Oct. 20, 1961

ACID-INDUCED DEOXYMERCURATION

4205

[CONTRIBUTION FROM THE ScHOOL OF CHEMISTRY OF THE UNIVERSITY OF MINNESOTA, MINNEAPOLIS 14, MINN.]

The Effect of Solvent on Rates of Acid-induced Deoxymercuration’

By Maurice M. Kregvoy, JoHN W. GILJE aND RicHARD A. KRETCHMER
RECEIVED APRIL 13, 1961

Rates of deo&ymcrcuratlon by non-halogen acid have been obtamed for four methoxy mercurials in ethanol-water mix.

tures and dioxane-water mixtures.

the rates are quite different functions of solveut composition.

correlate the rate constants quantitatively,

In previous papers®? the mechanisin of the de-
oxymercuration reaction (eq. 1) has been shown to

Hgl Hg®
2 ~é———(lz~ + H,09 —> _é__(lz_ + HOCH; +
CI)CH;, OCH;
H,0 + \c e + Hgla (1)

involve a rapid, reversible, proton transfer (eq. 2)
Hgl Hgl

= é~ + H,0 (2)

I

~?—-C~+ H:09 2 —C¢
OCHs HOCH,

followed by a rate-determining step not requiring

the intimate participation of a nucleophilic reagent

(eg. 3).

Hgl Hgl
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U et _.c----cI~ + HOCH; (3)
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Several proposals have been offered for the cor-
relation of such reaction rates with solvent com-
position in mixed solvents.*~” The deoxymercura-
tion reaction presents a good opportunity to test
such ideas because a substantial number of sub-
strates are available with a wide variety of struc-
tures and rates, and those rates are readily measured
with reasonable precision.%2¥ The present paper
reports and discusses the rates of deoxymercura-
tion of 2-methoxyethylmercuric iodide (I), trcms-2-
methoxycyclopentylmercuric iodide  (I1), cis-2-
methoxycyclopentylmercuric iodide (III) and 1-
exoiodomercuri- 2-exomethoxy [2.2.1 [bicycloheptane
(IV) in ethanol-water mixtures and dioxane—water
mixtures.

Results

The progress of the reactions was followed by
observing the buildup of the mercuric iodide peak

at 2800 A.? All of the reactions gave linear plots
of log {(De—Dy)/(D —Dt)} vs. time (f) (D is
optical density at 2800 A.). Pseudo first-order
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All of the rates exliibit a minimum in intermediate solvent compositions, but otherwise

Previously suggested nieasures of solvent acidity fail to

rate constants (k1) were obtained graphically and
were reproducible with an average deviation from
the mean of 59,. The hydronium ion was pro-
vided by perchloric acid in all experiments except
those with II in water and the two most aqueous
dioxane—water mixtures. In the latter cases acetic
acid—acetate buffers were used. In all experi-
ments the acid concentrations were chosen so that
it would not change by more than 59, during the
course of the reaction. (The reaction is not truly
acid-catalyzed—it consumes acid.)

For all four substrates rates were measured in
dioxane-water mixtures and in ethanol-water
mixtures ranging up to 80-90% by weight of the
organic component. With III and IV it was
generally not convenient to measure rates at acid
concentrations below 0.1 3. For these com-
pounds rates were measured at a series of acid
concentrations between 0.1 and 1.0 M. As ex-
pected, the apparent second-order rate constants
(ke, obtained by dividing %; by the hydronium ion
concentration) were dependent on the acid con-
centration. Plots of log %k, vs. the perchloric acid
concentration were linear, however, and these
plots were extrapolated to infinite dilution to get
the dilute solution values, %k,°. Figure 1 shows
typical examples of these plots and their slopes
are given in Table I. The percentage composition
indicated was determined by weight and pertains
to solvent mixtures containing neither substrate
nor acids.

TABLE I
SLores oF Loag ks vs. (HCIO,) 1N VARIOUS SOLVENT
MIXTURES

Percentage Percentage

Sub. (org. com- Sub- (org. com.
strate  ponent)® Slope strate ponent)® Slope
b 0.0 0.256 IV 34.0(E) 0.605
IV 42.0(D) .725 IV 52.7 (E)  .836
¢ 49.6(D) .864 III  65.6(E) .616
IV 61.3(D) 1.023 IV 73.3(E) 1.007
III 70.4(D) 1.363 III  76.8(E) 0.727
IIT1 80.2(D) 1.709 v 84.0 (E) 1.254
IV 80.7(D) 1.846 111 92.1(E) 0.686

IV 90.4(D) 3.320

a Dioxane is indicated by (D) following tlie percentage,
ethanol by (E). ? Derived from indicator measurements of
Hy tabulated in ref. 9. ¢ Average of a number of values,
principally based on acetal and ketal hydrolysis rates, re-
?orted by M. M. Kreevoy, J. Am. Chem. Soc., 78, 4236

1956).

