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The compounds [K(Q)][IrH4(PR3);] (Q = 18-crown-6, R = Ph, Pr, Cy; Q = aza-18-crown-6, R = 'Pr; Q =
1,10-diaza-18-crown-6, R = Ph, 'Pr, Cy; Q = cryptand-222, R = 'Pr, Cy) were formed in the reactions of IrHs-
(PRs), with KH and Q. In solution, the stereochemistry of the salts of [IrH4(PRs),]~ is surprisingly sensitive to the
countercation: either trans as the potassium cryptand-222 salts (R = Cy, Pr) or exclusively cis (R = Cy, Ph) as
the crown- and azacrown-potassium salts or a mixture of cis and trans (R = 'Pr). There is IR evidence for protonic—
hydridic bonding between the NH of the aza salts and the iridium hydride in solution. In single crystals of [K(18-
crown-6)][cis-IrtH4(PR3)2] (R = Ph, Pr) and [K(aza-18-crown-6)][cis-IrH4(P'Pr3),], the potassium bonds to three hydrides
on a face of the iridium octahedron according to X-ray diffraction studies. Significantly, [K(1,10-diaza-18-crown-
6)][trans-IrtH4(P'Pr3),] crystallizes in a chain structure held together by protonic—hydridic bonds. In [K(1,10-diaza-
18-crown-6)][cis-IrH4(PPhs),], the potassium bonds to two hydrides so that one NH can form an intra-ion-pair protonic—
hydridic hydrogen bond while the other forms an inter-ion-pair NH-+-HlIr hydrogen bond to form chains through the
lattice. Thus, there is a competition between the potassium and NH groups in forming bonds with the hydrides on
iridium. The more basic PR3 complex has the lower N-H stretch in the IR spectrum because of stronger
N-H---HIr hydrogen bonding. The trans complexes have very low Ir-H wavenumbers (1670—1680) due to the
trans hydride ligands. The [K(cryptand)]* salt of [trans-IrH4(P'Prs);]~ reacts with WHgs(PMe,Ph)s (pKo M 42) to give
an equilibrium (Keq = 1.6) with IrHs(P'Prs), and [WHs(PMe,Ph)s]~ while the same reaction of WHs(PMe,Ph); with
the [K(18-crown-6)]* salt of [cis-IrHa(P'Prs),]~ has a much larger equilibrium constant (Keq = 150) to give IrHs(P-
Pr3), and [WHs(PMe,Ph)s]~; therefore, the tetrahydride anion displays an unprecedented increase (about 100-fold)
in basicity with a change from [K(crypt)]* to [K(crown)]* countercation and a change from trans to cis stereochemistry.
The acidity of the pentahydrides decrease in THF as IrH5(P'Prs),/[K(crypt)][trans-IrHa(PPr),] (pKo"HF = 42) > IrHs-
(PCys)/[K(crypt)]itrans-IrHa(PCya)] (pKo'HF = 43) > IrHs(P'Pra),/[K(crown)][cis-IrH4(P'Prs),] (oK™ = 44) > IrHs-
(PCya)of[K(crown)][cis-IrH4(PCys),]. The loss of PCys from IrHs(PCys), can result in mixed ligand complexes and
H/D exchange with deuterated solvents. Reductive cleavage of P—Ph bonds is observed in some preparations of
the PPh; complexes.

Introduction hydridic bonds® The strength of this bond is influenced by
h the donor acidity and the basicity of the hydride ligand. Most
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that serve as proton acceptors, and these are not very basic
or hydridic.

Most of the known polyhydride complexes of iridium are
neutral with coordination numbers varying from five to
sevent* However, some anionic hydride complexes of
iridium have been reported including [IgH,*>%6[IrH ¢]*~,%*
and [IrHs].#*8 The present study involves the preparation
and characterization of the new and basic anionic hydride
complexes [IrH(PRs)2]~ (R = Ph,Pr, Cy). The series of
phosphine ligands PBhPPr;, and PCy provides increas-
ingly more basic and more crowded metal complexes that
can be tested as hydrogen bond acceptors toward the cations
[K(1,10-diaza-18-crown-6J] and [K(aza-18-crown-6J] as
some of us have also done for anionic rhenium polyhy-
drides!® These complexes, regardless of their configuration
about the iridium atom, possess mutuathans hydride
ligands that are potentially good hydrogen-bond acceptors.
In some cases, the resulting interactions were found to direct
the formation of networks in the solid state.

In preliminary work, [K(1,10-diaza-18-crown-6)ians-
IrH4(PPr),] was found to form a chain structure held
together by 1.85 A NH-HIr bonds as shown schematically
in Figure 1% The X-ray diffraction data set was exceptionally
good and allowed the hydride positions to be clearly located
as evidenced by the electron density contour map for the
plane containing the iridium atom and hydride ligands
(Figure 2). The Ir(1}H(1IR) bond lengths are 1.54(3) A,
and the Ir(1>H(2IR) bond lengths are 1.68(3) A. The
observed H(INyH(2IR) separation was 2.07 A which is
indicative of protonie-hydridic bonding. This observed
separation is probably greater than the true separation becauslgPrg carbon and hydrogen atoms and nonessential crown hydrogen atoms
the observed N(HH(1N) bond length of 0.77(3) Ais likely  have been omitted for clarity. The distances given are observed distances.
less than the true value as would be determined in a neutron
diffraction study because this bond is highly polarized with \
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Figure 2. [K(1,10-diaza-18-crown-6)][Iri{P'Prs);] electron contour map.
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Figure 1. Chain structure of [K(1,10-diaza-18-crown-6)][I§PPrs)2].
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1.85 A is obtained. This corrected separation is within the
typical range observed for protonitiydridic bonds (between
1.7 and 2.1 A). On the other hand, [K(18-crown-6)}f
IrH4(PPr),] exists in the crystalline state as ion pairs with
potassium-hydride interaction$.

This study explores the dependence of structure and
reactivity of these ion pairs with potassiuthydride or
protonic-hydridic bonds as a function of the phosphine
ligands present.



lon Pairing and Protonic—Hydridic Bonding

Experimental Section NMR (CDCl), 6: 3.10 (m, 6H, CH), 1.34 (m, 36H, Gj}{ —49.31

, o (t, 2J(HP) = 11.4, 1H, IrH)2425 3P{1H} NMR (CDCly), 6: 32.9

General ProceduresUnless otherwise stated, all manipulations (s)24251R (Nujol), cmL: 2228 (IrH).

and reactions were carried out under an atmosphere of prepurified Preparation oflerCI A(PPhe)s (2). A 20 mL portion of ProH
argon or nitrogen using standard Schlenk and glovebox techniquesWas added to a flask containing IE€3H,0 (0.746 g, 2.50 mmol)
All solvents were thoroughly dried over the appropriate drying ,n4 ppy (3,981 g, 15.18 mmol). The resulting mixture was refluxed
agents and made free of oxygen and nitrogen by distillation under ¢, 1 53 days. After 1.5 days, mainly or exclusivetjsmer2
argon. THF, E{O, toluene, and hexanes were refluxed over sodium ., e isolated. After 3 days, a mixtureoig mer2 andtransmer-2
wire with benzophenone indicator. G, was refluxed over Call g jsolated. During the first 48 h, the mixture changed from green-
'PrOH and EtOH were refluxed over iodine-activated magnesium brown to yellow. The mixture was allowed to return to room
turnings. Acetone was refluxed over anhydrous CaS®iF-ds, temperature and extracted with,6t(3 x 20 mL; each extract was
CsDs, CDClz, and CDC4 were obtained from Cambridge Isotopes 4 ef1ly decanted off, filtered to recover any product, and finally
Laboratories. These deuterated solvents were degassed by-freeze jicarded). The yellow product was collected by filtration, washed

pump-thaw (3 cycles) and dried over molecular sieves. with 3 x 5 mL of EtO, and dried under vacuum. Yield 95%.
All H and*®'P NMR spectra were acquired on a Varian Gemini  ¢is mer2. 1H NMR (CD,Cl,), 6: 7.6-6.8 (m, 45H, phenyl H),
300 MHz spectrometer running at 300 MHz fit and 121 MHz —19.13 (d of t2J(HPa) = 12.4 Hz,2)(HPg) = 17.5 Hz, IrH).31P-

