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WE R HFE T 12 AT LB e 2885 A5 BE &) meso-/rac-1~T [ansa-CoHa-(3-R-4,7-Mez-CoH3):MClo: M=Zr,
R="Bu (meso-/rac-1), ‘Pr (meso-2), CH2Cy (meso-/rac-3), Bn (meso-/rac-4), CH2CsH4(4-CH3) (meso-/rac-5); M=Hf, R=
CH2C6H4(4-CH3) (meso-/rac-T); ansa-CoHa-{2-Me-3-Bn-5,6-[1,3-(CH2)3]CoH2}2ZrClo (meso-6)]. FiA B &¥¥id it 7 % H
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Synthesis of Ethylene—Bridged Bis(indenyl) Zirconium, Hafnium Complexes
and Their Catalytic Behavior on Selective Propylene Oligomerization: the
Effect of 3—Substituent on Indenyl Ring
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Abstract Oligomerization of propylene or other a-olefins is the main way to obtain various branched a-olefins, which are
potential comonomers for the preparation of novel polymers with excellent properties or building blocks for manufacturing
fine chemicals. Due to the different coordination-insertion and chain transfer modes involved in the oligomerization process
of propylene, propylene oligomers with different structures were generally obtained, thus developing novel catalysts capable
of catalyzing selective propylene oligomerization attracts great attention. In this work, a series of novel ethylene-bridged
bis(indenyl) complexes meso-/rac-1~7 [ansa-C2Ha-(3-R-4,7-Me2-CoH3)2MCl2: M=Zr, R="Bu (meso-/rac-1), 'Pr (meso-2),
CH2Cy (meso-/rac-3), Bn (meso-/rac-4), CH2C¢Ha(4-CH3) (meso-/rac-5); M=Hf, R=CH2Ce¢H4(4-CH3) (meso-/rac-7); an-
sa-C2Ha-{2-Me-3-Bn-5,6-[1,3-(CH2)3]CoH2}2ZrCl2 (meso-6)] were synthesized via the reaction of the dilithium salts of the
proligands with 1 equiv. of ZrCls or HfCls in Et20, and in most of the cases, both the rac- and meso-isomers were separated
in analytically pure forms via recrystallization. All complexes were characterized by nuclear magnetic resonances (‘"H NMR,
13C NMR) and elemental analysis (EA) methods. The molecular structures of typical complexes rac-1, meso-1, meso-2, me-
so-4, meso-5 and meso-6 were further determined by X-ray single crystal diffraction studies. The solid-state molecular struc-
tures of these complexes exhibit essentially similar geometrical parameters. The bond lengths between zirconium center and
carbon atoms of the n-bonding five-membered ring of the indenyl unit vary slightly, suggesting a n’-coordination mode of the
five-membered rings. In the presence of methylaluminoxane (MAO) as the cocatalyst, zirconium complexes meso-/rac-1~3
with an alkyl group on the 3-position of the indenyl ring catalyzed the oligomerization of propylene with high activities up to
9.73X10° gemol-Zr 'sh" !, affording propylene oligomers with molecular weights of hundreds to thousands. Meanwhile,
meso-/rac-1~3 exhibited low selectivities for f-Me elimination, with the highest allyl end group content being 41.3%. Zir-
conium and hafnium complexes meso-/rac-4~7 with a benzyl group or a substituted benzyl group on the 3-position of the
indenyl ring were found to catalyze the dimerization of propylene in the presence of MAO, and mixtures including 1-pentene,
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2-methyl-1-pentene, 4-methyl-1-pentene, 2,4-dimethyl-1-pentene were obtained. Temperature is the major factor affecting the
activities of dimerization, and among them complex rac-4 showed the highest activity of 1.24 X 10 gemol-Zr 'sh ' at 80 C.
The distribution of dimers is hardly affected by the reaction temperature or the Al/Zr molar ratio adopted. Among them, the
hafnium complex rac-7 showed the highest f-Me elimination selectivity up to 60.1%.

Keywords metallocene; catalyst; propylene; oligomerization; dimerization

Jilll

1 5

H 2 B I SR U il R RS B
B R ANME 1 R — AN B TR AR,
B WL S A R R s 2 i, T A T A 485 0 P s
B t, ARG & (0 AT 0 B S R o Pl RE, L
WM BAEF 1-TH. =883 -0, 1NRE3
1- A0 RMARLL O FF IR O @G220 5%, kT
IS o-I 55 SR I FE ARG EEECH BR, HAET 2
W55 AR RS o —(FEAESE o), TR
AT 4 J 135 T R O A7 TE 3 AS TR R C A 48 N 7 30 (1,2-3
N2, 14 N), 0 R R A7 B AN [F R B i 7
J7(B-H HER. p-Me HER)ZE, AR T AR AA
ANF RIS EE a-f0E, AFE BN T mtERede gt 75
ZWTRE. N, 4-F -1, E NG R F 2
Pz —, ATV T A AR Ob SR e
A DA% HE 2 i ) B 1 0-13),

T AL TR 5T 3R B AR S R R R L
FO4IST R, ZR A AU O-200R 7% 4 S A A 7)Y, Horh e 4
JEMEAT S T H gL . BAE IR R R AR
Mtk BT R RF R Y B A s rE SR s sl T
NATTHIRIE 72 2488, 1990 4F, Teuben 2522438 | A 11 FH 3k
IR IR W 45 R 1 % 4 )8 BH B P ([Cp*2 M Me(C4HsS)]
BPhy ; M=Zr. Hf; C4HgS= VU5 MEW 52) FH T4k N I —
M=%, FEEH 4-FR-1- G 4,6- —FIE-1-pF
W5, JEAE HE I 7 4 e A R EC A 4 A R, T LA
A BRI g-H iR, MR p-Me BRI R E, 153
T LU P i A E TR SR . 2006 4F, Okuda
GRUEICEAL B R T — BRI ZHURRURES . FlC &)
[(MesRCsH),MCly, M=Zr, Hf], 35 FAL 5%
%, Hr(MesBuCs):HICL AL — Bk #14 v] LA
ILE] 70.2%, Y P FRER 4-FE-1-E, HEER
1 AT IS SF IR 61.6%.

2014 4, FATREAPIERIR 3B ANFH B E
RINGE R IR TS, 193] T — RY)W L EEM AL B -2
BEEC G, R E R B A AR R, AT
R ER B (MAO) TG Ak T HE 5 1wy 2 98 1 b e £ T4 s i
PRrE IR, Horp 2-FIE- 1R B i A 3 98%, [HAC
G W A R AR, X 2.0X10%~ 7.9 X10*
gemol-Zr 'sh ™. {ERLEA b, FRATH B 307 B AL R LS
FJIEAR ORI LA, 435 1721529 300~20000 g/mol
IR RECR Y, FFRAM R DT IR R
FLA B8 0 0 74 258 ity 58 38 R M 25200, vy ] LAIA B

Acta Chim. Sinica 2023, 81, 1280—1294

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

91%.

ST LA ERTTT, BAIAy B AT DU X B AR 45 44 1Y)
IR, SN P TR IR o 1 B DL i A A A
ATARERM T — RPN T B 3-A BUR I 3B
WEdh . FECEY, T T e R & VLN IE 55
RIVERETTIE T KRG AT,

2 #RSi
21 BREYNER

N T FURAER 3L HUARIE | R A AT B HUARIE DL
Je & J@ AL I BIN L L EEMR I B BRI S AL TN
ISR ERe R, AR TAEILG R T /NN L HER O
EfcfA L'Ha~LH2. H L'H~LSH 3T 1,2-7(4,7-
TSR ok, i DAER IR 3060 5 NS, WK
PR BB AN IE T S, A MO FE L AA &
T I BRI UL . 4-FIETRIE; ik LSH, 1, 7F
EiFR 5,6-Hr 5] NI 2E, F SR IR EE 1. FeAA & pl
LN Scheme 1 7R, B SAH LA EUAR B 7E DY Sk g
WP 5 IET B R A LR PR BN R, AR
—$5 0.5 equiv.f) 1,2- R e R AR IR B,
IR S, AR 2 AT 4 B B 4 A 15 A R S
. BT B LT R o DU S A AR AE, TS AR AT
PR AR AY). Bk L'H~LH: 75 4Bk
25t 2 equiv.fIE TR R TG TE A &, Fi S
S IR ) ) 4 @ SAL Y ZeCly 5] HECL ¥ oK SN 48 h,
DL S e/ H 2R 5 TE Db AR, a2 I 45 515
BN O EC S0 1~7, HAER AW 1. 3~5 F4AEL &
W) 7 IR B R T I BE (meso-) FANE JiE (rac-) i
R4, TESHC-S9 2 A1 6 AU B 153 T meso-fi
=4,

