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During the past several years the crystal 
structures of various cobalt-ethylenediamine 
complexes have been determined by one of the 
present authors (Y. S.), Kuroya et al.1-4) and 
Becker et al.5) The puckered form of the 
cobalt-ethylenediamine ring has thus been 
established. In connection with this, the 
present investigation was initiated in order 
to determine the configuration of the cobalt-
propylenediamine ring;

with special interest in the orientation of the 
substituted methyl group. Corey and Bailar6 
have recently discussed the geometry of various 
metal-chelate rings. Their conclusion for the 
metal-propylenediamine ring agrees quite well 
with the results obtained here . The absolute 
configuration of the complex ion [Co l-pn2Cl2] + 
has also been determined by the usual absorp-
tion edge technique. 

Experimental 

Crystals of [Co l-pn2Cl2]Cl.HCl.2H2O were pre-
pared by the method of Werner and Frohlich7)**. 
They are well-developed dark green tablets , show-i
ng predominant (100) faces . In polarized light, 

they exhibit a marked dichroism similar to that

observed for [Co en2Cl2]Cl.HCl.2H2O. This fact 

suggest that the structure is closely related to those 

of the ethylenediamine-analogues. 

As the crystals of [Co 1-pn2Cl2]Cl.HCl_2H2O 

decompose gradually when exposed to air, special 

precautions had to be taken to preserve the crystals. 

It was found that adequate protection was afforded 

by a thin layer of grease. Specimens treated with 

grease were preserved intact for several weeks. 

From measurements made by using an X-ray 

diffractometer with CuKƒ¿ radiation (ƒÉ=1.5418 A), 

the unit cell is found to be monoclinic, with

and

The cell contains four formula units of [Co l-

pn2Cl2]Cl.HCl.2H2O(density, calculated 1.494g./cc. ; 

found 1.495g./cc5 at 26•Ž) . The space group was 

found to be C2/m, Cm or C2 from Weissenberg 

photographs taken with FeKa radiation. The 

former two space group estimates can be excluded 

since it is certain that the compound is optically 

active and cannot have a center or a plane of 

symmetry in the arrangement in the crystals . 

The structure determination was based on analysis 

of the (h0l) and (hk0) reflections, which could be 

carried out in quite a straightforward fashion . 

Intensity data for the (h01) and (hk0) reflections 

were recorded on zero level Weissenberg films about 

the b- and c-axes by the multiple-film technique . 

FeKƒ¿ radiation was used (ƒÉ=1.937 A) . The in-

tensities of the reflections were measured by visual 

comparison with an intensity scale. They were 

corrected for absorption, Lorentz and polarization 

factors. Observed structure amplitudes were brought 

to an absolute scale afterwards by scaling them 

against the calculated values, the maximum sin ƒÆ/ƒÉ 

observed being 0.514. 

Patterson functions could be solved without 

difficulty by comparison with those of the ethylene-

diamine-analogues, yielding approximate positions 

not only for the heavy atoms but also for lighter 

atoms. Thus, Fourier syntheses of the electron 

density projections along [001] and [010] could be 

computed. 

Fourier refinements were repeated as usual. Final 

projections of the electron density along [010] and 

[001] are shown in Figs. I and 2 respectively. 

They can be interpreted in terms of Figs . 3 and 4 

respectively. The final set of parameter values is

* Part of this paper is taken from th
e paper of the 

same title by the same authors, from " Advances in the 
Chemistry of the Coordination Compounds", © Stanley 
Kirschner, 1961, and published by the Macmillan Company , N

ew York. 
** Optically active propylenediamine was kindly p

re-
pared by Prof. H. Kuroya of Osaka City University, to 
whom the authors' thanks are due. 
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TABLE I. ATOMIC PARAMETERS

Fig. 1. Electron-density projection along [010]. 
Contours are drawn at intervals of 2e. A-2. 
Contours above 10e. A-2 are drawn at 5e. A-2 
with thick lines. Zero contours are broken.

