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ABSTRACT: The TBHP/TBAI-mediated synthesis
of N-(pyridine-2-yl)amides in water from ketones
and 2-aminopyridine via direct oxidative C-C bond o
cleavage has been developed. A series of ketones, oH
including more challenging inactive aromatic ke- A,y.)\A,ky,
tones substituted with diverse long-chain alkyl
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groups were selectively converted to N-(pyridine-2-yl)amides. Furthermore, the protocol can be applied to aryl alkyl carbinols to

afford the corresponding amides in moderate to good yields.

m INTRODUCTION

Amides are ubiquitous building blocks in many natural prod-
ucts and pharmaceutical agents.! Conventionally, amides used
to be prepared from carboxylic acid derivatives, such as acids,
acyl halides, anhydrides and esters. However, this method has
limitations as some compounds are not suitable for the chemical
transformation to active carboxylic acid derivatives. In order to
circumvent this problem, alternative strategies towards the syn-
thesis of amides have been explored. In recent years, oxidative
amidation of aromatic aldehyde or benzyl alcohol with N,N-di-
substituted formamides,? amines,’> aminofluorenes* and 2-ani-
mopyridines® has been studied. Methylarenes as acyl donors for
oxidative amidation have also been reported.®

Carbon-carbon bonds are fundamental in organic com-
pounds, construction of functional groups directly via C-C bond
cleavage is extremely attractive and challenging. Direct synthe-
sis of esters through highly selective C(O)-C(alkyl) bond cleav-
age has been reported by Jiao’s group.” However, strategies for
the construction of amides from ketones via C-C bond cleavage
encountered many limitations: (1) unique resources of amines.
Most of the reported methods constructed primary amine from
aqueous ammonia.? (2) using excess volatile heavy atoms. A
common pathway to construct amides via C-C bond cleavage
needs excess of iodine, with iodoform as the extra side product
(Scheme 1a).3% (3) using toxic and reactive agents. Some meth-
odologies use strong nucleophilic NaN3 as N donor to form pri-
mary amides (Scheme 1b).”>!° (4) Using metals. The group of
Kaliappan reported the synthesis of N-heterocyclic amides from
methyl ketones using 20% Cu-catalyzed biomimetic oxidation
(Scheme 1c).!!

Therefore, development of new green methodology of ami-
dation via C-C bond cleavage is always an attractive research
interest.

Scheme 1. Construction of amides via C-C bond cleavage
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2-Aminopyridine has been used as a key substrate involved With the optimized conditions in hand, the scope of reactants

in the C-C bond cleavage for the synthesis of pyridyl ben- using in the amidation via C-C bond cleavage was explored
zamides.'""'> Herein we report a mild and green methodology to (Scheme 2). First, various phenyl ketones with diverse long-
construct N-(pyridine-2-yl)amides from ketones or aryl alkyl chain alkyl substituents were investigated. Under our condi-
carbinols via direct C-C bond cleavage in water. More challeng- tions, all tested substrates could be converted to the correspond-
ing substrates with long-chain alkyl substituents on ketones can ing amide products (3) via selective C(O)-C(alkyl) bond cleav-
also be used to convert to the corresponding amides. age except the isobutyrophenone, but the yields decreased ob-

viously when alkyl chains contain two and more carbons. Con-
m RESULTS AND DISCUSSION sequently, we studied the effect of substituents in benzene. As

Initially, acetophenone (1a) and 2-aminopyridine (2a) were se- shown in Scheme 2, the position of methyl on benzene ring had

lected as model substrates, and to our delight, when they were no obvious effect on the reactivity (4, 10 and 13). Although 4-
treated in a reaction system containing a catalytic amount of I, methoxyl or 2-bromo substituted benzene may cause a rela-
and excess TBHP in toluene at 80 °C, N-(pyridin-2-yl)ben- ?lvely low yield in this reaction (§ a}nd 11), electron W.1thdraw-
zamide (3) was obtained in 24% yield (Table 1, entry 1). Sub- g groups substituted at 4-position generally provided the
sequent screening of solvents showed that H,O was the best sol- products with satisfying yields (7-9). Multi-substitutions could
vent with a yield of 42% without any additional reagent (Table also afforded the desue.d. products with acceptable yields (?f
1, entry 6). The yield slightly increased to 46% when TBAI was 48%-59% (16-18). .Addltlonally, ﬁve-membered heterocycllc
used as a catalyst to replace I, (Table 1, entry 10). While the ketones were examined and the cqrrespondmg amide products
reactions using DTBP, K,S,0s or O, (balloon) as the oxidant (1.9 and 20) were sus:cgssfully obtained. Og the other hand? sub-
were not satisfactory (Table 1, entries 11-13). A significant en- stituted .2Tam1n0pyr1(.11nes were also examlnc?d. The substituent
hancement in product yield was observed when acids (20 mol at §-p051t10n of 2-.am1n0pyr1d1ne had a negative effect to the re-
%) were used as additives (Table 1, entries 14-16), but no more activity (24). Delightfully, alkyl methyl ketones could equally
improvement was observed when increasing TfOH quantity to be conve;rted to the amide prloducts selectively on the methyl
1.2 equivalent (Table 1, entry 17) or altering reaction tempera- ketone side with acceptable yields (27-30).

ture (Table 1, entries 18, 19). In summary, acetophenone and 2-

aminopyridine could be transformed to the corresponding am- Scheme 2. Amidation of ketones by C(O)-C bond cleavage
ide with a yield of 84% under the following optimized condi- . R2
tions: TBAI (Q.Z equiy), TfOH (0.2 equiv), TBHP (6 equiv) in L . R\YNHZ TBAI <2°Tg:'P/(é ;3:)(20 mol %) o I\j
H,O (2 mL) with stirring at 80 °C for 6 h (Table 1, entry 16). Alkyl ‘ _N H,0 (2 mL), 80 °C R‘L

