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ABSTRACT 

Selective de-esterikation of 1’,2:4,6-di-0-isopropylidenesucrose tetra-acetate’ 

(1) with-methanolic ammonia at - 10” gave an inseparable mixture (2t3) of the 
3,4’,6’- and 3,3’,6’-triacetates and also the 4,6’-diacetate 4. When the reaction was 
performed at 5”, it gave 4, the 4-acetate 8, and the parent diacetal9. These derivatives 
allow selective reaction at hydroxyl groups in sucrose, in particular at HO-3’ and 
HO-4’, not hitherto possible. Mesylation of 4 gave the 3’,4’-dimesylate 7, which, on 
treatment with aqueous acetic acid followed by acetylation, afforded 3’,4’-d&O- 
mesylsucrose hexa-acetate (11). Treatment of 11 with sodium methoxide in methanol 
at 70” for 1 min gave the ribo-3’,4’-epoxide 12 as the minor, and the lyxo-3’,4’- 
epoxide 13 as the major, product. Selective tosylation of 4 gave the 3’,4’-ditosylate 14 
(3.7%), 4’-tosylate 15 (3.1%), and 3’-tosylate. 16 (31%); indicating the order- of 
reactivity HO-3’>HO-4’ in 4. De-acetalation of 15 and 16 followed by acetylation 

gave the hepta-acetates of 4’- and 3’-U-tosylsucrose, respectively, _ which were 
converted into the respective epoxides, 13 and 12, by methanolic sodium methoxide. 

INTRODUCTION 

The value of sugar epoxides as synthetic intenqediates is well-recognised3. 
4,6-Dichloro-4,6-dideoxy-2,3-d& O-sulpho+D-galactopyranosyl 3,4-anhydro-1,6-d& 
chloro-1,6-dideoxy-B-D-ribo-hexulofuranoside was formed during the reaction of 
sucrose with sulphuryl khloride4, but a deliberate synthesis of a sucrose epoxide has 
not hitherto been reported; We now describe selective de-esterification reactions of 
1’,2:4,6-di-O- isopropyliderksucrose tetra-acetate (l), total and partial sulphonylation 
of 3,6’-di- O-ace@- 1’,2:4,6-di- O-isopropylidenesucrose (4), and syntheses of 2,3,4,6- 

tetra-0-acetyl-a-D-glucopyranosyl 1,6-di- O-a~tyl-3,eanhydro-B_D-f~~~ (12) and 
-/I-D-lyxo-hexulofuranoside (13). 

*Sucrochemistry: Part XXIV. For Part XXIII, see Ref. 1. 
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RESULTS AND DISCUSSION 

Reaction of 1’ with methanok ammonia at - 10” for 15 min, followed by 
chromatography on silica gel, gave 1 (24%), an inseparable mixture of two mono- 
hydroxy compounds (32%), and 4 (30%). The ‘H-n.m.r. spectrum of the mixture of 
monohydroxy compounds revealed a low-field triplet (z 3.91, 1:2:1) due to over- 
lapping doublets of the anomeric protons. One of the H-3’ resonances appeared at 
r 5.14, thereby suggesting that one of the compounds [3,4’,6’-tri-0-acetyl-1’,2:4,6-di- 
O-isopropylidenesucrose (2)] had the hydroxyl group at C-3’. Based on the structure 
of 4, which is discussed below, the other component of the mixture was assumed to be 
the 4’-hydroxy compound 3,3’,6’-tri-O-acet==l-I ‘,2:4,6-d&0 isopropylidenesucrose 
(3). On addition of trichloroacetyl isocyanate to a solution of 2+3 in deuterio- 
chloroform, two singlets appeared at 7 1.34 and 1.52, integration of which and of the 
H-l triplet (1:2:1) indicated an equimolar mixture. 

