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This study investigates the reaction between N-alkoxy-N-chloro-4-toluenesulfonamides

and N-chloro-N-(methoxy)methanesulfonamide with trialkyl phosphites, resulting in

the formation of dialkyl N-alkoxy-N-(4-toluenesulfonyl)phosphoroamidates and dialkyl

N-methoxy-N-methanesulfonylphosphoroamidates, respectively. The resulting dialkyl N-

alkoxy-N-(4-toluenesulfonyl)phosphoramidates and N-alkoxy-N-

methanesulfonylphosphoramidates are identified as products of nucleophilic substitution

at the amide nitrogen atom. The structures of these compounds have been confirmed by
1H, 31P, and 13C NMR spectroscopy, mass spectrometry, and an XRD study. The XRD

study of dimethyl N-methoxy-N-(4-toluenesulfonyl)phosphoroamidate and dimethyl

N-ethoxy-N-(4-toluenesulfonyl)-phosphoroamidate reveals a pyramidal configuration

at the amide nitrogen atom, along with the shortening of the N–O(Alk) bond and the

elongation of the N–P and N–S bonds. In the asymmetric part of the unit cell, dimethyl

N-ethoxy-N-(4-toluenesulfonyl)phosphoramidate exists in the form of two independent

molecules that differ in the degree of pyramidality of the nitrogen atom and the lengths

of its bonds.
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Introduction
The study of organophosphorus compounds

remains a critical area of research due to their wide-
ranging applications in fields such as medicinal
chemistry and materials science. Among these, the
derivatives of phosphoroamidates have gained particular
interest for their unique reactivity and potential for
functionalization. In the context of anomeric amides,
such as N-alkoxy-N-chlorobenzamides 1 [1–6] and
N-alkoxy-N-chloroureas 2 [7–10], the amide nitrogen

atom is notably connected to two heteroatoms,
adopting a pyramidal configuration. This structural
feature is favorable for the nO(Alk)→σ*N–Cl anomeric
effect [1–10], which results in the shortening of the
N–O(Alk) bond and the elongation of the N–Cl
bond. This bond weakening facilitates the formation
of nucleophilic substitution products when these
anomeric amides interact with O- and N-nucleophiles
[1–10] (Scheme 1).
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Scheme 1. Interaction of N-alkoxy-N-chlorobenzamides 1

and N-alkoxy-N-chloroureas 2 with

the O- and N-nucleophiles [1–10]

Scheme 2. Interaction of N-alkoxy-N-chloroureas 2a–d with trimethyl phosphite [11]

Scheme 3. Interaction of N-alkoxy-N-chlorobenzamides1a–c with trimethyl phosphite [12]

Despite extensive research on these interactions,
there has been a surprising lack of studies on the
reaction of N-alkoxy-N-chlorobenzamides and
N-alkoxy-N-chloroureas with phosphorus nucleophiles.
In our earlier work, we addressed this gap by
demonstrating the selective reaction of N-alkoxy-
N-chloroureas 2a–d with trimethyl phosphite, which
led to the formation of N-alkoxy-N-phosphorylureas
8a–d via an unusual Michaelis-Arbuzov reaction [11].
This finding opened new avenues for exploring the
reactivity of anomeric amides with phosphorus
nucleophiles, offering insights into their structural and
chemical activity characteristics (Scheme 2).

It was found that in N-alkoxy-N-phosphorylureas
8a–d, the N-alkoxy nitrogen atom has an almost
planar configuration unlike N-alkoxy-N-chloroureas
2a–d [8,9], N-acyloxy-N-alkoxyureas 2 [9], and
N,N-dialkoxyureas 4 [10].

N-Alkoxy-N-chlorobenzamides 1a–c react with
trimethyl phosphite, leading to the selective formation
of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates
9 [12] (Scheme 3).

However, the potential interaction of N-alkoxy-
N-(chloro)sulfonamides and trialkyl phosphites had
not been investigated.
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Therefore, the objective of our current study was
to explore this interaction and analyzethe structure of
the resulting products.

Experimental
Materials and equipment
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). CDCl3 was used as the
solvent. 1H NMR chemical shifts relative to the
residual solvent protons as an internal standard
[(CD3)2SO: 2.500 ppm, CDCl3: 7.260 ppm,
CD3CN: 1.940 ppm] were reported. The solvent
carbon atoms served as an internal standard for
13C NMR spectra [CDCl3: 77.16 ppm]. 31P NMR
spectra were recorded on a VARIAN VNMRS 400
spectrometer (161.95 MHz), the solvent CDCl3 was
used; 98% H3PO4 was used as external standard. Mass
spectra were recorded in fast atom bombardment mode
(FAB) on a VG 70-70EQ mass spectrometer. The
solvents were purified and dried according to standard
procedures.

Synthesis
N-Methoxy-4-tolyenesulfonamide (10a)
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), and then the solution of trietylamine
(0.676 g, 6.675 mmol) in MeCN (5 mL) was added.
The reaction mixture was maintained at 190C during
68 h, followed by boiling for 1 h. After that, MeCN
was evaporated under vacuum, and the residue was
extracted by benzene (30 mL). The PhH-extract was
evaporated under vacuum, the residue was maintained
at 60ºC under vacuum (2 mmHg); then obtained
residue was washed with water (15 mL), and dried
under vacuum (2 mm Hg), giving 1.004 g (82%) of
N-methoxy-4-tolyenesulfonamide 10a as a colorless
crystals, mp 109–1100C (benzene–hexane).1H NMR
(400 MHz, CDCl3, ppm): δ=2.448 (3H, s, Me); 3.789
(3H, s, NOMe); 7.035 (1H, br.s, NHO); 7.350 (2H,
d, 3J=8.4 Hz, C(3)H,C(5)H C6H4SO2); 7.814 (2H,
d, 3J=8.4 Hz, C(3)H,C(5)H C6H4SO2). 

13C NMR
(100 MHz, CDCl3, ppm): δ=21.78 Me; 65.14 NOMe;
128.65 C(2)H, C(6)H C6H4SO2; 129.85 C(3)H, C(5)H
C6H4SO2; 133.72 C(4)–Me, C6H4SO2; 145.03 C(1)–
SO2. Mass spectrum (FAB), m/z (I rel, %):
202 [M+H]+ (34); 201 M+ (54); 155 Ts+ (100); 91
(54). Found, %: C 47.69; H 5.66; N 6.92. C8H11NO3S.
Calculated, %: C 47.75; H 5.51; N 6.96.

N-Ethoxy-4-tolyenesulfonamide (10b)
N-Ethoxy-4-tolyenesulfonamide (10b) was

synthesized according ref. [7], colorless crystals, mp.
86–880C (benzene–hexane).1HNMR(400 MHz,

CDCl3, ppm): δ=1.194 (3H, t, 3J=7.0 Hz,
NOCH2Me); 2.449 (3H, s, Me); 4.037 (2H, q,
3J=7.0 Hz, NOCH2Me); 6.865 (1H, s, NH); 7.352
(2H, d, 3J=8.0 Hz, C(3)H,C(5)HC6H4SO2); 7.813
(2H, d, 3J=8.0 Hz, C(2)H,C(6)HC6H4SO2).

