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SYNTHESIS OF 4-HYDROXY- AND 4-ALKOXYQUINOLINEQUINONES
USING OXIDATIVE DEMETHYLATION WITH CERTUM(IV) AMMONIUM
NITRATE

Yoshiyasu Kitahara, Takanobu Yonezawa, and Akinori Kubo*
Meiji College of Pharmacy, I-35-23 Nozawa, Setagaya-ku, Tokyo 154, Japan

Abstract —— 4-Hydroxy-5,8-quinolinediones (11), 4-hydroxy-3,6-quinoline-
dione (12), 4-alkoxy-5,8-quinolinediones (14, 15), 4-alkoxy-3,6-quinolinediones
(16a, 17a), and 4-alkoxy-7,8-quinolinediones (16b, 17b) were synthesized by
oxidative demethylation of the corresponding 4(1H)-quinolinones (6) and 4-
alkoxyquinolines (9, 10) with cerium (IV) ammonium nitrate.

Streptonigrin (STN), a highly substituted 5,8-quinolinedione, is one of the most potent inhibitors of avian
myeloblastosis virus reverse transcriptase (AMV-RT), and the 7-amino-6-methoxy-5,8-quinolinedione moiety in
STN is the minimum entity to show the inhibition of AMV-RT.! We observed that 6-methoxy-5,8-quinoline-
diones (2) and 8-methoxy-5,6-quinolinediones (3}, prepared by the oxidative demethylation of 5,6,8-trimethoxy-
quinolines (1) with cerium (IV) ammonium nitrate (CAN),2 were as potent as inhibitors of AMV-RT as STN,
and much less toxic.®> We also prepared various 2(1H)-quinolinonequinones, quinolinequinones and
isoguinolinequinones, and examined the inhibitory activities.3% 4 Now we report the synthesis of 4-hydroxy-

and 4-alkoxyquinolinequinones by the oxidative demethylation of 4(1H)-quinolinones and 4-alkoxyquinolines

with CAN.
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TabLe [ Analytical and Spectral Data for Quinolinequinones (11, 12, 14-17)

