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SYNTH.ETIC COMMUNICATIONS, 23(8), 1147-1 153 (1993) 

An Efficient Synthesis of Isofraxidin 

Francis Rouesac* and Anne Leclerc 

Laboratoire de S5nthese Organique, associe au CNRS, 
Faculte des Sciences, Avenue 0. Messiaen, BP 535, F-72017 Le Mans 

Abstract : An improved procedure for the preparation of isofmidin 1 a well known 
natural coumarin, through transfomafion of syringaldehyde is reported. The cyc/ization 
of 1 to the coumarinic carboxylic acid @ is readily performed by cold concentrated sulfuric 
acid. The overall yield to 2 by this convenient route is near 50%. 

Isofiaxidin 1 (or 'I-hydroxy-6,8-dimethoxy-2H- 1-benzopyran-Zone), (scheme 

I), is a constituent of a great number of plant extracts which exhibit significant 

pharmacological effects (1). This well-known coumarin, as many other terms of 

this family, is generally associated to terpenes or sugar compounds (2). The poor 

availability of 1. is surprising. So far, only two pathways have been described for 

its preparation : from umbelliferone 2 in a very poor overall yield (less than 1%) 

(3), and more recently (4) from natural fiaxin 3 after hydrolysis by HCI to fiaxetin 

followed by a three steps sequence (overall yield 50%). 

~ ~~ 

* to whom correspondence should be addressed 
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1148 ROUESSAC AND LECLERC 

HO 0 
OMe 
1 - 

Scheme 1 

OpD-glucopyranosy l 

3 - 2 - 

Scheme II 

OMe 

HO R 
MeoQcHo OMe 6 -  

OMe 6 
7 - 

OMe 
8 - 

As a part of the synthesis of a family of compounds possessing a couma'rin moiety 

(5 ) ,  we were in need of a more convenient method to obtain isofiaxidin 1. This 

note report a straigthforward synthesis of it (6). 

Based on the possibility to decarboxylate coumarinic acids by copper (7), we de- 

vised a sequence represented by scheme II . 
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SYNTHESIS OF ISOFRAXIDIN 1149 

The preparation of 2-bromosyringddehyde 5 (8,9), was canied out by dropwise 

addition of Br, dissolved in CqClz to a solution of 4 in CHzCI2. 5 was recrystalli- 

zed from ethyl acetate and cyclohexane (1 : 1 w) to yield pure 5 (92 %) mp. 

189 "C. 3 was refluxed in dry DMF with a ten fold excess of freshly prepared 

NaOMe in.the presence of C ~ C l ~ ( 0 . 5  eq.) to induce the homolytic cleavage of the 

carbon-bromine bond (10). After neutralization and extraction, 5 was obtained in 

almost quantitative yield. It is worth noting that rigorousely anhydrous conditions 

are required to achieve this latter reaction. 
Compound 1 was obtained in heterogeneous medium in the presence of a large ex- 

cess of ZnO to promote a clean Knoevenagel type reaction between Meldrum's 

acid lo and the aldehyde 6. Finally the 3-carbethoxycoumarin g resulted fiom a 
cyclization of the Meldrum's acid derivative in concentrated sulfuric acid medium, 

a well-known condensing agent for the Von Pechmann reaction, then decarboxyla- 

tion with powdered copper. 

The overall yield fiom 4 (48% in five steps) compares well with other methods 

and we find this route straightforward and easier to carry out than any previously 

published. 

Experimental section 

'H and I3C NMR were recorded with a Varian EM90 (MHz) or a Bruker AC400 
(MJ3) spectrometer for solution in CDCI,. Chemical shiAs were reported in ppm 
(6) relative to tetramethylsilane as internal standard; coupling constants (J) are gi- 
ven in Hz with the following abbreviations for splitting patterns: s=singlet, 
ps = pseudo-singlet, d = doublet, t =triplet, q = quartet and m = multiplet. Melting 
point were taken OD a Reichert apparatus and are uncorrected. Flash chromatogra- 
phy was performed on 230-400 mesh Merck Silica gel 60. Elemental analyses of 
new compounds were performed in the Service ak Microamlyse de I'ICSN (Gif 
sur Yvette). High resolution mass spectra were recorded with a Varian MAT3 1 1. 
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1150 ROUESSAC AND LECLERC 

4-hydroxy-2,3,5-trimetboxybenzaldebyde 6 

A 500 mL three-necked round-bottomed flask is fitted with a magnetic stirrer, a 

condenser with a cirulation of argon, a pressure equalizing hnnel and a 

thermometer. 50 mL of anhydrous methanol is introduced and 4.32 g of sodium 
(188 mmol), cutted in small pieces, is slowly added. After reaction, methanol is 

evaporated under reduced pressure. 5 (4.8 g, 18.5 mmol), 23 mL of dimethylfor- 

mamide and 1 g (7.5 mmol) of CuCL, are added and heated to reflux 2 hr. This 
mixture is cooled to room temperature, diluted with 120 mL of water, then acidi- 

fied with HCl6N to pH 1. The solution is filtered on a paper filter and extracted 

with CHJ3,. The combined organic layers are washed with brine, dried over anhy- 

drous MgSO,, filtered, and evaporated under reduced pressure. Crude 6 (4 g) is 

recrystallized in ethyl acetatehyclohexane (1:l w). 3.67 g of 6 are obtained 
(94%), mp. 119-120 "C. NMR 'H (90 Mhz) CDCI,, ppm : 3.98 (s, MeO& 4.04 

(s, MeO,,,, and Meom,), 6.38 (ps, OH), 7.24 (s, H,,), 10.45 (s, qIIdd$. Elemental 
analysis, found C, 56.48; H, 5.51; 0, 37.62 %. C,J-I,,O, requires C, 56.60; H, 

5.70; 0, 37.70 %. Mass Spectrum ( d z ,  rel. intensity): 212 (100) P ;  197 (21); 

173 (14); 141 (14); 126 (9); 28 (15). HRMS calcd for C,J-I,20,212.06847;Found 
212.0680. 

