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W- An efficient method is described for the preparation of 5,8-dimethoxy-2- 

oxo-IH-quinoline-6-carbaldehyde. Alternative strategies aimed at the synthesis of 4- 

methyl analogues are also studied. 

Heterocyclic quinones are increasingly important compounds due to their interesting and challenging chemisuy 

and their relevant biological properties, including antitumour activity.' Some natural products, such as 

streptonigrin, lavendamycit? and diazaquinomycin3 are particularly interesting in this respect, and intensive 

efforts are being devoted to their total synthesis and the preparation of analogues. Within the scope of our 

research on antitumour heterocyclic quinones bearing the 2,5,8-quinolinetrione m ~ i e t y . ~  we required 6-formyl 

derivatives (1) as key synthetic intermediates. 

The PI-eparation of compounds (1) was planned according to several strategies, which are summarized in Scheme 

1. Route a involves oxidation of 6-methyl-5.8-dimethoxycarbostyryl, prepared by cyclization of precursors 

obtained from 4-methyl-2.5-dimethoxyaniline (2). available in three quantitative steps from 2-methyl- 

hydroquinone.5 Similar results might be achieved starting with 4-amino-2.5-dimethoxybenzaldehyde (route b). 

Finally, direct formylation6 of 5,8-dimethoxycarbostyryls7 (route c)  must also be considered. 

According to strategy a ,  4-methyl-2.5-dimethoxyaniline (2) was acylated with 3,3-dimethoxypropionic acids to 

give the diacetal (3). One-pot deprotection and Knorr cyclization of 3 afforded the precursor (4), which was 

oxidized to the desired aldehyde (la) by benzylic bromination with N-bromosuccinimide followed by oxidation 

with N-methylmotpholine-N-oxide9 without isolation of the intermediate bromide (5). The overall yield for the 
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Scheme 1 

complete route from commercially available Zmethylhydmquinone to la was an excellent 75 % (Scheme 2). 

The above strategy failed when applied to the synthesis of 4-methyl derivatives such as l b .  Thus, 

acetoacetylation of amine (2) with 2,2,6-trimethyl-1,3-dioxin-4-one7a~10 gave amide (6), which was cyclized to 

quinolinone (7) under Knorr conditions. An attempt to oxidize 7 by the method described above failed, since the 

first step afforded compound (9) through bromination at the more reactive C4-Me group followed by allylic 

rearrangement under the purification conditions. 

Therefore, the alternative strategy b, which relies on the cyclization of a 4-formyl-2.5-dimethoxyanilide or its 

synthetic equivalent, was attempted (Scheme 3). We initiated the synthesis of potential starting materials by 

attempting to reduce 4-nitro-25-dimethoxybenzaldehyde (10)11 to the corresponding m i n e  (11). In contrast 

with the relative ease of the reduction of 2-nitro-3.6-dimethoxybenzaldehyde?b we found many difficulties in the 

isolation of 11, and our best conditions (stirring at 100 OC for 4 h with stannous chloride in 35 % aqueous 

hydrochloric acid) gave only 21 % yield. Furthermore, all atempts to treat compound (11) with acetoacetylating 

reagents like 2,2,6-trimethyl-1,3-dioxin-4-one or S-tert-butylacet~thioacetate~ were unsuccessful. Therefore, the 

decision was taken to protect the carbonyl group prior to reduction. Since dimethylene acetals have been recently 

used as protective groups for aromatic aldehydes during catalytic hydrogenation steps,13 we prepared compound 

(12) by treatment of 1 0  with ethylene glycol. However, hydrogenation of 1 2  over palladium on charcoal 

afforded a mixture, from which the only product that could be isolated was amine (Z), arising from 

hydrogenolysis of the protection. A literature search revealed the existence of an early precedent of the 

hydrogenolysis of cyclic acetals derived from aromatic carbonyl  compound^.^^ The change of the protective 

moup to a 1,3-dithiane derivative (compound (13)) allowed the preparation of amine (14) by reduction with 



HETEROCYCLES, Vol. 38, No. 12,1994 



2680 HETEROCYCLES, VOl. 38. NO. 12,1994 

stannous chloride in hydrochloric acid. Acetoacetylation with 2,2.6-himethyl-1,3-dioxin-4-one5 gave 15 but. 

unfortunately. all attempts to effect its thermal cyclization were unsuccessful. In acidic media (Knor~ synthesis), 

P20S. room temperature. 15 min 

Scheme 3 

hydrolysis of both the protective group and the side chain took place to yield the amine ( l l ) ,  even when moisture 

was excluded and the reaction was performed in the presence of a dehydrating agent (phosphorous pentoxide).'5 

The deactivation of the aromatic ring was confmed by the failure of the anempts to cyclize amide (16) through 

Vilsmeier-Hack reaction16 and amide (17) through intramolecular FriedelLCrafts alkylation." 
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Finally, the aldehyde (lb),  was obtained by direct formylation of 4-methyl-5.8-dimethoxycarbostyryl (18). 

available in excellent yield from 2,s-dimethoxyaniline, 'a (strategy c). This reaction was performed in 40 % yield 

by ueatment with hexamethyleneteuamine and mfluoroacetic acid (Scheme 4).6b 

Reagents and conditions: i. hexamethylenetemamine, 
CF3C02H, reflux. 12 h. 

