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Lists of structure factors, anisotropic displacement parameters, H-
centre coordinates and complete geometry have been deposited with
the IUCr (Reference: CF1066). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.

References

B. A. Frenz & Associates Inc. (1985). SDP Structure Determination
Package. Version 4.0. College Station, Texas, USA, and Enraf-
Nonius, Delft, The Netherlands.

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
Delft, The Netherlands.

Gabriel, S. (1887). Ber. Dtsch Chem. Ges. 20, 2224-2236.

Gibson, M. S. & Bradshaw, R. W. (1968). Angew. Chem. 80, 986-996;
Angew. Chem. Int. Ed. Engl. 7, 919-930.

Hobza, P., Selzle, H. L. & Schlag, E. W. (1994). Chem. Rev. 94,
1767-1785.

Hunter, C. A. (1994). Chem. Soc. Rev. pp. 101-109.

Hunter, C. A. & Sanders, K. M. (1990). J. Am. Chem. Soc. 112,
5525-5534.

Matzat, E. (1972a). Chem. Abstr. 76, T1774g.

Matzat, E. (1972b). Acta Cryst. B28, 415-418.

Nagel, N., Eller, P. & Bock, H. (1996). Acta Cryst. B52. In the press.

Ng, S. W. (1992). Acta Cryst. C48, 1694-1695.

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Crvst.
A24, 351-359.

Penavi¢, M., Jovanovski, G. & Grupée, O. (1990). Acta Crvst. C46,
2341-2344.

Sheldrick, G. M. (1990a). Acta Cryst. Ad6, 467-473.

Sheldrick, G. M. (1990b). SHELXTL/PC User Manual. Siemens
Analytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Gattingen, Germany.

Ullmann’s Encyclopedia of Industrial Chemistrv (1992). Edited by B.
Elvers. S. Hawkins & G. Schulz. Vol. A20, 5th ed.. completely
revised, pp. 181-211. Weinheim: VCH.

Acta Cryst. (1996). C52, 1346-1348

Tetrakis(zt3-2-methyl-5-thienyl)tetrakis-
(diethyl ether-O)-tetrahedro-tetralithium

DoucLas R. PoweLL, WESLEY L. WHIPPLE AND HANS J.
REICH

Department of Chemistry, University of Wisconsin, 1101
University Avenue, Madison, WI 53706-1322, USA. E-mail:
powell@chem.wisc.edu

(Received 23 October 1995; accepted 15 January 1996)

Abstract

The lithium 2-methylthiophene complex, [Li(CsHsS)-
(C4H,00)]4, crystallizes as a tetramer on a 4 symmetry
site. The four Li atoms form a slightly distorted tetra-
hedron. The thiophene carbanions are each coordinated
to a face of the lithium tetrahedron. One diethyl ether
is also coordinated to each Li atom.

© 1996 International Union of Crystallography
Printed in Great Britain — all rights reserved

K*.CsH4sNO;

Comment

The crystal structure of the diethyl ether adduct of
tetrameric lithium and 5-methylthiophene, the title com-
pound (I), was determined as part of a study of the reac-
tion mechanism of the lithium-iodine exchange reaction
(Whipple, 1991; Reich, Green & Phillips, 1989, 1991;
Bailey & Patricia, 1988).

-

g
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M

The lithium reagent was prepared by metallation
of 2-methylthiophene with a-butyllithium in ether at
273K, and was recrystallized twice from ether at
253 K. The title compound, (I), crystallizes as discrete
tetrameric units with 4 site symmetry. The four Li
atoms form a slightly distorted tetrahedron. The twofold
and non-twofold related Li—Li distances are 2.69 (2)
and 2.75 (2) A, respectively. Although these Li—Li dis-
tances are longer than usually seen, they are compa-
rable with those found in the phenyllithium tetramer
(Hope & Power, 1983), the (2,6-dimethoxyphenyl)-
lithium tetramer (Harder er al., 1988) and the tert-butyl-
ethynyllithium—thf tetramer (Geissler er al., 1987). The
thiophene carbanion C5 bonds to a face of the lithium
tetrahedron, as is common in structures of this type.

1
thn cio
C8
078

Lt Cc9

Fig. 1. Tetramer unit drawn with 30% probability displacement
ellipsoids. H atoms have been removed for clarity.

