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Molecular spin-crossover systems continue to receive widespread Jlt )I(
_sc[)l_Jtllny due to dlversetlnteresrtf tthat rang;? f:jom_ the rollt_a ogit;nqetals /M"'L ) ’?M & o
in biology (e.g., oxygen transport) to magnetic Jevice applicatidns. T U N\
In nearly all such systems, the molecular spin-crossover platform ?83., L , Cs
that provides the key starting point is a pseudooctahedral, first row d'quartet d’doublet

Figure 1. A pictorial representation of the gentle geometric distortion that
accompanies spin-crossover ilgMX complexes. A lobal representation
of the SOMO of the doublet state is also shown.

d*—d’ ion.5~8 We recently described an unusuébdbalt(ll) system,
[PhBRJCoX (X = I, Br, Cl; [PhBR;] = [PhB(CH:PPh)s] ), that
exhibits a low spin ground stafeThe tripodal phosphine ligand
appears to influence the preference for the unusual low spin state
by confluence of its strong phosphine donors and by accommodating
the axially distorted, pseudotetrahedral geom@tfyEncouraged
by this result, we reasoned that it should be possible to observe
molecular spin-crossover phenomena for complexes of related
geometry given the judicious choice of a tripodal ligand auxiliary
and an X-type ligand.

In this report, we describe a pseudotetrahedralkcamplex,
[PhBR;]Co(OSiPh), that exhibits thermally induced spin-crossover;
to our knowledge, it is the first such complex of its type. Whereas

bond distances bond distances

solution spin equilibria for quadricoordinate Co(Il) and Ni(ll) g:ﬁg:ﬂ:&ﬁ; T=08K T=205K 23:21'.“225‘}?3,
systems were first reported nearly four decades'agoe gross gﬂg:ijﬁ}i 2:::‘,:2:;5}}:;
stereochemical change from tetrahedral to square planar observed bond angtes o o bond angles

in such systems is not complementary to magnetic crossover in E}Eﬁi::},g;{:} o . Eﬁﬁg:gfgﬁﬂ

the solid state. As depicted in Figure 1, crossover systems of the P2-Co-P3=94.60(3)

) . . . 0-0 = 129.45(7)
type described herein access a much gentler distortion that we p2co-0=119.42(7)
suggest tracks agvibration under idealized three-fold symmetry.  fogs- 128ty

Co-0-Si = 172.5(1)
This modest structural change is compatible with gradual spin-

P2-Co-P3 = 94.53(4)
P1-Co-0 = 118.93(8)
P2-Co-0 = 124.45(8)
P3-Co-O = 124.88(8)
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Figure 2. Displacement ellipsoid (50%) representations of [PjBB-

crossover in solution and in the solid state.

The title complex, [PhBRCo(OSiPh), was isolated as purple
crystals in 81% yield after addition of a THF solution of TIOSiPh
to a stirring THF solution of green [PhBJEol.° The analytical

(OSiPh) at 98 and 295 K. Hydrogen atoms have been omitted for clarity.
See Supporting Information for complete details.

length is appreciably elongated (2.284(1) A) relative to the-Co

data that are presented below were obtained from a twice recrystal-p(1) and Ce-P(3) bond lengths (2.156(1) and 2.169(1) A,
lized sample that was subsequently lyophilized from frozen benzenerespectively). Elongation at GeP(2) attenuates a* antibonding

to obtain satisfactory combustion analysis (see Supporting Informa-
tion).

The molecular structure of [PhBJEo(OSiPh) obtained at 98
K is shown in Figure 2 (left) and is consistent with a low spin
ground-state configuratioh'®12Most striking is the nearly linear
(172.5(1)) Co—O—Si bond angle and the notably short-€© bond
distance (1.799(2) A). By comparison, a related high spin tris-
(pyrazolyl)borate complex, [T Co(OSiPh), has been structurally
characterize® and exhibits a CeO—Si bond angle that is bent
(153) and an appreciably longer €® bond distance of 1.846(7)
A, a distance more in accord with the high spin aryloxide complex
[PhBPRCo(0O-2,6-MePh) (1.851(2) AP The low spin configuration
for a pseudotetrahedral, dsMX system should exhibit a stabilizing
Jahn-Teller distortion away from three-fold symmetry that lowers
the energy of a singly occupied, high-lying orbital gf, ¢or d,)
parentagé.This distortion is reminiscent of that typically observed
in pseudooctahedral, low spin’ dons!* and is evident in the
molecular structure of [PhBRCo(OSiPh). The Co-P(2) bond
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interaction between a phosphine donor and the metal-based SOMO.
Diffraction data for [PhBECo(OSiPh) were also collected at 295
K (Figure 2, right). Despite the fact that only partial population of
the quartet state is expected at this temperature (vide infra), it
appears that two of the Cd® bond distances have elongated by
~0.1 A and that the overall variance in the €o—P and G-Co—P
bond angles has decreased substantially. Also, theGCbond
distances are virtually identical between the low- and high-
temperature structures. Because the metal-based orbital that lies
along the Ce-O bond vector is a predominantly nonbonding d
hybrid? the Co-O bond distances are not expected to reflect the
occupancy of this orbital by one versus two electrons.
Low-temperature SQUID magnetization data obtained on a
powder sample establish a magnetic moment close t&theY/,
spin only value ge = 1.95up at 50 K). The sample’s magnetic
moment increases as the sample is warmed ab@@&K (Figure
3). Crossover to the high spin population is significant but
incomplete at 310 Kyt = 3.46ug), the highest temperature for

