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ABSTRACT 

Oxidative removal of the dithioacetal group of several protected sugar and 2- 
acylamido-Zdeoxy sugar dialkyl dithioacetals with N-bromosuccinimide in 97% 

aqueous acetone or 1: 1 (v/v) 2-methyl-2-propanol-acetone was compared with re- 

moval with mercury dichloride-mercury(I1) oxide or mercury dichloride-cadmium 
carbonate. In general, removal with N-bromosuccinimide proceeded more rapidly, 

and, with one exception, yields were higher than or equal to those obtained with 

the method using mercury salt. 

INTRODlJmON 

In his classic paper on the conversion of various aldoses into their diethyl di- 

thioacetals, Fischer’ noted that the parent sugar can be regenerated from its di- 

thioacetal derivative by the action of, inter alia, mercury(U) chloride. Thus, he 

pioneered today’s most often used route for the synthesis of substituted aldehydo 

sugars. Since its first application *, this approach has been modified and improved. 
Thus, it was found that neutralization of the hydrochloric acid formed during the 

removal of the thioacetal group with cadmium carbonate3 or yellow mercuric 

oxide4, results in a higher yield. The suggestion5 that cadmium carbonate also 

serves as a promater of dethioacetalation was disputed by Corey and Erickson6 

who successfully used calcium carbonate as a substitute for cadmium carbonate. 

The conversion of the diethyl dithioacetal of 2-acylamido-2-deoxy sugars into 

the corresponding aldehydo-2-amino-2-deoxy sugars by mercury(I1) chloride and 

cadmium carbonate or yellow mercuric oxide was controversial at the time we un- 
dertook this investigation. Kent’ and Whitehouse et al.* reported the preparation 

of 2-acetamido-3,4,5,6-tetra-O-acetyl-Zdeoxy-alde~yaydo-D-glucose by treating the 
corresponding diethyl dithioacetal with mercuric chloride and cadmium carbonate 
in 30% aqueous acetone. Harmon et al. 9 demonstrated, however, that this proce- 
dure led to the formation of the unsaturated 2-acetamido-4,5,6-tri-0-acetyl-2,3-di- 
deoxy-aldehydo-D-erythro-hex-Zenose (1) by way of the intermediate oxazoline 2. 

Repetition of Whitehouse et al.’ procedure in our laboratory confirmed the 
findings of Harmon et al. 9. 

OoOs-6215/84/S 03.00 Q 1984 Else&r Science Publishers B.V 
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REMOVAL OF SUGAR DITHIOACETAL GROUP 13 

On the basis of earlier findings ‘.w’~ that dithioacetals undergo oxidative hy- 

drolysis on treatment with bromine and that carbon-sulfur bond cleavage prepond- 

erates in the reaction of alkyl sulfides with excess N-bromo- or Nchloro-suc- 

cinimide in anhydrous methanol’” or in water 14, Corey and Erickson” developed a 

method for the oxidative hydrolysis of 1,3-dithiane derivatives by N-halosuc- 

cinimides to give the ~rre~ponding ~arbonyl compounds. 

The difficulties that we encountered in our earty attempts* to prepare various 

protected aMe@&Zacylamido-2-deoxyhexoses from corresponding dialkyl di- 

thioacetals by use of mercuric chloride-cadmium carbonate, and the highly suc- 

cessful oxidative dethioacetalation of l&dithians with ~~-halosuccinimides~ 

prompted us to investigate the use of ~-bromosuccinimide for the removal of 

thioacetal groups of properly protected Z-acylamido-2-deoxy sugar dialkyl di- 

thioacetals, and appropriately protected sugar dialkyl dithioacetals. The results of 

these studies are reported herein. 

