Platinum Complexes with a Phosphino-Oxime/Oximate Ligand
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Abstract: The platinum(ll) complex [PtCl,(COD)] (2; COD = 1,5-
cyclooctadiene) reacted with 1 and 2 equivalents of 2-
(diphenylphosphino)benzaldehyde oxime (1) to generate [PtCly{x*
(P,N)-2-Ph,PCsH4CH=NOH}] 3) and [Pt{«*-(P,N)-2-
Ph,PC¢H,CH=NOH},][CI]. (4), respectively. Deprotonation of the
oxime hydroxyl group of 3 with Na,COs led to the selective formation
of the dinuclear species (1~O)-[PtCH{?-(P,N)-2-Ph,PC¢H,CH=NO}],
(5), while the related methylated derivative (u-O)-[PtMe{x>-(P,N)-2-
Ph,PCsH,CH=NOY}], (7) could be obtained from the direct reaction of
[PtMe,(COD)] (6) with the phosphino-oxime ligand 1. In the case of 4,
its treatment with Na,CO; yielded complex [Pt({«*-(P,N)-2-
Ph,PCsH,CH=NO},H)][CI] (8), as a result of the deprotonation of only
one of the OH groups of 4. On the other hand, contrary to what it was
observed with 6, no deprotonation of the oxime occurred in the
reaction of [PtMesl], (9) with 1, from which the mononuclear Pt(1V)
derivative fac-[PtIMes{x?-(P,N)-2-Ph,PC¢H,CH=NOH}] (10) was
isolated. The solid-state structures of compounds 3, 4, 7 and 10 were
determined by X-ray crystallography. In addition, the potential of all
the synthesized complexes as catalysts for the dehydrogenative
coupling of hydrosilanes with alcohols is also briefly discussed.

Introduction

Hybrid bidentate ligands are ubiquitous in coordination chemistry
and homogeneous catalysis.M! Since the electronic properties of
each donor atom in this type of ligands are different, once
coordinated to a metal center, they have the potential to create
distinct binding sites in the trans positions, thus influencing the
reactivity patterns of the complexes and the selectivity for
particular products in the catalytic reactions. Importantly, hybrid
ligands usually present hemilability, a particularly advantageous
property in catalysis since the reversible dissociation of one of the
two donor atoms temporarily creates an open coordination site for
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substrate binding, the facile re-association of the ligand imparting
for its side stability to the catalyst in its resting state.?!

Given that phosphorus and nitrogen donors are prevalent in
coordination chemistry, bidentate mixed P,N-donor ligands are by
far the most common hybrid ligands found in the literature.l*2
Prototypical examples are the phosphino-imines 2-
Ph,PCsH,CH=NR (A in Figure 1), easily accessible by
condensation of 2-(diphenylphosphino)benzaldehyde with both
aromatic and aliphatic primary amines. A large number of these
ligands, including chiral examples, are currently known, featuring
arich coordination chemistry and application in different research
areas including catalysis.?!
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Figure 1. Structure of the phosphino-imines A and the phosphino-oxime ligand
1.

In marked contrast, little is known about the chemistry of the
related phosphino-oxime derivative 1 (Figure 1), a rather
surprising fact given the commercial availability of this
compound® and the presence in its structure of a non-innocent
hydroxyl functionality.®® Thus, the deprotonation of this OH group
would allow the generation of the corresponding oximate anion,
thereby conferring to 1 a greater coordination versatility compared
to compounds A.I"1 On the other hand, the cooperative effects that
the inclusion of hydroxyl substituents in the structure of ligands
exert in catalysis are now widely recognized and exploited for the
design of new bifunctional catalysts, so compound 1 would also
be useful in this area.[®

All these facts prompted us to initiate studies aimed at
exploiting the potential of ligand 1 in coordination chemistry and
homogeneous catalysis. As a result, we recently reported the
preparation of the palladium(ll) complexes B and C (Figure 2).
Interestingly, these compounds proved to be efficient catalysts for
the rearrangement and dehydration of aldoximes to generate,
respectively, primary amides and nitriles, featuring for both
processes catalytic activities superior to those previously
described with other Pd(Il)-based catalysts.l®l Moreover, we also
synthesized the ruthenium derivatives D and E (Figure 2), which
proved to be useful catalysts for the synthesis of secondary aryl-
carbinols by e-alkylation/reduction of acetophenone derivatives
with primary alcohols.'® Besides, the only additional works
involving 1 that can be found in the literature are: (i) its use as
auxiliary ligand in copper-catalyzed arylation reactions®*!! and (ii)
in palladium-catalyzed Suzuki-Miyaura cross-coupling
processes,*? although in none of these studies the corresponding
metal complexes were isolated.
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Figure 2. Structure of the phosphino-oxime Pd(ll) and Ru(ll) complexes B-E.

As a continuation of our studies on the chemistry of 2-
(diphenylphosphino)benzaldehyde oxime 1, herein we report on
the reactivity of this ligand towards the Pt(ll) and Pt(IV) precursors
[PtCI»(COD)] (COD = 1,5-cyclooctadiene), [PtMe,(COD)] and
[PtMesl]4, along with an evaluation of the resulting complexes as
potential catalysts for the cross dehydrogenative coupling of
hydrosilanes with alcohols. Interestingly, as a result of this work,
the first examples of metal complexes containing the oximate
anion derived from 1 have been synthesized.

Results and Discussion

In our previous study with palladium, the cyclooctadiene-Pd(ll)
complex [PdCI,(COD)] was found to be the most appropriate
starting material for the preparation of compounds B and C
(Figure 2).FI Based on this, we decided to start our investigations
exploring the reactivity of the phosphino-oxime ligand 1 towards
the analogous Pt(ll) precursor [PtCl,(COD)] (2). Thus, we found
that the treatment of a dichloromethane solution of this complex
with a stoichiometric amount of 1, at room temperature overnight,
leads to the selective formation of the mononuclear derivative
[PtClo{x?-(P,N)-2-Ph,PCsH,CH=NOH}] (3), via the expected
exchange of the labile 1,5-cyclooctadiene ligand (Scheme 1).
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Scheme 1. Synthesis of the Pt(ll) complex [PtClo{«*-(P,N)-2-

Ph2PCsHsCH=NOH}] (3).

The characterization of this compound, isolated as an air-
stable yellow solid in 87% yield, was achieved by means of
standard spectroscopic techniques (IR and multinuclear NMR),
high-resolution mass spectrometry and elemental analyses, all
data being fully consistent with the proposed formulation (see the
Experimental Section for details). In particular, the coordination of

1 to platinum was evidenced in the 3*P{*H} NMR spectrum of 3 by
the appearance of a singlet resonance at & 1.1 ppm, downfield
shifted with respect to that of the free ligand 1 (& -14.5 ppm), and
featuring the expected %Pt satellites (Jptp = 3735.0 Hz). In the *H
and *C{*H} NMR spectra of 3, the most informative signals where
those associated to the aldoxime CH=NOH protons and carbon,
which resonate at o4 8.53 (S, Jptn = 77.6 Hz, CH=N) and 11.99 (s,
OH) ppm, and & 147.2 (d, Jpc = 6.1 Hz, Jpn = 59.7 Hz) ppm,
respectively.

c1

C12

C18A cﬁs Ciz

Figure 3. ORTEP-type view of the structure of complex 3 showing the
crystallographic labelling scheme. Aromatic hydrogen atoms have been omitted
for clarity. Thermal ellipsoids are drawn at 30% probability level. Selected bond
lengths [A] and angles [°]: Pt-CI(1) 2.3818(9); Pt-Cl(2) 2.284(1); Pt-P(1)
2.2136(9); Pt-N(1) 2.008(3); C(1)-N(1) 1.279(5); N(1)-O(1) 1.408(4); ClI(1)-Pt-
ClI(2) 88.41(4); CI(1)-Pt-P(1) 177.04(4); CI(1)-Pt-N(1) 90.26(2); CI(2)-Pt-P(1)
88.70(3); CI(2)-Pt-N(1) 178.56(9); P(1)-Pt-N(1) 92.63(9); C(3)-C(1)-N(1)
127.5(4); C(1)-N(1)-O(1) 110.2(3); C(1)-N(1)-Pt 133.2(3); Pt-N(1)-O(1) 116.6(3).

