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Synthesis of 2-Pyridone Derivatives Bearing an Electron-withdrawing Group
on Nitrogen
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1-Protected 2 (1H) -pyridones are highly useful dienophiles because Diels-Alder reaction of

1-sulfonyl-2 (1H) -pyridones gave the synthetic intermediate such as quinoline and

isoquinoline derivatives. Acylation of 2(1H)-pyridone bearing a methoxycarbonyl group at

the 5 or 6-position with benzoyl chloride having a some functional group (such as bromo,

methoxy, nitro) gave l-benzoylated 2 (1H)-pyridone derivatives. Further, the sulfonylation

of 8-cyano- and 3-methoxycarbonyl-1(2H)-isoquinolones afforded 2-sulfonylisoquinolone

derivative.

Key words — 5-nitro-2 (1H) -pyridone, 1- (p-nitrobenzoyl) -2-pyridone, 5-methoxycarbonyl-

pyridone, 3-cyano-1 (2H) -isoquinolone
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2-¥) N, AL FREEL AbE
bOBEBRILEWTH Y, Diels-Alder DY
IryELTHwLBNRTWA, VXX, EEDL
EZOREBAMEICER L, 4-6 fLICE TS
HE2HEFT5H2-¥Y N % Diels-Alder KGO Y
L (A) ELTHw, #4DYI Lo Diels-
Alder U253, IMET bbb 4V F /)
v B), ¥/ R TF A Y UHEEEKD
ML EREE R LEE L7z (Chart 1), 210
INSOMNIMEIE, TIVATA FOAKH R
ELTHHRTHAD, 8RR T LOBHREST
V¥ VE (Me, Ph) THEHEICHE, HIRKE
R ENORBICRAEND L. ERETIIKE
(EBI) PHEETHE, 2-EY Fr (7 M)
X, BWELREEEMWK Q¥ Y-, =)
— VR NEBITLAEREI RS 2D, Y
I EMREST B DT, ERATRE R REEDSL
BThbH., £IT, EELIEF, XRyEVALT
VR ERLSMICT AT VELET S 2-

Yy rFy (BE) O8FRETFRIIEAL, Yk
@ Diels-Alder JULT, FIRMWIZF /) ¥ FER
(F) AR L7228 L72 (Chart 1). 2%
LH»L, NXRUVFIYALVT 2 )V2-¥) K ik
e T T, 8FET L2 OBERT LICN
VEVANT F ZVENEM L, YT oML
R LBERES 5. 22C, vz Ho
s & SR OIREFEOBER B S T A & HEH)
AL 43 F (-CONCO-) B HryiC,
FEF LT I NVEDOBA LG L7z (Chart1).
) FYFERO—D2THL 141 VF /00D
3, ANOZERKEEH T T LT 5 Diels-
Alder B2 5 1E, kT abb 7o v A
VY VBB ERT S ETFHI SN FHIE,
4-= F2-AFN-1-AVF v (C) 28T
Ik L7 Diels-Alder RIe %L 7 ) &
)Y rFEEA (D) RO ERE L
(Chart 1). 'V 40, Diels-Alder KO 7 8
Ve LTHERMFETRER -7 v2-¥ Y §
VBIO2ANT F 2 -1-4 VF /0 v EEL
DEREMRT LZOTHRET .
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Chart 1
FRE 1- 72 200H)-EY K BEFODERK MALEEERC, WRETH53% TH o7
LI, 3, 5, 6 MICBEFRS IEETH S (Table 1, entry 2). 72, 7OEEREZEFET LN
IAFNVEE=budErFT L 1-7 2 0-2-E AN R (4, 5) 107 IALIE

