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Abstract - A procedure utilizing furan 2-aminonitriles as precursors in the synthesis 

of substituted flavone analogues is reported. The key intermediates, 2-hydroxyaceto- 

phenones, are obtained by a Diels-Alder reaction between the furans and methyl vinyl 

ketone. 

We have previously demonstratedZ that the Diels-Alder reaction between furan 2-aminonitriles (1, 

Scheme 1)3 and various dienophiles (2) such as methyl vinyl ketone or methyl acrylate could be 

exploited for the synthesis of uniquely substituted anthranilic acid analogues (2-aminobenzo- 

nitrile*) (4). which in turn serve as starting materials for the synthesis of novel substituted 

heterocyclic systems; a,, benzodiazepines4 and quinazolone~.~ This Diels-Alder reaction 
between the furan 2-aminonitrile and monoactivated dienophiles occurs under mild conditions 

(i.e., refluxing acetone or dioxane). This is in sharp contrast to the drastic conditions 

generally employed in Diels-Alder reactions with 2.5-disubstituted fur an^.^ Work-up of the 

Diels-Alder adduct (3) vith concentrated sulfuric acid and glacial acetic acid leads to the 

formation of anthranilic acid analogues (4, R3 = 0CH3, CH3) through dehydration of the adduct. 

On the other hand, work-up of the adduct with aqueous hydcochlaric acid leads directly to 2- 

hydroxyacetophenones (5, R3 = CH3) as the only isolable product (Scheme 1). In this latter 

case, the enamine form (3) of the adduct is hydrolyzed prior to dehydration. 

We wish to report now the utilization of several 2-hydroxyacetophenones derived by this 

procedure as precursors for the synthesis of previously inaccessible substituted flavone 

analogues (Scheme 21.'-l3 The esterification of the readily obtained o-hydronyacetophenones (5) 

with an appropriate benzoyl chloride proceeded without difficulty to yield the benzoates (71, 

according to the classical Schatten-Baumann reaction. The Baker-Venkataraman rearrangement was 

utilized for the ~ynthesis of the o-benzoyl-2-hydroxyacetophenonnn (8). Treatment of the 

benzoates (7 )  vith potassium hydroxide and pyridine7-10 gave the diketones (8) in good yields. 

The flavones were obtained without difficulty by  fluxing the diketones (8) in glacial acetic 
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Scheme 2 

9 ,  R = CN 
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10, R = CONH2 
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11, R = COOH 
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acid and sodium a~etate.~-lO Structural assignments were based on ir and l~-nmr spectra, as 

well as elemental analyses. 

Hydrolysis of ortho disubstituted aromatic nitriles to aromatic acids is knovn to proceed with 

difficulty.14-l6 Acid hydrolysis (804 sulfuric or syrupy phosphoric acid) will yield the amide 

(10) which is subject to marked steric inhibition by ortho substituents. Such sterically 

hindered amides may be converted to the carboxylic acids17 by treatment with nitrous acid. 14-16 

EXPERIMFNAL 

Melting points were determined on a Thomas-Hoover capillary melting paint apparatus and are 

uncorrected. Melting points in excess of 300°C were determined on a Mel-Temp capillary melting 

paint apparatus. Elemental analyses were performed by Atlantic Microlab. Inc., Atlanta, GA. 

Satisfactory ir (Perkin-Elmer 684 grating spectrophotometer, KBr) and 'H-nmr (90 UHz JEOL FX90Q 

spectrometer, Me4Si as internal reference) spectra were obtained for all new compounds. Lou- 

resolution mass spectra were determined on a Finnigan 4023 chromatograph-mass spectrometer by a 

direct probe and are expressed in m/z units. 

3-Cyano-4.5-d-thyl-2-hydroqa~ett~henhenhen (5d. 2-~mino-3-cyano-4,5-dimeth~lfuran~ (la, 72g, 

0.53 mol) was dissolved in 400 ml of acetone, treated with 37.1 g (0.53 mol) of methyl vinyl 

ketone and refluxed with continuous stirring. After about 7 h a small amount of precipitate 

formed. Water (40 ml) was added to dissolve the precipitate and the reflux was continued. 

After 18 h, the mixture was poured into 1 1 of water containing 100 ml of concentrated HC1. 

This mixture was heated at 80+S°C for 2 h. An off-white solid appeared as voluminous needles. 

