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Crystal and molecular structures of NH,[Co(NCS)(hedtra)]- H,O and K[Co(SCN)(edtra)]- 1.5H,0 have been
determined by single-crystal X-ray analyses, where hedtra®~ and edtra’~ denote N-(2-hydroxyethyl)ethyl-

enediamine-N,N’,N’-triacetate and ethylenediamine-N,N,N’-triacetate ions, respectively.

Crystal data are as

follows: For the former species, triclinic, space group P1, a=7.477(2)A, b=9.135(2)A, c=6.899(1)A; «=84.37(2)°,
B=107.31(2)‘:, ¥=108.35(2)°, V=427.0(2)/g{‘ , Z=1; for the latter species, monoclinic, space group P2,/a,
a=15.288(2)A, b=7.059(l)A, €=l4.373(2)A, B=107.55(1)°, ¥=1479.0(4)A3, Z=4. It has been proved unequivocally
that the former species contains N-bonded SCN~ ligand and the latter species, the S-bonded ligand. Coordina-
tion geometry around the cobalt atom in each species deviates considerably from the regular octahedron, so that
a very open space is created around the Co-NCS or Co-SCN moiety. This structural feature may be associated

with the facile formation of the novel S-bonded species.

Quite recently, a pair of linkage isomers,
[Co(NCS)L]~ and [Co(SCN)L]", were prepared,
where L denotes ethylenediamine-N,N,N’,N’-
tetraacetate ion (edtat~) and N-(2-hydroxyethyl)ethyl-
enediamine-N,N’,N’-triacetate ion (hedtra3-); n is 2 for
edtat~ and 1 for hedtra3—.» When [Co(hedtra)(H20)] is
allowed to react with. SCN—, comparable amounts of
both [Co(SCN)(hedtra)]~ and [Co(NCS)(hedtra)]~ are
formed simultaneously in an early stage of the reaction.
Then, the thiocyanato (S-bonded) isomer changes to
the isothiocyanato (N-bonded) isomer, because the N-
bonded isomer is thermodynamically more stable than
the S-bonded isomer. Therefore, the novel S-bonded
isomer can be obtained in a good yield by controlling
the reaction time.

Although the simultaneous formation of both
[Co(SCN)(NHzs)s]2+ and [Co(NCS)(NHzs)s]*+ was also
observed by the direct reaction of [Co(NHas)s(H20)]3*+
with SCN-, the yield of the S-bonded isomer was much
lower than that of the N-bonded isomer.? In the
reaction of [Co(CN)s(H20)]2~ with SCN-, the initial
product has been found to be the N-bonded isomer
[Co(CN)s(NCS)]*~.2 Therefore, in the systems of
[Co(NH3)s(H20)]1*+ and [Co(CN)s5(H20)]2-, the N-
bonded isomers are formed more easily than the S-
bonded isomers. In order to elucidate the reason why
[Co(SCN)(hedtra)]~ is formed in a good yield, X-ray
structural studies were undertaken for single crystals of
K[Co(SCN)(edtra)]-1.5H20 and NH4Co(NCS)(hedtra)]
-H20, where edtra3- denotes ethylenediamine-N,N,N’-
triacetate ion.

Experimental

Materials. Ammonium salt of the complex, NHjy-
[Co(NCS)(hedtra)]-H20, was prepared from the correspond-
ing potassium salt K[Co(NCS)(hedtra)]-2.5H20? by use
of ion-exchange resin (QAE Sephadex). Slow evaporation
of an aqueous solution saturated with the ammonium
salt gave reddish violet needle crystals of NH4[Co(NCS)-

(hedtra)]-H20. Found: C, 30.74; H, 4.90; N, 13.10%. Calcd
for NH4{Co(NCS)(hedtra)]-H20: C, 30.85; H, 4.94; N,
13.08%.

