1492

Acta Cryst. (1970). B26, 1492

The Crystal Structure of (-)ssoTris(+ trans-1,2-diaminocyclohexane)cobalt(III)
Chloride Pentahydrate, (-)sso]Co(+-chxn);]Cl:.5H,O
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The crystal structure of (—)ssotris(+ trans-1,2-diaminocyclohexane)cobalt(III) chloride pentahydrate,
(—)sss[Co(+chxn);]1Cls . 5SH20, has been determined from three-dimensional X-ray data collected by

the photographic method. The compound forms hexagonal crystals with a=12-34, ¢=33-52 A

and

Z=6, in space group P6,. The structure has been refined by least-squares methods with anisotropic
temperature factors to a final residual R of 0-110 using 1123 observed reflexions. The complex ion,
(—)sss[Co(+chxn);]3+, has approximately the symmetry Ds. The central cobalt atom is bonded nearly
octahedrally to six nitrogen atoms of the ligand molecules. All the bond lengths and angles are normal.
The complex ion takes the le/ form. The absolute configuration of the complex ion is designated as

A009 according to the [UPAC convention.

Introduction

As part of a series of investigations on the absolute
configuration of tris(diamine)cobalt(II[) complexes,
the crystal structure of (—)sgotris(+ trans-1,2-di-
aminocyclohexane)cobalt(IlI) chloride pentahydrate,
(—)sss[Co(+chxn);]Cl;. 5H,0, was determined (Saito,
1968). Although this complex . is laevo-rotatory for
the Na D line, its optical rotatory dispersion curve
and circular dichroism spectra resemble those of
(+)sss[Co(en);>+ (Woldbye, 1963), but are somewhat
different from those of the closely related
(—)ssotris(+ trans-1,2-diaminocyclopentane)cobalt(11T)
ion, (—)sso[Co(+cptn);]3t. In order to determine the
relation between the geometry and the optical proper-
ties of these complexes, the crystal structure and abso-
lute configuration of the complex ion,
(=)ssolCo(+chxn);P+,
have been determined.

Experimental

(= )sso Tris(+ trans-1,2diaminocyclohexane)cobalt(I1I)

chloride was prepared according to the method de-
scribed by Jaeger & Bijkerk (1937). The resolution was
carried out with (+)-tartaric acid. Orange-red crystals
of the pentahydrate were obtained as hexagonal bipy-
ramids by slow evaporation of an aqueous solution.
They belong to the hexagonal system, with unit-cell di-
mznsions a=12-342 +0-005, ¢c=33-517+0-011 A. The
observed systematic absences for 00/, /#6n, indicate
the possible space group P6, or P6s. There are six for-
mula units Co(CsH4N,):Cl; 5H,0 in the unit cell
(Dz=1-347 g.cm™3, Dpy=1-341 g.cm~3). The crystals

* Present address: Fujitsu Limited, Furukawa

" P Sogo
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gradually lose the water of crystallization in air. For
this reason two crystal specimens were used to collect
three-dimensional intensity data. They were shaped into
spheres with radii of approximately 0-08 and 0-24 mm
respectively. Integrated equi-inclination Weissenberg
photographs were taken around the @ axis up to the
eighth layer with Cu Ka radiation. Intensities were meas-
ured visually and corrected for Lorentz and polariza-
tion factors. The corrections for absorption were ap-
plied only to the data obtained from the larger crystal,
for which ur was 1-9. Reflexions with indices Akl and
hkI were treated as independent because of the anom-
alous scattering of Cu K« radiation by the cobalt atoms.
The photographs taken around the @ axis were suffi-
cient for the interlayer scaling, since each layer con-
tains some reflexions equivalent to those on other lay-
ers.

