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The new anionic complexes [K(18-crown-6)][WHs(PMe,Ph)s], [K(1,10-diaza-18-crown-6)][WHs(PMe,Ph)s], [K(2,2,2-
crypt)][ReHs(PMePh,)s], and [K(1,10-diaza-18-crown-6)][ReHs(PMePh,)s] were prepared by reaction of KH/crown
or KH/crypt with the appropriate neutral polyhydride WHg(PMe,Ph)s or ReHs(PMePh,)s. The rate of deprotonation
of the rhenium hydride in THF is much greater for the reaction involving crypt compared with that of crown. The
structure of [ReH,(PMePh,)s]~ is distorted pentagonal bipyramidal as determined by an X-ray diffraction study of
the crypt salt. No hydridic—protonic M—H--+HN bonding is detected between the hydrides of the anionic hydrides
and the amino hydrogens of the cations [K(1,10-diaza-18-crown-6)]* suggesting that stronger M—H---K interactions
are present. Acid dissociation constants K, of polyhydride complexes in THF, approximately corrected for ion
pairing, are determined by NMR in order to better understand the periodic trends of metal hydrides. The pK,™" of
(WHg(PMe,Ph)s/[WHs(PMe,Ph)s] ") is 42 + 4 according to the equilibrium set up by reacting WHg(PMe,Ph)s with
[K(2,2,2-crypt)][ReHs(PCya)s]. The pK, ™ for ReHs(PMePh,); can be estimated as greater than the pK, ™ of 38
for HNPh, and less than the pK,™" of 41 for ReH;(PCys),. Reaction of the phosphazene base P,-Bu with ReH;-
(PCys), gave an equilibrium with [HP,-Bu]*[ReHs(PCys),]~ whereas reaction with WHs(PMe,Ph); gave an equilibrium
with [HP,-Bu]* [WHs(PMe,Ph)s]~. From these and a related equilibrium, the pK,™F of [HP4-BuJ* is found to be 40
+ 4. In general, neutral complexes MHy(PR3), (M = W, Re, Ru, Os, Ir; n = 3, 2) studied to date have pK,™"
values from 30 to 44 on going from phenyl-substituted to alkyl-substituted phosphine ligands whereas MH,(PR3),*
(M = Re, Fe, Ru, Os, Co, Rh, Ni, Pd, Pt; n = 4, 3), including diphosphine ligands ((PRs). = PR,—PR;), have
values from 12 to 23. From the equilibrium established from the reaction of [HP,-Bu][BPh,] and [K(2,2,2-crypt)]-
[OP(OE),NPh], [HP,-Bu]* was calculated to have a pK,™F of 30 + 4. The equilibrium constant for the similar
deprotonation reaction with [K(18-crown-6)][{ ReHz(PMePh,),} o(u-H)s] confirmed this value.

Introduction trends across periods. The practical applications of this
knowledge include the rational design of electrocatalysts for

A charac'teristi.c prop'e'rty of trgnsition metal hydride dihydrogen evolutiohand the design of catalysts for polar
complexes is their reactivity as acids as well as bases. Thebond hydrogenaticn” and dehydrogenatich

determination of acid dissociation constants helps to sys- ) ,
tematize and understand this reactivity. Some trends are Tet_rahydrofuran (THF) IS an excellent splvent for studying
emerging for the acidity of hydride complexes on going down e W'deTitF range of transition metal hydride complexes.
groups of transition metalstHowever, little is known about 1 N€ <" values can range from O for protonated THF to
over 50 for deprotonated THF. The acidity of a wide range
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of C—H,12716 Sj—H,1” N—H,1821 p—H %22 and O-H*?5 conjugate bases strong enough to be completely protonated
acids in THF has been evaluated. by acetonitrile, such as the anionic hydrides of our study.
However, there are difficulties in accounting for referenc- K ia
ing and for ion-pairing effects. For example tH€'g" value {MT, AT} =M+ A 1)
of CHy(CN), has been reported as 12K{E"F)?6 and 23
(PK,THF).® Streitwieser and co-worke?é28 Antipin and co- K MA MJA"] @
d

workers?%30 | eito and co-worker$® and our laB have
accounted for ion-pairing by the use of dissociation constants ) o o
for cation—anion ion pairing in THF (egs 1 and 2). Theuse ~ The 1:1 ion-pair dissociation constantsy (eq 2), are
of acetonitrile (MeCN) as a solvent would avoid most ion- determined by conductivity measurements or are estimated

pairing problems in acidbase studies3-42 However it s theoretically by use of the Fuoss model of ion-péics other
not useful for acids with values of@MeCN > 34 that have ~ Methods. Recently, the Fuoss model has been shown to be

quite inaccurate when applied to certain ion-pairing in PAF.

[{M™ AT}
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(11) Gusev, . G Hubener, R.; Burger, P.; Orama, O.; Berkel, im. = pK21 = 9.7 for [HPCy][BPh.]/PCys and 12 for picric
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(14) Streitwieser, A.; Wang, G. P.; Bors, D. Aetrahedron1997, 53, a known reference base or acid to gK(@ (eq 3)' and €q 4
10103. can be used to solve fét,"F(HA/A1™) or K MF(HAL/A, ).
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(19) Leito, I.; Rodima, T.; Koppel, I. A.; Schwesinger, R.; Vlasov, V. M.

J. Org. Chem1997, 62, 8479-8483.
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(22) Lsézﬁ'tz"é'gge;' 1A2"5g/f°Ke°W”' A. E. Hasanayn, F.; Davis, NRg. In the case where the reaction of a neutral acid and a
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(24) Barfm, D.; Barbosa, JAnal. Chim. Acta200Q 403 339. . .
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115, 8024. HA + B <2 {HB*, A~ 5
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reference and vice versa. Unity 400 MHz spectrometer8!P NMR spectra were acquired on

a Varian Gemini 300 MHz or a Varian Mercury 300 MHz
+ _ 4o K _ spectrometer operating at 121 MHz féP.H NMR spectra were
{HB", BPh, } +{M",A} '_;l{'vﬁ’ BPh, } +HA + (57) referenced indirectly to TMS via solvent peakR¥> NMR spectra
were referenced to external 85%RF0D, or to internal P(OMey
CsDs. Equilibrium constants were determined by gaféd de-
coupled3P NMR in nondeuterated THF, employing ©9pulses
and a recycling time (DX AT) of 46 s.
Infrared spectra were acquired on a Nicolet Magna-IR spec-
Some strengths of the NMR method for the construction trometer 550 or a Perkin-Elmer Paragon 500 FT-IR spectrometer.
of acidity scales are that it is easy to implement and provides ~Elemental analyses were performed by Guelph Chemical Labo-

an accurate equilibrium constant from the species present’atories, Guelph Canada, except for the analysis of [K(1,10-diaza-
when they have characteristid and®!P resonances. It also ~ 18-crown-6)IWH(PMePhy], which was performed by Oneida

provides a means of detecting side reactions; if they occur, Research Services, Inc., Whitesboro, NY.

