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SUMMARY 

Sugar chlorosulphates of furanoid and pyranoid derivatives bearing 

chlorosulphonyloxy groups at primary and secondary positions, were 

synthesized and examined mainly with a view to determine their extent 

of reactivity in terms of nucleophil ic substitution reactions, 

especially with azide. 

Inversion of configuration occurred at reactive chiral centres, 

whereas intermediate azidosulphonyloxy derivatives (azidosulphates) 

were formed via S-C~ bond fission of the chlorosulphonyloxy group at 

less reactive primary or secondary centres, e.g. 1,2:3,4-di-Q-

isopropyl idene-a-D-galactopyranose 6-azidosulphate, 1,2-Q-isopropylidene­

a-D-xylofuranose 3-azidosulphate and 1,2:5,6-di-Q-isopropyl idene-a-D-

glucofuranose 3-azidosulphate. 1,2:3,4-Di-Q-isopropylidene-a-D-

galactopyranose 6-azidosulphate ultimately afforded the 6-azidodeoxy 

derivative probably by an SN2 mechanism. 

Some SNi characteristics were,however, evident when substitution 

occurred at a reactive primary centre (e.g. methyl 2,3,4-tri-Q-methyl­

a-D-glucopyranoside 6-chlorosulphate), as the 6-azidodeoxy derivative 

obtained, appeared to be contaminated with a trace amount of the 

corresponding 6-chlorodeoxy sugar, which had presumably formed via 

an internal SNi mechanism, while no intermediate azidosulphonyloxy 

derivative was isolated. 

In another study, the reaction pathways for the synthesis of 

benzylated chlorodeoxy sugars having potential biological properties 

as exempl ified by the multivalent drug, tribenoside, were also 

investigated. 
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I. INTRODUCTION 

. Biological significance and synthetic uti lity of chlorodeoxy 

sugars 

Deoxyhalo sugars l
, besides being known for their potential 

biological and pharmacological properties, are also fami liar as versatile 

intermediates for the synthesis of rare sugars of the aminodeoxy and 

and deoxy types, which form the essential components of several ami no-

sugar Z ,3,4 and deoxy sugar S ,G,7,8 antibiotics. Stevens and coworkers 9 

have further, indicated the usefulness of azido-halo sugars as intermediates 

for the synthesis of cardiac glycosides, antibiotics and aminosugar 

nucleosides containing 4-amino-4-deoxy residues. Halogeno derivatives of 

carbohydrates have also been claimed by Edwards and coworkers l • as being 

of wide synthetic util ity, since the halogeno substituents may be employed 

as leaving groups in nucleophil ic displacement reactions to eventually 

yield aminosugars ll , or they may be reductively removed to afford deoxy 

sugars6d2. 

Chlorodeoxy sugars are readily prepared via reaction of sulphuryl 

chloride with carbohydrates containing free hydroxyl groups, and have been 

shown to be useful intermediates in the synthesis of azidodeoxy 

sugarsI 3,J' ,JS,J 6 thus making the latter a valuable precursor in the 

preparation of aminodeoxy sugars, while reductive dechlorination l7 of 

chlorodeoxy pyranoid and furanoid sugars has led to the synthesis of deoxy 

sugars. The util ity of this latter phenomenon has previously been 

described by Lawton and coworkers s ,6 in the synthesis of 4,6-dideoxy-3-Q-

methyl-D-xylo-hexose (D-chalcose) (I), a constituent of the antibiotics, 

chalcomycin, lankamycin and neutramycin, obtained via the chlorosulphation 

of me thyl 3-Q-methyl-a,B-D-glucopyranoside, and subsequent reduction of 

the resulting methyl 4,6-dichloro-4,6-dideoxy-3-Q-methyl-a,B-D-galacto­

pyranoside, by hydrogenation over raney nickel. 



-3-

)---0 

( I ) 

A further demonstration of the util ity of chlorodeoxy sugars in the 

synthesis of biologically significant sugars, has been indicated? by the 

synthesis of 3,6-di-deoxy-hexoses, namely paratose (3,6-di-deoxy-D-ribo­

hexose) and tyvelose (3,6-di-deoxy-D-arabino-hexose) , which have been 

isolated from lipopolysaccharides produced by gram-negative bacteria 

(Salmonella and E.Col i), and are known to constitute immunodominant 

groups of their respective antigenic determinants. 

The replacement of hydroxy groups by chlorine to form deoxyhalogeno 

sugars has also been cited l .,). to yield substances having pronounced 

biological effects as exemplified by the observed enhanced activities due 

to chlorination of the carbohydrate moeities of the antibiotics lin comycin 

and kanamycin. 

The chlorosuJphation of methyl - 8-maltoside was investigated by 

Durette and coworkers·, with the intention of producing chlorodeoxy 

precursor.s for the synthes i s of po I ydeoxyd i sacchar i des that occur as the 

sugar moeity in the nucleoside antibiotics, amicetin, bamicetin and pI icacetin. 

These pyrimidine nucleosides which contain a mono-amino-penta -deoxy 

disaccharide as the sugar residue,have also been reported 20
,2l to exhibit 

antitumour activity. 

Carbohydrate . azidosulphates 22 that may be synthesized by nucleophilic 

displacement of chloride from chlorosulphate ester precursors, could, via a 

reduction sequence, lead to the formation of sulphamoyl derivatives of 
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potential biological significance. The sulphamoyl group is known to occur 

in the broad spectrum nucleoside antibiotic, nucleocidin 23
, 2' (4'-fluoro-5'-

~-sulphamoyladenosine) (2) which is also recognized for its anti-

trypanosoma 1 activity. 

o 
II 

H2NSO H2 0 
II o 

F 

(2) 

Halogeno sugar nucleosides have also been considered to be of importance 

either as synthetic intermediates, or, similarly to nucleocidin, they 

may themselves possess significant biological activity. 

1.1 Chlorosulphation of sugars 

The selective replacement of hydroxyl groups in carbohydrates by 

halogen may be achieved through the use of sulphuryl chloride. The 

reaction of sulphuryl chloride with carbohydrates has become a recognized 

method for the preparation of chlorodeoxy sugars via the conversion of 

hydroxy l groups to chlorosulphate esters, and subsequent replacement of 

suitably placed chlorosulphonyloxy groups by chloride. Although several 

reagen ts [based on phosphorus compounds and N,N-dimethyl (halomethanimium) 

halides] have been indicated'· for the direct replacement of a hydroxyl 

group in a sugar derivative by a chloro substituent, the value of the 

chlorosulphate residue as a leaving group was demonstrated by kinetic 
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studies with simple alkyl chlorosulphates 25 ,26. 

The relative reactivities of hydroxyl groups in carbohydrates and 

the selective halogenation of monosaccharides and disaccharides through 

the use of sulphuryl chloride have been reviewed by Haines 27 . Earlier 

reviews on deoxyhalogeno sugars by Barnett' and Szarek 28 , and on 

chlorosulphates by Buncel 26 have also considered the direct replacement 

of hydroxyl groups through the reaction of sulphuryl chloride with 

carbohydrate derivatives . These reactions and the behaviour of 

chlorosulphate esters with . particular respect to their nucleophil ic 

displacement, is now reviewed under the following categories: 

1.1 . 1 MONOSACCHARIDES 

1.1 . 1.1 Glycosides 

1.1.1.1.1 Pyranosides 

The reaction of sulphuryl chloride (S02CI2) in pyridine-chloroform 

with methyl u- and S-D-glucopyranosides, to yield products in which some 

hydroxyl groups were replaced by chlorine atoms, whilst others formed 

intramolecular cyclic sulphates was first reported by Helferich and 

Initially, the product obtained from methyl u-D-glucopyranoside 

was considered to be a 5,6 - dichlorodideoxy derivative, but Bragg at al .30 

and Jones et al. 31 later proved the correct structure to be that of the 

2,3 cyclic sulphate, with inversion of configuration having occurred at 

position c-4 during· introduction of the chloro5ubstituent, and retention 

at C-2 and C-3 to yield methyl 4,6-dichloro- 4,6-dideoxy-u-D-galacto-

pyranoside 2,3- cyclic sulphate (3) (see later). 

r-~--O 

(3) 
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At low temperatures, namely -70°C and DoC, the reaction of 

methyl a-D-glucopyranoside with sulphuryl chloride afforded the 

tetrachlorosulphate and 6-chloro-6-deoxy-trichlorosulphate esters 

respectively, whereas at room temperature (25°C), the 4,6-dichloro-

4,6-dideoxy galactoside 2,3-dichlorosulphate (4) was isolated 32 

CH2C~ 

CH 3 

(4) 

At higher temperatures the reactive chlorosulphate groups on C-6 and 

c-4 of the tetrachlorosulphate derivative are replaced by chloride ion 

(pyridinium chloride) produced during the esterification of the hydroxyl 

groups. 

When treated with 1.0 mole of pyridinium chloride the tetrachloro­

sulphate ester was observed to form the 6-chloro-6-deoxy trichlorosulphate 

ester, whilst treatment with an excess of pyridinium chloride resulted in 

4 being formed. The latter, however, failed to undergo further 

chlorosubstitution even after additional treatment by prolonged heating 

with pyridinium chloride. 

From the evidence submitted by Jennings and Jon es 3 2 it may be seen 

that the chlorodeoxy derivatives formed from secondary pyranose ring 

hydroxyl groups, are formed with inversion of configuration. The reaction 

has thus,on a stereochemical basis, been categorized as a bimolecular 

nucleophilic substitution (SNZ), That further substitution does not occur 
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at C-3 is probably the result of steric factors where formation of the 

optimum transition state'6,3' would create considerable skew interactions 

between the C(4)-Ct and c(3)-oso,Ct groups (Fig. I), thus causing the 

transition state to become energetically unfavourable. 

Ct", 
• 

C, 
, 

OR3 

Cs H, H3 -I---C, 

• , , 
H2 

I 
OR, 

Fi g . 1 

(R = S02Ct) 

H, I , , 
I 

Ct3 

(End on representation along the 
C,-C3 and C3-C, bonds) 

Cs 

Although the facile replacement of the 4-chlorosulphonyloxy group 

by a chlorine atom occurred with inversion in both anomers of methyl-D-

glucopyranoside and methyl-D-galactopyranoside 3' on treatment with 

sulphuryl chloride, this did . not occur with methyl a-D-mannopyranoside 32 , 

nor with methyl a-L-rhamnopyranoside 33 , which formed only the 6-chloro-6-

deoxy trichlorosulphate (5) and 6-deoxy trichlorosulphate (6) 

derivatives respectively. 

R ~-O 

R 

(5) (6) 
(R = so,ct) 
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Attempts to obtain further chlorosubstitution of these trichlorosulphate 

esters with pyridinium chl6ride, were found to bi unsuccessful. ' 

Although a chlorodeoxy group might perhaps be introduced into methyl ~-L­

rhamnopyranoside at C-2 since it is axially orientated, (with cyclohexyl 

derivatives axial substituents are displaced at a faster rate than 

corresponding equatorial substituents) the axial methoxyl group at Col 

would further hinder substitution at C-2. (The latter effect has been 

verified by Cottrell and coworkers33 in the reaction of L-rhamnose wi th 

sulphuryl chloride; see later). Ri~h~rdson34 has ascribed the lack of 

substitution at C-2, to an unfavourable alignment of dipoles in the 

transition state of the reaction. Jennings and Jones 32 have attributed 

the lack of reactivity towards bimolecular nucleophil ic substitution at 

c-4 in ~-D-mannopyranoside to steric interactions of the 1,3 diaxial 

type,which occur between a chloride ion approaching c-4 and the axial 

chlorosulphonyloxy substituent on C-2, whereas the non-reactivity of the 

~-L-rhamnopyranoside t r ichlorosulphate ester has been d is cussed by Cottrell 

and coworkers 33 in terms of steric interactions in the transition state 

for substitution. Richardson 34 , however, has stated that the development 

of an SN2 transition state at C-3 and c-4 is affected by steric and mainly 

polar factors in the transition state, emanating from the e ffects of (non­

anomeric) 6-trans-axial, and vicinal axial substituents respectively. 

The influence of the anomeric configuration on chlorosubstitution 

was demonstrated 32 when methyl- 6-D-galactopyranoside was treated with 

sulphuryl chloride. It was found to undergo chlorination at C-3, c-4 

and c-6 to afford the trichlorotrideoxy allopyranoside derivative (7). 

However, when the ~-anomer, methyl 4,6-dichloro-4,6-dideoxy-~-D-galacto­

pyranoside 2,3-dichlorosulphate was treated with pyridinium chloride in an 

attempt to obtain further chlorosubstitution as previously mentioned, it 
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J--- O OCH 3 

C£ 

(7) 

was found to be unsuccessful. Thrs ' phenomenom may also be attributed 

to steric and perhaps polar factors manifested in the 8-trans-axial 

effect proposed by Richardson 3
'. Further examples of the dependance 

of the reactivity at C-3 on the configuration at C-l, were cited by the 

chlorosulphation of methyl 4,6-Q-benzylidene- 8-D-glucopyranos ide to the 

corresponding 3-chloro-3-deoxy-allopyranoside 3 2 derivative, (8), and 

of methyl 4,6-Q-benzylidene-u-D-glucopyranoside under similar conditions 

to the 2,3-dichlorosulphate ester 3S (9). 

H><O 
Ph 0 J--- O OCH3 

H ____________ 0 

Ph-------O }---O 

(R = S02C £) 

CH 3 

R 

(8) (9) 

The orientation of substituents at C-4 may also exe rt an influe nce 

on the reactivity at C-3 of the pyranose ring; e . g. me t hyl S-D-galacto­

pyranoside was observed by Jennings and Jones 3 2 to readily undergo 

chlorination at C-3, c-4 and C-6, to form the tr ichloro-trideoxy allos ide 

2-mono-chlorosulphate (7), but the S-D-glucopyranoside gave methyl 4,6-

dichloro-4,6-dideoxy- S-D-galactopyranoside 2,3-dichlorosulphate (4), 
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whilst formation of the trichloro-trideoxy derivative did not occur. 

However, the feasibility of nucleophilic displacement at C-3 in the S­

glucopyranoside series was reported by Dean and coworkers 36 after they h·ad 

re-investigated the reaction of methy l- S-D-glucopyranoside with sulphury l 

chloride. They reported the isolation of methyl 3,6-dichloro-3,6-dideoxy­

S-D-allopyranoside 2,4-dichlorosulphate (10) in addition to methyl 4,6-

dichloro-4,6-dideoxy- S-D-galactopyranoside 2,3-dichlorosulphate (4). 

RO 

CJ!. OR 

( 10) 

The earlier work by Jennings and Jones 32 however, did not explicit ly 

establish the formation of a 3,6-dichloro-3,6-dideoxy alloside dichloro­

sulphate ester. Edwards and coworkers 3? also reported the isolation of 

methyl 3,6-dichloro-3,6-dideoxy-S-D-allo-pyranoside afte r reacting methyl­

S-glucopyranoside with the dimethylformamide-methanesulphonyl chloride 

reagent. It was thus upon this basis and Dean's36 re-investigation, as 

well as the fact that the S- me thoxyl group at C-l is equator ia lly 

orientated, that the feasibility of nuc leophil ic displacement at C-3 in 

the S-glucopyranoside series had been indicated by Dean and coworkers 36 . 

The absence of trichlorination of the S-glucopyranos ides may be 

accounted for by the fact '3 that an axial chlorodeoxy group in a pyranose 

ring, deactivates a neighbour i ng (vicinal) equatoria l chlorosulphate group, 

and thus prevents further chlorodeoxy groups from being introduced into 
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such positions, since formation of the SN2 transition state would create 

'd bl k' ,33039 b h ' conSI era e s ew Interactions etween t e respective chlorodeoxy and 

chlorosulphate groups, thus creating an increase in steric interaction in the 

transi,tion s.tate of the reaction: An and Richardson 39 have preferred to 

regard this as mainly a polar effect", 

A common feature in the glycoside series is the relative inertness 

of the C-2 chlorosulphate group to nucleophil ic substitution by chloride 

ion. The proximity of the C-2 group to the ring oxygen atom and to the 

anomeric group, results in an induct"iv,e effect at C-2, and has been 

accounted for by Jennings and Jones 32 as being responsible for the 

deactivation of the 2-chlorosulphate group to further chlorosubstitution. 

In addition, substitution at C-2 in methyl 4,6-dichloro-4,6-di-deoxy-S-D-

galactopyranoside 2,3-dichlorosulphate 39 is not favoured, The latter 

phenomenom has been attributed by Cottrell and coworkers 39 to a 1,3 diaxial 

type interaction between the axially positioned C-4 - Cl group and the 

incoming chloride ion at C-2. However, Richardson 3
' later ascribed this 

to an unfavourable alignment of dipoles in the transition state of the 

reaction, and maybe visualized by viewing projections along the C-2 - C~l 

bond of both a-D and S-D anomers (Fig. 1 I), 

' , .... t-, 

-1 
C-3 H 

a- D-anomer S-D-anomer 

Fig. II 

From the above illustrations it may be seen that in the S-D anomer, the 
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C-l - 0-1 bond is perpendicular to the polar bonds of the transition state, 

and therefore the dipolar interaction should be at a minimum. Considerable 

dipolar repulsion would, however, still be expected as the uppermost polar 

bond of the transition state is incl ined at about 30° to the C-l - 0-5 

bond . Richardson'4 has thus impl ied that comparitively less hindrance 

would be experienced with the 8-D-anomer than with the a-D-anomer; hence 

if displacement is to be achieved in the 2-position, use of the 8-D anomer 

may prove more successful. The possibility of synthesizing a fully 

chlorinated hexoside presented an interesting challenge to Cottrell and 

coworkers'9, who successfully synthesized methyl 2,3,4,6-tetrachloro-2,3, 

4,6-tetradeoxy-8-D-allopyranoside via the chlorosulphation of methyl 2-chloro-

2-deoxy- /O -D-galactopyranoside, and subsequent treatment of the intermediate, 

methyl 2,4,6-trichloro-2,4,6-trideoxy- 8-D-glucopyranoside 3-chlorosulphate 

with excess pyridinium chloride. (Scheme I) 

J-- - O OCH, 

-
J-----O OCH, 

Ck 

(Scheme I) 

}---O OCH, 

Ck 

However, a useful procedure for the synthesis of 2-chloro-2-deoxy pentoses 

was devised during a study40 of the anomerization of chlorosulphated 

glycosyl chlorides. Treatment of 8-D-xylopyranosyl chloride 2,3,4 tri-

chlorosulphate with aluminium chloride was found by Jennings 40 to result 

in specific chloro-displacement of the C-2 chlorosulphate group via a 

mechanism involving anomeric chlorine migration, to yield 2-chloro-2-deoxy-

a-D-lyxopyranosyl chloride 3,4-di-chlorosulphate (11). Simi larly a-D-

lyxopyranosyl chloride 2,3,4-tri-chlorosulphate was found to yield 2-chloro-
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2-deoxy-a- D-xylopyranosyl chloride 3,4- dichlorosulphate (12). In both 

instances removal of the 3,4-dichlorosulphate groups afforded the 2-chloro-

2-deoxy pentoses. 

0 
0 

RO C~ C~ 

(R S02C~) C ~ 

( III (12) 

Cottre l l and coworkers" also investigated the chlorosu l phation of 

several I ,6-anhydrohexopyranoside derivatives . The product obtained in 

each case was a tri-chlorosulphate ester (e.g.13) which failed to undergo 

further substitution with chloride ion. They concluded that steric 

interactions and the rigidity of the bicyclic system may have resulted i n 

this fai l ure . 

CH2---0 

RO )---0 

(R S02n) 

OR 

( I 3) 

The above workers" also reported the synthesis of methyl 6-chloro-6-

deoxy-a -D- altropyranoside 2,3,4-trichlorosulphate (14) which was obtained 

via the ch lorosulphation of methyl a-D-altropyranoside. 

CH2Ct 

)---0 

(R = S0 2Ct) 

OR 

( 14) 
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Several pentopyranosides have also been subjected to selective 

chlorination with sulphuryl chloride. Methyl a- and e-L-arabino-

pyranosides· j were found to yield methyl 3,4-dichloro-3,4-dideoxy-e-D­

ribopyranoside 2-chlorosulphate, (15) and methyl 4-chloro-4-deoxy-a-D-

xylopyranoside 2,3-dichlorosulphate (16) respectively. No further 

chlorosubstitution was obtained when the latter was treated with 

pyridinium chloride. 

~--O CH, 

C~ OCH, 

C~ OR OR 

( 15) ( 1 6) 

The reaction of methyl-e-D-ribopyranoside with sulphuryl chloride was 

described by Ali and coworkers' 2 who found that the glycoside could readily 

be converted into methyl e-D-ribopyranoside 2,3,4-trichlorosulphate (17). 

Treatment of the latter with pyridinium chloride afforded methyl 3,4-dichloro-

3,4-dideoxy-a-L-arabinopyranoside 2-chlorosulphate (18). 

CH, C ~ ;---0 OCH, 

C~ 

OR OR (R = S02C~ ) OR 

( III ( 1 8) 
.' 

During the latter reaction with chloride ion, no monochlorodeoxy compound 

was isolated, but their consideration of the conformational aspects of the 

substitution process suggested that the 3-chlorosulphate group was first 

displaced with chloride and substitution then occurred at c-4. They 

supported this conclusion by means of a reaction series in which 3-chloro-

3-deoxy-e-D-xylopyranoside was synthesized and converted to the dichloro­

dideoxy arabinopyranoside 2-chlorosulphate ester. 
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The chlorosulphation of methyl-a-D-lyxopyranoside was undertaken by 

Cottrell and coworkers" who found that the resultant methyl a-D-lyxo-

pyranoside 2,3,4-trichlorosulphate (19) failed to undergo further 

chlorosubstitution when treated with pyridinium . chloride. _ A similar 

observation was made by them with the chlorosulphation of methyl-a-L-

G R R 
RO CH, 

(R ; S02C.\'.) 

(19 ) 

rhamnopyranoside", which also has the anomeric methoxyl group on C-l and 

the hydroxyl group on C-2 axia l ly oriented, and an analogous situ.ation was 

reported for methyl-a-D-mannopyranoside'2, the trichlorosulphate ester of 

which could not undergo further substitution with chloride ion. 

1. 1. 1. 1.2 Furanosides and other Furanoid Sugars 

A stu·dy of the reaction of various pentofuranosides such as methyl a-

and S-D-ribo- and -D-xylo-furanosides with sulphuryl chloride, was undertaken 

by Achmatowicz and coworkers" . In the case of the a-anomers of the ribo-

and xylo-furanosides, the reactions produced mixtures of 5-chloro-5~deoxy 

2,3-dichlorosu l phate pentofuranoside esters and the 2,3,5-trich lorosulphate 

esters in both instances, whereas reaction with the S-anomer of methy l D-

ribofuranoside afforded only the 5- chloro-5-deoxy 2,3-dichlorosulphate 

pentafuranoside ester (20). 

CH2C.\'. H2C.\'. 
0 CH, 0 CH, 

(R ; S02 C.\'.) 

OR OR OH 

(20) (21 ) 



-16-

!n the case of methyl B-D-xylofuranoside, the mix t ure of chlorosulphation 

products was not resolved, but after dechlorosu.]phat'ion ·methY15-chloro-S-

deoxy-B-D-xylofuranoside (21) was obtained. Under the conditions employed, 

formation of the dichlorodideoxy compounds was not observed. 

Earl ier studies of sulphuryl chloride with hexofuranoid derivatives 

were those involving the D-fructofuranosyl moeity of sucrose'·"', and 

1 ,2:5,6-di-Q-isopropylidene a-D-glucofuranose; the latter was reported by 

Jennings and Jones's of having reacted to form the 3-chlorosulphate ester 

(22) . 

(22) 

The reaction of 1 ,2-Q-isopropyl idene-a-D-glucofuranose with sulphuryl 

chloride was reoorted by Parol is's, and found to yield 6-chloro-6-d~oxy-l,2-

Q-isopropylidene-a-D-glucofuranose 3,S-dichlorosulphate (23) at room 

temperature, but when the reaction mixture was heated to SO°C, the 

inversion product S,6-dichloro-S,6-dideoxy-l,2-Q-isopropylidene- B-L-

idofuranose 3-chlorosulphate (24) was observed to have formed. 

CH 2 CJ!. H2 CJ!. 

