
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

COORDINATION CHEMISTRY OF N-METHYLIMIDAZOLE WITH
YTTRIUM AND CERIUM
William J. Evansa; Julie L. Shreevea; Timothy J. Boylea; Joseph W. Zillera

a Department of Chemistry, University of California, Irvine, California, USA

To cite this Article Evans, William J. , Shreeve, Julie L. , Boyle, Timothy J. and Ziller, Joseph W.(1995) 'COORDINATION
CHEMISTRY OF N-METHYLIMIDAZOLE WITH YTTRIUM AND CERIUM', Journal of Coordination Chemistry, 34: 3,
229 — 239
To link to this Article: DOI: 10.1080/00958979508024312
URL: http://dx.doi.org/10.1080/00958979508024312

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979508024312
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. Coord. Chem., 1995, Vol 34, pp. 229-239 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

COORDINATION CHEMISTRY OF 

AND CERIUM 
N-METHYLIMIDAZOLE WITH YTTRIUM 

WILLIAM J. EVANS,* JULIE L. SHREEVE, TIMOTHY J. BOYLE, 
and JOSEPH W. ZILLER 

Department of Chemistry, University of California, Irvine, California 9271 7, USA 

(Received July 8, 1994: in final form October 26, 1994) 

YCI, crystallizes in the presence of N-methylimidazole (N-MeIm) to form [YCI,(N-MeIm),] + 

[YCl,(N-MeIm),]- , 1 or [YCI,(N-MeIm)J [Cll-, 2, depending upon crystallization conditions. The 
bromide analog of 2, [YBr,(N-MeIm)J [Brl-, 3, has been obtained from YBr,(THF), and N-MeIm. 
Both 1 and 2 contain seven coordinate pentagonal bipyramidal [YCIJN-MeIm),]' cations which 
have chloride atoms in the axial ligand positions. The anion in 1 has a trans octahedral geometry. 
Ceric ammonium nitrate crystallizes from N-MeIm to form Ce(N03),(N-MeIm),, 4, which contains 
a formally ten-coordinate cerium center. 4 is best described as a seven coordinate distorted pentagonal 
bipyramid with the NO3 ligands occupying one axial and two equatorial sites. 1 crystallized from 
N-MeIm in the space group P1 with a = 8.1435 (10) A, b = 9.0448(8) A, c = 15.103(2) A, a = 93.872 
(lo)", p = 94.117(11)0, y = 107.288(9)", V = 1054.8(2) A3 and Dcalcd = 1.520 Mg/m-, for Z = 1. 
Least squares refinement of the model based on 3375 reflections ( I  F, I >2.00 (IF, I)) converged to a 
final R, = 3.70/0. 2 crystallized from a mixture of YCI, and trimethylaluminum in N-MeIm in the 
space group P i  with a = 9.462 (3) A, b = 12.201 (4) A, c = 13.087(4) A, 01 = 77.53(3)", 
p = 73.13(2)", y = 76.39(2)', V = 1387.5(7)A3 and Dcalcd = 1.450 Mg/rn-, for Z = 2. Least squares 
refinement of the model based on 3909 reflections (JF01>3.0o (IF,!)) converged to a final RF = 

4.7%. 3 crystallized from N-MeIm, was found to be isomorphous with 2 by a unit cell determination. 
4 crystallized from a mixture of THF and N-MeIm in the space group P 2 , h  with a = 9.9134(16) A, 
b = 18.967(3) A, c = 13.381(2) A, p = 90.864(12)", V = 2515.6(7) A3 and Dcalcd = 1.728 Mg/rn-, for 
Z = 4. Least squares refinement of the model based on 5239 reflections ( IF, I >3.00 ( IF, I )) converged 
to a final R, = 3.9%. 

KEYWORDS: cerium, yttrium, N-methylimidazole, lanthanide, ion pairs 

INTRODUCTION 

Recent studies of the coordination chemistry of lanthanide trihalides in the 
presence of oxygen donor solvents other than common ethers such as THF, 
dimethoxyethane, and Et,O, have shown that these superficially simple LnX,/ 
solvent systems (where Ln = Y and the lanthanides, X = halides) display a surpris- 
ingly diverse structural chemistry. For example, while most LnX,/ether systems 

By acceptance of this article, the publisher and/or recipient acknowledges the U.S. Government's right 
to retain a nonexclusive, royalty-free license in and to any copyright covering this paper. 
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230 EVANS et al. 

