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ABSTRACT

The literature on thio-sugars, 3,6-anhydro sugars, and
nucleophilic displacenent reactions of sulphonate esters
has been reviewed critically. The following original
centributions are presented:

The 1,2:5,6-di-g—isopropylidene-}-thiohexose, described
by Frcudenberg, has been converted, in several steps, into a
3,6~dideoxy-3,6=-epithio~-D-glucose derivative, and therefore
has the D-gluco configuration, The same 3,6-epithio~-compound
has also been synthesised from a 6~thio-allose derivative
by intramolecular displacement of a tosyl group at C-3 by
the thiol anion at C-6.

liethyl 3,6~dideoxy~3,6~epithio=-B~D~glucopyranoside has
been synthesised by an intramolecular nucleophilic displacenent
reaction on a 6-thio-3-g-tosyl allopyranoside derivative, and
(in contrast to the known 3,6~anhydro analogue) has been
shown not to undergo the isomerisation into the furanoside
form.

The kinetics of the nucleophilic displacenent reactions,
using rpotassiun thiolbenzoate in H,H-dimethylformamide, on
the 1,2:5,6~di~g~isopropylidene-B-Q—tosyl derivatives of
galactose, glucose, allose,‘and gulose, have been determined
undey pseudo first-order conditions, The relative rates of

reaction have been shouwn to be 1 : 3 : 15 ¢ 59 respectively.
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The anomalously slow rate of reaction of #,6-Q;ethylidene—
1,2-0-isopropylidene-3-C~tosyl-~a~D~galactopyranose with
potassium thiolbenzoate in DIMF has been explained in terms
of the unfavourable conformation of the molecule which inhibits
nucleophilic attack dy the thiolbenzoate anion. HN.m.r.
spectroscopy has been used to cenfirm structures, assign
conformations, and to measure the rates of the displacement

reactions.
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INTRODUCTORY

REVIEW



THIO~SUGARS

Thio-sugars have been reviewed by several authors1’2’3’4.

These cowmpounds have found important applications in the
synthesis of deoxy sugars, and their biological action
when incorporated into drugs, and other biologically important
molecules is of potential interest. Nearly all naturally
occurring thio-sugars are thioglycosides, but these are
excluded from the presenﬁ review which will deal with aldoses
having one or more oxygen atoms (other than at the anomeric
position) replaced by sulphur.

| The general methods available for the synthesis of thio-
sugars can be sumnarised ast=-
‘1, Pyrolysis of xanthates,
2. Opening of anhydro rings with thionucleophiles,
3. Conversion of anhydro-sugars into episulpﬁides, and the
opening of episulphide rings,
L, Use of photochemical procedures, and

5. ©Nucleophilic displacement of sulphonate esters.

1. The most documented archetype of this synthetic
approach was discovered by accidents. Pyrolysis of the 3-S5~
methyl xanthate (1) derived from di-O-isopropylidene glucose

yielded a 3-thio rearranged product (2).



Me2C

()(:F12

/OCH2 Me QC/
\OCH o OCH o
A /
2 —
OCSMe/O cl>
O-CM.ez MeSES | O—CM22
O
(1) (2)

Several other S- methyl xanthates have been prepared6 and

a thermal rearrangement has been reported in the arabinose

7 5

scries’s Neither the original workers”, nor some later workers

were able to determine the absolute configuration about Cw3

in compound (2). This question was settled using n.m.r.

9

techniques by Horton”, and the present research, which was in

pregress at the time, has corroborated this result by both

speciroscopic and chemical evidence,
2« By the reaction of a variety of thio-nucleophiles on

an enoxide, the following thio~sugars have been prepared:

6—thio-D-glucose1o, 5~thio—L-idose11, 3—thio—D-altrose12,

13

’ 3—thio-D-arabinose14, 2-thio-D—xylose14,

15

2nd 2-thio-~D-altrose 7,

3=thio-D~xylose

4s would be expected, 5,6-anhydro sugars undergo ring

opening at the primary position in the anhydro-ring to afford

s e s 10,11 -
he 6-thio derivatives ~' o For example, treatment of 5,6-
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anhydro-1,2-0-isopropylidene-a~D-glucofuranose (3) with hydrogen

sulphide in 2ild base yields the 6-thiol ()19,

CH25H
O/CI:Hz
\CH o HOCH 0O
H.S/H.0/R2(0OH)
27052 2 OH
OH O : i)
O-CMe, O-CMe,
(3) )

EZndocyclic anhydro rings in pyranose sugars often react
with thio-nucleophiles to give mixtures, but in a conformationally
rigid system the product is that which would be predicted from
diaxial opening of the anhydro—ring12’13'15. For example, the
conformnationally very stable nethyl 2,B—anhydro-h,6-Q—benzylidene
~q=D-mannopyranoside (5) is converted solely into the 3-thio

altrose derivative (6)12.

///CDC}*2 : C{/})C”42
PhCH Q PhCH =

\ NaStie/HeOH
o\ O "

)/ OMe

o HO OMe

SMe

(5) (6)
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liixtures are usuwally formed in furanose systems. Thus
nethyl 2,3-anhyd¥o-f-D-lyxofuranoside (7) on treatment with
benzyluercaptide ions gives 3-thio-D-arabino (8), and 2-thio-

D-xylo (9) derivatives in the ratio 2: 314

}4C)(:Fi lﬁ()C”ﬁ }4(3C34
k<;:: ;; l PhOH,S™ k::;:_:i;;ﬂ l ji ii
SCH.,Ph SCH.Ph
(7) (8) (9)

A molecular model of the anhydro sugar (7) shows that the anhydro
-ring forces the furanose ring into a conformation approaching
planarity, and in fact the anhydro-ring is almost sterically
symmetrical for nucleophilic attack.

3. Sugar episulphides can be synthesised.by several routes,
Displacement of the primary tosylate group with thiolacetate
in the D=glucose derivative (10), and treatment with base yields
the L-idose derivative (11)1

Treatment of an anhydro sugar with thiourea yields an

16,17,18,19

epithio sugar with inversion of configuration

Yhen the 5,6~anhydro-D-glucose (12) and 5,6-anhydro-L-

idose (13) derivatives are rcacted with thiourea, the corresyondin
' g

L-ido (14) and D-gluco (15) compounds are formed17’18’19.



CH20Ts
TsOCH
OAc Cl) KSAc
O"‘CM22 Sase
(10)
’/£3F12
CD\\
CH
OH o
O-CMcz2
(12)
Hzc\
/})
HC O,
OH o

21\
S
/
HC o
OH ' ii
O'CMQZ
(11)
HAC
2 .
\S
HC”
OH o)
I
O-CMey
(14)
s/ﬁHz
NCH ©
OH o)

12
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Ring opening of such episulphides usually occurs by
nucleophilic attack at the prirary nosition; thus compound (15)
undergoes ring opening with acetic acid / acetic anhydride to

18,19

give the useful 5-thio-sugar (16)

CHzOAc
AcSCH O
OAc o)
O—CM22
(16)

Creighton and Owen16 also showed the reaction of anhydro
sugars with xanthates gives inverted trithiocarbonates.
Reduction of such trithiocartonates is a useful synthetic
route to vicinal dithiolszo, the configuration of the reduced

roduct veing unequivocal for a terminal trithiocarbonate.
b g q

OCH,
____<:/ +—0
O-—-.
L5 Me0.CS,” Ke0.0s,” S
S\\ _—F S=Ca‘

H,C* (18) (19)

(17)
: HS
HSCH,

(20)
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L, Little work on the photochemical approach has
appreared in the literature, and the method appears to be of
rather limited scope. However a good example was described by
Horton and Turner21. Thioclacetic acid was found to add, in an
anti-Markownikoff fashion, to the unsaturated compound (21) to

give the 6-S-acetyl-S-deoxy derivative (22),

CH,SAc
fT12 CH O
CH 2
AcSH >
OH <|D hv (25378) oH ?
O"CMez O-CM22
(21) (22)

5+ Iucleophilic displacerient of sulvhonate esters
provides a very convenient synthetical route to thio-sugars.
To date the literature has described the syntheses of 4~,5-,

and 6-thio sugars by this method.

a) L-Thic-sugars

Using the anionic thionucleophiles, thiolbenzoate and

23,24 have

thioclacetate, h-thio-L-ribose>%and 4-thio-D-ribose
been prepvared. TFor examnple, displacement of the tosyl group
in methyl 2,B-Q-isopropylidene-h-g-toluene-2~sulphonyl—ﬁ~L-
lyxopyranoside (23) with thiolacetate occurs with inversion

to give the 4-thio-D-ribose derivative (2#)24.

As a general rule, displacenent of secondary tosylates,
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without neighbouring group participation, occurs with inversion

of configuration, and thus stercospecific syntheses can be

achieved.
O O
TsO
OMe _Shc / DEF AcS OMe.
0] O
\ / C{\ /}3
CMQQ CM22
(23) (24)
22,23, 24

An interesting phenomenon observed with these 4-

thio sugars was that the free sugars existed in a labile
equilibrium between the S-thiofuranose, and the O-pyranose forms;

for example (25) <==(26).

OH OH o4 OH -
(25) (26)

The equilibrium favoured the thiofuranose form (25)22’23.

b) 5-Thio-sugars

The first sugars in which the hemiacetal ring oxygen was

replaced by sulzhur were 5-thio sugar525’26’27. Displacement

of the primary tosylate by thiocyanate ir the D-xylofuranose
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compound (27) gave the 5-thio derivative (28)27,

OTs CH,SCN
CH2 A 2 S
OH (@) KascH / Acetone: OH e
O—CMe2 , ' O“CMez
(27) (28)

#ild alkaline hydrolysis of (28) followed by treatment with

acid gave the S5-thiopyranose (29)

OH
HO\OH

OH

(29)

28,29

Subsequent papers reported the same compound, and analogous

thiopyranoses based on other aldOpentose530’31’32. Thus
treatment of the 5-tosyl-L-arabinose conmpound {30) with
benzylmercaptide ion, followed by removal of the benzyl group
with sodiun in liquid amnonia gave the 5-thio~L-arabinose
derivative (31)32. Lcid-catalysed methanolysis of the thiol (31)

gave an anomeric nixture of the methyl thiopyranosides; there

being no evidence for furanoside fornation. There is overwhelming
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experimental support for saying that free 5-thio sugars exist

25=32

in the 5-S-thiopyranose ring form

o @)
OH <|3 1) PhCH,S™ OH ?
>
2) La / ILH O-CMe
O-CM 3
CH,OTs ¢2 CH, SH 2
(30) (31)
33

Using the original theoretical work of Reeves””, the ring

conformations of methyl a- and B-xylopyranosides (32) and the

analogous thiopyranosides (33) were studied by Vhistler and -

I
co-workers” .

HO/'\__ o HO s

HO HO
. H H
OH OMe o OMe

o B « F

(32) ’ (33)
Nem.r. spectra showed that the ring conformation was not altered
arpreciably by revlacement of oxygen with sulpkur, and.also
that (32) and (33) both existed in the C1 conformation shown.
The 5-thioxylopyranose systen [e.g. (33)] has been a most

useful theoretical nodel for studies on the acid-catalysed

-~

- . £ ~Jveosidessd b . -
hydrolysis of glycosides??:3%137  pr.iious workers”

8,39 had
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postulated mechanisns for glycosildic hydrolysis consistent with:

the intermediacy of a cyeclic carbonium ion (34)

CH,OH
Q

HO\OH

OH
(34)
35=37

The kinetics investigations carried out on the xylose
derivatives (32) and (33) were consistently in accord with the
intermediacy of a ¢yclic carbonium ion in the mechanism

(schene 1)

XD
HO\oH
{ OH -
X !
X
Slow - Fast =~ Products
OH B ®
HO OMe HO\ oH
OH H

Schene 1O X=0, or S.

c) 6-Thic-sugars

6-Thio-sugars are easily synthesised as the quite facile
displacement of primary sulphonates and halides is the step

in which sulphur is introduced into the sugar molecule,
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Thionucleophilic displacements at C=6 are equally as

Lo,41,b2

favourable in furanose comvounds s as in pyranose

13 LY

. . . 4

derivatives , and open~chain molecules 5. The excellent
nucleophilic properties of thiolbenzoate ions in BHMF were well
. . .y , L1

illiustrated by Kocourekx and co-workers ', who were able to

displace the 6-~iodide in the glucose compound (35) at room

temperature. The yield of the 6-thio derivative (36) was 65%.

CHy ! CH,SBz
AcO
AcOCH 4 cOCH
c. .
OAc OA SBz / Dl~iF# OAc OAc
R.T.
OAc OAc
(35) (36)

A 4,6-dithio-D~galactose compound (38) has recently been
. )
synthesisedh} by direct SNZ displacement of the glucose 4,6-
dinesylate (37) with thiocyanate, and a 4,6-dithio-D-glucose

derivative has been preparedhs.

CH,OMs CH2SCN
Q
KSCN / DiF NCS
MsO OBz OMe OBz OMe
OBz OBz

(37) (38)



It has been shm.-ml"L6 that a free 6-thio~-aldohexose exists
in the pyranose ring form with no detectable thioseptanocse
form being present. The thioseptanose (39) was prepared
however, only after blocking positions 4 and 5 in the sugar.
Thus thioseptanoses are thermodynanmically less stable than

-

5~0~-pyranose sugars.

OMe OEt
MeQ M

OMe -

(39)

20
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3,6-ANHYDRO SUGARS

Introduction:

lost of the literature on 3,6~anhydro sugars has been
concerned with derivatives of D-glucose and Dwgalactose.
Apart from aldehydo-forms, all the derivatives described have
a conmon characteristic, narmely that they exist in either a
cis-fused [5,6]~bicyclic ring form (pyranose sugar), or a
cis-fused[5,5]~bicyclic ring form (furanose sugar). Thus
there is no record, for exanmple, of 3,6-anhydro-D-allose,
which in a furanose or pyranose form would contain a trans-
fused bicyclic systen.

[5,6]-Bicyclic systems:

211 the preparations of 3,6-anhydro-pyranose sugars
involve the intramolecular nucleophilic displacement of good
leaving-groups such as tosylate and halide. Methyl 3,;6-anhydro-~
a—D~glucopyranoéide was prepared by Fischer and Zach47.
Treatument of methyl 2,3,4-tri-O-acetyl-6-bromo-6-deoxy-c-D~

glucovyranoside (40) with base yielded methyl 3,6-anhydro-o~D-

glucopyranoside (41)

CH2 Br

Q
AcO\OAc >O|Me “OH

OAc

(40) ' (41)




Although (41) was hydrolysed in aqueous acid to the free
sugar, the latter was not characterised thoroughlye.

liethyl 3,6-anhydro-a-D-galactopyranoside and rethyl 3,6-
anhydro-g-D-nannopyranoside have been prepared, by exactly

43,49

similar procedures, by Valentin For example, in the
galactose series, methyl a-D-galactopyranoside (42) was
selectively tritylated at positicn 6, and then acetylated to
yield (43), Treatment of (43) with phosphorus tribronmide

gave the 6-bromo conpound (44) which on treatment with

bariwa hydroxide gave the 3,6-anhydro derivative (45).

22

CHoR’
o)
RO
OR  /OMe
OR
' S - H2C
R R
(42) E OH HO Q
(43) Ac OTrityl 5
(4%) Ac Br Ba(0H), ;
OMe
OH
(45)

inother method of prevaring methyl 3,6-anhydro-a~D-
galactopyranoside (45) was described by Ohle’C who treated
methyl 6~C~toluene-p-sulphonyl-a-D-galactopyranoside with

base.
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Valentin in 193270 made the important discovery that the
3,6=-anhydro bridge had profound eifects on the chemistry of
3,6-anhydro sugars. Both Valentin48 and Ohle50 noted that the
3,6-anhydro ring was stable to acid, and that the 3,6-anhydro
ring weakened the pyranose ring to such an extent that the
compounds gave positive tests with Schiff's reagent, and
exhivited mutarotation. A further very interesting observation

49 who showed that methyl 3,6-anhydro=-

vas made by Valentin
a=D=mannopyranoside (46) could be converted into methyl 3,6~
anhydro-g-D-mannofuranoside (47) via acid catalysed hydrolysis,

and acid catalysed methanolysis,

O
1) H,80; .  HOCH @)
O 2) MeOH / HC1 O

HO HO OMe

HO/OMe

(46) (47)
The proverties of 3,6-anhydro-D-galactose, and 3,6-anhydro
=
=D-glucose were carefully studied by Haworth and his co-worker551’)2.

Haworth51 found that methyl 3,6~-anhydro-2,4-di-O-rmethyl~c-D-
gaiactopyranoside (48) could be anomerised, with great
facility, into the B-form (49), and vice versa, using a trace

of acid as a catalyst.



24

O
1) Air +HCL or HBr _ MeO OMe
@)
or
)\HCl / £t.0 or EtOH
N 2 r i
ONFZ OMe

OMe
(48) (49)

As this transformation could be performed in the absence
of methanol, there could be no intermgdiate free sugar, though
it was found that in methanol solution both the a- and f-
anomers could be converted into the dimethyl acetals. This
clearly indicates that the 3,6-anhydro bridge governs the
chemical properties of the sugar pyranose ring. The isomerisation

54

was later discussed by Foster et. al. in conformational
terns., Haworth51 also confirmed that free 3,§fanhydro sugars
restored the colour to Schiff's reagent, and caused an
inmediate decolourisation of neutral agqueous potassium
percanganate solution, and on this basis postulated that these
3,6-a2nhydro sugars existed not in the hemiacetal form (50),
but rather in the open-chain aldehydic form (51).

An even nore interesting result was described by Haworth

22 who showed that methyl 3,6-aznhydro-~a~ and

and his co-workers
B-D~glucopyranosides (52) underwent instantaneous conversion

into the a=- and B-D-glucofuranosides (53) without any isom=-



CHO
—~OH
erisation at C-1.
O-—.
HO-
H2CL
HO \ FOH
OH
(51)
(50)
H
HoC 2§
HOCH
(@]
———pn
| O OMe
HO OMe
OH
OH a=-seriles
(52) - (53)

This isomerisation was effected by a solution of hydrogen
chloride in ether and chloroform, or by using methanolic acid.
Havorth and his co-w0rkers52 rationalised these observations
in terms of strain in the 1,5 pyranose ring, caused by the
3,6-anhydro bridge. They pointed out that the [5,6] ~bicyclic
syétem was more strained than the [5,5]-bicyclic system.

Thus the interconversion of pyranoside to furanoside has its

driving force in the relief of ring strain in the pyranose

25
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53

fornm of the 3,6-anhydro sugar. Stacey and co-workers
supported the conclusions of Haworth, and showed that the
pyrancside ~ furanoside interconversion was equally facile in

the 2-deoxyglucose series. in summary, the properties of
3,6-anhydro pyranose sugars of special interest are as follows:

1. The o~ and f~ forms of methyl 3,6-anhydro-D-pyranosides
are almost instantaneously interconvertable in the presence
of a trace of an acid catalyst.

