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CHAPTER I
INTRODUCTION
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dlycosides are acetal derivatives of sugars in
wvhieh the hydrogen of the hemiacetal hydroxyl group 1is
replaced by an alikyl or an aryl group. Thus, the hemiacetal
hydroxyl group of a moaosaccharide such as D-glueopyranose
can react, uader certala coanditioans, with aa aleoholie or
a phenolie hydroxyl group of another organie molecule, such
as methanol or phenol, to give the correspoading glucosides

ia either of the anomeric «= or negoafigurations (Fig.l).

CH,OH H,OH CH,0H
0] 0 OR
ROH
H HOH —— —6R OH
HO HO OR HO
OH R=CHs, OH CH
D - gluco- CeHs Methy! (or phenyl ) Methyl (or phenyl)
pyranose o/ —D - glucopyranoside p—D—giucopyronoside '

FIG.1.
Jisac ‘harides or oligosaccharides can also react similarly

to give the correspoadlag glycosides. Thioe-aleohols or
thiophenols can also take part in this reaction to give the
corresponding thioglycosides.

Glycosides are widely distrimuted ia the plant
kinzdom but oaly to a limited extent in animals. In plaats,
they range from the most proamlineat and attractive anthocyanin
plgunents of flowers to the cardliac glycoside drugs of the
Digitalis species. In animals, they are limited to the



cerebrosides, glycolipids and gangliosides found ia the

brain, spleen and nerve tissues of animals.

Humerous conjectures have been made about the
fuact ions of glycosides in plants. Gdlycosides may serve
as & reserve deposit for sugars, particularly in seeds.
They may also control the osmotic pressure of the cells
of plants. Gdlycosidation may De a natural process for
stabilization of labile aglyeones and also for removal of
toxic organic compounds as end products of metabolie
praces.ﬁi. Apart from anthocyanians which coastitute the
pigments of flowers, maay important aatural colouring
matters belonging to the flavonold, anthraguinonoid aad

the carotenoid groups occur as glycosides.

jeveral natural as well as synthetic glycosides
have found many important uses. futin (Fig.2), the
rutinoside (”-Le-rhamaosido~6-D-glucogide) of the flavonol
quer cetin, is an important drug used for reducing capillary
fragility sad permeability. 7The glycosides of jtrophaathus
and Jigitalis species have proved to be of coasiderable
therapeutic value ia cases of impaired heart f{unections by
increasing the intensity of heart-beat and decreasing the
rate. The important antiblotic streptomycin is coaposed
of three glycosidically linked sugar derivatives, streptidiae,
streptose and Hemethyle-lLeglucosamine. Haay sapoains, which

are glycosides of triterpenoids and similar subdstances have
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been found teo possess important antimierobial and

antimycolie proport.:lul.

It is interesting to note that a glucoside plays
an lmportant part in the ancleant Indian process of
preparation of the famous dye, iadigo blue, fro= plsats
belonging to the genus [gdigofera. Mar:o Polo who visited
[adia in the thirteeath century described the method in
use at that time. The dyestuif indigo blue does not occur
43 such in the plant. Oa steeping the plant in water at
50%, the soluble jlucoside indican (2-0-2-D-glucoside of
indoyyl) present in the plant dissolves in water and gets
hydrolysed to De=glucose and indoxyl by the natural enzymes
present or by the added acids. 1leratica of the solution
oxidises indoxyl which then dimerises to give the iasoluble
indigo blue. The reactions taking place in the agueous
solut ion are given in Fig.Z.

Many synthetic glycosides are useful for various
important biochemical studies. Synthetie «-methylglucoside
is now a commercial produetz in use for the preparation of
surface active agents and tetrahydrophthalic anhydride

resins.

The glyeosides are syathesised in nature probably
by an engymic process. This process, however, has aot been

duplicated in the laboratory so far.

i
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The [{irst ever chemical synthesis of glyecoslides
was achlieved by Miehnola in 1873. By reacting tetra=-0-
acetyleg-Deglucopyranosyl chloride with potassium phenste
he osbtained phenyl tetra-O-acetylen-Deglucopyranoside.
In view of the growiag importasace of glycosldes ia various
fields such as genetlecs, affinity chromatography for the
separatioa of certain enzymes and protelns aad also as
drugs, several other synthetic methods have been developed
for the preparation of various glycosides. Of these
methods those of geaeral applicability are described
briefly in the following paragraphs:

(1) 4irgosidatioa with free gugars

rlsehcr‘ successfully carried out glycosidation
of lover aleohols with free sugars. Ia thls proceas of
glycosidation a suspeasioa of the sugar (mono-, di- or
oligosaccharide) in the anhydrous alecohol (aglycoae) 1is
treated with dry hydrogen chloride. Thus, D=glucose aad
methanol give methyl «-D-glucnside by this process. The
di- and oligosaccharides get partially aleocholysed duriag
this process. Cation exchange resins in the H form
can also be used in thils reaction instead of hydrogea
ehlogldo. 3ishop and cQopir5 have shown that this
reaction proceeds through the following stages finally

giving the glycosides ia the « pyranoside form (I'ig.4).



n furanoglde
Ion cxnbai:////////// anomerisation
pyranoside K=furanoside
anomerisation Ton exchange
o=pyranoside
Fig.4

2) glyeosidation with J-seylglycosyl halldes
(1) Hichael's method
As mentioned earlier, this was the first method

developed for the syathesis of aryl glycosides. In the
original method in which tetra~je-acetylglycosyl chlaoride
and potassius phenste were used as the reactants, the
acetyl groups of the sugar got simultaneously hydrolysed
under the conditions of the reaction resulting ian the
formation of the free glycoside directly in low ylelds.
The utility of this method was inereased later by using
the more reactive tetra-O-acetyl=«(«i=glycopyranosyl
bromides aand carrying out the reaction in an sulkaline



aqueous-acetoale solution of the pheaol. Under these
eoniitions, the acetyl groups are not hydrolysed and
the acetylated glycosides are obtained ia good yields.

(B) Koealgs-fnorr’s method

Loenigs and f:norr5 modified “ichael's method
of glyeosidation by using silver compounds, such as,
sliver oxide or silver carbonate as the acld acceptor in
the reaetisa between acetyl glyeocsyl bromides (or cechlorides)
and pheaols or alecohols. This method has deen extensively
used for the synthesis of a large number of glycosides.
The resulting acetylated glycosides can be guantitatively
deacetylated by Zemplen's uthod’. using catalytic
quantities of sodium methoxide in absolute methanol.
valden inversion always occurs ia this reaction. 3ince
tetra=O-agetyl-<{~glycosyl halides are available as the
comparatively more stable anomers, thils reaction is suitable

usually for the preparation of ~egnomeric glycosides

(lTl‘lSJc
CH, OAc CH,0Ac CH, OH
0 O OR 0, OR
ROH NoOMe M
OAc (Silver salt) OAc
AcO Br AcO HO
OAc OAc OH
(R=aryl)
Tetra— O —acetyl— & -D Aryl tetra-O-acetyl Aryl B-D~
glucopyranosyl bromide B-D- glucopytanoside glucopyranoside

FIG. 5.



An elegant modification of this method was introduced

by '.’..plna. In this method, the costly silver salts
used as acld acceptors were replaced by cheaper nercury
salts. Joreover, this modification had an added advantage
in that no wWalden inversion took place particularly when
the reaction was carried cut in an inert solveat. This
modification is particularly of value for the preparation
of the difficultly accessible «-anomeric glycosides.

(3) ghveosidation with dialiyl or diaryl aliyl thiosgetals

Pnema successfully used dialikyl or diaryl alkyl
thiocacetals of monosaccharides for the glycosidation of
aleohols 'a the preseace of mercury (I1I) chloride as a
catalyst. 73y changing the reaction temperature and by
using yellow mercuric oxide a3 an additional catalyst, it
i3 poassible to prepare the alkyl glycosides ia elither of
the pyranoside or the furanoside form and in the «= or
regonfiguration (Fig.s6).

(4) Jlycosidation with Ortho esters

Kochetkov M.l'o reacted 1,2 ortho-ester sugar
acetates with an aliphatic aleohol in the presence of
mercuric bromide aand traces of pe-toluene sulphonic aecid as
catalysts in anitromethane medium to obtala the correspondiag
creglycosides. They prepared successfully disaccharides
and oligo-saccharides using a second sugar molecule as the
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aliphatic aleohol moiety. They also fouad that differeant
types of sugars such as hexoses, pentoses or disaccharides
exhibit the same reactivity towards glycosidation in this
reaction (Fig.7).

(58) Trans-glycosidation

In this method the aliphatic aglycone part of a
glycoside is exchanged with a differeat aliphatic or aromatic
aglycone to obtain the corresponding alkyl or aryl glyeoside.
vhe exchange may take place with or without a change in the
configuration depending on the reaction eonditicns. Thus
methyl tetra-O-acetyl=i(-D=glucopyranoside on reactiang with
phensl in the presence of zine chloride gives phenyl tetra-
O-ncctyl-x-‘.)-slnoo;tyrmud.n (Fig.8).

fecently Ferrier u.u have developed an elegant
method of transglyecosidation using the stable phenyl «- or
c~wDethioglucoside as the starting muterial. Treatment of
either of these thioglucosides with an aleohol in the
presence of mercuric salts leads to the formation of the
correspoading glycosides in excellent yields with an
inverted anomeriec configuration. Whereas reglycosides
were found to be formed stereospecifically the «=glycosides
contained about 8% of the neanomer. Thus phenyl "-D-thio-
glucoside on treatmeat with dry ethanol with mercurie
chloride and mercurie oxide gave ethyl «=)=giucopyranoside
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in 67 yleld (Pig.?).

(6) don-catalytic glycosidation

ﬂolfor:lehla carried out the first successful
aoa~catalytic ayathesis of a glycoside by heating le)-
trichloroacetyl 2,2,4,68-tetra~O=ucetyl ~~d-glucopyranose
with phenol without any catalyst to obtain the corresponding
pheayl tetra-O-acetyle<~Deglucopyrancside. In this reactloa,
the triechloroacetyl group was replaced by pheayl group
without iaversion (Fig.l0).

