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2 Clarivate

Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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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-electron transfer from metal and the formation of a primary

triphenylphosphine anion-radical PhsP ~ ™__RBh;P "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 C¢HsPH' is formed, which is a strong nucleophilic reagent [1]

2C¢HsPH,+2 Na — 2 C¢HsPH Na' + H,
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 Il'yasov did [4] with electrochemical restoration, Fig.1. In DME, the spectrum is described by the
following hyperfine structure constants (HFS):

para__

ortho__
a,-a, =2,51C, 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 (Ip=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.

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
yellow. 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].

api = aHn
———y
a HO
e
2
ap
L |

Figure 2 - EPR spectrum of tetraphenyl diphosphin'zssr c
the decay of triphenylphosphine-potassium AR

5

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 — 4 H‘J

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 organoelemental 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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YINOEHNI®POCOPUHHIH AHUOH-PATUKAJIBI

Annotanus. Toxipubenik 3eprreyiepaeH yipenmihochUHHIH CUITUTIK METaIIapMeH acepiiecy Ke3iHze, OFaH
MeTangan Oip 2JIEKTPOHHBIH aybICYbl OPBIH ajajibl, OCBIHBIH HOTIIKECIHAE aHHOH-paJMKaj JIeN aTaiaTbhiH OeeKk

ty3ineni PhyP _MyPh3P ’ M.
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CoHIBIKTaH, XUMHAS MaMaHIBIFBl CTYJCHTTEPiHE JIEMEHTOOPTaHUKAIBIK XUMISIIAH JOpIC OKY Ke31HIe CLITIIIK
METalapAblH OpPTaHUKANBIK TYBIHOBUIAPBIH JkoHe TepTheHmekihochurani ymdermipochuraeH CIMTLTIK
MeTallIapMEH dcepiiecyi Ke3iHae, alFallKel coTTe yideHmhocPrH aHNOH-PATUKAIBIHBIH TY3UICTIHAITIH eCKepTy
KepeK.

Yudenmidochun — kaiauil aHHOH-PAUKAIBIHBIH 1,2-eKIMETOKCHATAH/A BIABIpAybl Ke3iHJe TepThEeHMIeKi-
(hochun aHnOH-paMKaNBIHBIH TY3UTyiHIH DIIP cnekTpi 3eprrenreH.

Tyiiin ce3nep: auuoH-paaukain, yuipeHuwapocduH, TopTPeHUIeKPOCHHUH, DIEKTPOHABIK MapaMarHUTTIK
PE30HAHC, DJIEMEHTOOPTaHUKAJIBIK XUMHUSL.
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AHUOH-PATUKAJI TPUHOEHNIT-©OCPUHA

Annoranusi. Kak ciefyer U3 SKCIEpUMEHTANbHBIX JaHHBIX, CXeMa NpeBpalleHui TpudeHuwipochrHa npu
B3aMMOJIEHCTBHUHU C LIETOYHBIM METAIaMH JOJDKHA BKIIFOYATh CTAAUIO OJHOICKTPOHHOIO IEPEHOCca OT MeTalla U

06pa3oBaHHe NePBHYHOTO AHHOH-paHKana Tpudermidochuna PhsP My PhsP M.

[loaToMy, B XOHOEe YTCHHWsS JIEKLHMU IO DJIEMEHTOOPTaHMYECKOH XHMHM JUISl CTYASHTOB XHMHYECKUX
CIICLMAIBHOCTEH BBICIIMX YYeOHBIX 3aBElCHUH CJlIeAyeT OTMETHTb, YTO IIPU IOJNYyYSHUH OPraHUYECKHX
MPOU3BOIHBIX HICTOYHBIX METAJUIOB W TeTpadeHmwiaudochuHa uz TpudeHmipochrHa ¢ METOYHBIMA MeTalIaMi
o0pa3zyercsi aHHOH-paanuKan TpudeHmipochrHa caMmoii epBoii CTainuu.

Uzyuen cnextp OIIP anuon-pagukana terpadenmnaudochuna, oOpasyromerocss B Xole Peakiiy pacrajia
aHHOH-paaukajia Tpudenmidhochun-kanmus B 1,2-TMMETOKCHITAHE.

KaroueBbie cioBa: anuoH-panukan, tpudpenmwidochun, rerpadenunmudocdrH, MEKTPOHHBIN MapaMarHuT-
HBII PE30HAHC, AIEMEHTOOPTraHNYECKast XUMHSL.
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