Scheme 4 

EXPERIMENTAL 

Infrared spectra were recorded on Perkin-Elmer 577 and Buck Scientific 500 spectrophotometers, with all 

compounds compressed into KBr pellets. Nmr spech.a were obtained on Varian VXR-300 (300 MHz for 'H, 75 

MHz for '3C) and Bruker AC-250 (250 MHz for lH and 63 MHz for I3C) specuometers; CDCIj. DMSOd6 and 

pyridine-dg were used as solvents, and TMS was added as an internal standard. Elemental analyses were 

determined by the Servicio de Microandlisis, Universidad Complutense, on a Perkin-Elmer 2400 CHN 

microanalyzer. Catalytic hydrogenations were camed out on a Pan 3920 reactor. Melting points were measured 

in open capillary tubes using a Biichi inmersion apparatus, and are uncorrected. Reactions were monitored by 

thin layer chromatography. on aluminium plates coated with silica gel with fluorescent indicator (Scharlau Cf 

530). Separations by flash chromatography were performed on silica gel (SDS 60 ACC, 230-400 mesh and 

Scharlau Ge 048). All reagents were of commercial quality (Aldrich, Merck, SDS, Probus) and were used as 

received. Solvents were purified and dried using standard procedures. The expression "petroleum ether" refers to 

the fraction boiling at 40-60 'C. 

6~ (3). To a solution of amine (2)5 (1.82 g, 

10.86 mmol) and 3.3-dimethoxypropionic acidZo (1.46 g, 10.9 mmol) in dichloromethane (10 ml) at 0 OC was 

dropwise added a solution of dicyclohexylcarbodiimide (2.24 g, 10.86 mmol) in dichloromethane (10 ml). The 

reaction mixture was stirred at room temperature for 12 h and was then refluxed for 90 min. The solvent was 

evaporated and the residue was washed with petroleum ether (4 x 25 ml). The organic washings were evaporated 
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to yield 2.82 g (92 %) of 3. mp 51-52 OC (petroleum ether). II (KBr): 3320 (NH), 1660 (C=O), 1264 (Ar-OMe), 

1216 (C3-(OMe)2) cm-I. 'H-NITu ( 250 MHz, CDC13) 6: 8.61 (hr S, 1 H, NH); 8.07 (s, 1 H, Cg-H); 6.68 (s, 1 

H, Cy-H); 4.79 (t, lH, J = 5.3 Hz, C3-H) 3.83 and 3.81 (2 s, 6 H, 2 Ar-OMe); 3.44 (s, 6H, C3-(OMe)2); 2.73 

(d, 2 H, J = 5.3 Hz, C2-HI; 2.18 (s, 3 H, Ar-Me) ppm. 13C-Nmr (63 MHz, CDCI3): 166.84 (C1); 151.32 

(Cy); 141.38 (C2); 125.78 (CI'); 120.80 ('24'); 112.93 (Cy); 103.39 (Cg); 101.63 (Cj); 56.26 and 55.79 (2 

OMe); 53.79 (C3-(OMe)2); 42.07 (C2); 15.94 (Ar-Me) ppm. Anal. Calcd for C14H21N05: C. 59.36; H, 7.42; 

N, 4.95. Found: C, 59.22; H, 7.45; N, 5.03. 

6-Methvl-5.8-dimethoxv-2-(1Mauinolinone (4). Method A. A solution of amide (3) (690 mg, 2.44 mmol) in 

concentrated sulfuric acid (6 ml) was stirred at room temperature for 30 min and then poured on crushed ice (ca. 

50 g) and vigorously stirred until the precipitation of a white solid was complete. This was filtered, washed with 

water and recrystallized from ethanol. Yield, 0.52 g (98 %). mp 116-117 'C (ethanol). Ir (KBr): 3150 (NH); 

1648 (C=O); 1275 (OMe) cm-I. 'H-Nmr (250 MHz, CDCI3) 6: 9.42 (br s, IH, NH); 7.97 (d, IH, J = 9.7 Hz, 

C4-H); 6.76 (s, 1H. C7-H); 6.66 (d, IH, J = 9.7 Hz, C3-H); 3.92 and 3.79 (2 s, 6H, 2 OMe); 2.33 (s, 3H, C6- 

Me) ppm. I3C-Nmr (63 MHz, CDC13) 6: 161.68 (C2); 147.16 (C5); 141.42 (C*); 135.16 (C4); 127.30 (Csa); 

122.79 (Cj); 121.95 (C6); 114.13 (Cqa); 112.94 ('2,); 61.66 and 55.37 (2 OMe): 15.52 ('&-Me) ppm. Anal. 

Calcd for CI2Hl3NO3: C, 65.74; H, 5.98; N, 6.39. Found: C, 65.52; H, 6.02; N, 6.33. Method B. Amide (3) 

(322 mg, 1.14 mmol) was added in small ponions to 35 % hydrocloric acid (3 ml). The solution was stirred for 1 

h and extracted with ether (4 x 5 ml). The combined organic layers were washed with water (2 x 5 ml), dried 

over sodium sulphate and evaporated. The residue was crystallized from ethanol, yielding 242 mg (98 %) of 4. 

