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the determination of ks is based on small differences. Thus
a series of determinations using a high and constant concen-
tration of chromium(III) ions, 6.96 X 1072 M, and a constant
reaction medium (0.200 M perchloric acid, 1.13 M 2-propanol)
was carried out. The principal variable was [Cr?*], ranging
between 1.8 X 10~* and 3.0 X 10-%. The kinetic data are as
folllows, where kg was calculated by using k, = 4.30 X 107
sl

[Cr*)/M Kopsals™ ko/(Mt 51)
1.8 X107 4.75 x 107 4.13 X 10?
8.8 X107 446 X107 6.0 X 102
296 X107 4.38x107? 6.8 X 10?2

av (5.6 + 1.4) X 10?

The very low rate constant of the reaction of eq 5 could have
previously been inferred since it is never a factor in other
competition or kinetic experiments involving CrC(CH;),0H*
in solutions containing low but variable concentrations of
Cr(H,0)¢**.

Europium-Catalyzed Disproportionation of -C(CH,),0H?
The summation of eq 3 and 4 is equivalent to disproportion-
ation of the aliphatic radicals, eq 9. This spontaneous reaction

2.C(CH,),0H — (CH,),CHOH + (CH,),CO (9)

has a very high rate constant, ky = 6.5 £ 0.5) X 10° M~ 57,7
but is not important as a direct reaction in this work owing
to the low concentration of the free radical which prevails
throughout.

On the other hand, the sequential occurrence of the two
reactions noted, eq 3 and 4, leads to the same overall net
reaction; if it occurs to a major extent it would then constitute
a europium-catalyzed pathway for free-radical dispropor-
tionation. Reaction conditions were selected to minimize its
importance. In retrospect, the easiest way to gauge the success
of the experimental control is to examine the summation k;-
[Eu’*] + k,[Eu?*], which would be the catalyzed rate con-
stant. In experiments dealing with reaction 4 (Table II), the
first term never contributes more than 6.0% to the sum. In
the Eu** experiments (Table I), the second term never amounts

(17) Rabani, J.; Mulac, W. A; Matheson, M. S. J. Phys. Chem. 1977, 81,
99. The rate law defining ko is -d[R-]/dt = 2ks[R.]%

to more than 10.1%. Both figures apply at the midpoint of
the kinetic runs. It is clear from this analysis that the catalyzed
disproportionation reaction does not make an appreciable
contribution under the concentration conditions used for kinetic
evaluations.

Discussion

Reaction Mechanisms. The rate constants for the reactions
in which Eu(aq)** and Cr(H,0)¢** are reduced by -C-
(CH,),OH differ by a factor of nearly 102. A similar qual-
itative difference was found' in comparing the ready reaction
of «CO,”/«COOH with Eu** under conditions where Cr** does
not react. An outer-sphere electron transfer mechanism is
often assigned to reactions in which -(CH,),OH functions as
a reducing agent. Alternatively electron transfer may occur
within a charge-transfer complex. The lower reactivity of Cr**
may well be a consequence of a slower self-exchange for
Cr¥*/Cr?* as compared to Eu’*/Eu?* and to the much greater
tendency for the latter to involve major contributions from
nonadiabaticity. Similar arguments have been advanced!® to
account for the differences in the solvent isotope effects for
the electrochemical self-exchange rate constants for Cr*/Cr?*
as compared to Eu*/Eu?*.

