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A. INTRODUCTION

Although the octahedral stereochemistry of certain metal complexes has been known
since the time of Wermer, trigonal-prismatic (TP) stereochemistry was reported first! only
in 1923 for the indefinitely extended lattices of the minerals MoS, and WS,. Without any
examples of this stereochemistry in molecular complexes, Bailar was led in 1958 to pro-
pose that the isomerization and racemization of certain octahedral complexes could pro-
ceed by a trigonal twist through a TP intermediate 2, i.e.

&=L =

However; through the ensuing years it was assumed that a six-coordinate complex in its
ground state must have octahedral stereochemistry without much regard for a ligand’s com-
position or possible conformations. This assumption proved to be warranted in all but a
few cases. The report3 that a dithialato compiex
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had been shown by X-ray methods to have a near perfect TP stereochemistry was thus re-
ceived with a great deal of surprise. This report engendered further structural determina-
tions which definitely established TP coordination for Mo(S,C,H,)3 (ref. 4) and near-TP
coordination for V[S,C,(CgHs),13 (ref. 5). Isomorphism and spectroscopic studies sug-
gested TP or near-TP stereochemistries for many other dithiolato complexes of these metal
atoms and those of Cr and W as well. A two-electron reduction of the neutral complexes
was found to cause a twist about the thiree-fold axis toward octahedral coordination in the
cases of M[S2C,(CN), 13 27 (M =V (ref. 6), Mo (ref. 7) and Fe (ref. 8)).

Since twisting about the three-fold axis does occur, it is not only convenient but appro-
priate to relate octahedral, TP, and intermediate stereochemistries by the magnitude of the
twist as well as the approximate energetics of the twist. A generalized energy diagram for
the racemization of octahedral complexes according to Bailar’s trigonal twist appears in
Fig. 1(a). The energy is shown as a function of the twist angle, &, which describes the rota-
tion of one triangular face of the prism with respect to the other. Also appearing (Fig. 1(b))
is a diagram for twisting a complex in which the TP stereochemistry {a = 0°) is more stable
than the octahedral donor atom environment (« = 60°) as is the case with complexes such
as Re[S,C3(CgHs),]3 or Mo(S;C5Hj)3. The final diagram (Fig. 1(c) applies to complex-
es such as Mo[S,C,(CN),1 32—, in which the equilibrium stereochemistry lies between that
of a trigonal prism and an octahedron. The dithiolato complexes of known structures are
listed in Table 1 according to the twist angle. An excellent review?, which describes the
structural systematics of these and other dithiolato complexes, has appeared already. It is
not the intent of this review to duplicate the other but to examine the systematics of com-
plexes derived from so-called innocent ligands and metal atoms from the first transition
series. Criteria for octahedral or TP s2..eochemistries with innocent ligands will be derived
and complexes with known structures will be examined in the light of these criteria.

3

TABLE 1
Stereochemistry of some M(SQC2R2)§Z_ complexes

M R n a Ref.
(deg)
\'4 Ce¢Hs 0 8.5¢ 5
v CN 2 Twisted b 6
Mo H 0 0 4
Mo CN 2 27 7
Re CgHs 0 <1 3
Fe CN 2 ~60 3

4 Calculated from the atomic coordinates.
b Neither the twist angle nor the atomic coordinates are given in ref. 6.
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Fig. 1. Generalized energy profiles for twisting six-coordinate polyhedra about their three-fold axes. (a)
The trigonal prism is less stable than the octahedral enantiomers. (b) The trigonal prism is more stable
than the octahedral enantiomers. (c) Enantiomeric polyhedra with 0° <& < 60° are more stable than
either the octahedral counterparts or the trigonal prism.

B. LIGAND AND METAL STEREOCHEMICAL PREFERENCES

The stabilization of one six-coordinate geometry with respect to another will be the re-
sult of (¢) maximizing bonding interactions between the atoms of the ligand itself; () min-
imizing all non-bonded contacts, and (¢) maximizing the metal—ligand bonding interac-
tions. With reference to condition (c), detailed calculations of the metal—ligand bonding
energy in either geometry would be virtually impossible. However, if all contributions to
the bonding energy, other than ligand field effects, are assumed to be roughly constant for
both geometries, then a comparison of the ligand field stabilization energies (LFSE), which
are readily calculated, ought to indicate the preferred stereochemistry.

