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Abstract Herein, we report a convenient synthesis of aryl-substituted
(E)-vinylic NH-sulfoximines via the Horner–Wadsworth–Emmons reac-
tion without the use of protection–deprotection group strategies.

Key words phosphonate, Horner–Wadsworth–Emmons, vinylic sulf-
oximine

Sulfoximines are chiral analogues (isosteres) of sulfones,
in which one of the sulfone oxygen atoms has been re-
placed by a nitrogen atom (=NR); the new imine nitrogen
substituent offers interesting opportunities for adjusting
the properties of the parent molecule. Not surprising, such
compounds are gaining increased interest for the design of
new drugs1 and pesticidal agents.2 Sulfoximines are of im-
portance also in the area of new antibiotics.3

In addition, vinylic sulfoximines have been a widely
used functional group in organic chemistry; for example, in
asymmetric synthesis4 as a chiral auxiliaries,5 ligands,6 Mi-
chael acceptors,7 and as dienophiles in pericyclic reactions.8
Vinylic sulfoximines have also been used as precursors in

the synthesis of allylic sulfoximines.9 Apart from that, de-
rivatives with medicinal value such as calcemic inhibitory
activity have also been reported.10

A number of methods is available in the literature for
the preparation of vinylic sulfoximines. In most cases these
molecules are accessed via Horner–Wadsworth–Emmons
(HWE)10,11 (Scheme 1) or Peterson olefination12 reactions,
in which the imine nitrogen is subject to a protection–
deprotection strategy. Apart from these two protocols, vi-
nylic sulfoximines have been prepared by hydroxyalkyl-
ation–elimination of metalated alkyl sulfoximines13 and
carbometalation of alkynyl sulfoximines.14

However, these methods suffer from limited substrate
scope and multistep synthesis with overall moderate to low
yields; furthermore, the products are N-protected/substi-
tuted vinylic sulfoximines, in which removal of the protect-
ing groups in some cases is challenging. To the best of our
knowledge, there are no literature reports on a straightfor-
ward synthesis to vinylic NH-sulfoximines that do not re-
quire a protection–deprotection strategy. Herein, we pres-
ent a new and facile method that not only bridges this syn-
thetic gap but also provided N-deprotected sulfoximines in
very good to excellent yields.

Scheme 1  General synthetic routes to vinylic NH-sulfoximines have relied on a protection–deprotection strategy

R1
S

1.NaN3/H2SO4, 12 h, 92%
2. Et2NTMS/BSA, 97%
3. n-BuLi, ClP(O)(OEt)2, 80%
4. n-BuLi, R2CHO
5. MeOH/H2O, cat. CsF, 62–86%

R1
S

HN O

R2
R1

S

1. NaN3/H2SO4, 48 h, 52%
2.TBDPSCl, imidazole, 48 h, 69%
3. n-BuLi, ClP(O)(OEt)2

4. t-BuOK, R2CHO, 52%
5. TBAF, 48 h, 73%

R1 = Ar R1 = MeR1 = Ar, Me

Hwang et al. Bolm et al.

path A path B

OO
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, A–E



B

P. K. Chinthakindi et al. LetterSyn  lett

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

itt
sb

ur
gh

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.
Our procedure is based on the use of substituted or un-
substituted diethyl(phenylsulfinylmethyl)phosphonate 3a
or 3b as the starting material. Phosponates 3a or 3b are
readily available from commercial diethyl phosphonometh-
anol (1) that, after tosylation, gave (diethoxyphosphor-
yl)methyl-4-methylbenzenesulfonate (2) followed by nu-
cleophilic substitution with aryl thiol to provide the respec-
tive thiophosponate that was oxidized with Oxone at 0 °C to
furnish the required products 3a and 3b (Scheme 2).

With compound 3a in hand, we attempted to prepare
vinyl sulfoximine from diethyl(phenylsulfinylmethyl)phos-
phonate 3 and benzaldehyde under HWE reaction condi-
tions (n-BuLi, –78 °C to r.t.) followed by imidation using
o-(mesitylenesulfonyl)hydroxylamine (MSH, route 1).15

However, this strategy failed due to complications most
likely resulting from the vinylic bond in compound 4.16 In-
stead, we performed the imidation of compound 3a using
MSH to yield diethyl(phenylsulfonimidoylmethyl)phospho-
nate (5a) as the first reaction step (route 2). The subsequent
reaction with benzaldehyde (6a) under HWE reaction con-
ditions (n-BuLi, –78 °C to r.t.) successfully provided the vi-
nylic sulfoximine 7a, albeit in low yield (19%).

