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Abstract

Aim.Structural analysis of chemical compounds plays a crucial role in understanding their properties and chemical
behavior. In this study, the aim is to investigate the structure of N-chloro-N-methoxy-4-toluenesulfonamide and to
compare it with N-methoxy-4-toluenesulfonamide structure. Methods. 1H, and 13C NMR spectroscopy, mass
spectrometry, a single crystal X-ray diffraction study. Results. It was found that in the molecule of N-chloro-N-
methoxy-4-toluenesulfonamide the amide nitrogen atom has a strongly pyramidal configuration. The sum of the
bond angles centered on thisnitrogen atom is 324.1°. In N-methoxy-4-toluenesulfonamide the degree of pyramidality
of the nitrogen atom is significantly lower, the sum of the bond angles centered on thisnitrogen atom is 331.0°.
Structural analysis shows two notable features in N-chloro-N-methoxy-4-toluenesulfonamide. First, the N-Cl bond is
elongated to 1.767(3) A, exceeding the corresponding bond lengths in N-chloro-N-methoxyurea and N-chloro-N-
methoxy-4-nitrobenzamide. Second, the N(1)-0(3)Me bond is shortened to 1.405(3) A, relative to the values
observed in N-methoxy-4-toluenesulfonamide and in dimethyl N-methoxy-N-(4-toluenesulfonyl)phosphoramidate.
The most plausible explanation is that this bonds deformation may be caused by the action of the nome)—6en-
canomeric effect. Conclusions. N-Chloro-N-methoxy-4-toluenesulfonamide, together with related N-alkoxy-N-chloro-
R-sulfonamides, represents a distinct class of anomeric amides characterized by weakening of the N-Cl bond through
an no@ik—6en-canomeric interaction. Thus, this work is important because it establishes a new concept in the
chemistry of N-alkoxy-N-chloro-R-sulfonamides.

Keywords: N-chloro-N-methoxy-4-toluenesulfonamide; a single crystal X-ray diffraction structurestudy; anomeric amides.

0-N-CI TEMIHAJIBHI CUCTEMMU. CTPYKTYPA N-XJIOP-N-METOKCH-4-
TOJIYEHCYJIb®OHAMIZIA TA N-METOKCHU-4-TOJIYEHCY/Ib®OHAMIJZIA
Bacuab I lllTam6ypr?, €srex O. Kion?, Biktop B. llTam6ypr?, Augpii O. AHileHKo?,

Ceits1ana B. llumikina34, Onekcanap B. MasenaS, CBiTs1aHa B. KpaBueHko®
LYkpaiHcobkuli depacasHuli yHieepcumem HayKu i mexHoso02it, np. Hayku, 8, m. /]Hinpo, 49005, Ykpaina
2/THinposcwkutl HayioHaabHull yHisepcumem imei Oaecst l'owvapa, np. Hayku, 72, m. [Jninpo, 49050, Ykpaina
3/lepycasHa Haykoea ycmaHosa «I[Hcmumym moHokpucmadnie» HAH Ykpainu, np. Hayku, 60, m. Xapkis, 61001, Ykpaina
4[Hcmumym opeaniunoi ximii HAH Ykpainu, eys. Akademika Kyxaps, 5, m. Kuis, 02660, Ykpaina
5@izuko-ximivHuti incmumym imeni 0.B. boeamcwvkozo HAH Ykpainu, eya. /llocmdopgcvka dopoza, 86, m. Odeca, 65080,
Ykpaina
6/THinpoacbkuli depicasHuli azpapHo-ekoHoMivHull yHigepcumem, gy. C. Eppemosa., 25, M. [JHinpo, 49600, Ykpaina