1921

Yield® Appearance mp Formula Analysis or Hrms#) Ms Ir (KBr) 1H-Nmr (270 MHz)
(%) (Recrystn.solv.) (°C) Calcd {Found) miz (%)  ve=p(cm!) 8 (CDCl3, J = Hz)
C H N
1la 39 Yellowpowder 164-166 C11HgNO, 219.0531 219 (M*, 87y 1672 2.16 (3H, s, C;-CHj)
(CHCl3-hexane) (219.0524) 204 (100) 1630 4.14 (3H, 5, OCH3)
176 (28) 7.08 (1H, d, J=59, C3-H)
8.65 (1H,d, F =59, Cz-H)
11b 46 Yellow powder 196-198 CpoHsNOs 5854 344 683 205 (M* 1000 1698 3.97 (3H, s, OCHs)
[211 (CHCIl3) (58.79 3.69 6.70) 176 (14) 1632 6.17 (1H, 5, Cs-H)
119 (30) 714 (1H, d, J =56, C3-H)
871 (1H,d, J = 5.6, C-H)
12.24 (1H, s, OH)
12 17 Yellowneedles 185 Cy1HgNO, 60.28 4.14 639 219(M*+ 34) 1668 2.08 (3H, s, C+-CHa)
{CHCl3-hexane) {(59.95 4.19 6.44) 190 (70) 1628 4.20 (3H, s, OCH,)
176 (48) 6.94 (1H. d, J= 59, Cs-H)
162 (100) 8.58 (1H, d, J = 5.9, Cz-H)
134 (50) 11,74 (1H, s, OH)
14a 39 Yellowneedles 192-196 C;5Hy;NOg- 61.33 480 596 233 (Mt 100) 1666 2.11 (3H, s, C;-CHjy)
(ether-CH,Cly) (dec.) V/IO0HO  (61.30 4.80 5.80) 218(67) 1632 4.07 (3H, s, C4-OCH3)
190 (33) 4.12 (3H, 5, Cg-OCHz)
711 (1H,d, /=56, C3-H)
8.80 (1H. d, J = 5.6, Co-H)
14b 36 Yellowneedles 250-255 C ;HglNOy 60.28 4.14 639 219(M* 100) 1698 3.91 (3H, s, C-OCH3)
[28] (CH:Cly-ether) (dec.) (59.94 4.18 6.23) 190(i6) 1652 4.07 (3H, s, C4-OCH3)
6.14 (1H, s, Cs-H)
7.17 (I1H, d, J= 5.6, C3-H)
£.82 (IH,d, J=56,Cs-H)
152 33 Yellowneedles 157-159 C;3H;3NO,  63.15 530 567 247(MY 7T 1668 1.58 (3H, t, J=6.9, CHCHy)
{CH,Cly) (62.85 5.33 5.68) 229 (30) 1630 2.10 (3H, s, C;-CHj3)
218 (100) 4.12 (3H, s, OCH3)
204 (57) 429 (2H, q, J = 6.9, CH:CH3)
188 (39) 708 (1H,d, F=59,CsH)
8.75(1H.d, /=59, C-H)
15b 58 Yellowneedles 260-265 Ci;HpNOg 6180 475 601 233(M+ 100) 1694 1.59 (3H, t, J = 6.9, CH,CH3)
[46] (CH;Cly-ether) (dec.) (61.43 475 594) 218(%0) 1656 3.90 (3H, s, OCH3)
190 (27 1642 4.29 (2H, q, J = 6.9, CH:CH3)
188 (34) 6.10 {1H, s, Cs-H)
160 29) 713 (1H.d, 7 =59, Cy-H)
159 (38) 8.78 (1H, d, J = 5.9, C>-H)
16a 43 Orange needles 116-118 Ci2H;yNOy4 6180 475 6.01 233 (M*, 3) 1690 2.07 (3H, s, C7-CH3j)
(CHCl3) (6144 483 594) 205(70) 1660 4.04 (3H, s, C4-OCHa)
204 (70) 1650 4.12 (3H, 5, Cs-OCH3)
190 (36) 6.96 (1H,d, J =59, C3-H)
188 (23) 8.68 (1H,d, J =59, C;-H)
176 (100)
16b 2 Orangeneedles 225-230 € HgNO, 219.0531 221 (M+2,9) 1716 3.99 (3H, s, OCHz)
(CH,Cl;-ether) (dec.) (219.0537) 219 (M*, 4) 1636 4.00 (3H, s, OCH3)
191 (100) 599 (IH, 5, Cs-H)
190 (31} 7.11 (1H, 4, J= 5.9, Cs-H)
133 (44) 870 (1H, d, J=5.9,Cy-H)
17a 46 Yellowpowder 185-187 C3H;sNO, 63.15 530 567 247 (M, 6) 1692 154 (3H, t, J =69, CH,CH3)
(CH,Clp) (6292 530 5.62) 219(73) 1650 2.06 (3H, s, C;-CHz)
204 (54) 4.12 (3H, s, OCHz)
191 {100} 427 (2H, q. F=6.9, CHCH»)
190 (98) 6.93 (1H, d, J = 5.9, Cs-H)
175 (67) 8.64 (1H.d, J =59, C;-H)
162 (66)
176 2 Orangeneedles 217-220 CyoH; NGy 233.0688 235 (M*+2, 20) 1716 1.53 (3H. t, 7 = 6.9, CH;CH?3)
{CH,Cl,-ether) (dec.) (233.0684) 233 (M+, 2) 1646 3.99 (3H, s, OCH;)
205 (100) 4.21 (2H, g, J = 6.9, CH,CHz)
192 (19) 598 (1H, s, Cs-H)
132 (24) 7.07 (1H,d, J =59, C+-H)
119 (30} 8.66 (1H, d, J =59, C;-H)

a) Yields from 5,8-dicthoxyquinolines {(6¢, 9¢, 10c) are given in blackets. b) High-resotution ms.
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Treatment of the quinolinones (6a, b) with sodium hydride followed by methyl (or ethyl) iodide in N.N-
dimethylformamide gave the corresponding N-alkyl-4(1H}-quinolinones (7a, b, 8a, b) and 4-alkoxyquinolines
{9a, b, 10a, b). Oxidative demethylation of 6a with CAN in acetonitrile—water containing pyridine-2,6-
dicarboxylic acid N-oxide” at 0—5°C afforded p-quinone (11a, 39%) and ¢-quinone (12, 17%). In contrast, 6b
was oxidized with CAN to furnish exclusively p-quinone (11b) in 46% yield. We confirmed that these quinones
are 4-hydroxyquinolinequinones (11a, b, 12), but not 4(1H)-quinolinonequinones (11a’, b', 12*), by H-nmr
(J2,3.4 = 5-6 Hz) and 13C-nmr (8c_4 = 166-167 ppm). 4-Alkoxyquinolines (9a, b, 10a, b) were smoothly
oxidized with CAN to furnish the comresponding p-quinones (14a, b, 15a, b, 33—58% yields) and o-quinones
(16a, b, 17a, b, 2-46% yields), whereas attempted oxidative demethylation of N-alkyl-4(1H)-quinolinones
(7a, b, 8a, b) failed, giving complex mixtures. The o-quinone structures for 12, 16a, and 17a were confirmed
by way of the o-phenylenediamine condensation products, i.e. pyridophenazines (13, 18, 19). Analytical and
spectral data for the quinones (11, 12, 14-17) are given in Tables I and I1.