2. The «~ and B8~ forms of methyl 3,6-anhydro-D-glucopyranosides
can be converted into the methyl 3,6-anhydro-D-glucofuranosides
without any anomerisation. The analogous derivatives of D-
galactose do not undergo this isomerisation on steric grounds,
as galactose has the '"wrong" configuration at C-4, and
consequently the furanose form would contain the highly strained
trans-[5,5] -bicyclic system.

3, The a- and B= forms of methyl 3,6-anhydro-D-galactopyranosides
can be transformed into the open-chain 3,6~anhydro-dimethyl
acetals. There is some experimental support for describing
the free sugars having a 3,6-anhydro bridge as being in the
open-chain aldehydic form.

L., The 3,6-anhydro ether bridge is much more stable than
the hemiacetal ring. The 3,6-anhydro bridge will withstand
hot strong acid, whereas the glycosidic group is exceptionally

acid-labile,
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[5,5]-Bicyelic systens:

A great deai of the early work on 3,6-anhydre-furanose
sugars was done by Chle and his school, who prepared 3,6-anhydro
-1,2~C-isopropylidene~a-D~glucofuranose (55) by treatment of
1,2~0~isopropylidene-5,6-di~0-toluene-p-sulphonyl-a-D-

55

slucofuranose (54) with base””,

TsOCH 0
1) base
>
OH ) 2) desulphonylation
O‘-CMQZ
TS = R-CH3.06HL|'SOZ
(54) (55)

Chle found that for a 3,6-anhydro bridge to be formed,
the 5-hydroxyl group had to be substituted. Treatment of

1,2-9-isopropy1idene-6~g-toluene-g-sulphonyl-a«D-glucofuranose

(56) with methanolic ammonia, in the cold, yielded the 6-amino

derivative (57), and the 5,6-anhydro compound (58)56.

CH

CHaOTs CHaNHy [ 2

N\ o

HOCH ~ HocH ° CH

NH, / FeOH +
OH (f —_— OH A OH i)
0-CMe ! O-CMe,

2 O-CMe2

(56) (57) (58)
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The reactions of the 5,6-anhydro compound (53) were
studied further by Ohle and von Vargha57. They showed that
in their previous work56, the 6-amino compound (57) was
derived from the 5,6-anhydro compound (58) by nucleophilic
ring opening witn ammonia. They also treated the 5,6-anhydro
compound (58) with base under more forcing conditions and obtained,

57

according to their paper”’, no 3,6-anhydro derivative, but
rather a mixture of 1,2-Q-isopropylidene-a-D-glucofuranose (59)

and the L-idose analogue (60).

C el CH, OH
O/THV | 2 (I:H20H
Nep“o

H HocH © HCO
r————

O OH 0 OH C|>
| I
O-CMe, O-CMe, O=CMe,
(59) - (60)
These results must be questioned as Reichstein and co-

58

workers showed that base~treatment of the 5,6-anhydro compound
(58) yielded three products; 1,2—Q-isoPropylidene—a-D-glucdfuranose,
a dimeric product, and 3,6-anhydro-1,2-0-isopropylidene =-a-D=
glucofuranose.

The preferred formation of 3,6-anhydro rings rather than
three-menbered anhydro-rings has been shown by Percival59.

H ) ) Trs 0 : 2
Viork by Ohle and ﬂllcke6 has indicated the generality of this

rostulate, and of course the observations of Reichstein and
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58

his colleagues have given strong experinental corroboration.
Treatment of methyl 2,5;é—tri~9-acetyl—3~9~toluene—n—sulphonyl
-B~D=-glucofuranoside (61) with sodium hydroxide solution
yielded methyl 3,6-anhydro-pB-D=glucofuranoside (63); the

reaction presumably proceeding via the 2;3-anhydro allose

derivative (62).

CH20Ac -
CH2OH H2C|O
O
Q OMe O
AcOCH OMe _OSOCH HOCH v OMe
_— OTs
OTs v

OAc \-O (40

H 2<I: /

(61) HOCH @) OMe (62)
O

A simple preparation of 3,6-anhydro-1,2-O-isopropylidene-
~g=D~glucofuranose was described by Freudenburg and co—worker561.
Starting with 1,2:5,6-di-0-isopropylidene~a~D-glucofuranose, |
they prepared the 3-O-chloroformyl derivative (via the 3~
sodio derivative), and left this compound in the atmosphere at
roon termperature, whence it was converted into the 5,5-carbonate

(64). Heating (64) at high temperature gave the 3,6-anhydro

compound (55) in good yield.
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H.C |
-C/0(|:H2 2| _
T NOCH O HOCH \©
A O
OH o) * o)
|
O-CMe, O-CMe,
(64) (55)

3,6=-Anhydro-D-glucose has been described by a number of
the before-mentioned authors. The free sugar reduces Fehling's
solution stronglysg, and most authors 55,58 have considered
the free sugar as existing in the open-chain aldehydic form
rather than the hemiacetal form. Ohle and Euler62 showed that
3,G-anhydro—5—g—to1uene—£—sulphonyl~D-glucose exhibited
nutarotation in absolute ethanol, and considered this compound
to exist in an equilibrium belween the open-chain form and the

furanose hemi-acetal.ring form (65).
H2|
TsOCH
OH

OH

(65)



31

The acid stability of the 3,6-anhydro bridge was shown by

many authors, and not until 1957 was there a reported nethod

-~

63

for its fission

Treatment of 3,6-anhydro-glucose with

lime water yielded a nixture of 3-deoxy-D-gluconic and 3-

deoxy~D~mannonic acids, (66) and (67) respectively.

CHO
—1— OH
Lime
o —i—OH Water
—OH

CHO
-—OH

—

— OH

OH
CH,OH

" H  H——H

CHZOH

CO5H COoH
—— OH HO—

+ -
— OH —OH
— OH —OH

(66) (67)

In conclusion it is possible to say that the 3,6-anhydro

bridge profoundly alters the normal chemistry of the rest of

the sugar noclecule,

The hemi-acetal sugar ring becones

thermodynamically less stable than in ordinary sugars. In

fact the presence of the 3,6-anhydro bridge greatly increases

the tendency for the sugar to adopt the open-chain form,
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NOCLZQPEILIC DISPLACEMENT REACTIONS OF SULPHONATE ﬁSTERS

The volume of published work on this topic is so imnense
that this review nust necessarily be somewhat selective,
The displacement of sugar sulphonates can be categorised
under the following divisions:
1. Displacements on open-chain compounds,
2. Displacements on furanose compounds,
3., Displacements on pyranose compounds,
4, Displacements with neighbouring group participation, and
5. Displacements with nolecular rearrangement of the substrata.
Classes 2, and 3, can be sub-divided into further
categories depending on the primary or secondary nature of
the sulphonate group. Secondary sulphnonates exhibit differences
in reactivity depending on (a) whether they are sterically

exo or endo, (b) whether they are ring sulphonyl derivatives,

or side-chain derivatives, and (c) whether they are axial
or eocuatorial in conformation,
As a general rule, rrimary sulphonyloxy groups are the
most easily displaced. These reactions are usually performed’
in solvents such as acetone, ethanol or 2-nethoxyethanol,
and reguire btoth short reaction pericds and moderate temperatures.
Secondary sulphonates are much less reactive than primary
derivatives, and displacerents are usually carried out in

dipolar aprotic solvents such as DiF, DISO, N~nethylpyrollidone,
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and hexamethylphosphorictriamide (HMFT hereafter), and often
reguire high reaetion teaperatures and substantial reaction
times (several days in sorne cases). 4&s a rule, pyranose ring
sulprhonates are more reactive than furanose ring compounds,
and endo-~sulphonates are generally much nore susceptible to
displacerient than the analogous gxo-derivatives,

Although most nucleophilic displacements of sulphonates
occur via an SNZ mechanisn with concomitant inversion of
configuration at the reactive site, this rule is by no means
universal, and it is always desirable to prove the stereochenistry
of the product.

1, Displacements on Cnen-chain Conpounds:

As far as reactions with thio-nucleophiles are concerned,
the paner by Chapman and Owen64 firmly established the
generalisation that primary sulphonates are more reactive
towards nucleophilic displacement than secondary sulphonates.
Using potassiun thiolacetate in refluxing acetone, only the
primary sulphonate of the D~ sorbitol derivative (68) could

be displaced to give the 6-thic compound (69).

O— ' O—
- -
o— o 0—
_— KSAc / Acetones — O
—OTs ] —QOTs
——OTs L.SAc
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Subsequent work by Baker and his school has shown
that the secondary sulphonates in open~chain sugars are best
displaced in reaction media such as DiiF, For example, the
5~C-riethanesulphonyl derivative (70) could be converted into
the 3~a2zido~3~deoxy~-D~altrose coupound (71) with complete
inversion at C~3; there being no evidence of anchimeric

65

assistance from the 4~0O-benzoyl group ~.

. O/ ><0—

Yol _

Ms O— -—-N3
—QOBz - — OBz
-, N3 / DI-IF: _0><
B >< 2 Hours u
(70) . (71)

Unfortunately, not all displacenents occur smoothly
and result in the desired product, and this has recently been
highlighted by the work of Paulsen67. Atteripted nucleophilic
displacements by hydrazine, and azide ion, on the 4-0-tosyl-
glucose compound (72) gave as the major product the 3,4k~dehydro

compound (73), and not the expected amino compounds.
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MeO /OM‘Z MeO OMe
/

- O —QO

[ 1 -l _— ' ]

o~ | &, oq ]
.—0OTs ©°F HZH# l
X B
S X
(72) (73)

2. Disvlacements on Furanose Comvounds:?

The differences in reactivity of the endo- and exo-
tosylates were elegantly described by 00pe68. Three 1,%:3,6-
dianhydrohexitols were prepared, and the ditosylates were
prepared in each case. The D-mannitol compound (74) has two
endo-tosyl groups, and both were displaced in refluxing
acetone with acetate ion., The D-zlucitol derivative (75) has
one endo-, and one exo-tosyl group, and under the same
reaction conditions only the endo-tosylate could be displaced.
The L-iditol comvound (76) having two exo-tosyl groups was
unreactive under the sazne reaction conditions.

The exo-tosyl group of 1,2:5,6-di~0O-isopropylidene-3-0-
tosyl-a-D~glucofuranose is very resistant to displacement by
ionic nucleophile569’7o, the reaction being characterised by
cither detosylation or exteasive decomposition. The former

effect was also noted by Reichstein71’7¢. In the glucose
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d

(7%) (75) (76)

(The tosyl groups marked (—+) are the ones displaced)

corpound mentioned above, the incoming anion experiences

electrostatic repulsions from the ring oxygen atom, and the

70

oxygen atoms on C-1, and C-2" ., Hovever the 3~0O-tosyl group
73

can be displaced by hydrazine - a neutral molecule - with

inversion of configurafion7h. The relative ease of this
displacenient has been rationalised7o in terms of a tridentate

H~bonded complex (77) which is ideally set up for pseudo

intramolecular displacenent.
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Recently the ease of displacement of the endo-tosyl

groups in the analogous D-allose (78)75’76’77, and D-gulose

('79)78"79 compounds has been dezonstrated. The ionic’

nucleophiles used were fluoride, azide, and benzoate.
]

OCH .
7h2
Mepc
ocH © o
| I
o ., OTs O-CMe,
co
N
OTs O—CMe2 /CM22
H,CO
2
(78) (79)

Exocyclic (side~chain) secondary sulshonates are usually

quite difficult to displacedo‘81'82, and climination is often
a conmpeting reactiongo. The 5-0~tosyl-L-idose derivative (80)
undergoes displacement with hydrazine to give compound (81),

but does not react with ionic nucleophile381.

CH,OCH,Ph CHy OCH, Ph
HCOTs NHNHCH o
N2H4
OCH,PY'O TOH""' OCH2Ph 0O
O—CMc2 O-CMe,

(80) (81)



The successful displacement of exocyclic secondary
. N -4 '
sulphonates reguires severe conditions™ —, for example,
treatment of the D-glucose conmpound (82) with sodium benzoate
in boiling DiF is required to convert it into the L-idose

compound (83).

CH.,OBz
CH,OTs
TsOCH © HCOBzo
KaOBz
OAc o 'j;;f—+ OAc o
O—CIIMeZ O—CMe2
(82) | (83)

5+ Displacements on Pyranose Compounds:

The displacement of secondary sulphonates is little
affected by the conformation of the departing sulphonate
except in some fairly rare cases, which are discussed later in
section 5., The axial sulphonate in compound (84) is displaced

33

with ecase by azide ion in DMF “.

H,OBz

MsO

OBz OMe

OBz

(&%)
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Using the #1g-sulphcnyl derivatives of D-glucose, and D-galactose,
. 8L L., et tone .

it has been shown that the straightforward displacenent

of sulphonates is as facile whether the departing group is

axial or equatorial in conformation., These results are

35

supported by Richardson ~ who showed that there was no direct
correlation between the conformation of a sugar hydroxyl group,
and its reactivity.

Steric hindrance to the approach of the incoming
nucleophile is a najor factor encountered in displacement
reactions. For instance, the a=- and f- anomers of the 1,2,4,6-

tetra-0-benzoyl-3-0-tosyl-glucose compounds (85), and (36)

vere subjected to displacements under identical condition586.

CHzoBz

Q

{H
BzO OTs OBz

OBz
(85) «~-anomer
(86) p~anoner
The a-anorer wvas convletely unreactive, whereas the sulphonate
in the f-~anormer underwvent szocth SN2 displacenent yielding
only one compound. Bota (85) and (86) exist in the €1
confornation, and in (85), the benzoyloxy group at position 1

is axisl, and thus hinders the approach of the inconing
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nucleophile to such an extent as to prohibit disvlacement of
the 3-0-tosyl group. Sinilar results have recently been
reported by Angyal and his co-worker587. They found a ratio

of about 4:1 between the rates of displacement of the 3-C-tosyl

grouss in the B~ and a- nmethyl glucopyranosides (87) and (88);

the B--ancmer being the more reactive,

CH2OAC
O
H
AcO\PTs OMe
OAc

(87) p-anoner
(88) «-anoner
Another inportant factor whichk may influence considerably
the reactivity of a sulphonate ester is the steric congestion
associated with the transition state., Eorton and his colleagues
have synthesised88 several secondary tosyl derivatives of

1,6-anhydro-pyranose compounds, e.g. (89),

(39)
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and they have shown that these esters are completely unreactive,
and thus such a bicyclo~[3,2,1]~systen as (89) involves a too
severe steric hindrance to the achievement of a transition
state having five groups round one carbon aton.

Hucleophilic displacements of primary sulphonates is
usually casy conparcd to sccondary sulphonate estersha’aq’gg.
For example, treatment of methyl «-D-glucopyranoside (90) with

two equivalents of mesyl chloride in DIF at 65° gives a 97%

yield of the 6~chloro compound (91)89.

CH20H ' CHZCI
—Q
2M. MsCl / DUF
i . 65° )
HO\PH OMe HO\OH I/ OMe
OH , OH
(90) ‘ (91)

Some primary sulphonates, however, are surprisingly
resistant, as exemplified by the relative unreactivity at
the primary position in galactopyranose conmpounds. This topic'
has been thoroughly studied by Hadkarni and williams9o, and
the effect has been explained in terms of electronic repulsions

experienced by negative nucleophiles from the lone pairs of

electrons of the ring oxygen, and the anial C=! oxygen atom,
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L, Displacements with lieighbouring Grouv Particivation:

The whole subject of neighbouring group participation has
been the subject of a most excellent review91. Heighbouring
group participation usually nmanifests itself either in
increased rates of reaction, or in anomalous stercochemical
control of a reaction. For exarmple, the 3-0O-methanesulphonate
(92, R=COPh) is easily displaced by benzoate ions in DIF to
give compound (93), whereas coxmpound (92, R:CHaPh) is very
much more resistant to displacenent, and gives a mixture of

92

products”’ .

CHz CH, O CH3 o
OMQ —_— Me ON12
OMs S
(92) CPh (93)

In many congpounds a conpetition can exist between
direct displacement, and anchimerically assisted displacement.

The extent of the occurence of direct displacement depends

9k

on the nucleophilicity of the attacking anion” . Thus less
(&)

anchimeric assistance occurs when using azide ion than when
using benzoate lon, azide ion being the stronger nucleophile,
Foster and iebber and their co-workers have done sonme

9k, 95

interesting work on open-chain compounds” '’“, A4 complex
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pixture of products (S5 - G7) was obtained when the D-mannitol

derivative (94) was subjected to disvlacenient with benzoate

l—-C)'Ts

X

(95)

X

A

TBC)-—*:)

BzO-—

BzO~—

(96)

S

HO -

—Q

X

(97)

The course of the reaction is visualised as proceeding by

initial displacement of one of the tosyl groups by benzoate to

yield (98) .

Anchimeric

displacerient of the second tosyl

group gives the oxonium ion (S9) which reacts further by

vatnways (c) and (d) to

Heighbouring

give (96) and (97).

group particiration by methyl and benzyl
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ether groups has been denonsirated in nucleophilic displacement

96,97

3 however the vse of complex participating

08'99. B

groups is of more synthetic interest and utility”

reactions
J
using a dithiocarbamate derivative of glucosamine (100),

zu Reckendorf and Bonner98 were able to prepare the 2-anino-~
2-deoxy-3-thio-D-allose compound (102) after LAH reduction

of the intermediate thiazole derivative (101).

/OCH2 OCH, OCH,
PhCH Q / 2 Ph 4 Q
OMe PhCH oMe GH OMe
— \ \
O OMs ®) LAH ©O
:NH S NH
S'l\cg'/ S\C//N ; 2
l
SMe : EMle
(100) (101) (1c2)

5. Disvlacerients with Kolecular Rearrangenent of the Substrate:
100,101

The first documented examples of this type of
reaction were reported in 166, and involved the contraction

of a pyranoside to a furanoside during the displacement reaction
with retention of configuration at C=-5 and inversion at C-4

in the hexose. Thus treatment of the a-L-rhamnopyranoside

(103) with azide in DNF yields the a~L-talofuranoside (104).

In the above examples 001191 .4 further examples?021103 g

the ring contractions of carbohydrates, it will be noted that

100,104

theré is a trans-antiparallel relationship between
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OMe
| (:H3
Me
K.~ / DuF
MsO > »
O o)
’/// O ')
CM22
(103) ’ (104)

the C-4 sulphonate bond and the C-5 ring oxygen bond. Owen1o§
has suggested an explanation for the stereochenistry of these
reactions (viz. inversion at C-4, and retention of configuration
at C-5) in terms of a two stage process. First, there is a
migration of the sulphonyloxy grouv from C-Lk to C-5 concerted
with ring contraction. This intramolecular displacement by
the ring oxygen involves inversion at C-4 and C~5, The
second stage of the process is the normal SHZ'displacement at
C~5 which occurs with inversion at this position., Thus the
configuration of C=5 is the same in the starting material and
in the ring contracted product because of a double inversion
at that position.

