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ol A 71918 A 7hsAd ol L7] Wil upgkA EhA] gt

A o 2, WA T sto]=FA] 7] -2 0.1 mmol/g WA 10 mmol/g B+ 0.5
SV A 3l = stol =5 A 719 4
Aol Azvubd 2 2 e 2 20, 7Y 25, AKE X
23 ylo] Az gol ofs] =4 = Ut A
o S efo] kg 2he) 7F 4] a1, A
LA 8k= slo] = E A 7] o] &l of] ol A 7] lgk A THsAd o] St

A7) BAE Sl A Aelgh, 53] A7 AS sastel A
A5, e AS 4] B 19 e el 28717k 3hey
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Mo RRE Feluo] Yo

YA
ar

d

Z

ol M =

=7

sele)

uj 7} 71e] glow, 1 A}

==
=

[178]

uj o] 24 F-A

ol

D

2 & 9k 10 pmol ]/, B3= oF 30 pmol ©]/30] 3z, °F 100

(@) 7]%

I}, 2 F 80 umol ©|

ks)

g7t oF 1 g
umol ©]

Al
=

=]
=~

==
=

LRy o]

KeN
o=

szl/H

g

)

o
=

el g g

[180]

a7 st

[182]
[183]

o} A% A

¥yl

EATORN FHA GAE ] 7
glol 241 54 £4 Sl 74 o] 714
et

==
=

[184]

A H

3
Al
H xghst 4

b7] shsba] 2 7] 4=

D

AT,

-
U

=
=

g

==
=

ol 4 A 15 o) 4be]

52

(3

[186]
[187]
[188]

-[AL(R?1)-O],,-

20 A,

—_

ol

7] s}

)

AO

—

W
N
o]

&

i
i

l

—_—— — — —

—

W
N
o]

&

i
i

l

=3 —
T o ¥
w2
i g -
Moo X %
g ST
5o )
S e
By O
W o N °
<
1_.E1r‘+|,

—_—— — — —
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[200] HE 4 YAlolm;

[201]  ZE 135 o)

[202] =, B2 Tt AL Adolahal, 747t 5 /A O E Cyyp oFE = Chy
ehzlolar, o 714 A7) Conp OFH 3= Crog G HI A SHY 7|1} BE= S, C
120 B, Crag EFA B Coop T FHAIE A H = 024 A E ¥ = sk
o] /o] 2 37] =& X gt ch

[203]

[204] - BAA A, Sl ER2 I V] = Sto]| BRI QR A AAE A A g
Hef o] 17F 2871 2A, & 7], dADV], &r1d 7], ofd 7], ol 27,
ol2 A d 7], ot 2 U7 d 7], A olH Y], Al E Y] R ey|dold Y] 55
et = 9l el an, B 1 WA 309] stol =2 V)= w1 WA 20
EE AT L WA 109 stel=2pU 7Y 4 Qo) Ao &, sto| =2 7] =
A, FA N = a9y ¢dd 5 dnk B A A o2 'hA g 1 WA 309
stel =27l 7= we ], 97|, n- 228 7], iso- 222 7], n-FE 7],
iso- 7, tert- & 7], n- AL 7], n-F A 7], n-FE 7], Aol 2 A Y] o] H 4,
WA e ¢ EE ed, vled, vz e tEGAY, sidE- Y,
= EFedd 5o oldrd 4 vk wdh viged, ol e, vign]sd,
ey o] ehzlold e = olom wldwe, sdeld, Bl dvd,
vrzgee Fof ofdd AU Lk ol ek o, O o H Y, R,
FEid, dEd 5o gAY o o

[205]

[206] 7] 3}shA 28 FAE = RS, o & Eof /A v E 5] 54 MMAO),
| €l &F 1] = 4AHMAO), ol @ F ] 54k, o] A E R u] Ak, R g F ] sAk
T S dALFFHA Tt

[207]

[208] 7471 3}shA] 30 & BAH = 4 754 S ES, o E B Evd YT,
EgoddFug, Ego|AREHS T w, EYZE2H ST,
EfREdFuly, gudE2 2305, v go] AR E e ],

v gddFu g todEgadFug Edo| X2 dodFuH,
Es-HEdFr i, E SR AL SR, EAL ST,
EgoladEgddFu g, EYI AT, o wE e,

et gdedFr g, Edd LT g, Edp-5EEF 5,

e g | SA =, HuEd R u ol EA =, EYuE B2
EodRrRE Eo|ARERE EYZEIRE EYHEEE A F Ut

[209]

[210]  A7] 3} 48 BAEE 3RHE S, d & 50
Edodd v ULHEDNURE EREd R U ED AL E,
EWESdTULSHEHURE Egzaddr U S EdidEE,
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[211]
[212]

[213]
[214]

[215]
[216]

EYUESR YR HES(p-5H)HE, EZZ2 LG R U HE S (p-5E)HE,
EgdEd U Edhop-tdid)nE

EuE AR YL EH Edo,p-tHE i d)HE
EREAdrUHEGp-EHE giﬂﬂﬂém.
EfuEddrURHEGp-EYEE2 2 d)EE
EgiEgdn S HEAAEGEZZ o2y dRE,
NN-toHold Uz Ec}id B E

NN-Todold YU FE| EfHAE S F QLRI B E

oA P U HEGAEEFEdAdREE,
EYALd¥EAEFHESGHLIELE ECUHEYAY FHEGIHIEE,
EfoddrULHEHGH DL T w, EYFESR YU H EGG I d &5,
Egu ey UL HE ﬂalg,

EfIzaddryFHESHA YT g,

EfuE YR HES(p-EH)EFH 7,
EfzaddrySHEGp-28)d 7w,

Eo e 4R YR H E e o,p-H M E 3 D) FH 7,
EYFEARUZHES(p-EYEFLEME A DL F ),

EduEdr UL Edp-EdEFegrddddFr g EdRd gy
HEGHAeEF 2 d dF 5, NN-to|eold gl S| Edhu d &F v 7,

NN-teldotd g Ectd et s 2 29 d 7+,
Held 2 s e| Ectal e E 7 o 23 d a7,
Egud Ay mHEduddFrlE, EgulEd ¥ A
EidtE U HESU LR E, B dIt Y EE
Eduad7tE YR HES(p-ER 222 EAE) R E,
EidtE R HESHEEFLRIERE

T Egted &FE,
I E el d &7+,

LS GV Sl 2 S, BV 250k 4] shekA 19 vE 24 B ehe

Z}7F oF 1:1 WA o 1:100009] x| 2 1@%#ﬂ“ﬂ1%ﬂﬂ&ﬂL°1l
WA oF 1:10009] Er] & E3+st 4= lar, U £ upgh 2 8H A= oF 1:10 W A] oF
1:1009] =42 32313 5= Qi) ol u|, 7] Eu| 7} oF [ v gko]H &) o] 74
%%11”xmvkuﬂﬂﬂilé?é?11 gFol & o] stold 4= 9l a1,
71 EH)7F oF 10000 It 25 9] F4r0] 23] Su o= g3t
& 71 AT

_4
_I_/

et 25| GAFS HA 1g 7|22 F 3 mmol WA 2F 25 mmol,

= 2F 5 mmol WA 9F 20 mmol¥ 4= 1T},
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HAE Ao A SR RS A A= G L 3] 25 L 3]
MRS SR o] B8 WA E Eahehis Al Mol o8] Az 5 ol

[217]
[218]

[219]
[220]

[221]
[222]

[223
[224
[225
[226
[227

—t e e e

[228]
[229]

[230]
[231]

A7 el A, HA 2312 5188] FAE A L o] oke] G YAEN
delxl Melell A a4 Qlrt o & S, 312 A F AL @A E A3
o] g38to] WA 5 i1, o & Bof, BA 253z oF -30°C WA oF 150 °C <
el A ﬂzﬁm,ﬂ HABHA= o 50 °C W A] oF 98 °C, Hoxz 9F 55 °C i A] <F
95°C7Fd 4= QUvh. FA] AREE F A8k aral o= Al vl E 24l 35 o] ol
upe} 44 0}711 A 5 k. WS AL H A Sl vk Bl E o ek
HSE SHFAIA A7 ste] AR AFE S = gla, A e st SR A2 WgS
gelea S48 Aol AR 4 At

1951, 7] A Sl e] Al gl B T4 sol FaE 5 9l

U7 AR AP ALE THs @ SR S i A 2 AR v}
P gl B WA 2o RS e} Sk gl U2 R
e Pa QAR A B2 S, el g o6 2w
ﬂEﬂaEi%%Gmwwﬁ%ﬂﬂEﬂ%ﬂovﬁé1B®ﬂﬂﬂE5ﬂ
o 7] SIS E 9l S, R, BT, i U F 2 e sho)
e 7] st
T3, 7] Ev) 2L, 5] 8 52 EAEE A A 15 ol 42
(@)

