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~ ABSTRACT

The tris;ccharides BDGlc(l*m[dLFuc(l+4)]BDGlcNAch,
(the- 4'-epimer ofvthe.Lewis—a détefminant), aiFuc(l+2)5D-
Glc(1+é)BbGlcNAc6R [thé 4";épimer of the H - Type'l (Lewis—
d) determinant], oaLFuc(1+2)8DGal (1+4)BDGLcNACOR (the H -
Type 2 detkrminant) and aLFuc (1+2) BDGlc (1+4) BDGLcNACOR
‘(the 4'-epimer of‘the:H - Type 2 determinant) were synthe-
. sized where R is the 8 méthoxyc§rbonyl$2tylgroup,fa con-
venient linking arm for éhe preparation of artificial
antigeﬁs‘and‘immunoadsorbents. The solution cdnformations
of these comppunds were establiéhed on the basis of their

nuclear'magnetic resonance paraméfers‘including‘lH and 13C

chemical shifts and nqclear Overhauser enhéncéants. The
naturai de;erminants’and their 4'-epimers were shown to
reside in essgnéially identical cgnformations.

Rabbits were immﬁnized with the artificial antigéns
prepared f;om the Lewis—a; H - Type 1 (Lewis-d)f;nd H -
Type 2 haptens and; also, from théir 4'—epim¢ric aﬁalOgues.
~ The antisera produced as a result of thése immunizations
were characterized primarily by Ehe quahtitafive batch-
immunoadsorption assay, a teqhniﬁué which iﬁvolyes the

fractionation of antibodies on immunoadsorbents ‘possessing

carbohydrate .structures related to that of the immunizing \\

iv



antigen, The result of these investigations require the
anti-Lewis-a antibodies to be directed well away from the
4' position of the antigenic determinant. The low levels

of hapten-specific antibody produced against the natura

H- determinants,compared'with the excellent responses ob

iiﬁ‘ﬁalned agalnst their 4'-epimeric analogues, appear to \ bp\\\
. éanflrm the expectation that rabbits possess the H= \\
i;‘:tructure as a self determinant. ‘ , | x&
The H activihy in saliva is’normally established by \\N
.examlnlng the inhibition of the agglutlnatlon oﬁ human H , x\

S

red cells, which possess H - Type 2 determinants at their

surface, by the lectin Ulex europaeus. The finding that \\

N\
the H - Type 1 (Lewis-d) and Lewis-b (aLFuc(1+2)gDGal(1>3)-~ -\\

[aLFuc (1+4] BDG1cNAcCOR) structures in the N-deacetylated \
: ' \

forms strongly inhibit this agglutination raises the

possibility that the Lewis-d and Lewis-b antigens are

secreted with the:determinants in the amine form.
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* CHAPTER I

INTRODUCTION .

The discovery at the turn of this centﬁry'hy'
Landsteiner1 of the ABO system was a turning point in the
science‘of_ hematology and a matter of particular import-
: ancelto.blood—transfusion science. .It was demonstrated
that the serum’of a peréon of either A or B gronp aggluti—
nated the red cells of the other group, and that the sera

of O group people agglutlnated cells of both A and B

‘people. The cells of a fourth group of people, termed AB,,

were found to be agglutlnated by the serum of’ both A and B

B2

people but the serum of these did not agglutlnate either A

or B cells. Agglutination in vivo gives rise to serious
pathological conditions referred to'as blood—transfnsion
reactionsvand can involve extensive lysis of ted cells.

Its avoidance by proper typind in the ABO system was a )

major step toward the modern situation where some 20 mil-.

lion litres of blood are collected annually in the westérn~

developed countrles for tranefusion‘and typing purposes.
o
With Landsteiner's discovery and the general growth
since then wf the chemical and -biological sciencee, the
v science,of' hematology rapidly grew to the point that’ over

160 different human red-cell immunological specificities

-4
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are now recognizedﬂ ‘At least 13 independent and wellZ
defined blood-group systems are known and some 50 spec1fi—
cities are of clinical 1mportance. At least 5 bLood group
systems are known to possess oligosaccharide determinants
and thlS list may grow since carbohydrates, ,as oligosac-
charidic structures, offer a wide’ assortment of confor—e
mationally well-defined structures to serVe as recognition
sites at cell surfaeeé

The ABO and LerS systems are by far the best charac—
\\

terized of the numan'blood_groups. These determinants are -
inherited accordiné to the Mendelian‘;enetic laws"and

arise as the result of the person possessing genes, wnieh
gives a code for the enzymes,rwhich are necessary to build
the oligosaccharide determinants.’

Substances possessing-these human blood-group activi-
t1es occur 53 oligosaccharldes in milk and urine, as com-
plex water- soluble glycoproteins in body secretions and
tissue fluids and on the surfaces of cells_and tissues,
and in the form of‘water;insolubie‘ lecosphingolipids
mainly on the surface of red cells and tissues.' It has only
‘been in the last two decades that the structures of these
molecules have become known in detail.d A review of the
extensive structure elucidation work that gave way to this
knowledge is beyond the scope of this thesis and the read;?\

er is referred to the excellent reviews by Watkins.2’3



. The total structure of the oligosaccﬁaride poftibn of
‘these substances varies depénding on whether‘they are bre—
sent as the free bligOSaccharide,'in therglyCOlipid, or‘in.
the glyqoprotein. 'Howgver,‘;heninvolvedtas ahtigens\in
an immune respdnse, antibodies are developed which," at
~least in part, possess cbmbihingwsites.for the terminal
non-reducing ends of these éligosaécha;ides. Sinde, for_a
: givén blood specificity,‘the terminal oligosaccharide
strucﬁures'aré the same whether the;antigén was a giyco—
lipid or glycoprotein,'antiquies raised againét‘oné of
ﬁhese'structures may recoénize the other. This terminal
common structural unit is termed the antigenic%ﬁermi—

: nént; i.e., the Structur? responsible for the pérticular
activity detected. |
A ’

The chemicglvstructures of the’antigenic determinants
of £he A; B and O aqtive suﬁqﬁances are presented in Fig. 1.
These tri~ and tetrasaccharides provide'thevstructures, iﬁ
£erms of their topographies, which are‘requnsible for. the.
blooa—group specifi¢ities. From inspection of‘Fig. 1, it
‘ can‘be seen that\these antigenie determinants may possess
either a TYpe 1l or Type‘2,linkage.‘\The Type 1 structureél
are characterized by a BDGal (1-3) BDGlcNAcC seéuencé ét the

reducing end of ‘the oligosaccharide unit whereas the Type 2

structures posseés the BDGalKl»4)BDGlcNAc éequence..



.

Specificity Structure
Type 1 = Type 2
; 1,3 5 : 1,4 :
-O(H) - BDGal -—"=» BDGlcNAc BDGal —L » BDGlcNAC
1,2 4 ' 1,274 ¥
*dLEuc Led*" aLFuc
aDGalNAc oDGalNAc .
1,3 + 1,3 + ‘
A gpGal 13- gpGleNac'  BDGal -4+ gpGlenac
1,2 4 1,2 4 '
aLFuc aLFuc
aDGal aDGal |
1,3 + 1,3 4 .
B  BDGal -3 BDGlcNAc sDGal 2%, BDGlcNAc
1,2 + 1,2 4 | |
oLFuc

qLFuc

'Fig. 1 Immunological determinants for O(H), A and B

antigens. *The H(Type 1) structure corresponds

to the_Led

determinant. -

W\



4It should be noted at this p01nt that. the o] de51gna—
‘tlon for red cells that shgwed nelther A nortB act1v1ty )
- was adopted by Landsteiner to mean zero act1V1ty. ‘With
the discover§ of:the Bombay people4, it became apparent
that in fact the A"B  cells and therefore;'normally
-termed O cells in fact possess a spec1f1c antlgenlc deter—
mlnant not present on the red cells of the very rare
Bombay types. This structure was eventually established5
to be that termed H (Type 2) in Fig. 1. ‘This activity
could be related to the'aLFuc(l+2)BDGal terminal unit and,
consequently, it was natural enough to assume that thel
structure termed H (Type 1), shown in Fig. l, should be so
degiénated; i.e., as an alternate H determinant. This
opinion was reinforced -by the detection of.A or B activi-

ties derived from either H (ijéll).or H (Type 2) determi-

6 .
nants as precursor structures . However, the overall

L
topographles of these latter- two structures are not the

same7 and antibodies that recognize one of these structures’
will not'necessarily’recoqnize the other and this is well
establlshed . |
Meanwhlle, it became estabiished that the H (Type 1)
determinant corresponds to the structure responsible for
.Lewis—d activityg (Fig. 2). . It seemed reasonable, at
first, to expect that the aLFuc{ (1~2) pDGal] transferase

respons1ble for the synthe51s of the H (Type 2) determlnant



would be the same as that ihvolved in khe biosynthedis of
the H (Type 1) determinant but such expectatioﬁs did ndt
take into consideration the very different’environments
about the 2'—0H groups of the fDGal units of the precursor
Type 1 and Type 2 dlsaccharldes7

One purpose of this research was to better irnvestigate
hlS and related matters by way of maklng available, |
through chemlcal synthesis, the molecular structures re-
qulred as substrates for approprlate lmmunologlcal studies.

As p01nted out by Lemieux et al. !

the fact that the H
(Type 1) ang;? (Type 2) determinants can both serve as
substrates for the dDGalNAc and aDGal.trapsferases.in the
H_ bioSynthesis of the A and B determinants is not surprising.
That is, their conforhatidnal studies indicate that the
3'-OH groups bf the'BbGal residues in'these triseccharides.
must be in very near the same environments. A further
purpose of this inves;igation was to better gelineate this
- structural similarityi

In order to more efficiently deal with these shbjects,
;the Hu(Type 1) determinant will be referred. to as the
Lewis-d (Led) determinant throughout this thesis. 1In view
of Ehis discussion, the use of ﬁ‘will be restricted to
‘reference to the H (Type 25 determinant. It may turn out

that the structures listed in Figs. 1 and 2 are all, to a

certain degree, only portions of the determinants they



e

~F

-Specificity. ' " Structure
. C ' . 1'3
Lewis~-c (Le™) , BDGal —I-» BDGlcNAc
‘ aLFuc

v 1,4
1

Lewis-a (Lea) . . BDGal ——Li> BDG1lcNAcC

1

Lewis-d'(Led)* : ‘BDGal ——%2>'BDGlcNAc
A V l,2 + ) \\‘\ ‘
N . ) ) \
aLFuc \
oaLFuc
+ 1,4
. . .. b 1,3 '
Lewis-b (Le ) BDGal —I—» RBDGlcNAc
4 1,2 4
. aLFuc

Fig. 2 Immunological determiants for the Lewis anti-

gens. *As seen in Fig. 1, the'Led and H(Type 1)

determinants are the same structure.
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represent. However, it seems best to reserve sucb Eonsid—
erations to the time that experimental evidence exists in
support of this possible eyentuality.

This thesis will also'examine‘certain aspects of the
Lewis system of.ﬁuman blood—group“specific antigens.' These
antigens are characteristic of epithelial gells from which
they are transported by the plasma to the endothelia and
thus also found in low concentration on the red cells.

The structures of the Lewis antigenic determinants are
presented in Fig. 2. These oligosaccharides all possess
the Type 1 linkage.

The establishment of these and other determinants.as
being either present oOr absent on red cells, tissues, etc.,

forms the basis of serology. ‘The intrusion of synthetic

‘ carbohydrate chemists into the field of serology in recent

years has‘been more -a matter of necessity than one of
curiosity. Blood- group typing work has been seriously
hindered by the enormous difficulties encouﬁtered in ob-
taining even milligram quantities of blood-grdup-specific
active substances from natoral~sources. Even in the best
of cases, these samples are usually heterogeneous mixtures
of closely related and often cross-reacting compounds.

The preparation of synthetic blood-group active oligosac—
charides not only alleviates this problem but, and more

importantly, offers the only solution to what the author

!



‘i}kes to refer to as the "black box" problem which plagues
the field of serology and related areas. This type of | .
problem can best be illustrated by exampile.

Iﬁ the field of serology, a person is characterized -
as, for example, Lewis-a Positive, not because he is ;héWn:
to possess‘the trisaccharidic antigenic determinant B8bGal-
(l+3)[aLic(l+4)?éDGlcNAc on his cells or tissues but
because antibodies which occured in the serum of a patient
named Lewis were found to react with his cells or tissues.
Indeed, the anti;Lewis—a activity of certain sera was dis-
coveréd,‘in l946, long before the structure of the antigen
became known. A Lewis-a antigen is thus defined, clinic-
ally, as a substance that réécts with an anti-Lewis-a
serum and, for successfﬁl typing, there is no need to know
the structure of the antigenic determinant that binds with
the.antibodiés. The availability of well characterized
and standardized antibodies speqific for the Lewis-a anti-
genic determinént is sufficient for reliable typiﬁg.

Anti-Lewis-a antigodies can be -obtained from the serum
of animals immunized with "Lewis-a-active" substances such
as red cells or saliva frdmﬁindividuals &ho have been
designated as LeQis—a‘positivej i.e., peoplé who possess
on theirncélls, or in their saliva, the antigens respons-
ible for the reaction with the énti—ngis—a antibodies.

such sources contain, however, not only the Lewis-a



10

antigen but also a wide variety of other antigens such
tﬁat the animal will synthesize not only the desired anti-
bodies, but a myriad of others di;eéted towards these ac-
companyiﬁg antigens.‘ With luck, a Soqrce of Lewis-a-active
glycoprotein’may be obtained from a natural source such as
ovarian cysts. Even when highly purified, however, such
glycoproteins are still heterogeneous structures which
will eligit the‘productioq of correépondingly heterogene-

_ ously-specific antibodies, directed againstlbdth the pro-
tein and other antigenic determinénts that may be present
on its surface. The anti-serum derived from animals
©immunized with these "ideél—substances" will thus contain
antibodies that react with unknown detérminants that are
6f other than Lewis-a specificity. )

If the red cells of a person posséss one of these
other antigenic determinants but not the Lewis-a
trisaccharide, he éould appear to be Lewis-a
positive by éhis anti-serum even though he is,’in fact,
Lewis—a negative. . To purify such an anti-serum to the
point of mono-specificity, one should ideally péssess a
substance that presents uniquely the Lewis-a determinant.
But- such substanées, as discussed above, are generally |
not available from ﬁature, Therefore, the practice has

been to adsorb the serum with a range of appropriately
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chosen Lewis-a negative red cells to the point where inter-
fering’cross—reactive antibodies were effectively removed.
This procedure, ﬁowover, still leaves in the serum anti-
bodies of unknown specificities whose antigens were not
prosent on the panel of cells chosen for the adsorptions.
This situation can be termed a "olack box"” problem

since it is one of trying to identify an unknown

antigen (a black box) with an antiserum whose specific-
ities are themselves not fully characterized (another
black box).

An approach to the solution of these basic problems,
as regards oligosaccharidic determlnants, has been.devel—
oped in these‘laboratorleé.lO 11 Opce the structure of
the antigenic determinant reoponsible for a certain blood-
-group specificity has been determined (or postulated),
this determinanf,is then brepared, as its 8-methoxycarbon-
yloctyl glycoside, through a mhlti—step synthesis. This
‘ollgosaccharldlc glyc051de is then a hapten; i.e., a low
molecular weight compound ‘that lacks antigenicity but is
capable of reacting specifically with the appropriate
antibody. The choice‘of this long~chain aliphatic aglycon
was based on the need of éuch a structure to serve as a
bridging arm for the preparationfofvimmunoadsoroents.and

artificial antigens. The preparation of artificial anti-

gens by attachment of the hapteh to a suitable carrier

/
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Illustration of natural and synthetic Le? active sub-
stances: a, a glycosphingolipid hydrophobically bound
to a cell-membrane lipid bilayer; b, a glycoprotein;

c, an artificial antigen; d, an immunoadsorbent.
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molecule allows the immunization of animals to raise ant -
bodies specific to the carbohydrate determinant. The
immunoadsorbent then allows the isolation of these anti-
bodies from the animal serum.

The potential of such an approach may be appreciated
by referring to Fig. 3 where the structures for the natural
Lewis-a antigens, present as glycolipid at the surface of
a red cell (a) or glycoprotein in sccretions (b), are il-
lustrated. The artificial antigen (c) is simply a chem-
ist's approximation of the natural antigen. If the
synthetic oligosaccharide is indeed identical to the anti-
genic determinant in the natural antigen, it can be
appreciaﬁed that the antibodies raised against the synthe-

tic (mono-specific) antigen, and isolated by virtue of

their affinity for the corresponding immunoadsorbent (d4d),
should bind the antigenic determinants of the natural
antigens. These antibodies are then specific for an exact
and known chemical structure and thus allow the serologist
to positively establish the presence, or absence,/of this
structure on a specimen under investigation.

Aside from this and many othenQPractical applications,
the ability to prepére an essentially unlimited variéty of
synthetic haptens; antigens and immunoadsorbents allows
for a more fundamental investigation into the nature of

~

antibody-antigen interactions.
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The research that w@ll be reported in this thegis was
inttiated, cssentially, as dArcﬂUlt of the observation
that antibodies raisced, as just described, againgt the
Lewis~b (ch) artificial antigen, and hence supposedly
gspecific for the ch tetrasaccharide, cross-reacted to a
high degree with both the Lewis-a (Le®) and Lewis-d (Led)
trisaccharides. This situation may be rationalized by a
consideration of the structures of these determinants
(Fig. 2) in that both the Le? and Led trisaccharides are
constituents of the Leb tetrasaccharide. Thesc anti~Leb

-
antibodies could, in addition, be separated into three
classes: those reactiqg with both the Lea and Leb deter-
minants, both the Led and Leb determinants, and only the
Leb determinant.

It was thus clear that such "mono-specific" anti-
bodies aré a micro-heterogeneous mixture of different
molecules each of which, while "specific" for the structure
of the antigenic determinant to which it was raised, recog-
nizes it in a different manner. This situation may be
likened to that of an object being photographed from many
different angles. Each picture, while different in appear-
ance, still identifies that object. In the same manner,
each separate antibody that reacts with a determinant de-

fines a separate specificity foxr that determinant. -
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One goal‘of the tesearch reported in this thesis was
to clarlfy the extent to Wthh such hapten spec1f1c antl—
bodies might cross-react with 51m11ar structures. Such
crOss:react1v1ty mlght provide the basis for new methods
for fthe ffactionation and characterizétion of heterogene-
- ous antlbody populatlons. In addition, information regerd—
ing the immunodominant parts of the determlnants themselves
'might be gained whlchgwculd‘allow some limits to be placed
. on the spectrum of potentially ctross-reactive st:uctures.
| The specificities of thenantigenic determinants of the
~Lea;\Led and H human blood-groups, and their ccrrespcnding
'antibodies, have been examined.using this approach.
Analogues of these trisaccharides bossessing a D—glucose,
“instead of the naturai D-galactose, residue were\selected
‘as synthetic objectives as it had iong been apﬁ@éciated
that anti—B—D-gaiactopyranosyl entibodies bind e B-D—gluco-
pyranosyl unit.extremely weakly'if at all, 13 'Should the
‘blndlng of the blood ~-group spec1flc antlbodles with the
natural antlgens Volve any substantlal blndlng of the
>B D -Gal unlt, the gluco analogues of the determinants
‘'would therefore be expected to be very.poor inhibitors.

The stereochemical respresentations of the structures
under consideration are shcwn.in Fig. 4. Evidence that
these trisaccheridesvassume, in solution,.the conformaf

tions as shown will be presented later. Comparison of the
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Fig. 4 Structures and approximate conformations of the Le?,
Led and H haptens, and their gluco-analogues: 4'-epi-
Lewis-a (e—Lea), 4'-epi~-Lewis-d (e—Led) and 4'—epi-

H (e-l).
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structures of the "natural" haptens-(l, 3 and 5) with
thdse of théir requiredAglubo—analogues (2, 4_énd 65 shows
" each pair, to be epiméric at the 4' position. For brévity,
compounds 2, 4 and 6 will be referred to here as 4'-epi-
Lewis-a, 4'-epi-Lewis-d and 4'-epi-H, respectively;‘or
simply é-Lea,_e—Led and e-H. The Le% 10 ana Léd/>l4 hap-

3 <

tens, antid%rs ahiyimmunoadsorbXnts‘had already been
prepared in thése{Laboratories. The syntheses of the
e—Leaf e;Led, H‘aha e-H haptens would tﬁen.be required.
Aside from the primary objective of providing
haptens forlthe immunochemical studies, this synthetic
wdrk has helped to provide sdme new insights inﬁo £he
mechanisms of glycosylation reactions. Some new synthe—

tic methodologies have also been ;ﬁfroduced which should

pfoQé useful to other workers in this field.

\ v I



CHAPTER 11

-OLIGOSACCHARIDE SYNTHESIS

A. General Syntﬁetic Strategies

The main difficulty in the'synthesis of complex oli~-
gosaccharides is to achieve the establishment of the
required glycosidic linkages in ngd yield. The préblems
" of blocking and deblocking attendant to this work with
multifunc£ional Substratés is not trivial. ‘Consiﬁefable
planning is required in terms of qhoice of'blocking groups
with regard to both a maintenance of the hydroxyl gréﬁpkto
- by gl?cosylated in as reactive a form as possibie and the.
keeping of adcess to the positions to be glycdsyiated in
the order necessary férzoverall success. |

Although a vast compendium of‘ﬁethods exists for the
stereospecific glycosylation of simple alcohols, few of
_thesé have survived the transition to syntheses at- the
oligosaccharide 1e§el.. A synopsis of these "best‘methods"
which have prbved'to be useful in the syntheses of oligo—
saccharides related to ﬁhe'A, B, O(H) and Lewis blood
groups in the past will be presented in this se&tibn.\

Much of the author's insight into the mechanisms of

these glycosylation reactions was obtained as a result of

experiences encountered during the present research. A
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-discussion of the meéhanisms of these réactions will, how--
ever, be offered at this point. It is hoped that, in this
manner of présentation,’the reader will acquire‘a clearer
understanding of both the synthetic.strategies that wére
‘used and the seemingly anomalous products obtained inﬁsdme
of the glycosylation reactions.

| The structures of the target haétens %' 3' § and § ]
were presented in Fig. 4. The inﬁersugar glycosidic bonds
in these structures may be broadiy classified as either
l,2-trans-8 or 1,2-cis-a linkéges:. the:cis and trans
designations referring'to the relative -stereochemistry of

0-1 and 0-2. .Different strategies are required for the

formation of these two_tybes of linkages.

