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ABSTRACT: The hexahydride complex OsHg(P'Pr3), (1) reacts with the BF,-salts of 1-phenyl-3-methyl-1-H-benzimidazolium, 1-
phenyl-3-methyl-1-H-5,6-dimethyl-benzimidazolium, and 1-phenyl-3-methyl-1-H-imidazolium to give the respective trihydride-
osmium(IV) derivatives OsH3(l(Z-Caryl,CNHC)(PiPr3)2 (2—4). The protonation of these compounds with HBF,-OEt, produces the re-
duction of the metal center and the formation of the bis(dihydrogen)-osmium(Il) complexes [Os(KZ-C,,ryl,CNHC)(nZ-H2)2(PiPr3)2]BF4
(5-7). DFT calculations using AIM and NBO methods reveal that the Os—NHC bond of the Os-chelate link tolerates a significant z-
backdonation from a doubly occupied d,(Os) atomic orbital to the p. atomic orbital of the carbene carbon atom. The z-accepting
capacity of the NHC unit of the Cyy1,Cnuc-chelate ligand, which is higher than those of the coordinated aryl group and phosphine
ligands, enhances the electrophilicity of the metal center activating one of the coordinated hydrogen molecules of 5-7 towards the
heterolysis. As a result, these compounds are strong Brensted acid with pK,*** values between 2.5 and 2.8. In acetonitrile the hy-
drogen molecules of 5 and 6 are displaced by the solvent, the resulting bis(solvento) compounds [Os(x’-
Caryl,CNHC)(CH3CN)Q(PiPr3)2]BF4 (8, 9) react with acetylacetonate (acac) and cis-1,2-bis(diphenylsphosphino)ethylene (bdppe) to
give Os(KZ-CMYI,CNHC)(acac)(bdppe) (10, 11) as a mixture of the two possible isomers, namely with P trans to the aryl group or to

the NHC moiety.

INTRODUCTION

N-Heterocyclic carbenes (NHCs) are singlet carbenes contain-
ing two z-electron donating amido substituents, which consid-
erably increase the energy of the vacant p, orbital at the carbon
atom and therefore the o-p, gap. As a consequence, they bind
to transition metals through o donation, being the -
backbonding negligible." This initial view is being however
reconsidered. Recent studies suggest that the nature of the
metal-NHC bond has greater complexity.” It has been found a
remarkable z-backbonding in complexes with electron rich
metal centers, in particular for those based on third row met-
als, whereas electron poor metal centers undergo NHC - M
n-donation. This ability of the NHC-ligands to tune the elec-
tron density of the metallic core has made them powerful tools
in homogeneous catalysis,” organometallic synthesis® and
material science.’

The hydrogen molecule is vital in catalytic hydrogenation of
unsaturated organic substrates’® and the most efficient and
clean energy carrier.” Its coordination to the unsaturated core
of a transition metal complex affords dihydrogen derivatives,
M(7*-H,), which are determining species for its activation® and
for its release from hydrogen bearers, such as amineboranes,
in the metal promoted dehydrocoupling of these molecules.’

Dihydrogen complexes stabilized with NHC-ligands are
scarce,"” in part due to the trend shown for these groups to
release imidazolium salts.'' The M(;’-H,) interaction involves
o-donation from the o-orbital of the coordinated H-H bond to
empty orbitals of the metal and z-backbonding from the metal
to the o*(H,) orbital. Thus, nucleophilic metal center; i.e.,
having strongly donor ligands, 5d metals, and neutral charge;
enhance the z-backbonding resulting in the oxidative addition
of the H-H bond to the metal center to yield dihydride deriva-
tives. On the other hand, electron-withdrawing ligands, 3d
metals, and positive charge; i.e., electrophilic metal centers;
increase the o-donation to the metal stabilizing the molecular
hydrogen binding, which is promoted towards heterolysis."
The stability and chemical properties of the metal-dihydrogen
interaction are further very sensitive to the position of the co-
ligands in the metal coordination sphere.” As a result, com-
plexes containing two coordinated hydrogen molecules are
rare, """ in particular in the absence of hydride ligands, which
exert an stabilizing cis-effect.”"?

The hexahydride complex OsHg(P'Pr;) has proven to acti-
vate o bonds of a wide range of organic molecules,'® in partic-
ular substrates containing a heteroatom binding site.'” In
agreement with this, it promotes the direct metalation of N-
alkyl and N-arylimidazolium salts to give osmium-
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polyhydride derivatives containing neutral monodentated or
chelate NHC ligands with normal or abnormal coordination
modes depending upon the bulkiness of the N-substituents.'®
Recently, we have used this synthetic strategy to prepare novel
homoleptic  Os(CyncCaryiCruc).  and  novel  heteroleptic
Os(CrncCaryiCrnnc)(CrncCaryiCninie) and
Os(CrncCaryiCnnc)(CrucCaryrCrne) pincer complexes, which
have shown to be new types of blue-green emissive additives
for organic light-emitting devices.'’ The coordination of each
anionic pincer implies the C—H bond activation of the central
aryl group, in addition to the direct metalation of the benzim-
idazolium or imidazolium groups of the corresponding salts.
During the study of the coordination process, we observed
that, interestingly, the position of the activated aryl C—H bond
depends upon the counteranion of the used salt (Scheme 1).
Tetrafluoroborate favors the C—H bond activation at the 6-
position, which presents the second NHC metalation to afford
a C,C'-chelate zwiterionic salt. On the other hand, iodide fa-
vors the activation at the 2-position allowing the direct meta-
lation of the second Cpenzimidazotium O Cimidazolium Moiety and
therefore the pincer formation. Herein, we show that tetra-
fluoroborate salts of N-phenylbenzimidazolium and N-
phenylimidazolium cations generate anionic Cyy,Cnuc-chelate
ligands able of accepting that z-backbonding at the NHC
moiety, which sufficiently increases the electrophilicity of the
metal centers allowing the coordination of two hydrogen mol-
ecules; i.e., the stabilization of bis(dihydrogen) derivatives.

RESULTS AND DISCUSSION

Metalation of the salts. The hexahydride complex
OsHg(P'Pr3), (1) promotes the N,C—H bond activation of N-
phenylbenzimidazolium and N-phenylimidazolium BF,-salts
and the ortho-C—H bond activation of the phenyl substituent.
For each salt, at least one of the processes is a heterolysis,”
being the resulting proton intermolecularly captured by the
polyhydride, which subsequently releases 1.5 equiv of mo-

lecular hydrogen and dimerizes to afford the cation
[{OsH,(P'Pr3),}2(u-H3)]".'® As a consequence, the treatment
of 1 with 2.0 equiv of the BF,-salts of 1-phenyl-3-methyl-1-H-
benzimidazolium, 1-phenyl-3-methyl-1-H-5,6-dimethyl-
benzimidazolium, and 1-phenyl-3-methyl-1-H-imidazolium
under reflux gives rise to mixtures of the trihydride-
osmium(IV) OsH3(l(Z-Caryl,CNHC)(P"Pr3)2 complexes 2—4 along
with the polyhydride dimer [{OsH,(P'Pr;),}»(u-H;)]". The
addition of triethylamine to the initial reaction mixture pre-
vents the intermolecular protonation of 1. Thus, in the pres-
ence of 1.1 equiv of the amine, the trihydrides are exclusively
and quantitatively formed and isolated as white solids in high
yield (74-86%) according to Scheme 2.
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Complexes 2 and 4 were characterized by X-ray diffraction
analysis. The structures prove the double metalation of the
salts to form anionic C,.,Cnnc-chelate ligands. Figure 1
shows a drawing of 2. The geometry around the osmium atom
can be rationalized as a distorted pentagonal bipyramid with
the phosphine ligands occupying axial positions (P(1)-Os—
P(2) = 165.17(2)°). The metal coordination sphere is complet-
ed by the chelate group, which acts with a bite angle of
75.67(9)°, and the hydride ligands. The separation between
H(01) and H(02) is 1.69(3) A whereas H(02) and H(03) are
separated by 1.74(3) A. The Os—C(1) bond length of 2.069(2)
A agrees well with those reported for Os-NHC compounds
with normal coordination of the NHC unit,'**" whereas the
0s—C(6) distance of 2.140(2) A compares well with the Os—
aryl bond lengths found in other five-membered osmacycles
resulting from orthometalation reactions.'”** The structure of 4
(Figure 2) resembles that of 2 with the orthometalated phe-
nylimidazolidene group occupying the positions of the or-
thometalated phenylimidazolidene ligand and P(1)-Os—P(2)
and C(1)-Os—C(6) angles of 166.01(2)° and 75.60(10)°, re-
spectively. The Os—C(1) and Os—C(6) distances of 2.076(3) A
and 2.150(3) A are statistically identical to those of 2. In this
compound, the separations between the hydride ligands H(01)
and H(02) and H(02) and H(03) are 1.78(3) A and 1.55(4) A,
respectively.
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Figure 1. ORTEP diagram of complex 2 (50% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): Os—C(1) = 2.069(2), Os—
C(6) = 2.140(2), Os—P(1) = 2.3434(7), Os—P(2) = 2.3539(7),
C(1)-0s—C(6) = 75.67(9), P(1)-Os-P(2) = 165.17(2).

temperature, the most noticeable feature is the presence of the
metalated carbon resonances, which appear between 190 and
206 ppm for the NHC unit and at about 158 ppm for the aryl
group, as triplets with C—P coupling constants between 5 and 6
Hz.
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Figure 2. ORTEP diagram of complex 4 (50% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): Os—C(1) = 2.076(3), Os—
C(6) = 2.150(3), Os—P(1) = 2.3437(7), Os—P(2) = 2.3424(7),
C(1)-0s—C(6) = 75.60 (10), P(1)-Os—P(2) = 166.01(2).

