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ARTICLE INFO ABSTRACT
Article history An environmental friendly, efficient protocol hasdn realized for the synthesis OF
Received pyridinylamides via copper catalyzed oxidative amidation of arykyhlketones with 2-
Received in revised form aminopyridines. This one pot protocol involves cbesalective cleavage of C (O)-C bondtie
Accepted presence of singlet oxygen. The reaction conditians simple tolerates wide range
Available online substrates and the products were formed in gooextellent yields.This method offers
K : moderate improvement over the earlier successiemgts in generatiny-pyridinylamides.
eywords . ]

Amide Bond 2009 Elsevier Ltd. All rights reserved
One-pot
Oxidative amidation
Oxygen
SDOSS

1. Introduction are also known to produde-pyridinylamides’ Cerium nitrate

] ) \ o ) catalyzed reaction between nitro olefins and 2-apyridines
Water mediated synthesis of organic building blaska a5 also known to produce title compouffiévater was used as
topic of current interest.Several organic frameworks are a co-solvent).

being generated using water as a reaction mediuroh S

methods have tremendous advantages in terms oh greAqueous oxidizing agents like TBHP and,4 were also
chemistry effortd. This approach is being adopted in theemployed to generaté-pyridinylamides in an attempt to develop
manufacture of drugs, pharmaceuticals and indiistrianetal free methodS. Only one method is reported till now, in
chemicals’ because such procedures help in reducing thhich water was used as reaction medium for the paiparof
use of volatile organic solvents. However, the poom-pyridinylamides (oxidative amidation using Cu(ll)n this
solubility of most organic compounds in water regithe  approach, use of micellar systems was found to feg@irement
scope on water mediated organic synthesis and hhss to improve the yields. An attempt was made to gesekat
brought to light the use of surfactants in aqueorganic  pyridinylamides in water medium using simpler redgeand
reactions’ reaction conditions, the results are presentedwbékigure 2).
The salient features of this transformation arew@ter as a
greener solvent (i) shorter reaction time, (iigagl to excellent
yields, (iv) wide substrate scope and (v) use ofgexy gas
bubbling to facilitate oxidation.

Amide bond formation reactions were also reportedvater
medium, which showed distinct advantage in terms ¥ |
generation of organic waste, high reaction yieldasee of

recyclability> However, for the synthesis of N-pyridinylamides o) CuCl (10 mol %),

such methods are rarely being used. Kaliappan andotkers X SDOSS (5 mol%) | N0
reported a biomimetic route for the generation efidterocyclic @ + )b W NN
amides® This reaction involves the formation of an imiimaine- N™ "NH; H,0, 80°C, 3 h H
enamine tautomerisf,copper mediated dioxetane generation 1a 2a 3a  86%

and the formation of phenyl glyoxal as initial sep ) )
Subsequently, the reaction follows a biomimetic patiich is ~ Figure 2. Copper (I) Chloride catalyzed synthesis of N-
similar to the luciferin-luciferage pafhHuang and co-workers Pyridinylamides via oxidative amidation reaction.

reported a dehydrogenative reaction between aldshgdd 2-

aminopyridines to vyield N-pyridinylamides using au(Q

catalyzed pathwa3The p-xylene mediated reaction between aryl

acetic acids and 2-aminopyridine as well as the fang

mediated reaction between 1,2-diketones and 2-aryiitiipes
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o
H Ar Cul (0.03 mmol),
DMF, 80 °C, 24 h
o
CuCl, (20 mol%)
Ar 0,, NMP:t- BuOH
(1:2, 3mL),
80°C, 24 h
o) Cu(OTH)2 (5 mol%),
12 (50 mol%
A 2 ( )
H20, SDS (5 mol%),
RT, 15-35 min
i H,0, (3 equi
equiv.
[ HJKAF 202(3 eaulv.) ef. 11b
N H,0, 80°C, 4 h ‘ N o
2
N/ NkAr
Ce(NO3)s. 6 H,0 (10 mol%) H
OzN\/\Ar ref. 10
H,O/dioxane, 100 °C,
16h
Cu(OAc), (1 equiv.)
H,00HC™ Al
p-xylene, 120 °C,
16 h, air
o TBAI (20 mol%)
P TFOH (20 mol%) ref. 113
A" TBHP (6 equiv)
H,0, 80 °C,5-6 h
0 CuCl, (20 mol%), O,
Ar)STAr t-BuOH: m-xylene (1:2) ref. 9b
L .
o pivalic acid (0.1

equiv.) 80-85 °C,
48 h

Figure 1. Various reported methods for the generation Nof
pyridinylamides.

