
1016 Teruo NOMURA, Fumiyuki MARUMO and Yoshihiko SAITO [Vol. 42, No. 4

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN VOL. 42 1016-1020 (1969)

The Crystal Structure of (-)D-Tris(trimethylenediamine)cobalt(III)

Bromide Monohydrate*1

Teruo NOMURA,*2 Fumiyuki MARUMO and Yoshihiko SAITO

The Institute for Solid State Physics, The University of Tokyo, Roppongi, Minato-ku, Tokyo

(Received August 22,1968)

The structure of (-)D-[Co(tn)3]Br3・H2O (tn:H2N-CH2-CH2-CH2-NH2) has been solved by

the heavy atom method and refined to R=0.11 by least-squares analysis based on 1845 three-

dimensional data. The substance crystallizes in the monoclinic space group P21 with unit cell

dimensions: a=16.274, b=9.863, c=9.489A, β=126.4° and Z=2. The complex ion in the

structure has approximately a three-fold axis of rotation. The three six-membered Co-tn rings

are nearly identical and take chair form. The chelate ring is rather flattened out, owing to the

strong H-H repulsion. The absolute configuration of(-)D-[Co(tn)3]3+ has been found to be

the same as that of (+)D-[Co(en)3]3+.

The absolute configuration of the complex ions,

(+)D-[Co(en)3]3+ and (-)D-[Co(l-pn)3]3+ have
been determined by means of X-rays.1-3) They

have five-membered chelate rings. No investiga-
tion has, however, been made on the absolute
configurations of the complex ions with six-
membered chelate rings. One of the simplest of
those is tris(trimethylenediamine)cobalt(III) ion,

[Co(tn)3]3+. The ORD and CD of[Co(tn)3]3+
have been measured by Woldbye.4,5) The pres-
ent investigationof the crystal structure of

(-)D-tris(trimethylenediamine) cobalt (III) bromide

*1 Part of this paper is taken from the Doctoral

Thesis presented to the University of Tokyo by Teruo
Nomura, 1968. Short Communication, This Bulletin,
41, 530 (1968).
*2 Present address: Department of Chemistry,
Rikkyo University, Ikebukuro, Tokyo.
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36, 1543 (1963).
3) H. Iwasaki and Y. Saito, ibid., 39, 92 (1966).

4) F. Woldbye, "Optical Rotatory Dispersion of
Transition Metal Complexes," European Research
Office, U.S. Army, Frankfurt a. M. (1959).
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monohydrate was undertaken with the purpose of

contributing a better knowledge about the rela-

tion of the absolute configuration and optical

properties of transition metal complexes.

Experimental

(-)D-Tris(trimethylenediamine)cobalt(III) bromide

monohydrate was kindly supplied by Professor Woldbye,

Technical University of Denmark. Single crystals

suitable for X-ray work were grown by slow evapora-

tion of aqueous solution at room temperature. The

specimens used for the collection of the intensity data

were polished into cylinders of diameter 0.07cm, the

axes being parallel to the b- and c-axis, respectively.

Using CuKα radiation, equi-inclination Weissenberg

photographs were taken of the zero to sixth levels for the

crystal rotating about the b-axis and the zero to ninth

level of the c-axis rotation. The intensities were measur-

ed visually using standard calibrated scales and were

converted to structure amplitude values in the usual way.

Correction was also made for absorption by assuming

the crystal to be a perfect cylinder. It was soon found

that the intensity data obtained with the c-axis rotation

are not very accurate owing to the ill-formed shape of the

specimen, so that they were eliminated from the final set

of data used for the refinement. A total of 1845 inde-

pendent pieces of intensity data were collected.

The crystal data are as follows: [Co(H2N-CH2-CH2-

CH2-NH2)3]Br3・H2O, F.W.=538.6, Monoclinic, space

group P21(No. 4*3), a=16.275(10), b=7.863(15), c=

9.489(5)A, β=126.4(1)°, U-970 A3, (CuKαradiation,

λ=1.5418A), Dm=1.80g・cm-3, Z=2, Dx=1.79g・

cm-3. Linear absorption coefficient for CuKα radiation

μ=154.0cm-1.

