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Synthesis of Lanthanide-Alkylaluminium 
Bimetallic Complexes and Studies on Their 
Catalytic Activities for Polymerization of Some 
Polar Monomers* 
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Three new lanthanide (Ln)-alkylaluminium 
(Al) bimetallic complexes with the formula 
[(p-CF,CO,),Ln(p-CF,CHO2)AlR2 2THF], 
(Ln = Nd, Y, R = i-C4H, (i-Bu); Ln = Eu, 
R = C2H5(Et); THF = tetrahydrofuran) were 
synthesized by the reaction of Ln(CF,CO,), 
(Ln=Nd, Y) with HA1 (i-Bu), and of 
Eu(CF,CO,), with AlEt,, respectively. Their 
crystal structures were determined by X-ray 
diffraction at 233 K. [(p-CF,CO,),Nd 
(p-CF,CHO,)Al(i-Bu), - 2THF], (Nd-Al) 
and [(p-CF,CO, ),Y (pCF,CHO, )Al(i- 
Bu), 2THFI2 (Y-AI) are isomorphous and 
crystallize in space group PI with 
a = 12.441(3) 4 [12.347(5) for 
b = 12.832(3 A [12.832(4) A], c = 11.334(3) 

p=98.47(2)" [98.81(4)"], y=64.60(2)" 
[64.30(3)"], R=0.519 [0.113], Rw=0.0532 
[0.110], Z = 1 and [(p-CF,CO, ),Eu(CF, 
CH02)AlEt2 * 2THF],(Eu-A1) in space group 
P2,ln with a = 11.913(6) A, b = 14.051(9) A, 
~=17.920(9) A, a= 101.88(11)", p= y=90", 
R=0.0509, Rw=0.0471 and Z=2. The six 
CF,CO; (including CF,CHO; ) of each com- 
plex, among which pairs are equivalent, 
coordinated to Ln and Al in three patterns: 
(A) the two oxygen atoms in one of the three 
CF,CO, type coordinated to two different 
Ln; (B) the two oxygen atoms in the second of 
CF,CO; type coordinated to Ln and Al, 
respectively; (C) one of the two oxygen atoms 
in the third CF,CO; type bidentately coordi- 
nated to two Ln and another oxygen 

y-A!k 
[11.292(8) d I, a= 104.93 (2)" [104.45(4)"], 

* Crystallographic data and structure factors for the synthesized 
complexes have been deposited with the Cambridge Crystallo- 
graphic Data Centre, University Chemical Laboratory, University 
of Cambridge, Lensfield Road, Cambridge CB2 I EW, UK. 
t Author to whom correspondence should be addressed. 

coordinated to A1 and one of the two Ln, 
respectively. Unlike types A and B, in type C 
the carboxyl carbon with a hydrogen atom 
bonded to it was found to appear as an sp3- 
hybridized configuration rather than an 
sp2-one. 1D and 2D NMR results further 
confirmed the existence of such a dispro- 
portionated CF,CHO; ligand. Methyl 
methacrylate (MMA) and epichlorohydrin 
(ECH) could be polymerized by Y-A1 or Eu- 
A1 as a single-component catalyst and highly 
syndiotactic poly(MMA) was obtained. THF 
could also be polymerized by Y-A1 in the 
presence of a small amount of ECH. 

Keywords: organolanthanide; alkylalumin- 
ium; bimetallic complex; NMR spectra; 
polymerization; single-component catalyst; 
epichlorohydrin; methyl methacrylate; tetra- 
hydrofuran 

