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ABSTRACT: Four different pincer ligands, which prove that the disposition of the donor atoms in pincer ligands allows them to
develop a marked ability to form less common coordination polyhedra and to favor unusual metal oxidation states, have been gen-
erated starting from OsH(P'Pr;), and 2-phenyl-6-(1 H-pyrazol-3-yl)pyridine (Hpz-py-Ph) in order to stabilize phosphorescent, pen-
tagonal bipyramidal, osmium(I'V) emitters. Complex 1 reacts with the disubstituted heterocycle to give OsH, {x’-N,N’,C-(pz-py-
CsH4)}(P'Pr3), (2), as a result of the activation of a phenyl ortho-CH bond and the pyrazolyl NH of the pyridine substituents. The
addition of methyl trifluoromethanesulfonate (MeOTf) to 2 produces the methylation of the free N atom of the pz group and the
formation of the salt [OsH,{«k’-N,N ", C-(Mepz-py-CsH,)} (P'Pr3),]OTf (3), which undergoes deprotonation of the metal center in the
presence of KO'Bu. The resulting monohydride OsH{i-N,N ’,C—(Mepz—py-C6H4)}(PiPr3)2 (4) is unstable and evolves into OsH,{ic’-
C,N,C’-(Mepz-py-C¢Hy) } (P'Pr3), (5) as a consequence of the oxidative addition of the C-H bond at position 4 of the Mepz group to
the osmium atom of 4. The addition of MeOTf to 5 produces the methylation of the free N atom of the Mepz group, which is con-
verted in a remote N-heterocyclic carbene, to form [OsH,{i’*-C,N,C -(Me,pz-py-CeHa)} (P'Pr3),]JOTf (6). Complex 1 also reacts
with 2-(1H-pyrazol-3-yl)pyridine (Hpz-py). The reaction gives rise to the trihydride derivative OsH; {*-N,N-(pz-py)} (P'Pr3), (7),
which leads to the salt [OsH; {KZ-N,N-(Mepz-py)}(P'Pr3)2]OTf (8) by addition of MeOTf. The deprotonation of 8 affords the osmi-
um(ID)-dihydride OsH, {«*-N,N-(Mepz-py)} (P'Pr3), (9), which in contrast to 4 is stable. Complexes 2, 3, 5, 7, and 8 are emissive in

the green-to-red region upon photoexcitation.

INTRODUCTION

Osmium(II) based phosphorescent emitters for OLED appli-
cations have awakened a great deal of interest.' Their octahe-
dral ligand arrangement resembles that of iridium(III). How-
ever, the osmium(Il) complexes usually exhibit a shallower
HOMO energy level. As a consequence, they show a more
difficult color tuning, in particular at the higher energy region,
due to the small band gap.” The HOMO level of osmium(IV)
complexes with structure of pentagonal bipyramid is deeper,
resulting in principle easier to reach the higher energy region.
Osmium(IV) complexes may offer a great deal of flexibility
for color tuning, in addition to be more difficult to oxidize
than osmium(Il) derivatives. Furthermore, OLEDs utilizing
osmium(IV) based emitters should be more immune from
formation of exciplex in the device.

Osmium(IV)-based PHOLEDs are certainly promising and
their development is a challenge. However, emissive osmi-
um(IV) complexes have received scarce attention in part due
to the difficulty of their preparation and to the fact that several
structures close in energy are possible for these compounds.
The facile interconversion between them allows the dynamic
quenching of the phosphorescence. As a result, the emissive
osmium(IV) complexes reported until now are extremely rare
and are characterized by their low stability and quantum effi-
ciency lower than 0.06.” So, the field demands to resolve two
urgent needs: to increase the stability of complexes and the
quantum yield of their emissions.

It is well known that there is a very marked relationship be-
tween the geometry of a complex and the oxidation state of its
metal center. It is also known that the disposition of the donor
atoms of the polydentate ligands determines the geometry of
the complexes. As a result, there are ligands that facilitate the
stabilization of compounds with the metal center in a given
oxidation state. This has been used in the polyhydrides chem-
istry to favor the dihydrogen form versus dihydride structures.*
In addition, it has been proved that pincer ligands forming two
five-membered metalarings provide rigidity to the geometry of
their derivatives preventing fluxional processes.” Thus, these
ligands are excellent candidates to stabilize rigid osmium(IV)
species with pentagonal bipyramid structure, since generate
two consecutive angles close to 72° which is the ideal L-M-L
angle in the equatorial plane of the bipyramid.

A type of molecule that could afford pincer ligands with the
characteristics above mentioned is 2-phenyl-6-(1H-pyrazol-3-
ylpyridine and its functionalized derivatives.® These mole-
cules can afford monoanionic C,N,N-pincer ligands by selec-
tive ortho-CH bond activation of the phenyl substituent of the
pyridine and dianionic C,N,N-pincer ligands by activation of
both an ortho-CH bond of the phenyl substituent and the pyra-
zolyl N-H bond. Monoanionic and dianionic ligands of this
type have been used to stabilize emissive platinum(Il) com-
plexes with good quantum yields,” whereas the dianionic type
ligands along with other monoanionic pincer group have been
employed to form bis(tridentate) heteroleptic iridium(III)
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Scheme 1. Osmium Complexes Containing Dianionic C,C’,N-, C,C',C-, C,N,C-, and C,N,C'-Pincer Ligands.

derivatives, which display nearly unitary emission quantum
yield in some cases (Chart .t
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Chart 1. Monoanionic and Dianionic C,N,N-pincer Ligands
Derived from 2-phenyl-6-(1H-pyrazol-3-yl)pyridine (Hpz-py-
ph).

The chemistry of osmium compounds bearing pincer lig-
ands is significantly less developed than those of iridium and
platinum. The reported complexes mainly contain neutral’ or
monoanionic ligands."’ The species with dianionic ligands are
limited to a few exampl_es.11 We have recently shown that the
d*hexahydride OsHg(P'Pr3), degrades 2-azetidinones substi-
tuted at 4-position with an N-heterocycle and at 3-position
with a phenoxy group to generate dianionic C,C',N-pincer
ligands."” This hexahydride also promotes the metalation of
the benzimidazolium group and the ortho-CH bond activation
of both phenyl substituents of the cation N,N'-
diphenylbenzimidazolium' and the double C-H bond activa-
tion of  2,6-diphenylpyridine and 2-phenoxy-6-
phenylpyridine'* to give complexes containing dianionic
C,C,C-, CN,C-, and C,N,C'-pincer ligands, respectively
(Scheme 1). In addition, the hexahydride complex has proved
to be an excellent starting material to perform chelate support-
ed C-H" and N-H'® bond activation reactions, in agreement
with the trend of polyhydrides of platinum group metals to
activate 6-bonds."’

The above mentioned precedents prompted us to investigate
the reactions of OsHg(P'Pr;), with 2-phenyl-6-(1H-pyrazol-3-

yl)pyridine in the search for stable phosphorescent osmi-
um(IV) emitters with high quantum yields. During this study,
we have discovered the unprecedented oxidative addition of
the C-H bond at 4 position of the pyrazolyl substituent of the
pyridine. This paper describes the preparation of stable osmi-
um(IV) complexes containing dianionic and monoanionic
N,N',C- and C,N,C'-pincer ligands; analyzes the influence of
the phenyl substituent at 2 position of the pyridine on the C-H
bond activation of the pyrazolyl substituent at the 6 position;
and reports the emissive properties of the new compounds,
which in some cases reach quantum yields up to 10 times the
values previously reported for osmium(IV) derivatives.

RESULTS AND DISCUSSION

C-H and N-H Bond Activation of 2-phenyl-6-(1H-
pyrazol-3-yl)pyridine: Dianionic and Monoanionic N,N*,C-
Pincer Ligands. The hexahydride complex OsHg(P'Pr3), (1)
promotes the activation of a bond of both substituents of 2-
phenyl-6-(1H-pyrazol-3-yl)pyridine: an ortho-CH of the phe-
nyl and the pyrazolyl N-H. Thus, the treatment of toluene
solutions of 1 with 1.0 equiv of the heterocycle, under reflux,
for 2 h produces the release of molecular hydrogen and the
formation of the dihydride-osmium(IV) derivative OsH, {i’-
N,N’,C-(pz-py-CsH,)} (P'Pr3), (2), which was isolated as an
orange solid in almost quantitative yield (Scheme 2).
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Scheme 2. Formation of Dihydride-osmium(IV) Complexes Containing Dianionic and Monoanionic N,N’,C-pincer Ligands.