Potassium salt of the complex, K[Co(SCN)(edtra)]-1.5H20,
was prepared by a method similar to NH{Co(SCN)(hedtra)]-
0.3H20.Y Found: C, 26.09; H, 3.41; N, 10.29%. Calcd for
K[Co(SCN)(edtra)]-1.5H20: C, 26.74; H, 3.71; N, 10.14%.
Blue plate crystals of K[Co(SCN)(edtra)]-1.5H20 were
obtained by dropwise addition of 0.3 ml of methanol to an
aqueous solution of the complex (10 mg of complex in 6 ml of
water) and by leaving the solution in a refrigerator for two
weeks.

X-Ray Analyses. Diffraction data were obtained on a
Rigaku automated four circle diffractometer AFC-5 with
graphite monochromatized Mo Ka radiation (4=0.71073 A).
Intensity data were corrected for the Lorentz-polarization
effects and for absorption. The lattice parameters were
obtained from the least-squares fit of 50 (for NH4 Co(NCS)
(hedtra)]-H20) and 35 (for K[Co(SCN)(edtra)]-1.5H20)
260 values with 25°<20<30°.

The structures of both complexes were solved by stan-
dard heavy-atom techniques and refined by block-diagonal
least square methods. The weight (w) was taken as
w=[0.2+(0.015|F,|)2]"t. The scattering factors for non-
hydrogen atoms were taken from the literatures.® For
hydrogen, the values given by Stewart et al. were used.¥ All
the hydrogen atoms were located by difference syntheses and
included.in the refinement with isotropic temperature factors.
Absolute configuration of the NH4[Co(NCS)(hedtra)]-H2:O
was determined by using anomalous scattering tech-
nique. Least-squares calculation including the anomalous
scattering corrections for non-hydrogen atoms gave Rand Rw
values of 0.023 and 0.029. The enantiomeric structure was
refined under identical conditions to give R and R, values of
0.032 and 0.045, respectively. The crystal specimen of
NH4[Co(NCS)(hedtra)]-H20 used in the X-ray work has the
absolute configuration illustrated in Fig. 1 (A(R,R)4(R,G)
form, vide infra). When the R-factor ratio test® was applied to
the R, values, the alternative model was rejected at the less
than 0.005 significant level. Crystallographic data and the
final R indices are summarized in Table 1. The final
fractional atomic coordinates and equivalent isotropic
thermal parameters for non-hydrogen atoms of NHg4Co-
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TABLE 1.

CRYSTALLOGRAPHIC PARAMETERS

NH {Co(NCS)(hedtra)]-H :0

K[Co(SCN)(edtra)]-1.5H 20

Formula CoSC11H 19N 4O 7H ;0 KCoSCgH 11N 30 ¢'1.5H 20
Crystal system Triclinic Monoclinic
Space group Pl P2./a

a/A 7.477(2) 15.288(2)
b/A 9.135(2) 7.059(1)
/A 6.899(1) 14.373(2)
a/deg 84.37(2) —
B/deg 107.31(2) 107.55(1)
y/deg 108.35(2) —

V/A3 427.0(2) 1479.0(4)

V4 1 4
dc/gcm™3 1.67 1.86
dm/gcm™3 1.67 1.83
Crystal size/mm 0.56X0.16X0.14 0.4X0.4X0.3
Scan range/degree 1.34+0.5 tanf 1.2+40.5 tanf
Scan mode 0—26 6—26
20max/deg 55 55

u/mm-1 1.21 1.65
Unique reflections 2322 3822
Observed reflections 2039 3086

R 0.023 0.029

Ry 0.029 0.038

a) | Fo| >30(| Fo).