1 R = R’= RZ=R3=Ac 6 R = AqR’ = Rz= R’= H 

2 R = R’= R2=Ac,R3= ,, 9 R= R’=R2=R3=H 

3 R= R’=R’=Ac,ti=H 14 R= R’=Ac.$= $=Ts 

4 R= Ri=Ac,R2=R3=H 15 R = R’= Ac,R’= Ts,R’=H 

5 R = R’= R2=Ac.R3= MS 16 R = R’=Ac,R’= H.R’=fs 

6 R = R’ = R= =Ac,R’ = MS 17 R = ^R’=R2=Ac,R3= Ts 

7 R = R’ = Ac,R2=R3= MS 

10 R = H,R’= R’=Ms 

11 R = Ac,d = R2= MS 

16 R = Ac,R’ = R* = Ts 

19 R = R2 = AC R’ = T . s 

20 R = R’ = Ac,R2 = Ts 

CH20Ac 

12 13 

In order to co&r-m the structures of 2 and 3, the mixture was mesylated and 
the products were subjected to chromatography on silica gel. Only small amounts of 
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pure 3’-mesylate 5 and 4’-mesylate 6 were obtained, the major fraction being a 
mixture of 5 and 6. The ‘H-n.m.r. spectrum of 5+6 contained, inter aiia, a triplet at 

t 3.94 due to overlapping doublets of H-l, an H-3’ resonance at T 5.13, and singlets 
for the two mesylate groups at r 6.74 and 6.94, integration of which indicated an 
approximately equimolar ratio. In the ‘H-n.m.r. spectrum of 5, the resonances due 
to H-1,2,3,3’,4’ were assigned on a first-order basis and confkmed by spin-decoupling 
experiments. The resonance due to H-3’ appeared at.a higher field (r 5.12) than the 
corresponding resonance (r 4.763) in the spectrum of 1, indicating the presence of a 
MsO-3’ group. Similarly, for the 4’-mesylate 6, the presence of a Ms0-4’ group was 
supported by the fact that the signals due to H-4’ appeared at a higher field (o 4.82) 
than the corresponding resonance (7 4.53) for 1. 

The structure 4 was supported by its ‘H-n.m.r. spectrum. Although the signals 
due to H-3’ and H-4’ were not allocated, their appearance in the region r 5.55-6.55 
confkmcd the presence of the hydroxyl groups at C-3’ and C-4’. Addition of tri- 
chloroacetyl isocyanate to a solution of 4 in deuteriochloroform generated two singlets 
at r 1.03 and 1.21, and also caused the appearance of the signals due to H-3’ and H-4’ 
at r 4.78 and 4.55, respectively. Conventional mesylation of 4 gave the corresponding 
3’,4’-dimesylate 7, the ‘H-n.m.r. spectrum of which contained, as expected, the H-3’ 

and H4’ resonances at z 5.00 and 4.79, respectively. 
Treatment of 1 with methanolic ammonia initially at - 10” for 0.5 h and then 

at 5” for 3.5 h, followed by chromatography of the products on silica gel, gave 4 
(35%), the 3’,4’,6’-trio1 8 (44.5%), and the diacetal 9 (5.2%). The structure of 8 was 
supported by its ‘H-n.m.r. spec trum. The resonance of H-3 at r 4.72 is typical of 
acetylated derivatives of sucrose, and confirmed the presence of an AcO-3 group. The 
shift of resonances due to H-3’ and H-4’ from the region 7 4.548 to r 5.31-6.57 
indicated that HO-3’ and H04’ were unsubstituted. On addition of trichloroacetyl 

isocyanate to a solution of 8 in deuteriochloroform, three singlets appeared at r 0.71, 
1.1, and 1.35, thus confkrning the presence of three hydroxyl groups, and signals due 
to H-3’ and H-4’ at 7 4.73 and 4.55, respectively, appeared, confirming the presence 
of the two hydroxyl groups in 8 at C-3’ and C-4’. The third hydroxyl group in 8 must 
therefore be located at C-6’. 

In the ‘H-n.m.r. spectrum of 9, the signals for all the ring protons, except H-l 

(7 3.75), appeared in the region r 5.32-6.60. Although those for H-3,3’,4’ were not 
allocated, their shift to higher field confirmed the presence of hydroxyl groups at 
positions 3, 3’, and 4’. The absence of signals due to acetyl protons and the presence 
of resonances due to the protons of the two acetal groups provided additional 
evidence for the structure of 9. 

