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Summary

Complexing of molecular oxygen with arylmercury compounds and phenyl
derivatives of Group IV and V elements has been studied by electronic spec-
troscopy. The type of complexing appeared to depend on the nature of the
central heteroatom in the organometallic compounds.

The chemical model for the reaction of R,Hg (R = Et, n-Pr, n-Bu, Ph) with
CCl; indicates that the complex R,Hg - L. (L = molecular oxygen, aromatic
compound) is formed in the initial stage of the interaction. By studying the
influence of w-donors on this process the correlation between the yield of alkyl-
mercuric chloride and the donor properties of the ligand has been determined.

Introduction

Molecular complexes of donor-acceptor type play an important role in many
chemical processes. Thus it is known, for example, that certain electron donor
substances (hexamethylphosphoric triamide, dimethylformamide, pyridine,
tetrahydrofuran, molecular oxygen) catalytically affect reactions of organic
compounds of mercury [1—3], tin [4—6] and lead [4] with CCl,; and ozone.
The catalytic action of L. comprises the formation of a labile complex R, E - L
(R = alkyl, aryl; E = Hg, Sn, Pb etc.) in the first stage of the process.

The formation of new donor—acceptor bonds results in an increase of polar-
ity of the E—C [7—10] bond which leads to a change of reactivity of R, E.

It is known [11] that the complex R, E - O, not only effects spontaneous
homolytical decomposition of an organometallic compound but is also the ini-
tial stage of the autoxidation of the latter.

The properties of the complexes R, E - L. depend on the nature of the
organometallic compound, ligand and solvent. Investigation of the properties of
these complexes is very important not only for the understanding of the mech-
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anisms of the chemical processes and for their control but also for the study of
intramolecular interactions in organometallic compounds. However, complex-

ing trends have not been studied well enough {12]. Difficulties in studying the
properties of these complexes are presented by their lability and low values of
equilibrium constants of complexing reactions, K..

Ke .
R,E+L=R,E-L 1)

For a given L, the stability of the complexes, and hence the K_ value, can be
mcreased by introducing into the R,E molecule electron-acceptor substituents
or by reducing the temperature [13]. Analysis of literature data on complexing
of mercury, tin and lead derivatives (these organometallic compounds served as
the subjects of studies of reactivity with respect to CCl,) showed that the
majority of authors preferred the first method of increasing K, i.e. studying
the complexes formed by organometallic compounds, containing electron-
acceptor substitutes [14—30]. Formation of compliexes by compounds posses-
sing substituents with weak acceptor properties (for example, phenyl deriva-
tives [9,12,24] is cast into doubt in some publications. We consider that it is
caused by the non-availability of reliable methods of complex characterisation.
Therefore, the aim of this work (studying the influence of complexing on the
reactivity of R, E) could be achieved by solving at least two interrelated prob-
lems.

The first was the development of a method for studying labile complexes
formed by organometallic compounds. The second was the study of complex-
ing effects on the course of chemical processes.

Results and discussion

K. constant values for alkyl and aryl organometallic compounds were
increased by reducing the temperature at which the complexes were studied
down to 77 K.

We have shown previously [31,32] that electron emission spectroscopy is an
suitable method for studying labile R, E - L. complexes at 77 K. It was found
that molecular oxygen and tert-butyl peroxide cause a decrease (quenching) of
R, E luminiscence. The experiments were run under conditions of static
quenching and obey the Stern-Volmer equation [33]:

L -1k Q]

where [, and [ are emission intensities in the absence and in the presence of a
quenching agent, respectively, [Q] is the quenching agent concentration and
K, the quenching constant. The assumption [33] that K, for static quenching
represents the equilibrium constant for R, E - Q complex formation was veri-
fied on model systems [35]. For the latter the typical charge-transfer com-
plexes of 7, 7-type formed by naphthalene (7-donor) ~nd tetracyanoethylene
(m-acceptor) were chosen. Complexing equilibrium constants K. determined by
spectrophotometry at room temperature are related to K, constants deter-
mined at 77 K by the equation: K; X 107* = 2.56 K. + 0.50. This relation sug-
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gests that the quenching constants K, are also proportional to the equilibrium
constants K, in the case of complexing of organcmetallic compounds with elec-
tron donors (molecular oxygen, peroxides, etc.). Therefore, values of K, must
be dependent on the donor-acceptor properties of the complex components
and represent the comple<ing ability of the organometallic compound.

