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Two new chromium(III) complexes of the type, [Cr(L)(bpdo).]* (L=oxalate (0x?") or malonate (mal?-) ion),
where bpdo denotes 2,2-bipyridine N,N'-dioxide, were prepared and resolved into a pair of enantiomers by use of

Ag[Sbof(+)sse-tartrate},].

The perchlorates of these complexes were found to crystallize in the lel, (4(44), 4(66))

form. Upon dissolution in water, the complexes isomerized to the lel-0b (4(16), A(84)) form with a rapid change in

absorption spectra, and then racemized (424).

Rates of the isomerization and racemization at 25°C were

7.65X1073s7! and 2.20X1073 571, respectively for the ox complex, and 4.95X1073 s7! and 6.42X1075s"! for the mal
one. These rates were independent of concentrations of H* and the free bpdo ligand, indicating an intramolecular

mechanism for these reactions.

The faster reactions of the ox complex than those of the mal one may be attributed

to the steric effect due to the less crowded structure of the ox complex.

In previous papers,!) we reported the isomerization
arising from conformational inversion of the skew seven-
memberd 2,2"-bipyridine N,N’-dioxide (bpdo) chelate
ring (6 A) as shown in Fig. 1, and racemization (4 2 4)
of [Cr(acac)(bpdo).](ClO.)., where acac benotes an
acetylacetonate ion. The [Cr(acac)(bpdo):](ClO.):
complex crystallizes in the lel,(4(A4), 4(68)) form, but
upon dissolution in water it isomerizes to the lel
0b(4(A8), A(62)) one with a rapid absorption spectral
change, and then racemizes slowly. A similar reaction is
observed for [Cr(bpdo);]X3:2H,0 (X=ClO4~, NO3"); the
complexes crystallize in the lely:0b(4(A18), A(664)) form,
isomerize to the lel3(4(A14), A(666)) one in water, and
racemize.>3) Thus the skewed bpdo chelate ring® is
flexible and can change its conformation rather easily.

In this paper, we have prepared two new related
complexes, [Cr(ox)(bpdo).]* (ox=oxalate ion) and
[Cr(mal)(bpdo),]* (mal=malonate ion), resolved into a
pair of enantiomers, and studied the stereochemistry, and
isomerization and racemization reactions. The results
have been compared with those of [Cr(acac)(bpdo).]**
and [Cr(bpdo);]** which are the same [CrOs]-type

Fig. 1. Chiral conformations of bpdo.

complex.

Experimental

Preparation of [CrCly(bpdo),]CI-:3H,0. The complex was
prepared by a method similar to that for the perchlorate of the
complex.’) Finely powdered bpdo-H,09 (4.2 g, 20 mmol) was
suspended in an ethanol solution (50 cm?®) of CrCl:*6H,0 (2.7 g,
10 mmol). The mixture was warmed at 70°C with stirring for
1 h and evaporated under reduced pressure to dryness to give
pink crystals. After stirring with 100 cm? of ethanol at 50°C
for 1 h, the crystals were collected by filtration, washed with
50% ethanol and then acetone, and air-dried. Yield: 3.8 g
(65%). Found: C, 41.00; H, 3.65; N, 9.46%. Calcd for
C20H2:N+O-,CI:Cr: C, 40.80; H, 3.77; N, 9.52%. The complex
is insoluble in cold water and in common organic solvents,
but soluble in hot water to give a green solution of
[Cr(bpdo)(H20).]** (vide post).

