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Synthesis, Characterization and Catalytic Activities of
Bimetallic Rare-Earth Metal Complexes Containing

1-(2-Pyridyl)-3-(Benzothiazolyl)Indol-2-yl Ligand

ABSTRACT

In this thesis, the indolyl-based ligand precursor 1-(2-pyridyl)-3-
(2-benzothiazolyl)indole[(1-(2-CsH4N)-3-(2-C7H4NS)CsHsN)] was
designed and synthesized, and reacted with the trialkyl rare-earth metal
compounds RE(CH,SiMe3);(THF), (RE =Y, Er, Yb, Lu) to synthesize a
series of novel 1-(2-pyridinyl)-3-(2-benzothiazole)indol-2-yl dinuclear
rare-carth metal alkyl complexes {[u-#':(u-n':n"):n'-1-(2-CsHsN)-3-(2
-C7H4NS)CsH4aN]RE(CH2SiMes)2§2 (RE = Y(1), Er(2), Yb(3), Lu(4)) in
high yields. The complexes 1 and 4 were characterized by '"H NMR and
BC{'H} NMR, while all the rare-earth metal alkyl complexes were
characterized by elemental analysis and infrared spectroscopy, and their
crystal structures were determined by X-ray single-crystal diffraction.
The structures of the complexes revealed that C-H bonds of indol-2-yl
were activated, and the RE-Csy,2 bonds were successfully constructed to
form six-coordinated dinuclear rare-earth metals complexes bearing the
indolyl units bridged two rare-earth metal alkyl units in u-':(u-n':n'):n!

bonding modes.
VI
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Furthermore, the reactivity of dinuclear rare-earth metal alkyl
complexes was also investigated. Interestingly, the complex 3 can be
transformed to the divalent rare-earth metal alkyl complexes
(n*:.0:x'-L)2 YB'[L=1-(2-CsH4N)-3-(2-C;HsNS)CsHsN(CHSiMe3)](5)  in
toluene solution through a consecutive transformations (1,1-alkyl
migratory insertion, Yb-Cchasimes bond homolytic and heterolysis of
Yb-Cindol-2-41). The complex 5 was characterized by 'H NMR and *C{'H}
NMR as well as by characterization of the elemental analyses, infrared
spectra and X-ray single-crystal diffraction.

Subsequently, the activity of this series of rare-earth metal alkyl
complexes for the polymerization of 2-vinylpyridine was investigated.
Different catalytic conditions including the type of catalyst, solvents, the
amount of solvent, and the reaction temperature were investigated to
search their effects on the polymerization. It was found that complexes 1,
2 and 4 are efficient initiators for the polymerization of 2-vinylpyridine
affording perfect isotactic polymers, and the number-average molecular
weights could reach to 34.1 X 10* g/mol, complex 1 could catalyze the
polymerization of 4000 equivalents of monomer in 95 min.

Zhao Zhiwei (Chemistry)

Supervised by Wang Shaowu

KEY WORDS: rare-earth metals, dinuclear complexes, synthesis and

characterization, 2-vinyl pyridine, catalytic polymerization
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Figure 1-2 Synthesis of rare-earth metal complexes with 2-phenylindole ligands
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Figure 1-3 Synthesis of 2,3-dimethylindolyl rare-earth metal complexes

2012 4, EHRAFREHIGE 7 BOER|E 421 3-15] N N-3F Ok AL
W EE, RIIE R T 3-[(V-F1 OB L) A B S| DR AA, 7E 80 °CTF, FIZACA
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Y. wnAEH THF fE 935, W Li 5701 THF BcAz, A ABSIREA Efig
B, 35— Li RERUZ RSB T EBE A . PR [F 1R 1 48 WU
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2013 4, EHRBIRIRBALPIEN ) 2-07 5] N(2,6- 7 5 241 7 26,
BT 2-[(2,6- 5 N R IR i) WO S ] M) b fic AR, JF M MR C iR 5
(Me3Si)N]sRE(u-Cl)Li(THF); (RE = Eu, Yb) S N,  FEh & B H 7 R s = e B i &
P& 1-5). Hr Yb TR M L& BICAE RIS NI 568 Yo D! 77 s,
AP REAR LSRRI E Y T Bu TR L& RS YT
Eu A 7 Eu?, A A S A AR, FEA PN BL (e o) T M B P A
&)@ Bu?, O DR A 4R+ & R4, i 0 &8 I ALIE SR
#(RE*/RE*, RE 4 Yb, 80 Euw)if WA EEN ., NSk LS
H AR AN 5] 1) F R R AR I A SR, 24 A BATC & 4 (E FR R B Y kg v 5

N-[(2,6- PR IR RIE IR SN, 2 R AR AT e S 8L, A2 Jlt— Mot R XU B 114
FCAEY, HorRmIIR Dyt 7705 Eu? i 4 N ERRC & 47 FF 2R s U A
BRI o 5 N,N-[(2,6- 5 AR RS TIR SOBEIN 15 21 53— R 9 DU B O BC &
Y, FAWIE Lhy-n?m 'y 55 Bu® s, X 22 B B A 00 67 B BC 14 5 42
(1 R B B B



8 W YN R R TATS'S

iPr. Pr ’Pr’Q,

Ny B N/Q _N Pf(f/:"‘ Pr
NO / il RE=Yb N Hiper re=eu (L \ O,
~Yb<_ E— + — —Eu" Eul

Qo | o@ Tol. Tol. x\N (f\ N
Pr =
-N i i 'Pr ~ N=

ToI / THF

/S
o, et e

P15 2-[(2,6- 7 P 5 48 e ik ) I PP | R SR s < JR I 5 P 1) 45 ok
Figure 1-5 Synthesis of 2-[(2,6-diisopropylaniline) methylene] indolyl rare-earth metal complexes
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Figure 1-6 Reaction of pyrrolylimine-functionalized indole ligands with rare-earth amine
complexes
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Figure 1-7 Synthesis of 3-[(N-methylpyrrolimidyl) ethyl] indolyl based rare-earth metal complexes
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H + [(Me3Si)NIsRE(-ClLI(THF)3 90 °C RE

Iz /g

(MesSi),N  N(SiMes),
RE = Er, Y, Dy, Eu, Sm, Nd

P 1-8 2450 ] B g L M| e Fic A4 55 s - s A S WD S

Figure 1-8 Reaction of 2-tert-butylaminoindole with rare-earth amino complexes
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y@ ; ’Pr Siveq
—N RE(CH,SiMe3)s(THF), \1
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’Pr
n )\/ Cat ( > \ ) O/
Actlvator

P1-9 3-(2,6- 57t A 2k A8 ) I g HE | A E 5 D 1) 6 B S AL 2R 5

Z

o—

Figure 1-9 Synthesis and catalytic polymerization of 3-(2,6-diisopropylphenyl)iminoindolyl complexes
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Cat. n

1,4-cis

1110 1-CH H)-2-[(2.6-— 5 T HERE0) M FF S ISV SR -+ 4 TR 400 2

Figure 1-10 Synthesis of rare-carth metal complexes of 1-(benzyl)-2-[(2,6-diisopropylanilino)methylene]indolyl
group
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Figure 1-11 Synthesis of indolyl-based rare-carth metal amino complexes
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Figure 1-12 Synthesis of indolyl trinuclear rare-earth metal amino complexes
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Figure 1-13 Synthesis and catalytic applications of 1-(N-morpholinylethyl)-3-
(oxazolinyl)indolyl rare-earth metal complexes
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Figure 1-14 Reactions of 1-(tetrahydrofuranyl methylene)-3-(2-tert-butylphenyl)iminoindole with rare-earth
alkyl compounds
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Figure 1-15 Reactions of 1-(N,N-dimethylamino)ethyl-3-(2,6-diisopropylphenyl)iminoindole with rare-
earth alkyl compounds
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Figure 1-16 Synthesis of novel S-diacetyliminoindolyl ligand rare-earth metal complexes
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Figure 1-20 Conversion of the sp? carbanion to electrophilic carbene and 1,1-alkyl
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Figure 1-21 Conversion of sp? carbanion to electrophilic carbene and of 1,1-H(D)
migration insertion
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Figure 1-22 The reported coordination patterns of indolyl ligands with rare-earth metals
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Figure 1-23 Conversion of rare-earth metal complexes with 2-phenylindole ligands
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Figure 1-24 Synthesis of a pyrrole-based ligand rare-earth metal complex
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Figure 1-25 Synthesis of rare-earth metal complexes with m-phenylene-
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Figure 1-26 Synthesis of amine-bridged (S,S)-bis(oxazolinophenyl) rare-earth
metal complexes
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Figure 1-27 Synthesis of rare-earth metal complexes with 1,3-bis(2-pyridylimino)-isoindolyl ligands
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Figure 1-29 Synthesis of rare-earth metal complexes with amide-functionalized indolyl
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Figure 1-30 Reaction of differently substituted 2,6-diisopropylphenyl imino indolyl ligands
with rare-earth alkyl complexes
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Figure 1-31 Reaction of differently substituted 2,6-diisopropylphenylamino indolyl ligands with rare-earth
alkyl complexes
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2Ybly(THF), —— 7 N\Yb Yb—N By
2Kl Q / \\ / 3
N
Di
.
2KCH,SiMe; | benzene ,r.t.
Bu
- Dipp Dipp
AN N~

N N\
L\\ \\\\\ — \ /N/> Bu
2, —H~ -2H-R

YooN, gy 2R <;;\ CH,SiMe,
A THTND a
s
/

r.t., hexane =
“RCH,SiMes k/N\

R=H, 1atmofHy, 3 h
R=PhSiH,, 10 min

E]1-32 B~ — U e A B - 4 SR E A P I & Rl
Figure 1-32 Synthesis of f-ketodiimide-based clamp rare-earth metal complexes
2021 4F, @k B IR ARHE SCRR 7 VA BT — P - O R B A, I
FE R 28 5 - =L SV RN, BEh 1S3 7 A R 451 iR B e &)
(031, FLrhE IR T RNAF R T — P LR &, TTE 110 °CTF N 43
Bl 7 — PSR BB LA R LRSS (B 1-33),

(SiMes),N  N(SiMes),

_toluene @O\Ln %ig
r.t. 2N
N N
% AN
@K H %% Ln[N(SiMe3),]s(4-CI)L(THF)3 Ln =Sm, Yb
N \

N
A g}
o (MesSiLN :%
toluene \S
[toluene_ m
110
c_i : N(SIM63)2 E f

1-33 Tl -l — i T A L e SR S S I & R

Figure 1-33 Synthesis of a rare-earth metal complex with a f-ketodiimide-based
ligand

SRINT, Az S < JE Tl o Nd IR - =R S SN, g2
£ 110 ]Cit A= T, #AGR] T Bz k LI &Y (K 1-34).
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\
@O " Nd[N(SiMes),]a(-Cl)Li(THF)3 \O ) /

N N toluene, r.t. or 110 °C
| N N
=
)\/K M

] 1-34 - — V. frie S Fic (A + <5 JR IS & M) 6 A

Figure 1-34 Synthesis of a rare-earth metal complex with a f-ketodiimide-based ligand

2022 4F, i A SR VR R AE AR I 5 1 00 AR O T 2% T — Rl B A ((S,S)-
2,6-RW[2-(F2 25k ORI IR - kg - 1- 30 R ] -4- RO ), FRH 2 588 = ik
AR A T — F B EMRE IO OB A s+ & B e A 407, I HLiZ R 5
Meamis B Tk (8 1-35). IR R, W50 1 HAEa,f-ANANEH B AR
SRR AL S B B AL S B o R I A R R I RU(1S, 28)-1,2- 3 CL i
Ryl &) ELA R I R A 1o P AT o (0] B 1k

Ph "/N R

Ph ,
Ph.__OH 0@
Ph o \\ 0o
5 RE[N(SiMes),la(u-CLI(THF); =N--""""7 RE™
N e
THF, 24n |\ RE==--- N
O// ‘\O :
P
R N,

