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Stereospecific Synthesis of S-Phenyl-S-(sulfinylmethyl)-
sulfoximines and their Stereoselective Alkylation under
the Influence of the Two Chiral Centers
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Chiral sulfur synthons"? have been employed in the prepara-
tion of various classes of optically active derivatives, namely
amines, alcohols, aldehydes, hydroxyacids, lactones, and es-
ters'™. Although high degrees of stereoselective bond forma-
tion have been achieved, the objective of further increasing
the efficiency of asymmetric synthesis is still a challenge. Ste-
reoselectivity induced by the synergic effect of two chiral
groups in the molecule might represent an effective approach
to this goal. We therefore prepared enantiomerically pure
compounds having two chiral sulfur moieties f§ to each other,
and examined their behaviour in asymmetric nucleophilic
reactions.

The preparation of S-(sulfinylmethyl)-sulfoximines, a new
class of compounds, was accomplished by an Andersen-type
reaction of sulfinic esters with metallated N,S-dimethyl-S-
phenylsulfoximine. Thus, the condensation of the lithio deri-
vative of racemic N,S-dimethyl-S-phenylsulfoximine [(S,R)-2]
with (—)-menthyl (S)-p-toluenesulfinate’ [( - )-(S)-1] affords a
mixture of the diastereoisomeric S-(sulfinylmethyl)-sulfoxim-
ines (5,5)-3 and (R.S)-3 in a [ :1 ratio.
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Separation of the two isomers of 3 was found to be difficult,
however. We therefore performed the reaction with enantio-
merically pure (+)-(S)-N.S-dimethyl-S-phenylsulfoximine®
[(+)-(S)-2] and the diastereoisomerically pure menthyl p-to-
luenesulfinates (—)-(S)-1 and (+)-(R)-1° and obtained the
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diastereoisomerically pure N-methyl-S-(4-methylphenylsulfi-
nylmethyl)-S-phenylsulfoximines (+)-(S.8)-3, [a]: +235°
(acetone), and (—)-(S.R)-3, [a];y: —196° (acetone), respec-
tively. The enantiomeric purity of compounds 3 may be
checked by the careful inspection of the 'H-N.M.R. spectra:
the spectrum of (+)-(5,5)-3 shows a singlet in the methylene
proton region at 6=4.3 ppm, whereas the spectrum of (—)-
(S.R)-3 shows an AB system centered at §=4.33 ppm. No
trace of (—)-(S,R)-3 could be found in (+)-(S,S)-3 and vice
versa.
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The absolute configurations were assigned to compounds 3
on the basis of the reasonable assumption'** that the reac-
tions proceed with inversion of chirality at the sulfinyl S-atom
while the chirality at the sulfoximine S-atom is not affected in
the process.

Having at hand a stereospecific synthesis of S-(sulfinylme-
thyl)-sulfoximines (3), we examined the possibility of chiral-
ity transfer from sulfur to carbon in C—C bond forming reac-
tions. Compounds 3 have two chiral functions, both capable
of inducing asymmetry in reactions involving chiral or prochi-
ral groups a to the S-atoms'™. Since the diastereoisomeric
(+)-(S.5)-3 and (—)-(S,R)-3 have the same absolute configu-
ration at the sulfoximine S-atom and opposite configuration
at the sulfinyl S-atom, reactions of 3 with an achiral partner
should in one of the twe cases proceed with higher stereosel-
ectivity than in the other due to a synergic effect of the two
chiral centers. This is indeed the case for the reactions exam-
ined by us, i.e., the reaction of the diastereoisomerically pure
compounds 3 with alkyl halides, allyl bromide, and 2-prop-
ynyl bromide using phase-transfer catalysis (50% aqueous so-
dium hydroxide/dichloromethane as liquid phases and TEBA
as catalyst). As can be seen from the Table, stereoselectivity of
the substitution reaction leading to compounds 4 is higher
when the S-(sulfinylmethyl)-sulfoximine (+)-(S.S5)-3 is used
as substrate, only one of the possible stereoisomers being
formed (as determined by 'H-N.M.R. analysis). These results
represent the first example of a double asymmetric induction
by two chiral sulfur moieties.