On the basis of the foregoing results, it is suggested that rhe rate of hydrolysis 
of the acetyl groups in 1 is in the order of O-3’ x O-4’> O-6’> O-3. The low reactivity 
of AcO-3 is probably due to steric hindrance by the 4,6- and 1 ‘,Z-acetal groups. 

3’,4’-Di-O-mesylsucrose hexa-acetate (ll), a precursor of the epoxides 12 and 
13, was obtained by treatment of 7 with boiling, aqueous acetic acid to give 10, 

followed by acetylation. The structures of 10 and 11 were supported by their ‘H- 



102 R. KHAN, M. R. JJZNNER, H. LINDSETH 

n.m.r. spectra and (for 11) by the mass spectrum. Treatment of 11 with methanolic M 

sodium methoxide at 70” for 1 min, followed by acetylation and chromatography on 
silica gel, gave the riho-epoxide 12 (12.4%) and Zyxo-epoxide 13 (73.3%). The fact 
that 13 preponderated suggested that MsO-3’ was more readily attacked by methoxide 
ion than Ms04’. In the ‘H-n.m.r. spectrum of 12, the resonances for H-3’,4’ were 
present as an A&like quartet (J 2.5 Hz), the higher field doublet at t 6.15 being 
assigned to H-4’ because it showed further splittings of 1.0 Hz due to coupling with 

the trans proton H-5’. The pattern of the resonances H-3’ and Ha’, their chemical 
shifts, and their coupling constants were typical of protons attached to an epoxide 
ring fused to a larger ring ‘-’ The mass spectrum of 12 revealed oxycarbonium ions . 
at m/e 331 and 229 due to hexopyranosyl and ketofuranosyl cations, respectively. 

The ‘H-n.m.r_ spectrum of 13 also revealed an A&like quartet due to H-3’ and 

H-4’ (J 3.0 Hzj. The lower field doubiet, which had further fine splittings of 0.5 Hz, 
was assigned to H-4’. The mass spectrum of 13 contained peaks for ions at m/e 331 
and 229, corresponding to the hexopyranosyl and ketofuranosyl cations, respectively. 

The structure of 12 and 13 were confirmed by unambiguous syntheses. The 
3’-sulphonate 20 and the 4’-sulphonate 19, precursors of the r&o-expoxide 12 and the 
lyxo-epoxide 13, respectively, were synthesised by partial tosylation of the 3’,4’-dio14. 
Treatment of 4 with 1.3 mol. of tosyl chloride in pyridine at room temperature for 
3 h, foliowed by chromatography on silica gel , gave the 3’,4’-ditosylate 14 (3.7%), the 
4’-tosylate 15 (3 L %), and the 3’-tosyiate 16 (3 I%), indicating the reactivity sequence 
HO-3’> HO-4’ in 4. 

The structures of 14-16 were established by chemical transformations, and by 
‘H-n.m.r. and mass spectrometry. Ahhough the resonances due to H-3’ and H-4’ 
were not allocated in the ‘H-n.m.r. spectrum of 14, they were shown by spin- 
decoupling experiments to be in the region r 5-O-5.3. Treatment of 14 with boiling 
aqueous acetic acid followed by acetylation gave 3’,4’-di-O-tosylsucrose hexa-acetate 
(18, 81%). The ‘H-n.m.r. spectrum of 18 showed two methyl peaks at r 7.54 and 7.55, 
the rest of the spectrum being similar to that of sucrose o&a-acetate, except for a 
small, relative upfield shift of -0.2 p.p.m. for the signals due to H-3’ and H-4’, 
indicating that the tosyl groups were located at C-3’ and C-4’. The structure of 18 was 
also supported by its mass spectrum, which showed peaks for ions at m/e 331 and 555 
due to hexopyranosyl and ketofuranosyl cations, respectively. 

