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Abstract: Silver catalyzed acylation of pyridine-N-oxides by a-oxocarboxylic acid is demonstrated. This
decarboxylative acylation using a metal catalyst takes place at 50 °C via a radical process.

Transition metal catalyzed decarboxylative coupling has
developed as a powerful strategy for establishing various carbon-
carbon and carbon-heteroatom bond formations over the past few
years.! Numerous efforts have been devoted in this area which
led to the development of efficient synthesis of valuable
derivatives.? Relatively unexplored decarboxylative coupling of
a-oxocarboxylic acid has started receiving considerable
attention.>® Decarboxylation of this acid generates an acyl
surrogate which can be linked to a coupling partner by a metal
catalyst. Unsymmetrical heteroaryl aryl ketone is an important
structural unit found in biologically active and medicinally
relevant compounds.’ This skeleton, which is hard to acquire in a
single step by other means, can be rapidly accessed. Goossen
initiated such a study by coupling the a-oxocarboxylic acid with
aryl bromide using Cu/Pd bimetallic catalyst system.** Recently,
Pd(IT)-catalyzed  decarboxylative acylation of potassium
aryltrifluoroborate at ambient temperature has been reported.*®
Following the early reports, various decarboxylative coupling of
a-oxocarboxylic acid were surfaced in the literature and they
were all mainly based on C-H activation method due to its high
atom and step economy.’ Ge demonstrated the palladium
30 catalyzed decarboxylative ortho-acylation of acetanilide with o-
oxocarboxylic acid at room temperature.* Subsequently,
acylation of 2-phenylpyridine was reported using the same
strategy.”® Meanwhile, Zhang used 2-phenoxypyridine for the
decarboxylative acylation and disclosed that pyridine can be
removed easily after acylation to obtain 2-hydroxyaryl ketone.*
Decarboxylative acylation of cyclic enamide*® was also attempted
at room temperature, which was proved to be effective on
phenylacetamide as well.* Recently, Tan and Kim independently
described the decarboxylative ortho-acylation on O-methyl
aldoxime and ketoxime respectively.**¢ Despite the fact that both
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Figure 1 Decarboxylative acylation
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so substrates underwent smooth acylation, the acylation of O-methyl

aldoxime was found to take place at a milder condition. Very
recently, azoxybenzene was successfully used for this
investigation by  Wang.*" Interestingly, Pd-catalyzed
chemoselective ortho-acylation of benzoic acid was achieved by
the decarboxylative coupling of a-oxocarboxylic acid, wherein
the former acid group acted as a directing group and also
remained intact at the end of the reaction.* Though the acylation
of arenes with the assistance of directing group have been
disclosed (Figure 1; equation 1), acylation of pyridine N-oxide
has been not addressed so far in the literature (Figure 1; equation
2).

Pyridine N-oxide belongs to an important class of heteroaromatic
motif with unique reactivity pattern. In particular, the C-H bond
at C-2 position of the pyridine N-oxide has been exploited for the
introduction of various groups by C-H activation based coupling.
Fagnou installed an aryl unit at the C-2 of pyridine N-oxide to
obtain heterobiaryl N-oxide using aryl bromide and palladium
catalyst.”® Subsequently, several sp>-sp> based coupling partners
such as aryl halides, triflate, boronic acid and electron poor
alkenes were used to couple with pyridine N-oxide in the
presence of various metal catalysts.” Coupling of heteroarene N-
oxide with arene and heteroarene via an elegant dehydrogenative
protocol has also been developed.® In this direction the coupling
of the acyl fragment, generated from o-oxocarboxylic acid, to
hetroarene N-oxide was conceived as shown in Table 1. It is
noteworthy that the conventional procedure to synthesize C2-
acylated pyridine N-oxide from ortho-acylated pyridine should be
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difficult due to the competitive Baeyer-Villiger oxidation
involving the acyl group.

Table 1. Screening impact on reagents and solvents.

