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The structure of (—)sge-cis-a-{Co(NO,),(L-3,8-dimetrien)]CIO, has been determined from the three-
dimensional X-ray data collected by the diffractometer method. The compound forms orthorhombic
crystals with a=12-395, 5=16-829, c=7-864 A and Z =4, in space group P2,2,2,. The structure has
been refined by least-squares methods with anisotropic temperature factors to an R value of 0:056 for
2268 observed reflexions. The perchlorate anion is disordered over two positions. Six nitrogen atoms of
the dimetrien ligand and nitro groups are bonded nearly octahedrally to the central cobalt atom. The
complex cation has approximately the symmetry 2 (C,). The average Co-N(dimetrien) distance is
1-958 (7) A, and the average NCoN angle of terminal chelate rings is 86-1 (3)°, whereas that of the
central ring is 87-6 (3)°. The complex cation has the absolute configuration A4, and the conformations of
the three chelate rings are 8, 4 and J, the two methyl groups being in equatorial positions with respect
to the chelate rings. The absolute configurations of the two asymmetric nitrogen atoms are both S.

Introduction

Three possible isomers of disubstituted triethylene-
tetraminecobalt(II) complexes (cis-a, cis-f and trans)
were recently prepared and isolated as perchlorates by
using the stereoselective quadridentate ligand, L-3,8-
dimethyltriethylenetetramine:
H,NCH,CH(CH;)NHCH,CH,NHCH(CH;)CH,NH,,
3,8-dimetrien (Yoshikawa, Saburi, Sawai & Goto, 1969).
The structure of the cis-f isomer has already been
determined (Ito, Marumo & Saito, 1970). The authors’
interest lay in the comparison of the strain energies of
the three isomers. Dwyer & Maxwell (1970) have deter-
mined the structure of racemic cis-a-(amminechloro-
triethylenetetramine)cobalt(II1) nitrate. From the re-
sult large non-bonded interactions between the chelate
rings are also expected for L-3,8-dimetrien coordinated
in cis-a configuration. The crystal structure of (—)sge-
cis-o-[Co(NO,),(L-3,8-dimetrien)]CIO, has been deter-
mined in order to establish the stereochemical con-

figuration of the complex cation. The calculation of
the strain energy will be reported in the next paper
together with that of the cis-ff and trans isomers (Ito,
Marumo & Saito, 1972).

Experimental

The specimens were kindly supplied by Professor S.
Yoshikawa of this University. They are orange pris-
matic crystals elongated along the ¢ axis, and belong
to the orthorhombic system. The cell dimensions,
a=12-395+0:002, b=16-829+0-002 and ¢=7-864+
0-002 A, were determined by using a single-crystal dif-
fractometer with Mo K« radiation (a2, =0-70926, o, =
0-71354 A). The systematic absences indicate that the
space group is P2,2,2,. There are four formula units
of CgH,,CICoN(O; in the unit cell (D,=1-72 g.cm~3,
D,,=1-72 g.cm™*). The crystals were reformed into a
sphere with a diameter of about 0-22 mm. The inten-
sity data were collected on a Rigaku automatic four-
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circle diffractometer. The specimen was mounted with  used. The w-26 scan technique was employed at arate
the ¢ axis parallel to the ¢ axis of the diffractometer.  of 0-5°(w) per minute, and scan times were varied as
Mo K« radiation monochromated by LiF crystal was calculated from the tangent relation of Alexander &
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Table 1 (cont.)
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Smith (1964). Backgrounds were measured for 15 sec
at both limits of the scan. A total of 3150 intensities
were measured in the range of 30° <26 <70° and the
lower angle data, 26 <30°, were supplied by a Rigaku
manual four-circle diffractometer. 2268 of these had
significantly non-zero intensities. The intensities were
corrected for Lorentz and polarization factors, but cor-
rections for absorption (ur=0-3) and extinction were
not made.

Determination and refinement of the structure

The cobalt and chlorine atoms could easily be located
from a three-dimensional sharpened Patterson func-
tion synthesized only with the reflexions in the range
26 < 40°. The positions of the lighter atoms were deter-
mined by successive Fourier syntheses except for the
oxygen atoms of the perchlorate ion. The Fourier maps
revealed that the perchlorate group was disordered
over two sites. Six cycles of block-diagonal least-
squares refinement with isotropic temperature factors
reduced the R value (defined as >||F,|—|F||/2|F,]) to
0-108. Refinement yielded an unsatisfactory geometry
for the perchlorate group. Three of the CI-O dis-
tances were too long (from 1-5 to 1-8 A) and the fourth
was too short (1-1 A). Further refinement using aniso-
tropic temperature factors for all the atoms converged
with R=0-064. During the refinements the molecular
geometry of the perchlorate was re-examined every
second cycle and was corrected by treating the group
as with the normal CI-O distance of 1-43 A and OCIO
angle of 109°. The populations for two orientations
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of the perchlorate group were estimated from the
Fourier synthesis. At this stage a difference Fourier
synthesis was carried out, which revealed all the hydro-

