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Abstract—A method for silylation of N-acetylbenzenesulfonamide has been proposed. The structural features of the
obtained O-trimethylsilyl-N-phenylsulfonylacetimidate have been studied by means of NMR and IR spectroscopy

as well as single-crystal X-ray diffraction analysis.
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Silylation of organic compounds is widely applied in
organic and analytical chemistry as well as in materials
science [1-4]. Trisorganylsilyl fragments are efficient
protective groups blocking the O-, N-, and S-reactive
sites [3, 5]. The introduction of a silyl group in organic
compounds alters their reactivity, improves the solubility
in nonpolar solvents, and increases the volatility.
Enhanced volatility allows the use of GLC and mass
spectrometry for isolation and analysis of organic species
(3, 6].

A series of organosilicon compounds [R'R?R3SiCl,
R;SiNR,, and (Me;Si),NH] have been used to introduce
a silyl group in the compounds structure. O- or N-TMS-
and O,N-bis(TMS) derivatives of carboxylic and sulfonic
acid amides and the related compounds are among the
most efficient and convenient laboratory-scale donors
of trimethylsilyl (TMS) groups [1-3, 7-9]. Silicon-
containing derivatives of N-acylarylsulfonamides
RC(O)N(SiMe;)SO,Ar are of special interest, yet the
data on these compounds have been scarce. To the best of
our knowledge, they have been mentioned only in a few

reports [10—12]. This study aimed to elaborate a method of
N-acetylbenzenesulfonamide 1 silylation and investigate
the structure of the reaction products.

N-Acetylbenzenesulfonamide 1 was prepared as
described elsewhere [13]. Acylation of benzenesulfonamide
with acetic anhydride in the presence of a catalytic amount
of ZnCl, occurred in bulk and afforded compound 1 in
90% yield (Scheme 1).

N-Acetylbenzenesulfonamide reacted with trimethyl-
chlorosilane in benzene medium, the yield of the silylation
product 2 being 68%. The reaction occurred at room
temperature in the presence of triethylamine as hydrogen
chloride acceptor (Scheme 2).

Structure of compound 2 was studied by means of
IR and NMR spectroscopy as well as X-ray diffraction
analysis. The crystal suitable for the latter were obtained
via recrystallization.

According to the X-ray diffraction analysis data,
compound 2 in the crystal exists in the form of
the O-silylated derivative 2b—O-trimethylsilyl-N-
phenylsulfonylacetimidate. Molecular structure of
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imidate 2b is shown in Fig. 1, and selected structural
parameters of it are listed in Table 1. A single molecule
of compound 2b was found in the independent part of the
unit cell. Structural analogs of imidate 2b without a SiMe;
group were found in the Cambridge Crystallographic
Data Centre [14—22]. Comparative analysis of those
compounds revealed very close values of the Cp, SN
bond angle 98.8-100.2° (98.76° for imidate 2b) and
SNC one 120.4-128.6° (122.75° for imidate 2b), yet the
values of the Cp,SNC torsion angle were significantly
different. The range of the latter covered about 50°
(123°-176°), being equal to 161.87° for imidate 2b.
Evidently, the difference was due to the presence of
bulky substituents in the structural analogs. For example,
the closest value of the Cp, SNC angle was observed for
isopropyl-3-(tert-butylcarbonylamino)-3-cyclohexyl-
2-methyl-N-(4-nitrophenylsulfonyl)propaneimidate
(163.5°) [24]. The S—N and N=C distances in imidate 2b
were 1.637 and 1.286 A, respectively, very close to the
corresponding values for the structural analogs (1.633
and 1.285 A, respectively, on the average) [14-22]. The
adjacent molecules of imidate 2b in the crystal were
linked via CH:--O short contacts of the hydrogen atoms
of the MeC(O) and Me;Si methyl groups and the phenyl
ring with the oxygen atoms of the S=O and Me;SiO
groups (Fig. 2). The intermolecular bonds length was of
2.492-2.717 A.

Fig. 1. General view of molecule of compound 2b in the
crystal.

The amido-imidate tautomeric equilibrium in the
silylated carboxamides is dependent on the nature of
the substituents in the amide moiety as well as external
factors (temperature and solvent) [7, 23-27]. However,
such structures have been earlier studied only using
spectral methods. Herein we investigated the structure of
compound 2 by means of the density functional theory
DFT [B3LYP functional and 6-311G(d) basis set]. The
obtained data revealed the most stable conformers of
the tautomers 2a and 2b as minimums in the potential
energy surface as well as the transition state with the
energy maximum corresponding to the energy barrier of
the 2a—2b transition. Relative energy of tautomer 2a
was 7.9 kcal/mol higher in comparison with tautomer
2b. The simulated energy barrier height was 12 kcal/mol
relative to tautomer 2a and 19.9 kcal/mol with respect
to tautomer 2b.

