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Abstract  Phosphorus 2.4.5-imidavolidinetriones arc obtained in two different ways © the
synthests of dithiophosphate and phosphonium salt derivatives involves the reaction between a
common N-chloromethyl heterocyele and corresponding phosphorus partners. while the
preparation of phosphonate and phosphine oxide imidazolidinetriones is done by two multi-sicp
synthesis starting from different phosphorus phthalimides

Numerous 2.4.5-imidazolidinetriones are known for their herbicide'®, plant growth regulator'™', and in a
minor part, fungicide properties'®. As early as 1959, I-alkyl 3-aryl parabanic acids, and for instance the very

simple structure I, were found particularly effective as pre-emergent herbicides'

[¢]
I R=CHs R = CgHs )J\
11 R =CH3. R’ = C(O)QisoC 3Hg R—N" "N-R'
I R = CH3. R’ = C{O)NHC3H7
o] 0

During the following vears, more elaborated structures, such as Il and 111, were prepared and used as plant

growth regulators'™'",

As part of our interest in the emergence of new chemicals in the field of agropharmaceutical manufacturing?,

we chose to associate in the same structure the previous kind of heterocyle with a phosphorus group, which
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could serve both as a carrier (as in the case of the phosphazenic derivative Apholate) and as an active part of

the molecule (like the dithiophosphate function in Malathion)

4. b

FN CH3O_ S
DN—II’ 1'9'—\(] P
; \\N/ \N : CH30 S—(;H—C@El
< > CHy—COFt
Apholate Malathion

In order to obtain a series of new 2.4 5-imidazolidinetriones (4,5.12 and 13), we planned to first
synthesize the unknown chlorinated precursor 3, and to react it with the various phosphorus partners chosen :
0.0-diethyl dithiophosphate, triphenylphosphine, triethyl phosphite and ethy!l diphenylphosphinite

The base-catalyzed condensation between N-phenylimidazolidinetrione 1' and paraformaldehyde
(Scheme 1) in aqueous solution allowed us to obtain the expected N-hydroxymethyl derivative 2 in a 67%
yield but as a mixture of 2 and 1 However, the instability of 2 made its isolation very difficult. For instance, an
attempted recrystallization of impure N-hydroxymethyl N'-phenylimidazolidinetrione in ethanol induced an
important decomposition of 2 into 1 (the molar proportions were then nearly inverted from 73/27 to 14/86).
Moreover, the use of column chromatography as a method of purification failed, whatever the eluent or

support (silica gel, alumina) used, because the Rf value is the same for the two compounds.
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Scheme 1 Synthesis of phosphorus 2,4, 5-imidazolidinetriones using the N-chloromethyl precursor 3
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For this reason. the next step of chlorination. using a large excess of thionyl chloride, was realized
starting directly from a mixture of 2 and 1. The chiorinated precursor 3 was then easily isolated by column
chromatography (silica gel, dichloromethane) in 70% overall yield, because under these conditions, the final
product has a much higher Rf value than the starting material.

The reaction of 3 with the sodium O,O-diethyl dithiophosphate, prepared in situ, or with
triphenylphosphine, provided respectively the expected dithiophosphate 4 and the phosphonium salt 5 with
correct yields

In contrast, Michaelis-Arbuzov reactions involving N-chloromethyl N'-phenylimidazolidinetrione 3 and
triethyl phosphite or ethyl diphenylphosphinite did not give the corresponding phosphonate 12 and phosphine
oxide 13, although the total amount of phosphorus starting materials was consumed producing, however,
complex mixtures of compounds. Therefore, we used a quite different synthetic strategy (Scheme 2), in which

the cyclization by oxalyl chloride was realized in the last step of the synthesis whereas it was previously in the

first step
(E1O)3P
O {or O
PhyPOEt H)NNH3 . H>0
BrCHy—N @ E— CH>—N — @CHz—NHz
o 0
6 (L00%) () = (E10)2PO) 8 (100%) : (P) = (EtO)PO)
7 90%) - (P) = PhaPO) 9 (99%) :(B) = PhyP(O)
PhNCO
3} 0O 0
! o
Py —C~C=Cl $
@CHz—N N—Ph €———— @C}-lz—NI-PC—NHPh
o o
12 83%) (P) = (Et0)P(O) 10 (88%) : (P) = (E10)P(O)
13 95%)  (B) = PmP©O) 11 (99%) : (B) = PyP(O)

Scheme 2 Synthesis of 2,4, 5-imidazolidinetrione derivatives starting from phosphorus phthalimides.

