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The addition of the tris(pyrazolyl)methane ligand HC(3,5:M&8s (pz = pyrazolyl ring) to a THF solution of

TIPFs results in the immediate precipitation ffHC(3,5-Mepz)].TI} PR. The structure has been determined
crystallographically. The arrangement of the nitrogen donor atoms about the thallium is best described as a
trigonally distorted octahedron. The thallium atom sits on a crystallographic center of inversion; thus the planes
formed by the three nitrogen donor atoms of each ligand are parallel. Fhl Bbnd distances range from
2.891(5) to 2.929(5) A (average 2.92) A. The lone pair on thallium is clearly stereochemically inactive and
does not appear to influence the structure. The pyrazolyl rings are planar, but are tilted with respect to the
thallium atom so as to open up the-MN intraligand bite distances. The thallium(l) complex with a ligand to
metal ratio of 1/1{[HC(3,5-Mepz)]TI}PFs, is prepared in acetone by the reaction of equimolar amounts of
HC(3,5-Mepz); and TIPR. The structure of the cation is a trigonal pyramid, with-N bond distances that

range from 2.64(1) to 2.70(1) A (average2.67) A. Pyrazolyl ring tilting is also observed in this complex, but

the degree of tilting is smaller. Crystal data {gHC(3,5-Mepz)].TI} PFRs: monoclinic,P2:/c, a = 9.210(6) A,

b= 13.36(1) A,c = 16.067(8) A, = 92.48(5), V = 1975(2) B, Z =2, R=0.029. For{[HC(3,5-Mepz)]-

TI} PR monoclinic, P2/n, a = 10.685(2) A,b = 16.200(5) A,c = 13.028(3) A8 = 94.02(2}, V = 2249.6(8)

A3, Z=4,R=0.042.

Introduction Chart 1
We are interested in the preparation of coordination com- 4 —|'1
plexes of the post transition metals in which the environment 5 @ 3 Me—@—Me
about the metal can be carefully controlled by choice of ligand. N-N " N-N
As part of this effort, we have initiated an investigation into S e)@/me
. R H——B - mMN=] H—C %
the preparation and structural characterization of complexes of
these metals using the unique properties of the poly(pyrazolyl)- N-N N-N
borate ligand systen\( Chart 1)} These ligands are extremely @ Me— > >—Me

versatile because substitution on the pyrazolyl rings, especially
at the 3-position, can have a profound effect on the properties A B
of the ligand. One initial goal of the research was the syntheses
of complexes of thallium(l), indium(l), tin(ll), and lead(ll) in
which the lone pair on the metal was stereochemically inactive.
This question was investigated in the mid-1980s by Zuckerman
for tin(Il) and lead(ll) using metallocene complexXeswith
decaphenylstannocefehe was able to synthesize the first
molecular, main-group complex in which the lone pair is
stereochemically inert. Wend other$have failed to produce

poly(pyrazolyl)borate compounds of tin(ll) with an inactive lone
pair, but we have been successful in lead(ll) chemistijhe
six-coordinate structure of [HB(3,5-Mgz)s].Pb (pz= pyrazolyl

ring) has the lead atom sitting on a center of inversion and the
planes formed by the three nitrogen donor atoms of each ligand
are parallel. The lone pair on lead is cleastgreochemically
inactive. In our search for other ligands that could produce
additional complexes of this type, we have initiated a study of
the main group chemistry of the tris(3,5-dimethyl-1-pyrazolyl)-

® Abstract published irddvance ACS Abstract$ebruary 15, 1996. methane ligandg, Chart 1), HC(3,5-Mgpz)s, the neutral analog

) §7 i, Chem. 500967 83, 3170, (¢) Trofimanko, & Am. Chem. O the anionic [HB(3,5-Mgpz)] ~ ligand. The HC(35-Me

Soc.1967, 89, 6288. (d) Shaver, Al. Organomet. Chem. LibL976 pz) ligand and a couple of its transition metal complexes were
3, 157. (e) Trofimenko, SProg. Inorg. Chem1986 34, 115. (f) reported by Trofimenko in 197®but the first complexes of it

