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Abstract

Reactions of [{Ti(*-C sMe;sX u-0)Cl};] (1) with Grignard reagents, RMgCl (R = allyl (CH,CH=CH),), crotyl (CH,CH=CHMe)), in
diverse ratios and conditions allow the characterization of the allyl oxotrimers [{Ti(%3-C;MesX u-O)}R,Cl;y_,] (n=3, R =allyl, 2;
n=1, R=allyl, 4 n=2 R=allyl, 5; n=3, R=crotyl, 7). The complexes [{Ti(n*-C;MesX p-0)};(#-C;H;),] (2) and [{Ti(n’-
CsMe X 1-0)}5(7-C3H),Cl] (5) undergo thermal rearrangements, in a regio- and stereoselective way, to give the derivatives
[{Ti(n*-C sMegX p-O)}4{ p23-CH,CH(CH,CH=CH,)CH,}X] X = allyl (3) and X = Cl (6) respectively. These processes involve the
migration of one allyl group to the B-carbon of the adjacent allyl ligand and the formation of a 2-allyl-1,3-propancdiy! unit bridging two
titanium atoms. The crystal structure of [(Ti(%"-CsMe ;X 2-0)}4(o-CH,CH=CHMe),] (7) has been studied by X-ray crystallography and
can be described as three Ti(n®-CsMegX o-crotyl) units linked through oxygen bridges forming a nearly planar Ti;0; ring.

Keywaords: Allyl; Oxide; Titanium

1. Introduction

Allyl transition-metal complexes constitute an impor-
tant cluss of compounds in the field of organometallic
chemistry. They are very useful as catalysts, catalyst
precursors and sioichicmetric reagents in organic syn-
thesis {1} To date, most of the chemistry of these
complexes has been carried out for middle to late
transition elements, and much less is known for the
Group 3-5 metals. In the case of titanium, allyl com-
pounds usually contain the metal center in low oxida-
tion states [1], while the few reported examples in the
maximum oxidation state are only mononuclear species:
Ti(NR,),(CH,CR’CH;) (R=Me, Et; R’ =H, Me),
Ti(NEt,),(CH,CMeCH,), [2] and the cationic com-
pound {[Ti(n*-CsMe;),(n*-C,H,)l* BF; } (3], recently
prepared by oxidation of the titanium(HI) allyl complex
Ti(n*-CsMe,),(n*-C3H;) with [Fe(MeCp), IBF,.

Within our studies on the reactivity of the complex
[{Ti(n*-CsMesX u-0)C1),] (1) [4,5], a model for either

* Corresponding author. Fax: (-+34) 1 8854683; e-mail:
qimena@alcala.es.

a metal or a metal oxide surface, we have atlempted to
incorporate one or more ailyl ligands into the Ti,0,
cote in order to compure the chemical behavior of these
hydrocarbon groups with that of the trialkyl derivatives
{Ti(n®-CsMe, ) n-OR},] (R = Me, Et, Pr, CH,Ph)
[4,6,7).

Here we report the preparation and characterization
of new oxo-allyl trinuclear titanium(IV) derivatives, and
also the conversion of some of these complexes into
unexpected with the 2-allyl-1,3-propanediyl group
bridging two titanium atoms. The synthesis and X-ray
structure determination of the crotyl derivative
[{Ti(n*-CsMesX u-OX o-CH,-CH=CHMe), ) (7) s
also described.

2. Results and discussion

Treatment of [{Ti(n>-CsMe; X u-0)Cl}, 1 (1) with ei-
ther three equivalents or an excess of allylmagnesium
chloride, in toluene at low temperature (0°C, 1h), leads
to the isolation in good yield of the trisubstituted deriva-
tive [{Ti(n’-CsMesX u-0))5(n*-C,Hy)s] (2) (Scheme
1). The 'H NMR spectrum of this compound (Table 1)
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shows two signals in a 2:1 ratio corresponding to the
n®-C,Me, ligands, denoting C, symmetry. The allyl
resonances, also in a 2:1 ratio, exhibit the well-known
n'-n® isomerization along with the free rotation around
the carbon=carbon and metal-carbon single bonds, and
are characterized by the equivalence of the CH, groups
on the NMR timescale at room temperature,