N-(Methoxy)methanesulfonamide (11)
The solution of MsCl (1.230 g, 10.74 mmol) in

MeCN (6 mL) was added to the solution of
N-methoxyamine (1.036 g, 22.018 mmol) (6 mL)
at –250C. The reaction mixture was maintained at
70C for 2 h, and then at 180C for 137 h; then the
obtained solid was filtered off, and washed with MeCN
(4 mL). The MeCN-filtrate was evaporated under
vacuum, the residue was dried under vacuum
(2 mmHg), and benzene (14 mL) was added. The
obtained solid was filtered off and dried under vacuum
(2 mm Hg), yielding 0.756 g (56%) of
N-(methoxy)methanesulfonamide 11 as a colorless
crystals, mp 94–950C (benzene). 1H NMR (400 MHz,
CDCl3, ppm): δ=3.059 (3H, s, MeSO2);
3.817 (3H, s, NOMe); 7.158 (1H, br. s, NHO).
13C NMR (100 MHz, CDCl3, ppm): δ=36.81 MeSO2,
65.33 NOMe. Mass spectrum (FAB),
m/z (Irel, %):251 [2M+H]+(100); 125 M+ (100).

The PhH-filtrate was maintained at 70C for
10 h, the obtained precipitate was filtered off, and
dried under vacuum (2 mm Hg), yielding an additional
0.362 g (27%) of N-(methoxy)methanesulfonamide
11.

N-Chloro-N-methoxy-4-tolyenesulfonamide (12a)
The solution of tert-butyl hypochlorite (165 mg,

1.520 mmol) in CH2Cl2 (3 mL) was added to the
solution of N-methoxy-4-tolyenesulfonamide
10a (102 mg, 0.507 mmol) in CH2Cl2 (3 mL). The
reaction mixture was maintained at 50C for 2 h; then
it was evaporated under vacuum, the residue was kept
at 2 mm Hg for 20 min, washed with cold hexane,
and dried under vacuum, yielding 112 mg (94%) of
unstable N-chloro-N-methoxy-4-tolyenesulfonamide
12a as a white solid. 1H NMR (400 MHz, CDCl3,
ppm): δ=2.494 (3H, s, Me); 3.797 (3H, s, NOMe);
7.418 (2H, d, 3J=8.4 Hz, C(3)H,C(5)H C6H4SO2);
7.920 (2H, d, 3J=8.4 Hz, C(2)H,C(6)H C6H4SO2).

N-Chloro-N-ethoxy-4-tolyenesulfonamide (12b)
Unstable N-chloro-N-ethoxy-4-tolyenesulfonamide

12b has been synthesized by chlorination of N-ethoxy-
4-tolyenesulfonamide 10b by tert-butyl hypochlorite
according ref. [7], colorless oil, nD

30 1.5332.
1H NMR (400 MHz, CDCl3, ppm): δ=1.236 (3H, t,
3J=7.0 Hz, NOCH2Me); 2.492 (3H, s, Me);
4.060 (3H, q, 3J=7.0 Hz, NOCH2Me); 7.414 (2H, d,
3J=8.4 Hz, C(3)H,C(5)HC6H4SO2); 7.914 (2H, d,
3J=8.4 Hz, C(2)H,C(6)HC6H4SO2).
13C NMR (100 MHz, CDCl3, ppm): δ=13.25
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NOCH2Me; 21.99 Me; 72.39 NOCH2; 127.75 C(4)–
MeC6H4SO2; 129.74 C(3)H, C(5)HC6H4SO2; 131.42
C(2)H, C(6)HC6H4SO2; 146.80 C(1)–SO2.

N-Chloro-N-(methoxy)methanesulfonamide (13)
The solution of tert-butyl hypochlorite (205 mg,

1.893 mmol) in CH2Cl2 (2 mL) was added to the
solution of N-(methoxy)methanesulfonamide
11 (79 mg, 0.631 mmol) in CH2Cl2 (3 mL) at 80C.
The reaction solution was maintained at 80C for 2 h,
then it was evaporated under vacuum; the residue was
dried at 150C under vacuum (4 mm Hg) for 30 min,
yielding 100 mg (99 %) of N-chloro-N-
(methoxy)methanesulfonamide 13 as a colorless oil,
n20

D 1.4681. 1H NMR (400 MHz, CDCl3, ppm):
δ=3.227 (3H, s, MeSO2); 3.913 (3H, s, NOMe).
13C NMR (100 MHz, CDCl3, ppm): δ=31.86 MeSO2,

63.68 NOMe. Mass spectrum (FAB, KCl),
m/z (Irel, %): 200 [M+K]+ (32); 198 [M+K]+ (100),
79 Ms+ (13).

Dimethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate (14)

A. The solution of trimethyl phosphite
(126 mg, 1.013 mmol) in diethyl ether (6 mL) was
added to the solution of N-chloro-N-methoxy-4-
tolylsulfonamide 12a (112 mg, 0.475 mmol) in diethyl
ether (2 mL). The reaction mixture was maintained
at 50C for 20 min, and then at 180C for 161 h in a
sealed ampoule. The obtained solution was evaporated
under vacuum; then the residue was heated at 650C
during 20 min under vacuum (2 mm Hg). The
obtained residue was treated with hexane (9 mL) at
100C during 20 h; then the precipitated solid was
filtered off and dried under vacuum (2 mm Hg),
giving 101 mg (69%) of dimethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate 14 as a colorless
crystals, mp 45–460C (hexane). 1H NMR (400 MHz,
CDCl3, ppm): δ=2.441 (3H, s, Me); 3.756 (6H, d,
HPJ=11.2 Hz, P(O)(OMe)2); 3.959 (3H, s, NOMe);
7.334 (2H, d, 3J=8.4 Hz, C(3)H, C(5)H C6H4SO2);
7.883 (2H, d, 3J=8.4 Hz, C(2)H, C(65)H C6H4SO2).
13C NMR (100 MHz, CDCl3, ppm): δ=21.80, s, Me;
55.36 d, CPJ=6.03 Hz, P(O)(OMe)2; 66.44 d,
CPJ=1.01 Hz NOMe; 129.11, s, C(2)H, C(6)H
C6H4SO2; 129.50 s C(3)H, C(5)H C6H4SO2; 133.86,
s, C(4)–Me, C6H4SO2; 145.27, s, C(1)–SO2.
31P NMR (161.95 MHz, CDCl3, ppm): –4.07. Mass
spectrum (FAB), m/z (Irel, %): 310 [M+H]+ (100);
155 Ts+ (28). Found, %: C 38.71; H 5.34; N 4.37.
C10H16NO6PS. Calculated, %: C 38.84; H 5.21;
N 4.53.

