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Kinetic data have been obtained for the oxidative elimination reactions of M(CO);Ls (M = Mo, W; L, = 2,2’-bipyridine,
1,10-phenanthroline) with mercuric halides which yield M(CO);L.(HgX)(X) and CO. Both acetone and 1,2-dichloro-

ethane were used as solvents.

composes in the rate-determining step to yield the final product.
mediate have been calculated for the tungsten systems using both HgCl; and HgBr,.
equilibrium constant is larger for HgBr, than for HgCl,.
compounds, but the kinetic data are consistent with the mechanism proposed for the tungsten systems.

In acetone the reaction involves the initial rapid formation of M(CO),L,-2HgX, which de-

Equilibrium constants for the formation of the inter-
For both compounds studied the
No intermediate is observed for the reactions of the molybdenum
In 1,2-dichloro-

ethane the kinetic data indicate the presence of both M(CO),L,+HgX; and M(CO)4L.-2HgX, as intermediates,

Introduction

There has been considerable interest recently in the
oxidative elimination reactions of transition
metal carbonyl complexes with electrophilic re-
agents. These reactions are characterized by expulsion
of one carbonyl ligand and its replacement by two uni-
valent ligands, thus increasing the coordination number
of the metal by 1 and the oxidation state by 2 units.
Much of the work carried out has been concerned with

the reactions of group IV and mercuric halides with

metal carbonyls which yield compounds containing
metal-metal bonds. In particular M(CO) L, (M =
Mo, W; L, = bidentate ligand),’~* Fe(CO)s#® C;H;-
Co(CO),," and CsH;Rh(CO) [P(CH;)2CsH;]® have been
found to undergo oxidative elimination reactions with
these metal halides as well as with other electrophilic
reagents such as halogens and alkyl halides. Most of
the work reported in this field has been of a preparative
nature. In this paper we describe the results of a
kinetic study made in order to elucidate the mecha-
nisms of oxidative elimination reactions.

Recently a study of the reactions of M(CO);bipy
(M = MO, W; bipy = 2,2’-bipyridine) with mercuric
halides was reported.! The compound W(CO)bipy
was found to react with HgX, to yield a 1:2 adduct,
W(CO).bipy-2HgX,. On standing, this yellow solid
dissolved with evolution of CO to yield red W(CO)s-
bipy(HgX)(X) which was formulated as a seven-coordi-
nate derivative of W(II). The reactions involved are
represented by eq 1 and 2. The analogous molyb-

W(CO)bipy + 2HgX, —> W(CO)bipy-2HgX; (1)

W(CO)bipy - 2HgX; —>
W(CO)bipy (HgX)(X) 4+ CO 4 HgX, (2)
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denum complex reacted with HgX; to give Mo(CO);-
bipy (HgX)(X), with no intermediate species observed.
Since these reactions involve a metal carbonyl deriva-
tive acting as a base, they present an opportunity to
gain knowledge about trends in metal basicity® within a

. group and also information on relative electrophilicity of

various mercuric halides. With this in mind, we have
carried out a kinetic study of these reactions and the
analogous reactions of M(CO)s,phen (M = Mo, W,;
phen = 1,10-phenanthroline) using both HgCl; and
HgBr,. Equilibrium constants for the formation of the
1:2 adducts of the tungsten complexes have been calcu-
lated and the kinetic data are interpreted in terms of a
reasonable mechanism.

Experimental Section

Materials.—The compounds M(CO)L: (M = Mo, W; Ly =
bipy, phen) were prepared by methods described in the litera-
ture.4'® The compounds were identified by their ir spectra.
Analytical grade HgCl; and HgBr:; were purchased from
Mallinckrodt Chemical Works. Reagent grade acetone and 1,2-
dichloroethane were used in the kinetic runs.