TABLE 2. FRACTIONAL COORDINATES (X104) AND EQUIVALENT
ISOTROPIC THERMAL PARAMETERS (A 2) FOR NON-HYDROGEN
atoms of NH 4[ Co(NCS)(hedtra)]-H 20

TABLE 3.
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FRACTIONAL COORDINATES (X10%) AND EQUIVALENT

ISOTROPIC THERMAL PARAMETERS (A 2) FOR NON-HYDROGEN

AToMs OF K[Co(SCN)(edtra)]- 1.5H20

Atom x y z Beq Atom x y z Beg
Co 5000(1) 5000(1) 5000(1) 1.5 K 1672(1) —3076(1) 9593(1) 4.5
S 1808(1) 8695(1) 4216(2) 3.8 Co 184(1) 288(1) 6888(1) 1.7
O(1) 4606(3) 3815(2) 7375(3) 2.2 S 1519(1) —798(1) 6663(1) 2.9
0(2) 4779(3) 1591(3) 8917(4) 2.7 O(1) 163(1) —1596(3) 7840(1) 2.7
0(3) 7155(3) 6511(2) 6588(3) 2.1 0(2) —325(1) —1947(4) 9139(2) 4.6
O4) 10197(3) 6896(3) 8566(4) 3.4 0O(3) —447(1) —1295(2) 5832(1) 23
O(5) 2865(3) 3439(2) 3443(3) 2.1 O(4) —1812(1) —2607(3) 5143(2) 35
O(6) 797(4) 2945(3) 366(4) 3.6 O(5) 810(1) 1950(3) 7903(1) 2.5
Oo(7) 7349(3) 9904(2) 494(4) 29 O(6) 1734(2) 4448(3) 8178(2) 4.7
N(1) 6805(3) 3839(2) 5106(4) 1.7 N(1) —1007(1) 988(3) 7021(1) 2.1
N(2) 5399(3) 5916(2) 2378(4) 1.5 N(2) 105(1) 2467(3) 6033(1) 2.2
N(NCS) 3314(4) 6206(3) 5039(4) 2.3 N(SCN) 2827(2) —294(6) 8501(2) 6.5
C(1) 6829(4) 3746(3) 2957(4) 2.0 C(1) —1164(2) 3006(4) 6710(2) 2.7
C(2) 6959(4) 5332(3) 2037(4) 1.9 C(2) —856(2) 3207(4) 5805(2) 2.8
C(3) 5978(5) 2308(3) 5996(5) 2.2 C(3) —929(2) 635(4) 8062(2) 2.8
C(4) 5067(4) 2557(3) 7585(5) 2.0 C(4) —333(2) —1109(4) 8383(2) 2.9
C(5) 8769(4) 4671(3) 6439(5) 2.1 C(5) —1706(2) —305(4) 6376(2) 2.6
C(6) 8739(4) 6140(3) 7282(5) 2.0 C(6) —1315(2) —1505(4) 5729(2) 23
C(7) 3465(4) 5286(3) 843(5) 2.0 C(7) 822(2) 3844(4) 6547(2) 3.0
C(8) 2250(4) 3768(3) 1536(5) 2.1 C(8) 1162(2) 3438(4) 7629(2) 2.9
C(9) 6061(4) 7644(3) 2296(5) 2.1 C(SCN)  2279(2) —505(5) 7759(2) 3.6
C(10) 6310(5) 8302(4) 258(5) 2.9 O(wl) 1560(1) 790(3) 9863(1) 4.1
C(NCS)  2708(4) 7250(3) 4710(5) 2.2 O(w2) —52(5) —4433(9) 10598(5) 9.0
N(a) 589(4) 10070(3) 8557(5) 3.1

O(w) 9560(4) 1333(3) —5447(4) 3.3

(NCS)(hedtra)]-H20 and K[Co(SCN)(edtra)]-1.5H20 are
given in Tables 2 and 3.

All calculations were carried out on the HITAC M-200H
computer at the Computer Center of the Institute for
Molecular Science using the Universal Crystallographic
Computation Program System UNICS II1.® The lists of
structure factors and anisotropic thermal parameters are

deposited at the Office of the Chemical Society of Japan
(Document No. 8553).