RESULTS AND DISCUSSION 

N-Bromosuccinimide used in slight excess over the calculated amount (3 and 

2.5 mollper mol of aminodeoxy sugar and sugar dialkyl dithioacetal, respectivety) in 

97% aqueous acetone at 0” promoted a rapid (3 min) removal of the thioacetal 

groups of 17, 19,22, and 28 to give the corresponding aldehydmugars 18,20,23, 
and 29 in yields ranging from 71 to 90% (Table I). Thus, the dethioacetalation of 

17 by N-bromosuccinimide should be preferred to that by mercuric chloride-cad- 

mium carbonate as it was completed within only 3 min, whereas latter reagent re- 

quired 48 h. Both reactions gave the corresponding &dehydo-sugar 18 in practically 

the same yield (77 and 79%, see Table I). 
The oxidative dethioacetalation of dialkyl dithioacetals with N-bromosuc- 

cinimide is influenced by the solvent used as the reaction medium. Thus. in 1:l 

(v/v) ~-methyl-~-propanol--acetone, the dithioacetal 4 was converted into the cor- 

responding aminodeoxy-aldehydo-sugar 5 within 3 min at 0”. Although some de- 

composition of 5 was noticed during the processing, this reaction medium proved 

to be superior to 97% aqueous acetone. In the latter solvent, the homogenous 

aminodeoxy-ald~~ydo-sugar 5 was obtained in only 33% yield after chromatog- 

*In the repetition of Wbitehouse et ~6.’ procedure to dethioacetalate 2-acetamido-3,4,5&i-tetra-O- 
acetyl-bdeoxy-D-glucose diethyl dithioacetal with mercuric chloride-mercuric oxide in 97% aqueous 
acetone at room temperature, the reaction progress was monitored by t.1.c. (in 9:1, viv, benzene- 
methanol). It was found that, after 12 h, the starting diethyl dithioacetal4 had completely disappeared 
and 2-acetamido-3,4,5,6-tetra-O-acetyl-2-deoxy-~f~e~y~u-D-gluco~ (5) was formed as the sole product. 
If, however, the reaction proceeded beyond 12 h, formation of the unsaturated aldehydo-D-glucose de- 
rivative 1 was noticed. The concentration of this unsaturated sugar steadily increased with time, until 
it became the only reaction product (89% after chromatography on silica gel in 19:l benzene- 
methanol). At about the same time, Benzing and Perry” reported the successful de~io~t~ation of 
2-acetamido-Z-deoxy-3,4:5,6-di-O-isopntpylidene-D-gIucose diethyl dithioacetat with mercuric 
chloride-mercuric oxide in 95% aqueous acetone. They obtained, in a 57% yield, a product that gave 
a single spot on t.1.c. in 9: 1 benzene-methanol. 
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raphic purification. It is interesting that the dethioacetalation of 4 is slower when 

both 2-methyl-2-propanol and acetone are anhydrous. which suggests that the pre- 

sence of water in the reaction mixture is important. Another example for the influ- 

ence of the reaction medium was given by the diisopropyl dithioacetal 10. When it 

was treated with 3 equiv. of iV-bromosuccinimide in 97% aqueous acetone, a mix- 

ture of products was obtained, whereas treatment in 1: 1 (v/v) 2-methyl-2-pro- 

panol-acetone gave the corresponding aminodeoxy-aldehydo-sugar 11 in 85% 

yield (after chromatography on silica gel) as a homogenous syrup. It is interesting 

that the diisopropyl dithioacetal 10 did not react with an excess of mercuric 

chloride-mercuric oxide in aqueous acetone over a 24-h period at room tempera- 

ture. This large drfference in the reactivity of diisopropyl dithioacetals toward both 

reagents suggests that 2-propanethiol may be a valuable reagent for carbonyl group 

protection in molecules containing more than one carbonyl group. 

After completion of the reaction. the excess of N-bromosuccinimide is usu- 
ally destroyed by adding 1: 1 ( w w so mm thiosulfate-sodium hydrogencarbonate / ) d’ 

and stirring the suspension for a short time at room temperature. However, this 
method cannot be used for destroying excess N-bromosuccinimide after de- 
thioacetalation of 2-acetamido-2-dcoxy sugar dialkyl dithioacetals, since the 2- 

acylamido-2-deoay-aldehydo-sugars are exceptionally labile and undergo /?-elimi- 

nation in even weakly basic solutions. Therefore. in such cases, the best way to de- 
stroy the residual N-bromosuccinimide in the reaction mixture is by adding 1: 1:2 

(w/w) Na&03-NaH2POJ-Na2HPOJ and stirring the suspension for a short time at 
room temperature. 

