
HETEROCYCLES, Vo l  34. No. 9. 1992 1803 

A CONVENIENT SYNTHESIS OF 3-HYDROXI-4B-PYRAN-4-ONE DERIVATIVES 

EAVING A HALO OR HYDROXY GROW AT THE 5-POSITION 

Hisashi Takao,.' Yoshinori Endo," and Tokunaru Horieb 

Naruto Research Center, Otsuka Chemical Company, Satoura, 

Naruto, 772, J a ~ a n ; ~  Department of Chemical Science and 

Technology, Faculty of Engineering, The University of 

Tokushima, Minamijosanjima, Tokushima 770, Japanb 

Abstract---The reaction of 4,5-epoxy-4-halo-6-methoxy-2-methyl- 

tetrahydropyran-3-ones (4b and 5b) in acidic media was examined 

and the following results were found: The reaction of 4b or 56 

with 1% sulfuric acid afforded a mixture of 3,5-dihydroxy-4H- 

pyran-4-one ( lb )  and 5-halo-3-hydroxy-4H-pyran-4-one (2b or 3b) ,  

but the use of concentrated acid formed the corresponding 5-halo- 

4H-pyran-4-one (2b or 3b) oniy. The reaction was applicable for 

a general method for synthesizing 3,5-disubstituted 4H-pyran-4- 

ones (1, 2, and 3 )  . 

Various studies of 4H-pyran-4-one derivatives have been reported in connec- 

tion with natural products,'r2 but those of 5-substituted 3-hydroxy-4H-pyran- 

4-ones are few and their properties have not been clearly elucidated. For 

example, 3,5-dihydroxy-4H-pyran-4-one ( lb)  was synthesized by the pyrolysis 

of D-threo-2,5-he~odiulose,~ but this method was not suitable for the 

synthesis because of low yield. Therefore, the synthesis of 5-substituted 

3-hydroxy-4H-pyran-4-ones was studied first in order to survey their 

biological activities. In this paper, we wish to describe a convenient 

method for synthesizing 3-hydroxy-4H-pyran-4-ones (1-3) with a halo or 

hydroxy group at the 5-position and their derivatives. 

Generally, it has been known that esters of a-haloglycidic acids, obtained 

from dihaloacetates and ketones by the Darzens reaction, are converted into 

a-haloketo ester or a-hydroxyketo ester by the pyrolysis4 or solvolysis with 
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aqueous sodium hydrogencarb0nate.s The result suggests that 5-halo-3- 

hydroxy- (2 and 3) and 3,5-dihydroxy-4H-pyran-4-ones (1) are synthesized 

from the corresponding 4.5-epoxy-4-halo-6-methoxytetrahydropyran-3-ones (4 

and 5) which were easily obtained from 6-methoxy-2H-pyran-3 (6H) -ones (6) by 

the halogenation and the following epoxidation with hydrogen peroxide in 

Scheme 1 

6a-c 7a-c: x=cl 4a-c: x=ci la-c: X=OH 
a: R=H 8a-c: X=Br 5a-c: X=Br 2a-c: x=cl 
b: R=Me 3a-c: X = B ~  
c: R=Et 

mild basic conditions as shown in Scheme 1. Actually, the pyrolysis of 

bromo epoxide (5b) at 190-200'C under a nitrogen atmosphere gave only 5- 

bromo-3-hydroxy-4H-pyran-4-one (3b)G as expected. The chloro epoxide (4b) 

was also converted into 5-chloro-3-hydroxy-4H-pyran-4-one (2b) by the 

pyrolysis, although the reactivity was lower than that of the bromo epoxide 

(5b) and the starting material was partly recovered under the same condi- 

tions. Treatment of 4b and 5b with aqueous sodium hydrogencarbonate or 

pyridine afforded many byproducts and the yield of desired 3,5-dihydroxy-4H- 

pyran-4-one (lb) was below 10% because of low stability of the starting 

materials in the basic media. Therefore, the reaction of the halo epoxides 

(4b and 5b) in acidic media was examined in detail. 

