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TR R0 T B DA R 5 5 15 0] B v B A Ak S 7 0 43 e gy A A R IR BSR4 R AR W] L HE - 40 ~ 20°C IR
YR A, A4 La( HSalen, ) , 47T LU (L © 2 SRR IR R &, 9 15604900 T4 10 x 10* ~ 50 x 10* 2 [A] (Y 3K
C AR GURR IR (PHIC) |, By T 7R 76 M 2R S, 35 e 2R 5 U B 0 B 4K SR 5 S oy B (] 2 R BUR & W 4+ 1 R A, 43
AR E I RAZ&M N [HIC] = 3.43 mol/L, [La] =8.58 x 10’ mol/L, —40°C AW H B4 12 h, 18
B RS 75.5% ,M, =35.4 x10* MWD =3. 86.

XEEH ML, Schifl WAL &Y, »ERE, BE

% 5 IR T (polyisocyanate ) J& — JS R JiE K 73
T, 02 i 5 EUR EE (RNCO) /Y 3% Tk S IR T
F—N=C=0 fEMLFIEH T N=C XTI
REMAGRN 0 — R ik im0 7. B SR EE £
5 —N—C— 8 2 1, e Bk 19 350 43 RO Pk It
B U B 1) 4 2 A AR R 00 WP A RS RS
FEAE SRR 0 1) 5 VROIR S v 22 BB A 52 X — IR
JEAE G T 2R S SRUIR i AR 22 Jh ke I PR BT, tn B
JEF TG M, BB A2 IE B A, 0T R T R ) A R
& MTAE T PR VR 43 BB, D625 TF 56 WA 4 k55
% 22 45Uk 5 A W AE BT AT S . A 20 fiE 4D 60
ERE R LR TR A ARk, BRE
% i 11 1 & DL B 2 FH 0T 5 3 Wi e 51 T AR 2 1 6
.5 R R TR AR e AR KR
(=78 ~ =98°C) T ikAT, >R NaCN ZZH 4 J& i
SR A AL AW Bl R R R R
T LLGE i e 457 3R A 19 7 15 459 3. Novak 4§ & 31
PLBR (VT) 19 4 J& A HLIEC & % v LUA S80HE 1k ot
SEREERA RGO REGKRRZREAEERS
FRAET ") Hadjichristidis 2530338 T LA D) ek
FE B K3 B 0 BB AL R R A 2 i i

FRME 2wy A St R L Ak, B Ak R A
A S F IR e 2R A T T A 5T A G 22 G, Inoue
a0 5 BLAR T T S T AR L B RE S 1E - 78°C Ik
T A Ak e B S EURR R SR A 1 B o F AR S 1 R
FRREG B FRATE RN AR AR
FUARME I 7= K 5] Kk & 3R F IR A B 4. Yasuda
SE00 0 DLk S AL AT R R Ak
FIAE - 78 ~ 0°C i B Y B P Ak O SR T
RE BAMREY TR <30%), HREGY
TR AR TE (MWD =2 ~13) . R BEE )
WF9E T # HAE Ak 1 28 5 2 mURR R K 2R, 7E R T8 1Y
R R R B 5 A TR BE U LS BT P, BRI e A R
FEAIKF] 100% , AH 3222 77 Py 2 Bk — AR R =
RIR RS TREBIEY S/ 11.4 % ~20.9
% 2 [i]. AR L B IR 5T R B, 55 R LA
VIRESTE —40C AN T ERRRERA . BA
Wy 7E RNy TR, B — T Y R+
2 AL IR 2R 0T DUTE IR AN A5 PF T USRS Y 7 R A
F B3 S H R R R AW, N (P, ),/ Al(i-Bu),
RZFE - 10°C F A DUl 3 | 2 3 5 450 R Bk i 17
REVERERBENEGRE "R mrTanRs

