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Abstract

Alkanes are some of the most abundant organic molecules, yet currently there are no efficient
ways of directly converting them to more functional molecules. One viable method of direct
functionalization is C—H bond activation by transition metal catalysts. The focus of this research
has been the synthesis of a new Pt(II) pincer complex to be used in mechanistic investigations of
C-H activation, as well as the beginnings of those investigations. The complex [NN°N]PtMe
was successfully synthesized. Reactions with various acids indicated that [NN°N]PtMe is
capable of reductively eliminating methane after addition of two equivalents of acid. Reactions
with methylating agents indicated that [NN°N]PtMe was methylated at the O substituent of the
ligand rather than at the Pt center after the addition of one equivalent. Reductive elimination of
ethane follows after a second addition. These results call for more detailed investigations into the
mechanism of elimination. So far, [NNoN]PtMe has been a promising molecule for the study of

C—H activation.



Introduction

Organic synthesis is the process of making complex organic molecules from smaller, simpler
ones by forming C—C bonds. Often, this is done by taking advantage of the reactivity conferred
on molecules by their various functional groups.! Alkanes consist only of relatively inert sp* C—C
and C—H bonds (typical bond dissociation energies range between 96 and 101 kcal/mol at 298
K,? and these bonds are non-polar and non-acidic), and most processes to convert them to more
functional molecules the use of expensive, environmentally damaging reagents such as halogens
or peroxides. As they are among the most abundant organic molecules, the direct
functionalization of alkanes has been a high area of interest in organic synthesis!. This would
enable more step-efficient synthetic pathways with applications to several fields of synthesis.
The focus of this research has been the synthesis of a new Pt(II) pincer complex to be used in
mechanistic investigations of C—H activation.

C-H Functionalization

Current methods of C—H functionalization fall into three categories: radical pathways, carbene
insertion, and transition metal-catalyzed C—H activation.® Radical pathways are driven by the
high reactivity of radical species. A metal radical or organic oxidant first abstracts a proton from
the alkane. The resulting alkyl radical is rebound to a radical partner, which adds a functional
group in the place of the abstracted proton. Radical pathways have led to many C-H
functionalizations; in particular, the use of organic photocatalysts in radical pathways is a
growing topic.* However, substrate scope is generally limited to cycloalkanes due to lack of

control over regiochemistry: the general trend of C—H bond reactivity is 3°> 2°> 1°.

'Hartwig, J.F., J. Am. Chem. Soc. 2015, 138, 2-24.

Blanksby, S.J., and Ellison, G.B., Acc. Chem. Res. 2003, 36, 255-263.
3Tang, X., Jia, X., Huang, Z., Chem. Sci. 2018, 9, 288-299.

4Zhang, H. and Lei, A., Asian J. Org. Chem. 2018, 7, 1164-1177.



Carbenes are molecules that contain a C with only 6 valence electrons, an incomplete
octet. Carbene insertion into a C—H bond occurs through a mechanism involving an interaction
between the empty carbene p-orbital and the C—H o-bond. Control over regio- and
stereochemistry can be achieved via carbene insertion, yet currently only C—C bonds are capable
of being formed by this method.’

Transition metals are able to break relatively inert sp> C—H bonds due to two different d-
orbital interactions. ¢ First, there is the sigma donation of the full C—-H bonding molecular orbital
into an empty d-orbital of the metal (Figure 1). Second, there is the pi-backbonding of a full pi-

symmetry metal d-orbital into an empty C-H ¢~ antibonding molecular orbital.
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Figure 1: Interactions between transition metal d-orbitals and C—H orbitals.

The strong M—H and M—C bonds that are formed overcome the energetic cost of breaking a C—H
bond. Transition metal-catalyzed C—H activation may be of more interest for large-scale
synthesis to due preferential activation of primary (terminal) bonds.?

