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The selective protection of carbohydrates and their derivatives is a subject of 
continuing interest1+2 and it has recently assumed increased importance as a result 
of the current widespread use of carbohydrates as a source of chiral building blocks 
for the synthesis of natural products - 3 5. Therefore, the report6 that trichloroacetyl- 
ation of alcohols by hexachloroacetone, in the presence of strong hydrogen-bond 
acceptors, is a stereoselective process, which allows, for example, the acylation of 
l-propanol in the presence of 2-propanol with 94% selectivity, led us to examine 
the applicability of this type of reaction in carbohydrate chemistry. We now report 
on the reaction of methyl cY-D-glucopyranoside (1) with hexachloroacetone and 
pentachloroacetone. 

OMe 

, R’ = $z H 

2 R’ = R2 = Ac 

3 R’ = Ac,R2 = COCCI3 

4 R’ = Ac,R* = COCHC12 

5 R’ = AC, R2 = ti 

Treatment of 1 with 1 mol of hexachloroacetone in N&V-dimethylformamide 
at room temperature for three days, followed by acetylation of the crude product, 
gave (t.1.c.) two products of similar chromatographic mobility in addition to a con- 
siderable proportion of methyl 2,3,4,6-tetra-0-acetyl-cu-D-glucopyranoside (2). 
Column chromatography of this mixture afforded methyl 2,3,4-tri-O-acetyl-6-0- 
trichloroacetyl-cu-D-glucopyranoside (3) and methyl 2,3,4-tri-0-acetyl-6-O-di- 
chloroacetyl-a-D-glucopyranoside (4) in a combined molar yield of 43%) and in the 
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molar ratio 1.7:1. The ‘H-n.m.r. spectrum of 4 contained a sharp singlet at 6 5.98 
for the dichloroacetyl group, and a signal at 164.1 p.p.m. in the 13C-n.m.r. spectrum 
is assigned to the carbonyl carbon atom of the dichloroacetyl group. The r3C signal 
for the related carbon atom in 3 was at 161.1 p.p.m. For methanol, ethanol, l- 
propanol, and 2-propanol, resonances of the carbonyl carbon atoms of the 
chloroacetates, dichloroacetates, and trichloroacetates lie in the ranges 166.7- 
168.1, 163.8-165.3, and 161.7-162.5 p.p.m., respectively. The identity of 3 and 4 
was confirmed through unequivocal synthesis by acylation of methyl 2,3,4-tri-O- 
acetyl-cY-D-glucopyranoside7 (5) with the appropriate acid chloride or acid an- 
hydride. 

Formation of the 6-dichloroacetate 4 in addition to the 6-trichloroacetate 3 
was not unexpected in view of the observation6 that methyl dichloroacetate was a 
minor product in the reaction of methanol with hexachloroacetone under similar 
conditions, but the relatively large proportion of 4 formed was surprising. The for- 
mation of methyl dichloroacetate was rationalised6 by the suggestion that the 
trichloromethyl anion formed in step I of the reaction can abstract a positively 
charged chlorine atom from a hexachloroacetone molecule, affording carbon tetra- 
chloride and a pentachloroacetonide anion (step 2). Protonation of the latter 
species then affords pentachloroacetone (step 3) which, because of the superior 
leaving-group ability of -Ccl, compared to that of -CHCl,, will act as a 
dichloroacetylating reagent on reaction with an alcohol, through a haloform-type 
cleavage reaction (step 4). 

ROH + Cl,CCOCCI, 4 H+ + ROCOCCI, + -Ccl, 1 
-CCl, + cl,ccocc13 -+ ccl, + Cl,-cc0cc1, 2 
Cl,-CCOCCI, + H+ -+ Cl,CHCOCCI, 3 
ROH + Cl,CHCOCCl, --+ H+ + ROCOCHCl, + -Ccl, 4 

In order to avoid the formation of mixed esters, and to take advantage of the 
seemingly high reactivity and selectivity of pentachloroacetone towards 1, the latter 
compound was treated with 2 mol of pentachloroacetone in N,N-dimethyl- 
formamide. Chromatography of the acetylated product gave 59% of the 6-dichloro- 
acetate 4. 

For the temporary and selective protection of primary alcohol groups in 
carbohydrates, the trityl group has been used most often, and this group may be 
selectively removed under acidic conditions or by hydrogenolysisR,9. More recently, 
sterically demanding trialkylsilyl groups have assumed importance for this type of 
selective protection9. Generally, these groups can be removed under acidic or basic 
conditions, and, more usefully, by fluoride-induced cleavage. The utility of such 
derivatives as 4 in synthesis requires that the dichloroacetyl group be removed 
selectively, without concomitant acyl migration. The selective removal of one acyl 
group in the presence of other acyl groups is a challenging problem’, although a 
classic example exists in the selective cleavage of the 2-0-acyl group in 3,4,6-tri-O- 
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acetyl-2-O-trichloroacetyl-/3-D-glucopyranosyl chloride by treatment with ethereal 
ammonialO. Also, the chloroacetyl group has found considerable use in the syn- 
thesis of partially acylated sugars, since it can be removed selectively under mild, 
neutral conditions on treatment with thiourea2. However, there are few reports of 
dichloroacetyl derivatives of carbohydrates”. 

