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TRIPHENYLPHOSPHINE ANION RADICAL

Abstract. According to the experimental data, the scheme of transformations of triphenylphosphine interaction
with alkali metals should include stage of one-clectron transfer from metal and the formation of a primary
triphenylphosphine anion-radical PP~ “__BhP M".

Therefore, during the lecture on organoelemental chemistry for students of chemical specialties of higher
educational institutions should be noted that in the preparation of organic derivatives of alkali metals and tetraphenyl
diphosphine from triphenylphosphine in a reaction with alkali metals, at the first stage the anion- radical of
triphenylphosphine is formed.

The EPR spectrum of the anion radical of tetraphenyl diphosphine formed during the decomposition reaction of
the triphenylphosphine-potassium anion-radical in 1,2-dimethoxyethane was studied.

Key words: anion-radical, triphenylphosphine, tetraphenyl diphosphine, electron paramagnetic resonance,
organoelemental chemistry.

The most common types of organic derivatives of trivalent phosphorus are the phosphines R;P, R,PH,
and RPH, in the molecule of which phosphorus is directly attached to the carbon. Hydrogen atoms with
phosphorus have quite pronounced acidic properties in order to interact with metallic sodium, giving a salt
(sodium phosphide) and hydrogen. Thus, during the reaction of phenylphosphine with sodium, the
phenylphosphide anion CsHsPH' is formed, which is a strong nucleophilic reagent [1]

2C6H5PH2 +2 Na — 2 C6H5PH_ Na+ + H2
sodium phenylphosphide
(good nucleophile)

Summarizing the study of the reduction of triphenylphosphine with an alkali metal, Brit and Kaiser
[2] proposed a triphenylphosphine splitting scheme that does not include the formation of an anion radical
(AR).

In the reduction of triphenylphosphine with alkali metals (K and Na) in 1,2-dimethoxyethane (DME)
and tetrahydrofuran (THF) at -70 °C with the EPR method, we found an almost identical EPR spectrum
[3], as l'yasov did [4] with electrochemical restoration, Fig.1. In DME, the spectrum is described by the
following hyperfine structure constants (HFS):

a,-a,™=2.5 rc, a,""= 1,25 gauss
An analysis of the hyperfine structure of the spectrum shows that the unpaired electron is uniformly

delocalized throughout the molecule. In Figure 1, under the spectrum, quantum numbers corresponding to
the projections of the total spin 3 para-protons (Iz=1/2) and one nucleus of phosphorus (I;=1/2).
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Figure 1 - EPR Spectrum of the anion radical of triphenylphosphine - potassium in DME at -60°C

In this connection, one can imagine two ways of locating the metal cation near the AR, which ensure
a uniform distribution of the unpaired electron over the phenyl rings. In structure A, the cation is located
near the phenyl nucleus and migrates at a high frequency between all three equivalent positions. In
structure B, the cation is attached to the phosphorus atom and occupies a stationary symmetrical position
with respect to the phenyl rings. This arrangement of the cation will also ensure a uniform distribution of
the density of the unpaired electron throughout the molecule.

In favor of the second structure is the absence of the effect of a decrease in temperature on the nature
of the electron delocalization. This means that the motion of the cation does not have a significant effect
on the nature of delocalization of the unpaired electron.

y

Primary anion radicals are of low stability and turn into secondary radical anions as the temperature
rises. This is evidently manifested in a change in the green coloring of the primary anion radicals to
vellow. Figure 2 shows the EPR spectrum of the secondary anion radical. An analysis of a simple
hyperfine structure shows that an unpaired electron interacts with two nuclei with an HFS constant of 7.15
gauss, with two cores with an HFS constant of 4 gauss and with one core with a HFS constant of 1.25
gauss.
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We supposed that the HFS constant of 7.15 gauss refers to a single proton in the para-position of
phenoxyl and to a phosphorus atom (Ip=1/2). Then the HFS constant of 4 gauss is naturally attributed to
two ortho-protons. The magnitude of the constants and the nature of the distribution that should be
reconstructed on their basis correspond to the parameters obtained by Gerson when studying the
dimethylphenylphosphine anion radical [5].
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Figure 2 - EPR spectrum of tetraphenyl diphosphin'2,5 I'ec
the decay of triphenylphosphine-potassium AR

H

According to the data of Britt and Kaiser [6], noting the formation of diphosphines, the EPR spectrum
of the secondary anion radical can be attributed to the AR of tetraphenyldiphosphine. This assumption
makes it possible to classify the doublet splitting with the HFS constant of 1.25 gauss to the second atom
of phosphorus.

To confirm the above assumptions, we investigated the EPR spectrum of AR of secondary particle
obtained from paradeuterated triphenylphosphine. Analysis of the obtained spectrum, Figure 3,
convincingly confirmed the assignment of the HFS constants. The triplet spectrum has become a doublet,
which confirms the equality of the HFS constants from phosphorus and proton in the para-position. The
splitting constant for deuterium in accordance with the ratio of the magnetic moments of the proton and
deuteron is 1.1 gauss and is close to the interaction constant with the second phosphorus atom.

