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ABSTRACT: Oxidative addition of CH;I and alkynes to the platinum(0) complex [Pt(AE)NHC] (1), in which the NHC ligand
is a sulfonated version of the IPr ligand (1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene) and AE is diallyl ether, is reported.
Reaction with the haloalkane affords the iodomethyl complex [PtI(Me)NHC] (2), whereas the addition of alkynes via C(sp)—H
bond activation leads to the corresponding new water-soluble hydride (NHC)Pt" complexes 3 and 4. Complexes 3 and 4 were
found to be moderately stable in water, displaying an interesting behavior in this solvent. Thus, in the presence of the
corresponding olefin, the reaction can be reversible under mild conditions, thus allowing the formation of diolefinic (NHC)Pt°
complexes 1, §, and 6, with elimination of the alkyne.

he generation of reactive electron-rich (NHC)Pt® frag- ancillary ligands,” the application of (NHC)Pt’ complexes in

ments (NHC = N-heterocyclic carbene) is of enormous the cleavage of C—H bonds has remained relatively unexplored,
interest for applications in C—H bond activation.' Indeed, C— as has been reverse reactions involving C—H reductive
H activation in alkynes has attracted a great deal of attention, elimination from Pt(II). Nevertheless, Pt(0) complexes have
mainly due to the implication of such processes in the alkyne/ been found to activate the C—H bonds of imidazolium rings to
vinylidene tautomerization reaction, as well as in some catalytic yield (NHC)Pt" hydride compounds.® A related example is the
processes involving platinum complexes.” " In the present synthesis, by Markd and co-workers, of unique Y-shaped Pt(II)

work, we report the activation of C—H bonds in alkynes by bis(silyl) species through oxidative addition of Me,PhSiH to
(NHC)Pt° fragments and, more importantly, we show that this [Pt°IPr(n*’-diene)] (IPr = bis(2,6-diisopropylphenyl)-

activation can be reversible, which could be attractive for imidazo-2-ylidene).” During our studies on the aqueous-phase
catalytic purposes. Pt(0) bisphosphine fragments are known for reactivity of water-soluble NHC complexes,'’ we observed the
their potential to activate unreactive bonds by oxidative formation of metal nanoparticles stabilized by the coordination
addition.'” Whitesides and co-workers, for instance, disclosed of NHC ligands to their surface when aqueous solutions of
that transient (bisphosphine)Pt° species, prepared by thermol- NHC dimethyl Pt(II) complexes were thermolyzed.'*" These
ysis of a [L,Pt(H)(alkyl)] complex, were able to activate nanoparticles were formed via reductive C—C coupling, which
C(sp)—, C(sp*)— and C(sp*)—H bonds.’ For terminal alkynes, likely resulted in the transient formation of (NHC)Pt°
the coordination and the oxidative addition competed, giving a fragments. Here, we report the oxidative addition of terminal
mixture of the (n*-alkyne)Pt’ and the hydrido(alkynyl)Pt" alkynes to complex 1'% (Scheme 1), which leads to the
products that did not show interconversion upon continued formation of novel water-soluble hydride (NHC)Pt" complexes

heating. Reversible C—H activation of aromatic compounds has

also been observed for these (bisphosphine)Pt° fragments.**° Received: March 17, 2017
Although NHCs have proven to be an outstanding class of Published: June 13, 2017
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via the activation of C(sp)—H bonds. The reversibility of this
reaction (ie., reductive elimination) in water in the presence of
different olefins, to afford either [Pt°(NHC)(#*-olefin),] or
[Pt*(NHC) (n*:n*-diolefin)] complexes, is also reported.

We initially tested the propensity of complex 1 to undergo
oxidative addition of CH;l. The reaction was complete after 1 h
at 50 °C in dmso, according to the 'H NMR spectra (Scheme
1). The haloalkyl complex 2 was obtained in high yield (90%)
as a yellow, analytically pure solid after a simple workup.
Compound 2 is stable in water, and its characterization was
indicative of a stereoselective oxidative addition in 1, leading
solely to the SP-4-4 diastereoisomer of 2. Related monomethyl
chlorido complexes with less sterically hindered NHC ligands
were obtained by protonolysis of dimethyl mono-(NHC)Pt"
complexes with HCl,, which afforded a mixture of two
diastereoisomers.

