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'the51zed as’ thelr 8-methoxycarbonyloctyi glyep51des suitable.

ents. The key steps in these syntheses 7nvolved the glyco
. v

'sylatlon of the 4" &ydroxyl group of

' lactose gerlvatlves\glth the apprpprlate acetylatedrz—

—;Zaphthallmldo glycosyl bromides.

] \ '
b 2 . b
. ABSTRACT . ‘ | i
v l.‘ B . : , ~‘lk. 1
The ollgosaccharlde portlons of - the gangllosldes asialo-
LY @

MZ (BDGalNAc(1*4)BDGal(l+4)BDGlc—OCeramlde) and asialo-G 1

(BDGal(l*B)BDGalNAc(1+4)BDGal(l+4)BDG1c-OCera 1de) _were syn-

for theépreparatlon of art1f1c1al antlgens,And 1mmunoadsorb-

suitably proteCted

]

A

. The cdnféfmatibnalrpropertiesrbf the synthetig-tri- and

tetrasaccharldes were examlned by nuclear magnetic resonance

(nmr) 1nclud1ng the determlnatlon of. lH and 13C chemical

shlfts and H—{lH} nuclear Overhauser enhancements.

" The 13C chemlcal shifts of a blologlcal sample of GMl

H(BDGal(l+3)BDGalNAC(l+4)[dDNeuNAc(2*3)]BDGal(l+4)BDGlc—O—

Ceramidé) can be,ratlonallzed on the b351s of those observed

for the synthetic tetrasaccharide and methyl N-acetyl-aD-

. neuraminic acid. This observation indicates that no impor-

tant -.conformational change occurs on sialylation of the 3'-

position of aSialo—GMl. .



anomerlc (HSEA) calculatuons, molecular models were produced

i and G ' whlc\ //17

u'are 1n<pccord w1th the observed nmr parameters. These models,

‘are presented as their CPK pro;ectlons and are dlscussed in

terms of the topographlcal features whlch are expected to f

\

'l'for the ollgosaccharlde portlons of a51alo-G

‘mediate thelr 1nteractlon w1 antlbody and lectln comblnlng

sites. A S ' B . v"l? ~

A

vi
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I. INTRODUCTION

A Gangliosides L e

0

vThe substances known as gan911051des are a group of
acidic glycollplds that were first characterlzed by Klenkl
He isolated these compounds from the bqgihg of patients
suffering ftom amaurotic familial idiccywtnp Nieman Pick di-
se_ase.z'3 Since'Klehh‘C§hld dehohstrate thé*presence of
these glycollplds orly in the grey matter, he named these
gangllosz.des.4 It was not pntll 1953 that the yresence of
'xgan911051des in cells other than that of gregjhétter
wasestabllshed.5 Subseauently in 1956, Svennerhplm demon-
strated the presence of more than one type of gang11051de
in braln cells by a modified extractlon procedu:@

' The 1solat10n, purlflcatlon and structure eluc1dat10n

Q

‘of the gan911051des was first 1nvestlgated by three@inde—
pendent groups led by Klenk,l'7'8 Svennerholm,6 9“n’ande",_.
Kuhn and wiegundt}2'13 Based on acid hydrolysms and partlal
Améthylatipn studies{ Svenner holm proposed in 1962 the
sequence of“the suqar units in the neutral cores of the two.
gangliosides knqwn/as GMl ‘and GMZ In 1963,“Kuhn and
wiegandéj,elegant’y-accompiishéd the complete structure
elucidation of the substance which had been termed GM, .
Since then, the field has attracted many workers and to date
the structures ¥f~over forty different gangliosides aré
known.14 _ /

/
/

/
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It is now well established that the gangliosides (1)
are complex glycosides of the lipid known as ceréﬁde (1 with

R = H, R' = 45—(CH2fn—CH3) which is a derivative of sphingo-

- sine where both)R and R' of structure 1 are hydrogens.

~

2

?—NHR' o R
C-

C':H -OR
| A

H- oligosaccharide

H-C-OH e
-C- (CH,) _-CH,

Hy-(CH,),,-CHy

w
I

1 -

‘The oligosédcharide portion of the ganglioside is composed

of neutra; sugar units that are glyéosidically'linked to
form a linear ceore stﬁuéfure“to thdhione or more residﬁes
of the acid ketose, known as N-acetyl neuraminic acid
(NeuMAc residues), are glycbsidically attached. R
All the ganglio;ides isolated so far from tﬁe brain
tissues contain only N-acetyl neuraminic acid (g)iwhereas
the same gangliosides Qf membrane erythrocytes have been
reporﬁed to contain gfglycolyl neuraminic acid (é).15°
Reﬁoval of thé NeuNAc residues oF ganglibsidesvprdvides the

neutral.glycolipids known as asialo gangliosides. The term

"asialo" was derived from the term sialic acid which is a
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trivial name for both N-acetyl héuraminic acid and g-glyéolyl'
~neuraminic acid. The core oligosaccharides of,asialojgangli—
.osides begin with a B-lactosyl unit (BDGél(1*4)EDGlc) to
which a BDGal unit or a BDGa1(1+3)éDGalNAc ﬁnit iéAattached
to the 4-position of the BDGal unit of the lactose reéidue

(4 - 6). The sialic acid residués are attached to these core’

~ ~

.structures in two pattefns; namely, the 3#position of the

Gal unit of the lactose or the cerminal'galactose of the
q .

structuré‘ 6 or both.

~

. This thesis is concerned only with the gangliosiaes
LY

" which contain the NeuNAc form of sialosides. These gangli-
: " _ >

a
»

osides have been found to gontain l to 7 NeuNAé residues..
In the case of brain tissues, an average of 2 - 2.5 NeuNAc
;gsidﬁes are;nesaﬁ;l4 The cpmpositioh of gghgliosides is
) exempLified by fhe sgructures which are presented in
Scheme I in term5~of‘€ibir biosynthetic patl;way.16 The
3,"'(‘;02 and GD, =~ illustrate the fact

that the gangliosides can contain oligomers of NeuNAc as

structures termed GD

side chains of the neutral core.

Aé shown in Scheme I, the NeuNAc residues are bresent
as a—D—élybqsides.”This structural feature can be_appre-
ciated fromvﬁhe structural formula'z for £hg¢simple gangli-

oside GM3.
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GM, '(aDNeuNAc (2-+3) 8DGal(1+4) BDGlc-OCer
7

It is noteworthy that the a-sialosides have the carboxyl
group in axial orientation. As a consequence, the glycosidic
- linkage is extremely acid 1abile};~Also,'this structural .

feature contributes the prébleh.of establishing the a-
' glycos;dic linkage by'chemical meaps. .
‘The nomenclatﬁre usea in the biosynthetic Scheme I
Qill be.used throughbut this thesis. Thi§ nomenclature was
first presented in 1963 by Svennerho]m.ll'l7 This terminology

uses "G" to state that the structure ié a ganglioside angd

. o
the terms M (mono), D (di), T (tri),'etc.,.are to indicate
the number of NeuNAC residues. The arabic numbers 1 t5'3
inéidate the number of sugars in the neutral core chain,
exceptlthét for historiééi'reasons these numbers are used in

reverse in that 1 refers to the tetrasaccharide (6), 2 to

the trisaccharide (§) and 3 to the lactosyl structure (g).

.y
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The lower case.letters a and b are used.oniyvto name ganglio-
sides when these.arelderived from the tetrasaccharide neutral
core. Since the NeuNAc residaes are feunﬁ to occur.only at
the 3-positiohs of BDGal units, the letter 'a' is used to
indicate the presenée of only one NeuNAc re51due at the 3'
position of the BDGal unit of the lactosyl group. When the @
ganglioside has a“diméf of NeuNAc.at.this pOsition,-the
letter 'b' is used, and so’on. Besides the above nomencla-
ture system, the r&ader shou*d be aware of the recent recom-
mendatlon by the IUPAC-IBC commission for the de51gnatlon

of gang_liosides.18 For example, according to this system,

the ganglioside GMl would be referred to as II3 NeuNAchOSe

B. Occurrence and Distribution of Gangliosides

Although most of the ganéliosides isolated so far are
from the'brain tissUes, these compoundsAate widely distributed
in the tissues of mammals and perhaps all vertebrates.l4. In’
adults, the grey matter contains as much as’ threé times’ more
gangliosides than those which are contained by thev_
white matter. As i;lustrated'in.Tab;e 1, the ganglidsides
GMl and higﬁer members are presentlto a greater extent than
the gan911051des G M2 ©F G M3* 17

The relatlonshlp of the: gan911051des 'to other gLyco-

lipids that occur in ti sues is, in part, presented in



Table 1. The ganglioside content in brain tissues of
R '~ vertebrates, reproduced from an article,. "Gang-"

liosides", by L. 8vennerholm.l73

- © Total NAN ‘ : - | o

T ’ -uglg wet . . . Distribution of NAN %
Material X weight ' G Gus . Goma (O Goie Gmﬁo‘ " .Gn Ga1
" Human A . . )
Cerebral cortex ECEEN , *
Fetus § months 300 . : ) . .
‘Newborn . 400 1.0 36 Lt 146 116 1.8 3
2.5 months-8 yr ) L : .
(6 cases) : 738 1.0 23 40 142 425 7. 189 3%
3-5 yr (7 cases) : 686 - : o ‘ R Y
8 yr 197 3.6 174 394 198 159, 2.9
44 yr 1.002 1.3 11.3 224 283 %9 5.9
T3 yr - 796 ‘ 1.7 12.8 22.8 25.5 32 - osa
. 60-90 yr (40 cases) 846 '
White matter . T
Newborn T 400 1.0, 6.9 1.4 19.1 57.8 2.1 34
2.5 months~ 2 . ) : ' o .
- 8 yr (6 cases) L &0 o 1.0 !.5 1.5 16.1 38.5 11.6 18.1 8.2
" 3-5yr (7 cases) - 269 '
8yr 3 1.7 20.4 429 12§ 16.0 5.9
44 yr 156 - 1.0 93 140 314 382 64
o - Miyr 191 o 1.9 126 184 .304 219 719
60-90 yr (16 cases) 312 ' St ’ .
Ox L
" Cercebral cortex” . N 940’ , X
L : 497 ¥ 20 15 39 15 2 6
White matter ) . 210
St X 102 26 s 15 20 4
Rat (adult) 1.047 . 1.2 < 130 321 20.3 27.3 6.0
“Mice . 640 I
" Guinea pig 425 - ..
Rabbit ' . . ‘
Cercbral cortex , 497 - -3 15 38 16 - 2 J
Hen - ~ 890 ’ '
. Chicken 590
Chicken embryos '
" 5 days 23
8 days ‘ : 119
13 days . 233
18 days - ' jl4g
21 days : . 605 . v
Chicken hatched 2 days . 660 : ) R )
Turtle | 220
. Shake ’ 320
Frog ' 220..

Fish 370
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_;Scheme 2. It is seen that, in addition to gang11051des,,

_lactosyl ceramide (Lac Cer) serves as a bulldlng unit of

~many different kinds of glycosphlngollplds. -
C. - Function of Gangliosides .
h 3 ' . .
R Receptor for neurotransmitters -

The presence of- at least one sialic acid“residue

appears to be'one of t requ1rements for many of the ob-

- served blologlcal functions of gan911051des.19 Since the

'gang11051des are, localized at- the nerve termlnals, it has

been proposed2 that these prov1de receptor sites for the

catlons, especrally the calcium ions. Also, it has been

found that there is a’ strong and hlghly spe01f1c 1nteractlon

"between gang11031des and serotonln.21 Beelde3~§erotonrnp

gangliosides have been reported to'bihd tryotamihe,‘lysergio,

acid diethyl amide, ergotometrine, strychnine and'bruc;ne;

[
all of which are known to affect the central nervous- system.

2. Gangliosides as cell-surface membrane: receptors
S . ,

The interaction between qangliosides;and a protein’

or glycoprotein is one of the most extehsivelY'studied areas

of gan911051de chemistry.

[

Van Heyningen flrstIerﬁEd that the gan911051de G

blnds cholera toxin and thereby blocks 1ts physrologlcal

-actlon.' Later, by chemical modification ‘and labelllng

l.‘
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studies, other independent groupszs"27 confirmed this con-

clusion. The toxin seems to be Vety'snecif%c for Gy, even
in the presence of other.'gangliosides.
Tetanus toxin (inhibitor of neurotransmitters at the
nerve terminals) was found to bind to the presynaptic nerve
P endinngeendvthis has been attributed to the p:esence:bf
.tﬁe gangliosides Gle, Gle,and Gle which are ricn in thesev
19,21

méﬂxanes. The maximum binding_of the toxin by the gangr

liosides requlres the presence of at least two sialic ac1d
re51dues to be attached as ollgomers~to the 1nner galactose
re51due of the tetrasaccharlde unlt of asialo G M1°

The blndlng capac1ty ef.gangllqs1des with toxins seems
to exhibit a,remarkable‘structural specificity. For example,
in contrast to tetanus tox1n, the blndlng of the sendai

“virus needs two 51a11c ac1d re51dues in the outer galactose

of the neutral_ollgosaccharlde axe.zg:M)Thls virus aggluti-

~

nates - human erythrgbytes. Since the egglutination is AN
inhibited by gangiioeides;zg the presence of the gangliosides
s indicated. Aisp, there are reports_which suggest that_

the receptor siteafor human and fibroblast interferon22 and

«

. botulinum toxin22 ,are boundfby‘carbohydrete portions of
~gangliosides.
Gangliosides are‘established to. -bind glycoprotein hor-

32,33
mones including the thyr01d s;;mulatlng hormqne,

luteln*glng hormone, human chorlonlc gonadotropln ‘and -
-, M o e  oeam e e _”~; w ) “ ,;:_ L -
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follicle stimulating hormone. This subject has reééntlyf‘
been reviewed by Brady et al. 16 and'by Kohn et a1.2‘/

/
/

A detailed study of the mechanism of gangliOSAde inter-
3
action with hormones and toxins. 1ndlcates a remarkabler//

e

Similarity in themgginonaCid sequenee- IR the receptor site of
these glycoprotein-molecules. - The available evidencel®
suggests that complex formetionlaCtivates the enzyme
.adenylate cyclase. Brééy and'Fishmanl6 have suggested a -

possible correlation between the adenylate c&clase activ-
ity and}the cell growth. A chanée in composition of gang-
liosides which hes been observed in many human cells may

make the adenylete'cyclase enzyme in these cells less sensi-
tiue tovundetermined physiologic stimuli that interact with
ganglioside receptors. These stimuli may be serum factoré

in substances secreted by cells that are involved 'in the

‘regulation of the growth of normal cells. 1In addition, mem-

“brane components on the surface of the cell could interact
specifically with surface ganglioSides”of another cell.

This a55001ation would lead in turn to a stimulation of

adenylate cyclase and the subsequent change in cell growth
Finally, it is of interest to note that the immunity

of the natural killer cell against "the viral "attack has

34
| - presence LIS Pmat v

reported that the treatment of these killer cells w1th anti—

Y

- beén’ related- to the presende [e} a51alo G

Ml!antibodyﬂresultsginca reduction.of themkiller T

cell'aCtivity~and'an-énhancement of the tumor growth.

- - .
Lo
PR

X7

It,has.been,_: )
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D. Disease

1. Cancer
A number of reviews have appeared in recent

years which show that oncogénic transformations may be
accompanied with changes in the glycolipids preSenf'on the
plasma membranes. In this regard, asialo-GM2 has been
implicated as a tumor associated antigen since it:could be
detected at the surface of certain tumor cells.39‘ Prelimi-
nary experiménts indicaté40 that the treatment of these
tumor cells with anti—asialo-GMZ antibodies completely
sﬁppresséd the tumor growth.

fhe~;imples§ member of the ganglioside family, asialo-
GM3 (8DGal (1+4)8DGlc=Cer) hés been implicated as a cell
surface marker of human neu-t;:rophils41 and found at increased
levels in human mylogenoué leukemia cells.42 The disialosyl

gangliosides GD2 and G have been characterized as tumor

43,44

D3

markers .in cells of melanoma and other human tumors.

)

Interestingly, an unusual fucoganglioside (fuco—asia‘lo-—GMl

with blood group ac;i&ity has been detected in highly

malignant-rat hepatoma cells.45

2.- - Gangliosidosis

A number_of_néurologiqa;_d;sopder§‘ére'a¢companied
"bY’é“diétufbahée'ih £ﬁé¥§aﬁg1idsidefpgt;ern in brain'tis-'

“j”shésifsf,éﬁe §f;th¢‘éaxiiesﬁ}discoveries is the "infantile
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Gy, 9angliosidosis" which results in the accumulation of Gyz

C ' o ; . 46 . o "
and-a51alo—GM2‘1n nervous tissues. Similarly, accumulation
of GMl (GMl gangliosidosis) resulﬁs in a neurological dis-~

46

order in infants. These storage diseases are due to the

absence of certain glycosidase enzymes which are involved in

the catabolism of gangliosides.47’48

3..‘ Cholera

it has been proven beyond any doubt that this

disease results .from the specific binding of the cholera

49

toxin to the ganglioside GMl'

E. Synthetic Goals

In order td better understand the biological éignificance
of'these gangliosides, an accep£able sUpply of these materials
is needed. The aVailability of these materials froﬁ biologi-
cal sources is very ;imited. Furthexmoré, the substancés are
often contaminaied by other members present in the same bio—
logical source and which cannot be removed by presently
available techniques,for separation. This is espécially a
serious problem in the immunochemical studies of gangliosides
with specific antibodies.50 Chemical synthgsis can, in many
cases, be expected to provide well-defined chemical struc-

tures. in adequate amounts.51
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With the above possibilities in mind, it was planned to

synthesi e the oiigosaccharides related to the atialo‘-—GM2

and asialoﬂ-GMl gangliosidés in the forms presented in .

structures 8 and 9. The purpose of the aglycon -(CHZ)B—

T . -)‘ ',

. H ’ ) .

MO \ ”R)FOOCN,
Asialo-—GM2 Hapten )

-

BDGalNAc(l*d)BDG;1(1*4)BDGlc-O(CHz)BCOOCH3

-~

coe

SO R g
(]

Asialo-GMl ngten

Oy
(*]

BDGal(1*3)BDGalNAc(l*4)BDGal(l*4)BDGlc-O(CHz)BCOOCH3'

COOCH, is to serve as a linking arm, as was demonstrated .

by Lemieux and coworkers for the preparafion of artificial

antigens52 and immun-oadsorbents.53

Structures 8 and 9
may be used for the preparation of immunochemical reagents

related to the.GMl and GMz ganglidsides as was shown by



" ~£em;eux et. al._
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for the preparatlon of antibodies spec1f1c

YT vy -

54 .

- -

-~ oL . B N

for Lew1s blood group determlnants. ot

R .
. e

-

-

F. The;§yntheticahethod§“ ST e

This section is provided in‘the form of an ohtlihe.of‘
'thé”synthetic program that . was followedib einoe this:pfb;.
cedure will sérve-as aAconvenient means to indicate the
'origihs‘of;the synthetic'methodologiee‘that were used

“in- the .overall program." Thush the llterature survey‘w111'“

' also serve to acqualnt the reader w1th the subject of- the

. .-

‘85, 56

It is to be noted that Shapiro and Acher” reported the .

total'sYnthesis of asialo-G 2 in 1973 The. procedure used

4
v e e .

1n thls pxoneerlng work 1s outllned in Scheme 3 jThe,use oﬁ
‘the d1chloroacetyl protectlng group in I waa haeed on.ea;—i
lier observatlons >7 whlch demonstrated that the presence
of powerful_electronew1thdraw1ng groups in the acetamido
function rendered the bromide .l more stable and less prone:
to reaction with neighbouring acylamino gfoup participation

in glycosylation reactions. >8

The diol II was employed be-
cause it was readily prepared and it was anticipated that
the Koenigs-Knorr type reaqtioh using mercuric cyanide as

promoter (known as Helferich condition) would provide selec-

tive'glycosylation of the equdatorial hydroxyl group. In

bt
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(CHan2CHy

346.°¢°"" v
HCNHCOICHaheCHy ~
1 \
CH:OH
v
OAc .
AcO Ac
y \ ~~Ceramide
"‘:9 AcD OA
B , .

Ceramide
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... Scheme 3
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,fact, the mlxture of g- Iinked dlsaccharldes III and IV was

~

obtained in 45% yield in 'a 3:2 rathxsg ThesevcouLd,be.sepa—
rated by columhlphromatography“on silioafgeltbﬁt,nO»yields
were reported;' klthough thersubseQUent steps involved inter- -

medlates that were not: Well characterlzed the structure of

‘ the target molecule a51alo G (X)could be establlshed by a

‘comparlson of the optlcal rotatlon and. the relatlve moblllty

-
n" -~

on’ 5111ca gel of . the synthetlc ‘material with that of the

natural glycolipid. " -.; f, ;' t L 5
" 'The ‘main c¢hallenge in terms of the synthesis of asialo-

+

Gy, could have been expected to be the establishment of

(1+4)g-linkage between the N-acetylgalactosamine and the

rgalactose re51due to form the term1nal dlsaccharldeoportlon.

However,_although a. number of comments can be found in the"

;llteratureGO regardlng the reslstance to glycosylatlon of .

the 4-hydroxy1 group of suitably protected galactose derlv—

atives, there does not exist any definitive information in

56

this regard. Shapiro and Acher expressed an interest in

the diol ,IT because for this compound the 4-hydroxyl group
is in equatorial orientation. However, as hoted aboye, the

axial 3-hydroxyl group proved to react only 1.5 times more

.slowly. On the other hand, it was demonstrated by Lemieux, -

‘Takeds "and. Chung®) that the 4~hydroxyl of the galactose

deriﬁetiVe X could be glycoSyleted'Qith~3t4,6etrr-9—aCety14

) 2-deoxy—2—phthalimido—B—D—gldcopyranosyl bromide (XI) to
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prov1de the (1*4) llnked g- dlsaccharlde XII in about 80%
yleld. Therefore, the react1v1ty of the 4—hydroxyl group'
.0f the galactose derlvatlves appear to depend rather on the

nature of the glzzps§lat1ng agent employed

800 chg

L' ) XJ'I

‘The use of g‘e phthallmldo bromldes whlch has been ﬂﬂﬂﬂﬂ
termed the phthallmldo method has since fourﬂ wide applic‘at.lon‘
and appears to be a very reliable method of ch01ce for the
synthe51s of a varlety of 2-amino-2- -deoxy- glyc051des
Recently, a comparison in terms of yield and stereoselec-

tivity was made62 with conventional sugar oxazolines63*65
and the advantages of the phthallmldo method\wxe dlsplayed
Since it was anticipated that the react;v1ty of the 4-
_hydrexyl group of éﬁifabiy blooked‘lacrosenderivative5nwould
be of the eame order as the alcohol X, it was decided

to prepare 3 4 6 tr1 O acetyl -2~ deoxy 2—phthallm1do—a B~
D-galactopyranosyl bromlde 32 which was requlred for the~
‘glycosylatlon of the alcohol 20 to- prouade the blocked
a51alo -G M2 hapten (33). This synthetlc strategy can be

appreciated by a consideration of the synthesis of the’

blocked trisaccharide g}.
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’>fhe required reagent 3r4,6-tri-9—acetyi—2—deoxy-2-
phthalimido-a,B-D-galactopyranosyl bromide (33) could have
been prepared from commercially aza}f;ble D~galactosamine
following the procedures.reported for thejgpreparation of
the correspondlng gluco analogue 66 However,. since b—
'galactosamlne is very expensive, allyl 2-azido-2- deoxy B—
D-galactopyranoside (gZ) was chosen as the starting
material and ~this compound_ was expected to Dbe
available by themway ofAthe azidonitration of D-galactal’
triacetate following the procedures reported by Lemieux
and Ratcliffe.67 Also, as will be seen later on, the allyl
glycoside (gZ) was an éttractive intermediate for the
synthesis of asialo—GMl hapten- (9). \

The choice of the allyi aglycon for'gz was to serve as
a temporary protecting group, which could be readily
removed under the mild condltlons that were reported by
69

Corey and Squ,G?,and usedﬂbyrg;gg apd Gent. [ ..The reductlon

ponor BN A

of the azide to amine and the protection of the functional -

groups, as seen 1n the 1ntermed1ate 29, was expected

70,7 o
to: be carrled out under the condntlons reported It

C was ant1c1pated that the removal of the o- allyl protectlng
group and the treatment of the 1- hydroxyl compound w1th_§_§
dimethylbromoforminium bromide (Vllsmerer bromlde) 72 would
provide the%desired phthalimido bremide 32.70

3

~
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As outlined in Scheme 4, it was ﬁebessary'td prepare

the alcohél gg.for condensation with the bemide gg to form
the intermediéﬁe gg._ In this tegafd; the staréing:material
was é—methoxycarbOnyloctyl R-lactoside (}§)l a.cpmpound whicﬁc
had élready been reéorted by Banoub and Bund;e13 by con- A
densation of B—laétose octaacetate with B—meﬁg;¥ycafbohyié
octancl in the presence_of stannic chloride. The preéaration
of.its 4',6'¥O—benzylidiné.acetal (}Z) could be‘anticipated.

: ‘ -
‘from the well documented procedures.74"

Acetylation
woﬁld then yield>the iﬁtérmédiate 18. Prefefential removal
of the 4',6‘~Q;benzylidene groub under ‘the conditioﬁs'
repofted by Metzner et a1.75 would provide the diol, the
primary hydroxyl of which could be selectively bénzoy— )
¥ated7§r76 to form the desired intérmédiate 20.

~ Finally, the condensation.of thefphthalimido bromide
(32) with khe alcohol ?g using silver triflate-collidine

61

complex was expected to provide the hlocked a_sial'o—-GM2

derivative 33.

Simi}ariy,-the strétegy in the synthesgs of aéiéio—GMl
hppten (9) can be illustrated by considering th!‘preparation
of the blocked asi’alo—GMl derivative £§. It was expected
that-the alcohol_gz could be converted to éhe 4,6-0-
benzylidene derivative 35 following well established‘pro; ‘

cedures.77 In fact, Lemieux and coworkers prepared78 the



*
4,6- o—benzylldene derrwmuye ‘(XIII)‘of B—methoxycarbonyl?
octyl\z-acetamldo-z deoxy- B—D—galactopyran051de in 73%

yleld us Bg a standard procedure.77' It could be expected

.that the glycosylatlon of 35 with acetobromogalactose under

vHelferlch condltlons would be successful»slnce a s1m11ar




4

3

L BN

.

e

I

compound (XIV), a product related ‘to the T antlgen‘

BDGa1(1+3)BDGalNAc, was prepared by Lemleux and coworkers

A g W N
under the above—mentloned conditions.