DL EREA YIRS R T "TH NMR, 3C NMR Al
TCR I RAL. meso-Fl rac-HFI B &YI7E 'H
NMR i B A7 — 8 2 5, 1T LA DL ) W Ay 284
PABC & W) meso-5 1 rac-5 N, rac-5 i) "H NMR &% & A
e HLon I 2- M EARE TIEAL T 5 5.84 4b, MHELT
meso-5 ] 'TH NMR i 47T 6 6.11 ARIEFA FLIcH
MG S, — R WIS, BT rac-5 HEiR
Fiodh 2 AL TR BEMX, XY rac-5 HHA
B PR AR S T BT BN B Lo IR 2-6 AT A B W)
B, HABE IS 5 060 R VL& P84 B B AN [ 1 52 B4
&) ) B OS50 40 rac-5 T A-RE A 767 ) R 3R A2
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Scheme 1 Synthesis of complexes meso-/rac-1~7
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(1) 2 equiv. n-Buli

(2) ZrCly or HfCly

meso-1~5,7

1 M =Zr, R = n-butyl

2 M =Zr, R =isopropyl

3 M = Zr, R = cyclohexylmethyl
4 M =Zr, R =benzyl

5 M =Zr, R = p-methylbenzyl
7 M = Hf, R = p-methylbenzyl

)2 equw n-BuLi
ZrCI4 ZI’C|2

meso-6

AR T 58 EE T ORI MR 95300, LLELEY) meso-1
(97.794°) (P& /N, 4 R 0o 21 [F] — B A B He A7 Bk i 1
PR MWAEE—E 2R, Zr—CO)#RK, N 02623
nm, Zr—C(7)8 5, N 0.2453 nm, KK 5 e
K Z A1) 2 1E N 0.0170 nm.

®1 EEMKES LS

Table 1 Selected crystal parameters of complexes

Centjng

e

Centjng

Complex a/(°) p/(°) Zr—Cent/nm
rac-1 125.76 61.10 0.2227,0.2231
meso-1 125.81 59.96 0.2215,0.2223
meso-2 124.82 65.37 0.2227,0.2235
meso-4 124.21 64.60 0.2231, 0.2238
meso-5 125.75 61.37 0.2218, 0.2211
meso-6 127.68 58.08 0.2235, 0.2235
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B1 EEY rac-1. meso-1. meso-2+ meso-4. meso-5 Fl meso-6 {11451
Figure 1 Molecular structures of complexes rac-1, meso-1, meso-2, meso-4, meso-5 and meso-6

WEMK, 153 65.37° &J&HOEEIH eI F O
BE B IS A K. meso-5 FIPAS 4- FH LA FE UL AE 2
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5, HA meso-5 HEEEEH O S WEI TLTIA O
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meso-6 T {1(0.2231~0.2235 nm). FEFT AR SV T,
meso-6 B T K Cent-Zr-Cent &/ /N R TIH
S LA B K Zr-Cent F5 5, 0] meso-6 L4 B H
oA BE R N ER AR AL 2 .

e &%) rac-1. meso-1. meso-2+ meso-4. meso-5
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IRUA 3 AL -3 Zr—C 8K 21, WOl iz R YIEC
AL 4 JE A O 5 B DA T UL A

Acta Chim. Sinica 2023, 81, 1280—1294

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2.3 BLEY) meso-lrac-1~3 L RETTRAR

Wk 2 Fion, Eidh 3-fL Ak R BRI ES I &

meso-lrac-1~31E N FEMALTT], 7E MAO IELL FHELL T

REEGBNNE T I, ERIREY. IR =)
) 'H NMR 5 El(E] S1, WCHHME 2T E H, i
HF RV AAWMIE A BN, GEHEES TS
JEE. TR ki TR S R BE R A B-Me THFR
BT, T30 £ 0 26 o 42k 2 2 v M 5 SR Bk 4B B-H L TH
KR P43,

XoFEE A T L A meso-1~3 AL DI I 5 T i 45 31
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157 T Re A A LR I Re . B e = AN A
1A TEYESZ IR meso-1>meso-2>meso-3 HINFF 698 (U0
# 1, Runs 3. 7. 11). BEFIEIf 3-LLHBUREE Y Ay bedk
HUAR, B ARLL 25 Fe 2808, TG & DAL TR 55 2R
HIEPESZ AN K, PR M FRAT T R X ity P ) A5 A A 3=
B PN A, 5L, LAY meso-1 HIIE T 2N E
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Table 2 Propylene oligomerization catalyzed by complexes meso-/rac-1~3

Run Cat. T,/C Yield/g Act./(10° g*mol-Zr '*h™ ") MLb/(gemol ) Ally content*/%
1 40 2.046 3.27 854 18.4
2 60 3.165 5.06 543 16.1

meso-1
3 80 4.732 7.57 327 15.7
4 100 2.803 4.48 254 13.3
5 40 1.932 3.09 846 30.2
6 60 3.016 4.83 631 26.5
meso-2
7 80 3.612 5.78 492 23.1
8 100 2.547 4.08 316 22.8
9 40 1.124 1.80 1032 41.3
10 60 2.011 3.22 823 36.5
meso-3
11 80 2.932 4.69 535 28.1
12 100 1.773 2.84 383 26.4
13 40 3.146 5.03 1764 18.7
14 60 3.761 6.02 1235 15.9
15 80 5.312 8.50 824 14.3
rac-1

16¢ 80 Trace — — —
17¢ 80 Trace — — —
18 100 6.083 9.73 365 13.6
19 40 2.996 4.79 2242 40.5
20 60 3.542 5.67 1536 35.9

rac-3
21 80 4.132 6.61 941 28.3
22 100 5.547 8.88 447 25.7
“ In toluene, MAO, V=25 mL, [Cat.]=0.05 mmol/L, Al/Zr=2000, t=0.5 h, Pyopyicnc=0.6 MPa; b Calculated based on 'H NMR spectrum; ¢ Percentage of allyl

terminal in total unsaturated end groups, determined by 'H NMR spectroscopy; ¢ Triisobutyl aluminum/B(C¢Fs); (TIBA/B(C¢Fs);) was used as a combined
co-catalytic system, [Zr] : [TIBA] : [B(C¢Fs);]=1 : 180 : 1.5; ¢ Triisobutyl aluminum/[Ph3;C][B(C¢Fs)s] (TIBA/TrB) was used as a combined co-catalytic system,

[Zr] : [TIBA] : [TrB]=1: 180 : 1.5.
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M, XA SRR E — B0 R, AME IR A
rac-1 PEAX TR I 55 58 I 155 SR 1A 0 TR 6k g ik % 2t 22
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rac-1 Ml rac-3 £ 40~100 Ciu[, MG RIS TE
— BRI R R, XA RS AN R A YA i
THRAEEMREEA X

U5 T v (R B A A5 A S 55 B v A A ) i B A
FHTWHEREN, EIEEY meso-/rac-1~3 1E 40~
100 °C A6 TR 55 56 BT 45 55 SR 1 035 2+ = B UL 2
Fh R PR, RIS, U5 R T i A A5 55 SR v PR
A p-Me JHERRGERNE RBUH FRFEIESE. FHmEEE
ZE . eew ) 1) | N VAR VAT f AL 2 SN TR
5 p-H MBI N T 5 kA, A S p-Me TH %
IR AR IR L2 PRI

B Al/Zr M 1000 TFZ 200081 2, % S7 &K S2, W,
XHHER), B AW meso-lrac-1~3 AL IG5 R HiETE
TERIN; BB AV/Zr ELZE 4000 B, LTS NE
BIEARNFRRE L. — BN E, AVZre L8 hng F 1%
PEHO B AR, DR PR iR BESE I, BC S AL TR
5% RIIE R N, Mk B — e EE, H4kein
AVZr b, B MAO H & 138N, MAO 5 [ & 7%
R IR 75 5 5t & @ i Mk p O B AR, i 2>
i —5B 0 & JE I M AR O e TS I, AT 3 B0 1 AR

S (o2} ©
1 1 1

Activity/(10° g-mol-Zr-h™")

N
1

meso-1 meso-2 meso-3 rac-1 rac-3

Complexes

B2 AlVZr LEXTEE A meso-/rac-1~3 AL T 5 TG ME A R2 R
Figure 2 Influence of Al/Zr ratio on the activities of complex me-
so-/rac-1~3

[Cat.]=0.05 mmol/L, T,=100 C, Pyropyicnc=0.6 MPa, 1=0.5 h, V=25 mL
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BtE Al/Zr LERI3ETN, L&) meso-rac-1~31HALTH
Wi RIS BB B WA PR, iRk
A FITERE L A 55 R, BB 7k T p-Me
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RGeSk, 2B e Bl 54 Be A RO A0 R A4
AL E FIE LG, IR RER I — e 1
T

AN, B IR e (B 3, % S8, WICRHE
R), EEY) meso-/rac-1~3 AL NI F5 S BV T2 23
I X5 E DT RETE 2R RIS MIEEOR,
R T 55 T RN — M R AR 5. B A R 0 B T
=, TRV T REAME ER—EREN TS, HIGE
HANRE. EAFMAREIT, XM

FHEFEZMR S FREMAZEAR. AT NIX T HEE
R R 55 S B 24 b S K PR SRR IR IR BE R 1
N, BIA B-Me ol B-H ¥ 7% 2 I AR X5
23 [N R E R TT T, B-Me BRIk £ A BT
I, U0 BH PR B 3 A R T B-H TH .
104 Il 0.2 MPa