L —_—— an

Figure 3-EPR spectrum of AR of the para-deuterotetraphenyl diphosphine formed during the decomposition
of AR of para-deuterotriphenylphosphine-potassium in DME (at -30°C)
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The obtained results indicate a change in the site of cation localization upon transition from
triphenylphosphine AR to tetraphenyldiphosphine AR. In AR of tetraphenyl diphosphine, the cation is
located near one phenyl nucleus, and the frequency of its migration to other phenyl rings is small in
comparison with the splitting values.

As follows from the experimental data, the scheme of transformations of triphenylphosphine in the
interaction with alkali metals [2] should include a single electron transfer from the metal and the formation
of the primary anion radical of triphenylphosphine

Ph,P M, Ph,P "M* (1)

Anion radical of
triphenylphosphine

Therefore, during the lecture on organoclemental chemistry [7-10] for students of chemical
specialties of higher educational institutions, it should be noted that iupon receiving the organic
derivatives of alkali metals and tetraphenyl diphosphine from triphenylphosphine with alkali metals, the
anion radical of triphenylphosphine (1) of the very first stage is formed.

Conclusions

1. As follows from the experimental data, the scheme of transformations of triphenylphosphine in the
interaction with alkali metals should include a single electron transfer from the metal and the formation of
the primary triphenylphosphine anion radical.

2. The EPR spectrum of the anion radical of tetraphenyl diphosphine formed during the
decomposition reaction of the triphenylphosphine-potassium anion radical in 1,2-dimethoxyethane was
studied.
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YHIOEHWI®OCPUHHIH AHUOH-PAJIUKAJBI

Annoranusa. ToxipuOenik 3eprreynepacH ymdernnpocuHHIH CIITLTIK METATIAPMEH dCCPIeCy Ke3iHAe, OFaH
MCTAAAH Oip 3ICKTPOHHBIH AYBICYBHI OPBIH ATAAbI, OCBIHBIH HOTIDKCCIHAC AHHOH-PATUKAN ICH ATANATHIH OOIIICK

Ty3inemi PhsP — 2L 5 PhyP "M
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COHJIBIKTAH, XUMHSI MAMAHBIFBI CTYICHTTEPIHE JIEMEHTOOPTAHUKAIBIK XUMISIIAH JOPIC OKY KE3iHAC CIATIIK
METANJAPABIH OPTaHWKANBIK TYBIHABLIAPBIH KoHE TopTheHmnekipochuuni ymdeHuapocduHHEH —CIATITK
METAJXJAPMEH dcepliecyi Ke3iHae, anFamksl catTe yinpeHnapocduH aHMOH-PATHKATBIHBIH TY3IICTIHAITIH ECKEPTY
KEPEK.

YmdennnpochnH — KaTud AHAOH-PATUKAIBIHBIH 1,2-eKIMETOKCHAITAHIA BIABIPAYbl KE3iHAE TOpT(eHHICK-
(hochuH aHHOH-PATUKANBIHBIH TY311yiHiH JI1TP CriekTpi 3epTTenreH.

Tyiiin ce3aep: ammoH-pamukan, yoigeHmapochus, TepTheHMICKHOCHUH, 3NEKTPOHABIK ITAPAMATHHTTIK
PE30HAHC, HIEMEHTOOPTAHUKATIBIK XUMHUA.
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AHHOH-PAJIUKAJI TPUOEHNJI-®POCOPUHA

Annoramusa. Kak ciaeayer W3 IKCIICPUMCHTATIBHBIX JAHHBIX, CXEMa MpeBpamcHui TpudeHmIPochuHa mpu
B3aUMOJCHCTBUH C INEIOYHBIM METAJUIAMH JOJDKHA BKIFOYATh CTAIHIO OJHOIICKTPOHHOTO NMEPEHOCA OT METAIA U

0BpA30BAHHE IEPBIMHOTO AHHOH-pATHKATa Tpudermidocdura PhsP M PhP M.

[TosToMy, B XOZC YUTCHHS JCKOHH IO HICMCHTOOPIAaHMYCCKOH XHMHH I CTYACHTOB XHMHYCCKHX
CICHHANBHOCTCH BBICINHX VYCOHBIX 3aBSICHHH CICAYCT OTMCTHTb, YTO TPH MOJIYYCHHUH OPTaHHYCCKHX
TIPOM3BOHBIX IIETOYHBIX METAUIOB M Terpadenunaudochuna n3 tpudeHmnpochuHa ¢ mMEIOUHBIMH METAIUIAMHA
oOpasyeTcs aHHOH-paauKan Tpu(peHIIPoCchHA CaMOH IEPBOH CTAINH.

Hsyuen cuexrp OIIP armoH-pammkana terpadeHmanupochuHa, 00pa3yIOMmerocs B XOAC PCAKIHH pacmajga
aHWOH-panukana TpuderunpochuH-kammg B 1,2-TMMETOKCHITAHE.

Kmouessie cioBa: anmoH-pagukan, tpupeHmipochun, terpadenHmnmudochuH, 3MCKTPOHHBIN MapaMarHuT-
HBII PE30HAHC, JICMEHTOOPTaHUIECKAS XHMILL.
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