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[0216]

[0218]

[0220]

[0222]

[0223]

[0224]
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gom, nut FAHCRE Holw shte] §§L% FA: 60T o, nrk FAHORE 5C oldh, wrt o T
AALLE WC YA TAA Yebid S Sl olst @o] F LAWA A el ke A4 L 9
$4 SE8 Jbozd B $58 AEHe e & Qo

2oty 9lojA, Tc % Tme TAAlA A Z$ A xFAFEZA(DSC: Differential Scanning Calorimeter
2920)5 ol&3le] 54 , ol SRS A €4 olH(thermal history)S §lell7] #8 &%
10CE $2A17 FHA &8585 &3 ¥+t 549 DSC F4 ]*1 Tce W7z A &d 979 FHo X Ho|a
e 7 WA S2A F49 FJ39 A A He|t.

+

tlo %9
o
s
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[0232]

[0233]

[0235]

[0236]

[0237]

[0238]

[0240]

[0241]

ZIHSd 10-2017-0004397

o
o

_H-N¥R [(500¥Hz, CDCla): 8.22, 7.3

1
=

T.42(3H,, 3.24(1H), 3.22, 2.34(2H),

C.ET(EH .

AE BAFEB) A=

# ¥ A (Schlenk) Zgt2z0] tMizE 23 10gS WEAZZelo]=(MC) 50mlol] &HAAT. & o =g =
gk AICl; 9.8¢Z, MC 60ml, El22d Z2Fgo|=d wuks] 71, Al MCol &3lA17] tilz=E| o3l &

- | B E®)S 55
o
Y
= (B)
1E-M¥R (BOOMH=z, CDClsg): S.2Si(1H), 7.S3(LlH), BEIZH), 7.34(29), 4.Z7(1H),

1.04(1H), _.37(33]

Az 1-1: FPR=9 A=

1,2,3,4-H Eg}slo| =2 = (5mmol ) S MIBE(methyl-tert-butyl ether) 8mlo] =91 &Moo n-BuLi (2.3ml,
2.5M in hexane)& -20ColA AMA3] A7lslitt. F2oz A3 F2A171 5 4A3F Bt Aol unkslsl
o REE -78CE Y93, (0(e)E FH3H, A2oA 1AZE &t wndtslglnr. AAfs] &2A171 F o)
I YE (0.(g)E AASH 1247F B¢k Ao wykatdtt. -20ColA THF (0.53ml)3} t-BuLi(3.82m1)E
13 7, —20°C°ﬂ*1 2N AR AN 7] AE A0.694g, 0.55eq)S THF £NH(0.6M)ol o] X8| 2
Jbatadth. 12417 ZoF AL mHkAF) 1.0m1v§— FAstar, FAH6N, 30m)ES @o] 30%37F nwksle] A4
Kel

=
= 2 B*}"ﬂq dojxl EFES MCE FE3 5, TEAS NalHCO; &A= F3AA F7]&wE He +,

r&":_ﬁmo

MgSO,. 2 & AASAG. Ael7t A APE B 260mg A R 7] F29 R=(2-DE 539
(5= 346mg, F-&= 33%).

_31_



[0242]

[0243]

[0245]

[0246]

[0247]
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(2-1)

1 . . . T \ : - . . ; 5
E NMR (CDCL): 8.25(d,1H], 7.89(¢,1H), 7.72(t,1E), 7.5{m.2H]}, 7.23(m, 11T,
7.C3(d,1E), 3.38(m,1H), E.€3(3,1E), 3.4(m.1E), 2.3(m _H+13), 2.13(¢,3H,

1.3dir 1E), 1.64(m, _H), 1.07(m 33;

Azd 1-2: =g A=

1,2,3,4-H Egtslo| =2 7= (1g, 7.51mmol)S MIBE(methyl-tert-butyl ether) 12mlol =<1 &o] n-BuLi
(8.63ml, 1.15eq)E -20ColA AA3] Aztetgcr. Loz A3 A7 5 4A7F Bk ALoA] wnks
= %E% -78CE G531, (0,(9)E FHs, AZoA 1AZF FF wiksiditt. AA3] A7 F &gt
I dE 0()E AASE 12417 B¢k Ao wwradul. -20ColxA THF (9.76mmol, 0.8ml)3} t-
BuLi(9.76mmol, 1.3eq)E& FU3 T, -20TolA 2217t A AR, 7] A= B(1.2g, 4.5mol)E THF &
A(0.5M el Fol M3 FH7berATE. 12417F FoF A2 wWHHAIZ H | B 1.0mlE FUEaL, FAH6N, 30ml)E
go} 30&3F wutsle] A AURS-S {ﬁﬁﬂoﬂﬁ‘r. Ao Z3ES MCE FE3 5, TEA9F NallCO; 8o g 3}
NA F7149E FH3 T MgSO,2 FES AASAY. A87 2 4498 58 9 =3 Ao 8-(1,2-v
wHe-1H-WZ[b] | =[4,5-d] ] 2. 3-3-Y¥)-1,2,3,4-H EZ3to| =2 A=W (8-(1,2-dimethyl-1H-
benzo[b]indeno[4,5-d]thiophen-3-y1)-1,2,3,4-tetrahydroquinol ine) = (2-2) = FEIIFHFEZ=
203mg, TE&= 12%).