It is now an easy matter to see that octahedral stereochemistry is favored over TP coor-
dination in most cases. Twisting the octahedron shown in Fig. 2 about the three-fold axis
will maintain the polar angle, 8 (which we define for our purposes as the angle between
the three-fold axis and the nearest metal—ligand internuclear distances), of cos—1 /1/3.
(54.73°) in the trigonal prism. The twisting will result also in eclipsed ligand donor atoms
whose internuclear separation is only +/2/3 of its value in the octahedron. Consequently,
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Fig. 2. The relationship between an octahedron and a trigonal prism. It should be noted that the defini-
tion of the polar angle differs from the usual one: 8 and 7v—8 measured from the positive z axis.

condition (b) is violated. This situation could be alleviated by lengthening the metal—
ligand bond distance which in turn violates condition {c), or by a trigonal elongation which
will increase the non-bonded contacts along the three-fold axis, a violation of condition
(&) again. Because of this, the relationship between octahedral and TP stereochemistries in
most six-coordinate complexes is that depicted in Fig. 1(a). Entirely equivalent results can
be obtained by allowing six point charges on the surface of a sphere to find positions of
minimum potential energy 10,

If a TP coordination geometry which is more stable than its octahedral counterparts is
to be attained (Fig. 1(b)), a ligand is required which will maximize all bonding interactions
and minimize all non-bonded contacts when the donor atoms are in TP array. A high de-
gree of success has been achieved by the syntheses of rigid, hexadentate ligands which can
either partially or completely encapsulate a metal atom. One or both of the trigonal faces
of the prism are capped by the ligand, while three, rigid side chains emanate from one cap
and terminate at the other if it is present. A particularly useful side chain is the pyridine-
2-carboxaldimino moiety

A om
Ne”

N7 =y
=

which finds a maximum stability when conjugated and completely planar. Providing the
caps are rigid, the natural conformation of the ligand becomes one in which the donor
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atoms occupy the vertices of a trigonal prism.

The equilibrium sterecchemistry of the complex, howe .er, will not be determined sole-
1y by the conformation of the ligand but by the stereochemical preference of the metal
atom as well. Consider the cases which result from the interaction of a ligand whose pref;
erence is TP coordination with a series of metal atoms with differing preferences. With
little or no preference for octahedral stereochemistry, the metal atom will not be able to
overcome the conformational preference of the ligand, so that the equilibrium geometry
of the complex will be TP. If the metal atom has an overwhelming preference for octa-
hedral coordination, the final result will be an octahedral complex (assuming that the li-
gand is able to span the donor sites of an octahedron without undue perturbations of nor-
mal intraligand bond distances and angles). Alternatively, the preference of the metal
atom may lie between these two extremes. In that case, the competition between the op-
posite preferences of the ligand and the metal atom will result in an equilibrium geometry
for the complex which lies between that of an octahedron and a trigonal prism (Fig. 1(c)).

The preference of the metal atom can be determined to a first approximation by a com-
parison of its octahedral LFSE with that of a trigonal prism. This comparison is easier if it
is established that the defined octahedral polar angle of cos—1 +/1/3 remains fixed in the
trigonal prism, although it need not do so. Further justification for this assumption arises
because the average polar angles in the complexes with known structures do not differ
markedly from this value. A general ligand field potential can be derived in terms of this
constant polar angle and a variable twist angle.

Vip = l14eqVm{—Y]—/5/14[(1—e—i39) Y3 —(1—13%) Y3} (#/R5)/9

where e and r are the electronic charge and radius while g and R are the effective charge
and metal—ligand distance, respectively, and the Y are spherical harmonics. (Note that
VL contains a sign error in ref. 11.) The calculated orbital energies appear as a function
of the twist angle in Fig. 3.