3.8-Dimethoxv-2-0x0-lH-auinoline-6-carbaldehvde (la). A solution of compound (4) (283 mg, 1.13 mmol), 

N-bromosuccinimide (462 mg, 2.6 mmol) and benzoyl peroxide (37 mg, 0.15 mmol) in carbon tetrachloride (30 

ml) was refluxed for 5 h, while magnetically stirred. The reaction was cooled to 0 OC and the precipitated 

succinimide was filtered and washed twice for 30 min with carbon tetrachloride at 50 OC. The combined organic 

layers were evaporated and the residue was washed with acetone, thus precipitating an additional amount of 

succinimide. This was filtered off, the acetone was evaporated and the residue was dissolved in chloroform (30 

ml) and washed with a cold 10 % aqueous solution of sodium carbonate (2 x 15 ml). The chloroform was dried 

(sodium sulphate) and evaporated, leaving 499 mg of a residue consisting of a mixture of 6-bromomethyl-5,8- 

dimethoxy-2-(1H)quinolinone and compound (la). This mixture was dissolved in acetonitrile (30 ml) and 

N-methylmorpholine-N-oxide (429 mg, 3.68 mmol) and powdered 4 A molecular sieves (25 mg) were added. 

The suspension was stirred at room temperature for 2 h and was filtered through a pad of silica gel. The solvent 
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was evaporated and the residue was crystallized from ethanol. Yield, 249 mg (83 %) of aldehyde (la). mp 242 

'C (ethanol). Ir (KBr): 3220-2800(NH), 1700 (CHO); 1685 (CZ=O), 1270 (OMe) cm-I. I H - ~ m r  (250 MHz, 

CDC13) 6: 10.37 (s, lH, CHO): 9.48 (br s, IH, NH): 8.05 (d, lH, J = 9.8 Hz, C4-H); 7.45 (s, lH, C7-H); 

6.75 (d, 1H. J = 9.8 Hz, C3-H); 4.03 and 4.02 (2 s, 6H, 2 OMe) ppm. 13c-~m (63 MHz, CDCl3) S: 187.73 

(CHO); 161.58 (C2); 155.97 ((3; 142.30 (C8); 134.59 (C4); 134.49 (CXa); 122.99 (C6); 122.15 (C3); 113.81 

(C4& 106.73 (C7); 66.16 and 56.27 (2 OMe) ppm. Anal. Calcd for CI2HllNO4: C, 61.79: H, 4.75; N, 6.01. 

Found: C, 61.53; H, 4.83; N, 5.88. 

N-(2'.5'-Dimethoxv-4-methvlnhenvl~acetoacetde (6). A stirred solution of m i n e  (2) (710 mg, 5.14 mmol) 

in xylene (1 ml) was placed in an open flask and heated in a bath at 130 OC. 2,2,6-Trimethyl-l,3-dioxin-4-one 

(730 mg, 5.14 mmol) was added dropwise. The reaction was maintained under the above conditions for 30 min 

and cooled to give a precipitate of 6, which was filtered and washed with peuoleum ether. The xylene layer was 

evaporated and the residue was crystallized from peuoleum ether, yielding an additional amount of 6. Yield, 1.20 

g (93 5%). mp 132-133 'C (petroleum ether). Ir (KBr): 3290 (NH); 1740, 1670 (C=O); 1230 (OMe) cm-1. 1H- 

N m  ( 250 MHz, CDC13) 6: 9.16 (s, 1 H, NH); 8.18 (s, 1 H, Cg-H); 6.78 (s, 1 H, C3,-H); 3.86 and 3.81 (2 s, 

6 H, 2 OMe); 3.59 (s, 2 H, C2-H); 2.33 (5, 3 H, C4-H): 2.19 (s, 3 H, Ar-Me) ppm. 13C-Nm (63 MHz, CDC13) 

6: 204.29 ((23); 163.11 (C1); 151.35 (Cs); 141.82 (C2); 125.42 (C1,); 121.52 (C4'); 113.15 (C3,): 103.72 (Cg); 

56.44 and 55.93 (2 OMe); 50.77 (C2); 31.01 (C4): 16.07 (Ar-Me) ppm. Anal. Calcd for Cl3HI7O4N: C. 62.14: 

H, 6.81; N, 5.58. Found: C, 61.70; H, 6.65; N, 5.44. 

4.6-Dimethvl-5.8-dimethoxv-2-(1HI-auinol(7). A solution of compound (6) (550 mg, 2.19 mmol) in 

98 % sulphunc acid (6 ml) was stirred at room temperature for 30 min and poured on crushed ice (50 g). The 

precipitate was filtered and washed with water, yielding 510 mg (100 %) of 7. An analytical sample was obtained 

by recrystallization from ethanol. mp 86 "C (ethanol). Ir (KBr): 3430 (NH); 1680 (C=O); 1280 ( 0  Me) cm-1. 'H- 

Nmr (250 MHz; CDC13) 6: 9.05 (s, IH, NH); 6.75 (s, lH, C3-H); 6.41 (s, lH, C7-H); 3.88 and 3.66 (s, 6H, 2 

OMe); 2.63 (s, 3H, C4-Me); 2.32 (s, 3H, C6-Me) ppm. I3C-Nmr (63 MHz; CDCI3) 6: 161.24 ('22); 149.45 

(C5); 149.08 (Cg); 141.70 (C4); 127.84 (Cga); 123.85 (C6); 122.93 (C3); 114.89 (C4a): 113.03 (C7); 61.59 and 

56.17 (2 OMe); 23.10 (C4-Me); 16.19 (C6-Me) ppm. Anal. Calcd for CI4Hl5O3N: C. 66.95; H, 6.48: N, 6.00. 

