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There are just a few reported examples of catalytic enantiose- Table 1. Enantioselective [2+2]-CY%|Oadditi0n of Trifluoroethyl
lective [2+2]-cycloaddition reactions of achiral components. Narasa- é‘;%’ '?(t:e to Enol Ethers with 10 mol % of Catalyst 1 in CHzCl; at
ka et al. described the application of chiral TADDOTICI, catalyst
to the cycloaddition of allenyl thioethers arnd-fumaryl-1,3- entry :t'r‘l:'r product time (e,!,/;‘;"{ Z;o) ee%
oxazolidinoné Later, Engler et al. used the same catalyst for the -
cycloaddition of methoxy-1,4-benzoquinones to a few styrénes. o H “\
The products of these specialized reactants were not utilized for ;, ( 7/ O:] OCH,CF; 87 997

i

(o}

synthetic objectives. Here we describe the positive results of a exo (1:>99)
project aimed at developing a new and useful methodology for the 2
synthesis of chiral cyclobutanes starting from the known Lewis acid- oTBS o}

. . . OTBS “\
catalyzed reaction of vinyloxysilanes awgS-unsaturated esters TN OCH.CF
to form racemic [2-2]-adduct$ The present approach was @ d:] ondo e (829'718) 92°
stimulated by our recent finding that the oxazaborolieiakiminum 3 '
bromide complex is exceedingly effective as a chiral catalyst for o

OTIPS oTIPS |

commercially available solution of aluminum bromide in B endo 07:3)
(Aldrich) to a cold (<—20 °C) CHCI, solution of the known
oxazaborolidine componérft (ratio of AlBr; to oxazaborolidine, OoTIPS 0T|psﬁ\

0.8:1). In a typical example, the slow addition of 1 equiv of 2,3- " SOCHCFy 99 995
endo (99:1)
H

many Diels-Alder reactions of achiral componerits.
Catalystl is conveniently generated in situ by the addition of a @) @ d:] OCHCFs 4y 99 920
H

C;

dihydrofuran to a solution of 0.1 equiv of catalylsand 5 equiv of

trifluoroethyl acrylate in CHCIl, at —78 °C and further reaction at 5
—78°C for 3 h produced after isolation tlexo[2+2]-cycloadduct oTBS o)
2in 87% yield and with 99% e&8 This process represents a very s I
direct and practical route to this previously unknown chiral ®) Cj OCH.CFs o5 99 98°
cyclobutané. &’ (1:99)
O:‘H_?ph oTBS OTBSﬁ\
g0 K 6/ CZI OCHCFs 16 99 982
BrsA- B HHO exo (10:90)
0 1 Q ; ol 0 "U\OCHZCFs o
O rl\ocmw3 " ! oTBS OTBS‘\‘”\
78C H ” @ "~ OCHCFy 4 91 98°
e%do (96:4)

We next tested the catalytic 2]-cycloaddition process with
enol silyl derivatives of various ketones since, if operable, this o ] ] ] .
aSee ref 7 for determination of enantioselectiviRyEnantioselectivity

operat_lon mlght be broadly g-seful. Th? reaction of tieet- was determined by reduction of COOgEFR; to CH,OH, conversion to
butyldimethylsilyl (TBS) and triisopropylsilyl (TIPS) enol ethers  the Mosher ester, arféh NMR analysis ¢ Enantioselectivity was determined

of cyclohexanone with trifluoroethyl acrylate (the most reactive by GC analysis of enong2.
acrylate estél) and 0.1 equiv of catalyst in CH,Cl, at =78 °C
proceeded smoothly to give JrZ]-cycIoadqmor_l products. ‘The each instance for the adduets 8. The absolute configurations of
results for these two reactions are summarized in Table 1. AIthoughth ductss and 7 i tries 5 and 6 tablished by th
theendoester predominated in each case, the selectivity (97:3) was € pro ue an_ in en r_|es an were estaplis _e y €
greater for the TIPS-enol ethef)(than for the TBS-enol etheB) chemical correlations described belétilhe absolute configuration
(82:18) (entries 2 and 3 in Table 1). A 96:4 enantioselectivity was of adduct5 was ascertained by reduction of the carboxylic ester

determined for the predominatirendoester, the absolute config- function to the corresponding primary alcohol, conversion to the

uration of which was ascertained by reduction of L8,CF; to 4-bromophenylurethane with 4-bromophenylisocyanate-trieth-
CH,OH in 3 and comparison of optical rotation with the known Ylamine, desilylation with BiNF, crystallization, and X-ray dif-
bicyclic primary alcohol® fraction analysid# The absolute configuration &fwas determined