Moreover, the structure of this complex was corroborated
through a single-crystal X-ray diffraction study. X-ray quality
crystals were obtained by slow diffusion of hexanes into a
saturated solution of 3 in a dichloromethane/methanol mixture
(3:1 v/v). An ORTEP view of the molecule, along with selected
structural parameters, is shown in Figure 3. As expected, a
square planar geometry around the metal is observed, with a
maximum deviation from the mean PtCI,PN plane of 0.0091(7) A
for the platinum atom. The two chloride ligands are mutually cis
disposed, with the larger Pt-Cl(1) vs Pt-ClI(2) bond length found
(2.3818(9) vs 2.284(1) A) being consistent with the stronger trans
influence of phosphorus compared to nitrogen. These distances,
along with the Pt-P(1) (2.2136(9) A) and Pt-N(1) (2.008(3) A) ones,
are comparable to those described in the literature for related
Pt(l) complexes containing the more classical phosphino-imines
A (Fig. 1).B3131 Similarly, the C(1)-N(1) and N(1)-O(1) bond
lengths (1.279(5) and 1.408(4) A) show typical values for an
aldoxime unit coordinated to a platinum(ll) center.:4 On the other
hand, the close proximity of the hydroxyl-oxime function to one of
the chloride ligands enabled the establishment of an
intramolecular hydrogen bond between both groups.'® The
distances and angles of the O(1)-H(10)---Cl(1) contact (O(1)-
H(1o) = 0.95(8) A, H(10)-Cl(1) = 2.05(8) A, O(10)-Cl(1) = 2.930(4)
A and O(1)-H(10)-CI(1) = 153.0(6)°) indicate, according to
Jeffrey’s scale,’! that the intensity of this H-bond is only
moderate (mostly electrostatic).
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Scheme 2. Synthesis of the Pt(ll)
Ph2PCsH4sCH=NOH}][CI]2 (4).

complex  [Pt{x>(P,N)-2-

As previously observed with [PdCI,(COD)], the treatment of
[PtCI,(COD)] (2) with two equivalents of 1 also allows the
coordination of the molecules of the phosphine-oxime ligand to
platinum. Thus, the reaction, performed in dichloromethane at
room temperature, allowed the isolation of the dicationic species
[Pt{x%-(P,N)-2-Ph,PC¢H4CH=NOH},][Cl], (4) in 83% yield
(Scheme 2). The structure of 4 was unequivocally confirmed by
X-ray diffraction, after crystallization of the complex using the
same procedure described above for the neutral derivative 3.
Crystals containing methanol molecules of solvation were in this
case obtained, with two crystallographically independent
molecules of the complex and four MeOH molecules being
present in the asymmetric unit. An ORTEP view of the metal
dication is shown in Figure 4, along with selected bond distances
and angles (given the similarity between their respective
structural parameters, we only show and give the data of one of
the two independent molecules found in the asymmetric unit). The
stereochemistry found, with the two PPh, and oxime groups
mutually cis disposed, is consistent with that previously observed
in the crystal structure of the analogous Pd(ll) derivative [Pd{x*-
(P,N)-2-Ph,PCsH4CH=NOH},][CI]» (C in Figure 2).°7] The steric
repulsions between the PPh, groups resulting from this
arrangement lead to a greater deviation from the ideal square
planar geometry compared to the case of the neutral complex
[PtCl{x2-(P,N)-2-Ph,PCgH4sCH=NOH}] (3). In line with this, a
maximum deviation from the mean PtP,N; plane of 0.2758(2) A
was found for the N(1A) atom. Nonetheless, the bond distances
and angles within the two phosphino-oxime skeletons were
almost identical to those observed for 3, reflecting that, once
coordinated, the structure of the ligand is non-sensitive to the
platinum environment. [l

Concerning the characterization in solution of complex 4, its
S1P{*H} NMR spectrum in CD,Cl, showed the presence of a
singlet resonance at & 6.1 ppm (Jpip = 3620.6 Hz), while broad
unresolved signals were found in the *H and **C{*H} NMR spectra
(see the Experimental Section). A similar fact had been previously
observed by us when characterizing the analogous Pd(ll)
derivative C (Figure 2), as a result of the fluxional behaviour of
this complex in solution derived from the hemilabile character of
the phosphino-oxime ligand 1.0 The low molar conductivity
showed by 4 in dimethylsulfoxide (A = 31 Q*-cm?2-mol?), falling
within the typical range for 1:1 electrolytes,*® seems to suggest
an analogous behaviour for this Pt(ll) complex (see Scheme 3).
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Figure 4. ORTEP-type view of the structure of complex 4 showing the
crystallographic labelling scheme. Aromatic hydrogen atoms, chloride anions
and methanol solvent molecules have been omitted for clarity. Thermal
ellipsoids are drawn at 30% probability level. Selected bond lengths [A] and
angles [°]: Pt-P(1A) 2.2529(8); Pt-P(1B) 2.2351(9); Pt-N(1A) 2.088(3); Pt-N(1B)
2.091(3); C(1A)-N(1A) 1.271(5); C(1B)-N(1B) 1.278(5); N(1A)-O(1A) 1.402(4);
N(1B)-O(1B) 1.394(4); P(1A)-Pt-N(1A) 88.57(8); P(1A)-Pt-N(1B) 168.13(9);
P(1A)-Pt-P(1B) 99.52(3); N(1A)-Pt-N(1B) 89.5(1); N(1A)-Pt-P(1B) 163.57(9);
N(1B)-Pt-P(1B) 88.22(9); C(3A)-C(1A)-N(1A) 123.8(3); C(3B)-C(1B)-N(1B)
126.3(3); C(1A)-N(1A)-O(1A) 113.3(3); C(1B)-N(1B)-O(1B) 113.5(3); Pt-N(1A)-
O(1A) 114.4(2); Pt-N(1B)-O(1B) 113.7(2); Pt-N(1A)-C(1A)-132.3(3); Pt-N(1B)-
C(1B)-132.8(3).
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Scheme 3. Proposed behaviour in solution for [Pt{x*-(P,N)-2-

Ph2PCsH4CH=NOH]}2][CI]> (4).