The reaction of 4b with 1% sulfuric acid at 60-65'C afforded a mixture of 5- 

chloro-3-hydroxy- (2b) and 3.5-dihydroxy-4H-pyran-4-ones (Ib), and the ratio 

of the two products was constant in the reaction period (ca. 1:2) as shown 

in Figure 1. The ratio was not changed by the variation of reaction 

temperature and the rising of the temperature accelerated the rate without 

the formation of byproducts. The similar phenomena were observed in the 

reaction of the 4-bromo epoxide (5b), but the ratio of 3b to 1b was higher 

than that in the reaction of 4b (ca. 1.3:l). These results suggest that the 
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Time (h) 

Figure 1 Time c o u r s e  of  t h e  r e a c t i o n  o f  4b w i t h  1% s u l f u r i c  
a c i d  a t  60-65'C; 4b: 0,  l b :  0. 2b: A .  

Table 1 Reaction Conditions of 4.5-Epoxy-4-halo-6-methoxytetrahydro- 

pyran-3-ones (4b and 5b) and Product Ratios 

Conditions Products 
Starting 
material Acid Additive T h  Yield Relative r a t io  (%) 

(5 equiv.) (h) (%)  l b  2b 3b 

4b 1% H2SO4 - 6 61 67 33 - 
5b 1% H z % ~  - 6 61 57 - 43 

4b 10% H2SOg - 3  66 66 3 4  - 
5b 10% H2SO4 - 3 68 37 - 63 

46 50% H2SO4 - 3  67 54 46 - 
5b 50% H2SOq - 3  65 - - 100 

4b 35% H C ~  - 3 82 - 100 - 

4b 47% HBr - 3 65 - - 100 

4b 10% H2SO4 NaCl 3  83 - 100 - 
4b 10% H2SO4 NaBr 3 82 - - 100 

rearrangement and s o l v o l y s i s  wi th  a c i d  c a t a l y s t  proceed  s imul t aneous ly  i n  t h e  

r e a c t i o n  and t h e  r a t e s  of  t h e  two r e a c t i o n s  a r e  dependent on t h e  migratory 

a p t i t u d e  of a  halogen atom and on p H  of t h e  r e a c t i o n  media. Therefore ,  t h e  

e f f e c t s  of  t h e  a c i d  s t r e n g t h  o f  t h e  r e a c t i o n  medium and t h e  h a l i d e  i o n  were 

a d d i t i o n a l l y  examined as shown i n  Table 1. 

The r a t i o  of l b  i n c r e a s e d  wi th  dec reas ing  t h e  a c i d  c o n c e n t r a t i o n  and t h a t  o f  
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2b o r  3b dec reased .  The r e s u l t s  show t h a t  t h e  two r e a c t i o n s  proceed  

s imul taneous ly  a s  shown i n  Scheme 2 .  That is ,  ac id -ca t a lyzed  r i n g  opening 

of t h e  h a l o  epoxide (4 o r  5) b r i n g s  about t h e  format ion  of  c a t i o n  ( A ) ,  

which i s  t ransformed t o  t h e  in t e rmed ia t e s  (6 and D )  by a  halogen mig ra t ion  

(pa th  a )  and an a t t a c k  of  a  hydroxide ion  ( p a t h  b ) .  The two i n t e r m e d i a t e s  

(B and D) l e a d  t o  t h e  halogeno (2 o r  3)  and hydroxy compounds ( 1 )  v i a  t h e  

en01 forms (C  and F) o f  t h e  cor responding  d ike tone  d e r i v a t i v e s ,  respec-  

t i v e l y .  The r a t e s  o f  t h e  two r e a c t i o n s  ( p a t h s  a  and  b )  a r e  dependent on t h e  

a c i d  s t r e n g t h  and mig ra to ry  ap t i t ude .  of  t h e  halogen atom. When t h e  r e a c t i o n  

i s  c a r r i e d  o u t  i n  t h e  low concen t r a t ion  of  s u l f u r i c  a c i d ,  t h e  p a t h  a  i s  

r e t a r d e d  because t h e  p a t h  b  i s  a c c e l e r a t e d  by t h e  i n c r e a s i n g  concen t r a t ion  

Scheme 2 

O-H - 

D E F 1 a-c 

of hydroxide ion  and t h e  r a t i o  of  l b  by t h e  s o l v o l y s i s  i n c r e a s e s  i n  r e s u l t .  

