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Synthesis and Characterization of Copper(l) Complexes with a Fairly Bulky
Tris(pyrazolyl)hydroborate Ligand. Probing the Flexibility of the Metal-Containing Pocket
Formed by the Ligand
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Four copper(l) tris(pyrazolyl)hydroborate complexes are reported with the fairly bulky tpsittbutylphenyl)-
5-methylpyrazol-1-yllhydroborate ligand (BpPM§. TpBu-PhMeCy(CHCN) (1) was synthesized from CuCl

and TPu-PhMe_j(CH3CN). The acetonitrile ligand il was easily replaced by CO, PRland PBus, forming
TpBu~PhMECY(CO) @), TpBU-PhMCU(PPR) (3), and TPPU-PhMCuU(PBuUs) (4), respectively. Complexes-4 have

been crystallographically characterizdddCHsCN, 173 K: G:Hg7BCUNyy, triclinic, P1, a = 13.4201(10) Ap
=15.132(2) Ac = 15.2125(13) Ap. = 60.743(6), B = 73.211(43, y = 74.839(5}, Z = 2, R1= 6.81% (WR2

= 18.91%).2, 296 K: CGi3Hs,BCuNsO, monoclinic,C2/c, a = 25.592(4) Ab = 12.434(2) A,c = 28.044(3) A,

B =104.073(9), Z = 8, R1= 7.47% (WR2= 22.08%).3-CH,Cl,, 173 K: Gs;HegBCI,CuUNgP, triclinic, P1, a

= 12.5080(13) Ab = 15.159(3) A.c = 17.151(2) A,o. = 64.271(109, = 79.073(73}, y = 86.572(8Y, Z =

2, R1= 5.13% (WR2= 13.28%).4-0.5 hexane, 298 K: &HgsBCuNsP, triclinic, P1, a = 13.337(2) A,b =
13.435(2) A,c = 17.386(2) A,o. = 88.371(7}, B = 71.863(8), y = 80.223(93, Z = 2, R1= 6.96% (WR2=
18.62%). The T{§u~PhMejigands inl, 2, and 3 bind in a tridentate fashion; the GBIN and CO ligands fit
comfortably within the pocket formed by thert-butylphenyl substituents and the BRiand interleaves between

the pyrazole arms. The flexibility of the pocket was probed by calculating the area of the triangle created by
connecting the midpoints of the 3-phenyl groups; this parameter increases by 18%iHerargest) ovel (the
smallest). Thus, the pocket exhibits some flexibility, found to be due to both steric and electronic factors. Complex
4 features a bidentate Bp~P"Meligand as the Bus apparently exceeds the pocket’s flexibility.

Introduction cessful prediction of the dioxygen-binding mode in oxyhemocy-
anin®7 Although many sterically bulky Tp ligands are now
known? the number of their reported copper complexes is

" limited.2
We are particularly interested in the tris[Bert-butylphen-

yl)-5-methylpyrazol-1-yllhydroborate ligand (‘Fg~PhM98 pe-

cause of the fairly deep pocket that this ligand should form at
the metal center. Here we repbttie first copper(l) complexes

The tris(pyrazolyl)hydroborate family of ligands (Tp) has
been found to be quite versatile, forming complexes of p block
d block, as well as f block metal iodsMany different uses
have been proposed or discovered for Tp complexes, including
their utility as synthetic reagents, catalysts and bioinorganic
model complexe$? The synthesis of pyrazole rings with alky!

and aryl substituents at the 3- and 5-positions is often relatively of TpBu-PhMe and make initial observations on the flexibility

trivial. The properties of the resulting Tp ligands and complexes : .
can be dramatically different depending on the steric and _of the pocket. The latter is an important property to understand

electronic requirements of the Tp ligand and the nature of the n qrder to more effectively utilize these ligands/complexes in
various applications.

metal centef.

A number of Tp copper(l) and copper(ll) complexes are Experimental Section
known, including several historically important contributions
to copper chemistry. For example, Tp-ligation enabled the first
crystallographic characterization of coppearbonyl® copper-
ethylenet and mononuclearnitrosyP complexes and the suc-

All reagents were purchased from commercial sources. Cuprous
chloride was purified by published procedufesnd stored in a
continuously purified nitrogen-atmosphere glovebox. Dichloromethane,

(5) Ruggiero, C. E.; Carrier, S. M.; Antholine, W. E.; Whittaker, J. W.;

(1) (a) Shaver, A. IlComprehensgie Coordination Chemistrywilkinson, Cramer, C. J.; Tolman, W. Bl. Am. Chem. S0d.993 115 11285~
G., Ed.; Pergamon: New York, 1987; Vol. 2, pp 24%9. (b) Byers, 11298.
P. K.; Canty, A. J.; Honeyman, R. Adv. Organomet. Chenl992 (6) Kitajima, N.; Fujisawa, K.; Fujimoto, C.; Moro-oka, Y.; Hashimoto,
34, 1-65. (c) Trofimenko, SChem. Re. 1993 93, 943-980. (d) S.; Kitagawa, T.; Toriumi, K.; Tatsumi, K.; Nakamura, A. Am.
Parkin, G.Adv. Inorg. Chem.1995 42, 291-393. (e) Santos, |.; Chem. Socl1992 114, 1277-1291.
Marqgues, NNew J. Cheml995 19, 551-571. (f) Reger, D. LCoord. (7) Kitajima, N.; Moro-oka, Y.Chem. Re. 1994 94, 737-757.
Chem. Re. 1996 147, 571-595. (g) Etienne, MCoord. Chem. Re (8) Specific Tp ligands are abbreviated such that Tp pyrazole substituents
1996 156, 201—-236. are superscripted after the Tp abbreviation; the 3-position group is

(2) Kitajima, N.; Tolman, W. BProg. Inorg. Chem1995 43, 419-531 listed first and the 5-position last when different (the position numbers
and references therein. are shown in eq 1).

(3) Churchill, M. R.; DeBoer, B. G.; Rotella, F. J.; Abu Salah, O. M.; (9) Adapted in part from Ji, G. M.S. Thesis, University of Nevada, Reno,
Bruce, M. I.Inorg. Chem.1975 14, 2051-2056. NV, 1998.

(4) Thompson, J. S.; Harlow, R. L.; Whitney, J. .. Am. Chem. Soc. (10) Perrin, D. D.; Armarego, W. L. FPurification of Laboratory
1983 105 3522-3527. Chemicals 3rd ed.; Pergamon: New York, 1988.
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hexane, and acetonitrile were distilled from GaMll syntheses were reflections were collected; 7260 independent reflecti®is€ 0.0396)
performed under nitrogen at ambient temperatures using standardwere used in the refinement for 651 parameters, and the range of
Schlenk techniques. transmission factors was 0.5226.4483.