The IR spectrum of 2 in KBr displays the chuaracteris-
tic absorptions of the n-C,Me, group [8] and the
typical strong band for the Ti=O=Ti unit in the region
750-800em™' {4=7]. A moderate absorption found at
1604cm™' can be assigned to the carbon-carbon
stretching vibration of the n'-allyl ligands distorted
towards an n'-bound configuration, similar to those
reported in the literature for the structurally character-
ized Zt(n°-CsMegXn -1,1,2-Me,allyD)Br, (1571 cm™")

[9] and ZrCp,(n*-1,2,3-Me;allyDBr (1571cm™") [10).

Although the molecular ion peak is not observed, the
El-mass spectrum shows a fragmentation pattern with
consecutive losses of allyl and ethylene groups. In
particular, the peak with m/e = 610 [M - 2(C,H,) -
(C,H,)]*, can be associated with the formation of the
#y-methylidyne complex [{Ti(n"-CsMe X p-0))( py-
CH)) {7).

However, if this reaction is carried out in THF at
room temperature for 36 h, the product 3 (Scheme 1) is
identified from the NMR and IR data. This complex
contains one 2-allyl-1,3-propanediyl group bridging two
titanium atoms and one 7 -allyl ligand which presents
an analogous dynamic situation to that found for the
complex 2,

The 'H and ""C NMR spectra (Table 1) of this

CH2 /‘FCH R CHz
‘ CH,
CH CH
. CHy S
Cp*r CH, ot CH;
; N - Jp
Ti==mmpy =T S R L
Cpe @ e Cpr ®  cpr
R Cp*a qCMe, R
R=nC,H,

Scheme 2.
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Fig. 1. Structural situation, NOE and coupling constants H,, -H,,
for the 2-allyl-1,3-propanediyl group in complex 3.

0

unexpected complex demonstrates C, symmetry, in
agreement with the presence of two different types of
7°-C,Me; ligand, in a 2:1 ratio, and the equivalence of
the terminal carbon atoms of the Ti-CH,-
CH(CH,CH=CH,)CH,-Ti fragment.

The proton resonances of the Ti-CH, groups are
characterized by a “Jy,,, = 12.5Hz value within the
range described in the literature for H,,,~H,, ., cou-
plings in organic eyclohexanes 11} This fact could
mean that the central hydrogen of the |.3-propunediyl

ligand is situated in the axial position, while the o-allyl
substitute occupies the equatorial position with respect
to the six-membered ring Ti-CH,-CH_,;,—~CH,-Ti-O
(Fig. 1).

The structural situation is confirmed by the results of
NOE homonuclear differential experiments. In particu-
lar, the irradiation over the signal of the inequivalent
n°-CMe; ligand results in an NOE at the bridging
group: 0.6% for the central (8 =2.70ppm) and 0.4%
for the equatorial protons (8 = 1.08 ppm).

The IR data are in agreement with the presence of
the Tiy;O; core (773vs), n°-CsMe; (2913 m, 1491s,
1431 m, 13755, 1022s) and 7-allyl (1604m) ligands;
but, in contrast to 2, an additional moderate absorption
at 1631 em™', corresponding to the stretching carbon-
carbon double bond vibration of the bridging ligand
-CH,CH(CH,CH=CH,)CH,~ is observed.

Again, the molecular peak does not appear in the
EM-mass spectrum of this complex, but the fragmenta-
tion pattern is comparable with that for the trisallyl 2
and suggests the possible thermal transformation of 2
into 3. In fact, this transformation can be performed
quantitatively by heating a benzene-d, solution of 2 at
105°C for 12h in an NMR tube, and it proceeds in a
regio- and stercoselective way.

A reasonable explanation for this rearrangement
would involve an intramolecular and intermetallic nu-
cleophilic attack of one allyl ligand over the central
carbon of the adjacent allyl group, as shown in Scheme
2,

The transformation observed for complex 2 appears
to paraliel that proposed by Maitlis and coworkers [12),

Fig. 2. Molecular structure of [(Ti(%*-C Me; X p2-0(o~CH ,CH=CHMe), ] (7).
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Table 2 .

