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N,N-Dimethylformamide (DMF)-Promoted Specific N-Alkylation
of Hydroxyl N-Heterocycles with Organohalides: A Direct and
Efficient Method for Synthesis of Pyridone Derivatives

Han, Feng”

Wang, Ting”

Feng, Bin“ Xu, Qing™**®

(* College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou, Zhejiang 325035)
(> School of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225002)

Abstract In base-free specific N-alkylation of hydroxyl N-heterocycles with organohalides producing pyridone-type prod-
ucts, NV,N-dimethylformamide (DMF) was found to be the best solvent for having the most prominent solvent effect among the
usual solvents. This not only led to milder reaction conditions and higher yields of the products, but also could broaden the
substrate scope of the reaction. Mechanistic studies and the literature revealed that, in addition to the usual solvent effect, DMF
can decompose to produce dimethylamine during the reaction, which then works as a base to promote the reaction.
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1 Introduction

For bearing both N-heterocycle and amide structural
units, pyridone skeleton is frequently found in various nat-
ural products.! Meanwhile, many pyridone derivatives
have been widely used in many fields such as organic syn-
thesis, biology, pharmaceutical synthesis,? and materials
science (Figure 1).3) For example, Fredericamycin A can
be used as a potential antitumor drug,?*! camptothecin and
its derivatives are used as anticancer drugs,* and
pirfenidone can inhibit the production of collagen for hav-
ing antioxidant and anti-inflammatory activities.[®! There-
fore, the synthesis of pyridones and their derivatives is
very significant in research as it may have potential appli-
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cations in organic chemistry and the drug synthesis.
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Figure 1 Pharmaceutically active 2-pyridone derivatives
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Traditionally, pyridone derivatives were usually ob-
tained by the reaction of organohalides and 2-hydroxyl
pyridines in the presence of bases.*! However, since
2-hydroxyl pyridines have both O-terminal and N-terminal
nucleophilic groups, this method inevitably generated
O-alkylated byproducts. In some cases, the target
N-alkylated pyridone products were even not high in selec-
tivity. In order to enhance the selectivity of the target
N-alkylation reaction, various modified methods were later
developed. For example, in 1970, Tieckelmann et al.l’!
found that addition of silver salt could increase the
N-selectivity of 2-hydroxyl pyridines with electron-
withdrawing groups at the 5-position. In 1995, Curran
group®! reported that addition of catalytic amount LiBr
could also improve the MN-alkylation selectivity of
2-hydroxyl pyridines with electron-withdrawing groups at
the ortho position. Subsequently, CsF,[1 Lil,®! NaL®
TBAX, 'Y etc. were all found to be effective promoters to
enhance the N-selectivity. In addition, ionic liquids,!' mi-
crowave irradiation,[' and other methods were also re-
ported to be effective methods that can improve the
N-selectivity. On the other hand, transition metal (TM)-
catalyzed intramolecular O to N migratory rearrangement
of 2-pyridyl ethers could also lead to N-substituted
2-pyridones and analogs.['*! For example, in 2011, Dong
group!'3 reported a Ru-catalyzed rearrangement of pyridyl
ethers for the synthesis of pyridone derivatives. In 2013,
Shibata and co-workers!!*®! reported that an Ir-catalyzed
alternative could also afford the pyridone deivatives in
high selectivity. However, using noble metal complexes
with capricious ligand as the catalyst is not only expensive,
not readily accessible, and toxic, but has severe drawbacks
such as the metal residue contamination in the products,
which may make the methods much less applicable in
pharmaceutical, biochemical, and industrial applications.
Only recently, Biswas and co-workers!'¥ reported a TFOH-
catalyzed O to N migratory rearrangement of pyridyl ethers
that could avoid the use of TM catalysts. Although these
rearrangement methods could lead to high N-selectivity of
the products, they are in fact two-step reactions, because
the starting pyridyl ethers had to be prepared first, usually
through base-mediated Williamson etherification reaction
of 2-halopyridines with alcohols.®!3! Therefore, as the
above methods still have some inherent drawbacks, devel-
oping one-step and efficient, green and practical, especially
TM-free and economic methods for the synthesis of pyri-
done derivatives in high selectivities, is still of great im-
portance in the field.

Regarding the importance of N-heterocycle compounds
and amide derivatives in many fields, we are also interest-
ed in green synthesis of N-heterocycles!!®! and amides.!'”)
During our ongoing studies on N-, C-, O-, S-, P-alkylation
reactions,!'® we found hydroxyl pyridines and organohal-
ides could directly undergo a specific N-alkylation reaction
to afford N-substituted 2-pyridones in one-pot under base-
and solvent-free conditions.['! In a continuous study, we
accidentally found that DMF has a more prominent solvent
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effect on the reaction, which led to a milder specific N-
alkylation reaction of hydroxyl N-heterocycles and orga-
nohalides with a broader substrate scope. Herein we dis-
close the detail of this new finding.