Bis(Dihydrogen) Complexes. The metal center of the trihy-
dride-osmium(IV) complexes 2-4 undergoes reduction by
protonation. Thus, the addition of 1.2 equiv of HBF,-OEt, to
diethyl ether solutions of these compounds, at room tempera-
ture, affords the corresponding bis(dihydrogen)-osmium(II)
salts 5—7 (Scheme 3), which were isolated as white solids in
high yield (83-85%).

Complex 6 was characterized by X-ray diffraction analysis.
Figure 3 (left) shows an ORTEP drawing of the cation of the
salt. The structure proves the reduction of the metal center.
Thus, the coordination polyhedron around the osmium atom is
the expected octahedron for a saturated d°-species, with trans-
phosphines (P(1)-Os—P(2) = 164.99(2)°). The perpendicular
plane is formed by the chelated ligand, which acts with a
C(1)-0s—C(6) bite angle of 77.30(8)°, and the coordinated

The 'H, *'P{'H}, and "C{'H} NMR spectra of 2—4 are con-
sistent with the structures shown in Figures 1 and 2. The hy-
dride ligands display two broad resonances at about —8 and —
10 ppm, in a 1:2 intensity ratio, in the '"H NMR spectra, in
dichloromethane-d,, between 293 and 183 K. On the base of
NOE experiments, the lower field resonance has been assigned
to the hydride ligand cisoid to the metalated phenyl carbon
atom whereas the higher field resonance is consistent with a
fast position exchange process involving the other two in-
equivalent hydrides. In agreement with the classical nature of
the ligands, 400 MHz T, min values between 102 and 181 ms
were found for these resonances. As expected for equivalent
phosphines, the >'P{'H} NMR spectra shows a singlet at about
25 ppm. In the *C{'H} NMR spectra in benzene-dg, at room

Scheme 3
PPry P'Pry —lBF‘*
| ~H  HBF,OEt, |
N\/OSTH —_— I\L\/OS\
; E H Et,0 |
R—Q_N\ ; RQ_N\
R P'Pry R P'Pry
2(R=H) 5(R=H)
3 (R =CHj,) 6 (R = CH3)
PiPr PPry |BF,
@ | ~H  HBF,OFEt, @ } WHz
N OSTH — N5
| w EO R [ e
> PPy ™ PPr,
4 7




Figure 3. ORTEP diagram of complex 6 (50% probability ellipsoids) (left). Hydrogen atoms are omitted for clarity. Selected bond
lengths (A) and angles (deg): Os—C(1) = 2.055(2), Os—C(6) = 2.121(2), Os—P(1) = 2.3964(6), Os—P(2) = 2.4021(6), H(01)-H(02) =
0.89(4), H(03)-H(04) = 0.91(4), C(1)-0s—C(6) = 77.30 (8), P(1)-Os—P(2) = 164.99(2). DFT optimized structure of complex 6
(right). Hydrogen atoms are omitted for clarity. Selected bond lengths (A): H(01)-H(02) = 0.971, H(03)-H(04) = 0.951.

hydrogen molecules. That situated #rans to the aryl group
(H(01)-H(02)) is disposed almost parallel to the P-Os—P di-
rection with the hydrogen atoms separated by 0.89(4) A,
whereas that in trans position with regard to the NHC unit
(H(03)-H(04)) lies in the plane of the C,C'-chelate ligand,
perpendicular to the P—Os—P direction, with the hydrogen
atoms separated by 0.91(4) A. The Os—C(1) and Os—C(6) bond
lengths of 2.055(2) A and 2.121(2) A, respectively, compare
well with those found in 2 and 4. Like in the trihydride deriva-
tives, the Os—C(NHC) distance is about 0.07 A shorter than
the Os—aryl bond length. The DFT optimized structure shown
in Figure 3 (right) confirms the non-classical interaction be-
tween the hydrogen atoms bonded to the metal center (H(01)—
H(02) = 0.971 A; H(03)-H(04) = 0.951 A).

The 'H, *'P{'H}, and "C{'H} NMR spectra of 5-7, in di-
chloromethane-d,, are consistent with the structure shown in
Figure 3. In the '"H NMR spectra, the most noticeable reso-
nance is that due to the coordinated hydrogen molecules,
which appears at about —7 ppm and displays 400 MHz T(min)
values between 12 + 2 ms and 14 £ 1 ms. They strongly sup-
port the non-classical interaction between the hydrogen atoms
coordinated to the metal center, also in solution. In agreement
with equivalent phosphines the *'P{'"H} NMR spectra contain
a singlet between 15 and 17 ppm. The “C{'H} NMR spectra
show the metalated carbon resonances of the chelate ligand
between 173 and 189 ppm for the NHC unit and about 147
ppm for the aryl group.

The behavior of 2—4 is markedly different from that de-
scribed for the previously reported family of trihydride osmi-
um(IV) complexes OsHy(x*-C,X)(P'Pr3), (X = O, N),> where
the anionic C,X-chelate group prevents the reduction of the
metal center. Thus, in contrast to 2—4, they react with HBF,,
releasing molecular hydrogen, to afford unsaturated dihydride-
osmium(IV) species, which are stabilized by coordination of
weak Lewis bases, such as acetone or water, or halides. In
order to understand the surprising stability of 5-7, which can
be isolated and characterized and do not dissociate molecular
hydrogen under argon or release the reduced chelate ligand,

we analyzed the bonding situation in 6 by means of DFT cal-
culations, at the BP86-D3/def2-SVP level. In particular, the
nature of the osmium-carbon interactions was investigated by
using the Atoms In Molecules (AIM) and Natural Bonds Or-
bital (NBO) methods.

Figure 4 shows the contour line diagrams of the Laplacian
distribution V2p(r) in the perpendicular plane to the P-Os—P
direction. As expected, according to the AIM method, com-
plex 6 is a five-membered metalacycle species possessing two
Os—C bond critical points (BCP) and one OsNC; ring critical
point (RCP). Furthermore the Os—C(aryl) bond as well the Os—
C(NHC) bond clearly exhibit an area of charge concentration
(V?p(r) < 0, solid lines) at the carbon ends with the shape of a
droplet-like appendix directed towards the osmium atom,

Figure 4. Contour line diagrams V’p(r) for complex 6
C(aryl)-Os—C(NHC) in the plane. Dashed lines indicate areas
of charge concentration (V>p(r) < 0) while solid lines show
areas of charge depletion (V2p(r) > 0). The solid lines connect-
ing the atomic nuclei are the bond paths while the small green
and red spheres indicate the corresponding bond critical points
and ring critical points, respectively. The solid lines separating
the atomic basins indicate the zero-flux surfaces crossing the
molecular plane.




therefore indicating a closed-shell donor-acceptor bond. In this
sense, the situation resembles that for related osmacycles
which are characterized by a o(C—Os) bond established by
donation of the in-plane lone-pair of the carbon atom to a
vacant d atomic orbital of the transition metal.'”®

The computed ellipticities (&.) at both Os—C bond critical
points, which can be used as a measure of the double-bond
character of a bond,”* suggest that the zcontribution at the
Os—C(NHC) bond is significantly higher than at the Os—
C(aryl) bond (&. = 0.183 versus 0.029, respectively). A similar
conclusion can be derived from the corresponding computed
Wiberg Bond Indices (WBI = 0.81 versus 0.68 a.u.). Indeed,
the second-order perturbation theory (SOPT) of the NBO
method locates a stabilizing two-electron delocalization from a
doubly-occupied d,(Os) atomic orbital to the p, atomic orbital
at the carbene carbon (Figure 5). The computed associated
SOPT stabilizing energy is quite significant (AE® = —40.6
keal-mol™") and, as expected, much higher than the d,(Os) —
7 (C=C) delocalization involving the phenyl group (AE? = —
6.6 kcal-mol™). As a consequence, the electronic occupation
of the p. atomic orbital at the carbene carbon atom is remarka-
ble (0.85¢) and higher than that computed for the free NHC
ligand (0.64e). It can be therefore concluded that the Os—
C(NHC) bond has a significant z-backdonation, which en-
hances the electrophilicity of the metal center.

d(Os)

Figure 5. Computed Natural Bond Orbitals involved in the
stabilizing d, (Os) — p.(NHC) two-electron delocalization in
complex 6.

The Os—C links influence the coordination of the hydrogen
molecules to the metal center. As a consequence of the re-
markable s-backdonation to the carbene carbon atom, the
backdonation of the osmium atom to the hydrogen molecule
trans disposed to the NHC unit decreases. Indeed, the SOPT
method indicates that the z-backdonation from the doubly
occupied d(Os) orbital to the o (H,) molecular orbital of this
molecule is lower (AE® = —30.9 kcal-mol ') than that to the
o (H,) molecular orbital corresponding to the hydrogen mole-
cule trans disposed to the phenyl group (AE® = —35.0
kecal-mol™).

It should be further mentioned that there are also significant
differences between the Os—C(NHC) and Os—P bonds because
is argued too many times that both types of bonds resemble.
The Wiberg Bond Indices indicate that the Os—C(NHC) bond
is stronger than the Os—P bond (0.81 versus 0.69) due to the 7
acceptor capacity of the p. orbital at the metalated carbon atom
of the NHC unit, which has not counterpart at the phosphine.
The computed ellipticities follow the same trend: Whereas a
value of 0.183 was computed for the Os—C(NHC) bond, a
much lower value of 0.040 was computed for the Os—P bond.