IH NMR spectra were obtained using a General Electric QE 300  One hexane molecule sitting on a special position in the structure

MHz FT-NMR spectrometer; chemical shifts were referenced to the of 4 is not shown in the figure. Onert-butyl group is disordered and
residual proton resonance of deuterated chloroform (7.26 pp). refined to 60% and 40% occupancies; only the major position is shown
NMR and3P NMR spectra were obtained using a Varian Unity Plus in the figure. Ford, 6399 reflections were collected; 5898 independent
500 MHz FT-NMR Spectrometer:*C NMR chemical shifts were reflections Rne = 0.0226) were used in the refinement for 624
referenced to CDGK77.23 ppm). Thé'P NMR spectra were referenced  parameters, and the range of transmission factors was G-373612.
to an external triphenylphosphine resonane®.0 ppm) or to 85% Tp®Bu-PhMeCy(CH5CN) (1). To a suspension of CuCl (56.6 mg,
aqueous phosphoric acid (0.0 ppm). Infrared spectra were recorded0.572 mmol) in 5 mL of CHCI, was added a solution of LiT§y~PhMe
either on a Nicolet Protege, 460 FT-IR, or Perkin-Elmer 283 spec- (CH;CN) (400 mg, 0.572 mmol) in 50 mL of (1:1) GBI/CH;CN. A
trometer as Nujol mulls unless otherwise stated and are reported inwhite precipitate formed immediately and was removed by filtration
cm !, Melting points were obtained on a 6406-H Thomas-Hoover after stirring 2 h. T{§u-PhMeCu(CHCN) was isolated as a white solid
melting point apparatus and are uncorrected. FAB/MS were performed by removing the solvent from the filtrate in vacuo (390 mg, 0.510 mmol,
by the University of California, Riverside, Mass Spectrometry Facility 89%). Large colorless crystals were obtained by recrystallization from
and are reported as masses for the two largest peaks within each cluste€H,Cl,/CHsCN. *H NMR (CDCl): 6 1.33 (s, 27 H, 3x C(CHa)3),
(due to the copper isotopes) followed by assignments and relative 1.87 (s, br, 3 H, €lsCN), 2.47 (s, 9 H, 3x Pz-CH3), 6.11 (s, 3 H, 3
intensities for each cluster. Elemental analyses were performed by x cyclo[C(Me)-N,-C(CsH4-'Bu)-CH]), 7.34, 7.77 (dJ = 8.3 Hz, 6 H
Desert Analytics (Tucson, AZ) or NuMega Resonance Labs, Inc. (San each, 3x Pz-C(CH)(C'H"),C-Bu). 3C{'H} (CDCl): 6 2.4 (s, br,
Diego, CA). CH3CN), 13.0 (s, 3x Pz-CHs), 31.4 (s, 3x C(CHs)3), 34.5 (s, 3x

Crystals ofl (block) and3 (plate) were coated with Paratone-N oil  C(CHs)s), 103.1 (s, 3x cyclo[C(Me)-No-C(CsHs-Bu)-CH]), 124.4,
mixed with the crystallization solvents, maneuvered onto the tip of a 127.1 (s, 3x Pz-CCH)2(C'H').C-Bu), 131.8 (s, 3x Pz-C(CH}-
glass fiber and placed in @100 °C cold stream for data collection.  (C'H').C-'Bu), 143.6 (s, 3x Pz-C(CH),(C'H'),C-Bu), 149.5, 150.3 (s,
Suitable crystals o (plate) and4 (plate) were mounted with silicone 3 x cyclo[C(Me)-N,-C(CgHs-'Bu)-CH]). The nitrile carbon was not
caulk to a glass fiber on the benchtop and the data collected at ambientobserved under the experimental conditions. IR: 249&Ba-H), 2268
temperatures. All data were collected with a Siemens P4 diffractometer w v(C=N), 2236 w, 1568 w, 1547 w, 1520 m, 1366 m, 1337 w, 1186
with a graphite monochromator from 3.8 45° in 26 for all four s, 1120 w, 1059 s, 1019 w, 974 w, 846 ms, 783 s, 700 w. Anal. Calcd
structures and octantsh, £k, +I for 1, 3, and4 and+h, +k, +I for for CsaHssN7/BCu: C, 69.87; H, 7.33; N, 12.96. Found: C, 70.05; H,
2. The structures were solved by Patterson techniques followed by 7.40; N, 12.92. MSwz 715/717 (MH — CHsCN, 23), 501/503 (M
subsequent cycles of least-squares refinement and calculation of— (PZ%-PhMe 4 CHyCN), 100). Mp: 178-179°C.
difference Fourier maps. The data were refined (full-matrix least-squares ~ Tp'8u=PhMeCy(CO) (2). Complex 1 (74.8 mg, 0.099 mmol) was
on F?) with the Siemens SHELXTL Version 5.0.3 PC software dissolved in 10 mL of CKCI, to form a colorless solution. After this
packagé} including its semiempirical absorption correction from psi  solution had been stirred for several minutes, 400 Torr of CO gas was
scans. None of the structures required an extinction correction. All non- added. The resulting solution was stirred overnight and the solvent
hydrogen atoms were modeled anisotropically except for some solventremoved in vacuo to give a white solid. Recrystallization from,CH
atoms inl that were modeled isotropically. Hydrogens were placed at Cly/hexane afforded large light yellow single crystals ofT"eCu(CO)
calculated distances and use a riding model, where the positional and(48.0 mg, 0.0646 mmol, 65%)H NMR (CDCL): 6 1.34 (s, 27 H, 3
thermal parameters are derived from the carbon atom to which each x C(CHa)s3), 2.48 (s, 9 H, 3x Pz-CH3), 6.12 (s, 3 H, 3x cyclo[C(Me)-
hydrogen is bound to, while maintaining equivalent distances and N,-C(CgHs-'Bu)-CH]), 7.41, 7.60 (dJ = 8.3 Hz, 6 H each, 3 Pz-
optimal angles within a group. No peaks or holes of greater than 0.65 C(CH)(C'H'),C-Bu). *3C{*H} (CDCly): ¢ 12.8 (s, 3x Pz-CH3), 31.4
e /A3 remained in the final difference maps for the structures-e4. (s, 3x C(CHgy)3), 34.6 (s, 3x C(CHs)3), 104.0 (s, 3x cyclo[C(Me)-

The structure ofl contains four acetonitrile molecules in the lattice  N2-C(CeH4-'Bu)-CH]), 125.1, 127.3 (s, 3« Pz-C(CH),(C'H').C-'Bu),

(not shown in the figure), two of which were well-behaved during 131.4 (s, 3x Pz-C(CH}(C'H").C-Bu), 144.1 (s, 3x Pz-C(CH):-
refinement. One lattice acetonitrile is disordered, pivoting about the (C'H').C-Bu), 150.7, 151.7 (s, & cyclo[C(Me)-N,-C(CsHs-'Bu)-CH]).
Caivie With 0.25 and 0.75 occupancies; hydrogen atoms on the,C The carbonyl carbon was not observed under the experimental
in the 0.75 fragment were not modeled. A second lattice acetonitrile conditions. IR: 2504 w(B—H), 2078 sy(C=0), 1614 w, 1548 m,
molecule (although the identity cannot be assigned unequivocally from 1520 ms, 1338 w, 1306 m, 1182 s, 1110 m, 1058 s, 1018 w, 980 m,
the crystallography, it at least looks more like an acetonitrile molecule 842 's, 780 s, 723 s, 704 m. Anal. Calcd fogls:NsOBCu: C, 69.49;
than any other starting material or solvent used in the preparation) sitsH, 7.05; N, 11.31. Found: C, 69.80; H, 7.46; N, 11.48. M& 715/
near a special position and is ill-behaved and refines to a crude model 717 (MH™ — CO, 39), 501/503 (M — (PZBu-PhMe + CO), 100). Mp:

of a three-membered ring; no hydrogens were added to this fragment.222—-223 °C (dec).