RO J!. 
0 0 

OR 0 

o~ 
(R = S0 2CJ!. ) 

(23) (24 ) 

The lactone derivatives's, methyl- B-D-glucofuranosidurono-6,3 la c tone and 
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1,2-Q-isopropylidene-u-D-glucofuranurono-6,3 lactone, appeared to be more 

reactive at their chiral centres, as the inversion products, namely, 

methyl 5-chloro-5-deoxy-u-L-idofuranosidurono-6,3 lactone 2 chlorosulphate 

(25) and 5-chloro-5-deoxy-l,2-Q-isopropylidene-B-L-idofuranuron0-6,3 

lactone (26) respectively, were isolated at room temperature. 

o 

o 

o 

(25) 

o 

(26) 

Treatment of 3-Q-benzyl-l ,2-Q-isopropylidene-6-Q-p-tolylsulphonyl u-D­

glucofuranose 46 with sulphuryl chloride, also resulted in inversion of 

configuration at C-5, to form 3-Q-benzyl-5-chloro-5-deoxy-l ,2-Q-isopropylidene-

6-Q-p-tolysulphonyl- B-L-idofuranose, (27) which was isolated at room 

temperature. 

C~ 

o 

(27) 

1.1.1.2 FREE SUGARS 

Pyranoses 

Reaction of these sugars with sulphuryl chloride yields glycosyl 

chloride derivatives containing both chlorodeoxy and chlorosulphate groups. 

The reactivities of the secondary hydroxyl group towards sulphuryl chloride 

are often simi lar to those of the corresponding alkyl glycosides 27
• 
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Sulphuryl chloride reacted with D-glucose 47 to yield what was presumed 

to be 4,6-dichloro-4,6-dideoxy-a-, 8-D-galactosyl chloride 2,3-dichloro-

su 1 phate (28). Further substitution at C-3 did not occur due to the 

deactivation of the equatorial chlorosulphate group at C-3 by the vicinal 

axial chloro substituent at C_4 32 • 

H2C~ 

C~ )----0 

OR H,C~ (R = S02C~) 

OR 

(28) 

L-Rhamnose was found by Cottrell and coworkers" to form a crystalline 

compound L-rhamnosyl chloride 2,3,4-trichlorosulphate (29) which on treatment 

with pyridinium chloride gave a syrup, which after dechlorosulphation 

afforded a dichloro-tri-deoxy compound assumed to be 2,4-dichloro 2,4,6-

trideoxy-L-galactose (30) 

R ~-O 

H, C~ H,OH 

OH 
(R S02C~) 

(29) (30) 

A unique property of L-arabinose41 when compared to other reducing 

sugars and their reactions with sulphuryl chloride, is its formation in 

addition to the usual chloroform soluble product, of a crystalline, water­

insoluble, non-reducing, trehalo type, unsaturated dimer; when treated with 

sulphuryl chloride for 4 hours at room temperature, L-arabinose was found 

to form 4-chloro-4-deoxy-a-D-xylosyl chloride 2,3-dichlorosulphate (31), 

together with the tetrachloro-tetradeoxy dimer, 3,4-dichloro-4-deoxy-a-

D-g 1 ycero-pen t-2-enopyranosy 1-3 ' ,41 ~d i ch 1 oro-4 1 -deoxy-·a-D-g 1 ycero-pen t-

2'-enopyranoside (32), which crystall ized out from the acid wash of the 

reaction mixture. 
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.-----0 .,----0 

o 
0--../ 

(31 ) (R = S02CR-) (32) 

The structure and mode of formation of these compounds have been discussed 

by Jennings and Jones'l, and although they did not fully understand the 

mechanism of the aqueous dimerization 'process,they postulated that the 

mixture resulting from the reaction contained the D-ribopyranosyl chloride 

(D-arabinose was found to yield the L-enantiomer of the dimer), and that 

this was a precursor of the dimer. This was confirmed by Coxon and 

coworkers" as a result of the isolation of 3,4-dichloro-3,4-dideoxy- B-D­

ribopyranosyl chloride 2-monochlorosulphate, as a major component, together 

with the dichlorosulphate - xylosyl chloride, after reaction of L-arabinose 

with sulphuryl chloride for 24 hours, and from the observation that, 

treatment of the ribopyranosyl ester with pyridine in chloroform, followed 

by partitioning of the product between chloroform and an aqueous acidic 

solution, led to the separation of the B-dimer from the latter solution. 

D-Galactose 32 when treated with sulphuryl chloridewas found togivea 

syrupy mixture containing 3-4,6-trichloro-3,4,6-trideoxy-D-allosylchloride 2-

chlorosulphate (33), w.ithout the formation of a dimeric product, as was found 

t o occur with its configurational analogue, L-arabinose'l. This has been 

attributed to the larger -CH2CR- group at C-5 which does not favour 

forma tion of the 2,3 unsaturat ed dimer percursor. Treatment of the 

allosyl chloride monochlorosulphate ester w~th pyridine afforded only the 

hydrolysis product of the 2-chlorosulphate ester, whereas the analogous 

compound, methyl 3,4-dichloro-3,4-dideoxy-B-D-ribopyranoside 2-monochloro­

sulphate'l, gave the 2,3 trans el imination product, methyl 4-deoxy-3,4-
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dichloro-S-D-glycero-pent-2-enopyranoside (34). 

CH2Ci 

r----O 

H,Ci 

(33) 

,,----0 · 

Ci >==:=/" 
Ci 

(34) 

Reaction of 4,6-0-ethyl idene-D-galactopyranose32 wi th ·sulphuryl chlor ·ide 

gave a 2,3-dichlorosulphate derivative (35) which reformed the starting 

material, as well as D-galactose after dechlorosulphation. (Format i on of 

a 3-chloro-deoxy derivative during chlorosulphation did not occur due to 

the deactivation of the equatorial 3~chlorosulphate este r group, by the 

vicinal axial group at c-4). 

r---- O 

H,C i (R = S02Ci) 

OR 

(35) 

D-Mannose 32
, upon chlorosulphation yielded a crystal line product which 

was shown to be 6-chloro-6-deoxy-a-D-mannosyl chloride 2,3,4-trichloro-

. sulphate (36), and the latter was observed to undergo further chloro­

substitution with py ridinium chl or ide . to form a trlchloro-trtdeoxy 

glycosyl chloride of undefined structure, but whose methyl glycoside was 

assigned the structure, methyl 2,4,6-trichloro-2,4,6-trideoxy-S-D-galacto-

pyranoside 3-monochlorosulphate 3 3 (37). As previously mentioned, 

chlorosubstitution to this extent was not observed with the corresponding 

a- D- ma nnopyranoside. 
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(R 

(36) 

In order to extend the analogy with the man no conformation , Cottrell 

and coworkers" examined the reaction of D-lyxose with sulphuryl chloride, 

and found it to give a chloro-trichlorosulphated derivative, D-lyxosyl-

chloride 2,3,4-trichlorosulphate (38). Treatment with pyridinium 

chloride and subsequent dechlorosulphation yielded a dichloro-dideoxy 

sugar which was presumed to be z,4-dichloro-2,4-dideoxy-L-arabinose (39). 

Ci r---O 

H,OH 

(R ~ S02Ci) 

. (38) 

The other possible structure considered for the . latter compound, was 2,3-

dichloro-Z,3-dideoxy-D-ribose, but since the D-ribose configuration is 

known to undergo further substitution at C-4, this seemed unl ikely. 

According to Cottrell and coworkers 33
, this was indicative of the fact that 

D-lyxopyranose and D-mannopyranose react mainly in the Cl conformation. 

If it were in the lC conformation, there would be an axial chlorosulphate 

group at both C-3 and C-4, and an equatorial group at C-2, which would be 

unlikely to lead to further chlorosubstitution. 

Reaction of D-xylose'7 with sulphuryl chloride was assumed to have 

formed 4-chloro-4-deoxy-L-arabinopyranosyl chloride Z,3-dichlorosulphate (40) 
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when isolated at room temperature. Low temperature isolation afforded 

the crystalline 8-D- xy lopyranosy l chloride 2,3,4-trichlorosulphate 

derivative" (41). 

et ,---0 ,---0 

H,e t 

OR OR 
(R S02et) 

(40) (4 I) 

An improved yield of the trichlorosulphate ester was reported by Jennings SO 

who isolated the compound from the reaction mixture at -lODe instead of at 

-20 o e as reported in the ear lier communication"9 . The increased yield was 

attributed to the fact that chlorosubstitution of an intermediate l-chloro­

sulphate ester takes place at this stage of the reaction by an SN2 process, 

with overall inversion of configuration at the anomeric centre, thus 

attaining a controlled synthesis of single anomers of glycosyl chlorides. 

N.m.r. studies s , have also augmented these proposals. (Improved yields at 

optimum low temperature isolation were also observed when the crystalline 

8-D-lyxopyranose s , was treated with sulphuryl chloride to form a -D-l yxo-

pyranosyl chloride 2,3,4-trichlorosulphate). Methanolysis gave a 

crystall ine methyl glycoside which still had the three ch lorosulphate groups 

intact, and both a- and 8-D - xy lopyr anosyl chloride trichlorosulphates gave 

good yields of their inversion products after methyl glycosidation SO
, thu s 

demonstrating the non-participating properties of the chlorosulphate group 

in these displacements. 

Attempts s , to anomerize 8-D-xylopyranosyl chloride 2,3,4-trichloro­

sulphate (42) with aluminium chloride, had resulted in' -poor yields of the 

a-D-anomer, and were found to be unreliable. N.m.r. studies"O indicated 
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that the poor yield was due to both incompl ete anome rization and to 

simultaneous formation of an anomerized C-2 inversion product to which 

the structure of 2-chloro-2-deoxy-a-D-lyxopyranosyl chloride 3,4-

dichlorosulphate, (43) was assigned. 

/""-- 0 r---O 

R 

(42) (43) 

It was previously suggested that the efficiency of the reaction could be 

improved through the use of titanium tetrachloride sl , instead of 

aluminium chloride. However, Jennings'O la ter indicated that when the 

molar concentration of aluminium chloride was increased, the 2-chloro­

deoxy-pyranosy l dichlorosulphate ester became th e exclusive product in the 

react ion. Anomerization and inversion of the a-isomer was also observed 

to occur when treated similarly with aluminium chloride. In these 

reactions, specific chloro-displacement of the C-2 chlorosulphate group 

was said to have occurred via a mechanism involving anomericchlorine 

migration. 

Chlorosulphation of D-ribose" yielded a crysta ll ine D-ribopyranosyl­

chloride 2,3,4-trichlorosulphate (44), for which the n.m,r. spectroscopic 

profile was discussed, whilst treatment of L-fucoses 2 with sulphuryl 

chloride at low temperature, afforded mainly S-L-fucopyranosyl chloride 

2,3,4-trichlorosulphate (45), and a small proportion of the a -anomer. 

r---O 

H,(£, 

R 

OR OR 
(R = S02CJC) 

OR 

(44 ) ( 45) 
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I • I .2 DISACCHARIDES 

Early investigations of the reactions of sulphuryl chloride with 

disaccharides were conducted by Helferich and coworkers 53
, on trehalose, 

which was described as having undergone similar reactions to that of the 

glycosides reported in an earl ier communication 29
• The reaction of 

n,n-trehalose was found later by Birch and coworkers 54 to give 4,6-dichloro-

4,6-dideoxy-n-D-galactopyranosyl 4,6-dichloro-4,6-dideoxy-n-D-galacto­

pyranoside (46). 

)---0 O---\.. 

o 

OH 

(46) 

Durette and coworkers55 investigated the chlorosulphation of methyl 

8-maltoside, with a view to synthesizing disaccharide nucleosides having 

potential antibiotic activity . The reaction coupled with subsequent 

dechlorosulphation, was found to yield a 3,6,4' ,6'-tetra-chloro­

diSaccharide in which the chloro groups at the secondary positions were 

introduced with inversion of configuration to yield methyl 3,6-dichloro-

4-Q-(4,6-dichloro-4,6-dideoxy-n-D-galactopyranosyl)-3,6-dideoxy-8-D­

allopyranoside (47). 

o 

(47) 
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Maltose'7 was found to yield 4-Q-a-4,6-dichloro-4,6-dideoxy-D-galacto-

pyranosyl-6-chloro-6-deoxy-D-glucopyranosyl chloride 2,3,2' ,3'-tetra-

chlorosulphate (48). 

}--- O 

o 
H,C~ 

OR (R = S02Ct) 

(48) 

The reaction of sucrose with sulphuryl chloride was first studied 

by Bragg and coworkers 3o
, who isolated a mixture of di- and tri-chloro-

deoxy sucrose di-cycl ic sulphates, the structures of which were not 

elucidated. They suggested that the glucopyranosyl group of sucrose 

had been converted mainly into the 4,6-dichloro-4,6-dideoxy-2,3-di-Q-

sulpho-a-D-galactopyranosyl system, as predicted from their results on 

methyl-a-D-glucopyranoside. 

Ballard and coworkers 56 re-investigated this reaction, and at 50°C 

found it to yield two pentachloro (49 and 50) and one tetrachloro 

derivative (51). 

)---0 o 

o 

05-0 

~ 
4,6-dichloro-4,6-dideoxy-a-D­
galactopyranosyl 1 '~4',6'-tri­
chloro-l ',3',4' ,6'-tetradeoxy­
S-D-glycero-hex-3'-eno­
furanuloside 2,3-sulphate. 

(49) 

o 

o 

4,6-dichloro-4,6-dideoxy-a-D­
galactopyranosyl ,l',4',6'-tri­
chloro- l',4' ,6'-trideoxy- S-D­
allofuranose. 

(50) 
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o 

o o 

0=5-0 

~ 
4,6-dichloro-4,6-dideoxy-a-D-galacto­
pyranosyl 3',4'-anhydro-l' ,6'-dichloro-
1',6'-dideoxy-S-D-ribofuranuloside 2,3-
sulphate 

(51) 

The pyranoid moeity with the galacto configuration . (confirmed by n.m:r. 

spectroscopy) was found to have chloro substituents at c-4 and c-6, whi 1st 

the furanoid moeity carried chloro substituents at the primary centres 

(C-l' and C-6'), and also at c-4' in the two pentachloro-pentadeoxy 

compounds. Proposals for the formation of these compounds via chloro-

sulphate intermediates have also been discussed by these workers. 

In an attempt to optimize product yields, these reactions were 

re-examined" at -78°c, room temperature and 50°C. The results showed 

that selective chlorination of sucrose was possible when the reaction was 

carried out at low temperatures; reaction at -78°c gave essentially, a 

polychlorosulphate compound, which on dechlorosulphation, was found to 

yield a mixture containing 6'-chloro-6'-deoxy sucrose (52) and 6,6'-dichloro-

6,6'-dideoxy sucrose (53), whilst mixtures of increasing complexity were 

obtained at room temperature and 50°C respectively. 

H20H CH 2 C£, 
CH2 0H H20H 

0 0 0 

0 0 
H H2C£, H 

H H 

(52) (53) 
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The structures of the products obtained were assigned on the basis of n.m.r. 

and mass spectroscopy. 

The above reaction s were re-investigated by Hough and coworkers s7 in 

order to find optimal conditions for the direct preparation ofdi- and tri-

chlorinated derivatives. Thus reaction initially at -78°C and then at 

-30°C to -35°C for 4 days, afforded after dechlorosulphation, 6-chloro-6-

deoxy-a-D-glucopyranosyl 6-chloro-6-deoxy-S-D-fructofuranoside (53). A 

similar reaction at -5°C to~O°C for 16 hours, with subsequent dechloro­

sulphation was found to yield a trichlorosucrose, the structure of which 

was elucidated by n.m.r. and mass spectroscopy and assigned as 4,6-dichloro-

4,6-dideoxy-a-D-galactopyranosyl ·6-chloro-6-deoxy-8-D-fructofuranoside (54). 

CH 2Ct 
CH2 0H 

r----O o 
OH o 

OH HO 

(54) 

Parol iss. reported on an improved chlorosulphation procedure, and the 

isolation of a crystall ine trichlorosucrose pentach lorosulphate wit hout 

recourse to column chromatography. The compound was shown by n .m. r . and 

mass spectroscopy to be 4,6-dichloro-4,6-dideoxy-a -D-galactopyranosyl 6-

chloro-6-deoxy- S-D-fructofuranoside l' ,2,3,3' ,4'-pentach lorosulphate (55). 

CH 2Ct 

r---O 
OR 

R 

o 

(R = S02Ct) 

(55) 

o 

An attempt to synthesize the 1 ',4,6',6-tetrachloro-l' ,4,6' ,6-tetradeoxy 
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derivative by effecting chlorosubstitution of the I '-chlorosulphonyloxy 

group, by heating at 50°C with pyridinium chloride was, however, 

unsuccess fu I . 

A reaction carried out by Fairclough and coworkers s9 on 3,4-di-Q­

acetyl-S-D-fructofuranosyl 2,3,6-tri-Q-acetyl-a-D-glucopyranoside (I ',4,6'­

triol) at -75°C, and then allowed to approach room temperature, was found 

to proceed according to the rules proposed by Richardson 3
., as all three 

hydroxyl groups were replaced by chloride (although HO-I' should have been 

the least reactive because ~f its adjacency to the anomeric position) to 

form I' ,4,6'-trichloro-1 ',4,6'-trideoxy-galacto-sucrose penta-acetate (56). 

Similar treatment of the 4,6'-diol, 1,3,4-tri-~-acetyl-S-D-fructofuranosyl 

2,3,6-tri-Q-acetyl-a-D- glucopyranoside afforded the 4,6'-dichlorJde; , I ,3,4-

tri-Q-acetyl-6-chloro-6-deoxy-S-D-fructofuranosyl 2,3,6-tri-Q-acetyl-4-

chloro-4-deoxy-a-D-galactopyranoside (57). 

H2CR, CH 20Ac 
H20Ac 

0 0 

0 

OAc 

(56) (5]) 

H2 0Ac 
CH20Tr 

CR, 0 0 

OAc 0 

Ac 

(58) 

The ditrityl ether, 3,4-di-Q-acetyl-I,6-di-Q-trityl-S-D-fructofuranosyl 

2,3,6-tri-Q-acetyl-a-D-glucopyranoside, having a free hydroxyl group at 

c-4 was observed to lend itself to two methods of chlorination, in that 
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3,4-di-Q-acetyl-I,6-di-Q-trityl-~-D-fructofuranosyl 2,3,6-tri-Q-acetyl-4-

chloro-4-deoxy-~-D-ga l actopyranoside (5B),was isolated after treatment 

with e ither sulphuryl chloride, or mesyl chloride in N,N-dimethylformamide. 

Khan 60
,G1 has reported on nucleophilic substitution reactions of some 

chlo rosulphate derivatives of sucrose. Sucrose penta- and hexa- benzoates 

were reacted with sulphu ryl chloride at -75~C to synthesize penta-Q- benzoyl­

sucrose I ',6,6'-trichlorosulphate (59) and hexa-Q-benzoylsucrose 6,6 '­

dichlorosulphate (60). 

CH 20R 
H20R 

0 0 

,H 2OR 
H2 0Bz 

0 

0 0 
Bz 

Bz Bz OBz Bz 

~9) (60) 

H2C£ CH 20R 
0 

(R = S02C£) 

0 
H2 C£ 

(61) 

When the former, trichlorosulphate was treated with pyridinium ch loride at 

50°C or with butanone unde r reflux (without any added nucleophile), the 

penta-Q-benzoyl-6,6'-dichloro-6,6'-dideoxy I '-chlorosulphate (61) was 

obtained. The higher reactivity of the ch lorosu l phate groups on c-6 and 

c-6' was comparable to the nucleophilic displacement of the sulphonyloxy 

groups of sucrose sulphonates. 

Displacement of the I'-chlorosulphate group in penta-Q-benzoyl - 6,6'­

dich loro-6,6'-dideoxy-sucrose I '-chlorosulphate 60 was found to be achieved 
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best with sodium chloride in a dipo lar aprotic solvent such as 

hexamethylphosphoric triamide, to yield the penta-Q-be nzoy l-l ',6,6'-

trichloro-l' ,6,6'-trideoxy sucrose (62). Khan has emphasized that 

this displacement of the C-l '-chloros ulphate group had previously bee n 

unsuccess ful and that this method had proved advantageous over standard 

types . 

o 

o 

Bz OBz 

(62) 

(The above reaction in hexame thylph os phoric triamide was also carried out 

on the penta-~-benzoyl trichloros ulphate, with and without sodium chloride, 

and was found to afford a highe r yield of the trichlorotr ideoxy suc rose in 

the presence of sodium chloride) . 

1. 1. 3 TRISACC HARIOES 

Th.e .ceactioilof raff inose (6-Q-a -0-galactopyranosy ls ucrose) (63a) with 

sulphuryl chloride at temperatures between -20 °C and ambient, was repo rted 

by Hough and coworkers 62 to have fo rmed several components after dechloro­

sulphation,namely, me thyl 6-chloro-6-deoxy-S-0-fructofuranoside (64), 

its a -anome r, a trichloro de ri vative [6-Q-(4,6-di c hl o ro-4, 6-d ideoxy - a-0-

g I ucopyranos y I ).- o.-O-g I ucopy ranosy I 6-ch I oro-6-deoxy-S-0-fruc tofu ranDs i de l 

(63 .b)" (j'6"-dichloro-6'6"-dideoxyraffinose (63c) and 6 1 -chloro-6 ' -

deoxyraffinose (63d). 
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3 r----O 
o 

CH 2 0H 
/-----0 

CH 3 

(63) (64) 

(a) R1 =R 5=H, R2 =R 3 =R'=OH 

The relative proportions of these compounds were observed to be dependant 

upon the reaction conditions, in that higher temperatures and prolonged 

reaction times favoured the formation of themethyl .fructofuranoside 

derivatives. The formation of the latter monosaccharide derivatives 

appeared to be a major pathway under these conditions, a phenomenon which 

was not observed to occur when sucrose was similarly treated with 

sulphuryl chloride, 

1.2 REACTIONS OF SUGAR CHLOROSULPHATE ESTERS 

1.2.1 With base 

Jennings and Jones 35 on comparing chlorosulphation reaction conditions 

which yielded cyclic sulphates 2 9 ,3o, observed that when only a minimum 

amount of pyridine was used (pyridine-sulphuryl chloride ratio maintained 

at 1.5-2 mol/mol) at temperatures below zero, the reaction produced 

chlorosulphate esters instead of cyclic sulphates. They concluded that 
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in the presence of an excess of pyridine, suitably orientated chloro-

sulphates, especially those whose spatial arrangement was appropriate by 

being equatorially orientated, would undergo cycl ization favourably. 

Thus when methyl 4;6-dichloro-4,6-dideoxy- a -D-galactopyranoside 2,3-

dichlorosulphate 35 was reacted with pyridine, it was found to yield 

methyl 4,6-dichloro-4,6-dideoxy-a-D-galactopyranoside 2,3-cyclic 

sulphate (3). This was also found to occur when methyl 4,6-Q-

benzylidene-a-D-glucopyranoside 2,3-dichlorosulphate was treated with 

pyridine in the cold, to form the corresponding 2,3 cyclic sulphate (65), 

or when a similar reaction (at room temperature) was carried out on 

methyl 4-chloro-4-deoxy-a-D-xylopyranoside 2,3-dichlorosulphate'l to 

obtain its 2,3 cyclic sulphate derivative (66). 

x r----O r--- O 

O=s-O 
n 
o 

(65) (66) 

The act~al mechanism proposed 28 ,35 for cyclization, suggests the basic 

hydrolysis of one of the chlorosulphate groups with S-O bond scission, 

to form a free hydroxyl group with retention of configuration, followed 

by attack by the · latter of the remaining chlorosulphate group with S-Cl 

bond scission to form the cyclic sulphate. 

Treatment of methyl 4,6-dichloro-4,6-dideoxy-a-D-galactopyranoside 

2,3-dichlorosulphate 35
, and methyl 4,6-0-benzylidene-a -D-glucopyra noside 

2,3-dichlorosulphate 35
, with a more basic reagent such as methanolic 

sodium methoxide was found to result in no cyclic sulphate formation and 
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a low yield of methyl 4,6-Q-benzyl idine-2,3-anhydro-a-D-alloside (67). 

This evidence thus indicated that the basicity of the reagent was an 

important factor in the formation of the cyclic sulphate ester, and 

mechanistic proposals for these reactions have been elaborated by 

Jennings and Jones 3S
• 

X }----o 

Ph 0 

(67) 

However, if the configuration of the ester groups was trans-diaxial 

as in the case of methyl 4,6-Q-benzylidene-a-D-altropyranoside 2,3-

dichlorosulphate 3S
, treatment with pyridine resulted in the formation of 

methyl 4,6-Q-benzyl idene-2,3-anhydro-a-D-mannopyranoside (68), 

thus indicatin~ that the trans-axial configuration was the most 

favourable configuratlnn for ~nhydro . iormation . . 