Attempted removal of the dichloroacetyl group in 4 by treatment with 
thiourea in ethanol or aqueous 70% acetic acid failed. The knowledge that methyl 
dichloroacetate is hydrolysed under alkaline conditions 16,000 times faster than 
methyl acetate’*, coupled with a report13 on the use of the dichloroacetyl group as 
a protecting group in oligoester synthesis, suggested that hydrolysis with dilute, 
aqueous base might achieve selective deacylation at O-6 in ester 4. Treatment of 4 
with dilute aqueous ammonia gave methyl 2,3,4-tri-O-acetyl-a-D-glucopyranoside 
(5) in only very low yield, but with ammonia in dry diethyl ether, a reagent which 
has found application for the selective removal of 2-0-trichloroacetyl groups in 
mono-lo, di-14,15, and tri-saccharide16 derivatives, 4 was converted into 5 in 86% 
yield. 

Use of the dichloroacetyl group for the selective protection of primary hy- 
droxyl groups clearly extends the range of options for synthesis. The lability of 
dichloroacetates towards basic reagents complements the properties of trityl deriv- 
atives, which are stable in basic media. 

EXPERIMENTAL 

N.m.r. spectra were recorded usually for solutions in CDCl, (internal Me,Si) 
with JEOL PMX60SI (‘H, 60 MHz) and FX-100 (13C, 25.05 MHz) spectrometers. 
Optical rotations were measured at ambient temperature with a Perkin-Elmer 141 
polarimeter. Column chromatography was performed on Merck Kieselgel (70-230 
mesh), using ethyl acetate-toluene (1: 5) as eluent unless stated otherwise. N, N-Di- 
methylformamide was stored over molecular sieves before use and diethyl ether 
was refluxed over, and distilled from, calcium hydride, and then stored over sodium 
wire. Routine identifications of compounds were made by comparison of i.r., ‘H- 
n.m.r., and 13C-n.m.r. spectra, and by determination of m.p. 

Reaction of methyl cr-D-glucopyranoside (1) with hexachloroacetone in N,N- 
dimethylformamide. - To a solution of 1 (2 g, 10.3 mmol) in N,N-dimethyl- 
formamide (50 mL) was added hexachloroacetone (1.56 mL, 2.719 g, 10.3 mmol), 
and the mixture was stored for 3 days at room temperature and then concentrated 
under reduced pressure. The residue was treated with acetic anhydride (5 mL) in 
pyridine (35 mL) for 12 h. The crude product, obtained by concentration of the 
reaction mixture, contained (t.1.c.) methyl 2,3,4,6-tetra-0-acetyl+D- 
glucopyranoside (2), and two faster running components. Column chromatography 
of the mixture gave, first, methyl 2,3,4-tri-O-acetyl-6-0-trichloroacetyl-a-D- 
glucopyranoside (3; 1.3 g, 27%) and, subsequently, methyl 2,3,4-tri-O-acetyl-6-0- 
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dichloroacetyl-cY-D-glucopyranoside (4; 0.71 g, 16%), the physical constants of 

which were identical with those of the authentic compounds described below. 

Methyl 2,3,4-tri-O-acetyl-6-O-trichloroacetyl-cr-r>-glucopyranoside (3). - To 

a solution of methyl 2,3,4-tri-O-acetyl-cz-o-glucopyranoside’ (5: 0.35 g, 1.1 mmol) 

in toluene (10 mL) was added trichloroacetyl chloride (0.198 g, 1.1 mmol) and then 

pyridine (2 mL). The mixture was stored at room temperature for 2.5 h, poured 

into water, and extracted with several portions of dichloromethane. The combined 

extracts were dried (MgSO,) and concentrated. and the crude product was purified 

by column chromatography and crystallised from ethyl acetate-light petroleum to 

give 3 (0.3 g, 59%), m.p. Y7-Y8”, [~]n +88” (c 0.1. ethanol). N.m.r. data: ‘H. 6 

2.02 (s. 3 H, AcO), 2.08 (s. 6 H, 2 AcO), 3.44 (s, 3 H, MeO), 3.84-5.20 (cm, 6 H, 

H-1,2,4,5,6,6’), 5.52 (t, 1 H,Jz3 = J.7.J = 9.5 Hz, H-3); ‘jC. 6X).6,55.5,66.8,67.0, 

68.8. 69.9, 70.6, 89.4 (C&C), 96.7 (C-l), 161.6 (Cl,CCO), 169.4 (CH,CO), 169.9 

(2 CHJO). 

Anal. Calc. for CI,H,,CI,OI,: C, 38.7; H, 4. I; Cl, 22.8. Found: C, 38.4: H, 

4.1; Cl, 23.0. 

