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Polynuclear Magnesium and Magnesium-Titanium Species. Syntheses and Crystal
Structures of [Mga(us,n?-ddbfo),(u,n?-ddbfo),(u,n-ddbfo).(n*-ddbfo),],
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Tetranuclear magnesium complexes with chelating alkoxo ligands have been synthesized with the aim of
investigating coordinatively unsaturated magnesium sites able to bind(XiXx Cl, OR), of the type necessary

for the formation of the active centers in polymerization catalysts. The magnesium compouyds[iyfeddbfo)-
(u,n?-ddbfo)(u,n*-ddbfo)(ni-ddbfo)] -2CH,Cl; (1) (ddbfo= 2,3-dihydro-2,2-dimethyl-7-benzofuranoxide) was
prepared by the reaction of MgBwvith ddbfoH in dichloromethane. Complek exists as a centrosymmetric
tetranuclear species with two different types of magnesium centers corresponding to octahedrahig@onal
bipyramidal MgQ geometry. Compountl is monoclinic, space group2i/c, with a = 12.053(2) Ab = 13.323-

(3) A, c=17.069(3) A, = 98.50(3), and Z= 4. The reaction oflL with methanol in tetrahydrofuran (THF)

gave compound [Mgus-OMe)(u,2-ddbfop(u,n-ddbfok(r1-ddbfol(CH3OH)s] - CH;OH-THF (2). During this
reaction one of the two five-coordinate Mg©enters inl is completed by a methanol molecule and becomes
octahedral ir2. Specie< belongs to thd2;/n monoclinic space group, with = 13.323(3) Ab = 20.768(4) A,

c = 27.584(6) A, = 104.26(3}, andZ = 4. Compound [Mg(us,n?-thffo)a(u,;%-thffo)(u,n*-thffo){ u-OTi-
(DIPP)X}2]-2CH,CI; (3) is formed as a result of substitution of two thffo (thffo2-tetrahydrofurfuroxide) ligands
bonded to the five-coordinate magnesium atom in j{itgfo)g] by bulky OTi(DIPP)} (DIPP = diisopropylphe-
nolate) groups. Crystals 8fare monoclinic, space grol®2:/n, with a= 17.069(3) Ab = 18.421(4) A, 17.815-

(@) A, B = 90.77(3}, andZ = 4. The X-ray crystal structures of complex#s3 are discussed in terms of
explaining the role of the coordinatively unsaturated magnesium site in chiral catalyst active center formation.

Introduction factors which favor polynuclear aggregation of magnesium

The frequently dramatic and sometimes beneficial influence dichloride with TiCk." Up to now, only the structures of Mgl
q y (THF).5 for Fe, Co, and Mg derivatives have been well

g:igzﬁicc: rr}o;gis\;ﬂveofme Ztﬁl -?rp;ncsliei;r??rﬁr;tglscolgmmoi L?%g%lméel documented 8 The metal species exist as centrosymmetric
o y y s P Y tetranuclear [M(u3-Cl)2(u-Cl) X o(THF)g] (X = Cl for M = Fe?
recognize#? but poorly understood:> MgCl(THF), 5, as a 7y s : :
catalyst component, is especially attractive for studying the Coy" X = GohHs for M = Mg") compounds with two different
y P ’ P y ying types of M(Il) centers corresponding to six-coordinate octahedral
(1) Toyota, A Kashiwa, N. Japan Pat. kokai 75-30, 983, 1975. Gavens, M 1402 and five-coordinate trigonal bipyramidal M chro-

P. D.; Botrrill, M.; Kelland, J. W. InComprehensie Organometallic mophores. A similar structure is seen in [N, >-thffo)s(u, >
Chemistry; Wilkinson, G. W., Stone, F. G. A, Able, E. W., Eds.;  thffo),Cl;].°
Pergamon: Oxford, U.K., 1982; Vol.3. Giannini, U.; Albizzati, E.;

Parodi, S.; Pirinoli, F. U.S. Patents 4,124,532, 1978; 4,174,429, 1979.
Yamaguchi, K.; Kanoh, N.; Tanaka, T.; Enokido, N.; Murakami, A.; cn on
Yoshida, S. U.S. Patent 3,989,881, 1976. Arzoumanidis, G. G o cui o