X 
Ph 

(68) 

Favourable cyclization was also found to occur when vicinal 

dichlorosulphate esters in the open chain form were treated with 

pyridine; e.g. the tetrachloro-tetradeoxy dichlorosulphate of D-mannito1 3S
, 

afforded a tetrachloro-tetradeoxy cyclic sulphate ester (69). Jennings 

and Jones 3S have explained that the free rotation of the bond between C-3 

and c-4 of the ester had enabled the two chlorosulphate groups to approach 
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each other closely, thus faci 1 i tating cycl ization. 

-I--C~ 

0.,,-1--

C~ 

--11-0-5=0 
II 
o 

(69) 

They also observed an unusual phenomenon when treatment of the tetrachloro-

tetradeoxy dichlorosulphate ester (mentioned above) with sodium iodide, 

was found to result in cyclic sulphate formation as well. 

The reaction of pyridine on a 2,3-dichlorosulphate ester in the axial-

equatorial configuration was also carried out, using the 2,3-dichloro-

sulphate derivative of methyl 4,6-Q-ethylidene-a-D- mannopyranoside 3s which 

was observed to form methyl 4,6-Q-ethyl idene-a-D-mannopyranoside 2,3-

cycl ic sulphate (70) and a 2-deoxy-3-keto compound, methyl 4,6-Q-

ethylidene-2-deoxy-3-keto-a-D-erythro-hexoside (71). Formation of the 

latter compound, was suggested to occur via the slow hydrolysis of the 

C-2 chlorosulphate group with the formation of an intermediate, which was 

rapidly converted to the 2-deoxy-3-keto compound. 

H 
)---0 

OCH 3 

0=5-0 

II 
o 

(70) 
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In the above reaction, sodium methoxide was found to produce no keto-

deoxy compound. 

Jennings and Jones 35 also observed that pyridine at DoC was 

capable of hydrolyzing the chlorosulphate ester group in 1,2;5,6-di-Q­

isopropylidene-D-glucose 3-chlorosulphate, to yield di-Q-isopropylidene-

D-glucose . A similar phenomenon was later reported'! by them, after 

obs e rving the hydrolysis of the 2-chlorosulphate group in methyl 3,4,6-

trichloro-3,4,6-trideoxy-a-D-allopyranoside 2-chlorosulphate, to form 

methyl 3,4,6-trichloro-3,4,6-trideoxy-a-D-allopyranoside (72). 

}---O 

C£, OH 

(72) 

Treatment of methyl 3,4-dichloro-3,4~dideoxy- 8-D-ribopyranoside 

2-chlorosulphate"! with pyridine was found to result in the formation of 

a 2,3 trans elimination product, methyl 4-deoxy-3,4-dichloro78-D-glycero-

pent72 7enopyranoside (73) ". CA similar reaction with a ribopyranosyl 

monochlorosulphate ester was discussed earlier in this review.} 

(73) 

1.2.2 DECHLOROSULPHATION 

Chlorosulphate groups may be easily removed with retention of 
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configuration to regenerate the sugar having corresponding hydroxyl groups. 

Dechlorosulphation can be accompl ished through the reaction with an iodide 

ion, and is usually achieved by treatment of a methanolic solution of the 

sugar chlorosulphate ester, with sodium iodide in aqueous methanol. 

(Sodium methoxide may also remove these groups but could produce eycl ic 

sulphates or epoxy derivatives from suitably orientated vicinal 

chlorosulphates 35 .) 

Chlorosulphated glycosides such as methyl 4,6-dichloro-4,6-dideoxy­

a-D-galactopyranoside 2,3-diehlor~s~lphate35"7; when treated with 

sodium iodide as above, was found to become dechlorosulphated to methyl-

4,6-dichloro-4,6-dideoxy-a-D-galactopyranoside (74). 

H2C£, 

(74) 

During the process, immediate liberation of iodine and evolution of 

sulphur dioxide was observed to occur. When the 2,3-dichlorosulphate­

galactopyranoside ester was treated respectively with sodium bromide and 

sodium azide (in N,N-dimethylformamide) , formation of the corresponding 

2- and 3-monochlorosulphate esters, in addition to the completely 

dechlorosulphatedcompoundwasfoundtooccur 63 . Parolis et a1.63" also 

found that the 3-monochlorosulphate-galactoside ester was readily 

dechlorosulphated with sodium iodide in acetone. 

When glycosyl chlorides' o containing chlorosulphate groups were 

treated with sodium iodide in aqueous acetone, the reaction also 

involved the hydrolysis of the anomeric chlorine atom, to yield the free 

sugar. Jennings 6., however, when investigating this reaction using 
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methanol as the solvent, observed that the treatment of a- and B-D-

xylopyranosyl chloride 2,3,4-trichlorosulphate, and the corresponding 

a-D-lyxo derivative, . with a catalytic amount of sodium iodide, lin 

the presence of barium carbonate) resulted in the removal of the 

chlorosulphate groups and rapid methanolysis of the anomeric chlorine 

atom. The resultant methyl glycosidation was found to occur with 

inversion of configuration at C-l (75,76, and 77 respectively). 

r---O CH 3 

H H 

OH OH 

(75) (76) (77) 

All mechanisms proposed for the dechlorosulphation reaction involve 

the attack by iodide ion of the chlorosu lphate groups (S-O fission) to 

liberate iodine and sulphur dioxide. A possible mechanism 26 ,28 is the 

displacement by iodide of the chlorine, and subsequent formation of 

iodine monochloride, which reacts with iodide to give iodine and chloride 

ion. (Scheme 2) 

o 
-~ "'!!r. 

I + CI~--oR + RO 
/I 
o 

+ S02 + I C I 

(R = sugar moeity) 

(Scheme 2) 

The formation of an unstable iodosulphate intermediate has also been 

proposed by Buncel 26 as a possible alternative mechanism. 

An exception to the general dechlorosulphation reaction pattern has 

been reported (as previously mentioned) by Jennings and Jones 3S
, who found 

that vicinal chlorosulphate ester groups in the open chain hexitol series 
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gave a cyclic sulphate ester derivative when treated with sodium iodide. 

They al so observed that pyridine was capable of catalytically 

hydrolysing the chlorosulphate ester group in 1,2:5,6-di-Q-isopropylidene­

D-glucos e 3-chlorosulphate 3S and methyl 3,4,6-trichloro-3,4,6-trideoxy-u­

D-allopyranoside 2-chlorosulphate 41
, to form the parent hydroxy sugars. 

1.2 .3 

1.2.3.1 

NUCLEOPHILIC DISPLACEMENT OF CHLORO GROU PS IN SUGAR 

CHLOROSULPHATE ESTERS 

With az ide 

Parol is 63 found that treatment of methyl 4,6-dichloro-4,6-dideoxy- u­

D-galactopyranoside 2,3-dichlorosulphate with sod ium azide in N,N-di methyl ­

formam ide at room tempe rature , afforded a mixture of four major products 

namely, methyl 4,6-dichloro-4,6-dideoxy - u-D-galactopyranos ide , its 2- and 

3-monochlorosulphates, and an azidosulphate (7 8) for which a tenta tive 

assignment at C-2 was made. 

}---D 

(78) 

The synthesis of various carbohydrate azidos ulphates and 

azidodeoxy sugars via the reaction of sugar chlorosulphates of varying 

reactivities such as, 1 ,2:5,6-di-Q-isopropyl idene-a -D-glucofuranose-3-

ch 1 orosu 1 phate , . 5-ch 1 oro- 5-deoxy-l ,2-Q- i sop ropy 1 i dene- a- D- xy 1 ofuranose 

3-chlorosulphate, 1,2:3,4-di-Q-isopropylidene-a- D-galactopyranose 6-

chlorosulphate and 1,2-0-isopropylidene-a -D-glucofu ranurono-6,3-

lactone 5-chlorosulphate, wit h potassium azide in the presence of 18-

crown-6-ethe r, has been reported in a pre l iminary communication" , to 

yield, 1 ,2:5,6-di-Q-isopropylidene-a-D-glucofuranose-3-azidosulphate (79), 
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5-chloro-5-deoxy-I,2-Q-isopropylidene-a-D-xylofuranose 3-azidosulphate 

(8o}, 1,2:3,4-di-Q-isopropylidene-a-D-galactopyranose-6-azidosulphate 

(81) [and the corresponding 6-azido-6-deoxy derivative (82)] and 

5-azido-5-deoxy-I,2-Q-isopropyl idene-S-L-idofuranurono 6,3-lactone 

(83) [and a small proportion of the gluco-isomer (84) ], respectively. 

o 

(79) 

H2R 

(81 ) R = 

(82) R = 

o 

-+ 
0 

0 

O~~ 
OS02 N3 

N3 

a 

R 

o 

(80) 

(83) Rl_ N3 , R = H 

(84) R 1 = H, R = N 3 

Khan 60 has questioned the bimolecular mechanism proposed for the 

chloride-displacement reaction, as chlorodeoxy and not azidodeoxy 

derivatives were obtained in the reaction with primary chlorosulphates 6o 

with sodium azide. When both sucrose derivatives, penta-Q-benzoyl-tri-

chlorosulphate and hexa-Q-benzoyl-dichlorosulphate were treated under 

reflux with an excess of sodium azide in butanone, the 6,6'-dichlorides 

we re obtained instead of the corresponding azides, and this phenomenon 

was suggested by Khan of being indicative of effective competition by 

the chloride ion which could only have originated from the chloro-

sulphonyloxy groups of the chlorosulphate ester precursor, thus possibly 
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involving an intramolecular process (SNi), but with inversion of 

configuration . In addition, however, the reaction of the hexa-O-

benzoyl sucrose dichlorosulphate ester wi~h sodium azide in hexamethyl 

phosphoric triamide was found to form the 6,6'-diazido-6,6'-dideoxy­

benzoate (85), for which Khan 60 has suggested the initial formation 

of the 6,6'-dichloride by an SNi process, followed by a bimolecular 

(SN2) displacement reaction with azide ion to afford the 6,6'-diazide. 

H,OBz 
o 

Bz 
o 

OBz BzO 

(85) 

However, treatment of 1,2:3,4-di-Q-isopropylidene-a-D-galactopyranose-6-

monochlorosulphate" with azide, apparently affords the 6-azidodeoxy 

derivative via displacement of a 6-azidosulphate intermediate by azide. 

That this process probably occurs by an SN2 mechanism, rather than an 

intramolecular SNi type, was demonstrated when the 6-chloro-6-deoxy 

derivative" was obtained by treatment of the 6-azidosulphate 

intermediate with pyridinium chloride . At no stage during this reaction 

was an intermediate chlorosulphate detected, thus indicating direct 

replacement of the azidosulphate group by chloride. 

1.2.3.2 With Fluoride 

Buncel and coworkers 6s have suggested that fluorosubstitution of 

chlorosulphate esters might enhance their characteristic as a leaving 

group during nucleophilic substitution reactions. They reported 6 ? 

the synthesis of several sugar fluorosulphate esters which were prepared 

by treatment of the corresponding chlorosulphate esters with silver 
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fluoride in methanol ic solution. These reactions which were conducted 

at room temperature and observed to occur slowly via sulphur-chlorine 

bond scission, resulted in the synthesis of methyl 4,6-dichloro-4,6-

dideoxy-a-D-galactopyranoside 2,3-difluorosulphate (86), methyl 3,4,6-

trichloro-3,4,6-trideoxy-a-D-allopyranoside 2-fluorosulphate (87), 

1,2:5,6-di-Q-isopropyl idene-a-D-glucofuranose 3-fluorosulphate (88) and 

1,2:3,4-di-Q-isopropylidene-a-D-galactopyranose 6-fluorosulphate (89), 

from their parent chlorosulphates. 

CR, r--O r--O 

(86) (87) 

x 

(88) (89) 

The latter primary fluorosulphate, was however, found to be unstable. 

(By analogy with other reactions involving silver ion catalysis, Buncel'6 

has stated that these reactions could be presumed to have appreciable 

SNi characteristics.) 
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I .2.3.3 With Bromide 

The reaction of the 2,3-dichlorosulphate ester of methyl 4,6-Q-

benzylidene-B-D-glucopyranoside with bromide at room temperature, was 

reported by Bundle"" to yield methyl 4,6-Q-benzylidene-3-bromo-3-deoxy-

B-D-allopyranoside (90). 

HXO-- H2 r--O OCH3 

Ph . 

H 

(90) 

As previously mentioned, Parol is et al. 63 reported that treatment of 

methyl 4,6-dichloro-4,6-dideoxy-a-D-galactopyranoside 2,3-dichloro-

sulphate with sodium bromide resulted in partial and complete 

dechlorosulphation to yield the corresponding 2- and 3- monochloro-

sulphate esters, as well as methyl 4,6-dichloro-4,6-dideoxy-a -D-

galactopyranoside (74) respectively. They also observed that the 

latter compound had formed in greater proportion, than when a similar 

reaction was undertaken with sodium azide. 
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2. EXPERIMENTAL 

2.1 General Procedures 

Thin-layer chromatography (T.l .c.) was performed on glass plates with 

Kieselgel G (Merck) as adsorbent. The plates were developed with the 

following solvent systems: Solvents a, b, c, d, e, f and g were 'ether 

and petroleum ether (boil ing point 40°-60°) in the proportions: 2:8, 

3:7, 4:6, 5:5, 6:4. 7:3 and 8:2 respectively, while solvent (h) 

comprised ether and methanol 9 : 1. The separated components were 

detected by spraying the developed plates with spray reagent a (10% 

v/v sulphuric acid in ethanol) and followed by charring on a hot plate 

at ~ 150° , or more specifically, chlorosulphate esters were detected 

with spray reagent b67 (butanol-pyridine-anil ine in a proportion of 

8:2: 1 respectively). 

Dry column chromatography was performed on Kiesegel 60 (Merck) (70-230 

mesh ASTM) using a 1-2% loading and fractions (15 ml) were collected 

automatically and monitored by t.l .c. 

Gas liquid chrom~tography (G.l .c.) was performed with a Beckman GC-4 

chromatograph equipped with dual f. i.d.; nitrogen was used as the 

carrier gas. Separation of the sugar derivatives was effected on a 

column containing 3% of ECNSS-M on Gas Chrom Q (100-120 mesh) at 145°, 

and at a flow rate of 60-80 ml/min. Retention times (T) of the sugar 

derivatives are quoted relative to 1,2-5,6-di-~-isopropyl idene- a-o­

glucofuranose, which was used as an internal standard. 

Melting points (M.p.) were determined with a Ga~lenkamp melting point 

apparatus and are uncorrected. 

Optical rotations were measured in chloroform solution (unless stated 

otherwise) at 23° ± 2° , with a Perkin-Elmer 141 automatic polarimeter 

using a 1.0 cc cell. 

Infra-red (l.r.) spectra were recorded on a Beckman I .R.B spectrophotometer 

using chloroform as solvent . 
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Nuclear magnetic resonance (N.m.r.) spectra were recorded on a Perkin­

Elmer R-12 spectrometer at 60 MHz using chloroform-d as solvent with 

tetramethylsilane (t.m.s.) as the internal standard. Wherever 

possible, n.m.r. assignments were confirmed by decoupl ing experiments. 

Mass spectra were determined with an A.E. I . MS-30 spectrometer at 70 eV. 

Elemental analys.is were performed by the microanalyst of the School of 

Pharmacy, University of London. 

Evaporations were carried out under reduced pressure at room temperature 

or below 50° where indicated, using a Buchi Rotavapor outfit. 

Unless otherwise stated, the term "petroleum ether" refers to the 

fraction of boi I ing point 40°-60°. 

2.2 General Chlorosulphation Procedure 

The reaction of carbohydrates with sulphuryl chloride was carried 

out according to the method of Jennings and Jones 47 ,3S, by the dropwise 

addition of sulphuryl chloride to a cooled solution or suspension of the 

carbohydrate in pyridine-chloroform whilst accompanied by vigorous 

stirring. The pyridine-sulphuryl chloride ratio was maintained at 

1.5 - 2.0 mol/mol 3s and the general proportions of reagents used 4s were 

as follows: 

Pyridine 0.8 ml/OH group/l.O g sugar 

Sulphuryl Chloride 2.6 ml/4.0 ml pyridine 

Chloroform 5-30 ml/g of sugar 

All the above reagents were used in an anhydrous state. A portion 

(z 30%) of the total volume of chloroform was used to dilute the sulphuryl 

chloride prior to its addition. The reaction mixture was either 

maintained at various temperatures below zero or allowed to approach zero 

or room temperature over a period of time, after which it was diluted 
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with additional chloroform, and poured into chilled 10% sulphuric acid 

(equal volume) in a separating flask. The organic layer was separated 

from the aqueous phase, and washed successive ly with an equal volume of 

saturated sodium bicarbonate solut ion and water. The chloroform extrac t 

was then dried (anhydrous sodium sulphate), filtered, and concentrated 

under reduced pressure at 25°-30° to yield the proQuct . . 

2.3.1 1,2:5,6-0i-Q-isopropyl idene-u-O-glucofuranose 3-chlorosulphate (1) -

To a solution of 1,2:5 ,6-di-Q-isopropyl idene-u-O-glucofuranose (5 g) in 

chloroform (40 ml) and pyridine (5., ml) at -10°, was added sulphuryl 

chloride (3.5 ml in chloroform 10 ml) as described Over a period 

of 0.5 h. The reaction was continued at -10° for a further 1.5 hand 

then worked up as described, to yield (5.46 g, 79%) a crystal 1 ine 

product, t.l .c. examination of which revealed a single component (Rf 0.75, 

so l vent d), and gave a positive reaction with spray reagent b. 

Recrystall ization was from ether-petroleum ether; m.p. 92°-93°; [u10 -55. 95° 

(.£. 1.68) (Jennings et al. 3 S reported [ulD -40°, and m.p. 92° for 

compound 1); Amax 7.13 ~m (OS02C~), and 8.45 ~m (OS02C~). 

2.3.2 Reaction of 1,2:5,6-di-Q-isopropyl idene-u-D-glucofuranose 

3-chlorosulphate ( 1) with potassium azide in the presence of 18-crown-

6-ether. - To a solution of (1) (2.73 g) in acetone (20 ml) was 

added potassium azide (1.8 g, 3.0 molar equivalents) and 18-crown-6-

ether (60 mg, 0.03 molar equivalent). The reaction mixture was stirred 

continuously at room temperature (20°) for 24 H, after which time it was 

filtered to remove insoluble salts and the filtrate evaporated to dryness. 

The residue was dissolved in chloroform and the solution was washed 

successive ly with saturated sodium bicarbonate solution and water and 

then dried (anhydrous sodium sulphate). Evaporati on of the chloroform 

afforded a pale yellow syrup (1.68 g), t.l .c. examination (solvent a, 
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spray reagent b) of which indicated the absence of compound 1 and 

presence (spray reagent a) of two components (Rf 0 . 8 and 0.3, 

solvent a) which were separated by dry column chromatography 

(initial elution with solvent b and finally with solvent d) to afford: 

(i) compound 2, a yellow syrup (1.4 g, 66%) which was purified by 

distillation (98°-100%.05 mmHg); Rf 0 . 8 (solvent a); [alD -151.1° 

(~ 1.91); -'max 4.74 11m (N3), 7.18 11m and 8.25 11m (OS02N,). 

Anal. Calc. for Cl2Hl90BN3S : C, 39 . 45; 

Found C, 40.63; H, 5.33; N, 10.78; 

H, 5 . 21; 

S, 8,42. 

N, 11.51; S, 8.77. 

(ii) a white crystalline compound (0.29 g, 14%); Rf 0.3 (solvent a); 

m.p. 106., (undepressed on admixture with authentic 1,2:5,6-di-Q­

isopropyl idene-a-D-glucofuranose. 

2.3.3 Reaction of 1,2:5,6-di-Q-isopropylidene-a-D-glucofuranose 

3-azidosulphate (2) with potassium azide in the presence of 

18-crown-6-ether. - Treatment of compound 2 (100 mg) with 

potassium azide (67 mg, 3.0 molar equivalents) and 18-crown-6-ether 

05 mg, 1.0 molar equivalent) in acetone resulted after 64 .h stirring 

at room temperature, in the formation of two components having 

Rf 0.62 (major) and 0 (minor) (solvent g, spray reagent a) which were 

identical to the Rf values (solvent g) of 1,2:5,6-di-Q-isopropyl idene­

a-D-glucofuranose and 1,2-Q-isopropyl idene-a-D-glucofuranose . 

respectively. The slower running component (Rf 0) was removed during 

washing of the chloroform solution of the mixture with water. 

Evaporation of the chloroform afforded a semi-crystall ine syrup (60 mg); 

Rf 0.62 (solvent g); -'max 3.0 11m (OH) and 7.3 11m [(CH3)2C]. 
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2 . 3.4 Reduction of 1,2:5,6-di-~-isopropylidene-a-D-glucofuranose 

3-azidosulphate (2). 

(1) Catalytically6. - A solution of compound 2 (0.75 g) in ethanol 

(25 ml) was hydrogenated with platinum(IV) oxide (75 mg) in a Cook's 

low pressure (30 p.s. i .g.) catalyst hydrpgenation plant, for 1 h at 

room temperature. The catalyst was removed by filtration and the 

ethanolic filtrate neutralized by addition of sol id sodium 

bicarbonate (2 g), followed by filtration and evaporation of the 

filtrate to afford a foamy crystalline product, t.l.c. examination 

(solvent f, spray reagent a) of which revealed the presence of a major 

component (Rf 0.5) and a trace of a compound having Rf O. The mixture 

was dissolved in ether (50 ml) and the solution was washed with water 

(50ml) to remove the trace contaminant,dried (sodium sulphate), and 

evaporated to yield (0.54 g, 77 . 5%) a foamy crystall ine product which 

was recrystall ized from ether-petroleum ether to afford compound 3 as 

flat needle crystals, Rf 0.9 (ether); m.p . 141.5° - 142°; [a]D -51.96° 

(£ 1.84); Amax 3. 0 ~m (NH2), 7. 15 ~m and 8 . 25 ~m (OS02NH2) ' 

Anal. Calc. for C'2H2,0.NS C, 42.48; H, 6.19; N, 4.13; S, 9.44. 

Found: C, 42.28; H, 6.29; N, 3.89; S, 9.23. 

(ii) With sodium borohydride - To a solution of compound 2 (0.45 g) in 

N,N-dimethylformamide (0.75 ml) and methanol (7.5 ml), was added sodium 

borohydride (0.36 g) in small portions. The r.eaction mixture was 

stirred continuously at room temperature for 1 h after addition of all 

the sodium borohydride. T.l.c. examination (solvent f, spray reagent 

a) revealed the presence of a major component (Rf 0.5) together with a 

s'mall proportion of what was presumably a hydrolytic by-product (Rf 0). 

The reaction mixture was shaken with water (50 ml) and then extracted 

with chloroform (50 ml). The combined chloroform extracts were dried 
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~odium sulphate) and finally evaporated under vacuum to remove N,N­

dimethylformamide. The syrup obtained was redissolved in chloroform 

(50 ml) and the latter solution washed with water to remove all traces 

of hydrolytic by-products. The chloroform extract was dried as above 

and concentrated to yield a pale yellow syrup (0.38 g, 90.9%), which 

crystall ized from chloroform-petroleum ether to form fine white needles 

(3) that were chromatographically pure (Rf 0.9, ether); m.p. 141° - 143°; 

[a] D -52. 78° (~ 1.69). 

2.3 .5 Partial hydrolysis of 3.-Q.-sulphamoyl -) ,2:5,6-di-Q.-isopropyl idene­

a-D-glucofuranose (3). - Compound 3 (1 g) in methanol (5 ml) 

was acidified with 0.1 N hydrochloric acid (0.3 ml, in 5 ml water) and 

stirred at 50° for 30 h. The reaction mixture was neutral ized with 

silver carbonate (0.1 g), filtered, and concentrated at 35° to afford a 

syrup. T.l.c. examination (solvent h, spray reagent a) revealed the 

presence of a major component (Rf 0.82), a trace of two components having 

Rf values of 0.62 (corresponded to that of 1,2-Q.-i sopropyl idene-a -D­

glucofuranose) and 0.44 respectively, and a very 51 ight trace 

of unreacted starting material (Rf 0.97). The ma in compound (4) was 

iso lated by column chromatography (ether) and obtained as a pale yellow 

sem i- crysta lline syrup (0.8 g, 90.]%); [a]D -23. 27° (c 1.96), methanol}; 

Amax 3.05 ~m (OH and NH 2), 7.35 ~m [(CH3)2C], 7. 1 ~m and 8.4 ~m (OS02NH2)' 

Anal. Calc. for C9 H17 0aNS : C, 36.12; H, 5.69; N, 4.68; S 10.7. Found: 

C, 35.84, H, 5.97; N 4.36, S, 10.79. 

