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Abstract

An improved synthesis of 2,2'-bis(1-indenyl)propane and the corresponding ansa-complexes of zirconium are reported. Synthesis of a
mixture of rac- and meso-2,2'-propylidene-bis(1-indenyl)zirconium dichlorides involves a treatment of ZrCl, with bis[3-(trialkyltin)in-
den-1-yllpropane, where alkyl = ethyl, butyl, in toluene. This reaction gives the products in 92% yield and might be a convenient
synthetic pathway to a number of straightforward ansa-metallocenes. Both rac- and meso-2,2'-propylidene-bis(1-indenyl)zirconium
dichlorides were separated and isolated using simple work-up processes, and characterized by X-ray crystal structure analysis (rac-
:C2/c; a=15903()A, b=111052)A and c=11.520)A; B=121.613)% Z—4; V=1732.6(5) A% R=0.0350; meso-: P1;
a=9.739Q2)A, b=12798(4)A and ¢ = 15.322()A; a=101.182)° B=121.612)°% y=90.542)°, Z=4; V= 17954(8) A>; R =

0.0417).
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1. Introduction

The design and synthesis of ansa-metallocenes of
Group 4 elements are of considerable current interest
for organometallic and polymer chemists in both aca-
demic and industrial laboratories [1,2]. This results from
the particular catalytic properties of the compounds in
stereospecific olefin polymerization and co-polymeriza-
tion. A wide range of zirconium ansa-metallocenes
traditionally have been prepared by the exchange reac-
tion of ZrCl, with alkali-metal derivatives of the corre-
sponding substituted cyclopentadienes [1]. This synthe-
sis method is rather limited because of the low product
yield, as well as being time-consuming because of the
difficulties associated with the isolation and purification
of the compounds. Here we describe a new straightfor-
ward selective route to the synthesis of ansa-metallo-
cenes of zirconium. This reaction, involving the use of
the corresponding organotin reagents, gives rac- and
meso-2,2'-propylidene-bis(1-indenyl)zirconium dichlo-
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rides in high yield (for a preliminary communication on
this subject see Ref. [3]). This paper also includes
descriptions of the improved synthesis of 2,2'-bis(1-in-
denyl)propane as well as the results of X-ray crystal
structure analysis of the above-mentioned isomeric
organozirconium compounds.

2. Results and discussion

2.1. Synthesis of 2,2'-bis(1-indenyl)propane
2,2'-Bis(1-indenyl)propane was previously synthe-

sized in moderate yield by the nucleophilic addition of

indenyl lithium to the corresponding 2,2'-dimethyl-
fulvene derivative of indene in THF (Eq. (1)) [4].

o eto AN

We found that the reaction of acetone with two
equivalents of freshly distilled indene in the presence of
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an excess of NaOH powder and catalytic amount of
crown ether in THF gives 2,2"-bis(1-indenyl)propane
(Eq. (2)). The compound can be isolated in high yield
and purified by either re-crystallization from cold pen-
tane or high vacuum distillation.

= NaOH, 15~ e
2 CQ + Me,C=0 o S W )

Therefore, this reaction involving in situ formation of
fulvene is a convenient and simple route to the ligand
(cf. Ref. [5].

2.2. Synthesis of bis-trialkyltin derivatives of 2,2'-bis(1-
indenyl)propane

Two synthetic procedures for the preparation of tin-
substituted cyclopentadienes are of great significance.
The first is the exchange reaction of alkali-metal deriva-
tives of cyclopentadienes with triorganotin halides [6].
The main drawbacks of this synthesis pathway are
halide contamination of the product and its low yield
because of side redox reactions. An alternative pathway
is the reaction of the corresponding cyclopentadienes
with organotin amides R;SnNR/,, where R, R’ = alkyl
[7].

We found that the reaction between 2,2"-bis(1-inde-
nyDpropane and two equivalents of R;SnNEt, (R = Et,
"Bu) in THF proceeds readily and gives diethylamine
and 2,2’-bis[3-(trialkyltin)inden-1-yl]propane in quanti-
tative yield (Eq. (3)). The tin-substituted hydrocarbon
can be isolated in analytically pure form after vacuum
evaporation of all volatile components of the reaction
mixture.

