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The Horner−Wittig reaction of sulfinylmethyl-substituted di-
phenylphosphane oxides 1−3 with aldehydes is reported. In
a straightforward synthesis, (E)-vinyl sulfoxides 4 (R1 = Ph),
5 (R1 = Me) and 6 (R1 = pTol) were formed, mostly with high
configurational selectivity and in high yields. In less selective

Introduction

In the synthesis of stereochemically pure vinyl sulfoxides,
use has often been made of stereochemistry already present
in one of the starting compounds.[1] A different approach
has stereoselective formation of the double bond as the key-
step. 1-Alkynyl sulfoxides can be stereoselectively hydrogen-
ated to yield both (E) and (Z) isomers.[2] One-carbon
elongation of aldehydes usually proceeds in a nonstereose-
lective manner.[3] (Z)-Vinyl sulfoxides have been obtained
by the Horner2Wadsworth2Emmons reaction of bis(2,2,2-
trifluoroethyl)phosphono sulfoxides and aromatic alde-
hydes.[4] Recently, the stereoselective synthesis of (E)-vinyl
sulfoxides by the Wittig reaction of (sulfinylmethyl)phos-
phonium ylides was reported.[5] Finally, it should be noted
that (E)-vinyl sulfoxides containing fluorinated alkyl sub-
stituents have been reported to be formed almost exclusively
by the demesylation of diastereomeric mixtures of β-mesyl-
alkyl sulfoxides, although no (E)/(Z) ratios were pre-
sented.[6]

The Horner2Wittig reaction of methylphosphane oxides
with electron-withdrawing α-substituents often shows more
stereoselective double-bond formation than is found for the
Horner2Wadsworth2Emmons reaction using the corres-
ponding phosphonates. This has been demonstrated for α,β-
unsaturated nitriles[7] and esters,[8] as well as for 1-chlorovi-
nyl sulfoxides.[9] Sulfinyl-substituted methylphosphane ox-
ides 123, in which R1 5 Ph, CH3, and pTol, respectively,
were reported in a preliminary investigation to yield vinyl
sulfoxides 426 with excellent (E) selectivity, using either
aromatic, aliphatic, or α,β-unsaturated aldehydes as sub-
strates (Scheme 1).[10] Careful examination of the results re-
vealed that revision of some of the reported figures was
necessary. To obtain more insight into the factors determin-
ing the stereochemical outcome of the reaction, the reactiv-
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cases, the (E)/(Z) ratio could be improved by slightly modify-
ing the procedure. The use of (SS)-(+)-diphenyl(p-tolylsulfin-
ylmethyl)phosphane oxide (3) allowed the synthesis of en-
antiomerically pure (E)-vinyl sulfoxides.

ity of phosphane oxide 2 (R1 5 CH3) was studied in greater
detail, and additional substrates were tested with respect to
the original report.[10] The possible occurrence of racemiz-
ation when using enantiomerically pure 3 (R1 5 pTol) was
investigated. Finally, experiments were carried out to see
whether changing the base or the solvent would lead to a
better (E)/(Z) ratio in the less selective cases.

Results and Discussion

Phosphane oxides 1 and 2 were prepared using a modi-
fied literature procedure.[11] Enantiomerically pure (SS)-
(1)-diphenyl(p-tolylsulfinylmethyl)phosphane oxide (3) was
synthesized using a known method.[12]

The general procedure for the Horner2Wittig reaction
is outlined in the Experimental Section. Unless otherwise
indicated, reactions were carried out on a 5-mmol scale.
Phosphane oxides 123 were deprotonated with nBuLi at
270 °C. After addition of the appropriate aldehyde, the
temperature was allowed to rise to 220 °C. Progress of the
reaction was apparent from the precipitation of lithium di-
phenylphosphinate (7), which started at about 230 °C. Stir-
ring was continued until the reaction had reached comple-
tion (TLC). After workup, the crude product was analyzed
by 1H NMR. Purification by column chromatography
yielded pure (E)-vinyl sulfoxides 4a2p, 5a2j, and 6a2b. In
some cases, small amounts of the (Z) isomers Z-4 and Z-5
could be detected and isolated as well. This observation had
not been made in our preliminary report,[10] except for the
2-chlorobenzaldehyde derivatives 4e and 5e. The threshold
value for 1H-NMR detection was found to be # 2%. The
results are listed in Table 1 and Table 2.

The results show that most aromatic and α,β-unsaturated
aldehydes gave excellent (E) selectivity, usually with no (Z)
isomer detectable in the crude product. Only for vinyl sul-
foxides 4e, 5e, and 5f, prepared from ortho-substituted
benzaldehydes, were notable amounts of (Z) isomer found.
Obviously, this lowering of selectivity is caused by steric
rather than by electronic reasons. It should be noted that,
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Scheme 1

Table 1. Results for the Horner2Wittig synthesis of (E)-vinyl
phenyl sulfoxides 4

Sulfoxide R1 R2 (E)/(Z) ratio[a] Yield (E)
isomer [%]

4a Ph Ph . 98:2 88
4b Ph 4-O2NC6H4 . 98:2 83[b]

4c Ph 4-ClC6H4 . 98:2 91
4d Ph 4-MeOC6H4 . 98:2 88
4e Ph 2-ClC6H4 93:7 82[c]

4f Ph 2-MeC6H4 . 98:2 84
4g Ph Me 89:11 82
4h Ph Et 93:7[d] 72
4i Ph iPr 97:3[d] 90
4j Ph tBu . 98:2 67
4k Ph nBu 97:3[e] 78
4l Ph PhCH2CH2 88:12[f] 73
4m Ph CH25CH . 98:2[g] 88
4n Ph CH25C(Me) . 98:2 72
4o Ph (E)-MeCH25CH . 98:2[g] 76
4p Ph (E)-PhCH5CH . 98:2 81

[a] Determined from 1H-NMR spectrum of the crude product. 2
[b] (E)/(Z) ratio 95:5 after column chromatography. 2 [c] Isomers
not separated. 2 [d] (Z) isomer not isolated in pure form. 2 [e] (Z)
isomer not isolated. 2 [f] Products separated in a 89:11 (E)/(Z) ra-
tio. 2 [g] 122% of the (Z) isomer noted after column chromato-
graphy.[3g]

