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Abstract 

Bis(2-methoxyethylcyclopentadienyl) divalent solvent-free organolanthanide complexes (MeOCH,CH,C,H,),Sm (1) and 
&~P~~TT_~TI_~‘_FT.LV~ (21 have hem cvntheciwxl hv fh~ I@~re&n of &lcClfW_T‘H_C_H.\K w&h LE!~(LE = SF_, yh). \.._____ L--‘L -,_- 4,L” \_, __I._ 1__.. I =-....-- I__ -, \_.__ -~~~L-~~L-J~~4,-~ 

Recrystallization of 2 from THF produced the solvated single crystal (MeOCH,CH,C,H,),Yb-OC,H, (3) which has the 
coordination number of nine, the highest yet reported for this class of compound. The two ring centroids of the 2-methoxyethyl- 
cyclopentadienyl rings, the two oxygen atoms of ether-substituted groups on the rings and the oxygen atom of the THF form a 
distorted trigonal bipyramid around the central ion of ytterbium. 

1. Introduction 

In recent years, the chemistry of divalent organolan- 
thanide compiexes has yieided particuiariy remarkabie 
and striking results [l-8]. The major breakthrough in 
the chemistry of divalent organolanthanides in general 
and that of Sm” in particular involved the use of the 
pentamethylcyclopentadienyl ligand, \;hich confers sta- 
bility, solubility, reactivity and crystallinity on 
organometallic compounds. Unlike cyclopentadienyl or 
methylcyclopentadienyl compounds the pentamethylcy- 
clopentadienyl derivatives of Sm” are soluble in aro- 
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matic and coordinating solvents. Moreover, (C,Me,),- 
Sm(THF), is capable of unusual transformations of 
multiple-bonded substrates [6,9]. 

The usefui properties bestowed by pentamethyicy- 
clopentadiene may be attributed to its large size [lO,ll]. 
Any such group may be expected to offer similar prop- 
erties. It was demonstrated [3] that the derivatives of 
Sm” could also be prepared using bulky t-butyl substi- 
tuted cyclopentadienyl as ligands. The effect of ligand 
C,Me, and ‘BuC,H, is to decrease the acidity of 
divalent organolanthanide complexes. This effect might 
also be achieved by using more accessible cyclopentadi- 
enyl hgands with donor substituents possessing the 
properties of a Lewis base. 

In the absence of ‘any reports on the use of 
methoxyethylcyclopentadienyl ligands in the prepara- 
tion of divalent organolanthanides, we thought it of 
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interest to investigate the reaction between (CH,- 
OCH,CH,C,H,)K and LnI,. We describe the synthe- 
sis of derivatives of Sm” and Yb” with 2-metho- 
xyethylcyclopentadienyl ligands and report the struc- 
tural characterization of (MeOCH ,CH ,C,H,),Yb - 
OC,H, (3j. 

2. Experimental details 

Since the complexes described below are extremely 
sensitive to air and moisture, all operations were car- 
ried out under prepurified argon by Schlenk tech- 
niques or in a glovebox. All solvents were reflexed and 
distilled either over finely divided LiAlH, or over blue 
sodium benzophenone under argon immediately before 
use. Samarium and ytterbium diiodides were prepared 
by a published procedure [123. K(MeOCH,CH,C,H,) 
was prepared by the reaction of KH with MeOCH,- 
CH,C,H, [13]. Mass spectra were recorded on a Finni- 
gan 4021 spectrometer. ‘H NMR spectra were ob- 
tained on a Varian XL-200 (200 MHz) spectrometer 
referenced to external Me,Si, and TI-IF-d, was dried 
over Na/K alloy and degassed by freeze-thaw cycles 
on a vacuum line. 

XPS data were recorded on an NP-1 spectrometer 
equipped with a Mg Ka X-ray source. The rare earth 
metals were analyzed by direct complexometric titra- 
tion with disodium EDTA. Carbon and hydrogen anal- 
yses were carried out by combustion in an aluminium 
tube. Melting points were determined in sealed argon 
filled capillaries and are uncorrected. 

