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Ethylene—Bridged Multi—Substituted Indenyl-Fluorenyl Zirconocene and
Hafnocene Complexes: Synthesis, Structure and Catalytic
Behavior for Propylene Selective Oligomerization

Zhang, Lei Ma, Haiyan*

(Laboratory of Organometallic Chemistry, School of Chemistry and Molecular Engineering,
East China University of Science and Technology, Shanghai 200237)

Abstract In metallocene-mediated propylene polymerization, f-methyl elimination (f-Me elimination) is considered as the
key chain-release step for obtaining allyl-terminated products, which are highly preferred as macro(co)monomers or building
blocks for preparing novel polymers. However, for most metallocene catalysts the transfer of a f-methyl is instinctively less
favored due to its steric and electronic disadvantages. Up to date, very few cases have been found to be efficient for triggering
selective f-methyl elimination. In this work, a series of novel ansa-metallocene complexes, ansa-C,H,-{2-Me-3-Bn-
5,6-[1,3-(CH,);]Ind} (Flu)ZrCl, (C1), ansa-C,H4-{2-Me-3-Bn-5,6-[1,3-(CH,);]Ind}(2,7-Bu,-Flu)ZrCl, (C2), ansa-C,H,-
{2-Me-3-Bn-5,6-[1,3-(CH,);]Ind} (3,6-'Bu,-Flu)ZrCl, (C3) and ansa-C,Hy4-{2-Me-3-Bn-5,6-[1,3-(CH,);]Ind} (Flu)HfCl,
(C4), were synthesized via the reaction of the dilithium salts of the corresponding proligand with 1 equiv. of ZrCl, or HfCl, in
Et,0. All complexes were characterized by 'H NMR, *C NMR and elemental analysis. The molecular structures of com-
plexes C1, C2, and C3 were further determined via X-ray diffraction method. In the solid state, these complexes adopted an
indenyl-backward orientation with rotation angles (RA: the orientation of the indenyl ring with respect to the fluorenyl ring)
ranging from —11.30° to —17.07°. Upon activation with modified methylaluminoxane (MMAO) or Al'Bus/
[Ph;C][B(C¢Fs)4] (TIBA/TtB), all these complexes exhibited moderate to high activities for propylene oligomerization at
40~100 C, affording propylene oligomers with both allyl and vinylidene chain-ends, which arised from S-Me elimination
and S-H eliminations respectively. The methyl group at the 2-position of the indenyl ring turned out to have negative effects
on both catalytic activity and f-Me elimination selectivity. Zirconocene complex C1 polymerized propylene to give oligo-
mers with 40%~52% allyl chain-ends. However, further modification of the fluorenyl moiety allowed a great improvement
in f-Me elimination selectivity. At 40~100 ‘C, zirconocene complexes C2 and C3 bearing a 2,7- or 3,6-di-tert-butyl-
substituted fluorenyl moiety showed significantly higher f-Me elimination selectivities (C2, 81%~86%; C3, 68%~77%),
affording propylene oligomers (M, 400~4500 gemol ") with allyl-dominant chain-ends. Moreover the substitution pattern of
the fluorenyl moiety also substantially influenced the catalytic activities. The incorporation of an electron-donating
2,7-di-tert-butyl groups on the fluorenyl moiety led to notably increased catalytic activities of complex C2 at higher temper-
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atures above 60 ‘C, while complex C3 bearing a 3,6-di-tert-butyl-substituted fluorenyl moiety showed lowest activities
among the zirconocene series due to its overcrowded coordination sites. Compared with its zirconocene analogue, the
hafnocene complex C4 activated with TIBA/TrB proved to be even more selective toward f-Me elimination, and meanwhile
gave products with much lower molecular weights. At 100 °C, the hafnocene system mainly oligomerized propylene to di-
mers and trimers. Studies on the dependence of the product molecular weight and the chain-release selectivity on monomer
concentration suggested that both f-Me and f-H elimination involved in these systems mainly operate in a bimolecular path-

way.

