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Studies of the Syntheses of Heterocyclic Compounds containing 
Benzopyrone. Part 3.' Synthesis of 
2-Methyl-4H,5H-pyrano[3,2-c] [I ] benzopyran-4-ane, the Basic 
Skeleton in Citromycetin 
Masashige Yamauchi," Sadamu Katayama, Yoshihiko Nakashita, and Toshio Watanabe 
Faculty of Pharmaceutical Sciences, Josai University, Ke yakidai, Sakado, Saitama 350-02, Japan 

The synthesis of 2-methyl-4H,5H-pyrano[3,2-c] [ I ]  benzopyrano-4-one (1 b), the basic skeleton in 
citromycetin, is described. The alcohol (6a), chosen as the starting material, was oxidized to the dione 
(6c) which, after methylenation, was treated with concentrated hydrochloric acid-methanol (1 : 100) at 
ambient temperature to afford the pyrone (9a) regioselectively. Hydrogenation and bromine substitution 
of the pyrone (9a) gave the bromide (9e), which was converted into the benzopyranone (1 b) with aqueous 
sodium hydrogen carbonate. 

In our earlier studies '*' on the synthesis of heterocyclic 
compounds containing benzopyrone, we reported some 
syntheses of chromones. As part of our continuing interest in 
the synthesis of this ring system we focused our attention on 
the synthesis of fungal metabolites such as citromycetin (1 a),j 
the ring system of which can be regarded as an enol form of 
benzopyrone, and fulvic acid Biosyntheses of these two 
metabolites have been proposed, and the hydroxymethyltri- 
one (3)5b and the enetrione (4a),5b3c respectively, are important 
intermediates. We thought that the enetrione (4a) could also 
be a synthetic intermediate for both citromycetin (la) and 
fulvic acid (2a); that is, condensation between the benzoyl 
ketone moiety and the acetyl ketone (path a) would lead to 
citromycetin, and condensation between the ene and the 
acetyl ketone (path b) to fulvic acid (2a) (Scheme 1). The 
enetrione (4a) could be prepared from the aldol condensation 
of a suitably substituted o-hydroxyacetophenone with 3-0x0- 
butanal followed by methylenation. As a preliminary ap- 
proach to these metabolites we examined the condensation of 
the non-substituted enetrione (4b). In this paper we describe 
the synthesis of 2-methy1-4H,SH-pyrano[3,2-c][ 1 Ibenzopyran- 
4-one (lb), the basic skeleton in citromycetin, via the ene- 
trione (4b).6 

The aldol condensation of 2-benzyloxyacetophenone (5a) 
with (2-methyl-l,3-dioxolan-2-yl)acetaldehyde in the pres- 
ence of lithium di-isopropylamide-magnesium bromide in 
tetrahydrofuran gave the alcohol (6a). Using bases such as 
sodium hydride did not give satisfactory results. Oxidation of 
the alcohol (6a) with Collins reagent or PCC gave the di- 
ketone (6c) in low yield. Despite the presence of the acetal 
group, the best results were obtained from oxidation with 
chromic acid-sulphuric acid in dimethylformamide.1° The 
methylenation of the diketone by many of the existing 
synthetic methods for a-methylenation of monocarbonyl 
compounds was unsuccessful. Phenylthiomethylation of the 
dione (6c) with phenylthiomethylpiperidine hydrochloride 
(7a) l2 gave the phenylthiomethyl derivative (6e) in 81% 
yield. Oxidation and subsequent elimination, however, did 
not give the desired product. On the other hand, treatment of 
the dione (6c) with methylthiomethylpiperidine l3 hydro- 
chloride (7b) l4 gave the methylthiomethyl derivative (6f) (90% 
yield) and the methylthiomethylpyrone (8) (9% yield). 
Oxidation of compound (6f) with sodium metaperiodate in 
methanol afforded the methylsulphinyl compound (6g); this, 
without further purification, was heated to give the desired 
product (6h) in 93% overall yield from (6f). This acetal (6h) is 
a protected form of the enetrione (4b). 