1. The 1,2-trans-B-glycosidic Linkage

15,16,17

a. The Koéhigs—Knofr Reaction

The Koenigs—Knorr.reaction iﬁ:by far the most commonly
uéed method for the'establishment of the glycosidic link-
age. Mlthough originally reportedls.as the reaction r
between an acetylated glycosyl halide and.an alcohol in the
ﬁresence of either silQer carbonate or silver oxide, the
Koehigs—Knorr reaction is now described more broadly as
_the conden;ation 6f an O—profectéd glycosyl ﬁalide‘and an
alcohol in the presence of any halophilic heavy—mélal ion.,

7
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T

The classicab react on15 may be illustrated by the
condensation of aEeto romoglucose and ﬁethanol) in the
presence of silver'carbonéte, té provide methyl 2;3,4,6—
Eetra—o—acetyl—B—D—gluéopyranoside (Scheme 1). The reac-

tion, nowadays, is normally carried out in the presence

o) N : OAc
Ac . : AO o
2 . 4+ 2CH3O0H + AgaCtO3 ~—>» 2 + 2AgBr +  COp + HO
A 0CH,
_ © A0 g, | ‘ ‘ ‘

7

Scheme 1

of a dessicant (either Driérite pr'molecular‘sieve) to
remove the watér formed by thé neutralization of tﬁe
hydrogen bromide.

The greater thermodynamic stability of pyranose rings
beérihg electronegative substituents_at the l-position in
the axial orientation has been termed the anomeric ef-
fect.18 Under the usualvreactiOn conditions for the

preparation of O—profected glycosyl halides, the more
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stable c¢-anomers are obtained. The‘formation of the B-
glycosides in the Koenigs—Knorr réactlon from such halldes
then proceeds with net 1nverslon'of configuration at the
ano&eric center. The yields are generally moderate to good
for primary alcohols but are often ratﬁep poor with secon-
dary and more hindered alcohols. The reaction, as shewn
vln Scheme 1, has consequently found llttle use in oligo-
saccharlde'synthe51s._ An examination of the reasons for
the failure of this reaction;to produce glycosides of
sferically—hindered or poerly nucleophilic alcohols will,
however, provide the framework for an underetanding of
those modifications that have éroved,sﬁccessful.
Unforeunately, only fragmentary data concerning‘the
mechanlsm of this reaction have SO far become avail-—

16,17

able. Partlcular dlfflcultles arise in this area /

/
/

owing to non—quantitative yields, the use of heterogeneoué
reaction conditions and, until recent years, insurmountable
problems of quantltatlve analysis. These strongly limit
the use of phy51cal organic methods for studying the reac-
tionr Enough qualitative informatlon, partlcularly the
1dent1ty of side-products, has, however, been obtained to
allow the postulatlon of mechanlsms 16,17

Although the addition of silver salts was originally

intended only for the purpose of keeping the reaction con-

ditions neutral, the silver ionsAare now knbwan to act as
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promoters for the reaction. Owing to the heterogeneity of
the system, the catalysis occurs on the phase interface and
so the course of the reacﬁion will depend on the size of

the particles, the manner in which they were prepared, ﬁhe
speed of stirring, etc. (the difficulties of standardization
of all these factors sometimes render the results of these
reactiOnsndifficult to reproduce) .

The prOposed'mechanism16 (Scheme 2) involves, in the
first stage, a silver-ion assisted heterolysis of the C-1
to halogen bond and is consequently discussed in~terms of
an SNl mechanism. 1In the few cases where the alcohol has
‘been found to participate in the raté;determining step,
thié has been attributed to a "push-pull" mechanism (§).
‘That only trans—glycosides are normally obtained iﬂ spite'
oﬁ the usual SNl mechanism has been ekplained16 in terms of
a direct reaction between the alcohol and the intimate ion-
pair g”where the a-side is shielded. B—Glycoside formation
.is likely to occur only whenrthe aicéh?l can intercept
éither 8 or 9. When the alcohol is either present in too
low avconqentration or not suffibiently nucleophilic to
intervene at £hese stages,lthe ion pair separates to give
the free glycosyl carbonium-ion 10, a.matter_which is
facilitated by the participation:of the lone-pair eiectrons
of the ring.oxygen.in,charge stabilization. This carbonium

ion then rapidly reary. ~ to the thermodiyamically more

/

/e

j
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stable dibxolan—Zrylium ion 11, the trivially-named acetox-
onium ion, by participation of the neighbouring 2-acetoxy
groué. Although many cdﬁpetingvreaction pathways, notably
involving proton elimination and thé scavenging of water,
are avéilable to ambident cations such as‘}}, their kinetic

products with alcohols are knownlg’20

to be mainly ortho-
esters (%%)' The reasons for the failure of the silver
carbonate (or silver oxide) reaction to produce.B—giyco—
sides from c¢omplex alcohols is‘that these afe too‘unreac—
tive to intercept the intermediates § or g and the reaction
is'diverted by way of the acetoxonium ion }}. Aside from
thé products arising from its hydrolysis'(}z‘and }i)
(Drierite picks up water relatively slowly), }} reacts
predominéntly to give the orthoester }%. JIf the neutrali-
zation of hydrogen bromille is sufficiently rapid and
efficient, the orthoester accumulates as the majorvproduct.

Indeed, orthoesters are often gsolated in good yields.16

It should be noted that B—glycoside‘formation in the
Koenigs-Knorr reaction, as just described, is independent
of neighboring group participation, the participation resul-
ting almost exclusively in orchoester formation.‘ It will
not be surprising, then, to find that the ﬁodifications of
thevKoenigs—Knorr feadtion that have proved successful -in

the synthesis of complex oligosaccharides, where the

g}
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saccharidic alcohols will be too unreactive to intercept
intermediates like 8 or 9, ase exactly those that maintain
the reaction conditions sufficiently acidic so as to render

the orthoester 12 unstable and promote its further reaction.

b. The Helferich Reaction21

22

In all but one of the published syntheses of ABO(H)
aﬁd Lewis blood-group oligosaccharides, the establishment
of the.l,2—trans-8-glycosidic linkage has involved the con-
deﬁsation of a 2-0O-acyl glycosyl halide with an alcohol in
Tthe presence of Hg(II) salts. This modification of the
Koenigs-Knorr reaction, which employs mercuric cyenide and/
or mercuric bromide as promoters, has been termed the
Helferich reaction. Overwhelming support that all these
condensations proceed via the intermediacy of orthoesters
has been obtained by Wallace and SCﬁroeder.23’24’25

'These investigators have examined, in ‘detail, the
course of the reaction of 2—O—acetyl—3,4,6—tri—0—methyl—a-
D-glucopyranosyl bromide (}?) with cyclohexénol in the
presence of mercuric cyanide as promoter.25 A summary of
their key results that are of concern‘to this discussion
are presented in Fig.. 5.

The reaction was found?® to exhibit a first-order
kinetic dependence on the glycosyl bromide‘(%§)‘and mercuric

cyanide but was independent of the cyclohexanol concentrat-

tion. Detailed kinetic studies and product analysis
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OCH3
CH30 0
" po— ’ aa—y [¢]
AcO O
0CHa //’/)’ 17
=HBr CHL0 o —
Hg{CN)g ———p
CH.
30 ) \\\»
Ohj<,[:) OCH
x N e I
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18
- »
mole ratios initial products (%) final glycosidation
. . products (%)
cyclohexanol pER Hg(CN)2 t_1~6_, rlL ’Jﬁ, 17 18
30 : 1 1 23 73 4 94 6
22.5 1 1 36 60 4 93 7
15 : D X 45 49 6 93 7
7.5 3 1 X 53 39 8 93 7
) &."
Fig; 5 Some results obtained by Wallace and Schroeder

in their mechanistic investigation of the Helfer-

ich reaction.



allowed the orthoester }9 to be identified as an important
initial product in the reaction. Even in the presence of

a 30-fold molar‘oxcuss of cyclohexanol, a rol&hively nucle-
ophilic alcohol, the orthoester %9 accounted for 23% of thé
initial condensation product (Fig. 5). Reducing the alco-
hol concentration to a 7.5 molar excéés resulted in a
progressive increase in orthoester formation to 53% of the
initial products.

Even in the case of cyclohexanol at a 7.5 molar excess
concentration, the bulk of the B-glycoside isolated in the
final pro@uct was derived from the orthester. Wallace and
SchIOeder25 could isolate the orthoester }é in good yield
when the reaction was performed in the presence of added
ﬁercuric oxide as buffer. This orthoester was then shown
to rearrange under the Helferich conditions (Hg(CN)z-HBr)
to provide mainly the B-glycoside }z. Formatién of some
2-O-deacetylated o and B-glycosides, alohg with an equiva-
lent amount of acetoxycyclohexane, was also observed.

An extrapolation of these observations -to the éasé of
a disaccharide synthesislunder the Helferich conditions,
where a poorly nﬁcleophilic'alcohol is present only in
near stoichiometric concentration with the halo-sugar, must
lead to the conclusion that orthoeéter‘formation will be by
far the major initial process. The observed products will

tﬁen be a function of the properties of this orthoester.

EXS
g5
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The establishment of orthoesters as initial products
in these glycosylation reactions leaves open two approaches
for the improvement of yields in the synthesis of 1,2-trans-
R-glycopyranosides. One approach would be to design a
glycosyl halide, with an Acyl participating group at the
2-position, whose orthoesters would be unstable relative to
the dioxolan-2-ylium ion. The contribution of the ortho-
ester to the overall reaction might then be insignificant.
Such an approach using intramolecularly stabilized dioxolan-
2-ylium ions, in the form of spiro-acylorthoesters, has

26 plthough this in-

been pursued during this research.
vestigation yielded some new and highly labile compounds
with interesting conformational properties, an improved
glycosylation method was not realized. Since the results
of this investigation26 are not pertinent to the immuno-
chemical aspect of this thesis, these are presented sepa-
rately in the appendix.

The remaining approach would be to learn how to con-
trol the acid-catalyzed reactions of sugar l,2—o¥thoesters.

27,28 have examined- the rearrange-

Kochetkov and co-workers
ment of orthoesters under a wide variety of conditions .and
found the course of the reactidns to be highly sensitive
to the nature of the catalyst and the solvent as well as

the sugar and the alcohol. The best yields of orthoester-

B-glycoside transformation were achieved using either

.
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mercuric bromideﬁin nitromethane or lutldlnlum perchlorate_
1n ﬁﬁflux1ng chlorobenzene.27'28‘ Wlth secondary- sacchax&d—
ic alcohols, the ylelds of 2‘-0 acetyl g- dlsaccharldes were
usually moderate (20 40%). Slgnlflcant.amounts of 2'-0~
acetyl—a—dlsaccharlde as well as de-O- acetylated o and B
disaccharides were frequently produced Thelr most notable.
observatlon28 ‘was that the orthoester+8 glyc051de trans-
formatlon generally occurs more rapldly, and in better

yleld, in the presence ‘of added alcohol and thus, strlctly

speaklng, ‘the reaction is llkely not a rearrangement but an

~intermolecular reaction.

A small degree of order has been brought to this
chaotic state of affalrs by the recent work of Garegg and
Kvarnstrom 29,30 These 1nvest1gators ehamlned the.
1nfluence of the aglyconlc alcohol on the course of the
orthoester rearrangement'. Thelr findings of concern to
this discussion are presented 1n Fig. 6.

From Fig; 6, the nature of the alcohol can be seen to

be critical to the outcome.of the reaction. " Increasing the

number of electronegative substituents on the methyl group

of the aglyconic alcohol can be seen to result in the

increased formation ‘of the a-glycoside. This has been

interpreted29 in terms of a decreased ba51c1ty of the alco-

holic oxygen atom 1n the orthoester (see later) 1ncreaséd

\

sterlc hldderance of the alcohol also affects the stereo-
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o HgBra k% . AcO
ROH _—
* CHaNO21) a0 oR

A0 ‘ A0 or
1
ﬁ ield of glycosides (%) % cgmposition
’ ' 100 0
100

e ' 100 ‘ 84 16
SR 100 50 50
N 100 - 33 67

~CH,CCl,4 . ‘ 4 e
*<(::> 628 : 100 0
¢ 2P - 66 33

Fig. 6 The results obtained by Garegg and Kvarnstrong’30
in various orthoester glycoside transformations.
4The remaining products were the 2-0-deacetylated
a and B4glycosides. Prhe remaining prpducts were |
not identified. ' ‘

~
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chemical outcome of the glycosylation as well as the yield.30
Considering that sacc¢haridic alcohols are not only highly
hindered but also heavily substituted by electronegative
oxygen atoms, it-is not surprlslng to find that such

glycosylatlons are ‘rather unpredlctable reactlons. The

complexity of the situation may,be further appreciated:by

referring to Scheme 3 where what the author considers to be
the reasonable modes -of reaction of sugar 1,2-orthoesters

in the presence of an acidic catalyst (for 51mp11c1ty,

vdenoted byce proton)-have been presented.' This Scheme has

deiiberatelyAbeen further simplified by the omission of
counter-ions and solvent. It,should be.streSSed that
Scneme’3 encompesses only the 'productive' reactions and
not the 'destrnctive' reactions (oroton eliminations,
acetoxonium ion migrations, formation'of anomeric cyanides,

1son1tr11es, or cvanoalkylidene compounds when Hg(CN) is

used) that will become important routes of reaction should

all the 'productive‘ processes become too slow.

With reference to Scheme . 3, the production of B-glyco-
Sides iﬁ'either the Helferich or orthoester rearrangement

reactions should proceed via the dioxolan-2-ylium ion a.

Therfrequent success of these reactions may be attributed

to the relatlve stability and ease of formation of this
spec1es. The production of»a, h0wever,-requ1res at least

partlal protonatlon of the exocycllc oxygen of the
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Scheme 3
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orthoester, presumably via route A. Decréasing the basic-
. ity or accessibility of this oxygen, as shown by Garegg

and Kvarnstrom,29'30

results in an»increase in the pro-
ducﬁion of u—glycdsides or deacetylation products which
may be interpreted in terms of a competition by routes B
and C. Whethef'2¥O—acyl—a—glycoside (d) formation proceeds
throﬁgh the intermediétés b or ¢ is not known. A_éonsider—
ation of the expected reldtive stabilitieé of the ions-él
and b, coupled with the high."effective concentration” of
the 2?O—acetyl group in b would lead to the‘expechation

* that b would more rapidly rearrange to a.

The production of acetylatgd'alcohols and 2—O—deacet?
ylated products in ﬁear equal amgunts can be rationalized
in terms of eithe? rodtes B or C and a clear distinction
cannot be made. Support for these tﬁo routes has come
hainly from Lemieux and Morgan3l who have investigated the
reaction of 3,4,6—tri-0¥acetyl—l,2;Q—(alkyl orthoacetyl) -
a—D—glucopypanosé in the presénce of strong prOtgn acids
and alkanol. Using methylene chloride as solvent and‘p;
toluenesulghoﬁic acid as catalyst, alkyl 3,4,6—tri—0—acetyl
o aﬁé B—D—glucopyranosidés\were produced in 70% and 20%
yields, respectively. The yield of alkyl acetate was near-
ly qﬁantitative. The reaction of 1,2 anhydrosugars (e),-
such as Brigl's anhydride,32 with alcohols in the presence

33,34

of acid catalysts is also known to provide mixtures of

a and B glycosides (f and g).

a
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While it'is'clear that the intermediacy cf orthoesters
can explain the diﬁersity of products.obtained in glyc;syl—
ations performed under acidic Koenigs-Knorr conditions, it
is perhaps less ev1dent that these reactions do proceed al—
most entlrely via the orthoester. TwO recent articles

should clear up any remaining doubts and these are summar-

\
ized in Figs. 7 and 8. Banoub and Bundle35 haQe fodnd#
(Fig.‘7) that while the reaction of peracetylated disaccha-
.ride promides'with silver triflate in the presencewof a
- small excése of 2,4,6-collidine results only in the produc-
ticn of orthoester, the‘ueé-pf tetramethylureaein place of
collidine results almost exclusively in‘B-glycoside forma-
tion. Furthermore, treatment of the orthoester obtained in
the collldlne reaction with triflic ac1d tetramethylurea
complex resulted 1n its conversion to the B- gly0051de. When
the tetramethylurea reactlon was conducted at -20°C, the
orthoester intermediate was ocserved by linmr. These dif-
ferences in reaction can only be interpreted in terms of the
' pKa's of .the conjugate acids of the bases involved in the
reaction. Thus, the use of collidine suffers from thelsame

/
problems as the use of 51lver carbonate in the original
'Koenlgstnorr reactlon: the reaction condltlons are not
sufficiehtly acidicyfo pfomote the orthoester rearrangement.

Garegg and Norberg3§ have recently proposed the use of

perbenonlated glycosyl halides as glycosylating agents.
. * \

\
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Fig. 7 Variation of the outcome of a Koenigs-Knorr reaction

when either 2,4,6fcollidine or tetramethylurea are
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and Norberg.36
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Some lecosylation reactions reported by Garegg
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Afker finding (Fig. 8) that tﬁe use;of the silver-triflaée—
tetramethylurea’combiﬁation failed to provide any signifi-
cant glycoside from z and }g, and more basic Eénditions
(collidine) yielded only orthoestef, they engagéd the
alcohol.}g in the Koenigs—Knorr reaétion with benzébromo—
galactose (20) and.obtained an excellent yield of 1,2-trans-
R-glycoside. 1In the g}ycosylation with g}, the amount

of collidine present proved critical to the outcome of the
reaction;_ﬁhe orthoester mainly beiné formed under basic
conditions ‘and the B-glycoside under acidic conditions.

' The high yields of B-glycosides obtéined‘in these
glycosylations with the per-benzoylated bromide 29 are
clearly ‘the result of the diveréion of the orthoester re-
,arrangement to route A (Scheme 3) leading to the particuév

larly stable 2-phenyl-dioxolan-2-ylium (benzoxonium) ion
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22 (Scheme 4). The extra stability of this species should
result in an increase in:its rate of formation from the
orthoester as compared to that ﬁor.the 2-methyl-dioxolan-2-
ylium (acetoxonium) ion. In further support of this conten-
tion,‘there is the report by Kochetkov27 that in the one
case where thé réa?rahgement of an orthoacetate»and_an
orthobenioate were directly compared (using HgBr2 as cata-
lyst and 1,2,3,4-tetra-0O-acetyl-B-D—glucopyranose as
alcohol), the yield of B-linked disaccharide was almost
twice as high with the benzoate (93%) as with the acetate
(54%) . The implicit suggestion from Ehe report of Garegg
and Norbej:g:?'6 is fhat, at least in some cases, even colli-

dinium triflate is sufficiently acidic to effect the

orthobenzoate~f-glycoside transformation.

S~ MO oac

OAC. HglCN)2 » B80% B-disaccharide

CeHg : CHgNO, (1:1)

HaC.

OQAc v ) . 10
OAc + s —v= 5 40% B-disaccharide
HAC , H3C 0N _~0cH, 40% a-disaccharide

Scheme 5
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The general strategy for the formatiog of.the l,2~-trans-
B-glycosidic linkage is then conceptually simple and will
involve the reaction of a 2-O-acyl glycosyl halide with the
"alcohol, in the presence of ‘a haiophile, under conditions
sufficiently acidic to effect the orthoester rearrangemeht.
Tﬁé sensitivity of this rearrangement to steric, electronic
and stereoelectronic effects can be fully appreciated by
referring to Scheme 5 where somé-recant results obtained by
Flowers37.are summarized. The main problem will involveléhé

optimization of the reaction for the particular application

at hand.

2. The 1,2-cis-a—glycosidic Linkage

a. The Halide-ion Catalyzed Reacﬁion38

The establishmeﬁt of the'l,2fcis—a-glycosidic linkage
is, in general, much more straightforward. Until very re-
cently, the only method suited to the task was the halide-
"i1on catalyzéd a-glycosylation reaction developed by Lemieux
and co—workers.38 This method involves guiding the reaction
bétweenkan appropriaﬁely blocked giycosyl halide and an al-
cohol under solvolytic condit;ons‘by way of the B-halide to
form\the'a—glycoéide (Scheme 6) . Becaﬁée of the anomeric
effect,is;haiides are thermodynamically much less stable

than their corresponding o-anomers and, therefore, exist in

very low concentration in an equilibrium mixture. The .
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success of this reaction is attributed38" .the much great-
er reactivity of the B-halide and the addition of added
halide-ion, in thevfoFm of tetraaikylammonium halide, to
ensure that a rapid equilibrium is.established between the
o and B halides.v The reaction may then, in accord with
Hammett—gprtin principleng, be funnelled through the g~
halide to the a-glycoside.

The high reactivity of B-halides compared with their
o-anomers is thought to be based on the stereoelectronic
demands for the formation of reactive intermediates38. As
seen in Scheme 6, the formation of a-glycoside from a gly-
cosyl halide and an alcohol under solvolytic conditionslis
expected to proceed by way of ion pairs to alcohol triplets.
The more rapid formation of a-glycoside is then attributed
to a more ready decomposition of its precursor triplet than
the triplet leading to B-glycoside formation. This situa-
tion has been rationalized38 on the basis that the devel-
opment of the glyc¢osidic bond requires, in the transition
state, an antiperiplanar arrangement between a lone pair of
electrons on the ring oxygen atom and the developing bond.
In the case‘of B-glycoside formation, this would require
the achievement of a high-energy boat-like tfansition state
while for a-glycoside formation the traqgition state would

lead directly to the less strained 4Cl chair conformation

~of the product.