For exanzle, the a-L-rhamnopyranoside (105) exists in
the 1C conformation with the tosylate C~4 bond, and the C=5
ring oxygen bond in a trans-antiparallel relationship.

. . .. 104
Lccording to Cwen's theory s such a coupound could undergo
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OMe

(Thickened bonds are

\\\\\ ”,z() trans-antiparallel)
CMe2

(105)

displacentent by a two stage process, and the intermediate
would be the pB-D-allofuranosicde (106), which on reaction with

)103

thiolbenzoate would yield the 5-thio-wa-L-talose compound (107

and not the 4-thio-L-talose compound as originally reported45‘

CHg GHa

HCSBLO, e

TsOCH o OM :
e .

. @)
o N

O e,
(107)

. . . 101

Direct experinental evidence has supported Owen's
theoryqo# since the double-inverted, ring contracted
intermediate (109) has been isolated as an artefact, via

hydrolysis of tae sulphonate ester, from the displacenment

reaction on the D-rhannose consouna (108).
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D~rhanno

OMe
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CH

HCOH O
OMe

(109)

6-deoxy~L-allo
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Part 1

Cne of the objectives of the.present investigation was
to confiirm the supposed gluco configuration of the 3-thio
compound originally described by Freudenberg5 (see Introductory
Review page S ). 1,2:5,6-Di-0-isopropylidene-D-glucose vas
therefore converted into the 3-O-methylxanthate (11Ca) and
tite thermal rearrangement of this into the 3-thio compound
(110b) was carried out both by the modified method described
by Overend and co-worker58 (in which the xanthate is heated in
boiling diphenyl ether) and by the heated-tube process recommended
oy Cerny and his colleagues1os; the latter method was found
to give better yields. The rearranged product (110b) was then
reduced to the thiol (110¢) with lithium aluminium hydride.

The availabiliity of 1,2:5,6-di79~isopropylidene—a-D-
allofuranose (which was required for other experiments to be
described later) made it of interest to prepare the corresponding
3-0-methylxanthate (111a) and study its pyrolééis. It was
found that its rearrangement occurred much less readily
than with the gluco compound, only a very poor yield of the
3~thio compound (111b) being obtzined. This difference in
reactivity is analogous to that encountered in the SN2 displacenent
reactions of endo compared with exo sulphonates in oth;r

bicyclic systems68.



OCH

/ 2
y C/DCH2 Nmzc\
e
2 NocH O OCH O
R c‘v O
- O-CM

O-CMe, R 2
(110a) R=0.CS.Siie (111a) R=0.CS.Ske
(110b) R=5.C0O.Slie (111b) R=5.C0.Sle
(110c) R=3H

It has been pointed out (vage 9 ) that n.m.r. spectral
evidence has recently'been presented which supports the
allocation of the gluco coniiguration to Freudenberg's
rearranged product. Independent evidence, on similar grounds,
has been obtained in the present work. The n.n.r. spectra
of compounds (110b) and (111b) are shown in Fig. 1. The
spectrun of the 3-thio-D-glucose compound has 2-H as a doublet,
it veing solely coupled to 1-H, Extensive investigations106
on 1,2-0~isopropylidene furanose sugars have shown that the
sugar ring is puckered. C-1, C-4, and the ring oxygen define
the plane of the ring with C-2 and C=-3 almost symmetrically

below and above this plane.

50
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Fronm the inspection of molecular nodels of such a pﬁckered
ring, it can be seen that, if the configuration at C~2 and C-3
is threo, the dihedral angle between 2~H and 3~H,as observed

by looking zlong the C~2 - C~3 bond axis, is alnost 900.

This value of the dihedral angle corresponds to a zero coupling

between 2-H and 3_3107,108,109°

Yhen, however, the sugar

has the erythro configuration at C-~2 and C-3 then the dihedral
angle between 2-H and 3-H is approxicately k5-50°, and as
shown in PFig. 1 the n.m.r. signal due to 2-H is then split

by coupling to both 1-~H and 3-H. The itwo configurations are
thus c¢learly differentiated, and Freudenberg's 3-thio sugar

is shown to be the D-gluco configuration from a simple
inspection of the spin-multiplicity of the 2-H signal.

The thermal isomerisation clearly involves an intramolecular

nucleophilic reaction having a four-centre transition state:

£‘|>Me
o\
7

Further spectral evidence supporting the D=-gluco .
configuration of the 3-thiohexose is given by the n.m.r.
data for the free thiol (110¢)~Fig., 2 and its disulphide

derivative (Fig. 3). In these compounds a zero 2~E to 3-H

counling was observed indicating that the thiol group at C-3,
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and the hydroxyl group at C-2 were trans. The double doublet
at T 6.56 in Fig. 2 was the cause for sone initial speculation
as to its assignnment, but the point was resolved winen the
spectrun of the disulphide (Fig. 3) was at hand. The larger
coupling in the double doublet signal is due to a coupling
between the thiol proton and 3-H., Tials coupling anpears to

be a fairly general phenomenon11o.

In spite of these data, from which the absolute configuration
can be inferred, a direct chemical proof of the configuration
was thought desirable., The ratié@le of this was to form a
3,6-epithio bridge from the 3-thio sﬁgar. If the configuration
of the 3-thiohexose were D-gluco, the formation of the 3,6-
bridge would give a compound containing two nutually cis-
fused five membered rings and éhould occur easily. Forrmation
of the 3,6-epithio bridge if the conpound were a 3-thio-D-
allose derivative would lead to a trans-fused [5,5]-bicyclic
systen wialch would normally be considered higﬁly strained,

although such systems have been described111.
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5-Th 10-D-blacoJuranose Series:

Treatnrent of 1,2:5,6-di~0-isopropylidene-3~-thio-u-D-
glucofuranose (112) with acetic anhydride - pyridine yielded
the 3-8-acetyl derivative (113). Vhen (113) was partially
haydrolysed in methanol and dilute sulphuric acid, the 5,6-0-
isopropylidene ring weas removed, but the acetyl group in the

rolecule distributed itself over the 5-0H, 6-0H, and 3-SH groups,

(118). : Ac
L Y
CH,OH
OCH2 OCH2
hAe
2OCH OCH o) HOCH o
H30+
— SH c|>
C- CMe2 O- CMe2 C-CMe,
(112) (113) (114)

A separation of this mixture of C- and S-acetyl compounds was
accouplished, out the synthetic usefulness of the achievement
vas thwarted by the rapid equilibration of the S-acetyl conmpound
into the mixed QO- and S-acotyl compounds, and also by the

facile oxidation of the free thiol into the disulphide,

The next method of »rotecting the sulphur at C-3 was to
convert the thiol into tae relatively inert disulphide, The
disulphide was chosen because of its ease of preparation,
its unreactivity, and its facile coanversion into the thiol
" 112,143

under suitably nild conditions The oxidising agent
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used to convert the thiol (115) in alkaline solution into the
disulvhide (116) was cither icdine or air, and both were

equally effective.

-
OCH
2
PCH Me € |
MeC 2 ocH
ocH O O
L o
SH T S— ?
O-CMe, L O0-CMe, 42
(115) (116)

Once the 3-thiol group had bveen protected as the
disulphide (116), the next stage was to effect a selective
renoval of the 5,6-Q-isopropylidene rings. This step proved
to be quite difficult because of the very low solubility of
the disulphide (116)in water-niscible solvents, and on account
of the intricacy in stopping the reaction befére the 1,2-0-
isopropylidene group was removed. It was found that the
sclubility of the disulphide (116) in alcohol solvents increased
in the order 4¢OH < EtCEL nPr0i < isoFrOH < nBuOH, EHowever,
n-butanol is not completely miscible with one third of its
volune of water, and so isopropanol was the solvent uéed.

The solid disulvhide (116) was added to a stirred solution of
isopropanol and 1.6% aqueous sulphuric acid (8:3 v/v)

bal

naintained at ca. 300. When the solution had become homogeneous



the reaction was stopped and the product, bis-[3-deoxy-1,2-0-

isopropylidene-a-ND-glucofuranose ] ~(3,3')~disuvlphide (117)

vas obtained in good yield.

Tosylation of (117) with an excess of tosyl chloride did

not give the bis-5,6-di-0-tosyl compound but rather the bis-

' C/OCH2
14
2MocH ©
iPrOH
———
S— o] B o
l >
- =2
O CMe2

CH,OH

HOCH O

S—

(117?)

o)

O-CMe,

6~0-tosyl compound only (118), as evidenced by its found

rolecular weight (762).

C”42()TB

HOCH O

S—

(118)

O

O"CMez

-2

This reaction can readily be exvnlained on consideration of

a polecular nodel,

The primery hydroxyl group will be the

58



riore reactive in (117), and thus conpound (118) wili be
readily formed, In compound {(113), there iz a very bulky
group at C-3 in the sugar ring, namely another sugar-ring
bonded through the disulphide bridge, and there is a bulky
group at C-6, On steric grounds, the G—Q-tosyl group will be
anti to the sugar ring and will eclipse (or nearly co) the
S5-hydroxyl group. Thus for steric reas§ns the 5-hydroxyl
group is not esterified, 1In fact a similar effect was noted11#
in 1,2-g-isoproylidene-3,6-di-Q-tosyl-a-D-glucofuranose

vhich could only be tosylated with difficulty at C-5,

The disulphide bond in compound (118) was unaffected by
nmethanolic vorohydride even though this reagent will normally
cleave disulphides112. The only reasonable explanation for
this lack of reactivity seems to be that the disulphide bridge
and some other varts of the molecule (118) in close proximity
are heavily solvated and hence the solvated BHh- ion cannot
approach the S-S bond sufficiently close for a reaction to
occur. The use of LAH to cleave the disulphide linkage was
done with some hesitancy as it is known115 that primary
tosylates are easily replaced by hydride ion. Eowever a papef
by H.C. Browan and his associates113 has indicated the conditions
under which a disulphide linkage could be cleaved without the |
loss of a primary tosyloxy group. Thus when (118) was treated
with LAH in THF at Oo, fission of the disulphide linkage

occurrad vwith conconitant cyclisation and loss of the 6-tosyloxy
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group to give the 3,6-epithio conpound (119).

HC

HOCH
S
@)

O-CMe,

(119)
The n.m.r. spectrum of (119) is illustrated in Fig. &4
overleaf, The furanose ring size is indicated by the
characteristic106 position of the anorieric proton at T 4.06.

117

By the technigues of double and triple resonance s a conplete
first-order interpretation of the spectrum was possible. A
very important point to note is that there is no 2-H - 3~H
coupling. This lack of coupling (JZ,B = 0) was found in the
3-thio compounds illustrated in Figs. 1(a), 2, and 3, which

did not however have the constraint of the 3,6-epithio bridge
upon the furanose ring. The fact that J2,3 is zero indicates.
that the formation of the 3,6-epithio bridge leaves the
furanose ring virtually unaltered in geometry. The inference

from this is that the cis-fused[5,5]-bicyclic systen as found

in compound (119) is virtually strain-~free,
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6-Thio~-D~allofuranose Series:

The synthesis of 3,6-dideoxy-3,6-epithio-1,2-0-isopropylidene
~g¢~D-zlucofuranose (119) described above was effected by the
intramolecular nucleophilic displacement of a 6-0-tosyl group
by a 3-thio anion. In the D~allose series, an intramolecular
nucleophilic displacement of a 3-0-tosyl group by a 6-thio
anion would be expected to yield the same 3,6-epithio compound
(119).

Oxidation of 1,2:5,6-di—97isopropylidene-a-D-glucofufanose
(120) with DiSO / P401075’117’118 gave the 3-oxo sugar (121) in
657 yield. Variable yields were reported by earlier workers,
and the reactién is certainly unpredictable. The best method
for performing the reaction was to keep the amount of phosphorus
pentoxide down to a minimum, and %o prepare the DIMSO / P401O

reagent before adding the glucose compound,

)DCHZ /OCHé-
MexC_ o Me ,C7 o
OCH OCH
OH O puso O
—_— |
O—CMe2P4°1o o O-CMe,
(120) (121)

9

. . . . 1
The nechanisn oroposed for this reaction by Epstein and Sweat 1

is illustrated below:
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CHg
\CH-OH + DMSO — CH—0—sS®
S |
CHy
-n®
CH
>C=O MeyS o CW é :
| No<F \cH

3

Borohydride reduction of (121) proceeds in a stereosvecific
manner120; the sole product being the D-allo isomer of (120),
The 1,2:5,6-di~g-isopropylidene—a—D-allofuranose was converted
into its tosylate, and then the 5,6-g—isopropylidene grouy was

selectively renoved under standard conditions11# to give the

crystalline 1,2-0O-isopropylidens-3-O-tosyl-a-D-allofuranose

(122). This reaction was straightforward and simple to perform
because the product (122) is a nicely crystalline solid, and

is easily purified. The analogous reaction in the 3-0O-ftosyl
glucose series (described later in this thesis) presented

nany more experimental difficulties.

Compound (122) was smoothly converted into the 3,6-di-0-
tosyl compound (123) which was the key intercediate in the
synthesis of the 6-thio allose compounds.

Reaction of (123) with potassium thiolacetate in refluxing

acetone, followed by acetylation of the intermediate product



CHZOR

HOCH O

O

!

OTs O-CMez

(122) R=H

(123) R=Ts

gave a mixture of the 5-O-acetyl-6-S-acetyl derivative (124),

and the 5,6-di-C-acetyl cozpound (125)

CH,R
AcOCH °
o .
OTs O-CMe,
(124) R=SAc

(125) R=0Ac
The formation of (125) is v»resurably duec to the presence, as
an impurity, of cozpound (122) in fhe sample of ditosylate
(123) used in the reaction,

Using a better thio-nucleophile and a higher reaction

6L
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temperature, namely potassium thiolbenzoate in refluY1ng
ethanol, compound (125) was converted (after benzoylation)
into the 5-0-henzoyl-6-S-benzoyl compound (126) in good yield,

there being no evidence for any 5,6-di-O-benzoyl coumpound.

CH,SBz
BzOCH ©
o ;
OTs O-CMe,
(126)

Howvever a.second compound was formed which was found to be

the 5-Q-benzoyl-3,6-dideoxy~3,6~epithio derivative (127). The
formation of this compound can be visualised as involving

the initial formation of a 6~S-benzoyl coupound, an intra-
miolecular acyl migration, and then an intramolecular cyclisation

as illustrated below:

Q

D /\} CH2 ) H2CSH | .
p
h” ‘\ BzOCH BzOCH \©
l/ '<> )
\N_—:;;j O-CMe

¥ -
OTs O- CMez OTs O CMe2 2

~(127)
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The n.m.r. spectrum of (127) is illustrated overleaf

= 0, indicative of a virtually

strain-free ring system. It will alsc be noted that tﬂe

protons at C-3, and C-6 waich are directly bonded to the

sulphur aton experience a positive shielding effect in the n.n.r.
Saponification, under mild conditions, of the 5-0-acetyl-

6-S-acetyl compound (124) and the 5-O-benzoyl-6-S-benzoyl

contpound (126) gave a 3,6-epithio bridged compound which was

identical (spectra, m.p., mixed m.p.) with the compound (119)

prepared from 3-thioglucose ~ Freudenberg's 3~thiohexose.

Thus the absolute configuration of Freudenberg's 3-thio sugar

has been shown to be D-gluco by the unambiguous synthesis of

a cis-fused [5,5]-bicyclic compound (119) by two different

procedures,

6=-Thio=D~glucofuranose Series:

1 had shown that a trans-

Since the work of Owen and Pe.to1
3~thia-bicyclo-[3,3,0]-octane system could easily be prepared
and that this system was acid-stable, it was speculated that

it might be possible to prevare a trans-2-oxa-b6-thia-bicyclo-

[3,3,0]-0octane system (128) in the sugar field.

Treatment of 1,2:5,6~-di~0-~isopropylidene~3~0-tosyl-a-D-
glucofuranose (129) with agueous acetic acid effected the
renroval of the 5,6fg-isopropylidene 5roup114. This reaction

was not as straightforward as the literature indicated. The
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(128)

O—CMez

(129)
point of "half-hydrolysis'" was not too easy to monitor and
the product from the reaction was a recalcitrant gum which
was difficult to purify completely. When the 1,2-O-izopropylidene

!
compound (130) was tosylated under literature conditionsqq},

the only crystalline product obtained was the 3,5,6-tri-tosylate60
{(131),

Using more controlled conditions, and only 1 equivalent
of tosyl chloride (see Experimental Section, page 128),

compound (130) was tosylated at the primary position, and the

5-hydroxyl group was then acetylated, IExtensive purification



CH,OR

ROCH O

ﬁ)TS O

O-CMe,

(130) R=H

(131) R=Ts

of this reaction mixture gave unexpectedly the 51g-acetyl-6—

chloro-6-deoxy compound (132).

This compound must have arisen

by tosylation at C-6, followed by intermolecular nucleophilic

displacement of the tosyloxy group by chloride ion. This

illustrates the extreme ease of displacement of the primary

tosyloxy group in the glucofuranocse series.,

a®™ CH,—

HOCH

CH,CI
AcoCH ©
/ o°
d - OTs o)
I
O—CMea
(1322)

The chlorine at the prirmary nosition in (132) was somewhat



70

nore resistant to displacement than the tosyloxy group had been,
Coupound (132) was unaffected by potassium thiolbenzoate in
refluxing acetone, but underwent ready conversion into the

5-C-acetyl-6-S-benzoyl compound (133) in DMF at 70°.

CH,SBz
. AcoCH
OTs O
O-éMe2
(133)

When compound (133) was saponified under exzctly the same
experimental conditions as (124) and (126), no cyclisation
to give 3,6-dideoxy-3,6-epithic-1,2-0-isopropylidene~a~D-
allofuranose occurred at all. The product of the reaction
was shown by infra~red aand n.mn.r. spectroscopy to be the

6~thiol-3-0-tosyl compound (134).