Deprotonation and Substitution of the Coordinated Hy-
drogen Molecules. The electrophility of the metal center of
the dihydrogen derivatives 5-7 activates one of the coordinat-
ed hydrogen molecule of these compounds toward the heterol-
ysis. As a consequence, complexes 5-7 are strong Brensted
acids. In acetone, at room temperature, they are in equilibrium
with their respective trihydride precursors 2—4. At 25 °C, val-
ues of 2.4x107° (5 and 6) and 1.1x107 (7) for the dissociation
equilibrium constants (K,,) were determined by 'P{'H} NMR
spectroscopy, which yield pK,* ™ values of 3.5 (5 and 6) and
3.8 (7). In order to compare the acidity of these complexes
with that of species soluble in water, pK,"** values of 2.5 (5
and 6) and 2.8 (7) were calculated by means of eq 1.2 They
reveal that the acidity of the dihydrogen complexes 5-7 is
similar to the acidity of the phosphoric acid (pK,, """ = 2.15)%

water __

and organic compounds such as bromoacetic acid (pK,
2.69) or chloroacetic acid (pK,""*" = 2.85).”

water
Pk,

_ water
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The heterolysis of one of the coordinated hydrogen mole-
cules of the bis(dihydrogen) derivatives to afford the trihy-
drides 2—4 should be viewed as the last stage in the direct
metalation process of the phenylbenzimidazolium and phe-
nylimidazolium salts, which can be rationalized as follows: on
an unsaturated dihydride species, generated by loss of two
hydrogen molecules from 1, the initial coordination of an
ortho-CH bond of the phenyl substituent of the salts could
promote its homolytic cleavage and the concerted NCHN-
proton transfer from the NHCH' unit to one of the hydride
ligands, to generate 5-7, in a manner that resembles the am-
moniaborane dehydrogenation on the unsaturated dihydrides
IrH,(POCOP™")”*¢ (POCOP®" = «’-P,C,P-(OP'Bu,),C4H;) and
OsH,(CO)(P'Pr3),.® The final transfer of the accepted proton
to an external base should lead to 2—4.

The hydrogen molecule is a weak Lewis base. Thus, it is
displaced from the metal coordination sphere by good coordi-
nating ligands which are also conjugated bases of very strong
Bronsted acids. In contrast to acetone, acetonitrile substitutes
the coordinated hydrogen molecules of 5 and 6. As a conse-
quence, the stirring of acetonitrile solutions of the dihydrogen
complexes, under argon, at room temperature, for 20 h leads to
the bis(solvento) derivatives 8 and 9, which were isolated as
green solids in 85% and 89% yield, respectively (Scheme 4).

Complex 9 was characterized by X-ray diffraction analysis.
The structure has two cations and two anions chemically
equivalent but crystallographically independent in the asym-
metric unit. Figure 6 shows a view of one of these cations. The
coordination polyhedron around the osmium atom can be
rationalized as a distorted octahedron with trans-phosphines
(P(1)-Os—P(2) = 173.49(3)° and 175.15(3)°). The chelate
ligand (C(1)-Os—C(6) = 78.06(12)° and 78.66(12)°) and the
acetonitrile molecules lie in the perpendicular plane. The Os—
C(1) bond lengths of 2.014(3) and 2.004(3) A as well as the
0s—C(6) distances of 2.074(3) and 2.071(3) A compare well
with those of 2, 4, and 6 although they are now slightly short-
er.
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Figure 6. ORTEP diagram of complex 9 (50% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): Os—C(1) = 2.014(3),
2.003(3), Os—C(6) = 2.074(3), 2.071(3), Os—P(1) = 2.4208(8),
2.4324(8), Os-P(2) = 2.4172(8), 2.4160(8), Os—N(3) =
2.078(3), 2.069(2), Os—N(4) = 2.092(3), 2.092(2), C(1)-Os—
C(6) = 78.08(12), 78.67 (12), P(1)-Os—P(2) = 173.49(3),
173.15(3).

tive manner to a 1:1 mixture of the two possible isomers
(namely, P trans to aryl (a) or P trans to NHC (b)) of 10 and
11 (Scheme 4). The isomers were separated by using their
different solubility in pentane, isolated in moderated yield, and
fully characterized including the X-ray diffraction analysis of
10a and 11b. Views of their octahedral structures are shown in
Figures 7 and 8. Bond lengths and angles are in the expected
ranges and do not need further comments. The 'H NMR spec-
tra contain the characteristic signal of the three types of lig-
ands. In agreement with inequivalent PPh,-groups, the *'P{'H}
NMR spectra contain AB spin systems between 27 and 43
ppm for isomers a and between 30 and 49 ppm for isomers b.
Chemical shifts and C—P coupling constants for the resonances
corresponding to the metalated carbon atoms of the C,C-
chelate ligands in the “C{'H} NMR spectra are consistent
with the stereochemistry of each isomer (see experimental
section).

The 'H, "C{'H} and *'P{'H} NMR spectra of 8 and 9, in
dichloromethane-d,, at room temperature are consistent with
the structure shown in Figure 6. In agreement with the pres-
ence of two inequivalent acetonitrile ligands in the complexes,
each 'H NMR spectrum contains two acetonitrile methyl reso-
nances at about 2.7 ppm whereas each "C{'H} NMR spec-
trum shows two CN resonances between 123 and 125 ppm and
two methyl signals at 5.4 and 5.3 ppm, along with the reso-
nances due to the metalated carbon atoms of the chelate ligand
at about 187 ppm (NCN) and at 147 ppm (Cpy). As expected,
the equivalent phosphines display a singlet at about 10 ppm in
the *'P{'H} NMR spectra.

Acetonitrile and phosphine ligands of 8 and 9 can be re-
placed by cis-1,2-bis(diphenylphosphino)ethylene (bdppe) and
acetylacetonate (acac) in a one-pot synthesis procedure, to
afford novel complexes containing three different chelate
ligands, C,C-, P,P-, and O,O-donor. Treatment of tetrahydro-
furan solutions of 8 and 9 with 1.0 equiv of diphosphine and
2.0 equiv of pentane-2,4-dione, in the presence of 2.0 equiv of
potassium hydroxide, at 50 °C, for 5 h gives rise in a quantita-
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Figure 7. ORTEP diagram of complex 10a (50% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): Os—C(1) = 1.998(3), Os—
C(6) = 2.100(3), Os—P(1) = 2.3251(9), Os—P(2) = 2.227(9),

0s-0(1) = 2.136(2), 0s-0(2) = 2.150(2), C(1}-Os-C(6) =
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83.65(3).
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Figure 8. ORTEP diagram of complex 11b (50% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): Os—C(1) = 2.048(3), Os—
C(6) = 2.065(3), Os—P(1) = 2.2271(7), Os—P(2) = 2.3155(7),
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= 7823(11), O(1)-0s-0(2) = 84.58(7), P(1)-Os-P(2) =
83.24(2).




CONCLUDING REMARKS

The hexahydride complex OsHy(P'Pr3), promotes the direct
metalation  of  N-phenylbenzimidazolium  and  N-
phenylimidazolium salts to afford trihydride-osmium(IV)
derivatives, containing anionic Cyy,Crnc-chelate ligands. The
metal center of these compounds undergoes reduction by
protonation leading to bis(dihydrogen) derivatives. AIM and
NBO methods reveal that the Os—C(NHC) bond of the Os-
chelate link tolerates a significant z-backdonation from a
doubly-occupied d(Os) atomic orbital to the p. atomic orbital
at the carbene carbon atom, which enhances the electrophilici-
ty of the metal center. Thus, one of the coordinated hydrogen
molecules of the bis(dihydrogen) complexes is activated to-
wards heterolysis. As a consequence the dihydrogen complex-
es behave as strong Brensted acids with pK,"™" values be-
tween 2.5 and 2.8. In the presence of good coordinating lig-
ands, which are also conjugated bases of very strong Bronsted
acids, the hydrogen molecules are displaced by the ligands.

In conclusion, NHC's are very useful ligands to stabilize
non-classical H-H interactions due to their significant 7z~
accepting capacity, which is higher than those of the aryl
groups and alkylphosphine ligands.

EXPERIMENTAL SECTION

All reactions were carried out with rigorous exclusion of air using
Schlenk-tube techniques. Acetonitrile, methanol, and 2-propanol were
dried and distilled under argon. Other solvents were obtained oxygen-
and water-free from an MBraun solvent purification apparatus. NMR
spectra were recorded on a Varian Gemini 2000, a Bruker ARX 300
MHz, a Bruker Avance 300 MHz, or a Bruker Avance 400 MHz
instrument. Chemical shifts (expressed in parts per million) are refer-
enced to residual solvent peaks (‘H, 'H{*'P}, C{'H}) or external
standard C'P{'H} to 85% H;PO, and ''B to BF;-OEt,). Coupling
constants .J and N (N = J(PH) + J(P'H) for 'H and N = J(PC) + J(P'C)
for *C{'H}) are given in hertz. Attenuated total reflection infrared
spectra (ATR-IR) of solid samples were run on a Perkin-Elmer Spec-
trum 100 FT-IR spectrometer. C, H, and N analyses were carried out
in a Perkin-Elmer 2400 CHNS/O analyzer. High-resolution elec-
trospray mass spectra (HRMS) were acquired using a MicroTOF-Q
hybrid quadrupole time-of-flight spectrometer (Bruker Daltonics,
Bremen, Germany). Triethylamine and pentane-2,4-dione (Hacac)
were purchased from commercial sources and vacuum distilled. All
other reagents were purchased from commercial sources and used as
received. OsHg(P'Pr3), was prepared according to the published meth-
0d.” 1-phenyl-3-methyl-1-H-benzimidazolium iodide (HL,I) was
made with similar procedure to the reported by Hollis and co-workers
for 1,3-bis(N-benzimidazolyl)benzene.® 1-phenyl-3-methyl-1-H-5,6-
dimethyl-benzimidazolium iodine (HL,I) and 1-phenyl-3-methyl-1-H-
imidazolium iodine (HLs;I) were provided by UDC. Note: C is re-
ferred to ortho-metalated phenyl carbon atom (Cpp); C' is referred to
N-heterocyclic carbene carbon atom (NCN).