Cod far -
o LI

Since the phthailmrddhallde procedure for the prepara-

tion: of B- glyc051des of 2—mmno—2 deoxy sugars, as was men-

e

tloned earller, appeared attractlve, he plan was to con-

'vert the allyl glyc051de (36) to the phthalimido bromlde

(gg). The. procedure ‘outlined for the conversron of 27 to

gg would be,followed{ This would involve de-O*benzylldena-

tion of 36 followed oy deacetylation, reduction of azide to

amine)‘reaction of the amine with. phthalic anhydrlde and

acetylatioﬁ to form thé phthalimido glyc051de 40. Removal

of the allyl group69 and treatment of the alcohol with

72

vllsmeler reagent would then provide the desired reagent

-~ -

45. A' ~
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G. . ConformationalnAnaiysis SR =
As mentloned earller, gan911051des which are present

N

- ::: - on plasma membranes have been implicated both in intra-
.cellular recognltlon processes and 1n the blndlng of regu-
. .,p;;t_latogy“molecules.go It has been proposed that these ‘
processes are mediated through complex formatlon by binding
of a portion of the oligosaccharide of these glycolipids
with the reoeptor site, normally referred to as the combin-
ing site, of the biologically active agent such as an anti-

bodyyQtoXih:or’glycoprqtein:hormoge,7?

%
§

It can be expected
thatpthis binding is best achieved when both the combihing
site and the oligosaccharide portiohs are conformationally
weil—definéd complementary Structores; Since it.can‘be“
anticipated that the carbohydrate Iigands will be bound in

“ty

’ - a cooformation that is near that which is energetically
most favorable in‘aqueous solutions and since these cell
surface ollgosaccharldes perform their funct10n51n agueous

'env1ronments, an apprec1at10n of their most llkely solution
conformatlons is a prerequisite for a mean1ngfu1 1nterpre—;
tation of their_biological functions. Consequently,
experimental evidence is required to'provide information

regardlng the conformat10nal preferences of these oligo-

saccharldes and, as has been pointed out by Lemleux 80



enabled the measurement of a number of nmr parameters which-. --

27
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-~ modern high frequency nuclear magnétlc resonance (nmr)

spectroscopy can prove well suited for this purpose.'

-With the development of new synthetic methodologies,al’82

it is now possible to obta&n, through chemical synthe51s,

complex ollgosaccharldes in amounts adequate for nuclear
magnetic resonance studies. 1In addition, the avallablllty
of highly sophisticated computer-assisted high frequency
spectrometers, because of thelr great resolving power and
the high stability of the applied magnetic field, has
relate to the conformational properties of the molecple.
These include spln lattlce relaxatlon times (T1 s) and
nuclear Overhauser enhancements (nOe s) as well as chemlcal
shlfts and spin-spin coupling constants.

It is well recognized83 that an nOe is dependent not
only on the proximity of the proton observed to the proton
which'is‘satnrated, but -also on the immediate proton envir-

onment of the former. In rigid systems of known geometry

and in which the molecules are tumbling isotropically so
that the correlation time (Tc)is the same for every proton

vector and with intramolecular dipole-dipole relaxation



ﬂ.protonaln the molecule,.. .. . .

5' i | . | 28

predominating, the observed nOe for pro® d on the satur-
ation of s is well ‘approximated for the puriose of estlmat-

ing relative nOe's by the following expressy¥on:

O T . :

-

- e 1-5--,.f_v R

where Tis is'the distance between proton d and proton s
- »

and rdj7isfthe distance between‘prptqn:d andfeach’other

S r P a me 04 wiee® e W e . ®oas}
PP N B . - | . ‘ S ' ‘
< e . ’vd @ oY - @, B v 3w a0 wlo 6 % e trgtt LG .

.- ot “ Sed e et v

Under similar conditions, the spin- -lattice relaxatlon
time (T ) is also dependent on the env1ronment of a proton

and can be expressed as follows: .

(= oy
- [ T » . . r . .
Tl) constant c J#;

[ ' o L ) - ‘ . vt L

In order to gain an appreciation of nOe and Tl values,
it was necessary to generate the molecular structures in

the memory of a computer soO that relevant 1nternuc1ear dis-
K

tances could be convenlently extracted and used in calculatlons.

The hard-sphere exo- anomeric effect (HSEA) calculatlons

¥

(see below) appear to be_very useful in this regard since,
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to date, 1t has produced resukts-q excellegt agreement

w;th the conformatlon expected from the nmr studles of T

oligosaccharides dlssolved in heavy water.84 Thls is. per—’ -

“:haps remarkable since the procedure is arbltrary and

. a large body of experlmental data.

o @

art1f1c1a1 in many regards but, on the other hand, 1t en—'”

"compa_ses the least number: of assumptlons and is based-on

80

Even for oligosaccharldes contalnlng several ‘sugar

units, a suff1c1ent number of “coupling constants for

- -
PP o
& ®ra s

v101nal protons can normailynbe.measured sQZas to:}eave no

v e

: doubt as to the conformation of the pyranose rings. Thus,

the problem of determlnlng conformational preferences for

an ollgosaccharlde re51des in establlshlng 'the values of_

torsion angles deflned by v1c1na1 atoms about the ‘various

gY

glyc051d1c bonds.,,The tgr51on angles ‘are deflned as ¢. an}v

,,,,,,

ES

w as presented below.85 T
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The ?ronedure‘used in the HSEA calculatlohs for

s o ean-
: : - n g § T,
_)*|.» ceng oAl A~ ..a.

,estlmatlng GOnformatlonal preferences “of ollgosaccha-;iif,..)”A

“e L ea e s
R A A

'rldes .related to gan911051des"wxll ‘be -that’ descr;bed

80

 by Lemleux, Bock and- co—workers o for the B trlsaccharlde'

E I

r(BDGa1(1*3)[aLFuc(l+2)]BDGal—OR). These HSEA calculatlons“
_are based on the assumptlon that the sugar . unlts can' be -

. treated as rlgld bodles w1th the atomlc co-ordinates from
‘the approprlate crystal structures.v The conformatlonal pref-
‘erence for a gly0051d1c 11nkage is then gauged by taking

1nto account nonbonded 1nteractlons between atoms taken as

ke .

‘hard - spheres of approprlate van der Waal [] rad11 but 1nclud-

~o o

o L T

- E N -

ing a contrlbutlon to the relatlve stabllltles of- conformers

which differ only in their ¢ torsion angles and which arise

becaUSe7of .the exo—anomeric effect.8§ It should be realized

that a change in energy assoc1ated w1th a change in ¢ tor51on”
angle is due to- stereoelectronlc con51deratlons whlle that
assoc1ated with 1 tor51on angles is steric in origin. The

hard-sphere interaction-energyZ(HS) was calculated using the

Kitaigorodsky expression:

HS = 30,000 e 1399 - " )6

0.14 (d/do) " kcal/mole.

where d is the internuclearwdistance of two'atoms and dO L

is 1.1 times the sum of their van der Waal's radii.



The exo-anomeric effect (EA) for a and B anomers was

then calculated by the expre551on Synthe512ed by Th¢gersen'80

g Y

CeAP = T.66 EA® Keal/mole- . T T

where EA® = 1.58(1-c0s6°)=-0.74,(15c082¢°)~0. 70(14c“os'3'¢3)"+'jf
1.72 kcal/mole It is ev1dent from these express1ons that

' the exo-anomeric effect contrlbutlon is expected to be greater

for the 8 anomer.‘

It was our hope that the average minimum energy confor-
mation prov1ded by the HSEA calculatlons would explaln the _
oBServed nOe, . Tl' 13C- and lH -nmr parameters of the syhthetlc'
asialo-Gy, (8) and asralo—G M1 (9) haptens.‘ It was expected
that a comparison of the-]‘3 —chemlcal shlfts of 8, 9 and
i the“sodium salt of a—methYl»sialoside (10) with those of the
reported values for the natural: gang11051de5115 116 wotld_
provide -a knowledge regarding the most probable solution con-

formation of these molecules. Such a knowledge might be ex-

tremely useful toward an uhderstanding of the different bind-

ing specifiéities exhibited by various gahglioside molecules
| ' 30 "

with antibodies, toxins and hormones.
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S4 0 T- ST, DISCOSSION OF -RESULTS

A. Chem1ca1 Synthe51s ‘ t/,‘ .

S -

.

P =

1nvest1gat10n was to synthe51ze the trl— and tetxasaccha—u~'

I
-

rxdes -known - as asla,lo--GM2 and as-lalo—GMl in the form of the'

' haptens 8 and 9 It is expeotedtthat these<structures-w1ll‘”

prove to be of interest to immunochemical studies related

to the G and GMl gangliosides. However, the main objec-

M2

tive of this research program was to synthesize the struc--
tures and to study their conformational properties.
1. 8-Methoxycarbonyloctyl 2,3,6,2',3'-penta-0-

.a;ety1—6'—g-benzoyl—B—D—lactoside (20)

' \
Compound 20 was an 1ntermed1ate for the synthesas

of both a51alo—GM2 (8) and asialo- GMl (9) haptens. The

syntheéis-stagted.w1th commercial lactose<(}}) which was

converted to the‘B—octaacetate“(}2)"osfng a oubliehedmbro4

88

cedure. As was mentioned earlier, compound 12 was used

by Banoub and Bundle73 for the preparatioh ofl%§ in 60%
yield by way of condensation with 8-methoxycarbonyloctanol
(}4) in the presence of stannic chioride. Attempts to pre-
pare 15 in this manner failed. Instead of porsuing this

approach further, it was decided to attempt the preparation

by way of classical Koenigs—Knorrx reaction82 involving

As was. mentloned 1n the Intréductlon, the goal of thlS ‘
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51lver carbonate to promote the condensatlon of a- acetobromo-
| lactose (}3) w1th the alcohol (}5)* The bromide 13 was pre-
pared without diffrculty‘froﬁ the octaacetate (}g) in the-
'dsuai'wayao and the COndensation‘was performed in the'pree;
ence of anhYdronsrca}cidm-sulphate to absorb the'water'Whicb

is formed. in the  neutralization of the hydrogen bromide by

the silver carbonate.

B

The Koenigs—knorr reaction involving an acetobromo sugar
is well known to often be accompanied by orthoester forma-
tion.92 Indeed, the examination of the lH-_-nrnr spectrum
(Fig. 2a) of the product formed on reaction of 13 with 14
showed ev1dence for orthoester formation (15b) "The signals
at 1.7 ppm and 5 68 ppm are at pos1tlons typical for the
orthoacetyl and H- 1 of alkyl 1,2- orthoacetyl derJvatlves of
Agluoose.QB It is well knOWn94 that orthoesters can often
be rdarranged to the R-glycoside by treatﬁentdwith lewis
acids such as mercuric bromide. Treatment of tbe crude
product with mercuric bromide in toluene-nitrobenzene (1:1),
in fact, -caused the disappearance of the signale assigned to
the orthoester. This result is evident from a comparison of

the spectra in Fig. 2a and Fig. 2b The spectrum of the

*The alcohol 14 was a generous gift of Chembiomed Ltd.,
University of Mberta. For the preparation of 14, see

reference 91.



.35

8

(b)

IV )

Fig.2

!

400 MHz lH-nmr spectrum in CD_Cl3 of the mixture of

compounds obtained (a) in the Koenigs-Knorr reac-

tion of 'acetobromolactose (13) and the alcohol (14),
and (b) after treatment of the product with

mercuric bromide.
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crude'product is seen to be quite similar to that for the
‘pure,acétylated.Btgiycosidé‘(}?) Déaéeﬁylatioh of"tﬁe crude
pfoduct pruduéed }§ which crystallized from methanol. The
lH—nT; spectrum 6f this cbmpoﬁnd, reproduced in Fig. 4,
clearly éstabiiéﬁed.its identity and‘high level of purity.
Acetylation of }§ produced the authentic sample of the
hepta—g—acetyl‘derivative.(i?) whose ‘H-nmr spectrum is

13C

reproduced in Fig. 3. The -nmr' parameters for 15 were

identical to those published by Banoub apd‘Bundle.7%
Furthermore, a comparisop of Fig. 2b with Fig. 3 shows
that‘lg was the @qjor component »of the crude -product
ffom the-érthoester rearrangement. The yield of }§ based
on 13 was 60% and this'procedure avoided tﬁe use of
chromatograéhic pqrification.

gIt is.of interest to note that it Qas aiso attempted
to prepare }?Aby condensation of 13 with\}g‘under Helferich
conditions which involved the use of mercuric cyanide ‘as the
promoter. This provided a mixture of a and B anomers, as
was evideﬁt from the 1H-—nmr speétrum of the product formed
on de~O-acetylation, which showed doﬁbiets at'4.94 ppm
(J = 3.5 Hz) and 4.20 ppm (J = 7.8 Hz) (a:B=1:1.6) and
which are characteristic for o and B alkyl glUCOSideS-95

Separation of these anomers could not be achievgd either

by chromatography or by. crystallization.

36
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_The first step in the'conversion of the lactoside-(lgf
to its appropriateiy biocked derivative-ﬁzg) was to form
the 4',6'-O-benzylidene derlvatlve (17) . This vaS'readily
:accompllshed under the conditions’ establlshed by Evans77 ';
which employ a transacetalatlon between the alcohol and
"a a—dimethoxytoluene. . The product 17'Qas'obtained as a
colorless crystalllne materlal in 78% yleld ‘when acetonl—‘
trile was used- as. a solvent.-~ The use of‘g,grdlmethyl-
formamide as solvent led to undesirable by—products which
‘vere not further. 1nvestlgated

The lH -nmr spectrum'of the benzylldene derrvatlve‘lz
is reproduced in Flg. 5;‘f The relatlve 1nten51t1es of the

| Ry

.suyals .reguire the presence of only one benzylidene group."
It is well establlshed that the slgnal in the 13C-nmr '
spectra for the hydroxymethyl groﬁps occur'at 611 ppm.96

Iin fact, the lact051de (16) showed 51gnals at 61.27 and
60.45 ppm and the spectrum for 17 showed only one 51gnal at
this p051t10n of the 13C -nmr spectrum. Therefore,’one of
the hydroxymethyl groups of 16 must have been 1nvolved in .
the formatlon of the benzylidene group of 1%. That the
,hydroxymetnyl group is that of the galactose unit was flrnly_
establlshed by a comparison of the lH -nmr spectra of the .

acetyl derlvatlves 15 and 18 Y‘It is well known that the

" equatorial H~-4 of & galactose unit. is very weakly coupled ,

»
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to H-5. | Thus, the asSignment ofvthe'siénal foriH-4 ‘isu
normally readily accomplished. 5As.seenv¥n-Fig; 6, the j'
51gnal for H-4' is at 5.34 ppm In contrast, theisignal
for H-4' in the acetylated benzylldene lact051de (18) 1s
Cat 4.32 ppm. Therefore, the 4'-p051tlon of the galactose
ohit of }g must be }nvolved in,the benzylidene rlng‘aﬁd,
-consequently, }g must be a 4',6'—9—benzyiidehe derivative
of }ﬁg The compounéd }g wae prepared by acetylation of %z
in 90%‘yield. . | - h
The preparation of 29 from }g required'first the re-
mOVaifof'the behzyliQene proteoting group and the selective
‘hesteriﬁioation‘of the resulting diol 19 at the primary
.positipn. Treetment‘of 18 with 90% aqueous trifluoroacetic
acid’® cleaved the acetal linkage of the 4',6'-0O-benzylidene
ring}to,provide the diol 19 in_7§% yield. The lH—nmr spec-
trum of 19 is reproduced in Fig. %. It is known that the
:coupling‘of the hydroxyl hydrogen “to the vicinal protons
can be'observed‘prOVided the exchange of the hydroxyl
hydrogen is slow compared to nmr time scale In fact, for
the diol }g, the signals for the prlmary and secondary
Hydroxyl hydrogens were seen as a trlplet and a doublet at
5.02 and 5.12 ppm, respectlvely, which indicated that no
~acetyl migration had taken piace from the other g—acetyl:

- groups to the 6'-hydroxyl group. The coupling of
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—-hydroxyl hydrogen w1th H-4' caused the 51gna1 due to this
hydrogen to appear as a broad triplet, in contrast to the
normal broad doublet for this proton. Furthermore, as’
expected, the l3C—nmr spectrum showed two signals at 62.47
-andw61;4l ppm, in contrast to only one signa}‘observed for
18 around‘62 ppm. Thus;_the-lﬂ and 13C/“phemical shifts of
the atoms firmly established the assigned structure }? for
the diol.

The selective protection of the primary hydroxyl group
of the diol (}gj was achieved in greater than 80% yield with
l.l'equivalents of benzoyl chloride andvpyridine under mild

. £
conditions (-78 to -20°C) which provided the desired alco-

hol gg'as an amorphous material. The lH—nmr spectrum'of i
gg (Fig. 8) indicated the alcohol'gg to he essentially pure.
The relative intensities of the aromatic hydrogens re%%ire'
the presence of only one benzoate grouplng in 20.J The
chemical Shlft .of H-4' is 3.98 ppm and this establlshed
beyond any doubt the absence of ester grouplng at thls
position. Furthermore, by decoupllng experlments, the
signals for H-6'a and H-6'b were identified between 4,36ﬁand
4.26 ppm; which required the presence of‘the ester group at -
this position,- The appearance of hydrogens at 6'-position
at a lower field compared ‘to the acetates, as seen in acetyl—
ated‘lact051de IS, clearly establlshed the presence of

stronger electron w1thdraw1ng benzoate group at this

p051t10n.
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Thus, the desired alcohol intermediate - (20) was. pre-
pared in large guantities from the feadiiy available com-

“ mercial lactose. This reaction sequence involves eight

a

steps and, except in the last two steps, the use of chrom-
atographiclpufifiCation was avoided. Tha next task was;,
therefore, to preparé‘appropriately blocked phthalimido-

bromides for the condensatlon with the alcohol 20 1n order‘
m& o J\\"‘ .

o) accompllsh the sYnthe51s of a51alo -G (8) “and asialo-

M2
GMl (?) haptene.

w

2. Allyl 2« ?¥§$&2—deoxy~8 -D- galactbpyran051de (27)h
. , ,“ﬁﬂk** -
*  The allyl glycosx@g (27) was a common in{hrm@dl.

for the preparation of sultably‘protgcted phthallmldo bro-Ak
mides required for the synthe51s of blocked derivatives of

asla}o-GMzuand asialo-G

My haptens. It was eypeeted that 27
could be readily prepared via the azido bromide (25) as -

‘outlined in Scheme 6.
Lemieux and‘Ratcliffe67 have reportedﬁthe"preparation

of 25 from the mixture of a21don1trates 24 'obtained in the

~ o~

azidonitration of tri-g—acetyléD—galactal (23). However,
it was found that the purity of the acetylated galactal

_(23) obtained by a published‘procedure which uses a copper-

101

-platinum couple97 to reduce a-acetobromogalactose left
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much to be desired. Therefore, an investigation to improve
the_quality and the yield of g} was undertaken. ENeﬁ‘dxMthie
H-nmr spectrum of ;he‘cfhde préduct.(fig..9a) ihdicated-
that the major product was the desired tri—gfacetyl—p—
galactal (23), it was fbuﬁd to be contaminated up to 30%
‘'with undesifed Sidegproduc;s, as was estimated from the
relative intensities of the signal at 6.3 ppm due to H—i
. and the, acetyl 51gnals around 2 ppm. Theréfore, the dis-

Llllatlon of the crude product was attempted without much

success in significantly improving.the puri;y, Since it
had been reported. earlier byxkqth and‘Pigm;a'n98 that the use
of the less expensive zinc—coppgr‘éouple under buffered
conditions effected the transformation of a-acetobromo—‘
gluco® to the_adetylated glucal in good yield and high
pufity, the use of this reagenf to‘tranéform a-acetobrofo-
galactose (22) to 23 was examined. .Iﬁ‘fact, when the
pfocédure was fepéated, it was found th%t the product (gg)
was formed in greater than 90% yield aﬁd was more than 90%
pure (és indicated by the 1H~nmr’specttﬁm, Fig. 9b). (This

point*is illustrated in Figs. )3 and 9c where the ‘H-nmr
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a. the crude C@mpound 23
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from zinc-copper couple.
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com§§und 23 in CDC13.
obtained from”iinc-

crude compound g§ obtained

c. "the distilled compound
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spectrum of the crude preoaration of gg obtained using the
;inc—copper couple and that obtained for the material after‘
careful distillation ere reproduced. As can'be seen from
theee figures, the crude product was as pure as the distilled
material and therefore the crude 23 was subsequently employed
in the a21don1trat10n reactlon.

The azidonitration reaction was performed accprding
to the procedure described by Lemieux and Ratcliffes-7 which'
involved the reaction between 23 and ceric ammonium nltrate~
sodium azide (2:1) complex to provide an anomeric mixture
of 2—azido-l-nitrates 24 and N-acetyl-3,4, 6-tri—gfecetyl—
2 azido-2- deoxy-e D- galactopyranosylamlne(ggg) The ratio

of products 24 and 24a and the yield were in accordance Wlth

67

the reported values. "Purification at this stage by

chromatographynwa§ necessary in order to remOVe the unde-
sired product 24a from the nltrates(24x Treatment of the

-~ -

nitrate Q4)w1th lithium bromide and chromatographic purlfl—

\ »,

cation then provided the de51red azidobromide 25 (60%
vield based on the rnitrates).

In order for the azidonitration ;rocedure to become
more attractlve to thqglarge—scale preparation of 25, it was
necessary also to convert the unde51red gﬂe to the azido

bromide (25). If was hopedlrhat besides improving the .

vield, this 1mprQ&ement in ‘procedure would avoid the

P@%’ $

V.u,
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Q

chromatographic purification of azidonitration products;
q ‘ ) h

Thus, the hydrolysis of the labile nitrates on silica gel

could>be prevented. .' ’ : . »

In this reéard, it was found that the treatment of 24a

with g §—dimethylbromoform;nium bromide (Vilsmeler bromide)
converted it to the desired a21dobrom1de(25)1n near quanti--
tative yield, as 1nd1cated by the lH—nmr spectrum (Flg lOb)

- <
-of the crude reactlon product. .Consequently, thefcrude
¢

Ac OAc .
\/5\ Vilsme:er bromde
- CH,Ch o,
NaHAC .

L
4 - . -

azidonitration reactionlproduct was first reacted with
Vilsmeier bromide toc effect the conversionlof‘gﬂg to 25 and
thehﬁwith anhydrous lithium bromide to transform the nitrates
(24) to 25. 'After chromatographic‘purification, the overall
yield of the brom1de(25)was 1mpﬁfved to 40% based on aceto-
bromogalactose QZ)ln contrast to 16% yield obtalned by the
procedure whlch involved the distillation of 23 and chromat-
ogragplc pur.xf:tcat:.onofaz:.do-rx:n:rates.6-7 The nmr param- . -

eters and the phy51ca1 constants of the bromide(25)were'"
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identical to those féported bf Lemieux and Ratcliffe.sj‘
TPgF}H—nmr spectrum of the brOmide_}g§)'afté:_chromato-
_graphié purification is reproduéed.in Fig, 10c. Comparison
of relative inteﬁsities of signals of the'crude product with
pure bromide indicated the former to be more than 70% pure.
Consequehtly, the chroﬁatographic_pﬁrificatidn‘of the'gromide
wés avoided in an attempt to Empiéy ﬁhe crude product directly
in a Koenigs-Knorr reaction with élly1Jalcohol.

,Thelallyl 2—azidﬂ—z-dédxy—glycoside Zé was-prepared
fgom the crude azido-bromide 25 and allyl alcoﬁol by the
claSsital Koenigs-ﬁporr reécﬁion which inyolved the use of"
, silver-carbonate.asvthe_?romo%er. Anhyaroﬁs éalcium sul-
phate was included in the reaction mi#turé to,absqrb_thé -
water produced in the reaction as a result bf.neutkék}éétioh |
of the liberated hydrogenvb:ohide by silve;,CQIbpnaté;  “
Afterbdhroﬁatogréphic purificétion, 26 Qas obtaipe@maS'a
‘syrgp.in~29% overallbyield based on acetobfomogalaCtose
(22) (59% based on crude bromide). On the ofher hand, by’
éhéloyihg pure glycosyl bromide 25, the allyl glycoside 26
could be obtained in 75% yield. _Thé";ﬂ— énd4;3c-nmn spéctra
of this product (Fig. 11) clearly established ‘its identity
and a high levéi of purity. Tﬁe chemical éhing(4.4 ppm) ‘
and tﬁe cbupling‘¢0ﬁstant (J = 7;8 Hz) qbservea;for the

hnomérié hydrogen required the trans4diakial relationship
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N

of H-1 and H-2 and:oonsequently confirms the B-configuration
at the anomerio center. As expected,_the eignal for H—4
appeared at the lowest field (5.4 ppm)”compared to other
'ring hydrogens.. '

Finally;u the.de—g—acgtylation of 26 under Zemplen's
conditions using sodium methoxide in methanol provided

the desired allyl glycoside (27) in near quantitative yield;

. Crystalllzatlon from ethyl acetate—n—hexane provided 27 as

a colorless crystalllne solid whlch was 1ndlcated to be
*hlghly pure by lH-nmr (Fig. 12). The chemlcal shifts and
coupllng constants establlshed beyond any doubt the. assrgned

structure.

3. ‘3,4,6—Tri—91acetyl-2—deoxy-z—phthalimido-

a,B-D-galactopyranosyl bromide (32)

The~title compound 32 was requireo'for the conden-
sation with»tbeﬁalcohol 20 to accomplish the synthesisyof
the blocked: derlvatlve of a51alo—G M2 (33);_ As mentioned
‘earller, rather than to. attempt its synthe51s from D- galac-'
tosamine, the compound was prepared from 27 as outlined 1n
nScheme 7.