Complexing of the R,E compounds studied, pheny! derivatives of mercury
and Group IV and V elements, depends on two factors. Firstly, they possess an
aromatic system and can therefore display m-donor properties. In this case oxy-
gen, owing to its antibonding m,-molecular orbitals, is a w-acceptor and as a
result 7, m-complexing can occur. Secondly, due to the availability of vacant np
or nd orbitals of the central atoms E (V-acceptor) in R,E and the bonding
molecular 7,-orbitals of oxygen, a donor-acceptor element—oxygen bond can
be formed by 7,V-complexing. Complexing of tert-butyl peroxide depends on
both factors in this way. The K, value characterises the total complexing pro-
cess according to the w,7- and 7,V-mechanisms.

We shall now discuss in detail the relationship between reactivity and com-
plexing for the aryl mercury compounds studied. An increase in electron donor
character of substituent X in the aromatic ring of organomercury compounds
[32] such as (XC.H,),Hg (X = H, F, EtCOO, Me, MeO, Me,N) is accompanied
by a decrease of K, quenching constant values for oxygen and tert-butyl perox-
ide (compounds 1—4, Table 1). The highest values of K, are observed for
(CeF;),Hg and C,H HgCl with electron-acceptor substituents on the mercury
atom. Thus, analysis of K, values (Table 1) allows us to conclude that organo-
metallic compounds when complexing with oxygen and tert-butyl peroxide
primarily show themselves as V-acceptors, forming 7,V-complexes. From the
data of Table 1 it can be inferred that quenching constants for peroxides (K,*)
have lower values compared with quenching constants for oxygen (X,'). One of
the main reasons for this, in our opinion, is steric hindrance caused by the tert-
butyl groups bonded with the oxygen atom.

Referring now to the reactivity data, it should be noted that molecular oxy-
gen and tert-butyl peroxide substantially change the reactivity of diphenyl-
mercury with respect to CCl, [36,37]. Diphenylmercury reacts with CCl, only

TABLE 1

QUENCHING CONSTANTS FOR MOLECULAR OXYGEN (Kq!) AND TERT-BUTYL PEROXIDE
(Kq~) AND FREQUENCIES OF CHARGE-TRANSFER BANDS IN CHARGE-TRANSFER COM-
PLEXES OF ORGANIC MERCURY COMPOUNDS WITH TETRACYANOETHYLENE (v) @

Compound Kq' X 1072 Kq? X 1072 vey X 1073

(1 mol™}) (tmol™") (cml)
1 (D-CH3006H4)2H5 2.5 0.15 17.9
2 [p-(CH3)2NC6H4]2Hg 29 ©.05 19.5
3 (p-CH3CH,4),He 3.8 0.45 23.9
4 (CgHs)He 3.8 0.55 24.4
5 (p-FCgHy)oHe 3.9 0.70 21.4
6 (p-C;H;CO0CgH ) He 10 0.80 23.8
7 CgHsHeCl 1.4 1.05 25.0
8 (CoF 5)2HE 1.8 1.15 -

2 Ref. 44.
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after heating to 473 K but the temperature of interaction is reduced to 373 K
after introduction of tert-butyl peroxide into the reaction mixture. The rate of
the reaction is accelerated upon increasing the molar ratio of peroxide to
diphenylmercury. The rate of reaction can be judged by the amount of phenyl-
mercuric chloride formed after 12 hours of reaction. The yield of PhHgCl was
7,19 and 60% at a molar ratio of peroxide to Ph,Hgof 1 : 10,3 :10and 1 : 1,
respectively. It should be noted that tert-butyl peroxide is practically not con-
sumed in the reaction. Molecular oxygen similarly affects the interaction of
diphenylmercury with CCl,.

