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ABSTRACT 

The mesyl chloride-N,N-dimethylformamide reagent, previously described as 
selective for the replacement of primary hyuroxyl groups by chlorine, has been shown 
to cause extensive, but selective, chlorination at secondary positions of glyco- 
pyranosides, particularly in the disaccharide series. Thus, reaction with methyl 
/I-maltoside gave initially the 6,6’-dichloro derivative 2, which was then fairly rapidly 
transformed into the 3,6,6’-trichloro derivative 4. Further reaction, but at a slower 
rate, gave the 3,4’,6,6’-tetrachloro derivative 6. As anticipated, inversion of con- 
figuration accompanied reaction at positions C-3 and C-4’, indicating that the 
chlorine substituents were introduced by an S,2 mechanism. Benzyl &cellobioside 
reacted to give a more-complex mixture from which the 6,6’-di-, 3’,6,6’-tri-, 3,6,6’- 
tri-, 4’,6,6’-tri-, 3,3’,6,6’-tetra-, and 3,4’,6,6’-tetra-chloro derivatives were isolated, 
after acetylation. Similarly, methyl glycopyranosides gave products of secondary 
chlorination, although the reaction proceeded less readily. Methyl a-D-gluco- 
pyranoside and methyl a-D-galactopyranoside gave the 4,6-dichloro-galactopyranoside 
and -gIucopyranoside, respectively. On the other hand, methyl j?-D-glucopyranoside 
gave a 2:l mixture of methyl 3,6-dichloro-3,6-dideoxy-j?-D-allopyranoside and 
methyl 4,6-dichloro-4,6-dideoxy-/I-D-galactopyranoside- Structural elucidation of 
these chlorinated derivatives was based mainly on mass spectrometry and 220-M= 
lH n.m.r. spectroscopy. 

IN’TRODUCTION 

Halogen0 derivatives of carbohydrates’ are of wide synthetic utility, since the 
haiogeno substituents may be employed as leaving groups in nucleophilic displace- 
ment reactions3, or they may be reductively removed to give deoxy sugars4. A variety 
of reagents have been -reported for the direct replacement of a hydroxyl group in 
carbohydrate derivatives by a chloro substituent. The first such reagent was reported 

*Dedicated to Dr. Horace S. Isbell, in honour of his 75th birthday. 
*Part IV of ‘The Chemistry of Maltose’ (for Part III see ref. 17) and Part II of ‘The Chemistry of 
Cellobiose and Lactose’ (for Part I see R. S. Blatt, L. Hough and A. C. Richardson, Curbohyd. Res., 
32 (1974) C%. 
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in 1921 by Helferich and his co-workers5 who showed that both primary and second- 
ary hydroxyl groups were repiaced by chlorine upon reaction of certain glycosides 
with sulphuryl chloride. Later, Jones and his co-workers6, who exploited this reaction 
as a synthetic tool, showed that the chloro substituent was introduced by an 24~2 
displacement of the first-formed chlorosulphonyloxy group by chloride anion. More 
recently, reagents such as trisphenyloxymethylphosphonium iodide’, triphenyl- 
phosphine in conjunction with carbon tetrahalides’, N-halosuccinimidesg, or 
halogen”, aryl isocyanates in the presence of hydrogen chloride1 ‘, and mesyl chloride 
in N,N-dimethylformamide’2 have been reported to effect similar transformations. 
However, the use of trisphenyloxymethylphosphonium iodide and the triphenyl- 
phosphine-based reagents have been reported to cause rearrangements in certain 
cases13*r4 . 

The mesyl chloride-N,N-dimethylformamide reagent was reported by Evans 
et al. l2 as a means of selectively repl_acing primary hydroxyl groups of hexo- 
pyranosides by chlorine. However, when this reaction was applied to disaccharide 
derivatives, we found that reaction was more extensive than originally claimed, and 
we now report on these findings. 

RESULTS 

In extending our studies of the chemistry of Graltose’ 5-17, methyl 6,6’-dichloro- 
6,6’-dideoxy-/I-maltoside (2) was required. However, when methyl /3-maltoside (1) 
was treated with mesyl chloride in N,N-dimethylformamide’Z under the conditions 
reported as being optimal for the chlorination of methyl /?-D-glucopyranoside at C-6 
(10 moles of mesyl chloride per hexopyranosyl unit and 65”), we found that a mixture 
of products was formed (t.1.c.). The major component was the desired dichloride 2, 
but there was also a substantial amount of a faster-moving derivative, isolated as its 
acetate 5, which was shown to be the trichloro derivative 4. Variation of the reaction 
conditions indicated that, under milder conditions, a slower-moving component was 
present, probably the 6- or 6’-chloromaltoside, but conditions were not found which 
favoured the sole formation of the 6,6’-dichlorqmaltoside 2; in all experiments, the 
trichloro derivative 4 appeared before the starting material had been consumed. The 
use of a larger proportion of mesyl chloride (15 moles per hexopyranosyl unit) and a 
longer reaction time (8 days) resulted in a substantial increase in the amount of the 
trichlodde 4, and the appearance of another faster-moving component, the tetra- 
chloride 6. The reaction mixture was processed by decomposition of the excess mesyl 
chloride by the addition of I-propahol, evaporation to dryness, and ac&ylation. A 
facile fractional crystallisatioq from -ethanol afforded the trichloride as its tetra- 
acetate 5 in 46% yield. Further crystallisation of the mother liquors gave the faster- 
moving component in 8% ‘yield, which ,vas shown to be methyl 2-O-acetyl-3,6- 
dichloro-3,6-dideoxy-4- U-(2,3-di- O-adetyl-4,6-dichloro-4,6-dideoxy-a-n-galacto- 
pyranosyl)-/I-D-allopyranoside (7) by comparison with the product formed from the 
reaction of methyl fi-maltoside with sulpl@nyl chloride15. The yield of the tetra- 
chloride 7 was raised to 20% when the reaction temperature was increased to 100” 
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and the reaction time decreased to 24 h, but the yield of 5 was decreased slightly 
(37%). After the isolation of the tri- and tetra-chlorides, chromatographic fractionation 
of the mother liquors afforded the 6,6’-dichloromaltoside as the pentaacetate 3, 

