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Abstract

The synthesis of A-cis[Co(en),(OH,;)OH]S,04"
H,0 is described. Its specific rate of racemization
(k,=(220+0.06) X1073 s ') and isomerization
(ket=(2.2£0.17) X 1072 s7!) have been determined
for CO,-free water at 25 °C, and the finding of identi-
cal rate constants removes an anomaly from the
literature.

Introduction

Several studies have demonstrated the lability of
the Co(en),(OH,)OH?* jons [1—6]. The trans and cis
forms interconvert with a half-life of ca. 130 s at 25
C, and there is 59% cis isomer at equilibrium [1-2,
4]. 1t also appears from '80-exchange results [3] that
each act of isomerization proceeds with the exchange
of one water molecule, /.e., it is a substitution rather
than an intramolecular process. A salt of the resolved
A-cis-Co(en),(OH,)OH?* jon does not appear to have
been crystallized, but it is readily generated in solu-
tion by acid cleavage of A-cis-Co(en),0CO,* followed
by pH adjustment. Following qualitative work [7, 8],
its racemization has been studied [6] and the rate is
reported to be 2- to 3-fold faster than cis to trans
rearrangement [6a]. This contrasts sharply with the
general result [9]* for water substitution in A-
Co(en),(A)OH,™ (A = OH,, CI", Br, N37). For all
these ions the specific rates for racemization and cis
to trans isomerization are identical, consistent with
full optical activity for the cis product of water
exchange. This general result is also consistent with
the stereochemistries for aquation of A-cis-Co(en),-
(A)X™ [9]. Since Co(en),(OH,)OH?** can exchange
water via an internal conjugate base and such a
reaction would likely lead to appreciable racemic cis

*Ref. 10 gives k, ~1.2 X 1077 57! for CiS‘CO(en)2(0H2)23+,
and from ref. 5, K¢ = kic/key ~50; using the value k; = ki =
6.8 X 1076 (ref. 3), k¢t can be evaluated, 1.3 x 1077 571
Thus for the cis-diaquo ion, k; k¢, although the experi-
mental error in K, precludes the improved definition of k.
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product [9], it became especially important to
establish whether this was a genuine anomaly.

One [6a] of the publications [6] dealing with the
rate of racemization of A-cis-Co(en),(OH,)OH?*
conceded that it was difficult to obtain accurate
racemization and isomerization rate data pertaining
to the individual A-cis- and frans-Co(en),(OH,)OH**
ions because of uncertainties in the pH-dependence
of the diaqua/hydroxoaqua/dihydroxo ion distribu-
tions; since this was not the main issue, the problem
was not pursued. Earlier it was suggested that these
difficulties did not arise if a solid hydroxoaqua salt
was used directly as the reactant, and the solvent was
unbuffered CO,-free water [4]. However, only
isomerization of the trans ion has been studied by
this method (0, 10.2 °C). We have now obtained the
first crystalline salt of optically pure A-cis-Co(en),-
(OH,)OH?*, which allows reasonably precise measure-
ments of racemization and isomerization by this tech-
nique, and herein report the relevant data (25 °C)
which resolve the apparent anomaly.

Results

The racemization and isomerization rate data
(Tables I and If) were obtained for unbuffered CO,-

TABLE 1. Specific Rates for A-Co(en);(OH,)OH?* Race-
mization in H,0, 25 °C

103 [Co]o (M) A (nm) 103k, (s

2.7 546 2.20

4.4 546 2.12

i.02 546 2.20

7.4 546 2.25

2.7 546 2.27

7.4 520 2.18

5.4b 520 2.17
2.20%0.05¢

aAdded trans-[Co(en)y(OH,)OH](C104),, 5.0 X 1074 M.
b Added trans salt, 1.8 X 1073 M. €Mean and standard
deviation.
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TABLE 1I. Specific Rates and Equilibrium Position for
Co(en);(OH,)OH?* Isomerization in H,0, 25 °C

A Reactant®  k; e‘;”b CiSo0 ©
(nm) (103571 (%)
510 cis 4.83 54.1 59
510 5.13 53.4 58
310 4.73
510 5.37
490 5.27
310 5.00

