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ABSTRACT 

(~n~lo~ethyl)lithium, generated in situ from bu~llithium and (be~lo~ethyl)tri-~-bu~lstan- 
nane, was found to be an efficient reagent for the monohydroxymethylation of aldono-1,Clactones to 
form ketoses. Thus, 4-hydroxy butanoic-1,4-lactone, 2-deoxy-2-fluoro-3,5-di-O-(methoxymethyl)-D- 
arabinono-l,Clactone, 2,3,5-tri-O-(metho~ethyl)-D-arabinono-l,4-lact~ne, 5-O-(methoxymethyl)-2,3- 
f?-methyhdene-n-ribono-1,4-lactone, 2,3,5,6-tetra-O-(methoxymethyl)-n-altrono-l,4-lactone, $3 : 5,6di- 
U-is~ropylidene-~guIono-1,4-lactone and 2,3-O-i~pro~lidene-L-e~throno-1,4-la~one were respec- 
tively converted to l-ben~la~-5-hydro~-2-~nt~one, l-U-be~l-3-deo~-3-fluo~4,6-di-O-(metho~- 
methyl)-o-fructofuranose, l-~-~n~i-3,4,6-tri-O-(metho~ethyI~D-~cto~ranose, I-O-benzyl-6-0- 
(methoxymethyl)-2,3-O-methylidene-o-psicofuranose, l-O-be&-3,4,6,7-tetra-O-(rnethoxymethyl)-n- 
altro-heptulofuranose, l-O-benzyl-3,4: 6,7-di-0-isopropylidene-n-g&-heptulofuranose, and 1-O-benzyl- 
3,4-O-isopropylidene-r=ery-erythro-pentulofuranose in 63-81% yields. By deprotection of l-0-benzyl-3-de- 
oxy-3-fluoro-4,6-di-0-(methoxymethyl~n-fructose, 3-deoxy-3-fluoro-n-fructose was prepared for the first 
time. 

INTRODUCTION 

Fluorinated carbohydrates are important probes in the study of transport, 
metabolism and enzymology of sugars2. The reason for this is the close similarity in 
size between the hydroxyl group and the fluorine atom, allowing a deo~uoro 
analogue of a sugar to mimic most of its parent’s biological functions, while being 
restricted from involvement in certain pathways. In addition, fluorinated metabo- 
lites can be traced by 19F NMR spectroscopy3. A large number of deoxytluoro 
analogues of sugars have been synthesized including all the monofluoro analogues 
of the common monosaccharides involved in metabolism4. A notable exception has 
been 3-deo~-3-fluoro-D-f~ctose (11, aIthough several attempts have been made to 
synthesize the compoundsp6. 

* For a preliinary report, see ref 1. 
+ Corresponding author. 
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3-Deoxy-3-fluoro-D-fructose (1) is a confirmed metabolite of 3-deoxy-3-fluoro- 
D-glucose, an important compound in studies of carbohydrate metabolic pathways 

in insects, microorganisms7, and mammals’, however its further metabolism is 
unknown. 

RESULTS AND DISCUSSION 

As an attractive and straightforward route to 1, we and other’ investigated the 
nucleophilic substitution at C-3 of 1,2 : 4,5-di-U-isopropylidene-/3-o-psicopyranose 
(2), readily available from 1,2 : 4,5-di-0-isopropylidene-/3-D-fructopyranose by con- 
figurational inversion at C-3 (Scheme 1). However all attempts using dieth- 
ylaminosulphur trifluoride (DAST) or reacting the 3-triflate of 2 with tris(dimethyl- 
amino)sulphonium difluorotrimethylsilicate (TASF) failed, resulting in elimination 
product. Consequently, we decided to investigate other possibilities. 

It has been reported that organometallic reagents add to aldonolactones at 
- 78°C to form hemiketals in good yield loV1l. Thus, from the known 2-deoxy-2-flu- 
oro-o-arabinono-l,Clactone (31, available” in three steps from D-ribono-l,Clac- 
tone (4), addition of an organometallic reagent with cu-alkoxy or oxygen function 
would be expected to lead to 1. A general method to hydroxymethylate aldonolac- 
tones would be a useful route to ketoses, since a wealth of readily available 
functionalised aldonolactones exists’*-16. 

To study the reaction between aldonolactones and organometallic reagents, we 
needed a base stable protecting group. However, such protecting groups are 
normaly introduced under basic conditions, where sugar lactones are prone to 
p-elimination. Therefore O-alkyl-protected lactones have mostly been prepared by 
oxidation of the corresponding aldose i7. As a base stable group to be introduced 
under acidic conditions, we found the methoxymethyl group suitable. Thus, the 
cx-fluorolactone 3 was converted, with dimethoxymethane in the presence of 
phosphorus pentaoxide’8p19, into the 3,5-di-0-methoxymethyl derivative 5 in 59% 
yield (Scheme 2). The protected lactones 6, 7 and 8 were similarly prepared. First, 
the action of simple Grignard reagents on the fluorolactone 5 was investigated. 
However, reaction of 5 with ethylmagnesium bromide at -78°C did not proceed 
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Scheme 2. 

with the expected selectivity since a 3 : 2 ratio of the desired hemiketal9a and the 
tertiary alcohol 1Oa was obtained (Scheme 3). Similarly vinylmagnesium bromide, 
which adds selectively to 2,3,4,6-tetra-0-benzyl-n-glucono-1,5-lactone’”, reacted 
with 4 to give a 3 : 2 ratio of the hemiketal 9b and the tertiary alcohol lob. 