Results and Discussion

Description of the Molecular Structures of [Co(NCS)-
(hedtra)]~ and [Co(SCN )(edtra)]~. Figures 1 and 2
show, respectively, stereoscopic views of the complex
anions, [Co(NCS)(hedtra)]- and [Co(SCN)(edtra)]-.
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Fig. 1.
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0(4)

Stereoscopic view of [Co(NCS)(hedtra)]-.

Fig. 2. Stereoscopic view of [Co(SCN)(edtra)]~.

The relevant bond lengths and bond angles based
on the atomic numbering scheme in these figures
are listed in Tables 4—7. The present structural
determinations prove unequivocally that [Co(NCS)-
(hedtra)]~ contains isothiocyanato ligand and [Co-
(SCN)(edtra)]-, thiocyanato ligand. The diamine-
N,N’-polycarboxylate ions, hedtra3— and edtra®-, act as
pentadentate ligands. In each complex, isothiocyanato
or thiocyanato ligand exists in the plane containing
cobalt atom and two amino nitrogen atoms. Wiekliem
and Hoard have pointed out for [Co(edta)]~ that the
strain in the complex can be expressed by the devia-
tion from planarity of acetate (N-C-C-0O-Co) rings.?”
The out-of-plane acetate rings (R rings) of the com-
plexes studied here are less strained than the in-plane
acetate rings (G rings), because the deviation from

the planality of the R rings is smaller than that of
the G rings. Similar trends have been observed for
other related complexes, [Co(Hedta)(H20)® and [Co-
(NO2)(edtra)]=? The strains existing in the com-
plexes are also disclosed in the Co-O bond lengths:
The Co-O bond lengths of the G rings are longer
than those of the R rings.

The bond angle of Co-N(NCS)-C(NCS) in
[Co(NCS)(hedtra)]~ is 157.1(3)°. This value deviates
significantly from the values commonly found for
various N-bonded complexes. The reported values lie
in the range of 163.5—177.6°.10-19 The deviation may
come from a packing effect, because any specific group
which can interact with the Co-NCS group is absent.
The value of the bond angle of Co-S(SCN)-C(SCN) in
[Co(SCN)(edtra)]~ (102.9(1)°) is within the range of
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TasLe 4. Bonp LenGTHS (I/A) FOR NH 4 Co(NCS)- TasLe 6. Bonp LENGTHS (I/A) ForR K[Co(SCN)-
(hedtra)]-H20 (edtra)}-1.5H20

Co-0O1 1.918(2) Co-03 1.883(2) Co-01 1.915(2) Co-03 1.897(2)

Co-05 1.893(2) Co-N1 1.944(3) Co-05 1.892(2) Co-N1 1.952(2)

Co-N2 1.982(2) Co-N(NCS) 1.924(3) Co-N2 1.949(2) Co-S 2.292(1)

S-C(NCS) 1.626(4) Ol1-C4 1.284(4) S-C(SCN) 1.664(3) O1-C4  1.288(4)

02-C4 1.228(4) 03-C6 1.277(4) 02-C4 1.233(4) 03-C6 1.299(3)

04-C6 1.233(3) 05-C8 1.296(4) 04-C6 1.227(3) 05-C8 1.295(3)

06-C8 1.216(3) 07-Cl10 1.424(4) 06-C8 1.216(4) NI1-Cl 1.490(4)

N1-Cl 1.498(4) N1-C3 1.492(3) N1-C3 1.486(4) N1-C5 1.495(3)

N1-C5 1.487(3) N2-C2 1.510(4) N2-C2 1.500(3) N2-C7 1.485(4)

N2-C7 1.493(3) N2-C9 1.499(3) N(SCN)-C(SCN) 1.150(5) Cl1-C2 1.518(4)

N(NCS)-C(NCS) 1.156(4) Cl-C2 1.510(4) C3-C4 1.519(4) C5-C6 1.508(4)

