
THE REACTION OF SULPHURYL CHLORIDE WITH 
GLYCOSIDES AND SUGAR ALCOHOLS. PART I1 

ABSTRACT 

'I'lie reaction of sulphuryl chloriclc with 111el11)l cu-D-glucopyranosicle, n~e thy l  4,G-0-bcnryli- 
denc-cu-D-glucoside, methyl p-D-arabinop).ranoside, D-mannilol, 2 , ~ - O - m e t l r ) ~ l c n e - ~ - m a n 1 1 ~ l ,  
clulcitol, and  sucrose is described. 

Helferich and his co-~vorl<ers in a series of papers (1, 2, 3) described the action of 
sulphuryl chloride on methyl a- and methyl ~ - ~ - g l u c o p ~ ~ r n i ~ o s i d e ,  mannitol, and treha- 
lose. 'I'hey isolated crystalline products in which the hydroxyl grotips had either been 
replaced by chlorilie atoms or bridged by cyclic s~i lphate  groups. The compound derived 
from methyl a-D-glucopyranoside was shown to contain 2 chloriile atonls and a cyclic 
sulphate group (1) .  The cyclic sulplzate ring co~~lcl  be openecl by treatment with base, 
ant1 the sulplzate group so formed hydrolyzed wit11 hydrochloric or sulphuric acid to 
yield a dichloro-dideoxy llesose (2). 

In the present work, this reaction was applied to glycosides and hesitols, and an 
attempt was made to deternlilie the structure of the clesulphated chloro-sugars. 

The tlichloro-dideoxy hexose from methyl a-D-glucopyra~loside \vas prepared by  
I-Ielferich's nlethod (1). On perioclate oxidation this con~pound (I) in 24 hours consumed 
2 moles perioclate a i d  liberated 2 moles of foriilic acid. 

Although all the periodate \\?as consumed rapidl!~ the second illolecule of acid \vas 
liberated more slowly suggesting that  llydrolysis of the formyl ester (11) was occurring. 
These res~ilts are only consistent \\Tit11 I being 4,G-dicl1loro-4,B-dideox~~ lzesose. Periodate 
oxidation of the methyl glycoside of I (0.87 mole periodate; 26 hours) substantiated 
this concl~ision. Helierich had PI-eviously suggested that  1 chlorine atoll1 was a t  C(6) 
because of the ease with which it could be removed by alltali (3). 

The  dichloro-clideoxy hexose \\us reduced wit11 potassium borohg~dricle. The  dichloro- 
dideoxj, llesitol was obtained as an  impure sj.rilp which rapidly consuil~ed 1.56 moles 
periorlate liberating 0.73 mole formic acid and formaldehyde (not estimatecl), which 
is only consistent wit11 the assignment of chlorine atoms to C(4) and C(G). 

The  structure of the origiilal compound is therefore probably methyl 4,6-dichloro- 
4,6-dideoxy-a-D-hexoside 2,s-sulphate. The  eliniination of the hydl-oxyl group a t  C(4) by 
the chlorine atom might occur with inversion of configuration to give the D-galactose 
configuration. This problem is now under investigation. The presence of a 2,s-sulphate 

CH*CI CH2CI 

H , c l ~ H , o H  H , c ~ O \ c H o  cno 

+ H,cl< cno  
t H.COOH f H . C O O H  

H OH 

I I I 

l & I ( ~ n u s o i p t  receirrd 0ctob:r 27, 1058. 
ContriLutiow frottt tiie Departrrrent of Chettzistry, Queen's Uniaersity,  Kitzgston, Otttnrio. 
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group was also suggested by the isolation of an analogous methyl 4,6-0-benzylidene- 
a-D-glucosicle 2,3-sulphate by the action of sulphuryl chloride on inethyl 4,G-0-benzyli- 
dene-a-D-glucoside. 

Hydrolysis of the cyclic sulphate derivative eliminated the inethyl glycoside and 
benzylidene groups and gave glucose only, showing that  removal of the sulphate group 
occurred without inversion of the hydroxyl groups on C(z) and C(3) unless the initial forma- 
tion of the cyclic ester had also resulted in inversion. 

Methyl P-D-arabinopyranoside was converted by sulphuryl chloride to a methyl 
n~onochloro-monodeosy pentoside cyclic sulphate which could be desulphated to yield 
a monocl~loro-mo~~odeoxy pentose. The results of periodate oxidation (2 ~noles periodate 
consumed \vith the liberation of 2 moles acid) indicated that the clllorine atom was 
locatecl on C(4). Periodate oxidation (1.1 moles; 26 hours) of the methyl a-glycoside 
confirmed this. The monocl~loro-mo~~odeosy pentose gave ap-nitrophenylosazone without 
loss of chlorine showing that the chlorine at0111 was not on C(l) or C(2) of the pentose. 
The very probable structure of the original compouncl would therefore be ineth\rl 
4-chloro-4-cleoxy-~-pentoside 2,s-sulphate. 

