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Abstract A new and effective method was developed for the synthe-
sis of aromatic nitriles from arylacetic acids by using NaNO, as the nitro-
gen source and Fe(OTf); as the promoter at 50 °C. A series of arylacetic
acids underwent this transformation to give the targeted products in
yields of 51-90%. Because of the mild conditions, the reaction is com-
patible with a broad range of functional groups, including ester, car-
boxy, hydroxy, acetamido, halo, nitro, cyano, methoxy, and even highly
reactive formyl groups.
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Aromatic nitriles are a group of chemicals with a wide
range of synthetic uses due ease with which the cyano
group can be converted into many other functional groups,
such as carboxy, amino, aldehyde, or heterocyclic groups.!
This has inspired many organic chemists to strive to devel-
op effective methods for the preparation of aromatic ni-
triles.2 Aromatic nitriles are usually synthesized from such
substrates as arenediazonium salts,® aryl halides,* alde-
hydes,” amines,’ oximes,” arenes,® amides,®° azides,!® or
ketones,!" among others.!?

Arylacetic acids are an attractive group of substrates be-
cause of their ready availability.!* Song and co-workers re-
ported a copper-catalyzed method in which the arylacetic
acid undergoes decarboxylation to give an aromatic alde-
hyde that undergoes oxidative condensation with ammonia
formed by decomposition of urea (Scheme 1a).'* Kangani et
al. used sodium azide/Deoxo-Fluor as a reagent system to
synthesize aromatic nitriles from arylacetic acids (Scheme
1b)."> However, the use of extremely poisonous sodium
azide and expensive Deoxo-Fluor restricts the application
of this latter method. Moreover, the former copper-cata-
lyzed method requires high temperatures of 95-120 °C. To

R COH Fe(OTf)3 X CN
R—— + NaNOy, —8@ > R
= 50 °C =
24 examples 51-90%

R = ester, carboxy, hydroxy, acetamido, halo, nitro, etc.

overcome these disadvantages, we attempted to develop a
new and simple method for the synthesis of aromatic ni-
triles from arylacetic acids by using NaNO, as the nitrogen
source (Scheme 1c). To the best of our knowledge, there is
no previous example of the use of NaNO, as a nitrogen
source in the conversion of arylacetic acids into aromatic
nitriles.

Previous work:

Q CN
i X CO,H JJ\ Cu(TFA), « X

a _ —_— ey
)T + HNT °NHz o, 95-120°C >
o xd ) coH DIPEA xCN
) P> + NaNg X_:

OO &

1
(Deoxo-Fluor) SF3

This work:

CN
o xd Y coH Fe(OTN; S
T + NaNo, —————— X
DMSO, 50 °C

Scheme 1 Methods for the conversion of arylacetic acids to aromatic
nitriles

Our initial study was aimed at the conversion of biphe-
nyl-4-ylacetic acid (1a) into biphenyl-4-carbonitrile (2a) as
a model reaction to establish the feasibility of using NaNO,
as a reagent. The reaction did not occur in the absence of a
promoter (Table 1, entry 1). When AICl; was used as the
promoter, only 5% of biphenyl-4-carbonitrile (2a) was ob-
tained (entry 2). Nitrile 2a was also obtained in a low yield
with NiCl,, BiCl;, or HCl as the promoter (entries 3-5).
However, the substrate was smoothly converted into biphe-
nyl-4-carbonitrile (2a) in 76% yield when FeCl; was used as
the promoter (entry 6), which prompted us to screen vari-
ous Fe salts. Among the screened promoters, Fe(OTf); was
the most effective, giving nitrile 2a in 90% yield (entry 11),
accompanied by a small amount of biphenyl-4-carbalde-
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hyde as a byproduct. The reaction was highly dependent on
the solvent. Reactions in dimethyl sulfoxide (DMSO), N,N-
dimethylformamide (DMF), or N-methyl-2-pyrrolidone
(NMP) gave nitrile 2a in yields of 90, 59, and 76%, respec-
tively (entries 11-13), whereas 1,4-dioxane, toluene, aceto-
nitrile, and tetrahydrofuran (THF) were less effective as sol-
vents (entries 14-17). The reaction temperature also had a
significant effect on the reaction, and a 90% yield was ob-
tained when the reaction was performed at 50 °C (entry
11), whereas at 30 °C, the nitrile 2a was obtained in a lower
yield of 52% (entry 18). Increasing the reaction temperature
to 90 °C (entry 20) resulted in complete conversion, but the
yield of nitrile 2a decreased to 62% due to the formation of
large amounts of various byproducts, including biphenyl-4-
carbaldehyde, biphenyl-4-carboxylic acid, and biphenyl-4-
carboxamide. These results indicated that 50 °C is the opti-
mal reaction temperature in terms of the yield. We tried
gradually reducing the promoter loading to 0.8 or 0.5 equiv-
alents, but found that this was not possible without sacri-
ficing product yield, even when the reaction time was pro-
longed to 40 hours. Although it was found to be unneces-
sary to use a dried solvent (entries 11 and 21), the addition
of a larger amount of water had a markedly negative effect
on the reaction (entry 22). In addition, we found that it was
necessary to perform the reaction under an inert atmo-
sphere (entries 23 and 24).

