Synthesis and crystal structures of low-valent binuclear vanadium complexes
using the tethering ligand m-xylylenebis(acetylacetonate) (m-xba2—)
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An intriguing structural type new to low-valent vanadium
chemistry and the binucleating ligand m-H,xba is exhibited
by the reported VI dimers and the first structurally
characterized bis(acetylacetonate) ligated complex of VII.

Our interest in small molecule and organic functional group
reduction using low-valent vanadium species featured in an
anionic oxygen donor environment, as in the cases of carbox-
ylatela and aryloxidebc has prompted us to investigate
bis(acetylacetonates) as ligands in an attempt to synthesize
binuclear complexes capable of intramolecular substrate bind-
ing and activation. Di- and tri-valent vanadium acetylacetonates
are involved as undefined in situ intermediates in reactions
ranging from epoxide deoxygenations? to dinitrogen uptake,3
yet curiously very few structurally defined examples of
bis(acetylacetonate) ligated V! species have been reported.4
Structurally characterized complexes with acetylacetonate
bonded exclusively to V! remain unknown,%e although they
have been studied spectroscopically in solution.> The flexible
m-xbaz— limits intermetallic distances acting as a tether, and
should alow for aface-to-face approach of vanadiaas observed
in the chemistry of Cu'' where a discrete cofacial binuclear
complex has been synthesized providing a cavity of well
defined size and shape [Cu---Cu, 4.908(2) A]¢ appropriate for
diatomic guest molecule incorporation (Fig. 1). Complexes of
this type potentialy will serve to promote and catalyze
multielectron redox reactions, a strategy conceptually reminis-
cent of Collman’s cofacial dimetalloporphyrin approach.”

We sought to prepare binuclear vanadium assemblies
envisioning a target structure analogous to the Cul' example,
whereby reducible small molecules could be intramolecularly
bound and activated. One obstacle in discrete dimer synthesis
expected was oligomerization for these six-coordinate metal
centers, yet here we report on the self-assembly and structures
of novel discrete binuclear paramagnetic V! and V!'' complexes
exhibiting an intriguing ‘ cage-like’ structural type new to low-
valent vanadium chemistry and the m-xba2— ligand system.
These compounds represent an important advance toward our
target structure.

Thereaction of [V X3(thf)s]8 (X = Cl, Br) with 1 equiv. of the
disodium salt of m-Hoxba,® generated in thf using 2 equiv. of
NaH, proceeds at room temperature to produce complexes of
the general formula [V X(thf)(m-xba),] (X = Cl, 1, Br 2) in
65% yield for both cases. These compounds do not oligo-
merize upon standing in dichloromethane or thf solution over
time, yet in the preparation of 1 and 2 insoluble precipitates

Fig. 1. Structure of [Cu(m-xba),]®

thought to be oligomeric in nature along with NaX are removed
by filtration. Complexes 1 and 2 were isolated as golden
yellow—brown crystalline materials from concentrated thf
solutions stored at 0 °C and were characterized by X-ray
crystallography. The IR spectra8§ of 1 and 2 show a strong band
at 1559 cm—1tindicative of 3-diketonate moieties chelated to the
vanadia, along with two sets of doublets positioned at 867, 1020
and 918, 1065 cm—1, assignable to ve_o ¢ stretching modes of
coordinated and free thf molecul es respectively.10 The structure
of 1isshownin Fig. 2.9

Thecrystal structures of 1 and 2 reveal ed binuclear molecules
with crystallographically imposed inversion symmetry. Com-
pounds 1 and 2 are structurally analogous. The average
V—-O(acac) bond length of 1[1.961(3) A] isin good agreement
with corresponding lengths of other rare acetylacetonates of V!
[av. 1.964(3) A4a and 1.989(4) A4¢]. Considering the conforma-
tion of m-xba2— in this structure, spanning the two vanadium
atomswithaV -V distance of just over 11.66 A and an aromatic
ring-plane (centroids) separation of 5.366 A, a structural
rearrangement will be required to obtain the optimal distance
for dua binding and activation of a small molecule. It is
anticipated that dimers 1 and 2 will serve as useful precursorsin
establishing the desired strati conformation (see Fig. 1). Upon
reduction of 1 or 2 in solution to reactive (11,11) species a
structural change will be permitted to occur owing to rotational
freedom about the Cghenyi—Cpenzyi boONd of the xylylene unit.

Our success with the synthesis of a discrete V!.!l; dimer
compound [V (tmeda),(m-xba),] 3is very encouraging consid-
ering the intention of generating a lower-valent species from a
tethered V.1, assembly (1 or 2). Compound 3 was prepared in
a similar manner (53% vyield) to 1 and 2 using instead
[VCly(tmeda),]1t as a starting materia.t Intensely colored
midnight-blue X-ray quality crystals were isolated from
concentrated thf solutions after removal of insoluble precipi-
tates and NaCl by filtration, and cooling to 0 °C. The molecular
structure and selected dimensions for 3 are shown in Fig. 3. A
structure similar to 1 and 2 was revealed with a V-V distance
of 11.444(1) A and an aromatic ring-plane (centroids) separa-
tion of 5.426 A, as dictated by the m-xba2— ligand orientation
which again is in an extended conformation. The remaining
sites are occupied by tmeda molecules. In comparing the
changesin the vanadium coordination sphere, a subtlelengthen-