CH, SH
HocH O
OTs O
O-CMe
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A simple explanation for the lack of 3,6-epithio bridged
conpound can be inferred fron an examinationeof mclecular
nodels, The 1,3-dioxolan ring causes the furanose ring to
be pucizered with C-3 lying above the plane of the ring as
defined by C~-1,C~4, and the ring oxygen atom. The furanose
ring is fairly rigidly held in this puckerzd geometry and
the formation of a trans-~fused [5,5]-bicyclic system such

as (135) would involve too strained a ring system for the

molecule to be stable,

(135) 3,6-epithio~D-allo

In suunmary, the total evidence to show that Freudenberg's
pyrolytic xanthate rearrangement occurs with retention of
configuration is:-

1. HN.n.r. evidence on the rearranged glucose xanthate, and
on the thiol and disulphide derived therefron indicates
that the laék of coupling between 2-ﬁ and 3-H in the
1,2-0-isopropylidene furanose ring is uniguely in accord with

the configuration at C-2 and C~3 being the threo configuration.
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[\¥)
.
1
5
©
Hy

ormation of the saue ¢is-fused 3,6-evithio

furanose systen from both a 3-thioc-6-0O-~tosyl-glucofuranose

compound, and a 6~thio-3~g-tosyl-allofuranose derivative.
3. The lack of any tramns-iused 3,6-epithio furanose

conpound from z 5~thio=-3-0-tosyl-glucofuranose derivative.
i~ -~ S
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Fart 2

The Chewistry of 3,6-dideoxy~3,6-enithio Sugars:

1. TFuranose Conpound:

3,6~Dideoxy-3,6-epithio~-D~glucose was prepared by
treatment of 3,6-dideox3—3,6—epithio—1,a-gfisopropylidene—a—
D-glucofurancse (119) with hot mineral acid. The n.m.r.
spectrum of the reaction nixture showed no resonances to the
low field side of T 3.8. Thus the open-chain form of the

sugar (136) can be excluded.

CHO
—OH
—
S —OH
F—()Fl
_
CH2 -
(136)

4s a matter of interest, an authentic sample of 3,6~anhydro
~D-glucose (lkindly supplied by Professor L.N. Cwen) was -
exanined by n.n.r. spectroscopy in the same solvent (DHSO d6)
as was used for the 3,6-epithio compound. There was no
evidence at all for describing the 3,6-anhydro-D-glucose as
an open-chain aldehyde in DISO solution. Previous worl{er551’55

have described 3,6-anhydro-D-glucose as an open-chain aldehyde
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because it gave chexzical reactions diagnostic of an aldehyde
(i.e. restored the colouration to Schiff's reagent). However
it seems more correct to describe 3,6-anhydro-glucose as a
furanose sugar in a labile equilibriwi with its open-chain
forn, the heniacetal ring form bveing just the rore stable.

The exact ring size adopted by the 3,6-epithio-glucose
was deduced from a close examination of the n.m.r. spectrun
of the 1,2,5-tri-O-acetyl derivative. The work of Lenmieux
and Stevens121 has indicated that there is a chemical shift
difference A of ca. 0.2 to 6.6 pP.p.n. between the T-values
for the B- and a~anomers of hexopyranose pentaacetates in
chloroform, the a-anomer always being at the lower field.,

Acetylation of the 3,6-epithio compound gave an oil,
the spectrum of which indicated it to be an anomeric mixture
of the a-furanose (75%) and B-furanose (25%) (137), Ap-a

being 0.33 p.p.n. The coupling constants J indicated that

1,2

the sugar ring was furanoid in size. In the a-anomer, J

1,2
was 4.4 Hz, and in the B-gnomer, J1’2 was essentially zero.
HoC
AcOCH WA R
S
Ra
OAc

(137)  Ry=H, R,=0ic 75%
PL2=H7 R,l =OJA1.C 2595



In the pyranoid ring structure, the sugar would have been in
the 1C conformation, and in such a geometry the coupling 1-H
0 2-H would have been virtually identical in either anomer

as the conformation as viewed along the C-2 - C-1 bond axis

is such as to make the dihedral angle between 1-H and 2-H

alcost the same in either anonmer.

B-anomer

OAc

The cheniical shifts and the values of J1 > of the anomeric
b}
protons (a- T 3.46; B~ T 3.79) were unequivocally in accord

with the sugar in a furanose form (137)

2. Pyranose Compound:

1,2:5,6-Di-C~isopropylidene~3-0-toluene-p-sulphonyl-
a~D-allofuranose vas subjected to a "Fischer-glycosidation"
using the general conditions described for the glucose
analogue by Angyal and his co-workersa?. The vroduct, methyl

3-C-tosyl-D-allopyranoside (138) could not be crystallised,

and so it was coanverted into the 3,6—di-g—tosyl compound (139)
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-

- . S . 12 . . .
urnder the standardé conditions 9, and thence by acetiylation

into the fully esterified sugar (1%0), which was crystalline.

CH, OH CHROTs CH,OTs
o Q
OMe
OMe —> OMe —
HO HO AcO
OTs OH OTs OH OTs OAc
(138) (139) (140)

The anomeric configuration of compournd (140) could not be
inferred from any spectral or optical data, but the question
was settled in favour of the B-configuration from the value
of the optical rotation of the 3,6-dideoxy~3,6~ecpithio glycoside
to be described later,
As was expected43’89, the displacement of the 6-9-tosyl
group in compound (140) occurred wita great ease using potassium
thiolbenzoate in boiling acetone. The resultiﬁg so0lid 6-5~-benzoyl

compound (141) on treatment with methoxide gave the crystalline

3,6-epithio glycoside (142) in good yield,

CH,SB
2>=2 H,C
O
OMe Q
: % OMe
“OMe / MeOH
ACO - HO
OTs OAC . OH

(141) (1L2)



The n.nm.r. spectrum of (142) is illustrated overleaf.
It is almost certain that the conformation of (142) will be

the 1C conformation (143) and it is impossible from the value

H.C OMe

(143)

of J to establish the anomeric configuration, as this

coupling constant would be about the same for both anomers.
The optical rotation, Ia]ga -650, provided the only tangible

evidence. The values of the optical rotations of methyl

3,6-anhydro~a~D~glucopyranoside and methyl 3,6-anhydro-f-

-
. . . < . 2
D~glucopyranoside, as given by Haworth, Owen, -and Snith’ ’

are +56° (Hao) and -138°(H20) respectively. Assunming that
the oxygen bridge and the sulphur bridge do not make any
profound difference upon the optical rotations of exactly
analogous compounds containing such bridging systems, then the
observed optical rotation of (143) is in accord with it
being B in anomeric configuration.

A very interesting point concerning the n.m.r. spectrun

(Fige 6) of {143) is the symetrical gquartet sicnal at T 5.08
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due to 5~H. The appearance of this resonance can only be
explained if J4,5 = J5,6 = J5,6"

Yhen methyl 3,6-dideoxy-3,6-epithio~3-D-glucovyranoside
(143), the thio-analogue of methyl 3,6—anhydro—§—D—glucopyranoside,
was treated with a solution of hydrogen chloride in AnalaR
chloroform no rearrangerient to the furanoside form of (143) was
observed, There was a ‘very small change in the observed
angular rotation, presumably due to slight hydrolysis of the
glycoside, butithe only crystalline conpound obtained from
the reaction mixture was the starting naterial., There was no
evidence for any rearranged compound.

52

In their naper of 1941, Haworth and his colleagues
discussed the driving force for the pyranoside-—'fufanoside
isomerisation in the 3,6~anhydro series in terms of ring strain,
On assembling a nolecular model of methyl 3,6~anhydro-D=-
glucopyranoside, it is apparent that the 3,6-anhydro bridge
does put a considerable strain onto the pyranose ring.
However the furanose isoner of the 3,6-annydro conpound
exhibits virtually no ring strain at all, and thus the relief
of ring strain would seen to be the driving force for the
isozierisation.,

The internuclear C-0O bond distance is approxirately 1,50 ﬁ’
whereas the internuclear C-S bond distance is about 1.80 &,
The increased size of the 3,6-epithio bridge over the oxygen

analogue causes far less ring strain in the pyranose sugar
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ring. This can be scen guite clearly from inspection of
rolecular mcdels. Apart from these considerations, there is
N s O S man o veas - . R i i |
the enigrmatic sulphur atom in the bridge. ZFreviocus work

has shoun the apparent stability of trans-fused [5,5]-bicyclic
systems containing a sulzhur atom. It may be that the sulphur

atom is cavable of reducing the C-5-C bond angle in slightly

4]

trained systems such as (153), and thus recoving the driving

force for the pyranoside —s furanoside rearrangement. Valence-
. - . L1230 . .

shell expansion of the sulphur aton y wnich would involve

the 3d orbitals to some extent in bonding, and thus allow

more flexibility in the bond-angle at the sulvhur aton,

might be a contributory factor in the cause of the lack of

any rearrangerient.
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Part 3

1. Furanose systen:

Tne four diastereoisoueric conmpounds studied were the
1,2:5,6-digg—isopropy1idene-3-g-toluene—g-sulphonyl derivatives
cf glucose (144), allose (145), galactose (146), and gulose (147);
the stercochenmistry thus differed only at C=3 and C-4, and
the purpose of the work was to see the effect of these variations
on the reactivity of the sulphonyloxy group touvards displacement

by thiolbenzoate ion.

/OCH2
Me,C
2 \O H O @)

R| @) R| (i
R. O-CMe, Heo 2  O-CMey

2 AN

,Me,
H2CO

(144) R,=0T5, R,=H (gluco) (146) R,=0Ts, R,=H (galacto)
(145) R, =H, R,=0Ts (allo) (147) R,=H, R,=0Ts (gulo)

]

The precursor of (147), 1,2:5,6-di-O-isopropylidene-a-
D-gulofuranose, was prepared by zu Reckendori's method124.

The essential step is the generation of two asymmetric centres
at C~3 and C-4 from the enol-acetate (143) (derived from the

5-oxo sugar (121), page 62 ) using nethanolic sodium borohydride.

The formation of the gulose derivative can be rationalised as
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C/OCH2
Me
27\
OCH O o
Acao H
o .~ 142C>~——E§ \\\
234 0}
N T
- (74
o) ©) CM82 2ACO O-CMe,
(121) (148)

involving a basic hydrolysis (MeOH / BHQ- is basic) of the
ester to give the transient enol. This ketonises, picking

up a proton at C-4 from the less hindered side of the molecule,
i.e. thre "top-side" of the molecule. The intermediate 3-oxo
sugar (1£9), 1,2:5,6-di~0-isopropylidene-a-D-xylo~hezofuranos-
2-ulose, is then reduced by the borohydride, the approach of

the reagent being from the leés hindered exo side of the

molecule, '
eBH4
O o)
o) o)
_—’ I
O O-CM OH O-CM
HCO\ 22 O 22
CMe, HCO\
H2CO /CMe
(149 H,CO
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1,2:5,6-Di~C-isoprovylidene-a-D-galactofuranose was
orerared from D-zlucose by the ftrans elimimation of toluene-

5 .
p-sulphonic acid frox 1,2:5,6-di-0-isopropylidene=-3-0-tosyl-

- . . _— . =ny125,126
a~D-glucofurancse to give the 3,4-unsaturated compound (150) ' =71

< as e e ia & nns c s . 127
and the c¢is aydration of this conpound via hydroboration .

o)
H
5
o)
\/ |
CMe, 0-CMe,

(150)

A byproduct obtained from this reaction on one occasion was
a 3,3' ether, Ili,m.r. evidence indicated that the molecule
was conposed of iwo 1,2:5,6-di-g-isopropylidene furanose units,
and the riass srectrum showed that the compounq had a M.W. of
502, consistent with the dirmeric structure. Although the
configuration of each unit was not established, several
alternative configurations are possible. The dimer cculd
have arisen via hycdrolysis of the glucose tosylate by soda-
line and then reaction of the 1,2:5,6-di-9¢isopropyliQene-a-
D~glucofuranose so formed with the glucose tosylate at the

eaction temperature of 210°. O©On this hypothesis, the config-

urations of the dircer uniis would be gluco and allo., The

dimer could also have arisen at a later stage in the vreparation



of 1,2:5,6-di-0-isopropylidene~g~D~galactofuranose. It is
rossible that the dimer was formed during the hydrolysis of

E ]

the reaction product derived from the reaction of the unsaturated
sugar (150) and diborane. Cn this hysothesis, one of the

diner units must have the galacto configuration and the
configuration of the other unit could be either galacto or

gulo.

Several trisl displacemzent reactions were performed
using 1,2:5,6—di«9—isopropylidene«3—Q-toluene-n—sulphonyl—
a=-D-glucofuranose (and its D-allose stereoisomer) and potassium
thiolbenzoate in a mole ratio of 1:5. The reactions were
carried_out in DMF solution, and at reflux temperature (ca.
1590). Sanmples were talen at regular intervals, diluted
with water, and extracted with chloroform, Such samples were
investigated by infra-red spectroscopy, which showed that
displacement was occurring in the glucose series as seen by
monitoring the "carbonyl region' (1650 - 1750 cm™ 1) for the
appearance of the thiolbenzoate absorption. However care
must be exercised in this respect, as DHF itself absorbs at
ca. 1680 cm” | (tertiary amide), and dibenzoyl disulphide is
also present as an iupurity. VWhen the glucose tosylate and
potassium thiolbeﬁzoate were reacted for two hours at.reflux
tenperature and then the reaction worked-up, a solid was
eventually obtained. The n.n.r. spectrun of the solid
showed it to be a nmixture of unreacted tosylate (ca., 40%),

and allose thioibenzoate {ca., 60%). This resulit was a useful
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pointer for indicating the approxinate half-life of this reaction,

A thiolbenzoate displacenent reaction was attemnpted on
1,2:5,6-di-0-isopropylidne-3~0-nethanesulphonyl-c~-D-gluco-
furanose. The reaction was characterised by extensive decomposition,
and ne recognisable product could be obtained from this reaction,
The use of mesylates was not pursued.

Trial experiments were performed on the glucese tosylate
using the thio-nucleophiles, thiolacetate ion and thiolbenzoate
ion., It was found that the latter was superior in ability
to displace the sulphonyloxy group. Presumably thiclacetate
ion is a poorer nucleophile than thiolbenzoate icn as the
former could not displace the exo tosylate group in the glucose
compound.

Initial qualitative experiments on the glucose and alloese
compounds (144) and (145) indicated that the reactions were
2 méchanism with inversion of configuration,

R
The allose tosylate was converted into the 3-S-benzoyl gluco

occurring via an S

derivative, which was also synthesised by benzoylation of the
3-~thio~-glucose compound (110¢). Thus the stereochemistry of the
rroduct obtained fronm displacement of the allose tosylate

group was proved., Ne.nm.r. evidence indicated that the

reaction of thiolbenzoate ion on the glucose and gulose
tosylates (144) and (147) also occurred with inversion of
configuration at C-3,

Initially the progress of the displacenent reaction was



cbserved by infra-red spectroscopy. However as mentioned
above this methnod was not fool-proof, The reaction was hence
followed by n.nm.r. spectroscopy, the loss of tosylate being
nonitored rather than the formation of S-benzoyl compound.
The reason for cbserving the disappearance of tosylate was
the unavoidability of having dibenzoyl disulphide as an
impurity in the kineties sample, and thus scanning the
aromatic region of the spectra would give erroneocus results.
The n.m.re. spectral data were obtained on crude total reaction
products. Ho attempt was made to purify the kinetics samples
at all as this might result in the loss of tosylate or S-~
benzoyl derivativé s thus altering the ratio of the two and
giving erroneocus results.

For a pseudo first-order reaction,

Q19
N b
1
1
w

obs X

dx . _
= kost'd"c

log1ox = "kobs / 20303 » t o-ooooooo.nooo(1)

o

For a second-order reaction, the reaction rate is given by:

Vo= k, [Tosylate] [KSBz]

LS [Tosylate]
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The results of the Lkinetics experiments were treated
graphically as follows, the lcgarithm, to the base 10, of the
percentage (a) of tosylate remaining in solution (ordinate)
was plotted against the reaction time., The straight-line
graph (pseudo first-order kinetics) gave a value for kobs’
the first-order rate constant - equation (1), and the value
for k, could be obtained using equation (2).

The kinetics experiments were performed under pseudo
first-order conditions (1:10 mole ratio of tosylate to
potassium thiolbenzoate), and Fig. 7 illustrates the data
obtained on the four compounds (144)-(147). These results
vere obtained under identical conditions, the temperature of
the oil-bath in which these experiments wvere carried out
being constant at 1780, and the average internal temperature
of the solutions being ca. 156°, -

The second-order rate constants for the four sugars

under these conditions were:

Aldose 'k.z (mol™ 1sec™ 1itre) Relative 'RATE
Galactose 5771 x 1072 1

Glucose 1.11 x j0-4 - 3

2llose 5.65 x 10‘1+ 15

Gulose 2.19 = 10~ 60

The Tirst voint to note from rig. 7 is the anomalous
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result obtained for the D-galactose conpound, The kinetics
results showed a discontinuation in the normal o v t plot at
about 2 hours of reaction. These results were double-checked
and found to be an intrinsic property of this systeri. The

value of kz for the galactose comopound was calculated from
o

fod

the s

120

ove of the plot of log,.x z2gainst t; the value of t

10
being from O to 2 hours.

The kinetics data for the galactose compound were determined
also in HIPT when the resulis gave a second-order rate constant
k, of 6.67 x 10-h rol”V sec” litre; the internal tenmperature
being 148,5°, ihen compared to the value of kZ (3.71 x 10“5)
obtained in DI with the intérnal temperature at 156.30, these
data indicate the superiority of HMNFT as a solvent for SN2
displacenent reactions compared to D.MH.F. UWith HMNPT as
solvent, there was no aprarent divergence from pscudo first-order

kinetics. However in both kinetics experiments, no pure

3-S-benzoyl gulose derivative could be obtained fron the reaction

£

ixture. These experinents on the galactose compound were
characterised by a much greater tendency for decomposition
than occurred with the other stereoisonmers, which reacted
snoothly with the votassiun thiolbenzoate to give isolable
inverted producis., That from the zllose derivative was
identical with 3-§—benzoyl—1,2;5,é-di-g-isopropylidene-}-thio-
a=-D-glucofurancse prepared by benzoylation of 1,2:5,6-di-0-

isoprovylidene=-3-thio=-a=D-glucofuranose. Fig. & shows the
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n.ner, spectra of this thiolbenzoate and of the analogous
3-S-benzoyl allose derivative, prevared by SN2 displacenent
on 1,2:5,6-di—g—isoPropylidene-B-Q-tosyl-a-D-glucofuranose.
The lack of coupling between 2-H and 3-H is indicative of
the D-gluco configuration, and the friplet resonance for 2-H,
in the lcwer spectrum, indicates the D~allo configuration.
Incidently this work has yielded another pilece of evidence
to show that Freudenberg's 3-thiohexose is D-gluco in absolute
configuration.

The n.m,r. spectrum (Fig. 9) of 3-S-benzoyl-1,2:5,6-di-
O~isopropylidene-3-thio~a~D-galactofuranose, isolated from
the displacement reaction on the gulose toluene-p-sulphonate,
shows that there is a small coupling (1.4 Hz) between 2-H and
3-H. Thus it appears that the bulky benzoylthio group at
C-3 distorts the furanose ring somewhat. In fact the furanose
ring becomes more flattened out, and thus 2-H and 3-H no
longer have a dihedral angle of 900. T

The relatively facile SNZ displacement of the endo
tosyloxy group in 1,2:5,6-di-O-isopropylidene~-a-D~allofuranose
by ionic nucleophiles has been well documented75'76'77.
Using azide ion as the nucleonhile, Stacey and his co-workers75
obtained a 50% yield of the inverted 3-azidc-D-glucose
derivative after 4 hours refluxing in DMF. The data in Fig.

