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Infrared and Proton Magnetic Resonance Spectra!

A series of compounds of the type [(7-CyH;):TiL.t]X ~ has been synthesized where L is the conjugate base of acetylacetone,
benzoylacetone, dibenzoylmethane, dipivaloylmethane, and tropolone and whete X~ may be ClOy—, BF;~, PF;~, AsFs™,

SbFe*, or FaCSOa_.

The infrared spectra have been obtained, and assignments are made for the acetylacetonate by ex-
amination of the spectra of [(r-CsH;):Ti(acac)]ClOs, [(w-CsDg)sTi(acac)]ClO;, and [(x-CsH;)sTi(acac)]FsCSOs.
cases the ligand L appears to be chelating, and the titanium atom is essentially four-coordinate.

In all
The pmr spectra were also

obtained, and the =C—H resonance of the acetylacetonate appears to be the lowest field value observed for any acetylacetone

complex.
group IVb metals.

Introduction

Studies with the group IVb elements have shown
that six-coordinate chelates of the type ML,X,, where
L is a 8-diketonate and X is a ¢-bonded carbanion, can
be synthesized readily. Among the complexes pre-
pared are those with L = acetylacetonate, M = Sn,
and X = CHp*%or CgHs;* %aswellas M = Pb, X =
CHy or CgHy” In general, the trans configuration
seems to be the thermodynamically favored one.%5%¢
With X ligands other than the carbanions, the cis
configuration is energetically more favorable as, for ex-
ample, with Sn(acac),Cl,.5*

In contrast to the spate of work recently on chelates
containing organotin(IV) moieties,9 there have been
very few studies of analogous organotitanium chelates.
Compounds of the type Ti(acac):Cly have been re-
ported to have the same cis structures as the analogous
tin compounds,!! but no organotitanium compounds
containing a chelate group with nitrogen or oxygen
donor atoms seem to have been prepared. Recently,
dithiolate compounds such as (m-C3H;)aTiS,Co(CN),
have been synthesized.!?!¥ In these compounds, the
titanium (IV) is still four-coordinate, Jensen originally
suggested that (7-C;H;).TiX, (X = Br or NCS)
compounds were dimeric in acetone, presumably with
six-coordination for the titanium,4 but this appears to
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The bonding in these compounds is discussed, and they are compared with the organometallic chelates of the

have been erroneous in the light of the work of Langford
and Aplington.®®

In order to determine if the bis(cyclopentadienyl)-
titanium(IV) moiety could be forced into a sandwich
structure with parallel rings and six-coordinate tita-
nium, it was decided to study the reactions of (7-CsHj;)o-
TiCl; and (7-CsH;)sTi(ClO4), with ligands having small,
highly electronegative donor atoms.

Experimental Section

Reagents.—Bis(cyclopentadienyl)titanium dichloride was ob-
tained from Alfa Inorganics, Inc., and recrystallized from tolu-
ene. Acetylacetone was Fisher reagent, and benzoylacetone and
dibenzoylmethane were Eastman White Label. Dipivaloyl-
methane was obtained from K and K Laboratories and tropolone
from Aldrich Chemical. Barium trifluoromethylsulfonate was
generously provided by the 3M. Company.

Preparation of Complexes.—Most of the compounds were syn-
thesized several times. Microanalyses were carried out by the
Clark Mjcroanalytical Laboratory, Urbana, Ill.

2,4-Pentanedionatobis(cyclopentadienyl titanium(IV) Per-
chlorate, [(r-C;H;).Ti(acac)]ClO,.—A solution containing 0.01
mole of bis(cyclopentadienyl)titanium perchlorate was prepared
by adding a slight excess of silver perchlorate to a suspension of
2.49 g (0.01 mole) of bis(cyclopentadienyl)titanium dichloride
in 75 ml of water and filtering off the precipitated silver chloride.
The filtrate was cooled to 0° and 10 g (0.10 mole) of acetylacetone
was added. The gray-violet precipitate which formed immedi-
ately was collected on a glass frit and washed several times with
water, ethanol, and diethyl ether. Recrystallization from
methanol gave a 709, yield of violet crystals. Amnal. Caled for
Cy;HiCl06Ti: C, 47.83; H, 4.55; Cl, 9.41. Found: C, 48.25;
H, 5.10; Cl, 8.86.

