
Carbohydrate Research, 52 (1976) 11-I 6 
Q Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

SYNTHESIS OF MONOSACCHARIDES BY OXIDATION OF 
FURFURAL DERIVATIVES 

REZSB BOGNAR .a?) PAL HERCVGH 

Research Group for Chemistry of Antibiotics, L. Kossuth University, Debrecen 4010 (Hungary) 

(Received January 16th. 1976; accepted for publication, June 22nd, 1976) 

ABSTRACT 

DL-Ribose, DL-arabinose, and DL-xylose have been synthesized from 2-fural- 
dehyde. Condensation of 2-furaldehyde with pinacol followed by oxidation of the 

product with bromine water or lead tetra-acetate and reduction with sodium boro- 
hydride gave DL-2-(1,4-dihydroxy-ci~-but-2-enyl)~,4,5,5-tetramethyl-l ,3-dioxolane 
(4a). Hydroxylation of the dibenzoate of 4a followed by debenzoylation and 
hydrolysis gave DL-ribose and DL-arabinose. Epoxidation of 4a with monoperoxy- 

succinic acid followed by hydrolysis gave DL-xylose. 

INTRODUCTION 

Some attempts have been reported in the literature for the synthesis of mono- 
saccharides from furfural derivatives utilising oxidation reactions_ Addition reactions 
to the double bond of dihydrofuran or dihydropyran derivatives make possible the 

synthesis of complicated monosaccharides. The procedure of Achmatowicz et al. 1 

was based on the methoxylation of 2-hydroxyalkylfurans oia the bromo derivatives2. 
Hydrolysis of the resulting dimethoxydihydrofurans gave 2,3-dideoxy-DL-alk-2- 
enopyranosid4uloses, which can be converted into the various monosaccharide 
derivatives3*‘. Oxidation reactions of 2-hydroxyaikylfurans with peroxy acids also 
gave unsaturated pyranosuloses’. The addition reactions of dihydrofurans obtained 
by the electrolytic methoxylation of furan derivatives have been applied by Srogl 
et d.60*b for the synthesis of complicated monosaccharide derivatives. 

In the course of oxidation of furfural with bromine water, the bisphenyl- 

hydrazone of a dioxo compound was isolated by Hughes and Acree’ and assumed 
to be a derivative of 4-oxo-4,S-dihydrofurfural. This structure was rejected by 
Clauson-Kaas and Fakstorp’, who suggested that the product was the phenyl- 
hydrazone of the pent-;?-en-1,5-dial%one (endialone). The same conclusion was 
reached by SzakBcs-Pint& and Maros’v lo. The oxidation of furfural with chlorine’ 1 
or the hydrolysis of 2-diacetoxymethyl-2,5-dimethoxy-2,5-dihydrofuran ’ ’ also 
affords endialone which, because of its instability, is known only as its derivatives. 
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R&WLts AND DI§CU!3!RON 

Achmatowicz et al. ’ used fur-fury1 alcohol as a starting materiai, and C-l of 
the resulting ~ntopyranosides was formed from the G-5 of the furan ring. We have 
& ~-fu~idehyde as the starting material, with the formyl group becomtng the 
redting group of the aldoses. It was necessary to protect the formyl group against 
krth acidic (oxidation) and basic conditions (borohydride reduction). Appropriate 
pwwctbn was accomplished by reaction with 2,3-dimethylbutane-2,3-dioi to give a 
4,4$.,%etramethyl-i,3_dioxolane derivative (1). The rate of hydrolysis of such 
duivatives is extremely slow, because protonation is hindered by the methyl groups ’ -‘. 

2-(2-Furyl)-4,4,S,5-tetramethyl- 1,3-dioxolane l4 (1) is stable at pH 3 and 23”, hut 
3nw hydrolysi% is observed at pH 2. 