A biogenetic-type cyclization was achieved by treatment of 
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the acetal (6h) with concentrated hydrochloric acid-methanol 
(1 : 100) at ambient temperature to give the pyrone (9a) in 
90% yield. This highly regioselective cyclization may be ex- 
plained by the reaction mechanism shown in Scheme 2 via 
(i) hydrolysis of the acetal group, (ii) concerted methanol 
additive cyclization, and (iii) dehydration. The structure (9a) 
was confirmed by 'H n.m.r. signals due to the methoxy 
group (6 3.21) and a characteristic dienone olefinic proton 
signal (6 6.07)." Treatment of (6h) with concentrated hydro- 
chloric acid-ethanol (1 : 60) also gave the ethoxymethyl- 
pyrone (9b) but in low yield (42%). Under these conditions 
we did not detect another possible cyclization product, (lo), 
which was obtained by treatment of (6h) with hydrochloric 
acid in tetrahydrofuran.I6 Details of this product (10) will be 
given in a later paper. Using a more labile phenol-protecting 
group such as methoxymethyl instead of benzyl would be 
expected to give spontaneous cyclization to (1 b). However, 
thiomethylation of the acetal (6b), prepared from (5b) as for 
(5a), gave unidentified tarry products. Hydrogenolysis of the 
pyrone (9a) with 10% palladium-carbon in ethanol gave the 
phenol (9c) in 78% yield. Treatment of the phenol (9c) with 
dry hydrogen bromide in acetic acid gave the bromide (9e) in 
70% yield. Finally, the bromide (9e) was converted quanti- 
tatively in to 2-methyl-4H,5H-pyrano[3,2-c][ l lbenzopyran-4- 
one (lb), the basic skeleton in citromycetin, with aqueous 
sodium hydrogen carbonate in methanol. The spectral data of 
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have reported the synthesis of this ring system from chro- 
manones. Our method supports the proposed biogenetic 
intermediacy of the enetrione (4a) in the production of citro- 
mycetin (la). 

Experimental 
M.p.s and b.p.s are uncorrected. 1.r. spectra were recorded on 
a Hitachi Model 215 spectrophotometer. U.V. spectra were 
recorded with a Hitachi Model 200-10 spectrophotometer. 
Mass spectra were taken on a Shimazu LKB-9000 mass spec- 
trometer and high resolution mass spectra with a JEOL 
JMS-OlSG instrument. 'H N.m.r. spectra were obtained with 
a JEOL 100 spectrometer and 13C n.m.r. spectra with a JEOL 
JMN-GX 270 spectrometer. Chemical shifts are reported in 
p.p.m. (6) relative to tetramethylsilane. 

1 -(2-Benzyloxybenzoyl)-3-(2-methyl- 1,3-dioxolan-2-yE)pro- 
pan-2-01 (6a).-A solution of 2'-benzyloxyacetophenone (5a : 
R = CH,Ph) (3.42 g, 15.1 mmol) in tetrahydrofuran (THF) (30 
ml) was added to a solution of lithium di-isopropylamide 
(LDA) [from di-isopropylamine (1.91 g, 18.9 mmol) and 10 ml 
of 15w/w % Bu"Li in pentane] in THF (20 ml) for 20 min at 
-78 "C under N2. The resulting solution was stirred at -78 "C 
for 1 h and then treated with a mixture of 2-(2-methyl-1,3-di- 
oxolan-2-y1)acetaldehyde (2.46 g, 18.9 mmol) and MgBr2 
[from ethylene dibromide (4.0 g, 21.3 mmol) and Mg (1.5 g, 62 
mg-atom)] in THF (40 ml) at -78 "C. Vigorous stirring was 
continued for 30 min at the same temperature, and AcOH 
(1.5 ml) in Et20 (50 ml) and then water (30 ml) were added 
to the mixture. The resulting solution was extracted with 
benzene (50 ml) and the benzene layer was washed with 
water (3 x 20 ml), dried and evaporated. The residue was sub- 
jected to column chromatography (Florisil, Wako) to elute (n- 
hexane-benzene, 1 : 1) 1-(2-benzyloxybenzoyl)-3-(2-methyl- 
1,3-dioxolan-2-yl)propan-2-01 (6a) as a colourless oil (4.57 g, 
85%); m/z, M +  356.1628 (CZ1H2405 requires M +  356.1617); 
v,,,. (neat) 3 525 and 1 670 cm-'; S(CDC1,) 1.30 (3 H, s, 

Me), 1.67 (2 H, d, J 6 Hz, CH2C(Me)OCH2CH20), 3.03 (2 H, 
d, J 6 Hz, CH2CO), 3.82 (4 H, s, OCH2CH20), 4.25 (1 H, m, 