b)R’ bR’ bR i71 6R 6R II 

1 R’= H. R’=OH 4 R=H 6R=H 
2 R’ =H.R’=Cl 5 R=Ac 
3 R’=Ac,R*=CI 

7R=Ac 

The mass spectrum (Table II) of the 6,6’-dichloromaltoside 3 showed, as 
expected”, fragments due to cleavage of the two bonds leading from the inter- 
glycosidic oxygen atom at m/e 307 (8) and 279 (ll), in a ratio of 4:1*. The oxy- 
carbonium ion 8 fragmented in the usual way, showing the sequential loss of (i) 
acetic acid, (ii) acetic acid or ketene, (iii) ketene or acetic acid, (iu) carbon monoxide, 
and (0) hydrogen chloride. The ion 11 lost either acetic acid (m/e 219) or hydrogen 
chloride (m/e 243). No molecular ion was observed, but fragments of low intensity 
were noted at m/e 507 and 483, corresponding to ions 16 (M+ -OAc*-HCl) and B5 

(M+ - OAc -HOAc), of which an analogue of the former had been noted ls in the 
mass spectrum of 7. The 220-MHz ‘H n.m.r. spectrum of 3 was largely &t-order 
(Table I), and the chemical shifts were in close agreement with those of other related 
methyl P-maltosides’ 6*1 ‘. 

OAC 

8 (m/e 307) 

OAC 

9 (m/e 283) 

Cl OAc 

10 (m/e 283) 

OAC 

11 R = Me fm/e 279) 
12 R= CH2Ph (m/e 355) 

d &AC 
13 R= Me (m/e 255) 

14 R = CH2Ph fmle 331) 

6Ac 6AC C3AC 

15fm/e 483) $6 (m/e 507) 

-- 
*It is probable that the cleavage of the C-4-04 bond occurs indirectly by initial cleavage 
C-l ‘-C-2’ bond (see ref. 15). 

of the 
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mi~Z I 

FIRST-ORDER ‘H N.M.R. PARANIETERS (Z VALUES) IN imz?a~-d~ AT 220 MHz 

5 3 19 20 21 22 23 24 

H-l 

H-2 
H-3 

H4- 
H-5 
H-Ga 
H-6b 

H-l’ 

H-2’ 
H-3’ 

H-4’ 
H-5’ 
H-6’a 
H-6’b 

J 1.2 

$2.3 

J3.4 

J4.s 

J 5.6.¶ 

J 5.6b 

J 6a.6b 

Js.2. 

J 2’.3’ 

J3s.4. 