2 Results and discussion

Although our previous base- and solvent-free reaction of
hydroxyl N-heterocycles and organohalides afforded the
target products in good yields,!"”! in fact, to obtain good
results, an appropriate amount of base was still necessarily
added during the workup stage to convert the pyridone
hydrohalide salts into the organic pyridone products. Oth-
erwise, due to the generation of the hydrohalide byprod-
ucts, formation and difficult isolation of the pyridone salts
could lead to lower yields of the products. Therefore, the
method is not truly base-free in effect. As shown in Table
1, after directly heated at 100 C for 24 h in air under
base- and solvent-free conditions, an appropriate amount
of EtsN was added during workup to the reaction mixture
of 2-hydroxyl pyridine (1a) and benzyl bromide (1b). The
target product 3aa was obtained in 84% isolated yield (En-
try 1).1"%1 Then it was found, when DMF was added as the
solvent, the reaction could not only maintain the specificity
for the N-alkylation reaction, the reaction could also afford
a close yield of 3aa without being treated with the base in
the workup stage (Entry 2). Without the base-treatment,
reactions using other solvents afforded varied yields (Entries

Table 1 Optimization of the reaction conditions”

CH,Ph
SN, bhcHB solvent N7 2 | SN
| _— * 2 2= under air X\ o Pz OCH.Ph
OH a 4aa 2

T.,24h

1a 3aa not observed

Entry Solvent (mL) 1/°C 3/4b 3aa/%
14 — 100 >99/1 (84)°

2 DMF (1) 100 >99/1 82

3 MeOH (1) 100 >99/1 13

4 DCE (1) 100 >99/1 60

5 CH3CN (1) 100 >99/1 59

6 DCM (1) 100 >99/1 58

7 THF (1) 100 >99/1 79 (77)°
8 Toluene (0.5) 100 >99/1 71 (70)°
9 1,4-Dioxane (0.5) 100 >99/1 68

10 EtOH (0.5) 100 >99/1 20

11 THEF (0.5) 100 >99/1 84

12 DMF (0.5) 100 >99/1 96 (96)°
13 DMF (0.5) 90 >99/1 91

14 DMF (0.5) 80 >99/1 87

15 DMF (0.5) 60 >99/1 66

© 2021 Chinese Chemical Society & SIOC, CAS

@ Unless otherwise noted, a mixture of 1a (1 mmol) and 2a (1.5 mmol) in a
solvent was sealed under air in a 10 mL Schlenk tube and then heated for 24 h.
b Determined by GC-MS analysis. ¢ Isolated yields based on 1a. 2 mmol of 1a
used. The data was cited from our previous report.l') ¢ Yields in parenthesis
referred to isolated yields obtained from reactions treated with an appropriate
amount of Et;N during the workup.
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3~11). Some results could be rather good (Entries 7, 8,
11). Besides, for some tested reactions, yields of 3aa were
almost the same in parallel reactions with or without base-
treatment in the workup stage (Entries 7, 8). These results
may imply that a solvent may dilute or carry off the acid
byproducts through refluxing at heating, thereby prevent-
ing the formation of pyridone hydrohalide salts and subse-
quently improve the yield of the product. As reduced sol-
vent volume could lead to higher yield of the product (En-
tries 7, 11), DMF loading was also reduced and a much
higher yield of 3aa was obtained (Entry 12, 96%). Again,
using DMF, 3aa was obtained in the same yield in parallel
reactions with and without the base-treatment (Entry 12).
In comparison with other solvents (Entry 2 vs Entries 3~
7; Entry 12 vs Entries 8~11), DMF is clearly the best one,
which means that DMF has the most prominent solvent
effect among the solvents. Moreover, the reaction temper-
ature could be reduced to 90 C without affecting the
product yield greatly (Entry 13), whereas, even lower
temperatures led to much lower yields of the product (En-
tries 14, 15). It should also be pointed out that, all the
above reactions are specific for the N-alkylation reaction,
as no any O-alkylated byproduct 4aa could be detected
according to the GC-MS analysis of the reaction mixtures.

The optimized reaction conditions (Table 1, Entry 13)
were then applied to various hydroxyl heterocycles and
organohalides to extend the scope of the method. As
shown in Table 2, like the model reaction (3aa), most elec-
tron-rich and electron-deficient benzylic bromides includ-
ing those sterically more hindered ones and those with re-
active halide and nitro groups could all react smoothly with
1a to give the target N-substituted 2-pyridones in good to
high yields (3ab~3ah). For the more reactive and less
stable allylic bromides, the yields of the target products
were lower under the optimized conditions, but could be
improved by running the reactions under N, at a lower
temperature of 80 ‘C (3ai, 3aj). On the contrary, for the
less reactive aliphatic alkyl bromides, the low product
yields under the optimized conditions could be improved
greatly by heating the reactions at a higher temperature of
120 ‘C (3ak~3am). This method could also be extended
to secondary bromides, whose product yields were gener-
ally not good due to their sterical bulkiness. Thus, the low
product yields of the secondary bromides could be en-
hanced up to moderate results by running the reactions at
120 ‘C and adding tetrabutylammonium iodide (TBAI) as
the activating reagent (3an~3ap). Moreover, a function-
alized bromide such as a-bromoacetophenone could also
be used as the alkylating reagent in the reaction. The target
product 3aq could be obtained in a satisfactory yield of
73% under the standard conditions.