) N OEBEERBRE L7z (Chart 2). EER
W, NaH #3582 e LTHWSE- X MEF T ALK
ZW-2-¥) K (1) @ THF B@EiRIic~N> 1
V1) K (2) #—=20CTNZ, ZEiE (rt) 12
bEL 5 BEBEET2E, BMET S 1RV
AN-2-¥ F¥ (6) DA TI% DINETES
n, 2-EU V=17 ik (87) 13RS
o7z (Table 1, 6 & 6D EI
ROEHICEREL. 2-¥ Y F ik, RyMTR
AT bﬂwlﬁblf,]6600n1‘G&NC:OGg
LAWMPERTH, 2- ¥ —iE, ZoR
WERE LW RS, 6% 2-¥) F, 61
-V Y=g LT,

B GHEOX N FVELET LR UL
Va1 R (8) &107 VIVkiE, 7 oAk

entry 1).

3 LIGEHT7, 8 DIERIL45% & 10% I
L7z (Table 1, entries 3,4). 6 L2 A 57 L3
T 52-¥) Fr (10) &, VHEEEIHRA
N2, p-=haxyAvrzaY F (A1)
EAL—RAIZRIBL, 1-T¥W-2-¥Y F¥ (12
8%@emW5>%i&Lﬁ.5:FU%EUF
¥ (13) & 11 OEAITIE, 14 (69%, entry 6)
DHERIC 12 B F'EJkEWi JGIEHE DS LETH -
7. ZhE, = PuEOBVWETHRIIMEICL S
bOEEZLNDG., 2D ATNVEEET S
2-¥Y F¥ (15) 2 L 11 oA, BRT
127 VLA ELTE T 40 CTRIBAET L, 1-
TV-2-¥1) K (16, 27%, entry 7) %25
L7z, 2MOBEBTHRIMEEICLIVERRETFOE
FEEMETL, 7YV ET LIS o7
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CEESNAS, ZD16 1L, BYZVEH2 7
AL, 3, 4O _EHEAL YTy (148)
PRMT2&A4VF 20 v, 5, 60O EHA
Evry (1%%) PMImeseF® /) riFg
RO T A, SHIT, TNSORMRIC 1 H

BOVIUVPNIMTAE T2 F VA IV VIH
BEANLERH LB L THA.

iR 2-ZIRZIL-12H) -V ¥/ O FEE
DER
SPACEFWpIMEFREE LT, TATALRYT

MeOOCm

MeOOC._X COCl 2:6: X=H
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2 AN
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H NO,
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NO,
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cocl ﬁft[
MeOOC,_~_COOMe NSO
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H NO, ©
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15 11 Yo,

Chart 2
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Table 1. Acylation of 2 (1H) -pyridones bearing the electron-withdrawing group in THF

Entry Pyridone RCOCI Base Temp. (C) Time (h) Product Yield
1 1 2 NaH —20 — 1t 2 6 71
2 1 3 NaH —20 — 1t 5 7 53
3 1 4 NaH —20 =1t 5 8 45
4 1 5 NaH —20 —> 1t 5 9 10
5 10 11 NaH ~15 =1t 5 12 83
6 13 11 NaH —30 — 1t 12 14 69
7 15 11 NaH —30 — 40 5 16 27

COOMe COOMe COOMG
} m-CPBA l Ac,0 x
~-N ——— P> N\l —_— l NH
CHoCl, O 160°8h
,3d o
17 , 18:73% 19:85%
SO,ClI
S R NaH, THF B R
N - N\SO
1)-78°1h 2~
0 Ve ) o} E:l
2, 2h Me
19, 20 21 22 : 94%
23 :33%
19:22: R=COOMe
20:23: R=CN
Chart 3

JHEEEFETLLI-AVF ) 0 DANT + Z )AL
ZiRET L7z (Chart 3). 3{/ICT AT VEE LD
1-Avx /2y (19) &, AvX/90> (17)
XY 7 anER &R (m-CPBA) T N-F %
VR (18, EMUIK) kL, MKEEEEE OhnELC
EVE®RLE. 14 V%10 (19) @ THF %
W%, NaHAFAE P —78 CIZHHI L 2455 p- kv
IYANVT =)z a) N (21) #Nz, 1B
BT 2. FRICHEL, 2BEULE, 1-
AVF 0y (22) % 94% OYERTHE/2. 3-v
T/ 1-AvE o0y (200 b, 19 L FES&HET
-4 V¥ /ay (23) % 33% DIEKTE.