Electron density projection

Fig. 2. Electron-density projection along [001]. 
Contours are drawn at intervals of 2e. A-2. 
Thick contours are at intervals of 10e. A-2. 
Zero contours are broken.

listed in Table I. This gives the reliability index 

R=ƒ°||Fo|-|Fc||/ƒ°|Fo| of 0.14 and 0.15 for 

(h0l) and (hk0) respectively, non-observed reflec-

tions being excluded. The contributions of hydro-

gen atoms were neglected. The agreement between 

the observed and calculated structure factors is 

shown in Table II. 

Calculation of the structure factors as well as 

of the electron density projections was carried out 

with a PC-1 parametron computer in the Faculty of 

Science of this University. In the calculation of 

the structure factors, the atomic scattering factors 

were taken from the paper of Vand, Eiland and 

Pepinsky8). Different isotropic temperature factors 

were applied for each atoms ; these are listed in 

the last column of Table 1.

Fig. 3. Projection of the atomic arrangement 
on (010).

Fig. 4. Projection of the atomic arrangement 
on (001).

Determination of the Absolute Configuration 

The absolute configuration of 1-propylene-

diamine has been chemically related to D-

alanine by modification of COOH in the latter 

to CH2NH2 of the former9). Since the absolute 

configuration of D-alanine is already known, 

1-propylenediamine must possess the absolute 

configuration shown by I :

8) V. Vand, P. F. Eiland and R. Pepinsky, Acta Cryst., 
10, 303 (1957). 

9) H. Reihlen, E. Weinbrenner and G. V. Hessling, 
Ann., 494, 143 (1932).
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TABLE II. OBSERVED AND CALCULATED STRUCTURE FACTORS
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(I)

On the basis of the principles of stereo-

chemical analysis developed by Corey and 

Bailar, it is possible to correlate the absolute 

configurations of various complex ions, for in-

stance, those of L- [Co en3]3+, L- [CO l-pn3] 3+ 

and 1-pn. The result of the assignment of the 

absolute configuration of L- [Co en3] 13 based on 

that of 1-propylenediamine agrees with the 

absolute configuration found for L- [Co en3] 3+ 

by X-ray analysis10). Nevertheless, it was 

thought worthwhile to check the absolute con-

figuration of the 1-propylenediamine molecule, 

since so much stereo-specificity depends upon 

this chemical assignment of 1-propylenediamine, 

and also, this will add support to our previous 

findings on the absolute configuration of L-

[Co en3]3+. 

The absorption edge of the K electrons of 

cobalt is 1.608 A. Since CuKƒ¿ radiation (ƒÉ= 

1.542 A) has a wavelength a little shorter than 

the absorption edge of cobalt, it can excite the 

K electrons, and it was found that ƒ¢f' = -2.2 

and ƒ¢f"=3.911). Corrections for chlorine 

atoms due to the anomalous dispersion caused 

by K-electrons were also taken into account. 

They were: ƒ¢f'=+0.2 and ƒ¢f"=+0.7 (cal-

culated from the Table in James' book12))_ 

Intensities were calculated for the structure 

model which corresponds to the l-configuration 

shown by I. In Table III experimental and 

calculated relations between Ihkl and Ihkl are 

compared, the latter being equal to Ihki by 

symmetry. Visual estimations of the last 

TABLE III. DETERMINATION OF THE ABSOLUTE 

CONFIGURATION

column have been made, on a series of oscil-

lation photographs taken around the b-axis, 

by several people independently. It is seen 

that the configuration is in agreement with 

the chemical convention. 

Description of the Structure and Discussion 

The determined structure seems most easily 

understood with the aid of the projection upon 

(010) shwon in Fig. 3. The interatomic distances 

and bond angles are given in Table IV. 

The estimated errors of interatomic distances 

are ; •} 0.01 A for Co-Cl, •}0.04 A for O-Cl, 

N-Cl, and Co-N, and •}0.06 A for other inter-

atomic distances between lighter atoms. 

