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The Synthesis, Characterization, and Reactivity of a Heterobimetallic
Organometallic Complex with a trans Bidentate Ligand for Catalytic
Carbon-Hydrogen Bond Activation

Sophia E. Negha, Dr. John P. Lee, and Dr. Jared A. Pienkos

Introduction Design and Methods Conclusions and Future Work
Fossil fuel resources represent the major source - §
of both fuels and the starting point for more complex © o Mo, ©/\ Onides ©/\ . H @ = =
industrial and pharmaceutical molecules. The o e \F{ _ClI "BuLi. HC.0- - | - |
production of styrene in manufacturing also produces / Usel PMe; < \ » 2Py . N F N Pd(OAc), - N 4/5\00. N Pd(OAc)-»
ethylbenzene along with its di-substituted forms — Schemel. Production of Styrene in Industry Cl~n il THF THF /Ru S MeCN/THF /F{u S PdvoAc é c.D \
(Scheme 1). A process called C-H activation can y L MesP N N\ Me;P N N\ s Ru ACO Pd OAc
produce styrene alone by selectively breaking and _on,  Mcualyg cH:/ Me3P | P | P Me3P \\ M 93P \
functionalizing a carbon-hydrogen bond (C-H = oxidant Krown Commlex where the
activation) in the presence of an oxidant. This can be clectronic aﬁd sterics can = 7
accomplished by a transition metal catalyst such as Scheme 2. C-H Activation be readily modulated at the Step 1:
palladium (Pd) by performing an atom economical N trimethylphoshphine * Does not make significant difference to start with the
;ealet.lto? %S(fllemte. 23-1. Pdf .Wl';}tl haciletate lg()Ac) hcan B _ ‘ _— P Ru Dimer or (p-cym)Ru(PMe,)Cl,
tﬁgl ;Cae 1:eate-ca 20816\;3/ ;O:soa riniz tray Ol;oicrell:erc;l(s)lg; uelz o . * Q’ > NP ek ; " i o * Reaction with "BulL1 and 2-HC,py standard in THF
i . : | * Technique done on the ¢ e | ] - ]
base (Figure 1). Some ligands can bite into a metal, O’ R I Cl~pq - N _ _CI Schlenk line , s }VOI‘kS to prepare. (P cym.)_qiu(PMe3)(C22 py>2 ,
and are fittingly called bidentate ligands, and the L-— ) /g /Pd \@\\\ , /Ru .. F’Mes e Bl product is an . (e » "H NMR is consistent with two ethynylpyridine ligands
Pd-L angle can range from 90° (cis-isomer) to 180° L 0O AIE Z ‘ cl1Z_ P 19(1 if 1 oL displacing both chloride ligands
(trans-isomer) with the former being more common?. ~ Ru Cl orange solid used for b * Will work towards using new reagents for the
Pd can already be coordinated with ethynyl pyridine B d MeSP starting material in deprotonation step
' 1tani ' ' Figure 1. Transiti r Fi 2. . - . . . .
hg.ands on a titanium (1) Comple.x n frans geometry piiﬁ‘l)eacetat‘;7§§§’§’§e§“éf§0 ot '}ei(c 2py) PdCl making (p TS G » Still need to work on purification technique
(Figure 2)°. I propose to work with a trans bidentate ~~ “~ ° P ot aPY) 2042 ! cym)Ru(PMe,)(C,py), . Need cl d d hicher vield
ligand on ruthenium (Ru) for C-H activation, which * Yield > 80% lvent: e P uetan S e
has not been used before in C-H activation. « 3P NMR peak at Solvent: * Once puritied attempt reaction with Pd(OAc),
P peax d CHCl; coordination on larger scale
\ / Sppm i / | | | |
Proposed Catalyst Meop” § F 77| Acknowledgements
* (p-cym) helps direct activity to gf;%f;f e « UTC Department of Chemistry and Physics
géem(gﬁ: eXr face of the octahedral 15ppm Step 2:  UTC Grote Chemistry Fund
= - .
‘ * PMe,; 1s electron rich which 1s 2019-2020 UTC SEARCH Grant
~ proposed to help support the o
