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formance' The presence of bridging groups restricts the <
mobility of theansametallocene onto the growing polymer ,,
chain in an enantiomorphic site controlled proéeSight ;s
structural variations of the bridging group are known to sig-
nificantly affect the activity and the stereoregularityoin o
olefin polymerization reactions. In particular, the length of 20y
the bridging chain has an influence not only on the rigidity

ansaMetallocene catalysts have been designed by varig 3
tion of the transition metals, the bridging groups, andthe o %9”
ligands in order to improve theeolefin polymerization per- ? “ S e
@ g‘ Zr @

2

and the conformational geometry miigands but also on Figure 1. Molecular structure ofac-2 with atomic numbering

the angle between theligand centroids and the metal atom.
Various bridging groups have been employed to investigat
the influence of the correspondirgsametallocene cata-

gight)

scheme (left). Projection perpendicular to ZrCI(1)CI(2) plane

lysts on the polymerization behavior. The bridging unit isTable 1 Crystallographic data for complexc-2

commonly oriented at the back side of émsametallocene, Formula GoH1sCloZr
i.e. disposed away from theligands at the pseudo-tetrahe- gy 444.48
drally coordinatied group 4 metal center. The catalyticallycrystal system Triclinic
active site is known to be the open front side ofahsa Space group P1
metallocene catalyst where tbidigands are located. a A 9.748 (6)
In previous worké we reported the synthesis of a four-car-p, A 10.477 (2)
bon bridged zirconocengc-o-phenylenedimethylenebis(inde- ¢, A 9.084 (3)
nyl)zirconium dichloriderac-1), and its polymerization results. ¢, deg 86.52 (2)
A single crystal ofrac-1 suitable for an X-ray diffraction g, deg 74.40 (4)
study could not be obtained. We, therefore, prepaedis- y, deg 91.48 (3)
1,4-2-butenylenebis(indenyl)zirconium dichloridead-2), Vv, A3 891.1 (6)
which has a similar bridging moiety to that of compoundz 2
rac-1, in order to understand structural detailsraf-1. Deaica g-NT3 1.657
Herein we report structural characterizatiomaaf-2. temp, K 203
0.66.36x0.12

O O crystal size, mm
Radiation
@ e @ el K, mmt

Graphite-monochromated MoK
0.918

O P2 | \Zi scan mode w/28
Of Mo of e
26max, deg 50
O Q no. of unique refins 2478
rac-1 rac-2 no. of reflns [>20(1)) 2636
no. of params 226
The overall molecular geometry and the atomic labelingze 0.058
scheme ofrac-2 are illustrated in Figure 1. Details of the R,p 0.132
crystallographic data and selected bond distances and anglggr 1.05

are shown in Tables 1 and 2, respectively. The zirCONIUMR = 5|F,| = Fol| 7 Fol- Ry = [2(Fo| — Fol)? /Z[Fo| 472 ‘GOF=[( [Fo| —

center ofrac-2 is coordinated to two substituted-indenyl

|F¢| ¥/(No. of reflns — No. of paraméf]
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Table 2 Selected bond distances (_A) and bond angles (deg) fometric ligand system (see | in Scheme 1), in which the bridg-
rac-2 with estimated standard deviations ing unit is oriented at the back of the bent-metallocene
wedge and thus the active siteligand sites) is widely open

Bond distances

Zr-CI(1) 2.437(2) Zr-C(16) 2.461(7) resulting in high activity for isospecific propylene poly-
Zr-CI(2) 2.417(2)  Zr-C(17) 2.604(7) merzation. Structurally characterized examples inctade
Zr-C(1) 2.549(7)  Zr-C(22) 2.676(7) Me;Si(IndpZrCl,® rac-CHy(IndH,), TiCly,” rac-Pr(IndyZrCl,,2
Zr-C(2) 2.494(7) C(10)-C(11) 1.505(1)  rac-Et(IndpZrCl,° rac-(HC(CHs)(CHs)CH)(Ind)ZrCly,°
Zr-C(3) 2.450(7) C(11)-C(12) 1.324(1)  andrac-(CH(CH,)sCH)(IndHs),TiCl,.1t Those with three- to
Zr-C(4) 2.554(7) C(12)-C(13) 1.480(1)  six-atom bridge, however, display an unsymmetrica) (C
Zr-C(9) 2.637(8)  Zr-Ind(Cen) 2.23(2) arrangement of the ligand system due to the significant strain
Zr-C(14) 2.538(7)  Zr-Ind(Cen) 2.25(2) imposed by the bridging moiety (see II). The bridge is no
Zr-C(15) 2.481(7) longer found in the back of the molecule, but rather bulges to
Bond angles one side. As a result, the indenyl rings are twisted with
CI(1)-Zr-CI(2) 97.1(3) Ind(Cen)-Zr-Ind(Cen) 129.8(2) respect to each other and one of the rings is directed toward
C(10)-C(11)-C(12) 124.8(8) Ind-lAd 47.3(2) the o-ligand side, which results in reduced catalytic activi-
C(11)-C(12)-C(13) 125.8(8) ties due to shielding of the catalytically active site. Previ-