The structure is essentially ionic and con-

sists of the complexes, [Co l-pn2Cl2] + and 

[H2O. H. H2O] + and the Cl- ion. Figure 5 shows 

a perspective drawing of the [Co l-pn2Cl2] + 

ion. Two chlorine atoms are coordinated, at

Fig. 5. A perspective drawing of the 

complex ion [Co l-pn2Cl2] +.

a distance of 2.29 A, to a cobalt atom in trans 

positions. A line joining them is approximately 

perpendicular to the plane in which the four 

nitrogen atoms of the two propylenediamine 

molecules were found to lie. Within the range 

of experimental error, these ligand atoms (4N 

and 2Cl) form a distorted octahedron around 

a cobalt atom. The bond length found for 

Co-Cl agrees with those found in [Co enzClz] 

Cl.HCl.2H2O1) and [Co(NH3)3H2OCl2] Cl13)

However, it is significantly longer than the 

value of 2.22 A found in the crystals of an-

hydrous [Co en2Cl2] Cl5)*. The chelating mole-

cule assumes a gauche configuration with an 

azimuthal angle of 55•K between the planes deter-

mined by the C-C and C-N bonds. The azi-

muthal angles between the planes determined 

by the C-C and C-N bonds and that determined 

by the Co-N and C-N bonds are, on the average, 

38•‹. Consequently, the configuration of the 

five membered cobalt propylenediamine ring 

can be assigned as gauche-gauche-gauche with 

respect to the N-C, C-C and C-N bonds. 

The shape and size of this five-membered 

ring agree well with those of the cobalt-ethylene-

diamine rings found in [Co en2Cl2] +, and [Co10) Y. Saito, K. Nakatsu, M. Shiro and H. Kuroya, This 
Bulletin, 30, 795 (1957). 
11) C. H. Dauben and C. F. Templeton, Acta Cryst., 8, 

841 (1955). 
12) R. W. James, "The Optical Principles of the Dif-

fraction of X-Rays ", G. Bell and Sons Ltd., London 
(1958), p. 608.

* This big difference might have some relation to the 

difference in stability between [Co en2C12]Cl.HC1.2H2O 
and [Co en2Cl2]Cl. 
13) Y. Komiyama, Y. Saito and H. Kuroya, This Bulle-

tin, 25, 328 (1952).
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TABLE IV. INTERATOMIC DISTANCES AND BOND ANGLES

end 3+ The same type of puckered rings is also 
found in other metal-ethylenediamine com-

plexes, such as [Cr en2Cl2] + 14), [Ni end 2+ 15) 
and [Cu en2] 2+ 16) 

The presence of a substituted methyl group 
on the carbon of the ethylenediamine molecule 
does not disturb the essential features of the 
five-membered ring. 

The complex ion possesses approximate two-
fold symmetry around the Cl-Co-Cl bond. 
Therefore, this complex ion assumes the kk 
form ; that is, the two cobalt propylenediamine 
rings take the same configuration. The com-

plex ions [Co en2Cl2] + and [Co dl-pn2Cl2] + 17), 
however, are found to take the kk' configura-
tion ; namely, two kinds of ligand molecules, 
the one being the mirror image of the other, 
are coordinated to the central atom in such a 
way that one is related by the operation of a 
center of symmetry to the other. According 
to Corey and Bailar, the kk form is in-
trinsically more stable than the kk' form. 
The reason why the kk' form often occurs in 
crystals of various complex compounds may 
be that the kk' form is favored by specific in-
termolecular forces in the solid state.

Since the five-membered ring is puckered, 
there are two possibilities of the orientation of 
the C-CH3 group, namely, axial and equatorial 
types with respect to the Cl-Co-Cl bond. It 
was found that the bond is equatorial in the 
complex ion [Co l-pn2Cl2] +, in agreement with 
the conclusion of Corey and Bailar that the 
equatorial orientation is of a lower energy 
than the axial one. 

Since the structure is closely related to that 
of the en-analogue, a similar consideration of 
the arrangement of chlorine ions around the 
two water molecules leads us to locate a proton 
midway between the water molecules. The
O-O  distances were found to be 2.571. A

molecule of H2O possesses two Cl- ions as the 
nearest neighbor anions, the Cl----O distance 
being shown in Table II. Thus, every [H2O. 
H.H2O1+ group is surrounded by four Cl-
ions. The complexes [H2O.H.H2O) + form a 
chain of the composition :

this chain runs parallel to the c-axis. 