Kinetics.—Reaction rates were studied by following changes
in the visible spectra of reaction mixtures. Reactions of W-
(CO)sbipy and W(CO)sphen were monitored at 390 and 400 nm,
respectively, whereas reactions of Mo(CO)bipy and Mo(CO),-
phen were followed at 470 nm. A Cary 14 recording spec-
trophotometer thermostated at 25° was used to follow the spec-
tral changes. Rates were measured under pseudo-first-order
conditions with the mercuric halide in excess and plots of log
(A — As) vs. time show excellent linearity for at least 2 half-
lives. In most cases, rate constants were reproducible within
+5%.

Measurement of Equilibrium Constants.—Molar extinction
coefficients were measured at 400 and 470 nm for W(CO)sphen
and W(CO)sphen-2HgX: and at 390 and 470 nm for W(CO),-
bipy and W(CO)bipy-2HgX,. The 1:2 adducts were formed
in situ by using a large enough concentration of mercuric halide
to convert all of the starting material to the adduct. The absorb-
ances of the solution were then rapidly measured before the ad-
duct had time to react. For the measurement of equili-
brium constants, concentrations of mercuric halide were
such that significant amounts of both adduct and starting
material were present in solution. Solutions of HgX, and W-

(9) D. F. Shriver, Accounts Chem. Res., 8, 231 (1870).
(10) R.J. Angelici and J. R. Graham, I'norg. Chem., 6, 988 (1967).



OXIDATIVE ELIMINATION REACTIONS

(CO)Ls were thermostated at 0° and mixed, and the absorb-
ances at the two aforementioned wavelengths were rapidly
measured using a Beckman DU-2 spectrophotometer. By
solving the resulting set of two simultaneous equations in two
unknowns, the concentrations of W(CO)L: and W(CO)}L;-
2HgX, were calculated for a given concentration of HgX..
This in turn permitted estimates of the equilibrium constants for
adduct formation in accordance with the equations

K

W(CO)L: + HgX, == W(CO)L:-HgX, 3)
KiK:

W(CO).L: + 2HgX, _(_’ W(CO).L,-2HgX, 4)

Preparation of 1:2 Adducts.—These compounds were pre-
pared by the method previously described! for W(CO)sbipy:
2HgX:. A typical procedure involved the addition of 3 g of
HgX, to a solution of 0.5 g of complex in 10-15 ml of acetone.
Upon vigorous stirring, the yellow 1:2 adducts precipitated.
The adducts were quickly separated by filtration, washed twice
with 5-ml portions of CH:Cly, and dried ¢» vacuo. The com-
pounds were identified by their ir spectra in the carbonyl region
which are almost identical with the values of CO stretching fre-
quencies (in cm™1) of 2075 (w), 1985 (s), 1950 (m), and 1935 (s)
reported! for W(CO)bipy-2HgCly: for W(CO)sphen- 2HgCl,,
vco 2070 (w), 1985 (s), 1950 (m), 1925 (s); for W(CO)bipy-
2HgBr;, vco 2080 (w), 1990 (s), 1950 (m), 1925 (s); for W(CO),-
phen-2HgBr,, vco 2075 (w), 1985 (s), 1950 (m), 1930 (s).

Results

Reactions of W(CO),L,.—All reactions were carried
out at 25° in either acetone or 1,2-dichloroethane.
The compounds W(CO)sphen and W(CO)bipy were
allowed to react with both HgCl, and HgBr;. Typical
spectral changes observed for these reactions at high
concentrations of mercuric halide in acetone are shown
in Figure 1. Consistent with the earlier report! on

W (COJ, phen
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Figure 1.—Spectral changes for the reaction of W(CO).;phen
with HgCl: in acetone at 25°.

these systems, the spectra clearly show the presence of a
rapidly formed intermediate which then reacts to yield
a final product. At lower concentrations of mercuric
halide, the isosbestic point evident in Figure 1 was not
observed in the spectral changes. The decay of the
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intermediate was monitored kinetically and the depen-
dence of the observed rate constant on the mercuric -
halide concentration was studied. Plots of the observed
rate constant vs. concentration of HgCl, for the two
systems studied are shown in Figure 2. Limiting rates
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Figure 2.—Plots of kupsq vs. [HgCly] for the reaction of W(CO),-
L, with HgCl, in acetone at 25°.