Table 1. Solvent and catalyst optimization studlies.

Entry Catalyst Temp. Time Surfactant Solvent % Yield
(mol %) ()t

1 CuMnB(5) 1t 12 - DMSO
2 Cu-Mn B (5) rt 12 - CECN ™
3 [RhCICOY: (5) 1t 12 - CHCN nr
4 [Ru(p-cp)CH: (S)1t 12 - CHCN n.r
5  CuBr(5) rt 12 - CHCN trace
6 cucCk(3) rt 12 - CHCN 15
7 CuCk(10) rt 12 - CHCN 20
8  cu(OTfL(0) 12 - CHCN 25
9 cul(®) r 12 - CHCN 10
10 cuci(5) rt 12 - DMSO trace
1 cuaE) t 12 - ;gpanol 20
12 cucl(5) rt 12 - CHCN 35
13 cucl(5) it 12 - DCE trace
14 cucl (5) 80 12 - CHCN 50
15 cucl(s) 80 12 - Toluene 58
16 cucl(10) 80 12 - Toluene g9
17 cucl(10) rt 12 Water trace
18 cucl(10) 80 12 - Water 26
19 cucl (10) rt 12 SDOSS  Water 72
20 cucli(10) rt 12 SDOSS  Water 73
21 cucl(10) rt 12 Tween 80 Water 60
27 cucl (10) 80 12 SDOSS  Water 82
23" cucl (10) 80 3 SDOSS  Water  gg
24 cuycl (10) 80 3 SLS Water 75
25 cucl (10) 80 12 - Water 20
26 . 80 12 SDOSS  Water nr

®Reagents and conditions: 2-aminopyridiree(1.2 equiv.), acetophenora
(1 equiv.) was treated with CuCI (10 mol%), SDOS3nol%) in water (2
mL) at 800 (oil bath) under @bubbling for 3 h? With 20 mol% SDOSS,
“The reaction was performed under oxygen atmosplsirg a ballon filled
with oxygen, %Optimized reaction condition§without O, ballon;  without
CuCl; n.r = No reaction. All the reactions were fpamed under oxygen
atmosphere using a ballon filled with oxygen unlesgerwise specified (d,
e).

2. Resultsand discussions

Our initial attempt was to synthesikepyridinylamides from
2-aminopyridine 1a) and acetophenone&d), with the aim to
generate acyl group from the acetophenones. Aftdétinge
insights from the literature (Figure 1) for the #ysis ofN-
pyridinylamides, a model reaction of 2-aminopyriirand
acetophenone in the presence of CuCl at room tetyerfor 12
h using MeCN as a solvent was tried, the desiredyat@h was
formed in 35% vyield (Table 1, entry 12). When tlaene model
reaction was refluxed at 80, an improvement in yield up to
50% was observed (Table 1, entry 14). Based on tresssts,
various copper salts were screened and CuCl in 4Bmvas
found to be the most efficient catalyst for sudmnsformation.
Rhodium catalyst (Table 1, entry 3) as well as noit@ catalyst
(Table 1, entry 4) were found to be ineffective. WI@&uC}, was
used as the catalyst (Table 1, entry 7), the digireduct was
obtained in only 20% vyield. Various solvents wereesoed and
toluene was found to provide better yields of thsirgel product
in 69% (Table 1, entry 16).

CuCl (10 mol %),
Q SDOSS (5 mol%) | N 0
Oz bubbling, N7 NJK@
H

22 H,0,80°C,3h  3a

@ i (LT 1 %
= Cl
Cl

3a (86%) 3b (83%) 3¢ (79%)

I 1 k@ J\@M

3d (81% 3e (74%) 3f (68%)

39 (80%) 3h (73%) 3i (81%)

3j (82%) 3k (83%) 31 (85%)

N/NO V@ QJ\Q

‘o o
3m (73%)
‘\ 0 ‘\ o Br
N/ N N/ N
H
30 (69%) 3p (62%)

Figure 3. Substrate scope with aryl methyl ketones and Zxapyiridine.
Reaction conditions: The magnetically stirred migtofla (1.2 equiv)2a (1
eqiv) was treated with CuCl (10 mol%) in the presenf SDOSS (5 mol%)
in water at 807 under Q bubbling condition for 3 h (yields of the isolated
products).