Determination of the Structure

A three-dimensional Patterson synthesis was

calculated, in order to seek the heavy atom-heavy

atom vectors. This normal Patterson synthesis

was, however, found to be inadequate for this

purpose since rather serious overlappings of peaks

were observed. To reduce the overlappings a

Patterson synthesis was calculated with only the

reflections, of which sinθ/λ ≧0.45. These reflec-

tions were supposed to consist mainly of the con-

tributions of the heavy atoms. The peaks were

sharpened to a good extent. The interpretation

of the Patterson synthesis was not so straightforward

because there exist as many as eight heavy atoms in

the unit cell (6Br and 2 Co). After several trials

positions of the heavy atoms could be assigned.

The coordinates of these atoms were refined by a

block-diagonal least-squares method. The discrep-

ancy factor, R=Σ||Fo|-|Fc||/Σ|Fo|, decreased

to 0.27. A three-dimensional Fourier synthesis

with phases determined by the heavy atoms allowed

the six nitrogen atoms to be located around the

cobalt atom. After further refinements a Fourier
synthesis of electron density and a difference syn-
thesis revealed the positions of the rest of all the
lighter atoms except those of hydrogen atoms and
also indicated that anisotropic temperature factors
were required for all the atoms. After several
cycles of least-squares refinement with anisotropic
thermal parameters, the discrepancy factor was
0.11. The absolute configuration of the complex
ion was automatically determined when dispersion
corrections were taken into account during the
course of the refinement. Part of observed and

calculated relations between hkl and hkl are com-

pared in Table 1. A final difference Fourier
synthesis gave no significant indications of the

positions of hydrogen atoms. Atomic scattering
factors were taken from International Tables for
X-ray Crystallography.6) Dispersion corrections
were also taken from the International Tables.
The Fourier synthesis program used is ANSFR-1
written by Dr. H. Iwasaki, in which the anomalous
scattering is taken into consideration. The least-
squares program is HBLS-III written by Dr. T.
Ashida. The weights were assumed as 1 for all

TABLE 1. CALCULATED AND OBSERVED INTENSITY

RELATIONS BETWEEN hkl AND hkl

*3 P2 1/m is excluded since the crystal is optically
active.

6) International Tables for X-ray Crystallography,
Vol. III, Kynoch Press, Birmingham (1962).
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reflections in the least-squares refinements. The

final three dimensional electron density map is

shown in Fig. 1. The final parameters are given

TABLE 2. FINAL FRACTIONAL COORDINATES AND

THEIR e.s.d.'S

in Tables 2 and 3. Agreement between the
observed and calculated structure amplitudes is
reasonable.*4 The standard deviations of the
coordinates, estimated from least-squares results,
are 0.005 A for the bromine and cobalt atoms and
0.03A (mean) for others.

Description of the Structure

and Discussion

A projection of the contents of an asymmetric
unit onto the plane (010) is presented in Fig. 2.
The bond lengths and bond angles with their

Fig. 1. The final three-dimensional electron den-
sity map composed of sections through the
atomic centers parallel to (010). The contours
are drawn at intervals of 1.0e.A3, starting
with 1.0e.A-3.

TABLE 3. FINAL THERMAL PARAMETERS AND THEIR e.s.d.*

Temperature factors are of the form.: exp[-(h2β11+k2β22+l2β33+2hkβ12+2hlβ13+2klβ23)].

#4 A complete list of the observed and calculated
structure factors has been submitted to and is kept as
Document No. 6902 at the office of the Bulletin of the
Chemical Society of Japan, 1-5 Kanda-Surugadai,

Chiyoda-ku, Tokyo. A copy may be secured by citing
the Doument number and by remitting, in advance,
¥1,600 for photo prints. Pay by check or money
order, payable to: Chemical Society of Japan.
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e.s.d.'s are listed in Table 4, and pertinent inter-

molecular contacts (i.e., those less than 4.5A)

are given in Table 5.