only were determined for the reactions of the two com-
pounds studied with mercuric bromide. At 25° and
[HgBry] = 13.1 X 1072 M, kobsa = 1.80 X 1073 sec™!
for W(CO).bipy and kopsa = 0.81 X 10~% sec™! for
W(CO),phen.

The spectral changes for the reactions of the tungsten
complexes in dichloroethane were very similar to those
observed in acetone. At high concentrations of mer-
curic halide, however, the isosbestic point was not
as sharp as that for the reactions in acetone, indicating
the presence of more than two species in solution. The
dependence of the observed rate constant on the mer-
curic halide concentration was markedly different than
in acetone and Figure 3 shows the dependence for the
reactions with mercuric chloride. The study of the
reactions with mercuric bromide was limited by the low
solubility of the reagent in dichloroethane, and as a
result the decrease of the observed rate constant with
increasing concentration of mercuric bromide was less
clear than for mercuric chloride. Table I gives the rate
data for the W(CO),L,-HgBr; systems. o

Reactions of Mo(CO),L,—The spectral changes ob-
served for the reaction of Mo(CO),phen with HgCly in
acetone are shown in Figure 4. Consistent with the
previous study! of these reactions, no intermediate
was observed spectrally. Plots of the observed rate
constant vs. the square of the mercuric halide concen-
tration for the Mo(CO).phen—-HgX, systems are linear,
as is represented in Figure 5. The data for the Mo-
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Figure 3.—Plots of kopsa vs. [HgCl] for the reaction of W(CO)s-
L, with HgCl, in dichloroethane at 25°.

TABLE I

OBSERVED RATE CONSTANTS FOR THE
ReAcTION OoF W(CO)L, + HgX,

System Solvent? 103[HgX:], M 104%kobsd, sec ™t
W(CO)bipy-HgCl, Acetone 10.5 4.15
W (CO)sbipy-HgCl, Acetone 40.6 16.2
W(CO)sbipy-HgCl, Acetone 82.2 23.2
W (CO)bipy-HgCl, Acetone 140 25.5
W(CO)sphen-HgCl, Acetone 7.8 2.00
W(CO)sphen-HgCl, Acetone 28.6 7.66
W(CO)sphen-HgCl, Acetone 56.7 9.97
W(CO);phen-HgCl, Acetone 80.0 10.7
W(CO)bipy-HgCl, DCE 2.80 36.5
W(CO)sbipy-HgCl, DCE 11.3 77.9
W (CObipy-HgCl, DCE 20.7 60.4
W(CO)bipy-HgCl, DCE 28.0 54.2
W (CO);phen-HgCl, DCE 2.80 18.5
W (CO)iphen-HgCly DCE 6.60 31.7
W(CO)sphen-HgCl, DCE 20.7 20.8
W(CO)sphen-HgCly DCE 28.0 15.6
W (CO)sbipy-HgBr, DCE 9.70 3.87
W(CO):bipy-HgBr, DCE 15.2 5.42
W(CO)sbipy-HgBr; DCE 18.9 7.17
W (CO)bipy-HgBr: DCE 26.4 9.30
W (CO),phen-HgBr: DCE 9.70 2.50
W (CO)sphen-HgBr, DCE 15.2 3.28
W (CO)iphen-HgBr; DCE 18.9 3.73
W(CO)phen-HgBr; DCE 26.4 3.56

« DCE = 1,2-dichloroethane.

(CO)4bipy-HgCl, system were very similar to those
for the Mo(CO).phen-HgX; systems and the values of
the observed rate constants are given in Table IL. It
should be noted that a positive intercept was observed
in the plots of kgbsa vs. the square of the mercuric halide
concentration for all of these reactions.

