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The catalytic direct arylation of aromatic C—H bonds has
emerged as an atom-efficient alternative to conventional cross-
coupling between halides and organometallics for the synthesis of
(hetero)biaryls.! Despite significant advancement in this method,
C—H bonds in electron-deficient heteroaromatics, such as pyridines
and quinolines, are often not directly applicable.> > This serious
limitation of the C—H bond arylation reactions stems from the fact
that the vast majority of them depend on either electrophilic
substitution or concerted metalation/deprotonation mechanisms,®
which inherently restricts the substrates to electron-rich or acidic
C—H bonds, respectively. We report herein an alternate approach
to catalytic C—H bond arylation that is suitable for electron-deficient
heteroaromatics.

It has long been known that aryllithium and -magnesium reagents
add to pyridines in a 1,2 fashion to afford dihydropyridines 1 after
aqueous workup (Scheme 1la). Oxidation of 1 finally furnishes
2-arylpyridines in low to moderate yields.” This dearomatizing 1,2-
addition/oxidation approach would be a potentially useful comple-
ment to the direct arylation methods if the reaction could meet the
following criteria: (1) the use of a milder arylating agent, such as
arylzinc or boron compounds and (2) a one-pot operation without
the need for the isolation of the unstable dyhydropyridines 1. We
envisioned a simplified working catalytic cycle that addresses the
above issues (Scheme 1b). The arylmetal species 2 is initially
generated via transmetalation from mild arylating agents. The 1,2-
addition of 2 across a pyridine affords dihydropyridine intermediate
3, which aromatizes to provide the 2-arylpyridine via $-hydrogen
elimination. The resultant metal hydride 4 is finally oxidized to
regenerate the catalyst.

Scheme 1. Dearomatizing 1,2-Addition/Oxidation Strategy for
Arylation of Electron-Deficient Heteroaromatics
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The key to establishing the catalytic process shown in Scheme
1b is the identification of two elements: (1) a catalyst that promotes
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the unprecedented 1,2-addition of mild arylating agents toward
pyridines and (2) an oxidant that accommodates the hydride derived
from 3 without inducing undesired reactions, such as oxidative
dimerization of the arylating agent.®

We initiated our study by investigating the reaction of quinoline
with several arylating agents in the presence of an array of catalysts
and oxidants. As a result, we discovered that the use of diphenylzinc
(5) as an aryl donor furnished the desired 2-arylated product 6 in
the absence of an additional oxidant. Although several transition-
metal complexes exhibited catalytic activity, Ni(cod),/PCy; proved
to be an optimal catalyst to afford 6 quantitatively (Table 1).°

Table 1. Ni-Catalyzed Arylation of N-Aromatic Heterocycles with 5%

Ni(cod), 5 mol% X -
PCy3 10 mol% ™ Xy
ot PhyZn (5) ——————— | _
toluene SN Ph
1.5equiv. 20h
©@ SERWAW,
7 N\
N” Ph N _
N
Ph Ph
6 >99% 7 90% 8 >99%
(80°C) (100 °C)P (60 °C)
Ph

N/ Ph N/ Ph —N N= Ph N Ph

9 55% 10 45%
(130°C)° (130 °C)d

1 71%
(130°C)°

12 81%
(100 °C)

“ Reaction conditions: N-aromatic heterocycle (0.25 mmol), 5 (0.375 mmol),
Ni(cod), (0.0125 mmol), and PCy; (0.025 mmol) in toluene (1.0 mL) for 20 h.
Isolated yields based on the N-heterocycles are shown. ” Using 0.50 mmol of 5.
¢ Using 0.75 mmol of 5. ¢ Using PPh; instead of PCys.