For 1, 10 283 reflections were collected; 6425 independent reflections ~ Tp®u~PhMeCu(PPh) (3). To a mixture ofl (38.2 mg, 0.050 mmol)
(Rnt = 0.0580) were used in the refinement for 584 parameters, and and triphenylphosphine (13.5 mg, 0.0515 mmol) was added 10 mL
the range of transmission factors was 0.5865756. CH.Cl,. After the solution had stirred overnight, the solvent was

There were no lattice solvent molecules in the structug bisorder removed in vacuo to give a white solid. Recrystallization fromCH
in onetert-butyl group was modeled in two positions, which refined Clo/hexane gave colorless single crystals ofTF"MCu(PPh) (24.1
to 55% and 45% occupancies; however, only the major position is mg, 0.0241 mmol, 48%)'H NMR (CDCly): 6 0.87 (s, 27 H 3x
shown in the figure. FoR, 6814 reflections were collected; 5666 C(CHs)s), 2.57 (s, 9 H, 3x Pz-(H3), 6.14 (s, 3 H, 3x cyclo[C(Me)-
independent reflectionsRi; = 0.0295) were used in the refinement  N2-C(CeHs-'Bu)-CH]), 6.28, 7.12 (dJ = 8.3 Hz, 6 H each, 3« Pz-
for 498 parameters, and the range of transmission factors was 6:3305 C(CH)x(C'H'),C-'Bu), 6.84 (m, 6 H, 3x P—C(CH)»(C'H").CH), 7.00
0.2868. (m, 6 H, 3 x P—C(CH)(C'H").,CH), 7.18 (m, 3 H, 3x P—C(CH),-

The structure o8 contains one methylene chloride molecule in the (C'H)2CH). *C{*H} (CDCk): 6 13.3 (s, 3x Pz-CHs), 31.0 (s, 3x
lattice that is not shown in the figure. This solvent molecule is somewhat C(CHs)s), 34.0 (s, 3x C(CHs)s), 104.8 (s, 3x cyclo[C(Me)-N,-
disordered (pivoting about the central carbon atom); in addition, one C(CeHa-'Bu)-CH]), 124.9, 127.8 (s, & Pz-CCH)(C'H'),C-Bu), 127.7
of thetert-butyl groups has some apparent disorder. However, neither (d, *Jp-c = 9.3 Hz, 3x P-Creta 128.5 (d,*Jp-c = 1.3 Hz, 3% P-Cpara
minor disorder was modeled in the final structure. Fr8200 132.0 (s, 3x Pz-C(CH)}(C'H"),C-'Bu), 133.4 (d\Jp-c = 32.9 Hz, 3

X PCipso, 134.6 (d,2Jp_c = 15.6 Hz, 3% P-Conno, 143.8 (5, 3x Pz-
(11) Scattering factors froninternational Tables for Crystallography C(CH)(C'H),C-Bu), 149.5, 152.8 (s, X cyclo[C(Me)-Nx-C(CeHas-
Wilson, A. J. C., Ed.; Kluwer Academic Publishers: Dordrecht, The 'BuU)-CH]). 3P{*H} NMR (CDCl): ¢ —1.20. IR: 3055 w, 2518 w
Netherlands, 1992; Vol. C. v(B—H), 2387 w, 1567 w, 1549 m, 1524 ms, 1365 s, 1337 m, 1306 w,
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1202 s, 1112 m, 1091 m, 1062 s, 1020 m, 999 w, 985 w, 972 m, 920 bands at 2274 cm [+(C=N)], and 2305 cm! [¥(C—C) + -

w, 890 w, 843 vs, 829 ms, 788 s, 747 s. Anal. Calcd fesHg/Ne-
BPCu: C, 73.72; H, 6.91; N, 8.60. Found: C, 73.68; H, 7.10; N, 8.71.
MS m/iz 977/979 (MH, 29), 763/765 (M — PZBu-PhMe 92y 714/
716 (M' - PPh, 43), 501/503 (M — (PZBu-PhMe 4 pph) 100). Mp:
252-253°C.

Tp'Bu=PhMeCy[P('Bu)s] (4). To 1 (245 mg, 0.320 mmol) and P(
Bu)s (64.8 mg, 0.320 mmol) was added 10 mL £&Hb. After stirring
25 min, the solvent was removed in vacuo to give a white solid, 220
mg (0.240 mmol, 75%). Recrystallization from @E,/hexane gave
colorless single crystals of Fg-PhMeCu[P¢-Bu)z]. '"H NMR (CDCl):

0 0.68 (d,J=12.1 Hz, 27 H, P-C(CHg)3), 1.38 (s, 27 H, 3« C(CH3)3),
2.26 (s, 9 H, 3x Pz-(Hy), 6.22 (s, 3 H, 3x cyclo[C(Me)-Nx-C(CeHa-
‘Bu)-CH), 7.41, 7.59 (dJ = 8.4 Hz, 4 H each, X Pz-C((H),(C'H'),C-
Bu). 13C{*H} (CDCL): ¢ 13.2 (s, 3x Pz-CH3), 31.6 (d,J = 7.3 Hz,
P-C(CHa)3), 31.7 (s, 3x C(CHj3)s), 35.5 (d,J = 112 Hz, PC(CHa)3),
36.2 (s, 3x C(CHa)s), 105.1 (s, 3x cyclo[C(Me)-N,-C(CsHa-Bu)-
CH])), 125.5, 127.5 (s, X Pz-C(CH),(C'H'),C-Bu), 133.4 (s, 3x Pz-
C(CH)(C'H"),C-Bu), 146.4 (s, 3x Pz-C(CH),(C'H"),C-Bu), 150.1,
152.1 (s, 3x cyclo[C(Me)-N,-C(CgHs-'Bu)-CHY]). 3P NMR (CDCE):
0 62.8.5"P NMR (GsDg): 0 62.3. IR (neat): 3062 m(C—Haron), 2962
vs ¥(C—Haipn), 2472 mv(B—H), 2392 w, 1549 m, 1522 s, 1471 s,

1435s, 1393 m, 1362 s 1340 s, 1266 s, 1176 s, 1112 m, 1077 s, 106

s, 1022 s, 980 s, 958 m, 840 vs, 808 vs, 784 vs, 739 s, 705 s, 649 w
631 s. Anal. Calcd for §H;JN¢BPCu: C, 70.67; H, 8.68; N, 9.17.
Found: C, 70.57; H, 8.81; N, 9.29. M®&z 715/717 (MH — P(-
Bu)s, 39), 501/503 (M — (PZBu—PhMe 4 P(Bu);, 100). Mp: 198-199
°C (dec).