. ] Single-crystal X-ray diffraction data were collected using a
that may not be detected by methods like Y¥s spectros Nonius Kappa-CCD diffractomer with Mo & radiation ¢ —

cop_y. Some weaknesses mchde th? higher sample conceng 71073 A). The CCD data were integrated and scaled using the
trations needed compared with BVis spectroscopy and  penzo-SMN package. The structures were solved and refined using
the difficulty in accounting for ion pairing, solvation, and  SHELXTL V5.1. Refinement was by full-matrix least-squares on
hydrogen bonding in this low dielectric constant solvent. F2using all data (negative intensities included). Hydride atoms were
Thus the values of ™ reported here are not thermody- located and refined with isotropic thermal parameters.
namically accuratek, values but are nevertheless useful in The following compounds were prepared by literature methods:
estimating the relative acidity of compounds in THF. ReOCk(PPh),% WCly(PMe;Ph),*° WHe(PMePh),S{HNEL;]-

An objective of the current work is to study the basicity [BPh].? [K(2,2,2-crypt) [OP(OE{NPh]? ReH,(PCys),,° [K(2,2,2-
of anionic polyhydrides and the acidity of their conjugate CTYPOIReR(PCy)2l,**" ReHy(PMe:Ph),® [ReH(PMePh)][BPh,],°
acid form MHe1(PRy), in order to discover periodic trends ~ReCEPMePh);*2 Rers(PMePh);,** and [K(18-crown-6) ReH-

. : . . . : PMePh),} »(u-H)3].*8 The compounds 18-crown-6, 1,10-diaza-18-
in their acid-base properties and to probe the interesting ( .
phenomenon of hydridieprotonic MH+-HN bonding® The crown-6, KH, LiAlH4, 2,2,2-crypt, and Re metal powder were

) . B - purchased from the Aldrich Chemical Co. KH was obtained as a
polyhydride anions [MK(PR;):] ~ have hydrogen-accepting suspension in mineral oil; the salt was filtered and washed with

hydrides pointed in opposite directions and so the introduc- hexanes under a nitrogen atmosphere prior to use. Strem Chemical
tion of cations such as [K(1,10-diaza-18-crown=6)K(H- Company supplied PMeRhPMePh, PCy, and WC, Fluka
NQNH)]*) with divergent hydrogen bond donor-NH groups Laboratory Chemicals supplie-fBu (2 M in THF) and [HR--
should encourage the self-assembly of chain structures.Bu][BF4], and Chem. Service, Inc., provided OP(QEtPh.
Indeed this is the case for [K(HNQNH)IrH 4(PPrs),] 44 Nitrogen (prepurified grade) and argon gases (ultrahigh purity grade)

[K(HNQNH)] {[MH5(PPr),]~, M = Ru, Os% [K(HNQNH)] *- were obtained from Matheson Gases Canada. Hydrogen gas (grade
[ReHs(PRy)2]~, R = Me, iPra7 and [K(HNQNH)J'[{ ReHp- 4.0) was obtained from BOC Gases Canada and used without further

(PMePh),} 5(u-H)s]~“8 Here, we examine whether such Purification.

. . [K(18-crown-6)][WH s(PMe,Ph)s]. THF (5 mL) was added to
:tf:ggtauf:ﬁse Eggngzr?erwr:&aﬁ)dyhydrldes that have three WHge(PMePh) (353 mg, 0.584 mmol), KH (65 mg, 1.62 mmaol),

and 18-crown-6 (153 mg, 0.584 mmol) under Ar. The solution
turned deep red and was stirred & h atambient temperature.
The excess potassium hydride was filtered from solution and washed

Unless otherwise stated, all manipulations and reactions werewith THF (3 mL). The solvent was removed from the combined
carried out under ultrahigh purity argon or prepurified nitrogen using filtrate by vacuum, yielding [K(18-crown-6)][WEPMePh)] as
Schlenk and glovebox techniques. All solvents were distilled under g deep red-purple microcrystaline solid which was then washed
argon over appropriate drying agents. THF, toluene, diethyl ether, with hexanes (2x 5 mL) and dried in vacuo. Yield: 440 mg
and hexanes were dried and distilled from sodium metal and (83.3%). Anal. Calcd: C, 47.69; H, 6.89. Found: C, 48.04; H, 6.52.
benzophenone indicator. GBI, was refluxed and distilled over 14 NMR (CgDg) 6: 8.21—7.00 (m, Ph, 15H), 3.17 (s, GH24H),
calcium hydride, and ethanol and methanol were refluxed and 2.04 (d,2J(*H,3P) = 6 Hz, PMe, 18H), —4.22 (br, WH, 5H).
distilled over iodine-activated magnesium turnings. C)CD,Cl,, 31P{1H} NMR(CeDg) 6: —3.23 (s; d1J(183W, 31P) = 171.2 Hz).
CesDs, and THFds were obtained from Cambridge Isotope Labo- [K(1,10-diaza-18-crown-6)][WHs(PMe,Ph)g]. A procedure simi-
ratories and dried by storing over molecular sieves (3-A beads, |ar to the preparation of [K(18-crown-6)][W§PMePh)] was
8—12 mesh, Aldrich Chemical Co.). employed with the following quantities: THF (3 mL), W{PMe>-

'H NMR spectra were acquired on Varian Gemini 200 MHz, ph), (280 mg, 0.463 mmol), KH (30 mg, 0.75 mmol), and 1,10-
Varian Gemini 300 MHz, Varian Mercury 300 MHz, or Varian  djaza-18-crown-6 (122 mg, 0.465 mmol). Yield: 362 mg (86.5%).
Anal. Caled C, 47.79; H, 7.13; N, 3.10. Found: C, 47.81; H, 7.02;
N, 3.34.H NMR (CgDg) 0: 8.00-6.99 (m, Ph, 15H), 3.06 (br,

_ K, (HB+/B)KdHBBPm KM
eq KdMBPh4 K, (HA/A )

8)

Experimental Section

(45) Morris, R. H. InRecent Adances in Hydride ChemistryPeruzzini,
M., Poli, R., Eds.; Elsevier: Amsterdam, 2001; p 1.
(46) Abdur-Rashid, K.; Gusev, D.; Lough, A. J.; Morris, R. Brgano-

metallics200Q 19, 834.

(47) Abdur-Rashid, K.; Lough, A. J.; Morris, R. KEan. J. Chem2001,
79, 964.

(48) Hinman, J. G.; Abdur-Rashid, K.; Lough, A. J.; Morris, R.IHorg.
Chem.2001, 40, 2480.
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1974 2074.
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CHj, 8H), 3.00 (br, CH, 8H), 2.15 (br, CH, 8H), 1.83 (s, PMg
18H), 0.64 (s, NH, 2H);-4.36 (m, WH, 5H)3P{1H} NMR(CsDs)
o: 0.03 (s; dLJ(*8W, 31P) = 165.2 Hz). IR (Nujol): vny 3283
cm L vwy 1798, 1769, 1735 cnt.

pK,"F Determination of WHs(PMe,Ph); Relative to ReH;-
(PCys)2. An NMR tube charged with Wk{PMe,Ph); (10 mg, 0.016
mmol), [K(2,2,2-crypt)][ReH(PCys);] (20 mg, 0.017 mmol), and
THF (0.65 mL) under Ar was periodically shaken over the course
of 3 h. The NMR spectra were recorded. The solution immediately

as a white powder. Yield: 1.12 g (97.8%H NMR (CgDe) 0:
2.72 (d,3J(3*P, H) = 9.9 Hz, 54 H), 1.85 (XJCP, *H) = 0.9 Hz,
9 H). 3%P {H} NMR (THF) 6: 3.85 (d,2J(P,3%P) = 18.1 Hz, 3
P), —26.19 (qrt,2J(3P—31P) = 18.1 Hz, 1 P).

[HP4'Bu][BPh,]. THF (4 mL) was added to the;Mase (175
mg, 0.276 mmol) and [HNE}BPhy] (114 mg, 0.270 mmol), and
the solution was stirred for 12 h at ambient temperature. The solvent
was removed by vacuum, and the resulting white residue was
filtered and washed with diethyl ether (5 mL) to yield [HBu]-

turned from colorless to red. The spectrum was checked by use of[BPh,] as a white powder. Yield: 220 mg (85%). Anal. Calcd: C,

NMR again after 8 h, and no further changes were deteéted.
{1H gated NMR 0: 64.7 (s,| = 29.4, [ReH(PCys)2] ), 47.2 (s,
| = 11.4, ReH(PCy),) —0.9 (s,| = 7.9; d1J(*8W, 31P) = 165.1
Hz, [WHs(PMe&Ph)] ), —4.1 (s,| = 48.9; d,1J(*8W, 31P) = 75.0
Hz, WHs(PMePh)s).