2,2-dimethyl-5-((4-hydro~-2,3,5-trimethoxyphenyl)-methylene)-l,3-dioxane- 

4,6-dione z 
In a 100 mL flask, 2 g of 6 (9.4 mmol), 2 g of Meldrum's acid @ (14 mmol) (1 I )  

and 10 g of zinc oxide (140 mmol) (12) are mixed together. This mixture, turned 

to orange yellow, was maintained to 80 "C and stirred from time to time for 4 hr 
After cooling to room temperature using a water bath, C&C12 (1 50 mL) is added. 
M e r  decantation, the solvent is removed under reduced pressure. Crystallization 

of crude (3.2 g)  from ethanovwater (1 : 1 w) afforded pure 1 (2.63 g, 83%) mp. 
135-136 "C. NMR 'H (90 Mhz) CDCI,, ppm : 1.84 (s, 6H, 2 CH,), 4.02 (s, 

MeO(,.,, and MeO,,,J, 4.00 (s, MeO,,,$, 6.65 (ps, OH), 8.32 (s, H(G)), 0.03 (s, 
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SYNTHESIS OF ISOFRAXIDIN I151 

HcethpicrucS. Elemental analysis, found C, 56.66; H, 5.32; 0, 38.57 %. C,,H,,O, re- 

quires C, 56.80; H, 5.36; 0, 37.83 %. Mass Spectrum ( d z ,  rel. intensity): 338 

(21) P'; 281 (12); 280 (34); 250 (11); 249 (100); 207 (17); 195 (18); 193 (15); 43 

(10). HRMS calcd for C,,H,,O, 338.10016; Found 338.1004. 

7-hydroxy-6,8-dimethoxy-2-oxo-2H-l-benzopyran-3-carboxylic acid S, 

A mixture of 2 (2g, 5.9 mmol) and 15 mL of concentrated sulfi~ric acid is stirred 

at 3-4 "C (ice bath) for 1.5 hr, then slowly poured on crushed ice. The mixture is 

cooled with an ice bath for 2 hr during which 8 crystallyzes. The crude acid is 

washed with water and dried under vacuum. This yields 1.35 g (86%) of 8 after 

crystallization (ethanoywater) mp. 227-228 "C. NMR 'H (400 M H Z )  DMSO46, 
ppm : 3.49 (s, OH), 4.81-4.82 (2s, 6H, 2 CH,O), 8.25 (s,€$)), 9.36 (s, H,,),11.45 

(ps, COY). Elemental analysis, found : C, 53.95; H, 3.66; 0, 41.82 %. C1.JI1,,0, 

requires C, 54.14; H, 3.79; 0, 42.07 %. Mass Spectrum ( d z ,  rel. intensity): 266 

(100) P-; 222 (24); 207 (18); 194 (8); 179 (11); 28 (13). HRMS calcd for 
C,2H1007 266.04264; Found 266.0427. 

7-hydroxy-6,8-dimethoxy-2-oxo-2H-l-ben~opyran-2-one 1 (isofraaidin). 

A mixture of S (1.25 g, 4.7 mmol) and 36 mg of powdered copper (7) piaced in a 

round-bottomed flask (25 mL) fitted with a reflux condenser, is heated under N, at 

300 OC with a metallic bath for 10 min. AAer cooling 80 mL of water are added 

Crude 1 is extracted by C€$C12 (2 * 70 d). The two phases are separated and the 

aqueous layer is discarded. The organic layer is dried over anhydrous MgSO,, fil- 

tered, and the solvent is removed by evaporation. Crude I ( 8 8 5  mg) is purified by 

crystallization in ethyl acatate/cyclohexane (1:l w) mp. 144 "C. Nh4R 'H (90 

MHz) CDCI,, ppm : 4.03 and 4.16 (2s, 6H, 2 CH,O), 6.38 (d, J = 9 Hz, q3)), 6.79 

(s, 7.75 (d, J = 9 Hz, H[,J. Elemental analysis, found : C, 58.86; H, 4.54; 0, 
36.21 %. C,,H,,O, requires C, 59.46; H, 4.54; 0, 36.00 %. Mass Spectrum (dz, 
rel. intensity): 222 (100) P"; 207 (18); 194 (8); 179 (11); 123 (12); 95 (8); 79 (7); 
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1152 ROUESSAC A N D  LECLERC 

51 (7); 28 (13). HRMS calcd for C,,H,,O, 222.05282; Found 222.0524; (M-CH,) 

calcd 207.02934; Found 207.0297. 
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SYNTHESIS OF ISOFRAXIDIN 1153 

(1 1) purchased from Aldrich Co. or prepared according to D. Davidson and S.A. Bem- 
hard3. Amer. Chem. Soc.. 1948,70,3426 
(12) zinc oxide 99.5 %, purchased to Janssen Chutuca 
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