Table 2. Final atomic parameters

(a) Final positional parameters and their standard deviations
(in parentheses)

The values have been multiplied by 104. m*: Population.

z m*

5365 (1)
1357 (3)
5652 (8)
6908 (8)
7362 (8)
5072 (9)
3959 (9)
3454 (9)
6827 (11)
6828 (11)
8611 (9)
8921 (10)
7170 (11)
6494 (12)
8145 (13)
8757 (14)
3984 (9)
3031 (10)
2392 (8)
3206 (9)
3091 (17)
665 (21)
392 (36)
1294 (25)
2319 (39)
1782 (31)
1586 (28)
—229 (20)

X

2208 (1)
252 (2)
2786 (6)
1056 (5)
2940 (5)
1603 (5)
3397 (6)
1426 (5)
2147 (7)
994 (6)
1229 (6)
2396 (6)
2996 (6)
1904 (7)
310 (8)
3325 (9)
4243 (4)
3410 (6)
1828 (5)
485 (5)
63 (11)
795 (15)
—629 (20)
1049 (14)
~230(12)
—312(15)
1334 (17)
—74 (15)

y
2893 (1)
801 (1)
3953 (4)
3240 (4)
2454 (4)
1832 (4)
2611 (4)
3241 (4)
4453 (4)
4141 (5)
2913 (5)
2770 (5)
1562 (5)
1296 (5)
4537 (6)
1140 (6)
3024 (4)
2022 (5)
3723 (4)
3029 (4)
661 (8)
140 (9)
923 (15)
1394 (12)
1420 (14)
113 (14)
875 (10)
1009 (13)

Co

Cl
N(1)
N(2)
N(@3)
N(4)
N(5)
N(6)
C(1)
C(2)
C@3)
C(4)
C(5)
C(6)
C(7)
C®)
o)
0(2)
o@Q)
0@4)
O(5)
0O(6)
O(7)
0O(8)
009)
O(10)
o(11)
0O(12)

SO
P N =X



460

cis-a-[Co(NO,),(L-3,8-DIMETRIEN)]C10,

Table 2 (cont.)

(b) Final thermal parameters and their standard deviations (in parentheses).
The values have been multiplied by 104 and refer to the expression:

exp [ —(B11h2 + B22k2 + B3312 + 2B12hk + 2813k + 2 P23k 1)) .

B B2z B33 B2 B3 B3
Co 21 (0) 17 (0) 61 (1) 0 (0) - 1Q) 2()
Cl 62 (2) 28 (1) 145 (4) 1(1) 21 (2) 7Q2)
N(1) 354 30 (2) 84 (12) 4 (3) 2( 10 (4)
N(2) 28 (4) 22 (2) 65 (10) 2(3) — 6(5) —-13 %)
NQ@G3) 30 (4) 25 (2) 88 (11) 6(3) 7 (6) 5(@4)
N@4) 25(3) 26 (2) 122 (15) —-1(Q) —10 (6) 1(5)
N(5) 43 (4) 25 (3) 77 (11) -23) —12 (6) 3(5
N(6) 36 (4) 20 (2) 91 (11) 1(3) 6 (6) 74)
C®) 46 (5) 17 (2) 139 (15) 6 (4) 109 16 (5)
C(2) 36 (5) 21 (3) 103 (14) —6(3) 14 (7) 6 (6)
C(3) 52 (5) 25(3) 51 .(11) -6 () 17 (6) —11(6)
C4) 46 (5) 27 (3) 74 (11) 2(3) - 9(6) 4 (5)
C(5) 33 (5 24 (3) 121 (15) —11 (3) 5(7) —13(6)
C(6) 45 (6) 25(3) 125 (15) 203) 4 (8) —17 (6)
C( 67 (7) 32(4) 156 (19) —12 (5) 17 (10) 19 (7)
C(8) 74 (8) 35 @) 181 (21) —14 (5) - 5(12) —44 (8)
o(1) 22 (3) 47 (3) 217 (14) 13) 25 (6) 9 (6)
0Q2) 79 (6) 48 (3) 237 (16) —4 (4) 66 (8) 53(7)
0O(3) 74 (5) 45 (3) 97 (11) -4 (4 4 (7) -32(5)
0O4) 37 @) 40 (3) 184 (13) —1(3) —44 (6) - 6 (6)
O(5) 109 (13) 52 (6) 198 (29) 2 (8) 88 (18) 33(12)
O(6) 178 (20) 54 (7) 277 (39) —40 (10) 33 (24) 57 (15)
(o]@))] 207 (29) 157 (18) 650 (81) —112 (20) —136 (45) 55 (36)
O(8) 144 (18) 109 (12) 361 (50) 72 (13) 73 (26) 12 (22)
0(9) 56 (18) 77 (15) 915 (138) —16 (15) 15 (45) 215 (40)
O(10) 177 (34) 57 (14) 433 (94) 60 (19) 81 (50) 1(32)
Oo(11) 52 (17) 147 (27) 697 (129) —61 (19) 14 (43) 35 (56)
0(12) 257 (47) 103 (19) 289 (73) 42 (25) —164 (53) —51 (3%5)