J4..s 

J~.wa 

Js’.6’b 

J 6’5.6’b 

5.27d 

5.03 dd 
5.32t 

6.04dd 
6.15dt 
6.51 dd 
6.68dd 

4.97d 

5.07& 
4.24r 

4.7at 
5.78 m 
6.58m 

5.85d 

4.96t 
4.68 t 

6.08 t 
7.3Odt 
6.38a.i 
6.6m 1 

4SOd 

5.04&i 
4.21 t 

4.68 t 
5.84m 

(6.6m 

\ 

8.0 7.8 

3.5 9.5 

3.0 9.3 

8.8 9.3 

4.5 3.2 

3.5 

- 12.0 - 12.0 

4.0 4.0 

10.5 10.5 

10.0 9.5 

9.8 -10 

N4 

-4 

5.66m 5.61 m 5.70d 

4.73 m 1 4A4m 1 4.75m 

6.32 6.34m 
-7.05m 6.93 m 7.06m 

6.27dd 

{ 

6&m 

5.70d 5.lld 5.79 d 

4.92 t 5.20& 4SOt 
4.73 m 4.85t 5.07& 

4.94 t 5.05dd 5.59dd 
6.32- 5.98 m 6.83 dt 
7.05m 6.64dd 6.67m 

6.77aV 

7.5 

2.0 

- 12.0 

8.5 8.0 

9.5 2.9 

9.5 2.9 

9.5 9.5 

-2 

4.5 

- 12.0 

-9 

-5 

-5 

7.5 

10.0 

4.0 

-1.5 

-5 

,-cT 

4.91 d 

4.68 t 

6.12dd 
6.04m 
6.45 m 

6.02 d 

1 

4.77m 

5.27 t 
-6.8 m 

6.75m 

8.2 

3.0 

3.0 

9.4 

8.0 

9.2 

9.2 

4.80d 4.96m 

4.68&i 4.82m 
4.59t 1 

6.26dd 6.10m 
-5.9 m i 

6.28 dd 6AOdd 
6.38dd 6.53dd 

5.13d 6.06d 

4.97 dd 4.41 t 
4.93 t 5.11&Y 

5.35dd 5.88dd 
-5.9 m 6.92 dt 

6.66dd 6.68dd 
6.81 dd 7.03 dd 

8.0 

2.8 

2.8 

9.2 

2.5 cl.5 

5.0 Cl.5 

- 12.0 - 12.0 

8.0 8.0 

3.5 10.0 

3.5 4.2 

9.6 -2 

-3 7.0 

8.0 5.0 

-12.0 - 12.0 

Similarly, the mass spectrum of the trichloride 5 (Table II) contained fragments 
resulting from the cieavage of the bonds leading from the interglycosidic oxygen atom. 
The fragment 8 at m/e 307 (1 Cl)? arose from the non-reducing ring”, which therefore 
contained a single chlorine substituent. The ion then fragmented in exactly the same 
way as -described above for that obtained from the 6,6’-dichIoride 3, suggesting that 
the chloro substituent was at the 6’-position. The fragment 13, arising from the 
reducing ring, was Iess intense than that due to the non-reducing moiety and appeared 
at m/e 255 (Z-Cl), and subsequent fragmentation occurred by the loss of either acetic 

?Imlicates number of chlorine atoms, as inferred from the isotope peaks. 
OThe term “reducing ring” refers to the ring which was the reducing ring in the parent disaccharide. 
The term “non-reducing ring” accordingly refers to the other sugar moiety. 
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acid or hydrogen chloride to give m/e 195 and 219, respectively. As in the mass 
spectrum of 3, the low-intensity ion 15 (M+--CI--HOAc) was noted at m/e 438. 

The position of the chlorine atoms in the 3,6,6’-trichloride 5 was indicated by 
its 220-U lH n.m.r. spectrum. Comparison of the spectrum with that of the 6,6’- 
dichloride 3 indicated that the resonance positions of the protons in the non-reducing 
ring had been unaltered except for the H-l’ resonance, which had undergone a 
diamagnetic shift of 0.47 p.p.m. On the other hand, the resonances due to the reducing- 
ring protons had been markedly perturbed (Table I). Significantly, the paramagnetic 
shifts experienced by H-l and H-5 (0.58 and 1.15 p-p-m., respectively) were 
characteristic’ 6 of the deshielding intluence of a on-axial chlorine atom at C-3. This 
was confirmed by the appearance of the H-3 resonance as a narrow triplet (J values 
-3 Hz) at z 5.32, and by the H-2 and H-4 resonances which appeared as double 
doublets (J values N 3 and -9 Hz). 

The results obtained with methyl /I-maltoside prompted us to investigate the 
reaction of benzyl P-cellobioside rg (17) with this reagent_ Initially, the reaction was 
carried out for 7 days at 70” with 25 moles of mesyl chloride. After processing in the 
usual way, which included acetylation, a mixture of products was obtained which 
initially appeared to be composed of four components (t.1.c.). However, when the 
mixture was fractionated by chromatography on silica gel, at least seven components 
were detected. 

The first fraction eluted from the column moved as a single component in 
several t.1.c. solvent systems, and was obtained as a crystalline solid in 16% yield. 
Elemental analysis indicated that it was a trichloro derivative. However, the ‘H 
n.m.r. spectrum showed that it was a 3:2 mixture of two isomeric trichlorides; in 
particular, the acetate region of the spectrum exhibited eight resonances consisting of 
two sets of four lines. Fractional crystallisation of the mixture afforded the pure, 
crystalline components, although their total recovery was only 25%. 

The mass spectra of the two isomers (Table II) each contained relatively intense 
fragments at m/e 283 due to the oxycarbonium ion resulting from the non-reducing 
ring. The isotope patterns indicated the presence of two chlorine atoms in the non- 
reducing ring in each isomer. In both spectra, a low-intensity fragment was observed 
at m/e 355 due to the reducing ring, which, from the isotope pattern, contained onIy a 
single chIorine atom. The position of the chlorine atoms in the non-reducing moiety 
was indicated by the subsequent fragmentation of the m/e 283 ions. In the spectrum 
of one isomer, this ion lost acetic acid to give an even more-intense fragment at 
m/e 223 (ratio 1:2.5), which then underwent sequential loss of ketene (m/e 181) and 
hydrogen chloride (m/e 145). This behaviour is characteristic18*20 of acetoxyl groups 
at C-3’ and C-2’, and therefore the chIorine atoms were placed at C-4’ and C-6’. 
Consequently, this isomer was characterised as benzyl 2,3-di-O-acetyld-chloro-6- 
deoxy-4- U-(2,3-di- 0-acetyI-4,6-dichIoro-4,6-dideoxy-B-o-gaIactopyranosyI)-B-D- 
glucopyranoside (21). ConErmation was provided by the 220-MHz ‘H n.m.r. 
spectrum of 21. Comparison of the spectrum with thatzl of benxyl p-cellobioside 
hepta-acetate (18) (Table 3) indicated that (i) no configurational changes had occurred 
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in the reducing ring; (ii) a slight upfield shift of the H-6 and H-6’ resonances had 
occurred, indicating the Iocation of chIorine atoms at these positions; (iii) the non- 
reducing ring possessed the gaZacro configuration, by the appearance of the H-4’ and 
H-3’ resonances as narrow and wide double-doublets, respectively. 

OAc 

17 R1 = H . R2= OH 

18 R’=Ac,R*=OAc 

19 R’ = AC. RZ= Cl 

Opr cl OAC OAc 

22 23 24 

The structure of the other isomeric trichloride was deduced in a similar manner. 
The m/e 283 fragment lost both acetic acid @z/e 223) and hydrogen chloride (m/e 247), 
but both ions were of low intensity (Table II), indicating the lack of an acetoxyl group 
at C-3’. This result suggested that the isomer was the 3’,6,6’-trichloride 20, which was 

cordkmed from its 220-MHz ‘H n.m.r. spectrum, using arguments similar to those 
described above. In this case, the H-3’ resonance appeared as a narrow triplet, and 
H-4’ as a wide double-doublet (Table I). 