2.1. (2-MeOCH,CH,C,-H,),Sm (I) 
Complex 1 was produced by the reaction of SmI, 

and MeOCH,CH,C,H,K in the ratio l/2 in THF. 
MeOCH,CH,C,H,K (6 mmol) in 20 ml of THF was 
added to SmI, (3 mmol) in 40 ml of THF at room 
temperature. The solution turned purple and was 
stirred for 6 h. The Schlenk flask was centrifuged to 
give a clear THF solution, which was reduced in vol- 
ume to about 12 ml. Addition of 30 ml of n-hexane 
gave a product, which was washed twice with 20 ml 
portions of hexane and then dried at 50°C in vacuum to 
afford a purple solid (1): 0.868 g; Yield 75%. m.p. 
120°C (dec.) Anal. Found: C, 47.87; H, 5.77; Sm, 37.99. 
C,,H,,O,Sm talc.: C, 48.47; H, 5.55; Sm, 37.87%. MS 
(m/e): 398 [Ml+. X~ (293 K) = 6.0939 x 10m6 (cgs), 
pen = 3.76 /.L~. 

2.2. (2-MeOCH,CH,C,H,),Yb (2) 
The procedure followed was similar to that for 1. 

Complex 2 was obtained as an orange-red solid in 80% 

yield. Anal. Found: C, 45.47; H, 5.35; Yb, 40.91. 
C,,H,,O,Yb talc.: C, 45.82, H, 5.25; Yb, 41.20%. MS 
(m/e): 420 [Ml+. 

,. _ Irr .I --_* __- - -- \ -- 
L.3. fL-MWC%I,C%I,C5H,I,Yb * oc,it& (jj 

The orange-yellow crystal of complex 3 was obtained 
when recrystallizing 2 in THF at room temperature. 
M.p. 172-174°C. Anal. Found: C, 48.97; H, 6.08; Yb, 
34.45. C,H,,O,Yb talc.: C, 48.88; H, 6.11; Yb, 35.23%. 
‘H NMR (6, TMS, ppm): 5.34-5.47 (8H); 3.68-3.62 
(8H); 3.37 (6H); 2.73-2.66 (4H); 1.82-1.77 (4H). 

-1-- i-- 2.4. Crystai structure of i&WCH,CH,C5~~.,j,Y~ * THF 
(3) 

An orange-yellow single crystal with approximate 
dimensions 0.2 x 0.3 x 0.1 mm was sealed in a thin- 
walled glass capillary under argon. Intensity data were 
collected at 20°C with a Enraf-Nonius CAD4 diffrac- 
tometer using graphite-monochromated MO Ka radia- 
tion. 1934 unique reflections were measured in the 
rangeO”<2f3<50”withO~hg16,Ogk~12, -17~ 
1 G 17. The correction of LP and absorption was ap- 
plied for the reflection data. The structure was solved 
by the Patterson method and by difference Fourier 
synthesis. All positional parameters and anisotropic 
thermal parameters for non-H atoms were refined by 
the full-matrix least squares technique. Final R, R, 
and S were 0.026, 0.037, 3.48 respectively, for 1621 
observed reflections (F* > 3&F*)). All calculations 
were performed on a Microvax II computer with SDP 

and ORTEP programs. Scattering factors were taken 
from the International Tables for X-ray Crystallography 
(1974). Table 1 lists the crystal data of 3. Table 2 lists 
the final atomic positional and thermal parameters. 

3. Results and discussion 

3.1. Synthesis 
Two equivalents of MeOCH2CH2C5H,K and LnI, 

(Ln = Sm, Yb) react in THF at room temperature and 
deposit on addition of n-hexane the new divalent 
organolanthanide complexes, which are dried in vac- 
uum to give the purple compound (MeOCH,CH,- 
C,H,),Sm and the orange-red compound (MeOCH, 
CH,C,H,),Yb in good yields (eqn. (1)). 

-- .-_ LnI, + 2(Mee)CH,CH,C,H,)K s 

(MeOCH,CH,C,H,),Ln + 2KI (1) 

Ln = Sm (l), Yb (2) 
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TABLE 1. Crystal data for 3 TABLE 2. Positional parameters and estimated standard deviations 

Compound 
Mol. wt. 
Crystal size (mm) 
Cell constants 

a (A) 

b 6, 

c (A, 
/3 (“I 

v f/Q) 

Scan range 20 (“1 
Number of reflections 

Number of reflections 

(MeOCH2CH,C,H,)*Yb.(THF) 
491.5 
0.2x0.3x0.1 

13.600(4) 

10.486(2) 

14.326(4) 
104.03(2) 

1982.1 

O-50 
1934 

for I > 3uU) 1621 

Space group c2/c 

Z 4 

D (g cm-‘) 1.647 

R 0.026 

RW 0.037 

F@OO) 976 

Atom x Y z B (k) 