Table 2. Results for the Horner2Wittig synthesis of (E)-vinyl
methyl sulfoxides 5

Sulfoxide R1 R2 (E)/(Z) ratio[a] Yield (E)
isomer [%]

5a Me Ph . 98:2 82
5b Me 4-O2NC6H4 . 98:2 88
5c Me 4-ClC6H4 . 98:2 70
5d Me 4-MeOC6H4 . 98:2 85
5e Me 2-ClC6H4 89:11 64
5f Me 2-MeC6H4 95:5 71
5g Me tBu 91:9[b] 55[c]

5h Me nBu 97:3[b] 76
5i Me PhCH2CH2 77:23[d] 72
5j Me (E)-PhCH5CH . 98:2 84

[a] Determined from 1H-NMR spectrum of the crude product. 2
[b] (Z) isomer not isolated. 2 [c] Low yield possibly caused by evap-
oration of the product. 2 [d] Products separated in a 79:21 (E)/
(Z) ratio.

after column chromatography, vinyl sulfoxide 4b (R1 5 Ph,
R2 5 4-O2NC6H4) had undergone some silica-induced (E)
R (Z) isomerization, a reaction observed earlier for a sim-
ilar 4-nitrophenyl compound.[5] In the case of pentadienyl
sulfoxide 4o, in addition to pure (E) isomer, less than 2%
of impure (Z) isomer was found after chromatography. For
dienyl sulfoxide 4n, where no (Z) isomer was observed, iso-
merization on the column has been reported, resulting in a
higher (E)/(Z) ratio.[3g]
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The selectivity was somewhat lower in the case of ali-
phatic aldehydes. 3-Phenylpropanal, especially, gave low
(E)/(Z) ratios of sulfoxides 4l and 5i. In some cases, ratios
were hard to determine because of overlap of the signals of
the vinylic protons of the (Z) compound and the α-vinylic
proton of the (E) isomer. However, in these cases it always
proved possible to confirm the estimated values after col-
umn chromatography.

The reaction seems to be more selective for phenyl sulfox-
ides than for methyl sulfoxides. This is in agreement with
the results found for the Horner2Wittig synthesis of 1-
chlorovinyl sulfoxides.[9a][9b] Although comparison is not al-
ways straightforward, isolated yields tend to be equal to or
higher than in the analogous Wittig reactions, which, how-
ever, were carried out on a smaller scale.[5]

Special attention was given to the synthesis of enantiom-
erically pure (E)-vinyl sulfoxides 6a and 6b (Table 3). In the

Table 3. Results for the Horner2Wittig synthesis of (S)-(E)-vinyl
tolyl sulfoxides 6

Sulfoxide R1 R2 (E)/(Z) ratio[a] Yield (E)
isomer [%]

6a p-Tol Ph . 98:2 81[b]

6b p-Tol CO2Me . 98:2 41[c]

Determined from 1H-NMR spectrum of the crude product. 2 [b]

Reaction performed on a 1-mmol scale. 2 [c] Preliminary results
with regard to the yield[10] could not be substantiated.

Horner2Wadsworth2Emmons synthesis of 6b, the enanti-
omeric excess (ee) was reported to be dependent on the type
of base used, with nBuLi giving almost complete racemiz-
ation.[13] In contrast, HPLC analysis of sulfoxides 6a and
6b[14] showed they were formed with complete retention of
the configuration. The [α]D20 values measured were in ac-
cordance with the values reported in literature.[3i,5,13] This
showed that (SS)-(1)-diphenyl(p-tolylsulfinylmethyl)phos-
phane oxide reacted in the Horner2Wittig reaction without
loss of ee, even when nBuLi was used as the base. The yield
of 6b was somewhat disappointing. Earlier results, indicat-
ing a better yield, had to be withdrawn on the basis of the
observed difference in melting points.[10]

With the aim of increasing the stereoselectivity, the syn-
thesis of vinyl sulfoxides 4e, 5e, and 4l was further investig-
ated. The results are listed in Table 4.

The use in the Horner2Wittig reaction of potassium in-
stead of lithium as the counter-ion has been shown by Se-
yden-Penne et al. to enhance (E) selectivity in the formation
of α,β-unsaturated nitriles and esters.[7,8] As shown in
Table 4, the (E)/(Z) ratios of ortho-substituted compounds
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Table 4. Strategies towards improving the (E) selectivity

Sulfoxide Base Solvent (E)/(Z) Yield (E)
ratio[a] isomer [%]

4e21 nBuLi THF 93:7 82[b]

4e22 nBuLi, KOtBu THF . 98:2 70[c]

5e21 nBuLi THF 89:11 64
5e22 nBuLi, KOtBu THF 97:3 78
4l21 nBuLi THF 89:11 73
4l22 LDA THF 89:11 85
4l23 LTMP THF 90:10 83
4l24 KHMDS THF 95:5 73[d]

4l25 nBuLi toluene/THF 95:5[e] 66[d]

[a] Determined from 1H-NMR spectrum of the crude product. 2
[b] Isomers not separated. 2 [c] Conversion # 75%. 2 [d] Conversion
90%. 2 [e] Products were separated in a 93.5:6.5 (E)/(Z) ratio.

4e and 5e could be improved significantly by the addition
of one equivalent of potassium tert-butoxide (KOtBu) to
the lithiated phosphane oxide. Similar results were found
when 2,4-dichlorobenzaldehyde was used.[15] However, this
procedure could not be applied successfully with the enoliz-
able 3-phenylpropanal. The use of the non-nucleophilic ba-
ses lithium diisopropylamide (LDA) and 1-lithio-2,2,6,6-
tetramethylpiperidide (LTMP) improved the yield some-
what, but hardly affected the stereoselectivity. Best results
were obtained when using potassium bis(trimethylsilyl)am-
ide (KHMDS), dissolved in THF. The use of a commer-
cially available KHMDS solution in toluene only gave a low
degree of conversion. It should be noted that, in the syn-
thesis of related 1-chlorovinyl sulfoxides, the use of
KHMDS completely failed to yield the desired products.[9b]

The use of apolar solvents has been reported to improve
the (E) selectivity of the Wittig reaction.[5] Unfortunately,
pure toluene could not be used as a solvent, because of the
lack of solubility of the phosphane oxide. Use of a 2:1 mix-
ture of toluene and THF as the solvent did improve the (E)/
(Z) ratio, though the yield was only moderate.