for 3P, These instruments were used to acquire Baitkand 3P {H} NMR (CD,Cl,), &: —2.1 (d,2J(PP)= 16.1 Hz, 2P, ), —8.3
NMR spectra in deuterated and nondeuterated solvents. For the; 2ypp)= 16.1 Hz, 1P, B). transmer2. 'H NMR (CD,Cl,), o:
acquisition of 'TH NMR spectra of samples in nondeuterated —14.00 (d of t,2J(HPyand = 160.1 Hz,2J(HPss) = 16.4 Hz, IrH).
solvents, the following criteria were essential: deactivation of sipriy NMR (CD,CL), o: —7.5 (d,2J(PP)= 13.4 Hz, 2P, B,
deuterium locking, minimization of pulse width, and minimization  _59 7 (¢ 2)(PP) = 13.4 Hz, 1P, Rud. IR (Nujol), cmrt: 2200
of gain. For good quality spectra, a double precision Fourier () Anal. Calcd for GHaClIrPs C, 61.71; H, 4.42%. Found:
transform and a high sample concentration were desirable. Thec g1 90: H, 4.54%.
acquisition of 3P NMR spectra for samples in nondeuterated Preparation of IrH s(P'Prs), (3). THF (30 mL) was added to a
solvents required only the deactivation of deuterium lockithg). mixture of IrtHCL(PPrs), (0.370 g, 0.633 mmol) and NaOH (2.7
NMR spectra were indirectly referenced to TMS via solvent peaks, 4 7.5 mmol) under 1 atm HThe resulting mixture was stirred
and*'P spectra were referenced to external 8536 @. for 3 h over which time it gradually changed from purple to
CAUTION must be exercised when heating samples sealed in ¢ojorless. All volatiles were removed under vacuum, and the white
NMR tubes as excessively high pressures may result in explosionesidue was collected and washed on a frit withx55 mL of
of tubes. The solution component should be only partially immersed gjistilled, degassed #@. The white product was finally dried under
in an oil bath maintained at a temperature slightly above the normal y,acyum for several hours. Yield 84%4 NMR (THF-dg), &: 1.80
boiling point of the solvent. In most cases, immersing only 1 cm (y, 6H, CH), 1.12 (m, 36H, CH), —11.29 (t,2J(HP) = 12.3 Hz,
of the tube is sufficient to heat the contents to reflux and adequately 51 |rH). 1H NMR (CgDg), 0: 1.70 (m, 6H, CH), 1.12 (m, 36H,
mix the contents by convection. CHs), —10.85 (t,2)(HP) = 12.2 Hz, 5H, IrH) 3P{1H} NMR (THF-
Infrared spectra were acquired on a Nicolet Magna-IR spec- dg), 0: 46.2 (s).31P{H} NMR (CsDg), 0: 45.6 ()26 IR (Nujol),
trometer 550 or a Perkin-Elmer Paragon 500 FT-IR spectrometer. cm-1: 1950 (IrH). Anal. Calcd for GH4ArPs: C, 41.75; H, 9.17%.
IrH5(PCy)2,2° IrH3(PPh)3,2t and ReH(PCys),22 were prepared Found: C, 41.42; H, 9.33%.
by literature methods. Irgas obtained in various hydrated forms Preparation of IrH 5(PPhg), (4). A mixture of THF (40 mL),
from Johnson Matthey Chemicals (approximately i8H,0), IrtHCI,(PPh)3 (2.110 g, mixture otismerandtransmerisomers,
Strem Chemicals, and Pressure Chemicals. 18-Crown-6, 1,10-diaza2.008 mmol), and KH (0.815 g, 20.3 mmol) was maintained at a
18-crown-6, 4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8.8.8]hexa- temperature of 100C under 75 atm Kwith stirring for 3 days in
cosane (cryptand-222, also known as Kryptofix-222), and KH were an autoclave. The mixture was returned to room temperature, and
purchased from Aldrich Chemical Co. The KH obtained was in all solids were removed by filtration and washed with THRE(3
the form of a suspension in mineral oil; the salt was isolated by mL). The red filtrate and washings were combined and evaporated
filtration and washing with hexanes under a nitrogen atmosphere. to dryness under reduced pressure. The residue was collected and
PPk was obtained from BDH. PGyand HPPhwere obtained from  washed on a frit with 3< 10 mL of distilled, degassedJ® which
Organometallics. 'Pr; was obtained from Strem. High purity2N  resulted in a color change from orange to white. The solids were
gas, Ar gas, and fgas were obtained from BOC Gases Canada. finally washed with THF (3x 5 mL) and dried under vacuum.
Preparation of IrHCI »,(P'Pr3), (1). A literature metho#f was Yield 60%. IR (Nujol), cntl: 1950 (IrH).
improved slightly A 7 mL portion of PrOH was added to a flask Preparation of [K(18-crown-6)][PPh;]. A mixture of KH (0.050
containing IrC4-3H,0 (1.108 g, 3.71 mmol) and® (1.779 g, g, 1.2 mmol), 18-crown-6 (0.316 g, 1.20 mmol), HBRG.224 g,
11.12 mmol). The resulting mixture was refluxed under Ar for 24 1.20 mmol), and THF (5 mL) was stirred for 5 h. The solids were
h over which time the color changed from yellow to brown to red. removed by filtration, and 20 mL of hexanes was added to the
The mixture was allowed to return to room temperature, and the orange filtrate to precipitate the orange product. The product was
purple solids were collected by filtration. The product was washed collected by filtration, washed with 8 3 mL of hexanes, and dried
with 3 x 3 mL of 'PPrOH and dried under vacuum. Yield 85%i under vacuum. Yield 909%6P NMR (THF), d: —0.707 (s).
Observation of [K(18-crown-6)][fac-IrH 3(PPhg)(PPhy)]. An

(20) Brinkmann, S.; Morris, R. H.; Ramachandran, R.; Parky&g. Synth. NMR tube was charged with IiPPh)s (0.014 g, 0.014 mmol),
1998 32, 303-308.

(21) Park, S.; Lough, A. J.; Morris, R. Hnorg. Chem.1996 35, 3001 (24) Grushin, V. V.; Vymenits, A. B.; Vol'pin, M. EJ. Organomet. Chem.
3006. 199Q 382, 185-189.

(22) Zeiher, E. H. K.; DeWit, D. G.; Caulton, K. Gl. Am. Chem. Soc. (25) Werner, H.; Wolf, J.; Hbn, A.J. Organomet. Chen1985 287, 395—
1984 106, 7006-7011. 407.

(23) Simpson, R. D.; Marshall, W. J.; Farischon, A. A.; Roe, D. C.; Grushin, (26) Garlaschelli, L.; Khan, S. I.; Bau, R.; Longoni, G.; Koetzle, TJF.
V. V. Inorg. Chem.1999 38, 4171-4173. Am. Chem. Sod985 107, 7212-7213.
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[K(18-crown-6)][PPHh] (0.007 g, 0.014 mmol), and¢De (0.65 mL).

Landau et al.
3252 (NH), 1926 (IrH), 1707 (IrH). IR (THF), cd: 3232 (NH),

The tube was flame-sealed, and the contents were gently refluxed1975 (IrH), 1693 (IrH).

for 12 h.'H NMR (CgDg), 6: —11.89 (2nd order, 2H, jg' pattern),
—14.09 (d of t of t,2)(Haa'Hg) = 5.1 Hz,2J(HgPy) = 54.4 Hz,
2J(HePxx') = 14.7 Hz, 1H, H pattern).3P{*H} NMR (C¢Dg), 0:
10.1 (d,2)(Pxx'Py) = 14.9 Hz, 2P, Ry pattern),—9.5 (t,2J(Pxx'-Py)
= 14.9 Hz, 1P, R pattern, PP}).

Observation of K[IrH 4(P'Pr3),] (K6). A mixture of THF (0.65
mL) or CsDe (0.65 mL), KH (0.010 g, 0.25 mmol), and IgH
(PPr), (0.015 g, 0.026 mmol) was sealed in an NMR tube under
1 atm N.. The mixture was gently refluxed for 12 h and then
examined byH and3'P{*H} NMR spectroscopytH NMR (THF),

0: —14.95 (t of t,2J(HH) = 4.9 Hz,2J(HP) = 13.4 Hz, 2H cis-6),
—15.51 (2nd order, 2H, k' of cis-6), —15.74 (t,2J(HP) = 17.2
Hz, 4H, trans6). TH NMR (C¢Dg), 0: 1.89 (m, CH, fis-IrD4
(PPr)2]7), 1.28 (m, CH, [cis-IrD4(PPr3),] 7). 31P{1H} NMR (THF),
0: 60.2 (strans6), 39.9 (scis-6). 3'P{*H} NMR (CgDg), 0: 40.4
(s, cis-6). No transisomer was observed for the reaction done in

A single crystal was grown by diffusion of hexanes into a solution
of the salt in THF. The colorless crystal was analyzed by single-
crystal X-ray diffraction.

Preparation of [K(1,10-diaza-18-crown-6)][IrH 4(P'Prs),] ([K( di-
azg)6). A mixture of KH (0.127 g, 3.17 mmol), Irk{PPr), (0.152
g, 0.294 mmol), and THF (1.5 mL) was stirred for 12 h. The solids
were removed by filtration, and the filtrate was slowly added with
stirring to a solution of 1,10-diaza-18-crown-6 (0.092 g, 0.35 mmol)
in THF (5 mL). The resulting solution was stored-a80 °C, and
the colorless, crystalline product was collected after 2 days. The
product was washed with hexanes ¥31.5 mL) and then dried
under vacuum. Yield 54%H NMR (THF-dg), 6: 3.58 (m, 16H,
CHy), 2.75 (m, 8H, CH a to N), 2.14 (qi,23)(HH) = 7.3 Hz, 2H,
NH), 1.80 (m, 6H, CH), 1.18 (m, 36H, G —14.63 (t of t,2J(HH)
= 4.9 Hz,2J(HP) = 13.4 Hz, 2H, H of A,BB'XX" pattern ofcis-

6), —15.56 (BB, 2H, cis-6), —15.60 (t,2J(HP) = 17.2 Hz, IrH,

CsDs, and H/D exchange between the solvent and hydride ligands trans-6). 'H NMR (CgDg), 6: 3.57—2.0 (extremely broad reso-

of the complex did not permit the determination of upfittiNMR
chemical shifts.

Preparation of [K(18-crown-6)][IrH 4(P'Pr3)2] ([K( crown)]6).
THF (5 mL), IrHs(PPr), (0.296 g, 0.572 mmol), KH (0.105 g,
2.62 mmol), and 18-crown-6 (0.160 g, 0.604 mmol) were combined
in a flask, and the resulting mixture was stirred for 3 h. The solids
were then removed by filtration, and hexanes (25 mL) were slowly
added with stirring to precipitate the white product. In some cases,
where the product did not precipitate immediately from solution,
cooling overnight at-30 °C resulted in the formation of colorless
crystals. The product was collected by filtration, washed with
hexanes (& 3 mL), and dried under vacuum. Yield 70%1 NMR
(CeDg), 0: 3.25 (m, 24H, crown H), 2.17 (m, 6H, CH), 1.57 (m,
36H, CHy), —14.23 (t of t,2J(HaHg) = 4.9 Hz,2J(HP) = 13.4 Hz,
2H, Ha of A,BB'XX' pattern ofcis-6), —15.04 (t,2J(HP) = 16.7
Hz, 4H, IrH, trans-6), —15.12 (BB, 2Hcis-6). *H NMR (THF), o:
—14.79 (t of t,2J(HH) = 4.9 Hz,2)J(HP) = 13.4 Hz, 2H, H of
Ccis-6), —15.45 (BB, 2J(HgHg)) = 3.5 Hz,2)(HgPx') = 2J(Hg'Px)
= +121.5 Hz,2J(HgPx) = 2J(Hg'Px) = +24.8 Hz, the signs of
the coupling constants may all be reversed, @id6), —15.62 (t,
2J(HP) = 17.4 Hz, 4H, IrH,trans6). 3P{'H} NMR (C¢Dg), 0:
60.1 (strans6), 42.1 (scis-6). 31P{1H} NMR (THF), 0: 65.7 (s,
trans6), 42.6 (s,cis-6). IR (Nujol), cnT 1922 (IrH), 1698
(IrH). IR (THF), cnr®: 1965 (IrH), 1688 (IrH). Anal. Calcd for
CaoH7olrKOgP,:  C, 43.93; H, 8.62%. Found: C, 43.81; H,
8.91%.