Table 2 (cont.)

(c) Positional and isotropic thermal parameters for the hy-
drogen atoms.
The values for the positional parameters have been multi-
plied by 103.

x y z B (A2
H(N11) 356 (8) 380 (6) 602 (14) 30 (2-7)
H(N12) 264 (8) 420 (6) 438 (13) 2-1 (2-3)
H(N21) 40 (7) 300 (5) 651 (11) 0-9 (2-0)
H(N31) 367 (8) 261 (6) 738 (14) 3.3 (2-8)
H(N41) 78 (9) 192 (6) 482 (15) 5-5(3-1)
H(N42) 181 (8) 163 (6) 382 (13) 2:4 (2-6)
H(C11) 243 (9) 511 (6) 660 (13) 3-1 (2:6)
H(C12) 247 (8) 425 (5) 812 (13) 2-3 (2-6)
H(C21) 80 (7) 429 (5) 549 (13) 1-1 (2-1)
H(C31) 73 (8) 248 (6) 845 (14) 29 (27
H(C32) 85 (8) 325 (6) 957 (14) 2-5(2-6)
H(C41) 248 (8) 257 (6) 1021 (15) 2:7(2:7)
H(C42) 255 (9) 312 (6) 922 (14) 3-6 (3:0)
H(C51) 338 (8) 146 (6) 610 (14) 3-0 (2:8)
H(C61) 137 (9) 136 (6) 727 (15) 4-0 (2:8)
H(C62) 205 (9) 69 (6) 616 (15) 52 (3:6)
H(C71) 33 (10) 512 (7) 755 (17) 6:0 (3-4)
H(C72) —32(9) 420 (6) 842 (15) 4-7 (3-2)
H(C73) 48 (9) 451 (6) 948 (15) 3-4 (2-7)
H(C81) 274 (10) 112 (6) 941 (16) 5-8 (3-2)
H(C82) 391 (9) 127 () 926 (15) 36 (3-0)
H(C83) 348 (8) 49 (6) 861 (13) 1-8 (2+6)

gen atoms. The final set of least-squares calculations
was carried out including the contributions of the hy-
drogen atoms. Temperature factors for the hydrogen
atoms were assumed to be isotropic. After one cycle

of the refinement the R value was reduced to 0-056.
Unit weight was given for all |F,|s larger than 20-0 and
0-2 for the remainders.

The absolute configuration of the whole complex
ion can be determined as 4 from knowledge of the
absolute configuration of the L-3,8-dimetrien ligand.

Atomic scattering factors were taken from Interna-
tional Tables for X-ray Crystallography (1962). The
observed and calculated structure factors are listed in
Table 1. Final atomic parameters are given in Table 2,
with their estimated standard deviations.

Fig.1. Projection of the structure along the c¢ axis.
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Results and discussion

The crystal structure can be described in terms of suc-
cessive layers of cations and anions parallel to the
plane (100). Fig. 1 represents the arrangement of the
complex cations and perchlorate anions in the unit
cell, viewed down the ¢ axis. Oxygen atoms of the
perchlorate groups are disordered over two sites. Those
shown by broken lines have a smaller population of
0-4 and the other oxygen atoms have a slightly larger
value of 0-6. Dashed lines indicate some close contacts.
The packing relation in this crystal is similar to those
observed in the cis-f isomer (Ito, Marumo & Saito,
1970) and in the trans isomer (Ito, Marumo & Saito,
1972). Fig. 2 is a representation of the anisotropic
thermal motion of the complex cation. It represents
correctly the absolute configuration of the complex
ion, which can be described as a skew chelate pair, 4.
The bond lengths and angles are listed in Table 3 with
their estimated standard deviations.