Preparation of [Cr(ox)(bpdo),]C104+H,0 and [Cr(mal)-
(bpdo),;]C1042H,0. A suspension of [CrCly(bpdo).]Cl:3H,O
(5.9 g, 10 mmol) in water (200 cm3) was warmed at 60°C with
stirring for 3 hto give a green solution. Then, the solution was
mixed with sodium oxalate (2.0 g, 15mmol) or sodium
malonate (2.0 g, 14 mmol) and kept at 60°C for 3h. The
resulting solution was diluted with water (1 dm?) and applied on
a column (¢ 3.5X50 cm) of SP-Sephadex C-25. By elution
with a 0.8 moldm= NaCl solution, the column gave two
separate bands. The slower moving green band was found to
contain [Cr(bpdo),(H.0):]**. The eluate of the faster moving
band was collected and mixed with NaClO, (1.2 g, 10 mmol) to
give dark green crystals. They were collected by filtration,
washed with a small amount of cold water and then ethanol,
and air-dried. Recrystallization from hot water (ca. 70°C)
gave dark green needles ([Cr(ox)(bpdo):]C104H20) or cubic
crystals ([Cr(mal)(bpdo);]Cl042H,0). Yield: The ox
complex, 1.3 g (21%); the mal complex, 2.1 g (32%). Found
for the ox complex: C, 41.97; H, 2.81; N, 8.66%. Calcd for
CH1sN4O13CICr: C, 41.69; H, 2.86; N, 8.84%. Found for the
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mal complex: C, 41.70; H, 3.19; N, 8.33%. Calcd for
C23H22N4O14CICr: C, 41.49; H, 3.33; N, 8.41%.

Resolution of [ Cr(ox)(bpdo);]* and [ Cr(mal)(bpdo);]*. The
perchlorate of the ox complex (2.0 g, 3.2 mmol) was stirred with
a Dowex 1X8 anion exchanger (Cl- from, 10 g) in water (50 cm3)
for a while, and the exchanger was filtered off. To the filtrate
was added the resolving agent, Agy[Sba{(+)sso-tartrate}s]
(1.6 mmol). After stirring for 30 min, the precipitated AgCl
was filtered off. The filtrate was evaporated to ca. 20 cm?
under reduced pressure at 50°C. On storing the solution in a
refrigerator for 24 h, dark green crystals were formed, collected
by filtration, washed with 809% ethanol and then ethanol, and
dried over P4O10. The crystals showed a positive rotation at
589 nm in water, but rapidly lost the activity. Yield: 0.96 g.
Found: C, 34.30; H, 3.48; N, 5.98%. Calcd for (+)sss-[ Cr(0x)-
(bpdo)2][Sbaf(+)sse-tartrate}sJo.s: 7H20=C2sH3:N402:CrSb: C,
34.31; H, 3.54; N, 6.15%.

The mal complex was resolved by a method similar to that for
the ox complex using the resolving agent (1.5 mmol) and an
aqueous solution of [Cr(mal)(bpdo).]Cl, which was prepared
from the perchlorate (2.0 g, 3.0 mmol). After removing AgCl,
the filtrate was evaporated to ca. 20 cm?® and then mixed with
60 cm? of ethanol with stirring to yield green crystals. After
standing the mixture in an ice-bath for 10 min, the crystals
formed were collected by filtration. The crystals showed a
positive rotation at 589 nm, but gradually lost its activity.
Yield: 0.9 g. Found: C, 34.71; H, 3.69; N, 5.78%. Calcd for
(+)sso-[Cr(mal)(bpdo)2][Sb2{(+)sss-tartrate},]o.s*8H,O=
C17H36N402,CrSb: C, 34.41; H, 3.85; N, 5.95%.

The optically active complexes with other achiral anions such
as ClO4~ were very soluble in water and could not be isolated.
An aqueous solution of the chloride of each active complex was
prepared from the above diastereomeric salt using a small
column of Dowex 1X8 (CI- form) at ca. 0°C. The solution
showed a positve rotation at 589 nm, but gradually lost the
activity at room temperature.

