Tuning the Nature and Formation of Bis(dihydrogen)-Osmium Spe-
cies
Miguel A. Esteruelas,* M. Pilar Gay, Virginia Lezaun, Montserrat Olivan, and Enrique Onate

Departamento de Quimica Inorgéanica — Instituto de Sintesis Quimica y Catalisis Homogénea (ISQCH) — Centro de Innova-
cion en Quimica Avanzada (ORFEO-CINQA), Universidad de Zaragoza — CSIC, 50009 Zaragoza, Spain

Supporting Information Placeholder

ABSTRACT: The influence of chelate llgands in the formation and nature of bis(dihydrogen) units of OsH,-complexes has been
studied. The classical trihydride OsH3{K -C,N-(C¢H,- py)}(P Pry), (1) reacts with HBF,-OEt, to give the Kubas-type dihydrogen—
elongated dihydrogen derivative [Os{Kk*-C,N-(CsH,- py)}(n -H,),(P'Pr3),]BF, (2), as a result of the protonation of one of the hydride
ligands. Triflate (OTfT) displaces the Kubas-type dihydrogen and elongates the elongated dlhydrogen ligand, which is conv_er’ced into
a compressed dihydride. Thus, the addition of one equiv of HOTT to 1 leads to Os(H---H){x*-C,N- (C6H4-py)}(OTf)(P Pr3), (3)
Similarly to [OT{], acetone reacts with 2 to afford the related compressed dihydride [Os(H:- H){K -C,N~(C¢H,-py)} (x'-
OCMe,)(P'P13),]BF, (4), whereas acetonitrile leads to a 1:8 mixture of the monohydride [OsH(CH;CN);(P'Pr;),]BF. (5) and the
trihydride [OsH;(CH;CN)z(P Pr;)z]BF4 (6). Reactions of 2 with toluene and p-xylene yield the half-sandwich derivatives [OS{K -
C,N-(C¢H4-py)} (n°-toluene)(P'Pr3)|BF, (7) and [Os {k’-C,N-(CsH,-py)} (n®-p- -xylene)(P'Pr;)|BF, (8), respectively. The acyl oxygen
atom of the C,C-chelate ligand of the trihydride OsH; {x*-C,C-[C(O)CH,ImMe]}(P'Prs), (10; Im = imidazolylidene) provides relia-
ble and effective protection of the hydride ligands against the protonation. Thus, the addition of HBF4-OEt, or HOTf to 10 leads to
the trihydride-hydroxycarbene cation [OSH3{K2 C,C-[C(OH)CH,ImMe]}(P'Pr3),]" (11). The hydroxycarbene-NHC ligand of the
latter is unstable, undergoing an intramolecular 1,3-hydrogen shift, which produces the rupture of the chelate ligand and the for-
mation of the cis-hydride dihydrogen (12a) and trans-hydride-dihydrogen (12b) derivatives [OsH(n’ -Hz)(CO)(Mezlm)(P Pr3)2]
(12). The protonatlon_of 11 with a second equiv of HOTf affords the transient bis(Kubas-type dihydrogen) [Os(n’*-H,),{i’*-C,C-
[C(OH)CH,ImMe]} (P'Pr3),](OTf),, which undergoes the displacement of a coordinated hydrogen molecule by a [OTf] anion to
give the Kubas-type dihydrogen [Os(OTf)(n -H,) {i*-C,C-[C(OH)CH,ImMe]} (P'Pr3),]OTf (13). The addition of MeOTf to 10 leads
to [OsH; {i*-C,C-[C(OMe)CH,ImMe]} (P'Pr3),]OTf (14) which, in contrast to 11, is stable. Similarly to the latter, the protonation of
14 with HOT( yields the Kubas-type dihydrogen complex [Os(OTf)(n*-H,){i*-C,C-[C(OMe)CH,ImMe]} (P'Pr;),]OTS (15).

Scheme 1. Compressed Dihydride versus Elongated Dihy-
drogen

INTRODUCTION

Chemistry of transition metal complexes is ligand depend-

ent. Probably, nothing illustrates that better than polyhydrides —‘ BF4 PPrs T BF,
of platinum group metals.' Ligands have under control the ‘

interactions between the coordinated hydrogen atoms and CHZCN CHiCN,, " NCCHs
between the latter and the meta.l cen.ter. According to thelr - Phapy H/ ‘ \NCCH3
strength, the compounds are classified in four classes: classical

hydrides (>1.6 A), compressed dihydrides (1.6-1.3 A), elon- PlPrs

gated dihydrogen (1.3-1.0 A) and Kubas-type dihydrogen (1.0- dpp = 1.29-1.38 A

0.8 A)."** Although the limits between them are vague, recent

studies have demonstrated that the compounds of each class PiPr, TBF“ PPry TBF‘t
have different chemical nature and therefore different chemi- 7\

cal behavior. Thus, for instance, we have recently shown that % CH5CN %

the compressed dihydride [OsHy(C¢H,pyPh)(P'Pr;),]BF, elim- H /OS cl) - H\/os\ O—pn
inates 2,6-diphenylpyridine in acetonitrile, while the elongated \H ‘ Ph H ‘ R o%
dihydrogen [Os(CsHspyOPh(n>-H,)(P'Pr;),]BF, is stable to- PiPrs Pipry — CHs
ward the release of 2-phenoxy-6-phenylpyridine, under the dipy = 1.23-1.24 A dipy = 1.14-1.24 A

same conditions (Scheme 1).*

Osmium-polyhydrides occupy a prominent place among
the compounds of this type, because of OsH,-species offer
new conceptual challenges and show notable applications in
organometallics,” catalysis,” drug design,” and material sci-



ence.® The OsH,-compounds are particularly exciting. They
have been grouped into classical tetrahydrides,” dihydride-
dihydrogen derivatives,'® and bis(dihydrogen) species." The
latter are the most interesting from a conceptual point of view,
without a shadow of a doubt, and also the scarcest. With the
notable exception of complex [Os(nz-Hz)z(PGP)]BPh4 (PGP =
K4-‘Bu2PCH2CH{N(Me)CH=}CH(CHZ)ZP‘Buz), which  has
been described as a bis(elongated dihydrogen) species with
two equal H-H bonds of 1.11 A,'"® both coordinated molecules
form Kubas-type dihydrogen ligands which can be sequential-
ly displaced by coordinating solvents."'™® In this context, it
should be however mentioned that the behavior of this type of
compounds in usual organic solvents has been little studied.

One of the most direct and simple procedures to prepare
OsHy-complexes is the protonation of trihydride derivatives.
For terdentate ligands, it has been proved that the nature of the
resulting species depends upon the geometry of these groups.
Thus, while hydridotris(pyrazolyl)borate- and bis(2-
aminoethyl)amine-type ligands favor octahedral osmium(II)-
bis(dihydrogen) derivatives with N-Os-N angles close to the
ideal value of 90%''*¢ cyclopentadienyl,'™ pentamethylcyclo-
pentadienyl, 1064 1,4,7-triazacyclononane, and 1,4,7-
triazacyclodecane ''° stabilize dihydride—elongated dihydro-
gen—osmium(IV) species in four-legged piano stool or pentag-
onal bipyramidal environments. The protonation of trihydride
compounds containing a bidentate ligand has received signifi-
cantly less attention; in part due to the lower stability of the
resulting cationic OsH,-species."”

There is a type of ligands that have received great attention
in the last years, in particular in homogeneous catalysis, those
called cooperative. The presence of free electrons in a non-
coordinated atom allows them to participate directly in a o-
bond activation stage and subsequently to perform a reversible
structural change in the process of product formation.” An
example is the acyl-NHC ligand of complex OsCl{i*-C,C-
[C(O)CH,ImMe)]}(P'Pr3), (Im = imidazolylidene), which
catalyzes the generation of H,, by means of both the alcoholy-
sis and hydrolysis of pinacolborane (Scheme 2)."*

Scheme 2. Alcoholysis of Pinacolborane Catalyzed by
0sCl{i’>-C,C-[C(O)CH,ImMe)|}(P'Pr3),

/////
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Our interest in the reactions of protonation of osmium(IV)-
trihydride complexes, prompted us to compare the protonation
of trihydride derivatives with chelate observer-type groups,
which subtly govern the nature of the resulting species without
participating directly in the process, with the protonation of a
trihydride derivative containing this acyl-NHC ligand, in order
to know the behavior of the basic heteroatom and to determine

the role of the acyl group in the formation of the resulting
species. As chelate observer-type ligands, we selected an
orthometalated 2-phenylpyridine group and the aryl-NHC
ligands of complexes OSH3(KZ-Cmyl,CNHC)(PlPI})} The latter
have proven to stabilize bis(Kubas-type dihydrogen) deriva-
tives (Scheme 3).lld

Scheme 3. Synthesis of Bis(dihydrogen) Derivatives Stabi-

lized by aryl-NHC Ligands
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This paper shows that chelating ligands, which act as a
spectator, determine the behavior in solution of the osmium-
bis(dihydrogen) complexes whereas the oxygen atom of the
acyl-NHC ligand prevents their formation. In addition, we
report the first Kubas-type dihydrogen — elongated dihydrogen
osmium derivative and the first hydride compounds displaying
nonclassical interactions which are stabilized by Fisher-type
carbene ligands.

RESULTS AND DISCUSSION

Formation of a Kubas-type Dihydrogen—Elongated Dihy-
drogen Complex: Protonation of a Trihydride Compound
Containing an Orthometalated 2-Phenylpyridine Group.
Classical trihydride OsH;{k*-C,N-(C¢H,-py)}(P'Pr3), (1) is a
Bronsted base. At least one of its hydride ligands is responsi-
ble for this character. At room temperature the addition of 1.0
equiv of HBF, OEt, to dichloromethane solutions of 1 pro-
duces the protonation of one of the hydride ligands. The addi-
tion is accompanied by the reduction of the metal center from
osmium(IV) to osmium(Il). Both processes give rise to the
Kubas-type dihydrogen—elongated dihydrogen derivative
[0 {k*-C.N-(CeHa-py)} (-H)o(PPr),]BF, (2), which was
isolated as a yellow solid in 85% yield (Scheme 4).