<h-it—seemed desrrable to prepare the phthallmldo glyco-
. side 29 from 27 rather than from the acetate 26 since the

1ntermed1ate O-acetylated amlne could give rise to 0 to N-

acetyl migrat;on with the formatlon of an acetamido group.

PN
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The reduction of the azide (gZ) to the amine (gg) was
carried out with hydrogenisulphidélin pyridine-triethyl-
aminelaccording to the conditions described by.L%mieux
and qo-workers.70 The crude product obtained seemed to be
the deSired'aﬁine as indicated by ité ldw4hdbility on tlc
‘and no attempt was made tovfurther éharacterize this
intermediate. 1Instead, the crude amine (gg) was convertéd
to ﬁhe phthalimido compound (gg) using published proced-
ures.—'r0 This involved first reacting thé_aminovgroup with :
phthalic‘anhydfide'to form thelg—é-CaIbokybenzamide defiv—
ative follo&ed by acety}aFibn wiﬁh,pgridiﬂe and acetic
anhydride to;effect‘the ring clésueras well as O- |
"5aéetyiation. After chromatographic purificétion, the
desired phthalimido glycéside (gg) wés obtained as an
amdrphéuévmatérial iﬁ'67%ﬂxéeld based on 27.

The ;H—nhr;specérum of gg is reproduced in Fig. 13.
.The':eiatiVe inténﬁities of'ﬁhe aromatié gignal require
the presence of only one bénzene £ing in the ﬁblecﬁle. Tﬁe

6-l't:o cause

ﬁfesence of the phthalimidO‘gropp was ex?ected
é severéunon—bonded deshiélding interaction bé§ween the -
carb-on% group of the phthalimido fun?tionsl3 and the axial
H-1 andv‘H—é atoms. In fact, it c;n‘bé seen froﬁ
Figure 13 that both H-1 and H-3 are deshielded by 0.9
ppm compared"to theirichemical‘ghiﬁﬁé:in.gg.' Thegmagnitude_

R
N
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of deshieldéng is so iarge that H-3 appears atheyen lower
field than do the olefinic hydtogens in'the ag;ycon. In
the case of the 13C—nmr spectrumA of ggﬁba_ehielding‘of “
2 ppm was observed for.both Cc-1 and C-3 as a. result
of the introduction of the phthalimido group at the 2-
poeition. | ‘ |

| As expected,_the allyl depfotection at the anomeric
center could be readily'accomplished‘under the conditieﬁs
described by . Gigg and Gent.69 This inyolved the isomeri-
Zation of the O-allyl to the Q—propenYIAgroup and the
hydrolysisg éf the labile propeeyl ether‘with an acidic
reagent. 69. The fgomerlzatlon of the allyl group ;as
carried out by treatlng 29 w1th a catalytlc guantlty of
tris- trlphenylphosphlne rhodlum(IIIZChlorlde 1n the presence
of a base, normally 1,4- dlazablcyclooctane, under reflux1ng
conditions. The progress of the reaction was eonVenlently
followed by lﬁ-hmr examination of the reaetion mi#ture
(Fig. 14); After 24 hours, the major ¢ompoheht in ﬁhe‘reac—‘
tion mixture was found to be the l~propenyl glyc051de (30)
(multlplets at 6.3 and 1.6 ppm due to H~1] and the hydrogens
of the oleflnlc methyl) The l-propenyl glyc051de §9 was -

then hydrolyzed w1th;mercutic‘chloride—mercuric oxide in

aqueous acetone to provide 31 in 80% yield.

L. &
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The lH—nmr spectrum (Fig. 15) 1nd1cated that the com-
pound; was an essentlally pure mixture of the a and B anomers
ip the ratio 3:7. The quartets at 6.4 and 5.9 ppm, each

with spacings of 3;5 and 7.5 Hz, are assignedftodthe H=3 -

proton of 3la and 318, respectively 5 The low field signal
is assxgned to H- 3 of the a~anomer since it is in _X_‘
diaxial orlentatlon with the hydroxyl group at C-1 and
consequently, it is egpected'to be at a lower field than
the'signal for H-3B8. It is interesting to note that the
anomeric hydrogens of 'the anomers haﬁo the oame chemicol
shift‘(s.S ppm)'in contrast to the larger chemicai”shift
valne (lower field) normally observed for tho‘énomeric_
hydrogens of a—as compared to B—galactosides’.95 Howeveff
this is not surprlslng 51nce, as mentloned earlier, the
anomeric hydrogen of- the B anomer 1s expected61 to be.
:strongly deshielded by the phthallmldo carbonyl group.
Finally, the de51red phthallmldo—bromlde (32) requlred
for- the glycosylatlon of the alcohol (20) was prepared by-'
reactlng the l-hydroxy compound with Vilsmeier bromide. 70
This provided a mixture of anomeric. bromides in'gﬁeater;
than 90% yield}as an amorphous material. RecrYStallizajn
tion from ethyl acetate-n-hexane provided.the B~bromide
32 which'was highly pure’as indichtéd{by»the,lﬂ-nmr‘spec—,
trum - (Fig. 16).. But, for the pu:Qose~of glycésylation

s
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: reactlons, the separatlon of the anomerlc bromldes was not
.necessary 51nce both the ‘o and B bromldes are expected61
to prov1de stereoselect1ve1y only the B—glyc051de due to

‘rkthe sterlc demand of the phthallmldo group

.l‘u ' 4.v“ 8&Methoxycarbonyloctyl 2-acetam1do-2 deoxy B~ -D-

galactopyranosyl(1+4) B-D-galactopyranosyl(l+4)—

B.D glucoPyranoslde~f- Asralo—G M2 hapten (8)

_The syntheeis'of'the tit&e.compound B'(see Scheme
'8) depended to a large extent'on'euccess 1n the establlshment
‘uf a [ glyc051d1c llnkage on reactlon of the glycosyl bromlde
3(32) and the alcohol - (20){50 form'33 De-Owacetylatlon
_followed by N-acetylatlon would then provide’ 8

| The condensatlon of thﬁ phthallmldo bromlde 32 w1th
'the alcohol 20 was carrled out accordlng to the procedure :
_descrlbed by Lemleux and co-workersG; whlch 1nvolved the
us:” of - 51lver trlflate collldlne conplex to promote the
reactlon.. After 18 h, examlnatlon of the reactlon mlxture‘
-by tlc 1nd1cated the consumptlon of most of the alcohol and-'
_;_the formatlon of a ernéle major productu. Purlflcatlon of< :
the reactlon pf/duct at thls tlme by chrbmatography prov1dedfhf.
:-,a major product as an amorphous mater1al 1n 64% yleld...'“ L

'Th lH-nnf spectrumrof the above product, reproduced

11n Flg. 17, 1n&ncates the compound to be essentlally pure



90+ 32 -~ AS03SCFy~Cokidine
& s e——————
LT~ ~ CHyNO7.=25°C o

33 - SriONa/CHyOM.

. ~ »(mc“;a_j—'-—.‘”'.‘ €20 s
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5.
A conparisqn of the. integralsktof_the signals between 7.0
and 8.5 ppm with that‘of the”multiplets around'5}9 ppm::
' requires the presepce of 9 aromatlc hydrogens. -Also, the
relatlve intensities of the ace‘yl 51gnals around 2 ppm '
accounted for 21 hydrogens, as expected for the structure
33. From a comparlson of thls spectrum w1th that ‘of allyl
.phthallmldo galact051de (29), it can be concluded that
.the quartet at 5. 9 Ppm (spac1ngs, 3 5. and 11 0 Hz) belongs
to H-3", '51nce thls hydrogen is expected to be deshlelded'
;by an adjacent phthallmldo group, The small and a large

B coupllng constants are 1n accord w1th the: presence of

S

syn cllnal (H 4") and antl—perlplanar (H= 3") hydrogen atoms.-

The 51gnals of the remaln;ng hydrogens in the termlnal

R hin 3
'galactosamlne re51due could be readlly/éstabllshed by

-4

"ddecoupllng experlments. On thlS ba51s, the broad doublet '
at 5 4 pPpm and the doublet at 5 32 ppm were a551gned to
. H-4" and H- l", respectlvely., Consequently, the . B conflgur—'
: atlonﬂat the newly establlshed glyc051d1c center 'was con-»
flrmed by the coupllng constant observed for the anomerlc
”‘hydrogen H-1" I 1" 2";= 7. 8 Hz) ‘as. expected for a grans—
d1ax1a1 relatlonshlp between H- 1“ and H- 2".4 Furthermore,ﬂ
13

,in‘ -C—nmr, the appearance of the 31gnal for C- 4' at'

'75 42 ppm flrmly est:bllshed that the glycosylatlon had
1

' 1ndeed taken place at t 1s p051tlon. Thus the H- and
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13C -nmr spectra are in accordance w1th structure 33

The remalnlng steps 1nvolved in the conver51on ofv33

to 8 were relatively stralghtJforward; This 1nvolved first
the removalpot the O- and N-protecting groups. As expectedf
;Jthe,deeg—acetylation and the defgfbenzoylation of ég to
‘wprouide 34 was achieyed under Zemplen's conditions with
sodium methoxide in anhydrous methanol in'near'quantltative
pield. As ev1denced from the lH;nmr spectrum of crude 33:
lFlg. l8), the phthal;mldo group remalned 1ntact under
{;these'condltlons. The phthal;mldo group was readlly re—
moved by the transamldatlon procedure u51ng hydra21ne
‘ hydrate accordlng tb the condltlons establlshed by Bund@%
and. Josephson.g?: —Apetylatlon of the crude amlne with
acetlc anhydrlde and the purlflcatlon of the\groduct pro—a f
| vided a51a10gﬁwf hapten as a colorless solid in BO0% over—'f
all yield based on 33. | S ; o B
" “The 1H—nmr spectrum of 8, whlch is reproduced in

Fig. 19, establlshed 1t§ 1dent1ty and the hlgh leVel of
'purlty. A descrlptlon of the a551gnment pf the 51gnals in

1 13,

: : L
the "H- and . C-nmr spectra of 8 (Fig 20) is- presented in

the latter part of thj the51s whlle asses51ng the confor—

matlonal preferences afthls trlsaccharlde. The p01nt that

v

. o :
needs to be empha51zed here is that, as expected, all threeu

anomerlc hydrogens have chemlcal,shlfts between 4 4 and

&
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4,? ppm and the oouplinﬁ”constanteuare all about'7 8 Hz.

v’."Thue; the B—conflguratlon for all the glyc051d1c centers

is 1rm1y establlshed It 1s 1nterest1ng to note that,

as ‘the result of glycosylatlon, the 51gnal for H- 2' of

the 1nner galactoselre51due 15-51gn1f1cantly shielded by

about 0.2 ppm from that.observed-in'a normal methyl B-
galactos;de.9§ As wili be discussed;later, this ghieldipg

of b-Z of galactose is observed in all compounds having a
gbGalNAc;ubit'at the 4-p05ition; Finally, in&;he 13C:nmr ;

spectrum, all three anomeric carbons appeared etween 102

a

and 104 ppm wFlCh is typicail of the- carbons 1nvolved in

AB—glyc051d1c'llnkages.96

The glycosylatlon, as expected
_deshlelded both of ‘the aglyconlc carbons of the 'sugar reel-'
dues; namely, C 4 and C 4" by about 8 ppm. _

The synthe51s of asialo~G, 2 d1d prove tbat the- 4'
hYdroxyl-1s,fa1rly‘react1ye, 1n3coﬁtraee-to what has been}
reported:in'the iiterature,ag provided a proper ehoice.of

.the-g;ycosyl donor is made. It is expeoted'that the syn-
A~thetic material.will<be'ueed in:the near'future”to pre;o
pare 1mmunochem1cal reagents related to’ GM2 gang11051des
and, as mentloned earller, espec1ally in the productlon of. jf/
:antlbodles dlreCted towards the ollgosaccharlde portlon of

a51alo~G which may prove useful for the detectlon”of'cerf '

M2
ta1n tumor cells
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"

5. 4'6-Di-0—acety1—2-deoxy-3-0—(2-3‘4 6-tetra-

O-acetyl-B- D galactopyranosyl) -2-phthalimido-

»

o, B-D- galactopyranosyl bromide’ (45)
i
. . ) l :

As,indicated in Scheme 9, the'phthalimidb-bromide 45 1
was required for the glycbsylation of the alcohol 20 to

-

’ accompllsh the synthe51s of a51alo G 'hapten (g).:'The

M1
allyl a21doglyc051de (gZ), whlch ‘was an.intérmediate in the
synthesis Qf asialo-GMz,ﬁapten (§)r wgsvchosen és.thérstaft*‘
ing material‘énd converted to 45 by the segquence of reag-
tlons shown. | | | |
| The synthesis" ;tarted wath the preparatlon of” the
4,6-0- benzylldene derlvatlve of the a21doglyc051de 27 to
prov1de §§. This was readl;y aqh;eved by Evans' procedure77
which involved a t:ansacétélétipn reaction of tﬁeA§l¢0h01
27 with'a,Cvdihé%h6XYtdluene iﬁ the presence of a catalytic
Quantity ofug—toluenésulphbnic.acid.:~This providéd.a séiid
‘whlch crystalllzed from toluene 1n more than 79% yield

, The lH-nr_nr Zpectrum of this materlal, reproducgd in Flg 21,

indicated a%\high level of purity. The relatlve intensities
: > )

of ‘the sighals reguire the'brésgzz%-of_only onefbenzyiidene 

«ring in the molecule: The double% at 2.59 ppm (J = 3.5 Hz)

dlsappgi;ed on egphange with deuterlum oxlde Thefefore,,
i X
g

this si alAcan be a551gned_to the secondary hydroiyl.group,
) ' ' ‘L T ". o ’
Y



77
L 3
- ’ ’ . /‘ .
3
_ PRCHCH, ), ADD3SCF3-Colidine
\ O  ThCN CRND; =25¢C
‘ - ———
\ . - - S
(DCF3COOH CHCI2 CNEONJ TH,OM
oC -
(i) Ac 0-Pyridme
¥
HaS Py-tiN (IPhthatic anhy (1eq) )
® ’ Pytigine e
w () Ac20-Pynidme ’ g Oy
, 19 -]
® Prah RN CI o
BCO e q ; .
- . . ,.»”
. . ) . . B * .
Vilsmeiet bromide R \—/
c9u.dme.CN3C'a ) ' ,
2 [N
[}
: [ 3
& 4 ’ ) . .
. N Scheme 9 . )
iy ' IS ¢ ' ’
! .



78

Do s o .
S &

..nauao uy mm vc:om&oo uo..esuuo,wmm u._..‘_.r.:_H ZHW .ocr S 1z *bra -

—

,/1 - TT Ty Y .-.-“ LANE R NN A 2 -..- Ty —qu <.<.q LA - -,- . . - 3 . $ « , . ..
, " N A " B e T T VYT TrTr-v — | ZIR B N g n § -y T
| ] . . rTryY — rrrrrrrTT ®
| . | . . ) - - } : e
, ) .
. : B

i



1;b | ' - . ST t_. 79

s

This hydrok?l‘hydrooenlwas’coupled to the multiplet at 3.56
.ppm since, after deuterlum oxide exchange, it had oollapsed to a
-quartet (dd, J = 11. 0, 3.5 Hz).. In v1ew of the spacxng,
vthe hydroxyl group was at the 3—p051t10n. Therefore, the
product obtalned in the above transacetalat:on reactzon was
the 4, 6-O—benzy11dene derlvatlve. This, 1s-1n acCordance
with. the observation thatv the hydrogens at the 4- and. 6-
p051tlons are deshielded by about 0 3 ~-.0.6 ppm relatlue to’
'-thelr,p051tlons 1n,the'spectrum of the startlng materlal
The struotural'aSSignment of g? is also conflrmed.by 1ts
13C-nmr spectruml As:mentionéd earller,'lt is known that‘
C-6 of B- D-galactopyran051de% appear around 61+1 ppm. In
fact, for compound 27, the signal for C 6 is observed at L
, .60 26 ppm whereas in compound 35 C~6 is at’ 69 ppm. Also,,<ﬂ'

the 1ntroductlon of the benzylxdene group“led;to deshield-'

»
3

;ng of H 4 by about 7 ppm.»?'
k The next step wag to glycosy;ate the alcohol 35 W1th

a sultably protected u-D—qalactopyranosyl bromlde. Lemleuxf'

Baker aﬁdfﬁatcdlffe 8. ‘f V“,_;

N

,ld8, in greater than 70% yleld, a product a
antlgen (BDGal(l+3)uDGalNAc-OR) é'

_qwn as\%he Helferlch modlflcatlon of the

Q . .

49"

_ _ R
. . T - A .
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pxomoter.' However, when'. the c%?densatlon of 35 w1th the
bromlde 22 was’ attempted Ja complex mlxture of. products was
'uﬁbtalned and thelr separatlon proved very difficult. A major

. product was 1dent1f1ed ( H—nmr) ‘as 2 3,4, G-tetra Oracetyl B~
D—galactopyranosyl cyanlde (22b) In add;tlon, two dlsac-'
charlde products (36 and 36a) were obtalned in abog% 50%

total yleld \The'lH-nmr spectra of these two compo&nds,

) reproduced in Figs. 22 and 23 1nd1cate a high, level of pur— _
ity. The presence of only one benzylldene and four acetyl o
groups is 1nd1cated, The spectrum'forAcompound §§ (Fig. 22)
'shows doublets at 4.8 ppm (J = 7.8 Hz) andf4f33 ppm (J =

7.8 Hz) (Table 2)'which were\aSSigned to H-1' and Hvl and
confirmed by decoupling experiments. The'coupling constants
requlre the B conflguratlon for both of .the anomeric centers.
Also, the ;3C -chemical shlfts of anomeric carbons (101 Z\ppm
and 100. 8 ppm)(Table 3) support’ th1s conclu51on.

The presence of'only one 51gnal in the lH -nmr spectrum

n

o of 36a in the reglon typlcal for an anomerlc hydrogen of a

B-glycoside; namely, that at d4.4.(J'= 7.8 Hz)(Flg.'23)'sug—
gested that the newly fermed gdycosidic bond was in the o-
configuratlon. Thls was best establlshed to be the case. by'
examlnatlon of the spectrum (Flg 24) of the product (}Za)

“.obtalned on de—O—acetylatlon. A 81gna1 typical for an ano-

meric hydrogen of an a-glytoside was now evident at 5.11 ppm-

A\
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(J =.2.7 Hz). Consequently, the structure of this product )
‘ 2) - : te of this

as'an oa-glycoside could be assigned. Tt is well known®?t

.- ' . a. . : . [ ! i 'f‘ . ' .’ .

that the Helferich conditions often lead to the. ormation

_ of'an appreciable:amount'of the a-glycoside. ome of the
. t N 3 .'

H—nmr parameters of 36a are very striking (see Table 2).

~

’

For example, as compared to H- 5' of 36, H- 5' of 36a is

~ o~

’0 61 ppm to hlghé& fleld Also, one of the acetyl signals °
appears at- a; unusually high fleld (1.45 ppm) . . These
:anomalous values undoubtedly requlre these hydrogens’to be
Tln the shleldlng reglon of t%e phenyl group and thereby
<conf1rm the conformatlonadrawn in Fig. 23..

v

Thus,.three major products (ggc, 36 and 36a) were
formed under Helferlch condltlons and the yleld of the ’
_deslred compound (36) was far from satlsfactory Instead
of pursulng this reactiOn further, attention was turned to
making glycosides by another modification of the classical
'Koenlgs Knorr reactlon. ’

Garegg and Norberg100 described a procedure where they
demonstrated that the condensation of 2,3,4,6- tetra—O—
benzoyl a-D- galactopyranosyl bromlde (22a) with a varlety
of 'sugar alcohols, promoted by 51lver trlflate -collidine
complex,61 provided excellent yields of B-linked galacto-
sides. These results were considered to be due to the

w -
better participating ability of a 2- benzoate group in the

\
~



o~

' course of. the 919cosylatlon reactlons.' Indeéd when the

ucondensatlon of the azido. alcohol 35 w1th the benzoate 22a
. ’ v T
) was»performed the des1red product (36c) was obtalned, after

'chromatographlc purlflcatlon,‘ln greater than 70% yleld as

one 51ng1e ma]or product The lH—nmr spectrum of 36c,

B SR V)

. reproduced in Fig. 24, conflrms the B—conflguratlon at both

t
of: the anomerlc centers as the 51gnals for H-1' and H=-1
: . " .

appear at 5. 14 and 4. 28 ppm, respectlvely, each with a

couollng constant of 7.8 Hz. ;5

In order to better. eva{ﬁate the above condensation

procedure, it was dec1ded to perform the glycosylation of
35 with acetobromogalactose aud compare the yield with that

obta1ned with benzobromide 22a.' In fact, 22 also proved. to

~ S

be asta«mﬂlent a glycosyl donor ‘as the benzobromlde 22a

~ o~

and provided -the desired glycoside §§ in greater than 70%

yield. The structure of this product could be readily

ascertained by a .comparison of its lH-nmr spectrum with that

of the sample obtained by way of the Helferich reaction.

3

‘Thus, in .our hands, both acetobromogalactose (22) and

benzobromogalactose (22a) proved suitable forlthe glycosyl-

ation of-§§. Since 22 ;could be'prepared101 more easily

from the commercially avazzable D-galactose, it was used

to prepare large amounts of 36. ot
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.. As mentioned earlier, it was necessary to‘remove the
ester _protecting groups of 36 before the reductlon of the

a21de to the amine since the 1ntermed1ate amlno acetate

L

‘might undergo O— to N- acyl mlgratlon w1th the formatlon of
a stable acetamldo group Two sets of experlments were
then performed oné in’ which the 4, 6 O benzylldene group
was removed prlor to- reductlon of the azide to amine group,
and the other in whlch removal of the benzylldene group

was accompllsied a%ter the formation of the phthallmldo

)

group.

“in Scheme 9, the 4,6-0-benzylidene group

d with aqueous trifluoroacetic ac1d75 and

Asvpre
of<§§ was re
the resulting.product, on acetylatlon, provided 37ras a
colorless crystalllne SOlld in 80% overall yiéld. The struc-
-tural 1dent1ty and purlty was establlshed from its 1H—nmr
spectrum (Flg‘iZS) De—O—acetylatlon of 37 with sodium
hmethox1de in methanol then prov1ded 38 in near, quantitative
yield. The lH —nmr spectrum (Flg 26), as expected show5' [N
51gnals for theianomerlc hydrogens at 4.4 and 4.6 ppm (3 =
7.8 Hz).' The two weakly coupled signals expected for the
hydrogen at the 4~ and 4'-positions are readlly identified
at 3 85 and 4 lO ppm, respectlvely, by comparlson of these.

shlfts with those for the H-4 atoms of B- D-galactopyran051de

and methyl 3-O-methyl-R- D.galactopyran051de.lo2 It 1s:
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\
 interest1ng to note that thls corresponds to a deshleldlng
" of H-4 comnared to H- 4' Ry 0,25 ppm and this- dlfference was
'malntalned in all compounds haV1ng 8DGa1(l+3)BDGal -OR "
structure in whlch the - groups present on 4- and 4'-oxygen '
atoms were the same..h-v - ‘ R ; .

N The'reduct;on,ofltheWa?ide (38) witthyarogen'shlphide7q
provided‘the desireo'amine (593._'The structure was confirmedd

by its lH-— (Fig. 27) and 13C-nmr;spectre; The crude amine

was treated with' 1. l equlvalents of phthallc anhydride to
form ‘the N- 2 carboxybenzamldo derlvatlve. Subsequent treaf—v
ment with acetic anhydrlde provrded acetylated allyl

| phthallmldogly0051de (40) in 62% overall vield after chror

matographlc purlflcatlon. ZThe material cryStalllzed from

B

ethanol.

The presence of a phthallmldo group in 40 was evident
from 1ts 1H ~nmyr spectrum (Flg 27). A comparlson of this
spectrum with that of 37 1ndlcates 51gn1f1cant changes in

<

the chemical shifts of all protons whlch are in the proximity
of the phthalimido group. Of-these, the most notable are

the signals for H-3, H-1 and §-2 which are deshielded by
about ‘1.2, 0.9 and 0.9 pgm,_respectively,’and these'obsefva-.
tions are in accogqancelﬁith expectations.§l~ In'contrast,
thé anomeric hydrogenﬁﬂélf.and_one of the acetyl signais’°

are shielded by about 0.3 ppm as' compared to correspondind

o
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1
chemical shifts for-gz. In general, the 1H- and lBCfnmr'
parameters of 40 are in good agréemenf with those expected.

As stated earlier, .an attémpf was made to prepare 40

from 36 via the benzylidene glycoside 41 as is outlined in

[ N X ' t

Scheme 10.

S PyoEt,N
— (IPAthatC onty (1190 )
‘Pyrigine

' ' B ‘ , ' (-!Ac,o-’yuem
A 3 Ac .
: ° OAc 0 )
C#:COOM TH,CIy . : el o
O e Ac . .
20 NG = o
Aq Pynne - A

4

Scheme 10
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Thé de-9—acety15£ion of 36 to fofm S}; the reduction of
thé azide to the amine, and the cohversion of amine to 42
was"achmplished as described earlier. - But this procedure
provided pure 42 (the lH-nmf speétrum is rgproduced in Fig.
28) in only 45% ovérall yiéld. Treatment of ﬂg wimh‘aque—
ous trifluorcaéetic acid and the ééetylaﬁién of the cxude
product prov%ded, after chromatographic purifiEatiéﬁ, the
desired hexaaéetéte g9 in 80% yield. Thus, the latter pro;
cedure provided 40 in slightly more than half the yield of
that obtained by the procedure outlined in Scheme 9. Conse-
quently, the former proceduge involving the intermediates
32 and §§.was used for large-scale preparation of 40.