Bis(cyclopentadienyl)titanium Dichloride-dig.—To a 5%, solu-
tion of NaOD in D0 was added 66 g (1.0 mole) of cyclopentadi-
ene. The mixture was kept at 0° for 5§ days with constant
stirring.  After this time, the organic layer was separated from
the aqueous layer and dried over anhydrous MgS0O4. The cyclo-
pentadiene dimer was cracked after drying!® and the monomer
was allowed to react with a fresh NaOD-D;O solution. This
process was repeated a total of seven times yielding 5.0 g of cyclo-~
pentadiene-ds. This (5.0 g, 0.07 mole), dissolved in 50 ml of
tetrahydrofuran, was slowly added to a stirred supension of 1.6 g
(0.07 g-atom) of sodium metal in 100 ml of THF. The mixture
was stirred for 3 hr until D was no longer evolved. The solution
of NaC;D;s was then added over a period of 1 hr to a stirred solu-
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tion of 6.5 g (0.034 mole) of titanium tetrachloride in 100 ml of
THF. The mixture was stirred an additional 2 hr and then
filtered through a large sintered glass funnel to remove the NaCl
which was formed. The filtrate was evaporated to dryness on a
steam bath and the residue extracted with several portions of
boiling toluene until the extracts were no longer colored red.
The toluene solution was cooled to —80°, and the red crystals of
(m-CsD5)TiCly which formed were filtered off. The product was
recrystallized once from acetone and twice from toluene; yield
4.2 g (489,). Comparison of the mass spectrum of the deuterated
compound with that of the nondeuterated product indicated an
enrichunent of 97 == 29,.

2,4-Pentanedionatobis(cyclopentadienyl-d;)titanium(IV) Per-
chlorate, [(x-C;D;)Ti(acac)]ClO,.—The deuterio bis(cyclopenta-
dienyl)titanium dichloride was used to prepare this compound
according to the procedure used for [(7-C;H;):Ti(acac)] ClOs.

2,4-Pentanedionatobis(cyclopentadienyl)titanium (IV) Trifluo-
romethanesulfonate, [(x-C;H;).Ti(acac)]F;CSO;.—This com-
pound was prepared in the same manner as the perchlorate.
Anal. Caled for C;eHi1F30:59T1: C, 45.08; H, 4.02. Found: C,
45.13; H, 4.22.

2,4-Pentanedionatobis(cyclopentadienyl)titanium(IV) Tetra-

fluoroborate, [(7-C:;Hj;).Ti(acac)|BF,.—Synthesis was by the
same procedure as was used for the perchlorate. Anal. Caled
for Cis:HiBF.O.Ti: C, 49.49; H, 4.71. Found: C, 49.39; H,
4.97.

The above three compounds as well as a variety of other salts of
the type [(#-Cs;H;):Ti(acac)]*X~ such as the hexafluorophos-
phate, hexafluoroarsenate, hexafluoroantimonate, and tetra-
phenylborate could be prepared in lower yields by the addition
of the sodium or potassium salt of the desired anion to a solu-
tion of bis(cyclopentadienyl)titanium dichloride in water con-
taining an excess of acetylacetone.

1-Phenyl-1,3-butanedionatobis(cyclopentadienyl titanium(IV)
Perchlorate, [(#-C;H;),Ti(bzac)]ClO4—A solution of 1.62 g
(0.010 mole) of benzoylacetone dissolved in 20 ml of tetrahydro-
furan was added to 50 ml of an aqueous solution containing 0.005
mole of bis(cyclopentadienyl)titanium perchlorate. The un-
covered solution was allowed to stand for 2 days at room tem-
perature, during which time deep purple crystals formed in the
bottom of the flask. These were collected on a frit and washed
with large portions of water and diethyl ether; yield 519%.
Anal. Caled for ConwClOsTiZ C, 54.75; H, 4.36; Cl, 8.08.
Found: C,54.77; H, 4.29; (I, 8.40.

