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ABSTRACT

1’-0-Mesyl-6,6"-di-O-tritylsucrose and the corresponding 1’-O-tosyl derivative
were prepared from 6,6°-di-O-tritylsucrose by selective sulphonylation. Both sulpho-
nates underwent intramolecular cyclisation reactions, to give 2,1’-anhydrosucrose in
high yields rather than the isomeric 1’,4’-anhydride. Sequential benzoylation, de-
tritylation, and mesylation of the 2,1’-anhydride afforded 2,1’-anhydro-6,6'-di-O-
mesylsucrose tetrabenzoate which, in the presence of base, gave 2,1':3,6:3",6'-tri-
anhydrosucrose that was not identical with the product previously claimed to have
this structure. Several derivatives of 2,1’-anhydrosucrose were prepared possessing
different functional groups at either the 6,6'- or 4,6'-positions. Dimolar mesitylene-
sulphonylation of 3,3',4’,6"-tetra-O-acetylsucrose gave the 6,1'-disulphonate, which,
in the presence of alkali, gave 2,1":3,6-dianhydrosucrose, which was transformed
into the 2,1°:3,6:3",6'-trianhydride by sequential bromination at C-6’ (carbon
tetrabromide—triphenylphosphine) and base-catalysed cyclisation. Treatment of
3,3%,4',6'-tetra-O-benzoylsucrose with sulphuryl chloride furnished the 4,6,1'-tri-
chloro derivative, whick, on alkaline hydrolysis, was converted into 2,1':3,6-di-
anhydro-4-chloro-4-deoxy-galacto-sucrose.

INTRODUCTION

In 1959, it was reported* that a crude tri-O-tosylsucrose, thought to be mainly
the 1,6,6'-isomer, underwent base-catalysed alcoholysis to give 2,1':3,6:3",6"-tri-
anhydrosucrose (1). Later work?-® established that 6,1’,6'-tri-O-tosylsucrose gave
the 3,6:1°,4":3’,6'-trianhydride (4) when treated with base, rather than the bridged
trianhydride claimed by Lemieux and Barrette!. It was suggested that 1 may have
arisen from a minor tritosylate present in the crude mixture, such as the 2,6,6'-

*Sucrochemistry, Part 32. For Part 31, see H. KarL, C. K. Leg, AND R. KHAN, Carbohydr. Res.,
101 (1982) 31-38. Published in preliminary form: M. K. GurJAr, L. HouGH, AND A. C. RICHARDSON,
Carbohydr. Res., 78 (1980) c21—c22; A. K. B. Cuiu, L. HoucH, A. C. RICHARDSON, AND L. V.
SINCHAROENKUL, Tetrahedron Lett., 22 (1981) 4345-4346.
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isomer. Ball er al.* later demonstrated the presence of 2,6,6"-tri-O-tosylsucrose in the
crude mixture of tritosylates, but they showed that this tritosylate gave a complex
mixture when treated with base and could not therefore account for the isolated yield
of 1. These workers also discovered that the 3,6:1°,4":3°,6'-trianhydride 4 crystallised
in two forms, the lower melting of which (m.p. 158-162°) was very similar to 1
(m.p. 163-164.5°). In addition, the physical constants of the diacetate reported by
Lemieux and Barrette! agreed closely with those reported for the diacetate of 3,6:
1’,4":3’,6'-trianhydrosucrose (4). This led Ball and his co-workers* to suggest that
the product obtained in the earlier work was not 1 but the lower-melting dimorph of
4, although it is difficult to reconcile the chemical evidence! for the structure 1 with
structure 4. However, in the absence of samples from the original work for comparison,
an unequivocal synthesis of 1 was considered desirable®, and we now report two
syntheses of 1 and of the intermediary products 2,I’-anhydrosucrose hexa-acetate
(26) and 2,1":3,6-dianhydrosucrose (35).

(o]
HO o
OH o
1R = H 4
2R = Ac
3R = NMs

RESULTS AND DISCUSSION

Examination of molecular models of the two trianhydrides 1 and 4 raised the
question as to why the highly strained 1°,4’-anhydro ring should be formed in pre-
ference to the seemingly stainless, cis-decalin-type, 2,1’-anhydro ring. The formation
of anhydro rings proceeds by way of an Sy 2 mechanism and therefore a likely answer
to this question is provided by consideration of the kinetic factors involved. The
relative reactivities of the 6-, 6’-, and 1’-sulphonyloxy groups towards S,2 reactions
are well established and are in the order 6 &~ 6°>1"; the lesser reactivity of that at
C-1’ being due to the fact that it is adjacent to the anomeric position® and is also of
the neopentyl type. Hence, it seems likely that the formation of the 3,6- and 3°,6'-
anhydro rings would precede the formation of any anhydro ring involving displace-
ment at C-1’. The 3’,6’-anhydrofructose moiety is of the dioxa[1.2.2]bicycloheptane
type; this is a very rigid ring structure in which C-1’ and O-4" are brought into very
close proximity (Fig. 1) so that 1',4’-anhydro ring formation becomes kinetically
favourable. The formation of a 2,1’-anhydro link, whilst presumably being thermo-
dynamically favoured, is not kinetically favoured since the sulphonyloxy group would
need to adopt an endo position with respect to the dioxa[1.2.2]bicycloheptane ring
in order to achieve the requirad colinearity of Q-2, C-1’, and O-1" for the Sy\2 transi-
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tion state. It therefore seemed plausible that formation of a 2,1’-anhydro ring could
only be achicved in the absence of a 3’,6"-anhydride ring, and therefore any synthesis
of the 2,17:3,6:3’,6 -trianhydride 1 must involve formation of the 2,!’-linkage before
the establishment of the 3’,6’-linkage. In order to test this hypothesis, we have
synthesised some 1’-sulphonates and examined their reactions with base.

