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6-Alkoxy-2H-pyran-3(6H)-ones (4) have been shown to be versatile synthetic 
intermediates in carbohydrate research’-3. A high-yield synthesis of these compounds 
from furfury alcohols, and their efbcient conversion into useful y-pyrones, including 
3-hydroxy-2-methyMH-pyran4one (maltol), is reported here. Compounds 4 were 
viewed by us as attractive intermediates to the y-pyrones malt01 (VeltclR) and 
3-hydroxy-4&pyran4one (pyromeconic acid). Heretofore, compounds 4 have been 
best prepared from furfury alcohols (1) via the 6-hydroxy derivatives 3, as outlined in 
Scheme I(path a or b). 

In the widely used procedure of Achmatowicz eb aL2 (path a), furfuryl alcohols 
(1) apz converted into diaikoxydihydrofurans (2) with bromine in methanol; 2 is 
hydrolyzed to 3, and this is converted into the desired glycosides 4 in -40% yield by 
treatment with orthoformate under Lewis-acid c&alysis. Overall yields of 4 of N 30% 
are obt&ned. An alternative synthesis of 3, developed by Lefebre and co-workers3 
(path b), involves the direct conversion of substituted furfury: alcohols 1 into 3 in 
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40-80% yield by oxidation with peroxy acids, followed by the low-yield conversion 
of 3 into 4 as just described. Major drawbacks to the envisaged route (1 -+ 3 -4) to 
y-pyrones are low overall yield, tedious isolation of 3, and its conversion into 4 by 
use of expensive reagents. 

Therefore, a direct conversion of the readily accessible dialkoqdihydrofurans 2 
into the desired dalkoxy compounds 4 was sought. Acid-catalyzed rearrangement of 2 
in methanolic hydrogen chloride led to a very low yield of product 4 in admixtw? 
with poIymethoxyIated products of types 5 and 6*. 

5 6 

Such organic acids as formic or trifluoroacetic acid were, however, observed to 
convert 2 into glycoside 4 under mild conditions (path c). Initially, yields of 5060% 

of 4 were obtained, together with 20-30% of a high-boiling material, presumably 
polymeric. However, the addition of a small proportion of a protic solvent such as 
methanol obviates formation of most of the polymer, and yields of 80% of 4 cam be 

realized. The only identifiable by-product in this reaction is a small proportion 
(< 5%) of the dimethoxy derivative 5. In this way, 4 can conveniently be obtained in 
an overah yield of 70% from ftiuryl alcohols 1. 

The conversion of 4 into such commerciahy valuable y-pyrones as maltol 
(8, R = Me) and pyromeconic acid (8, R = H) was achieved via a carefully contro&~I 
epoxidation with hydrogen peroxide at 5”, to afford 7 in 85% yield, followed by 
acid-catalyzed hydrolysis-ehmination4, to give 8, as outlined in Scheme 2. 

To confirm the identity of 7 (R = H), the B-L isomer (7a; methyl 2,3-anhydro- 
/?+erythrqentopyranosid4ulose) of 7 (R = H)** was synthesized from the known 
methyl 2,3-anhydro-a-D-lyxopyranoside’ (9) by the bi-phasic, oxidation procedure 
with ruthenium tetraoxide 6--8. The a-D isomer of 7 (R = H) has been reported by 
Paulsen eb aZ.‘. 

*Skilar products have been noted by Acbmatowicz ez al. (see ref. 2a) in the attempted conversion of 
3 into 4 by methanolic acid. 

**The i.r. and n.m.r. spectra of this B-L isomer 7a and of the racemic material described were identical, 
suggesting that the epoxidation of 4 occurs in a stereospecific way, MUIS to the 6-methoxyl group. 
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analysis: i-r. AcEI 5.80,um (CAB); n.m.r. (CD&: 6 4.78 (I H, d, J5,6 6 Hz, H-6), 
4.0 (2 H, Al3 system, J 2,2c 18 Hz, H-2,2’), 3.6 (1 H, m, H-41, 3.45 (3 H, s, OCR,), 
3.35 (3 H, s, 0CH,), amI 2.64 (2 H, m, H-4,43. 