The oxidation of Eu(aq)** by -C(CH,),OH appears, like
the oxidation of V(H,0)¢**,? to proceed by a hydrogen atom
abstraction mechanism, as depicted in eq 10. Evidence for

Eu(H,0),2* + -C(CH,),0H — EuOH?* + (CH,),CHOH
(10)

this consists, in part, of the large kinetic isotope effects, 4.8
for Eu?* and 6.0 for V2* (Table III). It is possible to account
more quantitatively for the kinetic isotope effects found here
in terms of isotope fractionation factor theory,'! but those
results will be given elsewhere.
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In order to investigate the effect of coordinated hydroxide ion and free hydroxide ion in configurational conversion of a
tetraamine macrocyclic ligand complex, the kinetics of the blue-to-red interconversion of the copper(II) complex of
meso-5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclotetradecane has been examined spectrophotometrically for [OH"]
between 1.99 X 10 and 5.00 M. All the data are satisfactorily fitted by the rate law R = (k;Kou[OH] + k;Kox[OH13)(1
+ Kou[OH])Y([[Cu(tet a)(blue)]?*] + [[Cu(tet a)(OH)(blue)}*]), with k, = 5.51 571, k, = 0.84 M' 57!, and Ko =
51.6 M1 at 25.0°C and u = 5.0 M (NaNO; + NaOH). The AH* and AS* values for k; are 10.8 kcal mol™! and -19.0
eu, respectively. These small AH* and negative AS* values suggest a concerted coordinated-base-catalyzed mechanism
in which intramolecular hydrogen bonding, nitrogen inversion, solvation, and ring conformational changes occur. The AH*
and AS* values for k, are 22.8 kcal mol™! and 17.5 eu, respectively. These activation parameters are consistent with the
desolvation that takes place in the reaction of [Cu(tet a)(OH)(blue)]* with free hydroxide ion.

Introduction

The extreme kinetic inertness and very high thermodynamic
stability of tetraamine macrocyclic ligand complexes are sig-
nificant for inorganic stereochemistry,! since they greatly

enhance the number of potentially isolable isomers.2 Thus,
these complexes provide stimulating examples for studying

(1) Cabbiness, D. K.; Margerum, D. W. J. 4m. Chem. Soc. 1969, 91, 6540;
1970, 92, 2151.
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Figure 1. Structures of [Cu(tet a)(blue)]?* and [Cu(tet a)(red)]**.
A plus sign at an asymmetric center indicates that the hydrogen atom
of the center is above the plane of the macrocycle, and a minus sign,
that it is below. Gauche conformations of the five-membered chelate
rings and chair conformations of the six-membered chelate rings are
indicated by heavier lines. The axial C(7) methyl group is indicated
with an asterisk.

stereochemical changes.’ In aqueous solution, meso-
5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclotetradecane,
tet a, reacts with copper(II) to form initially a blue complex,

H3C

tet a

which is readily converted into the more thermodynamically
stable red isomer. The kinetics of blue-to-red interconversion
of [Cu(tet a)]?* (eq 1) have recently been reported.**

[Cu(tet a)(blue)]** — [Cu(tet a)(red)]** 1)

In this reaction, structures have been determined for the
crystalline forms of the reactant and of the product (Figure
1).6  As shown in Figure 1, the blue species of [Cu(tet a)]**
differs from the red species in the configuration of a single
asymmetric nitrogen center, and this nitrogen must be inverted
during the blue-to-red reaction. The red species of [Cu(tet
a)]2* is more stable than the blue isomer by a factor of 102,
and all of the blue isomer of [Cu(tet a)]** converts into the
red form in basic solution. Two pathways of this blue-to-red
reaction, protonation pathway and coordinated-base pathway,
have been proposed in our previous papers.*> In strongly acidic
media, this reaction is acid catalyzed due to the required
cleavage of the copper—nitrogen bond.> In basic media, the
blue-to-red reaction is much faster than the rates of dissoci-
ation of the macrocyclic ligand from copper(II). Hence, there
is no doubt that the configurational conversion occurs while
the macrocyclic ligand is coordinated. In neutral or slightly
basic media, the main reaction pathway of this reaction is via
a hydroxide ion that is coordinated to the copper.* The co-
ordinated hydroxide ion is so reactive that the free hydroxide
ion does not contribute to the observed rate even at pH 12.4

In the current investigation, we have extended our study of
this blue-to-red reaction to the highly basic region. Under

(2) Liang, B.-F; Chung, C.-S. J. Chin. Chem. Soc. (Taipei) 1979, 26, 93.