Since both the chiral sulfinyl and the chiral sulfoximine
groups are capable'™*7 of giving rise to high e.e. values (enan-
tiomeric excess) in substitution reactions it is difficult to as-
sign a dominant role in the aforementioned process to either
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one of the two groupings. To gain further information, we per-
formed an analogous alkylation reaction with ethyl bromide
using 4-methylphenylsulfinylmethyl pheny! sulfone (5) and
N-methyl-S-phenyl-S-(4-methylphenylsulfonylmethyl)-sulfox-
imine (7) as substrates under the conditions used in the alky-
lation of compounds 3. The starting compound (+)-(S)-5,
m.p. 71-72°C, [a]3;: +251° (chloroform), was obtained from
(=)«(S)-1 and metallated methyl phenyl sulfone as already
described®; compound (—)-($)-7 was obtained by oxidation
of the S-(sulfinylmethyl)-sulfoximine (+)-(S,S)-3 with hy-
drogen peroxide/acetonitrile. Ethylation of (4)-(S)-5 af-
forded a mixture of two diastereoisomers 6, [o]r;: +84.0°
(acetone) in the ratio 95:5 while ethylation of (—)-(S,5)-7 af-
forded a mixture of two diastercoisomers 8, [a]5: —6.8°
(acetone) in a ratio of ~1:1. [Alkylation of racemic sulfinyl-
methyl sulfones using sodium hydride or butyllithium as base
has previously been reported” to give a 3 :2 mixture of diaster-
eoisomers after crystallization]. These results seem to indicate
that in the case of the S-(sulfinylmethyl)-sulfoximines the sul-
finyl group exerts the stronger effect in asymmetric induc-
tion.
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N-Methyl-S-(4-methylphenylsulfinylmethyl)-S-phenylsulfoximines (+)-
(5,5)-3 and (—)-(S,R)-3; General Procedure:

To a stirred solution of diisopropylamine (3.4 ml, 23.6 mmol) in dry te-
trahydrofuran (10 ml) cooled at —78 °C, a 1.6 normal solution (14.8
ml) of butyllithium in hexane is added and the temperature allowed to
reach — 10 °C. The mixture is then cooled to —78 °C and (+)-(S)-N.S-
dimethyl-S-phenylsulfoximine [(+)-(S)-2; 2 g, 11.8 mmol] in dry te-
trahydrofuran (5 ml) is added dropwise. The solution is stirred at
—20°C for 10 min, then cooled to —78 °C, a solution of (—)~(S)- or
(+)-(R)-menthyl p-toluenesulfinate (1; 3.47 g, 11.8 mmol) in dry tetra-
hydrofuran is added and stirring is continued for 6 h at room tempera-
ture. The mixture is quenched with saturated ammonium chloride so-
lution (20 ml) and extracted with dichloromethane (3 x 30 ml). The or-
ganic extract is dried with sodium sulfate and evaporated in vacuo.
The residual product is purified by column chromatography on silica
gel (petroleum ether/ether 70/30, then ether as eluents).

Isomer {— )(S,S)-3, from (—)-(S)-1; yield: 2.43 g (67%); m.p. 45-
47°C; [aly: +235° (c 1, acetone).

CisH;NO,S, calc. C 58.63 HS5.54 N4.56

(307.2) found 58.50 5.55 4.58
'H-N.M.R. (CDCL/TMS,,,)): 6=2.4 (s, Ar—CH,); 2.8 (s, N—CHa);
4.3 (s, 2H); 7.2-8.0 ppm (m, 9 H,pom)-
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Table. Alkylation of (+)-(S,5)-3, (—=)-(S.R)-3, 5, and 7 with Alkyl Halides under Phase-Transfer Conditions

Educt Alkyl Alkylated  Reaction  Yield [«] o Diastereomeric m.}()l. °Cl l‘\/lolecul'flr
halide product time [h} [%] ratio® (np) formula*

