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Abstract

Aim. To synthesize of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates from the interaction of N-alkoxy-N-
chlorobenzamides with trimethylphosphite. To investigate N-alkoxy-1-(dimethoxyphosphoryloxy)-benzimidates
structure using the XRD study. Methods. Mass spectrometry, 1H, 31P and 13C NMR spectroscopy, XRD study. Results.
This study explores the reaction of N-alkoxy-N-chlorobenzamides with trimethylphosphite in ether resulting in the
formation N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates. The obtained benzimidates are identified as the
products of the nucleophilic substitution at nitrogen followed by an unusual N-O-migration of dimethoxyphosphoryl
group. This reaction presents an original synthetic pathway to the N-alkoxy-1-phosphoryloxy imidates. In this
research the possibility of the N-alkoxy-N-chlorobenzamides interaction with P-nucleophiles has been proved. The
structure of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates has been confirmed by the 1H, 31P and 13C NMR
spectra, mass spectra and XRD study. The XRD study of N-methoxy-1-(dimethoxyphosphoryloxy)-4-nitrobenzimidate
has demonstrated that this compound is Z-isomer, and 4-nitrophenyl moiety and N-methoxy group are in a trans
position towards to the C=N double bond. The coplanarity of the aromatic ring and the n-system of the C=N double
bond is evident from the XRD data. Conclusions. As the result of our study the feasibility of N-alkoxy-1-
(phosphoryloxy)benzimidates formation through the interaction of N-alkoxy-N-chlorobenzamides with
trialkylphosphites has been elucidated. This outcome holds significant value for a better understanding of the
synthetic importance of N-alkoxy-N-chlorobenzamides. The structural elucidation of Z-N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates has been done. A novel kind of the intramolecular N-O-migration of the
phosphoryl group has established.

Keywords:N-alkoxy-N-chlorobenzamides;  trimethylphosphite;  N-alkoxy-1-(dimethoxyphosphoryloxy) benzimidates;
synthesis; structure; XRD study; N-O-migration of dimethoxyphosphoryl group.
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AHoTalis

Merta. CuHTe3 N-aakokcu-1-(aumetokcudpocpopuiokcu) 6eH3imMigaTiB B3aeMoAiero N-aakokcu-N-xJ10poGeH3aMijiB 3
TpuMeTHWIPochiToM. PeHTreHOCTPYKTYpHe JOCHifKeHHA OyAoBH N-aakokcu-1-(aumMeTtokcudocpopuiokcu)
6eHsimigaTiB. Metoau. Mac-cnektpometpis, 1H, 31P ta 13C IMP cnekTpockomis, peHTTeHOCTPYKTYPHHMH aHaJi3.
PesyabTaTi. Lig po6oTa gocaifKye nepe6ir B3aemozii N-aakokcu-N-xjopo6eH3aMifiB 3 TpuMeTHidpocdiTom B eTepi,
fAAKa NPU3BOJAUTH A0 YTBOpeHHs N-ajKokcu-1-(aumetrokcudocdopunokcu)6ensimigarie. OTrpumani G6eH3imigaTu
irenTHdikoBaHi AK MPOAYKTH HyKJeo(diJbHOro 3amileHHs 3a aTOMOM a30Ty 3 NOAA/bIIOI He3BHMYalHOW0 N-O
mirpaniero gumetokcudocdopunbHoi rpynu. lig peaknis € opuriHalIbHUM IUJIAXOM CHHTe3y N-aJakokcu-1-
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dochopunokcuimigaris. Y nbomy gocaijkeHHi J0BeJeHO MOXK/IUBICTb B3aeMoJii N-asikokcu-N-xs10po6eH3aMiAiB 3 P-
HykjIeodinamu. CTpyktypy N-aakokcu-1-(aumetokcudochopuiokcu)deHsimigaTiB nigrBepakeHo cnekrpamu 1H,
31Pp i 13CAMP, mac-cneKTpaMH Ta PeHTreHOCTPYKTYpHUM jociaigxeHHsaM. XRD pgociaigxeHHs N-meTokcu-1-
(aumetokcudocdopunokcu)-4-HiTpo6eH3imMigaTy mokasasio, WO LA COOJyKa € Z-i3omepoM, a 4-HiTpodeHi1bHUMI
¢parmeHT i N-MeTOKcuUrpyna 3HaxoAAThCS B TpPaHC-NMOJIOKeHHiI 0 mojBiiiHoro 3B’A3ky C=N. KomiaHapHicTb
apoOMaTHYHOIO0 KiJIbLA Ta T-cUCTeMHU No/BiitHoro 3B’a3Ky C=N oueBupaHa 3 gaHux XRD. BucHoBku. B pesysbTaTi
HaLlOro JOCJai)KeHHs 3’siCOBaHAa MOXJIMBICTb yTBOpeHHs N-ajKokcH-1-(aumetokcudocdopuiokcu) 6eHsimigaTin
HUJIAXOM B3aeMoAii N-ankokcu-N-xjopo6eH3amifiB 3 Tpuankinidpocdiramu. Lleil pe3ysabraT Ma€ BaXkK/IuBe 3HA4YEHHS
AJISI Kpalioro Ppo3yMiHHA CHUHTETHYHOI Ba)KJIMBOCTi N-ajKoKcH-N-xj0poGeH3aMiJiB. 3po6JieHO 3’sCyBaHHA
CTPYKTYpU Z-N-ankokcu-1-(aumerokcudocdopunokcu)éensimigarie. BcraHOB/IeHO HOBMH €HoCi6 BHYTpilIHbO-
MoJieKyJIsApHoi N-O mirpanii pocpopuiibHoi rpynu.