Conclusions

The Horner2Wittig reaction with sulfinylmethyl-substi-
tuted phosphane oxides provides an excellent method for
the conversion of aliphatic, aromatic and α,β-unsaturated
aldehydes into the corresponding homologous (E)-vinyl sul-
foxides. Methyl sulfoxides are somewhat less selective than
phenyl sulfoxides. In some selected cases, the stereoselectiv-
ity can be improved by the use of a potassium base, al-
though the yield may be affected adversely. The use of (SS)-
(1)-diphenyl(p-tolylsulfinylmethyl)phosphane oxide 3 per-
mits the synthesis of enantiomerically pure (E)-vinyl sulfox-
ides, even when n-butyllithium is used as the base.

Experimental Section

General Procedures: Column chromatography was performed on
Baker Silica Gel (0.06320.200 mm). For TLC analyses, Schleicher
and Schuell F1500/LS 254 silica plates were used, visualized with
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ultraviolet light, or with potassium permanganate in the case of
vinyl sulfoxides 5g and 5h. 2 1H- (200 MHz), 13C- (50 MHz), and
31P-NMR (80 MHz) spectra were recorded with a Bruker AC-200
instrument, except in the cases indicated, for which a JEOL NM
FX-200 instrument was used. Samples were measured in CDCl3,
with tetramethylsilane as an internal standard; δ in ppm, J in Hz.
2 Infrared spectra were obtained with a Pye Unicam SP32200
spectrometer, except for compounds indicated, for which a
Perkin2Elmer FT-IR Paragon 1000 spectrometer was used; ν̃ given
in cm21. 2 Melting points were determined with a Büchi melting
point apparatus and are uncorrected. Enantiomeric purities of 6a
and 6b were determined by HPLC using a Daicel Chiralcel OD
column. As eluents, mixtures of n-hexane (H) and isopropyl alco-
hol (I), as specified in each case, were applied. 2 Optical rotations
were measured with a Propol automatic polarimeter, at the sodium
 line (λ 5 589 nm). 2 Chemicals were obtained from Acros or
Aldrich. Commercially available aldehydes were distilled or washed
with base before use. Methyl glyoxylate was prepared using a
known procedure.[16] Solvents were distilled before use, THF from
LiAlH4. Toluene was dried with molecular sieves (3 Å). Diisoprop-
ylamine and 2,2,6,6-tetramethylpiperidine were dried with KOH.
Other compounds were used without purification. LDA and LTMP
were freshly prepared by addition of nBuLi (1.6 ) to an ice-cooled
solution of the appropriate amine in THF; KHMDS was dissolved
in THF before use. Base concentrations were approximately 0.5 .

Sulfinylmethyl-Substituted Phosphane Oxides: Racemic phosphane
oxides 1 and 2 were synthesized using a modified literature proced-
ure.[11] The corresponding sulfides[17] were mono-oxidized using 1.1
equivalents of mCPBA[10] as the oxidizing agent[3g] at 220 °C, lead-
ing to almost quantitative yields after workup (washing with thios-
ulfate, bicarbonate and saturated brine, followed by precipitation
from ether). The products were sufficiently pure for use in the
Horner2Wittig reaction. The possible contamination with the cor-
responding sulfones 8 and 9[18,19] was not usually a problem, be-
cause these will not engage in a Horner2Wittig reaction at low
temperatures.[10,20]

Diphenyl(phenylsulfinylmethyl)phosphane Oxide (1): An analytical
sample was obtained by recrystallization from ethyl acetate. 2 Col-
orless crystals, m.p. 1442146 °C (ref.[11a] 1512152 °C, ref.[11c]

1242126 °C). 2 IR[21] (neat): ν̃ (cm21) 5 1435, 1179, 1114, 1052,
1023, 997, 801. 2 13C NMR: δ 5 59.8 (CH2), 124.1 (CH2SPh),
128.7 (d, JPC 5 12.2, CH2PPh), 128.8 (d, JPC 5 13.7, CH2PPh),
129.3 (CH2SPh), 130.7 (d, JPC 5 8.7, CH2PPh), 131.2 (d, JPC 5

9.2, CH2PPh), 131.4 (CH2SPh), 132.3 (CH2PPh), 132.5 (d,
JPC 5 3.0, CH2PPh), 144.6 (S2Cipso); P2Cipso not elucidated. 2
1H- and 31P-NMR data are in accordance with those reported by
Drabowicz et al.[11c] 2 Published IR data agree quite well.[11a]

(Methylsulfinylmethyl)diphenylphosphane Oxide (2): An analytical
sample was obtained by column chromatography (ethyl acetate/
methanol 5 10:1). 2 Colorless crystals, m.p. 1362137 °C (ref.[11c]

1302132 °C). 2 IR[21] (neat): ν̃ (cm21) 5 1438, 1183, 1123, 1052,
956. 2 13C NMR: δ 41.8 (CH3), 55.2 (d, JPC 5 59.5, CH2), 128.7
(d, JPC 5 10.7, CH2Ph), 130.2 (d, JPC 5 9.2, CH2Ph), 130.4 (d,
JPC 5 8.7, CH2Ph), 132.3 (CH2Ph); Cipso not determined. 2 1H-
and 31P-NMR data are in accordance with those reported.[11c]

(SS)-(1)-Diphenyl(p-tolylsulfinylmethyl)phosphane Oxide (3): Pre-
pared according to a known method.[12] 2 Colorless crystals, m.p.
104 °C (ref.[12] 1342135 °C). 2 IR[21] (neat): ν̃ (cm21) 5 1436,
1184, 1121, 1098, 1046, 1016, 814. 2 13C NMR: δ 5 21.3 (CH3),
59.8 (d, JPC 5 61.0, CH2), 124.2 (CH-Tol), 128.6 (d, JPC 5 12.2,
CH2Ph), 128.8 (d, JPC 5 14.2, CH2Ph), 129.9 (CH-Tol), 130.8
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(d, JPC 5 9.2, CH2Ph), 131.2 (d, JPC 5 10.7, CH2Ph), 132.1 (d,
JPC 5 3.0, CH2Ph), 132.5 (d, JPC 5 3.0, CH2Ph), 141.4 (CMe),
142.0 (S2Cipso); P2Cipso not identified. 2 [α]D20 5 191 (c 5 2.2,
acetone) [ref.[12] 192 (c 5 2.2, acetone)]. 2 1H- and 31P-NMR data
are in accordance with those reported.[12] 2 As a reference, the
racemic compound was prepared by mCPBA oxidation of the cor-
responding sulfide as described above.