Fig.1. The complex ion in (—)sso[Co(+chxn)3]Cl3 5H-O
crystals viewed along the normal to the plane N(1)N(2)N(3).
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Determination of the structure

The structure was solved by the heavy atom method.
The three-dimensional Patterson function revealed that
the arrangement of the complex cations in the crystal
is similar to that in (—)ss[Co(cptn);]Cl;.4H,0, the
structure of which was determined by Ito, Marumo &
Saito (1968). This structural similarity is of great help
in obtaining the positions of the heavy atoms. In the
latter crystal the chemical units, [Co(+ cptn);]Cl; have
approximately a hexagonal close-packed arrangement,
the Co atoms being nearly on the threefold screw axes.
If the structure is based on ideal hexagonal close-pack-
ing of [Co(+cptn);]Cl; units, the period along the ¢
axis should be one third of the value actually observed,
and the threefold screw axes should change to the three-
fold axis of rotation, This type of subcell was actually
observed in the Patterson maps of the crystal under in-
vestigation. The mean locations of the cobalt and chlor-
ide ions in the idealized structure were easily found
from the maps. In order to avoid false symmetry in the
electron density maps synthesized with the phases de-
termined from the heavy atoms only, it is essential to
find the small deviations in the atomic positions from
the average positions in the three subcells. The shifts
parallel to the x,y plane were obtained by close exami-
nation of the Patterson maps; the values of the z par-
ameters of the chloride ions relative to the cobalt atom
found in the structure of (—)sgo[Co(+ cptn);]Cl;.4 H,O
were adopted for the z parameters of the starting model
of the present structure, since it was impossible to find
the z parameters of the chloride ions relative to that of
the cobalt atom from the Patterson maps. The positions
of the six nitrogen atoms were obtained immediately
from the three-dimensional Fourier synthesis, phased
by the heavy atoms. All the carbon atoms and the oxy-
gen atoms of the water molecules were found by suc-
cessive Fourier syntheses. In these Fourier and differ-
ence Fourier syntheses, five well-defined peaks ap-
peared, which could be interpreted as the oxygen atoms
of the water molecules of crystallization. Although this
compound has been reported as the tetrahydrate (Jae-
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ger & Bijkerk, 1937), the five oxygen atoms which ap-
peared to be present in the difference maps were ten-
tatively included in the calculation of the structure
factors. This was ratified at a later stage by the refine-
ment of the structure.

The structure was then refined by a block-diagonal
three-dimensional least-squares program (Okaya &
Ashida, 1967) with isotropic temperature factors. Unit
weight was given to all the observed reflexions, and 0-5
to non-observed reflexions. The atomic scattering fac-
tors of neutral atoms were used (International Tables
for X-ray Crystallography, 1962). After five cycles the
R value was reduced to 0-18 for all the 1123 observed
reflexions. Although a difference Fourier synthesis was
calculated at this stage to locate the hydrogen atoms,
they could not all be found with certainty. All hydro-
gen atoms were therefore neglected in subsequent
calculations.

Further cycles of refinement with the use of aniso-
tropic temperature factors were carried out on two en-
antiomorphic structures taking the anomalous disper-
sion effect into consideration. The R value was reduced
to 0-133 for the space group P6, after two cycles,
whereas the value was 0-158 for P6s indicating P6; to
be the true space group of the crystal. This result for
the absolute structure was confirmed by a comparison
of the observed relations between the Ak/ and hkl re-
flexions with the calculated intensity relations (Table
1). The structure was refined in space group P6, to an
R value of 0-110.

Table 1. Observed and calculated intensity relations
between some hkl and hkl reflexions of
(=)p-tris(+ trans-1,2-diaminocyclohexane)cobalt(111)

chloride pentahydrate
h k ! ]Fcalc(hk[)lz Observed IFcalc(hk[)lz
0 2 2 100 < 196
0 2 3 121 < 900
0 2 4 784 < 1600
0 3 1 36 < 256
0 4 2 169 < 625
0 5 1 841 > 169

Fig.2. Bond distances (A) and angles (degrees) in the complex ion (— )sgy[Co(+chxn)3]3*.
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Table 1 (cont.) Table 2. Final positional parameters and their

0 5 3 1521 S 576 standard deviations (in parentheses)

0 6 1 1600 < 2304 x z

06 5 361 > 25 . ‘

06 7 2025 - 3364 Co 0-7166 (4) 03690 (4) 0-0798 (2)