The complex cation, [Co(tn)3]3+, has ap-

proximately a three-fold symmetry. A projec-

tion of the complex ion along its approximate three-

fold axis is shown in Fig. 3. The three chelate

rings are nearly but not exactly identical and take

chair forms, in contrast to a puckered form of the

five-membered chelate rings formed by ethylene-

diamine. The six-membered ring seems to be

more flexible than the five-membered ring. Its

conformation may be easily affected by the specific

intermolecular forces in the crystal. The chelate

ring is rather flattened out due to non-bonded

hydrogen interactions. Bond angles Co-N-C are

larger than the normal tetrahedral angle, the

mean value being 117.4°. This value does not

differ significantly from those found in the six-

membered ring in trans-dichloro(1,4,8,11-tetra-

Fig. 2. The structure in an asymmetric unit,
viewed along the b-axis.

TABLE 4. THE BOND LENGTHS AND BOND ANGLES

IN THE COMPLEX ION, (-)D-[Co(tn)3]3+
Their e.s.d.'s are given in parentheses.

TABLE 5. INTERMOLECULAR CONTACTS LESS THAN

4.5A AND THEIR e.s.d.'s IN PARENTHESES

The following superscripts are used for this table.

Fig. 3. A drawing of the complex ion, (-)D-

[Co(tn)3]3+, viewed along the approximate
three-fold axis through the cobalt atom.

azacyciotetradecane) nickel (II).7) But the mean

value of N-C-C and C-C-C angles is 112.8°,

which is closer to the normal tetrahedral angle.

The N-Co-N angle is larger than 90°, the mean

value being 94.5°. The interatomic distances are

normal as shown in Table 4. The displacement

of the nitrogen atoms from the regular octahedral

position is recognized in Fig. 3. The displace-

menu are quite irregular. Distortions of the

chelate rings described above and of octahedral

coordination appear to make the complex less

stable than that with five-membered chelate rings.8)

It is to be noted here that the chair conformation

of the metal-trimethylenediamine ring is maintained

in various complexes with multidentate chelating

agents that contain these amines as their frag-

ments.

A complex cation is surrounded by six bromide

anions. Eight closest Br-N approaches occur at

distances ranging from 3.24A to 3.44A. The

7) B. Bosnich, C.K. Poon and M.L. Tobe, Inorg.
Chem., 4, 1102, 1109 (1965).
8) J.C. Bailar, Jr., and J.B. Work, J.Am. Chem.
Soc., 68, 232 (1946).
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closest O-N contact occurs at a distance of 3.04A

between O and N(2), whereas the van der Waals

radii are 1.92A for Br, 1.50A for N and 1.40A

for O. The molecule of water of crystallization has

contact to Br(2) with a distance of 3.27A.

The absolute configuration of the complex ion,

(-)D-[Co(tn)3]3+, is represented in Fig. 3, which

has the same absolute configuration as that of

(+)D-[Co(en)3]3+ and may be denoted by Λ.9

The optical rotatory dispersion and circular di-

chroism spectra of the complex ion has been measur-

ed by Woldbye. Its absolute configuration is

enantiomeric to that assigned on the basis of the

sign of the prominent Cotton effect,10,11) Woldbye

has assigned correctly its absolute configuration by

examining the behavior of CD spectra in the

presence of phosphate ions.12) The complex ions,

(-)D-[CO(tn)3]3+ and (+)D-[Co(en)3]3+ have

similar circular dichroism spectra and consequently

the sign of the Cotton effect of a particular tran-

sition does not depend on the N-Co-N ring angle,

as some workers supPose.13)

A simple empirical rule relating the sign of the

longer wavelength CD band and the absolute con-

figuration of the chelate ring about the metal atom

seems to hold in this case, too.14)

The rotatory strength of[Co(tn)3]3+ was found

to be smaller than that of [Co(en)3]3+ by a factor

of ten. This ring size effect seems natural in

view of Moffit's model15) for the tris(bidentate)

complexes, in which he ascribed the optical activity

to the crowding of the carbon chains of the ligands

in space, the crowding becoming greater the

shorter the chain. The difference in rotatory

strength may also be attributable to the difference

in the conformation of the chelate ring. In the

cobalt-ethylenediamine ring the two carbon atoms

are arranged symmetrically above and below the

plane formed by the central metal atom and the

two nitrogen atoms, while in the cobalt-trimethy-

lenediamine ring the three methylene groups are

located on one side of the plane of the cobalt and

the two nitrogen atoms and each chelate ring has

approximately a mirror symmetry.
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