In dichloroethane, the spectral changes for the reac-
tions were very similar to those in acetone. Figure 6
shows a plot of the observed rate constant vs. the square
of the mercuric halide concentration for the Mo(CO);-
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Figure 4.—Spectral changes for the reaction of Mo(CO)sphen
with HgCl; in acetone at 25°.
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Figure 5.—Plots of kobsq vs. [HgXe]? for the reaction of Mo-
(CO)sphen with HgX, in acetone at 25°.

phen-HgX; systems. The data for the Mo(CO)sbipy—
HgX, reactions were similar to those shown in Figure 6
and the data obtained are presented in Table II. For
the reactions with mercuric chloride the dependence on
reagent concentration was between first and second
order, whereas the reactions with mercuric bromide
showed a linear dependence on reagent concentration.
Positive intercepts were observed for these systems as
was the case for the same reactions in acetone.

Discussion

Reactions of W(CO),L.—The kinetic data for these
reactions in acetone show that a limiting rate is reached
at high concentrations of mercuric halide. This be-
havior is consistent with a rapid preequilibrium to form
an intermediate which then reacts in a rate-determining
step yielding the final product. This observation is in
keeping with the work previously done on these sys-
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TasBLE 11

OBSERVED RATE CONSTANTS FOR THE
REACTION OF Mo(CO)L, + HgX, AT 25°

System Solvent® 103 [HgX:], M 10%%,pad, sec™!
Mo(CO)bipy-HgCl, Acetone 7.8 0.72
Mo(CO)sbipy-HgCl, Acetone 13.9 1.88
Mo (CO)bipy-HgCl, Acetone 20.6 3.56
Mo(CO)sbipy-HgCl, Acetone 28.6 6.72
Mo(CO);phen-HgCl, Acetone 7.8 0.70
Mo(CO)yphen-HgCl, Acetone 13.9 1.83

. Mo(CO)sphen-HgCl; Acetone 20.6 3.84
Mo(CO);phen-HgCl, Acetone 28.6 7.07
Mo(CO);bipy-HgCl, DCE 0.97 1.83
Mo(CO)bipy-HgCl, DCE 1.94 4.62
Mo(CO);bipy-HgCl, DCE 3.62 11.2
Mo(CO)bipy-HgCl, DCE 4.84 16.8
Mo(CO);phen-HgCl, DCE 0.97 1.55
Mo(CO);phen-HgCl, DCE 1.94 3.74
Mo(CO)sphen-HgCl, DCE 2.90 6.46
Mo(CO)iphen-HgCl, DCE 6.00 18.2
Mo (CO);phen-HgCl, DCE 7.00 22.4
Mo(CO)bipy-HgBr, DCE 3.06 0.83
Mo(CO)bipy-HgBr, DCE 6.12 2.27
Mo(CO),bipy-HgBr, DCE 9.18 4.34
Mo(CO)bipy-HgBr; DCE 12.3 7.34
Mo (CO),bipy—-HgBr, DCE 16.9 12.7
Mo(CO)sphen-HgBr, DCE 3.06 0.82
Mo(CO).phen—-HgBr; DCE 6.12 2.10
Mo(CO)s;phen-HgBr, DCE 9.18 4.17
Mo(CO)sphen—-HgBr, DCE 15.3 9.55
Mo(CO)iphen—-HgBr, DCE 16.9 11.8
Mo(CO);phen~HgBr, Acetone 15.0 4.7
Mo(CO),phen-HgBr, Acetone 20.0 6.6
Mo(CO);phen-HgBr, Acetone 25.0 10.3
Mo(CO);phen-HgBr, Acetone 30.4 16.7
Mo(CO)sphen-HgBr, Acetone 40.5 25.5
Mo(CO)phen-HgBr, Acetone 50.6 37.4

e DCE = 1,2-dichloroethane.