But, when toluene was replaced with water as greeretioa

medium and in the presence of sodium dioctyl sufosate

(SDOSS), the reaction provided better yield 72% (@dblentry
19). Then various surfactants were screened forawgment of
yield, but SDOSS was found to be most effective (Tablentry

23). This may be attributed due to the reductiorintérfacial

tension and formation of aqueous micellar system?! The

greater efficiency of SDOSS can be accounted fordagability

of maximum oxygen uptake compared to other sunfasla

Increase in the concentration of SDOSS from 5 mol%2Qo
mol%, did not produce improved yields (Table 1,rer20).

Next, oxygen gas bubbling into the reaction mixtuwas

considered — for a period of 1h, 2h and 3h, impnoset of

yields was noticed in the order 52%, 67% and 86%eesvely.

Thus, passing oxygen gas into the reaction mixty@s

bubbling), instead of performing the reaction undmygen

atmosphere using a balloon filled with oxygen, pded added
advantage in terms of reducing the reaction tienfd2 h to 3
h. These results led to the following optimized tiec
conditions: 1a (1.2 equiv),2a (1 equiv), CuCl (10 mol%),
SDOSS (5 mol%) in water (2 ml) at 8Qunder oxygen bubbling
(1 atm.) for 3 h.

Having the optimized reaction conditions in handibstrate
scope of reaction was explored for various substituaryl
methyl ketones, reaction works well with all subsétutaryl
methyl ketones bearing electron withdrawing (Figureetry,

3b, 3¢, 3d, 3g, 3i, 3j, 3k, 3l and3p) as well as electron donatmg( 2)

groups (Figure 3, entr@e, 3f and3m). Yields in case of ketones
with electron withdrawing groups are slightly highlean in case
of ketones with electron donating groups. Ketohesiring
substituents in meta position (Figure 3, er8ty3i and3j) gave
slightly lower yield in comparison to ketones wittbstituents at
para position (Figure 3, entBk and3l). Also, disubstituted aryl
methyl ketones (Figure 3, ent'3b, 3g and 3n) as well as
trisubstituted aryl methyl ketones (Figure 3, erday work well,
giving corresponding products in good yield.

The scope of the reaction was further establishedidiyg
various aryl alkyl ketones (Figure 4). To our pksassurprise,
the corresponding products were formed in modeydedds.
These results points to the chemoselective cleavdde(CO)-
C(alkyl) bond for synthesis of the title compounds.

o]
X n N o
\ ‘Alkyl Optimised Conditions ||
N/ NH TR N/ N
’ H R
1a 6 3

Product

Substrate Substrate Product

(0] (0]
©)K/ 33, 72% ©)’K/\ 33, 62%
(0] 0]

3e, 69%

W 3k 76% i /@)K/
cl ! Me

Figure 4. Substrate scope with aryl alkyl ketones and 2-apyridine.
Reaction conditions: The magnetically stirred migtof6 (1 equiv),1a (1.2
eqiv) was treated with CuCl (10 mol%) in the pregenf SDOSS (5 mol%)

in water at 80C under @bubbling condition for 3 h (yields of the isolated

products).

Many control experiments were carried out to prdtze t
mechanism of the reaction. The non-radical pathwhythe
reaction was established by performing the reaafdlta and2a
in the presence of TEMPO (2 equiv) used as thecahdi
scavengéf with the formation of desired produga (Figure 5,
entry 1). Next, when the reaction &d with 2a was tried under
the optimized reaction condition, but in the preseaf DABCO
as singlet oxygen quenchr(Figure 5, entry 2) the desired
product was not formed, suggesting that the ppdi@n of the
singlet oxygen species during the transformatioressential.
When the reaction was tried under nitrogen atmosphEoduct
was not formed thereby suggesting the role of mddemxygen
as the sole oxidant in the reaction (Figure 5,ye8jr Formation
of the desired product was not observed in the algsehCuCl,
thereby suggesting the crucial role of catalystthie reaction
(Figure 5, entry 4). Similarly, when the reaction veasried out
in the absence of SDOS3a was obtained in 30% vyield (Figure
5, entry 5). The surfactant helps in the improvenw# yield by
two processes — i) the formation of aqueous micedimtem
thereby allowing the reactants to approach eachr eite ii) the
surfactant helps in increasing the oxygen conterthé aqueous
micellar system by having maximum capacity of oxyge
reuptake™

TEMPO (2 equiv.)
_—

(1) 1a 2a 80%

Optimised condition

DABCO (2 equiv.)
_——

1a 2a 3a 0%

Optimised condition
CuCl (10 mol %),
SDOSS (5 mol%)
_—_— >

N, H,0, 80 °C,
3h

3) 1a 2a 3a 0%

SDOSS (5 mol%)

O, bubbling,
H,0,80°C,3h

1a 2a

4 3a 0%

2a CuCl (10 mol %),
O, bubbling,

H,0,80°C, 3 h

(5) 1a

3a 30%

(0]

L, O

4a 2a

CuCl (10 mol %),

SDOSS (5 mol%
O, bubbling,
H,0, 80 °C, 3 h

B 0,0
5a 0%

Figure 5. Control experiments.