The second fraction from the column initially appeared to be homogeneous, 
but showed three components on careful t.1.c. There was insufficient material to 
achieve a preparative separation, but in a later experiment the fastest-moving 
component was isolated and shown to be the 3,6,6’-trichloride (22). 

The third fraction eluted from the column was isolated crystalline in 25% yield, 
and elemental analysis indicated that it was a dichloro derivative. The mass spectrum, 
with an intense fragment at m/e 307 (1 Cl, 8) due to the non-reducing ring, and a 
less-intense fragment 12 at m/e 355 (1 Cl) due to the reducing moiety, showed that 
each ring possessed only one chlorine substituent. Fragmentation of the former ion 
proceeded identically with that from methyl 6,6’-dichloro-6,6’-dideoxy-/I-maltoside 
penta-acetate (3), which suggested the presence of a 6’-chlorine substituent. The 
220-MHz ‘H n.m.r. spectra of the dichioride and benzyl &ceIlobioside hepta- 
acetate (18) were closely similar, except for an upfield shift of the signals for the 
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hydrogen atoms at C-6 and C-6’ (Table I), indicating that the product was benzyl 
6,6’-dicbloro-6,6’-dideoxy+-cellobioside penta-acetate (19). 

The tial fraction from the column was an isomeric clicbloro derivative obtained 
in 5% yield. The mass spectrum (see Experimental) contained an intense fragment at 
m/e 307 (1 Cl), indicating that the non-reducing ring contained a single chlorine 
substituent. The successive loss of acetic acid and ketene to give fragments m/e 247 
and 205 suggested the presence of acctoxyl groups at C-2’ and C-3’. A fragment of 
very low intensity at m/e 355 might have been due to the reducing ring. The n.m.r. 
spectrum (see Experimental) could not be interpreted in terms of any of the possible 
dichlorides, although the presence of H-l and H-1’ resonances very close to each 
other at t 5.68 and 5.79 indicated the absence of an axial chlorine substituent at C-3 
or C-3’, which would have deshielded the appropriate H-l by at least 0.5 p.p.m. ’ 5. 
The characterisation of this compound must await further studies. 

A more vigorous reaction of benzyl @cellobioside with the reagent (30 moles 
at 70” for 11 days) afforded, after the same work-up procedure as before, a complex 
mixture which differed from that obtained previously and from which six fractions 
were obtained. 

The first fraction was a pure, crystalline tetrachloro derivative, isolated in 4% 
yield. The mass spectrum showed an intense fragment 10 at t/e 283 (2 Cl) for the 
non-reducing ring and a fragment 14 of low intensity at m/e 331(2 Cl) for the reducing 
ring, showing an equal distribution of chlorine between the two rings. The former ion 
underwent further fragmentation with the loss of either acetic acid or hydrogen 
chloride to give low-intensity ions at m/e 223 (2 C!) and 247 (1 Cl) (ratios of nz/e 283, 
247, and 223 = 89:1.8:0.9). This suggested the absence of an acetoxyl group at C-3’, 
and therefore the chlorine atoms were located at C-3’ and C-6’ on the non-reducing 
ring. Hence, the compound was identified as benzyl 2-0-acetyl-3,6-dichloro-3,6- 
dideoxy-P0-(2,4-di-0-acetyl-3,6-dichloro-3,6-dideoxy-~-D-allopyranosyl)-~-D-allo- 
pyranoside (23), which was confirmed by the IH n.m.r. data (Table I). 

The second fraction constituted less than 1% yield and, since t.1.c. indicated 
that it was a mixture of at least two components, it was not further investigated. 
Likewise, the third fraction was not homogeneous: but in this case crystallisation 
afforded the pure, major component in 1.4% yield. Elemental analysis indicated that 
it was a tetrachloro derivative and the mass spectrum, which contained an intense 
species 9 at m/e 283 (2 Cl), showed that the non-reducing ring contained two of the 
four chlorine substituents. The fragment at m/e 331 (2 Cl) originated from the 
reducing ring, showing that this also had two chlorine substituents. In contrast to the 
3,3’,6,6’-tetrachloro analogue 23, the fragmentat m[e 283 (9) readily lost acetic acid, 
giving an intense fragment at mje 223 (2 Cl) which was indicative of the presence of a 
3-acetoxy substituent. The subsequent loss of ketene to give m/e 181 indicated the 
presence of an acetyl group at C-2’. These facts, supported by the 220-MHz ‘H n.m.r. 
data (Table I), identified the compound as benzyl 2-U-acetyl-3,6-dichloro-3,6- 
dideoxy-4- O-(2,3-di- O-acetyl-4,6-dichloro-4,6-dideoxy-B-D-galactopyranosyl)-8-D- 
allopyranoside (24). 
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25F?= H, R*=OH 

26 R’=Ac,R2=Cl 

27 

OR 

31 R=H 28 d=~, R*=OH 33 R=H 

32 R = AC 29 R’= H) R*=a 34 R= AC 

30 R’= AC, R*=CI 

OH OR 

35 36R=H 
37 R-AC 

pyranoside (31) by comparison with an authentic specimenz4. The mass spectrum of 
the diacetate 32 showed an ion at ~,$e 283 (2 Cl), which fragmented with the loss of 
acetic acid to give a more-intense ion at m/e 223 (2 Cl), indicating the presence of a 
3-acetoxy group, and the subsequent loss of ketene from m/e 223 to give m/e 181 was 
indicative of a 2-acetoxy group. 