The obtained filtrate was kept at –300C for 5
days; the obtained precipitate was filtered off, and
dried under vacuum, yielding an additional 7 mg
(5%) of compound 14.

B. The solution of trimethyl phosphite
(155 mg, 1.249 mmol) in diethyl ether (5 mL) was
added to the solution of N-chloro-N-methoxy-4-
tolylsulfonamide 12a (139 mg, 0.590 mmol) in diethyl
ether (2 mL) at 120C. The reaction mixture was
maintained at 120C for 2 h, and then at 190C for
169 h in the sealed ampoule. The solvent was
evaporated under vacuum; and the residue was heated
at 650C for 40 min under vacuum (2 mm Hg). Hexane
(10 mL) was added to the residue. The mixture was
maintained at 180C for 169 h; the obtained precipitate
was filtered off, and dried under vacuum (2 mm Hg),
yielding 130 mg (71.2%) of dimethyl N-methoxy-
N-(4-toluenesulfonyl)phosphoramidate 14.

The hexane filtrate was maintained at –260C
for 73 h, the obtained precipitate was quickly filtered
off, and dried und vacuum (2 mm Hg), yielding an
additional 29 mg (15.9%) of compound 14.

Dimethyl N-ethoxy-N-(4-
toluenesulfonyl)phosphoramidate (15)

A. The solution of trimethyl phosphite (96 mg,
0.773 mmol) in diethyl ether (2 mL) was added to
the solution of N-chloro-N-ethoxy-4-
tolyenesulfonamide 12b (102 mg, 0.408 mmol) in
diethyl ether (4 mL). The reaction mixture was
maintained at 190C for 137 h in the sealed ampoule.
The solvent was evaporated under vacuum, and the
residue was heated at 750C for 1 h under vacuum
(2 mm Hg), giving 129 mg (97%) of dimethyl N-
ethoxy-N-(4-toluenesulfonyl)phosphoramidate 15 as
a colorless crystals, mp 47–480C (hexane). 1H NMR
(400 MHz, CDCl3, ppm): δ 1.246 (3H, t, 3J=7.0 Hz,
NOCH2Me); 2.446 (3H, s, Me); 3.761 (6H, d,
HPJ=11.6 Hz, P(O)(OMe)2); 4.257 (2H, q,
3J=7.0 Hz, NOCH2Me); 7.338 (2H, d, 3J=8.4 Hz,
C(3)H, C(5)H C6H4SO2); 7.884 (2H, d, 3J=8.4 Hz,
C(2)H, C(6)H C6H4SO2). 

13C NMR (100 MHz,
CDCl3, ppm): δ=13.72 NOCH2Me; 21.86, Me; 55.39
d, CPJ=6.04 Hz, P(O)(OMe)2; 75.02 d, CPJ=0.50 Hz,
NOCH 2; 129.21, C(2)H, C(6)H C6H4SO2;
129.50 C(3)H, C(5)H C6H4SO2; 133.99, C(4)–Me,
C6H 4SO2; 145.18, C(1)–SO2. 

31P NMR
(161.95 MHz, CDCl3, ppm): –3.95. Mass spectrum
(FAB), m/z (Irel, %): 324 [M+H]+ (100); 169 (17).
Found, %: C 40.72; H 5.78; N 4.20. C11H18NO6PS.
Calculated, %: C 40.87; H 5.61; N 4.33.

B. The solution of trimethyl phosphite
(143 mg, 1.153 mmol) in diethyl ether (5 mL) was
added to the solution of N-chloro-N-ethoxy-4-
tolyenesulfonamide 12b (131 mg, 0.525 mmol) in
diethyl ether (5 mL). The reaction mixture was
maintained at 80C for 3 h, and then at 180C for
163 h in the sealed ampoule. The solvent was
evaporated under vacuum, the residue was heated at
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760C for 1 h under vacuum (2 mm Hg); the residue
was washed with hexane (8 mL) at 180C for 25 h,
and the obtained solid was filtered off, and
dried under vacuum (5 mm Hg), giving 124 mg
(73%) of dimethyl N-ethoxy-N-(4-
toluenesulfonyl)phosphoramidate 15.

The obtained filtrate was evaporated under
vacuum, the residue was heated at 600C for 1 h under
vacuum (2 mm Hg), the residue was crystallized from
hexane (5 mL), yielding an additional 35 mg (20%)
of compound 15.

Dimethyl N-methanesulfonyl-N-
methoxyphosphoramidate (16)

A. The solution of trimethyl phosphite
(248 mg, 1.998 mmol) in diethyl ether (6 mL) was
added to the solution of N-chloro-N-
(methoxy)methanesulfonamide 13 (159 mg,
0.999 mmol) in ether (2 mL) at –300C. The reaction
mixture was maintained at 200C for 138 h in a sealed
ampoule. The solvent was evaporated under vacuum,
and the residue was heated at 600C for 1 h under
vacuum (2 mm Hg), giving 193 mg (83%) of dimethyl
N-methanesulfonyl-N-methoxyphosphoramidate 16,
colorless oil, nD

26 1.4450. 1H NMR (400 MHz, CDCl3,
ppm): δ=3.151 (3H, s, MeSO2); 3.935 (6H, d,
HPJ=11.6 Hz, P(O)(OMe)2); 3.951 (3H, s, NOMe).
13C NMR (100 MHz, CDCl3, ppm): δ=37.49 s
MeSO2, 55.93 d, CPJ=6.04 Hz, P(O)(OMe)2;
66.45 d, CPJ=2.01 Hz, NOMe. 31P NMR
(161.95 MHz, CDCl3, ppm): –3.28. Mass spectrum
(FAB), m/z (I rel, %): 234 [M+H]+ (100);
155 [M+H–Ms]+ (44). Found, %: C 20.32; H 5.25;
N 5.89. C4H12NO6PS. Calculated, %: C 20.60;
H 5.19; N 6.01.

B. The solution of trimethyl phosphite
(210 mg, 1.694 mmol) in diethyl ether (7 mL) was
added to the solution of N-chloro-N-
(methoxy)methanesulfonamide 13 (135 mg,
0.846 mmol) in ether (4 mL) at 200C. The reaction
mixture was maintained at 200C for 167 h in a sealed
ampoule. The solvent was evaporated under vacuum,
the residue was heated at 800C for 20 min under
vacuum (2 mm Hg), giving 176 mg (89%) of dimethyl
N-methanesulfonyl-N-methoxyphosphoramidate 16.

Diethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate (17)

A. The solution of triethyl phosphite (173 mg,
1.044 mmol) in diethyl ether (5 mL) was added to
the solution of N-chloro-N-methoxy-4-
toluenesulfonamide 12a (123 mg, 0.522 mmol) in
diethyl ether (2 mL). The reaction mixture was
maintained at 200C for 192 h in a sealed ampoule.
Then the solvent was evaporated under vacuum, and
the residue was heated at 850C during 40 min under

vacuum (2 mm Hg). Then, the obtained residue was
extracted by hexane (10 mL) at 200C for 24 h;
the extract was separated from the second liquid
phase and evaporated under vacuum; the residue
was heated at 850C for 20 min, yielding 115 mg
(65.3%) of diethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate 17, colorless oil,
nD

25 1.4500. 1H NMR (400 MHz, CDCl3, ppm):
δ=1.252 (6H, td, 3J=7.2 Hz, HPJ=0.8 Hz,
P(O)(OCH2Me)2); 2.435 (3H, s, Me); 3.960 (3H, s,
NOMe); 4.014–4.122 (2H, m, P(O)(OCH2Me);
4.143–4.241 (2H, m, P(O)(OCH2Me); 7.320 (2H,
d, 3J=8.4 Hz, C(3)H, C(5)H C6H4SO2); 7.879 (2H,
d, 3J=8.4 Hz, C(2)H, C(6)H C6H4SO2). 

13C NMR
(100 MHz, CDCl3, ppm): δ=16.04 d, CPJ=7.04 Hz,
P(O)(OCH2Me); 21.81 s Me; 65.53 d, CPJ=6.04 Hz,
P(O)(OCH2Me); 66.47 d, CPJ=1.01 NOMe;
129.22 s, C(3)H, C(5)H C6H4SO2; 129.40 s, C(2)H,
C(6)H C6H4SO2; 134.05, s C(4)–Me, C6H4SO2;
145.10 C(1)–SO2). 

31P NMR (161.95 MHz, CDCl3,
ppm): –6.740. Mass spectrum (FAB), m/z (Irel, %):
338 [M+H]+ (100). Found, %: C 42.85; H 5.91;
N 4.03. C12H20NO6PS. Calculated, %: C 42.73;
H 5.98; N 4.15.

The second liquid phase was extracted by boiling
hexane (10 mL), the extract was maintained at 100C
for 24 h, and the obtained precipitate was filtered off,
yielding 5 mg (4.7%) of N-methoxy-4-
tolyenesulfonamide 10a, identified by 1H NMR. The
filtrate was evaporated under vacuum, the residue was
heated at 700C during 15 min under vacuum
(2 mm Hg), yielding an additional 29 mg (16.5%) of
compound 17, identified by 1H NMR.

Diethyl N-ethoxy-N-(4-
toluenesulfonyl)phosphoramidate (18)

The solution of triethyl phosphite (116 mg,
0.695 mmol) in diethyl ether (4 mL) was added to
the solution of N-chloro-N-ethoxy-4-
toluenesulfonamide 12b (124 mg, 0.497 mmol) in
diethyl ether (2 mL) at 200C. The reaction mixture
was maintained at 190C for 116 h, then the solvent
was evaporated under vacuum, the residue was heated
at 800C for 30 min under vacuum (2 mm Hg). Then
the obtained residue was treated by hexane (8 mL) at
200C for 24 h; the extract was separated from the
second phase, and evaporated under vacuum, the residue
was heated at 850C for 10 min, yielding 150 mg
(86%) of diethyl N-ethoxy-N-(4-
toluenesulfonyl)phosphoramidate 18 as a colorless oil.
1H NMR (400 MHz, CDCl3, ppm): δ=1.236 (3H, t,
3J=7.2 Hz, NOCH2Me); 1.254 (6H, t, 3J=7.2
Hz,P(O)(OCH2Me)2); 2.437 (3H, s, Me); 4.003–4.080
(2H, m, P(O)(OCH2Me); 4.129–4.221 (2H, m,
P(O)(OCH2Me); 4.255 (2H, q 3J=7.2 Hz,
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NOCH2Me); 7.320 (2H, d 3J=8.4 Hz, C(3)H,
C(5)H C6H4SO2); 7.876 (2H, d 3J=8.4 Hz, C(2)H,
C(6)H C6H4SO2). 

13C NMR (100 MHz, CDCl3, ppm):
δ=13.69, s, NOCH2Me; 16.045 d, CPJ=7.04 Hz,
P(O)(OCH2Me); 21.80 s Me; 65.37 d CPJ=6.04 Hz,
P(O)(OCH2Me); 74.90 s, NOCH2Me; 129.26 s,
C(3)H, C(5)H C6H4SO2; 129.35 s, C(2)H,
C(6)H C6H4SO2; 134.14, s C(4)–Me, C6H4SO2;
144.98 C(1)–SO2. 

31P NMR (161.95 MHz, CDCl3,
ppm): –3.63. Mass spectrum (FAB), m/z (Irel, %):
352 [M+H]+ (100); 197 (9). Found, %: C 44.32;
H 6.57; N 3.87. C13H22NO6PS. Calculated, %:
C 44.44; H 6.31; N 3.99.

Diethyl N-methanesulfonyl-N-
methoxyphosphoramidate (19)

The solution of triethyl phosphite (245 mg,
1.477 mmol) in diethyl ether (2 mL) was
added to the solution of N-chloro-N-
(methoxy)methanesulfonamide 13 (168.3 mg,
1.055 mmol) in diethyl ether (4 mL) at –200C. The
reaction mixture was maintained at 180C for 145 h;
then the solvent was evaporated under vacuum, and
the residue was heated at 850C for 30 min under
vacuum (2 mm Hg), yielding 230 mg (83%) of diethyl
N-methanesulfonyl-N-methoxyphosphoramidate
19 as a colorless oil, nD

26 1.4432. 1H NMR (400 MHz,
CDCl3, ppm): δ=1.389 (6H, td, 3J=7.1 Hz,
HPJ=1.2 Hz, P(O)(OCH2Me)2); 3.133 (3H, s, MeSO2);
3.940 (3H, s, NOMe); 4.223–4.370 (4H, m,
P(O)(OCH2Me)2)). 

13C NMR (100 MHz, CDCl3,
ppm): δ=16.19, d, CPJ=7.04 Hz, P(O)(OCH2Me)2;
37.40, s, MeSO2; 65.95, d, CPJ=6.04Hz,
P(O)(OCH2Me)2; 66.44, d, CPJ=2.01 Hz, NOMe.
31P NMR (161.95 MHz, CDCl3, ppm): –5.883. Mass
spectrum (FAB), m/z (Irel, %): 262 [M+H]+ (100).
Found, %: C 27.38; H 6.26; N 5.17. C6H16NO6PS.
Calculated, %: C 27.59; H 6.17; N 5.36.

X-ray diffraction study
Dimethyl N-methoxy-N-(4-

toluenesulfonyl)phosphoramidate (14)
The colorless crystals of compound 14

(C10H16NO6PS) are monoclinic, from hexane,
at –100.50Ñ, a=14.9246(6) Å , b=11.3134(5) Å ,
c=8.2825(4) Å , β=95.113(3)0, V=1392.92(11) Å 3,
M r=309.27, Z=4, space group P2 1/c,
dcalc=1.475 g/ñm 3, µ(MoKα)=0.368 mm–1,
F(000)=648.

