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The production of cis-{CoBr(NH3)(en),]Br, by reaction of [Co(H,0),{(OH)>Co(en);},)(SO4)2
with ammonium bromide in water was investigated. The reaction seems to proceed through the
intermediate, [Co(H,O)(OH)(en),**, and then convert to the product, cis-{CoBr(NH;)(en),]*+.
This is supported by the observation that the absorption spectrum of the reaction solution
immediately after the disappearance of the starting complex was different from that of cis-
[CoBr(NH3)(en),]** but was quite similar to that of [Co(H0)(OH)(en),**. In order to
confirm this reaction pathway, cis-[Co(H,O)(OH)(en),]Br, was prepared and reacted with
ammonium bromide producing the expected complex, cis-[CoBr(NH;)(en),]Br,.
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INTRODUCTION

The octahedral cobalt complex, cis-{CoBr(NH;3)(en),]Br,, can be prepared
by several methods.! ™ The complex could be resolved into its enantiomers,>*
and the absolute structures of the enantiomers have been determined.”®

One of the methods to prepare the complex is reaction of [Co(H,0),-
{(OH),Co(en),},](SO,4), with ammonium bromide in water.>* Qur interest
in this reaction system stems from our observation® that this reaction can
spontaneously generate chiral asymmetry, i.e., preferentially produce an
excess of one enantiomer, either A or A. When the reaction was carried out
in the presence of a small amount of crystals of one enantiomer, the same
enantiomer was preferentially produced. The chiral asymmetry generation
was thus thought to occur by chiral autocatalysis involving the solid phase,
and the mechanism has been investigated.'®"!

In the present study, reaction of [Co(H,0),{(OH),Co(en),},J(SO4), with
ammonium bromide in water was investigated in more detail. We found
that the intermediate, [Co(H,O)OH)(en),J**, was produced during the
reaction and then converted into cis-{CoBr(NH;)(en),]Br,. In order to con-
firm this mechanism, we prepared cis-[Co(H,O)(OH)(en),]Br,, reacted it
with ammonium bromide and found that the expected product, cis-[CoBr-
(NH,)(en),]Br, formed.

EXPERIMENTAL

Materials and Instruments

The complexes, [Co(H;0),{(OH),Co(en),}.](SO4), and cis-[Co(H,0)(OH)
(en),]Br, were prepared by published methods.'>!*> Ammonium bromide
(A. C. S. reagent) was purchased from Aldrich Chemical Co., Inc. Distilled
water was used throughout the experiments. Absorption spectra were
recorded on a Hewlett Packard 8452A spectrophotometer.

Isolation and Determination of the Intermediate and Resulting Complexes

After stirring the reaction mixture for a certain time, it was poured into a
large amount of ice to stop the reaction. This solution was then passed
through an ion-exchange resin column (Sephadex SP C-25) to separate
the complexes, [Co(H,O)OH)(en),** and cis-[CoBr(NH1)(en),]**, using
ammonium bromide aqueous solution as eluent. Intensity of the absorption
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at 512nm from [Co(H,O)(OH)(en),]>* and the absorption at 542 nm from
cis-[CoBr(NH;)(en),)** were measured to calculate the concentrations.
Yields were calculated from the volume and concentrations of the eluate.

Isolation of Pure Crystalline cis-|CoBr(INH3)(en),]Br,
from the Reaction Mixture

After the reaction of cis-[Co(H,0)(OH)(en),]Br, with ammonium bromide
was complete, the mixture was kept at 0°C for 1h. The solid material thus
obtained was filtered off. It was dissolved in 5.0mL of 5.0% hydrobromic
acid at 90°C, and recrystallized letting the solution stand for 1h at 0°C. It
was then filtered off and washed with methanol and diethyl ether and air
dried for 1 h.

RESULTS AND DISCUSSION

When the mixture of [Co(H,0),{(OH),Co(en),},J(S8O4), and ammonium
bromide in water was stirred at room temperature and then stirred for
5min in a 50°C water bath, the octahedral cobalt complex, cis-[CoBr(NH3)
(en);]Br,, was produced. Almost all starting complex disappeared after
I min stirring. The absorption spectrum of the reaction solution at this
time, however, was different from that of cis-[CoBr(NH;)(en),]Br; as shown
in Figure 1. The spectrum suggested that the main product in the reaction
mixture at this time was [Co(H,O)(OH)(en),}**.*

The results indicate that cis-[CoBr(NH;3)(en),]Br, is not directly synthe-
sized by the reaction. Instead, the intermediate complex, [Co(H,O)XOH)
(en),}**, is produced, which then converts to cis-{CoBr(NH;)(en),]**.

