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Double Stereodifferentiation in the Lewis Acid Promoted Addition of Chiral (E)-Crotylsilanes
with (S5)-2-(Benzyloxy)propanal. Effect of Lewis Acid on Reaction Diastereoselection
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Summary: Methyl a-methyl-g-(dimethylphenylsilyl)-(E)-
hex-4-enoates (2S,3R)-1a undergo BF3OEt;-promoted
additions with (S)-2-(benzyloxy)propanal (2) producing
nearly enantiomerically pure cis-2,5-substituted tetrahy-
drofurans 3 whereas the reactions run under chelation
controlled conditions employing SnCl; resulted in the
formation of the complementary trans-2,5-disubstituted
tetrahydrofuran. Additions to the enantiomeric silane
(2R,38)-1b utilizing BF3OEt; or SnCl, afforded the cis-
2,5-disubstituted furan stereochemistry in both cases.

The Lewis acid promoted condensation reaction of
allylsilanes with aldehydes is a widely used method for
the stereoselective formation of homoallylic alcohols.!2
In a recent report from our laboratory we have described
a highly enantioselective tetrahydrofuran synthesis based
ona boron trifluoride etherate promoted addition reaction
of chiral (E)-crotylsilanes toachiral aldehydes. Thatstudy
resulted in the development of a useful strategy for the
asymmetric construction of cis-2,5-disubstituted tetrahy-
drofurans and documented the participation of chiral (£)-
crotylsilanes in a highly diastereoselective addition to
heterosubstituted aldehydes initiating a silicon migration
and subsequent heterocyclization.> The reaction process
is illustrated in eq 1.
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In a study designed to determine the extent of double
stereodifferentiation in our developing asymmetric allyl-
silane based bond construction methodology we examined
the Lewis acid promoted reactions of the chiral (E)-
crotylsilanes (2S,3R)-1a and (2R,3S)-1b* with (S)-2-
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(benzyloxy)propanal (2).5 The reactions result in the
construction of nearly diastereomerically pure tetrahy-
drofurans 3 with the corresponding homoallylic alcohols
4 produced as the minor product in most cases. The
formation of the cis-2,5- or trans-2,5-disubstituted tet-
rahydrofuran products was shown to be dependent on the
type of Lewis acid and absolute stereochemistry of the
silane reagent. Under BF3-OEt; catalysis (non-chelation-
controlled conditions) a cis-2,5-disubstituted tetrahydro-
furan 3bis produced with 1a. Thisstereochemical outcome
is consistent with an anti-Sg' pathway through an anti-
periplanar arrangement of the participating = bonds.
Rotation about the C1-C2 bond of the aldehyde will
minimize destabilizing steric interactions between the
silane and the methyl group of the aldehyde, positioning
these groups in the least sterically demanding positions.
The conformation of the aldehyde is consistent with
stereoelectronic preferences as well, where the aldehyde
is shown in a Cornforth conformation with the electro-
negative benzyloxy group positioned antiperiplanar to the
aldehyde carbonyl (eq 2).6 Thus, a combination of steric
and stereoelectronic factors are responsible for the acyclic
diastereoselection. In contrast, the use of SnCly, a Lewis
acid that is capable of forming a chelate with the
a-benzyloxy group of the aldehyde, results in the formation
of the diastereomeric trans-2,5-disubstituted tetrahydro-
furan 3a, eq 3.
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The results of this study concerning the double asym-
metric induction in the Lewis Acid catalyzed reactions
with 2 are summarized in Table I. A trend of diastere-
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Table I. Double Asymmetric Induction in Additions of Chiral (E)-Crotylsilanes to (S)-2-(Benzyloxy)propanal
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reaction products,? (% yield)® ratio anti/syn

