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Synthesis, Characterization, Reactivity and Catalytic
Performance of Novel 1-(N,N-Dimethylaminoethyl)-3-[ N-
(N',N'-Dimethylaminoethyl)-N-Methylaminomethylene]-Indol-
2-yl Rare-Earth Metal Complexes

ABSTRACT

In this study, the proligand 1-(N,N-dimethylaminoethyl)-3-((N-(N',N'-
dimethylaminoethyl)-N-methylaminomethylene)indole (HL, L = 1-
[(CH3):NCH,CH:]-3-[(CH3),NCH>CH,;N(CH3)CH;]-CsH4N) was
designed and synthesized through nucleophilic substitution and mannich
reaction using indole, dimethylaminoethyl chloride hydrochloride, N,N,N'-
trimethylethylenediamine, and formaldehyde aqueous solution. Under
anhydrous and argon atmosphere of glove box or with Schlenk technique,
a series of novel CNN pincer-type rare-earth metal dialkyl complexes
(onn-L)RE(CH,SiMe;3), (RE = Dy(2a), Y(2b), Er(2¢), Yb(2d), Lu(2e))
were synthesised and isolated by alkyl elimination reaction of the proligand
with 1 equivalent of rare-earth metal trialkyl complexes. The structures of

these rare-earth metal alkyl complexes were confirmed by using IR, EA,
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SC-XRD. The diamagnetic complexes 2b and 2e were fuither
characterized by NMR. Subsequently, we investigated the reactivity of the
rare-earth metal dialkyl complexes with ortho-carborane (0-C,BoHiz). A
series of tetradentate indol-2-yl rare-earth metal carboranyl complexes
(r*nenn-L)RE (12 cc-CaB1oH10)(THF) (RE = Dy(3a), Y(3b), Er(3¢), Yb(3d),
Lu(3e)) were synthesised and characterized by reaction the dialkyl
complexes with 1 equivalent of ortho-carborane. The crystal structure
analyses of the complexes 3 revaled that the indolyl-ligand bonds with the
central metals in x*neny mode in complexes 3 which is different to that of
icnn found in complexes 2.

We subsequently investigated the catalytic activity of two types of
rare-earth metal complexes for the ring-opening polymerization of rac-
lactide or o-valylactone. At room temperature, these complexes efficiently
catalyze the ring-opening polymerization of rac-lactide or d-valylactone,
producing polylacides and the polyvalylactones with high molecular
weight with low molecular weight distribution. The rare-earth metal
dialkyl complexes 2 have been domonstrated to effectively catalyze the
block copolymerization of J-valylactone with rac-lactide at room
temperature. The research results indicated that the block copolymers can
be obtained by polymerization of d-valerolactone at first, and subsequently
polymerization of rac-lactide in the presense of complexes as single

component catalysts.
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Scheme 1-1 Dimethylsilyl bridges cyclopentadienyl and amino yttrium complex catalyzes addition
reaction by terminal alkynes adding to carbodiimide
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Scheme 1-2 Carbodiimide and carbon monoxide insert to Sc-B bonds
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Scheme 1-3 Fluorenyl rare-earth metal dialkyl complexes with the borate and triisobutyl
aluminum catalyze polymerization of ethylene
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Scheme 1-4 Rare-earth metal complexes with borate catalyze polymerization of 3-

methylcyclopentadiene
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Scheme 1-5 Rare-earth metal alkyl complexes with borate catalyze 3,4-polymerization of isoprene
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Scheme 1-6 Scandium azabin complex induces activation of sp* or sp? C-H bond
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Scheme 1-7 Chiral oxazolinoline functionalized isoindolyl rare-earth metal complexes with the
borate and trialkyl aluminum catalyze 1,4-cis polymerization of isoprene
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Scheme 1-8 Cationic half-sandwich type rare-earth metal complexes catalyze polymerization of

isocyanide
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Scheme 1-9 Cyclopentadienyl yttrium complex catalyzes ortho-borylation of aryl ethers
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Scheme 1-10 Rare-earth metal complexes supported by 1,2-diimino ligand
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Scheme 1-11 synthesis of chiral oxazolinoline functionalized anilino rare-earth metal complexes
and they catalyze polymerization of 1,3-diene and caprolactone and yttrium complex with the

borate catalyzes block corpolymerization of isoprene and caprolactone
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Scheme 1-13 Cyclopentadienyl, indenyl, fluorenyl rare-earth metal complexes with the borate and

triisobutylaluminum catalyze polymerization of styrene
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8



LR R R 3

é@ 2 Li(0-CH,CgHaNMey) N\ /Né

Y-
/ \N//
THF
N
N

Yq/ 2 RE(0-CH,CgH4NMe,);3 N// \\N
FEont A N U5 %
/ \

2 n -BuLi 4@/’\ /‘\6\\

2 RECI3

YCly

RE =Y, Lu, Sc

R

I rewenopcss R=te,
K 1-13 PRIEAG L mBc S L R 3.4- R &

Scheme 1-13 Amidino rare-earth metal complexes with the borate catalyze 3,4-polymerization of

;%

myrcene
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Scheme 1-14 Monometallic rare-earth metal complexes catalyze the cycloaddition of carbon

dioxide to propylene oxide, exometals yttrium catalyze copolymerization of carbon dioxide with

propylene oxide
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Scheme 1-15 Pyridyl functionalized pyrrolyl rare-earth metal amino complexes with different
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Scheme 1-18 Enantioselective hydroboration of acetophenonecatalyzed by rare-earth metal

complexes
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Scheme 1-19 Rare-earth metal complexes catalyze the cycloaddition of carbon dioxide to

propylene oxide
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Scheme 1-20 Enantioselective spiro-annulation of 2-arylquinolines with alkynes catalyzed by
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Scheme 1-23 Synthesis of imino functionalized aniline rare-earth metal complexes
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Scheme 1-24 Bridging bisbenzoinkyl rare earth metal complexes catalyze polymerization of polar
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Scheme 1-26 Synthesis of tripodal tris(amido) rare-earth metal complexes and two-electron

oxidations at a single center of cerium(Il) to cerium(IV)
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Scheme 1-28 2-imino-imidazoline functionalized fluorenyl rare-earth metal complexes with the

borate and triisobutylaluminum catalyze polymerization of ortho-methoxystyrene
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Scheme 1-29 Synthesis of diphosphine functionalized dihydroacridine rare-earth metal complexes,

and they with the borate and triisobutylaluminum catalyze 3,4-polymerization of 1,3-dienes
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Scheme 1-30 synthesis of amido functionalized trihydroquinoline ligated rare-earth metal

complexes, and they with a borate catalyze 1,4-polymerization of isoprene
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Scheme 1-34 synthesis of cyclic (alkyl)(amino)carbene rare-earth metal complexes
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Scheme 1-35 Synthesis of ether/thioether and Pyridyl bifunctionalized amino rare-earth metal
complexes and their catalytic hydrophosphination of terminal alkenes
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(Scheme 1-37) .
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Scheme 1-37 1,4- cis-polymerization of 1,3-dienes catalyzed by oxazolinate functionalized
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enamino rare-earth metal complexes
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Scheme 1-38 Reactivity of tripyrrole rare-earth metal complexes with C=N bonds
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Scheme 1-39 Different bonding pattern of indole with metal
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Scheme 1-40 Two indolyl rare-earth metal complexes with different coordination modes

25



LR R R 3

2008 4, A XML IR O E

BECAEY), Hrmber) N JEF UL ! KA S 4
PHERRAL WV f B, C=N Bl RE-C $rr, 1520 15w Ik

IS

TR 7-ME i B REAL G| LA 1 4 J e
JE L. RIS

FCEP. Hoh, S RSEBURHI XU ESE F 90 -5 43 A U X5 A ke 22 4 X A 7 1

SRR R, TSR IR,
RPN
T £ 4 66 TE €5 0 1 B A0 0 S5 10 4 U A

N TH
&\ N\/A
R
N

BE IR PR, 1,4- I ok B 3%
98.2%.,
(Scheme 1-41) .

toluene

R =Pr,

N
N
H
N
N —_—
el

RE(CH,SiMe3)3(THF),

toluene N™/2
rt,6h

rt,1h
SiMeg

R=Me, RE=Lu
RE = Sc

A\

R='Pr N\
N/

FIRTF, 14 FEERTIA 87.9%,
-60 T W, 1,4-Jm=Cik 8 ny Pk 3

% N SiMe3
PrN C=NPr \ Y\

N——>Lu

ﬁNi%

SiMes

SiMe
® ™ toluene toluene
rt, 1h

THF

RE~SiMe;

toluene
-30 °C, 30 min 7@7\ SiMes

RE = Lu, Sc

X e >7
N N /N
R =Pr - L“\\ iPrN=C=NPr L _
i toluene \N 2 N: SiMe;

SiMe;

rt,1h 4\@/]\

N
J THF
N\ \RE//\S'M
g iMe;
R
7@7\ SiMes

o o

P

RE = Lu, Sc
Borate/AlIR3

1N

1,4-cis PIP
up to 98.2%

K1 1-41 EREIENG ARG R B SV G R, OB E AT P RE

Scheme 1-41 Synthesis, reactivity and catalytic of imino indolyl rare-earth metal complexes

2012 4 F AR AP BHINRIE T4 110 T FHEERT, 3-FUT R
"B RE A P M5 ] I A 1T 44 5 [(MesSi)2N]sRE (u-CLi(THF)s [N, 45 31 dhts SRR )

AN LB EY), HApign

R — BT RL b (uent g W7 s E A6 48 Pt
BCARII N R 7 BL gt 5 05 4@ o0 ek, gng|

IS LitEcA. (Scheme 1-42)

VeI 2-f7 &4 sp? C-H 8EiE 1k, 1-60F0 2-4
575 A0 Y A g | e S
VIR b5 3-30 B B 2 0 2

26



LR R R 3

/ N
/
N /\ _RE—cl 0
A\ 2 [(Me3Si),N]sRE(u-ClLi(THF)3 ON o] N _’\RE _<cl
3 | tol 110 °C N ¢ yd \
N ouene: Lic RE—N(SiMes),
h}/

H /
THF N \
= Y N
/ N N
BU Bu

Bu

P 1-42 3- 311 i 5 e s - <5 s - B RS 5 P D 45

Scheme 1-42 Synthesis of 3-imino indolyl rare-earth metal-lithium complexes
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Scheme 1-43 Synthesis of 2-imino indolyl rare-earth metal complexes
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Scheme 1-44 synthesis of 2-amido indolyl rare-earth metal complexes
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Scheme 1-45 1,4-cis-polymerization of isoprene catalyzed by indolyl rare-earth metal amino

complexes
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Scheme 1-46 Transformation of the sp? carbanion to carbene with subsequent 1,1-migratory
insertion of alkyl
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Scheme 1-47 1,4-polymerizationan of isoprene by catlalyzed of pincer type indolyl rare-earth
metal chloride with borate and triisobutyl aluminum
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Scheme 1-48 2-amido indolyl rare-earth metal complexes catalyze borohydride reaction of ester
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Scheme 1-49 Synthesis of 1-imino-3-amino indolyl rare-earth alkyl complexes
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Scheme 1-51 Three configurations of carborane and interconversion conditions
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Scheme 1-52 Synthesis of ether and carboranyl functionalized indenyl rare-earth metal chlorides
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Scheme 1-53 Synthesis and reactivity of amino and carboranyl functionalized indenyl rare-earth
metal chlorides
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Scheme 1-54 Synthesis and reactivity of carboranyl zirconium complexes
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Scheme 1-55 Nickel induced cycloaddition of teloalene and endoalkyne to carborane
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Scheme 1-56 Nickel and zirconium induced cycloaddition of unsaturated bonds to carborane
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Scheme 1-57 Reactivity of amidino rare-earth metal carboranyl complexes with unsaturated small
molecules
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Scheme 1-58 Zinc complexes catalyze the ring-opening polymerization of ortho-carboxylic

anhydride
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Scheme 1-59 Zinc halide chelated by 2-imino functionalized methyl benzoate catalyze the ring-

opening polymerization of rac-lactide
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Scheme 1-60 Synthesis of pyridinyl-imino aryloxo zinc and aluminum complexes
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Scheme 1-61 Heterometal-catalyzed rac-lactide ring-opening polymerization
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Scheme 1-62 Synthesis of pyridinyl-imino aryloxo zinc amino complexes
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Scheme 1-63 Tetrahydroborate rare-earth metal complexes catalyze ring-opening polymerization

of d-valerolactone
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Scheme 1-64 Synthesis of ferrocene with thioether-functionalized-alkoxido yttrium alkoxido and

aryloxido and they catalyze ring-opening polymerization of d-valerolactone and e-caprolactone
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Scheme 1-65 Synthesis of pentadentate schiff base chelating rare-earth metal amino
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Scheme 1-66 The structure of yttrium bis(phenolate) ether complexes with different substituent
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Scheme 1-67 Synthesis of amino functionalized bis(aryloxo) yttrium complex and they catalize
polymerization of rac-lactide
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Scheme 1-68 Synthesis of tetradentate salan type rare-earth metal aryloxo complexes
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Scheme 1-69 Synthesis of chiral oxazoline functionalized diarylamido scandium and yttrium
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Scheme 1-70 Synthesis of bis(amidinate) rare-earth metal complexes
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Scheme 1-71 Two types of phosphasalalen rare-earth-metal alkoxo complexes catalyze ring-

opening polymerization of rac-f-butyrolactone and rac-lactide
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Scheme 1-72 Synthesis of unsymmetrical diarylamido rare-earth metal complexes and they

catalyze ring-opening polymerization of rac-lactide
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HARSMEATEE, TOF &k 3204 bl Fif3 2 RNACEM S EIE 0.71
(Scheme 1-73) .