Acta Crystallographica Section C
ISSN 0108-2701 ©1996



DOUGLAS R. POWELL et al.

Each diethyl ether is coordinated through its O atom to
one Li atom. The bonding geometries in the 5-methyl-
thiophene and diethyl ether groups are all within ex-
pected ranges. The S atom did not coordinate to any of
the Li atoms; this is consistent with the structure of the
dimeric benzothiophene-tmeda complex (Harder et al.,

1989)

Experimental

The title compound was prepared by metallation of 2-methyl-
thiophene with n-butyllithium. Solutions of this compound
were stable in Et,O or thf at 253 K for long periods of time

(at least six months).

Crystal data

[Li(CsHsS)(C4H;00)]
M, = 178.21
Tetragonal

141/a

a=19.649(3) A
c=10704(2) A_
V=4132.6(12) A®
Z=16

D, = 1.146 Mg m~3
D,, not measured

Data collection

Siemens P3f diffractometer
0/26 scans
Absorption correction:
none
1237 measured reflections
965 independent reflections
628 observed reflections
[ > 20(D]
Rin = 0.1217

Refinement

Refinement on F*
R(F) = 0.0727
wR(F?) = 0.1701
S=1243
965 reflections
109 parameters
H atoms riding
w = 1/[o¥(F}) + (0.0855P)*
+ 13.4262P)
where P = (F2 + 2F2)/3

Table 1. Fractional atomic coordinates and equivalent

Cu Ko radiation

A =1.54184 A

Cell parameters from 25
reflections

6 =22.5-25.0°
p=2.361 mm™'
T=1112)K
Prism

0.45 x 0.25 x 0.25 mm
Colorless

Omax = 50.0°

h=-19 -3

k=0—19

1=0—10

3 standard reflections
monitored every 50

reflections

intensity decay: 3.2%

(A/U)max = 0.0240

Aprax =0315e A7°

Apmin = ~0.286 e A7}

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

isotropic displacement parameters (A?)

ch = (]/3)2,‘ZJU,J'070;3,.3J.

X y Z Ueq
Lil 0.4663 (6) .3095 (6) —-0.032011) 0.041 (3)
S1 0.59177 (10) 0.36337 (10) 0.0943 (2) 0.0495 (8)
C2 0.6756 (4) 0.3469 (5) 0.1316(3) 0.057(2)
C3 0.6959 (4) 02914 (5) 0.0659 (8) 0.052 (2)
C4 0.6435 (4) 0.2650 (4) —0.0131 (8) 0.049 (2)
Cs 0.5801 (4) 0.2968 (3) —=0.0117(D) 0.035(2)
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cé 0.7138 (4) 0.3878 (5) 0.2246 (9) 0.084 (3)
o7 0.4284 (2) 0.3837 (3) 0.0791 (4) 0.0470(15)
cs8 0.4096 (4) 0.4495 (4) 0.0294 (8) 0.055 (2)
C9 0.3381 (4) 0.4489 (4) ~0.0185 (9) 0.066 (3)
cio 0.4160 (6) 0.3838 (6) 0.2099 (10) 0.092 (3)
cn 0.4210(5) 0.3172(5) 0.2605 (9) 0.079 (3)

Table 2. Selected geometric parameters (A, °)

S1—C2 1.725 (8) Lil—07 2.024 (13)
S1—C5 1.748 (7) Lil- - -S1 3.004 (12)
C2—C3 1350(11)  Lil—Lil" 2.69(2)
C2—C6 1483(11)  Lil—Lil™ 275(2)
C3—C4 1431100  07—CI0 1.421(11)
Ca4—C5 1.393(10) 07—C8 1.445(9)
Lil—C5 2.260(14)  C8—C9 1496 (11)
Lil—C5’ 2.259(14)  C10—CI1 1.420(12)
Lil—C5" 2.290(15)
C2—S1—C5 97.8(4) C11—C10—07 111.2(8)
C3—C2—C6 129.3(8) 07—Lil—C5 112.8 (6)
C3—C2—S! 1082 (6) 07—Lil—C5' 113.8(6)
C6—C2—S1 1225 (8) C5' —Li1—C5 103.1 (5)
C2—C3—C4 112.7(7) 07—Lil—C5" 117.0 (6)
C5—C4—C3 118.3(7) C5'—Lil—C5" 102.2(5)
C4—C5—Si 103.1 (5) C5—Lil—C5" 106.5 (5)
C10—07—C8 108.5 (6) Lil"—Lil—Li1" 60.8 (2)
C10—07—Lil 130.1 (6) Lil"—Lil—Lil' 60.8 (2)
C8—07—Lil 1214 (6) Lil"™—Lil—Li1’ 58.5(5)
07—C8—C9 111.0(6)
Symmetry codes: (i) 3 — y,x — 4, =}~z ()] — x,1 -y

