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solvolysis rates, the reaction was carried out in acetic
acid-d; and -ds. Acetic acid-d; has a pK, of 5.25,
while the pK, of acetic acid is 4.75.%% The results
are shown in Table II; the observed reduction in
rate is consistent with the above discussion.
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The kinetics of the acetate exchange of [Co(en)(CH;COO),]ClOs with CDsCOOD were examined and compared with the

cis—trans isomerization rates.
tons in the ¢is and trans isomers.
exchange at the isomerization rate.

The rates were measured by a pmr method based on an observed relative shift of the CHj; pro-
The cis isomer exchanges more rapidly than it isomerizes, but the frans isomer appears to
The proposed mechanism for isomerization involves a solvent-assisted, intramolecular

isomerization vie one transition state, with no acetate exchange with solvent.

The effect of added sodium acetate on the isomeriza-
tion of eis-[Co(en)s(OAc):|ClO4! and the solvolysis of
trans-[Co(en)s(toluato); |C10,%? in acetic acid has al-
ready been reported. The added acetate severely re-
tarded the reaction rates and an ion pair-ion pair
equilibrium in which a less reactive acetate ion pair
is formed was proposed in order to explain the observed
kinetics. It was further proposed that the reactions
within the ion pairs occurred vic a ‘‘solvent-assisted
dissociation’”” pathway,* in which acetic acid partially
bonds to the inner-sphere ligands and aids in their
removal. In order to gain further insight into the
mechanistic processes involved, the exchange of acetate
ligands in #rans-[Co(en):(OAc):]ClO4 with solvent has
been studied by a nuclear magnetic resonance tech-
nique.

Experimental Section

All chemicals were reagent grade. Acetic acid-ds (99.5%)
was obtained from Merck Sharp and Dohme of Canada Ltd.

Sodium acetate-d; was prepared by treating NaHCO; in water
with acetic acid-ds until the solution was slightly acidic. The
solution was evaporated to dryness and the product dried at 120°
overnight before use. Examination of the proton magnetic
resonance spectrum of this compound in D,O showed that CHj
peaks were absent.

cis- and trans-[Colen);({CH;COO),]ClO; were prepared as
before.?

Proton magnetic resonance (pmr) spectra was determined on a
Varian A-80 spectrometer at ambient temperature (~38°) with
tetramethylsilane (TMS) as an external reference.

The kinetics of the isomerization of trans-{Co(en):(CH;COO ),]-
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ClO4 in acetic acid-ds were investigated by methods described
previously.! First-order rate constants were determined from a
least-squares plot of In (A« — A) vs. time. The absorbance
increase was followed at 20.00 kK. The accuracy of these rate
constants was severely limited by the small overall absorbance
change (0.1-0.2 unit).

Measurement of Exchange Rates.—The pmr spectra of cis-
and trans-[Colen):(CH3COO )| ClO4 in CD;COOD showed that
the CH; peak in the frans isomer was shifted 12-13 cps upfield
from the ¢is-CH; peak and that this effect could be used for
measurement of the exchange rate of coordinated CH;COO~ with
CD3;COOD (vide infra). The exchange rate was followed by ob-
serving the decrease of the trans isomer CH; peak with time (the
cis isomer CH; peak and the CHj peak for free acetate occurred
at the same chemical shift, so that no measurement of cis-acetate
exchange could be made).

The exchange measurements were performed with a 0.05 M
stock solution of trans-[Cofen )o(CH3COO),]ClO, in CD3COOD.
The runs with added NaQO,CCD; were performed on solutions
prepared by adding a suitable amount of NaO.CCD; to a por-
tion of the stock solution. Approximately 0.5-ml samples of the
reaction solution were placed in nmr tubes, which were stoppered
and partially submerged in a constant-temperature bath at the
appropriate temperature (84.5°). Sample tubes were removed
at suitable time intervals, quenched in ice immediately, and
stored at room temperature (separate experiments verified that
such solutions showed no change when stored for up to 1 month).
The pmr spectrum of each sample was recorded and the integra-
tion was performed five times. The intensity of the trans-CHj
peak was calculated with reference to the CH, (from ethylenedi-
amine) peak intensity, ¢.¢c., Ry = [{irans-CH,)/(CH:). The final
intensity was taken as the average of the five determined intensi-
ties for each time. First-order rate coustants were calculated
from plots of In (R:) vs. time by a least-squares calculation.
Standard deviations of the slope were calculated as indicated
previously.!

Results and Discussion
The pmr spectra of cis- and frans-[Co(en){CHy-
CO0).]C10, were consistent with previously reported
spectra of c¢is- and trans-bis(ethylenediamine)cobalt-
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Figure 1.—The pmr spectra of cis- (... ... ) and trans- (

(I1I) isomers in the CH; and NH, regions;>=* the
spectra are shown in Figure 1 in CD;COOD. The
CH; (from acetate) resonances in the two isomers
did not occur at the same chemical shift: the trans-
CH; resonance occurred 12-13 cps upfield from the
¢1s-CH; resonance (the quintet observed in the frans
spectrum in Figure 1 is due to CDyH present as an
impurity in CDyCOOD; it is obscured in the cis spec-
trum by the CH; resonance, which occurs at the
same position). For both isomers, the CH;:CH, in-
tensity ratio was close to the theoretical value of 0.75.
The relative and absolute positions of the CH; res-
onances were found to be independent of concentra-
tion; mixtures of the two isomers in any proportion
resulted in the two resonances being observed in the
appropriate intensity ratio. Free acetate ion had the
same shift as the c¢s isomer. Upon heating solutions
of tramns-[Co(en)(CH;COO)]CIO, in CD;COOD, the
trans-CHj resonance decreased in intensity while the
combination ¢is-CH; and free acetate resonamnce in-
creased; the ratio (total CH;):CH; remained at 0.75.
It was therefore possible to follow the kinetics of acetate
exchange in the frums isomer by observing the de-
crease of the (iramns-CH;):CH, intensity ratio with
time, This isomer shift appears to be general and
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) [Co(en)z(CHaCOO)z]ClO4 in CDaCOOD

occurs with other isomer pairs and in other solvents;
it will be discussed in a separate publication.