(7) @ycosidation with fully acetylated sugars catalysed
by Lewis acids
(4) Ziae chloride
delferich gt alt*"7 used anhydrous sine chloride

Tor the first time as a condensing agent ia the glycosidation
of phenols with fully acetylated sugars in the absence of a
solvent. The formation of the «~anomers is favourei at
higher reaction temperatures (120-140%) and longer periods
of heating. Thus, peato-d-acetylen=Deglucopyranose on
heating with phenol and zinc chloride gives a mixture of the
two anomeric scetylated glucosldes (Fig.ll). The

anomeric econfijuration of the glycoside formed does not
depend on the anomeric coafiguration of the starting
acetylated sugar. It is believed that zlac chloride first
produces the "=ancmeric glyecosides which thean anomerlse

to the « form. The symthesis of phenyl and p-nitrophenyl
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tetra=d=acetyl=<~D=3lucopyrancsides mukes use of a

aitrogen atmosphere and a lover reaction temperature (120°).

(8) p-Toluenesulphonic acid
Aryl neleglycosides have been successfully synthesised

by the reaction of phenols with fulily acetylated sugars

in the form of a melt using p-toluenesulphonic aecld as the
catalyst. This method often gives good yields of the
glyecosides at lower reaction temperatures (100-120%) and
shorter reaction periods. A number of acetylated-"ed=
xylopyranosides of various substituted pheaols have been
gyathesised by this -othodm.

(C) Iitaalus tetrgchloride
Anhydrous titanium tetrachloride was used by
Karasva n_.h“ for the condeasation of phenols with fully

acetylated sugars to give acetylated "~anomeric glycosides.

(D) Ferric chloride

Anhydrous ferric chloride®® has been used as the
condensing agent by Zemplen for the preparation of ethyl
hepta~O-acetyl-«~D=cellobloside from octasdeacetyl exe)e
cellobiose (Fig.l2). it was postulated that ferric chloride
first forms a complex with the fully acetylated sugar
which finally yields the glyecoside.

(£) Zahydrous sluminium chloride
‘nhydrous aluminius ahlortdaal has been used as a



condensing agent for the glycosidation of phenols with
glucose-"-D-pentuacetate., The mixture on fusion 1s reported
to give both the anocmeric glycosides and only the 7 -anomer
was actually isolated.

(F) Boron trifiuoride

Bretschneider and Befank®® used a trace of boren
trifluoride for the condensation between penta-O-acetyl~
neJeglucopyranose and pheaol in benzene medium at the room
temperature. Only the formation of n-anomeric glycoside

was reported in this reaction.

() 3teanie chloride

Stannic chloride was first used by Lemieux and
:mylutaa to prepare methyl~ and phenyl- tetra-O-gcetyl-
~=p=glucopyrancside by condensing penta-Oeacetyle"=D- _
glucopyrancse with methanol or phenol respectively in bengene
medium. Jose gt gl of this laboratory have made exhaustive

na‘ and have observed the formation

studles of this reactio
of both of the anomeric glycosides. 7hey also established
eonditlons for obtalaing either of the anomeric glycosides
as the major product in these ructlozuzs. This reaction
has been discussed in greater details ia Chapter II of

this thesis.

() Ehosphorous o chioride
Reabry and Pwnua‘ used moist phosphorous oxychloride



48 a catalyst for glyecosidatioa of phenols with acetylated
sugars in beagzene medium and obtalned acetylated aryl
7=D=glycosides. Thls reactioa has been studied in details
by us and will be discussed in Chapter [V of this thesis.

16
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STAIAIC CHLORIJE CATALY3ED SYNTHESIS
OF ALKYL JLYCO3IOES

A4T.00UCT TN

The preparation of «~anomeric glycosides has
alvays been a difficult task, except for thoge derived
from 1,3-irgng oriented sugars like «-D-mannopyranose. Mo
method of geaneral applicability has been described in
literature for the preparation of these glycoslides. The
method developed by Helferich and comrkorll for the
syathesis of aryl «=glycosides caanot be employed for the
synthesis of alkyl «<-glycosides.

Methods of t of cosi

A survey of literature reveals that although several
methods have been proposed for the synthesis of alkyl
«-gnomeric glycosides, none are of general applicability.
Some of the methods avallable for the preparation of alkyl
«=glycosides and their drawbacks are discussed in the
following paragraphs.

Enil Fischer® developed a method for the preparation
of aliyl «=glycosides by heating a sugar with an excess of
an alcohol like methanol or ethunol in the preseance of small
amounts of an acidic catalyst like hydrogea chloride.

This well-igaown method gives aa equilibrium mixture of the

anomeric glycosides in the furanose and pyranose forms.
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Under comparatively more drastic reaction econditioas, the
pyrancsides predominate when equilibrium is established.

This method 1s, therefore, suitable for the preparation

of alkyl «=glycoaides, but satisfactory results are obtained
only with the lower aliphatic aleohols. 1Ia this method,

the acidic catalyst, malaly hydrogen chloride, can be
replaced by a cation exchange resin ia the H' form. By using
this procedure, it has been possible to develop a coantiauous
commercial process for the manufacture of methyl «~D-glucoe~
pyranoside (I).

The Koealgs~Xaorr method®: 1n which the stable
O=acetyl=<=glycosyl halides (1I) are used as the glycosidation
reageat ia the presence of an excess of silver carbdbonate
or oxide, gives acetylated "-anomeric glycosides (III)
with aleohols or phenols as the reaction is accompanied by
& Walden iaversion at Cel (ia the case of 1,2-cis orieanted
sugar derivatives). The O-acetylen-glycosyl halides are
highly unstable and, therefore, cannot be used geaerally
for the synthesis of acetylated <-anomeric glycosides.
Exeept in very speclal cases this method 13 therefore not
suitable for the synthesis of «-anomeric glycosides.

ana converted diethyl dithioacetals of mono~

saccharides (IV) to alkyl «=glycosides (V) by reacting the
former with the appropriate aleohol in the preseance of
mercuric chloride. He also found that acetylated alkyl
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s«Deglyeoslides oould be anomerised by an intramolecular
rearrangement to the carrupmd&ng of=gnomers by heating thenm
with titanium tetrachloride®.

fnother method developed by wolfrom and Gilliam®

for
the preparation of alkyl «~J-glycopyranosides coasists in
anomeric displacement of the lenitro group ila a compound
like 7e-De=glucopyranose peatanitrate (VI) by a methyl group
to yield the corresponding methyl «=Deglucoside (VII),
inzymes were used suceessfuily by Bourquelot and
aomrkena a8 early as in 1913 for the preparation of
alikyl «=Deglycosides. They showed that alkyl «=De-glycosides
could be prepared by the setion of the enzyme «<-glycosidase
present in yeast on a dilute alcoholie solution of certain
redueing sugars. Manners M.’ synthesised several
#{=linked disaccharides coatalning the «=J-glucosyl residue,
by the actlon of the enzyme {rom Tetrahymens pyriformis
on phenyl «=Deglucopyranoside in the presence of a second

nonosaccharide.

Al1l of these methods syathetie or ensymic, are ouly
of limited applicability for the syathesis of alkyl

d=jezlycosides.

In most of the syntheses «-anomeric glycosiies, the
swgaomer 13 iavariably formed. One of the methods advoecated
by Helferich and Johannis® and also by Miller gt al.”? 1s



by prefereitiul engymic hydrolysis of the ~=-anomeric
glycoside from the mixture of the anomers leaving behind
the pure <(=anomer, Jeveral pure alkyl «~glycogides have

been prepared by this procedure.

A method, which eould be of general applicablility
for the asyatheais of ultn;( ;Lyeosidu, therefore, would be
of considerable importuace, evea Lif the product obtained
coatained some of the "-aunomer. The pure «=anomer could be
obtained from the mixture of the free glycosides by pre-
ferential enzymic hydrolysis of the f-anomer or {rom the
mixture of the acetylateld glycosides by chromatographie
separation oa a silica gel columa,

It has already been meationed in the earlier chapter
that Lemieu aad shylux™®
reanomeric glucosldes ia the stanaic chloride catalysed

obtained exelusively the acetylated

glucosidation of pheaol aud methanol with penta-O-acetyler=
D=glucopyranose usiang benzene as a diluent. They attributed
the exclusive formation of the "~anomer ia this reaction,

to the prepoanderaace of the stable ion(ViII)formed as a
result of anchimeric assistance of the acetoxy group at

C=2. Tose n_n_.n later established that x~anomers are
also formed in the glycosidation of phenols by this method.
They have receatly suggested the possible mechanism of this
glycosidation reaction on th" basis of eperimental

wldoncom.
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Jae of the pathways suggested by Hose gt gl for
the formation of the «-anomer ia this process, is
through 3nCl,~catalysed aaomerisation of the n-anomer, formed
initially through the loa(VIID by aa intermolecular pathway
in the presence of the added phenolic aglycone, whereas
it had been establighed earlier that acldecatalysed
anomerisation of acetylated alkyl glycosides takes place
by aa latramolecular process 1a vhiech additioa of the
aleoholic aglycone is not mcoaaryla. The formation of the
4-~anomer being an irreversible process, leads to a gradual
accumulation of this stable anomer at the expense of the

fTegnomer.

Acid-catalysed anomerisation, however, i3 a relatively
slow process and, therefore, caanot explain the appearance
of appreclable guantities of the «-anomer at the early
stages of the reaction as revealed by TLC studies. Therefore,
an additional pathway for the early formatioa of the «-anomer
has also been suggested by 3ose mm. This ianvolved
the formation of the stabilized oxonium fon( [X)resultiing
from the elimination of the acetoxy anion at Ce-l. This
ion (IX)may be regarded as the resonaace hybrid of the ion
(VIlI). 1Ion (IX), oa attack by a phenoxy anion has equal
chances of coaversioa to either of the anomeric acetylated
phenyle-D-glucosides (1) or (il). Ia contrast, ion (VIII)
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would only give the ~-anomer (X). Tnose and co-workers®?
also observed that in this reaction, use of lesser guantities
of the diluent (benzene) leads to a progressive increase in
the relative quaatity of the «-anomer formed. Thus, in
a reaction with 10 uuml;s of the acetylated sugar addition
of only 5 ml of the diluent gives a reaction product con-
taining mainly the «-anomer with little or none of the
m=gnomer. Under these conditions some degradation products
are also formed. The formation of the anomer in large
quantities under these conditions can probably be explained
by the increase in the concentration of the reageats and
catalyst by use of less of the diluent, which favours the
anomerisatioa process. Oa the other hand, if the same
reaction i3 ecarried out uader dilute coaditions using 50-300 ml

of bengene more aud more of the 7-=anomer is formed.

