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given by

kqtke + ko)
k.obsd = d 1
4 kgt (ke + k) an
where (ke + k) > k—q Kk = kg (12)
where (ke + ko) & k—q k¥ = Kglke + ka) (13)

Since the k4°°* values are all within an order of magnitude of diffusion
controlled and the differing rates of the exciplex appear to little affect the
values of k,°°%, it appears reasonable that eq 12 applies and thus that the
quenching is essentially irreversible.

(26) For some of the quenchers, most notably bipheny!, benzonitrile, and ace-
naphthene (triplet energies, respectively, 69.8, 76.8, and 59.2 kcal/mol?’),
the quencher triplet lies below the excited singlet of 1, For these exclplexes
formation of A%* should be possible; however, in each case rapid energy
transfer to generate 13* (which evidently does not occur) might be ex-
pected.

(27) S. L. Murov, "Handbook of Photochemistry’', Marce! Dekker, New York,
N.Y., 1973.
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Abstract: The gas-phase reactivity of the electrophilic methylmercury cation towards a series of alkenes has been determined
by ion cyclotron resonance spectroscopy. The rate of mercurinium jon formation was established to increase with increasing

methyl substitution on the double bond.

The nature of the intermediates involved in the reaction
of alkenes with electrophilic species is of considerable interest
to the physical organic chemist. The origin of the differences
in the rate of formation and the stability of these complexes
with increasing alkyl substitution on the carbon-carbon double
bond continues to be a vexing problem. In general, a composite
of electronic, steric, and strain effects has been invoked in ex-
planation of the various reactivity trends. On the basis of
frontier orbital concepts, an increase in the number of alkyl
substituents will increase the energy of the highest occupied
molecular orbital (HOMO), thereby increasing the reactivity
of the nucleophilic = molecular orbital (MO) toward a specific
electron acceptor. An opposing effect resulting from increased
alkyl substitution is the increase in steric interactions with the
electrophile. The relationship of alkene reactivity to molecular
parameters such as ionization potential {energy of HOMO)
and steric effects are further complicated by solvation phe-
nomena. Solvation energies are often sufficiently large to
render a study of subtle changes in these innate properties
untenable. Thus, an unambiguous separation of these rate
influencing factors is very difficult and still remains an un-
settled question. Recently, gas-phase studies! on the acidity
of molecules have amply demonstrated the discrepancies be-
tween gas-phase and solution behavior.

In continuing our mechanistic studies on the oxymercuration
reaction, it became clear that data on this electrophilic addition
reaction in the gas phase would provide information pertaining
to our solution studies? and our theoretical investigations® of
the nature of mercurinium ion intermediates. Although mer-
curinium ions have been postulated as intermediates in the
oxymercuration of alkenes for many years,* unequivocal evi-
dence for their existence under actual reaction conditions has
not appeared. Olah and Clifford> recently reported the first
observation of a long-lived mercurinium ion in magic acid

solution. They established that these metal-alkene = complexes
were stable at temperatures below 243 K.

The use of ion cyclotron resonance {ICR) spectroscopy for
the study of ion-molecule reactions of heavy metals has not
been employed extensively. Foster and Beauchamp® have re-
ported gas-phase reactions of Fe(CO)s and Dunbar and co-
workers’ have described their experimental results on lead,
nickel, and chromium derivatives. In a preliminary account
we reported®? the first observation of the stable mercurinium
ion 1 in the gas phase derived from the ion-molecule reaction
of methylmercury cation with ethylene (eq 1). We have also

CHHg" + CH;=CH, — H,C==CH, (1)
o
Pllg
CH;,
1
reported a similar observation of a mercurinium ion derived
from the reaction of CH3Hg™* with allene®® {eq 2). The product

H H

N,
hY
N\

C;H,
Hg(CHy), ——— C=C(_,C + H,C, .CH,
2eV e / o \ \+7
H Iilg H (I:
CH; Hg
2 3
+
CH,~C—CH, 7" (2)
\\ ’/
Hg
/ N\
H,C CH;

4
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Table I. Rates of Mercurinium Ion Formation
k 1 (R2C=CR2- k 1 (R2C=C-
HgCH;™%)e RoHg*) k((C;HsHg")
Alkene 5 6 7
Isobutylene 1.37+£ 034 1.42£0.77 146+£0.53
1-Butene 1.55 £ 0.17 1.90 £ 0.46
trans-2-Butene 1.19 £0.21 222+£069 1.17£0.43
cis-2-Butene 1.96 £0.08 270+£0.54 32710
2-Methyl-2-but- 1.60£0.32 2.54+£0.86 2.15+0.08
ene

