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Abstract

Reaction of PrCl; and C4H,Na in 1:2 molar ratio affords the disproportionation product of [(CoH ,);PrOC,Hy]. It crystallizes into
[(CeH);Pr(1)OC,H I(CH ), Pr(2)OC ,H,], which is composed by pairs of disconnected molecules with slight differences in structure.
The crystal is in monoclinic system, space group P2, /a, with unit cell constants a = 21.809(9), b = 10.512(4) and ¢ = 23.586(9) A,
B=114.71(4), V= 4912(4) A3, Z =4, D, =151 g em™?, F(000) = 2256, and full-matrix least-squares refinement to final R = 0.038
and R, = 0.047. The complex has also been characterized by IR and elemental analyses.
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1. Introduction

Although a series of triindenyl tetrahydrofuranato
lanthanide complexes (CyH,);LnTHF have been syn-
thesized and studied by Tsutsui and Gysling [1] (where
Ln = La, Sm, Gd, Tb, Dy, or Yb) and Huang et al. [2]
(where Ln = Ce, Nd or Y), the related crystal structural
studies have been limited [3,4]. In addition, X-ray stud-
ies have demonstrated that (C,H,);Ln (Ln = Pr or Nd)
can crystallize in two types in tetrahydrofuran (THF)
solution, namely [Na(THF)(][(n’-CyH,);Ln(p-
CLn(m’-CyH,),] (Ln = Sm [5b], Nd [5a] or Pr [6])
and [(n’>-CyH,),LnTHF] (Ln = Nd [7] or Gd [7]); the
synthesis and structural study of triindenyl tetrahydrofu-
ranato praseodymium have not been reported in the
literature. Finally, until now, only a few reports have
focused on the study of the thermal stability of lan-
thanide—indenyl complexes [6,7]. For the above reasons,
we decided to synthesize triindenyl tetrahydrofuranato
praseodymium by disproportionation reaction and to
carry out X-ray structural investigation of the complex.
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2. Results and discussion

The crystal data are given in Table 1, and the final
positional and thermal parameters are listed in Table 2.
Selected bond lengths and bond angles are given in
Table 3 and Table 4 respectively. Fig. 1 and Fig. 2 give
the perspective view of the complex structure and the
package of the molecules in the unit cell respectively.

2.1. Formation of [(C,H,);Pr(1)OC H,][(C,H,);
Pr(2)OC, Hy]

Several studies [8—15] have demonstrated that
organolanthanide complexes with both Cp and other
ligands are comparatively unstable upon heating. A
disproportionation reaction would take place, owing to
the rearrangement of ligands, at moderately high tem-
peratures. They have also found that complexes of the
type CpLnL, (L = ligand) are less thermally stable than
those of Cp,LnL, and the final disproportionation prod-
ucts of both types of complex are Cp;Ln and LnL,.
With respect to lanthanide—indenyl complexes, Chen
and coworkers [7] have pointed out that the formation of
(C4H,);LnTHF (Ln = Nd, Gd or Er) is the result of the
disproportionation reaction of (CyH,;)Ln(C,H,), -
nTHF in THF solution. Recently, we reported [6] that
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Table 1
Crystallographic data of the complex
Empirical formula Cy, Hs3O, Pr,y
Formula weight 1116.95
Crystal system Monoclinic
Cell constants
a ) 21.809(9)
b (A) 10.512(4)
c(A) 23.586(9)
B ) 114.71(4)
V(A 4912(4)
Space group P2, /a
z 4
D, (gcm™) 1.51
F(000) 2256
Diffractometer Enraf—Nonius CAD4
wlem™h) 19.97
Radiation Mo Ka (A=10.71069 A),
graphite-monochromated
Temperature (°C) 23
26 (maximum) (°) 49.9
Number of reflections
collected 9422
Number of independent
reflections 9298
Number of observations
(I>30() 6930
R;R, 0.038; 0.047

