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Abstract

Aim. The objective of this research was to investigate the potential interaction between N-acyloxy-N-
chlorobenzamides and trialkyl phosphites, along with the characterization of the resulting products’ structures.
Methods. Employing techniques such as 1H, 31P and 13C NMR spectroscopy, mass spectrometry, and single crystal X-
ray diffraction, we have proved that the reaction of N-acyloxy-N-chlorobenzamides with trimethyl phosphite in
diethyl ether produces N-acyloxy-1-(dimethoxyphosphoryloxy)benzimidates. Our research demonstrates that the
reaction between N-acyloxy-N-chlorobenzamides and trialkyl phosphites offers a novel approach to synthesize Z-N-
acyloxy-1-(dialkoxyphosphoryloxy)benzimidates. This discovery unveils a significant chemical transformation of N-
acyloxy-N-chlorobenzamides. The structure of N-acyloxy-1-(dimethoxyphosphoryloxy)benzimidates has been
confirmed by 1H, 31P and 13C NMR spectroscopy, mass spectrometry, and XRD study. The study of the N-(4-
nitrobenzoyloxy)-1-(dimethoxyphosphoryloxy)benzimidate structure has revealed that the N-(4-nitrobenzoyloxy)-
1-(dimethoxyphosphoryloxy)benzimidate is the Z-isomer, with the dimethoxyphosphoryloxy moiety and the N-4-
nitrobenzoyloxy group being cis-oriented to the N=C double bond. The ether moiety and the N=C double bond are
coplanar, while the dimethoxyphosphoryl substituent is orthogonal to the plane of the N=C double bond. The
interaction of N-acyloxy-N-chlorobenzamides with trimethyl phosphite has led to a new synthesis of Z-N-acyloxy-1-
(dialkoxyphosphoryloxy)benzimidates. The new chemical properties of N-acyloxy-N-chlorobenzamides have been
established. The X-ray study of Z-N-4-nitrobenzoyoxy-1-benzimidate has demonstrated the peculiarities of its
structure. Notably, an intriguing phenomenon of nitrogen-to-oxygen migration of the dimethoxyphosphoryl group
has been observed.

Keywords: N-acyloxy-N-chlorobenzamides, trimethyl phosphite, Z-N-acyloxy-1-(dimethoxyphosphoryloxy)benzimidates,
nitrogen-to-oxygen migration of dimethoxyphosphoryl moiety.
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AHoTalif
MeTta. [locniauTu MOXIUBICTh B3aeMmojii N-anuiokcu-N-xjopoGeH3amifiB 3 Tpumetrmwidocditom Ta GyAoBy
npoAaykKTiB nie€i peaknii. Metoau. Mac-cnekrpomeTpis, 1H, 31P Ta 13C IMP cneKTpOCKoOINifA, peHTTeHOCTPYKTYPHHUIA
aHasi3. Pe3yabraTu. 3HailigeHo, mo B3aeMoaia N-anuiokcu-N-xjopoGeH3amifiB 3 Tpumetruiadochpitom y
JieTU/I0BOMYy eTepi NpPU3BOAUTH [0 YTBOpeHHs N-anuiokcu-1-(aumerokcudpocdopuiiokcu)6ensimigarie. Mu
JAOBeJIM, 10 B3aeMoAisN-anuaoKcu-N-xj0po6eH3aMiAiB 3 Tpuaiakiipochpiramm € HOBUM 3aco6oM cHuHTe3y N-
anuiIokcu-1-(aumetrokcudpocpopunokcu)6ensimigariB. TakuM YHMHOM BCTAaHOBJIEHO HOBe IliKkaBe XimiuHe
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nepeTBOpPEeHHA N-ankokcu-N-x10po6eH3aMijiB. CTpyKTYypy N-anmaokcu-1-(aumetrokcudocdopuiokcu)-
G6eH3imigaTiB miaTBepaxeHo cnekTtpamu 1H, 31P i 13C SIMP, mac-cneKTpaMi Ta PEeHTreHOCTPYKTYPHHUM aHa/i30M.
3rigHo 3 AAHUMM PEeHTTeHOCTPYKTYPHOTO aHaJi3zy N-(4-HiTpoGeH30i10KCcH)-1-
(aumetokcudocdopunokcu)éensimigaty BiH € Z-izomepom, TO06TO aumetokcudpocdopuiokcurpynma ta N-4-
HITpOGeH30i10KCcUrpyna 3HaxX0ASAThCA B YUC-NI0JI0KEeHHI A0 noABiiiHoro 3B’a3Ky N=C. EctepHa rpyna ta 3B'a30k N=C
€ KoMIUIaHapHUMH. (Me0):P(0)-rpyna po3TaimoBaHa OPTOroHa/IbHO LIOAO0 IJIOIIMHM NMOABiHHOro 3B’A3Ky N=C.
BucHoBkU. B3aemogisa N-anunokcu-N-xjopo6eH3aMifiB 3 Tpumetruiadocditom y aietusnopomy erepi 3a KiMHaTHOI
TeMHOepaTypM € HOBHUM CHOCOG0M cHUHTe3y N-anuiokcu-1-(aumetrokcudocdopuaokcu)éensimigaris. bByao
BCTAHOBJIEHO HOBi XximiyHi BjacTuBoct N-anwiokcu-N-xjaopo6ensamifiB. PCA  gocraigxeHHs  Z-N-4-
HiTpoGeH30i10KCcH-1-(auMeToKCcHdochopuIoOKCcH)GeH3iMizaTy NOKa3ajlio  O0COGJUMBOCTI  HMOro  CTPYKTypH.
BcTraHoBJIeHO LiKaBUH Pi3HOBU/J, BHYTPIllIHbOMOJIEKY/AApHOI Mirpanii ¢ocpopuibHOI rpynu 3 aToMy a30Ty Ha aTOM
KHCHIO.