Keywords metallocene catalyst; propylene oligomerization; allyl chain-end; f-methyl elimination
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Figure 1 Ethylene-bridged indenyl-fluorenyl metallocene complexes
2 HR5HE

21 EEYINER

fioAk L1~L3 il 5-"F%-6-H2E-1,2,3,5- DU S -s-5]
ISR HEE R SR R T EUR 9-(2-1R 458 77 KA SR B
A5 F(Scheme 1). PLL1~L3 AJERL, Kb loos

I s
Li* 8 O; B
O ) O R1R2R2R1

L1:R'"=R%2=H; 71%

L2: R'='Bu, R?=H; 69%
B 1 R L1~L3 &K
Scheme 1 Synthesis of proligands L1~L3
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Scheme 2 Synthesis of complexes C1~C4
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Table 1 Selected geometric parameters of complexes C1~C3

\Centlnd

) a AM

/Centﬂu
back

/fr\or:t /b %{3 %
indenyl-ecilpsed
RA =0°

indenyl-forward

RA = 90° indenyl-backward

RA =-90°

Complexes o/(°) p/(°) M—Cent,¢/nm M—Centpy/nm  RA/(°)

C1 60.48 128.76 0.2213 0.2267 -11.30
C2 61.25 128.07 0.2215 0.2268 -17.07
C3 61.70 128.89 0.2219 0.2285 -14.77

2.3 EEYMEXRBFTFERNHAR

PIECEY) C1~C4 AT, ohotE B R e
(MMAO)&k Al'Bus/[PhsC][B(C¢Fs)s](TIBA/TrB) A BIE AL,
7, AL TR G R IR 2. &Y ansa-C,H,-(3-Bn-

B2 WA C1~C3MaF4H
Figure 2 Molecular structures of complexes C1~C3
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R2 WEW 1 C1~C4a AL IR TF R R 45 R

Table 2 Propylene oligomerization catalyzed by complexes 1 and C1~C4

Entry Cat. n(Al)/n(M) T,/C Yield/g Activity/(10° gemoly 'sh ') Allyl content’/% Vinylidene content’/% M,f/(gemol ")
1 4000 60  3.85 6.64 85 15 2800
2 1 4000 80 1.81 3.06 83 17 1700
3 4000 100 1.32 2.11 71 29 900
4 4000 40  3.76 6.01 40 61 1700
5 4000 60  2.19 3.51 41 59 1000
6 4000 80  0.80 1.28 47 53 700
7 C1 4000 100 0.40 0.64 52 48 600
8 2000 60 1.72 2.75 46 54 1500
9 1000 60 1.42 2.27 51 49 2100
10 400 60 1.19 1.91 46 54 1600
11 4000 40 1.60 2.56 81 19 4500
12 4000 60  3.07 491 83 17 1400
13 C2 4000 80  2.15 3.44 85 15 800
14 4000 100 1.67 2.67 86 14 600
15 2000 60 1.80 2.88 83 17 1700
16 4000 40  0.460 0.74 77 23 1800
17 4000 60 1.26 2.02 72 28 900
18 C3 4000 80  0.326 0.52 68 32 500
19 4000 100 0.276 0.44 69 31 400

20 2000 60  0.051 0.08 74 26 900
21 — 40  2.00 3.20 86 14 1000
227 — 60 1.29 2.06 84 16 600
23 c — 80  0.99 1.91 78 22 400
244 — 100 1.19 1.58 — — dimers and trimers*

“Conditions: MMAO as cocatalyst, toluene as solvent; =25 mL; [Cat.]=5X 10~ mol/L; 30 min; 0.62 MPa of propylene. ” Percentage of allyl or vinylidene ends in

total unsaturated end groups, measured by 'H NMR spectroscopy. ¢ Determined by 'H NMR spectroscopy.  Triisobutyl aluminum/[Ph;C][B(CeFs)s] (TIBA/TrB) as

cocatalyst, [Hf] : [TIBA] : [TrB]=1 : 100 : 1.2. ° Determined by GC.
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Figure 3 Influence of 3-benzyl orientation on $-Me elimination
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Figure 4 Comparative activities of complexes C1~C3
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(1.91X10° gemoly, ~'sh Y. #RiMM, X F 1k 7)1k &
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C3/MMAO, 4 Al/Zr Y5 )& 2 EE A 4000 FEAIK % 2000
i, FAETEPE SR T R