Anal. Calc. for C,H120,: C, 52.49; H, 7.55. Found: C, 52.20; H, 7.54. 
Tetruhydro-5,6-dimefhoxy-2-methyZ-2H-pyran-3(4H)-i*te (5; R = Me). - The 

method described was employed to produce 5 (R = Me): i.r. 1,“” 5.80 ,!.&I (C-0); 
n.m.r. (CDCI,): 6 4.7-4.8 [l H, two d in 5:l ratio, corresponding to two different 
stereoisomers, J5,6 3 (major) and 7 (minor) Hz, H-q, 4.2 (1 H, m, H-2), 3.7 (1 H, 
m, H-5), 3.52 (3 H, s, OCH3), 2.85 (2 H, m, H-4), and 1.2 (3 H, two d, in 3:l ratio, 
97 Hz, CH3). 

Anal. Calc. for C,H140,: C, 55.16; H, 8.10. Found: C, 54.96; H, 8.14. 
2-Methoxy-B-methyl-3,7dioxabicyclo[Q. I.O]heptan-5-one (7, R = Me). - A 

solutions of 4, R = Me (2.84 g, 20 mmoles) in isopropyl alcohol (10 ml) and water 
(10 ml) was cooled to O”, and the pH was adjusted to 9.0 with M sodium hydroxide. 
To this well stirred, cooled solutioq was added hydrogen peroxide (30%; 2.1 ml, 
24 mmoles) dropwise at 5”, with addition of sodium hydroxide as necessary to 
maintain the pH between 8.0 and 9.0. The mixture was stirred for 1 h at 5”, poured 
into water (75 ml), and extracted with three 50-ml portions of chloroform. The 
extracts were combined, dried, and evaporated, to yield 2.99 g of a clear oil. Dktil- 
lation at 56-58”/1 torr yielded 2.7 g (85%) of 7 (R = Me) as a clear oil. G.1.c. showed 
this to be a mixture of two stereoisomers in 3:l ratio, only partly X-esolved in the 

system used (17.2 and Z8.6 min); i.r. 1, cxclJ 5.75 pm (Cd); n.m.r. (CDCl,): S 5.3 
(1 H, br. s, H-6), 4.1 (1 H, q, J 7 Hz, H-2), 3.3-3.5 (5 H, m including 3 H, s, OCHa 
and 2 H, m, H-4,5), and 1.3 (3 H, d, J 7 Hz). 

Anal. Cak. for C,Hi004: C, 53.16; H, 6.37. Found: C, 52.90; H, 6.27. 
2-Methoxy-3,7-dioxabicycZo[4.l.O]hepruPre (75 R = H). - The method 

described for 7 (R = Me) was used to produce 7 (R = IS), using 4 (R = H) as the 
starting enone; i.r. ;Zcz3 5.76 rtm (C=O); n.m.r. (CDCl,): 6 5.2 (1 H, s, H-6), 4.1 
(2 H, s, H-2,2’), and 3.3-3.6 (5’H, m including 3 H, s, OCH,). 

Anal. Calc. for C,H,Ob: C, 50.00; H, 5.59. Found: C, 50.09; H, 5.81. 
Methyl 2,3-anhydro-/3+erythro-pentopyranosid-4-z.dose (7a). - A soiution of 

methyl 2,3-anhydro-3-~~~opyranoside7 (9) (0.64 g, 14.3 mmoles) in chloroform 
(20 ml) was mixed with water (23 ml) containing potassium metaperiodate (1.6 g) and 
po’asium carbonate (0.14g). To the well stirred, two-phase mixture was added 
ruthenium dioxide (10 mg). After being stirred for 3 h, isopropyl alcohol (2 ml) was 
added, and stining was continued for 0.5 h. The phases were separated, and the 
aqueous layer was extracted with chloroform. The extracts were comb&d, washed 
with brine, dried, and evaporated, to yield 0.41 g (73%) of a low-melting solid having 
spectral properties identical to those described for 7 (R = H). Recrystallization from ; 

ether-hexane afforded white needles, m.p. 43.5A4.5”, [cz]i3 + 187” (chloroform); i 

lit. lo m.p. for the CC-D isomer of this compound, 42-45”. ! I 
Conversion of the epoxide 7 (R = Me) into maltoZ(8). - A solution of 7, R = Me 