N THF _ \ 7/ {
Qj@ * RSB
R;Sn SnR;

(3)

2.3. Synthesis of rac- and meso-2,2'-propylidene-bis(1-
indenyl)zirconium dichlorides

Synthesis of ansa-complexes of zirconium is usually
achieved by the exchange reactions of ZrCl, with al-
kali-metal derivatives of the corresponding cyclopenta-
dienes involving a bridging fragment [1]. This pathway
is very sensitive to modifications of both the substrate
structure and the reaction conditions. This results in low

reproducibility of most published procedures. For in-
stance, a chelating ligand may coordinate two zirconium
atoms and, therefore, may form the corresponding
metal-containing polymers and oligomers under appro-
priate conditions. This will considerably decrease the
overall yield of ansa-metallocenes. Moreover, this syn-
thetic pathway includes time-consuming isolation and
purification of the products.

Trialkyltin derivatives of various cyclopentadienes
are known to be convenient and selective precursors for
a wide range of transition element 7-complexes, partic-
ularly early transition metals [8—14]. We report here a
new straightforward pathway for the synthesis of Zr
ansa-metallocenes. This includes reaction of the corre-
sponding organotin-substituted cyclopentadienes with
ZrCl, in toluene. An equimolar mixture of rac- and
meso-2,2'-propylidene-bis(1-indenyl)zirconium  dichlo-
rides was prepared in this manner in 92% yield (Eq.

(4)).

Oz S
zcl, + | %‘:—;* zcl, + 7:Cly
RSn
R3Sn \SnR3 ©© ©@

1, meso- 2, rac-

@

The isolation of pure racemate and meso complexes
turned out to involve a very simple work-up procedure
(see Section 3). This results from a very low solubility
of rac-2,2'-propylidene-bis(1-indenyl)zirconium dichlo-
ride in the usual organic solvents. This behavior compli-
cates the known synthesis procedure involving the reac-
tion of dilithium salt of the ligand with ZrCl, [4]. Both
the racemate and LiCl, as well as probable polymeric
products, have similar low solubilities.

The trans-metallation reaction of 2,2'-bis[3-(trial-
kyltin)inden-1-ylJpropane with ZrCl, is a two-stage
process. The addition of half an equivalent of organotin
compound results in the formation of a deep red solu-
tion. After the second half of the substrate was added,
the reaction mixture turned yellow and an orange pre-
cipitate formed. The first stage of the reaction is likely
to be formation of polymeric or oligomeric monocy-
clopentadienyl derivatives of zirconium, including both
bridging 2.2'-propylidene-bis(1-indenyl)- and bridging
chloride-ligands (Eq. (5)) [14].

\ / toluene ©@ @Q

272eCly + m’ In I
T3 ClyZr. ZrCl

R,Sn $nR, Werer T

(5)
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2.4. Molecular structures of rac- and meso-2,2'-pro-
pylidene-bis(I-indenyl)zirconium dichlorides

Fig. 1 shows two independent molecules 1; Fig. 2
shows molecule 2. It is seen that both independent
molecules 1 represent a meso complex, whereas
molecule 2 is a racemate. In both cases, the zirconium
atom is coordinated by n° cyclopentadienyl fragments
of two indenyl groups of the ansa ligand and two
chlorine atoms.

Molecules 1 and 2 have noticeable geometric distor-
tions due to a short CMe, bridge between two indenyl
fragments. The dihedral angle between the planes of the
Cp rings is 108.3° and 108.5° in 1 and 109.1° in 2,
whereas, in the ordinary zirconocenes, it is commonly
about 125°. The C(Cp)C(br)C(Cp) angle (100.1(3)° in 1
and 100.3(3)° in 2) is significantly reduced in both
compounds compared with the tetrahedral value
(109.5°). The angles between the normals to each Cp
plane and the line from the zirconium atom to the
centroid of the corresponding Cp ring vary from 5.2 to

Ci12)

Fig. 1. orTEP diagram of two independent molecules 1.

~ Teaa Clde)

Fig. 2. oRTEP diagram of molecule 2.

5.7° for 1 and are equal to 5.1° for 2. In both structures,
the bridging carbon atom between two indenyl radicals
is displaced from the planes of two Cp fragments
towards the zirconium atom. For 1 the displacements
vary within 0,385-0. 394 A, and for 2 the displacement
equals 0.396 A; the angle between the corresponding Cp
plane and the C(br)-C(Ph) bond equals 14.2-14.5° in 1
and 14.6° in 2.

