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Investigation of interaction between tert.-butyl diamidophosphites and alkyl halides

In this article the interaction of tert.-butyldiamidophosphites with various alkyl halides with a mobile halogen
atom, in particular, allyl chloride, benzyl chloride and bromomalonic ester under various conditions was stud-
ied. It was established that reactions with benzyl chloride and allyl chloride proceeded accordingto the clas-
sical Arbuzov reaction scheme by quartering the phosphorus atom with the formation of the corresponding
benzyl and allyl amidophosphonates as the main reaction products. It was stated that the reaction proceeded
ambiguously with the formation of various products mixture. This is due to the structure of the intermediate
«quasiphosphoniumy», which depends on the nature of the solvent: the ionic form predominates in polar sol-
vents, and the pentavalent form predominates in non-polar solvents. In addition it was proved that the direc-
tion of the reaction depended on the reaction conditions, namely, the temperature and the solvent nature. It
was shown that the reaction with bromomalonic ester proceeded through the initial protonation of the phos-
phorus atom with the formation of a quasiphosphonium compound, the decomposition of which led to the
corresponding tetraethyldiamidophosphorous acid.

Keywords: ester amides of P (III) acids, Ester amides of P (III) acids, tert-butyldiamidophosphites, alkyl hal-
ides, bromomalonic ester, bromomalonic ester.

Significant advances in the practical use of phosphorus organic derivatives and the important role of
phosphorus compounds in vital processes are the basis of a large and undying interest in the chemistry of
these compounds. In recent years applied chemistry of organophosphorus compounds was significantly de-
veloped, a huge experimental material was accumulated; systematized and summarized in many reviews and
monographs [1-4]. At the same time theoretical researches were also developed but a theoretical approach to
problems of the reaction mechanism and reactivity of organophosphorus compounds, especially for deriva-
tives of trivalent phosphorus, turned out to be more difficult, and the results were less significant compared
with data for objects of classical organic chemistry.

One of the most important'and interesting reactions in organophosphorus compounds chemistry was
and remains the Arbuzov reaction, or the Arbuzov rearrangement, which had a great influence on the for-
mation and development of the.chemistry of organophosphorus compounds.

Ester amides of acids P(ILL) are of particular interest in a series of compounds of trivalent phosphorus.
Due to the presence of the P-N moiety in the molecule composition they possess two nucleophilic centers,
namely, a phosphorus atom-and a nitrogen atom with respect to electrophilic compounds. The phosphorus
atom was believed to be the nucleophilic center in the reactions of ester amides of P(III) acids with alkyl hal-
ides occurring with an increase in the valence of the phosphorus atom, and these reactions proceed according
to the Arbuzov scheme through formation of the intermediate quasiphosphonium compound. In reactions
with H-acids, which occur without changing the valence of the phosphorus atom, according to the scheme of
replacing the amide group of the ester amide P(II) with an acid residue, the nitrogen atom of the system
plays the role of a nucleophilic center. However a sharp discussion about the mechanism of these reactions is
conducted in recent years.
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From the standpoint of chemical behavior tert.-butyl esters of amidophosphorous acids have not been
practically studied before. Obviously this is due to the fact that according to the literature the tert.-butyl es-
ters of phosphorous acid are thermally unstable compounds which when heated are easily dealkylated with
the release of isobutylene. Thus tri-tert.-butylphosphite (t-BuO);P decomposes forming di-tert.-
butylphosphite (t-BuO),PHO when heated above 50 °C, diethyl tert.-butylphosphite (EtO),POBu-t decom-
poses when heated above 70 °C [5]. The cause of the thermal instability of the tert.-butyl esters was not es-
tablished. It was shown that the second stage of the reaction of (EtO),POBu-t with acrylonitrile and methyl
iodide proceeded mainly with the participation of the tert.-butyl radical via the Sy1 mechanism (route 1) or
E2 (route 2) [6].
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In order to study the issues of thermal stability, reactivity, and also searching for new cost-effective and
experimentally convenient methods for synthesizing compounds with a P-C bond we developed effective
methods for synthesizing tert.-butyl esters of amidophosphorous acids of cyclic and acyclic structures and
studied the regularities of their chemical behavior in reactions with a number of electrophilic compounds.
Classical reactions synthesizing ester amides of P (III) acids using a 3—5 % excess of tertiary amine were
used to obtain tert.-butyl esters. They are shown on the following schemes:

(EtzN)zPCl + t-BuOH + Et3N _>(Et2N)2POBU-t + Et3NHCl
(1)

(MéN);PCleo# t-BuOH + Et;N —— (Me;N),POBu-t + Et;N'HCI
(2

EtzNPCIZ + 2t-BuOH + 2Et3N _>Et2NP(OBU-t)2 + 2Et3NHCl
A3)

MezNPCIZ + 2t-BuOH + 2Et3N _>M62NP(OBU-t)2 + 2Et3NHCI
4
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NHPh N\
I: + (EtzN)zPOBu-t — I: POBu-t + 2Et2NH
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The structure of all phosphorous ester amides obtained was proved by *'P NMR and 'H NMR spectros-
copy. As it was to be expected the signals of the phosphorus atom in the *'P NMR spectra are in a weak field
in the range from 110 to 130 ppm, which corresponds to the signals of the three-coordinated phosphorus
atom.

In the study of tert.-butyl and di-tert.-butyl esters of amidophosphorous acids of cyclic and acyclic
structures we showed that they were sufficiently thermally stable compounds. Thus according to the
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*'P NMR spectrum it was found that tert.-butyltetraethyldiamidophosphite (1) retained the configuration of
the trivalent phosphorus atom (8p124 ppm) when heated above 200 °C.

In accordance with the literature data the studies related to the investigation of the chemical properties
of esters with a tert.-butoxyl group are absent, apparently due to the proposed thermal instability of the
above-mentioned compounds. However the presence of a tert.-butyl group in many cases can make precise
the discussion points mainly related to the ambiguity of many reactions of ambident systems, in particular
P(III) ester amides, and also contribute to the uniqueness of the processes, therefore, increase yield of target
products.

Thus it is logical to study the Arbuzov reaction involving tert.-butyl esters of amidophosphorous acids,
in particular, in reactions with various halide alkyls, both in terms of solving the controversial issues of the
reaction mechanism, and in order to find effective ways to create a P—C bond.

We showed that the reaction of phosphite (1) with ethyl bromide proceeded accordingto the scheme of
the classical reaction with the formation of the corresponding tetraethyl diamidoethyl phosphonate (6).

0
I
(Et,N),POBu-t + EtBr — (Et,N),P—Et + t-BuCl

(M (6) II_|

M62C=CH2 HCIl

Obviously the reaction mechanism is fully consistent with the classical concepts of the two-stage pro-
cess. The second stage of the reaction, apparently, proceeds according to the scheme Sy1, as a result of
which the tert.-butyl cation can be formed, which further regenerates the tert.-butyl bromide or decomposes
forming isobutylene, which is fixed quantitatively by water displacement. However during the reaction par-
tial distillation of tert.-butyl bromide was also observed.

If the reaction with ethyl bromide has no deviations from the classical concepts then the study of reac-
tions involving reactive halogen derivatives with a mobile halogen atom encountered some difficulties asso-
ciated with the ambiguity of the process. So we obtained interesting data when studying the reactions of tert.-
butyl esters of amidophosphorous acid with such-halide alkyls as benzyl chloride, allyl chloride, which have
high mobility of halogen associated with the stability of the allyl and benzyl cation and radical, and also
bromomalonic ester [7, 8].

When investigated the reaction of diamidophosphite (1) with benzyl chloride it was shown that the reac-
tion proceeded rather difficult depending on the conditions and a mixture of products was formed.
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Thus, in particular, when carrying out the reaction without solvent it that the main direction of the reac-
tion was found to be the Arbuzov rearrangement leading to the formation of tetracthyl
diamidobenzylphosphonate (7), this is quite consistent with the scheme of the classical Arbuzov reaction. It
is known from the literature that diamido esters of benzylphosphonic acid are patented and widely used as
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herbicides in agriculture and horticulture [9, 10]. Our proposed method of obtaining effective herbicides fa-
vorably differs in that the direction of the reaction is well regulated when exposed to external factors (tem-
perature, solvent), does not require the use of catalysts and solvents, sophisticated equipment and has a fairly
high yield of the target product. Carrying on the reaction in solvents is significantly different from the usual
scheme. It was found that when the reaction proceeded in non-polar aprotic solvents a significant amount of
diethylamine hydrochloride (50 %) independent of the nature of the solvent is formed along with the
benzylphosphonate. Isobutylene and diethylamido(c-chlorobenzyl)phosphorous acid (8) with & *'P 8 ppm,
Jpu 580 Hz were also recorded as the reaction products; the absorption band characteristic of the P-H bond in
the region of 2370 cm ' is in the IR spectrum.