Methyl 2,3,4-tri-O-acetyl-(i-O-dichloroacetyl-cy-D-glucopyranoside (4). - A 

solution of 5 (0.3 g, 0.94 mmol) in toluene (10 mL) was treated with dichloroacetic 

anhydride (0.22 g, 0.92 mmol) and pyridine (2 mL). The mixture was stored for 21 

h at room temperature, and then concentrated under reduced pressure. Residuai 

pyridine was removed by co-evaporation with toluene, and the crude product was 

purified by column chromatography and crystallised from ether-light petroleum to 

give 4 (0.35 g, 87%), m.p. 65-67”. [cyjo +134”(c 0.1. ethanol). N.m.r. data: ‘H. 6 

2.00, 2.04, 2.08 (3 s, 9 H, 3 AcO), 3.44 (s, 3 H. MeO), 3.80-5.24 (cm, 6 H, H- 

1,2,4,5,6,6’), 5.50 (t, 1 H. J,., = J,,q = 9 Hz, H-3), 5.98 (s, 1 H. CI,CHCO); W, 6 

20.6, 55.5, 63.9. 64.9, (Cl,C’HCO), 66.9, 68.7, 69.8. 70.6. Y6.7 (C-l). 164.1 

(Cl,CHCO). 169.5 (CHJ’O), 170.0 (2 CH,CO). 

Anal. Calc. for C,,H,,Cl,O,,,: C, 41.8; H. 4.7; Cl, 16.4. Found: C, 41.7; H. 

4.6; Cl, 16.6. 

Reaction of 1 with pentachloroacetone in N,N-dimethyljormamide. - A 

solution containing 1 (2 g, 10.3 mmol) and pentachloroacetone (2.8 mL, 4.73 g. 

20.5 mmol) in N,N-dimethylformamide was stored at room temperature for 3 days 

and then concentrated under reduced pressure. The residual syrup was treated with 

acetic anhydride (5 mL) in pyridine (35 mL) for 3 h, the mixture was concentrated, 

and the syrupy residue was subjected to column chromatography. The major com- 

ponent was crystallised from ether-light petroleum to give 4 (2.6 g. 59%). m.p. 

65-67”. 

Selective deacylation of 4. - Anhydrous ammonia was passed for 5 min 

through a solution of 4 in dry ether (15 mL) cooled in an ice-salt bath. The solvent 

was then removed under reduced pressure and the resulting syrup was purified by 

column chromatography (ethyl acetate-toluene, 2:5). Recrystallisation of the 

product from ether-light petroleum gave methyl 2,3.4-tri-O-acetyl-cu-u- 

glucopyranoside (5; 0.32 g, 86%). m.p. 108-110” (lit.’ m.p. 108-110”). which had 
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ix. and ‘H-n.m.r. spectra indistinguishable from those of an authentic sample. 

13C-N.m.r. data on chloro-, dichloro-, and trichloro-acetates of methanol, 
ethanol, I-propanol, and 2-propanol in CDCL, solution. - (a) Chloroacetates. 
ClCH,CO,Me 40.9 (CH,Cl), 53.2 (CH,), 168.1 p.p.m. (CO); ClCH,CO,Et 14.0 

(CHJ, 41.0 (CH&l), 62.3 (CH,O), 167.5 p.p.m. (CO); ClCH,CO,Pr 10.3 (CH,), 

21.9 (CCH,C), 40.9 (CH,Cl), 67.7 (CH,O), 167.3 p.p.m. (CO); ClCH,CO,iPr 21.7 

(CH,), 41.2 (CH,Cl), 70.0 (CH), 166.7 p.p.m. (CO). 

(b) Dichloroacetates. Cl,CHCO,Me 54.3 (CH,), 64.2 (CHCI,), 165.3 p.p.m. 

(CO); Cl,CHCO,Et 13.8 (CH,), 63.8 (CH,O), 64.5 (CHCI,), 164.8 p.p.m. (CO); 

Cl,CHCO,Pr 10.1 (CH,), 21.8 (CCH,C), 64.4 (CHCI,), 69.0 (CH,O), 164.6 p.p.m. 

(CO); Cl,CHCO,iPr 21.3 (CH,), 64.6 (CHCI,), 71.9 (CH), 163.8 p-p-m. (CO). 

(c) Trichloroacetates. Cl,CCO,Me 65.6 (CH,), 89.6 (Ccl,), 162.5 p.p.m. 

(CO); Cl,CCO,Et 13.7 (CH,), 65.5 (CH,), 89.9 (Ccl,), 161.8 p.p.m. (CO); 

C1,CC02Pr 10.1 (CH,), 21.7 (CC&C), 70.9 (CH,O), 90.0 (Ccl,), 161.9 p.p.m. 

(CO); Cl,CCO,iPr 21.5 (CH,), 74.5 (CH), 90.1 (Ccl,), 161.7 p.p.m. (CO). 
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