N % N cl
L. MCOOH Condition L,
2‘)? Cl 12n NO- (e]
1a 2a 3a
Entry Catalyst Oxidant Solvent Temp Yield
(10mol %)  (2eq) C ((3]2)3[21]
1 Cu(OAc), TBHP DMF 100 28
2 Cu(OAc), Ag,O DMF 100 45
3 CuSO4.5H,0  TBHP DMF 100 28
4 CuS04.5H,0  K,S,04 DMF 100 32
5 FeSO,.7H,0  K,S,03 DCM/H,O 50 40
6 Pd(OAc), K,S,04 DMSO 80 38
7 Mn(OAc); - HOAc 80 25
8 - CAN CH;CN 80 -
9 AgOAc K»S,03  DCM/H,O 50 22
10 AgNO; TBHP  DCM/H,0 50 41
11 AgNO; NH,S,03 DCM/H,0 50 53
12 AgNO; K,S,03 DCM/H,0O 50 59
13° Ag,CO; K»S,03 DCM/H,0 50 65
14¢ Ag,CO; K,8,03  DCM/H,O 50 81
15 Ag,CO; 0, DCM/H,0 50 16
16 Ag,CO; Oxone  DCM/H,0 50 11

S

[a] Isolated yield. [b] Reaction condition: aryl-N-Oxide
(0.46mmol), o- keto carboxylicacid (0.69 mmol),catalyst (10
mol%), oxidant (0.92 mmol) in DCM:water mixture (2 mL, 3:1),
50 °C, 12 h. [c] 0.92 mmol of acid and 1.38 mmol of oxidant
used.

G

Normally the expensive palladium catalyst is used for the
decarboxylative acylation.” Silver is relatively less expensive and
various salts of silver are readily available. Carboxylic acids are
prone for decarboxylation in presence of silver and thus this
property has been harnessed to transform the carboxyl group to
other useful functional groups. Halo derivatives can be obtained
from the carboxylic acid by Hunsdiecker reaction through a
radical process.'® The use of silver catalyst towards carbon-
carbon bond formation is relative scarce.'' Though the role of
silver in oxidative decarboxylation was recognized long back, its
potential has not been extensively explored.'"™ In this
communication, we disclose a silver catalyzed decarboxylative
coupling of a-oxocarboxylic acid with pyridine N-oxide through
a radical process.

Our study commenced by optimising the reaction between 4-
methylpyridine N-oxide (la, R = 4-Methyl) and 4-
chlorophenylglyoxylic acid (2a, R = 4-Chloro) with different
metal catalysts, oxidants and solvents (Table 1). Initial screening
with 10 mol% copper acetate and 2 equiv. of TBHP in DMF gave
30 3a in 28% yield. However with silver oxide, better result has

93
S

w
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Table 2 Decarboxylative acylation of various aryl-N-oxides

fj A,COs3, K805 [ D s
COH N X
z " #" DCM/H,0, ©7ONA
50 °C, 12h o- 0
R
X
‘ +
N
&
R Me 3a; 81% Me 3d; 43% 3f 58%
= Cl, 3b; 78% = Cl, 3¢; 68%

= OMe 3c; 72%

@»@@@«@

R =Me, 3j; 72%

. 3i; 69% R = CI, 3k; 80%
S:glﬁl:’gﬂ-sgﬁ/ R = OMe, 31; 70%
Bt N R R=CN,3m;77%
o O
N
o o
R =H, 3n; 64%
R=0Cl, 30; 73%

Reaction condition: 1 (0.46 mmol), 2 (0.92 mmol), catalyst (10 mol %), oxidant
(1.38 mmol) in DCM: water mixture (2 mL, 3:1), 50°C, 12 h.

been noticed. The yield of the reaction did not improve with
copper sulphate, ferrous sulphate, Mn(OAc), and Pd(OAc),.
Treatment with CAN led to the decomposition of 4-
chlorophenylglyoxylic acid. Silver nitrate with TBHP gave 3a in
41% yield. Optimization with (NH4),S,03 and oxone didn’t
enhance the yield considerably. Performing the reaction with
silver nitrate and K,S,0g resulted in good yield, whereas silver
carbonate displayed the best yield at 50 °C. The mixture of
dichloromethane and water was found to be the superior reaction
medium. Having identified the suitable conditions,
heteroarene N-oxides 1 were subjected to acylation with various
a-oxocarboxylic acids 2 (Table. 2). 4-Chlorophenylglyoxylic acid
underwent acylation with substituted pyridine N-oxides and
quinoline N-oxide.