1,3-Diphenyl-1,3-propanedionatobis(cyclopentadienyltita-

nium{IV) Perchlorate, [(x-C;H;).Ti(dbzm)]ClOs.—Dibenzoyl-
methane (0.90 g, 0.004 mole)dissolved in 10 mlof THF wasadded to
an aqueous solution of 0.002 mole of bis(cyclopentadienyl)titanium
perchlorate. After standing for 24 hr, violet crystals and some
vellow-orange powder formed at the bottom of the flask. Infra-
red examination of the orange product showed it to contain no
cyclopentadienyl groups. The solid was collected on a frit and
washed with water, ethanol, and ether which left only the violet
crystals. Recrystallization from acetone gave 0.21 g of product;
yield 219%. Anal. Caled for CpHaClOgTi: C, 59.96; H,
4.23; Cl1, 7.08. Found: C, 60.34; H, 4.68; Cl, 6.65.

2,2,6,6-Tetramethyl-3,5-heptanedionatobis(cyclopentadienyl)-
titanium Perchlorate, [(x-C;H;),Ti(dpm)] ClO,.—A solution of 1 g
(0.0065 mole) of dipivaloylmethane in 20 ml of THF was added
to 0.004 mole of bis(cyclopentadienyl)titanium perchlorate in 50
ml of water. The solution was allowed to stand uncovered
for 5 days, at the end of which time a mixture of deep purple
needles and orange crystals in approximately equal amounts
was deposited on the bottom of the flask. The solid was col-
lected on a frit and recrystallized twice from a mixture of THF
and diethyl ether giving only the purple needles; vyield 0.51 g
(279%). Anal. Caled for CuaHasClOgTi: C, 54.73; H, 6.34.
Found: C, 54.46; H, 6.47.

2-Hydroxy-2,4,6-cycloheptatriene-1-onatobis(cyclopentadi-

enyl)titanium(IV) Perchlorate, [(x-C;H;).Ti(trop)]ClO4.—Tro-
polone (0.61 g, 0.005 mole) dissolved in 10 ml of THF was added to
anequivalent amount of bis(cyclopentadienyl)titanium perchlorate
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in 50 ml of water at 0°. The deep green crystals which formed
immediately were filtered off and washed with large amounts of
water and ether; yield 1.1 g (559;). Awnal. Caled for CiH;s-
ClO¢Ti: C, 51.22; H,3.79; C1,8.89. Found: C,51.17; H, 4.24;
Cl, 9.04.

Bis(cyclopentadienyl)titanium(IV) Perchlorate, (r-CsH;),Ti-
(C104):.—To a solution of 1.25 g (0.005 mole) of bis(cyclo-
pentadienyl)titanium dichloride dissolved in 100 ml of anhy-
drous THF was added a slight excess of anhydrous silver per-
chlorate. The precipitated silver chloride was filtered off, and
the filtrate was cooled to —80°. Orange crystals of bis(cyclo-
pentadienyl)titanium perchlorate formed and were collected
on a glass frit under a dry nitrogen atmosphere. Because of the
explosive nature of the compound, it was not analyzed. The
infrared spectrum showed that no solvent was contained in the
product.

All of the compounds containing the perchlorate ion were very
shock sensitive and detonated frequently during the preparation of
mulls for the determination of the infrared spectra. Only very
small quantities were handled.

Infrared and Pmr Spectra.—The infrared spectra were ob-
tained with a Perkin-Elmer Model 521 grating spectrometer
using split halocarbon—-Nujol mulls and NaCl or CsI windows.
Calibration of the instrument was effected with polystyrene film.
The pmr spectra were obtained with a Varian A-60 spectrometer
at 40°, and the chemical shifts are believed to be accurate to
=+0.01 ppm.

Conductivity Data,—Conductance measurements were made on
nitrobenzene solutions with a Leeds and Northrup AC Jones
bridge. The cell constant was obtained by measuring the re-
sistance of a 0.0200 M KCl solution.

Results

Infrared Spectra.—The infrared spectra of [(=x-
CsHs).Tiacac)]JClOs and of [(#-CsDs)eTi(acac)]ClO,
are illustrated in Figure 1, and the frequencies together
with the assignments are listed in Table I. The spectra
are consistent only with a chelated acetylacetonate
ligand. Theidentification of vibrationsarising from the
chelate ligand and those from internal vibrations of the
cyclopentadienyl groups was made by comparison of
the chelate as the perchlorate and trifluoromethyl-
sulfonate salts and the d;, perchlorate with (m-CzHg)e-
TiCly and (#-C:;D;),;TiCl,, The assignments for the
acetylacetonate are based on the normal coordinate
analysis of metal acetylacetonates carried out by Naka-
moto,” modified slightly as a result of more recent
studies of the deuterated ligand.®® The internal vibra-
tions of the cyclopentadienyl groups were assigned on
the basis of the compilations by Huggins and Kaesz!®
and Fritz® and the normal coordinate calculations of
Majane, Loksin, and Saltuper.?!

