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A three-coordinate diketiminate-nickel(l) complex with a carbonyl
ligand has been characterized using EPR and IR spectroscopies
and X-ray crystallography. The T geometry (bending from the
sterically favored C,, structure) contrasts with that of isosteric d°
copper(ll) complexes. DFT calculations on a truncated model
reproduce experimental geometries, implying that the geometric
differences are electronic in nature. Analysis of the charge
distribution in the complexes shows that the geometry of the three-
coordinate d°® complexes is affected by differential charge donation
of the ligands to the metal center.

Three-coordinate complexes of transition metals with
partially filled d shells have received attention because of
their unusual reactivity and electronic structtiréhe pre-
dominant geometry in crystallographically characterized Figure 1. Synthesis and thermal-ellipsoid plots dP#Ni(THF)* and LMe-
three-coordinate complexes is trigonal-planar, with the ][\li(CIO): Ellipsoids are at 50% probability, and hydrogen atoms are omitted
ligands symmetrically distributed to minimize steric effects. or clarty.

T8he main exception to this generalization is with low-spin - ot three-coordinate nickel(l) complexes is also biologically
d® systems, which clearly favor a T-shaped geométry.  (ajeyant because three-coordination is potentially accessible
In recent papers, we described the synthesis and electroniG, e |ow-coordinate “proximal” nickel site of acetyl-
structure of a series of three-coordinate complexes with d coenzyme A synthase (where methylcobalamin, CO, and
d’, &, and d electronic configurations at the metal centér. coenzyme A are transformed into acetyl-coenzyme’ A).
A bulky f-diketiminate ligand ("L”) was used, and a pgjow, we use synthetic, crystallographic, and theoretical
sterically favoredY geometrywas evident at the metal in g gies to show that the first three-coordinate nickel(l)

each case. In the Y geometry, the nickel coordination carbonyl complex prefers & geometryWe compare it to

environment is idealized,, with the non-diketiminate  rgjeyant nickel(l) and copper(Il) complexes to arrive at new
ligand on both mirror planes. Thé dxample, BNi(THF)

(Figure 1, left), is notable because there are few examples
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Figure 2. EPR spectrum of ¥eNi(CO) at 9.429 GHz.

insights into the electronic and steric factors underlying the
preferred geometries of three-coordinafecdmplexes.

We previously reported that reaction of a THF solution
of the nickel(ll) complex [EUNIClI with methyllithium
yielded the isolable reduction producBiNi(THF) (Figure
1, left).* The analogous reduction of TENICI] 22 in diethyl
ether followed by treatment with excess carbon monoxide
gives a red solution, from whichMéNi(CO) can be isolated
in 61% yield. The spectroscopic properties df°Ni(CO)
are consistent with the®celectronic configuration. YeNi-
(CO) has only broad peaks in itsl NMR spectrum, and its
X-band EPR spectrum (Figure 2) shows a slightly rhombic
signal withg values of 2.19, 2.17, and 2.01. Its IR spectrum
shows a band at 2022 ¢y which indicates the presence of
one CO ligand.

Because EUNi(THF) and the isosteric ‘dcomplex LVe-
CuCP2have Y geometries, we expected a similar geometry
for the carbonyl complex. However, the X-ray crystal
structure shows thatMéNi(CO) has a T geometry, with
N—Ni—C angles of 104.6(2)and 158.9(1) (Figure 1, right).
The Ni(l) coordination geometry is planar (sum of bond
angles= 359.9(2); Ni lies 0.020(1) A from the NNC plane).
The strong trans influence of the carbonyl ligand gives a
longer Ni—=N bond distance trans to CO [1.917(2) vs 1.868-
(2) A]. Consistent with the relatively weak back-bonding
inferred from IR spectroscopy, the—<© bond length of
1.142(3) Ais only slightly longer than that in free CO (1.128
A).? The Ni—C distance of 1.770(3) A is similar to four-
coordinate [PhT#Ni(CO) [Ni—C = 1.754(7) AJL°

To determine whether the T geometry arises from elec-
tronic effects, we queried the energy and geometry' i1
(CO), in which L represents the truncated diketiminate
N,CsHs, using density functional theory (DFT) at the
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Figure 3. Molecular-orbital diagram showing the changes between Y (left,
Cy) and T (right,~Cs) geometries of INiCO.

Table 1. Structural Data for MeNi(CO) and Calculated 'INi(CO)

Y (Cy,) calcd T Cy) caled
B, B, 2A expt

Bond Lengths (A)
Ni—C 1.873 1.867 1.798 1.770(3)
c=0 1.165 1.163 1.166 1.142(3)
N1—Ni 1.937 1.896 1.902 1.868(2)
No—Ni 1.937 1.896 1.930 1.917(2)

Bond Angles (deg)
N1—Ni—N 95.25 94.48 96.62 96.41(8)
N1—Ni—C 132.37 132.76 159.92 158.9(1)
No—Ni—C 132.37 132.76 103.46 104.6(1)
Ni—C=0 180.00 180.00 176.37 177.8(2)