The combination of the conformations for three
chelate rings is 6, 4 and J, and the two methyl groups
lie in equatorial positions with respect to the planes
of the chelate rings. Consequently, the absolute con-
figurations about both the asymmetric nitrogen atoms
are S. The above mentioned stereochemical features,
which had been expected from the circular dichroism
and proton magnetic resonance measurements (Y oshi-
kawa & Saburi, 1971), were indeed confirmed by the
present study.

The Co-N(dimetrien) distances are almost equal
within twice the standard deviations. Their mean value,

HC(62)

Fig.2. A perspective drawing of the complex cation showing
ellipsoids of thermal motion.

A C28B - 9*
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1-958 (7) A is comparable with 1:955 (9) A in cis-a-
[Co(trien)NH;CI(NOs), (Dwyer & Maxwell, 1970)
and with 1-970 (15) A in cis-B-[Co(NO,),(L-3,8-dime-
trien)]C10, (Ito, Marumo & Saito, 1970). The average
C-N distance of 1-493 A and C-C distance of 1:504 A
are in agreement with those observed in other trien
structures (Freeman & Maxwell, 1969). The two nitro-
gen atoms of the nitro groups are coordinated at a
distance of 1-895 (8) A which is shorter than those of
the cis-f and the trans isomers.

Table 3. Interatomic distances and bond angles in the
complex ion and the perchlorate ion

The estimated standard deviations given in parentheses afe for
least significant figures.
The complex ion

Co---N(1) 1:935 (D A C(1)--"N(1) 1480 (12) A
Co-+-N@2) 1-964 (7) C(2)-+-*N(2) 1-520 (11)
Co---N(3) 1-959 (7) C(3)---N(2) 1-464 (11)
Co---N@4) 1-951 (7) C@)---N(3) 1497 (11)
Co- - - N(5) 1902 (7) C(5)-+-N(3) 1-510 (11)
Co- - - N(6) 1-883 (7) C(6)---N(4) 1485 (11)
C(1)---C2) 1-522 (13) N(5)---0O(1)  1-258 (10)
C@3)---C4) 1487 (12) N(5)---0(2) 1-232(10)
C(5)---C(8) 1493 (14) N(6)---0(3) 1-266 (10)
C(2)---C(7) 1495 (13) N(6)---0(4) 1:235(10)
C(5)---C(6) 1-522 (13)

N(1)CoN(2) 857 (3)° C(HC2)C(7) 113-5(8)
N(2)CoN(3) 87-6 (3) C(T)C2)N(2) 1164 (7)
N(3)CoN(4) 86-5 (3) N@2)C(3)C4) 1107 (7
CoN(1)C(1) 113-6 (6) C(3)C4)N(3) 111-2(7)
CoN(2)C(2) 107:9 (5) N@B)C(5)C(6) 106-7 (7)
CoN(2)C(3) 110-3 (5) C(5)C(6)N(4) 108-0 (7)
CoN(3)C(4) 108-3 (5) N@B)C(5)C(8) 113-7 (8)
CoN(@3)C(5) 1084 (5) C@®)C(5)C(6) 113-7(9)
CoN(4)C(6) 111-7 (5) CoN(6)O(3) 121-5 (6)
CoN(5)0(1)  120:0 (6) CoN(6)O(4) 121-5(6)
CoN(5)0(2) 123-7 (6) O(B)N(6)O(4) 117-8 (7)
O(1)N(5)0(2) 1173 (7) C(2)N(2)C(3) 114-5(4)
N(C(1)C2) 107-8 (7)° C(4)N(3)C(5) 117-1(4)
C(1)C(2)N(2) 1073 (7)

The perchlorate ion

Cl---0(5) 1-404 (14) A Cl---0(09) 1:419 (19) A
Cl---0(6) 1-409 (16) Cl---0(10) 1:393 (23)
Cl---0(7) 1-346 (26) Cl---0(11) 1359 (27)
Cl-+-0(8) 1-405 (19) Cl---0(12) 1-:357 (22)
O(5)CIO(6) 1088 (9)° O(9)CIO(10)  105-7 (12)°
0O(5)CIO(7) 116-0 (13) Oo9)CIO(11)  106-1 (14)
O(5)CI1O(8) 105-7 (10) 0(9)CIO(12)  100-1 (12)
0(6)CIO(7) 106-9 (13) O(10)ClO(11) 1227 (15)
0O(6)CLO(8) 102-2 (10) O(10)ClO(12) 106+6 (13)
O(7)CIO(8) 116:3 (14) o(11ncClo(12) 113-1(15)