The Zr—-C(Cp) distances are not equal for both Cp
rings in 1 and 2. In 1, bond lengths Zr(1)-C(1) 2.428(4),
Zr(1)-C(1') 2.427(4), Zr(2)-C(13) 2.433(4), and Zr(2)-
C(13') 2.436(4) A are the shortest, whereas, bond lengths
Zr(1)-C(4) 2.627(4), Zr(1)C(4') 2.620(4), Zr(2)-C(16)
2.614(4), and Zr(2)-C(16') 2.619(4)A are the longest.
A similar pattern of bond lengths is found in molecule
2: the Zr(1)-C(1) bond (2.435(3) A) is the shortest and
Zr(1)-C(4) (2.615(3) A) is the longest. The Zr-Cl bond
lengths (2.397(1)- 2.441(1A in 1 and 2.430(1) A in 2)
have usual values. All of the above data show that the
geometric distortions in the rac- and meso-complexes
are almost identical.

3. Experimental details

All manipulations have been done either on the high
vacuum line in all-glass apparatus equipped with polyte-
trafluoroethylene stopcocks or in an atmosphere of thor-
oughly purified argon using the standard Schlenk tech-
nique. THF was distilled over LiAlH,. Toluene was
distilled over Na and kept over CaH,. Acetone (and
acetone-d;) was dried with K,CO, and distilled.
CH,Cl,, CDCl, and CD,Cl, were distilled over P,O,,
and kept over 3A molecular sieves. Et;SnNEt, and

"Bu,SnNEt, were prepared according to the published
procedures [15]. 'H and *C NMR spectra were recorded
with a Bruker AM 360 spectrometer.
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3.1. 2,2"-bis(1-Indenyl)propane

A mixture of 11.6g (0.10mol) of freshly distilled
indene, 2.9 g (0.05 mol) of acetone, 10.0g (0.25 mol) of
NaOH powder, and 0.44 g (0.002 mol) of 15-crown-5 in
50 ml of THF was stirred overnight. The brown suspen-
sion was mixed with ca. 100cm® of ice. The mixture
was neutralized with 50ml of 10% HCI, and then ca.
50 ml of THF was added to dissolve the precipitate. The
organic layer was separated, and the aqueous layer was
washed with 3 X30ml of ether. The organic solvent
was removed under reduced pressure. The brown vis-
cous oil was treated with 70 ml of pentane. The resuit-
ing suspension was filtered, the product was washed
with cold pentane, and dried in vacuum. This procedure
yielded 6.2 g (46%) of pale yellow solid. Anal. Found:
C, 92.67; H, 7.42. C, H,,. Calc.: C, 92.60; H, 7.40%.
"H NMR (acetone-d,): 81.77 (s, 6H, Me), 3.41 (d,

J=1.6Hz, 4H, 3-H in C,H,), 6.63 (t, J=2.2Hz, 2H,
2-H in Co,H;), 7.02 (m, 4H, 4,7-H, in C4H,), 7.38 (m,
4H, 5,6-H, in C,H,). "C {'H} NMR (acetone-d):
§28.43 (Me), 37.68 (CMe,), 38.54 (3-C in C,Hy),
122.10, 124.41, 124.86, 126.23, 128.03 (2-C, 4-C, 5-C,
6-C, 7-C in C,H,), 144.89, 146.00, 151.31 (1-C, 3a-C,
7a-C in CoH,).

3.2. 2,2'-bis{3-(Triethyltin)inden- 1-yllpropane

30.6 g (0.110 mol) of Et,SnNEt, was added dropwise
for 0.5h to a stirred solution of 15.0g (0.055mol)
2,2"-bis(1-indenyl)propane in 100 ml of THF at —35°C.
Then the mixture was warmed for 2h to room tempera-
ture and stirred for 3h. The solvent was concentrated
under reduced pressure. The brown oil was continu-
ously dried in vacuum to remove traces of THF. This
procedure yielded analytically pure mixture of isomeric

Table 1

Crystal data and structure refinement details for 1 and 2

Compound 1 (meso-) 2 (rac-)
Crystal parameters

Formula C, HCl,Zr C, H,;Cl,Zr
Formula weight 432.47 432.47
Crystal system Triclinic Monoclinic

Crystal color; habit
Crystal size (mm®)

orange-red; plate
026X 0.12x0.54

orange; block
022X 0.28 X033

Space group P1 C2/c

a(A) 9.739(2) 15.903(3)

b (A) 12.798(4) 11.105(2)