Scheme 4. Protonation of Complex 1 with HBF,-OEt,
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Complex 2 has been characterized by X-ray diffraction.
Figure 1a shows a view of the cation of the salt. The coordina-
tion polyhedron around the osmium atom is the expected
octahedron for a saturated d’-species, with frans-phosphines
(P(1)-Os-P(1A) = 163.07(4)°). The perpendicular plane is



formed by the chelate ligand, which acts with a C(1)-Os-N(1)
bite angle of 77.46(17)° and the dihydrogen ligands. The ori-
entation of the latter with regard to the P-Os-P direction de-
pend upon the donor atom situated trans to the coordinated H,
molecule. The dihydrogen ligand disposed trans to the nitro-
gen atom (H(01)-H(02)) lies in the perpendicular plane along
with the C,N-chelate ligand, with the hydrogen atoms separat-
ed by 1.13(6) A, whereas that situated trans to the carbon
atom (H(03)-H(03A)) is disposed almost parallel to the P-Os-P
direction, with the hydrogen atoms separated by 0.88(2) A.
The DFT-optimized structure (Figure 1b) confirms the non-
classical interaction between the hydrogen atoms bonded to
the metal center and the Kubas-type dihydrogen-elongated
dihydrogen character of the OsH, unit. The calculated values
for the H-H bond lengths agree well with those obtained by X-
ray diffraction analysis. According to them, the nature of
H(01)-H(02) (0.989 A) appears to be an elongated dihydrogen,
which lies in the border with a Kubas-type dihydrogen, while
H(03)-H(03A) (0.886 A) is a Kubas-type dihydrogen.

The 'H NMR spectrum of 2, in dichloromethane-d,, is
temperature dependent. Between 283 and 213 K, the dihydro-
gen ligands give rise to a broad resonance centered at -7.2 ppm
which display a 300 MHz T;(min) value of 21 + 3 ms at 243
K, supporting the nonclassical interaction between the hydro-
gen atoms coordinated to the metal center also in solution. The
presence of only one resonance for the inequivalent dihydro-
gen ligands indicates that they are involved in a thermally
activated exchange process. Thus, at 203 K, decoalescence
occurs and at temperatures lower than 193 K two broad reso-
nances centered at -3.6 and -11.0 ppm are clearly observed.
According with these data, the estimated activation energy
(AG") for the exchange is 8.3 kcal-mol™, which may be related
to the activation energy for the oxidative addition of H(01)-
H(02) to the metal center to afford a dihydride-dihydrogen
intermediate. This type of species could change the position of
the hydrogen atoms coordinated to the osmium atom by com-
bining both proton transfer and dihydride-dihydrogen tautom-
erization processes (Scheme 5). Attempts to obtain a Jyp
value were unsuccessful, which is common for L,MH,, poly-
hydrides where m > 2. The fluxionality in polyhydrides,
which makes the measurement impossible, is a complex prob-
lem." It could involve the conversion dihydride — dihydrogen
as in complex 2, a change in the geometry of the complex
without modifying the interactions in the MH,, units, position
exchanges of hydrogen atoms in a concerted manner due to the
high mobility of hydrogen atoms in the coordination sphere of
the metal" or proton transfer. In contrast to the "H NMR spec-
trum, the *'P{'"H} NMR spectrum is temperature invariant. In
agreement with the presence of equivalent phosphines, it
shows a singlet at 13.9 ppm. In the "C{'H} NMR spectrum
the most noticeable feature is a triplet (*Jep = 10.7 Hz) at
150.5 ppm due to the metalated carbon atom C(1) of the che-
late ligand.

Figure 1. (a) ORTEP diagram of the cation of complex 2
(50% probability ellipsoids). Most hydrogen atoms are omitted
for clarity. Selected bond lengths (A) and angles (deg): Os-
P(1) = 2.4003(10), Os-N(1) = 2.140(4), Os-C(1) = 2.103(4),
H(01)-H(02) = 1.13(6), H(03)-H(03A) = 0.88(2); P(1)-Os-
P(1A) = 163.07(4), N(1)-Os-C(1) = 77.46(17). (b) Optimized
structure of the cation of complex 2. Most hydrogen atoms are
omitted for clarity. Selected bond lengths (A) and angles
(deg): Os-P(1) = 2.456, Os-P(1A) = 2.452, Os-N(1) = 2.136,
Os-C(1) = 2.099, H(01)-H(02) = 0.989, H(03)-H(03A) =
0.886; P(1)-Os-P(1A) = 169.3, N(1)-Os-C(1) = 78.0.

Scheme 5. Position exchange of the Hydrogen Atoms Co-
ordinated to the Metal Center of 2
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The protonation of 1 is a reaction that depends upon the
conjugated base of the used Brensted acid. In contrast to
HBF, OEt,, triflic acid (HOTf) affords H, and the neutral
compressed dihydride Os(H---H) {«*-C,N-(C¢H,-
py) }(OTD)(P'Pr3), (3). The addition of the proton of the acid to
one of the hydride ligands of 1 initially gives 2, which subse-
quently undergoes the displacement of the Kubas-type dihy-
drogen by the triflate anion and the elongation of the elongated
dihydrogen. Complex 3 was isolated as a yellow solid in 87%
yield, according to Scheme 6, and characterized by X-ray
diffraction analysis.



Scheme 6. Protonation of Complex 1 with HOTf.
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Figure 2a shows a view of the structure of the molecule,
which resembles that of 2 with the triflate anion in the position
of the Kubas-type dihydrogen and the coordinated hydrogen
atoms H(01) and H(02) separated by 1.41(7) A. Thus, the
coordination polyhedron around the osmium atom can be
rationalized as a distorted pentagonal bipyramid with the
phosphines in apical positions (P(1)-Os-P(2) = 166.42(8)°) and
the triflate anion situated in the perpendicular plane forming
an O(1)-0s-C(1) angle of 161.2(2)° with the metalated carbon
atom of the orthometalated phenylpyridine ligand. The DFT-
optimized structure confirms that the replacement of the Ku-
bas-type dihydrogen of 2 by the triflate anion produces a sig-
nificant separation between H(01) and H(02). Thus, the value
obtained for 3 of 1.352 A is 0.363 A longer than the obtained
one for 2. The elongation is also supported by the 'H NMR
spectrum in dichloromethane-d,, which shows a triplet (ZJH_p =
10.6 Hz) at -7.04 ppm for the coordinated hydrogen atoms.
According to their nonclassical nature, this resonance exhibits
a 300 MHz Ti(min) value of 28 + 1 ms, at 213 K, which al-
lows to calculate a separation between H(01) and H(02) of
1.25 A,' although slightly shorter than those obtained by X-
ray diffraction analysis and DFT-calculations, significantly
longer than the H(01)-H(02) bond length in 2. The *'P{'H}
NMR spectrum shows a singlet at 7.6 ppm, in agreement with
the equivalence of the phosphines. In the *C{'H} NMR spec-
trum, the metalated carbon atom C(1) displays a triplet (*Jc.p =
5.5 Hz) at 158.8 ppm.

Figure 2. (a) ORTEP diagram of complex 3 (50% probability
ellipsoids). Most hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): Os-P(1) = 2.3950(11), Os-P(2)
=2.4059(15), Os-N(1) = 2.151(5), Os-C(1) = 2.043(6), Os-O(1) =
2.260(4), H(01)-H(02) = 1.41(7); P(1)-Os-P(2) = 166.42(8), N(1)-
Os-C(1) = 78.1(3), N(1)-0s-O(1) = 83.13(18), C(1)-0s-O(1) =
161.2(2). (b) Optimized structure of complex 3. Most hydrogen
atoms are omitted for clarity. Selected bond lengths (A) and an
gles (deg): Os-P(1) = 2.423, Os-P(2) = 2.423, Os-N(1) = 2.201,
Os-C(1) = 2.070, H(01)-H(02) = 1.352; P(1)-Os-P(2) = 167.6,
N(1)-0s-C(1) =177.1.

Behavior of 2 in Usual Organic Solvents. Cations
[OS(KZ-Caryl—CNHC)(112—H2)2(P'Pr3)2]+ shown in Scheme 3 are
bis(Kubas-type dihydrogen) species. However, X-ray diffrac-
tion analysis and DFT calculations data support a Kubas-type
dihydrogen—elongated dihydrogen formulation for 2. This
apparent subtlety gives rise to a marked difference in reactivi-
ty between the bis(dihydrogen) derivatives shown in Scheme 3
and complex 2, which is revealed by their different behavior in
usual organic solvents, such as acetone and acetonitrile, alt-
hough they are stable in dichloromethane.

Atoms in Molecules (AIM) and Natural Bond Orbitals
(NBO) methods have revealed that the Os-Cyyc bond in the
cations shown in Scheme 3 has a significant m-contribution
due to the m-acceptor ability of the p, orbital at the Cyyc at-
om."" As a consequence of the remarkable n-backdonation to
Cyne, the backdonation of the metal center to the hydrogen
molecule situated trans to Cyyc decreases, whereas the o-
donation of the coordinated H-H bond to the osmium is stimu-
lated, increasing the polarization of the bond and therefore the
Bronsted acidity of the coordinated molecule.'” Thus, cations
[08(K*-Cary-Cc)(*-Ha)o(P'Pr3),]” display acidities similar to
phosphoric acid and organic compounds such as bromoacetic
acid or chloroacetic acid, which allow the protonation of ace-
tone. In this solvent, the cations reverse to the trihydrides
OsH; (Kz'Caryl'CNH(‘,)(PlPr3)2~ 1

The nitrogen atom of pyridine does not show the =n-
acceptor ability of CNHC Thus, in contrast to [OS(K -Caryi-
Cric)*-Ho)o(P'Pr3),]", complex 2 losses the Kubas-type
dihydrogen and the solvent occupies its position. Like in the
[OTA] case, the substitution produces the elongation of the
elongated dihydrogen which is converted into a compressed
dihydride. The resulting species [Os(H---H){*C,N~(CsH,-
py)}(k'-OCMe,)(P'Pr;),]BF, (4) was isolated as a green solid
in almost quantitative yield (Scheme 7). The compressed
dihydride character of the OsH,-unit is supported by the 'H
NMR spectrum, in dichloromethane-d,, of the obtained solid,
which contains a broad signal at -7.21 ppm. This resonance
exhibits a 300 MHz T(min) value of 33 = 1 ms, at 213 K,
which allows to calculate'® a separation between the coordi-
nated hydrogen atoms of 1.29 A. The optimized DFT-structure
of 4 yields a value of 1.329 A, confirming the compressed
dihydride character of the species. The *'P{'H} NMR spec-
trum shows a singlet at 6.1 ppm, for the equivalent phos-
phines. In the “C{'H} NMR spectrum, the resonance corre-
sponding to the metalated carbon atom of the C,N chelate
ligand appears at 154.4 ppm as a triplet with a C-P coupling
constant of 7.1 Hz.