Preparation of Vinyl Phenyl Sulfoxides 4: Sulfinylmethyl-substituted
phosphane oxide 1 (5 mmol) was dissolved in THF (100 mL) under
nitrogen. nBuLi (5.5 mmol, 1.6  in hexanes) was added at 270
°C. After stirring for 30 min at this temperature, the aldehyde
(5.5 mmol) in THF (5 mL) was added. The temperature was al-
lowed to rise to 220 °C, and stirring was continued until the reac-
tion reached completion (TLC). This usually took 122 h, except
for 4j, which was stirred overnight at 220 °C. Saturated aqueous
ammonium chloride solution (100 mL) was added and the layers
were separated. The water layer was extracted with ether (3 3

30 mL). The combined organic layers were dried with magnesium
sulfate. After filtration, the solvents were removed under reduced
pressure. The crude product was analyzed by 1H NMR. Column
chromatography afforded the pure (E)-vinyl sulfoxides 4, and in
some cases also the corresponding (Z)-vinyl sulfoxides Z-4, as men-
tioned in Table 1. Eluents used were 25% ethyl acetate/petroleum
ether (40:60) or 25% petroleum ether/ether, except in the case of
4-nitrobenzaldehyde derivative 4b, for which dichloromethane was
used. Compounds marked with an asterisk (*) have not been re-
ported in the literature.

(E)-2-Phenyl-1-(phenylsulfinyl)ethene (4a): Colorless crystals,
m.p.[10] 61262 °C (ether/hexanes, ca. 1:1) (ref.[3i] 62262.5 °C). 2
13C NMR:[22] δ 5 124.3, 127.5, 128.6, 129.1, 129.5, 130.8 (each
CH2Ph), 132.7 (CH), 133.3 (CHCipso), 135.9 (CH), 143.6
(S2Cipso). 2 IR[3i] and 1H-NMR[5] spectra are in accordance with
those reported.

(E)-2-(4-Nitrophenyl)-1-(phenylsulfinyl)ethene (4b): Yellowish crys-
tals, m.p.[10] 1462148 °C (ethyl acetate/hexanes, ca. 1:1). 2 IR
(KBr): ν̃ (cm21) 5 1590, 1510, 1438, 1340, 1080, 1043, 952, 858.
2 13C NMR: δ 5 124.0, 124.6, 128.3, 129.6 (CH-arom.), 131.5
(CHpara), 132.0 (S2CH), 137.6 (4-NO2PhCH), 142.8 (CHCipso),
146.2 (S2Cipso), 147.9 (C2NO2). 2 1H-NMR data are in accord-
ance with those reported;[3i] IR data published refer to a mixture
of isomers.[3i]

(E)-2-(4-Chlorophenyl)-1-(phenylsulfinyl)ethene (4c): Colorless crys-
tals, m.p.[10] 94295 °C (ether/hexanes, ca. 1:1) (ref.[3i] 97298 °C).
2 13C NMR:[22] δ 5 124.2 (CH2Ph), 128.5, 128.6, 129.0, 130.8
(each CH-arom.), 131.8 (CHCipso), 133.2, 133.9 (each CH), 135.0
(Cl2C), 143.2 (S2Cipso). 2 IR and 1H-NMR spectra are in accord-
ance with those reported.[3i]

(E)-2-(4-Methoxyphenyl)-1-(phenylsulfinyl)ethene (4d): Colorless
crystals, m.p.[10] 67268 °C (ether/hexanes, ca. 1:1) (ref. 63266,[3c]

64265[3i]). 2 13C NMR:[22] δ 5 55.2 (CH3), 114.2, 124.5 (each CH),
126.2 (CHCipso), 129.3, 130.2, 136.7 (each CH), 144.1 (S2Cipso),
160.9 (O2C). 2 IR and 1H-NMR spectra are in accordance with
those reported.[3i]

(E)-2-(2-Chlorophenyl)-1-(phenylsulfinyl)ethene* (4e): Colorless
oil.[23] 2 IR[21] (neat): ν̃ (cm21) 5 1468, 1441, 1122, 1082, 1032,
958, 855, 806. 2 1H NMR: δ 5 6.88 (d, 1 H, J 5 15.4, α-CH),
7.1927.33 (m, 2 H, H-arom.), 7.3727.59 (m, 5 H, H-arom.),
7.6627.73 (m, 2 H, H-arom.), 7.79 (d, 1 H, J 5 15.4, β-CH). 2
13C NMR: 123.9 (CH2Ph), 127.0 (CH), 127.8 (CH), 129.4
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(CH2Ph), 129.9 (CH), 130.5 (CH), 131.1 (CH), 131.7 (CH), 133.9
(Cl2C), 135.9 (CH), 143.7 (S2Cipso), CHCipso not noted.

(Z)-2-(2-Chlorophenyl)-1-(phenylsulfinyl)ethene* (Z-4e): Colorless
crystals, m.p. 75277 °C (triturated; ether/petroleum ether, 40:60).
2 IR[21] (neat): ν̃ (cm21) 5 1464, 1436, 1277, 1077, 1030, 996, 872.
2 1H NMR: δ 5 6.59 (d, 1 H, J 5 10.2, α-CH), 7.2927.73 (m, 10
H, β-CH, H-arom.). 2 13C NMR: δ 124.2 (CH2Ph), 126.8 (CH-
arom.), 129.3 (CH2Ph), 129.6, 130.6, 130.9, 131.2 (CH-arom.),
132.3 (CHCipso), 133.8 (Cl2C), 136.4 (CH), 138.6 (CH), 144.1
(S2Cipso).