Found: C, 66.84: H, 6.24: N, 5.83 . 

Bromination of 1. A solution of compound (7) (74 me, 0.32 mmol), N-bmmosuccinimide (113 mg, 0.64 mmol) 

and benzoyl peroxide (5 mg, 0.022 mmol) in carbon tetrachloride (5 ml) was refluxed for 1 h. The precipitate 

obtained by cooling the reaction mixture at 0 'C was filtered off and washed with carbon tetrachloride (30 ml) at 
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50 'C for 30 min. The combined organic layers were dried over sodium sulphate and evaporated. The residue 

was dissolved in chloroform (25 ml), washed with water (2 x 2 ml), dried over sodium sulphate and evaporated. 

The residue19 was chromatographed on silica gel, eluting with 1:l ethyl acetate-petroleum ether, to yield 60 mg 

(60 %) of 3-bromo-4,6-dimethyl-5,8-dimethoxy-2-(1~-quinolinone (9). mp 190 "C (ethanol). 1H-Nmr (250 

MHz, CDC13) 6: 9.40 (br s, IH, NH); 6.82 (s, lH, C7-H); 3.94 and 3.68 (2 s, 6H, 2 OMe); 2.95 (s, 3H, Cq- 

Me); 2.37 (s, 3H. G- Me) ppm. 13C-Nmr (63 MHz; CDC13) 6: 157.03 (C2); 148.21 (Cg); 147.73 (Cs); 141.61 

(C4); 126.26 (C8& 124.80 ( C d ;  122.13 (Cg); 114.98 (C3); 113.06 (C7); 61.60 and 56.28 (2 OMe); 22.73 (Cq- 

Me); 16.42 (C6-Me) ppm. Anal. Calcd for CI2Hl2NO3Br: C. 48.32; H, 4.03; N, 4.70. Found: C, 48.41; H, 

4.00; N, 4.65. 

4-Amino-2.5-dimethoxvbenzaldehvde (11). To a suspension of the nitro derivative (10) (200 mg, 0.95 mmol) 

in 20 % aqueous hydrochloric acid (4.5 ml) was added stannous chloride dihydrate (0.9 g, 3.8 mmol of SnC12). 

The suspension was stirred at 100 OC for 4 h and was then hasified with 6N aqueous sodium hydroxide and 

extracted with chloroform (3 x 30 ml). The combined chloroform layers were dried over sodium sulphate and 

evaporated. The residue was purified by chromatography on silica gel, eluting with ether, to yield 35 mg (21 %) 

of 11, as an oil. Ir (KBr): 3325 (NH), 1665 (C=O), 1240 (OMe) cm-I. IH-Nmr (300 MHz, CDCI3) 6: 10.20 (s, 

lH, CHO); 7.23 (s, lH, C6-H); 6.22 (s, lH, C3-H); 4.54 (s, ZH, NH2); 3.84 and 3.83 (2 s, 6H, 2 OMe) ppm. 

13C-Nmr (75 MHz; CDCI3) 6: 187.34 (CHO); 159.35 (C2); 144.70 (C4); 140.97 (C5); 114.94 (C1); 108.11 

(C6); 96. 44 (C3); 55.82 (2 OMe) ppm. Anal. Calcd for C9HIIN03: C, 59.67; H, 6.07; N, 7.73. Found: C, 

59.39; H, 6.13; N, 7.79. 

2.5-Dimethoxv-4 (1'.3'-dioxolan-2'-vlhitrobenzene (12). A solution of the nitro aldehyde (10) (1 g, 4.73 

mmol), ethylene glycol (5.45 g, 87.9 mmol) and p-toluenesulphonic acid (2.2 g, 11.5 mmol) in anhydrous 

benzene (100 ml) was refluxed for 2 h with simultaneous removal of water by means of a Dean-Stark trap. After 

addition of solid sodium carbonate (2.6 g) and brine (50 ml), the mixture was extracted with chloroform (4 x 50 

ml), and the combined organic layers were dried over sodium sulphate. The solvent was evaporated and the 

residue was recrystallized from ethanol, yielding 490 mg (41%) of 12. Evaporation of the ethanol gave 500 mg 

(50%) of unreacted 10. mp 11O0C (ethanol). Ir (KBr): 1520, 1395, 1370 (NOZ); 1220 (OMe); 1035 (C-0) 

cm -1. 'H-Nm (300 MHz,CDC13) 6: 7.43 (s, 1 H, CcH); 7.34 (s, 1 H, C3-H); 6.11 (s, 1 H, Cp-H); 4.18 and 

4.11 (2 m, 4 H, C3,,4-H); 3.96 and 3.89 (2% 6 H, 2 OMe) ppm. ~ ~ C - N I I U  (75 MHz, CDC13) 6: 150.83 (C5); 

147.35 (CZ); 139.27 (C1); 132.38 (C4); 112.79 (C3); 108.19 (C6); 98.19 (CT); 65.45 (C4., CS); 57.12 and 

57.02 (2 OMe) ppm. Anal. Calcd for CllHl3No6: C, 51.76; H, 5.09; N, 5.49. Found: C, 51.32; H, 5.17; N, 
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5.30. 