AHoTaliga
MeTa. CTpyKTYpHU# aHaJ1i3 XiMiYHUX CNOJIYK BiAirpae BupimajabHy poJib y po3yMiHHi iX BlacTuBocTeil Ta XiMiuyHOl
noBeJiHKH. MeTol0 bOro JOCHiAKEHHsA € BUBYEHHS CTPYKTYpU N-Xx10po-N-MeTOKcH-4-TojiyeHCyIbpoHaMigy Ta
nopiBHAHHA ii 3i cTpykTypolo N-MeToKcu-4-TouyeHcy/abdoHamizy. MeTtoau. Mac-cnektpometpis, 1H Ta 13C IMP
CHeKTPOCKOMisl, peHTTeHOCTPYKTYPHHMH aHai3. Pe3y ibTaTu. ByJi0 BUsAB/IEHO, 110 B MOJieKyJIi N-XJI0pO-N-MeTOKCHU-4-
TOJIyeHCy/J1bpOHAMiAy aMiZJHUI aTOM a30Ty Ma€ BeJIbMHU NipaMijaibHy KoH$irypaniwo. Cyma ioro BaJleHTHUX KyTiB
AopiBHI0€ 324.1°. Y N-MeTOKCH-4-TolyeHCcy/IbpoHaMiAj CTyniHb mipaMifalbHOCTi aTOMa a30Ty 3HaYHO MEeHIIUH, cyMa
oro BaJIeHTHUX KyTiB cTaHOBUTH 331.0°. CTPYKTypHUil aHaji3 moka3ye ABi 3Ha4yHi oco6suBocTi N-xJ10po-N-
MeTOKCH-4-ToJiyeHcyabdoHaMmiay. llo-nepie, 38’a30k N-Cl € nogosxenum A0 1.767(3) A, mo nepesnmye aoBxuamn
BignoBigHux 3B’A3kiB N-Cl y N-xs0po-N-meTokcucedyoBuHi Ta N-xj10po-N-MeTOoKcH-4-HiTpoGeH3amigi. Ilo-apyre,
3’130k N-O(Me) ckopoueHmii o 1.405(3) A mopiBHAHO 3i 3HaYeHHAMM, MO crmocTepiralThca y N-MeTOKCH-4-
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ToJIyeHcyAbpoHaMigi Ta AuMeTuaA-N-MeTOKCH-N-(4-ToayeHcynabdoHin)pochopamigari. Haibinebm Baaaum
NMOsICHEHHAM € Te, O, A JedopMalisa 3B’A3KiB Moke GyTH CIPUYMHEHA JIi€I0 AaHOMEPHOTo ePeKTy No(Me)—>6°N-Cl.
BucHoBku. N-Xy0po-N-MeTOKCH-4-TolyeHCyJabdoHaMis pasom 3i cnopigHeHuMHM  N-aakokcu-N-xaopo-R-
cysbdoHaMigaMu ABJISAE€ CO6010 OKPEMHUIl KJ1ac aHOMEPHHX aMiJiB, 110 XapaKTepU3yIOTbCA AecTabilizanico 3B’ 43Ky

N-Cl yepe3 aHoMepHUI ePEKT No(alk)— 6°N-Cl.
Kawvuosi  caosa:
MOHOKPUCTAJIy;aHOMepHi aMiziu.

N-xs0po-N-MeTOKcU-4-ToryeHCyIbPOHaMIZ; AOoCTi/keHHsT OyAOBH pEHTTeHiBCbKO Audpakiiieo

Introduction

N-Alkoxy-N-chlorosulfonamides areused in
organic synthesis as a chlorinating agents [1-3].
N-Chloro-N-methoxybenzenesulfonamide is

diketones, [-ketoseters, phenols, heteroarenes
and aromatic amins [1]. N-Benzyloxy-N-
chlorobenzenesulfonamide 1 interaction with
AcONa in acetone afforded chloroacetone, N,N-

electrophilic chlorinating reagent for 1,3- bis(benzyloxy)-N,N"-bis(phenyl)hydrazine and N-
benzyloxybenzenesulfonamide [2] (Scheme 1).
/Cl AcONa/ Me,CO OBn PhSOz\ IOBn
/
PhSO;—N,  — = Me-C(O)-CH,Cl PhSO—N  + NN
1 OBn H BnO SO,Ph

Scheme 1. The interaction of N-benzyloxy-N-chlorobenzenesulfonamide (1) with AcONa in acetone [2]

N-Alkoxy-N-chlorosulfonamides are a
electrophilic chlorinating agents due to the
strongly electron-withdawing effect of the
sulfonyl group [2].

