
THE REACTION OF SULPHURYL CHLORIDE WITH GLYCOSIDES AND 
SUGAR ALCOHOLS. PART 11' 

'l'he s t r ~ ~ c l ~ ~ r e s  ol methyl 4,6-dichloro-?,6-dideos~~-o1-~-hexoside and methyl "4-cl~loro-4- 
deoxy-8-pcntosidc" ( I )  have been investigated. The dcs~~lphat ion  reaction leading to the 
formation of the latter con lpo~~nd  is described. lieplacement of the hydroq.1 group a t  C(,) 
by a chlorine atom in both compou~ids is sho\\:n to ha\-e occurred with i ~ ~ v e r s i o ~ ~  of conl ig~~ra-  
t~on .  

INTRODUCTIOS 

In Par t  I ( I )  the product of the reaction of sulphuryl chloride \\it11 rllethyl a-D-gluco- 
pyranoside ~ v a s  shown to be probably methyl 4,G-dichloro-4,G-dideoxy-a-~-11exoside 
2,:3-sulphate \\rllich on desulphation gave ~nethj- l  4,G-dichloro-4,Ci-dideoxw-D-hexoside 
(I) .  I t  was possible tha t  the replacement of the hydroxyl group a t  C(4) by the chlorine 
atom had occurred with inversion of configuration to give the galactose configuration. 

This problem was investigated  sing a sj.~lthetic route to a methl-1 4,G-dichloro-4,O- 
dideoxy-a-D-hexoside of known cot~figuration. Methyl 4-chloro-4-deoxy-a-~-glucop)lra- 
noside was synthesizeel by the method of Buchanan (2). Reaction with sulphuryl chloride 
and subsequent desulphatio~l gave a complex mixture from which was isolated methyl 
4,6-dichloro-4,G-dideoxy-a-~-glucopyra1oside (11) which was found to be different fro111 
that obtained fro111 the reaction of sulphuryl chloride with methyl a-D-glucopyranoside 
( I ) .  I t  was fou~icl tha t  I1 consumed periodate extreme.1~- slo\iily (1.04 moles, lG7 hours) 
and this bore some resemblance to the parent methyl 4-chloro-4-deox~7-a-D-glucopyrano- 
side ~vliich was oxidized under somewhat similar conditions (1.03 moles, 170 hours) 
(:i, 3a). i\ccorclingl~- the chlorine atom a t  C(1) of I was placed in the galactose con- 
figuration since this was the only position in which I and I1 differed. 

Further evidence as to the configuration a t  C(4) of I was obt'lined when the reaction 
of sulphuryl chloride with methyl a - D - g a l a ~ t ~ p > ~ r a n ~ ~ i c l e  was examined. Desulphatio~l of 
the fully substituted product gave a co~llplex mixture from n,hich was isolated a methyl 
clichloro-dideoxy-a-D-hexoside identical ~ v i t h  I I .  

Compound I clicl not react with sodiu~ll hydroxide, whereas I1 lost approximately 1 
equivalent of chlorine under the same conditions probablj. to give Ib. I t  was found that  
methyl 3-chloro-2-deoxy-a-D-gulopyranoside, with sodium hydroxide, lost chlorine to 
give methyl 3,4-anhydro-a-D-galactopyrarloside ( Ia)  in good ~rield. These findings were 
related to the configurations of the chlorine atom a t  C(4) and the hydroxyl group a t  
C(3) in I and 11, and it was concluded tha t  a trans configuratio~l ~ v a s  necessary for the 
elimination of chlorine from CC4) to take place. 

Since the threo configuration was retained in I a t  C(?) and C(,o during desulphation (1) 
and the C(3) and C(4, hydroxyl group and chlorine atom were cis disposed it was con- 
cluded that  I possessed the galactose configuration and tha t  elimination of hydroxyl a t  
C(4) by chlorine had occurred with inversion of configuration. 

Accordingly I ~vould be nlethyl 4,G-dichloro-4,6-dideoxy-a-D-galactopyrailoside, and 
the fully substituted cornpou~td from which i t  ~ v a s  obtained by desulphation w o ~ ~ l d  be 
methyl 4,G-dichloro-4,G-dideoxy-a-~-galactopyra1oside 2,3-sulphate. 