Oxidation of 1 with bromine water in tert-butyl ~l~ohol-phospha~ buffet gave 
the endiaIone 2, which was too unstable to be isolated but could be ~~acte~~ as 
the ~ylhyd~one 3. This derivative had 1,,, 410 nm under neutral and acidic 
conditions, but at basic pH values it had a violet chromophore at i.,,, 500 nm. This 
rttaqe was reversibIe and is characteristic of the phenylhydrazonc of a.&unsaturated 
ow compounds’ ‘. 

These data confirm the mechanism of the oxidation reaction of furfural with 
bmminc water proposed by SzakBcs-Pint& and MarosgVro. The reaction sequ~ftcc i.r 

draavn below (1 3 2). 
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~~uction of 2 with sodium borohydride gave DL-2-( I&dihydroxy&~but-2- 

enyl)~,4,~,5-tet~methyl-I.~-dioxolane (da), vchich is a cyclic acetal of DL-3,4- 

dldeoxypent-3-enose; reduction of the double bond was not observed. Compound $a 

slowly decomposes during vacuum distillation, but can be isolated as its acetate (4b) 

or crystalline benzoate (4e). 

Oxidation of I with lead tetra-acetate gag the unstable diacctoxydihydrofuran 

derivative’“.” 5, which was not isolated but was rcdrtced with sodium borohydtide 

to give a mixture of five compounds. from which 4r was isolated in poor yield by 

chromatography. 

Oxidation of 4a with mono~roxysuccinic acidlL*‘r gave the epoxide 6. 

Because of the steric hindrance of the bulky dioxotnnc group, the most probable 

rotamer of 4a is 9. The oxidation af ~,~-uns~tu~t~ rlco!rols proceeds through a 
hydro~n-Andy interm~idt~’ (i.e.. 10), so that 6 has the information It and is 

u~-rhtco-2~(2,3~yoxy-l,~dihydmxy.butyl)-J,it,.C,Etet~me~h~l-f,3-dioxoianc 
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The hydroxylation of 4c with hydrogen peroxide-osmium tetraoxide gave a 

mixture of 7 and 8. Debenzoylation (ZemplCnZ4) of the mixture followed by hydrolysis 
with dilute sulphuric acid gave a mixture of Dr-ribose and DL-arabinose, which was 
fractionated by chromatography on a cation-exchange (Ba’+) resin. 

Additions to the double bond of 4 make possible the preparation of other 
pentose derivatives. We are continuing our work in this field. 

EXPERlhiElrlTAL 

Genpral. - Melting points were determined on a Kofler apparatus and are 

uncorrected. 1-r. spectra were recorded for potassium bromide pellets with a Unicam 
SE-200 spectrophotometer. N.m.r. spectra were obtained with a JEOL MH-100 
(100 MHz) instrument, and mass spectra with an AEI MS-902 mass spectrometer. 
Concentrations were performed with a rotary evaporator at 40-45”. 

DL-2-(1,4-Di~zydroxy-cis-but-2-e~~~Z)~,4,~,5-tet~a~tet~zyZ-~,3-dioxorane (4a). - 
(a) To M sodium hydroxide (240 ml), M phosphoric acid was added (-70 ml) to 
pH 3.8-3.9 (pH meter-j. A solution of 1 (10.6 g, 0.054 molj in ted-butyl alcohol 
(50 ml) was then added. After coofing to lO-12”, a solution of bromine (2.94 ml. 
0.054 mol) in rerr-butyl alcohol (50 ml) was added dropwise, with vigorous stirring, 
during 30 min. The pH was kept at 3.8-4.0 by continuous addition of 2<r sodium 
hydroxide. The solution was neutrahzed, and saturated with sodium chloride, and 
the organic layer was separated. The aqueous phase was extracted with tert-butyl 
alcohol (2 x 50 ml). The combined organic layers were diluted with water (800 ml), 
stirred with a solution of sodium borohydride (I ..53 g, 0.0405 mol) in ethanol (100 ml) 
at 5” for 3 h, then acidified to pH 5, and concentrated_ The syrupy residue was 
extracted with ether (70 mI), and the extract was dried (Na2S@,) and concentrated to 
dryness. Distillation of the residue gave 4a (2.82 g, 25X), b-p. 161-1670/0.4 mmHg, 
m-p. 52-54” (from cyclohexane). N.m.r. data: 6 4.88 (d, 1 H, J,,, 5.7 Hz, H-l), 

4.35 (q, 1 H .fz,3 7.8 Hz, H-2), 5.55 (q, I H, Jxsj 11.2 Hz, cis double-bond, H-3), 
5.89 (octet, 1 H, J4,5 6 Hz, H-4), and 4.19 (d, 2 H, Js,5 11-12 Hz, H-5,5’). Mass 
spectrum: nz/e 129 (IGO). 

