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method of preparation of such complexes as illustrated for
complex4 (eq 2, yield 63%). Complexels—4 are air- and water-

THF, H,

IrH5(PPL), + KH + Q
[KQIIH 4(PPR),] +H, (2)
4, Q= 1,10-diaza-18-crown-6
sensitive, colorless salté. The 'H and3'P NMR spectra of the
osmium complexed and 2 in THF-dg!® are consistent with a

pentagonal bipyramidal structure with trans phosphines; the
spectra are similar to those reported previouslylfobserved in

There are several recent reports of metal hydride complexesSitu’ However,2is much less soluble in THF tharpresumably

that form MH--HX “dihydrogen”? or “hydride—proton”? bonds
with hydrogen bond donors HX in an intramolecdtdr or
intermoleculal®-1°fashion. Such interactions have the strength,
IR spectral characteristiésand electronic structuteof conven-
tional hydrogen bonds. All of these studies utilized neutral or

because of the propensity @fto form a one-dimensional solid
(see below). Iridium tetrahydrido anions such as thosgand

4 have not been reported previously. Anions3aind4 exist in
THF as a mixture of cis and trans isomers in the ratio of 2:1 and
8:1, respectively. The influence of the type of cation on this ratio

cationic complexes. Some of us recently described the synthesisWi" be discussed in more detail elsewhere. The trans isomer in

and properties of anionic hydrides [M#TO)(PPr),]~, M =
Ru, Os, that interact with cations [K(aza-18-crown-6jia
MCO—K and MH:---HN bonds!?> We show here that the cation
[K(1,10-diaza-18-crown-6)]organizes new anionic polyhydride

each case is characterized by a singlet in ¥ 'H} NMR
spectrum and a triplet in the hydride region in thé¢ NMR
spectrunt® The cis isomer gives a distinctive;BB’'XX" hydride
resonance in théH NMR and a singlet in thé'P{*H} NMR

complexes into a novel 1-dimensional chain in the solid state with SPectrum® Interconversion of the isomers in THE-at 20

crystallographically well-defined proterhydride bonds in the
case of the iridium complex. The [K(18-crown-6)alts with

no hydrogen bonds have completely different structures. This

occurs readily but at a rate that is too slow to average NMR
properties.
The non-hydrogen atomic positions as determined by single-

new synthetic strategy is providing materials for the study of the Crystal X-ray diffraction of complexeand4 are very similar®
influence of the ancillary ligands and the metal on these unique 1hey consist of one-dimensional chains of alternating cations and

H---H bonds.

The complexesl—3 were prepared in 7080% vyield by
reacting OskCl,(PPr), or IrHCI(PPr),*4in THF under 1 atm
of H, with excess potassium hydride and 1 equiv of either 18-
crown-6 or 1,10-diaza-18-crown“6(eq 1). Deprotonation of

THF, H,

MH,CL(PPr,), + 3KH + Q
[KQIIMH ,(PPry),] + 2KCl
1, M =0s,x=2, Q= 18-crown-6
2, M = 0s,x=2, Q= 1,10-diaza-18-crown-6
3, M=Ir, x=1, Q= 18-crown-6

@)

neutral polyhydrides such as IgfPPr),'* provides a second
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+120.0,2)(HgPx) = F13.4 Hz,2)(HgHg) = 2 Hz, 2J(PxPx) = 3 Hz, 2H,
IrH, cis isomer).4 —15.57 (t,2)(HP) = 17.2 Hz, 4H, IrH,trans isomer),
—14.58 (t of t, A part of ABB'XX' pattern,2J(HaPx) = 13.4 Hz,2)(HaHg)
= 4.9 Hz, 2H, IrH,cisisomer),—15.57 (BB part), 2.06 (qi, 2H, NH)3P{‘H}
NMR (120.5 MHz, THFdg): 1 6 64.0 (s).2 63.4 (s)3 65.7 (s,trang), 42.6
(s,cis). 465.7 (strans), 42.6 (scis). IR (Nujol, cnr?): 11858, 1843 (OsH).
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(18) Crystal data:1 Cz4H7oKO;0sR, monoclinic, P2;/n, a = 10.571(1)
A, b=133950(1) A,c=11.991(1) A = 92.99(1}, V = 4298(2) B, z =
4, size 0.32x 0.28 x 0.25 mm,T = 123 K, reflections collected 3345B(F)
= 0.0565,R(WP?) = 0.0788 for 8708 independent reflectio@sCsoH73KN »-
0,0sRB, monoclinic, C2/c, a = 19.7370(5) A,b = 11.6714(1) A,c =
17.1651(4) A = 102.62(3), V = 3858.6(2) R, Z = 4, size 0.25x 0.15 x
0.08 mm,T = 150 K, reflections collected 2052B(F) = 0.0430,R(wP?) =
0.0861 for 5340 independent reflectioBsCsoH7olrKOgP;, triclinic, P1, a =
9.012(3y, b = 11.390(63, ¢ = 20.502(8) A,a. = 73.88(3}, = 85.62(5},
y = 72.03(4%, V = 1923(1) B, Z = 2, size 0.52x 0.42x 0.31 mm,T =
173 K, reflections collected 382R(F) = 0.0232,R(wF?) = 0.0505 for 3803
independent reflectiond.CsgH72IrKN ,04P,, monoclinic,C2/c, a = 19.5469(5)
A, b=11.6464(2) Ac=17.2179(5) lﬂ =102.81(3), V = 3822.2(2) &,
Z =4, size 0.20x 0.15x 0.10 mm,T = 150 K, 14307 reflections collected,
R(F) = 0.0405,R(wP?) = 0.0554 for all 3889 independent reflections. Data
for colorlessl, 2, and4 were collected on a Nonius Kappa-CCD, and 3or
on a Siemans P4 diffractometer with MaxKadiation ¢ 0.71073 A). CCD
data were integrated and scaled with the DENZO-SMN package. The structures
were solved and refined with SHELXTL V5.0. The hydrideslin3, and4
were located and refined with isotropic thermal parameters.
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Figure 1. Proton-hydride and K--H interactions between ions df
(distances in A and angles in deg)-H(1IR) 1.54(3), I-H(2IR) 1.68(3), Figure 2. (a) The anion ofl. (b) The ion-pair structure d.
Ir—P 2.2606(8), K-O av 2.817(3), K-N 2.859(3), N-H(1N) 0.77(3), the oxygens of the crown by 0.8 A and is sitting on thfae
H(IN)--H(2IR) 2.07, K--H(1A) 2.99 A, H(1IR)}-Ir—H(2IR) 89(2), hydrides of the anion. It is noteworthy that [ifPPr),]~ is
H(LIR)—Ir—P(1) 89(1), H(1IR}-Ir—P(1)#1 91(1), H(2IR)- Ir—P(1) 95(1), predominantly cis in THF solution as the [K(18-crown-6¥alt
H(2IR)—Ir—P(1)#1 85(1); all trans angles 180.0n isomorphous?, a or the [K(diazacrown)j salt and is exclusively cis in the solid
disordered Osklunit replaces the Iriunit. Os-P 2.2931(8), K-O av state in3. The cis configuration is favorable because it allows
2.814(6), k=N 2.878(3), N-H(IN) 0.96(5), H(1N)--Os 3.58. the potassium in the crown to ion pair on a trihydride face of the