[K(2,2,2-crypt)][ReH 4(PMePhy)s). THF (5 mL) was added to
ReH(PMePh); (0.245 g, 0.309 mmol), 2,2,2-crypt (0.116 g, 0.308
mmol), and KH (0.040 g, 1.0 mmol). The solution turned deep red
after 45 min and was stirred for an additibrdh h at room
temperature. Excess KH salts were filtered from solution, and the
solvent was removed from the filtrate by vacuum. The resulting

57.92; H, 8.88; N, 19.09. Found: C, 57.87; H, 9.14; N, 18%D.
NMR (CD.Cl,) 8: 7.5-6.9 (m, BPh, 20 H), 2.69 (m, NMg, 54
H), 2.13 (br d,2J(3'P, H) 6 Hz, NH, 1H), 1.34 (siBu, 9H). 31P-
{IH} NMR (CD.Cly) : 13.45 (d,2J(3'P, 31P) = 49.8 Hz, 3P),
—22.73 (qrt,2)(3'P, 31P) = 49.8 Hz, 1 P).

Al. pK,™F Determination of [HP4'Bu]*. Method 1. An NMR
tube charged with PBu (9 mg, 0.014 mmol), RePCys), (11
mg, 0.015 mmol), and THF (0.65 mL) under Ar was periodically
shaken over the course of 3 h, and 88 NMR spectrum was
recorded. Another spectrum was collected after 8 h, and no further
changes were detectedP{H gated NMR (THF) 6: 63. 5 (s,

orange residue was washed with hexanes (6 mL) and dried in vacuo_ 147 [ReH(PCy:);]), 45.7 (5| = 3.8, ReH(PCy),), 10.7 (d

to yield [K(2,2,2-crypt)][ReH(PMePh)4]. Yield: 0.260 g (69.7%).
Anal. Calcd: C, 56.74; H, 6.60; N, 2.32. Found: C, 56.10; H, 6.41;
N, 2.36.*H NMR (CgDg) 0: 7.62-6.82 (m, 30 H, Ar-H), 3.48 (s,

12 H, CHy), 3.44 (t, 12 H, CH), 2.44 (t, 12 H, CH), 1.68 (s,

9 H, PMe),—7.91 (qrt,2J(®*P!H) = 17.4 Hz, 4H, ReH)3'P{'H}
NMR (C¢Dg) 0: 11.41 (s). IR (Nujol): vren 1949 (s), 1930
(s) cnrl.

[K(1, 10-diaza-18-crown-6)][ReH(PMePh)s]. THF (5 mL)
was added to RelfPMePh); (155 mg, 0.196 mmol), 1,10-diaza-
18-crown-6 (51 mg, 0.194 mmol), and KH (25 mg, 0.62 mmol).
The solution was heated to 68 for 24 h, and the solution turned
from colorless to red-orange. Excess KH was filtered from the
solution, and the solvent was removed by vacuum from the filtrate.
The red-orange residue was washed with diethyl ether (20 mL)
and dried in vacuo to yield [K(1,10-diaza-18-crown-6)][ReH
(PMePh);] as an orange powder. Yield: 50 mg (23%H) NMR
(THF-dg) 6: 7.85-6.95 (m, 30 H, Ar-H), 3.65 (t, 8 H, CH), 3.60
(t, 8H, CH), 2.40 (s, 8 H, CH), 1.85 (s, 9 H, PMe), 0.85 (s, 2H,
NH), —7.77 (qrt,2J(3'P,H)= 17.8 Hz, 4 H, ReH). IR (neat)vre-n
1988 (s), 1924 (s), 1884(Skin 3291 (m) cmL.

Attempted Reaction of ReH(PMePhy); with [K(2,2,2-crypt)]-
[NPh2]. An NMR tube charged with RePMePh); (5 mg, 0.006
mmol), [K(2,2,2-crypt)][NPh] (6 mg, 0.01 mmol), and THF (0.65
mL) under N was flame-sealed and heated to°45for 72 h. The
colorless solution analyzed b$*P NMR showed only Re#
(PMePh)s.

Attempted Reaction of [K(2,2,2-crypt)][ReHs(PMePh)s] and
ReH7(PCys),. An NMR tube charged with RefPCys), (12 mg,
0.016 mmol), [K(2,2,2-crypt)][Rek{PMePh);] (23 mg, 0.019
mmol), and THF (0.65 mL) under Nvas sealed and periodically

| =52.7,2)(3'P,3P) = 49.8 Hz, [HR-BuU] "), —25.7 (qrt,| = 20.43,
2J(3'P,3P) = 49.8 Hz, [HR-'Bu]™), 3.0 (d,| = 5.22,2J(3'P, 31P)=
18.1 Hz, R).

A2. Method 2. An NMR tube charged with W{PMePh); (16
mg, 0.026 mmol), R'Bu (16 mg, 0.025 mmol), and THF (0.65
mL) under Ar was periodically shaken over the course of 3 h. The
31P NMR spectrum was recorded. Another spectrum was recorded
after 8 h, and no further changes were detected. The solution was
observed to immediately change from colorless to RB{H
gated NMR ¢: 8.2 (d,| = 29.89,2J(3'P, 31P) = 49.8 Hz, [HR-
Bu]*), —28.2 (quartet2J(3'P, 31P) = 49.8 Hz, [HR-'Bu]™), 0.33
(d, I = 11.8,2)(°'P, 3P) = 18.1 Hz, R-Bu), —4.8 (s,| = 26.95;

d )18, 31P) = 165.1 Hz, [WH(PMe&Ph)] ), —8.1 (s,| = 20.72;
d, 1J(383W, 31p) = 75.0 Hz, WH(PMe&Ph).

A3. Method 3. An NMR tube charged with [K(18-crown-6)]-
[WHs(PMePh)] (23 mg, 0.024 mmol), [HR'Bu][BPhy] (23 mg,
0.024 mmol), and THF (0.65 mL) under Ar was periodically shaken
over the course of 3 h, and the NMR spectra were recorded. The
solution was checked again after 5 h, and no further changes were
detected3P{H gated NMR : 8.8 (d,| = 39.0,2J(3'P, 31P) =
49.8 Hz, [HR-BuU]™), —27.53 (qrt,2J(3'P, 3'1P) = 49.8 Hz, [HR-
Bu]*), 1.2 (d,| = 1.52,2](3'P, 31P)= 18.1 Hz, B-Bu), —4.6 (s,!
= 42.9; d1J(*8W, 31P) = 165.1 Hz, [WH(PMe&Ph)] "), —7.3 (s,
| = 3.7; d,5J(*8W, 3P) = 75.0 Hz, WH(PMe&Ph)).

Reaction of P-'Bu and Triphenylmethane. An NMR tube
charged with R'Bu (30 mg, 0.047 mmol), triphenylmethane (10
mg, 0.041mmol), and THF (0.65 mL) under Ar was sealed and
periodically shaken, and the solution remained colorless for several
days.3'P NMR 9: 12.28 (br,| = 39.6), 4.82 (br] = 39.4),—25.0

shaken for 48 h at room temperature. The red solution analyzed by(br, I = 21.06).

31P NMR showed ReH{PCys),, [K(2,2,2-crypt)|[ReH(PMePh)3],
and a trace amount of RefPMePh); presumably due to trace
amounts of HO present in the THF.