Table 1. Optimization of the reaction conditions” I o~ T °
©)K . @\ conditions /O . ~o0
N7 NH, S Al =6 S e SNz e s S A= Bl 0%
1a 2a

42%
Alkyl = -(CHCH M= (oCHa 41% chm 35%
Alkyl = CH(GFFH304/3/ Y =ACH  CHa, 42% Y =R e, 33%

Catalyst Oxidant Additive Temp Yield

(20 mo1%) (6 equiv)(20 mol%) (°C) (%) /©)L J\/j O)k O J@A O é/t @

Entry Solvent

I Toluene I TBHP - 80 24 - . -
2 DMSO L TBHP - 80 13

3 DMF L TBHP - 80 8 v e ij ij J\/j @
4 DCE L TBHP - 80 16 @AH @A W@A \@*

5 Dioxane Iz TBHP B 80 15 11: 48% 12: 87% 13: 75% 14:73%

6 HO L TBHP - 80 42

7 HO Kl TBHP - 80 41 fj e 2 L0
8§ HO Cul TBHP - 80 5 j @A M C/(?)L "

9 H,O NIS TBHP - 80 42 15:78% 16: 48% 17: 58% 18:59%

10 HO TBAI  TBHP - 80 46 ) e . ﬁ
11  H,0 TBAI DTBP - 80 3 L EoNve F) RN < -
12 HO TBAI K.S.04 - 80 - QWS © Q\g Ay @AN " @AN "
13 H,0  TBAI 0, - 80 - 19:75% 20:54% 2% 2202

14 H,O TBAI TBHP CH;COOH 80 73

15 H,0 TBAI  TBHP CF:COOH 80 75 IT J\/\/k f] Ij

16 H.0 TBAI TBHP TfOH 80 84 @A @A

17° HO TBAI TBHP TfOH 80 82 23:68% 24:23% 25: 64% 26: 42%

18 HO TBAI TBHP TfOH 60 74

19 H,0 TBAI  TBHP TfOH 100 81 PR j@ Ti £ O)%J:Nj Q\KHO
s - N7 SN NN H \ .

“Reaction conditions: 1a (0.6 mmol), 2 (1.2 mmol), catalyst (0.12 H A 0

mmol), additive (0.12 mmol), oxidant (3.6 mmol), solvent (2 mL),
6 h. (Unless otherwise stated, Alkyl = -CH3)

b1.2 equivalent of TfOH was used.

27:32% 28: 45% 29: 34% 30: 39%

We hypothesized that this reaction system might be applica-
ble to aryl alkyl carbinols.® thus, we studied the reactivity of
some representative aryl alkyl carbinols. As shown in Scheme



3, the reactivity of aryl alkyl carbinols was broadly consistent
with aryl alkyl ketones, but the substituents in ortho position of
aryl alkyl carbinols had higher negative impact on reactivity
than that in aryl alkyl ketones (10, 11, and 12).

Scheme 3. Amidation of aryl alkyl carbinols by C(OH)-C
bond cleavage
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In order to elucidate the mechanism of this reaction, some
control experiments were conducted. TEMPO, a well-known
radical trapping reagent, was added into the standard reaction
system, the yield of N-(pyridin-2-yl)benzamide (3) was de-
creased to 40%, this indicates that it’s a free radical reaction
(Scheme 4, entry 1). Whereas no amide product 3 nor imine 31
could be detected by replacing TBAI with TBAB, suggesting
this reaction did not initiate from the formation of imine 31
(Scheme 4, entry 2). Then, amide 3 could be successfully syn-
thesized from a-iodoacetophenone under oxidation of TBHP
(Scheme 4, entry 3), suggesting the existence of a-iodoaceto-
phenone as an intermediate (Scheme 4, entry 3). Furthermore,
dicarbonyl compound 32 was synthesized with a yield of 81%
using benzylamine as starting material when 3 equivalent of
pyridine was added into standard conditions, indicating how ke-
tone and amine were connected.

Scheme 4. Control experiments
o
. 1,L0
) . C( Standard conditions
N TTEMPO 2 equ)
3:40%
+
31:NP.
: e : 3:69%
TBAI (20 mol %)
TFOH (20 mol /) " \/@
N, TG Sqeu‘.‘v) N
H,0@mL), 80°C o

32:81%

TBAB (20 mol %)
TfOH 20 mol %)
TBHP (8 equw

H,0 (2 mL), H,0(2mL),80°C

TBHP (8 equlv
Tho.80°C

Based on the above results, a plausible mechanism was pro-
posed (Scheme 5). First, acetophenone would be transformed
into a-iodoacetophenone, which subsequently reacts with 33 to
form 34." Then, with the attendance of iodine radical, 34 was
transferred to 35, which encountered a series of reaction to form
dicarbonyl compound 38. And 39 was formed from 38, through
the reaction with iodine radical, 39 was transferred to 40, which
encountered C-C bond cleavage to form the aldehyde 41.7-1%!!
Finally, tert-butyl formate can be released from 36, leading to
the formation of amide 42,'* which undergoes isomerization to
afford the desired amide 3.