Ph
R Ph

R = CH3, RE=Y, Eu, Nd, La, Gd
R =Cl, RE = Eu, Gd

P1-35 — b PR <5 B IC 5 W ) 5 7

Figure 1-35 Synthesis of a chiral rare-earth metal complex

2022 4, FEHREEIIRALIE i 1 —FhmgIvk 2-6r BRI NN, N- =14 15
FECIR, FEROZIC ARG - =B S IR, ARAE R O AR, 155
TP RRG L EB LAY, Horh AR S T ECAR L 1T 2S5 8 O D
fr, T M JE 0y Bu i, W BL T SRR 0 A T R (D IR R 54
FLARREANECAR I 53 3 ChpP-pen o ot BIE S &8 A0 Behr (B 1-36).
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_ Y
, HNGMesl: MesSiv,RE

N -LiCl \

N2 MesSi¥ N
W MesSi~  SiMes
N RE =Y, Nd, Sm, Gd,

. _ foluene | Dy, Er, Yb
90°C,10 h g

[(Me3Si)oN]sRE(~CI)Li(THF)3

-HN(SiMes),
-Licl

RE =Eu

P 1-36 — | i 2- A B PRI G e 1A - <o J IBC S WD A 5 7

Figure 1-36 Synthesis of a rare-earth metal complex with indole ligand substituted at the 2-
position of indole

14 #HreRANESYERECIUBRINA

141 EUSRERN

2021 4, Laurent Maron FIXIBESEIO8 15 g 1 —Flofi AL 25 S RCAR,  HL 25 BEBe A
HARAEH A A 20 5, Bl SRR TIN T B R, B8 T — RS
ML & B EY (B 1-37). IEHIZRFUBC G VE AR o B 3 i A S
I RE T o SRS 45 B BAIC S W E A 7 437 A A3 1- T S A B B A R
U AR A T

Ph_Ph HN
Z NH,
Ph Ph
Sc<Lu<Tm<Er<Ho
Cat.= <Y<Dy<Tb<Gd<Pr

Cat. NQ

Sc>Lu>Tm>Er>Ho
>Y>Dy>Tb>Gd>Pr

K1-37 2 3 < Jm e e D HE AL S AL B

AN RE= Sc, Lu, Tm, Er, Ho, Y,
H Dy, Tb, Gd, Pr
k QO

Figure 1-37 Catalytic hydroamination by fluorene-based rare-earth metal complexes
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142 HUBEURN

2019 4, Schmidt B T8/ NHIOWE 2 i HRE 1 42 J8 A6 — B et i 59
[La-(Dmba)s] (FI3EA b, ZEURAISE AR RHE TS T X0 AT A (R 0SB £ A S
b i I AL S VISR AR I B Sk, BT PR M R T 2 Ak S BRI 4E
FIEPENE, ELIZAMEATRD R R S I R At R I v B AL 2 R MR AT (X 3k
Ptk o FEBORI A s e B A I AL R S, (AT L S mol% (1 67 3B 7E = I
NN 12-48 /N, A3 FI L E MRS BRI BREAC Y (B 1-38).

R H,POR R

R
=" HPPH, HP(O)Ph,
Ph,P R P(O)PH,

[La-(Dmba)s]
Ph,R R P(O)PH,

o =" "RccR RocH H R

F1-38 [La-(Dmba); i AL S A S B

Figure 1-38 [La-(Dmba)s] catalyzed hydrophosphination

143 EUESHURR

2023 4, BT 5T AT A VORI B - AR 2% SR A AR, ik
T3 3 PR A ST 0 5 R R e Joe AR PR A e 5 A ek o S 5 i v e R 1 ¥ o
MR EAAEREA AN o 1% M. BE % e B 1 AR R = BRI R e M e o ZERFF 9T
G, JE I 2 PN [ 55 A S AR Y HEAT RE A RS, AR R o T
WHESEAL S W) =30k 3 99:1 (A mide Bk, e I H o B I JER A0 3 oL A2 A A7 i
£ (B 1-39)

RE H,SiR
Ary—=——R + RSiH; - —
a-syn Aryl R
RE H,SIiR
Sily—==—R + RSiH; - -
a-syn Silyl R'

Pl1-39 #5- — e L 2 S AL R AL RS

Figure 1-39 Hydrosilylation catalyzed by alkene-diamino rare-earth complexes

1.44 1{Ee-CHEEFIREE RN
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% N E(PCL) s /2 B Carruthers UREZH B I A0 %6 BiAS 217, BA AR
VIR REE, T HIGE A R A1 AR AR BRI LB 2 B 2
A % 52 2T

2008 4, FEAME AR IRBASHGE 7 — M L ERC &), Sl i 7RI,
ZEL AV BB IR R A& BA T AR, 20 N FRIT PR A 1A 205
KA (Bl 1-40).

N \
O
i} \Kﬁ JL/\/xﬂ$
Ln=Sc, Y, Lu
1-40 {4k O 0 BT ER SR & RS
Figure 1-40 Catalytic ring-opening polymerization of e-Caprolactone

145 HUFRXKZHRERRK

2022 4, B E R A AR SCER 7705 A T — b H v L G 44 [0-PhoP
(CeHa)2-NH](PNP FCfA), FARHE Sk F LA AR 540 LA AR B, 15381 7 —
F PNP g A2 #: [(PhoP-0-CsHa)oN]RE[(CH2-0-Me:N(C6Ha))2] (RE =Y, Nd, Gd) Fi
TE&BREY . ZRIMEATN 5 R AR M IR B, Reus1S
FE =5 T B (M, > 130x10* g/mol) 5K 7 X MR R (PIP), HoAt 1,4-M=CR &7
YA R =18 98%7) (K 1-41).

P N/ R
< %u\<> N(;; <Qf\
NN THF N
NH + Ln " Z
O { A
P - | P. /N\
Cat. —
—_——— _
" 2\% Activator AQ_\% Ln=Y, Nd, Gd

P 1-41 2- R FERERE ORI T RIS AL TR RS

Figure 1-41 Isoprene polymerization catalyzed by 2-diphenylphosphino
diphenylanilido rare-earth metal complexes

146 &L 2-CHEMERE RN
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2- LARFEMEE R — R B T R, SR IR SR, BA RISk, B
FAE K, ATRLE Ol R BEREA AT . Ko TaMREEE 406,
JCREANIN I N5 5 R ARG OBE, TR A i A7 3 8 s T T &2 A0 o 1y
((EWSE S 11 bl R e e s (B 5 Y R 0

2- £ B e w] LA 22 <2 18 1 3R AT O I RS 54, HE T R LR & R
T REVIARL 1 2R 2- Z MG HEMENEBE IS AT AT S NI VE (L nE 2, W]
Pt — D@ A 2 VAR A AT et . IR S| TR R A, 2T
RERIEE G 2- S BEMENE ST AL e 70 5 M RO IIE TE R R 07781,

2- LML e REWAE S AN GIA B Z KN AT 2- LMt K&
AT TR A R . PUORE SR B TSI FUE AR LR 25 s ik
S M i, EE VIR IR BT R ERITSRZ AT, AL,
IR A58, 58 2- AR NE AR B AR R AW b R I H 2 i PR REANE A
CREBMWIFURY], & 2-LJhFm e 78 ik BOL R b a8 B M .

5

14.6.1 PABEF*. BHEERE 2-CHEMIE

20 4D 60 FFARZ AT, R 2-LImEENLnE R A Mol F R HHERE . &
A L5 T 2- LI AL 5 H A SRS SRR AR IE , (H A9 3 1 A 7 A
H 2T, PR R E R REA 5] 2- LImBEntne R A id 72 .

Natta 25 7E 140 60 FARHII & K H B T R GVE R I & T 45 8
PQ2-VP)E7881, 1961 4, G. Natta EESILUE ML S AT, 7R M VE 711
FRE, 19381 2-CMmHEEME R SEER S . 1966 ©F, G. Geuskens S5 & |
2- LB ENE S G VI AR R LIRS, (B3A 45 H IR 2 # . 1967 4, Matsuzaki
SO T AR TG 2- LA BEMENE SRS IR G IR, R T Ok . R
TAETHT, BT IR RS Y. 1975 4, Matsuzaki 5 A\ 1 VGBI A%
SEHRTF B PQ-VP)ISLARAG AT T RAECY. 20 42 80 F4R, LK Alain
Soum %5 A\ Ll G. Natta Z58F 70 A 53 (A 78 SO 9 BR Al & (0RI A MgRo AE AL
FULEAERL AL R A T = R PQ-VP)Y R &), FRIRAWETTi%IEA R 1
SSIALIROZ4, SRR, ARBAS B S B E L R G, WAl e A RN
SR FH AR AV 70 SR P A v ) B A 7 (B 1-42)
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Bl 142 SRS T SRR THY THES
Figure 1-42 Intramolecular complexation of metal cations with nitrogen atoms

L F 2 2- 2R HEME e 75 I 85 Tk B R G IO ik . (X2 JE A
— IR 2- LA RN SR X B ST VR RS, (B4 K 2 HUR N T R B Th R TE
W 2- CIRHFEENE R AW Bl VR, ANIFRIEEE e m TR RS R &8
WUEC &I MR 5] K 2- LI BEmb e S 4 [ b
1462 Wt E&RBREMERE 2-CHEMIE

2011 4, Mashima S8 78 A 50 15 R F S 40 BC & W01E e 4 77 SE 3
T 2-ZJEFEMEE R A (B 1-43). 1% TARE 67 LR A Wit 4T — R 5
A, 1350 4 MORFE AR, ARE A R R AW A A A, bR N
. B LR IR RE IS I8 IR 2- LUR N E s A B M . & R BN 2R 2-2
WL MEIE AT 26 T ISR E (mmmm> 95%), DM FEHITE 1.2 A4, RKE5
RECEEIL 100%.

N o N
N N N,/
iP N Pr ipr Y\ Pr
r
’ THF
N\
\&mg |
=
/——\ Pr ip
___Pr
N\ /N
iPr \‘( Pr ipr /Y\ Pr
N ’/
\/ SiMe,

Kl 1-43 i L& B ek il &4
Figure 1-43 Rare-carth metal yttrium alkyl complexes
2015 4E, P.T. Altenbuchner ZERH 2-FH AR AW (Y2 KL &)
Xt 2- LI FEMEIE-VP) AT AL B Ao Cr-X BRAEILFIR R AE R IR & A
o 2 B T O R T 2- 20 e . T DUA B TE B S B S (P =
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0.54-0.74) . i#IE BC{'H} NMR M S5t 7 Ar 2R B, B M52 21 1 4 A 54Kk R 1
SEE B RIE T X BUARAL S 3sdI AL E] (B 1-44).