1,3-Butadiene 1.37 £0.27 1.58 £ 0.41

@ Rate constants (X 10'0 cm3 mol~! s™!) were calculated from the
rate expression: log (Io/(Ip — X)) = [alkenelk7/2.3.

ions 2, 3, and 4 were formed in the ratio 97:3:(<1), respectively.
We have extended our studies to include a kinetic investigation
of a series of alkenes in the gas phase, We now report that the
reactivity of CH3;Hg* toward alkenes increases with increasing
methyl substitution on the double bond.

Experimental Section

A modified V-5900 ICR mass spectrometer with a flat cell (drift
plates separated by 1.1 cm) was used for these experiments. Instru-
mental modification and our operating techniques have been described
previously.® Pressure is measured with a Barocell ionization gauge,
which is connected directly to the center of the ICR cell through a 3
in. tube. These two gauges are calibrated against each other for fast,
accurate pressure measurements. Thus, all pressure measurements
are independent of molecular type and measure the ICR cell absolute
pressures. In addition, the Barocell was independently calibrated
against a trapped McLeod gauge system and found to be accurate to
+1.5%.

The method of extended Hiickel molecular orbital calculation and
the input parameters used have been described elsewhere.8® Alkenes
were obtained from Matheson Co. and dimethylmercury was pur-
chased from Alpha Inorganic Chemicals, Beverly, Mass. All gases
were degassed by freeze-pump-thaw techniques at 77 K before
use.

Results and Discussion

In a typical experiment dimethylmercury was introduced
into the ion cyclotron resonance spectrometer at 1.1-2.0 X
10~ Pa (0.80-1.5 X 10~6 Torr), and with 3.5 X 108 J (22eV)
ionizing electrons Hg(CH3),>* (25-30%), CH;Hg* (40-42%),
and Hg*(30-34%) were observed at reom temperature. Pulsed
electron beam modulation in the ICR cell gave absorption type
signals. When 0.53-3.9 X 1073 Pa of alkene was introduced
through a second inlet, two prominent new peaks having masses
corresponding to R,C=CR,HgCH;* and R,C=CR,Hg*
were observed (eq 3). The formation of 6 was a very minor

R,C=CR,
Hg(CH;), —— R,C—CR, + R,C—CR, (3
22eV e~ N/ NS
'\ N\t
Pllg Hg
CH,
5 6

product with ethylene and allene. However, with an increase
in alkyl substitution and the polarizability of the molecule, its
intensity is markedly increased and with substituted alkenes
it is the major product of the reaction (see rate constants in
Table I, which are proportional to the ion intensity). An ad-
ditional product, CsHsHg* (7), was also observed with the
isomeric butenes and will be discussed below.

At the expense of some sensitivity the mercury isotopes
{198-204 amu) were resolvable at high resolution, Ion ejection
experiments were used to determine the manner of ion for-
mation. In all cases the product ions 5 and 6 were formed by

2.048 . {2.00
N A
2036} {108
A
lo<l°° 19> L J 1og(‘°° 1)
I-X Lo
2.024} 4 f196
L)
2.012} jL94
N . -
X 1 i 1 i 1 L 1 1 1.92
200035 08 16 24 32

ALLENE PRESSURE, Pa x 10°

Figure 1, Kinetic plots of the appearance of CH;HgX*(X = R,C=CR,)
vs. the alkene pressure in dimethylmercury-alkene mixtures. I is the
CH;Hg™ intensity at zero alkene pressure.

the reaction of CH3;Hg* and Hg* with the neutral alkene.
Double resonance experiments in which C;H4* was irradiated
showed no effect on 1; this also indicates that formation of 1
does not occur by collision of C;H4* with dimethylmercury.
Similar observations have been reported for the reaction of
CH;Hg* with allene.8?

Under experimental conditions pertaining to the ICR ex-
periments, the ion residence time is about 3 X 10~3s. Thus, the
product ions 5 and 6 are clearly stable for this period of time
at room temperature. This is so much longer than typical
metastable ion lifetimes (~1075 s) that we regard these alkene
 complexes as truly stable gas-phase species.