Entries 4-7 in Table 1 summarize the results for four other by conversion to the bicyclic ketonE2 as described below and
substrates. Excellent yields and enantioselectivities were found in X-ray diffraction analysis#
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The protonated oxazaborolidinium cati®n X = CRSO;~ or
(CRS0,).N-,5 was decidedly inferior to the AlBrcomplex1 in
catalyzing the [2-2]-cycloadditions shown in Table 1, apparently
due to side reactions involving the enol ether component.

H Ph
Ph

[ NfB,o X

H |
o-tol

9

The silyl enol ethers in entriest5and 62 of Table 1 were

prepared by the procedures described previously for these com-

pounds. The silyl enol ether in entry37of Table 1 was made by

The predominating diastereomer for the cyclic vinyl ethers in entries
2—7 of Table 1 depends on the bulk of the silyloxy group, on further
substitution at the vinyl group (H vs GH and on ring size. This
variability is probably the result of differing steric interactions for
the series of vinyl ether substrates.

In our judgment, a reasonable working hypothesis is that the
[2+2]-cycloaddition occurs by an asynchronous process involving
the same type ofi-CH hydrogen-bonded complex of catalygt
with trifluoroethyl acrylate that has previously been prop&%tat
Diels—Alder reactions of this dienophile, i.€l3. The reaction of
this complex with 2,3-dihydrofuran, for example, would then
proceed via the pretransition-state asserillin which the bonding
is principally between th@g-carbon of trifluoroethyl acrylate and
C(3) of 2,3-dihydrofuran, as described earlier fof-[g-cycload-

the conversion of 2-methylcycloheptanone to the potassium enolatedition reactions of 2,3-dihydrofuran and benzoquindhes.

by stirring with KH in THF at ambient temperature (23) for 5.5
h and reacting subsequently with TBSCI at Z3 for 8 h.

The bicyclic [2+2]-adducts shown in Table 1 are very useful
chiral intermediates for further synthetic elaboration. For instance,
the adduct6 from 2-methylcyclopentanone enol silyl ether and
trifluoroethyl acrylate can be transformed efficiently into the bicyclic
o,B-enone 10 as shown in Scheme 1. Reaction &fwith the

Scheme 1. Conversion of [2+2]-Cycloadduct 6 to
(R)-1,2,3,6,7,7a-Hexahydro-7a-methyl-5H-indene-5-one

1. MeONHMe
OTBS ’ OTBS
T \COOCH,CF; MeMgBr, t  \COCH,
3:" - -30°C CI:'
-
H 2. MeMgBr, B
Me -30-0°C Me
6 3 equiv BuyNF
THF,0-23°C
H
o NaOH, MeOH, cg) WCOCH;,
23 °C T
B E—
Me Ve
10

magnesium amide fron®,N-dimethylhydroxylimine in THF at
—30 °C producedn 1 h the Weinreb amide which was treated in
the same flask with methylmagnesium bromide-80 to 0°C for

5 h to give, after column chromatography on silica gel, the corres-
ponding methyl ketone (80% overall). Desilation of this intermediate
followed by treatment with 5% methanolic NaOH gave the known
(R)-bicyclo[3,2,1]nonenonel0 in 80% vyield; ]2 —94 ( 1,
EtOH) 15 The [2+2]-cycloadduct¥ and8 were transformed in the
same way into the known,S-enonesll and 12, respectively

Oﬁo %0
e Me
" 12

The absolute configuration 4R was established unambiguously
by conversion to the crystalline thiosemicarbazone and X-ray
diffraction analysis? thereby confirming the absolute configura-
tional assignment fo8 that is shown in Table 1.

Since the absolute configurations of all of the-P-cycloadducts
(2—8) listed in Table 1 have been established, we are in position
to discuss the mechanistic pathways for their formation. It is clear

that in every case attack by the vinyl ether occurs at the same face

of the acrylate esters{ face), exactly as predicted from our
mechanistic model for th&-proline-derived catalyst.5¢¢ The face
selectivity for the silyl enol ether partner is not invariable, however.

Iy,

Br3AI

CF CHZC?’S’ CF;CH, 0
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