
Journal of Organometallic Chemistry, 438 (1992) 289-295 
Elsevier Sequoia S.A., Lausanne 

JOM 22681 

Synthesis and crystal structure of ( C,H,GdC12 - 3THF)THF 

Gao Fuxing, Wei Gecheng, Jin Zhongsheng and Chen Wenqi 

Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, 
Jilin (People’s Republic of China) 

(Received November 7, 1991) 

Abstract 

The indenylgadolinium dichloride tristetrahydrofuranate (C,H,GdCl,*3THF)THF was prepared 
and its -crystal structwe &onockc space gwup P2,) -determined .by X-ray difkaction. 

In C,H,GdCl,*3THF, Gd, o(l), o(2), o(3) and the centroid of the five-membered indenyl ring 
form a plane, and Cl(l) and Cl(2) are located at two opposite sides of the plane to give a pseudo- 
octahedron. The coordination number of Gd is eight. 

Introduction 

The synthesis of indenyl lanthanide dichlorides has been reported [l], but their 
crystal structures have not been determined, though crystal structures for 
(C,H,),Sm [2l, (C,H,),Ce * PY [31 (Py = pyridine), (C,H,j3Ln - OC,Hs 141 (Ln = 
Nd, Gd), [(C,H,),Lnl,(CL-Cl)Na(THF), 151 (Ln = Nd, Sm) and C,HsPrC,H, - 
2THF 161 are known. 

The crystal of (C,H,GdCl* * 3THF)THF was first obtained and its crystal 
structure was determined. 

Experimental 

The complexes described below are extremely sensitive to air and moisture. 
Therefore, all manipulations of the complexes were conducted under nitrogen with 
rigorous exclusion of air and water. 

TI-E was reflexed over sodium strips and then distilled from sodium benzophe- 
none ketyl. GdCl, was made by the literature method, and K&H, was prepared 
by treating indene with an excess of K pearls in THF at room temperature. 

The rare earth element was determined by complexometric titration, chlorine by 
titration with AgNO, solution, and carbon and hydrogen by combustion. IR 
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spectra were recorded as KBr pellets on a FTS-ZOE spectrometer. The thermo- 
gravimetry data were obtained on a TGS-2 thermogravimetric analyzer. 

Synthesis of (C, H,GdCl, * 3THF) THF 
Anhydrous GdCl, (1.85 g, 7.0 nun00 was added to a 50 ml glass tube and 

heated under reduced pressure for several minutes until gas evolution had ceased, 
then the tube was cooled by filling it with nitrogen, 20 ml THF was added and the 
resulting solution was stirred overnight. A KC,H, solution of THF (6.6 ml, 5.6 
mmol) was then added with stirring for several hours. After reaction was com- 
pleted, the solution/suspension was centrifuged to remove unused solid. The 
solution was concentrated appropriately and then placed in a refrigerator for 
crystallization to obtain yellowish granular crystals (1.96 g> in a yield of 63% (based 
on the amount of KC,H,). 

Anal. Found (%) for C,H,GdCl,? - 3THF: Gd, 27.74; Cl, 12.25; C, 43.97; H, 
6.29. Calc. (%I: Gd, 28.11; Cl, 12.67; C, 45.04; H, 5.54. IR spectra (cm-‘): 304Om, 

Table 1 

Atomic coordinates (X lo41 and thermal parameters (A* x 103) 

Gd 

Cl(l) 
CN2) 
O(1) 
o(2) 

o(3) 
o(4) 

cxll) 
cx12) 

c(13) 
CC141 

c(21) 
ct22) 
CC231 
CX24) 
cx31) 

c(32) 
cx33) 
cx34) 
cx41) 

c(42) 
c(43) 
CW) 
C(l) 
cx2) 
C(3) 
c(4) 
c(5) 
c(6) 
C(7) 
C(8) 
C(9) 

x 

22150) 

2160(3) 
2118(4) 

- 193(6) 
1620(7) 

4409(6) 
6093(31) 

- 1039(16) 

- 2382(13) 
- 2422(21) 

- 103708) 
787(24) 

581(24) 
1160(32) 
2094(20) 
5160(17) 
6438(16) 

6459(16) 
5290(14) 
5054(34) 
4025(32) 
4284(38) 
5407(38) 
2091(17) 
3216(20) 
387006) 
323908) 
184505) 
54609) 