Transition Metal-Catalyzed C-H Activation

C—H activation can be catalyzed by a wide variety of transition metals. Activation by first row
earth-abundant transition metals is a growing area of research due to these metals’ lower cost and
lower toxicity.” However, most C—H activations have been accomplished using noble metal

catalysts.> Late transition metals, metals on the right side of the d-block (columns 8-12), tend to

5Chu, J.C.K., Rovis, T., Angew. Chem. Int. Ed. Engl. 2018, 57(1), 62-101.
®Balcells, D., Clot, E., Eisenstein, O., Chem. Rev. 2010, 110, 749-823
"Gandeepar, P., Miiller, T., Zell, D., Cera, G., Warratz, S., Ackermann, L. Chem. Rev. 2019, 119, 2192-2452.



have a preference for square planar geometry®, which has open coordination sites for reaction.
C—H activation by 2™ row transition metals has a number of practical synthetic applications. Pd
is a particularly versatile metal catalyst.’ 3™ row transition metals are generally used for
mechanistic investigations; the stronger M—C and M—H bonds that they form can make these
metals impractical for synthesis.” Pt can be considered the 3™ row analog to Pd, and
investigations on Pt can be instructive of mechanisms of the latter. Using a mixture Pt(II) and Pt
(IV) salts, the Shilov group developed the first homogenous catalytic system for C—H activation
in 1969 (catalytic in Pt(II), stoichiometric in Pt(IV)).!? In 1998, Periana et al. reported a catalytic
system that converted methane to methyl bisulfate and is catalytic in Pt(I).!! This system is a
landmark for catalytic methane functionalization by Pt.!? Pt continues to be a relevant subject of
research, especially with respect to mechanistic investigation.

Oxidative Addition

C—H activation by low-valent, electron rich late transition metals like Pt generally proceeds by
oxidative addition (OA).® An OA reaction is characterized by an increase by two of the

coordination number, the formal oxidation state of the metal, and the electron count!? (Figure 2).

H
PEt H PEt
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OC7Ir—CI OC7|I'—H
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Cl
Ir (1) Ir (1)
CN=4 CN=6
16 valence e 18 valence e

Figure 2: Example of an oxidative addition reaction.

8 Muessler, G. L., Fischer, P. J., Tarr, P. A. Inorganic Chemistry, 5th edition; Pearson, New Jersey, 2014, p 396.
Labinger, J. A., Chem. Rev. 2017, 117, 8483.

9Gol’dshleger, N.F., Tyabin, M.B., Shilov, A.E., Shteinman, A.A., Zh. Fiz. Khim. 1969, 43, 2174; Russ. J. Phys.
Chem. 1969, 43, 1222 (english translation).

Periana, R.A., Taube, D.J., Gamble, S., Taube, H., Satoh, T., Fujii, H., Science. 1998, 280 (5363), 560-564.
2Lersch, M. and Tilset, M., Chem. Rev. 2005, 105, 2471-2526.

Muessler, G. L., Fischer, P. J., Tarr, P. A. Inorganic Chemistry, 5" edition; Pearson, New Jersey, 2014, p 514



For a d® Pt(IT) complex, first an open site is generated on the 16 e” metal center® (Figure 3).
Next, the alkane coordinates to the metal, generating a sigma complex intermediate. Concerted

cleavage of the C—H bond and formation of Pt—H and Pt—C bonds results in the OA product.

CH, CH, . .
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Figure 3: Mechanism of OA to Pt(Il) complex.

Pincer Complexes

Since their first reported synthesis in 19764, pincer ligands widely used in organometallic
synthesis due to their ability to modify the properties of transition metal complexes. Pincer
ligands are tridentate ligands usually of the form ECE, where E are neutral, 2-electron donors
and C is an anionic aryl center of a 2,6-disubstituted phenyl ring'> (Figure 4). In the case of
Pt(II) complexes, the pincer binds to the Pt center in a meridional fashion, positioning the aryl
ring of the pincer parallel to the coordination plane of the square-planar complex. This leaves

one site open for binding, the site trans to the anionic aryl C.

E
open
C Pt < binding
\ / site
E

Figure 4: Anatomy of a pincer ligand

“Moulton, C. J. and Shaw, B. L., J. Chem. Soc., Dalton Trans. 1976, 76, 1020.
5Albrecht, M. and van Koten, G., Angew. Chem. Int. Ed. 2001, 40, 3751.









Supplementary Information

S Figure 1: 3C NMR spectrum of 4.

S Figure 2: COSY spectrum of 4.
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S Figure 3: HSQC spectrum of 4.
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S Figure 4: HMBC of 4.
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S Figure 5: 3C NMR spectrum of 7a
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S Figure 6: HMBC spectrum of 7a.
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