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Conclusion.—The features of secondary hydration
which the structure of this compound has in common
with those of two compounds [MCl(OHy)s]-2H,0
are (i) the strong hydrogen bonding with the primary
hydration sphere, and (ii) the ion—-water association in
cage formation. The secondary water—chloride ion
hydrogen bonds appear to be relatively weak links in
this structure. Continued existence of such cages
when the solid is dissolved in water would provide a
mechanism for the [CrCly(OH,),]*+-Cl— ion-pair asso-
ciation suspected to occur in aqueous hydrochloric acid
solution.??
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Four isomers of [Co(L-ala)s] (and the corresponding isomers of the p-alanine complex) have been isolated and characterized

using circular dichroism (CD) data.

Lifschitz’s original assignment of the «’ isomer as the opposite configuration to that

of the « isomer (A) has been confirmed. The new 8’ isomer has been assigned as the opposite spiral configuration (A) to

that of the 8 isomer (A).
to be additive.

Introduction

Lifschitz? isolated three isomers from the reaction of
Co(OH); with d-alanine.®? He designated the red
isomer as 8 and the two violet isomers « and «’. He be-
lieved « and g3 to be geometrical isomers. The o and o’
isomers were believed to represent the two spiral con-
figurations (right and left) of the chelate rings. This
was supported by the optical rotatory dispersion (ORD)
curves of these isomers which indicated opposite con-
figurations, although the ORD curves were not quite
mirror images, as indeed, the isomers are not mirror
images since the ligands are all d. He believed the 3
isomer to be a racemic mixture, unresolved because of
its very low solubility.

The assignments of a-tris(glycinato)cobalt(III) as the
1,2,6 (peripheral) isomer and the 8 complex as the 1,2,3
(facial) isomer have been made based on absorption
spectra,*® infrared spectra,® and the study of model
compounds.”™® Corresponding assignments were made
of the o and g isomers of tris(alaninato)cobalt(III).?
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The vicinal and configurational contributions to the CD have been separated and demonstrated

Lifschitz’s assumption concerning the configuration
of a'-tris(alaninato)cobalt(III) seemed uncertain be-
cause this isomer, unlike the « and 8 isomers, is very
soluble in water. This seemed inconsistent with the
formulation of this as a neutral complex. He found
that a cryoscopic molecular weight in water indicated
that «’ was a monomer. Swift found the conduc-
tivity of the o’ isomer to be low enough for a neutral
complex, but it was still possible that one chelate ring
was opened with another group, e.g., HyO, coordinated.

It has now been possible to isolate these three isomers
(e, o', and B) as well as a fourth isomer, 8’, for the
cobalt(III) complexes of p- and L-alanine. The study
of the circular dichroism (CD) of these complexes makes
it possible to assign their configurations and to separate
the configurational and vicinal contributions to the
optical activity as for other amino acid complexes.!!

Experimental

The L- and p-alanine were purchased from Nutritional Bio-
chemicals Corporation, Cleveland, Ohio. All other chemicals
were reagent grade.

a- and B-Tris(glycinato)cobalt(IIl).—a- and B-[Co(gly)s] were
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prepared from glycine and freshly prepared Co{OH); following
the procedure of Ley and Winkler.12

Anal.  Caled. for CoN3CeH1206: C, 25.63; H, 4.30; N, 14.95.
Found for « isomer: C, 25.20; H, 4.70; N, 14.67. Found for 8
isomer: C, 25.21; H, 4.46; N, 14.59.

Partial Resolution of Tris(glycinato)cobalt(IIl). « Isomer. A
starch column was prepared following the directions of Krebs
and Rasche.’® A slurry of potato starch was poured into a
column (70 X 2.2 cm.) supported by a fritted glass disk covered
with filter paper pulp. The column was washed for 7-8 hr. until
the washings were clear (no Tyndall effect). Thirty ml. of a
saturated solution of «-[Co(gly)s;] was then passed through the
column and eluted with water. Twelve fractions (5 ml. each)
were collected and the optical rotations examined. Fraction II
was used for CD measurements. The concentration of the
sample was determined from a Beer’s law plot.