(lb) [h,,,. (log E) (EtOH) 337 (3.90) 288 (4.08) 277 (4.12); 6 ,  
2.38 (3 H, s, Me), 5.23 (2 H, s, CH20), 6.20 (1 H, s, =CH), 
6.82-7.72 (4 H, m, arom H); & 19.96 (Me), 63.17 (C-5), 
1 13.68 (C-4a), 114.46 (C-3), 176.47 (C-4)] closely resembled 1 -( 2-Me thoxyme thoxybenzoy1)- 3-( 2-me th yl- J ,3 -dioxolan-2- 
those reported for citromycetin (la) and methyl 0-dimethyl- yl)propan-2-01 (6b).-A solution of 2-methoxymethoxy- 
citromycetin (lc). The pyranobenzopyran (lb) was also ob- acetophenone (5b) (5.0 g, 27.8 mmol) in THF (20 ml) was 
tained from the ethoxymethylpyrone (9b), uia the phenol (9d), added to a solution of LDA [from di-isopropylamine (3.5 g, 
using a similar method as for (9a), in low yield. Dean et a1.l' 35 mmol) and 22 ml of 15 w/w% Bu"Li in hexane solution] in 

CHOH), 5.10 (2 H, s, OCH2Ph), and 6.73-7.73 (9 H, m, 
arom H). 



J.  CHEM. SOC. PERKIN TRANS. I 1984 585 

THF (15 ml) for 10 min at -78 "C under Nz. The resulting 
solution was stirred at -78 "C for 40 min and then treated 
with a mixture of 2-(2-methyl-l,3-dioxolan-2-yl)acetaldehyde 
(4.0 g, 30.1 mmol) and MgBrz [from ethylene dibromide (5.0 
g, 26.6 mmol) and Mg (1.6 g, 65.8 mg-atom)] in THF (50 ml) 
at -78 "C. Stirring was continued for 30 min at the same 
temperature, and AcOH (2.5 ml) and then water (30 ml) were 
added to the mixture. The resulting solution was extracted with 
Et20 (50 ml), and the ether layer was washed with water (30 
ml), dried and evaporated. The residue was subjected to 
column chromatography (Florisil, Wako, n-hexane as eluant) 
to give 1 -(Zmethoxymet hoxy benzoyl)-3-(2-met hyl- 1,3- 
dioxolan-2-yl)propan-2-01 (6b) (6.73 g, 78%); vmax, (neat) 
3 500 and 1 660 cm-'; G(CDC1,) 1.33 (3 H, s, 

C(Me)OCH2CH20), 1.90 (2 H, d, J 7 Hz, CHzCHOH), 3.22 
(2 H, d, J 7 Hz, PhCHzCHOH), 3.60 (3 H, s, OMe), 4.08 (4 H, 

OCH20), and 7.11-8.12 (4 H, m, arom H). 

-1 

S, OCHZCH,O), 4.63 (1 H, tt, J 7 Hz, CHOH), 5.45 (2 H, S, 

1 -(2-Benzyfoxybenzoyf)-3-(2-rnethyl- 1,3-dioxolan-2-y1)- 
acetone (6c).-Anhydrous chromic acid (1.4 g) was added 
in portions to a solution of 1-(2-benzyloxybenzoy1)-3-(2- 
methyl-l,3-dioxolan-2-yl)propan-2-ol (6a) (408 mg, 1.15 
mmol) in dimethylformamide (DMF) (18 ml) at 0 "C. To this 
homogeneous solution was added conc. H2S04 (ca. 0.2 ml) 
dropwise by means of an injector syringe at -10 "C. Stirring 
was continued at 0 "C for 4 h, and the reaction mixture was 
then poured into ice-cooled saturated aqueous NaHC0, (30 
ml) and extracted with EtzO (3 x 20 ml). The organic layer 
was washed with saturated aqueous NaCl(3 x 20 ml), dried, 
and evaporated. The residue was subjected to column chro- 
matography (Kieselgel 60, 70-230 mesh, benzene as eluant) 
to give 1 -(2-benzyloxybenzuyl)-3-(2-methyf- 1,3-dioxolan-2-yl)- 
acetone (6c) (235 mg, 58%), as colourless needles (from benz- 
ene), m.p. 72.5-73.5 "C (Found: C, 71.2; H, 6.3. C21H2205 
requires C, 71.16; H, 6.27%); vmx. (KBr) 1 595 cm-'; 6 (CDCl,) 

1.37 (3 H, s, Me), 2.57 (2 H, s, CH2C(Me)OCH2CH20), 3.85 

=CHCO), and 6.87-8.17(9 H, m, arom H); m/z, M +  354.1493 
(Cz1H2205 requires M +  354.1461). 

