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In the preceding paper, we pointed out the desirability 
of finding convenient synthetic methods for the prepara- 
tion of 8-chloroallgdidene- and 8-chloroarylidenemalonates 
because they have an activated double bond for potential 
functionalization by the nucleophilic vinylic substitution 
(SNV) approach. In particular, we reported the SNV re- 
action initiated synthesis of compounds containing ben- 
zopyrone. In our continuing investigation of the synthetic 
utility of 8-chloro malonates, we now report a four-step 
synthesis of 3-methyl-lH,lOH-pyran~[4,3-b][l]benzo- 
pyran-1,lO-dione by using %V reaction between the cyclic 
8-chloro malonate I11 and phenol as the key transforma- 
tion. 

Our interest in the synthesis of 3-methyl-lH,lOH- 
pyrano[4,3-b] [llbenzopyran-10-one ring system was stim- 
ulated by the fact that 7,8-dihydroxy-3-methyl-l0-oxo- 
lH,  10H-pyrano [ 4,3- b] [ 11 benzopyran-9-carboxylic acid 
(anhydrofulvic acid) is the key intermediate in the syn- 
thesis of the fungal metabolite fulvic acid.' 

Our method gives a compound that has the critical fused 
features of fulvic acid. There now remains the substantial 
task of constructing the correctly substituted precursors 
so as to complete a more direct synthesis of fulvic acid. 

Results and Discussion 
A good synthesis of pyrone IIa was required since it was 

the key intermediate in the synthesis of V. A synthesis 
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(1) Yamauchi, M.; Katayama, 5.; Todoroki, T.; Watanabe, T. J. Chem. 
SOC., Perkin Trans. 1 1987, 389 and earlier papers in the series. Other 
approaches to the basic skeleton of fulvic acid Saengchantara, S. T.; 
Wallace, T. W. J. Chem. Soc., Perkin Trans. 1 1986, 789 and earlier 
papers in this series. Dean, F. M.; Al-Sattar, M.; Smith, D. A. J. Chem. 
SOC., Chem. Commun. 1983, 535. 
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of the pyrone has been developed recently? but the method 
that we used was based on one previously described for 
the preparation of 2-pyrones from cis-5-chloro-2,4-penta- 
dienoic  ester^.^ The yield of the heat-catalyzed ring clo- 
sure was 90%. This cyclization allowed also pyrone IIb 
to be prepared easily. Chlorination of the 4-hydroxypyrone 
IIa to 4-chloropyrone I11 was achieved by heating IIa with 
phosphorus oxychloride in the presence of tertiary amines: 
Attempted SNV reactions between I11 and phenol by using 
phenol/potassium carbonate/dimethylformamide or pyr- 
idine/Cu20 (see the preceding paper) were complicated 
by formation of tarry material, and therefore a milder 
method was employed with triethylamine/dichloro- 
methane. Ring closure of the ester IV was conveniently 
effected in concentrated sulfuric acid, a medium that is 
generally more applicable to corresponding acids (see the 
preceding paper). 

Not surprisingly, the treatment of IV with an excess of 
polyphosphoric acid also successfully induced the cycli- 
zation. 

Experimental Section 
Melting points are uncorrected, and they were determined on 

Gallenkampf melting point apparatuses. NMR spectra were 
recorded with Perkin-Elmer R-12 or JEOL FX-60 spectrometers. 
J(H-CH-CH2-H) in the ester groups is 6.8-7.4 Hz and is not 
explicitly reported. Chemical shifts are reported in parts per 
million from internal (CH,),Si. IR spectra were recorded with 
Perkin-Elmer 275 IR spectrometers and the wavenumbers are 
given in reciprocal centimeters. Mass spectra were recorded by 
M. Reunanen by using direct inlet methods on WG 7070 E in- 
struments. Ethyl 5-chloro-2-(ethoxycarbonyl)-3-oxohex-4-enoate, 
Ia, and ethyl 5-chloro-2-(ethoxycarbonyl)-3-oxo-5-phenylpent-4- 
enoate, Ib, were prepared from diethyl mangnesiomalonate and 
8-chlorocrotonoyl chloride and 8-chlorocinnamoyl chloride, re- 
~pectively.~ Crude products were used without further purifi- 
cations. 
3-(Ethoxycarbonyl)-4-hydroxy-6-methyl-2-pyrone (IIa). 

