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Additions of crotyltrialkylstannanes to aldehydes lead
to syn adducts selectively through an acyclic transition
state in the presence of Lewis acid promoters such as
BFsOEt,, MgBr;, and the like (eq 1).!
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LA
R‘)J\H + N\SnRa —_ R‘)\(\ 1
CH,Cl, Ve

R =Me orBu
LA = 1 equiv. of BF3*OEt, or MgBr, or Znl, or SnCl, or TiCl,

In 1984, Keck and co-workers found that premixing the
stannane with 2 equiv of TiCly prior to addition of the
aldehyde resulted in a strong preference for the anti
adduct.? It was surmised that this latter reaction
involves transmetalation to a crotyltitanium species
which reacts with the aldehyde through a cyclic transi-
tion state (eq 2).%3

OH

Me

In recent years, we have developed methodology for the
synthesis of nonracemic y-alkoxy and silyloxy allylic
stannanes.'d Though less reactive and more labile than
their crotyl counterparts, these stannanes afford mono-
protected syn 1,2-diols in high yield with excellent
diastereoselectivity upon reaction with various aldehydes
in the presence of BFgOEt,.* Unfortunately, their lability
precludes transmetalation with TiCl, or SnCl;: admix-
ture of these Lewis acids and the oxygenated stannanes
at —78 °C causes total destruction of the reagents.

We have now found that InCl; in various donor
solvents undergoes transmetalation with allylic stan-
nanes and the resulting intermediates afford anti adducts
with aldehydes.> These findings allow direct access to
monoprotected anti 1,2-diols for the first time and
considerably expand the scope of this reaction.

Our initial studies were conducted with the more
reactive and less labile crotylstannane 2 and cyclohex-
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Table 1. Effect of Solvent and Temperature on
InCls-Promoted Additions of Crotyl Tri-n-butylstannane
to Cyclohexanecarboxaldehyde

o] OH
H \ (nCls N
+ /\/\SHBU:g M
e
ic 2 3
solvent T, °C t,h yield, % anti:syn

ag/EtOH rt 24 67 81:19
THF rt 24 78 86:14
DMF rt 24 33 84:16
MeCN rt 0.5 88 87:13
MeCN —40 18 90 94:6
acetone rt 0.25 96 87:13
acetone —78tort 5 90 98:2

anecarboxaldehyde (1e) to establish feasibility and op-
timize conditions (Table 1). Best results were obtained
in acetone or acetonitrile at low temperature.

In all reactions the crotylstannane was added to a
solution of the aldehyde and InCl;. Premixing the
stannane and InCl; produced an immediate precipitate
(polymer?), and subsequent addition of aldehyde resulted
in slow formation of product, which was isolated in low
yield after prolonged reaction times.

The next series of experiments was performed with the
racemic o-(methoxymethoxy) allylic stannane 4 in ac-
etone (Table 2). Premixing of the aldehyde and InCl; at
rt and then cooling to —78 °C followed by addition of
stannane 4 led to the anti and syn monoprotected diols
5 and 6, with the former being strongly favored. Negli-
gible decomposition of the stannane occurred under these
conditions. It is noteworthy that reactions of the cro-
tylstannane 2 proceed with net allylic inversion whereas
stannane 4 reacts with allylic retention.

Table 2. Addition of a-OMOM Crotylstannane (R,S)-4 to

Aldehydes
[¢] OMOM InCls gH
RJKH + /\/ks,,gu3 acetone R X
1 4 -78°Ctort OMOM
5 (anti)
6 (syn)
series R yield, % anti:syn
a CegH13 832 91:9
b i-Pr 77 98:2
[ C-CeHu 90[> 98:2
d (E)-BuCH=CH 74¢ 84:16
e CegHiz—= 782 84:16
[ ¢-CeH11 764 97:3

@ Ca. 10% of acetone adduct was also formed. ¢ Ca. 5% of acetone
adduct was also formed. ¢ Reaction in MeCN at rt. ¢ Ca. 10% of
the y adduct was also formed.

