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(57) Abstract: The present invention relates to a ligand compound, a catalyst system for olefin oligomerization, and a method for
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selectivity to 1-hexene or 1-octene while having excellent catalytic activity, thereby making it possible to prepare alpha-olefin more
efficiently.
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A 2= 9] & & 2} 0] = (ethylaluminum sesquichloride), Yo g gF 5
22 go] E (diethylaluminum  chloride), ©°l8 &FF& ©IFZZo]=(ethyl
aluminium  dichloride), ™Y %% 7] 54 (methylaluminoxane), 2 73 #
| & &% 1) =2 (modified methylaluminoxane) 2.2 o] Foix oA Mgd 1F

ol e} BFTY & 9ok

1:10,000, ZE+ YA 1:5000, = 1.1 WA 1:3,00082 ZHHE Ao

#e st
a9, 37) Eoh A2EE TASE 4RSS BA6 EE Q9 w4z,
A% g0 2 wRAY EA Ex A sl AzbHe] BHel gt v
290z A§Y & Uk o, AP FHEE P, BT, Ao|2RAA,

A = 51 31
dgAlol 228, 1-94, 1-28, toldolE2, HEGIERES, oEYED,

OE22ne, E223 8, F2294, &g, olHE So] AlE &+ o}
wg, 2 d 7 de] mWEW, 4] &9 A2"E gAE ¢
EIFE £ Ao F, A7 #3219 s SRELS gAY #XE FH=
A Eavste AEE + dvh AV FAE S4Y 2X Fujd d45HE
%, 75 @ v 25 AgE Y £ B AF Al d2, A7) gA=
A7, Ag7h-gFuu, deggk-vtadrel 59 & 2M, NaO, K2COs, BaSOs,
Mg(NOs) 53 22 &9 AtstE, 2444, b, A48 AES 288

V. A7) &0 A28 o]4d 2ae] gejunls Wy
gy, B dgo I o2 7d oo w2y, A7) o) A A" &) &
29 2guHst Lo o LH-2yAL FAEE dA=S x sl

e avs Wyl AT

rr
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AAd 1. S3FE C-019 FHA

PPh,

PhZP\N/

N

@a= con - PP TPPh

Az % Ar A%" 250 ml schlenk flaskol] 1,4-dibenzoylbutane 5 mmol-S-
T35tk 2M NHz o2 &% 25 mL (50 mmol)S F&to] 204 A7
flask® wykst 27183t Inert #£917] SlollA] titanium(IV) isopropoxide 5.9
mL (20 mmol)E syringe® F 3t water bath 3lollA] muWEEIH A7) flask®
dropwise #7}stith.  Fdo] Ed EFEL water bath 3}olA overnight
A s g

Az 2 Ar A#E £ flask] sodium borohydride 0.6 g (15 mmol)2
g, o7l ¢A FHld ws EFES ice bath dlolA cannulaE £
dropwise Z7}5I3Ith.  FRlo] Ed THES AL02 M3 & F 4 A
o]} wHretith.  Ice bath 3slollA ¥Hg EFEo] ammonium hydroxide =& X
(50 mmol)= 3] ZH7Iste] quenching 3T I8]a, °o]E CHCLE
extractiondt 3 1, 77159 FF TEE MgSOE AAT &, AF 4L 1A
solventE A At oilydt Aeo] wHg E}HES ATh

AY7tEs AL E ZAHPIAZVEIHRHE FI £ (MC: MeOH:
NH,OH = 100: 10: 1)2. & &35l 0.27 g°] 1,6-diphenylhexane-1,6-diamine (5%
20%)& AT

Ar stell A 1,6-diphenylhexane-1,6-diamine (5 mmol)@} triethylamine (3-10

equiv. to amine)< dichloromethane (80 mL)%l =3It} Z2}23E water bathol

ol

olo

]o

d

22 el A, chlorodiphenylphosphine (20 mmol, 2 equiv. to amine)S %33
Qi 3 wEiia FE Fob §HE 9™ &, THFE Yo 83D
9b8} 91 31, air-free glass filter® triethylammonium chloride saltZ #7333t}
oo A &E AAGY product (3EE CO1E IUTh