Karwouogi caoea:N-ankokcu-N-xynopobeH3samiay; TpuMetundocdit;N-ankokcu-1-(gumetokcudpocdopuiokcu) G6eH3iMigaTy;
cuHTe3; cTpyKTypa; XRD-pocnimxenHsa; N-O Mirpanis guMeTokcudpocHOpHIbHOI IPy .

Introduction forming the products of the nucleophilic

As it was proved by Professor S.A. Glover’s substitution at the nitrogen atom [1-12] (Scheme

investigations, N-alkoxy-N-chlorobenzamides 1 1). These reactions are route to N-acyloxy-N-

interact with several O- and N-nucleophiles alkoxybenzamides 2, N,N-dialkoxybenzamides 3
and unstable compounds 4.

R'CO,Na (0]
X
: : > EN —OR MeZC(O) or MeCN /N—OR

2 O\
C(O)R
O MeOH-H,0 O
N—OMe N—OMe
1 3 MeO

p O R=Me(a), Et(b)
Scheme 1.The interaction of N-alkoxy-N-chlorobenzamides 1 with the 0- and N-nucleophiles [1-12]

In the similar way the N-alkoxy-N-chloroureas dialkoxyureas 7 [14,16] and chlorides of N-alkoxy-

5 react with different nucleophiles properly N-(1-piridinium)ureas 8 [14;17;18] (Scheme 2).
yielding N-acyloxy-N-alkoxyureas 6 [13-15], N,N

¢ Reona OC(O)R
NGNS = HN___N{
\"/5 OR MeCN \"/ OR
0 o6
cl OR'
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~ » N N
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O 5
Cl O OR Cl-
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MCCN 9 \
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Scheme 2. The interaction of N-alkoxy-N-chloroureas 5 with 0- and N-nucleophiles [13-19]
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N-Alkoxy-N-chloroureas 5 react with
trimethylamine yielding N-alkoxy-N,N,N-
trialkylhydraziniumchlorides 9 [19] (Scheme 2).