I 0.4 MPa
I 0.6 MPa

S~ o ©
1 1 1

Activity/(10° g-mol-Zr'-h™")

N
1

meso-1 meso-2 meso-3 rac-1 rac-3

Complexes

B3 WEESIXEEEY) meso-/rac-1~3 HEALTH I 55 35 1 A 521
Figure 3 Influence of propylene pressure on the activities of complexes
meso-/rac-1~3

[Cat.]=0.05 mmol/L, Al/Zr=2000, T,=100 C,¢=0.5h, V=25 mL

2.4 BEEY meso-lrac-4~T A K ZBHR

W 3 fiw, £ MAO WEILT, BiFF 3-f-FALEL 4-
LR EEURIEC &Y meso-/rac-4~T7 LR IGTFE,
P35 BEPE A BT I B0 (> 99%). A T HERARR & %
oy H g, BT IS 0 - i (GC-MS) B
WrEAT WD A5 iR R, 3 — 0l bR gk AT T 45
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FILLxs, MTIHEE T & o AR, AT =R
s r=yb & 1-000 . 4-F3E- 10006 . 2-H - 1- 10
PLJ 2,4- R 1000, AR SCRRIRIE), FRA TN AIZ
RYILEYEN A R Scheme 2 FoR, A
I BRI 1 RO [M]-Me EEGRIR 1,2- N, iR
PR EEZIE B () EAE B-Me W, 155 4-FEE-1-1%
W5, [EI A TE D M]-Me; Q)&E -H Wk, 53
2,4- -1, IR BOHT B E PR G [M]-H. B
BRI M 0 [M-H, S N ESE IR 1,2-46 N a,
NAT AR A M E 2 1k B, (3)RAE B-Me THEFR, 153
R3 EEY meso-lrac-4~T fEAL T 455 «

Table 3 Propylene dimerization catalyzed by complexes meso-/rac-4~7

11005, FEFUIE RS 1 o0 [M]-Me; (4) & 4E B-H HBE,
330 2-FFHE-1-100d, RN FAE O [M]-H. kS
UL R, S&ERIUM R, teAh, JATRIL
%R I EATIIE R, A A A SR SR B
SR

SR 347 e B IO B &) meso-/rac-1~3 FHLL,
EiFh 3-fFEEE 4-HIEREIARNEEY) meso-/
rac-4~T XF M55 JE AL TG HEANUCE BT BRAIG, I Bk
L T EOAA RN, FRATANIX T 585 e 3F 3-41
FIG IR Sl N IR, 200, AT T 4

Dimer®/%
Run Cat. T,/C Dimer/mg B-Me“/% Act./(10° gemol-M 'sh ")
1-P 4-M-1-P 2-M-1-P 2,4-M-1-P

1 40 28.4 20.7 32.5 18.2 238 49.3 4.76

2 60 30.2 16.9 33.8 19.1 463 47.1 9.26
meso-4

3 80 29.6 14.7 36.1 19.6 510 443 10.2

4 100 27.9 17.7 34.5 19.9 216 45.6 4.32

5 40 334 19.2 35.7 11.6 224 52.6 4.48

6 60 31.7 16.3 37.6 14.4 436 48.0 8.72
meso-5

7 80 33.5 16.1 36.1 14.3 454 49.6 9.08

8 100 27.6 20.4 35.2 16.8 196 48.0 3.92

9 40 28.3 18.5 33.2 20.0 127 46.8 2.54

10 60 27.9 18.7 342 19.2 321 46.6 6.42
meso-6

11 80 29.5 16.0 39.7 14.8 438 455 8.76

12 100  28.6 17.3 354 19.7 196 459 3.92

13 40 29.7 19.2 32.9 18.2 259 48.9 5.18

14 60 342 15.4 33.5 16.9 487 49.6 9.73
rac-4

15 80 29.7 16.3 39.9 14.1 620 46.0 12.4

16 100 294 18.6 342 17.7 231 48.0 4.62

17 40 343 19.2 33.9 12.6 239 53.5 478

18 60 30.5 17.0 37.5 15.0 459 47.5 9.18
rac-5

19 80 33.7 16.3 35.9 14.1 498 50.0 10.0

20 100  29.0 20.0 32.9 18.1 210 49.0 4.20

21 40 33.8 24.5 22.6 19.1 28 58.3 0.56

22 60 32.7 25.3 24.2 17.8 51 58.0 1.02
meso-T7

23 80 333 26.8 21.1 18.3 71 60.1 1.42

24 100  31.8 24.9 23.6 19.7 49 56.7 0.98

25 40 324 26.5 23.5 17.6 21 58.9 0.42

26 60 314 27.3 26.1 15.2 48 58.7 0.96
rac-7

27 80 26.0 29.9 19.5 24.7 77 55.9 1.54

28 100  29.7 26.2 29.5 14.6 61 55.9 1.22

“In toluene, V=25 mL, MAO, [Cat.]=0.04 mmol/L, AI/M=2000, =0.5 h, Ppropyicnc=0.6 MPa; b Percentage of each dimer in the total amount of product, measured
by GC, 1-pentene (1-P), 4-methyl-1-pentene (4-M-1-P), 2-methyl-1-pentene (2-M-1-P), 2,4-dimethyl-1-pentene (2,4-M-1-P); © Sum of 1-P and 4-M-1-P percentages.
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S-H elimination

B2 Wi Ry

Scheme 2 Proposed mechanism of propylene dimerization

SN ERE-Z0 RASRC &1, B LR 3-00 9] ATt
TR U B e B AR I, BERC S 1 Sil e i %
PEREAL PO —BRAE R 2-FR3E-1- 10 (~99%), WHIJLT
RRd p-H HER, EMELETERAC 5 A CE,
BHC A LA IR ST RS B RY), AR LN
Heim K, ol p-H JHERAE] 051NN R BN A
I, BSEE A T AT B S PEAEAL UAE 5558, 2 H
Wi T B S S PR 55 584, B-Mee Y BR IR s 89%123271,
MR EEEE AT DL, B 3-60 R 1 51X IR 55 58
EFEH p-Me Y KR BAT W R AR 21 FH (18 4).

R = Ar or alkyl

R 3 ; Ar

,,Zr‘m C|"2r‘C| C|’ZF‘C|

oEy R
I 1]

SH (Exclusive)  AH (Major), #Me (Minor) Me (Dominant)
2-Methyl-1- Propylene oligomer (wax) Propylene oligomer (oil)
pentene

B4 2B 2 R A )

Figure 4 Ethylene-bridged indenyl-fluorenyl zirconocene complexes

(

%Q
-1
9

A TAEFERFR 3-f7 g (AR~ H B B 85 C &
meso-/rac-4~T7 AT T SRR T 48 m I P 2k
IR R, TAF 44.3%~60.1%(FK 3), ©EETEHIFA
3P BEFEBACHIEL A meso-lrac-1~3(F 2, 13.3%~
41.3%). BEHIFRIERS B-Me 1M R (AR EEAE FH X T XU EfifA
AWM. X EEIH -6 R EIAR WIS )
meso-/rac-4 FIA O H IR I EC &4 meso-/rac-3, H
3o B FE (0 A7 LB AR ARVBL, (b A 1 e 24 52 35 X O]
Tt B B AN 38 sk A BEL 28508 A e 5 SR 5 1 ik o AR
B-Me JHFR, A W] REIE IS H 5 PR E & i O
e A20E S LA A FRHX — i 78 = A 5 g (26.28-321,

TENV. SRR e 2 85 B0 & T, B3 3-f R 2
G545 25 A ) BEL 20 A58 A9 R A 2 A A TR O 5 DR e
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uoneuIwIe SNy

VA5 21 s T 2 i 2 D075 55 50300 ~33900  g/mol)26),
1M meso-/rac-4~7 LI IR FEVE . G VEAEL MG —
&, XEARESWAEHER 5N 3-A0 (B FEA K,
A] B85 5 I A AN 2R S IR P O 1 e
L DASEL G s ST i 1 b -t ( SFEE RS2 QT UL DAL ER '
NS = A S, SR A Y meso-/rac-4~"T
HIMEALTE AR T B 3R 3-AL e 2L UK meso-/rac-1~3.

