Inorganica Chimica Acta, 101 (1985) 23—29

23

Cation—Cation Association between cis-[M(en),(CN),1* (M = Co(III) and
Cr(IIT), en =NH,CH,CH,NH,) and Hydrated Metal Ions and the Structure

of A-cis-[Cr(en),(NCAgCN),]1Cl0,4-2H,0

USHIO SAKAGUCHI*, KANJI TOMIOKA and HAYAMI YONEDA**

Department of Chemistry, Faculty of Science, Hiroshima University, Hiroshima 730, Japan

Received September 5, 1984

Abstract

The cis-[M(en),(CN);]" (M = Co(III) and Cr(III),
en = ethylenediamine) ions have been shown to asso-
ciate with various hydrated metal ions in aqueous
solution. The association constants obtained between
cis-[M(en),(CN),]" and several hydrated metal ions
indicate that the nitrogen end of the CN group is
rather soft and prefers soft metal cations. The A-cis-
[Cr(en),(CN),]" ion is converted by Ag(I) or Hg(II)
to the corresponding diisocyano complex coordi-
nated with these metals, with retention of absolute
configuration. The structure of an isomerization
product A-cis-[Cr(en),(NCAgCN),] Cl04°2H,0 was
determined by X-ray techniques. The crystal is mono-
clinic, space group C2 with a = 13.738(4) &, b =
9.033(4) A, c=16.908(4) A,8=101.71(2)°,and Z =
=4,

Introduction

Cation—cation association in solution is an
interesting phenomenon in view of the fact that
strong interionic electrostatic repulsion is expected
between the two cations. In an attempt to obtain
cis-[Co(en),(CN), ] Cl04 (en = ethylenediamine) by
metathesis of cis-[Co(en),(CN);]Cl with silver
perchlorate, we isolated a crystalline material which
has a much lower solubility than that of both the
perchlorate and chloride salts of ¢is-[Co(en),(CN),]".
By chemical analysis the material was shown to
possess a composition consistent with the formula-
tion cis-[Co(en),(CN),] Ag(Cl04),. The CN stretch-
ing frequency in the infrared (IR) spectrum (Nujol
mull) of this compound has shifted to 2180 cm™
from 2120 cm™? of cis-[Co(en),(CN),;] ClO,4. Further,
we observed that the UV/VIS and circular dichroism
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(CD) spectra of the optically active cis-[Co(en),-
(CN),]" cation change upon addition of the silver(I)
ion.

On the other hand, Heatherington er al [1]
recently reported a similar phenomenon for the
corresponding chromium(III) complex. The isolated
adduct, cis-[Cr(en),(CN);] Ag(ClO,),, exhibited an
absorption spectrum whose band maxima were close
to those of [Cr(en);]3* rather than the parent cis-
[Cr(en),(CN),]". Thus, they inferred that the adduct
is, in fact, the diisocyano complex cis-[Cr(en),-
(NC),] Ag(Cl04), and not the dicyano complex.

The spectral changes observed for both cobalt-
(I11) and chromium(III) complexes are evidence that
these complex cations interact with Ag" in solution,
as well as in solids, against the electrostatic repulsion.
Thus we decided to examine in more detail these
systems, as well as systems involving other metal
cations such as Cu?*, Hg?* and Ba®*. We have measur-
ed the association constants for these systems. The
mode of interaction in solution was not fully clear
and we have determined the crystal and molecular
structure of one of the adducts, A-cis-[Cr(en),-
(NCAgCN),] Cl04-2H,0, by single crystal X-ray
diffraction.

