SYNTHESIS OF N'-PHOSPHINATODIAZENE N-OXIDES
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We have developed a regiospecific method for synthesis of N'-phosphinatodiazene N-oxides, a previously
unknown type of azoxy compounds in which the diazene oxide fragment is directly connected with the
phosphinate group. The method involves reaction of amidoesters of aikyl- and arylphosphonic acids with nitroso
compounds in the presence of dibromoisocyanurate.
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Earlier we reported obtaining N’-phosphonatodiazene N-oxides (1) of azoxy compounds, in which the diazene oxide
group is directly connected with the phosphorus atom [1, 2]. In this paper, we suggest an approach to synthesis of previously
unknown structural analogs of 1:N’-phosphinatodiazene N-oxides (2), compounds in which the diazene oxide fragment is
connected with the phosphinate group.

N
R! = Alk, Ar, Het; R?= Alk, Ar; R® = —OAlk, —OAr, N 0 (1)
N4

RS = Alk, Ar (2).
For the first time we have shown that amidoesters of phosphonic acids react with nitroso compounds in the presence

of dibromoisocyanurate (DBI) with formation of the desired N’-phosphinatodiazene N-oxides (2). For the use of DBI for
synthesis of asymmetrically substituted azoxy compounds, see [1-7].

0 OR? 0 0 OR?
|/ ! I/
R1—-NO 4 H,N—P __EJ___., RiN=N—P
N 20° G, CH.Cl, N\
R3 RS
(3a—i) (2a—v)

This reaction involves nitroso compounds of the aliphatic, alicyclic, and aromatic series. Of the amidophosphinates, the
amido derivatives of methyl- and phenylphosphonic acids 3a-i (R* = CH,, Ph)* were involved in the process. The reactions
proceed easily in a medium of chlorine-containing organic solvents at ~20°C. The yields of azoxy products (2a-v) are 10-65%
(Table 1).

*We synthesized the amidophosphinates 3a-e, not described previously, according to the standard scheme in [8]: treatment of
the corresponding P-chloro derivatives with ammonia in ether.
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N'-Phosphinatodiazene N-oxides 2a-v are oily or crystalline materials, stable when stored at ~20°C. Chromatography
of 2a-v on Silpear] leads to partial decomposition of the products, which in our opinion explains the moderate yields of the target
products isolated from the reaction mass by the indicated method. The physicochemical and spectral characteristics of 2a-v are
presented in Tables 1-3.

The synthesized compounds are pure regioisomers. The location of the oxygen atom in the azoxy group of the products
was established on the basis of *C and *N NMR spectra of 2d, n. The signal for the carbon bonded to the diazene oxide
fragment in 2d, m is appreciably broadened, which may be due only to spin—spin coupling through one *C—"N bond with
the oxide nitrogen atom of the diazene oxide group. In fact, the observed broadening disappears upon suppression of the rather
narrow (Av;,, = 80-250 Hz) signal of the latter at the N frequency [9], which allows us to unambiguously assign the structure
of N'-phosphinatodiazene N-oxides to the studied compounds 2a-v.

The reaction mechanism is probably analogous to the mechanism for the process of formation of the diazene oxide group
from amidophosphonates and nitroso compounds in the presence of DBI {2}, and probably includes introduction of two bromine
atoms into the molecules of the starting amido derivatives and reaction of the N,N-dibromoamides formed with the nitroso
compounds present in the system, according to the scheme suggested in [10]. This hypothesis is confirmed by isolation of the
low-stability P-(N,N-dibromoamido)-O-octyl-P-methylphosphinate (4) upon treatment of the corresponding amidophosphinate
with DBI in an inert organic solvent (or with bromine in an alkaline aqueous solution) and synthesis of 2j from 4 and
nitrosobenzene under the conditions of the reaction under study.

HC 0 HC 0 HC 0 O
N f N
P—NH, _DPU/CmO PNy, PONO PN=NPh
/ (Br,/OH~/H,0) / /
n-Hy,Cs0 n-Hy, G0 n-Hy,Ce0
(3¢) (4 p

EXPERIMENTAL

The IR spectra of the liquid compounds were taken in a thin layer and the IR spectra of the solid compounds were taken

- in a KBr disk on the Specord IR-75 spectrometer. The NMR spectra for the 'H, 3C, “N, and 3'P nuclei were obtained in

acetone-dg on the Bruker AM-300 spectrometer at frequencies 300.13 (*H), 75.5 (*C), 21.7 (**N), and 121.5 MHz C!P). The

chemical shifts of the "H and *C signals were measured relative to acetone-d (5 30.0 ppm); for N, relative to nitromethane
(external standard, & 0.0 ppm); for 3'P, relative to the external standard H,PO, (8 0.0 ppm).

Dibromoisocyanurate [11], 2-nitro-2-nitrosopropane {12}, 1-nitro-1-nitrosocyclopentane [13], 1-nitro-1-nitrosocyclohex-
ane {13], amidophosphinates 3f-i [8] were obtained according to literature techniques.

O-Alkyl-P-methyl and O-Cycloalkyl-P-phenyl-P-amidophosphinates (3a-e). Dry NH, was passed through a solution
of 10 mmoles of the corresponding P-chlorophosphinate in 10 ml absolute ether at —50°C until precipitation stopped ( ~ 40 min).
The precipitated NH,Cl was filtered and washed with ether, and the solvent was removed. The products were crystallized from
hexane. The yield and properties of 3a-e are presented in Table 4.