6,6’-Di-O-tritylsucrose” (5) reacted very sluggishly with one molar equivalent

TABLE L

1H-N.M.R. DATA (p.p-m., HZ) FOR SOME SULPHONATE ESTERS AND CHLORINATED DERIVATIVES OF SUCROSE

ga.e 9a.c 300 31s 330 34d.c 4141
H-1 5.85d 601 d 5.87d 541 d 585d 563d 5.79d
H-2 5.14m 497 dd 464 dd 3.74 wd9 4.63 dd 4,72 dd
H-3 {5 61 m {5 70 m 557t 495t 5.63¢t 559t 5.29 dd
H-4 - - 3.79 dee 3.57 dts 522t 5.15¢ 4.62 dd
H-5 436 m 455 m
H-6a 3.63 dd 3.72d 422 dd
H-6b 348 dd 3.15dd 4.13 dd
H-1a 4.50d 432d 4.32d 432d
H-1b 441 d 425d 4.12d 4.12d
H-37 581d 583d 582d 544d 586 d 565d 6.02d
H-4" 5.681t 570m 555t 532t 5591t 540t 6.17 dd
H-5' 425 q 421 q 448 m 456 m
H-6a 3.50 dd 447 dd
H-6' 3184d | 384
Ji,2 3.5 3.5 3.8 43 4.0 3.8 40
FEX 10.2 9.5 9.3 959 10.0
J3,4 8.6 9.8 10 9.0 35
Jis 9.4 9.2 9.7 1.0
Js,6a ~5 ~1 9.5 5.0
Js.60 ~2 ~3 3.3
Jea.en ~ 10 ~ 11 11.0
J1i'a,1°b ~11 ~ 10 10.8 10.7
Jar 1 5 7 7.3 6.6 7.1 5.5 7.3
Jar,5° 5 — 7.1 6.4 7.3 55 6.5
Js* . 6%a 5 ~6 2.7
J5".6'b 5 ~6
Jeo'a,6'b ~11 — 11.0

cAt 220 MHz. At 250 MHz. At 200 MHz. 2At $0 MHz. <In Ce¢Ds. fIn CDCls. 9Coupling to hydro-

xylic proton.



250 A. K. B. CHIU, M. K. GURJAR, L. HOUGH, L. V. SINCHAROENKUL, A. C. RICHARDSON

of tosyl chloride; even in the presence of an excess of tosyl chloride, substantial
amounts of 5 remained. The optimum conditions for the formation of the 1'-tosylate
6 involved the use of three molar equivalents of tosyl chioride, which gave 249, of 6
and 219 of the 2.1’-ditosylate 7, after chromatographic fractionation. Both products
were characterised as their peracetates (8 and 9, respectively), the 'H-n.m.r. spectra
of which were indicative of their structures (Table I). With the less-bulky mesyl
chloride, the yield of the 1’-mesylate 10 could be optimised to ~45%,.

CH,OTr

CHZORt CHLOTr
Q o o o)
cr?® &
RQ OR RO ‘
]
3 ~
RO © TH,OTr RO o CH,OTr
cr® %0 o} RO
1
5R=R2=R3=H 1IZ2R = H
6 = Ts,RR=rR%>=y 3R = Ac
7 R=R=7Ts,RP=H 4R = B2
8 R"= Ts,.R2=R> = Ac
1
s R= R =171s,R>= ac
10R’= Ms.R2=R3=,.|
J 2 2
MR = Ms,RR=R = Ac

Treatment of the 1’-tosylate 6 or the 1’-mesylate 10 with boiling, methanolic
sodium methoxide gave high yields of the required 2,1’-anhydride 12, which was also
characterised as its tetra-acetate 13 and tetrabenzoate 14. The presence of a 2,1'-
anhydride ring was established readily from the !H-n.m.r. spectra of 13 and 14
{Table IT), which were largely first-order; the high-field position (6 ~4) of the H-2
resonance was indicative of its involvement in an anhydro ring. Similarly, the low-
field position of the H-3" and H-4" resonances revealed the presence of O-acyl groups
at tnese positions, which eliminated any possibility of a 1’,4’-anhydro ring. In addition,
the J; », J5 3, J5_4, and J, 5 values (Table IT) indicated that the *C, conformation
of the x-pD-glucopyrancsyl ring had not been perturbed by formation of the 2,1'-
anhydro ring.

These studies confirmed that the formation of a 2,1’-anhydro ring was kineti-
caily favoured only in the absence of a 3’,6’-anhydro ring. It was thercfore now
possible to accomplish a synthesis of the 2,1°:3,6:3",6'-trianhydride 1.