Partial hydrolysis of 1,2 :5,6-di-Q.-isopropylidene-a-D-

glucofuranose 3-azidosulphate (2) - An aqueous (5 ml) acidified 

(0.3 ml 0 .1 N hydrochloric acid) methanol ic (5 ml) so lution of compound 2 
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(1.0 g) was stirred at 55° for 40 h. T.l.c. examination (solvent f, 

spray reagent a) revealed the presence of two components having Rf 

values of 0.4 (major) and zero respectively. The reaction mixture was 

worked up as described above and the main compound (5) isolated by 

column chromatography (solvent d) as a syrup (0.7 g, 78.8%); Rf 0.4 

(solvent d) and 0.77 (ether); [a l D -95.49° (c 1.95); "max 2.94 ].1m (OH), 

4.68 ].1m (N 3), 7. 25 ].1m [(CH3)2C), 7.0 ].1m and 8.15 ].1m (OS02N3)' 

Anal. Calc. fo r CgH1sO aN3S : C, 33.23; H, 4.61; N, 12.92; 5,9.84. 

Found: C, 36.0; H, 5.07; N, 11 . 24; 5, 8.83 (product underwent gradual 

decomposition). 

2.3.7 Reduction of 1,2-Q-isopropylidene-a-D-g lucofu ranose 3-

azidosulphate (5) - Compound 5 (0.5 g) in ethanol (20 ml) 

containing platinum(IV) oxide (50 mg) was hydrogenated (30 p.s. i.g.) 

for 1.5 h at room temperature. The reaction mixture was worked up as 

previously described, to afford a yellow syrup. T.l.c. examination 

(ether, spray reagent a) indicated the presence of a major component 

(Rf 0.32) and a minor amount of a compo und (Rf 0.19) which corresponded 

to 1,2-Q- isopropyl idene-a-D-gTucofuranose. The main compound (4) was 

isolated by column chromatography (ether) as a semi~crystall ine syrup 

(0.2 g, 43.5%); Rf 0.82 (solvent h); [a lD -22.8° (£ 2.01, methanol); 

"max 3.0 ].1m (OH and NH 2) , 7 . 35 ].1m [(CH 3)2C ], 7.1 ].1m and 8.35 ].1m 

(OS02 NH 2) . 

2.3.8 5,6-Di-Q-acetyl-l , 2-Q-isopropyl idene-a- D-glucofuranose 3-

azidosulphate (6) - To a chilled solution of compound 5 (0.25 g) 

in pyridine (1.0 ml) was added acetic anhydride (1.0 ml) dropwise . The 

reaction mixture was allowed to stand at room temperature for 12 h, after 
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which it was poured into ice (50 g) and stirred. Compound 6 separated 

out as a syrup. The aqueous portion was decanted and the syrupy 

residue dissolved in chloroform. The chloroform solution was washed 

successively with 10% sulphuric acid (50 ml), saturated sodium 

bicarbonate solution (50 ml), and water, dried (sodium sulphate), 

filtered and concentrated to yield a pale yellow syrup (0.2 g, 63.6%) . 

T.l.c. examination (solvent f, spray reagent a) indicated the presence 

of a sing Ie compound (Rf 0.62); [alo -14.11° (£ 1.46) ; Amax 4.68 )lm(N3), 

5.8 )lm (OAc), 7.15 )lm and 8.25 im -(OS02N3)' 

Anal. Calc. for CI3H190ION3S : C, 38.14; H, 4.65; N, 10.27; 5, 7.82. 

Found: C, 39 . 75; H, 4.67; N, 8.8; 5, 6 . 78 . 

2.3.9. 5,6-0i-Q-acetyl-3-Q-sulphamoyl-l ,2-~~isopropyljdene-a-O-

glucofuranose (7) 

(i) Catalytically - Compound 6 (0.3 g) in ethanol (10 ml) containing 

platinum(IV) oxide (30 mg) was hydrogenated (30 p.s.i.g.) for 0.75 h 

at room temperature. The reaction mixture was worked up as previously 

described to afford a pale yellow syrup (0.26 g, 92.85%) which 

crystallized from chloroform-petroleum ether to form flat, granular 

off-white crystals. T.l.c. examination (solvent f, spray reagent a) 

revealed the presence of a single compound (7) having Rf 0.45; m.p. 

146°-147°; [alo + 1.38° (c 1.44); A 3.05 )lm (OH and NH2), 5.83 )lm - max 

(OAc) , 7.08 )lm and 8 . 35 )lm (OS02NH2). 

Anal. Calc. for C13H21010NS : C, 40.73; H, 5 . 48; N, 3.66; 5, 8.36. 

Found: C, 40.73; H, 5.-54; N, 3.64; 5, 8.33. 

(ii) With sodium borohydride - To a solution of compound 6 (25 mg) 

in methanol (2 ml) and N,N-dimethylformamide (0 . 05 ml) was added sodium 
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borohydride (20 mg) as previously described. The mixture was stirred 

at room temperature for I h, after which t. I .c. examination (solvent f , 

spray reagent a) revealed the presence of a major component (Rf 0.45), 

and a trace quantity of a component at the origin (corresponded to 1,2-

Q-isopropylidene-a-O-glucofuranose). The reaction mixture was worked 

up as previously described to yield a pale yellow syrup (15 mg, 80%) 

which crystall ized from chloroform-petroleum ether to form 

chromatographically pure crystals (7) having Rf 0.45 (solvent f), and 

m.p. 146°-147°. 

2.4. I 5-Chloro-5-deoxy-I,2-Q-isopropyl idene-~-L-idofuranurono-6,3-

lactone (8) - To a cooled (-10°) solution of 1,2-Q-

isopropyl idene-a-O-glucofuranurono 6,3-lactone (10 g) in pyridine 

(16 ml) and chloroform (150 ml) was added sulphuryl chloride (10 ml, 

diluted with 50 ml chloroform) as described, over 4 h. The reaction 

mixture was allowed to stand at ~ 5° overnight, after which t.l.c . 

examination (solvent g, spray reagent a) revealed the presence of a 

single component (Rf 0.93) which gave a negative reaction with spray 

reagent b. The product was isolated in the usual manner to yield a 

pale yellow amorphous powder (8.4 g, 77.7 %), which on recrystall ization 

from ether afforded white crystals; m.p . 135°-136°; [a10 +52 . 93° (~ 1.11); 

Amax 5.56 )Jm (lactone, C=O) and 7.3 )Jm [(cH3)zcl. (Parol is" reported 

[a10 +48.7° and m.p. 137°-139° for compound 8) 

Anal. Calc. for C9HIlOSCt : C, 46.06; H, 4.69; ct, 15.14. 

Found: C, 45.97; H, 4.67; ct, 15.43. 

2.4.2 . I ,2-Q-lsopropylidene-a-O-glucofuranurono-6,3-lactone 5-chloro-

sulphate (9) - To a solution of 1,2-Q- i sopropyl idene-a-O-
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glucofuranurono 6,3-lactone (2 g) in chloroform (15 ml) and pyridine 

(2 ml) at -78° was added sulphuryl chloride (1.3 ml in chloroform 

5 ml) as described. The temperature of the reaction mixture was 

allowed to rise to - 20°, and work up followed (0.75 h after additionof 

sulphury l chloride had commenced) by rapid di lution with chlorofo rm (50 ml). 

The product was isolated in the usual way as fine feathery crystals 

(2.26 g, 78%) with a pungent odour. Recrystall ization was effected 

from chloroform-petroleum ether. T.l.c. examination (solvent g, 

spray reagents a and b) - revealed the presence of a single component 

(Rf 0.88); m.p. 141°-153 ° (with slow decomposition); [a )O +64.5° 

(~1.38). (Compound 9 decomposed on standing, thus precluding 

characterization by elemental analysis). 

2.4.3 Reaction of 1,2-~-isopropylidene-a-O-glucofuranurono-6,3-

lactone 5-chlorosulphate (9) with potassium azide. 

(a) In the presence of 18-crown-6-ether - Potassium azide (0.78 g, 3.0 

molar equivalents) and 18-crown-6-ether (25.3 mg, 0.03 molar equivalent) 

were added to a solution of compound 9 (1 g) in acetone (8 ml). The 

reaction mixture was stirred at room temperature for 2 h, after which 

t.l .c. examination (solvent d, spray reagent b) revealed an absence of 

starting material. The reaction mixture was processed in the usual way 

to yield (0.49 g) white crystall ine needles. T.l.c.examination 

(solvent d, spray reagent a) indicated the presence of a major compound 

namely, 10 (Rf 0.73) and a minor compound 11 (Rf 0 .35), together with a 

trace of a compound having Rf 0.25. The crystalline mixture [Amax 

4.76 ~m (N 3 ) and 5 . 6 ~m (lactone, C=O)) was recrystall ized from ether -

petroleum ether to afford compound 10 (0.18 g); m.p. 110-113°; [a)O 

+92.7° (~ 1.41). 

Anal. Calc. for (5-azido-5-deoxy-l ,2-~-isopropyl idene-S-L-idofuranurono 
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6,3-lactone) CSHllOsN3 - : C; 44.SI; H, 4.56; _ N, 17.43. 

Found: C, 44.65; H, 4.62; N, 17.0. Compound II was isolated from 

the mother I iquor by column chromatography (solvent d) and obtained as 

a syrup (S.6 mg); [alD- +40.22° (!:. 0.46); Amax 4.73 11m (N 3) and 5.6 11m 

(I actone, C;O). 

(b) In the absence of IS-crown-6-ether - To a so lution of compound 

9 (0.2 g) in acetone (2 ml) was added potassium azide (0.156 g, 3.0 molar 

equivalents) with continuous stirring until all starting material was 

consumed (2.S h). The reaction mixture was processed as before, to 

yield white crystal I ine need les (0.1 g). T.I.c. examinat ion (solvent 

d, spray reagent a) revealed the presence of two major compounds namely 

10 (Rf 0.73) (predominant) and II (Rf 0.3S), together with a trace of a 

compound having Rf 0.23. (Recrystallization from ether-petroleum ether 

resulted in compound II and the latter being el iminated to a slight 

degree from compound 10). Compound 10 was separated by column 

chromatography (solvent d) and obtained as crystalline needles (0.06 g); 

m.p . 113°-IISo; Amax 4.73 11m (N 3) and 5.62 11m (lactone, C;O); [a lD 

+93,so (!:. 1.53). 

2.4.4 Heating of 5-azido-5-deoxy-I,2-~-isopropylidene- 8-L-idofuranu rono-

6,3-lactone (10) in N,N-dimethylformamide - Compound 10 (S mg) 

was heated (S5°C) in N,N- dime thylformamide for 10 h. T. I.c. examination 

(solvent d, s pray reagent a) revealed the presence of some starting 

material and approximately 60% of the gluco-isomer (Rf 0.35) which had 

formed. 
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2.4.5 Reaction of 1,2-~-isopropyl idene-a-D-glucofuranurono-6,3-lactone 

5-chlorosulphate (9) with potassium fluoride in the presence of 

18-crown-6-ether-Toasolution of compound 9 (0.8 g) in acetone 

(6.5 ml), was added potassium fluoride (0.45 mg, 3.0 molar equivalents) 

and 18-crown-6-ether (20 mg. 0.03 molar equivalent). The ' reac t ion 

mixture was stirred continuously at room temperature and worked up after 

6 h in the usual way, to yield (0.53 g) white granular crystals. T. 1 .c. 

examination (solvent d, spray reagent a) revealed the presence of two 

components with Rf 0.78 and 0.42, which were present in an approximate 

ratio of 60:40 respectively; the latter component was un reacted starting 

material which gave a positive reaction with spray reagent b, and was 

separated by column chromatography (solvent d) from the faster running 

component, which was isolated as a crystall ine mass (0.3 g, 48.8%) that 

was recrystall ized from ether to afford white crystals; m.p . 135°-137°; 

[alD +50.29° (~ 1.52); Amax 5.58 ~m (lactone, C=O) and 7.3 ~m 

[(CH 312 cl; (physical data obtained was simi lar to that reported for 

compound 8). 

2.4.6 Methyl 5-chloro-5-deoxy-a-L-idofuranosidurono-6,3-lactone 2-

chlorosulphate (13) - Sulphuryl chloride (10 ml) was added 

dropwise over 0.5 h to a cooled (below -40°) stirred solution of 

methyl-B-D-glucofuranosidurono-6,3-lactone ( 10 g) in pyridine (16 ml) 

and chloroform (80 ml). After a further 2 h below -40° the reaction 

t emperat ure was raised to 0° for 2 h and then the mixt ure was allowed 

to stand at room t emperature for 2 h. Work up as described afforded 

an off-white crystall ine mass which was recrystall ized from ether to 

afford compound 13 as colourless needles, m.p. 102°-103° and [al D 

-10.7° (~ 1.2). (Parol is's reported m.p. 102°-104 ° and [alD _11° 
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for compound 13). 

2.4.7 Reaction of methyl 5-chloro-5-deoxy-a-L-idofuranosidurono-

6,3-lactone 2-chlorosulphate (13) with potassium azide -

To compound 13 (100 mg) in acetone (10 ml) was added potassium azide 

(26 mg, L O molar equivalent) with stirring. An immediate evolution 

of sulphur dioxide occurred and t.l.c. examination revealed the 

formation of a s ingle compound. The reaction mixture was filtered 

and evaporated to dryness. The residue was extracted with warm 

ether and concentrated to a smal ·l volume which on cool ing afforded 

colourless cry s tals (14 ) (40 mg, 58.8%)m .. p .. 136°-138 ° ; [a l O -85.8° (~ 1.5). 

(Paro l i s 4 S r epo rted m. p. 137"-139° a nd [a lO -87° fo r methy l' 5-chloro-5-

deoxy-a -L - i do fu ranos i du rono-6, 3-1 ac t one). The mixed m. p. wi th a uthent i c 

met hy 1 5-ch 1 o ro-5-d eoxy- a - L - i do fu ranos i durono-6, 3-1 ac t one wa s 136-138 ° . 

2.5.1 5-Chloro-5-deoxy-l,2-~-isopropyl idene-a-O-xylofuranose 3-

chlorosulphate (15) - To a solution of 1 ,2-Q.-isopropyl idene-a ­

O-xylofuranose (5 g) in chloroform (35 ml) and pyridine (15 ml) at -14°, 

was added sulphuryl chloride (7 ml in chloroform 15 ml) as described, 

over 0.5 h. The reaction was continued at -14° for 2 h and then at 

room temperature for 20 h, after which time it was worked up in the 

usual way, to yield a creamy-white sol id (5.8 g, 73 %) which 

crystallized from ether-petroleum ether. T.l.c. examination (solvent d, 

spray reagent a) revealed the presence of a single component (Rf 0 . 78) 

which gave a positive reaction with spray reagent b ; m.p. 96 . 5°-97.5°; 

[alO -76.3° (£ 1. 76); Amax 7 . 1 ~m (0502Ct) and 8.45 ~m (050 2Ct) . 

Anal. Calc. for CaH1 206Ct2 5 : C, 31.27; H, 3.92; C , 23.1; 5, 10.42 . 

Found: C, 31.53; H, 3 . 87; ct , 23.57 ; 5, 9.58 . 
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2.5.2 5-Chloro-5-deoxy-l,2-Q-isopropyl idene-a-O-xylofuranose (16) -

Compound 15 (2.3 g) was catalytically dechlorosulphated (This reaction 

was carried out essentially according to the method of Jennings and 

Jones 35 but as described by Lawton et al. G
) by stirring a methanolic 

solution (70 ml) of it containing sodium bicarbonate (10 g), with 

addition of sodium iodide 10% in methanol (15 drops) at room 

temperature. The reaction -was continued for an hour, after which t. I . e. 

examination (solvent d, spray reagent a) indicated the presence of a 

single compound (Rf 0.4) and an absence of starting material (spray 

reagent b). The reaction mixture was filtered and the filtrate 

concentrated to dryness. The residue was dissolved in water (50 ml) 

and extracted repeatedly with chloroform - (50 ml portions), the extracts 

of which were bulked, dried (sodium sulphate), and concentrated to 

yield a white amorphous crystalline powder (1.35 g, 87%), which was 

recrystall ized from ether-petroleum ether to form fine feathery needles; 

m.p. 98°-99°; [a]O -40.07° (~ 1.33); Amax 2.9 ~m (OH). 

Anal. Calc. for CeH130.Ct : C, 46.04; H, 6.24; Ct , 17.03. 

Found: C, 45.98; H, 6.22; ct, 17.34. 

2.5.3 Reaction of 5-chloro-5-deoxy-l ,2-Q-isopropyl idene-a-O-xylofuranose 

3-chlorosulphate (15) with potassium azide and 18-crown-6-ether -

To a solution of compound 15 (1 g) in acetone (8 ml) was added potassium 

azide (0.79 g, 3.0 molar equivalents) and 18-crown-6-ether (25.8 mg, 

0.03 molar equivalent). The reaction mixture was stirred continuously 

at room temperature for 7 h, after which it was worked up in the usual 

manner to yield a pale yellow viscous syrup (0.74 g). T.l.c. 

examination (solvent d, spray reagent a) indicated the presence of two 
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components (Rf 0.77 and 0.4) (gave a negative result with spray reagent 

b) which were separated by column chromatography (solvents b and d) and 

obtained as: 

(i) a yellow syrup (17) (0.43 g, 42%) which crystallized out from 

ether-petroleum ether; Rf 0.77 (solvent d); m.p. 46°-47°; [a10 -153 . 16° 

(~ 1.36); Amax 4.68].1m (N,) 7.1 ].1m and 8.2 ].1m (050 2N3). 

Anal. Calc. for CeH1206Ct N35 C, 30.67; H, 3.73; Ct, 11.32; N, 13.41; 

5, 10.22. Found: C, 30.83; H, 3.84; Ct, 11.9 ; N, 13.05; 5, 10.25. 

(i i) a white crystal 1 ine compound (0.12 g, 17%); Rf 0.4 . (solvent d) 

(corresponded to that of compound 16); m.p. 96°-97.5°. 

2.6.1 1,2:3,4-0i-~-isopropylidene-a-O-galactopyranose 6-chlorosulphate 

~ - To a solution of 1,2:3,4-di-~-isopropyl idene-a-D­

galactopyranose (5 g) in chloroform (30 ml) and pyridine (4 ml) at 

-78°, was added sulphuryl chloride (2.6 ml in chloroform 20 ml) as 

described. The reaction mixture was allowed to approach -20° and 1 h 

after commencement, chilled 10% sulphuric acid was added to it rapidly 

followed byworkup in the usual way to yield compound 18 aspu~gent, white 

crystall i ne needles (6.02 g. 87.5%). T.l.c. examination (solvent c, 

spray reagent a) revealed a single component (Rf 0.6), whilst spray 

reagent b gave a positive result for chlorosulphate ester. M.p. 

83°-86° with slow decomposition; [alo -54.2° (c 1.68). 

2.6.2 Reaction of 1,2:3.4-di-~-isopropylidene-a-D-galactopyranose-6-

chlorosulphate (18) with 3.0 molar equivalents of potassium 

azide and (a) 3 x 10- 3 molar equivalents of 18-crown-6-ether­

To a solution of compound 18 (2 g) in acetone (20 ml), was added 
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potassium azide (1.36 g) and 18-crown-6-ether (4.5 mg). The reaction 

mixture was stirred continuously at room temperature for 140 h, after 

which time it was worked up as usual to yield a syrup (2.3 g) which 

crystallized out on refrigeration. T.I.c. examination (solvent c, 

spray reagent b) indicated an absence of starting material (18), 

whilst spray reagent a revealed the presence of three components, 

(i) Rf 0.67, (ii) Rf 0.57, (iii) Rf 0.13. Component (ii) was 

predominant, whereas (i) and (i ii) were present in minor proportions, 

and were partially removed from the mixture by repeated recrystall ization 

from ether-petroleum ether. Components (i), (ii) and (iii) were, 

however, separated by column chromatography (solvent a) and obtained as: 

(i) a syrup (20) (O.I g); Amax 4.76 llm (N,) 

(i i) crystals (19) (1.21 g); m.p. 72°-73°; [a]O -63.03° (~ 1.09); 

Amax 4.68 (N,), 7.15 llm and 8.25 llm (OS02N,). 

Anal. Calc. for C12H'90sN,S C, 39.45; H, 5.21; · N, 11.5; S, 8.77. 

Found: C, 39.85; H, 5.31 i N, 11.53; S, 8.88. 

(iii) a syrup (0.08 g); Rf 0.13 (solvent c) (corresponded to that of 

authentic 1,2:3,4-di-Q-isopropyl idene-a-O-galactopyranose) . 

(b) 1.0 molar equivalent of 18-cro~n-6-ether - To a solution of 

compound 18 (0.9 g) in acetone (IS ml), was added potassium azide 

(0.610 g) and 18-crown-6-ether (0.664 g), and reacted as before . All 

starting material (18) was observed by t.l.c . examination (solvent c, 

sp ray reagents a and b) to have been consumed after 21 h with 

predominant formation of compound 20 (Rf 0.67), and to a lesser degree 

that of 1,2:3,4-di-Q-isopropyl idene-a-O-galactopyranose (Rf 0.13), 

while only a sl ight trace of compound 19 (Rf 0.57) was evident. No 

further change in the respective relative proportions of these 

components was observed after 67 h, after which time the reaction 
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~ixture was processed in the usual manner to yield a syrup (0.69 g) 

which crystallized from ether-petroleum ether! g.l .c. examination of 

the crystall ine mass revealed the presence of 6-azido-6-deoxy-l,2:3,4-

di-Q.-isopropyl idene-a:-D-galactopyranose (20) (T = 0.57), 1,2:3,4-di-Q.­

isopropyl idene-a-D-galactopyranose (T = 0.89) and 6-chloro-6-deoxy-l,2 : 

3,4-di-Q.-isopropyl idene-a-O-galactopyranose in a ratio of 80:19:1 

respectively. Compound 20 pres_en.t in the crystall ine mixture was 

separated by column chromatography (solvent g) and isolated as a pale 

yellow syrup (0.25 g); [a 10 -90.1° (,::. 3.08) (Szarek and Jones 69 

reported [alo -92.1° for compound20); "max 4.78 )Jm (N 3 ). 

Anal. Calc. for CI2H,90sN 3: C, 50.52; H, 6.67; N, 14.73. 

Found: C, 50.28; H, 6.59; N, 14.96. 

2.6.3 Heating of 1,2:3,4-di-Q.-isopropyl idene-a -O-galactopyranose-6-

chlorosulphate (18) with potassium azide and 18-crown-6-ether -

Compound 18 (50 mg) was hea ted under reflux in acetone (1 ml) with 

potassium azide (32 mg, 3.0 molar equivalents), and 18-crown-6-ether 

(1.2 mg, 0.03 molar equivalent} . . After 1 h, t.l .c. examination 

(solvent c, spray reagents a and b) revealed an absence of starting 

material and the formation of mainly 1 ,2:3,4-di-Q.-isopropyl idene-a -Q­

galactopyranose (Rf 0.13) and compound 19, with a trace amount of 

compound 20. After 64 h of refluxing a predominant amount of the 

parent hydroxy sugar (Rf 0.13) and a negl igible trace of compound 20 

were made evident by t.l .c. examination. 
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2.6.4 Reaction of 1 ,2:3,4-di-~-isopropylidene-a-D-galactopyranose 

6-azidosulphate (19) with 18-crown~6-ether - To a solutionof 

compound 19 (30 mg) in acetone (I ml), was added 18-crown-6-ether 

(15 mg, 0.75 molar equivalent). After continuous stirring at 

room temperature for 56 h, t. l.c. examination (solvent c, spray 

reagent a) revealed that the starting material (19) had remained 

unchanged. 

2.6.5 Reaction of 1,2:3,4-di-~-isopropylidene-a-D-galactopyranose 

6-azidosulphate (19) with pyridinium chloride - To a 

solution of compound 19 (20 mg) in acetone (I ml) was added 

pyridinium chloride (19 mg, 3.0 molar equivalents). The reaction 

mixture was stirred continuously at . room temperature for 70 h, 

after which time t.l .c. examination (solvent c, spray reagent a) 

revealed the predominant presence of starting material (19) 

(Rf 0.57), and to a much lesser extent, the presence of a second 

component (Rf 0.7). The reaction mixture was then heated under 

reflux with further addition of pyridinium chloride (12.5 mg) . 

T.l.c. examination after 70 h revealed the presence of a major 

compound (21) (Rf 0.7) and an absence of starting material, whilst 

a slight trace of a component near the origin (Rf 0.09) was 

apparent. The reaction mixture was processed in the usual way 

and afforded a yellow syrup (devoid of the latter trace component 

which was removed in the work up process), g.l.c. examination of 

which revealed the presence of a single peak (T = 0.34) for 

6-chloro-6-deoxy-l,2:3,4-di-~-isopropyl idene-a-D-galacto-
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pyranose (21). 

