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Pd-catalyzed direct C–H cyanation of
picolinamides via bidentate chelation
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Abidentate-chelation assistant palladium-catalyzeddirect C-H cyanation of picolinamideswith TMSCN is described. The reaction of

various derivatives gave the corresponding cyanated products in moderate to good yields under mild conditions. In addition, the

cyanated product could transform into some valuable functional groups in good yields. Copyright © 2016 JohnWiley & Sons, Ltd.
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Introduction

Aryl nitriles exist in numerous drugs, agrochemicals and natural
products, and can also be converted into carboxylic acids, amines,
amides and heterocyclic compounds by functional group
transformations.[1] Therefore, the preparation of nitriles has always
been an attractive topic in organic synthesis. Common methods
for preparing aryl nitriles are Sandmeyer and Rosenmund–von
Braun reactions (Scheme 1(a)).[2] These two classical transforma-
tions have a few limitations, such as the requirement for harsh reac-
tion conditions and the use of stoichiometric amounts of toxic
metal cyanides. Although inorganic metal cyanides like Zn(CN)2,

[3]

CuCN,[4] NaCN[5] and KCN[6] have been shown to be effective
reagents, the waste and pollution of metals and toxicity of reagents
are inevitable, and the solubility of these reagents is not good in
organic solvents. Developing and using low-toxicity organic
cyanation sources[7] have become an attractive topic. But the
preparation of new organic cyanation sources suffers from high
costs and multiple steps. In comparison, trimethylsilycyanide
(TMSCN) is a promising alternative, being simple, easy to handle
and most soluble cyanide ion source.[8]

In the past few decades, transition-metal-catalyzed direct C–H
functionalization has been an appealing strategy for the synthesis
of aromatic nitriles.[9] A number of metal-based catalysts, such as
Pd,[10] Fe,[11] Rh,[12] Cu[13] and Co.,[14] in the presence of oxidants
have been reported for the direct cyanation of aromatic
compounds (Scheme 1(b)). Meanwhile, the use of bidentate
directing groups in the transformation of C–H bonds has seen a
swift growth. Efforts have been made in the use of bidentate
chelation systems.[15] To the best of our knowledge, few studies
have employed TMSCN as a cyanating reagent to obtain aromatic
nitriles by the direct cyanation of C–H bonds.[16] Inspired by these
pioneer works, we report here a method for direct Pd-catalyzed
C–H cyanation of N-(naphthalen-1-yl)picolinamides, which are
important intermediates in biologically active products and
medicinal chemistry.[17]
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Experimental

All commercial reagents and solvents were purchased from TCI and
Aladdin Chemicals Company. They were used without further puri-
fication unless specified. The starting materials were synthesized
using a reported method.[18] 1H NMR and 13C NMR spectra were
recorded with a Bruker DRX 400 spectrometer (400 and 100 MHz,
respectively) in CDCl3 or deuterated dimethylsulfoxide (DMSO-d6).
The following abbreviations were used to explain multiplicities:
s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of
doublet, td = triplet of doublet, ddd = doublet of doublet of dou-
blet, m = multiplet, and br = broad. Chemical shifts were measured
in ppm with tetramethylsilane as internal standard, and coupling
constants (J) were measured in Hz. Reaction progress was moni-
tored using TLC, and column chromatography was carried out on
silica gel (200–300 mesh). Melting points were measured using a
digital melting point apparatus without correction. Infrared spectra
were recorded with an SP-100 Fourier transform infrared spectrom-
eter. UV–visible spectra were measured with a Shimadzu
UV-2501PC UV–visible spectrophotometer.
Procedure for preparation of starting materials

A 100 ml three-necked round-bottomed flask was charged with
substituted 1-naphthylamine (10 mmol), 2-picolinic acid
(12.5 mmol) and Et3N (20 mmol, 2.8 ml) in dichloromethane
(DCM; 40 ml). Then, 1.88 ml of POCl3 was added dropwise at 0 °C.
Copyright © 2016 John Wiley & Sons, Ltd.



Scheme 1. Strategies for the synthesis of aromatic nitriles.