In an effort to gain a more fundamental understanding of
the effects of solvent on alkene-metal complex formation, we
have also measured the rates of mercurinium ion formation in
the gas phase. The kinetic measurements for bimolecular
formation of 5 and 6 were simplified by employing pseudo-
first-order conditions with an excess of alkene; d(5)/dr =
k’'[CH3Hg*], where k” = kexe[alkene]. Thus, rate constants
for formation of 5 were measured by plotting log (/ — X) vs.
the pressure of alkene, where I = intensity of CH3;Hg™ and X
= intensity of 5, as measured from the observed intensities
corrected by their respective masses, and the slope = k7/2.303,
where 7 is the measured reaction or residence time® in the ICR
cell.10

The data given in Figure 1 show that the reaction exhibits
pseudo-first-order kinetic behavior over the pressure range
studied. The intensity of 5 is linearly proportional to the alkene
pressure in all cases, which is consistent with the proposed
mechanism. If a substantial portion of the reverse reaction
occurs, then the kinetic equations are changed and linearity
with alkene pressure is not expected. It is also immediately
apparent from the data summarized in Table II that the rate
of w-complex formation increases with increasing methyl
substitution. This observation in itself is significant because
it is generally assumed that exothermic reactions forming a
single product of the type A + B — C are not efficient because
the thermally excited product ion C must dispose of its excess
energy or else revert back to reactants. Other examples of an
ion association reaction involving lead’? and iron-65 containing
species have been reported. Thus, heavy metals seem to assist
in stabilizing association products. We have recently pointed
out that the mercurinium ion derived from allene is formed
with about 20% efficiency.8 Our overall data suggest that
mercurinium ion formation from alkene and CH3Hg* is a
major pathway.
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Table II.  Comparison of Mercuration Rate Constants and Argentation Equilibrium Constants
ki (X 10719 ¢m3 mol—t s~ t)a ki (X 1010 mol—ts—1)b Hydroxy mercuration Relative argentation
Alkene formation of 1 loss of CH;Hg* relative rate€ equilibrium constant?
Ethylene 0.38 + 0.05 (1.0)¢ 27+04 1.00 1.00
Propylene 0.83 £0.13(2.2) 29403 19.6 0.41
1-Butene 1.6 £0.2 (4.2) 1.6 £ 0.1 15.6 0.35
Isobutylene 1.4+ 0.3(3.7) 3.7+£0.9 >200 0.17
trans-2-Butene 1.2+£0.2(3.2) 5.2 0.33 0.06
cis-2-Butene 2.0+0.1(5.3) 1.1 0.24
2-Methyl-2-but- 1.6 £0.3 (4.2) 5.2 1.247 0.04
ene
2,3-Dimethyl- 0.61# 0.004
2-butene
Allene 14£0.5(3.7) 1.5+0.5 0.04
1,3-Butadiene 1.4+£0.3(3.7) 39+£13 0.19

@ Rate constants were calculated from the rate expression: log (Io/(Io — X)) = [alkene]k7/2.3. b Rate constants were calculated from the
rate expression: log (/o) = [alkene]k7/2.3. ¢ Values taken from ref 15, where k = 5.1 X 10> M~ s™! for ethylene at 298 K using Hg(ClO4)
in H,O. 4 Argentation constants were taken from ref 20, where the equilibrium constant K| = 22.3 for ethylene at 314 K. ¢ Relative rate of
formation of 1,/ Estimated from the rate of 2-methyl-2-pentene, which is 1.24 times greater than cyclohexene.!S Cyclohexene has essentially
the same rate constant as ethylene ((5 & 1) X 103 M~!s71).16 £ Estimated by comparison to cyclohexene (see footnote f above).

CH HgY'
3HaY
211 Y
YI‘
200 1-BUTENE
" ISOBUTYLENE
o)
(o]
= 207+
»®
x
'_0205‘
3 PROPYLENE
% 203 ETHYLENE
o
-
201 |
1
) 0.8 L6 2.4 32

PRESSURE, Po x 103

Figure 2, Kinetic plots of the disappearance of HgCH3* (a) and the ap-
pearance of C;Hs;HgCH;* (@) vs. allene pressure in dimethylmercury-
allene mixtures. The dimethylmercury pressure is 2.6 X 1074 Pa (2.0 X
107 Torr), Io is the HgCH;™ intensity at zero allene pressure, / is the
HgCHj? intensity, and X is the C;H3;HgCHj3* intensity.

