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Synthesis and Catalytic Performance for Isoprene Polymerization by

1,3-Disubstiututed Indolyl Rare-earth Complexes

YAN Bo-han, TAO Yang, HUANG Ze-ming, WANG Fen-hua"
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Abstract: A novel 1,3-disubstitued indolyl ligand was designed and synthesized, and furtherly, a series of corre-

sponding rare-earth metal complexes were obtained. The complexes were characterized by X-ray single crystal

diffraction, nuclear magnetic resonance (NMR) spectroscopy, Fourier transform infrared (FTIR) spectroscopy

as well as elemental analysis. The results indicated that the ligand coordinated to the metal in NCN tridentate

mode to form a mononuclear penta-coordination geometry, adding two alkyl groups. The complexes could effi-

ciently catalyze the isoprene polymerization with AlMe; and [ Ph; CJ[B(CsF;), ] as co-catalysts to obtain 1,4-cis

polymer.
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1.3 1,3-WERR B BREL A A& B

TE— T HR IS 250 mL BB L H Ik
JIA M5 (50 mmol, 5.84 g), & & L (150
mmol, 8. 64 g)F1 50 mL = F LR, 355 3 349 5 ffi g
Wk e IRl IEVKOKIB T DR ZWIMA R 3 —
A iz 36 B2 £ (60 mmol, 8. 64 g), Mk 45 o )5 %
VKK TLC s AR R B3 BN & 15 2 I 96 42 J5 7K g
KU M8 (50 mL X 3) A B, i 140 1k 4h 7% Wi
VeV, TCAK B R A T4 . 2ok 0B, SR i T, 75 FH A
fik/ 2R W6 (V/V=1/1) By ¥k i 77) 2547 4 J2 Hr 2l
b A3 5] 1-CN N-ZH &3t 2 50 m| W, Sy 8% i
RN 8. 93 g, 77 95%,

"H-NMR (500 MHz, CDCl,, 6): 7.63~7.61
(m, 1H), 7.36~7.34 (m, 1H), 7.22~7.19
(m, 1H), 7.14~7.12 (m, 1H), 7.11~7.08
(m, 1H), 6.49~6.48 (m, 1H), 4.21 ~4.24
(m, 2H), 2.67 ~2.70 (m, 2H), 2.29 (s,
6H),”C-NMR (125 MHz, CDCl,, 8): 135.9,
128.6, 127.9, 121.4, 121.0, 119.3, 109.1,
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Figure 1

101.2, 58.9, 45.7, 44.6,

TE—ATHE R 250 mL B9 IR B L in
A 1-CN, N-ZH g ) 2 3 mg) g
9.40 @), VKK F A 30 mL By Z R . 58 20 it $F
YI5)Ja 28 m A DU & Mg (75 mmol, 5. 34 g) . $i
2910 min 5. A 30 %0 B KW (20 @), 2%
RG2S UKOK W 2R N, TLC A B R R S
Tof SN 58 4 e A R 2 A Ak VS VRV K RN s T
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SACERTE W TR U . TC K B R A T L L U, 9 e
T A B/ A P B (V/V =1/1) By 3 B )
T2 gl Ak 75 ) AR T R HL S 38 635 Rl
11, 74 g, RN 85% ., H-NMR (500 MHz,
CeDss 8): 7.68 (d, J=7.5 Hz, 1H), 7.31 (d,
J=8.0 Hz, 1H), 7.25~7.22 (m, 1H), 7. 11~
7.08 (m, 2H), 4.23 (t, J=7.5 Hz, 2H), 3.85
(s, 2H), 2.72 (t, ] =7.5 Hz, 2H), 2.63~
2.60 (m, 4H), 2.29 (s, 6H), 1.83~1.80 (m,
4H), "C-NMR (125 MHz, C,D,, &): 136.8,
128.7, 126.7, 121.6, 120.3, 119.1, 113.5,
109. 2, 59.0, 54.2, 51.4, 45. 3, 44. 3, 23.8, IR
(KBr, v,em '): 3051(m), 2960(s), 2872(s),
2777(s), 1654 (m), 1614 (m), 1558 (s), 1465
(s), 1342 (s), 1261 (m), 1197 (m), 1147 (s),
1039(m), 1014(m), 943(m), 877(m), 738(s),
HRMS (ESI) m/z Caled. for C,;H,;N, (M-
H'): 272.2082, Found: 272. 2083,

