MaRrcH 1967

SoLip PHENYLMETHANES WITH POTASSIUM 741

The Reaction of Solid Phenylmethanes with Potassium
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Solid phenylmethanes and potassium were purified by repeated high-vacuum distillation and their reaction

was studied at 107 torr.
gen, benzene, and toluene.

The reaction between diphenylmethane and potassium oceurs with liberation of hydro-
Triphenylmethane and potassium yield hydrogen and benzene whereas the reaction

of tetraphenylmethane with potassium yields a negative ion which is stable in solid state and in solution. The
ultraviolet spectra of the compounds dissolved in tetrahydrofuran and in 1,4-dioxane were measured. The com-
pounds probably are ion-pair complexes which dissociate in the relatively polar tetrahydrofuran to a greater

extent than in 1,4-dioxane.

From the temperature dependence of the molar conductance, the enthalpies of dis-

sociation were determined and found to be positive when the compounds were dissolved in 1,4-dioxane and

negative when tetrahydrofuran was used as solvent.

Theilacker and Maolhoff? reported that sodium
metal reacts with dissolved triphenylmethane, without
liberation of hydrogen, to form a mixture of diphenyl-
methylsodium and triphenylmethylsodium. The cor-
responding reaction with solid triphenylmethane,
however, occurs with liberation of hydrogen.® In the
present paper we wish to give further information on
the reaction of solid phenylmethanes with potassium.

Mass spectrometric analyses of the formed gaseous
products indicated that the reaction between potassium
metal and solid triphenylmethane occurs with libera-
tion of hydrogen and benzene. This result can be
explained by the reaction mechanism shown in Scheme
I

Triphenylmethane (I) is reduced by acceptance of
one electron from the potassium metal. The formed
negative ion (II) is not of planar structure; therefore
resonance of the additional electron with the = electrons
of the three benzene rings should be weak. Cleavage
of one hydrogen atom or one phenyl radical (reactions
2 and 3) would yield planar and therefore more stable
compounds: triphenylmethylpotassium (I1I) and di-
phenylmethylpotassium (IV). Benzene and hydro-
gen are then formed through secondary reactions (re-
actions 4 and 5). The existence of the primarily formed
negative ion (II) could be proved indirectly: the de-
composition of the solid reaction compounds with
carbon dioxide occurred with liberation of hydrogen
owing to reaction 6.

The composition of the released gases remained con-
stant after 2 weeks, indicating that the reaction had
stopped. The hydrogen pressure was 6 X 102 torr,
the benzene pressure was 23 X 10~? torr, and the pres-
sure of the hydrogen liberated through the reaction of
the undecomposed negative ion (II) with carbon di-
oxide was 6 X 10—° torr. Evaluation of these data on
the basis of the described reaction mechanism indi-
cates that, after the reaction had stopped, approxi-
mately 509, of the negative ions of triphenylmethane
had been decomposed according to reaction 2, 339,
according to reaction 3, and 179, remained unde-
composed.

Mass spectrometric analyses of the gases liberated
through the reaction of diphenylmethane with potas-

(1) (a) Adapted from a portion of the Ph.D. thesis of K. K. Brandes con-
ducted at the Technische Hochschule Hannover, Hannover, Germany. (b)
To whom inquiries should be directed at the Georgia Institute of Technology.

(2) W. Theilacker and E. Mlhoff, Angew. Chem., 20, 781 (1962).

(8) H. F. Meyer, Ph.D. Thesis, Technische Hochschule Hannover,
Hannover, Germany, 1960,

sium indicate hydrogen, benzene, and toluene. The
result can be interpreted by means of a reaction mech-
anism (Scheme II) quite similar to the one mentioned
above.

Again the hydrocarbon is reduced by the potassium,
and cleavage of the negative ion (IT) occurs. Cleavage
of one hydrogen atom or one phenyl radical would yield
diphenylmethylpotassium (III) and benzylpotassium
(IV), respectively. The latter subsequently reacts
with diphenylmethane according to the known reaction
(4), with formation of toluene and again diphenyl-
methylpotassium (III). Hydrogen and benzene are
then formed through secondary reactions 5 and 6.
The decomposition of the solid potassium compounds
with carbon dioxide again releases hydrogen, much
less, though, than in the case of the corresponding ion
of triphenylmethane.