The p-quinone structure for 11b, 14b, and 15b was confirmed by the foltowing independent synthesis. 5,8-
Diethoxy-7-methoxy-4(1H)-quinolinone (6¢), 5,8-diethoxy-4,7-dimethoxyquinoline (9¢), and 4,5,8-triethoxy-
7-methoxyquinoline (10¢) were prepared from 4¢% by the same method used for the corresponding 5.8-
dimethoxyquinolines (6b, 9b, 10b). The 4{1H)-quinolinone (6¢c) and quinolines (9¢, 10¢) were oxidized with
CAN to furnish exclusively the corresponding 5,8-quinolinediones, which were identical to the quinones (11b,

14b, 15b) from 6b, 9b, and 10b, respectively.

TapLe II. 13C-Nmr Chemical Shift Data for Quinohnequinones (11, 14-17) in CDCl,,
C; Cs Cs Caa Cs Cs Cq Cg Cse C7-CH; OCH; C4OCH; OCHy CH,CH;

11a® 154.68 11693 167.01 113.87 186.56 156.60 133.82 183.22 14868 9.62 6140

11b2 155.07 117.55 166.56 11409 190.71 108.64 161.22 177.70 147.73 57.02

14ab) 15493 111.07 165.68 11743 17996 15822 129.72 i84.11 14981 9.15 61.22 56.85

14b 154.82 111.579) 16555 11795 183.66 111.30° 158.74 17849 149.16 56469 56.84%)

1529 154.80 11134 16483 11745 179.71 158.07 129.67 184.26 150.10 9.18 61.15 63.61 14.30
15b? 154.09 11238 16482 117.59 183.50 111.03 158.44 178.29 14864 56.21 65.61 13.80
16a 15497 10882 16661 11565 177.55 180.97 12724 164.58 153.67 9.15 6180 56.68

1729 154,65 10936 16591 11569 177.52 181.13 127.10 164.56 15362 9.I11 6176 65.52 14.23

a) Assignments were aided by direct and long-range C-H correlations. b) In CDCl3-CDy0D. c, d) Assignments may be interchanged.
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EXPERIMENTAL

All melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. H- and
13C-nmr spectra were measured at 270 and 67.5 MHz, respectively, in CDCl3 (unless otherwise noted) with
tetramethylsilane as an internal standard. All reactions were run with magnetic stirring. Anhydrous sodium
sulfate was used for drying organic solvent extracts, and the solvent was removed with a rotary evaporator and
finally under high vacuum. Column chromatography (flash chromatography) was performed with silica gel 60
(230400 mesh).

5-[Phenylaminomethylidene]-2,2-dimethyl-1,3-dioxane-4,6-diones (Sa—c¢) A solution of 2,2-dimethyl-1,3-
dioxane-4,6-dione (2.88 g, 20 mmol) in methyl orthoformate (20 ml) was refluxed for 2 h, and aniline (4a—c¢)
(20 mmol) was added. The mixture was refluxed for another 4 h, and evaporated. The residue was
chromatographed (eluting with ethyl acetate-hexane 3:7-2:1) to afford Sa—c.

5a: Yield 89%. mp 119-121°C (ethyl acetate). Ms m/z (%). 351 (M, 18), 293 (9), 219 (16), 218 (100).
Anal. Calcd for C17H4NO7: C, 58.11; H, 6.02; N, 3.99. Found: C, 57.96; H, 5.99; N, 3.96. Ir (KBr): 1720,
1670, 1632, 1598, 1456, 1420, 1284, 1272, 1236, 1218, 1090 cm-!, !H-Nmr &: 1.76 (6H, s, C(CH3);), 2.25
(3H, s, Ar-CHs), 3.80, 3.81, 3.89 (each 3H, s, 30CH3), 6.70 (14, s, Ar-H), 8.61 (1H, d, J = 14.8 Hz,
CH=C), 11.70 (1H, d, J = 14.8 Hz, NH).