crystallize as LnX,(oxygen donor), complexes,' lanthanide trichlorides in the 
presence of &-caprolactone form the following: YbC~,(C6H,,0,)(THF),, 
YC13(C6H1002)3, [TbC12(THF)51 + CTbC1,(TW2I- 1 , [Sm(C6H1~02)d3+ [C13 
Sm(p-C1)3SmC13]3-, and [Nd(C6H,,0,2)8]3 + [Cl ,Nd(p-Cl),NdCl 3]3-.273 These 
structural variations are unusual and can have significant ramifications in reaction 
chemistry, because bridging ligands can have different reactivity than terminal 
ligands in lanthanide and cationic complexes show different chemistry 
than neutral or anionic  specie^.^,^ Since this means that certain donor solvents can 
influence the reaction rates of metal trihalides by the formation of ion pairs or 
bridged species, it is important to know the range of structural variations that are 
available for simple starting materials of the lanthanides in various solvents. 

We have recently investigated the utility of N-methylimidazole, MefiCH = 

CHN = CH (N-MeIm) as a solvent in lanthanide chemistry and have found that, as 
in transition metal chemistry,'-I2 its strong ligating ability can provide some special 
opportunities in the coordination chemistry of the lanthanides. Our initial studies 
with N-MeIm involved divalent samarium halide starting rna te r ia l~ . '~ , '~  In this 
report, we examine the effect of this solvent on typical Y(II1) and Ce(1V) starting 
materials. 

Experimental 
All compounds described below were handled under nitrogen with rigorous 
exclusion of air and water using standard Schlenk, vacuum line and glove box 
techniques. THF was freshly distilled and dried as previously described. ' Yttrium 
chloride (RhBne-Poulenc) was dried as previously described. l 6  Yttrium bromide 
was prepared according to literature methods. ' Ceric ammonium nitrate (Cerac) 
was dried under high vacuum at 65°C overnight and used without further 
purification. Redistilled N-methylimidazole (Aldrich, water content 0.01 3% by 
Analytische Laboratorien GmbH, D-5 1647 Gummersbach, Germany) and trime- 
thylaluminum (Aldrich) were used without further purification. 

[YCI,(N-MeIm)J + [YCI,(N-MeIm)J- , 1 
In a glovebox, anhydrous YC1, (0.50 g, 0.50 mmol) was stirred in THF (ca.2.0 mL) 
for 1 h and the solvent was removed by rotary evaporation. Most of the resulting 
white powder dissolved in N-MeIm (2.0 mL). After 2 days, the solution was 
decanted from the remaining precipitate and two drops of toluene were added to the 
soluble fraction. Crystals of 1 formed after 24 h. 

/YC12(N-MeIm)J + [Cg - , 2 
In a glovebox , AlMe, (1.0 mL, 10.7 mmol) was added via syringe to a stirred slurry 
of YC1, (0.07 g, 3.58 mmol) in hexanes. After 12 h, the mixture was dried by rotary 
evaporation and a white, THF insoluble powder was obtained. A slurry of this 
powder in N-MeIm was prepared, and after two weeks, crystals of 2 were isolated 
in nearly quantitative yield. Anal Calcd for YC,,H,,N,,Cl,: Y, 14.68; C, 39.65; H, 
4.99; N, 23.12; C1, 17.56. Found: Y, 14.95; C, 39.52; H, 4.83; N, 22.95; C1, 17.47. 
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N-METHYLIMIDAZOLE: YTTRIUM, CERIUM 23 1 

[(N-MeIm),YBrJ + [Br] - , 3 
In a glovebox, YBr,(THF), (0.05 g, 0.92 mmol) was dissolved in N-MeIm (2.0 mL) 
to form a saturated solution. After two days, the solution was decanted off the 
remaining precipitate and two drops of toluene were added to the soluble fraction. 
3 crystallized within 24 h and was found to be isomorphous with 2 by a unit cell 
determination. 

Ce(NOJ),(N-MeIm), 4 
In a glovebox, ceric ammonium nitrate (0.50 g, 7.6 mmol) was dissolved in a 1:l 
mixture of THF and N-MeIm (2.0 mL total) and stirred 12 h. Slow evaporation of 
the resulting viscous dark brown solution at ambient temperature deposited 4 as 
pale gold crystals after several days. 