# PR Z 2Bt 80 AR HE L fi 5 2011-02-21 | fiy ,2011-03-07 M4 5 [ ¢ 1 SR B} 2 26 (2 5 20774078) BT T H 5 o+ @R R A,

E-mail ; xufengni@ zju. edu. cn

doi:10.3724/SP.J. 1105.2011. 11048



476 B4 F % W 2011 4

Py Nd (H,Salen),-Cl « 2C,H,0H/Al(i-Bu),  S(-)-a-ZEHE 2 e Ry FURE, $32 MESCHk [ 33 107 1 1 4%
A Z2 T AT LU AL b i S SRR I TE 2500 F s 77 T 4 F Schiff BRI Hsalen, _, , I 5 J6 /K 1L 80
£ LnCly - 3iPrOH/PO A R WA LLAE 10°C T 5B #4545 I A 7 9 B - 12 45 9 La(Hsalen, ), ,
AR AL I SRR R S © g SR A Y BT IR 1 PR SRR & R

A K LR B F IR e e Tt 100 mL [ K 35S oA — 5
WAL T A i R BFSE ) AR R MR SE R LA WOTCIR HSalen, A 35 &2t DU &0k o 0 0 7% M, T 0K
+ Schiff G & ¥ % T AL e-C WEEFF 3B AR FIATHE M ZAL B A (B ik iy OH 5
a0 e PR R T S Rs AAREHEI 101 BERER 1 h BT EE T R
PR R AF B AL PEBE. A4S SC & R T H 70 Schiff B 1 h, £ 5] Schiff 5 4135 NaSalen 1y U 4 1 i 7
GRANTC A9, 97 0 XS4 AT 32 14E TS A e Y. 7€ NaSalen () U S0k 0 3 b i AT 2 (9 8
SRR HE— BB R B, X KA T AR iy /K LaCl,(n(Na)/n(La) =3, FE/RIL),90°C il

Bl e R R R 2 KL . OB FE R 22 D

s I A5 A T T, 28 B A S O 7351
1 s FE 42 La(HSalen ), ) 1 % 03 W0 0 134 B 45 9
L1 E5RA S 2 S i © 55 1531 2 e 7

Szg BT OE O 5 B SUBR IS (HIC,99% ) . AW ik, Hodh il & 4 La(Hsalen, ) , 0] DL 45 5] 2
TE 3 5 wURR TR (O1C,99% ) il IE Tk 5 350 R MR it (Cq Hyg NyLaO, ST R 43 BT HLIR {EH: C 70. 88,
(BIC,98% ) , ¥ R BB Ak — 534 H7.55, N3.70, La 12.23. szili{. C 70.83,
J HTE (AR g, BN IR A BRAS 7)) U vk g H7.70, N3.98, La 12.55) ,Aii & ¥ La(Hsalen, ),
CAR 0, B0 XSURR IR T ) 28 43 J8 il — 4 WY I [ PR R WO A IE © % S Sr B AT A AR BT
MEZRE O, ZERIH  IEC B (AR 9, B ik (CuH, N, LaO, e R 4 Hr # it f: C 64.66, H
A BRS A ) 284 8 80/ — 4 H R o] B 2 4, B 4.67, N 5.26, La 17.39. Szl ff. C 65.03,

ZE BN, JoK E AL T BE SOk ([ 36 1 A L. H4.47, N 5.23, La 17.98) , it & ¥/ La( Hsalen, )
1.2 La(HSalen), B2 &M & FlLa( Hsalen, ) W 7E 1F & ke o0 A 18 b 10 15 fi v, A

DAk I (3, 5- A0 T Bk b I DA R R e, REAT B AR A.

l|{2 1112 1}2
_N _N UN-
o NaH oN ﬂ» < o La THF
—_—
Hexane & TTHF 3
R, R Ry

Ry R, Ry

HSalen;: R; = H, R, = phenyl

HSalen,: R = tert-butyl, R, = phenyl

HSalens: R; = H, R, = S(-)a-phenylethyl La(HSalen,4)3
HSaleny: R = tert-butyl, R, = S(-)ar-phenylethyl