(50 mmol,
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DY S g L) S 3R mg] I Y AR T AR (1. 0 mmol,
0.27 g) Hl Y (CH,SiMe,); (THF), (1.0 mmol,
0.49 @) IMAB| N b, SR 5 #E A 10 mL iE
CBEAE MR, IR T R 3 h J5 BEABR L%,
[ R 43 2K FH IE e R 2RV G VR G, 4R RO B
T—20 CTH#E., FOREHAHREKITIE R RE
5K (L) Y (CH,SiMe, ), (L =1-(N, N-
(CH;),NC,H,)-3-(C,H{NCH,) C;H,N) (1-Y)
(0.28 g, " #5250,

m. p. (sealed): 140~145 ‘C; M1 ; Anal.
Caled. for C,s HsN,SiL,Y: C, 54.93; H, 9.09;
N,7.30; Found: C. 55.25; H, 8.69; N, 7.26,
"H-NMR (500 MHz, C;D;, 8): 7.58~7.56 (m,
1H), 7.36~7.30 (m, 2H), 7.19~7.18 (m,
1H), 3.92 (s, 2H), 3.54 (t, J =5.0 Hz, 2H),
3.39~3.34 (m, 2H), 2.60~2.56 (m, 2H),
2.47 (t, ] =5.0 Hz, 2H), 2.08 (s, 6H),
1.62~1.60 (m, 2H), 1.46 ~1.43 (m, 2H),
0.29 (s, 18H), —0.52 (dd, Jyy = 2.7 Hz,
Juu=11.5 Hz, 2H), —0.59 (dds Jypn=2.7
Hz, Juyy = 11.5 Hz, 2H), "C-NMR (125 MHz,
CsDys 6): 184.5 (ds Jyc=41.25 Hz, 2-Cgo) »
139.2, 122.6, 119.7, 118.2, 117.7, 108.5,
58.8, 58.5, 54.6, 43.8, 42.3, 37.1, 36.8,
23.2, 4.2, IR (KBr, v, cm '): 3053 (m), 2951

l
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Figure 2 Synthesis of complexes 1-Y—4-Lu
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(s), 2772 (s), 1614 (m), 1555 (m), 1467 (m),
1336 (m), 1249 (m), 1199 (m), 1170 (m),
1150 (m), 862 (s), 738 (s),

Bt &4 2-Er~4-Lu W45 07 5 1-Y M,
HARZERIF .

(«’-L) Er (CH,SiMe, ), (2-Er) (¥} 0 i 14,
0.28 g.77 % 52%): m. p. (sealed): 128~130 °C;
Anal. Caled. for C,; H, N,Si,Er: C, 49.06; H,
7.58; N, 6.87, Found: C, 49.08; H, 7.54; N,
7.54, IR (KBr, v, em '): 3051 (m), 2964 (s),
2772 (s), 1614 (m), 1554 (m), 1467 (m), 1336
(m), 1250 (m), 1199 (m), 1169 (m), 1149
(m), 862 (s), 738 (s),

(’-1L) Yb (CH,SiMe; ), (3-Yb) (4L {3 § 14,
0.28 g,/ % 50%) :m. p. (sealed): 126~129 C;
Anal. Caled. for C,; HsN;Si, Yb: C, 48.60; H,
6.80; N, 7.50; Found: C, 48.49; H, 7.05; N,
7.57, IR (KBr, v, ecm '): 3049 (m), 2964 (s),
2771 (s), 1614 (m), 1555 (m), 1467 (m), 1336
(m), 1249 (m), 1199 (m), 1169 (m), 1149
(m), 863 (s), 738 (s),