WAL, 8T B NV EBC E 4 meso-4 Fl meso-5 1
TR RS RrT DUR IR, TERC S PIEiEh 3-A0 R
MHALEI NG, — @ REE o T i foc T
B DL K & e v o BRI P A BELRSONE, - R T 6o A TR A
TRMRE, BREMALTEYE. SRR A DL R
PR i R B = A TN AR R, 3R 3 A R
TNACE W) meso-4 HEALTR I — R HITEVERS 51 T meso-5(3R
3, Runs 3 f1 7). \dfkeEt B, 5 meso-4 fLL, me-
s0-5 FPRASEII 2 [0 BAG AN A, & JE G2
EiFRFIHEE B E /N, LR meso-5 HEiIN 3-fi
AR IS A7 BHL A S BE /N, AEFRATT 75 B9 B2, meso-5
HR R SRR SR T AN B 3-AHURESR L T
ANET HAR BT S A e J7 [m) BT R 3, AN AL AL
PR EAEAARIL. nTRAAE S, Meidh 3-A HUIEESR Sl
PRFHE ) S AT R sy, X7 R ZE B R e & )R
HhC JE LT B BELRS R B AR KT 3, Rk
TN AL BRI, AT — e R b B AR T
HARPIECAL. T, RS EFEEA 3L HUR
HMZG TR SR, £JE A0 Lewis BRUEFFMK, AR
T HARKIECAL. BLEY) meso-5 HEALNIG —RE %
Y 1-SUER 4-FE- RGN S R S TR A
meso-4 WAL NI — S S, RN ELA 58 vy R 0 TR 25k i 22k o
B, FRATIAN meso-5 K23 (AL BH R 2 A F) T2
EETEEE R AR B-Me THERI LA, B I 0ot 475 P9 2ok o 225
I .

i &%) meso-4 HIEHA 4,7-00 B HFE, meso-6 HIEf
W2t AL 5,6-hriir AN, PIANEC S AL
PR R WE YA B B 1 22 . (E BTt FC iR R Y
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meso-6 I T meso-4, HAE IR FERHRIN; 2 IH 55
2, meso-6 TENMF A TICIHMIGIN, FEHAE
PRSP 09 A B BRI, 48 Aot B Bl R e o7
2 [0 A0 ARG EL AR . 1 — 2 [R) %0 TR R PR R P 4
RS o 55 SR I AR S e SE B R B R SR RS R, T
Az, X5 RESERZS. 2k, ey
meso-4 1 meso-6 AL I — 5= ) 43 An LA R i B= (1)
M ZE AR, P B FEIE B-Me TH BRIk £

JC A 4 A B 1) e o HL AR A TR O — SR s e —
SERIE, ANEIEIC S rac-5 HIMEALIETE A FEE ST
N VH el AW meso-5(3% 3, Runs 7 f121). =S [A1 4549 b
E, 5 meso-lrac-1~3 ML, IMNHIRECEYD rac-5 EiFFH
S EUREETE S B O IR M, 5 EURIETE &8 0 [H)
U P9 e T A A B, B R L BE SR R A A7 2 T,
DRl L FL A AL TE PR BT . B &9 rac-4 A rac-5 fEALTR
Wi 5% p-Me JHERMIEFRMS/A LB K TERAY
meso-4 Fll meso-5.

Y& R BN S, LAY R
TP B PR 3, Runs 7 F125). AN T44, 4%
SJEPO R ERN Lewis BRPE, S 0UBRAL I BE
JIHE R, (RIS A VDT il B A A N AR e Mt B
T K TRTL A, (185 B0 & P I A Ts P 2 2 2
THECEY). WAk, A CERTRIERSSS36 Bhifiil 7] MAO
IR AR AlMes AR TR TC SRS AL, X2 T2
ESIC A DAL TRITE PRI 59— R R BR AL s 1A B
BEFIN, BEEY rac-imeso-T BTG RS~
W) PR 0 A s i 2 (1) L A9 B B SR v T A R G AR B T
Y racimeso-5 AR, 153 55.9%~60.1%, 44T
G VA I BRI B2 B R AR S IR IBE ) B-Me TH %,
TX A SRR E PR R — 020,

B &) meso-/rac-4~17 1E 40~80 “CYGH AN
I BRI, Bl B N B, AT M R .
RERET S, RE S B0 T 2R 18 PR,
{H T P B B4 N B2 2 T, 2R &R
BCEVMEAGIE PRGN, 2R E:THR 2 100 CH, BCEYE
WG R A TGS A TR AT X 33
TR T m, R R M AR RS B2
TREATEG 7T, AHERRZ R YIRS VI R AL
T RO PR S R B A N R e M R B, R AR
IR AR _E AL VR T R R

SN FEE 0T B ) e AT 1 R i 2, (R R
TR B-Me JHBRIEFPERZIIEA N, BEIRE A, 55
RWEERE B-Me THBRINESFNE AR FAIEA TR, 2
PR, X U R T R, ST R R
B-Me WHBREERL R [ ST B-H W BREE LR [ B R 2
PLIEACRRREE, BUNIEA R T B-H HEx, 15 %™
M A A . BL S G =28 p-Me THFRIE
P AR B A PR s n] e 5 A AT &R
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GURZE K.

le 5% meso-/rac-4~7 £ AUM N 500, 1000 LA
Je 2000 FEAF TG ZREH(E S, £ S9, WFHE
B), BEE AUM EC3E N, MG SR BTE e
Whn. BT AUM EEZE 4000 B, A BC S MELL
PR RS ME T B MR ROTARE—EE
BN AUM (R38N, A RS M A O TS AL,
AT EC A D A I — SR piE P m T . 1% R SIAC
EWITE AUM LA 4000 BHEALIETECE IR B, 350
TR TR R I A Y C AR BB i t, d %
1) MAO =i S8 TGt g e g, SEGEiEt+
Oy RIS, AL TR M — 2R BTG PE PRI

49 I 500
I 1000
I 2000

Activity/(10° g-mol-Zr-h™")
1 1 1 1

N
1

meso-4 meso-5 meso-6 rac4 rac-5 meso-7T rac-T

Complexes

B 5 AUM LKL &4 meso-lrac-4~T fEAL TG 75 T3 ME I B2 IR
Figure 5 Influence of Al/M ratio on the activities of complexes me-
so-Irac-4~"7

[Cat]=0.04 mmol/L, T,=100 C, Pyropyiene="0.6 MPa, t=0.5 h, ¥=25 mL

AUM EL P3G IS AR b5 55 S W A p-Me TH R 1)
PRI AN K, B W R AT LA, %3
TR R BEAL TR 55 SRR, B-HL I B AN B-Me Y8 4 £ (1)
FEER TR, M RYIEE R MAO BRI AT Bl T DL 2
W&, HhAh, AU/Zr BER SO DU A 5= oy A A
A 3 PR 52

5 rac-1 AL, 15 =55 T B = (HURUR 3l ke
[TIBA/B(CgFs)s ]k R B — 57 T Fe 48/ = i 5 DU (L AR
)R £ (TIBA/TB)Y R RINEL T, BEEH rac-4 ok
Re R — B AL TS .

BEE I R 1B 6, & S10, WSZFHE R,
FTA e & AL I 0 — SR A Mt Bl 2 3 0. T
PR3 TN ASE A5 VR PR (PR FE R, A R 35 e &4
AL T 55 SR s L.

P IE 1A S R 0 R A p-Me T3 BRI FE
PERCI AN, Rk, T DOACATEIX — AL A1 TR
555 BT, p-H W ER AN B-Me T b £ BN By FREFE RS
2, RS 5RnTREvE T DLZNE. b, I E e
AR DU R P 43 A (R R B B S R, X AT R
ST R TR I T B s B /N TR GC AT 43 BT 5
INIUEXRT S-S

Acta Chim. Sinica 2023, 81, 1280—1294



F F R
144
Il 0.2 MPa
I 0.4 MPa
12 I 0.4 MPa

Activity/(10° g-mol-Zr'-h"")
(]

N
1

meso-4 meso-5 meso-6 rac-4 rac-5 meso-7 rac-7

Complexes

B 6 TIEE SIS AW meso-/rac-4~T WAL T 55 F b PE B 520
Figure 6 Influence of propylene pressure on the activities of complexes
meso-/rac-4~17

[Cat.]=0.04 mmol/L, Al/Zr=2000, 7,=80 C,t=0.5h, V¥=25mL

3 g

WIT AT 12 MV CEEMPNE RS Rl &
) meso-lrac-1~1. FiHELAWE@EE 7B ILIR(H
NMR. "C NMR)MITH 2 HT(EA)FI%E, HPREE7
rac-1. meso-1. meso-2 meso-4. meso-5 F meso-6 ]
Tl — Bl X S4B AT i AT e, £
40~100 CIEEEJEH, Bi¥f 3-07 b 2 BRI ES L& 4
meso-/rac-1~3 BELAR EvE AL TN 1A 555, £ EA 3
T RJUVAZELT AR NS IRY), S £
N 13.3%~41.3%. PR3- HUREALBHER K, Fi &
TR M 55 B8 TS T RIS, (AR AR G S5 R T 2k
f, T R A A e, P EAER 3 I FH
BRI AL B — @ FERE BB R i 2, AT
HINFERMBER L p-Me THERIESEENE. SN IERC &4
SR N I VS R EC A AR b, AL I IR 5T SR v M TR
L, TS RR T RY B T w18, (R T8 2k i ik
TEMAZEAR, YIS Y7 Ak B B 7 7 1)
EPRHERIAK, S5 AVZe Lo R iE b 1 e,
=) o1 B BRAK. B0 PO 2076 ) T 52 = i AL
PE, ABXS =) 03 B R AN K.