Experimental

Materials

The perchlorate salts of Cu(Il), Ag(I), Ba(Il),
Pb(II), Cd(II) and Mg(II) were commercially available
and were used without further purification. The stock
solution of the perchlorate salt of Hg(I) was
prepared from HgO and perchloric acid in water.
Since the ions Pb(II) and Hg(II) are reported to be
partially hydrolyzed in water [2], all the solutions
containing these ions were made slightly acidic with
perchloric acid. Sodium perchlorate monohydrate
was recrystallized three times from hot water to
remove a trace amount of sodium chloride, which
made the sample solution turbid in the presence of

Ag(I).
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Racemic cis-[Co(en),(CN), ]} ClO, was prepared
from [Co(en),(CO3)] Cl104 by the method of Kuroda
[3] and recrystallized twice from warm water.
Optical resolution was effected by ammonium
bromocamphorsulfonate [4]. The adduct, racemic
cis-[Co(en),(CN),] Ag(ClO,),, was obtained by addi-
tion of AgClO,4 to a concentrated agueous solution of
cis-{Co(en),(CN),]Ci0,, followed by addition of
excess sodium perchlorate. Anal. Found: C, 13.45;
H, 3.11; N, 15.89. Calcd for [Co(en),(CN),]Ag-
(Cl0,4),:C,13.40; H, 3.00; N, 1.562%.

The chromium(III) analogue, racemic cis-[Cr-
(en),(CN),] CI*H,0, was prepared by a method
similar to that of Kirk and Porter [5]. Thirteen
grams (0.20 M) of potassium cyanide was dissolved
in a mixture of 12 g (0.20 M) of ethylenediamine
and 800 ml of methanol. To the resulting solution,
26.7 g (0.10 M) of chromium(IIl) chloride hexa-
hydrate and about 5 g of zinc flowers were added
and the mixture was heated under reflux for 2 h.
The supernatant deep red solution of the cooled
mixture was decanted off and the remaining yellow
crystals were dissolved in a minimum amount
of water. After filtration, the reddish yellow solu-
tion was concentrated on a rotary evaporator below
55 °C, yidding yellow crystas of cis-[Cr(en),(CN),]-
CI-H,0. The yied was about 14 g (5%). Optica
resolution of cis-[Cr(en),(CN),]* was effected in
a way similar to that for the corresponding cobalt
complex [6]. The perchlorate salt of the opticaly
active cis-[Cr(en),(CN),]" was recrystallized twice
from warm water.

Preparation of A-cis-[Cr en), (NCAgCN),]1CI0, . 2H, 0

Silver perchlorate and the perchlorate salt of opti-
caly active cis- [Cr(en),(CN),]*, which was obtained
from the more soluble diastereomeric salt with
bromocamphorsulfonate, were dissolved (in a molar
ratio of }:2) in a minimum amount of degassed
water. If the water is saturated with an atmospheric
carbon dioxide, acid hydrolysis of the complex cation
is accelerated (see below). The yellow solution was

kept in the dark at temperatures below 10 °C for 7
to 10 days. Substantial aguation of the complex
cation occurred. The solution turned to red and
deposited orange crystals, which were collected and
washed with methanol. Anal. Found: C, 15.03; N,
17.64; H, 3.12. Calcd for A-cis-[Cr(en),(NCAgCN),]-
Cl04:2H,0: C, 15.31; N, 17.86; H, 3.21%.

Measurements

The absorption spectra were run on a Shimadzu
UV 200 double-beam spectrophotometer at ambient
temperature. The CD spectra were obtained on a
JASCO J40CS recording spectropolarimeter and the
sample cell (10 cm path length) was kept at 25 #
0.2 °C by a Haake circulator Model FK. The dif-
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ference CD (DCD) spectrum, defined as the CD
spectrum with an additive minus the CD spectrum
without the additive, was obtained by using the data
processor compartment operating at 0.2 nm/step of
processor resolution. The DCD data, collected as
a function of the concentration of added metal
ions, were |east-squares fitted to the equation [7]:

cm/DCD

=1 /(Aeya — Aey) + 1/K(ca — x)(Aepa — Aey)
1
to obtain the association constant, X, and the CD of
the ion pair, Aeya, Where ¢y and ¢, are the initia
concentrations of the complex perchlorate and the
metal perchlorate respectively, and x refers to the
concentration of the ion pair. The complex con-
centration, cy, was kept constant at 2.5 X 1073
mol dm™ and ¢, was changed from 0 to 5.0 X
1072 mol dm™. The ionic strength was adjusted
to u = 0.1 with sodium perchlorate which had been
recrystallized (see above).

