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Introduction

The recent reports of poly(pyrazolyl)borate complexes of Sn-
(1Nt and Pb(lI} spurred our investigation of the synthesis of
similar complexes containing germanium. While a variety of
germanium(ll)z-cyclopentadienyland amidécomplexes have
been reported, very little has appeared about poly(pyrazolyl)-
borate complexes of the lighter group 14 atoms germahium
and silicon® A complex of germanium(ll) and pyrazolyl rings
has been reported.
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Cl, and Mt — pz*H clusters atm/e 406, 371, and 311, respectively.
1H NMR (CDCh): ¢ 5.82 (s; 4-pz; 3H); 2.56, 2.34 (s, s; 3, 5 pz-Me;
6H, 6H). Anal. Calcd for GH2,BCIGeNs: C, 44.46; H, 5.47; N,
20.74. Found: C, 44.44; H, 5.33; N, 20.91.

[HB(3,5-Mezpz):Ge]l-%>,CH.Cl,. A Schlenk flask was charged with
[HB(3,5-Mexpz):Ge]Cl (0.40 g, 1.0 mmol) and Nal (1.49 g, 10.0 mmol).
Acetone (30 mL) was added via cannula. The suspension was stirred
overnight. The then pale yellow solution was concentrated under
vacuum to yield a pale yellow solid. This solid was extracted with
CHXCI, (1 x 20 mL). The solvent was then removed under vacuum
from the yellow filtered extract. The resulting yellow solid was dried
under vacuum. The sample was then recrystallized by carefully layering
hexanes on a concentrated solution of the solid i@ yielding
X-ray quality crystals, 0.16 g (32%). The crystalline solid loses solvent
at~150°C and melts over 219222°C. The mass spectrum showed
M* — H (M = [HB(3,5-Meypz)Ge]l) and M" — | clusters aim/e497
and 371, respectively. Each cluster had an isotope pattern that was
consistent with its proposed formuldH NMR (CDCL): ¢ 5.92 (s;
4-pz; 3H); 5.29 (s; HCCly; 1H); 2.67, 2.39 (s, s; 3, 5 pz-Me; 6H, 6H).
Anal. Calcd for GsH2BGeNsI-Y/,CH,Clo: C, 34.53; H, 4.30; N, 15.59.
Found: C, 34.53; H, 4.14; N, 15.68.

[HB(3,5-Mepz)sGe]PFs. A Schlenk flask was charged with

We report here the synthesis and solid state structure of the[HB(3,5-Me&pz):Ge]Cl (0.10 g, 0.25 mmol). Acetone (30 mL) was

first stable germanium poly(pyrazolyl)borate complex, [HB(3,5-
Me;pz)Gell (pz= pyrazole ring), and the synthesis of several
related complexes.

Experimental Section

General Considerations. All solvents were dried over the ap-

added to dissolve most of the solid. Via a solid addition tube, d1PF
(0.9 g, 0.25 mmol) was slowly added to the stirred suspension. The
flask was shielded from the light and allowed to stir for 1 h. The
remaining solid was filtered away to yield a colorless solution. Removal
of the solvent under vacuum yielded a white solid, 0.09 g (70%); mp
= 230°C (dec). The positive ion FAB mass spectrum showed(M

= [HB(3,5-Mepz)Ge]) and M — pz*H at m/e 371 and 275,

propriate desiccants and degassed prior to use. The following materialsrespectively. 'H NMR (CDCl): 6 6.00 (s; 4-pz; 3H); 2.53, 2.41 (s, s;

were obtained from Aldrich and were used as received: 3,5{)el

and KBH,. Thallium hexafluorophosphate and Geg@lere obtained

from Strem and used as received. The compounds K[HB(3,5-Me

pz)]® and GeCJ(dioxaney were synthesized by literature methods.
[HB(3,5-Me,pz);Ge]Cl. To a stirred solution of Ge@ldioxane)