Complex 2 was characterized by X-ray diffraction analysis.
Its structure (Figure 1) proves the formation of the dianionic
N,N’,C-pincer ligand, which coordinates to the metal center to
generate a planar osmapolycyclic system of five fused rings.
The greatest deviation from the best plane through the 18
atoms is 0.0359(27) and involves to the phenyl C(4) atom. The
coordination geometry around the osmium atom can be de-
scribed as a distorted pentagonal bipyramid with axial phos-
phines (P(1)-Os-P(2) = 165.07(3)°). The hydrides, separated
by 1.42(3) A, lie in the equatorial plane along with the pincer,
which acts with consecutive C(1)-Os-N(1) and N(1)-Os-N(2)
angles of 77.03(11)° and 74.96(9)°, respectively. The Os-C(1)
bond length of 2.080(3) A compares well with the Os-aryl
distance in other five-membered osmacycles resulting from
orthometalation reactions,'® whereas the Os-py bond length of
2.100(2) A (Os-N(1)) is about 0.02 A shorter than the Os-pz
distance of 2.120(2) A (0Os-N(2)).

Figure 1. ORTEP diagram of complex 2 (50% probability ellip-
soids). Hydrogen atoms (except H(01) and H(02)) are omitted for
clarity. Selected bond lengths (A) and angles (deg): Os-P(1) =
2.3831(8), Os-P(2) = 2.3727(7), Os-N(1) = 2.100(2), Os-N(2) =
2.120(2), Os-C(1) = 2.080(3), H(01)-H(02) = 1.42(3); P(1)-Os-
P(2) = 165.07(3), C(1)-Os-N(2) = 151.99(11), C(1)-Os-N(1) =
77.03(11), N(1)-Os-N(2) = 74.96(9).

The *'P{'H}, "C{'H}, and 'H NMR spectra, in dichloro-
methane-d,, at room temperature are consistent with Figure 1.
The *'P{'H} NMR spectrum shows a singlet at 0.6 ppm, as
expected for equivalent phosphines. In the “C{'H} NMR
spectrum the resonance corresponding to the metalated carbon
atom of the phenyl substituent of the pyridine appears at 168.2
ppm as a triplet with a C-P coupling constant of 6.0 Hz. In the

'H NMR spectrum, the inequivalent hydrides give rise to two
resonances at -5.05 and -7.07 ppm, which display a 400 MHz
T\(min) of 86 + 1 ms at 213 K. This value fits with a H-H
separation of 1.47 A," which agrees well with that obtained
from the X-ray diffraction analysis and the calculated one
(1.543 A) in the DFT-optimized structure
(B3LYP(GD3)//SDD(f)/6-31G**) and confirms the com-
pressed dihydride nature of 2. The hydride resonances are
temperature-dependent, increasing the observed H-H coupling
constant (Jys) as the temperature increases from 45.0 Hz at
193 K to 54.7 Hz at 273 K. This dependence can be readily
explained in terms of quantum mechanical exchange coupling
between the hydride ligands.”® The phenomenon has been
analyzed according to eq 1," yielding the following parame-
ters:” Jpae = 43 Hz, A =0.9 A, and v = 626 cm’™".

va )exp {72n2mv(02+7»2) H ™

Jos = Jmag * 2[( Tcoth[hv/2kT] heoth[vi2kT]

The dianionic N,N’,C-pincer ligand of 2 can be transformed
in a monoanionic counterpart by methylation of the free N
atom. At room temperature, the addition of 1.1 equiv of me-
thyl trifluoromethanesulfonate (MeOTY) to diethyl ether solu-
tions of 2 leads to the salt [OsH, {k’-N,N’,C-(Mepz-py-
CsH,)} (P'Pr3),]OTS (3), which was isolated as a yellow solid
in 90% yield. The *'P{'H}, "C{'H}, F{'H}, and '"H NMR
spectra of the obtained solid in dichloromethane-d, support the
formation of the salt. The *'P{'"H} NMR spectrum shows a
singlet at -2.2 ppm for the equivalent phosphines. In the
BC{'H} NMR spectrum, the resonance due to the metalated
carbon atom of the phenyl substituent of the pyridine is ob-
served as a triplet (Jp.c = 6.4 Hz) at 160.7 ppm, while the
methyl group added to the free N atom of 2 gives rise to a
singlet at 42.2 ppm. The F{'H} NMR spectrum shows the
expected singlet for the OTf anion at -78.9 ppm. At room
temperature, the '"H NMR spectrum shows a singlet at 4.23
ppm for the N-CH; group and a broad triplet (*Jp = 11.0 Hz)
at -6.42 ppm for the hydride ligands, which displays a 400
MHz Ti(min) of 48 £ 1 ms at 203 K. This value allows to
calculate a separation between the hydride ligands of 1.31 A,"
which is about 0.15 A shorter than that found in the DFT-
optimized structure (1.467 A) and supports the compressed
dihydride character of the cation. Like for 2, the dihydride
resonance is temperature dependent. Thus, between 233 K and
183 K, it appears as a well defined ABX, spin system with an
A-B coupling constant decreasing form 491 Hz at 233 K to
360 Hz at 183 K. In this case, the analysis of the quantum
mechanical exchange coupling phenomenon according to eq 1
?/ields the parameters: Jy,, = 52 Hz, L = 0.9 A, andv=673 cm’
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Scheme 3. Transformation of C,N,N’- to C,N,C’-pincer Osmium Complexes.

Oxidative Addition of the C-H Bond at 4 Position of the
1-Methylpyrazol-3-yl Group: Dianionic and Monoanionic
C,N,C’-Pincer Ligands. Complex 3 acts as a Bronsted-Lowry
acid.” Its deprotonation produces the reduction of the metal
center. Thus, at 0 °C, the addition of 1.2 equiv of K'BuO to
tetrahydrofuran solutions of 3 gives rise to the osmium(II)
monohydride OsH {i-N,N’,C-(Mepz-py-C¢Hy)} (P'Pr3), (4),
which was isolated as a brown solid in 75% yield (Scheme 3).
Characteristic spectroscopic features of this species are: a
triplet (Jep = 8.5 Hz) at 170.6 ppm, in the "C{'H} NMR
spectrum, corresponding to the phenyl metalated carbon atom;
a singlet at 9.0 ppm in the *'P{'H} NMR spectrum, due to the
equivalent phosphines; and a triplet (Ji.p = 32.3 Hz) at -9.97
ppm in the 'H NMR spectrum, corresponding to the hydride
ligand.

The pincer coordination of the polydentate ligands imposes
a trans-C-Os-N angle of about 150°, which strongly deviates
of the ideal value of 180° for an octahedral structure. This
produces the destabilization of the oxidation state 2+ of the
metal center, while favors the oxidation state 4+ with a pen-
tagonal bipyramidal arrangement of ligands. As a conse-
quence, the osmium(Il) complex 4 is unstable in solution. At
room temperature, in toluene, it evolves into the osmium(IV)
species OSHQ{K3‘C,N,C "-(Mepz-py-C¢Hy)} (P'Pr3),  (5), in
quantitative yield after 6 h. This new compound is the result of
the decoordination of the pyrazolyl group of the pincer and the
subsequent oxidative addition of the C-H bond at position 4 of
the five-membered ring. The process gives rise to a change of
the pincer ligand from monoanionic N,N’,C to dianionic
C,N,C’. The transformation was confirmed by X-ray diffrac-
tion analysis. Figure 2 shows a view of the molecule. The new
pincer ligand imposes the same structural rigidity as the previ-
ous one. Thus, its coordination to the metal center generates a
planar osmapolycycle of five fused rings similar to that of 2.
In this case, the greatest deviation from the best plane through
the 18 atoms is 0.081(3) A and involves to the phenyl C(15)
atom. The coordination geometry around the osmium atom is
the expected pentagonal bipyramid with axial phosphines
(P(1)-0Os-P(2) = 162.21(3)°). The equatorial plane is formed by
the pincer, which acts with C(3)-Os-N(3) and N(3)-Os-C(11)
angles of 75.67(11)° and 75.90(11)°, respectively, and the
hydride ligands separated by 1.49(4) A (1.593 A in the DFT-
optimized structure). The Os-aryl distance of 2.108(3) A (Os-
C(11)) is about 0.02 A longer than that of 2, whereas the Os-
pz bond length of 2.121(3) A (0s-C(3)) is about 0.02 A longer
than the Os-aryl distance. In agreement with the presence of
equivalent phosphines in the complex, the *'P{'"H} NMR
spectrum, in benzene-ds, at room temperature shows a singlet
at -0.5 ppm. In the "C{'H} NMR spectrum, the resonances
corresponding to the metalated carbon atoms appear as triplets
at 178.8 (Jep = 6.9 Hz, Ph) and 133.8 ppm (Jep = 7.9 Hz,
pz). The '"H NMR spectrum shows two doublets of triplets at -