The catalytic action of tert-butyl peroxides and oxygen on this reaction can
be explained by the formation of a labile complex Ph,Hg - L (L. = oxygen or
tert-butyl peroxide) of w,V-type in the first stage of the reaction. Organomer-
cury compounds with low ionization potentials can react directly with CCl, by
the one-electron transfer mechanism [38,39,41]. Complexing leads to an
increase of the polarity of the C—Hg bond [ 7—10] which must promote one-
electron transfer in the reaction of diphenylmercury with CCl;. Interaction of
the coordination complex Ph,Hg - L, with CCl, is accompanied by generation of
radicals. The formation of radicals by non-solvated organometallic compounds
was observed in the interaction with tetracyanoethylene [42]:

L L
|
\/ L ) )
PhHg 1 Ph + CI—CCI3——)—- PhHg Ph —= L + PhHgCl + Ph + CClg (2)
cl~  cci;

3

The influence of molecular oxygen on reactions of alkylmercury compounds
R,Hg, in contrast to the reactions of phenyl derivatives was explained by oxida-
tion of the organic mercury compounds {43]. This conclusion was reached on
the ground of the formation of oxidation products of R,Hg (the reactions were
carried out at 2.3-fold molar excess of oxygen with respect to R,Hg). At the
same time, the interaction of R,Hg with CCl, is catalysed by electron donor
compounds L {hexamethylphosphoric triamide, pyridine, tetrahydrofuran) [ 2].
We conducted similar reactions at 358—373 K in the presence of an equimolar
ratio of oxygen to R,Hg in order to study in detail the role of molecular oxy-
gen in these processes (Table 2). In this case the mercury derivatives R,Hg (R =
Et, n-Pr, n-Bu), stable with respect to oxygen, were used [43].

The organomercury compound initially dissociated into radicals in the ther-
mal reaction of R, Hg with CCl, in the absence of oxygen (exps. 1, 3, 5; Ta-
ble 2):

R.Hg - RHg" +R° (3)
The radicals formed react with the solvent:
R’ (or RHg") + CCl; -~ RCl(or RHgCl) + C"Cl, 4)

or with the original organomercury compound, inducing decomposition of the
latter [ 36,38,40].

C'Cl, + RHgR —~ CHCI, + [(R — H)'HgR] {5)
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(a)
. (R—H)+Hg+R"
(R —H) HgR ﬁ(b) (R — H) + RHg (6)
(olefin)

The presence of Hg,Cl, in the reaction products is due to further dealkylation
of the resulting alkylmercuric chloride. The main product from thermal reac-
tions of dipropyl- and dibutylmercury with CCl, is mercury (~0.90 mol per

1 mol of the decomposed organomercury compound, see Table 2, exp. 3 and
5). Mercury formation is the result of induced decomposition of R,Hg accord-
ing to reactions 5 and 6a. Introduction of O, into the reaction mixture results
in a decrease of the reaction temperature and the yield ratio of mercury and
alkylmercuric chloride (cf. exp. 1 and 2, 3 and 4, 5 and 6; Table 2) is drastical
changed. The higher value of RHgCl yield as compared to mercury (exps. 2, 4,
6; Table 2) can be explained by the important role of process 2 in these reac-
tions. The catalytic action of oxygen in this case is also due to the formation of
the labile complex R,Hg - O, which reacts directly with CCl, in the first stage of
the reaction. Transformation of the complex with the formation of the prod-
ucts of R,Hg oxidation practically did not take place. The corresponding alco-
hol or aldehyde were found in the reaction mixture in only insignificant
amounts.

Hence, the increase in reactivity of diphenyl- and dialkylmercury by the
action of oxygen is accounted for by the formation of a 7,V-type complex in
the first stage of the reaction. Spectroscopic data on complexing of arylmer-
cury compounds with molecular oxygen not being available, an alternative
mechanism for the change of reactivity of Ar,Hg with formation of mw,m-type
complexes might be suggested. In this case transfer of the electron density from
the aromatic ring of Ar,Hg (7-donor) onto the oxygen molecule (m-acceptor)
also presupposes a polarity increase of the Hg—C bond, but on the basis of ref.
32 this alternative 7,m-mechanism is either completely non-existent or plays a
substantially subordinate role as compared to the 7,V-type complexing. When
varying the central element E in the phenyl derivatives of Ph,E type, the rela-
tion between the w-donor and V-acceptor properties of these compounds may
be expected to change. In this connection we have studied the dependence of
the complexing mechanism on the nature of the heteroatom E. Determination
of the molecular oxygen coordination centre and of its role as a component of
the donor-acceptor complex is a relevant to a more fundamental understanding
of the oxidation mechanism of organometallic compounds as well as to the
study of the dependence of R,E reactivity on molecular oxygen and other elec-

tron donors.