Selected lengths (A) and angles (deg) for compound 7 *

Ti(1)-0(12) 1.835(4) C(42)-C{43) 121(1)
Ti(1)-0(13) 1.810(5) C(43)-C(44) 1.50(2)
Ti(1)-C(41) 2.146(9) Ti(3)-C(61) 2.13(1)
Ti(2)-0(12) 1.828(4) C(51)-C(52) 1.42(1)
Ti(2)-0(23) 1.826(6) C(52)-C(53) 1.3U1)
Ti(2)-C(51) 2.132(8) C(61)-X62) 1.41(2)
Ti(3)-0(13) 1.854(5) C(63)-C(69) 1.51(2)
TI(3)-0(23) 1.824(5) C(53)-C(59) 1.4%(2)
4n-0i42) 1.51(1) C(62)-C(63) 1.442)
Ti(1)-Cp*(1) 2.067 Ti(1) - - - Ti(2) 3.353
Ti(2)-Cp*(2) 2.065 Ti(1) - - - Ti(3) 3.364
Ti(3)-Cp*{3) 2.060 Ti(2) - - - Ti(3) 33712
O(12)-Ti(1)-0(13) 105.5(2) Ti(2)-0(23)-Ti(3) 134.6(3)
O(12)-Ti(2)-0(23) 106.1(2) Cp* (1)-Ti(1)-0(12) 114.0
O(12)-Ti(1)-C(41) 96.9(3) Cp ' (1)-Ti(1)-0(13) 1225
0(13)-Ti(3)-0(23) 104.2(2) Cp (1)-Ti(1N-0(41) 112.0
O(12)-Ti(2)-C(51) 100.6(3 Cp*(2)-Ti(2)-0(12) 116.9
O(13)-Ti(1)-C(41) 101.8(3) Cp*(2)-Ti(2)-0(23) 117.0
O(13)-Ti(3)-C(61) 97.1(3) Cp* (2)-Ti(2}-0(51) 116.0
O(23)-Ti(2)-C(51) 97.7(3) Cp*(3)-Ti(3)-0(13) 121.1
0(23)--Ti(3)-C(61) 100.8(3) Cp* (3)-Ti(3)-0(23) 116.1
Ti(1)-0(12)-Ti(2) 132.7%(3) Cp* (3)-Ti(3)-0(61) 114.2
Ti(1)-0(13)-Ti(3) 133.4(3)

* Cp” is the centroid of the C M, ring.

where the complex [{Rh(n?-CMegX u-CH,)Cl},] was tent with the substitution of one of the two chlorides in

treated with allylmagnesium chloride to give a product
containing the @B-substituted dimetallacyclopentane unit
Rh~CH3-CR(CH2CR=CH.,)-CH »=Rh (R = H, Me).

Similar reactions are also known for mononuclear
species such as {M(n*-C MeL(n allyD} "' X" ] (M =
Rh, Ir; L= P'Pr,, PML\. C.,H4. X = BF,, PF;, OTY)
(3] ((M(n*-C,H )»(n -allyl)} ] (M= Mo, W) [14],
[lM('r; -C Mcq),(n allyD} 'BE;] (M = Ti, Zn) [3],
11‘(]1) -C, Mc..,) (allyD, [15] and Ti(y*-C Me,),(allyl)
[16

Attempts to obtain the selective substitution of two
of the three chloride ions in 1, using toluene and/or
THF, lead to mixtures of products where only the
disubstituted derivative [(Ti(n*-CsMe ) u-0),(n*
CJHS)IC]] (5) und [[Ti(ns‘CSMEQ)( M'O)}\{ Mo

the cis position, at the less crowded side of 1.