The angles subtended at the cobalt atom by the
outer two chelate rings [85-8 (3), 865 (3)°] are equal
within twice the standard deviations, whereas the angle
subtended by the inner chelate ring is slightly larger at
87-6 (3)°. The two outer chelate rings have unsym-
metrical skew conformations. The ring carbon atoms
C(1) and C(2) lie at —0-6 and 0-0 A, respectively, from
the N(1)-Co-N(2) plane. The corresponding devia-
tions of C(5) and C(6) from the N(3)-Co-N(4) plane
are —0'1 and 0-5 A. In the central chelate ring, on the
other hand, C(3) and C(4) are found to lie 0-24 A above
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and 0-27 A below the plane of N(2)-Co-N(3), respec-
tively. In a number of ethylenediamine complexes of
Co(III), the dihedral angles (N-C-C-N) formed by
the plane of N-C-C and the plane of C-C-N are

Table 4. The short distances between the hydrogen atoms
belonging to the different chelate rings within the same
molecule

H(C12) - - -H(C42) 2:09 A
H(C31) - - -H(C61) 225
H(N11)- - -H(N31) 2:27
H(N21)- - -H(N41) 2:30

Table 5. Intermolecular distances less than 3-5 A

Key to symmetry operations

(1) X, Vs z
2) -x, 054y, 05-:z
3 0-5—x, -y, 054z
4) 0-5+x, 05—y, 1-0—-=z
%) 05—x, 10—y, O05+z
Symmetry
operation
applied to
Distances second atom
N@4):--0(5) 316 A )
N4)---0(8) 314 (¢))
N@4):--0(9) 3-21 (1)
N@)---0(11) 320 1)
0O(2)---0(8) 340 (1)
02)---0(11) 341 (1)
O@4)«--0(8) 3:21 ()
0O@4)--0(9) 293 (1)
N(6) - -O(10) 345 2)
C(2)---0(6) 3-40 2)
C(2)---0(10) 3-38 (2)
C(7) - -O(6) 345 )
C(7) - - -O(12) 3-39 (2)
0@3)---0(10) 307 2)
C(5) - - - O(6) 3-44 3)
C(8) - --0O(6) 3-43 3)
N(1)---0(5) 3-06 @)
N()---0(09) 3-00 4)
N(1)- - -0(10) 3-48 (C))]
N@3)---0@4) 3-29 )
N@3)---0(9) 2:97 @)
C(1)---0010) 341 (C))
C@4)---0(7 3-34 4)
C(4)--0(9) 339 4)
C(5)+--0(4) 3-18 4
C(8)---0(4) 3:39 ()]
O(1)- - -NQ2) 3-17 4)
O(1)- - -N(4) 3-03 “4)
o(1)---0(4) 322 4
Oo(1)---0(5) 3-35 4
Oo(1)---0(9) 312 é4
O(2)---N(2) 3-31 4)
C(1) - --0Q) 335 ®)

cis-a-[Co(NO,),(L-3,8-DIMETRIEN)]CIO,

about 50°. However, the angles for the two outer
chelate rings in the present compound are 40 and 42°,
and the central chelate ring has a much smaller value
of 35° These deformations of the chelate rings may
be attributed to the non-bonded interactions between
hydrogen atoms of the three chelate rings, since the
ligand is turning from one ring to the next. Table 4
shows the short distances between the hydrogen atoms
belonging to the different chelate rings. This point will
be discussed in detail in the next paper (Ito, Marumo
& Saito, 1972). The conformations of the three chelate
rings are such that the cis-a dimetrien skeleton pos-
sesses an approximate twofold rotational axis through
the cobalt atom and bisecting the C(3)-C(4) bond.

Close contacts between the coordinated nitrogen
atoms and perchlorate oxygen atoms, and between the
oxygen atoms of the nitro groups and the perchlorate
oxygen atoms of less than 3-5 A are listed in Table 5.
All these distances agree with those observed in the
cis-f isomer (Ito, Marumo & Saito, 1970).

Calculation of the Fourier synthesis and the least-
squares were carried out on the HITAC 5020E com-
puter at the Computer Centre of this University with
the programs ANSFR-1, RSFR-5, HBLS-4 and
ORTEP of the UNICS system written by Dr Iwasaki,
Dr Sakurai, Dr Ashida and Dr Johnson respectively.
All other calculations were computed on the FACOM
270-30 computer at this Institute.

Part of the cost of this investigation was met by a
Scientific Research Grant of the Ministry of Educa-
tion, to which the authors’ thanks are due. The authors
are grateful to Professor S. Yoshikawa and Dr M.
Saburi for the kind supply of the specimens.
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