Scheme 7. Reaction of Complex 2 with Acetone
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Acetone and acetonitrile glve rise to very different behav-
iors. Cations [OS(K CarerNHc)(ﬂ -H,),(P'Pr3),]" do not under-
go deprotonation in acetonitrile. In contrast to acetone, this
solvent displaces the coordinated hydrogen molecules to af-
ford the corresponding [Os(Kz-Ca,y,-CNHC)(CH;CN)Z(P‘PQ)Z]+



Scheme 8. Reaction of Complex 2 with Acetonitrile
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bis(solvento) compounds.”d Under the same conditions, com-
plex 2 eliminates 2-phenylpyridine to give a 1:8 mixture of the
monohydride [OsH(CH;CN);(P'Pr;),]BF, (5) and the trihy-
dride [OsH;(CH;CN)(P'Pr3),]BE, (6)."® The reaction, which
can be rationalized according to Scheme 8, is consistent with
the marked ability of the orthometalated 2-phenylpyridine
group to form compressed dihydride species. According to this
ability, the displacement of the Kubas-type dihydrogen of 2 by
an acetonitrile molecule should give a compressed dihydride
intermediate analogous to 4, which could evolve by reductive
elimination of 2-phenylpyridine.* The trapping of the resulting
14 ¢ valence fragment [OsH(CH;CN)(P'Pr;),]” by the solvent
should yield 5. The trihydride 6 could result from the reduc-
tive elimination of 2-phenylpyridine via a dihydride-
dihydrogen intermediate as those shown in Scheme 5 and the
subsequent trapping of the generated metal fragment
[OsH;(P'Pr3),]” by the solvent.

Complex 2 is insoluble in aromatic solvent such as toluene
and p-xylene, in agreement with their low polarity and the
saline character of the complex. The heating of the suspen-
sions produces the release of the coordinated hydrogen mole-
cules. The unsaturated metal center is stabilized by the sol-
vent, which displaces one of the phosphine ligands to afford
the  half-sandwich  cations [Os{i*-C,N-(CsH,-py)} (n°-
toluene)(PPry)]”  (7) and  [Os{K’-C,N-(CsHy-py)} (n*p-
xylene)(P'Prs)]" (8), according to Scheme 9. These cations can
be also obtained starting from 3, which is soluble in the aro-
matic solvents. The [OT] salts were isolated as yellow solids
in good yield, 60-70%.

Scheme 9. Reaction of Complex 2 with Aromatic Solvents
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Figure 3 shows a view of the cation of 7. The geometry
around the osmium atom is close to octahedral, with the arene
occupying three sites of a face. In agreement with the presence
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of the phosphine ligand, the *'P{'H} NMR spectra, in di-
chloromethane-d,, show a singlet at 3.3 ppm for 7 and -1.7
ppm for 8. In the *C{'H} NMR spectra the resonance due to
the metalated carbon atom of the C,N-ligand is observed as a
doublet (*Jep = 13.6 Hz) at about 159 ppm.

Figure 3. ORTEP diagram of the cation of complex 7 (50% prob-
ability ellipsoids). Hydrogen atoms are omitted for clarity. Select-
ed bond lengths (A) and angles (deg): Os-P(1) = 2.3821(8), Os-
N(1) = 2.088(2), Os-C(1) = 2.066(3); P(1)-Os-N(1) = 92.60(7),
P(1)-Os-C(1) = 87.08(8), N(1)-0s-C(1) = 77.72(10).

Preparation of OsH;{k’-C,C-[C(O)CH,ImCH;]}(P'Pr;),
(10). A straightforward procedure for the preparation of poly-
hydride complexes of platinum group metals, which has
proved to be particularly useful in the osmium chemistry is the
alcoholysis of tetrahydrideborate derivatives. These com-
pounds are generally generated in situ, by replacement of a
chloride ligand by a [BH,] group."’

The procedure has been also successful in this case. At
room temperature, the treatment of toluene solutions of the
chloride-acyl-NHC complex OsCl{i*-C,C-
[C(O)CH,ImMe]}(P'Pr3), (9) with 10 equiv of NaBH, and
subsequently with methanol added drop by drop leads to the
wished trihydride OSH3{K -C,C- [C(O)CHQImMe]}(PPr3)2
(10), which was isolated as a white solid in 42% yield
(Scheme 10).

Scheme 10. Synthesis of Complex 10.
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Complex 10 was characterized by X-ray diffraction analy-
sis. Figure 4a gives a view of the molecule. The coordination
geometry around the osmium atom can be described as a dis-
torted pentagonal bipyramid with axial phosphines (P(1)-Os-
P(2) = 169.433(19)°). The metal coordination sphere is com-
pleted by the hydride ligands, separated by 1.58(4) (H(01) and
H(02)) and 1.77(3) (H(02) and H(03)) A, and the carbon atoms
of the acyl-NHC group, which act with a C(1)-Os-C(6) bite
angle of 77.30(8)°. The Os-NHC and Os-acyl distances of
2.086(2) (0s-C(1)) and 2.115(2) (Os-C(6)) A, respectively,
compare well with those previously reported for other Os{i*-
C,C-[C(O)CHzlmMe]}-cornple:xes.14 The classical trihydride
nature of the complex was confirmed by the DFT-optimized
structure (Figure 4b), which affords separations between the
hydrides of 1.734 and 1.778 A.

(b)

Figure 4. (a) ORTEP diagram of complex 10 (50% probability
ellipsoids). Hydrogen atoms (except the hydrides) are omitted for
clarity. Selected bond lengths (A) and angles (deg): Os-P(1) =
2.3550(5), Os-P(2) = 2.3501(6), Os-C(1) = 2.086(2), Os-C(6) =
2.115(2), H(01)-H(02) = 1.58(4), H(02)-H(03) = 1.77(3); P(1)-Os-
P(2) = 169.433(19), C(1)-Os-C(6) = 77.30(8). (b) Optimized
structure of complex 10. Hydrogen atoms (except the hydrides)
are omitted for clarity. Selected bond lengths (A) and angles
(deg): Os-P(1) = 2.379, Os-P(2) = 2.375, Os-C(1) = 2.106, Os-
C(6) = 2.149, H(01)-H(02) = 1.734, H(02)-H(03) = 1.778; P(1)-
Os-P(2) = 166.0, C(1)-Os-C(6) = 76.8.

The *'P{'H}, "C{'H} and '"H NMR spectra in toluene-ds
are consistent with the structure shown in Figure 4a. In agree-
ment with the presence of equivalent phosphines, the *'P{'H}
NMR spectrum contains a singlet at 29.9 ppm. In the *C{'H}
NMR spectrum, the C(1)-NHC and C(6)-acyl resonances are
observed at 188.9 and 255.9 ppm, as triplets with C-P cou-
pling constants of 6.4 and 7.9 Hz, respectively. The 'H NMR
spectrum at 183 K shows three high-field resonances centered
at -8.1, -10.9 and -11.2 ppm, in a 1:1:1 intensity ratio, as ex-
pected for three inequivalent hydride ligands. The signals at -
10.9 and -11.2 ppm coalesce between 203 and 213 K to afford
a broad signal. The latter coalesces with the resonance at -8.1
ppm, between 283 K and 293 K, to yield only one hydride
resonance at temperatures higher than 293 K. This behavior
indicates two thermally activated site exchange processes
involving to H(01) and H(02) and the latter with H(03), which
occur with activation energies of about 9.7 kcal-mol™ and 12.5
keal-mol™, respectively. According to the presence of the acyl
group, the IR shows a characteristic v(CO) band at 1556 cm™.

Protonation of 10. There are marked differences in behav-
ior between 1 and 10. The acyl oxygen atom of the C,C-
chelate ligand of the latter provides reliable and effective
protection to the hydride ligands against the protonation with
both HBF,-OEt, and HOTT and allows the preparation of the
first transition metal complexes containing a chelate ligand
formed by an NHC unit and an oxygen substituted Fisher-type
carbene moiety. The addition of 1.0 equiv of the above men-
tioned acids to the dichloromethane-d, solutions of 10 at room
temperature leads to the quantitative formation of the trihy-
dride hydroxycarbene cation [OsH; {k*-C,C-
[C(OH)CH,ImMe]}(P'Pr3),]” (11), as result of the protonation
of the acyl oxygen atom (Scheme 11). The addition of the
proton of the acids to the acyl oxygen atom is strongly sup-
ported by the 'H NMR spectrum of the resulting solution,
which contains an OH-resonance at 13.53 ppm. In the high
field region, the hydride ligands give rise to a triplet (Jyp =
11.7 Hz) at -8.89 ppm, which displays a 400 MHz T (min)
value of 112 £ 5 ms, at 203 K, in agreement with the classical
character of the OsH;-unit. The 31P{IH}» NMR spectrum shows
a singlet at 30.0 ppm.

The hydroxycarbene-NHC ligand of 11 is unstable, under-
going an intramolecular 1,3-hydrogen shift from the oxygen
atom to the methylene moiety. The migration produces the
decarbonylation of the C,C-chelate ligand, which is converted
into a carbonyl group and a N,N-dimethylimidazolylidene
ligand. The decarbonylation is accompanied by the reduction
of the metal center and the transformation of the classical
trihydride into hydride-dihydrogen. The resulting cation
[OsH(1’-H,)(CO)(Me,Im)(P'Pr;),]" (12) exists as two isomers:
cis-hydride-dihydrogen (12a, Jyp = 28.0; H-H = 0.95 A) and
trans-hydride-dihydrogen (12b, Ji.p = 26.6; H-H = 0.98 A).
Isomer 12a is the kinetically controlled product, while isomer
12b is the most stable. Thus, after 12 h, it is the main species
in solution. Characteristic spectroscopic data of 12a are: the
OsHj-resonance in the "H NMR spectrum, which appears at -
6.2 ppm, as a broad signal, and displays a 300 MHz T(min)
value of 10 + 1 ms, at 203 K, and a singlet at 15.2 ppm in the
*'P{'"H} NMR spectrum due to the equivalent phosphines. In
contrast to 12a, the hydride-dihydrogen unit of 12b originates
two resonances in the 'H NMR spectrum, a broad signal at -
5.44 ppm corresponding to the coordinated hydrogen molecule
and a triplet (i = 21.9 Hz) at -6.08 ppm due to the hydride
ligand. The first of them shows a 300 MHz T7(min) value of
14 + 1 ms, whereas the 300 MHz T)(min) value of the second
one is 266 =+ 13 ms. Both values were obtained at 223 K. In the
BC{'H} NMR spectrum, the CO resonance is observed at
182.1 (Jep = 9.8 Hz) ppm, whereas the signal due to the
metalated carbon atom of the NHC ligand appears at 163.1
(Jep = 8.3 Hz) ppm. A singlet at 31.4 ppm in the *'P{'H}
NMR spectrum is also a characteristic feature of this species.