Catalvtic Hvdroeenation of 12; 10 % Palladium on charcoal (12 mg) was added to a solution of 12 (425 mg, 

1.59 mmol) in methanol (100 ml). The suspension was hydrogenated at mom temperature and 40 psi for 20 min 

and filtered through celite. The solvent was evaporated and the residue was chromatographed on silica gel, 

eluting with 2:l petroleum ether-ether, affording 65 mg (25 %) of m i n e  (2). mp 109 OC (ethanol). lit.,.' 108.109 

'C. 13C-Nmr (63 MHz, CDC13) 6: 151.98 (CS); 140.96 (C2); 134.41 (C1); 115.39 (C3); 114.08 (C4); 99.32 

(Cs); 56.19 and 55.83 (2 OMe); 15.53 (C4-Me) ppm. 

2.5-Dimethoxv-4-(l'.3'dithianan2'-vl)ni-e (13). Dry hydrogen chloride was bubbled through a solution 

of 1 (1 g, 4.73 mmol) and 1,3-propanedithiol (0.51 g, 0.47 ml, 4.73 mmol) in chloroform (6 ml) cooled at 0 OC 

for 5 min. The reaction mixture was stirred at room temperature for 30 min and the solvent was then evaporated. 

The residue was purified by recrystallization from methanol. The precipitate was filtered and washed with 

petroleum ether. Yield, 1.30 g (87 %). mp 162-163 OC (methanol). Ir (KBr): 1525, 1395, 1360 (NO2), 1230 

(OMe) cm-l. lH-Nmr (250 MHz, CDC13) 8: 7.41 (s, 1 H, C6-H); 7.34 (s, IH, C3-H); 5.65 (s, 1 H, Cy-H); 

3.95 and 3.88 (2s. 6 H, 2 OMe); 3.12 (m, 2H. C4'.6'-Heq); 2.94 (m, 2H, C4;6.-Ha,); 2.16 (m, IH, CS,-Heq); 

1.97 (m. 1H, Cs-H,) ppm.13C-Nm (63 MHz, CDCQ S: 148.70 (C5); 147.83 (C9: 138.39 (C1); 134.27 (C4); 

115.19 (C3); 108.16 (C6); 57.10 and 56.53 (2 OMe); 43.13 (Cz); 32.16 (Cq.,6'); 24.98 (Cs) ppm. Anal. Calcd 

for C11H13N06: C. 47.84; H, 4.98; N, 4.65. Found: C, 47.76; H, 4.92: N, 4.72. 

2.5-Dimethoxv-4-(1'.3'dithian-2'-vl~anilin~ (14). A suspension of 13 (1 g, 0.33 mmol) and stannous chloride 

dihydrate (4.32 g, 27.5 mmol of SnC12) in 35 % hydrochloric acid (13 ml) was stirred at room temperature for 

24 h. The reaction was basified with 20 % sodium hydroxide and extracted with chloroform (4 x 25 ml). The 

combined organic layers were dried over sodium sulphate and evaporated under reduced pressure to yield 856 mg 

(95 %) of 14. An analytical sample was obtained by recrystallization from methanol. mp 163-164 OC (methanol). 

Ir (KBr): 3350 (NH,); 1203 (OMe) cm-1. 1H-Nm (250 MHz, CDC13) 6: 7.01 (s, 1 H, C3-H); 6.28 (s, IH, C6- 

H); 5.63 (s, 1 H, Cy); 3.87 (s, 2H, NH2); 3.83 and 3.77 (2 s, 6 H, 2 OMe); 3.10 (m, 2 H, C4',yHeq); 2.87 (m, 

2H, Cq.,6.-H,); 2.16 (m, 1 H, Cs-Hq); 1.93 (m, 1 H, Cs-Ha,) ppm. 1 3 ~ - ~ m  (75 MHz, CDCI3) 6: 150.11 

(C,); 141.40 (C2); 137.06 !C1); 115.94 (C3); 111.42 (C4); 99.24 (C6); 56.40 and 55.14 (2 OMe); 43.64 (Cz); 

32.48 (Q.6'); 25.23 (CS) ppm. Anal. Calcd for CIOHl7NO2S2: C. 53.13; H, 6.27; N, 5.16. Found: C, 53.45; 

H, 6.28; N, 5.01. 

