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By condensation of O-alkylhydroxylamines with chlorides of diphenylphos-
phoric and phenylphosphoric acids and with phosphorus trichloride oxide the
corresponding mono-, bis-, and tris(O-alkylhydroxylamides) of these acids
have been prepared. Mono-O-alkylhydroxylamides were also synthesized in
the reaction of free bases of O-alkylhydroxylamines with diethyl or diphenyl
esters of hydridophosphoric acid in the presence of carbon tetrachloride. In
acid medium the O-alkylhydroxylamides hydrolyze to form O-alkylhydroxyl-
ammonium salts. In base medium the ester groups are saponified, and,
moreover, in bis- and tris(O-alkylhydroxylamides) a partial cleavage of P—N
bonds takes place.

MoHo-, 61c- 1 Tpuc(O -anKHUITHIPOKCHIaMHAbI) ObITH NPUrOTOBJIEHb! KOH-
AeHcauHeH cooTBeTCTBYIOWMX O -aJKHITHAPOKCHIIAMHHOB C XJIOPHAaMH AHde-
HundocpopHoi M (peHHnPochHOpHOH KHMCIOT M C XJOPOKHChIO ¢hocdopa.
MoHO-O -anKHATHAPOKCHIAMHIBI ObLIH PHIOTOBJEHBI TAKXe peaklUHeENH CBO-
6onHOro ocHoBaHus O -aJIKHITMAPOKCHIAMHHOB C AMITHII- WM AudeHHndoc-
¢HTOM B NPHCYTCTBUH YETHIPEXXJIOPHCTOrO yraepona. B kucnoit cpepe O-ain-
KWITHAPOKCHJIAMH bl MOABEPralOTCs THAPONIH3Y C 06pa3oBaHHEM coned O-an-
KHITHIPOKCHJIaMMOHHS. B 11e104HOM cpefie NPOHCXOAHT OMbLIEHHE 3PHPHBIX
rpynm, a B ciyyae 6mc- 1 Tpuc(O -aNIKMITHIPOKCHIAMHIOB) TaKXE YaCTHYHBIH
pa3pbIB cBa3ei P—N.

While the amides and hydrazides of phosphoric acid were widely dealt with in the
literature, we possess but scanty pieces of knowledge on phosphorylated hydrox-
ylamines. Kreutzkamp and Schindler [1] prepared hydroxylamide of the diphenyl-
phosphinic acid (CsH;),P(O)NHOH by condensation of hydroxylamine with the
chloride of this acid. Cates [2] prepared esters of hydroxylamido- and
O-methylhydroxylamidophosphoric acids and studied their physiological effect.
However, detailed chemical characteristics of the above substances were not given.

Theoretically, the phosphorylation of hydroxylamines may take place on both,
the nitrogen or oxygen atom. Formation of O-phosphorylated hydroxylamines was
observed in the course of enzymatic processes [3] and in the course of the reaction
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of hydroxylamine with amidophosphate [4] or with p-nitrophenylmethylphos-
phate, respectively [5]. Since O-phosphorylated hydroxylamine hydrolyzes readily,
it was not possible to isolate it.
In order to prevent a possible formation of O-phosphorylated derivatives of
hydroxylamine, O-methyl- and O-benzylhydroxylamines were used for syntheses.
For preparation of the amides of phosphoric acid most frequently the reactions
between amines and chlorides of this acid are used; e.g.

(RO),P(O)CI+2NHR'R" —
— (RO),P(O)NR'R"+NHR'R"-HCI A)

Monoamides may be also conveniently prepared by a reaction of amine with dialkyl
or diaryl ester of the hydridophosphoric (phosphonic) acid (RO).P(O)H in the
carbon tetrachloride medium [6]

(RO),P(O)H+2NHR'R"+CCL, —
— (RO),P(O)NR'R"+ CHCIl; + NHR'R"-HCl (B)

Both above methods were also used with success for the synthesm of O-alkyl-
hydroxylamides of phosphoric acid.

Expérimental

Literature sources according to which the following substances were prepared are referred
to in parentheses: O-methylhydroxylamine [7]; O-benzylhydroxylamine [8]; chloride of
the diphenyl ester of phosphoric acid [9]; dichloride of the phenyl ester of phosphoric acid
[10]; diethyl ester of hydridophosphoric acid [11]; diphenyl ester of hydridophosphoric acid
[12]; diphenyl ester of phosphoric acid [9]. All remaining chemicals were of anal. grade,
supplied by Lachema, Brno.

The purity of the reagents, as well as the course and results of hydrolytic processes were
checked and followed by chromatographic method. The esters and the products of the acid
hydrolysis were chromatographed on a layer of SiO, (Silikagel L 40/100 p, Lachema, Brno)
by elution with a mixture of ether—benzene (2:1). The base hydrolysis was followed by
paper chromatography on Whatman No. 4, elution was performed with a mixture of
isopropyl alcohol—isobutyl alcohol—water—concentrated ammonia (20:60:19:1). After
the product has been hydrolyzed using the mixture concentrated hydrochloric acid—alcohol
(1:3), the detection was performed by spraying the chromatographic paper with 1%
alcoholic solution of picryl chloride and by exposing it to ammonia vapours. The R, values,
the results of analyses, and the melting points of the synthesized substances are listed in
Table 1.