8 Isomer.—Although the solubility of the 8 isomer in water is
very low and its resolution was not attempted by Krebs and
Rasche, it is sufficiently soluble in 109, KCl solution to be re-
solved partially. Thirty ml. of a saturated solution of the
isomer dissolved in 109, KCl solution was poured through a
freshly prepared starch column and eluted with 109, KCl solu-
tion. Fraction II (5 ml.) was evaporated to about 2 ml. and
used for CD measurements.

a-, a’-, 8-, and B’-Tris(p- andL -alaninato)cobalt(III).—Fol-
lowing the general procedure of Ley and Winkler,1? freshly pre-
pared Co(OH); (1.9 g.) was washed into a beaker with p- or L-
alanine (5.0 g.) and the volume adjusted to about 80 ml. The
resulting mixture was stirred and heated for 5 hr. with the addi-
tion of water to replace that lost by evaporation. The violet-
brown solid (« and 8 isomer and Co(OH );) was removed from the
hot mixture by filtration. The blue-violet filtrate, which con-
tained the «, o', and 8’ isomers, was evaporated to about 30 ml.
on a water bath and then cooled. The « isomer which had
crystallized was removed by filtration. The filtrate was evapo-
rated almost to dryness and about 20 ml. of water added. The
residue (o« isomer) was removed by filtration. The addition of
20 ml. of 959, ethanol to the filtrate with stirring precipitated the
8’ isomer which was collected on filter paper and recrystallized
from water by slow evaporation to give about 4 mg. of pink
needles. On standing overnight at room temperature the o
isomer crystallized. It was recrystallized from water by add-
ing 959, ethanol and allowing the solution to stand overnight.

The residue from the reaction mixture was suspended in a small
amount of warm water and SO, gas was passed through the mix-
ture until all of the Co(OH); dissolved. The « isomer was
separated by repeated extraction of the residue with hot water
until the washings were colorless. This isomer was recrystallized
from water. The undissolved 8 isomer was recrystallized from
50% HySOy4; yields: o, 1.0g.; &', 1.5g.; 8,0.8g.; 8/,0.004g.
The corresponding isomers gave identical spectra using either
D- or L-alanine.

Anal. Caled. for CoN3;ColH150s: C, 33.44; H, 5.57; N, 13.00.
Found for @- Co(p-ala);]: C, 33.19; H, 5.60; N, 12.75. Found
for o’-[Co(p-ala)s]: C, 83.49; H, 5.96; N, 13.11. Found for 8-
[Co(z-ala)s]: C, 33.49; H, 581; N, 13.21. Found for §’-[Co-
(p-ala);]: C,33.34; H, 5.76; N, 12.87.

The absorption spectra were measured on a Cary Model 14
recording spectrophotometer. Optical rotations for the ORD
curves were obtained using a Rudolph Model 8006 polarimeter
with quartz optics and a photoelect ic attachment. The light
sources were a 100-watt zirconium arc lamp and a Rudolph Model
614 xenon arc lamp (below 400 mu) with a Bausch and Lomb
grating monochromator. The CD curves were recorded with a
Roussel-Jouan Dichrograph.

Results and Discussion

Circular Dichroism of the Four Isomers.—The CD,
ORD, and absorption curves are given for the four

(12) H. Ley and H. Winkler, Ber., 42, 3900 (1509); 45, 375 (1912).
(13) H. Krebs and R. Rasche, Z. anorg. aligem. Chem., 276, 273 (1954),
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Figure 1.—Absorption, ORD, and CD curves for «-[Co(L- or
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Figure 2,—Absorption, ORD, and CD curves for o'-[Co(L-ala);].

isomers in Figures 1-4. In each case only one absorp-
tion curve is given since the curves are the same for the
corresponding D- and L-alanine complexes. For the
aand o’ complexes ORD and CD data are given for the
complex containing only one configuration of alanine.
The curves for the corresponding compounds containing
alanine of the opposite configuration are mirror images
of these. The ORD curves for the isomers which are
mirror images are shown for comparison for 8 (Figure 3)
and the CD curves for the mirror images are shown for
8’ (Figure 4).