Results and Discussion

Ligand Synthesis. The synthesis of TITBu-PhMe was
reported by Ghosh and Parkii3 while this work was in
progress, along with a T§~PhMe magnesium hydroxide
complex!? In addition, two copper(ll) complexes with a similar
Tp ligand, TFumMe (Cum = 4-Pr-Ph), and hydroxide and
semiquinone co-ligands have been repotfedie synthesized
LiTp'Bu=PhMein a manner similar to that described by Ghosh
and Parkin'2 However, instead of converting LiTjy—PhMeto
TITp®Bu-PhMe we avoided use of toxic thallium salts by purifying
LiTp®Bu-PhMe Thus, the crude LiTp-PhMein THF was filtered

(CHj3)] are shifted from those of free GBN (2255 and 2293
cm1).16

Synthesis and Characterization of TPu~PhMeCy(CH3CN)
(1). The stoichiometric reaction of Ty~P"Mei(CH;CN) and
CuCl in a mixture of CHCI,/CHsCN produces THu-PhMeCy-
(CH3CN) (1) in excellent yield (eq 1). Complek is a white

! \(\/©’<
53

\1©2/©/< O

NN +CuCl

HB\—N-N—Ll—NCCH N N Cu NCCH3 1)

=0 —L1 1

\ 7

Tp/Bu-PhMej(CH,CN) 1

solid that is soluble in CbCl,, CHCL, and E$O and is insoluble

an CH3CN and saturated hydrocarbon solvents. Comgdlex

W:stable to the air for at least a month as a solid but is sensitive
to air oxidation in nonacetonitrile containing solvents, for
instance turning green within an hour in a chloroform solution
open to the air. In additior, is subject to acetonitrile loss under
vacuum at ambient temperatures, forming more than one
product, as indicated bH NMR spectroscopy. No attempts
were made to isolate and purify these products.

Complex1 and the other three copper complexes reported
here have been fully characterized, by IR and NMR spec-
troscopies, FAB/MS, elemental analysis and X-ray crystal-
lography. Copper(l) ligation is indicated by the shifting of
significant’H NMR and IR peaks fod versus T{pu—PhMeq j-
(CH3CN),*® such as/(B—H) to 2498 cn1l. The nitrile stretch
for 1 was observed at 2268 crh which is just outside the range
given for most typical metal-acetonitrile complexes (222300
cm1).16 However, it compares favorably with other'@ICCH;
complexes, which most frequently exhib{C=N) in the 22606~

through Celite, the solvent was removed and the resulting solid 2280 cnt?! rangel’-24 There is a second weak peak in the IR
was washed extensively with acetonitrile to remove excess spectrum ofl at 2236 cm* that could be the combination band

pyrazole. From the acetonitrile wash §YpP"Mai(CH;CN)®
was obtained in almost 70% isolated yield, based on LiBts
reasonably stable white powder. For instancesCNl is not

seen for acetonitrile complexes; however, it is well outside of
the typical range (22962320 cn1?),16 making such an assign-
ment tentative.

lost after at least a day under vacuum at ambient temperature. Colorless single crystals were grown by diffusion of £H

TpBu~PhMq j(CH4CN) is soluble in moderately polar to fairly
nonpolar solvents such as THF, &, benzene, and toluene
and is insoluble in more polar solvents, including 4O and
acetone. The IR spectrum of Py PhMa_j(CH3CN) exhibited
a B—H stretch at 2510 crt, which is essentially the same as
that observed for TITP'—PhMe (2508 cn11).12 The data are
consistent with a lithium-bound GEN, including the resistance
to CHCN loss and the observation that the £L-derived IR

(12) Ghosh, P.; Parkin, Gnorg. Chem.1996 35, 1429-1430.

(13) The Tp ligand withtert-butylphenyl substituents in both the 3- and
the 5-positions is also known: Libertini, E.; Yoon, K.; Parkin, G.
Polyhedron1993 12, 2539-2542.

(14) Ruf, M.; Noll, B. C.; Groner, M. D.; Yee, G. T.; Pierpont, C. 8org.
Chem.1997, 36, 4860-4865.

(15) Selected spectral data for LiyPh M{CH3;CN): 1H NMR (CDCly):

0 1.33 (s, 27 H, 3x C(CH3)3), 1.96 (s, 3 H, €13CN), 2.51 (s, 9 H,

3 x Pz-CH3), 6.11 (s, 3 H, 3x cyclo[C(Me)-No—C(CsH4-'Bu)-CHY)),
7.37, 7.57 (dJ = 8.3 Hz, 6 H each, 3« Pz-C((H),(C'H')2C-Bu).

IR: 2510 my(B—H), 2274 wv(C=N), 2305 w1(C—C) + 0(CHs),
1633 w, 1546 w, 1523 m, 1394 m, 1365 m, 1339 w, 1185 s, 1122 w,
1061 s, 1018 w, 973 m, 839 ms, 782 s, 746 w, 726 m, 708 w, 648 m,
635 m.

CN into a CHCI; solution of1. As these crystals desolvated at
room temperature over several hours, the X-ray data were
collected at low temperature (Table 1). The solid-state structure
of 1 (Figure 1) shows that the copper ion is four-coordinate,
bound to the three pyrazole nitrogen atoms as well as the
nitrogen from the acetonitrile ligand. A few other TpQTH;-

(16) Endres, H. IComprehensie Coordination ChemistryVilkinson, G.,
Ed.; Pergamon: New York, 1987; Vol. 2, pp 26267.

(17) Striejewske, W. S.; Conry, R. Rhem. Commurl998 555-556.

(18) Black, J. R.; Levason, W.; Webster, Mcta Crystallogr., Sect. C
1995 51, 623-625.

(19) Carrier, S. M.; Ruggiero, C. E.; Houser, R. P.; Tolman, WInBrg.
Chem.1993 32, 4889-4899.

(20) Lastra, E.; Gamasa, M. P.; Gimeno, J.; Lanfranchi, M.; Tiripicchio,
A. J. Chem. Soc., Dalton Tran$989 1499-1506.

(21) Karlin, K. D.; Hayes, J. C.; Hutchinson, J. P.; Zubietdndrg. Chim.
Acta 1983 78, L45-L46.

(22) Csaegh, |.; Kierkegaard, P.; Norrestam, &cta Crystallogr., Sect. B
1975 31, 314-317.