R>N-(CH,CH,OH),
7] 892 5O A, RIS Cap®] 24 L]k,

501]}\1 R51.&- Cys /] ¢l7] O]U:], AF7| Rslo] AF7] &k
Y7 E pghst o, B e YA fk glo] g%k di A

- R =z
WA A8& B v A anE JEld 5 9l

4
_—>‘~l_:ll
a2
o
fr
0%
~
[r
o _ISL'

B AL O R By B EEA Y A3 SAobul e 4] 5514 5] A R
2 G A o) ALY, 2 Cp ] A2l &, Z2Cpp 58 A A
sehEd 7 e, ol= @r?;’}% T 15 T = 2F o] TEE o AHgE
4=}, = A]—c%jﬂo %

N,N-H| 2=(2-3]| =5 A o €y H E} € ]N O}U] (N,N- Bls(2 -hydroxyethyl)pentadeylamine,
Atmer 163™, CRODAALA]) 5ol AM-8-5 45 gl

&, A A7 2ehE A9, 7] 2A 100 gs V12 1g A 10 g,
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[232]

o ' ol
L G 5 o T 5 x 2 o
AL o W R = W R 5T wm Jo
™o 2o N o B T W Ho " Mo coll o o A =
) = - —_ s o — ol — of ™
ﬂxo%;lﬂ ey v T ™ = Ly o T R = B
ﬂu_um_ylaﬂd_ﬂ%ﬂu ofp oW T G Blox _ < X Bo ==
M= B L e WU~ £l m or oo
M= ~ X 2 g AR 2 A ol
i =y =3 from i o wH of = py i
PizhsT IE Baf Er td 3us 2y
~ o M K = Mo AP ofp Y ™y = = ar
brekzl Z5 e ore gL Tmu IR
= ~K O — ~ 5 UT E.E 0 ot O# S ™
w K E T g = o 03 o o o b M S N AT
PEF YR g s B ® Ny Ho o or K o)
]W_MOﬂﬂ\ 2 = ﬂuioﬂﬁ N ﬂplo_e 7%Uﬂ wy AF
nEET LT mRX Emg. T 00T 5 o
P T T = T imjalwo N q B = o c
NG wE ool I T o e
s < X = ) Mo i %0 ﬂ,ﬁ <y oK M:. o WL A B X
—_— o — e = _ = Ml o =
PXBmgy 5% Tex e ®F 0§ =H
= PR T o ™ = ~ ™ e — AK ol O ol ol 0= ol o] o
I R ym e e m o m T e m 5
Mopws=®as 0 LT o X G B e C 2o
TEE N o B o WL g X T i)
Tw o= P o %ﬂﬁ% A R =
SETERAz R ol SuE Swd o eww gF
o MR TR B - WY o e I N | = = o A ~ = @ = ©
oo o 2, HY |y ol = @ M Mo — ™ F o o do & Wo S m o o
= ! =) 6N v ~ gl W w2 <O e "o )
PR m Ny W =% % =R =0 d SR S T
N — . oy = o X 5 5 Wy %o T A
S LT N ol o Nl L o v w
—_ L.O —_— ) ~0 TO —_ 0O —_ #O O# ,DL AT L._W L.K
5O RO Mg o 0 g e Dol e e Ay o8 N
N o=y NN o i L E T — Mo mm =T ew — % i
T L B e A o X ~ o NN T — oy N ~ X9
TRERTER gl do MR HEE dhr L0 NTH o N
ROOP R ORE T OMP o Mo KT O oW o = WS o A wr
) o =~ 0 o S — SR "
N on onon onoon < < < < <
g a8 d & o & & & & & &

[246]
[247]



2

ks)

FA

ks)

af

PCT/KR2021/009156
S

o1, 871

2

[e}

T
=

71 A °F 800 ppm ©|

=
=

,
I =5 <F 10 ppm WA 2F 300

b At

ks)

ks)

ol A]
F 1 kgf/er WA oF 100 kgf/enf, £ <F 1

]
kgf/er W] oF 50 kgf/en, =2 oF 5 kgf/enf W] F 45 kgf/en, =2 °F 10 kgf/cnt

WA 2F 40 kef/em, -2 9F 15 kef/em HA] 9 35 kef/emd 5= AT
H AR

H

19
o

=

=

g

==

oF 25 oC WA 2F 500 °C, =2 F 25 oC W] <F 300 °C,

5 9F30°C WA 9F 200 °C, F-2 2F 50 °C W A] oF 150 °C, -2 2F 60 °C W] #] oF

T
T .

s,

5

selold el A
%}

= |

2}zl

2,747
H

WA 129 A
A}g3h= o] v
ol &, 371
3= 2F0 HA] ©F 800 ppm, S 2} 300 ppm ©]

A

WO 2022/015094

[248]
[249]
[250]
[252]
[254]
[255]

™

3

—

(e}
H

25

°

} &= 9F 15 ppm WA ©F 100 ppm

D

o
g
o
o
s .
- fuy
o ok
o) AR
_zm e
g ®°
e

)

. hr o]

o}

« cat

o]
AR

A~
T

(@@ A=

]

. hro]

sF, 2= ¢F 15kg PE

5

« cat

1S ), °F4.0kg PE /g
.hro]

Fakol
« cat

-

- cat - hr W] %] ¢} 50 kg PE /g
v 24 & &S °F42kg PE /g -

|, £ <F 30 kg PE /g

=

Al(kg PE)9] B & A4

ks)

- cat * hr ©]
- hr 0] &}

4.3kg PE /g * cat - hr 0]/, == 2F 45kg PE /g - cat - hr o]0 ™, =& 2F40 kg
* cat

L= 9 4.0kgPE /g
AR, AT

PE /g
/g

[256]
[258]
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[260]
[261]

[262
[263
[264
[265

—t e e e

[266]
[267]

[268]
[269]

[270]
[271]

[272]
[273]

[274]
[275]

of upet, &5 g5 &8 3 (Tm) o 5 A& thH

Hyr

HH

l'_EL*

o = } 7} (Short Chain Branching, SCB) $l&Fo] =& A&
lsstet. o, #-& A& 7]'7<](SCB)EHZ‘ Foli= T AR Eof =2

ooz
2 o yo

£S5 ML ANES s, BE FUA A 176,

~N N
=
o
rm

1840, 1S ) 53} o] Bhag: 4 o] 49l Aot WS ALE T B
RHEoi A @I ES o gk,

71 Edelddle] Az Wi, e S 24 s EA skl £
TR sl uteh, 7| AA B0l g el Edde AT 5 vt

S, Yoy ol b Aol npEw, A g o Az,
Aoh-go) T TUBA R L, Feldl A AT

47) B)oldel, =, ool 2o A B Eikel, Seldda
A =, FHH R AFEO] 9F 380000 g/mol WA F 650000 g/mol, T oF
390000 g/mol

A
T 3

=

Ao 2, A7) Zglod A e S A Mw) I 3 o B A M) 2
3 A 2l E 18 9)(GPC, gel permeation chromatography, WaterA} #l| 22) &
ol-gsto] AT = St

TAA o R AR 3 2vE 13 3)(GPC) AX] 1= Waters PL-GPC220 7] 7]

o] -85} a1, Polymer Laboratories PLgel MIX-B 300mm 4 ©] ZH& & AF-8-3F 5= it}

olu] 4 5= 160°Co|H, 1,2.4-E gl &2 2l A (1,2,4-Trichlorobenzene)<
S| 2 A AFEE 4 A, §452 | mL/min® 483 4= At} )o@l e
AMEZo 7E7F GPC ¥4 7]17] (PL-GP220)-2 o] -&3to] BHT 0.0125% .3+-%

A] ©F 630000 g/mol, == ©F 400000 g/mol W =] F 580000 g/mol Y
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[276]
[277]

[278]

[279]

[280]
[281]

[282]
[283]

[284]
[285]

[286]
[287]

[288]
[289]

A

o]
ot

Eg &2 2 A (1,2,4-Trichlorobenzene)oll 41 160 °C, 10 A 3} &<t
A2 8har, 10 mg/10 mLe] -5 52 A8 U, 200 uLo] Fo2

o4

AT 5 Qleh B3, e 2 BE AN ol goto] FAH P4 FHLS
o] g5ke] Mw 2 Mnel @& 53 5 Qlrh. o) 2E A 5F A9 o] S

B 2}8F-L 2000 g/mol, 10000 g/mol, 30000 g/mol, 70000 g/mol, 200000 g/mol,

700000 g/mol, 2000000 g/mol, 4000000 g/mol, 10000000 g/mol 8] 9F & A& =

o]
AR

= Ab] ZYodd F5EA =, -84 (Tm)o] 9F 115 °C o] Af B=i= oF 128 °C
o, & of 117°C o] 3= °F 126 °C ol 8t 5= Sl Th.

