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The title complex, (nBu4N)+[(HCPz3)Ce(NO3)4]ÿ or

(C16H36N)[Ce(NO3)4(C10H10N6)], which is the ®rst lanthan-

ide(III) complex of tris(pyrazolyl)methane (HCPz3), is 11-

coordinate. The CeÐO and CeÐN bond lengths are in the

ranges 2.514 (3)±2.685 (3) and 2.686 (4)±2.761 (4) AÊ , respec-

tively.

Comment

The coordination chemistry of the neutral tripodal ligand

tris(pyrazolyl)methane (HCPz3) is relatively underdeveloped,

compared to the anion tris(pyrazolyl)borate (Tp), even

though it was introduced by Tro®menko as early as 1986

(Tro®menko, 1986). So far, many transition metal complexes

with HCPz3 have been prepared (Astley et al., 1993; Bhambri

& Tocher, 1997; Reger et al., 1996) and reports of main group

element complexes have also appeared (Pettinari et al., 1999;

Reger et al., 1997). However, no rare earth complexes with this

remarkable tridentate ligands have been reported. Herein we

report the title CeIII complex, (I).

The crystal structure of (I) consists of discrete

[(HCPz3)Ce(NO3)4]ÿ and nBu4N+ ions. The structure of the

anion is shown in Fig. 1. The cerium(III) ion is surrounded by

three N atoms from the tridentate HCPz3 ligand and eight O

atoms belonging to four bidentate chelating nitrate ligands.

This structure is similar to the 11-coordinate Ce±nitrate

complexes CeIII(NO3)4(R3TPTZ) [R is (CH3)3C and TPTZ

is 2,4,6-tris(2-pyridyl)-1,3,5-triazine; Gabriel et al., 1996]

and (Hpy)[CeIV(NO3)4(terpy)]�py (terpy is terpyridine;

Grigoriev et al., 2001). The CeÐO bond distances are in

the range 2.514 (3)±2.685 (3) AÊ , and the shortest and longest

CeÐO distances are slightly shorter than those in

CeIII(NO3)4(R3TPTZ) [CeÐO 2.522 (7)±2.699 (9) AÊ ] and

(Hpy)[CeIV(NO3)4(terpy)]�py [CeÐO 2.570 (2)±2.709 (2)�].
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They are also comparable to those in ten-coordinate CeIII

complexes, for example [(C6H5)3C2H5P]2Ce(NO3)5 [mean

2.57 (3) AÊ ; Al-Karaghouli & Wood, 1973] and

[Ce(ntb)(NO3)3]�H2O [ntb is tris(benzimidazol-2-ylmethyl)-

amine; mean 2.597 (2) AÊ ; Su et al., 1998]. The nitrate ligands

are coordinated to the cerium(III) ion in a slightly asym-

metrical manner, with differences in the Ce� � �O distances of

0.176 (2), 0.022 (2), 0.065 (2) and 0.065 (2) AÊ for the individ-

ual nitrate groups. CeIII is approximately coplanar with each of

the nitrate ligands. The average dihedral angle of the chelating

nitrate ligands is 48�; viz. the dihedral angles are between

planes 1 (O1/O2/O3/N7) and 2 (O4/O5/O6/N8), and between

planes 1 and 3 (O7/O8/O9/N9). The CeIIIÐN distances are in

the range 2.686 (4)±2.761 (4) AÊ ; however, the shortest and

longest CeÐN distances are slightly longer than those in

CeIII(NO3)4(R3TPTZ) [CeÐN 2.673 (7)±2.734 (7) AÊ ] and

(Hpy)[CeIV(NO3)4(terpy)]�py [CeÐN 2.624 (2)±2.706 (2) AÊ ].

The three angles (N1ÐCe1ÐN3, N1ÐCe1ÐN5 and N3Ð

Ce1ÐN5) of the tridentate ligand of the title complex are in

the range 63.53 (13)±70.10 (13)�, and are larger than those of

CeIII(NO3)4(R3TPTZ) [dihedral angles 59.4 (2)±62.4 (2)�] and

(Hpy)[CeIV(NO3)4(terpy)]�py [dihedral angles 57.68 (7)±

61.37 (7)�]. There are intermolecular CÐH� � �O close contacts

leading to a three-dimensional polymeric network (Fig. 2 and

Table 2).