entry aldehyde® (E)-crotylsilane® LA/temp/time tetrahydrofuran homoallylic alcohol C4/C5 (furan)/
Mo, SiMePh
o Mo o oH Me
2 OMe
\')LH \/\_/‘\n/ Tty CO;Me - "o Mo
1. OBn Me,SiPh O SnCly oBn Me BrO  Me
2 (25, 3R)-1a -35°C/12h 3a (75) 4a (<5) >40:1
Mo, SiMePh
\ ?H Me
CO,Me ~
~ AR I o Y\,_/\)*co.m
2 2 1a BF3OE1 cen " bie Bn0 Mo
-25°C/12h 3b (50) (<5) 40:1
Me, SiMe,Ph
Mo y ‘ OH Mo
S ~ OMe- CO.Me H
' HO N : X CO;Me
Me_SiPh O BF3-OEty 0Bn Me B0 Me
3. 2 (2R, 35)-1b -25 °C/12h 3¢ (65) 4c (10) >40:1
Me, SiMe,Ph
OH Mo
SnCly4 OBn Me BnO Me
4 2 1b -35°C/12h 3¢ (36) 4c (38) >40:1
Me,  SiMe,Ph
" OH Me
Ym\r”' o
AlCl3 OBn Me BnO  Me
5 2 1b -30 °C/12h 3c (<5) 4c (75) >40:1
Me ‘,SiMezPh
COMe
AICI3 | SR
6 2 1a -30°C/12h 3a (95) >40:1
OH Me
Y X CO,Me
TiClg BrO  Me
7 2 1a -65 °C/12h 4a (20) 8
OH Me
X CO,Me
TiClg BnO Me
8. 2 1b -65 °C/12h 4c (20) ]

a (8)-2-(Benzyloxy)propanal (98% ee) was prepared according to the procedure of Mislow (see ref 5). ® The (E)-crotylsilanes were prepared
by electrophilic addition to chiral 8- (dimethylphenylsilyl) ester enolates (see ref 4). ¢ All reactions were carried out in CH,Cl; (0.5 M) and were
started at -78 °C before warming to the indicated temperature. 1.5 equiv of Lewis acid and 1.3 equiv of aldehyde were used except for cases
employing BF3-OEt; (2.5 equiv) and AlCI; (2.0 equiv). ¢ The absolute stereochemistry is assigned based on an anti Sg addition and the relative
stereochemistry assigned using 2D NOE experiments and coupling constant analysis of six-membered acetonides (see supplementary material).
¢ All yields are based on pure materials isolated by chromatography (SiQ,). f Ratios of products were determined by 'H NMR (400 MHz)
operating at S/N of >200:1 and capillary GLC. ¢ Only product isolated after chromatography on SiO,.

oselectivity with allylsilanes has emerged which is con-
sistent with a stereospecific anti Sg pathway as originally
documented by Fleming’? and Kumada’4 and which
has been confirmed in recent reports by Nakai® and

(7) Sg: additions: (a) Chan, T. H.; Fleming, 1. Synthesis 1979, 761-
775. (b) Fleming, I. Chem. Soc. Rev. 1981, 10, 83-99. (c) Hayashi, T.;
Konishi, M.; Ito, H.; Kumada, M. J. Am. Chem. Soc. 1982, 104, 4962-
4963. (d) Hayashi, T.; Konishi, M.; Kumada, M. J. Am. Chem. Soc. 1982,
104,4963-4965. (e) Wetter, H.; Scherer, P.; Schweizer, W. B. Helv. Chim.
Acta 1979, 62, 1985-1989. (f) Wetter, H.; Scherer, P. Helv. Chim. Acta
1983, 66, 118122,

(8) Mikani, K.; Kawamoto, K.; Loh, T.-P.; Nakai, T. J. Chem. Soc.,
Chem. Commun. 1990, 1161-1163.

(9) Marshall, J. A.; Wang, X.-j. J. Org. Chem. 1991, 56, 3211-3213.

(10) Panek, J. S,; Cirillo, P. F. J. Org. Chem., in press.

Marshall® as well as from our laboratory.!? Entries 1 and
2 illustrate the effect of Lewis acid on reaction diastere-
oselection, For instance, the SnCl,-catalyzed reaction with
silane la afforded the trans-2,5-disubstituted tetrahy-
drofuran 3a in good yield.!! In contrast, the BF;OEt,-
promoted reaction produced the complementary cis-2,5-
disubstituted tetrahydrofurans 3b.!2 The corresponding
homoallylic alcohols 4a and 4b were also produced in small
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amounts (less than 5%) presumably through an anti Sg'
pathway. After confirming the reversal of diastereose-
lection in the formation of the trans-substituted furan, we
surveyed a limited number of Lewis acids likely to chelate
with the aldehyde to examine the scope of this asymmetric
carbon—carbon bond-forming process.