During the course of these studies, we detected a small
amount of a persistent byproduct which appeared to be
the Sg2’ adduct of stannane 4 and acetone. This byprod-
uct was easily separated from the alcohol products. As
an alternative, the addition could be conducted in aceto-
nitrile at rt with comparable efficiency. In this case, a
small amount of the y adduct (allylic inversion) was also
formed.

A third series of studies was conducted with the
nonracemic stannane (R)-4 of >95% ee in order to
evaluate the stereospecificity of the process.® Addition
of the stannane to cyclohexanecarboxaldehyde (1¢) and
InCl; in acetone afforded a 98:2 mixture of anti-5¢ and
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Table 3. Addition of Stannane (R)-4 to Achiral

Aldehydes
0 OMOM — jpey, QM
H —_— R
HJ\H + N snBus R A
1 (R)-4 OMOM
5§ (antl)
6 (syn)
series R yield, % anti:syn ee,? %
c c-CgH1s 882 98:2 >95%4
d (E)-BuCH=CH 76° 84:16 e
c c-CgHpj—= 88¢ 96:4 e
d (E)-BuCH=CH 87¢ 83:17 >95%¢

2 Acetone at —78 °C to rt; ca. 5% of the acetone adduct was also
formed. ® Acetone at —78 °C to rt; ca. 10% of the acetone adduct
was also formed. ¢ MeCN at rt; ca. 5% of the y adduct was also
formed. ¢ Anti adduct. ¢ Not determined.

the known syn product 6¢® in 88% yield, along with 5%
of the acetone adduct (Table 3).

The absolute configuration and ee of the anti adduct
5¢ was surmised from !H NMR analysis of the (R)- and
(S)-O-methy! mandelates.® Heptenal 1d showed some-
what lower diastereoselectivity in the InCls-promoted
reaction with stannane (R)-4 but the ee of the anti
product 5d was comparable to that of the starting
stannane. The anti adduct ent-5¢ derived from stannane
(S)-4 was correlated with the known syn adduct 6¢8
through oxidation to ketones en¢-7c and 7c (eq 3). The

1.BF0t, §M Q
2. RCHO R x Swern R Y
OMOM OMOM
(S)4 6¢ R = c-CgHyy 7¢ R =¢-CgHyy (3)
OH [e]
InCly R)\__/\/ Swemn R/U\/\/
RCHO OMOM OMOM

ent-5¢ R = ¢-CgHy, ent-7¢ R = ¢-CgHy4
two ketones were of opposite but nearly equal rotations,
as expected.

A simplified pathway for these additions is depicted
in Figure 1.7 Accordingly, the a-alkoxy stannane effects
anti Sg2’ attack on the InCl; to afford mainly (£,S)-11
or a solvate thereof.® Subsequent addition to the alde-
hyde can take place through a chairlike arrangement,
affording the anti and syn products after aqueous quench.
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Figure 1. Possible pathways for InClg-promoted additions of
a-alkoxy allylic stannanes to aldehydes.

The minor syn product 6 could also arise in part from
allylindium (Z,R)-11 along similar lines.

Alternative pathways involving 1,3-isomerization of the
tri-n-butylstannane (R)-4 to the thermodynamically fa-
vored isomer (R)-8 followed by anti Sg2’ addition to an
aldehyde—InCl; complex are excluded by stereochemis-
try.6 In that case, the OMOM center would have the (S)
configuration. Additional evidence for a transmetalation
pathway was secured from the y-OMOM stannane 8
which reacted with aldehyde 1le¢ and 1 equiv of InCl; to
afford an 81:19 mixture of the anti adducts 9 and 5¢ (eq
4). With BF; as the Lewis acid, stannane 8 afforded
predominantly (85:15) the syn diastereomer of adduct 5¢.°

OMOM
Ik, BEe0ms 2 PVOM couoro
SnBu, F InCls,MeCN
s e (90%) @

OH OH

AN 2"
MOMO  Me ¥ Momé

9 (81) 5¢ (19)

The ability to access syn or anti monoprotected non-
racemic 1,2-diols of high ee from a common precursor
alkoxystannane by simply changing the Lewis acid
promoter from BF3OEt, to InCl; significantly extends the
synthetic potential of these additions. Additional ap-
plications as illustrated in eq 4 are also of intrinsic
synthetic interest.
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