(E)-2-(2-Methylphenyl)-1-(phenylsulfinyl)ethene* (4f): Colorless
crystals, m.p. 43245 °C (triturated; n-pentane). 2 IR[21] (neat): ν̃
(cm21) 5 1592, 1575, 1473, 1455, 1440, 1378, 1304, 1082, 1045,
961. 2 1H NMR: δ 5 2.46 (s, 3 H, CH3), 6.76 (d, 1 H, J 5 15.4,
α-CH), 7.1227.23 (m, 4 H, H-arom.), 7.41 (d, 1 H, J 5 7.3, H-
arom.), 7.5027.59 (m, 2 H, H-arom.), 7.56 (d, 1 H, J 5 15.4, β-
CH), 7.6727.69 (m, 2 H, H-arom.). 2 13C NMR: 18.9 (CH3), 123.8
(CH2Ph), 125.5, 125.7, 128.6 (CH2Ph), 128.7, 129.9 (each CH-
arom.), 130.2 (CHpara), 131.8 (CH2Cipso), 132.7 (CH), 133.3 (CH),
136.0 (CH32C), 143.2 (S2Cipso).

(E)-1-(Phenylsulfinyl)prop-1-ene (4g): Colorless oil. 2 IR (neat): ν̃
(cm21) 5 3055, 3006, 2912, 1630, 1580, 1483, 1440, 1085, 1040,
1020, 949. 2 13C NMR:[22] δ 5 17.3 (CH3), 123.8 (CH2Ph), 128.8
(CH2Ph), 130.3 (CHpara), 135.8 (CH-2), 136.0 (CH-1), 143.7
(Cipso). 2 1H-NMR data are in accordance with those reported;[3i]

IR data published refer to a mixture of isomers.[3i]

(Z)-1-(Phenylsulfinyl)prop-1-ene (Z-4g): Colorless oil. 2 IR (neat):
ν̃ (cm21) 5 3052, 2960, 2920, 2865, 1620, 1471, 1440, 1377, 1084,
1034. 2 13C NMR: δ 5 15.1 (CH3), 123.8 (CH2Ph), 129.1
(CH2Ph), 130.5 (CHpara), 137.1 (CH-2), 137.4 (CH-1), 144.2
(Cipso). 2 1H-NMR data are in accordance with those reported;[3i]

IR data published refer to a mixture of isomers.[3i]

(E)-1-(Phenylsulfinyl)but-1-ene (4h): Colorless oil. 2 13C NMR:[22]

δ 5 12.1 (CH3), 25.1 (CH2), 124.3 (CH2Ph), 129.1 (CH2Ph),
130.6 (CHpara), 134.1 (CH), 142.6 (CH), 144.1 (Cipso). 2 IR and
1H-NMR spectra are in accordance with those reported.[24]

(Z)-1-(Phenylsulfinyl)but-1-ene (Z-4h): Colorless oil. 2 1H NMR:
δ 5 1.15 (t, 3 H, J 5 7.3, CH3), 2.66 (dq, 2 H, J 5 7.3, 3.6, CH2),
6.21 (m, 2 H, CH5CH), 7.4627.56 (m, 3 H, H-arom.), 7.5927.64
(m, 2 H, H-arom.). 2 As the compound was not obtained in pure
form, no other data were obtained.

(E)-3-Methyl-1-(phenylsulfinyl)but-1-ene (4i): Colorless oil. 2 IR
(neat): ν̃ (cm21) 5 3050, 2958, 2866, 1618, 1580, 1460, 1442, 1080,
1045, 1022, 968. 2 13C NMR:[22] δ 5 20.9 (CHMe2), 30.5
(CHMe2), 124.0 (CH2Ph), 128.9 (CH2Ph), 130.4 (CHpara), 132.3
(CH), 143.8 (Cipso), 146.9 (CH). 2 1H-NMR data are in accord-
ance with those reported;[3a,3g,3i] published IR data refer to a mix-
ture of isomers.[3a,3i]

(Z)-3-Methyl-1-(phenylsulfinyl)but-1-ene (Z-4i): The identity of the
product could only be assigned with the help of reference 1H-
NMR spectra.[3a,3g,3i]

(E)-3,3-Dimethyl-(phenylsulfinyl)but-1-ene (4j): Colorless oil. 2 13C
NMR:[22] δ 5 28.5 (CMe3), 34.0 (CMe3), 124.3 (CH2Ph), 129.1
(CH2Ph), 130.6 (CHpara), 130.8 (CH), 144.2 (Cipso), 150.9 (CH).
2 IR and 1H-NMR data are in accordance with those reported.[3i]

(E)-(Phenylsulfinyl)hex-1-ene (4k): Colorless oil. 2 IR (neat): ν̃
(cm21) 5 3050, 2950, 2920, 2860, 1622, 1569, 1473, 1465, 1433,
1301, 1082, 1043, 997, 963, 920. 2 13C NMR: δ 5 13.1 (CH3),
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21.5 (CH-5), 29.6 (CH2-4), 31.0 (CH2-3), 123.8 (CH2Ph), 128.6
(CH2Ph), 130.1 (CHpara), 134.7 (CH-2), 140.2 (CH-1), 144.0
(Cipso). 2 The 1H-NMR spectrum is in accordance with the one re-
ported.[25]

(E)-4-Phenyl-1-(phenylsulfinyl)but-1-ene[26] (4l): Colorless crystals,
m.p. 43 °C (ether/hexanes, ca. 1:1). 2 IR[21] (neat): ν̃ (cm21) 5

2915, 2849, 1628, 1601, 1494, 1474, 1438, 1301, 1080, 1033, 1019,
995, 975, 932, 807. 2 1H NMR: δ 5 2.5122.62 (m, 2 H, CH2Ph),
2.7522.83 (m, 2 H, CH2CH), 6.20 (d, 1 H, J 5 15.4, α-CH), 6.63
(dt, 1 H, J 5 15.4, 6.6, β-CH), 7.1227.32 (m, 6 H, H-arom.),
7.4527.54 (m, 4 H, H-arom.). 2 13C NMR: δ 5 33.0 (CH2), 33.8
(CH2), 124.1, 125.9, 128.1, 128.9, 130.4 (each CH2Ph), 135.3
(CH), 139.0 (CH), 140.0 (CH2Cipso), 143.8 (S2Cipso).

