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Synthesis of [Ti(n6-1,3,5-CgH3‘Pr3)2] [BAr4] (Ar = CgHs,
p-CsH4F, 3,5-CsH3(CF3)2), the First Titanium(l)
Derivatives
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Summary: The oxidation of Ti(#%-1,3,5-C¢H3'Pr3), with
FeCpg[BAr4], Ar = CgHs, p-C5H4F, 3,5-C6H3(CF3)2, af-
fords good yields of the paramagnetic derivatives of
titanium(l), [Ti(55-1,3,5-CsHs'Pr3),][BAr,]; these com-
pounds have been characterized by conventional meth-
ods, including single-crystal X-ray diffractometry of
[Ti(n6-1,3,5-C6H3'Pr3)2][B(p—C6H4F)4].

Ti(n%-arene), (arene = benzene, toluene, and mesity-
lene) complexes were first prepared in 1975 by co-
condensation of metal atoms with the required aromatic
hydrocarbon;! by a similar procedure, bis(y%-naphtha-
lene)titanium(0) was also obtained.? Some years later,
X-ray diffractometry of Ti(s5-arene),, arene = benzene
and toluene, showed the titanium atom to be sand-
wiched between the two aromatic rings with eclipsed
ring carbon atoms and diametrically opposed methyl
groups.®

More recently, Ti(%-1,3,5-C¢H3'Bug), has been pre-
pared,* and thermochemical and ab initio quantum
chemical studies on this molecule have appeared.®

Although Ti(y5-arene),, arene = toluene and mesity-
lene, can also be obtained by reducing TiCl3(THF)3; with
potassium in THF in the presence of the parent aro-
matic hydrocarbon,® conventional syntheses of bis(y®-
arene) derivatives of titanium(0) were achieved only
recently by Ellis and co-workers’ and by Bénnemann
and co-workers® by reducing TiCly(THF), with arene
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radical anions” or KCyoHg™ or by sonication in the
presence of both KBEtsH and arene.®

Reduction to the [Ti(y%-arene),]” anion (arene =
benzene, toluene) was achieved with potassium or
potassium hydride,® while loss of the coordinated aro-
matic ligand results from oxidation of the metal cen-
ter: Ti(acac)s, TiySs, or [TiCp,Cl], have been obtained
by reaction of Ti(55-toluene), with acacH, H,S (or Sg),
or TiCp,Cl,, respectively.1® With CO,, Ti(n%-toluene),
was mentioned to give a low-valent titanium oxalate in
an unspecified oxidation state.1!

To expand upon the earlier results by some of us on
the one-electron oxidation of bis(arenes) of vanadium-
(0) or niobium(0) with ferricinium cations to the corre-
sponding monovalent cations,'2 we now wish to report
the oxidation by a ferricinium derivative FeCp,[BAr,],
Ar = Ph, p-CgH4F, 3,5-C¢H3(CF3),, of the new, thermally
stable (both in the solid state and in solution) bis(arene)
derivative of titanium(0), Ti(3%-1,3,5-CsH3/Pr3),.13

The paramagnetic (uer (293 K) = 2.01 ug (Ar =
p-CeH4F), 1.94 ug (3,5-CsH3(CF3),) derivatives of tita-
nium(l), namely [Ti(5%-1,3,5-PrsCeHs),][BAr,4],2* which
are the first examples of fully characterized derivatives
of titanium(l),®> were obtained according to eq 1. The
solubility in toluene and the stability of these com-
pounds strongly depend on the substituents on the
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at 77 K over a 3 h period. After the reaction mixture was allowed to
warm to room temperature, the reactor walls were washed with light
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The residue was extracted with light petroleum ether, and the solution
was filtered and cooled at 193 K, giving a black-purple solid. The solid
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H, 10.6. Found: C, 79.5; H, 10.8. 1H NMR (benzene-ds, 500 MHz, 25
°C): 04.81 (s, 3 H), 2.67 (septet, Jyy = 7.0 Hz, 6 H), 1.20 (d, Jyu = 7.0
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(C-CH(CHs3),), 82.29 (ring CH), 35.03 (CH(CHj3),), 25.75 (CH(CHg)2)
ppm.
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Ti(°-1,3,5-C4H,'Pr,), + FeCp,[BAr,] —
[Ti(7%-1,3,5-C4H,'Prs),][BAr,] + FeCp,

Ar = Ph, p-C;H,F, 3,5-C;H,(CF,),

aromatic rings of the tetraarylborato anion; thus, [Ti-
(7%-1,3,5-CeH3iPr3),][B(CsHs)4] decomposes at about 50
°C and has a limited solubility in aromatic hydrocar-
bons; [Ti(n%-1,3,5-CeH3'Pr3),][B(p-CeH4F)4] undergoes
partial decomposition in boiling toluene and can be
recrystallized from this medium. The substantially
insoluble [Ti(n6-1,3,5-C5H3iPr3)2][B(3,5-CGH3(CF3)2)4] is
stable in boiling toluene and can be handled in air over
short periods of time in the solid state.

