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THE TRANSMISSION POWER OF A BRIDGING MERCURY ATOM

L. S. Golovchenko, S. I, Pombrik, UDC 543.422.25:547.,559.49
A, S. Peregudov, and D. N. Kravtsov

Earlier during investigation of the transmission power of a bridging mercury atom in
systems of the ArHgCsH,F-4 (I) type by the *°F NMR method it was established that the trans-
mission of the electronic effects of substituents along the Hg—C,, bonds takes place by an
inductive mechanism, and the mercury atom has a lower transmission power than a bridging CH,
group [1]. However, the quantitative result on the relative effectiveness of the transmis-—
sion of the electronic effects of the substituents through a mercury bridge can only be re-
garded as tentative, since the previously obtained data [1l] on the chemical shifts of fluor-
ine caused by the substituent for (I) were compared with published data for structurally re-
lated compounds of the ArCH,C¢H,F-4 (II) [2] type, which were determined in solvents similar
in nature but not identical. Moreover, the number of compounds in series (I) and (II) with
identical Ar groups was small, which (as known) has a significant effect on the quality of
the statistical treatment of the experimental results,

In order to obtain quantitative data on the relative conduction of the electronic ef-
fects on the substituents by the bridging mercury atom in the present work we synthesized
a series of substituted 4-fluorodimethylmethanes with a standard set of variable aromatic
radicals (IIa, c-k), where Ar = 4-Me,NCqH, (a), 4~MeOCgH, (b), 4-MeCgH, (c), Ph (d), 4-FCgH,
(e), 3-FCe¢H, (f), 4-ClCeH, (g), 3-ClCeH, (h), 3-CF3CeH, (i), 3,4-ClaCe¢Hs (j), 3,4,5~ClsHeH,
(k), and we determined the chemical shifts of fluorine (8F) in chlorobenzene (Table 1). 1In
addition, in order to study the effect of the nature of the solvents on the transmission
power of mercury we determined the 8F values for series (I) and (II) in solvating (pyridine,
DMSO) and nonsolvating polar (nitrobenzene, DCE) solvents (Table 1), It should be noted
that in the present work, as in [l1], the data on the &F values of (I) were obtained during
analysis of the PMR spectra of the equilibrium mixtures formed during the reaction of 4-
FCeH,)2Hg with Ar,Hg.

For a quantitative assessment of the relative transmission power of the bridging mer-
cury atom we made a correlation of the data on the &F values in chlorobenzene for (I) in
relation to the 8F values for the corresponding compounds (II). The tangent of the slope
of the obtained straight line (Table 2, No. 1) indicates that the mercury atom has a lower
transmission power than the CH, group. However, the differences in the effectiveness of
the transmission of the electronic effects of the substituents through the -Hg and —CH,
bridges amounts to ~30% and not 50%, as we supposed earlier [1].

Whereas our previously obtained correlation data for systems (I) (Table 2, Nos. 2 and
3) clearly demonstrate the inductive character of the transmission of the electronic effects
of the substituents in them, the extremely insignificant differences in the quality of the
correlations between SF of (II) and the o 0 or o constants (Table 2, Nos. 4 and 5) indicate
that other factors not realized in (I) maEe a sugstantial contribution in (II) in addition
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TABLE 1. The °F Chemical Shifts in (I) and (II) in Relation

to C¢HsF in Various Solvents (&, ppm) .

Compound PhCl Py DMSO DCE PhNO,
(Ia) 0,30 0,92 0,97 0,20 0,43
(Ib) —0,04 1,00 - - -
(Ic) —0,04 1,00 - ~{0,03 Insoluble
(I ~0,18 1,02 1,05 0,09 0.1
(1e) —0,37 1,09 1,05 —0,27 0,
(I —0,52 - - - -
(12) ~0.44 1,08 - — _
(Th) —0,55 1,05 - = -
(11) ~0,69 0,98 1,08 —0,85 —0.07
I -078 0,93 0,98 0,52 0,44
(If( —14,15 0,83 — - -
(11a) 482 4,81 474 5,22 4,89
{Ilc) 428 LAT 441 - -
(I1d) 4.28 433 4,28 4,33 4,45
(Ile) 4,00 415 - 4,12 4,21
(118 ) 3,80 3,96 4,00 - -
(Ith) 3,49 3,83 3,88 - -