Having determined the optimal conditions for the reac-
tion, we evaluated the substrate scope of the protocol for
the conversion of arylacetic acids into aromatic nitriles
(Scheme 2). A series of phenylacetic acids were smoothly
converted into the corresponding nitriles in moderate to
high yields.'® The conditions were compatible with a broad
range of functional groups, including ester, carboxy, hy-
droxy, acetamido, halo, nitro, cyano, and methoxy groups
(2b-n); even the highly reactive formyl group was tolerated
(2i). However, the reaction was susceptible to steric hin-
drance; for example, (4-chlorophenyl)acetic acid (1c) gave
the corresponding product 2c¢ in 85% yield whereas (2-chlo-
rophenyl)acetic acid (1d) gave product 2d in only 46% yield.
The electronic effect of substituents on the reaction was in-
conspicuous; for example, (4-bromophenyl)acetic acid (1e)
gave product 2e in 76% yield, whereas product 2m was ob-
tained in a similar yield (73%) from (4-methoxyphenyl)ace-
tic acid (1m). Naphthylacetic acids were also good sub-
strates; 2- and 1-naphthylacetic acids were smoothly con-
verted in the corresponding naphthonitriles 20 and 2p in
moderate yields of 75 and 69%, respectively. The heterocy-
clic acids 2-thienylacetic acid (1q) and 2-furylacetic acid
(2r) were also smoothly converted into the corresponding
products 2q and 2r in yields of 77 and 68% respectively.

Initially, on the basis of reports in the literature,'” we
surmised that (2Z)-(hydroxyimino)(phenyl)acetic acid (3)
might be an intermediate in the present reaction of acid 1b.
Indeed, this intermediate was observed in the reaction of

Table 1 Optimization of the Conversion of Biphenyl-4-ylacetic Acid

(1a) into Biphenyl-4-carbonitrile (2a)?
CN
@ACOZH NaNO,, promoter /©/
—_—_—
Ph 50°C, 10 h Ph

1a 2a

Entry Promoter Solvent Temp Conversion® Yield®
(°Q) (%) (%)
1 - DMSO 50 2 0
2 AlCly DMSO 50 7 5
3 NiCl, DMSO 50 28 22
4 BiCly DMSO 50 15 13
5 HCle DMSO 50 12 7
6 FeCl; DMSO 50 79 76
7 Fe(acac), DMSO 50 7 6
8 FeSO, DMSO 50 60 52
9 ferrocene DMSO 50 28 25
10 v-Fe,03 DMSO 50 27 22
1 Fe(OTf), DMSO 50 97 90
12 Fe(OTH), DMF 50 63 59
13 Fe(OTf), NMP 50 78 76
14 Fe(OTf); 1,4-dioxane 50 33 31
15 Fe(OTf); toluene 50 15 11
16 Fe(OTf), MeCN 50 7 6
17 Fe(OTf); THF 50 3 2
18 Fe(OTf); DMSO 30 53 52
19 Fe(OTf), DMSO 70 98 71
20 Fe(OTf), DMSO 90 100 62
21¢ Fe(OTf); DMSO 50 95 87
22¢ Fe(OTf), DMSO 50 81 36
23 Fe(OTf, DMSO 50 100 81
249 Fe(OT), DMSO 50 100 39

2 Reaction conditions: 1a (0.5 mmol), NaNO, (3 mmol), promoter (1 mmol),
solvent (2 mL), 10 h, under argon. The solvents were undried.

b Determined by GC with biphenyl as an internal standard.

€12 MaqHCl.

4 Anhyd DMSO.

¢H,0 (0.2 mL) was added.

fUnder air.

9Under O,.