A number of organometallic hydro~ethyiat~g agents have been applied in 
synthesis. We found the thermally unstable (be~lo~ethyl~a~esi~ chloride” 
difficult to prepare and to handle in a quantitative manner. Attention was then 
shifted to (dimethylisopropyloxysilylhnethylmagnesium chloride’* and (dimethyl- 
phenylsilylknethylmagnesium chloride 22 However, we found that none of these , 

Grignard reagents reacted by addition to 5, but rather an epimerisation at C-2 of 
the lactone was observed, probably due to enolisation. It is well known that bulky 
Grignard reagents have a tendency to cause enolisation. 

(BenzyIoxymethyl)lithium is thermally unstable, but can be prepared very effec- 
tively at - 78°C from (benzyloxymethyl)tri-n-butylstannane23~~ and butyllithium; a 
report on its addition to aldono-1,9lactones appeared recentlyz. When y-butyro- 
lactone (11) was allowed to react with 2 equiv of this reagent, the hem&eta1 12 was 
isolated as the only product in 74% yield. Similarly, the fluorolactone 5 reacted 
with (benzyloxymethyl)lithium to give the hemiketal 13 as the only observable 
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Scheme 3. 
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product in 63% yield. Compound 13 was a 1: 1 mixture of (Y and j3 anomers, and 
both of them had a large difference in the J3,4 coupling constant (6.3 and 1.3 Hz, 
respectively) which might indicate that epimerization at C-3 had occurred. How- 
ever, since 13 was converted to a single compound by hydrolysis, this difference 
must be caused by a large conformational change in the furanose ring. The 
selectivity of the lithium reagent in the addition to 5, in contrast to the Grignard 
reagents, may be due to the greater stability of the lithium alkoxide of the 
hemiketal, preventing further attack. A number of other protected lactones were 
also reacted with 2 equiv of (benzyloxymethyl)lithium (Scheme 4). The arabinono- 
lactone 6 gave the fructofuranose derivative 14 in 66% yield; the ribonolactone 7 
gave the psicofuranose derivative 15 in 78% yield and the altronolactone 8 gave 
the altro-heptuloside 16 in 81% yield. 2,3 : 5,6-Di-O-isopropylidene-o-gulono-1,4- 
lactone (17) and 2,3-O-isopropylidene-r.-erythrono-1,4-lactone (18) gave the gulo- 
benzylheptuloside 19 and L-ribuloside 20 in 64 and 77% yields, respectively. In all 
cases, the best yields were obtained by using 2 equiv of the organometallic reagent 
and a reaction time of 0.5-l h at -78°C. For instance, reaction of 4-hydroxy- 
butanoic-1,Clactone (11) with 1 equiv of the reagent for 1 h at -78°C gave 55% of 
12, while reaction of 5 with 1.5 equiv of the same reagent for 1 h at -78°C gave 
40% of 13. Longer reaction times resulted in slight decreases in yield. The 
hemiketals 13-16, 19-20 were mixtures of anomers with a relatively large variation 
in anomeric ratio. In the case of 13-15, the anomers could be assigned by 

comparing the i3C NMR chemical shift of C-2 with published values for ketohexo- 
furanoses with similar configuration26. 

Hydrolysis of 13 with 0.5 M HCl in boiling 50% aq THF gave 1-O-benzyl-3-de- 
oxy-3-fluoro-D-fructose (21) in 76% yield (Scheme 5). NMR revealed that 21 in 
aqueous solution was largely in the P-o-pyranose form. Hydrogenolysis of 21 with 
palladium on carbon gave 3-deoxy-3-fluoro-D-fructose (1) in 84% yield as a 
colourless syrup, which crystallized on prolonged standing. Confirmation of the 
structure of 1 came from the elemental analysis and from the NMR spectra. 
Downfield in the i3C NMR spectrum, the characteristic large doublet of a 
fluorinated carbon was observed (89.2 ppm, 183.1 Hz), and all carbons, except the 
two primary carbons, coupled with fluorine. This was consistant with the presence 
of a fluorine atom at C-3 or C-4. The large coupling constant (19.1 Hz) for C-2 and 
its upfield shift of N 1 ppm as compared to C-2 of o-fructose, showed that fluorine 
was located at C-3. It was observed that 1, in aqueous solution, was mostly in the 
P-o-pyranose form and the *C, conformation. 19F NMR revealed however that two 
other anomers were also present in respective amounts of 9 and 5%. The two sets 
of signals were assigned to be the two furanoses by analogy to the composition of 
anomers of fructose in solution, and because J4,r in the two anomers had very 
similar values (19.1 and 23.8 Hz) which differed from J4,F of the j?-pyranose form 
(13.3 Hz). 

The altro-heptulose derivative 16 and the gulo-heptulose derivatives 19 were 
also deprotected by acidic hydrolysis and hydrogenolysis to 2,7-anhydro-D-&o- 
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heptulose (22) and D-g&o-heptulose (231, respectively. The formation of the 
‘t,%anhydride in the altroheptulose case was to be expected from similar behaviour 
of aftro-heptulose.z7 
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In this paper, we have introduced a one step route from aldonolactones to 
ketoses, especially useful for preparing functionalised ketoses. This allowed the 
first synthesis of 3-deoxy-3-fluoro-D-fructose, a compound which may be of impor- 
tance in future studies of the metabolism of carbohydrates. 