Based on the control experiments and previousatitiee re-
ports;* the plausible mechanism for the generation oftithe
compound has been proposed (Scheme 1). Initiabgeosation
reaction of methyl ketone and 2-aminopyridine leadsthe
generation of imine intermediateThis intermediaté undergoes
tautomerism (1,3-H shift), leading to the formatimfnreversible
enaminel I’ A Cu-peroxy radical (reactive oxygen species) gets
generated by the oxidation of Cu(l) in the presesfcaolecular
oxygen with the formation of superoxide radical,jOand
Cu(ll). Subsequently, superoxide radicab{Cdelivers electron
to the Cu(ll) leading to generation of Cu(l) andgiét oxygen
species'0,). Singlet oxygen species immediately reacts with th
enamine leading to formation of aminodioxetane rintdiate
[I1. Oxidative C-C bond cleavage of dioxetane interuedi
leads to the generation of the desired prod@et and
formaldehyde.
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cu' + 0, were recorded at 100 MHz: chemical data for carbons
Zal are reported in parts per million (ppnd, scale)
downfield from tetramethylsilane and are referenced t
‘ = the carbon resonance of the solvent (CPTT.16 ppm;
= CD;0D, 49.0; DMSOdgs 39.51 ppm). ESI-MS spectra
o were recorded on Agilent 1100 LC-Q-TOF. IR spectra
were recorded on Perkin-Elmer IR spectrophotometer.
Melting points were recorded on digital melting goin
apparatus.

= X
< SERON
| N7 N N NH
N~ NH, A)‘\ potd \
1a ' cl <9>1
0/ Oz HN

X
N
I
. > 1} 9\0 The magnetically stirred mixture of the 2-amino igyre la
_ Ar& (112.9 mg, 1.2 mmol), acetophenoBa (120.2 mg, 1 mmol,
o H,0 \ m, pt lequiv), CuCl (10 mol%, 9.9 mg), sodium

Ar)k HN™ N Simultanious dioctylsulphosuccinate (SDOSS, 5 mol%, 22.2 mg) inew§2
Ar C-C bond and mL) was heated at 8T while oxygen gas was bubbled into the

2 I 0-O bond mixture for 3 h. After completion of the reactionL(), the

cleavage mixture was cooled to room temperature and dilutetl #OAc

o # (10 mL), filtered by ordinary filter paper to reavthe catalyst.

4.2. Typical procedure for the synthesis of N-(pyridin-2-
yl)benzamide (3a)

H>:Q + PPN I The organic layer was washed with brine and driedr ove

H A oNT N anhydrous NgSO,. The filtrate was concentrated under rotary

3a vacuum evaporation, and the residue was charged oon t
Scheme 1. Plausible mechanism for the generation of titlehromatography (100-200 mesh silica gel) column ehded
compounds. with EtOAc-hexane to afford pua ( 170.4 mg, 86%). All the

remaining reactions were performed following this eyah
ocedure. The spectral data of the synthesizedpoands are
provided below.

When 2-aminopyridine was replaced with aniline a
subjected to reaction with optimised conditions, fttrenation of
an amide was not observed (Figure 5, entry 6)sd@hresults
suggest that ring nitrogen in 2-aminopyridine iayjphg a crucial 4.2.1 N-(pyridin-2-yl) benzamide(3a) compound 3a was
supportive role in terms of coordination with coppatalyst and prepared using typical experimental procedure shiowsection
thereby assisting in the delivery of singlet oxyderthe enamine 4.2.'H NMR (CDCk, 400 MHz)3 8.89 (bs, 1H), 8.44 (d] =
intermediatel() as propped in the plausible reaction mechanisr@i._'i 1H), 8.29 (d, J = 4Hz, 1H), 7'.98-7.9’5 (m: ZH), 77807

