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The molecular structure of the two complex ions [Co(tmen),]'+ and [Co(tmen),12' (tmen = 2,3-dimethylbu- 
tane-2,3-diamine) have been determined at 100 K. They show a strong trigonal distortion of the octahedral CON, 
core. The twist angle is 26.2(2.8)" for Co" and 43.9(9)0 for Co"'. Average Co-N distances are 2.193(13) 8, (Co") 
and 1.997(2) 8, (Co"'), 0.02 8, longer than for the main body of Co"' amines. 

Introduction. - In contrast to the vast number of Co"' amines, [Co(tmen),]'+ 
(tmen = 2,3-dimethylbutane-2,3-diamine, tetramethylethylenediamine) is a labile species 
with regard to base hydrolysis and racemization [l]. 

A smaller ligand-field strength [2] [3] and a higher reduction potential [2] imply a 
considerably expanded coordination cavity for tmen complexes compared to most other 
complex ions with a MN, core. Moreover, the spectroscopic results are compatible with a 
strong trigonal distortion of the coordination octahedron [3]. The synthesis of suitable 
crystalline samples of these coordination compounds and the subsequent crystal struc- 
ture determination was undertaken to rationalize these observations. 

Experimental. - Synthesis and Crystal Growth. [Co(tmen)'I3+ was prepared according to the procedure given 
in [4]. Crystals of [C0(tmen)~](tos)~.2 H,O (1; tos = p-toluenesulfonate, C,H,SO;) were grown by slow evapora- 
tion of a sat. aq. soh.  at r.t. Microcrystalline salts of [Co(tmen),]" with a variety of counterions were obtained by 
reaction of the appropriate Co;: compound with an excess of tmen in EtOH. Crystals of [Co(t- 
men),](CH,SO,),. EtOH. % H,O (2) were grown by cooling a sat. EtOH/MeOH ( 6 :  1) soh.  from 50 to 4' under Ar. 
Densities were measured at 298 K by flotation. 

The crystal of 1 was conventionally mounted on a quartz fiber, the crystal of 2 was sealed in a Lindemann 
capillary unter Ar. Both crystals (Fig.)  were measured at ca. 100 K on an EnrafNonius CAD-4 diffractometer 
equipped with a liquid N, attachment. Crystal data, conditions for data collection, and refinement parameters are 
given in Tables I and 2. Atomic scattering factors were taken from SDP [5 ] ,  thermal motion corrections were 
calculated using THMA 11 [6]. Final atomic coordinates, bond lengths, and bond angles have been deposited with 
the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 IEZ, England. 

Structural Results. - The molecular structures of both coordination complexes con- 
sist of trigonally distorted Co(tmen), chelates. The conformation of the chelate rings is ob, 
for both oxidation states. The trigonal distortion is measured by a twist angle which is 60" 
for octahedral and 0" for trigonal prismatic geometry. For 1, the twist angle is 43.9(9)", 
for 2 it is 26.2(2.8)", i.e., the Co" complex is closer to the prismatic coordination than to 
the octahedral geometry. Expansion of the coordination cavity is demonstrated by long 
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Figure. ORTEP Diagrams for the two complex ions 
[ Co (tinen),]" and [ Co (tmen),]'+ 

Co-N distances within the CON, core. The distance for compound 2 is 2.193(13) 8, and 
that for 1 is 1.997(2) 8,. Co"-N distances for a variety of cobalt amines cluster around 
2.17 A, Co"'-N around 1.97 A [7] [8]. The influence of steric crowding owing to the 12 
peripheral Me groups is also reflected by the rather long C-C bond within the chelate 
ring, 1.551(5) 8, (Co"') and 1.559(13) 8, (Co"). Spectroscopic properties, redox behavior, 
and reactivity are thus fully compatible with the molecular structure of the two com- 
plexes. 

A crucial parameter determining the energy barrier and hence the rate of 
[C~(tmen)J~+~*+ electron transfer is A r ,  the difference of the Co-N distances in the two 
oxidation states. For the two tmen complexes investigated in the present work, Ar  is 
0.20 A, i.e., virtually identical to the corresponding value of 0.19 8, for the [C~(en),]~+'~+ 
pair [7]. In spite of this, the activation energy for electron self exchange is higher 
for [C~(tmen),]~+'~+ than for [C~(en)~]'+'~+. We tentatively attribute this difference to an 
enhanced stiffness of the ligand environment imposed by the 12 Me groups. 

We thank Dr. Monnier, Ciba, for a supply of tmen and the Swiss National Science Foundafion for financial 
support (grant No. 20-29585-90). 
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