P4-Bu. THF (6 mL) was added to [HPBu][BF,] (1.30 g, 1.80
mmol), KH (0.35 g, 8.75 mmol), and 2,2,2-crypt (10 mg, 0.027
mmol). The suspension was heated td6for 6 h and then stirred

Preparation of [HP,-'Bu][BPhg]. A solution of B-Bu in THF
(0.30 mL of 2.0 M, 0.60 mmol) was added to [HNEBPh,] (250
mg, 0.593 mmol) in THF (4 mL). The solution was stirred at
ambient temperature for 12 h, and the solvent was removed by
vacuum. The resulting white powder was washed with diethyl ether/
hexanes (3 mL:3 mL) and filtered. Yield: 346 mg (84%). Anal.

at room temperature for 48 h. The solvent was removed by vacuum Calcd: 66.37; H, 8.79; N, 14.26. Found: C, 66.82; H, 8.95; N,

from the resulting white powder, and the neutral base was
extracted with hexanes (8 10 mL). The solvent was removed by
vacuum from the combined hexane extracts to yiejdBR base

14.13."H NMR (CD.Cl,) d: 7.40-6.80 (BPh, 20 H), 2.69 (d,
3)(31P, 1H) = 11 Hz, 18 H, NMe), 2.67 (d,3J(P, H) = 11 Hz,
NMe,, 12 H), 2.31 (br d2J(31P, IH) = 51 Hz, NH, 1 H), 1.33 (s,
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Table 1. Crystal Data and Structure Refinement for (a) (b)

density (calcd), Mg/rh

abs coeff, mm?

F(000)

cryst size, mm

6 range for data collection, deg
index ranges

reflns collected

indep reflns

completeness té = 27.47, %
abs correction

max and min transm
refinement method
data/restraints/param

GOF onF?

final R indices [ > 20(1)]

R indices (all data)

[K(2,2,2-crypt)][ReH(PMePh)s]
temp, K 150(1)
wavelength, A 0.71073
cryst syst monoclinic
space group P2(1)h
unit cell dimens
a A 26.6572(3)
b, A 13.7512(2)
c, A 31.9934(4)
o, deg 90
p, deg 102.6630(10)
y, deg 90
V, A3 11442.5(3)
z 8

1.401
2.329
4976
0.34 0.26x 0.16
2.57to0 27.47
& h< 34,0=< k=17,
—41<1<40
74078
26 070R(int) = 0.080]
99.5
multiscan
0.7069 and 0.5047
full-matrix least-squaresrn
26070/1291
1.030
R1=0.0523, wR2=0.0871
R# 0.0951, wR2=0.0979
1.176 and-1.061

H‘/W w -~H-‘-’ S
PhMezP/§ \H' N L 0 BN \
PhMeP 1 L"-O
S O 2
Figure 1. Proposed ion pairing of (a) [K(1,10-diaza-18-crown-6)]-
[WHs(PMePh)] and (b) [K(1,10-diaza-18-crown-6)][RePMePh)].

H\'R?;;—’PMeth
VH \'H
PMePh,

(PMePh)2} 2(u-H)s] ), 16.36 (d 2J(3P,3P) = 64.1 Hz,| = 19.9),
8.40 (d,2J(3'P, 3'P) = 64.1 Hz,| = 18.0).

X-ray Structural Analysis of [K(2,2,2-crypt)][ReH s(PMePh)3].
Crystals suitable for X-ray crystallography were grown by slow
diffusion of hexanes into a THF solution of the salt. The crystal
data are listed in Table 1. The hydride ligands were located and
refined isotropically.

Results and Discussion

Synthesis of [K(Q)][WHs(PMezPh);] (Q = 18-crown-6
and 1,10-diaza-18-crown-6) and K, Determination of
WH ¢(PMe,Ph)s;. WHe(PMePh); was prepared by the reduc-
tion of the known WCJ(PMePh); complex using NabAl-
(OCH,CH,OMe), as described by Crabtree and Hlafky.
Caulton and co-workers previously observed the penta-

largest diff peak and hole, e & ) . :
hydride K[WHs(PMePh)] in solution by NMR when

treating WH(PMe&Ph) with KH in THF.54 For our study,
[K(Q)][WH s5(PMePh)] (Q = 18-crown-6 and 1,10-diaza-
18-crown-6) were both prepared in high yield by treating
WHgs(PMePh) with KH in the presence of the respective
crown-Q. Both the 18-crown-6 and 1,10-diaza-18-crown-6
and THF (0.65 mL) listed in the Supporting Information. Unlike  saits were isolated as extremely air sensitive, microcrystalline
mixtures of R-'Bu and [HR-'Bu]", where distinct chemical shifts  raq-purple solids, and both are soluble in THF and benzene.
o both e A and b e ar oheeved 1 Solon, XSS The Synthetc routes 1o the Salts K(18-croun G
NMI% time scale and two averaged chemical shifts are observed.(PM%)?’]’[I\Ia(15-crowr.1-5)][Vvhl’(Plvl%)3]’and[WH’(PM.Q)3 LI+]4.
Linear calibration lines were determined between each of the are known, and their structures have been previously discus-
5557 ; i ; i
phosphorus chemical shifts and the mole fraction STERI[HP,- sed? The broad multiplet detected in the hydride region
Bu]* and between th&J(P, 31P) coupling and the mole fraction  Of the room temperatur%_H NMR spectra for [K(Q)I[WH-
of P'BU/[HPBu]*. The 2J@P, 3P) coupling gave the best (PMePh)s] (Q = 1,10-diaza-18-crown-6 and 18-crown-6)
correlation, having a line of best fit witR2 = 0.999, likely due to is consistent with théH NMR spectra of related [WH
the fact that the coupling is independent of small referencing (PMes)s]~ and [WHy(PMePh)]~ salts®*55The infrared NH
errors. stretching frequency of the [K(1,10-diaza-18-crown-6)]-
B1. pK,™HF Determination of [HP»-'Bu]*. Method 1. An NMR [WHs(PMe&Ph)] at 3283 cntt is similar to that of [K(1,10-
tube was charged with [HPBU][BPhy] (15 mg, 0.022 mmol), diaza-18-crown-6)][BPf at 3287 cm*.%6 This suggests that
[K(2,2,2-crypt)][OP(OE§NPh] (15 mg, 0.023 mmol), and THF  there is no significant WH-HN hydridic—protonic interac-
(0.65 mL). The tube was sealed under Ar and periodically shaken tion in the [K(1,10-diaza-18-crown-6)][WiPMePh)] salt.
over the course qf 5 h, and the NMR spectrum was recorded. It The 1H NMR chemical shift of the NH moiety at = 0.64
‘s"isslﬁhec't‘ed ";‘\19’\‘";'“'2 g‘ftei 588h6 ag%”g;“gpperfhsag%e; W?re_ notedjs |ow and would also suggest the absence of an-\WHN
21{0 [Hgé_gi] P -tBuj 51 (d(2J1(31|(3 31;3) :)5g4 bl =Z’18; interaction in benzends solution. The X-ray structure of
[H|'321t|3u]+/|32-1|3u)2 4.07 .(s | = 228 OP(O.EQ[\II’-IPh/[O.P,- the similar [K(18-crown-6)|[WH(PMes)s] complex shows
' ‘ ‘ that the metal cation interacts with the hydrides and forms

(OEtLNPhH]). . . . : .

B2. Method 2 An NMR tube was charged with [HPBUJ[BPh] |or;5pa|r_s with relatively short KW dlstan_ces of _3.660(_1)

A.5% This may suggest that the*Kis forming an ion pair

(16 mg, 0.023 mmol), [K(18-crown-6X|ReH(PMePh)2} 2(u-H)s) th th hvdrid . h in Ei 1 and
(35 mg, 0.024 mmol), and THF (0.65 mL). The tube was sealed with the tungst_en_ _y ride anion as s _oyvn In |ggre an
under Ar and periodically shaken, and affeh an NMRspectrum ~ c@nnot form significant WH-HN hydridic—protonic hy-
was recorded. The NMR spectrum was checked again after 20 h,drogen bonds. . . .
and no further changes were detecf8.NMR{H gated o: 12.36 Attempts to obtain X-ray quality crystals of [K(1,10-diaza-
(s,1 = 17.2,{ ReHy(PMePh)2} o(u-H)4), 18.08 (s) = 45.0, [ ReH- 18-crown-6)][WH;(PMe&Ph)] have been unsuccessful.
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Bu, 9H). 3P {*H} NMR (THF) é: 17.35 (d,2J('P, 31P) = 67.8
Hz, 1 P), 9.69 (d2J('P, 31P) = 67.8 Hz, 1 P).