The mixture was cooled and the solid was collected, washed with water, and air dried. The 

product was recrystallized from ethyl acetate-petroleum ether (bp 30-60%) to yield 80.5 g (81%) 

of 5: mp 131-133°C (lit.' mp 133-134°C): ir (KBr) 3000 (br), 2220, 1630 cm-l; l~-nmr (Me2SO-d6) 

6 2.26 (9, 3H, 5-CH3), 2.42 (s, 3H, 4-CH3), 2.65 (s, 3H, COCH3), 8.02 ( 5 ,  lH, 6-CH), 12.80 (s, 

lH, OH). 

3-Cyan0-2-hydroq-4,5-tetramethylththcethe (5h). This compound was prepared from 2-amino- 

3-cyano-4,s-tetramethylenefuran3 and methyl vinyl ketone after the procedure described for 5a. 

The product was recrystallized from ethyl acetate (54% yield): mp 150-152°C; ir (KBr) 2220, 1640 

(br) cm-l; l~-nmr (CDC13) 61.70 (m, 4H,-(CH2)2-), 2.50 ( s ,  3H, COCH3), 2.70 (m, 4H, -(CH2)2-), 

7.45 ( 5 ,  lH, 6-CH), 12.55 ( 5 ,  lH, OH). w. Calcd for C13H13N02: C, 72.54; H, 6.09; N, 6.51. 
Found: C, 72.60; H, 6.11; N, 6.54. 

3-Cyano-4,5-d~thyl-2-~0ylo~acet~phen~e (7e) The 2-hydroxyacetophenone (5, 30 g, 0.159 

mol) and benzoyl chloride (22.5 g, 0.159 mol) were dissolved in 400 ml of dioxane. To this 

solution, triethylamine (32.2 g, 0.318 mol) was added dropwise over a period of 30 mi". The 



mixture was allowed to stir overnight at room temperature. During this time, a white 

precipitate (triethylamine hydrochloride) appeared. The precipitate was removed by filtration 

and the golden supernate was concentrated in vacuo. The concentrate was dissolved in ethyl 

acetate and treated with charcoal. After removing the charcoal, petroleum ether (bp 30-60%) 

was added to the hot ethyl acetate solution until the mixture was turbid. This mixture was 

allawed to stand at room temperature to complete precipitation of pure (ethyl acetate-petroleum 

ether) 7a (37 g, 797.): mp 122-124°C; ir (KBr) 2225, 1745, 1690 m-'; l ~ - m r  (CDC13) 6 2.40 (s. 

3H, 5-CH3), 2.51 ( 5 ,  3H, 4-CH3), 2.53 ( 5 ,  3H, COCH3), 7.50-8.20 (m, 6H, ArH). m. Calcd for 
C18H15N03: C, 73.72; H, 5.12; N, 4.78. Found: C, 73.61; H, 5.17; N, 4.73. 

Some substituted analogues of 7a prepared in a similar manner are included in Table I and Table 

111 (7c - 7k). 
3-Cyano-4.5-tetramethylene-2-~0ylo'yaeetophenon (7b). This compound was prepared from 5b 

and benzoyl chloride after the procedure described for 7h. The product was recrystallized from 

ethyl acetate (80.72): mp 148-151%; ir (KBr) 2225, 1745, 1680 cm-l; l~-nmr (CDC13) 6 1.75 (m, 

4H, -(CH2)2-), 2.49 ( s ,  3H, COCH3), 2.90 (m, AH, -(CH2l2-), 7.50-8.30 (m, 6H, ArH). 

~-Beneoyl-2-hydrory-3-~yanan-4,5-dimethylacetphe (8a). Compound 7a (5g, 0.017 mol) and 

powdered potassium hydroxide (1.8g, 0.032 mol) were refluxed with stirring for 2 h in 80 ml of 

pyridine under a nitrogen atmosphere. After refluxing for 2 h, an additional 30 ml of pyridine 

was added to the mixture. The yellow slurry was allowed to stir overnight at room temperature. 

The yellow slurry was poured into 100 ml of cold water containing 20 ml of concentrated HC1. 

The pH was then adjusted, if necessary, to Congo Red before the yellow precipitate was 

collected, washed with water, and air dried. The product was recrystallized from ethanol to 

give 3.8 g (76%): mp 216-218°C; ir (KBr) 3120, 2210, 1610 cm-l; l~-nmr (CDC13) 6 2.30 ( s ,  3H, 5 -  

CH3), 2.50 (s ,  3H. 4-CH3), 6.75 ( s ,  lH, vinylic proton), 7.48 (m, 6H, ArH), 12.75 ( s ,  lH, 

phenolic OH), 15.35 ( s ,  lH, enolic OH). Anal. Calcd for C18H15N03: C, 73.72, H, 5.12; N, 4.78. 

Found: C, 73.77; H, 5.17; N, 4.75. 