EXPERIMENTAL 

General.-NMR spectra were obtained on either a Bruker AC-250 or a Bruker 
AM-500 instrument. Spectra recorded in CDCl, were referenced to Me,Si for ‘H, 
and CDCl, (6 76.93) for 13C. Spectra recorded in D,O were referenced to acetone 
(6 2.22 or 29.8, respectively). igF NMR spectra were referenced to trifluoroacetic 
acid. Optical rotations were measured on a Perkin-Elmer 141 polarimeter. Micro- 
analysis were carried out by Leo Microanalytical Laboratory. Concentrations were 
performed on a rotary evaporator at a temperature below 40°C. 

2-Deoxy-3,5-di-O-(methoxymethyl~-2-fluoro-~-arabinono-l,Cluctone W.-To a 
stirred suspension of P205 (8.5 g) in dimethoxymethane (35 mL) was added a 
solution of 2-deoxy-2-fluoro-n-arabinono-l,4-lactone’2 (3, 828 mg, 5.52 mmol) in 
dimethoxymethane (15 mL). The mixture was stirred for 2 h at 25°C. Ice (200 mL) 
and satd aq NaHCO, (300 mL) were added, and the mixture was extracted with 
EtOAc (3 x 100 mL), dried (MgSO,), and concentrated to give an oil (1.12 g>. 
Flash chromatography using 1: 2 EtOAc-pentane gave syrupy 5 (0.77 g, 59%); 
[a]g +51.2” (c 1.4, CHCl,); ‘H NMR (CDCl,): 6 5.24 (dd, J&r 51.0, J2,3 7.5 Hz, 
H-2), 4.80 (dd, J 6.8, Ju,r 0.6 Hz, H-CH), 4.71 (d, H-CH), 4.66 (s, CH,-5), 4.61 
(dd, J3,F 18.4 Hz, H-31, 4.36 (ddd, J4,F 7.7, J4,5, 3.6, J4,5 2.5 Hz, H-41, 3.89 (ddd, 
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&St 11.9, Js,F 1.6 Hz, H-S), 3.77 (dd, H-S’), 3.41 (s, OCH,), 3.37 (s, OCH,); 13C 
NMR (CDCI,): S 168.2 (d, Jt,r 22.7 Hz, C-l), 95.8 (s, 2 C, CH,O’s), 90.4 (d, J;,r 
197.6 Hz, C-2), 77.4 (d, J4,F 10.2 Hz, C-4), 75.7 (d JS,F 20.6 Hz, C-3), 64.1 (s, C-S), 
55.0 (s, OCH,), 54.6 (s, OCH,). Anal. Calcd for C,H,,FO,: C, 45.38; H, 6.35. 
Found: C, 45.48; H, 6.49. 

2,3,5-Tri-O-~methoxymethyl)-D-arabinono-I,4-lactone (@.-The reaction was 
carried out as above for the preparation of 5, with P,O, (12 g) in dimethoxymethane 
(100 mL) and adding o-arabinono-l,4-Iactone28 (2.52 g) in dimethoxymethane (200 
mL). After stirring for 30 min and workup, the protected lactone 6 was obtained as 
a syrup (2.77 g, 58%); [LY]~ +21.1” (c 1.4, CHCI,), 13C NMR (CDCI,): 6 171.6, 
(C-l), 96.4, 96.3, 95.8 (OCH,O’s), 79.1 (C-4), 77.5, 75.8 (C-2, C-3), 65.1 (C-S), 55.8, 
55.6, 55.2 (CH,O’s). Anal. Calcd for C,,H,OO,: C, 47.14; H, 7.19. Found: C, 46.98; 
H, 7.22. 

5-0-~~etho~methyZ)-2,3-O-methylidene-o-ribono-l,C~uctone (7).-The reaction 
was carried out as described above for the preparation of 5, with P205 (92 g) in 
dimethoxymethane (375 mL) and o-ribono-1,4-lactone (6.46 g) in dimethoxy 
methane (200 mL). After stirring for 20 h, workup and flash chromatography in 
1: 1 EtOAc-pentane, the protected lactone 7 was obtained as a syrup (8.26 g, 
84%); [sY]~ -39.2” (c 1.3, CHCI,); 13C NMR (CDCI,): S 172.8 (C-l), 96.3, 96.1 
(OCH,O’s), 81.5 (C-4), 77.7, 75.0 (C-2, C-3), 66.3 (C-5), 55.4 (CH,O). Anal. Calcd 
for CsHr20h: C, 47.06; H, 5.92. Found: C, 46.85; H, 6.16. 

2,3,5,6-Tetra-O-(~thoxymethyl)-~-altrono-I,4-lactone (@.-The reaction was 
carried out as above for the preparation of 5, with P&I, (60 g) in dimethoxymethane 
(500 mL) and D-altrono-l,4-lactone2g~29 (5.00 g) in THF (500 mL). After stirring for 
6 h, workup (8.7 g, 87%) and flash chromatography in 1: 1 EtOAc-pentane, the 
protected lactone 8 was obtained as a colourless oil (6.75 g, 68%); [LY]~ - 33.4” (c 
1.7, CHCl,); 13C NMR (CDC1,): S 172.3 (C-l), 96.5, 94.4, 96.0, 95.9 (OCH,O), 
80.6 (C-4), 76.7, 76.4, 74.4 (C-2, C-3, C-5), 65.7 (C-6),56.1,56.0,55.7, 55.3 (CH,O). 
Anal. Calcd for C,,H,On,: C, 47.45; H, 7.40. Found: C, 47.46; H, 7.52. 