Dk, iAo THDL 1-7T v IV-2-¥)

N4 (6-9, 12, 14, 16) & 2FFED 2-Z )L
KZnw-1-AvF/say (22, 23) #1587,

X B O B

AR, Yanaco fEAAIIE R HV, ¥
NRTHEMIETH S, IR A2 bV, Perkin
Elmer FT-IR 1725X, MS A~X%7 hVid, JEOL
JMS-DX303/JMA-DA 5000, NMR A~X2Z bJLid,
JEOL JNM-GSX 400 (*H-NMR, 400 MHz; 13C-
NMR, 100 MHz), JEOL JNM-EX 270 (‘H-NMR,
270 MHz; *C-NMR, 67.8 MHz) Tl L7-. 1t
27 M, tetramethylsilane (MesSi) % PES
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i LT, MesSiHHD ppm TRL7Z. 79
vy aBnTAsuvT NI 74 —iE, FEMEL
T Merck Kieselgel 60 (230-400 mesh) % Fv27z.

172 2(1H)-EY K DEK

—ERYRMEE a) “HT7 I AT NKIL T,
NaH (0.216 g, 9mmol) Z#Y &b, wHT, b
methoxycarbonyl-2 (1H) -pyridone (1, 0.918 g, 6
mmol) ® THF ##® (20 ml) %%, benzoyl
chloride (2, 1.265 g, 9 mmol) @ THF &l
(50ml) % —20TC T T L, rt T5RMERT
5. JUSHEZARKHRIZIR AL, 10% NaOH TH
M, chloroform THIM L, % EAK
NazSOs TR 5. WEZRERELELNZ
MAERWE 79y vahhogsrax b r774
— (hexane : acetone = 1 : 1) THEERHL, 1-
benzoyl-5-methoxycarbonyl-2 (1/7) -pyridone (6,
1.09 g, 71%) ¥ %. b) 6-Methoxycarbonyl-
2(1H) -pyridone (10), 5-nitro-2(1H)-pyridone
(13), 3,5-dimethoxycarbonyl-2 (1H)-pyridone
(15) OeiE, Table 1 IR T FRMETITV, L
FLEEARICIERIEL, 7, 8, 9, 12, 14, 16 %15
7z, YU, Table 1 1278 L7z,
1-benzoyl-5>-methoxycarbonyl-2-(1H) -pyridone (6)

it gk & (acetone), mp 85-87°C. IR (KBr)
em- 1 1737, 1724, 1661, 1597, 769, 702. TH-NMR
(CDCls) ¢:3.97 (8H, s, OMe), 7.32 (1H,dd, J
= 0.6, 8.4 Hz, 3-H), 7.45-755 (2H, m, J = 9.1
Hz, 3, 5-H), 7.60-7.69 (1H,m, 4 H), 8.18-8.25
(2H, m, 2’, 6-H), 8.44 (1H, dd, J = 2.3, 8.4 Hz,
4-H), 9.08 (1H, dd, J = 0.6, 2.3 Hz, 6-H). BC-
NMR (CDCls) ¢&:52.52, 116.16, 124.62, 128.52,
128.57, 130.34, 134.04, 150.46, 160.91, 164.07,
164.80. LMS m/z: 2567 (M™*), 229, 106, 77.
HRMS m/z: Caled for C14H11NO4, 257.0688.
Found: 257.0687.
1-(4-methoxybenzoyl) -5-methoxycarbonyl-2 (1H)-
pyridone (7)

fmta fyK & (acetone), mp 92-94°C. IR (KBr)
em~l: 1737, 1664, 1597, 702. 'H-NMR (CDCLs)
5:3.90 (3H,s, OMe), 3.97 (3H, s, OMe), 6.98
(1H, d, J = 9.1 Hz, 3-H), 7.31 (1H, dd, J = 0.6,