KN(SiHMe,),

NH HN N N
Y[N SiHMe,),]3(THF) q CHZS|Me3 3(THF), \ p
NN NG oY RE N O

o p‘ 0 N
. ) "
R2 R )\/ \\{ 'R2 R
/ AN R! R2 R’ R?
HSi SiH (THF),
SN AN Ly R'=Me, R? = Me )
Ly R =/Pr, R2=H SiMe

L=Ly RE=Sc,n=0
L=Ly: RE=Y,n=1
L=L,y RE=Sc,n=0

PG 1-73 XU S bl s - < JR e 2 e B W AN HE R TBE 5 W P 5 R
Scheme 1-73 Synthesis of bis(amino-oxazoline) rare-earth metal alkyl complexes and yttrium

amino complex

2022 P o B R BRGEAH ROE 1 — RPN E B IR IE T A
WML mIEAE A, WU DUEC AR BRI O 8 1 AR X e & R 4
AREFELN ., A=WFT, WAL IR EY), £ THF %500, XA
TH e P A2 BT A 3R AR B v O VR AT S e ek, 159 380 1) SR P A2 I S B P2 T
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0.93, X 0] PAYA KT Fh g 2k < % R 350 40 5 300 4 RO i LG K S TR) A2 B
X e 4k B2 W IR I 152 B R A g P MR SO Ty AR A 4 S v ST AR 3 3 1 A T e
A IG5 I 4@ AL 77 7 T B A 1R K3 71 (Scheme 1-74) &

4
Bu By @/ Bu
0
j OH Q(’ o 2

g N(SiMe3);lsRE(u-CI)Li(THF); ~ ‘Bd WO
By N\/\N Bu  [N(SiMe3)o]sRE(U-CILI(THF)3 o /,N
‘Bu THF, 60 °C Vo
_RE By
5

By (Me3Si),N

H ' Bu
By THF
RE = La, Nd
(0] O
o o [%lgj\iw,vﬁ“lT\¢i/%
(0] (0]
Oye~ Oy ALY o
L-LA D-LA
PRI 174 2H6EVE B L0 MR HE U 5 - RS 2 00 2 B A1 e i
TR

Scheme 1-74 Synthesis of benzoxazine functionalized amino-bridged bis(phenolato) rare-earth

metal complexes, and they catalyze ring-opening polymerization of rac-lactide

2023 BT B BRI BV J T — F 5 R L B R A IR e e XU Iy
i & B AR A, XA = SRR IR AN L-LA TP IR R A R
RIS, #4808 A A H BRI . AH [F) 45 14 1 e 5
M &R AL A AL R & 25 RAFE W AR, SR8 T i P O
PEREMIEZM (Scheme 1-75) .

| CH(CFs),
~ ‘ /
N % ~y O
( NS / HF
CpsRE(THF o~ </RE
_CpRE(THF) ./ O gy _(CFs)CHOH o o .
H THF, 60 °C, 12 h é\/N 60 °C é\/N u
—0 0— ) o—
RE=La, n=2
RE =Nd, Y, Yb, Lu,n =1
- | CH(CFs),
N i ~ o
\ N(SiMej3), N
(N { | ey
R -
_NdINGSIMegzls | o O/ Qg _(CFoCHOH o<”d\o .
H THF, 60 °C, 12 h é\/N\’@ 0°C BU&N Bu
—0 O— —0 O—

PE51] 1-75 Jhie B e A TR P e 2 X P s 46 i o SE & D PR 5 il
Scheme 1-75 Synthesis of amino-bridged amino-functionalized bis(phenolate) rare-earth metal

alkoxo complexes
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2023 FEARER ST BRI 2R IE T KL B BEAL I BT E R S B EL Je HE
EE R TR -VL RS . ERREAT, Bofb A B 2 m A 2
82%. ) FH 2 i B AR R/ P R AT BT T O ke T 1 SR 9 R REAT T 44T

GEILRIA, 193 T JoEEuR I POR IR BN B A EE v -OH FI-H 2R 2R 5 A iR
RAEY. HAMEIERT YIN(SiMes)a]s Zn[N(SiMes)]o Al La[N(SiMes)2]s» {H AT
BIRT IR G LIRS . &G, HEH] La[N(SiMes)a]s i, FEEIEHK
THIRE R AES, SMN DB MeO-M1 H-[LkVE R R M. FHI7M H
R DY SR M A S AR SR TN R e R . FE AN AR SR R BT,
AT A I FAE B 7 e BE AR PR A P TR 30 3R B i 43 0 S I R
W= AR I EG, L B R K B it RE-O X7 T2 4 B s (4 T I 32 ) S i it
Wo Hor@dm oM R A RPN L-NAE, &R T EHILEY
(PVL)o2-co-(PLLA)os (Mn = 74.3 kg/mol, B = 1.71), ZILEYT RN BRI H
W5 Tm (Scheme 1-76)

Me3SiH2C
25 °C, [Cat.1] o By \ /THF

m Mof /@f/\{\o Bu
0
& o0

Y-1

[Cat.1]: Y-1, M[N(SiMe3),]3(M = La, Y),
[La(OBnN)3ly, Zn[N(SiMe3z),]o, [Zn(OBN),]4
A, [Cat.2] [Cat.2]: phosphomolybdic acid,

camphorsulfonic acid, ZnCl,

I 1-76 Bf B Be AL XU0T AR B S AL o- RN BREITT IR &
Scheme 1-76 Ether functionalized bis(aryloxo) yttrium complex catalyze ring-opening
polymerization of J-valerolactone
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1.5 REs it B

gi bATIR, R A IR AR, TE— @ R R IRATT AT LTINS A
A ST LS BAAFR BT, GRS I — L TOR 2 A 4 DA
JORE S 00 U 75 2, X AR £ W R S (R < TG S ) B R 1 AR A
T o TR R ZE B A KT R ) AN TR AR AT A, S ECAR | R S A A B
Wi b SRS BT T IR ST, BlndeEmive 162, 2-67, 3-f2 9l AAFEAL
NS4 178~ N 787 SN 77 .2 N =7/ 7 SNV W i 2 N SR 1 P U DU B S
BBy B A P3| R T A 15 5 e 4 R R A ) B ot A A W 1 S
WAL, R T AR LSRG, IR T & F WL B 176 1
&R GEEI A B L& B A 5N T IR N Re . HEAPERE, LS
TG R MR Lewis B, RA 55 & FURIM 48 & TR,
TEZ AT BRI SR, NI (9 22 U5 S0 A LA i e AT BB ) DA % A% SR 46 i
A LLE i 2 v U SR T 4 O B LT B P L B A (AL PR, R AR
BT R, AL DU G-I 5D L & R & VWi E B = v
PEAE AL RERS HE AL IR N E BT IR SR, R B ER AW R sk 0.7105, |
HE e I P T R A A AR A o 53 A TR A B A T R L SR AR e T 2R
P 5 R B A o 28 DL B LA PR RELY), (A L& @ AL o-IR N ER S AAE
P IR RaE RA — 10260, 53 A A e 5 PSS T R B S A LB R LT
AT % i & Bi(c*nens-L)RE(CH,SiMes), (L = 1-[(CH3):NCH,CH,]-3-
[(CH3)2NCH>CH>N(CH3)CHa]-CsHaN) AL 751 0 fig v DA L i
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B2E I-(VN-—HRE)CH-3-[N-(VW' N-—FHRE 7 £)-N-
FAERETRE]2-BREFELIEBEASYNE A S S
fRkE 2 Rz MR R

e

HWRLHTSCHIA R, Wb SRE TR E SR, S B2 A5 T,
Gy 34T E REAC IRT AWV E AR R4S, T RASINAS [ P00 ik DA =05 < s A
] 22 R BH A5 H - 2 B W] ASRAS S G 3 PR S e 4

FATHTHRAE T — RV IE A L & BACEY), REREYWHE 1,3-
B BEAL NG| WL i AR 12228387 301, e NCON-A B G| e R 7+ 5 R AL 5
Jre A BRI B i) = Je AR R r] BLs AL S I R R S, BRINERE
HA TR LA EEE L ke B, 53N B 2-05 e A £
R JEFEIC 5P AT LA e 5 P R S s e PR e A e 2 0045

ARPREIE T e ARSI O ECR B AL, X 1A 3-RratAT 210, 15208
BOL3-EREA R 2 IR EC AR TR, H S8 L=k S RN A R R %
Wl I R b R B S AN 20l 15 2 W5 e S 4 - < S8 e B L &4
55 RWRRAN BEREAT S NIVERIE FT, RS — RV EERHA AT ¥ 8 N AR 14 3 7
N5 PR S s - < S B B AR &40, DRI ST LA AL P RE

I

N3
iy

S

2.2 LI ER

'H NMR A1 BC{*H} NMR RAE A F 7 [ 45 & 72 2> =] ) Bruker-AV 500 A% # %
WA SE o SRS B b 26 FE A & 5 A /) AR ) SMART APEX CCD X-54k
B ATEC 52 o TR HTINE B Elementa /A &) [ Perkin-Elmer 2400 4= H 270
T, A JY/T017-1996 JEi@MIARHENE . LALLM EIEH Model
FTIR-8400s ZLAMGIE SN E TE L. TGV 718 oy 8504 40 T R LR
I RERE, DUEPRIE AR SIAHAE Agilent PL-GPC220 {385 . 44 A il
SRS R A T A7 1) WRS-3 45 s AR o 55 70 #5114 I 5

Agilent 6220-TOF Ji i {3l 5 52 il
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2.3 LW Fm

KA W K2 L& ES 50 RN 5K A Schlenk HARTE LA TLK
TRl S A SONHEE R R, e S Al E A E TR R HT. R
L HR BT R B R A O A A B A A . b R O e DUSRRIE . FE R A
RTEINAN L2 3230, T NN 28 FR RV SR A, R SR T A e
i, R DS S R PR B R t, ECOkBIRBELSG, FORE
MATIINEAAEZE, EESE RS TR 24 /. JifRitsR CDCls
AT AT 4R 23 TIREIEB AR £ K48 ; CeDe UK THF-dg FARAN & 412 1 T
BrK G IR R T FEAP S . o-RNEEMNRRTFEWE, FHITHEA
AT, R ARG . rac-INACBE IR Z - & WS, 8 A A )&
RELE . BRI SRS T TR R E LS BREBRRE SN,
iR A I e G20 R R R . FFREAKIAR. NNN-ZHEZ . 4
MR AR, R T, WIS T A BB . oK =Mt
DL b G SR e A A, B4 R SOk v ] 4 B2,

2.4 1-(N,N-— R E) E-3-[N-(N',N'- —FH g & 2 & )-N-B B fe B T

FRE]-2-BrEmLERBE SN GRS RIE
2.4.1 1-(CH2CH2NMe2)-CsHgN B & A 5 FRAE

H //\N/
N KoH _ °PMSY |
Y * *ClI- * -
|"cl overnight, r.t. ©/\/)
1 equiv. 1.2 equiv. 3 equiv.
1

P 2-1 1-(N,N-""F Jlie B ) £ LM e ) 45 B
Scheme 2-1 Synthesis of 1-(CH,CH>NMe;)-CsHsN

HY 5.85 g (50 mmol) FIMIWE T 80 mL i) DMSO ', AN 84 ¢
(150 mmol) FJ KOH, =i F#iFE 0.5 h)5, TEWKKIE T 8.64 g (60 mmol)
MR 3 W IR D B2 UM, fE s G E FiRH TR . TLC
MBUIRER RN, R RV, RS 500 mL UKOKEK, GHUAHH K 288
AL, TKBRBRAN TG W4, M AR RN B Ak S8 59 1 (8.65 g,
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FEE 92%).

Yellow oil. IR (KBr pellets, cm™): v 3055, 2951, 2791, 2366, 1616, 1456, 1369, 1335,
1246, 1157, 1040, 937, 852, 739. 'H NMR (500 MHz, CDCls, 298 K, ppm): 6 7.67 (d,
J=7.8Hz, 1H, Ind-H), 7.39(d, J = 8.3 Hz, 1H, Ind-H), 7.27-7.24 (m, 1H, Ind-H), 7.17
(d, J=3.2 Hz, 1H, Ind-H), 7.16-7.13 (m, 1H, Ind-H), 6.54(d, J = 3.2 Hz, 1H, Ind-H),
4.26 (t,J=1.3 Hz, 2H, CH2CH>-Ind), 2.73 (t, J = 7.3 Hz, 2H, CH:NMe>), 2.28 (s, 6H,
N(CHz),). *C{'H} NMR (125 MHz, CDCls, 298 K, ppm): 6 135.9, 128.6, 128.0, 121.5,
121.4, 1193, 1092, 101.3, 59.0, 45.8, 44.7. HRMS (ESI) m/z caled for
C12H17No(M+H"Y): 189.1386. Found: 189.1384.

2.4.2 1-(CH2CH,NMe;)-3-[CH2N(Me)CH2CH2NMe, ]-CsHsN & A 5 FRAE

N//\N/ y N
| + \N/\/ ~N 4 HCHO AC_OH» Y |
Y | overnight, r.t. N—
N/\/
1 equiv. 1.2 equiv. 2 equiv. \
1 HL

KI5 2-2 1-(N,N- - H i 38 ) 2,35 -3-[N-(N',N'- - H i JE 2, 38 )-N- P 5L fie 22 0 HR R 15 W 4] 5
Scheme 2-2 Synthesis of 1-(CHCH2NMe»)-3-[CHoN(Me)CH,CHoNMe; ]-CsHsN

FEUKKI T, B 4.90 g (48 mmol) [ NN N-—=HI L ZJHET 25 mL &
2, MEfERFEAHINA 8.00 g (80 mmol) [HEE/KIAW (30%), ik = IF4i
F£10min, fIA7.52g (40mmol) ML EMT, HiFEidRA . TLC sARERER B,
FrI NS5 R IG, TEOK/KIB T, H 500 mL 1) 1.0 M [ NaOH ¥R 2218 K, AL
HH CBR CREZERL,  ToKIRBREN T 5 W4, 24T )24 40 B a4 45 3 Bl A4 i 44
HL (11.23 g, 7% 93%).
Yellow oil. IR (KBr pellets, cm™): v 3070, 2949, 2789, 2363, 1632, 1452, 1402, 1364,
1153, 1028, 743. "H NMR (500 MHz, CDCls, 298 K, ppm): 6 7.69 (d, J= 7.9 Hz, 1H,
Ind-H), 7.32 (d, J = 8.2 Hz, 1H, Ind-H), 7.22-7.18 (m, 1H, Ind-H), 7.12-7.09 (m, 1H,
Ind-H), 7.08 (s, 1H, Ind-H), 4.19 (t, J = 7.4 Hz, 2H, 1-Nm-CH>CH>), 3.71 (s, 2H, 3-
Cina-CHoN), 2.68 (t, J = 7.4 Hz, 2H, 1-Nw-CH2CH>), 2.55-2.52 (m, 2H, 3-Cine-
CH,NCH>CH,), 2.47-2.45 (m, 2H, 3-Cr.a-CH:NCH>CH>), 2.29 (s, 6H, N(CHs)2), 2.26
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(s, 3H, 3-Cine-CHaNCH), 2.21 (s, 6H, MeNCH,CHoN(CHs)y). *C{'H} NMR (125
MHz, CDCls, 298 K, ppm): 6 136.2, 128.6, 127.5, 121.4, 119.6, 119.0, 111.8, 109.1,
59.0, 57.7, 54.8, 53.1, 459, 45.8, 44.6, 42.6. HRMS (ESI) m/z caled for
C1oH3oNg(M+H"): 303.2543. Found: 303.2547.

243 B & RBRER A onn-L)RE(CH2SiMes) B A BY

TEIE CREVETRIH, 1,3 WUE BEALMIDREC AR T 4 HL 7 LLS5 6 14 )8 =kt =1k
EYEL RN, EESE B RS H]— R CNN FH L 2-15 R - 4 8 X
FiFERL &%) (Scheme 2-3) &

\
\ NT
N—
— S TH\F /SiMea
N _ -h N
p | +  RE(CH,SiMeg)s(THF), 4’%,56;,6:5 )—RE" giMe,
AN / \N*
N
N\ \\_/ N
HL RE = Dy(2a),Y(2b), Er(2c), Yb(2d), Lu(2e)

B 2-3 B T R e S E S 5k

Scheme 2-3 Synthesis of the rare-earth metal alkyl complexes

2.4.4 (K’ cnn-L)Dy(CH,SiMes )o(THF ) B & B 5 RAE

FEFH TR 0302 g (1.0 mmol) ¥ HL A1 0.568 g (1.0 mmol) ]
Dy(CH2SiMes3)s(THF 2 IIA SO, A 5 mL IE CREAERG R, =K, 0.5
h)g, EZBREEN, B A H THF/n-hexene E45 §, -30°C FEFE®R, W
B O 22 (058 g, 77F 82%).
Yellow crystals. M. P.: 99-103 °C. IR (KBr pellets, cm™): v 3063, 2951, 2789,1651,
1541, 1466, 1364, 1269, 1163, 1040, 843, 812, 739. Anal. Calcd. For C30HssN4OSi:Dy:
C, 50.79; H, 8.24; N, 7.90. Found: C, 50.84; H, 7.87; N, 7.55.