The final fractions a&rded methyl 6-chloro-6-deoxy-/3-D-glucopyranoside (29, 
lS%), which had been previously obtained under the milder conditions used by 
Evans et al. 12_ 

Similarly, application of the same reaction conditions to methyl cr-D-galacto- 
pyranoside (35) afforded the known24 methyl 4,6-dichloro4,6-dideoxy-z-D-gluco- 
pyranoside (36) in 37% yield. 

DISCUSSION 

Evans et al. l2 suggested that chlorination by the mesyl chloride-NJVdimethyl- 
formamide reagent proceeded by initial attack of the alcohol on the iminium salt 

MeI$CHOMs Cl-, to give the formiminium ester Me,&=CHOR Cl-, which then 
either underwent hydrolysis to give the formic. ester, or nucleophihc attack by 
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chIoride anion to give the chloride. It was further suggested that the rate-limiting step 

in the chlorination was the formation of the initial iminium salt (Me,&=CHOMs Cl-) 
and that the rate of the subsequent, nucleophilic displacement reaction did not affect 
the overall rate for the reaction_ This was supported by the observation that the 
addition of lithium chloride to the reaction mixture failed to accelerate the formation 
of chlorinated products. Prior to the work of Evans et QZ.~‘, related chlorinations 
had been achieved with N,N-dimethylformamide-#olylsuIphonyl chloride2 ‘, and 

with dimethyIchloroformiminium chloride 26 (Me,&=CHCI Cl-), but in one example 
only (2-propanol) has chlorination been achieved at a secondary positionz7. However, 
in related work, Stevens et aZ.28 were able to demonstrate that pyrolysis of a closely 
related imino-ester hydrochloride salt of an optically active 2-butanol afforded the 
corresponding chloride with inversion of con&uration. 

The present results show conclusively that the reaction proceeds with inversion 
of configuration at chiral centers, and that it only occurs at secondary positions 
where the steric and electronic factors, as outlined by Richardson*‘, are favourabie 
for an S,2 reaction. Hence, in methyl j?-maltoside (l), we have observed reaction at 
C-3, but not at C-3’ which is hindered by the axial C-l substituent. Subsequently, 
chlorination is observed at C-4’, although the rate of reaction is much less. In many 
respects, this is somewhat surprising since selective acylation studies have indicated 
that C-3 is the most stericahy hindered position in the maltoside’6, and it seems 
unexpected that an SN2 transition state should form more readily at this position than 
at C-4’. Similarly, we30 and othersj’ have also observed that nucleophilic displace- 
ments occur mGre readily at C-6 than at C-6’, although the Iatter is more readily 
estersed 1 and etherified32. These observations suggest that steric factors, which are 
important in acylation reactions, may not be so significant in displacement reactions, 
which are more sensitive to polar effects. For benzylj3cellobioside (17), displacement 
reactions are predictable at C-3, C-3’, C-4’, C-6, and C-6’, but reaction at either C-3’ 
or C-4’ will impede subsequent reaction at the other position because of the vicinal- 
axial effect*’ . However, in this example, reaction at C-3’ and C-4’ seems to be more 
favourable than that at C-3 because both the 3’,6,6’- and 4’,6,6’-trichlorides, 20 and 
21, are present in substantial amounts, whereas the 3,6,6’-trichloride 22 was isolated 
in only low yield. The greater rate of chlorination at C-4’ is surprising, since in related 
studies we have found that 4’-sulphonic esters of benzyl /Lzellobioside are mGre 
sluggish towards nucleophilic displacement reactions than are 4’sulphonates of 
methyl fi-maltoside, which has been attributed to the fi-anomeric configuration of the 
non-reducing ring21. 

The reaction of methyl u-D-ghICOpyranGSide and methyl /I-D-galactopyranoside 
with mesyl chloride proceeded in a manner analogous to that of their reaction with 
suIphuryl~chloride 24933, but the P-D-glucopyranoside 28 appeared to react differently 
with the two reagents. The mesyl chIorideAV,iV-dimethyhormamide reagent afforded 
both the 4,6- and 3,6dichlorides, 31 and 33, respectively, in a ratio of 1:2, whereas 
reaction with sulphuryl chloride was reported to give only the 4JAichloride 31. This 
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of the dark reaction-product was achieved by allowing a sohrtion of the product in 
dichloromethane to percolate through a column containing a 1:l (v/v) mixture of 
silica geI and charcoal (6-7 g per g of the starting glycoside). The products were 
eluted from the column with ether containing sufficient dichloromethane (usually 
10%) to prevent crystallisation of the products at the exit of the column. The eIuate 
obtained in this way was pale orange-yellow and was then subjected further to 
fractionation, as described in the individual sections. 

Chlorination of methyl /3-maltoside (1). - Anhydrous methyl /?-maItoside15 
(1, 4 g) was treated with N,N-dimethylformamide (48 ml) and mesyl chloride 
(24.4 ml, 30 equiv.) at 65” for 8 days, and processed as above. The eluate from the 
silica-charcoal column was evaporated to a crystalline residue which was recrystal- 
lised twice from ethanol to give methyl 2-0-acetyl-3,6-dichloro-3,6-dideoxy-PO- 
(2,3,4-tri-O-acet~~l-6-chloro-6-deoxy-cr-~-glucopyranosy~)-~-~-allopyranoside (5) (3 g, 
46%), m.p. 202-204”, [c&, -t-88.5” (Found: C, 43.2; H, 5.4; Cl, 18.9. CtlH32C13012 
talc.: C, 43.25; H, 5.5; CI, 18.3%). 