(4 H, S, OCH2CHzO), 5.13 (2 H, S, OCHzPh), 6.58 (1 H, S, 

1 -(2- Methoxymethoxybenzoyf)-3-(2-methoxy-1,3-dioxolan-2- 
yf)acetone (6d).-To a solution of 1 -(2-methoxymethoxy- 
benzoyl)-3-(2-methyl-l,3-dioxolan-2-yl)propan-2-ol (6b) (2.64 
g, 8.5 mmol) in acetone (200 ml) was added Jones reagent (4 
ml) at 0 "C. The reaction mixture was stirred at ambient 
temperature for 1 h, then poured into saturated aqueous 
NaHCO, (50 ml). The precipitate was filtered off and the 
filtrate was concentrated to half its original volume and ex- 
tracted with EtzO (100 ml). The ether layer was washed with 
water (3 x 30 ml), dried, and evaporated. The residue was 
subjected to column chromatography (Florisil, Wako, 
Et20-n-hexane, 1 : 1 as eluant) to give 1-(2-methoxymethoxy- 
benzoyl)-3-(2-methyl-1,3-dioxolan-2-yl)acetone (6d) (1.16 g, 
44%); vmax, (neat) 1 605 cm-'; G(CDC13) 1.48 (3 H, s, 

C(Me)OCH2CHzO), 2.73 (2 H, s, CHzC(Me)OCHzCHzO), 
3.52 (3 H, s, OMe), 3.98 (4 H, br s, OCHzCHzO), 5.25 (2 H, 
s, OCH,O), 6.53 (1 H, s, enolic H), and 6.91-7.95 (4 H, m, 
arom H). 

I--- - - 1  
_ _ _ _  

3-(2-Benzyloxybenzoyl)- I -(2-methyf- 1,3-dioxolan-2-y1)-4- 
phenylthiobutan-2-one (6e).-A suspension of 1-(2-benzyl- 
oxybenzoyl)-3-(2-methyl-l,3-dioxolan-2-yl)acetone (6c) (285 
mg, 0.81 mmol) and phenylthiomethylpiperidine hydrochlor- 
ide (218 mg, 0.90 mmol) in dioxane (10 ml) was refluxed for 
12 h. The reaction mixture was poured into ice-water (10 ml), 

and extracted with EtzO (10 ml). The ether layer was washed 
with water (3 x 5 ml), dried and evaporated. The residue 
was subjected to preparative t.1.c. (Kieselgel 60 PF254, Merck) 
to isolate 3-(2-benzyloxybenzoyl)-1-(2-methyl- 1,3-dioxolan- 
2-yl)-4-phenylthiobutan-2-one (6e) (310 mg, 81%) as a mix- 
ture of the keto and enol forms (keto: enol = 6 :  5); v,,,. 
(neat) 1 710, 1 660, and 1 595 cm-'; G(CDC1,) (keto form), 
1.28 (3 H, s, Me), 2.63 (2 H, s, CHzCO), 3.43 (2 H, d, J 7 Hz, 
SCH2), 3.78 (4 H, br s, OCH2CHzO), 5.03 (2 H, s, OCHzPh), 
5.03 (1 H, t, J 7 Hz, CHCH2S), and 6.83-7.75 (14 H, m, 
arom H) ; S(eno1 form) 1.43 (3 H, s, Me), 2.98 (2 H, s, CH2CO) 
3.62-3.86 (2 H, m, SCH2), 3.78 (4 H, br s, OCHzCHzO), 5.08 
(2 H, s, OCHzPh), 6.83-7.75 (14 H, m, arom H), and 16.68 
(1 H, s, enolic OH). 

