FIVE-COORDINATED 2,2',2"-TERPYRIDYL COMPLEXES OF COBALT(m),
MANGANESE(1r), AND COPPER(m)*

By C. M. Hagrris,t T. N. Lockysr,T and N. C. STEPHENSONT

The chelating ability of 2,2',2"-terpyridyl (terpy) was originally demonstrated
by the classic chemical work of Morgan and Burstall.l Confirmation of the tridentate
nature and virtual planarity of this ligand was provided by the structure of the zinc
complex, ZnCl, terpy, determined by Corbridge and Cox?2
using single crystal X-ray diffraction methods. They found
that each zinc atom was surrounded by a distorted trigonal
bipyramidal arrangement of three nitrogen and two chlorine
atoms (see (I)).

Binstein and Penfold3 have recently carried out a
least squares refinement of the data of Corbridge and Cox2
and confirmed their original results with some small changes
in bond distances, angles, and planarities.

Morgan and Burstalll originally proposed that the
compounds MCl terpy (M = Cull, PdII, PtII, Znll Cdil,
and HgM) possessed structures involving the four-coordinated [MCI terpy]* species.
It has been suggested? that in some cases 2,2',2”-terpyridyl may function as a bidentate
chelating agent.

The properties of various metal complexes of 2,2',2”-terpyridyl have recently
received further attention by a number of workers.5~7 A systematic study of a number
of mono- and bis-complexes have been recently completed in these laboratories® and
evidence. adduced to indicate that various mono-complexes of copper(11), cobalt(rr),
and manganese(11) contain five-coordinated metal atoms. To confirm this the
crystallographic properties of the anhydrous chloro compounds MCly terpy (M = Cu,
Co, and Mn) have been examined to see if these compounds are isostructural with the
corresponding zine complex. Single crystals of the compounds were prepared by the
slow dropwise addition of an ethanol solution of 2,2,2"-terpyridyl to a boiling ethanol
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solution containing a slight excess of the appropriate metal(zr) chloride. The
analytical results are shown in Table 1.

Single crystals of the compounds are invariably elongated along [001], except
the copper compound which is elongated in a direction perpendicular to [010]. The
diffraction data were recorded on films using Weissenberg and precession methods.
The unit cell dimensions are listed in Table 2, and were measured from zero level
precession photographs, and are considered to be accurate to 0:5%,. The standard
deviation in cell volume is thus 12 A3,

TaBLE 1
ANALYSES (%)

C H N Metal C1

CuCly(C15H;1N3) Cale. 490 3:0 11-4 17-3

Found 48-9 2-9 11-1 17-3
ZnCly(C15H;1N3s) Cale. 48-8 3:0 11-4 19-2

Found 48-7 3-1 11-4 19-3
MnCly(Cy5H11N3) Cale. 50-2 31 11-7

Found 49-7 30 117
CoCly(C15H;1N3) Cale. 49:6 31 11-6 16:3

Found | 49-4 3:2 11-2 16-2

The compounds are obviously isomorphous. It is reasonable to assume that in
each case the metal atom is bonded to the three nitrogen atoms of the terpyridyl
molecule and to two chlorine atoms, so that the stereochemistry is that of a distorted
trigonal bipyramid. Substantiating evidence arises from X-ray intensity statistics—

TABLE 2
UNIT CELL DIMENSIONS OF SOME 2,2,2”-TERPYRIDYL COMPLEXES

Space group P2;/c, 4 molecules per cell. Molecular symmetry 1

Compound Colour a(A) b (A) ¢ (&) 8 V (A3) Ref.
CuClg terpy,2H20 | green 10-66 8-26 16-20 95° 1421 2
CuCl, terpy green 10-67 8-17 16-19 95° 1406 | this work
ZnCly terpy light brown 10-97 8:25 16-21 93-5° 1464 2
ZnCls terpy cream 1095 8:32 16-22 93-5° 1474 | this work
CdCls terpy green—yellow | 11-15 822 16-42 93-0° 1503 2
MnCly terpy yellow 10-97 825 16-35 94-0° 1476 | this work
CoCl; terpy green 10-84 8-21 16-24 95-1° 1439 | this work

the distribution of intensities of the same reflection for different compounds is practi-
cally identical, so that the X.ray films become superimposable. Marked deviations
from the above stereochemistry, such as the terpyridyl molecule acting as a bidentate,
would cause the intensity distribution to change noticeably from that observed for
the zinc or copper compounds.. This is not the case. To test this assumption
completely the structure of CoCl, terpy is being refined using three-dimensional single
crystal X-ray data.
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It is of interest to note that distorted trigonal-bipyramidal structures have been
recently reported to occur in five-coordinated copper(ir) complexes? such as iodobis-
(2,2'-bipyridyl)copper(1r) iodide!® and in the dimers of bis(N-methylsalicylaldimi-
nato)zine(1r), cobalt(ir), and manganese(rr).ll1 The manganese(r) and cobalt(1r)
complexes are of the “high-spin’ type, as is the case for the 2,2',2"-terpyridyl com-
pounds of manganese(1r) and cobalt(1r) chloride discussed here.
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