Vol. 4, No. 11, November 1965

N (mp)
600 550 500 450 400 350
w1k
B~ [CoL-alay] in BO % HySO,
a€ 4
/ +7
=i / “+ 6
,
"/’ . //’ 1+ 8
N /
N ; A +a
7 N //
F N 3
/ \ . !
i AN _” |
; - +2
/ B-[Co D-ailay]in 50% H,S04 1
S N
P N S
\ Fo |~ i o SR
\ BCo L~alo,]in 50 % H,SO0, 3
— N
\ s '~ 2 5
/ ~. 3
\ y N -3 8
s \ - 3
N T4 g
180 ' N 18
180 B-[Co L-aiag] or N\ -8
- - \
140 B-[CoD-alag]in . e
50 % HpSO, N g
120
£ 100
80,
80
4
20
L

3 =] ‘;ZO - 22 22‘ Zé 2‘8 ! 3‘0
D em™y x 152

Figure 3.—Absorption, ORD, and CD curves for §-[Co(L-ala)s]

and ORD curve for 8-[Co(Dp-ala)s].
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Figure 4 —Absorption, ORD, and CD curves for 8’-[Co(p-ala)s]
and CD curve for 8’-[Co(r-ala)s].

All data for the 8 complex are for 509, H,SO, as a
solvent because of its low water solubility. Water
was used as the solvent for the other isomers except for
some measurements made in 509, H.SO, to demon-
strate that the absorption curves are essentially the
same in both solvents and for comparison of 8 and 3’
The slight effect of the solvent change on the CD curve
for the « isomer is shown in Figure 1 and the extent of
changes in intensity of the CD peaks for the 8’ isomer
is shown in Figure 4.
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Figure 56,—Absorption curves for «- and §-[Co(gly);] and CD
curves for the complexes partially resolved on a starch colummn.

The absorption spectrum of the 8 isomer of glycine
(Figure 5) has been interpreted as indicating an effec-
tively cubic crystal field about the cobalt! since the
bands show no splitting, The curves for g-[Co(ala)s]
(Figure 3) and 8-'[Co(ala);] (Figure 4) are very similar
to that for 8-[Co(gly)s] except for changes in intensity
and slight shifts in peak heights. Corresponding s.mi-
larities are observed for the o and «’ complexes (Figures
1, 2, and 5).

Configurational and Vicinal Effects.—It has been
shown that the configurational effect (the contribution
from the right or left spiral of the chelate rings) and the
vicinal effect (the contribution from an asymmetric
ligand) can be separated and are additive!! for complex
ions of the type [Co(en)sala]?t. If these effects are
additive for complexes such as [Co(p-ala);] then they
can be separated since the § and 8 isomers differ in the
spiral arrangements (assume left and right, as assigned
later) but not in the configuration of alanine. From
this assumption the following relationships follow

optical activity (8) = config. effect (left spiral) + vicinal effect (D)
optical activity (8’) = config. effect (right spiral) +

vicinal effect (D)
and, since the effects of the left and right spirals are
equal in magnitude and opposite in sign

optical activity (8) -+ optical activity (8’) = 2 vicinal effect (D)

Figure 6 is the result of applying this relationship to
the CD data for 8 and 8’. This calculated curve is the
same as that obtained by mixing equimolar quantities
of the 8 and 8’ isomers in 509, HySO, [labeled (vicinal
effect)exp in Figure 6]. When this curve is sub-
tracted from the CD curves for 8 and 8’ (both in
H,S0;4), the resultant curves (taken to represent the
configurational effects) are mirror images. Further,
these resultant curves are remarkably similar to the
CD curve for g-[Co(gly);] (Figure 5) where the only
contribution is from the spiral of the chelate rings,
since glycine is optically inactive.