0 6 8 3249 N 2500 CI(1) 0-4334 (9) 0-4815 (10) 0-0661 (5)

0 7 1 1156 < 1936 ClI(2) 0-1109 (8) 0-6535 (9) 0-0715 (5)

CI(3) 0-6050 (9) 0:9716 (8) 0-1005 (3)

Since the temperature factors obtained for the water 11:118 828?‘1) 88 8%.1,‘1‘3 88% ggggg g; '
molecules werelfairly large in comparisop with thOSf'? Of N(3) 0-8662 (19) 0-3881 (19) 0-0483 (7)
the other constituent atoms, there remained a possibi- N(4) 0:5699 (19) 0-3378 (22) 0-1133 (8)
lity that the number of water molecules per chemical E% 8‘%(8)‘; 88; 8;332 8;; g'ﬁég E%
unit was fO(lilI‘ rathlelr th;m five as descl:nl:fld in the(ll}t- ) 0-4722 (22) 0-1872 (26) 0-0584 (8)
er_ature, an _thgt these tour water molecules were ais- C(2) 0-3719 (25) 0-0503 (27) 0-0468 (9)
tributed statistically over five positions. With the in- Cc@3) 0-2387 (28) 00237 (28) 0-0613 (10)
tention of resolving this point, the populations of the  C(4) 0-2342 (33) 0-0430 (34) 0-1076 (10)
oxygen atoms were refined as well as positional and g% 82‘;‘(1)3 82 8;(7)(5)3 8;’; 8%3(5)? Egg
thermal pgrameters with a VCI‘SiOI} (Sakurai, Nakatsu (7 0-8970 (25) 0-2923 (23) 0-0645 (9)
& Iwasaki, 1967) of the full-matrix least-squares pro-  C(8) 0-0290 (24) 0-3277 (25) 0-0493 (8)
gram ORFLS (Busing, Martin & Levy, 1962). The cal-  C(9) 0-0582 (31) 0-2301 (36) 0-0687 (11)
culation gave 5-29 for the total population which indi- 28% gg%; 8% 8%?(3)2 88 8};;2 83;)
cates deﬁpitely t'hat there are five water molf:gules in c(12) 0-8926 (23) 0-3023 (23) 01107 (7)
the chemical unit. The observed crystal densities also  C(13) 0-7867 (27) 0-6061 (24) 0-0464 (9)
indicate five water molecules per chemical unit: the cal- ~ C(14) 0-7585 (32) 0-6983 (28) 0-0236 (10)
culated densities for the tetra and pentahydrates are 888 ggg;g 8% gggg; gg; ggggg E%)
1-:307 and 1'347 g.CHl"3 reSpeCthely, WhCOI'CaS the ob- Cc(17) 0-8914 (29) 0-7622 (25) 0-1047 (10)
served value is 1-341 £ 0-010 g.cm™3 at 15°C. C(18) 0:7905 (24) 0-6246 (22) 0-0925 (8)

The final positional parameters and temperature fac-  O(1) 0-5610 (32) 0-8921 (33) 0-0063 (9)
tors are given in Tables 2 and 3 respectively with their 8% 822?3 83 ggggg 82; 8(1)%? Egg
estimated standard deviations. The calculated and ob-  g3) 0-3334 (26) 0-8051 (30) 0-1322 (8)
served structure amplitudes are listed in Table 4. o(5) 0-3083 (57) 0-5542 (39) 0-1342 (13)

Table 3. Final thermal parameters and their standard deviations (in parantheses)
The values have been multiplied by 104 and refer to the expression: exp [ — (81142 + B22k? + 3312 + Br2hk + i3kl + Baskl)] .