tems, ! since W(CO) L, 2HgX, was isolated as an inter-
mediate (eq 1) and was then found to decompose (eq 2)
with evolution of CO forming W(CO);L,(HgX)(X).
Likewise, the spectral changes associated with these
reactions in acetone are consistent with such a process.
At high concentrations of mercuric halide, an excellent
isosbestic point is present in the spectral changes that
occur during reaction (Figure 1). This indicates that
at these conditions virtually all of the W(CO)L, has
been converted to an intermediate and this corresponds
to the reaction taking place at the limiting rates shown
in Figure 2.

The fact that the 1:2 adduct was isolated as an inter-
mediate does not ensure that this compound was the
spectrally observed species. Since 1:1 adducts are
common between transition metal complexes and mer-
curic halides® and since the 1:2 adduct was no doubt
formed by a two-step equilibrium, it was necessary to
determine the nature of the reacting intermediate in
solution. To accomplish this, equilibrium constants
for the formation of the intermediate were determined
at different concentrations of mercuric halide. If the
1:1 adduct were the spectrally observed species, then
the equilibrium involved is that represented by (3) and
the equilibrium constant is given by
[W(CO):L2-HgX,]

K1 = 10(CONLI He Xl

(5)
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Figure 6.—Plots of kopsa vs. [HgXs]? for the reaction of Mo-
(CO)sphen with HgX; in dichloroethane at 25°.

If, however, the observed intermediate is the 1:2 ad-
duct, then the overall equilibrium is represented by (4)
and the equilibrium constant is given by

[W(CO)sL; - 2HgX,]

KiKs = R7(CO)La] HEXol? )

The correct expression for the equilibrium constant
should not vary for different concentrations of mercuric
halide. Table III gives the calculated equilibrium con-

TABLE III

EguiLiBRIUM CONSTANTS FOR THE ADDUCT FORMATION
BETWEEN W(CO),phen aNp HgCl; IN ACETONE AT 0°

102[HgCl], M K1, M1 KiK:b M2
4.10 51.7 1158
6.20 69.6 1127
8.00 94.9 1178
@ Seeeq 5. ° Seeeq 6.

stants for the W(CO),phen-HgCl, system in acetone
at three different concentrations of mercuric chloride
and from these data it is evident that the observed
intermediate is the 1:2 adduct. Similar behavior was
observed in the other three systems studied.

The structure of the 1:2 adduct remains somewhat
in doubt, although evidence has been cited! in support
of its formulation as an ionic compound, [W(CO),L,-
(HgX)]HgX;. Also [0s(CO)s[P(CeHs)s .(HgX) JHgX,
was isolated as the product from the reaction of
Os(CO);3[P(CeHs)z)le and HgX,.'' Similarly the reac-
tion of CsHaRh(CO) [P(CH3)2C5H5] with Clz y1elded
[CsH;Rh(CO) [P(CH;3),CsH;]C1]Cl which decomposed
on heating to form C;H;Rh[P(CHj;),CsH;]Cly and CO.?
This latter reaction is very analogous to the work de-
scribed in this paper.

(11) J. P. Collman and W. R. Roper, Chem. Commun., 244 (1966).
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A reasonable mechanism for these reactions in acetone
is represented by reaction scheme (7)-(9). Equations

K
W(CO)L: + HgX: - — W(CO)4L2'Hng (7)

Ky
W(CO)L.-HgX: + HgX, 2 [W(COLL.(HgX)HgXs (8)
k
[W(CONL:(HgX ) HgX; ™
W(CO)L(HgX)(X) + CO + HgXz (9)

10 and 11 give two forms of the equation for the ob-
served rate constant derived from the above mechanism.

kK K [HgXy]?
obs = T o T TTT N 1
koved = T K HeXa]? (10)

e~ () () 12 o

Expression 11 predicts that a plot of 1/konsa v5. 1/ [Hg-
X;]? should be linear if the mechanism is correct and
Figure 7 shows this plot for the reactions of W(CO),-

-
W (CO) 4 phen-HgCl,
120 - )
o
9.0
g
&
i o
& .
X W(CO)4 bipy~HgCla
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102/ HgClg)%, M 2.