Scheme 5. Proposed mechanism
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m CONCLUSION

In summary, we have developed a mild and environmentally
benign methodology to construct N-(pyridin-2-yl)amides via
selective cleavage of C-C bond. A series of ketones or aryl alkyl
carbinols could be efficiently converted to the corresponding
amides with moderate to good yields. The construction of am-
ides via C-C bond cleavage is still a developing field where new
strategies are needed. The wide substrate scope, readily availa-
ble starting materials and simple operation process demon-
strated in our methodology may provide promising synthetic
application potentials in the preparation of N-heterocyclic am-
ides.

m EXPERIMENTAL SECTION

General Information. All chemicals were of chemical pure
grade quality and used without further purification, all organic
solvents were analytical pure grade quality, water was ordinary
domestic water and without further purification, ferz-butyl hy-
droperoxide (TBHP) was 70% aqueous solution purchased
from Sinopharm Chemical Reagent Co.,Ltd. Reactions were
monitored by TLC (Merck silica gel 60 Fass), column chroma-
tography was performed on silica gel 200~300 mesh. All 'H
NMR (300 MHz), *C{!H} NMR (75 MHz) spectra were rec-
orded on a Bruker Avance 300 spectrometer in CDCl; with tet-
ramethylsilane as an internal standard and reported in parts per
million (ppm, ). High-resolution mass spectrums (HRMS) was
measured on Finnigan MAT 95 spectrometer (Finnigan, Ger-
many).

General Procedure for the Synthesis of N-heterocyclic
Amides from Ketone. To a solution of ketone (0.6 mmol), 2-
aminopyridine (1.2 mmol) and TBAI (0.12 mmol) in water in
sealed tube, was added triflic acid (TfOH) (0.12 mmol) and
TBHP (3.6 mmol). The solution was heated at 80 °C for 5-6 h



and monitored by thin layer chromatography. The reaction mix-
ture was cooled to room temperature and added saturated so-
dium thiosulfate, then the inorganic layer was extracted and
separated with dichloromethane for 3 times. The combined or-
ganic layer was dried over anhydrous Na,SO, and concentrated
under reduced pressure. The residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate as
the eluent, typically 100:5-100:10).

General Procedure for the Synthesis of N-heterocyclic
Amides from Aryl Alkyl Carbinols. To a solution of aryl alkyl
alcohol (0.6 mmol), 2-aminopyridine (1.2 mmol) and TBAI
(0.12 mmol) in water in sealed tube, was added TfOH (0.12
mmol) and TBHP (4.8 mmol). The solution was heated at 80 °C
for 5-6 h and monitored by thin layer chromatography. The re-
action mixture was cooled to room temperature and added sat-
urated sodium thiosulfate, then the inorganic layer was ex-
tracted and separated with dichloromethane for 3 times. The
combined organic layer was dried over anhydrous Na,SO4 and
concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel (petroleum ether/ethyl
acetate as the eluent, typically 100:5-100:10).

Spectral and Analytical Data of products. "H NMR and '*C
NMR data as well as HR-MS data are reported.

N-(Pyridin-2-yl)benzamide (3). White solid; 99.8 mg, 84%
yield; m.p. 85-87 °C; 'H NMR (300 MHz, Chloroform-d): &
9.81 (s, 1H), 8.42 (d, J=8.4 Hz, 1H), 7.92 (d, J= 7.9 Hz, 3H),
7.67 (t,J=17.3 Hz, 1H), 7.50 (t, /="7.3 Hz, 1H), 7.41 (t, J=17.5
Hz, 2H), 6.94 (t, J = 6.1 Hz, 1H); *C{'H} NMR (75 MHz,
Chloroform-d): ¢ 166.4, 152.0, 147.7, 138.4, 134.6, 132.0,
128.6, 127.5, 119.7, 114.6; HR-MS (ESI-TOF) m/z: calcd for
C12HiiN,O [M+H]" 199.0866, found 199.0862.

4-Methyl-N-(pyridin-2-yl)benzamide (4). White solid; 92.7
mg, 73% yield; m.p. 106-108 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 9.07 (s, 1H), 8.40 (dq, /= 8.4, 0.9 Hz, 1H), 8.19-8.16
(m, 1H), 7.83 (d, /= 7.9 Hz, 2H), 7.77-7.71 (m, 1H), 7.29-7.26
(m, 2H), 7.05-7.00 (m, 1H), 2.41 (s, 3H); “C{'H} NMR (75
MHz, Chloroform-d): 6 166.0, 151.9, 147.9, 142.9, 138.5, 131.5,
129.5,127.4,119.8, 114.4, 21.6; HR-MS (ESI-TOF) m/z: calcd
for C13H13NO [M+H]" 213.1022, found 213.1018.

4-Bromo-N-(pyridin-2-yl)benzamide (5). White solid; 137.8
mg, 83% yield; m.p. 132-135 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 8.96 (s, 1H), 8.36 (dt,J=8.5, 1.0 Hz, 1H), 8.21-8.18
(m, 1H), 7.81-7.73 (m, 3H), 7.64-7.60 (m, 2H), 7.09-7.04 (m,
1H); BC{'H} NMR (75 MHz, Chloroform-d): 6 165.0, 151.5,
148.0, 138.7, 133.3, 132.2, 129.0, 127.2, 120.3, 114.4; HR-MS
(ESI-TOF) m/z: caled for CioH;oBrN.O [M+H]" 276.9971,
found 276.9969.

4-Methoxy-N-(pyridin-2-yl)benzamide (6). Yellow solid;
80.8 mg, 59% yield; m.p. 89-91 °C; '"H NMR (300 MHz, Chlo-
roform-d): 4 8.99 (s, 1H), 8.37 (d, /= 8.4 Hz, 1H), 8.17 (d, J =
3.1 Hz, 1H), 7.89 (d, J = 8.9 Hz, 2H), 7.74-7.68 (m, 1H), 7.00
(t,J=6Hz, 1H), 6.94 (d, J= 8.8 Hz, 2H), 3.84 (s, 3H); *C{'H}
NMR (75 MHz, Chloroform-d): 6 165.5, 162.8, 152.0, 147.9,
138.5, 129.4, 126.5, 119.7, 114.4, 114.0, 55.5; HR-MS (ESI-
TOF) m/z: caled for Ci;3H;3N202 [M+H]™ 229.0972, found
229.0968.