31P NMR Spectra of [HPx-'Bu][BPh4]/P,-'Bu mixtures. NMR
tubes were charged with the amounts efBu, [HP,-'Bu][BPhy],



Polyhydride Anions

Table 2. lon Pair Radii Used to Calculat€y

ion-pair

formula radius, A
[WHs(PMePh)]~ 2.0
[ReHs(PCys)2]~ 3.0
[OP(OEt)NPhT™ 3.0
[{ReH(PMePh)2} 2(u-H)z) ~ 43
[BPhy] - 4.4
[HP4-Bu]* 47
[HP-1Bu]* 3.3
[ReHs(PMePh)] 4.2
[K(18-crown-6)}" 2.0
[K(2,2,2-crypt)[" 5.0

The equilibrium constant of eq 9, as calculated frém
{H, inverse gated decouplptMR data, was used in eq 4
to calculate the K, value of 42 for WH(PMe&Ph). The
ion pair radii used to estimatéy from the Fuoss equation
were based on the‘kW distance determined for the related
[K(18-crown-6)][WHs(PMe;)s] complex (Table 2). Théeq
and Ky values used to calculateKp™F are listed in
Table 3.

WH,(PMe,Ph), + [K(2,2,2-crypt)][ReH(PCyy),] =2
[K(2,2,2-crypt)][WH(PMe;Ph),] + ReH,(PCy,), (9)

The K,™F of 42 for WHs(PMe&Ph) makes this one of the
least acidic phosphine-containing transition metal hydride
complexes measured to date.

Preparation of ReHs(PMePhy); and [K(Q)][ReH 4
(PMePhy)s] (Q = 2,2,2-crypt or 1,10-diaza-18-crown-6)
Complexes.The precursor Re@PMePh)s; has been pre-
pared by Cotton and Luck by treatment of Re@lith
PMePh.%8 In this study, ReG{PMePh)s; was prepared in
quantitative yield by substitution and reduction of Re©Cl
(PPh), with PMePh, in a similar method to the one
described by Chatt et &.ReH;(PMePh); was prepared by
hydride addition to ReG{PMePh); using LiAlH, followed
by ethanol addition, similar to the method used by Douglas
and Shaw to prepare RetPMePh).53

The first report of the deprotonation of a Rg€FRs)s (PRs
= tertiary phosphine) by Caulton and co-workers in 1989
described the treatment of RgRMePh); with KH in THF
to produce the salt K[RelPMePh);] that was observed by
IH NMR. It was also noted that deprotonation of RéFMe>-
Ph) was particularly slow compared with other similar metal
hydrides and the reaction required reflux for 24 h to go to
completion>* We found that the addition of 2,2,2-crypt
significantly increased the rate of deprotonation of ReH
(PMePh); in THF so that complete conversion occurred after

(52) Chatt, J.; Leigh, G. J.; Mingos, D. M. P.; Paske, R1.XChem. Soc.
A 1968 2636.

(53) Douglas, P. G.; Shaw, B. llnorg. Synth.1977, 17, 64.

(54) Alvarez, D.; Lundquist, E. G.; Ziller, J. W.; Evans, W. J.; Caulton,
K. G.J. Am. Chem. S0d.989 111, 8392.

(55) Bandy, J. A.; Berry, A.; Green, M. L. H.; Prout, K. Chem. Soc.,
Chem. Commuril985 1462.

(56) Barron, A. R.; Hursthouse, M. B.; Motevalli, M.; Wilkinson, G.
Chem. Soc., Chem. Commui986 81.

(57) Berry, A.; Green, M. L. H.; Brandy, J. A.; Prout, K. Chem. Soc.,
Dalton Trans.1991, 2185.

(58) Cotton, F. A.; Luck, R. LInorg. Chem.1989 28, 2181.

just a few hours. The analogous deprotonation reaction with
KH in the presence of 1,10-diaza-18-crown-6 was found to
require 24 h of reflux to go to completion. This demonstrates
the catalytic enhancement of the rate of deprotonation by
the addition of 2,2,2-crypt. The air sensitive, red-orange
[K(2,2,2-crypt)][ReH(PMePh);] salt was isolated in 70%
yield and is soluble in THF but insoluble in toluene, diethyl
ether, and hexanes.

The structure for [K(2,2,2-crypt)][RePMePh);] as
determined by X-ray crystallography is shown in Figure 2.
[K(2,2,2-crypt)][ReH(PMePh)3] crystallized with two very
similar molecules in the unit cell. Selected bond lengths and
angles are listed in Table 4. The geometry around rhenium
is distorted pentagonal bipyramidal with a pair of axial
phosphorus atoms P(2A) and P(3A). The angle of P{2A)
Re(A)—P(3A) is 163.58(4), bent toward the smaller hydride
ligands. The ReH bond distances range from 1.52(4) to
1.70(4) A and are typical of such bonds. The-Rebond
distances, ranging from 2.301(1) to 2.355(1) A, are typical
of Re—P bonds. ThéH NMR spectrum of [K(2,2,2-crypt)]-
[ReH,(PMePh)s] shows a quartet in the hydride regiondat
= —7.91,2JCP, H) = 17.4 Hz, due to rapid exchange
between the hydride ligands. TR#{*H} NMR spectrum
shows a singlet ai = 11.41, consistent with three equivalent
phosphines.

When hydridic and protonic groups form a nonclassical
hydrogen bond, theH NMR chemical shift of the hydridic
hydrogen is usually shifted slightly upfield and the protonic
hydrogen is shifted slightly downfield. However, the hy-
dride®™H NMR signal of [K(1,10-diaza-18-crown-6)][ReH
(PMePh)4] is shifted slightly downfield withd(ReH) =
—7.71 from the analogous [K(2,2,2-cryptalt ¢(ReH)=
—7.91), and the NH proton chemical shift of 0.85 ppm is
comparable to that for the [K(1,10-diaza-18-crown-6)][EPh
salt (1.00 ppm), which contains no hydridiprotonic
interactions. This suggests that there is negligible nonclassical
hydrogen bonding between the NH of the 1,10-diaza-18-
crown-6 and the [RelfPMePh)]~ anion. Attempts to obtain
X-ray quality crystals of the [K(1,10-diaza-18-crown-6)]
salt have been unsuccessful.

The IR spectrum of [K(1,10-diaza-18-crown-6)][ReH
(PMePh)] also suggests the absence of such an interaction;
the NH stretch is observed at 3291 ©mand this is
consistent with the/(NH) stretch data for [K(1,10-diaza-
18-crown-6)][BPh]. Potassium-hydride—-rhenium inter-
actions are suspected to be stronger than hydridic
protonic interactions in this case as shown in Figure 1b, as
previously discussed for [K(1,10-diaza-18-crown-6)]-
[WHs(PMePh)] and the Re, Os, and Ir complexes men-
tioned above. The bulkiness of the threesRfRoups may
prevent MH--HN bonding with the [K(1,10-diaza-18-crown-
6)]* cation.

