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Abstract — Chelates of titanium, zirconium, and hafnium wifdicarbonyl compounds react with butyl,
amyl, and octyl alcohols to give metal alkoxides. The reaction is accompanied by retro-Claisen cleavage of
the ligand. The reactivity of the chelates was studied in relation to the ligand structure, nature of the metal,
and reaction temperature. The reaction mechanism is discussed.

Metal chelates can undergo chemical transformaand ligand structure, metal alkoxides and products of
tions resulting in changes in the coordination state ofhe retro-Claisen cleavage of the ligand by the follow-
the metal and cleavage of the ligand. This factor siging scheme (Tables 1, 2):
nificantly affects the thermal stability, reactivity, cata- ,

Iytic activity, and other properties of the chelates. R

Alcoholysis of metal chelates witB-dicarbonyl lig- M\ ROH ,
ands is studied poorly. \ MOR + RCOMe + MeCOOR,

As early as 1957, Freidlinat al [1] showed that Me
alcoholysis of tetrakis(acetylacetonato)zirconium with
butyl and benzyl alcohols yields, respectively, zirconi-M = Ti, Zr, Hf; R = n-Bu, n-Am, i-Am, n-CgH;7 R' =
um butoxide and benzyloxide; the ligand decomposi- CHjs, i-AmO, n-CgH;/0.
tion products were not studied. Later, when studying
thermal decomposition of titanium alkoxy chelates As judged from the yields of the resulting alkox-
and alcoholysis of titanium bis(alkoxycarbonylacetoides, the retro-Claisen reaction occurs to a greater
nate) with isoamyl alcohol, we found [2] that alcohol- extent with higher-boiling alcohols and, in the-Zr—
ysis with excess alcohol (or with alcohol released irHf series, with zirconium and hafnium. The yield of
decomposition of the alkoxy chelate) yields the correalkyl acetates is not quantitative, which means that
sponding titanium alkoxide and isoamyl acetate (irnin all cases the ligand cleavage is incomplete. The
the case of acetylacetone, acetone and alkyl acetate)¥ield of acetone in all cases is lower than that of the
products of the retro-Claisen cleavage of the chelatingorresponding alkyl acetate, which suggests participa-
ligand. Wakeshimaet al. [3] found that reactions of tion of acetone in side reactions. Since the metal
tetrakis(acetylacetonato)zirconium with alcohols yieldalkoxides were isolated in a partially hydrolyzed form,
zirconium dialkoxybis(acetylacetonates), acetone, andne of such reactions can be condensation of acetone
alkyl acetate. with release of water. Condensation occurs apparently
The goal of this paper was to reveal the influenc {0 a large depth, as no mesityl oxide or phorone was
on alco%ol sis of trl?e pstructure of Groun IVB metaﬁjetected_ln the distillates. On the other hand, acetyl-

y . ; P acetone is also partially involved in these condensa-

chelates withp-dicarbonyl ligands. tions (the IR and'H NMR spectra of the resulting

In solutions of alcohols ROH, Group IVB metal alkoxides contained no bands or signals corresponding
chelates with bidentate univalent ligands L can existo the carbonyl and acetyl groups).
in various forms: M(ORL, M(OR)ZLZ (M = Ti, Zr, Thus, the retro-Claisen cleavage is the main but not
HI), M(OR)Lg, and ML, (M = Zr, Hf). In this work the only decomposition pathway @tdicarbonyl lig-
we studied alcoholysis of titanium dialkoxybis(acetyl- d y P P y yrig
acetonates) and -bis(alkoxycarbonylacetonates) and gpas.
zirconium and hafnium tetrakis(acetylacetonates). Formation (and hence subsequent condensation) of
Alcoholysis of these chelates with excess alcohol oacetone can be excluded by using alkoxycarbonylace-
heating yields, irrespective of the nature of the metalonates as chelating ligands. Indeed, in alcoholysis of
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Table 1. Alcoholysis of Group IVB metal acetylacetonates of the retro-Claisen cleavage are clearly detected in

with n-amyl alcohot the distillate.
Let us discuss the reaction mechanism.
Amount of cleavage
product, vield of Ueharaet al [4, 5] studied alcoholysis of 3-substi-
Chelate mol mol? ligand alkoxide. % tuted acetylacetonates in the presence of transition
’ metal ions and suggested the following mechanism
AcOAmM acetone involving direct decomposition of the chelate:
R
Ti(OR)x(acac) | 0.66 0.47 31 =0 .. —0 bn
Zr(acac), 0.82 0.36 65 R—\ }\/I — R M-
Hf(acac), 0.41 0.21 52 o) 4
_ R OH R
2 The chromatographic peaks of acetylacetone and excess amyl 0o | o
.O_ i}
alcohol are not resolved. . R{}\A — R LW
®) O