B B2 B33 B2 B3 B3
Co 46 (4) 55 (5) 7Q) 60 (8) 0@Q) —3(2)
CI(1) 89 (11) 138 (13) 53 (4) 186 (21) 8 (10) 17 (11)
Cl(2) 60 (9) 79 (11) 46 (3) 22 (15) 16 (9) —31(9)
CI(3) 126 (11) 78 (9) 17 1) 100 (17) ~19 (6) 6 (5)
N(1) 8 (18) 80 (25) 12 (3) 21 (34) —6(11) —28(13)
N(2) 11 (20) 43 (24) 12 (3) —19 (36) —1(13) 7 (14)
N(@3) 32 21) 37 (23) 12 (3) 11 (36) 21 (13) 19 (14)
N(4) 34 (22) 74 (26) 12 (3) 69 (43) 17 (14) 2 (16)
N(5) 104 (25) 17 (19) 32 37 (37) -30(12) 0 (10)
N(6) 61 (24) 55 (23) 5(2) 79 (40) 12 (12) 7 (12)
C(1) 16 (25) 72 (31) 7(@3) —12 (44) —-1Q14) 7 (16)
C(2 33 (28) 93 (34) 7@ 28 (52) -9 (16) -23Q17)
B3 74 (34) 65 (34) 13 (4) 34 (56) 59  —11(19)

N(2)

Fig.3, Newman projections along the bonds C(6)-C(1), C(12)-C(7) and C(18)~C(13). The numbers indicate the values of the
torsional angles,
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Table 3 (cont.)

C4) 138 (43) 136 (44) 74 149 (76) 30 (22) 21 (22)

C(5) 56 (29) 94 (33) 73) 108 (53) 8 (15) 7(16)

C(6) 62 (29) 34 (26) 10 (4) 54 (47) 12 (16) -6 (15)

(7 65 (29) 36 (26) 12 (4) 85 (49) 16 (16) 25 (16)

C(8) 53 (28) 73 (30) 5(@3) 91 (49) 24 (15) 12 (15)

C(9) 87 (38) 163 (50) 17 (5) 169 (73) 34 (21) 70 (26)

C(10) 64 (36) 162 (51) 21 (6) 136 (72) 6 (24) 24 (30)

c@n 104 (35) 138 (39) 333 203 (65) 7 (16) 18 (17)

C(12) 70 (27) 60 (26) 2(2) 120 (47) 15 (13) 6 (14)

C(13) 85 (33) 26 (26) 10 (4) 69 (52) —19 (18) —14 (16)

C(14) 154 (44) 58 (34) 10 (4) 79 (65) —32(21) 24 (19)

C(15) 158 (44) 76 (35) 3(3) 95 (65) —24(19) 6 (17)

C(16) 137 (43) 64 (34) 16 (5) 86 (66) —-13(27) 27 (23)

c(17) 106 (37) 21 (27) 13 (4) 25 (53) —21(21) -7017)

C(18) 108 (28) 21 (24) 13 (4) 43 (42) —34 (16) 13 (15)

o(1) 245 (51) 208 (48) 24 (4) 190 (88) 17 (23) —41(22)

0(2) 142 (35) 169 (35) 13 (2) 91 (61) 14 (15) 1 (16)

0O(3) 374 (50) 315 (41) 38 (4) 466 (80) 138 (24) 91 (21)

04) 205 (37) 349 (51) 18 (4) 348 (74) 23 (20) 61 (24)

O(5) 804 (131) 325 (68) 22 (7) 662 (173) — 19 (55) 32 (38)

Table 4. Observed and calculated structure amplitudes Table 4 (cont.)

; 7 Discussion
§ § j The complex cation has approximate symmetry Ds, as
44 shownin Fig. 1. In the complex each ligand molecule is
¢ ##  coordinated to the central cobalt atom by its nitrogen
i4 8 atoms, which acts as a bidentate ligand. All the C-C
i £  bonds in the chelate rings are nearly parallel to the
w5 threefold axis of rotation, namely the complex ion has
%% lel conformation. The interatomic distances and bond
: & #  angles within the complex ion are given in Table 5 with
i % their standard deviations and illustrated in Fig. 2. The
: % cobalt atom has a distorted octahedral coordination of
&5 % nitrogen atoms with distances ranging from 1-99 to
Ty 204 A. These values are quite normal in tris(diamine)
now i cobalt(Ilf) complexes, e.g. (+)ss[Co(en),]Cl;. H,O
“we s (Iwata, Nakatsu & Saito, 1969), (—)sso[Co(—pn)s]Br;
S0 (Iwasaki & Saito, 1966) and (—)sg[Co(tn);]Br;. H,O
. (Nomura, Marumo & Saito, 1969). The C-C and C-N
: distances are in agreement with the single-bond dis-
. tances within experimental error. The N-Co-N angles

