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Note 

Carbohydrate triflates: reactions with bases 
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A number of reports1-13 have appeared describing the reactions of trifluoro- 
methanesulfonate (triflate) derivatives of carbohydrates. Substitution is generally 
observed, except for one instance in which elimination took place6. This report 
describes results concerning the interaction of carbohydrate triflates with bases. 

Treatment of 1,2 : 5,6-di-O-isopropylidene-3-O-triflyl-a-D-glucofuranose4 (1) 
with 1,8-diazabicyclo[5_4_O]undec-7-ene (DBU) in dry ether at room temperature 
afforded, after conventional isolation, crystalline 3-deoxy-1,2 : 5,6-di-O-isopropylid- 
ene-a-D-erythro-hex-3-enofuranose (2) in 98% yield, based on the glucofuranose 3 
from which 1 had been prepared. The reaction of 1 with a slurry of potassium tert- 
butoxide in ether gave 2 in 67% yield. The latter process is similar to that reported 

by Srivastava14 in which the reaction of the 3ptoluenesulfonate analogue of 1 
with potassium tert-butoxide in dimethyl sulfoxide afforded 2 in 69% yield. The 
gluco triflate 1 was unreactive at room temperature in the presence of ammonia at 

one atm.*. 
The reaction of 1,2 : 3,4-di-O-isopropylidene-6-O-triflyl-a-D-galactopyranose4 

(4) at room temperature with ammonia at one atm. gave a basic product that did 

, d = OTf.R’= H 2 4R = OTf 12 

3 R’= OH.R’=H SR = NH2 

B R’= H.R’= OTf 6 R = NHAc 

9 R’ = NHAc.R” = H 7R= 0” 

lOR’= NH,,R2= H 

11 I?‘= H,R== OH 

Tf = CF,SO, 

*The 3-O-tosyl analogue of 1 reacts with ammonia at elevated temperature and pressurel5. 
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not crystallize. This material was acetylated by the method of Szarek and Jones16. 
The basic material showed i.r. and ‘H-n.m.r. spectra superposable upon those of 
6-amino-6-deoxy-1,2 : 3,4-di-0-isopropylidene-a-D-galactopyranosel 6 (5); in addition, 
spectra of the acetylated material similarly matched those of the 6-acetamido deriva- 
tive16 (6). The amide was isolated in 96 % yield, based on the galactose derivative 
(7) from which 4 had been prepared. The amine 5 has been previously prepared by 
direct displacement on the 6-O-tosyl analogue of 3 with ammonia in a sealed-tube 
reaction’7*18. 

1,2 : 5,6-Di-O-isopropylidene-3-O-triflyl-or-D_ranose4 (8) did not react in 
the presence of DBU in ether at room temperature nor in boiling benzene overnight. 
When 8 was stirred with a slurry of potassium tert-butoxide in benzene for 3 days at 
room temperature, the hexenofuranose 2 was produced and isolated in 25% yield. 
When a small amount of a crown ether (1%crown-6) was added, the same conversion 
was almost complete in 0.5 h, but the yield was not increased. 

The allo triflate 8 did not react with anhydrous ammonia at 1 atm pressure at 
room temperature, but it did react with a slurry of sodium amide in ether to afford 
an amine. This amine was acetylated and the acetamide was shown to be 3-acetamido- 
3-deoxy-1,2 : 5,6-di-0-isopropylidene-or-D-glucofuranose (9) by comparison of its 
physical properties with those reported for 9 by Williams and Jones”. The amine 
was therefore 3-amino-3-deoxy-1,2 : 5,6-di-0-isopropylidene-a-n-glucofuranose (10). 
The amide 9 was isolated in 32 % yield, based on starting allose derivative 11. 

The elimination reaction of the allo triflate is formally a syn process. Although 
such reactions in five-membered ring compounds are reasonably well known2’, the 
extreme ease with which 1 underwent anti elimination suggested an alternative possi- 
bility for 8. An anti elimination process with 8 would afford 3-deoxy-1,2:5,6-di-O- 
isopropylidene-or-D-eryt/zro-hex-2-enofuranose (12). Compound 12 should be highly 
strained, and might well isomerize to 2 rapidly. 

The isomerization of 12 to 2 involves a formal 1,3-antarafacial hydrogen-shift 
(note structure 12), a process that cannot be intramolecular2’. If it occurs a solvent 
molecule must thus be involved in the formal transfer of the hydrogen. Specifically, 
solvent hydrogen would be incorporated at C-2 of the 2 formed. 