Various hydroxyl N-heterocycles were then investigated.
Substituted 2-hydroxyl pyridines were firstly employed in
the reaction. As shown in Table 2, except the ortho-
substituted ones that may affect the efficiency of the O to
N rearrangement process (3da, 3ea, 3ja), most electron-
donating and electron-withdrawing groups substituted

Chin. J. Org. Chem. 2021, 41, 2831~2838

Table 2 Scope of the substrates”

Fe- . DMF, under air Z N
_ + RO gy e nderar, g -

3
A o) XN o X (¢} Me
3aa, 91% 3ab, 85% 3ac, 81% cl
@/\@OMe @n Z N/\©
) NS0 F NNo
3ad, 68% 3ae, 86% 3af, 86%

0L, CLOL, O
NS0 o "o NO, N0

3ag, 86% 3ah, 74%

3aj, 40% (77%)°

3ai, 64% (71%)°

NS0

3ak, 23% (51%)° 3al, 19% (71%)°

Me O
X
o NS0 @o O

3am, 25% (66%)°  3an, 33% (53%)°¢ 3ao, trace (75%)>¢

Je

O~ 'N
A
O
Q O N0 Me ©
3ap, 49% (74%)>¢ 3aq, 73% 3ba, 83%

RO o (RO

3ca, 85% 3da, 43% (59%)° 3ea, 24% (77%)°
Br:
F. Z>N Cl\i\/,\g\@ \C’\!\@
X (¢} N ¢} = 6}
3fa, 89% 3ga, 97% 3ha, 82%
ON =~ g N/\© 7N
N
0 S _
A O
0 CN
3ia, 79% 3ja, trace 3ka, 45% (51%)°

o0

3na, 41% (47)°

D GLO

3la, 44% (80%)%" 3ma, trace (82%)?

O %“?Q

30a, trace (51)>¢ 3pa, 65%

© 2021 Chinese Chemical Society & SIOC, CAS

@Unless otherwise noted, 1 (1 mmol) and 2 (1.5 mmol) in DMF (0.5 mL) were
sealed under air in a 10 mL Schlenk tube and then heated for 24 h.? 80 C, N,.
€120 “C, Nz “N,, TBAI (1 equiv.). €100 “C,N,./ 130 ‘C, N,.
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2-hydroxyl pyridines including those with the reactive
halide and nitro groups afforded the target products in
good to high yields under the optimized conditions (3ba,
3ca, 3fa—~3ia). By heating the reactions at a higher tem-
perature of 120 °C, lower product yields of the sterically
more bulky ortho-substituted 2-hydroxyl pyridines could
also be improved to satisfactory yields (3da, 3ea). Howev-
er, for 3-cyano-2-hydroxyl pyridine (1j), the result was not
good either even under modified conditions at higher tem-
peratures and/or adding TBAI as the additive (3ja).
4-Hydroxyl pyridine could also be used in the reaction,
affording the target product in 45% yield (3ka). In addi-
tion, other hydroxyl N-heterocyclic compounds such as
2-hydroxyl quinoline, 2-hydroxyl pyrimidine, 2-hydroxyl
pyrazine, 3-hydroxyl pyridazine and 2-hydroxyl quinoxa-
line could also react with benzyl bromide under the stand-
ard or modified conditions to produce the corresponding
target products in moderate to good yields (3la~3pa),
revealing the broad substrate scope of the method.

Moreover, the scalability of this new method was also
investigated by performing two of the reactions in gram
scale under the optimized conditions. As shown in Eq. 1,
10 mmol scale reactions of 1a with 2a or 2g both afforded
the desired products 3aa and 3ag in over 80% isolated
yields. These results revealed that this new method is still
very effective in larger scale, and thus should be potential-
ly useful for large scale preparation of pyridone-type
compounds.

R
Q . Br_90°C,24h _(Z N ‘\/\ )
"DMF (5 mL) o "o
1a

10 mmol scale
3aa (R =H): 86% (1.59 g)

29 (R 4 CI) 3ag (R = 4-Cl): 80% (1.75 g)

The above prominent solvent effect of DMF over other
usual solvents in the specific N-alkylation of hydroxyl
N-heterocycles and organohalides aroused our great inter-
est. It has been documented in the literature that DMF may
serve as a dimethylamine source via decomposition at high
temperatures, and the generated dimethylamine could be
trapped by organohalides such as benzyl chloride to pro-
duce considerable yields of tertiary amines.*”! Therefore,
to verify whether dimethylamine could be produced under
the present reaction conditions and further promote the
generation of pyridone products, DMF was heated using
benzyl bromide (2a) as the trapping reagent. Indeed, as
shown in Eq. 2, the target dimethylbenzylamine (5a) could
be observed in 5% GC yield in the reaction of DMF and
2a, which is a similar result to those described in the liter-
ature.?”]

Me
100°C,24h  ph” >N’
DMF + Ph” “Br ———————~ ‘ @
2a Me
5a, 5%°C

To further confirm the promoting effect of the generated
amine (dimethylamine) on the reaction, the model reaction
of 1a and 2a was investigated with addition of an organic
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© 2021 Chinese Chemical Society & SIOC, CAS

amine. As shown in Eq. 3, addition of only 20 mol% Et;N
to the reaction of 1a and 2a in 1,4-dioxane or EtOH (En-
tries 9, 10, Table 1) could greatly improve the yields of
3aa from 68% to 77% or from 20% to 32%, respective-
ly.2!1 This suggests that the generated basic dimethylamine
via decomposition of DMF should work similarly to pro-
mote the target N-alkylation reaction.