Intensities of 16788 reflections (2445
independent, Rint=0.0425) were measured on the
«Bruker APEX-II CCD» diffractometer (graphite
monochromated MoKα radiation, CCD detector, ϕ
and ω-scanning, 2Θmax=500). The structure was solved
by direct method using SHELXTL package [13].
Positions of the hydrogen atoms were located from

electron density difference maps and refined by «riding»
model with Uiso=nUeq (n=1.5 for methyl groups and
n=1.2 for other hydrogen atoms) of the carrier atom.
The MeON group hydrogens are refined in an isotropic
approximation. Full-matrix least-squares refinement
against F2 in anisotropic approximation for non-
hydrogen atoms using 2445 reflections was converged
to wR2=0.0906 (R1=0.0341 for 2111 reflections with
F>4σ(F), S=1.059).

The atomic coordinates, molecular geometry
parameters, and crystallographic data of compound
14 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 on request
quoting the deposit number CCDC 2379521 (14).

Dimethyl N-ethoxy-N-(4-
toluenesulfonyl)phosphoramidate (15)

The colorless crystals of compound 15

(C11H18NO6PS) are monoclinic, from hexane,
at –100.50Ñ, a=12.7349(5) Å, b=8.0280(4) Å ,
c=29.5093(12) Å , β=91.202(3)0, V=3016.2(2) Å 3,
M r=323.29, Z=8, space group P2 1/n,
d calc=1.424 g/ñm3, µ(MoKα)=0.343 mm–1,
F(000)=1360.

Intensities of 38270 reflections (5307
independent, Rint=0.1058) were measured on the
«Bruker APEX-II CCD» diffractometer (graphite
monochromated MoKa radiation, CCD detector, ϕ
and ω-scanning, 2Θmax=500). The structure was solved
by direct method using SHELXTL package [13].
Positions of the hydrogen atoms were located from
electron density difference maps and refined by «riding»
model with Uiso=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 5307 reflections was converged to wR2=0.1584
(R1=0.0747 for 3759 reflections with F>4σ(F),
S=1.083).

The atomic coordinates, molecular geometry
parameters, and crystallographic data of compound
15 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 on request
quoting the deposit number CCDC 2379522 (15).

Results and discussion

Synthesis and identification
Chlorination of N-alkoxysulfonamides 10a,b and

11 by tert-butyl hypochlorite afforded N-alkoxy-N-
chloro-4-toluenesulfonamides12a,b and N-chloro-N-
methoxy-methanesulfonamide 13 (Scheme 4).

The interaction of N-alkoxy-N-
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Scheme 4. Synthesis of N-alkoxy-N-(chloro)sulfonamides 12a,b and 13

Scheme 5. Synthesis dialkyl N-alkoxy-N-(4-toluenesulfonyl)phosphoramidates and dialkyl

N-methoxy-N-methanesulfonylphosphoramidates 14–19

(chloro)sulfonylamides12a,b and 13 with trialkyl
phosphites selectively yields dialkyl N-alkoxy-N-(4-
toluenesulfonyl)phosphoramidates and dialkyl
N-methoxy-N-methanesulfonylphosphoramidates
14–19, respectively (Scheme 5).

This reaction is a new convenient method of
the N–P bond formation. A potential novel strategy
for the synthesis of N-phosphoryl sulfonamides is
proposed.

Compounds 14–19 may be regarded as products
of the nucleophilic substitution at nitrogen. It is
surprising because earlier we had found that N-chloro-
N-ethoxy-4-tolyenesulfonamide 12b did not react with
AcONa in MeCN [7].

A proposed alternative pathway for the synthesis
of compounds 14–19 is shown below. It involves two
steps. First, nucleophilic substitution at the nitrogen
of N-alkoxy-N-(chloro)sulfonamides 12a,b and 13
by trialkyl phosphites leads to the formation of labile
N-alkoxy-N-(trialkoxyphosphonium)sulfonamide
chlorides A (Scheme 6).

At the second stage the O-dealkylation of the
phosphonium salts A by the chloride anion occurs
(this is the unusual kind of Michaelis–Arbuzov
rearrangement). It yields the waiting dialkyl N-alkoxy-
N-R-sulfonylphosphoramimates 16–19.

The structure of N-alkoxy-N-phosphorylureas
16–19 has been proved by the 1H, 13C, 13P NMR



40

V.G. Shtamburg, E.A. Klots, V.V. Shtamburg, A.A. Anishchenko, S.V. Shishkina, S.V. Kravchenko,
A.V. Mazepa

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 2, pp. 33-44

spectra and mass spectra. In addition, the structure of
compound 14 has been confirmed by the single crystal
X-ray diffraction (XRD) study (Fig. 1).

The 1H NMR spectra of compounds 16–19 show
such a common characteristic as doublet of
dimethoxyphosphoryl moiety and singlet of
MeON-group (Table 1).

In the 31P NMR spectra of compounds 16–19,
the chemical shifts of the phosphorus atom lie in the
range of –3.28 to –6.74 ppm.

The 13C NMR spectra of compounds 16–18
demonstrate numerous shared features and common
characteristics. They include the chemical shifts of
the NOMe carbon atoms (NOCH2 for compound
18), the carbon atoms of dimethoxyphosphoryl group
and the carbon atom of C=N bond (Table 2).

The mass spectra of compounds 14–19 display
protonated molecular ion [M+H]+ peaks at the
appropriate m/z values with 100% intensity.

Structural features
The structure of the compounds 14 and 15 has

many interesting peculiarities that merit to be
additionally reviewed in this article. The structure of

Scheme 6. A probable scheme of the formation of compounds 14–19

1
H NMR, σ

Compound 
NOMes NOCH2Me P(O)(OR)2 

31
P NMR, σ

14 3.959 – 3.756 –4.07

15 – 1.246 t, 4.257 q 3.761 –3.95

16 3.948 – 3.934 –3.28

17 3.960 – 

1.252 td, 

4.014–4.122 m 

4.143–4.241 m 

–6.74

18 – 
1.236t, 

4.255 q 

1.236 t, 

4.003–4.080 m 

4.129–4.221 m 

–3.63

19 3.940 – 
1.389 td 

4.223–4.370 m 
–5.88

Table 1

Typical 1H NMR and 31P chemical shifts of dialkyl N-alkoxy-N-(4-toluenesulfonyl)phosphoramidates and dialkyl

N-methoxy-N-methanesulfonylphosphoramidates 14–19 (ppm, in CDCl3)

Fig. 1. Molecular structure of dimethyl N-methoxy-N-(4-

toluenesulfonyl)phosphoramidate 14 according to X-ray

diffraction data. Thermal ellipsoids are shown at 50%

probability level

dimethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate 14 is represented in
Fig. 1.
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Table 2