Karayannis, N. MCHEMTECH1993 23, 43. Sobota, Rvlacromol.
Symp.1995,89, 63. Soga, K.; Shiono, TProg. Polym. Sci1997, 22,

OH

1503. ddbfoH thffoH

(2) Jordan, R. FAdv. Organomet. Cheml991, 32, 325. Marks, T. J.
Acc. Chem. Red.992 25, 57. Ewen, J. AJ. Am. Chem. S0d.984 To extend this chemistry we have been attempting to
éoﬁlvﬁi’;fi-nKva'“(S:E);mVi/é;S*;lg%ﬂS'é-% Bé'r?r:ﬂ?r?egr HH HH?.Vg:'SdC'h'; synthesize a new magnesium species with the ddbfo (detbfo
D Mmhaué’t’ R.: Rieger, B.: Waymouth, m?ge\’N_ Chem1995. 2,3-dihydro-2,2-dimethyl-7-benzofuranoxide) and thffo (2-tet-
107, 1255.

(3) Kaminsky, W.J. Chem. Soc., Dalton Tran£998 1413. Bochmann, (5) Cossee, PJ. Catal. 1964 2, 80. Ariman, E. J.; Cossee, P. Catal.
M. J. Chem. Soc., Dalton Tran4996 255. Van der Linden, A, 1964 3, 99.
Schaverien, C. J.; Meijboom, N.; Ganter, C.; Orpen, A.JGAm. (6) Bel'skii, V. K.; Ishchenko, V. M.; Bulychev, B. M.; Protskii, A. N.;
Chem. Soc1995 117, 3008. Horton, A. DTrends Polym. Scil994 Soloveichik, G. L.; Ellert, O. G.; Seifulina, Z. M.; Rakitin, Yu. V.;
2, 158. Novotortsev, V. M.Inorg. Chim. Actal985 96, 123. Cotton, F. A,;

(4) Fujimoto, H.; Yamasaki, T.; Mizutani, H.; Koga, N. Am. Chem. Luck, R. L.; Son, K.-A.Inorg. Chim. Actal991, 179, 11.
So0c.1985,107, 6157. Sakai, SJ. Phys. Chem1991, 95, 175;1991 (7) Sobota, P.; Olejnik, Z.; Utko, J.; Lis, Polyhedron1993 12, 613.
95, 7089. Cavallo, L.; Guerra, G.; Corradini, . Am. Chem. Soc. (8) Toney, J.; Stucky, G. DJ. Organomet. Chenl971, 28, 5.
1998 120, 2428. (9) Sobota, P.; Utko, J.; Janas, Z.; SzaferCBem. Commuri996 1923.

10.1021/ic990542| CCC: $19.00 © 2000 American Chemical Society
Published on Web 12/31/1999



236 Inorganic Chemistry, Vol. 39, No. 2, 2000

rahydrofurfuroxide) ligands. These ligands seemed to have Table 1. Crystallographic Data fot—3

attractive features. Containing two oxygen donor atoms, ether
and aryloxide, they can act not only as chelate ligands and
occupy two coordination sites on the metal but also as a tether
between the metal atoms to create multinuclear species.

Sobota et al.

compound no.

param 1 2

3

chem formula

G1H16CI2Mg20g  C72H104Mg4O21 CsaHgoClaMg2010Ti

Herein, we report the syntheses and crystal structures of 1 g 132:8?4) 138_2(}?59) igg%?f)
tetranuclear [Mg(us,n?-ddbfo)(u,n?-ddbfo)(u,n -ddbfo)(r- A 0.710 73 0.710 73 0.710 73
ddbfo)], [Mg 4(us-OMe)(u,;2-ddbfo(u,; ddbfo)(;!-ddbfo)- cryst syst monoclinic monoclinic monoclinic
(CHzOH)s], and [Mgu(uan>thffo)a(un>thifo)o(umthifo)o{u-  SPacedroup Paie P2i/n P2i/n
OTi(DIPP)} 2] species. a A 12.053(2) 13.323(3) 17.069(3)

b, A 12.090(2) 20.768(4) 18.421(4)
Experimental Section c A 26.864(5) 27.584(6) 17.815(4)
B, deg 98.50(3) 104.26(3) 90.77(3)