10.1021/ja036198f CCC: $25.00 © 2003 American Chemical Society
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Figure 3. SQUID magnetization data plotted g% versusT for [PhBR]-
Co(OSiPh) as the temperature was rais€d) @nd lowered 4). Calculated
best fit for AH (—) providesAH = 490 cnT?. Inset: Variable-temperature
Evans method datgT vs T) in toluenedg. B is for T decreasing, and is
for T increasing.
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Figure 4. EPR spectrum of a glassy toluene solution of [P§|BB(OSiPh)

(20 K, v = 9.475 GHz). Experimental spectrum (blue line). Simulated
spectrum (red line)gx = 2.03, ayco) = 65 G, ayp) = 34 G; gy = 2.05,
Qy(Co) = 12 G,ay(p) =27G;0; = 2.21,6.2(00) =105 G,az(p) =28 G.

360 410

which the SQUID data were recorded. Both unidirectional and
bidirectional VT data were recordéeland Figure 3 reveals a slight
variance in magnetic moment as the temperature of the powder
sample is first warmed and then lowered. The gradual nature of

the crossover phenomenon intimates that a simple Boltzman model

should provide a reasonable estimateAéf between the low and
high spin forms.. The data for the increasing temperature path were
fit to a simple Boltzman equation (solid line, Figure 3) to estimate
AH. Because of the incomplete crossover at 310 K, we extrapolated
an estimate for complete crossovgfus), at 1.87 (cri K mol™?)

and can crudely estimafg ~ 220 K andAH ~ 490 cnt?.

The gradual crossover displayed by [PhER(OSiPh) in the
solid state suggests the likelihood that it might also exhibit crossover
behavior in solution. To interrogate this possibility, we collected
the glassy toluene EPR spectrum of [PRER(OSiPh) at 20 K.

The spectrum, shown in blue in Figure 4, exhibits well-resolved
hyperfine coupling to cobaltl¢, = 7/,) and also superhyperfine
coupling to phosphorus (3 P, Ip 1/,). The spectrum is
satisfactorily simulated as &&= 1/, spin system (red line). The
eight-line splitting pattern in they, region of the spectrum is
consistent with a monomeric configuration for [PhBFo(OSiPh)

in toluene solutio:*® The EPR spectrum of [PhBFZo(OSiPh)

was also examined as a function of temperature between 5 and

100 K. At no temperature could the EPR signal of the high spin

below ~60 K.18 In the present system, we expect only the low
spin species to be sufficiently populated in this lower temperature
regime.

Evidence for spin-crossover in solution was provided from optical
spectroscopy and magnetic measurements. For example, the optical
spectrum of [PhBRCo(OSiPh) was recorded between 200 and
350 K in toluene. As the temperature of the solution was increased,
a dramatic color change from deep purple (200 K) to a rich red
(350 K) was observed (see Supporting Information). A broad optical
band centered at 557 nm decayed as the temperature was raised,
coinciding with decay of the low spin form. The solution magnetic
behavior was probed by the method of Evans in toludg@igure
3, inset). The magnetic moment was measured to be 304t
223 K and 3.69ug at 353 K, clearly indicative of crossover
behavior. Distinct from the solid-state data shown in Figure 3, the
solution magnetic data proved completely reversible. The relatively
narrow temperature window in which the solution data were
recorded allows us to provide a rather crude estimataldfin
toluene solution €770 cn1?).

In summary, this report establishes that an equilibrium mixture
of low and high spin forms for a distorted tetrahedralich is
possible. Moreover, the cobalt(ll) system described underscores the
close electronic structure relationship that can arise between four-
coordinate, pseudotetrahedral systems and their six-coordinate,
octahedral counterparts.
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