(0.693 g, 3.00 mmol) in THF (30 mL) was added K[HB(3,5-dE)]

(1.01 g, 3.00 mmol) from a solid addition tube. A large amount of

white solid precipitated soon after the beginning of the addition. After

the addition was complete, the suspension was stirred for 3 h. The

solvent was then removed under vacuum and the resulting white solid

extracted with CHCI, (30 mL). After the remaining solid was filtered

away, the solvent was removed under vacuum to yield a free-flowing

white solid. The solid was dried under vacuum, 1.04 g (86%);=mp

86 °C (dec). The analytical sample was recrystallized by carefully

layering hexanes on a concentrated solution of the material yCGH

The mass spectrum showed"NM = [HB(3,5-Mepz):Ge]Cl), M+ —

(1) (a) Cowley, A. H.; Geerts, R. L.; Nunn, C. M.; Carrano, C.JJ.
Organomet. Cheml988 341, C27. (b) Reger, D. L.; Knox, S. J.;
Huff, M. F. ; Rheingold, A. L.; Haggerty, B. Snorg. Chem.1991
30, 1754. (c) Reger, D. L.; Mason, S. S.; Takats, J.; Zhang, X. W.;
Rheingold, A. L.; Haggerty B. Snorg. Chem.1993 32, 4345.

(2) Reger, D. L.; Huff, M. F. Rheingold, A. L.; Haggerty, B. $. Am.
Chem. Soc1992 114, 579.

(3) (a) Jutzi, P.; Kohl, F.; Hofmann, P.; Kruger, C.; Tsay, Y.€hem.
Ber. 198Q 113 757. (b) Jutzi, P.; Hampel, B.; Hursthouse, M. B.;
Howes, A. J.Organometallics1986 5, 1944. (c) Cowley, A. H,;
Mardones, M. A.; Avendano, S.; Roman, E.; Manriquez, J. M,
Carrano, C. JPolyhedron1993 12, 125.

(4) (a) Chorley, R. W.; Hitchcock, P. B.; Lappert, M. F.; Leung, W.-P.;
Power, P. P.; Olmstead, M. Mnorg. Chim. Actal992 198-200
203. (b) Atwood, D. A.; Atwood, V. O.; Cowley, A. H.; Gobran, H.
R. Polyhedron1993 12, 2073. (c) Atwood, D. A.; Atwood, V. O.;
Cowley, A. H.; Gobran, H. R.; Atwood, J. llnorg. Chem1993 32,
4671.

(5) Niedenzu has reported a metastable Ge(IV) complex: Dungan, C. H.;
Maringgele, W.; Meller, A.; Niedenzu, K.; Nb, H.; Serwatowska,
J.; Serwatowski, Jnorg. Chem.1991, 30, 4799.

(6) Atwood, V. O.; Atwood, D. A.; Cowley, A. H.; Trofimenko, S.
Polyhedron1992 11, 711.

(7) Steiner, A.; Stalke, DJ. Chem. Soc., Chem. Commu993 1702.

(8) Trofimenko, SJ. Am. Chem. S0d.967, 89, 6288.

(9) Kolesnikov, S. P.; Rogozhin, I. S.; Nefedov, O. Mv. Akad. Nauk
SSSR, Ser. Khinl974 2297.

0020-1669/96/1335-0258%$12.00/0

3, 5 pz-Me; 6H, 6H). Anal. Calcd for sHBFsGeNsP: C, 35.00;
H, 4.31; N, 16.33. Found: C, 34.56; H, 4.33; N, 16.05.