Largest peak in final
difference map

(electrons A™%) 0.95

reaction of 1:0.8 mole ratio of PrCl, with C;H,Na
results in the formation of the disproportionation prod-
uct [Na(THF),Jl(n*-Cy,H,),Pr{p-CDPr(n’-CyH,)5]. A
similar phenomenon has been encountered in the reac-
tion of 1:2 mole ratio of anhydrous PrCl; and sodium
indenyl in THF with the formation of [(Co,H);P{(1)O-
C,H;ll(C4H,);P(2)OC,H,] as the only pure product.
So, we can conclude that the formation of the title
complex is the result of the disproportionation reaction
and the formation procedure is suggested below:

6IndNa + 3PrCl;, —— 3[(Ind),PrCl - n'THF] + NaCl

idisproponionation

2(C,H,),Pr + PrCl,

2THF, crystallization

[(C,H,),PH1)OC,H,][(C,H,),Pr(2)OC, H,]

where Ind = CyH, = Indenyl.

An important difference between (CyH,),Ln and
Cp,Ln is that (C4H,),Ln can crystallize in two types in
THF solution: one is a chloride-bridged linear-type
complex; the other is a tetrahydrofuranato-coordinated
complex. In contrast, Cp,Ln can crystallize in only one
type in THF solution, Cp,LnTHF [16]. Moreover,
(CyH,);LnTHF can exist in a new form of structural

isomer, which is for the first time found with the
structural series of (C4H,);LnTHF.

2.2. Property of [(C,H,),Pr(1)OC,H,J[(C,H,),-
Pr(2OC,H,]

The complex [(CyH,),Pr(1)THF][(C,H,),Pr(2)THF]
is unstable to moisture and air both in solution and as a
solid; it is soluble in THF and insoluble in toluene or
n-hexane. An IR spectrum study shows characteristic
absorptions of the indenyl group at 3060, 1615, 1472,
1020 and 770 cm ™! and those of THF at 1063 and 910
cm” !,

2.3. Structure of [(C,H,);Pr(1)OC,Hg][(C,H,);-
Pr(2)0C, H,]

From Fig. 1 we can see that each praseodymium
atom is surrounded by three indenyl ligands and one
THF molecule; the Pr atom is coordinated in m°® fashion
with five-membered rings of indenyl ligands, and in m'
fashion with the oxygen atom of the THF molecule. So
a distorted tetrahedron is formed around each
praseodymium atom by setting the three centroids of
five-membered rings of indenyl ligands and oxygen
atom of THF molecule as the apices of the tetrahedron.

All carbon atoms in each indenyl group are coplanar
with least-squares deviations of 0.0541, 0.0335, 0.0452,
0.0527, 0.0354 and 0.0307 A respectively. The dihedral
angles between the indenyl planes are listed in Table 5;
from the table we can see that the dihedral angles of
indenyl planes in one molecule of (Cy4H,);Pr(1)THF
are different from those in the other. From Fig. 1, we
can see that the orientations of six-membered rings of
indenyl groups of the two molecules are different. These
results suggest that the configurations of these two
molecules are different. This structural character of the
praseodymium complex is different from those of the
reported neodymium and gadolinium complexes, which
have crystallographic C; symmetry [7].

From Fig. 1 and Fig. 2, we can see that there are two
disconnected structural isomers crystallizing in one
asymmetrical unit, and there are eight (four pairs) of
these isomers in the unit cell. This indicates that these
two isomers have the same crystallization energy.

From Table 3 and Table 4, we can see that the bond
lengths of the Pr{(1)-C(average) (2 836 A) are equal to
that of Pr(2)-C(average) (2.836 A), and the bond length
of Pr(1)-0(1) 2 553(4) A) is longer than that of Pr(2)-
0(2) (2.542(4) A) (an average of 2.548 A) (the corre-
sponding bond lengths of Nd-O and Gd-O in
(CyH,);LnTHF (Ln = Nd or Gd) [3] are 2.557 A and
2.459 A respectively).