5.06 £0.254
510 trans 4.93 52.9 57
510 5.17 52.8 57
510 5.30 53.0 57
490 5.33 52.5 56.5
310 5.67

5.28£0.274

516027 53.1+0.6°¢ 57.5%1.0°

a[Co], 1073 to 1072 M.  PQuenched with 0.1 M HCIO4
after 10 1,55 products ate Co(en),(OH,),>*. €% cis,, =
102 (e32? - ]2, 0/(e3i — eftins); €2 =791, s
18.0 (this work). dMean and standard deviation. €As
d but for all data in the column.

free aqueous solutions at 25.0 °C. Good first-order
racemization kinetics were observed over at least
3ty,2, and the derived rate constant was independent
of the wavelength for the study (546, 520 nm), and
also independent of [Co] in the range (1-8) X 1073
M. These results indicate that A-Co(en),(OH,)OH**
is not significantly transformed into Co(en),(OH),*
and/or Co(en),(OH,),%", a fact confirmed by the
negligible effect on k, of the presence of trans-
[Co(en),(OH,)OH](Cl0,),, purposely added (up to
50%) to the A[Co(en),(OH,)OH]S,04-H,0 starting
material. Final optical rotations were zero, con-
firming the absence of CO, (which converts the sub-
strate to the strongly rotating A-Co(en),0CO," ion
[11]). Similarly, the cis/trans isomerization reaction
gave excellent first-order kinetics over at least 3¢, ,,,
and the result was independent of wavelength (310,
490 and 510 nm), [Co] in the range 103 to 1072 M,
and whether the starting isomer was cis or trans
(Table II). The (same) sharp isosbestic points were
observed for both cis to trans and trans to cis iso-
merization (580, 404 and 340 nm), confirming simple
reversible isomerization of Co(en),(OH,)OH?** un-
complicated by the formation of any Co(en),(OH),"
or Co(en),(OH,),*". The final isomer distribution
was 57.5 % 1.0% cis for all experiments (25 °C), in
close agreement with reported values (H,0, 59% cis
[4]; 1 M NaNO;, 58.6% cis [1]) in the range 0-25
°C. Moreover, the published rate data [4] extra-
polated to 25 °C gave k; = 5.0 X 1073 s, identical to
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our value (5.16 +0.27)1072 s™'. The combined k;, T
data yielded AH=1152%1.2 kJ mol™! and AS=
975+44 5 mol™! K™! (from a weighted non-linear
least squares analysis).

Discussion

Separating isomerically pure cis- or trans-Co(en),-
(OH,)OH?* salts from mixtures has in the past proved
troublesome [5], and this has also been true of the
corresponding diaqua ions [1-3]. However, it is now
clear that the ClO,” ion is highly selective for the
trans isomer [5, 6, 9] and S,042~ for the cis isomer
[12] in the hydroxo-aqua series, and this fact coupled
with rapid isomer interconversion at ambient
temperature affords a high yield and high purity
synthesis of the desired form without regard to the
configuration of the starting material, usually
[Co(en),0C0O,]-ClO, for convenience.

