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ABSTRACT

CHO

Pent

An efficient approach for the synthesis of a model of the ABC ring system of Hemibrevetoxin B is described. Key features include a ring
expansion to yield the ring C oxepane, the reduction of a 2-furyl ketone with high levels of 1,3-stereocontrol, and an Achmatowicz oxidative
ring expansion to yield the ring A tetrahydropyran. All seven stereogenic centers present in the model compound were controlled with high
levels (>98:<2) of diastereoselectivity.

Hemibrevetoxin B (1, Figure 1) is the smallest member of of the natural product. Our retrosynthetic analysis is shown
the marine polycyclic ethers, a class of natural products in Figure 2.
which include the brevetoxins, the ciguatoxins, the maito- Two alternative strategies for the preparation of the ABC
toxins, gambierol, and gymnocinHemibrevetoxin B was  ring system were envisaged, both of which would exploit a
isolated from cultured cells of the red tide organism 2-furylalcohol as a precursor of the Aring: a CA—ABC
Gymnodinium bree in 19892 and its transused polycyclic approach, featuring the cyclization of the pyran-2-dnand
ring system raises many of the synthetic challenges poseda C—-BC—ABC approach, exploiting the reductive rear-
by more complex polyether natural products. A number of rangement of the spirocyclic lactorle We expected that
totaP and format syntheses of Hemibrevetoxin B have been the oxepaneb could be prepared by THPoxepane ring
reported. expansion of the aldol addu@t

The acetab was prepared by addition of MeMgBr to the

_ d-lactone8 and acetalization (Scheme 1). Substitution of the

acetal9, by treatment with propargyl trimethylsilane and

(1) (a) Nakata, TChem. Re. 2005 105 4314. (b) Yasumoto, T.; Murata,
M. Chem. Rev1993,93, 1897.
(2) Prasad, A. V. K.; Shimizu, YJ. Am. Chem. S0d.989,111, 6476.
(3) (a) Zakarian, A.; Batch, A.; Holton, R. Al. Am. Chem. So003,
CHO 125, 7822. (b) Morimoto, M.; Matsukura, H.; Nakata, Tetrahedron Lett.
1996,37, 6365. (c) Kadota, I.; Jung-Youl, P.; Koumura, N.; Pollaud, G.;
. . . Matsukawa, Y.; Yamamoto, YTetrahedron Lett.1995, 36, 5777. (d)
Figure 1. Structure of Hemibrevetoxin B. Nicolaou, K. C.; Reddy, K. R.; Skokotas, G.; Sato, F.; Xiao,XAm.
Chem. Soc1992,114, 7935.
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we describe the synthesis of the model compo@neyhich A. J. Org. Chem2003,68, 747,
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Scheme 2. THP — Oxepane Ring Expansion

elaborate Me H
Aring RN 1. CICH,S80,Cl
: 2,6-Lutidine, CH,Cl, “Me
2. Dioxane-H,0, 50 °C R To o
CHO @) o” "0 7 _ He™,
RowH A 73% Yield - 0
3 ‘ p
14
form
BorA
ring
Me oH g
N
0
H o H OPiv

and the lithium enolat&?2, prepared by addition of methyl
2-furyl ketone to LDA, gave the corresponding aldol product
7 with >98:<2 diastereoselectivity. The sense of induction
observed is the same as that observed by ims other
additions to similar THPs with an axial 2-formyl grotgnd

ring
expansion

N is consistent with the FelkinAnh modet (see transition state
RO (o] model13).
OH O Activation of the tetrahydropyranyl alcohdl as the
7 . .
corresponding chloromethanesulfonate, followed by heating
Figure 2. Retrosynthetic analysis. to 50 °C in dioxane—water, resulted in ring expansisco

yield the oxepand5 (Scheme 2). Remarkably, only a trace
(<5%) of eliminated product was observed. The opening of
the proposed epioxiranium ion intermedidi¢ was highly
regioselective, yielding the required oxepden 73% yield
and <2% of its regioisomery.