- * Made 2-HC,py standard solution in THF to
P N alkynyl ligands 7 . 2l . .
\ /IA\CO~ | e (s a]kyny] ligands attached | avoid using microliter Syringce
Ru Pd v to Ru gives space for nBuLi, 2-HC.py \N  Did not let reaction stir overnight
/ % N OAc Pd(OAC), to attach > N Z * Crude 'H and 3'P NMR are
MeBP N ) Phs.mg f}le Ru(ll) has a Cl THF /RU S consistent with desired product and starting
inge : 5
| _ « Will allow for the pendant Cl ) 78 C Me;P S N\ mitlenal - il
om0 P04 pyridines to coordinate in a MesP” H | + ~ PNMR showed peak at [5ppm N Reseanc
o ’ trans fashion - LiCl 7 * Crude solid isolated had 40% yield g
Proposed Catalytic Cycle TH NMR of (p-cym)Ru(PMe.)(C, 2-py), References
 Oxidative hydroarylation has been observed with cis bidentate angapden R R i WAy oL R (1) Davies, D. L.; MacGregor, S. A.; McMullen C. L. Computational
ligands on square planar Rh(I) and Pd(I1)*° | | J ; 78 Studies of Carboxylate-Assisted C-H Activation and Functionalization
* Our interest lies in whether such a cycle will work using a trans (= ’ Ul of at Group 8-10 Transition Metal Centers. Chem. Rev. 2017, 117, 8649-
bidentate ligand on square planar Pd(II) | .' || g 8709.
* Removing Pd-H will go from Pd(II) to Pd(0) oo ek & <o | | | Fas / (2) Wang, N; McCormick, T. M.; Ko, S.; Wang, S. Pt!! and Pd"
Oxidative  The copper(Il) acetate oxidizes the Pd(0) back to Pd(II) to regenerate NV 2 TN | ' ‘ : Complexes with a trans-Chelation Bis(pyridyl) Ligand. Chem. Rev.
Hydroarylation the original catalyst and is itself reduced to copper(I) acetate F (| | Wi ‘ 2012, 4463-4469
« Copper(]) acetate in the ST s | ' ‘ , R (3) Vieira N.C.; Pienkos J.A.; McMillen C.D.; Myers A.R.; Clay A.P;
O/ oxidized to copper(Il) acetate " AT SO 'L N S B A / (4)Vaughan, B. A.; Webster-Gardiner, M. S.; Cundari, T. R.; Gunnoe, T.
and oxygen is reduced to - s 8 i F B. A rhodium catalyst for single-step production from benzene and
LoPd(OAc), water | \ T B T ethylene. Science. 2015, 348, 421-424
Cu(OAc), oh HOAc + Thus, those 2 hydrogens . R | NS S | PO . % \ (5) Menendez, C.; Morales, D.; Perez, K.; Riera, V. New Types of
HOAc Activation (blue and red) wind up s 8 88 Eb 77 7T J MegP A (Arene)ruthenium Alkynyl Complexes. Organometallics. 2001, 20,
HC>=CH © forming a water molecule | S feem | — — " 2775-2781
L,Pd—H - nﬁ;}’;ﬁm ("3'2_ o ” (6) Webster-Gardiner, M.S.; Piszel, P.E.; Fu R., McKeown, B.A;
AO T ] Pd/ . P : / Nielsen R.J.; Goddard III, W.A.; Gunnoe, T. B.. Electrophilic Rh!
A 0/2 A O/2 Solvent: ! ' Catalysts for Arene H/D Exchange in Acidic Media. Journal of
’ ’ CHCl, \, | A/N. Molecular Catalysis. 2017, 426, 381-388
L,Pd(OAC), = ] iy H,C=CHa - —
{(p-cym)Ru(Co-2py),} (2) ylene 10Ac TS '
Insertion |
—— | . l THE UNIVERSITY OF TENNESSEE
L,Pd Hydroarylation ' I J i L JUA WA |
H,CZ — MR e AL SR S
L 2¥~CH, . | | *
T 5084 A /o ‘ H | |
Proposed catalytic non-oxidative (inner loop) or oxidative (outer loop) hydroarylation catalyzed by - +i L 3 q A A ANO O G A
Complex 2 to produce either ethylbenzene or styrene, respectively, from benzene (red) and ethylene T L - 3 L ' 1 S -
(blue) |




	Synthesis, characterization, and reactivity of a heterobimetallic organometallic complex with a trans bidentate ligand for catalytic carbon-hydrogen bond activation
	Recommended Citation

	Slide Number 1