For the X-ray structure determination of [K(18-crown-6)][H
(PPr3),], a crystal was grown by layering of hexanes above a THF
solution of the salt. A well-formed, colorless crystal was obtained
in one week.

Preparation of [K(aza-18-crown-6)][cis-IrH 4(P'Prs)s] ([K-
(azg]6). THF (3 mL) was added to a mixture of IEPPrs), (0.157
g, 0.303 mmol), KH (0.043 g, 1.07 mmol), and aza-18-crown-6
(0.092 g, 0.349 mmol), and the resulting mixture was stirred under
Ny for 4 h. The solids were removed by filtration, and the filtrate

nances, 26H, crown H);-14.09 (t of t,2J(HH) = 5.1 Hz,2J(HP)
= 13.3 Hz, 2H, H of cis6), —15.27 (BB, 2H, cis-6). 3P{1H}
NMR (THF-dg), 0: 65.7 (strans6), 42.6 (scis-6). 31P{*H} NMR
(CeDe), 0: 40.7 (scis6). IR (Nujol), cnm: 3148 (NH), 1680 (IrH).
IR (THF), cnm: 3300 (NH), 3227 (NH), 1970 (IrH), 1694 (IrH).

A colorless crystal suitable for structural determination by single-
crystal X-ray diffraction was grown by a small-scale preparation.
IrtH5(PPrs), (0.023 g, 0.044 mmol), KH (0.010 g, 0.25 mmol), diaza-
18-crown-6 (0.017 g, 0.065 mmol), and 0.6 mL THF were combined
in an NMR tube, and the mixture was shaken vigorously for 5 min.
The solid contents were allowed to settle, and over 24 h, crystals
grew from the solution component of the reaction mixture.

Preparation of [K(cryptand-222)][IrH 4(P'Pr3),] ([K( cryp?)]6).

THF (5 mL), IrHs(PPrs)2 (252 mg, 0.49 mmol), KH (98 mg, 2.45
mmol), and cryptand-222 (190 mg, 0.5 mmol) were combined in a
flask, and the resulting mixture was stirred for 3 h. The solids were
then removed by filtration, and hexanes (25 mL) were slowly added
with stirring to precipitate the white product. The product was
collected by filtration, washed with hexanesx23 mL), and dried
under vacuum. Yield 33%H NMR (CgDg), 6: 3.32 (m, 12H, crypt

H), 3.23 (m, 12H, crypt H), 2.28 (m, 6H, CH), 2.19 (m, 12H, crypt
H), 1.45 (m, 36H, CH), —15.02 (t,2J(HP) = 17.5 Hz, 4H, IrH).
31P{1H} NMR (CeDe), 0: 66.5 (s). IR (Nujol), cm®: 1953 w (IrH

of IrHsL, impurity), 1673 s (IrH).

Observation of [K(18-crown-6)][cisHrH 4(PCys),] ([K( crown)]-

7). A mixture of THF (3 mL), KH (0.028 g, 0.70 mmol), Irid
(PCy;), (0.058 g, 0.076 mmol), and 18-crown-6 (0.035 g, 0.13
mmol) was stirred under an atmosphere gffdt 24 h. The reaction
mixture in THF was analyzed byP{1H} NMR spectroscopyd):

28.5 (s). The reaction mixture was filtered and the filtrate
characterized by IR spectroscopy: 1960-¢éniirH), 1680 cnt?!
(IrH). The reaction mixture was evaporated to dryness under
reduced pressure, and the gray residue was analyzed by IR
spectroscopy (Nujol): 1986 cm (IrH), 1697 cnt?! (IrH). The
residue was also extracted withi[z for 'H and 3'P{1H} NMR

was concentrated to 1.5 mL under reduced pressure. A 20 mL analysis*H NMR (CgDg), 0: 3.3 (s, 24H, crown H), 1.62.5 (m,

portion of hexanes was slowly added to the brown filtrate with
stirring to precipitate the white product. The product was collected
by filtration, washed with hexanes (2 1 mL), and dried under
vacuum. Yield 89%H NMR (Cg¢Dg), d: 4.2—2.8 (br, crown H),
3.08 (br s, crown H), 3.02 (br s, crown H), 2.59 (br s, crown H),
2.15 (m, 6H, CH), 1.56 (m, 36H, GJ}{ —14.10 (t of t,2)(HH) =

5.1 Hz,2J(HP) = 13.3 Hz, 2H, H of A,BB'XX’ pattern),—15.27
(BB', 2H). 31P{1H} NMR (C¢Dg), d: 40.8 (s). IR (Nujol), cm™:

2998 Inorganic Chemistry, Vol. 41, No. 11, 2002

66H, PCy), —14.04 (t of t,2J(HH) = 4.5, 2J(HP) = 13.5,
2H, Ha), —15.43 (BB, 2H, IrH). 3'P{*H} NMR (CgDg), 0: 28.3
(s).

Preparation of [K(cryptand-222)][IrH 4(PCys)2] ([K( crypt)]7).
THF (5 mL), IrHs(PCy), (300 mg, 0.40 mmol), KH (80 mg, 2.0
mmol), and cryptand-222 (151 mg, 0.41 mmol) were combined in
a flask, and the resulting mixture was stirred for 3 h. The solids
were then removed by filtration, and hexanes (25 mL) were slowly
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added with stirring to precipitate the white product. The product A crystal suitable for structural determination by single-crystal

was collected by filtration, washed with hexanesq{3 mL), and X-ray diffraction was grown by vapor diffusion of 2 into a THF
dried under vacuum. Yield 33%H NMR (CgDg), 0: 3.23 (m, solution of the salt.
12H, crypt H), 2.82 (m, 12H, crypt H), 2.62.06 (m, 66H, CH), Reaction of ([K(crown)]6) with ReH7(PCys).. An NMR tube

1.83 (m, 12H, crypt H);~14.71 (t,2J(HP) = 17.5 Hz, 4H, IrH). was charged with RefPCys),%” (0.016 g, 0.021 mmol), [K(18-

SIP{1H} NMR (CgDg), 0: 51.76 (s). IR (Nujol), cm®: 1953, 1935 crown-6)][IrH4(PPr)] (0.016 g, 0.020 mmol), and THF (0.65 mL).

w (IrH of IrHsL, impurity), 1680 s (IrH). The tube was flame sealed, and the solution was analyzed by NMR
Observation of [K(1,10-diaza-18-crown-6)]Eis-IrH 4(PCys)2] after 1 h.'H NMR (THF), 6: —7.09 (t,2J(HP) = 18.8 Hz, Reh+

([K(diazad]7). A mixture of THF (3 mL), KH (0.028 g, 0.70 mmol), (PCy)2), —9.69 (t,2)(HP) = 16.4 Hz, [ReH(PCys),] ~ 1929, —11.34

IrHs(PCys), (0.065 g, 0.086 mmol), and diaza-18-crown-6 (0.029 (t, 2J(HP) = 12.3 Hz, IrH(PPr),). 31P{H} NMR (THF), 6: 57.9

g, 0.11 mmol) was stirred under an atmosphere gffdd 24 h. (s, [ReH(PCys)2] ), 48.4 (s, ReH(PCys),), 46.3 (S, IrH(PPr)y).

The reaction mixture in THF was analyzed BYP{*H} NMR Reaction between ([K€rown)]6) and WHg(PMesPh)s. An

spectroscopyd): 28.5 (s, Rx: pattern). For IR characterization of NMR tube was charged with WiPMe,Ph), (14.7 mg, 0.024

the THF solution, the reaction mixture was filtered, and the gray mmol), [K(18-crown-6)][IrH(PPr),] (20 mg, 0.024 mmol), and

to brown filtrate was analyzed: 3300 cA(NH), 3228 cni! (NH), THF-dg (0.65 mL). The tube was sealed, and the solution was

1965 cnt? (IrH), 1685 cnt! (IrH). For the solid-state IR charac-  analyzed by!H NMR after 1 h.1H NMR (THF-dg), 6: —2.4 (q,

terization, the filtrate was evaporated to dryness under reduced?J(HP) = 36.0 Hz, WH(PMe&Ph), 6H, | = 67.6), —4.6 (m,

pressure, and the residue was ground with Nujol: 3289'¢MH), [WHs(PMe&Ph)]~, 5H, | = 65.9), —11.3 (t,2J(HP) = 12.3 Hz,

3222 cmt (NH), 1957 cntt (IrH), 1668 cnr?t (IrH). IrtHs(PPrs),, 5H, | = 100), —14.7 (tt, Cis-IrtH4(PPr),]~, 2H, 1 =
Observation of [K(18-crown-6)][cis4rHD 3(PCys)]. A solution 0.3), =15.5 (m, Eis-IrtH4(PPrs)] 7, 2H, 1 = 0.3), ~15.6 (t, frans-

of [K(18-crown-6)][IrH4(PCys);] (0.012 g, mmol) dissolved in¢Ds IrtH4(PPr),], 4H, I = 0.3). A small amount ofmerIrHs-

(0.65 mL) was gently refluxed in a flame-sealed NMR tube for 12 (PPr)(PMe&Ph) was also producee:13.1 (d grt, 2H),~15.6 (dtd,

h and then examined Y4 NMR spectroscopy*H NMR (CgDe), 1H).

