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Synthesis and Characterization of Heterodinuclear IrCo, RuCo, IrNi, and RuNi Complexes
Containing Pyrazolate and Pyrazolylborate Ligands

Daniel Carmona,*' Fernando J. Lahoz! Reinaldo Atencio,; Andrew J. Edwards,’
Luis A. Oro,* T M. Pilar Lamata, ¥+ Montserrat Esteban* and Swiatoslaw Trofimenko*$8

Departamento de Qmuica Inordgaica, Facultad de Ciencias, Instituto de Ciencia de Materiales de
Aragon, Universidad de Zaragoza-Consejo Superior de Investigacionesfices)tb0009 Zaragoza,
Spain, Departamento de Quica Inordgaica, Escuela Universitaria de Ingen#ifiecnica e Industrial,
Instituto de Ciencia de Materiales de AfagdJniversidad de Zaragoza, Corona de Ara@b,

50009 Zaragoza, Spain, and Du Pont Central Research and Development, Experimental Station,
Wilmington, Delaware 19880-0302

Receied July 14, 199%

Treatment of the metallo ligands [ML(p£Hpz)] (pz= pyrazolate; L= CsMes, M = Ir (1); L = mesitylene, M

= Ru (3)) with [M'CK{ HB(3-i-Pr-4-Br-pz}}] (M’ = Co @), Ni (5)) yields heterodinuclear complexes of formula
[LM(u-pz)(u-Cl)M'{HB(3-i-Pr-4-Br-pz}}] (L = CsMes; M = Ir; M' = Co (6), Ni (7). L = mesitylene; M=

Ru; M' = Co (8)). The related complex [Ryf-p-cymene)(pzXHpz)] (2) reacts with equimolar amounts 4for

5 to give mixtures of the corresponding hisfyrazolato)u-chloro complexes [ft-p-cymene)Rug-pz)(u-Cl)-
M'{HB(3-i-Pr-4-Br-pz}}] (M' = Co (9), Ni (10)) and the triply pyrazolato-bridged complexeg®f{-cymene)-
Ru(u-pz)sM'{HB(3-i-Pr-4-Br-pz}}] (M' = Co (11, Ni (12)). Complex1 reacts with5 in the presence of KOH
to give the IrNi complex [§5>-CsMes)Ir(u-pz)sNi{ HB(3-i-Pr-4-Br-pz}}] (13) whereas its reaction witd and
KOH rendered the big¢pyrazolato)u-hydroxo complex [5-CsMes)Ir(u-pz)(u-OH)Co HB(3-i-Pr-4-Br-pz}} ]
(14). The molecular structure of the heterobridged IrCo comp&xafd those of the homobridged RuNi2j
and IrNi (13) complexes have been determined by X-ray analyses. Comp®ungbtallizes in the monoclinic
space grougP2:/n, with a = 10.146(5) A,b = 18.435(4) A,c = 22.187(13) A, = 97.28(4}, andZ = 4.
Complex12 is monoclinic, space grouB2;, with a = 10.1169(7) Ab = 21.692(2) A,c = 11.419(1) A =
112.179(7, andZ = 2. Compoundl3 crystallizes in the monoclinic space groGg, with a = 13.695(2) Ab

= 27.929(6) A,c = 13.329(2) A5 = 94.11(4Y, andZ = 4. All the neutral complexe8, 12, and13 consist of
linear M---M'---B backbones with two€) or three (2, 13) pyrazolate ligands bridging the dimetallic-MM’
units and three substitutedi3?r-4-Br-pz groups joining Mto the boron atoms. The presence in the proximity
of the first-row metal M of the three space-demanding isopropyl substituents of the pyrazolate groups induces a
significant trigonal distortion of the octahedral symmetry, yielding clearly differentMbond distances on
both sides of the ideal octahedral coordination sphere of these metals.

Introduction From a coordination point of view, the complexes}fCs-
Mes)(pz)o(Hpz)],* [Ru(;®-p-cymene)(pzXHpz)],> and [Rug®

An extensive coordination chemistry has been developed from yesitylene)(pz{Hpz)] are comparable to protonated tris-
poly(pyrazolylborate) anions which includes most transition- (pyrazolyl)borates or to the Kia ligands, such as #f-
metal ionst In particular, the complexégM’'CI{ HB(3-i-Pr- CsHs)Co{ PO(ORY}3].6 In fact, we have shown that the
4-Br-pzj}] (M' = Co, Ni), due to the presence of this particular jridium?:8 and the rutheniufhanions [Ir¢;5-CsMes)(pz);] ~ and
tris(pyrazolyl)borate ligand, possess a favorable combination [Ru(x5-p-cymene)(pzj~ represent a new class of tripodal
of steric protection around the metal and selective accessibility mononegative ligands, capable of coordinating via eithef-#wo
toward other ligands that make them very suitable for controlled or threé pz links. In order to explore the coordination capacity
preparation of mixed species [LEHB(3-i-Pr-4-Br-pz}}]. of these compounds as tridentate ligands, we have attempted
These mixed complexes are five- or six-coordinate depending the preparation of heterodinuclear Mispecies by reacting them
on the coordination capacity of L. Thus, for example, when L with poly(pyrazolyl)borato complexes [@I{HB(3-i-Pr-4-
is HB(pz), the heteroleptic {HB(pz)s}M'{HB(3-i-Pr-4- Br-pz)s}] (M' = Co, Ni).
Br-pz)}] Cs, octahedral complexes are obtaidéd,whereas - -
when L is acetylacetonate, tropolonate, or dithiocarbamate, the ) ﬁzlr%brgﬁgﬁlJiS%(;l Bg”ﬂg‘g' P. J; Thompson, J. S.; Trofimenko, S.
corresponding [LN{ HB(3-i-Pr-4-Br-pz}} ] compounds possess (4) Carrﬁona, D.; Oro, L.’A.; Lémata| M. P.; Elguero, J.; Apreda, M. C;

five-coordinate geometrf:3 Foces-Foces, C.; Cano, F. Angew Chem, Int. Ed. Engl. 1986 25,
1114.
(5) Carmona, D.; Ferrer, J.; Oro, L. A.; Agreda, M. C.; Foces-Foces, C.;
T Facultad de Ciencias, Universidad de Zaragoza. Cano, F. HJ. Chem Soc, Dalton Trans 1990 1463.
+ EUITI, Universidad de Zaragoza. (6) Klaui, W. Angew Chem, Int. Ed. Engl. 199Q 29, 627.
§Du Pont. (7) Carmona, D.; Lahoz, F. J.; Oro, L. A,; Lamata, M. P.; Buzarra, S.
® Abstract published im\dvance ACS Abstract$jarch 15, 1996. Organometallics199], 10, 3123.
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Here we report the preparation of new heterodinuclear MM
complexes with pyrazolate and other mononegative bridging
ligands such as chloride or hydroxide anions starting from [ML-
(P2x(Hp2)] (ML = Ir(5-CsMes), Rufy>-p-cymene), Rugs-
mesitylene), and [MC{HB(3-i-Pr-4-Br-pz}}] (M' = Co, Ni)
complexes. The molecular structures of the complexes [(
CsMes)Ir(u-pz)(u-Cl)Co{ HB(3-i-Pr-4-Br-pz}}] (6), [;°p-
cymene)Rug-pz)sNi{ HB(3-i-Pr-4-Br-pz}}] (12) and [(;5-Cs-
Mes)Ir(u-pz)sNi{ HB(3-i-Pr-4-Br-pz}}] (13) are also reported.

