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A group of hitherto unknown 1-aryl-3,3-bis(dimethyl-
phosphinoylmethyl)-, 1-benzyl-3,3-bis(dimethyl-phosphinoylmethyl)-
and 1-cyclohexyl-3,3-bis(dimethyl-phosphinoylmethyl) ureas and
thioureas 1–10 have been synthesized, characterized, and are re-
ported in this article. The compounds were prepared via reaction
of corresponding isocyanates or isothiocyanates with the secondary
phosporus-containing amine: bis(dimethyl-phosphinoylmethyl)-amine.
The composition of the novel compounds was proved by elemental
analysis, corresponding structures were confirmed by IR, 1H-, 31P-,
31P{ 1H}-NMR spectroscopy and by mass spectrometry.

Keywords: Bis(dimethyl-phosphinoylmethyl)-amine; isocyanates;
isothiocyanates; syntheses; tertiary phosphine oxides; thioureas;
ureas

INTRODUCTION

The tertiary phosphine oxides functionalized with primary or secondary
amino functions are a relatively small group of organophosphorus
compounds.1−10 Due to the high reactivity of the amino groups,
these compounds could be used as phosphorylating agents of polymers,
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for incorporation of tertiary phosphine oxide groups into organic
molecules as well for preparation of new organophosphorus
compounds.11 For example L. Maier12 and S. Varbanov et al.13−17

have reported the synthesis of tertiary phosphine oxides contain-
ing primary amino groups: aminomethyl-dimethylphosphine oxide,
bis(aminomethyl)methylphosphine oxide, several aminoalkyl-oxy-
methyl-dimethylphosphine oxides, and o-, m-, and p-dimethylphos-
phinoylmethyleneoxy-anilines. It has been shown that some of
these compounds can be used to synthesize phosphorus-containing
nitrosoureas,18 bifunctional phosphorus containing monomers,14

rigid polyurethane foams,13 epoxide-amine polymers,19 organometal
complexes,20,21 Schiff bases,22 triazolo- and pyrazolopyrimidine
derivatives.23 The majority of those compounds exhibit biolog-
ical activity, for example, the platinum complexes and the ni-
trosourea derivatives of aminomethyl-dimethyl-phosphine oxide and
bis(aminomethyl)methyl-phosphine oxide possess antitumor activity
being of low toxicity.18,21 The phenoxyphenyl-aminoalkylphosphine
oxides, reported by L. Maier,24 triazolo- and pyrazolopyrimidine
derivatives of aminomethyl-dimethyl-phosphine oxide23 proved to be
active herbicides.

The present work is a continuation of our previous investigations on
the preparation of new nitrogen-containing tertiary phosphine oxides
based on tertiary phosphine oxides containing amino groups16,22,25,26

and reports on the synthesis and characterization of compounds 1–10:
urea and thiourea derivatives of bis(dimethyl-phosphinoylmethyl)-
amine, which are expected to exhibit biological activity and complex-
formation properties with metal ions.

RESULTS AND DISCUSSIONS

Urea and thiourea derivatives 1–10 (Table I) were synthesized
by interaction of corresponding isocyanates or isothiocyanates with
bis(dimethyl-phosphinoylmethyl)-amine in chloroform solution at
room temperature. The method was chosen because it is known
to be a route for the preparation of asymmetric N-substituted
ureas and thioureas27 including phosphorus-containing ureas and
thioures25,26 based on aminomethyl-dimethylphosphine oxide and
dimethyl-phosphinoylmethyleneoxy-anilines. The reaction proceeds via
a nucleophilic addition of the amine to the isocyanates or isothio-
cyanates according to the Scheme 1. A. Williams and W. P. Jenks28

have shown that isocyanates react with amines according to a stepwise
mechanism forming an intermediate zwitter ions [ZI].
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SCHEME 1