In the ‘H-n.m.r. spectrum of the 4’-tosylate 15, the resonances due to H-3’ 
appeared at a relatively high field (r 5.8), indicating the presence of a hydroxyl group 
at C-3’. This assignment was confirmed by the observation of a low-field singlet at 
r 1.33, due to an imino proton, foliowing the addition of trichloroacetyl isocyanate 
to the n.m.r. solution. Simultaneously, the signals due to H-3’ appeared at r 4.9. 
Deacetalation of 15 followed by acetylation gave 4’-O-tosylsucrose hepta-acetate (19), 
the structure of which was ascertained on the basis of its ‘H-n.m.r. spectrum. In 
relation to the IH-n.m.r. spectrum of sucrose o&t-acetate, the resonances due to H-4’ 

appeared at a slightly higher field (r 4.91), indicating the presence of the tosyl group 
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at C-4’. The mass spectrum of 19 revealed the presence of the tosyl group in the 
ketofuranosyl cation (ion at m/e 443). 

The structure of the 3’-tosylate 16 was supported by its ‘H-n.m.r. spectrum. 
Although the resonances due to H-2,4,4’ were not allocated, they were shown by 
spin-decoupling experiments to be in the region r 5.4-6.9. Addition of trichIoroacety1 
isocyanate to a solution of 16 in deuteriochloroform caused the appearance of a 
low-field imino-proton singlet at t 1.31, and aIso signaIs due to H-4’ at r 4.57, 
thereby confirming the presence of a hydroxyl group in 16 at C-4’. Conventional 
acetylation of 16 gave the corresponding acetate 17, the structure of which was 
supported by its IH-n.m.r. spectrum. Treatment of 16 with boiling, aqueous ecetic 

acid followed by acetylation afforded 3’-O-tosylsucrose hepta-acetate (XI), the 
structure of which was supported by its ‘H-n.m.r. and mass spectra. 

Treatment of the 3’-tosyiate 20 with methanolic sodium methoxide at 70” for 
1 mitt followed by acetyfation gave the 3’,4’-ribo-epoxide 12 (96%), and similar 
treatment of the 4’-tosylate 19 gave the expected 3’,4’-Z’xo-epoxide 13 (82%). 

When the 3’,4’-ditosylate 18 was treated with sodium methoxide, as described 
for the 3’,4’-dimesylate 11, it gave, after acetylation and chromatography, the 
expected epoxides 12 (12%) and 13 (76%). These results confirm the earlier obser- 
vation that the initial attack by methoxide ion occurs mainly on MsO-3’. 

EXPERIMENTAL 

General methods. - All evaporations were carried out under reduced pressure. 
Melting points were measured on a Kofler hot-stage apparatus and are uncorrected. 
Optical rotations were measured on a Perkin-Elmer 141 polarimeter in I-dm tubes. 
Cohunn chromatography on silica gel was carried out at room temperature with 
Kieselgel (Merck 70-230 mesh)_ T.I.c. was performed at room temperature on silica 
gel 60 F-254 (Merck), with detection by charring with sulphuric acid. N.m.r. spectra 
(100 MHz) were measured for solutions in CDCI, (internal Me,Si) and, wherever 
possible, spin-decoupling experiments were carried out to confirm the assignments. 
Mass spectra (70 eV) were recorded on an A-E-1. MS 12/DS 30 system with a source 
temperature of 200” and a heated direct-insertion probe. 

Reaction of I ‘,2:4,6-di-0-isopropylidenesucrose tt tra-acetate’ (1) with methanolic 

ammonia at -110” for 15 min. - A solution of 1 (3.7 g) in dry methanol (40 ml) was 
treated with ammonia gas at - 10” for 15 min. T.1.c. (ether-acetone 40.5) then 
showed a mixture of three components in the ratios - 1:1:1_ The solution was 
concentrated to a syrup (3.3 g) and eluted from a column of silica gel (100 g) with 
ether-light petroleum (1: 1) to afford the following products. 