Collections of the X-ray Diffraction Data of A-cis-
[ Crf en)y (NCAgCN), | ClO4* 2H, 0

An orange plate-like crystal of cis-[Cr(N,C,-
Hs),(NCAgCN),] Ci04+2H,0 with the dimensions
of 0.2 X 0.2 X 0.07 mm was used for the data collec-
tion. The cell constants were determined from
Weissenberg photographs taken with Ni K, radia-
tion and were refined with reflection data collected
at 20 °C on a Rigaku AFC5 automated four-circle
diffractometer utilizing Mo K, radiation made
monochromatic with a graphite plate (A= 0.71069
A). The possible space groups deduced from the
systematic absences for hkl (h + k=2n+ ) areCm
(No. 8),€2 (No. 5), and C2/m (No. 12). Of these
three, only C2 is consistent with the crysta being
optically active. The cell constants, determined by
a least-squares method using 25 reflections with
20.63" < 28 <27.33°, were a = 13.738(4) A, b=
9.033(4) A, ¢ = 16.908(4) A, § = 101.71(2)°, and
V' =2054.4(30) A>. The measured density of 2.06
g cm™, obtained by the flotation method using
aCHCl;—CHBr; mixed solution, agreed well with
the calculated value of 2.019 g cm ™ for Z = 4.
The intensity data were measured for h =0 to 17,
k=0Oto 11, and /=—22 to +22 up to 26 = 55° using
the w-28 scan technique with a scan speed of 8°/
min. (50 kV, 170 mA). Three reference reflections
(hkl) = (401),(021), and (004) monitored after
every cycle of 200 measurements showed significant
variation in intensity during the data collection,
resulting finally in a 16.5% decrease, and the
intensity data were corrected according to the equa-
tion 1F, | =1F, 1 X (1 + an + bn? + cn?), where
a=-0.104 X 107%,b= 0274 X 1077 ,¢c= -0.526 X
107", and n is the data number assigned according
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to the order of measurements. Out of 2671 unique
reflections measured, 935 reflections with |1F, 1>
30(IF,1) and sin8/x < 0.5 were used for the structure
determination. They were corrected for Lorentz-
polarization factor but no absorption correction was
applied since the linear absorption coefficient of
(Mo K,) = 25.5 cm-" was low.

Structure Determination and Refinement

The positions of Ag and Cr atoms were located
by using the results of MULTAN direct-method
anaysis (MULTAN 78 [8]). All other computations
were carried out using the Universal Crystallographic
Computation Program System, UNICS I11 [9]. Sub-
sequent Fourier difference maps revedled the posi-
tions of the remaining non-hydrogen atoms. A series
of refinements, using isotropic therma parameters
for al non-hydrogen and hydrogen atoms (situated
at fixed positions) excepting the hydrogen atoms of
water molecules, produced an R, value, Z(IF,|—
IF,1)/ZIF,], of 0.1395. A series of refinements
without hydrogen atoms of water molecules, using
anisotropic thermal parameters for Ag, Cr and Cl
atoms and isotropic thermal parameters for other
non-hydrogen atoms as well as hydrogen atoms
(situated at calculated positions), reduced the R,
value to 0.0901. Similar refinements assuming an
dternative model for the cation, i.e., cis-[Cr(en),-
(CNAgCN),]" not cis-[Cr(en),(NCAgCN),]", yielded
R, = 0.0903 and anomalous thermal parameters
for the relevant N and C atoms. Also, equivalent
refinements of the enantiomeric model (A complex)
converged R, to 0.0904. The anomalous dispersion
coefficients of Cromer and Liberman [IO] were
used for Ag, Cr and Cl. The find R, vaue, [Zw-
(IFy | = 1F 1)*/ZwIF,1*]¥?, was 0.1018. The posi-
tions of hydrogen atoms of water molecules were
not determined. The weighting scheme used was
as follows; for 1F, 1 <20, w=0.8: for 20 < |F, 1<
150, w = 1.0: for |F, 1> 150, w =1F,|/150. The
largest residuals 1.8 e/A® and 1 .3e/A? in the fina
difference Fourier map are located near Ag and Cr
atoms respectively. The other prominent residuals
of 1.0 ¢/A® are near Cl0, and C5, C6, C7, C8, N2
and N3 atoms.

