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ORGANIC P R E P A R A T I O N S  AND PROCEDURES I N T .  2 0 ( 2 ) ,  129-134 (1988) 

A FACILE STEREOCONTROLLED SYNTHESIS OF 

3-DEOXY-1,2-0-ISOPROPYLIDENE-~-L-THREO-PENTOFURAh'OSE 

FROM DIACETONE GLUCOSE 

Robert D. Walkup* and Raymond T. Cunningham 

Department of Chemistry and Biochemistry 
Texas Tech University, Lubbock, TX 79409-4260 

During the course of studies on the polyacetate tumor promotors, we 

needed 3-deoxy-l,2-0-isopropy1idene-~-L-threo-pentofuranose ( I )  as an inter- 
mediate. This carbohydrate derivative was first prepared by Prokop and 

Murray from diacetone glucose via the aldehyde 2. which was formed a low 

yield partial hydrolysis of 1.2:5,6-di-0-isopropylidene-3-deoxy-D-galacto- 

furanose; the net yield of 1 from diacetone glucose was 278.1 Brown and 

Jones reported a similar synthesis from diacetone glucose 2 the aldehydes 
- 3 and 2 which proceeded in only 11% overall yield.2 Later, Zinner 
synthesized - 1 from 1,2:5,6-di-0-isopropylidene-3-deoxy-D-galactofuranose, 

and Reck 
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again via the aldehyde 2, in 31% overall yield.3 More recently, Lerner has 

reported 

a-D-xylo-furanose, via the pent-3-enofuranose 4, in 61% overall yield.4 Only 
Zinner and Reck reported an absolute rotation for I, = -25.5' (c = 

1.22, ~yridine).~ Srivastava and Lerner, in the course of a nucleoside 

synthesis, reported = -14.2' (c = 0.8, ethanol) for l.5 This 

discrepancy is probably due to solvent andlor concentration effects. 

However, the aldehyde 2, an intermediate in both of the syntheses which 

report [ a ] ~  va ues for A3e 5 ,  is known to undergo epimerization to  the more 

stable and this suggests that syntheses of 1 which proceed 
via 2 may form mixtures of 1 contaminated by its C4 epimer. None of the 

syntheses of reported so far have included full spectroscopic data on this 

deoxysugar, nor have they offered clearcut evidence for the endo orientation 
of the hydroxymethyl group. 

a synthesis of 1 from 1,2-0-isopropyl idene-5-0-(methoxycarbonyl)- 

- 

a dehyde,2 

- - 

The summary given above implies that, maugre many efforts, a truly 

high-yielding synthesis of 1 from a readily available starting material 

remains to be achie~ed.~.7 We now report an extremely facile synthesis of 1 

from diacetone glucose which is based upon a recently reported highly 

efficient synthesis of 3 and which avoids the intermediacy of an 

epimerizable 5-0Xo species. We also discuss some spectroscopic measurements 

which support the assignment of - 1 as the L (@ hydroxymethyl group) form. 

- 

- 

- 

Sun and Fraser-Reid's 3-step method gave the the unstable 

96-98% yield from diacetone glucose.8 Sodium borohydride reduct 

produced the novel allylic alcohol - 5 in 92-95% yield. 

enal 3 
on of 

Cat a lyt 

hydrogenation of 2 using nickel boride as the catalyst9 yielded - 1 in 94-96% 

yield. Thus 3-deoxy-1,2-0-isopropylidene-~-L-threo-pentofuranose was 

synthesized in 5 steps from diacetone glucose in 83% overall yield. For 

synthetic studies, we also prepared the 5-0-benzyl derivative (6) of - 1 in 
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1) CH,SO,CI, pyridine 

2) a) 10% Aqueous H,SO,, 25' C. 
C%%, 0' c. 

NaBH,, 
?*o - 

b) 5% NaOH to neutralize CH3OH. 
c) Aqueous NalO,, 25OC. oy 25'C. 