According to our ideas the reaction routes are described in the framework of a scheme involving both
isomerization according to the Arbuzov reaction scheme (route 1) and the initial protonation of the phespho-
rus atom to form a quasiphosphonium compound (route 2), the decomposition of which, apparently, can pro-
ceed in several directions.

The structure of the intermediate «quasiphosphonium» depends on the nature of the solvent: the ionic
form dominates in polar solvents, and pentacovalent one in non-polar solvents [5, 6]. The formation of acid
(8) can be explained within the framework of a scheme taking into account the course of the reaction both
through the stage of the phosphorus atom protonation and by the nitrogen atom protonation (route 2) and the
decomposition of the resulting intermediate product while maintaining the coordination.of the phosphorus
atom and further isomerizing the forming phosphite and isobutylene release.

The formation of a significant amount of diethylamine hydrochloride was also explained in the frame-
work of a scheme taking into consideration the initial attack of the acidic proton of benzyl chloride on the
phosphorus atom. Moreover, in our opinion, the structure of the intermediate quasiphosphonium compound
can be both ionic and pentacovalent one. The decomposition of the pentavalent form of the intermediate
product that prevails in the non-polar environment obviously leads to the formation of a compound while
maintaining the coordination of the phosphorus atom, which subsequently seems to undergo thermal isomer-
ization leading to an acidic phosphite (8). The ionic form'of a quasiphosphonium product can directly lead to
phosphite (8).

Thus for the first time in the reaction with alkyl halides containing a mobile hydrogen atom products
were obtained, which formation can be explained only from the standpoint of the initial protonation of the
phosphorus atom with the formation of an intermediate quasiphosphonium compound.

Carrying out the reaction of phosphite (1) with allyl chloride confirmed the previously obtained results.
When carrying out the reaction under.the conditions of the Arbuzov reaction, i.e. without a solvent when
heated, tetraethyl diamidoallylphosphonate (9) was isolated as a reaction product which according to the lit-
erature was patented as an agricultural herbicide [10].

Similarly to the reaction with benzyl chloride the protonation reaction product (10) was isolated, in the
IR spectrum of which there is a characteristic absorption band of the P-H bond in the region of 2390 cm ', as
well as the absorption band of the C=C bond in the region of 1625 cm".

0
(1) Il
(EN),POBu-t + CH,=CH—CH,Cl —— (Et,N),P —CH,CH=CH, + t-BuCl
(1) )
ELN 4
2) ’ \/p/o + Me,C=CH, + Et,NH HCl  Me,C=CH,
N
CH,~CH—CH . “H |
2 [ (1.10)
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In connection with the research carried out the reaction of tert.-butyltetraethyldiamidophosphite (1) with
bromomalonic ester, which also contains both a mobile halogen atom and a mobile hydrogen atom may be of
undoubted interest. It was noted that when the reaction was carried out in the absence of a solvent the pro-
cess proceeded very exothermically with the rapid release of isobutylene and the formation of deliquescent
on air oligomer, polyaminophosphine, and ethanetetracarboxylic acid as the reaction products. This route of
the reaction is fully consistent with the results of A.E. Arbuzov’s work on the interaction of dialkyl esters of
phosphorous acid with bromomalonic ester [11], as a result of which polyaminophosphine was also detected.
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When carrying out the reaction in solvents the formation of a significant amount of diethylamine hydro-
chloride was also detected as the case with benzyl chloride was. In our opinion the explanation for this fact
lies in the presence of both a mobile halogen atom and an acid proton which can initially attack the
nucleophilic phosphorus atom.