Typical 13C NMR chemical shifts of carbon atoms dialkyl N-alkoxy-N-(4-toluenesulfonyl)phosphoramidates and dialkyl

N-methoxy-N-methanesulfonylphosphoramidates 14–19 (in CDCl3)

Compound Shifts, ppm 

NOMe NOEt P(O)(OMe)2 P(O)(OEt)2 

14 66.44 d – 55.36 d – 

15 – 
13.72 s 

75.02 d 
55.39 d – 

16 66.45 d – 55.93 d – 

17 66.47 d – – 
16.04 d 

65.53 d 

18 – 
13.69 s 

74.90 s 
– 

16.045 d 

65.37 d 

19 66.44 d – – 
16.19 d 

65.95 d 

Surprisingly, in compound 14, the N(1) atom
has pyramidal configuration, and the sum of bond
angles (Σβ) is 347.60. In N-alkoxy-N-
(dimethoxyphosphoryl)ureas 8a,c, the same nitrogen
atom has the planar configuration; Σβ is 357.94(16)0

and 359.3(6) 0 in urea 8a and 8c, respectively [11].
The N(1)–O(3)Me bond is shortened (1.439(2)

Å) relative to the average Nsp3–O bond (1.463 Å)
[14] and relative to the N–O bond of N-alkoxy-N-
(dimethoxyphosphoryl)ureas 8a,c. In N-methoxy-N-
(dimethoxyphosphoryl)ureas 8a, the length of the N–
O(Me) bond is 1.412(2) Å ;in N-n-butyloxy-N-
(dimethoxyphosphoryl)ureas 8c, the length of the N–
O(Bun) bond is 1.401(7) Å  [11].

The N(1)–S(1) bond (1.6744(16) Å) and N(1)–
P(1) bond (1.699(16) Å) are elongated relative to the
average N–S bond (1.642 Å , [14]) and N–P bond
(1.683 Å , [14]). In N-methoxy-N-
(dimethoxyphosphoryl)ureas 8a, the length of the
N–P bond is shorter (1.6861(12) Å) [11]. In N-n-
butyloxy-N-(dimethoxyphosphoryl)ureas 8c, the
length of the N–P bond is shorter too (1.653(7) Å)
[11].

It may be supposed that the observed pyramidality
of N(1) nitrogen atom in N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate 14, the shortening
of the N(1)–O(3)Me bond, elongations of the N(1)–
P(1) bond and N(1)–S(1) bonds are all caused by
the weakening of the conjugation of the lone electron
pair (LP) of N(1) nitrogen atom with the phosphoryl
and sulfonyl groups. We also assume that it is the
possible action of the nO(Me))→σ*N–P and the
nO(Me)→σ*N–S anomeric effects that have caused these
structural features.

It is plausible that the observed conformation
O=P–N–S=O fragment is unfavorable for

conjugation of the LP of N(1) atom with the
phosphoryl and sulfonyl groups.

In the molecule 14, the P(1)=O(4) group is
anti-periplanar oriented toward the N(1)–S(1) bond
(the S(1)–N(1)–P(1)–O(4) torsion angle is
163.08(12)0).

In the dimethoxyphosphoryl moiety, the
Ñ(9)Í3-methyl group and Ñ(10)Í3-methyl group are
orthogonal and anti-periplanar oriented toward the
N(1)–P(1). The N(1)–P(1)–O(5)–Ñ(9) torsion angle
is 83.2(2)0, and the N(1)–P(1)–O(6)–C(10) torsion
angle is –179.2(2)0.

The Ñ(8)Í3 group is in +àñ-conformation toward 
the N(1)–P(1) bond. The torsion angle 
P(1)–N(1)–O(3)–C(8) is 106.1(1)0.

The 4-tolyl substituent is in +sc-conformation
relative to the N(1)–Ð(1) bond and it is deployed
relative to the N(1)–S(1) bond. The
C(1)–S(1)–N(1)–P(1) torsion angle is 71.2(1)0, and
the C(2)–C(1)–S(1)–N(1) torsion angle is –78.1(2)0.

The structure of dimethyl N-ethoxy-N-(4-
toluenesulfonyl)phosphoramidate 15 is represented in
Fig. 2.

There are two independent molecules of the
compound 15 (15A and 15B) in the asymmetric part
of the unit cell. These molecules differ in the degree
of pyramidality of the nitrogen atom and the lengths
of its bonds.

This existence of urea derivatives as a mixture
of the two forms which differ by the pyramidality
degree of the nitrogen atom and the lengths of the
nitrogen atom bonds is known for N-chloro-N-
ethoxyurea [9], N-chloro-N-methoxy-N’-4-
nitrophenylurea [10], and 1-alkoxy-3-aryl-3a,8a-
dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-
d]imidazole-2,8-diones [15].
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The molecules 15A and 15B differ by the
pyramidality degree of the nitrogen atom and the
lengths of some bonds. In the molecule 15A, the
N(1) nitrogen atom has almost planar configuration
(Σβ is 353.40). In the molecule 15B, the N(1) nitrogen
atom has pyramidal configuration (Σβ is 340.30). The
same phenomenon has been established for N-chloro-
N-ethoxyurea earlier [9].

In the molecule 15A, the N(1)–P(1) bond
(1.702(4) Å) and the N(1)–S(1) bond (1.668(4) Å)
are shorter than the N(1)–P(1) bond (1.722(4) Å)
and the N(1)–S(1) bond (1.685(4) Å) in the molecule
15B, respectively. However, in both molecules 15A

and 15B, the N(1)–P(1) bond is longer than the
N–P bond in N-alkoxy-N-
(dimethoxyphosphoryl)ureas 8a,8c [11].

It may be supposed that the observed structural
difference between molecule 15A and molecule 15B

is caused by some following factors:
(a) by the mutual orientation of SO2-group and

P=O-group (the O(4)–P(1)–N(1)–S(1) torsion angle
is 176.2(3)0 and 54.3(3)0 in the molecules 15A and
15B, respectively);

(b) by the degree of rotation of SO2-group around
the N(1)–S(1) single bond (the P(1)–N(1)–S(1)–
O(1) torsion angle is 23.1(3)0 and 47.2(3)0 in the
molecule 15A and 15B, respectively).

Thus, the observed conformation O=P–N–S=O
fragment in the molecule 15A promotes conjugation
of the LP of N(1) atom with the phosphoryl and
sulfonyl groups. This conjugation caused the almost
planar configuration of N(1) nitrogen atom and
shortening of the N(1)–P(1) and N(1)–S(1) bonds
in the molecule 15A.

In the molecule 15A, the N-ethoxy group is

O(4)–P(1)–N(1)–O(3) torsion angle is 27.5(3)0). Its
ethyl substituent is located almost orthogonally to the
P(1)–N(1) bond and it is antiperiplanar to the
N(1)–O(3) bond (the P(1)–N(1)–O(3)–C(8) torsion
angle is –94.5(4)0, and the N(1)–O(3)–C(8)–C(9)
torsion angle is –164.2(4)0).