Ph

Q/\NTOMe

\Y\\—O N

O\\\ N hf

Ph X Ph o -

O—'Y ----- (o) ‘Y

MeO’L OMe Ph
D Hzc -

X = CH,Si(CH3)3 & X = N(SiH(CH3),),

Ph

R N R
thf'i‘ thf,j‘AQ
O‘Y O“Y\* 0

OMe I ome R
HZC - H2C\Si/
|\

R =Bu &R = C(CH3),Ph

Pl 1.44 2- FI U5 B S U (IR B L &)
Figure 1-44 2-Methoxyethylamino bis(phenol)yttrium complexes
2016 4F, Alexander Kronastl715% FH#i + 4 @ £ A AL AT 10 2- 208 34t
WE(2-VP)IFAT B IS, G T SN IR 2- SR BEnE g o 3d i Xof ] A8
Wy R ER AR S5 K ) 22 [AME M, 3RAF T P =iid 0.92 HIEE 2- ZJRALALNE, JFREA W
BRI FES AN TR (B 1-45),

Bu |

N

N

I

O—Y-|O

N
\ - “OMe ™S H
™S O O n
n NI N NT
= L _ I/

REM-GTP
enantiomorphic site control
2-vinylpyridine

high isotactic poly(2-vinylpyridine)
Bl 1.45 i - & JRECTR S IHEAL 2- IR ke B A
Figure 1-45 Catalytic polymerization of 2-vinylpyridine by rare-earth metal yttrium complex
2018 4F, A AAMFRBIA NG B T — R AN R IR 1 B- i — 0 A 4 5
PE QA RRFIASGE BRI 142 J8 — e R0 &4, XS L-A T LA N B i dk
A5k 2-VP KI5 G, B R BE A0 T804 %6 1) P2-VP(mm:40%). {HAE S5
FEMEAL T I AR 25 [PhsC][B(CeFs)s], [PhNHMe:][B(CoFs)a)HEAT 4k, JEAI 4
T BE 5 - U S R AR RO 5 58, SR 7= A T S5 P2-VP, mm {8 =51k 99%.
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XLk RRE, FHBECARTE B & AL AR R XS 2-VP ALK E [ R A i E
ZREHEMMER, FEIRE NS 2-VP IR B R ETRE T84 (K 1-46).

o /borate f 2/borate
\ A \ A

highly isotactic P2VP atactic P2VP
1 or2

* High isoselectivity

* Controlled polymerization Isotachc bias P2VP

Ln=Y, Lu
P 1-46 Fii -4 8 —Ke AL S i 2- LI BEENE ) 58 SE S R &

Figure 1-46 Perfect isoconformational polymerization of 2-vinylpyridine promoted
by rare-earth metal dialkyl complexes

2020 4F, B ANFNIRE T —RIEH LE RS AENREY, I
e FAE M, % RIS @RS K 2- LIRFEMEIE K R &, T HAE R 45
F¥I[PhsC][B(CeFs)4] 5k [PhNHMe2][B(CoFs)alif b 5, SRS, XEE
BN 2-VP R E R L 1IEFENE (mm 535 96%) . 5% R F LI G YIAA L,
UL A TR I S i AR A VS 1 . WP A LR, e M L& BRI a7 m
RETEIERGR, FE T X458 B B W [E 8N ) (B 1-47).

Q v:o\\ Zn/s'\

N

Ln‘\oa Q

7 \\
Ln= Sc (1), Lu (2
. X
N N *\ Scandium Complex/Borte 2NN Scandium Complex § \n
| Y O Toluene,25 °C | P Toluene, 25 °C N N

S L

Syndiotactic Poly(2VP) Isotactic Poly(2VP)

P 1-47 XU 5 <5 e O 2 0 ) Db ] R4
Figure 1-47 Cooperative effects of dinuclear lanthanide metal complexes
2021 4, FEHRBFIREHMRENOG KT —Fho- WAL E R ELA, 5
T &R =R SRS IR B T — RV ANF R R e R S )
(] 1-48) IR HAR A AT R BIXT 2- 2 AR SEIENE (1 55 R SRIG AT ALK
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3. GNP TR AT
L, 2B SR EE 2- L) R nE SR A RS G, I HLaT DAAS BB = (13 3%
PERIRE T

\\/ CH28|Me3
RE—(T
\ \ RE =Gd, Dy, Y,n=1

(THF /RE RE =Lu, Sc,n=0
N Me3Si HQC
e OO <\
N \> N\/
O O

\ /N/'\ “~CH,SiMes *

CH,SiMes RE(CH,SiMes)3(THF), / /CHZS|Me3

\ / \

Me;Si HQC J/:>

1-48 BB 1 a- MU R ML E R 1 < SR IC A D HEAL 2- 2 AR Bt e 3R

Figure 1-48 Catalytic polymerization of 2-vinylpyridine by anionic a-imino pyridyl-based rare-

earth metal complexes

L5 RIS

M| 24 3R B B R O L 5 2 B, TR 5 T S AT B i 3 n 4% 25 Th e Ak
B[], (FTRAEAR. [FE, EEEELL 2R S S Bc RS S, XX
25 (L BELAD B R PR P A R o MR EEAG L & R I E P R 2R, A SRR i
WAETE.

BT DA AR R, ASUREIIL G U7 B 4 R W RS T A - ZER3I WA 1) 107 5] Nk
MEdE, fE3-L05] N2-FK I MEMREE, f# FSchlenk$i A, fE4FE AT T, &t
BLEIBC S, FER SRSk BT — R AL, 153 ERCE BIECAR R TTE, 2 JaX
HAFR = WIdhAT o e at, e KA (K 1-49). FEmaim Ry FIFEFE T,
PAT-(2- M Jik )-3-(2- 245 I M I 5L ) 5 I i 4K HiT /42 5 RE(CHSiMes )s(THF )2 R B AV 2
A E]— RGN IR T S B AR A, SR A Uk, 7 BRI
AT RAE, FFEER GG S AR A SR, 15 35 5 DU e HL A IR Sy, 4%
GRS A R Rt b, AR LL2- ZAEHEnt e (R A
S, 1-(2- ML IE JE )-3-(2- 2K I M i ) - 2 i R B A - 465 Ja Joe B T 45 7 A T A 791,
TR AN R B R A 17 A R 2- Z MM e, 8% 5256 ke ik 1-(2-
MEE P 5 )-3-(2- 7 I 1 56 )- 25| WS 47 + 4 8 e SE L S 0 1 R AL I b 2- 2 07
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FEmbne R A A PERE . PR R B G N AL SR RIS AL L VAR
A7) 55 RS 10 B3 DR 20 0 L R 23 A B

/\
=N

Y

)
K 1-49 HAbRECK

Figure 1-49 Target ligand
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ST RSB i X
E2EF 1-(2-MOEE)-3-2-FKFFEMEE)-2-l| R B %L &
BREERSYMNE AR MR

2.1 5|8

BT BEHT W FUARIE , X R G S A S I e gt Q3 R R I B AT i 1k
e L Z TR R B R RSO, SRAESIURT R HEALVE RE, AT FE AL 5 5 52 BEOR
Z I N, SRR, 6 UL AT I FE 20 KK, Tobin Marks 3% (I
FC I BADOSIEE XUZ A AL W A A0 & ebLl_E S 1 BT PR R et BAAE 2006 45,
2 BT A SIS XA (R A TRUAE 20 56 Hh I SR S HLER AN B R4 P BEAT T RSEMIWEIT .
2020 £, T mANGENOMRIE 1 S E K NN- 8- 1,4- 98 e — 2 B
LIRSV E KT — R L R EC AV, XL 2- LR R E A A
DU AT VEAT R TR o A SR IS E v i 20, & A BHBR Y 1-(2-
ML I )-3-(2- 2R IR M I | R BC AR, FREZ G A e T N 20 - g JE Ak =, 1551
T RIS .

2.2 SLUGERSY

221 FEHM

SIS FH AR R (IE e, FYAORN DY SR ) 76 15 F T 7 2 NP 22 72 Uk
PR INAENR, B R R A B AR A ER B S B (R IR e Eigt ), &
RAEAE AT T NN Cal [B13f, T F & 28 . SRR FICDCLs 13 F A 26 H
4ATy T IR THRER K CeDe Je AN G & T4 24 h, HABRKETATE
FaHAEI . DMF{SE FH A7 I\ CaH, THRIRIEEOR . FIT A AU SORIK BUR I A
BHE & R EES AR A N BEAT I, 8 AR R Schlenk$oR, ™A HEER S
K 43, BUAE 78 3 4 & 1 T B 48 ik 47 o LiCH:SiMes!'%) . RECLIO7 |
RE(CH2SiMes)s(THF)l18! (H:FRE =Y, Er, Yo%) 4, MAR¥E SCHR 5 iEd4 . R
REAE AL, o 4 BTG A4 IS B FH 24t | e-3- R RN(2- 2 B 2R 4E) . 2-980
MERE . To/KERBREN. S =R T WK SR N ITal, w EHEAl
H.
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222 KIGNER

AP TH NMR A1 BC{'H} NMR R AF £ 405 8 o 4 5 A 8 5 2 =) A2 7= 1
Bruker AV-500 %4 NMR %A %€ , & 1 45 44 2 30 b 4% [ A4 & 50 2 =] (1) Bruker
SMART CCD X- 5 £& 5 AT I 5E o 1 ml BcHE e B R B A 3R A IR A
A A7) WRS-3 48 A A4S . Jo R 20 A 8idfs B Elemental 22 7] F) Vario EL I
4B B0 R AT E o 205N G B B 0 AR B EE A R AE 7 ¥ Shimadzu

FTIR-8400s B EHEACI 72 o 1S54 H Agilent 6220-TOF Ji i {3l € -
223 1-(2-MEBEEL)-3-(2-FKFH IR EL IS AEC 4K 1-(2-CsHaN)-3-(2-C7HaNS)CsHs

NHYE B
(1) 3-(2-ZK F M J ) ] WAk 59 1 5 il

R ok M A -3- RS 0 (2- 2 5 2 R ) L ) [ A A R vk e A i 3-(2- T -
P ) 5 W

FRELIG] W3- FH % (50 mmol, 7.3 g). R(2-Z FE 2 FE) —#i (25 mmol, 6.2 g)INA
#) 250 mL { RS, INFAZE 180 °C @b/ R RBEMH, 7F LB A TLHELL
FIZAE R R Lhe AHIE, H LR CERRIE QLTRSS EHITER 2 T
JEBR 2. 3-Q2-RIFBEME Iy T B A, 773 90%, Wi 2-1 Fiur.

H
NH N
H 2
" @ Ivent-f {
2 p + . le] v:nt—t ree 2 )
ea N
CHO HoN @

P21 3-(1 -2 - M e | IR P 5 b 428
Figure 2-1 Synthesis of the 3-(2-benzothiazolyl)indole

(2) 1-(2-MERE F5 )-3-(2- 24 F: i s Ik ) | A P A7 1T 42 140 65 ol

108 Tk 3-(2- 2R I W e e | Wik 55 2 B W S A% AR A 381 1-(2- ML g ik )-3-(2- I
MEE A i TR A

P4 3-(2- A5 - BE MR L ) A5| (30 mmol, 7.5 g) I 24 50 mL DMF R - 2ite i .
FEE A IMANaH(40 mmol, 2 g), #iHER-A Y4 hfa, IIA2-5AEBE (50 mmol,
4.8 g), TE110 °C R AN ER [ 24 ho SR F 2 05RO B2 5 5E . 7R
FIGEHG, MRMEE G, BN KN, HORR CBEAER1), SR )5
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3 MWy N2 TR R DATYS'S
AN e = IR, Y220, SR )G FJOKIRBREA T4, U8, ¥R R
DRER, YA EE: R Ol (3:1) AE N TR E S aifL, 155
1-(2- M I 36 )-3-(2- 2 - ME MR ) I3[ (9.3 )l FH B [EAA, ISR N95%, WEEI2-2 TR .