Karouosi c/108a: N-anuokcu-N-xa0pobeH3aMiiy; TpuMeTUIdoChIT;
(mumeTokcudochopuokcu)6eH3iMiaTH; a30T-KUCeHb Mirpauis JUMeTOKCUPOCHOPHUIBHOI TPy,

Z-N-anunokcu-1-

production of phosphate esters have broadened
considerably [1], the exploration of novel
synthetic pathways remains a valuable endeavor.

In previous investigations, we found that the
interaction of N-alkoxy-N-chlorobenzamides 1
with trimethyl phosphite yields Z-N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates 2 [3]

Introduction

Phosphoric acid esters exhibit extensive
applications in the domains of medicine, medicinal
chemistry, and drug design [1;2]. These
compounds are present within a diverse array of
biologically active natural products [2]. Despite
the fact that synthetic methodologies for the

(Scheme 1).
O
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Scheme 1. The interaction of N-alkoxy-N-chlorobenzamides 1 with trimethyl phosphite [3]
The obtained Z-N-alkoxy-1- reported [4; 5].

(dimethoxyphosphoryloxy)benzimidates 2 can be
regarded as new unusual kind of
organophosphates. In this case, the nitrogen-to-
oxygen migration of the dimethoxyphosphoryl
group probably occurs in the primary substitution
product A. Thus, different kinds of nitrogen-to-

The probable reaction mechanism is supported
by the formation of the corresponding
phosporamidates 6-8, under the interaction of N-
alkoxy-N-chloroureas [6], N-alkoxy-N’-aryl-N-
chloroureas 4 [7], and N-alkoxy-N-chloro-R-
sulfonamides [7; 8] with trialkyl phosphites.

oxygen phosphoryl group migration have been
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Scheme 2. The interaction of N-alkoxy-N-chloroureas 3 [6], N-alkoxy-N’-aryl-N-chloroureas 4 [7], and N-alkoxy-N-
chloro-R-sulfonamides 5 [7; 8] with trialkyl phosphites
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However, the potential interaction of N-
acyloxy-N-chlorobenzamides  with  trimethyl
phosphite has yet to be explored. Prior research
has indicated that when subjected to nucleophiles
such as AcONa or 4-dimethylaminopyridine
(DMAP), nucleophilic substitution at the nitrogen
atom of N-benzoyloxy-N-chlorobenzamides does
not occur [9].

Thus, the aim of our study was to establish the
possibility of the interaction of N-acyloxy-N-
chlorobenzamides with trimethyl phosphite, as
well as to analyze the structural characteristics of
the resulting products.

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 CDCl3 was
used. 'TH NMR chemical shifts relative to the
residual solvent protons as an internal standard
[CDCl3: 7.260 ppm,] were reported. Solvent carbon
atoms served as an internal standard for 13C NMR
spectra [CDCls: 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 an external standard. 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.