The reaction usually employs perbenzylated glycosyl .
bromides as the glycosylating agents as the corresponding

chlorides have proved to be inconveniently unreactive.38

The choice of benzyl as blocking qraup was made primarily
on the basis of the requirement of a non-participating
protecting group at the 2-position. It might'be expected,
in addition, that pyranose ring substituénts more electro-
negative than benzyloxy might retard both the a T8
anomerization of the glycosyl bromide and, likely more im-
portant, the alcoholysis of the B-bromide as ﬁhese proceed
through transition states with significant carbonium-ion
character and without heavy-metal promotion. The a-
glycosylation of anéggcohol is generally carried out in
dichloromethane as solvent in the presence of tetraethyl-
ammonium bromide, ih an amount near4equiv31ent to that of
“the glycosyl bromide, and either Hunig's ;ase40 or molecu-
lar’sieve 4; to»neutraliz; the hydrggen bromide that is
produced. While these conditions frequently produce exceli
lent yields of a-linked disaccharides, in dﬁie difficul£
cases the addition of dimethylformamide as co—soiveﬁt (ca.
20% in dichloromethane) was found‘%l to significantly in-
crease the yields as well as the reaction rate. Yields in

the order of 60-90% are regularly achieved even with

highly complex sacgcharidic alcohols.

5
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b; The Imldate Procedure42 43

- Récently a novel a—glycosylatlon reaction was developed

ﬁy Sinay and co—workers.42’4%‘This so-~called 'imidate proced-

ure', which is illustrated by'the,abbreviated formulas in

Scheme 7, bears a conceptual r%Femblance to the hallde ion

reactlon in that a—glyc051de formatlon proceeds through~a

R »ok a -T§L;ﬁ<:;a _;»1v | 05  ’ ,'
% "'20"’)‘)\' i, ~ | vs/o\"rcm

23,
. - . - _ : ,
. - N . " . 0
' TeOH (1.0 «q.)
r2~3’ S ¥ Rod CeMe > W C”3 _>
w/tj\mﬁ
24

~—~
Scheme 7

<

Sguble inversion'gt‘the anomeric center. »The reaqtion is,
however, distinct from the halide—ion reaction inﬁthatftﬁeimjﬁ
B —imidate 23 is prepared separately and isolated, and is useﬁ
as the glycosylatlng agent. The mechanlsm of thlS a*glyco—”

sylation, 'as suggested by the authors,44 involves the

protonatlon of the B- 1m1date 23 to prov1de the reactlve4ﬁe
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Liminium salt 24}7followed by an Sy 2 type of displacement by

the alcohol to produce the a—glyCOSldlc product.

h
If the case were thls s1mple, the authors would 1ndeed

be hard-pressed to explaln some of their own results45

(Scheme 8)., since a mixture of imidate anomers (a:8 = 85:15)

(produced from .the B-~imidate under essentlally the. same con-—

ditions as those for the glycosylatlon reaction) gave the

B0~ o
o
oi . Csué 1->6 disaccharides (83?)
) ‘ a:f 85:15
AY
o
2
. 6
- Ojl/CH:;
N
. \CH3
a:B 85:15
Scheme 8 - "
G

same yield and amomeric ratio of disaccharides as was ob-
tained with the pure B-imidate. The suggestion that the g
reaction may actually be proceeding through the . intermedi-

acy of a glycosyl sulfonate, produced by the reaction of

* the B-imidate 25 with the sulfonic acig, has beern enter-

tained.45 The ;‘esultsobtained45 in the condensation af



o 8,
45

v

25 and 26, with Eftoluénesulfonic acid as catalyét, are how-
ever c1early at variance with those obtained by Sc_:huerch46
when using the a-tosylate 27 in placé of the imidate 25

(Scheme 9)i Schuerch has also noted47 that glycosylations

disaccharide a:zB -

yiéld: ratio:
‘ TsOH a 1;7'
________9» o . . H
\erH3 s + ,2__6J CB"S . o 89% 5
- TSeH,
25,
.
26 —_— 76% : 4] :
+ ~ Co Mg ' 59
s

“’'sinay. and Pougny’45 when using triflic acid,

p—tolueﬁesulfonic acid, in the imidate procedure.

-

A rationale for the beneficial effects observed ™ when
using dimethylformamide (DMF) as a co—sdlvent in the halide-
ion reaction maylpfovidé the common'denominator,to‘both of

these \ -glycosyldation methodst° A clue as to the role of



the DMF in this reaction may be obtained from an article48
“wherein ﬁhe formation‘qf the 6—formy1ated defivative of the
alcohol ﬁndergoing glycosylation was observed. Pozsgay4
reported that attempted condensation bf hept§§0~acetyi-a—
D-kojibiosyl bromide with benzyl 2,3,4-tri-O-benzyl-g-D-
;lucopyranoside under-ha;idé—ion conditions (with DMF) pro-
duced ho trisacchafide derivative, even. after two weeks.
Instead, a 70% yield of benzyl 2,3,4-tri-0-benzyl-6-0—-
férmyl-B4D—glucopyranoside was formed. Thé formation qf \\{
sﬁéll amounts of O-formylated alcohols Hés éiso been ob- ‘
served, although infrequently, in these.laboratafies:, This

side reaction can only be rationali;ed as resulting from

the in situ formation of a reactive anomeric iminium salt

28 which then acts, in some cases, as a Vilsmeyer-type

Scheme 10
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_fo:mYLeting agent (Scheme 10). It can be appreciated that
there is really odly a trivial difference, in terms of .
structufe,~between the iminium salts 28 and 24; and, in-
deed, these may be regarded, in the limit, as solvated
'glfcosyl carbonium ions. ‘ -\

It would seem moet reasonable then to attribute thev
sgccess of both the hallde ~ion reaction and the 1m1date
procedure, as well as their various modlflcatlons, in the
formehion of the a-glycosidic linkage to the preferred rate
of decomposition of the alcohol tr;plet leading to the a-
glycoside (see Scheme 6); a situation which is favored for
stereoelectronic reesons. The only real difference would

then reside in the ld@ntlty of the "X" part of the triplet

(Scheme 11) . There can be no doubt that the identity of

\ﬁ; LW My
< X = B d N - halide -ion
"'.; . . " " /ov 0/_ \Cﬂg . procedure

N

K

R

l-ﬂx X
o

9“'
=

imidate

HaC
and / , >,___..N
o o \CH:! procedure

2
0

O\R

Scheme 11 : » N
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"X" will affec£ the energetics‘of the~reactio? profile in
a manner leading to different rates of reaction and, con-
ceivably, to a.very different product ratio of anomeric

glyeosides. However, in the case of both the imidate and

halide-ion reactions, the nearly exclusive formation of a-

glycosides requires these reactions to be under, Or near,

Hammet t-Curtin con£rol.

- B. ‘The Literature on Synthetic A, B, O(H)
"and Lewis-Active Oligosaccharides

Although the methods available for the formation of the
glycosidic iinkage remain far from perfect,.particularly,as,
regards the B—linkége, they have nevertheless perinitted the
preparatlon of a 1arge number of synthetlc ollgosaccharldes
.related to the A, B, O0(H) and Lewis blood-groups. In the
following discussion, the synthesis of a glven determinant
will be considered as eceomplished whether it was synthesized
as a‘reducing oligosaccharide or as a glyeoside of the oligo-

~———a

saccharide. :

The preparatlon of the A trisaccharide [aDGalNAc(l+3)—
[aLFuc(l+2H5DGal] has been reported by Lep1eux49 and Dav1d.50
The B trisaccharide [aDGal(l+3HaLFUC(l+2]BDGal] has been syn-
the31zed in the laboratorles<3fLem1%Pqulsinay51,and Augé.52

The preparatlon of the A and B (Type 1) and Lewis- Oll—
gosaccharldes requ1red the formatlon of the 8DGal (1~3)8DGlc- .

‘NAc linkage. - Fortpnately, the B-D-galactosylation of the



49

’

- 3-position of N-acetyl-D—glucosamine .derivatives proceeds
smoothly under a' variety of conditions, hence the prepara-

tions of these oligosaccharides presented no particular dif-

-

ficulties. The synthesis of the Lewis-a tfisaccha:ide

[BDGal(l+3)[aLFuc(l+4)]BDClcNAc] was-first reported by

Lemieuxlo'53 and later by Sinai}.54 The Lewis-d trisaccha-

-

rlde [aLFuc(l+2)BDGal(l+3)BDGlcNAc] ‘has been prepared in

the laboratorles of both Lemleux14 and Paulsen.55 56 The

]

Lewis-b tetrasaccharide [aLFuc(l»Z)BDGal(l+3f[aLFuc(l+4)J—
BDGlcNAc] was prepared by Lemieux, Bundle and Baxer.l4. A |
key intermediate used in the preparation of the Lewis-a, b'v
and d oligosaccharides14 is shown in Schéme 12. ‘The A and
B (Type 1) tetrasaccharldes [aDGalNAc(l+3)]aLFuc(l+2)8DGal—
.(l+3)BDGlcNAc and aDGal(l+3)[aLFuc(l+2)]BDGal(l+3)BDGlcNAc]

have been syntheSized by Lemieux57_and paulsen. 228

Scheme 12
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| The stgpwiée synthesis of the Type 2 determinants
required,‘as the first btep, the preparation of a‘suitably:
protected N-acetyl-D-lactosamine derivative. The develop-
ment.of-a practical syntheéis of NFacetyl—D—lactosamine had,
in itself, been a long-standing problem. Koenigstnorf
condensations between 2,3,4,6—tetra—Q—acetyl;a—D-galaéto—
pyranosyl bromide jgg) and 2—ace£amido—3,6—di-0—acetyl—2—
deoxy-D-glucopyranose derivatives, the most aécessible
derivaéives 6f N—acetyl—D—glucosamine having the 4—hyaroxy1
group free, prbceeded very poorlysg’sg. Good yields of
B~1+4 linked products could only be realized when using

60 61

acyclic or 1,6—anhydro derivatives of N-acetyl-D-

¥

glucosamine. These problems were finally overcome by

sinay®® in 1974. ,
| What had until then beeh called "the lack‘ofireactiv—
ity of the 4—hydroxyl group" of 2-acetamido~-2-deoxy-D-
glucopyranose can now be attributed th to any inherent
lack of reactivity'of this hydroxyl éroup but‘tb the nature
of the protecting groups being used in the preparation of
the alcohol which leads to the aglycon. Using benzyl 2-
acetamidof3,6—di—O—benzyl—2—deoxy—a—D-g1ucopyrangside (29a)
as the alcohol and the"orthoester'ég as the glycosylating
agent, Sina§§2 was able to prepare the N-acetyl-D-l&cto-

~

samine derivative 32a, by the orthoester method, in 75%
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yield (Scheme 13). The nature of the protecting groups in

29 was later shown by Sina');44 to be critical to the outcome

~ o~

of the glycosylation reaction performed under Helferich
conditions, using 3}' as well (Scheme 13). This is, of
cburse, not surprising since both glycosylations are éx—
pected to proceed via the same brthoestef %}. Examination
of Scheme 13 shows that the success 6f’the glycosylation |
reaction is dépendent on the use of an.ethereal, rather
than an acetyl; protectihg group at the 3-position of gg
and this well explains therearlier'difficulties encountered
in the.preparation of N-acetyl-D-lactosamine.

With the major problem of the establishment of the
Type 2 linkage resolved, the way to the H trisaccharide
was clear. The synthetic rodte followed by Sinai}22 in the
first repofted synthesis of this compbund_is summarizeé in
Scheme 14. The orthoestér glycosylatioh method was again
used for the establishment of the Type 2 linkage, but with
the tri-—-O-benzyl orthoester }g, a mixture of the B (52%)
and o (12%) disaccharide.derivatives 3§ and §§ was obtained,
demonstrating once more the sensitivity of the orthdéster
' rearrangement. Condensation 6f gé with the 3-0-allyl
derivative %gb also g;ve§3 a mixture of g (38%) and o (16%)
- 1-+4 iinked di;qcchéride derivatives whéreas oﬁly the pg-

linked product (77%) was detected when using the corres-

ponding acetylated bromide 33. Deacetylation of 35
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fcllowed by a-L—fucosylation under halide-ion conditions
provided the blocked trisaccharide derivative 32 (80%)
wvhich was then deprotébted to provide 38. The H tri-
saccharide has since been prepared in several labora-"
tories. ©3/65,66 '

Finally, the'syntheées of both the A and B (Type 2)

tetrasaccharides have recentlg’been reported65’66.

C. Synthesis of the Trisaccharide Haptens.
1. g8-Methoxycarbonyloctyl 2-acetamido-2-deoxy-4-0O-
(a—L—fucopyranosyl)—3—0—(B—D—glucopyranosyl)—8—

D-glucopyranoside (2). The 4'-epi-Lewis-a Hapten.

The synthesis of the e-Le? hapten followed essentially
the procedure outlined by Lemieux, Bundle and Baker10 for
their preparation of thg Le? hapten:v The overall sYnthetic
scheme ': summarized in Scheme 15.

The starting materi }@’or the preparation of g was
's_methoxycgrbohyloctyl 21’é§;émido—4,6—O—benzylidene—2—
deoxy—B—D—glucopyranoside10 E?g) which was in ready»supply
in these laboratories. Condensation of 3% with 2,3,4,6-
tetra-O-acetyl-o-D—glucopyranosyl bromide67 (Z) under
Helferich.conditions gave the B-linked product 39 in 77%

yield. The anomeric configuration of the newly established

glycosidic linkage in 40 was determined on the basis of its
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lHnmr spectrum which is presented in Fig. 9.

The signals for the anomeric protons in 59 were expec—
ted in the region 4.5 - 5.0 ppm, along with those for H-2',
H-3' and H-4'. It has consistently been observed, in the
course of these lHnmr investigations, that protons bounq
to carbon atoms bearing acetoxy 'groups have substantially
longer longitudinal rela;;tion timés (Tl's) than those
bound to carbon atoms bearing alkoxy substituents. This
observation provides a ready means for simplifying the area
of a spectrum where both these types of protons provide
theirbsignals. The 'anomeric region' in the spectrum of
f? presents just such a case.

Using a d%lay time of T = 0.30 sec. in the irradiation
phlse sequence 1862—T—90°, this region of the spectrun sim--
plified to the extént that H-2', H-3' and H-4' (of the
peracetylated glucosYl residue) appeared as the only signals
ofrnegative intensity while the H-3 fesonance had decayed

to near zéro intensity (Fig. 9c¢). gThe two anomeric doublets
., <53

¥ '
ignals and the magni-

were now clearly visible as positiw
tude of their coupling constants (J, , = J,, ,, = 8.0 Hz)

, 1,2 1',2
required68 both glycosidic linkages to have the fB-configur-
ation. The assignment of the lower field doublet to H-1

was made in the following manner. Irradiation of the NH

doublet of the acetamido group (& 5.94) resulted in'the

collapse of the complex signal at § 3.02 to a doublet
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%%
~of doublets which must therefore be H—2. Irradiation of

this 51gnal in turn, in the. partially relqﬁéd spectrum
of 40 resulted 1n the collapse of the anomeric doublet at
§°5.21 to a 51nglet (Fig. 9d), thereby allowing its assign-

: ment as H-1. The higher field anomeric doublet would

Removal of the benzylidene protecting,group of fQ\bY,
mild ac1d hydrolysis: provided the diol 41. |

| The next step in the synthe51s requlred the specific
brotection of the 6-hydroxyl group of ﬂl. In the synthe-
sis of the Lea trisaccharide (l),lo N—acetylimidazole was
'found to be an effectivelacetylating agent in this regardﬂ
For simplicity, however, 41 was acetylated using a 10%
molar excess of acetyl~oﬁloride and pyridiggmin'dichloro-

69,

methane at —78 C providing a near quantitative yield of

the 6, 2',3",4' ;6 —pentaacetate'gg. )\ ‘

The position of the free hydroxylt;roup in 42 could
be readily determined from iteilHnmr spectrum (Fig. 10)
“recorded using DMSO—d6 as eolvent. Since\prOton eﬁchange
ig slow in this solvent,70 the: hydroxyl group proton. will
remain coupled to its vy proton(s) The appearance of the
hydroxyl proton as a doublet in the spectrum of 42 (Flg.‘lbb
required 1t_to be v1elnally coupled to one proton only’-
The unlikely possibilify that acetylation had oeourred at

3 .
the 4-position could therefore be discounted since the

L4
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resultlng primary hydroxyl group would have been coupled

to the two H-6's. Irradiation of the hydroxyl group protqn

» o,

(8 4.62) in the spectrum of 42 also collapsed the complex

signal for H-4 (§ 3.22) to a well-resolved triplet (Fig.

10c). The usefulness o?_partially relaxed spectra is again
demoﬁstrated'in Figg 10d. Thus, while one of'the slgnals
for the anomerlc protons of\42 is completely buried ﬁn the
normal spectrum, the signals for H—2', H-3" and H-4' hawe.

virtually vanished in the partially relaxed.spectrum le@v—

'ing this signal clearly visible at §-4.86.

Halldeion cataly51s for a- glycopyran051de formatlon3_8
was employed to establish the a-L-fucopyranosyl linkage in
the blocked trisaccharide ﬁé- The,reectiOn.of é% with
2,3,4—tri-—0—benzyl—a—L—fucopyranosyl“bromide—l,l (g%) was

performed in the presence ofvtetraethy%ammOniumvbromide to
{ . ' .

‘ensure rapid equilibration of 43 with its’B—anomer since

the halide ion catalyzed formation of the a—glycosidic‘bond .
o p- - .

?

is dependent on the more rapid reactionﬁof the B-bromide

with the alco,hol.38 Although the reaction was slow (6

\

days) and requlred a large excess of 43 it provided an

essentially quantltatlve yield of 44. " The lH'and‘l3Cnmr

spectra of 44 requlred the presence of a single anomer al—

k]

though, at this stage, ‘the anomerlc conflguratlon of the

3

fucosyl group could not be unequlvocally establlshed.

Compound 44 was - deacetylated and the product dlrectly



N\

a~configuration, as expected.

61

debenzylated to provide the title trisaccharide.

~  The lﬂ and 13Cnmr spectral parameters for the e- Le

trisaccharide (2) are presented in Tables 1 and 2 (Chapter
3). A coupling constant of 3.6 Hz for H—l' (Table 1) in 2

i

requires68 the L-fucopyranosyl group to be present in the

Wi

The known proneness of acetyl groups to migration72

JraiSed.the pqssibility°that fucosylation of 42 may have

been preceeded by acetyl migration from the 6 to the 4-
position under the predominantly basic conditions of the
halide-ion xeaction. As Lemieux and Driguez53 point out,

it is well established73

that the hydroxymethyl?group.car—
bons of hexopyrandsides provide their 13Cnmr signals in the
region 60 to 63 ppm downfleld from tetramethy1511ane with
deuterlum oxide as solvent. Glycosylatlon of thése hydrox—
vl groups causes a deshleldlng of 7 to 10 ppm of the cor-

respondlng carbons. Inspection of Table 2 shows the signals

of the two hydr0xymethyl carbons to be in this region, with

' the-signal for C-6 at 60.58 ppm. The possibility that

- acetyl migration an@”éUbSequent 6-0-fucosylation had

A “ : R
occurred could therefore be rejected.

N . w
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2. 8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-3-0-

[2-0—(a—L-fucopyranosyl)-B—D—glucopYranosyl}eB-

bjglucqpyranoside (4). The 4'-epi-Lewis-d Hapten.

The salient features of the route chosen by Lemieux

| and Baker14 for the synthesis of the Legihapten (3) are |
shown in Scheme 16. Experimental procedures, in addition

to those presented in the patent, Were,gvallable.

Their strategy required the- preparatlon of a sulggbly pro--
tected key intermediate, the galactosyl bromlde 47, having

a participating group at the 2-position that could be selec-
tively reﬁoveé after eetablishment of the B-glycosidic link-
age in igi Subsequent bromide-ion catalyzed d—L—fucosylation
of the resulting alcohci,,followed by depgptection, afforded

the Led

trisaccharide. The p-nitrobenzoyl ester was chosen
as participating—protecticg group in gz in the hopes that
gé‘wouldgbe an easily purifiablé‘crystaliine,compound.‘ This,
indeed; proved to be the case. Compound 5§, in turn, was
prepared by che sequentialfacid and base cgtalyzed hydroly—'
sis of é%, followed by p—nitrobenzoylaticn“of the resulting
aiol. |
Foliowing this general strategy, the fifst step in the
synthesis of 4 was the preparatlon of the gluco analogue of

45, namely, 3,4,6- tr1 -0O-benzyl-1,2,0-[1- ethoxyethylldene]~\

o-D-glucopyranose (50) . This. compound was produced in 84% R
N Ia )

\

\
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yieid by deacetylation and benzylation of the reﬁdiiy acces-
sible 3,4,6-tri—0-acetyl—l,2-O-ll—eth6xyethylidene]—&—D—glu;
copyranose.74 | | |
Réther than.pafalleling tﬁe sequencehof reactions shown
in Scheme 16, it seemed desirable to establish a méthod for
the direct cbnveréion‘of'ég to the 2-~0O-acetylglucosyl hal- |
ide, thus eliminating four stéps in the overall synthesis.
Several transformations éf.this type héVe been reported, ﬁhe
most useful of thch seemed to be the reaction of the 1,2~=
Ofalkoxyethylidene group with trimethylsilylchloridg;75 |
Trans—acetbxy—chlo:ides were produced in excellent yields.
Glycopyranosyl chlorides, however, are known to exhibit low

17

reactivity, notably in the Helferich reaction. The use

of trimethylsilyi bromide for the equivalent’transformat—
iOn76 was consideréd but its potential ability for the
dealkylation of benzyl ethers’’ led to.the rejection of its
usage. Both hydrogen chloride78 and hydrogen bromide79 have

been used to effect this transformation on peracetylated

1,2-orthoesters. When 50 was allowed to react with hydrogen

~

bromide in dichloromeﬁhape at -35°, however, an intractable
mixture of compounds was produced.