3) Pyridine reflux. 3 (92%) 
O Y  [ Reference 81 (96'10) 

Diacetone glucose 

h, Ni - 8, NaH; 

E M  

5 o y  (94%) 1 6 

96% yield. The following table compares the absolute rotations that we 

measured for 1 with those reported in the literature: 
Sol vent [CCID25 (present study) [CCID (1 i terature) 

chloroform -39.15' (C = 0.038) - - -  
pyr id i ne -9.73' (C = 0.034) -25.50 (c = 1.220)3 
e t hano 1 -16.57' (C = 0.034) -14.2' (C = 0.800)' 

The data indicates a significant solvent effect upon the rotation of I. 
While our value in ethanol is in reasonable agreement with that of 

Srivastava and Lerne~-,~ the discrepancy between our measurement and that of 

Zinner and Reek3 in pyridine i s  likely due to density effects, as the latter 

workers measured their rotation on a very concentrated solution. 1% NMR 

spectroscopy of 1 from our route indicated no isomers of nor any other 

impurities. A difference nuclear Overhauser effect spectrum of the benzyl 

- 

derivative 5 clearly indicated the endo stereochemistry, as irradiation of 
the endo methyl signal (at 1.45 ppm) induces a 2.8% enhancement of the C5 

proton signals while irradiation of the methyl signal (at 1.30 ppm) 

induces a 1.8% enhancement. By comparison, irradiation of the endo methyl 

signal 1.1% enhancements of both the C1 and the C2 methine signals 

while irradiation of the methyl signal induces 2.5% and 3.5% 

enhancements of the C1 and C2 methine signals, respectively.10 

induces 
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WALKUP AND CUNNINGHAM 

(2.5%) . .  
(3.5%) H 

5 

(2.8%) 

L L H 3  (endo) 

In summary, an improved synthesis of I from an inexpensive starting 
material has been devised, and evidence for its assignment as the endo (L) 

form is given for the first time. The utility of A as an intermediate for 
the synthesis of nucleoside analogues has already been demonstrated,lv5 and 

- 1 is a promising starting material for the syntheses of numerous chiral 

polyfunctional products. 

EXPERIMENTAL SECTION 

1H and 13C KMR spectra were obtained on an IBM AF-300 instrument. IR 
spectra were recorded using a Kicolet MX-S spectrometer. Rotations were 
determined using a Perkin-Elmer Model 141 polarimeter. NMR chemical shifts 
are reported in ppm relative to TMS internal standard in deuteriochloroform 
solvent. 

3-Deoxy-l,2-O-isopropylidene-~-D-glycero-pent-3-enofuranose (5).-To a stir- 

red solution of 0.500 g (2.9 mmol) of the enal 38 in 10 ml methanol in a 50 

ml flask fitted with a CaC12 drying tube was slowly added 0.111 g (3.0 mmol) 

of powdered sodium borohydride. The reaction mixture was allowed to stir at 

room temperature for 16 hours, then the methanol was removed using a rotary 

evaporator. The resulting glassy residue was suspended in dry diethyl ether 

and eluted through an 8 cm x 1 cm (i.d.) column of 230-400 mesh silica gel 

with diethyl ether. Concentration of the filtrate under vacuum yielded 

0.454 g (92%) of the pure alcohol 5 as a colorless oil. = - 8.01' 

(CHC13, c = 0.133 g/ml). 1H NMR: 6 6.08 (d, J = 3.5 cps, IH); 5.30 (d of d, 

J = 3.5, 0.6 CPS, 1H); 5.19 (d, J = 0.6 cps; 1H); 4.15 ( s ,  2H); 1.46 ( s ,  

3 H ) ;  1.42 ( s ,  3H). 1% NMR: 6 161.2; 113.0; 107.1; 99.0; 84.1; 58.4; 28.3; 

28.0. IR (film): 3500. 1650 cm-1. 

3-Deoxy-l,Z-O-isopropylidene-~-L-threo-pentofuranose (1). - A solution of 

0.372 g (1.5 mmol) of nickel(I1) acetate tetrahydrate in 50 ml distilled 

water was stirred under argon while 3 ml of a 1 M aqueous solution of sodium 
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4.1 cps, 1H); 4.33 (br m. IH); 3.83 (d 