All these observations were made with respect to
formation of acetylated aryl glycosides oaly. It was thought
of interest to find out how far these observations apply
for acetylated alkyl glycosides. I[n the course of the
present work for the syathesis of the anomeric acetylated
alkyl and arylalkyl glycosides encouraging results vere
obtained initially and the work was followed up exhaustively.
The present chapter gives an accouant of the work carried
out on the syathesis of acetylated alkyl «-J=glycosides.
Conditions were also established for obtalaing the "eanomers
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in good yields.

The iatramolecular nature of the anomerisation
process ol acetylated “~anomeric glycosides would indicate
that only oae mole of the alcoholic aglycone should be
esough ualize that in the case of synthesis of acetylated
aryl glycosides vhere the use of at least two moles of
the phenol 13 necessary. But, ia view of the receat

finding of 3inha and Baaol

5 that acetates of the aglycones
are formed as by-products in this glycosidation resction,
the aleocholic aglycone was used in excess (2 moles) in all

the reactions carried out in the course of the preseat work.

The conditions favourable for the aynthesis of
either of anomeric acetylated alkyl glycosides in reasonadly
good ylelds were established ianltlally by TLC studies of
several probing small scale reactions using various aliphatie
aleohols. Ia the course of these studles, it was obasrved
that the optimum perliods required for completion of these
react lons were not much different in either the dilute or
the concentrated conditions. For example, most of the
reactions showved optimum ylelds on an average between 13
to 18 minutes at the bollin; water bath temperature. The
small difference is likely to be the result of the slight
differeaces ia the relative reactivities of the aliphatie
alcohols in relation to their chain lengths. %She optimum
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period of reaction far each aledhol wus first established
by & amall scale probing experiment before the main

react ioas wvere carried out.

‘1iguots of the probing reaction mixture were taken
sut at various intervals and examined by TLC. The aeye
estimates of the relative intensities of the spots nf the
anomeric acetylated glyeosides and unreacted sugar acetate
vere found to be very near to the values obtained by
denaitometry. The reaction was usually stopped as soon as
the spot for sugar aceotate disappeared or even earller if
the period reguired for this to happen was loag enough to
cause degradation of the products causing reduetion in
overall ylelds of the acetylated glycosides.

The procedure was applied successfully for the
preparat iua of the «= and "-anomers of methyl, an-butyl,
n-hexyl and cetyl ;lycopyranocsides. Thouzh degradation
products are formed !a the reactlon, the tetraacetutes of
the anomeric zlycosldes were obtuined in reasonably good
yields. The free glycosides were obtained from the pure

acetates by Zemplen's mothod‘l6

a3 modified by ;cnbuok17 in
almost guantitutive ylelds. The completion of the
deacetylatlina process was coafirmed by TLC before working

up the product.

The acetates of the <= sad "-anomeriec alxyl glycosides



and the correspoading free glycosides prepared in the
course of the present work are listed in Tables (I) and (11)

respectively.
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EXPERIMENTAL

deaeral

211 glycosidation reactions were carried out under
anhydrous eoaditions and all evaporatlons of solveats were
carried out uader reduced pressure. Melting points were
recorded on a Kofler bloek and uacorrected values are given.
Optical rotations were determined with a Perkin-ilumer
automatle Polarimeter, model 14l. uvensitometric studles
vere made with a Densitometer iModel 52C of Photovolt

Corporation fitted with automatic recorder, model 423.

Thia-layer chromatography and Columa Chromatography

Thin-layer chromatographic plates were prepared using

silica gel & (E. Merek, Darmstadt) in the form of a slurry
in water (112 w/v). 7he slurry was spread on glass plates
(15 x 10 em) with the help of an applicator. The plates
were first dried ia air and then activated by heating in an
oven at 110% for 1 hr aad were then cooled and preserved

ia a desiccator. Thinelayer chromatography was carried out
in closed rectangular glass vessels coatalaing the solveat
syasten scetone-pet. ether (60-85°) (112 v/v). Developmeats
were usually muade up to the 10 em mark from the base line
bat in cases of poor separations multiple developments were
carried out upto the same mark, after dryiang the plates

at the room temperature after each development. The spots
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were visualised by spraying with sulphuriec acid in
methanol (10§) and heatiag in an oven at 110°. when
necessary, the spots were temporarily visualised by
putting the developed plates after air-drying in an iodine
chambder. The mobilities of the anomeric acetylated
glycosides and the starting acetylated sugar were found

to be alvays in the following order:

acetylated «~J=glucoside > acetylated 2=D-glycoside >
acetylated sugar

Coluan chromatographic separations were made on column
chromatography grade silica gel (prepared by Fine Chemicals
Project of this laboratory). The eolumns were eluted with
pet. ether (60-66°) containing gradually increasing quantities

of acetone.

Hdeageats

Throughout this work pet. eother refers to the fraction
having b.p. 60-65”. Pet. ether and acetone were distilled
over potassium permanganate and dried over anhydrous potassium
carbonate. nRenzene used as a diluent in the glycosidation
react ions wvas made thiophene free and thea dried over sodium.
3tannic chloride used as catalyst was anhydrous (fuming) and
reagent grade. All solvents used for crystallisation were
pure and redistilled. Absolute methanol wus prepared [rom
the usual ‘'absolute' methanol »f commerce by treatment with
magnesium and lodine following the standard procoduroag.



Penta=J=acetyl~"~Jeglucopyrancogse and -galactopyranose

20,81

vere prepared by standard procedures and their purity

vas checked by m.p. and TLC.

Probing experiments
All reactions were initially probed under the conditions

established earlier for the synthesis of either of the

anomeric acetylated aryl abglyoOlidosl‘

optimum period for which a particular reactioan should be

» to determine the

carried out, These studies were made with 2 to 5 miilimoles
of the acetylated sugar and the progress of the reaction was
folloved by TLC. The laboratory-scale syntheses were then
carried out under these optimum coaditions.

Methyl 2,3,4,0-tetra O-acetyl=<= opyr i

Ury methanol (0.8 ml, 20 m.moles) and stannie chloride
{l.1 ml, 10 m.moles) were added to a stirred suspensioan of
penta-O-acetyl-"«d-gluecopyranose (3.9 g, 10 m.moles) and
benzene (5 ml). The mixture was heated on a boiling water-
bath with stirring for 15 minutes and eooled. The reaction
products vere thea dissolved in benzene (150 ml) and the
benzene solution was stirred with ice and water to decompose
excess of stannie chloride. The benzene layer was separated,
the aqueous layer was extracted with bengene (25 ml x 2) and
the benzeae extract was taken up with main bensgene solutloa
aad vashed in a separating funnel successively with water

(25 x 2 ml), saturated agueous sodium bicarbonste solution



(26 x 8 ml) and vater (26 ml) aand then dried over
aahydrous sodium sulphate. The syrup obtained on removal
of benzene showed malanly the «<-anomer oa TLC. It erystal-
lised from methanol ia colourless prisms m.p. 23-101°,
(<122 +140.3° (g, 1.0, CHCly). The yleld of the pure
material was 0.35 g (2.7%). Lit. m.p. 101%; [«] +134.4
(CHCLg) »

Found: C, 80.02; H, 6.19.
Calculated for 0153220103 C, 49.72; H, G6.124.

thyl «~D)-glucopyranosi

A solution of sodlunm methoxide (in absolute methanol
0ol ml, 1%) was added to methyl 2,0,4,6-tetra~d-acetyl~«-
D=zluecopyranoside (0.2285 g) and the mixture was shaken from
time to time and left at the room temperature. After 1 hr
TLC showed that the deacetylation was complete (TLC plate 1).
The solution was then shaken with methanol - washed Amberlite
=120 (') resin ( 0.1 ml) and the resin was filtered off
immedliately dtor;:loelutim became neutral. The residue
obtained after removal of methanol from the filtrate,
erystallised from ethanol in eolourless prisms, m.p. 164-166°,
(<150 +186.7° (g, 1.0, H,0). The yleld was almost quanti-
tative. Lit. m.p. 166-168%; (<], +153.2° (1,0).

found: C, 43.98; I, 7.67;
Calculated for Coll; 496¢ ©» 43.29; H, 7.27%.
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DEACETYLATION OF METHYL 2,3,4,6 TETRA-O-ACETYL -¢-D-
 GLUCOPYRANOSIDE

1) METHYL 2,3,4,6 TETRA-O-ACETYL--D-GLUCOPYRANOSIDE

2) REACTION MIXTURE AFTER 15 MINUTES

3) REACTION MIXTURE AFTER 1 HOUR



: 2.5,4 ra=d. Lot =le

This reaction was carried out with the same quantities
of the reactants and catalyst as meationed for the preparation
of the «=-anomer, except that a larger gquantity of beazene
(50 ml) was used as a dilueat in the reaction. The optimum
time of reaction was found to be 15 min. 4in this case also.
The reaction product was worked out in the same manaer as
described earlier. The crude acetylated glucoside crystailised
froa methanol in colourless needles, m.p. 108-104°. l«]ﬁa «21.5°
(gy 1.0, CHClg). The yield of the pure material vas 1.04 g
(28.78%). Lit. m.p. 104-106%; [«], -26.8° (Cicly).

found: C, 49.96; 4, 6.18;
Caleulated for C)gH,.0,,: Cy 49.72; H, 6.12%.

Methyl pe-D-glucopyranoside
L solution of the above acetylated glucoside (0.247 g)

was deacetylated in absolute methanolie solutionm with
catalytic amounts of sodium methoxide in methanol as described
earlier. In this case also the deacetylation was complete

ia 1 hr. The crude deacetyluated product ecrystallised from
methanol as a hemihydrate in colourless needles, m.p. 1@-109".
(«)2% -26.0° (g, 1.0, Et0H). Lit. m.p. 108-120% [«], -34.2°
(Etol). The yleld was almost guaantitative.

Found: C, 4l.26; d4, 7.48.
Caloulated for Cfiy (05, /2 Hy0, C, 41.38; H, 7.395.
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asdutyl 2,0,4,6+tetra=deacetyl ~i=D-glucopyraaoaide

a=3utasol (0,375 al, 10 m.moles) and stanale chloride
(0.56 ml, S m.m0les) were aided to a stirred mixture of
penta=d=acetyle"=ld-glucopyranose (1.95 g, 5 m.moles) aand
benzene (2.5 ml). The reactioa mixture was heated on a
boiling water bDath uader stirring for 16 min. At this stage,
TLC ghowed that the anomeric glyeosldes were formed in the
proportioa of «:7 1: J:l. 3ome uareascted glucose pentaacetate
(a mixture of the anomers) were also seen oa the plate.
The reaction was stopped at this stage although it was aot
completed since heating for a further period caused con-
slderable degradation of the glycosides already formed which
would lead to a decrease in the overall yields (TLC, plate 2).