Preparation of 1-phenyl-3-methyl-1-H-benzimidazolium iodide
(HL1I). Step 1: Benzimidazole (3.500 g, 0.030 mol), K,CO; (4.100 g,
0.030 mol), CuO (0.310 g, 0.004 mol) and bromobenzene (2.6 mL,
0.025 mol) were dissolved in dimethylsulfoxide (15 mL) and the
mixture was stirred at 150 °C for 48 hours. Upon cooling to room
temperature, dichloromethane (100 mL) was added and the resulting
mixture was filtered through activated basic alumina (30 g). The
alumina was washed with a 1:10 mixture of 2-
propanol/dichloromethane (20 mL) and the filtrate was concentrated
to dryness. Addition of diethyl ether (5 mL) to the resulting brownish
residue caused the appearance of a white solid, which was washed
with additional portions of diethyl ether (4 x 3 mL) and dried in
vacuo. The obtained white powder was identified by 'H NMR as N-

phenylbenzimidazole. Yield: 4.650 g (81%). Step 2: A mixture of N-
phenylbenzimidazole (4.650 g, 0.024 mol), iodomethane (7.5 mL,
0.120 mol) and acetonitrile (30 mL) was stirred under reflux for 4
hours. The solution was cooled at room temperature with appearance
of a yellowish precipitate. After removing volatiles under vacuum, the
resulting solid was washed with a 2:1 mixture of diethyl
ether/methanol (3 x 15 mL) and dried in vacuo. The obtained white
powder was identified by 'H NMR as 1-phenyl-3-methyl-1-H-
benzimidazolium iodide. Yield: 6.920 g (86%).

Preparation of 1-phenyl-3-methyl-1-H-benzimidazolium tetra-
fluoroborate (HL;BF,). 1-phenyl-3-methyl-1-H-benzimidazolium
iodide (HL;I; 1.000 g, 2.975 mmol) and AgBF, (0.579 g, 2.975
mmol) were dissolved in acetonitrile (15 mL) in the absence of light.
The resulting suspension was stirred protected from light at room
temperature for 2 h before evaporating solvent under vacuum. Di-
chloromethane (15 mL) was added and the solution was filtered
through Celite to remove Agl. The Celite was washed with dichloro-
methane (2 x 5 mL) and the filtrate was concentrated to dryness.
Addition of diethyl ether (5 mL) to the residue resulted in the for-
mation of a white solid, which was washed with additional portions of
diethyl ether (2 x 4 mL) and dried in vacuo. Yield: 0.813 g (92%).
Preparation of 1-phenyl-3-methyl-1-H-5,6-dimethyl-
benzimidazolium tetrafluoroborate (HL,BF,). HL,BF; was pre-
pared as described for HLBF,, starting from HL,I (1.000 g, 2.740
mmol) and AgBF, (0.535 g, 0.003 mmol). A white solid was ob-
tained. Yield: 0.780 g (87%).

Preparation of 1-phenyl-3-methyl-1-H-imidazolium tetrafluorob-
orate (HL;BF4). HL;BF, was prepared as described for HL,BF,,
starting from HL;I (0.250 g, 0.874 mmol) and AgBF4 (0.179 g, 0.917
mmol). A white solid was obtained. Yield: 0.200 g (93%).
Preparation of OsH;(C,C'-L{)(P'Pr3); (2). HL;BF, (0.229 g, 0.774
mmol) was added to a solution of OsHg(P'Pr3), (1; 0.400 g, 0.774
mmol) in toluene (40 mL) and the resulting suspension was treated
with triethylamine (0.119 mL, 0.860 mmol). The mixture was stirred
for 4 hours under reflux. After cooling to room temperature, the
resulting amber solution was filtered through Celite and the filtrate
was concentrated to ca. 1 mL. Subsequent addition of methanol (8
mL) at 195 K caused the formation of a white precipitate, which was
washed with additional portions of methanol (3 x 4 mL) at 195 K and
dried in vacuo. Yield: 0.426 g (76%). X-ray quality crystals were
grown by layering a solution of complex 2 in toluene with methanol.
Anal. Calcd. for C3;HsN,OsP,: C 53.31%; H 7.83%; N 3.89%.
Found: C 53.01%; H 8.14%; N 3.91%. HRMS (electrospray, m/z):
Calcd. for C3;,HsiN,OsP, [M — 5 H]+: 719.3295. Found: 719.3281. IR
(em™): v(Os—H) 2044 (m). "H NMR (400 MHz, C¢Ds, 293 K): & 8.66
(d, *Juu = 7.2, 1 H, CHpy), 8.0-7.8 (m, 2 H, CHp;, and CHy,inn), 7.24
(ddd, *Jun =72, Jun =72, *“Jun= 1.0, 1 H, CHpy), 7.10 (ddd, *Jiyn
=72, un =72, “Juu = 1.0, 1 H, CHpp), 7.1-6.9 (m, 2 H, CHozin),
6.91 (m, 1 H, CHyzim), 3.92 (s, 3 H, NCH3), 1.79 (m, 6 H, PCH), 0.96
(dvt, N = 12.5, *Jiu = 6.9, 18 H, PCH(CH3),), 0.83 (dvt, N = 12.5,
Juu = 6.9, 18 H, PCH(CHs),), —8.18 (br, 1 H, OsH), —9.94 (br, 2 H,
OsH). *'P{'H} NMR (162.0 MHz, C¢Ds, 293 K): § 25.7 (s). *C{'H}-
APT NMR, HMBC and HSQC (100.5 MHz, C¢Ds, 293 K): 6 206.3 (t,
2Jep=5.4,NCN), 157.9 (t, “Jop = 6.7, OsCpn), 148.9 (s, NCpy), 148.0
(s, CHpp), 137.5 and 133.6 (both s, Cuyim), 124.3 (s, CHpy), 122.1 (s,
CHbyzim), 121.3 (s, CHbzim), 119.8 (s, CHpn), 112.5 (s, CHpzim), 110.4 (s,
CHpy), 109.1 (s, CHizim), 36.6 (s, NCH3), 27.9 (vt, N = 25.0, PCH),
19.9 and 19.8 (both s, PCH(CH3):). Timin (ms, OsH, 400 MHz,
CD,Cl,, 211 K): 141 £ 14 (-8.66 ppm); 102 + 10 (—10.27 ppm).
Preparation of OsH3(C,C'-L,)(P'Pr3); (3). Complex 3 was prepared
as described for 2, starting from OsHg(PPr3), (1; 0.400 g, 0.774
mmol), HL,BF4 (0.251 g, 0.774 mmol), and Et;N (0.120 mL, 0.860
mmol). A white solid was obtained. Yield: 0.491 g (84%). Anal.
Calcd. for C34sHegoN,OsP,*(CH3OH): C 53.82%; H 8.26%; N 3.59%.
Found: C 53.99%; H 8.51%; N 3.67%. HRMS (electrospray, m/z):

Caled. for C, H N OsP, [M — H]": 745.3452; Found: 745.3460. IR

(em™): v(Os—H) 2049 (m), v(Os—H) 2027 (m). 'H NMR (400 MHz,
CDs, 293 K): 8 8.67 (d, *Juu = 7.5, 1 H, CHpy), 8.02 (dd, *Jyu = 7.5,
“Jun=0.8, 1 H, CHpy), 7.88 (s, 1 H, CHyzim), 7.24 (ddd, *Ju u = 7.5,
3w = 7.5, “Ju = 1.1, 1 H, CHpy), 7.10 (ddd, *Jyy = 7.5, *Jin =



7.5, “Juu = 0.8, 1 H, CHpp), 6.80 (s, 1 H, CHyin), 3.96 (s, 3 H,
NCHj3), 2.13 and 2.12 (both s, each 3 H, CHaysim), 1.84 (m, 6 H,
PCH), 0.99 (dvt, N = 12.5, *Jy . = 6.9, 18 H, PCH(CH:),), 0.87 (dvt,
N=125,Jun= 69, 18 H, PCH(CH;),), —8.21 (br, 1 H, OsH), -9.96
(br, 2 H, OsH). *'P{'"H} NMR (162.0 MHz, C¢Ds, 293 K): & 25.6 (s).
BC{'H}-APT NMR, HMBC and HSQC (100.5 MHz, C¢Ds, 293 K): &
204.9 (t, “Jep = 5.6, NCN), 157.7 (t, “Jep = 6.7, OsCpy), 149.2 (s,
NCp), 148.0 (s, CHpy), 136.2, 132.2, 130.3, and 129.6 (all s, Cpyim),
124.2, 119.8, and 112.3 (all s, CHpn), 111.6 and 110.2 (s, CHbzim),
36.8 (s, NCHz3), 28.1 (vt, N = 24.8, PCH), 20.2 and 20.1 (both s,
CH3bzim)7 20.0 and 19.8 (bOth S, PCH(CH})Q) Tl(min) (ms, OSH, 400
MHz, CD,Cl,, 208 K): 181 + 18 (-8.68 ppm); 128 =13 (-10.31 ppm).
Preparation of OsH3(C,C'-L3)(P'Pr3); (4). Complex 4 was prepared
as described for 2, starting from OsHg(PPr3), (1; 0.420 g, 0.813
mmol), HL;BF4 (0.200 g, 0.813 mmol), and Et;N (0.114 mL, 0.813
mmol). A white solid was obtained. Yield: 0.456 g (74%). A crystal
suitable for an X-ray diffraction study was obtained from a concen-
trated solution of 4 in methanol. Anal. Calcd. for CysHs4N,OsP,: C
50.13%; H 8.11%; N 4.18%. Found: C 49.81%; H 7.70%; N 4.03%.
HRMS (electrospray, m/z): Calcd. for CogHyoN,OsP, [M — 5 H]™:
667.2981; Found: 667.3129. IR (cmﬁl): v(Os—H) 2020 (m), v(Os—H)
2005 (m). 'H NMR (400 MHz, C¢De, 293 K): 6 8.67 (d, *Juu =72, 1
H, CHpp), 7.2-7.1 (m, 4 H, CHpy and CHjy,), 6.39 (s, 1 H, CHin), 3.67
(s, 3 H, NCH3), 1.92 (m, 6 H, PCH), 1.13 (dvt, N =124, *Jy u = 6.4,
18 H, PCH(CHs),), 1.00 (dvt, N = 12.4, *Juu = 64, 18 H,
PCH(CH),), -8.41 (br, 1 H, OsH), —10.27 (br, 2 H, OsH). *'P{'H}
NMR (162.0 MHz, C¢Ds, 293 K): & 25.0 (s). "C{'H}-APT NMR,
HMBC and HSQC (100.5 MHz, CsDs, 293 K): & 190.0 (t, “Jc p = 6.1,
NCN), 158.1 (t, “Jop = 6.7, OsCpy), 148.0 (s, CHpp), 147.2 (s, NCpy),
124.6 (s, CHpp), 120.0 (s, CHim), 119.4 (s, CHppn), 114.3 (s, CHin),
110.3 (s, CHpn), 36.3 (s, NCHz3), 28.0 (vt, N = 24.3, PCH), 20.1 and
20.0 (both s, PCH(CHj3)2). Timiny (ms, OsH, 400 MHz, CD,Cl,, 203
K): 137 £ 13 (-9.01 ppm); 109 + 13 (—10.76 ppm).