General Aspects of X-ray Data Collection, Structure Determination, and 
Rejinement for 1, 2, and 4 
In each case a crystal was immersed in Paratone-D oil under nitrogen and then 
manipulated in air onto a glass fiber and transferred to the nitrogen stream of a 
Syntex P2, diffractometer (Siemens R3m/V System) which is equipped with a 
modified LT-1 low-temperature system. The determination of h u e  symmetry, 
crystal class, unit cell parameters and the crystal’s orientation matrix were carried 
out using standard techniques similar to those of Churchill.’* Details are given in 
Table 1. All data were corrected for absorption and for Lorentz and polarization 
effects and were placed on an approximately absolute scale. Any reflection with 
I(net) < 0 was assigned the value I F, I = 0. All crystallographic calculations were 
carried out using either our locally modified version of the UCLA Crystallographic 
Computing Package” or the SHELXTL PLUS program set.20 The analytical 
scattering factors for neutral atoms were used throughout the analysis;21 both the 
real (Af‘) and imaginary (iAf ’) components of anomalous dispersion were included. 
The quantity minimized during least-squares analysis was Xw( I F, 1 -  I F, I )’ where 
w-l is defined below. The structures were refined by full-matrix least-squares 
techniques. Hydrogen atoms were included using a riding model with d(C-H) = 0.96 
A and U(iso) = 0.08 A’ except where noted. 

[YCI,(N-MeIm)J + pC14(N-MeIm)J- , 1 
3599 data were collected on a colorless crystal of approximate dimensions 0.17 x 
0.2 x 0.26 mm at 163 K. There were no systematic extinctions nor any diffraction 
symmetry other than the Freidel condition. The two possible triclinic space groups 
are the noncentrosymmetric Pl[C:; No. 11 or the centrosymmetric PT [C:; No. 21. 
Refinement of the model using the noncentrosymmetric space group proved it to be 
the correct choice. The quantity wml was defined as 02( IF, I ) + 0.0005( IF, 1)’. The 
structure was solved by direct methods (SHELXTL PLUS); and refined by 
full-matrix least-squares techniques. There are two different independent molecules 
in the unit-cell. This is consistent with the observed Z-value of 1 for space group P1. 
Refinement of the model led to a convergence with R, = 3.7%, kF.= 3.7% and 
GOF = 1.07 for 450 variables refined against those 3375 data with lFol > 
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232 EVANS et al. 

2.04 I F, I ) .  A final difference-Fourier map yielded p(max) = 0.47 eA-’. The absolute 
structure was determined by refinement of the Rogers’ q-parameter.,’ Inversion of 
the model followed by least-squares refinement also indicated that the present model 
is correct (RF = 5.0%, R,, = 6.0% and GOF = 1.73 for the inverted model). 

Solution of the structure using the centrosymmetric space group was unsuccessful. 
In this space group, it would be necessary for each independent molecule to be 
located on an inversion center or for the unit-cell volume to be doubled. It is clear 
that the [Y(N-MeIm),Cl,]+ molecule does not possess the correct molecular 
symmetry to be located on an inversion center. Axial photographs confirmed the 
reported axial dimensions. 

[YC12(N-MeIm)J’ [Cu- , 2 
5216 data were collected on a colorless crystal of approximate dimensions 0.23 
x 0.43 x 0.51 mm at 163 K. There were no systematic extinctions nor any diffrac- 

tion symmetry other than the Freidel condition. The two possible triclinic space 
groups are the noncentrosymmetric P1 [C:; No. 11 or the centrosymmetric 
PT [C:; No. 21. Refinement of the model showed that the centrosymmetric space 
group was the correct choice. The quantity w-’ was defined as o’ (IFol) 
+ 0.0009( IF, I )’. The structure was solved by direct methods (SHELXTL PLUS); 
and refined by least-squares techniques. Refinement of the model led to a conver- 
gence with RF = 4.7%, R,, = 5.2% and GOF = 1.10 for 308 variables refined against 
those 3909 data with IFo! > 3.00((F0j). A final difference-Fourier map yielded 
p(max) = 0.55 eA-3. 