In the molecule 15B, the N-ethoxy group is in
–sc-position of application to the Ð(1)–Î(4) bond
(the O(4)–P(1)–N(1)–O(3) torsion angle is
–74.1(3)0). Its ethyl substituent is in –àñ-conformation
relative to the N(1)–P(1) bond and it is antiperiplanar
to the N(1)–O(3) bond (the P(1)–N(1)–O(3)–C(8)
torsion angle is –116.5(3)0, and the N(1)–O(3)–
C(8)–C(9) torsion angle is –173.2(4)0).

In  both molecules 15A and 15B, the
N(1)–O(3)Et bond is shortened (1.424(2) Å  and
1.434(5) Å in 15A and 15B, respectively) relatively to
the average Nsp3–O bond (1.463 Å) [14].

In the molecule 15A, the tolyl substituent is
located practically orthogonally to the N(1)–P(1)
bond (the P(1)–N(1)–S(1)–C(1) torsion angle
is –92.8(3)0). In the molecule 15A, the tolyl substituent
is significantly rotated relatively to the N(1)–P(1)
bond (the P(1)–N(1)–S(1)–C(1) torsion angle
is –68.6(3)0).

In both molecules 15A and 15B, the tolyl
substituent is deployed orthogonally to the
N(1)–S(1) bond (the N(1)–S(1)–C(1)–C(2) torsion
angle is –104.0(4)0 and –84.4(4)0 in the molecule
15À and 15Â, respectively).

Conclusions

This study presents a novel and efficient synthetic
approach to dialkyl N-alkoxy-N-R-
sulfonylphosphoramidates. We have found that the
reaction of N-alkoxy-N-(chloro)-R-sulfonamides 12,
13 with trialkylphosphites is a novel synthetic pathway
to dialkyl N-alkoxy-N-R-sulfonylphosphoramidates
14–19 by means of the nucleophilic substitution at
the nitrogen atom accompanied by Michaelis-Arbuzov
rearrangement.

The structural elucidation of dialkyl N-alkoxy-
N-(4-toluenesulfonyl)phosphoramidates and dialkyl
N-methoxy-N-methanesulfonylphosphoramidates 14–
19 was confirmed by 1H, 13C, 31P NMR spectra, mass
spectra, and by the single crystal X-ray diffraction
study of dimethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoramidate 14 and dimethyl
N-ethoxy-N-(4-toluenesulfonyl)phosphoramidate 15.
This study has demonstrated that the amide nitrogen
atom has pyramidal configuration, the N–P and
N–S bonds elongation and the N–O(Alk) bond
shortening take place. It is supposed that these
phenomena are caused by the weakening of the
conjugation of the lone pair of N(1) nitrogen atom

Fig. 2. Molecular structure of dimethyl

N-ethoxy-N-(4-toluenesulfonyl)phosphoramidate

15 according to X-ray diffraction data. Thermal ellipsoids

are shown at 50% probability level

slightly rotated relative to the Ð(1)–Î(4) bond (the
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with the phosphoryl and sulfonyl groups as well as by
the possible actions of the nO(Me)→σ*N–P and the
nO(Me)→σ*N–S anomeric effects. It was found that in
the asymmetric part of the unit cell dimethyl
N-ethoxy-N-(4-toluenesulfonyl)phosphoramidate 15
exists in the form of two independent molecules that
differ in the degree of pyramidality of the nitrogen
atom and the lengths of its bonds.

REFERENCES

1. N-Acetoxy-N-alkoxyamides – a new class of nitrenium

ion precursors which are mutagenic / Gerdes R.G., Glover S.A.,

ten Have J.F., Rowbottom C.A. // Tetrahedron Lett. – 1989. –

Vol.30. – No. 20. – P.2649-26521.

2. Glover S.A. Anomeric amides – structure, properties

and reactivity // Tetrahedron. – 1998. – Vol.54. – No. 26. –

P.7229-7272.

3. Crystal structures and properties of mutagenic               N-

acyloxy-N-alkoxyamides – «most pyramidal» acyclic amides /

Gillson A.-M.E., Glover S.A., Tucker D.J., Turner P. //         Org.

Biomol. Chem. – 2003. – Vol.1. – No. 19. – P.3430-3437.

4. Glover S.A. N-Heteroatom-substituted hydroxamic

esters // PATAI’S chemistry of functional groups. – 2010. –

P.839-923.

5. Glover S.A, Rosser A.A. Heteroatom substitution at

amide nitrogen-resonance reduction and HERON reactions of

anomeric amides // Molecules. – 2018. – Vol.23. – No. 11. –

Art. No. 2834.

6. Glover S.A., Rosser A.A. Modification of amidic

resonance through heteroatom substitution at nitrogen: anomeric

amides // Amide bond activation. – 2022.

7. Geminal systems. 50. Synthesis and alcoholysis on

N-acyloxy-N-alkoxy derivatives of ureas, carbamates and

benzamides / Shtamburg V.G., Klots E.A., Pleshkova A.P.,

Avramenko V.I., Ivonin S.P., Tsygankov A.V., Kostyanovsky R.G.

// Russ. Chem. Bull. – 2003. – Vol.52. – No. 10. – P.2251-

2260.

8. N-Chloro-N-alkoxyureas: synthesis, structure and

properties / Shtamburg V.G., Shishkin O.V., Zubatyuk R.I.,

Kravchenko S.V., Tsygankov A.V., Mazepa A.V., Klots E.A.,

Kostyanovsky R.G. // Mendeleev Commun. – 2006. – Vol.16.

– No. 6. – P.323-325.

9. Chiral ureas with two electronegative substituents at

1-N: an unusual case of coexisting pyramidal and almost planar

1-N atoms in the same crystal / Shishkin O.V., Shtamburg V.G.,

Zubatyuk R.I., Olefir D.A., Tsygankov A.V., Prosyanik A.V.,

Mazepa A.V., Kostyanovsky R.G. // Chirality. – 2009. – Vol.21.

– No. 7. – P.642-647.

10. Geminal systems. Communication 64. N-Alkoxy-N-

chloroureas and N,N-dialkoxyureas / Shtamburg V.G.,

Kostyanovsky R.G., Tsygankov A.V., Shtamburg V.V.,

Shishkin O.V., Zubatyuk R.I., Mazepa A.V., Kravchenko S.V.

// Russ. Chem. Bull. – 2015. – Vol.64. – No. 1. – P.62-75.

11. Nucleophilic substitution at nitrogen atom.

N-Alkoxy-N-(dimethoxyphosphoryl)ureas, synthesis and structure

/ Shtamburg V.G., Klots E.A., Shtamburg V.V.,

Anishchenko A.A., Shishkina S.V., Mazepa A.V. // J. Mol. Struct.

– 2023. – Vol.1277. – No. 5. – Art. No. 134865.