Ao &2, 7] Zelol gl T A 9] &84 (Tm)=
Al ZF= AL & 7| (Differential Scanmng Calorimeter, DSC)& ©]-&38}o] &4 3 =
1

TAL Rz, AV el FFFAE 150 C7HA 7HEEd F
AL, -100 °«C7HA] 255 el F UA] 255 SV Z s ol 259
e} e g s 47 10 *C/min .2 £ x ﬂu} 8 LEE F A
=72 &
= O

7] Z29eE i g A 4 AT FHET-IR) 2 S48 e g
100070 & ¥FA5= 2 W =] 7 7] 2] A 7}FA](branch)Q] @& ¥-2(SCB) 7|7}, ¥4 <=
4.0 7H o]Ac} =100 7l 13 =2 4.3 7l o], == 4.5 7 o] ol A, &2 85

Ao 2, 7] Sl el F53hA o A @4 #-%](SCB, short chain branch)

Sl B A9 100070 A5 2 WA 7 71 2] B 7FA] (branch) ¥4l ¥ %] (SCB)
Mg A A HETIR)C 2 Zg sk g o2 78 5 9ok,

TAA R, 7] Zelo e al g% A = PL-SP260VS< ©] 83} BHT
0.0125%7} 3349 1, 2, 4-Trichlorobenzene®l] A4 160 °C, 10 A| 7+ & <F = o]
A A 2] & ¥, 312 GPC(PL-GPC220)2} ¢1°2 ¥ PerkinElmer Spectrum 100 FT-IR-S
o]-g3te] 160 °Col A =74 gt

H
FUSZ 02,

7] Zelel | s A

= s QUJ] e ol7F A=

= =2 X|(morphology) & e, A3
S Hhgol maAow A&

ru}M

2

e
0?4 e S

N
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[290]

o

AEREEL

[s)

[ A4 &2 ol $-5°

[292]

wK

Ho

A](SCB, short chain branch)

L

S|

A 3

S|

s U

-
U

ER E A

[e)

=

o

+3kA

o
1=

o =S
2 5

23!

=

=

) 6.4 mL (16 mmol)

7k Aok
ol
oH

[e]
=

t}h. n-#4H(n-hexane) 70 mL, X ¥ & -4 ol ] = (MTBE, methyl
y

|2

(n-BuLi, 2.5 M&] n-S A &

olu}.

[e]

T

Fa ol

A
5]

T .

L
H

=
=

ol
5]

=
T

ZFH
CEREE IS ASE

3~

)

}

O
=

=

LA

=1

=

_Cl

—si Zr—
S Ccl

|

AR

[e;

o A
of el A7 A

B!

tert-butyl ether) 10 mL

I
A 1-1. 817+ = 3}H3HE (2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)

dimethyl (2-methyl indene) silane 2] #| =
2-v| &l ¢1¥l (2-methyl indene) 15.24 mmol

<H gz 339 Azx>

-4 o]
A1

1
1

=

=
7

[294]
[295]
[296]
[297]
[298]
[299]
[300]
[301]



23

WO 2022/015094 PCT/KR2021/009156

[302]
[303]

[304]
[305]

[306]
[307]

[308]
[309]

[310]

[311]

st A X134 8] A 7FeFSiTt. 25 °«Coll A 12 A[E & <QF nwkek &
2 2] e 2 (dichloro dimethyl silane, 15.24 mmol)= ©] o] A ¥ ¢t}

-

iy

Ry

o2 w3 7lo) 2-w e -4-5d-1,5,6,7-H| E&}5Fo]| = 2 -s- 1 THAl
(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacene) 15.24 mmol-& H+-5-7
T304 79t 712849 Uh MTBE 35 mLE 5l abaL aibA] A ¢4
LA AT W7 & 25 oCE WA 7] F n-BuLi (2.5 M2] n-84F M) 6.4 mL
(16 mmol)E W WEaF A A 154 38] A 7}t QA T, 25 oColl A 12 Al gF & <QF LRk gk 3,
CuCN-<$ 4 a1 3043 HE-S- A AT},

2
I
o
r ]

g
ol

S=& A T, 25Co A 12 A gE E 2t wkE A ZA T} o]
P A, §E3 71 & AXA 7 F &5

& g7 o AFHstars ¥ F
E} §71%S MgSO, = &A1 7] a1, thA] g

O

H

_|_4

r
OO

ol el F

—_—
[—}

in

=
5

I=
(o)

S

N )
il
it

o o

>
[o]
=2
Ot

]

BT
o

(o 4
olo o & o
oo [
b ez —E Ly
dn o = -
2 > i
o Mo rZ
9

ri 32
Olt
—|~

.ﬂ

si =si o zrcl,
1. n-BuLi ZrCly

P o ’O‘ Purification .@@

S
e O O

A 1-2. A o] 5% 31-E Dimethyl silanediyl
(2-methyl-1H-inden-1-yl)(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)
zirconium chloride®] A &

A7 @A 1-10 A Al zxz3E 2] EE 55 <(toluene) 21 mL 2
t] of] & o] ]| 2 (diethylether, Et,0) 2.1 mL/] &3} £-vj|(Toluene/Ether, 53] H]
10/D)ol] =o]ar, -25°CE W2 &, n-BuLi (2.5 M9 n-3AF &91) 12.8 mL (32
mmol) & A3 ] A 7Fah L EksEg T, o] o] 25 oColl A 12 Al ZF FoF mukElar
20 °CE %Z% ;} % ZrCL (15.24 mmol)S EF(0.17 M)el] &3tate] A =3k
£ E Tt 2] arpa], 25 0Coll A 12 Al ZF FoF whkel & g =
W A ZA 75[ A AR ). v] & 2 2 W ¥HDCM, dichloromethane)<- ©]-& 3}
g dadsto] Azxg Fo, v 22 e/ 4HS H7Fsho] Aol A
AAZAZ . o] % AAE A& At X Axste] 1A o] wE =4

o T
319t =S =M - (powder, only racemic) & 20% (& 71) 53 T
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[312]

[313]

[314]

[315]

[316]
[317]

[318]

[319]

[320]

[321]

[322]

[323]
[324]

[325]

o] & A doj Ao]F2: 3}3HE ol thale], Bruker AVANCE IIT HD 500 MHz
NMR/PABBO('H/F/Broad band) probe: 'H, -&-7: CDCL,;= NMR H¢o|H &

2459k,

'H-NMR (500 MHz, CDCl,, ppm): 0.21(s, 6H), 1.79(S, 6H), 1.95(m, 2H), 2.80(m,
4H), 6.36(s, 2H), 7.18-7.51(m, 10H).

A4 2

A 2-1. 17+ = 3}3HE (2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)
dimethyl (2-methyl-4-phenyl-indene) silane2] A%

F7] g ol 19] @A 1-10 4] HhEE A 2 2-w e Q17 (2-methyl indene) A1
2-v| e 4-5d 1 ¥l (2-methyl-4-phenyl indene)S A}-&3F= A2 Al )5l
Fdel] 19 @A 1-13 TL3 I o =2 4] e 3k
(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl) dimethyl
(2-methyl-4-phenyl-indene) silane-& #| =3} 31 T},

@A 2-2. Aol 5<% 3+3E Dimethyl
silanediyl(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(2-methyl-4-pheny
1-1H-inden-1-yl) zirconium chloride] A=

71 A 2-1014 Foj X 2= ARRRE A S A2l etars T4 o 18] @A
129 FARWH O V] 25 2= Holw S 313H= Dimethyl
Silanediyl(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(2-methyl-4-phenyl-1
H-inden-1-yl) zirconium chloride (3} o] 2)& A 238} 31 T}

'H-NMR (500 MHz, CDCl,, ppm): 0.22(s, 6H), 1.81(S, 6H), 1.98(m, 2H), 2.81(m,
4H), 6.35(s, 2H), 7.18-7.49(m, 13H), 8.29(d, 1H).
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[326] Fd4d 3
[327]

[328]

[329]

[330]
[331]

[332]

[333]
[334]

[335]
[336]

SHA 3-1. 2= B E
(4-(4'-(tert-butyl)phenyl)-2-methyl-inden-1-yl)dimethyl(2-methyl-4-phenyl-1,5,6,7
-tetrahydro-s-indacene) silane 2] #| =

F7] g ol 19] @A 1-10 4] HhEE A 2 2-w e Q17 (2-methyl indene) A1
4-(4-(HER ) )21 & Q191 (4-(4-(tert-butyl)phenyl)-2-methyl indene)=
AbgshE A& Al stas FA o 19 b 1-139 Fd & W o2 7] gite
3hHE
(4-(4'-(tert-butyl)phenyl)-2-methyl-inden-1-yl)dimethyl(2-methyl-4-phenyl-1,5,6,7-tetr

ahydro-s-indacene) silane= A 23} $1 T}

A 3-2. Aol 74 33E Dimethyl silanediyl
(4-(4'-(tert-butyl)phenyl)-2-methyl-1H-inden- 1-yl)(2-methyl-4-phenyl-1,5,6,7-tetra
hydro-s-indacen-1-yl) zirconium chloride ] | =

71 A 31014 Foj X 2= ARR R A S A2l et T4 o 18] @A
129 Fdgt Wi o R ] F25 2k Aol 4 33HE Dimethyl Silanediyl
(4-(4'-(tert-butyl)phenyl)-2-methyl- 1H-inden- 1-y1)(2-methyl-4-phenyl-1,5,6,7-tetrahyd

ro-s-indacen-1-yl) zirconium chloride (34 o 3)2 A 2351t}

'H-NMR (500 MHz, CDCl,, ppm): 0.25(s, 6H), 1.33(s, 9H), 1.75(S, 6H), 1.81(m,
2H), 2.81(m, 4H), 6.36(s, 2H), 7.18-7.39(m, 12H), 8.21(d, 1H).