Reaction of 2-deoxy-2-jkoro-3,5-di-O- (methovmethylj-D-arabinono-I,Clactone 
(5) with ethylmagnesium bromide. -A solution of the fluorolactone 5 (106 mg, 0.45 
mmol) in THF (4.5 mL) was stirred at - 78”C, and a solution of EtMgBr (0.8 mL, 
0.82 M, 1.5 equiv) in ether was added. The solution was stirred for 45 min at 
- 78”C, then allowed to reach 0°C. A solution of NH&l (10 mL, 5%) was added 
and the mixture extracted with EtOAc (3 X 10 mL). Drying (MgSO,) and concen- 
tration of the combined organic layers left a cIear syrup (99 mg) containing the 
hemiketal 9a and the tertiary alcohol 10a in the ratio 3 : 2. Flash chromatography 
with 1: 2 EtOAc-pentane gave the faster moving product 9a (36 mg, 30%); [cx]: 
+ 38.3” (c 1.8, CHCl,); 13C NMR (CDCI,): 1st anomer (60%): S 97.3 (d, J4,r 185.8 
Hz, C-4), 96.5-96.0 (OCH,O’s), 81.4 (d, J5,F 19.7 Hz, C-5), 78.1 (d, Js,F 9.8 Hz, 
C-6), 67.2 (d, J7,F 6.2 Hz, C-7), 55.9-55.2 (CH,O’s), 29.9 (C-2), and 7.7 (C-l); 2nd 
anomer (40%): 6 96.5-96.0 (OCH,O’s), 90.8 (d, J4,F 199.3 Hz, C-4), 79.2 (d, J5,F 
21.9 Hz, C-S), 78.8 (d, J6.F 9.5 Hz, C-6), 64.6 (C-7), 55.9-55.2 (CH,O’s), 27.6 (C-2) 



and 7.2 (C-l), C-3’s too weak to be measured. The slower moving product was 1Oa 
(26 mg, 20%); [a]$’ +4.4” (c 1.2, CHCI,); r3C NMR (CDCl,): 6 98.4, 97.2 

(OCH,O’s), 93.2 (d, J,,r 181.6 Hz, C-4), 78.3 (d, J5,r 18.1 Hz, C-5), 75.3 (d, J3,r 
19.6 Hz, C-3), 70.2 (d, JG,r 3.3 Hz, C6), 69.6 (C-7), 56.5, 55.5 (CH,O’s), 27.4 (d,J 
3.8 Hz, C-2), 26.9 (d, J 3.9 Hz, C-2’), 7.5 and 7.1 (C-l, C-l’). 

&action of 2-deoxy-2-fluoro-3,5-d&O- (methoqymethyl)-D-arabinono-1,4-lactone 
(5) with vinylmagnesium bromide. - The reaction was performed as above with 5 
(109 mg, 0.46 mmol) in THF (5 mL) by adding a solution of vinyhnagnesium 
bromide (0.4 mL, 1.73 M, 1.5 eq) in THE. The crude product (99 mg) contained 
the hemiketal 9b and the tertiary alcohol lob in a 3 : 2 ratio. Chromato~aphy in 
1: 2 EtOAc-pentane gave successively: 9b (31 mg, 25%); [cylg +24.8” (c 1.3, 
CHCl,); 13C NMR (CDCI,), 1st anomer (50%): 6 134.3 and 118.7 (C-l, C-2) 
96.8-96.3 (OCH,O’s), 93.9 (d, J4,r 181.2 Hz, C-4), 81.8 (C-6), 81.4 (d, J& 7.0 Hz, 
C-5), 67.1 (C-7), 55.7-55.2 (CH,O’s), C-3 too weak to be measured; 2nd anomer 
(50%): 6 135.6 and 118.1 (C-l, C-2) 96.8-96.3 (OCH~~s), 90.7 (d, J& 189.2 HZ, 
C-4), 79.0 Cd, J5,r 32.4 Hz, C-5), 77.9 (d, J6,F 9.6 Hz, C-6), 67.3 (C-7), 55.7-55.2 
(CH,O’s), C-3 too weak to be measured, and: lob (23 mg, 17%); [a]2 + 18.3” (c 
1.0, CHCl,); 13C NMR (CDCI,): 6 138.9, 138.3, 115.0 and 114.7 (C-l, C-l’, C-2, 
C-2’), 98.7, 97.2 (OCH,O’s), 93.5 (d, J4,F 186.4 Hz, C-4), 78.5 (d, JS,r 18.0 Hz, 
C-5), 70.0 (d, JsF - 0.1 Hz, C-6), 69.6 (C-7), 56.5, 55.5 (CH,O’s). 