C3-Ct 1519(5)  C5-C6 1.522(5) C7-C8 1.511(4)

C7-C8 1.519(4)  C9-C10 1.513(5)

TaBLE 7. BOND ANGLES (DEGREE) FOR K[Co(SCN)-
TABLE 5. BOND ANGLES (DEGREE) FOR NH4[Co(NCS)- (edtra)]-1.5H20
(hedua)]. HaO 01-Co-03 92.8(1) O1-Co-05  89.6(1
—Co- 8(1) O1-Co- 6(1)

01-Co-03 91.3(1) O1-Co-05 87.7(1) 01-Co-N1 83.6(1) O1-Co-N2  170.7(1)
0O1-Co-N(NCS) 94.8(1) 03-Co-0O5 178.4(1) 03-Co-N1 87.9(1) 03-Co-N2 92.4(1)
03-Co-Nl1 87.4(1) O3-Co-N2 94.4(1) 03-Co-S 87.1(1) 05-Co-N1 92.1(1)
03-Co-N(NCS) 89.6(1) O5-Co-N1 91.2(1) 05-Co-N2 85.3(1) 05-Co-S 92.9(1)
05-Co-N2 86.5(1) 05-Co-N(NCS) 91.7(1) N1-Co-N2 88.8(1) N1-Co-S 174.5(1)
N1-Co-N2 89.4(1) N1-Co-N(NCS) 176.7(1) N2-Co-S 93.7(1) Co-01-C4 112.8(2)
N2-Co-N(NCS)  92.3(1) Co-Ol1-C4 114.8(2) Co-03-C6 114.5(2) Co-05-C8  115.4(2)
Co-03-C6 115.5(2) Co-05-C8 115.2(2) Co-N1-Cl 106.5(2) Co-N1-C3  105.2(2)
Co-N1-Cl 105.9(2) Co-N1-C3 105.5(2) Co-N1-C5 107.3(2) C1-N1-C3  114.8(2)
Co-N1-C5 108.5(2) C1-N1-C3 113.4(2) CI-N1-C5 112.22) C3-N1-C5  110.3(2)
C1-N1-C5 112.2(2) C3-N1-C5 110.9(2) Co-N2-C2 106.4(2) Co-N2-C7 107.9(2)
Co-N2-C2 105.4(2) Co-N2-C7 105.0(2) C2-N2-C7 114.1(2) Co-S-C(SCN) 102.9(1)
Co-N2-C9 115.5(2) C2-N2-C7 111.5(2) N1-C1-C2 106.5(2) N2-C2-Cl 108.5(2)
C2-N2-C9 108.8(2) C7-N2-C9 110.6(2) N1-C3-C4 107.5(2) O1-C4-02 123.7(3)
Co-N(NCS)-C(NCS)157.1(3) N1-Cl-C2 106.8(2) 01-C4-C3 116.2(3) 02-C4-C3 120.1(3)
N2-C2-Cl 110.5(2) N1-C3-C4 108.2(3) N1-C5-C6 112.5(2) 03-C6-04  123.4(2)
01-C4-02 124.4(3) O1-C4-C3 114.7(3) 03-C6-C5 116.5(2) 04-C6-C5 120.0(2)
02-C4-C3 121.0(3) N1-C5-C6 111.3(3) N2-C7-C8 111.2(2) 05-C8-06 124.2(3)
03-C6-04 123.8(3) 0O3-C6-C5 113.4(2) 05-C8-07 115.0(3) 06-C8-C7 121.5(3)
04-C6-C5 119.9(3) N2-C7-C8 111.9(2) S-C(SCN)-N(SCN) 178.7(2)
05-C8-06 123.3(3) O5-C8-C7 115.2(2)
06-C8-C7 121.5(3) N2-C9-Cl10 114.0(3)
07-C10-C9 108.5(3) S-C(NCS)-N(NCS) 178.7(2) Infrared spectroscopy has been used for the