As you can see from the data above the
nucleophilic substitution of the chlorine atom is
impossible for N-alkoxy-N-chlorosulfonamides in
contrast to the anomeric amides such as N-alkoxy-

N-chloroureas  [4-6], N-alkoxy-N-chloro-N'-
arylureasureas [7] and N-alkoxy-N-
chlorobenzamides [2;8]. In these anomeric

amides, a high degree of pyramidality of the amide
nitrogen atom and the dominance of nor)—6en-
canomeric effect [4-8] areboth observed. On the
other hand, the N-CI bond polarization in N-

alkoxy-N-chlorosulfonamides is unfavorable for
nucleophilic substitution at the amide nitrogen
atom [2; 9; 10].

N-Acyloxy-N-chlorobenzamides are electrofilic
chlorinating agents as well [11-15]. For example,
N-benzoyloxy-N-chlorobenzamide does not react
with AcONa in MeCN [16]. These compounds
represent a new class of anomeric amides, in
which the amide nitrogen adopts a pyramidal
configuration [11].

Recently we had converted N-chloro-N-
methoxy-4-toluenesulfonylamide 2 indimethyl N-
methoxy-N-(4-toluenesulfonyl)phosphoramidate
3 through its reaction with trimethyl phosphite
[17] (Scheme 2).

oMe P(OMe); Af\s"
\\S—N, > O’/ \
0 Clp MeO=P 4
MeO™
Ar=p-MeCH, O

Scheme 2. Thesynthesis of compound 3 [17]

Compound 3 can be considered as a formal
product of nucleophilic substitution at the
nitrogen atom [17].

Glover S.A. had proved that for anomeric
amides a pyramidality of the nitrogen atom favors
the nor)—6en.canomeric effect realization [2; 9;
10]. This leads to a weakening of the N-Cl bond.
The N-Cl bond weakening makes the nucleophilic
substitution at the amide nitrogen atom possible.
However, as shown with N-acyloxy-N-
chlorobenzamides [11; 16], amides in which
nucleophilic substitution of the chlorine atom
does not occur can still be classified as anomeric

amides. Thus, the aim of our study was to establish
the structural features of N-chloro-N-methoxy-4-
toluenesulfonamide 2 in comparison with the
structural features of N-methoxy-4-
toluenesulfonamide 4. We have previously used
this approach to study the structural features of N-
acetoxy-N-benzyloxyurea [18] and N-benzyloxy-
N-methoxyurea [19]. Increased interest in O-N-Cl
geminal system [20] driven by its remarkable
reactivity and unexplored potential, makes this
research exceptionally timely and essential for
advancing our understanding of these unique
chemical entities.
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Experimental part

1H NMR spectra were recorded on a VARIAN
VNMRS 400 spectrometer (400 MHz). 13C NMR
spectra were recorded on a VARIAN VNMRS 400
spectrometer (100 MHz). The solvent CDCl; was
used. 'H NMR chemical shifts relative to the
residual solvent protons as an internal standard
[CDCls: 7.260 ppm,] were reported. Solvent carbon
atoms served as an internal standard for 13C NMR
spectra [CDCl3: 77.16 ppm]. Mass spectra were
recorded on a VG 70-70EQ mass spectrometer in
fast atom bombardment mode (FAB). The solvents
were purified and dried according to the standard
procedures.