I-Be~Zo~-S-hydro~-2-~ntano~ (12).-To a solution of (benzo~ethyl)tri- 

n-butylstannane” (1.1 g, 2.7 mmol) in dry THF (11 mL) at - 78°C was added 
butyllithium (1.6 M, 1.65 mL, 2.64 mmol) in hexane. The mixture was stirred under 
N, for 5 min at -78°C and 4-hydroxybutanoic-1,Clactone (11, 100 ,GL, 112 mg, 1.3 
mmol) was added. After stirring for 30 min at - 78”C, the mixture was allowed to 
warm to o”C, and then quenched with water (20 mL). Extraction with CH,Cl, 
(3 x 20 mL), drying, and concentration of the combined organic layers left an oily 
residue (1.21 g). Flash chromatography in 1:2 EtOAc-pentane gave the title 
compound 12 as a colourless syrup (200 mg, 74%); 13C NMR (CDCl,): hemiacetal 
(80%): S 137.8 and 128.5-127.7 (Ph), 104.8 (C-2), 74.1, 73.6 (C-l and Bn), 68.1 
(C-5), 34.3, 24.2 (C-3, C-4); hydrate (20%): S 137 and 128.5-127.7 (Ph), 95.1 (C-2), 
74.9 and 73.3 (C-l and Bn), 61.9 (C-5), 35.6 and 26.1 (C-2 and C-3). Anal. Calcd for 
C,,H,,O,: C, 69.21; H. 7.74. Found: C, 69.73; H, 7.36. 

l-O-Be~l-3-deoxy-3-fruoro-4,6-di-O-(methoxymethyl)-~-fructofuranose (13).- 
To a solution of (benzyloxymethyl)tri-n-butylstannane24 (2.27 g, 5.53 mmol) in THF 
(20 mL) stirred at -78°C under N,, a solution of ~-bu~~ithium (3.4 mL, 1.6 M, 
5.44 mm00 in hexane was added, and the yellow mixture was stirred for 10 min at 
- 78°C. The fluorolactone 5 (658 mg, 2.76 mmol) in THF (3 mL) was then added, 
and the resulting colourless solution was stirred at - 78°C for 1 h. After following 
the temperature to rise to O°C, water (100 mL) was added and the aq layer was 
extracted with CH,Cl, (4 X 50 II&). Drying and con~ntration left a residue (2.85 
g) containing the desired fluoroketose, tetrabu~lstannane and benzyl methyl ether. 
Flash chromatography in 1: 2 EtOAc-pentane gave 1-O-benzyl-3-deoxy-3-fluoro- 



M. BoLr et al. / Carbohydr. Res. 253 (1994) 195-206 203 

4,6-di-O-(methoxymethyl)-D-fructofuranose (13,626 mg, 63%) as a colourless syrup; 
[(;Y]$ +46.3” (c 0.1, CHCI,); ‘H NMR (CDCI,): 1st anomer (50%): 6 7.35-7.30 
(m, Ph), 5.03 (dd, J3,r 53.5, J3,4 6.3 Hz, H-3), 4.8-4.6 (m, CH,Ph, OCH,O), 4.50 
(dt, J4,r 18.2 J4,5 6.1 Hz, H-4), 4.11 (dt, J5,6, J5,r both 3.6 Hz, H-5), 3.7-3.74 (m, 
H-6, H-6’, H-l’), 3.64 (dd, Jr,r, 10.3, Jr,r 2.9 Hz, H-l), 3.40 and 3.38 (s, CH,O’s); 
2nd anomer (50%): 6 7.30-7.35 (m, Ph), 4.93 (dd, J3,r 50.9, J3,4 1.3 Hz, H-3), 4.31 

(9, J4,5 = J5,6 =J5,r = 5.1 Hz, H-5), 4.15 (ddd, J4,r 24.2 Hz, H-4), 3.7-3.74 (m, H-6, 
H-6’), 3.61 (dd, Jr,r, 10.8, Jr,, 1.1 Hz, H-l), 3.56 (d, H-l’), 3.40 and 3.37 (s, OMe’s); 
13C NMR (CDCI,); (Y anomer: 6 137.3 and 127.7-128.4 (Ph), 103.7 (d, J2,r 27.0 
Hz, C-2), 99.0 (d, Js,r 188.8 Hz, C-3), 96.5-96.3 (OCH,O’s), 81.4 (d, Js,r 3.1 Hz, 
C-5), 78.7 (d, J4,r 21.8 Hz, C-4), 73.8 (CH,Ph), 69.9 (d, Jr,r 6.9 Hz, C-l), 66.8 
(C-6), 55.2-55.7 (OMe’s); /3-anomer: 6 137.5 and 127.7-128.4 (Ph), 100.6 (d, J2,r 
15.6 Hz, C-2), 96.3-96.5 (OCH,O’s), 94.8 (d, J3,r 192.5 Hz, C-3), 81.2 (d, J4,r 27.2 
Hz, C-4), 79.3 (d, J5,r 9.7 Hz, C-5), 73.6 (CH,Ph), 70.3 (C-l), 67.1 (C-6), 55.2-55.7 
(CH,O’s). Anal. Calcd for C,,H,FO,: C, 56.66; H. 6.99. Found: C, 56.80; H, 7.14. 

l-O-Benzyl-3,4,6-tri-O-(methoxymethyl)-D-fructofuranose (14).-The reaction 
was carried out as above for the preparation of 13 with (benzyloxymethyl)tri-n- 
butylstannane (1.1 g, 2.7 mmol) in THF (11 mL), butyllithium (1.65 rnL, 2.64 
mmol), and the lactone 6 (0.38 g, 1.36 mmol) in THF (4 mL). After stirring for 30 
min at - 78°C workup and flash chromatography in 1: 2, then 1: 1 EtOAc-pen- 

tane gave the ketofuranose 14 as a syrup (0.36 g, 66%); [aylg +42.5” (c 1.1, 
CHCl,); 13C NMR data (CDCI,): p anomer (71%): 6 101.7 (C-2), 96.5 (2C), 96.4 
(OCH,O’s), 81.5, 81.4 (C-5, CH,Ph), 79.7, 73.5, 71.1 (C-l, C-3, C-4), 67.6 (C-6), 
55.5, 55.3, 55.2 (CH,O’s); (Y anomer (29%): 6 104.8 (C-2), 96.3, 95.7, 95.6 
(OCH,O’s), 84.7 (C-51, 81.7 (CH,Ph), 81.3, 73.5, 70.7 (C-l, C-3, C-4), 67.3 (C-6), 
55.2,54.9 (CH,O’s). Anal. Calcd for C,,H,O,: C, 56.71; H, 7.51. Found: C, 56.45; 
H, 7.47. 