INTRODUCTION 

Recently, the homopolymerization or copoly- 
merization of some monomers, such as ethylene, 
a-olefins, acrylate, methyl methacrylate (MMA), 
ethylene carbonate and e-caprolactone, with 
well-defined organolanthanide compounds as 
single-com onent catalysts has become an inter- 
esting area-" Some of the above polymerization 
systems showed living polymerization fea- 
t u r e ~ ~ .  lo and the polymerization mechanisms 
were clearly elucidated.' However, these cata- 
lysts generally have either cyclopentadienyl (Cp) 
or substituted cyclopentadienyl (Cp*) coordi- 
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nated to lanthanide ions. Other single-component 
organolanthanide catalysts without C or Cp* 
ligands have rarely been reported.'' In our 
previous work, we reported two crystal structures 
of [(CF~CO,),LnAl(C,Hs)z. 2THF3, (Ln=Y, 
Nd; THF = tetrahydrof~ran).'~ However, the rea- 
son for the non-coplanar configuration between 
the methyl carbon and the carboxylic atoms in 
one kind of CF,CO; in these complexes was not 
elucidated, nor were the catalytic activities of 
these complexes reported. In this paper, three 
new Ln-A1 complexes with the formula 
[(CF,CO, ),Ln(CF,CHO,)AIR, .2THF], 
(Ln=Nd, Y, R=i-Bu; Ln=Eu, R=Et) were 
synthesized by the reaction of Ln(CF,CO,), with 
R'AIR2, (Ln=Nd, Y, R'=H, R'=i-Bu, Ln=Eu, 
R'=R'=Et) in THF, and characterized by ele- 
mental analysis, X-ray diffraction and 1D and 2D 
NMR techniques. The reason for the non- 
coplanar configuration mentioned above was 
clarified. Also, the catalytic activities of these 
complexes in polymerizing epichlorohydrin 
(ECH), MMA and THF were studied. 

EXPERIMENTAL 

Measurements 
Lanthanide elements were determined by com- 
plexometric titration. 1D and 2D NMR spectra of 
the Y-A1 complex were recorded on a Unity 
400 MHz NMR spectrometer generally at 
19.6 "C. Under argon, the Y-A1 complex 
(30 mg) was added in a dry 5 mm NMR tube and 
THF-d, was added as solvent. Then the tube was 
sealed. The microstructures of poly(MMA) were 
analysed by the "C NMR technique with CDCl, 
as solvent according to the literature.15 

Single crystals of Ln-A1 complexes were 
selected under an atmosphere of nitrogen and 
sealed in quartz-glass capillaries. Intensity data 
were collected on a Nicolet R 3m/E four-circle 
diffractiometer at 233 K using graphite-qono- 
chromated MoKa radiation (h=0.71073 A) in 
the w scan mode. Empirical absorption correc- 
tions were applied to intensity data by the scan 
method. The structures were solved by the 
heavy-atom method and refined by block-diago- 
nal least-squares techniques. All non-hydrogen 
atoms were refined with anisotropic thermal 
parameters. Hydrogen atoms were added to the 
structures in their theoretical positions and fixed 
in the final cycles of the refinements. All 

crystallographic calculations were performed 
using the SHELXTL program system. 

Materials 

THF and THF-d8 (Aldrich) were refluxed over 
Na-K alloy and benzophenone under the atmos- 
phere of purified argon and distilled before use. 
MMA and ECH were dried over CaHz and 
distilled prior to use. CF,COOH (Merck), AlEt, 
(Fluka) and HA1 (i-Bu)? (Schering) were used 
without further purification. Nd203, Y,O, and 
Eu,O, (99.9% purity) were pul-chased from the 
Chemistry Department of Beijing University. 
Lanthanide trifluoroacetates were prepared 
according to the reported method.l6 

Preparation of [(p-CF,CO, ),Y(p- 
CF,CHO, )Al(i-Bu), - ZTHFI, 

Y(CF,CO,), (1.28 g, 3.0 mmol) was placed in a 
dry Schlenk-type glass vessel under argon and 
dissolved in 21.4 cm3 THE At - 78 "C, HA1 (i- 
Bu), (2.68 cm3, 15 mmol) was added dropwise 
and the reacting system was kept for 24 h at 
0 "C. Then the solution was concentrated to 
about 5 cm3 and kept at 0 "C for 24 h. Colourless 
crystals (Y-A1) (0.32 g) were obtained. Nd-A1 
(purplish) and Eu-A1 (colourless) crystals were 
prepared by the same way. These three kinds of 
crystals decomposed before melting. 

Analyses: C,,H,,O,AIF,Y, Calcd: Y. 12.47: 
Found: 12.79% C2,H3,O8A1F,Nd, Calcd: Nd, 
18.77; Found: 18.45%. C,,H,,O,AlEuF,, Calcd: 
Eu, 21.11; Found: 21.56%. 