Me;sSiOTf, was highly diastereoselective 98:<2) in favor

of the allenel0 which stemmed from axial attack of the

propargy! silane on the intermediate oxonium fon.
Ozonolysis of the allen&0yielded the 2-tetrahydropyranyl

aldehydell. The aldol reaction between the aldehyide A range of conditions were screened for high levels of
1,3-stereocontrol in the reduction of the ketatte(Table

] 1). Remarkably, subjecting the ketoh&to Luche’s condi-

Scheme 1. Synthesis of the Aldol Adduct tions!® (entry 5) gave the required alcoh®lwith >98:<2

1) MeMgBr

2) p-TsOH,
Jfl MeOH /l(j\ Table 1. Diastereoselective Reduction of the Ketdte
R7I™07:~0OMe

R® 0" "O 97% Yield

dr > 98:<2 H Me
8 9 15 conditions
Me;SIOTT,
_ CH,Cl,
///\ SiMes | _78°C
gz(;/"gg'ilg entry conditions® diastereoselectivity®
O3, CH,Cl, 1 NaBH4 THF, 0°C —rt 40:60
t;‘j;/‘ “ﬂf;ﬁi’ 2 iBupAlH, THF, —78 °C 50:50
rTo™cho ~  rTo™ 3 Red-Al, THF, —78 °C 70:30
H Me H Me 4 NaBHy4 EtsBOMe, —78 — 0 °C 35:65
" 10 5 NaBH,, CeCls-7H,0, MeOH, —78 °C >98:<2
OLi . . .
' aThe concentration of the substrate was 0.05 M in all cds@g.analysis
%’\EO) of the 500 MHz!H NMR spectrum of the crude product.
Vi
12
THF, -78 °C
68% Yield (6) (a) Lucero, C. G.; Woerpel, K. Al. Org. Chem2006,71, 2641. (b)
dr >98:<2 Hung, S. C.; Lui, C. C.; Wong, C.-XTetrahedron Lett1997,38, 5419.
(7) See also: Fujita, M.; Lainé, D.; Ley, S. \J. Chem. Soc., Perkin
Trans. 11999, 1647.
1N\ (8) (a) Chérest, M.; Felkin, H.; Prudent, Netrahedron Lett1968,18,
r o7 o 2199. (b) Anh, N. T.Top. Curr. Chem1980,88, 145.
H MeOH 0 (9) (a) Nakata, T.; Schmid, G.; Vranesic, B.; Okigawa, M.; Smith-Palmer,
T.; Kishi, Y. J. Am. Chem. Socl978, 100, 2933. (b) Sakamoto, Y.;
7 Koshizuka, M.; Koshino, H.; Nakata, Heterocycle2002,56, 113. (c)
Hori, N.; Nagasawa, K.; Shimizu, T.; Nakata, Tetrahedron Lett1999,
40, 2145.
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diastereoselectivity and in 86% yield. Because chelation

control is unlikely under these conditioksthe high level

Conditions were screened for reductive rearrangement of
the spirocyclic lactoneS and16to yield the required fused

of 1,3-induction observed may be explained by the Evans tricyclic ring system (Table 2). For example, with 10 equiv

polar model? as shown in Figure 3.

Me QH
H H
HNO attack
o0”Fu R

Figure 3. Model to explain the high levels of 1,3-induction in the
reduction of ketond5.

Complementary approaches for the formation of the AC
and BC ring systems from the oxepa6Bewvere identified
(Scheme 3). OxidatidA of the 2-furyl alcohol 6, and

Scheme 3. Approaches for the Formation of the AC and BC
Ring Systems
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pivaloylation, resulted in the formation, and trapping, of the
A ring as the 6-pivaloyloxy pyran-3-oné. Alternatively,
silylation of the furyl alcohol6 (—16) prevented its
participation after the Achmatowicz oxidatidh:hence,
m-CPBA oxidation, followed by oxidation of the resulting
spirocyclic hemiacetal, yielded the spirocyclic lactdrvan
which the B ring had been forméél.Desilylation of the
spirocyclic lactone gave the corresponding alcdhol

(10) Luche, J. LJ. Am. Chem. S0d.978,100, 2226.

(11) Marcantoni, E.; Cingolani, S. Org. Chem1998,63, 3624.

(12) Evans, D. A,; Dart, M. J.; Duffy, J. L.; Yang, M. @. Am. Chem.
Soc.1996,118, 4322.

(13) Achmatowicz, O., Jr.; Bukowski, P.; Szechner, B.; Zamojski, A.
Tetrahedron1971,27, 1973.