Ce(NOJ,(N-MeIm),, 4 
6328 data were collected on a pale gold crystal of approximate dimensions 0.27 x 
0.36 x 0.50 mm at 163 K. The diffraction symmetry was 2/m with systematic 
absences O M )  for k + 2n + 1 and h01 for h + 1 = 2n + 1. The centrosymmetric mono- 
clinic space group P2,/n, a non-standard setting of P2,/c[C:,; No. 141 is therefore 
uniquely defined. The quantity w- ’ was defined as 02( I F, I ) + 0.0002( I F, I )’. The 
structure was solved by direct methods (SHELXTL PLUS); and refined by least- 
squares techniques. Refinement of positional and thermal parameters led to a 
convergence with RF = 3.9%, R,, = 5.0% and GOF = 2.23 for 335 variables refined 
against those 5239 data with lFol > 3.00(lF01). A final difference-Fourier map 
yielded p(max) = 1.82 e k 3  at a distance of 0.83 A from Ce(1). 

RESULTS AND DISCUSSION 

Yttrium Trihalides with N-Methylimidazole 
N-Methylimidazole (N-MeIm) dissolves THF-insoluble solids containing YCl, to 
form two types of N-MeIm solvated YC1, depending on crystallization conditions: 
[YCl,(N-MeIm),]’ [YCl,(N-MeIm),]- , 1 (Figure I), and [YCl,(N-MeIm),]’ [Cll-, 2 
(Figure 2). There are no close contacts between the cations and the anions in 
these complexes. YBrJTHF), crystallizes from N-MeIm to form [YBr, 
(N-MeIm),]’ [Brl- , 3, which is isomorphous with 2. 
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N-METHYLIMIDAZOLE: YTTRIUM, CERIUM 233 

In each case, 1-3, N-MeIm is a strong enough donor ligand to displace halide 
from the metal center. Complete displacement of halide ions from samarium by 
N-MeIm has been previously observed for SmI,, which forms a compound 
containing an octasolvated trication, [Sm(N-MeIm),3+ ][I-I3l3 and halide dis- 
placement is common in transition metal systems involving N-MeIm.7-'2-23-25 
Loss of halide from a lanthanide with formation of an ion pair has also been 
observed in the YbC13/1 5-crown-5/A1Me3 system which forms [YbCl,( 15-crown- 
5)][A1Me,C1,].26 Formation of ion pairs under the proper conditions is well 
precedented in group 13 chemistry, e.g., in [A1C12(THF)4][A1C14].27 

Complexes 1-3 contain cationic components which have yttrium in a distorted 
pentagonal bipyramidal ligand environment with the halide ions in the axial 
positions. This type of structure has been observed in other seven coordinate 
cationic complexes of general formula [LnZ,(solvent),]+ ( Z  = monoanionic 
ligand) such as [SrnI,(THF),]+ ," [YCl(OCMe,)(THF),]+ ,29 [CeCl,(THF),]+ 
and [TbC12(THF),]+.3 The cations in 1 and 2 exhibit similar bond distances 
and angles as shown in Table 2. The CI-Y-C1 angles of 174.0(1) and 174.5(1)", 
in 1 and 2, respectively, approach linearity and the Cl-Y-N(N-MeIm) angles 
cluster around the 90" angle of a regular pentagonal bipyramid with a range of 
83.8(1)" to 97.8(2)". The 72.2(18)" and 72.1(14)" average of the N-Y-N angles 
for adjacent imidazole ligands, in 1 and 2, respectively, matches the 72" 
idealized angle and the 70.2(1)" to 75.4(2)" range of values is fairly narrow. As 
in [SmI,(THF),]+ ,28 [YCl(OCMe,)(THF),]+ ,29 and [TbCI,(THF),]+ ,3 the five 
solvent molecules in 1 and 2 are canted in a propeller-like fashion around the 
metal center. 

The average Y-C1 distances of 2.592(3)8, and 2.611(6)A in 1 and 2, 
respectively, are shorter than the 2.660(2) 8, Y-C1 distance in 
[YCl(OCMe,)(THF),]+ ,29 but are comparable to the 2.598( 1) 8, average Tb-C1 
distance in [TbC1,(THF),]+(Tb3+ is 0.02 8, larger than Y3+).31 The ranges of 
Y-N(N-MeIm) distances, 2.462(6)-2.495(6) 8, in the cation of 1 and 2.467(4)- 
2.478(4) 8, in 2, are very similar. The average Y(1)-N distances of 2.478(12) 8, 
and 2.474(4) A found in the cations of 1 and 2, respectively, are longer than the 
2.402( 16) 8, Tb-O(THF) distances in [TbCI,(THF),]+ after the difference in 
metallic radii is con~idered.~ '  Previously, it has been observed that Ln-N(N- 
MeIm) distances are quite similar to Ln-O(THF) lengths in comparable lan- 
thanide c~mplexes . ' ~  