Both dulcitol and D - ~ n a n ~ ~ i t o l  readily give crystalline compounds with sulphuryl 
chloride and in both cases 4 chlorine atolns and a cyclic sulphate group are introcluced. 
2,5-O-i\~Iethylene-n-n1a111iitol gave a trichloro-trideoxy-II~OIIO-0-111etl1ee hesitol. 

The cyclic sulphate ester of the mannitol derivative is very resistant to acid hydrolysis. 
Very little acetolysis of this compound occurred a t  25" C, but  appreciable hydrolysis 
of the sulphate group followed by acetylation occurred a t  100" C. Deacetylation of the 
product then yielded a substance (contaminated with starting material) with a chroma- 
tographic mobility consistent with that of a tetracl~loro-tetracleoxy hexitol. The impure 
product consumed 0.77 mole periodate (46 hours) suggesting that the sulphate group 
in the original compound bridged adjacent hydroxyl groups (presumably on C(3)-C(4)). 

Sucrose yielded a product which appeared to be a mixture of di- and tri-chlorodeoxy 
sucrose disulphates. The structure of the glucose moiety is similar to that from methyl 
f f - ~ - g l ~ ~ ~ p y r a l l o ~ i ~ l e  since the same 4,G-dichloro-4,G-clideoxy hexose can be obtained 
froin both. The remaining cyclic sulphate group and chlorine atom are located on the  
fructose portion of the molecule. The  position of these groups was not determined since 
the vigorous conclitions of hydrolysis necessary to cleave the interglycosidic linkage 
destroyed the fructose inoiety, but it is probable by coinparison with the anhydrides of 
sucrose (4), that  the sulphate group spans C(3,)-C(G1) or C ( ~ J ) - C ( ~ , )  with the chlori~le 
atonz on C(11) or C(G,l respectively. 

EXPERIMENTAL 

Melting points are ui~corrected and were determined on a Kofler microheating stage. 
Optical rotations were measured a t  24O C. All evaporations were carried out under 
reduced pressure. 

General MethorE 
Redistilled sulphuryl chloride (7 ml) was added to a mixture of pyridine (30 1111) and 

chloroforln (100 inl), which had beell dried over potassiunl hydroxide pellets and anhy- 
drous sodium sulphate respectively. The temperature of the solution was maintained 
a t  5O C while the glycoside or hexitol (4 g ;  dried over phosphoric oxide) was added 
with vigorous stirring. After 2 hours the reaction mixture was poured into ice water 
and the chloroform layer separated, lire11 washed with water, and dried (socliuin hydrogen 
carbonate). Concentration afforded a syrup which was decolorized with charcoal if 
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necessary. Crystallization was spontaneous, but purification by extracting the product 
into ether was sometimes imperative. 

Methyl a-D-Glz~copy~anoside 
With sulphuryl chloride, ~nethyl  a-D-glucopyranoside gave long colorless needles (1.8 

g) which, recrystallized froin ether - light petroleum (40-60' C),  had m.p. 104-105' C, 
[a]D f 140' (c, 1.99 in methanol). Analysis: Calc. for C7Hlo06ClzS: C, 28.7%, H, 
3.4%; C1, 24.2%; S,  10.9%. Found: C, 28.9%; H ,  3.4%; C1, 24.1%; S,  11.1%. 

~lfetl~yl Dichloro-dideoxy Hexoside and Dichloro-dideoxy IIexose 
The above co~llpound (1.8 g) dissolved in inethanol saturated with arninonia a t  0' C 

(50 1111) was kept a t  room teinperature for 24 hours. Concentration gave a partially 
crystalliile syrup which was heated a t  100' C for 14 hours with N sulphuric acid (50 ml). 
The acid was neutralized with barium carbonate and the solutioil deioilized by passage 
through Amberlite IR-120 and Duolite A4 resin columns. The eluate was concentrated 
to a syrup (0.74 g) which slo~vly crystallized. An aqueous solutioil of the sj7rup was con- 
tinuously extracted with chloroforin. The chloroform extract on evaporation yielded 
crystals, 1n.p. 158' C, [a], f184' (c, 2.1 in water). Analysis: Calc. for C7Hl2O4Cl2: 
C, 3C~..37~; H, 5.2y0; C1, 30.7y0. Found: C, 36.2y0; H ,  5.3y0; C1, 31.0%. 011 concen- 
tration of the aqueous solution white needle-shaped crystals were obtained. Recrystallized 
from ethanol-water, the dichloro-dideoxy hexose had 1n.p. 183-186' C (deco~np.), 
[a]D f132' (5 minutes) --t 98' (equilibrium; 24 hours) (c, 0.69 in methanol). Analysis: 
Calc. for C6Hl0O4Cl2: C,  33.2%; H,  4.6%. Found: C,  33.6%; H ,  4.7%. 