The same authors have also established that in the case of strong
basic amines this reaction proceeds without any catalyst, while weak
basic amines require a catalyst to transform the zwitter ion [ZI]
into the corresponding urea derivative. It is known that electron
withdrawing substituents attached to the amines decrease the ba-
sicity (respectively the nucleophilicity) and the rate of the reaction
with isocyanates.29,30 Because of having two electron withdrawing
phosphoryl groups (P O) in the molecule the pKa value of bis(dimethyl-
phosphinoylmethyl)-amine is as low as 2.52,16 while the pKa constants
of secondary aliphatic amines are higher than 11.00, such as
diethylamine 11.02, di-n-butylamine 11.25.31 It means that
bis(dimethyl-phosphinoylmethyl)-amine is considerably less basic.
In spite of this fact the ureas and thioureas 1–10 were prepared in very
high yields of about or above 80% (Table II). These results allow to
conclude that the bis(dimethyl-phosphinoylmethyl)-amine has enough
nucleophilicity to react very easily with high reactive isocyanates
and isothiocyanates at 20–30◦C without application of any catalyst to
form the corresponding ureas and thioureas 1–10. Furthermore the
interactions proceed with slight exothermal effect. This effect is lower
in case of isothiocyanates. The latter agrees with the lower reactivity
of isothiocyanates. It was noted that the yields of the products 1–10
were insignificantly lower than the yields of the corresponding ureas
and thioures of aminomethyl-dimethylphosphine oxide25 prepared via
the same route. This finding is explained with the higher basicity (pKa
6.2317), respectively higher reactivity, of this phosphorus-containing
primary amine.

Some preparative and analytical data of the compounds 1–10 are
given in Table II. The compounds are colorless crystalline substances.
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TABLE I Molecular Structure of Urea and Thiourea Derivatives of
Bis(dimethyl-phosphinoylmethyl)-amine

No. Compound

1

1-Phenyl-3,3-bis(dimethyl-phosphinoylmethyl)urea

2

1-(3-Chlorophenyl)-3,3-bis(dimethyl-phosphinoylmethyl)urea

3

1-(Naphthalen-1-yl)-3,3-bis(dimethyl-phosphinoylmethyl)urea

4

1-Cyclohexyl-3,3-bis(dimethyl-phosphinoylmethyl)urea

5

1-Phenyl-3,3-bis(dimethyl-phosphinoylmethyl)thiourea

6

1-(4-Chlorophenyl)-3,3-bis(dimethyl-phosphinoylmethyl)thiourea

7

1-(4-Methylphenyl)-3,3-bis(dimethyl-phosphinoylmethyl)thiourea

8

1-(4-Methoxyphenyl)-3,3-bis(dimethyl-phosphinoylmethyl)thiourea

9

1-Benzyl-3,3-bis(dimethyl-phosphinoylmethyl)thiourea

10

1-Cyclohexyl-3,3-bis(dimethyl-phosphinoylmethyl)thiourea

They are easily dissolved in DMSO and DMFA and are less soluble
in methanol, ethanol, chloroform, dichloromethane, acetone or water.
They are sparingly soluble in diethyl ether, tetrahydrofurane, diox-
ane while insoluble in aliphatic and aromatic hydrocarbons. The com-
position of 1–10 was established by elemental analysis for nitrogen
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TABLE II Preparative and Analytical Data of Urea and Thiourea
Derivatives of Bis(dimethyl-phosphinoylmethyl)-amine

Nitrogen (%)

No. Yield (%)
m.p., ◦C

(solvent for recr.)
General formula

mol. mass Found Calcd.

1 92 164–165 C13H22N2O3P2 8.63 8.86
(ethylacetat-ethanol) 316.28

2 89 182–183.5 C13H21ClN2O3P2 8.10 7.99
(ethanol) 350.72

3 79 224–226 C17H24N2O3P2 7.48 7.65
(ethylacetat-ethanol) 366.34

4 93 166–167 C13H28N2O3P2 8.53 8.69
(ethylacetat) 322.32

5 82 86–87 C13H22N2O2P2S 8.25 8.43
(ethanol) 332.34

6 78 102–102.5 C13H21ClN2O2P2S 7.76 7.64
(ethanol) 366.78

7 95 99–100 C14H24N2O2P2S 8.21 8.09
(ethylacetat-ethanol) 346.36

8 97 93–94 C14H24N2O3P2S 7.49 7.73
(chloroform-ethanol) 362.36

9 85 134.5–135.5 C14H24N2O2P2S 7.86 8.09
(chloroform-ethylacetat) 346.36

10 97 179–181 C13H28N2O2P2S 8.35 8.28
(ethylacetat) 338.39

(Table II). Their structures were confirmed by IR, 1H, 31P and 31P{1H}
NMR spectroscopy, and by mass spectrometry as well.