Efi 3R 3-AL BRI R EL 4- H R R L S 4
meso-/rac-4~"7 X 55 SR I H Hh 48 22 5 e PR AL T
P, B A 55 SR R A B A ) — 3R (> 99%),
RO 2- R 4- R RE AN 2,4-
F-1-RIGHREY. PANEEE 3-RL(AUR) R G4
J& T R 58 G LA AR AT RE R T BUX — I B ) 32
2. BbAh, BAFR - E0 A7 L 1) 51 NS meso-5 1)
TEALTE PRSI R, B3R 4,7-67 BRI meso-4 ik 142
T 5,6-AL AR meso-6; AMNHBERL G rac-4~1T7 g4k
PR A 5 SR AR O A D o T R O L A B T S )
meso-4~7; HilLEY) meso-/rac-5 PG ST BA
AR R BCAR S R TIC B W) meso-Irac-T. RS NEZMIZ &R
FIBC S AN — RIS E N R EEH &R, 7£ 40~80 C
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V10 [ P TEC 5 0 M A 3 A B R A e R T e T T e, AE
80 CHFILBHANME, THRZE 100 CHFAHE AN B &
PR, SATC SIS — R4 p-Me THBRIFERENE
LS TR S, BOARE  TCE IR B DA e R 2% A
X2 2 9 C A P A TR 0 — SR P iy e B 22 0 AN K

H B e R AL R 79 2 SR T Ik S o U, i
W a-IBIEFFRPAG ) TR o k57 RYIRIRT LR
EASMEA PR, B SE B ol B AR A G A 1R K PR 2,
T 7370 B M5 D A IR KT AE TR R, BRIk
TFRBEHEAL a-Jfis a5 JAT BRI 4% 70 T B 157 R
77 i P < AR AR AT SR A AR K T 7 22 1) A K B
kA I T 35

4 LIERSY
41 BEREIRF

P Tt 7 R K U B AL A B SE R X A
Schlenk Ff ARTEAEG R ek, LB PUERIR | FFR
1 OV B A IR S5 PR USRS N N 22/ — 2K FR A ]
AT TOK AR B, AR W BIR K B F R, &
TER SR RIS, [ REAT oK AL B fS A . i
RGN E G RPN IS A B3 AT To /K A 22 5
Wk, AT T18FC/KI Schlenk AP, BhfE{k 7]
F LA BE(MAO)Y A 1.5 mol/L (I H ZRIEWR, M H Akoz
Nobel A#]. BERNHEAZR —Laitb BEHTFE
SR

4,7- “FRILRIBTAL 1,2,3,5-DU5-6- 1 3 3R K 0%
T ARO8 O SCERARE 1R T VAT B
42 BLAABIE R
42.1 B4R L'H;z 8945 5%

AP, FRECIndl (4.59 g, 0.230 mol)FfH:
HIAZE] 100 mL Schlenk 9, HIA 50 mL U SRR 45 .
Xof 421 I R VRO S R ECIE T AR IE OB IA (9.6
mL, 2.39 mol/L, 0.23 mol)|1EEHEIE -+, TERA-
O R RNZIN, SR IR B AR AR . 2 1
h EHmsEe, AT ERE, B 24 h, FHEL1,2-
TR K0 mL, 11.5 mmol), ZEE AR E - 2B
AT FIR R BAAR T, T, BATTEER, %k
N 24 h. Fil 50 mL SRS AN KON, e 7%
RAXEERRE ), AHAHR KB =), H S G EERUK
AH(100 mL X 3), GHANAH, HIGKIRERE TR, TIE,
ARBIEFE, MY 20 mL A F M, £—20 CF
4 AR B AR, AR, T, 158 L'H:
(2.8 g, 57%). WLF=WINWiFR XU A R R S, Brik
1: 1. Isomer a: 'H NMR (400 MHz, 298 K, CDCI;) ¢:
6.90 (dd, J=7.6 Hz, 5.2 Hz, 4H, ArH), 6.12 (d, J=0.8 Hz,
2H, 2-Ind-CH), 3.38~3.36 (m, 2H, 1-Ind-CH), 2.71~2.58
(m, 4H, CH,CH,CH,CH3), 2.51 (s, 6H, CH3), 2.50 (s, 6H,
CHs), 1.98~1.90 (m, 2H, Ind-CH,CHa-Ind), 1.65~1.58
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(m, 8H, CH,CH,CH,CH3), 1.32~1.22 (m, 2H, Ind-
CH,CHa-Ind), 0.97 (t, J=7.3 Hz, 6H, CH,CH,CH,CH;).
Isomer b: 'H NMR (400 MHz, 298 K, CDCl;) J: 6.82
(pseudo-t, J=7.6 Hz, 4H, ArH), 6.05 (d, J/=0.8 Hz, 2H,
2-Ind-CH), 3.29~3.27 (m, 2H, 1-Ind-CH), 2.71~2.58 (m,
4H, CH,CH,CH,CH3), 2.27 (s, 6H, CHs), 2.23 (s, 6H,
CHs), 1.73~1.68 (m, 2H, Ind-CH,CH>-Ind), 1.50~1.40
(m, 10H, CH,CH,CH,CHs, Ind-CH,CH,-Ind), 0.97 (t, J=
7.3 Hz, 6H, CH,CH,CH,CH;); HR-MS (EI) caled for
C3:Hay 426.3287, found 426.3296.
422 AR LH; 894 &%

A G R L'H2, KA Ind2 (3.21 g, 0.170 mol).
IE T HA ) IE S5 (7.7 mL, 2.23 mol/L, 0.17 mol)Fll
1,2- ¥ Z58(0.75 mL, 8.5 mmol) . =¥ % 15
mL R ARELE—30 CUKA R B AR A6
& L*H2 (2.8 g, 81%). MW= —45/ &9, 'H
NMR (400 MHz, 298 K, CDCls) d: 6.91 (d, J=7.6 Hz, 2H,
ArH), 6.83 (d, J=7.6 Hz, 2H, ArH), 6.10 (s, 2H,
2-Ind-CH), 3.29~3.27 (m, 2H, 1-Ind-CH), 3.18~3.09 (m,
2H, CH(CHs),), 2.53 (s, 6H, CHs), 2.27 (s, 6H, CHs),
1.63~1.58 (m, 2H, Ind-CH,CH,-Ind), 1.50~1.42 (m, 2H,
Ind-CH,CH,-Ind), 1.25 [d, J=6.4 Hz, 6H, CH(CH:),],
1.20 [d, J=6.4 Hz, 6H, CH(CHs),]; *C NMR (100 MHz,
298 K, CDCls) d: 152.3, 147.0, 142.5, 131.3, 130.6, 130.1,
128.1, 126.5, 47.4, 27.8, 24.6, 23.6, 23.5, 20.1, 18.8. Anal.
calcd for C3oHsg: C 90.39, H 9.61; found C 90.11, H 9.46.
423 BAR LPHz 894 %

A G R L'Ha, KA Ind3 (5.34 g, 0.220 mol).
IE T HAR ) IE S5 (8.9 mL, 2.51 mol/L, 0.22 mol)Fll
1,2- IR Z%8(1.0 mL, 11 mmol) M. ¥~ %) 25 mL
TR MR E A —30 CUKF AL B SR A o E 4
L*H: (1.6 g, 24%). ML= ¥) R mFe st S p iR riR &
SitfE 5 ESE™HE. '"H NMR (400 MHz, 298 K,
CDCly) 6: 6.90 (d, J=3.6 Hz, 2H, ArH), 6.83 (d, J=3.6
Hz, 2H, ArH), 6.02 (s, 2H, 2-Ind-CH), 3.29 (d, J=2.8 Hz,
2H, 1-Ind-CH), 2.49 (s, 6H, CHs), 2.27 (s, 6H, CH3),
1.87 ~ 0.58 (m, 17H, Ind-CH,CH,-Ind, Ind-CH,-Cy,
Cy-CH & CH,); '"H NMR (400 MHz, 298 K, CDCls) o:
6.76 (d, J=3.6 Hz, 2H, ArH), 6.70 (d, J=3.6 Hz, 2H,
ArH), 5.95 (d, J=5.6 Hz, 2H, 2-Ind-CH), 2.35 (s, 6H,
CH;), 2.26 (s, 6H, CH;), 1.87 ~ 0.58 (m, 17H,
Ind-CH,CH,-Ind, Ind-CH,-Cy, Cy-CH & CH,); HR-MS
(EI) caled for CagHso 506.3913, found 506.3915.
424 B4R LH2 896 &

AT FE A L*H2, KA Ind4 (6.82 g, 0.290 mol).
1E T B4 1FE S BevA(13.1 mL, 2.23 mol/L, 0.290 mol)
Al 1,2- ¥R Z.%:(1.26 mL, 0.15 mmol) . FH 74 F )
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30 mL A EEIA MG AE —30 CUKHE B 45 A 2 A
fEA LAH2 (1.7 g, 24%). LEP=40 0 9 R o0Us: S A 1A 1)
BEY), LBl 20 1. Isomer a (major): '"H NMR (400
MHz, 298 K, CDCl;) d: 7.31~7.18 (m, 10H, ArH), 6.88~
6.82 (m, 4H, ArH), 5.94 (s, 2H, 2-Ind-CH), 4.07~3.98 (m,
4H, CH,-Ph), 3.44~3.38 (m, 2H, 1-Ind-CH), 2.36 (s, 6H,
CH;), 220 (s, 6H, CHs;), 197 ~ 1.89 (m, 2H,
Ind-CH,CH,-Ind), 1.34~1.25 (m, 2H, Ind-CH,CH,-Ind).
Isomer b: 'H NMR (400 MHz, 298 K, CDCl;) §: 7.31~
7.18 (m, 10H, ArH), 6.88~6.82 (m, 4H, ArH), 5.85 (s, 2H,
2-Ind-CH), 4.07~3.98 (m, 4H, CH,-Ph), 3.35~3.31 (m,
2H, 1-Ind-CH), 2.38 (s, 6H, CHs), 2.25 (s, 6H, CH3),
1.70~1.65 (m, 2H, Ind-CH,CH,-Ind), 1.51-1.47 (m, 2H,
Ind-CH,CH,-Ind); HR-MS (EI) calcd for CsgHag 494.2974,
found 494.2976.