Experimental Section

The complexes [Inf>-CsMes)(pz)(Hpz)],* [Ru(;®-p-cymene)(pz>
(Hpz)],> and [MCI{HB(3-i-Pr-4-Br-pz}}]> (M' = Co, Ni) were
prepared by literature procedures. ff{CsMes)ClI(Hpz)]BF4,° [Ru-
(n85-mesitylene)(pz(Hpz)],* and [Ruf8-mesitylene)(Hpz][BF 4].*?
were prepared as described for the related fRIGMes)Cl(Hpz)]-
BF,% [Ru(;%-p-cymene)(pz(Hpz)P and [Rug®-p-cymene)(Hpz)-
[BF4]2,° respectively. All solvents were dried over appropriate drying
agents, distilled under Nand degassed prior to use. All preparations
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ously was filtered off, washed with water and methanol, and vacuum-
dried (155.1 mg, 80% vyield).

Synthesis of [@5-mesitylene)Ruf-pz)(u-Cl)Co{ HB(3-i-Pr-4-
Br-pz)s}] (8). To a solution of [Rug®-mesitylene)(pz(Hpz)] (130.0
mg, 0.307 mmol) in acetone (20 mL) were added {NE2.6uL, 0.307
mmol) and [CoGIHB(3--Pr-4-Br-pz}}] (205.8 mg, 0.307 mmol). After
16 h of stirring, precipitation of an orange solid was observed, which
was filtered off, washed with acetone and water, and dried under
vacuum (189.2 mg, 60% yield). Recrystallization from chloroferm
hexane led to red crystalsH NMR in CDCl; (ppm, relative ratios,
assignments): 90.6, 86.7, 81.9, 68.7, 53.9, 28.7, 12145.9,—36.9,
—37.3,—77.0,—92.0,—125.0; 2:1:2:1:2:3:9:6:6:6:2:2:1; 5-H of (pz)
nearest to Ru, BH, 5-H of (BPr-4-Br-pz) cis to Cl, 5-H of 34i-Pr-
4-Br-pztransto Cl, 4-H of (pz}, CeHsMes, CsHsMes, CHMe; transto
Cl, CHMeMe cisto Cl inner position, CHMBle cisto Cl outer position,
3-H of (pz) nearest to Co, BMe; cisto Cl, CHMe; transto CI. IR
(cm™): »(BH) 2450. FAB" MS (m/2): 1027. Anal. Calcd for
Cs3HaaBBrsCICoNyRu: C, 38.64; H, 4.23; N, 13.65. Found: C, 38.84;
H, 4.09; N, 13.59.

Reaction of [Ru(@s-p-cymene)(pz)(Hpz)] with [M 'CI{ HB(3-i-Pr-

were carried out under nitrogen. Infrared spectra were obtained as Nujol4-Br-pz)s}] (M' = Co, Ni). A solution of [Rug;®-p-cymene)(pz(Hpz)]

mulls with a Perkin-Elmer 1330 spectrophotometer. The C, H, and N
analyses were carried out with a Perkin-Elmer 240 B microanalyzer.
1H NMR spectra were recorded on a Varian UNITY 300 spectrometer.
Paramagnetic compounds were studied with a sweep width of 90 kHz
and 48 pulse angles. FAB MS spectra were recorded on a VG

(120.0 mg, 0.251 mmol) and [\@KHB(3-i-Pr-4-Br-pz}}] (0.251
mmol) in methanol (20 mL) was stirred for 2 h. A mixture ®&and
11(145.3 mg) orl0and12 (150.5 mg) precipitated, which was filtered
off, washed with methanol, and dried under vacuum.

9: IH NMR in CDCl; (ppm, relative ratios, assignments) 8-2,6.4,

Autospec spectrometer. The EPR spectra were measured either at room-38.1, —38.5; 6:6:6:6; CHle, (p-cymene), CHile, trans to Cl,

temperature or at liquid-nitrogen temperature. Powdered polycrystalline

CHMeMe cis to Cl inner position, CHMMe cisto CI outer position.

samples were introduced into a quartz tube. The spectra were recorded-AB+ MS (m/z): 1039.

using a Bruker ESP380E spectrometer working in X-band. Magnetic

measurements were made using a commercial SQUID magnetometer

from Quantum Design. Susceptibility measurements were carried out
at a field d 1 T produced by a superconducting coil. Additional
magnetization measurements were madeaup T at 1.8 and 3.0 K.

Synthesis of [§75-CsMes)Ir( u-pz)x(u-Cl)M '{ HB(3-i-Pr-4-Br-pz) 3} ]

(M’ = Co (6), Ni (7)). A mixture of [Ir(5>CsMes)(pz)(Hpz)] (120.0
mg, 0.226 mmol) and [MCK HB(3-i-Pr-4-Br-pz}}] (0.226 mmol) in
methanol (20 mL) was stirred for 2 h. The orange-yel®ar yellow

7 precipitate was filtered off, washed with methanol, and dried under
vacuum. Recrystallization from chloroforamexane led to orang®)

or yellow (7) crystals.

6: yield 250.0 mg, 78%."H NMR in CDCl; (ppm, relative ratios,
assignments): 90.0, 89.2, 82.2, 71.6, 51.7, 1415.5,—37.2,—38.1,
—80.2, —90.8, —131.8; 1:2:2:1:2:15:6:6:6:2:2:1; BH, 5-H of (pz)
nearest to Ir, 5-H of (3-Pr-4-Br-pz} cisto Cl, 5-H of 34-Pr-4-Br-pz
transto Cl, 4-H of (pz}, CsMes, CHMe; transto Cl, CHMeMe cis to
Clinner position, CHM®#/e cisto Cl outer position, 3-H of (pz)nearest
to Co, (HMe; cisto Cl, CHMe; transto Cl. IR (cnT?Y): »(BH) 2440.
FAB™ MS (mW2): 1131. Anal. Calcd for €H4eBBrsCIColrNyg: C,
36.08; H, 4.10; N, 12.37. Found: C, 35.73; H, 3.92; N, 12.37.

7: vyield 256.1 mg, 80%. IR (cmt): v»(BH) 2440. FAB" MS
(m/2): 1132. Anal. Calcd for &H4sBBrsClirN1gNi: C, 36.09; H, 4.10;

N, 12.38. Found: C, 36.35; H, 3.97; N, 12.51.

Alternatively, complex6 could be prepared by treating [i%Cs-
Mes)Cl(Hpz)]BF, (100.0 mg, 0.171 mmol) and [Co{CHB(3-i-Pr-4-
Br-pz)s}] (114.0 mg, 0.171 mmol) with a methanolic solution of KOH
(2.59 mL, 0.132 mol t%, 0.342 mmol) in methanol (20 mL). The
mixture was stirred for 2 h, and the solid which precipitated spontane-

(10) [Ir(1°-CsMes)Cl(Hpz)]BF4: 85% yield. *H NMR (ppm, CDC}): 11.9
(Br s, 2H, NH), 8.02 (br dJ = 1.7 Hz, 2H, 3-H of (pz), 7.67 (d,J
= 2.7 Hz, 2H, 5-H of (pz), 6.47 (t,J = 2.4 Hz, 2H, 4-H (pz), 1.58
(s, 15H, GMes). IR (cm™1): »(NH) 3280.

(11) [Ru@;8-mesitylene)(pz(Hpz)] (2): 82% vyield. 'H NMR (ppm,
CDCly): 12.43 (br s, 1H, NH), 7.65 (0 = 1.7 Hz, 3H, 3-H of (pz),
6.94 (br s, 3H, 5-H of (pz), 6.12 (t,J = 1.83 Hz, 3H, 4-H of (pz),
5.04 (s, 3H, GHsMes), 1.76 (s, 9H, @HsMes). IR (cmY): »(NH)
3200-2000 vbr.

(12) [Ru(8-mesitylene)(Hpz)[BF4]2: 85% vyield. 'H NMR (ppm,
(CD3),CO): 12.7 (br s, 3H, NH), 8.20 (br s, 3H, 3-H of (gg)7.22
(br s, 3H, 5-H of (pz), 6.67 (br s, 3H, 4-H of (pz), 6.09 (s, 3H,
CesHzMes), 1.99 (s, 9H GH3Me3). IR (cm™1): »(NH) 3160, 3320.