The triindenyl chloride-bridged praseodymium com-
plex of [Na(THF), Il(n’-CoH,);Pr(n-CDPr(n*-CyH,),]
crystallizes in the triclinic system, of space group P1
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Table 2 Table 2 (continued)
Positional and thermal parameters Atom . y 2 B,
Atom x y z Baq (/&2)

22

o) C(6d)  03879(4)  0.188KD  0.7164@)  6.1(4)
Pr(1) 0.38109(1) 0.19909(3) 0.14132(1) 2.39(1) C(65) 0.3631(3) 0.2786(8) 0.7467(3) 5.3(3)
Pr(2) 0.25278(2) 0.16475(3) 0.64839%(1) 2.77(1) C(66) 0.3644(4) 0.4130(1) 0.7501(4) 7.5(5)
o1) 0.3795(2) ~0.0438(4) 0.1391(2) 4.1(2) c(67) 0.3400(6) 0.4740(1) 0.7860(6) 9.0(5)
0(2) 0.2414(3) ~-0.0744(4) ~0.6311(2) 4.7(2) C(68) 0.3130(5) 0.4040(1) 0.8218(5) 8.6(5)
(1) 0.3623(5) —0.1202(8) 0.0850(4) 8.5(5) C(69) 0.3094(5) 0.2760(1) 0.8198(4) 7.3(5)
C(2) 0.0390(1) —0.2440(1) 0.1111(7) 20(1)
c(3) 0.4236(7) —0.2440(1) 0.1705(6) 11.5(7)
C(4) 0.4310(5) —0.1251(8) 0.1937(4) 7.4(4) . . o, . .
c5)  0.1959(9) —0.1320(1) 0.5794(6)  13.6(8) with an ionic pair in the unit cell; in contrast, the
) 0.1784(9) —0.2570(1) 0.6029(7) 12.2(9) triindenyl tetrahydrofuranato praseodymium of the title
C(7)  0.2399(9)  —0.2950(1) 0.6449(7)  12.3(7) complex crystallizes in the monoclinic system, of space
gé?i) gggggg _g'gggg; 8'82238 ]g'?g; group P2,/a with four pairs of structural isomers in
QD) 030503) 0.3654(5) 0.0485(3) 3102) the unit ce}l, these resul‘ts. may be_ .due to different
C13)  03151(2) 0.2574(6) 0.0192(2) 3.002) reactant ratios and crystallizing conditions.
C(14)  0.2766(3) 0.1581(6) 0.0243(3) 3.2(2)
C(15)  0.2346(3) 0.2056(5) 0.0522(3) 2.8(2)
C(16)  0.1806(3) 0.1523(7) 0.0620(3) 4.2(3) 3. Experimental details
C(17)  0.1439(3) 0.2280(1) 0.0827(4) 6.0(4)
C(18)  0.1594(4) 0.3550(1) 0.0961(4) 5.4(4) . . . .
C(19)  0.2131(3) 0.4101(7) 0.0895(3) 45(3) All manlpulat10n§ were carried out in an atmosphere
C(21)  0.4200(3) 0.3050(6) 0.2674(3) 4.1(3) of purified argon using Schlenk techniques; all solvents
©(22)  0.3539(4) 0.3448(6) 0.2256(3) 4.3(3) were refluxed and distilled over the sodium ketyl ben-
égi; ggiég’g; 8?‘3‘%% 8;}‘3‘1‘8 :28; zophenone under argon immediately before use. Ele-
G5 0.4158(4) 0.1708(7) 0.2760(3) 4203 mental analysis data were obtained on a Y_anaco MT-2
C(26)  0.4744(4) 0.1063(7) 0.3178(3) 5.2(3) analyser. The analysis for Pr was obtained by the
c(27)  0.5323(4) 0.1730(9) 0.3502(3) 6.3(4) published method [17]. IR spectra were recorded on a
