preparation of each of these compounds. Besides mono- and bis-adducts, 1-trichlorosilyl-4-thioheptane is
also formed.
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OXIDES OF DIALKYL(DIARYL)[DIALKYL-~
CARBAMOYLMETHYL]|PHOSPHINES

T, Ya, Medved', M. K. Chmutova, UDC 542.91:547.1'118
N. P. Nesterova, O. E. Koiro,

N. E. Kochetkova, B. F. Myasoedov,

and M. I. Kabachnik

Dialkyl{dialkylcarbamoylmethyl]phosphonates (RO), PCH,CON(R!),, where R = Bu, CegHys, n~, 1-CgHyy

I

O
and R! = Et, i-Bu have been used for the extraction of trivalent transplutonium and rare-earth elements {1-3].
On the basis of extraction properties these reagents yield significantly to dioxides of the alkylene(vinylene)di-
phosphines [4, 5], but are more attainable and more soluble in organic solvents.

In this work, unlike the phosphonates described above, the synthesis of oxides of the dialkyl(diaryl)[diai-
kylcarbamoylmethyllphosphines (I)-(V) is accomplished

R2 R

N s
P—CH,—CN
A I\
B2 0 0 B3
Rt =R?=Ph, R3= Bu (I); R1=R? = Ph, R* = Et (I); Rl = R? = ¢-CeH.
R3 = Et (III); R1=R?=Bu, R®*=Et (IV); Rl=R3=Et, R,=Ph (V),

by the Arbuzov reaction from esters of acids of trivalent phosphorus and amides of chloroacetic acid (A)

R,P(OEt) 4 CICH,C(0)NRyt—| > BoP(O)CH,G(O)NR, (4)
—> R,P—OCNR (B)

| i
0 CH,

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow.
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 9, pp. 2121-2127, September,
1981. Original article submitted February 5, 1981.
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Fig. 1. Extraction curve (log D) for
Am(III) by 0.1 M solutions of reagents
(I)-(VI) in dichloroethane as a function
of HNO; concentration. Numbers of
curves correspond to compounds.

ELTAR

This method of synthesis did not preclude the possibility of occurrence of the Perkov reaction with the forma-
tion of @ ~aminovinylphosphinates (B). The structure of the product (A) which we accepted was confirmed by
its chemical properties. Thus, these compounds are capable of entering into the Horner reaction

PhCHO
PhglITCHZ({)lNRg ——— Ph;POH +- PhCH=CHCONR,
Il
0 o0 0

We alkylated the methyl group

K EtBr
R,PCH,CNR,! — R,PCHKCNR,! — R,P—CH~CNR,!

il il I . If
0 0 0 0 0 Bt O
(Vi)

Properties of the products are given in Table 1. For comparison of the properties of the oxides of the phos-
phines (I)-(V) obtained with those of the phosphonates described earlier, the phosphonate (BuO),P(O)CH,C(O) -
NEt, (VI) [1-3] was synthesized. Its properties differed sharply from those of (IV).

Compounds (I)~(VI) form yellow powdery complexes of composition L:M = 1:1 with uranyl nitrate (TableZ}.

Shift of the vp —g and vc = valence vibrations to the region of lower frequencies (see Table 2) is ob-
served in the IR spectra of the complexes, which confirms the participation of two coordination centers of the
ligand in coordination with uranyl nitrate. The large values of shifts provide evidence of the high stability of
the complexes formed. The NOj group appears to be one of the ligands the coordination of which can appear
in the spectra upon change of symmetry. For all complexes obtained, bands are observed in the spectra which
are attributed to covalently bonded nitrate groups. In [6], the difference Ais proposed for acceptance as a
measure of the covalent character of the bond of the NOy group with the metal. For the complexes synthesized,
A varies within the interval 235-255 cm~!, which provides evidence of the bidentate coordination of the NO,
group. It can be assumed that the structures of these complexes are analogous to that for the dioxide of tetra-
phenylmethylenediphosphine [7]:

O0=N—0_ 0 O—N=0
AN O\ W2 7
U==0
N
R\P/ \C—NR?‘
3[/ \CI/ 2

The compounds synthesized were studied as extractants with respect to a representative of the group of trans-~
plutonium elements (TPE) — trivalent americium, *!Am.