The coordination of molecular oxygen was studied on Group IV and V ele-
ment complexes of Ph E (E = C, Si, Ge, Sn, Pb) and Ph;E (E = N, P, As, Sb, Bi)
types with molecular cxygen. These compounds differ from the organomercury
compounds by the fact that the substituents in the latter were varied for a
given heteroatom.

Molecular oxygen coordination onto the phenyl ring is promoted by increas-
ing m-electron density on the aromatic ring. The data on the magnitude of the
m-electron density, i.e. on the w-donor ability ot Ph,E can be obtained, for
example, from absorption spectra of charge-transfer complexes of organometal-
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Fig. 1. The interdependence of Kq and vgy. Line 1 refers to compounds listed in Table 1. Lines il and III
refer to compounds listed in Table 3.

lic compounds with tetracyanoethylene. These complexes are of w,m-type,
where the 7-acceptor is tetracyanoethylene which, as in the case of molecular
oxygen, makes use of antibonding molecular orbitals when forming a donor-
acceptor bond. The charge transfer frequency v, characterises the w-donor
ability of Ph,E and permits qualitative evaluation of the contribution of the
w,m-type complexing mechanism to the quenching constant K,(Ph, E-oxygen
system). v, values decrease as the donor properties of Ph,E compounds
increase. Fig. 1 shows K, as a function of v, for the compounds studied.

For the series of organomercury compounds (Fig. 1, linear function I) the
decrease in v, (increase of m-donor properties) is accompanied by a decrease
in K, values. Hence, the organomercury compounds which show themselves as
strong electron donors in complexing with tetracyanoethylene are characterised
by the lowest values of K, when interacting with molecular oxygen. This con-
firms the above conclusion that arylmercury derivatives display V-acceptor
properties when complexing with molecular oxygen.

The v., values for derivatives of Group V elements (Table 3) reveal a high
m-donor ability for triphenylamine (v, ~11400 cm™!), a much lower 7-donor
ability for PhsP (v.. ~21400 cm™') and approximately the same m-donor
properties for Ph;As, Ph,;Sb and Ph,Bi, for which v, is 18500, 19000 and
18600 cm ™, respectively. Weak donor properties for triphenylphosphine are
due to the effect of p,—d,, interaction [47] resulting in delocalization of m-elec-
tron density of the aromatic ring onto the vacant 3d orbitals of the phosphorus
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TABLE 3
Kq AND vy VALUES FOR PHENYL DERIVATIVES OF GROUP IV AND V ELEMENTS

Compound Ké X 1072 Vor X 1072 (ecm™)
(mol™)

9 Ph3N 6.5 11.4
10 Ph3P 1.4 21.4
11 Ph3As 2.5 18.5
12 Ph3Sb 2.8 19.0
13 Ph3Bi 41 18.6
14 Ph,uC 0.8 243
15 Ph,Si 0.8 24.4
16 Ph,Ge 0.9 21.0
17 PhgSn 1.7 24.0
18 Ph,Pb 3.4 24.3
19 Ph,GeH, 8.8 25.6
20 PhGeH3 20 25.6

atom. This effect does not occur in triphenylamine as there are no energetically
accessible vacant orbitals on the nitrogen atom. With increase of the central
element E atomic number on changing from Ph,P to PhBi, the effect of p,—d.;
interaction disappears almost completely. K, values for Group V compounds
change simultaneously with the change in their m-donor ability (Table 3) [45].
This is an indication of the predominant role of n,7-type complexing (Ph,E—
7-donor) for these compounds. The K, value is the highest for triphenyl-
amine, which exhibits high w-donor ability and does not possess V-acceptor
properties, among these compounds of Group V elements.

