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De-alkylation Reactions of Alkylcobaloxime Complexes with Mercury(ir)t

By AnTHONY ADIN and James H. ESPENSON*
(Institute for Atomic Research and Department of Chemistry, Iowa State University, Ames, Towa 50010)

Summary The kinetics of the reactions of a series of
alkylcobaloxime complexes with the mercury(m) ion, in
which alkylmercury(1z) ions are formed, suggests a
bimolecular mechanism of electrophilic substitution.

EarLYy examples of aliphatic electrophilic substitution
reactions involved the transfer of alkyl groups between two
mercury complexes.! The reactions of Hg(OAc), with
alkyl cobalt(in1) corrinoids,? and of HgIl and its complexes
with pyridiomethyl derivatives of (H,0),CrllI and (NC);-
Coll have since been studied.?

Various alkyl cobaloxime} complexes, R-Co(dmg),B,
[(dmg) = dimethylglyoxime], have chemical reactions
similar to those of corresponding corrinoids. We report
that the alkylaquocobaloxime complexes undergo de-
alkylation upon reaction with mercury(i1), as illustrated by
the methylaquo-complex in equation (1).

Me-Co(dmg),H,O + Hg2?+ — Co(dmg),(H,0),+ + HgMet (1)

The monomethylmercuric ion was identified by precipita-
tion of the bromide and iodide salts whose m.p.s and ir.
spectra corresponded to those of an authentic sample. The
Co!I product was verified spectrophotometrically, and also
by its adsorption into Dowex 50W-X8 cation exchange
resin, from which it could be removed by 0-2M-HCIO,.
Spectrophotometric titrations confirmed the 1:1 stoicheio-
metry, which was also supported by the 769, isolated yield
of MeHgBr from a 0-01M reaction solution. In other cases
the alkylmercuric chloride salt was precipitated after the
reaction and identified by its m.p. The only exception to
this stoicheiometry is found for R = CH,Cl, where Hg,Cl,
is isolated. It was shown, however, that under these
conditions HgCH,Cl+ is decomposed to Hg,** by excess
of Hg?+,

The reaction kinetics were followed spectrophotometric-
ally; the absorption band characteristic of the alkyl com-
plexes (Amax ~ 450 nm, € ~ 1-5 X 10%) virtually disappears
(€moa ~ 2 X 10%) upon reaction with Hg?t. The rates
were evaluated in the presence of excess of Hg?*+ and obey
a simple second-order rate law [equation (2)].

d[HgR*]/d¢ = &,[R-Co(dmg),H,0][Hg?**] (@)

The rate decreases markedly with increasing [H+]; a plot
of k,~t vs. [H+] was linear (Figure), consistent with equa-
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FIGURE. Representative plots of the reciprocal of the apparent
second-order rate constant vs. [H*] for R = Me (Q, left ordinate)
and R = Et (@, right ordinate).

tion (3). The following mechanism, equations (4) and (5),

ks = A/{1 + B[H*]} 3)
is in agreement with the kinetic data with 4 and B identified,

1 Work performed in the Ames Laboratory of the U.S. Atomic Energy Commission.
I A trivial name for the compounds alkylaquobis(dimethylglyoximato)cobalt(1r).
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Ks
R-Co(dmg),H,0 4 H+ = R-Co[(dmg),-HJH,0+ (4)

k
R-Co(dmg),H;0 + Hg** — Co(dmg),(H,0);* + Hg-R+ (5)

respectively, as 2 and Ky. Like other cobaloximes, the
alkyl complexes behave as weak bases [equation (4)]. The
spectrum of the cobaloxime was sensitive to [H+t]; the
change in absorbance with [H+] was small, but did afford
an independent determination of Ky. The rate and
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spectral changes with [Ht] as Me-Co(dmg),H,O does, and
because the spectrum of the BF, derivative?® [structure (II)],
which cannot undergo protonation as shown in (I), is
relatively insensitive to large changes in [H*]. The ir.
studies® indicate a structure analogous to (I) for the ‘‘di-
chloro-acid”’, HCo(dmg),Cly; we have isolated a solid having
the approximate composition Me-H-Co(dmg),SCN.