BEAN, AV/Ze W5 i 2 B 55 5 PE R 40 1 5 S o
A — . SFERAY CL, s T E
BE AUZr PRI EZ LT ER I — 2 0 T A,
Ut W5 B i B ) 28 b S N AT AR AE — /N R A
W ) Al R EERE L. T ECE W C2 A C3, AV/Zr
YRR 2 XS =0 0y T R R S, T BB 2 1k
TRIEAR AR L BE W AL RS, AR AVZe W)
Jo ) B SR T ARRAC T AR = P i 2 i 73 B, M TR
R AVZe VIR R 2 RSN, A
[FZE A AR, Rt BT AR, X — IR+
SR E AVZe Y15 )& 2 LS E TS T R B FH = 1
X () 25 0] B L IR 1) 22 S T 5 .

PR A 55 56 7 0 43 - ik DA ity 256 34 5% 14 4D S e 2
Bl 5 AE 6 FrsCGRA 1R F A T iR BEAR 8 TR 4 1 735
HHAYY, A C1~C4 5§ MMAO B TIBA/TiB 41
R AR R AL IS5 SR, TR IR B AR AL 7= 4
Iy F i MR R SRR R N, TR K
SN TG IR B — s 1R R, BAT)

2800 T T T T T
i Conditions: —a&— C1/MMAO
2288 ] p=oosmam S canmiAo
= —A— C3/MMAO
2(2)88 1 Tme=30mn —e— C4/TIBA/TIB
-~ 1800
‘5 1600 A
€14001 7 T——o——
212004

<1000 A

=l%0] L —
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400
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0
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Figure 5 Influence of propylene concentration on product molecular

weight
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Figure 6 Influence of propylene concentration on f-methyl elimination
selectivity
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7BV BARIREZ R, U S ERE+ 1
AR R I N AR S TR E 2 — RN IR R, W
L I AR RS By Tl RE, H p-Me WHERAT B-H
TH R S N4 g A,

55 SCRRHRE 45 SR AR LU0, AR SR R 1 T M i
PEFE IR ML TR C2~Ca X B AF R R, AR
FEARBETEHE A ANF AVZr Y5 18 2 L DAR AN R B A
JEASAET, BIRERFFBOS p-Me B BRIEFENE AL
SR AT L.

3 g

G T BN OB 2 IR B -2 8 SR &9
C1~C4. ZRYILEY)S MMAO B¢ TIBA/TrB ZH i1
AL RTE 40~100 C 264 T LA 2 m vd M =
1% 86%I17 B-Me T [k 195 438 14 A4 A0 TR M 5 SR SR AR 0 T 2
SR, TRy T M, N 400~4500 gemol ' WFFTLE
RRW, ZRYIECE Y 2060 IR LL I 5,6-h
B G N BRI =) T B RAR OCHE, (H Mg
PERT p-Me VHBRIEFME BRI AR, SR, it
—SHEDIIREIN 2,701 88 3,6-00 40 T FAF 1SS L A C2
1 C3 1] p-Me HBRIE S BB E S m. 1A, HAHMN
A ALK R AR EL, 5514 &R C4/TIBA/TrB H AT 25
R p-Me WEBRIEFME, FE 0T BRI,

AR R R K B — 2 P AR 485 4 LA v B ) R
TitE, % T TSR p-Me T R HE DA A 1)
UK. 38 5 X R A S 0 BB, A —2P
e AL NI R A R NS K p-Me THFRIE M.
KA FRRE— D KR m IR B S R SRR
B-Me TH B I ST TR A5 2 A4 O HR TR S s PR I FH 2 it 17
HEBFE,

4 SEINERSY
41 JFEREIRF

P RO KR RS BURRI SE IR S 7R R SR
17, FFRFFRIE Schlenk #(E. 2Bk, AilEE. 1F 2.
PUSRIR . F 2RISR FTE R SR T 582 — i in#i =]
W23 T A B, FE DL R B 4R R A, [EHAR
BREORRECFIEMH. & PRI
CaH, INAEIFE I 7 VR AT TR AL B,