(13) Carmona, D.; Oro, L. A.; Lamata, M. P.; Puebla, M. P.; Ruiz, J.;
Maitlis, P. M. J. Chem Soc, Dalton Trans 1987, 639.

10. FABT MS (m/2) 1040.

Synthesis of [§°-p-cymene)Rufe-pz)sM '{ HB(3-i-Pr-4-Br-pz)s}]

(M' = Co (11), Ni (12)). A mixture of [Ru@;5-p-cymene)(pzXHpz)]
(65.3 mg, 0.149 mmol) in methanol (20 mL), NERO.7 uL, 0.149
mmol), and [MCI{ HB(3-i-Pr-4-Br-pz}}] (0.149 mmol) was stirred for

2 h. The yellow complex which precipitated spontaneously was filtered
off, washed with water and hexane, and vacuum-dried. Recrystalli-
zation of complex12 from dichloromethanehexane led to yellow
crystals.

11 yield 120.2 mg, 75%.'*H NMR in CD.Cl, (ppm, relative ratios,
assignments): 113, 94.3,90.3, 43.0, 42.3, 36.8, 27.3, 26.2,-13612,
—128,—137; 1:3:3:2:2:3:1:3:6:18:3:3; BH, 5-H of (pa)earest to Ru,
5-H of (34-Pr-4-Br-pz}, CeHoH2, CsHoHz, 4-H of (pzk, CHMe; (p-
cymene), CH (p-cymene), Cile, (p-cymene), Cile, ((3-i-pr-4-Br-
pz)), 3-H of (pz) nearest to Co, BMe; ((3-i-Pr-4-Br-pz}). IR
(cm™%): »(BH) 2440. FAB" MS (m/2): 1072. Anal. Calcd for
Cs7HagBBrsCoNpRu: C, 41.48; H, 4.52; N, 15.69. Found: C, 41.35;
H, 4.54; N, 15.50.

12 yield 114.4 mg, 72%. IR (cm): »(BH) 2440. FAB" MS
(m/2): 1073. Anal. Calcd for gHsgBBraNNiRu: C, 41.49; H, 4.52;
N, 15.69. Found: C, 41.80; H, 4.64; N, 15.29.

Synthesis of [§5-CsMes)Ir( u-pz)sNi{ HB(3-i-Pr-4-Br-pz)3}] (13).

A mixture of [Ir(°-CsMes)(pz)(Hpz)] (118.3 mg, 0.223 mmol), KOH
(0.705 mL, 0.316 mol L%, 0.223 mmol), and [NiGIHB(3-i-Pr-4-Br-
pz)}] (149.4 mg, 0.223 mmol) in methanol (20 mL) was stirred for 2
h. A green-yellow solid precipitated which was filtered off, washed
with methanol, and dried under vacuum (189.7 mg, 73% yield).
Recrystallization from chloroformhexane led to green-yellow crystals.
IR (cm™): »(BH) 2440. Anal. Calcd for gHoBBrslrNNi: C,
38.20; H, 4.25; N, 14.45. Found: C, 38.18; H, 4.32; N, 14.19.

Synthesis of [§5-CsMes)Ir( u-pz)(u-OH)Co{HB(3-i-Pr-4-Br-
pz)s}] (14). A mixture of [Ir(5%-CsMes)(pz)(Hpz)] (118.3 mg, 0.223
mmol), KOH (1.409 mL, 0.316 mol t%, 0.446 mmol), and [CoCl-
{HB(3-i-Pr-4-Br-pz}}] (150.0 mg, 0.223 mmol) in methanol (20 mL)
was stirred for 3 h. The resulting brown solid (116.5 mg), a mixture
of 14 (94%) and6 (6%), was filtered off, washed with methanol, and
vacuum-dried.*H NMR in CDCl; (ppm, relative ratios, assignments):
111, 94.9, 86.4, 85.6, 47.3, 27.4, 23:632.6, —33.9, —41.1, —99,
—123,—-134; 1:2:2:1:2:1:15:6:6:6:2:1:2; BH, 5-H of (pz)earest to
Ir, 5-H of (3--Pr-4-Br-pz} cis to OH, 5-H of 3i-Pr-4-Br-pztransto
OH, 4-H of (pz}, OH, GMes, CHMeMe cis to OH inner position,
CHMeMe cisto OH outer position, CNle, transto OH, 3-H of (pz)



Heterodinuclear Pyrazolylborate Complexes

Inorganic Chemistry, Vol. 35, No. 9, 199@551

Table 1. Summary of Crystallographic Data for Complex@&sl2:CH,Cl,, and13-2CHCk

6 (Ir/Co) 12 (Ru/Ni) 13 (Ir/Ni)
formula G4H46BBr3CIColrNyg C37H4gBBraN1-NiRuCH.Cl, C37H49BBr3lrN1:Ni-2CHCk
mol wt 1131.93 1156.12 1402.07
a A 10.146(5) 10.1169(7) 13.695(2)
b, A 18.435(4) 21.692(2) 27.929(6)
c A 22.187(13) 11.419(1) 13.329(2)
B, deg 97.28(4) 112.179(7) 94.11(4)
v, A3 4116(3) 2320.6(6) 5085(2)
cryst syst monoclinic monoclinic monoclinic
space group P2:/n P2, Cc
A 4 2 4
temp,°C —100 —50 —100
scan method w—20 w—260 w—20
6 min—max, deg 225 2-25 2-25
octants —h,—k,+I —h, k£l —h,k,+I
no. of measd refls 7668 9189 10528
no. of indep refls 7136 8212 8959
no. of params 475 536 583
GOF 1.032 1.017 1.048
Pealc § CNT 3 1.826 1.652 1.831
u, mnr? 6.65 3.47 4127
F(000) 2204 1156 2484
transm coeff 0.0170.042 0.299-0.596 0.223-0.454
R(int) 0.0385 0.0181 0.0202
R 0.0480 0.0278 0.0352
R (all data) 0.1257 0.0655 0.0882

aSHELXL-9316 R, = Y||Fo| — |Fc||/3|Fo| calculated using 4894, 7754, and 8429 observed reflectiens [4o(F,)] for complexess, 12, and
13, respectively. Ry = [W(Fo? — FA)2ywR:HY2, with wt = [0%(F?) + (xP)? + yP] and P = F? + 2F3.

nearest to Co, BMe; transto OH, CHMe; cisto OH. IR (cnTY):
v(BH) 2440,v(OH) 3640. FAB MS (m2): 1113.

X-ray Structure Analyses of [(17°-CsMes)Ir( u-pz)(u-Cl)Co{ HB-
(3-i-Pr-4-Br-pz)3}] (6), [(n°-p-cymene)Rufe-pz)sNi{ HB(3-i-Pr-4-Br-
pz)s}]-CH.Cl (12-CH,Cly), and [(175-CsMes)Ir( u-pz)sNi{ HB(3-i-Pr-
4-Br-pz)3}]-2CHCI3 (13-2CHCI3). A summary of crystal data and