7 indicate that by using thioltenzoate ion as the nucleophile,

the half-life of the reaction with the allose tosylate is
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about 20 minutes.

The reactivity of the 3-0-tosyl glucose compound, though
less than that of the allose isomer, is quite unexpected.
The rate ratio allose : glucose is only 5 : 1, whereas a much
higher ratio would have been exvected in view of the known69
lack of xeactivity of the endo tosyloxy group in the glucose
compound towards benzyl sodiunm sulphidé.

Recently there have appeared two reports?8’?9 of
nucleophilic displacement reactions on the 3-O-tosyl gulose
derivative (147)., Using azide ion as the nucleophile and
refluxing DNF as the reaction medium, the gulose derivative
was converted into a 3-azido~-galactose derivative in & hours79.
sing sodium benzoate in DHT at 140°, the reaction took 84
hours to be complete?g. These reaction times, when compared
with the reaction time (ca. 30 min.) observed when using
potassium thiolbenzoate in refluxing DNMF, indicate the
superiority of the latter system for facile Sﬁa displacement
reactions. The other recent paper?8 described the displacement
of the tosyloxy group in (147) by fluoride ion. The reaction
was characterised by a marked tendency for the tosylate (147)
to undergo elimination to give the 3,k-unsaturated compound
(150). The large amount of byproduct formed must be due in
sonme measure to the basgicity of the fluoride ion, but more

. .6 . . .
recent work 7 on an acyclic sugar derivative has shown that

elimination can te dominant even when displacenient reactions

93



are attenpted with azide ion, The surprisingly high rate

of reaction of the glucose compound (14%) canmnot, however,

be explained by the occurrence of any side reactions, because
the n.n.r, svectra of the kinetics samples were checled
against the spectrum of the analytically pure 3-S-benzoyl-
allose cowmpound, and the specirun.of the sanple of crude
product collected after 8 hours' reaction in refluxing DIF vas
peak-for-peak identical to that of the pure naterial,

However to investigate the glucose and allose conpounds
rore thoroughly it was decided to obtain some thermodynamical
data on these compounds by neasuring the reaction rates at
various temperatures., The results are illustrated in Figs.
90 and 11,

Ffor the glucose tosylate, the accumulated kinetics data are:

"
log k Internal
m“% s 1. 10 72 1 femperature °K /9 x 107
1%
1011 x 107F ~3.955 154 .8 428.0 2,336
3,49 x 1072 | -b4.,459 136.5 409.7 2.4k
2.00 x 10~2 4,699 125.4 398.6 2.509
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or the allose tosylate, the accunulated kinetics data are:

k log . Internal o ‘ 3
T -1 510 "2 Temperature T K 1/T x 10
1l S 1-

o)

JA
5.65 % 10"1” ~3,24L8 157.2 L300, 4 2.324
8.00 % 1072 | -£.097 125.6 398.8 | 2.508

The Arrhenius plot for the glucose tosylate is illustrated
overleaf (Fige. 12). These data give a value of 20.4 &t 1 Kcal.

rzol“1 for the activation energy of the reaction. Substitution

-

of this value for =a and of the values listed in the table

-Ea/RT
o a/RT

into the Arrhenius egquation, k¥ = A s glves an average

value for the pre-exponential factor of 2.1 x 106. The
Lrrhenius plot for the allose tosylate is illustrated in Fig.

13, and the values for the activation energy and the average

t

. - . -1
pre-exponentizl factor are 21.5 z 2 Kecal., mol , and 3.9 x 10?
respectively. Within experimental error, the activation
energies for the glucose and allose tosylates are the sane.

Hulett128 h

as described the activation energy as a
composite function of several teros:

(a) a bonding ter:m, Eb due to stretching bonds in the reactants

and forcing new cnes in the ftransition cstate;
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(b) Zr from repulsion forces between unbonded atomé or groups

at close range;

(¢) Ee from electrostatic interactions between the reactants; and
(d) Es due to varying degrees of solvaiion of the reactants

and the transition state.

The displacement reacticns on the glucose and allose
tosylates are mechanistically identical, and one would expect
the terms Eb and Es to be identical for the two reactions.
However as the activation energies for the two reactions are
equal within experimental error, it would appear that the sum
of the terms Er and Ee is about egqual in both reaciions,

The pre-exponential factor A is often divided into a
true collision number Z multiplied by a "probability factor"

8 6 128
to 10 + Small values of P are thought

P ranging from 10~
to arise when the steric restrictions on a reaction are rather
severe. Thus the explanation»for the differing rates of reaction
of the glucose and allose tosylates is that the stereochemistry
of the molecule (exo, and endo respectively) governs the rate

of reaction, and that the solvation of the ground and transition
states, and repulsions between the thiolbenzoate ion and |

various atomns of the molecule is a constant factor in the

reactionse.



2. Fyranose systen:

o guantitative inetics workx has been reported on 5-C-
tosyl pyranose coxmpounds, and, as a direct comparision with

-

the preceding worlz, a simple kinetics investigation was

129,130

)

attemnted, The subvstrate chosen vas the knoun salactose
couvound (153). In common with the furanose coripounds,

this cozmzcund has a 1,2-0-isopropylidene ring system. Conpound
(153) was prepared by treatment of D-galactose with paraldehyde
containing a trace of acid., The h,é-g-ethylidene conpound

(151) was reacted with acetone using fused zinc chloride as a

catalyst to give the 3-hydroxy compound (152)

_OCH;
MeCH @)
N\
o
—
OH 0
_ O-CMe,
(151) (152)

Coamvound (152) was not isolated, but tosylated directly.
However the final product was a mixture of two components,

the desired product (153), and 1,2:3,L-di-0O-isopropylidene-6~0~
tosyleg~D~galactoryranose. The byvroduct presumably arises
via acetal excrange (etkhylidene—acetaldehyde;.acetone —

-

isoproonylidene) catalysed by the zinc chieride.

101
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(153)
Fig. 14, overleaf, shows the kinetics data obtained

under the same "pseudo first-order" conditions,

k, (mo1”! see™? 1itre) Internal Tenperature (°C)
2.62 x 1072 139.5
3.28 x 1072 161.0

A Teady explanation for the very low ratés of reaction
of thre galactose compound (153) was apparent on examining
the high-resolution n.m.r. spectrum of (153), which is illust;ated
in Fig. 15. A first-order analysis, assisted by extensive
spin-decoupling, gave the values of the coupling constants

Jd J , and J3 e From these values, the geometry of the
]

142 “2,3
molecule could be deduced, and it was found that the sugar
ring existed in a slightly flattened "boat" conformation,

with ¢-5, C=1, and the ring oxygen aton almost planar. This
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particuvlar conformation forces the C=3 tosyloxy gr&up to point
away from the ring oxygen atom, Thus the approach of the
thiolbenzoate ilon towards C-3 would be hanmpered by very
severe steric hindrance from the 1,2-0-isopropylidene group
and 5-H, and by severe electronic repulsions from the ring

oxygen and C=2 oxygen atoiise.

Solvent Effects:

The four main kinds of strong solvent-solute interactions
are:
(a) ion-dipoles
(b) dipole-dipole;
(¢) T~complex formation; and
(d) nydrogen-bonding.
In protic solvents,; anions are solvated by ion-dipole
interactions and a superimposed interaction due to nmutual
polarisability of the anion and the solvent molecule. In

a .

dipolar aprotic solvents, there is no significant contribution
. 131 . .

to solvation by hydrogen-bonding , and in fact nmost anions
are nuch less solvated in dipolar aprotic solvents than in
protic solvents, EKowever, polarisable charged transition
states are nore solvated in dipolar aprotic solvents than in

R 132
protic solvents 3 »

The quantitative evaluation of two dipolar aprotic

solvents was carried out on the glucose tosylate (144) using



the two solvents DiFy, and E¥TT., The kinetics data are

illustrated in Fig. 16.

Solvent X, (ro1 ™} sec'1litre)
ENET 7.88 x 1072
DMF 3,49 x 1077
gence Iopn s x 55 2.26
Drw
The reaction,
nBudr + NB- —_— nBuN3 + Br

o133

has been studied by Delpuec y and some of his results are

given below:

106

Solvent k25 (m“1 sec_1l.) B (Xcal. m'1)
- =2

DI 2.37 x 10 16,45

HIPT 1.75 13,40

eOH 8.61 x 10"6 21.18

The conparatively small rate ratio of 2.26 would seem
to imply that any lowering of the activation energy was
small, probably being due to the terms Ee and Es.

The kinetics work which has been described illustrates
the high nucleorhilic strength of the thiolbenzoate ioﬁ in
dipolar aprotic solvents. Thus it appears that the systen
K8Bz / DHF or KSBz / EMPT should find fairly general utility
for nucleophilic displacezent reaciions in the synthesis of

thio sugars.
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Comparision of Dipolar - Aprotic Solvznts as

Reaction Media
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1-3
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ne ures in parentheses, shown throughout this section,

reier to the page references in the original laboratory
notebooks,

Infra-red syectra were run on a Unicam S,P.200 instrunent.
Ultra-violet spectra were deternmined on a Unicam $.P2.800
instrument with AnzlaR ethanol as the solvent, HNuclear
rnagnetic resonance spectra were determined on either a Varian
A 60 spectroneter (irs. A.I. Boston) or a Varian HA 100
spectroneter (lr. P.N. Jenkins); the solvent, unless otherwise

stated, being deutericchloroforn and with tetramethylsilane
as internal reference. lass-spectra were determined (Mr., P.
Eoshoff) on an E,l.I, }S9 double-focussing instrument,

Thin layer chromatograms were perforred on Kieselgel
GFEB# (8. Merck Ltd.), detection being by iodine vapour, and
colunn chromatographies were carried out using silica gel K.F.C.
(Hopkins & %Williams Ltd.).

Helting »oints were determined using a Kéfler nicro-
stage apparatus, and are uncorrected. Ivaporations were
performed under reduced pressure, and at teuperatures below

50°,



Fart 1

1,2:5,6-Di~0~-igovronylidene~g=~D-zlucofuranose (1)

ol Sy

Tuis compound was prepared by the method described by

13#. D(+) glucose (250 g.)(dried in vacuo at 60°

0.7, Schnidt
for 2 hours) was mixed with AnalaR grade acetone (1,500 ml.),
and the reaction mixture was then transfered to a dry-box,
Zinc chloride stick (200 g.) was pulverised, and added to the
mixture, which was then treated with syrupy orthophosphoric
acid (10 nl,). The mixture was stirred for 30 hours at room
tenperature, and then neutraliséd by the addition of sodiunm
hydroxide (142 g.) in water (142 ml,)., The solution was
filtered, and the concentrated filtrate was diluted with
water (250 ml,), and extracted with chloroform (3x250 ml.).
Concentration of the organic extract yielded a solid which
vias recrystallised from petroleun (b.p. 80—1000) to give the

34

product (170.3 g.)3 mep. 109-111° (1it. "> m.p. 110-111°);

22 o
0]~ =12.07 (¢ 2.0 CHClB).

1,2:5,6-Di-0O-isorronylidene~3~C~([methylthio]-thiccarbonyl )~

a~D-glucofuranose (11)

The preparation of the title compound has been described

' 3 6,8 .
by several groups of worxerss’ ', Sodiunm hydride (50%
suspension in oil - 30 g.) was washed with, and stored over

. 0 . . .
petroleun (b.p, €0-807)., This susvension was treated with

110



111

1,2:5,6-di-0-isopropylidene~a-D~glucofuranose (112 g.) in
anhydrous ether (600 ml,.,), and the solution was stirred for 6
hours. With vigorous stirring, carbon disulphide (120 nl.)

was added slowly. The reaction mixture was stirred for 18
hours at room tenperature, and then nethyl iocdide (36 ml,)

was added. After being stirred for a further 5 hours, the
mixture vas filtered, and the product isolated by fractional
distillation (130.1 g.; 87%); b.p. 135-150° / 0.4 m.m.; m.p.
58-559° (fron petroleum (b.p. 60-800)); 7gax 230 n.m. (€ 11,300);

lit.: mep. 58.60° ©, aud A, 283 n.m. (€ 8,000)8,

1,2:5,6-Di~0~isopropylidene=3~S=({methylthioc] ~carbonyl)-3~thio-

a=D-gzlucofurancse

(a) Pyrolysis of xanthate in diphenyl ether8 (7

1,2:5,6-Di~C~isopropylidene-3-0-([methylthic] -thiocarbonyl)-
a-D=-glucofuranose (13.42 g.) vas mixed with diphenyl ether
(14,35 g.) and refluxed in an atmosphere of dfy,oxygen—free
nitrogen for 6 hours. The resulting dark-brown ligquid was
fractionally distilled to yield the title compound (2,52.g.5;
bep. 160-170° / 1.0 men.; mep. 14:8-149° (from ethanol); )hax
2L8.5 n.n. (€6,600), Recyclisation of the lower boiling
fraction gave a further yield of the title compound (6.2 Ee)e

105 (a9)

(v) Pyrolysis of xanthate - hot-tube nethod

1,2:5,6~Di-0-isopropylidene-3-0~([methylthio]-thiocarbonyl)-

¢-D=-glucofuranose (49.6 g.) was heated by an air-blower, and
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slowly vassed down a silica tube (internal diameter ca. 10
n.i.) at 5100. The apparvatus was naintained under a vacuurl of
ca. 20 ne.rr, Recrystallisation of the solid product fron
ethanol gave the title compound (35%); nep. 1427-149%; ?%ax
248 n.nn. (¢ 6,900). Cne recyclisation of the material recovered
from the mother liquors gave a further yield of the product

(12.5%)% Voax 1712, 1660, 1383, and 1378 e (CClu); NefeTe

spectrun see Fig. 1.

1,2:5,6=Di-0=-isopronylidene~3~thio-a-D~glucofuranose (L3, 63)

1,2:5,6-Di~0~isopropylidene~-3-S-([methylthio] -carbonyl)-
3=-thio-a-D-glucofuranose (5.0 g.) was dissolved in dry ether
(100 ml.), and with cooling and stirring, a solution of
lithiuwna aluminium hydride (2.0 g.) in dry ether (60 ml.) was
slowly added. After the corpletion of this addition, the
solution was refluxed for 1 hour. The excess reducing agent
was destroyed by the cautious addition of ethyl acetate. The
reacticn mixture was poured into an ice-cold solution of
glacial acetic acid (20 ml.) in water (400 ml.), and extracted
with ether (1 litre). The organic layer was dried over MgSO#{
evaporated, and distilled to yield the product (3.16 g.);

1

bep. 112-114° / 0,15 mome; V... 2550 (SH), 1390, and 1380 cm”

ax

(lig. £ilm); n.x.r. spectrun sece Fig. 2.
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5-S-acetvi-1,2:5,5-4ii-0-isopronylidcne-3~thio-a=D-lucofuranose

(45)

1,2:5,6—Di~g-isopropylidene-3~thio-a—D~glucofuran&se
(1.95 g.) was acetylated with acetic anhydride (1.5 g.) in dry
pyridine (3 =1.), the reactanis being stirred at rcom temverature
fer 3 days. VWater (15 nl.) was then added, and the solution
was extracted with ether (4x4O ml.). The ether layer was
washed with sodiur bicarbonate solution, and water, dried over
;aasoq, evaporated and distilled to yield the product (1.79 g.
- 865); bup. 133-137° / 0435 mume; ndo 148565 [a] 22 3,5°
(c 1.3 CHC15); N, 229 nem. (€ 3,800); v, 1695 (She) ca
(1iq. filn); T 4.36 (15, doublet, J1,2 = 3,4 Hz, 1-H), S5.57
(12, doudlet, 2-0), 7.65 (3H, singlet, -SAc), and 8.51, 8.63,
and 8.72 (125, singlets, acetal groups, integéated ratios
1:1:23(CCL, ).

(Found: C, 52.31; H, 6.68; 5, 9.56. Cqy H500¢S requires

C, 32.81; H, 6.S6; S, 10.07%).

Attempted vrevaration of 3~S-acetyl-1,2-0-isopropylidene=3-

thic-a=-D-glucofurancse (49)

A nixture of 3-§~acetyl-1,2:5,6~di~0O-isopropylidene-3-
thio-a~D-glucofuranose (46% nmg.), methanol (8 ml.), and aqueous
sulphuric acid (3 ml., 1.6% w/v) was stirred at roon tenperature
for 6 nours. GDarium carbonzate was then added, and the stirring

continued for 3 hours. Filiration and evanoration of the
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soluticn yielded an oil (295 ng.); v 3500, 1740, 1695, 1390,

1

nax
1380, and 1220 cm_ (CClh). Tol.cs (ethyl acetate - benzene,
L:1 v/v) shoued there to be three components in the oil (Rf's
0.95, 0.65, and 0.55)., A columnn chromatography was carried

out using the sarme solvent system as eluant, and the slowest

noving component was isolated; v
1

pasx 5900y 1735 (Oke), 1695 (sac),

1390, 1380, and 1220 cm (CC1l,). The t.l.c. on this
chromatography fraction, using the solvent system above,‘

indicated the presence of five components in the sample.

Bis~(3~deoxy—1,2:5,6-di-O—isonropylidene—a-D-glucofuranose)-

(3,3!)-disulphide (121, 29)

1,2:5,6-Di-0-isopropylidene-3-thio~a=-D-glucofurancse
(6.32 g.) was mixed with methenol (40 ml.), and 2N sodiun
hydroxide solution (15 ml.). Air was drawn through the solution
for 18 hours. The solid product was separated by filtration,
and recrystallised from ethanol to give the disulphide (4.93 g.);
n.p. 165-165.5% [12' -281° (c 0.5 cHe1,) (1it.” m.p. 163°,
[a]5' -330° in C,H,01,); A 250 n.m. (€ 360); v__. 1390,

1330 (CCl4); n.n.r, spectrun see Fig. 3.
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icld Eydrolysis of bis-(3-deoxy-1,2:5,6-di-C-isorronylidenc—~

-3isulphide 4(83)

S~
0

g=-D-rlucofurancss)-~{(3,3!

Bis—(B—deoxy-1,2:5,6-di-g-isopropylidene—a-D-gluc&furanOSe)—
(3,31)~disulphide (200 £g.) was dissolved in isopropanol (16 11,)
with slight warning, and treated with agueous sulphuric acid
(6 ml., 1.6% w/v). The solution was heated to about 30° and
stirred (accidently it was keated to 70° for about 2 minutes).
After 2 hours, the solution was homogeneous, and was left at
roon temperature for 15 hours. Barium carbonate was added,
and after a further 2 hour'!s of stirring, the solution was’
filtered and evavorated, Crystallisation of the residue from
vetroleunm (b.p. 40-60°) gave bis-(3-deoxy-D-glucopyranose)-
(3,3')=disulphide. No melting woint could be recorded for
this compound as it decoxnposed below its m.p.