N-Alkoxy-N-chlorocarbamates 10 react with
sodium salts of carboxylic acids in acetonitrile
resulting in the formation of N-acyloxy-N-
alkoxycarbamates11 [13] (Scheme 3). The
alkoholysis of N-alkoxy-N-chlorocarbamates 10 in

N,N-dialkoxycarbamates 12 [16] (Scheme 3). The
N-alkoxy-N-chlorocarbamates 10 interaction with
DMAP leads to N-alkoxy-N-(1-
pyridinium)carbamate 13 [20] as well asl-
alkoxyamino-4-dimethylaminopyridinium

chlorides 14 [21] (Scheme 3). The N-alkoxy-N-
chlorocarbamates 10 interaction with
trimethylamine is a way to obtain N-alkoxy-N,N,N-

the presence of silver trifluoroacetate is trialkylhydrazinium salts 9 [22] (Scheme 3).
represents a pathway leading to the formation to
Cl R'CO,Na /OC(O)R’
’
MeO,C—N ——————= MeO,C—N,
10 OR MeCN 11 OR
L1 ROH, CF,CO,Ag OR'
MeO2C—N\ ——> MeO,C—N
EtO N,Cl DMAP CI)Pr—l ol
—_— EtO No o+
\ NN
O opri MeN bl I\O\B
Y S
Cl DMAP o NMe,
\ +
MeO,C—N, > N_NQ—NM
\ e
10 OR MeCN H/ \ // 2
Ol MeN . n " R-MeEtBuPriOct Bn
4 -
MeO,C—N —_— Me3N—N\ Cl

10 \OR MeCN

9 ORrR

Scheme 3. The interaction of N-alkoxy-N-chlorocarbamates 10 with 0- and N-nucleophiles [13; 16; 20-22]

However, there have been no previous reports
on the interaction of N-alkoxy-N-
chlorobenzamides, N-alkoxy-N-chloroureas, and
N-alkoxy-N-carbamates with P-nucleophiles. In
our earlier studies, we observed the selective

i El P(OMe),
~ =
\ﬂ/ R go H,N
0]
4a-d

R=Me(a), Et(b), n-Bu(c¢), i-Pr (d)

reaction of N-alkoxy-N-chloroureas 5a-d with
trimethylphosphite, resulting in the formation of
N-alkoxy-N-phosphorylureas 15a-d [23]
(Scheme 4).

| \OMG —_—

|
-MeCl NG NS

15a-d

Scheme 4. The interaction of N-alkoxy-N-chloroureas 5a-d with trimethylphosphite [23].

The generation of N-phosphorylureas 15
through the interaction of N-alkoxy-N-
chloroureas 5 with trimethylphosphite can be
considered as a new way to obtain to the N-
phosphorylureas and a convenient method of the
N-P bond formation.

However, the potential interaction of N-alkoxy-
N-chlorobenzamides with trimethylphosphite has

not been investigated. Nevertheless N-alkoxy-N-
chlorobenzamides 1 readily react with different O-
and N-nucleophiles [1-12].

Thus, the objective of our current study was to
explore the potential interaction of N-alkoxy-N-
chlorobenzamides 1 with such P-nucleophile, as
trimethylphosphite, and characterize the
structure of the resulting products.
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Experimental

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 CDCI; 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 [CDCl3: 77.16 ppm]. 31P NMR spectra were
recorded on a VARIAN VNMRS 400 spectrometer
(161.95 MHz), the solvent CDCl3 was used, 98%
H3POs was used as 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.