2.4.5 (Kcnn-L)Y(CH2SiMes)o(THF B & B 5 R AE

FEMH PRI 0302 g (1.0 mmol) ) HL 1 0.495 g (1.0 mmol) [¥]
Y(CH2SiMes)s(THF) JIA R RIEH, IIN 5 mL IE SRR, =ik 0.5 h
i, EAREBR, B AH THF/n-hexene 455, -30 °C FHrEN®K, W
BIEEAE 2D (0.57g, 725 89%).,
Colorless crystals. M. P.: 107-110 °C. IR (KBr pellets, cm™): v 3053, 2942, 2787,
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1651,1558, 1456, 1369, 1265, 1182, 1030, 843, 804, 745. '"H NMR (500 MHz, C¢Ds,
298 K, ppm): 6 7.57 (d, J = 7.0 Hz, 1H, Ind-H), 7.38-7.25 (m, 3H, Ind-H), 4.17 (s, 2H,
3-Cng-CHaN), 3.73-3.63 (m, 2H, 1-Np¢-CH>CHa ), 3.60 (m, 4H, THF), 3.37(br, 1H,
MeNCH,CH:NMe,), 2.68-2.53 (m, 2H, 1-Nme-CH2CHz), 2.40(br, 1H,
MeNCH>CH:NMe»), 2.33 (s, 6H, N(CHs)2), 2.23 (s, 3H, 3-Cing-CH2NCH3), 2.14 (s, 6H,
MeNCH,CH,N(CHs),), 1.71-1.46 (m, 2H, MeNCH.CH>NMe>), 0.32 (s, 18H,
Si(CHs)3), -0.55 (d, Jynu = 57.5 Hz, 2H, CH>SiMes), -1.00 (d, Jyn = 65.6 Hz, 2H,
CH>SiMe3). *C{'H} NMR (125 MHz, C¢Ds, 298 K, ppm): J 186.2 (d, Jyc = 41.4 Hz),
140.0, 128.9, 121.5, 119.7, 118.3, 117.0, 109.2, 68.7, 61.1, 59.1, 58.4, 56.0, 46.9, 46.2,
45.4,44.8,34.0,32.9, 25.6, 5.2. Anal. Calcd. for C30HssN4OSi>Y: C, 56.53; H, 9.07; N,
8.93. Found: C, 56.66; H, 9.19; N, 8.81.

2.4.6 (iPcnn-L)Er(CHaSiMes)o(THE) B & B 5 R AE

FEMHHIE 0.302 g (1.0 mmol) LAY HL A1 0.573 g (1.0 mmol) [¥)
Er(CH2SiMes)s(THF ) AR B H, SO S mL iE /R, EI&RM, 0.5h
G, BEABERR, FEEK KM THF/n-hexene B4 fH, -30 °C FEFEL®R, Al
B AR 2¢ (0.61 g, 77F 85%).,
Pink crystals. M. P.: 110-113 °C. IR (KBr pellets, cm™): v3065,2955,2791, 1649, 1541,
1461, 1364, 1269, 1157, 1034, 839, 808, 745. Anal. Calcd. for C3HssN4OSiEr: C,
50.45; H, 8.19; N, 7.84. Found: C, 50.17; H, 8.347; N, 7.574.

2.4.7 (ICenn-L)Yb(CH2SiMes )o(THF B & R 5 RAE

FERMPIEL 0302 g (1.0 mmol) LAY HL # 0.579 g (1.0 mmol) ]
Yb(CH2SiMes)s(THF ) IIA S NI HT, I 5 mL IO efEER, =iR&M, 0.5
hJE, HZBREEN, BN KM THF /n-hexene 455, -30°C FEFE R, W
Btk 2d (057 g, 77 79%).
Red crystals. M. P.: 109-112 °C. IR (KBr pellets, cm™): v 3057, 2949, 2785, 1649, 1543,
1456,1356, 1271, 1167, 945, 847, 806, 745. Anal. Calcd. for C30HssN4OSixYb: C, 50.04;
H, 8.12; N, 7.78. Found: C, 50.17; H, 8.02; N, 7.70.
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2.4.8 (K’cnn-L)Lu(CH,SiMes )o(THF) I & B 5 R AE

FEMTHIL 0302 g (1.0 mmol) HIHL-EY) HL A1 0.581 g (1.0 mmol) ¥
Lu(CH2SiMes)s(THF)2 JEA B, N 5 mL 1E CRe/ER R, =R, 0.5
hG, BEARREER, B AH THE/n-hexene H45 Y, -30°C N E LR, o
B 2e (0.56g, P2F 77%),
Colorless crystals. M. P.: 109-112 °C. IR (KBr pellets, cm™): v 3057, 2953, 2787, 1645,
1543, 1458, 1350, 1267, 1170, 1034, 943, 843, 808, 744. '"H NMR (500 MHz, C¢Ds,
298 K, ppm): 6 7.58-7.57 (m, 1H, Ind-H), 7.42-7.40 (m, 1H, Ind-H), 7.31-7.29 (m, 2H,
Ind-H), 4.42-4.36 (m, 2H, 1-Nim¢-CH2CH2), 3.69 (s, 2H, 3-Cina-CH2N), 3.60-3.58 (m,
4H, THF), 3.05-3.04 (m, 1H, MeNCH,CH>NMey), 2.72-2.64 (m, 1H, 1-Nin¢-CH2CHb),
2.57-2.49 (m, 1H, MeNCH>CH2NMe), 2.37-2.34 (m, 1H, 1-Ning-CH2CH>), 2.30 (s, 6H,
N(CHs)2), 2.17 (s, 3H, 3-Cina-CH2NCH3), 2.01 (s, 6H, MeNCH>CH>N(CHs),), 1.65-
1.62 (m, 1H, MeNCH>CH>NMe»), 1.44 (d, J=13.4 Hz, 1H, MeNCH,CH>NMe.), 1.30-
1.27(m, 4H, THF), 0.37 (s, 9H, Si(CH3)3), 0.32 (s, 9H, Si(CH3)3), -0.56--0.67 (m, 2H,
CH>SiMe3), -0.90--0.95 (m, 2H, CH,SiMes). *C{'H} NMR (125 MHz, C¢Ds, 298 K,
ppm): 6 199.1, 139.8, 129.0, 121.5, 119.8, 118.1, 116.9, 109.6, 70.0, 60.2, 60.1, 58.3,
55.3,47.6,46.8,46.4,45.9,42.0,40.7,25.4,5.3,5.1. Anal. Calcd. for C30HssN4OSi>Lu:
C,4991; H:8.10; N, 7.76. Found: C, 49.80; H, 7.876; N, 7.689.

2.5 Bt M B &4 5 R & R 5
FEF RV, NCN-4H 8 215 WL 1 4 Ji XUGE B BT G4 7T DL AT il o
(0-C2BioH12) Z &N, 193] —F%5] NNCN PYik 2-WMeiei - 4 8 il
B4 (Scheme 2-4)

\N/

% e N THF

| \ s||v|e3 @ toluene_ \/ e
FE(\S,MGS 12h rt. / \
\\J N |L/

RE = Dy(3a), Y(3b), Er(3¢), Yb(3d), Lu(3e)
KB 2-4 #5148 e FEBC A0 5 A0 R e 1 e B

Scheme 2-4 Reactions of o-carborane with rare-earth metal alkyl complexes
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2.5.1 (k*Nenn-L)Dy (1 cc-CoBioH10)(THF ) B & B 5 FRAE

FEHTFRI 0.355 g (0.5 mmoD) HIELAEY) 2a 1 0.072 g (0.5 mmol)
0-CoBioHi MM R NfH, IIN S mL TR ZRAEIER], HidkShfa, BTBREE
7, H toluene/THF H 45, A58 4k 3a (030 g, =% 88%).
Yellow crystals. M. P.: 126-129 °C. IR (KBr pellets, cm™): v 3057, 2953, 2787, 1649,
1545, 1642, 1350, 1267, 1163, 1034, 945, 847, 808, 745. Anal. Calcd. for
C24HsB10N4ODy: C, 42.56; H, 6.85; N, 8.27. Found: C, 42.33; H, 6.49; N, 7.93.

2.5.2 (K*nenn-L) Y (i cc-CaBioHi10)(THF) B9 & B S5 FRAE

FEMHHI 0.318 g (0.5 mmol) HIELEH 2b 1 0.072 g (0.5 mmol) ] o-
CoBioHi TR MR, AN 5 mL R 2R, #idE 5 h g, EZEBRET,
H toluene/THF HE 454, A3 A M4 3b (0.27 g5 773 90%).
Yellow crystals. M. P.:135-138 °C. IR (KBr pellets, cm™): v 3059, 2955, 2795, 2590,
1647, 1462, 1354, 1269, 1157, 1034, 735. '"H NMR (500 MHz, THF-ds, 298 K, ppm):
8 7.18-7.12 (m, 2H, Ind-H), 6.88-6.85 (m, 1H, Ind-H), 6.81-6.78 (m, 1H, Ind-H), 4.37
(br, 2H, 3-Cing-CH>N), 4.12-1.81 (m, 2H, 1-Ning-CH>CH>), 3.58 (m, THF), 3.10 (br, 1H,
MeNCH,CH:NMe), 2.85 (m, 1H, 1-Ning-CH2CH>), 2.80 (m, 1H, MeNCH>CH2NMe,)),
2.74 (s, 6H, N(CHs)), 2.62-2.60 (m, 1H, 1-Nmi-CHCH>), 2.48 (s, 9H, 3-Nin-
CH2NCHs, MeNCH2CHN(CHs),), 2.41-2.34 (m, 2H, MeNCH2CHaNMe;), 1.73 (m,
THF). "B{'H} NMR (160 MHz, THF-ds, 298 K, ppm): J -1.00 (4B), -7.39 (4B), -11.5
(2B). Anal. Calcd. for C24H46B10N4OY: C, 47.75; H, 7.68; N, 9.28. Found: C, 47.62; H,
7.29; N, 9.02.
2.5.3 (x*nenn-L)Er(r®cc-CaBioH10)(THF ) B & B 5 R AE

FEMPIEL 0.357 ¢ (0.5 mmol) HIFLEH 2¢ A1 0.072 ¢ (0.5 mmol) )
0-CoBioHi IMA BT, IO 5 mL B FZRAEVETR, HikE 10h 5, HEBRER
7, H toluene/THF HE 454, Pk tadmfk 3¢ (0.28 g, 773 82%).
Pink crystals. M. P.: 123-128 °C. IR (KBr pellets, cm™): v 3059, 2955, 2795, 2588, 1649,
1543, 1463, 1350, 1269, 1155, 1032, 935, 737. Anal. Calcd. for C24H4¢B1oN4OEr: C,
42.27; H, 6.80; N, 8.22. Found: C, 42.21; H, 6.44; N, 7.86.
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2.5.4 (kK*Nenn-L) Yb(rPce-CaBioH10)(THF) B & B 5 RAE

FEFHHFRE 0.360 g (0.5 mmol) WIECEY) 2d #10.072 g (0.5 mmol) 1)
CoBioHi AR B, IO 5 mL B ZRAEER], e 12h 5, BERER
7, H toluene/n-hexane H 45 i, WSFEE L 3d (0.26 g, =% 76%).
Orange crystals. M. P.: 113-117 °C. IR (KBr pellets, cm™): v 3061, 2955, 2797, 2590,
1651, 1541, 1465, 1360, 1267, 1148, 1032, 935, 735. Anal. Calcd. for
C24HsB1o0N4sOYb: C, 41.91; H, 6.74; N, 8.15. Found: C, 41.84; H. 6.50. N, 7.76.

2.5.5 (k*nenn-L)Lu(rcc-CaBioH10)(THF)BY & B 5 FR/AE

FEMHHIE 0.361 g (0.5 mmol) MIECEH 2e A1 0.072 g (0.5 mmol) 1]
0-CoBioHi SIS, I 5 mL HF AR, $ihE 12h ), HAEBRER
#, H toluene/n-hexane B 45 fh, AI1FILEALA 3e (026 g, 773 75%).
Colorless crystals. M. P.: 111-115 °C. IR (KBr pellets, cm™): v 3063, 2955, 2793, 2588,
1651, 1547, 1458, 1354, 1267, 1161, 1030, 939, 737. '"H NMR (500 MHz, THF-ds, 298
K, ppm): 6 7.18-7.12 (m, 2H, Ind-H), 6.92-6.89 (m, 1H, Ind-H), 6.83-6.80 (m, 1H, Ind-
H),4.37-4.22 (m, 2H, 3-Cind-CH2N), 4.19-3.93 (m, 2H, 1-Ning-CH>CH>), 3.58 (m, THF),
3.09-3.04 (m, 1H, MeNCH>CH2NMe,), 2.96-2.92 (m, 1H, 1-Nmi-CH2CH>), 2.86-2.83
(m, 1H, MeNCH>CH2NMe»), 2.74 (s, 6H, 1-N1g-CH2CH2N(CHz)2), 2.70-2.68 (m, 1H,
1-N1n¢-CH2CH?), 2.62-2.48 (m, 2H, MeNCH2CH>NMey), 2.48 (s, 9H, 3-Cina-CH2NCH,
MeNCH,CH,N(CHs),), 1.73 (m, THF). "B{'H} NMR (160 MHz, THF-ds, 298 K,
ppm): 0 -1.08 (4B), -7.26 (4B), -11.8 (2B). Anal. Calcd. for C24H4B10N4OLu: C, 41.79;
H, 6.72; N, 8.12. Found: C, 41.51; H, 6.34; N, 7.86.

2.6 ZR5THE

Wit BECEY) 2a-2e MIGHIZITTR DT LLAMDEIERAL, PUMER &Y
2b. 2e il JRZHILIRBGE IR AE . RESLAREE P ECAA T AR Cona LHIBT T
5 (5 =708 ppm) WK, RYFERBEREPRET sp? C-H #iHL, 5
T E TS R IRBR S oW S B R EE ORI Coma 15 5 WAL A AL S
(6 =186.2 ppm (2b), 199.0 ppm (2¢)) z&/NFFRA TR LH 2 i iE 1838486871y

REAE FH - F IR — WG 2B B RO BN T 2,6- 5 AR OR IR I A . 2-
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BT IR, . Bk R T DUSRmg AT i . 5 e @ WUbe R e 54
2a-2¢ B2 XL AT HE L, MR T =R R, EREN Pl N
SRR H, ARAE ((CHaSiMes) 54 @0 s, 2-W5] kSRt 4 DA
oonn RO i D, 2-M R RE AR 1-f0 = AL BRI 1 N
JA B S b e REAL, AT TP AR S ) D ECAL, 2-M W
FEEAR 3L ERBUREF A N R 5 BECAL, R T A NEALT
Mi g m XU &Y, a0 2R NI R . &Y 2a-2e X2 U
IKERRFRI B, AT IR ke, ZiE oK, WK, ORI SR 58 A ML .
M < Je XU B FE S W 1) it A4 45 44 B L Figure 2-1 % Figure 2-5,

iy

K 2-1 Bo & 2a HI7> 1454 (LL 30%HIMMER A Eo5), N T WA 7 Al T
Figure 2-1 Molecular structure of complex 2a (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity

K 2-2 BE &4 2b B0 1458 (L 30%MIEBRRBoR) O TAE T WEEa g 7 A1
Figure 2-2 Molecular structure of complex 2b (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity
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K 2-3 BE B 2¢ B> 1458 (L 30%HIMARRFER) Ny 7T g4 Ns 1 SR T
Figure 2-3 Molecular structure of complex 2¢ (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity

B 2-4 FL &Y 2d 7 545K (LA 30%MIMRER R BoR) O THE TS 1 R
Figure 2-4 Molecular structure of complex 2d (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity

K 2-5 BLE) 2e B0 T-45H (A 30%MIMHERF Bor) O 7 E TR SR T
Figure 2-5 Molecular structure of complex 2e (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity

59



LR R R 3

#* 2-1 W& 2a-2e I BEAC[ATFBE A ]
Table 2-1 Partial Bond Lengths [A] and Bond Angles [°] in Complexes 2a-2e.