The Michaelis-Arbuzov reactions already described on N-bromomethylphthalimide were reproduced to
prepare the intermediate compounds 6* and 7°. The amine functions were then deprotected in a classic and

direct way, using monohydrated hydrazine, although another method was previously reported in the literature’
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for the synthesis of 9 (acid hydrolysis of 7 followed by a treatment with sodium carbonate). In this last case,
the melting point of the solid obtained after the work-up of the reaction was lower than the one given in the
literature (88°C instead of 103°C). However, the 'H and *’P NMR spectra agreeing with the expected
structure, the compound 9 was used without further purification.

The free amines 8 and 9 gave then a very exothermic reaction with phenyl isocyanate affording
corresponding ureas 10 and 11 in better yields than those obtained using phosphorus acylisocyanates and
phenylamine as substrates®. This proved the quality of the unrecrystallized amine 9 previously isolated. It
should be noticed that the melting point measured for compound 11 was much higher than the one already
reported (216°C instead of 175°C).

In the final step, the well-known cyclization method of ureas by oxalyl chioride’ was applied to the
previous compounds, and these reactions allowed us to isolate the target compounds 12 and 13 in excellent

overall yields.

It must be pointed out that this last strategy could be advantageously applied to all kinds of phosphorus
urea since aminomethylphosphorus compounds would be readily accessible.

Biological tests of the new imidazolidinetriones are in progress.

EXPERIMENTAL

Mass spectra were recorded on a JEOL JMS-DX 300 spectrometer with ionizing energy of 70eV. !H (200
MHz), 13C (50.3 MHz) and 3!P (80.1 MHz) NMR spectra were taken on a BRUKER Ac 200 with
tetramethylsilane or phosphoric acid (85%) as reference (the chemical shift values are given in ppm and the
coupling constants are measured in Hertz). IR spectra were recorded on a PERKIN-ELMER 377. Melting
points were determined on a METTLER FP5 apparatus.

Phenylimidazolidinetrione 1°, phosphonates 6* and 8°, and phosphine oxide 7°, were prepared according to the
procedure described in the literature and used without further purifications, as melting points and

spectroscopic data were in agreement with the expected structures.

N-Hydroxymethyl N’-phenylimidazolidinetrione (2)

A mixture of phenylimidazolidinetrione 1 (4 g, 21 mmol), paraformaldehyde (0.70 g, 25.4 mmol) and
potassium carbonate (60 mg, 0.4 mmol) is heated at 70°C for 1 h. in water (200 mL). After cooling, the
solution is filtered affording a mixture (3.6 g) of the N-hydroxymethy! derivative 2 and the starting material 1
in 73/27 molar proportions (on the basis of 'H NMR).
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'"H-NMR (DMSO-d,) of the mixture = 5 (d, 1.46H, 2, = 7, CH, from 2); 6.8 (t, 0.73H, 2J,, = 7, OH
from 2), 7.2 to 7.7 (m, 5H, Ph from 1 and 2); 12.2 (s, 0.27H, NH from 1).
Yield : 67%.