This process was repeated for the ¢ and «’ isomers
with the results shown in Figure 7. Here the experi-
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of B- and B’-[Co(p-ala);] or by mixing equimolar amounts of
the two isomers in 509, HsSO4; configurational effect curves for
8- and g’-[Co(p-ala);] (experimental CD curves — vicinal effect
curve).
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Figure 7.—Vicinal effect curves calculated from CD curves
for a~ and «’-(Co(r-ala);] and from an equimolar mixture of
a- and «'-[Co(p-ala)s]; configurational effect curves for «- and
a’-[Co(L-ala);] (experimental CD curves — experimental vicinal
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mental and calculated curves (shown for p- and L-
alanine, respectively, for comparison) differ slightly in
peak heights, and hence the resultant curves, using the
experimental vicinal curve (but for r-alanine), differ
slightly. This could indicate some deviation from addi-
tivity of the effects for o and «’. This might be the
result of the interaction of two methyl groups for one
isomer (later assigned «’) and not the other. There is
1o interaction of substituents for either 8 or 8’ and the
effects were additive. The resultant curve for o-
[Co(r-ala);] corresponds very well to the curve for
a-[Colgly)s].

Both 8- and g’-[Co(ala);] have C; symmetry (E and
A for each band) as for D;. On this basis the CD
peaks for 8-[Co(r-ala);] in 509, H.SO, (Figure 3) are
tentatively assigned as follows'4: E. (40.80, 18,250),
A (—0.44, 20,600), Ey (+0.13, 24,600), and A (—0.61,
27,150). The remaining weak peak at about 30,200

(14) (Ae 5in cm,~Y).
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cm. ! is unassigned since only two peaks are expected
for each band region. This peak is very weak for a
ligand transition and it is at higher energy than is ex-
pected for a spin-forbidden transition. The intensity
of E, is greatly reduced by the vicinal effect (Figure 6).
For 8’-[Co(r-ala);] in water (Figure 4) the tentative
assignments arel*: E, (—3.0, 18,900), A (not resolved),
E, (—~0.26, 25,100), and A (+0.4, 27,250). The weak
peak at about 29,800 cm.™! is also unassigned in this
case. Here E, is enhanced by the vicinal effect to the
extent that it cancels A.

The configuration of (+4)-[Co(en);]*+ is A and the
CD peaks in the low-frequency region are E, (4) and
A; (—). Based on the similar splitting for D; and C;
and the signs of the CD peaks in this region, the con-
figurations of the L-alanine complexes can be tenta-
tively assigned as A for 8 and A for 8.

The o and o isomers have C; symmetry so that
three CD peaks are expected for each band region.
The CD peaks observed for a-[{Co(r-ala)s] in water
(Figure 1) are'*: (43.33, 18,850); (—0.2, 22,650,
broad), and (~0.67, 27,150, broad); and for a’-[Co-
(L-ala)s] in water (Figure 2)'*%: (—2.32, 18,650),
(shoulder?), and (40.56, 27,000, broad). The vicinal
effect curve (Figure 7) shows the expected three peaks
in the first band region. The center peak is of opposite
sign to the other two so it can be considered to be of A,
(D;) parentage and the other two of E, (D) parentage.
This is the dominant peak for both isomers as was
noted for complexes of the type [Colen),am[** (am =
amino acid anion).’* Based on the sign of this peak,
assumed to be of A, parentage, the configurations of the
L-alanine are tentatively assigned as A for « and A for

!

(a9

The isomers (from L-alanine) are represented in Fig-

ure 8 The methyl groups are equatorial for § and
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point clockwise as shown while the chelate rings spiral
to the left. On this basis it is reasonable that the con-
figurational and vicinal effects are of opposite sign in the
low-frequency band region, partially cancelling one
another to give two weak peaks of opposite sign. The

resultant optical activity in the visible region is so weak

that the effect of the contribution from the stronger
ultraviolet transitions causes the ORD curve of §-
[Co(r-ala);] to be entirely negative in the visible region.