(’-1L) Lu(CH,SiMe, ), (4-Lu) ([ {4 f 14,
0.28 g,7"&F 55%) :m. p. (sealed): 127~129 C;
Anal. Caled. for C,; H,sN,;Si, Lu: C, 48.45; H,
7.48; N, 6.78; Found: C, 48.39; H, 7.22; N,
7.15, "H-NMR (500 MHz., C;D;, 6): 7.58 (d.
J=7.5Hz, 1H), 7.38~7.33 (m, 2H), 7.19
(d, J=7.5 Hz, 1H), 3.96 (s, 2H). 3.52 (t,
J=5.2 Hz, 2H), 3.36~3.32 (m, 2H), 2. 67~
2.63 (m, 2H), 2.51 (t, J =5.3 Hz, 2H),
2.05 (s, 6H), 1.62~1.58 (m, 2H), 1.46 ~
1.43 (m, 2H), 0.28 (s, 18H), —0.73 (d. J =
11.5 Hz, 2H), —0.79 (d, J=11.5 Hz, 2H),
"C-NMR (125 MHz, C;D;, 6):196.6, 139.7,
128.0, 123.3, 119.8, 118.3, 117.8, 108.6,
58.7, 58.4, 54.6, 45.0, 44.0, 42.5, 23.0,
4.4, IR (KBr, v,cm™ ') 3049 (m), 2964 (s),
2771 (s), 1614 (m), 1555 (m), 1467 (m), 1336
(m), 1249 (m), 1199 (m), 1169 (m), 1149
(m), 863 (s), 738 (),
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58 20 SR 5 I A BLAR 3R (100 pmol,
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L& iy RE-C . i 88K BEE 6 )8 B TR A2 1Y
Yok /N 35 T8 i 3K — AR kR R A B R A A )
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P 1-Y h RE-C . Y8 LRI E A1 & [ 1-
CH,N (CH,),-3-CH,CH,N (CH,),C,H,N ] RE
(CH,SiMe,), " v K B mg L ax al fig 2 A i Y
T Ay e PR B 07 BEL 8 R T S 3 m

PURETE RSS9 1-Y F 4-Lu 2853 7 B0 AL R
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g o=1.4~3.9 ZbIHJE F e 1, 3- B3 iy
ML I W 2B e g BR L B A 1-Y
8= —0.55 LA AR, AT LU & o A4S ke 2
WL PO T X AR H—H 8 4, [R
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Table 1

BEA Y (1-Y) ~ (4-Lw) HY i 1A 45 K 2000 TS 16 2 80

Crystal data and structure refinement for 1-Y to 4-Lu

Identification code

1-Y

2-Er

3-Yb

4-Lu

Empirical formula
Formula weight
Crystal system

Space group
a/A
b/A
c/A
a/(

B/ (D
7/
Volume/A®
zZ
Oeae/ (g/cm®)
p/mm!

F (000)

0 range/ (")
Reflections collected
Independent reflections
R (int)

GOF
R, wR,[I>=25 ()]

R, . wR, (all data)

Cys Hys N3 Si, Y
533. 74
orthorhombic
Pben
21.3497(11)
11.9916(6)
23.6359(12)
90
90
90
6051. 2(5)
8
1.172
2.022
2272.0
2.57—22.78
68129
7023
0. 1369
1.011
0.0598, 0.1177

0.1336, 0. 1454

C,s Hs ErN, Si,
612.09
orthorhombic
Pben
21.3103(17)
11.9741(9)
23.5717(19)
90
90
90
6014. 8(8)

8

2.58—23.08
67120
6963
0.1039
1. 009
0. 0449, 0.0892

0.0921, 0.1053

C,; H,;sN;Si, Yb
617.87
orthorhombic
Pbcen
21.2869(1D)
11. 9696(6)
23.5055(13)
90
90
90
5989. 1(5)
8
1. 370
3.219
2520.0

.582—25.663

[S)

62785
6826
0.0643
1. 015
0.0314, 0.0624

0.0614, 0.0704

C,s Hys LuN, Si,
619. 80
orthorhombic
Pben
21.2823(7)
11.9769(4)
23.4763(8)
90
90
90
5984.0(3)
8
1. 376
3.395
2528.0
2.70—27.97
236024
7545
0.1034
1.101
0.0343, 0.0715