On the other hand, it is well-known that, upon coordination to
a metal center, the acidity of the hydroxyl group of oximes is
considerably enhanced,[”! so we considered of interest to carry
out a study of the behaviour of complexes 3 and 4 in basic
medium and thus to evaluating the possibility of forming new
oximato-Pt(ll) derivatives.?? In this regard, we found that the
treatment of a CHyCl, solution of [PtCly{«?-(P,N)-2-
Ph,PCsH,CH=NOH]}] (3) with an excess of Na,COs results in the
clean formation of a new species 5 featuring a singlet resonance
in its 3*P{*H} NMR spectrum at & 0.7 ppm (Jpp = 3859.1 Hz), a
chemical shift very close to that of 3 (& 1.1 ppm; Jpip = 3735.0
Hz). The IR and *H NMR spectra recorded for this compound
confirmed the deprotonation of the oxime OH group, lacking the
characteristic (OH) stretching vibration and the downfield proton
signal of this functionality, respectively. This fact, together with the
observation of all the expected signals for the rest of the P,N-
donor ligand skeleton by *H and *3C{*H} NMR spectroscopy (see
the Experimental Section), led us to propose for 5 the dinuclear
structure depicted in Scheme 4. The data obtained by
electrospray ionization mass spectrometry (ESI-HRMS)
corroborated this proposal, the spectrum displaying the
corresponding [M - CI]* ion peak at m/z 1033.0766.
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Scheme 4. Synthesis of the dinuclear platinum(Il) complex (z-O)-[PtCl{x*-(P,N)-
2-Ph2PCsH4CH=NO}]2 (5).
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Figure 5. Structure of oximate-bridged dinuclear Pt(ll) species F and G.

At this point we would like to remark that the only precedents
of oximate-bridged dinuclear Pt(ll) complexes found in the
literature are compounds F**! and GI*4d (Figure 5), generated by
deprotonation of the corresponding mononuclear species
[PtCl{x*-(N)-N(OH)=CRR'},] and [PtClo{x*-(N)-
N(OH)=CHR}(PPhs)], respectively. Moreover, in the case of
compounds F their structures could be unambiguously
established by X-ray diffraction. Unfortunately, in our case, all
attempts to obtain crystals of 5 suitable for X-ray diffraction
studies failed. Nonetheless, we succeeded in the crystallization of
the related complex (u-O)-[PtMe{x?-(P,N)-2-Ph,PC¢H,CH=NO}]>
(7). As shown in Scheme 5, this dinuclear compound was
obtained by reacting the dimethyl-Pt(ll) precursor [PtMe,(COD)]
(6) with the phosphine-oxime ligand 1, as a result of the direct
deprotonation of the oxime unit by one of the methyl groups
coordinated to platinum, with concomitant release of methane.
Complex 7 was isolated as an air-stable yellow solid in 60% yield,
and we found that it is selectively formed irrespective of the
stoichiometry employed in the reaction (6:1 ratio of 1:1 or 1:2). As
in the case of 3 and 4, X-ray quality crystals of 7 were obtained
by slow diffusion of hexanes into a saturated solution of the
complex in a CH,Cl,/MeOH mixture (3:1 v/v). An ORTEP view of
the molecule, where half is generated by symmetry due to the
presence of crystallographic C, axis that passes through the
center of the central 6-membered ring of the pentacyclic structure,
is shown in Figure 6 (selected bond distances and angles are
listed in the caption). This central metallacycle adopts a boat
conformation, thus locating the two platinum atoms in a close
proximity.?] The Pt---Pt distance observed of 3.3233(6) A, shorter
than the sum of the van der Waals radius for two Pt atoms (3.44
A), indicates that, similar to the case of F,14%! a weak non-bonding
metal-metal attractive interaction is present in the structure. The
Pt-N(1) and Pt-O(1) bond lengths (2.090(6) and 2.105(5) A,
respectively), are also comparable to those found for compounds

F, and the Pt-C(20) one (2.051(8) A) is typical for a Pt(ll)-Me
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Scheme 5. Synthesis of the dinuclear platinum(ll) complex (u-O)-[PtMe{x?-
(P,N)-2-Ph2PCsH4CH=NO}]2 (7).

cn

Figure 6. ORTEP-type view of the structure of complex 7 showing the
crystallographic labelling scheme. Atoms labelled with an “a” are generated by
a crystallographic 2-fold symmetry axis. Aromatic hydrogen atoms and
methanol solvent molecules have been omitted for clarity. Thermal ellipsoids
are drawn at 30% probability level. Selected bond lengths [A] and angles [°]: Pt-
P(1) 2.176(2); Pt-N(1) 2.090(6); Pt-O(1a) 2.105(5); Pt-C(20) 2.051(8); C(1)-N(1)
1.29(1); N(1)-O(1) 1.372(8); P(1)-Pt-N(1) 86.7(2); P(1)-Pt-O(1a) 167.7(2); P(1)-
Pt-C(20) 96.3(2); N(1)-Pt-O(1a) 90.2(2); N(1)-Pt-C(20) 176.3(3); C(20)-Pt-O(1a)
87.2(3); C(3)-C(1)-N(1) 125.2(7); C(1)-N(1)-O(1) 114.5(6); Pt-N(1)-O(1)
117.0(4); Pt-N(1)-C(1) 128.4(5); N(1)-O(1)-Pt(a) 118.0(4).

Characterization of 7 by means of elemental analysis, IR and
multinuclear NMR spectroscopy, and HRMS was also performed,
the data obtained being in fully accord with the structure found in
the solid state (details are given in the Experimental Section). In
particular, the most characteristic spectroscopic features of this
compound are: (i) 3*P{*H} NMR) a singlet resonance at & 11.6
ppm (Jpep = 4412.3 Hz), (i) (*H and *C{*H} NMR) the presence
of characteristic resonances for the oximate and methyl groups at
& 8.25 (s, Jpn = 31.8 Hz, CH=N) and 0.02 (d, Jp 4 = 1.8 Hz and
Jptn = 64.8 Hz, Me) ppm, and & 143.6 (virtual t, N = 9.8 Hz,
CH=N) and -10.2 (d, Jp,c = 5.8 Hz, Me) ppm.

Concerning the behaviour of the dicationic complex [Pt{x*-
(P,N)-2-Ph,PC¢H4CH=NOH]},][CI]. (4), we found that it also reacts
with sodium carbonate under mild conditions (r.t.) to generate in
this case a new mononuclear species formulated as [Pt({«*-(P,N)-
2-Ph,PC¢H4CH=NO}H)][CI] (8) (Scheme 6). This compound
results from the deprotonation of only one of the two phosphino-
oxime ligands present in 4,23 with the remaining OH group
stablishing an intramolecular H-bond interaction with the oxygen
atom of the oximate anion formed. Although the structure of this
compound could not be confirmed by X-ray diffraction, and the



presence of the O--H--O proton was not observed in its *H NMR
spectrum, the data obtained by HRMS (presence of the expected
molecular ion peak [M]* at m/z 804.1483), IR spectroscopy
(presence of a typical strong O-H-O absorption at 1741 cm)?4
and conductance measurements (A = 26.2 Q*'.cm?mol? in
DMSO solution)*d were in agreement with our proposal. In
addition, the NMR spectra recorded were fully consistent with the
presence of a symmetry plane in the molecule as evidenced by
the appearance of (i) a singlet resonance in the 3:P{*H} NMR
spectrum (& 5.6 ppm; Jpip = 3273.6 Hz), and (ii) a single set of
signals for the phosphine ligands in the *H and **C{*H} NMR
spectra (in the latter, a second order pattern was observed for
some of the aromatic carbons; see details in the Experimental
Section).

Na,CO; (10 equiv.)
CH,Cl,/r.t./20 h
(73%)

Scheme 6. Synthesis of the mononuclear platinum(ll) complex [Pt({x?-(P,N)-2-
Ph2PCsH4sCH=NO}2H)][CI] (8).

