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N-BENZYLIDENEBENZENESULFONAMIDE AS A BENZALDEHYDE
EQUIVALENT IN THE KNOEVENAGEL REACTION

Walter W. Zajac, Jr.,* Thomas R. Walters, John Buzby, Janet Gagnon
and Marc Labroli

Department of Chemistry, Villanova University,
Villanova, Pennsylvania 19085 USA

ABSTRACT: N-Benzylidenebenzenesulfonamide was shown to be a useful
benzaldehyde equivalent in the Knoevenagel Reaction for cyana - containing active
methylene compunds. The intermediate $8-N-benzenesulfonylamino carbonyl
derivatives from other active methylene compounds failed to undergo elimination.

Interest in the chemistry of sulfonimines is enjoying a resurgence owing to
the unique addition chemistry associated with these electron-deficient imines!-2 and
their improved syntheses.3 We previously exploited the potential utility of N-
benzylidenebenzenesulfonamide (1) as a benzaldehyde equivalent during the course
of our investigation into the oxidation of amines with 2-(phenylsulfonyl)-3-
phenyloxaziridine (2).4 This study revealed that the synthetic utility of 2 for
effecting the amine to nitroso oxidation was limited by side reactions involving
sulfonimine 1 which is generated stoichiometrically following oxygen transfer (Eq.
1). The displacement of benzenesulfonamide from 1 by the starting amine (Eq. 2)
and intermediate hydroxylamine (Eq. 3) served to divert these substrates from the
oxidation pathway.> The synthetic utility of this transimination process was
established when it was determined that the displacement of
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benzenesulfonamide from 1 by simple amines and hydroxylamines was a general
reaction and the respective imine and nitrone derivatives could be isolated in high
yields (~90-100%).6 This reaction was shown to proceed rapidly and quantitatively
(by NMR) at room temperature, without added catalyst. The use of chloroform as
the solvent offered the additional advantage that the benzenesulfonamide
precipitated during the reaction and could be separated by filtration to yield a crude
product which could be used in subsequent reactions without further purification.

Substrat
CeHs\ /O\ 9 ubstrate CaHs 0
C——N—S—C¢Hs ‘DC_' C=N—S-CgHs  Eg.1
n P [
H 0o Oxidized p 0
2 Substrate 1
CoHls o
1 + R-NH, — JC=N—R + HN—-S-CeH; Eq.2
H
CeHs o
1 + R-NHOH —— LC=N"—R + HN—S-CgH; Eq.3
H 0. o]

The facility with which these transimination reactions proceeded and the
well-documented addition of organometallic reagents to sulfonimines,? either in a
deliberate manner, or as an undesirable side reaction,2d.¢ prompted us to extend our
evaluation of 1 as a benzaldehyde equivalent in the Knoevenagel reaction (Eq. 4).7
Futhermore, the reactions of simple sulfonimines with active methylene compounds
have recieved very limited attention8 although the use of simple imines in place of
aldehydes or ketones has been reported” and imines have been implicated as
intermediates when the condensation is carried out using a primary amine catalyst.’2

The conditions examined involved stirring 1 and one of the active methylene
compounds 3a-i in chloroform containing triethylamine as a catalyst for 3-6 h at
room temperature.5 The reaction of 3a-e proceeded with the formation of a
copious white precipitate which was isolated by filtration. The solid was
determined to be benzenesulfonamide in the cases of 3a-d and the styrene
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(o] O H H H
CsHs\ | P (CaHs)aN T 4
/C=N—ﬁ—C3H5 + KO{ = CeH=8—N—C—CX
H o Y o CeHs Y
1 3a-i 4a-i

a. X=CN, Y=CO,C,H;

b.X=Y=CN -CeHsSONH, Eg. 4
c. X=CN, Y=S0,C¢Hs

d.X=CN, Y=COC¢Hs

e.X=Y=COCH, X
f. X=Y= CO,CH, Cetls e
g X=COCH;, Y=CO0,C,Hs /o=,
h. X= COCH,, Y=SO,C¢H;s H Y
i. X=NO,, Y=CO,CoHs 5a-d

derivatives 4a-d were obtained via chromatography of the filtrate (72%-94%). The
solid obtained from the reaction mixture of 3e was identified as the addition product
4e (84%).10 The initial products from the reactions of 3f-i also proved relatively
stable towards the elimination and 4f-i were isolated from the reaction mixtures by
pentane induced precipitation (65%-87%). However, the slow deposition of
benzenesulfonamide was observed during prolonged reaction times (48h) and peaks
supporting the formation of the corresponding elimination products were evident in
the NMR spectra of the crude products.