Ata=0°, the energies become

E(e")=Ed,;,d,;)=8/3 Dq
E() = E(dy2_y2,dyy) = -2/3 Dgq
E(a}) =E(d,2)=—4Dq

Since the energy span of the d orbitals in the trigonal prism (20/3 Dg) is considerably less
than that in the octahedron (30/3 Dg), it is clear that in most cases the LFSE of a TP com-
plex will be less than that of an octahedral complex. Exceptions exist at d0, d1, low-spin
d2, high-spin d5 and d10 where no preferences are found. The results of a detailed com-
parison of the LFSE values associated with octahedral and TP coordination for the various
d" electronic configurations are shown in Fig. 4. Translating these results to real, divalent
metal atoms from the first transition series shows that the tendency toward octahedral
geometry should decrease according to: low spin Fell > Nill > high-spin Col! > high-spin
Mn!! > Znll, Within a given electronic configuration where an octahedral preference is ob-
served, the preference is expected to increase as the charge on the metal atom increases.

@
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Fig. 3. Variation of the energies of the d orbitals as a function of the twist angle. The polar angle was
taken to be cos— v/ 1/3.
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Fig. 4. Variation of ALFSE with the d orbital occupation number, where ALFSE = LFSE (octahedron)
—~LFSE (trigonal prism),

Thus, low-spin Co'M should have a greater tendency for octahedral stereochemistry than
low-spin Fell. These results actually tend to exaggerate the octahedral preference of a
high-spin d7 system with respect to the preferences of the d8 and low-spin db systems.
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More complete calculations include the effects of repulsions between electrons occupying
the d orbitals. The difference in energy between the occupied d orbitals in the two geom-
etries then becomes (for d> through d10)

5 El(15)°(€)?1 —  E[lep(e)?(")?1=0

d®: E[(159)°] ~  E[(@})?(e)*] = —40/3 Dg—10B
d7: El(t3)°(e)*1 —  E[(@1)?()3(e")2) = —10/3 Dg+3B
d¥: El(23,)(e)?] —  El(@})?(e)(")?] =—20/3 Dg—-3B
d?: El(13)%(eg)’] ~  El@))?(e)*(e")®1=-10/3Dq

dl% E[(155)8(e)*1 —  El@D?EN(E")¥1=0

Thus, both LFSE and elecironic repulsive energy favor octahedral stereochemistry for the
dB and low-spin d® systems, but the stability of an octahedral, high-spin d7 system due to
LFSE is partially canceled by an increase in electronic repulsive energy.

The effect of these contributions to the total energy 12 can be appreciated more fully
by i unagmmg that it is possible fo twist the octahedral M(blpy)3 (M =Fe, Co, or Ni and
bipy = 2, 2'-bipyridine) complexes until « = 0°, but without altering the known values of
Dq and B. The TP complexes of Fel! and Nil! are then found to be less stable than their
octahedral counterparts by 75—95 and 30 kcal/mole, respectively. (The range of energies
for the Fell complex exists because of uncertainties in the values of Dq and B.) The TP
complex of Coll, however, is less stable by only 5 kcal/mole. Consequently, there is vir-
tually no octahedral preference in a high-spin Col! atom and it is reasonable to place this
system on a near par with the Zn!! and high-spin Mn!! systems where absolutely no
preference exists.

C. KNOWN COMPLEXES

The structural principles which were discussed in the preceding paragraphs are exem-
plified by the stereochemistries of the following complexes.

(i) Schiff base condensates of cis cis-1, 3, 5S-triaminocyclohexane

Lions and Martin13 reported the preparation of complexes of cis, cis-1, 3, 5-tris(pyi-
dine-2-carboxaldimino)cyclohexane (or (py);tach) of Fell, Coll and Col!l which are
derived from the condensation of pyridine-2-carboxaldehyde with the triaminocyclo-
hexane (cis, cis-tach). Octahedral coordination was assigned to each, presumably because
of the tendency to equate that stereochemistry with six-coordinate complexes. However,
molecular models of the triaxial conformation of this ligpand indicate that the donor
atoms occupy the vertices of a trigonal prism in the absence of a metal atom. According
to the previous arguments based on simple ligand field theory, the Zn'! complex would be
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Fig. 5. The structure of the Zn[(py)stach]2" ion in the anhydrous perchlorate salt (courtesy of Cherm.
Comimurn.).