It could be expected that the orthoester 50 would
be subject to ready acetplysis. A report,76 in fact,
existed where an orthoester to halide transformation
was.affecﬁed by both aceﬁyl bromide and acetyl »J //

/

/
/

/
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chloride. With acetyl bromide as acetolyzing agent, the
course of reaction shown in Fig. 11 might be anticipated.
The first step would lead to the formatiqn of‘ethyl acetate
and the reSonanée—stabilized dioxolan-2-ylium ion pair'§}.
Collapse of this ion pair would be expected to lead to‘the
g-bromide ?E whiéh, in;the éresenqe of bromide ion, &hould
anbmerize to the oa-bromide ?E.
These expectations were borne out in all respects.
The course of the,reaction.Of §g‘with acetyl promide could
be_most convenien;ly followed by performing the reactiog
di;ectlyAiﬁ an nmr probe. Addition of acetyllbromide (3
equivalents) -to §9 dissolved in dry CD2C12 resulfed in the
rapid consumption of the orthoester, as evidenced by the
decrease in the intensity of the signél for its methyl
group at 61:62. ‘This signal had essenpially aisappeared
after«ZO-minutes. After only 2 minutes, a new and.féadily

'observable doublet (J = 8.5 Hz) at &§5.50 became apparent,

1,2

whose intensit&vat first increased sharply with time and
later fell back to zero. This doublet»haé been ass;gned to
H-1 of the B—bromidé 52. Unstable B—brdmides have previ-
ously been prepared80 and were found. to rapidly equili-
brate with the more stable o anomers. After 13 minutes,

g

another doublet (J; 2@*“9309H2) started to appear at §6.63

~and increased in intensity throughout the remainder of the

‘reaction. This signal has been assigned to H-1 of the

hat
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a 0%
. ] CD,CYy BnO .., ~0
B +  CHjcoBr —— e +  CH,COOEt
N r N
(4] .Q 0
o OEt 51 '
50, Q‘ | CH3 d
lT (a)
0Bn . n
Bno- O, ‘ 8:© Bn 0,
B.n ¢ Bn 8r
AcO _—>
AcO
53 Be §2,

-

[ 4
o
©
£
9o
o
- = (b)
! s }
0 - 10 20 30 40 - 50 60
| Time (min) - oo

Fig. 1Y ~The reaction of the orthester 50 with acetyl bromide:
' a, anticipated course of reactzgn; b, kinetics of
the reactionAat 40°C in CD2C12. The mole fractions
of 50, §g and §§ were calculated from the relative
int;;sities of their characteristic signals in the

60 MHz lHnmr spectrum‘of,the reacting mixture.
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a-bromide 53.. The changes in the intensities of these sig-

~ -~

nals with time is shown in Fig. 11. It is clear from Fig.

11 that the reaction of 50 with acetyl bromide leads initi-

~ o

ally to the formation of the g-~bromide 52 which, subsequent—

ly, anomerizes at a slower rate to the g-bromide 53. The
1 :

~ -~

Hnﬁr of the crude product isolated after 90 mins. of
reaction confirmed the formation of 53 in approximately 90%
yield. e

For preparative purposes, the redction was modified
slightly. It was decided to add tetraethylammonium bromide
to ensure the rapid anomerization of the B~bromide, thus
eliminaﬁing the%potentially troublesome hydrolysis of this
reactive speciés during équeous work-up. >Molecular sieve
43 was aiso_inclﬁded, not only to ensure near anhydrous
conditions in the lérger scale reactién, but also to absorb
the hydrogen‘brOmide that would inevitably be present eith-
‘er in the acetyl bromide orlas a result of its hydrolysis
" by traces of water in the reaction mixtufe. Hydrogen bro-

mide is well known81

for its ability to debenzylate benzyl
ethers in carbohydrate chemistry, particularly at tempefa-
tures és elevated as 25°C. In this mahner, 53 could be
isolated in essentially quéntitatiﬁe yield after reaction
for 1 houf at room temperéture.

The remaining steps in the preparation of 4 are summar-

ized in Scheme 17. Condensation of 39 and 53 provided the
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e, m
39 + 53 > o CH,)gCOOMe
~ ~ NHAc
OAc .
54
o~
‘ lu.oe

[+)

OBn  Ph
(CH2)gCO0Me 43 o
NHAc ~ 8nO [\) :
E "halide~ion” BnO o O(CH,)gCOOMe
- OH NHAc
55
‘ —~

"¢” . Scheme 17

B-linked product éﬁ in 57% yield. The anomeric configura-
Gtion of the glucosidic linkage in 54 could be assigned on
the basis of its lHnmr,spectrum,‘ presented in Fig. 12.

The ‘anomeric region' in this spectrum is partially
obscured by\the complex AB signal patterns of the benzyl
groups in 54. The assignment of the doublet (Jl,2-= 8.6 Hz)
at §5.20 to H-1 was straightforward following the selective
decéupling of the NH and H-2 protons as breviously'des—
cribed. 3ince the 2'—hydroxyi group of §f was protected as_
its acetate, it could be expected that H-2"' wouid have a

substantially longer T, than the other protons providing
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their signals in this région. Indeed, the part{ally relaxed
spectrum of 55 (Figy. l2c¢) showed' only one negative signal
(64.93<;( Jl',2' = J2,$3, = 8.5 Hz) which could therefore
be assig%ed to H-2'. By comparison of the normal and par-
tially relaxed spectra shown in Fig. 12, it is apparent
that there can also be smaller but useful difference in
Tl's between the anomeric and benzylic protons. The: -sig-
nals corresponding to 4 of the 6 benzylic protons havé
virtually béen eliminated in the partially relaxed spectrum
allowing the doublet at §4.64 to be assigned to H-1'. Ir-
radiation of H-2' caused the collapse of this signal to a
singlet. ’

Deacetyiation of 52 provided §§. Thé a-L-fucosylation
of §§ proved difficult to monitor by TLC and the reaction
was interrupted after 41 hours. Column chromatography per-
mitted the isolation of unreacted 55 (38%) and the blocked
trisaccharide derivative 56 in 37% yield. No attéhgg”was

made to improve the yield of this reaction. Hydrogenolysis

of the benzylidene and benzyl protecting groupsnih 56 pro-

vided the e-Led_trisaccharide 4.

The %H and 13

Cnmr spectral parameters for thé\e;Lgi
trisaccharide (4) are presented in Tables 1 and 2, reépec—
tively (Chapter 3). These parameters were in accord with

the assigned structure.



3.7 8—Methoxy rbonyloctyl 2—Acetam1do—2 deoxy- -0-
iy

v ‘1- [2—0-(a—L-fucopyranosy1) B—D—galacto\‘xawosyl]—

B—nglucopyranOSLde‘(§). The H Hapten. v;;
At the time. when this pro;ect was-undertaken, the re-
a duc1ng form of the H- trlsaccharlde had already been prepared
by Jacqulnet and Slnayzz.; It was .clear from their earlier
work44 on the synthesis‘of N-acetyl—D—lactosaﬁine that good
ylelds of Bl+4. llnked dlsaccharldes could only be obtalned
when the 3—p051tlon of 2- acetamldo 2-deoxy D—glucopyrano-
sides was blocked by an ethereal protecting group (recall
Scheme 13). Indeed, all the publlshed syntheses of the
Type 2 11nkage have since employed benZyl 2- acetamldo -3,6-
‘dl—O—benzyl -2- deoxy—a—D glucopyran081de (Zpa) as the agly- ¢

o

conlc alcohol. Although success was v1rtua&ly assured ‘with
vthe use of a glucosamlne derlvatlve protected in thlS man-A
vner, there was Jjudged to be a pre551ng need .for an ethereal e
protectlng group that, unllke the benzyl or allyl groups,
could be. attached under near neutral condltlons.%,Such a
’blocklng group would allow the protectlon of partlally
acylated substrates without the prospect of deacylatlon or
acyl—group mlgratlon. This protectlng ‘group would be par—
‘tlcularly attractlve Af-it could be removed under the hydro—
gepolytlc condltlons used- for debenzylatlon and, 1deally,

thls group mlght be felectlvely removed 1n}the presence of

benzyl_ethers. To be c0mpat1ble with the established



o

blockihg/deblocfing methodologies being uggd in oligo-
saccheride syqthesis,vthis protecting group should}’ih
addition, be stable to mildly acidic conditions such‘as
those required‘for the hydrolysisiof the henzylidene group.
The only alcohol protecting gPoup that was likely to
meet these rather strlngent requirements seemed to be the
benzyloxymethyl group which had been in use 1ing the ﬁ&bora—

82 . 83

tories of ‘Stork and later Still.”~ * In addition to the

methods already descrlbed for the introduction and removal:

of this protectlng group (Scheme lB),&other condltlons that
. % o : C
7 SE s “;‘*~ : ; : o
9‘“’ ' ﬁ:v W-. e

s . N oA ﬂ
Hunig's  base . . ©/\°/\0R ‘ \ ‘
-Hel L - \

H, /Pg or Nays NH3

Lo , ;. "
G : & |

Scheme 18

could. effect these same transformatlons .could ea311y be
enV1saged Follow1ng the work by Corey84 on the selective -

cleavage" Of the methoxyethoxymethyl ether protectlng group,
A §




it mlghthbe expected tha% Lew1s-ae1d1c condltlons could be
found_;hat would selectively remoye the benzyloxymethyl
group in the presence of benzyl ethers. Indeed, such con-
ditions (TiCl4/CH2C12} 25°, 5 min.) have now been.estab--.
lished in these leboratories.85

The first oijctive in the synthesis of 5 was then
the preparatlon of 8—meth0xycarbonyloctyl 2 acetamido-3,6-
dl-O benzyloxymethyl -2-deoxy—B- D glucopyran051de (60)
Unlike the benzyl or allyl ethers, the benzyloxymethyl

N
ether is expected to have certain dlstlnct conformational

ik
a7 \

. preferences, notably about the acetal linkage. As a con- \
sequence of the anomerlc effect, the allowed conformatlons
.

for the benzyloxymethyl grouplng are strongly limited to

those in which a lone-pair cf electrons oﬁ eech of the.

{yOXygen atoms is antiperiplanar to a C-0 bond in the acetal

&

+(CH
{ 2)8c020H3

~Scheme 19

®

&,

$ i
3
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linkage. There should, however, be free rotation about the
C-3 ~» O 3 bond in 60 and ' if was apparent from the lnspectlon
of a molecular model that the benzyloxymethyl group, could
-ea31ly adopt a conformatlony such as- that shown in Scheme
19, where this grouping was well removed from the 4- ~hydroxyl
group which wa@“to be glycosylated These same con51dera—
tions also extend to the 6 O benzyloxymethyl group of 60
,It'was'thusihoped that, as was the ;;se for the benzyl and
allyl ethers, the presehce_of a benzyloxymethyl group at
the 3—position of 60 would not sterically interfere with
the glycosylation of the 4rhydroxyl group.'v

The‘synthetic route selectedvfor the-preparatlon of

§0 is shown in'Scheme 20. .

R~ L)) \ o
> CH. 0OCH
r~ . &n 0 of 2)80 3

‘ p\ cHCN NHAC

‘ . PN Am ) o 7 : o OH
(o) . I
) e HO °
Ho & ‘ A\ OCH1gCO0CH,
gao_-° CHolgCOOCH, D\ omp | BNO~S e
60 NHAc —
/\/

"Scheme 20
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Reactlon of 39 with benzyl chloromethyl ether, in

75

thHe presence of an excess of the hindered base, 2,6-1lutidine,
inlacetonitrile at 80°C bvernight provided the 3-0-benzyl-
oxymethyl derivative §z as a crfstalline.compound in 79%
yield. 'hydrogendlysie_of a sample of §Z} at th%s stage, in
the presence of 10% pailadium on carbon provided the
known10 8+methoxycarbonyloctyl 2-acetamido-2-deoxy-fg-D-
glucopyranoside §§ in guantitative yield, thus confirming’
that this protecting group could‘be'removed under the stan-
dard conditions for bcth debenzylidenation and debenzyla-
tion.' Compoundhég:was identified by comparison with an
@“authentic, sample. |

- The benzylidene group pf 57 could be selectively re-
moved by acid hydrolysis usdng ap aqueous acetlc acid-
dioxane mlxtureﬁznd provided, after chromatography, an 80%
yleld of the dlol‘%9. Even these mlld condltlons, howeverx,

g resulted in 51gn1f1cant cleavage of the benzylox

. group aﬁwa 12% yield of 58 was also isolated from t“4

umn. Neverthefgss, thls pn@ce&%ré éld prov1de a useful
yield of §?, and no attempt was therefore_made to find con-
,ditioné that would improveéph the selectivity of the hydrol-
y51s reactlon. o B

It could be anticipated that benzyloxymethylatlon of
the diol 59*would tend to favor ‘the prlmary 6—-position

rather than the much more hindered 4- p051t10n._ Indeed,

\3 _ . ) | ;~ . : .. }’5* | y

o Pt 5

i



_reaction of 59 with'a 10% molar excess of benzyi chloro-
\'methyl ether gave. a crﬁdé&btoduqt whose‘thin layer chromat-

ograh was consistent with the presence of unreacted 59 and

’

the formation of only one new compound. The 13Cnmr spectrum

. 4 .
of this material cleaily established 7he_position df'alkyla—
tion. Aa4‘33 ppm dowa&ield displacemént of the signal from
C-6 of'§9, when compared to that of'éé, réqﬁired73 the .
bethloxymethylatidn fo hangoccurredaat this position.

Crystallization from aqueous ethanol provided‘pure 60 in

61% yield. An additional 9% could be obtained by chromai

R4 supply of the alcohol 60 imf#and, attention pas
Fits B-D:galactosy1ation. The .good Yiélds repor-

®in the glycosylation of 29a under Helferich conditions

~ o~
. ’\

r

suggésted.the dse of this method. ‘A supéiy of 3,476—tf“< -
benz&l—l,2—di—o4p—nitrobenzoyl—a,B;D—galactopyranoseb(fg)
was'ayailable and, -as the corfesponding bromide éz had
proved to be‘a'Sucpessful glycosylating agent in the synthe-
sis Oof the Led hépten,¥4 it was converted to éz by reaction®

mg'*" with h}drogen bromide in dichloromethane.l4'

= Attempted condensation of:éz and'§9 under Helferich
conditions, hpWever, gave no detectable disaccharide prod-
uct. It was suépected‘that ﬁhe p-nitrobenzoyl group might

"be responsible for the poor reactivity of éz, but the reac-

‘Ation 6f the correspdnding peracetylated galactosyl bromide

\ . ’

~
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33 with 60 under the same condltlons again failed to pro-

v1de any detectable dlsaccharlde,product. EV1dently, the
‘required orthoester rearrangement was being adversely af—
fected by the benzyloxymethyl groups and ¢1fferent ac1d1c
COndlthnS were requlred for success.

Follow1ng its initial use by Kronzer and Schuerch87
it has been: demonstrated35 + 36,88 that sxlver trifluorometh-
anesulfonate_(trlflate); in conjunction wi#h an appropriate

BN

'proton‘aCCeptor) is an exeellent,promotprﬁbflglycosylation

- between alcohols and glycosxl @plldes.‘ When the'conden+

el
N

M NPT AT | o

V]
sation of 47 and 60 was conaucted undet the condltlons of

~ o~

{

Hanessian' and Bano‘ub,89 using tetramethylurea as protdﬁ% C Y
. T

acceptor, an approx1mately 60% yleld of a mlxture of :

2 b

dlsaccharlde derivatives was obtalned The desired Rg-

: llnked product 61 (Scheme 21) was isolaﬁ%d in'36%'yield.

The B- galactosyl conflguratlon could be- a551gned to 61 on

~ o~

[~

the basis’ of its lHnmr spectrum where the 51gnal for
: o
'H—2'.appé‘§Ed as a<d0ublet of doublets (Jl',z' = 8.0 Hz,

- 9.5 Hz) at §5.54. The other disatcharide product

J2l 1
could be lsolated in 21% yield (based on 60) after denitro-

~ o~

:benzoylatlon and chromatOgraphy.,; e smal »pupllng con-

el

stant (3.5 H#) found for the anomerlc proton of the Ev

galacﬁosyl unit in the lHnmr Spectrum_of‘this compound,'
»allowed 1ts'i§ent1f1catlon as the a—liﬁﬁed disaccharide

--envyl ester in 61 .

~ o~

derlvatlve1 Removal of the p-nit;

ﬁé’v;ifz
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47 + 60

o

BnO

18
l' .
gn : <oan NHAC
° OICH21gCOOCHg
gn o |
) RO K/OB"
61 R= p-nit.robenzoy!
Ag0S0,CF3 = "‘
_ - 62 R:zH
7
o .
AN o *
. (o}
o/\OBn
, »u‘.‘ Ay o
. oifH;lgEo0Ch;
ik ¢ » A N A
S o ! Lo e
. Br |
"halide -ion” ~ 63 (22%) 64 (44%)
' 7
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 Ac,0/CHgoNH
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Scheme 21 ’
N \ ’ =
\g .

.



. v

' eluate provided a chromatographically homogeneous material

presence of all three sugar units, but as a mixture of

79

provided the alcohol 62.
" The a-L-fucosylation ofb62,‘under the halide-ion con-
ditions, proved to be the most entertaining of the react-

tions carried out during the course of this work. Reaction

- of 62 with the fucosyl bromide (43) (2.6 equivalents) was

very rapid, as evidenced by TLC, with all the starting alcohol

having been consumed within 2 hours. The formation of a

major product (RE 0 30 in n- hexdgz—ethyl acetate, 2:1), in

- addition to several othlk minor products with both gregabr

_ and lesser chromatographlc mobilities, was 1ﬂalcated. Af-

tér 26 hours (the TLC had remained essentlally unchanged)

Y
_the mlxture was worked-up and purlfled ﬁy column chromatog—

~%

EB .

raphy on silica gel using the same solvent sYstem. _All the

components visuaiized on the thinelafér chromatogram
appeared in the eluate except that of Rf 0.30. xfurthermore,

none of these minor products conttined the methoxycarbonyl—

5

‘octyl grouplng of the startlng alcohol, as ev1denced by the

lHnmr_spectra of the individual fractions.

The column was then washed oEE_ZiEE/axlarge volume of

N o

| dichloromethane-ethylacetate (1:1). Evaporation of shls

(ca. 88%) whose 1H and l3Cnmr spectra clearly showed the:

compounds A solvent system was eventually found that

o

' could Separate this materlal~1nto its two components, whlch

-

* - N
-d
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have been designated as compounds 63.and 64. The 1Hnmr

spectra of these two trisaccharides are presented in Figs.
13 and 14, respectively. Exam%nation of these spectra
immediately showed that the'fucopyranoéyl residue was pres-
eﬁt in the a—configuration in bqth compounds -on the bisis
of the small (éa. 3.5 ﬁ%)-coupling cqnstant of its anomeric‘
proton, eliminating the possibility of an anomeric mixture.
Equally evident was the ‘absence of resonances attributable
to either the NH or Cocg3 protons. of the.aceéamido grpup'
in §§, while these were present in the. spectrum of §f' An
'anomalously',high'field signal (§2.80), integrating fo;
one prQ£On, was also presen£ in the spectrum of E% (Fig.
13 i

Cnmr spectravéfathege tWo com~ <.

13) . Examination of the S

pounds, shown in Figs. 15 and 16, confirmed.the absence of

the -COCH rouping in 63 while both the carbonyl (170.12

3
ppm) and methyl (23.40 ppm) carbghs were present in 64.

2

. Examination of the .'anomeric fegion' (95-105 ppm)* showed .

both compounds, attribut-

3 ?

, N . . . B »
the presence of five.signals for
. " » P

able to Epé three glycosidic car ong:énd the two O-methylenic
carbons of tﬁe benzylomeethyi groups.

N It thus seemed probable that'gg was simply the N-
VdeaCetyigied derivafive of the expected trisaccharide 64.
e small downfield shift of C-2 in 63, when compared to

" that in 53, was supportive of this conclusion.7 Irradia—m

tion of the doublet of doublets (J = 8.0 Hz, J = 7 -
_ 1,2 ' 2,3

B ‘ - 4 ’ s
-, \
4 .
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9.5 Hz) at 62.80 in the lHnmr sﬁectrum of §§ resulted in

the collaésefof a doublet at 6%.19 which would then be: H-1.

rA large upfield shift of H-2 pn-N—deacetylatiag'of 2-aceta-

mido—2—deoxy—glycopyranosides hasabeeﬁ édqumented,in the

literature.88 |
The.assignment of structure to 63 and 64‘was thus

relatlvely stralghtforward on the basis of a superf1c1al : o

4

“analysis of thelr»nmr spectra. Confirmation oF the valid- - ‘\
ity of these a551gnments was achieved by the N- acetylag;en,ﬂf/4

of, 63 (acetic anhydride/methanol) which resulted in its .

-~ v v

quantitative convetsion to 64.
The N—deacetylation observed during the halide-ion
vcatalyzed reaction is without precede:}ﬁ The possibility
ex1sts that this may be, at least in some cases, a common
side reaction durlng the a- glycosylatlon of acetamldo sug-
ars. If unnotlced, this may lead to_51gn1f1cantly reduced
yields, partitulariy when product isolation involves chroma-
todraphy on aﬁ even slightly acidic support‘where the free
amine may be trapped
There can, in the author's view, be little doubt as
"to the mechanism of the"N-deacetylation; The’alkylation
of amldes by alkyl halldes, in the presence of silvercsalts,
ils a well—establlshed process for the preparatlon of O~
alkyl imidates.go“Hydrolysis of these_imidates

may be controlled so as to produce either the free amine

/ ~



'or to fegenerate the amide.9

E

/" 86
. .
/ |

0 This process has in fact
found use in the area of carbohydrate chemistry where Han-

essian applied the \method91

for the N—deacatylation which
ihvolves formation of O—ethyl acetamidium tetrafluorobor-
-

ates (Scheme 22).

Scheme 22

Wi

The O-glycosylation of the amide function in acetamido
sugars has also been found to occur as a side reaction dur-

ing the Koenigs-Knorr reaction catalyzed by silver per-
92 ’

- chlorate. Several 0—§lycosyl disaccharide imidates have

5

.o :
also been deliberately prepared.4 The discgvery of these

imidates, in fact, formed the basis of a new method of

lecosylation, the "imidate proceddre", which employs

1-0-imidyl-B-glycopyranoses in place of l-halogeno sugars,
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for the formation of a-linked glycosides. These anomeric

43

. . ‘ I
imidates have been reported by Sinay and co-workers to

i

be unstable to chromatography on silica gel.
It seems'likely, then, in view of the large excess
of fucosyl brdmide‘used in the reaction with 62, that the

major'prédu?t&(Rf 0.30) observed in'the‘ﬁhin—layer chromat-

: Voo . . . .
‘ogram of the reaction mixture was the tetrasaXfgharide

N

imidate shown in Scheme 23. The decomposition of this (

© gnO
OBn

BnO~

product in the course of the'chromatogréphy then produced
63 and 64 in a ratio of approximately 1:2. The isolation
and pfoof‘of the 'intermediacy of this tetrasaccharide

imidate was* judged to-be qQutside the scope of this research.