Q o (LD @
Et3N (20 mol%) "¢
3aa
1,4-Dioxane: 77%
EtOH: 32%

Moreover, in our previous studies,!'”) we have observed
that O-alkylation firstly occurred at room temperature be-
tween 1a and 2a to produce the ether intermediate 4aa as
the major product, which then quickly underwent a by-
product HBr-catalyzed O to N migratory rearrangement to
give the N-alkylated pyridone product 3aal??l above the
room temperature. These findings revealed that the reac-
tion of 1 and 2 and rearrangement of 4 to 3 are both fast
reactions that can easily take place at mild temperatures.
On the other hand, the low yield of Sa observed in the re-
action of DMF and 2a (Eq. 1) demonstrates that decompo-
sition of DMF to dimethylamine has a much higher energy
barrier and is thus a relatively slow reaction under the pre-
sent conditions (90~100 C). These results may further
imply that organohalides 2 should react very easily with
hydroxyl N-heterocyles 1 to give ether intermediates 4
rather than with the dimethylamine as it could not be effec-
tively generated by the demanding decomposition of DMF.
Therefore, tentative reaction paths of the present specific
N-alkylation of hydroxyl N-heterocycles and organohalides
was proposed.

As shown in Scheme 1, hydroxyl heterocycles 1 and al-
kyl bromides 2 might firstly react to give byproduct HBr
and O-alkylated ethers 4 as the major product, which then
quickly underwent a byproduct HBr-catalyzed rearrange-
ment reaction to form N-alkylated pyridones 3. Due to the
presence of an equivalent amount of HBr in the reaction
mixture, pyridone hydrobromide salts 3' were mainly gen-
erated at this stage. Then, thanks to the solvent effect of
DMF including its decomposition to afford the basic di-
methylamine, 3' could be efficiently converted into the
target pyridone products 3 completely. As a result, a DMF-
promoted specific N-alkylation of hydroxyl N-heterocycles
and organohalides without the need of base-treatment dur-
ing workup can be achieved.

3 Conclusion

In conclusion, DMF was found to be the best solvent
having the most prominent solvent effect in the base-free
specific N-alkylation of hydroxyl N-heterocycles with or-
ganohalides. This led to milder reaction conditions, higher
yields of the products, and broadened scope of the sub-
strates, especially the less reactive aliphatic alkyl halides

Chin. J. Org. Chem. 2021, 41, 2831~2838
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Scheme 1 Proposed reaction paths

and sterically more bulky secondary alkyl halides. Mecha-
nistic studies and the literature revealed that, in addition to
the usual solvent effect, DMF can decompose in some de-
gree to produce dimethylamine during the reaction, which
then works as a base to promote the reaction. Therefore, by
using DMF as the solvent, no additional base-treatment
was required in the workup stage, providing a truly base-
free, more concise, and direct method for preparation of
pyridone-type compounds.

4 Experimental

4.1 General methods

'"H NMR and '3C NMR spectra were measured on a
Bruker Avance-III 500 instrument (500 MHz for '"H NMR
and 125.4 MHz for 3C NMR spectra) using CDCl; as the
solvent. Chemical shifts for 'H NMR and '3C NMR were
referred to internal MesSi (0 0) as the standard. Mass spec-
tra were measured on a Shimadzu GC-MS-QP2010 Plus
spectrometer (EI). High Resolution Mass Spectra (HRMS)
were measured on a Bruker micrOTOF-Q II instrument
(ESI) at Wenzhou University. Unless otherwise noted, all
chemicals were purchased from Energy Chemical, Alfa
Aesar, TCI, and other chemical companies and used with-
out further purification. Unless otherwise specified, all
reactions were carried out in sealed Schlenk tubes (10 mL)
under air atmosphere and monitored by thin-layer chroma-
tography (TLC) and/or GC-MS analysis. The products
were purified by column chromatography on silica gel us-
ing petroleum ether and ethyl acetate as the eluent. Melting
points of the solid products were measured on a WRS-1B
apparatus (Shanghai Shenguang).

4.2 Typical procedure for N-alkylation of 2-hydroxyl-
pyridines with organohalides.

To a 10 mL Schlenk tube were added 2-hydroxyl pyri-
dine (1a, 95 mg, 1.0 mmol), benzyl bromide (2a, 178 pL,
1.5 mmol, 1.5 equiv.) and commercial DMF (0.5 mL). The
mixture was then sealed under air and directly heated at
90 ‘C for 24 h. The reaction was monitored by TLC and
GC-MS. The reaction mixture was purified by flash col-
umn chromatography on silica gel using petroleum ether/
EtOAc (V. V=2 . 1) as the eluent, giving 1-benzylpyri-
din-2(1H)-one (3aa, 168 mg, 91%) as a white solid.