3P NMR (202 MHz, CDCls): 63.8-58.7 (br d)

El

ol

20
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1H NMR (500 MHz, CDCls): 7.23-6.51 (50H, m), 3.61 (2H, m), 1.65 (2H, m), 0.70
(6H, m)

AAd 2: 3FE C-029 FA

PPh,

|
N

“PPh,

@az coy PP’ N\Pth

Az 2 Ar X &% 250 ml schlenk flask®l] 1,1'-(1,3-phenylene)diethanone 3.3
g (20 mmol)& FY3TE. 2M NH; A gtE €94 100 mL (200 mmol)E # 3+
FEoA A7) flask®z RV A 7FEEATE Inert £917) Bholl A titanium(IV)
isopropoxide 23.7 mL (80 mmol)E syringe® # 3} water bath 3}ol|A] nQFs}H
47) flask® dropwise H7}3t5Ith  Fo] BY EHEL water bath 3ol Al
overnight W RF}GIT).

Az “,’l Ar X&d O& flaskdl sodium borohydride 2.3 g (60 mmol)<
ga, oq7]e] A FHld s =ZES ice bath 3telA cannulaE E 3
dropwise H7Fstth. Fol Ed EFES Ao 2 HHF &Y FT 4 A¢
o] mEEatGITh  Ice bath shollA ¥HE 3} Eo] ammonium hydroxide =&
(100 mmol)g 3] AH7}ste] quenching 33t 283, ol& CHCL2
extractiond} 1 1L, 7159 I/ FTES MgSOZ AAT 3, I¥F % ZHA
solvent& A A sk oily g e 9 2g (12 mmol) 2]
1,1'<(1,3-phenylene)diethanamines 4 %1t

'H NMR (500 MHz, CDCls): 7.31-7.19 (4H, m), 410 (2H, m), 1.58 (4H, br s),
137 (6H, d).

Ar 3tell A 1,1'<(1,3-phenylene)diethanamine (5 mmol)#} triethylamine (3-10
equiv. to amine)= dichloromethane (80 mL)ol| =%lt;. Z8}23E water bathol
g el ], chlorodiphenylphosphine (20 mmol, 2 equiv. to amine)2 133
ga, A wsiglth. s Fyob &WE 28 F, THFE 4o F&
3

<
ARSI 31, air-free glass filter2 triethylammonium chloride saltE #|7 3} 31t}

ol

21
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Ao A Lol A ASS product (BFE C-02)E A3t
31P NMR (202 MHz, CDCl3): 54.0 (br s), 46.1 (br s)
1H NMR (500 MHz, CDCls): 7.7-6.9 (44H, m), 4.6-4.4 (2H, m), 1.5-1.3 (6H, m)

5 Hlno] 1: 3}3E D-019 A4
PhoP<_ _PPh,
N
/N\
(3%E D-01) PhoP PPh;

Ar 8toll A cyclohexane-1,4-diamine (5 mmol)# triethylamine (3-10 equiv. to

amine)< dichloromethane (80 mL)°] =%t Z&823E water bathol &

i

‘e A4, chlorodiphenylphosphine (20 mmol, 2 equiv. to amine)2 A3 ¥,
10 HA ZRSAT AT ol 8ulE 2Y F, THEE Yol 28 s,
air-free glass filter= triethylammonium chloride saltg A A3t Th o TR A
| E AASIA product (SHFE D-01)E AT
31P NMR (202 MHz, CDCls): 49.63 (br s), 54.77 (br s)
1H NMR (500 MHz, CDCly): 1.15 (4H, m), 2.19 (4H, m), 3.36 (2H, m), 6.5-8.0
15 (40H, m)

al

32

Haof 2: 3E D-029] A
thP\N/Pth

N/Pth
|
(32 D-02) » PPhy:

Ar dtoll A cyclohexane-1,3-diamine (5 mmol)Z} triethylamine (3-10 equiv. to

22
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amine)S dichloromethane (80 mL)ol| =%lt}. E&t23E water bathol
2} ejoll A, chlorodiphenylphosphine (20 mmol, 2 equiv. to amine)& %3] ¥
bl wwksieith, XFE ol &WlE E¥ ¥, THFE Yo T3] vttt
air-free glass filter2 triethylammonium chloride saltE A|A3s3ith o 3ol A
5 SWE AASIA product (F32E D-02)5 ¥
31P NMR (202 MHz, CDCls): 49.99 (br m)

vl 3: 33}E D-039 A

N
PN
(ﬂ_%&% D-OS) thp PPh2
10 Ar 3}ol A 3,35-trimethylcyclohexanamine (5 mmol)¥ triethylamine (3-10
equiv. to amine)2 dichloromethane (80 mL)oll %t E&23E water bathol
& Aefoll A, chlorodiphenylphosphine (10 mmol, 2 equiv. to amine)g %313
Yo, A wRksidth JAE3E Fob §uE E¥ ¥, THFE 4o FE9

k3
WHHEL 31, air-free glass filter2 triethylammonium chloride saltE A A3
o]

Ao golE A A product (BFE D-03)E LA

15
3P NMR (202 MHz, CDCls): 45.5 (br s), 55.5 (br )
Hlad 4: 39E D-049] ¥4
B P /N\
(3EE D-04) h2P PPh;
20 Ar 8ol A 2-isopropyl-6-methylaniline (5 mmol)¥} triethylamine (3-10 equiv.

to amine)S dichloromethane (80 mL)ol =3th. Zet2~3E water bathol] B

23
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el A, chlorodiphenylphosphine (10 mmol, 2 equiv. to amine)& 3] Y,
B mekslith. JAEFS ol &ulE ¢ ¥, THFE ¥o] 835 u§ksila,
air-free glass filter® triethylammonium chloride salt& AAs AT o
L9 & AASA product (3EE D-04)E EATH
~ 31P NMR (202 MHz, CDCl): 57.0 (br s)
1H NMR (500 MHz, CDCla): 0.8 (6H), 1.6 (3H), 3.13 (1H), 7.0-7.3 (3H), 7.4-8.0
(20H) |

a4 5. 3FE D-059 A

PhyP. _PPh
2 N N 2

I I
(ﬂﬁ;ﬂl% D-O5) PPhg Pth

Ar 3}l A 4,4'-methylenebis(2-methylaniline) (5 mmol)@} triethylamine (3-10
equiv. to amine)& dichloromethane (80 mL)ol| =%ith. Z2t~3E water bathol
= AH A, chlorodiphenylphosphine (20 mmol, 2 equiv. to amine)2 33 3]
A watstith X3S Fol FWE E¥ ¥, THFE 4o &3]

1:15_7_,

Jus

RSl a1, air-free glass filter2 triethylammonium chloride saltE A 4 3}At}.
oAb A Gu|E AAE A product (BHFE D-05)E LAt

3P NMR (202 MHz, CDCls): 61.7 (s)

1H NMR (500 MHz, CDCls): 1.6 (6H), 3.7 (2H), 6.54 (2H), 6.75 (2H), 7.0-7.8
(42H)

Add 1-

(24 1)

ol2 i 7t B9y dtolA, ZZE() ot EolAEYlE (17.5 mg, 0.05
mmol)¢} A4 19 wWE YR= E C01 (0.025 mmol)S ZetxFo]| ¥
%, 97]e] 100 mLe] HEAto]EZ2 S HIbstn wwkete] 05 mM (Cr 7]1€)9

24
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600 ml &2 Parr Ht-57]E RISt 120 T2 2 Al B¢ AF3& &2
T, WRE ol2d0® AN&stal *2EF 60 T2 W3H®. I F, 175 mL9
HeAto] Z2 4 2 2mle] MMAO (isoheptane solution, Al/Cr=1200)5 %3+l
471 05 mM €9 5 mL (25 Flol3E B CnE FHsAS 1 & &
rpm O 2 WHF & 60 bar® BFHI oEH FHle WBE FHo] ®h37] &
dqEadoz AL oL, 60 CTE AEIEE 2H3sl9] 500 rpmeZ 15 & &<
weksielty, g 2l Mr g oy, whgrlE =gk ofolx /oA E bathE
o]&std 0CE 27 %, v|¥rg oEddg 3] ventdtil 0.5 mLe =UIYGC
internal standard)2 YolFAt 10 & &< wHrg o3, ¥37)Y AH RES
2 mL sl EE quenchstil, ¥oixl #7] ¥&E& PIFE syringe filter®
Pelste] GCFID £4& T30