HlE] R 5-E 3k -6- T JE-1,2,3,5- D0 & -s- 5l ik 25 14,
9-(2-1R 4 36) 1 1-[9-2,7- U T M) Zi Hk2- IR 4
FE 1-[9-(3,6- AT F) 2 3 ]-2-1R 2B PR RS
BRIROE 7 2 K
42 BEIFEIERK
421 1-(9-% 3)-2-[1-(2-F 2 -3-F #£-1,5,6,7-m9 A-s-5 ]
AR TIR(L1)E A A

HY{— 100 mL Schlenk Jff, FhJ% & G =X LAFR
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KB, FREX 2.15 g (8.26 mmol) 5-"F3E-6-F3E-1,2.3 5-
MWE-s-5liA4 FHAp, B 30 mL ZBHEM. A8
A HE FVE ST AR 22183 0 3.50 mL (2.36 mol/L, 8.26
mmol) 1E T 24 IE CbEiE . e s B A R =R
PRI, 48 h T, VK-ERIBA AN 2.14 g (7.83 mmol)
9-2-IR )7, BT EZEEBEXN. 24 h 5, B2
I (TLC)BRER B/R AR R BLTE A4S, BN 20 mL PUZUWAH,
ReR RPN 2 h 5, TLC BREF R [ A TE 4. A
PR S BRI R IR B, e 28 B 2578 77 Je i — & H
FEAEE(100 mL X 3), &HA VARG H oK IR ERE: T 1.
DERRT R, BeARBR BN, 150 Ak 5, H =
A B L 15 E 2.50 g A, 773 71%. 'HNMR
(CDCls, 400 MHz) 6: 1.84~1.44 (m, 4H, CH,CH,CH,,
Ind-CH,CH,-Flu), 1.90 (s, 3H, 2-Ind-CH3), 2.20~2.00 (m,
2H, Ind-CH,CH,-Flu), 3.00~2.77 (m, 4H, CH,CH,CH,),
3.18 (brs, 1H, 1-Ind-H), 3.97~3.81 (m, 3H, PhCH, and
9-Flu-H), 6.97 (s, 1H, ArH), 7.02 (s, 1H, ArH), 7.49~7.15
(m, 11H, ArH), 7.78 (d, J=10.0 Hz, 2H, ArH); *C NMR
(CDCls, 100 MHz) d: 12.6, 24.3, 26.0, 26.1, 31.5, 32.9,
33.0, 47.3, 51.0, 114.8, 118.9, 119.9, 120.0, 124.3, 124.6,
126.0, 127.0, 127.08, 127.11, 127.12, 128.5, 128.6, 135.5,
140.1, 140.4, 141.5, 141.6, 142.2, 142.3, 144.7, 1448,
147.2, 147.4. Anal. calcd for C;5H3,°0.11CH,Cl,: C 91.28,
H 7.03; found C 91.56, H 7.01.