8.48 and -8.69 ppm, with H-H and H-P coupling constants of
13.1 and 14.9 Hz, respectively, due to the inequivalent hydride
ligands. These resonances display a 400 MHz 7;(min) of 107
+ 1 ms at 213K. The value fits with a separation between the
hydrides of 1.53 A, which compares well with those obtained
by X-ray diffraction analysis and DFT calculations and is
consistent with a classical character of the OsH, unit. In
agreement with this, quantum mechanical exchange coupling
is not observed in this case.

Figure 2. ORTEP diagram of complex 5 (50% probability ellip-
soids). Hydrogen atoms (except H(01) and H(02)) are omitted for
clarity. Selected bond lengths (A) and angles (deg): Os-P(1) =
2.3589(8), Os-P(2) = 2.3683(8), Os-N(3) = 2.134(2), Os-C(3) =
2.121(3), Os-C(11) = 2.108(3), H(01)-H(02) = 1.49(4); P(1)-Os-
P(2) = 162.21(3), C(11)-0s-C(3) = 151.55(12), C(11)-Os-N(3) =
75.90(11); N(3)-Os-C(3) = 75.67(11).

The transformation of 4 into 5 was followed by 'H NMR
spectroscopy between 290 K and 330 K. As shown in Figure 3
for the transformation at 290 K, the decrease of 4 with the
corresponding increase of 5 is an exponential function of the
time, in agreement with a first-order process. The activation
parameters obtained from the Eyring analysis (Figure 4) are
AH' =21 # 1 keal'mol” and AS* = -6 + 4 cal-mol” K. The
slightly negative value of the activation entropy is consistent
with an intramolecular process where the oxidative addition of
the C-H bond is the rate determining step.
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Scheme 4. Reaction of 1 with 2-(1H-pyrazol-3-yl)pyridine.
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Figure 3. Stacked "H NMR (partial view of the aromatic region)
spectra illustrating the transformation from 4 into 5 in C4Dg at 290
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Figure 4. Eyring plot of &, for the transformation from 4 into 5.

Complexes containing C-4-donor pyrazolyl groups are very
rare.”” They have been prepared by ruthenium promoted cy-
clization of alkynyl(tosyl)hydrazone,”* gold-mediated triazole-
yne 5-endo-dig cyclization,” and reaction between [AuCly]
and 1-phenylpyrazole.”®

The dianionic C,N,C’-pincer ligand of 5 can be transformed
in monoanionic by the same procedure as the dianionic
N,N’,C-pincer ligand of 2, i.e., by methylation of the free N
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atom of the five membered ring with MeOTf in diethyl ether,
at room temperature. The addition of the methyl group to the
free N atom converts to the pyrazolyl moiety of the pincer into
a remote N-heterocyclic carbene. The pyrazole-based remote
NHC ligands previously reported are monodentate;”’ the gen-
erated ligand in the complex [OsH, {i’-C,N,C -(Me,pz-py-
CsH,)} (P'Pr3),]OTH (6) is the first pincer bearing a pyrazole-
based remote NHC unit. Salt 6 was isolated as a red solid in
85% vyield. In agreement with the structure proposed for the
cation in Scheme 3, the *'P{'"H} NMR spectrum, in dichloro-
methane-d,, at room temperature shows a singlet at -0.3 ppm
due to the equivalent phosphines. In the *C{'H} NMR spec-
trum, the metalated carbon atoms of the pincer give rise to
triplets at 177.2 (Jp.c = 7.1 Hz, Ph) and 141.0 ppm (Jp.c = 6.9
Hz, pz), whereas the resonances corresponding to the N-CHj;
groups are observed as singlets at 37.5 and 35.7 ppm. Like for
3, the F{'H} NMR spectrum contains a singlet at -78.9 ppm
due to the anion of the salt. In the "H NMR spectrum, the N-
CHj; resonances are observed at 4.45 and 4.19 ppm as singlets,
whereas in the high field region the hydride resonances appear
as doublets of triplets at -7.92 and -8.41 ppm with H-H and H-
P coupling constants of 17.6 and 15.1 Hz, respectively. These
resonances display a 400 MHz T (min) value of 105 + 2 ms at
233 K, which allows to calculate a separation between the
hydride signals of 1.53 A." This distance agrees well with that
obtained from the DFT-optimized structure, 1.556 A, and
suggests that the cation is a classical dihydride. Quantum
mechanical exchange coupling is not observed in this case.

Influence of the Phenyl Substituent in the N,N°,C to
C,N,C’-Pincer Transformation: Complexes Derived from
2-(1H-pyrazol-3-yl)pyridine. The transformation of the pin-
cer from N,N’,C to C,N,C’ appears to be a consequence of the
presence of the metalated phenyl group, which enforces a
second L-M-L angle close to the ideal value in a pentagonal
bipyramidal structure, typical for osmium(IV) complexes. In
order to confirm this, we repeated the reaction sequence col-
lected in Schemes 2 and 3 using 2-(1H-pyrazol-3-yl)pyridine
instead of 2-phenyl-6-(1 H-pyrazol-3-yl)pyridine (Scheme 4).**

Treatment of toluene solutions of 1 with 1.0 equiv of 2-(1H-
pyrazol-3-yl)pyridine, under reflux, for 1.5 h leads to the os-
mium(IV)-trihydride derivative OsH; {k*-N,N-(pz-py)}(P'Pr3),
(7), as a result of the release of H, and the N-H bond activa-
tion of the pyrazolyl substituent of the pyridine. Complex 7
was isolated as a yellow solid in 85% yield and characterized
by X-ray diffraction analysis. The structure has three chemi-
cally equivalent but crystallographically independent mole-
cules in the asymmetric unit. Figure 5 shows a drawing of one
of them. The geometry around the osmium atom can be ra-
tionalized as the expected pentagonal bipyramid with the
phosphines occupying axial positions (P(1)-Os(1)-P(2) =
168.08(6)°, 165.43(6)°, and 167.83(6)°). The metal coordina-
tion sphere is completed by the chelate ligand, which acts with



N(1)-Os(1)-N(2) bite angles of 74.11(19)°, 74.7(2)°, and
75.31(19)°, and the hydrides. The separation between H(01)
and H(02) is 1.37(5), whereas H(02) and H(03) are separated
by 1.73(5) A. According to these values, the complex should
be described as a hydride-compressed dihydride. Nevertheless,
the DFT-optimized structure suggests a classical character for
the OsHj; unit with separations between the hydride ligands of
1.576 and 1.675 A. The *'P{'H} and "H NMR spectra in tolu-
ene-dy are consistent with the structure shown in Figure 5. The
'P{'"H} NMR spectrum shows a singlet at 15.7 ppm for the
equivalent phosphines. In the 'H NMR spectrum at room
temperature, the most noticeable feature is a triplet (ZJH_p =
12.5 Hz) at -10.53 ppm, which indicates the operation of two
thermally activated site exchange processes for the inequiva-
lent hydride ligands. Decoalescence occurs at about 233 K
and, between 223 K and 183 K, two signals are observed. In
the range of studied temperatures, a second decoalescence
does not take place, suggesting that the exchange processes
have very different activation energies. At 218 K, the hydride
signal display a 400 MHz 7(min) of 106 £ 5 ms, which is
consistent with the classical nature of the OsH; unit.