425 BEAK LSH: 094 A&

H R 2 L'H2, KA IndS (16.00 g, 64.50
mmol). IE T FEHE A IE Cbe i (25.8 mL, 2.50 mol/L,
64.5 mmol) 1 1,2- IR Z.%E(6.01 g, 32.3 mmol) .
FEYIR Y 80 mL R MBS AR S 7E —30 CUKFEh B 45
PR R AR LSH, (3.9 g, 23%). ML ¥ —45k
&%), 'TH NMR (400 MHz, 298 K, CDCls) 0: 7.12~7.06
(m, 8H, ArH), 6.88 (d, J=7.6 Hz, 2H, ArH), 6.83 (d, J=
7.6 Hz, 2H, ArH), 5.85 (d, J=1.7 Hz, 2H, 2-Ind-CH), 4.01
(d, J=18 Hz, 2H, CH,-Ar), 3.96 (d, J=18 Hz, 2H,
CHy-Ar), 3.33 (br s, 2H, 3-Ind-CH), 2.39 (s, 6H, CHa),
2.35 (s, 6H, CH3), 2.26 (s, 6H, CH3), 1.72~1.63 (m, 2H,
Ind-CH,CH,-Ind), 1.52~1.49 (m, 2H, Ind-CH,CH,-Ind).
HR-MS (EI) calcd for C4oH3s 518.3026, found 518.3025.
42.6 BLAR LSH; 8945 A%

A Gt #2 A L'Ha, KA Ind6 (6.42 g, 24.7 mmol).
1E T3 1 1 O (9.8 mL, 2.50 mol/L, 25 mmol)Fl
1,2- IR 56(2.28 g, 12.3 mmol) M. F=#HZ) 30
mL ARG —30 CukFEFESLREIAG
mfl LeH2 (3.9 g, 58%). ULr=9 AUk F A iR 54,
ATy AR, '"H NMR (400 MHz, 298 K, CDCls)
8: 7.30~7.12 (m, 10H, ArH), 7.03~6.93 (m, 4H, ArH),
4.00~3.75 (m, 4H, Ar-CHy), 3.19 (s, 2H, Ind-H), 2.98~
275 (m, 8H, CH,CH,CH,), 2.15 ~ 2.01 (m, 4H,
CH,CH,CHy-), 1.98 (s, 6H, CH3), 1.61~1.45 (m, 4H,
Ind-CH2CH2-Ind).

4.3 EEVHER
43.1 {C2H4- 1 ,2-[4,7—(CH3)2-3-”Bu—CgH:;]z}ZI‘Clz (rac-l
#= meso-1)49 A& A%,

AT, FREUEC A L'H2(0.99 g, 2.3 mmol) K
H I ZE] 100 mL Schlenk JEH, I 30 mL JE/K ZBRiE
fiff. FERAR- QBRI A B N E T EE ) IEC
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PR (1.9 mL, 2.52 mol/L, 4.8 mmol), SR ARHAE i,
AR e, AR E=IENPE 48 h. HERFREL
PO AL 85(0.51 g, 2.3 mmol), TERE - LB NI
R, RNBZHAZ R G, BRTEE =05 4k B
SN 48 h. FLAEBR LB, A 40 mL & B i
filf R BLF=H), B, 1R ETER. Bk RS,
FH%) 20 mL 1E ek K &R 73 S B~ Pnigs fige, SR Je A H
7, HREHEBIMAFRLN 5 mL. BF—20 CiK
Fah E A A, MR A R HR AR R (0.11 g, 16%).
rac-1: 'H NMR (400 MHz, 298 K, CDCl3) ¢: 6.77 (d, J=
6.8 Hz, 2H, ArH), 6.67 (d, J=6.8 Hz, 2H, ArH), 6.00 (s,
2H, 2-Ind-CH), 4.16~4.07 (m, 2H, Ind-CH,CH>-Ind),
3.64~3.54 (m, 2H, Ind-CH,CH,-Ind), 3.05~2.97 (m, 2H,
CH,CH,CH,CH3), 2.73~2.67 (m, 2H, CH,CH,CH,CH3),
2.65 (s, 6H, CHs), 2.42 (s, 6H, CH3), 1.51~1.42 (m, 2H,
CHzCHzCHzCH3), 1.38~1.28 (Il’l, 6H, CH2CH2CH2CH3),
0.88 (t, J=6.8 Hz, 6H, CH,CH,CH,CH3); *C NMR (100
MHz, 298 K, CDCls) d: 134.2, 130.9, 130.3, 128.1, 126.4,
125.0, 118.7, 113.9, 33.4, 31.0, 30.2, 22.8, 21.8, 20.9, 14.2.
Anal. caled for C3,HyoCLZr*0.10 CH,Cl,: C 64.77, H 6.81;
found C 64.82, H 6.90.

Pl R B — 20k, 7R IR AT H 3 AR AR &
1£(0.10 g, 15%). meso-1: '"H NMR (400 MHz, 298 K,
CDCLy) 6: 6.74 (d, J=7.2 Hz, 2H, ArH), 6.66 (d, J=7.2
Hz, 2H, ArH), 6.56 (s, 2H, 2-Ind-CH), 4.01~3.91 (m, 2H,
Ind-CH,CH,-Ind), 3.63~3.53 (m, 2H, Ind-CH,CHy-Ind),
3.20~3.13 (m, 2H, CH,CH,CH,CH3), 2.85~2.77 (m, 2H,
CH,>CH,CH,CH3), 2.52 (s, 12H, CH3), 1.64~1.56 (m, 2H,
CH,CH,CH,CH3), 1.48~1.36 (m, 6H, CH,CH,CH,CH3),
0.97 (t, J=6.8 Hz, 6H, CH,CH,CH,CH;); *C NMR (100
MHz, 298 K, CDCls) §: 134.0, 132.3, 129.5, 128.6, 127.0,
126.2, 124.1, 117.2, 116.4, 33.3, 32.0, 30.7, 22.9, 21.0,
20.9, 14.3. Anal. calcd for C3;H4oClZr: C 65.50, H 6.87;
found C 65.47, H 6.85.

432 C2H4—1,2-[4,7-(CH3)2—3—iPI‘-CgHg]z}ZI‘Clz (mes0—2)
89 5 AR,

GROIEEFEREY 1, KA LMz (1.36 g, 3.40
mmol). 1E T Z4 1) 1E S (2.9 mL, 2.39 mol/L, 6.8
mmol) A1 P &AL E5(0.78 g, 3.4 mmol) . #)20 mL &
FRGEIE G/ —20 CokM P E L AR Aam AR 20
mg, A rac-2 il meso-2 FIRAHIA © 1). FIREEEES
TRrEWR, HIUEPRRE M. /£—20 CoKFE T
THEENAKO.1 g, N meso-FIRF=H), 72Z10%. meso-2:
'H NMR (400 MHz, 298 K, CDCl3) ¢: 6.75 (d, J=7.2 Hz,
2H, ArH), 6.68 (d, J=7.2 Hz, 2H, ArH), 6.59 (s, 2H,
2-Ind-CH), 4.07~3.97 (m, 2H, Ind-CH,CH,-Ind), 3.69~
3.58 [m, 4H, Ind-CH,CH,-Ind+CH(CHs),], 2.53 (s, 6H,
CHs), 2.52 (s, 6H, CHs), 1.30 [d, J= 6.8 Hz, 6H,
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CH(CH;)2), 1.09 [d, J=6.8 Hz, 6H, CH(CH;),]; *C NMR
(100 MHz, 298 K, CDCl;) ¢: 135.3, 134.0, 132.2, 130.0,
128.9, 126.7, 123.2, 116.8, 112.7, 32.2, 28.0, 26.6, 21.0,
20.9, 20.6. Anal. calcd for C3oH36CloZr: C 64.49, H 6.49;
found C 64.23, H 6.59. rac-2(AK R/ B 15246 5%): 'H
NMR (400 MHz, 298 K, CDCls) ¢: 6.79 (d, J=7.2 Hz, 2H,
ArH), 6.63 (d, J=7.2 Hz, 2H, ArH), 6.15 (s, 2H,
2-Ind-CH), 4.23~4.13 (m, 2H, Ind-CH,CH,-Ind), 3.68~
3.60 (m, 2H, Ind-CH,CHy-Ind), 3.47 ~3.40 [m, 2H,
CH(CHz):], 2.61 (s, 6H, CH3), 2.44 (s, 6H, CHz3), 1.11 [d,
J=6.8 Hz, 6H, CH(CH3),], 1.07 (d, J=6.8 Hz, 6H,
CH(CHs),).