Yb 0.000 0.15752(4) 0.250 2.687(7) 

o(l) 0.5016(4) 0.2659(6) 0.5804f4) 5.40) 

o(2) O.OCNl 0.3955(6) 0.250 4.4(2) 

c(l) 0.6695(5) 0.3986(g) 0.6907(6) 4.6(2) 

c12) 0.7061(5) 0.3409f8) 0.7828(7) 5.0(2) 

c(3) 0.6874(6) 0.425X9) 0.8539f6) 5.2(2) 

c(4) 0.6402(2) 0.5348(g) 0.8069(7) 5.2(2) 

C(5) 0.6292(5) 0.5185(8) 0.706Of6) 5.1(2) 

c(6) 0.6730(7) 0.338(l) 0..5957(7) 9.2(3) 

C(7) 0.5781(7) 0.301(l) 0.5342(6) 7.5(3) 

C(8) 0.4166(7) 0.2000) 0.5207(7) 6.6(2) 

C(9) - 0.0840(6) 0.4751(8) 0.2646(g) 7.0(2) 

CflO) - 0.0564(6) O&391(9) 0.2440) 8.3(3) 

3.2. S’ctral analysis 

In these complexes, two cyclopentadienyl rings and 
two oxygen atoms of ether substituted groups on the 
rings are coordinated with the central metal. There- 
fore, the coordination number of central metal for the 
two complexes is 8. The complex 3, with the coordina- 
tion number of nine, can be introduced when recrystal- 
lizing complex 2 in THF (eqn. (2)). 

(MeOCH,CH,C,H,),Yb s 

(MeOCH,CH,C,H,),Yb * OC,H, (2) 

We believe the coordination number of complex 3 to 
be the highest yet found for monomeric divaient 
organolanthanide complexes. 

The results of XPS for complex 1 are similar to 
those of bis(2-methoxyethylcyclopentadienyl) lan- 
thanide chlorides and reveal that the oxygen atoms are 
coordinated with the central metal [14]. In addition the 
binding energy of samarium in 1 is 1081.9 eV, which is 
LBh.,~~_ CmOZT lllIQ1 A aXI\ -..A Crnl~~7-T /ll-IQ3 4 ,171 “c;IW~GII Olll fib \I”“l.T GV, auu Lllll fib \L”“,&.J CI”,. 

It also shows the samarium is divalent in 1. The suscep- 
tibility and magnetic moment of complex 1 were deter- 
mined by NMR. They are xhil (293 K) (6039 X lop6 
cgs) and peff (3.76 ~a), respectively which show no 
difference from those of the Sm” in the literature [15]. 
The ‘H NMR data for 3 are listed in Table 3, and 
indicated intramolecular oxygen coordination of that 
oxygen and ytterbium, because all proton resonances 

. .C. ._ ____ 
were snirted to iower fieid compared with MeuCHt- 
CH,C,H,Na and lay between 0.2-O-3 ppm. 

TABLE 3. ‘H NMR data for 3 (6, TMS, ppm) 

Compound a 
cp;Yb . THF 

Cp’Na 

A6 b 

Me-O- 
3.37 (s, 6H) 

3.05 (s, 3H) 

0.32 

-o-CH,- -CH2-Cp’ CP’ THF 
3.69-3.62 (t, 4H) 2.73-2.66 (t,4H) 5.32 (s, 4H) 3.67-3.62 (t,4H) 

5.47 (s, 4H) 1.82-1.77 (t,4H) 
3.28 (t, 2H) 2.50 (t, 2H) 5.18 (t, 2H) 

5.31 (t, 2H) 
0.31 0.22 0.22 

0.27 

a Cp’ = MeOCH,CH,C,H,. b A6 = 8fCp;Yb. THF)H - S(Cp’Na)H. 

TABLE 4. Mass spectral data for 1 and 2 a 

Complex [Ml+ [M - Cp’ + MeO]+ 
- <” 
cp,sm 398 386 

(5.92) (1.18) 

CP;nJ 420 328 
(5.77) (1.43) 

[M - Cp’]+ [M - 2Cp’ + MeO]+ [M - 2Cp’+ 0CH2]+ ]cP’Hl+ [MeOCH *I+ 

275 
.“_ 

i82 
.^* ** 

183 IL4 

(0.93) (5.68) (11.00) (100) ;:8.20) 

297 124 
(1.89) (56.00) 

’ Recorded at EI, T 50-3WC, EM = 1.3 kV, based on the largest abundance of isotopes. 