(3) Liang, B.-F.; Margerum, D. W.; Chung, C.-S. Inorg. Chem. 1979, 18,
2001.

(4) Liang, B.-F.; Chung, C.-S. Inorg. Chem. 1980, 19, 1867.

(5) Liang, B.-F.; Chung, C.-S. Inorg. Chem. 1981, 20, 2152.

(6) Clay, R. M.; Murray-Rust, P.; Murray-Rust, J. J. Chem. Soc., Dalton
Trans. 1979, 1135,
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Table I. Apparent Molar Absorptivities at 650 nm for the
[Cu(tet a)(blue)]?*~-OH" System as a Function of Hydroxide
Ion Concentration at 25.0 = 0.1 °"Cand u=5.0 M

(NaNO, + NaOH)?

10°[OH"]. T 10°[OH]. ,
[M ] “pope [M ! ey
6.67 141 1.80 149
421 149 8.41 183
271 158 244 200

@ Conditions: [[Cu(tet a)(blue)}**] = 8.31 X 107* M; wavelength
650 nm.

these conditions, a third type of pathway, in which the blye-
to-red reaction is catalyzed by free base, contributes to the
observed rate. Thus, this reaction provides an interesting
example for comparing the effects of coordinated base with
those of free base in the configuration inversion at the asym-
metric nitrogen center.

Experimental Section

Reagents. The macrocyclic ligand tet a was prepared by using the
procedure described by Hay, Lawrance, and Curtis.” [Cu(tet a)-
(blue)](ClO,), was prepared by using the procedure described by Hay
and Clark.® This complex has a band maximum at 650 nm with an
e value of 210 M™! cm™. Anal. Caled for CuC,¢H36N,C1,04: C,
35.13; H, 6.59; N, 10.25; Cl, 12.99. Found: C, 35.33; H, 6.72; N,
10.23; Cl, 12.90. [Cu(tet a)(red)][ClOQ,), was prepared by the
procedure given by Cabbiness.” This complex has a band maximum
at 512 nm with an e value of 135 M~ cm™1. Anal. Caled: C, 35.13;
H, 6.59; N, 10.25; Cl, 12.99. Found: C, 34.98; H, 6.66; N, 10.37;
Cl, 13.00. All other chemicals used in this work were of GR grade
from Merck.

Instrumentation. A Cary 17 spectrophotometer with a thermostated
cell compartment was used to measure absorption spectra and to follow
the slow reactions. Rate data for faster reactions were obtained by
using a Union Giken RA-401 stopped-flow spectrophotometer equipped
with a Union RA-415 rapid-scan attachment. The rate constants and
equilibrium constants were obtained by a linear least-squares fit of
the data by using the Apple IT minicomputer or the CDC Cyber-172
computer.

Kinetic Measurements. All reactions were measured at 650 nm
and studied under conditions that were first order in the blue form
of the copper complex. Plots of In (4 — A4,,) vs. time were linear and
gave the kg values reported. The A4. values for the absorbance were
measured after 10 half-lives. The average percent standard deviation
for rate constants from individual runs is £2% for k,pq.

Results and Discussion

Addition of the solution of hydroxide ion to an aqueous
solution of [Cu(tet a)(blue)]?* resulted in the rapid complex
equilibria shown in eq 2. The equilibrium constant for this

[Cu(tet a)(blue)]?** + OH- <L”i [Cu(tet a)(OH)(blue)]*
(2

reaction was determined by measuring the absorbance jump
after stopped-flow mixing of base with [Cu(tet a)(blue)]**
solution. The apparent molar absorptivities at 650 nm were
obtained by using the equation

€pp = A/1Cy 3)
where A is the absorbance at 650 nm, / is the length of the

cell (1.0 cm), and Cr is the total concentration of the cop-
per(II) complexes, [[Cu(tet a)(blue)]**] + [[Cu(tet a)-

(7) Hay, R. W.; Lawrance, G. A.; Curtis, N. F. J. Chem. Soc., Perkin
Trans. 1 1978, 591.