(14) (a) Robertson, J.; Meo, P.; Dallimore, J. W. P.; Doyle, B. M.;
Hoarau, COrg. Lett.2004 6, 3861. (b) Bartlett, S.; Hodgson, R.; Holland,
J. M.; Jones, M.; Kilner, C.; Nelson, A.; Warriner, Srg. Biomol. Chem.
2003,1, 2393.
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Table 2. Reductive Rearrangement of the Spirocyclic Lactones
5and17

Me = H
= O I \
3
RYCH RO ©
5 conditions
or Me . H
17 EACNE
18
R HO H H o o
starting yield®
entry material conditions (%)
1 17 1.2 equiv of Me3SiOTf, 1.2 equiv of Et;SiH, 5, 69
4 A molecular sieves, CH2Cly, 0 °C —rt, 2 h
2 17 2 equiv of Me3SiOTf, 10 equiv of Et3SiH, 3, 200
CDCl3, 0°C —rt,45h
3 5 2 equiv of Me3SiOTf, 10 equiv of EtsSiH, 3, 20
CHCl3,0°C —rt, 16 h 18, 50
4 5 0.5 equiv of Me3gSiOTY, 5 equiv of EtsSiH, 3, 32¢

CHCI3,0°C —rt, 16 h

a|solated yield of purified product Analysis of the crude reaction
mixture by 500 MHZ'H NMR spectroscopy revealed a 7:17:17:59 mixture
of the compoundd47:3:18:5.¢ Analysis of the crude reaction mixture by
500 MHz 'H NMR spectroscopy revealed a 62:21:17 mixture of the
compounds3:18:5.

of Et;SiH and 2 equiv of MgSiOTf, the spirocyclic lactone
16 was transformed into the fused lactor8&0%) and18
(50%) (entry 3). Alternatively, with 5 equiv of E3iH and
0.5 equiv of M@SIOTf, the required unsaturated lacto®e
was obtained in 32% yield (entry 4). In both cases, Lewis
acid-mediated ring opening yielded an oxonium ion which
was reduced highly diastereoselectively, with axial attack
of the reducing agent (Figure 2 subsequent lactonization
gave the fused tricyclic ring system.

H H

HO O R
=0
o M
attack ?)— 0simeMe

o}

Figure 4. Diastereoselective reduction, with axial attack of the
reagent, to yield the fused tricyclic lacton@sand 18.

Nucleophilic epoxidation of thet,-unsaturated lactone
3, with axial attack of the oxidarif, gave theo,3-epoxy
lactone 19 with >98:<2 diastereoselectivity (Scheme 4);
reductive ring opening’ o to the carbonyl group, gave the

(15) Ishihara, K.; Mori, A.; Yamamoto, Hletrahedrornl 990,46, 4595.

(16) Reddy, M. V. R.; Brown, H. C.; Ramachandran, PJMOrganomet.
Chem.2001,624, 239.

(17) Miyashita, M.; Suzuki, T.; Hoshino, M.; Yoshikoshi, Aetrahedron
1997,37, 12469.
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Scheme 4. Installation of the C-8 Hydroxyl Group Scheme 5. Completion of the Synthesis of Model Compound
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o Y Y OH
o op B8% Yield o Me, H KaCOs
R HO H H © R HO H H 40—-
21; 70:30 mixture 20 97% Yield

R
OH OAc
lactone20 with an axials-hydroxy group. Reduction of the “c”.'l?éfz
lactone20 with 'Bu,AlH, and acetalization, gave the acetal 77% Yield
21 as a 70:30 epimeric mixture.
Treatment of the epimeric acet@s with the allylic silane Me, H i
22 and MeSiOTTf yielded the substituted produin which
the side chain had been introduced witB8: <2 diastereo- RYOH n° CHO
2

selectivity (Scheme 5); once more, the configuration of the
new stereogenic center was controlled by axial attack of the

reagent on the intermediate oxonium ion (s2&)3°6
Deacetylation of24 (—25), and allylic oxidation, yielded Acknowledgment. We thank EPSRC and AstraZeneca

the model compouna. for funding and the EPSRC Mass Spectrometry Service
(Swansea).

Thus, methods have been developed to control all of the
stereogenic centers of the model compo@mwith >98:<2
diastereoselectivity; in particular, the approach features the
reduction of a ketone with high levels of 1,3-stereocontrol.
We expect to be able to exploit these diastereoselective
methods in a total synthesis of Hemibrevetoxin B featuring
the desymmetrization of a centrosymmetric bicyclic inter-
mediate. 0L0614323

Supporting Information Available: Experimental de-
tails, characterization dataH NMR spectra for all new
compounds, an#’C NMR spectra for compounds 5, 6a,
and 11. This material is available free of charge via the
Internet at http://pubs.acs.org.
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