Figure 7.—Plots of 1/kobsa vs. 1/[HgCl])? for the reaction of
W (CO);L, with HgCl; in acetone at 25°.

phen and W(CO)bipy with HgCl,. At the high con-
centrations of mercuric halide shown in Figure 7, the
plots show good linearity, but at low concentrations of
HgX, (not included in Figure 7), significant deviation
is observed. This deviation at low mercuric halide
concentration may be due to reaction of the 1:1 adduct
W(CO)4Ls-HgX, to form the final product without
adding a second mole of HgXs. The kinetic data ob-
tained in dichloroetharne lend credence to this argument.

In dichloroethane, the observed rate constant reaches
a maximum at a certain concentration of mercuric
halide and then falls off as the HgX, concentration is
increased. This behavior is reasonable if it is assumed
that two intermediates are reacting to form the final

Joun W, McDonNaLp aND FRED BasoLo

product and the revised mechanism becomes that repre-
sented by the scheme

K
W(CO)L: + HgX, 22 W(CO)L.-HgX;, (12)
K
W(CO):L,-HgX, + HgXe === [W(CO)L:(HgX)}HgX; (13)
k1

W(CO)aLs- HgXp T2 W(CO)L(HgX)(X) + CO  (14)

23
[W(CO)L.(HgX ) HgX; =
W(CO);L(HgX )(X) + CO + HgX, (15)

Assuming that W(CO),L,-HgX, is the more prevalent
reactive species at low concentrations of HgX, and as-
suming that &y > k,, then the observed rate profile (Fig-
ure 3) can be qualitatively explained. Equation 16
gives the expression for the observed rate constant as
derived from the above mechanism. Since the values
of K; and K; are not known, it is not possible to make
a graphical check on this mechanism. However, the

BK [HgXo] + BKiKp[HgXo)?

kobsd = 1 4+ K,[HegX,]) + K1 K:[HgX.]? (16)

equation does accommodate the observed kinetic be-
havior.

If the 1:1 adduct is assumed to be a nonionic species,
then the difference in the kinetic behavior in the sol-
vents acetone and dichloroethane may be due to the
greater stability of the 1:1 complex in the less polar
solvent. In the same way the more polar acetone
stabilizes the ionic 1:2 adduct and suppresses the forma-
tion of the 1:1 intermediate, except at low concentra-
tions of mercuric halide.

Equilibrium constants for the formation of the 1:2
adducts in acetone have been calculated, since these
species are the predominant intermediates in that sol-
vent. Table IV contains the equilibrium constants

TABLE IV
EQuILIBRIUM CONSTANTS FOR THE ADDUCT FORMATION
BETWEEN W(CO),L; aND HgX, IN ACETONE AT 0°

Ki1K»,%

System M-2

W (CO)sbipy-HgCl, 539
W{(CO);phen-HgCl, 1150

@ See eq 6.

KiK»,%
System M2

W(CO);bipy-HgBr; 3300
W(CO)sphen-HgBr, 5210

obtained for the four systems studied. The values are
the result of averaging three determinations. It is
evident that the 1:2 adduct is formed more favorably
with mercuric bromide than with mercuric chloride for
both W(CO)bipy and W(CO)sphen. This result is not
expected on the basis of inductive and steric considera-
tions which predict HgCl; to be the more electrophilic
reagent. However, a consideration of relative Lewis
acid strengths of HgX, need not apply because the
species formed are not simple acid-base adducts but are
salts of the type[W(CO)L,(HgX)]HgX;. Alterna-
tively one may suggest that the soft!? Lewis bases,
W(CO)4L,, may form more stable products with the
softer Lewis acid HgBr; in preference to HgCls.