422 1-[9-2,7-=& T )% K ]-2-[1-(2- F 25 -3-F 5 -
1,5,6,7-v9 £-s-7 | £ 4 )] TH(L2) 89 A A%

HX— 100 mL Schlenk Jifi, i1 I B Heml T =K LARR
KR4, FREX 2.20 g (8.45 mmol) 5-"FFE-6-F3E-1,2,3 5-
PWE-s-51A4 T HAp, A 30 mL OBEM. A8
A ENT RS2 22129 0 3.58 mL (2.36 mol/L, 8.45
mmol) 1E T 4R 1) IE U TR, IS E AR T 2 = R
RN 48 h JE, VK-ERIBAEITFIN 3.10 g (8.05 mmol)
2,7- T HE-9-2-1R .38) %), ERT A = I A RO
24 h J&, TLC FRERERA R 584, M 20 mL P&
W, AREEPE N 2 h S, TLC BRERE R RN FEA T4
TN G A K IR TR 28 1 S, e 28 Ik 2377 g Fl —
A LEREI(100 mL X 3), & FFA HUAH G H oK iR 8
T, SERR TR, BEARRR AN, 150 AR
PARERG M A, A SRR D V=10 : 1) 9%k
iR, AEZEHT B AR 3.15 g, PR 69%. 'H
NMR (CDCls, 400 MHz) §: 1.38 [s, 9H, C(CHs)5], 1.40 [s,
9H, C(CH3);], 1.82 ~ 120 (m, 4H, CH,CH,CH,,
Ind-CH,CH,-Flu), 1.88 (s, 3H, 2-Ind-CHj3), 2.16~1.98 (m,
2H, Ind-CH,CH,-Flu), 2.95~2.77 (m, 4H, CH,CH,CH,),
3.12 (brs, 1H, 1-Ind-H), 3.97~3.81 (m, 3H, PhCH,,
9-Flu-H), 6.96 (s, 1H, ArH), 7.00 (s, 1H, ArH), 7.21~7.13
(m, 1H, ArH), 7.32~7.22 (m, 4H, ArH), 7.43~7.32 (m,
3H, ArH), 7.46 (s, 1H, ArH), 7.64 (d, J=8.0 Hz, 2H, ArH);
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BC NMR (CDCL;, 100 MHz) o: 12.4, 23.0, 25.4, 26.0,
31.5, 31.87, 31.91, 32.9, 33.0, 35.1, 47.0, 50.8, 114.9,
118.5, 119.1, 119.2, 120.9, 121.2, 123.9, 124.0, 126.0,
128.5, 128.6, 135.3, 139.0, 139.1, 140.2, 140.33, 142.27,
142.29, 144.8, 144.9, 147.1, 147.3, 149.86, 149.91. Anal.
calcd for C43Hyg: C 91.43, H 8.57; found C 91.17, H 8.63.
423 1-[9-(3,6- =& T #&) % 2K ]-2-[1-(2- F 2 -3-F -
1,5,6,7-%9 £-s-3 | 54 &) LA (L3) A A,

H{— 100 mL Schlenk jff, % & @< =X LA
KR4, FREX 2.40 g (9.22 mmol) 5-"F3E-6-FA3E-12.3 5-
VU -s-5lik 4 T Hd, 30 mL 2B, HE-28E
WA HT RS 23 22123 0 3.91 mL (2.36 mol/L, 9.22
mmol) IE T JE4 1 IFE e, RS B AT 2 =04
FERN. 48 h 5, VK-ERIBA AR 3.40 g (8.83 mmol)
3,6- T 3-9-2-1R 4.5 7), BT RS EBPE RN
24 h J&, TLC EREF /R AR RPLTEA:, MM 20 mL DU
W, kLR RN 2 h 5, TLC BRERE R R N A5 4.
TN RN S K T I OB, e 2R Bk 257 7 g F —
AR LEREI(120 mL X 3), & I HUHE F oK i i Bk
T, BERRTERF), BEZRRR AN, 150 A AR .
DURE R A 5 A, A ik — &R (v - V=10 1) %k
A, AEZEHT B (R 3.08 g, PR 62%. 'H
NMR (CDCls, 400 MHz) 8: 1.43 [s, 9H, C(CHs);], 1.44 [s,
9H, C(CHs);], 1.86~1.49 (m, 4H, Ind-CH,CH,-Flu,
CH,CH-CH,), 1.91 (s, 3H, 2-Ind-CH3), 2.16~1.99 (m, 2H,
Ind-CH,CH,-Flu), 2.96~2.78 (m, 4H, CH,CH,CH>), 3.20
(br s, 1H, 1-Ind-H), 3.95~3.73 (m, 3H, PhCH,, 9-Flu-H),
6.94 (s, 1H, ArH), 7.04 (s, 1H, ArH), 7.20~7.12 (m, 1H,
ArH), 7.28~7.20 (m, 5H, ArH), 7.37~7.28 (m, 3H, ArH),
7.79 (s, 2H, ArH); *C NMR (CDCl;, 100 MHz) d: 12.7,
25.1, 26.0, 26.7, 31.5, 31.9, 32.9, 33.0, 35.1, 46.6, 51.2,
114.8, 116.4, 116.5, 119.0, 123.9, 124.06, 124.10, 124.2,
126.0, 128.5, 128.6, 135.4, 140.0, 140.4, 141.5, 141.6,
142.2, 142.4, 144.8, 145.0, 150.13, 150.2. Anal. calcd for
CasHus: C 91.43, H 8.57; found C 91.38, H 8.42.