Benzoyloxybenzamide 9a was synthesized
according to [9], colorless crystals, mp. 167-
168 °C (CHCI3). 'H NMR (400 MHz, CDCl3): & =
7.439-7.537 (4H, C(3,5,3’,5")H Ph, Ph’'CO,); 7.575
(1H, t, 3/ = 7.4 Hz, C(4)H, Ph); 7.647 (1H, t, 3] =
7.4 Hz, C(4')H, Ph’CO2); 7.888 (2H, dd, 3/ = 8.0 Hz,
4] = 1.6 Hz, C(2)H, C(6)H Ph); 8.157 (2H, dd, 3/ =
8.4 Hz, %/ = 1.6 Hz, C(2)H, C(6)H Ph’CO); 10.155
(1H, br.s, NH). 13C NMR (100.6093 MHz, CDCls,
ppm): 6 =126.77 C(1)qPh; 127.71 2Cpn(H); 128.88
ZCph(H); 129.01 2Cph'coz(H); 130.21 2Cph'c02(H);
131.03 C(1%)q Ph’COz; 132.94 C(4)H Ph; 134.44
C(4)H Ph’CO2; 165.44 C=0(NH); 166.71 C=0(0).
N-Chloro-N-benzoyloxybenzamide 10a  was
synthesized from N-benzoyloxybenzamide 9a by
t-BuOClI chlorination according to [9], colorless
liquid. *H NMR (400 MHz, CDCl3): 6§ = 7.455-7.533
(4H, C(3,5,3’,5)H Ph, Ph’ COz); 7.583 (1H, t, 3] =
7.4 Hz, C(4)H, Ph); 7.652 (1H, t, 3/ = 7.6 Hz, C(4')H,
Ph’CO2); 7.885 (2H, dd, 3] = 8.4 Hz, 4/ = 1.2 Hz,
C(2)H, C(6)H Ph); 8.158 (2H, dd, 3] = 8.4 Hz, 4] =
1.2 Hz, C(2)H, C(6)H Ph’CO). 13C NMR (100.6093
MHz, CDCl3): & = 128.66 2Cpn(H); 128.96 2Cpn(H);
129.53, 2Cpwcoz2(H); 130.16 C(1)q Ph; 130.23

2Cprco2(H); 130.71 C(17)q Ph’CO2; 133.28 C(4)H
Ph; 134.81 C(4)H Ph’CO2; 163.42 C=0(0); 173.71
C=0(NCl). Mass spectrum (FAB), m/z(I:.,%): 278
[M+H]* (2.0); 276 [M+H]* (6.5); 105 Bz* (100).

N-Chloro-N-(4-nitrobenzoyloxy)benzamide 10b
was synthesized from N-(4-nitrobenzoyloxy)-
benzamide 9b by ¢-BuOCl chlorination using a
similar method [9], colorless liquid. tHNMR (400
MHz, CDCl3): & = 7.445 (2H, t, 3] = 7.6 Hz, C(3)H,
C(5)H Ph); 7.571 (1H, t, 3] = 7.4 Hz, C(4)H Ph);
7.840 (2H,dd, 3/ =8.4 Hz,,4 = 1.2 Hz, C(2)H, C(6)H
Ph); 8.143 (2H, d, 3/ = 8.8 Hz, C(2)H, C(6)H
Ce¢H4NO2); 8.302 (2H, d, 3] = 8.8 Hz, C(3)H, C(5)H
CeHsNO2). 13C NMR (100.6093 MHz, CDCl3): 6 =
124.08 2Car(H); 128.85, 2Car(H); 129.58 C(1)q Ph;
129.65, 2Car(H); 131.41 2Car(H); 131.84 C(1)q
CeHsNO2; 133.78 C(4)H Ph; 151.51 C(4)-NO:
CeHaNO2; 161.65 C=0(0); 173.56 C(=0)N(CI).