Scheme 1 Syntheses and structures of La( HSalen) ; complexes
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BF (N =0.071073 nm) AT IR Bl RE W TREG BERMME 5% HC B LEER A L,
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La( Hsalen, ), f A& 4545 (CCDC No. 815219).
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8 (M) Dy FaarA (M/M) H
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2.1 fi& % La(Hsalen,), B4
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By ,0,03 K& NNy fil N 3 4 N JEF 400k 1
AL f R La—N P B 8Ky 0.274 (nm) ,
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BERE

HET A FIBCAR G LW La( HSalen) ; it &
YA b S HREE R G (R 1) . K,
e A 38 K o AL R 0 1 LR AR SR A oy TR A
FHRW. WA Y La(Hsalen, ), BT PR &
¥ La(Hsalen, ), SR L , Bt &%) La( Hsalen, ), 1
fEAL IS VL 4 La (Hsalen, ), . AT LUHE BB,
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La(Hsalen,), i {b R & W E B/ BKE& W
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(R 5310, RIS R 1 A BRLAAC SR . AN [m] ot 6 e

Fig. 1 Molecular structure of complex La( Hsalen,),,

hydrogen atoms are omitted for clarity

Thermal ellipsoids are drawn at the 30% probability level.
Selected bond lengths (nm) and angles (o) : Lal-06 0. 22787
(2), Lal-07 0.22825(2), Lal-O 0.23166 (2), Lal-03
0.25998(18), Lal-N3 0.2736(2), Lal-N16 0.2739(2),
Lal-N 0.2744(2), 06-Lal-07 163.55(6), 06-Lal-0 92. 64
(6), 07-Lal-0 89.82(6), 06-Lal-03 90.01(6), O7-Lal-
03 97.54 (6), 0-Lal-03 143.94 (6), 06-Lal-N3 90.21
(6), 07-Lal-N3 105.78(6), 0-Lal-N3 68.27(6), 03-Lal-
N3 75.76(6), 06-Lal-N16 66.71(6), 07-Lal-N16 102. 47
(6), O-Lal-N16 143.92(6), 03-Lal-N16 68.56(6), N3-
Lal-N16 136.75(7), 06-Lal-N 96.16(6), 07-Lal-N 68. 00
(6), O-Lal-N 82.91(6), 03-Lal-N 132.52(6), N3-Lal-N
150.76(6), N16-Lal-N 71.04(6)

W2 6 ) 3R & TG PRI Oy HIC > 0IC > BIC.

Table 1  Polymerization of various RIC by La( HSalen); complexes

Ligend RIC Yield (%) [n] (dL/g) M, x10"*
Hsalen, BIC 30.8 24.1 4.63"
Hsalen, HIC 75.5 15.6 35.4
Hsalen, o1C 41.8 12. 8 24.9°
Hsalen, HIC 13.9 2.62 6.76
Hsalen, HIC 48.5 13.8 31.6
Hsalen, HIC 14.9 3.18 8.1

“M,, measured by GPC against standard polystyrene; Conditions:
[RIC] =3.43 mol/L, [La] =8.58 x 10 ® mol/L, in toluene,
polymerized at —40°C for 12 h

T LA B SR g5 R, XL 4 La(Hsalen, ),
HEAL Y C 2 S RIR IR X 3R & AT T 8O PR AR A BF
EDt 2 I NGRS PONSE- S8R e g P Al
(222), R BUAE AR PR 500 T4 OE & e | U S 4k
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Table 2 Effect of various solvents on the polymerization of HIC