Kinetic Measurements. Isomerization of the Complexes:
Upon dissolution in water, both [Cr(ox)(bpdo).]C104H,0 and
[Cr(mal)(bpdo):]C104-2H,0 show a rapid change in absorption
spectra. The change in absorbance at 450 nm was followed
using a JASCO UVIDEC-320 spectrophotometer in the
temperature range of 5.0—25.0°C (+0.1°C). Ionic strengths
(1=0.1) of the solutions were adjusted with an aqueous solution
of NaCl. Because of insufficient solubility of the racemic
perchlorates in water, the complexes were converted into the
chloride by the following method. A mixture of a Dowex 1X8
(CI form, 2 g) and a 0.1 mol dm=3 NaCl solution (10 cm?) was
kept at a constant temperature in a water bath. To the
mixture, the finely ground complex (ca. 40 mg) was added.
After being stirred for 1 min, the Dowex anion exchanger was
filtered off using a glass filter immersed in the same water bath
using a polyethylene bag. The filtrate was applied for the
measurement. The complex concentrations were in the range
0f4.5—6.0 mmol dm=3. Ineach kinetic run, the rate of change
obeyed the first-order kineticlaw. The observed rate constant
(kibsa) is expressed as kipss=—In [(A— A=)/ (Ao—A=)]/t, Wwhere
A’s are absorbances at the time denoted by suffixes.

Racemization of the Complexes: Decreases in optical
activity at 589 nm for (4)sss-isomers of the ox and mal
complexes in water were followed using a Union PM-101 digital
polarimeter. Asdescribed above, the (1)sss-isomers could not
be isolated with achiral counter anions. Hence, each
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diastereomeric salt of the (+)sso-isomers was converted into the
chloride by the following method. The diastereomeric salt (ca.
0.1 g) was added to an aqueous solution of NaCl (0.1 mol dm3,
20 cm?) which had been kept at a constant temperature in a
water bath. The solution was passed through a small column
of Dowex 1X8 (ClI- form, ¢ 2.2X5cm) which had been
immersed in the same water bath using a polyethylene bag.
The eluate was applied for the measurement. The tem-
peratures of solutions were in the range of 10.0—25.0°C and
25.0—40.0°C for the ox and mal complexes, respectively.
The complex concentrations were in the range of 5.0—
7.5 mmoldm=3. Both ox and mal complexes lost the activity
in two steps with different rates, the first rapid and the
subsequent slow steps (vide post). Inthe latter step, the rate of
decrease obeyed the first-order kinetic law and the observed
rate constant (kysq) is also expressed by the above equation,
where A’s are optical rotations in degree.

Other Measurements. Absorption and circular dichroism
(CD) spectra were recorded on a Shimadzu UV-3100
spectrophotometer and a JASCO J-500 spectropolarimeter,
respectively.

Results and Discussion

Preparation and Properties of the Complexes. A bis-
bpdo chromium(III) complex, [CrCly(bpdo).]CI-3H,O
was obtained from CrCl3*6H,O and bpdo in ethanol by a
method similar to that for [CrCly(bpdo).]C104+H20.%
The chloride which forms pink crystals is hardly soluble
in cold water, but is gradually dissolved in hot water to
give a green solution. The absorption spectrum of the
green solution indicates [Cr(bpdo).(H2>0).]** yielded by
hydrolysis (vide post). The diaqua complex could not
be isolated.

Two new complexes, [Cr(ox or mal)(bpdo).]* were
prepared from [CrCly(bpdo):]JCl:3H,O and Nasox
Na,mal in water. The complexes were purified by SP-
Sephadex column chromatography and isolated as the
perchlorate. The complexes are stable in neutral or
acidic aqueous solutions, but gradually decompose in
basic solutions. As shown later, these perchlorates
crystallize in the lel, form, but isomerize rapidly to the
lel'ob one upon dissolution in water. The complexes
were resolved with [Sbo{(+)sso-tartrate},]>~. The (4)sso-
isomers formed a less soluble diastereomeric salt with this
resolving agent. The isomer with other achiral anions
such as ClO4 was very soluble in water and could not be
isolated. Aqueous solutions of the optically active
chloride gradually lost the activity at room temperature.