NHC carbene ligands are recognized as powerful tools in
organometallic and catalysis, due to their robustness.”’ How-
ever findings reported in recent years reveal that they can
undergo degradation via o-bond activation reactions on their
substituents.”’ The transformation of 11 into 12 constitutes a
new evidence in this line. The cleavage of C-C bonds is the
less frequent among the metal-mediated o-bond activation
processes. One of the driving forces to promote the reaction is
the stabilization of the resulting metal species by chelate ef-
fect.”>** In this context it should be noted that in contrast to the
general trend the C-C cleavage that transforms 11 into 12
implies the rupture of a chelating system.



Scheme 11. Protonation of Complex 10
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Once the basicity of the acyl oxygen atom has been neu-
tralized, the hydride ligands are susceptible to being protonat-
ed. Thus, the addition of a second equivalent of HOTT to di-
chloromethane solutions of 11 affords the Kubas-type dihy-
drogen derivative [Os(OTH)(n*-H,) {i*-C,C-
[C(OH)CH,ImMe]} (P'Pr3),]OTf (13), as a result of the proto-
nation of one of the hydride ligands and the displacement of a
coordinated hydrogen molecule of the resulting bis(Kubas-
type  dihydrogen)  intermediate  [Os(n*-H,),{x’-C,C-
[C(OH)CH,ImMe]} (P'Pr3),](OTf), by one of the [OTf] anions
(Scheme 12).

Scheme 12. Preparation of Complex 13
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Complex 13 was isolated as a white solid in 76% yield and
characterized by X-ray diffraction analysis. The structure has
two chemically equivalent but crystallographically independ-
ent cations in the asymmetric unit. Figure 5a shows a drawing
of one of them. As expected for a saturated d® species, the
geometry around the osmium atom can be rationalized as a
distorted octahedron with trans-phosphines (P1-Os(1)-P(1A) =
168.55(9)° and 167.04(10)°). The perpendicular plane is
formed by the chelate hydroxycarbene-NHC ligand, which
acts with C(1)-Os(1)-C(6) bite angles of 79.4(5)° and 79.6(5)°,
the coordinated hydrogen molecule situated trans to the NHC
carbon atom C(1), and the triflate anion disposed trans to the
hydroxycarbene carbon atom C(6) (O(2)-Os(1)-C(6) =
169.8(4)° and 166.9(4)°). The Os(1)-C(1) distances of
2.093(10) and 2.087(10) A compare well with those previous-
ly reported for other Os-NHC complexes,” whereas the Os(1)-
C(6) bond lengths of 1.900(12) and 1.919(12) A support the
Os-hydroxycarbene formulation.** The H(01)-H(02) bond
lengths of 0.9(1) and 1.0(1) A are about 0.35 A shorter than
the separation between H(01) and H(02) in the related phenyl-
pyridine complex 3 and suggest a Kubas-type character for the
dihydrogen, which was confirmed by the DFT-optimized
structure (Figure 5b). In good agreement with the X-ray dif-
fraction analysis, the DFT calculations yield a H-H distance of
0.853 A. In the 'H NMR spectrum, in dichloromethane-d,, the
coordinated hydrogen molecule displays a broad signal cen-
tered at -3.36 ppm. According to a Kubas-type dihydrogen
nature, the H-D coupling constant in the partially deuterated
species is 29.7 Hz, which allows us to calculate a H-H dis-
tance of 0.92 A.> The "C{'H} NMR spectrum is consistent
with the presence of the hydroxycarbene-NHC ligand in the
complex Thus, it contains triplets at 260.1 (“Jc., = 7.6 Hz) and
170.9 (*Jep = 8.3 Hz) ppm for the hydroxycarbene C(6) and

PrsP + PrsP +
ST
Hz/ ‘ Y\) ‘ Y\)

Pr3P N
12a 12b

NHC C(1) carbon atoms, respectively. The *'P{'H} NMR
spectrum shows a singlet at 17.9 ppm.

Figure 5. (a) ORTEP diagram of the cation of complex 13
(30% probability ellipsoids). Most hydrogen atoms are omitted
for clarity. Selected bond lengths (A) and angles (deg): Os(1)-
P(1) = 2.446(2), 2.436(3), Os(1)-0(2) = 2.262(7), 2.251(8),
Os(1)-C(1) = 2.093(10), 2.087(10), Os(1)-C(6) = 1.900(12),
1.919(12), H(01)-H(02) = 0.9(1), 1.0(1); P(1)-Os(1)-P(1A) =
168.55(9), 167.04(10), C(1)-Os(1)-C(6) = 79.4(5), 79.6(5),
C(6)-0s(1)-0(2) = 169.8(4), 166.9(4). (b) Optimized structure
of the cation of complex 13. Most hydrogen atoms are omitted
for clarity. Selected bond lengths (A) and angles (deg): Os-
P(1) = 2.490, Os-P(2) = 2.476, Os-C(1) = 2.077, Os-C(6) =
1.919, H(01)-H(02) = 0.853; P(1)-Os-P(2) = 168.5, C(1)-Os-
C(6)=79.9.

The low stability of the hydroxycarbene-NHC ligand pre-
vents a more detailed study of the OsH; unit of 11. In order to
address this problem, we decided to prepare the methoxycar-
bene counterpart (Scheme 13). Treatment of dichloromethane
solutions of 10 with 1.2 equiv of MeOTf, at room temperature,
for 30 min leads to the expected trihydride [OsH; (*-C,C-
[C(OMe)CH,ImMe]} (P'Pr3),]OTf (14), as a result of the
methylation of the acyl group. Complex 14 was isolated as a
white solid in 58% yield and characterized by X-ray diffrac-
tion analysis.



Scheme 13. Synthesis and Protonation of Complex 14
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Figure 6a shows a view of the cation of 14. The coordina-
tion geometry around the osmium atom can be rationalized as
a distorted pentagonal bipyramid with axial phosphines (P(1)-
Os-P(2) = 158.87(2)°) whereas the hydride ligands, separated
by 1.52(2) (H(01) and H(02)) and 1.69(3) (H(02) and H(03))
A, and the methoxycarbene-NHC group, which acts with a
C(1)-0s-C(6) bite angle of 77.10(8)°, lie in the perpendicular
plane. The Os-NHC and Os-methoxycarbene bond lengths of
2.102(2) (0s-C(1)) and 2.003(2) (Os-C(6)) A, respectively,
compare well with the related parameters of 13. The classical
trihydride nature of this complex was confirmed by the DFT-
optimized structure (Figure 6b), which yields separations
between the hydrides of 1.634 and 1.769 A. In agreement with
11, the high field region of the "H NMR spectrum of this tri-
hydride, in dichloromethane-d,, shows a triplet (ZJH_p =156
Hz) at -8.74 ppm, which displays a 300 MHz T;(min) value of
64 + 3 ms at 223 K. Although a broadening of this resonance
is observed lowering the sample temperature, decoalescence is
not observed until 183 K. In the *C{'H} NMR spectrum, the
alcoxycarbene C(6) and NHC C(1) resonances are observed as
triplets at 290.8 (Jep = 3.0 Hz) and 178.2 (Jep = 6.0 Hz)
ppm, respectively. The *'P{'"H} NMR spectrum contains a
singlet at 31.2 ppm, as expected for equivalent phosphines.
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Figure 6. (a) ORTEP diagram of the cation of complex 14 (50%
probability ellipsoids). Most hydrogen atoms are omitted for
clarity. Selected bond lengths (A) and angles (deg): Os-P(1) =
2.3825(6), Os-P(2) = 2.3764(6), Os-C(1) = 2.102(2), Os-C(6) =
2.003(2), H(01)-H(02) = 1.52(2), H(02)-H(03) = 1.69(3); P(1)-Os-
P(2) = 158.87(2), C(1)-0s-C(6) = 77.10(8). (b) Optimized struc-
ture of the cation of complex 14. Most hydrogen atoms are omit-
ted for clarity. Selected bond lengths (A) and angles (deg): Os-
P(1) =2.412, Os-P(2) = 2.410, Os-C(1) = 2.125, Os-C(6) = 2.030,
H(01)-H(02) = 1.634, H(02)-H(03) = 1.769; P(1)-Os-P(2) =
157.5, C(1)-0s-C(6) = 76.8.

Complexes 11 and 14 are certainly analogous species. The
addition of 1.2 equiv of HOTT to the dichloromethane solu-
tions of 14 produces the protonation of a hydride ligand and
the formation of the Kubas-type dihydrogen derivative
[0s(OTf)(n*-H,){K*-C,C-[C(OMe)CH,ImMe]} (P'Pr),]OTE
(15), a methoxycarbene counterpart of 13, which was isolated
as white solid in 51% yield. As expected, the spectroscopic
data of 15 and 13 are very similar. Thus, the '"H NMR spec-
trum of 15, in dichloromethane-d,, shows the dihydrogen
resonance at -3.25 ppm, which displays a 300 MHz T;(min)
value of 10 £ 1 ms, at 213 K, whereas the H-D coupling con-
stant in the partially deuterated species is 30.0 Hz. These data
are consistent with a H-H distance of 0.93 A,” which agrees
well with that obtained by DFT calculations for the optimized
structure (0.851 A). In the "C{'H} NMR spectrum, the reso-
nances corresponding to the metalated carbon atoms of the
C,C-donor ligand appear at 261.7 and 167.3 ppm as triplets
with C-P coupling constants of 7.6 and 8.3 Hz, respectively.
The *'P{'"H} NMR spectrum shows a singlet at 17.9 ppm for
the equivalent phosphines.

CONCLUDING REMARKS

There are groups so-called spectator ligands that subtly
govern the electron density of the metal, but have not a direct
participation in the reactions of polyhydrides of platinum
group metals. In spite of the thin borderline between Kubas-
type dihydrogen and elongated dihydrogen, it is possible to
govern the bis(Kubas-type dihydrogen) or Kubas-type dihy-
drogen—elongated dihydrogen nature of OsH,-species with this
type of groups. As a proof of concept, here we show that the
replacement of the C,Cync chelate ligand of cations [OS(KZ-
Cmy,,CNHC)(r|2-H2)2(P'Pr3)2:|+ by an orthometalated 2-
phenylpyridine, to  form [Os {i*C,N-(CsH,-py)} (-
H,),(P'Pr3),]", changes the nature of the Os(n’*-H,), unit from
bis(Kubas-type dihydrogen) to Kubas-type dihydrogen—
elongated dihydrogen and, as a consequence, there are marked
differences in reactivity between them. Particularly, the very
different behavior in usual organic solvents should be pointed
out.