1-Benzylpyridin-2(1H)-one (3aa):['*) White solid, m.p.
72.0~72.7 C (lit!* 723~72.8 C); 'H NMR (500
MHz, CDCl3) d: 7.36~7.25 (m, 7H), 6.61 (d, J/=9.0 Hz,
1H), 6.14 (t, J=7 Hz, 1H), 5.15 (s, 2H); 1*C NMR (125.4
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MHz, CDCl;) d: 162.66, 139.35, 137.21, 136.39, 128.87,
128.13, 127.98, 121.26, 106.15, 51.85.
1-(3-Methylbenzyl)pyridin-2(1H)-one (3ab):[¥1 Colorless
oil. '"H NMR (500 MHz, CDCl;) d: 7.30~7.19 (m, 3H),
7.10~7.07 (m, 3H), 6.59 (d, J=9.0 Hz, 1H), 6.12 (t, J=
6.5 Hz, 1H), 5.09 (s, 2H), 2.31 (s, 3H); 3C NMR (125.4
MHz, CDCl;) d: 162.64, 139.35, 138.57, 137.30, 136.33,
128.82, 128.72, 125.15, 121.10, 106.13, 51.74, 21.34.
1-(4-Methylbenzyl)pyridin-2(1H)-one  (3ac):®!  White
solid, m.p. 72.9~73.5 C (1lit!" 73.1~732 C); 'H
NMR (500 MHz, CDCl;) 8: 7.30~7.13 (m, 6H), 6.60 (d,
J=9.0 Hz, 1H), 6.12 (t, J=6.5 Hz, 1H), 5.09 (s, 2H), 2.32
(s, 3H); 3C NMR (125.4 MHz, CDCl3) &: 162.66, 139.24,
137.77, 137.14, 133.38, 129.53, 128.22, 121.15, 106.06,
51.58, 21.09.
1-(3-Methoxybenzyl)pyridin-2(1H)-one (3ad): White
solid, m.p. 55.3~59.2 C (lit.®) m.p. 55~59 C); 'H
NMR (500 MHz, CDCL3) &: 7.33~7.23 (m, 3H), 6.87~
6.83 (m, 3H), 6.61 (d, J=10 Hz, 1H), 6.14 (t, J=6.5 Hz,
1H), 5.11 (s, 2H), 3.78 (s, 3H); 3C NMR (125.4 MHz,
CDCl) o: 162.66, 160.00, 139.37, 137.91, 137.20, 129.90,
121.23,120.33, 113.76, 113.47, 106.17, 55.25, 51.71.
1-(4-Fluorobenzyl)pyridin-2(1H)-one (3ae):['**) White
solid, m.p. 84.2~854 C (lit.[""! 84.5~852 C); 'H
NMR (500 MHz, CDCls) 6: 7.34~7.26 (m, 4H), 7.02 (t,
J=9.0 Hz, 2H), 6.61 (d, J=9.0 Hz, 1H), 6.16 (t, J=6.5
Hz, 1H), 5.11 (s, 2H); 13C NMR (125.4 MHz, CDCls) §:
162.46, 162.54 (d, Jcr=246.2 Hz), 139.44, 137.02, 132.24
(d, Jer=3.3 Hz), 129.93 (d, Jer=8.3 Hz), 12137, 115.78
(d, Jer=2.2 Hz), 106.28, 51.36.
1-(2-Chlorobenzyl)pyridin-2(1H)-one (3af):['33 White
solid, m.p. 71.5~72.7 C (lit."' m.p. 71.8~72.3 C); 'H
NMR (500 MHz, CDCl;) 8: 7.39~7.22 (m, 6H). 6.61 (d,
J=9 Hz, 1H), 6.17 (t, J=6.5 Hz, 1H), 5.25 (s, 2H); 13C
NMR (125.4 MHz, CDCl;) ¢: 162.63, 139.57, 137.53,
133.75, 133.43, 129.98, 129.61, 129.28, 127.28, 121.13,
106.18, 49.51.
1-(4-Chlorobenzyl)pyridin-2(1H)-one  (3ag):®) White
solid, m.p. 83.5~84.4 C (lit.'"? m.p. 83.4~84.2 C); 'H
NMR (500 MHz, CDCl;) 8: 7.32~7.25 (m, 6H), 6.60 (d,
J=8.5 Hz, 1H), 6.17~6.16 (m, 1H), 5.09 (s, 2H); 13C
NMR (125.4 MHz, CDCl;) ¢: 162.50, 139.54, 137.14,
134.97, 133.87, 129.43, 128.97, 121.30, 106.33, 51.40.
1-(4-Nitrobenzyl)pyridin-2(1H)-one (3ah):['33 White so-
lid, m.p. 141.1~141.9 C (lit"” m.p. 141.5~141.6 C);
'"H NMR (500 MHz, CDCL3) &: 8.19 (d, J=8.5 Hz, 2H),
7.45 (d, J=8.5 Hz, 2H), 7.40~7.37 (m, 1H), 7.32~7.28
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(m, 1H), 6.63 (d, J=9 Hz, 1H), 6.23 (t, J=6.5 Hz, 1H),
5.23 (s, 2H); 3C NMR (125.4 MHz, CDCLy) &: 162.41,
147.61, 143.64, 139.94, 137.16, 128.54, 124.03, 121.59,
106.70, 51.78.