(23) Diez, J.; Gamasa, M. P.; Gimeno, J.; Tiripicchio, A.; Camellini, M.
T.J. Chem. Soc., Dalton Tran$987, 1275-1278.

(24) Massaux, M.; Bernard, M. J.; Le Bihan, M.-Acta Crystallogr., Sect.
B 1971, 27, 2419-2424.
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Table 1. Crystallographic Data for 14
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parameter 1-4CH,CN 2 3CH,Cl, 4-0.5hexane
empirical formula G2H57N118CU Q3H52NGBCUO Q]_HGQNGBClgCUP C57H36NQBCUP
fw 920.52 743.26 1062.44 960.64
temperature (K) 173 296 173 298
A 0.710 73 A (Mo Kx) 0.710 73 A (Mo Ka) 0.710 73 A (Mo k) 0.710 73 A (Mo k)
space group P1 (No. 2) C2/c (No. 15) P1 (No. 2) P1 (No. 2)
a(h) 13.4201(10) 25.592(4) 12.5080(13) 13.337(2)
b (A) 15.132(2) 12.434(2) 15.159(3) 13.435(2)
c(A) 15.2125(13) 28.044(3) 17.151(2) 17.386(2)
o (deg) 60.743(6) 90 64.271(10) 88.371(7)
p (deg) 73.211(4) 104.073(9) 79.073(7) 71.863(8)
y (deg) 74.839(5) 90 86.572(8) 80.223(9)
V (A3 2553.3(4) 8656(2) 2875.6(7) 2916.5(6)
Z 2 8 2 2
calculatedo (g/cn? 1.197 1.141 1.227 1.094
cryst dimens (mm) 0.4& 0.42x 0.31 0.62x 0.40x 0.21 0.96x 0.51x 0.18 0.60x 0.35x 0.08
w (mm™ 0.473 0.542 0.544 0.440
R12 0.0681 0.0747 0.0513 0.0696
wR2 0.1891 0.2208 0.1328 0.1862

aR1 = S||Fo| — |Fel|/3|Fo| (observed datd, > 20(1)). PWR2 = [J[W(Fs? — FA)?/ S [W(FA)?]]¥2 (all data).

ones averaging near 90@or the angles between the pyrazole
groups and larger angles, closer to 12%tween the Tp ligand
and the fourth ligand. The three coppgyrazole nitrogen
distances are equal within error and are slightly longer (averag-
ing 2.088 A) than the CtiNacetoniriiedistance (1.891(5) A). The
Cu—Nacetoniniiedistance falls within the 1.862.16 A range seen
for some other four-coordinate copper(Bcetonitrile
complexe§.8v2“25v29‘34

The nitrile C-N distance inl, 1.140(7) A, falls within the
typical range found for transition metal acetonitrile complexes,
1.11-1.15 A6 The acetonitrile ligand is essentially linear
(ON=C-C, 179.4(7) A), which is typical for coppesceto-
nitrile complexed820-2530-32 The coppet-nitrile angle forl
is within the usual range for transition metal complexXeM(—
N=C of 175 + 5° and is clearly near that of other
Cu—NCCH; complexes (15718(°).18:20-25.29-33.35The aceto-
nitrile ligand in complexl can be readily replaced by other
ligands, such as CO, PRhand PBusz in CH,CI; to form 2
through4 (Scheme 1), as discussed below.

Synthesis and Characterization of T{Bu=PhMeCy(CO) (2).
The addition of excess CO gas to a £CHp solution of1 forms
TpBu~-PhMeCy(CO) @), which is isolated by the removal of the
solvent in vacuo. Comple® has a similar solubility and air
stability as1, however, it is significantly more stable toward
ligand loss as a solid. In fact, tHél NMR and IR spectra are
unchanged even after heating the complex to temperatures
slightly higher than 100C under a vacuum for 10 h. This is a
remarkably inert CatCO complex, as many CtCO complexes

geometry about the copper centerliis distorted tetrahedral, ~ €asily lose the CO ligan#.In fact, TpCu(CO) complexes are

with angles ranging from 90.9 to 124.8As is typical for Tp among the most robust GO complexes known.

four-coordinate structures, there are clearly two sets of angles, .Th? IR spectrum no longer contains the {Ci\-derived
vibrations and/(B—H) has moved to 2504 cm. The carbonyl
(25) Keyes, M. C.; Chamberlain, B. M.; Caltagirone, S. A.; Halfen, J. A,; stretch fOIQ, at 2078 le, IS C|ea|'|y within the range of 2056
26) E(?lmaﬂ. \\//V-F?~?<r_gan|3mJet€:1LllicSFl|9Sia ;7"1934_1922& N N 2086 cnt! seen for the other known nonfluorinated tris-
ias, H. V. R.; Kim, H.-J.; Lu, H.-L.; Rajeshwar, K.; de Tacconi, N. 29,3745
R.; Derecskei-Kovacs, A.; Marynick, D. ©rganometallics1996 15, (pyrazolyl)hydroborate copper(l) carbonyl complekés:
2994-3003.
(27) Carrier, S. M.; Ruggiero, C. E.; Tolman, W. B.; Jameson, GJ.B.
Am. Chem. Sod 992 114 4407-4408.
(28) Thompson, J. SI. Am. Chem. S0d.984 106, 4057-4059.
(29) Schneider, J. L.; Carrier, S. M.; Ruggiero, C. E.; Young, V. G., Jr.;
Tolman, W. B.J. Am. Chem. S0d.998 120, 11408-11418. (34) Atkinson, N.; Blake, A. J.; Drew, M. G. B.; Forsyth, G.; Lavery, A.
(30) A tris(pyrazolyl)ymethane copper(l) acetonitrile complex has been J.; Reid, G.; Schier, M.J. Chem. Soc., Chem. Comm889 984—
structurally characterized: Reger, D. L.; Collins, J. E.; Rheingold, A. 986.
L.; Liable-Sands, L. MOrganometallics1996 15, 2029-2032. (35) Tyekla, Z.; Jacobson, R. R.; Wei, N.; Murthy, N. N.; Zubieta, J.;
(31) A tris(imidazolyl) phosphine copper(l) acetonitrile complex has also Karlin, K. D. J. Am. Chem. S0d.993 115 2677-2689.
been structurally characterized: Lynch, W. E.; Kurtz, D. M., Jr.; Wang, (36) Hathaway, B. J. I€omprehense Coordination Chemistpywilkinson,
S.; Scott, R. AJ. Am. Chem. S0d.994 116, 110306-11038. G., Ed.; Pergamon: New York, 1987; Vol. 5, pp 53B74.

Figure 1. Thermal ellipsoid depiction of TPhMeCu(CHCN) (1)

at the 20% probability level; hydrogen atoms omitted for clarity.
Selected bond distances (A) and angles (deg)= gL, 2.089(5); Cu-
N3, 2.083(5); Ct-N5, 2.092(5); Ce-N7, 1.891(5); GN7, 1.140(7);
N1—-Cu—N7, 124.8(2); N3-Cu—N7, 123.8(2); N5-Cu—N7, 124.7-
(2); N1-Cu—N3, 91.2(2); N:-Cu—N5, 90.9(2); N3-Cu—N5, 91.4-
(2); CuU-N7=C, 178.4(5); N=C—C, 179.4(7).