For substrate II the acid concentration in 09,
109, and 209, dioxane was maintained by using
acetic acid—acetate buffers. The calculation of
hydronium ion concentrations in such solutions is
straightforward and has been previously de-



4206

50

)

105 ky /(HCIO4).
3

o

2 { I\ 1 I}
0 2 4 6 8 lo
10 X (HCI04).

Fig. 1.—Plots of log {101, /(HCIOy)} vs. (HCIO,) for IV
in dioxane-water mixtures. The weight percentages of
dioxane are shown on eacl: line.

scribed.>® For ethanol-water mixtures and the
remaining dioxane-water mixtures the hydronium
ion concentration was provided by perchloric
acid in the 1072—10—* M concentration range.
In both these types &, is obtained directly by divid-
ing &, by the hydronium ion concentration.

For substrate I and also for substrates III and
IV in the more aqueous mixtures it was possible
to determine %y in the 10~!-10—> 1/ acid range.
The apparent k. values obtained were corrected
to infinite dilution by assuiming a linear dependernce
of log %k, on the perchloric acid concentration and
estimating the necessary slope. The slopes were
estimated by drawing smooth curves through the
measured slope values and interpolating, and then
averaging wliere two values were available.

Table II gives k™ for each of the substrates in
water. These were subtracted from k.® values in
the various solvents to give A log k.®, which is
shown in Figs. 2 and 3 as a function of solvent
parameters.

It is hard to estimate the uncertainties inherent
in obtaining k® by the extrapolation procedures.
In water log % for deoxymercuration rates has
been shown to depeud ou the Haminett acidity
function, H,, in a linear fashion.?  Sinple algebraic
considerations then require that the quantity
— {Hy + log (HCIOy)} be a linear function of the
perchloric acid concentration with intercept zero.
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Fig. 2.—Plots of (Alog k2 — ApK,) vs. — Yy for dioxane—
water mixtures: substrate I, O—O; substrate II, ©—0;
substrate 111, @ —®; substrate IV, 3—O. The origin is a
point on each of the curves

O log KP® ~ApKo,

Fig. 3.—Plots of (A log A® — ApKo) vs. Yo ethanol-
water mixtures: substrate I, O—O; substrate 1I, C—O;
substrate 111, @—@; substrate IV, —0O. The origin is a
point on each of the curves,

In fact, it is such a function with slope of 0.236
up to ~2 M perchloric acid.® The intercept is
.04, which would amount to an error of about 109,
in making the extrapolation from 0.75 3 (the lowest
perchloric acid concentration at which Hj is avail-
able) to infinite dilution. The uncertainties in the

TasrLe II
VALUES OF 2™ 1N WATER®
Substrate I3
I 3.74 X 1072
II 13.2
III 1.92 X 10~
v 1.49 X 1072

@ Solvent uctually contained 1-2% ethanol or dioxare be-
cautse the substrate was used as a stock solution in those sol-
vents.

extrapolated rate coustants may be of the same
order of mmagnitude. Where an estimated slope
was used it, of course, introduces an additional un-
certainty but the extrapolations were shorter in
those cases. The uncertainty in directly measured
rate constants is about 59,

2 MAL Paul wod T AL Loug, Chem. Revs , 87, 1 (1Y57).
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Discussion

Braude has suggested the extension of the Ham-
mett acidity function concept* to mixed solvents.
If the activity coefficient ratio fsm/fsfa (in which
fBH is the activity coefficient of a protonated indi-
cator or transition state BH, fg is the activity co-
efficient of a neutral indicator or substrate, and fu
is the activity coefficient of a proton; all referred
to infinitely dilute aqueous solution) is assumed to
be approximately independent of the structure of
B it is readily shown that the second-order rate
constants for “A-1"" type reactions should be given
by eq. 4. In eq. 4 ApK, is the acid dissociation

Alog k2® = ApK, (4)

constant of a protonated Hammett type, neutral
indicator base in the appropriate solvent mixture
less its pK in water. The same sort of considera-
tions require that ApK equal ApK, in all solvent
mixtures if ApK pertains to another Hammett
type base.