3-(2- Benzy1oxybenzoyf)- 1 -(2-methyl- 1,3-dioxolan-2-yl)-4- 
rnethylfhiobutan-2-one (6f).-A suspension of 1-(2-benzyloxy- 
benzoyl)-3-(2-methyl-1,3-dioxolan-2-yl)acetone (6c) (1.19 g, 
3.37 mmol) and methylthiomethylpiperidine hydrochloride 
(7b) (918 mg, 5.06 mmol) in dioxane (450 ml) was stirred at 
80 "C for 24 h. After being cooled the precipitate was filtered 
off. The filtrate was dissolved in benzene (500 ml) washed with 
saturated aqueous NaCl (3 x 50 ml), dried, and evaporated. 
The residue was subjected to column chromatography (Kiesel- 
gel 60, 70-230 mesh, Merck, benzene as eluant) to give 3-(2- 
benzyloxybenzoyf)-l-(2-methyl- 1,3-diuxolan-2-yl)-4-phenyl- 
thiobutan-Zone (6f) (1.25 g, 90%); m/z, M +  414.1514 (C23H26- 
0,s requires M +  414,1499); vmaX. (neat) 1 715 and 1 665 cm-'; 
G(CDC1,) (enol form), 1.45 (3 H, s, Me), 1.80 (3 H, s, SMe), 

CH20), 5.07 (2 H, s, OCH,Ph), and 6.83-7.73 (9 H, m, 
arom H); S (keto form) 1.30 (3 H, s, Me), 1.93 (3 H, s, SMe), 
2.70 (2 H, s, CH2CO), 2.93 (2 H, d, J 7  Hz, CHzS), 3.77 (4 H, br 

OCH2Ph), and 6.83-7.73 (9 H, m, arom H). Further elution 
with AcOEt-benzene (1 : 9) gave 2-(2-benzyloxyphenyl)-3- 
rnethyfthiomethyl-6-methyl-4H-pyran-4-one (8) (1 10 mg, 9%) ; 
nz/z, M +  352.1 122 (CzlHzo03S requires M +  352.1 128) ; vmax. 
(KBr) 1 660, 1 630, and 1 610 cm-'; G(CDC1,) 1.98 (3 M, s, 
Me), 2.13 (3 H, s, SMe), 3.24 (2 H, s, CHzS), 5.07 (2 H, s, 
OCHzPh), 5.99 (1 H, s, =CH), and 6.80-7.54 (9 H, m, arom 
HI. 

3.02 (2 H, S, CHZCO), 3.32 (2 H, S, CHzS), 3.80 (4 H, S, OCHz 

S, OCHZCHZO), 4.98 (1 H, t, J 7 Hz, CHCH2S), 5.17 (2 H, S, 

3-(2-BenzyloxybenzoyI)-1-(2-methyf-l,3-dioxoZan-2-yl)but-3- 
en-2-one (6 h).-To a solution of 3-(2-benzyloxybenzoy1)-1- 
(2-methyl- 1,3-dioxolan-2-yl)-4-methylthiobutan-2-one (6f) 
(161 mg, 0.38 mmol) in methanol (150 ml) was added a solu- 
tion of NaI04 (500 mg, 2.3 mmol) in water (10 ml) at 0 "C. 
The resulting emulsion was stirred at ambient temperature 
for 24 h. The precipitate was filtered off and the filtrate was 
concentrated to dryness. The residue was dissolved in benzene 
(50 ml) and washed with saturated aqueous NaCl (3 x 20 
ml), dried and evaporated to give 3-(2-benzyloxybenzoyl)-l- 
(2-methyl- 1,3-dioxolan-2-yl)-4-methylsulphinyl butan-2-one 
(6g) (160 mg), which was used for next step without purific- 
ation. The sulphinyl compound (6g) (160 mg) was dissolved in 
toluene (50 ml), to this was added CaC03 (3 mg), and the 
mixture refluxed for 4 days. The reaction mixture was diluted 
with benzene (50 ml), washed with water (3 x 10 ml), dried, 
and evaporated to give 3-(2-benzyfoxybenzoyE)-l-(2-methyl- 
dioxolan-2-yl)but-3-en-2-one (6h) [133 mg, 93% from (6f)l. 
This compound was too unstable to be purified by distillation 
or column chromatography; m/z, M +  366.1467 (C22H2205 
requires M +  366.1461); v,,,. (neat) 1658 and 1 590 cni-I; 
S(CDC13) 1.23 (3 H, s, Me), 2.73 (2 H, s, CH2CO), 3.67 (4 H, 
br s, OCH2CH20), 4.90 (2 H, s, OCHzPh), and 5.70 (9 H, m, 
arom H). 
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2-(2-Benzyloxyphenyl)-3-methoxymethyl-6-methyl-4H- 
pyran-4-one (9a).-To a solution of 3-(2-phenylmethoxy- 
benzoy1)- 1 -(Zmethyl- 1,3-dioxolan-2-y1) but-3-en-2-one (6h) 
(134 mg, 0.37 mmol) in MeOH (20 ml) was added conc. HC1 
(0.2 ml) and the resulting solution was stirred at ambient 
temperature for 20 h. The reaction mixture was poured into 
ice-cooled saturated aqueous NaHC03 (20 ml), and extracted 
with benzene (2 x 25 ml). The benzene layer was washed with 
saturated aqueous NaHC03 (10 ml) and water (3 x 10 ml), 
dried, and evaporated to give 2-(2-benzyloxyphenyZ)-3-meth- 
oxymethyl-6-methyl-4H-pyran-4-one (9a) (1 1 1 mg, 90%); m/z, 
M +  336.1362 (C21H2OO4 requires M +  336.1356); vmSx. (neat) 
1 655, 1 612, and 1 600 cm-l; G(CDC13) 2.16 (3 H, s, =CMe), 
3.21 (3 H, s, OMe), 4.00 (2 H, s, CH2C=), 5.07 (2 H, s, OCH2- 
Ph), 6.07 (1 H, s, =CH), and 6.80-7.58 (9 H, m, arom H). 