(8) Hay, R. W,; Clark, C. R. J. Chem. Soc., Dalton Trans. 1977, 1148.

(9) Cabbiness, D. K. Ph.D. Thesis, Purdue University, 1970.
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Figure 2. Spectrophotometric determination of the equilibrium
constant of [Cu(tet a)(blue)]?* with hydroxide ion at 25.0 °C and
u=50M.

(OH)(blue)]*]. The results are given in Table 1.
According to the Rose-Drago equation (4), a plot of ¢,

—(6app = €Cuy(tet a)(bluc))
€ =
P Kou[OHT]

€(Cu(tet a)(OH)(blue)) (4)

agaiHSt (eapp ~ €(Cuftet a)(blue)))/ [OH_]a where [OH_] = [OH—]T
- [[Cu(tet a)(OH)(blue)]*], gave a straight line of slope
-1/Koy, as shown in Figure 2. Values of [OH"] were cal-
culated by an iterative procedure in which an estimated value
of Koy was first used to calculate values of [OH™], which were
then used to obtain a new value of Kgy, the operation being
repeated until the least-squares deviation in the plot of ¢, vs.
(eapp ~ €(Cu(tet a)(blue)))/ [OH—] was minimized. The value of KOH
thus obtained was 51.7 &+ 0.3 M1,

In basic solution the blue species of [Cu(tet a)]** converts
to the thermodynamically stable red isomer, which differs from
the blue isomer in the configuration of a single asymmetric
nitrogen center, and this nitrogen must be inverted during the
blue-to-red reaction. The observed rate constants (from a
first-order dependence on the concentration of the blue form)
are given in Table II. At low hydroxide ion concentration
the reaction rate is directly proportional to the hydroxide ion
concentration. Between [OH™] = 0.1 Mand [OH} = 1.0 M,
a limiting rate is observed. At [OH"] larger than 1.0 M, the
rate again increases with the concentration of hydroxide ion
as shown in Figure 3. Measurements of the absorbance jump
after stopped-flow mixing of base with [Cu(tet a)(blue)]?*,
as well as the equilibrium study, show the existence of a hy-
droxide adduct to the blue form. This coordination of a hy-
droxide is much faster than the blue-to-red conversion. The
equilibrium study indicates that the predominant form of the
blue species is [Cu(tet a)(blue)]** at low [OH"], and the
concentration of [Cu(tet a)(OH)(blue)]* increases directly
in proportion to [OH™]. At high [OH"] the predominant form
of the blue species is [Cu(tet a)(OH)(blue)]*, and further
increase of the concentration of hydroxide ion cannot increase
the concentration of [Cu(tet a)(OH)(blue)]*. The pH de-
pendence of the kinetic data shows the importance of the
hydroxide adduct in the interconversion reaction. A reaction
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Table 11, First-Order Rate Constants for the Blue-to-Red
Conversion of [Cu(tct a)]?* as a Function of Temperature and
Hydroxide Ion Concentration at u = 5.0 M (NaOH + NaNO, )¢

