
A Highly Stereoselective Knoevenagel Reaction of N-Tosylimines
with Active Methylene Compounds in DMSO

Ryoichi Chiba and Takeshi Oriyama�

Department of Chemistry, Faculty of Science, Ibaraki University, 2-1-1 Bunkyo, Mito 310-8512

(Received September 18, 2008; CL-080895; E-mail: tor@mx.ibaraki.ac.jp)

In the presence of molecular sieves (MS) 4A in dimethyl
sulfoxide (DMSO), a highly stereoselective Knoevenagel reac-
tion of various N-tosylimines with active methylene compounds
proceeded smoothly, producing the corresponding Knoevenagel
products in high to excellent yields.

N-Sulfonyl imines are versatile intermediates in organic
synthesis, they can undergo various reactions such as the
Mannich reactions,1 hetero-Diels–Alder reactions,2 coupling
reactions,3 and the aza-Morita–Baylis–Hillman reaction.4,5 The
Knoevenagel reaction has been widely employed for carbon–
carbon bond formation6 and is generally carried out with carbon-
yl compounds and active methylene compounds having two
electron-withdrawing groups in the presence of a base or a Lewis
acid.7 Moreover, the chemistry of N-sulfonylimine with active
methylene compounds has been established. Zajac et al. have re-
ported that Knoevenagel reaction of N-benzylidenebenzenesul-
fonamide proceeded only in those cases where the active meth-
ylene compound possessed a cyano group.8 Shen and Jiang have
reported a base-catalyzed reaction of phosphonate as an active
methylene compound with N-sulfonylimines,9 and this reaction
differs from the Horner–Wadsworth–Emmons olefination in that
the elimination of phosphonate moiety does not occur. However,
these cases involve some substrate limitations. Hence, a versatile
method in which a wide range of nucleophiles can be employed
was needed.

Recently, we reported a catalyst-free trifluoromethylation of
carbonyl compounds with TMSCF3 in dimethyl sulfoxide
(DMSO)10 and a catalyst-free Henry reaction in DMSO.11 In
contrast to the known methods, these reactions do not need addi-
tional catalysts, demonstrating that the ideal method leading to
the development of a new benign reaction without utilizing cat-
alyst is direct and highly efficient.12 The previous experimental
results encouraged us to investigate the Knoevenagel reaction
of N-sulfonylimine with active methylene compounds involving
elimination of sulfonamide in DMSO. Here we report that the
Knoevenagel reaction of N-tosylimine with active methylene
compounds having various functional groups under the influence
of molecular sieves (MS) 4A in DMSO proceeds smoothly in a
highly stereoselective manner.

We first examined the reaction of N-benzylidene-p-toluene-
sulfonamide with 1.1 molar equivalents of diethyl cyanomethyl-
phosphonate in the presence of MS 4A in various solvents
(Table 1, Entries 1–7). We found that DMSO was the most suit-
able solvent for this reaction and afforded the desired product in
a 96% yield (Entry 1). Acetonitrile, THF, and dichloromethane
were not effective for the present reaction (Entries 3, 5, and 6). A
screening of the amount of DMSO showed that 1mL of DMSO
was enough to promote the desired reaction (Entry 8).

The reaction was conducted with various aromatic imines as
summarized in Table 2. For imines derived from aniline and p-
anisidine, no reaction occurred (Entries 1 and 2). On the other
hand, N-tosylimines derived from aromatic aldehydes with elec-
tron-donating and electron-withdrawing substituents readily re-

Table 1. Optimization of the reaction conditionsa

Ph

NTs

Ph

P(O)(OEt)2
NC P(O)(OEt)2

CN
+

DMSO / r t / 2 h

MS 4A

Entry Solvent Yield/%b

1 DMSO 96
2 DMF 92
3 MeCN 12
4 MeOH 87
5 THF 5
6 CH2Cl2 0
7 Hexane 71
8c DMSO 96
9d DMSO 90

aAll reactions were carried out in a solvent (2mL) using
an imine (0.3mmol) and diethyl cyanomethylphospho-
nate (0.33mmol) in the presence of MS 4A (50mg).
bIsolated yield of purified product. cDMSO (1mL) was
used. dDMSO (0.5mL) was used.