1-Allylpyridin-2(1H)-one (3ai):®! Colorless oil. 'H
NMR (500 MHz, CDCL) &: 7.35~7.32 (m, 1H), 7.28~
7.26 (m, 1H), 6.59 (d, J=9.1 Hz, 1H), 6.19 (t, J=6.1 Hz,
1H), 6.00~5.92 (m, 1H), 5.26 (d, J=10.2 Hz, 1H), 5.22~
5.14 (m, 1H), 4.67~4.47 (m, 2H); 3C NMR (125.4 MHz,
CDCl) o: 162.35, 139.40, 137.04, 132.48, 121.02, 118.34,
106.02, 50.91.

1-Cinnamylpyridin-2(1H)-one (3aj):*31 Colorless oil. 'H
NMR (500 MHz, CDCL) &: 7.36~7.27 (m, 6H), 7.24~
721 (m, 1H), 7.60~7.54 (m, 2H), 6.32~6.26 (m, 1H),
6.17~6.15 (m, 1H), 4.69(d, J=6.5 Hz, 2H); *C NMR
(125.4 MHz, CDCls) d: 162.43, 139.59, 137.13, 136.01,
133.98, 128.58, 128.05, 126.54, 123.61, 120.86, 106.30,
50.67.

1-Phenethylpyridin-2(1H)-one (3ak):!'* White solid,
m.p. 863~87.5 C (it 86.7~87.1 ‘C); 'H NMR (500
MHz, CDCL) 8: 7.31~7.21 (m, 4H), 6.89 (d, J=6.5 Hz,
2H), 6.90~6.88 (m, 1H), 6.58 (d, J=9 Hz, 2H), 5.99 (t,
J=6.5 Hz, 1H), 4.14 (t, J=7 Hz, 2H), 3.06 (t, J=7.5 Hz,
2H); 3C NMR (125.4 MHz, CDCls) &: 162.57, 139.46,
137.99, 137.86, 128.95, 128.63, 126.68, 120.97, 105.41,
51.98, 35.04.

1-Pentylpyridin-2(1H)-one (3al):["?! Colorless oil. 'H
NMR (500 MHz, CDCL;) 8: 7.32~7.26 (m, 2H), 6.56 (d,
J=9 Hz, 1H), 6.15 (t, J=6.5 Hz, 1H), 3.92 (t, J=7.5 Hz,
2H), 1.78~1.73 (m, 2H), 1.38~1.34 (m, 4H), 0.90 (t, J=
6.5 Hz, 3H); *C NMR (125.4 MHz, CDCl;) &§: 162.55,
139.09, 137.47, 121.06, 105.69, 49.80, 28.94, 28.73, 22.28,
13.86.

1-Heptylpyridin-2(1H)-one (3am):!'?l Colorless oil. 'H
NMR (500 MHz, CDCL;) &: 7.32~7.25 (m, 2H), 6.50 (d,
J=9 Hz, 1H), 6.15 (t, J=6.5 Hz, 1H), 3.92 (t, J=7.5 Hz,
2H), 1.74~1.73 (m, 2H), 1.33~1.27 (m, 8H), 0.87 (t, J=
6.5 Hz, 3H); *C NMR (125.4 MHz, CDCl;) §: 162.53,
139.08, 137.47, 121.04, 105.67, 50.82, 31.62, 29.25, 28.85,
26.55,22.49,13.97.

1-(1-Phenylethyl)pyridin-2(1H)-one ~ (3an):®]  White
solid, m.p. 79.1~80.2 C (lit!” 79.4~803 C): 'H
NMR (500 MHz, CDCl) o: 7.41~7.28 (m, 6H), 7.14 (d,
J=59 Hz, 1H), 6.76 (d, J=9.0 Hz, 1H), 6.45 (q, J=7.0
Hz, 1H), 6.19 (t, J=6.6 Hz, 1H), 1.73 (d, J=7.1 Hz, 3H);
3C NMR (125.4 MHz, CDCl3) 6: 162.11, 139.80, 139.28,
134.39, 128.09, 128.13, 127.48, 120.34, 107.32, 53.04,
19.03.

1-Benzhydrylpyridin-2(1H)-one (320):>*1 White solid,
m.p. 239.5~240.3 C (1lit.["! 240.1 ‘C); 'H NMR (500
MHz, CDCL) 6: 7.51 (s, 1H), 7.42 (t, J=7.5 Hz, 1H),
738~7.32 (m, 6H), 7.21 (d, J=6.5 Hz, 1H), 7.14~7.13
(m, 4H), 6.87 (d, J=9 Hz, 1H), 6.25 (t, J=6.5 Hz, 1H);
3C NMR (125.4 MHz, CDCl3) J: 162.54, 139.92, 138.25,
136.08, 128.91, 128.77, 128.23, 120.33, 107.27, 62.71.

