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Symmetric bipyridines commonly serve as ligands for various types of catalytic processes.
Nickel catalyzed Ullman couplings are often used to prepare such bipyridines, however for
electron deficient substrates low conversions and/or yields are often reported. We herein report
an improved synthesis of trifluoromethyl substituted bipyridines using stoichiometric amounts
of Zn(0), NiCl,*6H,0, and Ph;P. This modified procedure enables a >20 fold improvement over
the previously reported yield for the synthesis of 4,4’,5,5 -tetrakis(trifluoromethyl)-2,2'-

2015 Elsevier Ltd. All rights reserved.

1. Introduction

Symmetric bipyridine ligands are common to a variety of
metal-mediated processes. Among these  trifluoromethyl
substituted bipyridines have found use in dye-sensitized solar
cells and other applications.' Their preparation is often achieved
through nickel catalyzed Ullman coupling of a 2-halopyridine,
however low yields are often observed when such pyridines are
electron deficient.” While the poor reactivity of some electron
deficient pyridines can be mitigated by palladium or copper
catalysis,” procedures for the efficient synthesis of bipyridines
from 2-chloropyridines bearing trifluoromethyl substituents have
remained elusive. We hereby report economic syntheses of 4,4’-
bis(trifluoromethyl)-2,2-bipyridine  (bttbpy) and 4,4°,5,5-
tetrakis(trifluoromethyl)-2,2-bipyridine (tttbpy) that proceed in
synthetically useful yields.

2. Results and Discussion

Scheme 1. Previously reported syntheses of bis- and tetra- CF;
substituted bipyridines via 2-chloropyridines.
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During the course of our research on Ir-catalyzed borylations,*
we came across the need for electron deficient bipyridine ligands.
We were specifically interested in 4,4’-bis(trifluoromethyl)-2,2'-
bipyridine (2) and 4,4’,5,5 -tetrakis(trifluoromethyl)-2,2'-
bipyridine (4). While literature preparations exist for both 2** and
4,* we were disappointed with the reported yields, especially the
3% yield for 4 (Scheme 1). Even though our plans for these
ligands were catalytic in nature, the need to explore their
reactivity across a series of experiments, the high cost of 2-
chloropyridines 1 and 3, and the anticipated scale of the final
application,” demanded better yields for the synthesis of these
ligands, especially 4.

2.1. Improving the synthesis of bpy(CF3), (2)
Scheme 2. Improved synthesis of bpy(CF)), (2).
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We first examined the synthesis of compound 2. At 30 mol %
the literature synthesis of 2 already used relatively high loadings
of Ni(PPh;),Cl,.™* Nonetheless, we sought to determine if
stoichiometric Ni catalyst load would afford a significant
increase in the yield of compound 2 (Scheme 2). We were please
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to see that this change led to a 50% boost in yield, but
recognized that if 1 equiv of Ni(Il) would be necessary a more
economical replacement for Ni(PPh;),Cl, would also be required.

An obvious alternative would be to form Ni(PPh;),Cl, from
NiCl, and PPh; in situ as NiCl,*6H,0 and PPh; are both readily
available in kilogram quantities at a fraction the cost of the
preassembled catalyst. We chose DMF as the solvent® to enable
higher reaction temperatures and possibly eliminate the need for
Et,NI by virtue of better solubility. As Scheme 2 shows, these
modifications not only made the reaction more economical, but
also i7mproved the reaction outcome as 2 was isolated in 89%
yield.

2.2. Improving the synthesis of bpy(CF3), (4)

Deeming the synthesis of 2 efficient enough for our needs, we
then turned to the more challenging 4,4°,5,5 -
tetrakis(trifluoromethyl)-2,2-bipyridine (ttftbpy) (4). Directly
applying the modified conditions improved the isolated yield of 4
from 3% to 31%. We attempted to further optimize the reaction
by doubling the zinc load. After 48 hours of heating, GC-MS
indicated the full consumption of 3, but the desired product was
not found. Instead, two byproducts were isolated in a combined
18% yield, for which all spectroscopic data pointed to isomeric
structures of bpy(CF3)3CH3.8 Presumably the excess Zn lead to
reduction of one of the CF; groups,” perhaps under Ni catalysis."’
Given this outcome, we then reduced the load of Zn to 1
equivalent. This eliminated the byproduct formation and afforded
bpy(CF;), (4) in 71% isolated yield7‘11 (Scheme 3), representing a
>20 fold increase over the previously reported yields for this
compound.” Usefully this procedure could be run at 10 mmol
scale with little change in the isolated yield (67%).

Scheme 3. Improved synthesis of bpy(CF,), (4).
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3. Conclusions

Through the use of stoichiometric Ni(Il), yields for the
preparation of two CF; substituted electron deficient bipyridine
ligands have been significantly improved over those previously
reported. The downside of needing 1 equiv of catalyst was
minimized by the finding that NiCl,*6H,0 and PPh; provided an
economical alternative to Ni(PPh;),Cl,. We also note that the
stoichiometry of Zn used in these Ullman couplings is impactful
as excess Zn can lead to unwanted reduction of the CF; group.
This should be noted when designing syntheses of extremely
electron deficient bipyridines or biaryls under similar conditions.
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*An improved synthesis of trifluoromethyl
substituted bipyridines is reported

*Trifluoromethyl substituted 2-chloropyridines
undergo efficient Ullman couplings

*>20 fold improvement in yield for coupling of bis-
CF; bypyridines

*An inexpensive source of nickel can be used

*No purification or drying of reagents and solvents
required