l-O-Bentyl-6-O-(methoxymethyl)-2,3-O-methylidene-~-psicofuranose (15).-The 
reaction was carried out as above for preparation of 13 with (benzyloxymethyl)tri- 
n-butylstannane (5.5 g, 13.4 mmol) in THF (55 mL), n-butyllithium (8.25 mL, 13.2 
mmol), and the lactone 7 (1.82 g, 6.1 mmol) in THF (20 mL). After stirring for 1 h 
at - 78°C workup and flash chromatography in 1: 2 EtOAc-pentane gave 15 as a 
syrup (1.54 g, 78%); [(Y]? -4.4” (c 0.9, CHCI,); r3C NMR data (CDCI,): p 
anomer (75%): S 105.3 (C-2), 96.5,95.6 (OCH,O’s), 85.0 (C-5), 83.9 (CH,Ph), 82.0, 
73.8, 71.0 (C-l, C-3, C-4), 68.9 (C-6), 55.5 (CH,O); (Y anomer (25%): 6 102.9 (C-2), 
97.6, 96.5 (OCH,O’s), 81.2 (C-5), 80.2 (CH,Ph), 79.2, 73.6, 72.7 (C-l, C-3, C-4), 
67.3 (C-6), 55.5 (CH,O). Anal. Calcd for C,,H,,O,: C, 58.89; H, 6.79. Found: C, 
58.91; H, 6.88. 

l-O-Benzyl-3,4,6,7-tetra-0-(methoxymethyl)-D-altro-heptulofiranose (16).-The 
reaction was carried out as above for the preparation of 13 with 
(benzyloxymethyl)tri-n-butylstannane (2.2 g, 5.4 mmol) in THF (22 mL), butyl- 
lithium (3.3 mL, 5.3 mmol), and the lactone 8 (0.92 g, 2.6 mmol) in THF (6 mL). 
After stirring for 30 min at -78”C, workup and flash chromatography in 1: 2 
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EtOAc-pentane gave 16 as a syrup (1.00 g, 81%); IalE + 19.6” (c 0.7, CHCI,); 13C 
NMR data (CDCI,): 1st anomer 57%): S 102.9 (C-2), 96.4, 95.2 (OCH,O’s), 83.2, 

80.8, 80.6, 76.4, 73.3, 71.6 (C-1, C-3, C-4, C-5, C-6, CH,Ph), 66.4 (C-7), 55.7-55.0 
(CH,O’s); 2nd anomer (43%): S 105.3 (C-2), 96.4-95.2 (OCH,O’s), 83.7 (C-5), 81.5 
(CHzPh), 80.2, 75.4, 73.5, 70.4 (C-l, C-3, C-4, C-6), 66.6 (C-7), 55.7,55.0 (CH,O’s). 
Anal. Calcd for C,H,O,,: C, 55.45; H, 7.61. Found: C, 55.20; H, 7.28. 

I-O-Benzyl-$4 : 6,7-di-0-isopropylidene-D-gulo-heptulofiranose (19).--The reac- 

tion was carried out as above for the preparation of 13 with (benzyloxymethyl)tri- 
n-butylstannane (1.1 g, 2.7 mm00 in THF (11 mL), n-butyllithium (1.65 mL, 2.64 
mmol), and 2,3 : 5,6-di-O-isopropylidene-oguIono-1,4-lactone30 (17, 336 mg, 1.3 
mmol) in THF (6 mL). Stirring for 30 min at - 78”C, workup and flash chromatog- 
raphy in 1: 4 EtOAc-pentane than 1: 2 gave 19 as a syrup (316 mg, 64%); [alff 
-17.3” (C 1.3, CHCI,); 13C NMR (CDCI,): 1st anomer (80%): S 112.9, 109.7 

(OCO’s), 104.3 (C-2), 85.1, 81.7, 80.1, 75.5, 73.7, 70.4 (C-l, C-3, C-4, C-5, C-6, 
CH,Ph), 65.9 (C-7), 26.6-24.3 (CHs’s); 2nd anomer (20%): 6 113.2, 103.6, 103.1 
(OCO’s, C-2), 85.7 (C-5), 80.4 (CH,Ph), 79.0, 73.6, 70.8, 70.6 (C-l, C-3, C-4, C-6), 
65,7 (C-7), 26.6-24.3 (CH,‘s). Anal. Calcd for C,,H,sO,: C, 63.14; H, 7.42. Found: 