- 393(17) 

- 9609) 
1134(17) 

Y 

5000 
284N3) 
7229(3) 
4963(13) 

501905) 
4963(15) 
7381(22) 

398205) 

449103) 
5660(23) 

595609) 
5825(16) 
5483(20) 
4373(28) 
4317(16) 

597604) 
555202) 
440403) 
402603) 

6529(25) 
7179(25) 
8217(33) 
8338(28) 
4443(10) 
3803(14) 

479308) 
580001) 
5665(15) 
606608) 
531108) 
4164(16) 
367009) 

2 

41740) 

4445(3) 
4712(3) 

3490(6) 
6068(6) 

5694(7) 
- lW37) 

3218(19) 
2869(21) 

3248(30) 
3431(32) 
6396(17) 

747508) 
774N29) 
7063(15) 
6046(21) 
6803(17) 

717405) 
6248(17) 

- 382(37) 
- 128(32) 

513(46) 
116(55) 

1926(14) 
2519(18) 
2957(15) 
251804) 
1793(12) 
103305) 
375(12) 
617(13) 

1337(15) 

u 
ii(l) 
82(l) 
87(2) 
81(3) 

83(3) 
84C3) 

4OOC31) 
83(S) 

15301) 
17804) 

14606) 
14501) 

14703) 
227(21) 
131UO) 
191(12) 
141(9) 

135(e) 

129(9) 
35X30) 
250(24) 

348(30) 
407(34) 

96(8) 
13902) 

14001) 
147(12) 
131(9) 
113(11) 
16203) 
147(10) 

109(9) 



Table 2 

Bond lengths (A) 

Gd-Cl(l) 2.581(3) 

Gd-O(l) 2.392(6) 

Gd-O(3) 2.429(6) 

Gd-C(2) 2.876(23) 

Gd-C(4) 2.69109) 

O(l)-C(ll) 1.438(21) 

0(2)-x(21) 1.430(27) 

0(3X(31) 1.426(22) 

0(4X(41) 1.439(43) 

C(ll)-cx12) 1.465(21) 
C(13)-cx14) 1.440(31) 

C(22Px23) 1.446(40) 

C(31)-c(32) 1.445(22) 

cx33wx34) 1.433(20) 
C(42)-Ct43) 1.42X52) 

C(43)-CM 1.404(74) 

C(l)-C(9) 1.375(23) 

c(3)-C(4) 1.386(24) 

c(5)-C(6) 1.453(22) 

c(7)-C(8) 1.407(29) 

Gd-(centroid of five membered ring) 2.47 
Gd-C av. 2.74 

Gd-Cl(2) 

Gd-0(2) 
Gd-C(l) 

Gd-C(3) 
Gd-C(5) 

o(l)-c(14) 

o(2wCz4) 
o(3kcx34) 
o(4MD4) 
C(12)-Ct13) 

c(21Kt22) 
C(23MX24) 

C(32)-,Ct33) 
C(41)-c(42) 

CWc(2) 
C(l)-c(5) 
C(2)-C(3) 
C(4Hx5) 

c(6)-c(7) 
c(8)-C(9) 

2.735(4) 

2.513(8) 

2.709(17) 
2.594(20) 
2.838(14) 

1.46306) 
1.401(21) 
1.463(20) 

1.421(53) 
1.466(33) 
1.421(33) 

1.458(45) 
1.432(21) 
1.44X53) 
1.391(23) 

1.475(21) 
1.377(26) 
1.450(21) 

1.377(26) 
1.427(24) 

296Os, 284Os, 16OOm, 144Os, 138Om, 134Ow, 132Ow, 129ow, 118Ow, 115Ow, llOOw, 
105Os, 102Os, lOOOs, 93Ow, 9OOm, 84Os, 75Os, 72Om, 7OOs, 68Om, 650m, 53Ow, 470w. 

Determination of crystal structure 
Data were collected on a Nicolet XRD corporation R3m/E four circle diffrac- 

tometer at room temperature, using a graphite monochromator, MO-K, radiation. 
Scan type o/28, 20,,= 50”. 2634 independent reflections were measured and 
1537 reflections satisfying Z > 3a(Z) were accepted as observed. Corrections were 
made for Lorenz and polarisation effects. The structure was solved by the heavy 
atom method and parameters were refined by block-matrix least-squares analysis 
with refinement on R = 0.042, R, = 0.045. 