N-Benzoyloxy-1-(dimethoxyphosphoryloxy)-
benzimidate (11a). The solution of trimethyl
phosphite (112 mg, 0.9036 mmol) in Et;0 (1 mL)
was added to the solution of N-chloro-N-
benzoyloxybenzamide10a (125 mg, 0.452 mmol)
[9] in Et;0 (1 mL). The reaction mixture was
maintained at 4°C for 2 h, at 14 °C for 16 h, then it
was cooled (0 °C), the obtained precipitate was
filtered off, washed by Et;0 (1 mL), dried under
vacuum (2 mmHg), giving 13 mg (11.9 %) of N-
benzoyloxybenzamide 9a. The combined Et;0-
filtrate was evaporated under vacuum, the residue
was heated at 78-80 °C under vacuum (2 mmHg)
for 10 min, yielding 119 mg (75.4 %) of N-
benzoyloxy-1-(dimethoxyphosphoryloxy)-
benzimidate 11a, colorless liquid. tH NMR (400
MHz, CDCl3): & = 3.847 (6H, d, #?] = 11.6 Hz,
P(0)(OMe)2); 7.442-7.533 (5H, C(3,4,5,3’,5")H Ph,
Ph’'COz); 7.602-7.651 (1H, m, C(4)H, Ph’CO3);
7.996 (2H, dd, 3] = 8.4 Hz,%/ = 1.6 Hz, C(2)H, C(6)H
Ph); 8.271 (2H, dd, 3] = 8.4 Hz, 4 = 1.2 Hz, C(2)H,
C(6)H Ph’CO2). 13C NMR (100.6093 MHz, CDCl3):
6= 55.69 d, ] = 6.04 Hz, P(0)(OMe)z); 127.90
2Cpn(H); 128.72 2Cpn(H); 128.83 2Cpncoz(H);
130.25 2Cpncoz(H); 132.37 C(4)H Ph; 132.80
C(1)qPh; 133.78 C(4’)H Ph’COz 134.32 C(1')q
Ph’'CO2; 152.495 d, ¢ = 9.05 Hz, C=N; 163.30
C=0(0). 31P NMR (161.95 MHz, CDCl;, ppm): -
7.246. Mass spectrum (FAB), m/z(l:,%):350
[M+H]* (16); 224 (20; 127(10); 109(10);
105(100).

Z-N-(4-nitrobenzoyloxy)-1-
(dimethoxyphosphoryloxy)benzimidate (11b). The
solution of trimethyl phosphite (97 mg, 0.783
mmol) in Et;0 (3 mL) was added to the solution of
N-chloro-N-(4-nitrobenzoyloxy)benzamide 10b
(125 mg, 0.391 mmol) in Et,0 (5 mL) at 17 °C. The
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reaction mixture was maintained at 17 °C for 70 h,
then obtained precipitate was filtered off, washed
by Et;0 (2 mL), dried under vacuum (2 mmHg),
yielding 109 mg (70.6%) of Z-N-4-
nitrobenzoyloxy-1-(dimethoxyphosphoryloxy)-
benzimidate 11b, colorless crystals, mp. 141-
143 °C. 'H NMR (400 MHz, CDCl3): 6 = 3.870 (6H,
HPJ=12.0 Hz, P(0)(OMe):); 7.490 (2H, t,3/ = 7.6 Hz,
C(3)H, C(5)H Ph); 7.579 (1H, t, 3/ = 7.4 Hz, C(4)H
Ph); 7.971-8.017 (2H, m, C(2)H, C(6)H Ph); 8.363
(2H, d, 3] = 8.8 Hz, C(2)H, C(6)H CsH4NO3); 8.494
(2H, d, 3] = 8.8 Hz, C(3)H, C(5)H C¢H4sNO2). tTH NMR
(400 MHz, (CD3),S0): 6 =3.847 (6H, #?] =11.60 Hz,
P(0)(OMe)2); 7.615 (2H, t,3/ = 7.4 Hz, C(3)H, C(5)H
Ph); 7.70 (1H,t, 3/=7.4 Hz, C(4)H Ph); 7.917 (2H,
dd, 3/ =8.8 Hz,3/ = 1.6 Hz, C(2)H, C(6)H Ph); 8.362
(2H, d, 3] = 8.8 Hz, C(2)H, C(6)H CsH4NO>); 8.465
(2H,d, 3/ =8.8 Hz, C(3)H, C(5)H CsH4NO). 3C NMR
(100.6093 MHz, CDCls): 6 = 55.79 d, €] = 6.04 Hz,
P(0)(OMe)2); 123.86 2Ca(H); 127.94, 2Ca(H);
128.97, 2Car(H); 129.07 C(1)qPh; 131.50 2Car(H);
132.74 C(4)H Ph; 133.88 C(1)q CéHsNO2; 151.02
C(4)-NOz C¢H4NOy; 153.295 d, ¢?] = 9.05 Hz, C=N;
165.51 s C=0(0). 31P NMR (161.95 MHz, CDCls,
ppm): =7.281. Mass spectrum (FAB), m/z(I:.;, %):
353(6); 269(23); 187 (100); 127 (11). Found, %: C
4859, H 391, N 7.02. C16H15N208P. Calculated, %:
C 48.74; H3.83; N 7.10.