The infrared spectra of 1–10 (Table III and Table IV) showed char-
acteristic bands assigned to the phosphoryl group (P O) at 1126–
1184 cm−1, methyl group bonded to a phosphorus atom (CH3 P) at
1296–1311 cm−1, bands for the carbonyl group (C O) involved in hydro-
gen bonds at 1644–1657 cm−1 (Amide I), and thiocarbonyl groups (C S)
at 936–941 cm−1, 1059–1113 cm−1, and 1292–1298 cm−1 (correspond to
Amide I), bands for NH amide groups associated via hydrogen bonds
at 1516–1572 cm−1 (Amide II) and several bands at 3045–3483 cm−1,
characteristic bands of C N bonds at 1404–1448 cm−1 (Amide III).
There were bands for aromatic rings at 1459–1513 cm−1 and 1588–
1648 cm−1 respectively. The former were more intensive than the latter
in all the cases. The bands of the phosphoryl groups (P O) of 1–10 are
shifted with 30–50 cm−1 to the lower frequencies as compared to non-
substituted tertiary phosphine oxides, which is due to their association
with N H amide and thioamide protons via hydrogen bonds.32 All the
compounds 1–10 have shown two or three bands for the phosphoryl
group. This phenomenon could be ascribed to different spatial isomers
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TABLE III Characteristic Infrared Frequences (ν cm−1) of Urea Derivatives
of Bis(dimethyl-phosphinoylmethyl)-amine

ν

No.
ν

P O
ν

CH3P
ν

CH2P

ν

C O
(Amide I) Amide II N H

ν

C N
(Amide III)

ν

C6H5

1 1152(vs) 1308(s) 755(s) 1651(vs) 1544(s) 3045(w) 1448(s) 1597(s)
1156(vs) 3126(w)

3431(vs)
2 1156(m) 1311(m) 747(w) 1657(s) 1544(m) 3088(w) 1421(w) 1486(m)

1173(vs) 3118(w) 1595(m)
3221(w)
3274(w)

3 1150(vs) 1296(m) 753(w) 1644(vs) 1525(vs) 2980(w) 1446(s) 1506(m)
1167(vs) 3224(m) 1597(w)

4a 1132(vs) 1305(m) 757(m) 1650(vs) 1516(vs) 3360(vs) 1422(m) —
1150(vs)
1180(s)

aThe bands for CH2 groups of this compound are at: 899(s) cm−1, 2856(m) cm−1, and
2935(s) cm−1.

TABLE IV Characteristic Infrared Frequences (ν cm−1) of Thiourea
Derivatives of Bis(dimethyl-phosphinoylmethyl)-amine

ν

No.
ν

P O
ν

CH3P
ν

CH2P
ν

C S Amide II N H

ν

C N
(Amide III)

ν

C6H5

5 1141(vs) 1308(s) 745(m) 941(vs) 1561(s) 3190(w) 1415(w) 1498(m)
1175(s) 1074(w) 3250(w) 1598(s)

1293(s) 3423(vs)
6 1139(vs) 1308(w) 756(w) 939(m) 1524(m) 3201(m) 1404(w) 1494(m)

1159(s) 1091(w) 3365(m) 1588(w)
1293(m)

7 1145(vs) 1306(m) 754(w) 938(vs) 1524(vs) 3211(s) 1406(w) 1459(s)
1162(vs) 1113(w) 3375(s) 1588(w)

1292(m)
8a 1126(vs) 1306(m) 749(m) 937(vs) 1566(vs) 3201(w) 1415(m) 1513(vs)

1154(vs) 1106(m) 3254(w) 1612(m)
1182(m) 1298(s) 3452(vs)