Polymerization procedures 

All polymerization procedures were carried out 
in dry glass polymerization bottles under argon 
in a thermostat. Catalysts were added to the 
polymerization bottles first, theii monomers were 
added by syringe. Both THF and ECH polymeri- 
zations were terminated bjr adding water 
containing a small amount of hydrochloric acid. 
The polymers precipitated were washed with 
water and dried in vacuo at 50°C. The polymeri- 
zation of MMA was termirated by adding 
ethanol containing a small amoilnt of hydrochlo- 
ric acid. The resulting polymer was washed with 
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Table 1 
complexes 

Crystal data and some data collection parameters for Nd-AI, Y-A1 and Eu-AI 

Formula C,,H,,O i & I P i  244 C,,H,@ ,AI,FI xy, C',H,,O I & I ~ E u ~ F  I x 

Formula weight 1539.4 1428.7 1442.6 
Space group Pi Pi P2,ln 
a,  A 12.44 1(3) 12.347(5) 11.913(6) 
b,A 12.832(3) 12.832(4) 14.05 l(9) 
C , A  1 1.334(3) 11.292(8) 17.920(9) 
a, deg 104.9(2) 1 04.5 (4) 90 
P, deg 98.5(2) 9 8.8 (4) 101.9( I )  
x deg 64.6(2) 64.3(3) 90 
v, A' 1577.7(7) 1561.1(0) 2935.0(2) 
Crystal system Triclinic Triclinic Monoclinic 
Z 1 (dimer) I (dimer) 2 (dimer) 
D'hJ 1 g cm - ' 1.713 I .577 1.690 

Reflections collected 3530 4111 4006 
1>3a(I) 1044 1150 1888 
R 0.05 19 0.113 0.0509 
R* 0.0532 0.110 0.047 1 

28 range, deg 3-48 3-42 3-46 

&as, 

Figure 1 Perspective view of [(p-CF3C02)*Nd (/.L-CF,CHO,) AKi-Bu), . 2THFI2 complex. 
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Figure 2 Perspective view of [(~-CF3COZ)2Y(~-CF~CH02)Al(i-Bu)z .2THF], complex. 

ethanol and dried under the same conditions as 
above. Conversions were calculated from the of monomers used. 

amount of polymer obtained versus the amount 

Figure 3 Perspective view of [( p-CF3CO2),Eu(p-CF,CHO,)AIEt, .2THF], . 
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Table 2 Selected bond distances and bond angles in the Nd-AI complex 

Bond distances, %, 
Nd-Nd’ 
Nd-O( 1 ) 
Nd-O(2) 
Nd-O(3) 
Nd-O( 5) 
Nd-0(6) 
Nd-O(7) 
Nd-0(8) 
Nd-O( 1 ’) 
Nd-C(I) 

O( l)-C(I)-O(2) 
O(l)-C( 1)-C(2) 
0(2)-C( 1 )-C(2) 
0(3)-C(3)-C(4) 
0(4)-C(3)-C(4) 
0(3)-C(3)-C(4) 
O(6)-C( 5)-C(6) 
0(6)-C(5)-0(5) 
0(6)-C(5)-0(5) 

Bond angles, deg 

3.756(1) C(l)-O(l) 1.382(8) AI-0(2) 1.813(5) 
2.386(5) C( 1)-0(2) 1.429(8) A1-O(4) 1.858(7) 
2.45 l(4) C(3)-0(3) 1.234( I 1 ) AI-C(A I ) I .940( 12) 
2.462(5) C(3)-0(4) 1.247( 10) AI-C(B 1 )  1.947( 12) 
2.481(7) C(5)-O(5) 1.218(12) 
2.432(6) C(5)-0(6) 1.254(9) 
2.499(5) 
2.547(7) 
2.3 19(5) 
2.973(8) 

107.0(6) 
109.0(7) 
107.1(2) 
129.6(8) 
114.9(8) 
115.5(7) 
I14.7(9) 
130.2( 11) 
1 15.0(7) 

RESULTS AND DISCUSSION 

Synthesis of Ln-AI bimetallic 
complexes 
The Nd-A1 and Y-A1 complexes were obtained 
according to Eqn [ l ]  and the Eu-A1 complex 
according to Eqn [2], in THE 

2Ln(CF,CO,),) +2HA1 (i-Bu),+4THF-. 