The hydrogenolysis of 64 proceeded smoothly and pro-
. 1

vided the H hapten (5) in 85% yield. The "H and 13chme
parametérs for 5 are presented in Tables 1 and 2, respec—
tively (Chapter 3).-\These parameters were!in accord with

the assigned structures. 3

4
il

4. 8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-4-0-

88

[2—0—(a—L—fucopyranosyl)—e—D—glucopyranosyl]fB—

.D—glucopyranoside:(é). The 4'-epi-H Hapten.

With supplies of both the glucosyl bromide 53 and the .

alcohol 60 available'from‘the preceeding syntheses, the
preparaéibn of 6 required only three steps (Scheme 24).
Koenigs-Knorr condensation of 53 and 60, under the condi-

tions described by Hanessian and Banoub,89 provided a

mixture of disaccharide derivatives which could be separ-

"

ated by cdlumn_chromatography after de-O-acetylation. The.

major product (Scheme 24) was the B-linked disaccharide 66

which was obtained in 31% yield. The B-configuration in

66 could be readily inferred from its partially relaxed

~ o~

N

(Tl) and‘decoupled lHnmr spectrum where the signal for H-1'

appeared as a doublet, Jl' o1 = 8.5 Hz at §4.72. The a-
, .

linked disaccharide 65 (YHnmr: H-1', §5.12, J,, ,, =

3.0 Hz) was isolated iﬁ 11% yield. The a-L-fucosylation

of 66 under halide—-ion conditions provided the protected

trisaccharide 67 in 57% vield. 1In this case, no evidence



89

IS
for’N—deacetylation was found. Hydrogenolysis of the pro-
tecting groups in 67 then produced the title' trisaccharide

-

.6 in 85% yield.

The lH and 13Cnmr spectral parameters are presented |,

in Tables 1 and 2, réspectively (Chapter 3) and are in

accord with the:qssigned structure.

1) AgSO3CF3fMe N, CO

2) MeOe/MOOH
53 + >
, 60 7
+
. » '
tcu;\acoocua <°°“ NHAC ‘
43 5 o , )
8n0 OICH21gCO0CH,
O\ 0Bn Mllda lon” Bn o )
HO OBn
86,

Scheme 24
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CHAPTER III

THE CONFORMATIONS OF OLIGOSACCHARIDES 0

RELATED TO’THE H AND LEWIS  HUMAN BLOOD GROUPS

‘An appreciation of the conformational properties of

d‘and}H ﬁaptens, and their 4'-epi-analogues, is

the Le®, Le
"basic to progress toward an understanding of their biolog-
ical activiﬁies esp!éially in terms of their intetactions
with receptor sites. fﬁus, for a ﬁeaningful analysis of
the cross-reactivity of éypair of épimers to be presénted,
proof that tPese exist in near the s;me solution conforma-
tionnmstkﬁ put fprward. Only after this can'différences
in specificity be interpreted uniqdely in terms:of the
change ih stereochemistry of a hydroxyl group and, conse-—
Quently, the degree ofyinvolvemfﬁt of that hydroxyi group
in a receptor sité. ‘

The proposed solution confonmation§ of the compounds
under consideration“were presented in Fig. 4. It must be

~

emphasized that these two-dimensional illustrations should
only be regarded as apé;bximate~répresénﬁations of the true
threetdimensional st%uctures. Although an attempt was made
to presént these molecules from the angle which best illus-
trates their more important cbnformationalrasgects, space-

filling models are required for a full appreciation of the

finer points, particularly as regards overall topography.
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] trisacchérides, which are partial structures of the Le

91

Evidence, based in nmr spectroscopy. that these compounds
reside in the conformations shown in Fig. 4 will be pres-
enﬁed in this chapter.

Lemieux et al.7 have recently presented the results

of a sophisticated conformational study of the A" and B

" (Type 1) and Lewis oligosaccharides. Their conclusions

3

%?eqarding the preferred conformations of the Le? and Led

prisaécharides are of particular importance to this dis-
cussion. On the basis of modified hard—sphe;e calculations,
which éake into aécount the important contributions of the
exd—anomeric effect (termed HSEA calculations),18 and the
magnetic resonance properties of synthetic mono-, di, tri-
and‘tetrasaccharide haptens, overwhelming support was pro-
vided that.the Lebbtetrasacchariﬁe adopts the conformation
shown in Fig. l7aﬁ Looking at this conformation from the
right-hand side of the figure Would provide the more‘famil—
iar viewbpresenéea in the simplified illustration of

Fig. 17b.

Lemieux et aL7 were able to show that the»Lea and Led

+
b
tetrasaccharide, adopt essentially the same conformations
as in their composite Leb structure. Simpl%fied illustra-
tions of these conformations, and their relationship to

b

the Le° structure, are also presented in Fig. 17. These

conformational similarities will result in similar localized
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Leq(.!.) NHAc

Fig. 17 The conformations of the Lewis determinants; a, the
Leb tetrasaccharide (from Lemieux etzﬂ.7); b, a dif-
ferent simplified view of the same structure; c, the

Lea trisaccharide; d, the Led trisaccharide.
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topographies that explain well the observation12 that anti-

v v
Leb antibodies, raised against an artifical Leb antigen,
cross-reacted extensively with both the Le? and Led struc-—-
tures.

The 1

H and 13Cnmr spectral parameters obtained7 for
the Le? and Led trisaccharides are presénted in Tables 1
and 2, resﬁectively, along with those for the new e—Lea,
e—Led, H and e—H trisaccharides. |

In general, the conformations of the pyraﬁose rings
of sugar units in an oligosaccharide chain can be expected
to be those preferred.for the sugar as a simple glycoside;
i.e., the pgDGal, 8DGlc and BRDGlcNAc residues will be pres-
ent in ﬁhe 4Cl and the oLFuc residue in the lC4 conforma-
tions. The magnitudes of.the coupling constants for the
.anomeric proﬁons of these residues which éré noted in Table
1 support these expectations. The conformétions of the
oligosaccharide chains are, therefore, exéected to depend
mainly on conformational preferencesﬂinvolving the glyco-
sidic bonds.

The éensitivity of sugar-proton chemical shifts to
differences in environment/is well lnown and was elegantly
demonstrated by Lemieux et al.7 in their comparisons of the
§-values of identical residues when presenﬁ either as

simple glycosides or as part of oligosaccharidic structures.

Thus,‘for example, while H-1 of methyl a—L—fucbpyranoside

<3
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provides its signal at 5.01 ppm, when the g~ -tucopyranosyl
residue i»s present in the Ln‘{ or lmd 53‘5[‘11(:[.[1[;'(:33 this proton
resonates at 5.27 and 5.44 ppm, respeCtively, ich signif-
icant changes in chemical shift are not ypexpec'oed since
these three glycosides wossess substantjally different
aglyconic structures which are necessarjily in close proxim-
ity to the anomeric proton. Smaller Chemjcal shift differ-
ences would naturally be expected as the protons become
more removed from the aglyconic structure. This, however,
need not be the case in an oligosaccharide where¢ inter-
residue interactions may occur. Thus: while H-5 of methyl
a-L-fucopyranoside resonates at 4.27 PPm, in the Led struc-
ture this proton provides its signal at 4 .56 ppm and in the
Le? structure at 5.10 ppm. A deshielding of 0.83 ppm, in
the Le? case, for a proton five bonds removed from the
aglyconic carbon is truly remgrkable. This downfield shift

10 to the electrostatijic deshielding of

has been attributed
H-5" bf both 0-3 and 0-5', as indicatéd jn Fig. 17c. Sup-
port for this conformation, based on Specific nuclear over-
hauser enhancements, will be presented later,

The sensitivity of the proton chémical shift to its
environment is also clearly apparent Py comparing, in rtable
1, the 6-values of the protons of a given sugar residue

when this residue is present.in different oligOsaccharidic

structures. These chemical shifts shOuld then Serve as
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sensitive indicators of the envitonments ot thelr corres-
ponding hydrogen atoms,

CCannx’i:?)n of the chemical ahifts of the protons of
the BDGLONAC and alFuc residues within the three palrs of
epimers shows these to be in excellent agreement, the (§-48)
values being very near zero. This near-constancy ot the
chemical shifts of the protons of a common residue on qoing
to its 4'-epimer is regarded (see the following discussion)
as strong evidence that these residues remain in near-
identical environments and, therefore, that the epimeric
pairs of haptens reside in essentially identical conforma-
tions. The particularly good agreement of the chemical
shifts for the aLFuc residue in the Led/c—Led and H/e-H
pairs requires this residue to be substantially removed
from the 4' position and this will be seen later to be the
case. The excellent agreement of the 13C chemical shifts
for the fucosyl residue within these two pairs of epimers
(Table 2) are in further support of this contention.
Indeed, the (6-8) values for these pairs are regara;d as
being within experimental error.

The sensitivity of 13C chemical shifts to minor chan-

ges in hybridization is well known.93 Differences in 13C

shifts of common units in different oligoesaccharidic struc-

.

tures need not, therefore, indicate significant differences

in overall conformation but may be due to minor changes’ in

N
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valence angles, particularly about the glycosidic linkages.7

Nevertheless, the generally good'agreement observed (Table
2) for the carbon resonances of anits commoh to a pair of
epimers is further support that all these pairs maintain
essentialiy identical conformations. ‘The diffiéulty‘in

interpreting small carbon chemical shift differences in

© terms of conformational changes, for the reasons described

<

above, puts the onus of establishing‘the absolute'confor¥
mations of these structures baek onto lHnmr_spectroscopy%)

Evidence has so far, been presented‘only thatneact
pair of epiﬁers‘resides in essentially the same conforﬁa—
'w.tlon and should therefore present a similar topography,
Uw1th the exception of the area 1mmed1ately surroundlng ‘the
"4'-position, to a receptor site. The establlshment of the
"absolute conformatlons rests on the results of spec1f1c
nuclear Overhauser enhancement (N.O.E.) studles.,

Homonuclear ‘H-{'H} N.O.E. studies have found wide

application in structural stereochemical wor}e.94 The N.O.E.

experiment consists éf selectively irradiating the signal

for one 6r more protons in the lHnmr spectrum ofwa-compognd
A o . ,

and observing the enhancements of the‘siénals for other

protons psesent in the same molecule. The r-G'dependence

of»this enhancement, where r is the distance betwees the

irradiated and observed protons, makes such measurements

. highly sensitive to small changes in the separation of
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these protbns., When such protons are located on djifferent

.
e o o

sugar unlts of an ollgosaccharldlc structure’ even minor
o el
v ’ §

Q, .
changes in conformations, which result 1n‘a change in their.

spatiai separation, will therefo:e lead to a readily detec—
table difference in N 0. E .

Wlth the advent of Fourler Transform hlgh fleld
spectrometers, measurements of N.O;E. are made'
with confidence to Wifhiﬁ tZ%.gSﬁJégsolute N.O.E. effects
are hiéhly sensitive to a numbef of experimental factors - Q\_’
including concent:ation, thefﬁresence of paramagﬁetic‘
substanqes, the complexity;éhq nature of the molecule gnder
investigaﬁibn,.the stréngfh of the magnetic field and the
measurement itself. Théfefére, the absolute valué-of a
N.O.E. is not itself significant except iﬁ the sense that
a strong observed N.O.E. requires tﬁe'close proximity of
the two hydrogen atoms. However, -the relative values of
N.O.E.'s for th’éi more ﬁydrogens within the éame molecule
" and obtained at ?ﬁe same time through the irradiation of d‘
specific hydroge% afe significant in the sense that the
hydrogen which has the greatest N.O;E. must be closest to
the hydibgen tﬁ%f w#s irradiated. Thus, although the
absoluée value is only of qualitative value, the ratios of

N.O.E.'s measured at the same time are at least of Sem%ij\

quantitatiVe value.
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The results of a typical N.O.E. experiment are.presen—
ted in Flg. 18, ‘where the effect of irradiating the anomeric
proton of the aLFuc residue (H -1" ) in the e—Led‘trisacchar—

ide (4) is shoWn. Such experiﬁents could be conducted .

siﬁce'the H-1" signals in.all the haptens were well sepé—

rated from the other signals‘in the spectrum and these
equatorial hydrogens are’essentiélly free of interactions
with other intra- unlt hydrogens except for the nelghborlng

H-2" atoms. The,N.O.E. s can be most convenlently deter-

mined by recording, in alternating fashlon, the normal and

irradiated spectrum and then computer-substracting one spec-

trum from the other.

In the spectrum where H-1" is being irradiated, and

is therefore saturated, this proton will no longer provide

a signal while the 51gnals of protons proximate to H-1"

S will be enhanced. Consequently, subtraction of the irra-

diated spectrum from the normal spectrum (Flg 18a) will

prov1de a dlfference spectrum (Flg. 18b) where H l".w1ll
appear as a negatlve 51gnal of full 1nten51ty (1 e., this |
signal will integrate for one protcn), the unenhanced sig-
nals will cencel out and the enhanced signals will appear
as signals ofxfractiopal positive intensity.‘ The ﬁ.O.E.'s
of these latter signals may then be expressed as a percen-
tage of the irradiated signal. The N.O.E;'s obtained in

this manner, when irradiating H-1" in the six trisaccharides
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Fig. 18 The N.O.E. enhancements observed as a result of
irradiating H-1" in the 400 MHz spectrum of com-

pound 4 in D,0: a, the normal spectrum; b, the

2
N.O.E. difference spectrum.

-
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under coﬁsideration; are presented in Table 3. .

As seen from Table 3, significant enhancements of the
H-2" atoms were observed on irradiation of the neighboring
H-1" atoms. This is in‘keeping with the fact that these

. (-]
two atoms are separated by only 2.36A.7

These enhancements
therefore can serve as an internél standard for interpret-
ing the N.O.E.'s observed for other hydrogens.

For the Le® trisaccharide (Fig. 17c), the HSEA cal-
culations of Lemieux et al. placed H-1" and H;4 at an |
internuclear distance of 2.68£ in accord with relative
N.O.E.'s observed for H-4 and H-2" (Table 3). _These‘calcu—
lations also placed H-1" at a distance of 2.693 from C-6,

a distance théﬁ would require strqng intéractions bétween
H-1" and the H-6 atoms. 1Indeed, the observation .of a
readily measurable N.O.E. for theée‘atoms (Table 3) sup-—.
ported this conclusion. The highly ébnormal chmical
shift of H-5" in 1 was attributed, as noted earlier, to
the electrostatic deshielding of tﬁis hydrogen by both 0-3
‘and O0-5'. The HSEA calculations placed this proton directly
above Both of these oxygen atoms, and at a-distahce of
only_2.40£“from H-2'. /Indeed, irra@iation of H-5" causea
an enhancément of 5% for its syn-clinal H-4", which wés
estimated to be 2.453 from H-5", and of 6% for Hi2'.

' _

Comparison of the N.O.E.'$ observed when irradiating

H~-1" of the e—Leé trisaccharide (2) with thoée‘reported
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" TABLE 3. Nuclear Overhauser Eﬁhancements

Data observed when irradiating the anomeric
proton of the LFuc residue (H-1") of com-
pounds 1 - 6 in DZO at 400 MHz.

Compound N.O.E. (%)
H-2" H-A% Other
Le® AL) 12 8 H-6's (5 and 2)
e-Le?~{2) 12 9 "H-6's (5 and 1)
re? (3) 14 16 —
e-Le? (4) 8 7 J—
H (5) 6 7 —_—
e-H (6) 6 7 —
%v
a

H-A refers to the proton at the aglyonic carbon;
H-4 in 1 and 2, and H-2' in 3 - 6.
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for the Lea'hapten (%)(Table 3) can leave no doubt tﬁat

the aLFuc residue is oriented idéntically with respectlto
the BDGlcNAc unit in both of these structures. In addition,
the Eeariy identical chemical shift for the anomalous H-5"
~in both 1 and 2 requires the same déshielding effects to

be present and,‘c0nsequently, requires the BDGlc unit in 2

~

to have near the same orientation as the gDGal unit 1.

Considerations similar to those described above allowed

7

Lemieux et al. to show that q—L—fuéosylation of the Lec

disaccharide [BDGal(1+3) BDGlcNAc]lto provide either the Le?,

Led or Leb structures caused no appreciable change in the

~

confofmatiOn of this disaccharide. This.is the case since
this conformation resides in a potential—energy‘well that

is steep with respect to changes in angles about the gDGal
glycosidic iinkage‘ds a result of both the exo-anomeric
effect and inter-unit attractive and repulsive Van der

Waals' forcei.7 The reY trisaccharide (3) was shown to
reside in a conformétion which places the‘aLFuc unit to the
front and somewhat on top of the BRDGlcNAc unit, as illus-
trated in Fig. 17d. 'This orientation places H-1" 2.44&

from H-2' and would require the observation of similar
N.O.E.'s for-both H-2' and H-2" when irradiating H-1". As

can be seen from Table 3, this was found to be the case for
both the Led-and e—Led coﬁpounds..ASJnoted earlier, the remark-
able consistency ofthe_chemical shifts for the oLFuc érotons in

3 and 4 (and also in 5 and 6) required that this residue be

-’
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well removed from the 4'-position. The proximity of the
‘anisotropic carbonyl of the BDGLlcNAc residue to the aLFuc
unit in 3 (see Fig. 17a) would lead to the expectation that
the chgmical shifts of the protons in this latter unit
should be partiéularly sensitive to small changes in the
relative oriéntations of these ﬁwo sugars. Since no sig-
nificant differences in the chemical shifts of the protons
of either residue were found between § and‘g, these units
are expected to be.in the same relative orientations. The
conformation of 4 would then be essentially identical to
that proposed for- 3.

The confofmation of the 8DGal(l~+4)RDGlcNAc di;accharide
(N-acetyl-lactosamine, LacNAc) was shown7 to reside in the

conformation illustrated in Scheme 25, and was found to be

NHAC

N o .’ B
m/ ? GLFUC(—_,Z')
0 o _—

OH
OH

LacNAc

Scheme 25

/
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in a potential-energy well similar to that described for
the Le€ disaccharide. There is thus no reason to expect
that-a—L—fﬁcosylation of the 2'-hydroxyl group of LacNAc,
to provide the H—structure, should appreciably alter this
conformation. The orientation of‘the aLFuc unit relativé
to the BDGal unét in 3 and' 5, and the BDGlc unit in 4 and
§, may, in addition, be expected to be the same.7 This
contention is supported by the N.O.E.'s listed in&Table 3
where, in each of these four compounds, tﬁe enhancements
observed for H-2' and H-2", while irradigting H-1", were
essentially identical.

\On the basis of fhe foregoing nmr evidence, it may
then be expected thaE each of a pair of epimers poOssesses
essentlally the same conformatlonal preferences for the
glyc051d1c bonds Differences in 1mmunochem1cal Spec1f1c1—:
ties can then be assigned, with some confldence, to the

degree of involvement of the area surrounding the 4'-

position in a recognition phenomenon.

N
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CHAPTER IV

IMMUNOCHEMISTRY

A, Preparation of Artificial Antigens and
Immunoadsorbents; Rabbit Immunizations

The four trisaccharide haptens whose syntheses were
described in Chapter II were prepared as their 8-methoxy-
carbonyloctyl glycosideslo in order to provide a linking-
arm for the preparation of artificial antigensll and

immunoadsorbén_ts.12 The general procedure is outlined in

. Scheme 26;

Saccharide - O(CHZ) 8COOCH3
i HZNNH2
, S;ccharlde - O(CH2)8C0NHNH2
‘ HONO - ’
Saccharide - O(CH,) CON -
: 2°8 3
HZN - protein .HZN ~ solid support
Saccharide - O(CHZ)BCONH Saccharide - O(CH2)8CONH\

Protein solid support

Artificial Antigen Immunoadsorbent

Scheme 26
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This»proccdure involves the preparation of the hapten
acyl-azides by waf of the acyl-hydrazides. The acyl-
hydrazides were pfepared from the corresponding methyl
esters by reaction with hydraz ine-hydrate, either neat or
in admixture with ethanol. The hydrazine-free hydrazides
were obtained by evaporation of the reaction mixture under
reduced pressure and filtration of the residue through a
column of Biogel-P2. Nitrous acid oxidation then provided
the acyl-azides for reaction either with an aminated solid
suppoft to produce the immunoadsorbent or with a carrier
molecule to prepare the artificial antigen.

The solid support used in this work was a silylaminated
Chromosorb P96 which had an active surface amino—grogp
incorporation of 3-6 umole/g. After attachment of the
hapten, at an incorporation of 0.4-0.5 ymole/g, the un-
reacted amino groups were acetylated so as not to confer
ény ion-exchange properties td the immunoadsorbent. An
immunoadsorbent prepared in this ﬁanner can bind ‘approxi-
mately 6 mg of antibody‘per gram.

Bovine serum albumin (BSA) was used as 'the carrier
molecule: this protein possesses 57 free amino groups per
‘molecule (molecular weight ~65,000975uvihas been widely
used for the preparation of so-called "artificial" antigens.
An incorporation of 14-20 haptens per BSA molecule was

achieved. BAs estimation of the degree of hapten
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incorporation into both the artificial antigen and the

immunoadsorbent was obtained by sugar analysis using the
98

phenol-sulfuric acid method. The details are provided
in the experimental section.
The Lea, e—Lea, Led, e—Led, H and e-H antigens were

each administered to San *Juan rabbits, in groups of 3, in
Freund's complete adjuvant. The multiple-boost immuniza-
tion schedule used was that described by Lemieux, Bundle
and Baker11 as Protocol A. The rabbits were exsanguinated:
after four weeks. After clot removal, the individual sera

were stabilized with sodium azide (0.5%) and stored at

0-4°cC.

B. Characterization of Anti-Sera

The general success of these immunizations was evident
from immunodiffusion assays. All sera gave lines of pre-
cipitation against the corresponding immunizing antigen on
immunodiffusion analysi599 using agarose gel containing
0.1% BSA. All the pre-immune sera .were negative. Consid-~
erable variations were observed in the intensity of these

-lines, even within the sera obtained from rabbits immunized
~with the same antigen. All the anti-Le? sera gave strong
precipitin lines against the e-Le? antigen and vice-versa.
The anti—Léd and anti-H sera generally gave weak precipitin

lines against their corresponding immunizing antigens and
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slightly weaker lines still against the 4'-epimeric anti-
gens. The dnti-e—Led and anti-e-H sera, on the other hand,
all gave extremely strong lines against their immunizing
antigens and generally very weak lines against the 4°'-
epimeric analogues. ‘

In order to attempt to quantitate these observed cross-
reactions, a method that would detect only the antibodies
directed against the carbohydrate-portion of the antigén
was required. Quantitative precipitin assaysloo are
normally used in order to determine the antigen-specific
titers of immune-sera but this method would also detect
antibodies directed against the protein portion common to
all the immunizing hapten-BSA antigens. As will be seen
later, a large proportion of the antibodies raised against
these synthetic antigens are in fact directed towards the
BSA structure.