The geometry around the yttrium in the anion of 1 is that of a slightly 
distorted octahedron with the two THF molecules trans to each other. The bond 
angles between the donor atoms of the cis ligands are clustered around 90" with 
a range of 86.7(1)" to 91.5(2)", and the angles between the trans ligands are 
nearly linear: C1(3)-Y(2)-C1(6), 178.7( 1)'; C1(4)-Y(2)-C1(5), 178. I( l ) - ;  N( 1 1)-Y(2)- 
N(l3), 176.4(2)". The average Y(2)-C1 bond length is 2.616(14) A, which is 
similar to the average Tb-C1 distance of 2.629(8) 8, in [TbCl, (THF),]-'. 
Interestingly, the Y-Cl distances for trans chlorides Cl(4) and Cl(5) (2.632(2) and 
2.628(2) A), are statistically longer than the Y-C1 distances for trans chlorides 
Cl(3) and Cl(6) (2.602(2) and 2.600(2) A), although the difference is not great. 
There is no obvious reason for this in the packing diagram of 1. The average 
Y(2)-N bond length is 2.427(3) 8, compared to a 2.478(11) 8, average Y(1)-N 
distance in the seven coordinate cation. 
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234 EVANS et a(. 

Figure 1 Thermal ellipsoid plot of [YCI,(N-MeIm),l+ [YCl,(N-MeIm),]- , 1, with probability 
ellipsoids drawn at the 50% level. 

C I6 

Figure 2 
the 50% level. 

Thermal ellipsoid plot of [YCI,(N-MeIm),]' [a]-, 2, with probability ellipsoids drawn at 
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Table 1 Experimental data for the X-ray diffraction studies of [YCI, (N-MeIm),]' 
[YC14(N-MeIm),]-, 1, [YCI,(N-MeIm),]' [CII-, 2, and Ce(NO,),(N-MeIm),, 4. 

Compound 1 2 4 

Formula 

D,,dMglm3) 
Diffractometer 
Data Collected 
Scan Type 
Scan Range (deg) 

Scan Speed, 
deg min-' (in w) 
28 Range (deg) 
p(MoKa), mm- I 
Reflections Collected 
w- I 

[C,H I2N4C14YI 
[ C ~ O H ~ O C ~ ~ Y I  
965.3 
163 
Triclinic 
PI 
8.1435(10) 
9.0448(8) 
15.103(2) 
93.872( 10) 
94.117(11) 
107.28819) 
1054.8(2) 
1 
1.520 
Syntex P2, 
+ h,+k,+I  

Omega 
1.20 

4.0 

4.0 to 48.0 
3.175 
3599 

0.0005( I Fo I )' 
x = 2  
3375 
450 
3.7%. 3.7% 

02(IFol) + 

163 
Triclinic 
PI 
9.462(3) 
12.201(4) 
13.087(4) 
77.53(3) 
73.13(2) 
76.39(2) 
I387.5(7) 
2 
1.450 
Syntex P2, 
+ h , k k , k l  

Wyckoff 
2.00 

30.0 

4.0 to 50.0 
2.432 
5216 

0.0009( IF, 1 )2 
x = 3  
3909 
308 
4.7%. 5.2% 

a2(lF,I) + 

C16H24NL logCe 

654.6 
163 
Monoclinic 
P2,,* 
9.91 34( 16) 
I8.967(3) 
13.381(2) 

90.864( 12) 

25 15.6(7) 
4 
1.728 
Syntex P2, 
i h, i k , k l  

8-28 
1.2 
plus Ka-separation 
3.0 
4.0 to 55.0 
1.768 
6328 
02(lF,I) + 
0.0002( I F, I )2 
x = 3  
5239 
335 
3.9%, 5.0% 
2.23 Goodness of Fit 1.07 1.10 

Radiation: MoKa (h  = 0.710730 A) 
Monochomator: highly oriented graphite 
Absorption Correction: semi-empirical (pscan method) 