On the other hand, the easy deprotonation of the oxime unit
observed in the reaction of 1 with [PtMe,(COD)] (6) (Scheme 5)
encouraged us to study the behaviour of 1 towards the
tetranuclear heterocubane Pt(IV) complex [PtMesl]s (9).2% Thus,
we found that, contrary to what happened with 6, the treatment of
a dichloromethane solution of tetramer 9 with a 4-fold excess of 1
at r.t. does not lead to the deprotonation of oxime unit of 1, the
reaction yielding the mononuclear derivative fac-[PtIMes{x*-(P,N)-
2-Ph,PCgH4sCH=NOH}] (10) which could be isolated in 83% yield
(Scheme 7).281  Characterization of this complex was
straightforward following its analytical and spectroscopic data
(see details in the Experimental Section), with key features being
as follows: (i) (**P{*H} NMR) a singlet resonance at & -0.2 ppm,[?7
(i) *H NMR) characteristic resonances for the hydroxyl and iminic
protons of the aldoxime fragment at 64 13.05 (broad s) and 8.29
(s, Jrn = 19.2 Hz), respectively, as well as three high-field singlets
for the Pt-coordinated methyl groups (J4 1.06, 1.33 and 1.52 ppm,
with Jpyn coupling constants ranging from 59.6 to 80.4 Hz), and
(iii) (**C{*H} NMR) the expected resonances for the C=N (a singlet
at & 151.5 ppm) and Me carbons (three singlets at & 6.6, 7.8 and
8.9 ppm, with Jpc coupling constants ranging from 535.7 to 643.7
Hz). The chemical inequivalence of the methyl ligands observed
by NMR suggests their facial arrangement, a fact that was
subsequently confirmed through a single-crystal X-ray diffraction

study. A view of the molecular structure is shown in Figure 7.
Selected bond lengths and angles are given in the figure caption.

Me
PPh
[PtMesl], + @/ 2 CH.Cly/rt/12h  Mew, FL aMe
e3l]g _—
N 83% yield -

9 #Nogy  (B3%vield) [ ‘\Pth
(4 equiv.) HO—N
1 \
10

Scheme 7. Synthesis of the platinum(lV) complex fac-[PtIMes{x-(P,N)-2-
Ph2PCsH4CH=NOH]}] (10).

Figure 7. ORTEP-type view of the structure of complex 10 showing the
crystallographic labelling scheme. Aromatic hydrogen atoms have been omitted
for clarity. Thermal ellipsoids are drawn at 30% probability level. Selected bond
lengths [A] and angles [7]: Pt-P(1) 2.381(1); Pt-N(1) 2.176(6); Pt-I(1) 2.814(1);
Pt-C(20) 2.104(7); Pt-C(21) 2.076(6); Pt-C(22) 2.084(9); C(1)-N(1) 1.26(1),
N(1)-O(1) 1.419(9); P(1)-Pt-N(1) 82.5(1); P(1)-Pt-I(1) 91.59(4); P(1)-Pt-C(20)
175.3(2); P(1)-Pt-C(21) 99.6(2); P(1)-Pt-C(22) 94.0(2); N(1)-Pt-I(1) 90.3(2);
N(1)-Pt-C(20) 93.2(3); N(1)-Pt-C(21) 176.6(3); N(1)-Pt-C(22) 92.1(4); I(1)-Pt-
C(20) 86.6(3); 1(1)-Pt-C(21) 92.4(3); 1(1)-Pt-C(22) 174.2(2); C(20)-Pt-C(21)
84.8(3); C(20)-Pt-C(22) 88.0(4); C(21)-Pt-C(22) 85.0(4); C(3)-C(1)-N(1)
127.1(6), C(1)-N(1)-O(1) 112.9(6); Pt-N(1)-C(1) 130.8(6); Pt-N(1)-O(1) 116.3(5).

The platinum atom is in a slightly distorted octahedral
environment surrounded by the three methyls, one iodide and the
«*-(P,N)-coordinated phosphino-oxime ligand 1. The Pt-P(1) and
Pt-N(1) bond lengths observed (2.381(1) and 2.176(6) A,
respectively) were both longer to those found in the structures of
compounds 3, 4 and 7, likely due to the strong trans influence of
the methyl ligands. Following a similar reasoning, the higher trans
effect of P vs | and N would also explain the longer Pt-C(20)
distance (2.104(7) A) compared to the Pt-C(21) and Pt-C(22)
ones (2.076(6) and 2.084(9) A, respectively), with the three
distances falling within the expected range for Pt(IV)-Me bonds
(which usually lie between 2.01 and 2.15 A).[?2 The Pt-I(1) bond
length found (2.814(1) A) is also typical for trimethylplatinum(IV)
iodide complexes.?® Concerning the oxime unit, the change in the
oxidation state of the metal has a negligible effect on its bonding,
as reflected by the fact that the C(1)-N(1) and N(1)-O(1) distances
in 10 were very similar (ca. 0.01 A) to those observed for the Pt(ll)
derivatives 3 and 4.



Finally, the catalytic potential of all the platinum complexes
synthesized for the cross dehydrogenative coupling of
hydrosilanes with alcohols was briefly investigated (Scheme 8).
This catalytic transformation represents nowadays an attractive
method for the preparation of useful alkoxysilane reagents,?% and
it has also gained recent interest in the field of hydrogen storage
and production.B® The choice of this reaction was motivated by
the fact that, despite the large number of catalytic systems that
have been developed to date,?% those based on platinum are still
very scarce,Y which is rather surprising given the prominent
position that this metal occupies in the field of catalytic
hydrosilylation reactions. %2

RySi—H + H-OR &

R:SI—OR + H,

Scheme 8. The catalytic dehydrogenative coupling reaction of hydrosilanes with
alcohols.

As model reaction we studied the dehydrogenative coupling
of dimethylphenylsilane with methanol, employing the latter
directly as a solvent. Thus, in a typical experiment, the
corresponding platinum complex (0.1 mol%) was added to a 1 M
solution of Me,PhSiH in MeOH at room temperature, monitoring
the course of the reaction by gas chromatography (GC). The
results obtained after 40 minutes are collected in Table 1. Of all
the complexes synthesized, only [PtCl{x>-(P,N)-2-
Ph,PC¢H,CH=NOH}] 3), (u-O)-[PtC{x>-(P,N)-2-
Ph,PC¢H,CH=NO}], (5) and fac-[PtiIMes{x2-(P,N)-2-
Ph,PC¢HsCH=NOH}] (10) presented a remarkable reactivity
(entries 1, 3 and 6), with the Pt(IV) derivative 10 showing the
highest catalytic activity (quantitative formation of the desired
methoxydimethyl(phenyl)silane after 40 min.; turnover frequency
of 1486 h™).33 Taking into account that in no case Pt(IV)
derivatives were considered in previous studies (only Pt(11)[¥'a and
Pt(0)E**< species were tested), this result may be of some
relevance for future studies. The low activity found for [Pt{«*-
(P,N)-2-Ph,PC¢H4sCH=NOH},][CI]. (4) and [Pt({x*-(P,N)-2-
Ph,PCsH,CH=NO},H)][CI] (8) is probably related to the steric
congestion around the platinum atom in these compounds that
prevents the coordination of the silane.® On the other hand, the
differences in activity observed between the dinuclear derivatives
5 and 7, seems to indicate that the activity of the former is
associated to the presence of the labile chloride ligands, which
can dissociate in the polar reaction medium employed.®! Halide
dissociation processes, along with the hemilability of the
phosphine-oxime ligand, in the less sterically crowded
compounds [PtCl{x?-(P,N)-2-Ph,PCsH,CH=NOHY}] (3) and fac-
[PtIMes{x*>-(P,N)-2-Ph,PCsH,CH=NOH}] (10) would explain their
superior reactivity (i.e. vacant sites for hydrosilane bonding would
be in these cases easily generated).