The reaction product wus worked up in the same
manner as described earlier for methyl tetras~Jeacetyle<ei-
glucopyranoside. The crude product coataining the acetylated
anomeric glycosides and aaomeric glucose pentaacetates along
with degradation products was chromatographed on a silica gel
colusa (65 em) ia a tube (85 x 2.2 om). The silica gel
was packed in a pet.ether slurry and the crude product
dissolved 1a acetone-pet. ether (1l:1l) was applied at the top
of the column and eluted with pet. ether containing inereasing
quantitiea of acetone. Fractions were collected as shown
ia Table 3. Each fraction was examined by TLC and combined
accordiagly. 7he combined fracticas ecoataianing the pure
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PROBING REACTION FOR THE PREPARATION OF n-BUTYL-
2,3,4,6 TETRA-O-ACETYL -« -D-GLUCOPYRANOSIDE

1} PENTA-O-ACETYL —B—D-GLUCOPYRANOSE
2) REACTION MIXTURE AFTER 10MINUTES HEATING
3) REACTION MIXTURE AFTER 16 MINUTES HEATING

4) REACTION MIXTURE AFTER 20 MINUTES HEATING
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A=gnomer was evaporated to a ma?fnighd. The yleld

was 0.417 g (28.9%). The product could not be erystallised.

it had [«i%® +125.2% (g,1, #OH). It vas analysed s a syrup

after drying in a vacuum desiccator over phosphorus peatoxide.
Founds C, 53.84; H, 7.085.

Cialiagdo requires: ¢, 83.48; 4, 6.98%.

This compound has not been reported in literature.

Q—Butyl «=D=glucopyranoside

The tetra-O-acetyl derivative (syrup 0.3 g) was
deacetylated with sodium methoxide in absolute methanol as
described earlier. The free zlucoside, which was obtained in
almost guantitative yleld, crystallised from acetone-pet.ether
1a small needles, m.p. 83-85°. («12® +138.0° (g, 0.5, stoil).
Lit. m.p. 86-87%; [«], +136.4° (Etoi).

Fouads C, S51.12; i, 8.88.

(:].o!{..mo6 requiress C, 50.84; H, 8.47 per ceat,

a=dutyl 2,3,4,6-tetra-O-acetyle="~D-glucopyranoside
The reaction was carried out with the same guantities

of reactants and the catalyst as for the preparation of the
«=gnomer. 7The volume of benzene used was 25 ml and period of
heating was 16 min. 7TLC picture at this stage showed "3« 3: 355
and some unreacted glucose pentaacetate. The reaction mixture
was worked out ia the same manner as described earlier and

the ecrude reaction product was chromatographed oa a silieca gel
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columa (50 g of silica gel, 65 em columan leagth). The
results of column chromatography are shown in Table 4.
The yleld of the pure ’=anomer was 0.636 g (35.58). "he
product erystallised from acetone=-pet. ether in colourless
prismatic needles, m.p. 38-67°. [dﬁs «26.0% (g, 1.0, Et0i).
Lit. m.p. 85-68%; [«], -26.8° (itoi).

Found: C, 53.88; i, 7.34.
Calculated for °18“20°10‘ C, 53.48; i, 6.33%.

A-dutyl "-Deglucopyranoside

The tetra-J=acetyl derivative (0.2 g) was deacetylated
with sodium methoxide in methanol as described earlier. The
yield was almost guantitative. The crude product erystallised
from acetone in small colourless needles, mn.p. 70-"3".

(«)2% -33.9° (e, 0.5, EtoH). Lit. m.p. 68-69°. [«], -26.3° (EtoH).

Fouads C. 50.&9; i, 8.88.

asfexyl 2,9,4,8-tetra=Q=qoetyl ~(=d=glucopyraioside

The reasetion wus carried out with the same molar
guantities of the reactaants, catalyst and the diluent as for
the preparation of methyl 2,3,4,6~tetra~0-acetyle<=D-gluco~
pyranoside. The time for wvhich the reaction was carried out
o4 & boiling water bath was 16 min. The crude product,
abtained by working up the reaction mixture as usual,
erystailised from pet. ether in colourless short needles,
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m.p. 60-61°%, («J2% 118.8° (g, 1.0, ciCly). Lit. mw. @°.
(<], 166.6° (CHClg). Tne yleld was 0.5 g (36.0%).

Found: C, 85,48; H, 7.51.
Caloulated for Cuni..0, 4t Cy 55.54; H, 7.46%.
a=iexyl <=D-zlucopyranoside

The tetra-J=acetyl derivative (0.5 g) was degcetylated
and worked up in the usual manner. The yleld was good.
The erude product crystellised as a hemihydrate from pet.ether
at =102 1a clusters of tiny colourless needles, m.p. 68-70°.
(<)% 146.6° (g, 1.0, EtOH). This product has not been
reported ian literature.

Found: C, 852,73} H, 2.00.
Cwﬂz‘oe, 1/2 0,0 requires: C, 62.70; 4, 9.10 per ceat.
-l 298 g-tetra- o= T

The reaction was carried out with the same molar
quantities of the reactants and the catalyst as for the
preparation of methyl 2,8,4,6-tetra-Ovacetyl~«~D-glucopyranoside.
The dilueat (benzene) used in this reaction was 50 ml. The
period »f heating on a bYoiling water bath was 16 min., The
erude product, obtained on working up the reaction mixture
as usual, crystallised from acetone-pet. ether in necedles,
m.p. 80-82%, («)3% -24.6° (g, 1.2, cHOly). Lit. m.p. S1-82°.
[«), -22.4° (CiCly). The yleld was 1.7 g (39.3%).

Found: C, 55.49; i, 7.91.
Calculated for 0208330103 C, 55,54; H, 7.46%.
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n-iexyl "=d-glucopyranoside
The tetra~D-acetyl derivative on deacetylation and
working up in the usual maanner gave the free glycoside in
almost guantitative yleld. It was obdtained in the form of
syrup which failed to erystallise. [«J3% -26.0° (g, 2.0, EtoH).
Founds C, 54.71; H, 9.22.
equired for C,.H, 0., H,0: C, 54.54; 4, 2.09%.
The produet 1s deseribed in literature as crystalline (without
water of crystallisation) m.p. 20-32°, ["‘]3 54.5 (vater).

Cetyl 4,8 tetra=J=acetyl (= u P

The reaction was carried out as usual with peata=-)-
acetyl=n=pD=glucopyrancse (10 m. moles). The period of heating
on a boiling water bath wus 18 min. ia this case. The crude
product obtained by workiang up the reaction mixture in the
usual way was G.2 g and consisted of a mixture of uareacted
cetyl aloohol (iodine chamber), the acetates of the anomeric
cetyl glucosides (xin:: 5:2), traces of uareacted glucose
pentascetate and some fast and slowemoviang spots (TLC plate 3).
The product was chromatographed oa & silica gel column
(silica gel 50 g, columa length 65 em). The results of eolumn
chromatography 1s shown ia Table 5. The yield of the pure
«=gaoner fraction was 1l.24 g (241.6f) (some more was ia the
aixture). The pure acetylated «-anomer crystallised from
pet. ether in colourless needles m.p. 48-43°, [-:]go +»119°
(gy 1.0, EtOH). 7his compound has not been reported in
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PREFPARATION OF CETYL 2,3,4,6 TETRA-O-ACETYL-&-D~—

1)

2)

GLUCOPYRANOSIDE

PENTA-O—-ACETYL -B-D-GLUCOPYRANOGSE

REACTION MIXTURE AFTER 18 MINUTES



The resction was carried out as usual with 10 m.moles
of penta~=acetyle-" -J-clu;g;{ggou using 50 ml of beuzene
as dilueat., The reaction/was heated on a boiling water bath
for 18 min. T7he reactlon product was worked out as usual.
The erude product (5.22 g) coatalning fast moving products,
unreacted cetyl aleohol, the anomeric acetylated gzlucoaldes
(<3733 317), the unreacted glucose pentaacetate and soue
slow moving degradation products was chromatographed oa a
silica gel column (silica gel 50 g, columa length G5 em).
The erude product, dissolved i1a lil acetone-pet. ether (7 ml)
was applied at the top of the column and eluted with inereasing
eoncentrations of acetone in pet. ether. The results of the
column chromatography are shown in Table 8 The yleld
of the pure <-anomer {ractioa from the coluan was 1.25 g
(21.8%). The pure acetylated "=anomer crystallised from
pet. ether in colourless loag needles, m.p. 74°, I',u(]‘f‘.'5 -18°
(g, 0.5, BtoH). Lit. m.p. 7.73°%, (<], «20.9% (ELOH).

Found: C, 63.04; H, 9.13.

Calculated for 0308520101 C, 92.94; H, 9.09%.

Cetyl ~-D-glucopyranoside

The tetra-. ~acetyl derivative (0.12 g) was deacetylated
in the usual manner and the crude deacetylated product was
obtained in good yields. It crystallised from methannl in
eolourless prisms. The crystals soften at 83° and zelts
between 145° aad 15%°. (Litz.gnoft-u at 78° and melts between



Cetyl 2,8,4,8-tetra~0~acetyl="=D-glucopyranoside
The reaction was carried out as usual with 10 m.moles

of penta~=acetyle" -J-glu;g{:::eu using 50 ml of beunzene
as dilueat. The reaction/was heated oa a boiling water bath
for 18 mia, 7The reaction product was worked out as usual.
The erude product (5.22 g) containing fast moving products,
unreacted cetyl aleohol, the anomeric acetylated zlucosides
(«3n3s 317), the unreacted glucose pentaacetate and some
slow moving degradation products was chromatographed on a
silica gel column (silica gel 50 g, columa leangth G5 em).
The erude product, dissolved in l:l acetone-pet. ether (7 ml)
was applied at the top of the column and eluted with inereasing
eoacentrations of acetoune in pet. ether. The results of the
column chromatogrepny are shown in Table 6. The yleld
of the pure «-anomer fractioa from the column was 1.25 g
(21.85). The pure acetylated "~gnomer erystallised from
pet. ether in colourless long needles, m.p. 74°, [«]?)5 -18°
(gy 0.5, EtoH). Lit. meps 70.78°% [«]; -20.9° (EtoH).
Found: C, 63.04; H, 9.19,
Calculated for CEOH&OLO' C, 62.94; H, 9.09%.