of d, J = 11.5, 4 CPS, 1H); 2.19 (d of 

2.02 (d of d, J = 14.5, 2.7 CPS, 1H) 

borohydride was added. An additional 1.5 ml of the sodium borohydride 

solution was added 3 minutes later. The water was then decanted away from 

the resulting black precipitate, and the precipitate was carefully washed 

three times with 5 ml portions of ethanol. A solution of 0.593 g (3.5 mmol) 

of 5 in 50 ml ethanol was then added, and the mixture was agitated under 38 
psi of hydrogen gas for 6 hrs. The reaction mixture was then filtered and 

concentrated to give 0.559 g (94%) of the pure pentofuranose 1 as a clear 
colorless oil. 1H NMR: 6 5.83 (d, J = 4.0 cps, 1H); 4.77 (d of d. J = 5.6, 

of d, J = 11.5, 8.0 cps, 1H); 3.63 (d 

d of d, J = 14.5, 8.7. 6 cps. 1H); 

1.56 (s, 3H); 1.32(s. 3H). 13C NMR: 

6 112.5; 105.5; 81.7; 80.8; 65.1; 33.3; 27.1; 26.0. IR (film): 3550 em-1. 

3-Deoxy-5-0-benzy1-1,2-0-isopropy1idene-~-L-threo-pentofuranose (6). - A 

solution of 0.111 g (0.64 mmol) of the furanose 1 in 2 ml dry THF was added 
dropwise to a stirred suspension of 0.05 g (2 mmol) of sodium hydride 

(obtained by washing 0.083 g -of a 60% dispersion of sodium hydride in 

mineral oil three times with dry hexane) in 20 ml of dry THF in a 100 ml 

flask fitted with a gas inlet adapter. The resulting cloudy suspension was 

stirred at 25' under a nitrogen atmosphere for 20 min., then 0.12 g (0.67 

The reaction flask was then fitted with 

was stirred at room temperature for 12 

ether and 25 ml of 5% aqueous HC1. The 

organic phase was washed with water, then with saturated aqueous NaC1, and 

then i t  was dried over anhydrous sodium sulfate. Removal of the solvents @ 

vacuo left a yellow oil which was chromatographed on 20 g of 230-400 mesh 

silica gel, using 9O:lO (v/v) hexane:ethyl acetate as eluent, to yield 0.162 

1- 
1.3 

4.30 

mmol) of benzyl bromide was added. 

a CaCl2 drying tube and the mixture 

hrs., then partitioned between 20 m 

g (96%) of 5 as a colorless oil. [a]~25 = -27.4' (CHC13, C = 0.045 g/m 

lH KMR: 

CPS, 1 H); 4.63 (d, J = 12.1 CPS, 1 H ) ;  4.56 (d, J = 12.1 cps, 1 H); 

6 7.3 (s, 5H); 5.79 (d, J = 3.9 cps, 1 H); 4.70 (d of d, J = 4 
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WALKUP AND CUNNINGHAM 

(br m ,  1 H ) ;  3.69 (d of d, J = 9.6,  6 .9  cps, 1 H ) ;  3.57 (d of d, J = 9.7,  

6.8 CPS, 1 H ) ;  2.18 (d of d of d, J = 18.0, 8.0,  6.0 cps, 1 H ) ;  2.07 

(complex d of d, J = -18.0, -1.3 cps, 1 H ) ;  1.45 (s, 3H); 1.30 (s, 3H). 1% 

KMR: 6 139.14; 128.16; 128.58; 128.39; 112.93; 107.38; 81.19; 80.17; 73.82; 

73.13; 34.35; 27.22; 26.16. 
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