Moreover in the presence of a solvent, the reaction proceeds according to the usual Arbuzov reaction
scheme with the formation of tetracthyl diamide phosphon malonic ester (11), and by protonation of the
phosphorus atom and further decomposition of the intermediate quasiphosphonium compeund in various
directions. In contrast to the reaction with benzyl chloride about 25-30 % of the initial bromomalonic ester
returns to the reaction mixture, however, the amount of isobutylene released is equimolar, this indicates an-
other possible direction of the reaction, apparently associated with the decomposition of the
quasiphosphonium compound with the formation of the corresponding phosphorus ilide, which is unstable
and decomposes forming a phosphonate compound.

An interesting fact is the formation, isolation and identification of tetracthyldiamidophosphorous acid
(12) as a reaction product, its structure was proved by *'P NMR and IR spectroscopy. Formation of acidic
phosphite (12) with §*'P 19 ppm, Jpy 570 Hz is a direct proof of the presence of a competing protonation re-
action, with the phosphorus atom being protonated more preferable than the nitrogen atom.

1 I
(EtyN),POBu-t + BrCH(COOEt)zL (EuN),P=CH(COOE), +t-BuBr
(1)
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To confirm the proposed scheme we carried out the reaction in the ternary system: tert.-
butyltetracthyldiamidophosphite — paraform — malonic ester. Previously the possibility of condensation in
the ternary system: malonic ester-aldehyde-trialkylphosphite was shown in the literature [12]. The authors
found that the condensation of malonic ester with formaldehyde (paraform) and amidophosphites was com-
plicated by the interaction of malonic ester with amidophosphites and the formation of N,N-diethyl-
aminomalonic acid ethyl ester and the corresponding phosphite.

X  COOEt
CH,(COOEY), + EtN-P{ C
Y

X=Y=0FEt, NEt,
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The authors of [12] isolated 2,2-carbethoxyethylphosphonic acid diethyl ester and a small amount of
2-carbethoxy-2-[carbo(N,N-diethylamido)]ethylphosphonic acid diethyl ester during condensation in the ter-
nary system malonic ester—paraform—diethylamidodiethylphosphite. We studied the reaction in the ternary
system: tert.-butyltetraethyl diamidophosphite (1) — malonic ester — paraform. It was shown that regardless
of the reaction conditions there was observed the initial protonation with the formation of a quasi-
phosphonium compound, the decomposition of which led to the corresponding tetracthyldiamidophos-
phorous acid (12) fixed in the >'P NMR spectrum with a chemical shift of §°'P 19 ppm, Jpy 570 Hz.

(CH,0)
(EuN),POBu-t + CHy(COOEt), ——— (Et,N),PHO + CHy(COOEY),
(1) -Me2C=CH2 (12)

Consequently the data obtained confirm our assumptions about the occurrence of competing, and,pos-
sibly, ahead of the protonation reaction of ester amide with a sufficiently strong CH-acid, which is a malonic
ester. The uniqueness of this process was demonstrated on the reaction of the starting phosphite with malonic
ester, as a result of which only diamidophosphorous acid was isolated (12). So the results obtained in aggre-
gate show that tert-butyl esters of amidophosphorous acid are very convenient «tools».in solving a number of
issues especially concerning the complex reactions mechanisms, and make‘it possible to simulate the struc-
ture of the intermediate product using the effect of the reaction temperature, solvent, concentration of sub-
stances, etc., as well as they are convenient syntons in creating compounds with the P-C bond having wide
practical application.

Experimental

Synthesis of tert.-butyl tetraethyldiamidophosphite (1)

105.3 g (0.5 mol) of tetracthyldiamidochlorophosphite in 2 liters of benzene was placed in a four-
necked flask equipped with a mechanical stirrer, a thermometer, a reflux condenser, and a dropping funnel.
At vigorous stirring a mixture of 37.0 g (0.5 mol) of tert.-butyl alcohol and 55.6 g (0.55 mol) of triethyl-
amine in 200 ml of benzene was added at 0-5 °C._After stirring at room temperature for 2—3 hours the pre-
cipitate of triethylamine hydrochloride was filtered, the solvent was removed in a water jet pump vacuum
(3040 mm Hg); 102.9 g (83 %) of phosphite (1) was isolated by distillation of the residue; bp 52-53 °C
(0.07 mmHg), d2°0.8996, n2° 1.4510. Found, %: C 58.30; H 11.45; N 11.38; P 12.25. C,HN,OP. Calcu-
lated, %: C 58.06; H 11.69; N 11.29;P 12.59.:8 °'P 124 ppm, 8'H 1.17 ppm (CHs, 12H, t, *Jyyy 7 Hz),
1.43 ppm [(CH;);C, 9H, s], 3.07 ppm:(CH,, 12H, m).