1’,2:4,6-Di-O-isopropyhdenesucrose tetra-acetate (1; 0.9 g, 24.3%), m.p. and 
mixture m.p. 135-137” (previously reported 2 in error as m-p. 85-870). The n.m.r. 
spectrum was identical to that of an authentic sample. 

A mixture (1. I g, 32.1 “A) of 3,4’,6’-tri-O-acetyl-l’,2:4,6-di-O-isopropyIidene- 
sucrose (2) and 3,3’,6’-tri-O-acetyl-l’,2:4,6-di-O-isopropyIidenesucrose (3). N.m.r. 
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data: r 3.91 (t, J,,, 3.0 Hz, H-l), 5.14 (d, J3,,4, 6.5 Hz, H-3’), 7.7-8.0 (AC), and 
8.55-8.72 (Me). 

Anal. Calc. for Cz4Hs60r4: C, 52.6; H, 6.6. Found: C, 53.2; H, 6.8. 
3,6’-Di-U-acetyl-1’,2:4,S-di-O-isopropylidenesucrose (4) as a syrup (960 mg, 

30.3%), [a]n +49.5” (c 1, chloroform)_ N.m.r. data: r 3.88 (d, 1 H, J1,2 3.5 Hz, H-l), 
6.17 (q, 1 H, Jt.3 9.5 Hz, H-2), 4.71 (t, 1 H, J3,s 9.5 Hz, H-3), 7.83, 7.93 (2 s, 6 H, 
2 AC), and 8.54-8.68 (4 s, 12 H, 4 Me). 

Anal. Calc. for C,,H,,O,,: C, 52.2; H, 6.8. Found: C, 52.4; H, 7.0. 
Mesylation of the mixture 2 + 3. - A solution of the foregoing mixture (0.4 g) 

in pyridine (40 ml) was treated with methanesulphonyl chloride (1 ml) at 0”. The 
solution was stored at room temperature for 24 h, and t.1.c. (ether-light petroleum, 
6:l) then revealed two fast-moving spots of equal intensity. The mixture was poured 
into ice-water and extracted with dichloromethane, and the extract was washed with 
aqueous sodium hydrogen carbonate and water, dried (Na2S04), and concentrated. 
The syrupy residue was eluted from a column of silica gel with ether-light petroleum 
(1:3) to afford the following products. 

3,4’,6’-Tri-0-acetyl-I ‘,2:4,6-di-0-isopropylidene-3’-0-mesylsucrose (5; 25 mg, 
5.5%), [a]n + 15” (c 1.1, chloroform). N.m.r. data: 7 3.92 (d, 1 H, J1,* 3.5 Hz, H-l), 
6.2 (q. 1 H, Jz.3 9.5 Hz, H-2), 4.8 (q, 1 H, J3,4 9.0 Hz, H-3), 5.12 (d., 1 H, J3.,4, 

6.5 Hz, H-3’), 4.64 (q, 1 H, J4.,5. 4.5 Hz, H-4’), 6.74 (s, 3 H, MS), 7.90-7.99 (9 H, 
3 AC); 8.56, 8.61, 8.73, and 8.77 (4 s, 12 H, 4 Me). 

Anal. CaIc. for C25H38016S: C, 47.9; H, 6.1; S, 5.12. Found: C, 49.2; H, 6.4; 
s, 4.94. 

3,3’,6’-Tri-0-acetyl-1 ‘,2:4,6-di-0-isopropylidene-4’-0-mesylsucrose (6; 60 mg, 
13.1%), [a]n f1.5” (c 1.3, chloroform). N.m.r. data: 7 3.97 (d, 1 H, J,,, 3.5 Hz, 
H-l), 6.22 (q, 1 H, Jt,3 9.0 Hz, H-2), 4.8 (t, 1 H, J3,4 9.0 Hz, H-3), 4.82 (t, 1 H, 
J 4s,5s 4.0 Hz, H-4’), 6.22 (s, 3 H, MS), 7.75-8.0 (9 H, 3 AC), and 8.55-8.79 (12 H, 
4 Me). 

Anal. Calc. for C,,H,,O,,S: C, 47.9; H, 6.1; S, 5.12. Found: C, 49.1; H, 6.5; 
s, 5.34. 