The crystallographic data of ($-C,H,GdCI, * 3THF)THF were as follows: 
monoclinic, space group P2,. a =I 10.468(3), b = 11.888(3), c = 11.854(4) A, /3 = 
108.46(2)“, V= 1399.3(7) k, 2 = 2, F(OO0) = 638e, Z.L = 26.6 cm-‘, DC = 1.50 g 
cmp3. 

The atomic coordinates, selected bond lengths and angles of all non-hydrogen 
atoms of complex ($-C,H,GdCI, * 3THF)THF are presented in Tables l-3. The 
molecular and crystal structures of the complex and the packing of molecules in 
the unit cell are shown in Figs. 1 and 2, respectively. 

Results and discussion \ 

Crystals of (C,H,GdCl, * 3THFYlHF were prepared by reaction of anhydrous 
GdCl, (1 mole) with C,H,Na (0.8 moles) in tetrahydrofuran (THF) at room 
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Table 3 

Bond angles (deg) 

ClWGd-Cl(2) 

O(l)-Gd-0(3) 
Cl(l)-Gd-C(1) 
C(l)-Gd-C(2) 
C(l)-Gd-C(3) 

C(2)-Gd-C(4) 
c(2)-Gd-C(5) 
C(4)-Gd-C(5) 

c(ll)-c(12)-C(13) 
c(21)-c(22)-C(23) 
c(31)-CX32)-C(33) 
C(41)-c(42)-C(43) 

cx2wm-c(5) 
c(l)-c(2)-c(3) 
c(2)-C(3)-Ct4) 

c(l)-c(5)-c(4) 
CXl%-C(5&-Ct6) 
c(5)-C(6h-c(7) 

CO)-C(8bc(9) 

158.00) 
154.0(3) 
83.3(3) 

28.6(5) 
42.4(5) 
50.4(5) 
54.8(5) 

30.3(4) 
115.004) 
106.9(24) 
116.404) 
123.0(30) 

133.104) 
87.903) 

118.404) 

86.401) 
119.1(14) 
119.8(18) 

128.3(17) 

O(l)-Gd-0(2) 

O(2)-Gd-0(3) 
C(2)-Gd-C(3) 
CWGd-C(4) 
C(3)-Gd-C(4) 

C1(2)-Gd-C(5) 
Cl(l)-Gd-C(5) 
C(3)-Gd-C(5) 
C(12)-c(13)-c(14) 

C(32)-c(33)-c(34) 
C(42)-Ct43)-C(44) 

C(2KW-C(9) 
c(5)-Cw-c(9) 

C(3)-c(4)-c(5) 
C(4)-Ct5)-c(6) 
C(6)-c(7)-c(8) 

CWc(9)-c(8) 

76.7(2) 
77.3(3) 

28.6(6) 
43.5(4) 
30.4(5) 
87X$4) 

30.7(4) 
51.5(5) 
98.8(20) 
97.9(12) 
87.1(37) 

104.803) 
122.0(14) 
113.4(14) 
154.2(17) 
116.4(15) 

113.708) 

Centroid(~5)-Gd-C1(l~ 94.9 

Centroid($)-Gd-O(l) 104.5 

temperature and separated out from the solution in a refrigerator. In this formula 
the THF outside the parentheses represents an interstitial molecule. When the 
crystal of the complex was isolated from the solution the interstitial II-IF molecule 
could escape to give C,H,GdCl, - 3THF. The analytical values for the complex are 
consistent with those calculated as C,H,GdCI, - 3THF. 

Fig. 1. Molecular structure of (C,H,GdC12.3THF)THF. 
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Fig. 2. The packing of (C,H,GdCI,-3THF)THF in the unit cell. 

In C,H,GdCl, * 3THf Gd, o(l), O(2), O(3) and the centroid of the indenyl ring 
form a plane, and Cl(l) and Cl(2) are located at two opposite sides of the plane to 
give a pseudo-octahedron. The Gd is in the centre of the octahedron and the 
coordination number is eight (Fig. 1). 

The C,HSNdCl, - 3THF molecule has C, symmetry about Nd, Cl(l), U(2), 
O(l), O(2), O(3), which becomes C, when the C,H, group is taken into account 
[7]. However, C,H7GdCI, - 3THF does not have C, symmetry owing to the 
existence of the C,H, group. 