The reason why t h e  r a t i o  of l b  i n  t h e  product  from 4b is h ighe r  t han  t h a t  

from 5b seems t o  be t h a t  t h e  migra tory  a p t i t u d e  of  t h e  c h l o r i d e  ion  i s  lower 

than  t h a t  o f  t h e  bromide. When t h e  r e a c t i o n  was conducted under h igh  

concen t r a t ion  of a h a l i d e  ion ,  t h e  anion a t t a c k s  predominantly on t h e  c a t i o n  

( A ) .  Actua l ly ,  t h e  r e a c t i o n  i n  t h e  concen t r a t ed  mine ra l  a c i d  o r  i n  t h e  

presence of  sodium bromide o r  c h l o r i d e  suppressed  comple te ly  t h e  formation 

of i b  a s  shown i n  Table  1, a l though t h e  r e a c t i o n  upon t h e  a d d i t i o n  of  

potassium i o d i d e  a f f o r d e d  many i n t r a c t a b l e  byproducts .  
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These results show that the reaction of halo epoxides (4b and 5b) is appli- 
cable for a general method for synthesizing 3-hydroxy-4H-pyran-4-ones (1-3) 

with a halo or hydroxy group at the 5-position. Actually, the similar 

phenomena were observed in the reaction of the other halo epoxides, and the 

3.5-dihydroxy-4H-pyran-4-ones ( l a  and 1C) which led to diacetates (9a and 

9c) and 5-halo-3-hydroxy-4~-pyran-4-ones (2a, 3a, 2c, and 3 ~ )  were easily 

obtained by the application of the reactions as shown in Table 2 (see 

EXPERIMENTAL) . 
Additionally, partial alkylation of f b  was examined in order to eatablish a 

method for the chemical modification of the 3- and/or 5-hydroxy groups in 1 

Since the selectivity of the partial dealkylation is generally higher than 

that of the partial alkylation in the studies of polyhydroxyflavone deriva- 

tivesr9 the partial alkylation route as shown in Scheme 3 was examined. 

Scheme 3 

The 3-benzyloxy group in dibenzyl ether (lob) of l b  was selectively cleaved 

with hydrochloric acid in acetic acid to give 5-benzyloxy-3-hydroxy-Z- 

methyl-4H-pyran-4-one ( l l b ) .  The 1H nmr spectra of l l b  exhibited the 

existence of a benzyloxy group and the NOE was observed in the C,-proton 

by irradiation of the benzylmethylene group. The methoxymethylation of l l b  

formed the 3-methoxymethyl ether (12b) which was hydrogenolyzed with 
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palladium on charcoal to give 5-hydroxy-3-methoxymethoxy-2-methyl-4H-pyran- 

4-one (13b). The ethers (lib and 13b) were useful for the selective alkyl- 

ation of the 3- or 5-hydroxy group in lb, and the 3- and 5-methyl ethers 

(14b and 15b) were synthesized by the methylation followed by removal of the 

protecting group. The method may be widely applicable to the chemical 

modification of the hydroxy groups in 3,5-dihydroxy-4H-pyran-4-ones (1). 

EXPERIMENTAL 

All melting points were uncorrected. 'H Nmr spectra were recorded on a 

Hitachi R-24B spectrometer (60 MHz) using tetramethylsilane as an internal 

standard and chemical shifts were given in 6 values. Gas chromatographic 

analyses were conducted at 120-160'C with a Shimadzu GC-7A chromatograph 

equipped with a column (100 x 0.635 cm) of thermon 3000 (Shimalite TPA, 60- 

80 mesh). Elemental analyses were performed with a Yanaco CHN corder Model 

MT-2. 4-Halo-6-methoxy-2H-pyran-3 (6H) -ones (7 and 8 )  were easily synthe- 

sized from furfuryl alcohols via 6-methoxy-2H-pyran-3 (6H) -ones (6) by the 

method of Brenman et al.1° 

4,5-Epoxy-4-halo-6-methoxytetrahydropyran-3-ones (4 and 5): To a mixture of 

7 or 8 (0.1 mol) and 30% hydrogen peroxide (15 ml, 0.13 mol) in MeOH (100 ml) 

was added slowly 5% sodium carbonate (5 ml, 0.002 mol) at 5-10'C for 30 min, 

and then the mixture was stirred at 10-15'C for 2 h and neutralized with 1% 

HCl to pH 7. After removal of most of the MeOH, the residue was extracted 

with dichloromethane to give 4 or 5 in 83-90% yields. Compounds (4b, 4c, 

5b, and 5 ~ )  were a mixture of two stereoisomers (ca. 3:l) and were used in 

the next reaction without separation. 4a: 84%, colorless needles, mp 65- 

66'C (from n-hexane) (lit.,'' 67-68.C); 'H nmr (CDC1,) 6: 3.49 (3H, s, OCH3), 

3.80 (lH, d, J=1.6 Hz, Cs-H), 4.21 (2H, s, C2-H), 5.08 (lH, d, J=1.6 Hz, 

Cs-H). 4b: 90%, pale yellow oil, major isomer; 'H nmr (CDCl,) 6: 1.42 ( i ~ ,  d, 