0: —13.95 (t,2J(HP) = 13.5 Hz, 1H, Htransto D), —15.40 (d of Reaction between ([KErypt)]6) and WHe(PMePh);. An NMR

d, 2J(HPyang = 120 Hz,2)(HP.is) = 26 Hz, 1H, Htransto P). The tube was charged with WPMePh); (13 mg, 0.02 mmol),
sample was contaminated with approximately 20%s(RCys), as [K(crypd][transdrH4(PPr3),] (20 mg, 0.02 mmol), and THF (0.65
evidenced by'H NMR spectroscopy. The same reaction carried ML). The tube was sealed, and the solution was analyzed by
out in the presence of excess KH resulted in little or no H/D quantitative®’P NMR after 1 and 24 h. The reaction was complete

exchange over the same time period. in less than 1 F'P NMR (THF),6: 66.77 (s, fransIrH4(PPr)] -,
Preparation of [K(18-crown-6)][IrH 4(PPhg),] ([K( crown)]5). I =15.62), 46.0 (s, Ir(PPry), | = 22.22), 0.0 (t})(WP) = 84.5

A mixture of IrHs(PPh), (0.119 g, 0.165 mmol), THF (1.5 mL),  Hz, [WHs(PMe&Ph}]~, | = 31.29), —3.151 (t,"J(WP) = 37.3,

KH (0.027 g, 0.67 mmol), and 18-crown-6 (0.065 g, 0.25 mmol) WHe(PMe&Ph), | = 30.87). .

was stirred for 12 h under an atmosphere of Whe resulting Determination of the ApK Value between IrHs(P'Prz), and

mixture was pale orange indicating the presence of PPtowever, IrH 5(PCys)2. (@) An NMR tube was charged with IE&PCys),

its 31P{H} NMR spectrum consisted of just a single resonance (0-016 g, 0.020 mmol), [K(18-crown-6)][IrkfPPry)] (0.016 g,
(26.3 ppm) corresponding to the desired product. All solids were 0.020 mmol), and THF (0.65 mL). The tube was flame-sealed and
removed by filtration, and the colorless to pale yellow product was Warmed (50C) for 4 h while the contents were occasionally shaken
crystallized from the filtrate by vapor diffusion of £2. 'H NMR to dissolve suspended complex. The solution was cooled to room
(CeDg), 6: 7.97 (m, 12H, phenyl H), 6.98 (m, 18H, phenyl H), temperature, and théP{1H, inverse-gated decoupl}adNMR

3.28 (s, 24H, crown H)-11.88 (t of t,2J(HH) = 5.1 Hz,2)(HP) spectrum was recorded (THF); 65.5 (s, fransIrH(PPrs)2]~, |

= 13.2 Hz, 2H, H, of A,BB'XX’ pattern),—12.30 (BB, 2H). 31P- = 140), 46.0 (s, Ir(PPr),, | = 195), 42.2 (s,¢.is—IrH4(F’Pr3)2]‘,
{H} NMR (CeDg), 9: 26.1 (s)3P{1H} NMR (THF), 5: 26.3 (s). | =361), 32.5 (s, Ir(PCw),, | = 75), 28.5 (s, §is-IrtH4(PCys)2] ~,

IR (Nujol), cmr: 2010 (IrH), 1716 (IrH). IR (THF), cm®: 2005 | = 243). The equilibrium constant was determined to be 0.6. (b)
(IrH), 1713 (IrH). Anal. Calcd for GgHsglrKOgP»: C, 56.28; H, A solution of [K(crypt)]ftransIrHs(PCys)o] (20 mg, 0.02 mmol)
5.72%. Found: C, 56.0: H, 5.71%. and IrH(PPr3)2 (9 mg, 0.02 mmol) in THFdg was prepared in a

For X-ray structural characterization, a colorless crystal was Similar fashion at room temperature. The tube was sealed, and the
grown by vapor diffusion of BO into a THF solution of the  Solution was analyzed quantitatively B> NMR after 3 and 24 h.

salt. There were negligible differences in the two spec#& NMR
Preparation of [K(1,10-diaza-18-crown-6)][IrH(PPhs),] ([K( di- (THF-dg) 0: 63.42 (s, frans|rHy(PPr)", | = 62.15), 48.36 (s,
azg]5). The preparation of [K(18-crown-6)][Iri{PPh),] was [transirHy(PCys)o] ™, | = 4.96), 43.52 (s, Ir(PPr)z, | =19.88),

followed substituting diaza-18-crown-6 (0.048 g, 0.18 mmol) for 43-52 (s, IH(PCys)z, | =13.01). The equilibrium constant was

18-crown-6. The quantities of other reagents used were as fol- détérmined to be 8.2. . .
lows: THF (1.5 mL), KH (0.025 g, 0.62 mmol). As was the case  OPservation of IrH s(PCys)(P'Prs) and K[IrH 4(PCys)(PPrs)].

for the preparation of [K(18-crown-6)][IrifPPh);], the 31P{1H} A mixture of IrHs(PCys), (0.015 g, 0.018 mmol), K[Iri(PPrs);]
NMR spectrum for the orange reaction mixture consisted of a single (0-015 9, 0.027 mmol), and THF (0.65 mL) was sealed in an NMR
resonance at 25.6 ppm. Yield 68%i NMR (CsDg), o: 7.95 (m tube under an atmosphere of.N'"he mixture was gently refluxed
phenyl H), 7.00 (s, phenyl H), 6.98 (s, phenyl H), 3.30 (br s, crown for 2 days and then analyzed BYP{*H} NMR spectroscopy. The
H), 3.15 (br s, crown H), 2.29 (br s, crown H):11.79 (t of t complexes were not isolated from solutié#?{*H} NMR (THF),
2)(HH) = 5.0 Hz,2J(HP) = 13.2 Hz, 2H, H, of A,BB'XX' pattern), d: 59.9 (s, _transG 46.2 (d,2J(PP)= 319 Hz, PPr3 resonance of
—12.41 (BB). 31P{*H} NMR (CsDg), 6: 25.6 (s).3*P{H} NMR trans-IrHs(P'Prs)(PCys)), 46.0 (s,3), 40.6 (d,2)(PP)= 12 Hz, P-
. H 1.
(THF), 0: 25.6 (5). IR (Nujol), cm™: 3198 (NH), 1974 (IrH), 1712 (27) Abdur-Rashid, K.; Fong, T. P.; Greaves, B.; Gusev, D. G.; Hinman,

(IrH). IR (THF), cnmt: 3299 (NH), 3205 (NH), 1999 (IrH), 1714 J. G.: Landau, S. E.; Morris, R. H. Am. Chem. So@00Q 122
(IrH). 9155-9171.
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Pr; resonance ofdis-IrH4(PPrs)(PCys)] ), 39.8 (s,cis-6), 32.6 (s, Table 1. Crystal Structure Data Acquisition and Solution Details
IrtHs(PCy),), 32.4 (d,2)(PP)= 319 Hz, PCy resonance ofrans [K(diazd]5-
IrtHs(PPrs)(PCys)), 27.6 (s,7), 25.7 (d,2)(PP) = 11 Hz, PCy [K(crown)]5 EtO-THFos [K(azd]6
resonance ofdis-IrH,(PPr)(PCys)] ). _ formula CigHselKO6P, CoaH7arKN20s 6P, CagH71IrKNOsP,
Reaction of IrHs(P'Pr3), with IrH 5(PCys),. A solution of fw 1024.18 1132.39 819.12
IrHs(PPr3), (0.009 g, 0.017 mmol) and I#PCys), (0.009 g, 0.012 cryst syst triclinic monoclinic triclinic
mmol) in 0.65 mL of THF was sealed in an NMR tube under 1 SPacegroup Pl Cale Pl
tm of Nb. The mixture was gently refluxed for 24 h and then A 10.3032(2) 36.056(7) 9.0778(3)
a : gently biA 21.5110(4) 14.394(3) 11.1705(2)
analyzed by'P{1H} NMR spectroscopy. The complexes were not A 23.1192(5) 23.799(5) 20.1852(5)
isolated from the reaction mixturé'P{*H} NMR (THF), 6: 46.3 a/deg 64.927(1) 90 76.836(2)
(d, 2J(PP)= 319 Hz, PPr; of transIrHs(PPr3)(PCy)), 46.1 (s,3), pldeg 80.982(1) 121.11(3) 81.083(2)
32.7 (s, ITH(PCy),), 32.5 (d,2)(PP)= 319 Hz, PCy of trans vldeg 84.862(1) 90 71.597(1)
A 2 Ses A ' VIA3 4582.2(2) 10575(4) 1883.47(8)
IrHs(PPr)(PCys)). z 4 8 2
Reaction of IrH5(PCys), with P'Prs. A mixture of IrHs(PCy)» dea/Mg m™3 1.485 1.422 1.444
(0.020 g, 0.026 mmol),Pr; (0.010 g, 0.062 mmol), and THF (0.65 (Mo Ko)/mm™ 3.121 2.712 3.774
: TIK 110(1) 150(1) 101(1)
mL) was sealed in an NMR tube under an atmosphere,offNe fins 34034 14307 34206
mixture was gently refluxed for 48 h and then analyzedHyand indep rfins 17311 3889 9328
31P{1H} NMR spectroscopy. The complexes were not isolated from Rnerge 0.051 0.059 0.081
the reaction mixture!H NMR (THF), 6: —11.22 (t,2)J(HP) = 12 R12[I > 20(1)] ~ 0.0356 0.0289 0.0346
Hz, ItHs(PCys)z), —11.28 (t,2J(HP) = 12.3 Hz,3), —11.35 (t, ggf (all data) 5_89997 10&,777 00903626
2J(HP) = 12.1 Hz, IrH(PPrs)(PCys)). 3*P{'H} NMR (THF), 6: ' ' '
46.3 (d,2J(PP)= 319 Hz, PPr; of transIrHs(PPrs)(PCys)), 46.2 AR1=Y(Fo — Fo/3(Fo); WR2 = [Z[W(Fo? — FA)A/ 3 [W(Fo?)1 Y2

(s, 3), 32.7 (s, ItH(PCys)y), 32.5 (d,2J(PP)= 319 Hz, PCy of

transIrHs(PPE)(PCys)), 20.2 (s, FPr), 10.5 (s, PCy). Table 2. Selected Bond Lengths

Preparation of transmerdrH s(PCys)(PPhs). A mixture of Bond length/A
IrHs(PCys), (0.302 g, 0.398 mmol), PRI{0.127 g, 0.484 mmaol), [K(crown)]5  [K(diazd]5-ELO-THFos  [K(azd]6
and THF (10 mL) was refluxed for 24 h under Ar. The resulting (1)—p(1) 2.259(1) 2.259(1) 2.2964(9)
brown mixture was filtered through Celite, and the yellow filtrate  Ir(1)—P(2) 2.265(1) 2.2837(9) 2.2923(9)
was evaporated to dryness under reduced pressure. The residue wa§(1)—H(1IR) 1.53(4) 1.64(5) 1.66(4)
s_tirre_d with 5 mL_of E+O, and the white solid_s were collected by :[gig::g:sg 122&8 igigi; iggg;
filtration. The white product was washed with,€t (2 x 3 mL) Ir(1)—H(4IR) 1.68(4) 1.51(3) 1.63(3)

and dried under vacuum. Yield 56%4 NMR (C¢Dg), 6: 8.30 (t,
phenyl H), 7.18 (m, phenyl H), 7.05 (m, phenyl H), 2-:6B.03 Table 3. Selected Bond Angles
(m, PCy), —11.96 (m,2J(HH) not resolved2J(HPx) = 15.1 Hz,
2J(HPy) = 15.2 Hz, 2H, Htransto H), —14.99 (d of t,2J(HH) not
resolved,2J(HPy) = 23 Hz,2J(HPy) = 116.2 Hz, Htransto P).
31P{1H} NMR (CeDg), 6: 24.1 (d,2J(PP)= 14.6 Hz, 2PCy, Px