Table II lists characteristic vibrational frequencies
for several of the bis{cyclopentadienyl)titanium(IV)
compounds together with the conductivity data.

Proton Magnetic Resonance Spectra.—Since the
chelate complexes were salts, a solvent of relatively
high dielectric constant was required in order to obtain
adequate concentrations for the measurements of the
spectra. Dimethylformamide was found to be suit-
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(1964).
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(21) L. S. Majane, B. V. Loksin, and G. B. Saltuper, Opt. Spectry., 18,
317 (1962).
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Figure 1.—Infrared spectrum of acetylacetonatobis(cyclo-
pentadienyl)titanium(IV) perchlorate; the lower spectrum is that
of the dy, compound.

TaBLE I

INFRARED SPECTRA OF [(7w-CsHj):Ti(acac)]ClOs AND
[(r-CsDs)eTi(acac)] ClO4*

v, cm ™1

f(7-CsHs)2Ti- [(w-CsDs)2Ti-

(acac)]Cl104 (acac) ]C10: Assignment

3114 m 2308 m (r-Cp) C—H str

1543 vs 1544 vs (acac) C—O str

1522 vs 1523 vs (acac) C—C str

1437 sh 1340 (r-Cp) ring str

1427 s 1426 s (acac) CHj deg def

1363 m 1363 m (acac) C—O str

1321 s 1312 s (7-Cp) ring str

1284 m 1289 m (acac) C=C str + C—CH;

1182 vw 1185 vw (acac) in-plane bend

1096 vs, br 1090 vvs, br  (ClOs™) v

1033 m 1032 s (acac) CH;

1017 m 1017 m (acac) CH; rock

1017 m 776 m (w-Cp) def
934 m 931 m (acac) C—CH; str + C—Ostr
865 m 647 m (m-Cp) C—H out-of-plane bend
834 s 635 s (w-Cp) C—H out-of-plane bend
805 m 806 w (acac) out-of-plane bend
670 m 671 m (acac) ring def + Ti—O str
622 m 622 m (C104™) s
542 536 (acac) C—H out-of-plane bend
480 s 482 s TiO; str
433 m . Ti-Cp; str
412 m 413 m (acac) out-of-plane bend

¢ Cp = (GHs); v, very; s, strong; m, medium; w, weak; sh,
shoulder; br, broad.

able, and a solution of [(7-CsHj;),Ti(acac)]ClO, gave
three sharp resonances at —2.27, —6.33, and —6.90
ppm relative to an internal TMS standard. The inte-
grals of these three signals were in the approximate
ratio 6:1:10, and they are assigned to the methyl pro-
tons of the acetylacetonate ligand, the v proton on the
acetylacetonate, and the cyclopentadienyl protons, re-
spectively. Table III lists data for several of the per-
chlorate salts.

Discussion

Bis(cyclopentadienyl)titanium dichloride dissolves
in water with aquation to give cationic species. It has
been suggested that (7-C;H;):TiOH* predominates,
since the hydroxo compound (7-Cs;H;):Ti(OH)Br H,0
and the picrate (m-C;H;),Ti(OH)C¢H:N3O7 can be pre-
cipitated from aqueous solutions.?? It seems likely that

(22) G. Wilkinson and J. M. Birmingham, J. Am. Chem. Soc., 76, 4281
1954).
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polynuclear complexes also exist, at least in the solu-
tions. Recent solution pH measurements indicate es-
sentially complete hydrolysis in dilute aqueous solutions
to (w-CsH;)yTIOH* or some polymer thereof.?® Sev-
eral nonhydroxy salts such as the chromate also have
been precipitated from aqueous solutions.?*

All of the perchlorate chelates reported in this work
were prepared easily by reaction 1. Even with very