N
y =N
N N F
/ \ N
NaH = Y
NG Ar DMF, 110 °C
. @

Pl 2-2 1-(2-MHE e 32 )-3-(2- 2 1 M Ak 35 ) iy WUR T 7 1) 5 ol 2

Figure 2-2 Synthesis of the 1-(2-pyridinyl)-3-(2-benzothiazolyl)indole
2.2.4 1-(2-ﬂttﬂE%)-3-(2-2:?#11%!1%%)-2-113Iﬂ;’k%ﬁai@%'&gﬁﬂéwméﬁi

/\
=N

N ¢ \
2 @/ﬁ + 2 RE(CH,SiMe3)s(THF), ’; ge’é"‘”zeh \ )
ol S jg@
9 /ls|
RE=Y(1), Er(2), Yb(3), Lu(4)
E2-3 BLaW {[1-(2-CsHaN)-3-(2-C7HsNS)CsHaNJRE(CH2SiMes)o ) FIA FREG 25
Figure 2-3 Synthesis of the complex {[1-(2-CsH4N)-3-(2-C7HsNS)CsHsN]RE(CH:SiMes)2}
ME2-3fR, EFEMHF, KRE(CH.SiMes)s(THF), (RE =Y, Er, Yb, Lu) 5
1-(2-MHE I F25 )-3-(2- 7% - 1 Wk 56 Y s WA i 47 1-(2-C'sHuN)-3-(2-C7HANS)CsHsN P 1 1)
JEEIR ELBIE A e I B IE b, 7E-30 °CON 1IN i, BLZS Sl 25 bRV 71
SR ANIE QAT IR, AR5 KR BLHE-20 °CH VR IR H . 33— 251
RISV AR . X-SF B ATH TR W], 1-(2-MEBE 36)-3-(2- 2R JFE ML I )
W R TEC -5 7 = 4 B8 1 e A A BOSURZ DU e 3568 T & SR L &40 -
2.2.4.1 {[1-(2-CsH4N)-3-(2-C7HsNS)CsHaN]Y (CH2SiMes)a b o(1) & il
HELEKTEEANKFER T, ¥ Y(CHSiMes)s(THF), (1.5 mmol, 0.74 g) Fll
1-(2-CsH4N)-3-(2-C7H4NS)CsHsN (1.5 mmol, 0.49 g) I A F|10 mLIF IE ke, 7F
30 °CNHERE SN h,  JORESE RS BRI, M) 8 mLE PR A6 mLIE
OO PR SRBGHRURB N VKAR AR IZE, 20 CCATREUR, PA45%I = 245 23

(SRR NS
2.2.42 {[1-(2-CsH4N)-3-(2-C7H4NS)CsHsN]Er(CH2SiMes )2} 2 (2)F) Ak
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ETKLEEMTEMF, ¥ Er(CH.SiMes)s(THF), (1.5 mmol, 0.86 g) Al
1-(2-CsH4N)-3-(2-C7HsNS)CsHsN (1.5 mmol, 0.49 g) A #1110 mLi IE Ok, 78
30 CCTRHFE RN L b, JRNESHE BRI, A8 mLER A 16 mLIE
O, FERGHIRNERNIKAR A5 Z, -20 CCATREUR, LL62%IH M= 215 215
T AR
2.2.43 {[1-(2-CsHaN)-3-(2-C7H4NS)CsHsN]Yb(CH2SiMes )2} 2 (3)HIE K

ELXKEEBMTFEMT, ¥ Yb(CH:SiMes)s(THF): (1.5 mmol, 0.87 g) Al
1-(2-CsHuN)-3-(2-C7H4NS)CsHsN (1.5 mmol, 0.49 g) M A 210 mLAIE Ebi ., 78
30 CCTR AN h, JRNEEHE BT, A8 mLER 16 mLIE
OOt PRI FRBGRIRE AN VKF AR E, 20 °CCAVREUR,  PAS2%I1) 77 243 21|
ANEN:T TN
2.2.4.4 {[1-(2-CsH4N)-3-(2-C7HaNS)CsHaN]Lu(CH,SiMes )2} 2 (4) & il

HEXKLEEKTERM T, ¥ Lu(CH2SiMes)s(THF): (1.5 mmol, 0.87 g) £l

1-(2-CsHaN)-3-(2-C7HsNS)CsHsN (1.5 mmol, 0.49 g) I A #1110 mLAY IE Sk, 78
30 CCR A RN L h, RS WG A A, A8 mLE 16 mLIE
CREFE . FEHGRURIBN VKA AR R, 20 °CCAIREIUR,  LL64%IM T K13 51 3%
SR Z NS
225 WizHteBRERAMNRNMERR

FRATRIEIT 1 Wi 15 R B S M S B, AR 2, P Yo RS 4(3)
A DAE FORVE Rl I — RV R ZE M L LT AN, Yb-Comsives 3%, Yb-
Cndol-2-y1 57 2) 15 2| M #5 LRI S W (n*:0:6"-L), YDI[L = 1-(2-CsH4N)-3-(2-C;H
4sNS)CsH4N(CHSiMes)](5), UE2-4ff75 . iEid'H NMRAIBC{'H} NMRUAKITHR
Mﬁ%ﬂﬁ%%iﬁaﬁﬁﬁéﬁ/%ﬁ, ) FH X -5 4 5 e A S % o L R AR Y

z ) Q SiMe; ’
Q_% % toluene N /<\$ ”}Aﬁ
30 c /'Yb ==
MS3SI d
/ /SI Ej

K2-4 BCEY (n*:0:6'-L)2YDU[L = 1-(2-C5H4N)-3—(2—C7H4NS)C8H4N(CHS1Me3)](5)E‘J/E.\EEE%Z)%
Figure 2-4 Synthesis of the complex (#*:x'-L)Yb'[L = 1-(2-CsHsN)-3-(2-C;H4sNS)CsH4N

(CHSiMe3)](5)
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2251 R HRIER At ot -L).YDU[L = 1-(2-CsHaN)-3-(2-C7HaNS)CsH
4N(CHSiMe3)](5) 1 & ik

T KT T-E4 0, ¥(3)(2 mmol, 1.99 g)iNAF] 10 mL F 2, 7E 50 °C
TR 2 ho BB ZE R, I 8 mL FAAN 2 mL 1F S ke BB =4 . £ 20 °C
T BL 40% (1S 3R A SR SRt d AR

23 BR5VL

23.1 BEiK 1-(2-CsHaN)-3-(2-C7H4NS)CsHsNEY & AR 5 R AE

(1) 3-(2-A FF R ML) 5| e A, & M 1 & B 2RAE

X S A ) FR) 3-(2- 46 I 1A g A P 44¢ 3-(2-C7HANS ) CsHsNH ] 4¢3 — 20 3t
ITES AL, TIRAEEE, 55 LL90%H ™ F 13 53-(2-C7HaNS)CsHsNH, Hy T
iR I FEAT T AR HE S | BRI SRAE  ZLAM G AT s 0 2 5 1% 73 B (R R AL

Colourless crystals, m. p. (sealed): 159-161 °C. IR (KBr pellets, cm™): v 3219,
3119, 3055, 2917, 2863, 1593, 1552, 1479, 1441, 1348, 1310, 1272, 1244, 1147, 1127,
1098, 1011, 920, 835, 750, 724, 706. 'H NMR (500 MHz, DMSO-ds): 6 11.98 (s, 1H,
NH), 8.43-8.42 (d, J = 7.8 Hz, 1H, 2-Cingole-H), 8.29 (s, 1H, Ar-H), 8.05-7.98 (m, 2H,
Ar-H), 7.56 (m, 1H, Ar-H), 7.50-7.47 (m, 1H, Ar-H), 7.37-7.34 (m, 1H, Ar-H), 7.28
(m, 2H, Ar-H). BC{'H} NMR (125 MHz, DMSO-ds):  163.37, 154.22, 137.29,
133.52, 129.38, 126.60, 125.05, 124.68, 123.24, 122.20, 122.06, 121.64, 121.20,
112.85, 110.93. HRMS (ESI) m/z Calcd. for CisHiiN2S (M+H"): 251.0637, Found:
251.0631.

(2) 1-(2-MHE g 35 )-3-(2- 2 - M e 56 ) g R T A7 14 5 ol 5 3R AE

X 43l K M 24 45 B 1-2- Ak BE 2 )-3-(2- 2K e e ) ] b T 44
1-(2-CsHaN)-3-(2-C7HaNS)CsHsN [Fl {43 — 20 #EAT B 45 i 4lifh . THRsb B, B/ A
90% 1177 %43 51| 1-(2-CsHaN)-3-(2-C7HaNS)CsHsN,  Ho A it FExd 3T T
PTG AR LA 0 HR T 20 A DUR XS B AR AT IR AL
nE2-5HTR .

Clear crystals, m. p. (sealed): 119-121 °C. IR (KBr pellets, cm™): v 3144, 3051,
1589, 1570, 1545, 1498, 1481, 1469, 1454, 1432, 1375, 1352, 1325, 1311, 1274, 1244,

1227, 1180, 1162, 1130, 1101, 1026, 993, 967, 927, 777, 754, 735, 724, 691. 'H NMR
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(500 MHz, CDCl3):0 8.59 (m, 2H, Ar-H), 8.42 (s, 1H, 2-Cindole-H), 8.19-8.18 (m, 1H,
Ar-H), 8.07 (d, J= 8 Hz, 1H, Ar-H), 7.87 (d, J = 8 Hz, 1H, Ar-H), 7.84-7.81 (m, 1H,
Ar-H), 7.57-7.55 (m, 1H, Ar-H), 7.48-7.45 (m, 1H, Ar-H), 7.40-7.39 (m, 2H, Ar-H),
7.35-7.32 (m, 1H, Ar-H), 7.22-7.21 (m, 1H, Ar-H). 3C{'H} NMR (125 MHz, CDCl;):
0 162.10, 154.04, 151.59, 149.23, 138.73, 135.87, 134.01, 127.74, 127.22, 126.11,
124.54, 124.46, 123.00, 122.55, 121.80, 121.37, 121.23, 115.29, 114.51, 113.21.
HRMS (ESI) m/z calcd. for C20H1aN3S(M+H"): 328.0903, Found: 328.0906.
/.9/29

»
wd

-

r
ae

/4

A %{
T N2
|

J 2 V4

o 3
I §
1g /)

1

S

Bl 2-5 FCAA Y it Ak 455 g 1]
Figure 2-5 OLEX diagram of ligand
232 EEM{[1-(2-CsHaN)-3-(2-C7HsNS)CsH4sNTRE(CH2SiMes), )2 (RE =Y, Er,
Yb, Lu)BIZRAE

o—=

(1) {[1-(2-CsHaN)-3-(2-C7H4sNS)CsH4N]Y (CH2SiMes) }2 (1) IR AE

Yellow crystals, m. p. (sealed): 173-176 °C.IR (KBr pellets, cm™): v 3142, 3051,
3013, 2952, 2889, 2809, 1592, 1546, 1495, 1467, 1452, 1436, 1393, 1365, 1323, 1311,
1275, 1244, 1227, 1176, 1160, 1142, 1116, 1098, 1068, 1050, 1015, 993, 967, 948,
926, 905, 857, 774, 754, 735, 723, 690, 591. 'H NMR (500 MHz, C¢Ds, ppm):d
8.27-8.25 (m, 1H), 8.22-8.21 (m, 1H), 8.13 (m, 1H), 7.99-7.98 (m, 1H), 7.90-7.88 (m,
1H), 7.75-7.70 (m, 2H), 7.64-7.62 (m, 1H), 7.40-7.37 (m, 2H), 7.33-7.27 (m, 3H),
7.20-7.18 (m, 2H), 6.99-6.96 (m, 1H), 6.84-6.81 (m, 1H), 6.76-6.73 (m, 2H),
6.63-6.60 (m, 1H), 6.56-6.53 (m, 1H), 6.10-6.08 (m, 1H), 5.81-5.78 (m, 1H), -0.15 (s,

9H), -0.16 (s, 9H), -0.22 (s, 9H), -0.24 (s, 9H), -0.26 (dd, Jyu = 3.3 Hz, Jun = 10.5,
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1H), -0.49 (dd, Jy.u = 3.3 Hz, Juu = 10.5, 1H), -0.60 (dd, Jyv.n = 3.0 Hz, Ju.x = 10.5,
1H), -0.65 (dd, Jyu = 3.0 Hz, Juu = 10.5, 1H), -0.74 (dd, Jyv.n = 3.0 Hz, Ju.x = 10.5,
1H), -0.87 (dd, Jyu = 3.0 Hz, Juu = 10.5, 1H), -0.96 (dd, Jyv.n = 2.9 Hz, Ju.n = 10.5,
1H), -1.04 (dd, Jyu = 2.9 Hz, Ju.u = 10.5, 1H). BC{'H} NMR (125 MHz, C¢Ds): &
194.33, 194.23, 194.21, 194.11, 194.01, 193.91, 193.79, 193.74, 172.98, 172.03,
155.76, 155.06, 149.31, 148.99, 148.89, 148.46, 140.62, 139.96, 139.82, 139.61,
132.55, 132.21, 129.25, 129.06, 127.91, 126.59, 124.65, 124.59, 124.51, 124.35,
123.42, 115.96, 115.83, 112.02, 111.84, 37.24, 36.99, 36.95, 36.84, 36.69, 36.54,
35.81, 35.51, 3.92, 3.87, 3.73, 3.66. Anal Calc. for CssHssNsS2Si4aY2: C, 57.03; H,
5.81; N, 7.13; S, 5.44; Found: C, 57.13; H, 5.89; N, 7.08; S, 5.68.