Cetyl ~-Degluecopyraaoside

The tetra~. ~acetyl derivative (0.12 g) was deacetylated
in the usual manner and the crude deacetylated product was
obtained 1n good ylelds. It crystallised from methanol in
eolourless prisms. The erystals soften at 83° und melts

23
between 145° and 15§°. (L1t softens at 78° and melts between
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110° and 145%), Lit. («], -22° (ptom), [«t]?f -21.0% (g, 1.0,
EtOH) .

fouads C, 651“' Hy 11.08.
Calculated for '3223“063 €y 65-345 1, 10.%’0

4 vl & 3 etr t - topyr

This reaction was carried out with penta=-Owscetylene
Degalactopyrancgse (3.7 g, 10 m.moles) and corresponding
quantities of methanol and 3aCl, as mentioned in the earlier
resagtionsg. Benzene ‘5 ml) was used as & diluent. The
reaction was carried out for 15 min, and the products were
wvorked out as usual. The crude product corystailised from
acetone-pet. ether ia colourless needles m.p. 85-88".
(«J30 +120.4° (g, 0.36, CAClg). Lit. m.p. 86-87°%; (],
+132.8° (CHCl,). The yleld vas 0.76 g (20.9%).

Found: C, 50.47; H, 6.19.
Caleulated for C,gH,,0, .2 C, 4.72; 1, 6.12%.

Methyl «- e r de

The tetra~d-acetyl derivative (0.4 g) was deacetylated
in the usual mganer. The crude free glycoslide obtained in
excellent yields crystallised from methanol as a monohydrate
in prisas, m.p. 107-209°, («)3° 171.4° (g, 0.1, EtOH).

Lit. m.pe 111° (nydrate), («1, 178.8% (ktoH).

Pound: C, 39.77; 4, 7.78.

Caleulated for C,i, 404, Hy0, C, 59.62; 7.60%.
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The reaction was carried out with peata~O=acetyleo-
D=galactopyranose (3.9 g, 10 m.,moles) under dilute conditioans
(benzene 50 ml). The crude product, obtalned by working up
the reaction mixture ia the usual manaer, crystallised from
acetone-pet.ether in colourless needles, m.p. 94-96°,
(«1%0 -12,2% (g, 0.5, CiClg). Lit. mep. 94%; [«] -14.08°
(cucls). The yield was 0.612 g (16.8%).

Found: C, 49.83; H, 5.39,
Caleulsted for C,gH,,0 41 C, 49.72; H, 6.12%.
Methyl iD= ctopyr

The tetra~Deacetyl derivative (0.4 g) was deacetylated
in the usual way. On erystallisation of the crude product
from ethanol the pure free galactoside was obtained ia needles,

WeDe 1'?8-800, [*]go "80.00 (g. 0.2' KtDH). Lit, M.P . 178‘1800'
[<]y +0.7° (4;0).

Found: G, 0.88; H’ 7.19.
Caleulated for Coll; 491 Cy 48.29; H, 7.27%.
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CHAPTER IIIX
STANNIC CHLORIDE CATALY3ED SYATHESIS OF ARYL ALKYL GLYCOsIOES
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STAMNIC CHLORIDE CATALYSED SYNTHESIS
W ARYL ALKYL GLYCOSIDES

LEIRQUCTION

Aryl alkyl aleohols like phenyl ethyl and phenyl
propyl aleohols are able to inhibit the production of ONA
viruses but not the reproduction of ANA viruses in tissue
culture. Both pheayl ethyl~ and pheayl propyl aleohols
have high toxieity for tissue culture and, therefore these
aleohols caanot be administered directly for these studies.
It has been found roeontxyl that certain glyeosides and
glucuronides of these aryl alkyl alcohols possess lower
toxielty than that of the free alcohols. The use of the
viruseinhibiting aryl alkyl aleshols in the form of their
glycosides has made it posgsible for the active component
aleohols to be brought ianto the cell in & anon-to:de form
to be liberated by hydrolysis ia gity by the cell eazymes.

in view of these receat obgervations abdout the
useful applications of glycosides of aryl alkyl aleohols and
als> in view of the successful use of anhydrous stasale
chloride as a catalyst for the glycosidation of aliphatic
aleochols to obtain either of the anomeric glycosides
depending oa the coaditlions of reaction as detalled in
‘hapter [I, we were encouraged to extend the use »f this
reageat for the glycosidation of aryl alkyl aleohols. ™

this Chapter, an account is given of successful syntheses of
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8ix paira of anomeric acetylated aryl alkyl glycosides
in z00d ylelds. If these twelve acetylated aryl alkyl
glycosides five are new compounds. “hese glycosides are
listed in Table I.

A1l of these acetylated glycosides were deacetyluted
by Zemplen's method to obtain the corresponding free aryl
alkyl glycosides in almost quantitative yialds. 31ix of
these free aryl alkyl glycosides are nev. 7The three hemi-
hydrates of benayl ”-d=;lucopyraacside, benayl "-J-galacto-
pyrancside and pheaylpropyl "=Degalactopyranoside obtained
in the course of this work are also new compounds aad have
not been deseribed in literature. These free aryl alkyl
glyeosides are listed in Table II.

Among the aryl alkyl alcohols used ia these experimeats,
benzyl and pheayl ethyl alcohols were chemicaully pure products
(E.Merek) and were further purified by distillation uader
reduced pressure. Phenyl propyl alcohol was prepared by

the reduction of cianamyl alecohol with sodium and ot.hnnols.

These studies have thus established the versagtility
of anhydrous staanie chloride as a catalyst for the glyeosi-
dation of not oaly pheaols, but also of aliphatic and aryl
alkyl alcohols. Moreover, either of the aaomers ia all these
cases can be obtalned as the major product by selecting
proper eonditions as detailed ia the ez perimental part.
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EAP _HIMENT AL

Penta~Oeacetyl~n ~D=glucopyranose (3.9 g, 10 m.moles)
was stirred in benszene (2.5 ml) aad to this mixture was added
staanle chloride (1.1 ml, 10 m.moles. and benzyl aleohol
(2.0 ml, 20 m.moles). The mixture was heatei on « bolling
water bath under reflux for 15 min. uader stirring. The
reaction mixture was thea cooled, diluted with benzene
{ 100 ml) end thea stirred with ice and water to deeompose
excess o. staanic ehloride. The benzene layer was separated
and the aqueous layer was washed with benzene (2 x 25 ml)
and taken up with the main benzene layer. The total benzeae
solution was washed successively with water, sodlum bicarbonate
golution (5¢) and water, and was then dried over anhydrous
sodium sulphate. The syrupy materlal obtalned on stripping
of the solveat was chromutographed on & silica gel column
as detailed in Tadle &. The acetylated «(-glucoside fraction
obtained from the coluan (1.5l g) was crystallised from
dilute methaaol, when the pure produet was obtained in
calourless prismatic needles, m.p. 112°, («137 140.0° (e,
0.5, Meo), 14t.% m.p. 111%, [« +148° (CHCl,). The yield
was 1.851 g (88.8%).

Found: C, 57.89; H, 6.123. Required for 621%!28010,

C, 57.53; H, 5.94 per ceat.
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B -J= 0

The tetra-)eacetyl derivative (0.15 g) was
deacetylated with catalytic amouants of sodium methoxide
in absolute methanol. The ccmpletion of deacetylation
(2 hr) was followed by TLC. The solution was then decationised
with & small quantity of Asberlite IR-120 (1') aad filtered
as scon as its alkalinity disappeared. The syrup obtalned
on removal of methanol crystallised from ether-pet.ether
eontaining a little methanol to give the pure glucoside
in colourless long needles, =m.p. 124°, [4]35 +128° (g,
0.5, Etol). Lit.} gives m.p. 122°, («1%% +121°. 7he
yield was almost quantitative.

Founds C, 57.40; H, 7.00. Calculated for cwamos,
¢, 57.78; 4, 6.67per ceat.

248.4,0=totra~Jeacetyl="«l-gl T

“he "egnomer was prepared with the same guantities
of reactants and the catalyst using more of benzene (50 ml)
a8 the diluent. The optimun period of reaction was 15 min.
(under reflux) in this case also. The crude product,
obtained ia the usual maaner was chromatographed on a sllica gel
column as detailed in Table 4. The chromatographed acetylated
redeglucoside fraction (1.72 g), erystallised from ether-
pet. ether to give the pure produet in colourless needles,
m.pe 101°, («)3% -48.0° (g, 0.5, BtoH). Lit.? gives n.p.
96-101°, [«], -48% (BtOd). The yleld was 38.8%.
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Found: C, 57.22; H, 6.11; Calculated for C
C, 57.58; i, 5,24 per ceat.

21%26% 00

3en »eDezlucopyr

The tetra«O~acetyl derivative (0.1l5 g) was deacetylated
in the usual maaner. The syrup obdlalaned on removal of methanol
erystallised from ether in soft ecolourless needles m.p. 124°
(softens earlier), [43‘35 -52° (g, 0.5, Etod). Literature®
gives m.p. 123-125°. («]_ﬁo -55,8° (H20). "he yleld vas
almost gquantitative.

Found: C, 57.40; i€, 7.00. Calculated for C,H, .0,

C, 57.78; i, 6.67 per cent.

A part of the syrup was crystallised from methanol~
ether-pet.ether when & hemihydrate of the glycoside was
obtained in colourless long sleader needles, m.p. 94°.

Found: C, 56.62; H, 6.80. 018318)6 1/2 ;> requires:

C, 58.5); i, 6.8l per ceat.
This ecompound has anot been described ia literature.

Pheayl ethyl 2,0,4,8-tetra~0-acetyle<-Deglucopyranoside

This reaction was carried out with the same gquantities
of the reactants, catalyst and diluent as described ia the
syathesis of beazyl 2,0,4,6+-tetra-0=acetyl ~«=l-glucopyranoside
deseribed earlier eixcept that more of beazene (5 ml) was
used here. Period of heating wvas 15 min. in this case also.
“he erude reaction product obtained by workiag up of the
reaction mixture, crystallised ian eolourless prismatic aeedles
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from methanol, m.p. 126°C, [w(]lz)6 +132° (gy 0.5, ELOH).
The yield was 1.81 g (39.,9%).