Preparation of [Os(C,C"-L,)(72-H,),(P'Pr3),]BF, (5). A colorless
solution of 2 (0.353 g, 0.490 mmol) in diethyl ether (15 mL) was
treated with HBF4-OEt; (0.087 mL, 0.539 mmol). The mixture was let
to react at room temperature for 20 minutes before stirring at low
temperature (195 K) for 4 hours. During this time, the formation of a
white solid was observed. This solid was isolated by decantation,
washed with diethyl ether (3 x 3 mL), and dried in vacuo. Yield:
0.403 g (83%). Anal. Calcd. for C3;Hs;BFsN,OsP,: C 47.52%; H
7.01%; N 3.35%. Found: C 47.37%; H 6.87%; N 3.42%. HRMS
(electrospray, m/z): Caled. for C3,HsN,OsP, [M — 6 H]": 717.3138;
Found: 717.3309. IR (cm™): v(B-F) 1034 (br, vs). '"H NMR (300
MHz, CD,Cl,, 223 K): 8 8.10 (m, 1 H, CHyyin), 7.98 (d, *Jun = 7.6, 1
H, CHpy), 7.90 (d, *Jiu = 7.6, 1 H, CHpy), 7.54 (m, 1 H, CHyyi), 7.5—
7.4 (m, 2 H, CHuzim), 7.30 (dd, *Jin = 7.6, *Jun = 7.6, 1 H, CHpy),
7.01 (dd, *Jyy = 7.6, *Jun = 7.6, 1 H, CHp), 3.96 (s, 3 H, NCH3),
1.80 (m, 6 H, PCH), 0.86 (dvt, N = 13.7, *Juu = 658, 18 H,
PCH(CH),), 0.81 (dvt, N = 13.1, *Jy u = 6.5, 18 H, PCH(CHs),), —
6.74 (br, 4 H, OsH). *'P{'"H} NMR (121.0 MHz, CD,Cl,, 293 K): &
14.9 (s). "F{'H} NMR (282.4 MHz, CD,Cl, 293 K): & —153.3
(br).”C{'H}-APT NMR, HMBC and HSQC (75.5 MHz, CD,Cl,, 223
K): 8 188.6 (t, “Je_p = 5.6, NCN), 148.2 (br, OsCpp), 144.8 (s, CHpp),
135.2 and 131.2 (both s, Cizim), 126.0 and 124.4 (both s, CHpy), 123.9
and 123.5 (8, Cozim), 113.8 (s, CHpp), 111.5 and 111.0 (s, CHpzim), 36.6
(s, NCH3), 254 (vt, N = 13.9, PCH), 19.3 and 18.7 (both s,
PCH(CH3),). Note: NCpy, signal missing presumably due to coinci-
dental overlap. Timin (ms, OsH, 400 MHz, CD,Cl,, 193 K): 12.0 + 2
(—6.83 ppm).

Preparation of [Os(C,C '-Lz)(ﬂz-Hz)z(PiPrg)z]BF4 (6). Complex 6
was prepared as described for 5, starting from 3 (0.100 g, 0.134
mmol) and HBF4-OEt, (0.020 mL, 0.147 mmol). A white solid was
obtained. Yield: 0.098 g (88%). X-ray quality crystals were grown by
layering a solution of complex 6 in dicloromethane with pentane.
Anal. Caled. for C34HgiBFsN,OsP,: C 48.80%; H 7.35%; N 3.35%.
Found: C 48.65%; H 7.51%; N 3.14%. HRMS (electrospray, m/z):
Calcd. for C34HssN,OsP, [M — 6 H]™: 745.3583; Found: 745.3452. IR
(em™): v(B-F) 1048 (vs), v(B-F) 1034 (vs). '"H NMR (300 MHz,
CD,Cly, 223 K): 6 7.98 (d, *Juu = 7.5, 1 H, CHpy), 7.89 (d, *Jun =

7.5, 1 H, CHp), 7.85 (s, 1 H, CHpzim), 7.4-7.2 (m, 2 H, CHpim and
CHpp), 7.00 (dd, *Jyy = 7.5, *Juu = 7.5, 1 H, CHp), 3.90 (s, 3 H,
NCH3;), 2.42 and 2.38 (both s, each 3 H, CHspim), 1.80 (m, 6 H,
PCH), 0.99 (dvt, N = 14.0, *Ju u = 7.0, 18 H, PCH(CH:),), 0.78 (dvt,
N = 14.0, *Jyy = 7.0, 18 H, PCH(CHs),), —6.78 (br, 4 H, OsH).
S'p{'"H} NMR (121.0 MHz, CD,Cl,, 293 K): & 15.2 (s). “F{'H}
NMR (282.4 MHz, CD,Cl, 293 K): 8 —153.3 (br). *C{'H}-APT
NMR, HMBC and HSQC (75.5 MHz, CD,Cl,, 223 K): 8 187.0 (t, “Jc_
p=7.7, NCN), 148.6 (t, “Jcp = 1.6, OsCpp), 145.1 (s, CHpy), 134.0,
133.5, 133.2, and 129.8 (all s, CHpzim), 126.1, 125.0, and 114.1 (all s,
CHpy), 112.3 and 111.4 (both s, CHpyim), 36.7 (s, NCH3) 25.8 (vt, N=
27.8, PCH), 20.7 and 20.4 (both s, CHspim), 19.6 and 18.9 (s,
PCH(CHj3),). Note: NCpp, signal missing presumably due to coinci-
dental overlap. Ti(min) (ms, OsH, 400 MHz, CD,Cl,, 193 K): 14 + 1 (-
6.79 ppm).

Preparation of [Os(C,C'-Ls)(#7’-H2)2(P'Pr),]BF, (7). Complex 7
was prepared as described for 5, starting from 4 (0.150 g, 0.224
mmol) and HBF4-OEt, (0.034 mL, 0.246 mmol). A white solid was
obtained. Yield: 0.151 g (89%). Anal. Calcd. for C,sHssBF4sN,OsP,: C
44.33%; H 7.31%; N 3.69%. Found: C 44.13%; H 7.23%; N 3.84%.
HRMS (electrospray, m/z): Calcd. for CysHsoN,OsP, [M — 6 H]+:
667.2981; Found: 667.3005. IR (cm™): v(B-F) 1050 (vs); v(B-F)
1031 (vs). '"H NMR (300 MHz, CD,Cl,, 223 K): & 7.89 (d, *Jipy =
7.7, 1 H, CHpy), 7.57 (s, 1 H, CHiw), 7.27 (s, 1 H, CHim), 7.25 (d, Ju_n
=7.7,1H, CHpy), 7.15 (dd, *Jy = 7.2, *Jun = 7.2, 1 H, CHpp), 6.96
(dd, *Jyu = 7.2, *Jun = 7.2, 1 H, CHpp), 3.75 (s, 3 H, NCH;), 1.81
(m, 6 H, PCH), 0.89 (dvt, N = 13.8, *Juu = 6.9, 18 H, PCH(CH),),
0.80 (dvt, N = 12.8, *Jy u = 6.5, 18 H, PCH(CH;),), —7.22 (br, 4 H,
OsH). *P{'H} NMR (121.0 MHz, CD,CL, 293 K): & 16.4 (s).
F{'H} NMR (282.4 MHz, CD,Cl,, 293 K): 8 —153.6 (br). *C{'H}-
APT NMR, HMBC and HSQC (75.5 MHz, Ce¢Ds, 223 K): 6 173.3 (t,
2Jep=6.6, NCN), 146.7 (t, “Jop = 1.9, OsCpp), 144.9 (s, CHpy), 138.4
(t, *Jop = 10.2, NCpp), 126.4 and 124.6 (both s, CHpy), 123.2 and
115.6 (both s, CHin), 112.3 (s, CHpy), 39.2 (s, NCH3), 25.5 (vt, N =
28.1, PCH), 19.6 and 18.8 (both s, PCH(CH3)2). Ti(min) (ms, OsH, 400
MHz, CD,Cl,, 203 K): 13 £ 2 (=7.24 ppm).

