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HEZZ|A(FHAD)RACE, EduEEayy HEHI|AGEDRAE, NN-todotdelym HEZT] (9
drgolE, NN-tvdolde]y HEIIA(FEEF a2 d) B olE, NN-tlodeldely HEDZY| 2~ (HE}
TR eelE, EfNdIEE HEH|A(p-EEFoavddd) L, EfHdrlEey HES
ZI2(HEEFerAd) BeolE, EfuEdEy HEHZAED)LEFUE, EddEdEy HEHI|A
(AD)LFrdlolE, EfZe2ddny HE|AGID)LFrHolE, EFdYrs ]E?/‘rﬂ/\(iﬂ‘é)"mul
dolE, Eguddiy HEX|2(p-2R)LFrUolE, EfIzadgiy HEHY|A )EFrdolE,
Ededd iy HE| X0, p-tHEHA D) EFY o E, EFHYEF HEZ|X ( E %—?Oiﬂﬂ‘aﬂ
DEFrHelE, EYuEdEy HEHA(p-EEFeRvEdd)EFuolE, EREAEyE HEZY
2(HEEF oA ) d T ol E, N N-Hedeld s HEZY V\(Jﬂ‘é YEFHYo]E, N N-te"old g F |
Ef|aGd)LFrdolE, NN-todotdels HEZI|A(HEEFzdAd)dFrdolE, Holddry H
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[0092]

[0093]

[0094]
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[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]
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Az I AZaFe FUFEHOE TR Jo44 1-12 EAHE 3929 44

MeHN—=Z<—NHMe;
cl’ cl

217y 22 0.5 mlol f3MAZ 2,9-vim€-1,2,3,4,7,8,9,10-2E}slo| =2-1,10-HAFEEZH(0.046 g, 0.21
7 zs

mmol) ¥} Zr (NMey)oClo(dme) (0.073 mg, 0.21 mmol)S Z3tslFul. 30& o wwat & ¥y 3 o] &-3}o]

go% AT TARFEE S5
1H NMR (CeDs): & = 6.49 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 5.02-4.94 (m, 2H, NCH), 3.00-2.85

(m, 2H, NH), 2.80-2.68 (m, 2H, 4-phenanthrolin, 7-phenanthrolin), 2.52-2.39 (m, 2H, 4-phenanthrolin,
7-phenanthrolin), 2.32 (dd, J = 2.0, 6.4 Hz, 12H, NH(CH3),), 1.58-1.50 (m, 4H, 3-phenanthrolin, 8-

phenanthrolin), 1.24 (d, J = 6.4 Hz, 6H, CHs);

PCUHY NIR (CDe): & = 141.60, 119.94, 116.95, 54.30, 41.80, 41.36, 28.97, 22.58, 22.11 ppm.

Azxd 2: A2IAFS THAFHLE Tt 3334 128 FAHE g2 34

N N

MezHN _>Zr\<_NHMez
/
Cl Cl

2,9-tM9-1,2,3,4,7,8,9,10-SE}slo] =2-1,10-9HEEY o] 1,2,3,4,7,8,9,10-FEFslo] =2-1, 10~
EZY(0.043 g, 0.23 mol)& At A& A9stins Az 13 9% 21 9 YHoR FANFES
S3p9lc,

1H NMR (C¢Dg): & = 6.42 (s, 2H, 5-phenanthroline, 6-phenanthrolin), 4.34-4.24 (m, 4H, 2-phenanthrolin,

9-phenanthrolin), 2.72-2.61 (m, 2H, NH), 2.56 (t, J = 6.4 Hz, 4H, 4-phenanthrolin, 7-phenanthrolin),
2.29 (d, J = 6.4 Hz, 120, NH(CHs);), 1.68-1.58 (m, 4H, 3-phenanthrolin, 8-phenanthrolin);
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[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

ZIHS3d 10-2016-0077488

PCOHY MR (CDe): 6 = 142.19, 120.36, 118.10, 52.74, 41.13, 28.02, 24.62 ppm.

Az 3: A2AFS THAFTHLE Tt 334 1-302 FAHE P29 A4

N N

MezHN—>/Zr\<—NHMe2
Ccl Cl

2,9-tydgl-1,2,3,4,7,8,9,10-2E}slo| =2-1,10-HFEZH il
stol=®2-1,10-AFEZA(0.068 g, 0.25 mmol)S AFREE AS

2 RAHRES S5

1H NMR (CeDg): & = 6.44 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 4.72-4.60 (m, 2H, NCH), 3.18-3.00

(m, 20, NH), 2.78-2.62 (m, 2H, 4-phenanthrolin, 7-phenanthrolin), 2.53-2.41 (m, 4H, 3-phenanthrolin,
4-phenanthrolin, 7-phenanthrolin, 8-phenanthrolin), 2.44 (d, J = 7.2 Hz, 6H, NH(CH;),), 2.42 (d, J =

6.0 Hz, 6H, NH(CHs;),), 2.10?1.93 (m, 2H, 3-phenanthrolin, 8-phenanthrolin), 1.58-1.45 (m, 2H, CH), 1.13
(d, J=6.2 Hz, 6H, CHH3), 0.91 (d, J = 7.2 Hz, 6H, Cly);

POUHY MR (CDe): & = 142.39, 120.04, 117.18, 62.94, 41.97, 35.79, 24.65, 23.60, 20.87, 19.22 ppm.

