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PHOSPHINE OXIDES —EFFICIENT LIGANDS FOR
RARE-EARTH METALS EXTRACTION
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A. V. Nemtarev,"? T. A. Baronova,' B. I. Buzykin,'

and Yu. G. Elistratova’

'A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific
Centre, Russian Academy of Sciences, Kazan, Russian Federation

’Kazan (Volga region) Federal University, Kazan, Russian Federation

Abstract A new approach to the synthesis of 2-hydroxyaryl-alkenylphosphine oxides and
dialkyl (diaryl)-(2-methyl-4-oxopent-2-yl)phosphine oxides was developed that involves an
interaction of Grignard reagents with available benzo[e]-1,2-oxaphosphorinines and 1,2-
oxaphospholene-2-oxide. This approach allows obtaining target compounds with a high yield.
The synthesized phosphine oxides proved to be highly efficient extractants in the micellar
extraction of some lanthanides from the nitric acid media.

Keywords Lanthanide; micellar extraction; organomagnesium reagents; oxaphospholene;
oxaphosphorinine; phosphine oxide

A trend of modern chemistry is the development of a highly efficient and selective pathway
of synthesis of the target compounds with the high potential of practice application. Phos-
phine oxides are widely used as the ligands for the metal complex catalysts,'~ extracting
agents for rare-earth metals,*° and for a creation of the ion-selective electrodes.”® It is
known that the basicity and the complexing properties of the phosphine oxide phosphoryl
group are strongly influenced by the electronic effect of substituents at the phosphorus
atom. The complexing properties of ligands depend on the presence of the various func-
tional groups in the molecule. Thus, the diversity range of the substituents and functional
group can increase the complexing properties of the phosphine oxide ligands and improve
their selectivity.

In this work we realized a new synthetic approach to the functionally substituted phos-
phine oxides, which is based on the reactions of such available phosphorus heterocycles, as
4-aryl-2,6-dichlorobenzo[e]-[1,2]Joxaphosphinine-2-oxides 1 and 2-chloro-3,3,5-trimethyl-
1,2-oxaphospholene-2-oxide 2 with the organomagnesium compounds.

Received 8 July 2010; accepted 9 August 2010.

The work was supported by the Russian Foundation for Basic Research and Tatarstan Academy of Sciences
(grant No. 09-03-97007-r_a) and by a grant from the president of the Russian Federation (MK-1172.2010.3).

Address correspondence to D. A. Tatarinov, A. E. Arbuzov Institute of Organic and Physical Chemistry,
Kazan Scientific Centre, Russian Academy of Sciences, Arbuzov str. 8, 420088 Kazan, Russian Federation.
E-mail: datint@iopc.ru

694



Downloaded by [UZH Hauptbibliothek / Zentralbibliothek Zurich] at 04:57 05 January 2015

RARE-EARTH METALS EXTRACTION 695

Six-membered heterocycles 1, bearing one endocyclic phosphorus-carbon bond, are
easily available from the reaction of 2,2,2-trichlorobenzo[d]-1,3,2-dioxaphosphole 3 with
the arylacetylenes.’ The Michaelis chloride 2 is another easily accessible heterocycle con-
taining one endocyclic phosphorus-carbon bond.!%!!

0, 7°  1)2rMex OH g
P\ | Rl
cl ———————> L/
! — N
Cl = D HO0H Cl R!
R
la,b 4

R=Ph; a) R'=Ph, b) Et, ¢) Pr; R = I-naphthyl; d) R! =Ph, ¢) CH,Ph

Scheme 1

Earlier we found that the interaction of the compounds 1 with Grignard reagents leads
to the formation of phosphine oxides 4a—e.'?!? The reaction gives rise to the substitution of
both exocyclic P-Cl and endocyclic P-O bonds and allows us to obtain the phosphine oxides
with the hydroxy-group in §-position to the phosphorus atom (Scheme 1). Z-Configuration
of double bond of the alkenyl fragment is predetermined by the initial phosphorinine
structure.

We extended the utilization of the approach to the diversity range of the known
and new oxaphosphorinines and Grignard reagents. So, 1,2-oxaphosphinines 1c—e’ were
synthesized with this purpose for the first time. They were prepared by the reaction of
dioxaphosphole 3 with various arylacetylenes (Scheme 2).

0\ _ O\P//O
(:[ o ArC=CH <
0 cl 7

3 Ar
Ic-e

Ar=4-cyclo-C¢H;-CgHy (c), 3-Br-CqHy (d), 2-Me-C¢Hy (e)
Scheme 2

It is interesting to note that in 3P NMR spectra of compounds 1b and 1e we observed
two signals with equal intensity. A similar picture was also observed in the proton and
carbon spectra. Analysis of NMR data allows the conclusion that the doubling is caused
by a diastereoisomerism of these compounds (Scheme 3), which connected with the chi-
ral phosphorus atom and atropisomerism along C—C bond. The last phenomenon is not
observed for compounds 1c and 1d.

It was found that altering the nature of the substituents at the different positions of
the phosphorinine’s molecule and using various organomagnesium reagents, prepared from
simple aryl or non-branched alkyl halides, does not influence the course of the reaction
(Scheme 4). In all cases the target phosphine oxides 4 were obtained with a high yield
(85-95%).

