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SILOXY-[2,3]WITTIG REARRANGEMENT: A NEW METHOD FOR DIASTEREOSELECTIVE
PREPARATIONS OF 1,2-DIOL SYSTEMS
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Summary: A novel [2,3]Wittig variant, termed "siloxy-[2,3]Wittig rearrangement", has been
developed which provides the half-silylated 1,2-diol systems with a high anti-

diastereoselectivity. The unusual anti-selectivity is discussed on mechanistic grounds.

The [2,3]Wittig sigmatropic rearrangement has become an efficient method
for acyclic stereocontrol since we developed highly diastereoselective variants

as exemplified in eq. 1.1'2

In an effort to further expand the synthetic scope
of the [2,3]Wittig technology, we have now investigated the feasibility of a
novel variant, termed "siloxy-[2,3]Wittig rearrangement", which employs a
y-(silyloxy)allyl ether system (2) as the substrate and might produce a
stereochemically-defined 1,2-diol system (3) of synthetic interest (eq. 2L3
Our major concern is how the y-siloxy substituent could influence or control
the stereochemistry of the rearrangement. We now report that the siloxy-
[2,3]Wittig variant proceeds smoothly to provide the 1,2-diol systems with a
high diastereo-selectivity and that its stereochemical course is quite

different from that of the usual [2,3]Wittig rearrangement.
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The starting aldehydes (la-d) were prepared from THP-protected 3~bromo-1-
propanol by the simple three-~step operation, i.e., etherification with an
alcohol (GCH,0H), deprotection, and Swern oxidation. The requisite substrates
(2a-d) were obtained in 63-807 isolated yields as Z/E mixtures via silylation
of the corresponding aldehyde (1) with t-butyldimethylsilyl trifrate under the
usual conditions (Et3N, CHyCTly, 5 °¢c, 5-10 m1'n).5 In all cases, the

thermodynamically more stable Z-isomer was favored, ranging from 657 Z for 2d
to 717 Z for 2¢ (see Table 1).6 The carbanion rearrangements of 2a-d were

carried out by the standard procedure [n-Buli (1.2 eqiv.), THF, -78 ~ -65 °¢,
5 h] to afford the half-silylated 1,2-diols (3) in moderate-to-high yields. It
is noteworthy that these rearrangements were significantly slower than the
usual [2,3]Wittig rearrangements, as expected from the frontier orbital
3

consideration. The stereochemical assignments of the products were made
through their conversions to the known compounds.7 Table 1 summarizes the
stereochemical outcomes thus observed.

Inspection of the data in Table 1 reveals significant stereochemical
features of the present variant. The most notable is that these rearrangements
of the Z-rich substrates exhibit a high anti-diastereoselection; this is in
direct contrast to the high Z—>syn selection widely observed for the usual
[2,3]Wittig rearrangements (cf. eq.1).1'2 More surprisingly, an increase in
Z-content of the substrate results in a lowered anti-selectivity (entry 3 vs. 4
and entry 5 vs. 6). These unexpected results indicate that both the
rearrangements of the Z- and E-substrates exhibit the same anti-selection, the
lTatter providing a higher selectivity. Of particular interest is entry 5,
where both the Z- and E-substrates provide an extremely high anti-selectivity,
thus leading to the almost exclusive formation of anti-3d, irrespectative of
the low geometric purity of the substrate used.

The Z—>anti selection generally observed here is quite exceptional and of
mechanistic interest, whereas the E—>anti selection is quite normal and
readily explicable in terms of the transition-state model previously

advanced.h8

The Z—>anti selection is reasonably rationalized as a result of
the special situation that the introduction of the bulky y-siloxy group would
greatly enhance the gauche repulsion between the siloxy group and G group in
the transition state A which prevails over the 1,3-repulsion between Hg and G
in the transition state B (eq. 3). In other words, the transition state such
as A with G group at the pseudo-equatorial position, which is generally favored
for the usual [2,3]Wittig variants, is greatly disfavored for the present

siloxy-[2,3]Wittig variant.
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Table 1. The Siloxy-[2,3]Wittig Rearrangement

a
Entry  Substrate (2) Z:E2 Product (3) anti : syn® %yieldS
7
1 2a, 6 = CH=CH, 70 : 30 osit- 95 : 5 53
o'
2 2b, G = C(CHj)=CH, 70 : 30 ! 91 : 9 74
3 2¢, G = CH 71 : 29 ’ .
s 93 : 74 !
: HO CeHs 77 : 23 81

[Z — 74% anti; E —> 100% anti]®

7/
5 2d, 6 = C=C-SiMe; 65 : 35 NS g 79
6 - X .
95 : 5 e 95 ¢ 5 66

[Z — 97% anti; E —> 100% anti]®

2 Determined by 'H NMR analyses (ref 6). 2 Determined by 13C NMR for 3a and 3b, HPLC
(Zorbax SIL, hexane/AcOEt) for 3¢, and capillary GLC (XE 60, 30 m) for 3d. For the
stereochemical assignments, see ref 7. & Refers to the isolated yield after column
chromatography. d This substrate was prepared via the silylation carried out in CCl, at O o¢
for 45 h. (equilibrating conditions), although the yield was lower (32%). & Stands for the
calculated selectivity based on 1003 of geometric purity of either (E)- or (Z)-substrate.

f This subtrate was obtained by column chromatographic separation of the Z/E mixture.
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In summary, we have developed a novel [2,3]Wittig variant, termed

>
4

/._
+

"siloxy-

[2,3]Wittig rearrangement”, which provides the half-silylated 1,2-diol systems
with a relatively high anti-diastereoselectivity, independent of the geometry
of the substrates. The high stereoselectivity, coupled with the unique
multifunctionality of the rearrangement products, makes this siloxy-[2,3]Wittig
variant potentially useful for the synthesis of polyhydroxylated natural

products. Further works along this line are under way in our laboratory.
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