N-Methoxy-1-(dimethoxyphosphoryloxy)-4-
nitrobenzimidate (16). A. The solution of
trimethylphosphite (86 mg, 0.693 mmol) in ether
(5 mL) was added to the mixture of N-methoxy-N-
chloro-4-nitrobenzamide 1c¢ (82 mg, 0.356 mmol)
[12] and ether (5 mL) at -28 °C. The reaction
mixture was maintained at -28 °C during 20 min,
then at 10°C during 71h. The negligible
precipitate was filtered off, washed by ether
(5 mL), the combined Et;0-filtrate was evaporated
under vacuum, dried under vacuum (2 mmHg),
giving 99mg (91%) of N-methoxy-1-
(dimethoxyphosphoryloxy)-4-nitrobenzimidate
16, colorless crystals, mp 73-74°C (boiling
hexane) (with decomp.).tH NMR(400 MHz, CDCls,
ppm): § =3.921 (6H, d, i’/ = 12.0 Hz, P(0)(OMe)>);
4.073 (3H, s, NOMe); 7.961 (2H, d, 3] = 8.8 Hz,
C(2)H,C(6)H Ce¢H4NO2); 8.246 (2H, d, 3] = 8.8 Hz,
C(3)H,C(5)H CeH4NO2). 13C NMR (100 MHz, CDCls,
ppm): 6 =55.68d, ¢?/ = 6.04 Hz, P(0)(OMe); 63.59
s NOMe; 123.85 s C(3)H, C(5)H CsH4NOy; 127.26 s
C(2)H, C(6)H CcH4NO2; 135.76 d, ©?J =2.01 Hz, C(1)
Ce¢H4NO2; 143.995 d, €PJ=9.06 Hz, C=N); 149.04 s
C(4)-NO2, CsH4NO,. 31P NMR (161.95 MHz, CDCls,
ppm): -9.53. Mass spectrum (FAB), m/z(l,%):
305[M+H]+  (44); 227 (9);179  [M+H-
HOP(0O)(OMe);]* (100). Found, %: C39.32; H4.49;
N9.07.C10H13N207P. Calculated, %: C 39.48; H 4.31;
N9.21.

B. The solution of trimethylphosphite (105 mg,
0.846 mmol) in ether (5 mL) was added to the
mixture of N-methoxy-N-chloro-4-
nitrobenzamide 1c¢ (114 mg, 0.493 mmol) [12]
and ether (6 mL) at -25 °C. The reaction mixture
was maintained at -25 °C during 25 min, then at
10 °C during 22 h. The negligible precipitate was
filtered off, washed by ether (5 mL), the combined
Et,O-filtrate was evaporated under vacuum, the

residue was maintained at 50 °C during 30 min
under vacuum (2 mmHg), giving 145 mg (96 %) of
N-methoxy-1-(dimethoxyphosphoryloxy)-4-
nitrobenzimidate 16.

C. The solution of trimethylphosphite (94 mg,
0.758 mmol) in ether (5 mL) was added to the
mixture of N-methoxy-N-chloro-4-nitrobenz-
amide 1c (99 mg, 0.428 mmol) [12] and ether
(5mL) at -25°C. The reaction mixture was
maintained at -26 °C during 20 min, then at 10 °C
during 119 h. The negligible precipitate was
filtered off, washed by ether (5 mL), the combined
Et;0-filtrate was evaporated under vacuum, the
residue was maintained at 50 °C during 30 min
under vacuum (2 mmHg), the residue was
extracted by boiling hexane (3:10 mL). The hexane
extract was cooled to 10°C, the obtained
precipitated was filtered off, dried under vacuum
(2 mmHg), giving 113 mg (86 %) of N-methoxy-1-
(dimethoxyphosphoryloxy)-4-nitrobenzimidate
16, colorless crystals.