The reaction of 1 with crotylmagnesiumchloride
(95%, predominantly E) has also been explored to study
the effect of the allyl group methylation on how this
ligand binds to the Ti(n*-C,Me;)O moietics. The addi-
tion of an excess of the Grignard reagent to the trichlo-
ride 1 results in the complete substitution of the chloride
ions (Scheme 1) based on the analytical and structural
data. The NMR spectra suggest the existence of geo-
metric isomers with respect to the crotyl ligand double
bond and clearly indicate that the isomer which contains

Table 3
Crystal and X-ray structural analysis data for 7

(CH,CH(CH,CH=CH,)CH,)ICI (6) could be identi- Molecular formula Ti;0:Cs Hgy
fied by NMR (Table 1) . However, compound 6 can be Fw 7621
isolated in acceptable yields (60%) by reaction of 1 with Space group dl

allylmagnesium chloride (1:2 ratio), in THF at room
temperature (Scheme 1), even though it always appedrs
slightly contaminated with complex 3 (ca. 7% by 'H
NMR).

2157(1)

11.678(4); 83.45(1)
12.064(6); 85.40(1)
17.575(3); 61.30(1)

Unit cell vol. (A)
a(A); a (deg)
b (A): B (dep)
¢ (A) y (dep)

In contrast, treatment of the starting product 1 with z A 2

. . . . ) . Deale. (gem ™ ) 1.74
one equivalent, or a slight deficiency, of aIIyIMg_CI. in F000) 816
toluene and/or THF at room temperature, results in the alem™") 5.08
formation of the monosubstituted derivative [{Ti(n’- Total no. of reflections measured 7836
CMe X u-0)),(n'-C4H,)Cl, ] (4) (Scheme 1). Unfor- No. of reflections measured with /> 20(1) 8 105')723
tunately, this compound could not be isolated analyti- ’lgw 0.066
cally pure due to the existence of small amounts of GOF 1.662

unchanged 1. The NMR data of 4 (Table 1) are consis-
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the three o-crotyl groups in an E configuration is
present in ca. 90%. In the infrared spectrura of 7, the
absorption at 1634cm™" corresponding to v(C=C) is
also indicative of the crotyl ligands’ o-coordination.
Probably, the methy! group bonded to the terminal
carbon atom of the allyl groups provides sufficient
steric bulk in the compound 7 to disfavour the 7-coordi-
nation mode observed for the unsubstituted allyls in
complexes 2-4.

2.1. X-ray structure of [{Ti(n>-C;Me; )N p-
O)},(CH,CH = CHMe),] (7)

Red crystals of [{Ti(n>-C;Me ) n-0)},;-
(CH,CH=CHMe);] (7) were grown from a pentane
solution at —40°C and the crystal used for the diffrac-
tion studies did not correspond to the expected E.E.E
isomer but to the E,Z,E one. Fig. 2 shows the molecular
structure of 7, and selected bond lengths and angles