433 {C2H4‘1,2'[4,7'(CH3)2—3—CHQCY—C9H3]2}ZrC12
(rac-3 #= meso-3) 49 & A,

GRHREEREAEY 1, XA L3H: (0.89 g, 1.75
mmol). 1E T EALH IE S REiE (1.4 mL, 2.56 mol/L, 3.5
mmol)F1PU &AL EE(0.43 g, 1.75 mmol) e M. A= i FHZ
10 mL HFERIE ARG IINZ) 20 mL 1E ke sh i, #3515 6
EafA(0.2 g, 34%). meso-3: 'H NMR (400 MHz, 298 K,
CDCl): 6.74 (d, J=7.2 Hz, 2H, ArH), 6.66 (d, /=7.2 Hz,
2H, ArH), 6.46 (s, 2H, 2-Ind-CH), 4.00~3.91 (m, 2H,
Ind-CH>CH,-Ind), 3.63~3.53 (m, 2H, Ind-CH,CH,-Ind),
3.29 (dd, /=14.4, 4.4 Hz, 2H, Ind-CH»-Cy), 2.52 (s, 6H,
CHs), 2.49 (s, 6H, CH3), 2.18 (dd, J=14.4, 9.2 Hz, 2H,
Ind-CH»-Cy), 1.77~1.55 (m, 10H, Cy-H), 1.36~1.01 (m,
10H, Cy-H), 0.92~0.84 (m, 2H, Cy-H); '3C NMR (100
MHz, 298 K, CDCls) J: 133.9, 132.3, 129.5, 128.6, 126.3,
125.4, 124.1, 118.8, 116.3, 40.2, 39.1, 34.1, 32.8, 31.9,
26.6, 26.3, 21.1, 20.8. Anal. calcd for C;3sHssCloZre
0.05CH,Cl,: C 68.09, H 7.22; found C 67.59, H 7.27.

THEEEHE— P IMAECKS 2 mL, fIKIEC
FrEAE VR S VA SR I BB, 45 3 5 — B 3 Uk R (0.15
g, 26.0%). rac-C3: 'H NMR (400 MHz, 298 K, CDCl5):
6.77 (d, J=7.2 Hz, 2H, ArH), 6.68 (d, J=7.2 Hz, 2H,
ArH), 590 (s, 2H, 2-Ind-CH), 4.15 ~4.07 (m, 2H,
Ind-CH,CH,-Ind), 3.65~3.56 (m, 2H, Ind-CH,CH>-Ind),
3.05 (dd, /=14.4, 4.0 Hz, 2H, Ind-CH>-Cy), 2.66 (s, 6H,
CHs), 2.40 (s, 6H, CH3), 2.20 (dd, J=14.8, 9.6 Hz, 2H,
Ind-CH»-Cy), 1.70~1.47 (m, 10H, Cy-H), 1.30~0.99 (m,
10H, Cy-H), 0.84~0.78 (m, 2H, Cy-H); '3C NMR (100
MHz, 298 K, CDCls) J: 134.2, 130.9, 128.4, 128.1, 126.6,
125.3, 118.7, 115.2,39.9, 39.2, 34.1, 32.7, 30.3, 26.6, 26.3,
21.9, 21.0. Anal. caled for Cs;sHysClhZre0.10CH,Cly: C
67.75,H 7.19; found C 67.52, H 7.36.

434 {C2H4—1,2—[4,7—(CH3)2-3—BI‘1-C9H3]2}ZI‘Clz (meso-4
F= rac-4) 894w

HREERESEY 1, XH L*H: 077 g 1.5

mmol). =T E8# ) IE LA (1.3 mL, 2.39 mol/L, 3.1
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mmol) MY &1k #5(0.36 g, 1.5 mmol) .. £ 10 mL 5
HBE ARG INNIE B4 10 mL &5 575 303 (/0 ik
(0.15 g, 30.1%). meso-4: '"H NMR (400 MHz, 298 K,
CDCls) d: 7.32~7.21 (m, 6H, ArH), 7.12 (d, J=7.2 Hz,
4H, ArH), 6.78 (d, J=6.8 Hz, 2H, ArH), 6.69 (d, J=6.8
Hz, 2H, ArH), 6.10 (s, 2H, 2-Ind-CH), 4.60 (d, J=16.8 Hz,
2H, CH,-Ph), 4.29 (d, J=16.8 Hz, 2H, CH,-Ph), 3.97~
3.87 (m, 2H, Ind-CH,CH»-Ind), 3.51 ~3.41 (m, 2H,
Ind-CH,CH,-Ind), 2.53 (s, 6H, CHs), 2.52 (s, 6H, CHz);
13C NMR (100 MHz, 298 K, CDCL) J: 140.6, 134.0,
132.5, 129.9, 129.0, 128.8, 128.7, 126.59, 126.56, 124.8,
124.5, 118.7, 117.0, 36.7, 31.9, 21.0, 20.9. Anal. calcd for
CssH36CLZr*0.06CH,Cly: C 69.27, H 5.52; found C 68.87,
H 5.56.

Tl R BER AR SR 48, HE— B IMAIE k4 2 mL,
KIECGEERAEFIR R ELF], —20°CokFE h B 45 i e
FIHE (5 44(0.11 g, 22.5%). rac-4: "H NMR (400 MHz,
298 K, CDCly) d: 7.25~7.16 (m, 6H, ArH), 6.96 (d, J=
7.2 Hz, 4H, ArH), 6.82 (d, J=7.2 Hz, 2H, ArH), 6.69 (d,
J=17.2 Hz, 2H, ArH), 5.85 (s, 2H, 2-Ind-CH), 4.43 (d, J=
16.8 Hz, 2H, CH,-Ph), 4.24 (d, J=16.8 Hz, 2H, CH,-Ph),
4.06~3.96 (m, 2H, Ind-CH,CH,-Ind), 3.56~3.47 (m, 2H,
Ind-CH,CH,-Ind), 2.44 (s, 6H, CH3), 2.41 (s, 6H, CH3);
13C NMR (100 MHz, 298 K, CDCl) d: 140.6, 134.1,
131.2, 128.8, 128.6, 128.5, 128.4, 127.8, 126.8, 126.2,
125.7, 119.5, 115.2, 36.8, 30.0, 21.8, 20.9. Anal. calcd for
C3sH36CLZr*0.10CH,Cly: C 68.99, H 5.50; found C 68.68,
H 5.52.

435 {CyHs-1,2-[4,7-(CHs),-3-(4-CH3-CHy)CoHs ]} -
ZrCl, (meso-5 #= rac-5)89 & m.

GREEREEY 1, XH LH2 (0.86 g, 1.6
mmol). 1E T Z4 1 1E Sk (1.3 mL, 2.50 mol/L, 3.2
mmol) A1 PY &L #5(0.38 g, 1.6 mmol) B, £) 10 mL &
FRGEIA IR 5 IO IE 562 5 mL 45 5 15 3135 (. 54 4(0.16
g, 14.2%). meso-5: '"H NMR (400 MHz, 298 K, CDCI;) d:
7.10 (d, J=7.6 Hz, 4H, ArH), 7.01 (d, J=7.6 Hz, 4H,
ArH), 6.77 (d, J=7.0 Hz, 2H, Ind-H), 6.68 (d, J=7.0 Hz,
2H, Ind-H), 6.11 (s, 2H, 2-Ind-CH), 5.3 (s, 0.4H, CH,Cl,),
4.54 (d, J=16.5 Hz, 2H, CH,-Ph), 4.25 (d, J=16.5 Hz,
2H, CH,-Ph), 3.96 ~3.86 (m, 2H, Ind-CH,CH,-Ind),
3.48~3.43 (m, 2H, Ind-CH,CH,-Ind), 2.52 (s, 12H, CH3),
2.33 (s, 6H, CH3); *C{'H} NMR (100 MHz, 298 K,
CDCly): 137.8, 135.5 133.9, 130.8, 129.1, 128.5, 128.1,
127.0, 126.4, 125.4, 124.6, 116.4, 113.6, 54.0 (CH,Cl,),
36.1, 294, 21.7, 21.0, 20.8. Anal. calcd for C4H4oCloZr*
0.2CH,Cly: C 68.99, H 5.82; found C 69.34, H 5.25.