CN) complexes are knowi®2528 although apparently only two
have been recently crystallographically characterf2&3! The

(32) Blake, A. J.; Gould, R. O.; Holder, A. J.; Lavery, A. J.; Sateg M.
Polyhedron199Q 9, 2919-2924.

(33) Li, D.; Yip, H.-K.; Che, C.-M.; Zhou, Z.-Y.; Mak, T. C. WJ. Chem.
Soc., Dalton Trans1992 2445-2449.
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Scheme 1. Ligand Substitution Reactions of Compléx
That Form2—42

aReaction conditions: (it CO; (ii) + PBug; (iii) + PPh.

Consistent with the stability of TpCu(CO) complexes, the

Conry et al.

Figure 2. Thermal ellipsoid depiction of Tf~PhMeCy(CO) @) at the
10% probability level; hydrogen atoms omitted for clarity. Selected
bond distances (A) and angles (deg): -1, 2.045(6); Ct-N3, 2.065-
(6); Cu—NS5, 2.073(6); Cu-C, 1.752(10); &0, 1.120(10); N+ Cu—

C, 124.9(4); N3-Cu—C, 125.9(4); N5 Cu—C, 122.7(4); N+Cu—
N3, 90.2(3); NE-Cu—N5, 91.5(2); N3-Cu—NS5, 91.5(2); Cu-C=0,
178.1(12).

the range (2.0182.078 A) seen for all TpCu(CO) complexes
that have been structurally characterizé#3-47 as well as for

the 23 Tp-Cu(l) complexes surveyed through 1985, which
average at 2.001(75) & The Cu-C distance ir2 [1.752(10)

A] is at the low end of the range reported for all TpCu(CO)
complexes (1.752(16)1.808(4) A)326:43-47 The 18 Cu-CO
structures in the Cambridge Crystallographic Database through
1985 also have similar GtC distances, with a 1.787(19) A
average® The G=0 distance in2, 1.120(10) A, at first
appearance appears to be on the long side when compared to
all TpCu(CO) structures (1.08&)1.126(5) A), however, the
errors make these values similar. In generak-CO complexes
exhibit relatively short €O distances compared to all transition
metal carbonyl complexes, which, for over 10 000 structures

carbonyl stretches for these complexes occur at the low end ofaveraged at 1.145(20) & The Cu-C—O0 angle in2 is nearly

the range for terminal CaCO complexes reported through 1987
(2055-2180 cn1?).36

Single crystals were grown by the slow diffusion of hexane
into a CHCI; solution of2. The X-ray crystal structure (Figure
2) shows that the geometry about the copper ion is similar to
that found forl. The average pyrazole €N distance in2
(2.061 A), is comparable to that farand is at the long end of

(37) Bruce, M. |.; Ostazewski, A. P. B. Chem. Soc., Chem. Commun.
1972 1124-1125.

(38) Bruce, M. I.; Ostazewski, A. P. B. Chem. Soc., Dalton Tran973
2433-2436.

(39) Mealli, C.; Arcus, C. S.; Wilkinson, J. L.; Marks, T. J.; lbers, JJA.
Am. Chem. Sod976 98, 711-718.

(40) Abu Salah, O. M.; Bruce, M. I.; Walsh, J. Bust. J. Chem1979
32, 1209-1218.

(41) Abu Salah, O. M.; Bruce, M. |.; Hameister, (org. Synth.1982
21, 107-111.

(42) Kitajima, N.; Fujisawa, K.; Fujimoto, C.; Moro-oka, YChem. Lett.
1989 421-424.

(43) Kitajima, N.; Fujisawa, K.; Fujimoto, C.; Moro-oka, Y.; Hashimoto,
S.; Kitagawa, T.; Toriumi, K.; Tatsumi, K.; Nakamura, A. Am.
Chem. Soc1992 114, 1277-1291.

(44) Kiani, S.; Long, J. R.; Stavropoulos, IRorg. Chim. Actal997, 263
357—366.

(45) Imai, S.; Fujisawa, K.; Kobayashi, T.; Shirasawa, N.; Fukii, H.;
Yoshimura, T.; Kitajima, N.; Moro-oka, Ylnorg. Chem.1998 37,
3066-3070.

linear, which is typical, for instance, for TpCu(CO) complexes,
which range from 176.6(5)180.0.

Synthesis and Characterization of TFEu=PhMeCy(PPFy) (3).
The addition of one equivalent of PPto 1 in CH,Cl, causes
substitution of the acetonitrile ligand by PPhforming
TpBu-PhMeCy(PPR) (3). Complex3 is soluble in moderately
polar solvents such as G&l, and EtO and is insoluble in
saturated hydrocarbon solvents and is air stable, both as a solid
and in chloroform solution, for at least three weeks. NosCH
CN-derived vibrations are observed in the IR spectrum and
v(B—H) is now at 2518 cm!. The3P{1H} resonance, at1.20
ppm, is typical for Cl—PPh complexes, which usually shift
the PPh signal downfield (from—6.0 ppm) by less than
15 ppm?9-52 A few other TpCU(PPh;)38:42:435654 complexes

(46) Dias, H. V. R,; Lu, H.-L.Inorg. Chem.1995 34, 5380-5382.

(47) Dias, H. V. R.; Kim, H.-JOrganometallics1996 15, 5374-5379.

(48) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R.J. Chem. Soc., Dalton Tran989 S1-S83.

(49) A few examples: (a) Leiva, A. M.; Rivera, L.; Loeb, Bolyhedron
1991, 10, 347-350. (b) Kampf, J.; Kumar, R.; Oliver, J. forg.
Chem. 1992 31, 3626-3629. (c) Haiduc, |.; Cea-Olivares, R;
Toscano, R. A.; Silvestru, Rolyhedron1995 14, 1067-1071.

(50) Kitajima, N.; Koda, T.; Hashimoto, S.; Kitagawa, T.; Moro-oka, Y.
J. Am. Chem. S0d.991 113 5664-5671.
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(PPh) structures; THeCu(PPR)>° and Tp'2Cu(PPh)5t exhibit
2.166(6) and 2.153(2) A CtP lengths, while for T{$F2Cu-
(PPh) the Cu-P bond length is longer, at 2.219(1) A and is
more similar to that observed f&

Synthesis and Characterization of TPu~PhMeCu(P'Bus)

(4). The addition of one equivalent ofBuz to 1 in CH,Cl,
causes substitution of the acetonitrile ligand BB, forming
TpBu-PhMeCy(PBuU3) (4). Complex4 is soluble in most organic
solvents and is air sensitive in solution; the solid is more air
stable but will also slowly acquire a green color. No 4CM-
derived vibrations are observed in the IR spectrum =B+

H) is observed at 2472 crh. The 3P{1H} resonance, at 62.3
ppm, is only slightly shifted downfield from that for freéBei;

(A6 = 0.5 ppm in benzene). The resonance is clearly much
broader than that of free'Bus, consistent with Bug binding

to the quadrupolar copper(l) center.