12. Synthesis N-Alkoxy-1-(dimethoxyphosphoryloxy)benzimidates

from N-Alkoxy-N-chlorobenzamides / Shtamburg V.G., Klots E.A.,

Shtamburg V.V., Anishchenko A.A., Shishkina S.V., Mazepa A.V.,

Kravchenko S.V. // J. Chem. Technol. – 2024. – Vol.32. – No. 3. –

P.528-537.

13. Sheldrick G.M. A short history of SHELX // Acta

Crystallogr. A. – 2008. – Vol.64. – P.112-122.

14. Dunitz J.D., Burgi H.B. Structure correlation. –

Weinheim: VCH, 1994. – 936 p.

15. Interaction of ninhydrin with N-alkoxy-N’-arylureas

and N-alkoxy-N’-alkylureas. 1-Alkoxy-3-aryl(alkyl)-3a,8a-

dihydroxy-1,3,3a,8a-tetrahydroindeno [1,2-d]imidazole-2,8-

diones: synthesis and structure / Shtamburg V.G.,

Shtamburg V.V., Anishchenko A.A., Mazepa A.V., Rusanov E.B.

// J. Mol. Struct. – 2022. – Vol.1248. – Art. No. 131443.

Received 16.10.2024

Ä²ÀËÊ²Ë-N-ÀËÊÎÊÑÈ-N-(4-
ÒÎËÓÎËÑÓËÜÔÎÍ²Ë)ÔÎÑÔÎÐÎÀÌ²ÄÀÒÈ: ÑÈÍÒÅÇ
I ÁÓÄÎÂÀ

Â.Ã. Øòàìáóðã, E.Î. Këîö, Â.Â. Øòàìáóðã,

A.Î. Àí³ùåíêî, Ñ.Â. Øèøê³íà, Ñ.Â. Êðàâ÷åíêî,

Î.Â. Ìàçåïà

Äîñë³äæåíî âçàºìîä³þ N-àëêîêñè-N-õëîðî-4-òî-
ëóîëñóëüôîíàì³ä³â òà N-ìåòîêñè-N-(õëîðî)ìåòàíñóëüôî-
íàì³äó ç òðèàëê³ëôîñô³òàìè, ÿêà ïðèçâîäèòü äî óòâîðåííÿ
ä³àëê³ë-N-àëêîêñè-N-(4-òîëóîëñóëüôîí³ë)ôîñôîðîàì³äàò³â
òà ä³àëê³ë-N-ìåòîêñè-N-ìåòàíñóëüôîí³ë-ôîñôîðîàì³äàò³â,
â³äïîâ³äíî. Ñèíòåçîâàí³ ä³àëê³ë-N-àëêîêñè-N-(4-òîëóîë-
ñóëüôîí³ë-)ôîñôîðîàì³äàòè òà ä³àëê³ë-N-àëêîêñè-N-ìåòàí-
ñóëüôîí³ëôîñôîðîàì³äàòè ³äåíòèô³êîâàí³ ÿê ïðîäóêòè
íóêëåîô³ëüíîãî çàì³ùåííÿ ïðè àì³äíîìó àòîì³ àçîòó.
Ñòðóêòóðè öèõ ñïîëóê áóëè ï³äòâåðäæåí³ 1H, 31P, òà 13C
ßÌÐ ñïåêòðîñêîï³ºþ, ìàñ-ñïåêòðîìåòð³ºþ, òà ðåíòãåíî-
ñòðóêòóðíèì äîñë³äæåííÿì. Ðåíòãåíîñòðóêòóðíå äîñë³äæåí-
íÿ äèìåòèë-N-ìåòîêñè-N-(4-òîëóîëñóëüôîí³ë)ôîñôîðî-
àì³äàòó òà äèìåòèë-N-åòîêñè-N-(4-òîëóîë-ñóëüôîí³ë)-
ôîñôîðîàì³äàòó âèÿâèëî ï³ðàì³äàëüíó êîíô³ãóðàö³þ â
àì³äíîìó àòîì³ àçîòó ðàçîì ³ç óêîðî÷åííÿì çâ’ÿçêó
N–O(Alk) òà ïîäîâæåííÿì çâ’ÿçê³â N–P òà N–S. Â àñè-
ìåòðè÷í³é ÷àñòèí³ åëåìåíòàðíî¿ êîì³ðêè äèìåòèë-N-
åòîêñè-N-(4-òîëóîëñóëüôîí³ë)ôîñôîðîàì³äàò ³ñíóº ó
âèãëÿä³ äâîõ íåçàëåæíèõ ìîëåêóë, ÿê³ â³äð³çíÿþòüñÿ ñòó-
ïåíåì ï³ðàì³äàëüíîñò³ àòîìà àçîòó ³ äîâæèíîþ éîãî çâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: N-àëêîêñè-N-(õëîðî)ñóëüôîíàì³äè,
òðèàëê³ëôîñô³òè, ä³àëê³ë-N-àëêîêñè-N-(4-
òîëóîëñóëüôîí³ë)ôîñôîðîàì³äàòè, ä³àëê³ë-N-ìåòîêñè-N-
ìåòàíñóëüôîí³ëôîñôîðî-àì³äàòè, áóäîâà, ðåíòãåí³âñüêå
äèôðàêö³éíå äîñë³äæåííÿ ìîíîêðèñòàë³â.
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This study investigates the reaction between N-alkoxy-N-
chloro-4-toluenesulfonamides and N-chloro-N-
(methoxy)methanesulfonamide with trialkyl phosphites, resulting
in the formation of dialkyl N-alkoxy-N-(4-
toluenesulfonyl)phosphoroamidates and dialkyl N-methoxy-N-
methanesulfonylphosphoroamidates, respectively. The resulting
dialkyl N-alkoxy-N-(4-toluenesulfonyl)phosphoramidates and
N-alkoxy-N-methanesulfonylphosphoramidates are identified as
products of nucleophilic substitution at the amide nitrogen atom.
The structures of these compounds have been confirmed by 1H,
31P, and 13C NMR spectroscopy, mass spectrometry, and an
XRD study. The XRD study of dimethyl N-methoxy-N-(4-
toluenesulfonyl)phosphoroamidate and dimethyl N-ethoxy-N-
(4-toluenesulfonyl)-phosphoroamidate reveals a pyramidal
configuration at the amide nitrogen atom, along with the
shortening of the N–O(Alk) bond and the elongation of the
N–P and N–S bonds. In the asymmetric part of the unit cell,
dimethyl N-ethoxy-N-(4-toluenesulfonyl)phosphoramidate exists
in the form of two independent molecules that differ in the
degree of pyramidality of the nitrogen atom and the lengths of
its bonds.

Keywords: N-alkoxy-N-(chloro)sulfonamides; trialkyl
phosphites; dialkyl N-alkoxy-N-(4-
toluenesulfonyl)phosphoramidates; dialkyl N-methoxy-N-
methanesulfonylphosphoroamidates; structure; single crystal
X-ray diffraction study.
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