A4 4
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[337]

[338]

[339]

[340]
[341]

[342]

[343]
[344]

[345]
[346]

@A 4-1. Y E B9 E
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)dimethyl(4-(
4'-(tert-butyl)phenyl)-2-methyl indene) silane 2] A=

871 F7 ol 39| @A 3-10] 4 REGEA =
2-H e -4-91d-1,5,6,7-H E ¢} 5 o] = =2 -s-Ql T} Al
(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacene) T A1
2-H ¥ -4-(4(tert- )3 D)-1,5,6,7- H Eg} sl o] == s-Ql T} Al
(2-methyl-4-(4'-(tert-butyl)-phenyl) -1,5,6,7-tetrahydro-s-indacene) & A}-8-3F= %l &
A eskar= g ol 39 @A 313 A g W o g Y] RhE ke
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)dimethyl(4-(4'-(te
rt-butyl)phenyl)-2-methyl indene) silane-e A 23} $1 T}

@7 4-2. A o] 54 3+F-E Dimethyl silanediyl
(4-(4'-(tert-butyl) phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-b
utyl)phenyl)-2-methyl-1H-inden-1-yl) zirconium chloride®] | =

71 EA 41014 Qo 2= ARRRE A S A9l st T4 o 39] @A
329} FUg g o g Agr] FF2E 2hE Ao 313HE Dimethyl silanediyl
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-butyl)
phenyl)-2-methyl-1H-inden-1-yl) zirconium chloride (34 & 4)S- #| 2235} T}

'H-NMR (500 MHz, CDCl,, ppm): 0.22(s, 6H), 1.29 (s,18H), 1.75(S, 6H), 1.81(m,
2H), 2.81(m, 4H), 6.36(s, 2H), 7.18-7.39(m,11H), 8.21(d, 1H).

dAdd 5
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[347]

[348]

[349]

[350]
[351]

[352]

[353]
[354]

[355]
[356]

-

Cl

@A 5-1. 92 E =
(2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)dimethyl(4-(4'-(tert-butyl)phenyl)-2-
methyl indene) silane2] | %=

871 F7 ol 39| @A 3-10] 4 REGEA =
2-H e -4-91d-1,5,6,7-H E ¢} 5 o] = =2 -s-Ql T} Al
(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacene) T A1
2-WEl-1,5,6,7-E]l Eg}slo] =2 -5-ATHAl (2-methyl-1,5,6,7-tetrahydro-s-indacene)<
AR&hE ZLE Al el etalE g ol 39 || 319 FAF R o R 4] gt
I gy
(2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)dimethyl(4-(4'-(tert-butyl)phenyl)-2-meth

yl indene) silanes Al =331 T}

A 5-2. Aol 74 33 E Dimethyl silanediyl
(2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-butyl) phenyl)-2-methyl-1
H-inden-1-yl) zirconium chloride$] A=

71 EA 51004 Foj X 2= ARR R A S A9l etars A o 39] @A
329} FUg g o g Agr] FF2E 2hE Ao 313HE Dimethyl silanediyl
(2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)(4-(4'-(tert-butyl)phenyl)-2-methyl-1H-ind

en-1-yl) zirconium chloride (34 ol 5)& A =3}l T}

'H-NMR (500 MHz, CDCl,, ppm): 0.22(s, 6H), 1.23 (s,9H), 1.79(S, 6H), 2.07(m,
2H), 2.85(t,4H), 6.36(s, 2H), 7.24-7.49(m, 8H), 8.29(d, 1H).

AAdd 6
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[357]

[358]

[359]

[360]
[361]

[362]

[363]
[364]

[365]
[366]

-

cl
/
>Si Zr—cj

34 6-1. ¥l 7H= 31 3E (2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl) dimethyl
(2-methyl indene) silane 2] A =

871 FAd el 19] @A 1-10] 4 REEEA =
2-me-4-31d-1,5,6,7-F] Eg}sto] =2 -s-Q1 1Al
(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacene) T A1
2-WEl-1,5,6,7-E]l Eg}slo] =2 -5-ATHAl (2-methyl-1,5,6,7-tetrahydro-s-indacene)<
A= ZlE Al 9l st Fd ol 19 @A 1-13 Td g e ® 4] giie
3}3t= (2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl) dimethyl (2-methyl indene) silane

2 A za 9.

A 6-2. A o] 5% 31E-E Dimethyl silanediyl
(2-methyl-1H-inden-1-yl)(2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl) zirconium
chloride?] #| &

871 @A 6-1914 Do YPEE AR S A Al 9l eharis Aol 19 &4
129} FUs Ho B 7] F2E 2HE H ol 74 33 E Dimethyl silanediyl
(2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)(2-methyl-1H-inden-1-yl) zirconium
chloride (3174 o] 6)2 A Z 38}t

'H-NMR (500 MHz, CDCl,, ppm): 0.24(s, 6H), 1.76(S, 6H), 2.17(m, 2H),
2.89(t,4H), 6.42(s, 2H), 7.24-7.35 (m,6H).

A7
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[367]

[368]

[369]

[370]

[371]

[372]

[373]
[374]

[375]
[376]

-

cl
/
i Zr—cl

@@
Q)

@A 7-1. 92 E =
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)diethyl(4-(4'-
(tert-butyl)phenyl)-2-methyl indene) silane ] A=

371 A el 48] DA 41014 wWhgEA 2 v F 2 2 v E 4 (dichloro
dimethyl silane) T A1 ©] £ & & t] ol €l A @ (dichloro diethyl silane)S AF-&3F=
e A efstal=s A o 39 @A 3-13F A3 o' Y] ks g gtk
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)diethyl(4-(4'-(tert
-butyl)phenyl)-2-methyl indene) silane-&- #| =3} 31 T},

A 7-2. Aol 74 33E Diethyl silanediyl
(4-(4'-(tert-butyl) phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-b
utyl)phenyl)-2-methyl-1H-inden-1-yl) zirconium chloride®] | =

871 @A T-1914 Do YRPEE AR S AS Al 9l eharis FAd ol 49 &)
429} B3 HhE o & Aby] TS 2= A 0|54 53 Diethyl silanediyl
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-butyl)
phenyl)-2-methyl-1H-inden-1-yl) zirconium chloride (34 &l 7)S #| 2235} T}

'H-NMR (500 MHz, CDCl,, ppm): 0.66 (m, 4H), 0.94 (t, 9H), 1.33 (s, 18H), 1.79 (s,
6H), 1.95(m, 2H), 2.83(m, 4H), 3.36(s, 2H), 7.3-7.40 (m, 11H), 8.29(d, 1H).