N’-Phosphinatodiazene N-Oxides (2a-v). A mixture of 10 mmoles of the nitroso compound, 10 mmoles
amidophosphinate, and 20 mmoles dibromoisocyanurate in 10 mi CH,Cl, was stirred for 12-24 h at 20°C. The excess DBI and
cyanuric acid were filtered off, washed with CH,Cl, (2 X 5 ml). The filtrate was evaporated under vacuum. The products 2a-v
were isolated using TLC (Silpearl, ether as eluting agent). Compounds 2k, Ps £, u were crystallized additionally from hexane,
The yields and properties of 2a-v are presented in Table 1.

P-(N,N-Dibromoamido)-O-octyl-P-methylphosphinate (4). A. A mixture of 1.0 g (5 mmoles) O-octyl-P-
methylamidophosphinate and 2.87 g (10 mmoles) dibromisocyanurate in § mi CH,Cl, was stirred for 12 h at 20°C. The excess
DBI and cyanuric acid were filtered off and washed with CH,ClL, 2 X 3 ml). The filtrate was evaporated under vacuum.,
Obtained: 1.65 g (94%) 4 in the form of a transparent yellow oil. TR spectrum (», con™Y): 1050 (P—0~C), 1260 (P=0). PMR
spectrum (3, ppm): 1.0 m (I15H, CgH;y); 1.79 d (3H, PCH,); 4.05 m (2H, CgHy7). Found, %: P 8.49; Br 43.80.
CoH,oPO,NBr,. Calculated, %: P 8.55; Br 39.02.

B. 1.5 g (10 mmoles) bromine was added dropwise to a solution of 1.0 g (5 mmoles) Q-octyl-P-methylamidophosphinate
and 0.7 g (5.3 mmoles) K,CO, in 5 ml water at 0°C with stirring. The mixture was stirred for 30 min at 0°C and then for 1
h at 20°C. CH,Cl, (15 ml) was added, the organic layer was separated, and the aqueous layer was extracted with CH,Cl, (3 %
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TABLE 3. Chemical Shifts (3, ppm) and Width of “N signals (A»,,, Hz) and
Chemical Shifts of 3P Signals (5, ppm) for N’-Phosphinatodiazene N-Oxides 2b, d,

k-n
.-..HN(O) e HI\IO2 SIP
Compound
s Avy, s Avy, s
2b -30.8 84 0.1 66 30.9
?d -36.0 135 - - 315
2k ~28.5 100 -0.2 70 28.3
21 -29.6 144 -1.0 117 28.7
2m -30.3 168 -1.2 126 28.7
2n -33.8 248 - - 29.8

TABLE 4. Yields, Physicochemical and Spectral Characteristics of Amides of

Methylphosphonic and Phenylphosphonic Acids 3a-e
R0 O
\I[’;—NHz

e
R3

IR trum -t
Cg& ) . o leiers Top. spec v em™) PUR spect
P W °C P~0—C | P=0 NH, (g 5) ppm, J,
z

3a Me Me | 31 |53-55 | 1050 | 1210 3100-3450 | 1.43 d (3H, CH,P,
I=17); 3.56d (3H,
CH,0, J=11):
370br.s (2H.
NH;}

3b Et Me | 30 | 35-37 | 1040 | 1210| 3100-3400 [1.28 £ (3H, CCHs,
J=7); 155 d (3H,
CH,P. J=17);
3.95 m (4H, CH,,
NH,)

3e CsHy-c | Me 99 20 1030 1200 | 3100-3400 [1.38 d (3H, CH.P,
J=1T}); 0.68—

1.67 m (15H,
C?H{s); 3.78m (éH,
CH,, NH,)

3d CeHyi-c | Me 3 | 7274 1050 1205 | 3150--3350 [1.45 d (3H, CH,P,
J=17); 1.45-2.00 m
(6H, (CH3)s); 3.15
‘br.s (2H, NH»);
4,32 m (1H, CH)

3e C¢Hyy-c | Ph 45 |108-115{ 1020 1210 3150-3350 {0.90-2,00 m
(CeHm): 4.30m
(1H, CH): 7.33m
(5H. CsHy)

*In acetone-dg relative to HMDS [sic].

HC O HC O HC 0 0

i CHLC i PHN NG
b, _DBI/CHLL P_NBr, TN PN--NPh
(B, OTL-/H,0) Vs :
n-H;,Cg0 n-Hy,Cs0 7-H,.CL0

(3¢} (4) (2§}

5 ml). The combined organic layer was washed with cold water (2 X 5 ml) and dried. The solvent was removed under vacuum.
Obtained: 1.2 g (68%) 4 in the form of a transparent oil, according to IR and PMR spectra identical to the product obtained
according to method A.

N-Phenyl-N'(Q-octyl-P-methylphosphinato)diazene N-oxide (2j). A mixwre of 1.0 g (3 mmoles) 4 and 0.35 g (3.3
mmoles) nitrosobenzene in 10 mi CH,Cl, was stirred for 12 h at 20°C. The solvent was removed under vacuum and the residue
was chromatographed on silica gel (eluting agent, ether). Obtained: 0.15 g (17%) 2§, according to IR and PMR spectra identical
to the product synthesized from nitrosobenzene and O-octyl-P-methylamidophosphinate in the presence of DBL
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