5b: Yield 66%. mp 166—168°C (ethyl acetate). Ms m/z (%); 337 (M, 25), 279 (9), 205 (15), 204 (100). Anal.
Calcd for C16H19NO7: C, 56.97; H, 5.68; N, 4.15. Found: C, 57.09; H, 5.64; N, 4.13. Ir (KBr): 1718, 1678,
1628, 1596, 1504, 1462, 1440, 1422, 1274, 1218, 1208 cm-1. 'H-Nmr &: 1.76 (6H, s, C(CHs),), 3.82, 3.87,
3.90 (each 3H, s, 30CH3), 6.36, 6.42 (each 1H, d, J = 2.6 Hz, 2Ar-H), 8.63 (1H, d, J = 14.5 Hz, CH=C),
11.69 (1H, 4, J = 14.5 Hz, NH).

5c: Yield 87%. mp 128-130°C (CH;Cly-hexane). Ms m/z (%): 365 (M+, 21), 218 (100). Anal. Calcd for
C1sH23NO7: C, 59.17; H, 6.35; N, 3.83. Found: C, 59.13; H, 6.29; N, 3.81. Ir (KBr): 1728, 1684, 1632,
1598, 1504, 1452, 1432, 1396, 1272, 1202, 1160 cm'l. !H-Nmr 8: 1.43, 1.45 (each 3H, t, J = 6.9 Hz,
2CH2CH3), 1.75 (6H, s, C(CH3)7), 3.85 (3H, s, OCHj3), 4.02, 4.09 (each 2H, t, J = 6.9 Hz, 2CH,CH3),
6.36, 6.42 (each 1H, d, J = 2.3 Hz, 2Ar-H), 8.61 (1H, d, J = 14.5 Hz, CH=C), 11.73 (1H, d, J = 14.8 Hz,
NH).

5,6,8-Trimethoxy-7-methyl-4(1H)-quinolinone (6a) A mixture of Sa {351 mg, 1 mmol) and diphenyl ether
(5 ml) was refluxed for 30 min. The reaction mixture was cooled, and chromatographed. Elution with ethyl
acetate was discarded, and further elution with cthyl acetate—methanol (10:1) afforded 6a (180 mg, 72%).

mp 157-158°C (CH,Cly—ether). Ms m/z (%): 249 (M*, 31), 234 (100). Anal. Calcd for Ci13HsNOy: C,
62.64; H, 6.07; N, 5.62,. Found: C, 62.44; H, 6.08; N, 5.48. Ir (KBr): 3164, 3116, 1614, 1582, 1570, 1518,
1372, 1130, 1096, 1074, 808 cm). 'H-Nmr &: 2.35 (3H, s, C;-CH3), 3.89, 3.92, 3.96 (each 3H, s, 30CH3),
6.30 (1H, d, J = 7.0 Hz, C3-H), 7.75 (1H, d, J = 7.0 Hz, C;-H).

5,7,8-Trimethoxy- and 5,8-Diethoxy-7-methoxy-4(1H)-quinolinones {6b, ¢} A mixture of 5b, ¢ (1 mmol)
and diphenyl ether (20 ml) was refluxed for 20 min, The reaction mixture was cooled, and diluted with hexane
(40 m]). The precipitated crystals were collected by filtration and chromatographed (eluting with CH2Cly~
methanol (100:1-20:1) or ethyl acetate ~methanol (10:1))} to afford 6b, c.

6b: Yield 56%. mp 220-223°C (CHzCly). Ms m/z (%): 235 (M, 42), 220 (100), 206 (14). Anal. Calcd for
C12H3NO4-1/10 H,0: C, 60.80; H, 5.61; N, 5.91. Found: C, 60.71; H, 5.50; N, 5.89. Ir (KBr): 3252,
1616, 1576, 1528, 1452, 1430, 1360, 1242, 1212, 1122, 1110, 1078, 790 cm-!. 'H-Nmr &: 3.89, 3.93, 3.99
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(each 3H, s, 30CHs3), 6.17 (1H, d, J = 7.3 Hz, C3-H), 6.36 (1H, s, Cs-H}, 7.57 (1H, d, J = 7.3 Hz, C2-H).
13C-Nmr &: 56.12 (OCHj3), 56.41 (OCHs3), 61.13 (OCHjs), 91.45 (Cg), 111.50, 111.77 {C3), 129.04, 136.46
(C3), 136.93, 153.19, 157.00, 178.42 (C4).