(w-CsHs)e TiOH *(aq) + ClOs7(aq) + HL(aq) =
[(W—CgHs)zTiL] +C104—<S) -+ HZO(I) (1>

high concentrations of the chelating ligand conjugate
acid it was impossible to produce the bis chelate.
The actual free ligand concentrations in these solu-
tions were very low, since above about pH 2.8 the (7-
CsHy);Ti'V group is decomposed with the breaking of
the titanium-ring bonds. The mono chelates are only
slightly soluble in water and virtually insoluble in most
organic solvents. The dipivaloylmethane complex
was synthesized in an effort to obtain a chelate which
would be more soluble in organic solvents; however, its
solubility was not significantly greater. With SO,
NO;~, or I—, no precipitation occurred, but other large
uninegative ions besides ClO,~ such as BF,~, AsF;—,
SbFs~, F:CSO;~, and B(CeH;)s~ also gave insoluble
compounds.

Both the infrared and pmr spectra indicate that the
ligands are chelating, and the bis(cyclopentadienyl)-
titanium(IV) moiety undoubtedly possesses a wedge-
like sandwich structure with essentially tetrahedral
coordination about the titanium atom similar to that
found for the dichloride.?® The vibrational frequen-
cies assigned to the perchlorate ion in the various chelate
salts are typical of the “free’” anion, and no appreciable
splitting of degenerate vibrations was observed. The
spectra of [(7-CsHs).Ti(acac)][FsCS0;™] also showed
the spectrum of the free trifluoromethylsulfonate an-
ion,%

If a ligand like the acetylacetonate ion were bound
by simple hard sphere coulombic interactions to a
(m-CsHp) Ti%* ion, it seems likely that a bis complex
with four oxygen atoms in the xy plane and parallel
cyclopentadienyl rings (w = 180°) could be synthe-
sized. This structure would maximize the coordina-
tion number for the metal atom in an electrostatically
favorable configuration and simultaneously maximize
the total metal-cyclopentadienyl ring overlap.

There is a question of whether repulsions of the
ligands by the cyclopentadienyl = electron clouds
would lead to unfavorably long Ti~O bonds, 4.e., whether
this structure is reasonable on steric grounds. For
example, water molecules do not appear to interact
strongly with ions like (7-CsH;).Cot in aqueous solu-
tion. Figure 2 illustrates a titanium atom buried in
the 7 electrons of two parallel cyclopentadienyl rings.
The distance between rings is calculated using the Ti~C
and C-C distances reported for (r-C3Hs),TiCl.® If

(23) Y. J. Israeli, Bull. Soc. Chim. France, 837 (19686).

(24) G. Winkhaus and H. Uhrig, Z. Anal. Chem., 200, 14 (1964).

(25) N. V. Alekseev and I. A. Ronova, Zk. Strukt. Khim., 7, 103 (1966)

(26) J. H. Patterson, M. G. Miles, G. Doyle, and R. S. Tobias, unpub.
lished work.
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TaBLE II

INFRARED AND CONDUCTANCE DATA FOR SEVERAL BIs(CYCLOPENTADIENYL)TITANIUM(IV) CoMPOUNDS

v, cm ™1
Cyclopentadienyl ring—-——
7 C~H Perchlorate Molar conductivity, Concn,
Compound 7 C-H str out-of-plane bend 73 74 cm? ohm 1 @ M

[(r-CsHs)eTi(acac)] ClO; 3114 m 834 s 1096 vs 622 m 31.6 0.00130

35.2 0.00043
[(w-CsH; ) Ti(bzac)] ClO4 3111 w 840 s 1105 vs 628 s 30.0 0.00108
[(w-CsHs ) Ti(dbzm )} ClO, 3114 m 830 s 1098 vs 626 s 30.4 0.00133
[(m-CsHs):Ti(dpm)] ClO4 3114 m 835 s 1095 vs 622 s 36.2 0.00024
[{m-CsH5):Ti(trop)] ClOy 3101 m 835 s 1096 vs 623 s 32.6 0.00064
[(W-CEHﬁ)zTiclz 3114 m 819 ) e P
(m-CsHs )2 Ti(ClOy)s 3114 m 852 s 1130 vs, 1072 vs, 1009 vs,

920 w, 624 s, 460 w

s Nitrobenzene solution at 25°; the values are typical of a 1:1 electrolyte.

TaBLe III
ProToN CHEMICAL SHIFTS FOR SEVERAL
B1s(cYCLOPENTADIENYL)TITANIUM(IV) CoMPOUNDS
DissoLvED IN N,N-DIMETHYLFORMAMIDE?