J=7.0 Hz, CH,), 3.51 (3H, s, OCH,), 3.80 (lH, d, J=1.2 Hz, C5-H), 4.30 (lH, q, 

J=7.0 Hz, C2-H), 5.02 (lH, d, J=1.2 Hz, C6-H) . Anal. calcd for C,H,O,Cl: C, 

43.65; H, 4.71. Found: C, 43.72; H, 4.62. 4C: 83%, pale yellow oil, major 

isomer; 'H nmr (CDCl,) 6: 0.97 (3H, t, J=7.5 Hz, CH,), 1.86 (2H, q, J=7.5 Hz, 

CH2-), 3.48 (3H, s, OCH3), 3.76 (lH, d, J=1.2 Hz, Cg-H), 3.88-4.20 (lH, m, 

C2-H), 5.06 (lH, d, J=1.2 Hz, Cs-H) . Anal. Calcd for C,H,,O,Cl: C, 46.96; H, 

5.43. Found: C, 46.66; H, 5.26. 5a: 88%, colorless needles, mp 125-126'12 
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(from n-hexane) (lit.," 127-128.C); 'H nmr (CDC13) 6: 3.50 (3H, s, OCH3), 

3.75 (lH, d, J=1.6 Hz, C5-H), 4.18 (2H, s, C2-H), 5.04 (IH, d, J=1.0 Hz, C6- 

H). 5b: 83%, pale yellow oil, major isomer; 'H nmr (CDC13) 6: 1.40 (3H, d, 

J=7.0 Hz, CH3), 3.50 (3H, S, OCH3), 3.78 (lH, d, J=1.0 Hz, C5-H), 4.30 (lH, q, 

J=7.0 Hz, Cz-H), 5.04 (lH, d, J-1.0 Hz, C6-H). Anal. Calcd for C,H,O,Br: C, 

35.47; H, 3.83. Found. C, 35.46; H, 3.72. 5 ~ :  80%, pale yellow oil, major 

isomer; 'H nmr (cDc~~) 6: 1.02 (3H, t, J=7.5 HZ, 1.80 (2H, q, ~=7.5 HZ, 

CH2-), 3.48 (3H, s, OCHs), 3.78 (lH, d, J=1.2 Hz, C5-H), 3.90-4.28 (lH, m, C2- 

H), 5.10 (lH, d, J=1.2 Hz, C6-H) . Anal. calcd for C,H,,O,Br: C, 38.27; H,4.42. 

Found: C, 38.48; H, 4.35. 

Eydrolysis of 4,5-epoxy-4-halo-6-methoxytetrahy&opyran-3-ones (4 and 5): 

A mixture of 4 or 5 (0.01 mol) and 1-50% mineral acid (20 ml) was heated at 

90-95'C for 3-6 h with stirring, and then treated with active carbon (1.0 g). 

The mixture was concentrated, and extracted with ethyl methyl ketone. The 

extract was dried over MgSOq, concentrated, and diluted with dichloromethane. 

The insoluble materials were collected by filtration and recystallized from 

MeOH to give 3,5-dihydroxy-4H-pyran-4-ones (1) as colorless needles. 

The soluble materials were recrystallized from benzene to give 5-chloro-3- 

hydroxy-4H-pyran-4-ones (2) or 5-bromo-3-hydroxy-4H-pyran-4-ones (3) as 

colorless needles (Table 2). 

Diacetates (9) of 1: Compounds (la-C) were converted into the diacetates 

(9) by treating with acetic anhydride-pyridine at 90'C. 9a: 81%, colorless 

needles, mp 113-114'C (from benzene-n-hexane) (lit. ,' 113-114.C) . Anal. 

Calcd for C9H806: C,50.95; H,3.80. Found: C, 50.88; H, 3.62. 9b: 89%, 

colorless needles, mp 97-99'C (from benzene-n-hexane) l i t 2  102-102.5'C). 

Anal. Calcd for C1oH1006: C, 52.91; H, 4.44. Found: C, 53.12; H, 4.42. 9c: 

88%, pale yellow oil. Anal. Calcd for CllH,,06: C, 55.00; H, 5.04. Found: C, 

54.72; H, 5.04. 