The K, ™F for ReHy(PMePh); can be estimated as greater
than the K,™" of 38 for HNPh and less than thekp, ™"
of 41 for ReH(PCyw),. This is based on the evidence that
[K(2,2,2-crypt)][NPh] was not basic enough to deprotonate
ReHs(PMePh); and [K(2,2,2-crypt)][Re(PMePHh);] could
not deprotonate RePCys),.
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Table 3. The KeqandKy Values Used To Calculatekp ™"

time to reach

acid base equilibrium Keq Kd/1075
WHe(PMe:Ph) [K(Z2)][ReHg(PCys)2]* <3h 0.26 K[K(@)] ', [ReH(PCys)2] }
2{[K(2)] *,[WHs(PMePh)] }
ReH/(PCys)2* P4Bu <4h 2.0x 10 (1/M) 4{[HP,+BU]*,
[ReHs(PCys)] 7}
WHg(PMePh)P P4Bu <4h 1.3x 102 (1/M) 1{[HP4Bu]*,
[WHs(PMe,Ph)| ~}
[HP4-'Bu][BPh] [K(QIWH s(PMePh)]® <4h 5x 107° (M) 11{[HP4-'Bul", [BPhy] "}

0.003{[K(Q)] *, [WHs(PMe;Ph);] 7}
1{ [KQ)", [BPh] "}

[HP2'Bu][BPhy] [K(2)[OP(OEt).NPhF <5h 2.3x 1073 (M) 4 {[HP>-'Bu]*, [BPhy] }
5{[K(2)] *, [OP(OEQNPh] }
13{ [K@)]*, [BPh]}

[HP,Bu][BPhy] K(Q)] <6h 4.2x 1073 (M) 4 {HPBu]*, [BPhy] }

[{ ReH(PMePh)2} 5(u-H)s]* L{IK(Q]", [{ Rekp(PMePh)a} o(-H)s] 7}

L{[K(Q)", [BPh]}

2 pKTHF(ReH(PCy)s) = 41, Z = 2,2,2-Crypt’pKa™F (WHg(PMePhY) = 42, Q = 18-crown-6.pK,™" (OP(OEBNHPh) = 32. pK, ™
{ReH,(PMePh)2} o(u-H)s = 32.

Table 4. Select Bond Lengths (A) and Angles (deg) for
[K(2,2,2-crypt)][ReH(PMePh)s]

Re(1A)-H(1) 1.52(4)  Re(1BYH(8) 1.62(4)
Re(1A)-H(2) 1.63(4)  Re(1BYH(7) 1.68(4)
LTSN CBTAL S cis Re(1AX-H(3) 1.65(4) Re(1B}H(5) 1.69(4)
Re(1A);-H(4) 1.65(4)  Re(1BYH(6) 1.70(4)
Q) cigsal Re(1Ay-P(2A) 2.301(1) Re(1B)P(3B) 2.310(1)
Re(1A)-P(3A) 2.326(1) Re(1B}P(2B) 2.311(1)
Re(1A)}-P(1A) 2.353(1) Re(1ByP(1B) 2.355(1)
JCB4A H(1)-Re(1A-H(2)  70(2) H(8-Re(1B)-H(7)  68(2)

H(1)-Re(1A)-H(4)  153(2)  H(8-Re(1B>-H()  153(2)
H(2)-Re(1A-H(4)  136(2)  H(7-Re(1By-H(G)  138(2)

Ci83A) H(1)-Re(1A-H(3)  139(2) H(8>-Re(1B)-H(6)  135(2)
H(2)-Re(1A-H(3)  69(2) H(7-Re(1B)y-H(6)  67(2)
H(4)—Re(1A-H3)  67(2) H(5-Re(1B}-H(6)  72(2)
H(1)-Re(1A-P(2A)  98(1) H(8-Re(1B)}-P(3B)  91(1)
H(2)—Re(1A)-P(2A)  84(1) H(7-Re(1B)-P(3B)  83(1)
H(4)—Re(1A-P(2A)  93(1) H(5)-Re(1B)-P(3B) 92(1)
H(3)-Re(1A}-P(2A)  83(1) H(6-Re(1B)-P(3B)  86(1)
Figure 2. Structure_ofoneofthe molecules (A) of [K(2,2,2-crypt)][ReH :gg:;zgﬁ);ggﬁg g;gg :g;—sggggﬁgg% ?88;
(PMePhyjg] in the unit cell. H(4)—Re(1A-P(3A)  90(1) H(5}-Re(1B)-P(2B)  96(1)
H(3)-Re(1AX-P(3A)  83(1) H(6-Re(1B)}-P(2B)  79(1)
Basicities of B-Bu and P»'Bu in THF. The phosphazene  P(2A)-Re(1A)-P(3A) 163.58(4) P(3ByRe(1B)-P(2B) 159.60(4)
; ; ; H(1)-Re(1A-P(1A)  81(1) H(8)-Re(1B)-P(1B)  80(1)
b_ase chemistry has _beenmwell studied and previously H(2)-Re(1A)-P(1A)  151(1) H(7}Re(1B)-P(1B) 148(1)
discussed by Schwesing®rf! In the present study the H(3)-Re(1A-P(1A)  74(1) H(5-Re(1BY-P(1B)  73(1)

neutral B-'Bu base (Figure 3) was isolated as a white powder H((4)*)Re(1(A%)_P(1(A)) 141(12 ) ngg?e(%Br)f(%B)) 145(12 )
in quantitative yield by treatment of commercially available P@A~Re(IAIP(1A) 95.07(4)  P(3ByRe(1B)-P(1B) 96.28(4
[HP4'Bu][BF,4] with KH and a catalytic amount of 2,2,2- PEAFRe(1AS-P(1A) 101.22(4) PEByRe(1B-P(B) 104.03(4)

cryptin THF (eq }O)- Schwesinger previously reported that g )i3pp,] salt was prepared in quantitative yield by treating
treatment of [HRBU][BF,] with NaH resulted in decom- o P-Bu base with [HNEf[BPhy] in THF (eq 11). ThéH
position of the phosphazene_pégdn;owever, t_here_ was no  NMR spectrum for [HRBU][BPh] was similar to that
evidence for any decomposition products in this reaction previously reported for [HPBU][BF4].%° 3P{1H} NMR data
using KH. The neutral PBu base is extremely moisture ¢, 1qoih [HP-Bu]* and the neutral PBu have not previ-

sen;itive, and_this may_have been the cause of the decom'ously been reported. The neutral base shows two signals: a
position described previously. doublet for the three Patd = 3.85 RI(IP, 3P) = 18.1 Hz)
and a quartet for atd = —26.19 @J(3'P,3P) = 18.1 Hz).

[HP,BU][BF,] + KH 222%

P, Bu+H, + K[BF
10) (59) Schwesinger, R.; Schlemper, H.; Hasenfratz, C.; Willardet, W.;
Dambacher, T.; Breuer, T.; Ottaway, C.; Fletschinger, M.; Boele, J.;

R t Fritz, H.; Putzas, D.; Rotter, H. W.; Bordwell, F. G.; Satish, A. V.; Ji,
[HNEt][BPh,] + P,-Bu— [HP,-Bu][BPh,] + NEt?]_l) G.; Peters, E. M.; Peters, K.; Von Schnering, H. G.; Wal4,iebigs
Ann. Chem1996 1055.
. ) (60) Schwesinger, R.; Hasenfratz, C.; Schlemper, H.; Walz, L.; Peters, E.
It was necessary to prepare the acid JFBu]t with the g/lé;9 E%tgrsl,gg.l; Von, Schnering, H. &ngew. Chem., Int. Ed. Engl.
[BPh4]" c;ountenon for e.qumbrluljm studies in THF in order (61) Schwesinger, R.; Schiemper, Angew. Chem., Int. Ed. Englos?
to minimize the effect of ion pairing. The white powder [HP 26, 1167.

4398 Inorganic Chemistry, Vol. 46, No. 11, 2007



Polyhydride Anions

Me Me Me\ .
Me C—Me Me -
Me~— / I Me Me /C Me
Me N N N™ Me< | N
N II /| _Me Me N\ ) /Me
MeN"hASN=Pp~N=P~N Sp=N—PN
Me—N N N Me I N Iil I\\/Ie
Me /PA\ © ¢ Me MeMe Me
|
Me’/N N N-Me
\
Mé d Ve Me
P,-'Bu P,-‘Bu
Me
M
M \/_ v e\ Me
ey C—MeMe M
AN Rt W Me £
MYTe~N NO N7 Me-_| ~
N-B=n- P n=pl oM Me, "\ o Me
Me™ A B & \N/P=N—§>—N
Me—N N N Me Pl \
I A MeN N Me
Me p, Mé Me M/ M /\
7 AN € eMe Me
Me//N N N-Me
M€ pmd Ve Me
¢ Me [HP,-'Bu]*
[HP,-‘Bu]*

Figure 3. Structures of the phosphazene compoung8R, P-'Bu, [HPs-
Bu]*, and [HR-Bu]*.