Interaction of phosphite (1) with benzyl chloride

a) without solvent

12.4 g (0.05 mol) of phosphite (1) and 6.3 g (0.05 mol) of benzyl chloride were mixed in an Arbuzov
flask. The reaction mixture was heated on a water bath, partial distillation of t-BuCl was observed; bp 48—
50 °C, n3° 1.3860 (reférence data: bp 51-52 °C, n2° 1.3857). Tert.-BuCl mainly decomposes under distilla-
tion conditions with the release of isobutylene fixed by the method of water displacement in a gas meter
(930 ml, 83 %). The crystallized reaction mass in the flask was treated with water, then the free diethylamine
was separated from the aqueous solution of diethylamine hydrochloride by neutralization with alkali,
diethylamine has bp 54-55 °C, n2° 1.3894 (reference data: bp 55.5 °C, n2° 1.3873), yield was 0.4 g (11 %).
4.8 g (34 %) of tetraecthyldiamidobenzylphosphonate (7) was isolated by extraction of the aqueous portion
with ether, bp 51-52 °C (reference data [9,10]: bp 51-53 °C). Found, %: C 63.50; H 10.02; N 9.68; P 10.73.
Calculated, %: C 63.83; H 9.57; N 9.93; P 10.98. IR spectrum (v, cm'l): 1220 (P=0), 1400-1600 (Ph).

b) in a solvent (benzene)

12.4 g (0.05 mol) of phosphite (1) and 6.3 g (0.05 mol) of benzyl chloride in 50 ml of dry benzene were
heated in a flask with reflux condenser. Isobutylene liberation (950 ml, 85 %) was observed. Crystals of
diethylamine hydrochloride of mass 2.3 g (yield 42 %) were separated by filtration, bp 220 °C (reference da-
ta: bp 221 °C). IR spectrum of the reaction mixture (v, cm™): 1220 (P=0), 2440 (P-H). After distilling off
the solvent the precipitated crystals of benzylphosphonate (7) were recrystallized from hexane, bp 51-52 °C.
The residue was distilled in vacuum, yield 2.2 g (18 %) of diethylamido(o-chlorobenzyl)phosphorous ac-
id (8), bp 147148 °C (2 mm Hg), d2° 0.9753, n2° 1.4740, &°'P 8 ppm, Jpy; 580 Hz.
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The interaction of phosphite (1) with allyl chloride

a) without a solvent

Under reaction conditions with benzyl chloride 12.4 g (0.05 mol) of phosphite (1) and 3.8 g (0.05 mol)
of allyl chloride formed 3.7 g (32 %) of tetracthyldiamidoallylphosphonate (9), bp 131-132 °C (2 mm Hg),
d2° 0.8293, n2° 1.4485 (reference data [9, 10]: bp 113—114 °C (0.45 mm Hg).

b) in a solvent (benzene)

Under the reaction conditions with benzyl chloride 12.4 g (0.05 mol) of phosphite (1) and 3.8 g
(0.05 mol) of allyl chloride formed 2.7 g (28 %) of diethylamido(a-chloroallyl)phosphorous acid (10),
bp 115-116 °C (2 mm Hg), d2° 0.8623, n2° 1.4335, §°'P 4 ppm, Jpy 560 Hz.