The reaction has been tried with pyridine-2,3-diami@- (m, 1H), 7.61-7.50 (m, 3H), 7.11-7.08 (m 1H)ap NMR
aminopyridin-3-ol, 5-chloro-3-nitropyridin-2-amine,  2- (CbCI ’100 MHzZ) 5 1641 8 150 6. 146.7 13’7 6. 1332 131.2
aminoisonicotinonitrile, benzo[d]thiazol-2-amine dathiazol-2- 127 83,126 > 1189 113' 3’_ R (Qi:—l ) 3%4’9 9 é2’45 1 .3(’)64 1' ’
amine. In each case the product formation wasnicedt This 2924’7 28'53; 5 167'4 6 '15’95 9 15276 5 1'52'2 329'49’14312' '

may be due to weak electron donating capabilityiraf nitrogen 1303.5, 1261.5. 1237.5, 1181.5, 1150.0. 1092.74107051.9
to the metal centre as required in the complex €Behl). (See 1027' 7,cn'Jr . EéI-MS (LLI'Q) . [i\/l,+H]* 159’10 o B
ESI, section 4) ' ’ ' ’

4.2.2. 3,4-dichloro-N-(pyridin-2-yl)benzamid¢3b) compound
3b was prepared using typical experimental procedWhite
powder; m.p 100-102C; *H NMR (CDClk, 400 MHz)$ 8.69
(bs, 1H), 8.38 (dJ = 8Hz, 1H), 8.32-8.31 (m, 1H), 8.07(d~=
4Hz, 1H), 7.82-7.76 (m, 2H), 7.61 (d,= 8Hz, 1H), 7.15-7.11
(m, 1H); ®C NMR (CDC}, 100 MHz)$ 163.5, 158.1.0, 142.4,
138.7, 136.9, 134.0, 133.4, 131.7, 130.9, 129.6,.2,2120.4,
114.3; IR (CHCI,) 3006.9, 1528.8, 1433.4, 1308.5, 1275.1,
1261.5 cm-1; ESI-MS (LTQ) : [M+H]267.40

3. Conclusions

In summary, an efficient method for the synthesisNe
pyridinylamides by copper (I)-catalyzed oxidative-@ bond
cleavage of aryl alkyl ketones using molecular @tygas an
oxidant was developed. The reaction has wide subss@ipe,
various functional groups are well tolerated anddpots are
formed in good to excellent yields.

4. Experimental 4.2.3. 3-bromo-N-(pyridin-2-yl) benzamidéc) compound3c

41 General was prepared using typical experimental procedtie NMR
: (CDCls, 400 MHz)5 8.58 (bs, 1H), 8.39 (d] = 8Hz, 1H), 8.34
All chemicals were obtained from Sigma-Aldrich(d, J= 4Hz, 1H), 8.11 (s, 1H), 7.88 (d,= 8Hz, 1H), 7.82 (tJ
Company and used as receivédl, **C and DEPT =8Hz, 1H), 7.74 (dJ = 8Hz, 1H), 7.43 (1) = 8Hz, 1H), 7.14 (t)
NMR spectra were recorded on Brucker-Avance DPX4Hz, 1H) ;"*C NMR (CDCk, 100 MHz)§ 163.5, 150.6, 147.1,
FT-NMR 500 and 400 MHz instruments. Chemical date37.6, 134.2, 129.1, 124.7, 122.3, 119.2, 113.2;(ORI,Cl,)
for protons are reported in parts per million (ppn3378.8, 1433.0, 1275.9, 1267.3, 1261.7'GnESI-MS (LTQ) :
downfield from tetramethylsilane and are referenced M+H]*279.04

the residual proton in the NMR solvent (CBCT.26 4.2.4.2,3,4-trichloro-N-(pyridin-2-yl)benzamidéd) compound

ppm; CDOD, 3.31 ppm; DMSQ 2.51 ppm). The . . X
carbon nuclear magnetic resonance spetieaNMR) 3d was prepared using typical experimental proceddetlow



5

semisolid;"H NMR (CDCk, 400 MHz)$ 8.69 (bs, 1H), 8.37 (d, 4.2.10. 3-fluoro-N-(pyridin-2-yl) benzamidé3j) compound 3i