2-(2-Benzyloxyphenyl)-3-ethoxymethyl-6-methyl-4H-pyran- 
4-one (9b).-The enedione (6h) (575 mg, 1.57 mmol) and con- 
centrated HCl (1 ml) in EtOH (60 ml) was stirred at ambient 
temperature for 17 h. The reaction mixture was concentrated 
to half its original volume, dissolved in benzene (50 ml), 
washed with water (3 x 30 ml), dried, and evaporated. The 
residue was subjected to column chromatography (Kieselgel 
60, 70-230 mesh, Merck, benzene-AcOEt, 10 : 1 as eluant) 
to give 3-ethoxymethyl-6-methyl-2-(2-benzyloxyphenyl)-4H- 
pyran-4-one (9b) (229 mg, 42%); m/z, M +  350.1512 (C22H2204 
requires M +  350.1512); vmRx, (neat) 1 662, 1 625, and 1 603 
cm-'; G(CDC13) 1.10 (3 H, t, J 7 Hz, OCH2CH3), 2.18 (3 H, 

=CCH2),5.10(2H,s,0CH2Ph),6.18(1 H,s,=CH),and 6.88- 
7.62 (9 H, m, arom H). 

S ,  =CHCH3), 3.44 (2 H, 9, J 7 Hz, OCHZCH,), 4.17 (2 H, S, 

2-(2-Hydroxyphenyl)-3-methoxynzethyl-6-methyl-4H-pyran- 
4-one (9c).-2-(2-Benzyloxyphenyl)-3-methoxymethyl-6- 
methyl-4H-pyran-4-one (9a) (105 mg, 0.3 1 mmol) was hydro- 
genated with 10% Pd-C (20 mg) as catalyst at ambient temp- 
erature. After 1.1 mol of hydrogen gas had been consumed the 
catalyst was filtered off and the filtrate was distilled to dryness. 
The residue was dissolved in benzene (20 ml), washed with 
saturated aqueous NaCl (3 x 5 ml), dried, and evaporated 
to give 2-(2~~hydroxyphenyl)-3-methoxymethyl-6-methyZ-4H- 
pyran-4-one (9c) (60 mg, 78%), m.p. 81-84 "C (from benzene) 
(Found: C, 68.3; H, 5.7. C14H1404 requires C, 68.83; H, 
5.87%), m/z, Mf 246.0892 (C14H1404 requires 246.0888); vmaX. 
(KBr) 3 160, 1 655, and 1 590 cm-'; 6(CDCl3) 2.28 (3 H, s, 
=CCH3), 3.37 (3 H, s, OMe), 4.18 (2 H, s, OCH2), 6.17 (1 H, s, 
"CH), 6.75-7.50 (4 H, m, arom H), and 8.65 (1 H, br s, OH). 