4-Nitro-N-(pyridin-2-yl)benzamide (7). Yellow solid; 106.6
mg, 73%; m.p. 234-236 °C; 'H NMR (300 MHz, DMSO-dy): 6
11.16 (s, 1H), 8.41 (d, J=3.8 Hz, 1H), 8.33 (m, 2H), 8.24-8.18
(m, 3H), 7.87 (t,J=7.6 Hz, 1H), 7.21 (t,J = 7.5 Hz, 1H); BC{'H}
NMR (75 MHz, DMSO-dy): 6 165.1, 152.3, 149.7, 148.5, 140.3,
138.8, 130.0, 123.9, 120.7, 115.3; HR-MS (ESI-TOF) m/z:
calcd fOI' C12H10N303 [M“‘HTr 2440717, fOllIld 2440713

N-(Pyridin-2-yl)-4-(trifluoromethyl)benzamide (8). White

solid; 126.4 mg, 79%; m.p. 136-138 °C; 'H NMR (300 MHz,
Chloroform-d): 6 9.80 (s, 1H), 8.38 (d, /= 8.4 Hz, 1H), 8.01 (d,
J=28.1 Hz, 2H), 7.95 (d, J = 3.5 Hz, 1H), 7.75-7.66 (m, 3H),
6.99 (t, J = 6.0 Hz, 1H); *C{'H} NMR (75 MHz, Chloroform-
d): 0165.1, 151.7, 147.8, 138.7, 137.9, 133.8 (q, J = 32.7 Hz),
128.1, 125.8 (q, J = 3.8 Hz), 123.65 (q, J = 272.8 Hz), 120.3,
114.8; HR-MS (ESI-TOF) m/z: calcd for Ci3H,0F3N>O [M+H]*
267.0740, found 267.0743.
4-Cyano-N-(pyridin-2-yl)benzamide (9). White solid; 96.4
mg, 72% yield; m.p. 202-204 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 9.20 (s, 1H), 8.36 (d, J = 8.4 Hz, 1H), 8.17 (d, J =
5.0 Hz, 1H), 8.03 (d, J = 7.95 Hz, 2H), 7.78 (m, 3H), 7.09 (t, J
=6.0 Hz, 1H); *C{'H} NMR (75 MHz, Chloroform-d): § 164.2,
151.3, 148.0, 138.9, 138.3, 132.7, 128.1, 120.6, 118.0, 115.9,
114.7, HR-MS (ESI-TOF) m/z: calcd for Ci3HoN;O [M+H]*
224.0818, found 213.0818.
2-Methyl-N-(pyridin-2-yl)benzamide (10). White solid;
90.4%; 71% yield; m.p. 110-113 °C; 'H NMR (300 MHz, Chlo-
roform-d): § 10.29 (s, 1H), 8.41 (d, J = 8.4 Hz, 1H), 7.71-7.65
(m, 1H), 7.49 (d, J="7.3 Hz, 1H), 7.36 (td, /= 7.5, 1.4 Hz, 1H),
7.29-7.26 (m, 1H), 7.24-7.18 (m, 2H), 6.84-6.80 (m, 1H), 2.48
(s,3H); BC{'H} NMR (75 MHz, Chloroform-d): 6 169.1, 152.1,
147.5, 138.5, 136.5, 136.2, 131.2, 130.4, 127.2, 126.0, 119.6,
114.5, 19.8; HR-MS (ESI-TOF) m/z: calcd for Ci3Hi3N,O
[M+H]" 213.1022, found 213.1028.
2-Bromo-N-(pyridin-2-yl)benzamide (11). White solid; 79.7
mg, 48% yield; m.p. 160-162 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 9.70 (s, 1H), 8.38 (d, /= 8.3 Hz, 1H), 7.77-7.70 (m,
2H), 7.62-7.57 (m, 2H), 7.40-7.28 (m, 2H), 6.96-6.92 (m, 1H);
BC{'H} NMR (75 MHz, Chloroform-d): 6 166.4, 151.6, 147.6,
138.7, 138.0, 133.7, 131.7, 129.5, 127.8, 120.2, 119.7, 114.7;
HR-MS (ESI-TOF) m/z: caled for Ci;HioBrN,O [M+H]*
276.9971, found 276.9971.
2-Methoxy-N-(pyridin-2-yl)benzamide (12). White solid;
119.2 mg, 87% yield; m.p. 58-60 °C; '"H NMR (300 MHz, Chlo-
roform-d): 6 10.34 (s, 1H), 8.44 (d, /= 8.4 Hz, 1H), 8.33 (d, J
=4.6 Hz, 1H), 8.27 (dd, J= 7.9, 1.9 Hz, 1H), 7.73 (t, J= 7.8
Hz, 1H), 7.55-7.49 (m, 1H), 7.13 (t, J= 7.6 Hz, 1H), 7.06-7.03
(m, 2H), 7.09 (s, 3H); *C {'H} NMR (75 MHz, Chloroform-d):
0163.8,157.7,152.2, 148.1, 138.4, 133.8, 132.7, 121.7, 121.6,
119.8, 115.0, 111.7, 56.4; HR-MS (ESI-TOF) m/z: calcd for
C13H13N202 [M“‘HTr 2290972, found 229.0970.
3-Methyl-N-(pyridin-2-yl)benzamide (13). White solid; 95.5
mg, 75% yield; m.p. 78-81 °C; 'H NMR (300 MHz, Chloro-
form-d): § 9.43 (s, 1H), 8.42 (dt, J= 8.5, 1.0 Hz, 1H), 8.08 (dt,
J =40, 1.0 Hz, 1H), 7.76-7.70 (m, 3H), 7.35-7.33 (m, 2H),
7.02-6.98 (m, 1H), 2.37 (s, 3H); *C {'H} NMR (75 MHz, Chlo-
roform-d): § 166.4, 151.9, 147.8, 138.6, 138.5, 134.4, 132.9,
128.7,128.1,124.5,119.8, 114.4, 21.4; HR-MS (ESI-TOF) m/z:
caled for Ci3Hi3N,O [M+H]* 213.1022, found 213.1025.
3-Bromo-N-(pyridin-2-yl)benzamide (14). White solid; 121.4
mg, 73% yield; m.p. 109-111 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 9.29 (s, 1H), 8.36 (dt,J=8.3, 1.0 Hz, 1H), 8.14-8.12
(m, 1H), 8.07 (t, /= 1.9 Hz, 1H), 7.84-7.80 (m, 1H), 7.78-7.72
(m, 1H), 7.68-7.64 (m, 1H), 7.33 (t, J= 7.9 Hz, 1H), 7.06-7.02
(m, 1H); BC{'H} NMR (75 MHz, Chloroform-d): § 164.7,
151.6, 147.9, 138.7, 136.4, 135.2, 130.8, 130.4, 125.9, 123.1,
120.3, 114.6; HR-MS (ESI-TOF) m/z: calcd for Ci2H;0BrN,O
[M+H]" 276.9971, found 276.9970.
3-Methoxy-N-(pyridin-2-yl)benzamide (15). White semisolid;
106.9 mg, 78% yield; 'H NMR (300 MHz, Chloroform-d): &
9.03 (s, 1H), 8.39 (d, J= 8.8 Hz, 1H), 8.20 (d, J = 3.5 Hz, 1H),
7.75 (t, J=17.9 Hz, 1H), 7.48-7.45 (m, 2H), 7.36 (t, /= 7.8 Hz,
1H), 7.10-7.02 (m, 2H), 3.84 (s, 3H); *C{'H} NMR (75 MHz,