1-(9H-Fluoren-9-yl)pyridin-2(1H)-one  (3ap): White
solid, m.p. 221.1~222.8 ‘C (lit." 221.7~222.5 ‘C); 'H
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NMR (500 MHz, CDCL) o: 7.76 (d, J=7.5 Hz, 2H),
7.45~7.42 (m, 4H), 7.32~7.27 (m, 4H), 6.73 (d, J=9 Hz,
1H), 6.46 (d, J=5.5 Hz, 1H), 5.93 (t, J=6.5 Hz, 1H); 1*C
NMR (125.4 MHz, CDCl3) o: 163.44, 143.22, 141.14,
139.46, 134.58, 129.17, 128.12, 127.30, 125.33, 124.88,
120.76, 120.31, 119.99, 106.51, 59.24.
1-(2-Oxo0-2-phenylethyl)pyridin-2(1 H)-one  (3aq):1>
White solid, m.p. 150.7 ~152.1 °C (1lit.!") 150.4 ~
151.3 °C); 'H NMR (500 MHz, CDCl;) ¢: 8.02 (d, J=7
Hz, 2H), 7.63 (t, J=7.5 Hz, 2H), 7.50 (t, J=7.5 Hz, 2H),
7.43~7.40 (m, 1H), 7.25~7.24 (m, 1H), 6.65 (d, J=9 Hz,
1H), 6.26 (t, J=6.5 Hz, 1H), 5.40 (s, 2H); 3C NMR
(125.4 MHz, CDCls) d: 192.23, 162.76, 140.26, 138.36,
134.70, 134.07, 128.91, 128.18, 120.72, 106.31, 54.35.
1-Benzyl-4-methylpyridin-2(1H)-one (3ba):['** White
solid, m.p. 64.1~64.9 C (lit." 64.5~64.8 C); 'H
NMR (500 MHz, CDCl;) d: 7.34~7.31 (m, 2H), 7.29~
7.26 (m, 3H), 7.15 (d, J=7 Hz, 1H), 6.47 (s, 1H), 6.01 (dd,
J=6.9, 1.7 Hz, 1H), 5.11 (s, 2H), 2.17 (s, 3H); 3C NMR
(125.4 MHz, CDCl) d: 126.60, 151.29, 136.61, 136.15,
128.85, 128.08, 127.04, 119.39, 109.10, 51.54, 21.19.
1-Benzyl-5-methylpyridin-2(1H)-one (3ca):[’3 White
solid, m.p. 67.6~67.9 C (litl" 67.0~67.9 C); 'H
NMR (500 MHz, CDCl;) d: 7.35~7.16 (m, 5H), 7.18~
7.16 (m, 1H), 7.02 (s, 1H), 7.67 (d, J=9 Hz, 1H), 5.12 (s,
2H), 2.02 (s, 3H); 3C NMR (125.4 MHz, CDCls) &
161.94, 142.03, 136.71, 134.56, 128.82, 128.03, 127.88,
120.85, 115.16, 51.69, 17.10.
1-Benzyl-6-methylpyridin-2(1H)-one  (3da):®!  White
solid, m.p. 102.8~104.1 C (1it.'1 103.1~103.9 C); 'H
NMR (500 MHz, CDCL) ¢: 7.31~7.22 (m, 4H), 7.14 (d,
J=17.5 Hz, 2H), 6.54 (d, J=9 Hz, 1H), 6.02 (d, J=7 Hz,
1H), 5.35 (s, 2H), 2.25 (s, 3H); 13C NMR (125.4 MHz,
CDCl) o: 163.93, 146.61, 139.08, 136.45, 128.75, 127.28,
126.44, 117.80, 106.89, 47.11, 20.67.
1-Benzyl-3-fluoropyridin-2(1H)-one (3ea): Colorless
oil. '"H NMR (500 MHz, CDCl;) &: 7.36~7.27 (m, 5H),
7.11~7.05 (m, 2H), 6.09~6.05 (m, 1H), 5.18 (s, 2H); 1*C
NMR (125.4 MHz, CDCl3) &: 156.47 (d, Jer=25.5 Hz),
153.61, 151.63, 135.80, 132.36 (d, Jcr=5.0 Hz), 129.05,
128.27, 119.93 (d, Jcr=17.2 Hz), 103.90 (d, Jcr=5.9
Hz), 51.97; HRMS caled for C;;H;;FNO [M + H]"'
204.0819, found 204.0814.
1-Benzyl-5-fluoropyridin-2(1H)-one ~ (3fa):["1  White
solid, m.p. 64~65 C (lit.["! 64.5~64.8 C); 'H NMR
(500 MHz, CDCl3) &: 7.38~7.24 (m, 6H), 7.15 (t, J=8.5
Hz, 1H), 6.59 (dd, J;=10.0 Hz, J»=5.5 Hz, 1H), 5.09 (s,
2H); 13C NMR (125.4 MHz, CDCL3) &: 160.74, 147.30 (d,
Jer=231.6 Hz), 135.73, 131.31 (d, Jcr=23.8 Hz),
129.02, 12832, 12237 (d, Jer=36.6 Hz), 121.75 (d,
Jcr=7.0 Hz), 52.08.
1-Benzyl-5-chloropyridin-2(1H)-one (3ga):['33  White
solid, m.p. 89.3~90.2 C (lit!” 89.2~89.7 C); 'H
NMR (500 MHz, CDCl3) d: 7.35 (ddd, J=12.4, 7.5, 5.9
Hz, 2H), 7.32~7.25 (m, 4H), 6.61 (d, J=9.6 Hz, 1H),
5.10 (s, 2H); 3C NMR (125.4 MHz, CDCls) 6: 161.07,
140.45, 135.60, 134.66, 129.06, 128.39, 128.30, 121.94,
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112.68, 52.22.