2a(Dy) 2b(Y) 2c(Er) 2d(Yb) 2e(Lu)
RE-C(1) 2.519(5) 2.517(4) 2.498(7) 2.466(2) 2.464(4)
RE-C(19) 2.482(6) 2.483(4) 2.467(7) 2.441(2) 2.435(4)
RE-C(23) 2.410(7) 2.401(4) 2.376(9) 2.364(3) 2.355(4)
RE-N(3) 2.675(4) 2.660(3) 2.657(6) 2.6265(19) 2.624(3)
RE-N(4) 2.545(4) 2.531(3) 2.503(6) 2.503(2) 2.477(3)
RE-O(1) 2.373(4) 2.350(3) 2.342(5) 2.3318(17) 2.308(3)

C(1)-RE-C(19)  150.2(2)  150.65(14) 150.9(3) 151.61(9) 151.51(14)

C(1)-RE-C(23)  103.2(2)  102.94(15) 103.3(3) 102.71(10) 103.05(15)

C(1)-RE-N(3)  67.42(16)  67.65(11) 67.75(19) 68.43(7) 68.21(11)
C(1)-RE-N(4)  89.92(17)  90.18(11) 90.2(2) 90.41(7) 90.29(12)
C(1)-RE-O(1)  82.26(16)  82.44(11) 82.3(2) 82.35(7) 82.47(11)

C(19)-RE-C(23)  106.6(2)  106.39(16) 105.9(3) 105.65(11) 105.41(16)
C(19)-RE-N(3)  8457(18)  84.72(12) 84.7(2) 84.77(8) 84.85(12)
C(19)-RE-N(4)  90.23(19)  90.18(13) 89.9(2) 90.16(9) 90.24(13)

C(19)-RE-O(1)  88.54(18)  88.82(12) 89.3(2) 89.22(8) 89.33(12)

C(23)-RE-N(3)  159.6(2)  159.84(14) 160.5(3) 160.98(10) 161.35(15)

C(23)-RE-N(4)  91.6(2) 91.39(14) 91.5(3) 91.49(10) 91.64(14)

C(23)-RE-O(1)  106.1(2)  105.27(15) 105.1(3) 104.69(10) 104.07(15)
N(3)-RE-N(4)  70.97(15)  71.43(10) 71.8(2) 72.31(7) 72.47(11)
N(3)-RE-O(1)  90.83(16)  91.46(11) 91.2(2) 91.08(7) 91.38(11)
N(4)-RE-O(1)  161.78(17)  162.89(11) 163.0(2) 163.36(8) 163.81(12)

M Table 2-1 AT ., EC&W) 2a-2e F1 RE-C(HFIEEK 2 54 2.51905)A,
2.517(4)A, 2.498(7)A, 2.466(2)A, 2.464(4)A; RE-C(19)/J 8K 435~ 2.482(6)A,
2.483(4)A, 2.467(T)A, 2.441(2)A, 2.435(4)A,; RE-C(23)IiEK 5N 2.410(7)A,
2.401(4)A, 2.376(9)A, 2.364(3)A, 2.355(HA, W] WLH+ & @ MUkt LBl &Y BEE
it O &R E TS RN (DY >Y>Er>Yb*>Lu*"), RE-C #Ki%
Wk, AR A BRI R RN 52 BT RIARIE O, o BRI
[ 2-M| I - 4 B WUBE EBC A I I RE-Cotna K B I B KT idnon BEA7 AR 2 2-
W W6 XUt BE I &0 1) RE-C #8K, AR T RT3 Coma 5 AL BE A1 40 T4
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AP L, TR A BCALIE BIAL T Coma N LFILTI, 5 E AHRLHT & X 4
Ja A R R AERE T, 1T Coma SRJETO I, FANITEBCLLECY 6,

JRERAEN 5, EREEABAER T A E SRR, ]
AL AR K

K 2-6 BL &) 3a (70 7454 (LA 30%MIBEER AR Eos) O 7T A 1 &R 1.
Figure 2-6 Molecular structure of complex 3a (thermal ellipsoids are shown at the 30%

probability level). Hydrogen atoms were omitted for clarity.

K 2-7 BE &4 3b 8970 1458 (LA 30%IBEBk AR EoR) O 7T MR A5 T.
Figure 2-7 Molecular structure of complex 3b (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity.

K 2-8 FL &) 3¢ HI7r 1451 (BL 30%HIMABR AR o) N T TRl s 1 & 1.
Figure 2-8 Molecular structure of complex 3c (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity.
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K 2-9 BL &4 3d (7> 7454 (LA 30%MIFERF B oR) N TET M ERIE 72T
Figure 2-9 Molecular structure of complex 3d (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity.

2-10 BE B9 3e K17 7458 (BL 30%HIRABRE B ) N 7 T s 1R 7.
Figure 2-10 Molecular structure of complex 3e (thermal ellipsoids are shown at the 30%
probability level). Hydrogen atoms were omitted for clarity.

Wi tBRIEY) 3a-3e KEMAITTR N LIDGIERIE, FikER &Y
3b. 3e T T AERIILIRIGE R . Fi & BRI &) 3a-3e 4 X-GFLE 95
e gity, RUHBBT IR MR, BN Prma. WK HIATLE
BB 5 <5 ) T O BB T N T A R Ak = oo, R IR BUR SR E R )
LU B R BRI AR L& 1 5PN, 5 FRATTUR R A 2 A R 8 O < S TR bR
HeE =2, X AR 5 8 e oL i R R AR FT LASIE ) M-C, AT M-
Cr SRR AL . ERERNE, BEY 2a-2e T I-AHURIE R R 2 5L
i ) EUR L 3a-3e TS G B HLOECAL . BREIIEC G 2-15] W RE TG A4
A SRR ST Cow BXEFTIXH], £IN Nnow-BeAR 5 6
JEH S AT TR DU SRR S R L e, TR — AN BRI
Wi L4 SRR &4, & il J FE S 0 B\ TR 2 . ICE ) 3a-3e
PEAMKEUR, AETIECK, MiE TR, BER, &K, S0 T VYRR
AT o < B B & VD ) A AR S5 74 &) L Figure 2-6 %2 Figure 2-10.
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22 BLEY) 3a-3e HVIEL - S [ATAIEE A1 0]
Table 2-2 Partial Bond Lengths [A] and Bond Angles [°] in Complexes 3a-3e.

3a(Dy) 3b(Y) 3c(Er) 3d(Yb) 3e(Lu)
RE-C(1) 2.389(11)  2.414(10) 2.383(16)  2.350(12) 2.345(12)
RE-C(19) 2.487(12)  2.480(9) 2.462(17)  2.449(13) 2.450(13)
RE-C(20) 2.489(11)  2.491(10) 2.487(15)  2.434(12) 2.444(13)
RE-N(2) 2.836(17)  2.831(12) 2.785(17)  2.822(16) 2.822(16)
RE-N(3) 2.387(14)  2.393(11) 2.379(16)  2.368(14) 2.356(14)
RE-N(4) 2.878(17)  2.934(13) 2.929(18)  2.879(17) 2.923(17)
RE-O(1) 2.184(15)  2.127(11) 2.138(16)  2.172(15) 2.094(14)
C(1)-RE-C(19)  156.0(5) 153.3(4) 155.8(6) 154.6(5) 157.5(4)
C(1)-RE-C(20)  161.0(4) 160.0(4) 161.5(6) 159.3(5) 160.6(4)
C(1)-RE-N(2)  74.2(4) 73.1(4) 75.8(8) 73.5(4) 76.8(3)
C(1)-RE-N@B)  71.4(4) 71.8(4) 71.5(6) 73.0(4) 72.0(4)
C(1)-RE-N@)  74.0(5) 71.7(3) 75.0(10) 72.6(5) 78.0(3)
C(1)-RE-O(1)  82.8(5) 86.1(4) 83.1(11) 85.0(6) 80.3(4)
C(19)-RE-C(20)  40.5(5) 41.03) 41.4(6) 41.4(4) 41.6(5)
C(19)-RE-N(2)  116.3(5) 115.3(4) 126.4(5) 114.8(5) 123.6(5)
C(19)-RE-N@3)  90.1(5) 90.3(3) 84.4(5) 89.3(4) 85.4(5)
C(19)-RE-N(@4)  85.1(6) 83.6(4) 95.7(5) 84.1(5) 93.9(5)
C(19)-RE-O(1)  116.7(7) 117.9(5) 103.1(6) 117.3(7) 105.6(6)
C(19)-C(20)-RE  69.7(5) 69.9(4) 68.6(7) 69.8(6) 69.4(5)
C(20)-RE-N(2)  88.1(6) 87.1(4) 91.9(5) 86.5(6) 87.9(4)
C(20)-RE-N(@3)  127.6(5) 128.1(4) 124.0(5)  127.7(5) 126.4(4)
C(20)-RE-N(4)  111.8(7) 110.7(6) 118.3(5) 111.5(7) 112.5(3)
C(20)-RE-O(1)  91.2(8) 90.9(6) 83.7(6) 90.5(8) 89.0(4)
C(20)-C(19)-RE  69.8(5) 69.2(4) 70.1(7) 68.9(5) 69.0(5)
N(2)-RE-N@3)  140.9(4) 141.1(3) 142.5(5) 141.6(4) 142.1(4)
N(2)-RE-N(4)  84.8(4) 84.7(3) 85.1(4) 84.7(4) 83.6(4)
N(2)-RE-O(1)  92.0(6) 90.8(5) 92.8(6) 92.0(6) 93.4(7)
N(3)-RE-N(4)  68.3(4) 68.8(3) 69.3(5) 67.8(4) 69.3(5)
N(3)-RE-O(1)  101.6(6) 102.9(4) 100.8(6) 103.2(6) 101.9(6)
N(4)-RE-O(1)  156.6(5) 157.7(3) 157.9(5) 157.4(5) 158.1(5)

i Table 2-2 T %01, BECAW) 2a-2e H RE-C S MK 4 8 T 0 B R 12 0/
MmN, a5 2 s, Bla9) 3a-3e TR BLSY T EUE N o i S
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GBS, MIRE SN o B RIHETH -G RA = E
BT 2a-2e HPI/ e gk 2 1] B /DN (R B A A 45 < A LA BE R i asta), BEAT R
T Nume RS EJEACAL; 7oh, ARIBIN e 1 H AT Ry 1 i 7 R5 1
fEEeRET OHEAERNE T EE S BGATRTHE. RS
LRI AEY) 3a-3e 1 RE-C(HBE B Z LA Y) 2a-2e HHIHL, HET venn
1 AR 1 onn A 0T < Ja O AR BE F) B0 145 AT TR A 22 i F) )
HIEE, FE &4 3b(YV)H Y-Ceage BER HEILAS,  IKIAA 103 28 O BN 7,
Ja& N 6, LR 7= MW ESH M, BB ENEE, MifEa
KA. RREGEE RIS AR S RN T ECiAR S ol 2 TR R B 5 o

2.1 RBEING

FRATT ARG R AN G 2 — PR i R TR #h o JEURE, 7R AR R L A v 7 1Y
FPERERT 1-(NN-Z G FEm e H 1-(V,N-Z H i3k ) £ 5| I 5 NN N -
=R TR SRR R, BLE RS R 1-OVN-T ) 25
-3-(N-(N',N'Z [l 35 2, 35 )-N- R R i 25 ) W FR Mg R C A BT AAXHIL (L = 1-[(CH3)2N-
CH>CH>]-3-[(CH3):NCH>CH,N(CH3)CH2]-CsHaN) o 7240 2 4% g S R A0, Bk %
RAL. FARTMAHLS 5 Y2 M L G WTE IE Cbe b OB, A R 7 85
— R HICNNEHAY 2-15] e FL 7 1 < J8 XUt FE BT 5 (1 oxn-L)RE(CH2SiMes)2 (RE =
Dy(2a), Y(2b), Er(2¢), Yb(2d), Lu(2e)). FF BB T T 1% R HERL & 45 0B
FE(0-CaBroH i) IR S, 4 7 XUt TR 0 A 105 SR B 2 55 24 8 Je B 5y 19 43 31
— ZRHINCNN-PY 7 2-15] W5 1 4 J8 BB L & 42 () *nen=L)RE (1% cc-C2 B 10H 10) -
(THF) (RE = Dy(3a), Y(3b), Er(3c), Yb(3d), Lu(3e)). XUEEL&WH)@d T 4 4h.
TEERHT PSR XS LA S SR A T e A5 . b PR A 2b. 3b
A 2e. 3eitiid | AZBIFLRIBGE RAL

\
N—

\
N % THF @[H N THF
— SiMeg
N RE(CH,SiMes)s(THF), N \ C\ H Nr \ /
7/ | n-hexane, 1 h, r.t. Y4 ;E\ SiMes  toluene, 12 h, r.t. 7/ RE * B-H
~ AN N N— N/ \
N\ N PN NS
HL RE = Dy(2a),Y(2b), Er(2c), Yb(2d), Lu(2e) RE = Dy(3a), Y(3b), Er(3c), Yb(3d), Lu(3e)

1) 2-5 PRSI LS 5 JR T S ) & BUP R

Scheme 2-5 Synthetic steps of two types of indolyl rare-earth metal complexes
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FIEHES 1-(VN-ZHEEE) O E-3-[N-(N' N-ZHiEE
CE)-N-REPRETRE | 2-BRxEFTEBESENLR
AR R A& KL BMAR

3.15|F

o BRI E) T GBI P 6 TT BRI A 2 3R A5 M 7 o SR G e A 2
2, T 4 8 LA A P B AR ol A2 13 PN I B 1At 9 2 H At ik 4 g 1100
MR o FRATR AL 2 BT A B 13- AR R B 1S S A -
SBEA YN T 5% RGBS A WA 1 A Tt = B, k4,
s 4 JeB R AL TR S T 5 13 P T 3 SR 1 i 3t AN — 1) 126

BARARA AT P A, B+ BRI A TR L e m A =
WM EGWMKRIIRK ], FBH RE-Ceage HA AR R PTELE, 7L
TRAM BT &9 N T N BRI 3R 2R 5 BT 7030 38 SOk B

BA VK £ B (K PSR TR + R A A AR, 2 BT IE T PRI &
WIS rac-PiAEBEAN - TS (TP ER 38 & BROL SR IR i i
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3.2 SLIwERSY

321 BEEBRIRERLESMEN rac-B XA IR RS

* 3-1 BL &) 2a-2e fiEAL rac- N BRI R &
Table 3-1 Polymerization of rac-LA catalyzed by complexes 2a-2¢°.