Ion fragmentation does occur, as evidenced by the relatively
large amounts of 7 observed (Table I). This ion most likely
arises by homolytic-carbon-carbon bond cleavage resulting
in loss of a methyl radical from 6. Ion ejection experiments,
where a second rf pulse irradiated Hg™, established that the
major pathway for formation of 6 was a reaction of C4Hg with
Hg*. However, one cannot exclude the possibility that 6 derives
in part from loss of CH3. from the thermally excited mercu-
rinium ion 5.

Pseudo-first-order rate constants for the loss of CH;Hg*
were also measured by plotting log /1, vs. the pressure of al-
kene, where I = intensity of CH3Hg™ at time ¢ and /o = in-
tensity of CH3;Hg* at zero alkene pressure. As noted pre-
viously,®® there is not a 1:1 correspondence between loss of
CH;Hg* and appearance of 5 with the possible exceptions of
1-butene and allene?® (Figure 2). Two additional reactions of
CH;Hg* were observed that could account for this fact.

CH,Hg* + CR,=CR, — CH;Hg + CR,=CR,* (4)
(CH,,Hg + CR,CR,* — CH,Hg* + CR,=CR, + CH, (5)

When ethylene was introduced into the ICR cell, the intensity
of CH3;Hg" increased. In other experiments, as the alkene
pressure increased, the intensity of the CH;Hg™ peak increased
and then decreased. Thus, the observed rate constant for loss
of CH3;Hg™* is the net result of the ion-molecule reactions
described by eq 3-5.

We also wish to suggest the most probable structure for the
product ions observed, based upon extended Hiickel molecular
orbital calculations. One of the difficulties inherent in postu-
lating the existence of intermediate ions on the basis of MO
calculations is that the role of solvent in stabilizing charged
species is difficult to ascertain. Our ICR experiments clearly
indicate that mercury-alkene = complexes are capable of ex-
istence in the gas phase in the absence of solvent molecules. The
ions derived from the interaction of CH3;Hg* and an alkene
may exist either as a symmetrically bridged = complex such
as 8 or as the classical ion 9 with sp? hybridization at Cy and
sp? hybridization at C;. Our calculations suggest that 8 is 171
kJ/mol (40.9 kcal/mol) more stable than the nondelocalized
ion 9. Proton transfer with rearrangement to the ethyl cation,

HQ Q/,H H\@ H H\\@"@/H
; , b

Ci—C

2 Cﬁc
Hg Hg Hg
by b b
8 9 10
H@ H
N
VA AN
H A\:)l( H
11

CH;C*HHgCHy3, is calculated to be endothermic by ~670
kJ/mol. These data are in good agreement with experimental
NMR evidence,® where the importance of bridging in mer-
curinium ions in solution has been firmly established. A sym-
metrically bonded = complex such as 8 may be construed as
an internally solvated carbocation, where a majority of the
positive charge is localized on the metal. This is especially true
with mercurinium ions, since the polarizable carbon-mercury
o bond is very efficient at stabilizing an adjacent empty = or-
bital on carbon by o-7 hyperconjugation. Recent experi-
mental!! and theoretical?® evidence have provided ample evi-
dence for the significance of this mode of stabilization of ad-
jacent cationic centers. Stabilization by ¢-7 hyperconjugation
is particularly effective in the unsymmetrical mercurinium ion
10, where the C-Hg ¢ bond and the = orbital are coplanar.
Indeed, the energy difference between 9 and 10 is small in
marked contrast to an onium ion, where the neighboring group
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is halogen 11 (X = CI, Br, I). Intuitively, the internally stabi-
lized bridged intermediate should be even more important in
the gas phase than in solution, where the carbonium ion center
in 9 may be stabilized by solvent interaction.

One measure of the strength of the metal-alkene bond (i.e.,
the extent of perturbation of the # MO) is to compare the
Mulliken overlap population!2 p (p may be taken as an estimate
of the relative bond order between two atoms) of an alkene 7
MO to that in its complexed state. For example, extended
Hiickel (EH) calculations show that for ethylene, p, = 0.53,
while the C;-C, w-bond overlap in the m-complex 8 has been
reduced to 0.368. The positive charge on C; in 10 is stabilized
principally by o-= hyperconjugation. In contrast, both EH and
CNDO/2 calculations suggest that with a chloronium or
bromonium ion the charge on C; is mainly stabilized by elec-
tron density on halogen (i.e., neighboring-group participation),
as depicted in 11,32