those reported for various S-bonded complexes (90—
109°).12.19

The C-N (SCN) bond length of [Co(NCS)(hedtra)]~
(1.156(4)A) is essentially identical with those of
[Co(SCN)(edtra)]~ (1.150(5) A), other cobalt(III) com-
plexes containing thiocyanate ion such as [Co(SCN)
(NHs)s]2* (1.14(4) A)1® and [(CN)sCo(SCN)Co(NHs)s]
(1.145(7)A)12 and uncoordinated thiocyanate ion
(1.158(5)A and 1.149(7)A).1® Therefore, the C-N
bond lengths of thiocyanate ion are hardly influ-
enced by the bonding mode of thiocyanate ion.
The C-S bond lengths, however, are influenced by
the bonding mode: 1.664(3)A for [Co(SCN)(edtra)]-,
1.627(4)A for [Co(NCS)(hedtra)]-, 1.645(5)A for
[(CN)sCo(SCN)Co(NH3)s],12 and 1.644(4) and 1.646(5)
A for free thiocyanate ion.!® The C-S bond lengths
change in the following order: Co-NCS<SCN—=Co-
SCN-Co<Co-SCN.

determination of the bonding mode of thiocyanate
ion.1 The C-S stretching frequencies change in the
order M-SCN<SCN-<M-NCS and provide a good
diagnostic test for the bonding mode.1® The order is
consistent with the change in the bond lengths shown
above. Although it has been stated that the C-N
stretching frequencies are generally higher for M-SCN
than for M-NCS, the reverse is also sometimes true.?
This comes from the fact that the C-N bond length is
almost constant regardless of the bonding mode.
Description of the Crystal Structures of NH4[Co(NCS)-
(hedtra)]- H20 and K[Co(SCN )(edtra)]-1.5H20. The
stereoscopic view of the crystal structure for NH4[Co
(NCS)(hedtra)]-Hz0 is given in Fig. 3. The crystals
of the compound belong to the space group Pl with
one molecule in a unit cell as shown in Table 1. This
necessitates the occurrence of a spontaneous resolu-
tion. This was confirmed by the measurement of the
CD spectrum of the solution which was prepared by
dissolving a single crystal in water. The absolute
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Fig. 4. Stereoscopic view of K[Co(SCN)(edtra)]-1.5H20.

configuration of the complex in the crystal used for
X-ray analysis was A(R,R)4(R,G), showing that two R
rings take A configuration and that one R ring
(N2-C7-C8-05-Co) and G ring take 4 configuration.

The stereoscopic view of the crystal structure for
K[Co(SCN)(edtra)]-1.5H20 is given in Fig. 4. A unit
cell of the complex is composed of four molecules
which are two pairs of enantiomers, thus forming a
racemic crystal.

Steric  Circumstances around Cobalt(Ill) Centers in
Thiocyanato and Isothiocyanato Cobalt(Ill) Complexes.
The complexes, [Co(NCS)(hedtra)]- and [Co(SCN)
(edtra)]~, are so distorted that large open spaces are
created around the coordination sites of N-bonded
and S-bonded thiocyanate ions. This is evidenced
by the fact that an angle of O(1)-Co-N(2) at the same
side as NCS~ (or SCN™) is opened to 189.0(1)° in
[Co(NCS)(hedtra)]- and to 189.3(1)° in [Co(SCN)
(edtra)]=. We have attempted to evaluate the magni-
tude of the open spaces of these and the related com-
plexes: The R, value defined in Eq. 1 was calcu-
lated.

Rv = § Vdo/cEis Vro (l)

For a thiocyanato or an isothiocyanato complex, let us
consider the plane which is perpendicular to the
Co-SCN (or NCS) bond axis and involves the center of
the cobalt atom (Fig. 5). The plane will hereafter be

Fig. 5.

