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Pvridinones: Oxidation-Michael Addition of
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Abstract: 2-Alkyl-3-hydroxy-4(1H)-pyridinones can be oxidized by silver(I) oxide in alcoholic solution to
give 2-alkoxy-2-alkyl-1,2dihydro-pyridine-3,4-diones, which can subsequently undergo a Michael addition

with nucleophiles to give 6-substituted-2-alkyl-3-hydroxy-4(1H)-pyridinones. © 1999 Elsevier Science Ltd. All rights
reserved.
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3-Hydroxy-4(1H)-pyridinone derivatives are of medicinal interest as potential antitumor
agents and bidentate chelators." Driscoll et al.” have suggested a mechanism of antitumor
activity for ortho-hydroxy-pyridinones similar to that in the catechol- ortho-qumone series,
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We have found that pure 2-ethyl-3-hydroxy-4(1H)-pyridinone does not affect on lactate
dehydrogenase (LDH) activity, but their oxidation products show high inhibitory effects on
LDH. The evidence indicates the covalent interaction of inhibitors and essential functional
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undergoes a Michael addition with a nucleophilic functional group, such as amino or thiol in

the reactive domain of LDH, resulting in inactivation of the enzyme. We refer to this inhibitory
mechanism as oxidation-Michael addition.
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Oxidation of 2-alkyl-3-hydroxy-4(1H)-pyridinones

2-Alkyl-3-hydroxy-4(1H)-pyridinones 1 can be oxidized by the mild, one-electron
oxidizing agent silver(I) oxide in an alcohol solution. It is interesting that the alcohol is
involved in the reaction, and the resulting oxidation products are the 2-ethoxy-2-ethyl-1,2-
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la:R,= H, R, = CH, 2a: R, = H, R, = CH,, R, = C,H,
1b: R, = H, R,= C,H, 2b: R, = H, R, = C,H,, R,=CH,
lc: R,= CH,, R,= CH, 2¢: R, = H, R, = C,H,, R, = C,H;

2d: R, =H, R,= C,H;-, R;=n-C;H,
2e: R, = CH,, R, = CH,, R,= CH,
Scheme 1
A possible reaction mechanism is shown in Scheme 2.
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Because the solvent alcohol is involved in the reaction, so the ox1dat10n product structures
depend on the alcohol used. Methanol, ethanol and n-propanol can be used as the reaction
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Scheme 3
The yields of products are significantly affected by the solvents used. 2-ethoxy-2-ethyl-

1,2-dihydro-pyridine-3,4-dione reacts with 2-mercaptoethanol or thiophenol in CH2C12 to give
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an almost quantitative yield of Michael addition product, but in aqueous solution large amounts

1
of oxido-reductive products are formed.
Dione reactions with anilines
Compound 2¢ undergoes Michael addition with anilines to give 6-substituted products

(Scheme 4).
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Oxidation-Michael addition of 3-hydroxy-4(1H)-pyridinone

Most of the oxidation products 2 of 2-alkyl-3-hydroxy-4(1H)-pyridinones can be isolated
and identified. The 2-alkoxy-2-alkyl-1,2-dihydro-pyridine-3,4-diones 2 are reactive species,
that give Michael addition products with nucleophiles. It is convenient to synthesize the 6-
substituted-2-alkyl-3-hydroxy--4(1 H)-pyridinones 4 in a one-pot procedure from the
pyridinones 1.

The mechanism of reaction between 2-alkoxy-2-aikyl-1,2-dihydro-pyridine-3,4-diones and

nucleophiles is shown in Scheme 5.
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The Michael addition intermediates are nstable and aromatise to structures 3.

Competition between Michael addition and oxido-reduction
Michael addition is a nucleophilic addition. An aprotic solvent enhances the nuclevp__ilicity

of a nucleophile.® 2-alkoxy-2-alkyl-1,2-dihydro-pyridine-3,4- dlones react with thiols in aprotic
solvent, such as CH,Cl,, resuiting in high yields of Michael addition products. The major
reaction between 2-alkoxy-2-alkyl-1,2-dihydro-pyridine-3,4-diones and thiols in aqueous
solution is oxido-reduction, rather than a Michael addition.
2-alkoxy-2-alkyl-1,2-dihydro-pyridine-3,4-diones are stable in aprotic solvents. In aqueous
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solution, they undergo hydration to yield covalent hydrates. This phenomenon is somewhat
. i 1 a1 Lo o ) N Ll el i Linnin s ibmiend L, TTUS
similar to nmnyarm hyarate formation. The process oI nydaration nas oeen o litorea oy uv

