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Introduction

We! and otheréhave developed the chemistry of cadmium-
(I) using poly(pyrazolyl)borate ligands (Chart 1). Our main
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Tris(3,5-dimethylpyrazolyl)borate Tris(3,5-dimethylpyrazolyl)methane

In addition to the syntheses of these homoleptic, six-coor-
dinate complexes, we also reported the preparation of isoelec-
tronic, mixed-ligand complexes such{biC(3,5-Mepz)][HB-
(3,5-Mepz)]Cd} (BF4).4 At that time it did not prove possible
to grow single crystals of these complexes for X-ray studies,
but recently we have grown suitable crystals {§HC(3,5-
Mezpz)][HB(3,5-Mexpz)s]Cd} { B[3,5-(CFs)2CeHs) 4} . Reported
here is the solid state structure of this complex that allows a
direct comparison of the two ligand types in the same complex.

interest is the syntheses of monomeric cadmium(ll) compoundswe compare this structure to the previously reported structures

in which the coordination sphere about the cadmium atom can
be carefully controlled in order to use these complexes to model
the active sites in zinc metalloproteins. Cadmium has two
important isotopes that are NMR active with spis'/,, and
thus NMR can be used to explore the active site of proteins in
which cadmium has replaced zinc, a metal with few good
spectroscopic handlés.

of {[HC(3,5-Mepz)s].Cd} (BF4)2* and [HB(3,5-Mepz)].Cdl2

and contrast these three structures to the structures of the
analogous lead(ll) complex€fHC(3,5-Mepz)].P 2", [HB(3,5-
Me,pz)s].Pb 8 and{[HC(3,5-Mepz)][HB(3,5-Mepz)]Ph} +.5
Experimental Section

All operations were carried out under a nitrogen atmosphere either

More recently, we have prepared analogous complexes usingusing standard Schlenk techniques or in a Vacuum Atmospheres HE-

tris(pyrazolyl)methane ligands (Chart 4)Complexes of the
general formula{[tris(pyrazolyl)methanelCd}?" are isoelec-
tronic to [tris(pyrazolyl)borate{Cd complexes, but because the
tris(pyrazolyl)methane ligands are neutral compared to the
monoanionic tris(pyrazolyl)borate ligands, the complexes have

493 drybox. All solvents were dried, degassed, and distilled prior to
use. Cd(acag)was purchased from Strem Chemicals and used as
received. Tetrafluoroboric acid diethyl ether complex (85%) was
purchased from Aldrich and used as received{ Bj&sH3(CFs)2]4},’
HC(3,5-Mepz),® and [HB(3,5-Mepz)].Cd'2were prepared according

to literature procedures’*Cd NMR chemical shifts are reported in

a 2+ charge. We are interested in using solid state structuresparts per million versus external 0.1 M Cd(G)® Elemental analyses

and 3Cd NMR chemical shifts to compare the bonding
properties of these two ligand types in isoelectronic complexes.

(1) (a) Reger, D. L.; Mason, S. S.; Rheingold, A. L.; Ostrander, R. L.
Inorg. Chem 1993 32, 5216. (b) Lipton, A. S.; Mason, S. S.; Reger,
D. L.; Ellis, P. D.J. Am. Chem. S0d994 116, 10182. (c) Reger, D.
L.; Mason, S. SPolyhedron1994 13,3059. (d) Reger, D. L.; Myers,
S. M,; Mason, S. S.; Rheingold, A. L.; Haggerty B. S.; Ellis, P. D.
Inorg. Chem.1995 34, 4996. (e) Reger, D. L.; Mason, S. S;
Rheingold, A. L.Inorg. Chim. Actal996 240, 669. (f) Reger, D. L.;
Myers, S. M.; Mason, S. S.; Darensbourg, D. J.; Holtcamp, M. W.;
Reibenspeis, J. H.; Lipton, A. S.; Ellis, P. D.Am. Chem. S0o4995
117, 10998.

(2) (a) Looney, A.; Saleh, A.; Zhang Y.; Parkin, Gorg. Chem 1994
33, 1158. (b) Lobbia, G. G.; Leonesi, D.; Cingolani, A.; Lorenzotti,
A.; Bonati, F.Synth. React. Inorg. Met.-Org. Chei®87 17, 909.

(c) Lobbia, G. G.; Bonati, F.; Cingolani, A.; Leonesi, Bynth. React.
Inorg. Met.-Org. Chem1989 19, 827. (d) Pettinari, C.; Santini, C.;
Leonesi, D.Polyhedron1994 13, 1553. (e) Lobbia, G. G.; Bovio,
B.; Santini, C.; Cecchi, P.; Pettinari, C.; MarchettHalyhedronl998
17, 17.