(o}

A , 0

o Complex o %/*

n OTH\ solvent *Ar TH\O A
(@]

(o}

[raC- LA]O Time Conv_b Mnc(Mcasurc) Mnd(calo) c
Entry Cat. /[Cat]o Solvent (min) %) <104 <104 D
1 2b(Y) 200:1 Tol 1 98 1.7 2.8 1.65
2 2b(Y) 200:1 THF 10 95 4.3 2.7 1.67
3 2b(Y) 200:1 PhCI 1 99 5.6 2.8 1.33
4 2b(Y) 400:1 PhCI 2 99 11.6 5.6 1.33
5 2b(Y) 600:1 PhCI 3 99 20.9 8.6 1.37
6 2b(Y) 800:1 PhCI 4 99 12.9 11.4 1.36
7 2b(Y) 1000:1 PhCI 5 99 25.1 14.3 1.37
8 2b(Y) 2000:1 PhCI 10 99 35.0 28.6 1.45
9 2b(Y)  3000:1 PhCI 15 99 43.9 42.8 1.53
10 2b(Y) 4000:1 PhCI 20 94 421 54.2 1.57
11" 2b(Y)  4000:1 PhCI 30 81 26.1 46.7 1.60
12 2a(Dy) 1000:1 PhCI 5 98 12.0 14.3 1.38
13 2a(Dy)  2000:1 PhCI 10 98 21.3 28.2 1.53
14 2a(Dy) 3000:1 PhCI 15 95 15.7 42.3 1.56
15 2¢(En) 1000:1 PhCI 5 99 11.2 14.3 1.37
16 2¢(En) 2000:1 PhCI 10 98 22.3 28.2 1.51
17 2¢(En) 3000:1 PhCI 15 91 15.1 42.3 1.58
18 2d(YDb) 1000:1 PhCI 5 99 12.3 14.4 1.52
19 2d(Yb) 2000:1 PhCI 10 98 13.2 28.2 1.61
20 2d(Yb) 3000:1 PhCI 15 94 25.1 42.3 1.84
21 2e(Lu) 1000:1 PhCI 5 98 10.4 14.3 1.37
22 2e(Lu) 2000:1 PhCI 10 97 15.4 28.2 1.50
23 2e(Lu) 3000:1 PhCI 15 88 13.7 42.3 1.56

“Polymerization conditions: All reactions were carried out at room temperature (25 °C) in Ar atmosphere. [Cat.]o
= 10 umol, copucra] = 1 M; “Conversion was determined from the "H NMR spectra (CDCl3) of crude polymers
by integrating the methine resonance (rac-LA, ¢ 4.93-5.00ppm; PLAs, ¢ 5.09-5.27 ppm). ‘Measured by GPC
calibrated with standard polystyrene samples. “Mycar) = [rac-LA]o/[Cat.]ox144.13xConv. (%). “Corac-La] = 0.5 M.

LAZE 3-1, entry 1 A1, FEF-EMPFRI 10 pmol(6.4 me)FIH -+ 4 J& WU ek
Fi&) 2b BT 25 mL RE NS, 82 mL FERMARS, JFIA 2000
umol(0.288 ) THAZHE HiLfAk, S RifE 25 °C #EAT 1 20t, ke, BURERZHE,
ZHEFAL R 98% (LATTARG T N, Hrp LA # Y 4.93-5.00 ppm Jy 4 22 K
BRI C-HAE 5, 5.09-5.27 ppm NEAZEGIXH I C-H A5 ZUg, DIFAL
BT AR AR AL S, BRI S), A 15 mL HEE (55 HaO)
1B, AR A RAY M THE/MeOH 455, B2 TR H TIREEE,
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132174 0.28 g. it GPC T B AR 7> F 8 Ma=1.7x10% g/mol, D=1.65.
CARC &9 2b AL rac- TN SZBEFF IR SR &, 2 HoAth 2% A4FAHTF] (Table
3-1, entries 1-3), TEFZRIEFF 1 0% N RETTIRAT 98%IKIFE A2, 78 U S0k
TR 10 238 L BRIA R 95% AL, TAESURIE I 1 408 A AT 3R15 99%1H)
AL, HFHAESRS TR M= 5.6x10* g/mol, ALK ERMK > TR D =
1.33 DU 55 FOAR Pl v 790 1) e NS 28 72 S, AT R VA R T DY Sk g 7 {4
(v a0 e = SR L AR ke =9 Ll N o Tt A TR 1 ER N <o T d
FANOPL, Rl 2 AR BOR R BRI L 2 ISR . LA 2b AT, DAGCE
VR, P AR S ARR], B SRR S AR BOR L 3 I, R
i B, AR50 TR MEA R KES (Table 3-1, entries 3-9), A
HFIHELEE Y 3000:1 B, 3RS & &0 T ERER NN Ma = 43.9x10* g/mol, 77
TEI3 A D=1.53 (Table3-1, entry9). 4kZEP K HAA S HALFIER L E 4000:1
i, AR, HAr T3 N (Table 3-1, entry 10). SZI6 A W85 F
AR RRH, RS IEEAT DR TR G, YRR, R
5 TR KIER R % (Table 3-1, entry 11). 2 BTHRE (05 LALLM HER
ACEETFIR IR, BRI 1050:1 B, B4R T 22 30 /0 Ehie ke 4, HIRTG M
A M, =14.98x10* g/mol, D =1.481221; T4 HIELEL Y 1000:1 I, 2b AL AR
JRNAEBEFF IR IR A, FILAE S5 ordhieibse 4, BAEmEE, BEKERE
AAEEmSTE, UWAEENSFESM (M, = 25.1x10* g/mol, D = 1.37)
(Table 3-1, entry 7). L 2 AMEAFIRIERTEEARIAR LT 5T T MR 546 AR 48
HoC T EAG TR AL rac- TN A BB R & 45 R 52 (Table 3-1, entries 12-23).
2a {EERIEAH, RS AR LA 2000:1 B, 10 3480 EL 98% 1AL,
K, WURERESTERNREAREE, M, =21.3x10* g/mol, T RN P =
1.53. 2 AEFREFY, 1R SHEAFIFEEIEE Y 2000:1 1, 10 735H EL 98%H
HAGE, LR S E 2 TEMRNZEE, M. =223%10* g/mol, 7+ F&E7310 D
= 1.51. 2d FESUCRVERI, EBAR SISO EE Y 3000:1 I, 15 238H BL 94%
e, W RASRAS B o TR RN, My = 25.1x10% g/mol, 73 F &40
D=1.84. 2efEFAVENT, LA GHEATIFRE Y 2000:1 1, 10735802 97%
AL, FTLSRAS w70 TR RN, M. = 15.4x10% g/mol, 73 T840 A1
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D=1.50.

A TERLHI FAE] 2-W5[ AT <5 JE XU HE T S 7] LU TG rac-AE
FRAITFIA RS, FENRN LI BEAB &N TEMBAEN S TR, AR
EJE T OB R G RETEA R, B2 RE R ABAT PO, BFFTE SRR A
WAERB RG> T BT m T H AR & BRI 508 o
BEXUE BEAL ) Rk L B BC AL, A TTARE T 2-05[ I - g R A
EALAME e NS BEPA R & BA R, SR RAR IR A E 0T

LUK 7 TR AT,

3.22 Bt € BWIREC S EN rac- RRZEEFF AR E

% 3-2 i &%) 3a-3e AL rac-INACERIN R &
Table 3-2 Polymerization of rac-LA catalyzed by complexes 3a-3¢°.

%O Complex 3 %/
n OWH\ ~ solvent

(e}

[raC' I—A]O Time Conv_b Mnc(Measure) Mnd(calc.) ¢
Entry  Cat. /[Cat Solvent (min) %) <104 <104
1 3b(Y)  200:1 Tol. 15 99 6.6 2.9 1.34
2 3b(Y) 200:1 THF 45 95 3.0 2.7 1.37
3 3b(Y) 200:1 PhCI 8 99 5.6 29 1.29
4 3b(Y) 400:1 PhCI 15 98 8.2 5.6 1.30
5 3b(Y)  600:1 PhCI 18 98 8.4 85 1.34
6 3b(Y) 800:1 PhCI 20 98 9.6 11.3 1.34
7 3b(Y) 1000:1 PhCI 22 98 10.6 141 1.35
8 3b(Y)  2000:1 PhCI 32 97 24.7 279 143
9 3b(Y) 3000:1 PhCI 45 95 24.1 41.0 1.57
10 3a(Dy) 1000:1 PhCI 25 98 141 14.1 1.47
11 3a(Dy) 2000:1 PhCI 34 95 17.0 27.4 1.59
12 3a(Dy) 3000:1 PhCI 42 90 17.2 38.9 1.55
13 3c(Er) 1000:1 PhCI 20 99 12.0 14.3 1.38
14 3c(Er) 2000:1 PhCI 24 98 10.6 28.2 1.49
15 3c(Er) 3000:1 PhCI 33 98 14.9 423 1.52
16 3d(Yb) 1000:1 PhCI 30 98 9.9 14.1 1.61
17 3d(Yb) 2000:1 PhCI 45 97 11.4 27.9 1.46
18 3d(Yb) 3000:1 PhCI 70 81 17.5 35.0 1.55
19 3e(Lu) 1000:1 PhCI 14 99 11.0 14.3 1.48
20 3e(Lu) 2000:1 PhCI 16 99 17.9 28.5 1.56
21 3e(Lu) 3000:1 PhCI 80 50 10.5 21.6 1.66

“Polymerization conditions: All reactions were carried out at room temperature (25 °C) in Ar
atmosphere. [Cat.]o = 10 pmol, copac1a] = 1 M; ?Conversion was determined from the 'H NMR
spectra (CDCIl3) of crude polymers by integrating the methine resonance (rac-LA, ¢ 4.93-
5.00ppm; PLAs, 0 5.09-5.27 ppm). ‘Measured by GPC calibrated with standard polystyrene
samples. “My(cal) = [rac-LA]o/[Cat.]ox144.13xConv. (%).

DA Table3-2, entry 1 A, #EFEFTFREL 10 pmol(6.1 mg) )i 1 4 J& XUkt
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JLEEY) 3b BT 25 mL RE NS, B2 mL FERIA S, JEIA 2000
umol(0.288 o)A RS HE Ak, MR 25 °C HEAT 1 70k, FiREReN:, BUREA%TEL,
ILHERACZE 99% (LU 9], b s# ity 4.93-5.00 ppm 9 52 g
FARIR 3 C-H A5 5104, 5.09-5.27 ppm AR ALZEGIRF R C-HE 51, DIk
B SR TR AR, WEEILPH ), N 1S mL HEE (% H,0) &
bR, KRR ARSI THE/MeOH FE45 5, B2 TEMHTEEEE,
32729 0.28 g. L GPC T K EWI T8 Ma=6.6x10% g/mol, D=1.34.

LA &) 3b AHENFIEAL rac-NAZFEIT IR G, 48 HI A2 AFAHIE (Table
3-2, entries 1-3), 7ERRVERIT 15 7080 A BERTIRTT 99%HIFE LA, £ U KR
TR 45 23 L BRIA B 95% AL A, THIAE SRR R 8 4 Y AT 3RAF 99% 1K)
HALR, FEHAMN RS TR My = 5.6x10% g/mol, LLREARIN S B0 P
= 1.29. VUSRS 55 JF At 75 o 25 750 1) oo N2 o 46 222 St 2 S TR ) 2 fiEAGAH RS . LA 2D
AT, CAECR TR, A2 AR SRR AR R, BE G SRR e A TR Ok L 1
m, HEHRZEE TR, >TSS TR MEARE B (Table 3-2,
entries 3-8). HRMEAFIFRIL R 2000:1 B, KRG E S D TERRALE My =
24.7x10* g/mol, 43 F &34 D = 1.43 (Table 3-2, entry 8). ARZEH KK H{H
PFAIFER L 22 3000:1 B, FALZEG TR, HrF&E T (Table 3-2, entry 9).
DA 3 g AT 4R T8 S 4k S0 70 1 AR [R] 25 KA [5) 2 Ja8 rhooCo R (e AL TR A rac-
FAZEE TP IR T 45 R 520 (Table 3-2, entries 10-21). 3a fEEARE AT, 7E#
W S AR Y 2000:1 15, 34 73 8HEL 95% AR, AT LSRR i 7 T
PIERWACER, Ma=17.0x10% g/mol, 7 F & D =1.59. 3¢ FEFREHF, 1£
AR SHEALFIFORIEE Y 3000:1 15, 38 7344 LL 98% AL A, W] LASRAT i 73 ¥
HIRNAEE, Ma=14.9x10* g/mol, 7 &5 D =152, 3d FEFRE A,
TE AR SR G 3000:1 BF, 70 7380 DL 81%HIF 403, AT AR s o
TEIEHNIHE, M,=17.5x10* g/mol, 7> FE/ A P=1.55. 3e fFEEARIEFT,
TE AR SR G 2000:1 BF, 16 4380 DL 96% 1403, AT LIRS s 40
TEREHAHE, M.=17.9x10* g/mol, 7T B/ i B=1.56.

PA b2 SRR 2- W5 R b & R B o e & W R W] LA T rac-IAC
PRI IR RS, FEMEN LA AB SRS FEMEEN S TR, AFH

|
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EJE P ORGSR, B2 EE RO PO, BARFEERI Y
AENERIMRESY ) T ERE TWARENIE. SXUREREY 2 M, &
a9 3 MELETER, IRRERE s TEBREZ .. Wi SRR E
H=JuR M4, (B2 TR 1ok i 7R IE T 2L RE-Coage BERIZRAZHE /T EL
RE-CH:SiMes 2R IZBE /1, [FINBCEY) 3 /2 7HAL, &Jd O EEIERC &Y 2 1
Ko BAKMTABES RE-Coage BE1FH -

3.23 B e BWUIREE SMEN - KAEEFHRE

#* 3-3[LEN) 2a-2e fHEAL o- KA BRI KA
Table 3-3 Polymerization of 6-VL catalyzed by complexes 2a-2e*.