All the scattering factors were taken from Cromer
and Waber [11] . The fina atomic coordinates for
non-hydrogen atoms are given in Table Il according
to the atom labels of Fig. 3. All the computations,
including ORTEP drawings [12], were carried out
by a HITAC M-200H computer at the Hiroshima
University Information Processing-Center.*

*A listing of observed and caculated structure factor
amplitudes is available upon request from the author (H.Y.).
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Fig. 1. DCD spectra of A-cis-{Co(en);(CN), 1" due to Hg(Il),
Ag(D), CudIl), and Cd(II).

Results and Discussion

The Cobalt(III) Complex

The UV/VIS and CD spectraof A-cis- [Co(en),-
(CN).]" have been found to change measurably upon
addition of several hydrated metal ions. These
spectral changes may be used to estimate the asso-
ciation constant. It should be noted here that the
copper(Il} ion, for example, absorbs strongly in the
UV/VIS region and thus interferes with the spec-
trum of cis-[Co(en),(CN),]". However, the Cu(Il)
ion, because of its achirality, does not interfere with
the CD spectrum of optically active cis-[Co{en),-
(CN),]*, and the CD spectra have been used
in this work to measure the association constants
between A-cis- [Co(en)2(CN),]" and severa metal
ions under the condition of u = 0.1 (NaClO4) and
25 °C. The metal ions examined here are Cu(Il),
Hg(1I), Cd(11), Ba(II), Pb(II), Mg(Il), Ag() an d
Na(I). Of these ions, Hg(II), Ag(T), Cu(II) and Cd(II)
significantly affected the CD spectrum of A-cis-
[Co(en),(CN),]" and no measurable CD change was
observed for Ba(Il), Mg(IL), Pb(II), and Na(I). Figure
1 shows the DCD spectra due to the former group
of ions, where the DCD is given as the difference in
the CD spectra of fully ion-associated species and
A-cis- [Co(en),(CN),]". The association constants
obtained by analysing the CD variation are sum-
marized in Table |, together with those for the
corresponding chromium(IIT) complex.

Severa possibilities may be conceived for the
mode of interaction between A-cis-[Co(en),-
(CN),]" and M™ ions in solution, and some of them
are illustrated in Fig. 2 for M™ = Ag(I). Figure 2
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TABLE |. Association Constant, K (mol 'dm?), of A-cis-
[M(en),(CN);1* with M’ ions at u= 0.1 (NaClO4) and
25°C.2

M M’ A(nm) K na?
Co(I1D) He(ID) 400 225(11) 77
Ag(D) 400 104(5) 6.9
Cu(ll) 400 32(6) 83
cd(ID) 400 42) 103
Cr{Iin He(ID 470 large® 17
Ag(D) >10° ¢ 6.9
Cu(1h) 480 362(36) 83
Cd(ID) 480 35(10) 103

3K ~0 in the case of Ba(ll) (ng = 12.8), Mg(II) (ng = 32.5),
Pb(Il) (ns = 8.5), and Na(l) (na = 21.1) for both Co(Ill)
and Cr(III) complexes. See text. ‘Ref. [1]. 9Hard-
ness parameter, defined in ref. {17].

includes the modes Co—CN---Ag (1: 1 association),
Ag++*NC—Co-CN---Ag (1:2 association), Co—
NC:-- Ag (1 1 association with linkage isomeriza-
tion), silver(l) coordination to w-electrons of coordi-
nated CN groups. These ion-associated species may or
may not be solvent-separated. The Ag(I) ion might
be considered to interact with the complex cation
through coordination to the n-electrons of CN
groups by analogy with olefin-silver(I) coordination
[I'3]. Likewise, thereis no apriori reason to rule out
the 2: 1 association such as Co—CN---Ag-- *NC-Co,
because the complex cis-[Ru(bpy).(CN).] (bpy =
22" bipyridine), for example, in acetonitrile has
been reported [14] recently to interact with Ag(I)
with this stoichiometry, as well as in 1. 1and 1:2
modes. Examples where two cyano groups in a com-
plex bind to one metal ion are also known [15].

