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One of the important methods for producing organomercury halides RHgX is based on exchange reac-
tions of R,Hg with mercury halides HgX, {1]. It is suggested that these reactions are reversible, but almost
entirely shifted in the direction of formation of RHgX [2]. The analogous reactions of bis(triethylgermyl)-
mercury (REGM) [3] and related compounds [4, 5} with mercury halides, judging by the substantial evolution
of heat, are more energetically profitable, and their uniqueness lies in the fact that the triethylgermyl-
mercury halides formed (C,;H;);GeHgX, in contrast to RHgX, are extremely unstable and break down into
mercury and (C,H;);GeX,

We have shown that the exchange reactions of BEGM with ethyl esters of g-mercurated fluoroacetic
acids and perfluorodialkylmercury compounds proceed just as uniquely, but with a less pronounced thermal
effect:

{(CeHs)s Gefe Hg + HgXs -5 2 (CaHs)s GeHgX—b> 2 (C2Hs)s GeX + 2Hg

X =F,CF(CF3)2, CHFCO:CzHs, C(CFa)s, CF2C0:2C.Hs, CFCICO:CeHs (1)
The exchange reaction with bis-tert-perfluorobutylmercurcy in tetrahydrofuran (THF) at ~ 20° ends in seve-
ral minutes and gives mercury, as well as triethylfluorogermane (IV) and perfluoroisobutylene, formed in
the p-decomposition of tert-perfluorobutyliriethylgermane

(C2H5)3GEC(CF3)3 -~ (CzH5)3GeF -+ CFg =G (CFs)zw (2)

Analogously, on the basis of esters of g-mercurated fluoroacetic acids, ethyl esters of triethylgermyl-
fluoroacetic (I), triethylgermyldifluoroacetic (II), and triethylgermylfluorochloroacetic (III) acids were
produced according to Egs. (1a), (1b) (Table 1).

The structure of compounds (I)- (III) was confirmed by the data of the IR and mass spectra. In the IR
spectra in the region of 1500-400 cm™!, bands are observed belonging to the fragments (C,H;);Ge with fre-
quencies about 585 and 545 cm™ !, The frequencies of the valence vibrations of C= O are 1755 em™lin (D)
and (III); in (I) a band with a doublet structure (1750 and 1718 cm™Y) is observed. The intense absorption
bands with frequencies 1200 em™!in (I), 1280 and 1110 cm™!in (II), and 1260 em”!in (I11) probably belong to
the valence vibrations of the C—F bonds. The mass spectra of the compounds contain the ion (C,H;);Ge
(m/e 161 for Ge') and products of its further fragmentation. The molecular ion is detected only for (IIT)
(m/e 300 for Ge™ and CI1?%).

Just as with other mercury halides [4], the reaction with HgF, in THF proceeds very energetically and
is described by Eqs. (1a, b).

The occurrence of a reaction with intermediate formation of (C,H;);GeHgX is well confirmed for the
examples of perfluorodimethyl- and perfluorodiisopropylmercury. It was established that in these cases,
depending on the nature of the solvent (or additions of a complex former), the exchange reactions can be
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* The yields of the compounds were calculated according to Eq. (1); in parentheses according to Eq, (3).

TThe compound was produced in the reaction of bis

T. bp 147-148° (744 mm); nfj 1.4026.
tFound: Hg 47.02%, calculated:Hg 46.72%.,

* *Mp 164~165 (from hexane).
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described by Eqgs. (1a) or (la), (1b). Thus, the reac-
tion with perfluorodimethylmercury gives (C,H;);Ge
-HgCF; (V), if it is conducted in toluene at ~ 20° or a
mixture of trifluoromethyltriethylgermane (VI) and
mereury, if an equimolar amount of o, a'-dipyridyl is
added to the reaction mixture, or if THF is taken as
the solvent. Analogously, the reaction with perfluoro-
diisopropylmercury in toluene leads to perfluoroiso-
propyl(triethylgermyl)mercury (VII) and mercury. In
THF the yield of mercury is increased to 60%, and to-
gether with compounds {VII) the reaction mixture con-
tains (IV) and perfluoropropylene, formed in the g-de-
composition of perfluoroisopropyltriethylgermane.

In the IR spectra of compounds (V)-(VII), the
presence of C—F bonds was established according to
the appearance of bands in the region of 1000-1350
em™! [6]. The frequencies vg and v, of the Ge—C
bonds have values of 548 and 592 em™! (V); 542 and
576 (V1); 540 and 577 cm™! (VII). The NMR spectrum
of F!® for (VII) consists of two signals. One of them
belongs to the CFy group (5p =—8.00 ppm; *Jpy = 13
Hz; *JHg199p = 54.1 Hz); the other belongs to the CF
group (6p = +128.80 ppm). The spin—spininteraction
constant 2JHg199F was not measured.