B DX E WO AT IR YE, HIMAZ) 2 mL 1E ke
IR, FE—20 CAF T 2 kS 1S B B A g ik
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0.13 g, /% 11.6%. rac-5: '"H NMR (400 MHz, 298 K,
CDCLy) 6: 7.04 (d, J=7.8 Hz, 4H, ArH), 6.85 (d, J=7.8
Hz, 4H, ArH), 6.81 (d, J=6.9 Hz, 2H, Ind-H), 6.69 (d, J=
6.9 Hz, 2H, Ind-H), 5.84 (s, 2H, 2-Ind-CH), 5.3 (s, 1.4H,
CH.Cly), 4.38 (d, J=16.8 Hz, 2H, CH,-Ph), 4.19 (d, J=
16.8 Hz, 2H, CH»-Ph), 4.06~3.96 (m, 2H, Ind-CH,CH,-
Ind), 3.56~3.46 (m, 2H, Ind-CH,CH,-Ind), 2.44 (s, 6H,
CHs), 2.40 (s, 6H, CH3), 2.31 (s, 6H, CHs); BC{'H} NMR
(100 MHz, 298 K, CDCls) d: 137.6, 135.9, 133.8, 131.9,
129.2, 128.9, 128.7, 128.6, 126.0, 123.1, 122.4, 118.0,
113.1, 54.0 (CH,Cly), 35.9, 31.1, 21.1, 20.9, 20.8. Anal.
caled for C4H40ClaZr*0.7CH,Cl,: C 65.85, H 5.62; found
C 65.62,H5.72.

43.6 {C,H,-1,2-[2-CH3-5,6-(-CH,CH,CH,-)-3-Bn-
CgHz]z}ZrClz (meso-6)f143 {3\)5&‘

HREEREEY 1, XH LH2 (0.86 g, 1.6
mmol). IE T EH ) IE LA (1.3 mL, 2.50 mol/L, 3.2
mmol) A1 PY 5L #5(0.37 g, 1.6 mmol) M. £)10 mL — 5
FGEV R G NN 10 mL IF Cbedh b, ZIRE S S E 15
BB AR K(0.04 g, 3.6%), A meso LY. meso-6: 'H
NMR (400 MHz, 298 K, CDCls) 8: 7.49 (s, 2H, ArH),
7.21~7.14 (m, 4H, ArH), 7.14~7.04 (m, 4H, ArH), 6.99
(d, J=7.2 Hz, 4H, ArH), 5.3 (s, 0.4H, CH,Cl,), 4.26 (d,
J=16.7 Hz, 2H, CH,-Ph), 4.11 (d, J=16.7 Hz, 2H,
CH,-Ph), 4.07~4.00 (m, 2H, Ind-CH,CH,-Ind), 3.78~
3.70 (m, 2H, Ind-CH,CHa-Ind), 2.97 ~2.66 (m, 8H,
CH,-CH,-CHa-), 2.21 (s, 6H, CH3), 2.02~1.90 (m, 4H,
CH,-CH»-CH,); *C{'H} NMR (100 MHz, 298 K, CDCl;)
5: 141.1, 137.2, 134.2, 129.7, 127.7, 127.5, 126.3, 124.9,
124.8, 124.7, 124.5, 123.8, 123.7, 123.66, 122.6, 120.1,
120.0, 117.4, 109.1, 106.4, 101.7, 54.0 (CHCly), 51.5,
36.7, 30.2, 27.4, 25.9, 24.0. Anal. calcd for CsH4oCloZr®
0.2CH,Cl,): C 70.02, H 5.63; found C 69.62, H 5.65.

437 {C2H4-1,2-[4,7-(CH3)2—3—BH-C9H3]2}HfClz (mes0-7
Fa rac-7T)89 A &,

Gl EFEEEY 5, KM L'H: (0.86 g, 1.6
mmol). IE T EE P IE LA (1.3 mL, 2.50 mol/L, 3.2
mmol) MY &L #5(0.53 g, 1.6 mmol) ¥, £]10 mL &
FGEVA R G INNZ) 10 mL IF Chidh i, Z2IRELRES
FIFE 5 14(0.08 g, 6.3%). meso-7: 'H NMR (400 MHz,
298 K, CDCl;) d: 7.10 (d, J=7.8 Hz, 4H, ArH), 6.99 (d,
J=7.8 Hz, 4H, ArH), 6.71 (d, J=7.2 Hz, 2H, Ind-H), 6.64
(d, J=7.2 Hz, 2H, Ind-H), 6.05 (s, 2H, Ind-CH), 5.3 (s, 1.0
H, CH,Cly), 4.61 (d, J=16.5 Hz, 2H, CH,-Ph), 4.28 (d,
J=16.5 Hz, 2H, CH,-Ph), 3.96~3.86 (m, 2H, Ind-
CH,CHy-Ind), 3.56~3.46 (m, 2H, Ind-CH,CH,-Ind), 2.51
(s, 6H, CHs), 2.50 (s, 6H, CH;), 2.32 (s, 6H, CHs);
BC{'H} NMR (100 MHz, 298 K, CDCls) d: 140.5, 133.9,
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132.4, 129.8, 128.9, 128.8, 128.7, 126.59, 126.56, 124. 7,
124.5, 118.7, 116.9, 54.0 (CH,Cl,), 36.6, 31.9, 21.0, 20. 8.
Anal. calcd for C4H4oClLHf*0.5CH,Cl,: C 59.86, H 5.09;
found C 59.59, H 5.18.

BB WOATHR G, AL 2 mL 1EC ke
IR, E—20 C&AF NEHT 2 k4 1S B B A ik
0.16 g, /*F 12.6%. rac-7: '"H NMR (400 MHz, 298 K,
CDCly) 6: 7.03 (d, J=7.6 Hz, 4H, ArH), 6.83 (d, J=7.6
Hz, 4H, ArH), 6.76 (d, J=7.2 Hz, 2H, Ind-H), 6.64 (d, J=
7.2 Hz, Ind-H), 5.77 (s, 2H, 2-Ind-CH), 4.42 (d, J=16.8
Hz, 2H, CH,-Ph), 4.18 (d, J=16.8 Hz, 2H, CH,-Ph),
4.04~3.94 (m, 2H, Ind-CH,CH,-Ind), 3.71~3.61 (m, 2H,
Ind-CH,CH,-Ind), 2.45 (s, 6H, CH3), 2.40 (s, 6H, CHs),
2.30 (s, 6H, CH3); *C{'H} NMR (100 MHz, 298 K,
CDCls) 0: 140. 6, 134.0, 131.2, 128.8, 128.5, 128.4, 128.3,
127.8, 126.7, 126.2, 125.6, 119.4, 115.2, 36.8, 30.0, 21.7,
20.9. Anal. calcd for C4oH4oCLHf: C 62.33, H 5.24; found
C 62.33, H5.15.

44 ABEFRIETE
441 MAO KA

¥ 50 mL BEFN AT E T AN
EIRN, G BAAE 180 CH I R hE =, Wi
ISR B e = IR DA L R PRI A SR Sk
THESG, VTR 12958 0.05 MPa, FHiR 5 IR
EROFTE. LLE 2 W run 4 NH1, RUHIES 85 1A 24k
PN TR 2K 21.4 mL(GRA ISR TR A 25
mL). MAO [ H 2K 2.6 mL (0.77 mol/L, 2.0 mmol)+
HEALF 2R AW 1.0 mL (1.25 mmol/L, 1.25 pmol). iki&
FERAE L) 10 min, IINMEATIER, 5T 06
BREITIE LT RN GEN . 255, 151k
Tk, S RGEFE RS KRR A 15 min, RS
PR TR IR S, BTS2 R P INN 2 mL F R VR K
KB, TR 200 pL EBEGEAE A AR, BEFEH GC 44T
TR BAWBBIMATTESEN 10%H) HCl LEEH R
10 mL, 79K, BUA MR, F/K ek 25 ARk B 0 4a
h. KRS P IRAEIR K, H&IFANHE, K
MgSOs T+ 2 h J&. IR ZTo/K MgSOa. & BRI H
KJg, e E TS BRI RS T
442 TIBA/B(C¢Fs); & TIBA/TrB 4 %

¥ 50 mL BEFN AT E T AN
BN, G2 180 C i R iz =, Wi
TGS B e = IR DA L R 7K AR SR Sk
TG, VAT 12958 0.05 MPa, FHiR 5 IR IR
EREFTE. LLE 2 % run 17 J9W, R ST 2R 28
AN ELEF 2K 20.4 mL(ARFFETUR AR 25
mL). TIBA [JH R 2.3 mL (0.1 mol/L, 0.23 mmol),
R EFEZ) 10 min, JOA TrB FH R 1.9 mL (1
mmol/L, 1.9 pmol) A& f# 16 71 F R W 1.0 mL (1.25
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mmol/L, 1.25), I i§7T AM & 71 2 KA e s /190
SN N FFIGITE]. G5, 7 mk, K8 S s
FERE B UKERIS A ED 15 min. RS SR P I TR R AR,
ISR AN 2 mL B K SR, AN 200
ulL IEBRGEVE N AR, BFER GC 7. BRI G RAks:
TN B BN 10%) HCL ZFE W 10 mL, 43, B
AL, KPR 2 R I ER L. KA ke H
RFEPIR, GIFENUAH, To/K MgSOs T 2 h J5. i
JEBR S TEK MgS0s. ZERRIEFIF ARG, HEHETSTEHESR
1H EAR I FAEA TS
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