A48
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[377]

[378]

[379]

[380]
[381]

[382]

[383]
[384]

@A 8-1. 9= B9t e
(4-(3',5'-di-tert-butylphenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)diethyl(4
-(3',5'-di-tert-butylphenyl)-2-methyl indene) silane 2] A=

71 e 78 GA 7100 e ER R
2-vlE-4-(4'-(tert- Y- E) ¥ H)-1,5,6,7- Bl E e 8 o] = & -2 T}A4l
(2-methyl-4-(4'-(tert-butyl)-phenyl) -1,5,6,7-tetrahydro-s-indacene) T A1
4-(3°,5- B ERE v d)-2-1]€-1,5,6,7-E]| Eg}dl o] = 2-s-Ql T} Al)
((4-(3',5'-di-tert-butylphenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacene) & A}-&3}3L,
4-(4-(B|EFg)z| )21 & 21 ¥l (4-(4-(tert-butyl)phenyl)-2-methyl indene) TH A1
4-(3°,5- B ERE v d)-2-1]€-1,5,6,7-E]| Eg}dl o] = 2-s-Ql T} Al)
(4-(3',5'-di-tert-butylphenyl)-2-methyl-1H-indene) & AF-&-3h= A& A & stal=
Gl 78] GA 7-13 sde e r Y] 2RtE Bghe
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)diethyl(4-(4'-(tert
-butyl)phenyl)-2-methyl indene) silane-&- #| =3} 31 T},

A 8-2. Aol 74 33E Diethyl silanediyl
(4-(3',5'-di-tert-butylphenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(3',5'-
di-tert-butylphenyl)-2-methyl-1H-inden-1-yl) zirconium chloride] A=

871 @A 81014 Ao YRPEE AR S AS Al 9l eharis FAd ol 79 &
728 FAGHH O R ATV 2 E ZEE A ol3 S 313E Diethyl silanediyl
(4-(3',5'-di-tert-butylphenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-y1)(4-(3',5'-di-ter
t-butylphenyl)-2-methyl-1H-inden- 1-yl) zirconium chloride (34 ¢l 8)&

A8k A

'H-NMR (500 MHz, CDCl;, ppm): 0.68 (m, 4H), 0.90 (t, 9H), 1.37 (s, 36H), 1.82 (s,
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[385]
[386]
[387]

[388]

[389]

[390]
[391]

[392]

[393]
[394]

6H), 1.98(m, 2H), 2.81(m, 4H), 3.36(s, 2H), 7.35 (m, 4H), 7.73 (s,4H), 8.29(d,1H).

dAdd9

@A 9-1. Y E B9t =
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)methylpropy
1(4-(4'-(tert-butyl)phenyl)-2-methyl indene) silane2] | =

71 Aol 4o @A 4-1004 kg EA R
] & 2 2 v] v & A @H(Dichlorodimethylsilane) T 4l
U] 2 2 2 | g 32 2 I 2 FH(Dichloromethylpropylsilane) & A}-&3F= 31 -&

Aol shal= A ol 4] A 4-13} s AR o R Y] YR E Bt e
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)methylpropyl(4-(
4'-(tert-butyl)phenyl)-2-methyl indene) silane-& #| =3} 31 T},

24 9-2. A o] 74 3+¥E Methylpropyl silanediyl
(4-(4'-(tert-butyl) phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-b
utyl)phenyl)-2-methyl-1H-inden-1-yl) zirconium chloride®] | =

871 GA 9-101 4 dofxl B EE ARRE AlE A9l sharE g o 49 B
429} FAE WP OB AV F2E 2= Aol 54 3FgHE Methylpropyl
silanediyl
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4'-(tert-butyl)
phenyl)-2-methyl-1H-inden-1-yl) zirconium chloride (34 &l 9)S- #| 2235} At}

'H-NMR (500 MHz, CDCl,, ppm): 0.21(s, 3H), 0.60(t, 2H), 0.94(t, 3H), 1.29(m,
20H), 1.79(S, 6H), 1.94(m, 2H), 2.84(m, 4H), 6.34(s,1H), 6.36(s,1H),
7.28-7.39(m,11H), 7.91(d, 1H).
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[395]
[396]
[397]

[398]
[399]

[400]
[401]

[402]
[403]

[404]
[405]
[406]

GA 10-1. B = SFE A=

7122 % 250 mL2] schlenk flask®l] 0.83 g (5 mmol)9] & F 2 #l(fluorene)S- ¥ il
7+et aholl A 30 mLe] U] ol E ol Bl Z(diethyl ether) Z 5= &3t A7) o€ =
-8 9ll(ether solution) & -78 °C7HA W24 &k = Ee} 2 Y& o = 3 (argon) & &
%] 2+5} a1 2.4 mL (6 mmol)2] 2.5 M 2] nBuLi &4+ 8 9 (hexane solution)-& %1 51 3]
718 ATt vhE E3E2 AHe] 2o R & T U bR wekskgl T
T} 250 mL schlenk flask®l] o |2 30 mLE #|-¥ ¥ 2.4 mL (20 mmol)<]
t] & 2 2 v] v & 2 gh(dichlorodimethylsilane)-S 5= 3}l t}. o] e}~ E -78
C7A] W Z33E 5], o] 7] o] 2-3 2] £33 9 #l(2-hexyl-fluorene) 2] lithiated solution-S-
7NE eHcannula) & S8 FHBIATH FHo] T L2 F2oE 1A T
= T OFSAIZE FRF WREAIZT 2 205 7hQE sholl A Gl 2 AREE o Bl 2 &)
ool ke a2 2w A e A AT ek ol g
& A0 31 A (solid) 2] chloro(9H-fluoren-9-yl)dimethylsilane-S A At}

2

712 % 100 mL schlenk flaskl] 0.83 g (5 mmol)2] & F 2 A2 593} 30 mL 2]
o el 2ol &3 Al Z T}, o] F -78 °Coll A 2.4 mL (6 mmol)©] 2.5 M| nBuLi 4t
oS A3 2 7betar o F b anksl i), ehA A &
chloro(9H-fluoren-9-yl)dimethylsilane-& 40 mL2] o B Zof] Q1 %, -78 °Col| A]
=52 9 9] lithiated solutione & 7}3FI Ul 815 ¥ 5 9H(overnight) BE-&-3F &
o2 Woll 50 mLe] =& 2o A (quenchin g)stil 755 25l
MgSO, & 71 Z(dryin g)3+ ¥ o}, B (filtration) S -8 Yo7l E3E-& A3 7
Z71 o A Eull(solvent)E X7 Al A F & 4rkhexane) &2 A A A st Bt =
SIEEES A

—

ol
H

'H-NMR (500 MHz, CDCl;, ppm): -0.52 (6H, s), 4.26 (2H, s), 7.29 (4H, m), 7.36
(4H, m), 7.53 (4H, m), 7.89 (4H, m)

9 10-2. Aolu5 5 g2 A=
A %31 250 mL schlenk flaskel] 7] @A) 10-10 A4 A 8 2] = 3135 1.94
g(5 mmol)& ¥ 3L o Bl 2] 3591 th&, 44 mL (11 mmol)©] 2.5 M nBuLi 34}
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&5 7} lithiationS A Z T} 8HF7F Ak 5= =21 B ¥k (glove box) W oll A
1.88 g (5 mmol)9] ZrC14(THF)2:—§ Z| &l 250 mL schlenk flaskol] Hal o E| 2 & €&
a9 F 7S] Eetkaa B 78 °C7bA
11th1at1onP4 ‘j/]ﬂt 3} 52 33 3] Zr suspension® 7}5FSI T

2 A7 A ZH T e FE Rt Hhe

AGPA| 7] & 3%719} %x o= ZE Al 2=l (filter system)ol| A o] Z3E-&

rﬂ rﬁ
o~~~
w2
c
w2
=
(@]
=
3
@]
=
\_/

[407]  'H-NMR (500 MHz, CDC13, pprn) 1.46 (6H s), 6.99 (4H, m), 7.29 (4H, m), 7.68
(4H, m), 7.9 (4H, m).

[408]

[409] B 2L 3HAd o 2

[410]

C|
Si Zr\C|

OO

[411] A 11-1. S A= FE Y A=

[412] THF 1] }o| A tert-Bu-O-(CH,):Cl 3} 3= 3} Mg(0) 7F2] vh-g- o 2 H-¢
12V (Grignard) A] 9F ¢! tert-Bu-O-(CH,)gMgCl 8<% 1.0 mol2 AT} Alx=¥
g vE 3H3E-S 30 °C 9] A el 2] methyl-SiCl; 3}3HE(176.1 mL, 1.5 mol) @}
THF(2.0 mL)7} ©A = Eeh 200 7habar, AF2-oll A 8 AlZE o] 4 alHkA| 71 2
Ay FNS AF A3 tert-Bu-O-(CH,)sSiMeCL 2] 31328 A tha&
92%).

\

[413]

[414]  -20°Cel| A HFg-7]ol] &F < #(3.33 g, 20 mmol) I} FAH100 mL), L
MTBE(methyl tert-butyl ether, 1.2 mL, 10 mmol)E 2 31, 8ml2]| n-BuLi(2.5 M in
Hexane)= %131 3] 7}8tar, 2ol A 6 AF wibAlA 2 dd ¢ F &%
ARt ko] EAE Z wh-gT] £ 55 -30 °CE WZFA[7] AL, -30 °Cell A
& 21100 mL)ol 9} ) 3= tert-Bu-O-(CH,)6SiMeCly(2.7 g, 10mmol) & 4 ol 7]
Azd ZF2dd dF 892 1 Agkel] 2 133 71abglnh. Aol A 8

AlZE o] A kg 2 &5 H7beto] & 38)al, 1 Z(evaporation) s}
(tert-Bu-O-(CH,)e)MeSi(9-C1sHyp), 3H =2 A ATH5E.3 2, T8 100%).