2.6.6 Reaction of 1,2:3,4-di-Q-isopropyl idene-a-D-galactopyranose 

6-chlorosulphate (18) in the presence of 18-crown-6-ether 

with (a) Potassium Chloride - To a solution of compound 18 

(50 mg) in acetone (1 mll, was added potassium chloride (31 mg, 3.0 

molar equivalents) and f8-crown-6-ether (1.2 mg, 0.03 molar equivalent). 

The reaction mixture was stirred at room temperature for 234 h, after 

which time, t.l.c. examination (solvent c, spray reagents a and b) 

revealed an absence of starting material and the presence of 

compound 21 (Rf 0 . 7) and 1,2:3,4-di-Q-isopropyl idene- a-D-galactopyranose 

(Rf 0.13). The reaction mixture was processed in the usual manner to 

afford a syrup, g.l.c. examination of which revealed the presence of 

6-chloro-6-deoxy-l ,2:3,4-di-Q-isopropyl idene-a-D-galactopyranose (21) 

(T=0.34) and 1,2:3,4-di-Q-isopropylidene-a-D-galactopyranose (T = 0 . 9) 

in a ratio of 55:45 respectively . 

(b) Potassium Cyanide - Compound 18 (50 mg) was treated as above with 

potassium cyanide (27 mg, 3.0 molar equivalents). T.l .c. examination 

(as above) indicated that all starting material (18) had been consumed 

after 24 h, with the predominant formation of 1,2:3,4-di-Q­

isopropylidene-a-D-galactopyranose (Rf 0 . 13), together with a negl igible 

trace of a component having Rf 0.7. 

(c) Potassium Cyanate - compound 18 (50 mg) was treated as above with 

potassium cyanate (34 mg, 3.0 molar equivalents). T.l.c. examination 

(as above) revealed that all starting material (18) had been consumed 

after 140 h, and that two components (Rf 0.7 and 0.13) as above were 
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present. The reaction mixture was processed in the usual manner, and 

the resulting syrup examined by g.l .c. which revealed the presence of 

6-chloro-6-deoxy-l,2:3,4-di-~-isopropylidene-a-O-galactopyranose (21) 

(T ; 0.34), and 1,2: 3, 4-d i -~- i sop ropy 1 i dene-a- O-ga 1 actopyranose 

(T; 0.90) in a ratio of 66:34 respectively. 

(d) Potassium Fluoride - A solution of compound 18 (0.8 g) in acetone 

6.5 ml) was treated as above with potassium fluoride (0.39 g, 3.0 molar 

equivalents) and 18-crown-6-ether (18 mg, 0.03 molar equivalent). The 

reaction was continued for 140 h, after which time t.l.c. examination 

(as above) revealed an absence of starting material and the presence of 

a major amount of compound 22 (Rf 0.72),together with a trace of a 

faster running component (Rf 0.74), and a minor amount of 1 !2:3,4-di-~­

isopropylidene-a-O-galactopyranose (Rf 0.13). The reaction mixture was 

worked up as before, and g.l.c. examination revealed the presence of a 

trace of 6-chloroc6cdeoxy-l ,2:3,4-di-~-isopropylidene-a-O-galactopyranose 

(21) (T; 0.34), tog'ether with a minor amount of 1 ,2:3,4-di-~­

isopropylidene-a-O-galactopyranose (T ; 0.89). Compound 22 was 

separated by column chromatography (solvent a), which afforded crystals 

(0.4 g, 52.4%) that were recrystall ized from warm petroleum ether to afford 

clusters of colourless needles; m.p. 79°-80.5°; [a10 -48.78° (£ 1.23); 

Amax 7.0 ~m and 8.25 ~m (OS02F). 

2.7.1 Methyl 2,3,4-tri-~-methyl-6-~-trityl-a-O-glucopyranoside (23) -

A solution of methyl-6-~-trityl-a-O-glucopyranoside7o (10 g) in N,N­

dimethylformamide (20 ml) was stirred at room temperature with methyl 

iodide (75 ml) (added in portions) and si lver oxide (20 g) (added in 

portions), for 80 h. The reaction mixture was filtered and the 

filtrate concentrated by evaporating at 50° under vacuum, to a syrup 
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which was then dissolved in chloroform (200 ml). The chloroform 

solution was washed with 1% potassium cyanide solution (100 ml), then 

with water and dried (sodium sulphate). Evaporation of the 

chloroform yielded a syrup (9.44 g, 86%) which crystall ized from 

ether~petroleum ether; Rf 0.88 (ether, spray reagent a); m.p. 

104°-106°; (Lehmann 7l reported m.p. 109° for compound 23). 

2.7.2 Oetritylation 70 of methyl 2,3,4-tri-~-methyl-6-0-trityl-a-O­

glucopyranoside · (23) - A solution of compound 23 (10 g) in 

acetone (25 ml), acetic acid (45 ml) and water (5 ml), was heated at 

90° with continuous stirring for 1.5 h. The acetone was evaporated 

from the reaction mixture which was then refrigerated for several 

hours to allow for the complete precipitation of tritanol. The latter 

was removed by filtration, and the aqueous acidic filtrate concentrated 

under reduced pressure at 50°-60°. The concentrate was dissolved in 

chloroform, dried (sodium sulphate), and filtered. Concentration of 

the filtrate afforded a pale yellow mobile syrup (3.47 g), t.l.c. 

examination (ether, spray reagent a) of which revealed the presence of 

a major component (Rf 0.22) and traces of two other components (Rf 

0.57 and 0.04). The major compound (24) was isolated by column 

chromatography (ether) as a syrup (2.85 g, 57%); [alO +154° (£ 1.41); 

(Robertson 72 reported [alo +156.6° . for compound 24). 

2.7.3 Methyl 2,3,4-tri-~-methyl-a-D-glucopyranoside 6-chlorosulphate 

(25) - To a solution of compound 24 (1.0 g) in chloroform 

(10 ml) and pyridine (0.8 ml) at -30°, was added sulphuryl chloride 

(0.52 ml in chloroform 2 ml) as described. After 0.5 h chilled 10% 

sulphuric acid was added rapidly to the reaction mixture, which was 



-64-

then worked up in the usual way to afford a yellow syrup (1.38 g, 

97.5%) t.1.c. examination (ether, spray reagent a) of which revealed 

a single compound (25) having Rf 0.86 and which gave a positive 

result with spray reagent b; [a10 +113.9° (£ 2.33); Amax 7.0 ~m 

and 8.3 ~m (osozC~). 

2.7.4 Reaction of methyl 2,3,4-tri-~-methyl-a-O-glucopyranoside 

6-chlorosulphate (25) with potassium azide - A solution of 

compound (25) (0.58 g) in acetone (6 ml) was stirred with potassium 

azide (0.17 g, 1.2 molar equivalents) for 30 h at room temperature, 

after which time t.1.c. (ether, spray reagent b) revealed that all 

starting material had been consumed, whilst spray reagent a indicated 

the presence of a major component (Rf 0.86) and a trace amount of a 

component having Rf 0.3. The reaction was processed in the usual 

way to yield a yellow syrup (0.35 g) from which compound 26 (Rf 0.86) 

was isolated by column chromatography (solvent d) as a syrup (0.3 g); 

[alo +143.3° (£ 1.71); Amax 4.78 ~m (N 3). 

Anal. Calc for C'OH'90.N3S : C, 35.19; H, 5.57; N, 12.32; S, 9.38. 

Found C, 49.72; H, 7.98; N, 10.14; S, 0.65. 

2.7.5 Reaction of compound 26 with potassium azide and 18-crown-6-

ether - A solution of compound 26 . (0.17 g) in acetone (3 ml) 

was stirred with potassium azide (0.2 g, ~ 5 . 0 molar equivalents) and 

18-crown-6-ether (0.13 g, ~ 1.0 molar equivalent) at room temperature 

for 120 h. The reaction mixture was worked up as before to yield a 

syrup (0.13 g) which was disti lied at 8J?-85 % .3 mmHg; t.1.c. 

examination (ether, spray reagent a) revealed the presence of a single 

component (27), (Rf 0.85); [a 10 +136.8° (£ 2.23); Amax 4.8 ~m (N 3). 
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Anal. Calc. for CloH19N30S : C, 45.97; H, 7.28; N, 16.09. 

Found: C, 47.18; H, 7.61; N, 11.61. 

2.8.1 Methyl 4,6-~-benzyl idene-2,3-di-~-methyl-a-D-glucopyranoside 

(28) - A solution of methyl 4,6-~-benzyl ide ne-a-D­

glucopyranoside (15 g) in N,N-dimethylformamide (40 ml) and methyl iodide 

(120 ml), was stirred with silver oxide (20 g) at room temperature for 

24 h, after which time the reaction mixture was filtered, and the 

filtrate concentrated under vacuum to yield a crystalline mass (11.4 g, 

68.75%) that was recrystallized from ether-petroleum ether to afford 

white, flat needles; m.p. 121°-122°. (Akiya 73 reported m.p. " 122°-123°). 

2.8.2 Methyl 2,3-di-~-methyl-a-D-glucopyranoside (29) - Compound 28 

(10 g) was heated on a boiling water bath for 15 minutes in the presence 

of aqueous acetic acid (60%) (50 ml). The latter was removed under 

vacuum at 50° and the residue was extracted with petroleum-ether (to 

remove benzaldehyde) and finally obtained as large colourless crystals 

(5.62 g, 82.2%); m.p. 80°-82° (White et a1 7• reported m.p. 85°). 

2.8.3 Methyl 2,3-di-~-methyl-6-~-trityl-a-D-glucopyranoside (30) -

To a solution of compound 29 (1 g) in pyridine (20 ml) was added trityl 

chloride (1.4 g) and the mixture al lowed to stand at room temperature 

for 48 h. Chloroform (50 ml) was then added to the reaction mixture, 

and the ch1broform solution .was washed successively with saturated 

aqueous sodium hydrogen sulphate, saturated sodium bicarbonate 

solution, and water. The chloroform extract was then dried (sodium 

sulphate) and concentrated to yield a crystalline mass (1.6 g, 77%) 

which was recrystallized from chloroform-petroleum ether, to afford 
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colourless plates; Rf 0.25 (solvent d); m.p. 167°-169° (1 it. 72, m.p. 

2.8.4 Chlorosulphation of methyl 2,3-di-~-methyl-6-~-trityl-a-D-

glucopyranoside (30) - To a solution of compound 30 (0.5 g) in 

pyridine (0.4 ml) and chloroform (5 ml) at -10°, was added sulphuryl 

chloride (0.26 ml in chloroform 2.5 ml) as described. The reaction 

mixture was worked up in the usual way after 0.5 h to yield a foamy 

syrup (0.55 g). T.l.c: examination (solvent d, spray reagent a) 

revealed the presence of a major compound (31) (Rf 0.55), as well as 

two minor components having Rf 0.1 and 0.8 (tritanol). The compounds 

with Rf 0.55 and 0.1 gave a positive reaction with spray reagent b. 

Compound 31 was isolated by column chromatography (solvent b) as a 

syrup (0.38 g, 62.8%) which crystall ized from chloroform-petroleum 

ether as cubes; m.p. 104 °-106° (with gradual decomposition); [a]D 

+78.75° (£ 2.24); Amax 7.0 ~m and 8.3 ~m (OS02C~), 

Anal. Calc. for C2SH310SC£S: C, 59.78; H, 5.51; C~, 6.31; S, 5.69. 

Found: C, 59.78; H, 5.59; C~, 6.49; S, 5.75. 

2.8.5 React i on of methy 1 2, 3-d i -O-methy 1-6-0-t r i ty 1 -a-D-g 1 ucopy ranos ide 
- -

4-chlorosulphate (31) with potassium azide and 18-crown-6-

ether - A solution of compound 31 (0.28 g) in acetone (5 ml), 

was stirred at room temperature in the presence of potassium azide 

(0.125 g, 3.0 molar equivalents) and 18-crown-6-ether (0.130 g, 1.0 

molar equivalent). T.l .c. examination (solvent d, spray reagent b) 

indicated that a trace of starting material (Rf 0.55) was present 

after 1 h, at which stage, two major components (Rf 0.46 and 0.25) were 
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revealed with spray reagent a. The reaction was continued for 72 h, 

during which time incremental amounts of potassium azide (90 mg, 2.25 

molar equivalent s ) and l8-crown-6-ether (130 mg, 1.0 molar equivalent) 

were added. T.l.c. (as above) indicated the presence of two 

compounds, 32 (Rf 0.46) and 30 (Rf 0.25), which were separated by 

column chromatography (solvent c) and i solated re s pectively as: 

(i) a colourless syrup (0.14 g) Rf 0.46 (solvent d); [a]D +57.06 0 

(~ 1.7); Amax 4.78 ~m (N3). 

Anal. Calc. for C2s H310 SN3: C, 68.70; H, 6 . 34; N, 8.59. 

Found: C, 68 . 25; H, 6.41; N, 8.29. 

(ii) white granular crystals (0.08 g), Rf 0.25 (solvent d); m.p. 

165-167°. 

2.9.1 Methyl 2,3-di-~-methyl-a-D-glucopyranoside 4,6-dichlorosulphate 

(33) - To a solution of compound 29 (3 g) in pyridine (3 ml) 

and chloroform (10 ml) at -70 0
, was added sulphuryl chloride (2.5 ml in 

chloroform 10 ml) as described, over 30 mins. The reaction mixture 

was worked up by the rapid addition of chilled sulphuric acid 10%, and 

processed in the usual way, 5 minutes after all the sulphuryl chloride 

soluti on had been added, to yield a crystalline mass (5.51 g, 97.3%) 

that was recrystallized from ether to afford transparent needles, Rf 

0.76 (solvent g, spray reagents a and b); m.p. 94°-96.5°; [a]D +87.37° 

(~ 1.9); Amax 7.0 ~m and 8.25 ~m (OS02Ct ). 

Anal. Calc. for C9H1601 0Ct2 S2: C, 26.47; H, 3.82; ct, 16.95; S, 15.27. 

Found: C, 26.21; H, 3.80; ct, 17.76; S, 14 . 91. 
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Reaction of methyl 2,3-di-Q-methyl-u-O-glucopyranoside 4,6-

dichlorosulphate (33) with potassium azide - A solution of 

compound 33 (l g) in acetone (20 ml), was stirred at room temperature 

in the presence of potassium azide (0.48 g, 2.5 molar equivalents) for 

6.5 h. The reaction mixture was worked up in the usual way to yield 

a syrup (0.86 g), t.l.c. examination (solvent g, spray reagent a) of 

which showed the presence of a major compound (Rf 0.8) and a minor 

compound (Rf 0.45), which both gave a positive result with spray 

reagent b. The major component was isolated by column chromatography 

(solvent c) to give compound 34 as a syrup (0.67 g, 81.2%); [ulo +97.95° 

(c 1.91); Amax 4.8 ~m (N,), 7.0 ~m and 8.3 ~m (OS02C~), 

Anal. Calc. for C9HI607C~N,S: C, 31.25; H, 4.64; C~, 10.14; N, 12.15; 

s, 9.27. Found: C, 32.92; H, 5.19; C~, 13.77; N, 9.5; s, 5.48. 

2.9.3 Methyl 6-azido-6-deoxy-2,3-di-Q-methyl-u-O-glucopyranoside (35) -

Compound 34 (0.33 g) was catalytically dechlorosulphated 6 by adding a 

methanol ic solution of sodium iodide 10% (5 drops) to a solution of it 

in methanol (10 ml) to which sodium bicarbonate (2 g) was added. The 

reaction mixture was stirred at room temperature for 0.75 h, after which 

time it was worked up as before to yield compound 35 as a syrup (0.16 g, 

67.8%). T.l.c. examination (solvent g, spray reagent a) revealed a 

single component (Rf 0.41) which gave a negative reaction with spray 

reagent b; [u10 +101.3° (50. 1.57); Amax 2.95 ~m (OH) and 4.83 ~m (N,). 

Anal. Calc. for C9HI70SN,: C, 43.72; H, 6.88; N, 17.0. 

Found: C, 44.06; H. 7.19; N, 15.86. 
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2.9.4 Methyl 4-~-acetyl-6-azido-6-deoxy-2,3-di-~-methyl-a-O­

glucopyranoside (36) - To a solution of compound 35 (60 mg) 

in pyridine (0.3 ml), was added acetic anhydride (0.3 ml) dropwise, 

and the mixture allowed to stand at room temperature for 6 h. The 

reaction mixture was poured into ice (50 g) and then extracted with 

chloroform (50 ml) after the ice had thawed. The chloroform 

extract was shaken with sulphuric acid 10% (50 ml), saturated 

sodium bicarbonate solution (50 ml), washed successively with water 

and dried (sodium sulphate). Evaporation of the chloroform yielded 

a yellow syrup (BO mg, 70.2%), which was distilled at BOo-83 % .04 mmHg. 

T.l.c. examination (solvent g, spray reagent a) revealed a single 

compound (36); Rf 0.65; [a10 +B3.B7° (£ 1.55); "max 4.78 11m (N 3) and 

5.B311m (OAc). 

Anal. Calc. for CllH1906N3: C, 45.67; H, 6.57; N, 14.53. 

Found: C, 45.49; H, 6.74; N, 13.56. 

2.9.5 Reaction of methyl 6-azido-6-deoxy-2,3-di-~-methyl-a-O­

glucopyranoside 4-chlorosulphate (34) with potassium azide 

and lB-crown-6"ether - To a solution of compound 34 (0.35 g) 

in acetone (7.5 ml), was added potassium azide (0.41 g, 5.0 molar 

equivalents) and lB-crown-6-ether (0.27 g, 1.0 molar equivalent). 

The reaction mixture was stirred at room temperature for 120 h 

[t.l.c. examination (solvent g, spray reagent b) indicated that all 

the starting material (34) had been consumed after 1 hl, after which 

time it was worked up in the usual way to yield a pale yellow syrup 

(0.35 g) . T.l.c. examination (solvent g, spray reagent a) revealed 

the presence of two major compounds, 37 (Rf 0.68) and 35 (Rf 0.41), 
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that were separated by column chromatography (solvent d), and 

obtained respectively as: 

(i) a yellow syrup (0.13 g); [a lo +95.25° (£ 1.77); Amax 4.83 ).1m 

(N 3) . 

Anal. Calc. for C9 HI6 0,N 6 : C, 39.71; H, 5.88; N, 30.88. 

Found: C, 39.81; H, 5.90; N, 28.64. 

(ii) a pale yellow syrup (0.12 g); [alo +94° (£ 1.48); Amax 2.98 

).1m (OH) and 4.83 ).1m (N 3 ) . 

2.10.1 Benzylation of l,2:5,6-di-~-isopropyl idene-a-O-glucofuranose -

To a solution of l,2:5,6-di-~-isopropylidene-a-O-glucofuranose (20 g) 

in N,N-dimethylformamide (300 ml), was added sodium hydride (8 g) 

(previously washed with petroleum-ether) in portions, and the 

mixture stirred at room temperature for an hour, after which time 

benzyl chloride (20 ml) (diluted with N,N-dimethylformamide 20 ml) 

was added dropwise with continuous stirring. The reaction was 

continued for 5 h and methanol (40 ml) then added dropwise with 

continuous stirring. The mixture was evaporated to afford an oily 

residue which was dissolved in chloroform (600 ml), and the chloroform 

extract was repeatedly washed wi·th water, dried (sodium sulphate), and 

concentrated to a yellow-orange oily syrup (24.72 g). T. l.c. 

examination (solvent d, spray reagent a) revealed the presence of 

a major compound (38) (Rf 0.72) that was separated by column 

chromatography (solvent a) from trace amounts of components having 

Rf 0.86, 0.46 and 0 . 07, and isolated as a syrup (23.9 g, 88.8%); 

[a lo -25.2° (£ 1.56) (lit. 7s , [a lo -27.7°). 
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2.10.2 3-~-Benzyl-l ,2-~-isopropyl idene-u-O-glucofuranose (39) -

Compound (38) (23.9 g) was added to methano 1 (150 m 1) and water (50 

ml). The suspension was stirred and warmed (~55°), and Amberl ite 

IR 120 (H+) ion exchange resin (25 g) was added in portions (10 g) 

and stirred continuously for 15 h. The reaction mixture was 

fi ltered, and the methanol ev.aporated. Water (100 ml) was then 

added to the residue and the latter repeatedly extracted with 

chloroform (100 ml portions). The combined chloroform extracts were 

dried (sodium sulphate) · and concentrated to yield a yellow syrup 

(18.06 g). T.l.c. examination (ether, spray reagent a) revealed 

the presence of a major compound (39) (Rf 0.64) that was separated 

by column chromatography (solvent d) from trace amounts of components 

having Rf 0.95 and 0.24. Compound 39 was obtained as a yellow syrup 

(17.45 g, 82.47%); [ulo -41.2° (£ 1. 68) (1 it. 76, [a10 -35°). 

2.10.3 3-~-Benzyl-6-chloro-6-deoxy-l,2-~-isopropyj idene- a -O 

glucofuranose 5-chlorosulphate (40) - To a solution of 

compound (39) (8 g) in pyridine (12.8 ml) and chloroform (120 ml) at 

-10°, was added sulphuryl chloride (8.32 ml in chloroform 40 ml) as 

descr i bed. The reaction was continued at -10° for 2 h and then at 

room temperature for an additional 3 h, after which time, it was 

worked up in the usual manner to yield a crystall ine mass (10.17 g, 

88.97%) that was recrystall ized from ether-petroleum ether, to form 

white transparent needles; Rf 0.77 (solvent d, spray reagents a and 

b); m.p. 100°-100.5°; [a10 -28.95° (£ 1.52); "max 7.13)lm and 8.35)lm 

(OS02 CR,). 

Anal. Calc. for C16H2007CR,2S: C, 44.96; H, 4.68; CR" 16.62; S, 7.49. 

Found: C, 45.30; H, 4.69; CR" 16.79; S, 7.71. 
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2.10.4 3-~-6enzyl-6-chloro-6-deoxy-l,2-~-isopropyl idene-a-D­

glucofuranose (41) - Compound 40 (1 g) in methanol was 

catalytically dechlorosulphated 6 as previously described, to yield a 

pale yellow syrup (0.74 g, 96.1%). T.l.c. examination (solvent d, 

spray reagent a) revealed the presence of a single compound (41) 

(Rf 0 . 54), which gave a negative reaction with spray reagent b; 

[alD -42.15° (.£. 1.44); "max 2.8 llm (OH). 

Anal. Calc. for C'6H2105C~: C, 58.45; H, 6.39; C~, 10 . 81. 

Found: C, 58.64; H, 6.38; C~, 10.65. 

2.10.5 5-~-Acetyl-3-~-benzyl-6-chloro-6-deoxy-l,2-~-isopropyl idene­

a-D-glucofuranose (42) . - To compound (41) (0.26 g) in 

solution with pyridine (1.0 ml), was added acetic anhydride (1.0 ml). 

The reaction mixture was left to stand at room temperature overnight, 

after which it was poured into ice (50 g), and worked up in the usual 

way to afford a yellow syrup (0.23 g, 77.15%) which crystall ized out 

on standing in the cold. Recryitall ization from petroleum 'ether 

afforded transparent plates; m.p. 76°-77°; [alD -77.29° (.£. 1.29); 

"max 5.78 llm (OAc). 

Anal. Calc. for C18H2306C~: C, 58.39; H, 6.21; C~, 9.58. 

Found: C, 58.08; H, 6.2; C~, 9.94. 
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3. DISCUSSION 

3.1 The reaction of sulphuryl chloride with carbohydrates containing 

free hydroxyl groups has been extensively studied, and shown to give 

fully substituted derivatives containing both chlorodeoxy and 

chlorosulphate ester groups. Carbohydrate chlorosulphates react with 

a variety of nucleophil ic agents 2., and these reactions may be conveniently 

divided into those occurring with (a) C-O bond fission, (b) s-o bond 

fission, (c) S-C!/' bond fission and (d) those proceeding via (b) and (c). 

Various sugar chlorosulphate esters containing primary and secondary 

chlorosulphonyloxy groups in sterically favourable and unfavourable 

positions for nucleophil ic displacement were synthesized,and their reactions 

. with azide were investigated. 

x 
0 

0 

O~ 
( I ) R = S02C!/, 

(2) R = S02N, 

(3) R = S02NH2 

Chlorosulphation of 1,2:5,6-di-~-isopropyl idene-a -D-glucofuranose 

at -10° afforded the 3-chloros~lphate (I), the m.p. of which was 

consistent with that reported by Jennings and Jones 's . The optical 

rotation (-55.95°), however, was somewhat higher than that reported 35 

This may be attributed to the higher proportion of sulphuryl 
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chloride employed by Jennings and Jones 35
, which could have led to more 

impurities being present. The infra-red spectrum of I showed the 

characteristic absorbance peaks for chlorosulphate (7. 13 ~m and 8.45 ~m). 