Trofimenko, S..Chem. Re. 1993 93, 943. (g) Kitajima, N.; Tolman, ;
W. B. Prog. Inorg. Chem1995 43, 419, (h) Parkin, GAdy. Inorg. to be structurally characterized, complexes of molybdenum, have

Chem 1995 42, 291. just appeared. A number of papers using the HC(pzjgand
(2) Heeg, M. J.; Janiak, C.; Zuckerman, JJJAm. Chem. Sod.984 with transition metals have appeafes have the syntheses of
106, 4259. the group 12 metal complex¢fHC(pz)].M}2* (M = Zn, Cd,

(3) (a) Reger, D. L.; Knox, S. J.; Huff, M. F.; Rheingold, A. L.; Haggerty, Ha) b9
B. S.Inorg. Chem.1991, 30, 1754. (b) Reger, D. L.; Huff, M. F; 9)-
Knox, S. J.; Adams, R. J.; Apperley, D. C.; Harris, R.Iforg. Chem

1993 32, 4472. (c) Reger, D. L.; Ding. YPolyhedron1994 13, 869. (5) (a) Reger, D. L.; Huff, M. F.; Rheingold, A. L.; Haggerty, B. &.
(4) (a) Cowley, A. H.; Geerts, R. L.; Nunn, C. M.; Carrano, C.JJ. Am. Chem. Sod 992 114,579. (b) Reger, D. LSynlett.1992 469.

Organomet. Cheml1988 341, C27. (b) Hansen, M. N.; Niedenzu, (6) Trofimenko, SJ. Am Chem. Sod.97Q 92,5118.

K.; Serwatowska, J.; Serwatowski, J.; Woodrum, Kliarg. Chem. (7) Dhawan, I. K.; Bruck, M. A.; Schilling, B.; Grittini, C.; Enemark, J.

1991, 30, 866. H. Inorg. Chem.1995 34, 3801.
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We are particularly interested in the chemistry of indium(l) Table 1. Crystallographic Data for the Structural Analyses
and thallium(l) with these ligands (our studies with tin(ll) and

. chem formula T|62H44F6N12P T|C15H22F6N6P
lead(ll) will be reported elsewhere). Poly(pyrazolyl)borate  fw 946.11 647.72
complexes of thallium(l) are well-knowt,and there are recent crys sys monoclinic monoclinic
reports of indium(l) complexe. In all cases, the neutral [poly- ~ SPace group R P2,/n
a(h) 9.210(6) 10.685(2)
(pyrazolyl)borate]M complexes forms. Reported here are
: . : b (A) 13.36(1) 16.200(5)
reactions of the neutral HC(3,5-M#); ligand with TIPfs. We c(R) 16.067(8) 13.028(3)
have preparetioththe 2/1 and 1/1, ligand/metal, complexes of g (deg) 92.48(5) 94.02(2)
thallium(l), { [HC(3,5-Mepz)] . TI} PR and{[HC(3,5-Mepz)]- V(A3 1975(2) 2249.6(8)
TI}PFRs. Both of these complexes have been characterized in £ L 2 4
the solid state by X-ray crystallography. ThEHC(3,5-Me- Peaca(gem ) 1.60 191
TI}PR complex has an octahedral structure with a #(Mo Ka) (cm *) 42.16 7304
PZ)2 . S : ! range of 2 (deg) 0-48 0-45
stereochemically inacte lone pair the first complex of temp €C) 20 20
thallium(l) of this type to be structurally characteriZédWe no. of observns.I(> 30) 1891 2050
also analyzed an interesting bonding feature of these complexes ggodness of fit 171 | 244 |
i ilti i aps cor empirica empirica
that results in a tilting of the pyrazolyl rings. largest peak in final 0.43 191
£ . tal Secti diff map (e/A3)
Xperimental section residuals:R?R,? 0.029; 0.029 0.042; 0.044