Table 1. Optimization of reaction conditionsa

Entry Catalyst Oxidant Solvent Temp. (°C) Yield (%)b

1 Pd(PPh3)4 Cu(OAc)2 DMSO 130 46

2 Pd(PPh3)4 CuBr2 DMSO 130 Trace

3 Pd(PPh3)4 Cu(OTf)2 DMSO 130 32

4 Pd(PPh3)4 PhI(OAc)2 DMSO 130 40

5 Pd(PPh3)4 BQ DMSO 130 8

6 Pd(PPh3)4 K2S2O8 DMSO 130 10

7 Pd(PPh3)4 — DMSO 130 0

8 Pd(PPh3)4 Cu(OAc)2 NMP 130 75

9 Pd(PPh3)4 Cu(OAc)2 MeCN 130 50

10 Pd(PPh3)4 Cu(OAc)2 DMF 130 85

11 Pd(PPh3)4 Cu(OAc)2 DMAc 130 68

12 Pd(PPh3)4 Cu(OAc)2 1,4-Dioxone 130 63

13c Pd(PPh3)4 Cu(OAc)2 DMF 130 17

14 Pd(PPh3)4 Cu(OAc)2 DMF 120 52

15 Pd(PPh3)4 Cu(OAc)2 DMF 140 64

16 Pd(OAc)2 Cu(OAc)2 DMF 130 60

17 IrCl3 Cu(OAc)2 DMF 130 0

18 — Cu(OAc)2 DMF 130 Trace

aReaction conditions: 1a (0.4 mmol), TMSCN (1.2 equiv.), Pd(PPh3)4
(10 mol%) and Cu(OAc)2 (2 equiv.) in DMF (6 ml) for 6 h under air
atmosphere.

bIsolated yields after silica gel column chromatography.
cUnder nitrogen atmosphere.
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The resultingmixturewas kept stirring at 0 °C for 0.5 h. After warming
to room temperature, the mixture was stirred for another 2 h. Then
the reaction mixture was cooled to 0 °C. Ice water was added slowly
to quench the reaction. The organic layer was collected, and the
aqueous phase was extracted with DCM. The combined organic
phase was washed with saturated NaHCO3 and dried over Na2SO4.
The solvent was evaporated under reduced pressure, and the residue
was recrystallized from cyclohexane to afford the desired product.
General procedure for palladium-catalyzed C–H Cyanation

A reaction vial (10 ml) was charged with substrate (0.4 mmol), Pd
(PPh3)4 (46.22 mg, 0.04 mmol; 10 mol%), Cu(OAc)2
(145.31 mg, 0.8 mmol), TMSCN (47.62 mg, 0.48 mmol) and dry
dimethylformamide (DMF; 6 ml). The reaction tube was placed into
a preheated oil bath at 130 °C and was heated for 6 h. The reaction
mixture was cooled and poured into water (50ml). Themixture was
extracted with ethyl acetate (3 × 20 ml). Organic layers were com-
bined, washed with brine (20 ml), dried over Na2SO4, filtered and
concentrated under reduced pressure. The crude material was pu-
rified by silica gel column chromatography to afford the desired
cyanated product.
Scheme 2. Ineffective directing groups.
Results and discussion

In the initial phase of this study, we investigated the reaction of
N-(naphthalen-1-yl)picolinamide in the presence of Pd(PPh3)4 as
catalyst and TMSCN as cyanide source along with Cu(OAc)2 as oxi-
dant in DMSO at 130 °C with stirring for 12 h. To our delight, the de-
sired product was isolated in 46% yield (Table 1, entry 1). In order to
improve the yield, the reaction was conducted by changing the
reaction parameters, such as catalyst, oxidant and solvent. Various
oxidants, including Cu(OAc)2, CuBr2, Cu(OTf)2, PhI(OAc)2, BQ and
K2S2O8, were tested, among which Cu(OAc)2 is found to be the
wileyonlinelibrary.com/journal/aoc Copyright © 2016
most effective (Table 1, entries 1–6). Without Cu(OAc)2, no desired
product is obtained (Table 1, entry 7). After preliminary solvent
screening (Table 1, entries 1 and 8–12), we identified that the reac-
tion in DMF affords the desired product in 85% yield (Table 1, entry
10). The yield decreases to 17%when the reaction is carried out un-
der a nitrogen atmosphere (Table 1, entry 13). Moreover, the reac-
tion is totally shut down when the temperature is changed to 120
or 140 °C (Table 1, entries 14 and 15). A yield of 60% is observed
when using Pd(OAc)2 as catalyst (Table 1, entry 16). Also, IrCl3 as cat-
alyst does not work (Table 1, entry 17). Finally, a control experiment
shows that a palladium catalyst is necessary for this reaction
(Table1, entry 18). According to these experimental results, the op-
timal reaction conditions are: 1a (0.4 mmol), TMSCN (1.2 equiv.), Pd
John Wiley & Sons, Ltd. Appl. Organometal. Chem. (2016)



Table 2. Substrate scope of palladium-catalyzed C–H cyanationa

aReaction conditions: 1 (0.4 mmol), TMSCN (1.2 equiv.), Cu(OAc)2 (2 equiv.) and Pd(PPh3)4 (10 mol%) in DMF (6 ml) at 130 °C for 6 h.