X-ray Structure Determination of [HB(3,5-Me 2pz):Ge]l-Y/2CH.Cl>.
A crystal of suitable size was mounted in a glass capillary. Preliminary
examination and data collection were performed with Mordiation.
Cell constants and an orientation matrix for data collection were
determined from the least-squares fit of 25 reflections’ (3020 <
12°). From the systematic absences and from subsequent least-squares
refinement, the space group was determined t&€Bk (#15). Data
were collected to a maximump2of 50°. A total of 7353 reflections
were collected, of which 2584 were unique and not systematically
absent. As a check on crystal and electronic stability, three representa-
tive reflections were measured every 120 min. These data showed no
significant trends. Lorentz and polarization corrections were applied
to the data. No absorption correction was made. Intensities of
equivalent reflections were averaged. The structure was solved using
a combination of the Patterson heavy-atom method (SHELX%-86)
and Fourier techniques. The Patterson method revealed the positions
of the germanium and iodine atoms. The remaining non-hydrogen
atoms were located in succeeding difference Fourier syntheses. These
included a group of peaks assigned as half of a disordered molecule of
methylene chloride which had been used as solvent. It was modeled
as two chlorine atoms each at half-occupancy and two carbon atoms
each at one-quarter-occupancy. Hydrogen atoms were placed in
calculated positions on all appropriate atoms except those in the disorder
solvent and included in the refinement but were restrained to ride on
the atoms to which they are bonded. In the final cycles of least-squares
refinement, the disordered solvent atoms were refined with isotropic
thermal parameters and all other non-hydrogen atoms were refined with
anisotropic thermal parameters. The largest peak in the final difference
Fourier was an iodine residual of 1.4 /AThe results of the structure
determination are shown in Tables 1 and 2 and in Figure 1.

Results

The slow addition of K[HB(3,5-Mgpz);] to a slight excess
of GeCh(dioxane) in THF solution yields the ionic complex
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Notes

Table 1. Crystallographic Data for the Structural Analyses for
[HB(3,5-Mexpz)Ge]l-Y,CH,Cl,

C15H22G€B|Ne' Z 8

1,CH,Cl, crystal size, mm 0.30x 0.30x 0.20
crystal system monoclinic radiation (A) MoaK(0.71073)
space group C2/c temperature, deg 23

formula

a A 22.342(3) P range, deg 4.0t0 50.0
b, A 12.531(3) no. of rfins measd 7353

c, A 17.003(2) no. of riins obsd 2584

B, deg 115.26(1) Re, % 0.068

v, A2 4305.3 Rur, % 0.092

Table 2. Positional Parameters and Their Estimated Standard
Deviations for [HB(3,5-Megpz)Ge]l-Y/,CH,Cl,

atom X y z B(A?

| 0.41246(6) 0.3051(1) 0.00470(7)  4.64(2)
Ge 0.39786(7) 0.3586(1)  0.46291(9)  2.69(3)
N1l  0.3807(5) 0.3588(9)  0.3373(7)  3.0(3)
N12  0.3361(5) 0.2879(9)  0.2807(6)  2.7(3)
N21  0.3945(6) 0.196(1)  0.4603(7)  3.4(3)
N22  0.3473(5) 0.1455(9)  0.3869(6)  2.4(2)
N31  0.2977(5) 0.351(1)  0.4195(7)  3.0(3)
N32  0.2611(5) 0.280(1)  0.3540(7)  2.7(3)
C13  0.3369(6) 0300(1)  0.2017(8)  25(3)
Cl4  0.3830(7) 0.380(1)  0.2118(9)  3.2(3)
C15  0.4094(6) 0414(1)  0.2960(8)  2.5(3)
Cl6  0.4613(7) 0.497(1)  0.3393(9)  3.5(3)
Cl7  0.2947(8) 0.239(1)  0.1245(9)  3.9(4)
Cc23  0.3571(6) 0.040(1)  0.4012(9)  2.9(3)
C24  0.4113(8) 0.027(1)  0.484(1) 4.7(4)
C25  0.4306(6) 0.126(1)  0.5145(9)  3.3(3)
C26  0.4837(7) 0.157(1)  0.6020(9)  3.9(4)
C27  03158(8) —0.041(1)  0.334(1) 4.1(4)
C33  0.1975(6) 0.286(1)  0.3424(9)  2.9(3)
C34  0.1926(7) 0.360(1)  0.3988(9)  3.5(3)
C35  0.2567(7) 0.399(1)  0.4463(8)  3.0(3)
C36  0.2813(8) 0479(1)  0.516(1) 4.6(4)
C37  0.1445(8) 0.221(2)  0.279(1) 5.6(5)
B1 0.2960(7) 0211(1)  0.312(1) 2.7(4)
Cll  0.4303(5) 0.0666(8)  0.2316(6)  5.3(2)*
Cl2  0.4478(5) 0.0928(9) 0.2799(7)  6.0(2)*
Cla  0.490(3) 0.155(4)  0.244(6) 2.9(9)*
Clb  0.493(3) 0172(5)  0.221(4) 4(2)*
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Figure 1. ORTEP diagram for [HB(3,5-M@z):Ge]'.