N-Methoxy-4-toluenesulfonamide  (4). The
solution of N-methoxyamine (0.571 g,
12.134 mmol) in MeCN (5 mL) was added to the
solution of TsCl (1.157 g, 6.069 mmol) in MeCN
(5 mL), then the solution of trietylamine (0.676 g,
6.675 mmol) in MeCN (5 mL) was added. The
reaction mixture was maintained at 19 °C during
68 h, followed by boiling for 1 h. After that MeCN
was evaporated under vacuum, the residue was
extracted by benzene (30 mL). The PhH-extract
was evaporated under vacuum, the residue was
maintained at 60°C under vacuum (2 mmHg), then
obtained residue was washed with water (15 mL),
dried under vacuum (2 mmHg), giving 1.004 g
(82 %) of N-methoxy-4-toluenesulfonamide 4 as a
colorless crystals, mp 108-109 °C (benzene-
hexane).'H NMR (400 MHz, CDCl3, ppm): 6 = 2.448
(3H, s, Me); 3.789 (3H, s, NOMe); 7.035 (1H, br. s,
NHO); 7.350 (2H, d, 3] = 8.4 Hz, C(3)H,C(5)H
Ce¢HaS07); 7.814 (2H, d, 3] = 8.4 Hz, C(3)H,C(5)H
CsH4S02). 13C NMR (100 MHz, CDCl3, ppm): § =
21.78 Me; 65.14 NOMe; 128.65 C(3)H, C(5)H
Ce¢HaSO2; 129.85 C(2)H, C(6)H CesH4SO2; 133.72
Q&)—Me, C6H4502; 145.03 C(l)—SOz C6H4SOZ. Mass
spectrum (FAB), m/z (Ire,%): 202 [M+H]* (34);
201 M+ (54); 155 Ts* (100); 91 (54). Found, %: C
47.69; H 5.66; N 6.92. CgH11NOs3S. Calculated, %: C
47.75; H5.51; N 6.96.

N-Chloro-N-methoxy-4-toluenesulfonamide (2).
The solution of tert-butyl hypochlorite (165 mg,
1.520 mmol) in CH2Cl; (3 mL) was added to the
solution of N-methoxy-4-toluenesulfonamide 4
(102 mg, 0.507 mmol) in CH2Cl; (3mL). The
reaction mixture was maintained at 5 °C for 2 h,
then it was evaporated under vacuum, the residue
was kept at 2 mmHg for 20 min, washed with cold
hexane, dried under vacuum, yielding 112 mg
(94 %) of unstable N-chloro-N-methoxy-4-
toluenesulfonamide 2 as a colorless crystals, mp
73-75 °C (CCls~hexane).'H NMR (400 MHz, CDCl;,
ppm): § = 2.494 (3H, s, Me); 3.797 (3H, s, NOMe);

7.418 (2H, d, 3] = 8.4 Hz, C(3)H,C(5)H CecH4SO02);
7.920 (2H, d, 3/ = 8.4 Hz, C(2)H,C(6)H CcH4S0z). 13C
NMR (100.6093 MHz, CDCl3, ppm): § =22.01 Me;
63.38 NOMe; 127.54 C(4)-Me, C¢H4SO2; 129.79
C(3)H, C(5)H C¢HaSO2; 131.43 C(2)H, C(6)H
C6H4SO2; 146.93 C(1)-SO2 CsH4SOx.

The study of the N-chloro-N-methoxy-4-
toluenesulfonamide (2) structure.

The colorless crystals of compound 2 are
monoclinic,-CgH1003ClS, at -100.5°C, a =
6.8922(6), b = 15.5147(10), c = 10.0740(7) &, B
=104.150(5)°, V = 1044.53(14) A3, M, = 235.68, Z
= 4, space group P2i/n, dcac= 1.499 g/cm3, n
(MoKy) = 0.546 mm-, F(000) = 488. Unit cell
parameters and intensities of 14170 reflections
(1834 independed, Rin=0.0572) were measured
on the «Bruker APEX-II CCD» diffractometer
(graphite monochromatedMoKqradiation, CCD
detector, w-scaning, 20max= 50°).

The structure was solved by direct method of
the program [21] with program modules [22] and
[23]. Positions of the hydrogen atoms were
located from electron density difference maps and
refined by “riding” model with Ui, = nUeq (n = 1.5
for methyl groups and n = 1.2 for other hydrogen
atoms) of the carrier atom. Full-matrix least-
squares refinement against F2 in anisotropic
approximation for non-hydrogen atoms using
1834 reflections was converged to wR; = 0.1090
(R1=0.0431 for 1474 reflections with F>4¢(F), S

=1.031).
The atomic coordinates, molecular geometry
parameters, and crystallographic data of

compound 2 The atomic coordinates, molecular
geometry parameters, and crystallographic data
of compound 2 are preserved at the Cambridge
Crystallographic Data Center, 12 Union Road, CB2,
1EZ UK  [fax: +44-1223-336033, e-mail:
deposit@ccdc.cam.ac.uk and are available upon
request with the CCDC 2506162 (2).