(2-2)

_32_



[0248]

[0250]

[0251]

[0252]

[0253]

[0255]

ZIHS3d 10-2017-0004397

'H NME (COCL: § 1,50 {d¢, SE, Cp-CE}, 1.€7 (m, 2E, TEQ-CHz, 2.13
(d, 3H, Cp—CHS: Z2.85 (m, 2H, TH&—QH ), 3.22--3.24 (m, _H, Cr-d), 3.28 (i, 1E,
TH&-CH:), 3.77~3.52 :];L d, 1E, MF), 4.07 (td, 1E, TH@-CE:), B.B9 (td, 1E,
aromat:c;, 3.9€ i¢d, 1H, e-omatc), 7.C2 (d, 1L, aromat.c;, 7.28 (dd, 11, a ommatic),
T AE~T.E3 \m, 2H, aromazic), 7.7 ¢, 1H, e omate), 7.3€ (d, 1H, arometiz;, 8.32 (4,

1H, a-ometic; ppm

Az 1-3: FR=9 A=

2-ME-1,2,3 4-HEgSlo| =27 = (1g, 6.79mmol)S MIBE(methyl-tert-butyl ether) 1llmloll <l £o] n-
BuLi (7.81ml, 1.15eq)E -20ColA AMA3] A71eldtt. Aoz MAM3] 5217 5 4A3F 5ok A2dA
Wit 28 -78CE WEal, (0(9)E FYahH, A2ddA 1A &k wnkslsicth. AA3] 52417 H

Zrodsta e C0(g)E AASH 12417F FoF A-2olA wukaldth, -20ColA THF (8.83mmol, 0.7ml)¥} t-
BuLi(8.83mmol, 1.3eq)E FY3F H, -20TColA 2417+ A=

£4(0.50) el =] A3 A7t 2t = 0.9mlE F93kaL, IAHEN, 30ml)E
o] 30&7F mnksle] A AW o EFES MCE FE3 §, TEASF NalCO; 8 Ao 2 3}
AA F718mE HE 3, MgSO,E FEE AAsS. Adsr A
(1,2-gme-1H-H % [b] A v x=[4,5-d]E| 2 #A-3-)-2-H|el-1, 2,3, 4-H Ee}slo| = 2 HHU(8-(1, 2-dimethy | -1H-
benzo[blindeno[4,5-d]thiophen-3-y1)-2-methyl-1,2,3,4-tetrahydroquinoline) @7=(2-3)E F53AH (S
k=358, 7mg, T&=22%).

AN ZT A7) AR B(1.09g, 4.1lmmol)ZE THF

A9 Ba, W wda A s

(2-3)

-_H Mi= iC:Sla: & 1.C4-1.10 (=, 3H, Cp- '!—'H 1, 1.5BE~1.61 (=, 3H, Z2-Me-
TAZ-CH3l, _.30~1.67 (m. 1H, 2-We-TEQ-CH:), _.90~1.35 (m, 1E, Cp-H), 2.07
m., ZE, Co-CHgs), 2.820~3.00 {m, ZF, EI—MS—THQ,—CHE:I, 3.34-3.43 im. 1E, 2-Me-
TAZ), 3.84~2.73 (m, 3, NE), 4.CT7 (ssxt=t, 1H, 2-Me-TEQ-CE, B.E7~3.71 (m,
1H, aromatic), 6.97 (1, _H, arcmat:c], 7.C3 (d, 1E, e-omatic), 7.20 (t, _d, arometiz],
T.45~753 (m, 2H, acomatic), 7.6%~7.7_ (. 1E, eromadic), 7.89 (d, 1H, aromestiz;,

8.22 (¢, 1d, aromatic) ppm
Azd 1-4: =9 A=

_33_



[0256]

[0257]

[0259]

[0260]

ZIHSd 10-2017-0004397

2-mE-21EH(1g, 7.51mmol)< MTBE(methyl—tert—butyl ether) 12mlel] =91 & n-BulLi (8.63ml, 1.15eq)