Found: C, 58,523 H, 6.32. ‘:‘aﬂxa"m requires:
C, 88,413 4, 6.1) per ceat.

This compound has not been reported in literature.

Ph t «=D=gluco i

The tetra-O-acetyl derivative (0.2 g) was deacetylated
in the usual manner to obtaln the free glycoside almost
quantitatively. It erystallised from acetone-pet. ether as
a monohydrate, in long needles, m.p. 68°, [a(]%‘ +164° (e,
0.5, EtH).

Found: C, 55.,688; H, 7.40. cuﬂzo%, 521 requires:
C, 55,633 H, 7.28 per cent.

This compound has not beea described ia literature.

Pheayl ethyl 2,3,4,8-tetra-)-acetyl-1-u=-glucopyranoside

This reaction was carried out with the same quantities
of the reactaats, and catalyst and under the same conditions
a3 described ia the case of beazyl tetra-legcetylen~iygluco~
pyrenoside except that more of benzene (175 ml) was used.
"he erude product showed the preseace of a substantial guantity
of the £eanomer. It was chromatographed on a silica gel
column as deseribed in Table 5. The pure acetylated-"~
glucoside fraction obtained from the columa (1.13 g) was
erystallised from a mixture of ether and pet. ether to obtain
the pure acetylated glucoside in colourless prismatic rods,
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m.p. 78-74%, («], -18° (e, 0.4, CHCL,). Lit.® gives m.p.
7278%, [«], -19.3° (CHCl,). The yield of the material was 24.85%.
Found: C, 58.68; H, 6,22. Caleculated for C,,Hy50 o1
C, 58.41; H, 6,19 per cent.
2h t e et S
The tetra=-O-acetyl derivativé (0.25 g) was deacetylated
by Zemplen's method. The yield was good. The deacetylated
product erystallised from acetons-pet.ether ‘n eolourless
fine needles, m.p. 121-122%, («13% -34° (g, 0.5, Hy0). Lat.}
gives m.p. 120-1229, [:(]33 -36° (4;9)
Founds C, 58.68; Y, 7.10. Calculated for 31‘52006:
C, 59.18; 1, 7.04 per eent.

Pheayl propyl alcohol

ireshly cut sodium (40 g) and porcelain deads (20 g)
vere placed in a two-necked round-bottomed flask fitted with
a reflux condenser and & guard tube, and a stoppered dropping
funnel fitted with a pressure equalizer tube eccataining a
solution of einaamyl aleohol (S50 g) ia ethanol (250 ml).
The flask was heated ia an oil bath placed on a hot piate
until the sodium melted. The ethanolie solution of elanamyl
aleohol was then added carefully dropwise over the molten
sodium in the course of 1 hr. After the addition was complete
the mixture was refluxed for 4 hr and eooled and an excess of
a mixture of ethaacl and water (1:1 v/v) was added. The
mixture was thea steam-distilled to remove ethansl and



pheayl propyl aleohol. The aqueous distillate was
extracted with benzene (3 x 100 ml) and the benzeae layer
was dried over mahydrous sodium sulphate. “he residual
liguid obtalaed after stripping off ethanol and benzene
was distilled uader reduced pressure (5 mm) wad the
fraction b.p. 115-120° was collected. ~he yield was 30 g.

Pheayl propyl 2,;8,4,8-tetra~)=acetyl =-D-glucopyranoside
This reaction was carried out under conceatrated

conditions under the same coaditions as deseribed for the
preparation of acetylated beaazyl «=bDeglucoside. 3ut in
view of low yields, the reaction was scaled up to doudle
the molar gquantities used ia the other experiment. The
time of refluxing was the sane (15 minutes). 'he crude
produdt ecoataining some fast moving spots ani the - e-anomer
vas subjected to sllica gel column chromatography to

igolate the pure «-glycogide ffaction. The columa chromatoe

graphlc data is givea ia Table 6.

The acetylated «-glucoside fraction obtained from

71

ecolusn chromatography (0.48 g) was erystallised from pet.ether

when the pure material wus obtained ia colourless fiae
needles, m.p. 50-51". [“‘]D +129.2°. The yield was la.l%.
Found: C, 50.24; 4, §.54. Czsnwam requires:
C, 59.33; &i. 6.40 per cent.
"his couzpound has not beea described in literature.
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Pheayl propyl «eJegiugopyranoside
The tetra=O-acetyl derivative (0.19 g) was deacetylated

in the usual manner. The crude deacetylated produet,
obtained ia good yleld, could not be ecrystallised. It wvas
obtained as a syrup, [udg‘ +83,28°%.

Found: C, 80.42; H, 8.01. Clsl'l‘,‘mc'l6 requires: C, 60.40;
1, 7.38 per ceat,

This compound has not beea described in literature.

Phenyl proprl 2,0,4,8-tetra-)-acetyl-n~D-glucopyranoside

Peata-O~-acetyl »n=Deglucopyranose (3.9 g, 10 m.moles)
vas dissolved in beazene (1756 ml). To the stirred solution
vwas added phenylpropyl alcohol (2.7 g, 20 m.moles) followed
by stannic chloride (l.1 ml, 10 m.moles). The reaction mixture
was refluxed on the water bath for 30 minutes. The optimum
conditions for the preparation of this glycoside was arrived
at earlier by TLC study of small scale probing experiments.

The reaetioa product was worked up as usual. TLC
showved the proportion of «:” as l:4. The product was subjected
to silica gel column chromatography for the isolation of the
pure c=anomerie glycoside. This 1s detalled in Table 7.

The chromatographed reanomer ( 0.8 3z) erystallised
from pet.ethersether in colourless prismatic needles, m.p.
81-82%; («)%° -20.3° (e, 1, EtOH). The yleld of the product
vas 205. Lit.% gives m.p. 79-80°, (], -13.1° (cucly).
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Found: C, 59.98; i, 6.62. Calculated for Caa“au"’m'
C, 659.23; H, 6.43 per cent.

Ph lpr - copyr

The tetra~O-acetyl derivative (0.19 g) vas deacetylated
by Zemplen's iotbod. The deacetylated product erystallised
from acetone-pet.ether in colourless prisms, m.p. 30-100",
(<132 -24.57° (g, 0.4, BtIH). Lit.® gives m.p. 100-107°,

(<) =27.3° (1,0).

Found: C, 90.55; H, 7.6l. Caleulated for €, 522"

C, 90.40; i, 7.88 per ceant.

Senzyl 2,2,4,6~tetra-0=acetyl =<«~i ct I sid

This reactlion was carried out with penta~O-acetyl-~
ceDegalactopyranose (3.9 g, 10 m.moles) in the same manner
and with the same proportion of the other reagents as
described for the oorr;lponding Zlucoside analogue. The
erude product showved on TLC, some fast moving compounds and
the "e=anomer as well as traces of unreacted glucose penta~
acetate. It was subjected to ecolumn chromatography the
results ofshich are detailed in Table 8. The pure acetlylated
«=galactoside fraction crystalliged from ether-pet.esther
mixtur ¢ in rectaagular plates m.p. 107°, [d]gs +188° (g,
0.2 EtOH). This gulactoside has not beean described in
literature. The yleld of the pure product was 22%.

Found: C, 87.37; i, 5.9, 021&23010 requires;

Cy, §57.53; i, 5.94 per ceat.
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Jenayl «=-d-galactopyranoside

The tetra-O-acetyl derivative (0.15 3) was deacetylated
in the usual maaner. The free galactoside was obtalined as a
syrup, («)28 +135.6° (g, 0.2, 5t7H) which eould aot be
erystallised. The yleld was almost guantitative. "his
produet has not been described ia literature.

Founds C, 57.33; H, 7.03. 013"1800 requires: C, 57.78;
i, 6.67 per ceat.

2 e -t -t

This reaction was carried out with the same molar
proporticns of the reactants and under the same eonditioas
us described for the correspondiag «-anomer except for the
quantity of the dilueat benzene uged (50 ml). Jince the
crude product econtained the «-anomer and unreacted peanta-
acetatc and other impurities, it was chromatographed as
detalled in Table 9.

The pure "-fraction was obtained from the coluwm as a
avrup [«1%0 «2.0° (g, 0.2, Et7d). The yleld of the product
wvas 35f. It eould not be erystallised. Although the free
glycoside has been described in literature (log, cit), the
tetra~O-acetyl derivative has not been described so far.

Founds C, 57.59; H, 6.20. C, H, .0, , Pequires: C, 57.53;
Hy 5.94 per ceat.

Bengyl ceD-galactopyrancside
The tetra-O-acetyl derivative (0.15 g) was deacetylated




78

1881
21°0

(?)*3n

(882813} e3®3ear

-mued &+ o 0g x 2 08 ¢ 02

e 0g x4 08 ¢t 02

» 0 x¢ g8 f ST

ne 0g x 2 g8 * g1
spuno dwoo

Sutacm g™y 0L X 01 € t 01

jods cu ogx e g€ t g

(aoyje *yad

(Tm) 19U0300W)

ejmmye e aATOr

uep 011 Jo eunyop fupina

‘g OTqT U §% swer :®IPD UNMTOD

P TEOURILA0JON T  e(la U= TAI9OR-0= IO I~ P2
14zueq jo vcyivawdes OTUdvIROITWOJIYD TEMTOD

8¢ ~ 92
g2 -~ €1
81 - o1
T - ¢

el - ¥
-1
*soN

uopIowdy
ponTl

€ ATEVI



79

in the usual manaer. The pure product from chromatographie
column erystallised from methanol acetone miture in eolourless
slender ncedles, =.p. 85-30%, («13° -91.3° (g, 0.24, &t3H).
The product was fouad to be a hemlhydrate which has not deen
deseribed 1a literature. Lit.‘ describes the unhydrated
galactoside, m.p. 119°, [‘4]9 -29.8° (water).

Found: C, 58.56; i, 7.0l. O H 506, /2 iy0 requires:
Cy 55,913 i, 6.8L per cent,
P et 20,4 - osid

This reaction was carried out under the «=-eoadition
with the same molar proportion of the starting materials
as described for the beanayl analogue. In this case also
reaction mi ture was refluxed on a bolling water bath for
15 minutes. "he reaction product obtained was subjected
to column chromatography as deseribed in Table 10. The
pure «=anomer obtained from the column erystallised from
sthanol 1a calourless prisms m.p. 94°, [at]?,° +147,74° (g,
0.2, Etd2H), The yleld was 44,25. This galactoside has not
been desceribed in literature.