From the extraction curves of Am obtained with 0.1 M solutions of reagents (I}~(Vl) in DCE as functions
of HNO; concentration (Fig. 1) it follows that the replacement of alkoxy substituents on the P atom by alkyl or
aryl significantly raises the extraction capability of the reagent. Replacement of butyl radicals on P by phenyl
increases the distribution coefficient Dy, still more (approximately 60 times).
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Replacement of one of the phenyl radicals in (II) by ethyl (reagent (V)) causes decrease of DAm by nearly
two orders of magnitude (curves 2 and 5). Similar rise in the extraction capability of the reagent upon replace-
ment of the alkyl substituents by more electronegative ones such as phenyl has been noted during studies of
the reaction of bidentate ligands containing phosphoryl groups with Nal [8], with copper chlorides [9], and later
during study of the extraction properties of these reagents [10]. In the present work this phenomenon was
first observed for bidentate ligands in which only one of the two functional groups is phosphoryl. The nature
of this phenomenon is not completely clear [11].

From Fig. 1 it can be seen that difference between the radicals on the N atom does not affect the extrac-
tion properties of the reagent, but does show up on its solubility. Thus, reagents (I) and (II), which have the
same substituents on P but different ones (butyl and ethyl, respectively) on N, differ little in extraction pro-
perties with respect to Am(Ill) (curves 1 and 2), but differ substantially in solubility in organic solvents. Re-
agent (I) is highly soluble in CHCl;, DCE, 1,2,4~trichlorobenzene, o-dichlorobenzene, CCl,, perchloroethyl-
ene, diethylbenzene, o-xylene, benzene, and methyl isobutyl ketone. Reagent (II), of all the solvents enum-
erated, dissolves only in CHCl; and DCE.

EXPERIMENTAL

IR spectra were obtained on UR-20 apparatus in tablets with KBr, and the 3P NMRspectra on Brucker
HX-90 apparatus (external standard 85% Hs;PO,), and the mass spectra on an AEI-MS-30 mass spectrometer.

Purification of the phosphine oxides from oxides of impurities was done by column chromatography on
neutral Al,O; (active II).

Dibutylamide of Chloroacetic Acid. To 11.3 g (0.1 mole) of the chloroanhydride of chloroacetic acid in
100 ml of ether were added with stirring 12.9 g (0.1 mole) of Buy,NH in 50 ml of ether at —10 to 15°. Another
100 ml of ether were added after the reaction was finished. The precipitate was filtered off on the following
day. The solvent was removed from the filtrate and the residue was distilled. The amount of 9.7 g (46.9%) of
product was obtained, bp 140° (8 mm), np® 1.4676. Found: C 58.5; H 9.7; C1 17.7%. Calculated for C; HyCINO:
C 58.4; H 9.7; C1 17.3%. :

Oxide of Diphenyl{dibutylcarbamoylmethyl]phosphine (I). To 9.1 g (40 mmoles) of N, N-dibutylchloro-
acetamide at 190° in a current of argon were gradually added 10.2 g (40 mmoles) of O-ethyldiphenylphosphinite.
Vigorous evolution of EtCl was observed. The mixture was stirred 1 h at 200°C. The heavy oil which formed
crystallized upon standing. After distillation was obtained 6.8 g (70%) of (I), mp 81-82°C. After chromato-
graphy on Al;Oy, Ry =0.85 (benzene:ether = 4:1).

Oxide of Diphenyl[diethylcarbamoylmethyl]phosphine (II}). To 4.2 g (30 mmoles) of N, N-diethylchloro-
acetamide at 150°C were added 6.4 g (30 mmoles) of O-ethyldiphenylphosphinite and held for 1 h at 150°C. The
reaction mixture crystallized upon cooling. Obtained 7.2 g (87.6%) of (I}, mp168-170°C, Rt 0,78 (eulent benzene:
alcohol = 4:1).

Oxides of Phosphines (III), (IV), (V). The oxides were prepared in manner analogous to that for (I) and
(I). The substances were purified by double distillation and the purity controlled by TLC on Al,0;. Qualita-
tive reaction for the presence of a double bond gives a negative result: Color change was not observed upon
proionged holding of the compounds in CH,Cl, with a small amount of Br,. The substances were isolated in
unchanged form.

Dibutyl[diethylcarbamoylmethyl]phosphonate (VI). To 6.4 g (40 mmoles) N, N-diethylchloroacetamide at
120° were added 10.6 g (40 mmoles) of (BuO);P and the mixture was heated 1 h at 160°C. After distillation,
8.2 g (62.6%) of (VI) was obtained, bp 170-172°C (3 mm), np?® 1,4558, Found: P 10,0%. Calculated for
Cy,H3O4NP: P 10.1%.