6c: Yield 65%. mp 212-214°C (CH,Cly-hexane). Ms m/z (%): 263 (M+, 33), 248 (100), 234 (42), 220 (29),
206 (60). Anal. Calcd for C14H17NOy: C, 63.87; H, 6.51; N, 5.32. Found: C, 63.61; H, 647, N, 5.25. Ir
(KBr): 3132, 3092, 1620, 1564, 1530, 1458, 1372, 1356, 1238, 1216, 1120, 1074, 1024, 832 cm-l. 'H-Nmr
8: 1.40, 1.54 (each 3H, t, J = 6.9 Hz, 2CH,;CHj3), 3.95 (3H, s, OCHj3), 4.15, 4.16 (each 2H, q, /= 6.9 Hz,
2CH,CHjy), 6.12 (1H, d, J = 7.3 Hz, C3-H), 6.40 (1H, s, Cs-H), 7.55 (1H, d, J = 7.3 Hz, Cz-H).

Alkylation of 4(1H)-Quinolinones (6a—-c) Sodium hydride (288 mg, 12 mmol) was added to a solution of
6a—c (4 mmol) in N,N-dimethylformamide (60 ml) with stirring. The whole was left for 60 min, and methyl
iodide (or ethyl iodide) (12 mmol) was added dropwise. The mixture was left for 60 min, quenched with water
(100 ml), and extracted with CH2Cl; (3 x 100 ml). The extract was washed with water, dried, and evaporated.
The residue was chromatographed. Elution with ethyl acetate-methanol (100:1) (or CHyCla—methanol 97:3)
afforded the less polar 4-alkoxyquinoline (9a—c, 10a-—c¢), and further elution with ethyl acetate-methanol
(100:3) (or CH2Cl;—methanol 47:3) afforded the more polar N-alkylquinolinone (7a—-c¢, 8a-c¢).

7a: Yield 62%. mp 119-121°C (ethyl acetate). Ms m/z (%): 263 (M, 33), 248 (100). Anal. Calcd for
C1aH7NO4: C, 63.87; H, 6.51; N, 5.32. Found: C, 63.72; H, 6.49; N, 5.28. Ir (KBr): 1620, 1572, 1492,
1448, 1398, 1360, 1166, 1106, 1080, 1010, 832 cm-!, 'H-Nmr §:; 2.34 (3H, s, C3-CH3), 3.66, 3.89, 3.92,
3.93 (each 3H, s, 4CH3), 6.08 (1H, d, J = 7.6 Hz, C3-H), 7.25 (1H, 4, J = 7.6 Hz, C;-H). 13C-Nmr &: 10.24
(C7-CHa), 45.17 (NCH3), 60.95 (OGCHs), 61.51 (OCH3), 61.67 (OCHj3), 110.92 (C3), 121.87, 131.16,
133.69, 144.20, 144.80 (Cy), 148.14, 148.66, 177.72 (C).

7b: Yield 51%. mp 66-68°C (CH;Cly-ether). Ms m/z (%) 249 (M+, 75), 234 (100), 204 (24), 190 (23).
Anal. Calcd for C13HsNOy: C, 62.64; H, 6.07; N, 5.62, Found: C, 62.36; H, 6.07; N, 5.54. Ir (KBr): 1636,
1596, 1580, 1450, 1422, 1390, 1364, 1320, 1208, 1198, 1176, 1162, 1078, 1020, 1012, 824 cm'l. 'H-Nmr
8: 3.75, 3.94, 3.96, 3.99 (each 3H, s, NCH3, 30CH3), 6.07 (1H, d, J = 7.9 Hz, C5-H), 6.47 (1H, s, Cs-H),
7.17 (1H, d, J = 7.9 Hz, Co-H). 13C-Nmr §; 45.68 (NCH3), 56.14 (OCH3), 56.66 (OCH3), 61.83 (OCHa,),
92,49 (Cg), 111.62 (C3), 113.37, 131.43, 133.18, 144.81 (Cy), 155.70, 157.81, 178.27 (Ca).

