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The reaction of sulfuryl chlonde (SO,Cl,) urlth carbohydrates contaimng free 
hydroxyl groups has become a we&estabhshed method for the preparation of 
chlorodeoxy sugarslm3. The process4-6 mvolves the mltlal formation of chlorosulfate 
groups, followed by bimolecular displacement of certain of these by chlonde ion 
hberated durmg the chlorosulfatlon The displacement occurs only at those centers 
where the stenc and polar factors”’ are favorable for an SN~ reacllon. Thus, for 
example, treatment of methyl a-D-glucopyranoslde with sulfuryl chlonde and 
pyndme m chloroform solution, and isolation of the product at room temperature, 
gave methyl 4,~dichloro-4,~&deoxy-a-Dgalactopyranoslde 2,3-dl(chlorosuIfate), 
whch was dechlorosulfated by usmg sodmm lodlde to afford a Hugh yield of methyl 
4,6-d~chloro-4,6-Qdeoxy-a-D-galactopyranos~de4~s*8. In tIus example, the lack of 
substltutlon by chlonde ion of the mtermedlate chlorosulfonyloxy group at C-3 IS 
attnbuted to the presence of the j&rrans-axial methoxyl group at C-l, also, a chloro- 
sulfonyloxy group at C-2 IS deactivated to nucleoplhc substltutron by chlonde Ion’*‘. 
On tZlls basis It would be expected that methyl j?-D-glucopyranoslde (l), havmg the 
methoxyl group at C-l III equator& onentatIon, would afford, under the same 
condltlons, not only methyl 4,6-d&loro4,6-drdeoxy-B_D-galactopyranoslde 2,3- 
dt(chlorosulfate) but also methyl 3,6-lchloro-3,6-&deoxy-/I-D-allopyranoslde 2,4- 
dl(chlorosulfate); however, m 1965 only the isolation of crystalline methyl 6-chloro- 

1 2 3 

*Part VIII in the senes “Synthesis and Reachons of Chlorodeoxy Sugars”. 
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6-deoxy-/?-D-giucopyranosrde 2,3,Ptn(chiorosuifate) (m 10% yxeld) was reported6, 
and it was stated that t 1 c indicated that “the non-crystalhne matenal was mamly 
the 4,6-duhioro4,6-drdeoxy-/3-r+galactopyranosrde denvaLve” It was also reported 
that treatment of the crystalhne product w&h pyndnuum chlorrde m chloroform for 
12 h at 50”, followed by dechiorosuifatton of the resultant material, and then acrd- 
catalyzed hydrolyses, gave 4,6-drchioro-4,6-drdeoxy-~gaiactose and two minor 
components whose structures were not elucidated Thus, m the early work6, the 
formation of a 3,6-dlchloro-3,6-dideoxy compound was not exphcrtiy estabhshed 
The present report describes the results of a remvestrgatron of the reactron of methyl 
,!?-D-giucopyranoside (1) with suifuryl chiorrde. 

Compound 1 was treated with suifmyl chionde m a nuxture of pyndme and 
chloroform for 2 5 h m a Dry Ice-acetone bath, and the reactron mixture was then 
stirred for 2 h at room temperature Dechiorosuifatron of the resultant syrup by using 
sodium lo&de afforded a product from which methyl 4_6-drchloro-4,6-dldeoxy-P-D- 
galactopyranosrde (2) and methyl 3,6-drchloro-3,6-drdeoxy-B-D-aiiopyranosrde (3) 
were isolated by column chromatography m yields of 22% and 50%, respectively The 
melting points and specific rotatrons obtamed for 2 and 3 accorded wrth some 
hterature values (see Experimental sectron) Moreover, the structural assignments 
were corroborated by the observation that compound 2 IS perrodate-vulnerable 
whereas compound 3 IS penodate-resrstant It 1s noteworthy that 2 and 3 were 
obtamed m lower yrelds If the sulfuryl chiorrde reaction-lmxture was stirred at room 
temperature for longer penods of time, after 3 days, the presence of the drchloro- 
drdeoxy denvatrves could not be observed by t 1 c 

In an earher pubhcatron’, a syntheses of the brologrcaily srgmficant sugar, 
paratose (3,6-drdeoxy-D-rzbo-hexose), was described, by way of hydrogenation of 
methyl 3,6-drchioro-3,6-drdeoxy-j&o-aiiopyranosxde (3) Compound 3 was obtained 
m that work by a somewhat labonous route startmg from methyl 4,6-O-benzyhdene- 
B-D-giucopyranoside and involving two separate reactions with suifuryl chiorlde 
Clearly, the formation of 3 m good yield from methyl ,!?-D-glucopyranoslde (l), as 
described m the present report, makes avariable a very facile method for the pre- 
paratron of paratose 