A new and exceedingly simple method for determining
the titers of hapten-specific antibodies in immune-sera was
developed in these laboratories by J. LePendu.lol This
method, based on the availability of the haptenated immuno-
adsorbents, has been termed ‘quaﬁ%iﬁative batch immuno-
adsorption' (QBIA) and is essentially an adaptation of the

5

'quantitative micro-method for measuring antibody’ described

by Gill and Bernard.102 The QBIA experiment consists of

agitating a 1 mL solution of serum, of known concentration,
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in phosphate-buffered saline (PBS), with an immunoadsorbent
(IA) until antibody adsorption is complete (ca. 2.5 h).
After centrifugation, the supernatant, containing unbound
protein, is removed and the 1A is washed with PBS until

the washes are free of U.V. (280 nm) absorption. This pro-
cedure leaves bound to the IA only those antibodies that
have a sutficliently high affinity for its hapten. Addition
of saline 2% ammonium hydroxide (1 mL) to the dried IA then
effects the denaturation and concomitant desorption of
these antibodies. The optical density“nf the supernatant
solution, read against the corresponding solution obtained
by identical treatment of an unhaptenated IA, then allows

the calculation of the antibody concentration using an

extinction co-efficient of E;:o = 14 for immunoglobulin G
(IgG),101 the major immunoglobulin to be synthesized during
) 103 .

the secondary immune response.
The results of a series of such experiments are shown
in Fig. 19 where the anti-serum obtained from a rabbit
immunized with the Le®-BSA antigen was adsorbed, at several
dilutions, with 30 mg of Le?-IA. The adsorption curve 1is

104 where,

reminiscent of a Langmuir adsorption isotherm
clearly, the IA became saturated with antibody when the
serum concentration was near 150 pL/mL in PBS. The line-

arity of the curve at low serum concentration requires that,

in this region, essentially all the anti-Le® antibodies are




112

040 r

5

4

0 3| L. | 1 i l I
0o | 100 200 300 400 500 600
| pl serum/mlL

Fig. 19 OBIA assays of seruhXZ'(anti Lea—BSA)‘ The absor- °
' bance of the 2% ammonium hydrox1de solutlon, con—
taining the antlbodles desorbed from a constant
~weight of the Le -IA (30 mg), is plotted agalnst
- the concentration of the adsorbed serum.
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pound Until the satufationilevel is achieved. fThe quan-
eity ©F high affinity hapten;specific antibody pPresent in
small VOluMes of SETUmM can thus be determined.

The series of OBIA experiments described above is
somewhat demanding in valuabje gerum and Provides little
jnformation jin the high ;erum;COncentratiOn range. The
procedire for getermining the antibody-titers against a
jarge number of different Iarg pas therefore, ip practice,
conslsted Of SIngle POlnt determinations at one concentra-
tlon (usually 100 uL/mL) which was verlfled to be well below
the concentratjon required tg effect Saturathn‘of the IA.

The an{ibady-titers df the antifLea and antife-Lea
sera 2892inst poth the immunjizjng antigef, Obtaineg by the
guantitative preclpltln reaction in 2-4% POlYEthylene gly-
col, 101,105 and its COrreSpondlng hapten, obtaineg by the
QBIA method, are presented ip Table 4. COMparison of these’
two“valuesAshowg'théF only near one*third of the immune
responSe is djrected toward the carbohydrate structure of

the BSA~antigens. The QBIA pjters against the 4'_epimeric

grisacCharide of the immunizjpng antigen and the two disac-

charid€ partja] structures of the 1e® hapten, gpgai (1+3)-

gpGloNAC  (Le®) and oLFuc(1+4) gpglcNAc (Lewis-disaccharide,

.

Le-diSaC), are also reporteq jn Table 4-

./
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TABLE 4. Characterization of the antibodieé raised in

rabbits against the Le® and'efLea-BSA antigens.

Analysis of the serum % Cross-reaction with
(mg. antibody/mL) ' related szructures
' Precipitin YQBIAL ,
N c
Serum assay® assay OBIA éssay.

4'-epi Le® Le-disac

Immunization'with the Le? BSA :antigen

1 4.33 1.17 .76 22 32
2 4.98 1.64 98 56 35
3 . 8.66 2.30 89 36 . 54

Immunjzation with the e-Le? BsA antigen

9.65 2.32 57 10 27
6.55 1.83 55 19 31
- 3.05 0.83¢ 39. 0 6

Agalnsﬁ the immunizing antigen using the 2-4%

polyethyleneglycol method. 101, 105

'bAgainst the trisaccharidic hapten of the
immunizing antigen.
Agalnst the haptenated. 1mmunoadsorbants
These titers are expressed as.a percentage of

the total 1mmunlzlng hapten titer (b).
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'As can be seen in Table 4, the anti-Le® antibodies cross-
;eacted to a high degree with the e-Lea structure. 1Indeed,
the antibodies in the anti;Lea sera é and 3 essentially all
bound this epimeric hapten. This result would be explained
if these antibodies were directed’ largely agaiﬁst the Le-
disac portion common to both structures. The Le-disac
étructure, however, binds, on the average, less than half
the antibodies that cross-react with the e-Le? structure
(Table'45. In the case of serum 2, where the Lea/.e—Lea
cross-reactivity is complete, only about a thira of the
antibodiés Bind this common unit. In fact, the'crOSs—(
reactivity of the anti-Le? antibodies with the Le-disac
structure is seen, from Table 4, to be of the Same’extent\
as with the Le® étfucture. | |
it\couldAbe é%pected that the antieLea'antibodies thét
possess combining-sites which bind substantial portions of
the three sugar units could bind Qith disaccharide units
of‘the Le? detgrﬁinant‘siﬁCe the smaller structures could,
in principle, occupy the binding sité. .Indeed, in the
ég§e of serum 2, as seen in Table 4, the Le® and Le—disac
IA'; combined.bind almost‘as much antibody (91%) as does
_the Le®-1A. >When this serum was adsorbed succesgively
with excess amoﬁnts of these;two>IA's, however, only 67%
of the anti-Le? antibodies were reﬁoved. Isolation of

the'remaihing activity on a column of Le®-IA led to the
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recovery of 33% of the total anﬁibody.

The antiboéies of serological interest would, of course,
be thpse‘that requiré such a iarge'portion of the surface
of'the;Léa determinant for binding that the incémplete di-
saccharide structurés would bind only very weakly, if at
all, with these antibodies. These antibodies, the latter
33%,‘Qould be candidates in this regard. It may be noted
that, fér this particular.seruﬁ (serum 2), these antibodiesg,
as was expeéted, réacted cémpletely with the e-Le® strucs-
ture in the QBIA assay. Thus, ;hile portions of all three
Sugar units are required for useful bindihg by these anti-
bodies, the area surrounding the 4‘fposition of the BGal
residue is not likely involved in the binding.

As noted earlier, the éynthetic antigens (and IA's)
possess the carbonyloctyl linking—a;mAwhich is, of course,
not present in tﬁe natural antigeﬁs. Involvement of -this
linking-érm in the immune response has previously been
demonstrated by Lemieux et al.11 Thg possiblity, ;hen,
existed that a high proportion of the antibo@y population
produced against the synthetic‘Lea—BSA antigg; was, in
fact, airected against the "reducing" end of the hapten
including this linkiﬁg arm.: The observed cro§s—reactivities
with the efLea and partial disaccharidic structures might

then result from the antibodies deriving a significant

i
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binding energy from the BDG1lcNAC-O(CH,) o unit which is
common to éll the haptenated IA'Ss.

Since the rabbit anti-Lea—BSAASera obtained from‘these
‘rabbit immunizations were ﬁound to be non—aggiutinating,
the anti-serum from a goat96'that was previously iﬁmunized
with the Lea-ﬁSA antigen was chosén to test the above pro-
posal. The anti-Le? aétivity of this goat serum Wasaiso—
lated on a column of Le?-1A and, after desorption and |
neutralization, obtained as an antibody solution which

strongly agglutinated oLe?t

human red—cells. The anti-
bodies responsible for this agglutination of the naturél
antigens cannot be directed against the linking-arm since
it is not present in the natural antigens on the fed—célls.
Passage of this antibody solution through a column of

e-Le®> . IA rémoyed 63% of”thé antibodies. The elua£é, con-
taining those species (37%) which do not bind the e-Le?
structure, still gave a gtrong precipitin. line against

' Le2®-BSA in immunodiffusion assays but was virtually devoid"
of agglutinating act;vity against_the same OLea+.cells.
Deéorption of the antibodies from the e—Lea column gave .
a soiution which, after dialysis and éppropriate concen—
tration, contained only half the protein concentration of

the unfractionated antibody solution yet still had

essentiaily~the same high agglutination titer. Since

SN
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these antibodies agglutinate the natural re? antigens, they
cannot be expected tovbe strongly directed against either
the linking-arm of the artificial antigen or the area
immediately surrounding the 4'-position of the BGal residue
in the Le? determinant.

A consideration of the above discussion, c;upled

12 that anti-Le®-

with the observations of Lemieux et al.
BSA antibodies raised in‘rabbits cross-reacted very poorly
(~10%) with the Leb stfucture,‘allows some conclusions to
be made regarding the specificity, in terms of structural
requirements, of the anti-Le? antibodies‘faised through
this procedure. This specificity, as was shown is not

necessarily unique to the Le? determinant and the anti-

bodies may be fooled. An attempt to illustrate the surface

Scheme 27
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_of the Le? trisaccharide which is therefore believed to
give rise to the Lea'specificity of the antibodies-under
consideration is presepted in Scheme 27.

The anti-e-Le® sera had titers against both;the immu-
nizing antigen and its trisaccharidic haptén_of the same
order as those found for the anti-Le® sera (Table 4). The
cross-reactivity of the anti-e-Le® antibodies with the
epimeric structure was, however, only near 50%, as detér—
mined by QBIA assays. This situation is distinct from the
anti-Le® sera and requires a substantial populaéion of
these antibodies\to be directed toward the BDGlc residue.
The very low cross—feactivity observed with the Lec,
structure is in support bf this conclusion.

The cross-reactivity of these anti—e—Lea aﬁtibodies‘
with the lLe-disac structure is seen from Table 4 to be oniy‘
‘moderate. This antibody. population might be expected to
b;nd poth the Le® and; of éburse, t;he,e—Lea structure
(since the antibodies We;e raised against this structure)
since these have the Le-disac residues in common. These
antibodies were isolated 5n a Le-disac column and‘fqund,

- indeed, to cross—react'doﬁpletely with both. trisaccharide
haptens by the QBIA'assay.

Removal of the Le® and Le-disac activity from serum

4, by passage through columns of the respective IA's,
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followed by isolation of the remaining anti-Le? activity
on a column of Lea—IA gavé a 20% yield of the total anti-
e-Le? antibody. This antibody population may be expected
to have essentially the same specificity requirements ’
(illustrated in Scheme 27) as that isolated from the anti-
Lea serum 2, in 33% yield, after identipél treatment.
That is, the antibodies would be expected Eb bind the Le?
determinaﬁt of the natural antigens. The results of
tissue-immunof luorescence-staining experiments are unfor-
tunately not available at this time to‘verify this expec-
tation.

The characteristics of the antibodies raised against
thé Led; e—Led, H and e-H antigens wili be discussed to-
gether fof reasons that will soon become apparent.» The
titers of these sera against the immunizing antigens, the
corresponding haptens and their 4'-ep§meri¢ analogues,
and related structurés are presented in Table 5. The
titer§ of thesevséra against the immunzing antigens, again
‘obtained by quantitative precipitin<assays; are generally~.
of the éame order, exéept for serum 11, as those found
previously. Rabbit 11 evidently poséessed a very well-
develbped immune syétem.

While the quantity of antibpdy produced against the

immunizing antigens is in the expected range for these



121

TABLE 5. Characterization of the antibodies raised in rabbits

against the Led, e—Led, H and e-H BSA antigens.

Analysis of the Serum . :
(mg. antibody/mL) % Cross-reaction with related structures

Precipitin  QBIA c
Assay? Assayb : QBIA Assay
4'-epi H-disac Le€ H e-H
Immunization with the Led BSA antigen ’ ‘
7 ' 5.25 0.75 72 0 10 ) -
8 2,56 0.71 67 17 39 0 -

9 6.84 1.31 60 . 0 47 0 -

Immunization with the e—-Led BSA antigen

10 5.41 3.38 6 10 2 - 48

11 16.4 3.90 23 9 7 - 47

12 7.75 3.76 10 3 3 - 34 '
LacNAc Led e-—Led

Immunization with the H BSA antigen

13 4.33 1.17 73 0 57 0 -
14 4.33 0.94 78 0 36 0 -

15 3.53 0.92 83 0 30 0 -

Immunization with the e-H BSA antigen

16 8.55 2.68 19 0 10 - . 25
17 3.36 3.02 30 19 .6 - 41
18 6.12 3.22 - 25 8 6 - 43

®Against the immunizing antigen using the 2-4% polyethyleneglycol method.l0lr105

bAgainst the trisaccharidic hapten of the immunizing antigen.

‘ .
cAgainst the haptenated immunoadsorbents. These titers are expressed as a

percentage of the immunizing -hapten titer (b).
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sera, glafing differences in the levels of hapten-specific
antibody are apparent between the sera obtained by immuni-
zation with the antigens derived from the 'natural' struc-
tures (Led and H) and the 'unnatural'. structures (e-Led
and e-~H). |

The results listed in Table 5 can be appreciated on
the basis”that the rabbits used in these immunization

106,107

experiments possess H determinants. Thus, the

aLFuc (1+2) BDGal (H-disac) portion of the H (Type 1) or Led
and H (Type 2) determinants would be 'self' structﬁres
and, therefore, not prone for participation in the immune
response. Evidently, to do otherwise would lead to anti-
self antibodies and serious disease. In fact, the rabbits
survived the immunizations in good health. Therefore, one
may have predicted that the antibodies raised against the
Led and H-BSA antigens wduld not cross react appreciably
with the H-disac structure or the alternate trisaccharide

determinant with which it has only the H-disac structure

in common. The data in Table 5 clearly show that this

was indeed the case. 1In fact, it is seen that the immune

response avoided raising antibodies against these oligo-
saccharides compared to when the structure was 'non-self’
as seen in the immunizations with the e—Led and e-H

antigens. In these latter cases, the response against
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the trisaccharide structures are seen (Table 5) to be near
3 times higher. Furthermore, an important fraction (~40%)
of these antibodies was found to cross-react with
its | 4'-epi-structure and would therefore appear to be
directed against the aLFuc(l1+2)BDGlcNAc (e-H disac) unit.

As may be expected from these |results, the antibodies
raised against the Led or H-BSA angggens cross—reacted
extensively (60-83%) with the epi form of the antigen.
Thus, although the immune response attempted to avoid the
trisaccharide, when it did bécomelinvolved, the involveﬁent .
was with those portions of the Led and B determinants that
‘do not include the H-disac structure: the "reducing" ends
of‘phe haptens.

These results appear to éonfirm the expectationlOG’lO7
that rabbits possess H-determinants as self-determinants.
Unfortunately, it has not been possible to date to have

rabbit tissues or erythrocytes typed in this regard.

C. . The Lewis Antigens and Secretor Status108

The ABH (commoniy referred to as ABO) and the Lewis
human blood groups are of major importance to tissue
transplantation including blood transfusion. Except for
a rare (<0.1%) group of people known as Bombay types,

A and/or B and/or H d?terminants occur on the endothelial

cells of people.109 These activities are also found in the
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secretions of about 80% of people. The near 20% of indi-
viduals that do not secrete ABH active substances are termed
non—secretorsl‘10 and are said to lack the seéretdr gene.l11
This matter became of interest as a result of the study of
the distribution of the Lewis antigens in epithelial cells.12
The Lewis antigens are also found on red cells but are
transported in the plasma to this endothelial gisaﬂe from

the epithelial cells where these are synthesized.112 The
results of this investigation are illustrated by the data

in Table 6. These data were acquired employing highly
specific anti-Lewis antibodies which were produced by way

of artificial antigens and immunoadsorbents following pro-
cedures which were outlined earlier in this chapter. The
tissues of the stomachs of a large number of healthy H

blood group persons were examined using the technique of

113 Tests were made for three

immunofluoéescence staining.
of the four different Lewis determinants; namely, the
Lewis~-a, Lewis-b and Lewis-d antigens.

As seen from Table 6, there appeared to be a correla-
tion between the persons who bossess either the Leb or Led
determinants and the number of people who are secretors
of ABH active substanées. It is seen that no correlation
at all exists between secretor status and the ABH antigens

of the red cells. It should be recalled at this point that

the Led determinant has been referred to as the H (Type lf
g
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TABLY ¢. A comparison of statistics for Caucasian individ-
uals that secrete ABUH active substances and the
statjgtics for the occurence of lLewis antigens in
these persons. The statist&cs are preéentod as
approximate since these vary considerably with

ethnic background.

Occurence of Lewis Antigens

§39£S£2£§ Egi:i: Lea+d— Lea+d+(Leb) Lea-d+
~80¢g ~1% ~20% ~70% ~10%
~80%‘
Occurence of ABH Antigens
A B _AB H

~42% ~8% ~3% ~47%
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determlnant and is the precursor to the Le determinant

'ad@#that it 1s well establlshed that the Led determiﬁant

can ‘serve as’ the substrate for. the development of so—called

A (Type 1) and B (Type 1) antlgens in 1nd1v1duals who have

.approprlately localized DGalNAc and DGalvtransferases,

namely, A'and‘B human blood group individuals, respectively.

Thus, ‘it could 'be presumed that the A or B antlgens that

are present in the secretions are of the Type 1 varlety -

and, therefore, thelr presence in the secretlon, like the

-

'Leb determlnant, was related to the formatlon in the

1nd1v1duals eplthellal cells of the precusor Led antlgen

- In other words, it seemed ratlonal to hypothesrze that ABH

secretor status was- dependent on the synthesis of the Led

determinant in the eplthellal cells. However, alas, the

known forms for the’Lew1s—a, b and d determlnants do not

5.

bind the lectin Ulex europaeus which is the reagent that
is’employed to test for H activity in secretions. This
test is normally made by examlnlng whether or not thQ

’.)

sallva of the patient 1nh1b1ts the agglutlnatlon of H red

blood cells by the Ulex lectin. The red cells of these

~individuals are known to possess the H antigenic determi-

L - ’ . . .
nant which is strongly bound by Ulex europaeus.

~The structural relationships between thelType 1 and

Type 2 ABH humanfhlood group determinants'are shown in

© s
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Fig._ZO. It is seen that, at the vaﬁpusleﬁels of develop-
nent, these.have the same sugar composition. The'di%fer-
ences arise because ghe precursor disaccharide for the Led
detefminant has a BbGal unit linked to the 3-position of a
BDGicNAc residue whereas in ﬁhe‘TQpe 2 determinants this
linkage‘is to the 4—posi£ion of the BDGlcNAc residue‘of

thé developing ologisaccharide. It was pointed out by
Lemieux and co—workers7 that it.would be truly extraofdinary
should the same enzyme system convert the Typé 1 (Lecf

d determinant and the Type’2 (LacNAc)

. structure to the Le
structure to the H determinant. On the other hand, these
-conformational studies7 sﬁggééted that the 3'-hydroxyl

group of the BDGal units of both the Led

and H deter@inants
are iike}y in stéreochemically very similar envinronment$
and bdth these structures can be expected to be trans-
formed to A andAB deferminants by the same enzyme systems.
Using the refined anti-Lewis reagenfé, Drs. Weinstein
and Switzerlz'ﬁere able to cleariy establish the presence
of Qpe Lewis antigen§ in nofmal stomach tissues of H blood?
group individuals éccording to the expectatiqn'based on the
typing of their red cells. The discovefy of the Led anti-
Q gen on the tissues of Lewis-a and.b negative persons éxcept

for one patient proved of interest since this Lewis-a, b

and d negative person proved to be a nonsecretor. The-
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inference then was that all but a very small propbrtion of

b or'the red antigens, most

‘people poSséss either Lea, Le
likely as glycoproteins on their epithelial cells.

-it is considered of iﬁterést to speculate that the Le?
deéerﬁinaﬁts of these antigens‘have the glucosamine residue
in the acetylated‘form since whether or not this residue

is in the amine or écetamido form m{ght not be expécted to
influencelthe a-L-fucosylation at the remote 4-position.
Since thé‘antibodies used to locate the Lewis antigens were
raised in_rabbits against the BDGal (1+3)[aLFuc(l+4)}gDGlcNAc-
BSA antigen, it seems probable, recalling Scheme 27, that
the natural antigen also contained the gDGlcNAc residue
sinée the-antibodies are expected\ﬁo bind in the ¥region

near the aceﬁamido group.. Thié is likely not the case for

the antibodies directed agéinst the LeP

and Led determi-
nants since it is éxpected that these reagénts are binding>
.these antigenic determinants at regions remote from the |
ac'\ido (or é.min'o, ‘see .below) group.loa‘ This matter is
boinﬁéd out since i£ was instrumental to the formulation
of an interesting question; namely, is it possible that a
peéson is Le? not'becauéé the person is deficien;‘inkthe
aLFuc transferase required to fucosYlate the Type 1 pre—' 
cursor to the Led structure but because, instead, the Type
1 disaccharide unit in the N-acetylaﬁed forﬁ is not a sqbf

\,

strate for this transferase?

.