T ring 7 other
Compound protons, ppm protons, ppm
(m-CsH; ). TiCle 3.28

(m-CsHs ). Ti(trop)Cl0O, 3.17
(7-C:H;)2 Ti{dpm )ClO, 3.11
(m-CsHs )2 Ti(acac)ClO, 3.10
(7I'-C5H5)2Ti(bZ&C)C104 3.03
(7r—C5H5)2Ti(deI‘I1)C104 2.95

o Sample temperature ca. 40°; the solutions were saturated,
ca. 0.1 M; rt™s = 10 ppm.

—C(CHy)s, 8.70
—CH==, 3.67; —CH,, 7.78
—CH,, 7.53

[o]
1A

Figure 2.—Model of the bis(cyclopentadienyl)titanium(IV)
moiety in a parallel ring configuration.

the ring-Ti-ring angle is decreased to 121.5°, this
gives the bond distances for the bis(cyclopentadienyl)-
titanium(IV) moiety in the dichloride. A value of 3.4
A, the usual value for aromatic systems, is taken for the
« cloud thickness.”” The univalent radius (0.96 A)*

is used for the titanium atom, and this is somewhat
smaller than the covalent radius of 1.24 A estimated
from the 2.24 A% Ti-Cl distance reported for (-
C3H;).TiCl,. Since the = clouds are used in the ring-
metal bonds and would exert less of a steric effect on
the equatorial ligands, there seerms to be no reason ¢
priort why this configuration should be unstable.

If, on the other hand, the titanium-oxygen bonds
have appreciable covalent character, interaction with
only one acetylacetonate ligand would be expected.
Ballhausen and Dahl have discussed the bonding in
wedge-like sandwich complexes in terms of molecular
orbitals.2® The titanium 3d, 4s, and 4p orbitals can be
mixed to produce nine hybrid orbitals. Six of these
are strongly directed toward the two cyclopentadienyl
rings, and two are employed in ¢ bonding while four
more are 7 bonding. The molecular orbitals which
result from the interaction of these metal hybrids with
the ring molecular orbitals contain the 12 bonding
electrons characteristic of all covalent bis(cyclopenta-
dienyl) complexes. Although the total ring orbital-
metal orbital overlap is a maximum in the configura-
tion with parallel rings, the total integral does not de-
crease rapidly as the angle w decreases from 180°; see
Figure 3.

In a covalent model, the one acetylacetonate ligand
would be bound using the two strongly directed metal
hybrids ¢, and y_, which are presumed to be used in
(m-CsH;),;TiCl,. Coordination of four oxygen atoms
in the xy plane by strong covalent bonds would lead to
weakening of the metal-ring bonds and would be ex-
pected to be energetically unfavorable.

Efforts to produce ‘“‘octahedral” coordination by
reaction of a solution of (x-C;Hj;).Ti?+(aq) with high
concentrations of fluoride ion produced only (m-CsHs)e-
TiF, rather than salts containing [(w-CsH;)oTiF]* .
The same difluoride was the only product obtained when
solutions of (m-CsH;)2TiCly in THF and other nonaque-
ous solvents were allowed to react with AgBF, or Na-
BF,. Similar results were obtained with ions such as
PF¢—, SbF¢—, and AsFe~. The anhydrous perchlorate
was prepared, but its structure is not known. The

(27) L. Pauling, “The Nature of the Chemical Bond,” 3rd ed, Cornell
University Press, Ithaca, N. Y., 1960, p 262.

(28) Reference 27, p 514.

(29) C.J. Ballhausen and J. P. Dahl, Acta Chem. Scand., 16, 1333 (1961).
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Figure 3.—Orbitals for bonding of ligands in wedge-like sandwich
complexes.

degenerate perchlorate vibrations are split by the strong
interaction with the bis(cyclopentadienyl)titanium (IV)
moiety.