Such complexes have been found in crystals 

of Co-en analogues1,2) and in a Cr-en analogue14)

14) S. Ooi, Y. Komiyama and H. Kuroya, ibid., 33, 354 
(1960). 
15) L. N. Swink and M. Atoji, Acia Cryst., 13, 639 (1960). 
16) Private communication from Dr. Y. Komiyama. 
17) Y. Komiyama and Y. Saito, to be published.



1136 Yoshihiko SAITO and Hitoshi IWASAKI [Vol. 35, No. 7

with an average O-O distance of 2.60 A. The 

existence of the complex [H2O.H.H2O] + was sug-

gested by Huggins18) and was indeed verified 

by our investigations of these coordination 

compounds. 

As in the case of the en-analogues, the com-

plex ions form a layer parallel to the plane 

(100). The Cl-Co-Cl bond is inclined to the 

plane (010) at an angle of 5•‹, and the projec-

tion of this direction upon (010) makes an 

angle of 9.5•Ž with the c-axis. 

In the case of the en-analogues, these angles 

are 14.5•‹ and 10•‹. The closest distance of ap-

proach between the complex ions in the layer 

was found to be about 3.191, between the 

coordinated Cl atom of one complex ion and 

the N atom of the adjacent. Thus, the com-

plex ions are held together in layers by these 

Cl...N bonds. One complex [Co l-pn2Cl2] + ion 

has four nearest Cl- ions. The closest approach 

of a complex ion and Cl- ion is between 

N'(2) and Cl(2), the Cl...N distance being 

3.101. Other Cl-•cN distances are 3.37, 3.40 

and 3.541. These values may be compared 

with those found in crystals of the en-

analogues. 

Between the layers of the complex [Co l-

pn2Cl2] + ions are arranged the complexes 

[H2O•EH•EH2O] + and Cl- ions. These general 

features of the structure are quite similar to 

those of the ethylenediamine analogues. This 

fact can be more easily seen if an alternative 

a-axis is taken along one of the face diagonals. 

Then the propylenediamine ligands lie approxi-

mately on the new (001) plane. This new unit 

cell is very similar to that of the en-analogues 

in projection. However, the packing of the 

chlorine ions and water molecules is different 

from those in the en-analogues because of the 

methyl groups attached to the cobalt ethylene-

diamine ring. Thus, there is a twofold axis

of rotation midway between the water mole-
cules instead of a center of symmetry. This 
situation leads to a doubling of the a-spacing 
in the case of the present propylenediamine 
analogue. 

Thin tabular crystals extended on (010) 
appear blue when the electric vector is parallel 
to the c-axis, while they appear yellowish green 
when the light is polarized along the b-axis. 
Such a striking dichroism may be reasonable, 
since there is a large component of the Cl-
Co-Cl bond along the c-axis. This dichroism 
is quite similar to that of the en-analogues. 
The dichroism of the latter crystals have been 
extensively measured by Yamada et al.19) 

The absolute configuration of the l-propylene-
diamine molecule is found to be given by I 
and to agree with the chemical convention. 
The absolute configuration of [Co l-pn2Cl2] + 
corresponds to the drawing given in Fig. 5. 
Accordingly, on the basis of the principles of 
Corey and Bailar, the absolute configuration 
of the complex ion [Co en3] 3+ can be shown 
to agree with our previous results, directly 
obtained by X-ray techniques. 

In conclusion, the stereochemical principles 
and the method for correlation of absolute 
configuration developed by Bailar et al. have 
been proved to be reliable and useful. 

Part of the cost of this investigation was 
defrayed by the Scientific Research Expenditure 
of the Ministry of Education and by The 
Nishina Memorial Foundation, to which the 
authors' thanks are due. They are also indebted 
to Professor R. Sadanaga and his colleagues 
for their aid in calculations on the PC-l 
Parametron Computor.
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