Bond angle/deg

[K(diazg]5-
[K(crown)]5 EtO-THFys  [K(azd]6

transto R), 19.7 (t,2J(PP)= 14.6 Hz, 1PP} R,). 3P{1H} NMR :ﬁ:ggj::gg::g:sg 1;2(%) 1g71((22)) 1;5’((22))

(THF), 0: 24.4 (d,2)(PP)= 14.6 Hz, 2P, R), 19.7 (t,2)(PP)= H2IR)—I(1)—H(3IR) 91(2) 87(2) 85(2)

14.7 Hz, 1P, P). IR (THF), cnTX 2090 (IrH), 1757 (IrH). H(1IR)—Ir(1)—H(4IR) 95(2) 86(2) 84(2)
Variable-Temperature *H NMR Study of [K(1,10-diaza-18- H(2IR)—Ir(1)—H(4IR) 82(2) 87(2) 91(2)

crown-6)][IrH 4(P'Pr3);]. A 'H NMR spectrum of a solution of :Ef:gg::ﬁgg:ﬂgﬂm 882((22)) Z)g((zz)) %%((21))

[K(1,10-diaza-18-crown-6)][Ir{PPr);] in THF-dg was obtained H(2IR)—Ir(1)—P(1) 97(2) 94(1) 91(1)

at several temperatures. The chemical shifts of the NH resonances H(3IR)—Ir(1)—P(1) 85(2) 88(2) 84(1)

for some of these spectra are as follows: 2.14 (298 K, qi), 2.22 H(4IR)=Ir(1)—P(1) 172(2) 165(1) 165(1)

(273 K, qi), 2.29 (248 K, i), 2.35 (223 K, br s), 2.43 (198 K, br :g:gg:::&g:;g gggg 38% gfgg

s). The chemical shift was found to vary linearly with tempera-  y31R)—|r(1)-P(2) 171(2) 168(2) 166(1)

ture: o/ppm= —0.0028 T/K+ 2.99. H(4IR)—Ir(1)—P(2) 84(2) 91(1) 85(1)
X-ray Structural Determinations. All single-crystal X-ray P(1)-Ir(1)-P(2) 103.89(5) 103.91(4) 109.34(3)

diffraction data were collected with a Nonius Kappa CCD diffrac- |engths and bond angles are listed in Tables 2 and 3, respectively.

tometer using graphite monochromated Ma Kadiation ¢ = For [K(crown)][IrH 4(PPhy),], only data for subunit A are given.

0.71073 A). A combination of L andw (with « offsets) scans . .

were used to collect sufficient data. The data frames were integratedResults and Discussion

and scaled using the Denzo-SMN package. The structures were Preparation and Properties of IrHCI,(P'Prs), and

solved and refined using the SHELXTLN\]PC V5.1 packd$e.  |rHCI ,(PPhg)s. IrHCIA(PPR), (1) was prepared in 85% yield

Refinement was by full-matrix least-squares Bhusing all data by refluxing a mixture of IrC} and PPr; in ‘PrOH.

(negative intensities included). Hydrogen atoms were included in CompoundL is a dark purple solid soluble in GBI, CHC,

CaI.CUIated. po."\“itions’. except for the hydride atoms which were and THF. Other synthetic routestaeported in the literature

refined with isotropic thermal parameters. The structure data . ¢ d ai ields of 64% or | c d

acquisition and solution details are listed in Table 1. Selected bond requwe more steps and give yields o y Orless. ompogn
1 is reported to have a square pyramidal geometry with

(28) Sheldrick, G. M.SHELXTL[JPC V5.1 Bruker Analytical X-ray mutuallytrans PPr; ligands and a hydride ligand occupying
Systems: Madison, WI, 1997. the apical positiod®
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Scheme 1. Preparation of Some Triphenylphosphine Iridium Hydride
Complexes
IHCL(PPh;); (2)
2KH, -2 KCl
ItH;(PPh;);

-PPhy —2 %% »KpPh,
ItH,(PPhy),

KH
H,

K[IH,(PPhy),] e K0T ey,
KS) @

K[IrHy(PPhy),(PPh;)]

IrHCI,(PPh)s (2) is a pale yellow, air-stable solid which
is quite soluble in ChCl, and CHC} and less soluble in

Scheme 2. Preparation of the Triisopropylphosphine Complexes
@
K[IH,(P'Pry),] 2. hHS(pipr})ZM [K(Q)[IrH4(P'Pr3),]
(Ke) 1)KH, -H,

. O = 18-crown-6, [K(crown)]6;
2) diaza-18-crown-6 aza-18-crown-6, [K(aza)]6;

[K(diaza-18-crown-6)][IrH,(P'Pr;),] cryptand-222, [K(crypr)]6

[K{diaza)}6

by coordination and oxidative addition obHn the presence
of KH, 4 thus produced is deprotonated to give K[ifH
(PPhy),]. The 16-electron transient species 4PPh), (not
observed) may also react directly with KH to yieldbK
The free PPhgenerated under these reaction conditions
may react with excess KH to produce KRBPA high H;
ressure is essential in order to minimize the side reaction

THF and toluene. This compound has been reported severa f the postulated Irg{PPh), intermediate with KPPhwhich

times and has been obtained by various routes, but no NMR
data have been reportét These literature preparations
yield a product which is in some cases a mixtureisfmer
andtransmer isomers and in some cases a pure isother.
Reported here is the preparation2fn 95% vyield (eq 1).
Depending on reflux time, the isolated product may be a
mixture of isomers or a pure isomer. Shorter reflux times
(1.5 days) yield a product which is enriched in or is
exclusively thecismerisomer. Another preparation with a
reflux time of 3 days afforded a product that was roughly a
1:1 mixture of the two isomers. On the basis of these
observations, one may conclude that tiemer isomer is
the kinetic product and thieansmerisomer results by way

of slow isomerization.

PPh, PPh;
ITCliz(HzO)3 3H,0 Cl""’”lI'r\\““"PPh3 . c1~.,,,,”Ilr\“\,vPPh3 ,
*POH A OH o | vy n” | a @
* 3PPhy reflux PPh, PPh,
-acetone - HCI cis,mer-2 trans, mer-2

Preparation and Properties of IrHs(P'Pr3), and IrH s-
(PPhg),. Pentagonal bipyramidal IdPPr), (3)%¢ was
prepared in 84% by the method outlined in eq 2. Penta-
hydride 3 is a pale-yellow to colorless solid that is soluble
in most solvents with the exception of some alcohols and
water. Compoun@ is relatively air-stable in the solid state;
however, its solutions decompose readily when exposed to
air.

IrHCI,(PPry), + 3H, + 2NaOH—

IrtH(PPr), + 2NaCl+ 2H,0 (2)

IrHs(PPh), (4) was prepared by the route outlined in
Scheme 1. Treatment @fwith excess KH under 75 atm,H
pressure at 108C results in the generation of K[IPPh),]
(K5). This transformation proceeds via ytRPh)s:?* which

generates K[Ir5(PPh)(PPh)] (this reaction has been verified
independently). The formation of [IPPhR)(PPh)]~ by a
reaction of KH with Irbb(PPh)s has not been ruled out. The
K5 salt is not easily isolated from the dark red KRPh
byproduct because these salts have similar solubilities.
Instead, the crude %Kis protonated with KO, and the highly
insoluble IrH(PPh), produced is washed with copious
amounts of water and THF to remove all traces of KOH
and HPPh The IR IrH stretch (Nujol, 1950 cn) of the
isolated white IrH(PPh), agrees with previously reported
literature values for this complex. The complex is too
insoluble, even at 10€C in toluene, to be characterized by
solution NMR spectroscopy.

Preparation and Properties of [IrH 4(P'Prs);]~ Salts.
Treatment of3 with KH in THF, benzene, or toluene results
in the generation of the new salt K[IsPPr),] (K 6; Scheme
2). The reaction is fastest in THF and in all cases may be
aided by gentle heating. & produced in this way was
characterized in the reaction mixture By and3'P NMR
spectroscopy and used in further preparations but was not
isolated from solution. [Kgrown)]6, [K(az3d]6, and [K(cryp)]-

6 (crown = 18-crown-6,aza = aza-18-crown-6¢rypt =
cryptand-222) were prepared by the treatmer8 with KH

in THF in the presence of a slight excess of the appropriate
crown ether or cryptand (Scheme 2). {dzg)]6 (diaza=
1,10-diaza-18-crown-6), because of its poor solubility in
THF, was prepared by addition of a THF solutiondiéza

to a freshly prepared THF solution ofévhich resulted in

the crystallization of the product (Scheme 2). Salt§ afe
colorless and extremely water- and oxygen-sensitive. The
K*, [K(crown)] ™, [K(azgd] ", and [K(crypt)] ™ salts are soluble

in THF, benzene, and toluene. The fqzg)]™ salt is only
sparingly soluble in THF and even less soluble in benzene
and toluene. The X-ray crystal structures of {kgwn)]6 and
[K(diazg]6 have been described briefly recentlyThe
structure of [K&zg]6 will be described later.

has been observed as an intermediate in some small scale These salts were also prepared by the corresponding

NMR tube preparations. In the proposed mechanism, dis-
sociation of 1 equiv of PRHfrom IrH3(PPh)s is followed

(29) Vaska, L.J. Am. Chem. S0d.961, 83, 756.

(30) Vaska, L.; DiLuzio, J. WJ. Am. Chem. S0d.962 84, 4989-4990.