Az 4: A2IFS TATELE I3 33 142 BAHE SFE T4

MeHN—~Z<—NHMe;
cl’ cl

JEO
ol‘

1ol

2,9-tv€-1,2,3,4,7,8,9,10-5Eeto] =2-1, 10- ¥ HEZER tialel t-n-%d-1,2,3,4,7,8,9,10-
= - =

2,9~ 7,8,9
E2-1,10-89dEE-(0.053 g, 0.18 mmol)= AM&3le AS AYstaes Axd 19 593 =24 2 %
EA}TES F5AT. 2 1247 FoF AT

€}
H

(o

1H NMR (CeDs): & = 6.51 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 4.88-4.75 (m, 2H, NCH), 3.05-2.89
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(m, 20, NH), 2.75-2.62 (m, 2H, 4-phenanthrolin, 7-phenanthrolin), 2.52-2.42 (m, 2H, 4-phenanthrolin,
15 Hz, 12H, NH(CHs).), 1.92-1.80 (m, 4H, 3-phenanthrolin, 8-

7-phenanthrolin), 2.36 (dd, J = 6.2,
phenanthrolin), 1.62-1.28 (m, 12H, CH,), 1.00 (t, J = 7.0 Hz, 6H, CHs);

13C{lH} NMR (CgDg): & = 141.92, 119.81, 117.03, 58.81, 41.93, 41.40, 35.01, 28.92, 24.47, 23.60, 22.44,

[0115]
14.85 ppm.
[0116] Az 5: AE2AFS FHEFELE X335ta 3184 1-82 FAHE 3eE9 T4
[0117] [3}&4] 1-8]
N /_\ N
THF>Zr<THF
/ \
[0118] Cl Cl

[0119] 2,9-tIMel-1,2,3,4,7,8,9,10-&E}slo] =2-1,10-HFEZA(0.044 g, 0.21 mmol ) &}
Zr (CHoPh)5Clo(Et20)0 2(0.074 mg, 0.21 mmol)= 1.0 ml EF<lo] &air 7] A% THFS FH7lste] &A1 F .

Ea
S EAFTFRES S5

o

1IAIZE &QF wgksl & A FEE o] &3l {ulE AA
1.65 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 5.50-5.40 (m, 2H, NCH), 4.32-4.16

[0120] H MR (CDs): & =
8H, THF), 3.02-2.88 (m, 2H, 4-phenanthrolin, 7-phenanthrolin), 2.72-2.60 (m, 2H, 4-phenanthrolin,

(br,
7-phenanthrolin), 1.82-1.70 (m, 4H, 3-phenanthrolin, 8-phenanthrolin), 1.42 (d, J = 6.8 Hz, 6H, Cls)

1.34-1.20 (br, 8H, THF):
PCUHY NIR (CDe): & = 141.32, 119.52, 116.81, 76.31, 54.10, 29.23, 25.55, 22.66, 22.23 ppm.

[0121]
[0122] Azxd 6: A2ZS FATEOE X ¥t 334 192 FAHE SFES A4
[0123] [s}g+4] 1-9]
N m N
THF > Z{<THF
/ \
[0124] ¢l Ci
[0125] 2,9-0¥€-1,2,3,4,7,8,9,10-&E}5to] =2-1,10-AFEZA tjilel] 1,2,3,4,7,8,9,10-%E}sto] =21, 10-5 1}



[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

ZIHSd 10-2016-0077488

EEU(0.042 g, 0.22 moD)& AHBFHE A A9shuis Axel 59 5UE 2 % PO TARYRE 5
S

E
=
=

1H NMR (CeDs): & = 6.49 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 4.68-4.50 (m, 4H, NCH), 4.17 (br,

8H, THF), 2.75-2.60 (m, 4H, 4-phenanthrolin, 7-phenanthrolin), 1.80-1.70 (m, 4H, 3-phenanthrolin, 8-
phenanthrolin), 1.18 (br, 8H, THF);

PCOHY MR (CDe): 6 = 142.60. 119.76, 117.95, 75.91, 52.74, 28.15. 25.69, 25.19 ppm.

Azxd 7: ARIAFS THAFTHLE T 334 1-1008 FAHE JFE9 4

[3}sh4 1-10]

NmN

THF>Zr<THF
/ \
Cl Cl
2,0-t]o] A2 21 2 34,7 8,9, 10-%Eslo]| =21, 10-HA FEZA(0.047 g, 0.17 mmol) =}
7r (CHoPh)5Cla(Et20)0.2(0.080 mg, 0.22 mmol)E 1.0 ml EFMe] &fA7132 2] THFE H7lste] LA Z Tt

Zr (CHyPh)sCla(Ety0)g o= d20llA EotAStEZ 1.39% HFo 2 AL833th. 1A3F &9k unket & ¥ 3
o] g3t &WlE AAST A FFAA SAMAI F AR Zr(CHPh)LCl5(Et0) 25 AAT3}SITE. o] 5