Anal. Calc. for CllH2005: C, 61.09; H, 9.32. Found: C, 60.85; H, 9.10. 
(6) A mixture of 1 (10.6 g, 0.054 mol), lead tetra-acetate (23.9 g, 0.054 mol), 

and dry, aicohol-free chloroform (200 ml) was boiled under reflux for 14 h, then 
cooled, filtered, washed with saturated, aqueous sodium carbonate, dried (Na,SO,), 
and concentrated. A solution of the oiiy residue in ethanol (150 ml) was treated with 
NaBHa (2.05 g, 0.054 mol) dissolved in ethanol (100 ml). After 3 h, the mixture was 
acidified to pH 4 with M hydrochloric acid at O”, then stored for IO min, neutralised 
with hi sodium hydroxide, filtered, and concentrated. The resulting syrupy residue 
(6.1 g) was eIuted from Silica gel G with light petroleum (b-p. 40-60”)-acetone (9:2.5) 
to yield 4a (1.2 g), m-p. 50-52”, together with several unidentified products. 

DL-2-(1,4-Diacetoxy-cis-bzzt-2-eny~~~,4,5,S-tet~a~zet~zyZ-~,3-d~oxolane (4b). - 
Conventional treatment of 4a (9.2 g) with acetic anhydride-pyridine gave 4b (7.9 g, 
65%), b.p. 155-162”/1 mmHg- 
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Anal. Calc. for C,,H.,O,: C, 59.98; H, 3.05. Found; C, 60.07; H, 5.29. 
DL-2-(1,4-Dibe/rzo~Io~~-cis-but-2-e~~l~~,~,5,5-tetra~zethyl-l,3-dio~ola~ze (4~). - 

Conventional treatment of 4a (1 g) with benzoyl chloride-pyridine gave 4c (0.84 g, 
74%), m-p. 91-92” (from ethanol). Mass spectrum: [Ii/e 424 (0.01) M+. 

Anal. Calc. for C2sH2sOs: C, 70.07; H, 6.64. Found: C, 70.50; H, 6.61. 

2-(1,4-Dio;ro-cis-b~1~-2-e~l_vl)-4,4,5,5-tetrametl?)?l- I,3-dioxolane 4’-pheqd- 

hydrazone (3). - A mixture of phenylhydrazine hydrochloride (5 gi and sodium 
acetate (7 g) in water (200 ml) was added to 4a (prepared from 3.5 g of 1 by bromine 
oxidation). The black, syrupy product which separated after 30 min was triturated 
with carbon tetrachloride and then recrystallised from the same solvent to give 3 
(1.32 g), m.p. 143-145” (dec.), v,._ 1688 cm- ’ (C=O). 

Anal. Calc. for C,,H,,N,O,: C, 67.52; H, 7.33; N, 9.26. Found: C, 6670; 
H, 7.23; N, 9.51. 

DL-threo-2-(2,3- Epox~~-l,4-dil~~drox~but~l)-4,4,5,5- tetranzethyl-1,3-dioxolnne 
(6).----Disuccinoyl peroxide (2.56 g, G.0105 mol) was shaken with water (7 ml) at 50”, and 
4a (3.16 g, 0.01 mol) was added. The solution was kept overnipht at room temper- 
ature, then filtered, diluted with water t.15 ml), and neutraiized with Dowex-2 X4 
(HO-) resin, and concentrated. The oily residue was dried over P,Oj in z’acuo and 
then crystallized from ether-light petroleum to yield 6 (0.8s g, 38%), m.p. 8.5-86’; 
vmax 3340 (OH) and 1270 cm- ’ (epoxide). 