The protonated cation also shows two signals: a doublet at

0 = 13.45 (3R, 2J(®'P, 3'P) = 49.8 Hz) and a quartet at
—22.73 (R, 2JC'P, 31P) = 49.8 Hz).

The three following observed equilibria were used to
calculate K, ™F values for [HR-Bu]* (eq 12, eq 13, eq 14)
(Table 2, Table 3).

P,-'Bu+ ReH,(PCy), Za [HF>4-‘Bu]+[ReHG(F’Cya)zl(’1 2

Keq
P,-Bu + WH(PMe,Ph), == [HP,-'Bu] '[WH,
(PMe,Ph)]™ (13)

[HP,-'Bu][BPh,] + [K(18-crown-6)][WH;

(PMe,Ph), il P,-'Bu + WH(PMe,Ph), +
[K(18-crown-6)][BPh] (14)

By use of the equilibrium established starting with neutral
ReH,(PCy), and B-'Bu, [HP,-'Bu]t was calculated to have
a pK,™F of 39.9 by eq 6. In comparison, the equilibrium
established starting with W§PMePh) and B-Bu (eq 13)
gave a K, of [HPs-'Bu]t = 39.3. However, starting with
[HP4-'Bu][BPhy] and [K(18-crown-6)][WH(PMePh)] (eq
14), [HR-Bu]™ was determined to have &p™* value of
40.8 by the use of eq 8. Attempts to establish an equilibrium
by deprotonating [HR'BU][BPhy] with [K(2,2,2-crypt)]-
[ReHs(PCys),] were unsuccessful as the neutrgl'Bu base
was not detected and only a trace amount of REB).
was observed, likely due to residual water in the solvent
reacting with [ReH(PCy).] . The differences between the
three K,™" could be due to experimental error or due to
errors in the ion pairing correction, but we can assign a
pKF of [HP4-'Bu]™ = 40 & 4 accounting for the cumula-
tive error in estimatingky values and making links to
reference cationic acids.

Schwesinger reported that the-'Bu was in equilibrium
with triphenylmethané? however, few experimental details
were provided. In this study an attempt to establish an
equilibrium between P'Bu and HCPhin THF indicates that
the reaction of R'Bu and HCPh in THF results in a
colorless solution and detection of three broad peaks in the
3P NMR, assigned to equal amounts of [HBu]" and the
neutral B-'Bu compound. However, the colorless solution
indicates the absence of red trityl anion [GPhwhich has
a Amax Of 502 nmf? Because the K, of (HCPh) is
estimated to be equal to or greater thar? 4, equilibrium
between R'Bu and HCPhin THF seems unlikely.

[HP2-'Bu][BPhy] was obtained as a white powder in 84%
yield by treatment of the neutrabfBu with [HNEt][BPh,]
(eq 11). The'H NMR data were similar to those previously
reported for analogous ClOsalts®! The 3P NMR spectrum
for the neutral R'Bu shows two doublets of equal intensity
atd = 12.95 andd = —8.87 with2J(3'P, 3'P) = 35.1 Hz.
Similarly, the [HR-'Bu][BPhy] 2P NMR spectrum shows
two doublets at = 17.35 andd = 9.69 with2J(3*P, 31P) =
67.8 Hz.

The K,™F for [HP,-'Bu]t was determined from the
following equilibria as detected b{P NMR (eq 15 and eq
16).

[HP,-'Bu][BPh,] + [K(2,2,2-crypt)][OP

Ke
(OEt,NPh]=2 P,-'Bu + OP(OEt)NHPh +
[K(2,2,2-crypt)][BPh] (15)

[HP,-Bu][BPh,] + [K(18-crown-6)]{ ReH,(PMePh),},

(u-H)J=2 P,"Bu + {ReH,(PMePh),} (u-H), +
[K(18-crown-6)][BPh] (16)

From theKcq Of eq 15 and the data in Table 2 and Table
3, [HP-'Bu]* was calculated to have &p"™* of 30 using
eq 8. The similar deprotonation reaction with [K(18-crown-
6)][{ ReH(PMePh).} o(u-H)s] (eq 16) confirmed the g, ™"
to be 30% However, in the reverse of eq 15, the neutral
P-Bu did not react with OP(OEfNHPh in THF as
monitored by**P NMR. It remains unclear if this is due to
a kinetic effect or an effect of ion pairing. However, [K(18-
crown-6)][ReR(PPh)] (pK.™" (ReH,(PPh), = 30)) was
found to be too weak a base to deprotonate fHR][BPhy]
and give an equilibrium detectable by NMR.

Acidity and Periodic Trends. The pK,™F values of
various neutral and cationic binary ligand complexes with
hydrides and phosphines are organized in Table 5 according

(62) Gronert, S.; Streitwieser, A., J-. Am. Chem. S0d.988 110, 2843.

(63) The K, ™F of [HP-Bu]" is expected to be 25 1 on the basis of
the value for [HR-Et]OsSMe?2159 whereas that of [HPBu]™ is
predicted to be about 38:° The poor agreement between our
determined values and the expected values could be caused by the
use of different counteranions (BPhin our work vs S@Me™ in the
literature), errors in the calculation of the ion pair dissociation constants
by use of the Fuoss equation, and overestimates ofKp&'p values
of our neutral acids with g, "H* greater than 28 caused by cumulative
errors in making links to reference cationic acids. The cumulative error
is estimated to be abotit4 (see ref 9).
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Table 5. Selected Kq™F Values for MHLn, [MH,L]*, and due to the H-H bond strength of th@?-dihydrogen ligand.
[PtHz(L2)2]*" Complexes An exception to the decrease in acidity going down the group
neutral cationic is the order P& Ni > Pt for similar complexes of the type
d/d+2 hydride [l ref hydride Ko HE - ref [M H (diph OS)z] + 64
WE WHe » this work For the series of M{PP1), neutral third row transition
(PMePh), metal complexes, the acidity increases across the periodic
table from Re to Os and decreases across to Ir. ThetprH
d/d*  Reh- ~40  thiswork ReH(PRy)s* 16-23 9 complex is likely less acidic because the octahedfal d
RU&:PS’%Z?? . . [IrH4L2]~ conjugate base contains unfavoralséns-hydride
OsH{(PPr); 35 9 ligands. Similarly, for the series of cationic [MEL]* third
row metal hydride type complexes, the acidity increases from
d#/de FeHy(PMey),* 16 9,11 Re across to Os and decreases from Os to Ir. In this series
RuH,(PPh): 36 9 RuH(PMeg)e™e 17 9,11 it is likely that Os is the most acidic as the conjugate base
Hs(PR). 4044 44 OsHPRi) 12719 911 4 [OsHsL4]* is octahedral with the maximum ligand field
/e Cobb(dppe)* 16 39 stabilizatipn energy. .Likewlise, the® dctahedral [IrHL,] "
RhHb(depx)* 2% 69 complex is less acidic as it loses the favorable octahedral
IrH2(PMes)s* >20 70 geometry to form the five coordinate neutral conjugate base.
PtH(EtXampho 3 re 64 For MH,L 3 neutral metal hydrides, the W and Re complexes
appear to be weakly acidic with comparable,p** values;
@®/d® CoH(dppe) =38 39 NiH(depe)* 175 42 however, further trends remain unclear until th&, ' for
RhH(depx) 51 69  PdH(depey 16° 71 the Os and Ir complexes are determined. The complex