The fact that K, values for triphenylbismuth are much higher than for Ph;As
and Ph;Sb, although the m-donor properties of these compounds are approxi-
mately equal (see Table 3), is an indicaticon of a significant contribution to K
from V-acceptor properties in the case of Ph;Bi. The deviation of point 13
(Fig. 1, linear function II), representing PhBi, in the direction of higher values
of K, points to an increase of V-acceptor properties with increasing atomic
number of the central element E. This relationship clearly shows itself for
phenyl derivatives of Group V elements. The w-donor properties of these ele-
ments are almost the same (v, values are approximately equal, Table 3) but the
K, values increase with increasing atomic number of E (linear function III,

Fig. 1). The points representing tetraphenylmethane and tetraphenylsilane are
located on the straight line for organic compounds of Group V elements

(Fig. 1), but the points representing tetraphenyltin and tetraphenyllead deviate
from this line towards higher values of K. High values of K, for Ph,Sn and
Ph,Pb are an indication of a significant contribution from V-acceptor proper-
ties for these compounds when complexing with molecular oxygen.

Tetraphenylgermane exhibits weak acceptor properties for complexing. K,
values for diphenylgermane and further for phenylgermane are much higher as
compared with the values for tetraphenylgermane although the m-donor proper-
ties of these compounds, as judged by v, values, are weaker than that of Ph;Ge
(Table 3). This experimental fact indicates that with a decrease of steric
hindrance for the germanium atom (substitution of three-dimensional phenyl
rings by hydrogen atoms) the V-acceptor properties of the organometallic com-
pound increase substantially.



371

Thus, increasing of atomic number of Group IV and V element E in Ph,E
compounds results in a gradual change from the 7, 7-type complexing mecha-
nism to the 7,V-type. Therefore the catalytic action of electron donor sub-
stances on the interaction of tetraphenyllead with CCl, [4] can undoubtedly be
treated on the basis of 7,V-type complexing. If complexing in the reactions is
postulated for Ph,C, Ph;Si, Ph;N, Ph P, PhER, (E = Si, Ge; if E = Ge, R # H)
with molecular oxygen or other ligands possessing cominensurable donor and
acceptor functions, this complexing will primarily follow the 7,7-mechanism.

In this connection we considered the rearrangement of screened organo-
metallic phenols caused by molecular oxygen [44].

S—= o0—¢ire, D—H O —EMe,
|
S —-:-_-—///\\ t—au—/\\—:—e_ t—Bu — —Bu
T TG ™ G
- — - K\_/ S N
: i
—a —By gne,
£ =5 .Ge

Oxidised phenols were not found among the reaction products.

We found that all the phenols 21—27 form complexes with O, (Table 4). It is
also known [45] that phenylsilanes Ph,,SiX,_, (X = H, Cl, Me, Et, OMe; n =
1—3) form 7,m-type complexes with molecular oxygen. In this case, K, values
for phenols (Table 4) are much higher than for phenylsilanes. This indicates
that phenols as well as phenylsilanes form 7,7-type complexes with molecular
oxygen since the acceptor properties of phenols are markedly weaker than
those of phenylsilanes.

The increase of K, values for phenols from 21 to 22 and 27, and also from
23 to 24 and 27 (Table 4) is accounted for by the increase of electron donor
properties of the ortho or para substituents of EMe; type in the following
series: SiMe; < GeMe; < CMe;. Indeed g, constants for these substituents are
+0.07, —0.01 and —0.19 respectively. Thus, the SiMe, group possesses acceptor
properties and the GeMle; and CMe; groups possess donor properties. Hence,
with variation of E, K values increase in the series Si < Ge < C. However, when
passing from phenol 21 to 23 and from 22 to 24, the K, values decrease (Ta-
ble 4). This relationship seems to result from a decrease of w-electron density
on the aromatic ring due to the effect of direct polar conjugation

[
Meagf@o_ ;

The decrease of w-donor properties (low values of K in comparison with
phenol 27) for the mixed phenols 25 and 26 (Table 4) can be accounted for by
the substitution of typically electron donor tert-butyi groups by Ph;E frag-
ments.