Contrary to published datalh, the quantitative removal of N-bromosuc- 
cinimide from the reaction mixture by extraction of chloroform or ether solutions 
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of aldehydo-sugar or aminodeoxy-aldehydo-sugar derivatives with water was found 

to be generally unsuccessful. The aldehydic forms of sugars and aminodeoxy sugars 

are considerably hydrated in the presence of water and, thus, much more soluble 

in water as hydrates. Consequently, water extraction resulted in a significant loss of 

product. The best way to quantitatively remove the N-bromosuccinimide was 

found to be by chromatography on silica gel*. It was found that nonpolar aldehydo- 

sugars, such as 20 and 25, will survive rapid column-chromatography if the eluent 

contains an alcohol. The role of the alcohol in stabilizing aldehydo-sugars has not 
been determined at the present, but we believe it likely that it adds to the carbonyl 

carbon of the sugar aldehyde with formation of a hemiacetal; thus, II-2 becomes 

much less acidic because of the absence of CO-l 1 and the product can survive these 

chromatographic conditions. 

More labile uldehydo-sugars, particularly aminodeoxy-aldehydo-sugars could 

not be chromatographed on fully active silica gel. However, they could be purified 

on silica gel deactivated with water. Studies with the peracetylated 2-acetamido-2- 

deoxy-aldehydo-sugar 4 showed that a water content of up to 17% (w/w) did not 

protect the sugar from significant p-elimination, whereas product separation was 

poor if the silica gel was deactivated with 29% (w/w) of water. The optimal results 

were obtained with a silica gel containing 25% (w/w) of water. Owing to difficult 

slurry formation, column packing with silica gel containing 25% of water was some- 

what tricky. As expected, a noticeable loss of resolution was observed, as com- 

pared to fully active silica gel, and separations on wet silica gel could not be clearly 

anticipated from the chromatographic behavior of crude, dethioacetalation-reac- 
tion mixtures on t.1.c. plates. Differences, however, tended to be minor. An addi- 

tional stabilization of the aldehydo-aminodeoxy sugars was observed when the 

eluent contained an alcohol (methanol or ethanol). 

With the exception of the dethioacetalation of dithioacetal4 where the mer- 

curic chloride-mercuric oxide procedure afforded the aminodeoxy-aldehydo-sugar 

*Albrecht et cai.” recommended aldehydo-sugar not to be purified by chromatography on silica gel 
owing to difficulties in eking intact materials from the column, an observation generally confirmed in 
our laboratory. 
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5 in considerably higher yield as compared to N-bromosuccinimide procedure, the 

dethioacetalation of dithioacetals 10,12,17, and 28 with N-bromosuccinimide gave 

either the same or better yield of the corresponding aldehydo-sugars than use of 

mercuric salts, but the total inertness of the diisopropyl dithioacetal 10 toward mer- 

curic chloride+admium carbonate had not been expected. The much greater labil- 

ity of the aldehyde forms of 2-acetamido-2-deoxy sugars, as compared to those of 

2-hydroxylated sugars or their 2-deoxy analogs, is of interest. We believe that the 

exceptional tendency of the first-mentioned compounds to undergo @elimination 

lies in the partial, double-bond character of the C-N amide bond, which increases 

the acidity of H-2. This is supported by the observation that 2-deoxy-2- 

p-toluenesulfonamido-aldehydo-sugars are not as labile as the 2-carboxamido-2- 

deoxy-aldehydo-sugars, and that they do not readily undergo /3-elimination during 

chromatography on silica gel or in weakly alkaline solution (sodium hydrogen-car- 

bonate). 

The greatest advantage of dethioacetalation with N-bromosuccinimide as 

compared to mercuric salts lies in the very short time required at 0”. 