Table 2. Synthesis of (E)-vinylphosphonate from various aro-
matic iminesa

 Ar

NPG
NC P(O)(OEt)2

Ar

P(O)(OEt)2

CN

MS 4A

DMSO / r t
+

Entry Ar PG
Time
/h

Yield
/%b E:Zc

1 Ph Ph 2 NRd —
2 Ph PMP 2 NRd —
3 Ph Ts 2 96 100:0
4 4-MeC6H4 Ts 2 94 100:0
5 4-MeOC6H4 Ts 1 100 100:0
6 4-BrC6H4 Ts 1 94 100:0
7 4-NO2C6H4 Ts 18 83 100:0
8 1-Naphthyl Ts 2 95 92:8
9 2-Naphthyl Ts 2 96 100:0

aAll reactions were carried out in DMSO (1mL) using an
imine (0.3mmol) and diethyl cyanomethylphosphonate
(0.33mmol) in the presence of MS 4A (50mg). bIsolated
yield of purified product. cThe ratio of stereoisomers was de-
termined by 1HNMR analysis. dNR indicated no reaction oc-
curred.
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acted with diethyl cyanomethylphosphonate to afford the corre-
sponding (E)-�-cyanovinylphosphonates in excellent yields,
without any of the Z isomer (Entries 3–7). Although we similarly
performed the reaction of the imine derived from 1-naphthalde-
hyde, the stereoselectivity was slightly lower (E:Z = 92:8,
Entry 8). In contrast to these results, the reaction of benzalde-
hyde in place of N-tosylimine has not occurred under similar
conditions.

In order to determine the scope and limitations of this reac-
tion, we tested various active methylene compounds (Table 3).13

All of the reactions we evaluated with nucleophiles having a cy-
ano group proceeded in a stereospecific manner to yield the cor-
responding (E)-�-cyano-�,�-unsaturated esters (Entries 1–3).
When ethyl cyanoacetate and malononitrile were used as active
methylene compounds, both 4-methoxy- and 4-bromo-substi-
tuted imines reacted more readily than nonsubstituted imine
(Entries 1–6). Furthermore, we performed the reaction with nu-
cleophiles having no cyano group. Although we found that they
could also react without a base such as triethylamine or sodium
hydride, the reaction needed a longer reaction time. Moreover,
the yield and stereoselectivity of the product were somewhat
lower than the others. Increasing the amount of DMSO, MS
4A, and equivalents of nucleophile improved the chemical yield
(Entries 8 and 9). Interestingly, the reactions using active meth-
ylene compounds not possessing cyano group barely proceeded
in the absence of MS 4A (Entries 7 and 8).

In conclusion, we have developed a simple and stereoselec-
tive Knoevenagel reaction using N-tosylimine in DMSO. The
present reaction has the following synthetic advantages: (1) in
contrast to the known methods, this procedure does not need
an additional base or Lewis acid, (2) a wide range of active meth-
ylene compounds with and without cyano groups can be em-
ployed, (3) this method produces high yields with high to excel-
lent stereoselectivities, and (4) the reaction proceeds smoothly
and conveniently.
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Table 3. Knoevenagel reaction of N-tosylimines with various active methylene compoundsa

Ar

NTs
Ar

EWG1

EWG2

MS 4A

DMSO / r t
+

EWG1

EWG2

Entry Ar EWG1 EWG2 Time/h Yield/%b,c E:Zd

1 Ph CO2Et CN 2.5 85 (91) 100:0
2 4-MeOC6H4 CO2Et CN 2.5 94 (88) 100:0
3 4-BrC6H4 CO2Et CN 2 95 (90) 100:0
4 Ph CN CN 2 85 (84) —
5 4-MeOC6H4 CN CN 2 95 (93) —
6 4-BrC6H4 CN CN 2 93 (78) —
7e Ph P(O)(OMe)2 CO2Me 24 88 (0) 94:6
8f Ph P(O)(OEt)2 CO2Et 24 85 (0) 96:4
9f Ph SO2Ph CO2Me 24 76 100:0

aAll reactions were carried out in DMSO (1mL) using an imine (0.3mmol) and nucleophile (0.33mmol) in the presence of MS
4A (50mg). bIsolated yield of purified product. cFigures in parentheses are yields in the case of reactions carried out without MS
4A. dThe ratio of stereoisomers was determined by 1HNMR analysis. eYield was determined by 1HNMR analysis. fReaction
was carried out in DMSO (2mL) using 1.2 molar equivalents of the nucleophile (0.36mmol) in the presence of MS 4A (150mg).
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