temp, kobsa,?  temp, kobsa,?
°C {OH7], M 57! °C [OH"], M s
25 1.99X10™* 362x10? 15 4.01x102 274
25 2.11x10* 4.11X10% 15 1.03 2.93
25 7.68x10™*  0.147 15 2.01 3.13
25 1.38X10™* 0.265 15 3.02 3.36
25 2.87x10°* 0.473 15 4.05 3.58
25 8.09x107° 0.812 15 5.03 3.78
25 1.01xX10°* 1.67 20 4.01x107? 3.83
25 1.15%X10?  1.91 20 1.03 4.22
25 1.45%x107* 2.08 20 2.01 4.68
25 3.84x10* 3.18 20 3.02 5.07
25 9.10X10°* 5.40 20 4.05 5.50
25 2.03x107* 5.78 20 5.03 5.86
25 4.01 X101t 6.20 30 4.01%x107? 7.28
25 8.07X10°'  6.52 30 1.03 8.52
25 1.21 6.83 30 2.01 9.87
25 1.54 6.90 30 3.02 11.25
25 1.79 7.15 30 4.05 12.58
25 2.04 7.20 30 5.03 13.97
25 248 7.56 40 4.01xX10* 13.78
25 3.01 8.14 40 1.03 18.16
25 3.52 8.54 40 2.01 22.80
25 4.08 8.96 40 3.02 2748
25 4.52 9.42 40 4.05 32.10
25 5.02 9.78 40 5.03 36.79

@ Conditions: [b[Cu(tet a)(bluc)]*14ota1 = 8.31 X 107* M; wave-
length 650 nm. Mean value of at least three kinetic runs.

log[OH]

Figure 3. Rate constants for the formation of [Cu(tet a)(red)]?* from
[Cu(tet a)(blue)]?* as a function of hydroxide ion concentration at
25.0 °C and u = 5.0 M. The solid line is calculated from kg, =
(leOH[OH_] + k2KOH[OH—])/(1 + KOH[OH—]) where k| = 5.51
s, k; = 0.84 M~ 57!, and Koy = 51.6 M%; circled points are ex-
perimentally observed values.

mechanism consistent with these observations is given in eq
5-9.

[Cu(tet a)(blue)]?* + OH~ ===
[Cu(tet a)(OH)(blue)]* (fast equilibrium) (5)

[Cu(tet 2)(OH)(blue)]* —=
[Cu(tet a)(red)]?* + OH- (slow) (6)

[Cu(tet a)(blue)]?* + OH- R
[Cu(tet a)(red)]** + OH~ (slow) (7)

[Cu(tet a)(OH)(blue)]* + OH- —%»
[Cu(tet a)(red)]?* + 20H~ (slow) (8)

g

[Cutet a)(red)]?* + OH- ===
[Cu(tet a)(OH)(red)]* (fast equilibrium) (9)
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The resulting rate expression is given by eq 10, where

—d[Cu(tet a)(blue)]total/dt = kobsd[cu(tet a)(blue)]total =
(k1:Kou[OH] + ki [OH"] + k;Kou[OH]?) X
[Cu(tet a)(blue)] i1 /(1 + Kou[OH]) (10)

[Cu(tet a)(blue)]yy refers to the sum of [[Cu(tet a)(blue)]?*]
and [[Cu(tet a)(OH)(blue)]*].

Separate determinations of k. and k; from kinetic ex-
periments are impossible. Letting k, = k. + k;;/Koy and
substituting into eq 10 give

kopsa = (kiKou[OH™] + k;Kou[OH™1%) /(1 + Kou[OH™])
(1n

At [OH"] values lower than 0.1 M, &Koy [OH] is much
larger than k,Kou[OH™1?, so that kg = k1 Kou[OH) /(1 +
Kou[OH™]). The reciprocal of k4 has a linear dependence
on the reciprocal of the hydroxide ion concentration in accord
with eq 12 as plotted in Figure 4. The values found are k;

1 1 1 1
— 12
kosa ki Kk Kon [OHT] (12)

=551 £0.045" and Koy = 51.6 £ 0.3 M, The value of
Koy is in excellent agreement with that obtained by spectro-
photometric measurement.