An equilibrium pressure had not been observed after
10 weeks. At that time the hydrogen pressure was 1.00
torr, the benzene pressure was 0.17 torr, and the pres-
sure of the hydrogen released by the decomposition of-
the negative ion (II) with carbon dioxide, according
to reaction 7, was determined as being 0.8 X 102
torr. The data indicated that about 929, of the pri-
marily formed negative ions of diphenylmethane had
been decomposed according to reaction 2, about 7%
according to reaction 3, and that less than 19, was still
undecomposed

The reaction of tetraphenylmethane with potassium
vields a negative ion which is stable in solid state as
well as in solution. The initial hydrocarbon could
be completely recovered by shaking the solution of the
potassium compound in 1,4-dioxane with mercury,
and was identified through its ultraviolet spectrum.
Apparently resonance of the additional electron with
the = electrons of the four benzene rings of the nega-
tive ion of tetraphenylmethane is sufficient for its
stability, in spite of the nonplanar structure of the com-
pound.

The investigated potassium compounds are colored,
and the ultraviolet spectra of the solutions in 1,4-
dioxane and in tetrahydrofuran show absorption bands
in the visible range. The yellow solution of diphenyl-
methylpotassium, formed by reaction of diphenyl-
methane with potassium, has its main absorption
maximum at 23.0 X 10 em~! (Figure 1). The reac-
tion of triphenylmethane with potassium yields a mix-
ture of diphenylmethylpotassium and triphenylmethyl-
potassium, according to the above-mentioned reaction
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mechanism. Therefore the orange solution of the reac-
tion compounds in 1,4-dioxane has two absorption
bands (Figure 2): at 23.0 X 10° cm~! owing to diphenyl-
methylpotassium, and at 20.9 X 10° cm™! in accord-
ance with data obtained for triphenylmethylsodium.4
The red solution of the potassium compound of tetra-
phenylmethane in 1,4-dioxane shows a wide absorption
band at 20.5 X 10% em~* (Figure 3).

The molar conductances of the solutions of the potas-~
sium compounds, dissolved in 1,4-dioxane at room
temperature, are in the range of 10~° to 108 ohm—* X
em? X mole~! and increase with temperature (Figure 4).
The molar electric conductances of the corresponding
solutions in tetrahydrofuran (Figure 5) pass through
maxima and are in the range of 102 to 10~2 ochm~—! X
cm? X mole~!. These results indicate a strong polar
bond between the alkali metal and the hydrocarbon.
Probably the potassium compounds formed through
reaction of diphenyl-, triphenyl-, and tetraphenyl-
methane are ion pair complexes which dissociate in
the relatively polar tetrahydrofuran (dielectric con-

(4) L. C. Andersen, J. Am. Chem. Soc., 87, 1673 (1935).

COO‘K *

H H
OO OOl OO e
I (m

\3)

/OO
O)-cvs O 172 Hp

stant 7.8) to a much greater extent than in 1,4-dioxane
(dielectric constant 2.2).

The electric dissociation and the viscosity are the
main influences in the temperature dependence of the
electric conductance of a dissolved ionic compound.
The Debye-Hiickel interionic interaction is neglected
for solutions as dilute as those used for the investi-
gated compounds (1 to 4 X 10— mole/l.) and because
for the small temperature ranges considered (in this
case a 25° range) the electric conductance changes
linearly with temperature. With

= (constant);ll (ca* + ca—) = (constant’) %cu 1)

where A is the molar conductance, n is the viscosity
coefficient, and c,+ and cp- are the concentrations of
the ions formed from 1 mole of the compound AB and

ka = Cat*Cs” (2)
CAB

where k4 is the dissociation constant, one obtains

A, = (constant’) % ka (3)
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Figure 1.—Spectra of the solutions of diphenylmethylpotassium
in tetrahydrofuran (¢ 1.8 X 10~* mole/l.) and in 1,4-dioxane (¢
2.3 X 10~* mole/l1.), and of diphenylmethane in tetrahydrofuran
or 1,4-dioxane.
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Figure 2.—Spectra of the solutions of triphenylmethylpotas-
sium in tetrahydrofuran (¢ 1.9 X 10~*mole/l.) and in 1,4-dioxane
(¢ 1.4 X 1074 mole/l.), and of triphenylmethane in tetrahydro-
furan or 1,4-dioxane. As indicated in the reaction mechanism
for triphenylmethane the solutions of triphenylmethylpotassium
in 1,4-dioxane and in tetrahydrofuran contain about 5 X 10~8
mole/l. of diphenylmethylpotassium.