[415]

[416] 'H-NMR(500 MHz, CDCl;, ppm) : -0.35 (MeSi, 3H, s), 0.26 (Si-CH,, 2H, m), 0.58
(CH,, 2H, m), 0.95 (CH,, 4H, m), 1.17(tert-BuO, 9H, s), 1.29(CH,, 2H, m),
3.21(tert-BuO-CH,, 2H, 0), 4.10(Flu-9H, 2H, s), 7.25(Flu-H, 4H, m), 7.35(Flu-H, 4H,
m), 7.40(Flu-H, 4H, m), 7.85(Flu-H, 4H, d).
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[417]

[418] A 11-2. Aol 55 S3HES AXx

[419] 20 °Coll A 271 &A] 11-101 4 A 23 (tert-Bu-O-(CH,)s)MeSi(9-C1;H ), (3.18 g,
6 mmol)/MTBE(20 mL) & <8 of] 4.8 mL2] n-BuLi(2.5 M in Hexane)< %1 %1 3]
7heta 2o & &) dA] §AIZF o] 4 HES Al A v] @] H < (dilithium salts) 22 2] 2]
G NS Azt -20°Col A A7 Az Yl w59 €48 & 98 ZrCl(THF),
(2.26 g, 6 mmol)/F2H20 mL)°o] £l 2] &N 2 8] 7hatar Aol A 8 At
S o WA Z T A AEE o Fetar of g 1 Ao g Hojuo 74 aLA
e 9] (tert-Bu-O-(CH,))MeSi(9-CsHy),ZrCl, 3355 A TH4.3 g, 558 94.5%).

[420]

[421] 'H-NMR(500 MHz, C¢Dg, ppm) : 1.15(tert-BuQ, 9H, s), 1.26 (MeSi, 3H, s), 1.58
(Si-CH,, 2H, m), 1.66 (CH,, 4H, m), 1.91(CH,, 4H, m), 3.32(tert-BuO-CH,, 2H, 1),
6.86 (Flu-H, 2H, t), 6.90 (Flu-H, 2H, t), 7.15 (Flu-H, 4H, m), 7.60 (Flu-H, 4H, dd),
7.64(Flu-H, 2H, d), 7.77(Flu-H, 2H, d).

[422]

[423] A3

[424]

»
oo
~o ¥
o~
o O@)

[425] GA 12-1. F L= 8-(4-(tert
-butyl)phenyl)-6-methyl-1,2,3,5-tetrahydro-s-indacene 2] 34

[426] 8-Bromo-6-methyl-1,2,3,5-tetrahydro-s-indacene (35 mmol, 9.8 g), (4-(tert

-butyl)phenyl)boronic acid (70 mmol, 12.5 g), sodium carbonate (§7.50 mmol, 9.3 g),
tetrakistriphenylphosphine palladium(1.80 mmol, 2 g)-& 250 mL RBF¢]| ¥ iL
F7A35 mL), ol (18 mL), (1 mL)S WAtk 212] 31, 90 °C& W] 2] 7FE ¥
QA 2ol A 16 A7 ESF kS itk NMR 2 HE-g-o] X3 F s
grolslal wh-2 o] & A E i 16 Al 7F 327} 52 A] 7] A 1}, indacene 2

G & A 9] gk vh-g-&-S Hol 9= indacene®] Yol o] 71 A ek 16

o
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[427]

[428]
[429]

[430]
[431]

[432]

[433]
[434]

A
=2 AAsA T Al Gl & B Al A sl v a2 ¥
AAE A ZT AR A E o Fetar v EhE 2 A H sto] &F7] -2 9]
2] {F= 8-(4-(tert-butyl)phenyl)-6-methyl-1,2,3,5-tetrahydro-s-indacene (8.5 g, 80%,

white solid)2 4=5-3F31 ¢

»
a0

'H-NMR (500 MHz, CDCl;, ppm): 7.44~7.31(m, 4H), 7.12(s, 1H), 6.47(s, 1H),
3.19(s, 2H), 2.97(t, 2H), 2.09~2.02(m, 5H), 1.38(s, 9H).

9A 12-2. Y= FFE
(6-(tert-butoxy)hexyl)(4-(4-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-inda
cen-1-yl)(4-(4-(tert-butyl) phenyl)-2-methyl-1H-inden-1-yl)(methyl)silane 2] /g

4-(4-(tert-butyl)phenyl)-2-methyl-1H-indene(19 mmol, 5 g)< 100 mL Schlenk
flaskol] ¥ L o} = AH & WhEo] F=ATE ol =L AE v 2A HHE F
& AH66 mL), -5+ MTBE(13 mL)E ¥ 31, -25 °C& W28t} #n-BuLi(2.5 M in
Hexane, 21 mmol, 8.4 mL)E 3 3] F=Ustal, - o] EUH A2 02 52319
3AIZE & F kel Qi) agko] b, ThA] 225 °CE W 218} AL tether
silane(15.20 mmol, 4.1 g)= one shot 2. & Z g}~ 0)] F9]8fal A0 7 A 3]
¥ &Fo] LiCle A 718 5 & & 328}
(6-(tert-butoxy)hexyl)(4-(4-(tert-butyl)phenyl)-2-methyl- 1H-inden-1-yl)chloro(methyl)

silane & A 23t}

“12) 31, T} 100 mL Schlenk flaskell, 471 @A 12-101 4] Qo %] 8-(4-(tert
-butyl)phenyl)-6-methyl-1,2,3,5-tetrahydro-s-indacene(19 mmol, 5.75 g) 2
CuCN(0.95 mmol, 0.09 g)& Y3l o} 2 A H & W] Tt} o} = A e 7}
ZA ¥ H H= MTBE48 mL)E ¥ a1, -25 °C& W28t} #n-BuLi(2.5 M in
Hexane, 21 mmol, 8.4 mL)E 3 %3] F=Ustal T o] B A2 0 =7 523}
3AIRE Fot ket Qi) uiRko] b vhA] 225 °CR W Zbstal b 3 &
(6-(tert-butoxy)hexyl)(4-(4-(tert-butyl)phenyl)-2-methyl- 1H-inden-1-yl)chloro(methyl)
silanee one shot 2.2 F e} 2ol Tkt 1e)ar, A2 02 33
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[435]

[436]
[437]

[438]
[439]

[440]

TEATIAL 16 A 7L Eo wnks it A7 AR o2 A A8, &7 2
=

j

Bt W oy
_ﬁ

3} 315 (6-(tert-butoxy)hexyl)(4-(4-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-in
dacen-1-y1)(4-(4-(tert-butyl)phenyl)-2-methyl- 1H-inden- 1-yl)(methyl)silane =
531 %1 TH(10.87 mmol, 8.30 g, 57%, light yellow solid).

TH-NMR (500 MHz, CDCl,, ppm): 7.78~7.41 (m, 6H), 7.34~7.31(m, 3H),
7.28~7.12(m, 2H), 6.84~6.80(m, 1H), 6.56~6.54(m, 1H), 3.77~3.60(m, 2H),
3.27~3.23(t, 2H), 2.97~2.81(m, 4H), 2.20~2.09(m, 6H), 2.04~2.02(m, 2H),
1.39~1.38(m, 18H), 1.15(s, 9H), 1.52~0.43(m, 10H), 0.02~-0.15(m, 3H).

9A 12-3. Aol 5% 7 E
(6-(tert-butoxy)hexyl)(methyl)silanediyl(4-(4-(tert-butyl)phenyl)-2-methyl-1,5,6,7-
tetrahydro-s-indacen-1-yl)(4-(4-(tert-butyl)phenyl)-2-methyl-1H-inden-1-yl)zircon
ium dichloride 2] | =

471 @A 1220014 Lol
(6-(tert-butoxy)hexyl)(4-(4-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-
1-yl)(4-(4-(tert-butyl)phenyl)-2-methyl-1H-inden-1-yl)(methyl)silane 2] 7F=(2.62
mmol, 2 g)< 50 mL Schlenk flaskol] ¥ il o} 23 A EHj & W&o F=lt) o} 2
AEf7F A E W Fa= Yo Eof B 2(52.4 mL)E 2 il -25°CE Y24 th
-BuLi(2.5 M in Hexane, 5.76 mmol, 2.3 mL)& 13| =8}l =9 o] F1}H
A0 5 -8ke] 3AZE &)t ake it ayko] b o] e}, 7rCl,
-2(THF) (2.62 mmol, 1.0 g)°] 53l o= 4l 2] Schlenk flaskE -78 °C=2
Yrpetar e G S A 2alEo] 50 9= flask 2 A2 Aol A Edl 2

SHoITE A2 o0& Hdd3] 52 A2 H 16 AlZE E et wHkslel T, aiRke] b
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[441]
[442]

[443]
[444]
[445]

[446]

[447]

WA A S ob = ulel A Belshe] A7 ska Gl & 125 crude
mixture S A UT}, ol & HALEo F4= S5 5o -25°C W A -30 °Col| A
Bstol 3 & AT A Y 1A= A e e o) sl 94
A7bstel Eol 2 ¥ ReElste] wolFirh 1e 3, AL nAE Axste] YAl
Zv] 8512, 2, Aol F S 35
(6-(tert-butoxy)hexyl)(methyl)silanediyl(4-(4-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetr
ahydro-s-indacen- 1-yl)(4-(4-(tert-butyl)phenyl)-2-methyl- 1H-inden-1-yl)zirconium
dichloride (0.49 mmol, 0.45 g, 19%, yellow solid)& 53} %l T}

i

'H-NMR (500MHz, CDCl;, ppm): 7.48~7.46 (m, 3H), 7.42~7.40(m, SH),
7.25~7.23(m, 2H), 7.18~7.16(m, 2H), 6.69(s, 1H), 3.38~3.35(t, 2H), 3.01~2.79(m,
4H), 2.35(s, 3H), 2.21(s, 3H), 2.03~1.94(m, 2H), 1.88~1.35(m, 10H), 1.15(s, 9H),
1.33(s, 18H), 1.19(s, 9H), 1.16~1.12(m, 3H).