43 EEVIHNERK
43.1 @A ansa-CoH,-{2-Me-3-Bn-5,6-[1,3-(CH,)s]-
Ind} (Flu)ZrCl, (C1)49 4%

HB{— 50 mL Schlenk #fi, )%+ 8 @SR =k LA
KBRS, FREL1.10 g (2.43 mmol)ficfk L1 T3, fnA
30 mL A Bk, Feoridt. OK-3RIEAENS R g g te
%540 2.10 mL (2.36 mol/L, 4.9 mmol)IF ] J=4# () 1E &)
W, TR BT R SRR RN, AR R A
VE. M 48 h JE, VK-SR HEIT N 0.566 g (2.43
mmol) ZrCly, HAFEFEBFERPL, &R L A
M. A48 h 5, BHARRLER, A 50 mL & H b,
P 2 h 5 B0 BERLEER, IRGEEWME A
20 mL IE G, T —20 CUKFIELS M, 7 BEREHBa @
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/N 0.76 g, 7% 51%. "H NMR (CDCls, 400 MHz)
d: 199 (s, 3H, 2-Ind-CH3), 2.13 ~ 1.86 (m, 2H,
CH,CH,CH,), 3.02~2.74 (m, 4H, CH,CH,CH,), 4.01 (s,
2H, PhCH,), 3.11~3.98 (m, 1H, Ind-CH,CH,-Flu), 4.24~
4.10 (m, 1H, Ind-CH,CH,-Flu), 4.78 ~4.63 (m, 1H,
Ind-CH,CH,-Flu), 6.89 (d, J/=8.4 Hz, 2H, ArH), 7.17~
7.03 (m, 5H, ArH), 7.28 (t, J=8.0 Hz, 1H, ArH), 7.38 (t,
J=8.0 Hz, 1H, ArH), 7.61~7.51 (m, 2H, ArH), 7.82~
7.75 (m, 2H, ArH), 7.84 (d, J=8.4 Hz, 1H, ArH), 7.94 (d,
J=8.4 Hz, 1H, ArH); *C NMR (CDCl;, 100 MHz) &:
13.2,26.3,29.2, 30.0, 32.0, 32.5, 32.8, 103.5, 116.5, 116.9,
118.1, 119.4, 122.3, 122.9, 123.7, 123.9, 1243, 124.5,
125.4, 125.7, 126.0, 126.3, 127.6, 128.1, 128.3, 128.5,
129.6, 130.9, 140.6, 143.5, 144.7. Anal. calcd for
C35H30CL,Zr*0.5CH,Cl,: C 65.08, H 4.77; found C 64.84,
H5.12.