Figures 2 and 3 show the absorption spectra of racemic
[Cr(ox)(bpdo):]Cl104+H,0O and [Cr(mal)(bpdo).]ClO4
2H,0 in water, respectively. The spectra change rapidly
with an isosbestic point at 435 nm for the former and
432 nm for the latter. The same spectral changes are
observed for optically active isomers of these complexes.
Since the complexes are stable in water as confirmed by
column chromatography of the reaction products, the
spectral changes are attributable to the isomerization
between two isomers of the complex. A very similar
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Fig. 2. Absorption spectral change with time of
[Cr(ox)(bpdo)2]C104H,0 in water at 18.0°C. The
spectrum was recorded at 2—60 min after dissolution

in water at regular time intervals (2 min). Trend of
the change is shown by an arrow.
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Fig. 3. Absorption spectral change with time of

[Cr(mal)(bpdo),]C1042H,0 in water at 18.0°C. The
spectrum was recorded at 2—60 min after dissolution
in water at regular time intervals (2 min).

spectral change was observed for [Cr(acac)(bpdo).]** in
water, and the change was attributed to the isomerization
from the lel, to lel-ob isomers of the complex.!) The lel,
and lel-0b structures were assigned from a comparison of
absorption spectra with those of [Cr(acac){(R or S)-3,3'-
Me;bpdo}.]**, where (R)- or (S)-3,3’-Mexbpdo denotes
(R)- or (S)-3,3’-dimethyl-2,2’-bipyridine N,N’-dioxide,
and forms a conformationally fixed chelate ring in a A or
6 form, respectively.” The spectral patterns of [Cr(ox
or mal)(bpdo),]* are also similar to that of [Cr(acac)-
(bpdo):]**. Thus [Cr(ox or mal)(bpdo),]* with ClOs4~ or
[Sba{(+)sso-tartrate}, >~ crystallizes in the le/, form and
isomerizes to the lel-ob one in water. The ob; isomer
will not be formed because of its extremely crowded
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(A) (B)

Fig. 4. Schematic drawings of two conformational

isomers of A-[Cr(ox)(bpdo):]*; (A) A(86)(lel), (B)
A(8A)(lel-ob).
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Fig. 5. Absorption spectra of [Cr(ox)(bpdo).]* (—),
[Cr(mal)(bpdo):]* (-—--), and [Cr(bpdo).(H,0):]*
(--++) in water at 25.0°C. The spectra of the ox and
mal complexes were recorded after an equilibrium of
lel, 2 lel-ob had been reached.

structure. Figure 4 shows schematic structures of the
lel, and lel'ob isomers of A-[Cr(ox)(bpdo).]*. The
models indicate that the le/, isomer seems to isomerize
easily to the lel-ob one and vice versa. The confoi-
mation of the larger mal chelate ring in [ Cr(mal)(bpdo),]*
is unknown, although the mal chelate rings in
[Cr(mal);]*~ ® and [Co(mal).(en)]” * are nearly planar.
When the mal chelate ring forms a planar conformation,
the models indicate that the conformational inversion of
bpdo in [Cr(mal)(bpdo).]* occurs easily and that the
steric condition among the ligands is very similar to that
in [Cr(acac)(bpdo),J**.»

Figure 5 shows the absorption spectra of [Cr(ox)-
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(bpdo).]* and [Cr(mal)(bpdo).]* in water at 25° C after an
equilibrium was reached between the two isomers,
lel,2lel-ob. The spectrum of [Cr(bpdo).(H,0):]** pre-
pared from [CrCly(bpdo).]CI:3H,O in 0.01 mol dm
hydrochloric acid is also given in Fig. 5. The spectral
data are listed in Table 1. Both spectra of the ox and
mal complexes are nearly the same over the whole region.
The first d—d absorption bands (*T2g < *Azg) of the ox and
mal complexes are slightly sifted to lower wave numbers,
respectively, from those of [Cr(ox);]*~ 19 and [Cr-
(mal);]*-,'D but to higher wave numbers by ca. 800 cm™!
from that of [Cr(bpdo);]**.!? The diaqua complex
shows the first d-d band at lower wave numbers than
those of the ox and mal complexes, the band position
being similar to that of [Cr(bpdo);]**. In the ultraviolet
region, [ Cr(ox)(bpdo):]* and [ Cr(mal)(bpdo).]* as well as
[Cr(bpdo)2(H20):]** exhibit three strong absorption
bands characteristic of the chelated bpdo ligand.!!?)

