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Figure 4. Unit cell packing as viewed along the b axis.

UClI,* cations,? and hydrated UO,(NO,),,% differs from those
usually encountered with metal cations (e.g., K*),”” hydrogen-
bonded molecules (e.g., malononitrile),?® or cation-coordinated
water (e.g., Mn(NO;),6H,0)? in that two aga units are replaced
with gga units which allows two Sn—OH, groups to approach
opposite sides of the ring to interact each with four ether oxygens
(see stereoview in Figure 3).

Each of the two crystallographically independent tin atoms lying
at a badly distorted O, site [ZC-Sn—C = 154.4 (2)°, 153.2 (2)°]
is coordinated to a water molecule trans to a u-Cl atom of the
central Sn,Cl, ring. Such Cl-bridged Sn,Cl, systems are found
in [CoHg) *[(CH5),SnCl,]™ (£LC~Sn~C = 152.2°),% bis(dimethyltin
dichloride-2,6-dimethylpyridine N-oxide) (145.3°),%! [(CHj,),-
SnCl,,0=CC,(C¢Hs),], (142.2°),’2 and (CH,),SnCl, itself
(123.5°).333* Of the five known examples, our u-Cl--Sn distance
is shortest.

Although crown ether complexes of tin(II) salts,?*3¢ tri-
phenyltin(IT) alkali-metal derivatives,’” and inorganic®®* and
organotin(IV) halides and pseudohalides*#! have been prepared,
the only structural determination available shows O,, cis-
(H,0),SnCl, units hydrogen bonded to uncoordinated water and
ether oxygen atoms in Sn(OH,),Cl,18-crown-6.2H,0-CHCl,.#!
Preparations of the title compound from methanol (mp 119-123
°C)* and isopropyl ether (mp 98-101 °C)* give different melting
points from our product (mp 132-138 °C) from chloroform,
recrystallized from methylene chloride. From the tin-119m
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Maéssbauer [isomer shift = 1.59 £ 0.03; quadrupole splitting (QS)
= 3.93 &+ 0.06 mm s™'] QS value, an ZC-Sn—C angle of 160° can
be calculated.®
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In the main, reduction reactions by dihydropyridines involve
hydride transfer. Many proposals that the overall two-electron
reductions of oxidants proceed by an initial electron transfer from
dihydropyridine to oxidant have recently been shown to be faulted
by the experimental methods employed to study these reactions.!
There are, of course, examples of one-electron transfer from
dihydropyridines.>S Experimental evidence has been offered in
support of the following mechanism (eq 1) for the ferricyanide
reaction. The rate-determining step, shown here in the ferri-
cyanide oxidation of N-methylacridan (MH,), is the general-
base-catalyzed proton ionization (k,).
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The oxidation of MH, (4.7 X 10 M) has been studied under
a nitrogen atmosphere in 20:80 acetonitrile—water (v/v) solvent
at 30 £ 0.1 °C by following the increase in 4359 With time under
the pseudo-first-order conditions of [Fe(CN)s"} >> [MH,} <<
[Fe(CN)¢*] and at [K*] = 0.75 M. From eq 1 there follows eq
2 by use of the steady-state assumption in MH,*.. Ineq 2, k;

_ R[Fe(CN)¢ Uy + ky[B))
" k. [Fe(CN)¢*] + ky, + ky[B]

(2a)

kobsd

1 _ K_,[Fe(CN)¢*) 1
kowsa  ki[Fe(CN)§](ky + ky[B]) k) [Fe(CN)g*]

(2b)

represents catalysis by lyate species. It is evident from eq 2b that
a plot of the reciprocal of the pseudo-first-order rate constant
(1/kgbsa) vs. [Fe(CN)*] should yield as intercept 1/(k,[Fe-
(CN)¢*"]). In Figure 1 there is plotted 1/kqpsq V8. [Fe(CN)s*]
for experiments wherein [Fe(CN)4*"] was held constant (8 X 107
M), The values of 1/kgq fitted by line A were determined at
pH 7.05 using 2 X 102 M imidazole /imidazolium ion as buffer.
In the case of line B of Figure 1 the imidazole/imidazolium ion
buffer was held at 2 X 107" M and pH varied from 6.40 to 7.69.
The common intercept establishes that 1/k, is not a function of
the pH nor concentration of general-base species. Thus, any base
catalysis of the overall oxidation must be accounted for in the
conversion of MH,* to MH-. Employing constant concentrations
of Fe(CN)¢* (8.0 X 107 M) and Fe(CN)¢* (1.5 X 10* M) the
dependence of k. upon buffer concentrations at varied constant
pH values was determined for MH, and MD,. Buffers employed
were imidazole/imidazolium cation, acetate/acetic acid, and
formate/formic acid. Each buffer was studied at five pH values
using five buffer concentrations at each pH. In the upper inset
to Figure 1, the results of the buffer dilution experiments with
imidazole buffer are displayed. The experimental data shown is
representative, being in quality the same as obtained with both
MH, and MD, and other buffers. The plots of the buffer dilution
data follow the empirical rate given in eq 3 (where k', represents