A 100-g sample of crude ethyl-5-chloro-2-(ethoxycarbonyl)-3- 
oxohex-4-enoate in 0.5 L of xylene is refluxed with stirring until 
the evolution of ethyl chloride has subsided and is then heated 
for another hour. The mixture is placed in the refrigerator ov- 
ernight to give the crude product. Recrystallization from pe- 
troleum ether (90-100 "C) gives 68 g (90%) of the product, mp 
101-103 OC (lit.2 mp 101-102 "C). Spectral data is identical with 
those reported in the literature.2 

The utilization of the procedure on ethyl 5-chloro-2-(ethoxy- 
carbonyl)-3-oxo-5-phenylpent-4-enoate gives 3-(ethoxy- 
carbonyl)-4-hydroxy-6-phenyl-2-pyrone (IIb), yield 80%. Mp 
132-134 "C (from propan-2-01) (lit? mp 134-135 "C, lit.7 mp 132 
OC). The IR spectrum is identical with that reported in the 
l i t e ra t~re .~  'H NMR (CDClS): 6 1.35 (t, 3 H), 4.35 (9, 2 H), 6.45 
(8 ,  1 H), 7.15-7.35 (tot, 5 H), 14.0 (1 H). MS, m / e  calcd for 
C14H12O5 260.0681, Mt 260.0670 (lo), 214 (39), 188 (7), 146 (28), 
105 (loo), 77 (40), 67 (lo), 51 (12). 

(2) Suzuki, B.; Sekizaki, H.; Inoue, S. Synthesis 1975, 652. 
( 3 )  Roedig, A.; Frank, F.; Forsch, M. Chem. Ber. 1975, 108, 3309. 
(4) Hormi, 0. E. 0. Synth. Commun. 1986, 16, 997. 
(5) For diethyl magnesiomalonate syntheses, see: Fieser, L. F.; Fieser, 

M. Reagents for Organic Synthesis Wdey: New York, 1967; Vol. I, p 627. 
8-chlorocrotonic acid is a commercial product, and 8-chlorocinnamic acid 
was prepared by the method of James: James, T. C. J.  Chem. SOC. 1911, 
1620. 

(6) Macierewics, Z.; Janiszewska-Brozek, S. Rocz. Chem. 1950,24,167. 
(7) Fleming, I.; Harley-Mason, J. J. Chem. SOC. 1963, 4778. 

0 1987 American Chemical Society 



5276 J. Org. Chem. 1987,52, 5276-5277 

4-Chloro-3-(ethoxycarbonyl)-6-methyl-2-pyrone (111). A 
26-g (0.2-mol) sample of diisopropylethylamine is added dropwise 
with stirring to 40 g (0.2 mol) of 3-(ethoxycarbonyl)-4-hydroxy- 
6-methyl-2-pyrone in 150 g of phosphorus oxychloride. The 
mixture is heated at  110 "C with stirring for 5-6 h and is then 
concentrated as well as possible under vacuum on a rotary 
evaporator. The residue is extracted three times with 300 mL 
of ether. The ether is removed on a rotary evaporator. The 
residue is heated in 250 mL of refluxing petroleum ether (90-100 
"C) and decanted while hot. The product (mp 85-86 "C, 32 g) 
crystallizes. 'H NMR (CDCI,): 6 1.32 (t, 3 H), 2.22 (8,  3 H), 4.30 
(9, 2 H), 6.08 (8,  1 H). IR (KBr): 3080,2980 (w), 1725 (s), 1625 
(m), 1550 (m), 1320, 1240 and 1110 (m). MS, m / e  calcd for 

188 (25), 175 (15), 173 (42), 172 (14), 171 (loo), 162 (E), 160 (29), 

3- (Et hoxycarbonyl)-6-met hy l-4-p henoxy-2-pyrone (IV) . A 
10.3-g (0.11-mol) sample of phenol (p.a. grade) and 15 g (0.12 mol) 
of dry triethylamine in 50 mL of dichloromethane are added with 
cooling to 22 g (0.1 mol) of 111 in 100 mL of dichloromethane, and 
the mixture is stirred at  room temperature overnight (about 1 2  
h). Dichloromethane is removed under vacuum on a rotary 
evaporator, 200 mL of ether is added, and the flask is shaken 
vigorously. Triethylammonium chloride is removed by filtration 
with suction, the ether phase is concentrated under vacuum on 
a rotary evaporator, about 70 mL of propan-2-01 is added to the 
residue, and the mixture is placed in a refrigerator. The crude 
product is collected by filtration. Recrystallization from petroleum 
ether (90-100 "C) gives 19.2 g, 70% of the product. Mp 104-106 