0]
(6]
m (¢} Complex 2 M %*
solvent * 0 m
. b
Entr [5'VL]0 Time Conv. My (Measure) Mnd(calc.) c
y % cacde SV (min)  (op) <104 x04 D
1 2b(Y) 100:1 Tol 1 96 1.3 1.0 1.49
2 2b(Y) 100:1 THF 1 92 1.2 0.9 1.48
3 2b(Y) 100:1 PhCI 1 95 14 1.0 1.50
4 2b(Y) 500:1 Tol 1 96 5.2 4.8 1.46
5 2b(Y) 1000:1 Tol 1 95 5.7 9.5 1.55
6 2b(Y) 1500:1 Tol 2 94 8.8 14.1 1.58
7 2b(Y) 2000:1 Tol 3 95 13.6 19.0 157
8  2b(Y) 3000:1  Tol 6 94 13.2 282 158
o 2b(Y) 30001  Tol 10 93 16.0 279 1.60
10e 2b(Y) 4000:1 Tol 20 70 12.7 28.0 1.40
11 2a(Dy) 1000:1 Tol 1 96 10.6 9.6 1.48
12 2a(Dy) 2000:1 Tol 3 95 13.3 14.3 153
13° 2a(Dy)  3000:1 Tol 10 95 17.8 28.5 1.54
14 2c(Er) 1000:1 Tol 1 96 145 9.6 1.55
15 2¢(Er) 2000:1 Tol 3 94 11.7 18.8 1.55
165 2c(Er) 30001 Tol 10 91 155 273 154
17 2d(Yb) 1000:1 Tol 1 96 8.2 9.6 1.46
18 2d(Yb)  2000:1 Tol 3 95 13.7 19.0 1.57
19 2d(Yb) 30001  Tol 10 94 15.1 282 161
20 2e(Lu) 1000:1 Tol 1 96 15.3 9.6 154
21 2e(Lu) 20001  Tol 3 96 13.8 192 152
20" 2e(Lu)  3000:1 Tol 10 88 18.5 26.4 1.57

“Polymerization conditions: All reactions were carried out at room temperature (25 °C) in Ar
atmosphere. [Cat.]Jo =10 umol, V(solvenq : Vis-viy =5 : 1; ?Conversion was determined from the 'H
NMR spectra (CDCl3) of crude polymers by integrating the methine resonance (6-VL, 6 4.35-4.40
ppm; PVLs, J 4.06-4.20 ppm). “‘Measured by GPC calibrated with standard polystyrene samples.
"Mocary = [6-VL]o/[Cat.]ox 100xConv.(%). “Visolvent : Vis-vip= 10 : 1.

A Table3-3, entry 1 A, 7EFEFHFREL 10 pmol(6.4 mg) ) #i XUkt LT
& 2b BT 25 mL AT, 5 0.453 mL 2RI, FAA 1000
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umol(0.100 ) 5-S P BE R, SIAE 25 °C HEAT 1 43%f, Ml v, BURERZHE,
WAL 96% (LUTARGEI AR, Hr kA% 4.35-4.40 ppm A 6- KA
Mg Ak 5 8UR T ABE R 5L C-H 5 5%, 4.06-4.20 ppm AR LA RS AR T
FEMEFEE C-H 550, DIPIAE SR AR TR AR A %, 1SR
BEsRD, AN 10 mL HEE (& H0) &b pi, KBEIKAGREEYH
THF/MeOH FE &5 5GBS, BT HZTRATDTREMEE, /3% 0.09
g. T GPC i R EWN T8 My=1.3%x10"g/mol, B =149,

CAFC &40 2b A AL FMEAL o- N BT IR SR, 42 A 26 AFAHE) (Table 3-
3, entries 1-3), FEFRIEFIH 1 708 WIS 96%MHALE, MY AR5 T
B Mn = 1.3x10* g/mol LA AN BURI 73 F 8010 D = 1.49, £ M7
1505 Rk 3 92% AL, TAESIRIER S, 12080 A BRI ER1S 5E w4y
T8 Ma = 1.4x10* g/mol, HRFEACEINC, T EMME. PR H Al
P TR S5 8 22 e AR R B AR S AR SR L R JU A 3, JRIAI A 2b
AL rac-THSCERIVITIR R G0 LA 2b MMM, DAHRORUER,  Fm] Hopl 26 A4 AR
[, BE AR S FIPR g N, AR BEAR R, »TRSS TR
SRAT A B K% (Table 3-3, entry 1, entries 4-8). FRARME AL 7KL EL Jy
3000:1 i, #HALFE 5 TE/NE R (Table 3-3, entry 8). LI &KL
AR, RS IREAT DR PRI, B YORVERIE, R T R
SRR, R T R T B Ma=16.0x10%g/mol, 4> T &> AiP=1.60 (Table 3-3,
entry 90, ZREELAYRINAF RS KPR S AR, 2R ENES ST &
#A KIE NP (Table 3-3, entry 9). P 2 AMEATIMER ST R4k S0 5 1 A0 IR
SER AN TR) G5 J rp oL B AL TN AL 0- I A BE T IR SR & 45 RIS (Table 3-3,
entries 11-22). 2a fEHZRIERH, EF KRG &, RS HELF BRI
3000:1 I, 10 708h L 95%HI AL, W LIRS s 0 T E BV R IKA B, M =
17.8x10* g/mol, 7 T4 D = 1.54. 2c fERFEERIT, EF KEHE, Bk
A FIBOREE Y 3000:1 B, 10 408 EL 91% 3643, W LASRAS i im 7 1 B 1)
RIXAEE, Mn=15.5x10* g/mol, 7rF&51 D =154, 2d fEFHREHF, £
KIEFE, RS HEAAFIEOREE R 3000:1 B, 10 4081 LL 94% 96403, AT LER
BT ERRRAL, M, =15.1x10* gmol, T &/ D =161, 2efEH

an
il
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BRI, Y RIEFE, SRS FBEEE Y 3000:1 1, 10 4354 L 8%l
b, TR E 2y TR IR ARE, My = 18.5x10% g/mol, 73 T&E /34 D
=1.57.

DA b2 SRR 2-M5| R A - 4 8 WUbe L i & 4 RIS mT L T4 o-I N
WP RS, JARM RN B B o T RMEE N TR Am, ANEE
J& O XA IR A IR E, SIS R AT, BARSE rac-THAS
MEANE], RICNEENAS BN RGP 5 T RIS T HoAh 58 R & 8 AR T 15
TR TEARAE,  AIBPESDRL U RE Bl 5 5 -G 4 1 S IR R N T T AR AR
B, Rl R TIPE AN vk DA R i A BR AT, 5 0 A Tk 1 R 1) R e
(K1 X5 4R B 40 B e BEIC S WD HE A3 B S AR (Ma = 10.0x10* g/mol, D =
1.02) HHEL, ARTAEH 2-WIWEEC AU ZERE S YA o-I N TR SR G 13 B3R IR
WESREIA B =0 TR (M, = 28.2x10* g/mol), {HA TR HETE (b=
1.58), X JH A T A LA 4R A 771 5 SRR T PR AL R TIC A R85 AN [ 126
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3.2.4 Bt EBRIIREC S MEN o- KB RE

* 3-4 BL 51 3a-3e AL o- N BRI ZE &
Table 3-4 Polymerization of J-VL catalyzed by complexes 3a-3e“.

(0]
(0]
m 0) Complex 3 M %*
6 solvent * 0 m
[0-VL]o Time Conv. . My Measure) Mndcalc.) c
Entry Cat. /[Cat o Solvent (min) %) X104 <104 D

1 3b(Y) 100:1 Tol 1 97 1.4 1.0 1.50
2 3b(Y) 100:1 THF 1 78 1.0 0.8 1.64
3 3b(Y) 100:1 PhCI 1 95 1.2 1.0 1.48
4 3b(Y) 500:1 Tol 1 96 3.0 4.8 1.53
5 3b(Y) 1000:1 Tol 5 95 4.6 9.5 1.54
6 3b(Y) 1500:1 Tol 10 94 6.3 141 150
7 3b(Y) 2000:1 Tol 20 93 6.2 18.6 1.54
8 3a(Dy)  1000:1 Tol 5 93 17.2 9.3 1.55
9 3a(Dy)  1500:1 Tol 10 67 14.9 10.1 1.52
10 3a(Dy) 2000:1 Tol 20 trace

11 3c(Er) 1000:1 Tol 5 96 10.0 9.6 131
12 3c(Er) 1500:1 Tol 10 96 17.9 14.4 1.56
13 3c(Er) 2000:1 Tol 20 96 17.5 9.6 1.55
14 3d(Yb) 1000:1 Tol 5 97 8.5 9.7 1.34
15 3d(Yb) 1500:1 Tol 10 92 13.2 13.8 1.48
16 3d(Yb)  2000:1 Tol 20 67 14.0 134 154
17 3e(Lu) 1000:1 Tol 5 96 10.9 9.6 1.35
18 3e(Lu) 1500:1 Tol 10 96 17.6 14.4 1.58
19 3e(Lu) 2000:1 Tol 20 96 135 19.2 1.58

“Polymerization conditions: All reactions were carried out at room temperature (25 °C) in Ar
atmosphere. [Cat.Jo = 10 pmol, Visolvenq : Vis.vr; =5 : 1; “Conversion was determined from the 'H
NMR spectra (CDCI3) of crude polymers by integrating the methine resonance (J-VL, 6 4.35-4.40
ppm; PVLs, J 4.06-4.20 ppm). ‘Measured by GPC calibrated with standard polystyrene samples.
dMn(Cal,) = [5—VL]0/[Cat.]o>< IOOXCOHV.(%).

A Table 3-4, entry 1 Affl, EFEFHFFRIC10 pmol(6.1 mg))H L AxHl ki
Be&Y3b BT 25 mL R & SNVHRH, f#H0.453 mL RIS, J5IA 1000
umol(0.100 g)i o-% N AR, SONAE 25 °C HEAT 1 205k, Rk, BUREAZRE,
HEFAL R 97% (LLTARGE ), 2 i iy 4.35-4.40 ppm N 5-KA
Mg kR 5 8UR TAE R 5 C-H {5 5%, 4.06-4.20 ppm N R AR5 4R T
FHERIL A C-H 5 5%, LIPS 5144 BRI AR AL, 1
s, A 10 mL B EE (F H0) & ibRM, ¥EINEHEAEEYH
THF/MeOH H 455 B E, B TR TRATTREEER, F237% 0.09
g. JBit GPC B AW T8 My = 1.4x10% g/mol, P =1.50,

CABC &4 3b AL ML o- RN BET A B &, 120 A 25 R AR TR (Table 3-

4, entries 1-3), 1EFZRIEFIH 1 4080 N I3RS 97%HI AL R, &R0 T8 M,
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= 1.4x10* g/mol LA AN AR 73 F 24504 D = 1.50, {EVUSPRIIE A 1 7%h

UREIL R 78%MEAL R, TAERFREN, LR RRELR, HTEREZYD
TR A SR A TR IR A o DY SR - LA A R TR ) S N R A

R S A BB L C 2 RIS, JRFIE 2b A rac- N FRIHF RS
LA 3b AR, DAHZRORUE T, EH AR SRR AR R, Bl B 5 e A IR B
Fgn, HARZEA %, T RS0 TR EA RN KBS (Table 3-
4, entry 1, entries4-6). FARMEALFIFLEILL )Y 1500:1 B, 31§ T & s T8 Mo
= 6.3x10* g/mol, 43 F &4 D =1.50 (Table 3-4, entry 6). AkELY KBk S
IR 2 2000:1 I, S5 REAR 55> T REEITIA/ME T FE (Table 3-4,
entry 7). BL 3 AMEAGTIMIAR Tt R4k SE0F 78 1 AR 1R 4504 A /) 42 0 mp O FR (R AL 771
STHEAL o-1% I BEFF IR 5 A 25 IG5 (Table 3-4, entries 8-16). 3a ff FH KA
i, ERLR SEATIER LN 1000:1 B, 5 080 LD 93%IEELER, AT LIRS i
ETRENBILAB, M, =172x10* g/mol, 7> TEMMG B = 1.55, k&4 KN
TG KIE %, 768k S ATIBOR A 2000:1 B XELLE| K. 2¢ 78 H A3E 7,
FE AR SHEALFIFR L A 1500:1 B, 10 2380 DL 96% Mk AL 3R, AT LSRG 4
TEIIRLHNES, M,=15.5%10% g/mol, 7T &4 D=1.54. 2d 7E FHRKIEHIH,
TE AR S ARIOR G 2000:1 B, 20 240 DL 67% 005602, 7T LA3RAR iy
T EREIKAEE, M, =14.0x10* g/mol, 7 F &5 D =1.54. 2e & HREFIH,
E S S AL FIROREEE A 1500:1 B, 10 2% DL 96% 16103, TTLLGRAS
TEMERANEE, M.=17.6x10*g/mol, 7T &/ i D=1.8.

2-Mi| R A - 4 Je8 B B IBC & ) R RE R SR B R DU T4 o- I P IR R R 2R
Ro, REMRRAEERE BN FREAEERS TR0, AREERO
SRS MEE AR, 32045 RAA I, R FRE S AN A RE AR
[, RIAFAEAR B RS /T Rm KT 3 R LT

XL 2a-2e 55 3a-3e BIRBL AN FI AR RS, HXREREY
240, EEY) 3 MEMIETEIS, IR EYS FERIAZ . WS Ek
bR I = SRR S5 K, (B E T BRI e 0 B B PR AE 30 RE-Ceage BEHISE
% fe 71 L RE-CH,SiMes ISEIZBE 11, RINTEC AW 3 2 7 B, &t oLk
MCEW 2 MR, AR T WS RE-Ceage SBAEH .

—

7

=

4
%
¢
e
R =1 )
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325 B ERUNIREE SYEN 6-IKRNEES rac-AABEHE
Z TR SR IE 10 T IS AR — ik DAL S Ja ORI AS R HSORHIBU »
PATE SARTC AR B BRSO3 X6 SER 25 R M5 . 45 8 U0N (Figure 3-1

Z Figure 3-3)-

PVL(LA-VL) PVL(VL-VL)

PLA 2b
(e) rac-LA & 8-VL vE
12h M/l AV N
’\
PVL(LA-VL :
- VL M\" (LA-VL)  PVI(VL-VL)
(d) 2b Il
rac-LA & 6-VL ————> I
N 10 min ' v
PVL(LA-VL)  PVL(VL-VL)
2b VL
(C) e rac-LA & 6-VI, ——
A 5 min
VL "‘ PVL(LA-VL)  PVL(VL-VL)
2b |
(b) LA rac-LA & 6-VL w'ﬁ'\

i 1 min il

(a’) LA,JUL,L rac-LA & 6-VL VLW

3-12b fEALIR S BAR RS

Figure 3-1 2b catalyzes copolymerization of mixed monomers

EETRATK B R B AR B R LG LR, INVEFR, SO PR B 2 AR ER
(Figure 3-1 (a)) o BE/G AN 158 XUEHEL 54 2b fE MM, W LRI
1E 15380 N rac- N AC TR SRR I A 58 4%, 1T 0-I N R AR /> (Figure
3-1(b)) o O-IRNER AR E R AR G218, 1 2 10 705 N 0- 7 P s A,
B R LT %A (Figure 3-1 (b)-(d)) . AAMTLURIL—FF iR 5 3L 5 % A iR
FeA st 5 5 R I A R P AU A 2, 3 AT ARG & 00 TR 28 s 51 R 56 T I M g,
EVR & 1 2 BUREAL 75 21 T A R BRAR OB K, BOL R LR PN B % .
RSLZ 12 /N §- IR BEAUE — R e A AR, XY RIS rac- AT
P o- I B R & R I AR AT M o 53 A WL 8 BIFL 5. 5 47 1) LU A3l i 25 23R
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Hl—rei K, RO R A L SR ATTE 8 I I 2 4 S S I P B B BE AL N
FIHIR AR5 18 (Figure 3-1 (b)-(e))

B 5 AN T AL 100 24 & rac-TH 2 BE ARG ISR, FIA
b 4 R XU BE T &) 2b VRG], TR I rac-NAS IR SAARTE 1 405 4 4
AHALSE AL (Figure 3-2 (a)) » Ja A S b AR EE /R EE 11 0N 6- 6 Y B B4
TKI 6= P ik B e o e A 470G, AN () A AR BRI 2R 1 3 P I A1 A L
SRR R N B R S0 D, I LA R TR B — IR 4 4y e S R AR Al 3R TR S IR K 4y
TAEMER, SUREIMAR) 6-1% NS SR BOL YD, iR BIL R LR
HE XD E) (Figure 3-2 (b)-(d)) - 7E 12 h tHAUCH AR — AR, X
REMIESE A rac- NSl FHEEAL o- R N BE R & ROV IRIRAVETE . BEG IR
RMHEAT, JLRILN BT 5 5 LR BRI, ROMSLEE &5 R ARant, XK
TF BB TR S SR AE T B2 e S, #4139 G B N\ 2 AR 3 R A8
fig 751 Fh 8l (Figure 3-2 (e) .