N-Methoxy-1-(dimethoxyphosphoryloxy)benz-
imidate (17). A. The solution of tert-butyl
hypoclorite (230 mg, 2.115 mmol) in
dicloromethane (2 mL) was added to the solution
of N-methoxybenzamide (107 mg, 0.705 mmol) in
dicloromethane (6 mL), the reaction mixture was
maintained at 15 °C during 45 min, then it was
evaporated under vacuum (20 mm Hg), the
residue was keptat 20 °C under vacuum (2 mm Hg)
yielding 131 mg (100%) of unstable N-chloro-N-
methoxybenzamidela, yellow oil. tH NMR (400
MHz, CDCls, ppm): & 3.889 (3H, s, NOMe); 7.459
(2H, t,3/=7.6 Hz, C(3)H,C(5)H Ph); 7.579 (1H, t, 3/
= 7.6 Hz, C(4)H Ph); 7.784 (2H, dd, 3/ = 8.4 Hz, 4/ =
1.2 Hz, C(2)H, C(6) Ph). 3C NMR (100 MHz, CDCl;3,
ppm): 6 =52.26 NOMe; 128.50, 129.71 C(3,5)H and
C(2,6)H Ph; 133.05 C(4)H Ph; 135.46 C(1)Ph;
167.27 C=0. The solution of trimethylphosphite
(105 mg, 0.846 mmol) in ether (2 mL) was added
to the solution of N-chloro-N-methoxybenzamide
(131 mg, 0.705 mmol) in ether (2 mL) at -33 °C.
The reaction mixture was maintained at -33 °C
during 1 h, then at 4 °C during 94 h. The reaction
solution was evaporated under vacuum (20 mm
Hg), the obtained residue was maintained at 50 °C
during 30 min under vacuum (2 mmHg) yielding
180 mg (98 %) of N-methoxy-1-
(dimethoxyphosphoryloxy)benzimidate17,
colorless oil, np181.4942.1H NMR (400 MHz, CDCl3,
ppm): 6 = 3.891 (6H, d,H?] = 11.6 Hz, P(0)(OMe)2);
4.013 (3H, s, NOMe); 7.360-7.432 (3H, m, C(3)H,
C(4)H, C(5)H Ph); 7.775 (2H, dd, 3/ = 8.4 Hz, ] =
1.6 Hz, C(2)H, C(6)H Ph).13C NMR (100 MHz,
CDCl3, ppm): 6 =55.49 d, ©?] = 6.04 Hz,P(O)(OMe);
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63.01 s NOMe; 126.47 s C(3)H, C(5)H Ph; 128.61 s
C(2)H, C(6)H Ph; 129.665 d, ¢?] = 3.02 Hz, C(1)Ph;
130.72 s C(4)H, Ph; 145.66, d, ¢?J=10.06 Hz, C=N.
31P NMR (161.95 MHz, CDCl3, ppm): -9.60. Mass
spectrum (FAB), m/z(Ie,%): 260 [M+H]* (25); 134
[M+H-HOP(O)(OMe)]* (100); 127 (20). Found, %:
C46.48; H 5.56; N 5.17. C10H14NOsP. Calculated, %:
C46.34; H 5.44; N 5.40.

B. The solution of trimethylphosphite (142 mg,
1.846mmol) in ether (5 mL) was added to the
solution of N-chloro-N-methoxybenzamidela
(190 mg, 1.026 mmol) in ether (5 mL) at
-25°C. The reaction mixture was maintained at
-25°C during 1 h, then at 10 °C during 69 h. The
obtained reaction solution was evaporated under
vacuum (20 mm Hg), the obtained residue was
maintained at 50 °C during 40 min under vacuum
(2 mmHg) yielding 260 mg (97 %) of N-methoxy-
1-(dimethoxyphosphoryloxy)benzimidate 17.

N-Ethoxy-1-(dimethoxyphosphoryloxy)benz-
imidate (18). A. The solution of
trimethylphosphite (85 mg, 0.685 mmol) in ether
(4 mL) was added to the solution of N-chloro-N-
ethoxybenzamidelb (125 mg, 0.625 mmol) [1] in
ether (5 mL) at -29 °C. The reaction mixture was
maintained at -25 °C during 1h, then at 4 °C during
24h, the negligible precipitate was filtered off,
washed by ether (5 mL), the combined Et;0O-
filtrate was evaporated under vacuum, the residue
was maintained at 50 °C during 30 min under
vacuum (2 mmHg), giving 151 mg (88 %) of N-
ethoxy-1-(dimethoxyphosphoryloxy)benzimidate
18, colorless oil, np!8 1.4960. tH NMR (400 MHz,
CDCl;, ppm): 6 = 1.365 (3H, t, 3] = 7.0 Hz
NOCH:Me); 3.894 (6H, d, HJ = 11.6 Hz,
P(0)(OMe)2); 4.261 (2H, q,3/ = 7.0 Hz, NOCHz);
7.353-7.428 (3H, m, C(3)H, C(4)H, C(5)H Ph);
7.780 (2H, dd, 3/=7.8 Hz, /= 1.6 Hz, C(2)H, C(6)H
Ph). 13C NMR (100 MHz, CDCl3, ppm): 6 = 14.57 s
NOCH:Me; 55.40 d, ¢/ = 7.04 Hz, P(0)(OMe);
70.99 s NOCHz; 126.44 s C(3)H, C(5)H Ph; 128.58
s C(2)H, C(6)H Ph; 129.96 d, ¢?] = 2.01 Hz, C(1)Ph;
130.57 s C(4)H, Ph; 145.30, d, ¢?J= 10.06 Hz, C=N.
31P NMR (161.95 MHz, CDCls, ppm): -9.65. Mass
spectrum (FAB), m/z(I.,%): 274 [M+H]* (48); 213
(6); 148 [M+H-HOP(O)(OMe)]* (100); 127 (11).
Found, %: C 48.13; H 5.96; N 5.09. C11H16NOsP.
Calculated, %: C 48.36; H 5.90; N 5.13.