¢ (A) 15.322(4) 11.52002)

a (deg) 101.18(2) 90

B (deg) 106.16(2) 121.61(3)

v (deg) 90.55(2) 90

Vv (AY) 1795.4(8) 1732.6(5)

z 4 4

D, (gem™) 1.600 1.658

F(000) 872 872

w(MoKa) (mm™") 0.909 0.942

TK) 293 293

Data collection and refinement (MoK a, A = 0.71073A)

Scan mode w w

Max /min scan speed in @ (degmin™"') 82/12 82/1.2

Scan range w 1.0 +0.35 tan#@ 1.2 +0.35tan 6

6 range (deg) 2.18 10 26.97 2.37 10 29.96

Index ranges —12<h <11 —18<h<22
—le<k<16 0<k<15
0<i<19 0<i<l16

Reflections collected 7250 2447

Independent reflections
Refinement method (on F?)
Data /restraints / parameters
Goodness-of-fit

Final R indices (I > 20(1))

Extinction coefficient
Largest diff peak and hole (¢ A~*)

6999 ( R(int) = 0.0236)

full-matrix LS
6999 /0 /434
0.807

R1 =0.0417
wR2 = 0.0967
0.0000(3)

0.464 and —0.734

2336 (R(int) = 0.0492)

full-matrix LS
2336,/0/111
0.847
R1=10.0350
wR2 = 0.0970
0.0001(2)

0.983 and —0.924
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Table 2
Atomic coordinates (X 10*) and equivalent isotropic displacement
parameters (A2 X 10%) for 1

a

Atom b y z U,
Zx(1) 1547(1) 2622(1) 9693(1) 33(1)
Zx(2) 2581(1) 6871(1) 4725(1) 31(D)
CI(11) 1619(1) 916(1) 8729(1) 44(1)
CI(12) —1018(1) 2864(1) 9214(1) 56(1)
Cl(21) 2107(1) 5225(1) 3559(1) 56(1)
Cl(22) 165(1) 7311{1) 4635(1) 47(1)
¢¢))] 3182(5) 3141(3) 11246(3) 39(1)
Cc(2) 1780(5) 3325(4) 11327(3) 49(1)
C(3) 986(5) 2349(4) 11155(3) 50(1)
Cc4) 1884(5) 1524(4) 11010(3) 42(1)
Cc(5) 1654(5) 394(4) 10859(3) 52(1)
Cc(6) 2735(6) —212(4) 10768(3) 57(1)
Cc(7) 4085(6) 239(4) 10809(3) 53(1)
C(8) 4359(5) 1301(3) 10937(3) 43(1)
C(9) 3263(4) 1994(3) 11051(3) 36(1)
C(10) 4156(5) 4005(3) 11113(3) 44(1)
c(11) 4027(7) 5091(4) 11719(3) 69(2)
Cc(12) 5736(5) 3799(4) 11358(3) 57(1)
(1) 3480(4) 3993(3) 10074(3) 35(1)
c2) 2193(5) 4490(3) 9749(3) 45(1)
Cc@3) 1589(5) 4096(4) 8801(3) 49(1)
Cc) 2516(4) 3377(3) 8489(3) 39(1)
Cc(5) 2456(6) 2803(4) 7592(3) 53(1)
c(6") 3542(6) 2189(4) 7487(3) 57(1)
() 4692(6) 2100(4) 8246(3) 54(1)
Cc(8") 4788(5) 2615(3) 9117(3) 41(1)
Cco") 3699(4) 3296(3) 9278(3) 34(D)
c(13) 4567(4) 8187(3) 5034(3) 36(1)
Cc(14) 4582(5) 7449(3) 4228(3) 4(1)
C(15) 3412(5) 7529(4) 3486(3) 50(1)
C(16) 2636(5) 8373(4) 3794(3) 43(1)
c17) 1389(5) 8819(4) 3321(4) 59(1)
Cc(18) 890(6) 9638(5) 3794(4) 68(2)
c(19) 1559(6) 10075(4) 4742(4) 62(1)
CQ0) 2746(5) 9663(3) 5233(3) 45(1)
c@2n 3321(4) 8795(3) 4767(3) 35(1)
Cc(22) 5425(4) 8096(3) 6018(3) 41(1)
c23) 6905(5) 7680(4) 6027(4) 66(2)
c4) 5698(5) 9146(4) 6715(3) 58(1)
c(13") 4475(4) 7247(3) 6190(3) 371(1)
c(14") 4483(4) 6147(3) 5809(3) 43(1)
c(15) 3263(5) 5586(3) 5826(3) 43(1)
c(16) 2466(4) 6309(3) 6260(3) 36(1)
c17) 1178(4) 6145(4) 6490(3) 44(1)
c(18) 654(5) 6986(4) 6942(3) 51(1)
c(19") 1362(5) 8007(4) 7174(3) 51(1)
Q0" 2575(5) 8207(3) 6956(3) 42(1)
c@r) 3190(4) 7350(3) 6483(3) 34(1)