Chloroform-d): ¢ 165.9, 160.0, 151.8, 147.9, 138.6, 135.9,
129.9, 120.0, 119.2, 118.7, 114.4, 112.5, 55.5; HR-MS (ESI-
TOF) m/z: caled for Ci;3H;3N202 [M+H]™ 229.0972, found
229.0975.

2,4-Dimethoxy-N-(pyridin-2-yl)benzamide  (16). Yellow
solid; 74.4 mg, 48% yield; m.p. 148-151 °C; 'H NMR (300
MHz, Chloroform-d): 6 10.26 (s, 1H), 8.42 (d, J= 8.3 Hz, 1H),
8.32-8.23 (m, 2H), 7.72 (t, J= 7.9 Hz, 1H), 7.04-7.00 (m, 1H),
6.65 (d, J=8.8 Hz, 1H), 6.53 (s, 1H), 4.05 (s, 3H), 3.87 (s, 3H);
BC{'H} NMR (75 MHz, Chloroform-d): § 164.2, 163.5, 159.0,
152.3, 148.0, 138.3, 134.3, 119.5, 114.8, 114.3, 105.8, 98.7,
56.3, 55.7, HR-MS (ESI-TOF) m/z: calcd for Ci4sHisN,O;
[M+H]" 259.1077, found 259.1077.

2,4-Dichloro-N-(pyridin-2-yl)benzamide (17). White solid;
92.8 mg, 58% yield; m.p. 124-126 °C; 'H NMR (300 MHz,
Chloroform-d):  10.14 (s, 1H), 8.36 (d, J=8.3 Hz, 1H), 7.77-
7.68 (m, 2H), 7.58 (d, J= 8.2 Hz, 1H), 7.39 (d, /= 2.0 Hz, 1H),
7.32-7.27 (m, 1H), 6.97-6.93 (m, 1H); *C{'H} NMR (75 MHz,
Chloroform-d): ¢ 164.6, 151.5, 147.3, 138.8, 137.1, 134.1,
132.1, 130.7, 130.2, 127.6, 120.2, 114.9; HR-MS (ESI-TOF)

m/z: caled for C1,HoCLN,O [M+H]" 267.0086, found 267.0086.

2,4-Dichloro-5-fluoro-N-(pyridin-2-yl)benzamide (18).
White solid; 100.9 mg, 59% yield; m.p. 90-92 °C; 'H NMR (300
MHz, Chloroform-d): ¢ 9.80 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H),
7.92-7.90 (m, 1H), 7.80-7.74 (m, 1H), 7.52-7.45 (m, 2H), 7.05-
6.99 (m, 1H); *C{'H} NMR (75 MHz, Chloroform-d): § 163.2,
156.8 (d, J = 252.3 Hz), 151.3, 147.3, 139.9, 135.1 (d, J=5.9
Hz), 132.0, 126.5, 124.5 (d, J = 19.0 Hz), 120.5, 117.7 (d, J =
24.0 Hz), 115.0, HR-MS (ESI-TOF) m/z: calcd for
C1,HsCLFN,O [M+H]" 284.9992, found 284.9987.

N-(Pyridin-2-yl)thiophene-2-carboxamide (19). White soild,
91.9 mg, 75% yield; m.p. 118-120 °C; 'H NMR (300 MHz,
Chloroform-d): 6 9.11 (s, 1H), 8.32 (d, J = 8.4 Hz, 1H), 8.21
(dd,J=5.0, 1.9 Hz, 1H), 7.77-7.64 (m, 2H), 7.55 (d, J=4.7 Hz,
1H), 7.09 (t,J = 4.5 Hz, 1H), 7.05-7.01 (m, 1H); *C {'H} NMR
(75 MHz, Chloroform-d): 6 160.3, 151.5, 147.8, 139.1, 138.6,
131.7, 129.1, 128.0, 120.0, 114.6; HR-MS (ESI-TOF) m/z:
calcd for CioHoN,OS [M+H]" 205.0430, found 205.0426.