The reaction of compound 5a with benzaldehyde (6a)
was chosen as the model reaction for optimization. Firstly,
in order to check the influence of different bases on reac-
tion yield, we attempted the reaction with the different
bases (t-BuOK, t-BuONa, LiHMDS) in THF at –78 °C to r.t.
Unfortunately, there was no improvement in yield com-
pared to n-BuLi at –78 °C to r.t. 

As temperature plays a crucial role in the n-BuLi pro-
moted reaction, we concentrated on optimizing the reac-
tion temperature, and the reaction was examined at –78 to
0 °C. Gratifyingly, performing the reaction at –78 °C afford-
ed vinyl sulfoximine 7a in 98% yield and with complete E
selectivity (Table 1, entry 1).

With these optimal conditions, the substrate scope was
expanded to a wide range of aldehydes such as aliphatic, ar-
omatic, and heterocyclic aldehydes, and the reaction was
found to proceed smoothly at –78 °C as represented in Table
1. The reaction could be extended to simple polycyclic aro-
matic compounds such as 6b that also worked well and

gave 7b in 99% yield (Table 1, entry 2). Furthermore, the
heterocyclic aldehydes 6c and 6d proceeded smoothly and
gave the products 7c and 7d in 93% and 96% yield, respec-
tively, with complete E selectivity (Table 1, entries 3 and 4).
In addition, other aromatic aldehydes with electron-donat-
ing and electron-withdrawing groups such as 6e and 6f,
when reacted with 5b, provided the corresponding prod-
ucts 8a and 8b in 96% and 95% yield (Table 1, entries 5 and
6). Aliphatic aldehyde 6g also worked well for this reaction
and offered the respective product 7e in 98% yield (Table 1,
entry 7). In an attempt to utilize a highly functionalized
substrate, we reacted N-Boc-protected amino aldehyde 6h
to obtain the desired product 7f in 91% yield.17 Reaction
with ketone substrate 6i did not proceed at –78 °C, so the
reaction temperature was increased to room temperature
after addition of the ketone at –78 °C; this gave the desired
product 7g in a moderate yield of 77% (Table 1, entry 9)18

but with the poor E/Z selectivity typically seen for ketones
under HWE conditions. 

One plausible explanation for why protection of the
imine nitrogen is not needed and NH deprotonation is not
observed with n-BuLi under these reaction conditions can
be found in a theoretical paper by Bharatam et al. Based on
high level quantum mechanical calculations they proposed
that the S–N bond in sulfoximines is best described as a
single-bond ionic interaction.19 Thus, we anticipate that
n-BuLi at –78 °C first abstracts a proton from the active
methylene group of 5a or 5b (Scheme 3) rather than from
the imine (NH) due to the presence of an already fully de-
veloped negative charge at the nitrogen atom.

The active methylene carbanion is stabilized by reso-
nance with the diethyl phosphonate and sulfoximine
groups as shown in Scheme 3. The most stable and reactive
intermediate reacts with the carbonyl compound, and the
reaction proceeds through a kinetically favored threo con-
figuration to avoid steric repulsions in the oxaphosphetane
transition state, leading to the (E)-vinylic sulfoximine as the
major product as confirmed analysis of 1H NMR coupling
constants (J). The plausible reaction mechanism is depicted
in Scheme 3.

Scheme 2  Two routes to access vinylic NH-sulfoximines
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Table 1  Reaction of Compounds 5a,b with Various Aldehydes for the Synthesis of Vinylic NH-Sulfoximinesa

Entry 5 Aldehyde/ketone Temp (C)c Product 7 Yield (%)b E/Z

1 5a 6a R1 = H, R2 = Ph –78

7a

98 100:0

2 5a 6b R1 = H, R2 = C10H7 –78

7b

99 100:0

3 5a 6c R1 = H, R2 = C5H4N –78

7c

93 100:0

4 5a 6d R1 = H, R2 = C4H3S –78

7d

96 100:0

5 5b 6e R1 = H, R2 = C6H4NO2 –78

8a

96 100:0

6 5b 6f R1 = H, R2 = C8H9O2 –78

8b

95 100:0

7 5a 6g R1 = H, R2 = i-Bu –78

7e

98 100:0

8 5a 6h R1 = H, R2 = C13H18NO2 –78

7f

91 100:0

9 5a 6i R1 = Me, R2 = Ph –78 to r.t.