Detritylation of the tetra-acetate 13 with hydrogen bromide in acetic acid was
accompanied by extznsive 4—6 acetyl migration, to give the 4,6’-diol 24, which was
1solated as its dimesylate 25, in 329 overall yield, together with only 229/ of the
required 6,6’-dimesylate. When the crude mixture of diols obtained by this reaction
was acetylated, crystalline 2.1’-anhydrosucrose hexa-acetate (26) was obtained in
689 overall yield. However, brief treatment of the corresponding tetrabenzoate 14
with hydrogen bromide in acetic acid afforded the 6,6°-diol, which was isolated as its
di-O-mesyl derivative 15 (76 %,). The dimesylates 15 and 25 were employed for the
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CHZFZ
‘o) Q.
oBz 8z0
\O |
28z0 CH,R
O BzO
15 R = OMs 20R = N3
R = CI 21 R = SAc
17 R = Br 22 R = SCN
18R = 1 23 R = SC(S)NMe,
1I9R = H
TABLE III

CH;0AC

O,
OAc

24 R =
25R =
26R =

CH,OAc

O,
OAc

27 R =
28 R =

AcO

OH
OMs
OAc

AcO

Ci
N3

IH-N.M.R. DATA (p.p.m., Hz) FOR SOME 2,17:3,6-DIANHYDRO- AND 2,17:3,6:3",6’-TRIANHYDRO-SUCROSES

2b.5 3b.7 36%.¢ 38b.5 424,
H-t 543d 545d 5214d 540 d 501d
H-2 3.80 dd 3.86 dd 365t 3.90 dd 3.56 dd
H-3 455+t 446t 455¢ 428 d
H-4 4683 m 474 dd 438 dd 4.70 dd 466d
H-5 458 m 4641t 3.871 443t 3.97 (bD)s
H-6a 420d 423 d 3.55d 4.15d 4.06 dd
H-6b 3.96 dd 3.99 dd 3.24 dd 3.96 dd 3.89 dd
H-12 3.96 d 410d 419d 4.16d 374d
ITREN 340d 345d 342d 3.53d 3.31d
H-¥ 483d 487d 5.54d s42d 546 d
H-2' 5.15dd 5.12dd 534t 524 dd 5.34dd
H-5' 453 s 456 410 m 419 m
H-6a { 4.08 s 4.10d 452 dd 3.66 dd 444 dd
H-6'b - 404 ad 439 dd 3.58 dd 4.26 dd
Juz 24 24 3.0 29 3.0
Joa 52 a4 40 4.6 45
Ja,1 4.8 50 49 0
Jis 2.7 2.5 23 1.5
Js.6a 0 ~0 e 0 32
J5,6b 3.0 3.1 3.0 29
Jea.ep 10.6 11.0 11.0 10.8 10
Jrasn 123 123 117 11.9
Jav 22 22 3.6 3.7 40
Jarse 05 0.7 33 3.0 30
Jsr.6n ~0 0 5.5 6.6 6.0
s ~0 13 7.0 7.5 5.0
Jo2,6'0 ~10 11.0 10.4 110

At 220 MHz. At 250 MHz. <At 200 MHz. 2At 90 MHz. <In CeDs. fIn CDCls.
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synthesis of several 6,6- (16-23) and two 4,6'-disubstituted 2,1’-anhydrosucroses
(27 and 28) (see Experimental).

Treatment of the 6,6'-dimesylate 15 with boiling, methanolic sodium methoxide
gave crystalline 2,17:3,6:3°,6’-trianhydrosucrose (1), which was also characterised
as the crystalline diacetate 2 and dimesylate 3. The *H-n.m.r. spectrum of 2 was
in accord with its structure (Table III), and the physical constants of 1 {m.p. 189°,
[«]p +354° (methanol)} and 2 {m.p. 297-299° (dec.), [2]p +68° (chloroform)}
are clearly different from those reported by Lemieux and Barrette! for their tri-
anhydride {m.p. 163-164.5°, [a]p +117° (chloroform)*; diacetate, m.p. 181.5—
182.5°, [a]p +128.6° (chloroform)}, showing that their trianhydride was certainly
not 1, but more probably the isomeric 3,6:1°,4":3’,6'-trianhydride (4) as suggested
by Ball e al.®.

In the foregoing synthesis of 1, the 2,1’-anhydro linkage was established first.
In an alternative synthesis of 1, we planned to ascertain whether a 2,1"-anhydro ring
could be formed in the presence of a 3,6-anhydro linkage. Hence, a convenient
synthesis of a 6,1’-disulphonate was sought. A convenient starting-material was
3,3’,4",6'-tetra-O-acetylsucrose® (29), which is readily available from 2,1’:4,6-di-O-
isopropylidenesucrose. Selective mesitylenesulphonylation of 29 with three molar
equivalents of reagent afforded a mixture of the 2,6,1’-trisulphonate 30 (9%), the
6,1’-disulphonate 31 (529%), and a product thought to be the 6-sulphonate 32.
Initially, the mixture was fractionated by chromatography, but subsequently 31 could
be crystallised directly from the crude reaction product. The structures of 30 and 31
were indicated by their * H-n.m.r. parameters and those of the respective peracetylated
derivatives 33 and 34 (Table I). For example, the low-field position (5 4.64) of the
H-2 resonance for the trisulphonate 30 indicated a 2-O-sulphonyl group, whereas
the H-4 resonance (J 3.79) showed further coupling to a hydroxylic proton, indicating

1
CH,OR CH20R2 CH,OMes CH,OMes

lo] O o o
QAc AC? OAc ACO
o
HO . CHOAC AcO o CH,0AC
OR QAc OR AcO
1 2 3
29 R=R =R =H 33 R = Mes
3
30 R = R = /%= Mes 34 R = Ac
31 R = R®= Mes.R®= H
32 R'= Mes,RR=R’=H
SO,
Me Me
Mes =
Me

*Our trianhydride was insoluble in chloroform.
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that HO-4 was not substituted. Similarly, the H-2 and H-4 resonances for the di-
sulphonate 31 showed coupling to hydroxylic protons indicating that they were
unsubstituted. In agreement with this finding, the mass spectrum showed an intense
ion at m/z 471 due to Ac;MesGlc™ and Acs;MesFruf ™ arising from rupture of the
two glycosidic linkages: no ion at m/z 331 (Ac.Fruf™) was present. These results
showed that the sulphonyl groups were not on the same glycosyl moiety.