Some substituted analogues of 8a prepared in a similar manner are inclvded in Table I and Table 

111 (8"-8k). 

o-Benzoyl-2-hydm~-3-ey~~-4.5-tettirmethycetph (8b). This compound was prepared 

from 7b after the procedure described for 8a. The product was recrystallized from ethanol 

(79.51): mp 179-181~~; ir (KB~) 2225, 1610 cm-l. 

8-Cyano-6.7-dimnthylflaaaae (9a). Compound 8a (2 g, 0.007 mol) was suspended in 35 ml of 

glacial acetic acid. To this mixture was added 9.3 g (0.07 moll of sodium acetate. This 

mixture was heated at reflux (oil bath temperature was 140?Z0C) for 4 h with stirring. The 

yellow suspension became a dark clear solution. The reaction mixture was allowed to cool to 
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room temperature, and then it was poured into 100 ml of ice cold water. The pale 

precipitate was collected, washed with water, and allowed to air dry. The material was 

recrystallized from methanol, with sufficient dimethylformamide for dissolution, to give 1.7 g 

(91%) of 9: mp 245-247%; ir (KBr)  3070, 2220, 1640, 1625, 1605, 1570 cm-l; I H - N ~ ~  (He2s0-d6) 

6 2.40 (s, 3H, 6-CH3), 2.61 ( 5 ,  3H, 7-CH3), 6.79 (s, lH, 3-CH), 7.48-8.08 (m, 6H, ArH). Anal. 

Calcd for C18H13NO2: C, 78.55; H, 4.73; N, 5.09. Found: C, 78.65; H, 4.75; N, 5.05. 

Some substituted analogues of 9a prepared in a similar manner are included in Table I and Table 

I11 (9c-9t). 

8-Cyano-6.7-tetramethyl~efla~~~~e (9b). This compound was prepared from 8b after the procedure 

described for 9a. The product was recrystallized from methanol, with sufficient 

dimethylformamide for dissolution (89.3%): mp 230.5-232.5°C; ir (KB~) 2260, 1660 cm-l; l~-nrn~ 

(Me2SO-d6) 6 1.90 (m, 4H. -(CH2)2-), 3.00 (m, 4H, -CH2l2-), 6.80 (s ,  lH, 3-CH), 7.50-8.00 (m, 

6H, ArH). &&. Calcd for CZOHl5NOZ: C, 79.72; N, 5.02; N, 4.65. Found: C, 79.55; N, 5.05; N, 

4.67. 

8-Carboddo-6 .7 -d ipe thy l f la~ne  (lo=). Compound 9a (3 g, 0.01 mol), 15 ml of water. and 35 ml 

of sulfuric acid were heated in an oil bath at temperatures of 170t5'C for 3 h. The dark 

solution was cooled to room temperature and poured into 200 rnl of ice-water. The off-white 

solid was filtered and recrystallized from dioxane to give 1.6 g (55%) of slightly tan crystals: 

mp 346.347%; ir (KBr) 3330, 3060, 1675, 1595 cK1; l~-nmr (Me2SO-d6) 62.37 ( s ,  3H, 6-CH?), 2.50 

(s ,  3H, 7-CH,), 7.05 ( s ,  lH, 3-CH), 7.61 (m, 6H, ArH). &&. Calcd for C18H15N03: C, 73.72; H, 

5.12; N, 4.78. Found: C, 73.68; H, 5.20; N, 4.74. 

4'-Methorg-8-carboramido-6,7-dimethylflavone (10~). Compound 9c (2 g, 0.0066 mol) was suspended 

in 100 ml of 85% H3P0& and stirred at 17025°C in an oil bath for 2 h. The dark mixture was 

cooled and poured into 800 ml of ice water. The beige solid was collected and recrystallized 

from dioxana, with sufficient dimethylformamide for dissolution, to give 2 g (94%) of 10c: mp 

354-355'C; ir (KBr) 3310, 3280, 1680, 1630, 1610 cm-l; l~-nmr (CF3COOD) 6 2.62 ( s ,  3H, 6-CH3), 

2.70 ( s ,  3H, 7-CH3), 4.05 ( s ,  3H, 4'-CH30), 7.29-8.31 (m, 6H, ArH). m. Calcd for Cl9Hi7NO4: 
C, 70.58; H, 5.30; N, 4.33. Found: C, 70.65; H, 5.35; N, 4.31. 

6,7-Dimethylflavone-8-earborglie Acid (lla). 8-Cyano-6,7-dimethylflavone (9a, 5 g, 0.02 moll 

was suspended in 50 rnl of 80% sulfuric acid. This mixture was heated with stirring at 170t5'C 

in an oil bath far 3 h. In general, the resulting amides (10a) were typically not isolated. 