C 62.73; H, 7.43. 
l-O-Benzyl-3,4-O-isopropylidene-L-ribibulofuranose (20).-The reaction was car- 

ried out as above for the preparation of 13 with (benzyloxymethyl)tri-n-butylstan- 
nane (1.1 g, 2.7 mmol) in THF (11 mL), n-butyllithium (1.65 mL, 2.7 mmol), and 
2,3-0-isopropylidene-r_-erythrono-1,4-lactone (18, 205 mg, 1.3 mmol, obtained from 
L-erythrono-l,4-lactone31 by the met h o d in ref 32). After stirring 0.5 h at -78”C, 
workup and flash chromatography in 1: 2 EtOAc-pentane gave 20 as a syrup (280 
mg, 77%); [a]g +44.2” (c 1.0, CHCI,); 13C NMR data (CDCl,): 6 112.4 (OCO), 
104.6 (C-2), 84.9 (C-l), 80.3 (C-5), 73.7, 73.2, 71.2 (OCH,, C-3, C-4), 26.0, 25.9 
(CH,‘s), (anomeric ratio: 1 :O>. Anal. Calcd for C,,HzoO,: C, 64.27; H, 7.19. 
Found: C, 63.77; H, 7.26. 

I-0-Benzyl-3-deoxy-3-fluoro-D-fmctose (21).-The fluoroketose 13 (623 mg, 1.73 
mmol) was refluxed for 3.5 h in a mixture of M HCl (30 mL) and THF (30 mL). 
The mixture was neutralized with a weakly basic ion-exchange resin (Amberlite 
IR-45, 15 mL, OH-) for 1 h. Filtration and concentration of the filtrate left 21 as a 
clear syrup (359 mg, 76%); [a]$’ -19.5” (c 0.2, EtOH); ‘H NMR (D,O): S 
7.45-7.38 (m, Ph), 4.66 (dd, J3,F 50.2, J3,4 9.7 Hz, H-3), 4.66 (d, J 11.8 Hz, 

CH,Ph), 4.60 (d, CH,Ph), 4.12 (ddd, J4,F 13.4, J4,5 3.6 Hz, H-4), 4.04 (dd, J6,6t 
13.0, J5,6 1.3 Hz, H-6), 4.03 (m, H-5), 3.70 (dt, J5,6, = Jal,F = 1.8 Hz, H-6’), 3.68 (dd, 
Ji,,, 10.7, J,,, 1.7 Hz, H-l), 3.57 (dd, J1,,F 1.6 Hz, H-l’); 13C NMR (D,O): 6 139.4, 
131.0, 130.6 (Ph), 98.4 (d, JzF 19.1 Hz, C-2), 91.0 (d, J3F 184.2 Hz, C-3), 75.8, 75.3 
(C-1 and CH,Ph), 72.1 (d, JSF 8.4 Hz, C-5), 70.3 (d, JdF 17.5 Hz, C-4), 65.8 (C-6). 
Anal. Calcd for C13H,,FOS: C, 57.35; H, 6.29. Found: C, 57.32; H, 6.70. 

3-Deoxy-3-flwro-D-fructose (l).-To l-0-benzyl-3-deoxy-3-fluoro-p-fructose (21, 
296 mg, 1.1 mmol) in EtOH (30 mL) was added palladium on carbon (5%, 100 mg), 
and the mixture was hydrogenolyzed (101 kPa) for 18 h at 25°C. Filtration and 
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concentration left a colourless syrup (206 mg). Flash chromatography in 10 : 1 
EtOAc-MeOH gave 1 (167 mg, 84%). After standing for several months crystals 

were obtained. Recrystallisation from MeOH-EtOAc-pentane gave a product 
with mp lOl-103°C; [(Y]E -55.4” (c 0.26, MeOH, equilibrium); ‘H NMR (D,O): S 

4.51 (dd, Ja,r 50-3, & 9.8 Hz, H-3), 3.98 (ddd, J4,F 13.3 J4,5 3.6 Hz, H-4), 3.89 Cm, 
H-5), 3.88 (dd, Ji,i, 12.9, J,,, 1.2 Hz, H-l), 3.55 (dd, Jr, 2.0 Hz, H-l’), 3.53 (dd, 
J6,6r 12.1 Hz, J5,6 1.6 Hz, H-6), 3.41 (dd, J5,6t 1.5 Hz, H-6’); 13C NMR (D,O): 6 
97.1 (d, J2,F 19.1 Hz, C-2), 89.2 (d, J3,F 183.1 Hz, C-3), 70.5 (d, J5,F 8.4 Hz, C-5), 
68.9 (d, J4,F 17.5 Hz, C-4), 64.4 and 64.3 (C-l and C-6); “F NMR (D,O): 6 130.9 
(dd, J4,F 13.3, J3,F 50.2 Hz, p anomer N 86%), 6 127.7 (dd, J 19.1, J 53.5 Hz, 
_ 9%), 6 117.0 (dd, J 23.8, J 51.3 Hz, N 5%). Anal. Calcd for C,H,,FO,: C, 
39.56; H, 6.09. Found: C, 39.43; H, 6.12. 