(NH& Ce(NOJ,/N-Melm 
N-methylimidazole is not a good donor solvent for the most common form of 
Ce(IV), namely ceric ammonium nitrate, since reduction to Ce(II1) occurs upon 
mixing and the ammonium-free neutral Ce(II1) complex Ce(NO,),(N-MeIm),, 4 
(Figure 3), is formed. However, isolation of 4 allows a comparison of N-MeIm and 
DME as solvating ligands using the previously studied structure of Ce(NO,), 
(DME),, 5.32 The structure of formally ten coordinate 4 is not easily described using 
common ten coordinate geometries.,, However, if the small chelating nitrate groups 
are considered to occupy one coordination site, as is often done,32,34-38 4 c an be 
viewed as a seven coordinate distorted pentagonal bipyramid in which N-MeIm 
N(6) and the nitrate containing N(3) are the apical ligands and the nitrate ligands 
containing N(l) and N(2) and the imidazole nitrogens, N(4), N(8), and N(lO), 
comprise the ligands in the pentagonal plane. 5 can be viewed similarly with a 
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236 EVANS et al. 

Table 2 Selected Bond Distances (A) and Angles (") for [YCI,(N-MeIm),]+ [YCI,(N-MeIm),]-, 1, 
[YCI,(N-MeIm),]' [ a ] - ,  2, and Ce(NO,),(N-MeIm),, 4. 

1 2 4 

Y( l)-CI( 1)  
Y( 1)-C1(2) 
Y(2)-C1(3) 
Y(2)-C1(4) 
Y (2)-C1( 5) 
Y( 2)-CI( 6) 
Y( 1 )-N( 1) 
Y(l)-N(3) 
Y(1 )-N(5) 
~ ( 1 ) - ~ ( 7 )  
~ ( 1 ) - ~ ( 9 )  
Y(2)-N(11) 
Y(2)-N( 13) 
a( I)-Y( 1)-C1(2) 
Cl( 1)-Y( 1)-N( 1) 
C1(2)-Y( 1)-N(l) 
CI(1)-Y( 1)-N(3) 
C1(2)-Y( 1)-N(3) 
N( I )-Y( 1 )-N(3) 
C1( I)-Y( 1)-N(5) 
C1(2)-Y( 1)-N(5) 
N( 1)-Y( 1)-N(5) 
N(3)-Y( 1)-N(5) 
C1( l)-Y(l)-N(7) 
C1(2)-Y( 1)-N(7) 
N( I)-Y( 1)-N(7) 
N(3)-Y( 1 )-N(7) 
N(5)-Y( 1)-N(7) 
Cl( l)-Y(l)-N(9) 
C1(2)-Y( 1 )-N( 9) 
N(1)-Y( 1)-N(9) 
N( 3)-Y( 1 )-N(9) 
N(5)-Y( I)-N(9) 
N(7)-Y( 1)-N(9) 
C1( 3)-Y(2)-c1(4) 
Cl( 3)-Y(2)-c1( 5) 
C1(4)-Y(2)-Cl( 5 )  
C1(3)-Y(2)-C1(6) 
C1(4)-Y (2)-C1( 6) 
C1( 5)-Y(2)-C1(6) 
C1(3)-Y(2)-N( 11) 
C1(4)-Y(2)-N(11) 
C1(5)-Y(2)-N(ll) 
C1(6)-Y(2)-N( 11) 
C1(3)-Y(2)-N( 13) 
C1(4)-Y(2)-N( 13) 
C1(5)-Y(2)-N( 13) 
C1(6)-Y(2)-N( 13) 
N( 1 1)-Y(2)-N( 13) 

2.591(2) 
2.593(3) 
2.602(2) 
2.632(2) 
2.628(2) 
2.600(2) 
2.479(6) 
2.469(7) 
2.495(6) 
2.462(6) 
2.48 5( 6) 
2.43 l(7) 
2.424(7) 
174.0( 1) 
96.8(2) 
88.7(2) 
87.1(2) 
92.4(2) 
7 1.1(2) 
88.6(2) 
85.4(2) 
145.7(2) 
7 5.4( 2) 
86.4(2) 
90.7(2) 
143.2(2) 
145.6(2) 
70.8(2) 
86.4(2) 
97.8(2) 
70.8(2) 
140.2(2) 
I 43.5( 2) 
72.8(2) 
90.2(1) 
90.4( 1) 
178.1(1) 
178.7( I )  
88.8(1) 
90.6(1) 
87.7(2) 
91.5(1) 
90.3(1) 
91.5(2) 
90.2(2) 
9 1.4( 1) 
86.7(1) 
90.6(2) 
176.4(2) 

Y( ] ) - a (  1) 
Y( 1)-C1(2) 

Y( l)-N( 1) 

Y( 1 )-N(7) 