General Methods. All the syntheses were performed under a dry V, A 3871.6(12) 7397(3) 5601(2)
dinitrogen atmosphere using standard Schlenk techniques. Solvents weré& 4 4 4
dried and then distilled underzNby following conventional methods. Pcalcdgfcnﬁ 1.349 1.260 1.225
MgBU, (1 M in n-hexane), 2,3-dihydro-2,2-dimethyl-7-benzofuranol, #: €M 2.53 121 3.23
furfuryl alcohol, magnesium turnings, and Ti®Vere purchased from E}QZ 8(1)‘1122 8?23? gggfg

Aldrich. [Mga(thffo)s] was prepared by following the published
proceduré? IR spectra were measured on a Perkin-Elmer 180 instru-
ment in Nujol mulls.

Preparation of [Mg 4(u3,5>-ddbfo),(u,p?-ddbfo),(u 5 *-ddbfo)(n*-
ddbfo),]-2CH.Cl, (1). A solution of 2,3-dihydro-2,2-dimethyl-7-
benzofuranol (6.72 g; 40 mmol) in hexane (100°%cmas added to a
rapidly stirred solution of MgB (2.77 g; 20 mmol) in hexane (20
cn?) at room temperature. After the mixture was stirred overnight, the
white solid was filtered off, washed with hexane 35 cn¥), and
dried under vacuum. Yield: 6.7 g (95.8%). Anal. Calcd fapHss
Mg.Os: C, 63.98; H, 5.91; Mg, 6.40. Found: C, 63.72; H, 6.18; Mg,
6.24. IR (Nujol, cntl): 268 (m), 302 (m), 323 (s), 348 (vs), 406 (vs),
432 (w), 471 (m), 482 (s), 493 (m), 519(m), 530 (m), 570 (vs), 594
(vs), 620(sh), 712 (sh), 720 (s), 759 (s), 859 (s), 768 (m), 905 (w), 932
(w), 968 (w), 1029 (vs), 1042 (sh), 1101 (m), 1123 (m), 1164 (m),
1225 (m), 1585 (m), 1600 (m), 1621 (s). Crystals suitable for structure
determination were obtained by heating of the white solid (0.5 g) in a
mixture of toluene (60 c& and dichloromethane (20 &runder reflux
up to dissolution of the solid and filtered off. The filtrate was reduced
in volume under vacuum to 50 énand left to crystallize at room
temperature. After 2 weeks, colorless crystald efere taken directly
from the solution.

Preparation of [Mg4(us-OMe)(u2,n?-ddbfo),(u2,n -ddbfo).(5*-
ddbfo),(CH30H)s]-CH3;OH-THF (2). To a suspension df (1.58 g;

4.5 mmol) in CHOH (20 cn¥) were added THF (15 cfhand CHCI,

(20 cn¥). The mixture was stirred to complete dissolution of the solid.
After 1 week the colorless crystals settled down and were filtered off
and washed with hexane (8 5 cn¥). Yield: 0.7 g (47.5%). Anal.
Calcd for G2H10aMg4O21: C, 61.65; H, 7.47; Mg, 6.93. Found: C,
61.48; H, 7.52; Mg, 6. 81. IR (Nujol, cm): 383 (s), 450 (s, br), 484
(s), 603 (m), 715 (s), 752 (s), 778 (w), 831 (w), 860 (m), 1027 (s),
1050 (vs), 1069 (sh), 1094 (w), 1126 (m), 1203 (w), 1594 (m), 1618
(m), 3300 (vs). Good-quality crystals, suitable for X-ray examination,
were taken directly from postreaction mixture.