The dichloro-clideoxy hexose (115 ~ n g )  was reduced for 1 hour with potassiuin boro- 
hydride (365 mg) in water (50 1111). Excess borohydride was destroyed with acetic acid, 
and after cleionization with resin, the major co~nponeilt (Rf0.56) n-butano1:ethanoI: 
water = 3:1:1 ~vas  separated as a syrup (47 mg) on paper chromatograms, [a]D 0' (6, 
1.0 in water). 

Alethy1 0-D-Arabinoside 
Methyl 0-D-arabinosidc and sulphuryl chloride yielded colorless needles (1.6 g) which, 

recrystallized from ether - light petroleuill (80-100° C ) ,  had m.p. 108.5' C,  -89O 
(c, 0.97 in methanol). Analysis: Calc. for C6H906SCl: S, 13.1y0; C1, 14.5%. Found: 
S,  13.3%; C1, 14.1%. 

il6etlzyl ~lfo~zochloro-monodeoxy Pentoside and Monocl~loro-monodeoxy Pentose 
Both were prepared from the colnpoulld derived from methyl 0-D-arabinoside by 

treatment with methanolic ammonia followed by sulphuric acid as described above. The 
methyl pentosicle cr).stallized as white needles which after recrystallization fro111 ether - 
light petroleum (b.p. 60-80' C) had n1.p. 102-104' C, [a]D f119' (6, 2.25 in water). 
Analysis: Calc. for C,jH11OzIC1: C, 39.5%; H ,  6.070; C1, 19.5y0. Found: C, 39.6%; H, 
6.2%; C1, 19.8%. Monochloro-monodeoxy pentose had 111.p. 128-131' C, [a]D f57O 
(10 minutes) --t 0' (equilibrium, 6 hours) (c, 0.98 in methanol). Analysis: Calc. for 
CjHgOqCl: C,  35.6%; H,  5.370. Found: C,  35.8%; H ,  5.8%. 

The product (95 mg) in 50Yo acetic acid (2 ml) was added to 9-nitrophenylhydrazine 
(0.3 g) in glacial acetic acid (2 inl) and heated a t  100' C for 1 hour. Crystals of the 
p-nitrophen~~losazone were precipitated. After they were washed with water and ether, 
they had m.p. 224' C. Analysis: Calc. for C17H1706N6Cl: N, 13.770; C1, 8.7%. Found: 
N, 11.7y0; c l ,  7.170. 

Adethyl 4,6-0-Benzylidene-a-D-glz~copyranoside 
This reacted with sulphuryl chloride to give loilg colorless needles (2 g) which slowly 

darkened over a period of days with liberation of benzaldehyde. When recrystallized 
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Sz~crose 
Sucrose (4 g) was dissolved in pyridine (SO 1111) a t  the boiling point and the solution 

then cooled to 5' C. Chlorofor~n (90 1nl) was added and the slight precipitate produced 
was redissolved by the further addition of pyricline (10 ml). Sulphuryl chloride (7 1111) 
was added dropwise with stirring to the cooled solution (5' C). After 2 hours the liquid 
was poured into ice water, the chloroforn~ layer washed with water and dried (mag- 
nesium sulphate). Conceiltratioil gave a syrup (2.9 g),  and froin a chloroform solution 
of this the product was precipitated by ether as a pale yellow solid, 1n.p. 94-99" C. 
Analysis: Calc. for C13Hl6Ol3S2Cl2: S ,  12.7y0; Cl, 14.1%. Calc. for Cl2Hl5OI2S3Cl3: S ,  
12.3%; C1, 20.4y0. Found: S, 12.4y0; C1, 16.8%. 

Hydrolysis (ilr sulphuric acid, 24 hours) gave a co~nplex mixture of substances but 
mainly 4,G-dichloro-4,G-clideoxy hexose identical with that derived from methyl a-D- 

from chloroform -light petroleum it had m.p. 107' C (decomp.). A sodium fusion 
showed chlorine to be absent froin the molecule. A~lalysis: Calc. for C14HlGOeS: S,  9.3%. 
Found: S,  9.0%. Treatinent first with methanolic aminonia and then with sulphuric 
acid gave chromatographically hoinogeneous glucose which was characterized as its 
p-nitroanilide derivative, 1n.p. 186' C, Iff], f192' (c, 0.85 in water). 