Evaporation of the filtrates to dryness and recrystallisation of the residue from 
ethanol gave methyl 2-O-acetyl-3,6-dichloro-3,6-dideoxy-4-0-(2,3-di-O-acetyl-4,6- 
dichloro-4,6-dideoxy-~--o-galactopyranosyl)-~-~-allopyranoside (7) (0.5 g, 8%); m-p. 
158-l 60”, [ar]n + 114” (c 1.4), identica1 with an authentic specimen’ ’ having m-p. 161- 
162”, [01]n + 119”. 

Chromatographic fractionation of the mother liquors on silica gel afforded, in 
variable yield (7-25%), methyl 2,3-di-O-acetyI-6-chIoro-6-deoxy-4-0-(2,3,4-tri-O- 
acetyl-6-chloro-6-deoxy-cr-~-glucopyranosyl)-~-~-glucopyranoside (3); m-p. 180-182”, 
[aID +58” (c 2.2) (Found: C, 45.9; H, 5.8; Cl, 11.8. C23H34C12014 talc.: C, 45.6; 
H, 5.6; Cl, 11.75%). 

Similar results were obtained when the reaction was conducted at 95O for 19 h, 
and these conditions gave the best yield of the trichloride 5. At 100” for 24 h, a 37% 
yield of 5 was obtained along with 20% of the tetrachloride 7 and only a trace of the 
dichloride 3. 

Chlorination of benzyyl /I-celiobioside (17). - (a). Reaction of 171g (4 g) with 
mesyl chloride (17 ml, 25 equiv.) and N,iV-dimethylformamide (40 ml) at 70” for 
7 days gave, after processing in the usual way, a crude, brown solid, which t.1.c. 
(cyclohexane-ethyl acetate, 2: 1) indicated to be a mixture of four components of which 
two were major components. The mixture was fractionated on a dry column of silica 
gel, in the usual manner, using light petroleum-ethyl acetate (5:2). 

The first fraction contained a major component that was obtained initially as 
a syrup which solidified on the addition of light petroleum. A single precipitation 
from chloroform with light petroIeum afforded a white powder (0.95 g, 16%) which 
was homogeneous on t.1.c. in various solvent systems and had m.p. 129-139” (Found: 
C, 49.1; H, 5.2; Cl, 16.2. C2,H&IJOIZ talc.: C, 49.4; H, 5.0; Cl, 16.25%). However, 
the n.m.r. spectrum of the product (mainly the acetate region) indicated that it was a 
mixture of two tetra-acetates in the ratio of 3:2. A 0.5-g sample of the mixture was 
carefully recrystallised twice from chloroform-light petroleum to give needles, 
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The next product to be eluted was a mixture of two minor components (0.07 g) 
as indicated by t.1.c. in chloroform (multiple development). This mixture was not 
further investigated. 

The third component was obtained as a syrup which was shown by t.1.c. 
(chloroform) to be a mixture of two components, one major and the other minor. 
The syrup uhimately crystallised and was twice recrystallised from chloroform-light 
petroleum to give the major component, namely, benzyl 2-U-ace@-3,6-dichloro-3,6- 
dideoxy-4- U-(2,3-di- U-acetyl-4,6-dichloro-4,6-dideoxy-B_D-galactop~nosyl)-~-D- 
allopyranoside (24) (84 mg, 1.4%), m.p. 157.5-160.5”, [II&, - 18.5” (c 0.6) (Found: 
C, 47.7; H, 4.9; Cl, 22.4. C,SH,,Cl,O,c, talc.: C, 47.5; H, 4.75; Cl, 22.5%). 

The fourth component was obtained as a syrup which solidified on the addition 
of light petroleum (2.5 g, 41%), and was shown by its t.1.c. mobility and its n.m.r. 
spectrum to be a mixture of the two trichloro derivatives 20 and 21 obtained in 
section (a). 

The fifth component also solidified on the addition of light petroleum. T.1.c. 
[cyclohexane-ethyl acetate (2:1)] indicated it to have a mobility similar to that of the 
second fraction containing three components obtained in section (a). However, a 
closer examination of it by t.l.c., using chloroform as eluent, showed that it was 
homogeneous and corresponded to the faster-moving of the three components in the 
previous mixture. Two recrystallisations from chloroform-light petroleum gave 
benzyl 2-O-acetyl-3,6-dichloro-3,6-dideoxy-4-0-(2,3,4tri-U-acetyl-6-chloro-6-deoxy- 
/?-D-glucopyranosyl)-B-D-ahopyranoside (22) (0.18 g, 3%), m-p. 19~195.5”, [ah, 
-50” (c 1) (Found: C, 49.3; H, 5.1; Cl, 16.3. C27H33C13012 talc.: C, 49.4; H, 5.0; 
Cl, 16.25%). 

The sixth fraction crystallised on evaporation, and recrystallisation from 
chloroform-light petroleum afforded the 6,6’-dichloro derivati*:e 19 (0.6 g, 9.5%), 
m.p. and mixture m-p. 202-204”, which was identical with the third fraction obtained 
in section (a). 