3- Ethoxyme thyl-2-( 2-hydroxyphenyl)-6-methyl-4H-pyran-4- 
one (9d).-A solution of 2-(2-benzyloxyphenyl)-3-ethoxy- 
methyl-6-methyl-4H-pyran-4-one (9b) (205 mg, 0.59 mmol) in 
20 wlw % HBr-HOAc (6 ml) was stirred at ambient tempera- 
ture for 19 h. The reaction mixture was poured into ice-water 
(10 ml) and extracted with Et,O (50 ml). The ether layer was 
washed with water ( 5  x 10 ml), dried and evaporated. The 
residue was subjected to column chromatography (Kieselgel 
60, 70-230 mesh, Merck, benzene-AcOEt, 1 : 1 as eluant) 
to give 3-ethoxymethyl-2-(2-hydroxyphenyl)-6-methyl-4H- 
pyran-4-one (9d) (90 mg, 59%); G(CDC13) 1.20 (3 H, t, J 7 Hz, 
OCH2CH3), 2.28 (3 H, S ,  =CCHj), 3.60 (2 H, 4, J 7 Hz, 
OCH,CH,), 4.28 (2 H, S, =CCH2), 6.26 (1 H, S, =CH), 6.82- 
7.60 (4 H, m, arom H), and 8.62 (1 H, br s, OH). 

3-Bromomethyl-2-(2-hydroxyphenyl)-6-methyZ-4H-p yran-4- 
one (9e).-A solution of 2-(2-hydroxyphenyl)-3-methoxy- 
methyI-6-methyl-4H-pyran-4-one (9c) (1 53 mg, 0.62 mmol) in 
35 w/w % HBr-HOAc (5 ml) was stirred at ambient tempera- 
ture for 24 h. The reaction mixture was poured into ice- 

water (20 ml) and extracted with a mixture of CHzClz (30 d) 
and Et20 (60 ml). The organic layer was washed with satur- 
ated aqueous NaCl (5  x 10 ml), dried, and evaporated to 
give 3-bromomethyl-2-(2-hydroxyphenyl)-6-methyl-4H-pyran- 
4-one (9e) (128 mg, 70%), m.p. 166-168 "C (from benzene) 
(Found: C, 52.7; H, 3.8. C13HllBr03 requires C, 52.90; H, 
3.76%); m/z 296 (M+ + 2), and 294 ( M + ) ;  vmax. (KBr) 3 100, 
1 650, 1 602, and 1 580 cm-'; G(CDC13) 2.29 (3 H, s, Me), 
4.25 (2 H, s CH2Br), 6.27 (1 H, s, X H ) ,  6.65-8.05 (4 H, m, 
arom H), and 8.80 (1 H, br s, OH). 

2-Methyl-4H,5H-pyrano[3,2-c][ 1 ]benzopyran-4-one (1 b).- 
To a solution of 3-bromomethyl-2-(2-hydroxyphenyl)-6- 
methyl-4H-pyran-4-one (9e) (54 mg, 0.18 mmol) in MeOH 
(60 ml) was added saturated aqueous NaHC03 (10 ml) at 
0 "C. The reaction mixture was stirred at ambient temperature 
for 24 h, and extracted with a mixture of AcOEt (25 ml) and 
benzene (25 ml). The organic layer was washed with water 
(2 x 10 ml), dried and evaporated to yield 2-methyl-4H,SH- 
pyrano[3,2-c][l]benzopyrand-one (1 b) (38 mg, 97%), m.p. 
155-156 "C (from benzene-n-hexane) (Found: C, 72.5; H, 
4.9. C13H10O3 requires C, 72.88; H, 4.71%); m/z ,  M +  
124.0621 (C13H1003 requires M 3  214.0627); vmx. (KBr) 1 665, 
1 620, and 1600 cm-'; h,,,,,. (EtOH) 337 log E (3.90), 288 
(4.08), and 277 nm (4.12); G(CDC13) 2.38 (3 H, s, Me), 5.23 (2 
H, s, CH20), 6.20 (1 H, s, =CH), and 6.82-7.72 (4 H, m, arom 
H); 6, (CDC13) 19.86 (Me), 63.07 (C-5), 113.58 (C-4a), 114.36 
(C-3), 116.06 (C-lOa), 117.07 (C-7), 121.72 (C-9), 123.05 
(C-8), 133.13 (C-lo), 155.15 (C-6a), 156.76 (C-lob), 164.63 
(C-2), and 176.37 p.p.m. (C-4). 
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