432 B4 Y ansa-CoH,-{2-Me-3-Bn-5,6-[1,3-(CH,)3]-
Ind}(2,7--Bu,-Flu)ZrCl, (C2)49 4%,

BX— 50 mL Schlenk i, fli}#%JIF 8 G =R LA
KB, FREL 1.00 g (1.77 mmol)fefk L2 T3, fnA
30 mL LB, FoPiFE. UK-EA S S 2 e
B0 1.50 mL (2.36 mol/L, 3.54 mmol) IF ] J=48 (1] 1F O v
W TS B A B =R, AR RO B AT,
SN 48 h i, fEVK-ERIBAE TN 0.412 g (1.77 mmol)
ZrCly, BT EF RIS, R B AL MM, K
N 48 h Jg, HARREEER, MA 50 mL & LT, e
2 h FELBARRLEAER, R 2WMEIA 15
mL 1ECkE, T—20 CUKFEEL M, 7 FERGHE L 68
14 0.68 g, 7% 53%. '"H NMR (CDCls, 400 MHz) ¢: 1.29
[s, 9H, C(CHs);], 1.42 [s, 9H, C(CH;);], 1.97 (s, 3H,
2-Ind-CH3), 2.02~1.91 (m, 2H, CH,CH,CH5,), 3.02~2.70
(m, 4H, CH,CH,CH,), 393 ~ 381 (m, IH,
Ind-CH,CH,-Flu), 4.00 (s, 2H, PhCH,), 4.08~3.97 (m,
1H, Ind-CH,CH,-Flu), 421 ~ 409 (m, IH,
Ind-CH,CH,-Flu), 4.71~4.59 (m, 1H, Ind-CH,CH>-Flu),
6.88 (d, J=6.8 Hz, 2H, ArH), 7.16~7.03 (m, 4H, ArH),
7.34 (dd, J=8.8 Hz, 1.6 Hz, 1H, ArH), 7.43 (s, 1H, ArH),
7.73~7.61 (m, 3H, ArH), 7.77 (s, 1H, ArH), 7.82 (d, J=
8.8 Hz, 1H, ArH); “C NMR (CDCls;, 100 MHz) J: 13.4,
26.5, 29.2, 30.0, 31.1, 31.2, 32.1, 32.5, 33.1, 35.3, 35.5,
1032, 116.3, 116.9, 117.1, 117.9, 119.2, 120.4, 122.4,
123.7, 123.8, 124.1, 124.7, 1253, 125.9, 126.7, 1282,
128.4, 128.6, 129.9, 130.1, 140.7, 142.9, 144.6, 150.5,
150.7. Anal. calcd for C43H4Cl,Zre0.4CH,Cl,: C 68.69, H
6.22; found C 68.55, H 6.51.

433 BebA ¥ ansa-CoH,-{2-Me-3-Bn-5,6-[1,3-(CH,):]-
Ind}(3,6-t-Bu,-Flu)ZrCl, (C3)494- &
H{— 50 mL Schlenk Jffi, 1% Jf & # @< =X LARR
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KBRS, FREXL1.10 g (1.95 mmol)fictk L3 T3, fnA
30 mL B, ForPiHE. UK-EhI VA H T FVE S 2R 1S
B0 1.65 mL (2.36 mol/L, 3.90 mmol)1E ] FE4H i1 1F S e i
W WS B A B =R N, AR ORI
N 48 hJa, VK-ERIA AR 0.454 g (1.95 mmol)
ZrCly, BAFEFRIBFER S, KRB N EMME. K
48 h Ja, HALRRET, M 50 mL 5k, Bike
2 h JEE OSBRI AR, B BRIEAE, HH
FECIRIEM, T —20 CUKFEL &, 7 EIREHBa
ik 0.47 g, 773 33%. '"H NMR (CDCl;, 400 MHz) 6:
1.34 [m, 9H, C(CH3)s], 1.48 [m, 9H, C(CH3);], 2.13~1.89
(m, 2H, CH,CH,CH,), 2.02 (s, 3H, 2-Ind-CHj3), 3.02~2.72
(m, 4H, CH,CH,CH,), 4.19 ~ 382 (m, 5H,
Ind-CH,CH,-Flu, PhCH,), 4.68 ~ 4.54 (m, IH,
Ind-CH,CH,-Flu), 6.91 (d, J=7.6 Hz, 2H, ArH), 7.23~
7.02 (m, 5H, ArH), 7.52~7.42 (m, 2H, ArH), 7.80~7.67
(m, 3H, ArH), 7.87 (s, 1H, ArH); *C NMR (CDCl;, 100
MHz) 6: 13.2, 26.7, 29.3, 30.0, 31.9, 32.1, 32.6, 32.9, 35.2,
35.5, 102.7, 116.5, 116.8, 117.9, 118.9, 119.1, 120.0,
121.7, 122.7, 123.2, 123.6, 123.7, 125.0, 125.5, 125.9,
126.3, 126.7, 127.7, 1282, 128.4, 129.3, 130.3, 140.9,
142.9, 144.3, 148.8, 150.4. Anal. calcd for C43Hy6ClyZr: C
71.24, H 6.40; found C 71.01, H 6.57.