A couple other TpCliPalkyk)3842 complexes are known,
although, to our knowledge, none have been structurally
characterized. ThéH and 13C NMR solution spectra off at

: room temperature are consistent with coordination of all three
Figure 3. Thermal ellipsoid depiction of TH~"MeCu(PPh) (3) at pyrazole arms or, more likely, with rapid exchange of the
tbhe 50? l?robabili(t}\/)leveé; hydrlogeFdatgmiI%mizﬁzefggz 1‘3;1“%- ?\a‘eﬁed coordinated and uncoordinated pyrazole groupt$. NMR
on Istances ana angles eg): . , Lo , H H H
2161(3); CUN3, 2.173(3), CuNS, 2131(3); P-CU-NL. 126 11- S'gecna god”S'Stetm E‘_;"(;tt‘cthe é‘gggﬂaﬁet?””cwm ofere not
(10); P-Cu—N3, 125.72(10); P-Cu—N5, 124.22(10); N+Cu—N3, observed down (6 n solution. _
87.90(13): N:-Cu—N5, 89.84(13): N3-Cu—N5, 91.90(13). Single crystals o# were grown by the partial evaporation
of an hexane/CECl; solution containingd. The PBus ligand

are known, three of these have been structurally charac-is apparently too large to be contained within the pocket, which
terized50-52 is not able to accommodate the bulieyt-butyl groups between

Single crystals were grown by diffusion of hexane into a,cH  th€ pyrazole arms. Thus, aEL?",’\‘ASt in the solid state, one of the
Cl, solution of3. The solid-state structure (Figure 3) contains PYrazole rings from the Tg~"ligand is not coordinated,
a distorted tetrahedral copper(l) center. Whereas the CO and'€Sulting in a distorted trigonal planar geometry about the
CH4CN ligands clearly fit comfortably within the pocket, to  COPPer(l) ion (Figure 4). Although the angles about the copper
bind the triphenylphosphine ligand, the RRihenyl rings had ~ Center average to 119.4the two P-Cu—Npyrazole angles are
to interleave between the pyrazole arms offTEhMeligand. much larger [132.1(2)and 137.3(2)] than the Nyrazos~Cu—
A lengthening of the pyrazole GtN distances ir8 results, as ~ Npyrazole@ngle [88.8(3)]. The copper ion is displaced 0.152 A
the average (2.155 A) is longer than those f@nd2, as well from the NP plan.e, away from the '[hll’d., unpoprdmated pyrazole
as for TeCu(PPR)% and TpCu(PPR)5! which average 2.098 ~ &m. The Cu-P distance of 2.2269(2) A is similar to that (_2.2_28-
and 2.076 A, respectively. However, the €N, average ir8 (4) A) found for [CuBr(PBus)],*" although the copper ion in

is much more comparable to that inp-Cu(PPR)52at 2.173 the latter structure is four-coordinate. The average-Su
A, suggesting steric hindrance may be contributing to the distance fort is 2.027 A, which is shorter than those found for

lengthening in both structures. The €RB distance in3 of 1-3. This follows the general trend that three-coordinate copper

2.2189(13) A falls well within the range of 2.12@.330 A seen structures have shorter bond distances than four coordinate
for some other four-coordinate, copper(l), mono-PPh structures® This is the first example, to the authors' knowledge,

structure$555-66 A similar lengthening is seen for the €& of a TpCu(L) complex (where L is a single monodentate ligand)
bond as was observed for the €Ny, bonds among TpCu- whose crystal structu.re features a dangling .Tp-pyrazole arm.
Structural Comparisons. To probe for ligand-induced
changes to the pocket formed by the®FpPh:Me ligand about
the copper(l) center, we calculated the area of the triangle
(areai) formed by connecting the midpoints of the phenyl rings
in the structures of, 2 and3 (illustrated for3 in Figure 5). In
addition, the same calculations were made for other T@gu
complexes with 3-phenyl substituents whose structures have
been reported, T:Cu(C0O)* TpPMCu(HpzP%),19 and TsH-
Cu(THFY® (Ms = mesityl) for comparison (Table 2). There are
also two TpCHU(L) with 3-phenyl substituents whose structures
have been reportét that were excluded to compare only
copper(l) complexes. This type of measurement is a useful

(51) Gioia Lobbia, G.; Pettinari, C.; Marchetti, F.; Bovia, B.; Cecchi, P.
Polyhedron1996 15, 881-890.

(52) Dias, H. V. R.; Jin, W.; Kim, H.-J.; Lu, H.-Unorg. Chem 1996 35,
23172328.

(53) Kitajima, N.; Koda, T.; Moro-oka, YChem. Lett.1988 347—350.

(54) Kitajima, N.; Koda, T.; Iwata, Y.; Moro-oka, YJ. Am. Chem. Soc.
1990 112 8833-8839.

(55) Anderson, Q. T.; Erkizia, E.; Conry, R. Rrganometallics1998 17,
4917-4920.

(56) Cotton, F. A.; Takats, J. Am. Chem. Sod.97Q 92, 2353-2358.

(57) Hanusa, T. P.; Ulibarri, T. A.; Evans, W.Akcta Crystallogr., Sect. C
1985 41, 1036-1038.

(58) Lang, J.; Tatsumi, K.; Yu, KPolyhedron1996 15, 2127-2130.

(59) Teixidor, F.; Vitas, C.; Abad, M. M.; Lopez, M.; Casabd.
Organometallics1993 12, 3766-3768.

(60) Lu, J.; Crisci, G.; Niu, T.; Jacobson, A. lhorg. Chem.1997, 36,

(64) Wei, N.; Murthy, N. N.; Chen, Q.; Zubieta, J.; Karlin, K. Dhorg.

5140-5141.

(61) Healy, P. C.; Whittaker, A. K.; Kildea, J. D.; Skelton, B. W.; White,
A. H. Aust. J. Chem1991, 44, 729-736.

(62) Nianyong, Z.; Jianhui, W.; Xintao, \WActa Crystallogr., Sect. €991,
47, 856-858.

(63) Barron, P. F.; Engelhardt, L. M.; Healy, P. C.; Kildea, J. D.; White,
A. H. Inorg. Chem.1988 27, 1829-1834.

Chem.1994 33, 1953-1965.

(65) Karlin, K. D.; Cruse, R. W.; Gultneh, Y.; Farooq, A.; Hayes, J. C;

Zubieta, JJ. Am. Chem. S0d.987 109, 2668-2679.

(66) Karlin, K. D.; Ghosh, P.; Cruse, R. W.; Farooq, A.; Gultneh, Y.;

Jacobson, R. R.; Blackburn, N. J.; Strange, R. W.; Zubieta, Am.
Chem. Soc1988 110, 6769-6780.

