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Note 

Synthesis of partially-protected D-fructofuranoses and 
D-fructose-6-phosphates* 

Semiramis Ayral-Kaloustian+ and M. Brawner Floyd, Jr. 
American Cyanamid Company, Medical Research Division, Pearl River, NY 10965 (U.S.A.) 

(Received August 16th, 1990; accepted for publication. November 20th, 1990) 

In connection with a program related to D-fructose 2,6-bisphosphate analogues’, 

partially protected D-fructofuranose derivatives were prepared. We now report a new 

synthesis of 1,3,4,6-tetra-0-benzyl-D-fructofuranose (1, Scheme l), an efficient syn- 

thesis of the novel compound 1,3,4-tri-0-benzyl-D-fructofuranose (2, Scheme 2), and 

conversion of the latter product to fructofuranose 6-phosphate derivatives 3 and 4 

(Scheme 3). 

1 R=Bn 3 R'=Bn 

2 R=H 4 R'=H 

Previously, sucrose, inulin, and fructose were used to prepare blocked fructo- 

furanose intermediates. 1,2,3,4,6-Penta-O-acetyl’ and -benzoyl’, 1,3,4,6-tetra-O-ben- 

ZY14, -acetyl’, -benzoy16, -nicotinoy17, and -methyl* D-fructofuranoses have been report- 

ed. The addition of a hydroxymethylene equivalent to a protected y-aldonolactone, as 

depicted in Scheme 1, constitutes a novel entry into the ketofuranose series. Treatment 

of 2,3,5-tri-O-benzyl-D-arabinonolactone (5) (ref. 9) with excess benzyloxymethyllithi- 

urn” (prepared in situ from butyllithium and (benzyloxymethyl)tributylstannane at 

- 7880)“) provided 1,3,4,6-tetra-O-benzyl-D-fructofuranose4 (1, /IX, ca. 2: 1 by n.m.r.) in 

66% isolated yield. 
An attempt to directly convert 1 to 2 gave non-selective deprotection and a poor yield of 

recovered products, owing to the lability of the ring structure. A separate, efficient 
synthesis of 2 was devised as shown in Scheme 2. 

Silylation of sucrose under controlled conditions” provided the 6’-O-tert-bu- 

* Presented at the 15th International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990. 
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the utility of this intermediate. Mixture 2 was phosphorylated with 2-chloro-1,3,2- 

dioxaphosphorinane 2-oxideId in pyridine solution at 5” to obtain fully-protected 

phosphate 3 in 60% yield after chromatography. Hydrogenation of 3 over Pd(OH), 

catalyst at 74 p.s.i. afforded a quantitative yield of the fructofuranose 6-phosphate 4, 

which was required for our biological studies. 

2 
pyridine 

9 

Scheme 3 

EXPERIMENTAL 

Generalmethods. - Unless otherwise specified, products were separated by flash 

chromatography on Silica Gel 60 (23&400 mesh, 60 A pore size, Baxter Healthcare/ 

Scientific Products Div.). The purity of products was determined by t.1.c. on Silica Gel 

GF (250 ,um, Analtech.). Preparative h.p.1.c. was performed on a Waters Prep LC/ 

System 500A chromatograph fitted with two 6 x 33 cm silica gel columns. Melting 

points were obtained on a Mel-Temp apparatus and are uncorrected. Optical rotations 

were determined with a Perkin-Elmer Model 241 automatic polarimeter. Unless other- 

wise specified, n.m.r. spectra (300 MHz for ‘H and 75.46 MHz for “C) were obtained for 

CDCI, solutions (1% internal standard, Me,Si) on a Nicolet/Oxford NT-300WB or a 

GE QE-300 spectrometer. Mass spectra were obtained on a Finnigan MAT-90 or a VG 

ZAB-SE spectrometer. Reactions requiring anhydrous conditions were performed 

under an argon atmosphere, using Aldrich solvents in Sure/Seal bottles. Organic 

sohrtions were dried over magnesium sulfate or sodium sulfate, and solvents were 

evaporated in vacua with a rotary evaporator. Unless otherwise specified, products were 

obtained as oils. 