In order to investigate whether the main pathway of this
reaction at low [OHT] is a specific free-base-catalyzed, a
general free-base-catalyzed, or a coordinated-base-catalyzed
one, the kinetics of this reaction was studied in the presence
of NH;. A reaction is said to be specific base catalyzed when
it is catalyzed by the hydroxide ion but not by undissociated
base. General-base catalysis is observed when all proton ac-
ceptors will catalyze a reaction by removing a proton from the
substrate in the transition state. Coordinated-base-catalyzed
reactions, on the other hand, are inhibited by the base con-
taining only one lone pair. As shown in Table III, this reaction
reacts more slowly in the presence of NH;, than in its absence.
The fact that the formation of [Cu(tet a)(NH;)(blue)]?* in-
hibits the interconversion reaction by blocking hydroxide ion
from the coordination site gives good evidence that the co-
ordinated hydroxide ion provides the best pathway to initiate
the inversion of the macrocyclic nitrogen atom at low [OH™].
In addition, previous studies®* and the activation parameters
reported subsequently in this paper also suggest that the main
reaction pathway at low [OH"] is via the hydroxide ion that
is coordinated to the copper(II).

In highly basic media, Koy[OH™] >> 1, we can neglect 1
in the denominator of eq 11 and get

Kossa = ko[OHT] + K, (13)

Plots of k. against [OH] at different temperatures give
straight lines as shown in Figure 5. The values of k; and &,
as a function of temperature are listed in Table IV. The plot
of In (k,/T) against 1/T and the plot of In (k,/T) against 1/T
are shown in Figures 6 and 7, respectively. The activation
parameters found are listed in Table V.

In dilute base the concentration of OH" in the vicinity of
the N-H group is greatly increased due to coordination.
However, the basicity of the hydroxide ion is reduced in direct
proportion to its tendency to become coordinated. If the
reaction mechanism had a simple proton-transfer process as
the rate-determining step, then the relative concentrations and
basicities of coordinated vs. free hydroxide ion should cancel
one another. Similarly, a preequilibrium step with the for-
mation of a low concentration of the deprotonated trigonal
nitrogen bonded to copper would not depend on the source of
the base. The effectiveness of the coordinated base suggests
a concerted process in which intramolecular hydrogen bonding,

Lee and Chung
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Figure 4. Double-reciprocal dependence of the observed rate constant
of the blue-to-red conversion of [Cu(tet a))>* and the concentration
of hydroxide ion at 25.0 °C and x = 5.0 M.

Table III. First-Order Rate Constants for the Blue-to-Red
Conversion of [Cu(tet a)]** as a Function of Hydroxide Ion
Concentration at 25.0 =+ 0.1 °Cand u = 5.0 M (NaOH + NaNOQ,)*

[NHslr kobsdvb [NHa]ﬁ kobsd’b
|OH' ], M M 571 {OH"], M M s
2.31x1073 0 0.42 8.81 X103 0 1.45
2.31x107° 1.0 0.11 8.81 x 1073 1.0 0.38
4.14 X108 0 0.68 1.02 X 1072 0 1.62
4,14 X 1073 1.0 0.19 1.02x107? 1.0 0.43
6.33 X107 0 0.87 1.30%107? 0 1.98
6.33 X 1073 1.0 0.28 1.30 X 107 1.0 0.55

@ Conditions: [b[Cu(tct a)(blue)]**] =8.31 X 107* M; wave-
length 650 nm. Mean value of at least three kinetics runs.

Table IV. Rate Constants for the Coordinated-Base-Catalyzed
Pathway (k,) and the Free-Base-Catalyzed Pathway (k,) of the
Conversion of [Cu(tet a)(OH)(blue)]* as a Function of
Temperature at u = 5.0 M (NaOH + NaNO;)

k,, k,,

temp, °C k., 5" M7's?' temp,°C kst M
15.0 2.73 0.22 30.0 7.20 1.35
20.0 3.82 042 40.0 13.54 4.65

25.0 5.51 0.84

Table V. Activation Parameters for the Configurational
Conversion of [Cu(tet a)(OH)(bluc)]* at 25.0 °C and
w=35.0M (NaNO, + NaOH)