Founds: T, 58.60; i, S.22. 022“88010 requires: C, 58.41;

Hy G.19 per cent.

Pheayl ethyl <=D-jalactopyranoside

The free galactoside was obtained in almost quanti-

tative yields by deacetylation of the tetra-U-acetyl derivative
(0.25 g) by ‘emplen's method as a syrup, (ut]%s +83.71 (g,
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0.19, #t0H)., The product eould not bDe erystailiged. 7his
product is not reported in literature. It analysed for a
monohydrate.

Found: C. 57.30' 1y 7.51. Cl‘ﬂzooo. %o l‘.q“ir“a
Cy 57.92; #, 7.21 per cent.

Pheayl ethyl i,3,4,6-tetra-O-acetyl-i-D-galactopyranoside

The same molar proportions of reactants were used

ia this as for the «-anomer exeept for the dilueat bdbenzene
(50 ml). The time of reflux in this case also was 15 minutes,
The erude reaction product was chromatographed oa & silica gel
eolunn as detalled 1a Table 1l. The chromatographed *~fraction
erystallised from ether-pet. ether in colourless long prismatic
needles, m.p. 88-89°, [ac]go -26.4° (g, 2.5, B10H). The yield
wvas 39.8%. This galactoside 1is not reported in literature.
Found: C, 858.68¢ i, 6.27. 022‘28010 requires: C, S8.41;
iy 6.19 per ceat.

Pheaylethyl - e-legalactopyranoside

The crude free galactoslide, obtained on deacetylation
of the tetra~d~acetyl derivative (0.175 g) in the usual
maaner in good yields, crystallised from acetone-pet. ether
in colourless fine needles, m.p. 107-108°, [«]g‘ -33.94°
(gy 0.1685, #t0id), This galactoside has not bean deseribed
ia literature.

Fouad: c’ 58.49; H’ 7.22. CIQHBOOB !‘.qlll"ll c’ 59.14;
d, 7.04 per ceat.
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Ph r 223,4,6-t -0 v etopyranosi

This product was prepared with the same molar
proportion of reactaats and uader the same conditions as
deacrided for the pheayletiyle-<(-analogue. The crude product,
obtalinei as a syrup oa workiag up the reaction mixture in
the usual manner, was subjected to column chromatography on
silica gel as deseribed in Tadble 12. The chromatographically
pare « fraction erystullised from ether-pet.ether in colourless
aeedles, m.p. 134-186°, («13® +180” (g, 0.2, CH1y). The
yield was 49¥. This galactoaide has not been reported in
literature.

Found: €, 59.43; H, 6.83. caallwom requires:
C, 59.28; 1, 6.4C per ceat.

eheaylpropyl =d-galgetopyrasoside

The crude free galactoside, obtainei in good yields
by Zemplea deacetylation of the tetra-O~acetyl derivative
(0.2 g), erystallised from acetoae-pet.sther ia colourless
rectangular plates, m.p. 78-77°, [«13% +145° (g, 1.0, EtON).
This galactoside has not been described in literature.

iounds C, 60.00; #, 7.64. €, 5320, requires: C, 80.40;

Hy 7.38 per ceat,

eheaylpropyl 2.2,4,8-tetra-O-acetyd=: ~ovgalactopyrancaide
This reaction was carried out emctly as in the case

of the benzyl analogue under the "-condition. The crude

reaction product obtained in the usual msaner was sudjected
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to column chromatography as detailed ian Table 13. The
ehromatographed ~e-anomer (yield 495 ) was obtained as ayrup
which could not be crystallised. It gave [4]%5 24.7°
(gy 045, BtoH),

Found: C, 58.98; H, 7.01; Czaﬂaoolo requires: C, 59.23;
Hy 6.43 per cent.

Pheaylpropyl °e«D- ctopyr

The free glycoside was obtained as a syrup by Zemplen
deacetylation of the tetra-d-acetyl derivative (0.150 g).
The syrup, giving [q']gs -5.2° (g, 0.18, Et2H), ecould not
be erystallised. This glycoside analysed for a hemihydrate.

Found: C, 88.90; 4, 7.19. C, gl .05 1/2 Hy0 rdquires;
C, 58.68; 1, 7.49 per cent.

This glyeoside has been receatly prepared by the
Loenigs~inorr reaction w well u.l in & crystalline form
(aahydrous) m.p. 100-102°, [«134g =6.4° (i,0). But the
iatermediate tetra=d-ace'yl derivative was not characterized
and was directly deacetylated to obtain the free galactoside.
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CHAPTER Iv
PHOSPHOROUS OXYCHLORLDE CATALY 3ED SYWTHESLS OF GLYCOSIDES
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PHOSPHOIWUS OX(CHLOKIVE CAT LYSED SYNTHESIS
OF ULY Q3IDES

SATHODUCT 108

A brief mention was made in the {irst chapter of
the use of phosphorus oxychloride as a condeasing ageat
for the syathesis of glycosides. The use of this reageat
was reported in one publication by Bemdry and Pavcul in
1342, for the syathesis of the n-anomers of five acetylated
aryl D-glycosides. These authors Obl.f‘t;.d that pure
phosphorus oxychloride was an uasatisfactory reagent and
recommended that it should be mixed with water (1§ v/v) to
make an effective catalyst for the glycosidation reactions.

No further vork was reported so far on the use of this

reagent for zlycosidation.

Stannic chloride wus initially used by Lemleux and
Shyluka for the synthesls of the f-anomers of oane alkyl
and one aryl glycoside. Bose M.a established later
that stanaic chloride can be used for the syathesis of
o«=gnomeric acetylated glycosides as well, and prepared a
large number of acetylated «~- aad 7~ U~glycosides and
thioglycosides by usiang this reagent. 7The use of this
reagent was exteanded Iurther for the syathesis of «- and
p=anomeric alikyl and aryl alikyl glycosides ui preseated
in Chapters Il and III respectively of this thesis. In view

&8
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of the similarity of staiwnie chloride aad phosphorus
o:ychloride and the kaown but limited use of the latter

reagent for the synthesis of a few aryl glycosides it

was considered of great interest to iavestigate the possibility
of a wider use of this reagent for the synthesis of not

only aryl but also alkyl and aryl alkyl glycosides in

both the "= and the «~configuration. 7The preseat chapter
gives an accouat of the results of these investigations.

Moist teat of - io
to %s effectiveness as & catalyst for the giyeogidstion
rggtiag

At the initial stage, it was congidered necessary
to estadlish the validity or otherwise of the conclusions
reachsd by Bembry and Povoul' about the necessity of usging
PUCl, treuted with water (1€ v/v) to make it an eilective
catalyst for the glyessidation reaction. s & result of
a comparative study of the glyeosidation of pheaol with
venta=D-acelyl =" =D=zlucopyranose, catalysed by (1) dry
POCla (2) Pmls treated with vater (1% v/v) (3) Pi.!:l.:s
treated with water (5% v/v), carried out uader the eonditioas
described by Jembry and Powell as detalled ia the experimental
part, we arrived at the following conclusions:

le ury POC].a glves the same ylelds of the glycosides
as POCl, treated with 1% and 5% water. The latter
are actually mixtures of PCJ::I8 with orthophosphoric
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acid formed by reaction between Pacls and water.

2. In all these reactions both of the anomeric acetylated
glycosides were formed. The proportion of rid was
3:1 approximately.

3. L good part of the peataef-ucetyle-sel-glucopyransse

was converted to the «-anomer in this process.

In view of these observations we used dry POCla
in all our subseguent experimeats on optimization.
Ae rative stu the catalyti etion of phogphor

oxychloride and staanic chloride in the glueosidation of

preresol
The similarity of the two glycosidation catalysts,

stanaie chloride and phosphorus oxychloride on the one hand
and our experience on the use of former reageant in the
syuthesis of alkyl aad aryl alkyl glycosides on the other,
initiated us to make a comparative study of the catalytic
effect of these two reagents on a selected glyecosidation
reaction, namely, that detween p-cresol and peanta-J-acetyl-
tejezlucopyranose, in the presence of an excess of benzene
a3 a dilueat. From a comparative TLC study of the products
of reaction takea out at various iantervals the following

conelusions were arrived at:

1. Glycosidation with POCIS although a slower process
is cleaner than that with anCL‘ ani gives much lesser
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quantities of the degradation produects or
byeproducts, even vhen compared at the level
of equal yields of the acetylated glyecosides.

2. The relative rate of formation of the «-anomer
is slower with POGJ.a than with ;'Snc.l‘. As a result,
at the level of equal ylelds of total acetylated
glyecosides in the two regctions, the ratio of
nif is greater in the Pacla catalysed reactions.
This leads to the conclusion that unlike ia 3aCl,
catalysed glycosldation, the «-anomer is formed
in POCly catalysed reactions almost entirely by

the proecess »f anomerisation,

P horus o ori talys isation r ions
Jeveral alkyl «-D-glycosidcs have been suceessfully
prepared by anomerisation of the "-anoumers with suitabdle
acidle utalystl"s. These anomerisations have been shown
to proceed through an iatramelecular mechunism and do not
require the presence of added alecholie ul.yconus. it 1a,
however, well-kaown that aryl "eJeglucopyrunosides are highly
resistant to acldecatalysed miutlzmla. Methods
successfully employed for the preparation of some alikyl
A=D=glycosides were not useful for the preparation of aryl

«-a-mcouau’.

It was established by Bose M.‘ that anhydrous



staaale chloride is a suitable reagent for the anomeri-
satlion ol acetylated aryl "eJeglycosides ia the presence
of added phenolic aglycones. Oa the basis of experizental

evidence the same authorl’

have receantly suggested an
intermolecular mechanism for the anomerisation process

of the acetylated aryl glycosides.

In view of the great similarity between the catalytic
action of stananic chloride and phosphorus oxychloride for
glyecosidation reasctions, and in viev of the anomerisation
pracess obgerved duriag POCI.z catalysed glyecosidation
reactions as indicated earlier in this Chapter, it was thought
of interest to make a detalled study of some P(Bla-cnt-lylod
anomerisations. The following important conclusions vere
arrived at as a result of TLC study of a number of small
scale POCL, catalysed anomerisation reactions as suamarised
in Table 1.