ROB3LYP/CEP-31G(d) level. With the symmetry enforced
as Cp, (Y geometry), the ground state #8,. When the
symmetry restriction is relaxed, geometry optimization gives
a T ground-state geometry that is energetically favored by
7.5 kcal/mol versus the lowest energy Y-shaped geometry.
The optimized geometry is in excellent agreement with the
crystal structure (Table 1). The calculated d-orbital manifold
shown in Figure 3 indicates that the unpaired electron is in
a de_y2 type orbital (where the axis is normal to the plane

of the ligands). The mixing of,dd,, orbitals and the higher
energy of g/dy, orbitals than the g orbital is consistent with
the observation that.g~ gy, > g, by EPR?! The calculated
C—0O distance and stretching frequency for the T-shaped
minimum of L'NiCO are 1.166 A and 2011 crh!?
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Analysis of the frontier molecular orbitals (Figure 3) for Table 2. Distorted Y Geometries for Literature Three-Coordinate
the Y and T geometries of Ni(CO) shows no evidence of ~ Copper(ll) Complexes

a first-order Jahn Teller effect! Instead, the major driving bond angles (deg)

force for the Y— T distortion is stabilization of aand a Ni—Cu-N;  N;—Cu—-L  Np,—Cu-L

orbitals to form d and & orbitals upon bending while LMeCu(SCPh) 96.80(8) 131.16(6) 128.23(6)
intaini i 13,14 LMeCu(SGHaMey) 96.76(6) 131.56(5) 130.80(5)

maintaining appromm_at@ssymmetryz. Anatura.l bond (CILMe)CuCI3 2 96.10(9) 132,000 131.84(7)

order (NBO) anaIySIS revealed that the atomic charge LMecucCl 97.29(8) 132.32(6) 130.39(6)

distribution is—0.6 for L', +0.7 for Ni, and—0.1 for CO. thSU((S)CF;b%AHzOMe) 3§'§f(§) 1135%1% igg-ggl%

The small charge on the CO ligand indicates that back- LMecﬂEoggHZo&Z)e) 96'.7&)) 140:9(1()) 122:1(1())

bonding to the carbonyl is not very strong, as expected from (CILM¢)Cu(OGH,Bu)? 96.26(9) 145.72(8) 117.77(8)

the experimental €0 distance and €O stretching fre- a L ow-temperature structure given here; the space group changes at higher

quency. The Ni atom has 8.8 net electrons in the d orbitals, temperaturé?
. . 9 . .
n agreemenF with the formal d:onflguratlonl. Interestingly, several literatugg-diketiminate-copper(ll)
T geometries have also been observed in some recently :
: ; complexes have more or less distorted Y geomefriBise

reported three-coordinate nickel(l) complexes supported by . .

. . . . . N—Cu—X bond angles are summarized in Table 2. The
chelating bis-phosphine ligands or alkyl ligarfdsost

S o .. complexes containing OR ligands are clogeafl geometry
oty Werren s reported a dhetmiate kel udne TS S Y. St tacors ceranly

ever, the diketiminate-copper(ll) complexe¥*CuCF2 and Elﬁi a p_art in determinin.g th_e geometries of complexgs of
CILMeCUCF* have Y geometries, despite the similat d | u.ythlolate and arylo>.<|de Ilgapds. However, calculations

configuration and the seeming steric accessibility of a T |nd!cgte that an ?Iectromc eﬁ'ect IS prgsent as well. Geometry
geometry. To explore the reasons for this differenc¢€uCl optimization of LCuOH and LCuSH gives a more substan-

. . tial distortion in the formerA(N—Cu—X) = 16° (X = OH);
was studied using the same level of DFT as that used for -
the study of LNi(CO). For the LCuCl complex, the enforced 0° (X = SH)]. Calculated bond angle changes reflect the

. o inherent electronic impetus for the Y to T distortion in the
Y geometry {B; electronic state) and optimized T geometry .
™~ . . . absence of steric effects, and the calculapddbl—Cu—X)
(A" electronic state) are very close in energy, with the T

. trend is consistent with that observed experimentally. In the
geometry slightly favored by 1.6 kcal/mol. In the ground . .

. ; . context of the above model, the difference may again be due
state, the distortion from the Y geometry is much less than

that for L'Ni(CO): the N~Cu—Cl bond angles differ by only té’ d'frz_rfl”tz'i' ‘;*S‘L.gen‘i,"g?ﬁf”(; :\'B%’f"g‘f"?ﬁd ‘;Ei‘"‘rlgtes on
13.6° for the ~Cs minimum compared to the NNi—CO ua <10 a ode’s anaiL.U Tor tne thiofate

bond angles, which differ by 5625 model. Hence, the NBO analysis suggests that the thiolate

NBO analysis shows that the charge distribution i@uCl g?ﬁgd.ggr:?tzﬁ dmor_e_:harggoder;?tgt(t)%cop&er(IZaltréa'\on dthe
is —0.5 for L, +1.2 for Cu, and-0.7 for Cl. The number of yioxi 'gand, giving a copp with gr

electrons in the Cu d orbitals is 9.3, which is considerably Chl?wrac(::;irc,:lLr;isct)jlitmgvgah\;\?eeoigﬁgt)gd a nickel(l) carbonyl
closer to a Cu(l) & configuration than the 8.8 d electrons ! y

of the Ni complex, even though the transition metal in each ggg:i%l:g t;h;tec(:;zﬁlizy:ﬁeitztrll_li(tlggtt-:—regceoomg[l)s cvc\)lrr]rllcrlle;Zs
complex is formally €. This agrees with EPR and XAS ' PP P

measurements and calculations that indicate substantialdo no.t shpw the same geometry except with very .eIe(.:tro-
charge transfer from diketiminate to copper(ll) ir'et negative ligands, and We propose that th'e geometric d|ff§r-
CuSRe15Because a'd configuration shows no ligand-field- ences can be explained through differential charge donation

b . . from the ligands to the metal.

ased geometric preferences, it should favor the Y geometry.
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