[(CF3C02)2Ln(CF3CH0,)Al(i-Bu), .2THF], 
(Ln=Nd or Y) [ l ]  

2Eu(CF,CO,),+ 2A1Et3 +4THF+ 

[(CF,C02 ),Eu(CF,CHO, )AlEt, .2THF], 

+2CJ&T [21 
No gas, such as isobutene, was found to be 

released during the reaction of Ln (CF,CO,), 
(Ln=Nd or Y) with HAl(i-Bu),, but the evolu- 
tion of ethylene was detected during the reaction 

Nd 
/ 

O(5)  

of Eu(CF,CO,), with AlEt, . Obviously, the 
hydrogen in the CF,CHO,- of the Nd-A1 or 
Y-A1 complex was from the hydrogen bonded to 
A1 in HAl(i-Bu),, while the hydrogen in the 
CF,CHO,- of the Eu-A1 complex was from the 
&hydrogen elimination of ethyl in AlEt, . How- 
ever, the detailed processes of formation of these 
complexes still need further investigation. 

Crystallographic studies of Ln-AI 
complexes 
Crystallographic data of Nd-A1. Y-A1 and Eu- 
A1 are listed in Table 1. Their crystal structures 
are shown in Figs 1 ,2  and 3, respectively. As can 
be seen from Table 1, both Nd-A1 and Y-A1 
crystals are triclinic with the Pi space group and 
have similar parameters. Obviously, the two 
complexes are isomorphous. However, the R 
factor for the Y-A1 complex is quite high, which 
may be caused by the poor quality of the crystal 
selected. 

Nd Nd 
/ / 

p ( 3 )  ,OCl), 
\ c (2)-€(1)’ Nd’ 

/ 
C(4)--C(3) 

/ 

\ \ / \  / 
O(4) H O(2) 

\ 

C(6)-C(5> 

O(6) 
‘Nd’ ‘A1 A1 

(A) (B) (C) 

Scheme 1 The coordination patterns of CF,C02- and CF3CH02- in the Nd-A1 complex. 
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Table 3 Selected bond distances and bond angles in the Eu-AI complex 

Bond distances, A 

Eu-O( I )  2.364(10) 
ELI-Eu' 3.69 l(2) 

E ~ - 0 ( 2 )  2.429( 10) 
Eu-0(3) 2.408(9) 
Eu-O(4) 2.443(8) 
E ~ - 0 ( 5 )  2.402(9) 
E ~ - 0 ( 7 )  2.457(9) 
E ~ - 0 ( 8 )  2.456(11) 

Bond angles, deg 
0(2)-C( I)-C(2) 
0(2)-C( I )-O( I )  
C(2)-C( 1 )-O( 1 ) 
0(4)-C(3)-C(4) 
0(4)-C(3)-0(3) 
C(4)-C(3)-0(3) 

2.297(9) C(3)-C(4) 1.538(21) 
I .381(19) C(S)-C(6) 1.535(24) 
1.404(8) At-O(2) 1.823(11) 
1.252(17) A1-0(6) l.863(1 I )  
I .254( 17) 
I .200(20) 
1.308(2 I ) 
1.524(21) 

0(5)-C(5)-0(6) l29.2( 14) 
0(5)-C(5)-C(6) 117.8( 16) 
0(6)-C(5)-C(6) 1 12.9( 14) 

The selected bond lengths and bond angles of 
the Nd-A1 complex are summarized in Table 2. 
It is found that all the oxygen atoms in CF,CO,- 
or CF,CHO, participated in forming bridge 
bonds in either of the three types of coordination 
patterns (Scheme 1). 