(31) Mynott, R. J.; Trogu, E. F.; Venanzi, L. Nhorg. Chim. Actal974
8, 201—-207.

reactions with IrHCJ(PPr); in place of IrH(PPrs), under

an atmosphere of H{However, the spectra indicate that the
isolated products are contaminated with a complex suspected
to be a salt of [IrH(PPr)]~. The presence of the latter in
CeDs is signaled in théH NMR spectrum by a doublet at
—12.2 ppm J(HP) = 15.3 Hz). However, there were several
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unassigned resonances in the corresponéfifgH} NMR treatment o# with KH in the presence of a slight excess of
spectra, and the concentration of this species was alwaysthe appropriate crown ether (eq 37RPh). These colorless,
too low to identify its3P{1H} resonance(s). Precedents for water- and oxygen-sensitive salts are quite soluble in THF.
such a structure are [IPCy)]~ (see later) and [ReH The [K(crown)]™ salt is also soluble in benzene; however,
(PPR)] .32 IrHCI,(PPr), is not a practical starting material  the [K(diazg]™ salt is less soluble in benzene but is more
for the preparation of [Kiiazg]6 because this salt is not soluble than the 'Pr; analogue.

easily extracted from the KCI and KH salts of the reaction  Acidity of IrH s(P'Prs), and IrH 5(PCys),. An attempt to

mixture. establish an acitdbase equilibrium between RefRCys), and
Preparation and Properties of Salts of [IrH4(PCys)2]~ [K(crown)]6 resulted in the complete protonation@®fFrom
(7). Treatment of IrH(PCy), with KH and Q (Q = this experiment, it is concluded that th& 8" of IrHs-

18-crown-6, diaza-18-crown-6 or cryptand-222) in THF (PP)J/[K(crown)][cis-IrH4(PPr),] is at least 2 units greater
generates the new and very basic saltsgR{irH 4(PCy)] than that of RekH{PCys)./[K(crown)][ReHs(PCys)2] (pKo ™"
(eq 3, R= Cy). However, only the crypt salt could be = 41)2” The hydride WH(PMe&Ph) (pK,™F(WHs(PMex-
isolated without contamination from IgPCys),, and all Phy/[K(crypd)][WHs(PMe&Ph)]) = 42)* is almost com-
attempts to produce single crystals for structural determina- pletely deprotonated by the 2:1 mixture of gtown)][ cis-
tion resulted in the formation of a white, amorphous IrH4(PPr);] (eq 4) and [Kerown)][transIrH4(PPr),] to
precipitate. The salts af are extremely water- and oxygen- produce an equilibrium with a constant of 150.

sensitive and are soluble in THF, benzene and toluene, with .

the crypt salt being the least soluble. TH®{*H} NMR WH¢(PMe,Ph), + [K(crown)][cis-IrH ,(PPr,),] =

spectra for gray to brown reaction mixtures of the crown j
aﬁd aza—crov%n galts [KD][IrH 4(PCys)2] exhibit only a single [K(crown)]WH (PMe,Py] + IHy(PPr), (4
resonance which is attributed toigdrH4(PCys),]~ while a This gives the Ko™ (IrHs(PPrs)/[K(crown)][cis-IrH(P-
colorless solution of the crypt salt exhibits a single resonance py,),]) as 44 with the assumption that ion pair interactions
due to fransdrH4(PCys)z] . between the crown and tungsten hydrides are similar to that
KH, Q, —H, for the iridium hydride. Surprisingly, the [Ktypt)]* salt of
IrtH5(PRy), —— 57— [K(Q)IlIrH 4(PRy).] 3) [transIrH4(PPr),]~ reacts with WH(PMePh); to give an

equilibrium with a constant of about 1.6 (eq 5). lon pair

Q = 18-crown-6, diaza-18-crown-6, cryptand-222; dissociation constants of the tungsten and iridium salts are
R=Cy,'Pr, Ph expected to be similar so that theKg@H (IrHs(PPr),/

[K(crypd][transIrH4(PPr),]) is determined to be 42. This
ratio of about 1®in acid dissociation constant of the two
salts is an effect of ion pairing that is unprecedented as far
as we are aware. There is no spectroscopic evidence that
the stereochemistry and hence basicity of the reference
tungsten complexes are affected by the change in counter-
cation.

These salts were also generated by the treatment of ¥HCI
(PCys), with KH andQ in THF under an atmosphere otH
As was similarly observed for the preparation of the
[IrH4(PPr),]~ salts, this reaction generates substantial
amounts of the new hydride salts [B)][IrH ¢(PCys)] in a
competing reaction hydride (GDe) at —12.16 ppm (d,
2J(HP) = 15.5),%'P at 35.4 ppm (m with coupling to 6 H)).

31pf 1 i i :
;I;]Zeprzg EI}-|n}CZI\éIfI'-\’f ;Ze;téa;/ of the reaction mixtures revealed WH(PMe,Ph), + [K(crypd][IrH ,(PPr),] = |

Observation of [K(18-crown-6)][IrHD 3(PCys)a]. IrHs- [K(cryp)][WH 5(PMe;Ph)y] + IrHg(PPr3), (5)
(PCy)2 is known to undergo H atom exchange with aromatic ) ) .
solvents such as benzene and tolu¥riEo assess whether A guestion raised by these results is how can there also
this reactivity is also displayed k¥ a solution of [KErown)]- be [K(crown)][trans-IrH4(PPr);] present in equilibrium 4
7 in C¢Ds was refluxed for 12 h and then examined 1y (not shown) when the Ko™ (IrHs(PPr)/[transIrH,-

NMR spectroscopy. The reaction mixture exhibited first- (PPr)2l7) is so much smaller than that of thus isomer?
order patterns for the two hydride positions irisfirHD - This might be explained by the fact that there is a difference
(PCys);]~ as well as for IrHD(PCys),. between the structure of the countercations of diseand

The same reaction carried out in the presence of an excesdransisomers. A solvation of the [Kfown)] * countercations
of KH resulted in a severe decrease in the rate of H/D in THF that do not interact with the hydrides of tirans
scrambling. The presence of KH in the reaction mixture iSomerwould produce ion pairs of the type gkgwr)(THF),]-
served to deprotonate any acidic species in solution including [transIrH4(PPrs)2]. The [K(crown)(THF)]™ cation has been
ItHs(PCys),. The reduced H/D scrambling rate indicates that 0Pserved in many crystal structurésherefore, the analo-

complex7 and its isotopomers are not as reactive aglrH 90US reaction to eq 4 involving thieansisomer would result
(PCys), and/or the process is mediated by d(PICys).. in the favorable release of two THF molecules assuming that

Preparation and Properties of [IrH «(PPhy),]~ Salts. the entropy gain and the formation of#d—W interactions

Pure [Kcrown)]5 and [K(diazg]5 were prepared by the ~More than overcomes the loss of the sma#KHF bond
energies. In contrast, theis isomer interacts via three

(32) Hamilton, D. G.; Crabtree, R. H. Am. Chem. S04988 110, 4126~
4133. (33) Hinman, J. G.; Lough, A. J.; Morris, R. H. To be submitted.
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hydrides with its nonsolvated [Kfown)] countercation on
the basis of the geometry of its crystal structfire.

A mixture of [K(crown)]6 and IrH;(PCys), was warmed
to 50 °C and allowed to reach acithase equilibrium and
then was analyzed b¥P{*H} NMR spectroscopy at room
temperature. Making use of the equilibrium constant (0.6),
it is estimated that the two complexes §FP13)./[K(crown)]-

6 and Irbs(PCys)./[K(crown)]7 have similar K, ™F values

of about 44 with the PGysystem being slightly less acidic.
Note that ReHPCys)./[K(crown)][ReHs(PCy)2] is 2 units
more basic than RefPPr)./[K(crown][ReHs(PPrs),].*°
From the equilibrium constant of 8.2 for the reaction of
IrtHs(PPrs), and [K(crypt)J7, it is concluded that Irg(PCys)./
[K(crypt)]7 has a [K,™F of about 43.

It was unexpected that the approximatg palues for the
acid pentahydrides converting to the conjugate baise
tetrahydrides are about 2 units higher (44 vs 42) than those
for converting to the conjugate baseanstetrahydrides.
The stabilization of the conjugate bases-isomer from
Ir—H---K interactions and reducedans-H—Ir—H destabi-
lization must be overcome by interligand destabilizing
interactions in thecis form relative to thetrans form.

Formation of Mixed Ligand Complexes. A mixture of
K6 and IrH(PCy), in refluxing THF was observed to
undergo a phosphine-exchange reaction to give saise [
IrtH4(PCys)(PPr3)] . Refluxing THF solutions of Iris(PCys),
and Irks(PPr), (1:1) afforded a mixture containing leH
(PPr)(PCy). There is no resonance for uncoordinated
phosphine in these reactions. However, it is likely that these
reactions proceed via phosphine dissociation. The reaction
of IrHs(PCy), with PPr; yields IrHs(PCys)(PPrs) but no
IrH3(PCys)o(PPrs). The related reaction of I4@PCys), with
PPh results in the formation of Irk{PCy).(PPh). The
dissociation of PCyfrom IrHs(PCy), would explain its
property of exchanging hydride hydrogen withdi deute-
rium; the reactive 16-electron intermediate §(PICys) is
likely to insert into a G-D bond to cause this reaction.

Solution Structure and NMR Properties of [IrH 4(PRs),]~
(R = 'Pr, Cy, Ph). The complexes [Irf{PCy);]~ and
[IrH 4(PPh);]~ as crown- and azacrown-potassium salts exist
in solution with an exclusivecis configuration about the
iridium atom while the complex [Irk{PPr),]~ exists in
solution as an equilibrium mixture afs andtransisomers.
Surprisingly, the cryptand-potassium salts of [J{PICys)2]
and [IrH4(PPr),]~ exist exclusively in thetrans form as
indicated by a binomial triplet resonance in thé NMR
spectrum.

The second-order gd- resonances for the threeig-IrH 4
(PRs)2]~ complexes are similar in appearance. This pattern
for [K(crown)]6 in THF was simulated, and the results are
illustrated in Figure 3. Th&J(HPyans value of 121.5 Hz
determined by simulation is comparable to the corresponding
value of 120 Hz observed for [K(own)][ cis-IrHD 3(PCys),]
and simulated for Irk{PPh)3.2* The simulated second-order
|2J(HPgs)| of 24.8 Hz is similar to the value of 26 Hz
observed for [K¢rown)][IrHD 3(PCys),] but significantly
greater than the value of 18 Hz simulated for J{PPh)s.
The second-order patterns farigIrH4(PPh),]~ and [cis-

(a) observed

(b) simulated [&————121 Hz——P

25 He|

" 15 “ppm 15
Figure 3. (a) Observed and (b) simulated upfield 300 MH2 NMR
spectra of [K(18-crown-6)tfis-IrH4(PPrs)z] in THF. The large triplet at

—15.6 ppm in (a) is due ttrans[IrH 4(PPr);] .