Complex 2 was characterized by NMR spectroscopy, mass
spectrometry (ESI-TOF), and elemental analysis. The last
finding suggested the presence of water molecules in the
samples, as also observed in the 'H NMR spectra obtained
upon dissolving 2 in dry dmso-dg. It should be noted that this
class of compounds is hygroscoplc in the solid state and quickly
takes up water from the air.'” The coordination of dmso to
platinum was confirmed by the observation of a 'H resonance
at 3.10 ppm in D, O, while a singlet with platinum satellites was
observed for the methyl group at 0.25 ppm (}Jp_y = 75 Hz).
The platinum satellites of the '*C carbene resonance at 162.2
ppm were not detected, probably due to their broadening in
solvents of relatively hlgh viscosity.'' The chemical shift for the
carbene carbon and the 3J,_y value mentioned above for the
methyl ligand are comparable to those found for other (SP-4-
4)-[PtCI(L)Me(NHC)] complexes (162—163 ppm and 78—88
Hz, respectively).'” The stereochemistry in complex 2 was
corroborated by a NOESY experiment, which revealed
proximity between the N-aryl substituents of the carbene and
the methyl ligand.

The addition of terminal alkynes was subsequently tested.
Treatment of 1 with an excess of trimethylsilyl- or phenyl-
acetylene in dmso-ds at 50 °C afforded the corresponding
hydride alkynyl complexes 3 and 4 after, respectively, 6 and 3 h
of reaction ("H NMR monitoring on an NMR tube). The
reaction was stereoselective, leading to the cis addition products
in both cases. These complexes were obtained on a preparative
scale and isolated in high yields (>90%) as spectroscopically
pure yellow solids (Scheme 2). To the best of our knowledge,
water-soluble hydride complexes of Pt(II) stabilized with NHC
ligands have not been reported to date.

Hydrides 3 and 4 were stable in dmso-dg, where no changes
were perceived after 10 days at S0 °C. In D,O solution,
however, the hydride resonance at ca. —12 ppm disappeared
completely after 10 days at room temperature. Among the
complex mixture of products produced in this decomposition,
the presence of free alkyne was detected by 'H NMR
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Scheme 2. Reversible Addition of Alkynes to 1
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spectroscopy after extraction with CDCl;. The absence of
deuteration, corroborated by *H NMR spectroscopy, ruled out
formation of the alkyne by solvolysis of the metal—alkynyl
bond. Supposing that the hydride alkynyl complexes were
undergoing reductive elimination of alkyne, freshly prepared
aqueous solutions of 3 and 4 were treated with diallyl ether.
Under these conditions, reductive elimination took place
rapidly and complex 1 was quantitatively recovered after 3 h
of reaction at room temperature.

The above results suggested an interesting influence of the
solvent on the forward or reverse direction of the addition
reaction. Thus, whereas 1 undergoes oxidative addition of
terminal alkynes in dmso, water seems to favor the reverse
reaction. The synthesis of other olefinic Pt(0) NHC complexes
in water was also possible using this procedure (Scheme 3). For

Scheme 3. Synthesis of NHC Pt(0) Complexes by Reductive
Elimination of Alkyne in Water
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example, treatment of complex 3 (or 4) with methyl acrylate or
divinyltetramethyldisiloxane (dvtms) in water afforded com-
plexes 5 and 6 in high yields (>95%) after 1 and 3 h of
reaction, respectively. The longer reaction time required for 6 is
likely a consequence of the lower solubility of dvtms in water.

The new complexes 3—5 were characterized by NMR and IR
spectroscopy and mass spectrometry. Complex 6 was identified
on the basis of previously reported NMR data.'” In the case of
3 and 4, the infrared absorptions for the C=C and Pt—H
groups were found at normal wavenumbers for terminal alkynyl
and hydrido ligands in platinum complexes (2037 and 213$
em™ for 3 and 2105 and 2145 cm™ for 4, respectively;
reported values in the ranges vc—c 2000—2100, and vp,_y
2040—2240 cm™!).*>'* The carbenic carbon was observed at
around 175 ppm, whereas the hydride ligand appeared at —12
ppm (YJp_y ~ 1400 Hz). The cis positioning of the hydride
and the NHC ligands was supported by the observation of
transfer NOE between the hydride ligand and the isopropyl
(methyl and methine) protons in NOESY experiments carried
out in dmso-dg. Ion peaks corresponding to H* addition to, or
Na* subtraction from, the neutral formula were observed in the
ESI-TOF mass spectra of all the complexes, accompanied by
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loss of dmso for 4. The 'H and '*C NMR spectra for § revealed
the presence of rac and meso diastereoisomers (*C carbene
resonances at 173 and 172 ppm, respectively), as a
consequence of the coordination of methyl acrylate to the
metal via the re or si enantioface (Chart 1)."> As expected, the

Chart 1. rac and meso Isomers of Complex §
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major compound was the less sterically hindered rac isomer
(70%). Due to the hindered rotation around the NHC—aryl
bond, the two moieties of each aryl group are nonequivalent in
the rac isomer, while the fast rotation of the NHC ligand
around the Pt—C bond makes both moieties equivalent in the
meso isomer (Figure S8 in the Supporting Information).