(Found: C, 37.05; H, 5.65; S, 16.13, C12H2201032 requires
C, 36.92; H, 5.68; 5, 16.43%). TFreudenberg and Wolf? guote
S, 15.83%., )

The Lydrolysis was therefore repeated under milder

conditions,

Bis-{3-deoxy=~1,2-0-isovrovviidene-a~D-glucofurancse)~{(3,3"')~

disulvohide (107)
Bis-(S-deoxy-1,2:5,6-di-g-isopropylidene-a-D-glucofuranose)-
(3,3')=-disulphide (109 nz.) was added to iscprovanol (8 =ml.)

and aqueous sulphuric acid (3 =l., 1.6% w/v)e. The solution
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. . ) - c o ,
was nmaintained at ca. 33 for 26 hours, by which tine the
3
solution was completely clear and homogeneous. Additicn of

bariur carbonate, filtration, and evaporation, yielded the

vroduct (56 mg.); m.p. 188-185° (fron ethyl acetate); [a]g2 ~320°
(¢ 1.3 =t0H); Voax 3450 (QOH, broadened peak), and 1390 cn”?
CECL.).
( 3) |

(Found: C, 45.95; H, 6.26; S, 12.9%, C_ - H, O.  S_ requires

1673071072

-

C, 45.95; H, 6.54335 5, 13,62%).

Improved synthesis of bis-(3-decoxy-1,2-0-isopropylidene-a=D-

glucofuranose)=(3,3')-disulphide (179)

1,2:5,6-Di-0-isopronylidene-3~thio~c~-D-glucofuranose (1 g.)
vwas nixed with methanol (5 ml.), and sulphuric acid (5 nl.,
0.8 w/v), and the reactants were stirred for 12 hours, and
left a further 24 hours at room temperature, An excess of
variun carbonate was added, and the solution was boiled and
filtered. The filtrate was evaporated in a stream of air under
reduced pressure. A white solid (470 mg.) separated out from
an 0il (230 rg.). Recrystallisation of the solid from ethanol
- vetroleun (b.p. 40-60°) gave the title conpound; m.p. 136~
188°, After exvosure to 2ir, the oil (230 ng.) solidified to
yield a light-yellow solid; m.p. 186-188°, which was a second

crop of the product,
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2is~(3-deoxy-1,2-C=isonronylidene~6~0-tolucne-p-sulvhonyl=g=D=

zlucofuranose)~(3,3"')-disulphide (135,307)

Toluene~-p-sulvhonyl chleoride (3 g.) in anhydrous pyridine
(15 nl,) was slowly added to a coolasd solution of bis=-(3-deoxy-
1,2~0~isopropylidene~a-D-glucofuranose)=-(3,3!)~disulphide
(1.12 g.) in anhydrous pyridine (10 ul,), the addition taking
1 hour. The solution was then stirred for 20 hours at room
temperature, and then poured into ice-water. The material
slowly solidified during 3 nonths; Viax 3500, 16C0, 1385, 1195,
and 1185 cn™) (CC1y,); mol.wt, in chloroform 761.k, C2 oMy, 50415,
requires mol. wt., of 778,

T.l.c. on the impure material, using chloroform = ethyl
acetate (1:1 v/v) as eluant, indicated the presence of four
components: Rf's 0.85, 0.6, 0.3, and 0.0. Preparative column
chromatography gave the pure 6,6'-di-O-tosyl compound as a
glass.

(Found: ¢, 49.38; H, 5.20; s, 16.78. c3éﬁhao14su requires

C, %9.35; H, 5.4l; 5, 16.475%).

3,6-Didcoxy~3,6~enithio~1,2-0~isonronylidene=¢-D-glucofuranose

(381, 453)
(a) The reduction of the above disulphide was first atterpted
by the general method described by Benn112. Bis-(3-deoxy-

1,2-0-isopropylidene-6-0-~tolucne~p~sulphonyl-a-D-glucofuranose)-

(3,3')-disulphide (28C mg.) was dissolved in anhydrous methanol
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(25 ml.). The solution was maintained in an atzosshere of dry,

h¢

Dorohydride

(‘i‘

oxygen~Ifree niitrozcn, and yith irring, sodiun
(5C0 =g.) was gradually added. The solution was left at room
teoperature for 30 cinutes, and then refluxed for &4 hours,

The reaction mimture was zoured into water (ca. 50 ml.),
extracted with ethyl acetate (200 ml.), and evaporated to an oil.
Infra~red evidence indicated that the oil was the unchanged
starting raterial.

(b) This selective reduction was performed under the general
conditions as described by H.C. Browu113. Big-(3-deoxy-1,2~0~
isopropylidene~6-0-toluene-p-sulphonyl~a-D~glucofuranose)-(3,3"')-

disulphide (250 ng.) in THF (25 ol.) at 0° was treated slovuly

&g

with a solution of lithiuz alumiriun hydride (ca. 90 mg.) in

THF (10 ml.). The mixture was stirred at 0° for 2 hours, then
the excess of hydrice was cautiously destroyed by the addition
of ethyl acetate. 2ii Aqueous sodiun hydroxide (an excess)

was added, and the soluticen was refluxed for 50 ninutes.,
Extraction with chloroform {4x30 ml.), drying over }gs0,,, and
evaporation yielded as oil which was crystallised from petroleun
(b.n. 60-80%) to give tte title compound; m.p. 112-114°;

-1

3600, 3450. 1330, and 1380 cn (CClh); n.r.r, see Fig. 4.

~

This compound was identical (m.p., and nmixed n.p.) with the

conpound described on page 127 ).
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1,2:5,6-Di~0~isonrovylidene-g-D-ribo-hexofuranos-3~ulose

(123, 173, 215, L65)
Direthyl sulvhoxiide (500 ml,, dried over molecular sieve,
type 44 - 3.D.H.) was cautiously btreated with phosvhorus
pentoxide (15.4 g.) with cooling, and then 1,2:5,6-di-C~isoprop~-

ylidene-z~D~glucofuranosze (50 5.) was added. The oxrder of

addition of these reagents as suggested by Onodera and co-workers

118 was found not to be as effective as the above procedure,

The reaction nixture was stirred for 3 days at room temperature.
The solution was then slowly poured into a well-stirred solution
of saturated sodium bicarbonate (ca. 1 litre - an excess).

The work-up orocedures as described by Brimaconmbe and Stacey75,
and Onodera arnd co~workers118 nroved to be less effective.,

This soluiion was extracted with chloroforn (ca. 1.5 litres),
the organic layer then being washed, dried over Mgsoq, and
distilled to yield the title compound (31.32 g., 63%); b.p. .

128-129° / 1 m.n.; ngo 1.4589, - -

1,2:5,6=Di~0O-isovronylidene-a-D~allofuranose

(133, 177, 255, 471)
1,2:5,6-Di-0-isopropylidene~g~D-ribo~hexofuranos-3-ulose
(2.2 g.) was dissolved in 70% agueous ethanol (200 mi., v/v),
and at room tewmperature, sodium borchydride (25 g.) was
gradually added with stirring. After completion of this

addition, the solution was stirred for a further 30 minutes,

117,
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and then diluted with water (200 ml.). The solution was
extracted with ethyl acetate (ca. 3 litres); the organic

phase being dried (HgSOQ), evaporated, and crystallised from
benzene - petroleum (b.p. 60-80°) to yield the product (31.5 g.);

m.p. 75-77° (1it, 120

m.p. 76-77°); (CD013) 4,21 (1H, doublet,
J1’2 = 3,78z, 1-H), S5.40 (1H, triplet, 2-H), 5.95 (7l, singlet,
0H), and 8.42, 8.55, and 8.62 (12H, singlets, integrated

ratios 1:1:2, acetal methyl groups).

1,2:5,6-Di-O-isopropylidenc=3-0=([methylthio] ~thiocarbonyl)-

a~D=allofuranose (137)

1,2:5,6-Di-C-isopropylidene~a=D-allofuranose (5 g.) was
added to sodium hydride (1.5 g., of a 50% oil suspension,
washed with petroleun (b.p. 60-800), and ether), in anhydrous
ether (70 ml.)., After stirring for 4 hours, carbon disulphide
(5 nl.) vas added, and after a further 20 hours stirring,
nethyl iodide (4 nl,) was added. Filtration 6f the reaction
mixture and evaporation of the filtrate gave an oil, which

on distillation yielded the product (5.42 g.); b.p. 164-174°
/ 1.0 no.; mep. 50-51° (from petroleum (b.p. 40-60°));

[]27 +164° (o 1.36 CEC1,); 280 n.m. (12,7005 v_

AL’?La.}\: ax

1390, 1380, and 1210 (broad) em™' (CC1,); © (CDC,) 416
(14, doublet, J1,2 = 3,8Hz, 1-H), k.40 (1H, double-doublet,

= SHz, Jy ) = 7.6Hz, 3-1), 5.00 (1H, double-doublet, 2-H),

92,3 I3

5.53 = 6,18 (4E, nultivlet, 4-H, 5-E, aznd 2 6-I vprotons), .
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7.9 (3H, singlet, Sie), 8.45, 3.59, and 8.67 (12H, singlets,

Tound: L8,CC: Iy 3.19, 3
(Fourd: C, L8.0%; H, 6.%7; 5, 18.19 C4H55048, requires

[N
3

S}
\ 51
b

CN\

-Di-O=isovronylidene=3-3-([nethylthio]-carvonyl)-5-thio=

g~D=2llofurancse
8

(a) Pyrolysis in divhen¥l etaer (151)

The xanthate (5.2 g.) was dissolved in diphenyl ether

(7 g.) and the warned solution was de-gassed four times under
reduced pressurc. Tiis solution was then refluxed under
nitrogen for 4 hours, and then the products were isolated by
fractional distillztion under reduced pressure. It was noted
that on this and subseguent diphenyl ether pyrolyses on this
compound, a great deal of decomposition was occurring. Infra-
red evidénce indicated that no rearrangement of the xanthate

had cccurred,

(b) Hokt-tube method 02 (185 then 203)

The xanthate (7.9 g.) was passed down a heated tube
mainteined at 510°, the avparatus being maintained at a
pressure of ca. 20 n.n,

Infra-red evidexce indicated thaisome rearrangemént had
occurred. The product was partially purified by column
chromatography (chloroform - beuzene (1:1 v/v) as cluant).

A& final purification by premvarative t.l.c. (chloroform as
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eluant) yielded the title compound (15 mg.) as an oil; v
1710, and 1645 (5.C0.8), 1385, and 1375 ea”' (CC1,); n.m.r.
spectrun sce Fig.1,

(Found: C, 48.53; H, 6.48. c14H220652 requires C, 47.93;

H, 6'332’)0

1,2:5,6~Di-0=isovrovylidene=3~0~toluene-p-sulphonyl-c-D=-2llo

furanose (145)

1,2:5,6-Di-0-isopropylidenc~a-D-allofuranose (2.9 g.)
in anhydrous pyridine (25 ml.,) was treated with toluene-p~- -
sulphonyl chloride (3.65 g.) in anhydrous pyridine (30 ml.),
the addition being carried out with stirring and coolihg.
After the addition, which took 30 minutes, the reactants were
left at room temperature for 4 days. The solution vas then
diluted with water (20 ml.), and poured into ice-water (500 g.),
The solid was collectéd, washed, and recrystallised from ethanol
to yield the title compound (3.82 g.); m.p. 121° (lit.75 MePo
121%); v___ 1600, 1390, 1195, and 1185 cm™" (cc1,); © (CDC1,)
2.10 ~ 2,65 (4H, nultiplet, aromatic), 4.21 (1H, doublet,
J

1,2
7.54 (3H, singlet, Ar-ke), 8.46, 8.66, and 8.70 (12H, singlets,

3.5Hz, 1-H), 5.356 (2H, nultiplet, 2-H, and 3-H),

il

acetal groups, integrated ratios 1:1:2).
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132-C~isosrovylideng-3-C-toluene-p~sulphonyl-c~D-allofuranocse

(195)

Ea¢)

The general srocedure used in this e: ent was similar

to that described by Chle and Dickhaeuser1 #. 1,2:5,6-31—9-
isopronylidene-3-C-toluene-p-sulnhonyl-¢~D-allofuranose (3.03 g.)
ﬁas mixed with glacial acetic acid (108 ml.) and water (42 ml.).
After being shaken for 30 ninutes, the reaction nixture was
left for 2 days at room temperature. The clear solution was
then evavorated at 30-350 / 1a.n. The white solid residue
vas collected and recrystallised from ethanol to yield the
product (1.88 g.); m.p. 130%; [o:]l?;br +50° (¢ 0.3h4, acetone);
- 3450, 3390, 16C0C, 1190, and 1180 en™) (nujol mull),
(Found: C, 51.27; H, 5.73; S, 3.54. C.6H5,08S reéuires

C| 51'33; H' 5-92; S, 8056$3)0

1,2—O—isogrouylidene-3,6—di—O-toluene-p-sulphonyl~a~D~allofufanose

(201)

1,2-0-Isopropylidene-3-C-toluene-p-sulphonyl-a~D-allo-
furanose (500 ng.) in dry pyridine (5 nl.,) was treated with
toluene-p~-sulpkonyl chloridé (269 mg. 1.05 mol.) in dry pyridine
(5 nl,). The addition was perforned with vigorous stirring and
cooling, and after the addition, the reaction mixture was
stored in a refrigerator for 20 hours. ¥ater (5 ml.) was added,
and affer 30 nminutes the solution was poured into ice-water

—
Pl

(100 5.) yielding the crude product (580 mgz.). Recrystallisation
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from ether - petroleum (b.p., 60-80°) gave pure title compound

26 o .
( 190 mg.); m.p. 117-118%; [e]lg’ +70° (e 0.69 BtOH); v_

3520, 1600, 1385, 1185, and 1175 o™ (nujol mull); T (CDClB)
2.02 - 2.69 (8H, multiplet, aromatic), L4.30 (1H, doublet, J1’2
= 3.58z, 1~0),5.18 - 6.10 (7H, multiplet, other ring protons
and OH), 7.55 (6H, singlet, Ar-le), 8.43 and 8.73 (6H, singlets,
acetal group).

RTY . ZL- . 4
(Pound: C, 52.%63 H, 5.53; S, 12.09. c23H2801052 requires

C, 52.265 H#, 5.34; S, 12.12%).

5-0~Acetyl-b-S~acetvl=1,2-0~isopronylidene~b-thio=~3~0-toluene=~

p-sulshonyl-u=~D~allofuranose (217, 237)

1,2~0-Isopropylidene~3,6~di~0~toluene~p-sulphonyl-e¢-D-
allofuranose (910 mg.) and potassium thiolacetate (1.01 g.)
were reacted for 18 hours in refluxing AnalaR acetone (100 nl.)
in an atmosyhere of dry, oxygen-free nitrogen. The acetone.
vias then distilled off, and the residue was acetylated using
pyridine (70 ml,) and acetic anhydride (& ml.). After two
days, the mixture was treated with ice-water (50 g.), and
extracted with ether (800 ml.). Evaporation of the washed
and éried ether extracts yielded an oil, which on teleca,
using chloroform as eluant, showed 8 suots.

A column chronatogravhy was performed, and the first
fraction yielded %he title compound (127 ng.); m.p. 123-124°

" g - v -
(from ethanol); [a];3 +57° (¢ 0.1 L5015); Voias 1745 (0ie),
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16%5 (Sic), 1660, 1390, 1380, 1120, 1180, and 1170 cn™ (0014);
T (09013) 2.13 - 2.5% (LE, multunlets, aromatic); 4.301(1H,

doudlet, J = 3.45z, 1-8), 7.56 (3H, singlet, Lr-lie), 7.70

(31, singlet, -SCCre), 7.98 (3E, singlet, -OAc), 8.51, and

%]

8.76 (6H, singlets, acetal group).

(Found: C, 50.55; 3, 5.%9; S, 13.20, 020H260952 requires
C, 50.62; H, 5.52; S, 13.52%),

A second, slouver-moving component was 5,6~di-C-acetyl~
1,2-C=-isopropylidene-3-C-toluene~p~sulphonyl-c~D~allofuranose
(118 ng.); m.p. 91° (froa EtOH - petrolewa (b.p. 40-60°);

h]ga +89° (c 0.98 CHCIE); v 57#5 (OAc), 1390, 1380, 1190,

1

nax

and 1180 c¢m”~ (cci); = <03013) 2.15 = 2.66 (hH, multiiplets,

aronatic), 4.34% (1H, doublet, J = 3.6HEz, 1-H), 7.56 (3H,

1,2
singlet, Ar-Me), 7.96 and 7.93 (6H, singlets, -OAc's), 8.51
and 8§.76 (61, singlets, acetal group).

(Found: C, 52.46; H,)5.70; S, 7.4k, CooHog0, 08 requires

C, 52.38; H, 5.72; S, 6.55%),

5=-0-3enzoyl-6-S~benzoyl=-1,2-0-isovronylidene-6~thio-3-C-toluene~

p—sulnhchI—a-ﬁ-allofuranose (337)

1,2-C-Isopropylidene~3,6~di-O-toluene~p-sulphonyl~g=D=
allofuranose (3.31 g.) was refluxed with potassiunm thiolbenzoate
(6.62 g.) in absolute ethanol (50 nl.,) in an atmosphere of
dry, oxygen-free nitrogen for 6 hours. The ethanol was then

renoved under niirocgen, and tiae residue was benzoylated
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(in the usual manner) using pyridine and benzoyl chloride.
The solution was then diluted with water, and extracted with
ether (6x75 ml.). The washed and dried organic phase was
evaporated, and the residue was taken up in nethanol and
decolourised with charcoal.

A white solid (3.5 g.s crystallised from the methanol
solution, a2nd was identified as dibenzoyl disulphide, The
remaining oil (obtained from the mother liquors after evaporation
of the methanol) was chromatograrhed using chloroform as eluant,
Tubes 45-52 were combined, and recrystallisation from ethanol
gave 5~g-benzoyl—3,6~dideoxy-3,6;epifﬁio—1,Z-Q-isopropylidene-
a-D-glucofuranose (180 mg.); m.p. 113°; [cc]l?;3 +47° (c 1.23
03013); Vinax 1718 (0Bz), 1600, 1388, and 1378 en™? (0014);
N.mexr. svectrua see Fig. 5,

S requires

(Found: C, 59.63;_3, 5.65; S, 9.9k, 016H1805

C, 59.61; H, 5.63; S, 9.94%).

The eluates from tubes 53-72 were combiﬁ;d and evaporated
to a solid winich on recrystallisation fron ethanol gave the
title compound (710 nmg.); m.p. 131,5-132,5°3 [a]§1 +117°
(c O.Lh CH013); Vmax 1720, 1670 (sBz), 1390, 1380, 1193, and

1180 cr™

(CCIQ); T (CDClB) 1.90 - 2,90 (14H, multiplet,
aromatic), %.23 (1H, doublet, J1’2 = 3,5Hz, 1-H), 7.62 (3H,
singlet, Ar-ie), 8.45 and 8.69 (6H, singlets, acetal group).