expected to preserve this stereochemistry. The structure of Zn[(py);tach] 2+ determined
by an X-ray diffraction study 14 and shown in Fig. 5, consists of a slightly tapered trigonal
prism with an average twist angle of only 4°. The slight deviation from the ideal TP geom-
etry was attributed to the relief of non-bonded contacts which would result otherwise be-
tween the hydrogen atoms of the pyridine ring which are directed toward the three-fold
axis. The average of the polar angles, which are 48° and 56°, is within 3° of cos—1 /1/3.
Isomorphism studies 11 indicated that the high-spin Mnl! and Col! complexes were prob-
ably isostructural. The Nill and low-spin Fe!l complexes were neither mutually isomorph-
ous nor isomorphous with the Znl! complex. The arguments based on ligand field theory
suggested that the d and low-spin d® complexes were probably twisted toward an octa-
hedron. The recent determination 1S of the structure of Ni[(py);tach]2* showed that the
average twist angle is about 32° while the average polar angle is about 54°. A comparison
of the interatofnic distances and angles within the coordination polyhedra of the Znl! and
Nill complexes is given in Table 2.

The electronic spectrum 11 of the Coll complex can be interpreted apparently accord-
ing to a D35 model. A complete diagram of the energies of the ligand field states is given
in Fig. 6. The interpretation is aided by a comparison with the complex of another
a-diimine, octahedral Co(bipy)%"', which has Dg = 1267 cm—! and B =791 cm—1. The
energies of the various electronic states for Dy, and O, complexes, having these Dg'and B
values, are compared in Fig: 7 to the observed spectrum. The manifold of the first, second
and third excited states (*E"' + 447, 445 + 44%) is closely spaced and could result in the
broad, unresolved band that is observed. The electric dipole selection rules in D3z sym-
metry indicate that the only transitions which are formally allowed are E' > E” E' - AY,
and £’ ->A'2' while the E’ —>A'2 transition is forbidden. However, the coordination sym-
metry of the complex must be closer to C3;, where the selection rules penmit all transitions
which are possible in this case. The correlation between the two symmetries is
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TABLE 2
Interatomic distances and angles in the coordination polyhedra? of Zu[(py)stach] 2% ang
Ni[(py)stach] ?*
Bond lengths Bond angles
A @)
M=1Zn M = Ni? M=Zn M=Ni®
M—Naigq 2.14-2.17 2.00-2.12,
1.96—-2.08
M—pr 2.21-2.27 2.08-2.15,
2.09-2.16
Natd—M—Ng1d 82-84 84-86,
82-87
Npy—M—Npy 89-95 92--93,
92-94
Nald—M~-Npy 73-75 77-80,
77—-80

2 Naig is the carboxaldimino nitrogen atom and Npy

is the pyridyl nitrogen atom.

b Two sets of bond distances and bond angles for Ni[(py)atach] 2+ are the result of two complex ions,
not related by symmetry, within the unit cell.
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Fig. 6. Energy level diagram for ad” TP complex. Note that the symmetry labels given in ref. 11 are

incorrect.
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Fig. 7. Energy levels and electronic spectrum of Co[(py)3ztach]?*. (a) Energy levels calculated at @ = 0°
from Dg = 1267 em~! and B= 791 cm™?, Le. those appropriaté to Co (bipy)%"’, where atis assumed to
be 60°. (b) Energy levels calculated at = 0° from Dg = 1290 cm—" and B = 860 cm—. (c) The re-
flectance spectrum of Co[(py)3tach](ClO4),.

In addition, vibrational coatributions to the intensity cannot be discounted. Whatever the
source of the intensity of the observed bands, it is evident that the spectrum of
Co[(py)stach]?*, whose twist angle is expected to be close to 0°, resembles the predicted

ctrum of a hypothetical Co(bipy)3* complex which has a twist angle of 0°. Better
agreement between the observed and calculated energies can be obtained with Dg = 1290
cm—1 and B = 860 cm—1!, as shown in Fig. 7.