The structures of adducts 4e-i were assigned on the basis of their 13C and
1H NMR spectral® and by analogy to the one example reported previously.8 The
13C NMR spectra of the products from the reaction of 2,4-pentanedione (3e) and
dimethyl malonate (3f) each showed two distinct carbonyl and methyl resonances
suggesting that one of the carbonyls may be involved in an intramolecular hydrogen
bond with the sulfamido proton. The non-equivalence of the methyl groups was
also apparent in the TH NMR spectra. The adducts arising from unsymmetrical
active methylene compounds were present as a mixture of diastereomers.

It is interesting to note that the facile elimination of benzenesulfonamide
under the conditions investigated was observed to occur only in those cases where
the active methylene compound possesses a cyano group. The lack of correlation
between the pKa's of the methylene groups and their propensity towards
elimination suggests that this phenomenon may be related to greater accessibility of
the base to the methine proton of 4 in the presence of the linear cyano substituent.11
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In conclusion, we have demonstrated that 1 may be successfully used as an
alternative to benzaldehyde in the Knoevenagel reaction. The very mild conditions
and the failure to generate water during the reaction suggests that this method may
be preferable for substrates possessing hydrolytically labile functional groups.

Typical procedure (with elimination): Triethylamine (5 drops) was added to

a well stirred solution of ethyl cyanoacetate (3a) (0.23 g, 2 mmol) and N-
benzylidenebenzenesulfonamide (1) (0.49 g, 2 mmol) in chloroform (5 mL). A
copious white precipitate formed after 30 min and stirring was continued for an
additional 2.5 h at room temperature. The solid was removed by filtration and the
residue obtained upon concentration of the filtrate was subjected to preparative
TLC (silica gel, CHCI3). Isolation of the material from the prominent band at
Ry=0.78 afforded trans-ethyl-a-cyanocinnamate (4a) (0.38 g, 94%) as a colorless
solid. Mp 49-510C; 13C NMR (CDCl3) 8 162.2, 154.7, 133.1, 131.2, 130.8,
129.1, 115.3, 102.8, 62.5, 13.9. 'H NMR (CDCl3) § 8.28 (s, 1H), 8.06-7.97
(m, 2H), 7.61-7.48 (m, 3H), 4.41 (q, 2H), 1.42 (t, 3H). This product was
compared with an authentic sample of commercially available material (Aldrich) and
was found to be identical in all respects.122

Characteristic 13C NMR resonances for other elimination products:
5b: 159.9, 113.6, 112.4, 82.6.12b 5¢: 151.5, 114.6, 113.0.13 5d: 188.9, 155.4,
116.6, 110.0.14

Typical procedure (without elimination): Triethylamine (5 drops) was
added to a well stirred solution of dimethyl malonate (3f) (0.26 g, 2 mmol) and N-
benzylidenebenzenesulfonamide (1) (0.49 g, 2 mmol) in chloroform (5 mL). The
reaction was stirred for 3 h at room temperature and pentane (5 ml) was added to
induce precipitation. The solid was isolated by filtration (0.49 g, 65%) and was
assigned the structure of adduct (4f) on the basis of literature precedent’ and
spectroscopic evidence. Mp 94-960C, mixture of diastereomers; 13C NMR
(CDCl3) 8 167.9 (C=0), 166.6 (C=0), 140.6, 137.3, 132.1, 128.5, 128.3, 127.8,
126.8, 126.4, 57.4 (C-H), 56.8 (C-H), 52.8 (OCH3), 52.6 (OCH3). 1H NMR
(CDCl3) 8 7.73-7.04 (ArH), 6.45 (d, 1H, J=9.6, N-H), 5.18 (dd, 1H, J=9.6, 5.4,
C-H), 3.83 (d, 1H, J=5.4, C-H), 3.62 (s, 3H, OCH3), 3.57 (s, 3H, OCH3).
Characteristic 13C NMR resonances for other adducts:
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4e: 203.9, 201.3, 73.4, 57.4, 30.4, 29.4. 4g: 202.4, 200.1, 168.1, 166.4, 65.1,
64.4, 61.7, 61.6, 57.3, 56.7, 30.0, 29.1, 13.7, 13.6. 4i: 163.1, 161.7, 91.6,
88.9, 63.8, 63.6, 57.6, 57.4, 13.6, 13.5.
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We and others (ref 5a) have observed that sterically crowded amines and
hydroxylamines may require more forcing conditions, if they react at all.
We have found that the reaction of 2 equivalents of 1 with 2,3-diamino-2,3-
dimethylbutane results in the formation of the mono imine instead of the
diimine which is readily available from the reaction of diamine with 2
equivalents of benzaldehyde. This result is believed to arise due steric
considerations with the large size of the N-sulfonylimino group of 1,
relative to the oxygen of benzaldehyde, inhibiting the reaction of the second
equivalent of 1 with the more sterically encumbered amino group of the
mono imine. This observation suggests that 1 may be a selective
benzylideneating agent when a molecule possesses two sterically
differentiable amine or hydroxylamine functions.
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