Returning to Scheme 9, deallylation was accomélished
using the procedure,aescribed for thefpreparatibn of phthal-
imidogélactopyranose compound 3}.froh.gg; The isomerization
of thévally1 group of ﬂglto 1-propenyl to form 43 was
effected with EEE?triéhenylphosphine rhddium(IiI)chloride
in the presence of l,4-diazabicyclooctane under refluxing

s 9
condltlons,Q

The ratio of 40 to 43, after 24 h, was 84:15
as was estimated from the rela£ive inteaiities of.signals

for the H-1 atoms of 43 and gg present in the reaction mix-
‘ture (Fig. 29). This ra£i0~did not change widﬂ loﬁger reac-

tion time and therefore the mixture was treated with aqueous

~mercuric-chloridé solution to seléctively hydrolyze the

8 .
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prépenyl'ether*(ﬂgj. This procedure provided, after chro-
maéog;aphiq sep§£§tion, the desired 1-hydroxy compound ﬂf'
in 84% yield. Wighout furthgr characterizatibn, when re-
quired, compound ff was converted directly to the bromide‘
f? as described below.

Treatment of gg.with'i.l equivalents of Vilsmeier
bromide providéd the desired bromide 45 in greater than

~

0% yield. The 1H—nmr spectrum (.Fig. 30) of the produét

indicated the bromide 45 tb be a.fairly pure_mixﬁure of
the o and B anomers. The—u:B anomeriq,fatio was estimated
4to.be about 1:2 from the relative intensities of signals
-~at 6.5 ppm (J = 3.5 Hz) and 6.1 pm (J = 9.5 Hz). As
pointed out by Lemieux and‘co-worke'rs;,.61 it was not neces-
éary to separate £he angkericABromidES'as both were expected
to provide only the B-glycoside on condensation with the

alcohol 20. Consequengly, the crude mixture of bromides

45 was employed.
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6. 8—Methoxycarbonyloctyl B-D-galactopyranosyl-
(1+3)-2—acetamido—2¥deoxy—B-D-galactopyranosyl—
(1*4)-B—D-galactopyranosyl(l+4)—B-D—glucopyran—

oside. Asialo-GMl hapten (g)

After phthalimido bromide 45 (Scheme 9) and the
alcohol 20 (Scheme 5) were prepag in adequate amounts, the
~~ & A 7
remaining task was to synthesize the asialo-—GMl hapten (9)
. . ! — ~

- as odtlined in écheme 11.
) The condensation of 45 with 29 was carried out with
»siiver triflate—collidine~complex according to the procedure
described by Lemieux and cb—workers.61 After 24 h, examina-
tion of the reaction mixture by tlc indicated the consumption
of most of 20 and the formation of a .single major product.
Chromatographic purificaahon then afforded a colorless
amorphous substance in 64% yield.

The lH—nmr spectrum (Fig. 33) of the product required a

high level of purity.~ As expected for structure gg, inte-

.

gration showed‘the presence of 9‘hydrogen atoms in the aro-
matic region (7.4.to 8.1 ppm) and 11 acetyl signals (33
hydrogen atoms).. The signals for the 28 sugar hydrogens
appeared between 3.3 and 5.5 ppm, and the assignment of most
of them could not have been achieved without the availability
of the high fiela spectremeters. indeed, the resolution and

dispersion of the hydrogen signals were sufficient at 360 MHz
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. A903SCFaColiane
43 +20 CHNO;.-25°C

r

47 (INH2~NH 40 -MeOH
(WCH0H=A 5

._Scheme 1
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to alloQ selective decoupling of signals to~c0nfirm the struc-
| ture of 46. |

A comparison of the lH-—nmr‘spec_i__:rum of 46 (Fig.'33) with
those of the allyl glycoside gg.(Fig: 29) and the alcohol 39 |
(Fig. 8) shows that the signals at 5.44, 5.24 and 5.12 ppm
can be assigned to H—4", H—4J', and H—3 and H-1", respective-

s

ly. The coupling constant (8.0 Hz) of the signal.for H-1"
requires an anti;periplanar relationship between this atom
and H-2".and confirmed the B configuration for the newly
established glyc051d1c center The chemical shifts of the
remainihg hydrogens could be assigned'from the decoupling
experiments and the estimated chemioal shift values are all
=well in accordance with those expected for gtructure f?
Furthermore, the 13C-jnmr chemical shifts, especially for the
anomeric;carbons,-were’in excellent agreement with those
expected for a typical B;galacto- and glucopyranoside and
supported the above structural assignment ﬁ However, since .
the structure of 9, derived from 46, was firmly established
the presentation of these data in detail is considered super-
fluous.

| Removal of'theiacetyl and benzoyl groups of 46 under
Zemplen conditions afforded 47 in near gquantitative yield.

As usual - the phthallmido group was then removed using

hydrazine.99 The crude amine was not characterized.

e S SR 4 T S
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Treatment withjacetic'anhydride in methanol followed by
purification On;a P-2 Bio-Gel column afforded a'eolorless’
solid in 85% overall yield (based' on 46) which was charac—
terized as the de51red asialo- GMl hapten (g); .

The lH ~nmr spectrum of ? is rep;oducedAin Fig. 54 and
some of the parameters are presented in Tabie'4"aiong'ﬁith.
- those of structurally related compounds. It is eeen that
doublet signals for all four anomeric hydrogens are present
'between 4.3 and 4.7 ppm The coupling constants of these
51gnals (7.8 Hz) confirm the presence of B-glycoeidic link-
-ages._ Comparison of this-Sbectrum with that for asialo-GM2
hapten (8) shows the expected similarity except for the

signals arising from the terminal galactose unit of 9 Thej
weakly goupled equatorial H-4's of the three galactose hnits.
were identified at 4.16 (H-4'), 4.10 (H-4"), and 3.85 ppm
(H~4™). The two,high field signals at 3.44 and 3.22 ppm
were assigned ‘to H—2fhand H-2 by a cémbafison of their chem-
- ical sﬁifts with those for compound 8. The spectra for the
remalning hydrogens were too complex to be analyzed "The
:ljc chemical shifts for 9 (see Fig. 35) are in #ccordarnce
.with the structural assignme5£i This will be'explained'in
detail during the discuseion of the conformational analysis
of ?_in the next,part of'the thesis.

It is hoped that the syéthetic cempound will brove use—

ful for. the preparation of immunochemical reagents related -to

gangliosides. . e T
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B. . Conformational Analysis of the Oligosaccharide

Portions of Gangliosides Gy, and Gy )

HaVing-synthesized7the-oligosaccharide'poftions of
asialo-G M2 and a51alo—GMl, it was p0551ble to subject these.
compounds (8 and 9) to detailed analy51s by lH and }3C—nmr.

T order to assist"ln the 1nterptetation of data{fcom—.
ponnds 48, 51, 52, 16, 50* and 49 were also examined. It , -
is seen that‘compounds 16, 50 and 49 éontain,the‘three di-

saccharideeunits that- are present in the tetrasaccharlde 9.

P P .

The conclu51on reached as to the most probable conformatlons
for,g and,g will then be applied in'an attempt to assess:
the conformational preferences fof the.related gangliosides.
Throughout thts section the sugar units present in g‘will be
labeiled a, b,'c and:d (terminai‘BDGal);ano these designa-
”éiéﬁs will‘belmaintained for the oomparable unit in the mote
simp;e model oomponnds. .Itfis.expected that‘this prooednre
yillfhelp.the teader tosappreciate the inte:pretation of

the nmr data.
1. The Assignment of the lH—nmr Chemical Shifts
«b,
The chemlcal Shlfts and coupllng constants that

could be determined for the compOunds are presented in. B:4~:'

Table 4. The spectra for therligosaccharides are

* This compound was klndly prov1ded“hy Dr R.me-Ratcllffe,~m'm ~

e W e Wt ‘.a\. 4-‘-.5 I Y LS O »u'&» .o---s-’.‘.. .

S N TTe Tt et re e P . .
BT A R P r e A, e w . - . - e - P
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111

Comparison of lH-nmr Chemical Shifts* and Coupling Constants** (in paran-

thesis) of Some of the Hydrogens of the.Oligosaccharide Portions of Asialo-

G2
with Those of

BDGalNA&:—OCH3

and Asialo-GH

COQCH3 (8) and BDGal(1*3)BDGalNAc(l*l)BDGal(l*‘)BDGlC-O(CB

{52), 8DGal{1+4)BDGlc-0(CH

the Model Compounds BDGlc-O(CHz)8

2's

1 Related Haptens, BﬁGalNAc(l*l)BDC&I(I*‘)BDGlc-O(CH

2'8”

2) gCO0CH (9)

COOCH, (48), BDGal-OCH, (51),

COOCH, (16), BDGalNAc(1+4)8DGal-

(50) and BDGal(1+3)BDGalNAC-OCH,CH,CHy (49).

0(CH,) gCOOCH
Hydrogen '
Sugar Unit atom !E 51 §3 lg §9 fg § 2
8DG1c B-12 4.45 4.43 4.43 4.43
(B.3) . (8.0) (7.7 - (1.7
H-2% 3.26 3.25 3.24 3.24
(9.6) {8.5)  (B.2)
8DGal H-1P 4.31 4.40 4.32 4.39 ° 4.39
(7.8) (7.7)  (8.2) {7.7)  (8.2)
H-2% 3.49 3.49  3.33 3.36  3.35
(9.7) (8.9)  {9.9) (9.9)  (10.1)
n-4P 3.91 3.88 4.03 4.04  4.05
(3.5) 12.2) (2.2)  (2.2)
8DGalNAc n-1¢ 4.38 4.59 4.53 4.58 4.64
(8.6) (8.5)  (10.0) (9.0)  (8.2)
-
n-2° 3.88 3.85 4.01 3.89 3.95
(10.9) (11.2)
H-4€ 3.93 3.85 4.19 3.88 4.11
(3.4) (3.3) (2.2)
. BDGal H-19 4.31 4.46 4.40
- {7.8) (7.7 (7.7)
H-2° 3.49 3.54 3.47
(9.7) (10.9)
i-4¢ 3.9 3.93 3.85
(3.5) (3.3)

f Measured at 400 MHz2 in'Dzo at 296°K relative to HOD (4.8 ppm).

**Observed first order coupling constants.
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reﬁroduced in Fig. 36, where it' is seen that few of the

signals could be assigned direétly since the spectka con-

tain large envelopes of signals that were not r

at 400 MHz; . The as¥ignments shown were derived as follows.

The ;H—nmr_spectrum of the lactoside 16 was

resolved. The signals for the two anomeric hydrogens KH-la*

esoived;

poorly

ahd,H—lb) occurred around 4.4 ppm as a triplet with s%ac—-

ings of about 8 Hz. ' The chemical shifts were 4.
4.41 ppm, respectively. The signal at 4.43 ppm
assigﬁéd to H-12 sincé'this sighal collapsed gn
decoupling of the multiplets at 3.25 ppm. That
multiplets were that of H—Za waé'established on
bf its chemical shift comparison wiﬁh H-2 of 48.

assignment was firmly confirmed by the observati

in the 13C-nmr spectrum of 16, the signal for c-22 at'73.14

73,105
m .

PP was enhanced on selective saturation of

for H-2%. fThe appearance of complex multipletsi

43 and
could be

spin-

the latter -

the basis
.This

on that

signals

for n-2°%

in the lH—nmr spectrum of 16 (Fig. 36c) indicated that the

virtual coupling between H-2% and H—4§ was probably due to

the overlapping of the chemical shiftsloaJO7o

H-4%. The situation was further complicated as a result of

the overlapping of the signals for H-Sa and H-3b with those

a

f H-

32 and

of H-42 and H—3a. This made it virtually impossible to

_measure both the chemical shift and the coupling
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of‘H;4 1n order‘to,ascertaln the ?giwcongormation of the

4 ;
'Cl'
conformation of the nm>pyranose rings of B-lactOSide was'ele—'

.gantly obtained by Barker et al.¥®7" by ‘three bond lH-1

two and three‘bond ;3C-1H coupllng constants of methyl B-p-

107

pyranose rlng Ya‘[ Bt evadénce in sdpport»of~the above

-

H and

‘,lact051de at- 600 MHz. 1In- fact, the reported 4chemical

Shlfts for H 3 and H 4 are in accord with our predlctlons o

‘basedyon the complex pattern of 51gnals observed for H- 2

. The sxgnals for the two anomerlc hydrogens (H 1 nd

"H-1%) of compound 50 are well resolved "It was readlly

b

poSsible'to assign the signals for H-2° and m-2° by spin de-

coupling. The hlgher fleld quartet GJ &9 QWand 8: 2 Hz)“*u*

3

. could be:8551gned to H Zb on the ba51s of the chemlcal Shlft |

of the H= 2 atoms for the two 51mp1e glycosides 51 and - 52
This a551gnment of the signal for H-lb appeared ‘unequivo- .
cal. Nevertheless, the a551gnment was confirmed by satura—
tion of the signal for H- 1€ which’ caused 4 nuclear Overhauser
enhancement of H—4b (Fig. 37c). |
In the case of the disaccharide unit of gg; as seen in
Fig. 36a, the signals were well resolVed but the separation
was not as large as for 50. Spin decoupling~ofrthe'signa1
at 4.48 ppm partially collapsed the'multipletfat 3.54 ppm.
Therefore,'the signal at 4.48 ppm m&st‘arise from the_
anomeric hydrogen that~is'4nVQh@ﬂ in the intersugar glycc- '
sidic bond and therefore assignable to.H-;d. The assignment

of the signal at 3.54 ppm to H-29 of the BDGal unit is in
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H-1°

"

H-1®

(a)

»
1€
lI!llll'l’lilll'l‘llll"ljjlll'lJlJ]llllllll 11]41111'114411
- 45 .38 T
Fig. 37 The nOe enhancements observed as a result of irradi-
‘. ating H-1€ in the 360 MHz lH-nmr spectrum of compound
o 50: (a) the normal spectrum, (b) the iraddiated

spectrum, and (c) the nOe difference spectrum.

........
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n——‘DO“

The nOe enhancements observed as a feéulf 6f irradi-
ating H-1' in the 400 MHz spectrum of compound 49 in -

DZO:- (a) the normal spectrum, (b) the i;radiated
spectrum, and (c) the nOe difference spectrum.

L]
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accord with the expectatlon based on the chemlcal Shlfts for

'the H-2 atoms of - Si'and 52 Saturation of'H—ld caused .en--

hancement of H- 3d

”

‘as well as H43 and thereoy prov1ded thelr chem1ca1 shifts.

(3 —-3 0 and IO 5 'HZ) and: H Sd'(Fig '380

_ Agaln, the v1c1na1 coupllng constants conflrmed the ex-.

CoE -

pected Cl conformatlon for the pyranose rings.
The above_a551gnments’f0r compounds lé:hsdiand 491were
" then used to'assist'inﬁthe»assianmentvof the correspondlng
s1gnals for the more complex haptens 8 and 9.
‘ The signals for all three anomerlc hydrogens of a51alo—

¥ "GMZ hapten (8) were well resolved Ln the: lH-nmr spectrum

'... w e

,(Fig;36d) and therefore could be readlly assigned on the

,;basis of_comparlson with those of 50 and 16 (Table,4);

. ~

““Thus, tHe signal at 4.58 ppm (J = 9.0 Hz) was assigned to ~°

H-1¢

and this was also conflrmed by spln—decoupllng experl-
ments, where the saturation of the 51gnal for this hydrogen
partially collapsed the multlplets around 3.88 ppni. ~ Since
these latter signals Qere at positions typical for H-2¢ of

the BDGalNAc residue, the above a551gnment for H- l -was

,eStablished The chemlcal shlfts of the remalnlng two ano-

- -

meric hydrogens were establlshed-by cohparlson of thelr
‘chemical shlfts w1th the correspondlng shlfts in l§ and -
50 and then further conflrmed by sp1n~decoup11ng experi-

- ments of the high field multiplets at 3.36 ppm’ (H 2b J =

9.9 and 7.7 Hz) and 3.24 ppm (H—Z , J = 7.7 and 8.5 Hz).

F
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~.__ Thus, the chemical shifts for H-12 and H-1° were deter— o

mined as 4.43 (J e‘z;z,nz) and ' 4.39 (J = 7.7 Hz) ppm, re-

.

spectively. The only other 51gna1 that was well resolved

and that -could be xeadlly a551gned was that of H 4 (4 Oﬁ

- &

.‘ppm) on the basis of comparlson of its chemlcal shift in 50

fThus, the sxmllar chemlcal shlfts and coupllng cons&ants

for H-1F, H-2© nflb,mu zb ‘H- 4°, 512 and H-22 (Table 4.).

in compounds '8, 50 and‘lG strongly suggested ‘that indeed
the 4Cl conformatlon was malntalned in 8 also
In ‘contrast’ 'to )ompound 8, the lH -nmr, spectrum of

asialo-G _hapten (9)(Flg. 36e) was more compléx but still

) the chemlcal'shifts of the anomeric hydrogens could be

- e
- n -

determined w1th confldence by 51mp1e comparison of the 1H—
nmr spectrum of 9 with those of 8 and 49. These are
presented in Table 4. Also, the weakly coupled equatorial
hydrogens of the BDGalNAc (H-4€ ) ‘and the~1nner BDGal‘mH—4")M
units could be assagned to 51gnals at 4.11 and 4.05 ppm,

" respectively. " As expected, the hlgh field multiplets at
3.35 ppm (H-2 ) and 3. 24 ppm (H -28 ) in compound 8 were not

affected as a result of glycosylatlon 3 —oH® to form 9f>g'

P

J\These remarkable 51m11ar1t1es of chemlcal shlfts among
- compounds 9, 8 and 49 led. to the conclu51oﬁ that all pyra-.
nose rlngs in the tetrasaccharide 9 reside predomlnantly in

the.ﬂc conformation.

1
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2. The Assigments.of l3-C—nmr Chemical Shifts

p The 13C§hmr chemical shifts for the model compounds

'48 51,.52_ 49, 50, 16, 8 and 9 are presented in Table 5. It

anube seen that the resolutlon at 100 MHz was sufficient to

v

‘ allow, in each case, the a551gnment of a line for every car-

, bon in the molecule. In the case of the tetrasaccharide 9,

51gnals were not well resolve@ at 73.09 and 75.00 ppm

v

(Flg. 35) Nevertheless, the c01nc1dence was evident from

~
gt -

the 1nten51t1es of these 51gnals relatlve to those for other

“+

--secondary carbon &atoms.

The assignments of signals in Table 5 were all'done by
camparison. It is realized that this procedure may lead to
o o i
errors. However, such errors are expected to involve

shifts that differ by leSs than 0.2 ppm.and are inoohsequen—

tial to the conformatlonal analy31s. For example, the 51g-

";"‘ ugh -

‘”inal at 75 00 ppm, whlch is as51gned in Table 5 to C 5 of ;

-g, could in fact arise from C-5° whlch is a551gned to the

51gnal at 75 07 ppm.J Although an exten51ve nmn examlnatlon

P g -
~

may ‘have allowed unequlvocal a551gnments of all the signals, - ..

such an expen51ve exercise d1d not seem warranted for the

.pu;pose of th;s thesis sincefaﬁy‘such error’s would not ‘affect

the conclusions to be drawn from the data.

gli08

It is.well establishe that the glycosylation of a

sugar hydroxyl group to form a ddsaccharide normally leads

&
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TABLE 5

@

The Assigments of the 13

C-Chemical Shifts* for the Asialo-G,; and Asialo-
Gy, related thtenl B_DGalNAc'(l’l)ﬁDGal(l*l)Bbslco(Cﬂz)aCOOCB3 gg) and BD;
Gal(I*J)BDGaINAc(l‘l)BDGal(1*4)8DGlcO(CH2)BCOOCH3 (9) based on the Shifts
Observed for the Model Compounds BDclc-O(Cliz)BCOOCB3 (:EY, BDGalOCH3 (§}),
QDGalNAcOC.H3 (§Z), BDfial(l"‘)BDGICO(CHz)BCOOCH3 (}f). BDG&INAC(i*l)BDGalO-

(CHz)BCOOCH3 (50) and BDGal(l*J)BDGalNAcO(CH2)26H3 (49).

Suger vt meme 5 m ap g TR ] 5

£0G1c la © . - 102ise 10231 '102.37  '102.56

2a 73.40  73.14 7316 73.36

3a B 76.14  74.76 74.76  75.00

4 69.88  78.81 79.04  79.37

5a 76.14 4 75.02 " 75.10 . 75.07

6a 61.06  60.45 60.53  60.81

2pGal 1b 104.08 103.22  102.80 103.34  103.52

2b 71.00 71.25 © 71.16 71.45  71.20

‘3b 73:05 72.85 73.08 72.90  73.09

3y 68.94 68.84  76.15 76.48  76.53

5b 75.36 ‘ 75.62 74.29 74.78 _75.00

6b 81.23 . L, .~61.27-- 6061~ - > - “ef.p3  61.24

oo eptEdAed T Y e 102.63 102.98  101.56 - 102.94  102.75
: 2¢ 52.54 % 52.99  51.63  53.08  52.14

3¢ . 71.39 71.26  B0.19  71.45" 80.25
‘c . 8.0 7. 6B.12  68.32  68.21  €8.59 -

o 8¢ - 95,33 ) . ' 75.09 75.00  75.21 75.27

“6e 61.22 . 61.33 61.19 61.41 61.54

BDGal 18 104,08 o 105.06 105.16
T 2¢  71.00 - o 7092 1.4 0

. 7305 I : o C 92078 73,09

4 65.94 o S " 68.88 ° 69.17

osd- o 15.36 . ' . 715.26 75.51

6d 61.23 - S ' 61.28 . 61.54

¥
3 %

* Measured

external

at 100 MHz in Dzo at 3S5*°K with

'te:rnmethyllilune as reference :Eqnhl (0 ppm).



120 -

to a deshleldlng of the new aglyconic carbon by about 7 ppm.
This, however, may not be the case sbould the glycosylatlon
prov1de a branched trisaccharide withg}yxmylgrmqm at neigh-~
boring positions.84 Thus, the signals for the BDGal unit

-of 16 .could be a551gned from those establlshed96 for BDGal-
o- CH3.(Table 5). The introduction of the BDGalNAc unit on
C-4b to provide §»wou1d be expccted to cause deShielding of ‘
this atom (68.84 ppm) by aoout 7 ppm and, ih'facc,lthe signal\
dséidned to C—éb of § at 76.48 ppm isiin accord.withitﬁis er—
‘pectation. The assignments in Table 5 ‘for units a;and b were
made following similar considérations; burthermore, théIChém—
~ical shifts for rhe BDGic units’of }§; 8 and 3 were arrived at.
in this way and are seeo.;o be in good accord with expectarioq

based on the chemical shifts for BDGlc- O(CH ) COOCH In fact,

3°
-the a551gnments llsted for 16 are in accord with those re-
ported for.qhe same compound by Banoub and Bundle.73 d‘.ﬁe
assignments>mado for the first two residues (BDGla]‘nd BDGal)
of the oligosaccharide (Table.S ) are thereforé made Q}th a
high level of confidence except for the éignals for C;lb
and C—Zb nf the disaccharide unit+ of compound‘ég. bbviously[
C—lh may have occurred at 102.98 ppm and C*EE at47l.26.ppm,
the signals which are assigned to Cc-1° a?ﬁ/C—Bc of §9, re-
spectively. The éssignmént of the signéiﬁ\{or C-Ga/and c-6P

" . 3 » 13 \'. *
of 8 and 9 are evidently provisional since there ies no
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e

we . £ Loy
wmfr,ee.ly_._.,.roﬂtat1ng group will remaln constanttwuﬁ. .