(2) {[1-(2-CsH4N)-3-(2-C7H4NS)CsHsN]Er(CH,SiMes3)2} 2 (2) IR AE

Yellow crystals, m. p. (sealed): 149-152 °C. IR (KBr pellets, cm™): v 3144, 3152,
3011, 2954, 2892, 1589, 1542, 1497, 1481, 1469, 1454, 1434, 1369, 1351, 1323, 1311,
1273, 1244, 1226, 1178, 1162, 1143, 1129, 1101, 1066, 1025, 1016, 992, 966, 927,
903, 861, 816, 776, 753, 735, 724, 690, 644, 596. Anal. Calc. for CssHesNeS2Sis Era: C,
50.34; H, 5.13; N, 6.29; S, 4.80; Found: C, 50.38; H, 5.14; N, 6.32; S, 4.78.

(3) {[1-(2-CsH4N)-3-(2-C7HsNS)CsHsN]Yb(CH2SiMes)2 b2 (3)FE AL

Dark red crystal, m. p. (sealed): 151-154 °C. IR (KBr pellets, cm™ ): v 3143,
3052, 3013, 2943, 2887 ,2807, 1596, 1546, 1496, 1470, 1456, 1439, 1396, 1362, 1313,
1278, 1245, 1230, 1216, 1159, 1143, 1116, 1096, 1068, 1053, 1015, 994, 976, 948,
927, 902, 856, 815, 786, 774, 755, 741, 691, 665, 643, 625, 592. Anal. Calc. for
CseHssN6S2Si14aYbo: C, 49.91; H, 5.09; N, 6.24; S, 4.76; Found: C, 50.02; H, 4.97; N,
6.39; S, 5.16.

(4) {[1-(2-CsHaN)-3-(2-C7HsNS)CsHsN]Lu(CH>SiMes )2 }> (4) IR AE

Yellow crystals, m. p. (sealed): 160-163 °C. IR (KBr pellets, cm™): v 3142, 3053,
3014, 2944, 2851, 2807, 1594, 1545, 1495, 1470, 1455, 1438, 1397, 1364, 1312, 1277,
1245, 1227, 1158, 1143, 1114, 1096, 1068, 1049, 1014, 994, 976, 947, 926, 903, 856,
817, 774, 754, 740, 690, 666, 645, 624, 591. 'H NMR (500 MHz, CsDs, ppm):d
8.24-8.21 (m, 2H), 8.11 (d, J = 7.1 Hz, 1H), 7.97-7.92 (m, 2H), 7.80 (d, J = 8.1 Hz,
1H), 7.74 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H), 7.38 (t, J = 7.5 Hz, 2H),
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7.31-7.24 (m, 3H), 7.18 (s, 1H), 7.12 ('s, 1H), 6.93 (t, J = 8.8 Hz, 1H), 6.81 (t, J=7.5
Hz, 1H), 6.78-6.74 (m, 3H), 6.60 (t, J = 7.5 Hz, 1H), 6.50 (t, J = 8.7 Hz, 1H),
6.05-6.02 (m, 1H), 5.76-5.73 (m, 1H), -0.16 (s, 9H), -0.19 (s, 9H), -0.22 (s, 9H), -0.26
(s, 9H), -0.57 (d, J = 10.3 Hz, 1H), -0.67 (d, J = 10.6 Hz, 1H), -0.86 (d, J = 10.5 Hz,
1H), -0.89 (d, J=10.6 Hz, 1H), -1.04 (d, /= 10.3 Hz, 1H), -1.22 (d, /= 10.6 Hz, 1H),
-1.26 (d, J = 10.6 Hz, 1H), -1.30 (d, J = 10.5 Hz, 1H). BC{'H} NMR (125 MHz,
CeDe): 0 203.78, 172.87, 172.23, 155.47, 154.94, 149.37, 149.04, 148.81, 148.10,
140.38, 140.22, 139.92, 133.20, 132.27, 129.20, 126.55, 126.45, 124.58, 124.50,
124.36, 124.22, 123.36, 121.36, 121.27, 121.14, 120.61, 120.18, 120.11, 119.93,
119.83, 115.77, 112.01, 111.91, 41.14, 41.08, 40.61, 39.83, 4.16, 4.03, 3.97, 3.87.
Anal. Calc. for CssHgsNeS2SiaLun:C, 49.76; H, 5.07; N, 6.22; S, 4.74; Found: C,49.62;

H, 5.08; N, 6.33; S, 4.91.
233 ZMBITBEEREEY(r*0:k'-L),YD'[L = 1-(2-CsHaN)-3-(2-C7H4NS)CsHa

N(CHSiMe3)](5)RIFR1E

Green crystals, m. p. (sealed): 170-173 °C. IR (KBr pellets, cm™): v 3054, 3020,
2950, 2925, 2892, 2870, 2853, 1928, 1587, 1565, 1523, 1435, 1364, 1310, 1281, 1244,
1181, 1151, 1111, 1018, 994, 951, 928, 904, 840, 746, 689, 623, 592, 501. 'H NMR
(500 MHz, CsDs¢, ppm): 6 8.34-8.33 (m, 2H), 7.84-7.83 (m, 2H), 7.42-7.41 (m, 2H),
7.27-7.22 (m, 4H), 6.96-6.93 (m, 2H), 6.91-6.88 (m, 2H), 6.85-6.83 (m, 2H),
6.80-6.78 (m, 4H), 6.62-6.58 (m, 2H), 5.99-5.97 (m, 1H), 5.92 (s, 2H), -0.56 (s, 18H).
BC{'H} NMR (125 MHz, C¢Ds): 6 163.71, 161.40, 160.32, 152.96, 149.35, 142.51,
139.40, 137.98, 133.03, 132.38, 129.74, 125.70, 123.90, 122.18, 121.44, 119.97,
119.40, 114.58, 110.94, 93.00, 74.47, 0.60. Anal. Calc. for CssH44NeS2Si2Yb!: C,
57.75; H, 4.44; N, 8.42; S, 6.42; Found: C, 57.50; H, 4.71; N, 8.05; S, 6.18.
234 {[1-(2-CsHaN)-3-(2-C7HsaNS)CsHsN]RE(CH2SiMes)2 }2 [RE =Y (1), Er (2),
Yb(3), Lu(4)|BY45HIFRAE

I LS SIS IR R RAIBC S, TR ISV A T X 2 5 T
P S FLAE R, AT 1-(2- Mg 25K )-3-(2- 24K I T I 5 ) g R P A 5 s L < g %) i
Ji 3.
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K 2-6 FEEY 1 KIS IASHIE (G5Kh H TR C41, C42, C43, C44 LIER SiMes &)
Figure 2-6 Olex diagram of 1 (H atoms and the SiMes group on C41, C42, C43, C44 are omitted

for clarity)

Js1

K 2-7 Beaw) 2 KR RLE R (G54 H A1 C41, C42, C43, C44 FIEFERT SiMes 49 1%)
Figure 2-7 Olex diagram of 2 (H atoms and the SiMes group on C41, C42, C43, C44 are omitted

for clarity)
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K 2-8 FEEH) 3 HIE ARSI B (Z5K T H A1 C41, C42, C43, C44 FIEFE SiMes 441)
Figure 2-8 Olex diagram of 3 (H atoms and the SiMes group on C41, C42, C43, C44 are omitted

for clarity)

P
Bl

K 2-9 BCE) 4 ISR RSE R (SR HJECT A C41, C42, C43, C44 _EIEFEH) SiMes H %)
Figure 2-9 Olex diagram of 4 (H atoms and the SiMes group on C41, C42, C43, C44 are omitted

for clarity)
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ey WMWY TR VAT
W 2-6. 2-7. 2-8. 2-9 FiuR, M X-SFHERHEATH ST AT LS, LAY
2 B # N P, =R R, WANEHR LSRRI EY. BEY 1-4 ikt
| WL 48 207 C-H BEI80E 1L, MUIDE T RE-C 58, 2-WIWkik5 48 LI aQ
pentit AR, PSSR B 223 Dluen < (u-n i)t 14 75 SORRBC R A
WML 4R, TR 4 I oL IR 5, 79 AT A T A PRV e 26 sk S5~ R /S
EJE R TR T — AP VYT, FF5 P95 B GE BT E (0 ~F [ ELAH 2 EL . 9]0
V-7 (R PE g S R0 37 FF) SR SR e B B N 190 59 5 R A 4 0 0 R BT
i 4 i o0 B T S JE (-CHLSiMes) s TF B AN SUAZ SR A2 1) D e JEE 7
TECAEY . BANEE O BSECAL AR T )\ AR B, #i 4@ &9 1-4 1)
T ER KB A L 2-1 PR,
*®2-1 FLAY 1-4 1) B A LA
Table 2-1 The selected bond length (A) and bond angle (°) of complexes 1, 2, 3, 4

1-Y 2-Er 3-Yb 4-Lu
RE-N3 2.476(6) 2.470(5) 2.458(4) 2.431(8)
RE-N4 2.553(6) 2.536(5) 2.513(5) 2.485(9)
RE-C21 2.605(9) 2.593(6) 2.581(5) 2.580(10)
RE-C1 2.653(8) 2.644(5) 2.615(6) 2.532(11)

RE-C44 2.416(9) 2.386(7) 2.364(7) 2.362(10)

RE-C43 2.423(9) 2.404(7) 2.365(6) 2.361(9)
N3-RE-C21 96.3(3) 95.06(17) 96.08(18) 101.4(3)
N3-RE-C1 79.94(16) 66.27(19) 65.97(16) 66.4(3)
N4-RE-N3 157.8(2) 155.15(17) 159.15(17) 156.5(3)
N4-RE-C21 67.8(2) 68.28(17) 69.02(17) 69.5(3)
N4-RE-C1 97.1(2) 93.13(17) 97.77(16) 97.3(3)

CI1-RE-C21 86.0(3) 85.06(17) 87.01(17) 84.1(4)

C44-RE-N3 92.9(3) 90.4(2) 87.21(19) 87.9(3)

C44-RE-N4 107.9(3) 105.4(2) 106.11(19) 100.5(3)

C43-RE-C21 87.8(3) 84.1(2) 88.1(2) 88.7(4)

C43-RE-C1 149.7(3) 153.2(2) 152.0(2) 153.8(4)
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C43-RE-N3 100.5(3) 102.3(2) 99.9(2) 102.2(4)
C43-RE-N4 92.9(3) 94.1(2) 92.7(2) 88.7(3)
C44-RE-C21 159.9(3) 162.3(2) 160.9(2) 163.3(3)
C44-RE-C1 90.9(3) 98.4(3) 90.0(2) 90.4(4)
C43-RE-C44 104.3(3) 99.4(3) 103.1(3) 102.5(4)

