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Transition metal hydrides exhibit two modes of reactivity in  Table 1. Spectroscopic Characteristics for CpM(CO)sH Hydrides
proton transfer reactions, showing either acid or basic behavior a,’:_dCT'_Te')' géﬂ?%&:ﬁ:i?%ggi“as with Pyridine and
depending on the substrates. During the past decade, it was showr(. el

that a hydride ligand could be the proton accepting site in the hy- Mo w
drogen-bonded complex #H~---H¥*X, whose formation pre- Veo Vi Veo Vi
cedes the proton transfer, yielding cationicy%{,) complexes. free hydride 2030 1790 2028 1848
At the same time, many neutral hydrides are known to be strong Py 12%‘;3 a 21(?235 a
acids? Therefore, it could be supposed that proton transfer from 1936 1932

transition metal hydrides should be preceded by the formation of ~ ("-CsHi17)sPO 1283?3 1780 1%302%2 1839
molecular MH--B hydrogen bonds (where B is a base), as fertX

acids. However, such hydrogen bonds are uncomhidrhe ion a1n the presence of Py, the,y bands are masked by wideo bands.
molecular [MH]"---B interaction was found in IR studies (in the

vuwu andvpo regions) of phosphine oxides and [GRSH]"PR~ in 57 Veofee

solutiort or [IrH(PPh),L,] "BF,~ in the solid staté.The changes

in IR frequencies revealed were the same as those for classical hy-
drogen bonds, confirming that the polarization of the metgt-
drogen bonds is MH?", In their classical work, Norton et al. stud-

ied the interaction between HCo(C@)nd a series of nitrogen and
oxygen bases, but found no evidence for such a hydrogen %ond.
Thus, the existence of antermolecular M—H---B hydrogen bond

for a neutral transition metal hydride in solution is still an unan-
swered questioh Another major questicris whether some MH
bonds are polarized f+Ho* prior to hydrogen bond formation Figure 1. IR spectra of (CH)2N)sP=0 (0.01 M) in the presence CpMo-
or whether this polarization (repolarization of metajdride M*+— (CO)H. Hexane, 290 K.

H°= bond) is the result of MH---B hydrogen bonding. ViyHiree

1240 1220 1200 1180
v, em

In this communication, we report spectroscopic and theoretical 04
evidence for the intermolecular hydrogen bond with neutral hydride
complex as an acid. For this study, we chose well-known CpM- 02
(COXH hydride complexes (M= Mo, W) which are less acidic VWH...HB
than HCo(CO) studied by Norton et &.In the 2200-1600 cnt?!
region of IR spectra, they exhibit in solution two stromg, bands 0+ . . .
and weakvyy bands (see Table 1), which appeared to be sensitive 1870 1850 1830 1810
to the presence of organic bases in the solution (Table 1). v, em’

Thus the addition of an excess of pyridine (Py) or phosphine Figure 2. Changes ofw band of CpW(COMH (0.05 M) in the presence
oxides ((-CgH17)sP=0, ((CH)2N)sP=0) causes the appearance of H3BNEt; (0.5 M). Hexane, 290 K.
of low frequency shoulders/bands @fo andvyy bands Avco = .
4—12 andAvyy = 9—12 cnrY), while a new low frequency shifted shifts of carbonyl bands (to 2024 and 1934 ¢jrare comparable
vpo band of H-bonded ((CE.N)sP=0 grows up in the presence 0 those in the presence of pyridine; the changes ingheegion
the hydride excess\ypo =12 cntl). The Avyy and Avpo values are similar to those observed for regular proton donors. Interestingly,
are comparable to those observed for ion molecular hydrogen the vwn band undergoes a larger low frequency shift, andvﬁl
bonds*s These spectral changes are slightly more pronounced for ~#8 band of dihydrogen-bonded adduct appears at 1822'cm
molybdenum than for tungsten. The H-bonding equilibrium shifts (Figure 2). This is the first example where dihydrogen bond
to the right upon the increase of the base/hydride excess (Figureformatlon was observed between two neutral _hydrlde complexes.
1) or lowering the temperature (Figure S1). In contrast to bases, na-o andvyy band shift was observed
Similar spectral changes were observed upon the addition gf BH With indole, suggesting the absence of X#C or XH--HM