B. The solution of trimethylphosphite (104 mg,
0.838 mmol) in ether (4 mL) was added to the
solution of  N-chloro-N-ethoxybenzamidelb

(119 mg, 0.596 mmol) [1] in ether (2 mL) at 6 °C.
The reaction mixture was maintained at 6 °C
during 23 h, the negligible precipitate was filtered
off, washed by ether (2 mL), the combined Et;0-
filtrate was evaporated under vacuum, the residue
was maintained at 55°C during 30 min under
vacuum (2 mmHg), giving 148 mg (91 %) of N-
ethoxy-1-(dimethoxyphosphoryloxy)benzimidate
18.

XRD structural study of the N-methoxy-1-
(dimethoxyphosphoryloxy)-4-nitrobenzimidate
(16). The colorless crystals of compound 16
(C10H13N207P) are monoclinic, from hexane. At -
100.5°C, a = 7.7641(7), b = 27.878(2), ¢
6.8819(6) A, $=115.775(5), V = 1341.4(2) A3, M,
304.19, Z = 4, space group P2i/c, dcc=
1.506 g/cm3, n(MoK,) = 0.239 mm-, F(000) =
632. Intensities of 14515 reflections (2353
independent, Rin=0.074) were measured on
the«Bruker  APEX-II  CCD»  diffractometer
(graphite monochromatedMoK, radiation, CCD
detector,¢ and w-scaning, 20max = 50°). The
structure was solved by direct method using
SHELXTL package [24]. 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 1590 reflections was
converged to wR; = 0.174 (Ry = 0.064 for 1729
reflections with F>4c¢(F), S =1.110).

The atomic coordinates, molecular geometry
parameters, and crystallographic data of
compound 16 are preserved atthe 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
2312716.

Results and discussion

We investigated the interaction between N-
alkoxy-N-chlorobenzamides la-c and
trimethylphosphite in  ether.  N-Alkoxy-N-
chlorobenzamides 1a-c selectively react with
trimethylphosphite, leading to the selective
formation of N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates 16-18
(Scheme 3).
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,OMe
O=IP—OMe
0 P(OMe), o /OMe
IN—OMe 16
1c Cl
OZN OMe
/7
O=IP—OMe
/
_——— =N
,N—OR Etzo
1a,b Cl 17,18 -

R=Me(1a,17),Et(1b,18)

Scheme 5. The synthesis of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates 16-18

This is supposed to be another possible
mechanism of N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates 16-18
formation. At the first stage the labile N-alkoxy-N-
(trimethoxy-phosphonium)benzamide chlorides
19 formed by the nucleophilic substitution at the
nitrogen in the N-alkoxy-N-chlorobenzamides 1a-
c (Scheme 6). At the second stage the O-
demethylation of the intermediate 19 by the
chloride anion takes place (this is the new kind of

Arbuzov reaction). It releases the waiting N-
alkoxy-N-(dimethoxyphosphoryl)benzamides 20.
At the third stage unusual N-O-migration of
dimethoxyphosphoryl group occurs yielding N-
alkoxy-1-(dimethoxyphos-
phoryloxy)benzimidates 16-18. The driving force
behind this migration could be the creation of a
robust P-O bond. Various other types of N-O-
migration involving the phosphoryl group are
known [25,26].