if kg is small, ca+ = c¢p-, and ¢ is unity. Writing
eq 3 in logarithmic form and substituting for k4 from
the van’t Hoff law, In ky = —AH4/RT + (constant)
will lead to the expression

log A, + log n» = (constant’’) — log e AHg X %
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Figure 3.—Spectra of the solutions of potassium tetraphenyl-
methane in tetrahydrofuran (¢ 2.2 X 10~¢ mole/L.) and in 1,4
dioxane (¢ 3.7 X 10~* mole/l.), and of tetraphenylmethane in
tetrahydrofuran or 1,4-dioxane.
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Figure 4.—Logarithm of the molar conductance as a function
of 1/T of diphenylmethylpotassium (¢ 2.3 X 1074 mole/l.), tri-
phenylmethylpotassium (¢ 1.4 X 107% mole/l.), and potassium
tetraphenylmethane (¢ 3.7 X 10~* mole/l.) dissolved in 1,4-
dioxane. The solution of triphenylmethylpotassium contains
about 5 X 10-% mole/l. of diphenylmethylpotassium.

Thus, the enthalpies of dissociation can be calculated
from the gradients of the straight lines which are ob-
tained by plotting log A, and log 9 vs. 1/7. In the
case of 1,4-dioxane as solvent this yields straight
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Figure 5.—Logarithm of the molar conductance as a function
of 1/T of triphenylmethylpotassium (¢ 1.9 X 10~¢ mole/l.),
diphenylmethylpotassium (¢ 1.8 X 1074 mole/l.), and potas-
sium tetraphenylmethane (¢ 2.2 X 10~4 mole/l.) dissolved in
tetrahydrofuran. The solution of triphenylmethylpotassium
contains about 5 X 10-% mole/l. of diphenylmethylpotassium.

lines (Figure 4). For tetrahydrofuran as solvent, max-
imain therange of —18 to —9° are obtained. However,
the ascending and descending branches can be ap-
proximated by straight lines (Figure 5). In Figure
6 log #*8 is plotted against 1/7. The enthalpies of dis-
sociation of the investigated compounds, as obtained
from a plot of log A, + log n vs. 1/T, are listed in Table
L

The enthalpy of dissociation can be considered as
composed of the positive ion-pair bonding energy and
the negative enthalpy of solvation. Since the ion-pair
bonding energies depend only on the nature of the ion-
pair compound, the AH4 values of Table I signify that
the enthalpy of solvation is approximately 8 keal/mole
more negative in the range of 10 to 35° if the dissocia-
tion occurs in tetrahydrofuran rather than in 1,4-
dioxane. The enthalpies of solvation in tetrahydro-
furan, furthermore, are less negative at lower tempera-
tures. This result is in agreement with results ob-
tained for the potassium compounds of naphthalene
and anthracene dissolved in the same solvent.’

(5) W. Hertz and E. Lorentz, Z., Physik. Chem., A140, 409 (1929),

(8) n for tetrahydrofuran: Professor Dr. Kuss, Technische Hochschule
Hannover, Hannover, Germany, private communication, 1963; also C.
Carvajal, K. J. Tolle, J. 8mid, and M. 8zware, J. Am. Chem. Soc., 87, 5548
(1965).

(7) K. K. Brandes and R. J. Gerdes, J. Phys. Chem., 71, 508 (1967).
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Figure 6.—Logarithm of the viscosity coefficient as a function of
1/T for tetrahydrofuran and 1,4-dioxane.