Solvents Yield (%) [n] (dL/g) M, x107*
Toluene 75.5 15.6 35.4
n-Hexane 85.9 12. 8 29.3
CCl, 53.7 12. 1 28.0
CHCI,4 15.7 12.3 28.3
THF 0 — —
DMF 0 — —
Conditions: [ HIC] = 3.43 mol/L, [La] = 8.58 x 10 ° mol/L,

polymerized at —40 °C for 12 h

B2 4T ARfEARIHE ([La]) T HIC
MRE M, BRAYKFELE[La] =8.58 x 107
mol/L i f &, 75. 5% . REWE Y TR E
A R0 e BB 1 - v T A I 3K AT R A Ak R vk
R, A 3 P e BB RS T B A R T
O T R A B A B/ T A AR R R R T
8.58 x 10 ™" mol/L B} A ¥y ) 7 2 th A5 BT F 1K,
J2 DR S 7 v 4 A8 A 00 e T i SR S 11 JL R R
L.

RE WX OB SRR R A A U R,
HE 3 AT LLA 1, 7E - 40 ~20°Ca N, B A I
SR 12 40 o AR Wil A 3R G Tk B 1) e T 4 1
10, 5 FRATT R AR 4 A 1A R A 45 R e — 3K
2P R A R ZR L R TR M A E R SR R
IO, LA 3 B o7 1) R B 4 i 3R B 1 T e
TR YRS IR T 0C LR, A Wi 7= A
F30% HI{Ei7E -40C T RAE, BEWH ™ RN
KT 80% .

K4 7] LLE Rk B LU HIC] = 3.43
mol/L fefH, Y B0V B 55 T 3. 43 mol/L B, KA

MR A FEF] 12 h B2 S8 KA R R
ﬂj,lﬁﬁm%%%%ﬂﬁt%%ﬂ%%%ﬁ%ﬁﬁ%%g
HOAEAIG s 24 B BE AR T 3. 43 mol/L if, RE W
WA 3 R0 8 12 4k B A B W R A 8 R 1

T3 AT ARIRAR R T O35 7R R R
BMEER. REVIWE A R # LA ,0.5 h
B YIBCRE IR B 20. 0% |, Fe R EGA F) 10. 6, 8%

2y 2 2011 4
60
80 -
450
70 - T
S 440 ;
g 60 |
> 130
50 |
420
40 1 1 1 1
4 12
[La] x 103 (mol/L)

Fig. 2 The influence of [ La( Hsalen, ); ] on the M ([J) and yield
(A) of the polymerization of HIC
Conditions; [ HIC] =3. 43 mol/L, polymerized at —40°C for 12 h

100 40
80 -
60} .
> 420 &
S =
D 40| S
> =

410
20 +

0 740 730 720 710
Temperature (° C)

Fig. 3 Influence of temperature on the M ([J) and yield
( A) of polymer in the polymerization of HIC
Conditions; [ HIC] =3.43 mol/L, [La] =8.58 x10 *mol/L,

polymerized for 12 h

100 40

80 - 30
S
= T
S o
2 60t 120 2
5] A >

A

2 :
S 40 {10

20 1 1 1 Il 1 1 1 0

1 2 3 4 6 7

[HIC] (mol/L)

Fig. 4 Effect of the monomer concentration on the M ([J) and
yield ( A) of polymer of the polymerization of HIC in toluene
Conditions: [HIC]/[ La] =400 ( molar ratio) ,
-40°C for 12 h

polymerized at

4R 5. 54 x 10°. 16 12 h Z /1, B A WICE
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Table 3 Influence of the polymerization time on the polymerization of

HIC
Time Yield [n] L . L )
M, x107* M,* x10~* MWD®
(h) (%) (dL/g)

0.5 20.0 10. 6 24. 6 5.54 5.44

1 33.4 10. 8 25.2 4.78 4.37

3 41.0 12. 4 28.6 5.77 4.49

_/\ 6 48. 4 13.2 30.2 5.70 4.11

9 58.7 14. 4 32.8 5.74 4.57

12 16 20 24 73 3 12 75.5 15.6 35.4 6.00  3.86
Time (min) 16 64.0 15. 1 34.3 5.82  3.87