The spectrum of Ni[(py); tach]2* has also been compared to that of a hypothetical
Ni(bipy)%* with a twist angle of 30° (Fig. 8). The near-infrared band is then assigned to the
transitions 34, - 34, 345 - 3E, and 34, — 1E, while the band at shorter wavelengths is
due to the 34, -> 3E transition. This model also predicts a 34, - 34, transition which has
not been observed, presumably because of its low intensity. The D5 selection rules forbid
this transition, while all others are allowed. The actual symmetry of the complex must be
close to C3, where all transitions become allowed. Nevertheless, the intensity of the
34, >34, transition would be expected to be weaker than the others, and it could be
buried in the tail of the absorption at shorter wavelengths. Better agreement with the ob-
served spectrum can be obtained by choosing Dg = 1490 cm~1 and B=830cm™1, as
shown in Fig. 8. This interpretation is only tentative, since the transitions terminating in
the 34, and 1E states have not been identified. A low-temperature spectrum might aid the
interpretation.

Magnetic susceptibility data have been of little stereochemical value 11. The ground
states of the high-spin d5, low-spin d%, and d8 complexes are orbital singlets with any twist
angle and magnetic moments close to 2[S(S+1)]* are expected. Furthermore, detailed
calculations for TP, high-spin d7 complexes have shown that the magnetic moment to be
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Fig. 8. Eneigy levels and spectrum of Nif(py)3tach] 2t (a) Energy levels appropriate to Ni(bipy)§+,
with @ assumed to be 60° and Dqg = 1280 cm*l, B=1710 cm_l, and C/B = 4.18. (b) Energy levels
calculated at a= 30° but with Dg = 1490 cm‘l, B=830cm™} , and C/B =4.18. (d) The aqueous solu-
tion spectrum of Ni{(py)3tach](ClO4),. Extinction coefficients are given in parentheses.

expected for the (27)2(e")3 (¢'")? configuration, corresponding to the 4£’ ground state,
should be about 5.1 + 0.2 B.M. regardless of the magnitude of the spin—orbit coupling con-
stant. These values also fall within the accepted ranges of the magnetic moment for octa-
hedral complexes. Consequently, the value of 5.0 B.M. which was found for Co[(py); tach] 2+
does not indicate which stereochemistry is present.

When the Mn!l, Coll, Nill and Zn!! complexes are treated with BH} in aqueous solu-
tion, hydrogenation of the acyclic C=N double bond occurs16. The resulting complexes no
longer have a TP conformational preference due to the ligand since the extended conjuga-
tion has been removed. The chiral nature of the Znl! complex has been demonstrated
using proton NMR, while the electronic spectra of the isomorphous Co!! and Ni!l com-
plexes are compatible in all respects with those expected for octahedral complexes.

The reaction of glyoxal with Zn(c’s, cis-tach)%+ produces a monocondensate whose pro-
ton NMR spectrum indicates TP stereochemistry 17. A dicondensate with the same stereo-
chemistry could be obtained on some accasions, but no evidence for the desired triconden-
sate could be found.

(ii) 1, 1', 1"-Tris(pyridine-2-carboxaldiminomethyl)ethane

Since this ligand ((py); tame) is far more flexible than (py);tach, a greater twist angle
would be expected. Indeed, the structure1® of Zn[(py);tame]?* shows that this angle is
28°, while the Mn!!, Coll and Ni! complexes are isomorphous and probably have similar
structures. The Fel! complex is not isomorphous, however, and has a twist angle 13 of 43°,

The proton NMR spectrum of Zn{(py);tame]2* between room temperature and —47°
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contains a sharp singlet due to the methylene protons 19_If the stereochemistry of the com-
plex in the crystalline state is also present in solution, these results must mean that the
complex is undergoing rapid racemization which averages the environment of these non-
equivalent protons= The spectra of the Fell and Colll complexes at room temperature con-
tain 48 multiplets due to these protons which coalesce at about 95° and 145°, respectively.
The activation energies and frequency factors are in accord with those generally associated
with twisting mechanisms. Furthermore, the rate of racemization for Fe[(py); tame] 2t s
independent of pH, in contrast to the acid-dependent racemization of Fe (b:py)3 which
proceeds by a bond rupture mechanism.