Data for 12. Suitable crystals were obtained from a dichlo-
romethane/hexane solution. A yellow prismatic block of approximate
dimensions 0.68x 0.38 x 0.16 mm was used in the analysis. The
structure was refined by full-matrix least-squares Fn(SHELXL-
93)¢ to R, = 0.0278 F, > 4o(F,), for 7754 reflections] andr, =
0.0655, with weighting parameters= 0.0302 andy = 2.2547. A

refinement parameters is reported in Table 1. Atomic coordinates are solvent molecule of dichloromethane was located in the asymmetric

listed in Tables 24. In the case of complex&sand13, an oil-coated

unit. The Flack absolute structure parameter was included in the last

rapidly cooled crystal of suitable size was mounted onto a glass fiber stages of the refinement and converged to 0.00%(H)argest peak

directly from solution** for complex12, the selected crystal was glued

onto the tip of a glass fiber. A set of randomly searched reflections

and hole in the final difference map were 0.59 an@.57 e A3,
Data for 13. Crystals suitable for the X-ray diffraction study were

were indexed to the corresponding crystal symmetry and accurate unitobtained from a hexane/chloroform solution. A green-yellow crystalline
cell dimensions determined by least-squares refinement of 24 carefully rectangular block of approximate dimensions 0:48.37 x 0.10 mm

centered reflections (25 26 < 30°). Data were collected on a Stoe
AED diffractometer, with graphite-monochromated Mat Kadiation
(A = 0.710 73 A) by thew/26 scan method. Three orientation and

was mounted and indexed to monoclinic symmetry. The structure was
refined by full-matrix least-squares d#? (SHELXL-93)1¢ to R; =
0.0352 F, > 40(F,), for 8429 reflections] an&, = 0.0882 (withx =

intensity standards were monitored every 55 min of measuring time 0.067 andy = 7.6533; see Table 1). Two solvent molecules of
throughout data collection; no variation was observed. All data were chloroform were located in the asymmetric unit. The Flack parameter

corrected for absorption using an empirical methgdstan) applied
using the program XEMP5 minimum and maximum transmission
factors are listed in Table 1. All structures were solved by direct
methods (SHELXTL PLUSY and conventional Fourier techniques. For

refined to—0.035(6) as an indication of a correct determination of the
absolute structur¥. Residuals peaks in the final difference map were
0.91 and—0.80 e A3,

the three structures, all non-hydrogen atoms were refined anisotropically Results and Discussion

and the hydrogen atom bonded to the boron was located and freely
refined as an isotropic atom. Remaining hydrogens were included in

fixed idealized positions. The function minimized wesv(F.? — F?)?]
with the weight defined asr! = [03(F?) + (xP)2 + yP] (P = F2 +

Chart 1 summarizes all the reactions reported below.
The reaction of the metallo-ligand complexes [ML#iEpz)]
(ML = Ir(°-CsMes) (1), Ru@;8-mesitylene) 8)) with the halide

2F2/3). Atomic scattering factors, corrected for anomalous dispersion compounds [MCK{ HB(3-i-Pr-4-Br-pz}}] (M' = Co @), Ni (5))

for metal, Br, and Cl atoms, were used as implemented in the refinement

programsté

Data for 6. Crystals suitable for the X-ray diffraction study were
obtained from a hexane/chloroform solution. A red crystalline rect-
angular block of approximate dimensions 0:8®.23 x 0.19 mm was
indexed to monoclinic symmetry. The structure was refined by full-
matrix least-squares oR? (SHELXL-93)¢ to R, = 0.0480 F, >
40(F,), for 4894 reflections] an&, = 0.1257 (all data), with weighting
parameterx = 0.0536 andy = 25.8266 (see Table 1). Largest peak
and hole in the final difference map were 1.41 an@.97 e A3,

(14) Kottke, T.; Stalke, DJ. Appl. Crystallogr. 1993 26, 615.

(15) Sheldrick, G. MSHELXTL PLUSSiemens Analytical X-ray Instru-
ments, Inc.: Madison, WI, 1990.

(16) Sheldrick, G. MSHELXL-93 Program for crystal structure refine-
ment University of Gdtingen: Gidtingen, Germany, 1993.

proceeded with displacement of one molecule of pyrazole and
afforded the dinuclear complexes [LMHZ)(u-Cl)M'{HB(3-
i-Pr-4-Br-pz)}] (LM = (°-CsMes)Ir; M' = Co (6), Ni (7). LM

= (y%-mesitylene)Ru; M= Co (8)). The yield of 8 was
increased from 33 to 60% by adding 1 equiv of bEi the
reaction medium. The IR spectra showed the expected BH
stretching ata. 2440 cntl. In all cases, théH NMR spectra
spanned 200250 ppm, as expected for paramagnetic molecules.
For all nickel-containing compounds reported in this paper, the
1H NMR spectra consisted of very broad unresolved signals,
and consequently, no additional information was obtained from

(17) (a) Flack, H. DActa Crystallogr 1983 A39 876. (b) Glazer, A. M.
Acta Crystallogr 1989 A45 234.
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Table 2. Final Atomic CoordinatesX10% x1( for Ir, Co, and Br
Atoms) and Equivalent Isotropic Displacement ParametefsqA

Carmona et al.

Table 3. Final Atomic CoordinatesxX10* x 1 for Ru, Ni, and Br
Atoms) and Equivalent Isotropic Displacement Parametefs(A