Te: Yield 73%. mp 147-150°C (ethyl acetate). Ms m/z (%): 277 (M*, 69), 248 (100), 220 (96), 205 (53),
204 (52). High-resolution ms Caled for CjsHi1gNOy4: 277.1314. Found: 277.1308. Ir (KBr): 1630, 1588,
1426, 1386, 1350, 1322, 1176, 1112, 1078, 1030 cm-l, 'H-Nmr (CDCl3-CD30D) &: 1.39, 1.52 (each 3H, t,
J = 6.9 Hz, 2CH,CH3), 3.97, 4.00 (each 3H, s, NCH3, OCHj3), 3.92, 4.14 (each 2H, q, J = 6.9 Hz,
2CH,CHjy), 6.08 (1H, d, J = 7.6 Hz, C3-H), 6.52 (1H, s, C-H), 7.29 (1H, d, J = 7.6 Hz, Co-H).

8a: Yield 18%. mp 69-73°C (ethyl acetate). Ms m/z (%): 277 (M*, 34), 262 (100). Anal. Calcd for
CsHigNO4-H:0: C, 61.00; H, 7.17; N, 4.74. Found: C, 60.80; H, 7.10; N, 4.65. Ir (KBr): 1620, 1570,
1478, 1448, 1398, 1380, 1262, 1160, 1108, 1082, 1018, 836 c¢m-!, !H-Nmr &: 1,23 (3H, t, J = 6.9 Hz,
CH,CHs3), 2.34 (3H, s, C3-CH3), 3.65, 3.90, 3.93 (each 3H, 5, 30CH3), 4.34 (2H, q, J = 6.9 Hz, CH;CHj3),
6.12 (1H, d, / = 7.9 Hz, C3-H), 7.29 (1H, 4, 7 = 7.9 Hz, Cz-H).

8b: Yield 51%. mp 44—46°C (ethyl acetate—ether). Ms m/z (%): 263 M, 74), 248 (100). Anal. Calcd for
C14H17NO4: C, 63.87; H, 6.51; N, 5.32. Found: C, 63.68; H, 6.47; N, 5.26. Ir (KBr): 1634, 1588, 1442,
1396, 1370, 1326, 1284, 1246, 1210, 1158, 1086, 1012, 824 cm-l. 'H-Nmr &: 1.32 (3H, t, / = 6.9 Hz,
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CH,CH3), 3.77, 3.96, 4.00 (each 3H, s, 30CH3), 4.32 (2H. q, J = 6.9 Hz, CH,CH3), 6.10 (1H, d, J = 7.9
Hz, C;-H), 6.48 (1H, s, Cs-H), 7.23 (1H, d, J = 7.9 Hz, C»-H).

8c: Yield 37%. mp 108-110°C (ethyl acetate). Ms m/z (%): 291 (M*, 64), 262 (100), 234 (31), 219 (50),
206 (50). Anal. Caled for C1gHa 1 NOy: C, 65.96; H, 7.27; N, 4.81. Found: C, 65.81; H, 7.29; N, 481. Ir
(KBr): 1642, 1590, 1432, 1394, 1374, 1322, 1282, 1248, 1176, 1164, 1110, 1086, 1028, 814 cm-l. 1H-Nmr
6: 1.27, 1.38, 1.54 (each 3H, t, J = 6.9 Hz, 3CH,CH?3), 3.95 (3H, s, OCH3), 3.93, 4.13, 4.36 (each 2H, q, J
= 6.9 Hz, 3CH,CH3), 6.06 (1H, d, J = 7.9 Hz, C3-1), 6.50 (1H, s, Cg-H), 7.20 (1H, d, J = 7.9 Hz, C-H).
9a: Yield 32%. oil. Ms m/z (%): 263 (M*, 51), 248 (100). High-resolution ms Caled for C14H7NOy4:
263.1157. Found: 263.1157. Ir (KBr): 1592, 1568, 1502, 1462, 1394, 1380, 1368, 1284, 1106, 1074, 1008,
986 cm-l. 1H-Nmr &: 2.40 (3H, s, C7;-CH3), 3.88, 3.96, 4.01, 4.05 (each 3H, s, 40CH3), 6.72 (1H, d, J =
5.3 Hz, Cs-H), 8.66 (1H, d, /7 = 5.3 Hz, C3-H). 13C-Nmr 8: 9.92 (C7-CHs), 55.87 (OCH3), 60.68 (OCH3),
61.44 (OCH3), 61.60 (OCH3), 100.65 (Cs), 115.60, 127.42, 141.94, 143,59, 149.31 (C,), 149.74, 150.46,
16291.