;. the signals for the BDGalNAc unit of E andmthe BDGal(1+3)—"f L

* ' , : s C , .
for "those atoms about the glycosidic linkages in compounds

taken as evidence t at. the conformatibhal preferences for the -

reason»to"expect that the conformat;gpal preference for a

B
v u L .

b ; - P
14 4 > ey,

I e e o
1, . . S e N . A

Slmllar con51derat10ns then led to the a351gnment of

BDGalNAc unit of 9. The correspondenCes of chemlcal shlfts A
are ev1dent and do not:require detalled discu551on. As
mentloned above, although most of the ass1gnments are llkely

K Lo L
” ’ 4
correct, some errors may ex1st on the ch01ce between two

'-v31gnals for secondary carbons that differ llttle in chemlcal

B shlfts or for the hydroxymethyl groups sxnce these may acu'

* ..':

qulre somewhat dlfferent conformatlonal equlllbrla as the

result of. the structural changes.“:~

o o

3. Conformational_Analjsis of the Haptens 8 and 9.

u_The.goodlcorrespondence_between the 13C-‘chemical shifts
N . . - . . “ | ; ,’" .
8 and 9 and those for the carbon atoms about the intersugar &

®

x-residueshin coﬁpounds 16, 50 and 49 (see Table 6) can be

3

'drsaccharides.are<well maintained in the“corresponding-gnits
present in thevhigher’oligosaccharides._'it-was.conSideredr

meanlngful, therefore, to establlsh the conformatlonal pref-
erences for the dlsaCCharldes on the aSSumptlon that these |

» K

are malntalned En compounds 8 and 9. In~th;s'regard;;1t is

R
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N ,,'/_h - p~mh§vcorresgdndence in Chemical Shifts _(ppm)
T A Observed for Atoms that ‘are Coﬁmon R
; " -.gg; P " - '.' prpren «& " - g. o . PN .

e\ L>ﬁ'1n theaStructures Llsted (see Tables 5 and 5) ..1;;;‘“gf;"

The BDGal (1+4)8DGle Linkage:

. Compound’ _c-1P ' c-4a S H-1"  H-4

16 - 103.22 78.81 C 4,40 --
S in ~~ . - R

c Moot 8 103.34 79.04 4.39 “
: ’ » "" ‘... o ‘ 2 - ':’110 3%9:52 . ‘J%”P"79 -i:éil ) . " Qc" 3‘::'9 . - -4_4— . j :.u

B

L .
The BD alNAc(l*478DGal Linkage:

. s, ’ K o . :
'.:Coﬁﬁgpnd - c-1% C-4b~ o H—lc. ~ H-4

50 . 102.98  76.15 - 4.59  4.03
.8 - .-102.94 76.48 . 4.58 4.04
9 102.75 776453 . 4.64  4.05

The B8DGal(1+3)BDGalNAc Linkage:

'Compouhd‘ C¥ld'. C 3¢ : H-ld H-3°€

49 105. 06 80 19 4.46  3.82
9 105.16  80.25.  4.40

2 h
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usefulvto firétlobtaihia molecu;ér ﬁbdei which can then be

;ﬁ-;'iﬁésiéa(Byiabéfééfiéké‘nmr expériﬁentsy"jSinée HSEA calcula-

‘!ﬁ}pnghéyg ‘prq&idga'pégfﬁllmgdé;é fd;:thi§~é;;pose,?4Athiﬁ_.
iﬁéﬁhodtﬁési§pp;iéd to ﬁhe disagéhatidés }§;‘§9 an¢-52.
| The various térsion angles‘¢niaﬁd wH for the glycosidic
linkages are designated as indicaﬁed in-'the folloWipg formu-

las. The t-angle is the angle defined by the glycosidic

carbon, glycosidic oxygen and aglyconic ¢arbon atoms.
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As usual, the three-dimensional co-ordinates of the indi-

vidual sugar units required to _program the HSEA calculations

for methyl B D—galactopyran051de 109N acetyl 8-D- galacto— .
110° 111

samlne, and gentiobiose. The models were built by u51ng a

T angle of 117984.and by varying the ¢H torsion angle from
+180° to -180° at intervals of 5° for each wH torsionnangle
examined. The choice of the v? values was limited to the
BQ thatithe minimum energy conformers for simple
B-linked dlsaccharldes fall in this range. The minimum
energy conformers areupresented in Table 7 along with
internuélear distances that will be relevant to the dis-‘
cussion of the results obtained in the nuclear Overhauser
ehhancement'studies. |

As was mentioned earlier in connection with the assig-
ment of lH-—chemical shifts, the B-lactoside was not Qeli

amenable to nOe studles based on the selective saturatlon

of H- lb since 1ts slgnal was separated from that for H-1°2 by

‘'only 0.03 ppm (2. 4 Hz) In addition, the signals for H-42

overlapped with those for H—Bb and H-5° which would also
exhibit-nOe enhancements. Therefore, for the present pur—
poses, it is assumed that the conformatlonal preference for

16 is that estimated by HSEA calculatlon and the same as.

were obtalned from the published X- ray crystallographlc data

1

/

-~
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,that publlshed for the human blood group Type 2 dlsaccharlde,
BDGal(l-»d)BDGlcNAc.e4 In fact, these estlmated values 6f the
‘“tor51on angles (¢ ,w é 55° 0°2 are 1n good agreement w1th
h-those reported by Barker et al 107 based on. ;3C—IH three |

bond,coupllng constants

a

The- 1nternuclear dlstances reported in Table 7 for

compound 50 show H 1€ to-be-sufflclently close to H»4P,

H-2€ ' H-3€ and H*S so that saturatlon of H 1 should show

L.ane enhancement°of the srgnals for. these hydrogen atoms._,yff N
Examination ot the differemuaspectrum, reproduced_in Fig.
37c,shoWs that in fact several signals were enhanced but

'the quallty of the spectrum allowed only “the ass;gnment of

the enhancements for the 51gnals of H- 9 and H 2 » Although

the data was not sultab}e for further ana1y51s, ‘the” st¥ond’

o~ o

‘enhancement (9%) obSérved‘for“H 4b is clkeardy. 1n accordance
‘with the model obtalned by HSEA calculatlon whlch sets the

. dlstance between H- l and B 4b at less than the sum of
112 . e o LA oy

N g e
oo R . . -

thelr van der Waals rad11 (2 7 A)
|
As seen in Fig. 38;<the quality ‘'of the nOe measurements

for compéund 49 was excellent.'.‘,Satura,tioneof--.;H—ld caused

e
s

enhancement of all the signais‘for the hydrogens that were’

expected to be enhanced on ‘the- basis of the HSEA calculatlon

’QTable 7); namely, H-3°€ ' H-Zd, H—Bd and Hesd. The enhance-

ments Qere 9% (H-3 ), 17% (H—Bd + H-Sd) and 7% (H—Zd). A
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quantltatlve assessment of theseﬂbnhancements q:yas,notnow

SR attempted -
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O The fact that the nOe experiments for compounds 50 “and "

_'f49 proved ‘to be 1n qualltatlve agreement w1th expectatlon

' based on HSEA calculatlon, together w1thhthe 13C-nmr..
chemlcal Shlft data 1ndlcat1ng that the conformatlonal
»preferences tor the disaccharlde unlts of compounds 16 and

50 are malntalned in. compound 8 and those for 16 50‘and

> .
R
o -~y

o e o

geticaliy most favored conformersqfor the ollgosaCCha;rﬁe.j

portions of 8 and 9 are near those represented by computer-

- “*drawn projections of CPK models in Fig. 39 and 41 and of

Dreldlng models in Flg 40 and 42 The maln purpose of.

. these draw1ngs is to allow the reader to accurately con=-:
struct thetmodels predlcted by HSEA calculation. Further-
more, a consideration of these‘drawxngs does provideean_
’appreciation of the differences in the shapes of the mole;

cules, and how dlfferent views offer different topographies

- for blndlng of a lectln or antlbody comblnlng site.

-=\49 are, malntalned in compound 9, suggest that the ener- - - " -
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The computer drawn projections of the CPK model of
the oligosaccharide portion of the hapten 8 and
of ‘asialo-Gy, as derived by HSEA calculation:

A. the molecule as viewed along H-2€ - C-2€ bond;
B. the view of the side of the molecule opposite
to that in A.



Fig.40 .

The computer drawn pro;ectlons of the Drieding
model of the ollgosaccharlde portion of the hap-
ten 8 and a51alo GM2 ‘as derived by HSEA calculat1on
A. the molecule as viewed along -2 - C -2€ bond; -

‘B. the view of the sxde of the molecule opposite
. to that in A.
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r

The éomputer drawn prdjections of the CPX model. of
the ol;gosaccharlde portion of asialo-G M1 2S
derlved by HSLA calculatlon. A. the view of the
molecule along H-2% - c-2€ bond; B. theée view of
the side of the molecul'e opposite t~ that of A.



Fig.Az The computer drawn projeCtions of thé'Drieding
model of the oligosaccharide portion of asjalo-
Gy, as derived by HSEA calculation: A. the view
of the molecule along H-2€ - c-2€ bond; B. the view
of the side of the molecule opposite to that of A.



R I | 132

4. Conformatioﬁs of the Oligosaccharide

- Portions of Ehé'déﬁélioSide 6511

The conformational analysis ot oligosaccharide

structures has advanced sufficiently in recent yearse4 to

»
-

allow the presentation of the pentaséccharide unit Of‘GMI
as shown .in the conformational formula 53. Hoﬁpver, such
two-dimensional formulas providé only aﬁveny approximate
appreciation of the molecular structure and are of very
limited use ﬁo.immunodhemistry. This section isfcéncerhed
with an attempt to achieve a three-dimensional podel fo;

Gy in its minimum energy conformation. -

0

53
Fig. 43 The approximaée conformation of the ‘oligosaccha-

ride portion of the ganglioside/GMl,
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A syﬁihétiq sample. of the methyl glycoside_of the sodium
séit of_g}écetyl—u—D—neuraminic acid (%9)“was pfeparedll3'and
examihed by lsc—nmr; Thg chemical shifts reported in
Table 8 correspond exactly with the literature values ex-
cept by a displacement of 1.0 ppm.114

An authentic éample of GMl was gvailable* in an amount

- adequate for 13C-—nmr spectroégopy. The chemical shifts are

reproduced in Table -8 along with those obtained.fgr hapten

-~

9. In oﬁer to assess whether the introduction of the a-

NeuNAc group at 0—3b of asialo—G‘Ml caused a change in the

conforﬁational equilibrium of the neutral ,core oligosaccha-
ride, an attempt was made to assign the signais for GMl’(53)”
on the basis of the signals observed for methyl aDNeﬁNAc (10)

and the asialo—GMl related hapten 9. To this end, the first

step was to extrac¢t the signals from the spectrum for GMi

that correspond best to those found for methyl a-sialoside

(10) except for the anomeric carbon where the shift cannot
be expected to be the same because of the change in aglycon.
One of the two signals that occurred at 102.92 ppm was used

for this purpose. Since it is considered reasonabile to

*Kindly donated by Dr. S.K. Kundu, Dept. of Internal Medicine,
Baylor_College of Medicine:'y Texas Medical Center, Houston,

Texas 77030 , v



TABLE 8

The Provisional Assigment of the 13

C-nmr Chemical shiftq

- for the Ganglioside GH1 on the Basis of‘the'llniﬁﬁhent

for the Sodium Salt of oDNeuNAc (10) and Hapten 9

v

(Table 5) and the Comparison of the Assignment with’ that

Published for GMI'

Sodium Salt
Carbon of Me~a- D~

Sugar'Unit Atoms NeuNAC 10 ___3__ _EEL”‘
8pGlc la 102.56 102.24
: 2a 73.36 73.56
3 75.00 74.75
4 79.37 79.41
5a 75.27 75.23
62 60.81 60.71
’ RD" A1 1b 103.52  103.20
2b 71.20 70.31.
3b 73.20 77.93
ab ' T 76.51  74.75
Sb 75.00 74.75 .
’ 6b 61.24  61.05
ADGa lNAC ‘1lc 1Q02.75 102.92
o 2c $2.14 51.50
3c ' 80.25  80.90
. 4c . 68.59 - 68.92
' 5¢ S 75.07 75.23
6c 61.54 61.37°
8DGal _ 14 . 105.16  105.07
' 24 . 71.14 71.12
3a’ 73.09 73.18
44 69.17 69.69
sd ~75.51 75.23
64 . _ _ 61.54 61.37
Sodjum salt le [174.46
of aDNeuNAc - 2e 102.92
le 36.77
te 68.52"
Se 52.21
e 72.99
le 68.30
‘Be 72.85
e

63:234

1o

G2
0.32
0.20
0.25
0.04

-0.04
0.10

-0.32
0.11
4.73

\

G *

Ml

103.40
74.09
75.23
79.80

‘e 75.74

61.00

103.40
70.73
+75.23
78.14
75.00
61.83

103.40
52.77
81.52
68.75
75.74
61.43

105.62
71.89
73.59
69.20
75.74
61.432

174.53
102.51
37.76
69.20
51.96
73.59
69.20
72.86
§3.98

134

6GM1-

GGMI.
p———

-1.16
-0.53
-0.48
-0.39

0.51
-0.29

~0.20
-0.42°

2.0
-3.39
-0.25
-0.78

~0.48
-1.27
-0.42

0.17
-0.51
-0.06

~0.55
-0.77
-0.41

0.49
-0.51
-0.06

-0.07
0.41
-0.99

. ~-0.68

0.25
-0.60
-0.90
-0.31
-0.64

*Measured vnder the conditions described in Table*™®5 except for the published

values‘l‘16 which were measured at 67.89 MHz in a mixture of 02

at 42°C under buffered conditichs ApH = 7.1).

0-CD.0D

3

(1:1; v/v)
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expect that the un1t that was least llke}y to be affected

‘e

by 1ntroduct10n offtheuslalosyl group would be the termlnal

BDGal unlt, chemlcal shifts- weré then'extracted from the

. spectrum of 9 to match those in. the spectrum of: GMl The
- next unlt expected to be least 1nfluenced would be
. the .BDGlc - . group d, accordlngly, these 51gnals were

then a'ss'igned ' Because of the effect on chemlcal sh:..f‘t:s -that

A,

'the chemlcal shifts for thls unlt could not ‘be antlcipated

. on the ba51s of the avallable data., Therefore, the 81gnals

v,.., .-

for the BDGalNAc unlt of GMl were a351gned from the’ group of

unasslgngd 51gnals that remalned - As it turned out,-the'

:hsame a551gnments would have been made in the absence of thls_
.wcon51deratlon.

Assxgmmans of the 13C chemlcal shlfts for G,, 1 have al-

M
ready been publlshed by Slllerud’et al 116, 117 These ass:.gnments

J

8 .

Vare presented in Table 8 where these are compared w1th

‘

those presently made.- Substantlal agreement ex1sts 1n splte
- of the fact that the spectra weré ev1dently not measured

”under comparable cond1t10ns.» For example, there can be no
doubt that the slgnals for C-2 and C-S are correctly 1den- ‘
. : ',)’,‘"' .

“tlfled but a substantlal dlscrepancy occurs regardless of

fhow these are’ as51gned
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On the basis of the presently assigned chemical shifts
_for'GMly as'seen from the column for GMl’ 9. tﬁe chemical

°

shift values for most of the carbons are in excellent agree-

" ment w1th ex :cﬁat;ons., The introduction of ‘the a-31alosyl

‘group at C—3 'foundhin_GMl (53), has: profound effects .
: : b _

on the chemical shifts forAC-Zb c-3 and c-4°. The de-
Shielding'of 4.73 ppm .forv'C-3b ‘in 54 as compared to 9 1s

lower then'normally:observed'(7-8 ppm) for llnear-ollgosac—

- - - 108 o o . .
charide structures. 9 '’ This. is not surprising since Lemleux

et al84 have‘demonstrated that the glyCOSYlation of the posi-

tion vicinal to the ex1st1ng glyc051d1c linkage (e g.;i .

b

: C 3b and c- 4 in 9) to prov1de a branched structure results

i the deshleldlng of the carbon 1nvolved in the newly
formed glycosadlc llnkage (C 3b of 54) by about half the

- -

‘value of that normally seen in llnear structures, whlle

"f'an enhanced shleld;ng is observed for the adjacent carbon

(c+4b

of 54) whlch is already glyc051dated In'fact; it
can be readlly $een from Table 8 that the sh1e1d1ng ob-

' served for C--4b (1 78 ppm) 1s twice that observed for c-2° "
(0 89 ppm) on g01ng from 9 to" 54 However, no such.ratlonf.
fallzatlon could be prov1ded for the changes 1n ;3C-chem1cal
shifts of c—3- (0.75 ppm), c-25 (-0.64 ppm) and c-4° (0-52-ppm)
B and 1t is. pnov151onally aecepted that the substltutlon of the |

a-31alosyl group at C 3b caused a spec1f1c deshleldlng or _.

jshleldlng of these carbon atoms.
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Regardless of the overall correctness of the asszgnments

ﬂﬂmade in Table 8, the relatlvely small &%ﬂ-59 values obtained

\

for C- 1b ( -o0. 32), c-1 (o. 17) and c- 19 (-0.09) appear cor-.

,rect andron thls bas;s it can be expected that the conforma-'

tlonal preference for the. ollgosaccharlde un1t of a51alo-

M1 ‘is essentlally ma;ntalned when thls compound ls conver-*

" ted tb Gy * In}anvattempt to galn ‘further informatlon on

this matter, an HSEA“calculation was made for the -trisac-

charide unit BDGaiNAc(lf4)[gDNeuNAc(Z*B)]BDGal}of Gy for

thls purpose. Tne co-ordinates'for'the atoms of the'NeuNAc'-

‘re51due were obtained fromtﬂm:crysaﬂjognqﬁuc ‘data provided

by.Flippenl;s forvBDNeuNAc aciad’ (g ) but exchanglng'the

positions of the cerboxyl group,(cel)nand the 0-2 atom as

shown below.
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The carbOxyl Qroup'uas oriehted in the’direction which
prov1ded, as estimated by hard sphere calculatlon, the.v ,
least non bonded 1nteract10n W1th 0-2, O 6 and H 3 (equa—»';;v
.torlal) Thls procedure estimated tor51on angles for the
Cl—O (C O) and Cl-—Ob bonds w1th the C2 2
and +12° respectlvely. On this basis, the HSEA calcula-

tions were performed w1th the éarboxyl group-in this

@ _
orientation follow1ng the 1terat1ve procedure used by J
.Th¢gersen et al.80 to estlmate the mlnlmum energy conforma-

tlon for the human B blood group trlsaccharlde (aLFuc(l+2)—
] . -

[aDGal(l*B)]BDGal

TABLE‘9 o
The Conformaticnal Preferences foi the Four
“'Disaccharide Units Present in Ganglioside

4'GM<(§3) as Estimatedfby HSEA Calculation

bisaccharide Unit ' A
BDGal (1+4) BDGlc | 55°, 0°
BDGalNAc (1+4) BDGal , - 55° 10°
BDGal (1+3) BDGalNAC . 55 10°

- aDNeuNAc (2+3) 8DGal . -165° 10°

-0 bond to be -168°"
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The calculatione shOWed'(See Table 9) that the pre-

;ferred conformer well malntalns the ¢ and ¥ torsion angles

calculated for the tetrasaccharlde unit of a51alo-GMl

?his observation lends support to the conclu51on drawn from

the 13C chemlcal shifts data (Table 8). | ‘
On the basls of the HSEA molecular model (Figf 41

Ffé. 42) for'as;alo-G as seen in Fig. 44, one side bf the

M1’
molecule-%h),is strongly hydrophilic in.the sense that)it
ia rich in of?gen’atoms and‘hydrogyl groups. In cohtraét,
the other side (B) has an,extensive-topograph§'that cangbe.
expected to. be»compatible with a hydrophobic surface. ‘The
4ach1evement of this insight is of major 1nterest since the
work of thls laboratory has. <iemon:-'.t1'ated,79]‘1‘8 (113 in recent
‘years,that there exists a strong hydrophoblc bonding compon—
ent to the specific blndlng of oligasaccharides by antibod-
ies and lectins. The corollary‘of these flhdlngs is that
the,lipophilic reglona of the topography of an oligosaccha;
ride antigenic det%rminant’is importantly involved in
domihating”the immune respohse:. Evidence in support of this
contentlon has been obta1ned,79‘and the sub]ect undoubtedly
will become of major interest as a tool in the general area
- of immunology in the sense that ;t already appears predlct—
able that the projection shown in Fig. 41B for asialo-GMl will
' be immunodominant.. It is to be noted.in this regard that the
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" bodies specific for asialo-G
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~

conVersion of asialo-G M1 to‘theAganglioside:G M1 involves

the 1nsertlon of the a- sialosyl ‘group on thls hydrophoblc,

side of the molecule ‘with the carboxyl group occupylng a

'central position. Thus, it appears predlctable that anti-

Ml will not cross—react with

GMl unless the blndlng is restrlcted to the reglon about

the termlnal BDGal unlt ' In fact Marcus and ‘co—workersso
did observe that the IgG. antibodies sPecific f&r asialo-

GMl dld not cross- react with G M1° The juxtap051tlon of the

carboxyl group of GM s—hext to a strongly hydrophoblc topog—.

0

1

raphy is of majOr interest since the combination of the two

'éﬁﬁfaées to form an amphiphilic region may provide a clue
as to how the important biological functions of gangliosides

‘are expressed.
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The computéf drawn projections of the CPK model of -
the oligosaééharide_po;tion of the ganglioside Gy,
as derived by HSEA calculation: A. the view of

the molecule hlong H—2c’4rc—2c boﬁd{ B. the'view

Y

of the side of the molecule opposite to that of A.

141
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The COmputer drawn projections of the Drle%g .
. model of the ollgosaccharlde portlon -of the dangli-

051de GMl as derived by HSEA calculatlon A. the
V1ew of the molecule along H-2 - c- -2€ bond;

B. the view of the side of the molecule opposite
to that of A,
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"using standard syringe tecbngqUE‘j z Removal of O—acetyl“~
~and 0O- benzoyl protecting groups*&as\effected using a 0 3 M®,

s & st '
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III. EXPERIMENTAL :

|
Klf3solvents and reagents were pUrified according to

120

standard procedures. All solid reactants for glycosyla—

A

tion were dried over 1g t over phosphorous pentox1de in a

B
& B {f\

" high wacuum prior to u The molecular sieve (BDH 4 A)
was dried at l§0°C for 24'hmju§t”prior to use. Solution'

transfers in these reactions were done under dry nitrogen

solution of sodium methoxide in dry methanol. ' ) =
The solutions obtained in the course of solvent extrac-

tions were filtered through paper pre-wetted w1t2ﬂ;he solvent

‘and further dried over anhydrous magnesium sulphate before .

{
solvent removal with a rotary evaporator under the vacuum of

a water aspirator and, unless otherwise 1nd1cated, at a bath

temperature of 355C or less. - o Tt £
Thin layer chromatograms (tlc) were performed on pre-

.coated silica oel 60-F254 plates (E. Merck, Darmstadt) and

visualizedlby charring after spraying with 5% sulphuric acid

“ip- ethanol. For column.chromatography, silica gel H (type- 60) .

(E.rMerck, Darmstadt) and distilled solvents were used and

- the columns were loaded in the range 1:30 - 1:50.
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Unless otherwise stated, proton magnétié resonance
"(lH-nmf) spectra were recorded on-a Bruker WH-200, 360 MHz
~or 400 MHz at 296°K. Carbon-13 nuclear magnetic resonance

(13C—nmf) spectra were recorded on a Briiker WH—ZbO (50.323

MHz) or WH-400 (100.614 MHz) at 305°K. lH- and l?C—nmr
vchemical shifts é:ejin parts per million (ppm) relative to
_inteﬁﬁal l%igetrameﬁhy1§ilane (TMS) in organic solvents.
The'lH—chéﬁiéal shifts for compouhds in'deutefium oxide
(D,0) afe.éxpressed relative'to:HOD‘sigﬁél (4.81_ppm‘at'

13C-chemical shifts are expresseé using

1296°K) while the
’deuteriuﬁ signal of the solvent as ‘the reference. Whenever
comparison of ljc—éheﬁical sﬁifts amopé compouﬁds is_madé,
;he saﬁe‘spectrpmeter and temperatu:es Qere used. Optical
rotationSYWere medsured on a. Perkin-Elmer 241 polarimeter

at 589 nm in a 1.dm cell. The melting points are uncor-

rected.
‘8 e
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8-Methokycarbonyloctyl 4-9-(é—D-galactopyranosyl)—.

'B—D—gIUCOpyraﬁoside (%6)

A solution of acetebromolactose90 (13) (72.0 g, 103 mmol)
in dichloromethane (400 mL) was added dropwise to a vigor4
ously stlrred suspen51on of anhydrous silver carbonate

(56 5 o, 206 mmol) , anhydroﬂs calcium sulphate (40 g)-.and

€8-methoxycarbonyloctanol (36.2 g, 192.5 mmol) in dry dichlor-

omethane (GOO‘qL) over a period of 2 h. After stirriug'at
roem temperature for 16 h, the'reactiOn mixture was filtered
through a bed of dratomaceous eartﬁ (10 g) and evaporated tQ
a syrup'wgich was dieeolved in a mixture of toluene-
nitrobenZene?(Izl,'BOO mL) centaininé~anhydrous-merCuric
bromide (1.0 g). After stirring for 24 h at 50° C, the
reaction mlxture was dlluted with dichloromethane and washed

with .an aqueous potassium iodide solution (10%, 150 mL) and’

‘then finally with water (300 mL). Evaporation left a ¢

colorless syrup which was eXtracteg with cyclohexaue (4 x
100 mL) to remove the excess 8—methoxycarbonyloctanol
(16.0 qg). The yield of the crude syrup was 75.0 g

A freshly prepared solutlon of sodium methox1de in an-

hydrous methanol (10 mL, O0: 5 M) was added to a solutlon'ofx

3 .
the ab(ve syrup (75 0 g) in anhydrous methanol (500 mL)

.and stirred at room temperature for 6 h._ A whlte‘suspensiOn

was obtained during this period;which was cooled to 0°C,
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filteredﬁand'ﬁhe residue was washed with ice-cold methanol’

(2.x 100 mL). 'The_residue‘was cryéﬁéllized from methanotl oy
(31.2 g, 59% yield) to form colorless crystéls{~m§%i}ﬁé4f ‘g
165°C. Lit. m.p., 159°C. o | |
lH—nmr.(DQO, HOD'= 4.81 & at 296°C). (Fig. 4) 6:. 4.41
& .
J1,2 = I3, 20
16 H, sugar ring protons,'o—cg3, O—CEZ of aglycon), 3.25 (dd,

(t, 2H, H-1, H-1', = 7.8 Hg), 4.04 - 3.50 (m,

14, H-2, J, , = 7.8 Hz, ,~COOCH

J2,1 J2,3

= 10 Hz), 2.3 (t, 2H, -CH
J =8 Hz), 1.7 and 1.4 (12H, hydrogens of aglycon.

136 nmr (D,0) (Table ) &: 178.17 (-C=0), 103.22 (C-1'),
102.31 (c-1), -78.81 (Cc-4), 75.62 (C-5'), 75.02 (C-5), 74.76
g%C_B), 73.14 (c—é); 72.85 (C-3"), 71.25 (C-2'), 70.97 (agly-

conic carbon), 68.84 (C-4'), 61.27 (C-6'), 60.45$(C—6),
53.32 (~COOCH,) , 33.97, 28;94, 28.65, 28.44, 28.39, 28.34,

25.17 and 24.51 (remaining carbons of aglycon).

2

3!
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8—Methoxycarbonyloétyl- 2,13,G-tri—gfacetyI:Ifgi(Z,B,4,6-

'tefra—g—adetyl—B—D—galactopyranésyl)—B—D—gIUCopyranoside (15)'

~

.8—Methoxycarbqﬁyloctyl B-lactoside (16; (1.0 g} 1.95
mmol) was dissolved in 10 mL of pyridine-acetic énhydride
(l:l)~and stir}ed a£ room temperatuée for 24 h. The reaction -
mixture was poured over ice (25 éﬁ and extracfed with di-
chloromethane (2 x 15 mL). Tﬁe dichloroﬁethane layer waé -
washed with water, ice-cold HCl1l (1 N) and aqueous saturated
lsodium biéarbonate. "Evaporation left a foam (1.40 g, 90%
yield) which ﬁas-homogéneods as éxamined by thin-layer

chromatography (tlc). [a]§5}15.0° (c 1.33, CHC13); lit.

lalp -11.2 (c 2, CHCL,).

| lH—nmr (CDC1,) (Fig.3) &: 5.34 (dd, 1H, B-4', 3y, 50= 3.5 Hz,
Jg0 g0 = 1 Hz), 5.20 (¢, 1H, H-3, 33 ) =33, = 9 Hz), 5.12
(dd, 1, B-2', 3,, ), = 7.8,Hz,‘J;j,3. = 11 Hz), 4.94 (da,
1H, H-3', 33, 4. = 3.5 Hz, J5, ,, = 11 Hz, 4.88 (dd, 1K, H-2,
3y, = 7-8 Hz, J, 5= 9 Hz), 4.52 (m, 3H, H-6a, H-1, H-1',
@1',5' = 7.8 Hz, I, =-75€!H£" 4319 - 4.07 (m, 3, H-6'a,
"H-6'b, H-6b), 3.88 (dt,'lH,‘§%§$, Jgo g0 = 1 Hz, Jg, o, =

7 Hz), 3.85 - 3.76 (m, 2H, H-4, D-CH, of aglycon), 3.7 (s,

3H, 0-CH,}, 3.62 (m, iﬂga@—S),‘3.46 (m, 1H, O-CH, of aglycon),
- _

2.3 (t, 2H, —cgz—coog§5fép = 8 Hz), 2.24 - 1.98 (7 x s, .21H,

7 x C§3 of acetyls)ﬁ%iléa and 1.38 (12H, hydrogens of

a d

aglycons).

b
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c-nmr (cDC1,) 6: 170.21, 170.00, 169.89, 169.43,
168.94: (8 x C=0), 100.98, 100.54 (C-1 and C-1'), 76.30 (c-4),
72.86, 72.59, 71.19, 70.96, 70.69, 70.01; 69.17, €6.65,

1 62.07, 60‘81 (10 llnes expected, 10 llnes observed the
> .
remaining carbons in sugar ‘units and the aglyconic cgrbon),

51.31 - 20.38 (remalnlng cqrbons in aglycon and CH3 of L;
~

“ “

acetyls) - _ o B
°® ' o . -

Anal. calcd. for C36H54 20 C 53.59, H 6.74; found:

C 53.84, H 6.87.