(Z)-4-Phenyl-1-(phenylsulfinyl)but-1-ene[26] (Z-4l): Colorless oil. 2

IR[21] (neat): ν̃ (cm21) 5 3055, 3020, 2920, 2854, 1617, 1602, 1492,
1450, 1440, 1082, 1047. 2 1H NMR: δ 5 2.7622.98 (m, 4H,
CH2CH2), 6.22 (m, 2H, CH5CH), 7.2027.37 (m, 6 H, H-arom.),
7.4027.48 (m, 4 H, H-arom.). 2 13C NMR: δ 5 30.97 (CH2), 35.0
(CH2), 123.9, 126.3, 128.5, 128.5, 128.9, 130.4 (each CH2Ph),
137.2 (CH), 140.1 (CHCipso), 141.0 (CH), 144.1 (S2Cipso).

(E)-1-(Phenylsulfinyl)buta-1,3-diene (4m): Colorless oil. 2 IR
(neat): ν̃ (cm21) 5 3055, 3000, 1625, 1580, 1473, 1442, 1080, 1045,
1020, 1000, 955, 920, 815. 2 13C NMR:[22] δ 5 123.0 (CH5CH2),
123.6, 128.5, 130.2, 132.5, 135.0, 135.8 (each CH), 143.1 (Cipso). 2
1H-NMR data are in accordance with those reported.[3a,3g]

(E)-3-Methyl-1-(phenylsulfinyl)buta-1,3-diene (4n): Colorless crys-
tals, m.p.[10] 50251 °C (ref.[27] 51 °C). 2 13C NMR:[22] δ 5 17.8
(CH3), 122.6 (C5CH2), 124.0, 128.9, 130.5, 132.8, 138.4 (each CH),
138.8 (CMe), 143.6 (Cipso). 2 IR[27] and 1H-NMR[3g] spectra are
in accordance with those reported.

(1E,3E)-1-(Phenylsulfinyl)penta-1,3-diene (4o): Colorless oil. 2 IR
(neat): ν̃ (cm21) 5 3010, 1640, 1580, 1472, 1441, 1080, 1040, 1020,
985, 928, 815. 2 13C NMR: δ 5 18.0 (CH3), 124.0 (CH2Ph), 128.0
(CH-diene), 128.8 (CH2Ph), 130.4 (CHpara), 132.6, 136.9, 137.4
(each CH-diene), 143.8 (Cipso). 2 1H-NMR data are in accordance
with those reported;[3g] IR data published refer to a mixture of iso-
mers.[3i]

(1Z,3E)-1-(Phenylsulfinyl)penta-1,3-diene (Z-4o): The nature of the
product could only be assigned with help of the reported 1H-
NMR spectra.[3g,3i]

(1E,3E)-4-Phenyl-1-(phenylsulfinyl)buta-1,3-diene (4p): Off-white
crystals, m.p.[10] 85286 °C (ether/hexanes, ca. 1:1) (ref.[3g] 83285
°C). 2 IR (KBr): ν̃ (cm21) 5 1620, 1595, 1582, 1470, 1442, 1082,
1042, 1025, 988, 980. 2 13C NMR: δ 5 123.7, 124.0, 126.3, 128.0,
128.1, 128.6, 130.2, 134.9 (each CH), 135.1 (CHCipso), 135.6, 138.1
(each CH), 143.4 (S2Cipso). 2 1H-NMR[1c,3g] data are in accord-
ance with those reported; published IR data refer to a mixture of
isomers.[3a]

Preparation of Methyl Vinyl Sulfoxides 5: Methyl vinyl sulfoxides 5
were prepared from phosphane oxide 2, following a procedure sim-
ilar to that outlined for compounds 4. For sulfoxide 5g, overnight
stirring at 220 °C was necessary. Pure (E)-vinyl sulfoxides 5, and
also in some cases the corresponding (Z)-vinyl sulfoxides Z-5, were
obtained after column chromatography, as mentioned in Table 2.
Methanol/diethyl ether (2%) was used as the eluent, except in the
case of 4-nitrobenzaldehyde derivative 5b, for which dichlorome-
thane was used. Compounds marked with an asterisk (*) have not
been reported in literature.
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(E)-1-(Methylsulfinyl)-2-phenylethene (5a): Colorless crystals,
m.p.[10] 64265 °C (ether/hexanes, ca. 1:1) (ref.[28] 65 °C). 2 13C
NMR: δ 5 40.7 (CH3), 127.4 (CH2Ph), 128.7 (CH2Ph), 129.5
(CHpara), 132.0 (CH), 133.5 (Cipso), 136.1 (CH). 2 IR[1a] and 1H-
NMR[1a,5] spectra are in accordance with those reported.

(E)-1-(Methylsulfinyl)-2-(4-nitrophenyl)ethene[29] (5b): Yellowish
crystals, m.p. 1362137 °C (ethyl acetate/petroleum ether, ca. 1:1).
2 IR[21] (neat): ν̃ (cm21) 5 2920, 2850, 1592, 1506, 1437, 1337,
1289, 1104, 1050, 947, 854, 798. 2 1H NMR: δ 5 2.76 (s, 3 H,
CH3), 7.11 (d, 1 H, J 5 15.4, α-CH), 7.35 (d, 1 H, J 5 15.4, β-
CH), 7.63 (d, 2 H, J 5 8.8, H-arom.), 8.26 (d, 2 H, J 5 9.5, H-
arom.). 2 13C NMR: δ 5 40.4 (CH3), 124.1 (CH-arom.), 128.1
(CH-arom.), 132.8 (CH), 137.1 (CH), 139.7 (Cipso), 147.8 (C-NO2).