(111 ) 3,34 372 3,85 3,72 3,80
( II}L ) 3,30 3.53 3,67 - -
k) 2.80 3.45 3,41 - -

TABLE 2. The Parameters of the Correlation Equations y =

px + 3

No. Y x n o=Ap S T ¢

1 | 8F(D) 8F (11) 9 0,60+0,00 ]0,064 0990 -3,04

2 | 6F(Y) 0;p° 6 —-4,44+013 0,0351099% | -0,20

3 SF(D) Op 6 —0,97+028 1007410974 -027

4 | 8F(ID) Gp° 5 —1,34+0,50 10,008 | 0,975 419

5 | SF(II) Op 5 ~117x0,44 10,107 ] 0971 412

6 | SF(IDpy SF(ID pnct 9 081014 0,072 10,991 0,81

7 | SF(Ipmso 8F (1D pnet 8 0,64+0,41 {0,067 | 0,989 1,64

to the inductive effect. In all probability their action is explained by the higher electron
conduction in (I1). Among these factors it is possible to include the o, 7 conjugation of
the C-H o bonds of the bridging group with the m-electron systems of the aromatic rings,
expecially as (according to data in [3]) the preferred conformation in compounds of the di-
arylmethane type is that in which each of the aromatic rings is orthogonal with one C-H bond
and parallel to the other. In addition, direct electrostatic imteraction through space be-
tween the 7m-electron systems of the substituted and indicator aromatic rings is more likely
in compounds of type (II), and this is due to the smaller bond angle at the bridging atom
and, accordingly, the shorter distance between the rings im (II) [3] compared with the linear
compounds of type (I) [4].

Analysis of the obtained data on the &F values of (I) in various solvents (Table 1) in<
dicates that the transition from chlorobenzene (Et = 37.5 kecal/mole [5], n* = 0.709 [6]) to
polar coordinating solvents pyridine (Ep = 40.2 kcal/mole, % = 0,867) and DMSO (Ep = 45.0
kcal/mole, 7% = 1.000) leads to the almost complete loss of sensitivity of 8F to the effect
of the variable substituent — the range of the variations in the &8F values {ASF) in (I) be-—
comes zero. At the same time the transition from chlorobenzene toc the polar but not solvat~
ing solvents nitrobenzene (Ep = 42 kcal/mole, 7% = 1.029) and dichloroethane (Ep = 41.1
kcal/mole, 7% = 0.807) alsc leads to a decrease in the electron conduction of (I) but the
transmission power "'quenching"” effect observed here is substantially smaller (ASFpyci =
1.08 ppm, AéFC,H«Cl=‘= 0.72, and A5FPhN02 = 0.57 ppm). Consequently, the decrease in the
transmission power of (I) in polar coordinating solvents takes place as a result of the
operation of both dipole~dipole [7] and coordination interactions with the solvent, where
the effect of the latter probably predominates. In order to assess quantitatively the rela-
tive contribution from the coordination interactions with the solvents to the overall effect
of decrease in the transmission power in (I) in polar coordinating solvents we undertook an
investigation into the behavior of structurally related diarylmethanes (II) under analogous
conditions. During the correlation of 8F data for (II) in pyridine and DMSO in relation to
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TABLE 3. The Physical Constants and Analytical Data of 4-
Fluorophenylarylcarbinols and 4-Fluorophenylarylmethanes

bp, C Found /
Com- ; '
Formula Yield, N (p,mm | pwp, calculateu,
pound| . % p, € : 2
Hg) c | =
(118} |4 (CH,):NCgH,CH,CeH F-4 5 <S§t—33 - - 78,24 6,67
. ether) 78,57 7,03
(1b) |4-CH:CeH,CH.CeH F-4 32 - 135(6) | 1,556¢ 83,83 6,32
) 83,96 6,54
(Ild) |CeHsCH-CoH.F-4 66 - 123(9) |1,5574] 83, 6,
83,84 5,95
(IB ) |4-CICeH,CH,CeH,F-4 28 - 149— 1,568¢| 70,51 4,31
143(2) 70,75 ]
(1Th) |3-CICeH.CH.CoH F-4 37 - 195(1) | 14,5691 70,55 4,64
70,75 4,56
(111 ) | 3-CF3CeH,CHoCeH,F4 51 - 140— 1,5025| 66,14 4,02
141 (15) 65,62 | 472
(11j) |3,4,5-ClsCeH,CH,CsH,F-4 27 61—62 - - 54,27 2,80
(pentane) 53,95 2,78
3-C1CeH.CH (OH) CeH,F-4 38 - 173— | 11,5808 66,40 4,53
175(2-3) 6596 | 425
3-CF3sCeH,CH (OH) CeH,F-4 63 - 141— 1,5154 61,84 3,58
142(1) 62,22 3,73
3,4,5-Cl;CsH,CH (OH) CeH, F-4 36 71-72 - - 50,94 ,
(pentane) 51,09 2,63

the corresponding SF values of (II) in chlorobenzene (Table 2, Nos. 5 and 6) we obtained
straight lines, the tangents of the slopes of which indicated that the loss of transmission
power in (II) on account of dipole—dipole interactions amounts to 20% in pyridine and 40%

in DMSO. Consequently, it can be concluded to a first approximation that the coordination
interactions in (I) in fact make a more substantial contribution, amounting to “v80% in pyri-
dine and 607% in DMSO.