To probe the generality of this catalytic arylation, we next examined
the reaction of various N-aromatic heterocycles. Isoquinoline, which
contains two possible sites for 1,2-addition, underwent arylation under
our catalytic conditions to afford 1-phenylisoquinoline (7) in excellent
yield and regioselectivity.”” The arylation of a N-heterocycle containing
an extended 77 system proceeded even at a lower temperature to form
8. As expected on the basis of the reactivity trend in the 1,2-addition
of organolithium to N-aromatics,”* harsher reaction conditions were
required to obtain 2-arylated products 9 and 10 from pyridines.
Interestingly, 2,2"-bipyridine, which is a good chelating ligand for
transition-metal complexes, did not interfere with the catalysis and
efficiently and selectively afforded the monoarylated product 11 even
in the presence of an excess amount of 5.7° Pyrazine served as a
suitable substrate for the catalytic arylation reaction to furnish
monoarylated product 12.
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Table 2. Ni-Catalyzed Arylation of Quinoline with Various
Arylzincs?

Ni(cod), 5 mol%
| A PCys; 10 mol% X
A+ A—zZnEt ——— »
N~ ~H ~ toluene N” ar
3equiv. 130°C,20h
Ar—B(OH), + Et,Zn
entry Ar yield (%)°  entry Ar yield (%)°

1 phenyl 73 4 4-(MeO)C¢Hy 97
2 3,5-Me,CgHj; 71 5 4-(Me,N)CgHy 93
3 2-naphthyl 56 6 3-Cl-5-(MeO)C¢Hj; 51

“ Reaction conditions: ArB(OH), (0.75 mmol) and ZnEt, (1.05 mmol)
in dioxane (0.5 mL) at 60 °C for 12 h; quinoline (0.25 mmol), Ni(cod),
(0.0125 mmol), and PCy; (0.025 mmol) in toluene (1.0 mL) at 130 °C
for 20 h. ? Isolated yield based on quinoline.

We next turned our attention to the scope of arylzinc reagents.
After extensive studies,'® arylzinc reagents prepared by treatment
of readily available arylboronic acids with diethylzinc proved to
be effective aryl donors in this Ni-catalyzed reaction (Table 2)."’
Although the reactions required higher temperatures than those using
5, an array of aryl groups could be introduced through this
procedure. Functional groups such as ethers (entry 4), amines (entry
5), and chlorides (entry 6) were tolerated under these conditions.
Moreover, heteroarylzinc reagents prepared by Nakamura’s pro-
cedure'? could also be employed, further demonstrating the utility
of this catalytic arylation (eq 1).

Ph quinoline

P cat. Ni(cod
= BuLi/ZnCly  gat. F’C(:Ys &

toluene 80°C,20 h
NHBn  reflux, 2 h
ref 12

83% overall yield

Although a complete picture of the catalytic cycle remains
elusive, several observations are worth noting. First, treatment of
dihydroquinoline 13 with 5 afforded 6, presumably via zinc amide
14,'3 even in the absence of a nickel catalyst at room temperature

(eq 2):
N HPh i, 20 h N Ph N"Ph
13 without catalyst 6 14 ZnPh

79%

This finding suggests that the arylation is initiated by the nickel-
catalyzed dearomatizing 1,2-addition of an arylnickel species,' as
proposed in Scheme 1b. However, the subsequent aromatization
event is more likely to occur via a zinc amide species similar to
14, which can be formed under the catalytic conditions via
transmetalation between nickel amide 3 (m = Ni) and 5 rather than
B-hydrogen elimination of 3 (m = Ni). Alternatively, zinc amide
14 could also be generated by the reaction of 5 with an azanick-
elacyclopropane intermediate, which can be formed via coordination
of the C=N bond in quinoline to a nickel center.'” Second, a
deuterium substituted at the 2-position of quinoline is finally
incorporated into one of the phenyl groups in 5 to form deuteri-
obenzene, as was confirmed by 2H NMR measurements of the
arylation reaction of deuterated quinoline (see eq Sl in the
Supporting Information). This observation indicates that 5 functions
as both an aryl donor and an oxidant.'®

In conclusion, we have developed a catalytic 1,2-addition-based
approach to the arylation of electron-deficient heteroaryls, which

are notoriously poor substrates in catalytic direct arylation reactions.
Additional scope and mechanistic studies are ongoing.
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