Preparation of [Mg 4(u3,5?-thffo) o(u,p?-thffo) »(u ,p*-thffo) { u-OTi-
(DIPP)3},]:2CHClI; (3). Ti(DIPP) (6.5 g, 8.7 mmol) and [Mgfthffo)s]

(3.9 g, 17.4 mmol) were dissolved in GEl, (100 cn¥). The reaction
mixture was stirred fo2 h during which the initial orange color faded
to pale yellow. The resulting solution was treated with a THF (26)cm
solution of water (0.15 g, 8.7 mmol) and stirred for 5 h. Reduction in
volume to 30 criand cooling in a freezer at 258 K afforded compound
3 as light lemon crystals. Yield: 2.45 g (30%). Anal. Calcd fasB1s6
Mg4OzoTiz: C, 64.60; H, 8.23; Mg, 5.13; Ti, 5.06. Found: C, 64.71;
H, 8.18; Mg, 5.24; Ti, 5.12. IR (Nujol, cm): 350 (sh), 388 (m), 432-
(m), 480 (m), 542 (m), 565 (m), 703 (vs), 748 (vs), 808 (m, br), 874
(s), 896 (vs, br), 988 (w), 1016 (m), 1038 (s), 1060 (vs), 1096 (vs),
1112 (s), 1121(s), 1206 (vs), 1258 (vs), 1583 (m).

(10) Janas, Z.; Jerzykiewicz, L. B.; Sobota, New J. Chem1999 23,
185.

3Ry = 3 (Fo — Fo)/3Fo. PWRe = { T [W(F? — FAA/ T [w(Fe)?Z} 2

Crystallographic Studies.Crystals of title compounds were mounted
on a glass fiber and then flash-frozen to 100 K (Oxford Cryosystem-
Cryostream Cooler). Data were collected on a KUMA KM4 four-circle
diffractometet' equipped with a CCD area detector and a graphite
monochromator utilizing Mo K. The final parameters and specific
data collection parameters are summarized in Table 1. The recorded
data were corrected for Lorentz and polarization factors. All the three
structures were solved by direct methods (SHELX%9ahd refined
by full-matrix least squares (SHELXL9PThe carbon-bonded H atoms
were placed in calculated positions. The hydrogen atoms of hydroxyl
groups were located from a difference Fourier map and refined without
any restraints. In structur@the chiral carbon atoms of the thffo rings
are split over two sites; occupancy factors for these two positions were
refined.

Results and Discussion

Synthesis and Characterization of [Mg(us,n?-ddbfo),-
(e p?-ddbfo),(u,p1-ddbfo).(51-ddbfo),]-2CH,CI, (1). Proto-
nolysis of the readily available precursor MgBwith 2,3-
dihydro-2,2-dimethyl-7-benzofuranol im-hexane yieldsl.
Compoundl is insoluble in tetrahydrofuran and hydrocarbons
and slightly soluble in CkLCl, and toluene. The IR spectrum
of 1 shows bands at 268 (m), 302 (m), 323 (s), 348 (vs), and
406 (vs) cm! suggesting Mgu-O and Mg-us-O alkoxide
bridges as well as stretching bands at 1029 (vs) and 1042 (sh)
cm! due to »(C—0O-C) vibrations of a coordinated ether
oxygen atom of ddbfo. Liberation of butane during reaction 1
and the absence ofOH) vibration in the IR spectrum suggested
a multinuclear character df in the solid state.

4MgBu, + 8ddbfoH+ 2CH,CI, —

[MQ 4(t,17>-ddbfo),(u,17>-ddbfo),(u,*-ddbfo),-
(n*-ddbfo),]-2CH,Cl, (1) + 8BuH (1)

Compoundl can be isolated as a crystalline material from
dichloromethane/toluene solution. The structure of the complex
consists of centrosymmetric tetranuclear molecules, and an
overall view and numbering scheme are shown in Figure 1. The
selected bond lengths and angles are given in Table 2.dn

(11) Kuma Diffraction. Kuma KM4 softwaré&uma Diffraction: Wroctaw,
Poland, 1998.

(12) Sheldrick, G. MActa Crystallogr 1990 A46, 467.

(13) Sheldrick, G. MSHELXL97. Program for the Refinement of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997.
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Figure 1. Molecular structure ol with atom-numbering scheme. The
displacement ellipsoids are drawn at the 50% probability level. The
C-bonded H atoms are excluded for clarity. The C atoms are represente
by circles of an arbitrary radii.