Of these possibilities, 1:2 association and 2:1
association are eiminated by the observation that the
plots of egn. 1, namey ¢y/DCD vs.1/(ca — X) plots,
were linear for dl the cobalt(Ill) systems, at least
over the whole concentration range of metal ions
investigated. Thisis usually taken as evidence for 1: 1
association [7]. Also, the A, value in the UV/VIS
spectrum of cis-[Co(en),(CN),]” is unaffected by
addition of metal ions, except copper(H). Thus,
the modes of interaction involving the Co—NC(iso-
cyano) group are unlikely, which is quite reasonable
because the cobalt(IlI)—cyano linkage is the most
stable thermally among ordinary cobalt-ligand
bonds. Further, as seen from Fig. 1, al the DCD
spectra are rather similar in shape, suggesting that
Hg(Il), Ag(l), Cu(ll), and Cd(Il) ions behave
similarly. Since Cu(II), unlike Cu(I)[16], may not
interact with the CN group via wcoordination, all
the metal ions may be assumed to associate with the
cobalt(IIT) complex at one nitrogen end of the
coordinated CN groups. Thus, for the cobalt(1II)
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Fig. 2. Probable modes of association between A-cis-[Co-
(en)2(CN)2 1" and Ag(I). Open and closed circles represent
carbon (and cobalt) and nitrogen atoms, respectively.
Hydrogen atoms are omitted for clarity.

complex, NC—Co—CN---M™ (top left of Fig. 2)
may be considered as the only possibility.

The association constant of the cobalt(III)
complex decreases in the order Hg(Il)> Ag(l) >
Cu(Il) > Cd(II) > Ba(II), Mg(1D), Pb(II), Na(l) =
0 (see Table ). Clearly, this order is irrelevant to the
electric charge (+1 or +2) of the ions, which may be
an important factor in ordinary outer-sphere asso-
ciation of unlike-charged ions. In Table I, the
hardness parameter, 74, recently defined by Parr and
Pearson [17], is also given for each meta ion; a
low value of 5, means high softness. The K value
appears to increase as the meta ions get softer,
and in fact a good linear correlation exists between
log (K) and n, values, at least for Hg(I), Ag(l),
Cu(II), Cd(IT) and Ba(IT). A linear regression anaysis
for these ions yields 0.953 as the correlation coef-
ficient. Therefore, it may be concluded that the
nitrogen end of coordinated CN groups of the cobalt-
(1) complex is rather soft and prefers soft meta
ions. Implicit in this conclusion is the assumption of
contact ion pairs.

The Chromium{11I) Complex

In the case of the chromium(III) complex, diffi-
culties were encountered in measuring the association
constants. The Cr(11I) complex was hydrolyzed rather
rapidly in agueous solution and this aguation reac-
tion is known to be acid-catalyzed [I]. The Hg(II)
ion itself catalyzes the aquation, as well as the
cyano-isocyano linkage isomerization [18]. The
Ag(l) ion is aso known to catalyze the linkage iso-
merization [1}. For these reasons, only limited data
were obtained for cis-[Cr(en),(CN),]". In Table I,
the K value estimated for Ag(l) and Hg(II) are assum-
ed to correspond to the association involving the
isomerized complex cation, i.e., diisocyano complex
(see below). Though we could not determine the
K value for Hg(II), Birk and Espenson [IX] placed
a lower limit of K > 10°mol " dm?®(u= 0.1 and
25 °C) for the formation of an ion pair supposed to
be(H2O)5CrNC"'Hg.
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A cursory examination of Table | seems to
indicate (i) that the order of K values of the Cr(III)
complex runs roughly parallel to that of the Co(IIl)
complex, and (ii), that the K value of the Cr(III)
complex is greater than that of the Co(III) complex
by approximately a factor of ten. The difference in
K values of the Cr(IIT) and Co(III) systems clearly
indicates that the driving force for ion association
of the present systems is different from that of an
ordinary ion association between oppositely-charged
ions. Usually, outer-sphere association constants
are rather insengtive to the identity of the centra
metal ion of the complex. For example, the asso-
ciation constant between cis-[M(en),Cl,]* and CI™
in dimethylsulfoxide or dimethylformamide is report-
ed to be almost independent of whether M = Co(IIl),
Cr(ll), or RW(II)[19]. The correlation, between
log (K) and 1, found here is evidence that soft-
acid/soft-base interaction dominates over other
factors that may contribute to outer-sphere asso-
ciation constants, e.g. interionic electrostatic force,
solvation energies of the ions, hydrogen bonding, or
crystallographic volume of the interacting ions.
A discussion about the relative importance of
these factors in outer-sphere association has been
given elsewhere [20] .