Very recently, Hough and Richardson and their coworkers9 reported that the 
reaction of methyl p-D-giucopyranoside (1) wrth methanesuifonyl chlorrde m 
NJWhmethyiformarmde grves methyl 3,6-drchioro-3,6-drdeoxy-j3-n-aiiopyranosrde 
(3) m 10% yield, m adltlon to the expected” methyl 6-chioro-6-deoxy-/SD-f&co- 
pyranosrde The formatron of chiorodeoxy derrvatrves by this reaction 1s presumed 
to Involve nucleophlhc attack by an alcohol (ROH) on the umnium salt (Me,N+ = 
CHOSO,CH,)CI-, denved from methanesuifonyl chlorrde and N,N-drmethyl- 
formarmde, to give an intermediate Me,N+=CHOR, which IS then attacked by 
chiorrde ran. Thus, the rsolatron of compound 3 m the British work9 and m that 
described m the present report clearly indrcates the feaslbrhty of nucleophrhc drs- 
placement at C-3 m the j?-D-giucopyranoslde series 
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General methods - Meltmg points were determmed on a Frsher-Johns 
apparatus and are uncorrected Optrcal rotatrons were measured wrth a Perhn-Elmer 
Model 141 automatrc polanmeter at 23 f3” T 1 c was performed w&h Srhca Gel G 
as the adsorbent m the followmg solvent systems (v/v)- (A) 3 1 pentane-ethyl acetate; 
(B) 3 1 ethyl acetate-chloroform Unless othenvlse stated, the developed plates were 
au-dned, and compounds were located by heatmg the plates at about 150” after they 
had been sprayed with a 10% aqueous sulfuric acrd solutron contammg 1% cenum 
sulfate and 1 5% molybdtc acrd Column chromatography was performed on Slhca 
&! 60 (70-230 mesh, E Merck, Darmstadt, Germany) 

Reactzorz of nzetizyi j?-D-glucopyranoszde (1) wzth sulfuryl chlorzde - To a 
mrxture, cooled in a Dry Ice-acetone bath, of methyl P-D-glucopyranosrde (5 0 g, 
26 mmoles) m dry pyrrdme (20 ml) and chloroform was added, dropwrse wrth sturing, 
sulfuryl chlonde (13 ml, 170 mmoles) over a period of 30 mm The reactron mrxture 
was stirred for a further 2 h at the low temperature, and then for 2 h at room tempera- 
ture The mixture was poured mto Ice and water, and the chloroform layer was 
separated, the aqueous solutron was extracted several times wrth chloroform The 
combmed chloroform solutrons were washed wrth sodmm hydrogen carbonate 
solutron and then wrth water Concentratron of the drred (sodmm sulfate) chloroform 
solution gave a syrup (13 5 g) which was revealed by t 1 c (solvent A) to consrst of two 
major components, havmg RF 0 62 and RF 0 78, and some mmor components, the 
two maJor components were detected also wrth amhne-pyrrdme m n-butanol”, a 
spray reagent for sugars contaming a chlorosulfate group 

To a stirred solutron of the syrup m methanol was added sodmm hydrogen 
carbonate (75 g) and then, dropwrse, sodium rodrde (0 55 g) m methanol, the progress 
of the dechlorosulfatron was momtored by t 1 c (solvent A) At the end of the reactron, 
the mtxture was filtered through Cehte, and the filtrate was concentrated The residue 
was shown by t 1 c (solvent B) to contam two new, maJor components having RF 0 40 
and R, 0 53 These two components were Isolated by column chromatography, wrth 
solvent B as eluant, and were rdentrfied as methyl 4,6-drchloro-4,6-drdeoxy-/3-r+ 
galactopyranosrde (2), yreld 1 28 g (22%), and methyl 3,6-drchloro-3,6-drdeoxy- 
j?-D-allopyranoslde (3), yreld 2 98 g (50 2%), respectrvely, recrystalhzatron of each 
sample from chloroform-petroleum ether (b p_ 60-80’) afforded 2 m 21% yreld and 3 
In 48% yreld Compound 2 had m p 154-154 5” and [LY], + 8” (c 0 8, water), lit 4 

m p l54”, MD -8” (c 0 8, water) Compound 3 had m p 164-165” and [alp -54” 
{c 0 6, chloroform), In, m p 163-164” (ref 9), 162-163” (ref 2), 154-156” (ref 12), 
[c&, -54” (chloroform) (ref 9), -43” (c 0 6, chloroform) (ref 2), -45” (c 0 6, 
chloroform) (ref 12) 

Aqueous solutrons of compounds 2 and 3 were each treated wrth 2 molar eqmv. 
of sodmm metaperrodate and kept overmght at room temperature T 1 c (solvent B) 
drd not reveal any change m the case of the 3,6-drchloro-3,6-drdeoxy derrvatrve 3, 
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however, m the case of the 4,6-drchloro+i-drdeoxy denvatrve 2, some startmg 
mate& and two faster-movmg components were shown to be present 

In a separate expenment, methyl B-D-glucopyranoslde (1) was treated wrth 
sulfur-y1 chlonde as already described except that the reactron IIllxture was strrred 
for 21.5 h at room temperature After dechlorosulfatron of the resultant product, 
compounds 2 and 3 were Isolated by cohunn chromatography m yields of 18% and 
15%, respectrvely In a thnd expenment, the suEiuy1 chloride reaction-mrxture was 
stured for 3 days at room temperature; the presence of the two major components, 
observed m the first expenment, could not be detected by t 1 c m this case, and no 
change was observed by t 1 c on treatment of the resultant product with sodmm rochde 
in methanol 
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