MO calculations indicate that the bonding in silvert3.32 and
mercury3? 7 complexes is due largely to overlap of the filled
m orbital of the alkene with the vacant s orbital of the metal.
The amount of dw-pw back-bonding of metal electron density
with the antibonding w-orbital of the alkene is minimal. The
extent of back-bonding, however, will be influenced by the
effect of alkyl substituents on the energy of the lowest unoc-
cupied molecular orbital (LUMO), which is the 7* orbital of
the alkene. In order to determine the trend in orbital energies
anticipated with substituted alkenes, we have carried out ab
initio molecular orbital calculations'# on ethylene, propylene,
and trans-2-butene. Using a STO-3G basis set we found the
energy of the HOMO to be —9.12, —8.59, and —8.10 eV and
the energy of the LUMO to be 8.93, 9.03, and 9.10 eV, re-
spectively. Thus, alkyl substitutions cause both HOMO and
LUMO to increase in energy. This should favor the o-type
bond to the metal, but should destabilize dw-pr back-bonding
of d electrons on the metal with the #* orbital of the alkene.
Unfortunately, the relative importance of these two types of
bonding cannot yet be reliably studied by theoretical means.

Finally, we wish to comment upon the relevance of our
gas-phase studies to the comparable reactions in solution. The
generally accepted24 mechanism for the oxymercuration of
alkenes in protic solvents involves a rapid preequilibrium of
alkene with the mercurinium ion 12 with a subsequent rate-
limiting attack by solvent on this intermediate = complex (eq
6). The overall reaction rate is decreased with increasing alkyl

OR
k, ROH, £ I
R.C=CR, + HgX" &= RC—CR, === R(C—CR, (6)
-t \\+,/
Irg Hg
: !
12

substitution with 1,1-disubstituted alkenes exhibiting the
fastest rate and tetramethylethylene reacting ~16 times slower
than ethylene!s (see Table II). There is still controversy about
the involvement of mercurinium ions as discrete intermediates
in the oxymercuration reaction. Kinetic evidence to support
their intermediacy has not been observed.'¢ However, if these
m complexes are not involved, then one must invoke a ter-
molecular AdE? mechanism.!” We emphasize that these ions
have been observed by NMR techniques,’ by a potentiometric
study!® of ethylene in aqueous mercuric perchlorate at very
high acid concentrations, and in the gas phase.? If one assumes
that a steady-state concentration of mercurinium ion is present
under typical oxymercuration conditions, then one should
observe a rate constant k’ = kyKcq, where K4 is that for
mercurinium ion formation (eq 6). Since there is no data
available concerning the magnitude of this equilibrium con-
stant, we suggest that the trends noted for silver ion complex-

ation with alkenes should parallel those for mercury. MO
calculations32 suggest that the bonding characteristics and the
positive charge at carbon for-w complexes of ethylene with
CH;Hg* and Ag™ are quite similar.

Infrared studies!® of a series of alkenes with solid silver
tetrafluoroborate showed that the strength of the silver-alkene
bond is primarily dependent upon the basicity of the v-MO.
An increase in perturbation of the double bond stretching
frequency was noted with increasing alkyl substitution. A
linear correlation of this stretching frequency with the alkene
ionization potential was observed. Consistent with these data
is a theoretical study!?® which suggests that the calculated
enthalpy of complex formation of Ag* with alkenes increases
with increasing methyl substitution on the double bond. In-
terestingly, the most stable silver complexes in crystalline form
and chloroform solution had two alkenes bonded to each silver
ion. Thus, the theoretical calculations!3? (gas phase) and the
thermodynamic data for Ag* complexation in the absence of
solvent are parallel to our kinetic studies of gas-phase reactions
of CH3;Hg™* with alkenes.

The complex strength (argentation constant) of alkenes with
Ag* (Table I1) in solution markedly decreases with an increase
in methyl substitution.20 It has also been noted that the heat
of dissociation of solid AZNO3-C,H4 of 44.3 kJ/mol (10.6
kcal/mol) is about twice as large as the value (24 kJ/mol) for
this complex in an aqueous solution.2!? The structural features
that are mainly responsible for determining the stability of
these complexes are also closely related to those that determine
the stability of complexes of solid iodine, where similar trends
are observed.2'® However, tetramethylethylene undergoes
bromination in solution at a rate of 3.2 X 10° faster than eth-
ylene.?2 This has been attributed to the inductive electron re-
lease of the methyl groups, which increases the energy of the
HOMO and also stabilizes the positive charge at carbon as the
cyclic bromonium ion develops. The relative rate differences
for bromination are much greater in CH3OH than in the less
polar solvent CF,CICFCl,.2?