Table 2. Selected Bond Lengths (&)

Compoundl
Mg(1)—0(31) 1.9384(17)  Mg(2yO(40) 2.0445(16)
Mg(1)—0(40) 1.9702(16) Mg(2yO(11a) 2.0592(15)
Mg(1)-O(21a)  1.9713(16) Mg(2)O(11) 2.0763(15)
Mg(1)—0(10) 2.1129(16) Mg(2y0(41) 2.1728(16)
Mg(1)—0(11) 2.3481(16) Mg(2)0(20) 2.2439(15)
Mg(2)—0(21) 2.0379(16)

Compound?
Mg(1)—0(31) 1.923(3) Mg(3)0(4) 2.044(2)
Mg(1)—0(21) 1.977(2) Mg(3)0(61) 2.059(2)
Mg(1)—0O(11) 2.018(2) Mg(3)0(3) 2.073(2)
Mg(1)—0(3) 2.020(2) Mg(3)0(21) 2.075(2)
Mg(1)—O(10) 2.155(2) Mg(3}0(7) 2.112(3)
Mg(2)—0(51) 2.035(3) Mg(3)0(8) 2.137(3)
Mg(2)—0(4) 2.036(2) Mg(4y O(41) 2.023(2)
Mg(2)—0(2) 2.078(3) Mg(4)0O(11) 2.043(2)
Mg(2)—0(61) 2.080(2) Mg(4}O(5) 2.077(3)
Mg(2)—0(41) 2.082(3) Mg(4r0(3) 2.080(2)
Mg(2)—0(40) 2.173(3) Mg(4)0O(6) 2.083(3)
Mg(2)—C(47) 2.855(4) Mg(4y0(4) 2.101(2)

Compound3
Ti—0O(1) 1.687(2) Mg(1yO(11) 2.245(2)
Ti—0O(51) 1.828(2) Mg(2)0(31) 2.017(2)
Ti—0(41) 1.8494(19) Mg(2y0(21) 2.018(2)
Ti—0O(61) 1.854(2) Mg(2y0O(11a) 2.065(2)
Mg(1)—0O(21a) 1.926(2) Mg(2y0(11) 2.067(2)
Mg(1)—0(31) 1.935(2) Mg(2)O(30) 2.126(2)
Mg(1)—0(1) 2.006(2) Mg(2)-0(20) 2.162(2)
Mg(1)—0O(10) 2.033(2)

a Symmetry transformations used to generate equivalent atoms:
compound?, a,—x + 1, =y, —z compound3, a, —X, —y + 2, =z +
2.

nearly regular Mgrhombus is bridged by twas-oxygen O(11)

and O(11a) atoms of aryloxide groups, one above and below
the Mg, plane, and in addition fous-Oaryioxide atoms bridge
Mg—Mg edges. The specidscontains two types of magnesium
centers: the five-coordinate Mg(1) and Mg(1a) atoms and the
six-coordinate Mg(2) and Mg(2a). The Mg(1) atom has bipy-
ramidal geometry with O(31H)Mg(1)—O(11) [167.87(6Y,
representing the nearly linear group. The equatorial plane of
the bipyramid is formed by tw@-Oayioxide OXygen atoms and
one ether oxygen from the ddbfo ligand. The coordination sphere
around Mg(2) is a slightly distorted octahedron formed by two
U3-Oaryloxide tWO #-Oayioxide and two ether oxygens from the
ddbfo ligand (in cis position). The average MQ@ethes M—u-

Inorganic Chemistry, Vol. 39, No. 2, 200@37

OFigure 2. Molecular structure o2 with atom-numbering scheme. The

displacement ellipsoids are drawn at the 50% probability level. The C
and H atoms are represented by circles of an arbitrary radii. Hydrogen
bonds are shown by dashed lines.

Oanyloxide @and Mg-us-OMe bond distances are of the order of
the corresponding magnesitroxygen distances observed in
other magnesium compoung&h15

Synthesis and Characterization of [Mg(z3-OMe),(u,5?-
ddbfo),(u,n*-ddbfo),(*ddbfo), (CH30H)s]-CH3OH-THF (2).
A deeper understanding of the preference of the coordinatively
unsaturated five-coordinate magnesium centets\vhich offer
a free coordination place for an incoming molecule, is of great
importance. The reaction dfwith CH3zOH gave new colorless,
cubic-shaped crystals which were identified by elemental
analysis and the IR spectrum as Nipbfo)(OCHg)2(CH3;OH)s-
(THF) (2). The IR spectrum shows stretchinfMg—u-O) and
v(Mg—us-O) modes at 383 (s), 450 (s, br), and 484 (s) and
bands at 1027 (s), 1050 (vs), and 1069 (sh)tdue tov(C—
O—C) vibratitions characteristic of coordinated and noncoor-
dinated ether oxygen atoms as well as stretchingimi@H)
mode at 3300 (s, br) cm. The crystalline compound is well
soluble in methanol and tetrahydrofuran.