82 
r. I. 

u. Ll ei ai. i Synihesis of bisi2-mei~o~er~yicyciopenrndienyij diuaient organoiant&n&s 

TABLE 5. Bond distances C& 

Yb-O(l) 2.564(3) 

Yb-o(2) 2.496(4) 

Yb-c(l) 2.707(4) 
Yb-C(2) 2.728(4) 

Yb-C(3) 2.746(4) 
Yb-C(4) 2.759(4) 

Yb-C(5) 2.725(4) 

0(1)-C(7) 1.411(6) 

OWC(8) 1.437(5) 

0(2)-C(9) 1.469(4) 

cw-c(2) 
C(l)-c(5) 
CWCX6) 
C(2WZ3) 
C(3)-C(4) 

C(4)-C(5) 
C(6)-C(7) 
C(9)-CUO) 
c(10)-c(10’) 
Yb-Cpl 

1.427(6) 
1.409(6) 

1.515(7) 
1.423(7) 

1.4OOf7) 
1.428(7) 
1.427(7) 

1.502(6) 
1.504(9) 
2.440(4) 

The mass spectral data for the two divalent 
organolanthanide complexes are, listed in Table 4. 

The two complexes all revealed a parent molecular 
ion [Ml+ and related fragments including [M-Cp’ + 
1 #_A,+ 
meul and M-Cp’ ]+; no fragment greater than $I]’ 
or equal to 72 or 71 was detected. The data indicate 
that the two complexes are solvent-free monomeric, 
and that Ln-Cp’ bond is the first cleared giving very 
high relative intensity peaks of [Cp’H]+. 

Fig. 1. Molecular structure of the complex (MeOCH&H2C5H4)2- 

Yb . THF (3). 

TABLE 6. Bond angles (“1 

ow-Yb-otl’) 

OwYb-o(2) 
ow-Yb-c(1) 
0(1)-Yb-c(1’) 
ow-Yb-C(2) 
O(l)-Yb-C(2’) 

O(l)-Yb-C(3) 
ow-Yb-c(3’) 
O(l)-Yb-C(4) 

O(l)-Yb-C(4’) 
O(l)-Yb-C(5) 
O(l)-Yt-C(5’) 
O(2)-Yb-C(1) 

O(2)-Yb-C(2) 
O(2)-Yb-C(3) 
O(2)-Yb-C(4) 

O(2)-Yb-C(5) 
c(l)-Yb-c(l*) 
C(l)-Yb-C(2) 
PI,\ VI. P/‘)‘\ by&,- I V-N.,\& , 

C(l)-YbC(3) 
C(l)-Yb-C(3’) 
C(l)-Yb-C(4) 
C(l)-Yb-C(4’) 
C(l)-Yb-C(5) 
C(l)-Yb-C(5’) 
c(2)-Yb-c(2*) 
C(2)--Yb-C(3) 
C(2)-Yb-C(3’) 
C(2)-Yb-C(4) 

143.5(2) 
71.75(8) 

64.40) 
124.7(l) 

85.20) 
94.60) 

113.1(l) 
79.0(l) 

110.2(l) 

96.50) 
80.7(l) 

125.80) 
102.6(2) 

89.6J2) 
108.5(l) 
137.0(2) 
132.6(2) 
154.9(3) 
30.40) 

149 9(l) 

50:0(l) 
120.40) 
49.8(l) 

109.2(l) 
30.1(l) 

124.0(2) 
179.3(3) 
30.1(l) 

150.40) 
49.2(l) 

c(2)-Yb-C(4*) 
C(2)-Yb-C(5) 
c(2)-Yb-C(5’) 
c(3)-Yb-C(3’) 
c(3)-Yb-C(4) 

c(3)-Yb-C(4’) 
c(3)-Yb-C(5) 
c(3)-Yb-c(5*) 
C(4)-Yb-C(4’) 

c(4)-Yb-C(5) 
cX4)-Yb-c(5*) 
Ct5)-Yb-C(5*) 

c(7)-OWc(8) 
C(9)-O(2)-C(9’) 

c(2)-C(l)-c(5) 
C(2)-CW-c(6) 
C(5)-C(l)-c(6) 
C(l)-C(2)-c(3) 
C(2)-C(3)-c(4) 
P,‘1, l-VA\ N<\ \I\JI-cI\V,-UJI 
Cw-c(5)-cX4) 
C(lj-C(6)-c(7) 

O(l)-C(7WX6) 
o(2)-C(9)-c(lO) 
c(9)-c(10)-c(10*) 
O(l)-Yb-Cpl 
O(l)-Yb-Cpl’ 
O(2)-Yb-Cpl 
Cpl-Yb-Cpl’ 

131.50) 
49.5(l) 

131.2(l) 
143.1(2) 

29.4(l) 
114.1(l) 
49.3(l) 

102.90) 

86.1(3) 

30.2(l) 
82.8(l) 
94.7(2) 