TasLE 1
Morar ENTHALPIES OF DISSOCIATION
Temp, AH4,
Compd Solvent °C keal/mole

Diphenylmethyl-

potassium 1,4-Dioxane 10t0 35 +2.01
Mixture of di- and

triphenylmethyl-

potassium 1,4-Dioxane 10 to 35 +2.10
Potassium tetra-

phenylmethane 1,4-Dioxane 10 to 35 +3.82
Diphenylmethyl-

potassium Tetrahydrofuran 10 to 35 —5.58
Diphenylmethyl-

potassium Tetrahydrofuran —60to —35 —2.41
Mixture of di- and

triphenylmethyl-

potassium Tetrahydrofuran 10 to 35 -5.38
Mixture of di- and

triphenylmethyl-

potassium Tetrahydrofuran —60to —35 -—1.53
Potassium tetra-

phenylmethane Tetrahydrofuran 10 to 35 —-5.62
Potassium tetra-

phenylmethane Tetrahydrofuran —60to —35 —2.51

Experimental Section

Reagents.—Potassium was prepared from K:Cr.O; and zirco-
nium metal® and was degassed by repeated distillation in a high
vacuum apparatus at 107 torr.

Diphenyl-, triphenyl-, and tetraphenylmethane were re-
crystallized several times from ethanol, and were dried and
degassed through high-vacuum sublimation (1077 torr).

Carbon dioxide was formed by heating magnesium carbonate
at 380° in a high-vacuum apparatus. The gas was dried over a
potassium film and was frozen out by cooling several sample
tubes with liquid nitrogen. More volatile gases, such as hy-
drogen and oxygen, were pumped off.

1,4-Dioxane and tetrahydrofuran were purified according to
the method by Pestemer,® and then rectified over sodium wire
in a stream of dry nitrogen. The purified solvents were dried

(8) J. H. de Boer, J. Broos, and H. Emmens, Z. Anorg. Allgem. Chem., 191,
113 (1830).
(9) M. Pestemer, Angew. Chem., 68, 118 (1951); 67, 740 (1955).
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over a potassium film in a glass bulb which had been sealed off
under high-vacuum conditions. They were degassed by alternate
solidification and melting in a 10~'-torr pressure. Finally all
substances were collected in sample tubes equipped with break-
seal valves and were then sealed off from the high-vacuum
apparatus.

Procedures and Measurements.—Reactions of the solid
phenylmethanes with potassium were carried out in a 1-l
glass bulb. A potassium film was formed by distilling the metal
out of a sample tube into the bulb, under good high-vacuum
conditions (10~7 torr). Subsequently the bulb was sealed off
from the high-vacuum apparatus, and the hydrocarbon was
sublimed onto the metal ilm. After the reaction had taken place
the bulb was attached to a mass spectrometer (CH4, Atlas,
Bremen) in order to analyze the volatile reaction compounds.
The mass spectrometer was equipped with a capacitance manom-
etre for partial pressure determination. The bulb was then
evacuated to 1078 torr and an attached sample tube containing
carbon dioxide was opened. The additional release of any gaseous
compounds was determined mass spectrometrically.

Solutions of the solid potassium compounds were prepared in
a glass apparatus which consisted of a sample tube with the
solvent, a glass bulb with the solid potassium compound, and

AromAaTIC MERCURATION IN ACETIC AcID SoLuTioN. I 745

several optical and conductivity cells. The apparatus was
sealed off after it had been baked out at 400° for about 10 hr
in & 1077 torr vacuum. The break-seal valves above the sample
tube and the bulb were opened and a small amount of thesolid
potassium compound was dissolved. The solution (about 50 ml)
wags then poured through a sealed-in glass frit into measurement
cells which were subsequently sealed off.

The concentration of the solutions was determined by potentio-
metric titration of the potassium hydroxide, formed by hydroliz-
ing the solutions. The ultraviolet spectra were measured by
means of a spectrophotometer (H 700 308, Hilger and Waitts,
London). A picoamperemeter (Knick, Berlin) was used for
determining low electric conductivity data of solutions in 1,4-
dioxane. Higher conductivity data of solutions in tetrahydro-
furan were measured by means of a Wheatstone bridge.

Registry No.—Diphenylmethylpotassium, 10060-
17-0; diphenylmethane, 101-81-5; triphenylmethyl-
potassium, 1528-27-4; triphenylmethane, 517-16-8;
potassium tetraphenylmethane, 10036-54-1; tetraphen-
ylmethane, 630-76-2.

Perchloric Acid Catalyzed Aromatic Mercuration in Acetic Acid Solution. L.
Electrophilic Reagents'?