(67) Goel, R. G.; Beauchamp, A. lnorg. Chem.1983 22, 395-400.
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Figure 4. Thermal ellipsoid depictions of T§¥~PhMeCu(PBus) (4) at

the 20% probability level. (Above) All nonhydrogen atoms shown.
(Below) Slightly different view with all hydrogen atomgert-butyl,

and methyl groups omitted for clarity. Selected bond distances (A) and
angles (deg): CuP, 2.220(2); Ce-N1, 2.025(7); Cu-N3, 2.028(6);
P—Cu—N1, 132.1(2); P-Cu—N3, 137.3(2); Nt+Cu—N3, 88.8(3).

supplement to the more commonly used cone &figléas it

Figure 5. View of 3 illustrating the interleaving of the phenyl rings
and the triangle used to calculate area

introduced to describe the open space between pyrazole arms
with planar groups, but, unfortunately, also have similar
problems with ring orientatioh Although we have found the
analysis using argato be useful here, it obviously has limited
application, i.e., applying only to a set of similar tripodal ligands
with phenyl groups in the proper positions.

The size of the THu=PhMepocket appears to depend on the
nature of the enclosed ligand, as the more sterically demanding
PPh and 3,5-diphenylpyrazole (HPZ) ligands give the largest
values of arega (Table 2). Notably, even though the RRienyl
groups can interleave between the pyrazolyl groups &fTfMe
there is still some opening of the pocket upon binding thesPPh
ligand. Thus, there is a 15% increase in aréar 3 (26.9 A2
versusl (22.8 A2). Some of the flexibility of the pocket can
probably be attributed to a scissors-like motion of th&5hMe
ligand, because a concomitant decrease was also observed in
the area of the triangle formed by connecting the 5-position
methyl-carbon atoms (argac, 9.5 and 9.0 A for 1 and 2,
respectively, a 5% difference in area). The smaller decrease in
this parameter is reasonable, as the methyls are closer to the
pivot point and will experience a smaller magnitude change.
However, larger values of argare not totally caused by this
pivoting motion. For instance, the next to largest value ofigrea
for TpPRCu(HpZ"), exhibits the same area for the triangle
formed by connecting the 5-positigpso-phenyl carbon atoms
(area—c) as that forl, which has the smallest akgaThe
numerical comparison of argac between these two complexes
suffers because they also have a significant difference between

is less dependent upon the orientation of the phenyl rings. It the pyrazole and carbon (methyl or pheido) distances used
has been noted that Tp ligands with planar 3-substituents yieldin the calculation. This difference, however, is in accord with

the least meaningful cone angl@dvedge angle$”3were then

(68) Perkinson, J.; Brodie, S.; Yoon, K.; Mosny, K.; Carroll, P. J.; Morgan,
T. V.; Burgmayer, S. J. Ninorg. Chem.1991, 30, 719-727.

(69) Brown, T. L.; Lee, K. JCoord. Chem. Re 1993 128 89-116.

(70) McAuliffe, C. A. In Comprehensie Coordination Chemistrywilkin-
son, G., Ed.; Pergamon: New York, 1987; Vol. 2, pp 98966.

(71) Tolman, C. AChem. Re. 1977, 77, 313-348.

(72) Calabrese, J. C.; Domaille, P. J.; Trofimenko, S.; Long, Galg.
Chem.1991, 30, 2795-2801.

the conclusion that pivoting is not the only mechanism to
increase area The pyr-Cipso distances in TR:Cu(HpZ™) are
shorter than the pyfCye distances irl. This shorter distance
for TpPRCu(HpZ") causes its argac to be smaller than if
measured at the same distancéd.abhus, the comparative value
of areg_c for TpPRCu(HpZ") should be larger than that

(73) Rheingold, A. L.; Ostrander, R. L.; Haggerty, B. S.; Trofimenko, S.
Inorg. Chem.1994 33, 3666-3676.
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Table 2. Comparative Structural Data for HCu—L Complexes with 3-Phenyl Substituents

average D(Cu—center average average

complex areg@ area-—c Cu—Npyr of tri) ONpyr—Cu—Npy, ONpyr—Cu—L reference
1 228 R 95 A 2.088 A 1.62A 91.2 124.4 this work
2 24.7 R 10.0 & 2.061 A 1.52 A 91.1 125.8 this work
3 26.9 & 9.0 2.155A 1.31A 89.9 125.4 this work
TpPRCu(CO) 23.7R 10.1 A 2.059 A 1.55 A 90.4 125.0 45
TpPhCu(HpZ™) 258 & 95 A 2.128 A 1.38A 90.7 123.r 19
TpVsHCu(THF) 21.9R n/a 2.061 A 1.69 A 929 122.8 29

observed, which is consistent with a smaller gréastead of Conclusions
the larger one seen for that complex. ]

There is also clearly an electronic component to the pocket —Four new copper complexes of the fairly bulky TP Me _
size, as seen by comparing the structures afd2. The larger ligand have been synthesized and completely characterized.
aregi for 2 cannot be exp|ained using a steric argument as CO USing the CryStal structures, it was found that there is at least
is the smaller of the two ligands, neither of which is expected some flexibility to the pocket, as the pocket opened to
to have much of a steric influence anyway. The carbonyl accommodate the bulkier P@Plhgand compared to the smaller
complexe® and TF™:Cu(CO) have the most similar parameters, CHsCN and CO ligands. However, changes in the pocket size
differences in which are probably attributable to steric differ- appear to be due to both steric and electronic factors imparted
ences in the Tp ligands, as the electronic environments aboutby the ancillary ligands. The Tp ligand has some flexing
the metal center are predicted to be similar, based on the factcapabilities. The coordination parameters about the copper(l)
that the carbonyl stretches are essentially the same, 2078 cm ion, due to both steric and electronic factors, cause these
for 2 and 2080 cm!? for TpPCu(CO)#® Although we cannot  variations to the pocket width and depth. When the pocket size,
totally discount the possibility of packing forces causing some flexibility and interleaving capacities are exceeded, such as by
of the differences seen in these solid-state structures, thebinding the bulky phosphine'Bus, the ligation mode of the
similarities between the two carbonyl structures and the reason-tris(pyrazolyl)hydroborate ligand to the copper center changed
able trends among the others suggest at least the largerfrom tridentate to bidentate.

differences are significant. We are continuing to study additional Cu(l) and Cu(ll)
The TgBu-PhMepnocket flexibility appears then to be caused complexes with T{§u~PhMeand related ligands to further probe
by both steric and electronic influences imparted by the ancillary not only the pocket dynamics, but how FgPhMeinfluences

ligands, which are also reflected in the bond angles and distancespe chemistry and/or allows the synthesis of unusual types of
about the copper(l) ions. The average-@i distances are  copper complexes.

longer for3 (2.155 A) than forl (2.088 A). Thus, the Cu ion
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