1) for 6 10°) for 12
atom X y z Ueq) atom X y z Ueqp
Ir 19801(4) 26447(2) 7953(2) 30(1) Ru —9147(3) 50000 9251(3) 26(1)
Co —4334(11) 22695(7) 18286(5) 30(1) Ni —14621(5) 42167(3)  —4993(4) 23(1)
Br(1) —40050(12) 48913(6) 21590(6) 56(1) Br(1) 35471(7) 57330(3) —40756(7) 73(1)
Br(2) 7027(14) 11887(8) 44891(5) 67(1) Br(2) —9297(6) 20143(2) —42325(4) 46(1)
Br(3) —45445(12)  —1136(7) 10203(7) 61(1) Br(3) 68539(5) 28957(2) 20889(4) 41(1)
cl —435(2) 2612(1) 731(2) 34(1) N(1) —1376(3) 4853(1)  —1024(3) 29(1)
N(1) 2020(7) 3111(4) 1649(4) 34(2) N(2) —452(3) 4619(1)  —1508(3) 26(1)
N(2) 1026(7) 3041(4) 2003(3) 35(2) N(3) —354(4) 4059(1) 1072(3) 28(1)
N(3) 1930(7) 1686(4) 1273(3) 31(2) N(4) 591(4) 2797(2) 631(3) 26(1)
N(4) 991(8) 1533(4) 1636(4) 35(2) N(5) 1216(3) 5233(2) 1181(3) 26(1)
N(7) —1920(7) 3041(4) 1998(3) 32(2) N(6) 2052(3) 4947(2) 670(3) 27(1)
N(8) —2829(7) 2829(4) 2373(3) 32(2) N(7) 2430(4) 4627(2)  —1728(3) 29(1)
N(9) —353(7) 1947(5) 2791(4) 36(2) N(8) 3237(3) 4242(2)  —2129(3) 32(1)
N(10) —1553(7) 1868(4) 2998(3) 33(2) N(9) 948(4) 3409(2)  —1783(3) 29(1)
N(11) —2053(7) 1497(4) 1649(3) 32(2) N(10) 2014(4) 3235(2)  —2180(3) 30(1)
N(12) —2992(7) 1527(4) 2042(3) 33(2) N(11) 3483(4) 3775(2) 475(3) 27(1)
B —2859(11) 2032(6) 2596(5) 34(2) N(12) 4142(4) 3521(2) —256(3) 28(1)
c(1) 2963(9) 3546(6) 1942(5) 40(2) c(1) —2610(4) 4982(2)  —2007(4) 38(1)
c() 2564(10) 3775(6) 2477(5) 47(3) c() —2469(5) 4840(2)  —3123(4) 40(1)
c@3) 1354(9) 3445(6) 2498(4) 37(2) c@d) —1097(5) 4612(2)  —2761(4) 34(1)
c(4) 2735(11) 1110(6) 1279(5) 50(3) c(4) —834(5) 3607(2) 1606(4) 39(1)
c(5) 2340(11) 582(6) 1641(6) 56(3) c(5) —221(5) 3054(2) 1533(4) 39(1)
c(6) 1228(10) 868(6) 1862(5) 47(3) c(6) 670(5) 3199(2) 917(4) 31(1)
C(10) 2018(10) 2557(6)  —173(4) 39(2) c(?) 1990(5) 5707(2) 1885(4) 38(1)
c(11) 1896(10) 3319(5) 4(4) 37(2) c(8) 3312(5) 5728(2) 1817(5) 42(1)
c(12) 3038(11) 3500(5) 394(4) 41(2) c(9) 3304(4) 5240(2) 1055(4) 34(1)
C(13) 3871(10) 2875(6) 511(4) 40(2) C(10) —2411(5) 5812(2) 553(5) 39(1)
C(14) 3244(9) 2310(6) 122(4) 34(2) c(11) —1168(5) 5924(2) 1611(4) 36(1)
C(15) 1062(11) 2159(7)  —614(5) 52(3) Cc(12) —688(5) 5514(2) 2651(4) 40(1)
C(16) 790(12) 3798(7)  —242(5) 57(3) C(13) —1418(5) 4968(2) 2683(4) 44(1)
c(17) 3386(15) 4243(6) 637(6) 66(4) C(14) —2670(5) 4838(2) 1583(5) 45(1)
c(18) 5212(10) 2804(6) 854(5) 47(3) c®) —3148(5) 5241(2) 564(5) 42(1)
c(19 3845(13) 1599(6) 3(5) 54(3) C(16) —2941(6) 6275(2) —503(5) 50(1)
C(20) —2124(9) 3761(5) 1885(4) 33(2) c(17) —1820(7) 6472(3)  —1009(6) 63(2)
c(21) —3220(9) 3986(5) 2179(4) 34(2) c(18) —3544(8) 6839(3) —53(7) 82(2)
c(22) —3614(9) 3382(5) 2485(4) 34(2) C(19) —906(7) 4571(3) 3835(5) 63(2)
C(23) —1343(9) 4166(5) 1473(5) 38(2) C(20) 2403(4) 5175(2)  —2282(4) 36(1)
C(24) —2188(11) 4359(6) 873(5) 48(3) c(21) 3195(5) 5124(2)  —3049(4) 43(1)
C(25) —699(11) 4850(6) 1778(5) 50(3) C(22) 3700(5) 4537(2)  —2926(4) 42(1)
C(26) —1389(9) 1616(5) 3565(4) 34(2) c(23) 1649(5) 5732(2)  —2030(5) 45(1)
c(27) —85(11) 1548(6) 3737(4) 42(2) C(24) 2692(7) 6253(3)  —1419(6) 66(2)
C(28) 563(10) 1757(6) 3247(4) 41(2) c(25) 453(6) 5957(3)  —3230(6) 60(2)
C(29) 2034(11) 1799(8) 3190(6) 68(4) C(26 1562(5) 2768(2)  —3011(4) 36(1)
C(30) 2668(15) 2357(11) 3647(7)  110(7) c(27) 188(5) 2635(2)  —3152(4) 33(1)
C(31) 2716(14) 1070(9) 3295(7) 87(5) C(28) —183(4) 3040(2)  —2370(3) 28(1)
c(32) —3914(9) 1022(5) 1897(5) 37(2) C(29) —1569(4) 3081(2)  —2164(4) 34(1)
C(33) —3565(9) 657(5) 1397(5) 39(2) C(30) —2824(5) 3231(2)  —3401(5) 46(1)
C(34) —2409(10) 975(5) 1250(4) 38(2) C(31) —1880(6) 2487(2)  —1602(5) 49(1)
C(35) —1605(10) 799(6) 742(5) 46(3) C(32) 5322(4) 3222(2) 472(4) 31(1)
C(36) —1164(12) —4(6) 769(6) 60(3) C(33) 5436(4) 3277(2) 1695(4) 30(1)
C(37) —2344(13) 966(8) 129(5) 68(4) C(34) 4274(4) 3636(2) 1682(4) 28(1)
a Equivalent isotropicU defined as one-third of the trace of the gggg gg%gg gggg% \’Z‘s;gggg; gig;
orthogonalizedJ; tensor. c(37) 5044(5) 4302(2) 3615(4) 48(1)
them. However, théH NMR spectra of the paramagnetic g S 334723(5) 352681(2) —170072(4)9 29?%)
octa_hedral Co(ll) complexes were qune informative. Thg peal_< Cl((ll)) zgfo ((21)1) 111505((15)) 651 1 17((2)) 187 ((15;)
assignment was done on the basis of the known relationship ci2) 4716(3) 1870(1) 5320(3) 116(1)

among observed chemical shifts, the cosine of the(d—B
angle, and the CeH distance, resulting in substantial upfield
or downfield shifts of the respective protoh%. Thus, for
example, the spectrum of compléXFigure 1), besides thes€ with the presence of a triple Cl, pz, pz bridge between the two
Mes signal at 14.6 ppm, showed peaks-at6.5, —37.2, and metal atoms and indicated that the rotation of the isopropyl
—38.1 ppm (6:6:6 ratio) assigned to the unique isopropyl group groups around the C3(heterocyet®H bond was hindered. The
transto the Cl atom and to the inner and outer methyls of the formation of the IrCo compleX was also accomplished by
two remaining isopropyl groups, respectively. The assignment reacting [Ir§;>-CsMes)Cl(Hpz)]BF3, 4, and KOH, in 80% yield.

of the “h” and “i” methyl peaks was based on these methyls The structural characterization of this type of complex was
being closer to Co than the “g” methyls (due to the tighter Ir  completed by a single-crystal X-ray analysis of compoénd
Cl—Co bridge) and hence subject to greater shifts. There were(see below).

two types of H5 and B(CHs), protons for the HB(3-pr-4- A similar reaction between the relatedi®{p-cymene)-
Br-pz) ligand, each in a 2:1 ratio. All these data were consistent ruthenium complex [Ruf-p-cymene)(pzXHpz)] (2) and4 or

a Equivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.
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Table 4. Final Atomic Coordinatesx10% x1C for Ir, Ni, and Br
Atoms) and Equivalent Isotropic Displacement ParametefsqA
1) for 13