Table 4

Positional parameters and their estimated standard deviation for compound {{Ti(5*-CsMesX #-OX o-CH,CH=CHMe);}] (7)
Atom X y 4 B (32)
Ti(1) 0.4222(1) 0.3342(1) 0.24688(8) 3.264)
Ti2) 0.7060(1) 0.1180(1) 0.17292(8) 3174
T 0.7009%(1) 0.2327(1) 0.33983(8) 3.50(4)
o12) 0.5293(4) 0.2200(4) 0.1790(3) 3.6(1)
ol13) 0.5222(4) 0.3053(4) 0.3280(3) 3.6(1)
0(23) 0.7720(4) 0.1470(4) 0.2546(3) 3.501)
iy 0.283X(7) 0.2497(7 0.2859%(5) 5002
c12) 0.2607(7) 0.2855(7) 0.2095(5) 48(2)
c13) 0.2006(7) 0.4227(N 0.1994(5) 49%3)
Cc(14) 0.1911(7) 0.4618(7) 0.2728(5) 47(2)
ci1s 0.240%(7) 0.3548(N) 0.326%(S) 4.802)
i)} 0.3406(8) 0.1127(8) 0.3235(7) 8.0(3)
can 0.2825(9) 0.2010(9) 0.145%6) 8.2(3)
c18) 0.154(1) 0.502(1) 0.124%6) 8.4
€19 0.1187(9) 0.6028(8) 0.290%7 9.2(4)
€(20) 0.236%9) 0.362(1) 0.411%6) 8.3(4)
(¢ $1}} 0.69847) 0,2033(6) 0.0435(4) 3902
€2 0.7902(7) 0.215%6) 0.07824) 4.1(2)
(o §%)] 0.8958(6) 0.0935(7 0.0993(4) 4.5(2)
a24) 086117 0.0051(7) 0.0743(4) 4.3(2)
(23 0,7385(6) 0.0728(6) 004074 3.602)
€26) 0.56849) 0.3083(3) 0.0095(5) 6.3(3)
(e ¥1)] 0.789%9) 0,3382(8) 0.0891(6) 7.8(3)
c(28) 1.01928) 0.067(1) 0.1380{6) B.NH)
€(29) 0.95329) =0,140%(8) 0.0813(5) 7.93)
€(30) 0.6694(9) 0.0176(8) 0.0041(6) 6.6(3)
ot 1)) 0.8860(7) 0.1370(7 0.4234(5) 4.72)
€ 0.7782(8) 023147 0.4623(5) 5.4(3)
3y 0.6830(8) 0.1957(9) 0.4738(5) 6.1(3)
C(34) 0.7277(8) 0.0805(8) 0.4420(5) 6.4(3)
(3% 0.8528(8) 0.0451(7) 0.4111(5) 5.43)
€(36) 1.,0175(9) 0.027(D) 0.4019(6) 8.8
(37 0.77%1) 0.342(1) 0.4982(6) 9.8%(4)
€(38) 0.348(1) 0.268(1) 0.5171(6) 13.2(6)
a39) 0.64%1) 0.008(1) 0.4427(R) 13.4(4)
Cl40) 0.93%1) - 0,078%9) 0.3724(7) 9.4(
C4l) 0.42447) 0.49827) 0.1866(5) 4.902)
€42) 0.3992(9) 0.6101(8) 0.2289(6) 8.5(3)
Cl43) 03310 0.7235(9) 0.2178(7) 9.8(9)
l44) 031210 0.8322(9) 0.2607%(7) 10.1(®
cisy 0.7198(R) -0.0597(6) 0.2175(5) 5.22)
Q52 0.6642(8) - 01237 0.1330(5) 6.0(3)
Ci(s3) 0.730009) = 0,2470(8) 0.1655(6) 7
58 0.674(1) -0.3108(9) 0.1252(7) 1.1(4)
6 0.7182(R) 0.400((8) 0.3085(6) 6.5(3)
62 0.837(1) 0.403(1) 0.29747 9.9(4)
€(63) 0.871(1) 0.4910) 0.3256(7) 10.4(4)
Cl6d) 0.7911) 0.608(1) 0.3683(7) 11.1(5)
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appear in Table 2, while Tables 3 and 4 summarize
crystal and structural data respectively. No intermolecu-
lar interactions werz found.

The structure of 7 is very similar to ..at reported
several years ago for the trimer [{Ti(n®-C Me) p-
O)Me},] [17], and can be described as three Ti(n’-
C;Me; X o-crotyl) units linked through oxygen bridges
forming a nearly planar Ti;O; ring. Two of the crotyl
ligands and one 7°-C sMes fragment are situated above
this plane, while the third crotyl ligand and the other
two 1°-C,Me; groups lie below it.

The averaged bond distances and angles Ti-O
(1.83A), Ti-ring centroid (2.06A), Ti-O-Ti (133.6°)
and O-Ti-O (105.2°) are comparable with those re-
ported in the literature for the titanium organometallic
oxides [{Ti(n®-C;Me,X p-0));X,] (X =Me [17], CI
(18}, Br [19).

The Ti-C,(crotyl) distances, 2.13(1), 2.132(8) and
2. 146(9)A, are in the range of those observed for
Ti-C(sp®) bonds, not only for the trinuclear system
[{Ti(n*-CsMe X 1-O)Me}, ), 2.09 A (av.) [17), but also
in the tetranuclear [Ti(n>-C;Me;)( u-O);Me,]
(2114, av) [20), dinuclear [{Ti(n’-C;Me) Me(n?-
MeNNCth)}{Ti('qs-CsMeg)Mez)( w0 (2114, av)
[6] and mononuclear [Ti(n*-C;Me;)Me;] (2.11 A, av)
[21) systems.