130

It is considered of in;erest to entertain the possi-
bility that a Le? individual can possess the oLFuc trans-
ferase required to form the Led determinant but this enzyme
is not expressed because the individual does not posess the
pDGlcNAcramidase required for the‘forﬁatiqn of the Type 1
disaccharide precursor in the amine form (Fig. 21). It
would be expected that should, in fact, this amine be a
_precursor to the Le? determinant; it would be formed eithér
by N—deacetylaﬁion of the Type 1 disaccharide unit or-by
'N—deécetylation of{the precursor BDGlcNAc unit for the
formation of the Type.'l disaccharide unit as the amine.
This latter postulatién is considered of interést since it
" raises the possibility that the Type 1 and Type 2 structures
are synthesized by'way of the same BRDGal transferase. Aé
seen in Fig. 21, the steric en#irdnment about the 3-hydroxyl
group of a B-D-glucosamine unit bears 'a simila;ity to the
‘stéric environment about the 4—hydfoxyl group of an N-
acetyl-B-D-glucosamine unit. The difference is the differ-
ence between a CH2 group and a NH2 group. This difference
may prové to not be highly significan£ in terms of binding
to the enzyme active sitev |

It could bé anticipated on_theoretical groﬁnds.that
: intramolecular hydrogen bonging in a carbohydrate antigenic

determinant could play an important role in determining
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"the energetics of the complexing of a carbohydrate with the
combining site of an antibody, especially, should the driv-
ing force for binding be of an hydrophobic nature. In the

13 it was found that methyl 4-

-course of receht studies,
amino-4—deoxyrB—D—galactopyranoside was bound surprisingly
well to anﬁi—B-D—galactopyranosyl antibodies as éompared to
methyl 4—chloro-4-deoxy—B—D—galac£0pyranoside. Thus, it
became %pparent~that the amino group, in a sehse, can be
isomorphous to an hydroxyl group. Meanwhile, Salmon and
Gerballl4_Showed that N-deacetylation of the BDGalNAc
residue of the terminal trisaccharide of the A human blood
group determinant rendered the struéture B blood group
‘active and théreby demonstrated that, in.this interaction,
the amine is'in,a_sense&isomorphous to the alcohol.
Evidencé is thus accumuiatiné that an amino group and
" an hydroxyl group.can, in a sense, be isomorphous in terms
of biological receptor sites. Especially if thevbinding —
is hydrophobié, én amine group can also be expected to be
accepﬁable in. the region of a receptor site whi§h accommo-
_daﬁes a mefhyiene group. It was in the coﬁtext of this
idea that thelsituation presented in Fié. 22 was considered.

It was expected that, should the -binding of the H

determinant by the Ulex europaeus involve substantial bind-

_ing of the BDGal unit, the e-H structure would inhibit the
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agglutination of H red cells by this lectin much less effec-
tively; / °

Aé seen in Fig. 22, J. LePendu found the H hapten to
be a highly effective inhibitor of the Ulex agglutination
of-Hfhuﬁan red cells. Furtherwora the e—H;hapten in the
same éster form was observed to bévessentiailyfas powerful
an inhibitor. vSubseQuently, the N-deacetylated form of.A
the H haptén was prepared, as thé cafboxylate salt, using
the conditions prescribed by Lindberg and co—workers,115
and Qas found to be as effective an inhibitor as the elec-
trically neutral structure. Thgrefore, it was apparent
thét thé N-acetyl grQup‘isvnot involved in the binding of
the H determinant with Ulex. As seen from Fig. 22, the

Type 2 disaccharide was ineffective as an inhibitor both

as the N-acetyl-methyl ester and as aminocarboxylate.

-~
e

Thus, it seemed ?lear that the binging site of the glgiﬁg
is directed largely to thé aLFuc unit. .Indeed, as seen in
Fig. 22, the disaccharide'aLFuc(lfz)BDGal structure proved
to be é quite good inhibitbr. It was apparent therefore

116 the Ulex combining site

that, as previOuély appreciated,
is directed towafd the aLFuc group of the H determinané;
The observations presented in Fig. 22>require_that
the binding by Ulex is with that pé?tion of the fucosyl
groﬁplﬁhich‘faces the hydroxymethyl group of the BDGlcNAc

l
}
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residue. On the basis of thé conformationalcétudies pre-
sented earlier, the indication i's that the binding is in
part Qith the region about the C-3 and C-4 positions of
the. aLFuc unit. A comparison of the conformational formu-
las presented in Fig. 23 for the H and Led structures
‘shows that éhould this in facﬁ be the case then, indeed,
ithe acetamido group would interfere with the binding of
Ulex with the aLFuc unit since it occupies a substantial
space adjacent to the C-3 - C-4 region of the fucosyl
group. Following this observation, it could be expected
thaﬁ the N-deacetylation could provide a structure with
which Ulex would bind.

As seen in Fig. 23, the N—deacetylated Led trisac-
charidé proved to be an excellent inhibitor. The N-
deacetylated Le? tetrasaccharide structure was also a good
but somewhat less effective inhibitor. Thus, the possi-
'bility exists that, in faet the Led and Le® antigens are
éecreted in the‘amihg/form. If so, this would provide an
explanation for the correlation between ABH secretor status
and the distriﬁution and expression of the gene fesponsible
for the synthesis of the Led determinant. As was speculated
with reference to.Fig. 21, the genetic requiremeﬁt may not
be related to an gLFuc transferase but, instead to the avail-

ability of the Type 1 disaccharide unit in the amine form.
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In order to gain further experimental justification
for the hypothesis that the Ulex active substances in the
secretions of H individuals have the Led and Leb determi-
nants in‘;he amine form, the effect of N-acetylation of
'saliva on itsyability to inhibit the aéglutination of H
red cells by Ulex was examined by Lemieux and LePendu.
conditions were found (acetic anhydride—methanol—wéter)
which, wheﬁ/applied to the' saliva of an Al secretor, caused
no change in the inhibition of the agglutination of A human
réd cells by anti—A\typing reagent by the saliva. However,
the same acetylation of the saliva of an HLeb pérson
strongly reduced the inhibition of the ;;glutination of H
human red cells by Ulex. The feduction was not quantita-
tive (~75%j, howevér, this may be due to an unusually high
resistance of the amino groups of the Leb determinant to
acetylation. This/is'considéred a possibility because fhe
synthetié Led and Leb haptens proved to be extremely resis-
tant to N;deaCetylation; Thus, using thesconditiOns pre-
scribed by Lindberg and‘co—workers,115 whiéh employ 2.5 N
sodium hydroxide, dimethylsulfoxide and thiophenol, the
N—deacetyiatibn of thé simple BDGlcNAC—O(CHz)gcoo— compound
was complete within 5 hours at 100°C. In contrast, the
quantitative N-deacetylation of the Led'and Leb haptens

required nearly 65 hours at 120°C. No observable (pmr of

the isolated product) deacetylation occurred after 5 hours
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at 100°C.‘ In control experiments, wherein acetic acid was
substituted for the acetic anhydride, the treatment caused
no reduction in the inhibition provided by the saliva.
Thus, the circumstantial evidence in support of the pro-
posal that the Led and Leb antigens in secretions have the
determinant in the amine form appears to warrant serious

attention.
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CHAPTER V
EXPERIMENTAL

A. Synthetic Chemistry

All solvents and reagents were purified according to
standard procedures.“7 "All solid reactants for glycosyl-
ation were dried overnight over phosphorous pentoxide in -
a high vacuum prior to use. The molecular sieve (BDH 4R)
was dried at 180°C for 24 hAjust prior to use. Solution
transfers in these réactions were done under dry nitrogen
using standardsy‘/ringetechnique.“8 Removal of O-acetyl
and inénitrohéﬁkoyl protecting groups was effected using
a 0.02M solution of sodium methoxide in dry methanol.

The solutions obtained in the course of solvent B
extractions were filtg;ed through pé%er pre-wetted with\\ *
the solvent and further dried-over sodium sulfate befofe
'solvent removal with a rotary evaporator under the vécuunni T Ji
of a water aspirator aﬁd, unless otheggise indicateg?ﬁ%t a fi #
bath temperature of 35°C or less. Decolorization of resifj
dues wére performed using a short column (2 cm in diameter)
of neutral alumina (ca. 10 g} and using the solvent system
described. ’ ' .

Thiﬁ layer chromatograms (TLC) wére performed on pre-

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

visualized by quenchihg of flu&iescence and/or by charring
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aftey spraying with 5% sulphuric acid in.ethanol. For
“co;umn chromatdgraphy,lsilica gel H (type 60)(E.'Merck,
parmstadt) and distilled solvents were used and the colﬁ

umns were-lqaded in’ the range 1:50 - 1:100.

[
[

" Unless otherwise stated, proton'ﬁﬁgnetie
resonance. ( Hnmr) spectra were recorded on a Varlan HA—lOO

e

- or Bruker WH-200 at amblent temperature.~ Carbon- 13 nuclear

13

magnetic resonance ( Cnmr) spectra were recorded on a

Bruker WP 60 (15.08 MHz) or HFX -90 (22 6 MHz) at amblent
temperature. lH and 13Cnmr_chemlcal shifts are in ppm
relative to internal l%"tetramethyisilane (TMS) in organic
solvents and elther internal 1% acetone (6§ 2. 48) or
;1nternal 5% dioxane (6 76.400) when the solvent was -
vdeuteriﬁm oxide. Optical rorations were measured on a

Perkin-Elmer 241 Polarimeter at 589 nm in a 1 am cell.

The melting points are uncorrected.
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8—Methoxycarb0nylocty1 2—Ace;amido—3f0—(2,3,4,6—tetra—0—

acetyl-f8-D—-glucopyranosyl) <&, 6-O-benzylidene-2-deoxy-g-D-

glucopyranoside. (40) -

~
’To a stirred suspension of 8-methoxyoarbonyloctyl‘24
acetamido-4, 6-0- be;zylldene 2- deoxy B- D-glucopyran051de (%?)
(7.25 g, 15 l mmol), mercuric cyanlde (7 84 g, 31.1 mmol)
" and powdered calcium sultate (Drierite, 8.5 g) in a mixture
‘of 1:1 benzene-nitromethane k180 mL) kept at'55°53 there
wae added 2,3, 4'6—tetra—0~ace£yl—a—D—glucopyrandsyl bromide67
(Z) (7.44 d, 18. 1 mmol) 1n 60 mL of the same solvent mlxture.l
}After 2.5 h, ‘the reaction was cooled flltered through a
| pad of Celite and then the»filtrate made up to 1 L with
dichloromethane. *he solution was washed successively with
saturated sodium bicarbonate (500 mL), saturated sodium
chioride 500 mL) aha water and'then dried. Evaporation

lefta.yelIOW'syrup which was dissolved-in ethylacetate-

Mx@, '

diethyl ether (3:1) and decolorized. Evaporation of the o

eluate left a white solid (11.39 g,'93%) which consisted of
highly purefgvﬂdch'was crystailized iﬁ 77% yield by slow
diffusion of pentane into a cﬁiﬁgofﬁzm solutlon, mp 140-141, ’
[a]is ~13.2 (C 1.1 CHCl,); Yinmr (cD 3) 8: 7.52-7.38 (m, 51,
aromatic), 5.94 (d, 1H, NH), 5.54 (ij&n‘ benzylidene), 5.21

qa,

g, , = 8.5 Hz, 1H, H-1), 5.14-4.70 (m,| 5H, H-1' (64.78,
4 .
— - 1] —_ ' - [] - ) . -
Jl"2’ - 8.0HZ), H 2 r H 3 ’ H 4 r H 3)‘, 4-33 (dd, JS’Ge )
_ i _ _ R . . PRETEEN ﬁj.j‘ "’.";
5.0 Hz, J6a,6e = 10:0 Hz, 1H, H GQ), 4.12-3.31 (m, 11‘§, A
. \ ey o G
L & e
' v ]

B - o T
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remaining sugar, OCH3 (863.65) and aglyconic), 3.02 (m, 1H,
H-2), 2.31 (t, 2H, CH,CO), 2.03,.2.00, 1.98, 1.92 (all s,

Yanmr (cpei )

“15H, COCHy), 1.70-1.20 (m, 12H, aliphatic);
§: 174.22 (COOCH4)., 170.81, 170.52, 170.11, 169.52, 169.33
(c=0), 137.37 (quat. aromatic), 129.23, 128.26, 126.22 (re-
maining aromatié),.101.4b, 99.85, 99.72 (C-1, C-1', benzyl-
idene) , 80.46 §C-4), 77.03, 73.07, 71.80, 71.61, 70.10,1
A68.77,‘68.47, 66.00, 61.96 (remaining sugaf and aglyconic:

9 lines expected, 9 lines found), 57.91 (C-2), 51.40 (OCH;),
134.03 (CH,CO), 29.47, 29.09, 28.99, 25.76, 24.88 (aliphatic),
23.51 (NHCOCH,), 20.65, 20.52 (OCOCH;. Anal. calcd. for

Cy9Hc 504Nz C 57.84, H 6.85, N 1.73; found: C 57.58, H 6572,
N 1.50. : S 4

- L ERE w0
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,_8—Methoxycarbon§loctyl 2-Acetamido-3-0-(2,3,4,6-tetra-0-

acetyl-Bf-D- gluCopyranosyl)—Z deoxy-B~D- glucopyran051de (41)

N o~

A solution of compound 39(5.37‘g, 6.63 mmol) in 50%
aqueous acetic acid (125 mL) was kept at éﬁ?c for 30 min
and the-solvenﬁ was then evaporated (45°C bath). Traces
of acetic acid wefe removed by the addition and subsequent
evaporation of a portions of p-oiokane (100 mL). The res-
idue was purlfled by column chromatography u51ng dlchL\fo-
'methane ethylacetate-n-hexane-ethanol. (10:5:5:2) as eluent.‘
The title compound was obtdined as a white SOlld (4.11 g,
86%); [a]gs -3.9 (C 1.2 CHC13),lHnmr (CDClB/CD30D,1§1,55°C)
§: 5.31-4.86 (m,'Bﬁ, H-2', H-3', H-4'), 4.70 (4, Jl',2' =

8.5 Hz, 1H, H-1'), 4.54 (4, = 8.0 Hz, 1lH, H-1),

Ji1,2

4.32-3.66 (m, remaining sugar, OCH3 (§3.66) and aglyconic),

2.30 (t, 28, CHZCO){ 2.08, 2.06, 2.04, 2.00 (all s, lSH,

L 12H, aliphatic): 13Cnmr (CDC13)6:

Y

COCH,) , '1.80-1.20
174.36 (COOCH;), 170.90, 170.60, 170.09, 169.44, 169.31
(C=0), 101.01, 99.83 (c-1, C-1'), 84.18 (C-4), 75.28, 72.80,
71.72, 71.40, 70.06, 69.91, 68.51 (ring and aglyconic: 7
lines expected, 7 lines found), 62.52, 62.06 (C-G,.C—e'),
56,59 (C-2), 51.46 (OCH,), 34.04 (CH,CO), 29.48, 29.33,
29.13, 29.00, 25.81, 24.87 (aliphatic), 23.57 (NHCOCH,),
20.72, 20.52'(ocogné). Anal. caled. for C,,Hg,0,,N:

C 53.25, H 7.12, N 1.94; found: C 53.15, H 7.02, N 1.84.

b
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g-Methoxycarbonyloctyl 2—Acétamido—6—0—acetyl—3—9—(2,3,4,?—

tetra—O—acétyl;B—D—glucbpyranosyl)—2;deoxy—B—D—glucopyrano—‘

side (42)

' A solution of acetyl chloride (0.45 mL, €.29 mmol) in

'dichloromethane (7 mL) was added dropwise, over a period of

M)

10 min, to a stirred solution of 41 (3.78 g, 5.24 mmol) and

pyridine (6.3 mmol) in dichloromethane (60 mL) kept at -78°C.

After 10 min, the reaction was poured into water (100 mL)

and extracted with dichloromethane (100 mL). The organic

phase was washed twice with water, dried and evaporated to

provide 42 as a chromatographically homogeneous syrup (3.87 g,

97%) which crystallized from acetone—gfhexané (71%);

T

mp .155-156, [a]gs -5.3 (C l.O_CHCl3);lHnmr (CDC1,/CPLOD, 1:1,

32°C)é6: 5.34-4.89 (m, 3H, H-2%, H-3', H-4'), 4.89 (4, Jl' 21=

7

8.0 Hz, 1H, H-1'), 4.69 (d, J - 8.5 Hz, 14, H-1), 4.40-

1,2
3.30 (m, remaining sugar, OCH3'(63.66)5and aglyconic), 2.33

(t, 2H, CHZCO), 2.11, 2.08, 2.06, 2.02 (all s, 18H, COCH3),

1.80-1.20 (m, 12H, aliphatic);’l%kmu-(CDCl3) : 174.38 (COOCH,),

3170.89, 170.60, 170.11, 169.44, 169.21 (C=0), 101.03, 99.27

»
%

(c~-1, C—l'); 83:50 (C-4), 73.48, 72.80, 71.93, 71.46, 69.81,
69.70, 68.59'(ring and aglyconic: 7 lines exﬁected, 7 lines
found), 63.67, 62.07 (C-6, C-6'), 57.39 (C-2), 51.43 (OCH,) ,
34.08 (CH,CO), 29.51, 29.08, 25.80, 24.89 (aliphatic), 23.56

(NHCOCH) , 20.81, 20.51 (OCOCH;). When the 13nmr spectrum
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was recorded using CDC13/CD3OD 1:1 as solvent, all 7 carbon-
-yls were observed: . 6: 175.29, 172.12, 171.88, 171.51,

| 170.90, 170.41, 170.30. Anal. calcd. for C,,H.. O . N:

‘ 34753718
C 53.47, H 6.99, N 1.83; found: C 53.21, H 6.92, N 2.02.
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8-Methoxycarbonyloctyl 2-Acetamido-6-O-acetyl-3-0-(2,3, 4,

6-tetra—O-acetyl-B-D-=glucopyranosyl)~4-0-(2,3,4~-tri-0-

"benzyl—a—Lffucopyranosyl)—24deoxy—B—D—glucopyranoside (44)

To a mixtufe ofgg (2.85'9, 3.21 mmol), tetraethyl-
ammon ium bromiﬁé (0.73 g, 3.48 mmol) , diisopropyiethyl—
amine (0.91 mL, 5.22 mmol), molecular sieve (3.8 g), di-
methylformamidea(l.4 mL) and dichloromethane (7 mL), there
Qas added 2,3,4—tri—O—benzyl~a—L—fucopyranosyl bromide (32)
[freshly prepared71 . from 2,3,4-tri-O-benzyl-1-O-p-
nitrobenzoyl-a,B~L-fucopyranose (2.5019, 4.29 mmol)] in
dichioromethane (2 mL). After 4 and 6‘days, further amounts
ofgg‘(Z.SO g) were added. Aftér a total of 7 days, TLC
vexamination showed that no more starting material fEmainéd.'
The reaction was Qiluted with dichloromethane, filtered
thrdugh a pad oﬁ Celite and the Qad wéshed thoroughly with.
dichloromethane to a filtrate volume éf‘l30 mL which was
twice washed with water. Drying‘and evaporation left a
brown fésidue which was dissolved in ethylacetate-diethyl
-ether (3:1) ﬁon.decolorization. The pale yellow syrup
obtained after evgporétion of the eluén£ wasvpufifiéd by
chrdmatogféphy using dichloromethane-ethylacetate-n-hexane-
ethanol (10:5:5:2) as eluent. Evaporation of{the appropriate

. fractions (Rf 0.58) provided the pure trisaccharide deriva-

25
D

Hkmu-(cnc13)6: 7.48-7.04 (m, 15H, aromatic), 6.42 (d, 1lH,

tive as a white foam (3.64 g, 96%); l[aly” -65.2 (C 1.1 CHCl,)

NH), 5.26-3.22 (m, 30H, remaining sugar, OCH, (83.64),



147

benzyl and aglyconic), 2.29 (t, 2H, CH,CO), 2.04, 2.00,
1.98 (all s, 15H, OCOCH,), 1.68-1.16 (m, 18H, including
NHCOCE3 (S( §1.68 H-6" (d, JS",b" ‘
Denmr (epe1,) : 174.19 (coocH,), 170,36, 170.00, 169.79,

= 6.5 Hz) and aliphatic);
@

| 169.41, 169.12 (C=0), 138.61, 138;53,.137.88 (quat. aromati

ic), 128;63, 128.44, 128.2»5, }28.00, lé7.64, 127.15 (remain-

ing aromatic), 99.29, 98.47 (c-1, C-1'), 94.58 (C-1"),

79.87, 77.51, 74.87, 74.12, 73.04, 72.77, 72.04, 70.99,

70.26, 68.83, 68.29, 67.03 (ring, aglyconic and benzylic:

15 lines expected, 12 lines found), 63.43, 61.77 (C-6,

C-6'), 51.35 (C-2 and OCH,), 34.04 (CH,CO), 29.39, 29.23,

29.13, 29.07, 26.02, 24.91 (aliphatic), 22.89 (NHC09H3),

20.87, 20.63, 20.52 (OCOQH3), l16.74 (C-6"). Anal. calcd.

for C N: C 62.07, H 6.92, M 1.19; found C 61.91,

61181922
H 6.98, N 1.06.
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B—Methoxycafbonyldctyl 2-Acetamido-2-deoxy-4-0- (a-L-fucopy-

X ¥
ranosyl)-3-0-(R-D-glucopyranosyl)-B8-D-glucopyranoside (2)

~

A solution of 44 (3.10 g, 2.62 mmol) in dry methanol
(45 mL)‘cohtaining-a catalytic amount of sodium
‘methoxide was kept at room temperature for 12 h prior to
neutralization with Amberlite lR—120(H+). Removal of the\
resin and evaporation provided the de—g—acetylatéd tri-
saccparide derivative (quantitatiVe yield). This product
was then dissolved in 96% ethanol (55 mL) containing 5%
palladium on charcoal (2.50 g) and ﬁhelmixﬁure was kept’
stirring under a 200 psi étmospheré of hydrogen for 48 h
at room temperature. The catalyst was removed by filtration
through Celite and washedAwith several portions of hot. |
ethénpl. Evaporation of the filtrate gave the title com-
pound as a white glass (1.58 g, 86%) ; (@] 21 |

1

The “H and l%}mu:parameters are reported in Tables .1 and 2,

-79.1 (C 1.1 HZO)'
S .
respectively.
Treatment of % (360 mg) with 85% hydrazine hydrate-

ethanol 4:1 (10 mL) at room temperature for 6 h, followed by

evaporation to dryness and the addition and evaporation of
3 portions of n-butanol (10 mL) provided the hydrazide in
quantiative yield. The linmr of this hydrazide was ident-
ical to that of 2 excépt for a 0.17 ppm upfield shift for
the CH2

methoxy protoné.

