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Synthesis and Catalytic Isoprene Polymerization of Rare—Earth Alkyl
Complexes Supported by An Arylimine—amidinate Ligand
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Abstract Reaction of the arylimine-amidinate ligand [NNN]H (1) ([NNN]=[2-C(H)NDippCsH;NHC(Ph)NDipp], Dipp=
2,6-i-Pr,C¢H;) with Ln(CH,SiMe;);(THF), (Ln=Y, Sm) in n-hexane at —78 ‘C followed by stirring the mixture for 3 h at
room temperature afforded [NNN]Ln(CH,SiMes), (Ln=Y, 2; Ln=Sm, 3) in 75% and 50% yields after work up. 2 and 3
have been characterized by 'H NMR, *C NMR, IR spectroscopy, elemental analysis. The molecular structure of 2 has been
confirmed by X-ray analysis. Complexes 2 and 3 catalyzed the polymerization of isoprene in the presence of
[Ph3C][B(C¢Fs)4] (1 equiv.) and AlEt; (10 equiv.) at 25 °C. 2 converted 250 equivalents of isoprene into polyisoprene with a
narrow molecular weight distribution (M,,/M,=1.20) and a 3,4-rich microstructure (3,4-selectivity: 78%, r»=50%) in 12 h.
A significant increase of 3,4-selectivity was observed in the presence of one equivalent of AlEt; (3,4-selectivity: 87%). When
i-Bu,AIH (10 equiv.) was used instead of AlEt;, the catalytic activity and selectivity did not change noticeably while the re-
sulting polyisoprenes feature a broad molecular weight distribution (M,/M,=2.45). When the amounts of i-Bu,AlH de-
creased from 5 to 1 equivalent, a significant increase of 3,4-selectivity and number-average molecular weight have been ob-
served while the molecular distributions became small. The catalyst is active within a wide range of temperatures from low
temperature to 40 C. At 40 C, a similar selectivity (3,4-selectivity: 78%, M,,/M,=1.43) to that found at 25 ‘C but the
increased reaction rate has been observed. High stereo- and regioselectivity and narrow molecular weight distributions were
obtained at —20 C (3,4-selectivity: 88%, rr=52%, M,,/M,=1.15). The samarium alkyl 3 exhibited a high activity but low
selectivity (25 °C, 3 h, 3,4-selectivity: 67%, M,,/M,=1.71) compared to the yttrium alkyl 2.

Keywords rare-earth metal; alkyl complex; arylimine-amidine; isoprene polymerization; 3,4-selectivity
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Figure 1 Synthesis of complexes 2 and 3

WEY) 2 REETIE Ok, EH R RE . 3
1E CeDg H1 60 Cn#h 12 h PR FFAAR, HA B H#d
. S 2 it T 'THNMR, “C NMR #1 IR 3% DL K
TCESHTEMIEAE, M "H NMR 380 ARG 4 a8 o
J& THE Wifv7, H Y-CH,SiMes [V LI H BLAE s34
(O —0.32), 5 LA e Ak AW W R AT # A
VS AT A A AR R

T Xeray MR AL A 2 (OB E L E e i
AP, B2 2 AW 2 1S gt fa 1 DL R B2

1126  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

MBI BE M. R AARZE R TR T LU, 20 g ook T
BeAz, 3 ANEUSRFFVELECALTE B 75 6 FPY 638 LT
AT A — Py, K STuH LT p- Y S5,
PYoc R Rl TR -Y Zit. Y—N K 20N
2.3477(18), 2.4146(19)F1 2.4394(19) A, ELH WK Y—N
o BE(2.171~2.288 Ay, 5 p- W f%-Y 45k FKIE-Y
SERHR ) Y—N B AIIT[2.298(7)~2.488(6) Al Y—
C 8K 514 2.372(2)F12.395(3) A, {55 WLINAL —Joedik
& Y—C K 2 e,

B2 a2 meiksin

Figure 2 Molecular structure of 2

Hydrogen atoms or crystallization are omitted for clarity, and thermal ellip-
soids set at the 30% probability level

KA. Y(1)—N(): 2.3477(18) A; Y(1)—
N(Q2): 2.4146(19) A; Y(1)—N(@3): 2.4394(19) A; Y(1)—
C(43): 2.372(2) A; Y(1)—C(39): 2.3953) A; N(1)—
Y(1)—N(2): 55.87(6)°; N(1)—Y(1)—N(3): 72.15(6)°;
C(43)—Y(1)—C(39): 108.80(8)°.
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Table 1 Isoprene polymerization results by 2 and 3

Entry 11), 114 s Nl JEREAD —20 CH, HAHLF 1k
B VE 2y F B ) A (3,4-selectivity: 88%, 1= 52%,
M /M,=1.15, % 1, Entry 9). 55— HeiAb &4 2 ML,
BN A 3 HAE SIS, AR
At IR RIS 72 (3, 4-selectivity: 67%, M/M,=
1.71, % 1, Entry 12). X5 & BE S TERNME T
PRSI T 964 pm; Y OB T4E 89.3
pm) 7%, PRI 257 A A I 45 B A & B B T
PR, DN T B e PR A e (L[] P S i 22 ) 7 BEL47 7 P 226 4%
,@.

3 4

A FH 0% 356 30 e - R L A& A B T AN — A e A4 A
MM+ R AW, %05 - IR AR T Ak
GYEA RIFRgasetE, WAzt . Ry w14
JE O EFRE PN b R SRS T A
TG, RILINN[PhsCl[B(CeFs) s FIBERAR J5 1 = 4k &
Remal. MR PETER AL S R I 342K A, 1R
mr TRMEREY), JFH s n] DOSEEE 52% 01 (8] [F] 3744
TEPEPEFN 88% M X ik k. B4R nT UL S AlEt 8k
-BwAIH. [FF R B, %4k RAETE —20~40 CHIK G
L BE VO Y S B A, TR BRI R SR, TSR
BVBHBAERN S T2, Bk /8210 1%
PR — IR A

Entry Cat. Alkyl-Al (equiv.) Tp/°C th  Yield/% MP(X10% MM, Structure’
3,4- trans-1,4

1 2 AlEt; (10) 25 12 98 49 1.20 715 17

2! 2 AlEt; (1) 25 12 99 9.8 1.22 87.0 9.9
3 2 AlEt; (10) 25 12 98 7.5 135 78.0 11.0
4 2 i-Bu,AlH (10) 25 12 93 1.9 245 83.3 6.0
5 2 i-Buw,AlH (5) 25 12 95 5.7 1.84 81.3 8.6
6 2 i-Bu,AlH (2) 25 12 99 19.5 1.36 84.0 8.7
7 2 i-Bu,AlH (1) 25 12 95 183 1.28 85.5 72
8 2 i-Bu,AlH (0.5) 25 1 31 6.5 1.17 87.0 6.5
9 2 AlEt; (10) —20 24 79 6.8 1.15 87.7 9.1
10 2 AlEt; (10) 0 20 95 8.6 1.18 78.1 16.8
11 2 AlEt; (10) 40 3 95 48 1.43 775 17.5
12 3 AlEt; (10) 25 3 90 42 1.71 66.7 8.5

¢ Conditions: 0.025 mmol precatalyst, 0.025 mmol [Ph;C][B(CsFs)4], 10 mL toluene, isoprene/precatalyst=>500 : 1. ® Determined by GPC against polystyrene stan-
dards. ¢ Determined by 'H and *C NMR spectroscopy. Racemic enchainment triad rr is determined by °C NMR. ¢ Isoprene/precatalyst=250 : 1.
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