1+ 6CHOH + THF —
Mg ,(5-OMe),(u,17>-ddbfo),(u,1*-ddbfo),(*-ddbfo),-
(CH,OH)]-CH,OH-THF (2) + 2ddbfoH (2)

The solid-state structure of the compl@xconsists of the
tetranuclear [Mg(uz-OMe)(u2,n2-ddbfo)(uz,nt-ddbfo) (-
ddbfo)(CH3OH)s] species and two solvents GBIH and THF
of crystallization (Figure 2). The selected bond lengths and
angles are given in Table 2. Four magnesium atoms bridged
by two uz-OMe groups and foup-Oayioxide OXygen atoms
from the ddbfo ligand constitute a rhombus with an average
Mg--+Mg distance of 3.093(2) A. The molecule contains one
five-coordinate Mg(1) atom and three six-coordinate Mg(2), Mg-
(3), and Mg(4) atoms. The inequivalence between Mg(1) and
Mg(2) atoms arises from the six-coordinate sphere of Mg(2)
which is completed additionally by the O(2) methanol oxygen
atom. The environments of the Mg(3) and Mg(4) atoms are

(14) Sobota, P.; Pizski, T.; Lis, T.Inorg. Chem.1989,28, 2217. Utko,
J.; Sobota, P.; Lis, T.; Majewska, K. Organomet. Chen1989 359,
295.

(15) Caulton, K. G.; Hubert-Pfalzgraf, L. @hem. Re. 1990 90, 969.
Herrman, W. A.; Huber, N. W.; Runte, GAngew. Chem., Int. Ed.
Engl. 1995 34, 2187.
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Scheme 1

Figure 3. View of the packing in compoun@. The displacement

1
+2 Ti(DIPP),
+2 HO
-2 DIPPH

OTi(DIPP),
(DIPP),TiO
3

Sobota et al.

4b

T TiX,
HOCH,

2 CH,0H
e

CH,CH

although difficult to control, gives compour2las mentioned
above.

[Mg (thffo)g] + 2Ti(DIPP), + 2H,0 + 2CH,Cl, —

[Ma 4 (u45,17°-thffo) (14,7 *-thifo) (u,n *-thffo) -
{u-OTi(DIPP)},]-2CH,CI, (3) + 2thffoH + 2DIPPH (3)

The bulky aryloxide O@H3Pr,-2,6 (DIPP) ligand was used
to favor the formation of soluble species and prevent aggrega-
tion. A view of the structur®, as determined in an X-ray study,
is shown in Figure 3, and bond distances and angles are in Table
2. Itis instructive to compare the structurefvith the earlier
published structure of [Mgus,n2-thffo),(u,2-thffo)4Cl;].° The
MgsXs (X = O or CI) cores in both compounds are similar.

ellipsoids are drawn at the 30% probability level. The C-bonded H The significant difference is that the two terminal chlorine atoms
atoms are excluded for clarity. The C atoms are represented by circlesbonded to the five-coordinated magnesium atoms in4{Mg72-

of an arbitrary radii.

equivalent and formed by twos-OMe, twou-Oaryloxide groups,

and two methanol oxygen atoms (in cis position).
Synthesis and Characterization of [Mg(u3,52-thffo) 2(u ;72

thffo) o(u ;p*-thffo) »{ u-OTi (DIPP) 3} 5]-2CH,Cl; (3). As an aid

thffo).(u,n?-thffo)4Cl,] are replaced by bulky OTi(DIPRyroups
in 3 (Scheme 1).