The structure of the monosulphonate 32 could not be established unequivocally,
although the 'H-n.m.r. data showed that the sulphonate group was not located at a
secondary position. Previous studies of the suiphonylation of sucrose showed that,
of the primary positions, HO-1" has the lowest reactivity’***°. Hence, the mona-
sulphonate is probably the 6-isomer 32.

Treatment of 6,1°-di-O-mesitylenesulphonylsucrose tetra-acetate (34) with
boiling, methanolic sodium methoxide afforded 68 % of syrupy 2,1":3,6-dianhydro-
sucrose (35), which was characterised as its crystalline tetra-acetate 36. The *H-n.m.r.
spectrum of 36 revealed low-field positions (8 5.54 and 5.34, respectively) for the
H-3' and H-4" resonances, suggesting that these positions were not involved in
anhydro-ring formation. The rather small couplings between the protons of the
glucopyranosyl moiety suggested that it existed in the ' C, conformation, in agreement
with the proposed structure. Furthermore, the high-field positions (& 3.65 and 4.46,
respectively) of the H-2 and H-3 resonances showed that C-2 and C-3 were part of
the two anhydro rings (Table III).

\——O O -0
o RO o r%0
/ ~o | ~
RO CH,OR 20 © CHR'
o RO o o
— 1 2
35R = H 37 R = Br,R° = H
36R = Ac 38R = Br,R° = Ac
39R = OTs,R° = H

Finally, it was necessary to place a leaving group at C-6" so that the 3°,6’-
anhydro ring could be formed. The reaction of 35 with mesitylenesulphonyl chloride
afforded several producis, from which a seemingly homogeneous product was isolated
in 56 %, yield. However, the 'H-n.m.r. spectrum revealed that the product was a two-
component mixture that could not be separated readily enough to ensure that this
was a feasible route to the bridged trianhydride 1. Treatment of the crude mixture
with boiling, methanolic sodium methoxide afforded a mixture of two products which
similarly could not be fractionated. Consequently this route was abandoned.

The triphenylphosphine-carbon tetrabromide reagent'®, which can replace
primary hydroxyl groups by bromine, was applied to the dianhydride 35. The syrupy
6’-bromo derivative 37 was isolated (429%), and characterised as its triacetate 38.
When 37 was treated with boiling, methanolic sodium methoxide, followed by acetyla-
tion, 2,1":3,6:3".6'-trianhydrosucrose diacetate (2) was isolated in 659 yield, and
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was identical with the product of the previous synthesis. The trianhydride 1 could
also be obtained from the dianhydride 35 by selective tosylation at C-6" foliowed by
the action of base, although the intermediary 6'-tosylate 39 could not be obtained pure.

In a related study, 3,3%,4",6'-tetra-O-benzoylsucrose® (40) was converted into
the 4,6,1 -trichloride 41 by sulphuryl chloride, the structure being indicated by the
'H-n.m.r. spectrum (Table I). When 41 was treated with sodium methoxide, it was
transformed into the corresponding 2,1”:3,6-dianhydride, which was isolated as the
triacetate 42.

CHaoH CHZOH CH2CI CHECI
o Q, < le) o,
OBz BzO —_—— OBz BzO
I
HO © CH,0Bz o CH 0Bz
OH B8zO OH BzO
40 41

~

o CH,0AC
(o] AcO
42

EXPERIMENTAL

Unless otherwise stated, optical rotations were measured for chloroform
solutions (¢ ~1). Acetylations, methanesulphonylations, and benzoylations were
carried out by dissolution of the compound in pyridine (5-10 mL per mmol), followed
by the addition of an excess of either acetic anhydride, methanesulphonyl chloride, or
benzoyl chloride, respectively. In the last two cases, the reaction mixture was usually
cooled. The reaction mixtures were then processed by pouring into ice—water and
extraction into chloroform. The extract was washed with dilute hydrochloric acid
(to remove pyridine), saturated, aqueous sodium hydrogencarbonate, and water,
dried (MgSO0,), and evaporated to dryness. Unless otherwise stated, column chroma-
tography was carried out conventionally on silica gel G (Merck 7734) and t.l.c. was
conducted on silica gel G (Merck 5735 or 5554). *H-IN.m.r. spectra were recorded
with Bruker HFX-90, Nicolet NT-200, Bruker WM-250, or Perkin—-Elmer R-34
spectrometers using tetramethylsilane as internal standard.

6-O-Trityl-a-p-glucopyranosyl! 1-O-tosyl-6-O-trityl-g-D-fructofuranoside (6). —
A solution of tosyl chloride (13.8 g, 72 mmol) in pyridine (100 mL) was added drop-
wise to an ice-cold, stirred solution of 6,6’-di-O-tritylsucrose’ (5; 20 g, 24 mmol)
in pyridine. The mixture was stored for 48 h at 0°, and t.l.c. (CHCl;-Me,CO, 1:1)
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then revealed two major and several minor products. The mixture was treated with
water (15 mL) and then evaporated to dryness; the last traces of pyridine were
removed by co-distillation with toluene, and the resulting residue was fractionated
on silica gel. Elution with chloroform—-acetone (10:1) afforded the 2,1’-ditosylate 7
(3.9 g, 21%) as a crisp, white foam, [z]p +22°. Acetylation of 7 afforded the
crystalline tetra-acetate 9 (94°;), m.p. 101° (from ether-light petroleum), [«]p
+67° (Found: C, 66.4; H, 5.5; 5, 4.6. C;,H;50,,S, calc.: C, 66.4; H, 54; S, 49%).