a

U, is defined as one-third of the trace of the orthogonalized Uj;
tensor.

products in almost quantitative yield. Anal. Found: C,
58.43; H, 7.25. C33H 5Sn,. Cale.: C, 58.11; H, 7.09%.
'"H NMR (CDCl,): 80.94-1.14 (m, 12H, CH,Me),
1.32-1.44 (m, 18H CH, Me), 2.04, 2.05, 2.06, and
210 (s, s, s, and s, 6H CMe,), 433 and 4.36 (d,
J=20Hz, JOH-""Sn)=85.7Hz and d, J= 1.9Hz,
J(OH-"$p) = 85.1 Hz, 2H, 3-H in C,H,), 6.95 and
698 (d. J=2.0Hz and d, J=2.0Hz, 2H, 2-H in

CyHy), 7.16-7.31 (m, 4H, 4,7-H, in C,Hy), 7.59-7.71
(m, 4H, 56-H, in C,Hy). “C {'H} NMR (CDCL,):
81.71,1.78, 1.84 (CH CH ;), 10.89, 1091 (CH CH3)
28.50, 28.60, 28.75, 29.03, 29.38 (CMe,), 38.01, 38.08,
38.12 (CMe,), 40.69, 40.73, 40.84 (3-C in C,Hy),
121.53, 121.62, 121.63, 121.84, 121.86, 121.88, 122.25,
122.29, 122.41, 122.59, 122.63, 122.80, 128.95, 129.23,
129.28 (2-C, 4-C, 5-C, 6-C, 7-C in C4Hy), 141.20,
141.31, 141.33, 143.66, 144.53, 144.70, 147.87, 148.00,
148.03 (1-C, 3a-C, 7a-C in CyHy).

The synthesis of 2,2'-bis[3-(tributyltin)inden-1-
yl]propane was performed in a similar manner.

3.3, The rac- and meso-2,2"-propylidene-bis(1-
indenyl)zirconium dichlorides

A solution of 9.6 g (14mmol) of 2,2"-bis[3-(triethyl-
tin)inden-1-yl]propane in 20ml of toluene was added
dropwise for 1.5h to a suspension of 3.2 g (14 mmol) of
ZrCl, in 30ml of toluene. The mixture was stitred for
3h at 90°C and then cooled to 0°C. The orange-red
suspension was filtered. The orange-red crystalline solid
was washed with 4 X 30ml of CH,Cl,, 70ml of THF
and dried. This procedure yields CH,Cl, solution of
meso complex and 2.46 g (46%) of analytically pure 2.
Anal. Found: C, 58 24; H, 4.16. C,,H,;Cl,Zr. Calc.: C,
58.32; H, 4.19%. 'H NMR (CD,Cl,): 82.34 (s, 6H,
CMe,), 6.16 (d, J=3.5Hz, 2H, 2- Hin C oHg), 6.65
(dd, J =3.5Hz, 2H, 3-H in CyH), 6.96-7.04 (m, 2H,
4-H in C4H(), 7.23-7.31 (m, 2H, 7-H in C,H,), 7.47
(dd, J=88Hz, 2H, 5H in C oHo), 774 (dd, J=
9.1Hz, 2H, 6-H in C Hy). °C {'H} NMR (CD,Cl,):
5 28.16 (C Me), 37.58 (CMe2) 101.25 (1-C in C, H )
110.31 (2-C in CyHg), 111.66 (3-C in C,Hy), 118.70
(7a-C in C4Hy), 123.85 (4-C in C4Hy), 124.50 (5-C in
CyHy), 124.67 (6-C in C4H), 124.71 (7-C in C4Hy),
130.63 (3a-C in C4H). The solvent from CH,CI,