M A P AT DU, 1S AI0 RE-Cyn 1 Y-C(1) 15K A
2.653(8) A, 2 L & W) RE-Cyn H Er-C(1)HIEE KN 2.644(5) A, 3 iR 5911 RE-Cypo
HYb-C()EE KN 2.615(6) A, 4 FL &)1 RE-Copz H Lu-C(1)FIEEK A 2.532(11)
A, $K Y, Er, Yb, Lu [T S 00E#8/NEaS, FERZ, 1R
RE-Cyn 1 Y-CQ A KA 2.60509) A, 2 BA¥IH) RE-Cypa HP Er-C(21) ) B K
2.593(6) A, 3 BLEMI RE-Cye ' Yb-CQR1) K BEK N 2.581(5) A, 4 BL&WIIK
RE-Cyn F' Lu-CQD KK R 2.580(10) A, KA H Y, Er, Yb, Lu FIF T 2B
BRI . 4 R(Y, Er, Yb, Lu) 5565 B L C J5 0] 4 e
(RE-CA1) K10 2.423(9) A 2.404(7) A. 2.365(6) A. 2.361(9) A, Hifk
WIZRHT IR /N B 148 (Y, Br, Yb, Lu) 5 4e & B H 2R C R 1 18] 1) 4 ik
(RE-C41) I8 K43 5] 2.416(9) A 2.386(7) AL 2.364(7) A. 2.362(10) A, FHigk
BB/ . BT LB 1, — R0 LRSI S R 1 48 O IS T 2R R
/NY?* Er¥, YB*, Lu*Y), RE-Cyn B MBI HB/NNIES, X—IERMAFEHE +
BT 4850 2 W48 M) . A AR Y-C(1), Er-C(1), Yb-C(1)F1 Lu-C(1) )8 &
2.653(8) A. 2.644(5) A. 2.615(6) A. 2.532(11) ALt T A F A2 1R L 2 BT HRE 1)
e A P09 () Y-C(1),Er-C(1),Yb-C(1) AT Lu-C(1) 8K 2.702(13) A.2.708(6) A
2.728(6) A\ 2.742(5) ABLHE, XANGE R W[ 307 AR R Az BH 20 S A i
SO s AE L HT PR PTG B0 5 — 28 NCN-HH LS4, Yb(D)-C(D)BEK
2.327(4) A, FEASTH Yb(1)-C(1) 8K 2.615(6) Arpt H 42 i e fA 1) 25 a1 4
AR
235 ZMBLTRBREREM(* 0ok -L)YbIL = 1-(2-CsH4N)-3-(2-C7HsNS)CsHq

N(CHSiMes)](5) R4 R AE

T A SRR B AR LAY A, JRIE I XSRS AT S e

HEER, WEIC 1-(2-MERE J8)-3-(2- 2R M M 5 s | DR Tk 5 - 4 J 1) A =X
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2-10 LAY 5 AL Ch 7T, 2th H E 74 1%)
Figure 2-10 Olex diagram of 5 (H atoms are omitted for clarity)
SRR, MG 3 T — MR CHaSiMes iT# 3 2-M5 Wi b,
CH:SiMes H1 CHa i 25 1 — N BT ¥ Bty CHSiMes 5 2-M] Wk B % il C=C L
(C1-C42 K 1.372(4) A), MR Wk Je 2R FE Mg [F] i) 25 55 /4, T e AR 4=
JEH O Lhyto S AP 2-10 BT, Mg i b A R X- S5 2 o i AT S i
BT A, A Y LA A IR BN C2/e, BRI R, N
WECAAH L& B G BRI Lpton! A S5 - &8 lchl. Wt &8
B 5 1) 3 B M a3k 2-2 PR
F2-2 FAYS MEERKEM
Table 2-2 The selected bond length (A) and bond angle (°) of complexes 5

5-Yb!!
Yb-N3 2.634(3)
Yb-N1 2.524(3)
Yb-C21 2.749(3)
Yb-Cl 2.688(3)
Yb-C14 2.990(3)

Yb-C2 2.919(3)
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N1-Yb-N3 131.74(9)
N3-Yb-C21 70.08(9)
N3-Yb-C1 62.40(9)
N3-Yb-C14 109.27(9)
N3-Yb-C2 81.65(9)
N1-Yb-C21 71.36(9)
N1-Yb-C1 69.74(9)
N1-Yb-C1 26.32(9)
N1-Yb-C1 52.05(9)
C21-Yb-C14 66.62(9)
C21-Yb-C2 53.66(10)
C1-Yb-C21 29.18(10)
Cl-Yb-C14 52.37(9)
C1-Yb-C2 29.33(10)
Cl-Yb-C14 27.63(9)

236 Wmt&RBREEYEENR AT RN IEHEN

MesSiCHoE A 42 Ja 0o Csp?) B 25 5119 1, 1-1E R A 7 - P UL J5
ST, T AR TAESO-SUAIAR S SCER A B -H2IDL K Bk d A 254
SR, BATS N LRI AP (n*:0:6"-L)YDU[L = 1-(2-CsHaN)-3-(2-C;
H4NS)CsH4N(CHSiMe3)|(5)TE ABIHLER AT T4, Wi s, HidfEn]feeidE
R A AMREAT : W5 2-sp Bk 51 B T p i BAA — AN 1 (12-10-A), did L4
SERIZH TR (E2-10) B HIERIC3, CARINF BUE B M N 5L 7, AH
JSL PR sp2 B £ 25 7 Ak A Fischer BUSR LR 5%, Bl S, REER BT~ REH R
FEEMC, BERKE T Yb-Consives? 1%, Yb-Craol2y 752, YB3 HEIL JF YD
WAEEIS.

E&
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electron in p orbital
migration

A I . ¢ B electronic structure of
eleatronic structure o 1,1-migratory the electrophilic carbene

the sp? carbanion insertion

MesSi

N ?
homolysis of ~\7
Yb-C Yb
CH2SiMe3 N
-MesSiCH,CH,SiMes </ 5}\‘ \ove=

N SiMes N . )
/J\A 4/\ heterolysis of
\ //va‘”-\\// Yb-Cingol-2-yl
N

/N MesSi” N 2H
QO

5
D

2-10 sp? B T 15 FL R BB A0 S 1,1 IR B3 A 4\ 2 0 2 6 AL
Figure 2-10 1,1-alkyl migratory insertion and consecutive transformations
AR C-4 IR = A AR R = 2 (MesSiCHLCH,SiMes)#EAT T 4, JFi@
it "H NMR(E 2-1 1) F5 % (B 2-12) 0 FF B Hdk AT 7 AL

“400_1
lQLI

T T T T T T T
0.1 -0.1 -0.3 -0.5

£1 (ppm)

o
o
w

T
3.0

T T T T
o 4.5 4.0 3.5

T T T T
7.0 6.5 6.0 5.5 5
£1 (ppm)

K 2-11 BEG=YIH "H NMR 3 &

Figure 2-11 'H NMR spectrum of the coupling products
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159.224
10.75%

174.271
4.47%

160.158
1.54%

161.231 175.258
0.87% 0.81%

160 165 170 175 150 185 190 195

5
w/z (Da)

P 2-12 (I 0 O 4

Figure 2-12 GC-MS of the coupling products

2.4 FENE

AR B FRATT ARG -3 I 15 X0 (2- B B R B0 o S5k, Jd [ A IR, BA
90%[H] 7 HAFF] 3-(2-ZR IFIEMEEE) |, 7E DMF v, H 3-(2- 2K Jf e L) e 22
NaH &G 2-5E0E SR, OV BL 95% 7= Z G % 1 1-(2-MEng £5)-3-(2- 28 9F
M M VU] W LK BT A . = L 38 TH NMR,  3C{'H} NMR Rl {44 45 4 1) SR 4E
ST R ECAR S 5 M EH  a E R A4 RE(CH,SiMes)s(THF), (RE =Y, Er,
Yb, Lw)fEIECKE B, AT — RIIHTAL 1-(2-Ah g 5)-3-(2- 2K IR I ek )-2- 1]
W 5 s -+ e 3L S & {[1-(2-CsHaN)-3-(2-C7HaNS)CsH4NJRE(CH,SiMes)2 b2 (RE =
Y, Er, Yb, Lu), A& 5 s &5 K o i el UG, Wl EE RO AR A A b 2-67
C-H B IE I, BN T RE-Cop 8, 2-W51 Wi LA 205 79 /> 4 Hp ol i
BEANFG 4B R NI, PIANECAR IS Bl (u-n o) (07 RS ARG 4
JE R, T R4 & O R A5 A
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NH,
(X o
o /N
ane
N HoN
/ —_—m Y —_—
solvent-free N N F
CHO heat @ 2)U .
= N

\/<Z\ ZT
g2
ag
I
Sx
o]

N 5\2

Ligand
\ \, I - /
& £ Yo je
z N siMe,
N n-hexane, -30 °C \ \RE < N__ N

toluene
: { 2 RE(CH,SiMe3)s(THF), N \/ /E\ 30°C \,>—»Yb”\
2 3/3 2 X\ /RE_ N / — N
2 ‘N / N N .
Na:

RE=Y(1), Er(2), Yb(3), Lu(4) 5

Kl 2-13 Foik DA BC & Y00 & Rk
Figure 2-13 Synthesis of the ligand and complexes

I BT T A RN, FA LA (3) T CATE B R i E o
HEEEH) 1,13ER 4N . Yb-Cersives 2%, Yb-Cindol2y1 7 2) 159 3 40 T Je e
e )5 2 s E R R S Y (7" 026" -L)YOU[L = 1-(2-CsHaN)-3-(2-C7HsNS)CsHa
N(CHSiMe3)](5), i H R 450 0 v DUE %I & 409 AR A ) — AR
Wi L& BECAEY, HAPRANEARYY Dyt 177 NS B0, &4 Hhis] b 2-
BLH) C(1)5 C(2)s C(14)M NGB A M A3 U 15 58 Yb(II) Ply* F 2
£, FIFHEME I NQG) S48 Yb(IDTERK T o
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L TRE K+ 23 AT 18
35 1-2-MIEE)-3-2-FKHEME)-2-IIrEWNiZFE LT &
BREGEMEWN 2-CHEEMIEES R N MR SHIE

3.1 5|8

2- LIFHBEMENE TEAWITE S AU BT IR AT . 2- LIR B e &
AT AR . GRS AR BRI BRI R DL K 2 E Ak
G2 M, W TIEE AR BT . BRI 2R, SRR
KM N FEBEIR BRI BAR A L, B 9T 0T 2- S FEEIE 28B4 (1) SCHR R 5 AH X4
Do Bbhh, BT HARROLE R, B 2- LA £E S 2 R A R R I B
REFIMEFH o

R B BAT R AT I AE AR A, AR BRI, (6 A I 2 AN 4L T AR
AT Z IR FRT R . (H A2 i TR B A ResE v HUMGREE . 3B LS Hvs
7R 7 THT L 8 i 0 G A s 7 SR R RE RS L 22, X B KRR B s T A
A BTN ]2 R

AFEA, RATRA ESCA B BUZ IS S E AT, WS T I %
JG, TEBARM MM T X 2- C 0 F e 2-VP) S AT A SR &, IR & 2R
2- 20 FE M E 5 TR R DN T AR R, X T AT SRR, Sl i SR A
H Bl B R B 0 L AR A RT R SRR R, B B S e S B S

3.2 SLIGERSY

32.1 BRHIRLE
2-VP S 1 75 Je F CaHo P B T-18 CTRBTVE BRI 60 h, (KR M
UREFSRAEE BRI NI 78T, AR 58 UG TN T E A UK IGIR PR A7
S5-I P i 75 56 FH CaHo B BET-18260 h, 72 TR AR G SORY R IR 2818,
NFEFE T UKAE N AET
322 SKINER
'H NMR 1 BC{'H} NMR FAE{4 FH 4% [E 15 & 50 2 =] () Bruker-AV 500 ##

PEREAGHAT I E  REWH 0+ 5= UL 789341 Agilent PL-GPC220 1E 40 °C
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TR R A A8 S
T, AR IR AREENE .
323 EWHE

W A5 A 1-(2- ML 356 )-3-(2- 2K F R MM - 2- W5 I 7+ 4 B AR S L & 1 -5 1
MR, WAL 2- 0 R e R A AR RE . FEFET, M RS K
PIMANEAGTA(S pemol) Rl — 5@ 22 1 Ab 3 I F B 28105 1A 7, R4 78 b
S 2 CIEFEE NN R RO, =R N R G — BRI S, TR
MR KRS, & S P e, mMAKREECkTHiEE, FRE
SEAENTH, BEYHIECKHERZ IR, ZJGTESS °CIUET1#24 h.