7g

77 64:56

a Substrate 5a or 5b (1 equiv), aldehyde or ketone (1.2 equiv), n-BuLi (1.2 equiv). Reaction quenched with sat. NH4Cl.
b Isolated yields.
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In conclusion, we have developed a novel methodology
to access vinylic NH-sulfoximines, removing the use of pro-
tection and deprotection group strategies. The procedure is
compatible with a wide range of substrates and functional
groups and offers excellent yields and E-selectivity. We an-
ticipate that the current methodology will find broad utility
for the synthesis of vinylic sulfoximines as a precursor in
organic synthesis and medicinal chemistry applications.

Acknowledgment

This work is based on the research supported in part by the National
Research Foundation of South Africa for the Grant 87706. We are also
grateful to UKZN for postdoctoral fellowships to P.K.C., G.C.N. and for
additional financial support.

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0035-1561573. Supporting InformationSupporting Information

References and Notes

(1) Lücking, U. Angew. Chem. Int. Ed. 2013, 52, 9399.
(2) Sparks, T. C.; Watson, G. B.; Loso, M. R.; Geng, C.; Babcock, J. M.;

Thomas, J. D. Pestic. Biochem. Physiol. 2013, 107, 1.
(3) Nordqvist, A.; Nilsson, M. T.; Röttger, S.; Odell, L. R.; Krajewski,

W. W.; Evalena Andersson, C.; Larhed, M.; Mowbray, S. L.;
Karlén, A. Bioorg. Med. Chem. 2008, 16, 5501.

(4) Lemasson, F. Doctoral Dissertation; RWTH Aachen University:
Germany, 2008, retrieved from http://publications.rwth-
aachen.de/record/50343/files/Lemasson_Fabien.pdf.

(5) Pyne, S. G.; Dong, Z. Tetrahedron Lett. 1999, 40, 6131.
(6) Harmata, M.; Ghosh, S. K. Org. Lett. 2001, 3, 3321.
(7) Pyne, S. G. Tetrahedron Lett. 1986, 27, 1691.
(8) (a) Glass, R. S.; Reineke, K.; Shanklin, M. J. Org. Chem. 1984, 49,

1527. (b) Craig, D.; Geach, N. J. Tetrahedron: Asymmetry 1991, 2,
1177. (c) Craig, D.; Geach, N. J.; Pearson, C. J.; Slawin, A. M. Z.;
White, A. J. P.; Williams, D. J. Tetrahedron 1995, 51, 6071.
(d) David, D. M.; Bakavoli, M.; Pyne, S. G.; Skelton, B. W.; White,
A. H. Tetrahedron 1995, 51, 12393.

(9) (a) Tiwari, S. K.; Gais, H.-J.; Lindenmaier, A.; Babu, G. S.; Raabe,
G.; Reddy, L. R.; Köhler, F.; Günter, M.; Koep, S.; Iska, V. B. R.
J. Am. Chem. Soc. 2006, 128, 7360. (b) Koep, S.; Gais, H.-J.; Raabe,
G. J. Am. Chem. Soc. 2003, 125, 13243. (c) Günter, M.; Gais, H.-J.
J. Org. Chem. 2003, 68, 8037. (d) Schleusner, M.; Gais, H.-J.;
Koep, S.; Raabe, G. J. Am. Chem. Soc. 2002, 124, 7789.
(e) Erdelmeier, I.; Gais, H.-J.; Lindner, H. J. Angew. Chem. Int. Ed.
1986, 25, 935.

(10) Kahraman, M.; Sinishtaj, S.; Dolan, P. M.; Kensler, T. W.; Peleg,
S.; Saha, U.; Chuang, S. S.; Bernstein, G.; Korczak, B.; Posner, G.
H. J. Med. Chem. 2004, 47, 6854.

(11) Hwang, K.-J. Bull. Korean Chem. Soc. 2000, 21, 125.
(12) McGrath, M. J.; Bolm, C. Beilstein J. Org. Chem. 2007, 3, 33.
(13) (a) Craig, D.; Geach, N. J. Synlett 1993, 481. (b) Bailey, P. L.;

Clegg, W.; Jackson, R. F. W.; Meth-Cohn, O. J. Chem. Soc., Perkin
Trans. 1 1993, 343. (c) Paley, R. S.; Snow, S. R. Tetrahedron Lett.
1990, 31, 5853.

(14) Sklute, G.; Bolm, C.; Marek, I. Org. Lett. 2007, 9, 1259.
(15) Tamura, Y.; Sumoto, K.; Minamikawa, J.; Ikeda, M. Tetrahedron

Lett. 1972, 13, 4137.