Table 3
Atomic coordinates (X 10*) and equivalent isotropic displacement
parameters (A2 x 10%) for 2

a

Atom X y < Ueq
Z«(1) 0 2026(1) 2500 30(1)
Ccu) 1323(1) 623(1) 3064(1) 47(1)

c) —174(2) 3945(2) 1373(3) 36(1)
c) —1074(2) 3317(3) 562(3) 42(1)
Cc3) —935(2) 2326(3) —70(3) 43(1)
Cc@4) 60(2) 2318(3) 293(3) 38(1)
C(5) 582(3) 1552(3) -99(3) 47(1)
C(6) 1555(3) 1755(3) 423(4) 53(1)
(6¢)] 2048(3) 2731(3) 1325(3) 49(1)
C(8) 1569(2) 3491(3) 1701(3) 42(1)
Cc(9) 549(2) 3315(3) 1204(3) 35(1)
C(10) 0 4829(4) 2500 41(1)
can —893(3) 5643(3) 2045(4) 63(1)
* U, is defined as one-third of the trace of the orthogonalized U;

tensor.
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Table 4

Bond lengths (A) and angles (deg) for 1
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Bond lengths
Zr(1)-CI(11)
Zr(1)-C(1')
Zr(1)-C1(12)
Z(1)-C(9")
Zr(1)-C(3")
Zr(1)-C4")
Zr(2)-CI(22)
Zr(2)-C1(21)
Zr(2)-C(14)
Zr(2)-C(15)
Zr(2)-C21)
Zr(2)-C(16)
C()-c(2)
C(1)-C(10)
C(3)-C4)
C4)-C(5)
C(6)-C(7)
C(8)-C(9)
C(10)-C(1)
C(1)-Cc(2)
Cc(2)-c(3)
C4)-Cc9)
C(5")-C(6")
C(7")-C(8)
C(13)-C(14)
C(13)-C(22)
C(15)-C(16)
C(16)-C(17)
C(18)-C(19)
C(0)-C(21)
C(22)-C(13")
c(13)-c(14)
Cc(14)-C(15")
C(16')-C(21")
cQa7)-cag)
C(19)-C(20")
Bond angles
CI(11)-Zr(1)-CI(12)
CQ)-C(1)-C(®)
C(9)-C(1)-c(10)
C(4)-C(3)-C(2)
C(3)-C(4)-C(5)
C(6)-C(5)-C(4)
C(8)-C(D-C(6)
C(8)-C(9)-C(4)
C(AH-CO)-Cc(1)
C(D)-C(10)-C(1)
C()-ca10)-ca1)
C(1)-Cc(10)-Cc(11)
CQ2")-c(1)-c10)
C(3)-c(2")-c(1)
C(3")-C(4')-C(9")
C(9)-C(4)-C(5)
C(s")-C(6')-C(7")
C(7")-C(8)-C(9')
C(1")-C(9")-C(8")
C(14)-Cc(13)-C(21)
C(21)-C(13)-C(22)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(20)-C(19)-C(18)
CQR0)-C(21)-c(16)

2.401(1)
2.427(4)
2.441(1)
2.542(4)
2.540(4)
2.620(4)
2.397(1)
2.430(1)
2.438(4)
2.536(4)
2.539%(4)
2.614(4)
1.423(6)
1.530(6)
1.402(6)
1.425(6)
1.411(7)
1.420(6)
1.542(3)
1.419(6)
1.395(6)
1.441(5)
1.350(7)
1.346(6)
1.406(6)
1.534(6)
1.406(6)
1.418(6)
1.413(8)
1.409(6)
1.527(5)
1.416(6)
1.391(6)
1.435(6)
1.349(6)
1.348(6)

100.36(5)
106.3(4)
128.8(4)
108.2(4)
131.6(4)
118.7(4)
122.2(5)
118.2(4)
107.1(4)
100.1(3)
110.3(4)
111.3(4)
122.0(4)
110.0(4)
107.9(4)
120.7(4)
121.2(4)
119.4(4)
134.9(4)
106.0(4)
127.7(4)
107.5(4)
131.3(4)
118.3(5)
121.6(5)
119.1(4)