The interaction of phosphite (1) with bromomalonic ester

a) without a solvent

4.8 g (0.02 mol) of bromomalonic ester was added dropwise to 5.0 g (0.02 mol) of phosphite (1). Strong
warming up of reaction mixture and rapid release of isobutylene 420 ml (94 %) were observed. The reaction
mixture was a yellow crystalline mass, spreading in air, containing polyaminophosphine. White crystals of
tetraethanecarboxylic acid ethyl ester mp 73—74 °C were precipitated during treatment/ of the reaction mix-
ture with benzene.

b) in a solvent (benzene)

12.0 g (0.05 mol) of bromomalonic ester in 100 ml of benzene was addedto 12:4 g (0.05 mol) of
phosphite (1). Warming up and release of isobutylene of 1040 ml (93 %) were observed. The precipitate
Et,NH-HBr was filtered, mp 210 °C. According to TLC there were two products in.the benzene solution. Af-
ter the solvent was distilled off by multiple distillation, 1.5 g (16 %) of tetraethyl diamidophosphorous acid
(12) were isolated, bp 89-90 °C (2 mm Hg), d2° 0.9621, n3° 1.4540, 8 °'P 19 ppm, Jpy 570 Hz, dZ° 0.9600,
n2’ 14545 8 °'P 18ppm, Jpy 570 Hz). IR spectrum (v, em'): 1255 (P=0), 2370 (P-H).
Tetraethyldiamidophosphonomalonic ester (11) is a non-distilling oil, nZ° 1.4358. IR spectrum (v, cm™):
1215 (P=0), 1700 (C=0). Counter synthesis was carried out'as follows. A solution of sodium malonic ester
prepared from 4.0 g (0.025 mol) of malonic ester and 0.6 g (0.025 mol) of sodium in benzene was dropped to
5.7 g (0.025 mol) of tetracthyldiamidochlorophosphate in benzene; NaCl was separated by filtration, ben-
zene was distilled off. The residue was oil with n3°1.4351.

¢) reaction in the ternary system phosphite: paraform: malonic ester

A mixture of 5.0 g (0.02 mol) of phosphite (1), 3.2 g(0.02 mol) of malonic ester and 0.6 g (0.02 mol) of
paraform was heated in benzene for 1 h before the release of isobutylene in the amount of 370 ml (82 %) was
stopped. After distilling off the solvent from the reaction mixture, 0.9 g (28 %) of the malonic ester was iso-
lated, bp 45-46 °C (2 mm Hg), n3° 1.4155 (reference data: bp 199°C, d2°201.4143) and 1.2 g (32 %) of tet-
raethyl diamidophosphite (12).

d) reaction of phosphite{(1.1) with malonic ester

A mixture of 5.0 g (0.02 mol) of phosphite (1) and 3.2 g (0.02 mol) of malonic ester was heated in ben-
zene for 1 h before stopping the release of isobutylene in an amount of 400 ml (88 %). After distilling off the
solvent 2.6 g (68 %) of tetracthyldiamidophosphite (12) was isolated.
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A.B. OmameBa, A.A. MypatbekoBa, A.K. ConkeeBa, K.1. CanpikoB

Ym-oyrniaanaMuagochurrepain alIKWIrajJoreHnaTepiMeH JpeKeTTecyid 3epTrey

Makanana ym-0yrrwiguaMunopocGuTTep TajJoreHHiH XBUDKBIMAJIb aTOMBI 0ap opTyp:i alKHIraJoreHHI-
TEPMEH, aTal aWTKaH[a, XJOpJbl aIMIMEH, XJIOPbl OCH3WIMEH XoHe OpoMMaloH 3dUpiMEeH Typii
Karaaiinapaa opekerTecyi 3epTTeNreH. XJIOopibl OCH3MI JKOHE XJIOPJbL aTWIMEH pPeakuysulap Herisri
OHIMIEp peTiHae THICTI OeH3WI- jkoHe ammiaamMunodochoHaTTapAbIH mMaiina Gosysl Gochop aToMbIH
KBaTepPHU3ALHMIAY apKblIbl ApOy30B PeakIMACHIHBIH KIIACCHKAJIBIK HYCKACHIHA COMKEC OTETiHI aHBIKTaJIbL.
Peaxumst opTypnii eHIMAEpAIH KOCIAChIH TY3€ KypeTiHi Oenrimi Gonmel. Byn epiTkimn TaburaTbiHA Toyemi
apanblK  «kBasU(pocHOHMI» KYPBUIBICEIMEH OalTaHBICTHI: MOHJBIK MINIH IOJAPIBl  epiTKimTepae,
TIEHTaKOBAJICHTT] IIIIiH MOJSIPIIBI eMec epiTkimrepae 06ackiM. COHBIMEH Bipre peakIMsSHBIH OaFbITH OTKI3Y
[IapTTapblHA, aTall alTKaHIa, TeMIIepaTypa MeH epiTKIITiH TaONFaTsiHa OalIaHBICTHI €KEHIT! JOJIeTeH .
Bpommanon s¢wupimen peakius ¢ochop arombiH OacTankpl. NPOTOHIAY apKbUIbl KBa3u(ochHOHUSIBIK
KOCBUIBICTBIH TY31LTyiMEH JKYPETiHi ’KOHE OHBIH BIABIpAybl COHKEC TeTPasTUIANaMUI0(PoCop KBIIKbUIBIHA
OKeJIeTiHI KOPCeTiIi.