8.4 Hz, 3-H), 8.17 (1H, d, J = 9.1 Hz, 2"-H),
8.42 (1H, dd, J = 2.3, 8.4 Hz, 4-H), 9.65 (1H,
dd, J = 0.6, 2.3 Hz, 6-H). “C-NMR (CDCl) &'
52.52, 55.59, 113.93, 116.23, 120.76, 124.44,
132.59, 140.61, 150.46, 161.11, 163.77, 164.23,
164.90. LMS m/z: 287 (M*), 259, 149, 77.
HRMS m/z: Caled for Ci1sH1sNOs, 287.0794.
Found: 287.0817.

1- (4-bromobenzoyl)-5-methoxycarbonyl-2- (1H)-
pyridone (8)

RS (acetone), mp 167C. IR (KBr)
em™L: 1747, 1661, 1600, 752. 'H-NMR (CDCls)
§:3.98 (3H,s, OMe), 7.31 (1H,dd,J=0.9,8.6
Hz, 3-H), 7.67 (1H, d, J = 6.8 Hz, 3-H), 8.08
(1H, d, J = 6.8 Hz, 2-H), 8.46 (1H, dd, J = 2.5,
8.6 Hz, 4-H), 9.07 (1H,dd,J = 0.9, 2.5 Hz, 6-H).
3C-NMR (CDCls) ¢: 52.50, 116.04, 124.76,
127.31, 129.42, 131.67, 131.93, 140.00, 150.29,
160.50, 163.29, 164.12. LMS m/z: 336 (M*+2),
334 (M"'), 256, 185, 183, 76. HRMS m/z: Calcd
for C1aH10NO4Br, 334.9793. Found: 334.9813.
1-(2-bromobenzoyl)-5-methoxycarbonyl-2- (1H)-
pyridone (9)

ek e: (acetone), mp 73C. IR (KBr)
cm~L 1739, 1663, 1605, 732. 'H-NMR (CDCls)
8:3.98 (3H,s, OMe), 7.35 (1H,dd,J=0.7,8.4
Hz, 3-H), 7.40-7.47 (2H, m, 4, 5-H), 7.73-7.79
(1H, m, 3-H), 8.10-8.16 (1H, m, 6’-H), 8.45
(1H, dd, J = 2.5, 8.4 Hz, 4-H), 9.08 (1H,dd,J =
0.7, 2.5 Hz, 6-H). 3C-NMR (CDCl3) ¢: 52.47,
115.99, 122.69, 124.75, 127.19, 129.74, 132.17,
133.56, 134.68, 140.68, 150.40, 160.39, 162.90,
164.64. LMS m/z: 336 (M*+2), 334 (M%),
256, 185, 183, 76. HRMS m/z: Calcd for
C14H10NOBr, 334.9793. Found: 334.9794.

1- (4-nitrobenzoyl)-6-methoxycarbonyl-2- (1 H)-
pyridone (12)

HREEBEIRSE (Etz0), mp 140C. IR (KBr)
em ! 1750, 1655, 1590, 1532, 854. 'H-NMR
(CDCls) ¢:4.02 (3H,s,NMe), 7.45 (1H, dd,J
= 0.8, 8.1 Hz, 3-H), 8.06 (1H, dd, J = 7.6, 7.6
Hz, 4-H), 8.18 (1H, dd, J = 0.8, 7.6 Hz, 5-H),
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8.35-8.44 (4H, m, 2’, 3°, 5’, 6’-H). 3C-NMR
(CDCls) ¢:53.17,120.63, 123.72 (C2), 124.09,
131.60 (C2), 134.07, 140.76, 147.25, 151.12,
157.13, 162.80, 164.55. LMS m/z: 302 (M),
274, 150. HRMS m/z: Calcd for C14H1o0N20s,
302.0539. Found: 302.0519.