0
P(OMe), X -MeCl X
Ar —_—  Ar " —_— Ar ,OMe
N—OR Et,0 N—P(OMe), N—P=OMe
Cl o qaec 19 RO ¢r RO ,, O
OMe
MeO\ ISMe O O=/P,— OMe
o, p=0 - d or
Ar OR :

R=Me,Et; Ar=Ph, 4- O,NC/H,

Ar 16-18

Scheme 6. A possible mechanism of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates 16-18 formation.

N-Methoxy-1-phosphoryloxyimidates may be
synthesized by  copper-catalyzed  cross-
dehydrogenative coupling of N-methoxyamides
with various phosphites [27]. N-Propyloxy-1-
phosphoryloxyimidates were obtained by the N-
propyloxy-1-(chloro)benzimidate
(PhC(Cl)=NOPr) interaction with HOP(O)(OR):
(R=Me,Et,Pr,Bu) in the presence of trietylamine
[28]. Thus, the proposed synthesis of N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates 16-18
may be regarded as a new original synthesis of

these compounds.

The structure of compounds 16-18 has been
proved by the 1H, 13C, 13P NMR spectra and mass
spectra. Also, the structure of compound 16 has
been confirmed by the single crystal X-ray
diffraction (XRD) study (Figures 1, 2).

The 'H NMR spectra of compounds 16-18
show such a common characteristic as doublet of
dimethoxyphosphoryl moiety and singlet of
MeON-group (Table 1).
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Table 1

The typical tH NMR and 31P chemical shifts of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates 16-18 (in CDCls).

compound 1H NMR shifts, ppm 31P NMR shifts, ppm
NOMe P(0)(OMe)2 d
S
16 4.073 3.921 -9.53
17 4.013 3.891 -9.60
18 4.259 q 3.891 -9.65
(NOCH2)
In the 31P NMR spectra of compounds 16-18 common characteristics. They include the

the chemical shifts of the phosphorus atom lie in
the range -9.53 - -9.65 ppm.

The 13C NMR spectra of compounds 16-18
demonstrate numerous shared features and

chemical shifts of the NOMe carbon atoms (NOCH>
for compound 18), the carbon atoms of
dimethoxyphosphoryl group and the carbon atom
of C=N bond (Table 2).

Table 2
The typical 13C NMR chemical shifts of carbon atoms of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates 16-18
(in CDCIs).
compound shifts, ppm
NOMe, s C=N,d P(0)(OMe),, d
16 63.59 143.995 55.68
17 63.01 145.66 55.49
18 70.99 (NOCHz2) 145.30 55.40

The mass spectra of compounds 16-18 display

[M+H-HOP(O)(OMe).]*

with the intensivity

protonated molecular ion [M+H]* peaks at the
appropriate m/z values. But the main peak is

100 %. The phosphoryloxy moiety elimination
gives the stable ion A in all cases (Scheme 7).

o= ,OMe MeO,  OMe
H—%P_Ol\(/)[; MeH] "= PO OR
7 305(44) (16y HO +—N’ [M+H-HOP(0)(OMe)2]"
260(25) (17) A /- A 179(100) (16)
Ar 274(48) (18) ! 134(100) (17)
R=Me,Et; Ar=Ph, 4-O,NCH, 148(100) (18)

Scheme?7. The mass spectrometric fragmentation of N-alkoxy-1-(dimethoxyphosphoryloxy)benzimidates 16-18 (FAB
mode)

The structure of the compounds 16 has many
interesting peculiarities that merit inclusion in
this article. The structure of N-methoxy-1-

(dimethoxyphosphoryl)-4-nitrobenzimidate 16 is
represented on Figure 1.