Table 1. Pt-catalyzed dehydrogenative coupling of Me-PhSiH with MeOH.™

H OMe
Sli veoy 01 mo1% of Pt s‘ y
gy + _— [ +
Ph” "y, Me © r.t. / 40 min Ph Ty, Me 2
Me Me
Entry  Catalyst Conversion [%] Yield TOF [hY]
(o]
1 3 96 92 1394
2 4 3 3 45
3 5 74 73 1106
4lel 7 2 2 30
50 8 2 2 30
6 10 99 99 1486

[a] Reactions were performed under Ar atmosphere starting from 1 mmol of
Me2PhSiH (1 M in MeOH). [b] Determined by GC. Differences between GC
conversions and yields corresponds to the disiloxane Me2PhSiOSiPhMe:.
[c] 34% GC conversion after 24 h. [d] 97% GC conversion after 2 h. [e] 9%
GC conversion after 24 h. [f] 7% GC conversion after 24 h.

10 (0.1 mol%) 3
Me,PhSiOEt + H,
EtOH/rt./5h (97% yield)
. 10 (0.1 mol%) X
Me,PhSiH - Me,PhSiO"Bu  + H,
BuOH /r.t. /24 h (90% yield)
10 (1 mol%) .
Me,PhSiO'Pr + H,
'PrOH /rt./8h (99% vield)
10 (1 mol%) X
Ph;SiH Ph;SiOMe + H,
MeOH /r.t./8h

(99% yield)

Scheme 9. Additional cross dehydrogenative coupling reactions catalyzed by
the platinum(1V) complex fac-[PtIMes{x?-(P,N)-2-Ph2PCsHsCH=NOH}] (10).

We also carried out additional experiments varying the nature
of the alcohol and hydrosilane (Scheme 9) employing the most
active complex 10. The results obtained showed an important
influence of the steric constrains associated to the substrates in
the efficiency of this Pt(IV) catalyst. Thus, although the reactions
of dimethylphenylsilane with ethanol and butanol also generated
the corresponding alkoxysilanes in high yield (90-97%) using only
0.1 mol% of 10, longer reaction times were in both cases required
(5 and 24 h, respectively). On the other hand, when employing a
bulkier secondary alcohol, i.e. isopropanol, its reaction with
dimethylphenylsilane in the presence of 0.1 mol% 1 could not be
completed even after 48 h (79% conversion by GC), an increase
in the Pt loading to 1 mol% being required to generate
isopropoxydimethyl(phenyl)silane in quantitative yield. A similar
fact was observed in the reaction of the bulkier triphenylsilane with
methanol to generate methoxytriphenylsilane (99% yield after 8 h
with 1 mol% of 10).



Finally, in order to determine whether the presence of the
oxime group vs a more classical imine in the ligand backbone has
any effect on the catalytic activity, the dehydrogenative coupling
of dimethylphenylsilane with methanol (Table 1) in the presence
of complex [PtCly{x?-(P,N)-2-Ph,PCsH,CH=N'Bu}] (11) (0.1
mol%) was also studied (details on the synthesis and
characterization of this complex can be found in the Experimental
Section). In this regard, we found that the effectiveness of 11
(97% conversion and 94% vyield after 40 min at r.t.) is almost
identical to that shown by [PtCl{x?>-(P,N)-2-Ph,PCsH,sCH=NOH}]
(3) (see entry 1 in Table 1), thus discarding an active participation
of the OH group in the catalytic transformation.

Conclusions

In summary, the reactivity of the commercially available ligand 2-
(diphenylphosphino)benzaldehyde oxime (1) towards the Pt(ll)
and Pt(IV) precursors [PtCl,(COD)], [PtMe,(COD)] and [PtMesl]4
has been explored. As a result of this study, new mono- and
dinuclear platinum complexes could be obtained in a selective
manner, some of them showing catalytic activity in the cross
dehydrogenative coupling of hydrosilanes with alcohols. To the
best of our knowledge the compounds synthesized here
represent the first examples of platinum(ll) and platinum(lV)
complexes containing a mixed phosphino-oxime/oximate ligand.
As commented in the introduction of this article, the chemistry of
the hybrid ligand 1 remains to date virtually unexplored. In this
regard, as the most noticeable novelty in the field, we have
evidenced for the first time the coordination of its oximate anion
to a metal center.

Experimental Section

General: All the manipulations were performed under argon atmosphere
using vacuum-line and standard Schlenk techniques. Organic solvents
were dried by standard methods and distilled under argon before use. 3¢
All reagents were obtained from commercial suppliers and used as
received, with the exception of complexes [PtCl(COD)] (2),27
[PtMe2(COD)] (6)8 and [PtMesl]s (9),1 and the phosphino-imine ligand
2-Ph2PCsHsCH=N®BU,“? which were prepared following the methods
reported in the literature. Elemental analyses and HRMS were provided by
the Scientific-Technical Services of the University of Oviedo. The latter
were recorded using positive electrospray ionization by the TOF method.

Infrared spectra were recorded on a Perkin-Elmer 1720-XFT spectrometer.

Conductance measurements were made at room temperature, with ca. 10
3 M DMSO solutions, employing a Jenway PCM3 conductometer. GC
measurements were performed with a Hewlett-Packard HP6890
equipment using a Supelco Beta-Dex™ 120 column (30 m length; 250 um
diameter). NMR spectra were recorded on Bruker DPX-300 or AV400
instruments. The chemical shift values (¢) are given in parts per million and
are referred to the residual peak of the deuterated solvent employed (*H
and 3C) or to an external 85% aqueous HsPOs solution (3'P). DEPT
experiments have been carried out for all the compounds reported.

Synthesis of [PtCl{x?-(P,N)-2-Ph,PCsHsCH=NOH}] (3): A mixture of 2-
Ph2PCsH4CH=NOH (1) (0.214 g, 0.700 mmol) and [PtCl2(COD)] (2) (0.262
g, 0.700 mmol) and in 20 mL of dichloromethane was stirred overnight at
room temperature. The resulting solution was then concentrated under
reduced pressure to ca. 5 mL. Addition of hexanes (50 mL) led to the
precipitation of a yellow solid, which was washed with hexanes (3 x 10 mL)
and dried in vacuo. Yield: 0.348 g (87%). IR (KBr): v= 3415 (br, OH), 1635
(m, C=N) cm™%. 3'P{*H} NMR (CD2Clz, 121 MHz): §= 1.1 (s, Jrtp = 3735.0
Hz) ppm. *H NMR (CD2Cl2, 400 MHz): §=11.99 (s, 1 H, OH), 8.53 (s, JrtH
=77.6 Hz, 1 H, CH=N), 7.74-7.52 (m, 13 H, CHarom), 7.28 (br s, 1 H, CHarom)
ppm. B3C{*H} NMR (CD2Clz, 100 MHz): § = 147.2 (d, Jp.c = 6.1 Hz, Jprc =
59.7 Hz, C=N), 135.2 (d, Jp.c = 9.1 Hz, CHarom), 134.6 (d, Jr.c = 3.7 Hz,
Jptc = 21.7 Hz, CHarom), 133.9 (d, Jr.c = 11.1 Hz, Jric = 30.0 Hz, CHarom),
133.4 (d, Jr.c = 13.5 Hz, Carom), 133.2 (d, Jp.c = 8.4 Hz, CHarom), 133.1 (d,
Jp,c = 2.4 Hz, CHarom), 132.2 (d, Jr.c = 2.8 Hz, CHarom), 128.8 (d, Jp,c =12.3
Hz, CHarom), 126.6 (d, Jp.c = 71.2 Hz, Jptc = 24.5 Hz, Carom), 118.4 (d, Jrc
= 60.3 Hz, Carom) ppm. Elemental analysis calcd. (%) for C1eH16Cl2NOPPt:
C 39.95, H 2.82, N 2.45; found: C 40.08, H 2.74, N 2.60. HRMS (ESI): m/z
536.0295, [M - CI]*.