During the reaction, the change in the amount of starting complex, the
amounts of cis-{CoBr(NH;)(en),]*" and [Co(H,O)OH)(en),]**, and the
change in the temperature of the reaction system are shown in Figure 2.
The temperature initially drops because dissolution of ammonium bromide
is endothermic. The conversion to the intermediate was quite rapid and
nearly complete in one minute. The final product, cis-[CoBr(NH;)(en),)**,
was inhibited when the temperature of the reaction system was below 20°C.

In order to confirm this sequence, reaction of cis-[Co(H,O)}OH)(en),]Br,
with ammonium bromide was carried out in water giving the expected com-
plex, cis-[CoBr(NH3)(en),]Br,. The reaction was conducted under different
conditions with the corresponding yields of cis-{CoBr(NH;)(en),]Br, shown
in Table 1.
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FIGURE 1 Absorption spectra of (a): cis-[CoBr(NH;)(en);]Bry; (b): cis-{Co(H,O)(OH)
(en),;]Bry; (c): reaction solution after stirring for 1 min.
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FIGURE 2 Changes of the amount of raw material complex, the yields of the intermediate
and resulting complex, and the temperature of the reaction system as a function of time.

TABLE 1 Yields of cis-[CoBr(NH;)(en),]Br, obtained by the reaction of cis-[Co(H,0)-
(OH)(en);]Br; with ammonium bromide in aqueous media

Run Time Water cis-[Co(H,0)(OH)(en),]Br, Ammonium bromide Yield

(h) (mL) (mol) (mol) (%)

1 24 5.0 T 5.00x107* 2.50% 1073 0.0
2 24 5.0 5.00 x 10™* 1.25x 1072 0.0
3 24 5.0 5.00x 107* 2.00 x 1072 0.0
4 24 5.0 5.00x 10~* 2.50 x 1072 29.9
5 24 5.0 5.00 x 10~* 3.75x 1072 70.5
6 24 5.0 5.00 x 107* 5.00 x 1072 76.1
7 24 5.0 2.50 x 1073 2.50 % 1073 0.0
8 24 5.0 2.50 x 1073 125x 1072 0.0
9 24 5.0 2.50x 1073 2.00 x 1072 0.0
10 24 5.0 2.50 x 1073 2.50 x 102 0.0
11 24 5.0 2.50 x 1073 3.75 x 1072 56.7
12 24 5.0 2.50x 1073 5.00 x 1072 55.3
13 72 5.0 2.50 x 1073 3.75 % 1072 83.6
14 2 5.0 2.50 x 1073 5.00 x 1072 89.3
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The reaction was drastically influenced by the concentration of ammo-
nium bromide. In order to obtain cis-[CoBr(NH3)(en),]Br; in a good yield
by this method, initial concentration of ammonium bromide should be
more than 40 wt%. When the ammonium bromide concentration was less
than 30 wt%, cis-[CoBr(NH3)(en),]Br, could not be obtained. Concentra-
tions of ammonium bromide for Runs 5, 11, 13 (42.3wt%) and 3, 9
(28.2 wt%) illustrate this. Comparing the results of Runs 4 and 10, 5 and
11, 6 and 12, we show that increasing the amount of cis-[Co(H,0)
(OH)(en);]Br, reduces the yield of cis-[CoBr(NHi)(en),]Br,. The yields,
however, were improved if the reaction time was increased as shown in
Runs 13 and 14.

Pure, crystalline cis-[CoBr(INH;)(en),]Br, was isolated from the reaction
mixture obtained under the reaction conditions specified in Run 14 of
Table 1. The crystals were identified as cis-[CoBr(NH;)(en),]Br, by absorp-
tion spectrum'® and elemental analysis.'® The yield of the isolated crystal-
line complex was 51.2%.
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