E 20T  AA3 A7kl o2 AA3] FEAIZ F 4AE Bt Aol A ety &2 -78T

2 UE3, 0,(0)E FYshe, A=A 1A &<t Jl”ﬂi Rtk A3 s2A7 F st dE C0(g)E

AAGH 1223F ot A2olA wEkaldth. -20ColA THFE (9.76mmol, 0.8ml)¥} t-BuLi(9.76mmol, 1.3eq)Z
|=

Py

11

[¢]

=018k =, -207T o)A 2/\171_} AL SANZT. 7] AE B(1.20g, 4.5mmol)E THF £-91(0.5M) ] o] A48
A7Eskglt. 12A413F )t A kA C B LomlE Fdskal, GAHEN, 30ml)E Wel 30%3F aykate] A
AvkeS W33t Oéoi A ER MCE FZE3 5, TEAS NallC0, F89ow F3AA F7]8wWE 3

=
T, NgSOE SRS AAST. A2 A AR B e e wAF) 7-(1,2-T G- -0 [b] e

s
e
()

NH

N

(2-4)

lE HME (CDC]E): § 1.25 (m, 3E, Cp—:Haj. 1.54~1.59 (m, ZE, 2-MI-CHal,
2.21 (s, 3H, Cp-CH:), 2.8E~2.78 (m, _d, 2-MI-CE:), 3.15~3.28 (m, 1H, 2-MI-
CEg, 3.54~2.6S (ur d, 1H, NI, 3.97-4.0% !m, ZH, 2-MI-CEz, B.7¢ o, .7,
arcmatic), 7.C3 &d, 1H, aromatic), 7.12 (t, _E, aromet:c], 7.22 {t, 13, e omadc,
TAE~7.53 (m, 2ZH, acomatic), 7.70 d, 3, eromedizi, 7.38 (d, 1E, aromat:cl, 3.30

e, 171, eomatc) mom

Azd 2-1: AolF% FFE A=

Tgfo] BFA QoA AF7] A Fo] 1-10)4] A|xd ]7F=(2-1)(100mg, 0.262mmol)ol n-BuLi (2.05eq)E -25°Cel
Al AAE] Artekelvk. EelErt @4E = Aol #EENoH, Ao R AAE F2AIT FH, 12413 B A4
WRrEATE. TiCly - DME(1.0eq) S -25ColA A713 & 12417 B¢t A2 wwkslgdt;, -25T2 253 9451
MeMgBr (0.18ml, 3.0M, 2.05eq)& myalwA s Evt. 255 A0 SEWA 12A7F &< WHEAIA
b Wkgol B $ AFES Aol fulE AASI, EF4 15 $ oAnsie] oJds Haduh, [FS Ao
EFAE AAG A asA aALe] Holgd e (1-1)S FEIAHETEZ=95.9ng, F5=80%).
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[0261]

[0263]

[0264]

[0265]

[0266]

[0268]

[0269]
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Azxd 2-2: Aolg% FFEY Ax

| vk <ol A A7) A ZFd 1-2004 AZ3 2] 7H=(2-1)(100mg, 0.26mmol)] n-BuLi (0.54mmol, 2.05eq)
-25CelA AA3 A7slitt. Eelg]r7t 45 o] AFEEem, F2oF AAE FA7 FH, 1241t
b A2 aukakedth. TiCly - DME(73.3mg, 0.26mmol, 1.0eq)E -25TelA #7kak 5 12413F <t A2 wnbs}
ATk -25CTE 255 W3 MelgBr (0.18ml, 3.0M, 0.54mmol)E WubsPHA HH3] ¥tk 2% <
S WA 12417 T HEGAIZY. dhgo] B & FE do] &ulE A Ast, dibel] &<l
ANs FHAk. TS Ao FAs AAS, g mFA mA G [8-(1,2-tHE-1H-MZ=[b] v x=[4,5-
d1E] 9. 9-3-21)-1,2,3,4-E| Eglslol =27 =] B etE o g ([8-(1,2-dimethyl-1H-benzo[b]indeno[4,5-
dlthiophen-3-y1)-1,2,3,4-tetrahydroquinoline] titanium dimethyl) Ho]&<% 3FEE(1-2)E FSAHES
2=23.3mg, FE=19%).