Schematic expression of V. (shaded part) of
thiocyanato or isothiocyanato complex ([CoXAs]). X
denotes sulfur or nitrogen atom in thiocyanate.
When [CoXAs] is a regular octahedron in geome-

try, Vo corresponds to V. I: Regular octahedral
[CoXAs]. II: Distorted octahedral [CoXAs].

referred -to as the cis plane. If the geometry of the
complex is a regular octahedron, the centers of four
donor atoms in cis position (Aj; Ag, Az, and Ag) must be
involved in the cis plane. In an actual complex,
however, the four donor atoms deviate more or less from
the cis plane. The space occupied by a cis donor atom is
divided into two parts by the cis plane. The quantity
given in Eq. 1, V4o, denotes the volume of the part of the
side containing the thiocyanato ligand. Hence the term
D V4o denotes the sum of the Vg, values of the four
atoms in the cis plane. The V,, value is defined as the
V4o value obtained when the geometry of the complex is
assumed to be a regular octahedron. According to the
definition, g Vi can be expressed as follows:
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TABLE 8. THE V4, ANDRy VALUES OF THE THIOCYANATO AND ISOTHIOCYANATO COMPLEXES AND RELATED COMPLEXES

Complex Co-X bond Vao/ A3 R Ref
[Co(NCS)(hedtra)]~ Co-N(NCS) 1.84 0.73 This work
[Co(SCN)(edtra)]~ Co-S 2.14 0.85 This work
[Co(Hedta)(Hz0)] Co-O(H:0) 2.22 0.88 8
[Co(NOz)(edtra)]- Co-N(NO) 2.12 0.84 9
[Co(SCN)(NHa)s]2+ Co-$ 2.91 1.01 15
[Co(NH3)s(NCS)- in dimer® Co-N(NCS) 3.00 1.04 12
[Co(CN)s(SCN)- in dimer® Co-S 3.83 1.00 12

a) Dimer means [(NH3)5Co(NCS)Co(CN)s].

NV = %(the sum of the volume occupied by the

cis

donor atoms A, A,, A;, and A,) (2)

Therefore, if the complex in question takes the
geometry of a regular octahedron, the R, value must be
unity. When there is a large open space around the
coordination site of the thiocyanato ligand, the R, value
becomes smaller than unity. In the calculation of the
R, values, all donor atoms are assumed to be spherical
and have covalent radii (C, 0.77; N, 0.70; O, 0.66).29
The R, and Vg, values thus obtained are summarized
in Table 8. For the [Co(NOz2)(edtra)]~ and [Co(Hedta)
(H20)] complexes, the Co-NOz and Co-OH2 bonds
are regarded as Co-SCN (or NCS) bond.

There is a remarkable difference between the R,
values of the complexes containing diamine-N,N’-
polycarboxylate and the other complexes: The for-
mer complexes show smaller R, values (<0.9) than the
latter complexes (=1). This means that the penta-
ammine and pentacyano complexes are almost regular
octahedral in geometry, while the complexes contain-
ing diamine-N,N’-polycarboxylates are considerably dis-
torted octahedral molecules so that very open spaces
are created around the Co-X bond (X=SCN-, NCS-,
H20, or NOgz~). Therefore, the sixth coordination
sites of the pentaammine and pentacyano complexes
which accommodate thiocyanato ligand are more
crowded than those of the diamine-N,N’-polycarbox-
ylato complexes.

Steric  Factor Controlling the Formation of the

Thiocyanato and Isothiocyanato Linkage Isomers.
The reactions of [Co(NHjs)s(H20)]3* and [Co(CN)s
(H20)]2~ with SCN~ lead to the almost exclusive for-
mation of N-bonded isomers.}»? In the system of
[CoL(Hz20)]" containing diamine-N,N’-polycarboxylate
ion, however, spontaneous formation of both N-
bonded and S-bonded isomers was observed. This
may be due to the difference in the steric circum-
stances around the coordination sites which accom-
modate thiocyanate ions.