T
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tQ —Methoxycarbbnyloctyl 4~O-(4 6-0*benzy11dene* _

'fB-D-galactopyranosyl) B-D glucopyran051de (17)'

NN

A suspen51gn of compound 16 (QA 0 g, 46 8 mmol) 1n dry
(acetonltrlle (500 nL) was refluxed w1th % —dlmethoxy—
toluene (14 25 g, 93.75 mmol) and E—toluenesulphonic acid

. monohydrate (50 mc) for 6 h Examlnatlon of the clear reac-“h‘
.)tlon mlxture by.tlc (ethyl acetate-ethanol-water, 7 2 0. 5)
_'showed a single major compound After neutrallzatlon of -

'the solutlon w1th trlethylamlne (0 2 mL), the’ solvent was

’f;fevaporated to dryness.f The re51due was: extracted w1th

B n-hexane (3- x 50 mL) to remove the excess a, a-dlmethoxy-
ftoluene in the re51due.' Crystalllzatlon from acetonltrlle
uﬂleft colorless crystals (22.0 gﬂ 78 2% yleld), m.p. 186—‘ S

188°C, ol ..p32 1?(c 1.04, cn3oa)

H-nmr (DMSO) (Flg. 5) 6..7 50 - 7 32 (m, SH, aranat:.c), 5 55

."( 1H benzyllc), 5. 28;. 4 50 (m, SH 5 X O~H), 4 37 and
) _ . Ty

'-'u(4 16 (2 X d 2H, two anomerlc hydrogens, J = 7 8 Hz), 4 08

;”(d 1H,,H -4

© He 6 b), 3. 48 - 3. 0 (remalnlng sugar hydrogens), 2 28 (t,

‘»]Az . -cnz—cooca3, J = 8 Hz), 1 46 and- 1 22 (12 n, remalnlng ﬁf"
"hydrogens in aglycon).-- .. ' "‘ o i: ." |

.'-11;13c-nmr (DMSO—dG, TMS = 0) 8: 173.26 (C= 0), 138, 46,

:,h128 54 127 .83, 125 16 (aromatlc), 102 97, 1oz. 59 (two

Vanomerlc carbons), 99 75 (benzyllc carhgg), 79,93 (0’4)'d::"
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75, 68,,7# 83, 74. 78, 75?24"fi 63, 69 82, 68.69, 68.43,

:66 24 '60 31 (remalnlng carbons of the sugar unlts and the
_aglyconlc carbon),,Sl 02, 33 22, 29 14 28.61, 28;53,g25.34,7.:”

©24. 34 (remalnlng carbons 1n aglycon). wf_ » i |

Anal calcd for C29H44013' C 57. 96 H 7 38- féuﬁd{w

 Cc57.69, H 7. 21.

, .
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8- Methoxycarbonyloctyl 2 3,6- trl—o—acetyl 4 O—(2 3 di-o-
-acetyl -4, 6—0 benzylldene 8- D-galactopyranosyl) B—D—.

glucopyran051de (}g)

A solutlon of oompound 17 (21.0 g, 35 mmol) in
pyrldlne-acetlc anhydrlde (4:1, 125 mL) contalnlng 4- ﬁ‘ﬁ‘
dlmethylamlnopyrldlne (10 mg)Awas stlrred at 60°C for 12 h,;
The reactlon mlxture was then poured- aver - 1ce (100 g) and

8

}extracted w1th dlchloromethane (3 X 200 mL) The dlchloro— B

- methane layer was washed w1th water, ;ce—cold N- hydrochlorlc
acid and flnally with aqueous saturated sodlum blcarbonate
‘Evaporatlon of theﬂdrled solutlon left a foam (28. 3 g,.90%
Jyleld) An analytlcal sample ‘was - prepared by crystalllza-
tlon from ether ethyl acetate—n hexane, m. p. 160~ 162°C,
 laly +32.0° (¢1.03, cHC1,). A comparlson of the ‘H-nmr
"spectrum bf the crude.product wfth/that of the analytlcal
i'sample showed that the former materlal was essentlally pure-
’tand was therefore used dlrectly in- the next step._

L S— (cnc1 ) (Fig. 6) & %48 - 7.34 . sm, 5 46' (s, 1H,

7 8 Hz, J =

benzyllc), 5.24 (dd, 1H, H-2', 7. 21,31

2! ylf

10.5 Hz{, 5.2 ‘tt, 1H, H-3, I, 2,,"33{4 = 9 Hz), 4.90 (a4,
R '.
18, H-2, 3, | §,7.8 Hz , J2 3 =9 Hz), 4.86 (dd 1H, B3
_3, 4,< 3 75 - Hz,~ J3 20 = 10. b Hz), 4 5 (dd lH,-H 6a,
_=' ! -1
Jga.5.= 225 Hz,,q6 L6p = 12 Hz),‘4 45 (@, 1H, H-1',

Jl,’z, = 7.2.32),\4 .42 (4, lH H-l, Ji;zvf'7.dhhz},'4.32‘
- “ . v
|

PR
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= 3.75 Hz), 4.29 (broad 4, 1H,

- » f(broad d, lH,H"4',J4|’3l

H-6'a, Js,;_g;s = 12 Hz),'4.10 (da, 1H,,H—6b,'36b 5 =

5.25 Hz, J 6b 6a = 12 Hz), 4.03 (broad d, 1H, H-6'b,

Jerp, 61a = 12 Hz),3 8 (m{ lH 0-CH,, of aglycon), 3,76,(t
1H; H-4, J, 3 = J, 5 = 9 Hz), 3.66 (s, 3H, O-CH;), 3.60 (m,

lH,"H—S),_3.45:(m, 24, H-5' and_soecgz—»of aglycon), 2.3
(t, 2H, —cHszOOCﬂ3,'J'= 8 Hz), 2.14 - 2.0 (5x s, 154, 5 x

CH

Hy of acetyls), . 1 6 and 1428 {m, 12H, hydrogens in aglycon).

“conmr (cpely) 6: 174.12, 170.51, 170.34, 170.27,
169.51, 168.86 (6 x C=O), 137. 55; 129.18, 128'25, 126.3,
101.36 and 101.22 (C~ l and C-1'), 100:88" (benzyllc carbon),,
77 50 (C-4), 73. 33, 73 06, 72.77, 72. 36, 72.22, 71.89,
70.06, 69.34, 68.54, 66.63, 62.30 (remalnlng carbons of’
sugér‘uniﬁsand aglyconic.ca;bon), 51.32 - 20. 40 (9 llnes,i
qafboné in.églyébn and CHé-of acetyls) ‘

'Anél. calcd. for C39H54018’ C 57.74},H»§.7l; found:
C 57.5, H 6.66.
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8¥Methoxycaibonyloctyl'2,3,6—tri—g—acetyl-4—g—(2;3—di—9—

acetyl—B—D-galactOpyranosyl)eBTD—glucopyraﬁoside_(19)

Aqueous trifluoroacetic acid (90%, 10 mL) was added to

a cold (0°C) solution of crude 18 (4 3 g) in dlchloromethane
(100 mL) and stirred at 0°C for 1 h The reactlon mlxture'
was then washed w1th water, aqueous saturated sodlum bicar-
bonate and flnally w1th water. Evaporatlon left a dry;res1—
due whlch was purlfled on a column of 5111ca gel (100 g) oy
flash thromatography u51ng ethyl acg:ate n-hexane acetonl—
trile (2:2:1) ‘as eluant.‘ Evaporatlon of the second fraction
left a faam (3;16 g, 82% yield). [a]25-7 4 (c 1.05, CHCl )
l’H-r;mr’ (DMSO‘.-.-d6)(F'i:g'. _:/v.)f'a_: 5.12_'(d, 14, 4'-OH, J = 4.5 Hz),
'5?bsf‘t,-;H,'6'—OH; J = 9 Hz), 4.88 (dd, 1H, H-2', Jyu 14 =
7ﬂé Hz; |

,sz,3. = 1ovnz)4'4.68 (dd, 1H, H-3', J4, 5, = 10 Hz,
Ty, 4o = 3.0 Hz), 4.62 (m, 3H, H-2, H-3, B-1), 4.47 (d, 1H,
’ : E i )

- ,l = - =
H-1', 3y, 50 = 7.8 Hz), 4.25 (broad d, 1H, H-6a, Jg, ¢y
12.0 Hz), 4.05 (da, 1H, H- 6b, J6a‘6b = 12.0 Hz, Jg o =

1

6.3 Hz), 3.90-(broad t, 1H, H- 4v, 3 = 3.0 Hz), 3.80 - 3.30
‘(m, remaining-sugar hydrogens;iO-CH3, O—gH of aglycon),
2 3,.J 8 Hz), 2 10 - 1.95 (15 H, 5 x
3 of acetyls), 1.5 - 1.25 (12 H, hydrogens Ain aglycon)
i3

2.30 (t, 2H, -CH =COOCH

CH

C~nmr (CDCl ) 8 170,50, 179 68w;169 61, 169.41

;

(6 x C=0), 101.01,100.60 (C—lf’and €1y, 77.23 (c-4),

»
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74.57, 73.50, 73.46, 72.70, 71.96, 70.09, 69.84, 68.17, o
62.47,*62.41‘(reméining carbons‘of sﬁgar unitg'and agly-

I

conic carbaen), 51.41 - 20.64 #(carbons in aglycon ‘and CH,

- of acetyls).

&
v
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8—Methoxycarbonylocty1 2,3,6—tri—0—acetyl-440—(2,3-di—

O-acetyl -6-0-benzoyl -g- D—galactopyranosyl) B—D—gluco-

pyran051de (20) J E _ S

A solution of beﬁaoyl'chloride (0.640 g, 0.528 mL,
4.5 mmolf'in diohloromethane.(B mL) was added to‘a‘cooled
(-78°C) solution of comoound.}g:(ZJQGig,'4.l mmo1l) in‘di—
ohloromethane (25'mL)'pontainiﬁgAanhydrous pyridine

(0.363 mL, é"s mmol) . ALl the starting diol (19) was con-
i_sumed,'as ev1denced by tlc u51ng eﬂnd acetate -n-hexane-
acetonrtrlle (2:2;1), after stlrrlng at -78°C for 3 h and -
then'at -20°C fobr 6 h..° The reaction mixture was Qashed
with ice4cold-water, ice-cold@ N-hydrochloric acid and
| finally with agueous saturated sodium bicarbonate. Solvent
removal left a SOlld foam whlch was purlfled by flash chrom-
atography«on a column»of 51110a gel (60 0 g) using ethyl
\acetatefg?hexane-acetonitgg}e (2:2.5:0.5). Evaporatlonvof
the first‘main fraction left a oolorless foam (2.8 g, 84%
yield). An analytical sample was prepared by crYstallizar
tion of the foam'from’acetohé—g—hexape; m.p. 1453146°C,

[aﬁg +1.62° (c 0.986, CHCl ). _J’J".

A ‘comparison of' the . 1H -nmr Spectrum of the foam (Flg 8) ‘with

that of the analytlcal sample showed the former material

- to be essentlally pure and therefore the foam was used in

"the glycosylatlon reactlons.
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l4-nmr (DMSO-Ay) (Fig. 8) &§:.8.04, 7.70, 7.58 (m, 5H, benzo- -

ate), 5.18 (t, 1H, H-3, J3'2 = J3r4 =9 Hz), 5.00 (dd,-lH,

S H-2', J 10 Hz), 4.85 (dd4, 1lH, H-3',

Y210 T
=A10 Hz,‘

7.8 HZ, J2'I,3" =

Ty o Jj. 4 = 3.0 Hz),.4£.68 (m, 3H, H=1, H-1',
. ! . L Al : ’ e .

H-2), 4.48 (a4, 1H, H-6'a, J. =.5.25 Hz, J,_ . = 11.5 Hz),

‘ o .Jears ) 6'a_,6'b
' 4.36 - 4.26 (m, 2H, H-6a, H-6'b), 4.10 (dd, 1H, H-6b,

J = 5.5 Hz, "= 11.50 Hz), 4.03 (broad t, 1lH, H-5',
> , :

6b,5 Jéb, 6a
Jg1 g1 = 6.0 Hz), 3.98 (broad d, 1H, H-4', J

4',3"
3.82 (m,. 1H, H-5), 3.75 - 3.64 (m, 5H, H-4 , -O-CH

= 3.0 Hz),
of aglycon), 3.43 :(m, 1H, —O-ng of aglycon), 2.28 (t, 2H,

2

~CH,~COOCH,, J = 8.0 Hz), 2.02 - 1.94 (15H, 5 x CH, of

acetyi),.1;5-and 1.24 (12H, hydrogens in aglycon):

13C-nmr (CDClB) 6: 174.21, 170.39, 170.19, 169,44, .

3

\169.58; }66.402(7 x‘¢=0); 133'52f 1%9.74, l29.59, 128.70,
»100é75; 100.17 (C¥1:and_c—l'), 76.41 (C-4), 73.57, 72.80,
72.67, 72.56, 71.75, 70.13 69.60, 66.95, 62.37, 62.18 (re-
maining'carbons of sugar units and -aglyconic carbon), 51.40 -
| 3\of acetyls).

H54 19:' C $6.65, H 6.58; found:

20.63 . (10 fines, carbons in aglycon and CH

‘~Anal..calcd. for 939

C56.90, H .6.64.
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Tri-Q-acetyl-D~galactal (23)

Zinc dust (90{0 g, BDH) and.aquedus copper sulphate
solution (9 0 g CuSO 8H20 in 33 mL water) were. added to a
v;gorously‘stirred solutlon of,sodlum.aoetate trlhydratq
(163.79, 1.2 mmol) in water-acetic acid (1:1, 1 L) coeoled to
0°C. After 10 min, powdered'acetobromogalactose (33)101
(80.0 g, 194.6 mmol) was added ovér‘a period of 30 min and
the stirring was continued for another 4 h at:O°C. The
reaction mixture was filtered'and diluted Qith?water (750
mL) .  The flltrate was extracted w1th dlchloromethane (3 xc
500 mL) and the combined extract was washed with'rwater’ and
agqueous saturated sodlum_blcarbonate. Evaporatlon of the
dried solvent left a colorless'gyrup‘(S0.0'g, 94.5§ Yield),
homogeneous (Rg = 0.42) as indicated by tlc using-éthyl
acétate—n-hexane (4-6) "~ The lh -nmr spectrum of the product
‘1nd1cated that the purlty of the materlal was, greater than
: 90% (Flg. 9b) Thls‘was_ascertalned by comparlson of\the_
srgnal ‘around 6.3'ppmldue to H-1 with those of the acetyl

N , N
.signals aroQEd 2 ppm. . The lH-nmr spectrum. (Fig. 9b) was in

accordance with the reported values.103’104

13 nmr (CBC1J) 6: 170.45, 170.18, 170.06 (3 x C=0),
145.44 (C-1), 98.92 (C-2), 72.89 (c- 5).,63 95, 63.86 (C- -3,

- C-4), 61.92 (C-6), 20.75, 20 71, 20 59 (CH Of acetyls)
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3,4,6—tri1Q-Acety1~2—azido—Z—deoxy—a,B—D—galactopyranosyl
nitrate (24) and N—acetyl¥3 4,6-tri-o- acetyl—z-azido-2—

deoxy a D- galactopyranosyl amlne (24a)

~ o~

vcompound'gg (42.2'g, 0.154 mmol') in acetonitrile

(840 mL) was added to a mixture of SOdium'azide (15.0 g,

“'0 231 mol) and .ceric ammonium nltrate (253 0 g, 0.462 moly) _

and cooled to -15°C The resultlng suspen51on was v1gor-
ously stlpred with cooling until analysis by tlc (n-hexane~

ethyl acetate (6:4), silica gel) of the sppernatant lquld

phase no longer showed the presence of compound 23 At

<

this time, normally after an 8 to 10 h reactlon perlod, cold
dlethyl ether (1000 mL) and water (1000 ‘mL) were added The
organlc layer was separated and washed w1th 1ce cold water
(3 X 500 mL) prior to-drying. .Evaporatlon of the;solvent
left a yellow syrup (45 0 g) - |

The lH -nmr spectrum was in accordance with that reported

by Lemieux and Ratcllffe.67

»
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3;4,6—Tri—9-acetyl—2—azido—2—deoxy—a—D—

galactopyranosyl bromide (25)

Vilsmeier bromide72 (10.0 g, 46 mmol) was added to the
crude- azido- nltratlon product 24 and 24a (45 0 g) in dichlor-
omethane (300 mL) and the solution was stirred‘at 0°C for

1l h. a 501ution'of'anhYdrous lithiumfbromide (25.0 g, 287

" mmol) ‘in dry acetonitrile (350 mL) was then added and the
stirring was cgntinuéd for another”G h. Tne'reaction mix-
ture was diluted with dry dichloromethane (300 mL) and\
washed with ice cold water (150 mL), saturated aqerus sodluﬁ
blcarbonate (150 mL) and flnalry with dlstllled water (150
mL). The dried solution was evaporated to a yellow syrup
(40.0 g). A portion of the syrip (10.0 g) was chromato— _
graphed on a column of silica gel (300 g) w1th ‘ethyl acetate-‘
ndﬂexane (3:7). _Thewmaln fraction provided 3,4,6—tr1~9-
acetyl-z—azido—2—deoxy4a—b—§alactopyranosyl bromide (7.0 g,
66%'yield) which was crystallized from diethyl ether—hexane,

. m.p. 96~98°C. | '

. L
Y

The" 1I«Iﬂ'lmr spectrum (Fig. 10c) of the recrystallized bramide was

3.
‘in accordance w1th that reported by Lemieux and Ratcllffe.67
A comparlson of the lH -nmn sped@&um of the sample before

column purlflcatlon with that of. the analytical sample

(Flg 10c) showed that the former product was about 75% pure.

T

e
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2
'rv’:

The crude bromlde was employed in the next step, the glyco-

sylatlon reaction, w1thout purification.

l3c—nmr.(cnc13) §: 170.22, 169.70, 169.43 (3 x ¢=0),

189.07 (C-1), 71.53 (C-5); 69.84, 66.72 (C-4 and C-3),
60.78 (C-6), 58.75 (C-2). |
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a

Allyl 3,4,6-tri—gpacetyi;2—azid042—deoxy— !

B—D—gaiactopyranoside (26)

A solutioh oftthe cruae bromide g§ (30.0_9, 7.61 mmol)
in diohloromethane. (125 mL) was added in drops to a vigor-
ously:stirred suspension offanhydrous silver carbonate ‘
(20.0fg, 7.25 mmol) and anhydrous calcium sulphate (25.0 g’
'in.allyl alcohol (200 mL) | After stirring at room tempera-'
_ ture for 16 h, the reactlon mixture was flltered through a
. bed of dlatomaceous earth (10 0 g) and the filtrate was
evaporated to dryness. Purlflcatlon by flash column chroma-
tography on silica gel (600 g) u51ng eﬂnd.acetate—n hexane
(3-7) .and the evaporation- of the flrst main fraction resul-
ted in a pale yellow syrup (15 97 g, 29% based on acetobromo—

galactose) whlch was homogeneous as ev1dencedlby tlc.

'[d]DZS ~-12.4° (¢ 1,5, CHC1,) -
lH-nmr (CDC13) (Fig. 11) : 5.96 (m,. 1H, —()—CH2-CH=CH Yy, 5.42
R n = 2
(m, 1H, —o-CHz—CH=cg2), 5.40 (broad 4, 1H, H-4, I, 3 = 3 Hz),.
5.32 (m, 1H, ~-O-CH,-CH=CH.,), 4.84 (44, 1H, H-3,.J = 3 Hz,
2 =2 3,4
Iy 5 = 10.5 Hz), 4.46 (4, 1H, H-1, Jy 5, = 7.8 Hz), 4.45 and
" 4.24 (m, 2H, —o—cgz—CH=CH2), 4.3 - 4.2 (m, 2H, H-6a, H-6b),
3.88 (broad t, 1lH, H-5, Jg ¢ = 6.75 Hz), 3.75 (dd, 1lH, H-2,

of acetyls.
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i

} _ . : o ‘ — _— oot
| 13C'-nmr (€DC1;) 6: 170.30, 170.04, 169.777(3 x ¢=0),

-13i

14 . (—O-GHz*CH—CH ), ll& 25 (-O-CH.,-CH=CH ), 101.17 (C- 1),

2
71. 14 (c-5), 70.73, 70.64 (C-3 and c-4), 66.44 (-O-CH,-CH=

| CH,), 61.29 (C-2), 60193 (C-6), 20.59 (3 x CH, of acetyls).

G
1

: Anal. calcd. for C15H21N3018.g C '_48.49_,_',_1:! .'5.7,10, N 1132, .

found: C 47.98, H 5.66, N-10.65.
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;“Ailgl,z¥a§rébé;-aeogy;srp-garactopyranos;de'(gz)__
‘ S : o S SR
A freshly pfepared solutlon of sodlum methoxlde in

‘methanol (5 mL, 0.5. mol) -was added to a solutlon of 3 4 ; 6-

| 'ﬂtrl-o-acetyl 2—azido- -deoxy-B-D-galactopyran051de (26)

*d7(18 0 g, 48 5 mmol) in methahol 1150 mL) After stlrrlng

L fat rOOm temperature for 90 mln, the solutlon was neutrallzed

, Tdecolorized w1th charcoal (5.0 g) and evaporated. The

v-t,¢.117 -118°¢C, [dFS +13 9 ‘(e 0798, cu 308) .
'fv,f-o-cnz-cn=cu ), 5 35, (m, 1H,1-0-CH

C1H B 4 J "f 1. 5 Hz,

ffw1th IRA-lZO H azmln.; The yellow colored solutlon was
-fjcolorless solid was crystalllzed from eﬂnd.acetate-n-hexane

:toctmauu 11 0 g (92 3%) of the recrystalllzed product, m.p.

lH-nmr (cn on HOD = 4. 81) (FJ,g. 12) a 6 04 - 5 90 (m, W,

r5-o~cn -cn—cn Vi 4. 34 (d 18, H- -1, 3,

l 2 7. 8 Hz), 3 78 (dd,

,n-sb),_3 48 im, 2H, B-2, H-S), 3. 42 (dd 1H, H—3, 33'4t=,
3.5 H2, 3y, 1105 H2)s L
RS ~GH=CH,) , 116. 4

C-nmr (DMSO-d )" 6 134 37 (—O-CH2

”i(~o—cu2—cn=cn ), 1oo 41 (c-l){ 75.20 (e- 5), 71 55 (C- 3),

"ea 80 (C- 4), 67 55 (-o-cn -ca=cn , 64, 22 (c-z), so 26 (c 6)

2)

Anal. calcd for CQH15N3O .'

© 44.06, H.6. 16, N17. 14, .
" found: € 3, 59, "6 21 N 17, 00.7"::'- ' AR



" 164

vAllyl 3 4 6 tr1-0-acety1 -2- deoxy-z—phthallmmdo-

.-B-D*galactopyran051de (29)

.._' ,

e

, | A slow stream of hydrogen sulp 1de was bubbled through
f;an 1ce-cold solutlon of the azide (27)(14 0 g, 57.14 mmol)
:1n pyrldlne (150 mL) and tr1ethylam1ne (45 mL) for 4 h. '
The solutlon was then stirred at room temperature for another
L6 h and then evaporated to dryness. The re51due (28) was.
._extracted wlth a mlxture of metnanol-water (1: 1), flltered
| hrough a bed of dlatomaceous earth and evaporated.

Phthallc anhydrlde (4 86 g, 32 83 mmol) was added to a

solutlon of "the above re51due 1n pyrldlne (50 mL) and heated

'f‘ to 60°C. for 30 m1n. Trlethylamlne (5.9 g» 57 28 mmol) and

f:more phthallc anhydrlde (4 86 9 32 83 fmol) were added and
ithe heatlng was contlnued for 2 h. Methanol (50 mL) was
-added -and the solutlon was evaporated to a dry re51due whlch_‘
fwas taken up 1n a mixture of pyr;dine-acetxc anhydrlde (2 l,

",60 mL) 4-N N- dlmethylamlnopyr1d1ne (10 mg) was: added and
{the solutlon was stirred at, 60°C for 24 h.‘ The reactlon

f*imlxture was then poured over crushed 1ce (100: g) and the d”?

product was extracted w1th dlchloromethane (2 x 150 mL)

";The dlchloromethane layer was washed Wlth water, 1ce-cold

’ ;~phydrochlor1c ac1d (lN), and flnally wzth aqueous saturated

‘:sodlum blcarbonate.f Aftek drylng, the solution was evap-lf‘f

"orated to a foamy re51due whlch was purifled by flash
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. - q N .
chromatography on a. column of 5111ca gel (600 g) u51ng

eﬂﬁd acetate-hexane-aceton1tr;le (2 2 5 0 5) Evaporatlon

of the flrst maln fractlon left a colorleSs foam (19 0 g,, \5'“

e 70% yleld) homogeneous on tlc. -1 ]D25 .10 7° (c 1 0 .