9b 1131(vs) 1309(m) 755(w) 941(s) 1572(s) 3223(w) 1428(m) 1493(w)
1146(vs) 1059(w) 3420(m) 1648(w)

1295(m) 3483(s)
10c 1137(vs) 1310(m) 756(w) 936(w) 1539(s) 3303(vs) 1408(w) —

1151(vs) 1081(w) 3442(vs)
1184(m) 1298(m)

aThe bands for CH3 O Ar are at 1034(m) cm−1 and 1245(vs) cm−1.
bThe band for CH2Ar is at 733 cm−1.
cThe bands for CH2 groups of this compounds are at 877(vs) cm−1, 2855(s) cm−1, and

at 2925(vs) cm−1.
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TABLE V 1H and 31P{1H} NMR Data of Urea and Thiourea Derivatives
1–10 of Bis(dimethyl-phosphinoylmethyl)-aminea

1H NMR data, protons

CH3P(O) CH2P(O) R NH C(X)

No. δ 2JHP δ 2JHP δ 3JHH

Ar H
δ

31P{1H}
δ

1 1.63(d) 12.69 3.99(bs) — 9.91(s) — 7.25–7.40(m) +46.30
2 1.64(d) 12.27 3.99(bs) — 10.11(s) — 7.05–7.55(m) +46.31
3 1.67(d) 12.56 4.11(bs) — 9.79(s) — 7.40–8.26(m) +45.99
4b 1.57(d) 12.61 3.87(d) 3.47 7.25(bs) — — +46.10
5 1.70(d) 12.82 4.58(d) 4.38 10.75(s) — 7.13–7.44(m) +47.45
6 1.70(d) 12.82 4.57(d) 4.33 10.83(s) — 7.26–7.39(m) +47.47
7 1.70(d) 12.88 4.57(d) 4.38 10.62(s) — 7.10–7.30(m) +47.39
8c 1.70(d) 12.82 4.57(d) 4.49 10.55(s) — 6.80–7.50(m) +47.33
9d 1.56(d) 12.82 4.39(d) 4.11 9.04(t) 4.49 7.16–7.32(m) +46.72

10e 1.64(d) 12.88 4.41(d) 3.85 8.57(d) 6.62 — +46.97

aAbbrevations: bs—broad singlet, d—doublet, m—multiplet, s—singlet, t—triplet.
bThe signals of the methylene cyclohehane protons of the marked compound were at

1.15–1.95 ppm as four multiplets. The signal of cyclohexane CH N C(O) proton was
as a multiplet at 3.45–3.60 ppm. After deuterium exchange with CD3OD this signal
transformed to a broad singlet at 3.50 ppm.

cThe signal of methyl CH3OAr proton of this compound was a sharp singlet at 3.79 ppm.
dThe signal of methylene N CH2 Ph protons was at 4.74 (d) ppm with 2JHH 5.02 Hz.

The signal transformed to a singlet at 4.75 ppm after deuterium exchange with CD3OD.
eThe signals of methylene cyclohexane protons of this compound were at 1.15–2.10 ppm

as four multiplets. The signal of cyclohexane CH N C(S) proton was a multiplet at 4.1–
4.2 ppm.

and to two kinds of phosphoryl groups: the first one is bonded with
hydrogen bonds while the second one is not.32

1H NMR spectra of 1–10 (Table V) showed resonance signals as dou-
blets for the methyl group protons CH3P O at 1.56–1.70 ppm and
2JHP 12.27–12.88 Hz. The resonance signals of the methylene protons
CH2P O were registered as broad singlets for ureas 1–3 and as doublets
for urea 4 and thioureas 5–10 with 2JPH 3.47–4.57 Hz. These signals
of ureas 1–3 were doublets in solution of CD3OD or in a mixture of
CDCl3 and CD3OD (5:1 by volume) with the expected 2JHP coupling
constants of around 4 Hz. The signal of Ph CH2N protons in 9 was
a doublet with 2JHH 5.02 Hz because of the coupling with NH C(S)
thioamide proton. That is why the signal transforms to a singlet after
deuterium exchange of the thioamide proton. The resonance signal for
NH C(X) amide or thioamide protons of 1–3 and 5–8 were singlets at
around 9.5–10.5 ppm, while the signals for the same kind of protons of
4, 9, and 10 were broad singlet, triplet, or doublet respectively, because
of the coupling with cyclohexane CH C(X) proton (4 and 10) or with
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Ph CH2NC(S) protons (9). The signals of NHC(X) amide or thioamide
protons disappear after deuterium exchange, which is a relatively slow
process even in homogeneous solution of CDCl3 with CD3OD at room
temperature. In some cases this signal does not disappear even for 10 h,
but its integral intensity is significantly reduced.