In conclusion, studies of the reactivity of the NHC Pt(0)
complex 1 illustrate two important reactions in organometallic
chemistry, namely oxidative addition and reductive elimination,
which can be carried out under mild conditions. The
transformations reported here disclose a sharp solvent effect,
with the oxidative addition of alkynes to 1 to yield
hydrido(alkynyl)platinum(II) complexes seemingly favored in
dmso, whereas the reverse reaction (i.e., reductive elimination)
takes place in water, yielding (diolefin)platinum(0) with
liberation of the alkyne. We consider this finding relevant not
only for synthetic purposes aimed at the preparation of
(NHC)Pt® complexes in water but also, and for example, for
the grafting of (NHC)Pt complexes to metallic surfaces
modified with olefin groups by simple addition of hydrido-
(alkynyl)platinum(II) NHC complexes in water, such as in
related approaches reported for gold."* Moreover, the results
here obtained could shed some light on the hydrosilylation
reactions of alkynes described by the group of Marké” or on the
selective dimerization of terminal alkynes recently reported by
Pietraszuk” in which transient hydrido(alkynyl)platinum (II)
species might be involved. Further efforts to study the chemical
behavior and possible applications of these water-soluble
hydride(N-heterocyclic carbene)platinum(II) complexes are
currently underway in our laboratories.

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.organo-
met.7b00207.
General and synthetic procedures, characterization data,
and NMR spectra of complexes 2—6 (PDF)

B AUTHOR INFORMATION
Corresponding Author

*E-mail for E.A.B.: eabaquerov@unal.edu.co.
ORCID

Edwin A. Baquero: 0000-0002-9621-8914
Juan C. Flores: 0000-0001-6356-555X

Ernesto de Jests: 0000-0001-8101-1358

Present Address

Snstituto de Quimica del Sur (INQUISUR), Departamento de
Quimica, Universidad Nacional del Sur, Av. Alem 1253,
B8000CPB Bahia Blanca, Argentina.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by the Spanish Ministerio de
Economia y Competitividad (project CTQ2014-55005-P).
EAB. is grateful to the Universidad de Alcala for an FPI
Doctoral Fellowship. G.E.S. is grateful to the Spanish Ministerio
de Educacion for a Postdoctoral Fellowship.

B REFERENCES

(1) (1) Labinger, J. A,; Bercaw, J. E. Nature 2002, 417, 507—514.
(b) Lersch, M.; Tilset, M. Chem. Rev. 2005, 105, 2471—2526.

(2) (a) Berenguer, J. R; Bernechea, M.; Lalinde, E. Organometallics
2007, 26, 1161—1172. (b) Crementieri, S.; Leoni, P.; Marchetti, F.;
Marchetti, L.,; Pasquali, M. Organometallics 2002, 21, 2575-2577.
(c) Berenguer, J. R; Bernechea, M.; Forniés, J.; Lalinde, E.; Torroba, J.
Organometallics 2008, 24, 431—438. (d) Ara, L; Falvello, L. R.; Forniés,
J.; Lalinde, E.; Martin, A.; Martinez, F.; Moreno, M. T. Organometallics
1997, 16, 5392—5405. (e) Bandini, A. L.; Banditelli, G.; Manassero,
M,; Albinati, A;; Colognesi, D.; Eckert, J. Eur. J. Inorg. Chem. 2003,
2003, 3958—3967. (f) Reinartz, S.; Baik, M.-H; White, P. S,;
Brookhart, M.; Templeton, J. L. Inorg. Chem. 2001, 40, 4726—4732.
(g) Li, Z-F; Li, H-X,; Yang, X.-P.; Liu, X.-W.; Zuo, G.-F.; Zhao, C.
RSC Adv. 2015, S, 31954—31964. (h) Tobisu, M.; Nakai, H.; Chatani,
N. J. Org. Chem. 2009, 74, 5471—5475. (i) Wang, Y.; Liao, W.; Huang,
G, Xia, Y.; Yu, Z.-X. . Org. Chem. 2014, 79, 5684—5696.

(3) (a) Dierick, S.; Marké, I E. In N-Heterocyclic Carbenes: Effective
Tools for Organometallic Synthesis; Nolan, S. P., Ed; Wiley-VCH:
Weinheim, Germany, 2014; pp 111—149. (b) Berthon-Gelloz, G.;
Schumers, J-M.; De Bo, G.; Marké, I E. J. Org. Chem. 2008, 73,
4190—4197. (c) De Bo, G.; Berthon-Gelloz, G.; Tinant, B.; Mark, L
E. Organometallics 2006, 25, 1881—1890.

(4) Zak, P.; Bolt, M.; Lorkowski, J.; Kubicki, M.; Pietraszuk, C.
ChemCatChem 2017, DOI: 10.1002/cctc.201700580.