(i) +y, 2 —x, -1 -2

Crystal mounting was carried out in a glove bag under an
argon atmosphere. Crystals were covered in Paratone-N oil
and sealed in glass capillary tubes. Mounted crystals were
kept on a plate in a dry-ice/acetone bath until they could
be examined on the diffractometer. The intensity data were
corrected for decay but not for absorption. The structure was
solved by direct methods and refined by full-matrix least
squares on F. The H-atom positions were initially determined
from geometric considerations and refined with a riding model.
The U(H) values were set to 1.2 x U(C) for non-methyl
groups and 1.5 x U(C) for methyl groups. The instability
of the material led to poor quality crystals and prevented a
better refinement.

Data collection: XSCANS (Siemens, 1994). Cell refinement:
XSCANS. Data reduction: XSCANS. Program(s) used to solve
structure: SHELXTL-Plus (Sheldrick, 1991). Program(s) used
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular
graphics: SHELXTL-Plus. Software used to prepare material
for publication: SHELXL93.

We thank the NSF (grant CHE9105497) and the
University of Wisconsin for funds to purchase the
computer used in this experiment.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: NA1208). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.
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Abstract

The hafnium coordination in the monomeric title mol-
ecule, [Hf(Ci;2HoN)4], is distorted tetrahedral, with
Hf—N distances between 2.047 (4) and 2.085 (3) A, and
angles between 101.63 (14) and 121.33 (14)°. One mol-
ecule forms the asymmetric unit.

Comment

Since the structure of tetrakis(diethylamido)uranium(IV)
was reported (Jones, Karmas, Martin & Gilman, 1956),
the syntheses and spectroscopic properties of numer-
ous homoleptic dialkylamido complexes have been re-
ported (Bradley & Gitlitz, 1969). Relatively few crystal
structures of this type of compound have been reported
however. The structure of the monomeric homoleptic
complex tetrakis(diphenylamido)niobium(IV) has been
reported recently (Bott, Hoffman & Rangarajan, 1995)
and the present hafnium complex seems to have a sim-
ilar structure. Corresponding dialkylamido complexes
having less bulky alkyl groups have a tendency to
dimerize, as can be seen in the compound tetrakis(di-
methylamido)zirconium (Chisholm, Hammond & Huff-
man, 1988). So far, no crystal structures of hafnium

© 1996 International Union of Crystallography
Printed in Great Britain — all rights reserved

[Li(CsHsS)(C4H)00)]

dialkylamides have been reported. The only hafnium
complexes related to the title compound, (I), are bis-
(trimethylsilylamido) complexes, which have a similar
N—Hf bonding pattern (Airoldi et al., 1980).

@% ?@
Oy O

00O

M

The tetrahedral coordination of the title complex
is distorted (Fig. 1). The N—Hfl—N angles vary
between 101.63(14) and 121.33(14)°, whereas the
Hf—N bond distances show only slight variations,
from 2.047 (4) to 2.085(3) A (Table 2). This is in
agreement with the geometry of chlorotris[bis(trimethyl-
silyl)amido]hafnium, for which Hf—N bond lengths of
2.040 (10) A have been reported (Airoldi er al., 1980).
The positions of the amido N atoms deviate only slightly
from their respective Hf-C,-C, planes, the largest
deviation being 0.124 (4) A for N3 from the Hf1-C25-
C31 plane.

Fig. 1. View of the title molecule with 30% probability displacement
ellipsoids. The H atoms have been omitted for clarity.

Experimental

The title complex was prepared by refluxing the lithium
salt of the ligand precursor and hafnium(IV) chloride in
toluene for 3 h. The lithium salt of the ligand precursor was
prepared in tetrahydrofuran with butyl lithium as described
in the literature (Jones, Karmas, Martin & Gilman, 1956).
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