Subsequent elution with chloroform-acetone (4:1) afforded the 1’'-tosylate 6
(5.7 g, 24°;). m.p. 117° (from ethanol), [x]p +17° (Found: C, 70.0; H, 5.7; S,
3.3. C5;H3560,3S cale.: C, 69.8: H, 5.7; S, 3.259,). Acetylation of 6 afforded the
penta-acetate 8 (979%;), m.p. 100-102° (from ether-light petroleum), [x]p +49°
(Found: C, 67.6; H, 5.7: S, 2.6. Cg;Hgc0,5S cale.: C, 67.55; H, 5.55; S, 2.7%).

2,3.4-Tri-O-aceryl-6-O-rrityl-x-D-glucopyranosyl  3,4-di-O-acetyl-1-O-mesyl-6-
O-rrityl-B-pD-fructofuranoside (11). — To an ice-cold solution of 6,6°-di-O-trityl-
sucrose (5: 11 g, 13.3 mmol) in dry pyridine (150 mL) was added, dropwise, mesyl
chloride (1.56 mL. 16 mmol). The temperature was maintained at 0° for the first
hour and then allowed to rise to ambient. After 4 h, t.l.c. (CHCI;-Me,CO, 1:1)
indicated a single. major product and some 5. The mixture was poured into ice—water,
and the product was extracted with chloroform in the usual way. Chromatography of
the resulting syrup on silica gel (CHCI;-Me,CO, 3:1) afforded the 1’-mesylate 10
(5.4 g, 45%,) as a syrup, which was sufficiently pure for the next stage.

Acetylation of 10 afforded the penta-acetate 11, m.p. 114~116° (from ethanol),
[«]p +63° (c 0.5). (Found: C, 65.2; H, 5.7; S, 2.8. C¢,Hg,0,5S calc.: C, 65.7;
H, 5.55; S, 2.9%).

2,1'-Anlivdro-6.6"-di-O-tritvisucrose (12). — A solution of the 1’-tosylate 6
(3 £. 2.5 mmol) in M methanolic sodium methoxide (45 mL) was heated under reflux
for 24 h, neutralised with Amberlite IR-120{H™) resin, and evaporated to dryness,
to give 12 (1.6 g, 77%), m.p. 128° (from ethanol), [«]p, +24° (Found: C, 71.2;
H, 6.2. C;,H,;0,, calc.: C, 71.75; H, 6.3%).

Acetylation of 12 afforded the tetra-acetate 13, m.p. 108-109° (from ether-light
petroleum), [¢]p +82° (Found: C,71.25: H, 5.9. C53H;,0, calc.: C, 71.3; H, 5.7 %).

Benzoylation of 12 afforded the tetrabenzoate 14 in quantitative yield; m.p. 74°
(from ethanol), [2]p +10° (¢ 0.5) (Found: C, 76.55; H, 5.25. C;3Hg,0,, calc.:
C, 76.5; H, 5.25%).

Very similar results were obtained when the 1’-mesylate 10 was treated with
sodium methoxide in the same way.

2,1"-Anhydro-6,6'-di-O-mesylsucrose tetrabenzoate (15). — A solution of 109
(v/v} hydrogen bromide in glacial acetic acid (25 mL) was rapidly added to a stirred,
ice-cold solution of 14 (2.5 g, 2.04 mmol) in chloroform (20 mL). After 4 min, the
solution was poured into ice-water and the product was extracted with chloroform.
The extract was washed thoroughly with water and aqueous sodium hydrogencarbo-
nate, dried (MgS0O,), and evaporated to dryness. The 6,6’-diol was freed from
triphenylmethanol by chromatography on silica gel and then mesylated in the usual
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way, to give 15 (1.4 g, 76 %;), m.p. 96°, [«]p +19° (¢ 0.5) (Found: C, 55.8; H, 4.65;
S, 6.95. C4,H, (0,S, calc.: C, 56.25; H, 4.45; S, 7.1%).

Detrritylation of 2,1°-anhydro-6,6'-di-O-tritylsucrose tetra-acetate (13). — A
solution of 109 hydrogen bromide in acetic acid (25 mL) was added to a solution
of 13 (3 g, 3.07 mmol) in chloroform (20 mL). After 4 min, the mixture was poured
into ice—water and the product was isolated in the usual way by chloroform extraction.
T.Lc. revealed two products. Elution of the mixture from a column of silica gel with
chloroform gave triphenylmethanol. Subsequent elution with chloroform-acetone
(6:1) gave, first, the 4,6"-diol 24 as a syrup, which was mesylated in the usual way
to give the 4,6'-dimesylate 25 as a monohydrate (0.6 g, 329,) , m.p. 101-103° (from
ethanol), [«]p +351° (Found: C, 39.75; H, 5.10; S, 9.25. C,,H;,0,5S, - H,O calc.:
C, 39.65; H, 5.10; S, 9.6%). The i.r. spectrum had a broad band at ~1650 cm™!
indicative of hydration.