Preparation of [Os(C,C'"-L;)(NCCH;),(P'Pr3);]BFs (8). A pale
amber solution of 5 (0.315 g, 0.376 mmol) in acetonitrile (20 mL) was
stirred at room temperature under a flow of argon for approximately
20 hours. After filtration through Celite, the greenish-yellow solution
was concentrated to dryness. Addition of diethyl ether (8 mL) to the
residue at 195 K resulted in the formation of a green solid, which was
washed with additional portions of diethyl ether (2 x 4 mL) and dried
in vacuo. Yield: 0.292 g (85%). Anal. Calcd. for C3sHsoBF4N4OsP,: C
48.76; H 6.71; N 6.32. Found: C 48.31; H 6.88; N 6.21. HRMS (elec-
trospray, m/z): Calcd. for C3,HsN,OsP; [M — 2 H — 2(NCCH:)]™:
717.3138; Found: 717.3351. IR (cmﬁl): v(C=N) 2253 (w), v(B-F)
1049 (vs), v(B—F) 1029 (vs). '"H NMR (400 MHz, CD,Cl,, 293 K): &
7.96 (m, 1 H, CHuzin), 7.80 (d, *Jun = 7.3, 1 H, CHpy), 7.64 (d, *Jini
= 7.3, 1 H, CHpn), 7.34 (m, 1 H, CHpyim), 7.4-7.2 (m, 2 H, CHpyim),
6.93 (dd, >y = 7.3, *Jin = 7.3, 1 H, CHpp), 6.84 (dd, *Jypy = 7.3,
*Jun =73, 1 H, CHp,), 4.07 (s, 3 H, NCH3), 2.74 and 2.69 (both s,
each 3 H, NCCHs3), 2.2-2.0 (m, 6 H, PCH), 0.94 (dvt, N = 12.6, Jun
= 6.8, 18H, PCH(CHs),), 0.89 (dvt, N = 12.6, *Juu = 6.8, 18 H,
PCH(CH:),). 'P{'H} NMR (121.0 MHz, CD,Cl,, 293 K): & —10.2
(s). "F{'H} NMR (162.0 MHz, CD,Cl,, 293 K): & —153.3 (br).
BC{'H}-APT NMR, HMBC and HSQC (100.5 MHz, CD,Cl,, 293
K): & 1882 (t, “Jop = 7.6, NCN), 151.4 (s, NCpy), 146.6 (t, “Jep =
7.7, OsCpp), 139.4 (s, CHpy), 137.5 and 133.4 (both s, Cpyim), 124.8
and 123.6 (both s, NCCHs;), 123.4 (br, CHpn and CHuyim), 122.4 (s,
CHbpzim), 120.6 and 112.1 (both s, CHpn), 110.4 and 109.6 (both s,
CHbzim), 35.2 (s, NCH3), 25.1 (vt, N=22.4, PCH), 19.6 and 19.5 (both
s, PCH(CH3),), 5.4 and 5.3 (both s, NCCH3).

Preparation of [Os(C,C'-L2)(NCCH;)2(P'Pr3)2]BF4 (9). Compound
9 was prepared as described for 8, starting from 6 (0.422 g, 0.504
mmol) with exception that the acetonitrile solution was concentrated
to ca. 1 mL before the addition of diethyl ether (8 mL). A pale green
solid was obtained. Yield: 0.411 g (89%). X-ray quality crystals were
grown by layering a solution of complex 9 in dichloromethane with
pentane. Anal. Calcd. for C3sHg;BFsN4OsP,: C 49.89; H 6.94; N 6.12.



Found: C 49.85; H 6.95; N 5.99. HRMS (electrospray, m/z): Calcd.
for Cs34HssN,OsP, [M — 2 H — 2 (NCCH;)T: 745.3452; Found:
745.3489. IR (cm'): v(C=N) 2245 (w); v(B-F) 1054 (vs), v(B-F)
1036 (vs), v(B-F) 1025 (vs). '"H NMR (400 MHz, CD,Cl,, 293 K): &
7.77 (d, *Jyua = 7.3, 1 H, CHpy), 7.74 (s, 1 H, CHuziny), 7.62 (d, *Jyp =
7.3, 1 H, CHpp), 7.1 (s, 1 H, CHyin), 6.91 (dd, *Jun=7.3, Juu=7.3,
1 H, CHpn), 6.81 (dd, *Jin = 7.3, “Juu = 7.3, 1 H, CHpp), 4.02 (s, 3
H, NCHs;), 2.73 and 2.69 (both s, each 3 H, NCCH;), 2.43 and 2.39
(both s, each 3 H, CHabzim), 2.1 (m, 6 H, PCH), 0.93 (dvt, N = 12.8,
Juw=6.5, 18 H, PCH(CH),), 0.89 (dvt, N=12.8, Ju u = 6.5, 18 H,
PCH(CHs),). 'P{'H} NMR (121.0 MHz, CD,Cl,, 293 K): & —10.1
(s). “F{'H} NMR (162.0 MHz, CD,Cl,, 293 K): & —1482 (br).
BC{'H}-APT NMR, HMBC and HSQC (75.5 MHz, CD,Cl,, 293 K):
8 186.4 (t, “Jop = 7.7, NCN), 151.6 (s, NCpy), 146.6 (t, Jop = 7.7,
OsCpy), 139.3 (s, CHpy), 136.0, 132.1, 131.8, and 131.3 (all s, Chzim),
124.5 and 123.4 (both s, NCCH3;), 123.1, 120.5, and 111.9 (all s,
CHpy), 111.3 and 110.3 (both s, CHpzim), 35.1 (s, NCH3), 25.0 (vt, N=
22.4, PCH), 20.6 and 20.4 (both s, CH3pzim), 19.5 and 19.4 (both s,
PCH(CHj3),), 5.4 and 5.3 (both s, NCCH3).

Preparation of Os(C,C'-L;)(0,0'-acac)(P,P'"-bdppe) (10). Potassi-
um hydroxide (2.200 mL, 0.259 M in methanol, 0.570 mmol) was
added to a solution of 8 (0.300 g, 0.338 mmol), cis-1,2-
bis(diphenylphosphino)ethylene (bdppe; 0.134 g, 0.338 mmol), and
pentane-2,4-dione (Hacac; 0.058 mL, 0.580 mmol) in THF (15 mL).
After the reaction mixture was stirred at 323 K for 5 hours, volatiles
were removed under vacuum. Dichloromethane (12 mL) was added
and the resulting suspension was filtered through Celite. The filtrate
was concentrated to dryness and pentane (15 mL) was added to afford
a yellow solid corresponding to 10a, which was washed with more
pentane (10 x 15 mL) and dried in vacuo. The pentane solution previ-
ously obtained was filtrated through Celite and the filtrate concentrat-
ed to dryness to yield an orange solid corresponding to 10b, which
was purified by chromatography (silicagel 230-400 mesh and pen-
tane/methylene chloride 1:1 as eluent).

Experimental data for Os(C,C"-L;)(0,0"-acac)(P,P'-bdppe) (10a):
Yield: 0.104 g (35%). X-ray quality crystals were grown by layering a
solution of complex 10a in dichloromethane with pentane. Anal.
Caled. for C45H4oN20,0sP,: C 60.53; H 4.51; N 3.14. Found: C
60.92; H 4.56; N 2.75. HRMS (electrospray, m/z): Calcd. for
C45H40N>0O,0sP; [M]+: 894.2177; Found: 894.2379. IR (cmﬁl): v(CO)
1580 (m), v(CO) 1518 (m). '"H NMR (300 MHz, CD,Cl,, 293 K): &
8.2-6.4 (m, 30 H, 22 CHuqppe, 4 CHpzim, and 4 CHpp), 4.73 (s, 1 H,
CHacac), 2.64 (s, 3 H, NCHs3), 1.50 and 1.24 (both s, each 3 H,
CHigeno). *'P{'H} NMR (121.0 MHz, CD,Cl,, 293 K): 8 42.7 (d, *Jpp
= 18.5, bdppe), 26.5 (d, “Jp_p = 18.5, bdppe). *C{'H}-APT NMR,
HMBC and HSQC (75.5 MHz, CD,Cl,, 293 K): & 189.6 (dd, “Jc p =
9.5, ZJc,p =1.6,NCN), 182.7 and 181.2 (both s, CO), 164.6 (dd, 2Jep
=854, “Jep = 7.0, Osth) 154.6 (dd, 'Jep = 45.5, Jgp =325,
CHﬂhylene bdppe) 151.0 (d JC P= 6. 7 NCph) 150.6 (dd JC P = 35. 9
e P =21.8, CHelhylene bdppe)> 139.3 (d, Jep = 33 1, Cpn- bdppe) 138.7
(dd JC p*572 Jc p726 CPhbdppe) 1379(dd Jc p*306 JC P=
1.5, Conbappe)s 137.3 (S, Coim), 137.3 (d, 'Jop = 42.8, Conbappe), 135.4
(s, CHpy), 134.3 (d, Je—p = 10.4, CHpp-vappe), 133.6 (S, Chzim), 132.7 (d,
Jc,p = 100, CHPh-bdppe), 130.5 (d, Jc,p = 17, CHPh-bdppe)a 1296 (d, chp
= 9.3, CHphbappe)s 129.6 (S, CHppvappe), 129.0 (d, Jep = 9.0, CHpy-
bdppe), 128.3 (d, JC,p = 2.0, CHPh-bdppe), 128.2 (d, Jc,p = 0.6, CHPh-bdppe),
1280 (d, Jp_c: 96, CHPh-bdppe)a 1278 (d, Jc,p = 79, CHPh-bdppe)s 1275
(d, Je-p = 9.7, CHph-bappe)> 123.1 (d, Jep = 4.9, CHpy), 121.9 (s, CHpn),
121.7 and 120.9 (both s, CHyin), 112.2 (d, *Jcp = 2.6, CHpy), 109.6
and 108.2 (both s, CHyim), 101.2 (s, CHacac), 34.9 (d, “Jop = 4.7,
NCH3), 27.7 (s, CHsacac)-

Experimental data for Os(C,C"-L)(0,0'-acac)(P,P'-bdppe) (10b):
Yield: 0.074 g (25%). Anal. Calcd. for C4sH4N,0,0sP,: C 60.53; H
4.51; N 3.14. Found: C 60.58; H 4.70; N 2.95. HRMS (electrospray,
m/z): Calcd. for C4sH4N,0,0sP, [M]": 894.2177; Found: 894.2208.
IR (cm): v(CO) 1578 (m), v(CO) 1512 (m). 'H NMR (300 MHz,
CD2C12, 293 K) 58.12 (m, 2 H, CHPh-bdppe); 7.92 (m, 2 H, CHPh-bdppe),
7.9-7.0 (1’1‘1, 15 H, 2 CHethylene-bdppe, 9 CHPh—bdppe, and 4 CHbzim), 7.0-6.9
(m, 1 H, CHpp), 6.89 (m, 2 H, CHpn-bappe), 6.75 (m, 1 H, CHph-bappe)»
6.7-6.6 (m, 1 H, CHpy), 6.5-6.4 (m, 1 H, CHpp), 6.34 (m, 2 H, CHpy,.