Inside the crotyl groups, the C,-C, (1.47 A) and
Cy-C, (1.344) average distances are within the esti-
mated range for double and single bonds respectively
{22). Furthermore, if we examine the torsion angles
formed by the carbon atoms in each crotyl ligand,
C(41)-C(42)-C(43)-C(44) (~177(1)°), C(51)-C(52)-
C(53)-C(54) (~176(1)°) and C(61)-C(62)-C(63)-
C(64) (= 5(2)°), it is easy to deduce that the first two
fragments show £ configurations while the third one
presents a Z configuration with respect to the double
bond.

3. Experimental section

The synthesis and subsequent handling of com-
pounds were conducted under anhydrous conditions in a
dry oxygen-free argon atmosphere (Schlenk technique
or MBraun glovebox). Solvents (reagent grade) were
carefully dried over sodium-potassium alloy (pentane,
hexane, toluene, diethyl ether, tetrahydrofuran) and dis-
tilled under argon immediately before use.

[{Ti(n*-CsMegX u-0)Cl},] (1) was synthesized ac-
cording to published methods [4,23]. Crotylmagnesium
chloride was prepared by a standard Grignard procedure
from crotyl chloride (95%, predominantly E, Aldrich),
while allylmagnesium chloride (2M in THF, Aldrich)
was used as-received.

Elemental microanalyses were performed on a Her-
aeus CHN-O-Rapid microanalyzer. NMR spectra were

recorded on a Varian Unity-300 and Varian Unity-500
Plus spectrometers, and 'H and C chemical shifts are
reported in ppm (8) relative to residual protons or
carbons of the solvent or to TMS. IR spectra were
recorded on a Perkin—Elmer 883 spectrophotometer us-
ing KBr pellets. Electron impact (EI) mass spectra were
performed at 70eV on a Hewlett-Packard 5988 spec-
trometer. Thermal evolution of 2 to give 3 was carried
out in a Roth autoclave Model HI (300ml), with a
heater Model 308 (20-300°C) and temperature regula-
tor model DR 500.

2325 . Preparation of [{Ti(n*-CsMe ) p-OW (m-C, H,), ]

Allylmagnesium chloride (1.24 ml, 2M, 2.49 mmol),
diluted in 15ml of THF, was added dropwise to a
stirred solution of 1 (0.50g, 0.71 mmol) in 60ml of
toluene at 0°C. Once the addition was concluded (1 h)
the solvent was immediately removed in vacuo and the
solid residue extracted with 60 ml of hexane. The solu-
tion was filtered, the solvent reduced to half volume and
cooling to —40°C afforded 0.40g of 2 as an orange
solid in 80% yield. IR (KBr, cm~): 2912m, 1604 m,
1491s, 1434m, 1379s, 10265, 770vs. MS: m/e (as-
signment, rel. int(%)): 679 (M —(C,H,))*, 4), 638
(M - 2(C,H;))*, 20), 610 (M - 2(C,H,) -
(C,H )", 5), 597 (M — 3(C H N, 12). Anal. Found:
C, 64.63; H, 8.29. Cy,H,0,Ti,. Cale.: C, 65.01; H,
8.39%.

3.2. Preparation of [Tiln*-CsMe N pn-ON,{,-
ICHEC‘H(CHZ(:HgCHZ )Ci‘lz ,}(W“CJ HS) (3)

This compound was prepared in a similar manner to
2 but the reaction mixture was allowed to warm to room
temperature and stirred for 36 h in THF. 0.30g of 3 as a
yellow solid in 60% yield were obtained. IR (KBr,
em™'): 2913 m, 1631 m, 1604m, 1491s, 1431 m, 13755,
1022, 773 vs. MS: m/e (assignment, rel. int.(%)): 679
(M~ (C,H,)*, 10), 638 (M~ 2(C;H )", 17), 610
(M - 2C;H,) = (CLH ), 11), 597 (M -
3(C,H, )Y, 13). Anal. Found: C, 64.48; H, 8.48.
CHgO;Tiy. Cale.: C, 65.01: H, 8.39%.