These [Os(L—L)(T]Z—HQ)Z(PiPr3)2]+ cations are formed by
protonation of classical trihydride complexes OsHs(L-
L)(P'Pr3),. The presence of a group in the L-L ligand with
sufficiently basic free pairs prevents the formation of the
Os(n>-H,), unit because it captures the proton. However, the
resulting trihydride containing a chelate HL-L group can be
protonated again to now afford an Os(nszz)z species. In con-
trast to [Os {k’-C,N-(CsHy-py)} (n*-Ho)»(P'Pr3),]", the reactivity
of the new cation reveals a bis(Kubas-type dihydrogen) char-
acter for the Os(n>-H,), unit. The initial protonation of the L-L
group reduces its basicity and as a consequence the m-back
bonding from the metal to the o*(HH) orbital, which favors
the Kubas-type dihydrogen with regard to an elongated dihy-
drogen.



In conclusion, the nature and formation of Os(n2-H2)2 unit
of cations [OS(L-L)(112-H2)2(P'F’r3)2]+ can be subtly tuned with
the L-L ligand. Here we report a novel Kubas-type dihydrogen
— elongated dihydrogen compound and demonstrate that has a
chemical behavior different from that of previously reported
bis(Kubas-type dihydrogen) derivatives.

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, *'P{'H}, C{'H}, and ""F{'H} NMR spectra were
recorded on a Varian Gemini 2000, Bruker ARX 300 MHz, Bruker
Avance 300 MHz, Bruker Avance 400 MHz or Bruker Avance 500
MHz instrument. Chemical shifts (expressed in parts per million) are
referenced to residual solvent peaks ('H, 13C{IH}), external 85 %
H;PO, (*'P{'H}), or external CFCl; (**F{'H}). Coupling constants .J
and N are given in hertz. Infrared spectra were recorded on a Perkin-
Elmer Spectrum 100 spectrometer as solid films obtained using the
attenuated total reflectance (ATR) technique. C, H, N and S analyses
were carried out in a Perkin-Elmer 2400 CHNS/O analyzer. High-
resolution electrospray mass spectra were acquired using a Micro-
TOF-Q hybrid quadrupole time-of-flight spectrometer (BrukerDalton-
ics, Bremen, Germany). OsH;{i-C,N-(CsHs-py)}(P'Pr3), (1)** and
OsCl{k*-C,C-[C(O)CHImMe)]}(PPrz), (9)," were prepared as
previously described.

Reaction of OSH3{K2-C,N-(C6H4-py)}(PiPI'3)z (1) with tetrafluo-
roboric acid: Preparation of [Os{KZ-C,N-(C(,H4—py)}(n2-
H,)2(P'Pr3),]BF; (2). A solution of 1 (150 mg, 0.224 mmol) in di-
chloromethane (10 mL) was treated with 1 equiv of HBF4 OEt; (30
uL, 0.224 mmol) and stirred for 20 min at room temperature, chang-
ing the color from bright orange to dark yellow. After this time, the
resulting solution was concentrated to ca. 0.5 mL. Diethyl ether (5
mL) was added to afford a yellow solid, which was washed with
further portions of diethyl ether (3 x 2 mL) and dried in vacuo. Yield:
144 mg (85%). Anal. calcd. for C,9Hs4sBF4sNOsP,: C, 46.09; H, 7.20;
N, 1.85. Found: C, 45.89; H, 7.46; N, 2.03. HRMS (electrospray, m/z)
caled. for CooHsNOsP, [M - 2H]": 668.3186; found: 668.3183. IR
(em™): v(0s-H) 2163 (w), v(C=C), v(C=N) 1606 (m), 1584 (m), v(B-
F) 1049 (vs). "H NMR (300 MHz, CD,Cl,, 233 K): & 8.85 (d, “Jiru =
5.9, 1H, H arom), 8.05 (m, 2H, H-arom), 7.87 (m, 2H, H-arom), 7.23
(m, 3H, H-arom), 1.80 (m, 6H, PCH(CHs),), 0.86 (dvt, *Jupu=7.1, N
= 14.1, 36H, PCH(CH),), -7.21 (br, 4H, Os-H). '"H NMR (300 MHz,
CD,Cl,, 183 K, high field region): § -3.65 (br, 2H, Os-H), -10.96 (br,
2H, Os-H). *C{'H}-apt NMR (75.42 MHz, CD,Cl,, 233 K): & 164.1
(5, Cipso)> 154.2 (s, CH arom), 150.5 (t, “Jep = 10.7, 0s-C), 144.8 (s,
Cipso), 144.4, 137.9, 131.3, 126.1, 125.1, 124.2, 1214 (all s, CH
arom), 25.0 (vt, N = 234, PCH(CH;),), 19.8, 19.1 (both s,
PCH(CH:),). *'P{'H} NMR (121.4 MHz, CD,Cl,, 298 K): & 13.9 (s).
T1(min) (ms, OsH, 300 MHz, CD,Cl,, 243 K): 21 + 3 (-7.16 ppm).

Reaction of OsHs{k*-C,N-(CsH,-py)}(P'Pr3), (1) with HOTI:
Preparation of OS(H"'H){KZ-C,N-(C(,H4-py)}(OTD(PIPI‘3)2 3). A
solution of 1 (120 mg, 0.179 mmol) in dichloromethane (10 mL) was
treated with HOTTf (16 pL, 0.179 mmol) and stirred for 20 min at
room temperature. After this time, the resulting solution was concen-
trated to ca. 0.5 mL. Diethyl ether (5 mL) was added to afford a
yellow solid, which was washed with further portions of diethyl ether
(3 x 2 mL) and dried in vacuo. Yield: 127 mg (87%). Alternatively,
this compound can be prepared starting from complex 2: NaOTf (23
mg, 0.132 mmol) was added to a CH,Cl, solution (8 mL) of 2 (100
mg, 0.132 mmol). After stirring for 1 hour at room temperature, the
resulting suspension was filtered through Celite to remove the sodium
salts. The solution thus resulting was concentrated to ca. 0.5 mL, and
diethyl ether (5 mL) was added to afford a yellow solid, which was
washed with further portions of diethyl ether (2 x 2 mL) and dried in
vacuo. Yield: 99 mg (92 %). Anal. calcd. for C30Hs,F3NO;OsP,S: C,

44.16; H, 6.42; N, 1.72; S, 3.93. Found: C, 44.42; H, 6.52; N, 1.76; S,
3.68. HRMS (electrospray, m/z) calcd. for CooHs,NOsP; [M - OTf]":
668.3186; found: 668.3310. IR (cm™): v(Os-H) 2161 (w), v(C=C),
v(C=N) 1605 (m), 1582 (m), v(C-F) 1299, v(S-0) 1231, 1209, 1171
(vs). '"H NMR (300 MHz, CD,Cl,, 298 K): & 9.38 (d, *Jizu = 5.9, 1H,
H-arom), 7.99 (d, *Jun = 8.2, 1H, H-arom), 7.69 (m, 2H, H-arom),
7.52 (d, *Ji = 7.4, 1H, H-arom), 7.23 (m, 1H, H-arom), 6.79 (m, 2H,
H-arom), 2.04 (m, 6H, PCH(CHs),), 1.01 (dvt, *Jiu = 6.9, N = 12.8,
18H, PCH(CHs),), 0.86 (dvt, *Ju = 6.9, N =12.8, 18H, PCH(CH5),),
-7.04 (t, *Jup = 10.6, 2H, Os-H). “C{'H}-apt NMR (75.42 MHz,
CD1Cly, 298 K): 8 164.7 (s, Cipso)> 158.8 (t, 2Jep = 5.5, 0s-C), 149.1
(s, CH arom), 144.9 (s, CH arom), 140.7 (s, Cips), 136.6, 130.5,
128.6, 124.9, 120.7, 120.2 (all s, CH arom), 119.9 (q, 'Jer = 316,
CF3), 119.0 (s, CH arom), 26.2 (vt, N = 23.5, PCH(CH3),), 19.9, 19.7
(both s, PCH(CH3),). *'P{'H} NMR (121.4 MHz, CD,Cl, 298 K): &
7.6 (s). *F{'H} NMR (282.3 MHz, CD,Cl,, 298 K): & -78.8 (s).
T1(min) (ms, OsH, 300 MHz, CD,Cl,, 213 K): 28 + 1 (-7.40 ppm).

Reaction of [Os(k*-C,N-CsHy-py)(m’-Hy)2(P'Prs),]BF, (2) with
acetone:  Preparation  of [OS(H"'H){KZ-C,N-(C6H4-py)}(K1-
OCMe,)(P'Pr3):]BF, (4). A solution of 2 (180 mg, 0.238 mmol) in
acetone (10 mL) was stirred for 20 min at room temperature. After
this time, the resulting solution was concentrated to ca. 0.5 mL. Di-
ethyl ether (5 mL) was added to afford a green solid, which was
washed with further portions of diethyl ether (3 x 2 mL) and dried in
vacuo. Yield: 180 mg (93%). Anal. calcd. for C3;HssBFsNOOsP,: C,
47.34; H, 7.20; N, 1.73. Found: C, 47.09; H, 7.35; N, 1.90. HRMS
(electrospray, m/z) caled. for CyHs;NOsP, [M — OC(CH;),]":
668.3186; found: 668.3284. IR (cm']): v(Os-H) 2176 (w), v(C=0)
1650 (m), v(B-F) 1047 (vs). '"H NMR (300 MHz, CD,Cl,, 298 K): &
9.36 (d, “Jiry = 5.7, 1H, H-arom), 8.13 (d, *Ju. = 8.3, 1H, H-arom),
7.81 (m, 2H, H-arom), 7.56 (d, *Ji. = 7.5, 1H, H-arom), 7.40 (t, *Jun
= 6.5, 1H, H-arom), 6.93 (t, *Ju.u = 7.5, 1H, H-arom), 6.83 (t, *Ju.n =
7.5, 1H, H-arom), 2.43 (s, 6H, O=C(CHs),), 1.79 (m, 6H,
PCH(CHs),), 0.97 (dvt, *Jin = 6.7, N = 13.1, 18H, PCH(CHs),), 0.70
(dvt, *Jun = 6.7, N = 13.1, 18H, PCH(CHs),), -7.21 (t, *Jup = 17.0,
2H, OsH,). *C{'H}-apt NMR (75.42 MHz, CD,Cl,, 298 K): 5 197.0
(s, OCMe,), 164.8 (s, Cipso)> 154.4 (t, “Jep = 7.1, 0s-C), 148.0 (s, CH
arom), 145.6 (s, CH arom), 140.6 (s, Cipso), 137.6, 130.8, 125.3, 121.7,
121.4, 120.2 (all s, CH arom), 25.7 (vt, N = 24.6, PCH(CHj3),), 19.8,
19.4 (both s, PCH(CHs),), 18.2 (s, OCMe,). *'P{'H} NMR (121.4
MHz, CD,Cl, 298 K): 6 6.1 (s). 71(min) (ms, OsH, 300 MHz, CD,Cl,,
213 K): 33 =1 (-7.61 ppm).