N-12'.5'-dimethoxv-4'-(1".3"-dithian-2"-vl)ohenvllacetoacetamide (1.5). To a stirred solution of amine (14) 

(849 mg, 6.14 mmol) in anhydrous xylene (50 ml) at 130 'C was dropwise added 2,2,6-trimethyl-1.3-dioxin-4- 
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one (872 mg, 6.14 mmol). After 30 min, the reaction mixture was cooled and the resulting solid was filtered off 

and purified by column chromatography on silica gel, eluting with ether-petroleum ether (1:l). Yield, 1.01 g (91 

%) of 15. mp 190-191 'C (ether-petroleum ether). II (KBr): 3227 (NH); 1705, 1638 (GO) ;  1228 (OMe) cm-1. 

l ~ - ~ m r  (250 MHz, CDC13) 6: 9.26 (s, lH, NH); 8.13 (s, lH, C3-H); 7.08 (s, 1 H, Ce-H); 5.66 (s, 1 H, Cy- 

H); 3.88 and 3.82 (2 s, BH, 2 OMe); 3.57 (s, 2H, C2-H); 3.09 (m, 2 H,C4,,,6..-Heq); 2.86 (m, 2 H, Cc 6,.-H,); 

2.29 (s, 3 H, C4-H); 2.16 (m, 1 H, C5..-Heq); 1.93 (m, 1 H, Cy-Ha,) ppm. l 3 C - ~ m r  (75 MHz, CDCI3) S: 

203.61 (C3); 163.39 (CI); 148.89 (Cs); 141.89 (C2); 127.49 (C1,); 121.33 (C&); 110.40 (C3,); 103.60 (Ce); 

55.93 (2 OMe); 50.12 (CZ); 42.99 (Cz,s); 31.78 (C4*,,6*,); 30.38 (C4); 24.68 (C5.t) ppm. Anal. Calcd for 

C I ~ H Z I N O ~ S ~ :  C, 54.08; H, 5.91; N, 3.94. Found: C, 54.12; H, 5.91; N, 3.60. 

N-12'.5'-Dimethoxv-4'-~1".3"-dithian-2"-1~henv1roanamide (16). To a stirred solution of U (500 mg, 

1.84 mmol) in anhydrous benzene (4 ml) was dropwise added a solution of propionyl chloride (274 mg, 2.0 

mmol) in anhydrous benzene (4 ml) in 10 min. The reaction mixture was stirred for an additional hour and was 

then added to a 8 % solution of sodium carbonate (7 ml) with vigorous stining. Extraction with ether (3 x 50 ml), 

evaporation of the combined organic layers and recrystallization from petroleum ether gave 573 mg (95 %) of 

16. mp 126 OC (petroleum ether). Ir (KBr): 3335 (NH); 1670 (C=O); 1220 (OMe) cm-I. 1H-Nmr (250 MHz, 

CDCI3) 6: 8.20 (s, lH, Ce-H); 7.82 (s, 1 H, NH); 7.08 (s, 1 H, Cy-H); 5.69 (s, 1 H, CZ-H); 3.87 and 3.85 (2 

s, 6 H, 2 OMe); 3.12 (m, 2 H, C4,,,6"-Heq); 2.88 (m, 2 H, C4,,,6..-Ha,); 2.42 (q, 2 H, J = 7.7 Hz, C2-H); 2.15 

(m, 1 H, Cy-Heq); 1.94 (m, 1 H, C.5-Ha,); 1.24 (t, 3 H, J = 7.7 Hz, C3-H) ppm. 1 3 C - ~ m r  (63 MHz, CDCI3) 

6: 172.06 (C1); 149.61 (C,,); 141.68 (C2.); 128.36 (C1,); 121.01 (C4.); 110.51 (Cy); 103.60 (Cs); 56.41 and 

56.26 (2 OMe); 43.59 (C2..); 32.41 (C4..,6.); 31.01 (C2); 25.24 (C5.*): 9.53 (C3) ppm. Anal. Calcd for 

C15H21N03S2: C. 55.01 ; H, 6.46: N, 4.28. Found: C, 54.89 ; H, 6.14 ; N, 4.70. 

Cu'-12'.5'-Dimethoxv-4'-f1".3"-dithian-2-vl~henvll-3-chloro~ro~anamide (17) Starting from 500 mg (1.84 

mmol) of 14 and 254 mg (2.0 mmol) of 3-chloropropionyl chloride, following the method described above, 605 

mg (95 %) of 17 were obtained. mp 156-157 "C (petroleum ether). Ir (KBr): 3367 (NH); 1700 (GO) ;  1225 

(OMe) cm-l. lH-Nmr ( 250 MHz, CDCI3) 6: 8.31 (s, 1 H, Cs.-H); 8.17 (s, 1 H, NH); 7.10 (s, 1 H, Cy-H); 

5.69 (s, 1 H, CZ-H); 3.93 and 3.86 (m, 8 H, 2 OMe and C3-H); 3.13 (m, 2 H, C4-,65-H,q); 2.94 (m, 2H, 

Cc,6'-Hax)x); 2.91 (s, 2H, '22-HI; 2.19 (m, 1 H, Cy-He& 1.98 (m, 1 H, Cy-Ha,) ppm. l3c-Nmr ( 63 MHz, 

CDCI3)6: 167.64 (C1); 149.60 (Cs); 141.80 (Cz); 127.82 (CI,); 121.73 (C4'); 110.68 (Cy); 103.79 (C6'); 