Fig. 2. Structure of 1 showing 30% probability thermal ellipsoids and atom-
labeling scheme (hydrogen atoms are omitted for clarity). Selected bond
distances (A) and angles (°): V(1)-O(1) 1.941(2), V(1)-O(2) 1.962(2),
V(1)-0O(3) 1.985(2), V(1)-0O(4) 1.955(2), V(1)-O(5) 2.097(2), V(1)-Cl(1)
2.366(1); O(1)-V(1)-0(2) 87.1(1), O(3)-V(1)-O(4) 85.4(1).
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Fig. 3. Structure of 3 showing 30% probability thermal ellipsoids and atom-
labeling scheme (hydrogen atoms are omitted for clarity). Selected bond
distances (A) and angles (°): V(1)-0O(2) 2.035(9), V(1)-N(1) 2.23(1),
V(1)-0(4) 2.04(1), V(1)-N(2) 2.26(1), V(1)-O(1) 2.03(1), V(1)-O(3)
2.00(1), V(2)-O(6) 2.020(9), V(2-N(3) 2.20(2), V(2)-O(5) 2.06(1),
V(2-N(4) 2.22(1), V(2)-O(7) 2.02(1), V(2)-O(8) 2.05(1); O(5)-V(2)—
0(6) 85.9(4), O(7)-V(2-O(8) 86.8(5), O(1)-V(1)-O(2) 87.0(4),
0O(3)-V(1)-O(4) 86.8(5).

ing of the V—O(acac) bonds is observed [V—-O,,: 1 1.961(3) A,
3 2.033(9) A] consistent with a decrease in oxidation state.
Compound 3 is, to our knowledge, the first example of a
structurally characterized bis(acetylacetonate) ligated complex
of V!'. An X-band EPR spectrum§ in frozen (77 K) thf solution
displays an intense broad signal at g = 4 with no higher-field
absorbances detected under these conditions. The successful
preparation of a (11,11) dimer is of great interest considering the
application of precursors 1 and 2 toward strati target structure
synthesis via reduction and terminal halide removal.

Ongoing studies focus on testing the rearrangement propo-
sition described above in working toward a cofacial conforma-
tion. We are also interested in extending our investigations to
include bis(3-diketonates) with bridging groups other than the
m-xylylene framework.

Notes and References

T E-mail: william.armstrong@bc.edu
¥ Complexes 1-3 analyzed satisfactorily. The scale of atypical reaction was
on the order of 0.54 mmol in m-Hyxba ligand and vanadium-containing
starting materials.
§ Selected spectroscopic data: 1; UV-VIS (CH.Cl3): Ama/nm (&/dm3
mol—1 cm~1) = 304 (31900), 359 (16600); IR (Nujol, cm—1) 1559vs,
1288s, 1207m, 1173m, 1065w, 1020s, 948s, 918w, 867s, 742m. 3; EPR (thf
77 K, X-band) g = 4 (br); UV-VIS (thf): Ama/nm (e/dm3 mol-1
cm—1) = 288 (49800), 343 (9110), 484 (2040), 592 (3380), 684 (2580); IR
(Nujol, cm—1) 1558vs, 1286s, 1201m, 1165w, 1127w, 1029s, 949s, 796s,
743m, 693w.
1 Crystal data: 1:thf; C44Hs6Cl2011V,, M = 989.763, monoclinic, space
group C2/c, a = 20.2285(4), b = 13.0235(2), ¢ = 20.2383(4) A,
B = 94.395(1)°, U = 5316.0(2) A3, Z = 4, D. = 1347 g cm3,
F(000) = 2240, u = 0515 mm-1, T = 183 K, A = 0.71073 A,
26max = 56.58°, 15553 measured reflections on a Siemens SMART CCD
area-detector diffractometer, 6099 unique (R« = 0.0376, no absorption
correction). The structure was solved by direct methods and refined by
FMLS methods on F2 with statistical weighting, anisotropic displacement
parameters for al non-hydrogen atoms (except those of the disordered thf
solvent molecule), constrained isotropic H atomsto give R = { Z[w(F,2 —

2)?)/IZ[wW(Fo2)2]} Y2 = 0.0771 on al data, conventional R; = 0.0604 on F
values of 4997 reflections having Fo2 > 40 F2, goodness of fit S = 1.087
for al F2 values and 300 refined parameters. Final difference map features
werewithin+0.920 e A—3. Programs: Siemens SMART and SAINT control
and integration software, Siemens SHELXTL Version 5.

2-thf; Cg4Hs6Br2011V,, M = 1078.675, monoclinic, space group C2/c,
a = 20.081(6), b = 13.264(6), c = 20.670(4) A, B = 95.75(2)°, U
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= 5478.0(3) A3, Z = 4, D, = 1.395 g cm—3, F(000) = 2384, u = 1.857
mm-1, A = 0.71073A, T = 183 K. 6944 reflections measured, 3894 unique
data (26max = 56.44°, Ry = 0.0917, no absorption correction). Structure
solution and refinement were asfor 1 including a disordered thf molecule to
give 2698 reflections having Fq2 > 40F,2 with conventional R; = 0.0968
(WR; = 0.1709) and goodness of fit S = 1.260 (307 parameters). Final
difference map features were within 0.680 and —0.780 e A—3.

3:2thf; CsHgoN4O10V2, M = 934.943, monoclinic, space group Pn,
a = 13.7459(8), b = 11.1388(6), ¢ = 18.6718(5) A, B = 90.816(2)°, U
= 2858.6(2) A3, Z = 2, D, = 1.249 g cm-3, F(000) = 1148, u = 0.385
mm-1, 1 = 071073 A, T = 183 K. 7530 reflections measured,
6244 unique data (26max = 56.42°, R, = 0.0658, semi-empirica
absorption corrections). Structure solution and refinement performed as
above including apartially disordered thf molecule to give 4173 reflections
having F,2 > 40F,2 with conventional R; = 0.0655 (WR, = 0.1223) and
goodness of fit S = 1.092 (644 parameters). Final difference map features
were within 0.309 and —0.283 e A—3. CCDC 182/763.
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