The study of the
toluenesulfonamide (4) structure.

The colorless crystals of compound 4 are
monoclinic,-CgH1103S, at -100.5°C,a =7.9491(8), b
=5.2860(6), ¢ = 22.5002(19) A, $=90.173(6)°,V =
945.43(16) A3, M, = 201.24, Z = 4, space group
P21/n, dcac= 1.414 g/cm3, p(MoK,) = 0.316 mm,
F(000) = 424. Unit cell parameters and intensities
of 12469 reflections (1663 independed,
Rine=0.0799) were measured on the «Bruker
APEX-II CCD» diffractometer (graphite
monochromatedMoKgradiation, CCD detector, w-
scaning, 20max = 50°).

N-methoxy-4-
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The structure was solved by direct method of
the program [21] with program modules [22] and
[23]. Positions of the hydrogen atoms were
located from electron density difference maps and
refined by “riding” model with Uis, = nUeq (n = 1.5
for methyl groups and n = 1.2 for other hydrogen
atoms) of the carrier atom. The hydrogen atom of
the amide group has been refined in the isotropic
approximation. Full-matrix least-squares
refinement  against F2 in  anisotropic
approximation for non-hydrogen atoms using
1663 reflections was converged to wR; = 0.1122
(R1 = 0.0477 for 1288 reflections with F>4c6(F), S

The atomic coordinates, molecular geometry
parameters, and crystallographic data of
compound 4 are preserved at the Cambridge
Crystallographic Data Center, 12 Union Road, CB2,
1EZ UK [fax: +44-1223-336033, e-mail:

deposit@ccdc.cam.ac.uk and are available upon
request with the CCDC2506161 (4).

Discussion

Chlorination of N-methoxy-4-
toluenesulfonamide 4 with tert-butyl hypochlorite
afforded unstable N-chloro-N-methoxy-4-
toluenesulfonamide 2 with almost quantitative
yield (Scheme 2).

=1.022).
P
Me S
7\
o N—OMe

4 H

t-BuOCl ,,O
= Me —@—,} S\
CH2C12 0 ,N— OMe

2 Cl

Scheme 3. The synthesis of N-chloro-N-methoxy-4-toluenesulfonamide

N-Chloro-N-methoxy-4-toluenesulfonamide 2
and N-methoxy-4-toluenesulfonamide 4 structure
has been established by the 'H and 13C NMR
spectra. Also, the structure of compounds 4 and 2
has been confirmed by the X-ray diffraction (XRD)
study (Figures 1-3).

The 'H NMR spectra of compounds 4 and 2
show such a common characteristics as singlet of
Me group (at 2.448 ppm for 4 and 2.494 ppm for
2) and singlet of NOMe group (at 3.789 ppm for 4
and 3.797 ppm for 2).

v O 2

The 13C NMR spectra of compounds 4 and 2
demonstrate three common characteristics. They
are: 1) the chemical shift of the carbon atom of the
Me group (at 21.78 ppm for 4 and 22.01 ppm for
2); 2) the chemical shift of the carbon atom of the
NOMe group (at 65.14 ppm for 4 and 63.3 ppm for
2); 3) the chemical shift of the C(1)-SO: carbon
atom (at 145.03 ppm for 4 and 146.93 ppm for 2).

The structure of N-methoxy-4-
toluenesulfonamide 4 is represented in Figure 1.

N1
v

Fig. 1. Molecular structure of N-methoxy-4-toluenesulfonamide 4 according to X-ray diffraction data. The thermal
ellipsoids are shown with a probability of 50 %

In the molecule of  N-methoxy-4-
toluenesulfonamide 4 the N(1) atom has
pyramidal configuration. The sum of the bond
angles centered on N(1) atom (Zf) is 331.0°. This
phenomenon is untypical for amides and ureas.