EXPERIMENTAL 

Gene& methods. - Melting points are uncorrected. Optical rotations were 

determined with a Cary 60 spectropolarimeter for solutions in a l.O-cm cell. In- 

frared spectra were recorded with a Perkin-Elmer infrared spectrophotometer 
Model 267, and n.m.r. spectra for solutions in (2H) chloroform with Bruker WM- 

360 and Varian T-60 spectrometers with tetramethylsilane as the internal standard. 

Silica gel (<0.08 mm) used for all column chromatography was obtained from E. 

Merck (Dannstadt, W. Germany). All solvent mixtures are v/v. 2-Acetamido-2- 

deoxy-3,4:5,6-di-O-isopropylidene-D-glucose diethyl dithioacetal (12) was pre- 

pared according to the procedure of Yoshimura and Sate”, 2,3,4,5,6-penta-O- 

acetyl-D-glucose dithioacetal (17) according to the procedure of Schneider et al. “, 

2,3,4,5,6-penta-O-methyl-D-glucose diethyl dithioacctal (19) according to the pro- 

cedure of Levene and Meyer2, and 2-deoxy-D-arabirao-hexose diethyl dithioacetal 

(21) and 3,4,5,6-tetra-0-acetyl-2-deoxy-o_araBino-hexose diethyl dithioacetal (22) 

according to the procedure of Bolliger*‘. 
2-Acetamidl:,-3,4,5,6-tetra-O-acety6-2-deoxy-D-glucose diethyl dithioacetal 

(4)*. - This compound was prepared by acetylation of 2-acetamido-2-deoxy-D- 
glucose diethyl dithioacetal (3) with acetic anhydride-pyridine for 2 days at room 

temperature. The isolated crude product was purified by chromatography on silica 

*In their first paper, Wolfram er ~1.‘~ reported m.p. 126-127” and [a];’ -32” (chloroform) for 4. Kent’ 
reported for 4 m.p. 15C!-161” and [a] $ +2” (chloroform); this was disputed by Wolfrom and Anno” 
who reported as corrected values for 4 m.p. 75-77” and [o]D +I”. These findings, however, were 
disputed by Whitehouse et al.* who reported for 4 m.p. 177” and [(I]&” -30.6” (c 0.5, chloroform). Our 
m.p. determination is in agreement with Wolfrom and assoc. values, m.p. 76-77”. 
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gel (using a 10: 1 silica gel-to-substrate ratio). Elution with 49: 1 benzene-methanol 

gave 4 as a white, crystalline material, m.p. 76-77”. 

3,4,5,6- Tetru-0-acetyl-2-deo-2-p-toluenesulfan diethyl di- 
thioacetal (7). - 2-Deoxy-2-p-toluenesulfonamido-D-glucopyranose*a (2.5 g, 7.5 

mmol) was suspended in freshly distilled anhydrous ethanethiol (25 mL). Freshly 

fused anhydrous zinc chloride (8.0 g) was added, and the mixture kept for 36 h at 

room temperature. It was then poured into saturated, aqueous sodium hydrogen- 

carbonate solution, and both the precipitate and filtrate wcrc exhaustively washed 

with hexane in order to remove the excess of ethanethiol. The precipitate and the 

aqueous filtrate were extracted with chloroform, and the combined chloroform ex- 

tract was dried (MgSO& and evaporated in vacuu, to yield a white crystalline 
product (6,2.5 g, 7.5%; ref. 18). 

Crude 6 (2.00 g. 4.56 mmol) was dried in high vacuum and acetylated (with- 

out further p~ri~cation and characteri~tion) with 2: 1 (v/v) anhydruus pyridine- 

acetic anhydride (15 mL). The solution was kept overnight at room temperature. 

an excess of methanol added, and the mixture kept for additional 30 min at room 

temperature and then evaporated in vucuo. The partially solid residue was chro- 

matographed on silica gel (40 g). Elution with 24:l benzene-methanol afforded 

one major product (2.41 g, 87%) as a colorless syrup which crystallized after 2 

weeks, m.p. 78-79”. An analytical sample was prepared by recrystallization from 
ether-hexane, m.p. 80.5-81”; [a]$,’ -5.0” (c 1.12, chlorofo~); ‘H-n.m.r.: 6 7.82 