AH,¥=10.8 ¢ 0.5 keal/mol
aH,% =228+ 0.8 keal/mol

nitrogen inversion, and ring conformational changes occur.
The copper-bound hydroxide ion is adjacent to the N-H group,
and it can react via a hydrogen-bonded chelate ring to assist
the partial removal of a hydrogen from nitrogen as shown in
Figure 8. The hydrogen-bonded ring structure may be im-
portant in helping to maintain the activated species long
enough to permit the macrocyclic rings to twist and the ni-
trogen to attract a proton from a solvent molecule on the
opposite site, thus leading to the inversion. In view of the
solvation and hydrogen bonds formed in the activated complex
for the coordinated-base pathway as shown in Figure 8, we
would expect a very low AH* and a negative AS* for this
pathway. The values of AH,*, and AS,*, listed in Table V,
indicate the main pathway at low [OH"] is via the hydroxide
ion that is coordinated to the copper(II).
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Figure 6. Graphical resolution of the activation parameters for the
coordinated-base-catalyzed pathway of the blue-to-red conversion of
[Cu(tet 2)(OH)(blue)]}* at u = 5.0 M.

As shown in Table V, the large AH,* and the large positive
AS,* values for the free-base-catalyzed pathway are in marked
contrast to the small AH,* and the large negative AS,* values.
The large AH,* and the large positive AS,* for the free-
base-catalyzed pathway are consistent with the desolvation
step, which occurs in the reaction of free hydroxide ion with
the blue copper(II) complex. On the other hand, the coor-
dinated-base-catalyzed pathway requires water molecules to
reach the transition state as shown in Figure 8. The values
of the activation parameters given in Table V reflect the de-
solvation and solvation that take place in the reactions with
free hydroxide ion and coordinated hydroxide ion, respectively.

Since 1966, many transition-metal complexes containing
open-chain amines have been resolved into their optical en-
antiomorphs, and the kinetics of inversion and proton exchange
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Figure 7. Graphical resolution of the activation parameters for the
free-base-catalyzed pathway of the blue-to-red conversion of [Cu(tet
a)(OH)(blue)]* at u = 5.0 M.

/

Figure 8. Proposed intramolecular proton transfer and concerted
inversion of nitrogen in [Cu(tet a)(OH)(blue)]*.

at asymmetric nitrogen centers in these complexes have been
studied.!®?5 The rates of inversion and proton exchange are
both second order: first order in [OH"] and first order in the
concentration of metal complex. The retention ratios for these
reactions are very large, implying that the configuration about
the N atom is retained most of the time that the proton is off
the quaternary N site.?8 The kinetics results for the proton

(10) Buckingham, D. A.; Marzilli, P. A,; Sargeson, A. M. Inorg. Chem.
1967, 6, 1032.

(11) Buckingham, D. A,; Marzilli, L. G.; Sargeson, A. M. J. Am. Chem. Soc.
1967, 89, 825.
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1967, 89, 3428,

(13) Buckingham, D. A.; Marziili, L. G.; Sargeson, A. M. Inorg. Chem.

1968, 7, 915.
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Table VI. Activation Parameters for Inversions at Asymmetric
Nitrogen Centers in Metal Complexes

temp, AH*, AS*,
)

complex C  keal/mol  cu ref
[Co(NH,), (sar)}** 34.3 18.6 21 15
[Co(NH,),(V-Meen)}** 343 23.8 30 11
trans,trans- 34.3 28.4 34 12

[Co(NO,),(V-Meen), |*

[Pt(N-Mcen)(NH,), }** 25.0 19.2 17 21
[Pt(N-Meen)(phen)|?* 25.0 16.7 17 21
trans-[Co(dien), | ** 349 235 29 25
syn-{Co(trenen)N, | ** 34 227 28 25

*
W
- (3] - -
;N N- HN N\ /N
M - M - M
AN — /7 N\ — 7/
+N + o+

Figure 9. Configuration conversions of [Cu(tet a)(blue)]** in strongly
acidic media (key as in Figure 1).