Each Nd ion was coordinated by eight oxy- 
gens from one CF,CHO,-, two CF,CO,- and 
two THE The geometry around an Nd ion is a 
distorted bicapped prism. The average Nd-0 
(CF,CO,-, CF,CHO,- ) distance, 2.422(5) A, 
approxiTates to that of Pr-0 (CF3C0,- ), 
2.45(3) A, found in Pr(CF,CO,),(OH) 

(C,,H,,O,),Pr(CF,CO,), .I7 The ayerage bond 
length of Nd-0 (THF), 2.523('7) A, is slightly 
shorter than that of La-0 (THF), 2.57(1) A, in 
Cp,La . THE', Two oxygens separately from 
CF,CO,- and CF,CH02- and two carbons from 
two i-Bu coordinated to A1 form a distorted 
tetrahedron, where the average Al-0 distance is 
1.836(6) 8, and Al-C is 1.944( 12) A. The aver- 
age Al-C bond is shorter than that in 
Cp,Y(p-CH,)zA1(CH3), (Al-C, 2.095 

It is interesting that the sum of O(1)-C(1)- 
0(2), O( 1)-C( 1)-C(2) and O(2)-C( 1)-C(2) 
angles around C(l) is 323.1", while angles 

6 5 4 3 2 1 

Figure 4 400 MHz 'H NMR spectrum of [(p-CF3C02)2Y( p-CF,CHO,)Al(i- 
Bu), . 2THF], complex. 
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Table 4 Chemical shifts of the Y-AI complex 
~~ 

''C NMR, sb (ppm) 

i-Bu CH, 1.00, 1.01, 1.02 
CH 1.90 
CH, - 0.1 1, 0.03 ('I= 16.0 Hz, ' J= 6.5 Hz) 

- 0.02, 0.03 ('J= 16.0 Hz, 'Jz6.0 Hz) 
THF OCHz 3.78 

CH, 1.90 
CFJCH02 HCOz 5.68 

CF, 
CF,CO, C 0 2  

~ ~~ 

28.69, 28.77, 29.10, 29.31 
27.06, 27.09 
21.32, 23.16 

68.69 
26.87 
93.47 (,JCF=35.4 Hz) 
124.82 ('JC-=286.9 Hz) 
164.17 ('JCF=40.9 Hz) 
164.83 ('J,-,=38.5 Hz) 
116.93 ('JcF=285.7 Hz) 
117.50 ('JC,=288.8 Hz) 

~ ~~ ~~ 

Referenced to the residual hydrogen of THF-d, at 1.90 ppm. 
Referenced to 25.8 ppm of THF-ld,. 

around C(3) and C(5) are 360°, respectively (see 
Table 2). Obviously, the four atoms, C(l), C(2), 
O( 1) and O(2) from CF,CHO,- lost coplanarity 
and C(l) appeared as an sp3-hybridized con- 
figuration rather than an sp2 one. The same 
happened to [(CF,CO,),LnAlEt, - 2THF1, 
(Ln =Y, Nd).I4 Moreover, the average C( 1)-0 
distance, 1.406(8) A, is apparently longer than 
that of S(3)-0, 1.241(11) 8, or C(5)-0, 
1.236( 11) A. We assumed that C( 1) was bonded 
by a hydrogen atom in addition to O( l), O(2) and 
C(2). The existence of such a special hydrogen 
atom was confirmed by studying the Y-A1 
complex with NMR techniques (see the NMR 

characterization section). 
Unlike the Nd-A1 or Y-A1 complex, the 

crystal of Eu-A1 is monoclinic with the P2,ln 
space group (Table 1). The coordination patterns 
of CF,CO,- and CF3CH0,- to Eu and A1 atoms 
(Fig. 3) are the same as those in the Y -A1 or Nd- 
A1 complex. The selected bond distances and 
bond angles are listed in Table 3. As can be seen 
from Table 3, the sum of angles around C( 1) is 
322.5", similar to that in the Nd-A1 complex. 