All operations were carried out under a nitrogen atmosphere using  aR = ¥ ||F,| — |F||/S [Fol. ® Ry = (SW(IFol — |Fd)ZIWIFol)¥2 w
either standard Schlenk techniques or in a Vacuum Atmospheres HE-= 1o¥(F).
493 dry box. All solvents were dried, degassed, and distilled prior to
use. *H and3C NMR chemical shifts are reported in ppm vs TMS.  was dried under vacuum (0.79 g; 1.2 mmol; 77%). Crystals suitable
TIPFs was purchased from Strem Chemicals and used as received.for an X-ray structural analysis were grown by layering a saturated
HC(3,5-Mepz); was prepared according to a literature proced@ire.  acetone solution with hexanes and allowing slow diffusion of the two
Elemental analyses were performed by National Chemical Consulting, layers, mp= 258-264 °C. H NMR (acetoneds): 6 8.18 (1; s;
Inc. HC(Mexpz)); 6.15 (3; s; 4-H pz); 2.55, 2.27 (9, 9; s, s; 3,5-Me pz).
Caution! Thallium(l) compounds are extremely toxic and care C NMR (acetoneds): 150.9, 141.6 (3,5-C pz); 107.6 (4-C pz); 72.2

should be used when handling them.
{[HC(3,5-Meypz)3].TI}PFs. A THF (8 mL) solution of HC(3,5-
Mezpz); (0.22 g; 0.74 mmol) was added to a THF (6 mL) solution of

(HC(Megpz)); 12.5, 9.9 (3,5-Me pz). Anal. Calcd fori€H2:FsNe-
PTI: C, 29.67; H, 3.42. Found: C, 30.06; H, 3.28.
Crystallographic Analyses. The crystals used for intensity mea-

TIPFs (0.13 g; 0.37 mmol). A white solid precipitated immediately. ~surements were mounted in thin-walled glass capillaries. Unit cells
The reaction mixture was cannula filtered after stirring overnight. The were determined from 15 randomly selected reflections obtained by
remaining white solid was washed with hexanes (5 mL) and dried under using the AFC6 automatic search, center, index, and least squares
vacuum (0.23 g; 0.24 mmol; 66%). Crystals suitable for an X-ray routines. Crystal data, data collection parameters, and results of the
structural analysis were grown by layering a saturated acetone solutionanalyses are listed in Table 1. All data processing was performed on
with hexanes and allowing slow diffusion of the two layers, mp a Digital Equipment Corp. VAX station 3520 computer by using the

281-284°C. This complex also forms in a reaction of this stoichi-
ometry in acetone!H NMR (acetoneds): 0 8.20 (1; S;HC(Mepz));
6.03 (3; s; 4-H pz); 2.29, 2.18 (9, 9; s, s; 3,5-Me pZfC NMR
(acetoneds): 149.5, 141.2 (3,5-C pz); 107.4 (4-C pz); 75.7GWe,-
pz)k); 12.6, 9.9 (3,5-Me pz). Anal. Calcd forz@aFeN1PTl: C,
40.62; H, 4.69. Found: C, 40.94; H, 4.75.
{[HC(3,5-Meypz)s] TI} PFe. An acetone (8 mL) solution of HC(3,5-

TEXSAN structure solving program library obtained from the Molecular
Structure Corp., The Woodlands, TX. Lorentz-polarization and absorp-
tion corrections were applied to the data in each analysis. Neutral atom
scattering factors were calculated by the standard procedfres.
Anomalous dispersion corrections were applied to all non-hydrogen
atoms!*? Full matrix least-squares refinements were carried out for
reflections withl > 3o(l) where o(l) was derived from counting

Me,pz)s (0.47 g; 1.6 mmol) was added to an acetone (7 mL) solution statistics. In each analysis, the intensities of three standard reflections
of TIPFs (0.55 g; 1.6 mmol). The reaction solution was stirred overnight Weré measured every 150 reflections. These showed no significant
before cannula filtering through a plug of Celite. The filtrate was deviations during the data collection process. The space groups were
concentrated to dryness under vacuum. The remaining pale yellow established from the patterns of systematic absences observed during

material was washed with toluene (5 mL) and the resultant white solid the collection of intensity data. Each structure was solved by a
combination of direct methods (MITHRIL) and difference Fourier

syntheses. All non-hydrogen atoms were refined with anisotropic
thermal parameters. The positions of the hydrogen atoms for each
structure were calculated by assuming idealized geometries at the carbon

(8) (a) Reference 1le, p 141. (b) Astley, T.; Gulbis, J. M.; Hitchman, M.
A.; Tiekink, R. T.J. Chem. Soc., Dalton Tran$993 509. (c) Canty,
A. J.; Minchin, N. J.J. Chem. Soc., Dalton Tran$986 645.