Table 3. Selected Bond Distances (&) and Bond Angles (deg) for
[HB(3,5-Mepz)Ge]l-Y/.CH,Cl, with Estimated Standard Deviations
in Parentheses

Bond Distances

Ge—-N11 2.00(1) Ge-N31 2.04(1)
Ge—-N21 2.05(1)
Bond Angles

N11-Ge—-N21 89.4(5) Ge-N31-N32 120.3(9)
N11-Ge—N31 86.2(5) N12-B—N22 106(1)
N21-Ge—N31 85.2(5) N12-B—N32 107(1)
Ge-N11—-N12 119.8(9) N22B—N32 105(1)
Ge—N21—-N22 119(1)

X-ray structure revealed well-separated germanium-based cat-
ions and iodide anions. An ORTEP diagram of the cation is
shown in Figure 1. The coordination geometry about germa-

a Starred atoms were refined isotropically. Anisotropically refined Nium is derived from a distorted tetrahedron with three of the
atoms are given in the form of the isotropic equivalent displacement Sites occupied by nitrogen from thyé-[HB(3,5-Me;pz)y] ligand

parameter defined as (4/aJp(1,1) + b%5(2,2) + ¢%3(3,3) + ab(cos
)p(1,2) + ac(cosB)5(1,3) + bocosa)p(2,3)].

[HB(3,5-Meypz):Ge]Cl.  Similar reactions employing other

and the lone pair on germanium presumably occupying the
fourth site. The shortest Gel distance is over 4 A, clearly
indicating the lack of any covalent interaction between these
atoms. Selected bond distances and angles are listed in Table

potassium poly(pyrazolyl)borates did not produce stable prod- 3.

ucts.

Me—<c>?Me

H—B{“HN—NV“\"‘Ge Cl + KCI
4
Me'<o>-Me

The chloride anion in [HB(3,5-Mpz):;Ge]Cl can be easily
replaced with other weakly coordinating anions énd Pk™)

THF

GeCly(dioxane) + K[HB(Meypz);] — 0 5

Discussion

The complexes [HB(3,5-M@z):Ge]X represent the first
stable germanium poly(pyrazolyl)borate complexes and the first
poly(pyrazolyl)borate complex of germanium(¥).The ionic
character of these complexes is indicated by their poor solubility
in even polar solvents (Ci&l,, CHCkL, and THF). For
comparison, the analogous tin compound, [HB(3,5:d&&]-
SnCl, shown to be molecular in the solid state by X-ray
crystallography, is soluble in tolued.In addition, the'H NMR

in metathetical reactions to yield the corresponding ionic spectrum of [HB(3,5-Mgz)Ge]Cl in CDCk maintains only

complexes [HB(3,5-Mgz):Ge]X. Attempts to substitute a

one pyrazole ring environment down t659 °C, and the

wide variety of more strongly coordinating anionic ligands, with chemical shift is essentially invariant with changes in temper-

reagents such as Na[SNEt], K[OBuU1, LiMe, K[N(SiMe3),],
K(SPh), and Na(gHs), lead to decomposition of the starting

ature, indicating that the anion does not coordinate to the
germanium or that the resulting neutral species is highly

material. This decomposition includes the reaction of [HB- fluxional. However, both the chloride and iodide complexes

(3,5-Mepz):Ge]Cl with another equivalent of K[HB(3,5-Me
pz)] in an effort to synthesize [HB(3,5-Mpz)3].Ge. Reaction
with NaCN leads to reisolation of starting material.