It is notable that the Ln-Lno distances are 
3.756( 1) 8, (Nd-Nd), 3.639(7) A (Y-Y) and 
3.691(2) 8, (Eu-Eu) in the corresponding com- 
plexes. The first two are 15% and 12% longer 

- 0 a' 
e o  0 

5.8 4 .5  3.5 3.8 c.e 1 . 5  1.e -e.e 
FI ($pa> 

Figure 5 400 MHz 'H-'H COSY spectrum of [(pCF3C0,)2Y( p 
CF3CHO2)AI(i-Bu), . 2THFI2 complex. 
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m 
xm 1 , -  

Figure 6 400 MHz I3C NMR spectrum of [(p-CF,CO,),Y(p-CF,CHO,)Al(i-Bu), . 2THF], complex. 

than the sums of the Forresponding covalent 
radius, 3.28 A and 3.24 A. Moreover, the Eu-Eu 
distance is nearly equal to the sum the 
covalent radius of two Eu atoms, 3.70A. Such 
short distances between two lanthanide ions in 
organolanthanides have not been found in the 
literature. 

NMR characterization of Ln-AI 
complexes 
Because of the paramagnetic effects of Nd3+ and 
Eu3+ ions, the chemical shifts of ligands, gen- 
erally being considerably broadened and shifted, 
were hard to analyse and assign, so we studied 
the Y-A1 complex in detail by NMR. The 'H 
NMR spectrum of the Y-A1 complex at 50 "C is 
shown in Fig. 4. The 'H and I3C chemical shifts 
are shown in Table 4. In the range of -0.2 to 
6.0 ppm, five groups of signals were observed. 
The chemical shifts at 1.90 and 3.78 pprn 
showing a strong correlating peak in the 'H-'H 
COSY spectrum (Fig. 5) ,  are from CH, and 
CH,O of the THF ligand and the corresponding 
residual hydrogens of THF-d, . Moreover, the 
signal at 1.90 ppm, which correlates with two 
groups of multiplets at higher field, contains a 

strong singlet and a weak multiplet. These two 
multiplets also correlate with each other with an 
integration ratio of 3 : 1. The multiplet at 1 .O ppm 
results from two doublets overlapped. The weak 
signals in the range of - 0.2 to 0.1 pprn can be 
considered as the combination oi two AB spectra 
as part of two typical ABX spectra. Based on the 
above analyses, the weak multiplet at 1.90 ppm 
is assigned to the CH proton in two i-Bu, and the 
peaks at 1 .O ppm are assigned to the CH, protons 
in two i-Bu. The multiplets from -0.2 to 
0.1 ppm are due to the CH, protons in i-Bu. It is 
obvious that the two i-Bu coordinating to one A1 
are magnetically non-equivalent because of 
steric hindrance. 

It is interesting to know thai. a singlet with 
resonance at 5.68 p m, not correlating with any 
other peaks in the H-'H COSY spectrum, was 
observed. The integration ratio of the singlet to 
the signals of CH, in i-Bu is 1 : 12. This signal is 
assigned to the CH proton from CF,CHO,- 
deriving from the hydrogen addition reaction of 
CF,CO,- . 

The 13C NMR spectrum of the Y-A1 complex 
is shown in Fig. 6. The chemical shifts are 
assigned by referencing the "C-'H COSY 
spectrum (Fig. 7) and are listed in Table 4. 

P 
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1 
1 

Figure 7 400 MHz "C-'H COSY spectrum of [(p-CF,CO,),Y(p- 
CF,CHO,)Al(i-Bu), . 2THF], complex. 

Obviously, all the corresponding carbons from 
two i-Bu are non-equivalent. However, the two 
THF coordinating to one Y show no apparent 
difference, in either the 'H NMR or I3C NMR 
spectrum. Moreover, the peaks at 28.69 and 
28.78 ppm coalesced at 50 "C, which indicated 

that there was slow exchange occuring between 
the two CH, in one i-Bu. This exchange can be 
accelerated by raising the temperature. However, 
the exchange between the two non-equivalent 
i-Bu ligands did not occur at higher tem- 
peratures. 