'Manz~script  received February 29, 1960. 
Contribution from the Chenzistry Departnlent, Queen's University, Kingston, Ontario. 
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JONES ET AL.: SULPHUR\'L CHLORIDE. I1 

. . 
H 'OH 

methyl a -  0-glucopyronoside me,thyl 4 -ch loro-  methyl 4 - D -  
4 - d e o x y - a - D -  goloctopyronoside 
glucopyronoside 

( 1 1  = S U L P H U R Y L  C H L O R I D E  

(21 = D E S U L P H A T I O N  

H OH H O H  

oqu. NoOH I 
N_O REACTION 

methy l  3 -  c h l o r o -  

3 - d e o r y  - 0 - D -  
oqu.NoOH gulopyronoside 

The ~nonochloro monodeoxy pentoside (111) from a~ethyl  P-D-arabinopyranoside 
possessed the chlori~le atoll1 a t  C(4, ( I ) .  On treatment of I11 with s o d i ~ ~ m  hydroxide, 
chlorine mas eliminated, pres~~nlably \vith the formation of the anhyclro pentoside 
(11;). C
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On hydrolysis IV gave two pentoses, D-lyxose and xylose. (The latter was not com- 
pletely characterized as only a small amount was produced.) The structure of IV was 
therefore very probably as written, namely, methyl 3,4-anhydro-/3-D-arabinopyranoside. 
As shown previously, eliinination of chlorine under the influence of sodium hydroxide 
occurred when the chlorine atom and hydroxyl group involved were trans to one another. 
Since the configuration of the hydroxyl groups on C(2) and C(3) did not change on de- 
sulphation (1) and C(3) and C(4) groups were trans, I11 possessed the L-xylose con- 
figuration and was therefore methyl 4-chloro-4-deoxy-a-L-xylopyranosicle. The fully sub- 
stituted compound from which I11 was obtained by desulphation also possessed the 
L-xylose configuration and was methyl 4-chloro-4-deoxy-a-L-xylopyranoside 2,3-sulphate. 
The desulphation of the latter compound was investigated more fully. In addition to 
methyl 4-chloro-4-cleoxy-c~-~-xylopyra1~oside and 4-chlo1-o-4-deoxy-~-xylose, five other 
compounds were isolated in small amount from the desulphated mixture. They were: 
two anhydro pentoses, D-lyxose, xylose, and D-arabinose. One anhydro pentose (V) gave 
on hydrolysis xylose and lyxose, while the other (VI) gave xylose and arabinose which 
were identified chromatographically because the pentoses were present in too small an 
amount to be completely characterized in this instance. 

V(3,4- onhydro-0- orabinase) ~ 1 ( 2 , 3 - a n h ~ d r o - ~ - l ~ x o s e )  

Very probably V and VI gave rise to D-lyxose, xylose, and D-arabinose during the 
second stage of desulphation (treatment with 2 N sulphuric acid). The mechanism of 
formation of VI is less certain but  a possible explanation is outlined below. 

An apparently anonlalous reaction is proposed in the conversion of methyl 3,4-anhydro- 
P-D-arabinopyranoside 2-sulphate (a postulated reaction intermediate) to methyl 2,3- 
anhydro-/3-~-lyxo~~ranoside by 2 N sulphuric acid. Reactions of the type V VI are 

linown to occur, under the influence of alkali (4),  but  not in an acid mediurn. However, 
no free ionic sulphate coulcl be detected after the first stage of desulphation (treatment 
with methanolic ammonia) and the sulphate residue remaining on C(z, would presumably 
prevent migration of the epoxide ring from C(3)-C(4) to Ct2)-C(3). the migration 
was presumed to occur in the second stage in which the sulphate residue was removed 
(treatment with 2 N sulphuric acid). 

The initial reaction in the desulphation, the cleavage of the cyclic sulphate ring with 
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JONES ET AL.: SULPHURYL CHLORIDE. I1 

FIG. 1. The desulphation of methyl 4-chloro-4-deoxy-a-L-xyloside 2,s-sulphate (A). 
LEGEND: First stage of desulphation (MeOH/NH,) (1). 