Observing that ApK values, in fact, were not
equal, Gutbezahl and Grunwald made use of the
activity postulate!® to obtain eq. 5,! from which
eq. 6 is readily deduced.!? 1In all of the present
work the anilinium ion has been used as the pro-

ApK = ApKy + (Am) ¥y (5)
Alog k2™ = pKy + (Am) Yy (6)

tonated reference base. Once this choice has been
made Am becomes a constant characteristic of the
base or substrate and ¥, is a parameter character-
istic of the solvent mixture. Grunwald and co-
workers have discussed Y, and Am at some
length.8.1!

If eq. 4 were to be obeyed by the present data,
plots of A log k.® —ApK, vs. — ¥, should be linear
and have zero slope. If eq. 6 is to be obeyed the
plots can have varying slopes but must still be
linear. The appropriate plots are shown in Fig. 2
for dioxane—water mixtures and Fig. 3 for ethanol—
water mixtures. Of the eight plots only one (sub-
strate I in dioxane-water mixtures) is linear with
zero slope. Three others are linear with acceptable
precision and nomn-zero slopes. Four of the plots
show unmistakable curvature, all of them in the
upward direction. Among these is the plot for
substrate II in dioxane-water mixtures which is
derived from %, values requiring no extrapolation.
On closer examination some of those plots which
seem to be linear show signs of upward curvature.

These plots lead to the following conclusions:
(1) Variations in k»® with solvent composition in
mixed solvents are much more dependent on sub-
strate structure than variations in %, with strong
acid concentration. (Deoxymercuration rates fol-
low the Hammett acidity function,® which is based

(10) E. Grunwald and 8. Winstein, J. Am. Chem. Soc., 70, 846
(1948),

(11) B. Gutbezahl and B, Grunwald, ¢bid., 75, 559 (1935).

(12) Guthezahl and Grunwald prefer to replace ApK, with fg, a
sort of averaged ApK which has the form of a degenerate activity
coefiicient for the proton. The present authors prefer to retain ApKo

which means the comparisons are being made with a definite sub.
stance, the anilinium ion.
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on essentially the same approximation as eq. 4,
except applied to moderately concentrated aqueous
mineral acids.) (2) To achieve a quantitative
correlation of %,® with solvent composition for a
wide range of substrate structures the interactions
of these structures with the solvent will have to
be taken specifically into account. This sort of
structural limitation in the types of bases to which
eq. 5 can be applied had been previously recog-
nized by Gutbezahl and Grunwald!! and its exten-
sion to eq. 6 seems very reasonable.

Qualitatively all eight plots of %® wvs. solvent
composition show the minima described by
Braude®s except for substrate IV in ethanol-
water mixtures. Even in that case the appearance
of the date suggests a minimum at higher ethanol
concentrations. In most cases the rise in the
largely orgamnic mixtures is not so sharp and does
not occur so soon as that described by Braude.
The difference is due, in part, to the fact that
Braude was considering apparent equilibrium
constants at 0.1 A/ acid and the slope of the plots
shown in Fig. 1 increases sharply as the mixtures
become richer in the organic component. In
part, it is also due to the general failure of eq. 4
to correlate the data quantitatively.

Experimental

Methods for measuring rates have been previously de-
scribed,? as have methods for making up standard acid solu-
tions.?

Solvents.—Dioxane was purified by the method (a) de-
scribed by Fieser.!* The constant boiling ethanol-water
azeotrope was prepared from commercial U.S.P. grade 95%
alcohol by distillation. It contains 95.589, ethanol by
weight. Solutions for kinetic experiments were made up by
pipetting a known weight of the organic solvent into a volu-
metric flask and making up to the mark with water. The re.
quired substrate had been previously dissolved in the organic
solvent and the acid in the water. The pipets were recali-
brated for the organic solvents by weighing. The percentage
of water was determined by weighing a volumetric flask
before and after the water (with no acid present) had been
delivered. All percentage compositions reported above are
by weight.

Substrates.—The preparation of substrate I lias been
previously reported.4

Substrate II was prepared in these laboratories by Miss
Frances Kowitt (who also made preliminary rate measure-
ments in aqueous solution) by the methods of Brook, Dona-
van and Wright.15

Substrate IIT was prepared from {rans-2-methoxycyclo-
pentylmercuric chloride using the method described by
Kreevoy and Kowitt.* The required #rans-2-methoxycyclo-
pentylmercuric chloride was prepared by the method of
Brook, Donavan and Wright.!5

Substrate IV was a gift of Dr. T. G. Traylor who has
described the preparation and characterization of the cor-
responding chloride.1¢

The m.p.’s of all four substrates were in agreement with
those previously reported.
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