Figure 8 400 MHz ',C NMR spectrum of poly(THF). 
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Table 5 
monomers 

Catalytic activities of Ln-A1 complexes for bulk polymerization of some polar 

Monomer 
(8) 

Polym. temp. 
("C) 

Polym. time 
(h) 

2.18 (Y-AI) 
2.66 (Y-AI) 
2.12 (Eu-AI) 
2.12 (Eu-AI) 
2.17 (Y-AI) 
2.20 (Y-AI) 
2.00 (Y-AI) 

2.81 (MMA) 
2.81 (MMA) 
2.81 (MMA) 
5.92 (ECH) 
3.55 (ECH) 
5.32 (THF) 
5.32 (THF) 

50 
0 

50 
50 
50 
50 
50 

7 
7 
4 
2 

1.3 
24 
24 

Tacticityh 
(%) 

Conversion - 

(%) IT mm 

12.3 65.9 34.1 
8.5 76.5 23.5 

17.8 67.3 3:!.7 
64.9 
59.2 
0 
7.5" 

- 

ECH/(Y-AI) (molar ratio) is 1 : 1 .  IT; mm. 

HOP CHZ- CHz-CHzp CHZ- El 

62.50  30.09 28.43(ppm) 

HO 

Ez 
I 

Cl-CHZ-CHPCHz- 
45.96 67.79(PPm) 

Scheme 2 Polymer ends in poly(THF). 

In the range of 90- 170 ppm in the I3C NMR 
spectrum, six groups of quartets could be found. 
The splitting between the two peaks of each 
quartet is the same. These chemical shifts are due 
to CF,CHO,- and two kinds of CF3C0,-. Both 
chemical shifts and coupling constants are 
slightly different for the two kinds of CF,C02- 
in coordination patterns A and B (Scheme l), but 
apparently different from those in pattern C. In 
pattern C, the carbon chemical shift of CF3 
shifted to lower field by about 7.5 ppm, while the 
chemical shift of the carboxyl carbon shifted by 
about 71 pprn to higher field. Unlike in A or B, 
the carboxyl carbon in pattern C with 
6=93.47 pprn lost the character of a common 
carboxyl carbon. As can be seen from the I3C-IH 
COSY spectrum (Fig. 7), the chemical shifts 
centred at 6=93.47 ppm correlate with the sing- 
let at 5.68 ppm, which gives sound evidence that 
a hydrogen atom bonds to the carboxyl carbon in 
pattern C resulting in the non-coplanar con- 
figuration between the methyl carbon and the 
carboxyl atoms. 

The NMR results mentioned above are con- 
sistent with those of X-ray diffraction of Nd-Al, 
Y-A1 and Eu-A1 complexes. The reason for the 
non-coplanar result among the corresponding 

atoms in Nd-Al, Eu-A1 and the analogous 
complexes previously reportedi4 could thus be 
elucidated here. 

Catalytic activities of Ln-AI 
bimetallic complexes 
The bulk polymerization results of MMA, ECH 
and THF with Y-A1 and Eu-A1 complexes are 
summarized in Table 5. Both Y-A1 and Eu-A1 
were more active in the polymerization of ECH 
than that for MMA. Poly(MMA) with syndio- 
tactic microstructures predominating was 
obtained at 0 "C. Moreover, the Y-A1 complex 
could also initiate the ring-opening polymeriza- 
tion of THF with low activity in the presence of 
ECH as promoter. A single-comgonent organo- 
lanthanide catalyst initiating the polymerization 
of ECH and THF has not been found in the 
literature to the present date. 

In order to investigate the mechanism of THF 
polymerization, we studied the microstuctures of 
poly(THF) obtained as described iibove. The I3C 
NMR spectrum of poly(THF) is shown in Fig. 8. 
Apart from the chemical shifts of 26.38 and 
70.46 ppm produced by CH, and CH,O carbons 
in the main chains of poly(THF), two polymer 



LANTHANIDE-ALKYLALUMINIUM BIMETALLIC COMPLEXES 77 I 

ends were found and identified as E, and E2 (see 
Scheme 2). 

Obviously, ECH first coordinated to Ln or A1 
with oxygen and formed the active oxonium by 
ring-opening, which initiated the polymerization 
of THE E, and E, were from the termination of 
the polymerizing system by addition of water 
containing a small amount of hydrochloric acid. 
Investigations on more detailed mechanisms of 
polymerization of THE ECH and MMA are in 
progress. 
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