9b: Yield 8%. mp 130-132°C (ether-hexane). Ms m/z (%): 249 (M, 52), 234 (100). Anal. Calcd for
C13H1sNOy: C, 62.64; H, 6.07; N, 5.62. Found: C, 62.58; H, 6.04; N, 558, Ir (KBr): 1594, 1458, 1398,
1320, 1286, 1240, 1208, 1138, 1118, 1080, 1042, 1000, 814 c¢m-l, 1H-Nmr 3: 3.96 (3H, s, OCHz3), 4.01
(6H, s, 20CH3), 4.03 (3H, s, OCH3), 6.64 (1H, d, J = 5.3 Hz, C3-H), 6.67 (1H, s, Cg-H), 8.72 (1H, d, J =
5.3 Hz, Ca-H). 13C-Nmr 8: 55.87 (OCH3), 56.73 (20CH;), 61.49 (OCH3), 96.10 (Cg), 99.39 (C3), 108.82,
136.93, 146.09, 151.55 (Cy), 151.64, 153.37, 164.22.

9¢: Yieid 11%. mp 78-80°C (ethyl acetate). Ms m/z (%) 277 (M*, 25), 262 (100), 248 (29), 220 (46).
Anal. Caled for C1sH19NOy4: C, 64.97; H, 6.91; N, 5.05. Found: C, 65.06; H, 7.02; N, 5.04, Ir (KBr): 1592,
1580, 1468, 1410, 1380, 1314, 1280, 1242, 1134, 1072, 1048, 918, 816 ¢cm-l. 1H-Nmr &: 1.44, 1.52 (each
3H, t, J = 6.9 Hz, 2CH,CH3), 3.98, 3.99 (ecach 3H, s, 20CH;), 4.12, 4.24 (each 2H, q, J = 6.9 Hz,
2CH,CH3), 6.61 (1H, d, J = 5.3 Hz, C3-H), 6.70 (1H, s, C¢-H), 8.68 (1H, d, J = 5.3 Hz, C3-H).

10a: Yield 73%. mp 53-55°C (ethyl acetate). Ms m/z (%) 277 (M*, 95), 262 (98), 234 (100). Anal Calcd
for CysH1oNOy: C, 64.97; H, 6.91; N, 5.05. Found: C, 65.01; H, 6.96; N, 4.96. Ir (KBr): 1590, 1502, 1448,
1394, 1380, 1366, 1290, 1106, 1068, 1000, 966 cm-!. !H-Nmr &: 1.61 (3H, t, J = 6.9 Hz, CH,CH5), 2.40
(3H, 5, C7-CHs), 3.88, 3.95, 4.00 (each 3H, s, 30CH3), 4.24 (2H, q, J = 6.9 Hz, CH,CH3), 6.68 (1H, d, J
= 5.3 Hz, C3-H), 8.63 (1H, d, J = 5.3 Hz, C2-H).

10b: Yield 47%. mp 52-53°C (ether—hexane). Ms m/z (%): 263 (M*, 100), 248 (86), 234 (45), 220 (74).
Anal. Calcd for C14H7NOy4: C, 63.87; H, 6.51; N, 5.32. Found: C, 64.01; H, 6.49; N, 5.28. Ir (KBr): 1608,
1584, 1484, 1388, 1346, 1316, 1284, 1254, 1240, 1210, 1138, 1078, 1050, 1014, 918, 812 ¢cm-!. 'H-Nmr &:
1.56 (3H, t, J = 6.9 Hz, CH2CH3), 3.94, 401, 403 (each 3H, s, 30CH;3), 421 (2H, q, J = 6.9 Hz,
CH,CHa), 6.61 (1H, d, J = 5.3 Hz, C3-H), 6.67 (1H, s, Cs-H), 8.68 (1H, d, 7 = 5.3 Hz, C;-H).