1- (4-nitrobenzoyl) -5-nitro-2- (1 H) -pyridone (14)
FEBARIRE (benzene), mp 148°C. IR (KBr)
cm~h 1760, 1747, 1663, 1609, 1343, 758, 725. 'H-
NMR (CDCls) ¢:7.48 (1H, d,J = 8.7 Hz, 3-H),
8.40-8.43 (4H, m, 2, 3, 5, 6-H), 8.68 (1H, dd,
J=03,8.7Hz 4H), 933 (1H,d,J = 0.3 Hz, 6-
H). 3C-NMR (CDCls) &:116.70, 123.94
(C2) , 131.69 (C2), 133.44, 135.26, 143.08,
145.17, 151.38, 160.99, 162.05. LMS m/z: 289
(M*), 261, 151, 92. HRMS m/z: Caled for
C12H7N30s, 289.0335. Found: 289.0335.

1- (4-nitrobenzoyl) -3,5-dimethoxycarbonyl-2- (1 H)-
pyridone (16)

kS (Et20), mp 113TC. IR (KBr)
cm~!: 1747, 1662, 1609, 1326, 758. 'H-NMR
(CDCls) ¢:3.85 (3H, s, OMe), 4.02 (3H, s,
OMe), 8.39 (2H, d, J = 6.4 Hz, 2", 6-H), 8.41
(2H,d,J = 6.4 Hz, 3-H), 9.05 (1H, d,J = 2.3 Hz,
4-H), 9.22 (1H, d, J = 2.3 Hz, 6-H). 3C-NMR
(CDCls) ¢:52.92, 52.97, 118.61, 123.86, 125.84,
131.62, 134.14, 143.24, 151.16, 153.69, 159.19,
162.75, 164.01. LMS m/z: 360 (M*), 332, 150.
HRMS m/z: Calcd for CisH12N20s, 360.0594.
Found: 360.0600.

3-Methoxycarbonyl-1(2H)-isoquinolone (19) @
=y

3-Methoxycarbonylisoquinoline (17, 3.74 g, 20
mmol) % CH:Clz (30 ml) IZVA2 L m-CPBA
(4.14 g, 24 mmol) %Mz, rt THEHET 2. 24
5% m-CPBA (4.14 g, 24 mmol) #i1z, &
5122 IR 5. BUSEIZ CHCl (100 ml)
ZMAFHRL KeCOs 2 MRS 5. BB Z
B L, A% NaHCOs Tk L,
CHCls /& % #E:K MgSOs TR, VA% WIEE
V4. BREBWME 79y vahFhrav b

757 14— (acetone) THEERERL, 3-
methoxycarbonylisoquinoline-2-oxide (18, 1.48
g, 73%) 1FA. 12517218 (2.03 g, 10 mmol)
 MEKEERR (10 ml) " 160°C, 8 WeMIMELIRIT
L7:tk, WEZWER LT L. BEWE 77 v
Sahsarua<w NS5 4 —
B, 19 (1.73g,85%) %1%
18: MEtmgHiRe, (ether), mp 102-105C. IR
(KBr) cm™%: 1733, 1608. 'H-NMR (CDCls) &'
4.00 (3H, s, OMe), 7.658-7.71 (3H, m, H-
aromatic), 7.81-7.83 (1H, m, H-aromatic), 8.03
(1H, s, H-1), 8.79 (1H, s, H-4). 3*C-NMR
(CDCls) ¢:53.31, 124.61, 125.59, 127.36,
127.70, 129.33, 130.05, 130,75, 137.27, 139.03,
162.19. LMS m/z: 203 (M*), 143. HRMS m/z:
Calcd for C11HoNOs, 203.0582. Found: 203.0586.
19: EAEIKE (ether), mp 154-157C. IR
(KBr) em™!: 1728, 1668, 1604, 770. 'H-NMR
(CDCls) 6:4.00 (3H, s, OMe), 7.38 (1H, s, H-
4), 7.61-7.75 (3H, m, H-aromatic), 8.46 (1H,
dd, J = 0.7, 8.0 Hz, H-8), 9.23 (1H, brs, NH).
BC-NMR (CDCls) ¢:53.16, 111.30, 126.68,
127.92, 128.14, 128.31, 129.39, 133.03, 135.94,
161.9, 162.20. LMS m/z: 203 (M*), 143. HRMS
m/z: Caled for Ci1HsNOs, 203.0582. Found:
203.0546.