PVL(LA-VL)  PVL(VL-VL)
( e) PLA A 2b é-VL VL
raes 1 min 12h M‘\L
1‘ PVL(LA-VL) PVL(VL-VL)
PLA VL Hh
Ly VL Il
(d) ; rac 1 min 10 min j‘v‘ ‘”‘
PVL(LA-VL)  PVL(VL-VL)
PLA 2b o0-VL VL
(C) rac-LA 1 min 5 min
_—’me\g
v | PVL(LA-VL)  PVL(VL-VL)
PLA 2b 4-VL "H
(b) rac-LA - - M
™ 1 min 1 min I
B N _ ) o~ |
PLA LA 2b
- —_—
f1 .(:;nu)

& 3-2 2b SefiEAL rac-IACBE SR & Ja R AL o- T E 3L 58
Figure 3-2 2b firstly catalyzes the polymerization of rac-lactide, and subsequently catalyzes the

copolymerization of d-valerolactone
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PVL(LA-VL-VL) PVL(LA-VL-VL)
(d)

PLA 2b rac-LA I
* 1min 10 min VL

/|
- -

PVL(LA-VL-VL) PVL(LA-VL-VL)

PLA 2b rac-LA
i 1 min 5 min VL

PVL(LA-VL-VL) | PVL(LA-VL-VL)
(b) !

PLA X 2b rac-LA Iy
W, 8-VL - - VL [
T 1 min 1 min I\

PVL

2b VL
1 min

K 3-3 2b SEHEAL 0- R NBE IR & JE AL rac-NACBRILER

Figure 3-3 2b firstly catalyzes polymerization of d-valerolactone, and subsequently catalyzes

copolymerization of rac-lactide

B Ja AT T HEALF] 100 &/ o~ NG B4 S IR, AEIAH
TR GEHERC S 2b ME AT, ATRUR I 0- 1 AR BRAALE 1 708 Y AR 58
A4k (Figure 3-3 () , Ja IR R AL BAREE /R L 11 N rac-TA 52 e LA,
KI rac-ACHREAMARAE 1 bR b 5e s,  BILR RN R P SIMN T 5
BRI ERFP IR D, AT BRI B H, MR LGRS o- RN
1k rac- A ER R AR IR = 103G (Figure 3-3 (b)) » BT iGMEm, JHI[E
P JLFEAS 52 21 BiE 5 e s Bz 520 (Figure 3-3 (b)-(d)) » BLiZ VAR LLSRIE 58
FH B g (Figure 3-3) &

i EWA, RS RARREER RS rac-IN BRI - BE,
M b 42 B XUGEFE T 15 W0 1 S M A0 R A2 T T B 5 6 7 A s < Ja e S o ) 40
JR8: S-IRA BRI A R ARMRHEYE: R, ERE o-RAER A1
4 e SR TP R AT S NI rac- TR S BR BRSO RLAR SR AR e R 1

B o FATE IR Y ([0-VL]o:[rac-LA]o:[Cat.Jo = 10:10:1) )35 5 4 BB
FE FEL S RAT IR ] ) 1 (MALDI-TOF mass spectrometry) I3 Sk 3iF BH 1% I 77 #%

BN R 2R SRR AR R RIEIRS . R EEESIENRE
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Uik O- N ERERAR . rac-T S BR FRAR LA RGBS TR NG S BB A b . m R n 43l
TR AR R G R, i b i) 32 E SR LU R T ARG LR,
Jr /NI Ry /b B R AT AP AT 44 5T (Figure 3-4 & Figure 3-5)

PAR 7~ BB 73 9, wT OS2 47 B Dy 561.335, 661.383, 761.433,
861.489, 961.541, 1061.593, 1161.639, 1261.700 JaI LAXI M AL KA T,
-OH/-H Ay ) )% N g 5 A A Be 3L R W) . ey LE AT LSRR N miz = 38.9637(K™)
+18.0156(-OH/-H) + 100.0524n + 72.0211m, m/z } 561.335, 661.383, 761.433,
861.489, 961.541, 1061.593, 1161.639, 1261.700 ¥ LA m = 7, n{kik A 0,
1, 2, 3, 4, 5, 6, 7TiIHAR|, nTURIH AL EICKESEME, KIKHEZE
— AN BRI — R AR BRI R A S oL (EARIR T, X F
S ZE oA 5 BRI E BN (Figure 3-4) .

106

. o) 0
o]

600 700 800 900 1000 1100 200

R 3-4 I 1 2b TR & (06 A0 S BB O B (AT IR IR (7 25 °C F,

IR, [0-VL]o:[rac-LAJo:[Cat.]o = 10:10:1)
Figure 3-4. Selected part of MALDI-TOF mass spectrometry of the copolymer prepared from
2b.(In toluene at 25 °C)

PART 7S e BUER 73 o], AT AR 3 i fer LY 545.314, 617.329, 689.348,
761.433, 833.448, 905.467, 977.471, 1049.496, HJu] LIxfM ALl K NE T,
-OH/-H Mm% N R 5 A B 3L 58 Y Bifer BT BAZR 7R miz = 38.9637(K™)
+18.0156(-OH/-H) + 100.0524n + 72.0211m, m/z ; 545.314, 617.329, 689.348,
761.433, 833.448, 905.467, 977.471, 1049.496, T Lhn =2, miKIK N 4, 5,
6, 7, 8, 9, 10, 11 1FHAH|, WTLLRIAKAER LIRS BEAME, RIKAHZE
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EA AR T — R BRI AfE ol (EARR T, XA
200 S BRI LR (Figure 3-5)

106

i 0 0
: HOMO’H)H/ %

0 e
500 600

P 3-5 A1k 1 2b Jiril] £ (35 S ) 5 o B IR0 AR FE B RAT IR TR B RS (FE 25 °C R, I
KIGEFF, [0-VL]o:[rac-LAlo:[Cat.]Jo= 10:10:1)
Figure 3-5. Selected part of MALDI-TOF mass spectrometry of the copolymer prepared from
2b.(In toluene at 25 °C and [0-VL]o:[rac-LA]o:[Cat.]o = 10:10:1).

800 900 1000

- O o
HO’HJ\/\/\O’};HK(O‘}HH K*

3-6 kUL H 2b F )2 B L S FE BT B O AR R I AT I TN B E (FE 25 °C T, W
KA F, [6-VL]o:[rac-LAJo:[Cat.]o = 10:10:1)
Figure 3-6. Selected part of MALDI-TOF mass spectrometry of the copolymer prepared from 2b.
(In toluene at 25 °C and [0-VL]o:[rac-LA]Jo:[Cat.]o = 10:10:1).

DL~ 8R4 A, mT AW 3 s e LE A 545.314, 617.329, 689.348,
761.433, 833.448, 905.467, 977.471, 1049.496, a]LAXtM ALL KT NE Uk,

-OH/-H i B N g 5 TN AS BRI 3L 58 W . B far U AT LR R 9 miz = 38.9637(K™)
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+18.0156(-OH/-H) + 100.0524n + 72.0211m, m/z & 545.314, 617.329, 689.348,
761.433, 833.448, 905.467, 977.471, 1049.496, 4r#|RLALAm=5n=3; m=
8,n=1; m=4,n=4; m=7,n=2; m=3,n=5 m=6,n=3; m=9,n=1i1%
33, AT LRI N I P 1S B T A0 A A2 I B TG SR B S AN AR A B — R A i B R 5
YR oA DL, XA AT 5 B R R o3 A AT BT ), VAR A A
X T EAR, FETARAEHRREIEYIIEEZ RN i, HE
TS A2 (Figure 3-6) .

B FATLASGHEALTR, AN o-I A BE AN rac- A A2 IE H BORHIGA X5 #i
T BRI S V) 2b AL PR BRI R IEAT T — RIIR ST (Table 3-5) .

* 3-5BLEH 2b fiEfL o- A BE T rac- N2 BRI LR
Table 3-5 Copolymerization of J-VL and rac-LA catalyzed by complexes 2b“.

0:__0
(0}
m (6} 2b (6] (6] *MOMO}*
m 2n

solvent

[0-VL]o:[rac Time Conv. °(%) Mnmeasure) ~ Min%calc) .
Entry ) Aleicatle SOV (min) sl racLa <07 x04 P

K 100:100:1 Tol. 1 9% 99 16 24 157
2e 1001001 PhCI 1 95 99 12 24 169
3 100:100:1 Tol. 1 % 99 23 24 147
4 250:250:1 Tol. Y 99 6.4 36 132
5 500-500:1 Tol. 6 94 99 125 72 141
6  1000:1000:1  Tol. 40 94 71 13.4 103 160
7 500:0:1 Tol. 1 96 - 47 48 147
8 400:100°1 Tol. 1 % 99 5.3 52 142
9 300:200:1 Tol. 2 05 99 6.2 56 140
4 250:250:1 Tol. 3 o5 99 6.4 59 132
10 200:300:1 Tol. 5 03 99 71 61 139
11 100:400-1 Tol, 6 93 99 8.3 64 146
12 0:500:1 Tol. 2 - 99 8.3 71 142

aPolymerization conditions: All reactions were carried out at room temperature (25 <€) in Ar atmosphere.
[Cat.]Jo =10 umol, V{soiven : Vos-vL+ rac-Lai= 10: 1; °Conversion was determined from the *H NMR spectra
(CDClIs) of crude polymers by integrating the methine resonance (rac-LA, ¢ 4.93-5.00ppm; PLAS, ¢
5.09-5.27 ppm; 6-VL, ¢ 4.35-4.40 ppm; PVLs, ¢ 4.06-4.20 ppm). “Measured by GPC calibrated with
standard polystyrene samples. IMn(cat)= [6-VL]o/[Cat.]o<L00>Conv.(%)+[rac-
LA]o/[Cat.]0><.|.44.l3>(:0nV.(%). eVO[SoIvent] : V[(S-VL+ rac-LA]= 5:1.

LA Table 3-5, ertry 1 98, fEFEFATHIL 10 pmol(6.4 mg)i¥iHi L 4> JE XL
FERERELE) 2b BT 25 mL RE MRS, &I 0.906 mL RN, 5
A 1000 pmol(0.100 g)) 5- M BEEFAE, KMAE 25 °C #4T 1 7%, FIIA 1000
umol(0.144 g)If] rac-INACER A, 4KSEAE 25 °C N 1 7050, M v, HURE
WG, o-INBRIZIE AL EE 96% (LLAARE NI, Hp Ak )y 4.35-
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4.40 ppm Jy &- XA TR ERAAR 5 S0 AR R B C-H {5 5%, 4.06-4.20 ppm A
LA SER THENT RS C-H E50¢, LIFAAME S IER 0 AR TR
WAL, rac-TH B HEE LR 99% (LLRARE DT NG, Ho b2 h
4.93-5.00ppm NHAHEE AR B C-H 551, 5.09-5.27 ppm FNEH AKX H
B C-HAE T, DAWALE TR AR R AR 0%, I 10mL &bt (&
H0) &b, AR AGEASY) THF /n-hexane B 455G B, BT
HAETHRAh TREEE, H37% 023 g. @it GPC A REWIN/> T8 M,
=1.6x10" g/mol, P =1.57,

CARC &4 2b AL 6- RN BR S rac-IN A EEHF IR G, 45 oA 2% A4
MR, —r8h A, AEHRE A A SERE R T, rac-T85E BE SR FE AL 2R 1 1K 5
99%, TAEFZRERT o- RN EA Em R, TR Es TEER, 707
B E AR IL Y (Table 3-5, entries 1-2). % T2 A LA, PU&ME
MR XS 2 AL P b B PR T 5 5 I 4 3 LR 40 ) S S 1, AR FE o AESKE
IR WSS, E AR SRR EL Y 100:100:1 B, AR RB O L0055,
B RERE, FEIRESR, MERERN, FEHNLEDS FEG R, 57
TP AT EAR, T LSRR A R BT K R R R R e R E PRI AT R E (R (Table 3-
5, entry 3), TEH KEMAMAFIFEIE AR E . B 2b HfEfbs], BAH
RN, AR SKAAEE, BEAE AR S AR BOR L AR, e (b 2205
AR, o EEEHTI R Hrh Ak S FIFOREE Y 1000:1000:1 1, rac-
NAE R AR AL R T PR R 2, RSB 7 T BB IR Y M, = 13.4x10* g/mol,
D=1.60 (Table3-5, entries3-6). RF | ARG HEAFIBORIEL )y 500:1 B, AN
BRI & HE A BRI B A 45 SR A B2 (Table 3-5, entry 4, entries 7-12). &
WA IL R LI T, B rac- IR IORH G LU &, o- A R B AR AL 0%
W AR, T rac- TR AT R SR A A 58 5 BT 95 R IR (DB 86 m 45 38 B ik B L SR )
T EAIZWI AN (Table 3-5, entry 4, entries 8-11), fEBAREERL G EL A 1:1 B,
133 1 iR B R A A BRI 7 7 #5040 (Table 3-5, entry 4).

L LRTR, B E BRI &Y 2b RERE TR IR A4 N sl M AL o- 1
NEEFT rac-NACHEIIIRBUIL S, PR EW &S TER S, S FESmEE.
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3.3 HLEEHEN
331ﬂ%Mﬂmw

CH,SiMes
L—RE
i CHSiMes Insertion of
.................... C=0 o RELO
‘Coordinalian T 3 777777777777777777777777777777777777777777777777777777
of monomer Oy ) ) .
Lf O) o
L— RE 5 J(o
o ’
gy MeaslH;C MeaSleC 0 H \')%;CHZSM%
L= ;E '5 Cst iMey Cst Me, ) o or
Me3SiH,C CH;S\Me3 o
A Homopolymer o Hj(oj/li}?H
Insertion of Cleavage Coordinationof T !
‘c 0 into RE-C of C-0 homologous monomer | LK W%\ ;
2 : \<\0 /m CHzSiMe;
, o or :
LfRE‘ : a :
L—RE— 0 _ CleavageofC-0 O Hydrolysis by H,0 ' H%OWJ\%OH
MeSiH,C CHaSiMey MeaslHQC CH S " : m-y
A2 A3 SiMe;

] 3-1 35 SEATLER AR

Scheme 3-1 Proposed homopolymerization mechanism

WEEHII R H rac-PIACHE FAREL o- A TG 14 5 UL L & ) 4 J ol
BeAz Az e a4 A-1, BEJE C=0 #4di A\ 2 RE-C B K P 1A A-2, HadmA
B 1) SR 2B R B B (1 e B L S R RAR A3 [R5z R R
FolBCAL A B B4R A-4, BEJE C=0 # 46 A\ £ RE-O B i P H) 1Ak A-5, ARl
S I 2R 5 AR e BRI S R A A-3, SRJE RE-O #3582k B R s 5 4

TR,
152 rac- S HREL - A BE AT 2840«

3. 3.2 HREGILERHIBHEN

CAULOE A SCOLA SR BERE I . = [RIYR SRR e 4L

Sete, KRR S,

o
"""""""""" Cs 50 5
CH,SiM ~
£ Insertion of o e /\/j\
L—RE . L ;E\O C=0 into RE-C L—RE—O Cleavage of C-O L R/E o 7 CHySiMe;
CH,SiM MegSiH,C  CHzSiMes Me;SiH,C CHzSiMes Me;SiH,C
.................... B-1 B2 B3

o]

o

O.