Recrystallization of [Ti(5%-1,3,5-CsHs'Prs),][B(p-CsHaF)4]
from toluene gave small orange platelets suitable for a
single-crystal X-ray diffraction experiment.’6 Although
the poor quality of the crystals did not allow accurate
data collection to be carried out, the atom connectivity
can be definitely established. The structure consists of
[Ti(55-1,3,5-CsH3iPr3),]* cations (Figure 1) and [B(p-
CeH4F)4]~ anions with two independent cationic moi-
eties on inversion centers, i.e., with necessarily coplanar
arene ligands, and a tetrakis(p-fluorophenylborate)
anion in a general position. The cation has an inversion
center on the titanium atom and, therefore, a staggered
conformation of the alkyl substituents on the aromatic
rings. The ring centroid-to-titanium bond distance is
1.81 A, compared with the values observed for [V(;°-
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CgsH4F)4] is described in detail, the other compounds were prepared in
a similar manner. Ti(35-1,3,5-C¢H3'Pr3), (0.33 g, 0.73 mmol) was added
to a suspension of FeCp,[B(p-CsH4F)4] (0.40 g, 0.69 mmol) in toluene
(40 mL) at 243 K. An immediate reaction took place. After 12 h of
stirring at room temperature, the solid was recovered by filtration,
washed with toluene (5 mL) and heptane (5 mL), and dried in vacuo.
It was analytically and spectroscopically identified as [Ti(%-1,3,5-CsH3'-
Prg)z][B(p-CeH4F)4] (037 g, 63% yleld) Anal. Calcd for CssHesBF4Ti:
C, 74.6; H, 7.5; Ti, 5.6. Found: C, 75.9; H, 7.2; Ti, 5.2. IR (poly(chlo-
rotrifluoroethylene), PCTFE and Nujol mull): 2965 (s), 2930 (m), 2873
(w), 1594 (s), 1582 (m s), 1493 (s), 1461 (m), 1385 (w), 1365 (W), 1232
(m s), 1207 (m), 1157 (m s), 837 (w), 812 (s), 548 (w m) cm~2. The
compound readily loses included solvent (toluene) by drying in vacuo.
[Ti(5%-1,3,5-CsH3'Pr3),][B(CsHs)4]: red-orange, 63% yield. Anal. Caled
for Cs4HesBTI): C, 83.5; H, 8.8; B, 1.5; Ti, 6.2. Found: C, 82.9; H, 8.0;
B, 1.5; Ti, 5.7. IR (PCTFE and Nujol mull): 3055 (w m), 3032 (w), 2968
(s), 2929 (m), 2872 (w), 1601 (vw), 1581 (w), 1484 (w m), 1461 (m),
1424 (w), 1306 (m), 1262 (m), 1068 (m), 733 (s), 704 (s), 613(m) cm~1.
1H NMR (acetonitrile-ds in the presence of air, 200 MHz, 25 °C): o
7.3 (m, 26 H), 2.86 (septet, Jyn = 7.0 Hz, 6 H), 1.21 (d, Juy = 7.0 Hz,
36 H) ppm. et (293 K): 2.01 ug (xMcorr = 1710 x 1076 cgsu, diamagnetic
correction = —553 x 107° cgsu). [Ti(18-1,3,5-CsH3'Pr3),][B(3,5-CsH3-
(CF3)2)4]: green-brown, 50% yield. Anal. Calcd for Ce,HgoBF24Ti: C,
56.4; H, 4.5; Ti, 3.6. Found: C, 55.2; H, 4.3; Ti, 4.5. IR (PCTFE and
Nujol mull): 3050 (w), 3030 (w), 2967 (m), 2928 (m), 2873 (w), 1610
(w), 1580 (w), 1354 (s), 1279 (vs), 1228 (m), 1168 (vs), 1138 (vs), 896
(m), 723 (s), 683 (s) cm™L. uerr (293 K): 1.94 ug (xMeorr = 1593 x 106
cgsu, diamagnetic correction = —729 x 10~ cgsu).
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Figure 1. Structure of the [Ti(%-1,3,5-CsH3'Pr3),]* cation
in [Ti(n%-1,3,5-CeH3'Pr3),][B(p-CeH4F)4]. Selected bond dis-
tances and angles: Ti—C, 2.27(2)—2.33(2) A; C—C (ring),
1.34(3)—1.51(3) A; Cring—Cipr, 1.49(3)—1.54(3) A; C—C (iPr),
1.49(3)-1.61(3); C—C—C (ring), 115(3)—123(2)° Cring—
Cring—Cipr, 117(2)—126(2)°.

1,3,5-CGH3Me3)2][AICI4] (1.73.A),l7 [Cr(n6-1,3,5-CeH3i-
Pr3)2]1 (1.65 A),18 and [Mn(;%-CsHsMe),]1 (1.56 A).2° The
larger distance observed in the titanium(l) complex of
the 3d?® configuration with respect to the systems of
chromium(l), 3d®, or manganese(l), 3d®, is believed to
be consistent with the presumably larger radius of
titanium, due to a lower effective nuclear charge.

The paramagnetic behavior of titanium is in agree-
ment with the presence of one unpaired electron and
may suggest the existence of a small orbital contribution
consistent with the energy level scheme for sandwiched
bis(arene) metal complexes characterized by a low-
energy degenerate level.620.21

The compounds reported in this paper completes the
series of the bis(y%-arene)metal(l) cations from the d®
manganese(l) to the d* vanadium(l) through the chro-
mium(l) derivatives.
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