1-Benzyl-5-bromopyridin-2(1H)-one  (3ha):!'3¥  White
solid, m.p. 90.0~91.3 C (lit.?Y m.p. 90.2~90.8 C);
'"H NMR (500 MHz, CDCL3) J: 7.38~7.26 (m, 7H), 6.53
(d, J=9.5 Hz, 1H), 5.1 (s, 2H); '3C NMR (125.4 MHz,
CDCl) o: 161.09, 142.43, 137.02, 135.70, 129.03, 128.34,
128.25, 122.40, 98.09, 52.11.

1-Benzyl-5-nitropyridin-2(1H)-one (3ia):['?l White solid,
mp. 100.8~102.4 C (lit!” 99.8~101.4 C); 'H NMR
(500 MHz, CDCl3) &: 8.60 (s, 1H), 8.08~8.05 (m, 1H),
7.40~7.36 (m, SH), 6.59 (d, /=9.5 Hz, 1H), 5.19 (s, 2H);
3C NMR (125.4 MHz, CDCl3) 6: 161.44, 139.01, 134.39,
133.10, 130.88, 129.32, 129.97, 128.55, 119.76, 53.22.

1-Benzylpyridin-4(1H)-one (3ka):*! Colorless oil. 'H
NMR (500 MHz, CDCl) o: 7.48 (d, J=7.5 Hz, 2H),
738~7.31 (m, 3H), 7.18 (d, J=6.3 Hz, 2H), 6.42 (d, J=
7.6 Hz, 2H), 5.02 (s, 2H); *C NMR (125.4 MHz, CDCls)
0: 178.39, 140.60, 134.70, 129.34, 128.99, 127.67, 118.47,
60.29.

1-Benzylquinolin-2(1H)-one (3la):?” Colorless oil. 'H
NMR (500 MHz, CDCLy) &: 7.73 (d, J=9.5 Hz, 1H), 7.55
(d, J=7.7 Hz, 1H), 7.41 (t, J=7.9 Hz, 1H), 7.30~7.16
(m, 7H), 6.80 (d, J=9.4 Hz, 1H), 5.55 (s, 2H); 1*C NMR
(125.4 MHz, CDCls) J: 162.48, 139.63, 136.37, 130.70,
128.83, 128.78, 127.25, 126.60, 122.17, 121.69, 121.96,
115.04, 45.93.

1-Benzylpyrimidin-2(1H)-one (3ma):’®¥ White solid,
m.p. 128.3~128.9 C (lit."¥ 128.1~128.5 C); 'H NMR
(500 MHz, CDCL): & 8.59 (s, 1H), 7.65 (d, J=6.0 Hz,
1H), 7.37 (q, J=7.8, 7.2 Hz, 5H), 6.33~6.25 (m, 1H),
5.12 (s, 2H); *C NMR (125.4 MHz, CDCl;) é: 165.81,
147.31, 134.68, 129.20, 128.74, 104.23, 53.97.

2-Benzylpyrazin-2(1H)-one (3na):[®! Yellow solid, m.p.
88.7~90.5 C (lit™ m.p. 89~90 C); 'H NMR (500
MHz, CDCl;) 6: 8.19 (s, 1H), 7.40~7.34 (m, 3H), 7.33~
7.30 (m, 2H), 7.28 (d, J=4.4 Hz, 1H), 7.06 (d, J=4.4 Hz,
1H), 5.08 (s, 2H); '3C NMR (125.4 MHz, CDClL) J:
156.16, 149.82, 134.64, 129.15, 128.66, 128.53, 127.95,
123.91, 51.65.

2-Benzylpyridazin-3(2H)-one  (30a):*¥1  White solid,
m.p. 35.3~36.5 C (lit.'"1 35~36 C); 'H NMR (500
MHz, CDCL;) &: 7.76 (s, 1H), 7.42 (d, J=7.4 Hz, 2H),
7.33 (t, J=7.2 Hz, 2H), 7.29 (d, J=7.1 Hz, 1H), 7.15 (dd,
J=9.4, 3.6 Hz, 1H), 6.94 (d, J=9.4 Hz, 1H), 5.33 (s, 2H);
3C NMR (125.4 MHz, CDCl3) ¢: 160.39, 136.23, 136.19,
131.14, 130.18, 128.69, 128.58, 127.91, 55.21.

1-Benzylquinoxalin-2(1H)-one (3pa): Yellow solid,
m.p. 121~123 C (1it.?! 120~122 “C); 'H NMR (500
MHz, CDCl3) &: 8.42 (s, 'H), 7.90 (d, J=7.8 Hz, 1H), 7.47
(t, J=7.6 Hz, 1H), 7.40~7.20 (m, 7H), 5.50 (s, 2H); 1*C
NMR (125.4 MHz, CDCl) J: 155.17, 150.30, 134.96,
133.66, 132.55, 131.07, 130.62, 129.00, 127.81, 126.83,
123.84, 114.66, 45.58.

Supporting Information Details of the mechanistic
studies and '"H NMR and '*C NMR spectra of the products.
The Supporting Information is available free of charge via
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