The pmr spectra of DMF solutions of [(7-CsH;),Ti-
(acac) ]Cl0s and [(7m-CsHs). Ti(dpm) ]JClO, are simple and
easily interpreted. They showed no traces of free lig-
and indicating that the chelates do not dissociate upon
dissolution in DMF. The v proton resonance of the
acetylacetonate complex occurs at a lower field than
that reported for any other acetylacetonate. This
value, 7 = 3.67 ppm, can be compared to the average
value of several acetylacetonate complexes found by
Smith and Thwaites of 4.66 ppm.® The most similar
value is that of the tris(acetylacetonate)silicon(IV)
ion, 7 = 3.74 ppm, found for a CHCl; solution of [Si-
(acac);]CI'HCl. Hester has suggested that this very
low-field resonance results from a ring current effect
arising from extensive = donation of the oxygen lone
pairs into the vacant silicon 3d orbitals.3! Since the
two resonances observed at very low field occur with
cationic acetylacetonates, it is probably true as sug-
gested by Fackler’? that this results, at least in part,
from the net positive charge on the complex. The
corresponding -y proton resonances of the dialkoxobis-
(acetylacetonato)titanium (IV) complexes Ti(acac):X,

(80) J. A. S. Smith and J. D. Thwaites, Discussions Faraday Soc., 84, 143
(1962).

(31) R. E. Hester, Chem. Ind. (L.ondon), 1397 (1963).
(32) J. P. Fackler, Jr., Progr. Inorg. Chem., T, 361 (1968).
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occur in the range 7 = 4.417 (X = CF,CH,0-) to
4.628 (X = t-C;Hy0-).*®* When X is a halide, the
resonance occurs at a considerably lower field; e.g.,
in the sequence of compounds Ti(acac),F,, Ti(acac),Cl,,
and Ti(acac).Br,, the 7 values are 4.11, 3.99, and 3.96
ppm, respectively.?* The vibrational frequencies re-
ported by Bradley and Holloway?? for the coordinated
acetylacetonate in Ti(acac),Cly, » C—0O, 1550; » C—C,
1520; and » Ti—O, 472 ecm 1, also are quite similar to
the corresponding values assigned here for [(w-CsHs),-
Ti(acac) JC10,, 1544, 1523, and 480 cm—1.

The 7 value of the methyl protons of the acetylace-
tonate group was 7.73 ppm, the same value reported
for chloroform solutions of [Si(acac);]CI'HCL.31 This
is also lower than the values reported for any other
acetylacetonate (Co(III) 7.87 to Th(IV) 8.10) and also
can probably be attributed to the cationic charge on the
complexes.

The ring proton resonances for the (W-CaHs)zTiIV
chelates also occur at slightly lower field than reported
for other bis(cyclopentadienyltitanium(IV) com-
pounds.® This resonance shifts downfield in the se-
quence acac, bzac, dbzm = = 3.10, 3.03, 2.95, respec-
tively, and this is generally the order of increasing
donor strength and thermodynamic stability with
these ligands as indicated by stability constants deter-
mined for aqueous solutions. The same trend in the
resonances of the methyl groups bound to tin in the
compounds (CHj),SnL, was observed where the reso-
nances occur at 7 values of 9.51, 9.25, and 9.07 ppm®
with L = acac, bzac, and dbzm, respectively.

As shown by the data in Table II, the C-H stretch-
ing and out-of-plane bending vibrations are not at all
sensitive to the other ligands coordinated to the tita-
nium atom. These vibrations occur with the highest
infrared intensities and give rise to the only bands
which are easily assigned in the spectra of the coordina-
tion compounds.

All of the mono chelates were easily synthesized and,
with the exception of the perchlorates which detonated
easily, they were very stable. Giddings has suggested
on the basis of the ease of preparation and stability of
the bis(cyclopentadienyl)titanium (IV) mercaptides that
the (w-CsHs);Ti'V moiety is a “soft” rather than a
“hard” acid.®” The results of this investigation do not
support this, and apparently the (m-CsH;)oTi'V moiety
forms a wide range of stable compounds with a variety
of donor atoms.

(33) D. C. Bradley and C. E. Holloway, ref 7, p 483.

(34) R. C. Fay, personal communication; the values were recorded at
37° with TMS as an internal standard in CH;Clz solution.

(35) H. C. Beachell and S. A. Butter, Inorg. Chem., 4, 1133 (1965).

(36) These values are for ca. 0.2 M solutions in CHCls: Ph.D. thesis,
Mary Mercy McGrady, University of Minnesota, 1965,

(37) S. A. Giddings, Abstracts of the Second International Symposium on
Organometallic Chemistry, Madison, Wis., Aug 30-Sept 3, 1965, p 121,