The substitution reactions of [Co(NHa)s(H20)J%+,
[Co(CN)s(H20)]2~, and [CoL(H20)]*~ will proceed
through D or Iy mechanism to produce five coordinate
intermediate, because substitution reactions of most
cobalt(III) complexes have been believed to proceed

through the mechanism.2? The vacant coordination
site of the intermediate yielded from [CoL(Hz0)]"~
would be much less crowded than those from [Co
(NHs)s(H20) 3+ and [Co(CN)s(H20)]%~.

The size of a sulfur atom is larger than that of a
nitrogen atom. The Co-SCN bond in S-bonded iso-
mers is bent (<CoSC==100°), while the Co-NCS
bond is approximately linear. Therefore, the coor-
dination of the sulfur end in thiocyanate ion re-
quires a larger open space around the coordination
site than that of the nitrogen end. The smaller open
space in [Co(NHjs)s]3t and [Co(CN)s]?~ intermediates
cannot accept the sulfur end favorably, but the larger
open space in [CoL.]"~ intermediate can accept not only
the nitrogen end but also the bulky sulfur end.

References

1) H. Ogino and H. Isago, Chem. Lett., 1984, 561.

2) I Stolz, W. K. Wilmarth, and A. Haim, Inorg. Chem.,
7, 1250 (1968).

3) “International Tables for X-ray Crystallography”;
Kynoch Press: Birmingham, England, 1974; Vol. IV.

4) R. F. Stewart, E. R. Davidson, and W. T. Simpson, J.
Chem. Phys., 42, 3175 (1965).

5) W. C. Hamilton, Acta Crystallogr., 18, 502 (1965).

6) T. Sakurai and K. Kobayashi, Rikagaku Kenkyusho
Hokoku, 55, 69 (1979).

7) H.A.Wiekliem and J. L. Hoard, J. Am. Chem. Soc., 81,
549 (1959).

8) H.Okazaki, K. Tomioka, and H. Yoneda, Inorg. Chim.
Acta, 74, 169 (1983).

9) J. D. Bell and G. L. Blackmer, Inorg. Chem., 12, 836
(1973).

10) G. R. Clark and G. J. Palenik, Inorg. Chem., 9, 2754
(1970).

11) G.]. Palenik, M. Mathew, W. L. Steffen, and G. Baren,
J. Am. Chem. Soc., 97, 1059 (1975).

12) F. R. Fronczek and W. P. Schaefer, Inorg. Chem., 14,
2066 (1975).

13) A.]J.Carty, P. C. Chieh, N. C. Taylor, and Y. S. Wong,
J. Chem. Soc., Dalton Trans., 1976, 572.

14) J. H. Nelson, J. J. MacDougall, N. W. Alcock, and F.
Mathew, Inorg. Chem., 21, 1200 (1982).

15) M. R. Snow and R. F. Boomsa, Acta Crystallogr., Sect.,
B, 28, 1908 (1972).

16) J. ]J. MacDougall, J. H. Nelson, W. C. Fultz, J. L.
Burmeister, E. M. Holt, N. W. Alcock, Inorg. Chim. Acta, 63,
75 (1982).



3512 Yoshikiyo Kato, Hiroaki Isaco, Hiroshi Ocino, Koshiro Toriumi, and Tasuku Ito [Vol. 58, No. 12

17) R. A. Bailey, S. L. Kozak, T. W. Michelsen, and W. N. 20) L. Pauling, “The Nature of the Chemical Bond,” 3rd
Mills, Coord. Chem. Rev., 6, 407 (1971). ed., Cornell University Press (1960).
18) A. Turco and C. Pecile, Nature, 191, 66 (1961). 21) C. H. Langford and H. B. Gray, “Ligand Substitution
19) D. A. Buckingham, I. I. Creaser, and A. M. Sargeson, Processes,” W. A. Benjamin, Inc., New York (1965).
Inorg. Chem., 9, 655 (1970).