J = 8Hz, 1H), 8.24 (dJ) = 4Hz, 1H), 7.83-7.79 (m, 1H), 7.55-was prepared using typical experimental procedurea@
7.51 (m, 2H), 7.14-7.11 (m, 1H)C NMR (CDCk, 100 MHz)3 powder; m.p 62-64C; '"H NMR (CDClk, 400 MHz)$ 8.90 (bs,
163.9, 151.1, 147.4, 138.8, 136.3, 135.9, 133.0,.313128.7, 1H), 8.40 (d,J = 8Hz, 1H), 8.27-8.25 (m, 1H), 7.81-7.77 (m,
127.1, 120.4, 114.7; IR (GBI,) 2961.4, 2921.5, 2850.3, 1686.9.1H), 7.72-7.66 (m, 2H), 7.51-7.46 (m, 1H), 7.31-7.8§ (H),
1574.9, 1537.5, 1463.5, 1435.5, 1363.6, 1309.61726.179.1, 7.12-7.08 (m, 1H) ¥*C NMR (CDCL, 100 MHz)5 163.5 {JCF
1152.9, 1105.0, 1088.2, 1047.7, 1023.4'cnESI-MS (LTQ) : = 249 Hz) 160.6, 150.3, 146.9, 137.5, 129.5, 121119,2, 118.4,
[M+H]*301.15 113.9, 113.7, 113.3; IR (GBI,) 3391.5, 3007.2, 1524.9, 1434.9,

1274.8, 1261.6, 1046.6 cm-1; ESI-MS (LTQ) : [M+HB1.18
4.2.5. 4-methyl-N-(pyridin-2-yl) benzamidée) compound3e - .
was prepared using typical experimental procedtie NMR jvjéli)}gbcz:]rlt(a)crjoIJ,\:iE]%yrtly(jpl)?éziygxzirr]i?gl[[i?l;)roi:%rgaﬁeus(I\j/:I%Ig
CDCls, 400 MHz)5 8.81 (bs, 1H), 8.43 (dl = 8Hz, 1H), 8.29 \
gd, 3 =3’4HZ, 1H), %?87 (dJ(: éHz,)éH), 7_&‘3_7.75 (r,n, 124'), 2 37(CDCls, 400 MH2)5 9.07 (bs, 1H), 8.41 (d} = 8Hz, 1H), 8.22
(t, J = 8Hz, 2H), 7.10-7.06 (m, 1H), 2.45 (s, 3H) ¢ NMR (S 1H), 7.91 (dJ = 8Hz, 2H), 7.80 (t) = 8Hz, 1H), 7.48 (d) =
(CDCl,, 100 MHz)8 165.9, 151.6, 148.1, 142.7, 138.3, 131.8H2 2H), 7.10 (tJ = 8Hz, 1H);"C NMR (CDCk, 100 MH2)s

3y ’ ) ’ ' ) ’

130.1, 127.1, 119.9, 114.4, 21.3: IR () 2959.6, 29251, 164.8, 160.6, 1515, 147.8, 138.6, 132.7, 129.B.8,2120.1,
2854.8, 1682.6, 1673.9, 1578.8, 1537.0, 1524.80252504.7, 1144 IR (CHCl,) 3347.4, 29237, 2853.6, 1658.7, 1577.2,
1455.6, 1434.7, 1303.2, 1261.9, 1110.5, 1091.70102m-1 ; 1°24.5, 14886, 1432.2, 1308.4, 1261.5, 1094 cnESI-MS
ESI-MS (LTQ) : [M+H] 213.10 (LTQ) : [M+H]" 233.34

4.2.12. 4-fluoro-N-(pyridin-2-yl) benzamidg3l) compound3l
4.2.6. 4-methoxy-N-(pyridin-2-yl) benzamid8&f) compound3f was prepared using typical experimental proceduréi NMR
was prepared using typical experimental procedtiie NMR (CDCl;, 400 MHZz)$ 8.64 (bs, 1H), 8.43 (d] = 8Hz, 1H), 8.32
(CDCls, 400 MHz)$ 8.76 (bs, 1H), 8.42 (d} = 8Hz, 1H), 8.30 (d, J = 4Hz, 1H), 7.89 (dJ = 8Hz, 2H), 7.80-7.76 (m, 1H), 7.37
(d,J=4Hz, 1H), 7.95 (dJ = 12Hz, 2H), 7.79 (1)= 12Hz, 1H), (d, J = 8Hz, 2H), 7.10-7.07 (m, 1H)*C NMR (CDC}, 100
7.09-7.06 (m, 1H), 7.01(dF 8Hz, 2H) 3.90 (s, 3H'C NMR MHz) § 165.6 {JCF = 249 Hz), 160.6, 152.9, 151.7, 147.9,
(CDCl;, 100 MHz)$ 165.2, 162.8, 151.6, 147.9, 138.6, 129.1,38.5, 131.7, 127.3, 127.2, 119.8, 114.1; IR {C) 3369,
126.4, 119.6, 114.2, 114.0, 55.6; IR () 2925.1, 1676.1, 2924.1, 2851.5, 1676.9, 1600.7, 1578.5, 1530.23 950461.7,