56.47 and 56.34 (2 OMe); 43.55 (Cy); 40.73 (C3); 39.62 (C?); 32.40 (C4,.,6'.); 25.22 (Cy) ppm. Anal. Calcd 

for C15H20N03C1S2: C, 49.78; H, 5.57; N, 3.87. Found: C, 49.83; H, 5.43; N, 3.54. 
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5.8-Dimethoxv-4-methvl-2-oxo- (lb). A solution of compound (18)"a (3.26 g, 

14.85 mmol) and hexamethylenetetramine (2.09 g, 14.85 mmol) in trifluoroacetic acid (24 ml) was refluxed for 

12 h. The solution was evaporated in vacuo and the residue was made basic with 10 % sodium carbonate. The 

solution was extracted with chloroform (4 x 10 ml). The combined organic layers were dried over sodium 

sulphate and evaporated, and the residue was putifid by column chromatography on silica gel, eluting with ethyl 

acetate, yielding 1.31 g (40 %) of lb .  mp 204-205 OC (acetone). Ir (KBr): 3480 (NH); 1675 (C=O); 1235 (OMe) 

cm-I. 'H-Nmr ( 250 MHz, CDC13) 6: 10.36 (s, 1 H, CHO); 9.32 (s, 1 H, NH); 7.40 (s, 1 H, C7-H); 6.52 (br s, 

1 H, C3-H); 4.00 and 3.93 (2 s, 6 H, 2 OMe); 2.70 (d, lH, J = 1.1 Hz, C4-CH3) ppm. ' ~ C - N ~ I  (63 MHz, 

CDC13) 6: 188.16 (CHO); 161.64 (C2); 148.84 (C8); 142.41 (C& 135.02 (C4); 123.64 (C3); 122.85 (C6); 

116.96 (C4,); 106.91 (C7); 66.93 and 56.29 (2 OMe); 22.86 (C4-Me) ppm. Anal. Calcd for CI3Hl3NO4: C, 

63.15; H, 5.29; N, 5.69. Found: C, 63.12; H, 5.29; N, 5.53. 

ACKNOWLEDGEMENT 

Financial support from CICYT (projects FAR-553190 and m-0028-93)  is gratefully acknowledged 

REFERENCES AND NOTES 

1. For a review on the chemistry of heterocyclic quinones, see: R. W. Middleton and J. Parridge, in S. Patai 

and Z. Rappopon, eds, The Chemistry of the Quinonoid Compounds, Vol. 2, p. 1019. John Wiley and 

Sons, 1988. 

2. For reviews on the synthesis and biological properties of streptonigrin and lavendamycin, see: a) S. M. 

Weinreb, in T. Lindberg, ed, Strategies and Tactics in Organic Synthesis, 1, 324. Academic Press, 1984. 

b) D. L. Boger, in T. Lindberg, ed, Strategies and Tactics in Organic Synthesis, 2, 1. Academic Press, 

1989. c) W. A. Remers, The Chemistry of Antitumour Antibiotics, Chapter 7. John Wiley and Sons, 1988. 

3. a) S. Omura, M. Murata, K. Kimura, S. Matsukura, T. Nishihara, and H. Tanaka, J.  Anribiotics, 1981, 

38, 1016. b) S. Omura, Y. Iwai, K. Hinotozawa, H. Tanaka, Y. Takahashi, and A. Nakagawa, J. 

Antibiotics, 1982, 35, 1425. c) S. Omura, A. Nakagawa, H. Aoyama, K. Hinotozawa, and H. Sano, 

Tetrahedron Len., 1983, 24, 3643. d) M. Murata, T. Miyasaka, H. Tanaka, and S. Omura, J. Anribiorics, 

1985, 38, 1025. e) S. Omura, H. Tanaka, K. Tsuzuki, and Y. Murata, Jpn. Kokai Tokkyo Koho JP 63 

79,830 (9-4-1986) (Chem. Abstr., 1989, 110, 134971). f) K. Tsuzuki, T. Yokozuka, M. Murata, H. 

Tanaka, and S. Omura, J. Anribiotics, 1989, 42, 727. 



2688 HETEROCYCLES, Vol. 38, No. 12,1994 

4. a) C. Gesto, E. de la Cuesta, and C. Avendafio, Tetrahedron, 1989, 45, 4477. b) C. Gesto, E. de la 

Cuesta, C. Avendaiio, and F. Emling, J.  Phann. Sci., 1992.81, 815. c) C. Avendaiio, M. A. Alonso, M. 

Espada, D. Garcia-GrBvalos, J. C. Mentndez, B. Ocafia, and J. M. Ptrez, Eur. Pat. Appl. EP 574,195 

(15-12-1993) (Chem. Abstr., 1994, 120, 270358e). d) J. M. Ptrez, L. Vidal, M. T. Grande, J. C. 

Mentndez, and C. Aveudafio, Tetrahedron. 1994,50,7923. e) M. Villacampa, J. M. Ptrez, C. Avendaiio, 

and 3. C. Mentndez, Tetrahedron, 1994,50, 10047. 

