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A palladium-catalyzed decarboxylative coupling of potassium cyanoacetate with aryl bromides and chlorides is described. The reaction
conditions feature the absence of additional strong inorganic bases and provide ester functional group tolerance. With Pd(dba), and XPhos ligand

as the catalyst system, a-diaryl nitriles can be obtained in good yields.

o-Arylated nitriles are important substructures in natu-
rally occurring molecules and pharmaceutically useful
compounds (Figure 1).! The nitrile moiety is a versatile
functional group that allows further organic transforma-
tions to give the corresponding substituted carboxylic
acids, aldehydes, amides, and amines, as well as nitrogen
heterocycles.” The Friedel—Crafts reactions,’ dehydration
of a-substituted amides,* and cyanation of benzyl halides’
are the traditional methods for synthesizing o-aryl nitriles.
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Figure 1. Selected examples of pharmaceutically useful a-dia-
rylated nitriles.
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Recently, a palladium-catalyzed o-arylation of nitriles
with aryl halides was independently established by
Hartwig® and Verkade’ groups. This protocol applied a
strong base, NaN(TMSs),, and limited the base-sensitive
functional group compatibility. A significantly improved
method was later reported by Hartwig and co-workers
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using relatively expensive a-silyl nitriles and zinc cyano-
alkyl reagents for coupling of aryl bromides.®

Decarboxylative couplings have been successful as an
alternative C—C bond construction process to tradi-
tional cross-coupling reactions. Recently, Forgione,’
Glorius,' Goossen,'! Liu,'? Myers,13 Tunge, 4and others'
made significant advancements of decarboxylative cou-
pling using various electrophiles and nucleophiles. Yet,
to the best of our knowledge, there have been very
limited literature reports'® describing the decarboxyla-
tive method for accessing 2-arylacetonitrile-related ske-
letons. Inspired by the advantages of using decarbox-
ylative coupling (in the absence of transmetallating
agent, e.g., B, Zn, Mg, Si, etc.)!” and our continuing
progress in nitrile synthesis,'® we were attracted to
developing a decarboxylative protocol for preparing
a-substituted nitriles. Herein, we report our exploration
on decarboxylative coupling of potassium cyanoacetates
with aryl halides for synthesizing the oa-diarylated ni-
triles. This protocol features both coupling partners that
are readily available.
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We embarked on this investigation from our initial
failure in the arylation of benzylic nitrile using weak
bases under palladium catalysis (Scheme 1). This reac-
tion did not proceed, possibly because of the inefficient
basicity of the weak base for assisting a-deprotonation
of nitriles. Thus, if the acidity of the a-proton is in-
creased by an additional neighboring activating group,
this process would likely be viable."” Hence, we chose
cyanoacetate as the substrate for the attempted diaryla-
tion process (Scheme 1). Having the additional car-
boxylic group, this type of substrate offers both the
feasibility of a-deprotonation/arylation and a subse-
quent decarboxylative arylation step.

Scheme 1. Investigations on the Protocol for o-Diaryl Nitrile
Synthesis
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We began to examine the proposed study by using
potassium cyanoacetate and 4-chlorotoluene as the cou-
pling partners (Table 1). A scanning of commercially
available palladium precursors revealed that Pd(dba),
and Pd(OAc), were the best choice (entries 1—6). Com-
monly used phosphine ligands for aryl chloride coupling
reactions were screened. XPhos?® gave the best results,
while SPhos?! and CM-phos* provided slightly lower
product yield (entries 6—8). CataXium A,** CataXium
PCy, and CataXium PInCy** did not promote this
reaction well (entries 9—11). Xylene and mesitylene
solvents gave excellent yield, while DMF solvent af-
forded low substrate conversion (entries 12—14). This
decarboxylative coupling did not proceed at 100 °C
(entry 15).
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Table 1. Screening of Reaction Conditions®

Table 2. Palladium-Catalyzed Diarylation of Potassium/
Sodium Cyanoacetates with Aryl Chlorides”

1.5 mol % Pdu(dba)s

N
X 3 mol % [Pd] ne A
6 mol % ligand
+ NC__COOK 4—5()'\(9“':
140°C. 4 h J
Me
Me
fgand: o T
0 PCya PCy
MeO Q OMe I-Pr- i-Pr
-Pr
SPhos XPhos CM-phos
O, S
PCyz N~ PCyz
@ © AdsP(n-Bu)
CataXium PCy CataXium PInCy CataXium A
entry Pd precursor ligand yield® (%)
1 PdCl, XPhos 77
2 Pd(MeCN),Cl, XPhos 46
3 Pd(COD)Cl, XPhos 30
4 Pd(OAc), XPhos 92
5 [Pd(allyl)Cl], XPhos 66
6 Pdy(dba)s XPhos 96 (92)°
7 Pdy(dba)s SPhos 81
8 Pdy(dba)s CM-phos 87
9 Pdy(dba)s CataXium A 31
10 Pdy(dba)s CataXium PCy 0
11 Pds(dba)s CataXium PInCy 54
12¢ Pdy(dba)s XPhos 57
13°¢ Pdy(dba); XPhos 12
14/ Pdy(dba)g XPhos 92
15° Pdy(dba)s XPhos 4