An aqueous solution of the chloride of (+)sss-
[Cr(mal)(bpdo).]* loses optical activity in two steps with
different rates as shown in Fig. 6. In the first rapid step
(A), the decrease in activity accompanied the change of
the absorption spectrum shown in Fig. 3, while no change
in the spectrum was observed in the subsequent slow step

(B). A quite similar change in activity was observed
22
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e
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Fig. 6. Decrease in optical rotation with time of (+)sso-
[Cr(mal)(bpdo),]Cl in water at 30.0°C. [Complex]=
7.50 mmol dm-3; /=0.1 (NaCl).
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for an aqueous solution of the chloride of (+)sss-
[Cr(ox)(bpdo).]*. Figures 7 and 8 show the change in
CD spectra of these (+)sso-isomers. In the first rapid
step (Figs. 7(A) and 8(A)), the spectrum changes with
isodichroic points at 586, 502, and 385 nm for the ox
complex and at 598, 501, and 378 nm for the mal one.
On the other hand, the spectrum simply decreases the
magnitude in the second slow step (Figs. 7(B) and 8(B)).
Thus it is concluded that the first rapid step (A) involves
the isomerization of the complex, lel,2lel-ob, and the
second slow step (B) the racemization of the complex
between the enantiomers, A24. For (—)sso-[ Cr(acac)-
(bpdo)2](Cl104),-H20, which shows a very similar change
in CD spectrum in water, we reported that the complex

2 (A)
- !

UJO\

21

—4 | | 1 1
400 600
A/nm
Fig. 7. CD spectral change with time of (4)sso-

[Cr(ox)(bpdo).]JCl in water at 10.0°C. Reaction time
(min): (A): 2, 4, 6, 8, 10; (B): 25, 30, 35, 40, 45, 50, 55,
60 after dissolution in water.

Table 1. Absorption Spectral Data
Complexes 7/103 cm™ (log €)
[Cr(bpdo)z(HzO)z]3+a) 16.50 (1.69), 22.68 (1.85), 35.71 (4.29), 40.08 (4.55), 45.87 (4.78)
[Cr(ox)(bpdo),]*® 14.1 (1.2) sh, 17.39 (1.89), 22.36 (1.91), 36.23 (4.21), 40.72 (4.54), 45.91 (4.76) .
[Cr(mal)(bpdo),]+® 14.1 (1.3) sh, 17.12 (1.88), 22.16 (1.91), 35.71 (4.21), 40.40 (4.53), 45.75 (4.75)

a) The complex was prepared by aquation of [CrCly(bpdo),]CI-3H,0 in 0.01 mol dm= HCL.
correspond to the spectrum of an equilibrium mixture of lel, and lel-ob isomers.

b) The data
sh: Shoulder.
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Fig. 8. CD spectral change with time of (4)sso-
[Cr(mal)(bpdo);]Cl in water at 17.0°C. Reaction
time (min): (A): 2, 5, 8, 11, 14, 17, 20, 23; (B): 50, 80,
110, 140, 170, 200, 230 after dissolution in water.

crystallizes in the 4(A4)(lel;) form, but isomerizes rapidly
to the A(A8)(lel-ob) one in water, and then racemizes
slowly.) The CD spectrum of the acac complex is
nearly enantiomeric to those of the (+)sss-isomers of ox
and mal complexes. Thus it is concluded that
[Sba{(+)sse-tartrate},]*~ salts of (+)sso-[Cr(ox)(bpdo).]*
and (+)sse- Cr(mal)(bpdo),]* crystallize in the A(86)(Jel>)
form, isomerize to the A(61)(lel-0b) one upon dissolution
in water, and then racemize, A(81) 2 4(496).

While the bpdo chelate rings in [Cr(L)(bpdo).J** (L=
0x2", mal?-, acac”, bpdo) invert the conformation easily in
aqueous solutions, [Cr(en)(bpdo).]** (en=ethylenedi-
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amine) forms only the Jel, isomer and shows no
isomerization due to the inversion of bpdo.>!?  Studies
with molecular models indicate that in the lel-ob form of
the en complex, the amino or methylene protons of the
puckered en chelate ring come very close to the pyridine
ring of the ob-form bpdo chelate ring, whereas there is no
such proximity among the ligands in the Jel, form.
Hence [Cr(en)(bpdo).]** is supposed to be stabilized in
the lel, form and shows no inversion of bpdo chelate ring,
62 A. Furthermore, [Cr(en)(bpdo).]** is also stable to
racemization.?? This fact suggests that racemization of
bis- and tris-bpdo complexes occurs easily only when the
bpdo chelate ring can invert the chiral conformation.
Stability of bpdo complexes toward racemization seems
to depend largely on conformational stability of the bpdo
chelate ring resulting from steric conditions in a complex.