(a) observed

(b) simulated

I
\

T 440 ppm 410

Figure 4. (a) Observed and (b) simulated hydride-coupled 121 Nz
NMR spectra of [K(18-crown-6)ifis-IrH4(PPrs);] in THF.

IrH4(PCy);]~ have magnitudes and therefore coupling
constants similar to those foci-IrH4(PPrs),] .

To check the validity of this simulation, the hydride-
coupled*P NMR 6 resonance for the same sample of
[K(crown)]6 was also simulated with the same parameters
(Figure 4). There is reasonable agreement between the
observed and simulated spectra of tigisomer.

For [IrH4(PPr),] 7, the [cig)/[trand ratio is highly sensitive
to the nature of the solvent and the crown- or azacrown-
potassium cation. Thecig]/[trang ratio in THF increases
from 2:1 to 8:1 on changing the cation from g€own)]* to
[K(diazg] ™. This indicates that a combination of protonic
hydridic bonding and increased potassidhydride inter-
actions causes a stabilization of #tieisomer in an ion pair
structure that is similar to the one observed in the solid state
for [K(azg][IrH 4(PPr),]. On changing the cation toK the
[cigl/[trang ratio increases to 15:1, and this increase is
attributed to a strong interaction between the small and
electrophilic K cation and three facial hydride ligands. The
largest Eis)/[trang ratios are observed for the [K£39]* and
[K(diazg]™ salts in toluene and benzene for whichtrans
isomer is observed. Compléxexists exclusively as theis
isomer with stronger ion pairing in this environment because
of the lower dielectric constant of toluene compared to THF.
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Table 4. IR Data (cn?) for [K(Q)][IrH 4(PRs)2] in THF2

Q = 18-crown-6 Q = diaza-18-crown-6
R v»(H-IrP) v(H—IrH) v(NH) AvP y(H=IrP)  v(H—IrH)
Ph 2005 1713 3299,3205 1,95 2001 1716
iPr 1965 1688 3300, 3227 0,73 1970 1695
Cy 1960 1680 3300, 3228 0,72 1965 1685

aThe frequencies of the HIrP absorptions in THF solution are
imprecise, and this is in most part due to the presence of a strong solvent
absorption at approximately 2000 cin Decrease in(NH) from »(NH)
= 3300 cm! for [K(1,10-diaza-18-crown-6)]BPh

At 298 K, both NH protons of [Kdiazg]6 in THF-dg
resonate at 2.14 ppm while they result in two vibrational
modes in the infrared spectrum (Table 4). One may infer
that the observetH NMR chemical shift for the NH protons
of [K(diazg]6 is in fact that for an averaged environment.
With this in mind, an attempt was made to observe
inequivalent NH protons at low temperature H#y NMR
spectroscopy. The chemical shift of the NH resonance for a
solution of [K(diazg]6 in THF-dg was found to vary linearly

with temperature, but no decoalescence was observed down

to 167 K. This precluded the effective use of nOe and
measurements for the detection of close pretoypdride
contacts.

X-ray Structures of [K(18-crown-6)][IrH 4(P'Prs),] and
[K(18-crown-6)][IrH 4(PPhg);]. In solution, [IrHy(PPrs)2]~
exists as an equilibrium mixture afis and trans isomers
where in all cases theis isomer predominates. A single-
crystal X-ray structural determination for [E{own)]6
revealed that this salt crystallizes from THF solution with
the anion in theeis configuration. The structure was described
briefly.* The hydride ligands were located and refined and
had Ir—H bond lengths ranging from 1.52(7) to 2.0(1) A. A
typical iridium(lll)—hydride distance is 1.60(2) &. The
observed I+P bond lengths of 2.290(1) and 2.295(1) A are
typical for PPr; complexes of iridium. The K atom completes
a distorted tetrahedron with three hydride ligands arranged
facially about the iridium atom. This arrangement is recurring
and will be subsequently referred to as the tripod arrange-
ment.

In terms of the spatial relationship between anion and
cation, the solid-state structure of [gown)]5 is essentially
the same as that of itSA; counterpart. However, in this
case, there are two similar formula units, with only one
illustrated in Figure 5.

The Ir—H bond lengths range from 1.53(4) to 1.68(4) A.
The Ir—P bond lengths of approximately 2.26 A are shorter
than the bond lengths of 2.36(5) A typically observed for
6-coordinate PPhcomplexes of iridium. The short HP
bond lengths for this salt seem even more peculiar when
one realizes that the phosphine ligandstemasto hydride
ligands. However, the steric requirements of the hydride
ligands are quite small, and this allows for a close approach
of the phosphine ligands to the metal as thel>-P angle
(104°) deviates from ideal octahedral geometry. TheltHHP
angles (Htransto P) are substantially less than 2&@hich

(34) Typical bond lengths for comparison are obtained from the following
review: Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.;
Watson, D. G.; Taylor, RJ. Chem. Soc., Dalton Tran$989 S1.

3004 Inorganic Chemistry, Vol. 41, No. 11, 2002

Landau et al.

Figure 5. X-ray structure of [K(18-crown-6)][IrAPPh)z] (subunit A).

Figure 6. X-ray structure of [K(aza-18-crown-6)][IrPPr3),].

may reduce therans influence and result in shorter-than-
expected I+P bond lengths.

X-ray Structure of [K(1,10-diaza-18-crown-6)][IrH 4
(P'Prs3)2). Unlike [K(crown)]6, the related salt [Kdiazg]6
crystallizes with the anion in thieansconfiguration, Figure
141t is clear that when thérans isomer with [Kdiazg]™
as the cation forms a chain of protonibydridic bonds in
the crystalline state, it is less soluble than ttie isomer
because th&ransisomer is in lower concentration than the
cisone in THF solution {rang/[cig] ratio is 1:8).

X-ray Structure of [K(aza-18-crown-6)][IrH 4(P'Prs),].
The X-ray structure of [K§z3g]6 revealed ais configuration

for the anion of this salt (Figure 6). This structure possesses

the tripod Kf/hydride arrangement observed also for
[K(crown)]6. The X-ray data do not directly indicate the
presence of any NH:-HIr hydrogen bonds for [K{zg]6
because the smallest observed ‘NHIr separation is
2.47(5) A. The crown NH proton lies in the H(3IR)r(1)—
H(4IR) plane and also very nearly bisects the H(3tR)
(1)—H(4IR) angle. This is similar to the bifurcated interaction
arrangement observed for the R¢PPh),-indole systens?

(35) Wessel, J.; Lee, J. C.; Peris, E.; Yap, G. P. A,; Fortin, J. B.; Ricci, J.
S.; Sini, G.; Albinati, A.; Koetzle, T. F.; Eisenstein, O.; Rheingold,
A. L.; Crabtree, R. HAngew. Chem., Int. Ed. Endl995 34, 2507~
2509.
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Figure 7. X-ray structure of [K(1,10-diaza-18-crown-6)][liPPh),].

but the H--H distances are much longer in the iridium salt.
However, if the N-H bond length is increased to 1.00 A
and the Ir-H distances are increased to 1.65 A, the corrected
H(4N)—H(2IR) and H(4N}-H(3IR) bond lengths are 2.3 and
2.6 A, respectively. The 2.3 A distance is indicative of an
NH---HIr hydrogen bond and is consistent with the lowered
NH stretch of the IR spectrum.

Another interesting feature of the [K£g]6 structure is
the very short H(4AYH(27A) separation of 2.1 A (between
an isopropyl methine hydrogen and ara methylene
hydrogen). This close contact likely impedes a closer
approach of the NH group to the hydride ligands.

X-ray Structure of [K(1,10-diaza-18-crown-6)][cisHrH 4
(PPhg),]. As in solution, the anion of [K{iazg]5 adopts a
cis configuration about the iridium atom in the solid state
(Figure 7). The anions and cations form a chain by way of
alternating protoniehydridic bonds and (K):-+(H") inter-
actions as illustrated in Figure 8. For this structure, theHr
bond lengths range from 1.51(3) to 1.66(4) A. The observed
H(4N)-H(3IR) separation is 2.50(6) A if the observed-N
bond length of 0.79(4) A is considered. If the N¢4J(4N)

bond is elongated to a more reasonable length of 1.00 A,

one obtains a corrected H(4NM(3IR) distance of 2.33 A
which is marginally indicative of protonichydridic bonding
within the ion pair. The importance of this interaction is
illustrated by the fact that the potassium atom of the cation
is displaced from the tripod arrangement observed for
[K(crown)][cis-rH4(PRs)2] (R = Ph,'Pr) and [K@z3d][cis-
IrH4(PPr3),] to accommodate the NtHIr interaction. The
inter-ion-pair NH--HIr interaction in [K@diazg][cis4rH-
(PPhy),] is characterized by an observed H(INJ(2IR)
separation of 2.08(6) A. By increasing the N¢H(1N) bond
length from the observed value of 0.81(5) A to a more
reasonable value of 1.00 A, the corrected H#N)2IR)
separation is 1.91 A. This separation is very similar to that
of 1.85 A observed for [Kdiazg][transdrH4(PPrs),]. The
complex [Kdiazd][ReHs(PPh),] forms similar intra- and
inter-ion-pair protonie-hydridic bonds but instead of forming

a chain of ion pairs, it forms a ring of four linked ion paifs.

Figure 8. Chain structure of [K(1,10-diaza-18-crown-6)][utfPPh).].
Carbon and nonessential hydrogen atoms have been omitted for clarity.