'H-N.m.r. spectra were recorded with a Varian T-60 spectrometer in the solutions of
deuterated dimethyl sulfoxide ; tetramethylsilane was the internal standard.
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Table 1

Physical constants and results of analyses on the derivatives of O-alkylhydroxylamides of phosphoric acid

Calculated/found Yield M.p., °C
No. Compound Formula M % Solvent R,
%C %H %N %P
I (C,Hs;0),PO(NHOCH;) CsH {NOP 183.12 3280 7.71 7.65 1691 80 — 0.05
32.51 793 7.68 16.76
II (C,Hs0),PO(NHOCH,C¢Hs) C,H;sNO,P 259.22 5097 7.00 540 1195 60 — 0.11
50.32 6.82 4.92 11.47
I (C¢Hs0),PO(NHOCH,) C3H 4sNO,P 279.21 5592 505 5.02 11.09 52 59—60 0.55
56.11 5.19 5.14 11.13 Ether—pentane
IV (C¢H;0),PO(NHOCH,CsHs) Ci9H ;3NOP 355.33 64.22 5.11 394 872 68 70 0.60
£ 6445 540 3.87 8.63 Alcohol
V  (C¢HsO)PO(NHOCH;), CsH3N,O4P 232.16 4139 5.64 12.07 13.34 60 62—63 0.30
¢ 4094 5.75 12.15 13.67 Ether—pentane
VI  (C¢HsO)PO(NHOCH,C¢Hjs), CyH;1N, 0P 384.36 62.50 551 7.29 8.06 75 78 0.38
62.62 5.78 7.19 8.11 Water—alcohol
Vil  PO(NHOCH,;C¢Hs); C2iHsN;O,4P 41340 61.01 5.85 10.16 7.49 55 94 0.10
60.37'5.99 1033 7.42 Carbon tetrachloride
vill NH,0CH,C¢Hs- (HO)(C¢Hs0),PO C,H;(NO;P 37334 61.13 540 3.75 830 92 110—111 0.00
60.86 5.80 3.71 8.76 Benzene
IX (NaO)(C¢HsO)PO(NHOCH,) C;HyNNaO,P 225.09 6.22 13.76 70 — 0.28°
593 13.79
X  (NaO)(C4HsO)PO(NHOCH,C¢H;s) C,3H,;NNaO,P 301.21 4.65 10.28 63 — 0.59¢
4.46 10.27
XI  (NaO)PO(NHOCH;), C,HgN,;NaO,P 178.04 13.49 453 1573 17.40 75 — 0.06°
1298 4.71 15.58 17.68
XII  (NaO)PO(NHOCH,C¢Hs), CisH\¢N;NaO,P  330.26 50.92 488 848 938 40 — 0.58°
50.48 4.67 835 9.49

“R; values for paper chromatography.
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Preparation of diphenyl esters
of O-alkylhydroxylamidophosphoric acid

a) To O-alkylhydroxylamine (0.1 mole) in dry benzene or ether (300 ml) the solution of
chloride of diphenylphosphoric acid (0.05 mole) in the above solvent (100 ml) was added
dropwise under constant stirring for 30 min. After the whole amount had been added the
stirring was continued for another 60 min and the whole was then allowed to boil under
reflux for 30 min, the separated O-alkylhydroxylammonium chloride was then filtered off
and the filtrate was evaporated to dryness. The oil formed was allowed to recrystallize in
a refrigerator. The recrystallization took place in a mixture of ether—pentane.

b) To the solution of O-alkylhydroxylamine (0.1 mole) in dry ether (200 ml) dry carbon
tetrachloride (100 ml) and diphenyl or diethyl ester of hydridophosphoric acid (RO),P(O)H
(0.05 mole) were added. Then this was allowed to stand at room temperature for 3 days, the
separated O-alkylhydroxylammonium chloride was filtered off and evaporated to dryness.
The yield was about 60—80%. This method is not suitable for preparation of the diphenyl
ester of O-benzylhydroxylamidophosphoric acid.

The phenyl ester of bis(O-alkylhydroxylamido)phosphoric acid and tris(O-benzyl-
hydroxylamide) of phosphoric acid were prepared in a similar way by condensation of the
respective chlorides of phosphoric acid with O-alkylhydraxylamine in benzene or ether,
under the condition that the ratios of NH,OR:(CH;O)POCI, and of
NH,OCH,C.H,: POCI, are 4:1 and 6:1, respectively, and that the condensation is
performed under external cooling.