Fig. 1. Molecular structure of Z-N-methoxy-1-(dimethoxyphosphoryloxy)-4-nitrobenzimidate (16) according to X-ray
diffraction data. Thermal ellipsoids are shown at 50 % probability level

C(7)=N(2) double bond (the C(6)-C(7)-N(2)-0(3)
torsion angle is -178.0(3)°). The phosphoryloxy

The para-nitrophenyl substituent and the
methoxy group are trans-orientated to the
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moiety and the methoxy group are sic-orientated
to the C(7)=N(2) double bond (the O(3)-N(2)-
C(7)-0(4) is -3.2(5) °). Thus, N-methoxy-1-
(dimethoxyphosphoryloxy)-4-nitrobenzbenzimi-

date 16 is Z-isomer. It may be supposed that the
compounds 17, 18 are Z-isomer too. But, by the
copper-catalyzed cross-dehydrogenative coupling
of N-methoxyamides with phosphites release
mainly E-isomers of N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates [27]. It
is evident that the proposed synthesis of N-alkoxy-
1-(dimethoxyphosphoryloxy)benz-imidates 16-
18 is diastereoselective mode of the formation of
Z-isomers of their compounds.

The para-nitrophenyl substituent is coplanar
to the C(7)=N(2) double bond (the C(5)-C(6)-
C(7)-N(2) torsion angle is -2.8(6)°). The C(8)H3
methyl group is located in anti-periplanar position

in relation to the C(7)=N(2) double bond (the
C(7)-N(2)-0(3)-C(8) torsion angle is 174.4(4)°).

The dimethoxyphosphoryloxy moiety at C(7)
atom is orthogonal to the C(7)=N(2) double bond
(the N(2)-C(7)-0(4)-P(1) torsion angle is
96.5(4)°). This substituent is deployed in such a
way that the P(1) = O(5) bond is syn-peryplanar
with the C(7)-0(4) bond (the C(7)-0(4)-P(1)-
0(5) torsion angle is -15.6(4)°). The methyl
groups of methoxy substituents at the phosphorus
atom are in -ac and +sc positions relative to the
0(4)-P(1) bond (the C(10)-0(7)-P(1)-0(4)
torsion angle is -129.9(3)°, the C(9)-0(6)-P(1)-
0(4) torsion angle is 81.1(4)°).

In the crystal phase, molecules of 16 form the
chains toward the [001] crystallographic direct
(Figure 2) due to the weak intermolecular
hydrogen bonds C2-H..05 (the symmetry
operation is x, y, 1+z; H...0 2.34 A, C-H...0 154°).

Figure 2. The chains of molecules of Z-N-methoxy-1-(dimethoxyphosphoryloxy)-4-nitrobenzimidate (16) formed by
the weak hydrogen bonds (cyan dotted lines) in the crystal

Conclusions
The significance of this study lies in exploring a
novel synthetic pathway to N-alkoxy-1-

(dimethoxyphosphoryloxy)benzimidates.
Through  the reaction of  N-alkoxy-N-
chlorobenzamides 1a-c with trimethylphosphite
in ether we observed a nucleophilic substitution at
the nitrogen atom accompanied by the N-O-
migration of the dimethoxyphosphoryl group. N-
Alkoxy-N-chlorobenzamides 1a-c selectively
interacts with trimethylphosphite, resulting in the
formation of Z-N-alkoxy-1-(dimethoxyphosphor-
yloxy)benzimidates 16-18. This process
represents a new synthesis of N-alkoxy-1-
(phosphoryloxy)benzimidates from N-alkoxy-N-
chlorobenzamides.

Consequently, the feasibility of N-alkoxy-1-
(phosphoryloxy)benzimidates formation through
the interaction of N-alkoxy-N-chlorobenzamides

with trialkylphosphites has been elucidated. This
outcome holds significant value for a better
understanding of the synthetic importance of N-
alkoxy-N-chlorobenzamides. The findings of this
investigation may find practical applications in
organic syntheses and the pharmaceutical
industry.

The structural elucidation of Z-N-alkoxy-1-
(dimethoxyphosphoryloxy)benzimidates 16-18
was confirmed through tH, 13C, 3P NMR spectra,
mass spectra, and by the single crystal X-ray
diffraction study. This study revealed a novel
intramolecular kind of N-O-migration of the
phosphoryl group.
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