0.0591, 0. 0818

Largest diff. peak/hole (e A~%) 0.54, —0.45 1.21, —0. 89 1.10, —0. 72 112, —1.32
£2 WAEYA-Y)~@-Lw hiEsg kAT M
Table 2 Partial bond lengths [A] and bond angles in complexes 1-Y to 4-Lu
1-Y 2-Er 3-Yb 4-Lu
RE-N2 2.479(4) 2.460(5) 2.443(3) 2.434(4)
RE-N3 2.487(4) 2.465(5) 2.447(3) 2.429(4)
RE-C22 2.408(4) 2.393(5) 2.367(3) 2.327(4)
RE-C1 2.388(4) 2.379(6) 2.344 (1) 2.338(4)
RE-C18 2.381(4) 2.349(6) 2.321(4) 2.358(4)
N2-RE-N3 144.41(13) 144. 46(16) 145.47(11D) 146.39(13)
C22-RE-N2 101. 22(15) 101.02(19) 100. 21(12) 100. 46(16)
C22-RE-N3 98.76(15) 98. 68(19) 98.36(12) 98.54(15)
C1-RE-N2 69.49(14) 69.47(18) 70.32(11) 70.58(14)
C1-RE-N3 75.94(14) 76.18(18) 76.64(12) 77.15(14)
C18-RE-N2 98.39(15) 98.48(19) 98.59(13) 98.08(15)
C18-RE-N3 100. 46(16) 101. 0(2) 101. 16(14) 98. 08(15)
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Figure 3 Crystal diagrams of complexes 1-Y—4-Lu
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Figure 4 'H-NMR spectra of complexes 1-Y and 4-Lu
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AR PE R R, Bl E BEE T AT i A 3 7 R ik
FIR I EIE R & (£ 3. W 4~12), af L g B
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B3R T 5 AR WA AR . BRI N AlMe, B
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Bk 91, 4% (R 3L N 4) . R, B i Bh AR Ak
FIH 4 R Ph,CI[B(C,F;), JFl AlMe,, # F ¥k
TR TR A 2k A R & B /D 473 7 el 2 1
TSR A = (R 3, O 4,13 Fl 14) , Bk )
AR ILAR A AR R 1 AR B ERR AL, F B
Gy PR AR A K. 050 o5 R B, B =
N SR s AR R AR AL (R 3L RN 15~
17 BA AL RBMA I 80 % (5 & 2 1k R AK
AN GAE R B A 25 R R I A HE — 2D R A L ST iR
B . 0 CTHARRRIE S 1.4-BA®mEEME R 3,
J; 18) o {H 2 5 Ak - 1 43 - 2t th A B 1) R A, B
(o1 S AL ST 5 e TR S R T R AR F A & o=