We should mention that the reaction of bis (tri-
phenylgermylymercury with perfluorodimethylmercury
in THF cannot be brought to completion even with pro-
longed heating (19 h at 100°). The yields of mercury
and trifluoromethyltriphenylgermane (VIII) are cor-
respondingly equal to 78.1 and 38.1%.

Exchange reactions of BEGM with mixed com-
pounds of the ClligX series, where X = CF (CFy),,
CHFCO,CyH;, CF,CO,CyH;, CFCICO,C H; and CF (CFy)
- CO,CyH;, judging by the pronounced thermal effect,
proceed more vigorously in THF than with the com-
pounds of the HgX, type, corresponding to them. Evi-
dently, just as in the case of mercury dihalides 4, 5,
8] the exothermic nature of these reactions is due to
the rapid process of exchange of (C,H;);Ge for halo-
gens and subsequent decomposition of the triethyl-
germylmercury chloride formed according to Eq. (3h)

[{C2Hs)s Ge}z Hg - ClHgX

a

THE™ (C:Hs)s GeHgCl - = (Colli}sGeligX
b
! R <))
4
(Calls)s GeCl < g (CaIls)s éeX -+ Hg

X=CF (CFs);, CHFCO2C2Hs, CF200:Colls, CFC1C0:CaHs, CF (CF3) C02CHse
In accordance with this, it was found that in the
reaction with Cl1HgCF (CF;), together with triethyl-
chlorogermane (yield 98.6%), (VII) was obtained. Con-
sequently, the exothermic nature of the reaction cannot
be attributed to decomposition of (VII) according to
Eq. (3c). In the remaining cases the rates of reactions
(3b) and (3c) are more comparable. Therefore, the
yields of mercury reach ~ 100% of its total content in
the initial reagents, and the other products are tri-
ethylchlorogermane and the ester (I) (or its corresponding



analog). It is interesting to note that the ethyl ester of o-triethylgermylperfluoropropionic acid (IX), syn-
thesized according to scheme (3), exhibits no tendency for S-decomposition, whereas the analogous com-
pounds (C,H;);GeCF (CF;), and (C,H;);GeC(CF;); are unstable under comparable conditions (see above).

In the IR spectrum of compound (IX) the frequencies vg and vyg of the Ge—C bond are correspondingly
equal to 542 and 587 em™!; the band of the valence vibration of C= O is split into a doublet 1742 and 1662
cm~!., In the NMR spectrum of ¥ (IX), two signals are observed, the chemical shifts of which (from
CF3;COOH) are equal to —6.85 ppm (doublet JF3—F2 = 11.3 Hz) and 120.00 ppm (quadruplet). These signals
belong to the CFy and CF groups.

As is well known, the nonsymmetrical compounds (C,H;);GellgR(X), where R = Alk, are thermally
stable [9, 10} in contrast to (C,H;);GellgX (X = Hal), which decomposes at the moment of formation [3, 9,
10]. An analogous pattern is observed for silicon-containing analogs [4, 5, 9, 10]. From our investiga-
tion it follows that compounds of the series (C,H;);GeHgX, where X is an electron attracting fluorine-con-
taining radical, are also unstable. This phenomenon may be due to the fact that in stable compounds (X),
both radicals next to the mercury possess the same inductive effect (+I), whereas in (C,II;);GeHgX the I-
effects of the substituents differ in sign. In accord with this interpretation, the compounds Cl;Si—HgX (X
= Br, I), in which the Cl;Si group [11] and X have the same I-effect, are stable even at increased tem-
peratures [12, 13]. Exceptions to this rule are the compounds (C,H;);GeHgCF; (V) and (CyH;)GeHgCF (CF;),
(VI), which can be explained by the presence of an intramolecular donor —acceptor interactionbetweenthe
fluorine (at the o-carbon) and mercury atoms. The decrease in the stability of these compounds in contact
with donor-type ligands (THF, o, o'-dipyridyl) agrees with this explanation [7].

EXPERIMENTAL METHOD

The initial mixtures were compiled without contact with atmospheric oxygen. The reactions were con-
ducted in evacuated sealed test tubes according to the method of [14]. Typical experiments are cited below.