PtH(depe)* 22 ! [K(THF)(18-crown-6)][OsH(PPh)s] has recently been pre-

2 Dihydrogen complex® Converted from [MeCN with the use of the pared by reacting OsfPPh)s with KH/crown® Other
correlation found in Fig. 2 of ref 2E:Note that this is for a dication.  factors such as the sterics and stereochemistry of the acid/
d Neutral acids in THF have similar or greater values than those in MeCN . . - i
(see ref 9). conjugate base also contribute to the acidity of transition

metal complexes in ways that are still to be unravéfed.
to the d electron count change upon deprotonation. One
general observation is that the monocationic polyhydrides Conclusions
with four phosphorus donors, at least for#Re, Fe, Ru,
Os, Co, Rh, Ni, Pd, Pt, haveKp™F values in the ap- [K(18-crown-6)][WHs(PMePh)] was prepared by treat-
proximate range of 1223. The neutral polyhydrides with ~ Ment of the known Wig(PMePh); with KH in the presence
two or three phosphorus donors generally hakg'tF values ~ Of 18-crown-6. The analogous [K(1,10-diaza-18-crown-6)]
in the range of 3644 (Table 5). The high end of the ranges salt was prepared similarly; however, from the IR and NMR

generally is associated with donating trialkylphosphines and data it appears unlikely that there is hydridjarotonic
the low end with phenyl-substituted phosphines as for the Ponding in the ion pairs. WefPMe:Ph) was determined to
series of ReH{PRy),, [ReH(PRy)]*, and [OsH(PRy).]* type have a K of 424+ 4 as det_ermmed from the equilibrium
complexed. We tried to deprotonate \WiPMePh), by establlshe.d from the reaction of [K(2,2,2-crypt)][ReH
refluxing with excess KH and 2,2,2-crypt under Ar for 24 h  (PC)2] with WHe(PMePh).
in THF but were unsuccessful in deprotonating the complex.  [K(2,2,2-crypt)][ReH(PMePh);] was prepared and is the
Apparently some neutral polyhydrides with four phosphorus first example of a [Rek{L)s] ~ anion to be characterized by
donors are even less acidic. Dubois and co-workers haveX-ray crystallography. The analogous [K(1,10-diaza-18-
calculated from a thermodynamic cycle that the rhodium(l) crown-6)]" salt was also prepared; IR afid NMR studies
complex RhH(depx)of Table 5 should have akgVecN of suggest that there is little or no hydrigiprotonic interaction
5159 However, there is a large contribution from the metal between the ReH and the HN groups. It appears that anionic
since CoH(dppe)is calculated to be much more acidic with ~ transition metal hydrides of the type [MPRs)s]~ are not
a pKMeCN value of 38%° suited to form chain structures with the [K(1,10-diaza-18-
One general periodic trend for classical transition metal crown-6)}" NH donor. Such chains have been observed for
hydride complexes that has been noted is a decrease in aciditfMHx(PRs)2(CO)]~ and [MH,(PRs),] ~ anions, but three PR
moving down the periodic tabR. This trend has been groups may prevent the close approach of the cation. The
demonstrated for the series of cationic hydrides Ju", pKo" of (ReH;(PMePh)s) is estimated to be much less than
where M= Fe, Ru, and Os, and = PMe; or PE% (note the K, of (Ho/K(18-crown-6)H). It is between the values
that [RuH(H)(PMes)4]* contains ary?dihydrogen ligand ~ Of pKa™" (NHPh) = 38 and K" (ReH;(PCys)2) = 41,
and is an exception in that it is not a classical metal assuming that the reactions are under thermodynamic and
hydride)! In general, amdihydrogen complex is some-  not kinetic control.
what less acidic than a comparable classical polyhydride
complex. An example is the neutngl-dihydrogen complex, (64) Miedaner, A.; Raebiger, J. W.; Curtis, C. J.; Miller, S. M.; DuBois,
RUH(H2)A(PPr)z, which less acidic than the classical hydride g, %U'ﬁégggﬂOﬂféiggfcg‘*szﬁsfgg Jz,e\ﬁ,'; Jones, AOtganome-
OsH;(PPrs), (Table 5). The reduced acidity presumably is tallics 200§ 25, 122.
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The salts [HR'Bu][BPhy] and [HP-'Bu][BPhy] have been  diaminocyclohexan& The high value of K.™" ([HP.-
prepared from the reaction of [HN#BPh, with the Bu]*/P4'Bu) = 40 explains this reactivity.
respective neutral phosphazene base. A new route was Two important generalizations resulting from this work
developed to R'Bu by the treatment of the commercially are that the cationic polyhydrides MH,*, at least for Re,
available [HR-'Bu][BF,] salt with KH in the presence of a  Fe, Ru, Os, Co, Rh, Ni, Pd, and Pt, hau&,p' values in
catalytic amount of 2,2,2-crypt. Th&kp™F value of ([HR- the range of 1223 on going from phenyl-substituted to
Bu]t) = 40 + 4 was determined from the equilibrium alkyl-substituted phosphine ligands L, whereas neutral poly-
established from the reaction of REACYs), or WHe(PMe>- hydrides MHL, at least for M= W, Re, Ru, Os, and Ir,
Ph) with P4'Bu. The equilibrium established from [K(18- with n= 3 or 2, have [, values in the range of 3044.
crown-6)][WHs(PMePh)] and [HP,-'Bu][BPhy] confirmed The neutral complex WHPMePh), with n = 4 is less
the value. The K, value of ((HR-Bu]*) =30+ 4 was  acidic.
determined from the equilibrium established from the reac-
tion of [HP,-'Bu][BPhy] with [K(2,2,2-crypt)][PO(OEtNPH]
or [K(18-crown-6)]f ReH,(PMePHh),} 2(u-H)3]. Certain mix-
tures did not produce the reactions expected on the basis of Supporting Information Available: Correlations between the

the K,™F values. This may be due to ion-pair phenomena mole faction of B-'Bu base and protonated,-Bu and their
that have not been accounted for. averaged NMR properties and the crystallographic CIF file for

The (K, ™F determinations of [HRBU]* and [HR-Bu]* [K(2,2,2-crypt)][ReH(PMePh)s]. This material is available free
[0

X ; of charge via the Internet at http://pubs.acs.org.
allow for improved correlations between thK 87" (HB™)
and K.LMSO (HB+) and K MeCN(HBH) scales. The correla- ~ 1€0620378
tions allow for estimates of o,"" values for the many . .
A . ] (66) Sandoval, C. A.; Ohkuma, T.; Mim K.; Noyori, R.J. Am. Chem.
cationic and neutral acids measured in DMSO and MeCN S0c.2003 125, 13490,

and allow for the prediction of many new aeitlase (67) Abdur-Rashid, K.; Faatz, M.; Lough, A. J.; Morris, R.HAm. Chem.
Soc.2001, 123 7473.
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reactions. (68) Abbel, R.; Abdur-Rashid, K.; Faatz, M.; Hadzovic, A.; Lough, A. J.;
The P-Bu base has been used in place of ‘RO to Morris, R. H.J. Am. Chem. So@005 127, 1870.

dehvdrochlorinat | h R bi (69) Raebiger, J. W.; DuBois, D. lOrganometallics2005 24, 110.
ehydrochlorinate complexes such as R((§)-binap)(S,9- (70) ItH(PMe)s reacts with CH(CN), (pK.THF = 24) and precipitates,

dpen), binap= 2,2-bis(diphenylphosphino)-1;binaphthyl, \S}Seé) Behr, A.; Hﬁ,rdé\lmgegc;cGE.;2 gg;rmann, W. A; Keim, W.; Kipshagen,

_ _di : H _hi _ . Organometallic , O, .
dpen= 1,2 d'phenylethylenedlamlr?é’RUHCK(R) binap) (71) Raebiger, J. W.; Miedaner, A.; Curtis, C. J.; Miller, S. M.; Anderson,
((R,R-dpen)é” and RUHCI(PP¥)2((R,R-dach), dach= 1,2- O. P.; DuBois, D. LJ. Am. Chem. So@004 126, 5502-5514.
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