To our knowledge, no salts of optically pure cis-
Co(en),(OH,)OH?* have been described. This sub-
stance was required as a source of A-Co(en),(OH,)-
OH?*" in >99% abundance, by dissolution in CO,-free
aqueous solution, since the alternative procedure of
adjusting the pH of a solution of A-Co(en),(OH,),**
presupposes a very precise knowledge of the relevant
pK, values at the existing ionic strength and tempera-
ture. We have found that S;0¢” selectively crystal-
lizes the A-cis-hydroxo-aqua isomer, as it does the
racemate, from a solution of A-Co(en),0CO," treated
with HCIO, followed by pyridine to reduce the pH to
ca. 7 where appreciable cis-Co(en),(OH,)OH?* exists.
At 0 °C, racemization and cis to frans isomerization
are insignificant in the time required for the resolved
cis salt to crystallize. The isolated A[Co(en),(OH,)-
OH]S,04°H,0 salt on treatment with excess HCO;~
showed molar rotations within 1% of optically pure
A-Co(en),0CO,". Moreover, the electronic absorption
spectra in 0.1 M HClO4, 0.1 M OH™ and 001 M
NaHCO; were identical to those [9, 12, 13] for
authentic cis-Co(en),(OH,),**, cis-Co(en),(OH)," and
Co(en),0CO," respectively. The kinetic results con-
firm that disproportionation of A-cis- or trans-
Co(en),(OH),OH?* is insignificant in CO,-free water
at the cobalt concentrations employed, as earlier sug-
gested [4]. Also, in this respect, the presence of one
isomer does not affect the other. The specific iso-
merization rate k;(5.16+0.27)107% s7! leads to
ky =(22020.17)1073 s !, using k; = ki + k¢ and
Ko = [cis 1/ [trans. ] = kyolky = (57.5 £ 1.0)/(42.5 +
1.0)=1.35 £0.06. The values for k¢ and k, (2.20 £
0.06)107% 57! provide the key comparison, and
clearly these are identical within a relatively small
experimental error. Thus A-Co(en),(OH,)OH**
racemizes exclusively by isomerization to the achiral
trans form. There is no significant contribution from
a direct A — A inversion path, in keeping with results
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for other A-Co(en),A(OH,)"" ions [9, 10]. Thus the
anomaly suggested by the results of Buckingham
et al. [6] dissolves, and it appears that the errors in
the k, and k¢ numbers they extracted from k(obs.)
data using an expression involving several parameters,
were greater than they estimated.

Experimental

A Perkin-Elmer model 241 spectropolarimeter and
Kontron model 810 spectrophotometer were used for
measurements of optical rotation and electronic
absorption spectra, respectively. Temperature control
(£0.1 °C) was maintained by circulating water from
a Lauda bath. First-order rate constants were
obtained in the usual way from absorbance vs. time
and optical rotation vs. time traces at selected wave-
lengths, for reactions studies in situ [9] using CO,-
free water (N, 10 min).

The complexes trans-{Co(en),(OH,)OH](ClO4),
[6, 91, cis-[Co(en)g(OHz)OH]SZO6 [13] and cis-
[Co(en),(OH,)Cl]Br,*H,O [12] were prepared as
described previously. The latter was resolved with
NH4(+)BCS [14] to provide a convenient source
of A-Co(en),0CO,"*, by treatment of a concentrated
solution of A-cis[Co(en),(OH,)C1]Br, in aqueous
NaHCO; (1 M) with LiCiO, which crystallized
A[Co(en);0C0O,]Cl0,4:0.5H,0 in good yield. The
spectroscopic data were in excellent agreement with
accepted values [15] for the fully resolved hemi-
hydrate. A-cis[Co(en),(OH,)OH]S,04-H,0 was ob-
tained as follows. A-cis[Co(en),0CO;]Cl04-0.5H,0
(0.5 g) was carefully dissolved (portionwise) in 1.0 M
HCIO4 (10 ml), warmed if necessary, and then
residual CO, was expelled (N;, 10 min). A saturated
aqueous solution of Na,S,;04°2H,0 (3 ml) was then
added, and the filtered mixture cooled to ca. 0 °Cin
icefsalt. The addition of pyridine (1.5 ml) under rapid
stirring resulted in crystallization of a fine granular
pink product within 30 s. This was quickly removed
by filtration, and washed successively with ice water
(2 X3 ml), ethanol and ether, and air-dried (0.45 g;
80%). Recrystallization is unnecessary; the complex is
isomerically and optically pure (0.1 M HCIO, then
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excess NaHCO;, 15 min: €R3* 133.0; [M]sse 4602,
[M]578 5463, [M]s% —5675, [M]36S —6266, these
values correspond to those of authentic A-Co(en),-
0CO,* [15]; 0.1 M HCIO,, €B2* 79.1; 0.1 M NaOH,
€512 95.4; these values agree weli with those for
authentic cis-Co(en),(OH,),3* [13, 15] and cis-

Co(en),(OH)," respectively).
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