Figure 5. ORTEP diagram of complex 7 (50% probability ellip-
soids). Hydrogen atoms (except the hydrides) are omitted for
clarity. Selected bond lengths (A) and angles (deg): Os(1)-P(1) =
2.3513(16), 2.3465(16), 2.3513(16), Os(1)-P(2) = 2.3529(16),
2.3541(17), 2.3541(17), Os(1)-N(1) = 1.177(5), 1.176(5),
2.169(5), Os-N(2) = 2.133(5), 2.120(5), 2.127(5), H(01)-H(02) =
1.37(5), H(01)-H(03) = 1.73(5); P(1)-Os(1)-P(2) = 168.08(6),
165.43(6), 167.83(6), N(1)-Os(1)-N(2) = 74.11(19), 74.7(2),
75.31(19)°.

Complex 7 reacts in a form similar to 2. At room tempera-
ture, the addition of 1.1 equiv of MeOTf to diethyl ether solu-
tions of 7 produces the precipitation of the salt [OsH; {k*-N,N-
(Mepz-py)} (P'Pr3),]OTS (8), as a result of the methylation of
the free N atom of the pyrazolate group. This compound was
isolated as a yellow solid in 92% yield. The equivalent phos-
phines give rise to a singlet at 17.5 ppm, in the *'P{'H} NMR
spectrum. The “C{'H} NMR spectrum shows the resonance
due to the added methyl group at 42.2 ppm, as a singlet. The
PF{'H} NMR spectrum contains the expected signal corre-
sponding to the anion at -79.1 ppm. The 'H NMR spectrum
shows the N-CHj; resonance at 4.24 ppm, whereas the inequiv-
alent hydrides give rise to a triplet (\Jiyp = 12.5 Hz) at -11.02

ppm as for 7. However, in this case, decoalescence is not
observed. The hydride resonance displays a 400 MHz 7;(min)
of 108 + 5 ms at 218 K, which suggests a classical hydride
character for the cation. In agreement with this, the DFT-
optimized structure reveals that the separations between the
hydride ligands are 1.556 and 1.603 A.

Cation 8 is a Brensted-Lowry acid as that of 3. Thus, at
room temperature, the treatment of tetrahydrofuran solutions
of 8 with 1.2 equiv of K'BuO leads to the osmium(II)-
dihydride derivative OsH, {k’-N,N-(Mepz-py)}(P'Pr3), (9),
which was isolated as red solid in 69% yield. A singlet at 29.8
ppm in the *'P{'H} NMR spectrum and two double iy =
2.8) triplets (Jip = 27.0 Hz) at -15.57 and -15.99 ppm in the
'H NMR spectrum are characteristic spectroscopic features of
this compound. In contrast to the osmium(II) complex 4 bear-
ing the N,N’,C-pincer ligand, complex 9 is stable in toluene.
After 24 h at 100 °C, it is recovered in almost quantitative
yield, confirming that the presence of the metalated phenyl
group in 4 is a determining factor for the N,N’,C to C,N,C’
transformation of the pincer.

The difference in reactivity between 4 and 9 is a nice exam-
ple illustrating a characteristic feature of the pincer ligands:
“The disposition of the donor atoms allows them to develop a
marked ability to form less common coordination polyhedra
and favors unusual metal oxidation states”™ >

Photophysical Properties of Complexes 2, 3, 5, 7, and 8.
UV/vis absorption spectra of 0.5 — 4.9:10° M 2-
methyltetrahydrofuran solutions of the dihydride-pincer com-
plexes 2, 3, and 5 and the trihydride-chelate compounds 7 and
8, at room temperature, are collected in Table 1. The spectra of
the five complexes are similar, showing two main bands, one
of them between 279 and 317 nm and the other one in the 364-
393 nm range. Time dependent DFT calculations
(B3LYP(GD3)/SDD(%)/6-31G**, computed in tetrahydrofu-
ran) indicate that the absorptions of higher energy correspond
to ligand centered (LC) transitions mainly involving the pincer
(2, 3 and 5) or chelate (7 and 8) groups, whereas the lower
energy absorptions involve mainly metal-to-ligand (pincer or
chelate) charge transfer processes, being the contribution of
the metal higher in complexes 7 and 8 than in the pincer deriv-
atives 2, 3 and 5.

The neutral®® complexes 2, 5 and 7 and the salts’’ 3 and 8
are emissive upon photoexcitation in the solid state at room
temperature and in 2-methyl tetrahydrofuran at room tempera-
ture and at 77 K, displaying bands centered between 550 and
690 nm. Figure 6 depicts the emission spectra, whereas Table
2 collects experimental and calculated wavelengths, lifetimes,
and quantum yields. The emissions can be attributed to So-T
charge transfer transitions. In accordance with this, good
agreement is observed between the experimental wavelengths
and those calculated estimating the difference in energy be-
tween the optimized triplet state and the singlet state with the
same geometry in vacuum. The lifetimes lie in the range 0.8-
5.8 ps, whereas the quantum yields, measured in the solid state
in a doped polymethyl metacrylate (PMMA) film at 5% wt.,
depend upon the pincer or chelate character of the polydentate
ligand and the neutral or cationic nature of the complex.



Table 1. Selected UV/vis Experimental Data, Computed TD-DFT THF Vertical Excitation Energies and their Composition of
Complexes 2, 3, 5, 7 and 8.

A nm CR Excitation Oscillator .e Contribution
Complex (i) £(10°M" cm’) s () e Transition %
2 314 8020 316 0.1503 HOMO-2—LUMO 91
378 7266 370 0.0995 HOMO-1-LUMO 69
3 317 12700 307 0.1664 HOMO-2—LUMO 93
379 7231 368 0.1621 HOMO-1-LUMO 51
HOMO—LUMO+1 38
5 286 9817 279 0.1762 HOMO-3—-LUMO+1 87
383 7383 376 0.0975 HOMO-1-LUMO 77
7 302 6710 301 0.2023 HOMO-2—LUMO 82
364 6080 370 0.0921 HOMO-1-LUMO 83
8 279 1680 272 0.2414 HOMO-3—LUMO 47
HOMO-2—-LUMO 42
393 4880 394 0.1166 HOMO—LUMO 91

Table 2. Photophysical Properties of Complexes 2, 3, 5, 7 and 8 and Theoretical Computed Emissions.

Complex Calculated emission (nm) media (T/K) Aem (NM) Aexe (M) T (ps) ®*

2 597 solid (298) 590 345, 490 1.5 0.59
2-MeTHF (298) 564 348, 404 2.7
2-MeTHF (77) 533,574 342,403 1.0

3 685 solid (298) 554 322 34 0.16
2-MeTHF (298) 570 314, 375 33
2-MeTHF (77) 530, 565 315,375 5.8

5 594 solid (298) 570, 594 518 1.9 0.45
2-MeTHF (298) 568, 597 383 2.7
2-MeTHF (77) 548, 592 384 0.9

7 605 solid (298) 578 473 3.1 0.20
2-MeTHF (298) 620 374 0.8
2-MeTHF (77) 562 348, 397 2.6

8 685 solid (298) 553 433 5.0 0.08
2-MeTHF (298) 660 390 2.7
2-MeTHF (77) 566 396 3.0

“Measurements in solid state in a doped PMMA film at 5% wt..

The denticity of the polydentate ligand has a poor influence units,” which facilitates the motion of the hydride ligands and
on the color. However, it is determining for the quantum yield. therefore the energy dissipation.
Neutral compounds 2 and 5 bearing a pincer ligand reach A noticeable feature revealed by the spectra of Figure 6 is
quantum y.lelds that are t.hrllce and twice, respectively, the that the rigidity imposed by the pincer gives rise to narrower
quantum y}eld of 7, containing the‘ chelate pz-py group. The emissions. This, which is highly desirable for OLED display
quantum yield of the pincer salt 3 is also double than that of application, could be related to a less pronounced difference
the salt 8 bearing pz-py. In this context it should be highlight- between excited state structure and ground state structure.” A
ed that the quantum yield of 2 is about 10 times the highest similar effect was observed when the emission spectra of the
quantum yield reported until now for Os(IV) complexes. This complexes 0s{x*-C,C,C,C-(C4H,-BzIm-CH,CH,-BzIm-

unusual _result can be related to the molecu}ar_ rig@dity imposed CeH.)}(dppbz) (dppbz = 1,2-bis(diphenylphosphino)benzene)
by the pincer, which reduces the energy dissipation by means and Os{Kk’-C,C-(MeBzIm-C4H,)},(dppbz) were compared.

of dynamic processes. In this respect, the presence of a methyl The rigidity imposed by the linker CH,CH, in the tetradentate
group at one of the N atoms of 5 can explain why 1ts quantum ligand gives rise to an emission spectrum for the first of them
yield is lower than that of 2. The salts 3 and 8 display quantum narrower than that for the second one bearing two free BzIm-

yields noticeably lower than their neutral counterparts. Cation-

1
) ¢ heut terpa CeH, groups.™
ic charge increases the non-classical interactions in the OsH,
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Figure 6. Emission spectra in the solid state at 298 K (a), 2-

MeTHF at 298 K (b) and in 2-MeTHF at 77 K (c) for com-
plexes 2, 3,5, 7 and 8.