The electronic spectrum of Ni[(py);tame]?* can be interpreted according to an octa-
hedral model, but the intensities of the ligand field bands are greater than those normally
found in that stereochemistry. Consequently, some distortion from that geometry appears
to be present in solution!?.

(iii) Tvis{pyridine-2-carboxaldiminoethyl)amine

Greater flexibility is expected in this ligand than in either (py)stach or (py)3tame. Thus,
it is not surprising that the twist angle 20 in the Fell complex is 54°. In fact, it may be that
this angle represents the maximum angle which can be afforded without severe deforma-
tions to the normal bond angles and bond distances within the ligand. The electronic spec-
trum of the Ni!l complex is very similar in band position and intensity to those found
with octahedral complexes of a-diimines with that metal atom2!.

{iv) Holm’s clathro-chelates

Holm and his co-workers have devised an ingenious and elegant synthesis of a ligand
which totally encapsulates a metal atom and simultaneously restricts the coordination en-
vironment to being one of TP or near-TP stereochemistry 22 23,

NH,OH
————

{1) CaH4 (OH)p
Q(y)n -BuLj @)n-Buli p4d N
2InHul
(2) DMF (3)PCl N=,
Y cuo (Pce

CHO

3

M [P(Hpox); - H] + M(PccBR)t

M=FeT, co¥ znT and Ni¥
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The high-spin Co!!, Nil! and Zn!! PccBF complexes are isomorphous. The average twist
angle in the Nill complex, which is shown in Fig. 9, has been shown2? to be only 1.5°
while the average polar angle is about 51°. The low-spin Fell complex, which is not iso-
morphous, has an average twist angle of about 21° (Fig. 10). This distortion results in a
loss of planarity of 2ach of the ligand side chains including the pyridine rings25. The
equilibrium sterecchemistry of this complex can be viewed as a compromise between the
very different stereochemical requirements of the ligand and metal atoms. The bond dis-
tances and angles within the coordination polyhedra of the Fell and Ni!! complexes are
compared in Table 3.

asinp

Fig. 10. The structure of Fe (PccBF)BF4 + CH2Cl,; the solvent of crystallization is not shown
(courtesy of Chem. Commun.).
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TABLE 3
Average interatomic distances and angles in the coordination polyhedraZ of Fe (PccBF)* and Ni(PccBF)*

Bond length Bond angle

A& ©

M=Fe M=Ni M=Fe M=Ni
M—Ngx 1.94 2.03
M—-Npy 1.97 2.04
Nox—M-Nox 84 83
Npy—M-Npy 88 88
Nox—M—Npy 79 77

2 Nox is the oxime nitrogen atom and Npy is the pyridyl nitrogen atom.

The electronic spectrum of Co(PccBF)* is complicated by the possible presence of a
Co! impurity 23, making interpretation impossible at this time. The spectrum 23 of
Ni(PccBF)* is slightly shifted from that of Ni[(py);tach]3" and an additional band appears
at higher wavenumbers (Fig. 11). A complete diagram for the ligand field states is provided
in Fig. 12. It becomes clear, upon attempting to fit the spectrum to that diagram, that an
exact or near-exact duplication is impossible. However, the average polar angle in
Ni(PccBF)?2* differs from cos~! 1/1/3 considerably more than in Ni[(py)3tach] 2+ (51° vs.

(80)
20¢ (50) ———————
3A§
a‘~ gEu —
o
- 15} i
x
T
8 sg
' —— (27) —
% 10} °E ]
5 (28) —
&
5t SE"
PARAL———
3a'2
a b

Fig. 11. Energy levels and spectrum of Ni(PccBF)*. (a) Energy levels at = 0° with Dq, B and C/B
taken from Ni(bipy)%"'. (b) The solution spectrum of Ni(PccBF)BF4. Extinction coefficients are given
in parentheses,
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Fig. 12. Energy level diagram for a d® TP complex. Note that some of the symmetry labels given in ref.
11 are incorrect.