The stabilities of the phenols increase in the following order: 22 < 21 <23 ~
24_ Phenols 25 and 26 do not rearrange in air. The K, values decrease in the
same order (Table 4).

The existence of a correlation between the stability of organometallic
phenols and K, values and absence of oxidised phenols allows us to draw a con-
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TABLE 4
Kq VALUES FOR SILICON AND GERMANIUM-CONTAINING PHENOLS

Number Compound Kq X102 amo1™)

21 O 3.0

t—Bu—I/(‘%—“ sinte,
'

}i
A
\;/

22
23 : 2.8
24 i 3.0

25

20 thee—ﬁﬁr—s::;—.a 28

27 N 3.8
t-Su O t-Bu

clusion about the significant role of molecular oxygen as a component of a
donor-acceptor complex. In the process of complexing of a phenol with molec-
ular oxygen a partial positive charge appears on the aromatic ring, causing
increasing n,w-conjugation of the lone electron pair of the oxygen atom of the
OH group with the w-system. As a result, the hydroxyl hydrogen atom of the



phenol becomes more mobile.

| O —-e—H (0] 10—EMe,

EMe,

Thus the initial stage of the molecular oxygen-induced rearrangement of
sterically hindered phenols is the formation of the labile complex ArOH - O,.
The tendency to rearrange increases with increasing equilibrium constant for
the complexing, i.e. with increasing w-donor ability of the phenol.

The complex R, E - O, also participates in reactions of organomercury com-
pounds with CCl,. Molecular oxygen, when forming a 7,V-type complex,
increases the polarity of the C—Hg bond, raising the reactivity of the original
organometallic compound with respect to CCl,. The degree of polarization of
the C—Hg bond must be highly dependent on the ligand donor properties. In
this connection it might be expected that the degree of conversion of the
organomercury compound could be correlated with the w-donor properties of
the ligand. But when using hexamethylphosphoric triamide, dimethylform-
amide, tetrahydrofuran, pyridine etc. [2,4] as ligands, this simple relationship
does not hold. This can be explained by the participation of different donor
centres of ligands L (oxygen and nitrogen atoms) in the formation of the
donor-acceptor bonds Hg < L. It should be noted that the donor properties of
pyridine and to a lesser extent of hexamethylphosphoric triamide and
dimethylformamide are weakened by their coordination with CCl, [49—53].
When hydrocarbons of CCH. X (X = H, Me, Et, OMe, OEt) type, possessing
w-donor properties, are used as L, the #-donor ability of the ligand can be
widely varied by changing the substituent X. The o,” Brown-Okamoto con-
stants for the substituent X can serve as a parameter reflecting the influence of
X on the basicity of the aromatic hydrocarbons [54].

The influence of aromatic hydrocarbons on the reaction of dipropylmercury
with CCl,; was studied. This organomercury compound was chosen because of
possibility of separating the products frorh the induced decomposition of Pr,Hg
(processes 5 and 6) from the molecular interaction with participation of
Pr,Hg - L (equation 2) in this case.

The addition of equimolar quantities of aromatic hydrocarbons increases the
conversion of Pr,Hg. In this case the yield of propylmercuric chloride (the
product of complex reaction according to equation 2) approaches (exps. 3—7,
Table 5) and even exceeds (exps. 8 and 9, Table 5) the yield of mercury
(induced decomposition product according to equations 5 and 6). Fig. 2 shows
the yield of PrHgCl as a function of Xa," constants of the substituents in
C,H;X. As can be seen from Fig. 2, the influence of p-xylene (exp. 4) and
durene (exp. 2) on the reaction is abnormally low as compared with the influ-
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Fig. 2. The dependence of propylmercuric chloride yield N\ (with regard for formation of Hg;Cl;) on
}_:ap‘ constants for the substituents of the 7-donor.