Subsequent fractions from the column gave the 6,6'-diol as a syrup that was
mesylated in the usual way, giving 3,4.3’,4'-tetra-O-acetyl-2,1’-anhydro-6,6’-di-O-
mesylsucrose (0.4 g, 22%;), m.p. 165° (from ethanol), [«]p, +61° (Found: C, 40.55;
H, 5.0; S, 10.05. C,,H3,0,4S, calc.: C, 40.75: H, 4.95; S, 9.9%.)

2,1'-Anhydrosucrose hexa-acetate (26). — The above reaction was repeated
using 2 g (2.05 mmol) of 13, and conventional acetylation of the crude mixture of
diols gave the hexa-acetate 26 (0.8 g, 68%), m.p. 141° (from ether), [«], +79°
(Found: C, 49.9; H, 5.55. C,,H;,0,, calc.: C, 50.0; H, 5.55%).

Nucleophilic displacement reactions of the 6,6'-dimesylate 15. — (a) With
chioride. The dimesylate 15 (1 g, 1.11 mmol) was heated at 105° for 24 h in N,N-
dimethylformamide (30 mL) containing lithium chloride (2 g) and a small crystal of
iodine. Evaporation of the reaction mixture to dryness and elution of the residue
from a short column of silica gel with ether-light petroleum (i:1) gave the
6,6"-dichloride 16 (0.7 g, 88%), m.p. 92.5° (from methanol), [«]p, +16° (Found:
C, 61.95; H, 4.35; Cl, 8.95. C4,H;,Cl,0,, calc.: C, 61.85; H, 4.35; CI, 9.0%,).

(b) With bromide. The reaction in (a) was repeated with lithium bromide (3 g),
to give the 6,6'-dibromide 17 as an amorphous solid (0.81 g, 84%,), m.p. 76-78°,
[elp +12° (Found: C, 55.0; H, 4.2; Br, 18.5. C,oH;,Br,0,, calc.: C, 55.45;
H, 3.95; Br, 18.5%).

(c) With iodide. The reaction in (a) was repeated with sodium iodide (3 g) in
dry butanone (25 mL) and a reaction period of 72 h, to give the 6,6'-di-iodide 18
(0.62 g, 609,), m.p. 96° (from methanol), [«], +5° (Found: C, 50.1: H, 3.55;
I, 26.85. C4oH;341,0,, calc.: C, 50.0; H, 3.55; I, 26.45%,).

(d) With azide. The reacrion in (a) was repeated with sodium azide (2 g). The
isolated diazide 20 (0.6 g, 75 %) had m.p. 74° (from methanol), [«], +46° (Found:
C, 60.6; H, 4.2; N, 9.9. C;oH;34NO,, calc.: C, 60.8; H, 4.3; N, 10.6%).

(e) With thioacetate. The reaction in (c) was repeated with potassium thio-
acetate (2 g) and a reaction period of 48 h. The 6,6’-bis(thioacetate) 21 (89 %) had
m.p. 79° (from methanol), [«]p +9° (Fourd: C, 61.35; H, 4.8; S, 7.3. C,,H.,,0,.S,
calc.: C, 61.7; H, 4.65; S, 7.5%).
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(f) With thiocyanate. The reaction in (a) was repeated with potassium thio-
cyanate, to give the 6,6’-bis(thiocyanate) 22 (68%), m.p. 90° (from ethanol), [z]p
+29° (Found: C, 61.15: H, 4.05; N, 3.25; S, 7.55. C;,H;,N,0,,S, calc.: C, 61.3;
H, 4.15: N, 341; S, 7.8%,).

(g) With N ,N-dimethyldithiocarbamate. The reaction in (a) was repeated using
sodium N,N-dimethyldithiocarbamate (2.5 g), to give the 6,6'-bis(N,N-dimethyl-
dithiocarbamate) 23 (959;), m.p. 91-92° (from ethanol), [2jp +15° (Found: C,
58.2; H, 5.1; N, 3.10. C,H,;¢N.O,,S, calc.: C, 58.4; H, 4.85; N, 2.95).

2.1'-Anhydro-6,6"-dideoxysucrose tetrabenzoa:z (1%). — Anproximately two
spatula loads of wet Raney nickel were added to a solutior. of 21 (0.8 g, 0.93 mmol)
in ethanol (30 mL). The mixture was heated under reflux for 36 h and then filtered and
evaporated to dryness. The product was purified by passage through a column of
silica gel (light petroleum—ether, 4:1), to give 19 (0.4 g, 61 7)) as an amorphous solid,
m.p. 48-30°, [«]p +153.5° (Found: C, 67.85; H, 5.2. C,;H;60;, calc.: C, 67.8;
H, 5.1%).

3,6-Di-O-acetyl-4-chloro-4-deoxy-«-D-galactopyranosyl 3,4-di-O-acetyvl-6-chlo-
ro-6-deoxy-f-D-fructofuranoside 2,1'-anhydride (27). — A solution of syrupy 24
(0.9 g, 1.83 mmol) in dry pyridine (60 mL) was cooled to ~ —40° and treated drop-
wise with sulphuryl chloride (1.6 mL. 20 mmol), and the temperature was maintained
at —40° for 1 h. The mixture was stored at room temperature for 24 h and then
diluted with water, and the product was isolated by extraction with chloroform in the
usual manner. The crude product was purified by chromatography on silica gel
(light petroleum-ether, 10:1), to give amorphous 27, [«]p +52° (Found: C, 45.1;
H, 4.5; Cl, 13.1. C;5H,4Cl1,0,, cale.: C, 45.35; H, 4.9; Cl, 13.4%).