N-(Pyridin-2-yl)furan-2-carboxamide (20). White solid; 61.0
mg, 54% yield; m.p. 81-84 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 8.91 (s, 1H), 8.34-8.31 (m, 2H), 7.77-7.70 (m, 1H),
7.52 (s, 1H), 7.28 (m, 1H), 7.09-7.05 (m, 1H), 6.58-6.55 (m,
1H); ¥C{'H} NMR (75 MHz, Chloroform-d): 6 156.3, 151.1,
148.1, 147.4, 144.8, 138.5, 120.0, 116.0, 114.3, 112.7; HR-MS
(ESI-TOF) m/z: calcd for C1oHoN,O, [M+H]" 189.0659, found
189.0657.

N-(3-Methylpyridin-2-yl)benzamide (21). Yellow semisolid;
99.3 mg, 78% yield; "H NMR (300 MHz, Chloroform-d): 6 9.71
(s, 1H), 8.14-8.12 (m, 1H), 7.92 (d, J = 7.3 Hz, 2H), 7.55 (d, J
=7.6 Hz, 1H), 7.48 (t,J=7.3 Hz, 1H), 7.40-7.35 (m, 2H), 7.09-
7.05 (m, 1H), 2.28 (s, 3H); *C{'H} NMR (75 MHz, Chloro-
form-d): § 166.4, 150.2, 145.3, 140.1, 134.1, 132.0, 129.7,
128.5, 127.8, 121.8, 18.4; HR-MS (ESI-TOF) m/z: caled for
Ci3Hi3N,0 [M+H]* 213.1022, found 213.1024.

N-(4-Methylpyridin-2-yl)benzamide (22). Yellow solid;
104.4 mg, 82% yield; m.p. 108-110 °C; 'H NMR (300 MHz,
Chloroform-d): 6 8.94 (s, 1H), 8.25 (s, 1H), 8.04 (d, /= 5.1 Hz,
1H), 7.94-7.91 (m, 2H), 7.59-7.53 (m, 1H), 7.50-7.45 (m, 2H),
6.87 (d, J= 4.9 Hz, 1H), 2.40 (s, 3H); *C{'H} NMR (75 MHz,
Chloroform-d): ¢ 166.0, 151.8, 150.1, 147.6, 134.6, 132.3,
128.9,127.4,121.2,114.9, 21.5; HR-MS (ESI-TOF) m/z: calcd
for C13H13N,O [M+H]" 213.1022, found 213.1019.

N-(5-Methylpyridin-2-yl)benzamide (23). Yellow solid; 86.6

mg, 68% yield; m.p. 89-92 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 8.88 (s, 1H), 8.29 (d, J = 8.5 Hz, 1H), 8.00 (s, 1H),
7.91 (d, J=7.3 Hz, 2H), 7.57-7.52 (m, 2H), 7.49-7.45 (m, 2H),
2.28 (s, 3H); BC{'H} NMR (75 MHz, Chloroform-d):  166.1,
149.7, 147.8, 139.1, 134.6, 132.1, 129.2, 128.7, 127.4, 113.9,
17.9; HR-MS (ESI-TOF) m/z: calcd for Ci3H;3N>O [M+H]"
213.1022, found 213.1018.

N-(6-Methylpyridin-2-yl)benzamide (24). Yellow solid; 29.3
mg, 23% yield; m.p. 108-110 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 8.70 (s, 1H), 8.19 (d, J = 8.3 Hz, 1H), 7.93-7.90 (m,
2H), 7.64 (t,J = 7.9 Hz, 1H), 7.57-7.52 (m, 1H), 7.49-7.44 (m,
2H), 6.91 (d, J = 7.4 Hz, 1H), 2.42 (s, 3H); *C{'H} NMR (75
MHz, Chloroform-d): § 165.8,157.0, 150.9, 138.9, 134.4, 132.3,
128.9,127.3,119.6, 111.1, 24.1; HR-MS (ESI-TOF) m/z: caled
for C3H13N,O [M+H]" 213.1022, found 213.1020.

N-(4-Methoxypyridin-2-yl)benzamide (25). White solid; 87.7
mg, 64% yield; m.p. 60-63 °C; 'H NMR (300 MHz, Chloro-
form-d): ¢ 9.90 (s, 1H), 8.08 (t, J = 3 Hz, 1H), 7.93-7.90 (m,
2H), 7.77-7.72 (m, 1H), 7.56-7.51 (m, 1H), 7.47-7.42 (m, 2H),
6.53-6.51 (m, 1H), 3.88 (s, 3H); *C{'H} NMR (75 MHz, Chlo-
roform-d): § 167.6, 166.7, 153.7, 148.4, 134.6, 132.2, 128.8,
127.6, 107.9, 99.1, 55.5; HR-MS (ESI-TOF) m/z: calcd for
C13H13N,0; [M+H]* 229.0972, found 229.0972.