The spectra of pincer complexes 2, 3, and 5 in 2-
methyltetrahydrofuran at 77 K shows that the emission is split
into two bands, under these conditions. This is consistent with
a change of the dominant character of the excited state from
MLCT to ligand-centered n-m*.

CONCLUDING REMARKS

This study has revealed that the hexahydride OsHé(PiPr3)z
promotes the simultaneous activation of the ortho-CH bond of
the phenyl substituent and the N-H bond of the pyrazolyl
group of 2-phenyl-6-(1H-pyrazol-3-yl)pyridine. This process
is the key to generate four different types of pincer ligands,
which stabilize pentagonal bipyramidal osmium(IV) complex-
es proving that the disposition of donor atoms of pincer lig-
ands allows them to form less common coordination polyhedra
and to favor unusual metal oxidation states. Initially, a dian-
ionic N,N',C-pincer is obtained, which is converted in
monoanionic by methylation of the free N atom of the pyra-
zolyl group. The deprotonation of the resulting salt gives rise
to the transformation of the latter into a dianionic C,N,C'-
pincer by oxidative addition of the C-H bond at position 4 of

the pyrazolyl group to the metal center of an osmium(II) in-
termediate. The presence of a metalated phenyl group in the
corner of the monoanionic N,N',C-pincer of this intermediate
is the leading factor for the oxidative addition. The methyla-
tion of the free N atom of the new five-membered heteroring
converts the dianionic C,N,C'-pincer into monoanionic, con-
taining a remote N-heterocyclic carbene unit.

Osmium(IV) complexes containing the above mentioned
pincer ligands are phosphorescent emitters in the red-green
region with quantum yields unusually high for osmium(IV)
and narrow emissions. This is consequence of the rigidity
imposed by the pincer, which reduces both the energy dissipa-
tion by means of dynamic processes and the difference be-
tween excited state structure and ground state structure.

In conclusion, pincer ligands forming two consecutive five-
membered rings form pentagonal bipyramidal osmium(IV)
complexes more stable than their octahedral osmium(II) coun-
terparts and the molecular rigidity imposed by the pincer al-
lows phosphorescent osmium(IV) emitters with quantum
yields comparable to those of the osmium(II) compounds.

EXPERIMENTAL SECTION

General Information. All reactions were carried out with rigorous
exclusion of air using Schlenk-tube techniques. Solvents were ob-
tained oxygen- and water-free from an MBraun solvent purification
apparatus. 'H, 31P{IH}, 13C{IH} and IQF{IH} NMR spectra were
recorded on Bruker 300 ARX, Bruker Avance 300 MHz, and Bruker
Avance 400 MHz instruments. Chemical shifts (expressed in parts per
million) are referenced to residual solvent peaks (‘H, *C{'H}), exter-
nal 85% H;PO, ('P{'H}), or external CFCl; (“’F{'H}). Coupling
constants J and N are given in hertz. Attenuated total reflection infra-
red spectra (ATR-IR) of solid samples were run on a Perkin-Elmer
Spectrum 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 were acquired using a MicroTOF-Q hybrid
quadrupole time-of-flight spectrometer (Bruker Daltonics, Bremen,
Germany). OsHg(P'Pr3), ** and 2-phenyl-6-(1H-pyrazol-3-yl)pyridine
7 were prepared by the published methods.

Photophysical Studies. All the manipulations of the organometal-
lic compounds were carried out in strict absence of oxygen and water.
An Evolution 600 spectrophotometer was used to record UV-vis
spectra. Steady-state photoluminescence spectra were obtained with a
Jobin-Yvon Horiba Fluorolog FL-3-11 spectrofluorometer. An IBH
5000F coaxial nanosecond flash lamp was used to measure the life-
times. Photoluminescent quantum yield data were measured on a
Hamamatsu Quantaurus-QY Absolute PL quantum yield C11347-11
spectrometer.

Reaction of OsHﬁ(PiPr3)2 (1) with 2-phenyl-6-(1H-pyrazol-3-
yDpyridine: Preparation of Ost{K3-N,N ?,C-(pz-py-CsHy)} (P'Pr3),
(2). A solution of 1 (500 mg, 0.968 mmol) in toluene (7 mL) was
treated with 2-phenyl-6-(1H-pyrazol-3-yl)pyridine (214 mg, 0.968
mmol). The resulting mixture was refluxed for 2 h, getting a dark
orange solution. After cooling at room temperature the solvent was
removed in vacuo, affording a dark orange residue. Addition of meth-
anol (5 mL) afforded a bright orange solid, which was washed with
further portions of methanol (2 x 5 mL) and dried in vacuo. Cooling
the methanol solution at -20 °C afforded a second crop of solid. Yield:
645 mg (91%). Anal. calcd. for C;,Hs3;N;0sP,: C, 52.55; H, 7.30; N,
5.74. Found: C, 52.48; H, 7.40; N, 5.91. HRMS (electrospray, m/z)
caled for C3,Hs4N3;OsP, [M+H]": 734.3404; found: 734.3379. IR (cm’
": v(0s-H) 2134 (w), v(C=N) 1602 (m), v(C=C) 1579 (m). '"H NMR
(400 MHz, CD,Cl,, 298 K): 6 7.80 (d, Ju.u = 7.5, 1H, Ph), 7.67 (d, Ju.
u= 7.5, 1H, Ph), 7.56 (d, Juu = 7.5, 1H, py), 7.51 (d, Ju.u = 1.8, 1H,
pz), 7.50 (t, Ju.u = 7.5, 1H, py), 7.30 (d, Ju.u = 7.5, 1H, py), 6.89 (t,
Juu = 7.5, 1H, Ph), 6.80 (t, Ju.u = 7.5, 1H, Ph), 6.78 (d, Jun = 1.8,
1H, pz), 1.80 (m, 6H, PCH(CHj3),), 0.81 (dvt, Jun = 7.0, N = 12.6,
36H, PCH(CHs),), -5.05 (br, 1H, Os-H), -7.07 (br, 1H, Os-H).



'H{'P} NMR (400 MHz, CD,Cl,, 193 K, high field region): & -5.48
(d, Jun = 45.6, 1H, Os-H), -7.17 (d, “Jiu = 45.6, 1H, Os-H). C{'H}
NMR (100.61 MHz, CD,Cl,, 298 K): & 168.2 (t, “Jep = 6.0, Os-C),
164.8 (s, C Ph), 154.6 (s, C py), 151.4 (s, C pz), 146.1 (s, CH Ph),
145.8 (s, C py), 140.8 (s, CH pz), 136.1 (s, CH py), 130.1, 125.0,
119.6 (all s, CH Ph), 112.1, 111.8 (both s, CH py), 103.1 (s, CH pz),
26.1 (vt, N = 25.2, PCH(CH3)»), 19.4, 19.3 (both s, PCH(CHj3)»).
*'P{'"H} NMR (161.98 MHz, CD,Cl,, 298 K): & 0.6 (s). Ti(min) (400
MHz, CD,Cl, 213 K): 86 + 1 ms (-5.46 ppm), 86 + 1 ms (-7.17 ppm).