k3K, [B],
kowa = K'y + 3)

apparent H,O catalysis, ks the apparent second-order rate con-
stant for buffer catalysis, and [B], the total concentration of the
buffer acid and buffer base). When 1/slope of the buffer dilution
plots are plotted against activity of hydrogen ions (ay), there is
obtained as intercept 1/k % values and 1/k 3K, as secondary slopes.
A plot of 1/slope vs. ay for imidazole catalysis of the oxidation
of MH; is shown in the lower inset of Figure 1. Similar plots were
obtained when employing formate and acetate buffers.

The steady-state equation, eq 2a, for the mechanism of eq 1
and the observation of general-base catalysis dictates that k_;-
[Fe(CN)¢*] >> (ky + ky[B]). 1t follows, therefore, that the
apparent second-order rate constant k' is related to the true buffer
catalysis rate constant (k,) by eq 4. From the known [Fe-
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Figure 1. Plot of the reciprocal of the pseudo-first-order rate constant
(1/kopsg) vs. [Fe(CN)¢*] for the oxidation of N-methylacridan (MH,)
by Fe(CN)¢* (8 X 107 M) at pH 7.05 with total imidazole buffer {Im],
at2 X 102 M (plot A) and at varying pH values (6.40-7.70) with {Im],
=2 X 107 M (plot B). Upper inset is a plot of kg vs. [Im], at the listed
pH values. The lower inset is a plot of the reciprocal of the slopes (of
plots of &gq vs. [Im], for MH,; and MD,) vs. hydrogen ion activity.

k\[Fe(CN)4*
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(CN)¢*"]/[Fe(CN)4*] ratio (5.4) and the value of k, (2.0 M}
s (determined from the intercept of Figure 1) the partition
coefficient k,/k_, can be calculated. In a Brensted plot of log
(ky/k-y) vs. pK, of buffer acids for the oxidation of both MH,
and MD,, the data points align along straight lines for both the
MH, and MD, compounds with the points for H,O catalysis
exhibiting negative deviations of ~102. These features are as
expected for a general-base-catalyzed reaction.® The value of
0.2 for the slope of the Bronsted plots indicates that the transition
state is early in the general-base-catalyzed proton-transfer reaction.
Neglecting the secondary kinetic isotope effect on k_; (donation
of an electron by Fe(CN),™ to MH,* vs. MD,*:) we can calculate
the primary kinetic isotope effect k,"'H/k,DP to be 4.4 + 0.1 for
imidazole, acetate, and formate and 5.3 for water. The latter is
identical with that obtained previously* by a radiotracer technique.
As in the case of the Bronsted 8, the kinetic isotope effects indicate
that in the rate-limiting step the transition state lies closer to the
reactant species MH,*- than the product species MH-. The values
of the partition coefficients k,/k_, for MH, are 1.5 X 1072, 0.84
%X 107,0.3 X 1073, and 3.9 X 107 for imidazole, acetate, formate,
and H,0, respectively. If one assumes the exergonic electron
transfer from MH,* to Fe(CN)¢* to be diffusion controlled (10
M1571) the values of the rate constants for proton transfer from
MH,* to general bases are (1-5) X 107 M™! s7! for imidazole,
acetate, and formate and 10* for water. Both k_; and k, represent
second-order rate constants so that the partitioning of MH,* is
dependent upon [Fe(CN)*] and [buffer base]. Under the
standard conditions of 1 M, k_;[Fe(CN)¢*] >> k, [buffer base]
and the general-base-catalyzed dissociation of the carbon acid
MH,*. is rate controlling. The final piece of evidence required
to substantiate the mechanism of eq 1 for an obligate le~ oxidation
of a dihydropyridine has been put in place.
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