4-Trifluoromethylphenylglyoxylicacid and 4-
methoxyphenylglyoxylic acid were successfully employed for the
acylation emphasizing that the electronic factors is not
influencing the reaction. Sterically hindered 2-
methylphenylglyoxylic acid was also found to provide C2-
acylation products. 2-Oxobutanoic acid, an aliphatic acid, was
equally effective towards acylation. Coupling of phenylglyoxylic
acid with various heteroarene N-oxides also worked well. With 4-
chloropyridine N-oxide, the chloro group remained undisturbed
during the acylation, though it could have undergone
decarboxylative-aryl chloride type coupling.*®

It is interesting to note that 2-methylpyridine N-oxide behaved in
a different manner, as it delivered C4-acylation product 3p’ along
with the expected C2-acylation product 3p in nearly equal
amount (Scheme 1). The formation of 3p’ strongly suggests that
the decarboxylative acylation may not involve C-H bond
activation. Similarly, 3-iodopyridine N-oxide also followed the
same trend providing an inseparable mixture of 3q and 3q’ in 1:1
ratio. More interestingly, 3-carboxypyridine N-oxide yielded
acylated product 3r along with the diacylated product 3r’.
Subjecting 3r to standard condition provided 3r’ confirming that

various
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the latter would have been formed through a sequential acylation
- first at C-2 and then at C-4. The carboxylic acid group in the
pyridine N-oxide is survived in both the products, 3r and 3r.%
The acylation has been effected on 2,6-dimethylpyridine N-oxide,
s the single product being the C4-acylated pyridine 3s. These facts
confirm that the decarboxylative acylation is taking place via a
radical pathway.
Pyridine N-oxide without any substituent provided C2-acylated
product 3t and a coupled product 3t’. The formation of 3t is
10 more interesting and can be explained by considering a tandem
process involving C2-acylation, dimerization at C5 followed by
rearomatization to 3,3’-bipyridyl motif. 3,3’-Bipyridyl N-oxide
can be easily converted to 3,3-bipyridyl, a well known ligand in

the coupling reaction.
0
| A A92COs, K58705
A A + Z [ Ph
N DCM/H20 CNR
o o
3p'; 40%
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Scheme 1 Decarboxylative acylation of various aryl-N-oxides;
Reaction condition: 1 (0.46 mmol), 2 (0.92 mmol), catalyst (10 mol%), oxidant
(1.38 mmol) in DCM:water mixture (2 mL, 3:1), 50 °C, 12 h.

To ascertain the mechanism, the reaction was conducted in
presence of radical scavenger TEMPO to inhibit the acylation as
shown in Scheme 2. As anticipated, no acylated product was
20 obtained in the reaction; only the adduct 4 was isolated which
would have formed through the capture of acyl radical by
TEMPO. Based on these results, a possible mechanism for the

AgoCO3, K2S20
é + 2f 92 3, h2o2Us
\

w DCMH,0, w
1a 88% Ph 4

50 °C,12h

Scheme 2 Attempted acylation in presence of TEMPO

25 acylation is proposed as shown in Scheme 3. Addition of the
radical B with pyridine N-oxide generates another radical C. The
sulphate radical anion helps in transforming the intermediate C to
3.

30 o R
Ag(ll i ¢o o
@iCOOH gt <@coo};g CO, ©/ + PhCOCOO
S0, :

A B

Ag(l
5,08 T sop g()
TG : é
> Pz
N ﬁ N~
o- O HSO4 o, O- -

40 Scheme 3 Possible mechanism for decarboxylative acylation

In summary, we described the acylation of pyridine N-oxide by o-
oxocarboxylic acid in presence of silver catalyst. Acylated
heterorene N-oxides, which are difficult to access by the

45 conventional methods, can be synthesized successfully in high
yield using this protocol. A range of functional groups tolerate
the reaction condition. The reaction is found to follow a radical
pathway.

so Experimental Section

General procedure for the synthesis of 2 or 4-(substituted
benzoyl)pyridine 1-oxide (3). The mixture of a-keto carboxylic
acid 2 (0.92 mmol), substituted pyridine N-oxide 1 (0.46 mmol),

ss silver carbonate (10 mol %) and K,S,0z (1.38 mmol) in DCM:
H,O (3:1, 2 mL) were stirred at 50 °C for 12 h. The reaction
mixture was filtered through celite pad, washed with
dichloromethane. The organic layer was washed with water and
brine, dried over sodium sulfate, and concentrated in vacuum.