Table 2. Alcoholysis of Group IVB metal acetylacetonates

with n-octyl alcohol o R
Ld
— s 7 ROH MeCOOR
Amount of | vieiq of | Yield o Rx\_ J' == Rrerpcome” ROM
cleavage product] O
Chelate mol mof! ligand Hacac,l of
mol mol~| alkoxide, According to this scheme, 3,3-disubstitutdlike-
ligand % tone derivatives should not undergo cleavage, as they
AcOCgH, 7 acetone cannot form the chelates shown in the above scheme.
However, 3,3-dimethylacetylacetone does undergo
Ti(OR),(acacy | 0.84 | 0.83 | 0.13 72 alcoholysis under the same conditions [5]. This con-
Zr(acac) 0.77 - 0.06 81 tradiction can be lifted by assuming that the reactive
Hf(acac), 0.75 - - 95 species in alcoholysis is a chelate containing two

coordination bonds with the neutral ligand (such
o . titanium chelates are known; they were reported for
titanium alkoxycarbonylacetonates the yields of alkoxthe first time by Tompson [6]). Then, the mechanism

ides are higher (Table 3). of the retro-Claisen cleavage can be presented as
follows:
The course of the retro-Claisen cleavage is gov- OR
erned by the reaction temperature rather than the N—o r =0
length of the alcohol molecule. When the alcoholysis R M2 BN M
is performed with butanol at 20Q (under pressure), R\N—g R \=5
the yield of titanium butoxide is practically the same OR

as the yield of the alkoxide in reaction with octanol <

at ambient pressure. With titanyl acetylacetonate, the . M ROH MeCOOR . rom
reaction is essentially similar. Obviously, in this case < 3\_ ) = R,CH,COMe '
the alkoxide cannot be isolated, but all the products S

Table 3. Alcoholysis of titanium acetylacetonate and alkoxycarbonylacetonates

Amount of cleavage products,

mol mol?! ligand

Chelate/alcohol Yield of alkoxide, %

AcOCgH,; acetone
Ti(OR),(acac)/AmOH 0.66 0.47 31
Ti(OR),(AcCH,COOAMm),/i-AmOH 0.15 0.005 50
Ti(OR),(AcCH,COOG;H; +n),/n-CgH,,0OH 0.47 - 52
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This process is more probable, since this mechan- Reaction of titanium butoxide, butanol, and 3,3-
ism can be operative with 3,3-disubstitutgdlicarbo- dimethylacetylacetone was performed similarly;
nyl compounds also. In our case, 3,3-dimethylacetyl3.40 g of titanium butoxide, 7.50 g of butanol, and
acetone also undergoes the retro-Claisen cleavagé.28 g of 3,3-dimethylacetylacetone were taken. In the

reaction products, the initial diketone, methyl isoprop-
EXPERIMENTAL yl ketone, and butyl acetate were detected.

Chelating agents and titanium alkoxides were dis- Reactions of diamylbis(acetylacetonato)titanium,
tilled before use. Titanium alkoxy chelates were prediisoamylbis(isoamyloxycarbonylacetonato)tita-
pared from appropriate chemicals directly before th@ium, dioctylbis(octyloxycarbonylacetonato)tita-
experiments. Titanyl acetylacetonate was preparegium, tetrakis(acetylacetonato)zirconium, and
according to [7], and zirconium and hafnium acetyl-tetrakis(acetylacetonato)hafnium with higher al-
acetonates, according to [8]. cohols. Alcoholysis was performed at atmospheric
pressure at the molar ratio chelate : alcohol = 1: 10,
with n-amyl, isoamyl, anch-octyl alcohols. The mix-
Sures were refluxed for 1 h; the alcoholysis products
were distilled off at atmospheric pressure.

The alcoholysis products were analyzed with an
LKhM-8MD chromatograph equipped with a thermal REFERENCES
conductivity detector; the carrier gas was He, flow
rate 50 ml min*; 2000x 3-mm columns were packed 1. Freidlina, R.Kh. Brainina, E.M., and Nesmeya-
with Chromaton N-AW-DMCS (0.160.20 mm) im- nov, A.N., Izv. Akad. Nauk SSSR, Ser. Khih957,
pregnated with 5% Carbowax 20M or 5% SE-30. The no. 1, p. 43.

column temperature depended on the. Compounds. gj Yatluk, Yu.G., Suvorov, A.L., Khrustaleva, E.A., and
be analyzed. The substances were identified using Abram,ova V’I Availalble f;rom VINITI ’MOSC’OW

appropriate references. 1985. no. 7966-V

Reaction of dibutoxybis(butoxycarbonylacetona- 3. Wakeshima, I., Kamogawa, H., and Kijima,J.,Chem.
to)titanium with butanol. An autoclave was charged  Soc. Jpn.,1991, vol. 94, no. 8, p. 1078.
with 3.40 g of tetrabutoxytitanium, 3.16 g of butyl 4 yenara, K., Kitamura, U., and Tanuka, Ii@hem. Lett.,
acetoacetate, and 5.92 g of butanol. The mixture was 1973 no. 3, p. 279.
heated for 8 h at 20C. After reaction completion, .
the low-boiling products were distilled off at atmos-2- Yehara, K., Kitamura, U., and Tanuka, NBull. Chem.
pheric pressure, and the residue was vacuum-distilled. S°C- JPn-.1976, vol. 49, no. 2, p. 493.
Yield of titanium butoxide 1.70 g (50%). The distil- 6. Tompson, D.W.J. Chem. Ed.1971, vol. 488, no. 1,
late contained, along with butanol, also butyl acetate. p. 79.

Reaction of titanyl bis(acetylacetonate) with /- Yang, C.H. and Goedkin, V.L.Inorg. Chim. Acta,
butanol was performed similarly; 2.62 g ofthe chelate 1986, vol. 117, no. 1, p. 419.
and 7.50 g of butanol were taken. For chromatograplg. Inorganic Syntheses;ernelius, W.C., Ed., New York,
ic study, the mixture was distilled to dryness. The 1946, vol. 2. Translated under the titieeorganicheskie
distillate contained butanol, acetone, and butyl acetate. sintezy (Inorganic Syntheses), 1951, vol. 2, p. 119.

Alcoholysis with butanol was performed in glass
ampules in an autoclave, and alcoholysis with th
other alcohols, at atmospheric pressure.
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