(9) (a) Lobbia, G. G.; Leonesi, D.; Cingolani, A.; Lorenzotti, A.; Bonati,
F. Synth. React. Inorg. Met.-Org. Che087, 17, 909. (b) Lobbia,
G. G.; Bonati, F.; Cingolani, A.; Leonesi, Bynth. React. Inorg. Met.-
Org. Chem.1989 19, 827. (c) Pettinari, C.; Santini, C.; Leonesi, D.
Polyhedron1994 13, 1553.

(10) (a) Ferguson, G.; Jennings, M. C.; Lalor, F. J.; Shanahaic@
Cryst. 1991, C47, 2079. (b) Cowley, A. H.; Geerts, R. L.; Nunn, C.
M.; Trofimenko, SJ. Organomet. Cheml989 365, 19. (c) Libertini,
E.; Yoon, K.; Parkin, GPolyhedron1993 12, 2539. (d) LeCloux, D.
D.; Tokar, C. J.; Osawa, M.; Houser, R. P.; Keyes, M. C.; Tolman,
W. B. Organometallics1994 13, 2855. (e) Yoon, K.; Parkin, G.
Polyhedron1995 14, 811. (f) Han, R.; Parkin, G.; Trofimenko, S.
Polyhedron1995 14, 387. (g) Dowling, C. M.; Leslie, D.; Chisholm,
M. H.; Parkin, G.Main Group Chem1995 1, 29.

(11) (a) Dias, H. V. R.; Huai, L.; Jin, W.; Bott, S. Gorg. Chem1995
34, 1973. (b) Frazer, A.; Piggott, B.; Hursthouse, M. B.; Mazid,M.
Am. Chem. Sod994 116, 4127.

(12) (a) Farago, M. Elnorg. Chim. Actal977, 23, 211. (b) Hudman, J.
R.; Patel, M.; McWhinnie, W. Rlnorg. Chim. Actal97Q 4, 161.

(13) Julia, S.; del Mazo, J.; Avila, L.; Elguero,Qrg. Prep. Proced. Int.
1984 16(5), 299.

atoms, G-H = 0.95 A. The hydrogen atoms were included in the
structure factor calculations but they were not refined.

Results

Addition of HC(3,5-Mepz); to a THF solution of TIPE
results in the immediate precipitation{dHC(3,5-Mepz)],Tl}-
PR (eq 1). This complex also forms in a reaction of 2/1
stoichiometry, ligand/Ti, in acetone. It was fully characterized
by IH and3C NMR as well as elemental analysis. No coupling
was observed té%°°Tl in the 'H or 13C NMR spectra.

The thallium(l) complex with a ligand to metal ratio of 1/1
was prepared in acetone by the reaction of HC(3,5g¥g and
TIPF in a 1:1 ratio (eq 2). Acetone is required in this

(14) International Tables for X-ray Crystallography{ynoch Press: Bir-
mingham, England, 1975: (a) Vol. IV, Table 2.2B, pp-2801; (b)
Tables 2.3.1, pp 149150.
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Me—@ﬂe Me'{o}Me
THF P
TIPFg + 2 HC(Me2pz); ————p | H=C-mN—Nt.. 7|~ N—N»="C—H |PFg

(

TIPFg + HC(Me,pz); -Acetone [ cluN—NwTi |PFs (2)
7
M*@-Me

preparation because a reaction using 1/1 stoichiometry in THF
yields insoluble{[HC(3,5-Mepz)].TI} PR. The H and13C
NMR spectra of [HC(3,5-Mepz)]TI} PFs are clearly different
from {[HC(3,5-Mepz)s].TI} PR, and again no coupling was
observed t&%5Tl. The NMR of a mixture of{ [HC(3,5-Me-
pz)]2TI} PR and{[HC(3,5-Mepz);| Tl} PR in acetoneds show
individual spectra for each complex, indicating that the ligands
do not exchange fast on the NMR time scale. FAB mass spectraTable 2. Selected Bond Distances and Bond Angles
of both compounds yield only the ion of appropriate mass for
{[HC(3,5-Meypz)]TI}*. Both compounds are soluble in ac-

1)

Figure 1. ORTEP diagram of [HC(3,5-Mepz)].TI} .