6 Crude product was purified by flash column chromatography
using 70-80 % ethylacetate in hexane mixture as the solvent to
get derivative 3.

Notes and references

1 (a) O. Baudoin, Angew. Chem., Int. Ed. 2007, 46, 1373; (b) R. Shang
65 and L. J. Goossen, Chem. Soc. Rev. 2011, 40, 5030; (c) J. Cornella
and 1. Larrosa, Synthesis 2012, 44, 653.

2 (a) For selected references, see: (a) A. G. Myers, D. Tanaka and M.
R. Mannion, J. Am. Chem. Soc. 2002, 124, 11250; (b) P. Forgione,
M.-C. Brochu, M. St-Onge, K. H. Thesen, M. D. Bailey and F.

70 Bilodeau, J. Am. Chem. Soc. 2006, 128, 11350; (c¢) J. Becht, C.
Catala, C. Le Drian and A. Wagner, Org. Lett. 2007, 9, 1781; (d) A.
Voutchkova, A. Coplin, N. Leadbeater and R. H. Crabtree, Chem.
Commun. 2008, 47, 6312; (e) M. Miyasaka, K. Hirano, T. Satoh and
M. Miura, Adv. Synth. Catal. 2009, 351, 2661; (f) M. Miyasaka, A.

75 Fukushima, T. Satoh, K. Hirano and M. Miura, Chem. Eur. J. 2009,
15, 3674; (g) Z. Sun, J. Zhang and P. Zhao, Org. Lett. 2010, 12, 992;
(h) F. Arroyave and J. Reynolds, Org. Lett. 2010, 12, 1328; (i) R.
Shang, D.-S. Ji, L. Chu, Y. Fu and L. Liu, Angew. Chem., Int. Ed.
2011, 50, 4470; (j) B. Song, T. Knauber, L. J. Goossen, Angew.

80 Chem., Int. Ed. 2013, 52, 2954.

3 (a) L. J. Goossen, F. Rudolphi, C. Oppel and N. Rodriguez, Angew.
Chem. 2008, 120, 3085; Angew. Chem., Int. Ed. 2008, 47, 3043; (b)
M. Li, C. Wang and H. Ge, Org. Lett. 2011, 13, 2062.

4 (a) P. Fang, M. Li and H. Ge, J. Am. Chem. Soc. 2010, 132, 11898;

85 (b) M. Li and H. Ge, Org. Lett. 2010, 12, 3464; (c) J. Yao, R. Feng,
Z. Wu, Z. Liu and Y. Zhang, Adv. Synth. Catal. 2013, 355, 1517; (d)
H. Wang, L.-N. Guo and X.-H. Duan, Org. Lett. 2012, 14, 4358; (e)
J. Park, M. Kim, S. Sharma, E. Park, A. Kim, S. H. Lee, J. H. Kwak,
Y. H. Jung and L S. Kim, Chem. Commun. 2013, 49, 1654; (f) Z.

90 Yang, X. Chen, J. Liu, Q. Gui, K. Xie, M. Li and Z. Tan, Chem.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3



20

25

30

35 10

40

45

RSC Advances

Commun. 2013, 49, 1560; (g) M. Kim, J. Park, S. Sharma, A. Kim, E.
Park, J. H. Kwak, Y. H. Jung and L S. Kim, Chem. Commun. 2013,
49, 925; (h) H. Li, P. Li, Q. Zhao and L. Wang, Chem. Commun.
2013, 49, 9170; (i) J. Miao and H. Ge, Org. Lett. 2013, 15, 2930.