7.28 (m, 4 H, arom.), 5.61 (dd, 1 H, J7,a4.27 Hz, H-3), 5.35 (dd, 1 H, Jd,s 7&Z Hz, 

H-4), 5.15 (ddd, 1 H, J.c,ha 2.75, .Js,6b 5.49 Hz, H-S), 5.08 (d, 1 H, NH), 4.29 (dd, 

1 H, &a,hr, 12.51 Hz, H-6a), 4.12 (dd, 1 H, H-6b),4.~ (ddd, 1 H, JZs 5.49, Jz.NH 
9.77Hz,H-2) 3.81 (d, 1 H,J1,2366Hz, H-l),~.7~2.54(m,2H,~~~CH~),2.4~ 

2.43 (m, 2 H, CHJJH,), 2.41 (s, 3 H, SOZ C6H4CH3), 2.15, 2.06, 2.05, 2.02 (4 s, 
12H,4COCHs),1.25and1.12(2t,6H,2CH2CH,). 

Ataaf. Calc. for C25H37N01$3: C, 49.41; H, 6.14. Found: C, 49.64; H. 6.12. 
3,4,5,6-Tefra-O-acetyl-2-deaxy-2-p-bo2uenes~l~o~a~~~~-~-g~~~~se diiso~ro- 

pyl dithioaeetal (10). - 2-Deoxy-2-p-toluenesulfonamido-n-glucopyranose’” (3.00 

g, 9.0 mmol) was dissolved in freshly distilled 2-propanethiol (50 mL), and freshly 

fused zinc chloride (10 g) added to the solution. After being kept for 36 h at room 

temperature, the mixture was poured into saturated aqueous sodium hydrogencar- 
bonate, and the precipitate filtered off. Both the precipitate and the aqueous 

filtrate were exhaustively extracted with hexane to remove Zpropanethiol, and 
then both extracted with chloroform. The combined chloroform extract was dried 

(anhydrous MgSO,), and then evaporated in vacua to yield the diisopropyl di- 

thioacetal9 as a chromatographically homogenous syrup (3.9 g, 93%) that was di- 

rectly acetylated with acetic anhyd~de-p~ridine to give only one major product 
(10) as evidenced by t.l.c, in 8: 1 benzene-ethyl acetate. An excess of methanol was 

added and the mixture kept for 30 min at room temperature and evaporated in 
vacua. The crude product was chromatographed on silica gel (with a 30: 1 silica gel- 

to-substance ratio). Elution with 16: 1, 12: 1, and 8:l benzene-ethyl acetate gave 
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chromatographically homogeneous 10 as white crystals. m.p. 1 lo”. An analytical 
sample was prepared by recrystallization from acetone-hexane, m.p. 113-114; 

[c~]g -2.7” (c 1.11, chloroform); ‘H-n.m.r.: 67.83-7.28 (m, 4H, arom.), 5.62 (dd, 

1 H, J3/, 4.58 Hz, H-3), 5.32 (dd, 1 H, J4,5 6.4 Hz, H-4), 5.13 (ddd, 1 H, J5,6a 3.05, 

Js.hr, 5.80 Hz, H-5), 5.11 (d, 1 H, NH). 4.29 (dd, 1 H, Jha,hb 12.51 Hz, H-6a), 4.13 

(dd. 1 H, H-6b). 3.98 (ddd, 1 H. .& 5.19, &,.,r, 9.46 Hz, H-2), 3.93 (d, 1 H, J,,z 

3.66 Hz, H-l), 3.08 and 2.88 (2 m, 2 II, J 6.71 IIz, 2 CIMel), 2.41 (s, 3 II, 

SO&HCHs), 2.13, 2.05, 2.04, and 2.01 (4 s, 12 H, 4 COCH3), and 1.29, 1.26, 

1.19,and l.l2(4d, 12H,J6.71Hz,2CH(CH,),. 

Anal. Calc. for C2,H4,NO10S3: C, 51.00; H, 6.50. Found: C, 51.05; H, 6.28. 