(Found: C, 60,09; H, 4.93; S, 10.75. C30H360932 requires

C, 50,195 H, 5.05; 3, 10.71%54).
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3,6-Dideoxy~3,6-~evithio=1,2-~0-isonrooylidene~g=D-slucofuranose

5fguBenzoyl—6~§fbenzoyl~1,2-2—isopropylidene—6-thio~3-g-
toluene~p-sulphonyl-a-D-allofurancse (187 ng.) was dissolved
in anhydrous methanol (50 nl.), and treated with sodium
(cas 30 nz.)e The reaction mixture was maintained in an
atmosphere of dry, oxygen-free nitrogen for 24 hours. The
solution was then poured into chloroform (200 nl.), and this
solution was washed with water (3x150 ml.). Evaporation
of the dried organic phase yielded an oil which was crystallised
from petroleum (b.p. 60-80°) to give the product; MePe 114,5~
115%; [a] 2% +75° (c 0.56 EtoH). |

(Found: C, 49.67; H, 6.19; S, 15.00, 09H14045 requires

c, 49.51; H, 6.46; 5, 14.69%),

1,2:5,6-Di-0-izoprooylidene~3-0-toluene-p-sulvhonyl—a--D-

glﬁcofuranose - (57, Lkhs5, s527)

A solution of toluene-p-sulphonyl chloride (114 g.) in
dry pyridine (200 ml.) was added dropwise onto 1,2:5,6-di-O-
isopropylidene-~a-D-glucofuranose (104 g.). The reactants
were stirred for 24 hours at room temperature, and then
cautiously added to ice-water (3 litres). The solid which
vas obtained was recrystallised from ethanol to give tﬁe
product (124.4 g., 11t.126 yield 136 go); mep. 120-121°

(1it.9? m.p. 120-121°).
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1,2-C~Tsopropylidene=3-C-toluene~c~-sulphonyl~z-D=zlucofuranose

(521)

1 2.,,6-31—0-1Qoﬁrocyllden ~3-0-toluene-p~sulphonyl-
c=D=gzlucofuranose (15 g.) was treated with a mixture of
glacial acetic acid (225 rl,) and water (75 ml.). The reaction
nizture was left at roon temperziure for 5 days and then
evaporated under vacuua at 30—330. The resulting oil was
dissolved in chloroform (300 ml.) and this solution was
viasied with bicartonate solution, and water. Evaporation
of the dried organic layer gave the title compound as an 6il -

(1.3 g.)s o 1it.11u In.Ps Was given.

5=C-Acetyl-b-~chloro~-6-deoxy=1,2-0-isovronylidene~3-C-toluene~

p-sulohonyl-c-D-glucofuranose (529, 559)

1,2-0~Isopropylidene~-3-0~toluene~p~sulphonyl-g~D-gluco~-

furancse (11.3 g.) was dissolved in dry pyridine (50 nl.),

-

and with stirring and ice-cooling, a solution of toluene-p-
sulphonyl chloride (6.7 gey, 1.1 mol.,) in pyridine (40 ml.)
was added over 30 ninutes. The reaction nmixture was maintained

-

at roon te~nerauure for 2 ths, then diluted with chloroforn
500 ml.,)., This solution was washed with H acetic acid
(2x100 ml.) and water, and the dried and evaporated organic

rhase gave a crude vroduct which was caromatogravhed (CECL

>
as eluant), The purified product (4.7 g.); Voan 3950, 1600,
1390, 11$5, 1185, and 1170 oo™ (CC1,); was acetylated at
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roon temperature with a mixiure of acetic anhydride (15 nl,)

and pyridine (20 nl.), After 2% hours, the reaction was
worked-up in the usual zanner to yield an oily product,

wiich was purified by chroratogravhy (CHC]_3 as eluant)., The
first eluted fraction was c;ystallised fronm ethanol ~ petroleum
(b.p. 60-80°), and was not the expected 5,6~di-0-tosyl compound,
but rather 5-0-acetyl-6-chloro~b6~deoxy-1,2~0~isopropylidene~
3-g-toluene~E-su1phonyl~a-9-glucofuranose(1.12 Se); MeDe 1140;
[a]f)2 -14° (¢ 0.55 CH013); Vo 1740, 16C0, 1390, 1360, 1240,

1190, and 1170 cm™ )

(cc1y)ls = (CDClB).Z.EO - 2.66 (LH, multiplets,

aromatic), 4.13 (1H, doublet, J1’2 = 3.7Hz, 1-H), 6.15 (2H,

multiplet, 2 6~H protons), 7.56 (3H, singlet, Ar-le), 7.98

(3H, singlet, OAc), 8.43, and 8.70 (6H, singlets, acetal group).
(Found: C, 49.77; H, 5.35; C1, 8.28; s, 7.34. c18H230801s

requires C, 49.72; H, 5.33; C1l, 8.15; S, 7.37%).

5-0-Acetyl-6~S~benzoyl=1,2=0-isovropylidene~6~thio~3-0~toluene-~

p-sulphonyl-c-D-glucofuranose (587, 601)

(a) (585) 5-0-aéetyl-6-chloro-6~deoxy~1,2-0-isoprovylidenc~
3-C~-toluene~p~sulphonyl-e~D-glucofuranose (500 ng.) and
potassiun thiolbenzoate (500 ng.) were reacted in boiling
acetore for 6 hours in an atmosphere of dry, oxygen~iree
nitrogen. After work~up in the usual manﬁer, the oily residue

vas found to be the starting materizl.
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(p) (537, 601) A mixture of 579-acetyl—é-chloro~6;deox§-1,2-
C-isonronylidene~-3-0-toluene-p~sulphonyl-a~D-glucefurancse

(500 mg.) and potassiunm thiolbenzoate (1 g.) in dry D¥F (30 ml,)
vas naintained at 70°in an oil-bath for 12 hours, the reaction
being carried out in an atmosphere of dry, oxygen-free

nitrogen. The reaction miiture wag diluted with water (100 ml,.)
and this solution was extracted with petroleunm (b.p. 60-80°)
(4x100 ml,). The dried organic extracts were evaporated to
an oil which was partially purified by chromatography (CHCl3
as eluant). ZEvaporation of the eluted fractions gave an oil
which was crystallised from ether - petroleum (b,p. 60-80°)
to yield the product (131 mg.); m.p. 118° (from -CHCL, -

3

petroleuwn (b.p. 60~80°)); [«] 52 -36° (¢ 0.53 CHCIB); Viiax

1745, 1670 (SBz), 1600, 1390, 1360, 1235, 1150, and 1170 cm™|

(0014); T (03013) 1.86 - 2.75 (91, multiplet, aromatic),
4,11 (1B, doublet, Iy 5 = LHz, 1-0), 7.57 (3H, singlet, Ar-le),
9
8.10 (34, singlet, Oic), 8.52 and 8.71 (6H, singlets, acetal
group).
(Found: ¢, 55.87; H, 5.55; S, 11.90, 025H280952 require§

C, 55.95; E, 5.265 S, 11.95%),

Sanonification of S5-C-acetyl-b6-S=benzovl-1,2~-C-isovronylidene~

6-thio~3-C-toluenc-p-sulvhonyl-c-D~glucofurancse (603)

A solution of the tosylate (71 ng.) in dry methanol (10 ml,)

was treated with sodium (ca. 20 ng.) in an atmoschere of ary,
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oxysen=-free nitrogen. The reaction nixture was stirred at
o (&)

roou terperature for 2% hours, refiluxed for 2 hours, and tren

o]

cooled and neutralised with s0lid carton dioxide, Rermoval

of the nmethanol under nitrogen yielded a solid which was
“tracted with chlorofora. ILvaporation of the chloroforn

soiution vielded 1,2-C-isopropyiidene-b-thio-3-0O~toluene~n=
v 3 — - — —

sulphonyl-g~-D-glucofuranose as an oil; v
1

3530, 2500 (SH),

1600, 1390, and 1190 cu (czc13); T (03015) 4,13 (1H, doublet,
J1’2 = 3.5z, 1-H), 7.55 (3H, singlet, Ar-Me), 8.53 (3H,
singlet, acetal group nethyl), 8.72 (4H, broadened.singlet,
acetal lle, and thiol proton).

This thiol was to be characterised as the disulphide,

but all the product was lost wvhen a centrifuge tube collapsed

whilst in use.
Part 2

The preparation of 3,6-dideoxy-3,6-epithio—1,Z-Q-isoprop-

ylidene~g=D-glucofuranose was described on page 127 »

3,6~Dideoxy-3,6=enithio=D-glucose (505)

3,6-Dideoxy-3,6-ezithio~1,2-0-isopropylidene~c=D-gluco~
furanose (20 ng,) was treated with 2N nydrochloric acid (4 ml.)
) . . . .
at 1007 for 2 hours, The reaction nizxture was neutralised

iocn of excess barium carbonate, centrifuged, and
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the supernatant liquid evaporated to dryness in vacuo. The
resulting solid was extracted with boiling ethanol (5 =i.),

and this extract was evasorated to an oil., The n.m.,r. spectrun
of this o0il indicated the total lack of any aldehydic proton,
but the resolution of this spectrum was not good enough for

any detailed analysis to be made.

1,2,5-Tri-O~acetyl-3,6-didcoxy-3,b6=-enithio~af~D-glucofuranose

(543)

3,6~Dideoxy~3,6~epithio-D~glucose (ca. 6 mg.) was dissolved
in pyridine (2 ml.) and treated with a mixture of acetic
anhydride (1 ml,) and pyridine (1 ml.,). Vork-up in %he

ususl manner yieclded a light-brown oil; v 1750, 1235, and

nax
1070 (cyelic ether) em™' (CCL,); T (cDE1) 3.46 (3/h 1,

doublet, J1,2 = 4.4Hz,l1-H (a-anomer)), 3.79 (1/% H, slightly
broadened singlet, 1-H (B-anomer)), 6.29 and 6.33 (1H, doublets,
3-1 for g- and B-anomers), 7.00 (2H, multipleé, 2 6~ protons),
7.91 and 7.92 (%H, sinplets, OAc groups). This spectrum was
obtained using the C.A.T. attachment on the H.A. 100

instrunent.

There was insuificient of this material for a successful

nicro-analysis.,.
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hethyl 2,4~di-0-acetyl-3,6-di—O-toluene-n-sulnhonyl-B-D-

allopyranoside (475 - 587 - L491)

1,2:5,6-Di-g—isopropylidene-B-Q-toluene-g-sulphonyl-a-D-
allofuranose (40 g.) vias added to a 2% (w/v) solution of
hydrogen chloride in anhydrous methanol, and the solution was
reiluxed for 28 hours. It.was then treated with an excess
of solid sodiwi bicarbonate, filtered, and evaporated. The
0ily product was dissolved in chloroform and filtered (this
removed some inscluble toluene-p-sulphonic acid)., This
crude intermediate (20 g.) in dry pyridine (170 nl.) was
treated with a solution of toluene-g-sﬁlphonyl chloride
(10.9 gey 1.1 mol.) in dry pyridine (50 ml.). The reaction
was performed at room temperature, and the mixture was
stirred for 2 days. This second intermediafe, which was not
isolated, was then acetylated by the addition of a mixture
of acetic anhydride (20 nl.) and pyridine (30 ml.). The
reaction mixture was stirred at room temperatﬁre for 36 hours,
The solution was voured into iced sodium bicarbonate solution
(cae 1 1. saturated) and the whole was refrigerated overnight.
The organic naterial, which separated as a heavy oil, was
isnlated, dissolved in ether (300 nl.) and this solution
was washed with water (3x300 ml.). Evaporation of thé dried
organic layer yielded an oil which crystallised from ethanol
to give the product (4.25 g.); n.p. 165°%; [a]g2 +6,6° (c 1.82

CECL); v . 1750, 1600, 1230, 1195, and 1185 en” (cc1y)s
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T (CD013) 2.20 - 2,86 (8H, multiplets, aromatic), 6.62 (3H,
singlet, Cie), 7.60 (6H, singlet, Ar-lie), 8.06 and 3.11
(64, singlets, OAc).

(Founds C, 51.203 H, 5.193 S, 10.73, 0251{5001232 requires
C, 51.19; H, 5.16; S, 10.93%),

Fethyl 2,4-di-O-acetyl-6-S-benzoyl-6-thio-3-C-tolucne~p-~sulvhonyl-

g-D-allopyranoside (535)

Methyl 2,4—diﬁg-acetyl-3,6—di—g—tolueneﬁg-sulphonyl-ﬁ-
D-allopyranoside (1.06 g.) and potassium thiolbenzoate (2 g.)
were niixed, AnalaR acetone (100 nml,) ﬁas added, and the ~
solution was refluxed for 24 hours under an atmosvhere of
dry, oxygen-free nitrogen. After filtering the reaction
mixture, the filtrate was diluted with chloroform (300 nml.)
and this solution was washed with water (3x100 ml,), dried
over Mgsoh, and evaporéted. The oily residue was crystallised
from ether to yield the product (630 mg.); m.ﬁ. 134-135%;

[l ~18° (¢ 1.33 CHC1,); v, 1750, 1670 (8Bz), 1600, 1230,

max
1195, and 1135 e (ccd; = (CDClB) 2.00 - 2,84 (91, nmultiplets,
aronmatic), 6.55 (3H, singlet, Olie), 7.61 (3H, singlet, Ar-lie),
7.95 and 8,08 {6H, singlets, OAc).

(Found: C, 54.115 H, 5.27; S, 11.31. H2801osz requires

025
C, 54.3%; H, 5.11; S, 11.61 %).
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Iletayl 3,6~dideoxy~3,6~evithio=2=D=sluconyranoside (555, 583)
lethyl 2,k-di-C~acetyl-6-S-benzeyl-6-thio~3-0-toluene-p-~
sulphonyl~f-D-allopyranoside (309 rg.) in dry methanol (10 nl.)
vas treated with sodium (ca. 40 ng.) in an inert atmosphere.
The reaction nixture was stirred and refluxed for 8 hours.
After the addition of an excess of solid carbon dioxide, the
reaction mixture was evadorated to dryness under nitrogen,
The solid residue was exiracted with chloroform (2x50 ml.).
Evaporation of the chloroform solution, and crystallisation
of the oil from chloroforn - retroleun (b.p. 60-80°) yielded
the vroduct (58 rig.); m.p. 100-101°; hﬂDa ~65° (¢ 0.76 CHClB);.
Vs 5990 cn”] (CCly,); n.m.r, spectrum see Fig. 6.
(Found: C, %3.77; H, 6.43. C7H1204S requires C, 43.7%;

H, 6.30%).

Resistance of Methyl 3,6-dideoxy-3,6-epithio=~-D-glucopyranoside

towards iAcid-catalysed Rearrangerent (629)

Methyl 3,6-dideoxy-3,6-epithio~B-D=glucopyranoside (32 ng.)
was dissolved in AnalaR chloroform (2 nl.), and this solution'
was treated with a solution of dry hydrogen chloride in
chloroform (0.4 ml,.,, 0.12XN). Polarimetric observation showed
a small change in the rotation from = 0.39° (initial reading)
to - 0,32° (after 1 hour, and constant thereafter)., After &

hours the solution was evavorated under vacuum to give a brown

solid which was taken up in hot carbon tetrachloride containing
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a little chloroform; then petroleum (b.p. 60-80°) was added in
sufficient quantity to produce a slight turbidity in the
solution. Cooling this solution gave a solid (12.% ng.)

identical (riepoy NeNor. spectrum) with the starting material,
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112:5,6~Di~O-isonronylidene-3-0-methanesulnhonyl~a-D-glucofuranose

(73)
4 solution of 1,2:5,6~di~0-isopropylidene~a~D-glucofuranose
(20 go) in dry pyridine (66 ml.) was treated with methanesulphonyl
chloride (9 ml,), the reaction mixture being stirwved, and
rmaintained in an ice-bath during the addition. After stirring
for a further 16 hours, the solution was poured into ice~
water (800 g.) and the so0lid so obtained was recrystallised

from aqueous methanol to yield the product (18.1 g.); m.p.

79-80° (1it.12% m.p. 835-84°)

2-0-icetyl-1,2:5,6-di-0O~isopronylidene~g~D-erythro-~hex-3-

enofuranose (209)

A nixture of 1,2:5,6-di-g-isopropylidene—a~D-ribo-hexo;
furanose-3-ulose (22.3 g.), redistilled acetic anhydride
- 2k | g C s . .
(30 mi1., nn 1.5880), and dry pyridine (50 ml.) was maintained
at 60° for 17 hours in an oil-bath. The bulk of the solution
was reduced to ca. 30 zml. by evaporation under reduced
pressure, and then the residue was fractionally distilled

to give the product (23 ge, 875%);.b.pe 134-136° / 0.9.m.m.;

124

m.p. 53-55° (from petroleum (b.p. 60-80%)) (1it. n.o. 62-63°);

v 1750 (Oic), 1635 (C=C-Cac), 1390, 1380, and 1220 cm

nax
. . s . . . 124
(CClq). The n.m.r,. spectruz has been fully described '
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but the resonance at T 5.31 due to 5~H is a trinlet, and not

a doublet as revorted.

1,2:5,6-Di-C-isovropylidenc~g=~D~gulofuranose (325)

3—9-Acetyl-1,é:s,6-di—9—isopropylidene—a—D-erIthr -

gi-3-enofuranose (9.55 5.5 in anhydrous methanol (150 ml,)
was treated with sodium borohydride (5.1 g.), the solution
being cooled and stirred. After tie conpletion of the
borohydride addition, the soclution was left for 20 mihutes,
then diluted with water (300 ml.) and the resulting solution
was extracted with chloroforn (3x250 ﬁl.). Evaporation of
the washed and dried (NgSOu) extracts gave an oil which
on dilution with etier and petroleun (b,.p. 60—800) gave the
product (1.6% g.); Vax 3450 cn™ (CClh). This material was

converted directly into the 3~tosylate,

1,2:5,6-Di-O-isopronylidene-}-O-toluene-p—suiﬁhonyl—anD—

zulofuranose (327)

An intimate mixture of toluene-p-sulphonyl chloride
(3 g.) and 1,2:5,6-di~C~isopropylidene~a-D-gulofuranose (1.6 g.)
was treated with dry pyridine (30 ml.), and the reaction
mixture was stirred at room temperature for 7 days. - ﬁater
(2 nl.) was adéed, and after 20 minutes the solution was

voured into ice-water (200 g.). Separation and recrystallisation

~ - 3C .
GePe 121-123° (5e00mm,) (11t.79 IeDa 122-123° {(Geconp.)),
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3-Teoxy=1,2:5,6-di-C-isonrovylidene~g~D=crythiro~hexn~3-enofuranose

(319, 531)

Soda~lime (120 g., 14-22 nesh) was mixed with 1,2:5,6-di-
C-isopronylidene~3-0-tolucne-r~sulphonyl-e~-D-glucofuranose
(30 g.) 2nd made into an intimate nmixture, Half of this
miziure was used at a time, and poured into a 100 ml., r.b,
flask which was then equipped with a knee-bend, air-condenser,
receiver-adaptor, and a 50 ml, r.b. flask. The apparatus
was kept at 0.5 m.n, vsressure, and the reaction flask was
. . . ) , ., 126
immersed in an oil-~bath at 210 ., The product (10.2 g.), 1lit,
yield = 12.2 ge, slowly distilled over and solidified. The

- . . " 7 o~C l

product was dissolved in petroleum (b.p. 60-80") (400 ml.),
and the organic rhase was washed with water (3x100 ml.).
Evaporation of the dried organic yielded an oil which was

used for the next stage.