The n.m.r. data for I which has not previously been reported is given in 

Table I. H-I, H-2 and H-3 appeared as threedouti lets,whi ,le H-4, H-·5, H-6and 

H-6' were observed as a comp l ex mu ltiplet. The doublet due to H-3 

appeared as expected,further down field in comparison to that of 1,2:5,6-

di-~-isopropyl idene-a -D-glucofuranose 77 , because of the deshielding effect 

of the electron wit hdrawing chlorosulphate group. 

Table I .:. Chemical shifts (l"-values) and first-order coupling constar1ts (Hz) for compounds 1-7 

ompound 1 2 3 " 5 6 

H-l 3.97(d) '.oo(dl '.oo(dl 3.93!d) '.06(d) 3.95(d) 

H-2 5.05(d) 5.15(d) 5.12(dl 5.07(d) 5 . 18(d) 5. 11 (d) 

H-3 •. 70 (d) •. 90(d) '.96(d) '.9"d) '.8'(d) '.89(d) 

H-' <.68Idd\ <.70Idd\ <.'7Idd\ 

H-5 5.27-6.07 5.07-6.20 5.51-6.06 6 . 0<lm\ '.71Im\ 

H-6 (em) (em) (em) 6.15-6.65 5.95-6.~0 <.12ldd\ 
(em) (em) 

5. 83Idd\ H-6 1 

8 .• 6(,) 8 .• 7(,) 8 .• 8(,) 8 ..• 3 (,) 8 .• 9(,) 8 .• 7(,) 

tHe, 8.56(,) 8.53(,) 8.55(,) 8.60(,) 8. 68(,) 8.6.(,) 

~.65('\(2x) 8.65(,) 12x\ 8. 671,\(2x\ 

NH, 
='.6~\(S) 

OH (broad =7. 28(,) 

OAe 7. 92(,) 
(2 x OAe) 

J},2 3.3 •. 7 •• 0 3.3 4.0 ~.O 

J, ... =1.. 2.3 2 .3 2.7 2.3 2.4 

J~. 5 8.7 8.7 8. 7 

Js. 6 2.7 2.7 2.7 

JS.6' 5.3 5.3 ~.7 

J,.6' - - 12.6 

~: d - doublet. dd - doub le doublet, m - multiplet. em .- complex multiplet, s - singlet . 

* (In deutero-acetone) 

7 

3.9 1(dl 

5.07(dl 

'.92(d) 

<.<Olddl 

'.<'Im\ 

<.'Olddl 

5.821ddl 

8.'9(,) 

8.6.(,) 

7 .B~l:l 7 .93 , 

•• 0 

2.7 

8.7 

2. 7 

6.7 

12.0 

Reaction of I with potassium azide in the presence of 18-crown-6-

ether in acetone for 24 h at room temperature,resulted in the replacement 

of the chloro group by azide and the formation of the azidosu l phate (2) 

as a syrup. In addition, a small proportion (14%) of a crystal I ine 
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dechlorosulphated compound which had a similar Rf value and m.p. to 

that of the parent hydroxy sugar, l,2:5,6-di-0-isopropylidene-a -D-

glucofuranose was obtained. A similar dechlorosulphation phenomenon 

was also reported by Parol is et ~.63 who observed the formation of the 

2- and 3-monochlorosulphate esters in addition to the completely dechloro-

sulphated compound upon treatment of methyl 4,6-dichloro-4,6-dideoxy-a -D-

galactopyranoside 2,3-dichlorosulphate with sodium azide. The in f ra-red 

spectrum of 2, with the exception of the absorbance peak for azide 

(4 . 74 Vm) was similar to that of 1. The peak at 6.92 vm was assigned to 

azidosulphate. The n.m.r. spectrum of 2 (Table I) was comparable to 

that of 1, with the exception of the H-3 proton which was observed to 

resonate sl ightly upfield . 

In the absence of 18-crown-·6-ether, similar products (as above) were 

obtained in comparable yields, but the reaction time was found to have 

approximately doubled. The increase in rate of nucleophilic substitution 

in the presence of crown-ether is brought about by the enhancement of the 

nucleophil icity of azide. The increased nucleophilicity results in 

shorter reaction times and use of lower reaction temperatures in 

bimolecular nucleophil ic substitution reactions 78
• Crown-ethers 

solubilize alkali me tals by providing the cations with an organic mask by 

complex formation 79
• 

Whistler et al. 8o ,8! have reported the displacement of the R-tolyl-

sulphonyloxy group in l,2:5,6-di-£-isopropyl idene-3-£-£-tolylsulphonyl-a-

D-glucofuranose by azide, with inversion to give the corresponding 3-azido-

3-deoxy allofuranose derivative after prolonged (15 days) reaction in N,N-

dimethylformamide, or after 18 h in hexamethylphosphoramide. When 2 was 

treated with potassium azide and 18-crown-6-ether for a prolonged period 

(64 h) at room temperature, only 5-0 bond fission occurred with the 
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formation of 1,2:5,6-di-~-isopropyl idene-a-D-glucofuranose as the major 

product. T.l.c. of the reaction mixture failed to reveal any 3-azido-

3-deoxy-allofuranose derivative. It has been shown 82 - 8s that in 

bicyclic compounds containing two cis-fused 5-membered rings, SN2 

displacement of an exo-sulphonate group with subsequent Walden inversion 

is sterically hindered, whereas "endo-sulphonate groups are fairly 

susceptible to nucleophil ic displacement . 

The replacement of potassium azide with potassium nitrite in the 

same molar proportion, also resulted in some dechlorosulphation of 

1,2:5,6-di-~-isopropylidene-a-D-glucofuranose 3-chlorosulphate (1), 

during reaction with the latter in the presence of 0.03 molar equivalents 

of 18-crown-6-ether, but a greater proportion of the starting material (1) 

remained unchanged after 88 h. 

Reduction of 1,2:5,6-di-~-isopropylidene-a-D-glucofuranose 3-azido­

sulphate (2) either by hydrogenation in ethano1 86 with platinum oxide 68 

as catalyst, or with sodium borohydride 87 in a mixture of N,N-dimethyl­

formamide BB and methanol afforded a crystall ine 3-sulphamoyl derivative 

(3). In addition a small quantity of 1,2:5,6-di-~-isopropylidene-a-

D-glucofuranose had formed as a result of removal of the azidosulphate 

group. The infra-red spectrum of 3 revealed the absence of the azide 

absorbance peak but showed an absorbance peak due to a sulphonyloxy and 

NH2 group, while elemental analysis conformed with the assigned structure. 

The n.m.r. spectrum (Table I) was similar to the parent compound (2) with 

the exception of the appearance of a 2-proton singlet at T 4.5 due to 

protons of the sulphamoyl group. 

The synthesis of sulphamoyl carbohydrate derivatives is of interest 

since sulphamoyl nucleosides 23,24 have been shown to have biological 

activity. The synthetic routes employed here to afford the sulphamoyl 
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derivative (via reduction of the corresponding azidosulphate) was also 

preferred by Hedayatullah ~~B9 who synthesized aryl sulphamates via 

a similar red uction sequence, instead of through the use of su l phamoy l 

chloride or chlorosulphonyl isocyanate which are both high l y toxic and 

difficult to manipu l ate , 

The mass spectra l data for compounds I , 2 and 3 are given in Tab l e 

I I . and possible fragmentat i on pathways are shown in Scheme A, 

x: 
o 

0+ 

# 0-" 
mle (H-15) 

o 

"O_R_-<J+ 
mle (H-15-58) 

l-ACOH 
+ o 

mle (H-15-58-60) 

1 

2 

3 

Scheme A - Mass spect~al fragmentation 

pathways for compounds 1-3 

R H'+ 

so:zeR. 358 

SO:zNl 365 

SOzNH:z 339 
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Table II - Relative intensities of peaks 

h n t e mass 51?:ectra 0 f d I 3 campaun 5 -

Compound I 2 3. 
m/e Relative Intensity (%) 

43 100.0 100.0 100.0 

85 19.4 15 . 8 8 . 0 

101 91.0 50.1 56.2 

113 63.0 45.0 56 . 2 

127 22.4 12.6 18.0 

142 15.0 11.2 2.5 

H-15 60.0 31.6 14. I 

H-15-5 21.0 10 .0 8.0 

H-15-58-60 7.5 1.6 3.6 

In each instance the major pathway appeared to be initiated by cleavage 

of the C-4 to C-5 bond with the formation of the ion m/e 101, while 

peaks common to the mass spectra of di-~-isopropylidene acetals 90 ,91 

of the monosaccharides (M-15, M-15-58, M-15-58-60) were also evident. 

In the case of I, these peaks were also associated with their diagnostic 

isotopic counterparts (M-15+2, M-15-58+2, M-15-58-60+2) in approximately 

3:1 ratios indicating the presence of the chlorine atom. 

H2 0R3 

R20 
0 

OR I 
0 

O~ 
Rl R2 R3 

(4) S02 NH 2 H H 

(5) S02 N3 H H 

(6) S02 N3 Ac Ac 

(71 S02 NH 2 Ac Ac 
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Partial hydrolysis of compound 3 afforded 4 as a partially 

crystalline syrup after column chromatography on sil ica gel. The n. m. r. 

and infra-red spectra, and elemental analysis of compound 4 were consistent 

with the loss of the 5,6-isopropyl idene group during hydrolysi s with 0.01 M 

hydrochloric acid. In the n.m.r. spectrum of 4 (Table I) the resonances 

due to H-I, H-2, H-3 and H-4 were clearly resolved. The protons of the 

5 and 6 hydroxyls and of the su lphamoyl amino group appeared as a very 

broad singlet centred at ~ T 4.30 and disappeared on addition of deuterium 

oxide. 

Scheme B. 

The major mass spectral fragmentation pattern for 4 is depicted in 

4. 
5. 

6. 
7. 

/CH, 

mI. (H-15) 

I 
0:::\ ca+ 

O~ CH, 

m/~ 127 HI 

~ -CHl-C"O 

oj. 

Q 

HzRIt 

R' -I-R' 
/ 0 

V;R 1 

j 

\-f 
RI R' R' 

502 NH z H OH 

SOzN l H ; OH 

SOlN) H 1 0AC 
SOzNH z H OAc 

\ 
4 6

,,­
o~/ 

o 

4 

/\ 
+0 0 

Y 

R' H"+ 

OH 299 

OH 325 

OAc 409 

OAc 383 

.+ 

Scheme B - Ma ss s pectral fragmentation 

pathways for compounds ~-7 
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Partial hydro l ysis of 2 which was achieved under similar conditions 

as for the synthesis of 4, yielded 5 as a syr up. The formation of 

hydrolytic by-products was observed to occur at a faster rate than during 

the synthesis of 4. A satisfactory elemental analysis could not be 

obtained for 5 as the compound underwent gradual decomposition. The 

mass spectral (Scheme B, Table III), n.m.r. (Table I) and infra-red data 

for 5, however, are con sis tent with the structure shown. 

Table II I - Relative intensitie s of peaks in the 

mass spectra of compounds 4-7 

Compound 4 5 6 

mI. Relative Intensity (%) 

43 100.0 100 . 0 100.0 

83 2.5 56.2 2.0 

85 50. I 31.6 5.6 

113 71.0 22 . 4 5.0 

127 18 .0 5.6 3.2 

M-15 11.2 2.0 7. I 

~- 1 5-HOR' 1.8 1.0 0. 2 

7 

100.0 

1.0 

9. 0 

4. 5 

9.0 

10 

0.1 

The infra- red spectrum of 5 revealed absorbances due to azide (4.68 ~m) 

and hydroxyl (2.94 )Jm) groups, . whi Ie the mass spectrum showed a peak at 

m/e 310 (M-15). In addition, a prominent peak situated at m/e 83 was 

observed for 5 and may be seen to have possibly arisen from the M-15-HOR 

fragment, as follows: 

HO 

H-15-HOR (mi. 187) 

(R .. S02NJ) 
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The m/e 83 peak was not very prominent in the mass spectra of compounds 

4, 6 and 7. The n.m.r. spectrum of 5 (Table I) was very similar to 

that of 4. 

Catalytic reduction of compound 5 resulted in the formation of a 

major product which was isolated by column chromatography as a semi-

crystal I ine syrup. The optical rotation, and infra-red spectrum were 

found to be identical with that obtained for 4. 

Compound 4 was thus obtained via two synthetic pathways,viz., 

(i) catalytic reduction of 2 and subsequent partial hydrolysis; 

(ii) partial hydrolysis of 2, followed by catalytic reduction. 

Pathway (i) appeared to be optimal as the overall effective yield of 4 

from 2 was 71% compared to an effective yield of 34% obtained ' via pathwa'y 

(ii), which resulted in extensive total hydrolysis of 2 and the formation 

of an unstable intermediate, 5. 

Acetylation of 5 afforded 6 as a syrup which showed some tendency to 

crystallize when scratched, but all attempts to recrystallize it were 

unsuccessful . Infra-red analysis revealed characteristic absorbance 

peaks for azide (4.68 ~m) and acetate (5 . 8 ~m). Elemental analysis of 

compound 6 as was the case with 5, was not entirely satisfactory due to 

its gradual decomposition. The n.m.r. spectrum (Table I) of 6 was 

completely amenable to first-order analysis and is consistent with the 

structure shown. 

Catalytic reduction of6 afforded a crystall ine compound (7) in 

high yield. Infra-red analysis of 7 indicated that the azide group had 

been reduced, while a satisfactory elemental analysis was obtained for 

the assigned structure. The n.m.r. spectrum (Table I) of 7 was very 

simi lar to that of 6. 

multiplet. 

The sulphamoyl protons were overlapped by the H-5 
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Reduction of 6 was also achieved with sodium borohydride in N,N-

dimethylformamide and methanol at room temperature. The yield 

obtained, although high (80%), was less than that obtained by catalytic 

reduction. An attempt - to synthesize 7 via acetylation of 4 was 

unsuccessful. 

Compounds 6 and 7 in common with other sugar acetates 90 gave poor 

(low intensity) mass spectra (Table I I I). The fragmentation pathways 

for both compounds are characteristicof 'mono-isopropyl idene hexoses 9o 

and are shown in Scheme B. 

In ordei to establish whether the chlorine of the chlorosulphate 

ester can be replaced by azide in the presence of a SN2 reactive C-Cl 

group, it was decided to synthesize 5-chloro-5-deoxy-l,2-0-isopropylidene-

u-D-xylofuranose 3-chlorosulphate (15) by chlorosulphation of 1,2-Q-

isopropylidene-u-D-xylofuranose,and to -react 15 with azide. Achmatowicz 

~~43 have previously shown that methyl pentofuranosides afford the 

5-chloro-S-deoxy-2,3 dichlorosulphates only, on chlorosubstitution. 

CH2Cl · 

0 

0 

0+ 

(15) R = S02e1 

(16) R = H 

(17) R = S02N 3 
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The infra-red spectrum of 15 showed the characteristic absorbance 

peaks (7. I ~m and 8.45 ~m) for chlorosulphate. The n.m.r. spectrum of 

15 (Table IV) revealed the presence of doublets for H-I, H-2 and H-3, 

and a multiplet for H-4. Protons H-5 and H-5' occurred as a pair of 

overlapping doublets. Elemental analysis of 15 proved satisfactory 

for the assigned structure. 

Table IV - Chemical shifts (T-values) and first-order coupling constants 

(Hz) for compounds 15-17 

Compound 15 16 16- 17 

H-I 3. 76(d) ~.20(d) 3.97(d) 3.92(d) 
H-2 4.87(d) 5.40(d) 5.27(d) 5.06 (d) 

H-3 4.50(d) 5.49-5.75 4.57(d) 4.81(d) 

H-4 5.27(m) (m) 5.46(dd) 5. 40(m) 

H-5 6.18(d) 6.21 (.) 6.17(.) 6. 24(d) 

H-5' 6.20(d) 6.27(d) 6.24(d) 6.26(d) 

OH - 7.66(.) (broad) - -
NH - - 1.271.) -

eKe. 8. 40(.) 8.49(.) 8.45(.) 8.46(.) 

8.59(') 8.68(.) 8.66(.) 8.65(.) 

J 1 ,2 4.0 3.3 3.3 4.0 

J 3 ,It 2.7 2.7 2.7 

J •• 5 6.0 6.7 6.7 6.0 

J It • s ' 8.0 8.0 

Js,s' 

Key: d - doublet, dd - double doublet, 5 - singlet, m - multiplet 

* wIth shift reagent, Trlchloro-acetyl-isocyanate 

Reaction of 15 with potassium azide in the-presence of 18-crown-6-

ether for 7 h, .resulted in the formation to a greater extent of the 3-

azidosulphate derivative (17) together with a small proportion (17 %) of 

5-chloro-5-deoxy-I,2-~-isopropyl idene-u-D-xylofuranose (see later). 

Compound 17 which gave a negative test for chlorosulphate ester (spray 

reagent b) was isolated by column chromatography as a crystall ine sol id 
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with a low m.p. (46°-47°). The infra-red spectrum of 17 showed an azide 

absorbance peak (4.68 ~m), while the n.m.r. spectrum (Table IV) was 

essentially similar to that of 15 with the exception of the H-3 proton, 

which in the case of 15 resonated at lower field (zO.3 ppm) due to the 

greater deshielding influence of the chlorosulphate compared to the azido-

sulphate group. The elemental analysis of 17 was consistent with the 

assigned 3-azldosulphate structure. 

Removal of the chlorosulphate group from 15 was achieved by catalytic 

dechlorosulphation with methanolic sodium iodide which afforded a 

crystalline compound (16), the infra-red spectrum of which indicated the 

presence of a hydroxyl absorbance peak (2.9 ~m). Compound 16 gave a 

satisfactory elemental analysis. The melting-point and t.l .c. mobility 

of 16 was identical to that observed for the minor compound isolated from 

the product mixture obtained after the treatment of 15 with potassium 

azide. The n.m.r. spectrum of 16 (Table IV) contained doublets for H-l 

and H-2, while the signal for H-5 and H-5' appeared to consist of an 

overlapping singlet and doublet respectively. Addition of trichloro-

acetyl isocyanate to the solution resulted in the appearance of a I-proton 

singlet at T 1.26 due to the NH group of the resulting carbamate. 

Furthermore, H-4 was now revealed as a double-doublet at T 5.46 with 

J 3 ,. ~ 2.7, J.,s ~ 6.7 and J.,s' ~ O. 

The mass spectral fragmentation pattern for IS, 16 and 17 is depicted 

in Scheme C, and is in accordance with the fragments observed by Buchs ~ 

al. g2 for 5-deoxy-l ,2-~-isopropyl idene-a-D-xylofuranose . The M-15 peak 

(Table V) of 15 was associated with its respective isotopic counterparts 

(M-15+2, M-15+4) in approximate ratios of 9:6:1, while the M-15 peaks 

of 16 and 17 were associated with their isotopic counterpart 

(M-15+2) in a ratio of 3:1, indicating the presence of two and one 
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chlorine atoms respective ly. 

.+ 

R H'+ 

15 s0 2 e1 306 
16 H 208 

17 S02. N] 313 

/'CH. 
H:lCl CH2Cl

0J 0 
-HOR q+ + -

~ ~ 
o ""'" /H' 

m,. 175 H m,. (11-15) 

l-CH2.-C- O 

CH2 C1 
+ 

Q Q 
OH 

m,. 85 m,. 133 

Scheme C - Mass seectral fragmentation 

I?:athwa~s for come2unds 1~-17 

Table V - Relative intensities of peaks 

in the mass spectra of compounds 15-17 

Compound 15 16 17 

m'e Relative Intensity (%) 

43 100.0 100.0 100. 0 

85 17.8 8.0 11.8 

133 70.8 20.0 76 . 4 

175 14.1 4 .0 20.8 

H-15 31.6 15.9 34.7 

In addition, 15, 16 and 17 gave rise to chlorine bearing peaks situated 
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at m/e 175 and m/e 133, which were also associated with their respective 

isotopic counterparts (m/e 177, m/e 135) in approximate ratios of 3:1. 

I,Z-Q-isopropylidene-a-D-glucofuranurono-6,3-lactone 5-chlorosulphate 

(9) was selected to investigate the effect of azide on a reactive 5-chloro-

sulphate group,while the 5-chloro-5-deoxy methyl ether (13) was used to 

examine the reaction of a Z-chlorosulphate group with azide. 

I,Z-Q-isopropylidene- a-D-glucofuranurono-6,3-lactone 5-chlorosulphate 

(9) was easily prepared as a crystalline compound by careful chloro­

sulphation of 1,2-Q-isopropylidene-a-D-glucofuranurono-6,3 lactone at -78°. 

o 

o 
o 

(9) H OS02Cll 

(10) N3 H 

(11) H N3 

(12) Cll H 

Compound 9 which has not previously been reported, underwent slow 

decomposition during the determination of its melting-point. In the 

n.m.r. spect rum of 9 (Table VI), the res onances due to H-l, H-Z, H-3 

and H-5 appeared as doublets, while H-4 appeared as a double-doublet. 

H-5 resonated at low field (, 4.49) due to the deshielding effect of 

the strongly electron withdrawing lactone carbonyl and chlorosulphate 

groups. 
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Table VI - Chemical shifts (T-values) 

and first-order coupl ing constants 

(Hz) for compounds 9 and 10 

Compound 9 10 

H-I 3.90(d) 4.10(d) 

H-2 5.09 (d) 5.1 4(d) 

H-3 5.00(d) 5.10(d) 

H-4 4.78(dd) 5.3I(d) 

H-5 4.49(d) 5.74(5) 

CMe2 
8.47 (5) 8.58(5) 

8.63 (5) 8. 64(5) 

J:102 3.3 3.3 
J 3 , ... 2.7 2.7 
JI., 5 4.7 -

~: d = doublet, dd = double-doublet 

5 "" singlet. 

The mass spectrum of 9 (Scheme 0, Table VI I) showed the presence of the 

M-15 peak in association with its isotopic counterpart (M-15+2) in a 

ratio of 3:1 which indicated the presence of a chlorine aton. The 

fragmentation pattern followed that of a cis-dioxapentalane ring system90 

such as is found in 3,6-anhydro-gl.ucofuranosides . 

Table VI I - Relative intensities of peaks in 

the mass spectra of compounds 9, 10 and 12. 

Compound 9 10 12 

mI. Relative i ntens i ty (%) 

43 100.0 100.0 100 . 0 

58 28.2 9.0 20.0 

83 6.0 6.0 12.6 

85 11.2 28.2 9.0 

101 1.4 1.4 4.5 

113 5.0 14.1 7.0 
141 4.5 5.6 20 .0 

183 6. 3 2.0 7.0 

11-15 5.0 17.4 35.5 
H-15-42 1.0 1.3 28.2 
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9 oso,ct , H 31\ 

10 H N, 2~1 

12 H ct 23~ 

/-HR'/R(9) \ 
0" 

/; 
CH 

I) I 0+ 

~CH t 
m/e 183 I ' m/e 58 H 

! -CH 2-==-C=O 

~\ 

\ 
1\ 

.0 0 

Y 
m/e 85 

Scheme 0 - Mass spectral fragmentation 

pathways for compounds 9. 10 and 12 

m'e "113 

Reaction of 9 with potassium azide in the presence of 18-crown-6-

ether, afforded a crysta ll ine product composed of 10 and 11 (Rf 0.73 

and 0.35 respectively), which were separated by fractional crystall ization 

and column chromatography. Compound 10 was present in greater proportion 

and was isolated as crystalline needles. The infra-red spectrum of 10 
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revealed the presence of azide (4.76 ~m) and lactone (c=o) (5.6 ~m) 

absorbance peaks. The n.m.r. spectrum of 10 (Table VI) was different 

from that of 9 with regard to the resonance signals of H-4 and H-5, which 

in the case of la, the latter signal appeared at higher field (1.25 ppm) 

as a singlet (T 5.74, J 4 ,5 a), and the former as a doublet. The data 

indicates that 10 has the L-ido configuration and is consistent with the 

inversion of configuration that occurs when a chlorosulphate group is 

replaced by chloride. Similar observations were made by Schweng ~~.93 

who synthesized 10 via the reaction of 1,2-~-isopropylidene-a-D-gluco­

furanurono-6,3-lactone with a triphenylphosphine-azidocarboxylic ester -

HN3 complex. Wolfrom ~~.B5 have also reported on the effectiveness 

of the azide ion in displacing the 5-substituent of 3,6-anhydro-I,2-~­

isopropylidene-5-~-£-tolylsulphonyl-a-D-glucofuranose, to give derivatives 

with the L-ido configuration. The elemental analysis of 10 conformed 

to the proposed 5-azido-5-deoxy-1 ,2-~-isopropyl idene-~-L-idofuranurono-

6,3-lactone. 

in Scheme D. 