®3 MUERBLHBRE R

Table 3 Polymerization data of catalytic isoprene

)\/ [Y/[PhsCJ[B(CeFs)4)/AlRy -
n o P

n
1,4-Cis
Entry * [B]" AIR;  [AIJ/[RE] Conv. (%) M, (X10" " PDI ¢  1,4-Cis (%) 1,4-Trans (%) 3,4~ (%)
1e [B], AlMe, 10+ 1 82 15.1 1.73 79.5 8.6 11.9
2¢ [B], AlEt, 10:1 84 6.1 2.41 64.5 12.1 23.4
3¢ [B], Al'Bu, 101 100 12.3 1.03 71.7 0 28.3
4 [B]x, AlMe, 10+ 1 100 23.8 1.40 91.4 4.8 3.8
5 [Bl,  AlEt, 10: 1 97 10.1 2.01 71.3 10. 7 18.0
6 [B], Al'Bu, 10: 1 100 8.8 2.12 74.6 0 25. 4
7 [B], AlMe, 10:1 87 17.3 1.59 78. 1 17.5 4.4
8 [Bly,  AlEt, 10: 1 69 12.2 1.55 76. 6 0 23. 4
9 [B]y;  Al'Bu, 101 79 10.3 1.43 77. 2 0 22. 8
10 [B]. AlMe, 10: 1 75 15.9 1.67 87.8 3.5 8.7
11 [Ble AlEt, 10+ 1 85 13.4 1. 89 77. 8 0 22.2
12 [Blc  Al'Bu, 10: 1 97 11.6 2.22 71.7 0 28.3
13 [Bly AlMe, 5:1 97 17.5 1.54 84.4 & 15. 6
14 [B], AlMe, 20+ 1 99 19.1 1.54 88.4 1.6 7.0
15 ! [B]l, AlMe, 10:1 69 12.9 1.51 93.0 & 7.0
16 © [Bl, AlMe, 10:1 79 16.9 1.57 95.7 % 4.3
17 h [Bl, AlMe, 10:1 75 16. 4 1.70 95.1 " 4.9
181 [B]l, AlMe, 10:1 68 15.5 1.23 94. 7 3.4 1.9
197 [Bly  AlMe, 10:1 100 10.7 1.49 82.3 9.9 7.8

“General conditions: [1-Y]=10 pmol, [1-Y]: [B]: [IPJ=1:1: 500, temperature=25 “C, time=6 h, V(PhCD : V(IP)=5 : 1. The
addition sequence: [1-Y], then [Al], last [B]; "[B], =[Ph,CI[B(CsF;), ], [Bl,=[PhNMe, HI[B(CsF;), ], [Bl.=B(C;F;) ;s “De-
termined by GPC in THF at 35 °C ; ‘Determined by ' H- and * C-NMR in CDCl, ; “The addition sequence; [1-Y], then [B], last [ Al];
"V(PhCD : VIP) =3 : 1; *V(PhCD : V(IP) =7 : 1; "V (PhCD : V(IP) =10 : 1; "The reaction temperature was 0 C; IThe reaction

temperature was 40 “C;¥The 1,4 selectivity (%).
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JERESE A e AL (36 3, )N 19) H 1,4- B4 e R kA
S FREHIZ R, ST USSR v
Ak 2R A% 1 B i A R ((Phy CT[B (G F, ), Al
AlMe,) , kLW 7 Sk A Ak 57/ AlMe, /[ Ph, C ]
[B(CoF), 1, 850 5 8 + 4w b0 i BE Rt ok
10+ 1, J N i o0 = i L S 0 A i T
PLLL 100 % 1Y % AL R A5 21 1, 4-I0 20 36 £ P = ik
91 4 MR F I M .

A CBEBR T AFMNEE AR M
A NS R A AR (OB A T S I
BL AW 1-Y SR i Ak 3R B B4R 55 4 4k ) B UK
M 1000 BaHn % 3000 Bf(F 4.2 W 1~3).24 h
R 97 00 56 Ak 2, JF H 43 7 & & 20 1
F 36X 10" gemol ', {H &k £ Pk FEAR, K 1
5] 4k 22 36 i 2 4000 B (& 3, KR 4) , LRI
AR, ML R 2-Er B, 5 A 1-Y #
Ho 1, 4-000 20 B A 3k R PR BRAIR (3% 4, ] B 5~
7) I H7E B 5 A AR R EE R LR B 3000 B 3
ARGARBIREG W (E AN 8, BAEYHN 3-
Yb B JC R T ML X AT BE 2 YD /YD A
b IR JE A I B (R 4, R 9, 5 SCRR 4

x4
Table 4

— Y, AR R 4-Lu B R AR 5 Ak R
FEJR L S 500 Fl 1000 I 4B 68 58 & 4k (3% 4,
RN 10~11) fHJ& 1,436 $EvE &A%, JF B 16 ik
F| 2000 B, BPff SE K S Ry B ) A A5 O B R A
YR AL RN 12) . BB al U, 4 )@ rpos xRS A
VAR —E M m, &E bk Y
PEAL IS P B i, OO BT M Lo, X AT RE S
SREPLNEFEERDER. BB LR
K, 4 JE rhs J] i s R) S R i, SR R TR
A BT LATE PR