A mixture containing 5 and 6 (350 mg, 76.6%), [LY]~ + 8” (c 1.1, chloroform). 
N.m.r. data: 7 3.94 (t, J1,* 3.5 Hz, H-l), 5.13 (d, J4,4 6.5 Hz, H-3’), 6.74, 6.94 
(2 m, 2 Me), 7.7-8.04 (AC), and 8.45-8.87 (Me). 

Reaction of1 with methanolic ammonia at 5” for 3.5 h. - A solution of 1 (8 g) 

in dry methanol was treated with ammonia gas at - 10” for 30 min. The reaction 
mixture was stored at 5” for 3.5 h, and t.1.c. (dichioromethane-methanol, 5:l) then 
revealed two slow-moving, major products). The solution was concentrated, and the 
syrupy residue was eluted from a column of silica gel with dichloromethane-acetone 
(6:l) to give the following products. 

3,6’-Di-O-acetyl-l’,2:4,6-di-O-isopropylidenesucrose (4; 2.4 g, 35%), [cz]b 
+49.5” (c 1, chloroform). The n.m.r. spectrum was identical with that of the previously 
prepared sample. 

3-0-Acetyl-1’,2:4,6-di-0-isopropylidenesucrose (8; 2.8 g, 4X5%), [a],, +28’ 
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(c 1.18, chloroform). N.m.r. data (CDCI,): r 3.80 (d, 1 H, J,,, 3.8 Hz, H-l), 4.72 

(t, 1 H, Js.4 10.0 Hz, H-3), 7.96 (s, 3 H, AC), and 8.54-8.65 (12 H, 4 Me). 
Annl. Calc. for Ct ,H,,O,, : C, 51.7; H, 6.9. Found: C, 51.1; H, 7.0. 
1’,2:4,6-Di-U-isopropylidenesucrose (9; 300 mg, 5.2%), m-p. 164-166” (from 

acetone-ether), [z]n + 38” (c 1.11, pyridine). N.m.r. data (CDCI,): T 3.52 (d, 1 H, 
J1,2 4.0 Hz, H-l), 5.0-6.5 (m, 13 &I), and 8.55-8.74 (12 H, 4 Me). 

Anal. Calc. for C18H3,,011: C, 51.2; H, 7.2. Found: C, 51.0; H, 7.8. 
3,6’-Di-O-acetyI-l’,2:4,6-di-O-isopropyIidene-3’,4’-di-O-mesyIsucrose (7)_ - A 

solution of 4 (4 g) in pyridine (50 ml) was treated with mesyl chloride (3 ml) at -5” 
for 2 h. The mixture was stored at room temperature for 24 h and then worked-up as 
described previously. The syrupy product was e!uted from a column of silica gel with 
ether-light petroleum (9:l) to give 7 (3.8 g, 72.6X), [a]n + 14” (c 1, chloroform). 

N.m.r. data (CDCI,): r 3.87 (d, 1 H, JIe2 3.5 Hz, H-l), 6.15 (q, 1 H, J7,3 9.0 Hz, 
H-2), 4.77 (t, 1 H, JS,s 9.0 Hz, H-3), 5.00 (d, 1 H, Js.,S. 5.0 Hz, H-4’), 6.62, 6.8 
(s, 6 H, 2 AC), and 8.51-8.67 (4 s, 12 H, 4 Me). 

Anal. Calc. for C24H38017SZ: C, 43.5; H, 5.8; S, 9.7. Found: C, 44.3: H, 6.0; 
s, 9.3. 

3,6’-Di-O-acetyl-3’,4’-di-0-mesylszrcrose (10). - A solution of 7 (3.8 g) in 60% 
aqueous acetic acid (40 ml) was kept at 100” for 15 mm and then concentrated to give 
10 (3 g, 89.8%), m.p. 152-154”, [c& +54” (c 1.1, water). N.m.r. data (C,D,N): 
t 3.96 (d, 1 H, J1,2 3.5 Hz, H-l), 4.05 (t, 1 H, J2,3 10.0 Hz, H-3), 4.04 (d, 1 H, 
J j,,4, 6.5 Hz, H-3’), 4.22 (t, 1 H, J4,,5, 6.5 Hz, H-4’), 6.46, 6.62 (2 s, 6 H, 2 MS), 
8.04 and 8.13 (2 s, 6 H, 2 AC). 