C(28)  0.5342(4) 0.3044(9) 0.3415(4) 6.4(4) Perkin—Elmer 983(G) spectrometer (Csl crystal plate;
C(29)  0.4807(4) 0.3688(7) 0.3012(3) 5.3(3) Nujol and Fluoroluble mulls). The melting point was
ggg gggéigi gigggg g:?ggig; igg; determ%ned in .seale.d argon-filled capillaries without
C33)  05169(3) 0.2198(8) 0.1932(3) 4.8(3) correction. Sodium indenyl was prepared by the reac-
C(34)  0.4959(3) 0.3362(7) 0.1621(4) 4.6(3) tion of sodium hydride and freshly distilled indene.
C(35) 0.4767(3) 0.3146(6) 0.0966(3) 3.8(3)
C(36) 0.4600(3) 0.3949(7) 0.0446(4) 4.6(3)
C(37)  0.4489(3) 0.3434(9)  —0.0119(4) 5.5(4) Table 3 .
C(38)  0.4522(4) 021159)  —0.01933)  5.3(4) Sclected bond lengths (A)
C(39)  0.4673(3) 0.1308(7) 0.0292(4) 4.7(3) Pr(1)-0(1) 2.553(4) Pr(2)-0(2) 2.542(4)
C(41)  0.3109(3) 0.1788(6) 0.5545(3) 3.6(2) Pr(1)-C(11) 2.994(6) Pr(1)-C(12) 2.750(6)
C(42) 0.2434(3) 0.1341(6) 0.5270(3) 4.0(3) Pr(1)-C(13) 2.697(5) Pr(1)-C(14) 2.783(6)
C(43) 0.2010(3) 0.2341(7) 0.5256(3) 3.9(3) Pr(1)-C(15) 3.003(6) Pr(1)-C(21) 2.949(6)
C(44) 0.2393(3) 0.3388(6) 0.5558(3) 3.9(3) Pr(1)-C(22) 2.765(6) Pr(1)-C(23) 2.719(6)
C(45) 0.3083(3) 0.3078(6) 0.5720(3) 3.7(3) Pr(1)-C(24) 2.802(6) Pr(1)-C(25) 2.957(6)
C(46)  0.3664(4) 0.3823(7) 0.5944(4) 5.5(3) Pr(1)-C(31) 2.943(7) Pr(1)-C(32) 2.768(6)
C(47)  0.4256(4) 0.3300(1) 0.6000(5) 7.8(5) Pr(1)-C(33) 2.700(6) Pr(1)-C(34) 2.748(7)
C(48)  0.4295(4) 0.2020(1) 0.5843(5) 7.2(5) Pr(1)-C(35) 2.960(7) Pr(2)-C(41) 2.979(8)
C(49) 0.3724(4) 0.1245(7) 0.5626(3) 5.1(3) Pr(2)-C(42) 2.802(6) Pr(2)-C(43) 2.731(6)
C(51)  0.1033(3) 0.1647(6) 0.6050(3) 3.7(3) Pr(2)-C(44) 2.767(6) Pr(2)-C(45) 2.964(4)
C(52)  0.1340(3) 0.0983(7) 0.6618(3) 4.7(3) Pr(2)-C(51) 2.982(9) Pr(2)-C(52) 2.825(6)
C(53) 0.1702(4) 0.1794(8) 0.7089(3) 5.4(4) Pr(2)-C(53) 2.730(7) Pr(2)-C(54) 2.750(7)
C(54)  0.1669(4) 0.3004(7) 0.6838(4) 5.003) Pr(2)-C(55) 2.966(6) Pr(2)-C(61) 2.923(9)
C(55)  0.1226(3) 0.2957(6) 0.6190(3) 3.9(3) Pr(2)-C(62) 2.839(8) Pr(2)-C(63) 2.755(8)
C(56) 0.0943(4) 0.3887(7) 0.5709(4) 5.3(3) Pr(2)-C(64) 2.714(8) Pr(2)-C(65) 2.8177)
C(57)  0.0497(4) 0.3500(1) 0.5138(4) 6.0(4) o(D)-C(1) 1.42(1) 0(1)-C(4) 1.462(9)
C(58) 0.0311(4) 0.2210(1) 0.5000(4) 5.7(4) 0(2)-C(5) 1.45(1) 02)-C(8) 1.460(1)
C(59) 0.0576(3) 0.13197) 0.5452(4) 4.9(3) c(1)-c(2) 1.48(1) Cc(2)-C(3) 1.53(2)
C(61) 0.3340(4) 0.2085(8) 0.7814(3) 5.3(3) Cc(3)-C(4) 1.42(1) C(5)-C(6) 1.54(2)
C(62) 0.3391(5) 0.0770(9) 0.7695(4) 6.8(4) (6)-C(N 1.45(1) A7N-C(B) 1.44(2)