The apparent differences between metal complex stability
and rates of bromination cannot be attributed to solvent effects
alone. A combination of gas-phase?* and solution?® data have
established the relative stability of cyclic bromonium ions to
be the same in the gas phase and in solution. It was also shown
that tlie bromonium ions were considerably more stable in the
gas phase than in solution.24

In conclusion, our rate studies on gas-phase mercurinium
ion formation parallel the trend noted for argentation constants
in the absence of solvent and exhibit a trend opposite to metal
7 complexes0 in solution, where the effect of the alkyl groups
is greatly attenuated by solvent interaction. Obviously, the
mode of stabilization of these alkene-electrophile complexes
also plays a major part in determining their relative stabili-
ties.
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Abstract: NMR experiments aimed toward elucidation of the mechanism of anion exchange of alkyl mercurials is described.
Mercaptide anion exchange in RHgSR’/RHgSR” systems exhibits second-order kinetic behavior. Evidence is presented that
anion exchange proceeds through a four-center bridged intermediate with total exclusion of an ionic pathway.

The importance of alkylmercury mercaptides (RHgSR’)
as a class of compounds has become increasingly obvious with
recent disclosures of widespread mercury contamination in the
environment, Methylmercury derivatives?® have received
particular attention, since these compounds are produced in
living systems from a variety of organic and inorganic mercury
species. The unusually strong covalent bond between mercury
and sulfur has prompted the suggestion?® that alkylmercury
derivatives are carried through complex biological systems
containing the sulfhydryl group (ORG-SH) as mercaptides
by the exchange process given in the equation

RHgSR’ + ORG—SH <= RHgS—ORG + RSH (1)

Indeed, the generic term mercaptan was coined because of the
avidity of thiols for ionic mercury. The biosynthesis of meth-
ylmercury has, in fact, been shown to be stimulated in the
presence of mercaptans.’

Despite the biological significance of sulfur as a ligand,
spectral and structural studies on these organomercurials have
only recently been carried out. The vibrational spectrum of
CH3HgSCH;* and the infrared and mass spectral properties
of CeHsHgSCN5 have been reported. Spectral studies of the
complexation of CH3;HgSCN with SCN~ have also been
published.® Although a number of NMR studies on sulfur-
containing mercurials have appeared,’-!3 a systematic NMR
investigation of the mechanism of the exchange reaction of a
methylmercury mercaptide with a sulfhydryl group has never
been reported.

NMR studies have shown that rapid intermolecular-ex-
change reactions of methylmercury halides and pseudohalides
proceed by a second-order pathway. The exchange has been
established as proceeding by transfer of the ligand on mercury
without carbon-mercury bond rupture.”!* A mechanism in-

volving the four-center bridged transition state 1 was invoked
for the CH3;HgCN/CH3;HgX exchange process (eq 2).

X\
/Hg—‘CHs

1

N

1

= CHHgX + CHHg"CN (2)

However, a pre-exchange equilibrium in which solvent-sepa-
rated ion pairs were formed could not be excluded.

The controversy concerning an ionic mechanism versus a
pathway utilizing covalently bound species forming a bridged
transition state in mercury-exchange reactions had its origin
in a series of papers by Hughes, Ingold, and co-workers.!> They
stated that one alkyl mercury exchange of RHgX with *HgBr,
could not be explained on the basis of a “closed’” or bridged
transition state. More recently, arguments that the proposed
alkyl group exchange via an “open transition state” violates
the principle of microscopic reversibility have been presented.!®
This criticism, however, has since been challenged.!” Thus, the
mechanism for alkyl and anion exchange in RHgX compounds
still remains in question.

In the present study, we report a series of NMR experiments
aimed toward elucidation of the mechanism of anion exchange
of alkyl mercurials. Our data provide the first unequivocal
evidence for anion exchange involving a four-center bridged
intermediate in the exchange of an alkyl mercury mercaptide
with the total exclusion of an ionic mechanism. We have also
developed a model system that has provided fundamental in-
formation concerning viable pathways for methylmercury
migration in biological systems.

EY
CH.Hg*X + CH,HgCN = CHS—Hgi
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