atom X y z Ueqy

Ir 15(2) 15918(1) 40(2) 19(1)
Ni —5559(6) 18610(3) 27042(6) 20(1)
Br(1) —46532(6) 13417(4) 40473(7) 45(1)
Br(2) —2283(8) 39595(3) 41689(7) 51(1)
Br(3) 16493(7) 7804(4) 63254(7) 51(1)
B 1036(5) 2094(3) 4967(6) 23(2)
N(1) —1076(4) 2060(2) 509(4) 24(1)
N(2) —1334(4) 2112(2) 1465(4) 23(1)
N(3) 972(4) 1882(4) 1134(4) 24(1)
N(4) 731(4) 2010(2) 2071(4) 23(1)
N(5) —267(5) 1095(2) 1142(4) 22(1)
N(6) —548(4) 1197(2) 2081(4) 23(1)
N(7) —891(4) 1715(2) 3421(4) 23(1)
N(8) —1935(4) 1877(2) 4387(4) 25(1)
N(9) —565(4) 2553(2) 3436(4) 23(1)
N(10) —734(4) 2550(2) 4432(4) 22(1)
N(11) 241(5) 1599(2) 4148(4) 24(1)
N(12) —178(4) 1739(2) 4986(5) 26(1)
C(1) —1664(7) 2344(3) —74(6) 43(2)
C(2) —2326(6) 2578(3) 497(6) 38(2)
C(3) —2082(5) 2416(3) 1451(6) 30(2)
C(4) 1935(6) 1952(3) 1090(6) 40(2)
C(5) 2336(5) 2125(3) 1984(6) 40(2)
C(6) 1554(5) 2157(3) 2578(5) 29(2)
C(7) —201(6) 621(3) 1068(6) 35(2)
C(8) —431(6) 398(3) 1956(6) 36(2)
C(9) —653(5) 787(3) 2552(5) 30(2)
C(10) 1985(6) 1831(4) —1341(6) 50(2)
C(11) —269(6) 1084(3) —1243(5) 30(2)
C(12) —684(6) 1525(3) —1528(5) 27(2)
C(13) 91(5) 1877(3) —1512(5) 25(1)
C(14) 973(6) 1627(3) —1242(5) 29(2)
C(15) 1512(7) 757(4) —815(7) 51(2)
C(16) —839(7) 628(3) —1288(6) 43(2)
C(17) —1734(6) 1588(3) —1925(7) 40(2)
C(18) 49(7) 2380(3)  —1901(6) 43(2)
C(19) 1985(6) 1831(4) —1341(6) 49(2)
C(20) —2768(5) 1522(3) 3151(6) 26(1)
C(21) —3362(5) 1556(3) 964(6) 30(2)
C(22) —2812(5) 1785(3) 4737(6) 31(2)
C(23) —3001(5) 1308(3) 2124(6) 33(2)
C(24) —3198(7) 778(3) 2158(7) 48(2)
C(25) —3868(6) 1577(4) 1563(7) 44(2)
C(26) —639(5) 3002(3) 4811(6) 30(2)
C(27) —402(5) 3291(2) 4040(6) 26(2)
C(28) —374(5) 3010(3) 3175(5) 26(1)
C(29) —188(5) 3156(3) 2133(6) 28(2)
C(30) —952(6) 3519(3) 1731(6) 37(2)
C(31) 845(6) 3362(3) 2080(7) 37(2)
C(32) 204(6) 1500(3) 5802(6) 30(2)
C(33) 907(5) 1201(3) 5467(5) 29(2)
C(34) 921(5) 1271(3) 4428(5) 24(1)
C(35) 1605(5) 1054(3) 3719(5) 29(2)
C(36) 2656(5) 1214(3) 3984(6) 38(2)
C(37) 1572(6) 509(3) 3733(7) 44(2)
C(100) —823(8) 4683(4) 6429(8) 62(3)
CI(1) —1661(4) 4219(2) 6449(3) 116(2)
Cl(2) —1058(4) 5053(1) 5387(3) 98(1)
CI(3) —722(3) 4993(2) 7553(3) 105(1)
C(101) —2397(8) —218(4) 631(9) 61(3)
Cl(4) —3098(3) —23(2) —442(3) 90(1)
CI(5) —1479(3) —609(1) 319(3) 86(1)
CI(6) —3154(2) —487(1) —1478(3) 78(1)

aEquivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

5 gave, in both cases, the expected dipyrazolato)u-chloro

Inorganic Chemistry, Vol. 35, No. 9, 199&553

FAB' mass spectrometry, and significant proton resonances

were assigned byH NMR spectroscopy for the cobalt com-

plexes.

When the aforementioned reaction was carried out in the
presence of bases, such as N&tKOH, the triply pyrazolato-
bridged complexe$1 and12were obtained as unique products.

TheH NMR spectrum ofL1 showed only one signal, at36.2

ppm, for the 18 methyl isopropyl protons of the poly(pyrazolyl)-
borate ligand, as expected for a molecule Wity symmetry.

The existence of a triple pyrazolate bridge is a usual structural
feature in the chemistry of tris(pyrazolyl)borato transition-metal
complexe$sbut extremely rare in bi- or polynuclear pyrazolato-

bridged transition-metal compoun®l& In order to provide
conclusive evidence for the existence of this kind of bridge,
single crystals of comple%2 were grown by slow diffusion of
hexane into a dichloromethane solution, and its structure was
determined by an X-ray diffraction study (see below). Analo-
gously, the reaction of the iridium ligarfdwith 5 and KOH?®
afforded a pyrazolato-bridged IrNi comple¥3). The elemental
analysis was consistent with a triply pyrazolato-bridged species
[(175-CsMes)Ir(u-pz)sNi{ HB(3-i-Pr-4-Br-pz}}], while the most
significant FAB" MS spectrum peak appearedmfz = 1095

with an isotopic distribution which corresponded to a doubly

bridged complex p>-CsMes)Ir(pz):Ni{ HB(3-i-Pr-4-Br-pz}} .

An X-ray structural analysis revealed the former formulation
to be correct (see below).

In contrast with the formation df3, complexl reacted with

4 and KOH (molar ratio 1:1:1), yielding approximately equal

amounts o6 and thex-hydroxo IrCo compound {-CsMes)-
Ir(u-pz)(u-OH)Co[HB(3-i-Pr-4-Br-pz}}] (14). When excess
KOH was used (molar ratio 1:1:2), the proportion of complex
14 increased up to 94%. Although we have not been able to

further purify 14, its spectroscopic data were in good agreement
with those expected for the-hydroxo derivative. Thus, the

IH NMR spectrum, which spanned almost 250 ppm, accounted

for every proton of each ligand. The signals for the isopropyl

methyl groups, which appeared in a 6:6:6 ratio-82.6,—33.9,
and —41.1 ppm, were consistent with the presence of a triple
OH, pz, pz bridge between the two metal atoms and indicated

that the rotation of the isopropyl groups is again hindered. The

FAB™ MS spectrum showed a peakratz = 1113 attributable

to the molecular ion, and the IR spectrum showed a weak band

at 3640 cm? for the v(OH) vibration. Attempts to obtain the

triply pyrazolato-bridged complexif-CsMes)Ir(u-pz)sCo{ HB-

(3--Pr-4-Br-pz}}] using a stronger base, such"8siLi, afforded
complex6, in 35% yield, as the sole identified product.
Additionally, the EPR spectra of compoun@ls7, and11—
14 have been measured. In all cases, a broad absorption, which
spanned from zero magnetic field to 0.8 T, was detected. A
narrower signal was also present in some caseg,~at2.2—
2.4 with a peak to peak width &fHpp, &~ 10 mT in the case of
compounds6 and 7 and atg =~ 2 with AHp, ~ 30 mT for
compounds12 and 14. Furthermore, the absence of any
correlation between the spectral modifications and the change
of the paramagnetic metal indicates that the magnetic electron
(unpaired electron) is likely delocalized along the skeleton of
the molecule but not localized at any particular metal center.
Complex12 was selected as a representative organometallic
example for the study of the magnetic behavior. The results
are those expected for an octahedral Ni(ll) complex with two

complexes [§°-p-cymene)Rug-pz)(«-Cl)M'{ HB(3-i-Pr-4-Br-
pz)}] (M = Co (9), Ni (10)) but contaminated by the triply
pyrazolato-bridged compounds#;fp-cymene)Rug-pz)sM'-
{HB(3-i-Pr-4-Br-pz}}] (M' = Co (11), Ni (12). From the
mixtures, the four molecular ion peaks have been detected by

(18) (a) Chong, K. S.; Rettig, S. J.; Storr, A.; Trotter,Chn J. Chem
1979 57, 3099. (b) Trofimenko, Sl. Am Chem Soc 1969 91, 5410.

(19) The presence of NEtn the reaction betweeh and4 or 5 did not
produce any significant change in the course of the reaction, complexes
6 and7 being formed in yields similar to those obtained in the absence
of the base.
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Figure 1. *H NMR spectrum of6. The asterisks denote solvents.
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Figure 2. Evolution of the inverse of the dc magnetic susceptibility
of complex12 as a function of temperature.

unpaired electron®. The susceptibility data, after corrections

from diamagnetic contributions and some temperature indepen-

dent paramagnetism, fitted well to a Curié/eiss law withC
= 1.1555 (emtK)/mol and® = —0.1 K. This giveSuer =
3.04#5.
of the susceptibility is depicted. Additional magnetization
measurements at 1.8 and 3.0 K confirmed the susceptibility
results. The magnetization @2 tends to saturate at 2.1&/
molecule. This value agrees well with &~ 1 ground state
andg = 2.15.

