 into 8, acyclic enol ether
formation using the Takai protocol was followed by enol
ether—olefin RCM to give tricyclic enol ethet8. While both

(18) Adam, W.; Bialas, J.; Hadjiarapoglou, Chem. Ber.1991, 124,
2377.
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the Schrock Mo catalys® and the Grubbs Ru cataly$0D
could be used to generai8, the Schrock catalyst provided
a significantly higher yield.

1. TiCly, Zn, PbCly, TMEDA TMS? Meo Me

CH,Br,, TMEDA, THF

16

2.9 (20 mol%), hexanes
60°C, 16 h (77%, 2 steps)
or
10 (20 mol%),CeHg
rt, 16 h (50%, 2 steps)

OMe
OMe

R = (CH2);0Bn

Our next challenge was to establish the C-13 and C-14
stereochemistry. Assuming that the epoxidatiori®fwith
dimethyl dioxirane would occur from the face opposite the
C-11 angular methyl group, our plan was to establish the
C-13 stereocenter through the use of a subsequent reduction
reaction. In this context, we were hopeful that the epoxide
oxygen could be used to deliver hydride to an oxocarbenium
ion at C-14%! In the event, exposure of tricyclic glycaB
to dimethyl dioxirane followed by DIBAI resulted in the
formation of the desired alcohad0 in 69% yield. As
illustrated (eq 3), we presume that th®@ — 20 transforma-
tion occurs through the intermediacy of oxocarbenium ion
19 and the intramolecular delivery of hydride.

0-0;

DIBAI, -60°C
(69%)

18

OMe

OMe

To complete our synthesis of the /A subunit of
gambierol, it remained to conve?O into 21. Exposure of
20to PPTS, pyridine, and heat resulted in the formation of
21in 95% yield?®

Of note is the fact that the conversion of the functionalized
A,B ring system (i.e.,16) into the A-D tetracycle 21
required only four transformations. From our perspective,
this demonstrates the efficiency with which C-glycosides can
be used in the synthesis of fused polycyclic ethers.

PPTS, PhCl;
pyridine,135°C g«=
(95%)

R=%" >""0Bn

To conclude, this Letter has described the use of C-
glycosides in the formation of the A—D tetracyclic subunit
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