Kinetics of Isomerization and Racemization of the
Complexes. The values of the observed rate constant
(kibsa) for isomerization are listed in Table 2. The rate
for the optically active complex agreed with that for the
racemate within the experimental error. The activation
parameters are given in Table 3 together with those of the
related bpdo complexes. The isomerizations of both ox
and mal complexes were independent of concentrations
of H* and the free bpdo ligand, indicating an intra-

Table 2. Rate Constants for the Isomerization of
[Cr(L)(bpdo).]* in Water (/=0.1)

t/°C kibsa/1073 571 t/°C kibsa/1073 571
L=o0x%
5.0 0.660£0.0012 15.09 2.31£0.03
10.0 1.26 +0.01 20.0 4.28+0.03
10.09 1.29 £0.02 20.0? 4.2440.04
15.0 2.34 £0.02 20.09 4.20%0.05
15.09 2.33 +£0.02 20.09 4.21%0.04
15.09 2.35 £0.02 25.0 7.65%0.09
L=mal?-
5.0 0.408+0.002 20.09 2.68+0.03
10.0 0.793£0.002 25.0 4.954+0.03
15.0 1.46 +0.02 25.00 4.91%0.05
15.09 1.50 £0.02 25.09 4.9610.04
15.09 1.48 £0.02 25.09 5.01£0.05
20.0 2.72 £0.02

a) Errors are standard deviations estimated by least
squares. b) In 0.1 moldm= HCl. c¢) In 0.05moldm™
bpdo. d) For the (+)sse-isomer.

Table 3. Isomerization Rate Constants at 25.0°C and Activation
Parameters for [Cr(L)(bpdo).J* in Water

) L kipsa AH* AS* AG3,

1073 ¢! kJ mol~! J K- mol! kJ mol!
ox?” 7.65£0.09 82.1+£0.4 —10.2 £1.1 85.1+0.8
mal?- 4.95+0.03 83.5+0.4 —9.17£1.40 86.21+0.9
acac-9 4.5440.03% 74.9 —38.5 86.4
bpdo® 3.06+0.03? 79.6 —26.1 87.4

a) From Ref. 1.

b) This work.

c) From Ref. 2.
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molecular mechanism. In the presence of Na,ox or
Naymal, the spectral changes were slightly accelerated by
formation of a small amount of [Cr(ox or mal),(bpdo)]
as confirmed by column chromatography of the reaction
products. The rates for the ox and mal complexes
differ little from those for [Cr(acac)(bpdo).}** and
[Cr(bpdo);]** as Table 3 shows. The rate seems to be
independent of the charge of complex, but depend on the
steric factor. The ox complex, where both lel, and
lel-ob forms have the least crowded structure of these
four complexes, has the largest kia, although the
difference in rate is rather small.

As Fig. 9 shows, there is a good linear relationship
between the activation enthalpies and entropies for the
isomerization of [Cr(L)(bpdo):]**. It hasbeen proposed
that a set of related reactions should proceed via the same
mechanism when there is a linear relationship between
the activation enthalpies and entropies.!>!4) Thus the
isomerizations (6<24) of [Cr(L)(bpdo),]** will be
isokinetic and proceed by the same intramolecular
mechanism.

