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Summary: The disposition of the tin electrofuge in the
cyclization of (1)-1 and (x)-1 has been established to be
anti Sg” under Lewis and Bronsted acid promotion and
syn Sg’ under thermal conditions.

Among the modern reagents for allylation of carbonyl
compounds and their derivatives, allylboranes, -silanes,
and -stannanes are among the most synthetically useful.l
Within this triumvirate, the latter two enjoy the ad-
ditional advantage of potential asymmetric catalysis by
the use of chiral Lewis acids.?2 For the design of new and
selective protocols for the use of these reagents, a detailed
understanding of the transition structures for additions
to aldehydes is critical.

In the preceding paper® we demonstrated unambigu-
ously that under Lewis acid catalysis, the addition of an
allylsilane to an aldehyde proceeds exclusively by an anti
Sg’ pathway independent of Lewis acid and synclinal/
antiperiplanar orientation of double bonds. For the
allylation of aldehydes with allylstannanes, a similar
conclusion had been reached by several authors,* all of
whom correlate starting stannane and product alcohol
configurations to reconstruct plausible transition struc-
tures (i, Scheme 1). Moreover, a stereochemical reversal
to a syn Sy’ pathway (ii, Scheme 1) is proposed to take
place in the absence of Lewis acids under purely thermal®
or hyperbaric® conditions.”

We were therefore intrigued by a recent proposal from
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Yamamoto?® of a third mechanism (called a “push—pull”
mechanism) operative under Bronsted acid catalysis
wherein the acid serves to bridge the aldehyde and tin
moieties (iv, Scheme 2). These authors found comple-
mentary stereochemical outcomes for Bronsted versus
Lewis acid catalysis for both E and Z isomers of the
allylstannane shown, Scheme 2.

Given the mechanistic novelty and obvious implications
for asymmetric catalysis, we have tested this hypothesis
with the tri-n-butylstannyl analog 1 of the silicon model
2, employed in the preceding paper, Scheme 3. The
divergent pathways proposed by Yamamoto for Lewis and
Bronsted acid catalysis are readily distinguished by the

(8) Gevorgyan, V.; Kadota, I.; Yamamoto, Y. Tetrahedron Lett. 1993,
34, 1313.

© 1994 American Chemical Society



5134 J. Org. Chem., Vol. 59, No. 18, 1994 Communications
Table 1. Cyclization of Model ()-1¢
T} °C proximal/distal proximal distal
entry reagent (time, min) (3a/3by (8a) Z/E¢ (3b) Z/E4 anti/syn Sg” anti/syn Sg’
1 TiCly —85(10) 88/12 89/11 95/5 94/6 >99/1
2 SnCly —70 (5) 94/6 86/14 95/5 91/9 >99/1
3 SnCly/ =70 (5) 94/6 88/12 95/5 93/7 >99/1
4 BF3OEt, —70 (15) 86/14 92/8 95/5 97/3 >99/1
5 CF3SOz:H —70 (10) 97/3 93/7 98/2
6 CF3COoH =70 (10) >99/1 93/7 98/2
7 CCl3COzH =70 (30) 99/1 93/7 98/2
8¢ 90 >99/1 5/95 <1/99

@ All cyclizations (in duplicate) were performed in CH2Cl; at 0.05 M with 1.05 equiv of Lewis acid. ? Internal temperature. ¢ Ratios
determined by GC analysis with cyclododecane as an internal standard. Complete conversion to 3 was observed. ? Ratios determined by
!H-NMR analysis. ¢ Anti/syn Sg’ based on 94.5% d;-(I)-1. 5.0 equiv of SnCl; were used. & Reaction run in benzene at 0.05 M.
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Sk’ component of the addition reaction. The stereospecific
placement of the deuterium label in (I)-1 allows this
feature to be discerned under various reaction conditions
for either synclinal or antiperiplanar orientation of the
double-bonded groups. Thus, under Lewis acid catalysis,
we anticipate a similar outcome as was seen for (/)-2 in
which an anti Sg” pathway led to the formation of (Z)-3a
and (Z)-3b. However, with Bronsted acids, if a push—
pull mechanism were operative, the transition structure
must constitute a synclinal/syn Sg’ pathway leading to
the formation of product (E)-8a. In this paper we disclose
the syntheses of (I)- and (z)-1 and the stereochemical
course of their cyclizations under activation by Lewis
acids, Bronsted acids, and heat.

The synthesis of (/)-1 follows directly by modification
of the previously described preparation of the unlabeled
allylstannane® along the lines detailed for the labeled
allylsilane (7)-2,° Scheme 4.1° Starting with the ste-
reospecifically labeled lactone (Z)-4,1° the Sn2’ opening!!
with a tin cuprate!? afforded allystannane ester (/)-51°
after diazomethane esterification. Controlled reduction
of (1)-5 with DIBAL-H at —78 °C afforded the model (J)-
11013 after purification on activity V, basic alumina at
—37 °C.

The results of cyclization of ({)-1 are collected in Table
1.14 To test the hypothesis of a push—pull mechanism
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(10) Both (u)-1 and (1)-1 were prepared and studied, but only (I)-1
is depicted. All new compounds have been fully characterized by 'H
NMR, 13C NMR, IR, mass spectrometry, and combustion analysis
(+0.3%).
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¢ Key: (a) (n-BusSn):CuCNLiy, THF, ~78 °C, 30 min; (b) CHaNy,
Et20—-MeOH, rt, 95% (two steps); (¢) DIBAL-H, toluene, —78 °C,
10 min, 95%.

we surveyed three Lewis acids (TiCl, SnCl, and BFyOEt)
and three Bronsted acids (TfOH, CF;CO.H, CCI;CO;H)
that were shown to give divergent results in the Yama-
moto system. From our studies with the unlabelled
substrate, we anticipated and found rapid and highly
proximal-selective cyclization. Under all conditions ex-
amined, the proximal/distal ratios were very high and
within experimental error to those reported previously.®
Moreover, as expected, with all Lewis acids examined
(entries 1—3) the anti Sg’ pathway is strongly preferred
regardless of the internal stereochemical outcome. The
lower anti Sg’ preference for SnCl, was suspected to arise
from partial metathesis to an allyltrichlorostannyl
species!d® which might react via a closed transition state.
This was discounted by the observation that the anti
selectivity did not change with 5.0 equiv of SnCly (entry
4). Most importantly, under promotion by all three
Bronsted acids (entries 5—7) the anti Sg” pathway was
again observed nearly exclusively.’> Finally, for com-
pleteness, and as a control to eliminate the possibility of
idiosyncratic bias against a syn Sg’ pathway, the ther-
molysis of (/)-1 was carried out (entry 8). As expected,
the cyclization afforded exclusively (E)-3a which is
indicative of a synclinal/syn Sg’ pathway, the signature
of a closed, cyclic transition structure.16

If a push—pull mechanism is not the origin of the
stereochemical switch observed by Yamamoto, then this
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important result warrants closer scrutiny.l” We have
previously demonstrated that allylmetal aldehyde reac-
tions intrinsically prefer synclinal geometries (as in i) but
that this modest preference can be offset by the bulk of
the Lewis acid aldehyde complex toward an antiperipla-
nar geometry (as in iii).’® We suggest that the size
difference between a protonated and complexed aldehyde
is at the root of the observed stereochemical change.
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