2-Deoxy-3,~:5,6-di-O-i.~opropylidene-2-p-toluenesulfonamid~~-~-gluco.~e di- 

ethyl dithioacetal (14). - 2-Deoxy-2-p-toluenesulfonamido-D-glucose diethyl di- 

thioacetal’* (6, 3.49 g, 7.94 mmol) was dissolved in 1: 1 anhydrous acetone-2,2-di- 

methoxypropane (40 mL). Cont. sulphuric acid (1 mL) was added, and the mixture 

was kept for 2 h at room temperature and then poured into saturated aqueous 

barium hydroxide solution. The suspension was evaporated in vacua, the dry re- 

sidue extracted several times with chloroform, and the combined chloroform ex- 

tract evaporated in vucuo. The yellow, syrupy residue was purified by chromatog- 

raphy on silica gel (85 g). Elution with 59: 1 benzene-ethyl acetate gave one major 

product as a pale yellow syrup (3.63 g, 88%) which spontaneously crystallized, 

m.p. 8@82”. Another chromatography of this material on silica gel (80 g) with 12: 1 

hexane-acetone as eluent gave a chromatographically homogenous, colorless solid 

(3.40 g, 82%), m.p. 83-84”. An analytical sample was prepared by recrystallization 

from hexane, m.p. 85-85.5”; [u]:: +20.1” (c 1.01, chloroform); ‘H-n.m.r.: 6 7.78 

and 7.31 (2 d, 4 H, 18.24 Hz, SO,C,H,CH,), 5.49 (d, 1 H. JZTNH 9.97 Hz, NH), 

4.54 (d, 1 H, J, ,2 7.93 Hz, H-l), 4.1,3.9,3.7, and 3.5 (4 m, 6 H, H-2, -3, -4, -5, -6a, 

and -6b), 2.55-2.39 (m, 4 H, 2 CHCH,), 2.43 (s. 3 H, SO&HJCM7), 1.42, 1.40, 

1.34, and 1.32 [4 s, 12 H, 2 C(CH3)J, and 1.19 and 1.15 (2 t, 6 H, J 7.32 Hz, 2 

CHzCHJ. 

Anal. Calc. for t&H,,NO&: C, 53.15; H, 7.17. Found: C, 53.32; H. 6.95. 

2-Deoxy-3,4,5,6-tetra-0-methyl-D-arabino-hexose diethyl dithioacetal(24). - 

A solution of 2-deoxy-D-arubino-hexose diethyl dithioacetal (21, 2.0 g, 7.4 mmol) 

in anhydrous N,N-dimethylformamide (15 mL) was added dropwise to a suspen- 

sion of sodium hydride (1.36 g of a 50% oil suspension, 28 mmol) in anhydrous 

N, N-dimethylformamide (10 mL), under a nitrogen atmosphere. After being kept 
for 1 h at room temperature, the light-grey solution was cooled in an ice-bath and 

methyl iodide (3.7 mL, 39.9 mmol) was slowly added. The mixture was kept for 30 
min in an ice-bath, and then brought to room temperature. After 1 h at room tem- 

perature, t.1.c. indicated the absence of starting material and the presence of only 
one reaction product; at this point, an excess of methanol was added (to destroy ex- 

cess methyl iodide) and the mixture was kept for an additional 20 min at room tem- 

perature. The reaction mixture was evaporated in vacua, water added (20 mL) to 
the residue, and the mixture extracted with chloroform (3 x 30 mL). The com- 



REMOVAL OF SUGAR DITHIOACETAL GROUP 19 

bined chloroform extract was dried (MgS04) and evaporated in VUUI, and the yel- 

low syrupy residue chromatographed on silica gel (50 g). Elution with 12:l hexane- 

acetone gave 24 as a colorless syrup (2.03 g, 84%), [a]: +5X (c 1.11, chloro- 

form); ‘H-n.m.r. : 6 3.42 (s, 6 H, 2 OCHj), 3.40 and 3.36 (2 s, 6 H, 2 OCHj), 2.70 

(br. dd, 4 H, J 7.0 Hz, 2 CH,CH3), 2.1 (m, 2 H, HI-2), and 1.26 (t, 6 H. J 7.0 Hz, 