Reaction of OsH,{i’-N,N’,C-(pz-py-CsHo)}(P'Prs); (2) with
MeOTf: Preparation of [Ost{K3-N,N ’,C-(Mepz-py-
CsH4)}(P'Pr3);]OTS (3). A solution of 2 (500 mg, 0.684 mmol) in
diethyl ether (5 mL) was treated with MeOTf (85 pL, 0.752 mmol),
getting a pale yellow suspension. The yellow solid was decanted,
washed with further portions of diethyl ether (3 x 4 mL) and dried in
vacuo. Yield: 551 mg (90%). Anal. calcd. for C34HseF3N3030sP,S: C,
45.57; H, 6.30; N, 4.69; S, 3.58. Found: C, 45.32; H, 6.25; N, 4.83; S,
4.05. HRMS (electrospray, m/z) calcd for Cs;3Hs¢N3OsP, [M]+:
748.3560; found: 748.3570. IR (cm™): v(Os-H) 2161 (w), v(CFs)
1261 (vs), v(SO) 1247, 1143, 1029 (vs). "H NMR (400 MHz, CD,Cl,,
298 K): & 8.05 (d, Ju.u = 2.8, 1H, pz), 7.86 (d, Juu = 7.7, 1H, py),
7.80-7.75 (m, 3H, Ph and py), 7.72 (d, Ju.u = 7.7, 1H, py), 7.04 (d, Ju.
u = 2.8, 1H, pz), 7.03 (t, Ju.u = 7.6, 1H, Ph), 6.94 (t, Ju.u = 7.6, 1H,
Ph), 4.23 (s, 3H, CHs), 1.69 (m, 6H, PCH(CHs),), 0.85 (dvt, Jun =
6.8, N=13.2, 18H, PCH(CH3),), 0.81 (dvt, Ju.u = 6.8, N=13.2, 18H,
PCH(CHs),), -6.42 (br t, “Jyp = 11.0, 2H, Os-H). 'H{*'P} NMR (400
MHz, CD,Cl,, 183 K, high field region): 6 -6.57 (AB spin system, Ja-
B = 360, Av = 4455, 2H, Os-H). “"C{'H} NMR (100.61 MHz,
CD,Cl,, 298 K): & 165.5 (s, C, Ph), 160.7 (t, “Je.p = 6.4, 0s-C), 154.7
(s, C py), 150.5 (s, C pz), 145.5 (s, CH Ph), 143.7 (s, C py), 138.0 (s,
CH py), 137.2 (s, CH pz), 131.9, 126.3, 122.0 (all s, CH Ph), 121.6 (q,
Jor = 321.3, CF;803), 116.1, 116.0 (both s, CH py), 106.8 (s, CH
pz), 42.2 (s, NCHa), 27.5 (vt, N = 25.0, PCH(CH3),), 19.9, 19.5 (both
s, PCH(CHs),). *'P{'H} NMR (161.98 MHz, CD,Cl,, 298 K): 5 -2.2
(s). “F{'H} NMR (282.33 MHz, CD,Cl,, 298 K): & -78.9. T}(min)
(400 MHz, CD,Cl,, 203 K): 48 + 1 ms (-6.57 ppm).

Reaction of [OsH,{k’-N,N’,C-(Mepz-py-CsH,)}(P'Pr3),]OTf (3)
with  KO'Bu: Preparation of OSH{Ks-N,]V ’,C-(Mepz-py-
C6H4)}(PiPr3)2 (4). A solution of 3 (417 mg, 0.465 mmol) in THF (5
mL) was treated with KO'Bu (63 mg, 0.558 mmol) at 0 °C, getting a
dark red solution. After stirring for 5 min at this temperature, the
solvent was evaporated to dryness affording a dark red residue. Tolu-
ene (5 mL) was added and the resulting suspension was filtered to
afford a brown solution that was dried in vacuo to afford a brown
residue. After cooling at -78 °C, addition of pentane (4 mL) caused
precipitation of a brown solid that was washed with further portions
of pentane (2 x 4 mL) and dried in vacuo. Yield: 260 mg (75 %).
Anal. calcd. for C33HssN3OsP,: C, 53.15; H, 7.43; N, 5.63. Found: C,
5291; H, 7.63; N, 5.47. HRMS (electrospray, m/z) caled for
C33H55N30sP; [M]+: 747.3482; found: 747.3484. IR (cm'l): v(Os-H)
1987 (w). '"H NMR (400 MHz, THF-d, 253 K): & 7.74 (d, Jun = 2.7,
1H, pz), 7.68-7.57 (m, 4H, Ph and py), 7.10 (m, 1H, py), 6.98 (d, Ju-u
=2.7, 1H, pz), 6.65 (m, 1H, Ph), 6.59 (m, 1H, Ph), 4.09 (s, 3H, CH3),
1.73 (m, 6H, PCH(CHs),), 0.78 (dvt, Jun = 6.0, N = 11.5, 18H,
PCH(CHs),), 0.73 (dvt, Ju.y = 6.3, N = 12.0, 18H, PCH(CHs)»), -9.97
(t, *Jup = 32.3, 1H, Os-H). >C{'H} NMR (100.61 MHz, THF-ds, 253
K): & 170.6 (t, Jep = 8.5, 0s-C), 169.8 (s, C py), 156.7 (s, C pz),
155.2 (s, C py), 148.5 (s, C Ph), 144.7 (s, CH Ph), 129.5 (s, CH pz),
129.1 (s, CH Ph), 128.4 (s, CH py), 125.0, 116.3 (both s, CH Ph),
112.8, 111.3 (both s, CH py), 105.7 (s, CH pz), 41.6 (s, NCH3), 29.9
(vt, N = 22.8, PCH(CHs),), 20.2, 19.9 (both s, PCH(CHs),). *'P{'H}
NMR (161.98 MHz, THF-ds, 253 K): 6 9.0 (s).

Transformation of OsH{k’-N,N’,C-(Mepz-py-C¢H4)}(P'Pr3); (4)
into Ost{K3-CJV,C’-(Mepz-py—C6H4)}(P‘Pr;)z (5). A solution of 4
(250 mg, 0.335 mmol) in toluene (10 mL) was stirred at room tem-
perature for 6 h, changing the color of the solution from dark red to
bright orange. After this time the solvent was evaporated to dryness.
After cooling at -78 °C, addition of pentane (3 mL) caused precipita-
tion of a bright orange solid, that was washed with further portions of
pentane (2 x 3 mL) and dried in vacuo. Yield: 223 mg (89 %). Anal.
caled. for C33HssN3OsPa: C, 53.15; H, 7.43; N, 5.63. Found: C, 52.82;

H, 7.54; N, 5.46. HRMS (electrospray, m/z) calcd for Cs;3HssN3OsP,
[M]": 747.3482; found: 747.3468. IR (cm™): v(Os-H) 2180 (w). 'H
NMR (400 MHz, CsDg, 298 K): 8 8.50 (m, 1H, Ph), 7.92 (d, Juu =
7.7, 1H, py), 7.84 (m, 1H, Ph), 7.37 (d, Ju.u = 7.7, 1H, py), 7.21 (m,
2H, Ph), 7.15 (t, Ju.a = 7.7, 1H, py), 7.08 (s, 1H, pz), 3.65 (s, 3H,
CH3), 2.17 (m, 6H, PCH(CHj3),), 1.00 (dvt, Ju.u = 5.6, N=12.4, 18H,
PCH(CH;),), 0.95 (dvt, Ju.n = 6.0, N=12.4, 18H, PCH(CHs)»), -8.48
(dt, 2Jun = 13.1, 2Jpp = 14.9, 1H, Os-H), -8.69 (dt, /iy = 13.1, “pp
= 14.9, 1H, Os-H). “C{'H} NMR (100.61 MHz, C¢Ds, 298 K): &
178.8 (t, 2Jcp = 6.9, Os-C Ph), 167.5 (s, C Ph), 162.5 (s, C py), 159.5
(s, C pz), 147.3 (s, C py), 146.6 (s, CH Ph), 136.6 (s, CH pz), 135.8
(s, CH py), 133.8 (t, Jep = 7.9, 0s-C pz), 129.7, 124.8, 119.7 (all s,
CH Ph), 111.8, 111.7 (both s, CH py), 38.4 (s, NCH3), 26.7 (vt, N =
24.0, PCH(CH:),), 19.3 (s, PCH(CH:),). *'P{'H} NMR (161.98 MHz,
CD,Cl,, 298 K): 6 -0.5 (s). Ti(min) (400 MHz, CD,Cl,, 213 K): 107 +
1 ms (-8.48 ppm), 107 £ 1 ms (-8.69 ppm).