N-(3-Fluoropyridin-2-yl)benzamide (26). Yellow solid; 54.5
mg, 42% yield; m.p. 97-99 °C; 'H NMR (300 MHz, Chloro-
form-d): 6 8.92 (s, 1H), 8.17-8.15 (m, 1H), 7.93 (d, /= 7.5 Hz,
2H), 7.56-7.41 (m, 4H), 7.18-7.12 (m, 1H); *C{'H} NMR (75
MHz, Chloroform-d): 6 165.6, 151.9 (d, J = 260.4 Hz), 143.7
(d, J = 5.5 Hz), 140.4 (d, J = 12.6 Hz), 133.6, 132.5, 128.8,
127.8, 124.8 (d, J = 18.1 Hz), 122.3 (d, J = 2.7 Hz); HR-MS
(ESI-TOF) m/z: caled for CipHioFN,O [M+H]" 217.0772,
found 217.0773.

N-(Pyridin-2-yl)acetamide (27). Yellow solid; 27.8 mg, 32%
yield; m.p. 57-59 °C; 'H NMR (300 MHz, Chloroform-d): &
10.01 (s, 1H), 8.29-8.26 (m, 2H), 7.72 (t, /=9 Hz, 1H), 7.05 (t,
J =6 Hz, 1H), 2.21 (s, 3H); “C{'H} NMR (75 MHz, Chloro-
form-d): 6 169.3, 152.1, 147.3, 138.5, 119.6, 114.7, 24.5; HR-
MS (ESI-TOF) m/z: caled for C;HoN,O [M+H]" 137.0709,
found 137.0710.

N-(Pyridin-2-yl)isobutyramide (28). White solid; 44.3 mg,
45% yield; m.p. 54-56 °C; '"H NMR (300 MHz, Chloroform-d):
08.27-8.22 (m, 2H), 8.10 (s, 1H), 7.70 (t, /= 7.7 Hz, 1H), 7.05-
7.01 (m, 1H), 2.55 (p, J= 6.9 Hz, 1H), 1.27 (d, J=4.5 Hz, 6H);
BC{'H} NMR (75 MHz, Chloroform-d): 6 175.8, 151.7, 147.8,
138.6, 119.8, 114.2, 36.8, 19.6; HR-MS (ESI-TOF) m/z: caled
for CoH13N,O [M+H]" 165.1022, found 165.1019.

N-(Pyridin-2-yl)cyclohexanecarboxamide (29). White solid,;
41.7 mg, 34% yield; m.p. 85-87 °C; 'H NMR (300 MHz, Chlo-
roform-d): 6 8.35 (s, 1H), 8.26-8.22 (m, 2H), 7.69 (t, /= 7.8 Hz,
1H), 7.02 (t, J= 6.1 Hz, 1H), 2.25 (t,J=11.9 Hz, 1H), 1.95 (d,
J=12.5Hz, 2H), 1.85-1.80 (m, 2H), 1.53 (q, /= 12.1 Hz, 2H),
1.35-1.20 (m, 4H); *C {'H} NMR (75 MHz, Chloroform-d): §
175.1, 151.8, 147.7, 138.6, 119.7, 114.3, 46.5, 29.6, 25.74,
25.70; HR-MS (ESI-TOF) m/z: calcd for Ci,H7N,O [M+H]*
205.1335, found 205.1335.

N-(Pyridin-2-yl)cyclopentanecarboxamide (30). White solid,;
44.5 mg, 39% yield; m.p. 86-88 °C; 'H NMR (300 MHz, Chlo-
roform-d): 6 8.26-8.21 (m, 2H), 8.09 (s, 1H), 7.69 (t,J= 7.6 Hz,
1H), 7.02 (t, J = 7.5 Hz, 1H), 2.72 (p, J = 8.0 Hz, 1H), 1.97-
1.86 (m, 4H), 1.84-1.72 (m, 2H), 1.68-1.58 (m, 2H); *C{'H}
NMR (75 MHz, Chloroform-d): ¢ 175.1, 151.8, 147.8, 138.5,
119.7, 114.1, 47.1, 30.5, 26.1; HR-MS (ESI-TOF) m/z: calcd
for C;1H;5N,O [I\/H‘H]Jr 191.1179, found 191.1178.



N-(Pyridin-2-yl)benzamide (3) (made from aryl alkyl car-
binol). White solid; 96.3 mg, 81% yield; m.p. 85-87 °C; 'H
NMR (300 MHz, Chloroform-d): 6 9.02 (s, 1H), 8.40 (d, /= 8.4
Hz, 1H), 8.18 (d,J=4.9 Hz, 1H), 7.92 (d, J= 8.2 Hz, 2H), 7.74
(t,J=7.7Hz, 1H), 7.54 (t, J= 6.5 Hz, 1H), 7.47 (t, /= 7.4 Hz,
2H), 7.04 (t, J= 6.2 Hz, 1H).

4-Methyl-N-(pyridin-2-yl)benzamide (4) (made from aryl al-
kyl carbinol). White solid; 76.4 mg, 60% yield; m.p. 106-108
°C; 'H NMR (300 MHz, Chloroform-d): § 9.26 (s, 1H), 8.41 (d,
J=284Hz, 1H), 8.13 (d, J= 5.0 Hz, 1H), 7.83 (d, /= 7.7 Hz,
2H), 7.73 (t, J= 8.1 Hz, 1H), 7.25 (d, J = 7.9 Hz, 2H), 7.01 (t,
J=6.2 Hz, 1H), 2.40 (s, 3H).

4-Bromo-N-(pyridin-2-yl)benzamide (5) (made from aryl al-
kyl carbinol). White solid; 144.7 mg, 87% yield; m.p. 132-135
°C; '"H NMR (300 MHz, Chloroform-d): 6 9.60 (s, 1H), 8.29 (d,
J=28.4 Hz, 1H), 7.94 (s, 1H), 7.72-7.61 (m, 3H), 7.47 (d, J =
6.5 Hz, 2H), 6.92 (t, J= 6.0 Hz, 1H).