54°). Thus, additional perturbations to the energies of the electronic states are to be ex-
pected. Calculations which are now under way indicate that.duplication of the observed
spectrum is possible, providing this axial distortion is included. Furthermore, the similarity
of the spectra of Ni(PccBF)2* and Nif(py); tach]2* appears to be fortuitous, in that the
transitions terminate in excited states whose origins are vastly different.

Magnetic moments of all of the PccBF complexes23 parallel those found for the cor-
responding complexes of (py)jtach.

Similarities in the ligand field spectra and magnetism suggest that Co[P(Hpox);—H]™
has a TP or near-TP stereochemistry 23. Magnetic and proton NMR studies of the Ni!l com-
plex indicate the existence of solvent-dependent diamagnetic = paramagnetic (§=1) equi-
librium. The paramagnetic complex is undoubtedly six-coordinate but the nature of the
diamagnetic form is uncertain.

{v) Rose’s clathro-chelates

The reaction of K3Co(DMG)3 (DMG = dimethylglyoximato di-negative anion) with
BF3 - (CH3CH,),0 yields26 a clathro-chelated complex of Colll,

H3C CHy
N\ c/
P
FB 0/ \Co¢3 \0 8F
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Reduction with Nal in CH3CN produces the neutral Coll complex27. Although both com-
plexes were originally believed to have octahedral st~reochemistries, the structures of the
complexes, determined by X-ray techniques, are actually closer to TP stereochemistry 28.
The average twist angle in the Coll complex is only 8.6°, while that of the Colll complex
is about 22°. An explanation for the interesting change in stereochemistry caused by a sim-
ple change in oxidation state can be couched in terms of the general ligand field argument.
As shown in Fig. 4, an atom with a low-spin d® electronic configuration would have a far
greater tendency for octahedral coordination than one with a high-spin d7 configuration.
This tendency would be further amplified by the increased formal charge on the Colll
atom.

The electronic spectrum of the Colll complex is dominated by a very intense absorp-
tion which masks the ligand field bands26.

(vi) Miscellany

The twist angle about the central Co'! atom in [Co(NH,CH,CH,0);]Co?* (where the
central atom is bonded to six oxygen atoms) is nearly 0°, while the terminal Co!l! atoms
have octahedral stereochemistries with identical chirality 29. The TP stereochemistry is
apparently caused by the unfavorable non-bonded contacts that would otherwise result if
the Co(NH,CH,0); moieties had opposing, rather than identical, chiralities.

Dithiocarbamato and xanthato ligands, unlike the dithiolates, permit well-defined oxi-
dation states for the metal atom. Three structures which are available show an intermediate
twist angle

s
M \‘\C R
S
s7

The magnetic properties of the Felll complexes have excited considerable interest. Both
complexes are characterized by the spin-state equilibrium S = 1/2 =8 = 5/2, but at room
temperature the equilibrium lies far to the right with R =(#-C4Hg), N, while the § = 1/2
state is predominantly occupied with R = C,HgO. A decrease of about 0.1 A in the Fe—S
bond distance accompanies the change from S = 5/2 to S =1/2.

Each of these ligands is unable to span the donor sites of an octahedron due to the
chelate ring size. Metal—ligand bond distance requirements as well as optimum intra-ligand
distances and angles appear to be far more important in determining the equilibrium geom-
etry of the complex than the preference of the metal atom. Thus, the twist angles for the
Felll and Colll complexes are virtually identical despite the superior ligand field preference
of the latter.

Sumlar reasoning must also be applied to a number of other complexes, for example
Cr(ox)3 (ox = oxalate dianion) with a = 50° (ref. 33) or Fe(acac); (acac = acetylacetonate
anion) with a = 54° (ref. 34). In fact, it is probably true there are a large number of tris
chelate complexes which have twist angles shghtly Iess than 60° owing to the requirements
of the hgand These may include the M(bxpy)3 complexes, which were assumed tacitly to
have & = 60° in the previous paragraphs.

M=Fe;R = (-C,H,),N; o= 32° (zef. 30)
M=Co;R=(C;H;5)2N; = 31° (xef. 31)
3 M =Fe;R =CyH50; a = 41° (1ef. 32)
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