ence of compounds in experiments 3, 5, 6 and 7 (Table 5). At the same time
anisole and phenetole (exps. 8 and 9) exhibit abnormally high donor proper-
ties. These data suggest that anisole and phenetole act in the reaction with CCl,
not as 7- but as n-donors due to the lone electron pairs of the oxygen atom.
Therefore, for the purpose of getting a deeper insight into the initial stage of
the process studied we investigated the trends in complexing of diphenylmer-
cury with aromatic hydrocarbons by electronic absorption spectroscopy. The
absorption spectra showed that addition of benzene to a diphenylmercury solu-
tion in methylene chloride causes the appearance of a new absorption band at
about 37000 cm™! which was not present in the spectra of the separate com-
pounds. We assign this long wavelength band to the charge-transfer transition.
Introduction of electron donor substituents into benzene ring increases the
energy of the highest occupied molecular orbital of donor closer to the lowest
vacant orbital of the acceptor (Ph,Hg) and causes an increase in energy hv' of
charge transfer (exp. 3—9, Table 5). The charge-transfer frequency, v,,, char-
acterises the ligand donor properties in this case. It should be noted from the
spectrophotometric study of complexing the w-donor properties of p-xylene
are much weaker than those of m-xylene (cf. exps. 4 and 7, Table 5). Weak
donor properties of p-xylene are also observed for charge-transfer complexing
with tetracyanoethylene [54].

The spectra of compiexes of 1-donors with tetracyanoethylene are wel
studied [e.g. 55]. The following correlation between v,, for n-donors with Ph,-
Hg and tetracyanoethylene

1, = 0.3202, + 28660 (r = 0.98) (7)

allows us to draw a conclusion about the close nature of donor-acceptor inter-
actions in these systems. That is why we correlated v}, values with propyl-
mercuric chloride yield in the reaction of n-Pr.Hg with CCl, (Fig. 3).

Number of moles PrHgCl = 7.57 — 0.0002v}, (r = 0.97) (8)
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Fig. 3. The interdependence of propylmercuric chloride yield N and Vét.

This correlation confirms the above conclusions about the participation of
complexes R,E - L in reactions of R, E with CCl,. The non-existence of a
durene complex with Ph,Hg (absence of the charge-transfer band) and the weak
w-donor properties of p-xylene can be explained by a decrease of basicity
resulting from a symmetric arrangement of methyl groups [56]. For example,
p-xylene and m-xylene basicities as determined by complexing with Ag" are
1.04 and 1.23, respectively, (the basicity of benzene is taken as 1.0). For
durene the basicity equals 0.80 and for its non-symmetric isomer it is 1.54.

Thus, simultaneous analysis of data on the reactivity and electronic spectros-
copy of complexes with reagent participation allows us to draw important con-
clusions on the role of molecular complexes in the initial stage of reactions of

organometallic compounds.
Experimental

The starting organomercury compounds were obtained by the Grignard reac-
tion. Their purity was checked by determination of their boiling (melting)
points and by means of IR spectroscopy. Tert-butyl peroxide, CCl, and other
solvents were purified in accordance with literature procedures [57,58]. After
the reaction had been completed the gaseous products were separated and
analyzed by means of a MI-1305 mass spectrometer. The highly volatile prod-
ucts and solvent were recondensed in vacuum cold traps cooled by liquid nitro-
gen. This fraction was analyzed by means of a Tsvet-100 chromatograph em-
ploying a heat conductivity detector. Carbon tetrachloride was added to the
reaction residue after distillation of the highly volatile fraction. The obtained
solution was filtered from mercury, alkylmercuric chloride and calomel. Asso-
ciated polychloroalkanes were found in the filtrate. Alkylmercuric chlorides
were separated from calomel and mercury by dissolving in chloroform. They
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were identified from their melting points. Calomel was identified by the reac-
tion with aqueous ammonia.

Complexes of organometallic compounds with exygen [31] and tert-butyl
peroxide were studied at 77 K in optical quartz vessels. Oxygen was dried over
4 X molecular sieves. It was assumed that under normal conditions and with
rapid freezing to 77 K the oxygen concentration in n-hexane was 1.5 X 1072
mol 17! {33]. The absorption spectra were recorded on a Perkin-Elmer 402 spec-
trophotometer. The quartz cells were 1 cm thick. The concentration of solu-
tions studied was 107™* mol 171,
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