Conclusion

As stated above, we were interested in determining the role
of the reactive coordination site at the five-coordinate metal

to explain the formation of the catalytically active centers, we center in the MXg (X = Cl, OR) core. This study has shown
are studying the binding of titanium species to the unsaturatedthat a series of tetranuclear compounds with,(@R) units

magnesium centers in the M@R)s moiety. The complex3
was prepared by treatment of the [Mipffo)g]'® with Ti-

exists and can be readily formed under the appropriate condi-
tions. The solid-state structures offer little assistance in the

(DIPP)'8 (see Experimental Section). Presumably it was formed understanding of the reaction pathways involved in the formation
during the course of the reaction by adventitious ingress of of 1—-3. A plausible mechanism fo? formation is shown in

moisture. The direct reaction df with Ti(DIPP), and two

equivalent of HO molecules was difficult to control, and up to

Scheme 1. We suppose that substitution of two ddbfo ligands,
in 1, by two methoxide groups leads first to the formation of

now we were not able to isolate a product with satisfactory the centrosymmetric [Mgus-OMe ) (uz,n?-ddbfo(uz,n*-ddbfo)-
elemental analysis. However, the hydrolysis of the reaction (5!-ddbfo)(CH3zOH)s complex which has a MgDs core similar

product formed between [M{hffo)s] and Ti(DIPP), in hexane,

(16) Minhas, R.; Duchateau, R.; Gambarotta, S.; Bensimoimagy. Chem.
1992 31, 4933.

to that of1 and is probably an intermediate in the formation of
specie2. Thus two unsaturated five-coordinate metal sites in
1 offer free coordination centers for incoming methanol
molecules. However, only one GEH is coordinated by the
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Mg(2) atom and compleR is created. It follows that compound

Inorganic Chemistry, Vol. 39, No. 2, 200239

and TiCly/MgCIl,/AIRz classes of catalys#8:21 The 4b species

2 is the least soluble species and precipitates preferentially sohas a symmetry center, because the two terminal X atoms are

driving the equilibrium to its final position. We expect that
compounda (2-CH3z;OH; Scheme lalso exists in the solution

as a result of saturation of the Mg(1) coordination sphere by a
CH30H molecule. In actual fact, the second methanol molecule
is present in the lattice of compourdand is linked through
intermolecular hydrogen bonds to O(31) [O¢H(1)---O(31),
2.774(5) A, 163(8)] and O(6) [O(6)-H(6):+-O(1), 2.673(4) A,
176(4¥] atoms (see Figure 2).

Up to now there was no crystallographic evidence for
magnesiumttitanium species of typéab. However for MnC},
which has properties similar to those of MgCthe formation
of 4b species is well documented, e.g., Ma{l the solid forms
polymer species in which tetranuclear [Msms-Cl)2(u-Cl)4Clo-
(THF)g] units are linked by:-chlorine bridges of MNG(THF),
moietiest’ The two THF molecules are in a trans position. We
believe that the TiX species block the reactive coordination
site at the five-coordinate magnesium center in theXégore
and compounddgab are formed (Scheme 1). Unfortunately,

these aggregates are insoluble and up to now it was impossible

to obtain them in a crystalline form. In our model compounds
4a,b, the titanium atom is bridge-bonded to the two magnesium
atoms through two pairs of X (% CI, OR). Due to the presence

of these bidentate chelating agents and terminal two X ligands
in the cis position, the geometry of coordination at the Ti atoms,
in 4a, is chiral, and can be denoted Asor A according to
IUPAC rules for chiral octahedral compountisAs is apparent
from Scheme 1, aggregadia is very similar to T3Clg reliefs
proposed earlier by Corraditi,as precursors of stereospecific
active centers experimentally observed for the two FilR3

(17) Sobota, P.; Utko, J.; Jerzykiewicz, L. Borg. Chem1998,37, 3428.
(18) Nomenclature of Inorganic Chemistripure Appl. Chem.1971,
28 1.

in the trans position and the titanium atom could be regarded
as a nonstereospecific center.

It is noteworthy that magnesium compounds with as¥ig
core are good additives boosting the activity of the catalytic
mixture. For example the preliminary results of an ethylene
polymerization test on [Mgus,n?-thffo),(u,n?-thffo),ClL)/TiCl 4
AlEt; catalyst gives ca. 170 kg of polyethylene/g of Tithvhile
only 11.6 kg of polyethylene/g of TiH was obtained under
the same conditions when the MgQliCl/AlEt; catalyst was
used?
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