(A 100

G2 33 Aol 400 mLY ethanol/HCl €< (10 vol% of aqueous 12M HCl
solution)= Yol wwréltn Ly Pt e LA F5T ZYHE 65T

vacuum oven o4 2] A% & O Fr1E =A59C

F

Add 2
471 FFE C01 Al AAld 20 @2 FFE C02 (0.025 mmol)E
e StHER AFET S AlQeta, A 13 Y FHoE HAEn

} = 7k B97) shelA, ZZE(N) ot E oA EY Ol E (17.5 mg, 0.05
mmol)g]r o] 1o W& = FFE D01 (0.025 mmol)S ZeFe ¥
| 10 mL9] Alo]E2&ANE H7tsta wytsle) 5mM (Cr 715)9 &9

_&
i

600 ml &F2] Parr W71 & FH|5}9] 120 CTE 2 A7t B¢k JF3E e
T OUEE ol2Zowm F3sta 25E 45 T2 WHyHo 1 %, 90 mLY
Ato]Z2dAF 2 2ml2] MMAO (isoheptane solution, Al/Cr=1200)2 F% 3},

25
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471 5 mM €% 05 mL 25 vlo]ZE B Cr)E FY&T 2 & S 500
CrpmOE WHF ¥ 45 barz LHF g el WBHE dol uey] e
dqEdoz AL v, 45 CTE AEHEE 2H39 500 rpmoE 15 ¥ Fot
wrkstint, g el MEE Fax, whgr|E =ato] ofo]x/olHE bathE

ol-&atod 0TCE A%l &, mRkg A F
internal standard)2 2IF3th. 10
2 mL F3ley EE quenchstil, ¥ojx {7 ¥F&L& PIFE syringe filter2
dH el GC-FID £4& F383t

(SA III)

T2 BEEAe] 400 mLe] ethénol/ HCl €9 (10 vol% of aqueous 12M HCl
solution)= %o uwrtstal FE|H e EFoE LAtk £5F EHE 65C

vacuum oven A YA AZT & O FUE =AFP

Hlw A3 2

471 3= D-01 thil Blad 20 @& FHFE D-02 (0.025 mmol)S
e SgREE AEF Ae ALstn, Hlu A4 1% YT wHoe=
Rl =y

Lol A 2

471 SE D01 Bl ®lae] 20 @E E D-03 (0.05 mmol)S U=

SEER AHET A AQst, vl AP 137 FUT HOZ HAETh

tl
>~

Hw A3 4
271 3= D-01 t4l Bjald 20 WE F§E D-04 (0.05 mmol)E 2t

FEE= AT AL Adsta, Hluw ) 13 YT WU E AAEh

Hx AE9 5
A71 S¥E C-01 WAl Hud 5o @& FFE D-05 (0.025 mmol)E
e dRER AHET AS A, AP 13 Tt FHoE A EA

26
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= v &ab-ZdF (wt%) Cs Poly

§j’ @'% % A cﬂ 1-Cs ‘3—2 1-Cs 1-Cqo isomers alpha-

(kg/mol | 1-Cs | 1-Cs | () to (wt%) | olefine
Cr/ hl‘) 1-Cyo (Wt%)

>

-
—

131,000 | 343 | 53.8 | 881 | 6.5 4.0 0.5

£
>
>
2

>
N o

| A Ao 34,300 | 21.2 | 642 | 854 | 6.0 5.2 1.6

£,

B
=
El
2

33,900 | 182 | 66.0 | 842 | 7.0 6.2 03

o
= gl

2

—

30,300 | 19.2 | 660 | 852 | 7.0 52 0.6

%E
5 H
=
N R
£

10,100 | 120 | 689 | 809 | 93 6.6 0.1

£ | ™
=
Kl
£

(-
ot T
2
(68

21,000 | 271 | 563 | 834 | 10.1 3.9 0.5

W o

Al
=
Kl
2

N

61,600 | 16.7 | 609 | 77.6 | 8.8 9.5 1.6

ks
z
El
2

(LA
o1 o T
£
Q1

Ala gl Hlgte] Zwfj Aol

(e]
o
¥ oofys, 1-8A 1-S-e g d=RxY go] w4 =

27
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[
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(473 3]
A1 ol o1,
&t7] 3oty 28 FAHE 2= e