Bond Distances in A

etone and methylene chloride, and are air stable. bond {[HC(3v5('PMF3F’Z)3]2T|}' {[HC(3v5(-PM'§PZ)s]T|}-
Solid State Structures. {[HC(3,5-Me2pz);].TI} PFs. An

ORTEP diagram of the cation in [HC(3,5-Me)].TI|PFs is H:“%g g-gggg 3-2‘715(31(?)

shown in Figure 1 and Table 2 Iists_selt_acted bond o!istances TI-N32 2:891(5) 2:70(1)

and angles. The structure of the cation is best described as a N11—-C1 1.477(6) 1.43(1)

trigonally distorted octahedron. The thallium atom sits on a N21-C1 1.458(7) 1.45(1)

crystallographic center of inversion, thus the planes formed by N31-C1 1.443(8) 1.46(1)

the three nitrogen donor atoms of each ligand are parallel. Bond Angles in deg

Intraligand N-TI—N bond angles are restrained to less than

90° by the chelate rings and vary from 66.0(1) to 70.2(1) {[HC(3’5('QAF3ka]ZTI}' {[HC(3,5(-PMF3pzk]TI}-

I
(average= 67.5°). On the other hand, theis interligand ang’e
N—TI—N bond angles are greater than°%nd range from migfgfmgg Zg'g(l) 69.9(3)
—Tl— .0(1) 68.1(3)
109.8(1) to 114.0(%) All transN—TI—N angles are 180 as N22—TI—N32 66.2(1) 69.7(3)
required by the symmetry. The lone pair on thallium is clearly N12—TI—-N12* 180.00
stereochemically inactive. N12—-TI—-N22* 109.8(1)
The TI-N bond distances are very similar and range from N12-TI—-N32* 114.0(1)
. . N22—TI—N22* 180.00
2.891(5) to 2.929(5) A (average 2.92) A. An interesting N22—T|—N32* 113.8(1)
feature of the structure is a substantial tilting of the rings away N32—T]1-N32* 180.00
from an idealCs, type arrangement. The pyrazolyl rings remain  N11-C1-N21 110.7(5) 113.8(9)
nearly planar, with an average mean deviation from the plane N11-C1—-N31 111.8(5) 112(1)
0f 0.0077 A and the largest deviation of 0.0156 A. The thallium N21-C1-N31 111.2(4) 112(1)

atom lies out of these planes with TIN)—N(n1)C(n5) (n = )

ring number) torsion angles of 138.th = 1), 111.3 (n = 2), A. TIN(n2)-N(n1)C(n5) torsion angles are 157.1n = 1),

and 122.8 (n = 3) with an average of 1232 These angles ~ 190.0 (n=2), and 159.5(n = 3) with an average of 155°5

would be 180 in the absence of the tilting. The-fC1—N The N-C1-N angles are very similar and average 112The

angles, which also influence the way the ligands bond the metal, intraligand N--N “bite” distances are N12-N22 = 3.04(1),

are all very similar and average 111.2These bond angles and ~ N12:-*N32= 3.01(1) and N22-N32= 3.05(1) A (average 3.03

distances produce intraligand NN “bite” distances of N12-

N22 = 3.375(7), N12:-N32 = 3.172(7) and N22-N32 = A packing diagram of the unit cell is shown in Figure 3. Each

3.183(7) A (average 3.24) A. thallium is weakly bonded to two fluorine atoms in a¢PF
{[HC(3,5-Mezpz)s TI}PFs. An ORTEP diagram of the counterion, with T+F distances of 3.02(1) and 3.14(1) A. Given

cation in{[HC(3,5-Mepz)s|Tl] } PFs is shown in Figure 2. Table the regular arrangement of the™ central core, these interac-

2 lists selected bond distances and angles. The structure of thdions do not greatly impact on the overall structure.

cation is a trigonal pyramid. The-NTl—N bond angles vary

from 68.1(3) to 69.9(3) (average= 69.2). The TN bond Discussion

distances are similar and range from 2.64(1) to 2.70(1) A

(average= 2.67) A. As observed in the structure of [HC(3,5- Although a number of six-coordinate thallium(l) complexes

Meopz)].TI] T, ring tilting is also present in this complex, but  are knownt® as well as an eight-coordinate structure with a fairly

the degree of tilting is much less. The pyrazolyl rings remain regular geometry about thallium@j,the complex{[HC(3,5-

planar, with an average mean deviation from the plane of 0.0038 Me,pz)s].TI} PR; appears to be the first example of a coordina-
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Figure 2. ORTEP diagram of [HC(3,5-Mepz)]TI}*.