NMR Spectroscopic Study of the Transformation of 4 into S.
The experimental procedure is described for a particular case, but the
same method was used in all experiments. In an NMR tube complex 4
(20 mg) was dissolved in benzene-dg (0.4 mL). The tube was immedi-
ately introduced in an NMR probe at the desired temperature and the
reaction was monitored by 'H NMR intervals of time. In order to
ensure accurate integration of the signals, the spectra were recorded
with a 2.5 s delay. )

Reaction of Ost{K3-C,N,C’-(Mepz—py-C6H4)}(P'Pr3)2 (5) with
MeOTT: Preparation of [Ost{KJ-C,N,C’—(Mezpz-py—
C6H4)}(PiPr3)z]OTf (6). A solution of 5 (250 mg, 0.335 mmol) in
diethyl ether (5 mL) was treated with MeOTf (42 pL, 0.368 mmol),
getting a dark red suspension that was stirred at room temperature for
30 min. The red solid was decanted, washed with further portions of
diethyl ether (3 x 4 mL) and dried in vacuo. Yield: 260 mg (85 %).
Anal. calcd. for C3sHsgF3N3O30sP,S: C, 46.19; H, 6.42; N, 4.62; S,
3.52. Found: C, 45.99; H, 6.75; N, 4.8; S, 3.85. HRMS (electrospray,
mlz) caled for Cs3sHsgN3OsP, [M]": 762.3717; found: 762.3734. IR
(ecm™): v(0s-H) 2164 (w), v(CF3) 1254 (vs), v(SO) 1223, 1151, 1029
(vs). '"H NMR (400 MHz, CD,Cl,, 298 K):  7.99 (d, Juu = 7.3, 1H,
Ph), 7.77 (dd, -]H-H = 73, -]H-H = 17, lH, py), 7.73 (dd, JH-H = 73, -]H-H
= 1.3, 1H, Ph), 7.65-7.59 (m, 2H, py), 7.55 (s, 1H, pz), 6.98 (t, Juu =
7.3, 1H, Ph), 6.91 (td, Ju.u = 7.3, Ju.u = 1.3, 1H, Ph), 4.45, 4.19 (both
s, 3H each, CHj3), 1.91 (m, 6H, PCH(CHj3),), 0.81 (dvt, Ju.u = 6.8, N=
12.8, 18H, PCH(CHs),), 0.77 (dvt, Jun = 7.2, N = 12.8, 18H,
PCH(CH:),), -7.92 (dt, *Juu = 17.6, *Jup = 15.1, 1H, Os-H), -8.41 (dt,
2w = 17.6, 2wp = 15.1, 1H, Os-H). “C{'H} NMR (100.61 MHz,
CD,Cly, 298 K): 8 177.2 (t, *Jep = 7.1, 0s-C Ph), 169.3 (s, C Ph),
153.8 (s, C py), 151.3 (s, C pz), 146.3 (s, CH Ph), 145.5 (s, C py),
142.3 (s, CH pz), 141.0 (t, “Jep = 6.9, 0s-C pz), 136.5 (s, CH py),
131.1, 126.0 (both s, CH Ph), 121.5 (q, 'Jer = 313.9, CF3S03), 120.4
(s, CH Ph), 115.7, 114.7 (both s, CH py), 37.5, 35.7 (both s, NCH3),
27.2 (vt, N = 25.2, PCH(CHs),), 19.3, 19.2 (both s, PCH(CHj3),).
3'p{'"H} NMR (161.98 MHz, CD,Cl, 298 K): & -0.3 (s). “F{'H}
NMR (282.33 MHz, CD,Cl,, 298 K): & -78.9. Ti(min) (400 MHz,
CD,Cl,, 233 K): 105 + 2 ms (-7.92 ppm), 105 & 2 ms (-8.41 ppm).

Reaction of OsH(P'Pr3), (1) with 2-(1H-pyrazol-3-yl)pyridine:
Preparation of OsH;{i’-N,N-(pz-py)}(P'Pr3); (7). A solution of 1
(250 mg, 0.484 mmol) in toluene (7 mL) was treated with 2-(1H-
pyrazol-3-yl)pyridine (70.2 mg, 0.484 mmol). The resulting mixture
was refluxed for 1.5 h, getting a dark yellow solution. After cooling at
room temperature the solvent was removed in vacuo, affording a dark
yellow residue. Addition of pentane (4 mL) afforded a yellow solid,
which was washed with further portions of pentane (2 x 4 mL) and
dried in vacuo. Yield: 270 mg (85 %). Anal. calcd. for Cy¢Hs1N3OsP»:
C, 47.47; H, 7.81; N, 6.39; found: C, 47.44; H, 7.76; N, 6.54. HRMS
(electrospray, m/z) caled for C,6Hs:N3OsP, [M+H]": 660.3247; found:
660.3252. IR (cm™): v(Os-H) 2089 (w). 'H NMR (300 MHz, C¢Ds,
298 K): 8 9.23 (d, Ju.u = 5.8, 1H, py), 8.11 (d, Ju.u = 2.0, 1H, pz),
7.19 (m, 1H, py), 6.84 (t, Juu = 7.7, 1H, py), 6.78 (d, Ju.u = 2.0, 1H,
pZ), 6.18 (ddd, -]H-H = 73, JH—H = 58, JH—H = 15, IH, py), 1.78 (m, 6H,
PCH(CHs),), 1.01 (dvt, Ju.u = 7.0, N = 12.5, 18H, PCH(CHs),), 0.97
(th, JH-H = 70, N = 125, 18H, PCH(CH})Q), -10.53 (t, ZJH_p = 125,
3H, Os-H). 'H{*'P} NMR (400 MHz, toluene-ds, 203 K, high field
region): & -10.33 (t, %Juu = 18.2, 1H, Os-H), -10.56 (d, “Jun = 18.2,



2H, Os-H). "C{'H} NMR (75.42 MHz, C¢Ds, 298 K): § 155.9 (s, CH
py), 155.8 (s, C py), 148.5 (s, C pz), 141.1 (s, CH pz), 134.1 (s, CH
py), 119.3 (s, CH py), 118.7 (s, CH py), 103.1 (s, CH pz), 27.0 (vt, N
=23.7, PCH(CHs),), 19.9, 19.8 (both s, PCH(CH;),). *'P{'H} NMR
(121.4 MHz, C¢Dg, 298 K): 8 15.7 (s). T1(min) (400 MHz, toluene-ds,
218 K): 106 + 5 ms (-10.33 ppm), 106 = 5 ms (-10.56 ppm).

Reaction of OsH3{Kk’-N,N-(pz-py)}(P'Prs); (7) with MeOT{:
Preparation of [OsH;{KZ-N,N-(Mepz-py)}(P'Pr3)2]OTf ®). A
solution of 7 (250 mg, 0.380 mmol) in diethyl ether (8 mL) was
treated with MeOTT (48 uL, 0.418 mmol), getting a yellow suspen-
sion. The suspension was decanted, and the solid washed with further
portions of diethyl ether (3 x 4 mL) and dried in vacuo. Yield: 287 mg
(92%). Anal. calcd. for C,sHs4F3N3030sP,S: C, 40.91; H, 6.62; N,
5.11; S, 3.90; found: C, 40.53; H, 6.62; N, 5.30; S, 3.61. HRMS
(electrospray, m/z) calcd for Cy;Hs4N3OsP, [M]": 674.3403; found:
674.3412. IR (cm™): v(Os-H) 2120 (w), v(CFs) 1278 (vs), V(SO)
1246, 1151, 1028 (vs). 'H NMR (400 MHz, CD,Cl,, 298 K): & 9.27
(d, JH-H = 55, lH, py), 8.01 (d, -]H-H = 77, lH, py), 7.97 (d, -]H-H = 28,
1H, pz), 7.86 (t, Ju.u = 7.7, 1H, py), 7.25 (dd, Ju.u = 7.7, Juu = 5.5,
1H, py), 7.11 (d, Ju.u = 2.8, 1H, pz), 4.24 (s, 3H, CH3), 1.86 (m, 6H,
PCH(CHs),), 0.92 (dvt, Ju.u = 7.2, N = 13.2, 18H, PCH(CHs)>), 0.87
(dvt, Jun = 7.2, N = 12.8, 18H, PCH(CHs),), -11.02 (t, “Jiwp = 12.5,
3H, Os-H). 'H{*'P} NMR (400 MHz, CD,Cl,, 193 K, high field
region): & -11.06 (br, 3H, Os-H). “C{'H} NMR (100.61 MHz,
CD,Cly, 298 K): 6 155.8 (s, CH py), 151.5 (s, C py), 151.1 (s, C pz),
137.0 (s, CH py), 135.9 (s, CH pz), 125.5, 122.9 (both s, CH py),
121.1 (q, Jer = 320.1, CF3S803), 106.7 (s, CH pz), 42.2 (s, NCH;),
27.4 (vt, N = 25.0, PCH(CHs)»), 19.8, 19.7 (both s, PCH(CHj3)y).
*'P{'H} NMR (121.4 MHz, CD,Cl,, 298 K): 5 17.5 (s). ’F{'"H} NMR
(282 MHz, CD,Cl, 298 K): 8 -79.1. Ti(min) (400 MHz, CD,Cl, 218
K): 108 + 5 ms (-11.03 ppm).