Molecular Structures of [(>-CsMes)Ir( g-pz)z(u-Cl)Co-
{HB(3-i-Pr-4-Br-pz)3}] (6), [(1°-p-cymene)Ruf-pz)sNi{ HB-
(3-i-Pr-4-Br-pz)3}] (12), and [(5-CsMes)Ir( u-pz)sNi{ HB(3-
i-Pr-4-Br-pz)s}] (13). The neutral complexe§, 12, and 13
consist of linear M--M’---B backbones with bridging pyrazolate
groups coordinating the dimetallic MM’ unit and the N---B
moiety (M= Ir (6 and13), Ru (12); M' = Co (6), Ni (12 and
13)). For complex6 (Figure 3), two pyrazolate anions and a
bridging chloride ligand engage the dimetallic unit-{1€0),
while for complexes2 and13 (Figures 4 and 5, respectively),
the two metals are triply bridged by unsubstituted pyrazolate
ligands ft-pz). In each complex the HB(@B@Pr-4-Br-pz} ligand

(20) Encyclopedia of Inorganic ChemistriKing, R. B., Ed.; John Wiley
and Sons: Chichester, U.K., 1994; Vol. 5, p 2395.

In Figure 2, the temperature dependence of the inverse

Ci361

Figure 3. Molecular structure ob with atoms represented as 50%
probability ellipsoids. All hydrogens have been omitted for clarity,
excluding the refined hydrogen bonded to the boron.

is tridentate. The coordination sphere for the central metal M
(Co or Ni) is in all cases octahedral, while for M (Ru or Ir) it

is that described as a pseudooctahedral “three-legged piano
stool”, with the coordination completed bys&-CsMes group

(6 and 13) or an®-p-cymene ligand12). The boron environ-
ment in each complex describes the expected tetrahedron,
formed from three nitrogen atoms of the 4-bromo-3-isopropy-
Ipyrazolate groups and a terminal hydrogen.

In complex6, the Ir—CsMes metal-carbon distances (mean
2.156(4) A) and the correspondingH€sMes(centroid) length
(1.78(1) A) are similar to those observed in related mononuclear
iridium complexes, as in {-CsMes)IrCl(bipy)]*,2* [(#°-Cs-
Mes)IrCl(biimidazole)[+,22 or [(°-CsMes)IrCl(bipy")]+ 23 (Ir—C

(21) Youinou, M. T.; Ziessel, RJ. Organomet Chem 1989 363 197.

(22) Ziessel, R.; Youinou, M. T.; Balegroune, F.; Grandjean, D.
OrganometChem 1992 441, 143.

(23) Ziessel, R.; Noblat-Chardon, S.; Deronzier, A.; Matt, D.; Toupet, L.;
Balgroune, F.; Grandjean, [Acta Crystallogr 1993 B49, 515.
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Table 5. Selected Bond Distances (&) and Angles (deg) for
Complexess, 12, and13

complex (M/M)
6 (Ir/Co) 12 (Ru/Ni) 13 (Ir/Ni)
M—N(1) 2.076(8) 2.117(4) 2.119(6)
M—N(3) 2.065(7) 2.106(3) 2.099(5)
M—N(5)/CP 2.437(2) 2.123(4) 2.108(6)
M—C(10) 2.160(9) 2.256(4) 2.180(8)
M—C(11) 2.144(9) 2.202(4) 2.196(7)
M—C(12) 2.161(9) 2.200(4) 2.194(6)
M—C(13) 2.13(1) 2.251(4) 2.184(6)
M—C(14) 2.178(9) 2.202(4) 2.204(7)
M—C(15) 2.201(4)
M—GbP 1.78(1) 1.710(6) 1.827(7)
. M'—N(2) 2.054(8) 2.038(3) 2.026(6)
can “ M’'—N(4) 2.068(8) 2.033(4) 2.050(6)
M'-N(6)/CI° 2.516(3) 2.013(3) 2.032(6)
NV M'-N(7) 2.141(8)  2.178(4) 2.163(6)
@ M’-N(9) 2.208(8) 2.212(3) 2.164(6)
Figure 4. Molecular representation of2 with the atom-labeling '\Bﬂ_m%)l) %égg’l()S) 125128(%) 125255((5))
scheme used. Hydrogens have been omitted for clarity. B—N(10) 1' 53(1) 1' 537(6) 1'53(1)
B—N(12) 1.53(1) 1.534(6) 1.536(9)
M-+-M'---B 172.0(2) 179.74(9) 179.5(2)
N(1)-M—N(3) 83.4(3) 83.3(1) 87.3(2)
N(1)-M—N(5)/CP 88.1(2) 89.4(1) 90.9(2)
N(3)—M—N(5)/Cl2 85.4(2) 89.5(1) 82.6(2)
G—M—N(1) 129.7(4) 128.2(2) 125.4(3)
G—M—N(3) 132.9(4) 128.6(2) 130.6(3)
G—M~—N(5)/CP 122.3(3) 124.5(2) 126.2(3)
Ir—Cl—Co 94.13(9)
N(2)—M'—N(4) 89.2(3) 90.2(1) 90.6(2)
N(2)—M'—N(6)/CIF  85.4(2) 91.0(1) 90.0(2)
N(4)—M'—N(6)/ClIc 83.0(2) 91.3(1) 89.2(2)
N(7)—M’'—N(9) 87.1(2) 87.1(2) 86.3(2)
N(7)—M'—N(11) 86.2(2) 86.8(1) 86.2(2)
N(9)—M’'—N(11) 86.2(2) 85.9(1) 85.5(2)
N(8)—B—N(10) 108.7(8) 108.6(1) 109.2(5)
N(8)—B—N(12) 108.7(7) 110.2(3) 109.7(5)
N(10)-B—N(12) 109.1(7) 109.1(4) 108.2(5)

aBond and angles involving CI6f or N(5) (12 and 13).°G
Represents the centroid fop%CsMes) (6 and 13) and 75-p-cymene
(12). ©Bond and angles involving CBJ or N(6) (12 and 13).

Figure 5. Molecular structure ofl3 with the atom-labeling scheme ~ PONd distances are close to the limiting bond lengths so far
used. encountered in other binuclear pyrazolato-bridggd@sMes)-

Ir'" complexes, which range from 2.074(6) to 2.106(43-%.
mean distances 2.155(5), 2.149(4), and 2.168(1) A, respectively;As is usual for the case of bridging chloride ligands, theGt
bipy’ = 3-((1-pyrrolyl)propyl)-2,2-bipyridine-4,4-dicarboxy- bond length observed i@ is slightly longer, 2.437(2) A, than

late) or in the analogous dinuclear pyrazotattloride mixed- the values reported for terminal chloride ligands in related
bridge rhodium complex {f-CsMes)Rh(u-pz)(u-Cl)Rh(;5- complexes of the type 4f-CsMes)IrCI(N-N)] (N-N = bipy,
CsMes)]* (Rh—CsMes(centroid) 1.777(2) Ag* 2.404(2) A, or biimidazole, 2.394(2) &} %

Interestingly, when the chloride bridge éris substituted by As observed in3, the existence dhreebridging pyrazolate

a third bridging pyrazolate ligand, that is complgs, these ~ groups in12yields Ru-N distances (range 2.106¢32.123(4)
distances involved in the tCsMes interaction are significantly A) longer than those previously reported cymene-
lengthened to 2.192(4) @rC) and 1.827(7) A (lr-CsMes), (uthenlum complexes containimmeor two bridging pyrazolate
probably as a result of the presence of the more sterically igands such as ftcymene)Rui-pz)(u-Cl)Rh(tfb)] (tfb =
demanding bridging pyrazolate. This fact is also evidence if 2,6,7,8-tetrafluoro-1,4-dihydro-1,4-ethenonaphthalene)
we compare the closely related doubly-bridged complg%-[(  (2:096(8) A)2® [(p-cymene)CIRu{-pz,M(CO),] (M = Ir,
CsMes)Ir(pz) (u-pz)Ag(PPh)] (1.808(2) AY and the unique 2.079(4) and 2.088(4) A; M= Rh, 2.086(3) and 2.086(3) AY,
previously-described iridium compound with a triple pyrazolate [(P-cymene)Rut-pz),IrCI(CO),] (2.075(6) and 2.083(5) Ay
bridge [67-CsMes)Ir(u-pz)Rh(OOH)(dppe)} (1.829(7) A)¢  [{(p-cymene)Riin(u-pz)s(u-OH)IBPH (2.086(2) A)2® and [f-