N-Chloromethyl N'-phenylimidazolidinetrione (3)

The reaction is carried out under dry nitrogen. Thionyl chloride (143 g, 120 mmol) is added to a suspension
of the previous mixture (3.5 g, 13.7 mmol of N-hydoxymethyl derivative 2) in anhydrous carbon tetrachloride
(20 mL). After cooling, the starting material 2 (mixed with 1) is eliminated by filtration After removal of the
solvent, the N-chloromethyl N'-phenylimidazolidinetrione 3 is purified by column chromatography (silica gel,
dichloromethane)

Yield : 70% (2.3 g, 9.6 mmol) Colourless crystals. Mp on, = 128°C

'H-NMR (acetone-ds) = 5.6 (s. 2H, CH,Cl), 7.4 (m, 5H, Ph). "“C-NMR (acetone-ds) : 46.31 (s, CH,Cl);
127.48 (s, ortho), 129.94 (s, para); 130.10 (s, méta), 131.48 (s, ipso), 152.41 (s, NC(O)N), 156.31 et 156.57
(Zs, C(0)C(0)). GC/MS : /e (%) - 240 ( [M+2, 37Cl], 9); 238 ( [M]",27); 203 (3.6), 119 ( [M-PhNCO]*,
100); 91 (23.5). IR (KBr) (cm™) - 690 700, 755; 1190; 1295; 1400; 1440; 1500; 1730, 1780.

Anal. Calcd. for: C,5033;H,296; N, 11.74; Found - C, 50.1; H, 2.9: N, 11.3.

0,0-diethyl (phenylimidazolidinetrionyl)methyldithiophosphate (4)

N-chloromethyl N’-phenylimidazolidinetrione 3 (0.28 g, 1.17 mmol) is added to O,0O-diethyl dithiophosphate
(0.23 g, 1.25 mmol) and sodium carbonate (0.13 g, 1 25 mmol) in acetone (20 mL) The mixture is refluxed
for 4 h. After cooling, the sodium chloride and sodium hydrogenocarbonate formed during the reaction are
filtered off. The dithiophosphate 4 obtained after concentration of the filtrate is purified by column
chromatography (silica gel, ether/hexane . 1/1)

Yield : 66% (0.30 g, 0.77 mmol). Colourless crystals. Mp = 68°C

'H-NMR (CDCl,) - 1 35 (t, 6H, Y, = 7, CH,), 4.2 (m, 4H, CH,0); 5.05 (d, 2H, %y, = 13.8, CH,S), 7.4 (m,
SH, Ph). "C-NMR (CDClLy) = 15.73 (d, ¥, = 8.2, CH,), 40.08 (d, H,. = 4, CH,S); 6477 (d, 2y = 6.3,
CH,0): 125.56 (s, ortho), 129.18 (s, para), 129.39 (s, méta), 129.46 (s, ipso), 151.02 (s, NC(O)N), 154.83 et
154,46 (25, C(O)C(0)). *'P-NMR (CDCL,) : 89 2. Mass spectrum (EI) : 388 ( [M]",27); 343 (10); 204 (6),
185 (13); 154 (33); 121 (100); 93 (22). IR (KBr) (cm™') : 650; 750, 940; 965, 1005, 1190; 1275, 1390; 1420,
1735 1750.

Anal. Caled. for 1 C, 4329, H, 441, N, 721, Found : C,43.4,H, 45, N, 73.
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[(Phenylimidazolidinetrionyl)methyl|triphenylphosphonium chloride (5)

Equimolar amounts of N-chloromethyl N'-phenylimidazofidinetrione 3 (0.45 g, 19 mmol) and
triphenylphosphine (0.50 g, 1.9 mmol) are refluxed for 120 h. in acetonitrile (10 mL). After cooling, the
solution is precipitated in ether (200 mL) giving the phosphonium salt 5

Yield : 67% (0.65 g, 1.3 mmol) Colourless crystals. Mp aseon acory = 249°C.