EXPERIMENTAL

The °F — {*H} NMR spectra were obtained on an RYa-2309 spectrometer at 84.56 MHz and
25°C for dilute solutions (0.2 M). The experimental error in the measurement of §F was not
greater than 0.0l ppm. The solvents were purified by standard procedures. The substituted
aryl-4-fluorophenylmethanes (II) were synthesized by the reduction of aryl-4-fluorophenyl-
carbinols with a saturated solution of hydrogen iodide in acetic acid. The carbinols were
obtained by the reaction of 4-fluorobenzaldehyde with the corresponding arylmagnesium bro-
mides. The '°F chemical shifts (in hexane) of the compounds (II) synthesized in the present
work agreed with published data [2] with an accuracy of *0.03 ppm. The constants and analyt-
ical data for the previously undescribed compounds and those having different physical
characteristics from the published values are given in Table 3. A typical example of the
synthesis of the compounds investigated in the present work is given below.

3-Trifluoromethyl-4-fluorodiphenylcarbinol. To an ether solution of 3-trifluoromethyl-
phenylmagnesium bromide (obtained from 11.25 g (0.05 mole) of 3-trifluoromethylbromobenzene
and 1.2 g of magnesium) we added with stirring (0-5°C) an ether sdélution of 4~fluorobenzal-
dehyde. The mixture was stirred at ~25°C for 1 h and was then decomposed with a saturated
aqueous solution of ammonium chloride. The ether layer was separated and dried with sodium
sulfate. After removal of the solvent and vacuum distillation of the residue we obtained
11 g of a colorless viscous liquid; bp 141-142°C (1 mm Hg). All the operations were carried
out in an inert atmosphere.

4~Fluorodiphenylmethane. A hot solution of 11.5 g (0.06 mmole) of 4-fluorodiphenyl-
carbinol in 40 ml of acetic acid was added cautiously to 210 ml of acetic acid saturated
with hydrogen iodide. The mixture was heated to boiling and added to an aqueous solution
of sodium sulfite. The oil which separated was extracted with ether, washed with a saturated
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solution of alkali and with water, and‘dried over sodium sulfate. After removal of the sol-
vent and twofold distillation we obtained 3.4 g of a colorless liquid boiling at 123~124°C
(9 mm Hg).

CONCLUSIONS

1. It was established by the '°F NMR method that the bridging mercury atom in compounds
of the ArHgCsH,F-4 and ArCH,CgH,F-4 type transmits the electronic effects of substituents
less effectively than the CH; group.

2., The decrease in the transmission power of the mercury atom in polar coordinating
solvents results mainly from coordination interactions.
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A STUDY OF REACTION CONDITIONS FOR THE REACTION OF POLYBROMOBENZYL BROMIDES
AND OTHER BENZYL BROMIDES WITH METALLIC MERCURY

K. B. Butin, A. A. Ivkina, UDC 541.124:542.91:547.539.3:546.49
and 0. A. Reutov

One of the simplest methods for the synthesis of organomercury compounds (OMC) involves
the direct reaction of organic halides with elemental mercury. Both organic iodides and
bromides undergo this reaction; the yield of final products is strongly dependent cn the
nature of the organic radical and the reaction conditions {1]

R—X+Hg—R—Hg —X (1

Although the detailed mechanism for reaction (1) is unknown, it apparently involves a radical
process [1], although not necessarily a chain reaction {(cf. reviews [2~4]). The heterogene-
ous reaction depicted in (1) is facilitated by efficient dispersion of the metallic Hg, UV
irradiation, and also by the addition of anionic catalysts with:a high affinity for mercury
{5, 6].

In the preceding communication [7] we described the synthesis of pentabromo- and penta-—
chlorobenzylic mercury derivatives according to reaction (1) under bromide ion-catalysis.
In the present study we investigate the reaction of tetra-, tri-, di-, and monosubstituted
benzyl bromides with elemental Hg; for comparison, the reactions of benzyl bromides contain~
ing various other substituents have also been studied.

The reactions were carried out under mechanical agitation (100-120 oscillations per min)
using 5 g of metallic Hg in 5 ml (or 1 ml) of a solution of the benzyl bromide contained in
a standard ampul (10 ml volume). The surface area of the dispersed mercury particles was
neither measured not standardized.

In the case of reactions of tri-, tetra-, and pentabromobenzyl bromides of CgClsCH,Br,
a stable gray emulsion formed approximately 10-15 min after the onset of mechanical agita-
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