Ailal. Calc. for CllH2,,05: C, 56.58; H, 8.67. Found: C, 56.72; H, 8.92. 
DL-three-Peiltose phe@osazone. - A solution of 6 (2 g) in 0.5~ sulphuric acid 

(40 ml) was kept at 50” for 10 min, then neutraiized with Dows-x-2 X4 (HO-) resin, 
and concentrated. The resulting colourless syrup, which reduced Fehling’s solution, 
was treated with a solution of phenylhydrazine (3.12 g) in water (24 m!) and acetic 
acid (1.92 ml) at 100” for 2 h. The product was collected from the cooled mixture, 
successively washed with IO% acetic acid and water, and recrystallized from ethanol 
to give the title product (0.58 g), m-p. and mixture m-p. 210-212”. 

DL-Xylopyranose tetra-acetate. - Compound 6 (0.92 g) was hydrolyzed with 
0.5hr sulphuric acid (20 ml) at 50’ to give 0.65 g of a syrupy material which, after 
drying over P,O,, was conventionally acetylated with acetic anhydride (3 ml) in 
pyridine (8 ml) to give the title product” (240 mg), m.p. 122-124”. 

DL-dYylose tohlene-p-sulpho~~~~l~~_vdrazone. - A solution of the foregoing tetra- 
acetate (107 mg) in 0.1&l methanolic sodium methoxide (4 ml) was stored for 3 h, 
then neutralized with AG-50 X12 (H+) resin, and concentrated_ A solution of the 
iesidue in methanol (1 ml) was treated with toluene-p-sulphonylhydrazine (50 mg) 
and then boiled under refiux for 30 min. The mixture was concentrated, and the 
residue was crystalliied from methanol to give the title compound (82 mg), m.p. 158- 
159” (dec.); lit.‘2 m.p. 154”. 

DL-Ribose and DL-arabinose. - A solution of 4c (3.3 g) in methanol (300 ml) 
was treated with 30% hydrogen peroxide (10 ml) and 1% osmium tetraoxide in 
rert-butyl alcohol (1 ml). The mixture was kept at room temperature for 4 days, and 
3-4 ml portions of hydrogen peroxide (total, 14 ml) were added. The solution was 



16 . R. BOGNAR. P. HERCZEGH 

then filtered, and concentrated to 70 ml, and water (300 ml) was added. The resulting 
oil was separated, and dissolved in ethyl acetate (100 ml), and the solution was dried 
(Na,S04) and concentrated. A solution of the colourless syrup (2.5 g) in 0.1 hl 
methanolic sodium methoxide (40 ml) was kept at room temperature for 3 h, then 
neutralized with AG-SOW Xl2 (H’) resin, and concentrated. The-syrupy residue was 

hydrolysed overnight in a mixture of 2&1 hydrochloric acid (30 ml) and p-dioxane 
(30 ml> at room temperature, then treated with Dowex-2. X4 (HO-) resin, and 
concentrated. The resulting, colourless syrup (2.1 g), which reduced Fehling’s solution, 
contained two components (t.l.c., cellulose MN 300 G, I-butanol-acetic acid-water, 

4:1:5) which reacted with aniline hydrogen phthalate and had R, values identical 
with those of ribose and arabinose. Elution of the mixture (570 mg) from a column 
(70x2 cmj of Dowex-50W X8 (Ba2+) resin (50-100 mesh) with water gave DL- 

arabinose (28 mg) and ur_-ribose (49 mg). The latter gave a toluene-p-sulphonyl- 
hydrazone, m.p. 161=; lit.23 m-p. 161-162”. The former gave a tetra-acetate, m.p. 112- 
114”, the n.m.r. spectrum of which was identical with that described in Ref. 21. 