'H-NMR (DMSO-d,) : 6.1 (d, 2H, 2, = 52, CH,P); 7.2 a 7.7 (m, SH, N-Ph); 7.7 4 82 (m, 15H, P-Ph).
“C-NMR (DMSO-d,) ‘- 3432 (d, Jp. = 60.3, CH,P), 116.17 (d, Jp. = 85.4, ipso P-Ph); 126.34 (s, ortho
NPh); 128.92 (s, para N-Ph); 129.19 (s, meta NPh), 129,96 (d, X = 13, ortho P-Ph); 130.09 (s, ipso NPh),
134.62 (d, }Jpe = 10.7, méta P-Ph), 135 41 (d, *Jp. = 27, para P-Ph); 152.04 (s, NC(O)N); 155.52 et 156.42
2s, C(0)C(0)). ¥P-NMR (DMSO-d,) - 18.7 Mass spectrum (FAB) : 465 ( [M]",100), 411 (2); 389 (3);
350 (7), 318 (22); 262 (14); 201 (3); 183 (13), 93 (12). IR (KBr) (cm™) : 680; 735, 860, 1030, 1105; 1380;
1430, 1490, 1735

Anal Caled. for C,6719;H,4.43: N, 560; Found: C,66.9, H, 45, N, 55

0,0-diethyl (phenylaminocarbamoylmethyl)phosphonate (10)

The reaction is carried out under dry nitrogen. Phenyl isocyanate (043 g, 3.6 mmol) is added to a suspension
of 0,0-diethyl (aminomethyl)phosphonate 8 (0 57 g, 3 4 mmol) in anhydrous dichloromethane (15 mL). The
mixture is refluxed for 1 h. After removal of the solvent, the phosphonate 10 is purified by column
chromatography (silica gel, ethyl acetate/methanol : 9/1)

Yield : 88% (0.85 g, 3 mmol). Colourless crystals. Mp = 75°C (lit © 78-79°C).

TH-NMR (CDCly) - 1.35 (t, 6H, 3J, = 7, CH,), 38 (dd, 2H, Wy = 5.9, 2y = 10.6, CH,P); 4.2 (m, 4H,
CH,0), 6.6 (t, TH, }yy= 5.9, CH,NH), 7 (1, TH, J,p,, = 7.6, para), 7.25 (t, 2H, 3l = 7.6, méta), 7.4 (d, 2H,
3y = 7.6, ortho), 8.4 (s, IH, NH-Ph) P-NMR (CDCl,) : 24.9.

0,0-diethyl (phenylimidazolidinetrionyl)methylphosphonate (12)

The reaction is carried out under dry nitrogen. Oxalyl chloride (9.1 g, 72 mmol) is added to a suspension of
0,0-diethyl (phenylaminocarbamoyimethyl)phosphonate 10 (17.1 g, 60 mmol) in anhydrous ether (140 mL).
The mixture is refluxed for 3 h After cooling, the phosphonate 12 is isolated by filtration.

Yield : 83% (17.0 g, 50 mmol). Colourless crystals. Mp gon) = 120°C.

'"H-NMR (CDCl;) 135 (t, 6H, I, = 7. CH,), 4 a 44 (m, 6H, CH,0 et CH,P); 7.3 (m, 5H, Ph).
"C-NMR (CDCly) - 1618 (d, *}, = 6.2, CHy), 34.26 (d, 'Ip = 156.5, CH,P); 6317 (d, 2y = 6, CH,0);
125.56 (s, ortho), 129.03 (s, para), 129.30 (s, meta), 129.64 (s, ipso);, 151.69 (s, NC(O)N); 155.04 (s,
C(0)C(0)). *'P-NMR (CDCl,) - 17.7. GC/MS  m/e (%) = 340 ( [M]*,23); 312 (7); 295 (2); 204 (9); 137
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(16), 119 (100). 91 (20) IR (KBr) (em™) 740, 750, 790, 980. 1020 1040, 1190, 1255; 1395, 1415; 1500;
1720, 1750
Anal Caled. for . C, 4942, H, S04, N, 823 Found : C,49.6, H, 50, N, 8.3

Diphenyl(aminomethyl)phosphine oxide (9)

Monohydrated hydrazine (0.9 g. 18.3 mmol) is added to a solution of diphenyl(N-phthalimido
methylh)phosphine oxide 7 (6 g, 16.6 mmol) in ethanol (60 mL). The mixture is stirred for 18 h at 20°C, and
refluxed for 5 h After cooling, the phthalhydrazide formed during the reaction is eliminated by filtration. The
filtrate is concentrated affording the phosphine oxide 9