aCen = ring centroickinterplanar angle between the two indenyl ligands. ously reported complexes with three- to six-atom bridge are
rac-"Pr(IndH,).TiCl;* and rac-(Me;SiOSiMe)(Ind),ZrCl.?
(Ind) ligands and two chlorides in a pseudotetrahedral envithree-atom bridgejac-(Me;SiCH.CH,SiMe,)(Ind).ZrCI_8,
ronment, in which Ind(Cen)-Zr-Ind(Cen) angle is 1298(2) rac-(CHHC(CH,)sCHCH,)(Ind),TiCl>,12 andrac-(CH.HC-
and CI-Zr-Cl bond angle is 97.1¢3[Cen=ring centroid). OCMeOCHCH,)(IndH,),ZrCl,*® (four-atom bridge), and
The Zr-Cl bond lengths are 2.437(2) and 2.417(2) A, and th§(R)-(-)-2,2'-bis(1-indenylmethyl)-1,1'-binaphthyl] Tigt
Zr-Ind(Cen) lengths are 2.23(2) A and 2.25(2) A. The dihe{six-atom bridge). Erker and coworkers have recently report-
dral angle between two indenyl rings is 47.3(Zhese val- ed a twelve-carbon bridgednsazirconocene,rac-1,12-
ues are in the typical range observed for many zirconiundodecanediylbis(3-indenyl)zirconium dichlorithen which
dichloride complexes. The two indenyl moieties are twistecthe long bridging dodecamethylene chain is unusually ori-
with respect to each other, presumably, due to the significargnted in the front side of tlemsametallocene (see lll). This
strain by the 2-butenyl bridging group. One indenyl six-molecule has approximate €ymmetry. The (-CH)12 unit
membered ring is oriented forward the open front side of the@ccupies a narrow band in the center of the open front side,
ZrCl, group, the other six-membered ring backward, and thevhich is also arranged in & €ymmetric conformation.
2-butenyl bridging group is placed in a side position (see the In conclusion, the molecular structure of complag-2
right view of Figure 1). Consequentigc-2 posseses a crys- shows an unsymmetrical Geometry in which the two inde-
tallographically imposed Csymmetry with two inequiva- nyl rings are twisted with respect to each other and active
lent indenyl ligands. ThéH NMR spectrum ofac-2, how-  site is shielded by one of the six-membered ring of the inde-
ever, has previously shown that the two indenyl ligands areyl moiety owing to the strain of the longs-2-butenyl
equivalent in solution on the NMR time scél€his obser-  bridge. These structural features may explain that the previ-
vation admits two possible explanations that eittaer2 ously reportedrac-1/MAO (methylaluminoxane) catalytic
exists as a £symmetric structure in solution or it undergoes system has revealed a low activity and stereoregularity in
rapid conformational interchange between two equivalent Cpropylene polymerization due to the unsymmetric nature
structures. This phenomenon has also been previously obseand the rapid conformational changerat-1, which are
ed withrac-"Pr(IndHy) TiCl, (IndHs,=tetrahydroindenyfland  caused by the four-carberphenylenedimethylene bridge.
rac-(Me;SiOSiMe)(Ind),ZrCl,® complexes.

Structural features of known racend@osametallocenes
with various bridging groups can be classified as shown in
Scheme 1. Racemiansametallocenes with one- (GH,
Me,C= or MeSi=) or two-atom bridge possess a&Igm-

Experimental Section

Data collection and structure solution ofrac-2. Com-
poundrac-2 was prepared by the procedures reported previ-
ously? Single crystals ofrac-2 were obtained by slow
recrystallization from chloroform at -2C. A yellow crystal
with approximate dimensions 0X6B36<0.12 mm was
sealed under argon in a thin walled glass capillary. Prelimi-

2
gt & g

I

nary examination and data collection were performed using
an Enraf-Nonius CAD4 diffractometer equipped with graph-
ite monochromated Mot radiation 4=0.71069 A) at 293

K. Unit cell parameters and orientation matrices were deter-

B:1~2atombridge 36 atom bridge 12 atom bridge mined by least-square method of 9 reflections with 21.48
symmetry : C, C C, <0<14.09. Intensity data for 2636 independent reflections
Scheme 1 in the range -1& h< 10, O<k<11, -9<1<9 were col-
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Table 3. Atomic coordinates{L0* and equivalent isotropic displace- 3.0% variation in intensity over the course of data collection.
ment coefficients (A1) for rac-2