The N(1)-0(3) bond length is 1.421(3) A, the
N(1)-S(1) bond length is 1.646(3) A.

The N-methoxy group is in +sc-conformation
toward to the tolyl moiety (the C(1)-S(1)-N(1)-
0(3) torsion angleis 55.2(2)°). The C(8)H3-group
is rotated to S(1)-N(1) bond (the S(1)-N(1)-
0(3)-C(8) torsion angle is - 115.5(2)°).
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Fig. 2. Chains of N-methoxy-4-toluenesulfonamide 4 molecules in a crystal. The hydrogen bonds are shown as blue
lines

In the crystal the molecules of N-methoxy-4-
toluenesulfonamide 4 formed chains along [010]
crystallographic direction (Figure 2) as a result of
the intermolecular hydrogen bonds N(1)-H...0(1)’

(the x,y-1,z symmetry operation; the H...0

distance s 2.23(3) A, the N-H...0 angle is 170(3)°).
Figure 3 presents the structure of N-chloro-N-

methoxy-4-toluenesulfonamide 2.

“es

cil

Fig. 3. Molecular structure of N-chloro-N-methoxy-4-toluenesulfonamide 2 according to X-ray diffraction data. The
thermal ellipsoids are shown with a probability of 50 %

In the molecule of N-chloro-N-methoxy-4-
toluenesulfonamide 2 the N(1) atom has a
strongly pyramidal configuration. The sum of the
bond angles centered on N(1) atom (Zf3) is 324.1°.
A similar increase in degree of pyramidality when
replacing a hydrogen atom with a chlorine atom is
observed in N-alkoxy-N-chloroureas [4,6] and N-
alkoxy-N-chlorobenzamides [8]. In anomeric N-
chloro-N-methoxyureaX is 329.0° [4], in
anomeric N-chloro-N-methoxy-4-nitrobenzamide
XB is 337.5°[8]. The N(1)-0(3) bond (length is
1.405(3) A) is shortened compared to the same
bond in the molecule of N-methoxy-4-
toluenesulfonamide 4. In the molecule ofdimethyl
N-methoxy-N-(4-toluenesulfonyl)phosphorami-
date 3 the corresponding N-O bond is longer
(1.439(2) A [17]).

In the molecule of N-chloro-N-methoxy-4-
toluenesulfonamide 2 the N(1)-Cl(1) bond (length
is 1.767(3) A) is elongated compared to the N-CI
bond in such anomeric amides as N-chloro-N-
methoxyurea (1.7563(11) A [4]) and N-chloro-N-
methoxy-4-nitrobenzamide (1.7288(14) A [8]). If
we take into account that the average length of the
N-Cl bond for N-chloroimides is in the range of
1.676-1.691 A, and for N-chlorodialkylamines
1.757-1.791 A [24], then this N(1)-Cl(1) bond in
compound 2 appears to be very elongated.

Such an elongation of the N(1)-Cl(1) bond and
the corresponding N(1)-0(3) bond shortening in
N-chloro-N-methoxy-4-toluenesulfonamide 2 are
an evidence of the action of the nomme—6n-c
anomeric effect. Thus, N-chloro-N-methoxy-4-
toluenesulfonamide 2 and other N-alkoxy-N-
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chloro-R-sulfonamides can be considered as
anomeric amides, similar to N-acyloxy-N-
chlorobenzamides [11].

The observed N(1)-CI(1) bond elongation in N-
chloro-N-methoxy-4-toluenesulfonamide 2
indicates that this bond is highly destabilized and
can be considered as a potential reaction center.
This is also confirmed by the interaction of N-
chloro-N-methoxy-4-tolyenesulfonamide 2 with
trialkyl phosphites [17].

The N-methoxy group is in +sc-conformation
toward to the tolyl moiety (the C(1)-S(1)-N(1)-
0(3) torsion angleis 54.9(2)°). The C(8) Hz-group
is rotated to S(1)-N(1) bond (the S(1)-N(1)-
0(3)-C(8) torsion angle is 140.7(2)°).
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