Experimental

All the chemicals used are commercially available, except for HCPz3,

which was prepared according to the literature method of Reger

(2000). Elemental analyses were carried out on a Perkin±Elmer 240 C

elemental analyser. To an ethanol (25 ml) solution containing

Ce(NO3)3�6H2O (0.5 mmol) was added, stepwise, HCPz3 (0.5 mmol)

and nBu4NBr (0.5 mmol), and the reaction mixture re¯uxed for

30 min with stirring and then ®ltered. The ®ltrate was allowed to

stand in air for several days, producing colorless rod-like crystals of

(I) (yield ca 70%). Analysis calculated: C 36.96, H 5.49, N 18.24%;

found: C 36.91, H 5.55, N 18.28%. 1H NMR (500 MHz, DMSO): �
(p.p.m.) 7.89 and 7.66 (d, d, 3H, 3H, 3-H and 5-H on Pz), 6.42 (t, 3H,

4H on Pz), 8.97 (s, 1H on HCPz3), 3.16 and 0.93 (t, t, 8H, 8H, CH2 and

CH3 on nBu4N), 1.56 and 1.30 (m, m, 8H, 8H, CH2 and CH2 on
nBu4N).

Crystal data

(C16H36N)[Ce(NO3)4(C10H10N6)]
Mr = 844.86
Monoclinic, P21=c
a = 12.484 (1) AÊ

b = 16.742 (1) AÊ

c = 18.267 (1) AÊ

� = 102.82 (1)�

V = 3722.8 (4) AÊ 3

Z = 4

Dx = 1.507 Mg mÿ3

Mo K� radiation
Cell parameters from 4597

re¯ections
� = 2.2±23.8�

� = 1.29 mmÿ1

T = 293 (2) K
Rod, colorless
0.3 � 0.2 � 0.2 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.740, Tmax = 0.771

18 988 measured re¯ections

6546 independent re¯ections
4018 re¯ections with I > 2�(I)
Rint = 0.037
�max = 25.0�

h = ÿ14! 14
k = 0! 19
l = 0! 21

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.092
S = 1.02
6546 re¯ections
431 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.03P)2

+ 1.99P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.67 e AÊ ÿ3

��min = ÿ0.59 e AÊ ÿ3

Table 1
Selected interatomic distancess (AÊ ).

Ce1ÐO1 2.514 (3)
Ce1ÐO11 2.572 (3)
Ce1ÐO5 2.602 (3)
Ce1ÐO8 2.615 (3)
Ce1ÐO4 2.626 (3)
Ce1ÐO10 2.630 (3)

Ce1ÐO7 2.660 (3)
Ce1ÐO2 2.685 (3)
Ce1ÐN1 2.686 (4)
Ce1ÐN5 2.705 (4)
Ce1ÐN3 2.761 (4)

Figure 1
View of the [(HCPz3)Ce(NO3)4]ÿ anion, with displacement ellipsoids at
the 20% probability level.

Figure 2
The crystal packing of compound (I), viewed dalong the c axis, showing
CÐH� � �O short contacts.



Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C4ÐH4B� � �O9i 0.97 2.46 3.421 (7) 173
C5ÐH5B� � �O12ii 0.97 2.55 3.445 (8) 153
C13ÐH13A� � �O5iii 0.97 2.37 3.311 (7) 163
C19ÐH19� � �O1iv 0.93 2.31 3.080 (6) 140
C25ÐH25� � �O11iv 0.93 2.49 3.365 (6) 158
C26ÐH26� � �O7iv 0.98 2.25 3.221 (6) 170

Symmetry codes: (i) 1ÿ x; y ÿ 1
2;

1
2ÿ z; (ii) x; yÿ 1; z; (iii) ÿx; yÿ 1

2;
1
2ÿ z; (iv)

x; 3
2ÿ y; 1

2� z.

The H atoms were positioned geometrically and re®ned with a

riding model.

Data collection: SMART (Bruker, 2000); cell re®nement: SMART;

data reduction: SAINT (Bruker, 2000); program(s) used to solve

structure: SHELXTL (Bruker, 2000); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.
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