The study of the Z-N-4-(nitrobenzoyloxy)-1-
(dimethoxyphosphoryloxy)-benzimidate (11b)
structure.

The colorless crystals of compound 11b are
triclinic,-C16H1sN20gP, at -100.5°C; a = 6.6011 (8),
b = 10.7700(12), ¢ = 13.0496(15) A, a =
102.004(7), § =98.528(7)°, y = 104.122(7)°, V =
860.44(18) A3, M, = 394.27, Z = 2, space group P1,

deaie= 1.522 g/cm3, p(MoKy) = 0.210 mm-, F(000)
= 408. Intensities of 12255 reflections (3031
independed, Rixn:=0.0749) were measured on the
«Bruker APEX-II CCD» diffractometer (graphite
monochromated MoKqradiation, CCD detector, w-
scaning, 20max= 50°).

The structure was solved by direct method
using SHELXTL package [10]. 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. Full-matrix least-squares refinement
against F2 in anisotropic approximation for non-
hydrogen atoms using 3031 reflections was
converged to wR; = 0.1218 (R; = 0.0506 for 2157
reflections with F>4¢(F), S =1.017).

The atomic coordinates, molecular geometry
parameters, and crystallographic data of
compound 11b are preserved at the Cambridge
Crystallographic Data Center, 12 Union Road, CB2,
1EZ UK [fax:+44-1223-336033, e-mail:
deposit@ccdc.cam.ac.ukand are available upon
request with the CCDC N 2425292 (11b).

Discussion

N-Acyloxybenzamides 9a, b undergo a reaction
with t-BuOCl yielding N-acyloxy-N-
chlorobenzamides10a, b. We have investigated
the interaction between N-acyloxy-N-
chlorobenzamides 10a,b and trimethyl phosphite.
N-Acyloxy-N-chlorobenzamides 10a, b react with
trimethyl phosphite in ether at room temperature
giving N-acyloxy-1-(dimethoxyphosphoryloxy)-
benzimidates 11a,b with good yields as illustrated
in Scheme 3.

,OMe
O t-BuOCl O P(OMe), O=p=0OMe
Ph — Ph — OC(O)Ar
_ CH.CI _ o O PYO
N—oc©ar L N—ocoar =\
H Cl
9a,b Ph
Ar=Ph (a), p-O,NC,H,(b) 102,b 11ab

Scheme 3. The synthesis of N-acyloxy-1-(dimethoxyphosphoryloxy)benzimidates 11a,b

In the case of N-benzoyloxy-N-
chlorobenzamide 10a the small amounts of N-
benzoyloxybenzamide 9a were obtained as a by-
product.

Consequently, this reaction may be regarded as
a new original approach for the synthesis of N-
acyloxy-1-(dimethoxyphosphoryloxy)benzimida-
tes 11a, b.

The structural configuration of N-acyloxy-N-

phosphorylureas 11a,b has been elucidated
through the analysis of 1H, 13C, 13P NMR spectra,
and mass spectra. Furthermore, the structural
integrity of compound 11b has been confirmed by
the X-ray diffraction (XRD) study (Figures 1).

The 'H NMR spectra of compounds 11a, b show
such a common characteristic as doublet of
dimethoxyphosphoryl moiety (3.847-3.870 ppm).

In the 3P NMR spectra of compounds 11a,b
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the chemical shifts of the phosphorus atom lie in
the range -7.246-(-7.281) ppm.

The 13C NMR spectra of compounds 11a,b
demonstrate two common characteristics. They
include the chemical shifts of the carbon atoms of
dimethoxyphosphoryl group (doublet at 55.69-

55.79 ppm) and the carbon atom of C=N bond
(doublet at 152.5-153.3 ppm).

The structure of N-(4-nitrobenzoyloxy)-1-
(dimethoxyphosphoryl)-benzimidate
represented on Figure 1.

11b s

Fig. 1. Molecular structure of Z-N-(4-nitrobenzoyloxy)-1-(dimethoxyphosphoryloxy)-4-nitrobenzimidate (11b)
according to X-ray diffraction data. The thermal ellipsoids are shown with a probability of 50 %

The 4-nitrobenzoyloxy moiety and the phenyl
group are trans-orientated to the N(1)=C(1)
double bond (the torsion angle 0(5)-N(1)-C(1)-
C(2) is 178.8(2)°). The phenyl group is slightly
rotated towards the N(1)=C(1) double bond (the
N(1)-C(1)-C(2)-C(3) torsion angle is -15.4(4)°).