Y( 1 ) - ~ ( 3 )  
Y( 1 ) - ~ ( 5 )  

Y( 1 ) - ~ ( 9 )  

Cl( 1)-Y( 1)-C1(2) 
C1( 1)-Y( 1)-N( 1) 
C1(2)-Y( 1)-N( 1) 
Cl( 1)-Y( 1)-N(3) 
C1(2)-Y( 1)-N(3) 
N( I)-Y( 1)-N(3) 
C1( I)-Y( 1)-N(5) 
C1(2)-Y( I)-N(5) 
N( 1)-Y( 1)-N(5) 
N(3)-Y( I)-N(5) 
CI(1)-Y( 1)-N(7) 
C1(2)-Y( I)-N(7) 
N( I)-Y( 1)-N(7) 
N(3)-Y( 1)-N(7) 
N(5)-Y( 1)-N(7) 
Cl( 1 )-Y( 1)-N(9) 
C1(2)-Y( 1)-N(9) 
N( I)-Y( 1)-N(9) 
N(3)-Y( 1)-N(9) 
N(5)-Y( 1)-N(9) 
N(7)-Y( 1)-N(9) 

2.605( 1) 
2.6 16( 1) 

2.473(3) 
2.478(4) 
2.4 7 5 (4) 
2.477(4) 
2.467(4) 

174.5( 1) 
85.8(1) 
90.7(1) 
91.2(1) 
83.8(1) 
74.5(1) 
90.0( 1) 
90.6( 1) 
146.0(1) 
7 1.9( I )  
90.8( 1) 
94.5( 1 )  
142.4(1) 
143. I (  1) 
71.2( 1 )  
93.5( 1) 
89.4( 1) 
72.7(1) 
146.4(1) 
141.3( 1) 
70.2( 1) 

Ce( 1 )-O( 1 ) 
Ce( 1)-0(2) 
Ce( 1)-0(4) 
Ce( 1)-O(5) 
Ce( 1 )-O( 7) 
Ce( 1)-O(8) 
Ce( 1 )-N( 1 ) 
Ce( 1)-N(2) 
Ce( 1)-N(3) 
Ce( 1)-N(4) 
Ce( 1)-N(6) 
Ce( 1)-N(8) 
Ce( 1 )-N( 10) 
N(4)-Ce( 1)-N(6) 

N(6)-Ce( 1)-N(8) 
N(4)-Ce( 1)-N( 10) 
N(6)-Ce( I)-N( 10) 
N( 8)-Ce( 1 )-N( 1 0) 
N(4)-Ce( 1 )-O( 1 ) 
N( 6)-Ce( 1 )-O( 1 ) 
N( 8)-Ce( I )-O( 1 ) 
N( IO)-Ce( 1 )-O( 1 ) 
N(4)-Ce( 1 )-0(2) 
N(6)-Ce( 1)-0(2) 
N(8)-Ce( 1)-0(2) 
N( 1 0)-Ce( 1)-0(2) 
O( 1)-Ce( 1)-0(2) 
N(4)-Ce( 1)-0(4) 
N(6)-Ce( 1)-O(4) 
N(8)-Ce( 1)-O(4) 
N( 10)-Ce( 1)-0(4) 
O( I)-Ce( 1)-0(4) 
O(2)-Ce( 1)-0(4) 
N(4)-Ce( 1)-O(5) 
N(6)-Ce( 1)-O(5) 
N@)-Ce( 1)-O(5) 
N( 1 0)-Ce( 1 )-O( 5 )  
O( 1 )-Ce( 1 )-O( 5 )  
O(2)-Ce( 1)-0(5) 
O(4)-Ce( 1)-O(5) 
N(4)-Ce( 1)-0(7) 
N(6)-Ce( 1)-0(7) 
N@)-Ce( 1)-0(7) 
N( 10)-Ce( 1)-O(7) 
O( 1)-Ce( 1)-0(7) 
O(2)-Ce( 1)-0(7) 
O(4)-Ce( 1)-0(7) 
0(5)-Ce( 1)-0(7) 
N(4)-Ce( 1)-O(8) 
N(6)-Ce( 1)-O(8) 
N(8)-Ce( 1)-O(8) 
N( 10)-Ce( 1)-O(8) 
O( I)-Ce( 1)-O(8) 
O(2)-Ce( 1)-O(8) 
O(4)-Ce( 1 )-O(8) 
O( 5)-Ce( I )-O( 8) 
O( 7)-Ce( 1 )-O( 8) 