N\ !

exchanges and the nitrogen inversions of these complexes are
consistent with the formation of a common intermediate as
shown by eq 14-16.

Step 1 (k,) leads to proton exchange. The rate constant of
reprotonation (k_,) is very large, much larger than the actual
rate constant of inversion of the amide complex (ky), resulting
largely in retention of configuration. The activation param-
eters for the racemizations of these complex are listed in Table
VI. The AS,* value for the free-base-catalyzed pathway of
the blue-to-red interconversion of [Cu(tet a)(OH)]* is very
similar to those listed in this table, suggesting the mechanism

(26) Wilkins, R. G. “The Study of Kinetics and Mechanism of Reactions of
Transition Metal Complexes”; Allyn and Bacon: Boston, MA, 1974;
pp 354-357.

R R
g
M—N—R + OH === M—N—R + K0 (14
H
/ o
M—N—F' -:L M—N—TF' (15)
2 - A
R
H
. /

M—N—R + H,0 === M—N—FR + OH"  (16)
R

for the free-base-catalyzed pathway of the reaction of [Cu(tet
a)(OH)(blue)]* is the same as that shown by this scheme (eq
14-16).

It is interesting to compare the AH* values for the reactions
of the open-chain-ligand complexes given in Table VI and that
for the free-base reaction of [Cu(tet a)(OH)(blue)]*. The
racemization of each of these open-chain-ligand complexes
needs to invert only one stable chelate ring; the AH* values
are in the range of 16.7-28.4 kcal/mol compared to a AH,*
value of 22.8 kcal/mol for [Cu(tet a)(OH)(blue)]*, which has
to invert two adjacent unstable chelate rings.

There are three types of pathways for the blue-to-red in-
terconversion of [Cu(tet a)]** found under different conditions.
In basic media, both coordinated-base-catalyzed and free-
base-catalyzed pathways contribute to the observed rate. In
strongly acidic media, this reaction is acid catalyzed due to
the required cleavage of the copper-nitrogen bond.* This
protonation pathway is shown in Figure 9.
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Some Reactions of Sulfonyl Hypohalites with Sulfur Tetrafluoride
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The reactions of C10SO,F, BrOSO,F, and CIOSO,CF, with SF, have been investigated. It has been found that the reactions
proceed to form either trifluorosulfonium salts or covalent adducts. In the cases where the hypochlorites were used, the
unusual cation SF,Cl* can be postulated as a reactive intermediate. Characterizations of the new compounds SF;*FSO;~,
SF;*CF;80;7, cis-SF(CI)OSO,F, trans-SF,(C1)OSO,F, and trans-SF,(C1)OSO,CF; are reported. The SF;* salts are-
thermally unstable, decomposing to SF,, SOF,, and (XS0,),0 (X = F, CF;).

Introduction

The sulfonyl hypohalites are a class of compounds whose
great oxidizing power and electropholicity allow them to
participate in a number of unique and interesting reactions.!?
For example, bromine(I) and Chlorine(I) fluorosulfate’* and

(1) Aubke, F.; DesMarteau, D. D. Fluorine Chem. Rev. 1977, 8, 73.
(2) Schack, C. J.; Christe, K. O. Isr. J. Chem. 1978, 17, 20.
(3) DesMarteau, D. D. Inorg. Chem. 1968, 7, 434.
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chlorine(I) and bromine(I) trifluoromethanesulfonate*® have
been shown to react with various covalent organic and inor-
ganic halides to yield the corresponding sulfonic acid deriva-
tives. These compounds have also been shown to add readily

(4) Johri, K. K.; Katsuhara, Y.; DesMarteau, D. D. J. Fluorine Chem.
1982, 19, 227.

(5) Katsuhara, Y.; Hammaker, R. M.; DesMarteau, D. D. Inorg. Chem.
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