bdppe)> 0.3—60.1 (m, 1 H, CHpy), 6.06 (m, 2 H, CHpppappe), 5.04 (s, 1 H,
CHacac), 3.92 (s, 3 H, NCHj3), 1.60 and 1.20 (both s, each 3 H,
CHiaeao)- °'P{'H} NMR (121.0 MHz, CD,Cl,, 293 K): & 48.4 (d, “/p_p
= 10.9, bdppe), 30.6 (d, %Jpp = 10.9, bdppe). *C{'H}-APT NMR,
HMBC and HSQC (75.5 MHz, CD,Cl,, 293 K): & 196.8 (dd, *Jc p =
104 1, %Jep = 8.7, NCN), 184.2 and 183.4 (both s, CO), 153.8 (dd,
e p=45. 9 2Jep=28. 4 CHethylene-vdppe)> 152.6 (d, *Jep = 2.2, NCph)
147.7 (dd, 'Je p = 41.9, %Jc p =23 4, CHethylene-bappe), 145.4 (dd, .]c P=
8.3, 2cp = 4.3, OsCpp), 1444(d Jep= 6.3, CHpy), 140.9 (d, 'Jep =
42.6, Conbappe)> 139.2 (d, 'Jep = 35.3, Chunappe)s 137.8, (d, Jep =
35.3, Chhbdppe)> 137 (M, Cuzim), 136.2 (d, Jep = 11.2, CHpp-bappe), 135.2
(dd, IJ(/LP = 343, 3J(;,p = 24, CPh»bdppe)a 135.1 (d, Jc,p = 110, Cth.
bappe)> 133.8 (d, Jep = 2.3 Cuyim), 132.6 (d, Jep = 10.4, CHpn-bappe)s
130.5 (d, Je-p = 1.6, Cphvappe), 130-129 (m, CHppepappe), 128.6 (d, Jep
= 91, CHPh-bdppe)s 1282 (S, CHPh-bdppe), 1278 (d, Jc,p = 95, Cth_
bappe)> 127.8 (d, Je-p = 8.1, CHph-bappe), 127.4 (d, Jep = 2.0, CHph-pappe)s
126.9 (d, Jc,p = 97, CHPh-bdppe); 122.8 (S, CHbzim), 122.7 (S, Cth),
121.7 (s, CHpzim), 118.9 (s, CHpn), 111.6 (s, CHpn), 111.0 and 109.5
(both s, CHyim), 101.9 (s, CHaeac), 32.1 (s, NCH3), 28.1 (d, “Jep=4.2,
CH}acac), 276 (5, CH3acac)-

Preparation of Os(C,C'-L;)(0,0'acac)(P,P'-bdppe) (11). Com-
pound 11 was prepared in a similar way as 10, starting from 9 (0.600
g, 0.656 mmol), cis-1,2-bis(diphenylphosphino)ethylene (bdppe;
0.260 g, 0.657 mmol), pentane-2,4-dione (Hacac; 0.115 mL, 1.120
mmol), potassium hydroxide (4.300 mL, 0.259 M in methanol, 1.114
mmol) and THF (24 mL). After the reaction mixture was stirred at
323 K for 3 hours, volatiles were removed under vacuum. Dichloro-
methane (25 mL) was added and the resulting suspension was filtered
through Celite. The filtrate was concentrated to dryness and pentane
(20 mL) was added to afford a yellow solid corresponding to 11a,
which was washed with further pentane (9 x 20 mL) and dried in
vacuo. The pentane solution previously obtained was filtrated through
Celite and the filtrate concentrated to dryness to yield an orange solid
corresponding to 11b, which was purified by chromatography (sili-
cagel 230-400 mesh and pentane/methylene chloride 1:1 as eluent).
Experimental data for Os(C,C'"-L,)(0,0"-acac)(P,P'-bdppe) (11a):
Yield: 0.245 g (41%). Anal. Calcd. for C47HuuN>O,0sP,: C 61.29; H
4.81; N 3.04. Found: C 61.77; H 5.00; N 2.83. HRMS (electrospray,
m/z): Caled. for C47H44N,0,0sP, [M]": 922.2506; Found: 922.2491.
IR (ecm™"): v(CO) 1581 (m), v(CO) 1520 (m). 'H NMR (300 MHz,
CD,Cl,, 293 K): & 8.2-6.3 (m, 28 H, 22 CHph-bappes 2 CHpzim, 4 CHpy),
4.75 (s, 1 H, CHgeac), 2.57 (s, 3 H, NCH3), 2.35 and 2.22 (both s, each
3 H, CHapim), 1.50 and 1.23 (both s, each 3 H, CHsyeoo). ° ' P{'H}
NMR (121.0 MHz, CD,Cl,, 293 K): & 42.7 (d, %Jp_p = 18.1. bdppe),
26.6 (d. “Jpp = 18.1, bdppe). *C{'H}-APT NMR, HMBC and HSQC
(75.5 MHz, CD,Cl,, 293 K): & 188.2 (dd, 2Jep = 10.1, %Jcp = 1.5,
NCN), 182.7 and 181. 2 (both s, CO) 164.8 (dd, *Jep = 85.5, "Jop =
6.9, Osth) 154.8 (dd, 'Je p = 45. 3 2Jep=32.7, CHethylene-bappe)> 151.3
d, Jep=22, NCph) 150.6 (dd, 'Jep = 35.9, 2Jep = 21.9, CHﬂhyle“e
bdppe)> 139.5 (d, Jep=32.8, Cpp. bdppe)s 139 0 (dd, "Jep =572, Jcp =
2 5, Conbdppe)> 138.1 (dd, 'Je p = 30.3, *Je p =1.5, Conbappe), 137.6 (d,
JC P= =42. 8 Cph bdppe) 135.8 (S Cb21m) 135.5 (S Cth) 134.3 (d Jg P
= 10.4, CHpn-bappe), 132.7 (d, Je—p = 10.0, CHpp-bappe), 132.2 (s, Cozim),
130.4 (d, JC,p = 14, CHPh-bdppe), 130.1 (S, Chzim), 129.8 (d, Jc,p = 97,
CHph-bappe)s 129.5 (d, Jep = 1.9, CHppvappe), 129.4 (S, Chzim), 129.0 (d,
Jc,p = 9.1, CHPh—bdppc), 128.4 (d, Jc,p = 2.0, CHPh—bdppc), 128.1 (d, Jc,p
:1.0, CHPh-hdppe); 128.0 (d, JC,p = 100, CHPh-bdppe)a 127.9 (d, chp =
8.3, CHpn-bappe), 127.6 (s, Jep = 9.7, CHppvappe), 122.8 (d, Jep = 5.0,
CHpp), 121.8 (s, CHpy), 112.0 (d, Jcp =2.6, CHpp), 110.8 and 109.1
(both s, CHuyinm), 101.1 (s, CHueac), 34.8 (d, “Jop = 5.0, NCH3), 27.7
and 27.6 (both s, CHzyeac), 20.5 and 20.2 (both s, CHj3pyim).
Experimental data for Os(C,C"-L,)(0,0'-acac)(P,P'-bdppe) (11b):
Yield: 0.154 g (25%). X-ray quality crystals were grown by layering a
solution of complex 11b in dichloromethane with pentane. Anal.

Calcd. for C47H44OZOSN P: C 61.29; H 4.81; N 3.04. Found: C

61.08; H 4.70; N 2.95. HRMS (electrospray, m/z): Caled. for

C,,H,,0,0sN,P, [M]": 922.2506; Found: 922.2491. IR (cm’l): v(CO)

1581 (m), v(CO) 1515 (m). "H NMR (300 MHz, CD,Cl,, 293 K): 8
8.11 (i, 2 H, CHppngppe). 7.91 (m, 2 H, CHpngppe). 7.73 (ddd, 2 =
46 8 JH P= 8 7 HZ J]—[ H 8 7 HZ 1 H CHe(hyknE bdppe) 7 6—7 0 (m