Thus, the dark reddish clear solution was cooled to room temperature and transferred to a 1 1 

beaker. The mixture was cooled to 5°C with an ice-salt bath and treated with 3 g of sodium 

nitrite (0.4 moll dissolved in a minimal amount of water. For best results, the aqueous sodium 

nitrite must be added below the acidic layer. The addition of sodium nitrite solution generally 



required about 30 min with much foaming occurring. The mixture was stirred for 1 h at 5OC once 

the addition of sodium nitrite was complete. Urea (3 g) was then added to the mixture and the 

temperature was slowly raiied to 80°C and kept there for 2 h. The mixture was cooled and 

diluted with 100 ml of water. The resulting precipitate was collected, air dried, and 

recrystallized from ethanol and benzene to yield 4.8 g (81%) of lla: mp 244-246°C; ir (KBr) 3340 

(br), 3060, 1705, 1610 'H-mr (Me2SO-d6) 6 2.38 ( 5 ,  6H, 6,7-CH3), 7.03 ( s ,  lH, 3-CH), 

7.98-8.06 (m, 7H, ArH); ms, mlz: 294. m. Calcd for C18H1404: C, 73,48; H, 4.79. Found: C, 

73,51; H, 4.84. 

Some substituted analogues of lla prepared in a similar manner are included in Table I1 and 

Table I11 (lle-Ilk). 

6.7-Tetremethylenefla~one-8-earboqlic Acid (llb). 8-Cyano-6.7-tetramethyleneflavone (9b. 2 g .  

0.00664 mol) was suspended in 75 ml of 85% H3P04 and stirred in an oil bath at 175°C for 3 h. 

The mixture was cooled slightly and poured onto ice-water. A beige product (amide) was 

collected and air dried. Into a 1 1  beaker containing 50 g of crushed ice was charged 100 ml of 

concentrated sulfuric acid. When the internal temperature reached 20°C, the aide was added 

with stirring. The mixture was cooled to 0-5°C and cautiously treated with 6 g of solid sodium 

nitrite (excess) maintaining the temperature of the stirred mixture below 10°C. After stirring 

at 0% for 2 h, the mixture was allowed to warm to room temperature. After stirring overnight 

at room temperature, the mixture was cooled and treated with 6 g of urea dissolved in a minimum 

amount of water. The chilled mixture was diluted to 800 ml with water and filtered. The pale 

yellow solid was collected and air dried. After recrystallization form ethanol, 2.1 g (98%) of 

Ilb was obtained: mp 258-260%; ir 1710, 1610 cm-l; lH-nmr (Me2SO-d6) 6 1.78 ( s ,  4H, - 

(CH2)2-), 2.88 ( s ,  4H, -(CH2)l-). 7.02 (s, IH, 3-CH), 7.60 (m, 3H, ArH), 7.80 (s ,  lH, 5-CH), 

8.00 (rn, ZH, ArH); ms, mlz: 320. m. Calcd for C20H1604: C, 74.99; H, 5.04. Found: C, 75.12; 

H, 5.06. 
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Table I. Benzoyloxyacetophenones (7). 0-Benzoyl-2-hydroxyacetophenones 
(8). 8-Cyanoflavones (9). and 8-Carboxamidoflauones (10) 

Compd R4 mp,OC yield,Z formula 

aEtOAc-Petroleum Ether (bp 30-60%). %OH. CBenzene-Hexane. 
d ~ e ~ ~ - ~ ~ ~ .  e ~ e ~ ~ :  f ~ e ~ ~ - ~ h l o r o f o r m .  gDionane. h ~ i o x a n e - ~ ~  



Table 11. Flavone-8-carboxylic Acids ( 2 )  

Compd R4 mpSoC yield,% formula 

lla 

11c 

lld 

lle 

llf 

llg 

llh 

lli 

llj 

111; 

Table 111. Nicroanalyses (7.) 

Calcd. Found 

Compd C H N C1 C H N C1 

lla 

11.2 

lle 
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Table I11 - (continued) 

Calcd. Found 

Compd C H N C1 C H N C1 

lle 72.95 5.16 73.05 5.36 

llf 69.22 4.37 69.18 4.37 

11s 65.76 3.99 10.78 65.85 4.02 10.68 

llh 65.76 3.99 10.78 65.63 4.06 10.72 

lli 59.52 3.34 19.52 59.42 3.36 19.60 

llj 74.01 5.23 73.93 5.26 

11k 74.01 5.23 74.08 5.27 
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