7

Figure 3. Packing diagram of the unit cell §{HC(3,5-Mepz)]TI}-
PR showing the contacts between the cations and the anions.

tion compound of thallium(l) having a six-coordinate, octahedral
geometry to be characterized crystallographically. The sym-
metry of the complex clearly indicates that the lone pair on
thallium does not distort the geometry about the metal atom.
The observed trigonal distortion of the octahedron can be
explained by the linking of the pyrazolyl rings within the ligand.
The structure is very similar to that of [HB(3,5-Me)s].Pb>2
another six-coordinate complex with an inactive lone pair. In
fact, the average MN distances in the two structures differ by

(15) (a) Otake, N.; Ogita, T.; Nakayama, H.; Miyamae, H.; Sato, S.; Saito,
Y. J. Chem. Soc. Chem. Comm@f78 875. (b) Nakayama, H.; Otake,
N.; Miyamae, H.; Sato, S.; Saito, Y. Chem. Soc., Perkin Trans. 2
1979 293. (c) Renn, O.; Lippert, B.; Mutikainen,lhorg. Chim. Acta
1993 208 219. (d) Lang, J. P.; Liu, J.; Chen, M. Q.; Lu, J. M.; Bian,
G. Q.; Xin, X. Q.J. Chem. Soc., Chem. Commuad®894 2665.

(16) Moras, P. D.; Weiss, RActa Crystallogr.1973 B29, 1059.
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0.31 A, exactly the amount that the ionic radius of six-coordinate
thallium(l) is larger than lead(I}7 Although the TN
distances are long, they are as expected given the large size of
six-coordinate thallium(l).

Should one expect any effect of the lone pair from thallium-
(I) on the geometry? On the basis of a large number of group
2 and 14 metallocene structures, Hanusa has at§tet “the
lone pair of electrons in the group 14 metallocenes is stereo-
chemically inactive.” The basis for the argument is the
similarity of the structures of group 2 and 14 metallocenes when
the ligand and size of the metal are held constant. Most of the
structures are “bent” and this bending can be attributed to van
der Waals interligand attractive forces. Certainly the bending
in the structures of the group 2 complexes cannot be attributed
to lone pair effects.

In addition to [HB(3,5-Megpz);].Pb (a complex that could
be described as having a structure analogous to a metallocene
with parallel intraligand M planes), we have also structurally
characterized [HB(pg).Pb52 In this six-coordinate complex,
the planes formed by the three nitrogen donor atoms of each
ligand are not parallel, analogous to a bent metallocene. Despite
the significant differences in the structures, the averageNPb
bond distances in the two [hydrotris(pyrazolyl)borgifd
structures are the same. The bonding schemes in both molecules
must be similar, with little or no influence from an “active”
lone pair in [HB(pz}].Pb. An additional piece of evidence for
the lack of influence of lone pairs on these structures that we
have noted previously comes from the structure of [HB(3,5-
Mezpz)s].Cd, a molecule that is isomorphous with [HB(3,5-
Mezpz)s].Pb, but lacks a lone pair on the metal. Despite the
lack of a lone pair on the metal, the €8l bond distances in
this molecule differ from the PbN distances in the above two
structures and the N distances i{[HC(3,5-Mepz);],Tl} -

PF by the difference in the ionic radii of the metal atoms.