HxE olgstel §ulE AA}D EAFTFRES S5

[H
it

=
of

1H NMR (CeDg): & = 6.56 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 5.22-5.10 (m, 2H, NCH), 4.31-4.12

(br, 8H, THF), 2.87-2.74 (m, 2H, 4-phenanthrolin, 7-phenanthrolin), 2.61-2.50 (m, 2H, 4-phenanthrolin,
7-phenanthrolin), 2.01-1.91 (m, 2H, 3-phenanthrolin, 8-phenanthrolin), 1.91-1.80 (m, 2H, 3-
phenanthrolin, 8-phenanthrolin), 1.69-1.54 (m, 4H, CHy), 1.54-1.34 (m, 8H, CHy), 1.34-1.18 (br, &H,

THF), 0.99 (t, J = 7.0 Hz, 6H, CHy);

13C{lH} NMR (CeDe): & = 141.54, 119.48, 116.94, 76.36, 58.66, 35.21, 28.88, 25.65, 25.13, 23.84, 22.51,

14.79 ppm.

Az 8: A2AFS TATSLE I3 334 1-112 BAHE 3¢E §4
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

ZIHS3d 10-2016-0077488

[3}&4] 1-11]

THF->Zr<THF
7N\
c’

2,9-t]o] a2 g22-1,2,3,4,7,8,9, 10-2EF8to] =21, 10-FFES2 halo] 2,9-T)-n-5E-1,2,3,4,7,8,9, 10
e

alol=21,10- 5 HEER(0.050 g, 0.17 mol) & AF8aHE AL Aslelas Axd 79 $UF 20 2L
0% BANGES FEaT

iz Jo

1H NMR (CgDg): & = 6.52 (s, 2H, 5-phenanthrolin, 6-phenanthrolin), 4.92-2.82 (m, 2H, NCH), 4.39-4.08
(br, 8H, THF), 2.89 (m, 2H, 4-phenanthrolin, 7-phenanthrolin), 2.60-2.50 (m, 2H, 4-phenanthrolin, 7-
phenanthrolin), 2.40-2.28 (m, 2H, 3-phenanthrolin, 8-phenanthrolin), 2.12-2.02 (m, 2H, 3-
phenanthrolin, 8-phenanthrolin), 1.67-1.55 (m, 2H, CH), 1.33-1.18 (br, 8H, THF), 1.22 (d, J = 6.8 Hz,
6H, CH;), 1.02 (d, J = 6.8 Hz, 6H, CHs);

FOUHY MR (CD): & = 141.96, 119.63, 116.98, 76.49, 63.29, 34.54, 25.62, 24.45, 24.15, 21.42, 19.94

ppm.

AA 1 WA 8: dEA & 1-27 FEFEA FA

tfo] vk oA et 3 wkgUle FUHARA 1-2dS wErjo|F 2 A faA]71 RA(1.0 M, 1-=

d 4.0 g, 30 mO)F B AAEE AASY] A 2E5uEA dELdFu 54k 8N (scavenger, 7% Al EF4
ghol wp wpelA gk F3F WISl 2EE 100CE 3. 747
B =

£ 29 mg, 75 mmol Al)E Tt o) © 2
71 AAd 1 WA 8EHFE AxT A SHHE(1.0 mmol)& EF 4ol &3A17]1aL e v S Eu| A o R el
E

Eﬁ‘r?]i(@ﬂ%—?&iﬁ]‘é)iﬂﬂﬂE([HNMe(C18H37)z]+[B(Cer)d?, 1.2 mmol) o} wEEFr| =t A (7% Al

A & 19 mg, 50 mmol Al, Al/Hf or Zr = 125)& &2 F3Sich. 47 vbs TFE EF4de F71=
718k A &) 3 mm HE= sto] FA43E Eu) 2AES Az, AV S 2AHAES FAPE
of-gate] A7l st T wkE7lel FdstaL, a1 i 19 2% WA, 435 psigd] ?},,gi qEAES FY
sle], oEd 2 1-2ES 38wk st ddd st wiEska(vent) 0T HEE 10 mS FH7)s)
o wk&S FAsT A48 AN 1A FTES I T o= 150T JF LEAA F 1 7+ ot Axs
o] ZELyd = JqEd 2 1-Ld FEFAE A x5 7Jr A3 ARE 7 1o JERRAT.
¥ 1
2 A] o] =l 2= FEH a4 | [1-="] | MMy | Tw
T 29 y g
(C) (g) (=%) 10" (C)
1 Az 1 100-112 1.70 34 2.89 16,360 3.39 115
2 Az 2 100-112 1.52 30 3.41 69,587 17.30 | 109/121
3 Az 3 100-111 0.97 19 - 333,100 30.47 135
4 Az 4 100-105 0.84 8 - 109,096 19.72 | 124/108
5 Az 5 100-131-129 3.65 73 3.05 10,408 1.99 116
6 Az 6 100-120 2.77 55 3.07 55,926 11.56 | 123/108
7 Az 7 100-113 0.71 14 3.53 375,864 21.45 133
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