(l4.90 g, 80 mmoles) in 2~ sulfuric acid (250 ml) was boiled for 2 h under reflux, and 
i 
2 
I 
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cooled. The pH was adjusted to 2 with 50% sodium hydroxide solution, and the 
mixture was extracted with three portions of chloroform. The extracts were 
evaporated, yielding 7.48 g of an orange solid which was recrystallized from methanol 
to yield &lytically pure malt01 (7.06 g, 70%), m.p. 159.5-160.5”. 

SimiIarIy, the epoxide 7 (R = H) was converted in 50% yieId into pyromeconic 
acid, m.p. 113-l 1 Y, which was identical to a sample prepared by the decarboxylation 
of 5-hydroxy4-oxo4H-pyran-2-carboxylic acid (comenic acid’ “)! 

ACKNOWLEDGMENTS 

The authors thank Dr. I. M. Goldman and Prof. D. Horton for helpful 
discussions. 

REFERENCES 

1 B. Fn-REID, kc. Chem. Res., 8 (1975) 192-281; D. L. WALKER AND B. FRASER-REID, J. Am 
Chm. Sm., 97 (1975) 6251-6253. 

2 (a) 0. Acmwrow~cz, JEC., P. Bu~owsni, B. SZECHNER, Z. ZWIERZCHOWSKA. AND A. ZAMOJSKI, 
Tetrahedron, 27 (1971) 1973-1996; (b) 0. ACHMATOWIC~, JR., G. GR YN?LEWICZ,ANDB.S~ECHNER, 
ibid., 32 (1976) 1051-1054. 

3 Y. LEFEEXRE, TetraherLon L.&.. (1972) 133-136: R_ L&xm& G. -AWAR, AND Y. LEFEBVRE, 
J. Med. Chem., 16 (1973) 1084-1089; Y. LEFEBVRE AND C. REVESZ, ibid., 18 (1975) 581-583; 
M. P. GEORGIADIS, ibid., 19 (1976) 346-349. 

4 R. K. CHAWLA AND W. E. MCGOMGAL, J. Org. Chem., 39 (1974) 3281-3282; see also, F. W. 
LICHTEK~UJER AND P. I-&DEL, Angem Chem., 81 (1969) 998-999. 

5 J. G. BUCHANAN AND R. FLETCHER, L Chem. Sue., C, (1966) 1926-1931. 
6 P. J. BEYNON, P. M. COLUNS, P. T. DOGANGES, AND W. G. OVEREND, J. Chenr. Sot., C, (i966) 

1131-1136. 
7 B. J. LA’WTON, W. A. SZAREK, AND J. K. N. JONES, Carbohp&. Res., 10 (1969) 456458. 
8 P. J. BEYNON, P. M. COLLINS, D. GARDINER, ANLI W. G. OVEREND. Curbuhydi. Res. 6 (1968) 

431435. 
9 H. PAULSEN, K. EBmsrzm, AND W. ECOERERNXCK, Tetraheakm L&t., (1974) 43774380. 

10 R P. ALLINGHAhi AND P. D. WEE~CS, U.S. Pat. Appl., Serial No. 608,452, filed August 28, 1975. 
11 T. SHONO AND Y. MA- TetmheaFon Len., (1976) 1363-13~. 
12 S. Tom, H. TAX~Z T. ANODA, ANDY. SIMIZU, Chem. Letr., (1976) 495-498. 
13 B. E. TATJZ AND R. L. MILLER, U.S. Pat 3,130,204 (1964). 