-
gul

L . P _ " - ; — B

4 MR (SDCla,lZ 5 —0.61 i=, 34, Ti—CH.), 0.6C s, ZE, Tl—CI-_a,. ~.90~1.37%
ir-, 2E, TA2-CHgy), 1.9€ (s, 34, Cp—CHs), 2.7 it, 2H, TH2-CHg), 3.15 (s, 3H, Cp-
CH3), 4.44~2 3% (m, 24, THQ-CH:), 6.6% t, 1H, arometiz;, 7.08 (t, 2E, z-omatic),

7.1% (d, 1H, aromatic), T.40 (d, 1H, aromatic), 7.£€ {4, 13, aromatic), 7.53 (=, 1H

aromat.c), 7.94 i{d, 1E, aromatic), 9.0C id, “H, aromadic) ppm

Azd 2-3: Aolg% &S] A=

Zglo] "kx olo 1 A7) Az 1-304 A ZF3 #7F=(2-3)(130mg, 0.33mmol)ell n-Buli(0.67mmol, 2.05eq)S
-25CoA AA38] A7ttt S8El7F AT E Ao BAEQow, Aeom XAE] H&AZ FH, 12807

oF A& ﬂtﬂlo}%ﬂq. TiCl, -DME(92.1mg, 0.33mmol, 1.0eq)ZE -25TolA FH7}3t 5 12417F <k AL wHlked
th, -25CE 255 331 MeMgBr (0.22ml, 3.0M, 0.67mmol)Z xykatdA HH3s) dvt, &3 Aeox
SEHEA 12413 F<F HESAIF Y. HES-o] Jé& T AT 401 s A ﬁ} , BFl 5 & og3ste]
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[0270]

[0271]

[0273]

[0274]

[0275]
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S Ao EFAE AASE A s mAge] [8-(1,2-HHE-1H-¥Z[b] 1l =[4,5-
1,2,3,4-El Eg}slo| =29 =51 ] ElElg o e ([8-(1,2-dimethyl-1H-
thiophen-3-yl)-2-methyl-1,2,3,4-tetrahydroquinoline] titanium dimethyl) Ho]&%

L_:'—(‘g AHFSE%=119.3mg, FE=77%).

'H NMR (CDCL): & -0.57 (s, 3H, Ti-CH.), 0.58 (s, 3H, Ti-CH), 1.11 (m,

3H, £-Me-THQ-CHs), 1.88 (s, 3H, Cp-CHs), 1.88~1.90 (m, 2H, 2-Me-THQ),
2.58~2.86 (m, 1H, 2-Me-THQ-CHz), 2.86~2.93 (m, 1H, 2-Me-THQ), 3.23 (5, 3H,
Cp—CHs), 5.42 (m, 1H, Z-Me-THQ), B.85~7.55 (m, BH, aromatic), 7.95 (d, ZH,
arornatic), 9.04 (d, 1H, aromatic) ppm

Azd 2-4: Aolg% &S] A=

o] wha obolA 7] Az 1-404 A3 2]ZF=(2-4)(150mg, 0.39mmol)ell n-BuLi(0.81mmol, 2.05eq)E
-25CoA A8l Artelitt. EelElrt A= Aol #EEG oW, Ao AAE A7 H, 1243 F
oF A& wwHkaklth. TiCl, - DME(110.0mg, 0.39mmol, 1.0eq)E -25TCeolA 2713 5 12417 FoF A2 wwts)
ATk, -25CE %2 Y331 MeMgBr (0.27ml, 3.0M, 0.81mmol)E nHkalHA HH3] WYr. w2 Aow
WA 1247 F wEEAIFTE. RESo] Ed T FE ZHo| 8E AAS AL, EFd H9 F o33

-t E-1H-H = [b] ¢l ¥ =

odds FHsAoh, IFS Zo] EFAE AAsY, 3 nsd mAAG [7-(1,
[4,5-d]E] 2 #-3-A)-2-wdel =] EEHE HuE([7-(1,2-dimethyl-1H-benzol[b]indenol4,5-d]thiophen-3-
vl)-2-methylindoline] titanium dimethyl) Ho]F% FE(1-4)E F5AH(S5%=131.8mg, TE=73%).
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[0276]

[0278]

[0279]

[0281]

[0282]

[0284]

[0285]

[0286]

[0288]

[0289]

[0290]

[0291]

[0292]

ZIHSd 10-2017-0004397

'H NMR (CDCL): & —0.46 (s, 3H, Ti-CH,), 0.67 (s, 3H, Ti-CH_), 1.80 (d,

3H, 2-MI-CHas), 2.0Z (s, 3H, Cp-CHs), 2.60~2.68 (m, 1H, 2-MI), 3.17~3.24 (m, 1H,
Z-MI-CHe), 3.18 (s, 3H, Cp-CHs), 5.05~5.13 (m, 1H, 2-MIy, 6.82 (t, 2H,
aromatic), 7.089~7.53 (m, 4H, aromatic), 7.94 (d, 2H, aromatic), 8.99 (d, 1H,
aromatic) ppm