The methyl groups are axial for the g’ isomer and
point in the same direction as shown (horizontal com-
ponent clockwise) as the spiral of the chelate rings.
The configurational and vicinal contributions are in the
same direction and add to give a single, more intense
peak than for 8.

The peaks for the vicinal effect are displaced so much
to higher frequencies compared to the configurational
effect that it is apparent that the dominant components
are not the same for the two effects. This was also
true for the [Co(en),am]l; compounds. For the &« and
a’ compounds the dominant CD peak overshadows the
others, but from the vicinal effect the corresponding
peak can be seen to be the center peak (of three) of
comparable intensity to one of higher frequency (21,400
cm, Y.

The methyl groups are equatorial for «’, correspond-
ing to 8 with one chelate ring reversed. Two of the
methyl groups point in the opposite direction (as shown)
to the left spiral and one points in the same direction.
Thus the vicinal effect is smaller than for 8 and g’.
The vicinal effect curve can be seen to have the effect
of lowering the maximum and broadening the resultant
(experimental) curve for «’. The methyl groups are
axial for @ with the horizontal component in the same
direction as shown (clockwise) for only two of the
groups. The third methyl group points down and

INTERCONVERSION OF frans-Pt(NH;),Cl2*+ AND frans-Pt(NH;)Br?+ 1565

counterclockwise. The sign combination of peaks
for the vicinal effect when added to the configurational
effect curve gives the sharp positive peak flanked by
the weak negative peak of the experimental curve for «
(Figure 1).

It is apparent that for complexes with three chelate
rings the contribution to the optical activity from the
configurational effect is larger than that from the vicinal
effect. The vicinal effect is reduced when the sub-
stituents are oriented in such a way as to cancel par-
tially their effects, as for the a and &’ isomers. The two
effects contribute to different extents to the intensities
of different CD components in the low-frequency region
and the vicinal effect has little effect in the higher fre-
quency band region.

The lower solubility of 8-[Co(ala);] compared to -
[Co(ala)s] is not so surprising since the molecules of the
8 isomer might be expected to interact strongly through
intramolecular hydrogen bonding which would be
possible if the molecules were stacked directly above
one another. Models do not reveal any significant
differences in the. opportunities for hydrogen bonding
to water. The great increases in water solubilities
caused by changing the methyls from equatorial posi-
tions (a’ and B) to axial positions (a and g') is sur-
prising. The difference is especially great for 8 and 8’
Framework molecular models show that the axial
methyl groups for the 8’ isomer project up far enough
so that they might interfere with intramolecular hydro-
gen bonding and thus increase solubility.
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The reactions of bromide ion with trans-Pt(NH;),Cle2* and trans-Pt{NH;),CiBr?* and the reverse reactions of chloride with
trans-Pt(NH;),ClBr?+ and trans-Pt(NHj),Bre? T exhibit a first-order rate dependence in the reactant platinum(IV) complex, in

the entering halide ion, and in Pt(NHj),2*.
complex, Pt—-X-Pt.

These rate data are consistent with a mechanism involving a bridged activated
Rate constants and activation parameters for the four reactions were measured. Reactions in which a
bromine atom is ¢rans to the leaving halide are much more rapid than those in which the frans ligand is chloride.

Equilib-

rium constants for the reactions were evaluated from the kinetic data and from independent spectrophotometric studies.

Introduction
A mechanism involving a bridged activated complex
is consistent with the rate data for several substitution
reactions of complex cations such as frans-Pt(NHj) X2+

and trans-Pt(NH,CH,CH,NH,),X,2+.12 All reactions
for which kinetic data are available show third-order

(1) W. R. Mason and R. C. Johnson, Inorg, Chem., 4, 1258 (1965).
(2) F. Basolo and R. G. Pearson, Advan. Inorg. Chem. Radiochem., 3, 35
(1961).