Pyrolysis of 4-bromo-4,5-epoxy-6-methoxytetrahy&opyran-3-one (5b): Compound 

(5b) (1.2 g, 0.005 mol) was pyrolyzed at 190-200'C under a nitrogen 

atmosphere for 30 min. The resulting red brown oil was extracted with 

chloroform, washed with brine, and dried over MgSOI. The extract was 

evaporated, and the residue was recrystallized from benzene to give.3b 

(640 mg, 62%) as pale yellow needles. 
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Table 2 Solvolysis of 4-Halo-6-mthoxy-4,5-epoxytetrahydropyran-3-ones 

(4 and 5) and Analytical Data fo r  the  Products 

Star t ing l H  W Found 

material Acid Canpd Yield mp (DEUd6) Formula (Calcd) 
(%)  ('C) Cz-H Cg-H C H 

3,5-Dibenzyloxy-2-methyl-4R-pyran-4-one ( l o b )  : A mixture  o f  1 b (2.84 g ,  0.02 

mol),  benzyl  c h l o r i d e  ( 6 . 3  g, 0 .05  mol) and anhydrous potass ium ca rbona te  

(6 .5  9, 0.05 mol) i n  d r y  DMF (30 m l )  was h e a t e d  it 95-100'C f o r  8 h w i th  

v igorous  s t i r r i n g .  The cooled  r e a c t i o n  mix tu re  was d i l u t e d  wi th  wa te r ,  and 

e x t r a c t e d  w i t h  benzene. The e x t r a c t  was washed wi th  b r i n e ,  d r i e d  o v e r  MgSO,, 

and t h e n  evapora t ed .  The r e s i d u e  was r e c r y s t a l l i z e d  from MeOH t o  g i v e  

d ibenzy l  e t h e r  ( l o b )  ( 4 . 5  g, 70%) a s  c o l o r l e s s  need le s ,  mp 99-101.C; 'H nmr 

(CDC13)  8: 2.04 (3H, s, CH3), 5 .07,  5.15 (each 2H, s, OCH2-), 7 .30 ( l O H ,  s, 

A r - H ) ,  7 .43  ( l H ,  s, C,-H) . Anal.  Calcd  f o r  C20Hle04: C, 74.52;  H, 5 .63 .  

Found: C, 74.79; H, 5 .76.  

5-Benzyloxy-3-hydroxy-2-methyl-48-pyran--one ( l l b ) :  Canpound ( lob )  ( 9 . 7  g, 

0.03 mol) was d i s s o l v e d  i n  a c e t i c  a c i d  (100 m l )  c o n t a i n i n g  conc .  H C 1  (30 m l )  

and t h e n  s t i r r e d  a t  60'C f o r  10 h .  The mix tu re  was d i l u t e d  w i t h  wa te r  and 
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t h e n  e x t r a c t e d  w i t h  ch lo ro fo rm .  The e x t r a c t  was e v a p o r a t e d  and t h e  r e s i d u e  

was r e c r y s t a l l i z e d  f rom benzene-n-hexane t o  g i v e  l l b  (4 .18  g, 60%)  as 

c o l o r l e s s  n e e d l e s ,  mp 133-134.C; 'H nmr ( C D C l , )  6: 2 .14 (3H, s, CH3), 5.12 

( Z H ,  s, OCH2-), 7.30 (5H, s, A r - H ) ,  7 .48 ( 1 H .  s, Cs-H). Anal .  Ca lcd  f o r  

C13H1204: C, 67.23; H, 5 . 21 .  Found: C, 67.36; H, 5 . 0 2 .  

5-Hydroxy-3-methoxymethoxy-2-methyl-4R-pyran-4-one (13b) : To a m i x t u r e  of  60% 

NaH (0 .45  g, 0 . 0 1  mol) and  i l b  (2 .23 g,  0 . 01  mol) i n  d r y  DMF (10 m l )  was 

added methoxymethyl c h l o r i d e  (0 .88  g, 0 .011 mol) below 10 'C.  The mix tu r e  was 

s t i r r e d  a t  room t e m p e r a t u r e  f o r  3  h,  t h e n  d i l u t e d  w i t h  w a t e r ,  and  e x t r a c t e d  

w i th  e t h e r .  The e x t r a c t  was washed wi th  1% HC1,  and  b r i n e ,  d r i e d  o v e r  MgS04, 

and evapo ra t ed  t o  g i v e  t h e  c r u d e  methoxymethyl e t h e r  (12b) ( 2 . 48  g )  a s  o i l .  