The values of k%, for racemization are given in Table

85
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& 80 o
¥
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<
75+
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AS*/J K-1 mol-!
Fig. 9. The correlation between the activation

enthalpy and entropy for the isomerization of
[Cr(L)(bpdo).]** in water; L=mal? (1), ox?~ (2), bpdo
(3), and acac™ (4).
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4, and the activation parameters in Table 5 together with
those of the related bpdo complexes. The racemiza-
tions of the present complexes were also independent of
concentrations of H* and the free bpdo ligand, suggesting
an intramolecular mechanism too. The small negative
values for the activation entropy will also indicate such a
mechanism. The rate and the activation parameters for
the mal complex are similar to those for the racemiza-
tion of [Cr(acac)(bpdo).]** V and [Cr(bpdo);]**.>* In
our previous studies, the racemizations of [Cr(acac)-
(bpdo),]** and [ Cr(bpdo);]** were proposed to proceed by
an intramolecular twist mechanism from a comparison
of the activation parameters with those for other
complexes such as [Cr(phen);]** (phen=1,10-phenan-
throline).!%1®) Thus the mal complex is supposed to
racemize by the same mechanism. On the other hand,
the racemization of [Cr(ox)(bpdo).]* is very rapid
compared to those of the other bpdo complexes.
Extensive studies have been reported on racemizations
of oxalato complexes of chromium(1ll).!” For ex-
ample, [Cr(ox);]*~ racemizes via a one-ended dissociation
(bond-rupture) of oxalate chelate rings,!¢!”) and
[Cr(ox)(phen);]" does via a twist mechanism.!6!®) The
activation parameters for [Cr(ox)(bpdo).]* are similar to
those for [Cr(ox);]*~ (AH*=66.5 kJ mol™!, AS*=—76J
K-'mol1)! rather than those for [Cr(ox)(phen).]*
(AH*=T72.9 kJ mol™!, AS*=—69 J K1 mol),!¢ indicat-
ing a mechanism via bond-rupture of the ox chelate ring
for the present ox complex. However, the racemiza-
tions of [Cr(ox)(bpdo),]* as well as [Cr(ox)(phen),]* are

Table 4. Rate Constants for the Racemization of
(+)sso-[Cr(L)(bpdo).]* in Water (/=0.1)

t/°C kibsa/1074 571 t/°C kébsa/ 1074 571
L=o0ox>"
10.0 4.8010.03 20.09 13.0%0.2
15.0 8.121+0.05 25.0 22.0+0.3
20.0 13.24+0.2 25.02 22.1+£0.2
20.0? 13.3£0.2 25.0 21.910.2
L=mal?-
20.0 0.3721+0.003 35.0 1.841+0.02
25.0 0.642+0.002 35.09 1.87£0.02
30.0 1.14 +0.01 35.0 1.8410.02
30.09 1.17 £0.02 40.0 3.17%0.03
30.0 1.12 +£0.02

a) In 0.1 moldm= HCIL. b) In 0.05 mol cm bpdo.

Table 5. Racemization Rate Constants at 25.0°C and Activation
Parameters for [Cr(L)(bpdo).J* in Water
L k{)bsd AH* AS* AG;gs,z

104t kJ mol-! J K-t mol-! kJ mol!
0x2" 22.0 =£0.3 68.24+0.9 —67.0+3.0 88.2t1.8
mal? 0.64240.002 79.0%1.1 —60.2+3.4 97.0+2.5
acac? 1.51 82.4 —41.7 94.8
bpdo® 1.13 76.5 —64.0 95.6

a) From Ref. 1. b) From Ref. 2.
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independent of concentration of H*, while that of
[Cr(ox);]*~ is dependent.!” The racemization of
[Cr(ox)2(phen)]- depends on concentration of H*.!®
Broombhead et al. proposed that its mechanism involves
two intramolecular processes, twist and bond-rupture of
ox chelate rings, and that the former process is
independent of concentration of H*20 Thus mono-
oxalato complexes of chromium(III) such as
[Cr(ox)(bpdo).]* or [Cr(ox)(phen),]* would racemize by
a twist mechanism without rupture of the Cr-ox bond.
Studies with molecular models suggest that the lel-ob
form of the present ox complex racemizes very easily by
twisting around the pseudo-C; axis of the complex. The
rapid racemization of [Cr(ox)(bpdo).]* will be attrib-
utable to the less crowded structure than those of the
other bpdo complexes containing a larger chelate ring
than the planar five-membered ox chelate one.
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