Scheme 3. Application of 3a.

Pd-catalyzed direct cyanation via bidentate chelation assistance
(PPh3)4 (10 mol%) and Cu(OAc)2 (2 equiv.) in DMF (6 ml) at 130 °C
for 6 h under air atmosphere.

We next examined the effect of directing groups (Scheme 2). The
reaction does not proceed at all when N-(naphthalen-1-yl)furan-2-
carboxamide (1b) or 2-chloro-N-(naphthalen-1-yl)nicotinamide
(1c) are used as startingmaterials. The use of other directing groups
such as 1d or 1e also results in no reaction.

Having established the optimized reaction conditions, the gener-
ality of the reaction was investigated using various substrates.
As evident from Table 2, the reaction tolerates a range of
different functional groups, including chlorine, bromine and iodine
(2f–2 h). Changing the substituents from C5 to C4 position also
gives the desired products in good yields (2i–2 k). Due to the elec-
tronic effect on the aromatic rings increasing the reactivity to some
extent, the nitro-containing compounds 2 l and 2 m are converted
into the corresponding products in 89 and 85% yields, respectively.
Moreover, C4 substituents and C5 substituents are found to be
more favorable than C2 substituents (2f, 2i versus 2n). Also, sub-
strates with acetylamino group smoothly afford the cyanation
products in 71 and 73% yield, respectively (2o and 2p). It is worth
noting that the reaction can be applied to substituted substrates
Appl. Organometal. Chem. (2016) Copyright © 2016 John Wi
bearing either phenyl or o-chlorophenyl groups (2q and 2r). Unfor-
tunately, the naphthalene-containing substrate afforded the
product in only 11% yield (2 s). And bulky groups such as tolyl
and m-fluorophenyl substituted at C5 position do not undergo re-
action smoothly under the present reaction conditions (2 t and 2u).

The cyano moiety is a key component for a broad range of func-
tional groups, such as amines, amides, acids and tetrazoles. There-
fore, we tried to transform aromatic nitriles into some valuable
compounds. As shown in Scheme 3, a solution of 3a and KOH was
heated to reflux and subjected to hydrolysis to afford 8-amino-1-
naphthoic acid in 74% yield. In the past few years, 1-amino-8-
naphthoic acid as an intermediate of pharmaceuticals and dyes
has been synthesized using phosgenation, the naphthalene
ley & Sons, Ltd. wileyonlinelibrary.com/journal/aoc



Scheme 4. Proposed reaction pathways.
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sulfonic acid method and so on.[19] However, these methods have
drawbacks such as complex substrates and multiple steps. In com-
parison, we have developed a simple route to 1-amino-8-naphthoic
acid in good yield. The melting point (177–182 °C) has been mea-
sured to prove the structure.
According to previous reports[9–13] and our results, we propose the

followingmechanism of cyanation (Scheme 4). The first step involves
the bidentate chelation-directed cyclopalladation to provide the in-
termediate A. Then, A undergoes oxidative addition to give the key
intermediate B. Transmetalation of palladacycle B with TMSCN af-
fords the intermediate C. In the final step, the reductive elimination
of intermediate C gives the desired product 2a along with Pd(0).
Conclusions

We have developed a palladium-catalyzed direct C–H cyanation of
picolinamides via bidentate chelation assistance. The present
approach is convenient with easy operation, uses an inexpensive
catalytic system and has broad substrate scope. In addition, the
cyanated product could transform into valuable compounds in
good yields. A plausible mechanism is proposed to account for
the formation of products. Further experiments are currently under-
way in our laboratory.
wileyonlinelibrary.com/journal/aoc Copyright © 2016
Acknowledgment

This work was supported by Fund of Natural Science Foundation of
Heilongjiang Province of China (no. B201208).

References
[1] a) M. Sundermeier, A. Zapf, M. Beller, Eur. J. Inorg. Chem. 2003, 3513. b)

F. F. Fleming, L. Yao, P. C. Ravikumar, L. Funk, B. C. Shook, J. Med. Chem.
2010, 53, 7902. c) H.-R. Schulten, M. Schnitzer, Biol. Fertil. Soils 1998, 26, 1.