The allo triflate 8 was treated with potassium tert-butoxide in benzene in the 
presence of terr-butyl alcohol-O-D. The ‘H-n.m.r. spectrum of the 2 produced showed 
a clear doublet for the anomeric proton, indicating that there had been no deuterium 
incorporation at C-2. Therefore 12 is not an intermediate in the production of 2 
from 8. 

EXPERIMENTAL 

General methods. - ‘H-N.m.r. spectra were determined on a Varian T60 
spectrometer in chloroform-d with tetramethylsilane as the internal standard. 1.r. 
spectra were determined on a Beckman Acculab 1 instrument as thin films. Tri- 
fluoromethanesulfonic anhydride was prepared 22 from the acid, which was purchased 
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from 3M Co. Dichloromethane was distilled before use. Diethyl ether and benzene 
were distilled and stored over sodium ribbon; pyridine and tert-butyl alcohol were 
distilled and stored over 4A molecular sieves. The 18-crown-6, DBU, and tert-butyl 
alcohol-O-D were used as supplied by Aldrich. Solvents were removed in vacua. 

Carbohydrate tripates 1,4, and 8. - The three esters were prepared by a proce- 
dure that is a modification of those reported by Hall and Miller3g4 and by Binkley 
and Hehemanng. To a stirred solution of trific anhydride (1 mL) in dichloromethane 
(20 mL) at - 10” to - 15’ (ice-acetone bath) was added pyridine (1 mL) in dichloro- 
methane (10 mL) at such a rate that the temperature of the reaction stayed below 
-5O. When the addition of pyridine was complete, the solution was again cooled 
to - 10” and then 1.0 g of the partially protected carbohydrate (3, 7 or 11) in di- 
chloromethane (10 mL) was added dropwise during 20 min. This solution was then 
stirred at -5 to - 10” for 0.5 h and finally poured into ice-water (100 mL) containing 
sodium hydrogencarbonate (200 mg). This mixture was stirred until the ice melted 
and the layers then separated. The dichloromethane solution was washed with cold, 
3% hydrochloric acid, water, and saturated sodium chloride. Solvent removal 
afforded the solid triflate in 90-100% yield. Triflates 1 and 8 could be recrystallized4, 
but were usually used directly. 

Reactions of I,2 : 5,6-di-O-isopropylidene-3-O-trz~yI-a-D-gIucofuranose (1). - A. 
With DBU. To a solution of 697 mg (1.78 mmol) of 1 in dry ether (50 mL) was added 
0.50 mL (510 mg, 3.4 mmol) of DBU. The resulting solution was stirred overnight 
at room temperature, during which time a brown oil appeared. This solution was 
washed with water, cold 3 y0 hydrochloric acid, water again, and saturated sodium 
chloride solution, dried (magnesium sulfate) and the solvent removed to afford 
421 mg (1.74 mmol, 98 %) of 2. This alkene had a ‘H-n.m.r. spectrum superposable 
on that of authentic* 2 and reported’ for 2 and had m.p. 48-50” (lit.’ m.p. SO-52”, 
and23 50 “). 

B. With potassium tert-butoxide. To a sohrtion of 674 mg (1.72 mmol) of 1 
in dry benzene (50 mL) was added 347 mg (3.10 mmol) of finely powdered potassium 
tert-butoxide. This slurry was stirred overnight, whereupon the mixture became 
dark brown. The benzene solution was washed with water (twice), saturated sodium 
chloride, and dried (sodium sulfate). Solvent removal afforded 277 mg (1.14 mm&, 
67 %) of 2, m-p. 47-50”. 

C. I%% ammonia. Anhydrous ammonia was slowly bubbled overnight into a 
solution of 1.561 g (3.98 mmol) of 1 in 50 mL of dry ether. Solvent removal afforded 
1.565 g (100 %) of recovered 1. 

Reaction of I,2 : 3,4-di-O-isopropyIidene-6-O-tripyl-cr-D-gaZactopyranose (4) with 
ammonia_ - Anhydrous ammonia was slowly bubbled overnight into a soiution of 
1.862 g (4.75 mmol) of 4 in chloroform (50 mL). This solution was then washed with 
water and saturated sodium chloride and the solvent removed to afford 1.258 g 
(4.86 mmol, 102 %) of 5 as a clear glass; n.m.r. (CDCl,): 6 5.45 (1 H, J 5 Hz, H-l), 

*Kiidiy provided by Professor Roger W. Binkley of this University. 