Reaction of the Oxide of Diphenyl[dibutylcarbamoylmethyl]phosphine (I) with Benzaldehyde. The amount
of 0.3 g (0.006 g-atom) of potassium, dispersed in 50 ml of absolute xylene by the Brule method, and 2.5 g
(6 mmoles) of (I) in 50 ml of xylene were heated during vigorous stirring in an atmosphere of argon for 2 h at
115-125°C. To the K salt formed was added 1.1 g (10 mmoles) of benzaldehyde and the mixture was heated 1.5
h at 120°C. The precipitate was filtered off, dissolved in water, and the solution was acidified with HCI to
complete precipitation. The material which fell out was filtered off. Obtained was 1.5 g of product, mp 189-
190°C. Melting temperature of a mixed sample with diphenylphosphinic acid was 190-192°C (compare [12]).

The xylene solution was evaporated and the residue distilled. Obtained was 1.4 g (82.3%) of dibutylamide
of cinnamic acid, bp 145-147°C (1 mm), np® 1.5295. Found: C 78.2; H 9.6; N 5.4%. Calculated for C;Hy;NO:
C 78.8; H9.6; N 5.4%. IR spectrum (v, em™): 1610 (C=0), 1650 (C=C).
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Reaction of the Oxide of Diphenyl{diethylecarbamoylmethyl]phosphine (II) with Benzaldehyde. In a manner
analogous to the preceding, from 0.4 g (0.01 g-atom) of potassium, 3.2 g (10 mmoles) of (II}), and 1.3 g (12
mmoles) of benzaldehyde was obtained 2.0 g of diphenylphosphinic acid, 0.3 g of the original (II), mp 166-167°,
and 0.82 g (40%) of the diethylamide of cinnamic acid, bp 152° (2 mm), mp 60-62°C. Found: C 76.3; H8.3; N
6.7%. Calculated for C3H;{;NO: C 76.8; H 8.4; N 6.9%. IR spectrum (v, cm“i): 1600 (C=0), 1650 (C=C).

Alkylation of the Oxide of Diphenyl[dibutylcarbamoylmethyl]phosphine (I}). To 0.4 g (0.01 g-atom) of po-
tassium, dispersed by the Brule method in 50 ml of xylene, was added 3.8 g (10 mmoles) of (I) in 50 ml of
xylene and boiled with stirring in a current of argon to complete dissolution of the potassium (~ 7 h). The
reaction mixture was concentrated (50 ml of xylene driven coff), 2.2 g of EtBr was added and heated 12 h at
60°C. Along with a voluminous precipitate of the K salt of (I), a precipitate of KBr was isolated, which was
filtered off, the solvent was concentrated, and the residue (2.6 g of viscous liguid) was distilled. The amounts
of 0.5 g of the original (I) and 1.6 g (20.0%) of the diethylamide of o-diphenylphosphorylbutyric acid (VII), bp
225-227° (1 mm), nDZO 1.5423, were obtained. Found: P 7.3; N 3.8%. Calculated for CyHyNO,P: P 7.8; N
3.5%.

Complex of the Oxide of Diphenyl[dibutylcarbamoylmethyl]phosphine (I) with Uranyl Nitrate. To a solu-
tion of 0.4 g (1 mmole) of (I) in 10 ml of CHCl; was added a solution of 2.3 g (3 mmoles) of uranyl nitrate in
10 ml of water and shaken in a separatory funnel for 5 min. The organic layer was separated from the water,
the crystals falling out from the CHCI; being filtered off, washed with water, and dried in vacuum. The
amount of 0.6 g (73.2%) of the complex, mp 222-223°, was obtained. Found: P 4.1; N 5.4%. Calculated for
CopH3 N30, PU: P 4.1; N 5.4% . The rest of the complexes were prepared in analogous manner (see Table 2).

Extraction of TPE by Reagents (I)-(VI). Extraction from 1-15 M HNO; was done by equal volumes of
reagents in DCE over a period of 3 min (time sufficient for establishment of equilibrium). After standing and
separation of the phases, the y activities of their aliquot parts were measured and the distribution coefficients
D were calculated.

CONCLUSIONS
1. Oxides of dialkyl(diaryl)[dialkylcarbamoylmethyl]phosphines have been synthesized and characterized.

2. The character of the substituents on the phosphorus atom substantially influences the extraction pro-
perties of the compounds obtained with respect to Am(IIl), the p-phenyl-substituted derivatives being most
effective.
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