(a) Y. Deng, Y.-W. Chin, H. Chai, W. J. Keller and A. D. Kinghorn,
J. Nat. Prod., 2007, 70, 2049; (b) K. R. Romins, G. A. Freeman, L.
T. Schaller, J. R. Cowan, S. S. Gonzales, J. H. Tidwell, C. W.
Andrews, D. K. Stammers, R. J. Hazen, R. G. Ferris, S. A. Short, J.
H. Chan and L. R. Boone, J. Med. Chem., 2006, 49, 727; (c) P. J.
Masson, D. Coup, J. Millet, N. L. Brown, J. Biol. Chem., 1994, 270,
2662.

For selected references, see: (a) K. L. Hull and M. S. Sanford, J. Am.
Chem. Soc. 2007, 129, 11904; (b) D. R. Stuart and K. Fagnou,
Science 2007, 316, 1172; (c¢) L. Ackermann, R. Vicente and A. R.
Kapai, Angew. Chem., Int. Ed. 2009, 48, 9792 and references cited
therein.

(a) L.-C. Campeau, S. Rousseaux and K. Fagnou, J. Am. Chem. Soc.
2005, 127, 18020; (b) B. Liu, Z. Wang, N. Wu, M. Li, J. You and J.
Lan, Chem.-Eur. J. 2012, 18, 1599; (c) D. J. Schipper, M. El-Salfiti,
C. J. Whipp and K. Fagnou, Tetrahedron 2009, 65, 4977; (d) W. Mai,
J. Yuan, Z. Li, G. Sun and L. Qu, Synlert 2012, 23, 145; (e) J. Wu, X.
Cui, L. Chen, G. Jiangand Y. Wu, J. Am. Chem. Soc. 2009, 131,
13888; (f) F. Bellina and R. Rossi, Tetrahedron 2009, 65, 10269; (g)
M. P. Huestis and K. Fagnou, Org. Lett. 2009, 11, 1357; (h) F.
Gosselin, S. J. Savage, N. Blaquiere and S. T. Staben, Org. Lett.
2012, 14, 862; (i) H. Zhao, R. Wang, P. Chen, B. T. Gregg, M. M.
Hsia and W. Zhang, Org. Lett. 2012, 14, 1872.

(a) S. H. Cho, S. J. Hwang and S. Chang, J. Am. Chem. Soc. 2008,
130, 9254; (b) P. Xi, F. Yang, S. Qin, D. Zhao, J. Lan, G. Gao, C. Hu
and J. You, J. Am. Chem. Soc. 2010, 132, 1822; (c) X. Gong, G.
Song, H. Zhang and X. Li, Org. Lett. 2011, 13, 1766.

(a) Z-Y. Li, D-D. Li, H. Tan and L. Wang, J. Org. Chem. 2013, 78,
10414; (b) H. Li, P. Li, H. Tan and L. Wang, Chem. Eur. J. 2013,
19, 14432

(a) J. P. Das and S. Roy, J. Org. Chem. 2002, 67, 7861; (b) C. Kuang,
Q. Yang, H. Senboku and M. Tokuda, Synthesis 2005, 1319; (c) Z.
Wang, L. Zhu, F. Yin, Z. Su, Z. Li and S. Li, J. Am. Chem. Soc.
2012, 134, 4258.

(a) L. B. Seiple, S. Su, R. A. Rodriguez, R. Gianatassio, Y. Fujiwara,
A. L. Sobel and P. S. Baran, J. Am. Chem. Soc. 2010, 132, 13194; (b)
S. Seo, M. Slater and M. F. Greaney, Org. Lett. 2012, 14, 2650; (c)
H. Wang, L.-N. Guo and X.-H. Duan, Adv. Synth. Catal. 2013, 355,
2222; (d) H. Wang, L.-N. Guo and X.-H. Duan, Chem. Commun.
2013, 49, 10370; (e) Z. Li, L. Song and C. Li, J. Am. Chem. Soc.
2013, 135, 4640; (f) J. M. Anderson and J. K. Kochi, J. Org. Chem.
1970, 36, 986; (g) J. M. Anderson and J. K. Kochi, J. Am. Chem.
Soc. 1970, 92, 1651.

Page 4 of 4

4 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]