atom X y z Ued
Zr 3177(1) 2902(1) 3978(1) 3.1(1)
Cl(1) 5141(2) 2277(2) 5015(3) 5.1(1)
Cl(2) 2042(2) 4240(2) 5993(3) 5.1(1)
C(1) 2943(8) 4294(7) 1744(9) 3.8(2)
C(2) 3697(9) 5060(8) 2586(9) 4.9(2)
C(3) 5003(9) 4489(8) 2517(1) 5.0(2)
C4) 5130(7) 3490(8) 1505(9) 4.2(2)
C(5) 6185(9) 2595(1) 998(1) 5.8(3)
C(6) 6057(1) 1807(1) -96(12)  6.4(3)
C(7) 4873(9) 1826(9) -715(10) 5.5(2)
C(8) 3805(8) 2631(8) -181(9)  4.5(2)
C(9) 3860(7) 3447(7) 991(9) 3.8(2)
C(10) 1555(8) 4796(8) 1484(1) 5.0(2)
Cc(11) 691(8) 3785(8) 978(1) 5.0(2)
C(12) -130(8) 2875(8) 1901(1) 4.9(2)
C(13) -327(8) 2678(8) 3573(1) 4.6(2)
C(14) 799(7) 1856(7) 3978(9) 3.4(2)
C(15) 1891(7) 1230(7) 2979(9) 3.4(2)
C(16) 2712(8) 602(7) 3815(9) 3.9(2)
C(17) 2074(8) T724(7) 5389(9) 3.8(2)
C(18) 2393(1) 287(8) 6756(1) 5.9(3)
C(19) 1512(1) 569(1) 8140(1) 6.8(3)
C(20) 287(1) 1288(9) 8208(1) 6.3(3)
C(21) -57(9) 1767(8) 6945(1) 5.3(2)
C(22) 847(7) 1482(7) 5495(9) 3.6(2)

aUeq is defined as one-third of the trace of the orthogonalikensor.

Table 4 Anisotropic displacement parameteré£0?) for rac-2

Un Uz Uszs Uzs Uis U
Zr 2.1(1) 3.2(1) 4.91) 0.3(1) -0.5(1) -0.6(1)
Cil) 34(1) 64(1) 571) 12(1) -18(1) -0.2(1)
Cl(l) 38(1) 44(1) 66(2) -16(1) -0.2(1) -0.7(1)
C(l) 35(4) 33(4) 41(5) 09(4) -0.7(1) -1.0(4)
C(2) 54(6) 30@) 52() 11(4) 0.2(4) -14(4)
C(3) 41(5) 6.06) 5.005) 17(5) -18(4) -3.2(4)
C(4) 1.7(4) 5.7(6) 4.2(5) 1.9(4) 0.3(3) -1.0(4)
C(5) 2.3(4) 7.2(7) 6.06) 27(5) -0.5(4) -0.1(5
C6) 41(5) 68(7) 6.7(7) 13(5) 09() 1.4(5)
C(7) 43() 62(6) 46(5) 06(4) 10@4) 0.0(4)
C®) 30@) 5505) 45(5) 12(4) -0.9(4) 0.1(3)
CO) 18(4) 44() 47() 17(4) -07(3) -12(3)
C(10) 3.6(5) 4.3(5) 6.7(6) 1.2(4) -0.8(4) -0.8(4)
C(11) 3.6(5) 5.4() 6.2(66) 1.1(55) -2.1(4) 0.5(4)
C(12) 23(4) 57(5) 6.7(6) -0.1(5 -1.6(4) 0.4(4)
C(13) 1.8(4) 48(5) 7.1(6) -0.1(4) -1.0(4) -0.1(3)
C(14) 1.9(4) 29(4) 48(5) 02(3) 003) -10(3)
C(15) 2.7(4) 30() 39@4) -03(3) -0.1(3) -11(3)
C(16) 3.4(4) 2.8(4) 5.3(5) -0.4(4) -0.9(4) 0.1(3)
C(17) 3.8(4) 254) 4.9(5) 1.04) -1.34) -1.2(3)
C(18) 6.0(6) 3.9(5) 7.9(7) 24(5) -3.1(6) -1.5@4)
C(19) 9.6(8) 6.4(7) 4.1(6) 14(5) -2.0(6) -4.7(6)
C(20) 82(8) 6.1(6) 4.1(6) -0.7(5) -0.4(5) -3.0(6)
C(21) 44(5) 50(5) 5006) -09(4) 1.0@4) -2.1(4)
C(22) 27(4) 3.04) 455) 01(3) -0.3(3) -1.6(3)

Lorentz and polarization corrections were applied to the
intensity data. An empirical absorption correction was also
applied to the data on the basisposcans. All the calcula-
tions were carried out using the SHELXTL system of com-
puter progran¥® The structure was solved by direct
method&%2 and refined by the full matrix least-square meth-
ods employing unit weight€® All non-hydrogen atoms
were refined anisotropically and hydrogen atoms were gen-
erated at calculated positions. Final reliability factors for
2478 unique observed reflectioris>20(1)] were R=0.058
andR,=0.132. The final residual values and structure refine-
ment parameters are listed in Table 1. The atomic coordi-
nates and anisotropic thermal parameters for the non-
hydrogen atoms are listed in Tables 3 and 4, respectively.
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U;j=The anisotropic displacement factor exponent takes the fomh: -2 16. (a) SHELXS86; Sheldrick, G. Mcta Cryst 1990 A46,
[U 11h2a*2+U22k2b*2+U3ﬂ 2C"‘Z"'ZUz?,kl b*c*+2 Uzl hc*a*+2U 12h ka*b*]
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