Synthesis of [Pt{x?-(P,N)-2-Ph,PCsH,CH=NOH};][Cl], (4): A mixture of
2-Ph2PCsH4CH=NOH (1) (0.428 g, 1.400 mmol) and [PtCl2(COD)] (2)
(0.262 g, 0.700 mmol) and in 30 mL of dichloromethane was stirred
overnight at room temperature. The resulting solution was then
concentrated under reduced pressure to ca. 5 mL. Addition of hexanes (30
mL) led to the precipitation of a yellow solid, which was recrystallized twice
with CH2Cl2-hexanes (5:30 mL), washed with hexanes (2 x 10 mL) and
dried in vacuo. Yield: 0.509 g (83%). IR (KBr): v= 3430 (br, OH), 1604 (m,
C=N) cm. 3'P{*H} NMR (CD2Cl2, 121 MH2): 6= 6.1 (S, Jrtp = 3620.6 Hz)
ppm. *H NMR (CD2Clz, 300 MHz): §= 14.12 (br s, 2 H, OH), 8.81 (br s, 8
H, CH=N and CHarom), 7.63-7.48 (m, 18 H, CHarom), 6.92 (br s, 4 H, CHarom)
ppm. BC{*H} NMR (CD2Cl2, 100 MHz): 5= 152.4 (br s, C=N), 136.3 (br s,
CHarom), 134.5 (br S, CHarom), 134.0 (br S, Carom), 133.0 (br S, CHarom), 132.2
(d, Jp.c =4.4 Hz, CHarom), 132.1 (S, CHarom), 131.5 (S, CHarom), 129.0 (br S,
CHamm), 124.9 (d, JP,C =64.4 HZ, Carom), 122.4 (d, JP,C =57.2 HZ, Carom)
ppm. Elemental analysis calcd. (%) for CasH32CIl2N202P2Pt: C 52.07, H
3.68, N 3.20; found: C 51.92, H 3.71, N 3.33. HRMS (ESI): m/z 804.1482,
[M - H]".

Synthesis of (u-O)-[PtCl{x?-(P,N)-2-Ph,PCsH4sCH=NO}], (5): A solution
of [PtClo{x?-(P,N)-2-Ph2PCsH4sCH=NOH]}] (3) (0.150 g, 0.262 mmol) in 10
mL of dichloromethane was treated at r.t. with Na.COz (0.278 g, 2.620
mmol) for 20 h. The resulting suspension was then filtered through
Kieselguhr, and the filtrate concentrated under vacuum to ca. 2 mL.
Addition of hexanes (30 mL) led to the precipitation of a yellow solid, which
was washed with hexanes (3 x 5 mL) and dried in vacuo. Yield: 0.110 g
(79%). IR (KBr): v= 1579 (m, C=N) cm™%. 3'P{*H} NMR (CD2Clz, 121 MHz):
5=10.7 (s, Jr,p = 3859.1 Hz) ppm. *H NMR (CD2Clz, 400 MHz): § = 8.25
(s, JptH = 75.6 Hz, 2 H, CH=N), 7.80-7.75 (m, 8 H, CHarom), 7.61-7.43 (m,
18 H, CHarom), 7.10 (dd, Jp,n = 11.2 Hz, Jun = 8.0 Hz, 2 H, CHarom) ppm.
13C{IH} NMR (CD2Clz, 100 MHz): §= 141.5 (virtual t, N = 11.0 Hz, C=N),
136.5 (d, Jp,c = 13.3 Hz, Carom), 134.2 (d, Jp,c = 11.2 Hz, CHarom), 132.4 (d,
Jp,c = 1.6 Hz, CHarom), 132.3 (d, Jp.c = 4.3 Hz, CHarom), 131.8 (d, Jpc = 2.4
Hz, CHarom), 131.7 (d, Jr,c = 5.9 Hz, CHarom), 130.3 (d, Jpc = 8.6 Hz,
CHarom), 128.5 (d, Jp.c = 12.0 Hz, CHarom), 126.7 (d, Jr.c = 69.1 Hz, Carom),
118.7 (d, Jp.c = 63.5 Hz, Caom) ppm. Elemental analysis calcd. (%) for
CagH30Cl2N202P2Pt2: C 42.67, H 2.83, N 2.62; found: C 42.81, H 2.90, N
2.51. HRMS (ESI): m/z 1033.0766, [M - CI*.

Synthesis of (u-O)-[PtMe{x*-(P,N)-2-Ph,PCgH4sCH=NO}], (7): A mixture
of [PtMe2(COD)] (6) (0.100 g, 0.300 mmol) and 2-Ph2PCsH4sCH=NOH (1)
(0.091 g, 0.300 mmol) in 15 mL of dichloromethane was stirred overnight
at room temperature. The resulting solution was then concentrated under
reduced pressure to ca. 5 mL. Addition of hexanes (50 mL) led to the



precipitation of a yellow solid, which was recrystallized twice with CH2Cl2-
hexanes (5:40 mL), washed with hexanes (3 x 10 mL) and dried in vacuo.
Yield: 0.093 g (60%). IR (KBr): v = 1575 (m, C=N) cm™. 31P{*H} NMR
(CD2Cl2, 121 MHz): §=11.6 (s, Jetp = 4412.3 Hz) ppm. *H NMR (CD2Cl>,
300 MHz): 6= 8.25 (S, Jrth = 31.8 Hz, 2 H, CH=N), 7.73-7.34 (m, 26 H,
CHarom), 7.06 (dd, Jp,n = 10.2 Hz, Jun = 8.4 Hz, 2 H, CHarom), 0.02 (d, JpH
= 1.8 Hz, Jptn = 64.8 Hz, 6 H, Me) ppm. *C{*H} NMR (CD2Cl2, 100 MHz):
6=143.6 (virtual t, N = 9.8 Hz, C=N), 139.6 (d, Jr.c = 13.2 Hz, Carom), 135.9
(d, Jp,c = 11.5 Hz, CHarom), 134.0 (d, Jp,c = 1.0 Hz, CHarom), 133.2 (d, Jrc
= 2.1 Hz, CHarom), 133.1 (d, Jp,c = 9.4 Hz, CHarom), 132.8 (d, Jpc = 2.4 Hz,
CHarom), 130.8 (d, Jp,c = 63.7 Hz, Carom), 130.5 (d, Jpc = 8.4 Hz, CHamm),
130.1 (d, Jr.c = 11.3 Hz, CHarom), 124.0 (d, Jr,c = 60.6 Hz, Carom), -10.2 (d,
Jec = 5.8 Hz, Me) ppm. Elemental analysis calcd. (%) for
CaoH3sN202P2Pt2: C 46.70, H 3.53, N 2.72; found: C 46.77, H 3.62, N 2.84.
HRMS (ESI): m/z 1029.1573, [M + H]*.