The mass spectral fragmentation pattern of 10 is described 

The infra-red spectrum of II which was isolated as a syrup from the 

mixture obtained in the above reaction, was found to be similar to that 

of la, and assumed to be the corresponding gluco-isomer. The lower t.l.c. 

mobility of the gluco-isomer (II) (Rf 0.35) was also observed by Irimajiri 

~~94, who reported that the 5-bromodeoxy-L-ido-isomer had a t. I .c. 

mobil ity twice that of the corresponding 5-bromodeoxy-D-gluco-isomer. 

A similar reaction to the above, carried out in the absence of 18-

crown-6-ether took 30 minutes longer for completion,and yielded a mixture 

containing a major compound which was isolated as crystall ine needles 

through fractional crystallization and column chromatography. The t.l.c. 

mobil ity, melting-point, optical rotation and infra-red spectrum, were 
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identical to that of 10, thus the rate of nucleophil ic substitution at 

the chiral centre of 9 appeared to be almost as fast in the absence of 

the phase-transfer catalyst. The relatively short reaction time in both 

instances may be attributed to the electron withdrawing effect of the 

lactone (C=O) group, with subsequent enhanced electrophil icity of C-5, 

with a resulting enhanced nucleophilic substitution at the reactive chiral 

site. In addition, the chlorosulphate group at C-5 of the starting 

material (9) is endo, since it projects into the V formed by the furanose 

and the lactone rings, and is thus more readily displaced by nucleophilic 

reagents due to the less hindered rear side approach of the nucleophile. 

Isomerization of the L-ido derivative (10) to the corresponding 0-

gluco derivative (11) was observed :after heating in the presence of N,N­

dimethylformamide . 

. Reaction of 9 with potassium fluoride in the presence of l8-crown-

6-ether afforded after 6 h, a crystalline mixture comprising approximately 

40% of unreacted starting material (positive reaction for chlorosulphate 

ester), and a compound (12) having a faster t.l.c. mobil ity. The latter 

compound which was isolated by column chromatography and obtained in 

crystalline form, was found to have a similar melting-point and optical 

rotation to that of 5-chloro-5-deoxy-S-L-idofuranurono-6,3-lactone (8) 

which was synthesized by chlorosulphation of 1,2-0-isopropyl idene-a-D­

glucofuranurono-6,3-lactone at -10 0 essentially according to the method 

of Parolis' s . In addition, the mass spectrum of 12 (Scheme 0, Table VI I) 

revealed fragments which correspond to the M-15 ion of 5-chloro-5-deoxy-

1,2-~-isopropylidene-S-L-idofuranurono-6,3-lactone and its isotopic 

counterpart (M-15+2) in a 3:1 ratio that indicated the presence of a 

chlorine atom. No fragments relating to the corresponding 5-fluorosulphate 

or 5-fluoro-5-deoxy derivatives were observed. 
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Chlorosulphation of methyl S-D-glucofuranosidurono-6,3-lactone afforded 

crystall ine 13, the melting-point and optical rotation of which was 

simi lar to that reported by Parol is". 

o 

( 13) Rl = S02Ct, R2 = H, R' = ct 

( 14 ) R 1 = H, R 2 = H, R 3 = Ct 

Reaction of 13 with potassium azide in the presence and absence of 18-

crown - 6- ether resulted in its dechlorosulphat ion to yie l d crystall ine 

14, the melting-point and optical rotation of which agreed with that 

reported by Parolis,sfor the compound obtained after dechlorosulphation 

of 13 with methanolic sodium iodide. 

Ch lorosulphation of 1,2:3,4-di-Q-isopropylidene- a-D-galactopyranose 

afforded an unstable pungent crystall ine compound (18) which melted with 

slow decomposition. 

CH,R 

0 0 

(18) R = + oso,ct 

(19) R = OS02 N3 
(20) R = N3 
(21) R = ct 

(22) R = OS02 F 
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The n.m.r. data for 18 is shown in Table VII I. Only H-l which appeared 

as a doublet and H-3 which appeared as a double-doublet were discernable . 

The rest of the signals were overlapped. The C-6, 6' protons which 

usually resonate at T ~6.25 in galacto compounds,9s,9. were deshielded 

and therefore overlapped with the H-2 , H-4 and H-5 signals. 

Tabl e VI I I - Chemical shifts (t-values) and first­

o rder coupling constants (Hz) for compounds 18, 19 

and 20 

Compound 18 19 20 

H-I U(d) 4. 42(d ) 4. 41 (d) 

H-3 5.26(dd) 5. 30(dd) 5.30(dd) 

H- 2 5.64 (dd 

H-4 5.80(dd) 

H-5 5.32-5.85 5.30-5 .92 6.1 (m) (em) (em) 

H-6 6.4(dd) 

H-6' 6.73(dd) 

8.45 (5) 8.45(5) 8. 46(5) 

CMe2 8.53(5) 8.53(5) 8.54(5) 

8.63(5) (2x) 8.65(5) (2x) 8.68(5) (2x) 

J 1 , 2 5. 3 5. 3 5.3 

J2.3 2.7 2. 7 2.7 

J3 , Ij 5. 7 7.3 8.0 

J". . 5 2.0 

Js ,6 6.7 

JS,6 I 13.3 
J 6 ,6 I 15 .3 

Key: 5 : singlet, d - doublet, dd = double-doublet, 

m , .. mu ltipl et, em =- complex multiplet. 

Reaction of 18 with potassium azide (3.0 molar equivalents) in the 

presence of 18-crown-6-ethe r (3.0 x 10- 3 mo lar equivalents) for 140 h 

at room temperature gave rise t o a major compound (19) havi ng Rf 0.57 

(t .l.c.) which was obtained crystalline, and two minor compounds having 

Rf 0.67 and 0 .1 3 (the latter cor responding to that of 1,2 :3, 4-di-Q.-iso-

propyl idene - a -D-ga lactopyranose) , that were separated by column 

chromatography and isolated as syrups. The infra-r ed spect rum of the 
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compound (20) having Rf 0.67 revealed the presence of an azide absorbance 

peak (4 . 67 ~m) and the absence of sulphonyloxy absorbance peaks. The 

infra-red spectrum of 19 indicated the presence of an azide absorbance 

peak (4.68 ~m) as well, in addition to those of a sulphonyloxy group 

(7 . 13 ~m, and 8 . 25 ~m), whi .le the elemental analysis was consistent with 

the proposed azidosulphonyloxy structure . The n.m.r. spectrum of 19 

was very similar to 18, with the signals due to H-6 and H-6' be i ng 

slightly deshielded and overlapped. 

The formation of the 6-azidodeoxy derivative (20) appeared to be 

dependent upon the concentration of 18-crown-6-ether. The presence of 

the latter at a concentration of 1.0 molar equivalent in a reaction with 

18 afforded after 21 h, a mixture, t . l.c . examination of which revealed 

a major proportion of 20 (Rf 0.67) with minor amounts of the 6-azido-

sulphate 19 (Rf 0.57) and 1,2:3,4-di - 0-isopropylidene-a-D-galactopyranose 

(Rf 0.13) . G. l.c . examination of the mixture revealed that the 6-azido-

deoxy derivative (20) was associated with 1,2:3,4-di-Q-isopropylidene-a­

D-galactopyranose and the 6-chlorodeoxy compound (21) in a ratio of 

80:19 : 1 respectively. [The 6-azidosulphate derivative (19) was not 

detectable by g.l.c.]. The latter compound (21) was not detected by 

t. 1 • c. The n.m.r. spectrum of 20 (Table VI I I) appeared to be similar 

to that of the 6-iodo-6-deoxy galactopyranoside derivative described by 

Cone et al. 95
• --- H-l gave rise to a doublet while H-2, and H-4 each 

appeared as double-doublets, with those of H~2 partly overlapping that of 

H-4. H-5 appeared as a multiplet , while the signali due to H-6 and H-6' 

gave rise to overlapping double-doublets. The small coupling constant 

(2 Hz) observed for J.,5 is a common feature of the galacto configuration 97
• 

The mass spectra of 19 and 20 (Scheme E, Table IX) revealed fragments 

that are in accordance with the fragmentation pattern of 1,2 : 3,4-di-Q-
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isop ropyl idene - a -D- ga l actopyranose 9o • and involved e l imination of 

ace t one and acet i c ac id f rom the M- 15 f ragment . 

H,R 

o 0 

o 
mI. (H- 15- 58) 

l -~COH 

Q 
o 

mI. (M- 15- 58-60) 

19 
20 
22 

R H"+ 

OS02 N3 365 
N, 285 
OSOlr 342 

1 

[Qr 
lTl/e 100 

j-.eH. 

1\ 
+oyo 

ffi/e 85 

Scheme E - Mass spectra l fragmentation 

. + 

'x 

~ -Pf4] 
O~ 

1 
+ 

A Ox 
lTl/e 113 

pathways fo r compounds . 19. 20 and 22. 
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Table IX - Relative int ensi ties of peaks in the 

mass spectra of compounds 19 20 and 22 , 

Compound 19 20 ZZ 

m/e Re I at ive intensity (%) 

43 100.0 100.0 100.0 

85 35.~ 8.9 11.2 

100 35.5 11.2 10.0 

113 20.0 7.1 3.2 
H-15 20.0 8.9 1 ~. 1 

H-15-58 2.2 6.3 2.8 

H-15-58-60 1.8 0 . 7 2.2 

In addition, 20 gave rise to a fragment of low abundance situated at 

m/e 263 in association with m/e 265 in a ratio of 3:1, which was 

indicative of the M-15 ion and its respective isotopic counterpart 

for the 6-chlorodeoxy compound (21), which was detected by g.l .c . 

examination prior to isolation of 20 by co lumn chromatography. 

Although 21 was present as a trace contaminant in 20, elemental 

analysis of the latter proved to be satisfactory for the assigned 6-

azidodeoxy structure. 

Further experiments undertaken with various concentrations of 

potassium azide and 18-crown-6-ether, indicated that use of a 0.5 

molar equivalent of the latter with 3.0 mo lar equivalents of potassium 

azide, resulted in all the starting material (18) being consumed after 

21 h as well, with the formation of 19 and 20 in equal concentration. 

Continuation of this reaction over a period of thirty days at room 

temperature, resulted in most of the intermediate 6-azidosulphonyloxy 

compound (19) being converted to the 6-azidodeoxy derivative (20). 

Reduced concentrations of potassium azide (1 .2 molar equivalents) and 
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18-crown-6-ether (0.012 molar equivalent), however, resulted in the 

starting material (18) being consumed after 95 h with predominant 

formation of 19 and a minor amount of 20. When 19 was stirred with 

18-crown-6-ether alone, no 6-azidodeoxy derivative (20) was formed. In 

addition, reaction of 1,2:3,4-di-0-isopropylidene-a-D-galactopyranose 

6-chlorosulphate (18) with 3.0 molar equivalents of potassium azide and 

0.03 molar equivalent of 18-crown-6-ether under refluxing conditions, 

accelerated dechlorosulphation of the starting material and possibly 

deazidosulphation of 19 which had formed, resulting after 64 h in the 

predominance of 1,2:3,4-di-~-isopropylidene-a-D-galactopyranose and a 

negligible amount of the 6-azidodeoxy compound (20). 

From the above reactions, it seems evident that the rate-I imiting 

step in the production of the 6-azidodeoxy derivative (20) from 19 is 

the displacement of the azidosulphonyloxy group by azide. Although 

Khan 60 has questioned the bimolecular mechanism proposed for chloride 

displacement reactions, the above process probably occurred via an 

intermolecular (SN2) mechanism, rather than an intramolecular (SNi) 

type. This was demonstrated when the 6-chlorodeoxy derivative (21) 

was obtained by reaction of ihe azidosulphate "derivative (19) with 

pyridinium chloride. At no stage during this reaction was an intermediate 

chlorosulphate ester detected (spray reagent b), thus suggesting direct 

replacement of the azidosulphonyloxy group by chloride. The presence of" 

a negligible trace (~I%) of the 6-chlorodeoxy derivative (21) (as revealed 

by mass spectroscopy and g.l.c.) in association with the 6-azidodeoxy 

compound (20), after synthesis of the latter, however, seems to indicate 

a competing intramolecular (SNi) mechanism due to competing chloride ions 

originating from the chlorosulphate group, and resulting in the formation 

of some 6-chlorodeoxy compound (21), which in turn could also undergo 
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C-C i bond fission accompanied by bimolecular (SN2) displacement by 

azide to yield the 6-azidodeoxy compound (20). In the latter respect, 

an analogous phenomenon has been reported by Khan 6 • who observed that 

treatment of the hexa-O-benzoyl sucrose dichlorosulphate ester with 

sodium azide in hexamethylphosphoric triamide, afforded the 6,6'­

diazido-6,6'-dideoxy benzoate, for which he has suggested the initial 

formation of the 6,6'-dichloride by an SNi process, followed by a ' . 

bimolecular (SN2) displacement reaction with azide ion to form the 

6,~'-diazide derivative . . 

Reaction of l,2 : 3,4-di-Q-isopropylidene-a -D-galactopyranose 6-

chlorosulphate (18) with 3.0 molar equivalents of potassium chloride in 

the presence of 0.03 molar equivalents of 18-crown-6-ether afforded 

after 234 h, the 6-chlorodeoxy derivative (21) and l,2 : 3,4-di-Q­

isopropylidene-a-D-galactopyranose which were shown by g.l .c. examination 

to be present in a ratio of 55:45 respectively . A similar reaction 

with potassium cyanide, however, gave rise predominantly to l,2:3,4-di-Q­

isopropylidene-a-D-galactopyranose after 21 h, whereas reaction with a 

les s powerful nucleophile such as potassium cyanate was shown by g . l.c. 

examination to afford a 66:34 ratio of compound 21 and l,2 :3 ,4-di-Q­

isopropylidene-a- D-galactopyranose after 140 h, thus suggesting that 

substitution occurred via an intramolecular (SNi) mechanism to form the 

6-chlorodeoxy derivative (21). In the presence of potassium fluoride, 

the reaction afforded after 140 h a mixture having three components 

(Rf 0.74, 0.72, and 0.14) (t . l.c.). G.l.c. examination indicated that 

the compound with the fastest t.l .c. mobil ity (Rf 0.74) was 6-chloro-6-

deoxy-l ,2:3,4-di-Q-isopropylidene-a-D-galactopyranose (21) which was 

present in a trace amount, while the compound hav ing Rf 0.14 was 1,2 : 3,4-

di-Q-isopropylidene-a-D-galactopyranose. The proportions of these two 
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could not be determined relative to that of the fluorosulphate compound 

(22) (Rf 0.72) in the mixture, as the latter compound was not · sufficiently 

volatile to be detected by g.l.c. l,2:3,4-Di-~-isopropylidene-a-D-

ga 1 actopyranose was, however, present i n.a rat i 0 of .92 : 8 wi th the 6-ch 1 orodeoxy 

compound (21). The presence of a trace amount of 21 suggests either the 

presence of a competing intramolecular (SNi) mechanism or less likely the 

bimolecular (SN2) displacement of the fluorosulphate group by chloride ion 

which originated from the chlorosulphonyloxy group of 18. The infra-red 

spectrum of 22, which was isolated by column chromatography as needle-like 

crystals, indicated the presence of absorbance peaks at 7.0 ~m and 8.25 ~m 

that are characteristic for the fluorosulphate group, while the mass 

spectr.um (Scheme E, Table IX) revealed a peak situated at m/e 327 (M-15) 

(based on 6-fluorosulphate) and a fragmentation pattern that conforms with 

that of the galacto-compounds, 19 and 20. Buncel et al. 65 have reported 

the synthesis of l,2:3,4-di-~-isopropylidene-a-D-galactopyranose 6-fluoro­

sulphate (22), by treatment of 18 with methanolic silver fluoride, but 

found that the resulting primary fluorosulphate (22) had decomposed on 

standing, a phenomenon which was observed here as well. 

The chlorosulphate ester of l,2:3,4-di-~-isopropylidene-a-D-

galactopyranose is particularly resistant to replacement reactions in 

comparison with the corresponding glucopyranosides a,. This difference in 

activity has been attributed to the difference in location of the oxygen at 

C_4 98
,99, (Unfavourable polar and steric factors are 1 ikely to exist due 

to the electronic field effect of the lone pair of electrons of the ring 

oxygen and the axial C-4 oxygen, thus causing repulsion of an approaching 

nucleophile.) thus resulting in the hindered replacement of the primary 

chlorosulphonyloxy group. The reactivity of a chlorosulphate ester in an 
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unhindered, reactive, primary position, such as is found in methyl 2,3,4-

tri-Q- methyl-a-D-glucopyranoside 6-chlorosulphate (25), was hence 

investigated with regard to its nucleophilic replacement by azide. 

Methyl 2,3,4-tri-Q-methyl-a-D-glucopyranoside (24) which was 

obtained by detritylating 23, was chlorosulphated at -30 0 for 0.5 h to 

afford a chromatographically pure syrup (25) which gave a positive test 

for chlorosulphate ester. 

~--O 

Me 

OMe 

(23) R = 0(C6 HS)3 C 

(24 ) R = OH 

(25) R = OS02 Ct 

(26) R = OS02 N3/N3/Ct 

(2]) R = N3/Ct 

The infra-red spectrum of 25 showed the characteristic absorbance peaks 

for chlorosulphate at 7 .0 ~m and 8.25 ~m. The n.m.r. spectrum (Table X) 

of 25 showed H-l as a doublet at T 5.10. H-2 appeared as an overlapped 

double-doublet, while H-3, H-4 and H-5 gave rise to a complex multiplet. 

H-6 and H-6' appeared as a low field doublet at T 5. 25 due to the marked 

deshielding influence of the 6-chlorosulphate group. Compound 25 

underwent decomposition on standing thus precluding an elemental 

analysis. 



-100-

Table X - Chemical shifts ((-values) and first­

orde r coup11ng constants (Hz) for compounds 25 

and 26 

Compound 25 26 

H-l 5. 10(d) 5.12(d) 

H-2 6.75(dd) 

H-3 5.95-6.68(cm) 
H-4 

H-5 6.11-6 .55(cm) 

H-6 5.25(d) 

H-6 ' 
6.42(s) (3H) 6.34(s) (3H) 
6.47(s) OH) 6.37(s) (3H) 

OHe 6.53(s) OH) 6.43(s) (3H) 

6.62(sLJ3Hl 6.53(s) (3H) 

Jl,2 3.3 3.3 

J2.!I - 8.7 

Key: d - doublet, dd - double-doublet 

5 - stnglet, em - complex multIplet. 

The mass spectrum of 25 (Table XI) revealed a low intensity peak at 

m/e 303 (M-31) in association with its isotopic counterpart (m/e 305) 

in a rati o of 3:1, indicating the presence of a chlorine atom. 

Table XI - RelatIve intensities of peaks 

in the mass spectra of compounds 25 and 26 

Compound 25 26 

m/e Relative Intensity (%) 

45 14.1 23.7 
71 11.2 18.8 

73 11.2 16.8 

75 20.0 47.3 
88 100.0 100.0 

101 71.0 100.0 
145 0.5 -
155 0.5 -
176 1.0 -
187 0.5 -
205 0.11 -
H-31 

303 0.4 -
310 - 0.8(6-oS0.N,) 
230 - 0.3 (6-H,) 
223 - 1.7 (6-ct) 
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Scheme r"- ~ss spectra1 fragmentation 

pathways for compound 25 

The major fragmentation pathways (Scheme F) were observed to occur 

according to those proposed by Kochetkov et al. lOO
, for methyl 2,3,4,6-

tet ra-Q.-methy l-a.-O-g 1 ucopyranos ide. Fragment ions of mass numbers 

m greater than Ie 101 had very low relative abundances. 

Treatment of methyl 2,3,4-tri-Q.-methyl-a-D-glucopyranoside 6 

chlorosulphate (25), with 1.2 molar equivalents of potassium azide, 

afforded 26 as a syrup after 30 h. Although the latter appeared to be 

Chromatographically pure, its elemental analysis revealed the possibility 
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of it being a mixture consisting of a minor quantity of the 6-azido­

sulphate derivative (calc. sulphur for azido-sulphate: 9.38%, found 

0.65%) in association with the 6-azidodeoxy derivative. The infra-red 

spectrum revealed negligible absorbance peaks for a sulphonyloxy group, 

but a strong absorbance peak for azide at 4.78 ~m. The presence, 

however, of some 6-chlorodeoxy derivative in addition to the afore­

mentioned, was establ ished after the syrup gave a positive Beilstein 

test for halogen, and the mass spectrum of the syrup (26) gave rise to a 

peak at m/e 223 (M-31 for the 6-chlorodeoxy derivative) in association 

with its isotopic counterpart (m/e 225) in a ratio of 3:1, thus confirming 

the presence of a chlorine atom. The presence of the 6-azidodeoxy 

derivative in the syrup (26) was also evident from its mass spectrum , as a > 

low intensity peak situated at m/e 230 (M-31) was present. The n.m. r. 

spectrum of 26 (Table X) revealed H-I as a doublet and H-2 as a double-

doub I et. The signals due to H-3, H-4, H-5, H-6 and H-6' were unreso lved 

due to overlap with the methoxyl protons. From the n.m . r. spectrum it 

is also evident that the sy rup was main l y the azidodeoxy derivative. 

In an attempt to convert the trace of the azidosulphate derivative 

present in 26, to the azidodeoxy compound, the syrup was treated ~ith an 

additional 5.0 molar equivalents of potassium azide in the presence of 

1.0 molar equivalent of 18-crown-6-ether for 120 h at room temperature, 

to afford a syrup (27). Compound 27 was found to have the same t.l.c. 

mobil ity as 26, and its infra-red spectrum revealed a strong absorbance 

peak for azide (4.8 ~m) , while none was observed for a sulphonyloxy 

group. The n.m.r. data was the same as that of 26, whi Ie the mass 

spectrum (Tab I e XI) s till revealed low intensity peaks corresponding to 

the M-31 ion of the 6-chlorodeoxy derivative (m/e 223) in association 

with its isotopic counterpart (m/e 225) in a ratio of 3:1. The M-31 
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ion of the 6-azi·dodeoxy derivative gave rise to a peak of low 

intensity at mle 230. The elemental analysis of 27 was not in 

accord with the 6-azidodeoxy structure. If it is assumed that 27 

consisted of a mixture of the 6-azidodeoxy, and 6-chlorodeoxy 

derivatives, then these are present in a ratio of 70 : 30 respectively. 

Since retreatment of 26 with azide did not remove the chlorodeoxy 

derivative, it is obvious that in this case the reaction did not occur 

as suggested by Khan 60 for the 
SN i 

of sucrose (i .e. -S02C~ --+ -C~ 

6,6' dichloride and diazide derivatives 
SN2 
--+ -N,), but by either of the 

following sequences: 

or 

The presence, however, of the 6-chlorodeoxy derivative in 26 suggests a 

competing intramolecular (SNi) reaction during the reaction of 25 with 

azide. Such a competing reaction was not observed with the less 

reactive 6-chlorosulphate of 1,2:3,4-di-£-isopropylidene-a-D-

galactopyranose, where only a negligible trace of the 6-chlorodeoxy 

derivative was detected together with 6-azido-6-deoxy-l ,2:3,4-di-£-

isopropyl idene-a-D-galactopyranose (20). It could presumably be 

rational ized that the more reactive the site, the greater the 

possibil ity of competing internal reactions. 

Methyl 2,3-di-0-methyl-6-0-trityl-a -D-glucopyranoside 4-chlorosulphate 
- - - . 

(31) was prepared in order to determine the extent of substitution by azide 

at a reactive secondary position. Compound 31 was synthesized by 

chlorosulpating methyl-2,3-di-£-methyl-6-£-trityl-a-D-glucopyranoside (30) 

at _10°. [Compound 30 was obtained by tritylating methyl 2,3-di-£-

methyl-a -D-glucopyranoside (29)]. Compound 31 was obtained crystall ine 
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and gave a positive test reaction for chlorosulphate ester. 

H20Tr 

R' 0 

OMe 

R OMe 

OMe 

R R' 

(31) OS02 Cll H 

(32) H N, 

. During the chlorosulphation reaction, some detritylation occurred, 

giving rise to a trace amount of the 4,6-dichlorosulphate ester. The 

infra-red spectrum of 31 revealed the characteristic absorbance peaks 

for the chlorosulphonyloxy group (7.0 Pm , 8.35 pm),~h il e the 

elemental analysis was in accord with the expected structure. The 

n.m.r. spectrum of 31 (Table XII) showed H-4 as a triplet at '[ 5.15. 