Scheme 3  Plausible reaction mechanism

Ar
S P

OEt

O
OEt

O NH n-BuLi

–78 °C Ar
S

R

O NH

SP
EtO
EtO

O

Li

SP
EtO
EtO

O

Ar

O
NH2

LiO

Ar

NH
SP

EtO
EtO

O O

Ar

NH2

Li

SP
EtO
EtO

O O

Ar

n-BuLi

-BuH
HH

SP
EtO
EtO

O

Li

O

Ar

NH

O

HR

SP
EtO
EtO

O O

Ar

NH

RO

P
EtO
EtO

O

O

S

R

O

Ar

NH

Li

S

R

O
Ar

NH

threo configuration is kinetically favored

P
EtO
EtO

O

O

S

R

O

Ar

NH
Li

erythro configuration is kinetically disfavored

E

S
O

Ar

NH

R

Z

NH

– P(O)(OEt)2OLi

– P(O)(OEt)2OLi

RCHO
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, A–E



E

P. K. Chinthakindi et al. LetterSyn  lett

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

itt
sb

ur
gh

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.
(16) Cren, S.; Kinahan, T. C.; Skinner, C. L.; Tye, H. Tetrahedron Lett.
2002, 43, 2749.

(17) General Procedure for the Synthesis of Compounds 7a–f and
8a,b
n-BuLi (1.2 equiv of 1.6 M solution in hexane) was added to a
solution of diethylphenylsulfonimidoylmethylphosphonate (1.0
equiv) in dry THF (4 mL) kept at –78 °C. The reaction was stirred
for 1 h before sequential addition of aldehyde (1.3 equiv). Then
the resulting reaction mixture was stirred at –78 °C for 1 h.
After completion, the reaction mixture was neutralized with
NH4Cl and extracted with EtOAc (3 × 20 mL) to give the title
product.
(E)-[2-(Phenylsulfonimidoyl)vinyl]benzene (7a)
1HNMR (400 MHz, CDCl3): δ = 8.03–8.01 (2 H, m, ArH), 7.63 (1
H, d, J = 15.2 Hz), 7.58–7.48 (3 H, m, ArH), 7.46–7.44 (2 H, m,
ArH), 7.36–7.33 (3 H, m, ArH), 6.96 [1 H, d, J = 15.2 Hz, (E)-
CH=CH]. 13C NMR (100 MHz, CDCl3): δ = 142.8, 141.7, 132.8,
132.6, 130.9, 130.0, 129.4, 129.3, 129.0, 128.5, 128.3 (2), 127.9
(2). IR (ATR): ν = 3262, 3059, 1703, 1614, 1575, 1215, 1070, 744,
709, 607 cm–1. HRMS (ESI+): m/z [M + H]+ calcd for
C14H13NOSH+: 244.0791; found: 244.0811 [M + H]+.

(18) General Procedure for the Synthesis of Compound 7g
n-BuLi (1.2 equiv of 1.6 M solution in hexane) was added to a
solution of diethylphenylsulfonimidoylmethylphosphonate (1.0
equiv) in dry THF (4 mL) kept at –78 °C. The reaction was stirred
for 1 h before sequential addition of acetophenone (1.3 equiv).
Then the resulting reaction mixture was stirred at r.t. for 1 h.
The reaction mixture was then neutralized with aq NH4Cl and
extracted with EtOAc (3 × 20 mL) to give the title product after
workup.
(E)-(2-Phenylprop-1-enylsulfonimidoyl)benzene (7g)
1H NMR (400 MHz, CDCl3): δ = 8.06–8.04 (2 H, m, ArH), 7.63–
7.53 (4 H, m, ArH), 7.44–7.42 (2 H, m, ArH), 7.38–7.33 (2 H, m,
ArH), 6.89 (1 H, s, CH=C), 2.44 (3H , d, J = 1 Hz, CH=CCH3). 13C
NMR (100 MHz, CDCl3): δ = 139.9, 133.4, 130.2, 129.5 (3 C),
128.9 (3 C), 128.0 (3 C), 126.5 (2 C), 16.9. IR (ATR): ν = 2958,
2920, 2849, 2171, 2018, 1456, 1123, 1049, 623, 499 cm–1. HRMS
(ESI+): m/z [M + H]+ calcd for for C15H15NOSH+: 258.0947; found:
258.0967 [M + H]+.

(19) Senthil Kumar, P.; Bharatam, P. V. Tetrahedron 2005, 61, 5633.
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, A–E