NOTE 265 

4.51 (1 H, J7 and 2 Hz, H-3), 4.2-4.0 (3 H, H-2,4,5), 2.85 (2 H, H-6), 1.50, 1.42, 1.30 
(12 H). The pattern observed was similar to those reported24-26 for a number of 
6-substituted 1,2 : 3,4-di-U-isopropylidene-cr-D-galactopyranose derivatives, and the 
assignments were made by analogy with those reports. A solution of this material in 
dry pyridine (5.0 mL) was cooled to 0 “, redistilled acetic anhydride (2 mL) was added, 
and the solution was stirred for 2 days at room temperature. Conventional processing 
afforded 6 as a clear glass*; ‘H-n.m.r. (CDCI,): 6 5.53 (1 H, J 5 Hz, H-l), 4.63 
(1 H, J7, 2 Hz, H-3), 4.55-3.60 (5 H, H-2,4,5,6), 2.08 (3 H, COCHs), and 1.52, 1.45, 
1.33 (12 H). The n.m.r. and i.r. spectra of 5 and 6 prepared in this way were super- 
posabie upon those of 5 and 6 prepared by the procedure of Szarek and Jones16. 

Reactions of I,2 : 5,6-di-O-isopropylidene-3-O-tri~yl-c-~-aNofuranose (8). - 
A. With DBU, ammonia, andpotassium tert-butoxide. A solution of 1.050 g (2.68 mmol) 
of 8 and 1.0 g (6.6 mmol) of DBU in dry benzene (50 mL) was boiled for 20 h under 
reflux under a nitrogen atmosphere. Conventional processing provided 883 mg (84 %) 
of recovered 8. Ammonia was bubbled through a solution of 881 mg (2.47 mmol) 
of 8 in dichioromethane (50 mL) for 20 h at room temperature. Removal of solvent 
afforded 823 mg (93 %) of 8. To a solution of 792 mg (2.02 mmoi) of 8 in dry benzene 
(50 mL) was added 2.24 g (20.0 mmol) of potassium tert-butoxide. This slurry was 
stirred for 3 days at room temperature with a drying tube installed on the flask. A 
simple isolation afforded 122 mg (0.504 mmol, 25%) of 2. Reactions conducted 
similarly for shorter times afforded mixtures of 2 and 8 (analyzed by n.m.r. spectro- 
scopy). When 18-crown-6 (278 mg, 1.05 mmol) was added to a slurry of 1.233 g 
(3.15 mmoi) of 8 in dry benzene (50 mL) and 1.091 g (9.8 mmol) of potassium tert- 
butoxide, the mixture immediately turned black. After 0.5 h, the mixture was diluted 
with 100 mL of water and the water-insoluble material isolated to give 485 mg of a 
mixture of 8 and 2 (- I:2 by n.m.r. analysis). 

To a solution of 1.583 g (4.04 mmol) of 8 in dry benzene (50 mL) containing 
5.0 g (67 mmoi) of tert-butyi alcohol-O-D was added 2.363 g (21.1 mmol) of po- 
tassium tert-butoxide. After 15 h, this slurry had turned black. After a total of 17 h, 
the mixture was poured into water, the organic phase was separated, and it was 
washed several times with water and then with saturated sodium chloride solution, 
dried (sodium sulfate), and the solvent removed to afford 301 mg of 2 contaminated 
with some starting material. The ‘H-n.m.r. spectrum of this material showed a clear 
doublet for H-i. 

B. With sodium amide. To a solution of 1.230 g (3.14 mmol) of 8 in dry ether 
(50 mL) was added 2.0 g (51.3 mmoi) of sodium amide. The flask was equipped with 
a drying tube and the solution was stirred for 2 days at room temperature. The brown 
slurry was then poured into water (100 mL), the organic phase washed with water 
and saturated sodium chloride solution, and the solvent removed to afford 972 mg 
of a brown semi-solid. The ‘H-n.m.r. spectrum of this material showed it to be a 
mixture (there were several anomeric-proton absorptions for example), but it was 

*Compound 6 has been reported27 as a solid, but we have been unable to crystallize this compound. 
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soluble in 3% aqueous hydrochloric acid. Acetylation as before afforded 301 mg 
(1.00 mmol, 32 %) of 9, m.p. 60”; recrystallized from methanol-water it had m-p. 
79-80 o (lit: g m.p. 76-77”); n.m.r. (CDCI,): 6 5.73 (1 H, multiplet, H-l), 5.00-4.67 
(2 H, multiplet), 4.43-3.63 (5 H, multiplet), 2.10 (3 H, singlet, COCH3), and 1.53, 
1.38, 1.33 (12 H). 
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