3.3. Thermal rearrangement of complex 2 to give 3

An orange solution of 2 (30mg) in C¢D, (0.60ml)
was sealed in an NMR tube and heated at 105°C for
12h. The product was identified as [{Ti(n*-C Me X p-
O)},{ u,-{CH,CH(CH,CH=CH,)CH,}}(»*-C,H,) (3)
by 'H and “C NMR spectroscopy. Yield was quantita-
tive (greater than 95%) by NMR, and the transformation
regio- and stereoselective.
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3.4. Preparation of [{Tin*-C;Me N u-0)}(m-
C,H,Cl, ] (4)

Over a solution of 1 (0.50g, 0.71 mmol) in 60ml of
THF at 0°C, a THF solution of (ally)MgCl (0.36 ml,
2M, 0.71 mmol) was slowly added. The reaction mix-
ture was allowed to warm to room temperature and
stirred for | h. The solvent was then removed in vacuo
and the solid residue extracted with 50ml of hexane.
The resulting solution was filtered, concentrated to 20 ml
and cooled to ca. —40°C. An orange crystalline solid of
4 (50% yield), contaminated with small amounts of
unreacted 1 (ca. 20% by 'H NMR), was obtained.
Attempts to remove 1 by successive recrystallization in
several solvents or mixtures of them were unsuccessful.

3.5. Preparation of [Ti(n’-CsMes )N u-0)l,{p,-
[CH,CH(CH,CH = CH, ICH, I}C! (6)

A solution of (allyDMgCl (0.74ml, 2M, 1.49 mmol)
in 1S ml of THF was slowly added to 0.50 g (0.71 mmol)
of 1 in 60ml of THF at 0°C. The reaction mixture was
allowed to warm to room temperature and stirred for
3days. The solvent was then removed in vacuo and the
solid residue extracted with 60ml of hexane. The result-
ing solution was filtered, concentrated and cooled to ca.
= 40°C, affording a yellow crystalline solid of 6 (60%
yield) slightly contaminated (ca, 7% by 'H NMR) with
3. Attlempts 1o remove 3 were unsuccessful.

3.6. Preparation of [{Tiln*-CsMes W u-0),-
(CH,CH = CHMe), ] (7)

(Crotyl)MgC1 in diethyl ether (60ml) was prepared
by the standard method from erotyl chloride (0.27 mi,
2.84mmot) und magnesium turnings (3.00g). The ob-
tained solution was filtered onto a solution of 1 (0.50g.
0.71mmol) in 60ml of THF at 0°C., The reuction
mixture was warmed to room temperature and stirred
overnight. The solvent was removed in vacuo and the
solid residue extracted with 60ml of pentane. The red
solution was filtered, concentrated and cooled to ~ 40°C
to afford red crystals of 7 (0.35g, 75¢%). IR (KBr,
em™') 2912m, 1634m, 14915, 1436m, 13765, 10275,
759 vs. MS: m/e (assignment, rel. int.(%)): 652 (M -
(C M55 3), 597 (M = (C,H,))*Y 3. 110
((CgH )", 24), 55 ((C,H,)*. 100). Anal. Found: C.
606.12; H. 8.85. C ;, HO,Ti,. Calc.: C, 66.15; H, 8.72¢%.

3.7. Crystallographic structural determination

Crystallographic and experimental details for the X-
ray crystal structure determination are given in Table 3,
Data collection were performed at 20°C using an En-
raf-Nonius CAD4 diffractometer. The structure was
solved by a combination of direct methods and Fourier

synthesis, and refined by full-matrix least squares tech-
niques. All the non-hydrogen atoms were refined
anisotropically. H-atoms were included in calculated
positions with thermal parameters equivalent to those of
the atoms to which they are attached; all positional and
thermal parameters were fixed in the last cycle of
refinement. Final values of R =0.073 and Rw = 0.066
(non-Poisson weighting scheme for all observed reflec-
tions) were obtained.

Anomalous dispersion corrections and atomic scatter-
ing factors were taken from /»rernational Tables for
X-Ray Crystallography [24). Calculations were per-
formed with the SDP package [25] and the programs
MULTAN [26] and DIRDIF [27] on a Microvax II computer.

Tables of atom coordinates and thermal parameters
and a complete list of bond lengths and angles have
been deposited at the Cambridge Crystallographic Data
Centre.
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