Synthesis of [Pt({x*-(P,N)-2-Ph,PCsH4CH=NO}.H)][CI] (8): A solution of
[Pt{x>-(P,N)-2-Ph2PCsH4CH=NOH}][CI]> (4) (0.150 g, 0.171 mmol) in 10
mL of dichloromethane was treated at r.t. with Na.CO3s (0.181 g, 1.710
mmol) for 20 h. The resulting suspension was then filtered through
Kieselguhr, and the filtrate concentrated under vacuum to ca. 2 mL.
Addition of hexanes (30 mL) led to the precipitation of a yellow solid, which
was recrystallized twice with CH2Cl>-hexanes (2:30 mL), washed with
hexanes (2 x 5 mL) and dried in vacuo. Yield: 0.105 g (73%). IR (KBr): v=
1741 (s, O-H-O), 1630 (m, C=N) cm™. 3!P{*H} NMR (CD2Cl2, 121 MHz): §
=5.6 (s, Jptp = 3273.6 Hz) ppm. *H NMR (CD2Clz, 400 MHz): 5= 8.18 (d,
JpH = 8.4 Hz, Jptn = 56.0 Hz, 2 H, CH=N), 7.65-7.30 (m, 26 H, CHarom),
6.85 (dd, JuH = 7.8 Hz, Jp,H = 6.0 Hz, 2 H, CHarom) ppm; O-H-O signal not
observed. 3C{*H} NMR (CD.Cl, 100 MHz): §= 150.1 (br s, C=N), 134.2
(virtual t, N = 10.2 Hz, CHarom), 134.0 (virtual t, N = 25.8 Hz, Carom), 133.6
(virtual t, N = 9.2 Hz, CHarom),132.8 (s, CHarom), 132.7 (S, CHarom), 133.2
(virtual t, N = 3.6 Hz, CHarom), 131.9 (virtual t, N = 9 Hz, CHarom), 129.3
(virtual t, N = 11.6 Hz, CHarom), 124.9 (d, Jp,c = 68.6 Hz, Carom), 121.7 (d,
Jrc = 624 Hz, Caom) ppm. Elemental analysis calcd. (%) for
CasH31N202P2CIPt: C 54.33, H 3.72, N 3.33; found: C 54.25, H 3.80, N
3.42. HRMS (ESI): m/z 804.1483, [M]*.

Synthesis of fac-[PtIMes{#x?-(P,N)-2-Ph,PCsH,CH=NOH}] (10): A
mixture of 2-Ph2PCsH4CH=NOH (1) (0.125 g, 0.410 mmol) and [PtMesl]s
(9) (0.150 g, 0.102 mmol) and in 30 mL of dichloromethane was stirred
overnight at room temperature. The resulting solution was then
concentrated under reduced pressure to ca. 5 mL. Addition of hexanes (30
mL) led to the precipitation of a yellow solid, which was recrystallized twice
with CH2Cl2-hexanes (5:30 mL), washed with hexanes (2 x 10 mL) and
dried in vacuo. Yield: 0.228 g (83%). IR (KBr): v= 3484 (br, OH), 1625 (m,
C=N) cm. 31P{1H} NMR (CD2Clz, 121 MHz): §=-0.2 (s, Jptp = 1208.9 Hz)
ppm. *H NMR (CD2Clz, 400 MHz): §= 13.05 (br s, 1 H, OH), 8.29 (s, JrtH
=19.2 Hz, 1 H, CH=N), 7.62-7.24 (m, 13 H, CHarom), 7.06 (br s, 1 H, CHarom),
1.52 (s, JrtH = 59.6 Hz, 3 H, Me), 1.33 (s, Jpi,H = 80.4 Hz, 3 H, Me), 1.06
(s, Jpy = 64.8 Hz, 3 H, Me) ppm. BC{*H} NMR (CD2Clz, 100 MHz): § =
151.5 (S, C:N), 135.5 (d, Jpc = 9.7 Hz, CHarom), 134.5 (S, CHarom), 134.1
(d, Jp.c = 8.6 Hz, CHarom), 133.9 (d, Jp,c = 20.8 Hz, Carom), 133.6 (d, Jr.c =
9.5 Hz, CHarom), 132.2 (d, Jr.c = 5.8 Hz, CHarom), 131.5 (S, CHarom), 131.2
(d, Ip.c = 1.0 Hz, CHarom), 130.9 (s, CHarom), 128.7 (d, Jp.c = 9.2 Hz, CHarom),
128.1 (d, Jp.c = 9.9 Hz, CHarom), 127.5 (d, Jp,c = 65.6 Hz, Carom), 127.1 (d,
Jp,c = 63.6 Hz, Carom), 125.6 (d, Jr.c = 39.8 Hz, Jptc = 26.3 Hz, Carom), 8.9
(s, Jrtc = 643.7 Hz, Me), 7.8 (s, Jrtc = 535.7 Hz, Me), 6.6 (s, Jrtc = 535.8
Hz, Me) ppm. Elemental analysis calcd. (%) for C22H2sINOPPt: C 39.30, H
3.75, N 2.08; found: C 39.41, H 3.62, N 2.15. HRMS (ESI): m/z 533.0952,
[M - 1- 2Me + H20]".

Synthesis of [PtCly{x*-(P,N)-2-Ph,PC¢H,CH=N'Bu}] (11): A mixture of 2-
Ph2PCsHaCH=N'Bu (0.145 g, 0.420 mmol) and [PtCI2(COD)] (2) (0.150 g,
0.400 mmol) and in 10 mL of dichloromethane was stirred overnight at

room temperature. The resulting solution was then concentrated under
reduced pressure to ca. 2 mL. Addition of hexanes (20 mL) led to the
precipitation of a yellow solid, which was washed with hexanes (3 x 5 mL)
and dried in vacuo. Yield: 0.193 g (79%). IR (KBr): v=1612 (m, C=N) cm"
1, 31P{*H} NMR (CD2Clz, 121 MHz): §= 7.1 (S, Jrp = 3775.3 Hz) ppm. *H
NMR (CD2Clz, 400 MHz): 6 = 8.37 (S, Jrth = 99.3 Hz, 1 H, CH=N), 7.74-
7.52 (m, 13 H, CHarom), 7.88 (br s, 1 H, CHarom), 1.51 (s, 9 H, CHs) ppm.
13C{*H} NMR (CD2Clz, 100 MHz): 5= 164.8 (d, Jr.c = 7.0 Hz, C=N), 138.9
(d, Jp,c =13.0 Hz, Carom), 134.9-134.0 (m, CHarom and Carom), 133.3 (d, Jrc
= 7.7 Hz, CHarom), 132.3 (d, Jp.c = 1.7 Hz, CHarom), 132.2 (d, Jpc = 8.4 Hz,
CHamm), 131.5 (d, Jpc =4.2 Hz, CHarom), 122.9 (d, Jp,c = 61.4 Hz, Carom),
69.8 (s, C(CHza)s), 31.9 (s, C(CHs)s) ppm. Elemental analysis calcd. (%) for
C23H24CI2NPPt: C 45.18, H 3.96, N 2.29; found: C 45.23, H 4.01, N 2.37.

General procedure for the catalytic cross dehydrogenative coupling
of hydrosilanes with alcohols: The corresponding hydrosilane (1 mmol),
alcohol (1 mL) and platinum catalyst (0.0005 or 0.01 mmol; 0.1-1 mol%)
were introduced into a Teflon-capped sealed tube, and the reaction
mixture stirred at room temperature for the indicated time (see Table 1 and
Scheme 9). The course of the reaction was monitored regularly taking
samples of ca. 10 uL which, after dilution with CH2Cl2, were analyzed by
GC. The identity of the alkoxysilanes formed was assessed by comparison
of their NMR data with those reported in the literature (copies of the *H and
13C{*H} NMR spectra of the products obtained after purification by flash
chromatography are included in the Supporting Information).