Table XI I - Chemical shifts (T-values) and first­

order coupl ing constants (Hz) for compounds 31 and 32 

Compound 31 32 

H-l 5.0Z(d) 5.17(d) 

H-Z 6.6Z(dd) see below 

H-3 see below see belOtri 

H-4 5.15(t) 5.3(dd) 

H-5 

H-6 6.07-6.47(cm) 6.Z7-6.67(cm) 
(include. H-3) (Include. H-Z 

H-6' and H-3) 

6.37(') (3H) 6.44(.) (3H) 

OMe 6 . 40(.) (3H) 6.47(.) (3H) 

6.44(.) (3H) 6.49(') (3H) 

(C,H.) ,c Z. 30-Z. 87{m) Z.37-Z.7Z(m) 

J 1 ,2 3.3 3.3 

J2d 8.7 -
J3, .. 9.0 Z.7 

J .. ,s 9.0 1.3 

Key: d. doublet, dd. double-doublet, m - multIplet, 

5 - singlet. ~ - complex multiplet . 
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The appearance of H-4 at low field clearly indicates the presence of 

the chlorosulphonyloxy group at c-4. H-l appeared as a doublet and 

H-2 as a double-doublet. while the signals due to H-3. ~-5, H-6 and 

H-6' were not clearly discernable. The mass spect rum of 31 (Scheme 

G, Table XI I I) was characterised by the absence of isotopic cluster 

peaks that occur with chlorine bearing fragments. thus indicating that 

initial fragmentation had occurred with the loss of the chlorosulphate 

group. 

OHe 
31 (M·' - 562) 

\HOS0 2Ct. 

~~ 
mI. 171 

1-HeOH 

/ <. 
rn/e 139 

Scheme G • Mass spectral fragmentatIon 

pathways for compounds 31 and 32 



-106-

Table XI I I - Relative Intensities of peaks in 

the mass spectra of compounds 31 and 32 

Compound 31 32 

m/e Relative Intensity (%) 

45 56.3 20.0 

73 35.5 10.0 

75 63.1 35.5 

88 100.0 71.0 

101 100.0 14. I 

139 1.4 25·12 

166 8.0 16.0 

171 1.0 0.5 

202 1.0 3.5 

243 9.0 100.0 

The general fragmentation pattern was similar to that proposed for 

methylated pyranosides 'OO , with high intensity ions being of low m~ss 

numbers. 

Reaction of methyl 2,3-di-~- methyl-6-~-trityl-a-D-glucopyranoside 

4- chlorosulphate (31) with 5.25 molar equivalents of potassium azide 

and 2.0 molar equivalents of 1B-crown-6-ether, afforded methyl 4-azido-

4-deoxy-2,3-di-~-methyl-6-~-trityl-a-D-galactopyranoside (32), after 

stirring at room temperature for approximately 72 h. [A prel iminary 

reaction using a lower concentration of potassium azide (1.2 molar 

equivalents) in the absence of lB-crown-6-ether resulted in some 

unreacted starting material (31) remaining after stirring at room 

temperature for 44 h.J Examination of the reaction mixture by t.l.c., 

indicated that all the starting material (31) had been consumed after 

1 h, and during this period, some of the starting material had become 

dechlorosulphated as evidenced by the isolation of a compound having 

the same t.l .c . mobility and melting-point as that of 30. No further 

increases in the concentration of the dechlorosulphated compound 

occurred after the first hour of the reaction,suggesting that 30 did not 
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arise from what appeared to be the 4-azidosulphate intermediate which 

had formed as well. The latter compound persisted in diminishing 

concentration throughout the reaction until all of it was converted 

to the 4-azido-4-deoxy derivative (32). Within the first hour of 

the reaction, compound 32 and its intermediate 4-azidosulphate 

appeared to be present in an approximate ratio of 7:3. Even at the 

lower concentration of azide (1.2 molar equivalents) both the 4-

azidodeoxy and 4-azidosulphate formed. Compound 32 is thus probably 

formed by both direct SN2 displacement of the chlorosulphate group by 

azide and the SN displacement of the azidosulphate group by azide. 

Mass spectral evidence did not suggest the presence of a 4-chloro-4-

deoxy derivative in association with 32. Compound 32.which was present 

with the dechlorosulphated starting material in a ratio of 64:36 

respectively, was isolated by column chromatography, as a syrup. The 

infra-red spectrum of 32 showed the presence of an absorbance peak for 

azide (4.78 ~m) , while its e lemental analysis was consistent with 

the assigned structure. The mass spectrum of 32 (Table XI I I) showed 

a base peak situated at m/e 243 [(CSHS)3C+j, and a possible fragmentation 

pathway is shown in Scheme G. The galacto configuration for 32 is 

clearly established by its n.m.r. spectrum (Table XI I) which revealed a 

character istic97 narrow double-doublet for H-4, with J 4 ,s = 1.3 Hz. 

H-l appeared as a doublet, while H-2, H-3, H-5, H-6 and H-6' could not be 

assigned. 

The reaction of azide with a compound possessing both a reactive 

primary chlorosulphate group and a replaceable secondary chlorosulphate 

group was investigated with methyl 2,3-di-£-methyl-u-D-glucopyranoside 

4,6-dichlorosulphate (33). 
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Rl R2 R3 

(33) OS02C~ H OS02C~ 

(34) OS02C~ H N3 
(35) OH H N3 
(36) OAc H N3 
(37) H N3 N3 

Compound 33 was synthesized by chlorosulphating methyl 2,3-di-~-

methy l-a -D-glucopyranoside (29), and obtained crystalline. The infra-

red spectrum of 33 revealed absorbance peaks for chlorosulphate ester 

(.].0 11m , 8.25 11m), and the lelemental analysis was satis factory 

for the assigned structure. The n.m.r. spectrum of 33 (Table XIV) 

conta ined a doublet for H-l, a double-doublet for H-2, and a triplet 

for each of H-3 and H-4. 

,Table XIV - Chemi cal shifts (T-values) and first-o rder coupling constant s (Hz) f or Compounds 33-37 

Compound 33 34 35 35' 36 37 

H-l 5.021& 5.02(d) 5. 06(d) 5. 06(d) 5 . 0~ 5.07(d) 
H-2 6.63(dd) 6.63(dd) 6.57(dd) 6. 67(dd) see below see below 

H-3 6.21 (t) see below see below see below see be tOri 

H-4 5. 181t) 5.16(t) 6.06-6.50(om) 5.09(t) 5.12 (t) 6.1J{dd) 

H-5 5.63-6.23(m) 
5.73-6.49 (om) 5.97-6.82(om) 6.17-6.72(om) H-6 5.80-6.46(om) 

5. 13-5.37(cm) (inc1udes 'H-3) (I nc 1 udes H-3) (I ncludes H-2 (InolUde'I~-2 
H-6 1 and H-3) and H-3 

6.31 (,) (3H) 6.31(5) (3H) 6.31 (5) (3H) 6. 39(,) (3H) 6.42(,) (3H) 6.40(5) (3H) 

OKe 6.39(5) (3H) 6.39(') (3H) 6.46(5) (3H) 6.43(,) (3H) 6.471,) (6H) 6.49(,) (6H) 

6. 46 (,LiJIil 6.46(5) (3H) 6.49(,) (3H) 6.48(,) (3H) . 

OH - - 7.56(5) - .- -
HH - - - 1.32(,) - -
OAo - - - - 7.85(!l -
Jl,2 3.3 3.3 2. 7 3.3 3.3 3.3 

J 2 , l 9.3 9.3 6.7 9.3 - -
J" .. 9.3 9.3 - 9.3 9.3 5.0 

J",5 9. 3 9.3 - 9.3 9.3 2.0 

~: d - doublet, dd. doub le-doublet, em. complex multiplet. m - multiplet,s· singlet, 

t - triplet. 

* wIth shift reagent, trlchloro-acetyl-isocyanate. 
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H-4, H-6 and H-6' appeared to be deshi e lded due to the proximity of the 

chlorosulphate groups at C-4 and c-6. H-6 and H-6' gave rise to a 

complex multiplet downfield (T 5.13-5.37), while H-5 which appea red to 

be deshielded to ~ lesser extent, afforded a low intensity multiplet. 

The mas s spectrum (Scheme H, Table XV) showed an M-31 ion (m/e 387) in 

association with its isotopic counterparts (m/e 389 and m/e 391) in a 

ratio of 9:6:1, indicating the pres ence of the two chlorine atoms. 

The fragmentation occurred according to that proposed by Kochetkov et al. IOO
, 

with ions of hi gh mass numbers being presen t in l ow intensities. 

JJ 

34 

35 
36 

37 

2 D.'!) 

~
'.' 

He D 
, He 

OH. 

.' .' .' 
OS0 2C1 H 0502C1 

OS02 C1 H 

OH H 

OAe H 

H N, 

!- ·acHs 

~.> 
OHe 

mI. ("-31) 

!-HeOH 

N, 

N. 

N, 

N. 

b OHe 
mI. (H-31-HeOH) 

w+ 

418 

345 
247 
289 

272 

1- CH,.', 0"0' 

< > 
OHe 

m'e 111 

Scheme H - Mass spectral fragmentation 

pathways for compounds 33-37 
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Table XV - Relative Intensities of peaks in the mass spectra of 

compounds 33 - 37 

Compound 33 34 .35 36 37 

m/e Relative Intensity (%) 

43 - - - 80.0 -
45 100.0 44.7 35.5 18.0 20.0 

73 31.6 25. I 22.4 14. I 16.0 

75 100.0 71.0 56.2 71.0 35.5 

88 100.0 100.0 100.0 100.0 100.0 

101 31.6 25. I 14. I 7. I 12.6 

III 14. I 2.5 1.4 1.0 0.5 

H-31 0.13 0.12 0.1 0.03 0.03 

H-3HleOH 0.16 0.1 0.11 0.03 0. 06 

*H-31 - O. I 0.35 0.06 0.06 

* corresponding 6-chlorodeoxy derivative 

Treatment of methyl 2,3-di-£-methyl-a-D-glucopyranoside 4,6-

dichlorosulphate (33) with 2.5 molar equivalents of potassium azide in 

the absence of crown-ether, afforded 34 as an unstable syrup 

(elemental analysis was unsatisfactory) which gave a positive reaction 

for chlorosulphate ester. The infra-red spectrum of 34, which was 

isolated by column chromatography, revealed characteristic absorbance 

peaks for chlorosulphate (7.0 ~m , 8.3 ~m) and azide groups (4.8 ~m). 

Th e formation of 34 with . i ts in tact chlorosulphate group at 

pos iti on c-4 indicated the lowdegreeof activity at ·this site under the present 

reaction cond itions. It i s interesting to note that the 4-chlorosulphonyloxy 

group is readi Iy substituted by chloride in gluco compounds at room temperature32. 

The n.m.r. spectrum of 34 (Tab ·le XIV) was essentially similar to 

that of 33, with the exception of H-6 and H-6', and shows that the 

4-chloros ulphate group is sti II intact, as the H-4 triplet of 34 occurred 

in t he same pos it i on as in the spec t ru m of the 4,6- d i ch loros u I pha te es te r (33). 

The spectrum also indicated that remova l of the 6-chlorosulphate group 
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had occurred, as evidenced by the fact that H-6 and H-6 ' occurred at a 

much higher field in 34 than in 33. It is a l so clear that the 

chlorosulphate group had been replaced by an azide group to afford the , 

6-azidodeoxy and not the 6-azidosulphate derivative,as H-6 and H-6' 

would have resonated further downfield in the case of the latter. The 

mass spectrum of 34 is described in Table XV and Scheme H. All high 

mass number ions were present· in . low intensity. The M-31 ion was 

associated with its isotopic counterpart in a ration of 3:1, indicating 

the presence of a chlorine atom . In add iti on, the M-31 ion (m/e 307) 

for the correspondi ng 6-chlorodeoxy derivative in association with its 

isotopic counterparts m/e 309 and m/e 3 11 in an approximate ratio of 

9:6:1, which indicated the presence of two chlorine atoms, suggested 

that a small amount of the 6-chlorodeoxy derivative was associated with 

34. Further indications as to the presence of a trace of the 6-

ch lorodeoxy compound were obtained from the elemental analysis, which 

although unsatisfactory as a result of the instabil ity of 34, indicated 

a sl ightly higher chlorine and l ower nitrogen content. 

Catalytic dech lorosulphation of methyl 6-azido-6-deoxy-2,3-di-~­

methyl-~-D-glucopyranoside 4-chlorosulphate (34) gave methyl 6-az ido-

6-deoxy-2,3 - di-~-methyl -~-D-glucopyranoside (35) as a syrup. The 

i nf ra- red spectrum of 35 showed the presence of an hydroxyl (2.95 11m) 

and an az i de group (4.8 11m). The n.m. r. data of 35 is given in Table 

XIV. H-I appeared as a doublet, wh i I e the double-doublet due to H-2 

pa rt I y overlapped with a methoxy l signal. H-3, H-4, H-5, H-6 and H-6' 

could not be assigned, but the signal due to the hydroxy l group 

appeared as a broad singlet at T 7.56. The addit ion of trichloro-acetyl-

isocyanate resu l ted in the appearance of a broad singlet at T 1.32 due to 

the NH of the reSUlting ca r bamate complex, while H-4 was strongly 
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deshielded and appeared as a triplet centered at 1: 5.09. The mass spectrum 

of 35 (Table XV, Scheme H) revealed the presence of some of the 

corresponding 6-chlorodeoxy compound associated with it, as a peak 

situated at m/e 209 (M-31) in association with its isotopic counterpart 

(m/e 211) in a ratio of 3:1 was present. This was reflected in the 

elemental analysis of 35 which gave a marginally lower nitrogen content, 

but was otherwise satisfactory. 

Acetylation of methyl-6-azido-6-deoxy-2,3-di-~-methyl-a-D­

glucopyranoside (35) afforded methyl 4-~-acetyl-6-azido-6-deoxy 2,3-di-~­

methyl-a-D-glucopyranoside (36) as a syrup which was purified by 

dis till at ion. The infra-red spectrum of 36 showed absorbance peaks 

for the acetyl (5.85 ~m) a nd azid e (4.78 pm) g roups. The n.m.r. 

data of 36 is given in Table XIV. H-l afforded a doublet and H-4 

which was deshielded by the 4-acetoxy group, appeared as a tripl e t 

(1: 5. 1 2) . The remaining signals were overlapped by the methoxyls and 

could not be as si gned. The mass spectrum (Scheme H, Table XV) of 36 

differed from those of 33, 34 and 35, by giving rise to a strong peak at 

The M-31 ion (m/e 251) for the corresponding 6-

chlorodeoxy derivative of which there appeared to . be a trace, was 

m associated with its isotopic counterpart /e 253 in a ratio of 3:1, 

indicating the presence of a chlorine atom. This was also reflected 

in the elemental analysis, which gave a slightly low nitrogen content, 

but was otherwise in accord with the assigned structure. 

Reaction of methyl 6-azido-6-deoxy-2,3-di-~-methyl-a-D­

glucopyranoside 4 chlorosulphate (34) with 5.0 molar equivalents of 

potassium azide and 1.0 molar equivalent of 18-crown-6-ether for 120 h 

at room temperature, resulted in ·the formation of methyl 4,6-diazido-

4,6-dideoxy-2,3-di-~-methyl-a-D-galactopyranoside (37), in addition to 
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a similar amount of 35. During the reaction the starting material (34) 

was consumed (t. I .c.) within an hour of commencement; at this stage, 

most of the dechlorosulphation had occurred, and the presence of 37 

(t.l.c.) and a lesser amount of a compound that appeared to be the 

intermediate azidosulphate, which had a similar t . 1 .c. mobility as that 

of its 4-chlorosulphate precursor (34) was also evident. The 

intermediate azidosulphate persisted with diminishing concentration until 

all of it had been converted to the 4,6-diazido-dideoxy derivaeive (37). 

Compounds 35 and 37 ~were isolated by column chromatography . 

Compound 37 was obtained as a pale yellow syrup, the infra-red spectrum 

of which showed an absorbance peak for the azide (4.B3 ~m) group. The 

n.m.r. spectrum (Table XIV) revealed a doublet for H-I, while the 

resonance signal for H-4 appeared as a narrow double-doublet at 1: 6.11 

with a coupling constant (J.,s = 2.0 Hz) that is characteristic of the 

galacto configuration 97
• The remaining signals could not be assigned. 

The mass spectral data lOO for 37 (Table XV, Scheme H) contained a low 

intensity M-31 peak (m/e 234) for the corresponding 4-azido-6-chloro­

dideoxy derivative which was associated with its isotopic counterpart in 

a ratio of 3: I, indicating the presence of a chlorine atom . This was 

also shown by the elemental analysis which revealed a sl ightly lower 

nitrogen content. There was no mass spectral evidence to suggest the 

presence of any of the 4,6-dichloro-dideoxy compound. 

Further experiments were undertaken with 34, using potassium 

azide concentrations of 1.2 and 3.0 molar equivalents respectively in 

the absence of IB-crown-6-ether . The results obtained indicated that 

when the lower concentration of potassium azide was used, a large 

portion of the starting material (34) remained un reacted after a 30 h 

period, with the formation of trace amounts of the diazido-dideoxy 
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compound (37) and its intermediate azidosulphate. A significant 

amount of dechlorosulphation of the starting material was, however, 

observed to occur. At the higher azide concentration (3 . 0 molar 

equivalents) the starting material was completely consumed after 10 h 

with formation of equal but minor amounts of 37 and its intermediate 

azidosulphate,while dechlorosulphation of the starting material 

appeared to be as extensive as before. 

In all of the above azide reactions, dechlorosulphation of the 

starting material (34) was observed to occur in the initial stage of 

the reaction, with no apparent increase in the amount of dechlorosulphated 

material occurring as the reactions progressed. Formation of the 4,6-

diazido-dideoxy compound (37) seemed to occur via two possible concurrent . 

mechanisms as was suggested for the formation of 32 from 31. The presence 

of a small amount of the 6-chlorodeoxy derivative in association with 34 

indicates that the above reactions have some SNi characteristics . 

3.2 A small part of the present work was concerned with the synthesis 

of furanosidic sugars for evaluation as potentIal anti-inflammatory 

agents. Tribenoside 101 (ethyl 3,5,6-tri-Q-benzyl-a -D-glucofuranoside) 

which is marketed under the name of Glyvenol R , is a multipotent drug 

exhibiting both anti-inflammatory and anti-allergic properties 10 2 103 

Its exact mode of action has not been reported. Structure-activity 

studies have shown that many furanosides possess anti-inflammatory 

properties, however, the influence of a halogen atom in the sugar 

molecule on the activity, has not been investigated . We were required 

to synthesize 3-Q-benzyl-6-chloro-6-deoxy-1 ,2-Q-isopropyl idene-a -D­

glucofuranose (41) and its 5-acetate (42) for comparison of the ir 
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anti-inflammatory properties with that of tribenoside. 

3-~-Benzyl-l ,2-~-isopropylidene-a-D-glucofuranose (39) which was 

obtained via the partial hydrolysis of 3-0-benzyl-l,2:5,6-di-0-

isopropylidene-a-D-glucofuranose (38) was allowed to react with 

sulphuryl chloride at -10· to yield 3-0-benzyl-6-chloro-6-deoxy-l ,2-

~-isopropylidene-a-D-glucofuranose 5-chlorosulphate (40) as a 

crystalline compound. 

o 

O~ 

(39) OH OH 

(40) OS02Ci Ct 

(41) OH Ci 

(42) OAc Ct 

The infra-red spectrum of 40 revealed absorbance peaks (7. 13 ~m, 

8.35 ~m) for the chlorosulphate group. The n.m.r. data for 40 

is shown in Table XVI. H-5 appeared as a deshielded multiplet at 

T 4.56 due to the chlorosulphate group at C-5. 
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Tab le XVI - Chemical shifts (T-values) and fIrst-order coup1 jog co ns tants 

(Hz ) for compou nds ~O-42 

Compound ~O ~l ~l' ~2 

H-l ~ . O](d) 3.88(d) 3 .87(d) 3 . 87(d) 

H-2 see below 5.2~(d) 5.19(d) 5 . 23(d) 

H-3 5. 87(dl . 5.82 (d) 5.88(d) 

H-~ 5 .1 9-5.5~(cm) =5 .38 (dd) =5.~1(dd) 
(inc ludes H-2) 5.09-6 .29(cm) 

H-5 ~ . 56(m) 
(Includes CH2) 

~ . ~3(m) ~ . ~8(m) 

H-6 5.78(dd) 5.76(dd) 5 . 81 (dd) 

H-6 ' 6 . 02(dd) 6.06(dd) 6.10(dd) 

I CHe2 8.~9(s) (3H) 8 . ~7(s) OH) 8 . ~6(s) OH) 8 . ~6 (s) OH) 

8.69(5) OH) · 8.65(5) (3Hl 8.63 (5) OH) 8 . 6~(s) OH) 

CH 2 =5.35(5) (2H) see above 5.22(5) (ZH) 5.27(5) (2H) 

C,H s 2 . 6 (5) (5H) 2 . 39(5) (5H) 2. ~0~s) ·(5H) 2.~1 (5) (5H) 

OH - 7 . 6(5) - -
NH - - 1.33(5) -
OAe - - - 7.98(5) (3H) 

J 1 .. 2 3.6 3.7 3.6 3.3 

~3.t1t 3.0 3.3 3 .0 

J .... 5 8 . 0 8 . 0 8 . 0 

J 5 .. 6 2.7 2 . 7 3 . 0 

J 5 .. 6' ~.7 ~.7 ~.7 

J fu 6 t 12.8 13.3 13.3 

~: d = doub~et, dd c double doublet, 5 ~ sj nglet, m - multi plet, 

e m = compl ex mu l tiplet 

* with shift reagent trlchlaro-acetyl-isocyanate. 

Dechlorosulphation of 40 afforded 3-Q-benzyl-6-chloro-6-deoxy-

1,Z-Q-isopropylidene-a -D-glucofuranose (41) as a syrup. The infra-

red spectrum of 41 showed the presence of a hydroxyl absorbance peak 

(Z . 8I1m). The n.m.r. spectrum of 41 (Table XVI) showed a broad 

singlet for the · hydroxyl proton at T 7.6. Addition of trichlorb-

acetyl-isocyanate resulted in the appearance of a I-proton singlet 

(T 1.33) due to the NH group of the resulting carbamate. The spectrum 

obtained showed a multiplet due to H-5 (T 4.43), and the overall profi Ie 

appeared to be similar to that of 40. The deshielding of H-5 after 

addition of the shift reagent, confirms that the free hydroxyl group 

in 41 is located at C-5. 
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Acetylation of 41 afforded 5-Q-acetyl-3-Q:benzyl-6-chloro-6-

deoxy-l ,2-Q-isopropyl idene-a-D-glucofuranose (42) as a crystal 1 ine 

compound, the infra-red spectrum of which revealed an absorbance peak 

(5.78 ~m) for the acetyl group. The n.m.r. spectrum of 42 (Table XVI) 

contained a multiplet at T 4.48, t hat was assigned to H-5. The 

latter was deshielded, due to the electrqn withdrawing effect of the 

acetyl group. It is noteworthy that the deshielding influence of the 

electron withdrawing group at C-5 of compounds 40 and 42, on H-6 and H-6', 

and the shielding influence of the benzyl group at C-3 on H-3, resulted 

in the overlap of the H-3, H-6 and ~-6' resonance signals . 

The mass spectra of 40, 41 and 42 (Table XVI I, Scheme I) revealed 

a base peak situated at m/e 91 (C 6 HsCH 2 +). The M-15 peak. of 40 was 

associated with its isotopic counterparts, (M-15+2, M-15+4) in a ratio 

of 9:6:1, indicating the presence of two chlorine atoms, while the 

M-15 peaks of 41 and 42 were associated with their isotopic counterparts 

(M-15+2) in a 3 : 1 ratio,which indicates the presence of 1 chlorine atom 

in each of these compounds. All three compounds gave rise to peaks 

situated at m/e 187 and m/e 145 that were associated with peaks at 

m/e 189 and m/e 147 in ratios of 3:1, which indicated that these were 

due to fragments bearing a single chlorine atom. 

Table XVI I - Relative intensities of peaks 

in the mass spectra of compounds 40-~2 

Compounds ~O ~1 ~2 

m/e Relative Intensity (%) 

91 100.0 100.0 100.0 

1~5 3.6 ~.5 6.3 

187 6.3 3.6 3.6 

191 2.5 5.0 5.0 

2~9 2.2 6.3 2.8 

1-1-15 9.0 7.1 5.6 
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Scheme I - Mass spectral fragmentation 

pathways for compounds 40-42 

The biological activity of 41 and 42 is at present being 

compared with that of tribenoside. 
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