1606.8, 1577.8, 1505.1, 1431.9, 1275.8, 1267.1988175.1, 1433.3, 1274.8, 1261.5, 1230.7, 1158.4, 1093.1; c&SI-MS
1029.6 crit ; ESI-MS (LTQ) : [M+H] 229.12 (LTQ): [M+H]* 217.23

4.2.7.2,4-dichloro-N-(pyridin-2-yl)benzamid@g) compound3g  4.2.13.  3,5-bis(benzyloxy)-N-(pyridin-2-yl)benzamide (3m)
was prepared using typical experimental procedileNMR compound 3m was prepared using typical experimental
(CDCls, 400 MHz)5 9.03 (bs, 1H), 8.38 (d} = 8Hz, 1H), 8.17 procedure. Yellow semisolidd NMR (CDCk, 400 MHz)§ 9.10
(d,J = 4Hz, 1H), 7.81-7.77 (m, 1H), 7.72 @7 8Hz, 1H), 7.50 (bs, 1H), 8.43 (dJ = 8Hz, 1H), 8.23-8.22 (m, 1H), 7.79-7.74 (m,
(d, J = 4Hz, 1H), 7.40-7.37 (m, 1H), 7.11-7.08 (m, 1HC 1H), 7.46-7.34 (m, 10H), 7.19 (d,= 4Hz, 2H), 7.08-7.05 (m,
NMR (CDCL, 100 MHz)$ 164.0, 162.8, 151.0, 147.9, 138.71H); 6.82 (t,J = 4Hz, 1H); 5.08 (s, 4H)°C NMR (CDC}, 100
137.5, 133.3, 131.8, 131.2, 130.3, 127.9, 120.54.31IR MHz) 5 165.7, 160.1, 151.6, 147.9, 138.5, 136.5, 13628,7,
(CHCl;) 31829, 2925.3, 1688.6, 1579.4, 1532.6, 1471£28.2, 127.6, 119.9, 114.3, 106.4, 106.1, 70.3;(TR1,Cl,)
1435.6, 1375.2, 1281.7, 1239.0, 1150.1, 1096.70405nT; 3007.1, 2872, 1678.5, 1593.6, 1520.3, 1433.6, 127E261.6,
ESI-MS (LTQ) : [M+H] 267.18 1158.7, 1054.7 cm-1; ESI-MS (LTQ) : [M+H}11.41

4.2.8. 3-acetamido-N-(pyridin-2-yl) benzamid@h) compound 4.2.14. 4-(benzyloxyN-(pyridin-2-yl)benzamide 3n)
3g was prepared using typical experimental procedBrewn compound 3n was prepared using typical experimental
semisolid;'H NMR (CDCI3 + MeOD), 400 MHzp 9.22 (bs, procedure. White semisolidld NMR (CDCL, 400 MHz)$ 8.55
1H), 8.69 (s, 1H), 8.33 (dl = 8Hz, 1H), 8.19 (s, 1H), 7.99 (s,(bs, 1H), 8.41 (dJ = 8Hz, 1H), 8.32 (dJ = 4Hz, 1H), 7.93 ()
1H), 7.89 (d,J = 8Hz, 1H), 7.74 (tJ = 8Hz, 1H), 7.59 (dJ = =8Hz, 2H), 7.79 (t) = 8Hz, 1H), 7.48-7.37 (m, 5H), 7.10 @z
8Hz, 1H); 7.37 (tJ = 8Hz, 1H), 7.04 (tJ = 4Hz, 1H), 2.14 (S, 8Hz, 3H), 5.17 (s, 2H)**C NMR (CDC}, 100 MHz)§ 165.0,
3H); ®C NMR (CDCk + MeOD), 100 MHz)s 175.3, 169.2, 162.1, 151.7, 147.9, 138.4, 136.3, 129.1, 128.B.112127.4,
165.9, 158.4, 151.6, 138.9, 138.4, 134.8, 129.8.712122.7, 126.7, 119.8, 115.0, 114.1, 69.9; IR ({TH) 3393.2, 2958.5,