Yield : 99% (3 80 g. 16 4 mmol) Colourless crystals Mp = 88°C (lit : 103°C)

'H-NMR (CDCl,) 16 (s, 2H. NH,), 35 (d. 2H. ), = 42, CH,P); 73 a 7.9 (m, 10H, Ph)
HP-NMR (CDCly) - 311

Diphenyl(phenylaminocarbamoylmethyl)phosphine oxide (11)

The reaction is carried out under dry nitrogen Phenyl isocyanate (2 g, 17.4 mmol) is added to a suspension of
diphenyl(aminomethyl)phosphine oxide 9 (3 8 g, 16.6 mmol) in anhydrous dichloromethane (35 mL). The
mixture is refluxed for 1 h After cooling, the urea 11 is isolated by filtration

Yield : 99% (5.7 g. 16.3 mmol) Colourless crystals. Mp = 216°C (lit ©175°C)

TH-NMR (CDCL,) 435 (dd. 2H, Yy, = 2y = 5.5. CH,P), 7 (1, TH, Uy, = 5.5, CH,NH); 7.1 4 8 (m, 15H,
Ph). 9 (s, IH, NH-Ph) C-NMR (CDCl,) - 39.34 (d. 'I,.. = 806, CH,P); 118 16 (s, ortho N-Ph), 121.64 (s,
para N-Ph); 128.67 (s, meia N-Ph), 128.94 (d, Y. = 11.9, meta P-Ph); 129 81 (d, '}, = 99.4, ipso P-Ph),
130.83 (d, 2p. = 98, ortho P-Ph), 132 53 (d, *Ju = 2 8, para P-Ph), 139.92 (s, ipso N-Ph); 156.72 (d, *Jp =
6.5, C(0)). *P-NMR (CDCl,) 342 Mass spectrum (EI) 350 ( [M]",2.5); 258 (28); 201 (100); 183 (15),
155 (20); 119 (28); 93 (60). 77 (60)

Anal Calcd for: C, 6855, H, 547, N, 800, Found C. 684, H, 55.N,81

Diphenyl|(phenylimidazolidinetrionyl)methyl|phosphine oxide (13)

The reaction is carried out under dry nitrogen. Oxalyl chloride (1.17 g, 9.2 mmol) is added to a suspension of
diphenyl(phenylaminocarbamoylmethyl)phosphine oxide 11 (2.8 g, 8 mmol) in anhydrous ether (70 mL). The
mixture is refluxed for 3 h. After cooling, the phosphine oxide 13 is isolated by filtration.

Yield : 95% (3 07 g, 7.6 mmol) Colourless crystals. Mp o, = 237°C

'H-NMR (CDCl,) - 46 (d, 2H, 2J,, = 5, CH,P), 7.1 4 8 (m, 15H, Ph) "“C-NMR (CDCl,) - 39.58 (d,
Upe = 71.1, CH,P), 12554 (s, ortho N-Ph), 128 86 (d, ), = 12.2, meta P-Ph), 128.98 (s, para N-Ph);
12925 (s, meta N-Ph), 12953 (s, ipso N-Ph); 13028 (d. J,. = 752, ipso P-Ph); 13127 (d, 2, = 10,
ortho P-Ph); 132.79 (d, *Jp = 2.9, para P-Ph); 151 80 (s, NC(O)N); 154,80 et 155.20 (2s, C(O)C(0)). 3'P-
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NMR (CDCl,) : 26.4. Mass spectrum (EI) : 404 ( [M]-,11); 201 (100), 183 (5); 119 (8), 91 (7); 77 (28). IR
(KBr) (cm™) : 635; 690, 740; 870, 1185; 1195, 1390, 1410; 1435 1500; 1730; 1750.
Anal. Caled. for - C, 65.35; H, 424, N, 693, Found : C, 654, H, 4.4, N, 7.0

We are grateful for the partial funding of this work by the Société Nationale des Poudres et Explosifs
(SNPE).
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