Kinm co30ep: P(IIl) xpiukpuigap a¢upoamuarepi,; ApOy3oB peakuusicel, yur-oytun auamupodochurrep,
TKUIITAIOTeHUATED, OpoMMaIoH 3¢dupi, kBa3u(ocHOHHSIBIK KOCHUIBIC.

JLK. CanbkeeBa, I1. Bolitumiek, E.B. Munaesa, JI.M. Cyrpanuna,
A.B. OmameBa, A.AsMypar6ekona, A.K. CanskeeBa, K.1. CagpikoB

HccnenoBanue B3aumMoaeicTBus TpeT-0yTHimamuaodocuros
C AJKWITAJOreHH1aMHU

B crarse u3ydeHo B3anmoneicTBHE TPEeT-OyTHIIMAMHUIOPOCHHUTOB C pa3HOOOPA3HBIMH AJIKWIITAIOTCHUIAMHI
C TIOJIBIDKHBIM aTOMOM TajIor€Ha, B YaCTHOCTH, XJIOPHCTHIM aJUIMIIOM, XJIOPUCTHIM OSH3MIOM H OpPOMMAJIOHO-
BBIM 3()MPOM B PA3INYHBIX YCIOBUSIX. Y CTAHOBJICHO, YTO PEAKIUH C XJIOPUCTHIM OSH3WIOM H XJIOPUCTHIM all-
JIMJIOM TIPOTEKAIOT. COTIIACHO KJIACCHUYECKON cxeMe peaknuu ApOy30Ba IMyTeM KBapTeHH3aluu aroMa docdo-
pa ¢ o0pa3oBaHUEM B Ka4eCTBE OCHOBHBIX IPOJYKTOB PEaKLHH COOTBETCTBYIOIIMX OCH3WI- U aIMJIAMHUJIO-
(dochoHaToB. YCTaHOBIEHO, YTO PEaKlUs NPOTEKAaeT HEOJHO3HAYHO € OOpa30BaHHEM CMECH DPa3JIMYHBIX
HPOAYKTOB. DTO CBS3aHO CO CTPYKTYPOH MPOMEKYTOUHOTO «KBazH()OCHOHHUA», KOTOpast 3aBHCHUT OT IPHPO-
Jbl PACTBOPUTENS: HOHHAs popMa peodIafaeT B MONSAPHBIX PACTBOPUTENAX, IEHTAKOBAJIEHTHAs opMa — B
HETOJSIPHEIX pacTBOpHTEsIX. KpoMe Toro, mokazaHo, 4TO HalpaBIeHHE PEaKIMU 3aBUCUT OT YCIOBHH IIPO-
BCJICHUS, a IMEHHO OT TEMIIepaTyphl M NPUPOJBI pacTBopuTes. [lokazaHo, 4To peakiys ¢ GpOMMaIIOHOBBIM
2¢HUPOM IpoTeKaeT depe3 IMepBOHavaIbHOE IPOTOHUPOBaHNe aToMa docdopa ¢ obpazoBanneM kBazudocdo-
HHUEBOTO COEIWHEHUs, paciaj] KOTOpOrOo IPHBOJHUT K COOTBETCTBYIOMIEH TeTpastmianaMunodochopucroit
KHCIIOTE.

Kniouesvie crosa: apupoamust kucnot P(III), peakuunst ApOy3oBa, TpeT-OyTraanaMunodochuTsl, amKuira-
JIOTeHHIbI, OpPOMMAIOHOBBIH 3¢ up, KBazudochoHneBOE COSaUHEHHE.
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