Second stage of desulphation (2  N H2.504) (2). 
(B) and (C)  Ammonium salts of opened sulphate ring. (D)  3,4-Anhydro-p-D-arabinose 
2-sulphate. (E) 3,4-Anhydro-D-arabinose. (F) Methyl 4-chloro-4-deoxy-~-x~lose. (G) 
4-Chloro-4-deoxy-L-xylose. ( H )  2,3-Anhydro-8-D-lyxoside. ( I )  D-Lyxose. (J) L-Xylose. 
(K) 2,3-Anhydro-D-lyxose. (L)  D-Xylose. (M)  D-Arabinose. 

ammonia, very probably gave two cornpounds ((B) and (C) in diagram). The ratio of 
(B) to (C) was not known, but it was unliltely that a very high proportion of (B) was 
present, as chlorine would then have been eliminated by the methanolic ammonia due 
to the trans configuration of the chlorine atom 011 C(4, and the hydroxyl group on C(3). 

An analogous sequence of reactions leading to the fornlation of complex mixtures 
would be expected to occur with all those fully substituted derivatives containing a 
chlorine atom trans to an adjacent potential secondary hydroxyl group, and this was 
found to be the case (see above) with 1~~ethyl4,G-di~hloro-4,G-dide0xy-a-~-g1ucopyranoside 
2,3-sulphate. The corresponding derivative from methyl a-D-glucopyranoside, possessing 
the galactose configuration, gave only methyl 4,G-dichloro-4,G-dideoxy-a-D-galacto- 
pyranoside (I) and 4,G-dichloro-4,G-dideoxy-D-galactose on desulphation. 
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E X P E R I M E K T A L  

R'Ielting points are uncorrected and mere determined on a I<ofler microheating stage. 
All evaporations were carried out under reduced pressure. Optical rotations were measured 
in water a t  21+:3O C i~nless otherwise stated. Paper chromatograms were run using a 
descending flow (5) and Whatman No. 1 paper in the following solvent systems: 

(a) butan-1-01: ethanol: water (3:  1 : l ) ,  
(b)  butan-1-01: pyridine: water (10: 3:  3), 
(c) ethyl acetate: acetic acid: formic acid: water (18: 3 :  1 :A). 

Reaction o j  Sz~lphuryl Chloride with il/lethyl 4-Chloro-4-deoxy-a-D-glucopyranoside 
The chloro sugar was obtained as a syrup contaminated with a sinall amount of methj 1 

3-chloro-3-deoxy-a-D-gulopyranoside, bj. the method of Buchanan (2). The syrup (0.5 g) 
gave with sulphuryl chloride a pale yellow syrup (0.388 g) containing sulphur and 
chlorine. 011 desulphation first with inethanolic ammonia and then with 31 N sulphuric 
acid in the usual manner (1) a coinplex lnixture mas obtained (0.180 g) which co~~sistecl 
of seven components of R, values 0.19, 0.21, 0.40, 0.48, 0.73, 0.78, 0.81, in solvent (a). 
Alkaliile silver nitrate spray ((5) was used to cletect the sugars. An aqueous solution of 
the mixture was continuously extracted with chloroforin for 24 hours. The chloroform 
extract on evaporation gave a syrup (43 mg) which crystallized. The syrup contained 
the three components R, 0.73, Iir 0.78, R, 0.81, of which the component Rr 0.78 was the 
major one. The syrupy crystals were recrj.stallized twice from chloroforin/light petroleum 
(GO0-80" C) to give white needles of melting point 119-121" C and [aID +1311° (c, 1.8). 
Analysis: Calc. C;H12O4C1?: C,  3G.4%; H ,  5.31%. Found: C,  37.0%; H ,  5.3%. 

Periodate Oxidation of the Methyl Dichloro-dideoxy-a-D-hexoside Prepared jrom Methyl 
.4- Chloro-4-deoxy-a-D-glz~copyranoside 

The oxidation was carried out a t  25" C, using a small sample (8.5 mg) of the com- 
pouild in distilled water (25 1111) containing 0.3 M sodium metaperiotlate (I  ml). The 
results are shown below and are compared with those of Buchanan (3) for meth) l 
4-chloro-4-deox~~-a-~-glucopyra11oside. 