2- £ HEMEE 55 5 Y i L 5R S SIRHE s 2B SR Y R 1T B A kAT
FERT, AR TS pmol) 11— B 20 i Ab BT BT 25 18
FRIVE R, Tk 200 B 28 A0 3L 192~ 20 28 Lk g R O- 1 9 B AR VI IR SRR (Ff
2- LI FE L E B IR SEAE NN O- IR IR 5 FRERAHE 2 I S 5 4 AR AR
TER BRI IE Ot A, B OEaREF=MNTH, 3 DY S kA i)
FEIRA20 mLIE e EHUOE, IEERT T REE. RE, HEELE.
324 REFYRS N
3241 HEWHT RS TESAAIIRN

REWIN o T B MG T 800 A1 R AP R 23 415 (X Agilent PL-
GPC220 Rt B2 15 (a1l G 58 3 78 Je oy TR o A, LURZR S Nisfe, B
DMF A AN, #E N 1.0 mL/min, RIE 40 °C.
3.2.4.2 R2- )t mE FHE FE e

5 2- ) HEAEE 1R ST ARG AL JR AR AR G SCBROY, i SR 2- 20 HE A e PR A% T
B, A R AR AL LR 75 165.0-164.2 ppmAbFRIFH 43 T AR AT LUK M H 5 2- 2
W ML e R B, L b 7R A BT 165.0-165.5 ppmi X B 5 HE 45 K U6 (mm) 5
164.5-165.0 ppmJA N T EE /)1 (mr); 164.5-164.2 ppm(rr) N AL Fl%, 5% B
e (IR 3 TR 1) LA RE A% T B HE 52 - M RN E 119 S A4 KU B8 FEE P
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33 BR518

33.1 L 2-ZBEMIEREFHMUL

LR B BT 1-(2- ML IE Ak )-3-(2- 48 JF E AL )- 215 L+ 5 R ke S T S )
4 RN, RGMFHE T ECEVIMEL 2- LIGILMENE R & N . 5 EANF S
PERT 2- ) BEMENE 45 SR ML IR R o

M 3-1 /T LR, IR 2- 20 HEnth g 5840 1 (R s R . i
AR, BT A SRR G EFIR S, ERRFMT, S0 THF
TN, [ 50 min, SN FEACERBAR, XAEIEH] 59%, JFHHERAE
VOB A+ 7r 22, Wl 3-1 From. A RTINS R BT, 3
WHRIER]T 90%, (HREPTRERMEK, BRI R i, WREHTRE
PRNE IR IR R RN, BUE RGN AR TR 2R & . 2Rk CoHsCl
TEN R BIEFIN, BCEY0 4 RILH REFRMEAIEYE, BPARNEALRER] T 99%,
i IS RIS (K 3-1), TRZAEM CeHsCLE M AL 2-
CAEEMEIE SR A

R 3-1 VEGTIRNSENT JS L FRRE ) «

Table 3-1 Effect of solvent on the reaction®

X s
4 . "
AN
n | N r.t. solvent = IN
= N
Entry Sol. Time(min) Conv.(%) Mpx1074 Act.c b’ P,
1 THF 50 59 - 0.6 - 0.35
2 Tol. 25 90 12.4 1.9 3.23
3 CsHsCl 20 99 13.4 2.6 2.15 0.87

“Conditions: n(Cat.) = 5 umol, Cat. = 4-Lu, [RE].:[2-VP], = 1:500, temperature = 20 °C,
’Determined by means of GPC against polystyrene standards in DMF at 40 °C. “Activity: 103
g'mol"min’!. “Determined with the integral of aromatic quaternary carbon *C{'H} NMR
spectroscopy.

W 3-2 O, TTLATE A1 5 B Lt R TR L5 BT
Mo FE PRUEHA e N SR RN DL R, 383 Vipve: Viso = 1:3 B, fEALTEEIR
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w. [HRBHTREMEE, FBUREKRE, BUTRNATES, RN ALR
90%, Tt IR, B Ve Visay= 117 B, RNIEHEG TG, KA
I [B] 75 LB K 22 30 min, FEHE SV AR EEIA B Vigvep Viso = 1:10 B, fEREK R
R ] 2 60 min J&, FERMAUEE] 98%, RILRAIFEGEEE RN, i
CeHsCl VE A R BV, SEREE RIS LN Vizver Viso = 1:5 FEAT R

—165.21

entry 3

entry 1

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
165.9 165. 7 165.5 165. 3 165. 1 164.9 164. 7 164.5 164.3 164. 1 163.9 163.7 163.5 163.3 163. 1
f1 (ppm)

B 3-1 % 2-Z@Enkne 75 R X 4 BC{'H} NMR £ (3£ 3-1, S£46 1 A13)

Figure 3-1 Aromatic quaternary '*C{'H} NMR resonances of P2-VP (Table 3-1, entry 1 and 3)
R 32 TR RN ML @

Table 3-2 Effect of the solvent ratio on the polymerization reaction”

Entry Va.vp:Vsol. Time(min) Conv.(%) M, x107* Act.c Db P,
4 1:3 20 90 16.7 2.3 3.19 -
5 1:7 30 99 13.8 1.7 2.22 -
6 1:10 60 98 14.1 0.8 2.36 -

“Conditions: n(Cat.) = 5 umol, Cat. = 4-Lu, [RE]:[2-VP], = 1:500, temperature = 20 °C ,
CeHsCl as solvent, *Determined by means of GPC against polystyrene standards in DMF at
40 °C. “Activity: 10’ g'mol!'min"!. ‘Determined with the integral of aromatic quaternary
carbon *C{'H} NMR spectroscopy.
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332 AE®BLIERHOEN 2-CHEMIERSTEMEXTEE
#* 3-3 WA 1AL 2- L)@ FEMEIE I 2R

Table 3-3 Polymerization of 2-vinylpyridine catalyzed by complexes 1¢

Entry  Cat. [2-VP]:[RE]  Time(min)  Conv. (%) M, x10* Actc B* P,

7 None 500:1 720 - - - - -
8 1-Y 500:1 5 99 17.8 104 298 0.80
9 1-Y 1000:1 15 99 20.9 6.9 330 0.55
10 1-Y 2000:1 35 97 22.3 5.8 2.87 0.51
11 1-Y 3000:1 60 96 29.1 5.0 294 0.50
12 1-Y 4000:1 360 85 34.1 1.7 3.66 -
13 YCs 500:1 60 65 2.5 0.5 2.10 0.35
14 LYC; 500:1 30 80 3.6 - 1.82 -

“Conditions: n(Cat.) = 5 umol, temperature = 20 °C, V2.vp: Vso] = 1:5, CsHsCl as solvent, YC3
—  Y(CH:SiMes)s(THF)(10  umol),  LYC:  ={(@-L)Y(CH:SiMes), [L =
1-(2-C4H70CH>)-3-(N,N-(CH3)> NCH»)CsHaN]}(10 pmol), “Determined by means of GPC
against polystyrene standards in DMF at 40 °C. “Activity: 10° g-mol''min’'. “Determined with
the integral of aromatic quaternary carbon 3C{'H} NMR spectroscopy.

® 3-4 TLE 2 AL 2- IR E L E R SR
Table 3-4 Polymerization of 2-vinylpyridine catalyzed by complexes 22

Entry  Cat.  [2-VP]J[RE] Time(min)  Conv. (%) M,x10* Actc D¢ P,

15 2-Er 500:1 15 99 14.1 34 24  0.81
16 2-Er 1000:1 30 99 18.6 3.0 2.59  0.63
17 2-Er 2000:1 60 91 223 2.5 2.87 0.58
18 2-Er 3000:1 105 82 29.9 0.7 2.69 -

aConditions: n(Cat.) = 5 umol, temperature = 20 °C, Vp-vp:Viso] = 1:5, CsHsCl as solvent,
bDetermined by means of GPC against polystyrene standards in DMF at 40 °C. “Activity: 10°
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g'mol'min!. “Determined with the integral of aromatic quaternary carbon PC{'H} NMR

spectroscopy.
35 WA 3 AL 2- L)@ FELE ) SR A

Table 3-5 Polymerization of 2-vinylpyridine catalyzed by complexes 3¢

Entry  Cat. [2-VP]:[RE]  Time(min)  Conv. (%) M,x10* Act¢ D’ Py

19 3-Yb 500:1 55 49 - - - -
20 3-Yb 1000:1 120 43 - - - -
21 5-YbII 500:1 360 trace - - - -

“Conditions: n(Cat.) = 5 umol, temperature = 20 °C, V2.vp):Visol] = 1:5, CsHsCl as solvent, Yb!
= (gtox'-L)YD'[L = 1-(2-CsHsN)-3-(2-C7HsNS)CsH4sN(CHSiMe3)](5)(10  pmol),
’Determined by means of GPC against polystyrene standards in DMF at 40 °C. “Activity: 103
g'mol'min’!. “Determined with the integral of aromatic quaternary carbon *C{'H} NMR

spectroscopy.
* 3-6 LB 4 AL 2- IR FELE R R A «

Table 3-6 Polymerization of 2-vinylpyridine catalyzed by complexes 4¢

Entry  Cat.  [2-VP]:[RE] Time(min) con Max10%  Acte Db Pyl
(%)
2 4Lu 500:1 20 99 134 26 215 087
23 4Lu 1000: 1 40 95 186 23 259 0.0
2% 4Lu 1500:1 60 80 21.1 24 273 0.62
25 4Lu 2000:1 360 75 215 04 288 -

“Conditions: n(Cat.) = 5 umol, temperature = 20 °C, Vpvp:Visol] = 1:5, CsHsCl as solvent,
’Determined by means of GPC against polystyrene standards in DMF at 40 °C. “Activity: 103
g'mol-min’!. “Determined with the integral of aromatic quaternary carbon *C{'H} NMR

spectroscopy.

M 3-3, 3-4, 3-5, 3-6 1, AILAE W, EAMEAEAHEAFIREL T, B
¥ A N AE KB 12 h, 2-Z @SR ne AR A RS A 1--the
HE)-3-(2- 2 I IR MR IE ) -2 -5 R RE A7 1 <5 R BRI A AR U T AR 2- 2
IEHEIEE R A RN EET, TEY LA, REEERE:
HRHATFREASMEER, PR H T MG S, REdhTH, iKEY 2
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AR, fEAETERZ, o FE AR K, (HiEZHECR, HiE
Y 3 VE AR, SR A R BEIR AR, e X REIL 2] 49%, FRATTor BT H AT fE 22
H T A RS N TR R BUE R N &) 5, IRATEM R ECEY) 5 7E v itl
A, REA O &8 RS, RBRIRE Y, XWR T EREC S 3 ik
RACHIA R, BLEYD 4 1E AR, EATETEEIR, &2 RaeR 625t
9 1:2000, {H2EH A 185 Am WA IR 3 HERATDS —RIVVBE AT 1 #%
RBRE BRAE, R ILEA TR REBR (5 5 /E 165.0-165.5 ppm b2 A FE 40 K —
B, R RO SE R (mm), Ui SRSV BA S B (] 3-2).