(3) (a) Coleman, J. E. IMetallobiochemistry, Part PRiordan, J. F.,
Vallee, B. L., Eds.; Methods in Enzymology 227; Academic Press:
San Diego, CA, 1993; pp 1643. (b) Rivera, E.; Kennedy, M. A.;
Ellis, P. D. Adv. Magn. Reson1989 13, 257. (c) Summers, M. F.
Coord. Chem. Re 1988 86, 43.

(4) Reger, D. L.; Collins, J. E.; Myers, S. M.; Rheingold, A. L.; Liable-
Sands, L. M.Inorg. Chem 1996 35, 4904.

10.1021/ic981453w CCC: $18.00

were performed by National Chemical Consulting, Inc.

WARNING: Cadmium(ll) compounds are extremely toxic and care
should be used when handling them. The L{@EH; generated in
situ in the preparation of NEB[3,5-(CFs).CeHs]4} is potentially
explosie? Its preparation should be carried out behind explosion
shields, and it should be handled as dilute solutions on as small a
scale as possible.

[Cd(thf) 3]{ B[3,5-(CFs3)2CsH3] 4} 2. Cd(acac) (0.25 g; 0.80 mmol),
suspended in thf (10 mL), was treated with 85% HBEO (0.25 mL,

1.6 mmol). This mixture was stirred f@ h before being filtered, and
the remaining solid was washed with hexanes (5 mL). ACIKH (25

mL) solution of Ng B[3,5-(CF;)2CeH3]4} (1.43 g; 1.6 mmol) was added

to the white solid. This mixture was stirred overnight before being
filtered. The solvent was evaporated and the resulting pale yellow solid
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Table 1. Crystallographic Data fof[HC(3,5-Mepz)]-
[HB(3,5-Me;pz)s| Cd}{ B[3,5-(CF3)2CeHs] 4}

formula GssHs6B2CdR4N12

fw 1571

space group P1

a, 10.311(6)

b, A 19.045(5)

c, A 19.611(6)

o, deg 108.50(2)

B, deg 96.53(5)

y, deg 103.23(4)

Vv, A3 3482(3)

z 2

cryst color, habit colorless block

D(calc), g cnT® 1.499

u(Mo Ka)), cm ™t 4.26

temp, K 244(2)

radiation Mo Koo
(A=0.71073 A)

R(F)3, R(wF?)a 6.01,12.73

& Quantity minimized= RWF?) = S[W(Fo? — FAZ/ S [W(Fod7 Y2
R(F) = A3 (Fo), A = |Fo — Fol.

dried overnight under vacuum (1.43 g; 87%); mpl17—118°C. *H
NMR (acetoneds): ¢ 7.78 (br; 16; 2,6H in CeH3(CFs),); 7.68 (br; 8;
4-H in CeH3(CR)2); 3.63 (m; 12; CHO); 1.79 (m; 12; EGi,.CH;0).
Anal. Calcd for GeHagB2CdRgOs: C, 44.42; H, 2.35. Found: C, 44.61,
H, 2.40.

{[HC(3,5-M92p2)3]2Cd}{ B[C6H3(CF3)2]4} 2. A CHClI; solution (10
mL) of HC(3,5-Mepz); (0.48 g; 1.6 mmol) was added to a &H»
solution (15 mL) of [Cd(thf]{ B[CsH3(CFs)2]4} 2 (1.65 g; 0.80 mmol).

A white solid began to precipitate after several minutes of stirring.
The reaction mixture was stirred overnight, followed by cannula
filtration. The remaining white solid was washed with hexanes @

mL) and dried under vacuum (1.22 g; 0.50 mmol; 62%); #nR66—
267°C.*™H NMR (acetoneds): ¢ 8.43 (s; 2;HC(Meypz)); 7.79, 7.68

(s, s; 16, 8; B/6H, 4H in CsH3(CRs),); 6.38 (s; 6; 4H pz); 2.87, 2.00

(s, s; 18, 18; Me)***Cd NMR (CD,Cly): 6 207. Crystals suitable for an
analytical sample were prepared by layering an acetone solution with
hexanes and allowing for slow diffusion of the two layers. Anal. Calcd
for CoeHesB.CdFugN12: C, 47.34; H, 2.81. Found: C, 47.55; H, 2.88.