(acetone) TH>

27 IIN1CH)-M Y%/ 0 (22, 23) OAR

—MEAVRIEE a) ZHT7 I XTI NRI T,
NaH (0.054 g, 2.25 mmol) %#FF0 & 0, HHT,
3-methoxycarbonyl-1(2H)-isoquinolone (19,
0.31g, 1.5 mmol) ® THF & (5ml) %Mz 5.
Z DFEEWIZ p-toluenesulfonyl chloride (21,
0.43 g, 2.25 mmol) ® THF #EW (5 ml) % —
T8CTHT L 1ML, 2512t T2HEH
HWHET L. BB ZRAKTICHEAL, 10%
NaOH TH 1%, chloroform Tt L, Hitik
%K MgSOs TR T 5. B2 mER £ LE
LNHERME 7Ty vahhTasa< hg
5 7 4 — (hexane : acetone = 2 : 1) T4 HEkE 5.
L, I-p-toluenesulfonyl-3-methoxycarbonyl-1
(2H)-isoquinolone (22, 0.503 g, 94%) %15 %,
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b) 3-cyano-1(2H)-isoquinolone (20) ®FiniZ,
FREEMBRICRIGEIEL, 3-cyano-1-p-
toluenesulfonyl-1 (2H) -isoquinolone (23, 0.160 g,
33%) x155.

22; MEEHUIRE, (acetone), mp 1417C. IR (KBr)
em~!: 1718, 1665, 1596, 864, 772. 'H-NMR
(CDCls) 6:2.47 (3H, s, CMe), 4.02 (3H, s,
OMe), 7.40 (2H, d, J = 8.4 Hz, H-3', 5"), 7.75-
7.83 (2H, m, H-aromatic), 7.94-7.98 (1H, m, H-
aromatic), 8.28 (2H, d, J = 8.4 Hz, H-2, 6),
8.33-8.36 (1H, dd, J = 1.7, 8.8 Hz, H-aromatic),
8.43 (1H, s, H-4). BC-NMR (CDCls) ¢: 21.77,
52.62, 121.95, 123.23, 124.23, 128.06, 129.30
(C2), 130.14 (C2), 130.46, 132.07, 133.93,
138.30, 138.36, 145.44, 154.35, 165.14. LMS m/z:
357 (M*), 293, 203. HRMS m/z: Calced for
C18H15NOsS, 357.0671. Found: 357.0680.

23: kEEM KM (ether), mp 153-155C. IR
(KBr) em ! 2232, 1622, 1578, 877. 'H-NMR
(CDCls) 6:2.48 (3H,s,CMe), 7.42 (2H,d,J =
8.4 Hz, H-3",5), 7.81-7.92 (3H, m, H-aromatic),
812 (2H,d,J = 8.4 Hz, H-2',6"), 8.33-8.36 (1H,
dd, J = 1.7, 8.8 Hz, H-aromatic), 8.35 (1H, s, H-
4). BC-NMR (CDCls) ¢:21.77, 116.62, 121.62,
122.74, 124.29, 126.72, 127.02, 129.34 (C2),
129.46 (C2), 131.10, 132.71, 133.36, 137.42,
145.74, 154.84. LMS m/z: 324 (M*), 260, 91.
HRMS m/z: Calcd for Ci7H12N20sS, 324.0569.
Found: 324.0591.
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