3,6-Di-O-acetyl-4-azido-4-deoxy-u-D-galactopyranosyl 3,4-di-O-acetyl-6-azido-
6-deoxy-B-D-fructofuranoside 2,1°-anhydride (28). — A mixture of the 4,6'-dimesylate
25 (1 g, 1.6 mmol) and sodium azide (3 g) in hexamethylphosphoric triamide {20 mL)
was heated at 90° for 3 days. T.l.e. (CHCl;—Me,CO, 4:1) then showed a fast-moving,
major product and several, slower-moving, minor products arising by deacetylation.
The mixture was cooled to room temperature and treated with acetic anhydride (2 mL)
and pyridine (15 mL). After 18 h, it was diluted with water and the product was
isolated by ether extraction in the usual way. The crude product was then purified
on a column of silica gel with chloroform-acetone (8:1), to give 28 as a syrup (0.7 g,
729%), [«]p +50° (Found: C, 43.9; H, 4.8; N, 15.35. C,o,H,cNg0,, calc.: C, 44.3;
H, 48; N, 15.59%)).

Selective mesitylenesulphonylation of 3,3',4',6'-tetra-O-acetylsucrose (29). —
To an ice-cold solution of 29 (19 g, 37 mmol) in anhydrous pyridine was added,
during 30 min, a solution of mesitylenesulphonyl chloride (24.4 g, 110 mmol) in
pyridine. The mixtvre was kept at ~5° for 5 days and then poured into ice~water,
and the product was extracted with chloroform in the usual manner. This gave a
syrupy mixture (22 g) of two major and one minor products, as indicated by t.l.c.
(CHCl1;-Me,CO, 2:1). Chromatography of the mixture on a dry-packed column of
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silica gel with ether-light petroleum (10:1) gave, first, a mixture of several trace
products that was not investigated further.

Eluted second was the amorphous 2,6,1 -trisulphonate 30 (3.4 g, 8.7%,), m.p.
73-75°, [«]p +41° (Found: C, 53.75; H, 595; S, 8.65. C,,H,0,,S; calc.: C, 53.4;
H, 5.7; S, 9.1%). Acetylaticn of 30 afforded the penta-acetate 33, m.p. 168—-170°
(from ethanol), [a]p +61° (Found: C, 53.95; H, 5.9: S, 8.45. C oHg,0,,5; calc.:
C, 53.55; H, 5.65; 8§, 8.759%,).

Eluted third was the 6,1’-disulphonate 31 (17 g, 529), m.p. 146-147° (from
ether), [2]p +32° (¢ 1) (Found: C, 52.15: H, 5.8; S, 7.15. C3gH500,0S, calc.:
C, 52.15; H, 5.7: S, 7.3%,). Acetylation of 30 afforded the hexa-acetate 34, m.p. 145-
146° (from ethanol), [«]p +61° (Found: C, 52.5; H, 5.7; S, 6.45. C,,H;,0,,S,
cale.: C, 52.6; H, 5.65: S, 6.7%).

Flution with acetone then gave a mixture of monosulphonates. A solution of
the mixture in 2-propanol deposited crystals of the major component after standing
at room temperature for several wzeks; the crystalline sulphonate 32 had m.p.
118-120°, [«]p +22° (Found: C, 49.6; H, 5.8. C,oH,0,-S calc.: C, 50.3: H, 5.8%).

In later reactions, it was found that 31 could be crystallised directly from the
mixture without recourse to chromatography.

2,1": 3,6-Dianhydrosucrose (35). — A solution of 31 (13 g, 14.9 mmol) in M
methanolic sodium methoxide (140 mL) was heated under reflux for 24 k; t.l.c.
(CHCIi;-MeOH, 2:1) then showed one fast-moving product and several slow-moving
trace-components. The cooled mixture was neutralized with Amberlite IR-120 (H¥)
resin and evaporated to dryness. The syrupy residue was purified by passage through
a column of silica gel with chloroform—methanol (10:1), to give 35 (3.1 g, 68% ) as a
syrup, [«]p +16° (¢ 1, methanol) (Found: C, 47.15; H, 6.5. C,,H,30, calc.: C,
47.05; H, 5.99,).

Acetylation afforded a crystalline tetra-acetate 36, m.p. 115-116° (from etha-
nol), [«]p +39° (Found: C, 50.65; H, 5.6. C,oH,40,; calc.: C, 50.65; H, 5.5%).

2,1' : 3,6-Dianhydro-6'-bromo-6’-deoxysucrose (37). — To an ice-cold solution
of 35 (3.2 g, 10.5 mmol) in pyridine (30 mL) was added triphenylphosphine (8.2 g,
31.5 mmol) in several small portions. A solution of carbon tetrabromide (5 g, 15
mmol) in pyridine (20 mL) was then added dropwise during 15 min. The mixture was
heated at 70° for 2.5 h, and t.l.c. (Me,CO-CHCI;, 1:3) then indicated one major
product with several minor products and some 33. Methanol (15 mL) was added to
the reaction mixture which was then evaporated to dryness. Chromatography of the
product on silica gel, initially with chloroform (to remove triphenylphosphine oxide)
and then with chloroform—methanol (20:1), afforded syrupy 37 (1.5 g, 39%), [«]p
+10° (¢ 0.7, methanol) (Found: C, 39.7; H, 4.6. C,,H,;BrOg calc.: C, 39.05; H,
4.69), together with 35 (1.2 g, 389%,).