(E)-2-(4-Chlorophenyl)-1-(methylsulfinyl)ethene* (5c): Colorless
crystals, m.p. 97298 °C (ether/hexanes, ca. 1:1). 2 IR[21] (neat): ν̃
(cm21) 5 3027, 2997, 2914, 1489, 1403, 1286, 1172, 1088, 1042,
1014, 990, 954, 931, 840, 797. 2 1H NMR: δ 5 2.71 (s, 3 H, CH3),
6.88 (d, 1 H, J 5 15.4, α-CH), 7.22 (d, 1 H, J 5 15.4, β-CH), 7.36
(d, 2 H, J 5 8.8, H-arom.), 7.42 (d, 2 H, J 5 8.8, H-arom.). 2 13C
NMR: δ 5 40.2 (CH3), 128.3 (CH-arom.), 128.5 (CH-arom.), 131.7
(Cipso), 132.7 (CH), 133.8 (CH), 134.6 (Cl2C).

(E)-2-(4-Methoxyphenyl)-1-(methylsulfinyl)ethene (5d): Colorless
crystals, m.p. 69.5270.5 °C (ether/hexanes, ca. 1:1) (ref.[30] 67268
°C). 2 IR[21] (neat): ν̃ (cm21) 5 2919, 2842, 1603, 1510, 1436, 1301,
1251, 1183, 1045, 1028, 967, 952, 940, 843, 795. 2 1H NMR: δ 5

2.70 (s, 3 H, CH3S), 3.84 (s, 3 H, CH3O), 6.76 (d, 1 H, J 5 15.4,
α-CH), 6.91 (d, 2 H, J 5 8.8, H-arom.), 7.20 (d, 1 H, J 5 15.4, β-
CH), 7.43 (d, 2 H, J 5 8.8, H-arom.), 13C NMR: δ 5 40.6 (CH3S),
54.9 (CH3O), 113.9 (CH-arom.), 126.0 (Cipso), 128.8 (CH-arom.),
129.5 (CH), 135.8 (CH), 160.5 (O2C).

(E)-2-(2-Chlorophenyl)-1-(methylsulfinyl)ethene* (5e): Colorless
crystals, m.p. 33.5234 °C (ether/hexanes, ca. 1:1). 2 IR[21] (neat):
ν̃ (cm21) 5 1589, 1469, 1436, 1418, 1289, 1183, 1121, 1031, 955,
803. 2 1H NMR: δ 5 2.74 (s, 3 H, CH3), 6.97 (d, 1 H, J 5 15.4, α-
CH), 7.2927.34 (m, 2 H, H-arom.), 7.4127.45 (m, 1 H, H-arom.),
7.5427.59 (m, 1 H, H-arom.), 7.65 (d, 1 H, J 5 15.4, β-CH). 2
13C NMR: δ 5 40.3 (CH3), 126.7, 127.5, 129.6, 130.1 (CH-arom.),
131.3 (Cipso), 131.5 (CH), 133.5 (Cl2C), 135.2 (CH).

(Z)-2-(2-Chlorophenyl)-1-(methylsulfinyl)ethene* (Z-5e): Obtained
as a mixture with sulfone 9 after column chromatography. A pure
sample of (Z)-vinyl sulfoxide Z-5e was obtained after removing the
phosphane oxide contaminant by precipitation from ether: color-
less crystals, m.p. 1082109.5 °C (triturated; petroleum ether,
40:60). 2 IR[21] (neat): ν̃ (cm21) 5 1714, 1588, 1467, 1436, 1418,
1288, 1128, 1016, 960. 2 1H NMR: δ 5 2.71 (s, 3 H, CH3), 6.64
(d, 1 H, J 5 11.0, α-CH), 7.31 (d, 1 H, J 5 11.0, β-CH), 7.3027.36
(m, 2 H, H-arom.), 7.3727.48 (m, 2 H, H-arom). 2 13C NMR: δ
40.3 (CH3), 126.7, 129.5, 130.4, 130.9 (each CH-arom.), 132.2
(Cipso), 133.5 (Cl2C), 136.1 (CH), 138.5 (CH).

(E)-2-(2-Methylphenyl)-1-(methylsulfinyl)ethene* (5f): Colorless
crystals, m.p. 35237 °C (triturated, n-pentane). 2 IR[21] (neat): ν̃
(cm21) 5 1608, 1594, 1480, 1455, 1412, 1377, 1291, 1050, 960. 2
1H NMR: δ 5 2.43 (s, 3 H, CH3Ph), 2.72 (s, 3 H, CH3S), 6.82 (d,
1 H, J 5 15.3, α-CH), 7.2227.25 (m, 3 H, H-arom.), 7.4727.50
(m, 1 H, H-arom.), 7.52 (d, 1 H, J 5 15.3, β-CH) . 2 13C NMR:
δ 5 18.9 (CH3Ph), 40.0 (CH3S), 125.6, 125.7, 128.6, 130.0 (each
CH-arom.), 131.8 (Cipso), 132.7 (CH), 132.8 (CH), 135.9 (CH32C).

(Z)-2-(2-Methylphenyl)-1-(methylsulfinyl)ethene* (Z-5f): Obtained
as a mixture with sulfone 9 after column chromatography. A pure
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sample of (Z)-vinyl sulfoxide Z-5f was obtained after removing the
phosphane oxide contaminant by precipitation from ether: color-
less crystals, m.p. 73275 °C (triturated; hexanes). 2 IR (KBr): ν̃
(cm21) 5 1595, 1475, 1456, 1394, 1030, 968. 2 1H NMR: δ 5 2.32
(s, 3 H, CH3Ph), 2.70 (s, 3 H, CH3Ph), 6.56 (d, 1 H, J 5 11.0, α-
CH), 7.2127.28 (m, 5 H, H-arom., β-CH). 2 13C NMR: δ 19.8
(CH3Ph), 40.4 (CH3S), 125.8, 129.4, 129.6, 130.2 (each CH-arom.),
130.8 (Cipso), 136.4 (CH32C), 137.6 (CH), 138.1 (CH).

(E)-3,3-Dimethyl(methylsulfinyl)but-1-ene*[31] (5g): Colorless oil, 2

IR (neat): ν̃ (cm21) 5 2950, 2865, 1623, 1472, 1463, 1415, 1361,
1291, 1257, 1232, 1053, 967. 2 1H NMR: δ 5 1.10 (s, 9 H, CCH3),
2.61 (s, 3 H, CH3S), 6.17 (d, 1 H, J 5 15.4, α-CH), 6.48 (d, 1 H,
J 5 15.4, β-CH). 2 13C NMR: δ 5 27.9 (CMe3), 32.9, (CMe3),
39.7 (SMe), 129.1 (CH), 148.4 (CH).