Anal. Calc. for C18H30017S2: C, 37.1; H, 5.2; S, 11.0 Found: C, 37.2: H, 5.1; 
s, 11.2. 

3’,4’-Di-0-mesyisucrose hexa-acetate (11). - A solution of 10 (5 g) in pyridine 
(50 ml) was treated with acetic anhydride (5 ml) at room temperature for 24 h. TLC. 
(ether-acetone, 4:l) then showed a fast-moving product. The solution was con- 
centrated to give 11 (6.3 g, 98%), [c&, +47” (c 1.23, chloroform). N.m.r. data 
(CDCI,): T 4.31 (d, 1 H, J, ,z 3.5 Hz, H-l), 5.09 (q, 1 H, J2,3 10.0 Hz, H-2), 4.65 

(t, 1 H, Js.4 9.5 Hz, H-3), 4.94 (t, 1 H, J4,5 9.5 Hz, H-4), 4.66 (d, I H, J3,,4, 7.0 Hz, 
H-3’), 4.73 (t, 1 H, J4.,5. 7.0 Hz, Ha’), 6.76, 6.9 (2s, 6 H, 2 MS), and 7.85-8-O 
(m. 18 H, 6 AC). Mass spectrum [(a) indicates hexopyranosyl and (b) ketofuranosyl 
cations]: m/e 403(b), 331(a), 271 (a), 247(b), 211 (a), 169(a), 127(a), and 109(a). 

Anal. Calc. for C,,H,sOzlS,: C, 41.6; H, 5.1; S, 8.5. Found: C, 42.0; H, 5.2; 
S, 8.2. 

Reaction of 11 with sodium methoxide. - A solution of 11 (11 g) in methanolic 
M sodium methoxide (200 ml) was heated to 70” for 2 m.in, and then concentrated, and 
the residue was treated with acetic anhydride (50 ml) and pyridine (300 ml) at room 

temperature for 24 h. T.1.c. (ether-acetone, 4~1) then showed two fast-moving 
products. The mixture was poured into ice-water and extracted into dichloro- 
methane, and the extract was washed successively with water, aqueous sodium 
hydrogen carbonate, and water, dried (Na2S04), and concentrated. The residue was 
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eluted from a column of silica gel (300 g) with ether-light petroleum (9:l) to give the 
following epoxides. 

2,3,4,6-Tetra- 0-acetyl-LX-D-glucopyranosyll,6-di- 0-ace@-3,4-anhydro-/3- 
o-Rio-hexulofuranoside (12; 1.1 g, 12.4%), [a]b + 59” (c 0.6, chloroform). N.m.r. 
data (CDCI,): ~4.39 (d, 1 H, Jl,t 3.5 Hz, H-l), 5.13 (q, 1 H, JzBs 10.0 Hz, H-2), 
4.53 (q, 1 H, Js,4 9.5Hz, H-3), 4.94 (t, 1 H, J4,5 9.5 Hz, H-4), 6.12 (d, 1 H, J3.,+. 
2.5 Hz, H-3’), 6.15 (q, 1 H, J4.,5. 1.0 Hz, H-4’), and 7.86-8.0 (18 H, 6Ac). Mass 
spectrum [(a) indicates hexopyranosyl and (b) ketofuranosyl cations]: nz/e 331(a), 
271 (a), 229(b) 211 (a), 169, 127(b), and 109. 