434 BA&Y ansa-CoH,-{2-Me-3-Bn-5,6-[1,3-(CH,)3]
Ind} (Flu)HfCl, (C4)#49 4 A&,

H{— 50 mL Schlenk jffi, fJ%H & # @< =X LARR
JKBRE. FREL 0.90 g (1.60 mmol)fciA L1 FHdr, oA
30 mL B, Foorfidt. UK-EhVR VA HI R R S A R
hn 1.35 mL (2.36 mol/L, 3.20 mmol)1E | FE4 i) 1F O i
W WS B B RS N, AR ROK B .
SR 48 hJg, UK-ERIBAEITIIIAN 0.512 g (1.60 mmol)
HfCl,, B R E=IRBRERPL, RN EMBE. K
i 48 h J5, HAFRZEER, A 50 mL S ke, Hide
2 h FEOSEAREER. BT MmERERE, HF
HKNECHIEM, T —20 CUKFHEL T, 4 s3EmEe
EAR¥ K 0.51 g, 2% 46%. "H NMR (CDCls, 400 MHz)
9: 2.04~1.90 (m, 2H, CH,CH,CH,), 2.06 (s, 3H, 2-Ind-
CH3), 3.04~2.77 (m, 4H, CH,CH,CH,), 4.01 (s, 2H,
PhCHS,), 4.06~3.95 (m, 1H, Ind-CH,CH>-Flu), 4.29~4.07
(m, 2H, Ind-CH,CH,-Flu), 4.72~4.59 (m, 1H, Ind-
CH,CH,-Flu), 6.88 (d, J=7.2 Hz, 2H, ArH), 7.16~7.00
(m, 5H, ArH), 7.25 (t, J=8.0 Hz, 1H, ArH), 7.33 (t, J=7.6
Hz, 1H, ArH), 7.49 (d, J=8.4 Hz, 1H, ArH), 7.55 (t, J=
7.2 Hz, 1H, ArH), 7.85~7.73 (m, 3H, ArH), 7.94 (d, J=
8.4 Hz, 1H, ArH); "C NMR (CDCl;, 100 MHz) J: 13.0,
26.4,28.5,29.3,32.0,32.4,32.7,99.2, 113.9, 116.5, 116.7,
117.9, 122.1, 122.2, 123.59, 123.63, 124.2, 124.4, 125.3,
125.5, 125.8, 126.0, 127.3, 127.4, 128.09, 128.14, 128.5,
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129.1, 129.3, 141.0, 143.0, 144.5. Anal. caled for
C35H30CLHf*0.6CH,Cl,: C 56.94, H 4.19; found C 56.48,
H 4.49.

44 RHEFRELE

441 ALK R ECE

T Schlenk #EAELE b Hhi#E 2235 i B e ml < =R A
BRKERA, FREN— B AY T 8500, s a8m
ANFTR I R2K, FoE R @ R ARV, 3 P
(A AT 24 h.

442 FREBBAM

¥ 50 mL BEES AT BT SRS, BT,
ZARREME S, RS SR FMBINAE 180 C,
RFFZARES 30 min, HAM]E e = IR CABR/KBR . K
M EZE I, fRHF0.05 MPa & 7, HTTIREZREG R
LR AR . FERME RS, FE S48 I BT 75 &= 1
7K, KPR S E .

RS, IR R E AT X MMAO
g, Homkb oy o8 ERERYTR, IR % & W
MMAO &G 4 10 ming S8)5, INNFT 75 2 AL
W, WH AR E, FRRMNASE. T
TIBA/TrB R &R, Hnkl 7 =h: fEREARY R, AT
TR TIBA VW, HHE 10 ming S5, I T w4
WFVEI, BN 10 min; fi)a, IAFTH &K TB
W, AR ERTT R, SRR NS,

RRLGERS, &I, 2k hieE, P
R UK 3RV H G R 0 R TR MG IR 77, FTHF SR
PEIEAT, TEOK-ERA I 200 uL P FRIE B,
SRIGHZEME NN 2.0 mL HEE, 780 B Bk
S yEfEE I TR AREE N, HT 9% KFRMHANn
T, TETR R 1R S SE R N 5 & 20 B0 3% 1) $h TR -
VAT, Feide 1 h b, R EA R P IANE
BY). o BIEHR P RE VU, K= S A HUE,
FATC /K BREREE T 15 e ik 8, WE 280 A 5 3R AS nT s =
W), SRS TRREEGIRE.
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