1b (Scheme 3a), and it could be converted into benzonitrile
(2b) under our reaction conditions (Scheme 3b).'”? In addi-
tion, the experimental results shown in Schemes 3b and 3c
suggest that the presence of Fe* is necessary for the effec-
tive conversion of intermediate 2c¢ into benzonitrile (2b).
We therefore initially proposed the mechanism shown
in Scheme 4.7 First, NO,, formed by the reaction of the ni-
trite ion with the acid, abstracts a benzylic hydrogen atom
from phenylacetic acid (2a) to give the benzylic radical 5,
which reacts with NO to form intermediate 6. Intermediate
6 then undergoes the tautomerization to the oxime inter-
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Scheme 2 Conversion of various arylacetic acids into nitriles. Reagents
and conditions: 1 (0.5 mmol), NaNO, (3 mmol), Fe(OTf); (1 mmol),
DMSO (2 mL), 50 °C, 10 h, under argon. The DMSO was not dried, and
the air in the tube was removed. The yields of 2b, 2q, and 2r are GC
yields, whereas the other yields are isolated yields.

mediate 3. This intermediate is converted into benzonitrile
(2b) with the assistance of Fe3*. This pathway suggests that
a large amount of (Z)-2-(hydroxyimino)-2-phenylacetic
acid (3) should be formed by the reaction between NO, and
phenylacetic acid in the absence of a Fe salt. However, this
intermediate was obtained in low yields in the presence of
NO,, NO, or H*/NO,~ (Schemes 3d-f), suggesting that the
radical pathway shown in Scheme 4 is not the major path-
way. This is consistent with the experimental finding that
neither of the radical inhibitors TEMPO and BHT completely
inhibited the formation of benzonitrile (see Scheme S2 in
the Supporting Information).

As shown in Scheme 3a, the present reaction gave the
oxime 4 in 7% yield. Moreover, this intermediate underwent
dehydration to give benzonitrile (2b) in a high yield in the
presence of Fe(OTf); (Scheme 3g). These results show that
the mechanistic pathway involves the formation and dehy-
dration of oxime 4. Based on the observations discussed
above and reports in the literature,'® we tentatively propose
the mechanistic pathway shown in Scheme 5. Phenylacetic
acid (2a) undergoes decarboxylation with the assistance of
Fe3* to give intermediate 9. The reaction of intermediate 9
with nitrous acid gives (nitrosomethyl)benzene (10), which

O \~OH
CN |
~SCoH  Ph” !
Pn z Ph)\ COH Ph* H
1b 2b 3 a

Fe(OTf);, NaNO,
a) 1b 2b  + 3 + 4
DMSO, 25 °C, 3 h

36% 1.6% 7%
Fe(OTf)3
b) 3 2b
) DMSO, 50 °C, 10 h
86%
HOTH
5 3 2b
) DMSO, 50 °C, 10 h
8%
NO
d 1b 2b + 3
DMSO, 50 °C, 10 h
1% 5%
NO,
€) 1b 2 + 3
DMSO, 50 °C, 10 h
3% 8%
HOTF, NaNO,
Do DMSO, 50 °C, 10 h ® o+ 3
16% 3%
Fe(OTf);
9) 4 2b

DMSO, 50 °C, 10 h
73%

Scheme 3 Control experiments for mechanistic investigation
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Scheme 4 Minor mechanistic pathway for the present reaction

tautomerizes to the oxime 4. This reacts with Fe?* to pro-
duce intermediate 11, which eventually rearranges the in-
termediate 13, stabilized by an intramolecular hydrogen
bond. Finally, 13 decomposes to give the target product 2b.

(i/\cogH Fed+ ©/\002Fe ©/\ HONO
Z 2a —H* -CO;

[Fe(OH)]Z*

(0] OH lo)
AN ~ N 3 NS
| N , | A N Fe3* ©)\N/ \Fe >
Z 10 Z 4 - H* 11
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e
\
\ _
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g

[Fe(OH)J>* 2b

Scheme 5 Major mechanistic pathway for the present reaction

© 2020. Thieme. All rights reserved. Synlett 2020, 31, A-D

Downloaded by: State University of New York at Stony Brook. Copyrighted material.



Synlett Z.Shen et al.

In conclusion, we have developed a new and effective
method for the synthesis of aromatic nitriles from aryl-
acetic acids by using NaNO, as a nitrogen source and
Fe(OTf); as a promoter at 50 °C. To our knowledge, there is
no previous example of the use of NaNO, as a nitrogen
source in the conversion of arylacetic acids into aromatic
nitriles. The mild conditions permit the reaction to be com-
patible with a broad range of functional groups, such as es-
ter, carboxy, hydroxy, acetamido, halo, nitro, cyano, me-
thoxy, and even the highly reactive formyl group. Under the
present condition, a series of phenylacetic acids and naph-
thylacetic acids, as well as 2-furylacetic acid and 2-thienyl-
acetic acid, were smoothly converted into the correspond-
ing nitriles in low to high yields.
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