115.1(4) 
110.8(4) 
107.3(4) 
124.9(5) 
127.8(5) 
108.3(4) 
107.9(4) 

108 2:4: 
108:3(4) 
116.5(4) 
116.2(4) 

105.3(3) 
106.0(4) 
97.60) 
98.0(l) 

115.8(2) 
128.4(2) 

3.3. Molecular structure of (MeOCH,CH,C,H,),Yb * 
THF (3) 

Figure 1 depicts the structure of the complex. The 
coordination geometry around the ytterbium ion can 
be described as an approximate trigonal bipyramid 
with two centroids of the 2-methoxyethylcyclopenta- 
dienyl rings. The two oxygen atoms of 2-methoxyethyl 
substitutes and the oxygen of THF form the apices of 
the trigonal bipyramid. The molecule shows C, sym- 
metry about the Yb-O(2) axis. It means O(l), O(2) and 
O(l)* as well as O(2), cen(l> and ten(l)* are on the 
same plane. Complex 3 therefore has very high symme- 
try which is most unusual in low valent organolan- 
thanide complexes. Selected bond lengths and angles 
are listed in Tables 5 and 6. 

Angles are as follows: cent(l)-Yb-cent(l)* = 128.4”, 
C(2)-Yb-cent(I) = O(2)-Yb-cent(l)* = 115:8”, c?(l)- 
Yb-cent(l) = O(l)-Yb-cent(l)* = 9&O”, O(l)*-Yb- 
cent(l) = O(l)*-Yb-cent(l)’ = 97.6”, o(l)-Yb-O(l)* 
= 143.5(l)“. The cent(l)-Yb-cent(P) angle is smaller 
than that of nonbridged low valent ytterbium com- 
plexes, such as (C,H,),Yb(DME) (131”) 1161, 
[Me,Si(C,H ,)],Yb(THF), 1133”) [17], [t-C,H,- 
(C,H,)I,YbWHF), (134”) [51, (C,Me,),Yb(NH,XTHF) 
(135.1”) WI, (C,Me,),Yb(py), (I36.3”) [191, (C,Me,),- 
VhWHF‘I (lA? Co1 ml cr_M~_)_Vh ~l~R”~ 1311 and _I\____, \_ .-._ , L --,, \-,“‘~,,z’” \A”_, LLL, U.._ 
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(t-C,H,C,H,),Sm(TI-IF) (132.5”) [3]. It is obvious that 
the intramolecular coordination bonding of the oxy- 
gens of the ligands to the centre metal, with solvation, 
make the cyclopentadienyl rings closer to each other 
althnlloh rterir remllcinn is increased a !it_t!e, However. U’.““Ub’. “.I___ --~‘--U‘--‘ --- ” - --I 
the CpYbCp angle in 3 is closer to that in 
(C,H,CH,CH,CH,C,H,)zYb + (TI-IF) (127”) 141. This 
is because the two cyclopentadienyl rings connected by 
the trimethylene bridged chain also increase the rigid- 
ity of complex 1. 

The ytterbium-carbon distances range from 2.707(4) 
to 2.7&l(4) A and average 2.737 A, which is cornpara- 
ble with those in (tB~CsH,),Yb(THF), (2.723 A) 151, 
L- TT 1 VL/~~I~C\ ~3 7~) A. 9 LEQ X\ rrc 131 /r sr(_ 1 \L5n512 I u\urvr~~ \L. IL a, L.UJO fi, ~IU+LI, \~~rvl=5,2- 

Yb(py)o, (2.742 A) 1241 and [Me,Si(C,H,>12yb(T~F), 
(2.75 A) [24]. The Yb-O(THF) distance, 2.496(4) A, is 
longer than that of all simil%r complexes, such as 
(‘BuC,H,),Yb(TI-IF), (2.430 A) [51, (Me,SiC,H,) - 
Yb(THF), (2.410 A> 1251, (C,Me,),Yb(THF) (2.$1 x) 
1191, (C,H,CH,CH,CH,C,H,)Y$(THF), (2.42 A) 141, 
(C,Me,),Yb(NH,XT$IF) (2.46 A> 1181 and (C,H,),- 
Yb(DME) [2.466(9) A] [22]. This demonstrates that the 
Yb-O(TI-IF) bond in complex 3 is weaker than that in 
the above complexes. That is why the THF in 3 is easy 
cr. .._-_,,-. :.. r,nn.r..m n, .-A_... +~..n..nrn,~~rn L” IG,II”“G 111 “LL~UUIII L1L luulll L~I,qJtiL~CU’G. 
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