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Stereoselective Synthesis of Highly
Functionalized C-Glycosides based
on Acetal [1,2] and [1,4] Wittig
Rearrangements**
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The [1,2] Wittig rearrangement is a classic class of carban-
ion rearrangements which is now well recognized to proceed
by a radical dissociation-recombination mechanism.l'l De-
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spite potentially useful carbon—carbon bond forming reac-
tions, however, synthetic application of this rearrangement
still remains severely limited, mainly because of the rather low
yields and the restricted range of substrates. To this end, we
have recently developed the acetal [1,2] Wittig rearrangement
protocol which provides C-glycosides from primary-alcohol-
derived O-glycosides in a highly diastereoselective manner

[Eq. (1)].27
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To extend this protocol we envisioned that the rearrange-
ment of a more functionalized O-glycoside system with a
secondary-alcohol-derived migrating terminus might afford
the C-glycoside with a tertiary alcohol side chain. A key
feature for the success of the rearrangement is a rational
design of a migrating terminus. Thus, we selected the
ethynylvinylmethanol system as the migrating terminus with
a view that the ethynyl and vinyl substituent not only
enhances the [1,2] Wittig reactivity, as a result of the large
radical stabilizing effect, but also imparts unique multifunc-
tionality to the products (Scheme 1, path A). Here we report a
stereoselective entry to the highly functionalized C-glycosides
based on an acetal [1,2] Wittig rearrangement and also a novel

HOL /—
. pathA  HzO* o ==y
N L [1,2] shift TR

0 2 OPG

path B E*
[1,4] shift

OPG
Scheme 1. [1,2] and [1,4] Wittig rearrangement approach to the multi functionalized C-glycosides.

[1,4] Wittig rearrangement of an acetal system (Scheme 1,
path B), which was discovered by chance in the [1,2] rear-
rangement study.

At the outset we studied the rearrangement of acetal -3
which was prepared from (—)-dihydro-3-hydroxy-4,4-dimeth-
yl-2(3H)-furanone ((—)-pantolactone) as a 1:1 epimeric
mixture at the C1’ position in three steps: protection of the
hydroxyl groups, addition of lithium acetylide, and a mont-
morillonite K 10 clay catalyzed acetalization®! with the
protected ethynylvinylmethanol 2 (racemate) [Eq.(2);
TBDPS = tert-butyldiphenylsilyl]. Two epimers of -3 were
separable by chromatography on silica gel and their stereo-
chemistries were determined by X-ray crystallography and by
chemical conversion.l’l The reaction of $-(R)-3 with nBuLi
(3 equiv) in THF at —78°C afforded (< 10 min) the [1,2] re-
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arrangement product 8-(S)-4 as a single diastereomerl® in
78 % yield,[ along with a small amount of the [1,4] rearrange-
ment product -5 (Scheme 2).Bl Significantly, a similar

e

OPG

B-(S)-4 (>98% d.r.)

(78% from S-(R)-3)
(65% from B-(S)-3)

B(R)-3

N X
H,, Z

%‘%j\ SiMe; | \\0

OPG
B-(S)-3
B-5 (>98% d.r.)

(17-19%)

Scheme 2. Wittig rearrangement of O-glycosides (8-(R)-3 and S-(S5)-3).
X =SiMe; or H.

reaction of the 3-(S)-3 epimer gave the same diastereomer, (3-
(S)-4 (>95% d.r., 65% yield) even though the reaction was
slower than with the Repimer (—78— —10°C, 50 min).
These stereochemical outcomes indicate that acetal 3 under-
goes the rearrangement with complete retention at the
migrating anomeric center as expected, and in a highly
diastereoselective manner (not a stereospecific manner) in
regard to the chiral center at the tertiary alcohol in the side
chain. This result means that efficient stereocontrol does
occur during the rearrangement, and hence no separation of
the C1’ epimers is required to obtain the single stereoisomer
of the rearrangement product.

This protocol is an efficient approach to multifunctional-
ized C-glycosides. In fact, a similar rearrangement of a 1:1
epimeric mixture of O-glycoside 6, prepared from the lactone
derived from D-ribose, was found to give C-glycoside 7 in a
highly diastereoselective manner (>95% f3, 82% R config-
uration)® % in 77 % yield [Eq. (3); TBS = tert-butyldimethyl-
silyl].