(5) (a) Hackett, M.; Ibers, J. A.; Whitesides, G. M. J. Am. Chem. Soc.
1988, 110, 1436—1448. (b) Hackett, M.; Whitesides, G. M. J. Am.
Chem. Soc. 1988, 110, 1449—1462.

(6) Nicolas, E.; le Goff, X. F.; Bouchonnet, S.; Mézailles, N. Chem.
Commun. 2012, 48, 8350—8352.

(7) (a) Hopkinson, M. N.; Richter, C.; Schedler, M.; Glorius, F.
Nature 2014, 510, 485—496. (b) N-Heterocyclic Carbenes: From
Laboratory Curiosities to Efficient Synthetic Tools; Diez-Gonzalez, S.,
Ed; The Royal Society of Chemistry: London, 2011; RSC Catalysis
Series Vol. 6.

(8) (a) McGuinness, D. S.; Cavell, K. J.; Yates, B. F.; Skelton, B. W.;
White, A. H. J. Am. Chem. Soc. 2001, 123, 8317—8328. (b) Pan, B,;
Pierre, S.; Bezpalko, M. W.; Napoline, J. W.; Foxman, B. M.; Thomas,
C. M. Organometallics 2013, 32, 704—710. (c) Duin, M. A.; Clement,
N. D,; Cavell, K. J.; Elsevier, C. J. Chem. Commun. 2003, 400—401.
(d) Bacciu, D.; Cavell, K. J.; Fallis, I. A,; Ooi, L.-l. Angew. Chem., Int.
Ed. 20085, 44, 5282—5284.

(9) Berthon-Gelloz, G.; de Bruin, B,; Tinant, B.; Marké, L. E. Angew.
Chem,, Int. Ed. 2009, 48, 3161—3164.

(10) (a) Silbestri, G. F.; Flores, J. C.; de Jests, E. Organometallics
2012, 31, 3355—3360. (b) Baquero, E. A,; Silbestri, G. F.; Gémez-Sal,
P; Flores, J. C; de Jests, E. Organometallics 2013, 32, 2814—2826.
(c) Baquero, E. A;; Flores, J. C.; Perles, J.; Gémez-Sal, P.; de Jests, E.
Organometallics 2014, 33, 5470—5482. (d) Baquero, E. A.; Tricard, S.;
Flores, J. C.; de Jests, E.; Chaudret, B. Angew. Chem.,, Int. Ed. 2014, $3,
13220—13224. (e) Ruiz-Varilla, A. M.; Baquero, E. A;; Silbestri, G. F.;

DOI: 10.1021/acs.organomet.7b00207
Organometallics 2017, 36, 2271-2274


http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.7b00207/suppl_file/om7b00207_si_001.pdf
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00207
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00207
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.7b00207/suppl_file/om7b00207_si_001.pdf
mailto:eabaquerov@unal.edu.co
http://orcid.org/0000-0002-9621-8914
http://orcid.org/0000-0001-6356-555X
http://orcid.org/0000-0001-8101-1358
http://dx.doi.org/10.1002/cctc.201700580
http://dx.doi.org/10.1021/acs.organomet.7b00207

Organometallics

Communication

Gonzalez-Arellano, C.; de Jesus, E.; Flores, J. C. Dalton Trans. 2018,
44, 18360—18369.

(11) (a) Still, B. M.; Kumar, P. G. A.; Aldrich-Wright, J. R.; Price, W.
S. Chem. Soc. Rev. 2007, 36, 665—686. (b) Lallemand, J. Y.; Soulie, J.;
Chottard, J. C. J. Chem. Soc, Chem. Commun. 1980, 436—438.

(12) (a) Berenguer, J. R; Forniés, J.; Martinez, F.; Cubero, J. C;
Lalinde, E.; Moreno, M. T.; Welch, A. J. Polyhedron 1993, 12, 1797—
1804. (b) Ara, L; Berenguer, J. R.; Eguizabal, E.; Forniés, J.; Gémez, J.;
Lalinde, E.; Saez-Rocher, J. M. Organometallics 2000, 19, 4385—4397.
(c) Nakamoto, K. Infrared and Raman Spectra of Inorganic and
Cooordination Compounds, 6th ed.; Wiley: Hoboken, NJ, 2009; Part B.

(13) Clement, N. D.; Cavell, K. J.; Ooi, L.-l. Organometallics 2006, 25,
4155—41655.

(14) Zhukhovitskiy, A. V.; Mavros, M. G.; Van Voorhis, T.; Johnson,
J. A. J. Am. Chem. Soc. 2013, 135, 7418—7421.

2274

DOI: 10.1021/acs.organomet.7b00207
Organometallics 2017, 36, 2271-2274


http://dx.doi.org/10.1021/acs.organomet.7b00207