Ze(1)-C(1)
Zr(1)-C(2)
Zr(1)-C(2')
Zr(1)-C(3)
Zr(1)-C(9)
Zr(1)-C(4)
Zr(2)-C(13)
Zr(2)-C(13")
Zr(2)-C(14')
Zr(2)-C(15")
Zr(2)-C(21)
Z1{(2)-C(16")
C(1)-C(9)
Cc(2)-c(3)
C4)-Cc®
C(5)-C(6)
C(N-C(8)
C(10)-C(12)
cao-can
Cc(1)-C9")
Cc(3)-Cc)
C(4)-C(s)
C(6)-C(7")
C(8)-C(9)
c(13)-c2n)
C(14)-C(15)
Cc(16)-Cc(21)
C(17)-C(18)
C(19)-C(20)
C(22)-C(24)
C(22)-C(23)
c(13)-Cc21)
Cc(15)-c6")

C(16')-C(17)11.418(6)

Cc(18)-c(9)
C(20")-CQ1)

Cl(22)-Zr(2)-C1(21)
C(2)-C(1)-C(10)
C(1)-C(2)-C(3)
C(3)-C(4)-C(9)
C(9)-C(4)-C(5)
C(5)-C(6)-C(7)
C(7)-C(8)-C(9)
C(8)-C(9)-C(1)
C(DH-C(10)-C(12)
C(12)~-CU0)-C(1)
Cc(12)~-C10)-c(11)
C@2"H-C(1)-C(9")
C(9)-C(1')-C(10)
C(2")-C(3)-C4')
C(3")-C")-C(5")
C(6')-C(5')-C(4')
C(8")-C(7")-C(6")
C(1N-C(9")-C(4")
C(4")-C(9)-C(8')
C(14)~C(13)-C(22)
C(15)~-C(14)-C(13)
C(15)-C(16)-C(21)
c@2n-ca6)-c(17
C(17)-C(18)-C(19)
C(19)-C20)-Cc(21)
C(20)-C21)-C(13)

2.428(4)
2.436(4)
2.445(4)
2.535(4)
2.551(4)
2.627(4)
2.433(4)
2.436(4)
2.443(4)
2.542(4)
2.542(4)
2.619(4)
1.447(6)
1.402(6)
1.446(6)
1.337%(7)
1.348(6)
1.517(7)
1.541(6)
1.434(5)
1.406(6)
1.412(6)
1.397(7)
1.423(6)
1.452(5)
1.388(7)
1.445(6)
1.331(8)
1.364(7)
1.515(6)
1.538(6)
1.442(5)
1.401(6)

1.405(7)
1.425(6)

99.35(5)
122.7(4)
110.0(4)
108.4(4)
120.0(4)
121.6(4)
119.1(4)
134.6(4)
114.8(4)
113.6(4)
106.7(4)
106.4(3)
129.4(4)
108.1(4)
131.4(4)
118.6(4)
122.5(5)
107.5(4)
117.5(4)
123.9(4)
111.3(4)
108.5(4)
120.2(4)
122.4(5)
118.4(4)
134.2(4)
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C(16)-C(21)-C(13) 106.6(4)
C(24)-Cc(22)-Cc(13) 113.7(4)
C(24)-C(22)-C(23) 106.4(4)
C(13)-C(22)-C(23) 110.9(4)
C(14)-C(13")-C(22) 122.2(4)
C(15)-C(14)-C(13") 110.9(4)
C(15)-C(16")-C(21') 108.1(4)
CQ1)-C(16')-C(17") 121.2(4)
C(17)-C(18)-C(19") 120.7(4)
C(19)-C(0")-C(21) 119.2(4)
C(16')-C(21)-C(13") 107.8(3)

c@4H-Cc(22)-c(13) 115.5(4)
C(13)-C(22)-C(13) 100.1(3)
C(13")~C(22)-C(23) 110.3(4)
C(14)-C(13)-C(21) 105.4(3)
C(21)-C(13)-C(22) 130.0(4)
C(16')~C(15')-C(14") 107.7(4)
C(15)~C(16)-C(17") 130.6(4)
C(18")-C(17)-C(16") 118.6(4)
C(20")-C(19)-C(18") 122.8(4)
C(16')-C(21)-C(20") 117.4(4)
C(20)-C@1)-C(13") 134.8(4)