20 56.6 14.0 31.9 5.37 4.49

Fig. 5 GPC curve of the PHIC prepared at —40°C for 24 50. 2 12.4 28.6 5.05 5.85

12 h using complex La(Hsalen, ), *Measured by GPC; Conditions: [ HIC] =3.43 mol/L, [La] =8. 58

x 10 “*mol/L, polymerized at —40%C
B2 A B I R T3 2 0 T 5 943
(M)A S ARG 12 05,8 3 49
BT E TR FVS S S TIEE
5k Gy A LIS 5. 3 T B R 1 T A I e Bl F 74 FR G Shill BLORC 6 A
(> 12 W) SRR A g e La(HSalem, o) EILAL 3 5= A TR A RE
A GPC AP BT ALIESE T AR Ry g (g ORIV REPRRCE 4 La(HSalen, ), iH 7 1 X-AT
S). S % —40°C B A 12 b 268 0 PHIC fg Gpe R IARTE, WA IL I 45 0 T SUHERY .
P GPC 20 2 0k 53, e W flfl i g 9 LaCHSalen, o), JYap DU 3 i fl i 2k 5
AT T A 1 L ARG S T 0 () RRER UG A La (HSalen, ) (94 7435
0T BB 1 A W 0 e sl g PERCEE. BROE TRCER) La(HSalen, ), it C IR
I LIRS W I gl g RMRIOR AL S LI AT - 40 - 20°C 1O

80% i L. JE U 3645 T 48 5 23
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POLYMERIZATION OF ALKYL ISOCYANATE
CATALYZED BY LANTHANUM SCHIFF BASE COMPLEXES

JIAO junqing', YANG Xiongfa'?, NI Xufeng'
(' MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of Polymer Science and Engineering
Zhejiang University, Hangzhou 310027)
(* Key Laboratory of Organosilicone Chemistry and Material Technology , Ministry of Education, Hangzhou Normal University, Hangzhou 310012)

Abstract  Four Lanthanum Schiff-base complexes were synthesized, and the polymerizations of alkyl
isocyanates were studied using these complexes as single component catalysts. Lanthanum Schiff-base
complexes La( HSalen, ,), have been synthesized by metathesis reaction of anhydrous LaCl, with Schiff-base
sodium salts NaSalen. The complex La ( HSalen, ), with the formula of [ 3, 5-tBu,-2-(0) C,H,CH =
NC,H, ],La( THF) was characterized by X-ray diffraction, and the structure around Lanthanum center could
be described as a pentagonal bipyramid. The polymerization of alkyl isocyanates was successfully carried out
by using these complexes as single component catalysts, and the [ OC,H,CH = NC,H, ],La( THF) complex
(La(HSalen, ),) shows the highest catalytic activity to the polymerization of isocyanates. The influences of
polymerization temperature, polymerization time, the concentration of catalyst and monomer, and the
polymerization solvent on the polymerization of hexyl isocyanate ( HIC) catalyzed by La ( HSalen, ), were
investigated. It was found that under the polymerization conditions examined, PHIC can be prepared under
-40°C ~20°C with complex La ( HSalen, ), as catalyst. Due to the depolymerization, higher reaction
temperature leads to low polymer yield and molecular weight of PHIC obtained. Confirmed by GPC analysis,
prolonging polymerization time is also in favor of depolymerization, the GPC profile of PHIC prepared after
12 h polymerization indicates the exist of dimmers and trimers. PHIC could be prepared with yield of 75. 5% ,
number-average molecular weight (M,) of 6.00 x 10* and MWD of 3.86 under the following optimum
conditions; [HIC] = 3.43 mol/L, [La(HSalen,),] = 8.58 x 10 "mol/L, polymerization at —40°C for
12 h in toluene.

Keywords Rare earth, Schiff base complex, Isocyanate, Polymerization