TABLE I 
-- 

Time of Consumption of 
oxidatio~i periodate Acid production 

Substance (hours) (t~~ole/molecule) (niole/molecule) 

Methyl dichloro-dideosy-or-o-hesoside 

Methyl 4-chloro-4-deoxy-a-~-glucopyra1ioside 20 0 .43  
40 0 .58  Not reported 

170 1.03 
212 1.06 

Reaction of Sulphuryl Chloride with Methyl a-D-Galactopyranoside 
RiIethyl a-D-galactop>.ranoside was prepared by the method of Dale and Hudson (7), 

purified by recrj.stallization from hot absolute ethanol, and dried in vacuo a t  40" C. 
M'ith sulphuryl chloride, methyl a-D-galactopj-ranoside (5 g) gave a brown syrup (3.7 g) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

E
M

SO
N

 U
N

IV
E

R
SI

T
Y

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



JONES ET AL.: SULPNURYL CHLORIDE. I1 1127 

which contained chlorine anel sulphur ( sodiu i~~ fusion). The sj7rup could not be obtained 
crystalline. 

Desulphation of the syrup with methanolic ammonia ailel 2 iV sulphuric acid gave a 
mixture (0.73 g) containing four components of Rf values 0.12, 0.22, 0.42 (major com- 
ponent), 0.71 (solvent (a);  all<aline silver nitrate and anisidine hydrochloride (8) spra)-s). 
An aqueous solution of the mixture was continuously extracted with chloroform for 24 
hours. The chloroform extract oil evaporation gave a colorless syrup (0.3 g). On rlucleation 
with the methj,l dichloro-dideoxy-a-D-hexoside which had been prepared from methyl 
4-chloro-4-deoxy-a-D-glucopyranoside (see above) rapid crystallization occurred. 

When recrj-stallizecl from chloroform/light petroleuni (60'-80' C) the crystals had a 
inelting point of 119-121' C, mixed melting point with the above compound 119-121' C, 
[aID +122' (c, 1.9) and were therefore identical with that compound. Analysis: Calc. 
for CiH1201C1?: Cl, 30.7%. Founcl (Schoniger combustion method (9)):  Cl, 30.4Yo. 

The Reaction of Chloro Sugars with Sodiunz IIydroxide 

The illethyl 4,6-D~chloro-4,6-dideoxy-a-D-hexoside from illethyl a-D-Glucopyranoside (1) 
The hexoside (130 mg) was dissolved in water (25 1111) anel phenolphthalein was aclded. 

The solution was then titrated \\lit11 0.232 N sodiu~li hj-droxide solution. No sodi~im 
hydroxide uras neutralized even after 4 hours a t  40' C. The solution was deionizecl with 
resin and the eluate concentrated to a crystalline inass (131 mg). The crystals llacl a 
melting point of 156-138' C and mixed melting point with the starting material, 156- 
158" C. A~ialj~sis: Calc. for C;Hl2O4Cl?: Cl, 30.7%. Found: starting material, 31.070; 
product, 31.4%. 

The Adetlzyl DicIzloro-dideo.vy-a-~-1ze.~o~i1~e fro17z 11Fethyl a-D-Galactopyranoside 
The hexoside (lll.p. 119-121' C, 0.875 mg) was dissolvecl i l l  distilled water (1 lnl) and 

sodium hydroxide solution (1 1111 of 0.01 iV) \vas addecl. The solution was allowed to 
stancl for 6 hours a t  room temperature, then neutralized exactly with 0.01 N sulphuric 
acicl, using screenecl meth>.l reel - methylene blue indicator. To  the neutralized solution 
was aclcled neutralizecl mercuric ox)-cyanide solution (5 ml of 2% solution) and the 
resultant alkaline solution titrated to exact neutrality with 0.01 N sulphuric acid. The 
titer was 0.330 1111, which corresponded to the elimination of 0.88 mole chlorine per 
molec~~le of hesosicle. The titration mixture was deionized with resin ancl examinecl on 
paper chromatograms. Three components were observed of Xf values 0.04 (faint), 0.38 
(major component), 0.71 (faint co-chromatographi~~g with starting material) (solvent 
(a),  alkaline silver nitrate spray). 