4-Methoxy-N-(pyridin-2-yl)benzamide (6) (made from aryl
alkyl carbinol). Yellow solid; 80.8 mg, 59% yield; m.p. 89-91
°C; '"H NMR (300 MHz, Chloroform-d): 6 9.15 (s, 1H), 8.39 (d,
J=8.4 Hz, 1H), 8.18-8.16 (m, 1H), 7.93-7.90 (m, 2H), 7.73 (t,
J=79Hz, 1H), 7.02 (t,J= 6 Hz, 1H), 6.95 (d, /J=9.3 Hz, 2H),
3.86 (s, 3H).

2-Methyl-N-(pyridin-2-yl)benzamide (10) (made from aryl
alkyl carbinol). White solid; 62.4 mg, 49% yield; m.p. 110-113
°C; '"H NMR (300 MHz, Chloroform-d): 6 10.29 (s, 1H), 8.41
(d,J=8.4Hz, 1H), 7.71-7.65 (m, 1H), 7.49 (d, J=7.3 Hz, 1H),
7.36 (td, J=17.5, 1.4 Hz, 1H), 7.29-7.26 (m, 1H), 7.24-7.18 (m,
2H), 6.84-6.80 (m, 1H), 2.48 (s, 3H)

2-Bromo-N-(pyridin-2-yl)benzamide (11) (made from aryl
alkyl carbinol). White solid; 78.1 mg, 47% yield; m.p. 160-162
°C; '"H NMR (300 MHz, Chloroform-d): 6 9.70 (s, 1H), 8.38 (d,
J=8.3 Hz, 1H), 7.77-7.70 (m, 2H), 7.62-7.57 (m, 2H), 7.40-
7.28 (m, 2H), 6.96-6.92 (m, 1H);

2-Methoxy-N-(pyridin-2-yl)benzamide (12) (made from aryl
alkyl carbinol). White solid; 91.8 mg, 67% yield; m.p. 58-60 °C;
'H NMR (300 MHz, Chloroform-d): § 10.29 (s, 1H), 8.34 (d, J
=9.1 Hz, 1H), 8.22-8.20 (m, 1H), 8.17 (dd, /= 7.8, 1.9 Hz, 1H),
7.63 (t,J=7.4 Hz, 1H), 7.40 (t,J=8.1 Hz, 1H), 7.03 (t, /= 6.0
Hz, 1H), 6.96-6.91 (m, 2H), 3.96 (s, 3H).

N-(3-Methylpyridin-2-yl)benzamide (21) (made from aryl al-
kyl carbinol). Yellow semisolid; 81.5 mg, 64% yield; '"H NMR
(300 MHz, Chloroform-d): 6 9.60 (s, 1H), 8.15 (d, /= 3.5 Hz,
1H), 7.92 (d, J= 6.8 Hz, 2H), 7.57 (d, /= 7.5 Hz, 1H), 7.49 (d,
J=1.5Hz, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.11-7.17 (m, 1H),
2.29 (s, 3H).

N-(4-Methylpyridin-2-yl)benzamide (22) (made from aryl al-
kyl carbinol). Yellow solid; 112.1 mg, 88% yield; m.p. 108-110
°C; '"H NMR (300 MHz, Chloroform-d): § 9.55 (s, 1H), 8.17 (s,
1H), 7.83 (d, J= 6.9 Hz, 2H), 7.76 (d, /= 4.9 Hz, 1H), 7.44 (t,
J="1.3 Hz, 1H), 7.34 (t, J= 7.6 Hz, 2H), 6.71 (d, J = 5.1 Hz,
1H), 2.27 (s, 3H).

N-(5-Methylpyridin-2-yl)benzamide (23) (made from aryl al-
kyl carbinol). Yellow solid; 81.5 mg, 64% yield; m.p. 89-92 °C;
"H NMR (300 MHz, Chloroform-d): J 8.88 (s, 1H), 8.29 (d, J =
8.5 Hz, 1H), 8.00 (s, 1H), 7.91 (d, J = 7.3 Hz, 2H), 7.57-7.52
(m, 2H), 7.49-7.45 (m, 2H), 2.28 (s, 3H)

N-(6-Methylpyridin-2-yl)benzamide (24) (made from aryl al-
kyl carbinol). Yellow solid; 39.5 mg, 31% yield; m.p. 108-110
°C; 'TH NMR (300 MHz, Chloroform-d): J 8.70 (s, 1H), 8.19 (d,
J =83 Hz, 1H), 7.93-7.90 (m, 2H), 7.64 (t, J = 7.9 Hz, 1H),
7.57-7.52 (m, 1H), 7.49-7.44 (m, 2H), 6.91 (d, J= 7.4 Hz, 1H),
2.42 (s, 3H)

N-(4-Methoxypyridin-2-yl)benzamide (25) (made from aryl

alkyl carbinol). White solid; 105.5 mg, 77% yield; m.p. 60-63
°C; 'H NMR (300 MHz, Chloroform-d): 6 9.88 (s, 1H), 7.98 (s,
1H), 7.82 (d, J= 7.3 Hz, 2H), 7.60 (d, J=5.9 Hz, 1H), 7.43 (t,
J=174Hz, 1H), 7.34 (t, /= 7.5 Hz, 2H), 6.41 (d, /= 4.4 Hz,
1H), 3.78 (s, 3H).

N-(3-Fluoropyridin-2-yl)benzamide (26) (made from aryl al-
kyl carbinol). Yellow solid; 68.8 mg, 53% yield; m.p. 97-99 °C;
'"H NMR (300 MHz, Chloroform-d): 6 8.92 (s, 1H), 8.17-8.15
(m, 1H), 7.93 (d, J="7.5 Hz, 2H), 7.56-7.41 (m, 4H), 7.18-7.12
(m, 1H)
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