spectroscopy. 2-Ethoxy-2-ethyl-1,2-dihydro-pyridine-3,4-dione 2¢, UV (H,0): A, (log €): 377
(4.06) nm; 2-ethoxy-2-ethyl-2,3-dihydro-3,3-dihydroxypyridin-4(1H)-one, UV (H,0): A,,, (log

e): 307 (3 Qﬁ) nm (Scheme ﬁ)_
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The pyridinedione hydrates are good oxidising regents, but inactive in the Michael additions,
possibly because of loss of the o-quinone structural feature.
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General. 'H NMR spectra were recorded in DMSO-d, solution on a Bruker AMX 400 MHz
nmr spectrometer or a Jeol XF-90Q (90MHz) nmr spectrometer. The chemical shifts (8) are
expressed in ppm relative to tetramethylsilane (TMS) and coupling constant (J) in Hertz. Mass
spectra were obtamed on a VG ZAB-HS mass spectrometer IR spectra were taken on a Nicolet
ing points were determined with a
“Thomas Hoover” melting (capiilary method) apparatus and are uncorrected. Elemental
analyses were carried out in the Central Laboratory of Zhongshan University.
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The 2-alkyl-3-hydroxy-4(1H)-pyridinones (1) were synthesized following the procedure

outlined in Ref.”®. Silver oxide was prepared on celite accor ording to the mmhvd escribed i
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Ref.’. Unless otherwise stated, materials were obtained from commercial suppliers and without
any further purification.

2-Ethoxy-2-methyl-1,2-dihydro-pyridine-3,4-dione (2a) Compound 1a (6.25 g, 50
mmol) and Ag,0O (60 mmol) were stirred in ethanol (400 ml) at 45 °C for 2 hr. The solid phase
xrma varmnvad ke Flivatian and tha ol ng roxtarv_nvannratad Tha Amida neadsist sxao
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recrystallized from ether/hexane to give 7.1 g (42 mmol, 84%) of 2a as bright yellow crystals,
mp.97-98 °C. Anal. Calcd. for CgH,;NO;: C, 56.80; H, 6.51; N, 8.28. Found: C, 56.61; H, 6.55;
N, 8.36. FAB MS: m/z 170 (M+H"). IR (KBr): 3452, 3156, 1728, 1630 cm™. '"H NMR (DMSO-
d,, 90 MHz): & 8.85 (1H, d, J= 6.4 Hz, NH) ,7.62 (1H, dd, J= 7.4, 6.4 Hz, C6-H), 5.16 (1H, d,
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J=17.4 Hz, C5-H), 3.47 (2H, m, OCH,), 1.33 (3H, s, CH,), 1.03 (3H, t, /= 7.2 Hz, CH,) ppm.

2-Ethyl-2-methoxy-1,2-dihydro-pyridine-3,4-dione (2b). Compound 1b (695 g, 50

mmol) and Ag,O (60 mmol) were stirred in methanol (400 ml) at 20 °C for 2 hr. The crude
mendiint wag ranvuatallizad Aam athar/h ana tn ‘I l" 7 q o fAAmmn] ROOA\ ‘F Q I’\"‘l (T"I
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yellow crystals, mp.102-103 °C. Anal. Calcd. for C;H;;NO;: C, 56.80; H, 6.51; N,
C, 56.72; H, 6.57; N, 8.37. FAB MS: m/z 170 (M+H"). IR (KBr): 3423, 3163, 1721, 1630 cm"

'H NMR (DMSO-d,, 90 MHz): 6 9.16 (1H, d, /= 6.4 Hz, N-H), 7.76 (1H, dd, /=74, 6.4 Hz,
C6-H), 5.24 (1H, C5-H), 3.12 (3H, s, OCH,),1.54-1.94 (2H, m, CH,), 0.76 (3H, t, J = 7.2 Hz,

CH;) ppm.