5. Y. A. Shaikh, J.  Heterocycl. Chem., 1977,14, 1049. 

6. Some literature procedures for aromatic formylation: a) G. A. Olah and S. J. Kuhn. J .  Am. Chem. Soc.. 

1960, 82, 2380. b) A. Rieche, H. Gross, and E. Hoft, Org. Syntheses, 1967, 47, 1. c) W. E. Smith, J .  

Org. Chem., 1972, 37, 3973. d) F. M. Aslam, P. H. Gore, and M. Jehangir, J.  Chem. Soc., Perkin 

Trans. 1,1972, 892. e) G. Casiraghi, G. Casnati, G. Puglia, G. Sanori, and G. Terenghi, J .  Chem. Soc., 

Perkin Trans. 1, 1980, 1862. f) S. Jo, S. Tanimoto, T. Sugimoto, and M. Okano, Bull. Chem. Sac. Jpn., 

1981, 54, 2120. g) H. Nishino, K. Tsunoda, and K. Kurosawa, Bull. Chem. Sac. Jpn., 1989, 62, 545. 

h) G. K. Cheung, I. M. Downie, M. J. Earle, H. Heaney, M. F. S. Matough, K. F. Shuhaibar, and D. 

Thomas, Synletf., 1992, 77. 

7. a) C. Avendaiio, E. de la Cuesta, and C. Gesto, Synthesis, 1991, 727. b) M. M. Blanco, C. Avendaiio, 

N. Cabezas, and J. C. Mentndez, Heterocycles, 1993, 36, 1387. c) M. A. Alonso, M. M. Blanco, C. 

Avendaiio, and J. C. Mentndez, Heterocycles, 1993,36,2315. 

8. Th. Persignand, F. Laure, D. Blondet, and J. C. Pascal, Synth. Commun., 1992, 22, 2877. 

9. W. P. Griffith, J. M. Jolliffe, S. V. Ley, K. F. springhorn, and P. D. Tiffin, Synth. Commun., 1992, 22, 

1967. 

10. M. Sato, Yakugaku Zasshi, 1988,108,805. 

11. P. Cotelle and J. P. Cateau, Synth. Commun., 1992, 22, 2071. 

12. S. V. Ley and P. R. Woodward, Tetrahedron Len., 1987,28,2431. 

13. T. Fujikoa, S. Teramoto, T. Mori, T. Hosokawa, T. Sumida, M. Tomimnaga, and Y. Yabuchi, J.  Med. 

Chem., 1992, 35, 3607. 

14. L. W. Coven. R. Connor, and H. Adkins, J.  Am. Chem. Sac., 1932,54, 1651. 

15. A similar hydrolytic cleavage of an acetoacetyl side chain attached to unreactive aromatic systems has been 

noted by other workers. See, for example: T. R. Kelly, J. A. Field. and Q. Li, Tetrahedron Lett., 1988, 

29, 3545. 



HETEROCYCLES, VOI. 38, No. 12,1994 2689 

16. a) 0. Meth-Cohn, S. Rhouati, and B. Tamowski, Tefrahedron Len., 1979. 4885. b) 0. Meth-Cohn, B. 

Narine, and R. Tarnowski, J. Chem. Soc., Perkin Trans. I ,  1981, 1520. c) 0. Meth-Cohn, B. Narine, 

and B. Tamowski, and A. Robinson, J. Chem. Soc., Perkin Trans. I ,  1981, 1537. d) J. P. Chupp and S. 

Metz, J .  Heferocycl. Chem., 1979, 16, 65. e) M. A. Alonso, M. M. Blanco, C. Avendaiio, and J. C. 

Mentndez, Heferocycles, 1993, 36, 2315. f) M. A. Alonso, J. I. ~ b e d a ,  C. Avendaiio, J. C. Mentndez, 

and M. Villacampa, Tefrahedron, 1993.49, 10997. For a recente review on the use of the Vilsmeier-Haack 

reaction in heterocyclic synthesis, see: 0 .  Meth-Cohn, Heferocycles. 1993, 35, 539. 

17. H. A. Rruson and J. W. Kroeger, J. Am. Chem. Soc., 1940.62, 36. 

18. 'H-Nmr data of 5: (250 MHz, CDC13) 6: 7.97 (d, lH, J = 10 Hz, C4-H); 6.98 (s, lH, C7-H), 6.71 (d, 

IH, J = 10 Hz, C3-H); 4.79 (s, 2H. CH2Br); 4.04 and 3.99 (2 s, 6H, 2 OMe) ppm. 

19. The 'H-Nmr spectrum (250 MHz, CDC13) of this crude reaction product showed signals due to succinimide 

and the following ones, attributed to 8: 6.90 (s, lH, C7-H): 6.67 (s, 1H. C3-H); 3.99 and 3.74 (2 s, 6H, 2 

OMe): 2.76 (s, 2H, CH2-Br); 2.41 (s, 3H, Me) ppm. 

20. a) J.  S. Walia and A. S. Walia, J. Org Chem., 1976,41, 3765. b) M. Alvaro, H. Garcia, S. Iborra, M. A. 

Miranda, and J. Primo, Tetrahedron, 1987,43, 143. 

Received, 1 s t  August,  1994 