Cizlorination of methyl a-D-gIzzcopyranoside (25). - Reaction of the glucoside 
(4 g) with mesyl chloride (30.4 ml, 30 equiv.) and iV,N-dimethylformamide (65 ml) 
at 70” for 10 days gave, after processing in the usual way, a dark syrup. TLC. [cyclo- 
hexane-ethyl acetate (3:1)] revealed two components which were separated in the 
usual way by dry-column chromatography on silica gel with light petroleum-ether 
(5:2). The faster-moving component was obtained as a pale-yellow syrup which, on 
decolorisation with charcoal in chloroform, afforded methyl 2,3-di-O-acetyl-4,6- 
dichloro-4,6-dideoxy-a-D-galactopyranoside (27) (0.52 g, 8.2%), m.p. 103.5~-105” 
(from 2-propanol) (mixture m.p. 103-104”): [oc]n + 190” (c 1); iit.35 m.p. 104-106”, 
[a]n + 188”. 

The fractions containing the slower-moving component were concentrated to a 
solid which was recrystallised twice from chloroform-light petroleum to give methyl 
2,3,4-tri-U-acetyl-6-chIoro-6-deoxy-a-D-glucopyranoside (26) (3.1 g, 44%), m-p. 96.5- 
98.5”, [a]n -I- 159” (c 1, pyridine); lit.36 m-p. 98-99”, [aID f 164”. 
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When the reaction was repeated at 95” for 7 days, the chloro- and dichloro- 
glycosides were obtained in yields of 7 and 19%, respectively. 

ChlorinatiOn of methyl j?-D-giucopyranoside (28). - The glycoside (5 g) was 
treated with mesyl chloride (37.8 ml, 30 equiv_) at 95” for 90 h, and the mixture 
processed in the usual way to give a mixture of three major components (t.!.c.; 
ether-light petroleum, 2:l). The two faster-moving components were very close 
together and could only be resolved by careful t.l.c., thereby making preparative 
separation very difficult. However, O-deacetylation (sodium methoxide) gave a 
mixture of three products (t.1.c.; chloroform-ethanol, 6:l) which were more readily 
separable and were subjected to careful column chromatography on a dry-packed 
column of silica gel (150 g) with dichloromethane-ethanol (2O:l). 

The first fractions from the column gave a crystalline product which was 
recrystallised from chloroform-light petroleum to give methyl 3,6-dichloro-3,6- 
dideoxy-/?-D-allopyranoside (33) (1.5 g, 31%), m-p. 163-l&I”, [aID - 54” (c 0.6) 
(Found: C, 36.8; H, 5.5; Cl, 31.2. C,H12C120, talc.: C, 36.4; H, 5.2; Cl, 30.75%). 
Lit.23 m-p. 162-163”, [ct]o -43”. 

AcetyIation of 33 in the usuai way (acetic anhydride-pyridine) gave the syrupy 
diacetate 34 which was used for spectroscopic studies. 

The second fraction gave a crystalline residue which was recrystallised from 
chloroform-light petroleum to give methyl 4,6-dichloro-4,6-dideoxy-@-D-galacto- 
pyranoside (31) (0.7 g, 15%), m-p. 152-153”, [a]o - 14” (c 0.5), +7” (c 1.4, water), 
identical to an authentic specimen prepared by the sulphuryl chloride method of 
Jennings and Jones22; lit.22 m.p. 154”, [aID t 16” (water)*. 

Acetylation in the usual way afforded the diacetate 32 (75%), m.p. 119-120”, 
[aID +33” (c 0.6) (Found: C, 42.1; H, 5.0; Cl, 22.4. C,,H,,C120, talc.: C, 41.9; 
H, 5.1; Cl, 22.55%). 

The third fraction was crystalline, and recrystallisation from ethyl acetate-light 
petroleum gave methyl 6-chloro-6-deoxy-/?-D-glucopyranoside (2s) (0.8 g, 15%), 
m.p. 157-159”, [aID -48’ (c 1, water); lit.37 m-p. 157-159’, [c& -49”. 

The triacetate 30, prepared in the usual way, had m-p. 138-139”, [aID -1-5.5” 
(c 2.4); liL3’ m.p. lSl”, [c&-, -9.8” (pyridine). 

Chlorination of methyl a-D-galartopyranoside (35). - The anhydrous glycoside 
(3 g) was dissolved in N,N-dimethylformamide (50 ml), treated with mesyl chloride 
(23.5 ml, 20 equiv.) at 100” (bath) for 4 days, and then processed in the usual way. 
The syrupy product was O-deacetylated in the usual way (sodium methoxide) to give 
a mixture composed of a single major product and several minor products. The 
mixture crystallised and was recrystallised from dichloro methane-isopropyl ether to 
give methyl 4,6-dichloro-4,6-dideoxy-a-D-glucopyranoside (36) (1.3 g, 37%), m-p. 122- 
124“, [a],, f128” (c 1.25) (Found: C, 36.5; H, 5.7; Cl, 31.1. C7HItC1204 talc.: C, 36.4; 
H, 5.2; Cl, 30.75%). Lit.24 m.p. 119-121”, [a]n + 121” (water). 

*In a personal communication, Professor J. K. N. Jones has acknowledged an error in the original 
paper and has kindly supplied this revised value. 
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Acetylation of 36 in the usual way was carried out on a very smail scale only for 
mass spectrometry. 