IR Studies of Anionic Hydride Salts. In solution, the
configuration about the iridium atom for all of the
[IrH4(PRs)2]~ salts studied is exclusivelgis (R = Ph, Cy)
or primarily cis (R = 'Pr) except for the cryptate salt. In
each case, theis arrangement results in two intense IrH
stretching absorptions. Typically, one of these has a fre-
guency of approximately 2000 crhwhile the second may
be found at or near 1700 crh Although these modes are
probably coupled, the higher mode can be associated with
hydridetransto phosphine, while the lower, to hydriti@ns
to hydride. This is consistent with the fact that ttians
tetrahydride salts in Nujol display only one intense lH
mode in the region of 16701680 cm®. [K(diazd][trans-
IrtH4(P'Pr3),] exhibits an H-IrH mode at 1680 cm* but no
H—IrP absorption. Similarly, the [Kfyp?][transdrH-
(PPr),] and [K(crypd][transdrH4(PCys)2] salts in Nujol have
strong H-IrH modes at 1673 and 1680 cty respectively.
These complexes also give weak absorptions between 1960
and 1930 cm! that are very similar to those of the neutral
pentahydride species; these are probably produced during

Inorganic Chemistry, Vol. 41, No. 11, 2002 3005
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Figure 9. Solution IR spectrum of [K(1,10-diaza-18-crown-6)][lH

(PPr)2] (NH region). The absorption at 3336 crnis attributed to the
presence of diaza-18-crown-6 or ézg(THF);]+.33

sample preparation by protonation of the anions with
adventitious water.

The solution IR spectroscopic properties of thedi®(vn)]™
and [K(diazg]* salts of the three anionic hydride complexes

Landau et al.
Table 5. Solid-State (cm?) IR Data for [K@Q)][IrH 4(PRs)2] in Nujol

Q = 18-crown-6 Q = diaza-18-crown-6
R v(H—IP) »(H-IrH)  »(NH) Avd  p(H—=IrP) w»(H—IrH)
Ph 2010 1716 3198 82 1974 1712
iPr 1922 1698 3148 132 - 1680
Cy 1986 1697 3289, 3222 -9, 58 1957 1668

aDecrease inv(NH) from »(NH) = 3280 cnr? for [K(1,10-diaza-18-
crown-6)]BPh.

the hydrogen-bonding interactions present in the case of
iridium.

Some solid-state IR data for the salts (§][IrH 4(PRs)2]
are given in Table 5. [Kdiazg][BPh,] exhibits a single NH
stretching absorption at 3287 ctn The IR spectra of
samples in Nujol are quite distinct from the corresponding
ones for THF solutions. In Nujol, the [Id{azg]" salts of
both [IrH4(PP1),] ~ and [IrH;(PPh)2] ~ exhibit NH vibrations
perturbed by protonichydridic bonding. [Kfliazg)][trans-
IrH4(PPrs),;] exhibits only one NH absorption which is
consistent with its X-ray structure. The NH absorption of
[K(diazg][cisdrH4(PPh),] in Nujol is asymmetric and
appears to consist of two overlapping absorptions. This is
consistent with the X-ray-determined structure that has two
types of NH groups interacting with the hydride ligands of
the anions. The NH region for [i{azg][ cis-IrH4(PCys),]
exhibits an absorption at 3289 chand a second absorption
of roughly equal intensity at 3222 crh The first of these
is attributed to a cation NH group which is not interacting

are given in Table 4. From these data, it is apparent that anwith the anion, and the second is attributed to the second
increase in phosphine basicity results in a reduction in the cation NH group which is weakly interacting with the anion.
frequency of both IrH absorptions. The presence of a The salt [Kiazg][transdrH4(PPrs),] causes the largest
hydrogen-bond donor does not appear to significantly affect reduction in the NH vibrationAv = 132) in keeping with

the IrH stretching frequencies in solution, and so, any IrH

the high basicity of this anion and the strong hydrogen bonds

stretches for hydrogen-bonded hydride ligands were not (see Figure 1).

resolved from the non-hydrogen-bonded absorptions.

The position, intensity, and breadth of the NH absorptions conclusions

are quite sensitive to the nature of the anionic hydride
complexes (Table 4). For comparison, diaza-18-crown-6 has

an NH stretching frequency of approximately 3335 ém
while [K(diazg][BPhs in THF has an NH stretching
frequency of 3300 cmi. All three of the iridium complex
[K(diazg]* salts in THF exhibit two or three IR NH

IrHCIy(PPr), and IrHChL(PPh); were prepared by reflux-
ing mixtures of IrC} and phosphine itPrOH. IrHCL(PPh)3
may be a mixture ofismerandtransmerisomers or it may
be exclusivelycismer depending on reaction time.

IrHCI»(PRs)2 (R = 'Pr, Cy) and IrHCJ(PPh); have been

absorptions, one of which is in good agreement with that treated with KH andQ under H atmosphere to yield the

observed for [Kdiazg][BPhs] and is thus attributed to an
NH group which is not interacting with any hydride ligands
(cf. Figure 9). In all cases, there is a seconddikza]*

NH stretch that is shifted to lower frequency, broadened,

basic anionic hydride salts [K)][IrH s(PRs)2] (Q =
18-crown-6, R= Ph, 'Pr, Cy; Q = aza-18-crown-6, R=
iPr; Q = diaza-18-crown-6, R= Ph,'Pr, Cy). When R=Pr
and Cy, the isolated products are usually contaminated with

and considerably more intense than the absorption at 3300the new salts [KQ)][IrH ¢(PRs)]. When R= Ph, the isolated

cm L. These features are typical of protonitydridic

products are usually contaminated with {(Q{[PPh] and

hydrogen-bonded systems. The reduction in NH wavenumberthe new salts [KQ)][transmerIrH;(PPh)(PPh)]. Alterna-

attributed to this interactionAv in Table 4) increases as
PCy; = PPr; < PPh. This is opposite to the trend expected
on the basis of the anion basicity: RPh PPrz; < PCy

tively, the treatment of Irk{PRs), (R = Ph, Pr, Cy) with
KH and Q under a non-hydrogen atmosphere cleanly yields
[K(Q)[IrH 4(PRy),] although the crown and diaza-crown

and opposite to the order observed for some rhenium aniongIrH 4(PCys),] ~ salts could not be crystallized or isolated free

[ReHsL,]~ where Av and anion basicity both increased as
PPh < PPrz; < PCw.X® The interaction of the potassium
with the hydride tripod on iridium and the associated

of IrtHs(PCy).. The Irks(PRs). (R = 'Pr, Cy) precursors were
prepared by the treatment of IrHOPRs), with NaOH under
H, atmosphere. The IPPh), precursor was prepared in

interligand interactions appear to complicate the nature of two steps: first, the preparation of crude K[iRPh),] from
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IrHCI,(PPh); and then its reaction with 4. This route to
IrHs(PPh), is far more efficient than previously reported
methods.

The salts [K(18-crown-6)][IrdPRs);] (R = Ph, 'Pr)
crystallize with the anion in eis configuration. In these salts,
the potassium atom and thrdacially-arranged hydride
ligands form a tetrahedron. [K(aza-18-crown-6)][i(FIPrs)]
also crystallizes with @&is configuration about the iridium
atom and exhibits the potassium/hydride arrangement ob-
served for the [K(18-crown-6)] salts. There is IR and
structural evidence of significant protoribydridic interac-
tions in [K(aza-18-crown-6)][IrAPPr),] although the ob-
served (X-ray) protorthydride distance is greater than 2.4

The salt [K(1,10-diaza-18-crown-6)][IPPh),] crystal-
lizes with the anion in &is configuration while the anion in
[K(1,10-diaza-18-crown-6)][Irz(PPr),] is trans In the solid
state, both of these salts form extended chains with protonic
hydridic hydrogen-bond links. The protoritiydridic bonds
in [K(1,10-diaza-18-crown-6)][Irl(PPr),] are key to the
crystallization of this salt from THF with the anion in the
trans configuration because thei§]/[trand ratio is 8:1 for
this salt in THF. Thus, there is a competition between the
potassium and NH groups in forming bonds with the hydrides
on iridium.

There are at least four factors that are thought to influence
the stereochemistry of these tetrahydride complexes in THF
solution. The first and most important is the potassium
hydride interactions in the ion pairs that favor tgisomer
for [K(Q)]5, [K(Q)]7, K6, [K(crown)]6, [K(azg]6, and
[K(diazg]6. The cryptate salts that cannot make potassium
hydride bonds arérans On the basis of thec[s]/[trang
ratios for the salts 06, the Lewis acidity of the potassium
cation decreases as™K> [K(diazd]t > [K(az3d]T >
[K(crown]* > [K(crypt)]*. A second factor is protonie
hydridic bonding that would also contribute to a strengthen-
ing of the catior-anion interaction, an effect that would also
decrease as [Ki{azd]* > [K(azg]" > [K(crown)]*. A third
factor is interligand repulsions in the anion, expected to
increase with the Tolman cone angle of the phosphine
ligand: PPh (145°) < PPr; (160°) < PCyw (170°). This

Scheme 3
iPry Pry PKa''" ~44  pipy,
v |r\H o ’\H R ‘\H
PPra pKaTHF = 42 PPr3 H
[K(cryptand)] [K(18-crown-6)]

explains why [K€rypt)]6 and [K(crypt)]7 aretransin the
absence of potassiuniydride interactions. However, a
fourth factor is the destabilization of isomers that htre@s
hydride ligands in octahedral structures. This would disfavor
the formation oftrans tetrahydride isomers (with two sets
of trans hydrides) overcis isomers (with one set). The fact
that the [Ke€rown)][IrH 4(PCys),] and [K(diazg)][IrH 4(PCys)2]
salts are exclusivelgis, whentrans might be expected on
the basis of interligand repulsions, indicates that fie
hydrides in this particularly electron-rictis complex are
excellent donors to potassium and in addition thattaes
tetrahydride geometry is avoided.

The nature of the cation and hence the stereochemistry of
the anions [IrH(PRs),]~ has a large influence on the basicity
with respect to the acid WgPMe,Ph) and hence thel, ™"
value of the conjugate acids. The acidity decreases in THF
as IrHs(PPr)/[K(crypt)][transdrH4(PPr);] (pKoF = 42)
> IrHs(PCy)./[K(crypt)][transdrH4(PCy)2] (pK,™F = 43)
> IrHs(PPr)o/[K(crown)][cisHrH4(PPR),] (pK,HF = 44) >
IrHs(PCys),/[K(crown)][cisdrH4(PCy),]. This is the first
example that we are aware of such a large counterion effect
on stereochemistry and acidity as summarized in Scheme 3.
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