Given these argumentt)e regular structures of[HC(3,5-
Mexpzg] T} T and [HB(3,5-Mepz)].Pb are expected for
complexes with bulky ligandsThe most stable arrangement of
the ligands dominates the structures. Another example of lead-
(1) in an octahedral ®environment with bulky groups about
the lead has been observed for the central lead atom i [Pb
(u-O-t-Bu)g].?°

The isolation of a pair of complexes containing one and two
polydentate ligands per metal is unusual and allows interesting
comparisons. The unexpected compound of the pdifHE-
(3,5-Mepz)) T} PR. Numerous [poly(pyrazolyl)borate]TI com-
pounds are knowH) and the neutral ligand 1,4,7-triazacy-
clononane (cycloBy, which has a Ndonor grouping, also forms
the 1/1 complex [cyclofTI[PFs.21 A 2/1 complex, [(5-CsHs)2-

TI]~, has also been characterized in metallocene chemistry, and
has a bent structurg.

The structure most similar to[HC(3,5-Mepz)],TI} PFKs is
the recently published thallium(l) structure of the hydrotris(3-
(2-pyridyl)-pyrazolyl)borate ligand, [HB(3-pypdN! (py =
pyridyl ring).2® In this structure, the pyrazolyl ring FIN

(17) Shannon, R. DActa Crystallogr.1976 A32 751.

(18) Burkey, D. J.; Hanusa, T. Eomments Inorg. Chemi995 17, 41.

(19) Reger, D. L.; Mason, S. S.; Rheingold, A. L.; Ostrander, Rnbrg.
Chem.1993 32, 5216.

(20) Goel, S. C.; Chiang, M. Y.; Buhro, W. Hnorg. Chem.199Q 29,
4640.

(21) Wieghardt, K.; Kleine-Boymann, M.; Nuber, B.; Weissinarg. Chem.
1986 25, 1309.

(22) Armstrong, D. R.; Herbst-Irmer, R.; Kuhn, A.; Moncrieff, D.; Paver,
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Table 3. Average M—N Bond Distances (A), Average MNNC
Torsion Angles (deg) and Average Intraligane- N Distances (A)
of Selected Complexes

MN—-NC av
torsion  M—N N---N
compound angle dist dist ref

{[HC(3,5-Mepz),TI}(PR) 1232 292 3.24 thiswork
{[HC(3,5-Mepz)]TI} (PF) 155.5 2.67 3.03 this work
[HC(3,5-Mepz)s]Mol 5 1773 220 292 7
[HB(3,5-Mexpz)]Pb 159.4 261 3.18 5a
[HB(3,5-Mepz)].Cd 158.6 235 3.10 19
[HB(3,5-Meypz)].Zn 1746 217 298 24

Reger et al.

for six complexes, all with 3,5-Mesubstitution on the pyrazolyl
ring. For complexes with planar pyrazolyl rings, as observed
with these complexes, the deviation of this angle from©°180
defines the degree of tilting of the rings. Also shown are the
average M-N bond distances and the -NN intraligand
distances. In the two structures with shorter-M distances
(2.20 A or less), the torsion angles are near the i@gavalue

of 18C°. In the three structures with %N bond distances in
the range of 2.3482.673 A, the distortions are moderate. Only
in the structure of [HC(3,5-Mepz)].TI} PF;, the case with very
long M—N bond distances, are the distortions pronounced. It
has been noted previously with complexes of the [HB-

distances average 2.67 A and the nitrogen atoms on the thredMementhpzj]~ ligancf that the size of the metal was important

pyridyl groups also point toward the metal with-T\ distances

in the tilting distortion, and the size of the metal atom clearly

much longer at an average 3.18 A. Interestingly, the averagecorrelates with this tilting distortion for the [HB(3,5-Bpz)]M
TI-N distances in this structure of 2.92 A is the same as for complexes:

{[HC(3,5-Mexpz)],Tl} PFs.