Reaction of [Os(k*-C,N-CsHy-py)(m’-H1)2(P'Prs);]BF, (2) with
acetonitrile. A solution of 2 (100 mg, 0.132 mmol) in acetonitrile (10
mL) was stirred for 2 h at room temperature. After this time, the
resulting solution was concentrated to ca. 0.5 mL. Diethyl ether (5
mL) was added to afford a white solid, which was washed with fur-
ther portions of diethyl ether (3 x 2 mL) and dried in vacuo. Yield: 77
mg. 'H and *'P{'"H} NMR spectra recorded in dichloromethane-d»
reveal the presence of the previously reported18 complexes
[OsH(CH3;CN)3(P'Pr3),]BF; (5; 831p = 19.6 ppm, 8, hydride region =
-1598 (t, 3.]1-[.]3 = 191)) and [OSH3(CH3CN)2(P1PI'3)2]BF4 (6, 831[’ =
26.1 ppm, &,y hydride region = -12.18 (t, Jip = 11.4)). Integration of
the high field resonances in the "H NMR spectrum yields a ratio 5:6
of 1:8.

Reaction of [Os{K*-C,N-(CsH,-py)}(’-H2):(P'Pr;),]BF, (2) with
toluene. A suspension of 2 (100 mg, 0.132 mmol) in toluene (7 mL)
was placed in a schlenk flask provided with a Teflon closure and was
heated under reflux for 48 h. After this time, an aliquot of the result-
ing solution was taken and evaporated to dryness. The oily residue
obtained was dissolved in 0.5 mL of CD,Cl, and analyzed by NMR
spectroscopy. Both 'H and 31P{ll-[} NMR spectra confirm the for-
mation of the BF, salt of [Os {i’-C,N-(CsHa-py)} (n°-toluene)(P'Pr3)]*
(7) and the presence of P'Prs.

Reaction of [Os{Kk*-C,N-(CsH4-py)}(’-H2):(P'Pr3),]BF, (2) with
p-xylene. A suspension of 2 (100 mg, 0.132 mmol) in p-xylene (7
mL) was placed in a schlenk flask provided with a Teflon closure and



was heated under reflux for 48 h. After this time, an aliquot of the
resulting solution was taken and evaporated to dryness. The oily
residue obtained was dissolved in 0.5 mL of CD,Cl, and analyzed by
NMR spectroscopy. Both 'H and 3]P{]H} NMR spectra confirm the
formation of  the BFy salt of [Os{k*-C,N-(CsHa-py)}(n’-p-
xylene)(P'Pr3)]" (8) and the presence of P'Prs.

Reaction of Os(H-~~H){KZ-C,N-(C6H4-py)}(OTf)(PiPr3)z (3) with
toluene: ~ Preparation of [Os{KZ-C,N-(C6H4—py)}(q6-
toluene)(P'Pr3)]OTT (7). A solution of 3 (123 mg, 0.151 mmol) in
toluene (10 mL) placed in a schlenk flask provided with a Teflon
closure, was heated under reflux for 48 h. After this time, the resulting
mixture was filtered through Celite, and the solution thus obtained
was evaporated to dryness. Addition of diethyl ether (3 mL) afforded
a yellow-greenish solid that was washed with further portions of
diethyl ether (5 x 2 mL) and dried in vacuo. Yield: 71 mg (63%).
Anal. calcd. for CygH3;FsNOs;OsPS: C, 45.09; H, 5.00; N, 1.88; S,
4.30. Found: C, 45.27; H, 5.03; N, 1.87; S, 4.02. HRMS (electrospray,
m/z) calcd. for Cr7H3;NOsP [M]+: 598.2274; found: 598.2296. IR (cm’
: w(C=C), v(C=N) 1605 (m), 1581 (m), v(C-F) 1255, v(S-0) 1221,
1142, 1029 (vs). '"H NMR (400 MHz, CD,Cl,, 298 K): 8 9.07 (d, *Jiv.u
= 5.9, 1H, H-arom), 7.94 (d, 3 n = 8.1, 1H, H-arom), 7.78 (m, 3H,
H-arom), 7.21 (m, 3H, H-arom), 6.30 (t, *Juu = 5.6, 1H, m-H tolue-
ne), 6.13 (t, *Jiy = 5.6, 1H, p-H toluene), 5.71 (t, “Jiry = 5.6, 1H, m-
H toluene), 5.43 (d, *Jiu = 5.6, 1H, o-H toluene), 5.23 (d, *Ju.n = 5.6,
1H, o-H toluene), 1.94 (m, 3H, PCH(CHs;),), 1.59 (s, 3H, CH3C¢Hs),
1.01 (dd, *Jun = 7.1, *Jup = 13.4, 9H, PCH(CH3),), 0.88 (dd, *Juu =
7.1, *Jup = 13.4, 9H, PCH(CH;),). *C{'H}-apt NMR (100.63 MHz,
CD,Cly, 298 K): 8 168.2 (5, Cipso), 159.2 (d, %Jer=13.6, 0s-C), 157.6
(s, CH arom), 145.5 (s, Cipso), 140.7, 1389, 131.3, 125.6, 123.8,
123.7, 120.4 (all s, CH arom), 102.7 (s, Cipso toluene), 88.3, 86.8,
81.1, 80.3, 76.1 (all s, CH toluene), 25.3 (d, “Jop = 27.1, PCH(CHs),),
19.9 (s, PCH(CHs),), 17.6 (s, CHj toluene). *'P{'"H} NMR (121.4
MHz, CD,Cl, 298 K): & 3.3 (s). "’F{'"H} NMR (282.3 MHz, CD,Cl,,
298 K): 8 -77.5 (s).

Reaction of Os(H---H){K*-C,N~(CsH4-py)}(OTH)(PPr3); (3) with
p-xylene: Preparation of [Os{K*-C,N-(C¢Ha-py)}(°-p-
xylene)(P'Pr3)]OTT (8). A solution of 3 (100 mg, 0.122 mmol) in p-
xylene (8 mL) placed in a schlenk flask provided with a Teflon clo-
sure was heated under reflux for 48 h. After this time, the resulting
solution was filtered through Celite, and the solution thus obtained
was evaporated to dryness. Addition of diethyl ether (3 mL) afforded
a yellow solid that was washed with further portions of diethyl ether
(5 x 2 mL) and dried in vacuo. Yield: 66 mg (70%). Anal. calcd. for
CyoH30FsNOsOsPS: C, 45.84; H, 5.17; N, 1.84; S, 4.22. Found: C,
45.92; H, 5.20; N, 1.88; S, 3.95. HRMS (electrospray, m/z) calcd. for
CasH3NOsP [M]": 612.2431; found: 612.2079. 'H NMR (400 MHz,
CD,Cl, 298 K): 8 9.03 (d, *Juu = 5.8, 1H, H-arom), 7.92 (d, *Jizu =
7.9, 1H, H-arom), 7.79 (t, Jan = 7.9, 1H, H-arom), 7.76-7.73 (m, 2H,
H-arom), 7.17-7.10 (m, 3H, H-arom), 5.64 (d, Ju.u = 5.8, 2H, p-
xylene), 5.37 (d, Ju.u = 5.8, 2H, p-xylene), 2.16 (m, 12H, PCH(CHs),
and CH; p-xylene), 0.95 (dd, *Jun = 7.3, “Jup = 13.2, 18H,
PCH(CHs),). “C{'H}-apt NMR (100.63 MHz, CD,Cl,, 298 K): &
168.7 (s, Cipso), 159.3 (d, *Jep = 13.8, 0s-C), 157.6 (s, CH arom),
145.7 (s, Cipso), 141.3, 138.9, 130.9, 125.5, 123.7, 123.3, 120.2 (all s,
CH arom), 102.7 (s, Cipso, p-Xylene), 82.4 (d, Jcp = 1.6, CH p-xylene),
81.7 (d, Jep = 2.9, CH p-xylene), 26.3 (d, 'Jep = 26.7, PCH(CH;),),
20.1 (s, PCH(CH,),), 17.7 (s, CH; p-xylene). *'P{'H} NMR (121.4
MHz, CD,Cl,, 298 K): & -1.7 (s). "F{'H} NMR (282.3 MHz, CD,Cl,,
298 K): 8 -77.8 (s).

Reaction of OsCl{k’-C,C-[C(O)CH,ImMe)[}(P'Prs); (9) ~with
NaBH,: Preparation of OsH;{Kk’-C,C-[C(O)CH,ImMe|}(P'Pr3),
(10). A solution of 9 (100 mg, 0.149 mmol) in toluene (5 mL) was
treated with NaBH4 (57 mg, 1.494 mmol) and 1 mL of methanol was
added drop by drop. The resulting mixture was stirred overnight at
room temperature and was dried in vacuo. Toluene (20 mL) was
added to afford a suspension. After filtering through Celite to remove
the formed salts, the solution thus obtained was evaporated to dryness
to afford a white residue. Addition of pentane (3 mL) afforded a white

solid that was washed with pentane (3 mL) and dried in vacuo. Yield:
40 mg (42%). Anal. Calcd. for Co4Hs:N,OOsP»: C, 45.26; H, 8.23; N,
4.40. Found: C, 44.99; H, 8.45; N, 4.24. HRMS (electrospray, m/z)
caled. for CsHsoN,OOsP; [M - 3H]+: 635.2930; found: 635.2959. IR
(em™): v(0s-H) 2034 (m), v(C=0) 1556 (s). 'H NMR (300 MHz,
CsDe, 298 K): 8 6.36 (d, *Jizys = 1.9, 1H, CHin), 6.20 (d, *Jin = 1.9,
1H, CHim), 3.48 (s, 3H, NCHj3), 3.42 (s, 2H, NCH,), 1.98-1.84 (m,
6H, PCH(CHs),), 1.12 (dvt, *Jin = 6.9, N = 12.6, 18H, PCH(CH)5),
1.00 (dvt, *Jun = 6.9, N = 12.3, 18H, PCH(CHs)3), -10.29 (br, 3H,
OsH). 'H NMR (300 MHz, toluene-ds, 183 K, high field region): o -
8.10 (br, 1H, Os-H), -10.85 (br, 1H, Os-H), -11.20 (br, 1H, Os-H).
BC{'H}-APT NMR plus HSQC and HMBC (75.5 MHz, toluene-ds,
298 K): 8 255.9 (t, “Jep = 7.9, C=0), 188.9 (t, 2Jcp = 6.4, NCN),
121.2 (s, CHin), 116.4 (s, CHip), 76.7 (s, NCH>), 39.5 (s, NCH3), 28.8
(vt, N = 24.9, PCH(CHa),), 20.1, 20.0 (both s, PCH(CHS,)s). *'P{'H}
NMR (121.5 MHz, C¢Ds, 298 K): 8 29.9 (s). Ti(min) (ms, 300 MHz,
toluene-ds, 213 K): 127 + 6 (-8.14 ppm), 112 £5 (-11.06 ppm).