A. J. Kresgg,® M. DusEck,* aNp HeErBERT C. BROWN

Department of Chemistry, Illinois Institute of Technology, Chicago, Illinois 606186,
and the Richard B. Wetherill Laboratory, Purdue University, Lafayette, Indiana 49707

Received November 14, 1966

The rate of the perchloric acid catalyzed mercuration of benzene by mercuric acetate or mercuric perchlorate
in acetic acid solution at 25° is directly proportional to benzene concentration but is a complicated function of

the concentration of the mercurating agent.

The reaction ig catalyzed strongly by perchloric acid, retarded

weakly by water, and affected by sodium perchlorate in a way which depends on the acidity and water content
of the reaction medium. These observations can be understood in terms of an acid-base reaction between per-
chloric acid and merecuric acetate which forms appreciable quantities of acetatomercury(II) perchlorate ion pairs;

these, in turn, are protonated further to give small amounts of mercuric perchlorate ion triplets.

Since water is

weakly basic in acetic acid solution, it supresses these equilibria; sodium perchlorate affects the activity of water

and also produces & small amount of perchioric acid through solvolysis.

All three mercury-containing species,

Hg(OAc),, HgOAc*ClO,~, and Hg2*+(ClO4™ )., are active mercurating agents which account for sizable portions
of the mercuration reaction under different conditions; the relative reactivities of the first two toward benzene at

25° stand in the ratio 1:104,

Aromatic mercuration in acetic acid solution has
been of considerable value in providing data to test
proposed quantitative treatments of aromatic substitu-
tion: rates and isomer distributions for mercuration
by mercuric acetate are now available for benzene and
toluene,® the monoalkylbenzenes and polymethyl-
benzenes,® anisole,” biphenyl and fluorene,® and the
halobenzenes.® Unfortunately, it is difficult to extend
these studies to aromatic substrates containing ap-
preciably deactivating substituents, for here the reac-
tion of mercuric acetate with aromatic substrate is
very slow and, at the high temperatures which must be

(1) Directive Effects in Aromatic Substitution, LIX.

(2) Based in part upon & thesis submitted by M. Dubeck to Purdue Uni-
versity in partial fulfillment of requirements for the degree of Doctor of
Philosophy.

(3) Postdoctoral Research Associate at Purdue University, 1054-1955, on
projects supported by grants from the National Science Foundation (No.
G-2752) snd the Atomic Energy Commission {No. At(11-1)-170].

(4) Monsanto Chemical Co. Fellow at Purdue University, 1956-1957.

(5) H. C. Brown and C. W. McGary, Jr., J. Am. Chem. Soc., 77, 2306
(1955).

(6) H. C. Brown and C. W. McGary, Jr., ibid., TT, 2310 (1955).

(7) H. C. Brown and M. Dubeck, ibid., 82, 1939 (1960).

(8) H. C. Brown, M. Dubeck, and G. Goldman, tbid., 84, 1229 (1962).

(9) H. C. Brown and G. Goldman, bid., 84, 1650 (1962).

used, mercuric acetate is not stable in acetic acid solu-
tion.>*

Perchloric acid is known to accelerate the rate of
aromatic mercuration in acetic acid solution very
strongly.>*® This catalyzed reaction would therefore
seem to provide a good system in which to obtain rate
and isomer distribution data for aromatic substrates
with deactivating substituents. In contrast to the
situation for aromatic mercuration in aqueous solu-
tion,!* however, comparatively little research seems to
have been done on the kinetics and mechanism of
perchloric acid catalyzed mercuration in acetic acid
solution, and there appear, moreover, to be points of
disagreement even in the little information which is
available. Before attempting to provide quantitative
data for deactivated aromatics, we therefore decided to
undertake a detailed mechanistic study of aromatic
mercuration in acetic acid solution with special em-
phasis on catalysis by perchloric acid.

We soon discovered that the perchloric acid cata-
Iyzed reaction is relatively complex: it involves the

(10) R. M. Schraram, W. J. Klapproth, and ¥. H. Westheimer, J. Phys.

Colloid Chem., 88, 843 (1951).
(11) C. Perrin and F. H. Westheimer, J. Am. Chem. Soc., 85, 2733 (1063).