In (C9H,),Gd * OC,H, 141 the bond lengths of Gd-C($) are 2.708(7)-c(l), 
2.628(5)-C(2), 2.728(6)-C(3), 2.959(8X(4, bridging atom), 2.955(8)-Cf5, bridging 
atom), respectively. The Gd-C(4,5) distances are greater than those of Gd-C, and 

Fig. 3. Bond distances &I and angles (“1 in the indenyl group of (C,H,GdCI,.3THF)THF. 
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in the indenyl groups of (C,H,),Ce - C,H,N [3] and CsH,PrC,H, . (TI-IF), [6] the 
bond distances CMPrMXbridging atoms) are also greater than those of Ce(Pr>- 
C(nonbridging atoms). This may be related to the existence of the coordinated 
pyridine (or THF) molecule. In C,H,GdCl, * 3THF [8] the five Cd-C($) bond 
lengths are almost equal. In (C,H,GdCl, * 3THFYI’HF the Gd-Ccl, 2, 5) bond 
lengths are greater than those of Gd-C(3, 41, see Table 2, and the distances of 
C(l)-C(5) and C(4)-C(5) are also greater than those of C(l)-C(2), C(2)-c(3) and 
C(3)-C(4), which is caused by the effects of the benzene ring in indenyl group and 
the interstitial THF in the complex. In the case of (C,H,),Ce - C,H,N [3] the 
C(6)-C(7) and C(8)-C(9) bond distances are significantly shorter than all the 
others. This feature cannot be observed in the present complex (Fig. 3). The 
average bond length Cd-C($) in the title complex is shorter than Cd-C($) in 
(C,H,j3Gd - OC,H, [4], which is caused by crowding of the three indenyls in 
(C,H,),Gd * OCJ-I, [41. 

In C,H,GdCl, * 3THF [8] the angle of ClWGd-Cl(2) is 154.8(l)“, about 3“ 
larger than in (C,H,GdC12. 3THF)THF where it is 158.OW’ (Table 3). The angles 
of O(l)-Gd-O(2) and O(l)-Gd-O(3) in the former are 76.2(3)0 and 154.7(3)“, 
respectively, and in the latter 76.7(2)0 and 154.0(3)“, respectively. 

In C,H,GdCl, - 3THF 183, C(l)-Gd-C(2) and C(l)-Gd-C(5) are 30.3(4)“; 
C(l)-Gd-C(3) and C(l)-Gd-C(4) are 49.9(4)“. In (C,H,GdCl, * 3THFYI’HF the 
angles of C(l)-Gd-C(2), C(2)-Gd-C(3), C(3)-Gd-C(4), C(4)-Gd-C(5) and C(l)- 
Gd-C(5) are 28.6(5)“, 28.6(6Y’, 30.4(5Y’, 30.3(4) and 30.7(4)“, respectively (Table 3). 
This shows that the five-membered ring in indenyl is distorted. 

From Fig. 3 it can be seen that all the inner angles of the five-membered ring 
deviate from 108” and the angles of C(6)-C(7)-c(8) and c(l)-C(9)-c(8) deviate 
markedly from 120”. This is different from the complexes reported in the litera- 
tures [2-61, in which each inner angle of indenyl deviates slightly from 108” or 120“. 

In Table 4 the equations for the best planes of the indenyl ring and atomic 
deviations of (C,H,GdCl, * 3THF)THF are listed. It can be seen that the atomic 
deviations in the planes of indenyl ring are very small. 

Table 4 

Equations for the best planes of indenyl ring, and atomic deviations 

Plane Equation, atoms and their deviation (A) 

P(l) - 6.289X + 0.025Y + 11.2432 = 0.8524 

C(l) C(2) C(3) C(4) C(5) 
0.0089 - 0.0325 0.0502 - 0.0438 0.0173 

P(2) 6.769X + 0.118Y - 11.003Z = - 0.6624 

C(l) C(5) C(6) C(7) C(8) C(9) 
0.0112 0.0053 - 0.0337 0.0471 - 0.0320 0.0020 

P(3) 6.532X-0.049Y - 11.1282 = - 0.7187 

C(l) C(2) C(3) C(4) C(5) C(6) C(7) C(8) 
- 0.0368 0.0340 0.0250 - 0.0606 - 0.0436 - 0.0450 0.0715 - 0.0097 

C(9) 
- 0.0106 
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