C(63) 0.3746(4) 0.0710(1) 0.7332(4) 7.14) Pr(1)-C(average) 2.836 Pr(2)-C(average) 2.836
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Fig. 1. The structure of [(n’-CyH,);Pr(1)OC,H, J[(w’-C4H,);P(2)OC, H, .

Table 4
Selected bond angles (°)

48 '3‘5(;({
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Table 5
The dihedral angles between the indenyl planes

Oo()-Pr(1)-C(12)  128.3(2) O(1)-Pr(1)-C(13)  102.0(2)
0O(1)-Pr(1)-C(14) 80.02) O()-Pr(1)-C(22)  124.4(2)
O(1)-Pr(1)-C(23) 99.6(2) O(1)-Pr(1)-C(24) 76.2(2)
O(1)-Pr(1)-C(32) 74.02)  O(1)-Pr(1)-C(33) 95.3(2)
O(1)-Pr(1)-C(34)  122.02) O(2)-Pr(2)-C(52) 75.1(2)
0(2)-Pr(2)-((53) 95.7(2) 0(Q2)-Pr(2)-C(54)  122.0(2)
0(2)-Pr(2)-C(62) 79.6(2)  O(2)-Pr{(2)-C(63) 76.3(3)
0(2)-Pr(2)-C(64)  101.2(3)  O(Q)-Pr(2)-C(65)  123.7(2)
C(12)-Pr(1)-C(13)  29.6(2) C(13)-Pr(1)-C(14)  29.0(2)
C22)-Pr(1)-C(23)  29.2(2) C(3)-Pr{1)-C(24)  29.1(2)
C(32)-Pr(1)-C(33)  29.2(2) C(33)-Pr(1)-C(34)  29.8(2)
C(42)-Pr(2)-C(43)  29.1(2) C(43)-Pr(2)-C(44)  29.2(2)
C(52)-Pr(2)-C(53)  28.3(2) C(53)-Pr(2)-C(54)  29.4(2)
C(62)-Pr(2)-C(63)  28.4(2)  C(63)-Pr(2)-C(64)  28.8(2)
C(64)-Pr(2)-C(65)  29.8(2) C(1)-0(1)-C(4) 107.9(6)
C(5)-0(2)-C(8) 104.5(8)  O(1)-C(1)-C(2) 102.9(8)
C(1)-C(2)-C(3) 113.0(1)  C(2)-C(3)-C4) 109.0(1)
C(3)-C(4)-0(1) 106.0(8)  O(2)-C(5)-C(6) 105.0(1)
C(5)-C(6)-C(7) 102.0(1)  C6)-C(D-C(8) 103.0(1)
C(7)-C(8)-0(2) 108.0(1) C(15)-CA1D-C(12) 107.2(5)
C(11D-C(12)-C(13) 106.9(5)  C(12)-C(13)-C(14) 110.3(5)
C(13)-C(14)-C(15) 107.9(5)  C(15)-C(16)-C(17) 119.(7)
C(16)-C(17)-C(18) 121.8(6) C(17)-C(18)-C(19) 121.2(6)
C(42)-C(41)-C(45)  106.7(5)  C(41)-C(42)-C(43) 108.3(6)
C(42)-C(43)-C(44)  109.6(5)  C(43)-C(44)-C(45) 107.3(5)
C(44)-C(45)-C(46) 131.6(6)  C(45)-C(46)-C(47) 119.0(7)
C(46)-C(47)-C(48) 121.5(8)  C(47)-C(48)-C(49) 120.9(7)