In summary, silylation of N-acetylbenzenesulfonamide
afforded O-trimethylsilyl-N-phenylsulfonylacetimidate as
the only product. Its structure was confirmed by means
of X-ray diffraction analysis, IR and NMR spectroscopy,
and quantum-chemical simulation. As in the case of
carboxamides, the amido-imidate tautomerism was
possible for N-acylbenzenesulfonamides [28]. The X-ray
diffraction analysis data suggested the imidate form
of the prepared compound in the solid state. Likely,
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Fig. 2. Intermolecular short contacts in the crystal of imide 2b.
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Table 1. Selected bond lengths, bond angles, and torsion angles in the molecule of compound 2b
Bond d, A Bond angle o, deg Torsion angle 0, deg
Sil-O! 1.713(1) o'si'C! 111.8(1) c’silo!c? -159.0(1)
SI-N! 1.637(1) o'si'c’ 101.3(1) c'silo!c? —40.5(1)
Sil-C! 1.851(1) NIs!C3 98.7(1) O?S'N!C? 84.4(1)
Sil-C7 1.850(1) 0’si'C! 111.3(1) O’SIN!IC? -47.9(1)
Sl-0? 1.439(1) C?0'si! 126.7(1) C3SIN'c? -161.9(1)
Sl-0? 1.441(1) C2N'S! 122.8 (1) SIN'c?0! 175.2(1)
Si-C3 1.765(1) 0’s'0? 117.3(1) SIN'c?c!o -5.5(2)
ol-C? 1.323(1) O’S'N! 109.5(1) Si'O'C?N! -8.2(2)
N'-C? 1.286(2) O’S'N! 112.4(1) silo!czc!o 172.4(1)
c-ct 1.388(2) N!'C?0! 118.3(1) ccieses 1.4(2)
c2-C0 1.496(2) N!'c?c!0 128.9(1) N'sic3ct 129.6(1)

O-trimethylsilyl-N-phenylsulfonylacetimidate was
formed via the substitution of the imidate proton with
the trimethylsilyl group and was a kinetically as well as
thermodynamically favorable reaction product.

EXPERIMENTAL

NMR spectra of a solution in CDCl; were recorded
using a Bruker DPX-400 spectrometer [400.1 ('H), 100.6
(13C), and 79.5 MHz (*°Si)] with HMDS and cyclohexane as
internal references. IR spectra were recorded using a Bruker
Vertex 70 spectrometer. X-ray diffraction analysis was
performed using a Bruker D8 Venture diffractometer (MoK,
radiation, ,=0.71073 A) in the ¢- and ®-scanning mode. The
structure was solved and refined via a direct method using
SHELX software suite [29]. The absorption was accounted
for using SADABS software. The non-hydrogen atoms were
refined under anisotropic approximation using SHELX
software [29]. The crystallographic data for compound 1
were deposited at the Cambridge Crystallographic Data
Centre (CCDC 1947408). Quantum-chemical simulation
was performed using GAUSSIAN-09 software suite [30].

The crystals of compound 2b were colorless,
prismatic, 0.40x0.50%0.50 mm, C,H;NO;SSi, M
271.40, monoclinic crystal system, space group P2,/c,
Omin/Omax = 2-33/30.12, T =100 K, a = 9.8204(4),
b = 8.1281(3), c = 17.0421(8) A, B = 94.249(2)°, V =
1356.6(1) A3, Z=4, d_,. = 1.329 g/cm?, F(000) = 576,
= 0.323 mm!. 36439 reflections were collected
including 3977 independent, 158 parameters were refined,
R=2.95,R,,=0.0376 (over all reflections), goodness of
fit over F2 1.045, Ap,u/ Apmin = 0.341/-0.399 /A3,

N-Acetylbenzenesulfonamide (1). A mixture of 1.20 g
(7.63 mmol) of benzenesulfonamide, 1 g (9.8 mmol, excess)
of acetic anhydride, and 0.05 g of ZnCl, was heated on a
water bath at 40—45°C with vigorous stirring until complete

dissolution of the benzenesulfonamide precipitate and the
formation of colorless low-viscous solution (10 min). After
that, the mixture was heated at the same temperature at
stirring during 10 min and then the pressure was reduced
to ~10-15 mmHg, the temperature being gradually raised
to 60—65°C. The mixture was kept at those temperature and
pressure during 15 min, and the residue was cooled to room
temperature. ~1.36 g of compound 1 was obtained (yield
~90%). Spectral parameters of the obtained compound were
identical to the reference ones [31].

O-Trimethylsilyl-/V-phenylsulfonylacetimidate (2b).
Amixture of 0.5 g (4.62 mmol) of trimethylchlorosilane and
5 mL of benzene was slowly added to a solution of 0.91 g
(4.56 mmol) of N-acetylbenzenesulfonamide 1 and 0.5 g
(5 mmol) of triethylamine in 15 mL of benzene at vigorous
stirring. The obtained mixture was stirred during 3 h at room
temperature; the precipitate was filtered and washed with
20 mL of benzene; the solvent was evaporated off. The
obtained yellowish transparent residue was distilled in
vacuum. Yield 68% (0.84 g), bp 185°C (3—4 mmHg). IR
spectrum (KBr), v, cm™': 757, 784, 851, 1039, 1095, 1162,
1255, 1333, 1597, 1727, 2961, 3068. '"H NMR spectrum,
S, ppm: 0.22 s [9H, (CH;);Si], 2.49 s [3H, CH;C(O)],
7.5-7.9 m (5H, PhSO,). 3C NMR spectrum, 8., ppm:
—0.42 (CH;Si),22.16 [CH;C(0)], 126.45 (C?), 128.67 (C™),
132.36 (CP), 141.73 (CY), 174.12 [CH,C(O)]. *°Si NMR
spectrum: dg; 27.0 ppm. Found, %: C 49.12; H 6.27; N
5.05; S 11.67; Si 10.49. C,;H,;NO;SSi. Calculated, %:
C48.68; H 6.31; N 5.16; S 11.81; Si 10.35.
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