{[HC(3,5-Me2pz)4][HB(3,5-Mepz);]Cd}{ B[CeH3(CF3)2]4} . EQuimo-
lar amounts of [HC(3,5-Mepz)].Cd}{ B[CeH3(CFs)2]4} 2 (1.62 g; 0.665
mmol) and Cd[HB(3,5-Mgz)], (0.47 g; 0.66 mol) were combined
and suspended in GBI, (50 mL). The mixture was heated at reflux
for 16 h. After cooling to room temperature, the homogeneous solution
was passed through a plug of Celite. The filtrate was concentrated to
dryness, providing a white solid (1.87 g; 90%); mp243—247 °C.

IH NMR (CDCl): 6 7.85 (s; 1;HC(Meypz)); 7.68, 7.50 (s, s; 8, 4;
2H/6H, 4H in CeH3(CR)2); 5.94, 5.73 (s, s; 3, 3; # pz); 2.41, 1.82,
1.66 (s, s, s; 18, 9, 9; Me}*Cd NMR (CD,Cly): 6 211. Crystals
suitable for an analytical sample and the X-ray crystal structure were
prepared by layering a GBI, solution with hexanes and allowing slow
diffusion of the two layers. Anal. Calcd for¢gHseB.CdFuN12: C,
48.16; H, 3.59; N, 10.70. Found: C, 47.90; H, 3.40; N, 10.37.

Crystallographic Structural Determination. Crystal, data collec-
tion, and refinement parameters are given in Table 1. A suitable crystal
for X-ray diffraction was selected and mounted with epoxy cement on
a thin glass fiber. The unit cell parameters were obtained by the least-
squares refinement of the angular settings of 24 reflectiors £200
< 25°).

No evidence of symmetry higher than triclinic was observed in either
the photographic or diffraction dat&-Statistics suggested the cen-
trosymmetric space group optio®1, which yielded chemically
reasonable and computationally stable results of refinement. The
structures were solved by direct methods, completed by subsequen
difference Fourier syntheses, and refined by full-matrix least-squares
procedures. Semiempirical absorption corrections were applied. The
fluorine atoms on one of the trifluoromethyl groups, F(13), F(14), and
F(15), of the counterion were disordered equally over two positions.
All non-hydrogen atoms were refined with anisotropic displacement

parameters, and hydrogen atoms were treated as idealized contributions.

Notes

Figure 1. ORTEP diagram of[HC(3,5-Mepz)][HB(3,5-Me,pz)]-
Cd}*. Thermal ellipsoids are at 30% probability. Hydrogen atoms are
omitted for clarity. Important distances (A) and angles (deg):—Cd
N(1) = 2.353(4), Ca-N(3) = 2.382(4), Ca-N(5) = 2.403(4), Ca-
N(7) = 2.292(4), Ce&-N(9) = 2.267(4), Ca-N(11) = 2.308(4), N(2)-
C(31)= 1.436(5), N(4)-C(31) = 1.429(6), N(6)-C(31) = 1.443(6),
N(8)—B(1) = 1.556(6), N(10y-B(1) = 1.530(6), N(12)-B(1) = 1.536-
(7), N(1)—Cd—N(3) = 78.4(2), N(1)-Cd—N(5) = 76.45(14), N(1)}
Cd—N(7) = 100.6(2), N(1)-Cd—N(9) = 173.61(13), N(1)-Cd—N(11)

= 99.0(2), N(3)-Cd—N(5) = 78.92(14), N(3y Cd—N(7) = 179.0(2),
N(3)—Cd—N(9) = 98.0(2), N(3y-Cd—N(11) = 96.5(2), N(5}-Cd—
N(7) = 100.94(14), N(5-Cd—N(9) = 97.79(14), N(5r-Cd—N(11)
= 174.0(2), N(7Cd—N(9) = 83.1(2), N(7>Cd—N(11) = 83.58-
(14), N(9-Cd—N(11) = 86.6(2).

All software and sources of the scattering factors are contained in
the SHELXTL (5.3) program library (G. Sheldrick, Siemens XRD,
Madison, WI).