10c: Yield 61%. mp 144-146°C (ethyl acetate). Ms m/z (%): 291 (M, 28), 276 (100), 262 (21), 206 (37).
Anal. Caled for CgHiNQ4: C, 65.96; H, 7.27; N, 4.81. Found: C, 65.88; H, 7.27; N, 4.80. Ir (KBr): 1606,
1580, 1474, 1384, 1318, 1290, 1240, 1206, 1142, 1122, 1110, 1076, 1052, 934, 812 cm-!. 'H-Nmr §:; 1.43,
1.53, 1.56 {each 3H, t, J = 6.9 Hz, 3CH,CH3), 3.99 (3H, s, OCH3), 4.11, 4.19, 4.23 (each 2H, q, 7 = 6.9
Hz, 3CH,CHj3), 6.58 (1H, d, F = 5.3 Hz, C5-H), 6.65 (1H, s, Cs-H), 8.65 (1H, d, J = 5.3 Hz, C,-H).
Oxidative Dealkylation of 4(1H)-Quinolinones (6a—c) and 4-Alkoxyquinolines (9a—c, I0a—c) A
solution of CAN (1370 mg, 2.5 mmol} in acetonitrile—water (1:1, 10 ml) was added dropwise to 4(1H)-
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quinolinone (6a—c¢ ) (0.5 mmol) dissolved in acetonitrile—water (7:3, 10 ml) {or 4-alkoxyquinoline (9a—c, 10a—
¢) {0.5 mmol) in acetonitrile (10 ml)] containing pyridine-2,6-dicarboxylic acid N-oxide (458 mg, 2.5 mmol) at
0--5°C. The mixture was kept at 0—5°C for 30 min, diluted with water (40 ml), and extracted with CHCl, (4 x
30 ml). The extract was washed with brine, dried and evaporated. The residue was chromatographed (eluting
with CH;Cly or CH;Cly-methano! (100:1-10:1)) to afford the corresponding p-quinone (11a, b, 14a, b, 15a,
b) and o-quinone (12, 16a, b, 17a, b).

Condensation of o-Quinones (12, 16a, 17a) with o-Phenylenediamine A mixture of g-quinone (12, 16a,
17a) (0.2 mmol) and o-phenylenediamine (22 mg, 0.2 mmol} in ethanot (6 ml) containing acetic acid (0.2 ml)
was refluxed for 10 min. The reaction mixture was cooled, diluted with water (30 ml), basified with saturated
aqueous NaHCO; solution, and extracted with CH;Clz (3 x 20 ml). The extract was washed with water, dried,
evaporated, and chromatographed (eluting with CH3Cl, or CH3Cly-methanol (24:1)) to afford the corresponding
pyridophenazine (13, 18, 19).

13: Yield 98%. mp 251-253°C (CHCl3-hexane). Ms m/z (%): 291 (M, 100), 276 (75), 262 (58). High-
resolution ms Caled for C17H13N305: 291.1008. Found: 291.1007. 1H-Nmr & 2.89 (3H, s, Cs-CH3), 4.21
(3H, s, OCH3), 7.19 (1H, d, J = 5.6 Hz, C;-H), 7.9-8.0 (2H, m, C4-H, C;o-H), 8.2-8.4 (2H, m, Cg-H, Cy;-
H), 8.87 (1H, d, J = 5.6 Hz, C3-H), 1499 (1H, s, OH).

18: Yield 70%. mp 188-189°C (CH2Cly-hexane). Ms m/z (%): 305 (M™, 100), 290 (59), 276 (39). High-
resolution ms Caled for CigH sN304: 305.1164. Found: 305.1172, 'H-Nmr &: 2.90 (3H, s, C4-CHs), 4.17
(3H, s, C5-OCH3), 4.28 (3H, s, C,-OCH3), 7.19 (1H, 4, J = 5.6 Hz, C;-H), 7.8-7.9 (2H, m, Cy-H, Co-H),
8.2-84 (2H, m, Cg-H, Cy1-H), 8.95 (1H, d, S = 5.6 Hz, Cs-H).

19; Yield 73%. mp 196-197°C (CH,Cly-hexane). Ms m/z (%): 319 (M, 100), 304 (32), 290 (44), 276 (47),
262 (27). High-resolution ms Calcd for CioH17N302: 319.1321, Found: 319.1317. 'H-Nmr &: 1.82 (3H,t, J =
6.9 Hz, CH-CH3), 2.89 (3H, s, C4-CH3s), 4.17 (3H, s, OCH3), 4.48 (2H, ¢, J = 6.9 Hz, CH,CH3), 7.16
(1H, d, J = 5.6 Hz, C>-H), 7.8-7.9 (2H, m, C¢-H, Cyp-H), 8.25-8.35 (2H, m, Cs-H. C;,-H), 892 (1H, d, J
= 5.6 Hz, C3-H).
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