NEt; hydride to the hexane solution of CpW(GE) Low frequency ~ Nhydrogen bonding (%= N, C) with this proton donor or with CH
groups of the bases used.

t Russian Academy of Sciences. The addition of a large excess ofi-CgH17)sPO (0.3 M) to
* Universitat Autmoma de Barcelona. hexane-CH,Cl, (10:1) solution or dissolution of CpM(CGH
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20 (AEzpe = —2.25 kcal mot?) than of tungstenAEzpe = —2.05
[CPW(COY] kcal moi).
Analysis of charge distributions in free hydrides (Mulliken
15 charges) and their variation after hydrogen bond formation shows
CpW(CO):H.. Py that polarization of the metal hydrogen bond in free hydrides is

already M~—H?* (Table 2). Upon the formation of the hydrogen-
bonded complexes, the positive charge of the metal-bound hydrogen
atom increases by 0.088 and 0.077 units for MoH and WH,
respectively, while the charge of the metal atom itself becomes
more negative by ca-0.06 units. Hydrogen bonding leads also to
the increase of electron density on the nitrogen atom of pyridine.

0.5

0.0 il < . : —le— In addition, there is a small positive overlap population ef-N
050 2000 1850 0 et Y 1600 1750 1700 bonds of 0.103 and 0.074 units for molybdenum and tungsten
Figure 3. Variable temperature IR spectra in the region of CpW(COH hydride, respectively. All these electronic changes, although
(0.005 M) in neat pyridine. Spectra measured between 240 and 290 K with relatively small in magnitude, are comparable to those established
10 K increments. for conventional hydrogen bond donors and accepfors.
Table 2. Optimized Geometrical Parameters (bond distances in Fma”y_’ frequency calculations conflr_m the experimental IR
angstroms; angles in degrees), Mulliken Charges (g), and observations. Theco and vyy frequencies calculated for free
Stretching Vibration Frequencies (in cm™*) for CoM(CO)sH hydrides are in good agreement with the experimental values. Two
Hydrides and Their Hydrogen-Bonded Complexes with Pyridine lower frequencyvco stretching modesico and v3co) have very
MoH MoH-Py WH WH-Py close frequencies, and consequently only one band was observed
M—H 1.724 1.729 1.735 1.738 in the spectra in solution. All bands of hydrogen-bonded adducts
K'A':”.“N 566(;12 i-:zzg appear at lower frequencies, the band shift valtvedeing larger
q(M) ~0119 -0.180 0073 —-0141 for molybdenum than for tungsten (Table 2).
q(H) 0.112 0.200 0.127 0.204 In conclusion, the experimental and theoretical results show for
gg\l 1800 _196378233)b 1857 _1343;17213)*1 the first time the forma;ipn of intermqlecular hydrogen bonds
vlco (sym A) 1996 1987 £9)° 1995 1989 £6)° between the neutral transition metal hydrides CpM(§E{)s proton
V§°° (asymA) 1924 1912 ¢12p 1919 1912 €7)P donors and bases which precede the hydride deprotonation. Inter-
Veo(asymA) 1923 190716 1918 1904 €14y molecular dihydrogen bond ¢HH) was found between two neutral
ag(N) of free pyridine is—0.368.° In parentheses\v = Vadduct— Vfree: hydride complexes using BNEt; as a base. Further studies of

the nature of the MH-B interaction as well as of thermodynamics
complexes in neat pyridine causes partial proton transfer, as is evi-of the M—H---B bond formation and subsequent proton transfer
dent from the appearance of twgo bands of [CpM(COj ~ anions are in progress.
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