X-Ray crystal structure determination of complexes 3, 4, 7 and 10:
Crystals of 3, 4, 7 and 10 suitable for X-ray diffraction analysis were
obtained in all the cases by slow diffusion of hexanes into a saturated
solution of the complex in a dichloromethane/methanol mixture (3:1 v/v).
The most relevant crystal and refinement data are collected in Table 2. In
all the cases, data collection was performed with a Rigaku-Oxford
Diffraction Xcalibur Onyx Nova single crystal diffractometer using Cu-K«
radiation (1 = 1.5418 A). Images were collected at a fixed crystal-detector
distance of 62 mm, using the oscillation method with 1.30° oscillation for 3
and 10 and 1.10° for 4 and 7, and 2.00-4.00 s variable exposure time per
image for 3, 3.50-7.00 s for 4, 2.00-5.00 s for 7 and 4.00-12.50 s for 10.
Data collection strategy was calculated with the program CrysAlisP.[41]
Data reduction and cell refinement were also performed with the program
CrysAlisP.[*1l An empirical absorption correction was applied using the
SCALE3 ABSPACK algorithm as implemented in the program
CrysAlisFr©. [l All the structures were solved by Patterson interpretation
and phase expansion using DIRDIF2008.142 |sotropic least-squares
refinements on F2 using SHELXL201413] were performed. During the final
stages of the refinements, all the positional and anisotropic displacement
parameters of all non-H atoms were refined (except C18 in complex 3).

For 3, hydrogen atoms bonded to C1 and O1 were unequivocally
located using a difference electron density Fourier synthesis and their
coordinates and isotropic displacement parameters were freely refined.
The rest of H atoms were geometrically located, their coordinates refined
riding on their parent atoms, and their isotropic displacement parameters
automatically replaced with -1.2. SHELXL2014[*3 suggested splitting C18
into two positions. Accordingly, C18 was isotropically refined using the two
possible sites suggested by SHELXL20141“3 and the final occupation
factors of the two components were 54.6 and 45.4%.

For 4, two independent molecules of the complex and four molecules
of methanol were found in the asymmetric unit. Hydrogen atoms bonded
to C1A, O1A, C1B and O1B were clearly located using a difference
electron density Fourier synthesis and their coordinates and isotropic
displacement parameters were freely refined. The same situation occurred
with the analogous hydrogen atoms of the second molecule of the complex.
The rest of H atoms (in both molecules) were geometrically located, their
coordinates refined riding on their parent atoms, and their isotropic



displacement parameters automatically replaced with -1.2. The hydrogen
atoms of the methanol molecules were also geometrically located. The
final positions of these H atoms were obtained after a rotating group
refinement (the initial torsion angle is derived from a difference Fourier
synthesis), their isotropic displacement parameters were automatically
replaced with -1.5.

For 7, there is only one half of the complex in the asymmetric unit of
the crystal (that contains, in addition, one molecule of methanol), a twofold
axis generating the other half. The hydrogen atom bonded to C1 was

located using a difference electron density Fourier synthesis. Its
coordinates were freely refined, but its isotropic displacement parameter
was replaced with -1.2 (otherwise, an impossible non-positive definite
value is generated). The rest of H atoms in the complex were geometrically
located, their coordinates refined riding on their parent atoms, and their
isotropic displacement parameters automatically replaced with -1.2 (-1.5
for those on the C20 carbon atom). The final positions of the hydrogen
atoms on C20 were obtained after a rotating group refinement (the initial
torsion angle is derived from a difference Fourier synthesis).

Table 2. Crystal data and structure refinement details for compounds 3, 4, 7 and 10.

3 4 7 10
Chemical formula C19H16Cl2NOPPt C3gH32CI2N202P2Pt:2MeOH  CaoH3sN202P2Pt2-:2MeOH  C22H2sINOPPt
Molecular mass 571.29 940.67 1092.91 672.39
T [K] 145(2) 145(2) 150(2) 150(2)
Wavelength [A] 1.54184 1.54184 1.54184 1.54184
Crystal system Monoclinic Triclinic Orthorhombic Monoclinic
Space group P2i/n P-1 P2:12:2 P2i/c
Crystal size [mm] 0.18 x 0.06 x 0.05 0.18 x 0.12 x 0.09 0.28 x 0.07 x 0.04 0.14 x 0.05 x 0.03
a[A] 9.0342(2) 14.2374(5) 15.0140(3) 9.5525(3)
b[A] 15.9840(2) 14.9594(6) 14.4502(3) 7.7081(3)
cA] 13.1625(2) 19.6876(6) 8.8870(2) 29.2219(8)
a9 90 69.540(3) 90 90
Nl 90.826(2) 83.690(3) 90 91.179(3)
7] 90 73.287(3) 90 90
z 4 4 2 4
VA3 1900.51(5) 3762.4(2) 1928.09(7) 2151.2(1)
Pratcd [g cmI] 1.997 1.661 1.883 2.076
u[mm?] 17.249 9.443 14.515 24.256
F(000) 1088 1872 1056 1272
Orange [] 4.35-69.61 3.24-69.82 4.25-69.50 3.02-69.62
Index ranges -10sh<9 -16<h<17 -17<h<18 9<hs<11
-19<k<17 17 <k<17 -17<k<16 -8<ks<9
-15<1<15 -23<1<23 -10<1<8 -29<1<35
Completeness to Gmax [%0] 99.8% 99.7% 99.9% 99.7%
No. of data collected 9045 13880 9540 10303

No. of unique data
No. parameters/restraints
Refinement method

3502 (Rint = 0.0272)
234/0

12452 (Rine = 0.0349)
959/0

3468 (Rint = 0.0343)
241/0

Full-matrix least-squares on F?

3973 (Rin = 0.0466)
252/0

Goodness of fit on F? 1.034 1.039 1.056 1.044

Weight function (a, b) 0.0307, 0.0000 0.0404, 0.5120 0.0346, 2.2252 0.0638, 0.0000
R [F?> 20(F)]d 0.0234 0.0289 0.0251 0.0413

WR(F?) [F? > 206(F?)]d 0.0548 0.0720 0.0613 0.1036

R (all data) 0.0272 0.0337 0.0271 0.0477

WR(F?) (all data) 0.0571 0.0751 0.0635 0.1098
Largest diff peak and hole [e.A‘3] 0.596, -1.315 1.138, -1.348 0.779, -0.936 1.712, -1.398

[a] R = E|Fo - Fel/S|Fof; WR(F?) = {S[W(Fo? - Fe2)2/S[W(Fo?)2}*.

For 10, the hydrogen atom bonded to C1 was unequivocally located
using a difference electron density Fourier synthesis and their coordinates
and isotropic displacement parameter were freely refined. The rest of H
atoms (including that bonded to O1) were geometrically located, their
coordinates, refined riding on their parent atoms, and their isotropic
displacement parameters automatically replaced with -1.2 (-1.5 for those
on the C20, C21, C22 and O1 atoms). The final positions of the hydrogen

atoms on C20, C21, C22 and O1 were obtained after a rotating group
refinement (the initial torsion angle is derived from a difference Fourier
synthesis).

The function minimized was {Z[w(Fo? - F?)2/Z[o(Fo?)q}H? where =
1/[c?(Fo?) + (aP)? + bP] (a and b values are collected in Table 2) with o(Fo?)



from counting statistics and P = [Max (F.?,0) + 2Fc?)/3. The crystallographic
plots were made with DIAMOND.[*4]

CCDC 1830710 (for 3), 1830711 (for 4), 1830712 (for 7) and 1830713 (for
10) contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallographic
Data Centre.
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