The bond distances in six-coording{elC(3,5-Mepz)],Tl} -
PF; are considerably longer than in three-coordi{gt¢C(3,5-
Meypz)]TI}PR. The average HN distances in{[HC(3,5-
Meypz)s TI} PR (average 2.67 A) are slightly longer than those
reported in most [poly(pyrazolyl)borate]Tl structures (range
2.50-2.61 Al%2e9) and in the cationic [cycloBT]* complex
(average 2.61 &). An average distance of 2.68 A is observed
for [tris(3-anthryl)pyrazolyl)borate] T4 Given these similar

The bite size of either of these ligand types inCg,
arrangement is fixed by the size of the pyrazolyl ring, theNB
or C—N bond distances, and the-NB—N or N—C—N bond
angles. In the structure of the free ligand, HC(3,5,vs,26
the C-N bond distances (average 1.45 A) aneG—N bond
angles (average 1ijlare essentially the same as in both thallium
complexes, indicating that these values cannot change greatly
to accommodate different types of metal atoms. The analogous
distances and angles in poly(pyrazolyl)borate ligands are also

bond distances and the correlation in bond distances betweervery similar to those in the HC(3,5-Mgz)s ligand and its

{[HC(3,5-Mepz)].TI} PR and [HB(3,5-Mepz)].Pb with changes
in ionic radii, there appear to be only small differences in

complexes. With these values fixed, the only way for the ligand
to increase its bite size, as measured by the intraliganeNN

observed bond distances of analogous tris(pyrazolyl)borate anddistances, is the tilting distortion noted in the structures of both
tris(pyrazolyl)methane complexes, even though there is a changelypes of ligands with large metals. The severe distortions for
in the overall charge of the complexes. The major change in {[HC(3,5-Me&pz)].TI} PR open up these NN distances to

bond distances is the considerable lengthening observed withan average of 3.24 A, by far the largest in the table. Even with

the higher coordination number complexes compared to thosethese distortions in the structufgHC(3,5-Mepz)].Tl} PFs is

with lower coordination numbers.

an air stable compound with a high melting point. The pyrazolyl

Finally, an interesting structural feature that is clearly evident rings in these tripodal ligands can tilt away from ide2y,
in the ORTEP diagrams of the two thallium complexes is the Symmetry to accommodate larger metal atoms or to overcome

tilting of the pyrazolyl rings away from alignment with the metal
(a “propeller-like” distortion), especially in the structure of
{[HC(3,5-Meypz)].TI} PRs. A discussion of this type of distor-

unfavorable nonbonding interactions from bulky pyrazolyl ring
substitutionand still formvery stable complexesThis ability
to tilt the pyrazolyl rings is a further demonstration of the

tion has been noted previously in the analysis of the structuresversatility of poly(pyrazolyl)borate and poly(pyrazolyl)methane

of [HB(Menthpz)] Tl and [HB(Mementhpz) TI1%and also for
[HB(3,5-Buzpz)s]M complexes where M is a variety of main
group metald® For the [HB(Menthpz]Tl and [HB(Me-
menthpz)] Tl pair, the former is not distorted, having almost
perfectCs, symmetry, but unfavorable nonbonding interactions

caused by bulky substituents on the pyrazolyl rings in the latter
complex cause this type of distortion. For complexes such as

[HB(3,5-BuLpz)]Tl, the distortion is attributed to the bulky
substituent at the 5-position. A result of the tilting is that the

lone pairs of electrons on the ligands do not point directly at

the thallium atom.

This tilting distortion is evident in complexes of large metal
ions with poly(pyrazolyl)borate and poly(pyrazolyl)methane
ligands that dmot contain bulky substituents. Table 3 shows

average MN(donor)-N(nondonor)C(pyrazolyl ring) torsion angles

(24) Looney, A.; Han, R.; Gorrell, I. B.; Cornebise, M.; Yoon, K.; Parkin,
G.; Rheingold, A. L.Organometallics1995 14, 274.

ligands and suggests that they have an even greater potential
for ligation than previously recognized.

Acknowledgmentis made to the National Science Founda-
tion (Grants CHE-9115158 and OSR-9108772 to D.L.R.) for
support. The NSF (Grants CHE-8411172 and CHE-8904942)
and the NIH (Grant RR-02425) have supplied funds to support
NMR equipment, and the NIH (Grant RR-02849) has supplied
funds to support mass spectrometry equipment.

Supporting Information Available: Tables of complete data
collection information, bond distances, bond angles, positional param-
eters, and anisotropic thermal parameters (14 pages). Ordering
information is given on any current masthead page.

IC951167+

(25) Reference 1g, p 452.
(26) Reger, D. L.; Collins, J. E.; Layland R; Adams R. D. Unpublished
results.