Due to their structural peculiarities, the phosphine oxides 4, bearing phosphoryl
and hydroxyl groups at the one side of the double bond can, be effective ligands for
the extraction of ions of various metals. This proposition was confirmed by the effective
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Scheme 4

micellar extraction of the range lanthanides ions by the some of the obtained phosphine
oxides. They exhibit a high extraction degree in the nitric acid media (pH ~ 1), which
reaches about 100% in some cases.'*

We also extend our approach to other phosphorus heterocycles. Recently it was found
that the reaction of 2-chloro-3,3,5-trimethyl-1,2-oxaphospholene-2-oxide 2 with benzyl-
and hexylmagnesium halides gives rise to the formation of dialkyl(2-methyl-4-oxopent-
2-yl)-phosphine oxides.'> The reactions of the various alkyl- and arylmagnesium halides
turned out to give dialkyl(diaryl)-(2-methyl-4-oxopent-2-yl)-phosphine oxides § with a
high yield (>90%) in all cases (Scheme 5). The formation of 3-oxoalkylphosphine oxides
6 occurs through the intermediate magnesium salt 5, which further was converted into the
6 as the result of hydrolysis.

o O
| \P//O 2RMgX I\.AgX ?/R H0, H > O \\P:R
a————> OWP\R ~MgCIX W R

2 5 6
R=alkyl, aryl

Scheme 5

CONCLUSIONS

A new synthetic approach to the functionalized phosphine oxides that is based on
the reactions of available phosphorus heterocycles bearing one endocyclic P-C bond was
developed. The extracting properties of the obtained phosphine oxides were tested and
showed a high efficiency for the micellar extraction from the acid media.



Downloaded by [UZH Hauptbibliothek / Zentralbibliothek Zurich] at 04:57 05 January 2015

RARE-EARTH METALS EXTRACTION 697

REFERENCES

S O R S R

11.

12.

14.

15.

. Shibasaki, M.; Kanai, M.; Matsunaga, S.; Kumagai, N. Acc. Chem. Res. 2009, 42, 1117-1127.
. Ishihara, K.; Sakakura, A.; Hatano, M. Synlett 2007, 686—703.

. McConville, M.; Saidi, O.; Blacker J.; Jianliang, X. J. Org. Chem. 2009, 74, 2692-2698.

. Dam, H. H.; Reinhoudt, D. N.; Verboom, W. Chem. Soc. Rev. 2007, 36, 367-377.

. Aloy, A. S.; Sapozhnikova, N. B.; Anshitz, A. G.; Kudinov, K. G.; Burdin, M.V,; Tranter, T. D.;

Knekht, D. A.; Todd, T. A.; Bechfild, L. A. Russian Patent #2251168, 2005.

. Agafonova-Moroz, M. S.; Krasnikov, L. V.; Mishina, N. E.; Shadrin, A. Yu.; Shmidt, O. V.

Radiochemistry 2009, 51, 403-405.

. Florido, A.; Casas, I.; Garcia-Raurich, J.; Arad-Yellin, R.; Warshawsky, A. Anal. Chem. 2000,

72,1604-1610.

. Charbonniere, L. J.; Ziessel, R.; Montalti, M.; Prodi, L.; Zaccheroni, N.; Boehme, C.; Wipff, G.

J. Am. Chem. Soc. 2002, 124, 7779-7788.

. Mironov, V. F; Shtyrlina, A. A.; Varaksina, E. N.; Gubaidullin, A. T.; Azancheev, N. M.;

Dobrynin, A. B.; Litvinov, I. A.; Musin, R. Z.; Konovalov, A. 1. Russ. J. Gen. Chem. (Engl.
Transl.) 2004, 74, 1841-1860.

. Nurtdinov, S. Kh.; Khairullin, R. S.; Tsivunin, V. S.; Zykova, T. V.; Kamai, G. Kh. J. Gen. Chem.

USSR (Engl. Transl.), 1970, 40, 2365-2369.

Arbuzov, B. A.; Rizpolozhenskii, N. L.; Vizel, A. O.; Ivanovskaya, K. M.; Mukhametov F. S.;
Goldfarb, E. 1. Russ. Chem. Bull. Int. Ed. 1971, 176, 99—105.

Tatarinov, D. A.; Mironov, V. F,; Varaksina, E. N.; Konovalov, A. L. Russ. J. Gen. Chem. (Engl.
Transl.) 2008, 78, 1287-1289.

. Varaksina, E. N.; Tatarinov, D. A.; Cherkin, K. Yu.; Nemtarev, A. V.; Mironov, V. F.; Konovalov,

A. L. Phosphorus, Sulfur Silicon Relat. Elem. 2008, 183, 566-570.

Elistratova, Yu. G.; Mustafina, A. R.; Tatarinov, D. A.; Mironov, V. F.; Konovalov, A. I. Russ.
Chem. Bull. Int. Ed. 2009, 11,2156-2161.

Tatarinov, D. A.; Mironov, V. E; Baronova, T. A.; Kostin, A. A.; Krivolapov, D. B.; Buzykin, B.
L; Litvinov, I. A. Mendeleev Commun. 2010, 20, 86—88.