[2] a) T. Sandmeyer, Ber. Dtsch. Chem.Ges.1884, 17, 1633. b) C. Galli,Chem. Rev.
1988, 88, 765. c) K. W. Rosenmund, E. Struck, Chem. Ber. 1919, 52, 1749.

[3] R. Chidambaram, Tetrahedron Lett. 2004, 45, 1441.
[4] X. F. Jia, D. P. Yang, S. H. Zhang, J. Cheng. Org. Lett. 2009, 11, 4716.
[5] A. Klapars, S. L. Buchwald, J. Am. Chem. Soc. 2002, 124, 14844.
[6] M. Sundermeier, A. Zapf,M. Beller, J. Sans, Tetrahedron Lett. 2001, 42, 6707.
[7] a) G. Zhang, S. Chen, H. Fei, J. Chen, F. Chen, Synapse 2012, 2247. b)

M. Chaitanya, D. Yadagiri, P. Anbarasan, Org. Lett. 2013, 15, 4960. c)
F. Teng, J.-T. Yu, H. Yang, J. Cheng, Chem. Commun. 2014, 50, 12139.
d) W. Xu, Q. Xu, J. Li, Org. Chem. Front. 2015, 2, 231.

[8] a) M. L. Kantam, K. Mahendar, B. Sreedhar, B. M. Choudary, Tetrahedron
2008, 64, 3351. b) H. Shen, J. Q. Li, Q. Liu, J. Pan, R. F. Huang, Y. Xiong,
J. Org. Chem. 2015, 80, 7212.

[9] a) C.-H. Jun, J.-B. Hong, D.-Y. Lee, Synapse 1999, 1. b) M. Albrecht, Chem.
Rev. 2010, 110, 576. c) S. R. Neufeldt, M. S. Sanford, Acc. Chem. Res.
2012, 45, 936.

[10] a) X. F. Jia, D. P. Yang, S. H. Zhang, J. Cheng, Org. Lett. 2009, 11, 4716. b)
Y. Tsuji, T. Kusui, T. Kojima, Y. Sugiura, N. Yamada, S. Tanaka, M. Ebihara,
T. Kawamura, Organogenesis 1998, 17, 4835.

[11] Z. B. Shu, W. Z. Ji, X. Wang, Y. J. Zhou, Y. Zhang, J. B. Wang, Angew.
Chem. Int. Ed. 2014, 53, 2186.

[12] a) T. J. Gong, B. Xiao, W. M. Cheng, W. Su, J. Xu, Z. J. Liu, L. Liu, Y. Fu,
J. Am. Chem. Soc. 2013, 135, 10630. b) X. H. Hong, H. Wang,
G. Y. Qian, Q. T. Tan, B. Xu, J. Org. Chem. 2014, 79, 3228.

[13] H. Q. Do, O. Daugulis, Org. Lett. 2010, 12, 2517.
[14] J. Li, L. Ackermann, Angew. Chem. Int. Ed. 2015, 54, 3635.
[15] a) M. Corbet, F. De Campo, Angew. Chem. Int. Ed. 2013, 52, 9896. b)

S. Y. Zhang, Q. Li, G. He, W. A. Nack, G. Chen, J. Am. Chem. Soc. 2013,
135, 12135. c) Y. Aihara, N. Chatani, J. Am. Chem. Soc. 2014, 136, 898.

[16] a) X. Chen, X. S. Hao, C. E. Goodhue, J. Q. Yu, J. Am. Chem. Soc. 2006, 128,
6790. b) M. L. Kantam, K. Mahendar, B. Sreedhar, B. M. Choudary,
Tetrahedron 2008, 64, 3351.

[17] B. M. John, C. J. Warcup, European Patent Application 646566, 1995.
[18] L. Huang, Q. Li, C. Wang, C. Qi, J. Org. Chem. 2013, 78, 3030.
[19] a) C. A. Grob, H. Kappeler, W. Meier, Helv. Chim. Acta 1961, 44, 1517. b)

A. P. Karishin, D. M. Kustol, Zh. Obshch. Khim. 1959, 29, 1928.
Supporting Information

Additional supporting information may be found in the online ver-
sion of this article at the publisher’s web site.
John Wiley & Sons, Ltd. Appl. Organometal. Chem. (2016)