Reaction of bis(Triethylgermyl)mercury with Perfluorodimethylmercury. A solution of 1.13 g per-
fluorodimethylmercury in 5 ml of toluene was frozen (liquid nitrogen) and 1.75 ¢ BEGM was added. The
mixture was left at ~ 20° until decolorization (12 h). The organic layer was decanted from the mercury
(0.09 g; 6.7%) and fractionated under vacuum. We obtained 2.32 g (82.0%) of compound (V).

Under the conditions of the preceding experiment, from a solution of 1.30 g perfluorodimethylmercury,
2.01 g BEGM and 1.21 g «, o '~dipyridyl in 5 ml of toluene (reagent ratio 1:1:1), 1.38 g (89.7%) mercury is
obtained. Fractionation of the organic layer yielded 1.20 g (68.2%) of compound (VI) and 0.97 g (80.7%) of
unchanged ¢, o '-dipyridyl with bp. 80° (1 mm). The melting point of the substance in a mixed sample was
71°.

From a solution of 2.18 g perfluorodimethylmercury and 3.21 g BEGM in 3 ml of THF, prepared as
indicated above, 0.86 g (34.7%) mercury is isolated after 12 h at ~ 20°. The mixture washeatedto 86° (5 h).
The yield of mercury was 2.38 g (96.1%). The organic layer was fractionated. We isolated 2.24 g (79.4%)
of compound (VI).

Perfluoroisopropyl ¢riethylgermyl)mercury (VI[). A mixture of 2.46 a perfluorodiisopropylmercury
and 2.58 g BEGM in 4 ml of toluene was left overnight. In the usual way we isolated 0.20 g (10.4%) of mer-
cury and 4.05 g (80.4%) of compound (VII) under comparable conditions, from 2.58 g perfluorodiisopropyl-
mercury and 2.48 g BEGM in 6 ml of THF we obtained 0.94 g (49.3%) mercury, 1.58 g (31.2%) of compound
(V1I), and 0.36 g (41.4%) triethylfluorogermane. Perfluoropropylene was detected in a trap cooled with
liquid nitrogen by the method of gas—liquid chromatography.

Reaction of bis(Triethylgermyl)mercurcy with bis- Tert-perfluorobutylmercury. A mixture of 2.46 g
bis-tert-perfluorobutylmercuryfluorobutylmercury and 2.02g BEGMin3 ml of THF, produced as described
above was thawed. The exothermic reaction ends in 5-7 min with liberation of 1.52 g (98.9%) mercury.
Fractionation of the organic layer yielded 1.16 g (85.0%) triethylfluorogermane (IV) with bp. 81-85° (60 mm);
n?'rg 1.4200, which agrees wiith the data of [15]. Perfluoroisobutylene was determined in the trap by the meth-
od of gas—liquid chromatography. Under analogous conditions, from 2.05 g BEGM and 0.93 g HgF, in 4 ml
of THF we obtained 1.53 g (97.5%) mercury and 1.08 g (76.8%) triethylfluorogermane (IV).

Ethyl Ester of Triethylgermylfluoroacetic Acid (). A mixture of 1.2 g BEGM and 0.95 g Hg(CHFCOO
- C,Hy), in 3 ml THF was left overnight at —20° and for 24 hat ~ 20°. In the usual way we isolated 0.88 g
(92.7%) mercury and 0.74 g (59.7%) of compound (I).
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Compounds (II) and (II) were produced analogously.

Ethyl Ester of g-(Triethylgermyl)perfluoropropionic Acid (IX). From a mixture of 3.66 g BEGM,
2.82 g ClHgCTF (CF;)COOC,H;, and 4 ml of THT at —50° (1 h) we isolated 2.70 g (95.8%) mercury. In addi-
tion, 0.90 g (66.5%) triethylchlorogermane with bp. 66-68° (20 mm); nzlo) 1.4640 and 1.82 g (78.5%) of com-
pound (IX) were ohtained in the usual way.

Compounds (I)- (11} and (VII) were produced analogously according to reaction (3).

CONCLUBSIONS

1. Exchange reactions of bis(triethylgermyl)mercury with fluorine-containing mercury compounds of
the HgX, or ClHgX type give derivatives of the series (C,H;);GeHgX {when X = CFy and CF(CFs),] or decom-
position products of the latter — mercury and (CyH;);GeX X = ¥, C(CFs);, CHFCO,C;H;, CF,C0O,C.H;,
CFCICO,C,H;, and (CF3) CO,CoHg) .

2. The compounds (C,H;);GeCF (CF3)y, (CyH;)3GeC(CF;);, but not (CyH;);GeCF(CF4)CO,CyH readily
undergo g-decomposition, forming triethylfluorogermane.
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