in the five-membered chelate rings are all less than 90”
owing to the formation of the chelate rings. Conse-
quently, the triangle N(1)N(2)N(3) is rotated about the
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threefold axis by about 5-5° with respect to the triangle Table 5 (cont.)
N(4)N(5)N(6) from the position expected for a regular Co—N(3) 2:035 (25)
octahedron. This is a common feature of tris(diamine) Co—N(4) 1-998 (26)
cobalt(Ill) complexes with five-membered chelate Co—N(5) 2:036 (19)
rings. Newman projections along the bonds C(6)-C(1), , S‘(’l')'_“ EI((f)) }:Zgg 8.7,;
C(12)—C(7) and C(IS)—C(13) are shown in Flg. 3. The N(2)—C(13) 1-473 (29)
mean value of the dihedral angle between the planes NQG)—C(7) 1-:513 (44)
N(1)C(1)C(6) and N(4)C(6)C(1) and the corresponding N(4)—C(6) 1-543 (30)
angles in the other two chelate rings is about 59-3°, ggg:ggg }g;g gég
which is almost identical with the value expected in a C(1)—C2) 1-563 (37)
free trans-1,2-diaminocyclohexane molecule. Thus the C(2)—C(3) 1-583 (48)
molecule seems to be only a little strained by the for- C(3)—C(4) 1-576 (48)
mation of the chelate ring. The cyclohexane ring has a ggg:ggg }:ggg 83;
chair conformation. All the bond distances and angles C(6)—C(1) 1-574 (40)
within the six-membered ring are quite normal and C(NH—C(8) 1-546 (42)
agree well with those observed for other related com- C(8)—C(9) 1-562 (60)
pounds (Shimada, Okaya & Nakamura, 1955). ggg))—gg‘g 1372 gg
C(11)-C(12) 1-564 (50)
Table 5. Interatomic distances and bond angles in the 88%;:88’21) igig 82{
complex with their standard deviations C(14)-C(15) 1-575 (37)
. C(15)-C(16) 1-562 (51)
Distance C(16)-C(17) 1-554 (56)
Co—N(1) 2:021 (20) A C(17)-C(18) 1-577 (32)
Co—N(2) 2031 (28) C(18)-C(13) 1-:560 (41)

Fig.4. Projection of the structure along the ¢ axis. Only one-third of the repeating unit along the ¢ axis is drawn. Dashed lines
indicate probable hydrogen bonds.
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Table 5 (cont.)