Upon heating a solution of #ans-[Co(en),(CH;-
C00):]CI0, in CD;COOD, the intensity of the CH,
resonance remained constant with time, although
broadening was observed due to ¢is formation (see
Figure 1). The loss of protonated frans-diacetate was
followed by determining the ratio Ry = I(irans-CHs;)/
I(CH,) as a function of time. Since the solvent was in
large excess, R, =~ 0; also, Ry = 0.75. The exchange
rate was obtained as a first-order rate constant from a
plot of In (R;) ws. time. The rate constants were
determined as a function of added NaO,CCDs;.

The data were not of high quality, much scatter being
observed in the plots. Typical plots, for 0.0 and 0.301
M NaO,CCD;, are shown in Figure 2. The scatter is a
result of the low complex concentrations necessary (due
to poor solubility) and the consequent poor response of
the spectrometer. The exchange rate constants are
given in Table I.  Also given in Table I are the rates of
isomerization of frans-[Co(en),(CH;COO),|CIO, in
CD;COOD as a function of added NaQ,CCD:s.

The proposed mechanism for the isomerization is the
ion pair—ion pair equilibrium

K
¢is-Colen)s(OAe) *ClOs~ + QAc™ —=
thw . cis-Co(en)(OAc) TOAc™ + CIO,~

K M.
irans-Colen ) (OAc), *ClO,~ + OAc™ —= MJFAJ

1)

_—

trans-Co(en):(OAc); TOAc™ + ClO4~
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which leads to the following expression for the first-
order rate constant as a function of acetate!
B + by KE,/-(NaOA<] /s
1 + KK;'/:[NaOAc]/2
where b, = by + k-1, &, = k2 + k-3, and K; is the ioniza-
tion constant of NaOAc in acetic acid. It was pre-
viously found! that &, =~ 10k, <.e., addition of acetate
retarded the reaction. In CD;COOD the rates are

(2)
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Figure 2.—Kinetic plots for the acetate exchange of trans-
[Colen)(CH;COO0)|ClO; in CD;COOD for 0.0 M (——) and
0.301 M (----- ) NaO,CCDs.

TaBLE [

OBSERVED EXCHANGE AND [SOMERIZATION RATE CONSTANTS* FOR
trans-[Co(en )(CH;CO0)ICI0; 1IN CD3COOD At 84.5°

—_ -—Exchangeb———-——
[Na0:CCDs], I somerization®—-———
M 10%ke, sec™! [Na0:LCDs], M 104ki, sect
0.00 1.2 £0.08 0.00 34 +1
0.047 1.1+0.16 0.047 7.3%x0.2
0.099 1.0x=0.1 0.098 7.2+0.1
0.199 0.9£0.05 0.199 5.6+ 0.2
0.300 0.9+£0.05 0.299 5.7£0.2
0.500 0.8+ 0.08

@ Errors are given as o, where o is the standard deviation
of the slope. ? Concentration 0.05 M. ¢ Concentration 0.01 M.
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slower than in the protonated solvent; k, and %y, may be
estimated on the basis of the isomerization rate data in
TableItobe b, = 35 X 107 %sec™tand b, = 5 X 107*
sec™L.

The exchange rates of frans- [Co(en)s(CH3;COO), JCLO,
in Table I should be compared with the isomerization
rate constants k—; and k-, in (1). The cis—trans
equilibrium constant was found! to be independent of
added acetate and had a value of [transleq/ [cis]eq = 4.
Therefore, k—; and k—: are approximately 7 X 107%and
1 X 10~*sec™!, respectively. The exchange rates show
only a small variation with acetate; apparently the
perchlorate and acetate ion pairs of the frans isomer in
(1) undergo acetate exchange at essentially the same
rate, ko = 1 X 107% sec™!, which is the same as the
isomerization rate constant k—s; (within the limits of
experimental error).

When c¢is-[Col(en);(CH;C0O0):]Cl0; is heated in
CD,COOD, in the presence and absence of NaO,CCDj,
there is no change in the pmr spectrum, indicating that
the frams isomer is formed fully deuterated, z.e., as
trans-[Co(en)2(CDyCO0):]Cl10,.  Thus, the ¢is ion
pairs exchange more rapidly than they isomerize, which
implies that the {rans ion pairs exchange predominantly
by prior isomerization to the ¢is form.

A reasonable model involves isomerization of both
isomers through a single transition state. Such a
model implies an intramolecular mechanism in both
directions, with no involvement of solvent exchange in
the isomerization.

The previously proposed mechanism of solvent-
assisted dissociation within the inner sphere!™® is
consistent, at least in part, with this model. The lack
of acetate dependence in the exchange rate (k)
implies that only the cis-acetate ion pair is exchanging
with solvent at a significant rate. Since the three other
pairs are isomerizing without exchange, this model, in
which isomerization occurs wic a solvent-assisted,
intramolecular mechanism, is in accord with the observa-
tions. The acetate ligand labilized by hydrogen bond-
ing with the solvent does not leave the inner sphere.
According to this model, ligand exchange is not involved
in the isomerization.
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