The dimethoxyphosphoryloxy moiety and the
0(5)-N(1) bond are cis-orientated to the
N(1)=C(1) double bond (the O(5)-N(1)-C(1)-
0(1) torsion angleis -2.2(3)°).

In the molecule of compound 11b the ester
moiety and the N(1)=C(1) double bond are
coplanar (the C(10)-0O(5)-N(1)-C(1) torsion
angle is -170.0(2)°, the N(1)-0(5)-C(10)-0(6)
torsion angle is 3.0(4)°).

The para-nitrophenyl substituent and the ester
group are coplanar (the C(16)-C(11)-C(10)-0(6)
torsion angle is 0.3(4)°). The nitro group is some
rotated towards the benzene ring (the C(13)-
C(14)-N(2)-0(7) torsion angle is -10.0(4)°).

The dimethoxyphosphoryl moiety  is
orthogonal to the N(1)=C(1) double bond (the
N(1)-C(1)-0(1)-P(1) torsion angle is 87.1(3)°).
The P(1)=0(2) bond is syn-peryplanar with the
C(1)-0(1) bond (the C(1)-0(1)-P(1)-0(2) torsion
angle is -7.8(2)°).

The C(9)Hz methyl group is located in -sc-
position in relation to the C(1)-P(1) bond
(theO(1)-P(1)-0(4)-C(9) torsion angle is -

63.1(2)°). TheC(8)Hs methyl group is located in ap
-position in relation to the C(1)-P(1) bond (the
0(1)-P(1)-0(3)-C(8) torsion angle -174.1(2)°).
It is plausible that the mechanism underlying
the formation of N-acyloxy-1-
(dimethoxyphosphoryloxy)benzimidates 11 is
analogous to the mechanism responsible for the
formation of Z-N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates 2 [3].
The possible mechanism of these both
reactions gives rise to various hypotheses and
induces some speculations. The nucleophilic
substitution didn’t occur at the nitrogen atom at
the  N-benzoyloxy-N-chlorobenzamide  10a
interaction with AcONa [9]. N-Alkoxy-N-chloro-R-

sulfonamides 5 [11] and N-acyloxy-N-
chlorobenzamides [12] are known as the
electrophilic chlorinating agents. In these

compounds the N-Cl bond polarization is
unfavorable for nucleophilic substitution at the
nitrogen atom [13-20]. Diethyl ether, being a non-
polar solvent, is unfavorable for nucleophilic
substitution reactions via Sx2 or Sy1 mechanisms.
It is likely that the interaction of N-alkoxy-N-
chloroamides 1,34,5 and  N-acyloxy-N-
chlorobenzamides 10 with trialkyl phosphites
occurs via the intermediate formation of radical
anions and radical cations through single electron
transfer (SET) (Scheme 4).
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Scheme 4. The possible mechanism of N-alkoxy-N-chloroamides 1,3,4,5 and N-acyloxy-N-chlorobenzamides 10
interaction with trialkyl phosphites. R=Alk, X=ArC(0) (1,2), Hz2NC(0) (3,6), ArHNC(O) (4,7), R'SOz (5,8); R=C(0O)Ar,
X=ArC(0) (10,11)

At the first stage, single-electron transfer (SET)
occurs from triakyl phosphite (the trimethyl
phosphite is shown in Scheme 4) to N-alkoxy-N-
chloroamide 1,3-5,10 resulting in the generation
of the radical anion of N-alkoxy-N-chloroamideA
and the radical cation of trialkyl phosphite B. In
non-polar diethyl ether, these radical ions should
form a close ion pair. The radical anion A is
unstable and decomposes into stable chloride
anion and N-alkoxyamidyl radical C. N-
Alkoxyamidyl radical C combines with radical
cation B yielding the phosphonium cation D.
Dealkylation of cation D by chloride anion leads to
the formation of the product E1 (these are
compounds 6-8) or the intermediate E2.
However, the greater degree of polarization of the
C=0 double bond in the amide group compared to
urea should influence the course of this nitrogen-
to-oxygen migration of dimethoxyphosphoryl
group in the intermediate E2, yielding product F
(compounds 2, 11). The underlying driving force
here is the formation of a very strong P-O bond
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