H] 2L o 4

A 13-1. Y E HAE
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)dimethyl(4-(
4’-(tert-butyl)-6-tert-butyl-5-methoxy-phenyl)-2-methyl indene) silane$] #| =

471 3 el 49 @A 4-10] 4 WhEEA R 44 -(H B3 d)- 2 E <1k
(4-(4’-(tert-butyl)phenyl)-2-methyl indene) tH2!

4-(4-(H EHE)-6-E| EF RS- S A9 d)-2m <1yl

(4-(4’ -(tert-butyl)-6-tert-butyl-5-methoxy-phenyl)-2-methyl indene)S A}-88}= 41-&
A elstaL= Aol 39 WA 313 FAFT W o' Y] s e
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)dimethyl(4-(4'-(te
rt-butyl)phenyl)-2-methyl indene) silane-e A 23} $1 T}



38

WO 2022/015094 PCT/KR2021/009156

[448]

[449] A 13-2. Aol 54 &3 E Dimethyl silanediyl
(4-(4'-(tert-butyl) phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(4-(4’-(tert-b
utyl)-6-tert-butyl-5-methoxy-phenyl)- 2-methyl-1H-inden-1-yl) zirconium
chloride 2] #| =

[450] 7] @A 13-1004 o =S AR S A1E Al @] stars 9 ol 49] v
429} FAF WA o 7] TEE 2= W] 24 3132 Dimethyl silanediyl
(4-(4'-(tert-butyl)phenyl)-2-methyl-1,5,6,7-tetrahydro-s-indacen- 1-yl)(4-(4’-(tert-butyl)
-6-tert-butyl-5-methoxy-phenyl)-2-methyl- 1H-inden-1-yl) zirconium chloride
(A 2L ol 4)& Al =38k

[451]

[452] 'H-NMR (500 MHz, CDCl;, ppm): 0.23(s, 6H), 1.29(s,18H), 1.41(s, 9H), 1.76(S,
6H), 1.92(m, 2H), 2.80(m, 4H), 3.85(s, 3H), 6.36(s, 2H), 7.28-7.36(m,9H), 7.58(s, 1H).

[453]

[454]  BlALFAE A5

[455] O

(-
\giﬁg

[456] 2| 14-1. 817+ = 8H3HE (4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl) dimethyl
indene silane] A=

[457] 7471 33 e 19 @A 1-10 4 v EA = 2-wE 219 (2-methyl indene) T2
o4l (indene)S AF-&3FaL, 2-v| € -4-9]d-1,5,6,7-H] Eg}5Fo] = & -s-Q1 T}All
(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacene) T A1
4-3d-1,5,6,7-el E&}sl o] =2 -5-ATHA (4-phenyl-1,5,6,7-tetrahydro-s-indacene) 2
ARESEE AE Al stais, ol 19 @A 113 A g R o= 4] ke
3}3& (2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl) dimethyl
(2-isopropyl-4-phenyl-indene) silane-& #| 2235} 31 T},

[458]

[459] G4 14-2. Aol 54 &3 E Dimethyl

[460]

silanediyl(4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(1H-inden-1-yl) zirconium
chloride 2] #| =
71 EA 14-10014 Dol xl =B ARG AS Al €]

Ot

Far= §HAd of 19] vHA
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1-29} 33U o g Aby] L2 E Zh= A o]F 4 315HE Dimethyl
Silanediyl(4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(1H-inden-1-yl) zirconium
chloride (] 2L §H4d o] 5)& A =3} 31},

[461]

[462] 'H-NMR (500 MHz, CDCl,, ppm): 0.22(s, 6H), 1.96(m, 2H), 2.83(m, 4H), 6.36(d,
2H), 6.58(d, 2H), 7.18-7.50(m, 10H).

[463]

[464]  HlAZF A6

[465]

[466]  PCT 53154 270 T K WO 2006-097497 Alell WA ¥ vpell whe} 471 - %9]
Aol 3152,
1,1'-dimethylsilylene-bis[2-methyl-4-(4-tert-butylphenyl)-5,6,7-trihydro-s-indacen-1-yl
1} zirconium dichloride (W] 22 g4 o] 6)& A 235} o}

[467]

[468] H| 23 o 7

[469] O
g

Cl

e

s Zr—
_Si Cl

[470] 2| 15-1. 1 7H= 3H3HE (2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)
dimethyl cyclopentadienyl silane$] A%
[471] A7 &) 19 dA 1-100 A4 §hg=2 = 2-9 € 1%l (2-methyl indene) Li Salt
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[472]
[473]

[474]

[475]
[476]

[477
[478
[479
[480

— e e

[481]
[482]

[483]
[484]

[485]

solution T2l Al E 2 ELT] ol d Y EF(AFCp, Na cyclopentadiene) in THF(1.0
M)S AFE3E AL A9t A 19 @A 1-13 T3 o g2 A)by|
o] JFE $}3E (2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl) dimethyl

cyclopentadienyl silanes A 23} T}

@A 15-2. Aol 5% 31 E Dimethyl
silanediyl(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(cyclopentadienyl)
zirconium chloride 2] A=

71 @A 15-10014 Dol zl HRPEE ARE S A1g Al 2l sha= g of 19] &
129} A M o= 4] TE 2= Ao #4 515-E Dimethyl
Silanediyl(2-methyl-4-phenyl-1,5,6,7-tetrahydro-s-indacen-1-yl)(cyclopentadienyl)
zirconium chloride (B] 2314 o] 7)& A £ 3813 T}

'H-NMR (500 MHz, CDCl;, ppm): 0.22(s, 6H), 1.80(S, 3H), 1.98(m, 2H), 2.80(m,
4H), 6.35(d, 2H), 6.41(s, 1H), 6.50(d, 2H), 7.41-7.46(m, 6H).

<HA S A x>

AzEd 1

3] F(pico) HF-g-719l 50 mL &F NS €& 3, Ar 3Foll A A 2] 7} (Silica gel,
SYLOPOL 952X, calcinated under 250 °C) 7 g2 ¥ a1, W & &5 1] = 2HMAO) 10
A 24

=
mmolg ol A Zd?ﬂol T4 3] 95 °Cell Al ZF & QF nlHkE} o]
HES A AT Hb-S 24 3 207 23|41 | ot WX 31e] cannulaE:

()]
Lo Hm

TE;*—‘

ol g3l Enj& decantﬂu} Toluene (400 mL)< % B ol wHkslal 15 %

= oF W] 3} o] cannulaE ©] €38l 8= decant 3%

s o 19 vl =24 83E 60 umole & 52l 30 mLol =<1
cannulaE- ©]-83f transfers} 31 t}. 80 °Coll A 2 Al 7} & <F ulHlS}
e 25 T X Ao Eupy A0 2135|4115 F o X5 cannulas

o] -3l &1l & decants}qlth FEF A A A G v AL ES
EFAd o= A A AT Ao 8 A x| Al H g 2 AL Stel A T E A A &=
N,N-H]| 2~(2-3] = 5] of] &) e} ] 4] o} 71 (N,N-Bis(2-hydroxyethyl)pentadeylamine,
Atmer 163)E 2 27t F(g) 7| T L2 2 wt%E A3 mLol o] Y2 &
Aol A 10 7 F et wRkeGlTh vhE FA T 2 d o] U, AR
A| A 3FAL glass filterZ transfers} o] %UH 5 Al Asl o

oA Ag skl 5 AIRE E ek 12 A 8kaL, 45 °Coll A 4 A3t F et g St
27F A zste] anA Ak FEjof Aef kA vg2A S & 5e3iu.
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[486] A Zd 2 WA 9
[487] S o 19] vl =2 4 3= iAo, Zh2E A o 2 Wi A 99] HEZ Al
(@)

[488]