“Reaction conditions: 4-chlorotoluene (0.5 mmol), palladium pre-
cursor (3.0 mol % or 1.5 mol % for Pd dimer), ligand (6.0 mol %),
potassium cyanoacetate (0.5 mmol), xylene (1.0 mL) were stirred at
140 °C for 4 h under nitrogen. ® Calibrated GC vyields were reported
using dodecane as the internal standard. “ Isolated yield in parentheses.
9Reaction was conducted with Pd(dba), (1.0 mol %). “ Reaction was
conducted in DMF instead of xylene. /Reaction was conducted
in mesitylene instead of xylene. ¢ Reaction was conducted at 100 °C
for 24 h.

Having the optimized reaction conditions in hand, we next
tested a series of substituted aryl chlorides in this decarbox-
ylative coupling (Table 2). Ortho-, meta-, and para-substi-
tuted aryl chlorides coupled smoothly with cyanoacetates to
generate a-diaryl nitriles. Keto and ester functional groups
were found to be compatible under these reaction conditions
(entries 3, 4, 11, and 12). Sterically hindered aryl chlorides
showed applicability in this decarboxylative coupling (entries
11—14). Naphthyl chloride gave a moderate product yield,
associated with naphthalene side product (entries 15 and 16).
In general, potassium cyanoacetate performed better than
sodium cyanoacetate in this reaction, except for the naphthyl-
and keto-substituted coupling partners.
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6 mol % XPhos NC.__Ar
ACl + NC._COOM h
xylene Ar
140°C, 4 h
entry ArCl cyanoacetate product yield %°
1 Et0\©/CI NC._.COOK NC O ot &
2 NC._-COONa O 53
EtO
Ph
NC O Ph
3 a NG _COOK 58
o 0
4 NC._.COONa O 62
0.
Ph
5 Meo\©/CI NC._.COOK NC O ove &
6 NC._-COONa O 85
MeO
g
7 0:©/0| NC._.COOK NC o> 72
8 ¢} NC._-COONa O 42
Q
-0
Me
9 /©/CI NC._.COOK NC O 92
10 Me NC._-COONa O 78
Me
COOEt
1 /@m NC._.COOK NC 0 98
12 Et00C OEt NC._COONa =© O OBt 88
COOEt
13° @CI NC._.COOK NC O 90
140 OMe  NC._COONa MeO O OMe 58
15 Cl NC._COOK NC OO 58
16 ‘C ‘O NC._-COONa O 82

“Reaction conditions: ArCl (0.5 mmol), Pdy(dba); (1.5 mol %),
XPhos (6.0 mol %), potassium/sodium cyanoacetate (0.5 mmol), xylene
(1.0 mL) were stirred at 140 °C for 4 h under nitrogen (reaction times
were not optimized for each substrate). ? Isolated yields. ¢ [Pd(allyl)Cl],
was used instead of Pd,(dba)s.

Scheme 2 illustrates the arylation of potassium cyanoa-
cetate using aryl bromides. No coupling products were
found when the reaction temperature was lowered to
110 °C. Substituted aryl bromides were coupled smoothly
to furnish desired products. Notably, a highly sterically
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Scheme 2. Palladium-Catalyzed Diarylation of Potassium
Cyanoacetates with Aryl Bromides®

1.5 mol % Pd,(dba);
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ArBr + NC._.COOK \(
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e¥ee O
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“Reaction conditions: ArBr (0.5 mmol), Pd(dba), (3.0 mol %),
XPhos (6.0 mol %), potassium cyanoacetate (0.5 mmol), and xylene
(1.0 mL) were stirred at 140 °C for 4 h under nitrogen (reaction times
were not optimized for each substrate). Isolated yields were reported.

hindered 2-bromobiphenyl was found to be a feasible
coupling partner in this reaction.

To expand the substrate scope further, we next investi-
gated the possibility of using phenol-derived electrophiles
as the coupling partners (Scheme 3). It should be noted that
previous a-arylations of nitriles applied strong bases and
were incompatible with base-sensitive aryl triflates.®” Un-
der our new reaction conditions, p-tolyl triflate was found
to couple well with potassium cyanoacetate (Scheme 3).
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Scheme 3. Palladium-Catalyzed Diarylation of Potassium
Cyanoacetates with Aryl Sulfonates

Me
oR 1.5mol % Pdy(dba); NC O

6 mol % XPhos
+ NC._COOK
xylene
130-150°C, 4 h
Me

R=Tf, 130°C, 71%
R=Ts, 150 °C, 0%

R=Tf, Ts

However, the arylation did not proceed when aryl tosylate
was used.

In summary, we have developed a simple decarboxyla-
tive arylation of cyanoacetates using aryl chlorides, bro-
mides, and sulfonates as the coupling partners. We believe
this Pd system will be useful for a-diaryl nitrile synthesis.
Further mechanistic studies are in progress.
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