M BRI PR, AT D AT SRR A5 R
3 o X 3 7R 1 o S L R 1 b 28 A R hn e
J- R0 Ik BE HEAT 2R G IR R AW 5T IF R R S A
HATFAAL . 45 52 AlMe, . [ Ph,C][B(C,F.,), ] #i
BCG9 1-Y 2H B = 20 J i Ak AR R S7 A4 3 5 1 e
. TEJEIA 10 f5EE/R & 1Y AlMe, , J5 M A [Ph, C]
[BCCF), JH M F .0 °C R A3 3] 1, 4-3% £ 7% & ik
98. 1 U IR A T=4, Horp 1,40 R 5 7= 9 L i)
94, 7% ,25 C R LA 9L 4% B 1, 4- 0 =X 1 B 15
FNRA T W, AE AR 5 AR EE R F i ik 3000 ¢ 1
AT AT AT LLSEEE 97 Y i e Ak

A T A A 50 A S 13— 0 3R I

Isoprene polymerization by different catalysts *

Complex/[Ph3C][B(C4Fs)4]/AIRy —
"N

1,4-Cis
Entry © [REJ [IP]/[RE] Time (h) Conv. (%) M, "x10"" PDI"  1.4-Cis (%) 1,4-Trans (%)  3,4-(%)

1 1-Y 1000 12 97 20. 1. 49 78.3 13.4 8.3
2 1-Y 2000 24 98 24. 8 1.51 77.0 15.0 9.0
3 1-Y 3000 24 97 36.0 1.52 77.6 9.4 13.0
4 1-Y 4000 48 73 9. 2. 49 80. 3 6.2 13.5
5 2-Er 500 6 100 22.4 1.45 83. 1 12.3 4.6
6 2-Er 1000 12 97 23.77 1. 39 77.0 14.1 8.9
7 2-Er 2000 24 95 20. 1.55 75. 3 16. 4 8.3
8 2-Er 3000 36 trace —

9 3-Yb 500 6 0 — — — — —
10 4-Lu 500 6 100 20. 1.52 81.8 7.2 11.0
11 4-Lu 1000 12 100 22.2 1.39 74.7 12.0 13.3
12 4-Lu 2000 24 trace — — — — —

“General conditions: [RE]=10 pmol., PhCI as solvent, AlMe, and [Ph,C][B(C4F;),] as cocatalyst. The addition sequence: [ RE], then

[Al], last [B]. " Determined by GPC in THF at 35 C. © Determined by 'H and "*C-NMR in CDCl, 5 4Not detected.
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AR SC LA W | A B AR 2 e R TR R O TR
BT A MBE W& M T 1-(N.N-Z—H &) &
Fo-3-(1-PU AU ML A 3 ) 7 FP 6 M| W A AT 44 . G 1R
Atk HL 5% 1 % bk & % RE (CH,SiMe, ),
(THE), ZEEEC ke 1 1 RN AW T — &5
NCN-#t B 7 + & J& W e BB & ¥ («°-L) RE
(CH,SiMe,), (L =1-(N, N-(CH,),NC,H, )-3-
(C,H{NCH,)C;H,N, RE=Y. Er, Yb, Lw,Jf
% S RS T T LA DL R X-
SRR AT O R T RS A AR . Bl S DL
BOERNEAT, RE T T A Y S B AL
AR L A HLII K )T 4 B Y = 2 o i Ak Rk R
AL S i A RN A, A R A, 1-
Y/AlMe, /[ Ph, C][B(C,F,), 140 W 9 = JC A Ak 14
FLE 0 CHMT ARG P, ol LIS E 1,4-1X
Wk PR RS 98 W R A W b 1, 4-J 5 57
R BEMEIL 94. 7%, 7E 25 ‘CF U 6 h,fiEfk 2
TR 5 HEAL ) W 0 B &l 500 = 1 IFL A2 AR 2.3
X10° AR FENE RIS 91, A%y 1, 4- R R A 77
Yy 7E B SRR 1 BE R LE R A 3000 ¢ 1AL B
LA IR 5] 97 % .
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