We were able to obtain X-ray quality crystals of [HB(3,5-
Mezpz)Ge]l-t,CH,Cl,. Successful solution of the single crystal

give mass spectra under conventional electron impact conditions
(not FAB) that contain low-intensity peaks that are consistent
with {[HB(3,5-Mepz)sGe]X} t or {[HB(3,5-Mepz):Ge]X} + —

H fragments, indicating some degree of ion pairing in the gas
phase. In contrast to the ionic character of these poly-
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(pyrazolyl)borate complexes, monocyclopentadienyl germa- radii.’> Both complexes have a distorted tetrahedral geometry
nium(ll) complexe$ of the formula Cp*GeX (Cp*= penta- about the metal center with three sites occupied by the three
methylcyclopentadienyl, X= Cl, CH(SiMes),, cyclopentadienyl nitrogen donor atoms of a [HB(3,5-Mgz)]~ ligand. In the
derivative) are neutral complexes with the ligand X coordinated magnesium complex a bulky alkyl group occupies the fourth
to the germanium center. In fact, the cationic speci’s [  site whereas in the germanium complex a lone pair is assumed
Cp*Ge]J* forms only with very noncoordinating aniof. to occupy this site. The average metaltrogen distances in
The structure of the cation in [HB(3,5-Mgz):Ge]l does not the two complexes are very similar (68l = 2.03 A; Mg—N
contain any unusual bond distances or angles. The cation most= 2.077 A), but the average-\N nonbonded distance within
resembles an octahedral' B (3,5-Rpz)s] >, complex with one the poly(pyrazolyl)borate ligand in [HB(3,5-Mez)sGe]" is 0.15
of the poly(pyrazolyl)borate ligands removed. The only similar A shorter than that in [HB(3,5-M@z);JMgCH,SiMes. The
compound to [HB(3,5-Mgz)Ge]" that has been reported is average NM—N angles are also smaller in the germanium
(THF):Na(pz)Ge! This complex also possesses a distorted cation (86.9) than in the magnesium complex (99.0
tetrahedral geometry about germanium with three of the
pOSitionS occupied by nitrogen atoms from pyrazo|y| rings that ACkﬂOWledgment is made to the National Science Foundation
bridge the sodium atom and the lone pair on germanium in the (CHE-9115158 and OSR-9108772) for support. The NSF
fourth position. However, the larger size of the sodium atom (Grants CHE-8411172 and CHE-8904942) and NIH (Grant RR-
in this complex relative to the boron atom in [HB(3,5-Me  02425) have supplied funds to support NMR equipment, and
pz):Ge]" causes the germaniurmitrogen bond distances to be  the NIH (Grant RR-02849) has supplied funds to support mass
0.065 A shorter and the NGe—N angles to be 93larger. The spectrometry equipment at the University of South Carolina.
average N-N nonbonded distance about the germanium is also

greater in (THRNa(pz)Ge (2.92 A) than that in [HB(3,5-Me collection information, bond distances, angles, anisotropic thermal

pz)Gel" (2.79 A). L . parameters, and positional parameters of H atoms (8 pages). Ordering
Another complex that is similar to the cation [HB(3,5-Me  information is given on any current masthead page.

pz)Gel"™ is [HB(3,5-Mepz)]MgCH,SiMe:.11  This is an
interesting comparison since Ge(ll) and Mg(ll) have similar

Supporting Information Available: Tables of complete data
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