The finding that the nitrogen end of the coordi-
nated CN group is soft was unexpected, but a brief
survey of the literature revealed many scattered
examples of complexes that involve bridging cyanide
groups. The cis-[Fe(phen),(CN),] (phen = 1,10-
phenanthroline) and trans-[Pt(H)(PEt3),(CN)] (Et =
C,Hs) complexes form adducts with various Lewis
acids [21]. Kinnaird and Whitten [14] isolated an
adduct  cis-[Ru(bpy),(CN),] AgClO4-H,O0  and
Siebert [22] reported several super complexes of
[Co(NH;3)sCN]* with Hg(il) and Ag(I). The first
point noted from these examples, as well as the
present result, is that the soft nature of the nitro-
gen end of coordinated CN group may not be char-
acterigtic of the tripositive charge of Co and Cr ions,
nor of the overall charge of the complexes. Though
it is tempting to infer that the soft nature is a com-
mon feature of transition-metal coordinated cya-
nides, this point requires further investigation.

The second point noted from the above examples
is that in all cases cited above, the CN stretching
frequency is blue-shifted upon adduct formation,
which has been taken to indicate the bridging cya
nide. Thus, a blue-shift of about 60 cm™ observed
for cis-[Co(en),(CN),] Ag(Cl0,4), suggests the inter-
action mode Co—CN-++Ag in the solid state, which
is similar to that proposed in solution. In contrast,
the crystal of a similar composition, cis-[Cr(en),-
(CN),]1 Ag(Cl104),, is reported [1] to show the CN
stretching band at 2128 c¢cm™, very close to 2130
em™' of cis-[Cr(en),(CN),]ClO4. This similarity
may be indirect evidence that in the former crystal,
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Fig. 3. ORTEP drawing of the cation A-cis-[Cr(en),-
(NCAgCN), J" with atom labels. Therma ellipsoids are drawn
to include 50% of probability distribution.

the CN group is isomerized and the Ag(I) ion is
interacting in the manner Cr-NC---Ag, as sug-
gested for the Cr(III) complex in solution {1].

Structure of A-cis-[Ci{en)o( NCAgCN ), ]1ClO4+2H, 0

Owing to the highly insoluble nature of A-cis-
[Cr(en);(CN), 1 Ag(ClO,4),, we could not prepare
X-ray quality crystals of this compound. The crys-
tal A-cis- [Cf(en)2(NCAgCN)2] ClO4 * 2H20 was
grown by dow evaporation of an aqueous solution
containing the opticaly-active cis- [Cr(en);(CN),]",
which was obtained from the more-soluble diastereo-
isomer with bromocamphorsulfonate, and AgClO,
inal:2 molar ratio. Substantial aquation of the
complex cation was observed during evaporation and
the terminal CN group that is trans to Cr(III) (see
below) should be produced by the aquation reaction.
Though the accuracy of the X-ray structure deter-
mination was rather low owing to a very high sensiti-
vity of the complex salt to X-ray irradiation, several
important conclusions can be drawn from the crystal
structure.