HH”@MW O

MSHC MeSiH,C

L*RE/‘OKG\O/VJQ\
CH,SiMes

Me. SHC

Cleavage of C-O
_—

Me;SiH,C
B-7

o o
/%0 M '
L—;E J o ~CH,SiMe,

SES
I,
't

07 /n"CH,SiMe;

Insertion of
C=0 into RE-O

B-5

o

pad

Block c

Hydrolysis by H,0

0 o
/%0 M
L7;E [ o J>CH,SiMe;

Me;SiH,C
B8

opolymers

Mww
ettty

P 5] 3-2 4o B TREATL B A

Scheme 3-2 Proposed block copolymerization mechanism
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BRI R E 0-KNEE, JERE rac-INZBE. B9 0-IK P BR5 B £
aEE LA ZE SR B-1, BEJE C=0 #4di A% RE-C #2E i 8] {£ B-
2, PRt B 1) R AR R B Y R ) e SR B 5 ) P RLR B-3. #8JF RE-O
LI 0- LN B IPAE BIEI IR0 TP IAE B-4, = o RABREALEER, rac-
AL IG5 R 73w A A < J Lo e A2 A B Te) 44 B-5, - il j5 C=0 $ti A 2l RE-O
sEA TR B-6, FBEEL 1R A L b AR L S T e R B-7, AR5
RE-O HEEHI rac-HZBRIT AR AR 7 A B-8. 2 rac- N4k
Fedesete, KA IE N, 133N BE- T S BRI BOL R .

3.4 KRB NGE

ATHEFL T ARER, AR RMEAFIREE . SRR L, A
FlEEL&IETY, WEREY 2-WIWEER L &BI S rac-NTRY 6-1%
WERRIJT IR R SRR . SCIRE IR RN, Wit 2-W| a8 Rl &2
AL rac-PIACHRAN o- RN BEJT R SR & I mid PE AL A . PRI S AEMEAL rac-
AR IR AT, BEfh E AR I AR BRI BE 7 7 2B 2w T R
B AL, MM o-RNBRIFH RGBS AE, B - HRI A
R A B> B2 T R A S BS54, T RAEMI rac-
WA RIS S AL o- I AR IT R 3R & S L, i < J WU ZE C S M) # R B T
M 4 JE BRI BRI A e (P fRe A P, IXRT LUH RT3 4@ o0 B LA B
Z TG A2, R T SR R BC AL S AN, [ B B BRI & B T BB e )
HLFHEE, F& RE-Ceage FI3EZ AE /1 LE RE-CH,SiMes FISERZRE 1155

FESLFERL b, FRATTN 2-W5| MR IEFE L & R XU B A AL rac- N3RS
O-IR TR IFLTAT TR I, SRIREE R, EEEFAM T, ZREwxt
PRAERAR ) TG R SRS PR ARG,  HR L UG AL 5-IR N RS NN rac- P ST Y
G T A v Vi VR A P iR B R B, T 2 SR TR S i R T A TR ) SR 1
TRAR . LS B B 5 1 A7) R AR BOR) L K38 K, B rac- PR AC g SR A4 4%
By HEE RS BGOSR A BE R BORE 7 U 101 A IR 73 7800
Ao MIEAEHM &R ML o- RN EEF rac- N A BRI R KRGS, AU LR &)
A 76 R R IS 2% A 8 SROFITEE e R A v PO
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4B BEERE

ARSCLAWI W, —H R Sk BRI N R U S RO T AT 1-
(N,N-Z W) £ FE-3-(N-(N',N'Z W il 255 )-IN- Y 5 i ) IV P | R TG A i ¢
HL (L = 1-((CH3),NCH2CH)-3-((CH3)2NCH>CH>N(CH3)CH>)-CsHaN). [t 44 R 4
HL 5% + = k4 &%) RE(CH2SiMes)s(THF), 7E 1F bt & & e b, 3Bl ke
Wb, GRS T — RAE 2-ﬂ9Iﬂm%%iﬁ)%mﬁ%@aé\%wcw
L)RE(CH,SiMe;): (RE = Dy(2a), Y(2b), Er(2¢), Yb(2d), Lu(2e)), Filid e =7+
LEAMEE UL B X 4R B0 AT A SR RAEIE B T b, HhpimitEi & 2b 5
2e JRIEN T RZBEIREGS . BOGERAE. BEETIAL T 2-MI WA L 4B MUt ST
EW)5 A B (0-CaBroHu) (R S L 465 - X0Uoe T 45470 45 AT B B e 5 24
RIS A3 T — R 500 th 2-[@!%%ﬁﬁifﬁﬁEiﬁﬁﬂﬂﬁ%m%%(ﬁNeNN-L)RE(ﬁcc-
C12B19H10)(THF) (RE = Dy(3a), Y(3b), Er(3c), Yb(3d), Lu(3e)), Jilid st & 047
LLAMETE DA e X348 R BT S R AEE I 1 454, HohBiiter=4) 3b 5 3e
W TSRS RAE . BEfE, KX LSRR AN T rac-RAZER
O-1% P T (R FFFR S  DL R M ERLAR IR IR B AL 2R, FETRARSR AR T, BRI TR
S T .

&

Mej;
_RE(CHSiMes)5(THF), NG\ /
7GR Tsime luene, 12 h + BH
N— n- hexane 1h,rt /4 \ 3 toluene, ,rt / \
/\/ N—
N\\,/ N /v N
RE = Dy(2a),Y(2b), Er(2c), Yb(2d), Lu(2e) RE = Dy(3a), Y(3b), Er(3c), Yb(3d), Lu(3e)

o]

o [ONge) o
o  Complexes 2 vs 3 M 7\* j[ I Complexes 2 vs 3 om)\o%*
_omplexes 2vsS_ o -,
" * o m O (0] o n
0O
0]
O I e )
m n
(@)

K] 4-1 W| R IR L RGeS SIS, BRI RN, HEAL rac-PISEIRAN o-
IRA BRI RS MR

Scheme 4-1 Synthesis of indolyl rare-earth metal alkyl complexes, reaction with o-carboranes

and catalyze ring-opening polymerization and copolymerization of rac-lactide and J-valerolactone

AW TAEEE T 13- B BRI e Jm e SR e, X H R bk
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RITBEUT — L RAFAEER R, AR T 1,3 B R AL 1 58 e
EUEMEAL rac-NAZHREAN 0- XN BRITA R ETT N ], o808 1A gt e il
VEAR, RNERAEETZ], BRI RGN 7RSS, B, hRdt 7 —F
ERN, SR TR, BAES TR AN rac-NAZREAT 0- 1% N BRIk BOL R
VarBnigas, L& B A I rERe e ARk, ST I TRl S AL,
AR, REgsed, PlInEEWIPERENNR, EAF T e BMRE.
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Crystal data 2a 2b
Empirical formula C30Hs9DyN4OSi; C30H50N4OSi2Y
Formula weight 710.49 636.9
Temperature/K 298.15 298.15
Crystal system triclinic triclinic
Space group Pi Pi
a/lA 10.9353(7) 10.9337(3)
b/A 12.8290(8) 12.8057(5)
c/A 14.6085(11) 14.5859(6)
al© 92.672(3) 92.758(2)
Bl 111.785(2) 111.6680(10)
< 95.539(2) 95.4420(10)
Volume/A3 1886.6(2) 1881.72(12)
z 2 2
peaicg/cm? 1.251 1.124
w/mm? 2.069 1.638
F(000) 738 684
Crystal size/mm?3 0.2 x0.19 %0.15 0.2 x0.19 %0.15
Radiation MoK MoKa
(A =0.71073) (A =0.71073)
daff;gﬂgi Ufglrl/ 4.198 to 55.154 4.038 10 55
Reflections 61148 72979
R(int) 0.1225 0.1549
Independent 8682 8634
reflections
Data/restraints 8682/504/354 8634/546/354
/parameters
Gf’f‘i’tdgﬁsé;‘)f 1.049 1.004
Final R indexes R1 =0.0461, R1 = 0.0535,
[1>=20 (1)] WR2 = 0.1117 WR2 = 0.1242
Final R indexes R1 = 0.0689, R1=0.1042,
[all data] WR2 = 0.1246 WR2 = 0.1503
Lar?ﬁg}e‘j;ﬁA_Eeak 1.03/-1.13 0.43/-0.48
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Crystal data 2¢C 2d 2e
Empirical formula C30HsoN4OSiEr  C30HsoN4OSi2Yb C30HsoN4OSi:Lu
Formula weight 715.25 721.03 722.96
Temperature/K 298.15 298.15 298.15
Crystal system triclinic triclinic triclinic
Space group Pi Pi Pi
a/lA 10.9104(15) 10.9002(6) 10.8837(4)
b/A 12.7977(18) 12.7515(7) 12.7417(5)
c/A 14.5426(19) 14.5661(7) 14.5081(5)
al® 92.761(4) 92.614(2) 92.6180(10)
BI° 111.614(4) 111.713(2) 111.6390(10)
y© 95.340(4) 95.265(2) 95.2260(10)
Volume/A3 1872.1(4) 1866.08(17) 1855.53(12)
Z 2 2 2
peaicg/cm?® 1.269 1.283 1.294
wmm? 2.33 2.595 2.75
F(000) 742 746 748
Crystal size/mm? 0.2 <0.19 x0.15 0.2 x<0.19 x0.15 0.2 x<0.19 x0.15
Radiation MoKa MoKa MoKa
(4 =0.71073) (2 =0.71073) (4 =0.71073)
20 range for 46021055078  4.051055.016 4.05 t0 55.054
data collection/°
Reflections
83582 49432 63221
collected
Independent 8593 8463 8501
reflections
R(int) 0.1309 0.0461 0.0808
Data/restraints 8593/498/354 8463/516/370 8501/516/354
/parameters
Goodness 1.054 1.06 1.038
-of-fit on F? ' ' '
Final R indexes R1 = 0.0546, R1 = 0.0226, R1 =0.0322,
[1>=25 ()] WR; = 0.1295 WR; = 0.0563 WR, = 0.0749
Final R indexes R1 =0.0795, R1 =0.0246, R1 =0.04009,
[all data] WR; = 0.1468 WRz = 0.0570 WR> = 0.0806
Largest diff. peak 0.93/-1.56 0.56/-0.89 1.06/-1.15
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Crystal data 3a 3b
Empirical formula C24H47B10N4ODy C24H47B10N4OY
Formula weight 678.25 696.8
Temperature/K 298.15 298.15
Crystal system orthorhombic orthorhombic
Space group Pnma Prnma
alA 19.6498(6) 19.6514(6)
b/A 12.8554(6) 12.8415(5)
c/A 14.7742(6) 14.7802(5)
al® 90 90
pI° 90 90
y/° 90 90
Volume/A? 3732.1(3) 3729.8(2)
Z 4 4
Pealcg/cm’® 1.207 1.241
w/mm’! 2.024 1.594
F(000) 1372 1464
Crystal size/mm? 0.18 x 0.15 % 0.13 0.15x0.13 x0.12
Radiation Moka Moka
(4=0.71073) (4=0.71073)
20 range for 4210 55.13 4202 t0 55.114
data collection/°
Reflections 152089 83681
collected
Indepen.dent 4438 4489
reflections
R(int) 0.1796 0.1305
Data/restraints 4488/1137/351 4489/1268/403
/parameters
Goodness-of
it on F2 1.123 1.125
Final R indexes R1=0.0972, R1=0.1221,
[I>=20 (])] wR> =0.2031 wR> = 0.2695
Final R indexes Ri1=0.1315, R1=0.1673,
[all data] wR> =0.2211 WR> = 0.2945
Largest diff. peak 0.76/-1.40 0.58/-0.71

/hole/e A3
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Crystal data 3c 3d 3e
Empirical formula Co4sH47B1o0N4OEr  Co4H47B10N4OYb Co4H47B10LuN4O
Formula weight 681.00 688.79 690.72
Temperature/K 298.15 298.15 298.15
Crystal system orthorhombic orthorhombic orthorhombic
Space group Prnma Pnma Pnma
alA 19.465(10) 19.6191(10) 19.576(2)
b/A 12.598(5) 12.8389(7) 12.8163(15)
c/A 14.675(5) 14.7285(8) 14.6969(16)
al® 90 90 90
p° 90 90 90
y/° 90 90 90
Volume/A? 3599(3) 3709.9(3) 3687.4(7)
V4 4 4 4
Pealcg/cm’ 1.257 1.233 1.244
w/mm’! 2.354 2.543 2.699
F(000) 1372 1388 1392
Crystal size/mm?® 0.15x0.13x0.12 0.15x0.13x0.12  0.15%0.13 x0.12
Radiation MoKa MoKa MoKa
(4=0.71073) (4=0.71073) (4=0.71073)

20 range for data
collection/®
Reflections

collected
Independent
reflections
R(int)
Data/restraints
/parameters
Goodness-of
-fit on F?
Final R indexes
[>=20 (1)]
Final R indexes
[all data]
Largest diff. peak
/hole/e A3

4.186 to 49.998

110442

3326
0.1735
3326/1328/351

1.231

R1=0.1207,
WwR> =0.2392
R1=0.1264,
wR> =0.2426

1.00/-1.76

4.694 to 55.162

168290

4423
0.1606
4423/670/351

1.123

R1=0.1030,
wR>=0.2139
R1=0.1318,
wR>=10.2314

0.91/-2.04

4.702 to 54.916

24164

4189
0.1329
4189/1137/342

1.058

R1=0.0844,
WR2 = 0.1758
R1=0.1523,
wR>=10.2150

0.85/-1.98
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3. rac-IAXBERAFLZEITE (LA table 3-1 entry 3 A1)
PUTARE M NIEF, HAfb AN 4.93-5.00 ppm A rac-PH A2 Big BLAR UK H
B C-HAE 5%, 5.09-5.27 ppm NN BRI C-HE51&, RNZHRE 5
RO 98.62, rac-NASBR FEARAS S IEAR 4 AR 1.38, U
99.25

Conv. (%) = m% 99%

I I‘:, I‘:,‘ rac-LA

Figure S13 '"H NMR (500 MHz, CDCl;) of the solution at 1 minute (Table 3-3 entry 1)

4. 5-IRNBERAFE L EITE (LA table 3-3 entry 1 Afl)

PLTAR G AR, 208 4.35-4.40 ppm y 0-5% A il 5 AA 5 405
TAHER I L C-H 15 518, 4.06-4.20 ppm 58 R A i 55 480 SR 1 HH34 0 T R 4
C-H [550¢, RILNEESIER TN 98.62, o-1 eSS 5 WA 4 T A
N 1.38, N

95.70
Conv. (%) = m% 96%

PVL

Figure S14 '"H NMR (500 MHz, CDCl5) of the solution of at 1 minute(Table 3-3 entry 1)
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KA GPC MK (LA Table 3-1 entry 3 J3451)
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Figure S15 The report of GPC experiment(Table 3-1 entry 3)
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