Next, our interest turned to the previously observed side
reaction—the [1,4] rearrangement—because of its potential
value as a unique approach to C-glycosides. A key issue to
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address was the switching of the periselectivity from a [1,2] to
a [1,4] fashion. After several attempts, we finally found that
the introduction of a tert-butyldimethylsilyl group to the
ethynyl unit at the C1 position could solve this problem. The
reaction of $-8 (1:1 epimeric mixture at C1’) with nBuLi
provided the [1,4] rearrangement product 5-9 as the major
product [73% yield; Eq. (4)]. This protocol represents the
first example of a C-glycoside synthesis based on a [1,4] Wittig
rearrangement. Moreover, we attempted to intercept the
lithium enolate Al with an external electrophile. Thus, 3-8
was treated successively with nBuLi and formaldehyde to
afford the expected adduct 10 (60 % d.r.) in good yield.

N SiR
H 3
[o) = = 4
\ .
le) SiR, nBuLi, THF /o oL
R -78°C AN
opg  18S 8BS
B8 SiRj PG =TBDPS A
R SiR,
E+
E— [1,2] product
opg TBS  (7-11%)
>95% f3
E*=H3;0* -9, R=H (73%)

E*=HCHO pB-10, R=CH,OH (60% d.r. at C2') (60%)

In summary, we have demonstrated that the [1,2] Wittig
rearrangement of the ethynylvinylmethanol-derived O-glyco-
side proceeds in a highly diastereoselective manner to afford
the 18-C-glycoside that has contiguous quarternary chiral
centers at the Cl and Cl1’ positions. In addition, we have
shown a novel approach to the C-glycoside that is based on a
[1,4] Wittig rearrangement. The scope and limitation of the
present C-glycosidation methodologies as well as its applica-
tions to natural products synthesis are in progress.
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The zaragozic acids and squalestatins are a family of
naturally occurring fungal metabolites independently isolated
and characterized by researchers at Merck[l and Glaxo.?
These natural products are potent inhibitors of squalene
synthase and have potential as therapeutic agents for the
treatment of hypercholesterolemia.l' 2 All the zaragozic
acids and squalestatins have a common 2,8-dioxabicy-
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clo[3.2.1]octane core with an array of six stereogenic centers
including contiguous quarternary carbon atoms, and are
different only at the alkyl and acyl side chains at C1 and C6,
respectively. Therefore, it is not surprising that the these
compounds have elicited considerable attention from numer-
ous synthetic chemists.[> 41 Zaragozic acid A (squalestatin S1;
1) is a representative example of this novel class of com-
pounds. Herein, we report the efficient, convergent synthesis
of 1 by highlighting the acetal [1,2] Wittig rearrangementP! for
forming the C4—C5 bond together with the simultaneous
creation of the contiguous quaternary carbon atoms as the key
step.

Our strategy is shown in Scheme 1. Disconnection of the C6
side chain A, unraveling of the C1 acetal, and cleavage of the
C1—CY’ bond led to lactone B and an alkyl anion equivalent

zaragozic acid A /
core squalestatin S1 (1)

(0] OPG"
.
PGO )
/Y\NJ\OR > \/\Ph
e
A R'O,Cr c
R'O,C=4 ' ether [1,2] Wittig
. rearrangement
< °
PGO,  orc » PGO opc
acetal [1,2] Wittig g
s R rearrangement o R
= =
o —> o)
--- (e}
X_:—Aik\
=z \~\ B .
HO Y ;/ H \\\
X Y
D E

PG, PG', PG" = protecting group

Scheme 1. Retrosynthetic analysis of zaragozic acid A (1).

C.I1 Our interest in the carbanion rearrangement of the sugar
derivatives led us to consider a strategy for lactone B starting
from the C-glycoside D, namely an acetal [1,2] Wittig
rearrangement product of the O-glycoside E. The preceding
paper describes the synthesis of this class of highly function-
alized C-glycosides based on a rearrangement protocol.”!
Furthermore, we planned to construct a C5—C6’ bond in
segment C using the original ether [1,2] Wittig rearrange-
ment.®l

Our synthesis begins from the O-glycoside 5a (=2E), which
can be prepared from the hemiketal 3 derived from L-
arabino-y-lactone!” and the protected ethynylvinylmethanol 4
(racemate; Scheme 2). Previous work suggested that the
carbanion rearrangement of an O-glycoside such as 5a should
produce the [1,2] rearrangement product with high diaster-
eoselectivity and in good yield.[*°! In contrast to this expect-
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