The structure of the cation A-cis-[Cr(en),(NCAg-
CN),]" with atom labels is depicted in Fig. 3. The
chromium(III) ion is surrounded in a distorted octa-
hedron by six nitrogen atoms, four from ethylene-
diamine and two from isocyano groups. Alternati-
vely, the chromium ion is coordinated by two
ethylenediamine molecules and two Ag(CN), mole-
cules. Bond lengths and angles in the Cr(en); moiety
appear quite normal [23]. The Cr—N5-C5,C5—
Ag2-C8, Cr-N6-C6, and C6—Agl—C7 angles are
al close to 180°, rendering the whole assembly of
the Cr-NC-Ag-CN group approximately linear.
The geometrical features of this part of the cation
also appear normal. The atomic coordinates of non-
hydrogen atoms are given in Table |1.

The complex cation has the A absolute configura-
tion. The parent complex, namely optically active
cis-[Cr(en),(CN),]*, was obtained from the more
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TABLE II. Atomic Parameters (X10%).

Atom X \% z

Agl 132.1(0.3) 0(0.5) 506.9(0.3)
Ag2 —133.6(0.3) 613.6(0.5) 503.9(0.2)
Cr -54.3(0.4) 306.3(1.3) 263.5(0.4)
Cl -169.0(1.0) 258.7(1.4) —40.6(0.7)
oW1 150(3) 832(6) 110(2)
ow?2 310(2) 553(3) 753(1)
01 —-162(2) 279(4) -117(2)

02 —122(3) 271(5) 25(2)
03 ~274(4) 265(8) —41(3)

04 —113(5) 131(9) —26(3)

N1 —16(2) 171(4) 178(2)

N2 —174(3) 170(4) 255(2)

N3 —134(2) 45 1(4) 183(2)

N4 66(3) 45 2(4) 256(2)

NS -95(3) 436(4) 352(2)

N6 24(3) 183(4) 351(2)

N7 225(2) 178(6) 669(2)

N8 ~154(3) 787(6) 664(2)

Cl -74(4) 207 181(3)

c2 —180(4) 73(6) 182(3)

c3 —74(3) 587(5) 181(2)

c4 34(4) 547(7) 193(3)

CSs -109(3) 495(6) 410(2)

C6 75(3) 99(5) 409(2)

c7 187(4) 108(6) 616(3)

C8 —144(3) 726(5) 608(3)

soluble diastereocisomer with bromocamphorsulfonate
and exhibited negative CD bands in the visible region.
Since it is unlikely that the cyano-isocyano linkage
isomerization (Cr-CN to  Cr-NC-Ag-CN)
accompanies the inversion of the absolute configura-
tion, the enantiomer showing positive CD bands in
the visible region may be assigned the A configura-
tin, as for the corresponding Co(III) complex [24].
This assignment is also consistent with the assignment
made based on the CD spectrum [6] .

The cyano groups isomerized into the isocyano
groups by coordination with AgCN. This result
strongly supports the inference that the Cr(III)-
bound CN group is isomerized by Ag(I) into the
isocyano form in solution. The possibility that
Cr-CN groups in [(H,0)sCr(CN)]** might be
transformed into Cr-NC by Hg(II)[18, 25, 26]
and Ag(I)[25,26] has been pointed out previoudly,
and the high stabilities of adducts such as Cr-NC-Hg
and Cr-NC-Ag have been ascribed to the natura
affinity of carbon end of the cyanide ligand for the
very soft cations Hg(II) and Ag(l). It is probable
that metal ions associate first at the nitrogen end
of the CN group in both Co(IIT) and Cr(I1I) com-
plexes, ans since the Cr(l11)-CN bond is less stable
compared with the Co(IlI)-CN bond, very soft
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cations can induce cyano-isocyano linkage isomeriza-
tion and form rather stable adducts. Adduct forma
tion of a similar nature has also been noted for M—
NCS--+Hg(Il) and M—-N=N=N---Hg(Il) systems
[27] and for Co(II)—S---M' (M’ = Ag(I) or CHj-
Hg') and Co(I11)—S(0)- - - Pd(II) systems [28].
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