D-Munnitol 
With sulphuryl chloride, D-mannitol afforded needle-shaped crystals (1.5 g) which 

when recr~~stallized from chloroform - light petroleum had 1n.p. 10.5' C, [a], f 88' (c, 
2.54 in methanol). Analysis: Calc. for CGHa04C14S: C, 22.6y0; H ,  2.570; C1, 44.7y0; 
S,  10.0%. Found: C,  22.8%; H ,  2.8%; C1, 44.3%; S ,  10.4y0. 

The compound (4.2 g) was heated a t  95-100' C for 23 hours in acetic anhydride 
(30 inl) and sulphuric acid (1.5 1111). The dark brow11 solution was poured into ice water, 
which was then estractecl \\lit11 chloroform. The chloroforin extract was washed with 
an aqueous sodiuill hydrogen carbonate solution, dried (anl~yclro~~s ~nagnesiu~n sulphate), 
and was coilceiltratecl to a syrup. Follo~ving clecolorization with charcoal, the syrup 
was deacetylated with socliuin inethoxide a t  5' C. Excess sodiuill methoside was reinoved 
with carbon dioxide, and after dilution with water, the solution was continuously extracted 
with ether. Concentration of the ether extract afforded a syrup (0.9 g) which gave a 
single spot (R, 0.7'3) with the periodate-anisidine spray (5) on chroinatography in 
butan-1-01 :ethanol :water (3: l : l )  solvent. 

14077.0-unlzydro-trichloro-trideoxy Hexito1 
The compound (2.7 g) obtaiiled from rnannitol was treated with methanolic aminonia 

and with sulphuric acid, as previously described, to yield colorless needles (0.G g) n1.p. 
102' C,  [a], 0' (c, O.SG in methanol). Analysis: Calc. for CGH9o2Cl3: C,  32.8%; 1-1, 4.1%; 
C1, 45.50j0. Found: C, 33.0y0; H ,  4.1%; C1, 46.2%. 

2,5-0-i14ethybene-~-mnlznitol 
2,5-O-i\/Iethylene-~-mannitol and sulphuryl chloride yielded a crystalline product 

(1.1 g) ;  when recrystallized froin ethanol-water it had 1n.p. 116' C and [a], -42" (c, 
1.73 in methanol). Analysis: Calc. for C7HllOaC13: C,  33.(iy0; H, 4.470; C1, 42.7y0. 
Found: C ,  33.7y0; H ,  4.3y0; C1, 42.9%. In the infrared a hydroxyl peal; was obtained. 
The methylene group was not reinoved by treatment with N-sulphuric acid a t  100' C for 
5 hours. 

Dz~lcitol 
Dulcitol and sulphuryl chloride gave a crystalline product (1.4 g) n1.p. l l G O  C. Analy- 

sis: Calc. for C6Hs04C1,S: C, 22.6%; H ,  2.570; C1, 44.7%; S,  10.0%. Found: C, 22.6%; 
H ,  2.7%; C1, 44.3%; S,  10.4y0. 
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glucoside. After separation on a cellulose colu~nn ~ising n-buta~lol:  water (19 :1) it had 
m.p. and mixed m.p. 186" C (clecomp.). Calc. for C013100~C12: C ,  33.2%; H, 4.6%; C1, 
32.7%. Found: C ,  33.4%; H, 4.7%; C1, 32.6%. 

Compounds reacting with the resorcinol spray (ketoses) (6) were largely absent 
fro111 the hydrolysis misture. 

-- 

Consuiiiptio~l oi  
'Tin~e of oxidation periodaLe .k id  production 

Substa~ice (hours) (mole/molec~~le) ( rnolc / i~~olec~~le)  

n'Iethy1 dichloro-didcosy lierosicle 1.08 
20 

24 
llichloro-didcosy lieritol 1 

5 
24 

Methyl monorhloro-monodeoxy pentoside 1 08 
20 

43 
i\iIonochloro-monotleosy pentose 1 

4 

Peviodafe Oxrdntio?z o j  Clzloro-szlgnrs 
About 25 mg of the substance, accurately meighecl, mas dissolved in water (50 ml) 

and 0.3 11 sodiu~n metaperiodate (2 ml) added. Aliq~lots were re~noved a t  intervals 
and the consumption of pel-iodate and the productior~ of formic acid measured (7, 8). 
Dichloro-clideoxy hexitol gave formaldehyde (characterizecl as  the dimedone complex, 
m.p. lSS0 C) (9) on periodate osidation. 

IIono-ar~h~.clro-trichloro-trideoxy heuitol was not attacked by periodate. 

Par t  of this nrork was supported by the Sugar Research Foundation, Iuc., to xvhorn 
the a11t1101-s wish to express their thanks. 
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