(12) R. G. Pearson, J. Amer. Chem. Soc., 85, 35633 (1963).



OXI1DATIVE ELIMINATION REACTIONS

Reactions of Mo(CO).L,—No intermediate was
observed spectrally in the reactions of the molybdenum
complexes with mercuric halides. This result is con-
sistent with the previous study! of these reactions where
no intermediate could be isolated. In acetone the
observed rate constant shows a linear dependence on
the square of the mercuric halide concentration for the
three systems studied. The mechanism proposed
above for the tungsten systems in acetone is applicable
to these reactions if it is assumed that the equilibrium
constant for the formation of the 1:2 adduct is small.
If K\K;[HgX,]* « 1, then expression 10 reduces to
expression 17 and this equation is consistent with the
observed kinetics. The assumption that KiK; is

kobsa = kK1 K2[HgX,]? (17)

much less for molybdenum than for tungsten is reason-
able, since the magnitude of this equilibrium constant
is a measure of the basicity of the metal complex and it
is known that basicity generally increases going down
a given group.? The slopes of the plots in Figure 5 cor-
respond to the value of 2K,K, in the postulated mecha-
nism. Since a limiting rate is never reached for the
molybdenum systems, it was not possible to calculate
separately values for 2 and K K,. The products of the
rate and equilibrium constants for the three systems
studied are as follows: Mo(CO)bipy-HgCl,, kK K, =
7.85 sec—! M~2; Mo(CO)sphen~HgCl,, kK K, = 8.33
sec—! M~2; Mo(CO),phen-HgBr;, kKK, = 13.4 sec!
M2 If the value of g is about the same (or less) for
HgBr, than for HgCl,, as was the case for the tungsten
systems, then KK, must be larger for HgBr, than for
HgCl,. This result is consistent with the data obtained
for the tungsten systems where HgBr, was the better
electrophile. ‘ .
The positive intercepts for the lines in Figure 5 are
rather puzzling. The intercepts could correspond to re-
action of Mo(CO),L; by a dissociative path with HgX,
to yield the product directly without the formation of an
intermediate adduct (eq 18). The values of the inter-

k HgX.
Mo(COML —3 Mo(COLs > Mo(COLL.(HgX)(X) (18)

cepts, however, are higher than the rate constants calcu-
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lated for this type of mechanism for the reaction of Mo-
(CO)bipy with phosphines.’* It is possible that reac-
tion of the 1:1 adduct is responsible for the positive
intercepts.

In dichloroethane the oxidative elimination reactions
of Mo(CO),L; showed different kinetic behavior depend-
ing on whether HgCl; or HgBr, was the electrophile.
The rates of reaction with HgCl; did not show a linear
dependence on either the first power or the square of the
mercuric chloride concentration. The dependence was
instead intermediate between the two extremes. This
behavior indicates some reaction of both 1:1 and 1:2
adduct intermediates in this solvent and is consistent
with the behavior found for the tungsten systems in
dichloroethane.

The observed rate constant for the reactions of Mo-
(CO)4L, with HgBr, in dichloroethane shows a linear
dependence on the square of the mercuric bromide con-
centration. This is in contrast to the reactions of mer-
curic chloride with the same compounds in this solvent
and indicates that HgBr, stabilizes the 1:2 adduct to a
greater extent than does HgCl,.

This work indicates that the reactions of both the
tungsten and molybdenum complexes with mercuric
halides proceed through intermediates which are formu-
lated as adducts of the metal complex and the electro-
phile.

The formation of these adducts is a consequence of
donation of electrons from the basic metal complex
to the electrophilic mercuric halide. This flow of elec-
tron density away from the metal complex results in
the weakening of the M—CO bond and makes loss of
CO more facile. This result is similar to the observa-
tion that carbon monoxide exchange reactions of some
iron carbonyls are acid catalyzed.
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