Preparution of 1,3,4,6-tetra-O-henzyh-fructofurano.se (1). -- To a stirred solu- 

tion of (benzyloxymethyl)tributylstannane” (10.3 g, 25 mmol) in anhydrous tetra- 

hydrofuran (100 mL) at - 78” was added butyllithium in hexane (2.5~, 9.6 mL) during 5 

min. After an additional 5 min. a solution of 2,3,5-tri-O-benzyl-D-arabinonolactone (5) 

(8.37 g, 20 mmol) in tetrahydrofuran (20 mL) was added during 5 min at - 78 to -60”. 

The solution was stirred for 30 min at -78‘, warmed to 0’ during 30 min, stirred for 10 

min at O”, and quenched with glacial acetic acid (2.8 mL). The mixture was then 

partitioned between ether and water. The organic layer was washed with sodium 

hydrogencarbonate solution, water, and brine, dried, and concentrated to give a 

mixture of two liquid phases. The tetrabutylstannane was removed by washing the 

mixture, adsorbed on silica gel (300 g). with hexane (1 L). The crude product (11. I g) was 

removed by washing the silica gel with ethyl acetate (1 L), and the product was then 
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I ,3,4- Tri-O- benzyl- 6- 0- (1,3-dioxa-2-phosphacyclohexane-2- yl) - D-fructofuranose 

2’-oxide (3). - A cold (&So) solution of 2 (202 mg, 0.45 mmol) in anhydrous pyridine (1 
mL) was treated with 2-chloro-1,3,2-dioxaphosphorinane 2-oxideI (84 mg, 0.54 mmol). 
Stirring was continued for 1 h at 5” and for 30 min at room temperature. Excess reagent 
was destroyed with two drops of methanol, and the volatiles were removed. Ether 
work-up provided the crude product, which was isolated by chromatography (1: l-l :2, 
hexane-EtOAc gradient) and characterized as 3 (166 mg, 64%); ‘H-n.m.r.: 6 7.50-7.10 
(m, 15 H), 4.7G4.45 (m, 6 H), 4.45-3.85 (m, 10 H), 3.75-3.45 (m, 2 H), 2.30-1.98 (m, 2 
H); ‘3C-n.m.r.: 6 137.8&136.80(m), 129.4@--126.50(m), 105.46and 102.49 (a and,QC-2, 
respectively),ca. 1:2),86.23,82.94,82.4O,82.O7,81.10and78.92(d,rand/IC-5,Jc_,6.9 
Hz), 73.67? 73.43, 72.84,72.20,72.08,72.02, 70.75,69.00-68.35 (overlappedm, 5 lines), 
66.69 and 66.01 (d, C-6 of /I and CI, respectively, Jcmp 5.7 Hz), 25.81 (d, Jc__, 6.0 Hz). 

Anal. Calc. for C,,H,,O,P: C, 63.15; H, 6.18; P, 5.43. Found: C, 62.97; H, 6.16; P, 
5.46. 

6-0-(1,3-dioxa-2-phosphacyclohexane-2-yl)-~-fru~tofuranose 2’-oxide (4). - A 
solution of compound 3 (163 mg, 0.28 mmol) in methanol (12 mL) and ethyl acetate (3 
mL) was shaken in a Parr hydrogenator over Pearlman’s catalyst (palladium hydroxide- 
on-carbon, 80 mg) for 8 h at 74 psi. The catalyst was filtered through Celite, and the 

solvent was evaporated. The gummy product (90 mg gum, 100%) was characterized as 
4; ‘H-n.m.r. (CDCl,-CD,OD): 6 4.83 (br s, 4 H), 4.65-3.45 (m, 11 H), 2.4c2.10 (m, 1 
H), and 1.95-1.75 (br d, 1 H); “C-n.m.r. (CDCl,-CD,OD): 6 105.76 and 103.09 (~1 and b 
C-2, respectively, ca. 1:3), 83.50, 80.97 and 80.35 (d, CI and a C-5, Jcmp 8.3 Hz), 77.90, 
76.77,76.14,70.41 (m, 3 lines, Jc_p 6.3 Hz), 68.39 and 67.53 (d,j?and c( C-6, respectively, 
JCmP 6.0 Hz), 64.04 and 64.23 (CI and p C-l, respectively), 26.80 (d, JC_P 6.5 Hz); 

f.a.b.-m.s.: m/z 301.0689 (M + H), talc. for CgH,,O,P, 301.0688. 
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