Preparation of O-benzylhydroxylammonium salt
of diphenyl ester of phosphoric acid

Diphenyl ester of O-benzylhydroxylamidophosphoric acid (3.5 g) and diphenyl ester of
phosphoric acid (0.5 g) were dissolved in 50% alcohol (200 ml) and the solution was boiled
for 48 h under reflux. The solution was evaporated to the volume of 50 ml and cooled
subsequently. The precipitated crystals were sucked off and recrystallized from benzene.

Preparation of sodium salt of phenyl ester of O-alkylhydroxylamidophosphoric
acid and of sodium salt of bis(O-alkylhydroxylamido)phosphoric acid

Phenyl ester of O-alkylhydroxylamidophosphoric acid (0.01 mole) and sodium hydroxide
(0.01 mole) were dissolved in 50% alcohol (100 ml) and the solution was steam heated for
4 h. Then it was evaporated to dryness, the crystalline residue was extracted with 3 X 10 ml
ether and 2 X 5 ml alcohol. The solid residue was then dissolved in the least possible amount
of methanol and precipitated with ether.

Chem. zvesti 31 (1) 38—44 (1977) 41



F. KASPAREK
Results and discussion

As to their structure and properties, the O-alkylhydroxylamides of phosphoric
acid resemble a great deal the corresponding amides. The diethyl esters of
O -alkylhydroxylamidophosphoric acid are oily liquids. the phenyl esters of mono-
and bis (O-alkylhydroxylamido)phosphoric acid and tris(O-benzylhydroxylamide)
of phosphoric acid are white crystalline substances, which are easily soluble in
alcohol, ether, benzene, and insoluble in water. From those only the diethyl ester of
O-methylhydroxylamidophosphoric acid is miscible with water and partly soluble
in ether. The melting points of the crystalline esters are lower by 30—40°C than
those of the corresponding amides. Also the chemical properties are analogous to
those of amides. The esters of O-alkylhydroxylamidophosphoric acids are submit-
ted to hydrolytic cleavage of P—N bonds in acid medium, with the formation of the
respective O—alkylhydroxylamTonium salts

(RO),P(O)NHOR’ +H,0 —> NH,OR’+ (HO)(RO),PO (C)

The ethyl esters hydrolyze more readily than the phenyl ésters; the same
observation was made with the esters of N-alkylamidophosphoric acids [13].
Bis(O-alkylhydroxylamides) and tris(O -benzylhydroxylamide), as well as the salts
of O-alkylhydroxylamidophosphoric acids hydrolyze very easily.

In base medium the P—N bond is very stable. Only in the case of bis(O-al-
kylhydroxylamides) and tris(O-benzylhydroxylamide) the partial cleavage of the
P—N bonds takes place, too. The saponification of the ester groups is, however,
favoured. In the case of the diesters of mono-O-alkylhydroxylamidophosphoric
acids, and in the case of their corresponding amides, only one ester group is
saponified with the formation of an alkali salt of the monoester of O-alkylhydro-
xylamidophosphoric acid

(RO),P(O)NHOR' +NaOH — (NaO)(RO)P(O)NHOR'+ROH (D)

There are just traces of a saponification of the second ester group if we use the
alkali hydroxide in excess during a long boiling period in the presence of alcohol.
The bis- and tris(O-alkylhydroxylamides) usually yield, under identical conditions,
a diversified mixture of hydrolytic products.

The assumed structure of O-alkylhydroxylamidophosphoric esters was con-
firmed, apart from chemical evidence, by measurements of 'H-n.m.r. spectra. In
the spectra of phenyl esters (Table 2) the signals of the NH protons, of the aromatic
groups, and of the —CH,C,H; and —OCH, groups could be observed. The signals
of the protons were doublets and resulted from the spin-spin interaction between
the proton of the NH group and the *'P nucleus. From the n.m.r. spectra of
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Table 2

Values of chemical shifts of 'H-n.m.r. spectra of phenyl esters of O-alkylhydroxylamides of phosphoric acid

NH Aromatic protons Other
No. Compound Assignment
] Intensity [ Intensity é Intensity

I (C¢Hs0),PO(NHOCHj;) 9.70 1H 7.10—7.65 I10H 3.58 3H O—CH,

II  (CeH;0),PO(NHOCH,C¢Hs) 9.66 1H 7.15—17.60 15H 4.77 2H O—CH,—C¢H;
111 (C4HsO)PO(NHOCH,), 9.13 2H 6.80—7.35 SH 3.57 6 H O—CH,
IV (CsHs;O)PO(NHOCH,C4Hs), 9.11 2H 7.15—17.60 1ISH 4.77 4H O—CH,—CH;

V  PO(NHOCH,C¢H;s); - 8.48 3H 7.32 ISH 4.77 6 H O—CH,—C4H;
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substances containing a single NH group, i.e. of monohydroxylamides, the
spin-spin interaction constant Jiy_s%=24 Hz could be determined. All other
substances showed broadened peaks of the doublet, while the distance between
them was shorter. Even in the spectrum of bis(O-methylhydroxylamide) a broad
singlet was observed. This broadening and approaching of both peaks of .the
doublet is presumably due to the intramolecular exchange of protons between the
NH groups in the molecules of these substances.
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