The c r u d e  p roduc t  was hydrogenolyzed  w i th  10% Pd-C (100 mg) i n  MeOH (20 m l )  

u n t i l  t h e  up t ake  o f  hydrogen c e a s e d .  A f t e r  t h e  c a t a l y s t  was f i l t e r e d  o f f ,  

t h e  f i l t r a t e  was e v a p o r a t e d .  The r e s i d u e  was r e c r y s t a l l i z e d  from MeOH t o  

g i v e  13b ( 1 . 49  g, 80%)  as c o l o r l e s s  need l e s ,  mp 91-92'C; 'H nmr (CDC1,) 6: 

2 . 38  (3% s,  CH,) ,  3 .52  (38 ,  s, OCH,), 5.22 (2H, s, OCH2-), 6 .96  ( l H ,  b r  s, 

O H ) ,  7 .78 ( l H ,  s, C 6 - H ) .  Ana l .  Ca lcd  f o r  C,H,,O,: C,  51.61; H, 5 . 41 .  Found: 

C, 51.69; H ,  5 .29 .  

5-8ydroxy-3-methoxy-2-methyl-4E-pyran-4-one (14b):  A m i x t u r e  of  l l b  (552 mg, 

23 mmol), methyl  i o d i d e  (400 mg, 30 mmol) and anhydrous  p o t a s s i u m  c a r b o n a t e  

(320 mg, 23 mmol) i n  a c e t o n e  (10 m l )  was r e f l u x e d  f o r  5  h  w i t h  v i g o r o u s  

s t i r r i n g ,  and t h e n  w a t e r  was added .  The o i l y  p r o d u c t s  were e x t r a c t e d  w i th  

e t h y l  a c e t a t e .  The e x t r a c t  was washed w i th  5% NaHCO,, t h e n  b r i n e ,  and  d r i e d  

ove r  MgSO,. The e v a p o r a t i o n  of t h e  s o l v e n t  a f f o r d e d  t h e  c r u d e  methyl  e t h e r  

(490 mg) a s  o i l .  The c r u d e  p roduc t  was hydrogenolyzed w i t h  10% Pd-C (100 mg) 

and t h e n  r e c r y s t a l l i z e d  from benzene t o  g i v e  14b (280 m g ,  90%) a s  c o l o r l e s s  

need l e s ,  mp 1 2 7 - 1 2 8 . ~ ;  nmr ( c D c ~ , )  6: 2.32 (3H, s, CH,) ,  3 . 86  (3H, s, 

OCH3), 7.18 (lH, b r  s, O H ) ,  7 . 76  ( l H ,  s, Cs-HI. Anal .  Ca l cd  for'C7H804 : C, 

53.85; H ,  5 . 16 .  Found: C, 54.05;  H, 5 .09.  

3-~ydroxy-5-methox~-2-methyl-4~-pyran-4-one (15b) : A m i x t u r e  of  13b (930 mg, 

50 mmol), methy l  i o d i d e  (800 mg. 56 mmol) and anhydrous  p o t a s s i u m  c a r b o n a t e  

(900 mg, 65 mmol) i n  a c e t o n e  (20 m l )  was r e f l u x e d  f o r  6  h  w i t h  v i g o r o u s  

s t i r r i n g  and t r e a t e d  i n  u s u a l  manner t o  g i v e  t h e  c r u d e  methyl  e t h e r  (920 mg) 

a s  o i l .  The c r u d e  p r o d u c t  was r e f l u x e d  w i th  20% H C 1  ( 5  m l )  i n  MeOH (30 m l )  

f o r  2  h,  and t h e  mix tu r e  was d i l u t e d  wi th  wa t e r .  The m i x t u r e  was concen- 
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trated and extracted with ethyl acetate. The extract was washed with brine, 

dried over MgS04, and then evaporated. The residue was recrystallized from 

MeOH to give 15b (663 mg, 85%) as colorless needles, mp 169-171'C; 'H nmr 

(DMSO-d,) 6: 2.32 (3H, S, CH,), 3.76 (3H, s, OCH,), 7.68 (lH, s, C6-H), 7.98 

(lH, br s, OH) . Anal. Calcd for C,H,O,: C, 53.84; H, 5.16. Found: C, 53.72; 

H, 4.93. 
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