solution was removed, red solid was washed with 2 X
10 ml pentane and dried. This procedure yielded 2.46 g
(46%) of dark red crystalline 1. Anal. Found: C, 58.47,
H, 424. C, H;Cl,Zr. Calc.: C, 58.32; H, 4.19%. 'H
NMR (CD,Cl,): §2.18 (s, 3H, Me), 2.65 (s, 3H, Me),
6.08 (d, J=3.4Hz, 2H, 2-H in CyH(), 6.67 (dd,
J=3.5Hz, 2H, 3-H in C,H), 6.84-6.92 (m, 2H, 4-H
in C4Hy), 7.06-7.14 (m, 2H, 7-H in CyH,), 7.44 (dd,
J=8.7Hz, 2H, 5-H in C4Hy), 7.83 (dd, J=9.0Hz,
J=06Hz, 2H, 6-H in C,H,). "C {'H} NMR
(CD,ClL,): 6 25.11 (CMe), 2934 (CMe), 41.77
(CMe,), 103.76 (1-C in CyH,), 112.92 (2-C in C4Hy),
113.61 (3-C in C4H), 122.10 (7a-C in CyH,), 125.73
(4-C in C4Hy), 125.98 (5-C in CyHy), 126.02 (6-C in
CyHy), 126.41 (7-C in C4Hy), 131.14 (3a-C in CyHy).

3.4, X-ray diffraction study of rac- and meso-2,2'-pro-
pylidene-bis(1-indenyl)zirconium dichlorides

The details of the X-ray experiment and crystallo-
graphic parameters for 1 and 2 are given in Table 1.

Table 5 .

Bond lengths (A) and angles (deg) for 2

Bond lengths

Zr(1)-CI(1) 2.41749) Zr(1)-C(1) 2.435(3)
Z(1)-C(2) 2.441(3)  Z«(1)-C(9) 2.531(3)
Zr(1)-C(3) 2.544(3)  Zr(1D)-C(4) 2.615(3)
c(D-c( 1417(4)  C()-C® 1.443(4)
C()-CQ0) 1.533(4) C(Q)-C(3) 1.399(5)
C(3)-C@) 1.409(4) C(H-C(5) 1.416(5)
C(4)-C9) 1.441(4) C(5)-C(6) 1.353(5)
C(6)-C(7) 1.419(5) C(D-C(®) 1.351(5)
C(8)-C(9) 1.423(4) CU0)-C( D) 1.526(4)

Bond angles

CI(-ZD-Cl(1la) 99.76(5)  C(2)-C(D-C(9) 105.9(3)

C(2)-C(1)-C(10)  123.1(2) C(9)-C(1)-C(10) 128.4(2)
C(1)-C(2)-C(3) 110.4(3) C4)-C(3)-C(2)  108.1(3)
C(3)-C(4)-C(5) 131.6(3) C()-CD-CO)  107.6(3)
C(5)-C4)-C(9) 120.8(3) C(6)-C(5)-C(4)  118.8(3)
C(5)-C(6)-C(T) 121.1(3) C(R)-C(N-C(6) 121.6(3)
C(N-C(®)-C(%) 120.1(3) C(8)-C(9)-C(1)  134.4(3)
C(8)-C(9)-C(4) 117.6(3) C(N-C(O-CE@  107.9(3)

C(D-C(10)-C(1a)  100.3(3)

Symmetry transformations (a) used to generate equivalent atoms:
- xy,—-z+1/2.

The experimental reflections were collected at room
temperature on an Enraf Nonius CAD4 diffractometer
(MoK radiation, graphite monochromator). No ab-
sorption correction was applied for either structure.

The structures were solved by the direct method and
refined by the full-matrix least squares on F? in the
anisotropic approximation. Crystals of 1 contain two
independent molecules in the triclinic unit cell. The
molecule in crystals of 2 occupies a special position at
the two-fold axis in the monoclinic unit cell. In the
difference Fourier syntheses, all of the hydrogen atoms
were found in both structures. However, these atoms
were calculated in the ideal positions and included in
the further structure refinement as riding at the corre-
sponding carbon atoms with isotropic thermal parame-
ters U,,,, which is 1.5 times as much as the U, parame-
ters of the corresponding carbon atom [16]. The final
least squares on F* were performed in the anisotropic
approximation for the non-hydrogen atoms. All of the
calculations were performed using SHELX76 [17] and
SHELX93 [18] software.

Tables 2 and 3 give non-hydrogen atom coordinates
and equivalent isotropic displacements for 1 and 2
respectively; Tables 4 and 5 give bond lengths and
angles for 1 and 2 respectively.
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