2 CI I&H,). 

2,3,4-Tri-O-methyl-5-O-triphenylmethyl-~-arabinose diethyl dithioacetal 
(28). - TO sodium hydride (278 mg of a 55% oil suspension, 6.4 mmol) washed 

with two 4-mL portions of hexane in a nitrogen atmosphere, was added dropwise, 

over 20 min with constant stirring, a solution of 5-O-triphenylmethyl-D-arabinose 

diethyl dithioacetal (740 mg, 1.49 mmol; prepared ” from D-arabinose diethyl di- 

thioaceta12”) in anhydrous N,N-dimethylformamide (20 mL). The stirring was con- 

tinued for 1 additional h at room temperature, and the reaction mixture cooled to 

0”. NIethyl iodide (0.83 mL; 13.37 mmol) was added dropwise with a syringe over 

a 5-min period, and the reaction mixture stirred for 75 min at 0”. At this point, t.1.c. 

(in 20: 1 benzene-ethyl acetate) indicated the presence of only one reaction prod- 

uct in addition to traces of starting material. The reaction was quenched by adding 

an excess of methanol at o”, and the mixture was diluted with water (50 mL) and 

extracted with chloroform (3 x 40 mL). The combined chloroform extract was 

washed with water (75 mL), dried (MgS04), and evaporated in vacua. The residue 
was chromatographed on silica gel (60 g). Elution with 50: 1 benzene-ethyl acetate 

afforded chromatographically homogenous 28 (727 mg, 90%) as a very mobile liq- 

uid, [a]; -1.8”(c1.69,chloroform);‘H-n.m.r.:67.55-7.20(m,4H,arom.),4.05 

(dd, 1 H, J3.4 7. 94 Hz, H-3), 4.04 (d, 1 H, J,,z 7.9 Hz, H-l), 3.59 (dd, 1 H, I?.3 2.75 

Hz, H-2), 3.57, 3.45, and 3.28 (3 s, 9 H, 3 OCH& 3.53 (dd, 1 H, Jsa,5t, 10.38 Hz, 

H-5a), 3.40 (ddd, 1 H, J4,5a 2.44, .J4,5b 4.27 Hz, H-4), 3.10 (dd, 1 H, H-5b), 2.82- 

2.62 (m, 4 H, 2 CH,CH2), and 1.28 and 1.27 (2 t, 6 H, J 7.32 Hz, 2 CHzCH3). 
Anal. Calc. for C3,HW0&: C. 68.85; H, 7.46. Found: C, 68.81; H, 7.41. 

General procedure for preparation of aldehydo-glycoses from jid!y blocked 
glycose dithioacetals with N-bromosuccinimide. - (a) In acetone-water*. A suitably 

blocked glycose dithioacetal** (0.05-10 mmol) dissolved in a small amount of 

acetone (l-3 mL) was added to a solution of N-bromosuccinimide (2 mmol) in ice- 

cold, 97% aqueous acetone (25 mL), and the mixture vigorously stirred for 2 min 

(3 min if more than 1 mmol of dithioacetal is used), at o”, Finely ground 1: 1 (w/w) 

sodium thiosulfate-sodium hydrogencarbonate (2 g) was added, and stirring con- 

tinued for 2-3 h if aldehyde is sufficiently stable under this condition at 0”. Salts 

were filtered off and washed with acetone, and the combined filtrate and washings 

evaporated, at or <30”. The residue was dissolved in chloroform, the chloroform 

solution washed with water (4 times), dried (MgSOJ) and evaporated to dryness (at 
or (30”). 

*97% Aqueous acetonitrile has also been successfully used. 
**This procedure is not suitable for O-benzyl derivatives. 
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(b) In acetone-2-methyl-2-propanol. A suitably blocked glycose dithio- 

acetal* (0.1-1.3 mmol) dissolved in a small amount of acetone (l-3 mL), was 

added to a cold (0”) solution (30 mL) of N-bromosuccinimide (2 mmol) in 1: 1 

acetone-2-methyl-2-propanol. The mixture was vigorously stirred for 20-30 min at 

0”. Quenching and processing were as described under (a). 
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