Protonation of OsH;{k*-C,C-[C(O)CHImMe|}(P'Prs;), (10):
Spectroscopic ‘Detection of [OsH;{KZ-C,C-
[C(OH)CH,ImMe]}(P'Prs);]* (11) and cis-hydride dihydrogen
(12a) and trans-hydride-dihydrogen (12b) derivatives [OsH(’qz-
H,)(CO)(Me,Im)(P'Pr3),]" (12). A solution of 10 (10 mg, 0.016
mmol) in dichloromethane-d, (0.5 mL) was treated with HOTf (1.4
pL, 0.016 mmol). The 'H and 31P{IH} NMR spectra recorded after 15
min. show a mixture of complexes 11 and cis-hydride dihydrogen 12a
in a ratio 3.6:1. The 'H and *'P{'"H} NMR spectra recorded after 12 h
at room temperature show a mixture of complexes cis-hydride dihy-
drogen 12a and trans-hydride dihydrogen 12b in a ratio 1:6.5.

Spectroscopic data of [OsH;{i’-C,C-[C(OH)CHImCH;] }(P'Prs),]*
(11). 'H NMR (400 MHz, CD,Cl,, 298 K): & 13.53 (br s, 1H, OH),
7.26 (d, *Juw = 2.0, 1H, CHip), 7.08 (d, *Jun = 2.0, 1H, CH;y), 3.86
(s, 3H, NCH3), 3.78 (t, “Jup = 4.0, 2H, NCH,), 2.04-1.93 (m, 6H,
PCH(CHs),), 1.03 (dvt, *Jiun = 7.2, N = 13.6, 18H, PCH(CHs)s), 0.97
(dvt, *Ji = 7.2, N = 13.6, 18H, PCH(CHz)s), -8.89 (t, “Jpy = 11.7,
3H, OsHj). *'P{'"H} NMR (162 MHz, CD,Cl,, 298 K): & 30.0 (s).
T(min) (ms, OsH, 400 MHz, CD,Cl,, 203 K): 112 + 5 (-9.08 ppm).

Spectroscopic  data  of  cis-hydride  dihydrogen [ 05H(172—
H,)(CO)(MeoIm)(P'Pr3);]* (12a). '"H NMR (400 MHz, CD,Cl,, 298
K): 8 6.80 (d, *Jiri = 2, 1H, CHin), 6.61 (d, *Jun = 2, 1H, CHip), 3.52
(s, 3H, NCH3), 3.51 (s, 3H, NCHj3), 2.37-2.26 (m, 6H, PCH(CHj3),),
1.19 (dvt, *Jyy = 7.2, N = 13.2, 18H, PCH(CHs)3), 1.16 (dvt, *Jyy =
7.2, N=13.6, 18H, PCH(CH)3), -6.21 (br, 3H, OsHs). *'P{'"H} NMR
(162 MHz, CD,Cly, 298 K): 8 15.2 (s). Ti(min) (ms, OsHs, 400 MHz,
CDyCl,, 203 K): 10 + 1 (-6.21 ppm).

Spectroscopic  data of trans-hydride dihydrogen [ OsH(nZ—
H,)(CO)(MeoIm)(P'Pr3);]* (12b). "TH NMR (300 MHz, CD,Cl,, 263
K): & 7.06 (s, 2H, CHin), 3.82 (s, 3H, NCH3), 3.78 (s, 3H, NCH3),
2.10-1.93 (m, 6H, PCH(CHs),), 1.29 (dvt, *Juu = 7.2, N=14.4, 18H,
PCH(CH:)3), 1.06 (dvt, *Jiy = 7.2, N = 14.4, 18H, PCH(CH:)3), -5.44
(br, 2H, Os(n>-Ha)), -6.08 (t, *Jup = 21.9, 1H, OsH). *C{'H}-APT
NMR plus HSQC and HMBC (75.5 MHz, CD,Cl,, 298 K): 8 182.1 (4,
2Jer = 9.8, CO), 163.1 (t, “Jep = 8.3, NCN), 125.0, 123.6 (both s,
CHim), 43.7, 42.0 (both s, NCH3), 28.0 (t, N = 29.4, PCH(CH3)y),
20.1, 19.3 (both s, PCH(CHs)3). *'P{'"H} NMR (121.5 MHz, CD,Cl,,
263 K): 6 31.4 (s). Ti(min) (ms, 300 MHz, CD,Cl,, 223 K): 14+ 1 (-
5.56 ppm, Os(n*-Hy)), 266 = 13 (-6.09, OsH).

Reaction of OsH;{Kk’-C,C-[C(O)CH,ImMe]}(P'Prs); (10) with
Two Equivalents of HOTf. Synthesis of [Os(OTf)(n*-H.){x’-C,C-
[C(OH)CH,ImMe]}(P'Pr3),]OTf (13). A solution of 10 (45 mg,
0.070 mmol) in diethyl ether (5 mL) was treated with HOTf (12.5 uL,
0.141 mmol). The mixture was stirred for 30 minutes, affording a
white suspension. The solid was decanted, washed with further por-
tions of diethyl ether (2 x 3 mL) and finally dried in vacuo. Yield: 50
mg (76%). Anal. Calcd. for C,cHs,FeN,O,0sP,S;: C, 33.40; H, 5.61;
N, 3.00; S, 6.86. Found: C, 33.01; H, 5.83; N, 3.25; S, 6.83. HRMS
(electrospray, m/z) caled. for CaHs5N,OOsP, [M — H — OTf]:
637.3087, found: 637.3065. '"H NMR (300 MHz, CD,Cl,, 298 K): &
13.77 (br, 1H, OH), 7.37 (d, *Jiu = 1.8, 1H, CHin), 7.13 (d, *Jizn =
1.8, 1H, CHiy), 4.05 (s, 3H, NCHs), 3.28 (t, “Jup = 1.8, 2H, NCH,),



2.35-2.20 (m, 6H, PCH(CHs),), 1.24 (dvt, *Jun = 7.2, N=13.8, 18H,
PCH(CH)s), 1.03 (dvt, *Juy = 7.2, N=13.8, 18H, PCH(CH)3), -3.36
(br, 2H, OsH,). “C{'H}-APT NMR plus HSQC and HMBC (75.5
MHz, CD,Cl,, 298 K): 6 260.1 (t, “Je.p = 7.6, =C(OH)), 170.9 (t, “Jep
= 8.3, NCN), 126.5 (s, CHip), 119.4 (s, CHiy), 70.0 (s, NCH,), 37.8
(s, NCH3), 26.5 (vt, N = 25.7, PCH(CH:s),), 19.5, 19.1 (both s,
PCH(CHs)3). *'P{'"H} NMR (121.5 MHz, CD,Cl, 298 K): & 17.9 (s).
PF{'H} NMR (282.3 MHz, CD,Cl,, 298 K): & -78.2 (s).

Measurement of the H-D constant in complex 13. A solution of
10 (8 mg, 0.01 mmol) in dichloromethane-d, (0.5 mL) contained in an
NMR tube was treated with DOTf (2.2 pL, 0.025 mmol). Immediately
the 'H and 'H{'P} NMR spectra were recorded, showing the for-
mation of partially deuterated complex 13. The high field region of
the '"H NMR spectrum showed a multiplet, from which a value of Ji.p
=29.7 Hz could be measured.

Reaction of OsH3{KZ-C,C-[C(O)CHZImMe]}(PiPr3)2 (10) with
MeOT{: Preparation of [OsH;3{k>-C,C-
[C(OMe)CHImMe]}(P'Pr3):]OTf (14). A solution of 10 (48 mg,
0.075 mmol) in dichloromethane (5 mL) was treated with MeOTf
(10.2 pL, 0.090 mmol). The mixture was stirred for 30 minutes and
the resulting solution was dried in vacuo, affording a white residue.
Addition of diethyl ether (3 mL) afforded a white solid that was
washed with further portions of diethyl ether (2 x 3 mL) and finally
dried in vacuo. Yield: 35 mg (58%). Anal. Calcd. for
Cy6HssF3N,040sP,S: C, 38.99; H, 6.92; N, 3.50; S, 4.00. Found: C,
38.60; H, 6.57; N, 3.62; S, 4.39. HRMS (electrospray, m/z) calcd. for
CasHssN,00sP, [M]™: 653.3400; found: 653.3395. '"H NMR (300
MHz, CD,Cl,, 298 K): 8 7.41 (d, *Jiy = 1.8, 1H, CHin), 7.22 (d, *Jirnt
= 1.8, 1H, CHim), 4.34 (s, 3H, OCHj3), 3.91 (s, 3H, NCH3), 3.64 (s,
2H, NCHy), 2.06-1.83 (m, 6H, PCH(CHs),), 1.08 (dvt, *Juu = 6.9, N
= 13.5, 18H, PCH(CH;)3), 0.94 (dvt, *Jun = 6.9, N = 13.8, 18H,
PCH(CH:)3), -8.74 (t, “Jo.s = 15.6, 3H, OsH). *C{'H}-APT NMR
plus HSQC and HMBC (75.5 MHz, CD,Cl,, 298 K): 6 290.8 (t, *Jc.p
= 3.0, =C(OMe)), 178.2 (t, 2Je.p = 6.0, NCN), 125.1 (s, CHyy), 118.5
(s, CHim), 74.1 (s, NCHz), 67.4 (s, OCH3), 40.0 (s, NCH3), 30.5 (vt, N
=27.5, PCH(CHs),), 19.7, 19.5 (both s, PCH(CHs)s). *'P{'H} NMR
(121.5 MHz, CD,Cl,, 298 K): & 31.2 (s). "F{'H} NMR (282.3 MHz,
CD,Cl,, 298 K): & -79.0 (s). Ti(min) (ms, OsHs, 300 MHz, CD,Cl,,
223 K): 64 £ 3 (-8.87 ppm).