octahedron as observed previously for other anionic hydrides in
the solid stat®2*and it avoids having two pairs of trans hydrides.
The trans geometry in the crystal of the [K(diazacrovirsilt is
adopted to allow the formation of favorable NHHIr contacts.
Proton-hydride bonding in2 and 4 causes changes in the
infrared spectra of powders compared to thost afid3.16 The
metat-hydride stretching wavenumbers are lower in the presence
of proton—hydride interactions by about 10 ctnfor 2 and 233
cm ! for 4. A lowering of v(Ir—H) in some iridium complexes
containing intramolecular proterhydride bonds was previously
proposed. The effect is particularly pronounced féwhere an
extremely low mode at 1682 crhis present because of the two

cations are oriented so that the two NH groups are directed toward
hydride ligands of two adjacent anions to forr't+-H~ bonds.
For both complexes the transition metal and the potassium are
on crystallographic centers of inversion. The potassium is in the
plane of the crown and forms axiak&HC interactions of 3.0 A
with a hydrogen of two adjacent phosphine methine groups. The
hydride ligands off were located and refined while the hydrides
of 2 were not located but probably would be disordered over 10
sites in a similar arrangement to the one reported previously in
the neutron structure determination of KHPrs), which also
crystallizes with a center of inversidf. In 4 the trans hydrides
involved |nAhydr|d&pr(_)ton bonding have Ir(EH(ZIR)_dlstances sets of mutually trans hydrides. The-dl stretch® is broader
of 1.68(3) A. T/Sr\lese dlstances compare favprably_ with the average_ .+ iowered byAv = 96 ¢nTtin 2 and 132 cmt in 4 relative to
Ir—H of 1.60 A determined by neutron diffraction for neutral average of the(N—H) of [K(1,10-diaza-18-crown-6)|BPh
complexes. However might be expected to have longerii 3282, 3278 cmi). A comparable\v=141 cn1! was observed
distances than the average because of the high trans influence o or thé ReH--HX iﬁteraction in Rel(PPh)s-indole! The greater
hﬁd”d?. ang of th(;{r polarization by the &Eoiéonsdon thesnlt'gogens. value of Av for 4 compared t@ is consistent with the greater
14— eAr\e ine '\'LHl llcstan;es arg.f?'%(.S) han %.77( ) Ain basicity of4. We have independently determined that ti& p
’ S IS usual for X-ray diiiraction, these distances are of IrHs(PPr), is at least 8 units greater than that of QEPMPI),

underestimated relative to the 1.00 A average-HN value : 2 - o ;
; . ‘249 - in THF.22 Therefore the more basic anionic hydride has the
determined by neutron diffracticit® When 1.00 A for N-H is stronger protorrhydride interaction. A similar conclusion was

used, the H-H distances in the proterhydride bonds int are reached in a stud : : -

- . y of intermolecular proton-hydride bonds with
ablout 1];8250§' Eho;tﬁr thadn_ tthe crystallogl_rak;])trlucially dettehrmlnt(reld neutral hydrides in solutioh. The properties oil—4 in solution
value of 2. . ese distances are slightly longer than the | o0 reported in due course.

NH---HRe distance of 1.73(1) A that was determined for the
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very different from those o2 and4, even though the conditions

of crystallization (solvent etc) are similar. Complegrystallizes

with the cation [K(THF)(18-crown-6)]and anion [Osk(PPr),] -

in Van der Waal's contact. The pentagon of hydride ligands is
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