(s, 1 H), 6.90-7.55 (tot, 5 H). IR (KBr): 3080 (w), 2990 (w), 1720 
(s), 1645 (w), 1565 (m), 1380 (m), 1230 (m), 1070 (m). MS, m / e  
calcd for C15H14O5 274.0841, M+ 274.0842 (70), 246 (25), 243 (40), 
230 (20), 229 (95), 193 (33), 174 (24), 162 (25), 161 (31), 151 (28), 
139 (49), 125 (23), 113 (26), 94 (95), 77 (27), 51 (100). 
3-Methyl-lH,lOR-pyran0[4,3-b][ llbenzopyran-1,lO-dione 

(V). From IV and Concentrated Sulfuric Acid. A 5.0-g 
sample of IV is heated for 45 min in 30 mL of concentrated sulfuric 
acid at  100 "C, and then it is poured on ice and filtered. Two 
recrystallizations from acetic acid give an almost colorless product, 
yield 3.0 g (72%). Mp 264-266 "C, darkens at 210-230 "C. 

From IV and Polyphosphoric Acid. A 1.0-g sample of IV 
is heated for 30 min in 25 g of polyphosphoric acid and is then 
poured on ice and filtered. Recrystallization from acetic acid gives 
0.52 g (63%) of V. 'H NMR (CDC13 + P A ) :  6 2.50 (s,3 H), 6.68 
(s, 1 H), 7.45-8.48 (tot, 4 H). IR (KBr): 3050 (w), 1720 (s), 1620 
(s), 1440 (s), 1170 and 1140 (m). MS, m / e  calcd for C13H804 
228.0422, M+ 228.0416 (79), 219 (17), 214 (14), 213 (loo), 151 (ll), 
121 (45), 113 (11). 
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Recently, a number of new synthetic methodologies 
using trifluoromethyl building blocks have been developed 

(1) Part 1: Fuchigami, T.; Nakagawa, Y.; Nonaka, T. Tetrahedron 
Lett. 1986, 27, 3869. 
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t o  prepare biologically active compounds bearing a tri- 
fluoromethyl group.2 

Although enolates are versatile building blocks, very few 
studies reported the use of a-CF3 enolates because of their 
instability. These enolates are known to  undergo ex- 
tremely facile defluorination prior to trapping, as indicated 
in Scheme I.34 The generation of a-CF3 enolates under 
conditions where defluorination does not  occur remains 
to be achieved. 

As shown in Scheme 11, it is reasonable to  assume tha t  
the  defluorination is assisted by the countercation M+ of 
the  base used to  generate the enolate. Indeed, counter- 
cations (M') with a strong affinity for the  fluorine atom 
seem to accelerate the def l~or ina t ion .~ ,~  Therefore, it  could 
be anticipated that the use of countercations with a weak 
affinity for the fluorine atom, such as, for example, qua- 
ternary ammonium, phosphonium, and tertiary sulfonium 
cations, would impede the  defluorination reaction. 

On the basis of these premises and  our continuous in- 
terest in organic synthesis using electrogenerated bases 
(EGBs),~-~O we have attempted the generation of an a-CF3 

(2) (a) Carbon-Fluorine Compounds; Ciba Foundation Symposium; 
Elsevier: Amsterdam, 1972. (b) Schlosser, M. Tetrahedron 1978,34,3. 
(c) Fuller, R., Kobayashi, Y., Eds. Biomedical Aspects of Fluorine 
Chemistry; Kodansha & Elsevier Biomedical: Tokyo, 1983. 

(3) Yokozawa, T.; Nakai, T.; Ishikawa, N. Tetrahedron Lett. 1984,26, 
3987; Ibid. 26, 3991. 

(4) Yokozawa, T.; Yamaguchi, M.; Nakai, T.; Ishikawa, N. J. Chem. 
SOC. Jpn. 1986, 2202. 

(5 )  Umemoto, T.; Gotoh, Y. Bull. Chem. Soc. Jpn.  1983, 56, 724. 
(6) Ishikawa, N.; Yokozawa, T. Bull. Chem. SOC. Jpn.  1983, 56, 724. 
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