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3-Deoxy-3-f~uoro-~-fructose has been synthesized using a new method for making ketoses involving 
hydroxyal kylation of 2-deoxy-2-fluoro-~-ara binono-I ,4-lactone using 
(benzyloxymethyl)tributylstannane-n-butyllithium. 

Fluorinated carbohydrates are important probes in the study 
of transport, metabolism and enzymology of sugars.' Numer- 
ous deoxyfluoro analogues of sugars have been synthesised 
including all of the monofluoro analogues of the common 
monosaccharides involved in metabolism.2 A notable excep- 
tion has been 3-deoxy-3-fluoro-~-fructose 1, although several 
attempts have been made to synthesise it by chemical 
methods."" Evidence has been presented that 1 is an 
important metabolite of 3-deoxy-3-fluoro-~-glucose,"." and 
there is great interest in studying the metabolism of 1, one 

possible exploitation being chemotherapy.4 We here report 
the synthesis of 1 using a new method of preparing ketoses. 

Attempts at substituting sulfonic esters of 1,2:4,S-di-O- 
isopropylidene-fi-D-psicopyranose with fluoride were not suc- 
cessful,7 because of elimination. Thus a different approach 
was needed. We have recently prepared 2-deoxy-2-fluoro-~- 
arabinono-l74-1actone 2 from D-ribono-l,4-lactone 3.8 Since 
organometallic reagents have been reported to add to 
aldonolactones to form hemiketals in high yield,Y addition of 
an a-alkoxymethyl organometallic reagent to 2 would be 
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expected to lead to the target 1. Treatment of 2 with 
CH2(OMe)2 and P2O510 gave the protected lactone 2af in 78% 
yield. (Benzyloxymethy1)lithium is thermally unstable, but 
can be prepared effectively at -78 OCll from the correspond- 
ing stannane, (benzyloxymethyl)tri-n-butylstannane,l2 and 
LiBu. Fluorolactone 2a reacted with (benzyloxymethy1)- 
lithium to give hemiketal4t as the only observable product in 
60% yield.$ We believe that the selective monoaddition of 
(benzyloxymethy1)lithium is attributable to the stability of the 
lithium salt of the hemiketal preventing further attack. 
Hydrolysis of 4 with 0.5 mol dm-3 HC1 in SO% aqueous 
tetrahydrofuran (THF) (reflux, 2.5 h) gave 57 in 66% yield. 
Finally hydrogenolysis with Pd/C catalyst in EtOH gave 
3-deoxy-3-fluoro-~-fructose 1 in 86% yield. 

In conclusion, the synthesis described in this communica- 
tion is the first route to  the hitherto inaccessible 1. Moreover, 
we believe that this method for hydroxyalkylation of aldono- 
lactones will be of value in the synthesis of ketoses. 
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t Relevant data for new compound\: 2a: + 51.2 ( c  1.4, CHCI?), 
'T NMR (CDC1-I): b 90.8 (d, J? 199.2 Hz. C-2), 78.0 (d, 14 F 10.0 
Hz, C-4), 76.2 (d, 1 3  6 20.8 Hz, C-3), 64.5 (C-5); 4: [ a ] ~ ~ "  + 46.3 ( C  

(d, .I? 6 27.0 Hz, C-2), 99.0 (d, 13 F 188.8 Hz, C-3), 81.4 (d, 1s.F 3.1 Hz, 

100.6 (d, J z  6 15.6 Hz, C-2), h 94.8 (d, 1 3  F 192.5 Hz, C-3) ,  81.2 (d, J j , b  

27.2 Hz, C-4), 79.3 (d, J s F  9.7 Hz. C-5);  5:  [a]D2' -19.5 (C 0.2, 

0.1, CHC13), 'TNMR(CDC13), a :  firatioca. 1 : 1, a-anomer: 6 103.7 

C-5) 78.7 (d, J4.t. 21.8 Hz, C-4), 69.9 (d, JI 6.9 Hz, C-1); (3-anomer: h 

EtOH), I T  NMR (CDCl;): b 89.4 (d. 13 F 187.0 Hz, C-3), 74.1 and 
71.1 (C-1 and CH,Ph), 69.9 (d, 1, 7.8 Hz, c-5), 68.5 (d, J4.F 18.4 Hz, 
C-4), 62.9 (C-6); 1: [a],,'() -55.4 ( c  0.26, MeOH). 13C NMR (D20): b 

Hz, C-5) .  68.9 (d, JJ.F 17.5 Hz, C-4), 64.4 and 64.3 (C-1 and C-6); IH 

13.3 Hz, J j  5 3.6 Hz, H-4), 3.89 (m, H-S), 3.88 (dd, Jl.1, 12.9 Hz, J 1  F 

1.6 Hz, H-6), 3.41 (dd, 1, 

97.1 (d,J~~19.1H~.C-2),89.2(d.J~~183.1H~,C-3).70.5(d,Jg~S.4 

NMR (DIO): h 4.51 (dd, J? F 50.3 Hz, 11.4 9.8 Hz, H-3). 3.98 (ddd, J j  

1.2 Hz, H- l ) ,  3.55 (dd, 11 F 2.0 Hz, H-l ' ) ,  3.53 (dd, J,j 6 12.1 Hz, J s  6 

1.5 Hz, H-6'). 

$ A typical preparative procedure: to (benzy1oxymethyl)tri-n-butyl- 
stannane (1.1 g, 2.7 mmol) in THF (1 1 ml) at -78 "C was added LiBu 
in hexanes (1.6 mol dm-3: 1.65 ml, 2.64 mmol). After 5 min at -78°C 
a solution of  the lactone (1.3 mmol) in THF (4 ml) was added, and the 
mixture was stirred for an additional 30 min at -78°C. Addition of 
H,O (20 ml). extraction with CHICll (3 X 20 ml), drying, concentrn- 
tion, and flash-chromatography (EtOAc-pentane, 1 : 2 v/v) to remove 
SnBu4 gave the desired ketose. 
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Scheme 1 Bn = PhCH,; MOM = MeOCH? 

References 
1 See, Fluorinated CurbohydrateJ: Chemical und Biochemical 

Aspects, ed. N. F. Taylor, ACS Symposium Series 374. American 
Chemical Society, Washington, DC, 1988. 

2 T. Tsuchiya, A d v .  Carbohydr. Chem. Biochern., 1990, 48, 91. 
3 M. Sarel-Imber and E. D. Bergman, Carhohydr. Rec.. 1973, 27, 

73. 
4 G. V. Kao, L. Que, L. D. Hall and T. P. Fondy, Curhohpdr. ReJ., 

1975, 40, 311. 
5 See ref. 1 ,  p. 114. 
6 I. L. Kwee, T .  Nakada and P. J .  Card, 1. Neurochem., 1987, 49, 

7 J .  E. G. Barnett and G. R. S.  Atkins, Curbohydr. ReJ., 1972,25, 

8 M. Bols and 1. Lundt, A m  Chern. Scand.. 1990. 44, 252. 
9 G .  A. Kraus and M. T. Molina, J .  Org.  Chem., 1988. 53. 752. 

428. 

511. 

10 K. Fuji, S.  Nakano and E. Fujita, Synthem, 1975, 276. 
11 W. C. Still, J .  Am. Chern. SOC., 1978, 100, 1481. 
12 For an easy preparation of (benzyloxymethy1)tri-n-butylstannane, 

see S.  L. Buchwald, R. B. Nielson and J. C. Dewan, Organometul- 
lics. 1989, 8, 1593. 