Reaction of methyl #I-D-glucopyranoside (28) witJ1 sulphuryi cJrIoride.t - A 
solution of the &gIucoside (2 g) in anhydrous pyridine (40 ml) and dichloromethane 
(40 ml) was cooled to -78” (solid carbon dioxide-acetone bath), and sulphuryl 
chloride (5.2 ml) was added slowly. The mixture was then stored at -78” for 2 h 
and thereafter allowed to rise to room temperature during 3 h. After a further 2.5 h, 
t.1.c.” (chloroform-ethanol, 6:l) indicated the presence of two products, one major 
and the other minor. The reaction mixture was then poured into methanolic 
sodium iodide (50 ml), and the resulting red solution was evaporated to a syrup which, 
after two co-distiilations with toluene, was fractionated on a dry-packed column of 
silica gel. Elution with dichloromethane removed iodine and other fast-moving, non- 
carbohydrate impurities. Careful elution with dichloromethane-ethanol (2O:l) then 
achieved a partial separation of the two products. The first few fractions contained 
the faster-moving, minor component, and later fractions we_ : mixtures of this com- 
pound with the slower-moving component. The mixed fractions were rechromato- 
graphed on a dry-packed column with dichloromethane+thanol(50: l), and complete 
separation of the two products was achieved. 

The fractions (from both columns) containing the faster-moving compound 
only were combined and evaporated to a yellow syrup, which was further purified by 
passage through a short column of silica gel with dichloromethane-ethanol (2O:l); 
this removed some coloured impurities. Evaporation of the pure fractions from this 
column gave a smah quantity of a crystalline compound (~0-05 g)_ Recrystahisation 
from ethyl acetate-Iight petroleum gave methyl 3,6-dichloro-3,6-dideoxy-/3-D-allo- 
pyranoside (33) as a microcrystalline solid, m.p. 160-163.5” [from I45”, a slow, 
crysta1 transition (giving highly refractive, rod-like crystais) was noted], identical 
(i-r., mixture m-p., and t.1.c. mobility) with the sample already described. 

The pure fractions containing the slower-moving, major product were 
evaporated to a yehow, crystalline mass which, after decolorisation with charcoal in 
chloroform, followed by recrystallisation from chloroform-light petroleum, gave 
methy 4,6-dichIoro-4,6-dideoxy-/i-n-galactopyranoside (31) as white needles (0.25 g, 
lo%), m.p. 152-153.5” (120”, crystal transition), [r$, +6” (c 1, water), identical with 
the sample already described. 

Reaction of benzyl #?-cellobioside (17) roith srrlphuryl chloride. - A stirred 
soIution of benzyl /i-cellobioside (17, 2 g) in a mixture of dichIoromethane (40 ml) 
and anhydrous pyridine (15 ml) was cooled to -78” (bath) and slowly treated with 

*For t.l.c., a small aliquot of the reaction mixture was mixed with an equal volume of methanolic 
sodium iodide in order to remove chlorosulphate groups. 
*Note added in proof May 2&h, 1974. Recently D. M. Dean, W. A. Szarek and J. K. N. Jones 
(Carbohyd. Res., 33 (1974) 383) have reported the same reaction. They obtain considerably better 
yields of the 3,6- and 4,6-dichlorides (50 and 22% respectively) after 2 h at ambient temperature_ 
However, they note that yields decrease markedly with longer reaction times, which might explain 
our considerably lower yields. 
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sulphuryl chloride (6 ml). The mixture was then stirred at -78” for 1.5 h, stored 
thereafter at -40’ for 24 h and at 0” for 17 h, and poured into ice-cold 0.5M sulphuric 
acid (50 ml) contained in a separating funnel. The organic layer was separated and the 
remaining aqueous phase further extracted with dichloromethane. The combined 
organic extracts were washed well with aqueous sodium hydrogen carbonate and water, 
and dried (MgSO,). The extracts were then evaporated to dryness, and the resulting 
syrup was dissolved in a mixture of methanol and dichloromethane. Addition of 
sodium iodide, surprisingly, did not liberate iodine, suggesting the absence of chloro- 
sulphates. The mixture was then quickly passed through a dry-packed column of 
silica gel with methanol-dichloromethane (l:l), and the eluate was evaporated to a 
thick, yellow syrup, which was thoroughly dried in ZJQCUO over phosphorus pentaoxide. 
The resulting solid was acetylated in the usual way (pyridine-acetic anhydride) to 
give a yellow solid containing three components (t.1.c. ; cyclohexane-ethyl acetate, 2: I)_ 
The mixture was fractionated by chromatography on a dry-packed column with light 
petroleum-ethyl acetate (3: 1). 

The component eluted first crystaliised on the addition of light petroleum, and 
two recrystallisations from ethyl acetate-light petroleum gave the 3,3’,6,6’-tetra- 
chloride 23 (0.2 g, 7%), m-p. 146148.5”, identical (i-r. and mixture m-p.) with the 
product already described. 

The second fraction was evaporated to a syrup which crystalhsed on the 
addition of light petroleum. Recrystallisation from chloroform-light petroleum gave 
the 3,4’,6,6’-tetrachloride 24 (0.18 g, 6%), m.p. 159.5-162”, identical (i.r. and mixture 
m-p_) with the product already described. 

The third fraction was evaporated to a syrup that solidified on the addition of 
light petroleum (0.2 g, 7%). T.1.c. (cyclohexane-ethyl acetate, 2:l) indicated that it 
was the mixture of 3’,6,6’- and 4’,6,6’-trichloro derivatives, 20 and 21, respectively, 
previously encountered in the mesyl chloride-N,N-dimethylformamide reaction. The 
composition of the mixture was confirmed by its ‘H n.m.r. spectrum, which showed 
that the two components were present in approximately equal amounts. The mixture 
was not further fractionated. 
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