(+)-(S.5)-3 H,C=CH—CH,—Br‘ 4a 2.5 93 + 97.7°  100:0 (:1.606) 13,8H3,N03§2 (347.5)
(—)-(S.R)-3 H,(=CH—CH,—Br! da 2.0 87 - 49.0° 83:17 (1.672) (:,IXHZINO;S; (347.5)
(+)-(8.8)-3  C¢H;—CH,—Br* 4b 5.0 77 + 8637 100:0 98-100° ‘.’_‘,zzl-lz_‘NO,_wSV: (397.5‘)
(~)-(S.R)-3 C¢Hs—CH.—Br* 4b 3.0 79 - 344° 80:20 (1.672) 17372H23N0252 (397.5)
(+)-(5.5)-3 HC=C—CH-.—Br* 4c* 3.0 91 + 80.0°  100:0 (1.600) ‘;lsHNNO:S: (345.5)
(=)-(S,R)-3 HC=C—CH,—Br" 4c® 1.5 73 — 28.5°  100:0 (1.673) ‘imeNO:Sz (345.5)
(+)-(5.5)-3 C,Hs—Br' 4d 5.5 80 +103.0° 100:0 78-80° CsHNO,S,  (335.5)
(=)}S.R)-3 C,Hs—Br' 4d 26 82 - 18.2° 80:20 (1.593) CsHy NO,S,  (335.5)
(+)-5.5)-3 CHs—)' 4d 48 70 +103.0¢ 100:0 78-80° CsH;NO,S,  (335.5)
(+)4S.5)-3  n-C,Ho—Br' de 170 30 + 84.6° 100:0 (1.568) C1oHysNO,S,  (363.5)
5 C,Hs—Br' 6 18 61 + 840°  95:5 (1689)  CHWO0:S,  (322.3)
7 C,H,—Br' 8 48 66 - 68° i (1560)  CHyNOS, (351.4)

4 ¢ 1, in acetone.
® As determined by 'H-N.M.R. spectroscopy.

¢ The microanalyses were in satisfactory agreement with the calculated values: C, £0.33; H, £0.12; N, +0.05.

4 At 0°C.

¢ This compound decomposes at room temperature to give a mixture of several products. Nevertheless it could be fully characterized.

fAL25°C.

Isomer (— J-(S,R)-3, from (+)-(R)-1; yield: 2.43 g (67%); n,: 1.5910;
[a)5: —196° (¢ 1, acetone).

CisH;;NOsS, calc. C58.63 HS554 N4356

(307.2) found 58.60 554 455
'H-N.M.R. (CDCL/TMS;.): §=2.4 (s, Ar—CH,); 2.8 (s, N—CH;);
4.3 (AB system, 2H); 7.1-8.0 ppm (m, 9 Hyrom)-

(—)~(5)-N-Methyl-S-(4-methylphenylsulfonyl)-S-phenylsulfoximine
1(=)-S)-7:

To a stirred solution of (—)-(S,S)-N-methyl-S-(4-methylphenylsulfi-
nyl)-S-phenylsulfoximine [( — )-(S.5)-3; 1 g, 3.25 mmol) in methanol (5
ml) are added hydrogen peroxide (30%; 42 mmol), acetonitrile (6.4 ml,
0.12 mol), and a few drops of 1 normal sodium hydroxide. The mix-
ture is stirred at room temperature for 4 h, methanol and the acetoni-
trile are removed in vacuo, and the residue is dissolved in chloroform
(20 ml). The solution is washed with water (2 x 10 ml) and dried with
sodium sulfate. Removal of the solvent affords the product which is
purified by column chromatography (silica, eluent ether); vield: 0.87 g
(83%); m.p. 48 °C; [@]5: —30.2° (acetone).

CsHsNO;S, cale. C5572 HS526 N433

(323.3) found 55.70 5.28 4.34
'H-N.M.R. (CDCly/TMS;): §=2.4 (s, A—CH,); 2.7 (s, N—CHs);
4.7 (bs, 2H); 7.2-7.9 ppm (m, 9 H,orm)-

Alkylation of S-(Sulfinylmethyl)-sulfoximines (3), 4-Methylphenylsulfi-
nylmethyl Phenyl Sulfone (5), and N-Methyl-S-(4-methylphenylsulfonyl-
methyl)-S-phenylsulfoximine (7) with Alkyl Halides under Phase-Trans-
fer Conditions; General Procedure:

A 50% sodium hydroxide solution (0.1 ml) is added to a stirred solu-
tion of the substrate (3, 5, 7; 1.3 mmol), benzyltriethylammonium
chloride (TEBA; 0.065 mmol), and the alkyl halide (1.3 mmol) in di-
chloromethane (3 ml). The mixture is stirred at 0 °C or at room tem-
perature for the appropriate time (see Table). The two phases are sepa-
rated and the aqueous phase is extracted with dichloromethane (3 x 10
ml). The combined organic layers are dried with sodium sulfate, evapo-
rated in vacuo, and filtered through silica gel (eluent ether) to remove
the catalyst. Removal of the solvent affords the product.
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