N CHCl ) } ' . .: A‘. . .‘ - ) ‘.." . ; X . _l. .‘ N . ..A\ o
| S : -,

IH-nmr (CDCl )(Flg.‘ 13) ' 7 80 = 7 72 (m,’4H, phthalJmldo),

5 8 (ad, 1H, B- 3 J3,2 = 11 Hz, 3y 4 =3.5 Hz), 5. 78 - 5. 66
,;(m, "1H, O- CHZ—CH—CH )+ 5450 (broad da, 1H, B- 4 J4 3 3. 5 Hz),(
.5.35 (d, 1H, H-1, Jl , =1, 8. Hz),‘S 14 (m, 1a, .-cnz—cn—cn ),

Jé,s = 11.0 Hz),'n.34 ;74;04-(m,,sa; H-sa;“a;eb; H-S,

~0-CH,~CH=CH,), 2. 22 2T, 1.86 (3 x s}’CHé of acetyls).

5;3C-nmr (CDc1 y 6 170.39, 169.79 (c—O), 134.27,

131 53 123 78, 123. 58 (aromatlc carbons), 133 32 (O CHz—gﬁ—
'CH ), 117 84 (O-CH2 CH—CHz), 97. 56 (C—l), 70 87 70 17; -

" 68. 15 (c s - C-4, c- 3), 66 83 (o-cnz-cu—cn ) 61 50- (c-6>,
o/ 2 :

c—
7 e

51.46 (C- 2), 20! 7o 20.50, 2og;*
. 2 .
~"§nal. calcd for C23H25N010 C 58 10 H 5 30 N 2 94

~ found: c 57.82, H 5. 30, N 2. 9o.n

(3 X cn;—coo-)v'
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3 4 6— trl-o-Acetyl 2 deoxy 2-phthallm1do—

| D—galactopyranose (31)

Tris trlphenylphosphlne rhodlum (III) chlorlde (300 mg,

0. 32 mmol) and 1, 4-d1azabu3@hxcuxm (100 mg, l 1 mmol)

”iwere added to a solutlon of compound 29 (2 5 g, 5.26 mmol B

7

in ethanol benzene-—water (7-3.l,~300‘mL) and refluxedl

;for 36 h. The-solvents were then evaporated-to dryness and‘

'the reszdue was dlssolved in agueous~acetone (90%, 50 mL)

contalnlng mercuric chlorlde (5 g) and yellow mercurlc

~oxide (100 mg) After stlrrlng at room temperature for 60

mln, the reactlon mlxture was dlluted with water (50 mL)
and the product Was extracted w1th chloroform (2 ‘X 75 mL) .

The chloroform layer was washed W1th aqueous pota351um

hlodlde (lO% 2 x 50 mL) and then with water. Evaporatlon‘

'left a black re51due whlch.was purlfled by flash chroma—

: tography on a column of 5111ca gel (100 g) u51ng ethyl ace-

. tate=- hexane-acetonltrlle

-') w

) hEvaporatlon of the'

~.second maln fractlon left‘a foam (l 88. g, 78%) whlch was .

"a mlxture of. a and B anomers of 31, as ev1denced by the’

lH nmr siectrum (Flg 15)

J 3a"4a B

lH—n? (coc1 )(Flg 15) 6 642 (dd H 3a,

.3(;,.’.‘23_?_ -'_1:1 Hz,

38 28 ll Hz,. 38 48 =
‘5 HZ), 5. 46-— 5. 36 (m,_H -4, H-la, H-le), 4.84 - 3,06 (- Z2a,

[N : » / Lo
H- 28, H- 5 . H- 6a,»H Gb), 1. 84 - 2. 16 (m, CH3 of acetyls) o

- A“' .
. L : T
N .

t
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o
\

3,4,6-tri-0-Acetyl-2-deoxy-2-phthalimido-

B—D-galaotopyranosyl'bromide't32Y

Vlslmeler bromlde (l 31 g, 6 051hmol) was added to an "'
u'1ce cold solutlon of compound 31 (l 88 g, 4, 32 mmol) in
_d;chlor.ome_i;hane (25 mL) and _stlrred. _m—Colhdme (0.802 mL',

'6.05 mmol) was added in dfops to the reactionimixture.“‘

'.'After stirring fof 2 h at'0°C and 12 h at'foom temberature,

‘;6 36 (d 1H, H= 1, 3

the reactlon mlxture was washed with ice- cold water (15 mL), .

~

ice-cold hydrochlorlc ac1d (l N 10 mL) and flnally with
.water., Evaporatlon of the solvent ;eft a re51due (1 88 g,
/84% yleld) COntalnlng a and B\agomers of 32 The pure B-
bromide was crystalllzed out from the m1xtur§ u51ng
;‘ethylacetage-g-haxanef m;p, 1364137°C,_[a1DH"f29.25 (c -
0.98, CHCly). - o L "f" |

" lyomy (coc1y )(Flg 16)° §: 7.86.~ 7.70 m, 4, phthalmudo),

10 Hz), 5.76 (dd lH H 3,

1,2 7y . J3,2
11-o’nz. 3¥4 = 3. 50 Hz), 5. 52 (ofoad d, 1H, _H—A,.d4’3 =
3.50 Hz), 4.8 (ad, lH H -2, d = 11 Hz," ‘= 10 Hz),*

2,3 T2 -
-4.17 (m,’ 3H H-5,.  H-6a, H-6b), 2.28, 2.08, 1.84-(3 X's,

f C§3 of - acetyls)

S T UR
3¢ nmr (cpel,) 81 170.27, 170,09, 169.45 (3 x ¢=0),

134ﬂ53 '131'30,‘123'83 (éromatic),~ne os (c- 1), 75.88, 67.88, -

Al

'66.66. (c-s c 3, c- 2\‘\zi 38~ (c 6), 54. 61 (c 2), 20. 64,¥"7a
”;20 38 (CH of acetyls) ’ ' | )

0

| ‘ 207207, 9,5 |
| _found-, c 48. 01, H 4. 1o N 2.81..

o 5

Anal calcd for C “H. BrNO " .C 48.20, H;4LQAI Nf2,§2§;"'
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8—MethoXycarbouyloctyl 2,3, 6-tri60—aeetyl—4*O—I2 3,di-0-
'acetyl 6-0~benzoyl- 4-0-(3 4,6~ tr;—o-acetyl -2- deoxy-2— .
'phthallmldo-s D—galactopyranosyl) B-D—galactopyranosyl]—

B—D-glucopyranos1de (33) o |

' 3, 4 6-Tri- O—acetyl -2- deoxy—2 phthallmldo—D galacto- .
._pyraaosyl‘ﬁfojide (32)(225 mg, o. 45 mmol) in. nltromethane
(5 mL) was added to a- solutlon of\the alcohol 20 (340 mg,
0. 41 mmol) , _xmfcollldlne (54 5.uL, O. 411 mmol) and silver
'trlflate (llS mg, 0. 45 mmol) in- dry nltromethane (5 mL) o
cooled to —25°C.f The mixture was stlrred at —25°C for 5 h |
and. then at room temperature for 12. h The solids that i

-

. were depos1ted aftervfhe addltlon of dlchloromethan (20 mL)
were removed by flitration and the flltrate was washed with
sodlum thlosulphate solutlon, cold water, dllute aqueous
:‘ HC1 and saturated sodium’ blcarbonate solutlon. .Solvent
remoLal after dry1ng left a foam’wh1¢h was'purified‘byt\u..
preparatlve high pressure llquld chromatography fon. a column
.of.5111ca gel using eﬂnd acetate—n hexane-acetonitrile (
(2 2 5 0 5). whlch gave a co orless foam - (330 mg, 64.5%
.yleld), [aﬁ5-x9 9° (c, 2. 7 CHC1 3) - ",“ o <*~}g‘f e
g-nmr (cbC1,) (Flg 17) 5: 8.0 - 7.5 (broad m, 48y, phithalinido) ,

' 5.92 (44, 13, H-3", Tyu gn 3.5 Hz, 3" 2"', 11 Hz)r 5.44

* T ‘ k|
‘(broad d, 1h H-4", J4“ 3m = 3.5 Hz), 5. 32 (4, 1H, B-1",-.

7 8 Hz). 5 15 (t, lH B-3, J3‘2 = Jy, 4 = 10 Hz},

1v;3g | Bk Y e



10 Hz, J
11 Hz, J
3H, H-6a,’ H-1, H-6' b), 4.28 (d 1H, H- -1,

418 (broad 4, lH L H- 4, 3

169

. - . -l - .4- . - ]
4.84 J‘(m, ZH, H 2, ?‘I 3 ’ J2'3 : 2'1 3|’2|‘

"= 3.0 Hz), 4.70 (broad d, 1H, H-6'a, J

=10 Hz, J. .= 7.8 Hz, J.. .. =

) ) 6'&,6*'1;-.’:
7.0 Hz), 4.52 (m, 2H, H-2", H-2'), 4.40" (m,

‘3',4'

§a,5 |

1' 2'."= 7.8 Hz),

4v 3+ = 3.0 Hz), 4.12 - 3.94 (m,
’ R .

 4H H- 5" , _6"a’ H-6"b), 3}3’(m, 2H,'H—5', O—ng of agiycon),

3.70 (m, 4H 0-CH,, H~4), 3.51 (m, H-1, H-5), 3.4 (m, iH,

3'

VO CH2 of aglycon), 2 3 (t, .2H, ‘C§2‘COOCH3,_J ;~B-0'Hz);”"»

2.2 - 1.74 (8 x s, 24H, adetyl CHy), 1.6 and 1.20 (128, .

aglyconic'hYdrogens). ‘ )
Pe-nmr (cpel,) s 174.21;;gpocn3)).170;33;>17o.3o,_;
170. 27--17o»oﬂ"169 72, 169.18, 168.59, 167.98, 167.16,

166.26 (LG x C—O), 134. 28, 133. 97 133.44, 131.71, 129.97,“

- 128.77, 124,58 123 07 (ppthallmldo, benzoate carbons),
. ) (
: 190.92, 100 41, 98 46 (C -1, €-1', c- l"), 77 28 (C—4),

75.42, 72. 89 72 48, 72 25, 72. 15 71. 83, 714, 70.04,

ﬁ/;;7 57. 49 66. é7 62 13, 62 12,. 61. 41 51 38 (remalnlng

'-"carbons,of sugar.unlts and the.—O—CHz— of-aglycon), 51.28 -

-3 .

,20 29 (12 llnesb remalnlng carbons 1n aglycon, CH of

>

acetyls)
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-8-Methoxycarbonyloctyl 4—0—[4-0—(2 deoxy 2- phthallmldo B-

D- galactopyranosyl) B- D—galactopyranosyl] R- D—

»

. §lucopyranoside (34)

A‘fteshly'prepared solution ,odium methoxide in

' methanol (0.5 mL, 0-5 M) was add:“ieo a solution'of compdund

33 (364 mg, 0.289 mmol) in arnhydrous methanol (20 mL) and

stlrred under nltrogen atmosphere for 5 h The reaction
mixture was neutrallzed w1th dry IRA-lZOIi resumand evapor— »
ated to a dry re51due whlch was homogeneou§ on tlc (ethyl (f//i~
acetate ethanol- water, 7:2:1), to yleld 220 mg (97%) . |

lH—nmr (CD,OD, HOD'= 4.818) &: 8.0 - 7.7 (m; aH, phthal-

~imido), 5.15 (4, 1H, H-1", Jl"'zg 8.0 Hz), 4.59 (da, m,

-3%, 344, 2"-= 11.0 Bz, 3 3n gn = 350 Ha), 4,33 (@a, m,
H-2", J,u 1w = 8.0 Hz, 3y, 3, =.11.0 He), 4.23 - 4'15\(2:x 4,

2H, H-1, H-1', J 1},2',=: 1, é = 7.8 Hz), 3 9 - 3 .25 (m, remain-

ing'sugats éhd'aglycones except H 2 and H 2" ), 3. 18 (t, lH, H—Z

J2)3'= Ji,é' = 9.0 Hz), 3.07 (dd, 1H, H 2', J2 1

= 7.8 Hz,.
= 9.5°Hz), 2.27 (¢, 2H, CH coocn3, 3 = 8.0 Hz), 1.55

Tar, 3 2
~and 1.29 (12H hydrogens in aglycon)

. L4
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'8-Methox%farbonyloctyl 4- 0 [4 O-(2 acetam1do-2 deoxy—

B ,Pyran051de.(SL-—e51alo—G

SN

‘:,3 D—galactopyranosyl)—B—D—galactopyranosyl]—B D—gluco—

Mg,hapten

v

Hydra21ne (95%, 100 UL) was added to a solutlon of com—'

\

pound 34 (219 mg, 0. 280 mmol) in methanol (20 mL) and

v

AN

refluxed for 2 h. The reaction mlxture was then ev porated
to a'dry re51due which was taken up in 11 mL of metienol—
acetic anhydrlde (10:1) and stirred at room temperature for

3 h. After evaporaplon to a dry resijdue, the crude product

.was flltered through a Blo-gel P-2 column using ethanol-

water (9 l) The main fractlons on lyphophlllzatlon left

asialo-G M2 hapten .(8) as a colorless materlal (355 mg,

.79.89% yield). [a]

J

25

Ipw, 2"-f 9 Hz), 4. 43 4.39 (2 x ), 2H, qu H-lﬂ, Jl 2;-5

Iy, = 80 Hz), 4, 04 (broad 4, 1H, H- 4', J < 2.2 Hz) :

4', 3
4. 0 = 3 35 (ZOH zemalnlng 15 ring hydrogens except H 2!

and ‘H-2; O CH3, O--CH2 of aglycon), 3 36 (da, lH H -2,

= 7 7 Bz, = 9.9 Hz), 3.24 (dd 1H, H- 2, R

2‘,1' 2'“3 -
Jy,1 = 8. o Hz, J 2.3 ng 0 He)j- 2. 4 (t, 2H, vCH2 coocn 3

2. 05 (s,. 3H’ cu3 of N—acetyl), 1.6 and 1.30 (12H, aglyconlc

| hydrogens)

." ,

lH-nmr (D,0, HOD = 4. 81) (FJ.g. 19 and Table 4 ) - 1 4_-5.8 @, 14, -1, "
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c-nmr. (D,0) (Fig. 20 and Table 5) §: 178.09 (fépocﬁ3),

175.27 (—Nngpcn3),¢193,34,(c¥1'), 102.94 (C-1"), 102.37
(C-1), 79.04 -(C-4), 76.48. (C-4"), 75.21 (C-5"), 75.10 ¢

‘(cfs),,74.78'(c-5'), 74.76 (C-3), 73.16 (C-2), 72.90

"(C-3'), 71.45 (C-3", C-2'}, 71.02 (aglyconic carbon), 68.2]
‘. (C_.4n) , 61;41 _(C’_Gnl ),' " 61.03 (C-6" ) ’ 60.53 (C'S6) ’ 53-70 Y

-(COOQH3),A52,37 - 22.74 (8 lines remaining carbon in agly-

cone and CH

CH3=CO-NH-) . "
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Allyi 2-azido-2-deoxy-4,6-0-benzylidene-

B~-D-galactopyranoside (35)

A solutlon of compound 27 (11 0 g, 44.8 mmol) in dry
acetonltrlle (200 mi) contalnlng a, a-dlmethoxytoluene

“(11. 0 g, 72 3 mmol) and R—toluenesulphonlc acid (150 mg,
0.87 mmol) was stlrred at room.temperature for 16 h. ~The
"solution was then neutrallzed w1th trlethylamlne and evap—,~
vorated to dryness. A solutlon”of the residue in dlchloro—
methane (150 mL) was-waehea’with water (50 mL), dried aﬁd

evaporated to leave a pale yellow SOlld ‘'which’ crystalllzed

25

from toluene (11.8 g, 79% yleld), m.p. 129-131°C, [a]D

-15.3° (g_ 1.03\, c,Hc13)_.. o
|  yonmr (cb_c13) (Fig. z-i)' 5: 7.48 - 7.34 (m, 5H, afaryat;ic)‘»._ |

6.02 - 5.9 (m, IH, o-énz-cg=énj),’5.56 (s, lH,Jbepzylic)"'

5.34 (m, 1H, O-CH,-CH=CH,), 5.22 (m, 1ﬁ,'o-cn2-¢ﬁ=cg ),

4f44 and 4.14 (m, H, H-4,-O—C§2‘CH—CH2), 4.31, (m, 2;,

E.T“ H-1, H-6a), 4.04 Ybd, J = 12.2 Hz, 1H, H-6b), 3.64 (44,
. ’ " - o .

J = 8,10 Hz, 1H, H-2), 3.56 (ddd, J = 10.0 Hz, 8, 3.5 Hz,
N

1H, H-3), 3.41 (broad s, 1H, H-5), 2.58(d, J = 8.0-Hz, 1H,

40-H)‘ | ..w_ . 2;A . | ' 1. | ,ii’ ./

, 3¢ nine }tnc13) 5t 1§g,58*(b-euzecnz—gn=caé),A129'-~

“ 126.0 (3 lines, aromatic carbpns), 117.76 (0-CH,~CH=CH,) ,
'*QV t ' ".- : ) - - ‘ . E . . :
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. . “ ) X . C
101.46, 100.93 (C-1, benzylic carbon), 74.61 (C-4), %.55

(c—5),;7of23 (C-3), 69.02 (C-6), 66.56v(o-9524cn=c32),
64.10 (C-2). | ’ |
. A )

- ‘Anal. calcd.. for C16H19}Q305: 'C.57.62, 111_5.7’4‘, N 12‘.161;
"'found: C 57.48, H 5.85, N 12.58. .

« . ——————t



Ny

Allyl:é-azido—Z—deoxy44,6—9—benzylidené-3—9—(2,3,4,6—tetra—_

‘gfacetyl—B—D-galactopyranosyl)—B—Q;galactopyranoside (36)

,jg Y A s.olution of aéetcﬁbromogalac‘t‘ose101 (7.33 g, 19.7_rrl"nol) ;
in' dry nitromethane (30 mL) was added to a cooled-(—25°Ci
solution of the aleohol 35 (5.97 g, 17.9 mmol), silver
trifluoroﬁethanesulphonate (5.067 g, 19.7 mmol) ahd‘gxg—
collidine (2.37 mL, 17.9 mmol) in dfy nitromethane (100 mL).
After stirring at -25°C for 8 h, the reaction.mixture was
diluted with dlchloromethane (200 mL) and flltered through

:é?,a bed of diatomaceous earth. The flltrate was washed w1th

- water,'aqueous saturated sodlum blcarbonate and flnally w&th
water. Evaporatlonpof the solvent left a re51due whlch‘was
purified by.fiash,chromatography en a columu.of silica éel ”
(300 g) using eﬂnd.acetateegfhexane—acetOnitrile (2:2,5;0.5)‘

"The first main fractibn;on evaporation left a foam (8;3pg,

70% yield) homogeneous. on tlé.u )

An analytlcal sample was prepared by crystalllzation of.
the foam from methanol; m.p. 141- 144°C,v[a]D,+l3.7° (g 0.96,
CHChg) -,

A eompariSOn of the . lH--nmr spectrum of the analytlcal

~

sample with that of’ the foam 1ndlcated the latter to be

essentlally pure and hence the foam was used 1n subsequentv
steps.’ o

s »

L]



4H'2', J

4.19 - 4,09 (m, 3H, H-6'a, H-6" b, O-CK

. - S L 176

1y nmr (cnc1 ) (F:Lg 22) &: 7. 53 - 7.35 (m, 5H, arcmatlc), 6 o -

5 8 (m,. lH o- CH -CH= CH ), 5.54 (s, 1H, benzyI;c). 5. 39 (dd
“IH, H-4', J4. 3+ = 3.0 Hz, J4 s» = 1.5 Hz), 5.32 (m, lH

'—o-cu-—ca=cn ) 5.22 (m, 1H, -O-CH,-CH=CHj), 5. 26 @d, 18,

2! 1.,= 7.8 Hz, J,, 5, = 10.0 Hz), 5.02 (dd,. 1H,.
’ > v -

H-3', J3. 2+ = 10.0 Hz, Jg, 4r = 3.0 Hz);*4'8 (d, 1H, H-1",

311,30 =.7-8.Hz), 4.4 (m, 1H, O-CH,~CH=CH,), 4.33 (d, 1H,

H’l Jl 2 = 7 8 HZ), 4 31 (dd lH' H 6&, 1,5 HZ,7

6a,5 =

Tea . 6b - 12.0 Hz), 4. 21 (broad a/ 1H, H- -4, 4.3

B, CH—CH ). 4. 04 (dd

v_3 5 Hz), 3 36 (broad s, H=5), 2 16 - 1.98 (4 x s, IZH 4 x

) C§3,of acetyls) o .~'. ‘ , ‘,;.*w
13, S

C-nmr (CDc1 ) 5 ' 170 27 f,_,

2 f-o-cocu ), 137, 86, 128 89,

"_70.10,
g - R ] \ N
%-éSrexpected 8 lines observed, the remalnlng

v“é 3 SRS .
'A.'%%abons'of sugar units and  the: 2§1yconxc carbon), 20. 65,73

20. 52 (CH of acetyls) - B :., :. . 7.

30 3773 14°

, f°uhd:7'q~54+37,'H 5.72) N 6.11. ., 5

lH, H-§b{ J6b,5 = 1.5 Hz, 6b 6a 12.0 Hz), 3. 89 (broad t,
';H( H-5', J5. 6. = 6 5 HZ), 3 82 (dq, lH H % J2 1 ‘_7.8 Hzf
'J2'3 = 10.5" Hz), 3. 46 (da, lH H -3, 33 2 = 10 5 Hz, J 3, 4

69 Ol, 68. 95 67. 17, 66. 70 62 44,.

Anal. caled. for C, H,.N,0,,: C 54.27, B 5.62, N 6.33;"

= 3.5'Hz), . -,

.

C

v

s
L TR
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Allyl 4 6—d1-o—acety1 2-a21do—2 deoxy&B O (2,3,4,6- -tetra-0-

...&

acetyl B~D~ galactopyranosyl)—s D- galaCtopyran051de (37)

Hal

*Aqueous trifonroacetic acid (éO%, 10 mL)vwas added to
a solution of compound 36 (5. 0 g) 1n dlchfg}omethané3(100

mL) kept at 9°C. After stlrrlng for 30 mln, the solutlog

.

"was washed with ice= cold water (50 mL), aqueous saturated

_,sodlum blcarbonate and flnally with water. Solvent removal

’

left avsyrup whlch was dlssolved,ln dry dnchloromethane
(}OO mL) containing pyridingl(s mL) and acetic anhydride
(S‘mL).d 4-§;g—Dimethylaminopyridine (lo‘mg)'was'added to

~ the above mixture and stirred at room temperature for 12 h.

The reaction mixture was then washed with ice-cold hydro-

ﬁ chloric acid (1 N), saturated aqueous sodlum bicarbonate

'and finally with water. The drled solutlon Xas evaporated

to a syrup and passed through a. short silica gel column to -

remove the benzaldehyde 1mpur1ty formed at the initial step.

Evaporatlon of the second main fractlon left a solid , (3.9 g,

80% yleld) whlch was homogeneous on tlc; m. p. lll -l12°C,

25 . v

[Q]D +10.0 (c 1.89, CHCl 3 L, T

1H-—nmr (CDC1 ) (Fig* 26). §: 6.0 - 5.88 (m, 1H, O~CH,~CH=CH,), .

5.4 - 5, 22 (m, 4H, H-4, H-4' o—caz—ahgz), 5.15 (ad,” 1H, H—';ﬂ’,"'f‘J"l-:-,-«‘*E, =

7$8%Hz'*J2'f3"= 10.5 Hz), -5.0 (44, 1H, H-3', J3,’2\ =

10.5 Hz, T3, 40 = 3.5 ;}z), 4.71 (4,™H, H-1', Jye g0 T

7.8 Hz), 4.42 (mk 1H, O-CH,-CH=CH,), 4.33 (d, lH, B-1,

»

2



A . ' . .
\\A ' A. ~

3y 5 = 8.0 Hz), 4. 22 - 4. 04 (m, sn H- 6a” H-6b, H -6 a,,ﬂ-stb,,

0-CH,

 3.75 (broad t, 1n H-5, F,

~CH=CH,), 3.90 cbroad t, lH H-5', J ‘=7.0 Hz),

5',6"
5,6 " 7.Q Hz); 3.64 (dd, 1H, H-2,

5 2'3_=;1o.o Hz), 3.54.(dd, 1H, H-3; I3,

= 3.5 Hz), 2.2 - 2.04 (6 x s, 18H, CH -COO-).

Jo 1
10.0 Hz, J
13

= 8.0 Hz,

3,4 |
C-nmr (CBCl,) &3 170 47, 170.34, 170. 25, 170. 07,

,. 169,75 159.29 (6 X Q O), 133 22 (—O—CH —CH—CH ) 118 09

2

(O-CH —CH—CH ), 101 47, 101 00 (anomerlc carbons C- l ‘and

2
c-1'), 77.26 (C- 3), 71. 42 IQO 84 70.66, 70;47, 68:85,

68.10 (Cc-5, C-5',-C-3', c—z , C-4", C-4), 66.83" (0-CH,-CH=

'CH;), 63.34 (C-2), 62.29;.51.02 (c-s,Lcse'); 20.70, 20.65,
e A . . . ~ \" .
20.63, 20.53 [(6'x CH3 of acetyls) y e -t
IAnal. calcd for C27ﬁ37 3116’~'q 49.16, ‘H 5.6§,,N 6.37;

found: C 49.27, H 5.68, N 6.27.
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Allyl 2-a21do-2 deoxy-'-o-(s -D- galactopyranosyl)—

B- D-galactopyran051de (38)

WA freshly prepared solutlon of sodlum methox;de in
methanol (2.5 mL, 0. 5 M) was added to a solutlon of 37
(4 0 g) in anhydrous methanol (75 mL) and stlrred at room.
temperature for 6 h. After neutrallzatlon with IRA—120 B
resin, the solution was evaporated to a dry residue (2. 3gg,
93.5% yleld) which was homogeneous on tlc (ethyl acetate-
ethanol-water, 7.2.0.5). An 3nalyt1cal sample was prepared
by crystalllzatlon of a small quantity of the residue from
‘ethanol-etherf m.R. 16§-l70°C (dec.), [a]25+12.0.(g 0.64,
rH 0). A cOmparison-of the‘lH-nmr spectrum (Flg 26) of the

2
r analytlcal sample w1th that of the residue showed the latter

———

to be essentlally pure and the re51due was used 1n subsequent

v© .
steps.
LT (D,0, HOD = 4.81) (Fig. 27) :5.98 (m, 1, -o-cnz—cn=

CH,), 5.34 (m, 1H, -0- CH,~CH=CH )% 5.25 (m, 1H, -0-CH,-CH=
.Cﬂz);'§-54.aﬁ¢_4-48:(2 X d,"2H, H-1', H-1, 3., ,, = J, , =

7.8 Hz), 4.1 (dd, 1K, H-4, J, 5 = 3.5 Hz, Iy 5 = }.5 Hz) ,

3.85 (broad d, 1H, H-4', J,, ,, = 3.5 Hz), 3.78 - 3.44 (m,

10H,'remaining hydrogens of sugar units).