The Ir-N bond distances ir6 (mean 2.070(5) A) are  CYMeNE)(HPZ)RulpzpIr(CO)| (2.093(5) and 2.088(4) Al
significantly shorter than those found 113 (mean 2.109(4) A)

(25) Carmona, D.; Ferrer, J.; Lahoz, F. J.; Oro, L. A.; Reyes, J.; Esteban,

in agreement with the proposed expansion of the iridium M. J. Chem Soc, Dalton Trans 1991 2811,
coordination environment when a third pyrazolate bridging (26) Oro, L. A.; Carmona, D.; Gaia M. P.; Lahoz, F. J.; Reyes, J.; Foces-
ligand is included. It is noteworthy that the above mentioned Foces, C.; Cano, F. HL. OrganometChem 1985 C43 296.

(27) Carmona, D.; Ferrer, J.; Mendoza, A.; Lahoz, F. J.; Reyes, J.; Oro, L.
A.; Angew Chem, Int. Ed. Engl. 1991, 30, 1171.

(24) Bailey, J. A.; Grundy, S. L.; Stobart, S. Rrganometallics199Q 9, (28) Oro, L. A.; Garta, M. P.; Carmona, D.; Foces-Foces, C.; Cano, F. H.
536. Inorg. Chim Acta 1985 96, L21.
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a similar way, the RuC distances observed for the arene ligand
in 12 (mean 2.211(2) A) and the derived Rp-cymene-
(centroid) separation (1.710(6) A) are clearly elongated if
compared to the usual values reported mcymene)i-
pyrazolato)ruthenium complexes (Rp-cymene distance range
1.662-1.697(5) A)5.9.26-28

The cobalt coordination environment i exhibits the
expected distorted octahedron. Apart from the bridging un-
substituted pyrazolates (mean €d 2.061(6) A) and the
chloride anion (Ce-Cl 2.516(3) A), three further cobait
nitrogen bonds from the bridging 4-bromo-3-isopropylpyrazolate
groups of the poly(pyrazolyl)borate ligand (mean 2.174(5) A)
complete the octahedral coordination. The shortestiCbond
lengths, to N(2) and N(4) (Figure 3), are shorter than those found
in the homoleptic complex [d1Bpzs} 7] (2.130(7) A)2° The
longest Ce-N separations observed th compare well with
those reported for related poly(pyrazolyl)boratmbalt(ll)

complexes when a relatively bulky substituent is linked to the gigyre 6. view of complexi3along the B-Ni—Ir direction, showing
pyrazolate ring in the relative 3-position, as in fGtB(3-i-Pr- the relative disposition of the two sets of pyrazolate ligands and the
pz)(5-i-Pr-pz} 7] (2.164(2) and 2.170(1) A) or [QHB(3-i- CsMes group.

Pr-4-Br-pz}(5-i-Pr-4-Br-pz} ;] (2.150 and 2.208(3) Aj. ) ) ) ) )

The nickel environment in2 resembles a slightly distorted sllght_trlg_onal distortion observed from the |deal_ octahedral
octahedron, consisting of three-NN bonds from the bridging ~ coordination around the central metatsobalt €) or nickel (12
unsubstituted pyrazolate ligands (mean 2.028(2) A) and three@nd 13)—arising from the different M-N bond distances
further Ni-N links from the bridging 4-bromo-3-isopropylpyra- obtained for the 4-bromo-3-isopropylpyrazolate groups, signifi-
zolate groups which connect the Ni and B atoms (mean cantly longer (0.144, 0.152, and 0.161 A 16712, and 13,
2.180(2) A). An equivalent situation is observed18 with respectively) than those of the unsubstituted pyrazolates. A
remarkable differences in the NN lengths at both sides of closer examination of the nonbonded distances for all the three
the metal center, 2.036(4) and 2.197(4) A. For complebs complexes reveals contacts among the hydrogen atoms from
and13, the nicket-boron segments are found to be structurally th€i-Pr group of the 4-bromo-3-isopropylpyrazolates and the
identical to that observed in [[HB(u-3--Pr-4-Br-pzy} { HB- nitrogen atoms of adjacent unsubstituted pyrazolate groups,
(u-pz)}], although the differences of the NN bond distances clearly under the sum of van der Waals radii (shortest contacts:
at both sides of the metal coordination sphere are not so2-91(1) A for N(2)--H(23), 2.678(5) A for N(4)--H(29), and
remarkable (2.078(4) and 2.151(4) A). 2.585(9) A for N(2)--H(29), for 6, 12, and 13, respectively).

The M---M’ separations are found to be 3.627(2), 3.777(1) These data corroborate the idea that the coordination distortion,

and 3.807(1) A for6, 12, and 13, respectively, and hence no particularly the relative elongation of three’#N distances,
metat-metal interaction is invoked. The MM'---B backbone may rgsult fr.om the steric requirqmgnts (.)f the isopropyl groups,
is essentially linear, with respective angles of 172.0(2), 179.74- repell:ng gl((ijj_ac?nt pykr]aZ(I)Iate t()jr_lf(figlng Ilg%ﬁdélfhe faﬁmt

(9), and 179.53(18) Clearly, in the case @, the presence of gomdp e>; h Isplays t ?‘be_zst. ! erenC(Ia etweeE t d d
the chloride bridge across the dimetallic skeleton allows a slight onds of the two sets of bridging pyrazolates can be understoo
modification of the linear nature of the backbone, which to be_ due _to the presence of the less sterically demanding
collapses slightly, relieving pyrazolat@yrazolate repulsions. c_hlonde bnd_ge. Electronl_c factors should not, hOW?Ve.“ be
The bridging pyrazolate ligands in all the three complexes are discounted since the substituted pyrazolate groups bridging the

in the expected staggered conformations (Figure 6), analogous '—B centers might show donor qualities different from those

to that reported for [NiHB(-3--Pr-4-Br-pz)} { HB(u-pz)s} ], of the “naked” pyrazolates bonded to the transition metals.
which contains two different sets of three equivalent pyrazolates  Acknowledgment. We thank the Direcéio General de
and a slightly trigonal-distorted metal environméngor 12 Investigacim Cientfica y Tecnica for financial support (Grants

and 13, the dihedral angles between the two sets of three pB92/19 and PB94/1186), EC Human Capital and Mobility
pyrazolate groups amount to the expected essentially sym-programme (CT93-0347) (A.J.E.), CONICIT Venezuela (R.A.),
metrical 120 distribution®182 However, in6, the distribution  and Prof. P. J. Alonso and Prof. F. Palacio for assistance with
around the dimetallic unit is modified, and the dihedral angle the EPR spectra and magnetic susceptibility measurements,
between the two unsubstituted pyrazolates decreases to 110.2respectively.

(2)°, as was also observed for the complégP-CsMes)Rh} o- . . ) .
(4-pz)(u-Cl)|BF4.24 Supporting Information Available: Tables of hydrogen positional

parameters, anisotropic displacement parameters, and complete bond
distances and angles (32 pages). Ordering information is given on any
current masthead page.

The most conspicuous feature of all three structures is the

(29) Churchill, M. R.; Gold, K.; Maw, C. E., Jinorg. Chem 197Q 9,
1597. IC950896M