Angle
N(1)—Co—N(4) 87-5 (0-9)°
N(2)—Co——N(5) 87-0 (0-9)
N(3)—Co——N(6) 856 (1:0)
N(1)—Co—N(5) 174-0 (0-8)
N(2)—Co-—N(6) 1740 (1-1)
N(3)—Co—N(4) 174-9 (1-1)
Co—N(1)—C(1) 105-6 (1-8)
Co——N(2)--C(13) 106-8 (1-6)
Co—N(3)—C(7) 1069 (1-7)
Co—N(4)—C(6) 104-8 (1-7)
Co—N(5)—C(18) 105-4 (1-7)
Co—N(6)—C(12} 108-7 (1-6)
N(1)—C(1)—C(2) 111-0 (2-5)
N(D—C(1)—C(6) 104-3 (2-1)
C(2)—C(1)—C(6) 1083 (2:0)
C(1)—C(2)—C(3) 109-1 2:7)
C(2)—C(3)—C4) 112:5 (2-6)
C(3)—C(4)—C(5) 111-2 (2:4)
C(4)—C(5)—C(6) 1107 2:7)
N(4)—C(6)—C(1) 104-3 (1-9)
N(4)—C(6)—C(5) 108-9 (2+4)
C(5)—C(6)—C(1) 112:3 (2:4)
N(2)--C(13)-C(14) 111-7 (2-6)
N(2)—C(13)-C(18) 1066 (2:0)
C(14)-C(13)-C(18) 112:5 (2:8)
C(13)-C(14)-C(15) 107-9 (2-7)
C(14)-C(15)-C(16) 110-7 (2-4)
C(15)-C(16)-C(17) 112:9 (3-1)
C(16)-C(17)-C(18) 109-2 (2+6)
N(5)—C(18)-C(13) 107-7 (2-4)
N(5)--C(18)-C(17) 111:2 (2-2)
C(17)-C(18)-C(13) 111-3 (2-0)
N@3)—C(7)—C(8) 107-6 (2-1)
N(3)—C(7)—C(12) 105-2 (2-4)
C(8)—C(71)—C(12) 112:3 (2-3)
C(7)—C(8)—C9)| 105-1 (2+6)
C(8)—C(9)—C(10) 108-5 (3-5)
C(9)—C(10)-C(11) 113-3 (3:0)
C(10)-C(11)-C(12) 104-7 (2-4)
N(6)—C(12)-C(7) 104-8 (2-1)
N(6)—C(12)-C(11) 113-7 (2-2)
C(11)-C(12)-C(7) 111-9 (2-6)

The crystal structure projected along the ¢ and a axes
is shown in Figs. 4 and 5 respectively. In Fig. 4 only
one-third of the unit-cell content is illustrated. The
stacking of the complex cations is related to hexagonal
closest packing. The central metal atom is a little off
the threefold screw axis. The pseudo threefold axis of
the complex ion is inclined at about 8° to the ¢ axis. In-
termolecular contacts less than 3-5 A are given in Table
6. Each chloride ion is surrounded by two nitrogen at-
oms on one side and by two or three water molecules
on the other. There may be weak hydrogen bonds be-
tween Cl and N atoms similar to those found in the
structure of (+)sgo[Co(en);]Cl;. H,O (Iwata, Nakatsu
& Saito, 1969), because the relative positions of the
ClI- ions around to the complex ions are very similar to
those found in the ethylenediamine analogue. All the
oxygen atoms of the water molecules possess irregular
coordinations. In particular, O(5) is surrounded only
by carbon atoms at fairly large distances on one side.
This explains O(5) having the largest temperature fac-
tor of the five oxygen atoms. Hydrogen bonds seem to
exist between the water molecules and nitrogen atoms
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and also between the water molecules, which are illu-
strated in Figs. 4 and 5. Fairly short C- - -O distances
are observed as in the case of the (—)s4scis-p-dini-
tro-(L-3,8-dimethyltriethylenetetramine)cobalt(III) per-
chlorate structure (Ito, Marumo & Saito, 1970):

O(1)- - - C(18), 2:99; O(4)- - - C(13), 3-24; O(5)- - C(l)

3-18 A, while the sum of the van der Waals radii is
3-40 A These short contacts might indicate the exis-
tence of the weak C-H. . .O bonds suggested by Sutor
(1963).

Table 6. Intermolecular distances less than 3-5 A
with their standard deviations in parantheses