The Methyl 3-Chloro-3-deoxy-a-D-gulopyranoside (2) 
The gulopyranosicle (164 ~ n g )  was dissolved i l l  water (23 in]) ancl titratecl with s o d i ~ ~ m  

hydroxide (0.232 N)  as described above. The solution took up 1 equivalent (3.31 1111) of 
sodium hydroxide over a period of 72 hours a t  40' C and was then evaporated to dry- 
ness. The residue was extracted three times with 100-ml portions of boiling ether. The 
combined ether extracts on evaporation gave a syrup (101 ing, 74Yo) which rapidly 
crystallized. The crystals had a 11ieltiiig point of 117-118' C u~iclepressed on admixture 
with an authentic specimen of methyl 3,4-anh>rdro-a-~-galactopyrai~oside (1n.p. 117.5- 
118.5" C). 

The il1etlzyl4-Chloro-/t-deoxy-~-pentoside from illethyl 0-D-Arabinopyra~zoside (1) 
The pentoside (67 mg) was dissolvecl in water (3.0 ml) and sodium hydroxide solution 
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(0.45 1111 of 0.232 N) nlas added. The change in optical rotation was follonred a t  intervals 
up to 5 hours. 

TABLE II  
- 

Time of reaction 
(hours) [a10 

The slight excess of sodium hydroxide remaining after S hours was neutralized with 
nitric acid, the so l~~t ion  evaporated to dryness, and the residue extracted with ether. 
The extract on evaporation gave a colorless syrup (47 mg), while the residue gave a 
positive test for ionic chloride. The syrup gave one main spot, R, 0.53 (solvent (a)),  on 
paper chromatograms. The syrup was heated with 2 N sulphuric acid a t  100" C for 14 
hours, neutralized with bariuin carbonate, filtered, and deionized with resin. The eluate 
was concentrated to a colorless syrup (30 ing) which consisted of xylose and lyxose as 
shown by paper chromatograms, and paper electrophoresis in pH 9.5 borate buffer a t  
2500 volts for 40 minutes. An attempted separation of the peiltoses using phenol saturated 
with water as the chromatographic solvent (10) with a descending flow on Whatman 
3MNI paper was unsuccessful. The pentoses were separated by paper electrophoresis under 
the conditions mentioned above. The lyxose (10 mg) [a]D -18" (c, 1) was characterized 
by its rate of movement on chromatogra~ns and as its phenyl osazone, 1n.p. 158-161" C, 
unchanged on admixture with authentic D-lyxose (xylose) phenylosazone (11). The xylose 
could not be satisfactorily characterized due to its small amount (ca. 2 mg). 

The Desulphation of Methyl 4-Chloro-4-deoxy-P-pentoside 2,S-Sz~lphate ( I )  
The desulphated nlixture (0.9 g) was separated on a cellulose columil using butan-1-01: 

water (19: 1). Besides methyl 4-chloro-4-deoxy-P-peiltoside a i d  4-chloro-4-deoxy pen- 
tose, four other fractions were isolated: Fraction I ,  a syrup (53 mg) with R, 0.44 (in 
solveilt (a)) was obtained. On hydrolysis with sulphuric acid it gave xylose and lyxose, 
identified by paper chromatography and paper electropl~oresis: Fraction I1 was a syrup 
(15 mg) with R,0.39 (solvent (a)). 011 hydrolysis it gave xylose and arabinose, identified 
by paper chromatography and paper electrophoresis. Fraction 111 was a syrup (78 mg) 
with R, 0.24 (solvent (a)). This fraction consisted of x>.lose and lyxose as shown by paper 
chro~natograms and paper electrophoresis. A partial separation was achieved on a 
column of Dowex 50W sulphuric acid resin ( 8 6 x 2 2  cm, SY0 cross-linked with divinyl 
benzene, 200-400 mesll, bariuin salt forin). The lyxose was obtained pure, and character- 
ized as its p-toluene sulphonhydrazone (12), m.p. 152-153" C, which did not depress 
the melting point of authentic D-lyxose p-toluene sulphonl~ydrazone (141" C). The 
xylose could not be conlpletely characterized. Fraction IV, syrupy crystals (51 mg), 
3, 0.214 (solvent (a)),  coilsisted of D-arabinose as  shown by paper chromatograms. I t  
was contaminated with some water-insoluble material and had [a]D -74" (5 minutes) + 
-66" (8 hours) (c, 0.4 in methanol). I t  was characterized as the benzoyl hydrazone, m.p. 
190-195" C, undepressed on admixture with allthentic D-arabinose benzoyl hydrazone, 

I n1.p. 190-195" C (13). 
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