[489] A Zd 1 A 7

[490] ﬂHﬂLAﬂﬂiﬂﬂE%waw&ﬁMEﬁﬁﬂl A 72] wWlet= Al
- o

[491]

[492] <ZYddd >

[493] AAd1

[494] A7) Az 1ol A Dol xl @A) FHujj o] EA shol] o dll-1-8 4 FFIAE
Azl om, A4 A Q1 v & o) g of )

[495]

[496] 600 mL 2~ e Q& 2~ HH-&-7] & 120 °Coll A 213
k250 goll ERHE AFE1]H(TMA) 1 g& ¥
A

S| & .
N7 F, 4250 g, Ed] ol A E YT IBAL) 0.5

H].o ]7] aﬂ/& Egr ] (

ge WAl 5uE e alwksk it e b, 7] Al el 104 dojxl ghA] S
7mge B F, 70 °C7HA L5E v wbst it 70 oCol A nEb HE
A 1 1-3) 4l (1-hexene, C6) 10 mLE 3L o & &l (ethylene, C2)E 30 bar”7}~]
A2 5 aibg A 2SI 303 S ¢ T F b © C2= Wl ESSlT

[497]
[498] AA o 2 A9

[499] Azl 19] FA Hu) thAlell, 72 Al o] 2 A 90] A FulE AT AL
Aolstariz, Aale] 19 5GPy o2 o dll-1-9 FFRAE Azt

[500]

[501] I ETAC |

(5021 Azl 19] WA Sl hAlel, vl Az 19] FA Ful & A AL
Aglstiz, AAe 13 A g g o= o G184l BF A S Azshglch

[503]

[504] Hnd 233
[505] T
I

-_&,
0,
o
uv
ot
-_&,
rO
-
)
2,
! ’:
.’:r‘
[¢]
>
[¢]
=
CD
@)
RS
L
mlo
N
i~
[\ @]
o

[506]
[507] H] 1.4 4
(508] Azl 19] ©H Fu] thalol), vl Al 2o 29] WA Ful B AR E AL
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[509]
[510]

—

Hlalo 5

(1-hexene, C6)2] F Y %S 717} 20 mL (1] 2L o]

-

5) 2 25 mL (B] L] 6)

[512]
[513]
[514]

Hlalo 7

==
=

] T Alell, vl A o] 39] whA]

==
=

Aol 19] @A

[515]
[516]

Hlnlo) 8

[518]
[519]
[520]

Hlnlef 9

==
=

o e AL ell, Bl al A 2ol 49] HA]

==
=

Aol 19] @A

[521]
[522]

Hlao 10

[524]
[525]

Hlao 11

[527]
[528]

Hlal o 12

[530]
[531]

golgde F& T4 R EAL B>

=
=

<Al g d:

—_
fite]

ol

0

st

[533]
[534]

| & A (activity, kg PE/g cat - hr)

=nu

)

F(g Catyd A&

] 3
.

H =A

],

fite]
<

Al(kg PE)2] B & 7]

I
T
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[536]

[537] 2) €&§3 (Tm, <)

[538] A ZF=AL A 7| (Differential Scanning Calorimeter, DSC)E ©]-8-3}] TmS
ek

[539]

[540] TA A 02 A ZFALL A (DSC)ZE A, DSC 2920 (TA instrument) & ©] -85} <]
239 8§ LS =AY, FA A o7 = 3 E 150 C7HA] 7L e &
5E ol 82331, -100 °C7HA] £ 2 Y T ThA] £ 52 ZTA AT o
2o Asan e 3}7&:1: = 717} 10 oC/min O B ZAFAT} 8§ L= =
WA L7t ek TRkl S Fe slae Ao AP ow gt

[541]

[542] (3) T%F B AF (Mw, g/mol)

[543] A 51 A2t E T -4 (GPC, gel permeation chromatography, WaterA} Al 22)&

ol-gsto] el ddll FFFA 2 TFH T HAHFMw)S 5453t

[544]

[545] TAA o R, AR 3 Z2vE 13 3)(GPC) #&X] 3= Waters PL-GPC220 7] 7] &
o|-g35ta Polymer Laboratories PLgel MIX-B 300 mm 4 o] ZH&l & A}-8-3} 31T},
oluf &4 &% 3= 160°Co]H, 1,2,4—511] =2 2 WA (1,2,4-Trichlorobenzene) &
G2 AFEEE R o, 742 1 mL/minE SFRITH A A o] 2 Bl o) wE
Zelolddl A Al RE 247 GPC 4] 717] (PL-GP220)& ©]-&3te] BHT
0.0125% 319 E ) & 2 2wl A (1,2,4-Trichlorobenzene)©l| 4] 160 °C, 10 A 3+
&t o] A ShaL, 10 mg/10 mLo| 5 == A gk tF -, 200 uLo] o=
ottt S8 A 5 A|HE o] g5te] AAH A 248 o] &3]
Mw| #h& #5383tk E2) 28 7 15 A H o T3 H o AR 2000 g/mol,
10000 g/mol, 30000 g/mol, 70000 g/mol, 200000 g/mol, 700000 g/mol, 2000000
g/mol, 4000000 g/mol, 10000000 g/mol 2] 9E-& A8} o},

[546]

[547] 4) T4 EA(SCB, short chain branch, FT-IR) 7 <=

[548]  AAel E v 2] Ee]o €@l FFgA ol thte] A S H(FT-IR).Z,
hA S 100070 & A= 2 WA 7 7] 9] 271 (branch) @1 @) #A(SCB) 7H+5
A8kl

[549]

[550]  FAF o=, Zeldddll FFFA Al RE PL-SP260VSS ©] 83 BHT
0.0125%7} 3E3$+¥ 1, 2, 4-Trichlorobenzene®ll A4 160 °C, 10 A X} 5 QF =]
A A e] 8 & 312 GPC(PL-GPC220)9} 14 ¥ PerkinElmer Spectrum 100 FT-IR S
o] 8-3to] 160 °Coll A A 83T

[551]

[552] (5 F@AY ZEZA H7}
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[553] Aol 3]

8 o] el ddll FE AN thakel, 458 FFA 35019
Wit EPL &

oF @ 7L o 7 golsta A o B E = X (morphology) =

[554]
[555] TAACE, 58 U E BT AT =
= A|(morphology) 7} X2l & & -4kE
of = &% (very good)ZE H7}3}aL, A 2] B2 2 2] (morphology) 7}
QL7 5) AR A Q7o) 7 AR A ) B A= A7 Sl A ol
H & (good) 0.2 H7}akal, T34 o] BE = ] (morphology) 7 =2 &ho] o}
A Fole & QAT YA = A5 wHbad) 2 BT 53,
Zdold ¥ dA o] BEEATF B Aol A AR E S El
]

AzE A 73T kol FAsH7] ofef& 5 Ut

5E

o]
3
122

[556]
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[557] [3%1]

st = C6 24 Mw Tm SCB | Morphology
AR | (kg PE | (X10° | (C) |(7H/1000| B7}
(mL) |/g - cat| g/mol) O
* hr)
Al 1 | A | 10 4.5 530 123.5 5.2 %43
1
2N 2 | A 10 5.1 400 124.2 5.0 Az
2
2N 3 | FA 9 10 6.2 480 121.5 5.8 AT
3
2N 4 | A 10 5.9 450 118.5 6.5 Az
4
2N 5 | 349 10 5.2 480 124.5 5.2 AT
5
2Ad 6 | A4 10 6.0 460 125.7 4.5 Az
6
2N 7 | A 10 6.7 450 117.2 6.8 Az
7
AN 8 | B 10 5.5 580 121.8 5.8 AT
8
2N 9 | 3HA 10 6.0 480 121.6 5.9 AT
9
H e 1 | B e | 10 3.2 450 127.7 2.2 RE
A1
Hl e 2 | B3| 20 2.9 380 124.1 3.9 25
A1
H oo 3 | B[R | 25 =4 =4 =4 = -
de 1 7 | E7F | E7F | £7F | (Fouling)
H e 4 | BT | 10 2.7 400 128.4 1.9 RE
A 2
Hl e 5 [ B3| 20 3.0 350 125.8 2.9 25
A 2
Hnle 6 | H|ZE| 25 =4 =4 =4 =4 -
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de 2 7 | E7F | E7F | £7F | (Fouling)

Hlae] 7 | H]2& | 10 2.1 350 | 126.8 3.5 HE
el 3

Hlale 8 | B3| 20 1.5 300 | 1235 4.1 =%
el 3

"o 9 | H]aE| 10 0.7 350 | 124.8 3.8 HE
ol 4

Hlwe) 10 | B]E | 10 1.1 150 | 127.8 1.8 HE
el 5

Hlale] 11 | ¥lagk | 10 5.1 500 | 128.1 1.1 =%
el 6

Hlale] 12 | B | 10 1.1 330 | 129.2 1.3 HE
Aol 7
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