Anal. Calc. for CZ4Hs2016: C, 50.0; H, 5.6. Found: C, 50.0; H, 5.7. 
2,3,4,6-Tetra- 0-acetyl-a-D-glucopyranosyl 1,6&i- 0-acetyl-3,4-anbydro-/I- 

D-lyxo-hexulofuranoside (13; 6.2 g, 73.3%), [ciju +59” (c 0.6, chloroform). N-m-r. 
data (CD&): ~4.23 (d, 1 H, J,,, 4.0 Hz, H-l), 5.21 (q, 1 H, J2,3 10.0 Hz, H-2), 
4.55 (q, 1 H, J3,4 9.5 Hz, H-3), 4.96 (t, 1 H, Jds5 9.5 Hz, H-4), 6.32 (d, 1 H, J3p,4e 
3.0 Hz, H-3’), 6.25 (q, 1 H, J4,,5, 0.5 Hz, H-4’), and 7.88-7.99 (m, 18 H, 6 AC). 

Anal. Cab for CZ4HJ2016: C, 50.0; H, 5.6. Found: C, 50.1; H, 5.7. 
Selective tosylation of 4. - A solution of 4 (10 g) in pyridine (200 ml) was 

treated with tosyl chloride (5 g, 1.3 mol.) at - 10”. The mixture was allowed to attain 
room temperature slowly, and then stirred for 3 h. T.1.c. (ether-acetone, 1O:l) revealed 
4 and three fast-moving products. The reaction was worked-up as described above, 
and the syrupy residue was eluted from a column of silica gei (400 g) with ether-light 
petroleum (1: 1) to afford the following products. 

3,6’-Di- 0-acetyl- 1’,2:4,6-di- 0-isopropylidene-3’,4’-di- 0-tosylsucrose (14; 
600 mg, 3.7%), [c& - 13” (c 1.0, chloroform). N_m.r. data (CDCI,): -c 4.05 (d, 1 H, 
J1.> 3.5 Hz, H-l), 4.8 (t, 1 H, J 2,3 9.5 Hz, H-3), 7.93, 7.96 (2 s, 6 H, 2Ac), 7.53, 
7.59, (2 s, 6 H, 2 Ts), 8.55-8.62 (12 H, 4 Me), and 2.13-2.68 (4 H, Ts). 

Anal. Calc. for C36H46017S2: C, 53.1; H, 5.7; S, 7.9. Found: C, 53.6; H, 6.0; 
s, 7.4. 

3,6’-Di-0-acetyl-I ‘,2:4,6-di-0-isopropylidene4’-0-tosylsucrose (15; 400 mg, 
3.1%), [a]n -i- 2” (c 0.6, chloroform). N.m.r. data (CDCI,): 7 3.96 (d, 1 H, J1 ,* 3.8 HZ, 
H-l), 4.81 (t, 1 H, J?,: 7.5 Hz, H-3), 5.29 (q, 1 H, J3s,4a 5.0, J.&n 6.0 Hz, H-4’), 
7.54 (s, 3 H, Ts). 7.95, 7.96 (2s, 6 H, 2Ac), 8.54-8.73 (12H, 4Me), and 2.15-2.7 
(4 H, Ts). 

Anal. Calc. for CtgH,,0,5S: C, 52.7; H, 6.1; S, 4.9. Found: C, 53.6; H, 6.3; 
S, 4.6. 

3,6’-Di- 0-acetyl- l/,2:4,6-di- 0-isopropylidene-3’- 0-tosylsucrose (16; 4.1 g, 
31%), m.p. 158-160” (from ether), [a]n +9” (c 1, chloroform). N-m-r. data (CDCI,): 
5 4.03 (d, 1 H, Jl,t 3.5 Hz, H-l), 4.78 (t, 1 H, J2,3 9.0 Hz, H-3), 7.58 (s, 3 H, Ts), 
7.84, 7.87 (2 s, 6 H, 2 AC), 8.56-8.93 (12 H, 4 Me), 2.06, 2.14, 2.56, and 2.64 (4s, 
4 H, Ts). 

Anal. Calc. for C29H40015S: C, 52.7; H, 6.1; S, 4.9. Found: C, 52.7: H, 6.1; 
s, 4.8. 

Conventional acetylation of 16 (200 mg), with acetic anhydride (0.5 ml) and 
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