}

Synthesis of the compounds 2¢, 2d, and 2e. The compound 2¢, 2d, and 2e were
synthesized in the same manner as that of compound 2a.
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2-Ethyl-2-ethoxy-1,2-dihydro-pyridine-3,4-dione (2¢). Bright yellow crystals, mp.103-
104 °0e viiald Q204 Anal Calsd far C I NOY - 50 N 71N N 7 A8 TEAnnd- M 8’7
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H, 7.23; N, 7.60. FAB MS: m/z 184 (M+H"). IR (KBr): 3450, 3142, 1721, 1630 cm™. 'H NMR
(DMSO-dg, 400 MHz): 8 9.20 (1H, d, J = 6.4 Hz, NH), 7.75 (1H, dd, J = 7.4, 6.4 Hz, C6-H),
5.23 (1H, d, J = 7.4 Hz, C5-H), 3.44 (1H, m, C2-OCH,), 3.21 (1H, m, C2-OCH,), 1.86 (1H, m,
C2-CH,), 1.68 (1H, m, C2-CH,), 1.07 (3H, q, J = 7.0 Hz, CH,), 0.75 (3H, t, J = 7.4 Hz, CH,)

2-Ethyl-2-n-propoxy-1,2-dihydro-pyridine-3,4-dione (2d). Bright yellow crystals

mp.125-126 °C; y eld 91%. Anal. Calcd. for C,,H;sNO;: C, 60.91; H, 7.61; N, 7.11. Found: C,
60.63; H, 7.68; N, 7.15. FAB MS: m/z 198 (M+H"). IR (KBr): 3444, 3142, 1721,1630 cm .
'H NMR (DMSO-d6, 90 MHz): 6 9.12 (1H, d, J= 6.4 Hz, N-H ); 7.74 (1H, dd, J = 7.4, 6.4 Hz,
C6-H); 5.23 (1H, d, J = 7.4 Hz, C5-H); 3.02-3.44 (2H, m, OCH,); 1.22-2.01 (4H, m, 2CH,);
0.71-0.93 (6H, m, 2CH,
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1,2-Dimethyl-2-methoxy-1,2-dihydro-pyridine-3,4-diones (2e). Bright yellow crystals,

mp.81-82 °C; yield 83%. Anal. Caled. for CgH; NO;: C, 56.80; H, 6.51; N, 8.28. Found: C,
56.68; H, 6.59; N, 8.24. FAB MS: m/z 170 (M+H". IR (KBr): 3177, 1700, 1630 cm .
"HNMR (DMSO-d,, 90 MHz): § 7.76 (1H, d, J= 7.4 Hz, C6-H); 5.32 (1H, d, J= 7.4 Hz, C5-H);

3.29 (3H, s, OCH,); 3.12 (3H, s, N-CH,); 1.39 (3H, s, CH,) ppm.

7-E¢hyl-3-hydrgyy -6- (2'-bydrgxygtb l_h_g) 4(1 mwnvrldmnng (3a). A mixture of 2e
( 1.83 g, 10 mmol) and 2-mercaptoethanol (0.94 g, 12 mmol) were stirred in CH,Cl, (150 ml)
for 8 hr. The reaction solution was rotary-evaporated. The crude product was recrystallized
from acetone/ethanol to give 1.76 g (82 mmol, 82 %) of 3a as colorless crystals, mp.204-205

°C. Anal. Calcd. for CgH;;NO,S: C, 50.23; H, 6.05; N, 6.51; S, 14.9. Found: C, 50.14; H,

609 I\]‘ 648 S 1A K8 AR MQ: m/> 714 (NMATIH YD (KR '2’)Aﬂ 1A 1595 172722 ~em— !
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"H NMR (DMSO-d,, 400 MHz): § 6.39 (1H, s, C5-H), 3.56 (2H, t, J = 7.0 Hz, OCH,), 3.38 (1H,
br, C-OH), 3.10 (2H, t, J = 7.0 Hz, S-CH,), 2.58 (2H, q, J= 7.2 Hz, CH,), 1.13 3H, t, J = 7.2

Hz, CH,) ppm.

2-Ethyl-3-hydroxy-6-(phenylthio)-4(1H)-pyridinone (3b). A mixture of 2¢ ( 1.83 g, 10
mmol) and thiophenol (1.32 g, 12 mmol) were stirred in acetone (100 ml) for 24 hr at 25 °C .
than

Tl a WH4imay mraninit

1€ xc::uuiué precipitate was ¢o T
afford 2.21 g (8.9mmol, 89 %) of 3b as colorless crystais, mp.216-217
C,:H;NO,S: C, 63.16; H, 5.26; N, 5.66; S, 12.96. Found: C, 63.02; H, 5.43; N, 5.52; S, 12.90.