ACKNOWLEDGMENTS 

The authors are indebted to Dr. J. Tam&s for the measurement and inter- 
pretation of mass spectra, Dr. S. Szab6 and Dr. L. Szil6gyi for recording the i.r. and 
n.m_r_ spectra, and Miss E. SzCp for technical assistance. This work wps supported 

by the Hungarian Academy of Sciences. 

REFERENCES 

1 0. ACHMATOWCZ, JR., P. BUKOWSEI, B. SZECHNER, Z. ZWIERZCHOWSKA, AND A. ZA~IOJSKI, 
Terrahedron, 27 (1971) 1973-1996. 

2 G. W. K. CAVILL, D. G. LAVING, AXD P. 1. \vILLIAMS, Azzsf. J. Chenz., 22 (1969) 2145-2160. 
3 P. BLJKOWSKI, Ph.D. Thesis, Institute of Organic Chemistry, Polish Academy of Sciences, 

Warszawa, 1971; 0. ACH&~ATOWICZ, JR., AND P. BU~~OWSKI, Gun. J. Clzenz.. 53 (1975) 2524-2529. 
4 0. ACH~IATOWICZ, JR., AND B. SZECHNER, Bull. Acad. Polon. Sri., Ser. Sci. Chinz., I9 I1971 ) 

309-311; Rocz. Clrer~r., 49 (1975) 1715-1724. 
5 Y. LEFEBVRE, Tefrahedrozz Lerf., (1972) 133-136. 
6 J. SROGL, M. JANDA, I. STIBOR, AND J. KUCERZI, Collecr. C~rcJz. Clrem. Conzmzm., 38 (1973) 455- 

458;J. SROGL, M.JANDA,AND I.STiljs?_:! .<,39(1974) ISi-191. 

7 E. E. HUGH= AND S. F. ACREE, J. Res. Nar. t’ar. Srczrzd., Seer. A, 24 (1940) 175-180. 
8 N. CLAUSON-I(AAS AND J. FALSTORP, Acta Chenz. Stand., 1 (1947) 415-421. 
9 M. SZX&CS-PINT.& ~3 L. MAROS, Arm Chim. (Budapest), 56 (1968) 87-91. 

10 M. SU~~CS-PINT&Z AND L. MAROS, Aria Chim. (Btzdapest), 56 (1965) 199-213. 
11 J. B. PETERSEN, N. CLAUSON-KAAS, AND K. NORRIS, Kgl. Dan. Vidensk., Mar.-FyA. Medd., 36 

(1967) 23; Chem. Abstr. 69 (1968) 59063a. 
12 Kemisk Vaerk Koge A/S, Norway, Patent 78673; Clzenz. Abstr., 46 (1952) 1046. 
13 1. H. FIFE, J. Am. Chem. Sot., 89 (1967) 3228-3231. 
14 J. KULES~A .~ND A. KOWALSKI, Zeszty Narzk. Polyteclzn. Lode. Cizenz. Spozyzcc=a, No. 8 (1963) 

27-36; Chem. Abstr., 63 (1965) 5579c. 

15 K. HIMMELSPACWAND 0. WESTPFZL, Ann.,668 (1963) 165-179. 
16 N. ELhIING, Adu. Org. Chem., (1960) 67-115. 

17 C. K. D:EN AND R. E. LUTZ, J. Org. Clrem., 22 (1957) 1355-1360. 
18 R. LohrBARD AND G. SCHROEDER, Bzdf. Sot. Chim. Fr., (1963) 23OCk2801. 
19 C. WILKINS, Synthesis, (1973) 156. 
20 M. OKI AND T. MURAYALIA, Bull. Cizemz. Sot. Jap., 46 (1973) 259-264. 
21 P. L. DURETTE AND D. HORTON, J. Org. Cheuz., 36 (1971) 2658-2669. 
22 L. HOUGH AND J. K. N. JONES, J. Chenz. SOC., (1951) 1122-l 126. 
23 L. HOUGH AND J. K. N. JONES, J. Cllenr. SW., (1.951) 3191-3192. 
24 G. BalPLLN AND E. PACSU, Ber., 62 (1929) 1613-1621. 