AA Y 10 dEdH 1-5d FFFA Y A=

2L L EZH ol B (autoclave) ¥WH&7]o] &XH(1.0L) |wlet 1-=28l 210mlS H71s &, whe7] 222 150C=E 7}
galglth. 19k sAlol wHE7] W& @ oF 3sbarZ EIAIFATE. Eo|ARE AR E(1.00022 HEH &
71 Az 2-19] dolad 33dEQumol)d Yueelde]ls HEIDIA(HEESFLZ2H )R] E(AB) ZZv)|
(25 G S Fv ¢ g A 3, 7] dbE7dR F=Ygeih. old, sRgTIU 4ES <F 35bar®
Aotes oedS A FHIAA FFF S 38N AN Y. FI s ¢ @2 dEd JtaE

y a

<
=
B 2 opESR 77t

AAd 2 WA 4: ABAF 1-Sd FSFA A=
Azel 2-11A4 Az dola shghz thalol Az 2-2 WA 2-4ollM Az dolas sdEs 742 AL
st As Alstals, A7) A 1o et ede e s Fdste] ¥edes T8l

Hnd: Jqdday 1-2d FFEA A=

Az 2-194 AZ3F HolgLE FFgE thal
A7) AA o 1ot FdI Wor =33
Al 0976131500 71 AE el whel AAske] A 2388 ).

(1)

A8 1: 4 H7}

(1) &0 BHE: Az FEHA F SS9 O dolas AFEel w9 uEyy Ten
AABAE, FF W3 9B F AD WS §o) A9l AFS SHT @b, 1 FFPA AFEL 120 A
108 5o Adstel da §ulsh B BRAE BT AR de FEAAY AE 4D g WS A
WS, ool Flwetel AAE FERA AGW FH Wl ASH HolFE BAB B4 L FH ARL
ol gatel AL ALt

(2) 86X (Melt Index, MI): ASTM D-1238 (%71 E, 190C, 2.16Kg }=)=2 =A%},

(3) ¥x(Density): AF3} WA A(1,000 ppm) = H2H MZS 180C T~ Z=(Press Mold)E ¥4 3mm, ®F
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[0293]

[0294]

[0296]

[0298]

[0300]

ZIHSd 10-2017-0004397

A& 2eme] A|EE A8t 10C/mine 2 zbste] WS (Mettler) Azolr 433l

(4) AAZ} 2% (Tc) E L2 (Tm): TAANA  AF3 A2FFAFE A (DSC: Differential  Scanning
Calorimeter 2920)& o]&3lo] ZAskgtt. dAsHAE, DSCE ¢l 7] stell Al FFgAol sk

2]

&3] A ]
255 200C7HA F7HA b S FAE §, 30C/A WAEta, tAl 255 F7H7IH DSC A4S #E
3}, oluf, $& £x 2w Yzt &5 747 10C/nin® k. -9 DSC T A AR 2x= Wz A
U 39 Hg AFoR 391, §82Ee 7 1A T A F4E 29 FHd AHo= AAUY
F 1
g MI (g/10min) % (g/cc) Tc (T) Tm (TC)
(kg/mmol(Ti))

H] 7o 29 11 0.870 40 60

2441 11 2 0.862 18 34

A A2 15 30 0.859 18(70) 34(114)

A3 25 7 0.862 35 36(112)

A A 4 12 1 0.866 34(70) 51(117)

71 & 1A Te 2 T ghe]l 7 710 AL, A8y -8l FTFAY AxA AHEE= Fv st
oA, AAYAN) Fel fAsk= #Har]e EAR A8 Fu IFE 2 Z2l(chiral center)ZE zHA Ho
22X, oo Aol EERA FHa, 1 A3 o]F9 oAy 1-Ful FFHAV A7 wEolt).

A7) E 10] e dhsh gol, ¥ wel we doldd SPBS LT Ful 2R olgdtel Axd
AR 1WA 49 1-SE odAe] FEIAE, wadel FEAel ve) Fe wEsh Be T @ g
Bl of ge AnziE B odgel wE dolad SHRES ddd Huixe wd Few Adw o
% el o8l F% Ael Fb Aud 5 4y PR S dgHoE AN oo uet PRYow W
AS ool WS golaty] WEel, 1-Sulst 2 PAH Folrh T AW Ruwrlo] tig v gol A
o $53e], %e T R Tt §7 WE7} 0.866g/cc o5 2ANE SARA FFA AR AT
o 4 ek
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