1,2:5,6-Di-0-isonronylidene~a~D-galactofurandse (321, 553)

The method used is that as described by Faulsen and

127

EBehre . 3~Deoxy—1,2:5,6—di—g-isopropylidene-a~D-ergthro-
hex~3-enofurancse (6 g.) in dry THF (20 ml,) was treatea
with diborane diluted with dry nitrogen. The diborane was
prepared by the addition of a solution of sodium borohydride

(3 g.) in dry diglyme (50 nl.), to a stirred solution of

toron trifluoride etherate (12 g.) in Ary ether (100 ml.).

(=]

S

ibvorane was evolved over a mariocd o

13

he 2% hours., The THF

Hy,

L]



solution was cautiously treated with aqueous THF (ca. éO nl.,
1:1 v/v), and then with 2iT sedium hydroxide solution (18 n1.),
followed by 100 voluue hydrogen peroxide (8 ml.). The
solution was evaporated to dryness, water (100 nl,) was added,
and the solution was extracted with ether (5x100 ml.).

Svaporation of the dried organic extracts yiclded an oil

-

which solidified. Chronatography of this solid, using ether -

petroleun (b.p. 40-60°) (1:1 v/v) as eluant, yielded firstly
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soue di-isopropylidene glucose tosylate (ca. 600 ng.) evidently

carried through from the first stage. Further elution, with
methanol, then gave the title compound (550 mg.) which after
crystallisation fron petroleun (b.p. 60-80°) had m.p. 96°;
lit. m.p. 97.5-98°%,

Cn one occasion, a third product was obtained which was
shoun to be composed of two 1,2:5,6~di-O~iscpropylidene
furanose units bonded.together as a 3-3' ether; m.p. 138-1410;
[algh -8° (¢ 1.9 CHCIB); T (CDCIB) L,15 (28, doublet,

91,2
= 3.3Hz, 1-H), 5.43 - 6.05 (128, nultiplet, 2-H, 3-H, h-H,

5-H, and 2 6-H protomns), 3.4k, 8.52, 8.57, 8.67, and 3.70 (2L4H,

singlets, acetal groups); mass-spectrum M@ m/e 502, (H-15)7
m/e 4870

(Found: C, 57.50; H, 7.51. C21+H38011 requires C, 57.36;
H, 7.62%).

The configuration of each unit in the ether was not

establishned.
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1,2:5,6~Di~C~isopronylidene~3-~0=toluene~p-sulvhonyl-c-D=

salactofuranose - (333,563)

1,2:5,6-Di-9—i50propylidene—a«D-galactofuranose (1.06 g.)
and toluere-p-sulphonyl chloride (1.17 g.) were mixed
together, aad the ﬁixture was treated with dry vyridine (7 nl.).
The reactants were stirred-at roon tenperature for 24 hours,
then diluted with water (25 ml.). The solid was separated,
and recrystallised from ethanol to give the product (1.14 g.)3
nep. 95% [u]§5 ~14° (¢ 0.5 CRC15); ¥ (cDel,) 2.20 - 2.68

(bH, multiplets, aromatic), 4.21 (1H, doublet, J = LHz,

1,2
1-H), 5.37 (2H, nultiplet, 2-H, and 3-H), 5.77 - 6.53 (4H,
nultiplet, 4-H, 5-H, and 2 6-H), 7.58 (3H, singlet, Ar-ile),
8.50, 8.67, and 8.73 (12H, singlets, acetal groups, integrated
ratios 1:1:2).

(Found: ¢, 55.10; H, 6.59; S, 7.67. 019H26OSS requires

Cy, 55.055 H, 6.34; 5, 7.73%).

L, 6-0~Zthylidene~a~D=galactopyranose (577)

D-Galactose (1C0 g.) was suspended in distilled paraldehyde
(400 ml,) contaired in a 500 nl. r.b. flask, and concentrated
sulphuric acid (1,0 ml, exactly) was added., The nixture
was vigorously stirred for 2% hours, filtered, and thé solid
collected was extracted with boiling nmethanol (ca., 250 nl.)

containing ammonia (3 ml., 4, 0.88), Cooling the methanol

H,

solution for 48 hours gave the nroduct (24.8 5.); m.p. 184°
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129, 130

(1it. n.p. 185°),

L 6-C-Bthylidene=-1,2-0~iconrovylidene-a~D~zalactopyranose

(591)

L,6-0-Tthylidene~a-D~galactopyranose (20 g.) was added
to a2 solution of granulated zinc chloride stick (50 gs) in
inalaR acetone (500 ml.). The reaction mixture was vigorously
stirred at room temperature, and after 3 days, zinc chloride
(10 g.) was added. A further portion of zinc chloride (10 g.)
was added after a day's furiher stirring., After 5 days' total
stirring, the nmixture was added to a solution of sodium
carbonate (82 g.) in water (2 1.)., The solution was filtered,
and the solid was extracted with boiling acetone (2x300 ml.).
The corbined filtrates were evaporated to remove acetone and
extracted with chloroforn (5x100 ml.). Evaporation of the
dried extracts gave an oil (9.8 g.) which was used in the

next stage without further purification.

L, 6-C-mthylidene~1,2-0~isonropylidene~3-0-toluene-p~-sulphonyl=-

c¢-D=galactonyranose  (599)

k,6-0-Zthylidene~1,2~C~isopropylidene~x-D-galactopyranose
(9.8 g., crude) in dry pyridine (10 ml,) was treated, at
roon temperature and with stirring, with a solution of
toluene-p-sulphonyl chloride (10.6 g.) in dry pyridine (60 ml.).

Lfter stirriag for 24 hours, the reaction mixture was heated
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at 80° for 20 minutes, cooled, and poured into ice-water

(1.5 ¥ze)e 4in o0ily solid was obtained which was recrystallised
fron ethanol to give crude title compound (5.1 g.).
Trituration of this solid with ether - petrolew: (b.p. 40-60°)
(1:1 v/v) gave the title compound (1.5 g.) as an insoluble
ccoponent. The ether = peiloleum was rerioved under vacuun,
and the residue was chronatogravhed using ether - petroleun
(Lupe L0-60%) (131 v/v) as eluant. The first fraction obtained
was 1,2:3,4-di-0-isopropylidene-6-0-toluene-p~sulphonyl-a-D-
galactopyranose (1.5 g.); n.p.'s (from HeCH) 91°, 92°, and
101-102° (1it. 17 n.p.'s 89-91°, $1-92°, 102-103°, and 10k~
1050. The second fractiocn was recrystallised from methanol

to give the title compound (0.47 g.); m.p. 116-117° (lit.129

m.p. 116-118°); Viax 1€00, 1380, 1205, 1190, and 1175 e
(0014); T (CD013) 2,16 - 2.69 (4H, aultiplets, aromatic),
L,25 (1H, doublet, J

1,2

J = 5.1Hz, methine vroton in ethylidene group), 5.47 (1H,

= L,15z, 1-H), 5.44 (1H, quartet,

double doublet, J, .
2,3

double doublet, 2-Z), 5.74 - 5.93 (2H, multiplet, 4~H, and 5-H),

= 6.68z, J. y = 2.7Hz, 3-H), 5.88 (1H,
2y

.13 ~ 6,33 (24, multislet, 2 6-H), ?7.59 (3H, singlet, Ar-le),
3.69 (3H, doublet, cethyl groun in ethylidene ring), 8.72, and
8.73 (6H, singlets, acetal group). A small part of this

scectrun is illustrated in Fig. 15.
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3=S-Benzoyl-1,2:5,6=-i~-0~isouvropylidene~3-thio-x-D-allofuranose

(131)

1,2:5,6-Di—9—isopropylidene—3-9~toluene—g~su1phonyl-.-D-
glucofuranose (8.0 g.) was reacted for 4 hours with potassium
thiolbenzoate (17.6 g.) in refluzing DIF (100 nml.,) under an
atmosvhere of dry, oxygen;free nitrogen. The reaction
mixture was reduced in bulk to ca. 60 ml.,, diluted with water,
and extracted with chloroform (1 1l.). Evaporation of the
dried extracts, and purification (charcoal, and chromatography
- chloroform as eluant) gave the crude product. The crude
naterial was purified by a further chromatography using
ether - éetroleum (b.p. 40-60°) (1:4 v/v) as eluant. The
eluant was collected and crystallised from petroleum (b.p. 60-
80°) to yield the product; m.p. 80-81°; pqgs +113° (¢ 0.51
cnc13); A

239 (10,800) and 267 (8,300)n.m.3 v, 1670 (sBz),

max

1385, and 1380 ca” (CC1,); nom.r. sce Fig. 8.
(Found: C, 59.93; H, 6.12; S, 3.36. C19H24068 requires

¢, 59.93; H, 6.36;5 S, 8.43%).

3-8-3enzoyl-1,2:5,6-di-C=isopronylidene~3~thio-az-D-glucofuranose

(a) Fron slucose thiol (167)

1,2:5,6-Di-0-isopropylidene-3-thio-a=-D-glucofuranose
(730 ng.) in dry pyridine (2 ml.), was benzoylated using

a

9]

olution of benzoyl chloride (600 mg.) in dry pyridine (8 nl.).

o
.fx.:.

ct

er 20 Lours stirring, the nixture was diluted witnh water
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(10 11.), and extracted with ether (150 ml.,). The ext£acts
vere washed with sodium bicarbonate solution, and water, and
then dried, ZIvaporation of the organic layer gave a solid
which was crystallised from petroleun (b.p. 60-80%) to give
tie product (550 mg.); @.p. 108-108.5%; [oc]gLP -37° (¢ 1.0
C£013); )hax 239 (10,200), 24 (9,700), and 264 (8,600) n.n.;

Viax 1670 (S3z), 1390, and 13830 cn (CClh); n.m.r. Gee rig.

T,

Q
Qe

(Found: C, 60.17; K, 6.37; S, 8.36, 019H2406S requires
C, 59.98; H, 6.36; S, 8.43%).

(b) TFrom allose tosylate (147)

1,2:5,6-Di—Q—isoproPylidene-B-Q-tolueneﬁg-sﬁlphonyl-a-D-
allofuranose (3.8 g.) and potassium thiolbenzoate (8.1 g.)
were reacted in refluxing DMF (48 ml.) for & hours under an
atmosphere of dry, oxygen-free nitrogen. The solution was
diluted with water (gdo nl.) and extracted with chloroform
(5x150 mle.)s The chloroform extract was decolourised (charcoal),
and chromatographed using ether - petroleum (b.p. 40-60°) (1:4
v/v) and then ether as eluants. The crude product was
distilled (145-1470 / 1x10—4 m.m.) and then recrystallised
fron petroleum (b.p. 60-80°) to give the product (212 mg.).
This compound was identical (infra-red, and n.m.r. specira)

with the authentic sanple described under (a),
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3-5~Benzoyl-1,2:5,6-di-C-isopropylidene~35-~thio-a-D=calactofuranose

(347)

The residue from a kinetics experiment (ref. no. 341 p.151)
in vhich 1,2:5,6—ding-isopropylidene~3«9-toluene—g-sulphonyl-
g=-D=gulofuranose was treated with potassium thiolbenzoate in
DiEF was diluted with methaﬁol and decolourised, and the
resulting solution was extracted with chloroform (500 nl.).
Evaporation of the dried organic extracts gave an oily solid
which was extracted with boiling petroleun (b.p. %0-60°)
(2215 ml.)., Cooling the petroleum extract yielded long
needles of the product; n.p. 122-123%; [a]g5 +12° (¢ 0.5
CH013); Voo 1665 (SBz), 13S0, and 1380 e (001#); NeMeTe
sce Tige 9.

(Found: C, 60,065 H, 6.31; S, 8.20,. C19H2406S requires
C, 59.98; H, 6.363 8, 8.43%).

Quantitative Kinetics Exveriments

A1l the experiments that are described in this section
were carricd out with a tosylate / potassium thiolbenzoate
role ratio of 1:10; i.e. pseudo first-order conditions.

The reaction medium wag either dry DMF or dry HIPT, and the
reactions were performed in a thermostatically controiled
oil-bzth. An atmosphere of dry, oxygen-free nitrogen wvas
used for all the experinments.

The potassium thiolbenzoate and the DIF yere mixed
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together in the reaction flask which was heated in.the.oil-
bath to within 50 of the final tenperature of the reactants.
The tosylate was then added quickly, and the reaction vessel
shalzen to ensure homogeneity of the solution. At prescribed
intervals during the reaction, samples of the solution

(ca. 1.5 - 3 nl.) were withdrawn and poured into chloroforn
(ca. 80 ml.) immediately. The chloroform solution was then
washed with water (2x100 ml.), dried, and evaporated. The
resulting oil was kept for at least 30 minutes at ca. 10-4
m.m. and was then analysed by n.n.r. spectroscopy using the
graphical integration curve for the aromatic methyl of the
tosylate (ca. T 7.60), and the methyl groups in the acetal
groups (cae. T 8.5 - 8.7) to determine the percentage (a) of
tosylate in the sample.

1,2:5,6-Di-0O~iscopropylidene~3~0-toluene-p-sulphonyl-c=D-rlucofuranose

(401) fTosylate, 2.0 g., potassium thiolbenzoate, 3.75 g.,
Di¥, 50 =ml,, bath temperature, 1780, average internal temperature,

154.8 0.2 °,

Time (hours)- % tosylate remaining n.n.,r. of
(a) sample
z 76 97
1 67 98
2 1y | 99
L 23 100
6 10 101
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(k11) Tosylate, 2.0 5., votassiun thiolbenzoate, 8.75 g., DF,
v o .
50 ml., bath temperature, 1427, average internal temverature,

136.5 + 0.3%,

Time (nours) o (%) n.o.r. of sample
x oL 102

1 - 85 103

2 77 104

L 65 105

6 52 106

(k59) Tosylate, 2.0 g., potassiua thiolbenzoate, 8.75 g.,
4¥PT, 50 ml., bath temperature, 143°, average internal

temperature, 137.9 =z 0.1°.

Time (hours) a (%) n.m.r. of sample
* 83 114

1 74 115

2 57 116

3 43 117

4 34 118
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(L97) Tosylate, 2.0 g., potassiun thiolbenzoate, 8.75 g.,

[3n) o] . :
DT, 50 ml,, bath tecmperature, 126, average internal

Time (hours) a (%) n.m.r. of sample
3 96 127
1 89 128
2 &6 129
3 81 130
I 7 131

(257) Tosylate, 2.0 g., potassium thiolacetate, 3.0 g.,
DIF, 50 ml., bath temperature, 1780, initial internal
temperature, 162°.

Evidence frox the n.m.r. spectra of sanples taken
during the course of this reaction, showed that no
displacement of the tosylate was occurring at alle. This
particular rezction was characterised by extensive decomposition

of the tosylate,
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1,2:5,6=-Di=0~isonronylidenc=-3-0C~toluene~p-sulphonyl-c~D=zllofuranose

(367) Tosylate, 2.0 g., votassiun thiolbenzoate, 8.75 g,
DI, 50 ml., bath temperature, 1780, average internal

temperature, 157.2 z 0.4°.

Time (hours) . - a (%) n.u.r, of samnle
/4 69 81
z 35 82
1 13 8l
12 5 85

(375) Tosylate, 2.0 g., potassium thiolbénzoate, 8.75 g.,

D¥F, 50 ml,., bath temperature, 1430, internal temperature, 140°,
Time (hours) a (% n.m.r. of sanmple
1/4 ' 81 87
3 64 - 88
1 51 89
2 3k 90
3 19 91




(349) Tosylate, 1.58 g., potassium thiolbenzoate, 7.36 z.,

DIF, k2 ml,, bath temperature, 1280, average internal

temperature, 125.6 + 0.2°.

Tinme (hours) a (23) n.m.r. of sarple
8t 95

1 73 oh

2 58 95

b 41 96

151

1,2:5,6~Di~-0=isopropylidene~3-0-tolucne~-v~sulvhonyl-a-D~-gulofuranose

(341) Tosylate, 1.5 g., potassium thiolbenzoate, 6.57 g.,

DIiF, 37.5 nl,, bath temperature, 1780. No internal temperature

was recorded for this experiment.

Time (minutes) a (% n.mt.r. of sanple
10 25 65
20 8 66

1,2:5,6-Di-0-150propylidene-3-0~tosyl-a~D-galactofuranose

(565) Tosylate, 0.5 g., potassium thiolbenzoate, 2.19 g.,

DI, 12.5 ml.,, bath temperature, 1780, average internal

tenperature, 156.3 + 0.5°

Tire (hours) a (% n.n.r. of sample
z 9k 155

1 88 156

2 76 157

L 75 158

6 72 159
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(593) Tosylate, 0.5 g., potassium thiolbenzoate, 2.19 g.,
HSFT, 12.5 nl,, bath temperature, 1500, average Jinternal

temperature, 1:8.5 + 0.5°.

Tine (hours) a (%) n.m.r. of sample
k! 27 167
1 10 168

o 3-S-benzoyl-1,2:5,6-di~0-isopropylidene-3~thio-a-D~
gulofuranose could be isolated on work-up of the residues
of the above two reactions. Chromatography of the residue
from the last experiment yielded dibenzoyl disulphide, the

starting tosylate, and HIFT only.

4 6-0-Bthylidene~1,2~0-isopropylidene~-3-0O-tosyl-a~D-galactopyranose

(617) Tosylate, 0.5 g., potassium thiolbenzoate, 2.2 g.,

Di¥, 15 nl., bath tenperature, 140°, internal temperature,

139.5°%.
Time (hours) a (%) n.m.r. of sample
% 95 178
1 S0 179
2 36 180
3 79 181
b 75 182
6 70 183
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(621) Tosylate, 0.5 g., potassiuz thiolbenzoate, 2.2 g

Lo R |

_— . 0 . :
DIF, 15 nl,, bath terperature, 178", average internal temperature

161 + 0.5°.

Time (hours) a (55) n.t.r. of samvle
1 S0 135
2 83 186
3 75 187
L 67 188
6 56 189

Ko pure 3-S-benzoyl-4,6-C-ethylidene-1,2-O-isopropylidene~
3-thio-a-D=-gulopyranose could be isolated from the residues
of the last two experiments,
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