(E)-(Methylsulfinyl)hex-1-ene[32] (5h): Colorless oil. 2 IR (neat): ν̃
(cm21) 5 2950, 2920, 2853, 1630, 1465, 1420, 1397, 1296, 1050,
964, 924. 2 1H NMR: δ 5 0.92 (t, 3 H, J 5 7.3, CH2CH3),
1.2921.50 (m, 4 H, CH2-4, CH2-5), 2.25 (dt, 2 H, J 5 6.6, CH2-
3), 2.60 (s, 3 H, CH3S), 6.27 (d, 1 H, J 5 15.4, α-CH), 6.49 (dt, 1
H, J 5 15.4, 6.6, β-CH). 2 13C NMR: δ 5 13.4 (CH2CH3), 21.8
(CH2-5), 30.0 (CH2-4), 31.3 (CH2-3), 40.6 (CH3S), 133.9 (CH-2),
140.3 (CH-1).

(E)-1-(Methylsulfinyl)-4-phenylbut-1-ene (5i): Colorless crystals,
m.p. 25.5 °C (ether/hexanes, ca. 1:1, 218 °C). 2 13C NMR: δ 5

32.8 (CH2), 33.8 (CH2), 40.0 (CH3), 125.6 (CH2Ph), 127.8
(CH2Ph), 134.3 (CH), 138.0 (CH), 139.9 (Cipso). 2 IR[21] and 1H-
NMR spectra are in accordance with those reported.[1f]

(Z)-1-(Methylsulfinyl)-4-phenylbut-1-ene* (Z-5i): Colorless oil. 2

IR[21] (neat): ν̃ (cm21) 5 3052, 3020, 3000, 2919, 2855, 1620, 1603,
1496, 1452, 1437, 1295, 1189, 1120, 1040. 2 1H NMR: δ 5 2.26
(s, 3 H, CH3), 2.5422.89 (m, 4 H, CH2CH2), 6.14 (dt, 1 H, J 5

10.2, 6.6, CH5CHS), 6.24 (d, 1 H, J 5 10.2, α-CH), 7.1227.30
(m, 5 H, H-arom.). 2 13C NMR: δ 5 30.6 (CH2), 34.3 (CH2), 125.8
(CH2Ph), 128.0 (CH2Ph), 128.2 (CH2Ph), 136.6 (CH), 139.6
(Cipso), 140.0 (CH).

(1E,3E)-1-(Methylsulfinyl)-4-phenylbuta-1,3-diene* (5j): Colorless
crystals, m.p. 89290 °C (ether/hexanes, ca. 1:1). 2 IR[21] (neat): ν̃
(cm21) 5 3028, 3005, 1622, 1597, 1490, 1452, 1274, 1048, 1005,
951, 929, 877, 785, 757. 2 1H NMR:[22] δ 5 2.67 (s, 3 H, CH3),
6.51 (d, 1 H, J 5 14.4, α-CH), 6.7826.93 (m, 2 H, CH5CHMe),
7.06 (ddd, J 5 14.4, 7.2, 3.1, β-CH), 7.2927.47 (m, 5 H, H-arom.).
2 13C NMR: δ 5 40.7 (CH3), 124.5, 126.8, 128.6, 128.7, 134.6
(each CH), 135.7 (Cipso), 136.3, 138.4 (each CH).

Preparation of Enantiomerically Pure Tolyl Vinyl Sulfoxides 6: Tolyl
vinyl sulfoxides 6 were prepared from phosphane oxide 3 following
a procedure similar to that outlined for compounds 4. Pure (E)-
vinyl sulfoxides 6 were obtained after column chromatography, as
mentioned in Table 3. Eluents used were 25% ethyl acetate/petro-
leum ether, 40:60 or 25% petroleum ether/ether. The purified com-
pounds were analyzed using chiral HPLC.

(R)S-(E)-2-Phenyl-1-(p-tolylsulfinyl)ethene (6a): Colorless crystals,
m.p.[10] 82 °C (ether/hexanes, ca. 1:1); m.p. 81 °C (dichloromethane/
hexanes, ca. 1:1) (ref.[3i] 82283 °C). 2 13C NMR: δ 5 21.3 (CH3),
124.8 (CH-Tol), 127.6 (CH2Ph), 128.8 (CH2Ph), 129.6 (CHpara),
130.0 (CH-Tol), 133.0 (CH), 133.7 (CHCipso), 135.8 (CH), 140.6
(CMe), 141.6 (S2Cipso). 2 [α]D20 5 1158 (c 5 1.0, CHCl3) [ref.
1166.0 (c 5 1.14, CHCl3),[5] 1160.2 (c 5 1.35, CHCl3)[3i]]; ee .

99% (HPLC eluent H/I 5 90:10). 2 IR[3i,21] and 1H-NMR[3i,5] spec-
tra are in accordance with those reported.
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Methyl (E)-(RS)-3-(p-Tolylsulfinyl)prop-1-enoate (6b): Colorless
crystals, m.p. 91.5 °C (ether/hexanes, ca. 1:1) (ref.[13] 91292 °C). 2

[α]D20 5 1441 (c 5 0.7, acetone) [ref.[13] 1421 (c 5 1, acetone)]; ee
. 99% (HPLC eluent H/I 5 95:5[14]). 2 Spectral data are in ac-
cordance with those reported.[3h] 2 Preliminary results with regard
to the yield[10] could not be substantiated.

Strategies Towards Improving the Stereoselectivity: The reactions
were basically carried out according to the general procedure. In
the synthesis of 4e22 and 4e22, KOtBu was added to the lithiated
phosphane oxide, and stirring was continued for 30 min before the
aldehyde was added. For 4l22/3/4, LDA, LTMP, or KHMDS were
added at 270 °C as a THF solution. In the case of 4l25, the phos-
phane oxide was dissolved in toluene with as little THF as possible.
Upon cooling, the phosphane oxide precipitated, and THF was
added until the phosphane oxide stayed in solution. The general
procedure was followed from this point on.
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