12 H, 1 CHe(hylene-bdppe, 9 CHPh-bdppes and 2 CHbzim), 6.96 (d, 3JH,]-[ = 74,
1 H, CHpn), 6.89 (m, 2 H, CHph-vappe), 6.76 (m, 1 H, CHph-bappe), 6.62
(d, *Jii = 74, 1 H, CHpp), 6.45 (dd, *Jyy = 7.4, Sy = 7.4, 1 H,
CHpy), 6.36 (m, 2 H, CHpbappe), 6.15 (dd, *Ji = 7.4, *Ju = 7.4, 1
H, CHpn), 6.07 (m, 2 H, CHph-bappe), 5.02 (s, 1 H, CHacac), 3.87 (s, 3 H,
NCHs), 2.40 and 2.36 (both s, each 3 H, CHabyim), 1.59 and 1.19 (both
s, each 3 H, CHayeoo). >'P{'"H} NMR (121. 0 MHz, CD,Cly, 293 K): §
48.5 (d, “Jp_p = 10.9, bdppe), 30.7 (d, “Jp_p = 10.9, bdppe). *C{'H}-
APT NMR, HMBC and HSQC (75.5 MHz, CD,Cl,, 293 K): 6 195.6
(dd, *Jep = 103.6, “Jp_c = 7.7, NCN), 184.1 and 183.3 (both s, CO),
153.8 (dd, 'Jep = 45.7, 2Jcp = 28.5, CHetnylene-bdppe)> 152.8 (d, *Je p =
1.9, NCpy), 147.8 (dd, 'Jep = 41.7, *Jep = 23.2, CHetnylene-bappe)s 145.2
(dd, Jep=7.2,%Jc p = 3.5, OsCpy), 144.4 (d, Jo » = 6.2, CHpy), 141.1
(d, Jep = 42.5, Conbappe)> 139.4 (d, Jop = 35.0, Convappe)> 137.1,
136.4 and 133.5 (all s, Cizim and 2 Cppbappe), 136.2 (d, Jep = 11.2,
CHphevappe)s 135.1 (d, Jep = 10.9, CHppbappe), 132.6 (d, Jep = 10.3,
CHPh-bdppe)» 132.3 (d, JC,p = 24, Cbzim), 131.4 and 130.5 (bOth S, Cbzim),
130.4 (d, Je—p = 1.6, CHphvappe), 129.7 (d, Je—p = 9.1, CHphopdppe), 129.6
(d, Je-p = 0.6, CHpn-bappe), 128.6 (d, Jep = 9.0, CHph-pappe), 128.2 (5,
CHPh-bdppe), 1278 (d, Jc,p = 94, CHPh-bdppe), 1277 (d, Jc,p = 81, Cth.
bappe)> 127.3 (S, CHph-bappe)s 126.9 (d, Je—p = 9.6, CHppvappe), 122.4 and
118.8 (both s, CHpp), 111.9 (s, CHpzim), 111.4 (s, CHpy), 110.2 (s,
CHpsim), 101.9 (s, CHueo), 32.0 (s, NCHs), 28.0 (d, “Jop = 3.9,
CHaacac), 27.6 (s, CHzacac), 20.7 and 20.5 (both s, CH3pim).
Determination of pK,'s of Complexes 5, 6 and 7. Three NMR tubes
were charged with three 0.036 M solutions of 5, 6, and 7 in (CH3),CO
(0.5 mL), respectively. The evolution of these acetone solutions was
monitored by 31P{IH} NMR spectroscopy. The pK,'s values were
determined by measuring the appearance of 2—4 and disappearance of
5-7, by means phosphorus integrable experiments, until the equilibria
were reached (i.e.; after ~30 hours at room temperature in the three
cases), see Figures S1-S3. The concentration values in the equilibria
were found to be 3.27x107 / 3.27x10° mol-L™" (5 / 2 and 6 / 3) and
3.36x107/2.26x10° mol-L" (7/ 4).

Structural Analysis of Complexes 2, 4, 6, 9, 10a, and 11b. X-ray
data were collected for the complexes on a Bruker Smart APEX and
APEX DUO CCD diffractometers equipped with a normal focus, 2.4
kW sealed tube source (Mo radiation, A = 0.71073 A) operating at 50
kV and 30 mA. Data were collected over the complete sphere. Each
frame exposure time was 10 (2, 4, 6, 11b) or 20 (9 and 10a) s cover-
ing 0.3° in ®. Data were corrected for absorption by using a multiscan
method applied with the SADABS program.”' The structures were
solved by Patterson or direct methods and refined by full-matrix least
squares on F* with SHELXL97,* including isotropic and subsequent-
ly anisotropic displacement parameters. The hydrogen atoms (except
hydrides) were calculated, and refined using a restricted riding model.
Hydrogens bonded to metal atoms were observed but some of them
refined too close to metals, so a restricted refinement model was used
for them in 2 and 4 (Os—H 1.59(1) A), however were refined freely in
6. The disordered groups or disordered solvent molecules were re-
fined with isotropic displacement parameters and restrained geome-
tries.

Crystal data for 2: C3;HseN,OsP,, My 720.93, colourless, irregular
block (0.25 x 0.18 x 0.10), monoclinic P2,/c, a: 9.4244(18) A, b:
18.294(4) A, ¢: 19.003(4) A, f: 99.266(3)°, V' =3233.6(11) A’, Z=4,
Z’=1, Deaie: 1.481 g cm™, F(000): 1472, T = 100(2) K, p 4.065 mm™.
21934 measured reflections (20: 3-58°, ® scans 0.3°), 7819 unique
(Rine = 0.0237); min./max. transm. Factors 0.694/0.862. Final agree-
ment factors were R' = 0.0221 (6759 observed reflections, 1 > 26(I))
and wR? = 0.0522; data/restraints/parameters 7819/3/352; GoF =
1.040. Largest peak and hole 1.388 (close to osmium atom) and -
0.721 ¢/ A’.

Crystal data for 4: CysHssN,OsP,, My 670.87, colourless, irregular
block (0.16 x 0.08 x 0.08), triclinic, space group P-1, a: 9.0462(4) A,
b: 11.6082(5) A, c: 14.7453(7) A, a: 79.6040(10)° , f: 89.3470(10)°,
y: 79.0970(10)°, ¥V = 1495.08(12) A®, Z=2, Z’ =1, Degie: 1.490 g e’
3, F(000): 684, T = 100(2) K, p 4.390 mm™. 18182 measured reflec-
tions (20: 3-58°, o scans 0.3°), 6940 unique (Riy = 0.0232); min./max.
transm. Factors 0.749/0.862. Final agreement factors were R' =
0.0209 (6553 observed reflections, 1 > 2o(I)) and wR? = 0.0467;

data/restraints/parameters 6940/3/320; GoF = 1.042. Largest peak and
hole 1.049 (close to osmium atom) and -0.548 e/ A®.

Crystal data fO}" 6: C33HgN,OsP; x BF4 x CHzclz, Mw 92172, col-
ourless, irregular block (0.19 x 0.18 x 0.13), monoclinic, space group
P2i/n, a: 11.5135(5) A, b: 29.8770(12) A, c: 12.1210(5) A, B:
108.3010(10)°, ¥ =3958.6(3) A®, Z=14, Z' = 1, Deaie: 1.547 g cm”,
F(000): 1872, T = 100(2) K, p 3.483 mm™. 47899 measured reflec-
tions (20: 3-58°, o scans 0.3°), 9571 unique (Riy = 0.0288); min./max.
transm. Factors 0.727/0.842. Final agreement factors were R' =
0.0215 (8560 observed reflections, I > 2o(I)) and wR* = 0.0506;
data/restraints/parameters 9571/0/451; GoF = 1.043. Largest peak and
hole 1.776 (close to osmium atom) and -0.540 e/ A>.

Crystal data for 9: C33sHs3N4OsP, x BF4 x CH2Cl, My 999.80, col-
ourless, irregular block (0.15 x 0.15 x 0.09), monoclinic, space group
P2i/c, a: 19.3809(14) A, b: 34.928(3) A, c: 13.0448(10) A, p:
91.9010(10)°, ¥ = 8825.7(11) A’, Z=8, Z' = 2, Deaie: 1.505 g cm”,
F(000): 4064, T = 100(2) K, pn 3.132 mm’. 89026 measured reflec-
tions (20: 3-58°, ® scans 0.3°), 21261 unique (Rix = 0.0358);
min./max. transm. Factors 0.709/0.842. Final agreement factors were
R' = 0.0305 (18648 observed reflections, I > 2o(I)) and wR? =
0.0649; data/restraints/parameters 21261/48/1025; GoF = 1.080.
Largest peak and hole 1.401 (close to osmium atom) and -0.869 e/ A>.
Crystal data for 10a: C4sHioN,O,0sP2, My 892.93, yellow, irregular
block (0.13 x 0.03 x 0.03), monoclinic, space group P2i/n, a:
10.0601(4) A, b: 18.5522(8) A, c: 19.7318(9) A,f: 90.4110(10)°, V =
3682.6(3) A’, Z=14,Z" =1, Dz 1.611 g cm™, F(000): 1784, T =
100(2) K, p 3.592 mm’'. 44276 measured reflections (26: 3-58°, ®
scans 0.3°), 8865 unique (Riy = 0.0501); min./max. transm. Factors
0.741/0.842. Final agreement factors were R' = 0.0336 (7623 ob-
served reflections, I > 20(I)) and wR®> = 0.0597; da-
ta/restraints/parameters 8865/0/478; GoF = 1.108. Largest peak and
hole 0.822 (close to osmium atom) and -1.092 ¢/ A*.

Crystal data for 11b: C4HasN>O20sP, x CH,Cl,, Mw 1005.91, or-
ange, irregular block (0.18 x 0.11 x 0.08), triclinic, space group P, a:
10.6224(4) A, b: 11.0347(4) A, c: 19.3266(8) A, a: 90.1500(10)°,
101.1980(10)°, y: 102.7440(10)°, V' = 2165.05(14) A*, Z=2, 72" = 1,
Deac: 1.543 g cm™, F(000): 1008, T = 100(2) K, p 3.183 mm™. 20277
measured reflections (20: 3-50°, ® scans 0.3%), 9961 unique (Rin =
0.0225); min./max. transm. Factors 0.733/0.862. Final agreement
factors were R' = 0.0254 (9283 observed reflections, 1 > 2o(I)) and
wR? = 0.0587; data/restraints/parameters 9961/0/519; GoF = 1.055.
Largest peak and hole 1.394 (close to osmium atom) and -1.074 ¢/ A°.
Computational Details. Geometry optimization of complex 6 was
performed without symmetry constraints using the Gaussian09>’ suite
of programs at the BP86™*/def2-SVP* level of theory using the D3
dispersion correction suggested by Grimme et al.* This level is de-
noted BP86-D3/def2-SVP. Complex 6 was characterized by frequen-
cy calculations, and has positive definite Hessian matrices thus con-
firming that the computed structure is a minimum on the potential
energy surface.

Donor-acceptor interactions and Wiberg Bond Indices have been
computed using the natural bond orbital (NBO) method.”” The ener-
gies associated with these two-electron interactions have been com-
puted according to the following equation:

<¢*F¢>2
g

Ep — &y

@ _ _
AEW =-n

where £ is the DFT equivalent of the Fock operator and o and o” are
two filled and unfilled Natural Bond Orbitals having &, and &,+ ener-
gies, respectively; n, stands for the occupation number of the filled
orbital.

All AIM results described in this work correspond to calculations
performed at the BP86-D3/6-31+G(d)/WTBS (for Os) level on the
optimized geometry obtained at the BP86-D3/def2-SVP level. The
WTBS (well-tempered basis sets)™ have been recommended for AIM
calculations involving transition metals.*> The topology of the elec-
tron density was conducted using the AIMALII program package.40
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