[5+4] 2]
R1 8
/ AN
R2—X X—R7
Y /
N———-LWN\
R3—X /x“—Rﬁ
‘Ré RS
AF7] ek 20 A,
LS A7) Aol 1,
Xe 7zt 59

HOoZ QI(P), HA(As) EE UEE(Sb)ol
Yoz oz mEE  IHEHEZ

[ 73 4]

A 3 ol lejA,

471 RU A RS ZZ HEH0E XF e HXFE g4 1 WA
109 €7Z7], X& E=e ¥ A3d g4 4 YA 109 Ael22¢427], AE e
B A gE gAag 6 WA 159 otF7], X%

B2 Yol 3t7] gsta 302 FAHE 5 ol 18, 9

A7) seby 302 RAEE 449 2§ AolE 4 WA 7 Y ga-ga
2oz AZste FAE ETFst; .

371 ¥ 5 WA 209 AWF IFOE o] FoA A, T 1

WA 208 AYE 2§ 9 BaF 6 A 200 PHS 1g0] A¥E 1go=
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A7] HAL Holx o= 3 D= sAg 6 WA 209 olH7|r X3
e}
AA

T= " XFH] Y=, A7) BA "HaAgT 5 WA 209 AWS a5
o] Fol AW, Hojx ol T Trko] BAhF 6 WX 209 o}FBV7F X FE U=
71328 3=

[3}3+2] 3]

) 2 (As) = UEE(Sb)ol 1L
R 2 R ZZr EPFHoF  FlolmEypLr] EE FHE

stol== 7 7] 0l 3,

Cr& aFola,

Y, Y2 2 ys & 77 593HoE 2, Fi&, gdaF 1 WA 109
o= 27 7], mE 845 1 WA 109 dEHZE3ol=2 7L 7)ot

(4373 6]
A 5 gl oA,
}7) R WA ReE 27 EYHo
109 477, NF E= HABD Bas )
WHBE Bas 6 WA 159 okdy], AP Ex uABY Bas 7 WA 159
old 7], Ex X3t wE ¥ XFH B4 1 WA 109 A7, 77132 F

i
H
Ir
=
N
r ¢
i
e
B
B
—
=
N

(373 7]
) 22 22, 7Y 10 BE PnE FPE 2L =
30

APy

m);

rlr
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i) 7% 59 WE F71AF e B =251
£ EIfste e SYaHEE Sof A2
[T 8]
A7 ol 9loiA,
} 25 AZEF() oMEoNEVClE, AZFIN) E22o|=

A7 AE A

HEgslo| 2/, AZFU) 2-B3:AlwdolE, AZF() oHHCIE,
AZEA) FHEHCE, AZFW) FeddolE, IAZRFW) fElE,
AZEA) ET2(2266-HESHEI5-FAHAT QW OE), = IAZEH(I)
2HolHo]ER o]Folzl  Folx AdEd 1F oA FHFEQ, S

egun sy S A2F.

[%47% 9]
A7 Zell otA,

71 z&de Edvd  &F v E(trimethyl aluminium), EzZg

0%

&F1]F (triethyl aluminium), Egjol&Z2d &F D] F(triisopropyl aluminium),
Egjolafd &F 1] F (triisobutyl aluminum), NE LT E
A 2= 7] & 2 g}o] & (ethylaluminum sesquichloride), o g dF o5
g 2 g}o] = (diethylaluminum chloride), ¥ &FH|5 T EE8to|Z(ethyl
aluminium  dichloride), WE % %74l (methylaluminoxane), % 7§29
o & & F 0] 54 modified methylaluminoxane) &2 o] Fox oA Hdd 1F

ol ke, £d¥ SYunEE S AlxH.

[+ 10]
A 7 ol WE o] AJx#e] EA sl 2T S|aH 3 wHEo
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