The 31P{1H} and 31P NMR spectra of 1–10 were singlet or multiplet
resonance signals, respectively in the range of+45.99–+47.47 ppm, typ-
ical of tertiary phosphine oxides containing two methyl and a methylene
groups at the phosphorus atom.13,16,22,26

Mass spectrometric data (Table VI) confirm the proposed structures.
In the EI mass spectra (70 eV) peaks for molecular ions [M]+. of 1–10
are detected though their intensity is very low in some of the cases
because these multifunctional compounds have many possibilities of
fragmentation. The most abundant signals that appear in the spectra
are due to the even electron ions [(CH3)2P(O)CH2NHCH2]+ (m/z 120),
[CH3)2PO]+ (m/z 77), and [(CH2)2N]+ (m/z 42) and the distonic ion
[(CH3)2P+(OH)(CH2

.)] (m/z 92). The latter ion is an ylide ion with pos-
itive charge located on the phosphorus and the unpaired electron on
the adjacent carbon atom.22 Additionally FAB mass spectra have been
measured with 3-nitrobenzyl alcohol as a matrix. Abundant signals for
[M+H]+ can be found in all the spectra with relative intensities of about
40%. The base peak in FAB mass spectra (with exception of 8) is a signal
at m/z 120 that is due to the ammonium ion [(CH3)2P(O)CH2N+HCH2]
as observed in the EI mass spectra as well.

EXPERIMENTAL

Starting Materials

Bis(dimethyl-phosphinoylmethyl)-amine was prepared according to
reference.16 The used isocyanates and isothiocyanates were commer-
cially available products from Fluka and Merck. The solvents were dried
by standard procedures before usage.

Characterization of the Prepared Compounds 1–10

The elemental analysis for nitrogen content was performed accord-
ing to the method of Duma. The melting points were measured on a
Boetius microheating plate PHMK05 (Germany) and were uncorrected.
Infrared spectra (400–4000 cm−1) were recorded on a Bruker Vector-
22 IR spectrometer as KBr pellets. The 1H NMR spectra were recorded
on a Bruker Avance DRX 500 spectrometer operating at 500.13 MHz,
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using CDCl3 as a solvent. The chemical shifts are referenced versus int.
TMS. The 31P- and 31P{1H}-NMR spectra were recorded on the same
instrument at 202.45 MHz using the same samples as described above.
The chemical shifts are referenced versus ext. 85% H3PO4. EI-mass
spectra [EI-MS] (70 eV, source temperature 200◦C, direct inlet system)
as well as FAB mass spectra were recorded on a Finnigan MAT 8200
mass spectrometer.

General Procedure for the Preparation of Urea
and Thiourea Derivatives 1–10

A solution of isocyanate or isothiocyanate (2.0 mmol) in chloroform
(1.0 ml) was added dropwise at room temperature to a stirred solution of
bis(dimethyl-phosphinoylmethyl)-amine (2.0 mmol) in dry chloroform
(2.0 ml). A slightly exothermal reaction was observed. The reaction
mixture was stirred at 30–40◦C for 15 min, allowed to stay at room
temperature for about 5–6 h, and cooled. A crystalline precipitate was
formed. After addition of a few drops of dry diethyl ether to the reaction
mixture, the precipitate was separated by filtration and washed with
dry diethyl ether. The resulting crude product was recrystallized from
a solvent until constant melting point. The preparative and analytical
data of 1–10 are presented in Table II.
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