Reaction of [OsH:{i*-N,N-(Mepz-py)}(P'Prs),]OTf (8) with
K'BuO: Preparation of OsH,{Kk>-N,N-(Mepz-py)}(P'Prs); (9). A
solution of 8 (220 mg, 0.268 mmol) in tetrahydrofuran (8 mL) was
treated with K'BuO (36 mg, 0.321 mmol), getting a dark red solution.
After stirring for 5 min at this temperature, the solvent was evapo-
rated to dryness affording a dark red residue. Toluene (5 mL) was
added and the resulting suspension was filtered to afford a dark red
solution that was dried in vacuo to afford a dark red residue. After
cooling at -78 °C, addition of pentane (3 mL) afforded a dark red solid
that was dried in vacuo. Yield: 124 mg (69 %). Anal. calcd. for
C,7Hs3N3OsPa: C, 48.26; H, 7.95; N, 6.25; found: C, 48.31; H, 8.15;
N, 6.44. HRMS (electrospray, m/z) caled for C27Hs4sN3OsP, [M+H]+:
674.3403; found: 674.3406. IR (cm™): v(Os-H) 2160 (w). 'H NMR
(400 MHz, C¢Ds, 298 K): 8 9.76 (d, Ju.n = 6.0, 1H, py), 7.27 (d, Jun
=6.0, 1H, py), 6.92 (d, Ju.u = 2.8, 1H, pz), 6.91 (m, 1H, py), 6.60 (d,
Juu = 2.8, 1H, pz), 6.28 (t, Jun = 6.0, 1H, py), 3.96 (s, 3H, CHs),
2.09 (m, 6H, PCH(CHs),), 1.02 (dvt, Jun = 6.9, N = 12.5, 18H,
PCH(CHs),), 0.96 (dvt, Ju.n = 6.3, N = 12.1, 18H, PCH(CHs),), -
15.57 (dt, “Jun = 2.8, 2 = 27.0, 1H, Os-H), -15.99 (dt, 2Jypn = 2.8,
2Jup =27.0, 1H, Os-H). 'H{?'P} NMR (400 MHz, C¢Dg, 193 K, high
field region): & -15.43 (br d, 1H, Os-H), -15.82 (br d, 1H, Os-H).
BC{'"H} NMR (100.61 MHz, C¢Ds, 298 K): & 158.2 (s, CH py), 154.5
(s, C py), 151.6 (s, C pz), 126.3 (s, CH py), 124.0 (s, CH pz), 121.5,
121.0 (both s, CH py), 103.6 (s, CH pz), 40.5 (s, NCH3), 30.5 (vt, N=
22.0, PCH(CHs),), 20.3, 20.1 (both s, PCH(CHs),). *'P{'H} NMR
(121.4 MHz, C¢Dg, 298 K): 6 29.8 (s). T1(min) (400 MHz, toluene-ds,
223 K): 350 £ 2 ms (-15.55 ppm), 353 =2 ms (-16.00 ppm).

Structural Analysis of Complexes 2, 5, and 7. X-ray data were
collected for the complexes on a Bruker Smart APEX CCD diffrac-
tometer equipped with a normal focus, 2.4 kW sealed tube source (Mo
radiation, A = 0.71073 A) operating at 50 kV and 40 mA (7) or 30 mA
(2 and 5). Data were collected over the complete sphere. Each frame
exposure time was 10 s (2 and 5) or 20 s (7) covering 0.3° in ® 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 SHELXL2016,* including isotropic and subsequently aniso-
tropic displacement parameters. The hydrogen atoms were observed
in the least Fourier Maps or calculated, and refined freely or using a
restricted riding model. The hydrogen bonded to metal atoms were

observed in the last cycles of refinement but refined too close to
metals, so a restricted refinement model was used for all of them
(d(0s-H) = 1.59(1) A).

Crystal data for 2: Cs;;Hs3N30sP,, 2(CH40), My 795.99, orange,
irregular block (0.212 x 0.141 x 0.128 mm), monoclinic, space group
P2i/c, a: 16.9732(8) A, b: 13.4054(6) A, c: 16.3797(8) A, B:
98.2780(10)°, ¥ = 3688.1(3) A>, Z=4, Z’ = 1, Deaie: 1.434 g cm™,
F(000): 1632, T = 100(2) K, pn 3.576 mm’. 42643 measured reflec-
tions (20: 3-58°, @ scans 0.3°), 8943 unique (Riy = 0.0408); min./max.
transm. factors 0.718/0.862. Final agreement factors were R' = 0.0271
(7625 observed reflections, 1 > 2o(I)) and WR* = 0.0539; da-
ta/restraints/parameters 8943/4/402; GoF = 1.092. Largest peak and
hole 1.916 (close to the osmium atom) and -0.671 e/ A,

Crystal data for 5: C33HssN3OsP,, CH40, My 777.98, black, irregu-
lar block (0.172 x 0.138 x 0.088 mm), monoclinic, space group P2,/n,
a: 11.0767(5) A, b: 14.5769(7) A, c: 22.1570(11) A, g
103.8890(10)°, ¥ = 3473.0(3) A’>, Z=14, Z' = 1, Deaie: 1.488 g cm”,
F(000): 1592, T = 100(2) K, pn 3.794 mm’. 60272 measured reflec-
tions (20: 3-57°, o scans 0.3°), 8516 unique (Riy = 0.0454); min./max.
transm. factors 0.738/0.862. Final agreement factors were R' = 0.0276
(7312 observed reflections, 1 > 2o(I)) and WR* = 0.0594; da-
ta/restraints/parameters 8516/2/394; GoF = 1.055. Largest peak and
hole 1.288 (close to the osmium atom) and -1.383 e/ A,

Crystal data for 7: CyHsN3OsP,, My 657.83, yellow, irregular
block (0.300 x 0.057 x 0.048 mm), monoclinic, space group P2,/c, a:
9.4616(6) A, b: 32.698(2) A, c: 27.7168(17) A, B: 90.0450(10)°, V =
8574.9(9) A, Z=12, Z’ = 3, Deare: 1.529 g cm™, F(000): 4008, T =
100(2) K, p 4.591 mm™. 86590 measured reflections (20: 3-57°, ®
scans 0.3°), 20357 unique (Riy = 0.0846); min./max. transm. factors
0.681/0.862. Final agreement factors were R' = 0.0520 (14812 ob-
served reflections, 1 > 2o(I)) and wR> = 0.0853; da-
ta/restraints/parameters 20357/15/930; GoF = 1.082. Largest peak and
hole 1.731 (close to the osmium atoms) and -1.478 e/ A,

Computational Details. All calculations were performed at the
DFT level using the B3LYP functional’’ supplemented with the
Grimme’s dispersion correction D3* as implemented in Gaussi-
an09.” The Os atoms were described by means of an effective core
potential SDD for the inner electron*’ and its associated double- basis
set for the outer ones, complemented with a set of f-polarization
functions for osmium.*! The 6-31G** basis set was used for the H, C,
N and P atoms.” All minima were verified to have no negative fre-
quencies. The geometries were fully optimized in vacuo and in THF
(e = 7.4257) solvent using the continuum SMD model.® We per-
formed TD-DFT calculations at the same level of theory in THF
calculating the lowest 50 singlet-singlet excitations at the ground state
So. It has to be noticed that the singlet-triplet excitations are set to zero
due to the neglect of spin-orbit coupling in the TDDFT calculations as
implemented in G09. The phosphorescence emission was calculated
as the difference in energy between the optimized triplet in vacuum
and the singlet with the same geometry (ASCF approximation). The
UV/vis absorption spectra were obtained by using the GaussSum 3
software.*
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