FAB MS: m/z 248 (M+H"). IR (KBr): 3184, 1630, 1581, 1518, 1222 cm™'. 'H NMR (DMSO-

400 MHz): § 7.34-7.42 (SH. m PH.HD 624 (1H <. C5-1. 2.56 (2H. a. J=7.2 Hz. CH.)
u6, 400 virizj. DA AL \JLL, D, DHISEL), ULL5S (1L, Oy WJdTih )y L JdU (L1l 4, ok Liduy Nodly ),
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1.09 (3H, t, J= 7.2 Hz, CH,) ppm

6-Anilino-2-ethyl-3-hydroxy-4(1H)-pyridinone (4a). Pyridinedione 2¢ (1.83 g, 10 mmol)

and aniline (1.40 g, 15 mmol) were stirred in acetone (100 ml) for 8 hr at 25 °C . The reaction
enhitinn wace ratarveovannrated Tha crmids nradnict wog rarvuctallivad Gam anatamalathnnal ¢a
SULMUIVEL WAad ivial ySuvvapuiaivld. 1LV VIUUC PIUUULVL vWadd 10U ydlalllovu 11Ul aLV Wi/ Culalivl W

Y

o) of Z¢ as coloriess crystais, mp 210°C (decomp.). Anal. Calcd. for
C;:H,N,O,: C, 67.83; H, 6.09; N, 12.17. Found: C, 67.52; H, 6.13; N, 12.08. FAB MS: m/z
231 (M+H"). IR (KBr): 3416, 3410, 3121, 1644, 1623, 1595, 1222 cm™'. '"H NMR (DMSO-d,,

QN NI\ S Q NN 11 e N_IT K"IC"I’IQ (1Y 4+ Dl AND MY -~ MK 17 f
JV ivilld),. UOUU \111, Ul, 1‘{“11} S IT1.J0 VL, 11, fll““ll} V.Ul (111, ), LJ'HJ, .].A \£11, LI, IN-

O-H exchangeable), 2.61 (2H, q, J= 7.2 Hz, CH,), 1.17 (3H, t, /= 7.2 Hz, CH;) ppm.
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2-Ethyl-3-hydroxy-6-(p-methylanilino)-4(1H)-pyridinone (4b). Compound 4b was
prepared from 2¢ and p-toluidine by the method described for 4a in a yield of 66 % as colorless

Arratala e NDNON /rlanr\mv\ \ al Malad fAr I T M M £AQ QL. IT £ KA. \T 11 AQ
|97 _y::l.cu:», ly e o \ IOV ULLL l at. o 1\«\1' J.Ul \/14l1161‘2\}2 wy VO.0J, 11, U.JU, 1INy, 11.70.
43 H, 6.61; N, 11.42. FAB MS: m/z 245 (M+H"). IR (KBr): 3289, 1637, 1609,

N,
NMR (DMSO-d,, 400 MHz): 6 8.13 (2H, br, N-H, O-H exchangeable),
-H exchangeable), 6.00 (1H, s, C-H), 2.56 (2 H, q, /= 7.6 Hz, CH,),

o (( ORIY 114 (R t =7 HAH7 ( Y nnm
11, D’ \\_/6-ll4} AW § .13}’ e e 4 \J ll., Kv, (v I +\J X lb, AP § l3! yylll-
6-(p-Bromoanilino)- 2-eth.V!-3-l_wc_1m__V-4( l_H\—nvr!dm_o__e (4c). Compound 4de¢ was
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8.98; Br, 25.86. FAB MS: m/z 310,312 (M*) IR(KBr) 3 0, 3240, 1665 1616 1588 1222
5

33 cm~!. '"H NMR (DMSO-d,, 90 MHz): § 8.52 (2H, br, N-H, O-H exchangeable), 7.21-
J =172 Hz. CH,)

TN (81T e ADW LY N.H avechangeahla 411 (1 e OCS_.HY 262 (PH A
1.7V \OI@l, 1, U1~k IN“11 CAaldalipLlauliv), V.l (111, Oy WJTEiL), &L.UL \&dly Yy v Lidiy i)y
1.13 (3H, t,J=7.2 Hz, CH,) ppm
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