119.9, 118.8, 114.5; 24.3; IR (GEl,) 3304.9, 3007.2, 2922.0,2925.6, 2860.1, 1736.7, 1679.3, 1601.4, 1507, B43P298,
1670, 1592.8, 1526, 1486.7, 1433.4, 1372.3, 1272461.8 cth  1261.0, 1024.4 cih

L ESI-MS (LTQ) : [M+H] 256.35 . _

4.2.15. 4-cyclohexyN-(pyridin-2-yl)benzamide 30) compound
4.2.9.3-chloro-N-(pyridin-2-yl) benzamid@i) compound3i was 3o was prepared using typical experimental procedaream
prepared using typical experimental procedure. #/pidwder; semisolid;"H NMR (CDCk, 400 MHz)5 8.94 (bs, 1H), 8.31 (d,
m.p 95-97°C; 'H NMR (CDCl, 400 MHz)3 8.64 (bs, 1H), 8.40 J = 8Hz, 1H), 8.13 (s, 1H), 7.90-7.86 (m, 2H), 7.700( 8Hz,
(d,J = 12Hz, 1H), 8.33 (dJ = 4Hz, 1H), 7.96 (s, 1H), 7.82 @, 1H), 7.10 (t,J = 8Hz, 2H), 7.00-6.97 (m, 1H), 1.18 (s, 11H¢
= 8Hz, 2H), 7.58 (dJ = 8Hz, 1H), 7.49 (tJ = 8Hz, 1H), 7.14 (. NMR (CDCk, 100 MHz)$ 166.4, 164.8, 163.9, 151.6, 147.8,
J = 8Hz, 1H) ;*C NMR (CDCk, 100 MHz)5 164.3, 151.3, 138.6, 130.5, 129.8, 120.0, 116.0, 115.8, 114.8,39.9, 22.7,
148.1, 138.5, 135.9, 135.3, 132.5, 130.3, 127.%.112120.3, 14.1 IR (CHCIl,) 3013.4, 2924.5, 2855.8, 1679.82, 1574, 1432.8,

114.1; IR (CHCly) 3373.0, 3016.6, 2931.0, 2854, 1678.3,304.3, 1274.9, 1261.5, 1028.2 cm-1; ESI-MS (LTQYI+H]*
1576.5, 1526, 1433.5, 1307.3, 1261.1, 1048.7%c&SI-MS 281.41

(LTQ) : [M+H]" 231.18 . .
4.2.16. 2-bromN-(pyridin-2-yl)benzamide 3p) compound3p

was prepared using typical experimental procedureowB
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semisolid;"H NMR (CDCk, 400 MHz)$ 8.31 (bs, 1H), 8.20 (t, 12. Patel, O. P. S; Anand, D; Maurya, R. K; YadavP;Green Chem2015,
J = 8Hz, 2H), 7.71 (dJ = 8Hz, 2H), 7.46 (t) = 8Hz, 1H), 7.25- _ 17.3728-3732.

7.19 (m, 2H), 6.86 () = 8Hz, 1H);13C NMR (CDCl, 100 MHz) 13 l;gglthNanu?mf?rggD Roy, S. R; Chakraborti, K§. Chem. Commun.

8 165.7, 151.8, 145.4, 132.9, 128.9, 128.5, 12&3,9, 125.1, 14 a) Kumar, D; Seth, K; Kommi, D. N; Bhagat, $1aRraborti, A. K;RSC

124, 118, 113.1; IR (CiLl,) 2925.7, 2852, 1470.2, 1261.7, Adv. 2013, 3, 15157-15168. b) Sorella, G. L; Strukul, G; Scarap,

1105, 1019.1 cm-1; ESI-MS (LTQ) : [M+F|279,04 Green Chem?2015, 17, 644-683. c) Vaidya, G. N; Fiske, S; Verma, H;
Lokhande, S. K; Kumar, DGreen Chem2019, 21, 1448-1454.

15 a) Seth, K; Roy, S. R; Kumar, A. Chakraborti,KA.Catal. Sci. Technol.
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Commun2016, 52, 922-925.
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Highlights
* A greener protocol for the synthesis of N-pyridinylamides, was

achieved with the cheap and easily available oxygen as an oxidant.

* Generation of singlet oxygen in the presence of copper (I) salt is the
key feature of this transformation.

¢ Method for the chemo selective cleavage of C(O)-C(alkyl) bond in
long chain alkyl aryl ketones.