W
s,

A

Fig. 2. The unit-cell package of [(v’ -C9H7)3Pr(1)OC4H8][(n5-

C4H,),Pr(2)0C, H,].

Plane Plane Angle Plane Plane Angle
© ©)
Ind(2) Ind(1) 117.6 Ind(5) Ind(4) 116.1
Ind(3) Ind(2) 61.5 Ind(6) Ind(4) 56.6
Ind(3) Ind(1) 65.7 Ind(6) Ind(5) 65.3

Ind(1) represents the plane formed by C(11)-C(19), Ind(2) the plane
formed by C(21)-C(29), Ind(3) the plane formed by C(31)-C(39),
Ind(4) the plane formed by C(41)-C(49), Ind(5) the plane formed by
C(51)~C(59), Ind(6) the plane formed by C(61)-C(69).

Anhydrous PrCl, was prepared according to the pub-
lished procedure [18].

3.1. Preparation of [(C,H,),Pr(1)OC,H,J[(C,H,),-
Pr(2)0C,H,]

To the suspension of anhydrous PrCl, (1.8635 g, 7.5
mmol) in 20 ml of THF was added dropwise 11.7 ml
(15.0 mmol) sodium indenyl-THF solution: the result-
ing mixture was kept stirring overnight at room temper-
ature. After usual centrifugation, a clear green—yellow
solution was separated and concentrated to about one
third of its original volume. The yellow crystals were
obtained upon cooling the solution at —20°C for several
days (yield, 30.1% (0.845 g, based on PrCl,); melting
point (decomposition), 102°C). Anal. Found: Pr, 24.89;
C, 65.89; H, 5.14, Calc.: Pr, 25.23; C, 66.61; H, 5.19%.

3.2. Crystallography of [(C4H,),Pr(1)OC, Hg]-
[(C,H,),Pr2)OC,H,]

A single crystal of the complex with dimensions
1.00 X 0.50 X 0.45 mm was selected and sealed in a
thin-walled glass capillary under argon and used in the
data collection. The intensity data and unit cell parame-
ters were collected on an Enraf—Nonius CAD4 diffrac-
tometer with Mo Ka (graphlte monochromator; A =
0.710 69 A) radiation in the range 3° <26 < 50° by
26—w scanning. Lorentz, polarization and absorptions
corrections with an empirical scanning technique were
applied; 9422 reflections were measured; 6930 reflec-
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tions with I> 30 (1) among 9298 independent reflec-
tions were considered to be observed and used in the
structure determination. ‘

The structure was solved by the heavy-atom method;
after the positional parameters of the Pr atom had been
located, the coordinates of other non-hydrogen atoms
were obtained by successive Fourier syntheses. The
positional and anisotropic thermal parameters of all
non-hydrogen atoms were refined by the full-matrix
least-squares method. The coordinates of hydrogen
atoms were added according to theoretical models. The
final R, R, and S were 0.038, 0.047 and 1.34 respec-
tively (W=1/0%*(F,)), and (4/0),_,, = 0.26. The fi-
nal difference Fourier map of the complex showed no
peaks higher than 0.95 electrons A™? or lower than
—0.75 electrons A%, All calculations were performed
on a Micro VAX II computer with the TEXSAN v2.1
package.
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