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Abstract Enantiomerically pure (+)~(S)s—~1-t-butyisulfonyl-1-p—
tolylsulfinylethene (1) was easily prepared 1n three steps from t~butyl
methyl sulfone. The catalyzed Diels-Alcer reactions of 1 with
cyclopentadiene were highly stereoselective The major adduct was
transformed into (+)-( 1R, 4R)~dehydronorcamphor and (+)-(1R,4S8)-2~-t~-
butylsulfonyl-2,5-norbornadiene.

Enantiomerically pure qa,B-unsaturated sulfoxides have currently
received a considerable attention as dienophiles 1n asymmetric Dieis-Alder
reactions'. To the best of our knowledge, only three of them, (+)-(R)-p-
tolyl vinyl sulfoxide?, (+)-(S,S)-1,1-bis(p-tolylsulifinyl)ethene® and (+)-
(R)-ethynyl p-tolylsulfoxide*, have been used as masked chiral ketene
equivalents However their utility 1s very l1imited due to their moderate
reactivity and facial sterecselectivity. In this communication we report
the synthesis and some Diels-Alder reactions of a new chiral ketene
equivalent: (+)-(S)-1-t-butylisulfonyl-1-p-tolylsulfinylethene (1).
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a: PButl, THF, -78°C, 30 min; then (S)s-p-tol-SO(OMent) (0.5 eq.), r.t., 5h.
b- Me2NH (2 eq), CH20 (2 eq), MeOH, 0°C, 3h. c. IMe, CaCQOs, CHaCN, r.t., 3h.

Unsaturated sulfoxide 1 was easi1ly prepared following the sequence of
reactions shown 1n scheme 1. Deprotonation of t-butyl methyl sulfone with
n-BuLi and sulfinylation with (-)-(S)s-menthyl p-toliuenesuifinate® gave
(+)-(8)-t-butylsulfonyl p~tolylsulifinyl methane (2), which was easily
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purified by silica gel chromatography® (72% yield). The optical yield of
compound (S)-2 (ee298%) has been determined by 'H-NMR using Yb(hfc)s as
chiral shift reagent, while the (S)-configuration has been proposed taking
1into account that the Andersen reaction takes place with complete
inversion at the sulfur center?. Treatment of (S)-2 with dimethylamine and
formaldehyde 1n methanol gave a 1:1 mixture of the diastereomeric B-
dimethylamino Mannich products, which were directly submitted to
cuaternization and elimination of the amine moilety (IMe/CaCOs) yielding
crude (S)-1-t-butylsulfonyl-1-p-tolylsulfinylethene (1)8 (78% yield).

The results corresponding to the Diels-Alder reaction of 1 with
cyclopentadiene are summarized in scheme 2.
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Entry Lewis acid Time(h) Yield 3(%)2 3a:3b:3c¢:3dd Yield 3c(%)c
1 - 66 3649 9:23:35.23 -=
2 ZnBrz (0.8eq.) 6 68 12:--:88 -- 58
3 Eu(fod)as (1.0eq) 42 70 8:-- 82.-- 62
4 S102° 48 72 10---:84 6 63

a: Yield of pure adducts 3 after chromatography. b Isomer ratio determined by H-NMR.
Yield of pure adduct 3c after chromatagraphy. d: 60% of (S)~1 was recovered.
e: Carried out without solvent® (weight ratio S102/1=10:1).

Q

In the absence of catalysts the reaction of 1 with cyclopentadiene 1s
very slow (36% of conversion after 66 h at room temperature) and poorly
stereoselective (entry 1), while in the presence of strong Lewis acids
(BFs Et20, Et2C1Al or EtClzA1l1) there 1s no cycloaddition due to the faster
decomposition of dienophile 1. Fortunately, i1n the presence of moderate
catalysts such as ZnBrz (entry 2), Eu(fod)s (entry 3) and S102? (entry 4)
the Diels-Alder reaction took place mildly, giving good yields of
adducts 3. Moreover these catalyzed cycloadditions occur with high
stereoselectivity (one diastereomer clearly predominates). The major
adduct 3c was easi1ly separated from the mixture by flash chromatography?!®
(58-63% yield).



Masked chiral ketene equivalent

Scheme 3 shows two alternatives for the elimination of the sulfinyl
chiral auxiliary. Hydrolysis of 3c with TiCls (15% 1n water) 1in acetic
aci1d gave the known (+)-(1R,4R)-dehydronorcamphorz.3.4 (4), showing the
utility of (S)-1 as a latent chiral ketene equivalent. On the other hand,
the pyrolytic elimination was easi1ly effected by heating 3¢ at 70°C 1n
toluene containing 2.0 equiv. of trimethylphosphite. (+)-(1R,48)-2-t-
butylsulfonyl-2,5-norbornadiene (5) was obtained 1n 62% yield after silica
gel chromatographyt? . Its enantiomeric purity (ee)»80%), has been
determined by 'H-NMR using Yb(hfc)s as quiral shift reagent.
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a: TiCls (15% 1n water), AcOH, r.t., 5d; b P(OMe)s (2eq.), toluene, 70°C, 4d.

Obtaining (1R,4R)-dehydronocamphor by hydrolysis of 3¢ unambigously
shows the 1R,4R configuration of this major adduct. Since Diels-Alder
reactions of cyclopentadiene with 1,1-disubstituted olefins usually result
1n a predominance of the adduct with the bulkier substituent 1n endo
configuration'? (1n order to avoid the steric destabilization with the CH:
fragment on diene), we propose for 3c the configuration 1R,2R,4R shown 1n
scheme 3. This stereochemistry would come from the endo approach of diene,
with respect to the t-butylsulfonyl group, to the less hindered face of
the S-c1s conformation of dienophile 113,
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