“Jos7]

0.10+
w1 [0.03-

T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 «
£1 (ppm)

P 3-2 3 2-VP[f) BC{'H} NMRi & (% 3-1, L5 3)
Figure 3-2 3C{'H} NMR spectrum of poly(2-VP) (Table 3-1, entry 3)

AR Y(CH2SiMes)s(THF ), /E AL, AR TER AR, &I 1]
JERE 60 min WAH 65% LA, 7> TEAEE] 2.5x10%, RS EVIHIZG 7>
TERRZ, XA PMABLECAARRON, 1-(2-MIE 3k )-3-(2-2K I L ) | e i A 4
FoEPh ks 7 EEAER], X S IR 1-(2-AE g 5 )-3-(2- 2 J e )-2-
W5 kB < s R A Bl S ) B A
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High 3 Low
Lirrit Lirrit
“
L &f
I
rFr1T 17 17 17T 17T 7T 7T 1T 1T 1T 1T T 7T 1T 7T 1T 17T 1T 17T 7T T 1T 1T 1T 17T 7T T 7 11
105 1 15 2 25 3 35 4 45 5 55 6 65 7 75 B 85 & 95 10 T 12 13 14 15
Retention Time

Kl 3-3 3K 2-2J@Entng GPC #hgk (3K 3-1, S5 3)
Figure 3-3 The GPC trace of P2-VP (Table 3-1, entry 3)
bRtk 2 4, HATIE S B &8 K &Y ((P-L)Y(CHSiMes): [L =
1-(2-C4H70CH2)-3-(N,N-(CH3)2 NCH2)CsHaNT} AL VE M BEAT T X T EL, 5
T & BB A VINE AL FIEAL 2- Z 0B FEE N SN, R4S, AR E N
10 pmol B, BI{EFRATTH S SEE A REK E 30 min, REFHAEBRA 80%, K&
SR Rk R 3.6x10%, X HE— DRI T A RSN . BRI SR EY),
HAEWAEEF G, WAL, B3 (GPC) Mk 42 g, W 3-3 fix,
IXR T R4 R i 0N
333 g 2-ZIHEMIER X AREHERNEIR
AR TECEM 1 X 2- L) B 55 0- 15 P T R SR (R e AL AT 9T
Z5 5L 4N (Table 3-13)T7R . 24 2- LI HEALNE 15 5 A T P B4R LE A2 11 7E 1:1 1,
AT 1 ORFFIR g 1, RO FE SRR EL B T 21 500:500:1, 7E 20 °C B/
T, 70 min HEEE B RIFHIEALZR . AT RS Y3E1T 7 'H NMR [J3RAE,
IRITE 2- L) HERTE e A0 R A B PR o 115 SIS AE (] 3-4),
R 3-13 2- LIFHEMEE 5 o- A BRI LR A 221K «

Table 3-13 Copolymerization of 2-vinylpyridine and J-valerolactone®

o)

4 n
* o]
2 me) = N + Q(\/\/ jr\n
N
)
n *
m
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Entry  Cat. i Sol. Time(min) Conv.(%) M, x10™*  Actc Db
[VL]:[RE]

1 1-Y 100:100:1 CsHsCl 20+10 80 - - -
2 1-Y 100:100:1 Tol 20+10 70 - - -
3 1-Y 100:100:1 THF 20+10 63 - - -
4 1-Y 200:200:1 CsHsCl 20+10 76 - - -
5 1-Y 500:500:1 CsHsCl 40+10 78 - - -
6 1-Y 500:500:1 CsHsCl 60+10 95 14.2 2.7 3.44

“Conditions: n(Cat.) = 5 umol, Vp.ve:VvL:Visen. = 1:1:10, temperature = 20 °C, The addition
sequence: Cat., then 2-VP, last VL. ?Determined by means of GPC against polystyrene standards
in DMF at 40 °C. “Activity: 103 g‘-mol"!min™'.

FERABBT R, BATRER HP2-VP S &8 fr O IR EL AT 58 R, @i i
TR IR R B AL S5, TTP2-VPHENS 75 B A 205 (1 55 %M SR JT R BC A Y T
AT $E 2-VPIE N BARORAT BIP2-VP, JHKe A 155 AL B IR S W BE RO R AL A E
KEVRFIHFHE G VLIRS« AT 1A E 1 51 R R B RS 35 E #PVL
MITERL, LRSS BOCRMEI B . NEP2-VPIE R A R e, ik
FVA R B B R E TR, R ER 2-VPSE &4k, K MR [E] £ 60 min,
SRJEINANG-TR N BRI HE 10 mine P40 FH IE Cobeiive AU R e i 7 2, 2
ROy B Ry (BAVEXN RGP IiAT T 0 1 &AM T & e, &
DIHGPCHSE FA P ANE) (Table 3-13) Toikr=AE i B R R K AT g 2 il
FRSVEFILEAEAGT 1R SEA% AN I BUP2-VP-PVL [ B I 40191,
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mvw (\Ll/ @\a‘ S

v R\ NN

f1 &pspm)
K 3-4 BAEFYIR 'H NMRIE K

Figure 3-4 '"H NMR spectrum of the polymerization products

3AKREING

AR GWF T & AR BRI S YR AT 2- 20 R e 3R &
RPERE, MIAEFIRISE, WERIM0E, LSRRGS, SEA W IR, W5 REARE 14
JREC S VIR ST T SRR

SIGEE R R, BLEW 1, 2, 4 BIRUSIRIT AL 2- LR Bbne B4 o XU
T & BE AR LB L B IS W AR AR, IF BRI AL
T VEREAE <58 PO B TR R R TG K, B < v Je L) 2 ) oz FEL A 386 K
/N, FERI G FRERARMER 2 EL R, HPREY 1SR,
4 5 IR 2- IR NE A R B . FOa ) 1 AE SRR AR AL 77 5081 EL I 5]
4000:1 i, {T5REIL 2] 85% ML

= Z N
A |
N & | SN H
) N= N7 | NS SR
LRE _NZ || o ) — / —Z o . CHOH,
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Table 1 Crystal data and structure refinement of the complexes 1-3

Crystal data 1 2 3

Empirical formula Cs6HesN6S2Si4Y 2 Cs6HesNeS2Si4Er Cs6HssN6S2Si4Ybs
Formula weight 1178.97 1336.16 1347.72
Temperature/K 293.15 293.15 293.15

Crystal system triclinic triclinic triclinic

Space group P1 P1 P1

a(A) 12.4962(8) 12.4793(12) 12.4889(5)

b (A) 15.7975(10) 15.7685(15) 15.7434(7)
c(A) 17.7535(10) 17.7413(17) 17.6727(6)
a(°) 88.662(2) 88.6100(10) 88.403(2)
L) 84.845(2) 84.5990(10) 84.3420(10)

7 (°) 69.388(2) 69.5030(10) 69.7400(10)
V(A% 3266.9(3) 3255.4(5) 3243.8(2)

Z 2 2 2

Peaic(gem?) 1.199 1.363 1.380

w/mm-! 1.941 2.734 3.040

F (000) 1224.0 1340.0 1348.0

A (Mo K, radiation) 0.71073 0.71073 0.71073

26 range (°) 4.432-48.814 2.306-54.95 5.144-55.108
Reflections collected 114916 27935 84224

Rint 0.1716 0.0292 0.0491

GOF 1.013 1.053 1.018

Ri, wRy [I>=20 (])] 0.0685, 0.1596 0.0439, 0.0972 0.0369, 0.0793
R1, wR» (all data) 0.1479, 0.1961 0.0662, 0.1086 0.0606, 0.0913
Largest diff. peak/hole / eA> 0.63/-0.50 2.90/-1.34 3.04/-0.84




8 W YN R R TATS'S

R 2 WA 4-5 1 R AEIE 51

&5

==

%

Table 2 Crystal data and structure refinement of the complexes 4-5

Crystal data

4-(CsHsCl),

5

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a(A)

b (A)

c(A)

a (%)

B ()

7 ()

V (A%

Z

Peac(gem’)

wmm-!

F (000)

A (Mo K, radiation)
20 range (°)
Reflections collected
Rint

GOF

Ri, wRy [>=20 (])]
R1, wR, (all data)
Largest diff. peak/hole / eA

C56H68N652Si4Lu2'(C6H5Cl)2 C48H44NgS2Si2YD

1576.68
293.15
monoclinic
C2/c
14.6276(18)
19.470(2)
25.369(2)
90
100.885(4)
90
7095.3(14)
4

1.476

3.011
3168.0
0.71073
5.31-54.956
24879
0.0855
1.034
0.0593, 0.1369
0.1102, 0.1580
1.41/-0.83

997.72
293.15
monoclinic
C2/c
15.0398(11)
17.4864(11)
20.0662(13)
90
101.427(3)
90
5172.6(6)

4

1.282

1.970
2016.0
0.71073
4.142-55.08
48405
0.0747
1.053
0.0273, 0.0693
0.0335,0.0711
0.60/-0.83

n/a: Not applicable. 4-(CsHsCl)2: 4 was co-crystallized with 2 C¢HsCl solvent.
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Figure 2. BC{'H} NMR spectrum of the 3-(2-benzothiazolyl)indole (125 MHz, DMSO-ds)
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Figure 3. 'H NMR spectrum of the ligand (500 MHz, CDCl;3)
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Figure 4. 3C{'H} NMR spectrum of the ligand (125 MHz, CDCl3)
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Figure 5. '"H NMR spectrum of the complex 1 (500 MHz, CsDs)
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Figure 6. 3C{'H} NMR spectrum of the complex 1 (125 MHz, CsDs)

79



59 0~

5 0-

&

610~

&
o

N —

SN & N

=

o
R R R S R SR SR S SR LN E R e

[

£1 (ppm)

AN

8015 7

PTH

Figure 7. "H NMR spectrum of the complex 4 (500 MHz, CsD¢)

@ sgnny
LOEB5RERR
i S S S A

WP R e

axwot
CidAAS A

8¢ 0v 1

01 '8vT

S

Figure 8. 3C{'H} NMR spectrum of the complex 4 (125 MHz, CsDs)
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Figure 10. 3C{'H} NMR spectrum of the complex 5 (125 MHz, CsD¢)
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Figure 11. 3C{'H} NMR spectrum of the P2-VP (Table 3-1, entry 1) (125 MHz, CD;0D)
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Figure 12. 3C{'H} NMR spectrum of the P2-VP (Table 3-1, entry 3) (125 MHz, CDs0D)
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Figure 13. *C{'H} NMR spectrum of the P2-VP (Table 3-3, entry 8) (125 MHz, CD;0D)
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Figure 14. 3C{'H} NMR spectrum of the P2-VP (Table 3-3, entry 9) (125 MHz, CDs0D)
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Figure 15. *C{'H} NMR spectrum of the P2-VP (Table 3-3, entry 10) (125 MHz, CD30D)
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Figure 16. 3C{'H} NMR spectrum of the P2-VP (Table 3-3, entry 13) (125 MHz, CDs0D)
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Figure 17. *C{'H} NMR spectrum of the P2-VP (Table 3-4, entry 15) (125 MHz, CD30D)
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Figure 18. 3C{'H} NMR spectrum of the P2-VP (Table 3-4, entry 16) (125 MHz, CD30D)

85



~
=}

et
o o
T T T T T
166. 5 166. 0 165.5 165.0 164.5

£1 (ppm)

T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

Figure 19. *C{'H} NMR spectrum of the P2-VP (Table 3-6, entry 23) (125 MHz, CD30D)
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Figure 25. GPC data of P2-VP (Table 3-3, entry 8).
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Figure 26. GPC data of P2-VP (Table 3-3, entry 9).
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Figure 27. GPC data of P2-VP (Table 3-3, entry 10).
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Figure 28. GPC data of P2-VP (Table 3-3, entry 11).
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Figure 29. GPC data of P2-VP (Table 3-3, entry 12).
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Figure 30. GPC data of P2-VP (Table 3-4, entry 15).
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Figure 31. GPC data of P2-VP (Table 3-4, entry 16).
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Figure 32. GPC data of P2-VP (Table 3-4, entry 17).
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Figure 33. GPC data of P2-VP (Table 3-4, entry 18).
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Figure 34. GPC data of P2-VP (Table 3-6, entry 23).
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Figure 35. GPC data of P2-VP (Table 3-6, entry 24).
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Figure 36. GPC data of P2-VP (Table 3-6, entry 25).
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