2,7-Anhydro-D-altro-heptulose (22).-The ketofuranoside 16 (319 mg) was dis- 
solved in THF (25 mL) and 0.5 M HCl (25 mL) and reflwred 1.5 h. The cooled 
solution was neutralized by stirring 1 h with ion-exchange resin (Amberlite IR-45, 
15 mL, OH-), filtered and concentrated to syrupy 2,7-anhydro-1-O-benzyl-D- 

&fro-heptulose (183 mg, 97%). The syrup was dissolved in EtOH (35 mL), 
palladium on carbon, (5%, 90 mg) was added, and the mixture was hydrogenolyzed 
(101 kPa) for 18 h at 25°C. After filtration and concentration, 22 was obtained (126 
mg, 97%); [a]$ - 124” (c 0.5, H,O); lit.33 [cylg - 121” (c 2, H,O). 

o-gulo-HeptuZose (23).-The ketofuranose 19 (227 mg) was dissolved in THF (10 

mL) and 0.5 M HCl (10 mL) and refluxed for 2.5 h. The cooled solution was 
neutralized by stirring for 1 h with ion-exchange resin (Amberlite IR-45, 5 mL, 
OH-), filtered, and concentrated to give 1-O-benzyl-D-@lo-heptulose (116 mg) as 
a syrup. The syrup was dissolved in EtOH (20 mL), acetic acid (0.32 mL), and 
palladium on carbon (5%, 90 mg) was added, and the mixture was hydrogenolyzed 
(101 kPa) for 48 h at 25°C. After filtration and concentration 23 was obtained (66 
mg, 53%); [a]$ +23.7” (c 0.5, H,O); lit.34 for the L-isomer [a]g -28” (c 0.8, 

H,O). 

ACKNOWLEDGEMENT 

We thank Dr Karl Erik Olsen for recording the “F NMR spectrum. 

REFERENCES 

1 M. Bols and W.A. Szarek, J. Chem. Sot., Chem. Common., (1992) 445-446. 
2 N.F. Taylor, ACS Symp. Ser., 374 (1988) 109-137. 
3 I.L. Kwee, T. Nakada, and P.J. Card, J. Neurochem., 49 (1987) 428-433. 
4 T. Tsuchiya, Adv. Carbohydr. Chem. Biochem., 48 (1990) 91-277. 
5 M. Sarel-Imber and E.D. Bergmann, Carbohydr. Res., 27 (1973) 73-77. 
6 G.V. Rao, L. Que, Jr., L.D. Hall, and T.P. Fondy, Carbohydr. Res., 40 (1975) 311-321. 
7 A. Romaschin, N.F. Taylor, D.A. Smith, and D. Lopes, Can. I. B&hem., 55 (1977) 369-375. 
8 B.A. Berkowitz, T. Moriyama, H.M. Fales, R.A. Byrd, and R.S. Balaban, J. Biol. Chem., 265 (1990) 

12417-12423. 



206 M. Bols et al. / Carbohydr. Res. 253 (1994) 195-206 

9 J.E.G. Barnett and G.R.S. Atkins, Carbokydr. Res., 25 (1972) 511-515. 
10 G.A. Kraus and M.T. Molina, 1 Org. Chem., 53 (1988) 752-753. 
11 B.I. Gllnzer and R. Csuk, Carbohydr. Rex, 220 (1991) 79-92. 
12 M. Bols and I. Lundt, Acta Chem. Stand., 44 (1990) 252-256. 
13 K. Bock, I. Lundt, and C. Petersen, Carbohydr. Res., 90 (1981) 7-16. 
14 K. Bock, I. Lundt, and C. Petersen, Acta Chem. Scand., Ser. B, 41 (1987) 435-441. 
15 M. Bols and I. Lundt, Acta Chern. Scan& Ser. B, 42 (1988) 67-74. 
16 M. Bob and I. Lundt, Acta Gem. Stand., 45 (1991) 280-284. 
17 H.S. Isbell and H.L. Frush, J. Res. Nat. Bur. Stand., 11 (1933) 649-664. 
18 K. Fuji, S. Nakano, and E. Fujita, Synthesis, (1975) 276-277. 
19 R.J. Ferrier and P.C. Tyler, Carbohydr. Res., 136 (1985) 249-258. 
20 B. Castro, Bull. Sot. Chim. Fr., (1967) 1533-1543. 
21 K. Tamao and N. Ishida, Tetrahedron Lett., 25 (1984) 4245-4248. 
22 G.J.P.H. Boons, G.A. van der Mare], and J.H. van Boom, Tetrahedron Lett., 30 (1989) 229-232. 
23 W.C. Still, J. Am. Ckem. Sot., 100 (1978) 1481-1487. 
24 S.L. Buchwald, R.B. Nielsen, and J.C. Dewan, Organometallics, 8 (1989) 1593-1598. 
25 B.M. Heskamp, D. Noort, G.A. van der Mare& and J.H. van Boom, Synlett, (1992) 713-715. 
26 K. Bock and C. Pedersen, Adu. Carbohydr. Ckem. Biochem., 41 (1983) 27-66. 
27 W.T. Haskins, R.M. Harm, and C.S. Hudson, J. Am. Ckem. Sot., 74 (1952) 2198-2200. 
28 W.J. Humphlett, Carbokydr. Res., 4 (1967) 157-164. 
29 J.W. Pratt and N.K. Richtmyer, J. Am. Chem. Sot., 77 (1955) 1906-1908. 
30 J.G. Buchanan, S.J. Moorhouse, and R.H. Wightman, J. Ckem. SOL, Perkin Trans. 1, (1981) 

2258-266. 
31 A. Hol$, I. Votruba, and E. De Clercq, Collect. Czech. Ckem. Commun., 47 (1982) 1392-1407. 
32 N. Cohen, B.L. Banner, A.J. Laurenzano, and L. Carozza, Org. Syntk., 63 (1985) 127-135. 
33 V. Ettel and J. Liebster, Collect. Czech. Ckem Commun., 14 (1949) 80-90. 
34 L.C. Stewart, N.K. Richtmyer, and C.S. Hudson, J. Am. Ckem. Sot., 74 (1952) 2206-2210. 