Acetylation of 37 afforded the triacetate 38, m.p. 117-120° (from ether), [«]p
+24° (Found: C, 44.1; H, 4.8; Br, 16.15. C,gH,;BrO,, calc.: C, 43.65; H, 4.65;
Br, 16.15%).

2,1':3,6:3",6"-Trianhydrosucrese (1) and its diesters 2 and 3. — (a) A solution
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of 15 (0.7 g, 0.78 mmol) in M methanolic sodium methoxide (30 mL) was heated under
reflux for 24 h, cooled, neutralised with Amberlite IR-120 (H*) resin, and evaporated.
Acetylation of the syrupy residue afforded the 4,4"-diacetate 2 (0.2 g, 69 %), m.p. 299°
(dec.) (from ethanol), [«]p +68° (Found: C, 51.8; H, 5.1. C;4H,,0,, calc.: C, 51.6;
H, 3.35%).

Deacetylation of 2 with methanolic sodium methoxide afforded the trianhydride
1, m.p. 188-190° (from methanol-chloroform), [«1p +54° (¢ 1, methanol) (Found:
C, 50.4; H, 5.3. C;,H,40;5 calc.: C, 50.0; H, 5.55%).

(b) A solution of the 6’-bromide 37 (0.6 g, 1.2]1 mmol) in M methanolic sodium
methoxide (15 mL) was heated under reflux for 2.5 h and then processed as in (a),
to give 2 (0.3 g, 659%;), m.p. 303-305° (dec.), [z]p +73°, which was identical (n.m.r.,
i.r.) with the product obtained in (a).

(¢) To an ice-cold solution of 35 (6.3 g, 20.5 mmol) in dry pyridine (80 mL)
was added, dropwise, a solution of tosyl chloride (4.7 g, 24.7 mmol) in dry pyridine
(40 mL). The mixture was then kept at room temperature for 2 days and evaporated
to dryness. T.l.c. (CHCl;-MeOH, 4:1) indicated on¢ major, fast-moving product
with several slower, minor components and some 35. The syrupy product was then
fractionated on silica gel with chloroform, to give the 6'-tosylate 39 as a syrup
(2.1 g, 229%). T.lc. (Me,CO-CHCI;, 3:2) indicated that this product was not
entirely homogeneous, and no attempt was made at further purification.

The syrup (2.1 g) was then treated with methanolic sodium methoxide as in (a),
except that neutralisation was effected with acetic acid. The mixture was then evapo-
rated to dryness and the residue was fractionated on a column of silica gel with
chloroform, to afford 1, m.p. 188-190°, [«]p +57° (¢ 0.5, methanol) identical
(i.r., n.m.r.) with the sample obtained in (a).

Acetylation of the product afforded 2, m.p. 303-305° (dec.) (from chloroform—
ethanol), [o], +73°, identical with the foregoing sample.

Mesylation of 1 afforded the dimesylate 3, m.p. 165-167°, [a]p +44° (Found:
C, 37.45; H, 4.65; S, 14.45. C,,H,,0,,S, calc.: C, 37.85; H, 4.5; S, 14.4%).

3-O-Benzoyl-4,5-dichloro-4,6-dideoxy-x-D-galactopyranosyl 3,4,6-tri-O-benzoyl-
I-chlero-1-deoxy-B-D-fructofuranoside (41). — Sulphuryl chloride (53 mL, 0.66 mol)
was added dropwise during 30 min to a stirred solution of 3,3’,4',6'-tetra-O-benzoyl-
sucrose® (40; 10 g, 0.013 mol) in a mixture of pyridine (120 mL) and 1,2-dichloro-
ethane {120 mL) at —30°. The temperature of the mixture was then allowed to rise
to ambient and, after ~1 h, it was heated at 55-60° (bath) for 16 h. T.l.c. (ether—
light petroleum, 3:1) showed the presence of one major product and at least two
minor products. The mixture was then poured into ice-cold, 109/ sulphuric acid
(500 mL), the organic layer was separated, and the aqueous layer was washed with
chloroform. The combined organic extracts were then washed with saturated, aqueous
sodium hydrogencarbonate, and dried (MgSO,). Evaporation to dryness gave a red
syrup that was dissolved in methanol. A catalytic amount of sodium iodide was
added, together with sodium carbonate (10 g), in order to effect O-dechlorosulpha-
tion. The mixture was then filtered, the methanolic solution was evaporated to dry-
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ness, and the product was chromatographed on silica gel with ether—light petroleum
(1:3), to afford the major product 41 as an amorphous solid (5 g, 47 %), m.p. 76-79°,
[«]p +43° (¢ 0.5) (Found: C, 58.85; H, 4.35; Cl, 14.1. C,,H;5Cl;0,, calc.: C, 59.0;
H, 4.3; ClL, 13.1%).

2,1": 3,6-Dianhydro-4-chloro-4-deoxy-galacto-sucrose triacetate (42). — A
solution of 41 (3.7 g, 4.55 mmol) in M methanolic sodium methoxide was heated under
reflux for 24 h, cooled, neutralised with Amberlite IR-120 (H™) resin, and concen-
trated. Fractionation of the residue on a column of silica gel with chloroform—
methanol (8:1) gave the major product as a syrup that was acetylated, in the usual
way, to give syrupy 42 (0.7 g, 34%), [«]p +10° (Found: C, 47.95; H, 5.25; Cl, 7.5.
C,sH,;ClO,, calc.: C, 47.95; H, 5.1; CL, 7.9%).
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