The second-order kinetics indicate that electrophilic
substitution proceeds by an Sg2 or Syi mechanism.! The
reaction rate of the methylaquo-complex was drastically

TABLE. Kinetic and equilibrium parameters for R-Co(dmg),H,O-Hg?*+ reactions®
Kp M2
spectro- AHY/ ASt/
R kinetic photometricP kM-t 1 kcal mol-*  cal mol-1 deg-!
Me 3-56 + 0-2 323 4 0-15 65 + 2 16-2 4
Et 424 04 34402 0-121 4+ 0-007 20-5 6
Pra 43401 — 0-092 4+ 0-003 20-3 5
Pri — 42+ 03 <7 X 10-¢¢ — —
Bu! 41+ 01 — 0-36 + 0-02 19-9 6
CH,Cl¢ .. —_ 1-00 + 0-08 2:6 x 10— — —
Me, BF, derivative (II) —_ v. small <36 x 104 - —

3 Aqueous solutions at 25° and 1-0M ionic strength maintained by perchloric acid-lithium perchlorate.

one standard deviation.
b Ca. 21°. Values of Kp are rather insensitive to temperature.
¢ Considerable quantities of Hg,?+ were formed.

The uncertainties indicate

4 Because of a very stable pre-association with Hg?+, this value represents the value of % for the reaction of HgCICH,-Co(dmg),H,0%+

with Hg?+,

¢ Only an upper limit is cited because the spontaneous decomposition is appreciable.

equilibrium constants are summarized in the Table, along
with the activation parameters computed from the tempera-
ture dependence of the bimolecular rate constant % for
reaction (5). No kinetic or spectrophotometric evidence
was found for appreciable complexation or association of
Hg?+ and the cobaloxime, except in the case R = CH,Cl
where a very strong adduct is formed (K > 5 x 106 m-1),
which was decomposed by a second HglIL,
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The protonation equilibrium is attributed to a protona-
tion of one end of the planar, hydrogen-bonded dimethyl-
glyoxime framework, as in structure (I), because solutions
of the complex® [Me-Co(dmg),SCN]~ undergo the same

reduced by addition of Cl-, whereas a faster reaction of
HgCl+ would have been expected had the reaction pro-
ceeded by a cyclic transition state involving mutual
substitution at Hg and Co (Sgi mechanism).

The effects of substituents at the « and f carbon atoms
of R also support an Sg2 mechanism. The former is
accompanied by marked rate effects (Me > Et > Prl),
whereas the latter is nearly without effect (Et ~ Pr® ~ Bu)
This is consistent!.? with the attack of Hg?*t on the same
side of the o¢ carbon as the Co atom. A substantial rate
effect was also noted for o carbon substitution for the
electrophilic attack of Hg(OAc), on alkyl cobalt corrinoids.?
Similar ‘adjacent’ attacks have been demonstrated by the
retention of configuration of the « carbon in mercury-for-
mercury substitutions,’>? and in the electrophilic cleavage
of alkyl groups from R-Mn(CO); by bromine.®

The low reactivity of the BF, derivative (II) may arise
from steric crowding of the proposed configuration-retaining
transition state, as may the negligible reactivity of the
protonated species. However, both compounds are also
subject to an electronic inductive effect. The lower
reactivity of the protonated species toward aquation was
also noted; the relative rates of thiocyanate aquation of
[Me-Co(dmg),SCN]- are 1:4:7 in 4F solutions of HCIO,
and LiClO,.

Further work on these and related systems is in progress.

(Recetved, January 14th, 1971, Com. 069.)

1C. K. Ingold, “Structure and Mechanism in Organic Chemistry,” 2nd ed., Cornell University Press, Ithaca, New York, 1969,

pp. 563—5756.

2H. A. O. Hill, J. M. Pratt, S. Ridsdale, F. R. Williams, and R. J. P. Williams, Chem. Comm., 1970, 341.
3 R. G. Coombes and M. D. Johnson, J. Chem. Soc. (A), 1966, 1805.

4 G. Schrauzer, Inorg. Synth., 1968, XI, 66.

5 A. L. Crumbliss and W, K. Wilmarth, J. Amer. Chem. Soc., 1970, 92, 2593.

8 R. D. Gillard and G. Wilkinson, J. Ckem. Soc., 1963, 6041.

? F. R. Jensen and B. Rickborn, “Electrophilic Substitution of Organomercurials”, McGraw-Hill, New York, 1968.

8 R. W. Johnson and R. G. Pearson, Chem. Comm., 1970, 986.