Results and Discussion

{[HC(3,5-Mexpz)s][HB(3,5-Mezpz)s]Cd}{ B[3,5-(CFs)2-
CeH3]4} was prepared analogously §fHC(3,5-Mepz)][HB-
(3,5-Mepz)]Cd} (BF4) reported previously. Treating a thf
suspension of Cd(acacyvith HBF4ELO leads to [Ce(thf)s]-
(BF4)4, which when treated with N&[3,5-(CFs).CgsH3]4} yields
[Cd(thf)3]{ B[3,5-(CF3)2CsH3] 4} 2. Reaction of this compound
with 2 equiv of HC(3,5-Mgpz); yields{[HC(3,5-Mepz)].Cd} -
{B[CeH3(CFs)2]4} 2, which undergoes an exchange reaction with
[HB(3,5-Meypz);]2Cd to yield the desired complex (BARE
{B[3,5-(CFR)2CeHz]a} *).
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An ORTEP diagram of the cation is shown in Figure 1;
selected bond distances and angles are reported in the caption.
The cadmium is bonded to the six nitrogen donor atoms in a
trigonally distorted octahedral arrangement. The two ligands can
be distinguished by the smaller covalent radius of carbon versus
boronl® The C(methyne}N bond lengths are 0.1 A shorter

than the B-N bond lengths (Table 2). The three €N bond

distances from [HB(3,5-Mgz)s] ~ are shorter than those from
HC(3,5-Mepz)s, with the average distances being 2.29 versus
2.38 A.

(10) Hueey, J. E.; Keiter, E. A.; Keiter, Raorganic Chemistry4th ed.;
Harper Collins: New York, 1993; p 292.



Notes Inorganic Chemistry, Vol. 38, No. 13, 1998237

Table 2. Selected Bond Distances (A) and Angles (deg) for and [HB(3,5-Mepz)].PI# are isostructural to their cadmium
[HB(3,5-Mexpz)].Cd (A), {[HC(3,5-Mexpz)][HB(3,5-Mezpz)]Cd} * analogues, a surprising result given that lead(ll) has two
(B), and{[HC(3,5-Mepz)].Cd}*" (C) additional valence electrons. As with the cadmium complexes,
A Ba C the Pb-N distances in these two structures are very similar.
Distances The structure of [HC(3,5-Mepz)][HB(3,5-Mexpz)]Pb}+ Sis
Cd—N(methane) 2.38 2.321(10)  very different from these two structures and the structure of
Cd—N(borate) 2.348(5)  2.29 {[HC(3,5-Mepz)][HB(3,5-Meypz)]Cd} * reported here. The
g("’llethyne%N L5 144 1.439(7) lead(ll) ion is five coordinate bonded to a tridentate [HB(3,5-
- 533(6) 1.54 Mezpz)s]~ ligand and a bidentate HC(3,5-Me); ligand. The
~ Angles three Pb-N bonding distances from the tridentate [HB(3,5-Me
H:ggimfgoe&iqﬁtr;irgg%?d) 82.7(7) ga 80.0(4) pz)s]~ ligand are short (average 2.43 A), while both-Pb
N—Cd—N(trans-interligand) 180.6(1) 173 180.0(1) bonding distances from HC(3,5-M&); are much longer _
N—Cd—N(cis-interligand) 97.3(1) 99 100.0(4) (2.745(7) and 2.827(7) A). As observed to a lesser degree in
N—C(methyne}-N 112 109.6(4) the mixed-ligand cadmium(ll) structure, in this lead(ll) structure
N—B—N 110.6(4) 110 the [HB(3,5-Mepz)]~ ligand coordinates much more strongly
a Average values. than the HC(3,5-Mgz); ligand. Enemark has also commented

in comparing the chemistry of molybdenum complexes of the

Table 2 compares the structural parameters of this complex HC(3,5-Mepz) ligand with similar complexes of tris(pyra-
with those for [HB(3,5-Mgpz)].Cd2 and {[HC(3,5-Me- zonI)borate ligands that the HC(3,5-Me); ligand is “much
pz)s].Cdt 2" 4 The Cd-N distances are essentially identical in more labile.
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complex Interestingly, theaverageCd—N distance of 2.33 A
in {[HC(3,5-Mexpz)][HB(3,5-Mezpz)s]Cd} * is very similar to Supporting Information Available: An X-ray crystallographic file
those in the homoleptic structures. This similarity in average in CIF format for complex [HC(3,5-Mepz)s][HB(3,5-Mexpz)s]Cd} -
Cd—N bond distances was predicted previously because the{B[3,5-(CF)CsH3]4}. This material is available free of charge via the
113Cd NMR chemical shift values for these three compounds Internet at http://pubs.acs.org.
are nearly identical. All other parameters in the structures are 1C981453W
also very similar.

The structures of the three analogous complexes of lead(ll) (11) phawan, I. K.; Bruck, M. A.; Schilling, B.; Grittini, C.; Enemark, J.
have been reported. The complexfisC(3,5-Mepz)] P} 2+ 5 H. Inorg. Chem.1995 34, 3801.