Reaction of [OsH;{K*-C,C-[C(OMe)CH,ImMe|}(P'Pr3),|]OTf
(14) with HOTf: Preparation of [Os(OTf)(n’-H,){x*-C,C-
[C(OMe)CH,ImMel]}(P'Pr3),]OTf (15). A solution of 14 (100 mg,
0.125 mmol) in dichloromethane (5 mL) was treated with HOTf (13
#L, 0.15 mmol) and the resulting mixture was stirred for 30 min at
room temperature. The solution was dried in vacuo, affording a white
residue. Addition of diethyl ether (3 mL) afforded a white solid that
was washed with diethyl ether (2 x 3 mL) and finally dried in vacuo.
Yield: 60 mg (51%). Anal. Calcd. for C,7HssFeN,0O,0sP,S,: C, 34.17,
H, 5.74; N, 2.95; S, 6.76. Found: C, 34.31; H, 5.88; N, 3.21; S, 6.63.
HRMS (electrospray, m/z) caled. for CpsHssN,OOsP, [M — OTf+ H]":
653.3400, found: 653.3375. '"H NMR (300 MHz, CD,Cl,, 298 K): &
771 (d, *Jyu = 2.0, 1H, CHin), 7.13 (d, *Jun = 2.0, 1H, CHyy), 4.15
(s, 3H, OCHs), 4.05 (s, 3H, NCH3), 3.43 (t, *Jo.s = 3.2, 2H, CH,),
2.29-2.06 (m, 6H, P-CH), 1.23 (dvt, Juu = 6.9, N = 13.8, 18H,
PCH(CH3)3), 1.03 (dvt, Ju.x = 6.9, N = 13.8, 18H, PCH(CH3)3), -3.25
(br, 2H, OsH,). “C{'H}-APT NMR plus HSQC and HMBC (75.5
MHz, CD,Cl,, 253 K): 6 261.7 (t, “Jop = 7.6, =C(OCH3)), 167.3 (t,
%Jop = 8.3, NCN), 125.8 (s, CHp), 120.8 (s, CHjy), 68.1 (s, NCH,),
63.8 (s, OCHa), 37.5 (s, NCH3), 26.7 (vt, N = 24.9, PCH), 19.3, 18.7
(both s, PCH(CH3)3). *'P{'"H} NMR (121.5 MHz, CD,Cl,, 283 K): &
17.9 (s). "F{'H} NMR (282.3 MHz, CD,Cl,, 298 K): & -78.5 (s).
T1(min) (ms, OsH,, 300 MHz, CD,Cl,, 213 K): 10 + 1 (-3.43 ppm).

Determination of the Jy_p value for complex 15. A NMR tube
was charged with a solution of 14 (10 mg, 0.012 mmol) in CD,Cl,
(0.5 mL). The solution was treated with DOTf (1.3 pL, 0.015 mmol).
Immediately, the "H and "H{*'P} NMR spectra were recorded, show-
ing the formation of partially deuterated complex 15. The high field

region of the 1H NMR spectrum showed a multiplet, from which a
value of Jy_p = 30 Hz could be measured.

Structural Analysis of Complexes 2, 3, 7, 10, 13 and 14. X-ray
data were collected for the complexes on a Bruker Smart APEX DUO
(2, 3, 7 and 10) or Bruker Smart APEX CCD (13, 14) diffractometers
equipped with a normal or fine focus respectively, and 2.4 kW sealed
tube source (Mo radiation, A = 0.71073 A). Data were collected over
the complete sphere covering 0.3° in ® at 100+2 K in order to mini-
mize thermal vibration. Data were corrected for absorption by using a
multiscan method applied with the SADABS program.27 The struc-
tures were solved by Patterson or direct methods and refined by full-
matrix least squares on F? with SHELXL2016,%* including isotropic
and subsequently anisotropic 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 atoms
coordinated to the metal center were located in the difference Fourier
maps. However, its unrestricted refinement systematically ends with
distances very close to the metal atoms (=1A), totally unreal. To avoid
this, the osmium-hydrogen distances were fixed to the average value
found in the Cambridge Crystallographic Data Base (DFIX facility,
d(0s-H) = 1.59(1) A), and they were allowed to pivot freely. The
disordered groups or solvent molecules were refined with different
moieties, restrained geometries, and complementary occupancy fac-
tors.

13 was solved and refined in the monoclinic P2, and P2,/m space
groups obtaining better results in the latter with two semi-molecules
in the asymmetric unit. In this case the distances between the hydride
ligands were forced to be the same in the two molecules.

Crystal data for 2: C,0HssNOsP,, BF4, My 755.68, yellow, irregular
block (0.273 x 0.196 x 0.164 mm), orthorhombic, space group Pnma,
a:19.6193) A, b: 15.468(2) A, c: 10.9481(15) A, V'=3322.5(8) A%, Z
=4,7"=0.5, Deae: 1.511 g cm™, F(000): 1528, T = 1002) K, 1 3.975
mm™. 55951 measured reflections (26: 3-58°, ® scans 0.3°), 4305
unique (Riy = 0.0342); min./max. transm. factors 0.667/0.862. Final
agreement factors were R' = 0.0271 (3819 observed reflections, 1 >
26(I)) and wR® = 0.0784; data/restraints/parameters 4305/14/200;
GoF = 1.091. Largest peak and hole 1.379 (close to osmium atom)
and -0.890 ¢/ A’.

Crystal data for 3: C30Hs,F3NO;OsP,S, My 815.92, colorless, irreg-
ular block (0.183 x 0.044 x 0.043 mm), orthorhombicc, space group
Pna2;, a: 30.0687(18) A, b: 10.9235(7) A, c: 10.6026(6) A, V =
3482.5(4) A’, Z=14,Z" = 1, Dt 1.556 g cm, F(000): 1648, T =
100(2) K, p 3.859 mm™. 34054 measured reflections (20: 3-58°, ®
scans 0.3%), 8236 unique (Riy = 0.0445); min./max. transm. factors
0.667/0.862. Final agreement factors were R' = 0.0287 (7115 ob-
served reflections, I > 2¢(I)) and wR? = 0.0566; Flack parameter -
0.020(7); data/restraints/parameters 8236/3/389; GoF = 1.047. Largest
peak and hole 1.421 (close to osmium atoms) and -0.832 ¢/ A°.

Crystal data for 7: C,7H3;NOsP, CF;0;S, My 745.81, green, irregu-
lar block (0.140 x 0.065 x 0.046 mm), triclinic, space group P-1, a:
9.1148(5) A, b: 12.1341(7) A, c: 13.3669(7) A, a: 96.4830(10)°, B:
92.7870(10)°, y: 105.3600(10)°, V = 1411.69(13) A’ z=2, 72" =1,
Deac: 1.755 g cm™, F(000): 740, T = 100(2) K, p 4.698 mm™. 18369
measured reflections (20: 3-57°, ® scans 0.3%), 6689 unique (Riy =
0.0314); min./max. transm. factors 0.694/0.862. Final agreement
factors were R' = 0.0236 (6094 observed reflections, 1 > 25(1)) and
wR? = 0.0513; data/restraints/parameters 6689/0/350; GoF = 1.036.
Lz;rgest peak and hole 1.230 (close to osmium atoms) and -0.604 e/
A

Crystal data for 10: C,4Hs;N,OOsP,, My 636.81, colorless, irregu-
lar block (0.218 x 0.068 x 0.059 mm), triclinic, space group P-1, a:
8.8452(3) A, b: 11.6878(4) A, c: 14.4791(5) A, a: 76.8795(4)°, B:
83.8166(4)°, y: 68.7269(4)°, V = 1357.93(8) A’, Z=2, Z’ = 1, Deuc:
1.557 g cm™, F(000): 648, T = 100(2) K, p 4.831 mm™. 16695 meas-
ured reflections (20: 3-57°, @ scans 0.3°), 6355 unique (Riy = 0.0215);
min./max. transm. factors 0.628/0.862. Final agreement factors were
R'=0.0174 (6138 observed reflections, I > 26(I)) and wR? = 0.0408;
data/restraints/parameters 6355/0/293; GoF = 1.045. Largest peak and
hole 1.284 (close to osmium atoms) and -0.699 e/ A°.



Crystal data for 13: C25H52F3N204OSPQS, CF303S, 0.5(C4H100),
0.125(H,0), My 974.26, green, irregular block (0.068 x 0.037 x 0.019
mm), monoclinic, space group P2,/m, a: 9.776(5) A, b: 21.522(11) A,
¢ 19.764(10) A, B: 97.227(8)°, V=1695.73) A’, Z=4,Z" =1, Deaie:
1.569 g cm™, F(000): 1969, T = 100(2) K, p 3.339 mm™. 45049
measured reflections (20: 3-57°, ® scans 0.3°), 10956 unique (Riy =
0.0910); min./max. transm. factors 0.672/0.862. Final agreement
factors were R' = 0.0570 (6750 observed reflections, I > 2¢(I)) and
wR? = 0.1730; data/restraints/parameters 10956/74/481; GoF = 1.005.
L§rgest peak and hole 1.678 (close to osmium atoms) and -1.636 e/
A

Crystal data for 14: CysHssN,OOsP,, CF;05S, My 800.92, color-
less, irregular block (0.188 x 0.085 x 0.030 mm), triclinic, space
group P-1, a: 10.1609(11) A, b: 12.1368(13) A, c: 14.3792(15) A, a:
73.6820(10)°, f: 88.429(2)°, y: 85.145(2)°, V = 1695.7(3) A®, Z =2,
Z' =1, Deate: 1.569 g cm™, F(000): 812, T = 100(2) K, p 3.964 mm.
27625 measured reflections (20: 3-57°, o scans 0.3°), 8746 unique
(Rine = 0.0295); min./max. transm. factors 0.664/0.862. Final agree-
ment factors were R' = 0.0207 (8165 observed reflections, I > 26(I))
and wR® = 0.0469; data/restraints/parameters 8746/3/ 375; GoF =
1.040. Largest peak and hole 1.036 (close to the osmium atoms) and -
0.659 ¢/ A°.
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