13

C-nmr (D,0) &: 133.33 (-0O-CH —CH=CH,); 118.98 (-0-"

2

' CH ‘CH QH )., 104. 82 (c-1*), 100.82 (C-1), 80.29 (C-3), 75.20
(c-5'Y, 75.00 (C—5),A72;69 (G-3'), 70.89 (c-2'), 68.73
(C-4 c-4%), 68.07 (-O-QHZ—Cﬁ=CH2), 62.77 (C-2), 61.15,

60.96¢(C—6' and C-6).
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- Allyl 2 am1n0-2 deoxy~3 O (6 D—galactopyranosyl)—

8 -D- galactopyran051de (39) L "‘”g o ﬂ~ < ,";'

" .. :
A .

A slow stream ‘of . hydrOgen sulphlde was bubbled throughi

L]

an ite-cold solutlon of the crude 3B (2 3 g) in pyrldlne

(30 mL)iand trlethylamlne (10 mL) for 4 h, The reactlon

»

mixture was then stlrred at room temperature for- another

12 h. The solutlon was evapqrated to. dryness and the
re51due was eXtracted w1th water.' The extract was flltered'
through a bed of dlatomaceous earth (5. 0 g) and evaporated

The re51due (2 3 g) appeared to be: the de51red amlne .as

assessed by tlc aSgweli as lH— and 13 C-nmr.

l4-nmr (D,O, HOD = 4.81) (Fig. 28) 5: 6.0 ~ 5.88 @, 1, o~cn2—

2—cn=cgz), 5. 25 (m," 1H, O“CH,~CH=

I0 g = 7}85Hz, 4.36 (4, '1H, H-1,
14 . ) . .

CH=CH,) , 5.35 (m, 1H, O-CH
CH,), 4.50 (4, 1H, H-1',
I, = 7.8 Hz), 4.36 (m, 1H, o-Cg2—0H=cH2),_4.ia (m, 1H,
é-cﬁ=cn2), 4.12 (broad d, 1H, H-4, "3, 3 = 2.50 Hz), 3.91
(broad d, 1H, H-4', J4,r35 = 2.5 Hz), 3.80 - 3.54 (m, 9H,
remaining ring hydrogens except H—2),,3;b (dd, 1H,. H-2,

0-CH

J2,l = 7.8 Hz, = 10.0 Hz). ¢

13

72,3 _
C-nmr (D,0) 8: 134.11 (-O-CH,-CH=CH,), 119.25 (O-CH,-
CH=gH2), 105.23 (C-1'), 102.90 (c-1), 83.74 (C-3), 75.59, |
75.38 (C-5, C-5"), 73.17 (C-3), 71.54 (C-2), 71.14 (C-4'),
69.15 (C-4), 68.01 (-0-CH,-CH=CH,), 61.56;’61,49 (C-6 and

C-6'), 52.42 (C-2):

il
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q?Allyl 4, 6~ dl-O—acetyl 3-0-(2 3,4, 6 tetraro-acetyl—

B—?;ga}j/topyranosyt$—2 deoxy—z—phthallmldo-B—D-

galactopyranosxde (40) o ) ,
- . i . T—V o . g <
P-hthal»ic'anhyd'r'ide (478 mg, 3.4 mmol) was added to a sclution

¥

of the amlne 39 (2.3 g, 6.0 mmol) in- pyrldme (20 mL) The solution

- was, heated to 60~ 75°é for 20 mln.; Trlethylamlne (593 mg,

5.88 mmol) and more phthallc anhydrlde (478 mg, 3 4 mmol) ’

were added and the heating was cornitinued for « h. Methanol

(10 mL) was added and theLsolutlon was evaporated to a dry

resldue which was taken up in 15 mL of a mixture of pyrldlne-

acetlc anhydrlde (2: l) 4-N N-Damethylamlnopyrldlne “

(10 mg) ‘was added and the mixture was heated to 60°C for 12
" h. The reactlon mixture was then evaporated to a syrup.

A solution of ‘the syrup in dldhloromethane (150 mL) was,
washed_wlth ice=-cold hydrochlorlc ac;d (1 N), aqneous satu;_
atedisodium carbonate and finaily with water. . The. solven;\
was evaporated ‘to’ dryness and the product was”® purlfled by
flash chromatography on a column of silica gel using

eﬂﬁd acetate—n-hexane acetonltrlle (2:2:0. 5) Evaporation
of the flrst main fractlon left a foam (2.7 g, 62% yield)
homogeneous on tlc.‘.An analytlcal sample was prepared by
.crystallizing a'snall quantity of the~foam from ethanol;
m;p.'165-1660c;.[a4%?+16.0’(g 1.06, CHC13). A comparison

of the—}H-nmr spectrum of the analytical sample with that
~o
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of thé product before crystalllzatlon 1nd1cated the latter
to be essentlally"pure and therefore it was used .as. such 1n
the next step.

Ly-nmr (coc )(Flg 29) §: 7.94 - 7.88 (m, 4H, phthalimido),
5. 76 - 5.64 (m, 1H, fO—CHz-C§7CH2), 5.50 (brpad-d,,lH, “H-4, -

Jt'3

5.18 (d, 1H, H-1, J

= 3.0 Hz), 5.27 (broad d, 1H, H-4', = 3.0 Hz),

= 7.8 Hz), 5.03 (44, 1H, H-2',

1,2 _ L
»7J2:,l' = 7.8 Hz, Jp,! 3, = 10.8 Hz), 5.18 =~ 5.0 .(m, 2H 0- cn2:
cn=cn2); 4.80 (44, lHiVHT3{, J3.’2.,= 19;8-32, T3r 40 =E3.o
Hz), 4.76 (dd, 1H, H-3, J; , = io'e,Hz'-J3,4 f 3.0 Hz),
4.56 (dd, 1H, le J, = 7.8 Hz, J., . = 10.8 Hz), 4.44 (4,.
2,1. 2,3 ‘
“1H, H-1", Jl,’z, = 7. 8 Hz), 4.;4,¢dd, 1H, H-6a; Jo o = "
5.25 Hz, Je. cp = 12.0 Hz), 4.12 (dd, 1H, H-6b, Jeb's =
6.75 Hz, Jo oo = 1p.0- Hz), 4.08 = 3, 9g\(m, 3H H-5, H- 6 a,

H-6'b), 3.78 (w, 1H)\ H-5f), 2,22 - 2.08, 1.54 (6 x s, 18H,

6 x CH3 of acetyLs).

le—nmr (CDCI‘% BRI s 1?0;27—*170*66, 16902 (8-

D=
lines expected, 6 llnes obserVed 8 x- g—o),/134.37, 131.70,

274

123.72, 123.38 (phthalimido cagbons), 133.43 (0O-CH
| k3
—CH=QH2)f'100.72 (C-1'), 97.46 (C-1),

CH,), 117.68 (-0-CH,
73.52 (C-3), 71,55 (C-5'), 70.93 (C-5), 70.85 (C-3'),.69.89
(C-2'), 68.73, 68.54 (C-4' and C-4), 66.73 (=0~ cnz—ca =CH,) ,
62.47, 60.88 (C-6' and C-6), 52.62 (C-2), 20. 83, 20.76, |
20.63, 20744, 20.00 (6 x CHy of acetyls).

Anal. calcd. %or'c35H4lN018:

C 55.05, H 5.41, N 1.83;
found: C 54.98, H 5.40, N 1.85 |
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allyl 4, 6—0—benz¢ﬁdene-3-o—(2 3,4,6-tetra-O-acetyl-
B- D—galactopyranosyl)-2-deoxy-2-phtha11mldo—B-D—

' galactopyran051de (42) | L o : f//'-"

~"hé tranSfofmation of the’azide 41 to 42'was'carried

, Mout as’ descrlbed‘for the preparatlon of compound 40 from 38.

After purlflcatxon on a column of 5111ca gel, the tltle com-
L]

pound was’ obtalned 1n 45% yleld as a-foam whlch crystalrlzed

from methanol m.p.. 165 167°C, [afs +19.0° (c 1.0).

. lH-:n_mr -(CDClg), (Flg. 30~) &: 7.96 - 7.40 (m, SH, armratic)','
o _‘\ v
5.72 - 5.62 (m, 2H, -0~ CHZ-CH—CHQ benzyllc), 5.30 (broad 4,

VLH, H-4"', J4, 3 = 3 0 Hz), 5.20 - 5.00 (m, 4H, H-2', H.l,

*O-CHz-CH CH ), 4. 82 (dd 1H, H-3"', = 10.0 Hz,

3' 2’
J3, 4,_— 3.0 Hgv ‘4.78 (broad 4, 1H, H-3, J3 2 = 6.0 Hz),

4.56 (4, 1H, ‘H-1', J = 8. 0 Hz), 4. 40 - 4.36 (m, 2H, H-4,

H- 6a), 4.28 (m, 1H, -0-CH,-CH=CH,), 4.14 - 4.02 (m, 4H, °

—2

H-6b, H-6'a, H-6'b, -O-CH -CH=CH2), 3.8 (broad t,,lH, H-5"',

-2
= 3.8 Hz), 3.60 (broad s, 1H, H-5), 2.2 - 1.4 (4 x s,

JSI ,.6'
4 x acetyls).

- 13

»

C-nmr (CDC13) 6: 170.26, 170.03, 169.15, 168.70,

‘ . ]
167.17 (6 lines expected, 5 lines observed, 6 x C=0), 137.85,
. ] )

134.30, 131.81, 131.71, 128.88, 126.43, 123.70, 123.24
(aromatic carbens), 133.78 (-0-CH,-CH=CH, )+ 117.23 (~0-CH,-
CH—QH ), 101.46 (C l ), 100.93 (benzylic darbon), 97.43 * .

(c-1), 75.67, 74.86 (C- 3 and C- 4), 71. 04 (C-5'), 70.90,
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69’26, 69. 16, 68 72, 66.97, 66 82, 61. 34, 51.70 (remalnlng
carbons of sugqx unlts and aglyconlc carbon)

ngl. calcd for C38H41N016 - C 59.43,‘H 5.38, ﬂ }.?2,

0 33.35; found: C 59.34, H 5.42, N 1.74, O 33.31.
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L4

'4,6-Qg-0-acetyl-3-0-(2,3,4,6-tetra-Oavetyl)
B—D*galactopyranoSylY—Z-deoxy—Z—phtgalimido—

a,B-D-galactopyranose (44)
. ~~

'Q-‘
A solution of' compound 40 (1.50 g, 1.96 mmol) in
. . ~ 3 . )
ethanol-benzene-water .(7:3:1, 200 mL) containing tris-

triphenylphosphinevrhodium (II1) chloride (200,mg, 0.432
‘ - ‘ ' ' 1
ol)-and l,4—diazapicycloqctané (66 mg, 0.59 mmol) was
. X P .
refluxed for 24 h. The progress of the reaction was moni-

N

" tored’in lH—nmr by observing the diSappearance'of the

multiplet at 3.7 ppm+#(Fig. 31 ). Since no change in compo-

. -

sition of the reaction mixture_could'be observed at 24 h,

~ the solvents weré evéporated to dryness to leave a foamy

N

residue which was'dissolved'in agueous acetone (90%, 50 mL)

/
4

containing mercuriq chloride (5.0 g, 18.48 mmol) and
mercuric oxide (25 mg). After stirring at room températUre\\:
for 90 min, the reaction mixture was diluted with water
(SOﬂQL) and:;he product was extracted with chloroform (2 x
75 mL). The.chléroform extract was washed with aqhéous
ﬁatassiym iodide solution (10%, 2 x 50 mL) and then with
 wqtér (50 mL). .The solvent was evaporated to dryness and
applied~on a short silica gel column. Evaporation of the
main fractién left a foam hoﬁoéeneous on tlc (1.20 g, 84.6%

.. N
yield).
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4,6-Dieg-a8€tyl-3-g~(2,3,4,6—tetfa—0—acety1-
TG . T
"’B—D—galactopyrapdsYl)12-déoxy—?-phthalimido—

-

‘d,B—D*éalactopyféhdSyl‘bromide (45x';‘ ' by E
~Vilsmeier. bromide (720 hg, 3.31 mmol) was added tp.é
cooled solution (b°C)‘Qf‘tﬁe.crqde»compound‘44 (1.2 g, 1.65
© mmol) in diCh;oromethane (15 mL) . sym-Collidine (440 uL,

3.63 mmol) was' added.in drops to the reaction mixture-and
v o _ ,

stirred aﬁ'O?C for 6 h and then at room temperature for 18

. . \ : )

h. The reaction mixt

was then washed with ice-cold water,

r

dilute hjdtoahloric’ ‘saturated agueous sodium bicarbon-

ate and finally with er. The solvent was evaporated to

. ) ° . ' -
leave awfdamy material (1.063 g, 82% yield) which was a

. - - o . : S
mixture of anomeric bromides as evidenced from its “H-nmr

\

spectrum (Fig. 32). ’ : ‘ |
1, . i L . - '
H-nmr (CDC1,) (Fig. 32) é: 6.5 (@, Hla , J, , = 3.5 H;). 6.1
.3.0 HZ), 5.44 (broad @, H-4B, J,, 5 = 3.0 Hz), 5.38 (dd,
‘ H-3a, J3a,2 = 10.5 Hz,‘J3m’4 = 3.0 Hz), 5.16 (broad a,
-4 = ] | ) - = 3
H-4'B, J .5 3 319 Hz), 4.94 (qd, H-28, J,5 1 = 9.0 Hz,
: = a -3 = 3
3,8, 3 10.5 Hz), 4.68 (dd, H-3 B,Aq3.8’2 10.5 Hz,
J3vg, 40 = 3-0 Hz), 4<60 (dd4, 11-36,..135'2 = 1045 Hz,_J3B'4 =

3.0 Hz), 4.30 (4, H-1'8B, JI'B 51 = 8.0 Hz), 4.26 - 3.66 (re-
. . 7 . : .
maining hydrogens of sugar units), 2.18 - 1.60 (CH, of |

aéefyls).
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8- Methoxycarbonyloctyl 2 3 6wtr1 -0- apetyl 4 O [2 3,di- -0-
acetyl 6~-0- benzoyl ~4- 0{4 6-di-0- acetyl 3-0- (2 3,4,6-tetra-

: O—acetyl B D—galactopyranosyl) 2 deoxy 2—phtha11m1do—8 D—

’galactopyranosyl} -B-=D- galactopyranosyl]-B D- glucOpyrano— 'J

s:Lde (46) / K N -

4,6—Di7oeacety1—3;0—(2 3,4, 6—tetra—0—acetyl-B%D-
galactopyranosyl) -2~ deoxy -2~ phthallmldo o, 8 D~ galacto—
pyranosyl bromlde (45)(531 mg, 0.648 mmol) in nltromethane‘
(5 mL).Was ;dded to’a solution oﬁithe alcohol 20 (465 mg,
0.562 mmol), sym-collidine (86 pL, 0.648 mmol) and 51lver
trlflate (167 mg, O. 648 mmol) in dry nltrometh;ne (5 mL)
cooled to -25°C. The mixture wasrstlrred at —25°C for
g h and then at room temperature for 12 hf S@Le solids thét
were deposited:after the addition of dichio;omethane (30
mL) was remoﬁed by filtration aﬁd the filtrate was washed
w1th sodlum thlosulphate solutlon, cold water, aqheous HC1

-

and sodium blcarbonate solution. Solvent removal after
L J

. drying left a foam which was purified by HPLC on a 5111ca

gel column, u51ng ethyl acetate-n-hexane- acetonltrlle
(2:2:0.75). - Evaporation of the second main fraction left a’

‘foam {548 mg, 62% yie}d) homogeneous in tlc. '[a]D -8.3°

(c 1.6, CHC1,0.
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lH -nmr _ (CDC]: )(Flg 33) 6: 8.06 - 7. 46 (broad m, 9H phthallmldo,

: benzoate), 5.44 (broad d, 1H, H- 4", J4" 3n

(broad da, lH H- 4"', J4".3",f 3.5 Hz), 5.12 (4, 1H H- l“

¢

= 3 5 Hz), 5 24.

l“ ow = 8.0 Hz) ,- 5512 (t, 1H, H-3,J 2 5 = A = 9,0 HZ),

5.0 (dd, 1H, H-2"*, J2"'l"' = 8.0 Hz, JZ"nB";’=‘10.5 Hz),

4.86 - 4.74 m, 41, B-2, H-3', H-3", H-3"'), 4.70 (dd, 1H,

H-6'a, qs'a,S' = 7.0 Hz,” 6'a,6'b = 11.0 Hz), 4.53 - 4.30
(m,. 6H, H-2", H-2', H-1", H-1, H-6a, H-6'b),.4.24 (d,  1H,
¢ ~ . 7.“ . SRR . .

H-1', J = 8.0 Hz),; 4.18 = 4.08 (m, 2H, H-4', H-6"a), 4.03 -
'3.86 (m, 5H, H-6"a, H-6"b, H-6b, H-6"b, H-5"), 3.78 -

3.0 (m, 3H, H-5', H-5"', -0-CH, of aglycon), 3.64 (t, 1H,

H-4, 4 5 = J4,3 = 9.0 Hz), 3.48 (m, 1H, H-5), 3.38 (m, }H,
—O—CH2 of aglycon), 2.28 (t, 2H, -C§2COOCH3), 2.12 - 1.2
(45H, .11 x CHg of acetyls,'lzlaglyconic hydrogens) .

13

C-nmr (CDCl,) 6: 174.24, 170.59, 170.31, 170 .24,
170.03, 169.94, 169.47, %59 34 169.04, 168.05, 166. 92 ; "
166.28 (15 X C=0, 15 lines expected, 12 lines observed),
134.50, 134.03, 133.38, 131.73, 131.61, 129.95; 12071,
128.72, 125.22, 124.67 (phthallmldo, benzoate carbons),
100.97, 100.88, 100.30, 98.37 (c-1, Cc-1', C-1", cfl"), &
75.33, 72.98, 72.83, 72.30, 72.24, 72.01, 71.74, 70.92,
70.87, 70.04, 69;48, 68.72, 68.60, 66.82, '63.26, 62.41,
62.06, 60.97, 52.51 (20 lines~exbected 19 linesiobserved

remalnlng carbons of sugar unlts .and the aglyconlc carbon),

. 51.0 - 19.59 (16 lines).
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B-Methoxyoarbonyloctyl 4-0-[4 O-{2-deoxy- —O-(B-D¢galacto—ﬂ?‘”'
. pyranosyl) 2—phtha11mldo-B-D—galactopyranosyl} B-D—galacto-

-

3pyranosy1} B»D—glucopyran051de (47)

-y

Freshly prepared sodlum methoxlde in methanol (O 5 ‘mL,

0.5 hmol) was added to a solutlon of compound 46 (548" mg,
'.;0 357 mmol) in anhydrous methanol (25 mL) and stirred- at 3f’J
‘room temperature under dry nltrogen atmosphere for s h.. -
After neutralization with IRA-lZOH re51n, the solutlon was
'evaporated to get a colorless residue (350 mg, '91.6% y1e1d)

 i-nmr (cD40D) §1-8.1 - 7.81 (m, 4H, phthallmldo),

03
5.23 (d, 1H, H-1", J . . = 8.0 Hz), 4.93 (dd, 1H, H-3",
. .' .
L= = . - 4H
Tyw,gw = 100 Bz, Jyu 4o 3.0 Hz),4.52 - 4.35 (m, 4H,
H- l, H- -2", H-1', H-1""), 4'1'— 3.30 (remaining pyranose

' r1ng hydrogens and —O-CHz—C aglycon, except H-2'), 3.04

1'12_' 2.|’3|
(t, 2H, -CH,COOCH;), 1.64 and 1.33 (remaiﬂing;hydrogeno

of aglycon).
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8—Methoxycarbonylocty1 4—0-[4 O {2 acetamldo 2- deoxy—'
—O—(B D-galactopyranosyl) B D—galactopyranosyl} B—D*'

,galactopyranosyl] B D-glucopyran081de (9)

A solutlon of compourd 47 (350 mg, 0.357 mmol) and
.95% hydraslne hydrate (~120 uL) in methanol (20 mL) was
refloxed for 8 h. Solvent removal left a syrup whlch was
redlssolved in methanol (5 mL) conta;nlng acetic anhydrlde
‘(1 ML) and stlrred at room temperature for 3 h. The solu-
tlon was then evaporated to dryness and dlssolved in waier
‘(5 mL). The‘precipitate formed was filtered and the solu-
‘tion.Qas concentrated to 2 mL and filtered through a P-2.
l?Biogel column and eluted»with water-ethanolo(Q-l) Lypho-
_.phlllzatlon of the flrst maln fractlons gave a colorless
25 .

2N =9.2 (c, 0.3). p

powder (215 mg, . 61 3% yleld), [a]
' 1H ~nmr (D, 0, HOD = 4. 8)(F1g 34 and Table 4) §: 4.64 (4, 1iH, H—l" x

- 8.2 Hz, 4.42" (m, 38, B-1, H-1', B-1"), 4.11 (broad d, 1n,p
N H__4l , J4 3' )».? .‘2.2 .HZ)r., ,jl.g4*.‘,05., (broad d’ leI, H—4 n , 4" ’3" =
- 2.2 Hz), 3.95 de, 1H, H-2", J,u 1w = 8.0 Hz, Jyu 5u = .

.10 5 Hz), 3.90 - 3.50 ( H, remaining‘ring protons and ro—gﬁz
of aglycon, except H 2" and H- 2), 3 55 (aa, lH,'HLZ';

Jyiiye =8, 2 Hz, J,, 3, = 10.1 Hz), 3 23 (dd, 1H, H- 2,'
R Jor,30 7

s ..n'_ b T . "____, 5 - .
2/1 7 7 HZ,.J2,3 - 8.2 Hzx, 2. 4 (t 2H CH2 COOCH ) .. .l
(3H, CH3‘of N-acetyl), 1.68 - 1.38 (remaining 12H of aglycon) .

B
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_ N ‘., v'uud'5>' ' .
l3c-nmr (D. D)ﬂFlg 35 and Table 5) §: 178 21 (-COOCH ) .
175.3 (—NHCOCH ), 105.16 (C-1"), 103.52 (c-1'), 102.75
(c-1"), 18e.56 (C-1), 80.2 (C-3"), 79.3 (C-4), 76.5 (C-4'"),
75.51.(C-5"), 55.27 (C-5"), 75.07 (C-5), 75.00 .(C-5', |
c-3), 73;36.(c=2); 73.20 (cf3'); 7310§:(C-3"'),‘71.67.(0;QH2.1
of aglycon),'71.25v(ce2'), 7a;iél(c<2"'), 69.17 (C~4"))

- 68.5 (C-4"), 61.5 (C-6™, C-6"), 61.2 (C-6'), 60.8 (C- -6).

525 (—COOCH ), 52.1 (crz"), 34.2 - 22.9 (7. 51gnals, carbons

\\«{

in aglycon and ~NH- COCH )

<
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g
n-Propyl 2—acetamido—2-deoky—3-9—B—D-galactopyranosyl— 4

B-D—galactopyranoside (49)

A solutipn‘of compound gg (46 mg; 6.11 mmol) iq methandl
(4 mL)'cbntéiﬁiné Pallédium on carbon (10%, 10 mgf‘ﬁas stir-
red under an’atmbséhere of hydrogen for 3h. The reaction
mixture was filtered and evaporated .to dryness. The residue
(38 mg) was taken up iP a,hixtu?é’éf’mééhaﬁol-aéetic
anhydride (10:1, 1 mL) and_stiffed at room‘temperature for
3 h. EXémihatién of the ;éact&on mixture at this time
(EtdAc—EtOH¥H2O, 16:8:5) indicated the presence of a single
compound. It was then evaporated-to a dry ;gsidue which
was redissolved in water and freeze—driedtl fﬁis afforded
a colorless material (40 mg, 0.09'mﬁol, 89% yield) wﬁich(ﬁ

was-identified as the desired compdund by lH* and 13C—nmr.

25
.

“

(0l 2% 8.0° (c, 0.9).
LH-nmr (D,0) (see Table 4) §: 4.53 (d, 1H, Iy, =
10.0 Hz, H-1), 4.46 (4, Jl',2' = 7.7 Hz, 1lH, H-l'), 4:01
(@d, 1, 3, . - 11.2 Hz, 1H, H-2), 3.95 - 3.51 (remaining
sugér hydrogens and aglyconic\hydrogéns);'2.02 (s; 3H, —NHCO;

CHy), 1.56 (m, 2H, -O-CH,-CH,-CH.), 0.88 (t, J = 7.3 Hz,

' 2
- 3H, O-CH
‘ 13

,~CH,~CH,)..

C-nmr (Dzo)(séejTable 5) 6: 105.06 (C-1'), 101.56

(C-1), 80.19 (C-3), 75.26 (C-5'), 75.00 (C-5), 72.78 (C-3'),

o
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72.45 (0—9H2 of aglycon), 70.92 (C-2'), 68.88 (C-4"'),
68.32 (C-4), 61.28 (C-6'), 61.19 (C-6), 51.63 (C¥2), 22.51,

22.35 (—O-—CHZ-QHz—CH3, —NH-8-QH3)‘; 9.85 (o—cnz-‘-cn'z—gﬁ3).'.,
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