N(4)-Cc( 1)-N(8) 

2.615(3) 
2.600(3) 
2.638(3) 
2.627(3) 
2.764(3) 
2.535(3) 
3.027(4) 
3.062(4) 
3.082(4) 
2.6 3 6(4) 
2.669(3) 
2.662(4) 
2.603(3) 
8 1.8(1) 
74.7(1) 
83 .O( 1 ) 
143.3(1) 
91.8(1) 
1 4 0 3  1) 
73.7(1) 
115.2(1) 
140.4( 1) 
76.7( 1) 
74.9( 1 ) 
67.2(1) 
139.9( 1) 
69.4(1) 
48.8(1) 
14 I .O( 1) 
115.6(1) 
73.3(1) 
74.0(1) 

143.3(1) 
135.9(1) 
67.3(1) 
71.1(1) 
70.9(1) 
147.5( 1) 
1 16.9( 1) 
48.5(1) 
111.6(1 
163.3(1 
109.6(1 
7 1.5(1) 
62.2( 1) 
105.6(1 
60.0(1) 
105.6( 1 
73.0( 1 ) 
148.7( 1) 
72.8(1) 
119.5(1) 
75.6(1) 
121.4( 1) 
76.5(1) 
I20.4( 1) 
48.0(1) 

121.2( 1) 
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c4 

09 

C16 

Figure 3 Thermal ellipsoid plot of Ce(NO,),(N-MeIm),, 4, with probability ellipsoids drawn at the 
50% level. 

nitrate in one apical position and a solvent donor atom in the other position. The 
structures of 4 and 5 differ however in the arrangement of ligands in the pentagonal 
plane: in 5, the equatorial nitrate ligands are adjacent whereas in 4 they are not. The 
172.8" N(3)-Ce(l)-N(6) angle in 4 approaches the 180" angle of a pentagonal 
bipyramid and the mean deviation of N(1), N(2), N(4), N(8), and N(10) from the 
plane of Ce is 0.065 8,. 

The bond distances and angles of the bidentate nitrate ligands in 4 (Table 2) are 
not unusual33 and are similar to those in 5.32 The 0-Ce-0 angles are 48.0(1), 
48.5(1), and 48.8(1)" compared to 49.5(1), 49.9(1), and 49.9(1)" in 5. The N-0  
distances for the oxygen atoms attached to cerium fall in a range of 1.250(5) to 
1.288(5) 8,, compared to 1.264(4)-1.277(4) 8, in 5. The other N-0  distances are 
1.213(5) to 1.229(5) 8, in 4 compared to 1.218(3)-1.225(4) 8, in 5.30 The 0-N-0 
angles for the oxygen atoms connected to cerium are 116.6(3)-117.0(3)", whereas 
the other 0 -N-0  angles are 119.4(4)-123.6(4)". 

The average Ce-0 distance of 2.63(7) 8, in 4 is in the range of previously observed 
Ce-O(nitrate) average values: 2.569( 15) 8, in [Ph3EtP]2[Ce(N03),],37 2.64(2) 8, in 
[Ce(NO )6]2MgI(H20),,,39 2.666 8, in [Ce(N03),(H,0)2(4,4'-bipyridine)]-,40 and 
2.57(3) 1 in 5.3 The average Ce-N(N-MeIm) distance of 2.64(3) 8, is similar to the 
average Ce-O(DME) distance of 2.57(3) A in 5,  within the error limits.32 The 
average Ce-N(N-Melm) distance is also statistically similar to the Y-N(N-MeIm) 
distances in 1 and 2 when the differences in metallic radii and coordination number 
are con~idered.~' 

Conclusion 
N-MeIm functions as a strong donor solvent for lanthanide complexes. It is 
comparable to common ethers in steric factors, as shown by the similarity of 1 and 
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2 to [TbCI,(THF),]+ [TbCl,(THF),]- ,3  and the close resemblance of the structures 
of 4 and 5. However, it can dissolve materials insoluble in THF and displace halide 
and THF ligands from the lanthanide metal ions. In this regard, N-MeIm offers 
opportunities to vary in significant ways the solubility and coordination environ- 
ments of lanthanide complexes. N-MeIm is not a suitable ligand for nitrate-ligated 
Ce(IV), however, due to the redox chemistry which occurs. 

SUPPLEMENTARY MATERIAL 

X-ray diffraction and structure factor tables available from WJE. 
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