Symmetry
operation
applied to
Distance second atom
CI(1)-N(2) 335(3)A 1
-N@4) 3:39 (3) 1
-0Q2) 311 4) 1
-0O(5) 313 4) 1
CI(2)-N(3) 324 (2) 2
~N(5) 341 (3) 2
-0(2) 319 (4) 1
-04) 317 (3) 1
CI(3)-N(1) 345 (3) 3
-N(6) 332 (2) 3
-0(1) 327 (3) 1
-0(3) 321 4) 1
-04) 3-12 (3) 1
O(1)-CI(3) 327 (3) 1
-0(2) 2-98 (4) 1
-0(3) 3-03 (6) 4
-N(4) 3-11 (4) 4
-N(5) 291 (4) 4
-C(17) 348 (4) 4
-C(18) 2:99 (4) 4
0(2)-CI(1) 311 4) 1
-Ci(2) 319 (4) 1
-0(1) 298 (4) 1
-N(@4) 3-10 (3) 4
-N(5) 3:47 (3) 4
-N(6) 2-88 (3) 4
0(3)-CI1(3) 321 4) 1
-0(1) 3-:03 (6) 5
-04) 3-48 (6) 1
-0(5) 277 (4) 1
-N(1) 3-10 4) 6
~N(@3) 3-46 (3) 6
0(4)-Cl(2) 317 3) 1
-CI(3) 3-12 (3) 1
-0@3) 3-48 (6) 1
-0O(5) 2:96 (6) 1
-N(2) 2:83 (4) 6
-N(@3) 318 (4) 6
-C(13) 3-24 (4) 6
0O(5)-CI(1) 313 (4) 1
-0(3) 277 (4) 1
-0(4) 2:96 (6) 1
-N(1) 2:87 (49 6
-N(2) 3-43 (3) 6
-C(1) 318 (4) 6
Key to symmetry operations
1 xpz
2 x—-1,yz
3 x,y+1,z
4 y,=x+y+1,z-%
5 x—y+1,x,z+%
6 x—y, x,z+%
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. The . absolute configuration of the complex ion,
(—)sgo—{Co(+chxn);]3*, can be designated as 499 ac-
cording to the IUPAC convention (1968). The simi-
larity of the optical rototory.dispersion and circular
dichroism of this complex cation and those of
(+)sso[Cofen);]** corresponds to the close similarity in
the arrangements of the three five-membered chelate
rings around the central cobalt atom.

The Fourier synthesis program ﬁsed was ANSFR-I

written by H. Iwasaki. The entire calculations were car-
ried out on a HITAC 5020 E computer at the Computer
Centre of this University. Part of the cost of this in-
vestigation was met by a Scientific Research Grant of
the Ministry of Education, to which the authors’ thanks
are due.

References

Busing, W. R., MartiN, K. O. & Levy, H. A. (1962).
USAEC Report ORNL-TM-305, Oak Ridge National
Laboratory, Oak Ridge, Tennessee.

International Tables for X-ray Crystallography (1962). Vol.
II1. Birmingham: Kynoch Press.

Ito, M., MArRUMO, F. & Sarto, Y. (1968). 18th Syrnposmm
on Coordmatlon Chermstry, Kyoto.

Ito, M., MaruMo, F. & Sarro, Y. (1970). Acta Cryst.
B26 1408

IUPAC convention (1968). IUPAC Information Bull. No.
33, p. 68.

IWASAKI H. & Sarro, Y. (1966). Bull. Chem. Soc. Japan,
39, 92.

IwaTta, M., NakaTtsu; K. & Saito, Y. (1969). Acta Cryst.
B25, 2562

JAEGER, F. M. & Bukerk, L. (1937). Z. anorg. allgem.
Chem. 233, 97.

NoOMURA, T., MARUMO, F. & Sarro, Y. (1969). Bull. Chem.
Soc. Japan, 42, 1016.

OkAYA, Y. & AsHipa, T. (1967). HBLS-4, The Universal
Crystallographic Computing System (I), p. 65. Japanese
Crystallographic Association.

Sarto, Y. (1968). Pure Appl. Chem. 17, 21.

THE CRYSTAL STRUCTURE OF (—)sso[Co(+chxn);]Cls .

5H.0

NI

° b
Fig.5. Projection of the structure along the a axis. Dashed
lines indicate probable hydrogen bonds.

SAKURAL, T., NakATsu, K. & Iwasakr, H. (1967). RSFLS-4,
The Universal Crystallographic Computing System (I), p
61. Japanese Crystallographic Association.

SHIMADA, A., OKAYA, Y. & NAKAMURA, M. (1955). Acta
Cryst. 8, 819.

SuTOR, D: J. (1963). J. Chem. Soc. p. 1105.

WOLDBYE, F. (1963). Rec. Chem. Progr. 24, 197.