TABLE 1

Phosphorus oxychloride catalysed anomerisation
reactions

Coaditicas of reaction: The compound to be anomerised (1 m.mol),
phenolic aglyeosne, whea added (1 m.mol), POCl, (15 m.mol),
heated on a boiling water bath for 3 hr.

il.80. Compound snomerised Produects obtained
1 PeataeOeacetyl="el= Penta~O=acetyle«= Small amounts
glueopyranose U=glucopyranose of degradation

products.

eescontd.



TASLE 1 (Coatd.)

3l.d0, Compound amnomerised Products obtained
a Penta=d=gecotyl =(eD= unreacted 2 Small amouats
zlucopyranose of degradae~
tion products
3 a=%utyl tetra=O=acetyl a-futyl-tetra-O- e
"eDeglucopyranoside acetyl«i=D=gluco~
pyranoside.
i a-Butyl tetra-O-acetyle Unreacted 4 e
«=Dezlucopyranoside
5 Phenyl tetra-Oeacetyl- Unreacted 5 e
nedeglucopyrasoside
[ Pheayl tetra=ld-acetyle- Pheayl tetraede e
redezlucopyranoside acetyle(=D=
+ phenol. glueopyr.noside
7 Pheayl tetra=d-acetyl~ Uareacted 7 "o
«{=D=glucopyranoside
+ phenol. '

The following important ccaclusions were arrived at

as a result of these TLC studles:

1.

2.

Se

4.

The stable «<-anomers do aot anomerise at all under
these coaditioas.
Penta~0=acetlyl-"=J=glycopyranogses can be completely
coaverted to the «~anomers.

ALyl tetra=O-acetyl-tel~glycopyranosides can be
completely couverted to the «-anomers even in the
absence of the added aleoholie gglycone.

Aryl tetraeieacetylefreDeglycopyranosides can de



completely converted to the «-gnomers oaly in
the preseace of added phenolic aglycone. In the
abseuce of added phenclic aglycones no anomerisation

takes place.

From these experiments it has been esstablighed that
POCLl, catalysed anomerisation is an excellent method for
the preparation of acetylated «-anomeriec glycosides from
the easily available 2-anomers, ia good yields. This was
substantiated by a laboratory-scale preparation of phenyl
tetra=d-acetyl=(~D=glucopyranoside from the "~anomer in 60%
ylelds as described in the experimental section. The reaction
vas carried out at 558° for 6 hr to reduce the guantity of
degradation produets formed.

ho o ide - t r t _fo ion
These preliminary studies indicated that phosphorus

oxychloride is a potentially attractive catalyst for the
preparatica of the anomeric acetylated aryl glycosides. It
was also observed that uader more conceatrated coaditions
usiag lesser gquantities of the diluent (benzene), it was
possible to enhance the rate of anomerigation leading to
the formation of progressive amounts of the «<~gnomer at the
expease of the "=gnomer. Fiaally, the coaditions established
for the preparation of the «- and "~anomeric acetylated aryl
glycosides using P0013 a9 the condensiag agent were successfully
employed for the preparation of a nunber of «- and "e-anomeric
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acetylated allkyl and aryl alkyl glycosides.

Phenol and pentae)egcetyle"=leglucopyranose were
selected as reactants to study the following parameters
of the phosphorus oxyechloride catalysed glycosidation
reaction;

(1) effect of molarity of ch:l.a

(2) effect of molarity of pheaol

(3) effect of dilution with benzene.

Effect of molarity of phosphorus oxyehloride and duration of
reaction in the glucosidation of pheaol with penta-O-acetyl-"=-

J—Eﬂﬁogl ranose

These reactisns were studied using two mols (S5 millimols)

of the phenol per mol (2.5 millimols) of the acetylated sugar.
This proportion of the reactants was chosen in view of the
results of earller studies in the stanale chloride catalysed
glyeosidation reactions, in the course of which it was
established that part of the phenolic aglycone got acetylated
and eould aot take part ia the roactionlo. Although Bembry
and Powell! used oaly 1/8 mel of POCL,, we malatained the
molarity of POCl, at higher levels of 5, 10 and 18 to iacrease
the reactlion rates. The effect of the duration of reaction
at the levels of 1,3,5 anad 7 hr were also studied for each

of these molarities of Pocxa. The quaatity of benzene used
as a diluent in all these reactions was 50 ml.
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The results of these studles us shown in Tables 2 to 5
vere compiled from eye-estimutes of the relative intensities
of the TLC spots for differeat products obtained from each
reaction. 3ome of these TLC plates were also scanned by

& recording deasitometer and the eye-estizates proved to be

quite accurate.

T/BLE 2
Period of reuction; 1 hr

Mols of o« a Unreacted zlucose
POCIa (’f 0.63) (&f 0.58) peataacetates
(anomerised)
£ n
Hf 00” r‘ir 0.48
s 10 58 30
10 15 60 25
15 15 75 10

About 5% of the total visible products on TLC represented
the by products having if values of 0.237, 0.71 and 0.80

respectively.
TABLE 8
Period of reaction: & hr
Mols of « n Unreacted glucose
P <)(2.la pentuacetates
(anomerised)

5 10 60 28

10 15 66 10

15 20 65 5
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‘bout 5 to 10f of the visible products on TLC
represented Lhe byeproduets of the reaction.

TABLE 4
Period of reaction: S hr

Mols of o« n Unreacted glucose
POCl.s pentaacetates
{(anomerised)
5 10 75 5
10 18 70 5
15 20 70 Traces

About 10§ of the visible products oa TLC represented
the by-products of the reaction.

TASBLE 6
Period of resction: 7 hr

Mols of o n Unreacted glucose
P 0‘313 peataacetuates
{anomerised)
b 10 80 Traces
10 20 70 Traces
15 25 60 Traces

About 10 to 15% of the visible produets on TLC
represented the by-products of the reaection.



The following ecoaclusions were arrived at from these

studles:

(L) The amount of undesirable by-products formed
inereases with iacreased pericd of reaction and
to a limited extent with lacressed molarity of
?acls.

{(2) Peatael-acetyle"-Deglucopyranose gets anomerized.

(3) The resctions carried out for loager periods give
darker reaction mixtures and the sgparatioa of the
required products beeomes more difficult.

(4) It is better to use 15 mols of POCl, for a shorter
period evea iAf some guantity of the sugar acetate
remains uareacted. The separation of the latter

poses no problem.

Effect of molarity of phenol and duration of reactia in the

cogidat of ph th =Qeac - - eopy I
These experinents were carried out with 1 mol of

penta~ eacetyler«J=glucopyranose, 15 mols of PC)(:l8 and 1,2
and 4 mols of phenol. Actual guantities used were peata~
O=acetyle=redezlucopyranose (2.5 millimols), pheaol (2.5, 6
and 10 millinols), P\)Cla (&7.5 millimols) and bengene (50 ml).
Probing experiments usiang 5 mols (12.5 millinmols) of phenol
did not show any improvement over those using 4 mols of
phenol. The results of theae experiments (proportion of the
produets) are given in Tables 6 to 8.



TABLE 6

Period of reaction : 20 minutes

Hols. of o« f Unreacted glucose
phenol pentaacetate
1 15 a5 20
16 70 185
4 156 80 s

Practically no degradation products or by-products were

seen on the TLC plates.

TABLE 7

Period of reaction: 40 =ianutes

Hols of o« # Unreacted jlucose
phenol pentaacetate
1 20 70 10
20 76 5
4 28 75 Traces

Practically no degradation products or byeproducts

were seen oa the TLC plates.
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TABLE 8
Period of reaetion: 1.5 hr

Hols of « n nreacted glucose
phenoi pentaacet te
1 20 70 5
25 65 5
S0 65 Traces

About 54 of degradatioa products and by-produets were
visibie on the TLC plates.

These results reveal that the use of 15 mols of
POCla and 4 mols of phenol give excellent yields of the
acetylated zlucosides in & short time of 20 to 40 minutes with

more or less complete disappearance of glucose pentaacetute.
Liffect of dilution with bensene: Optimusm goanditions for the
synthesis of ascetylated 7~ and «-anomeric glyeosides

Another important aspect of optimisation remained
to be studied was the effect of dilution of the reaction

mixture with benzene. It has beea already observed in staanic
chloride catalysed glycosidation rounannn that use of more

of the dilueat (benzene) leads to a favourable ¢ / « anomerie
ratio, whereas use of small quantities of the diluent makes

the « / = anomeric ratio large.
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It has been already estabiished by us as described
aarlier ia this chapter that good yields of acetylated
regnomeric aryl glucosldes were obtained by using 15 mols
of P&la, 4 mols of phenol, 200 nl of benzene per mol of
the acetylated sugar, the reaction being carried cut at the
bolling wvater bath temperature for a period of 20 minutes
to 1 hr depending on the reactivity of pheanol. The same
optisum conditions with marginal adjustments were found
to hold good for the synthesis of "eanomers of acetylated
aliyl and aryl aliyl glyecosides as well.

When the diluent (mnzene) was completely absent from
the reactioa mixture keeping the other conditions same, a
very good « / ? anomeric ratio of 9 ; 1 was obtalned in
40 minutes ia the syathesis of phenyl tetraedegcetyl De=;luco~
pyranoside. ¥ith marginal adjustmeats, these eonditions
were employed as optimum for the syathesis of «=anomers of
acetylated aryl, alikyl und aryl aliyl glycosides lu the

course of the work preseated ia this Chapter.

Tadle 9, gives a list of eleven acetylated aryl,
aliyl and arylalikyl ° sad «<-anomeric D-glucopyranosides
includiag one pair of thioglucosides synthesised by PXlg-
catalysed reactions under the optimum conditions established
ia the ecourse of the work presented in thisg Chapter. The
corresponding free (deacetylated) glycosides were uot prepared
a8 most of them have alrsady been prepared by us and by other
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worikers earlier.

The work presented in this chapter, therefore, has -
established phosphorus oxyehloride as an excelleat new reagent
for the synthesis of either of the "= or «=-gnomer of acetylated
aryl, alityl and aryl alkyl giyeosides and thioglycosides.

This reagent has also beea proved to be of value for the
anomerisation of acetylated feanomeric glyeosides for the

o -
preparation of the eorrespoading/anomers.
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EXPERIMENTAL

it ici L t for react

The reagents to be used as catalyst were prepared
by adding 0.5 and 2.5 ml of water dropwise to 50 =l of dry
POCL, under sa