Ingeneral, the cases where Lewis acids that chelate were
used, the formation of cis- or trans-2,5-substituted tet-
rahydrofurans were shown to be dependent on the pairing
of the absolute stereochemistry of the crotylsilane and
the aldehyde. The SnCl-promoted addition of (2S,3R)-
la with 2 leading to furan 3b can be rationalized as
proceeding through an antiperiplanar transition state
(DMPS group is on the opposite face and perpendicular
to the developing 8-silyl carbocation) that encounters a
destabilizing steric interaction generated by the methyl
substituent of the aldehyde penetrating the plane occupied
by the crotylsilane. This destabilizing interaction may be
avoided if the condensation proceeds through a synclinal
transition state, with addition to the si-face of the aldehyde
producing the complementary trans-2,5-disubstituted
furan (eq 3). To underscore the subtle nature of these
double asymmetric additions, the aldehyde n-face selection
with the enantiomeric silane reagent (2R,3S)-1b is inde-
pendent of the type of Lewis acid employed, as both
BF.0Et; and SnCl, produce the cis-2,5-disubstituted
tetrahydrofuran 3c. This too is best explained by an
antiperiplanar attack which minimizes any developing
nonbonded steric interactions. It is rationalized in the
nonchelating case by C1-C2 aldehyde bond rotation and
in the chelation case by the position of the C2 methyl of
the aldehyde away from the approaching silyl group
providing no steric penalty for antiperiplanar attack. The
SnCly-promoted additions with silane 1b produced a 1:1
mixture of the cis-2,5-disubstituted tetrahydrofuran 3¢
and syn-homoallylic alcohol 4¢ (entry 4). When AlICl; was
used to catalyze the reaction a similar stereochemical
pattern was observed producing the homoallylic alcohol
4c as asingle diastereomer, indicating that the asymmetric
C~C bond construction may occur through an antiperipla-
nar transition state (entry 5). In contrast, entry 6 shows
that the trans-2,5-disubstituted tetrahydrofuran 3a was
produced as a single diastereomer from silane 1a. This
result runs against conventional wisdom as AlCl; is
normally thought of as a monodentate Lewis acid, and

(13) A similar argument has been used to explain enhanced dienophile
reactivity and reaction  diastereoselection in asymmetric Diels-Alder
reactions of chiral a,8-unsaturated N-acyloxazolidinones catalyzed by
diethylaluminum chloride (cf. Evans, D. A.; Chapman, K. T.; Bisaha, J.
J. Am. Chem. Soc. 1988, 110, 1238-1256). A plausible transition state
involving the methathesized AlCl,~AlICl, complex is illustrated with the
chelated aldehyde in the equation below.
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reaction products attributed to a chelation-controlled
addition have not been recognized or reported. In the
presence of 2.0 equiv of AlCl;, the reaction diastereose-
lectivity is high, affording the trans tetrahydrofuran
product presumably through a chelated aldehyde.!* The
resultant AlCl,-aldehyde complex might be expected to
be produced through metathesis of AICl; to a AICl,-AICl,
complex prior to chelation with the aldehyde.* Inter-
estingly, TiCl, yields exclusively syn and anti homoallylic
alcohols 4a and 4c, respectively, which is in accordance
with diastereoface selectivity of similar Lewis Acids
capable of chelation. The low yields associated with these
cases (entries 7 and 8) are the result of competing
protodesilylation pathways of the silane reagents.!> A
pattern has emerged in the data presented in Table I which
indicates an increased propensity of homoallylic alcohol
formation of allylsilane-aldehyde condensations catalyzed
by AICl; and SnCly proceeding via an antiperiplanar
transition state (re-face addition), while the synclinal
transition state (si face addition) leads predominantly to
tetrahydrofuran construction. A possible explanation for
these tendencies would be the proximity of the derived
alkoxide to the emerging carbocation on the crotylsilane
inthe synclinal arrangement, facilitating 1,2-silyl migration
and subsequent cyclization.

In conclusion, the diastereoface selection in the Lewis
acid promoted additions of (S)-2-(benzyloxy)propanal with
chiral (E)-crotylsilanes may be reversed depending on the
nature of the Lewis acid and the pairing of the two chiral
reaction components. It appears that the double stere-
odifferentiating process is manifested in the fractionation
between the anti addition pathway followed by 1,2-silyl
migration and cyclization (tetrahydrofuran construction)
and the corresponding homoallylic alcohols 4 (anti-Sg
addition). The levels of diastereoselectivity donot appear
to be altered to any appreciable extent between the
enantiomericsilanes 1a and 1b. The presentstudy extends
the synthetic utility of our developing allylsilane bond
construction methodology as applied to the construction
of functionalized tetrahydrofurans with complementary
trans-2,5 stereochemistry and the corresponding homoal-
lylic alcohols. Further development and application of
these chiral silane reagents in the synthesis of polypro-
pionate natural products is underway in our laboratory
and will be reported in due course.
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