CO protons and the disappearance of signal for the
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3,4,6-Tri-0O-benzyl-1,2-0(l-ethoxyethylidene)

~a-D-glucopyranose (50)

A solution of 3,4,6-tri-O-acetyl-1,2-0-(l-ethoxyethyl-
idene) -a-D-glucopyranose (Zf) (20.68 g, 54.9 mmol) in dry
methanol (I§O mL) containing a cataly£ic amount of sodium'
methoxide was kept at room température for 12 h and évapor—
ated. The residual dry syrup was dissolved in dimethylfor-
mamide (100 mL) and sodium hydride (7.63 g of a 56-58%

dispersion in o0il) was added in portions and, after evolu-

- tion of hydrogen had ceased, benzyl bromide (21.5 mL,

180 mmol) was added dropwise, with cooling, to the resulting
slurry. After 15 h, when TLC examination showed benzylation
to be qomplete, methanol (10 mL) was added to destroy excess
reagent. After 2 h, the mixturé was diluted with diethyl
ether (500 mLi, filtered through a Celite pad and washéd 4

. fimes with water (500 mL) befofe drying and evaporation.
Chromatdgraphy of the residue, using etﬁylacetate—g—hexane
2:1, COntaining~d.l% triethylamine, és eluent provided 59

as a clear.syrup (24.0 -g, 84%) which resisted crystallizat—

ion; [a]2%34.4 (C 1.1, CHCl,); Tnmr (cpcl.)8: 7.65-7.00 (m,

3

15H, aromatic), 5.73 (4, J = 5.5 Hz, 1lH, H-1), 4.76-

1,2
4.28 (m, 7H,  H-2 and benzyl), 3.96-3.34 (m, 7H, remaining

sugar and méthylene), 1.62 (s, 3H, CH3), 1.16 (t, 3H,

OCH29§3)7 l%&mus(CDCl3)6r 138.28, 138.16, 137.92 (quat.
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aroﬁatic), 128.97, 128.48, 128.37, 128.05, 127.88, 127.34
(remaining aromatic), 121.12 (quat. .orthoester), 97.87
(C-1), 79.07, 76.02; 75.11, 73.46, 72.98, 7ii95, 70.67,

_ 69.33 (rémaining sugar and benzylic: 8 lines expected,

8 lines found), 58.61 (OCH,CH;), 21.97 (CHj), 15.34

(OCH

2CH3) -
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2—O—Acetyl—3,4,6—tri—Oébenzyl—a—D—glucopyranosyl bromide (53)

A mixture of 50 (2.21 g, 4.25 mmol), tetramethyl-
ammonium bromide (0.42 g, 2.0l mmol) , molecular sieve (3.3 g)
and dichloromethane (16 mL) was left stirring at room temper-
ature for 2 h before acetyl bromide (0.60 mL, 8.2 mmol) was
added. After 1 h TLC examiq?tion, using benzene—ethylacetate
4:1 as irrigant, showed almost exclusive conversion of l%
(Rf 0.50) fo a more‘mobile product (Rf 0.55). Tﬁe reaction
Qas~then poured into a vigorously stirring mixture of satur-
ated sodium bicarbonate, ice and dichloromethane and filtered
to remove the sieves. The organic phase wés washed with cold
bicarbonate, water and dried before evaporation to a clear

syrup. The nmr spectra of this product showed it to con-

" sist of over 90% of 14: Hﬁmu:(cnc13)5: 7.40-7.10 (m, 15H,

1,2

(m, ", H-2 and benzylic), 4.16-3.55 (m, 5H, remaining

sugar), 2.00 (s, iZ.BHwHB); cnmre (cpCl,) 169.87
(C=0), 138.34, 137.97, }3.90 (guat. aromatic), 128.48,

aromatir), 6.63 (d, J = 4.0 Hz, >0.9H, H-1), 4.90-4.37

127.89, 127.64 (remaining aromatic), 89.53 (C-1), 80.40,
76 .37, 75.53 (2C), 75.29, 713.52, 73.40, 67.61 (remaining
sugar and benzylic: 8 lines expected, 7 lines found),

20.69 (COCH,) .
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8-Methoxycarbonyloctyl 2-Acetamido-3-0-(2-O-acetyl-3,4,6-

tri-0-benzyl-B-D-glucopyranosyl)-4,6-0O-benzylidene-2-

deoxy-B8-D-glucopyranoside (56)
’ b .
Compound 39 (1.02 g, 2.12 mmol) was engaged for 2 h in

the Helferich reaction with §§ (1.25 g, 4.9 mmol) under the
conditions desc;ibed for the preparation of 40. Processing,
as before, followed by chromatography, using ethylacetate;
n-hexane (3:2) as eluent, provided the pdre title dis-
accharide derivative (Rf 0.41) as a clear syrué (.16 g,

57%) which crystallized from ethylacetate-n-hexane;

"mp 150-151, [a]2® -1.3 (C 1.0 CHC1,); ‘Hnmr (CDC13)6: 7.41-

7.12 (m, 20H, aromatic), 5.92 (d, 1lH, NH), 5.36 (s, 1lH,

benzylidene), 5.20 (d, J, , = 8.0 Hz, 1H, h-1), 4.93 (t,
7

Jl,,z, = J2, 30 = 8.5 Hz, 1lH, H—;'), 4.79-4.46 (m, 8H, H-1',

h-3 and benzyli , 4.28 ; = 4,
zylic) (g J5,6e 4.5 Hz, J6a,6e

1H, H—6e5, 3.90-2.98 (m, 1l4d, remaining sugar,:OCH

= 10.0 Hz,

3 (63.69)

and aglyconic), 2.31 (t, 2H, CH?CO), 1.95, 1.86 (botd s,

6H, COCH ), l 70-1.20 (m, 12H, aliphatic); l%jmuf(CDCl )

174. 31 (cooeﬂa),;37o;59, 159. 62 (8%Q), %38.25, 138.03,

137.Q9‘(quat~.aromaﬂ c)q b29 51,

128 90, 128 47, 128.29,
§ K &?w .
128. 04 127 80 1261 aeratlc), LOl 58, 99,57

‘{ FA

,<§3 14 (C 4), 80;89, 78.02,

70 22, 68.89, 68.70,

e e . e il =
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66.08 (remaining sugar, benzyl and aglyconic: 12 lines
expected, 11 lines found), 58.66 (C-2), 51.42 (OCH3), 34.07
(QHZCO), 29.51, 29.08, 25.79, 24.89 (aliphatic), 23.6l1
(NHCOCH,) , 20.92 (OCOCH). Anal. caled. for‘ Cg 4Hg 70 4N"

C 67.98, H 7.08, N 1.47; found: C 67.84, H'7.11, N 1.33.

LS
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8-Methoxycagbonyloctyl 2-Acetamido-3-0-(3,4,6rtri-O=benzyl-.
XyCa |

B—D-g&ucdpyranosyl)—4,GFO-benzylidene-24deoxy—B-D-

glucopyranoside (55) . - . 2

i

A solution of 54 (600 mg, 063 mmol) in warm methanol
(20 mL)‘cdhtaining a catalytic amount of sodium methoxide
was kept at room teﬁpérature overnight. Neutralization and

evaporation provided 55 in quantitative yield; k&]gs'-lB.S

- (C 1.4 CHc13);'1Hnmr (cDel,)8: 7.52-7.01 (m, 20 H, aromatic),

6.07 (4, 1H, NH), 5.5 , 1 H, benzylidene), 4.83-4.30

(m, 9 H, bé | #1 (64.72, 3y 5 = 7.5 Hz), H-1' and H-6g),
4.22 (t, 1H, H-3), 3.90-3.36 (m, 15 H, sugar, QCﬁ3‘(63.66)
and aglyconic), 3.12 (br, 1 H, OH), 2.29 (t, 2 H, C%écb),

]

1.88 (s, 3 H, NHCOC§3), 1.70-1.20 (m, 12 H, aliphatic).
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A

.S—Methbxycarbonyloctyl 2—Acetamido—3—0—[31§,6—tri—0—benzyl-

2—97(2,3,4—trifo—benzyl—a—L—fgcopyranosyl)—4,6—O—benzylidene—

2—deoxy—B%D—glucgpyranosidé7(EE) » | oo

' Compound 55 (600. mg, 0.63 mmol) and the fucosyl bromide

(2.4 eg.) were engﬁged in the halide-ion cagalyzed:reaction

asunder the conditiong described for the pteparatiqp of 44, ex~
cept that nokﬁurther a@ditions ofgg*were made. Aftér‘4l h,
the reaction mixture was procéssed as described forff’and,‘
after the decolorization, themresidue was éhromatographed
using g—hexane—ethylacetate.(3:2) as eluent. Evéporation of
the trailing fraction§ gave back unreacted §§ (222 mg, 38%).

- Rechromatography of the intermediate-fractions using

ethyi;cetate-g—hexane—dicﬁioromethane (2??31) proyidea the

title compound ng 0.50) as a white foam (297 mg, 37%):;
22 '
D

354, aromatic), 6.48 (d, 1H, NH), 5.39  ( 2H, benzylidene

[a], -40.8 (C 1,0, CHCl,); Ynmr (cpe1,) §: 7.44-7.04 (m,

and H-1", Jyu 5w < 4.0 Hz), 5.08-4.41 (m, 14H, H-1, H-1'
r . s .
e A ' , [
and benzylidene), 4.30-4.14 (m, 3H, H-3, ‘H-5" and H—42),bf‘u
= 4.0 Hz,

,4.01 (g, J = 10.5 Hz, 1H, H-6e), ‘

5,6e ‘Jsa,se
3.89-3.12 (m, }7H, remaining sugar, OCH, (63.68) and agiy—
conic), 2.30 (t, 2H, cuzco),'1.74 (s, 3H, NHCOCEB), 1;76—
1.10 (m, 15H, aliphatic and H6"((61‘26)',J5",6" = ca,. 7;5 Hz);
- Enmr (cpely)§: 174.31 (COOCH,), 170.48 (NHg6¢H3), 138.89,

138.71, 138.47, 138./34, 137.56 (quat. aromatic), 130.19,

L4
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@
©129.82, 129.64, 129.08, 126?§§>:}28.06,'127.64, 127.44,
“127.10, 126.84, 126.65, 126.36 (remaining aromatic),
101.78 (2C), 101.56 (C-1, C-1', benzylidene), 97.75 (C-1"),

)

. 85.14 (C-4), 80.04, 79.54, 77.85, 76.89, 76.21, 74.93,

£ g

Jﬁ;"74.56, 73.54, 72.98, 70.00,;68.90,‘67.43, 66.57 (remaining
Sugar, benzyl "and églybonic: 19 lines expected, i3-iihes
foundi, 57.04 (C-2), 51.37 (OCH3), 34.09 (CH2CO), 29.58,

29.15 25.80, 24.95 (aliphatic), 23.13 (NHCOCH;), 16.97

(Cf6 Y. Anal. qalcd. fo? C78H93017N: C 71.16, H 7.11,

N 1.06; found: C 71.21, 'H 7.01, N 0.97.

Pty
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-8-Methoxycarbonyloctyl 2-Acetamido—2—deoxy-3—0—(2—0-(afL—

fucopyranbsyl)—B—D—Qluéopyranosyl]—BwD—glucoéyrﬁnosid%i(4x

Compound 56 (119 mg, 0.090 mmol) was dissolved in 95%
ethanol (10 mL)fqontaining 5% palladium on charcoél (120 ﬁg)
ahdcwas hydrogenated at 140 psi for 40 h. Ekamination by
TﬁC_at'thié point ;howed 6nly'a'single spot (Rf 9.57 in 2-

propanol-water 8:2). Processing, as described fof 2, gave

) b . .
the title compound (60 mg, 95%): [a]gs ~76.2 (C 1.0 H,0).

1 13

The "H and Cnmr parameters are reported in Tableéél and

2, respectively.
Treatment of 4 with 85% hydrazine-hydrate—~ethanol 3:2

(5 mL) at room temperature for 2 h resulted in its complete

~

conversion to the hydrazide. This compound was isolated as

described for the hydrazide of 2 and showed the equivalent
. :

changes in itstlHnmr spectrum.

i
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8-Methoxy¢arbonylocty; 2-acetamido-4,6-O-benzylidene~3-0-

N

benzyloxyﬁéthyl—Z—deoxy—B—D—glucopyranoside (57)

© A solution of 8—methoxycarbonyl§c£yl 2-acetamido-4,6-
b-benzylidene—z—deoxy-B-D—glucopyranoéide (%g)(18.4 g,
38.4.mmol), 2,6-lutidine (8.9 mL, 77 mmé}) and benzyl chloro-
methyl ethér (8.0 mL, 58 mmol) in dry aCétonitrilel(l40 mL)
was kept at 80°C for’12 h. Methanol (10 mL) was then
addediaﬁd, after 1 h, the solution was taken to dryness.
The residue was dissolved ;n dichloromethane (400 mL) and
washed with cold 2% HCl, saturated sodium hydrogen carbon-
ate and water before drying and evaporation; The residual
" dark syrﬁp Qas theh dissolved in_dicﬁloromethane—ethylacetate ’
(2:1) and decolorized.

Evaporation of the eluate and crysfallizaﬁion from'
methanbl:provided the title compound (18.2 g, 79%); m.p. |
159 - 160 , (u]%s 8.4 (C 1.0 CHC13) i lHnmr (CDClB)'G: 7.49-
7.22 {(m, 1l0H, arématic),'5.79 (@, 1H, NH), 5.50 (s,\lH,'ben-

zylidene), 5.00-4.77. (m, 3H, H-1(54.84, J = 8.0 Hz) and.

1,2

,0: AB, 6A = 4%98, §B = 4.82, J,p = 7.0 Hz), 4.72-4.44

g

(2H, benzyl: AB, §A .= 4.61, §B = 4.56, J

OCH

6: Tpp = 12.0 Hz), 4.41-
4.22 (m, 2H, H-3 ande-ee);“3.994%.44 (m, 9H, remaining sugar,

OCH3

3H, NHCOCH,), 1.70-1.20 (m, 12H, aliphatic); enmr (epet )

(63.64) and aglyconic), 2.29 (t, 2H, cH2c0), 1.84 (s,

§: 174.23 (gOOCHB), 170.41 (NHQQCHB), 137.89, 137.31 (quat.

¥
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aromatic), 128.88, 128.30, 128.14, 127.72, 127.48, 126.09
(remaining aromatic), 101.36 (C-1 andkbenzylidene), 81.79
(c-4), 75.75 (C-3), 69'.93, 69.45, 68.73, 65.79 (C-5, C—6,
benzyl and aglyconic), 56.48 (C-2), 34.02 (CH,CO), 29.50,
29.09, 28.99, 25.75, 24.86 (aliphatie¥, 23.33 (NHCOCH,).
Anal. calcd. for C,.H,.0 N: C 66.09, 5',‘7.56, N 2.34; ' A

3374579 3, IS
YooV e
found: C 66.22, H 7.60, N 2.14. g . .

-

2 ]
’v_‘(

%

-~

/A
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8-Methoxycarbonyloctyl 2-Acetamido-3-0- (benzyl-

oxymethyl)72-deoxy—B—D—glucopyranoside (59)

Warm 50% agqueous acetic acid (80°C, 300 mL) was added
to a solution of compound %z (l6.2 g, 27.0 mﬂolj in p-dioxane
(50 mL) énd the résulting'solution was kept at 80°C fbr 75
min. The solvent was‘theh e;aporated and traces of acetic
acid were removed by the.addition and evaporation of 3
éortions‘of p-dioxane (150 mL). The residue was éurified
by column chromatographyiusing dichlorométhane—g—hexane—
ethylécetate-ethandl (10:5:5:2) as eluent. The title com-

: o ‘
pound was obtained as an amorphous white powder from acetone-

n-hexane (11.1 g, 80%), [algs 4.2 (C 1.2 CHClB);lHnmr (acetone-
'd6' DZO exchanged sample) ¢§: 7.40-7.10 {(m, 5H, aroﬁaﬁic),
5.01-4.74 (AB, 6A = 4.96, 8B - 4.79, J,. = 6.7 Hz, 2H,

OCH,0), 4.63-4.51 (3H, H-1 and benzyl), 3.89-3.16 (m, 11H,

sugar, OCH; ( 3.56) and aglyconic), 2.24 (t, 2H, CHZCO),'

1.78 (s, 3H, NHCOCH,), 1.70-1.20 (m, 12H, aliphatic): ‘cnmr
(CD,0D) 6: 175.82 (COOCH4)7 173.17 (NHCOCH,), 139.21 (quat.
~aromatic), 129.31, 128.70, 128.58 (remaining-aromatic),

A

102.52 (C-1), 96.91 (OCH20), 83.07 (C-4), 77..65 (C-3), 71.97,

}70.58, 70.51 (C-5, benzyl and aglyconic), 62.69 (C=6), 56.32

(C-2), 51.90 (OCH,), 34.72 (CH,CO), 30.56, 30.29, 30.22, .

30.05, 26.97, 25.94 (aliphatic), 23.12 (NHCOQHB).

(=
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Evaporation of the trailing fréctions from the column
provided 8—meth6xycarbonyloctyl 2—-acetamido-2-deoxy-B-D-
glucopyranoside (58) (1.28g, 12%), identified by comparison

with an authentic sample.lo » \
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\
g8-Methoxycarbonyloctyl 2-Acetamido-3,6-di-O-benzyloxymethyl-

2-deoxy-B-D-glucopyranoside (60)

A éolutién of compouhd 59 (10.5 g, 20.5 mmol),vbenzyl
chloromethyl ether (3.li mL, 22.5 mmol) and 2,6-lutidine
(3.6 mL, 31.0 mmol) in dimethylformamide (35 mL) whs kept
at room temperature for 16 h. Methanol (2 mL) was then
added and, after 1 h, " the so%ution,was diluted with dichlo-
romethane (300 mL) and washed with cold 2% .HC1 (300 mL),

- saturated sodium hydrogen carbonate (300"mL) and water,
’each time back e#tracting with dichlordmethane (100 mL) .
Drying and'evaporaﬁion left a white gum (11.6 g) which
crystallized from ethanol-water (7.86 g, 61%).‘ Chromatoé-
raphy of ;he mother liquor provided.an additional 1.2 g
(98): m.p. 112 - 113, (a1’ -24.4 (C 1.4’cuc19: Linme
(CDC13)6: 7.43-7.14 (m, 10H, arométic), 5.82=(d,1EH. NH) ,
4.94-4.48 (m, 9H, benzyl, OCH,O0 and H-1), 4.12-3.06 (m,
12H, remaining sugar, OCH, (63.62), OH (br, §4.12), and
aglyconic, 2.26 (t, 2H, CH2CO), 1.89 (s, 3H, NHCOC§3),
1.70-1.20 (m, 12H, aliphatic); 13Cnmf (CDC13)6: 174.30
(gpoca3),"17o.57 (NHCOCH;), 137.83, 136.81 (quat. aromatic),
128.55, 128.39, 127.85, 127.64 (remaining aromatic), 99.95
(C-1), 96.19, 94?§§J(OCH20), 83.55 (c-4), 74.82 (C-3),
70.56, 70.24, 69.54, 69.21 (C-5, benzyl and aglyconic),

67.04 (C-6), 56.76 (C-2), 51.41 (OCH3), 34.04 (9H2CO),
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29.50, 29.09, 28.98, 25.79, 24.87 (aliphatic), 23.47
(NHCOCH 4) - Aﬁalfyqalcd‘ for C,,H, 0, N: C 64.64, H 7.82,
N 2.22; found: C 64.34, H 7.80, N 2.16.
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8-Methoxycarbonyloctyl 2-Acetamido-4-0-(3,4,6-tri-0- .

behzyl—B—D-galactOpyranosyl)—3,6—di-O—benzyloxymethyl—

2—-deoxy-B8-D-glucopyranoside (62)

4

A solution of 3,4,6ftri~O—bénzyl—2—O—B—nitrobenzoyl—
a-D—galactopyranosyl bromide (gz)[freshly prepared14 from
3,4,6—tri—0—benzy}{b2—di4}irnitrobenzoyl—d,B—D—galacto—
pyranose (éﬁ)(4-08 g, 5.45 mmol)] in dichloromethane
(8 mL) was added to a solution of c;mpound §Q (1.90 q,

3.01 mmol), silver trifluoromethanesulfonate (1.36 g,

5.29 mmol) and tetramethylurea (;.4 mL), 11.7 mmol) in dry
dichloromethane (13 mL) and the mixture was stirred at room
temperature, protected from:light and moisture, forl42 h.
The reaction mixture was then fi}tered through a pad of
celite and the filtrate was madé up to 125 mL with dichloro-
mefhane and washed once with §aturated sodium hydrogen car-
bonate and twicé with water prior’fo drying and evaporation.
Tﬁe residual brown syrup was chromatographed using ethyl-
acetate-n-hexane (lﬁl) as eluent, prbviding two crude
disaccharide containing fractions. The first fractionyfRf
0.55 ) proved to be a mixture of éompounds and was de-O-p-
ﬁitrobehzoylated using sodium methoxide in methanol. The
main component was isolated by chromatography, eluting first.
with dicﬁloromethane, then dichloromethane-ethylacetate

(1:1), providing 8-methoxycarbonyloctyl 2-acetamido-4-0-
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(3,4,6-tri-O-benzyl-a-D-galactopyranosyl)=-3,6-di-O-benzyl-
oxymethyl-2-deoxy~B-D-glucopyranoside as a clear syrup

(661 mg, 21% from 60).

1 13

Hnmf (CDCl3)6:-5.l7 (4, Jl',2' = 3.5 Hz, 1H, H-1); Cnmr
(CDC13)5: 99.96, 99.15 (c-1, c-1'), 95.16, 94.69 (OCH,0).

\ Evaporation of the second crude fraction (Rf 0.30)
provided slightly impure 8-methoxycarbonyloctyl 2-acetamido-
4—0—(3,4,6—tfi-O-benzyl—2—O—Efnitroben;oyl—B—D—galactOpyran—
osyl)—3,6~di—0—benzyloxymethyl—2—deoxy—B—D—glucopyranoSide
(61) (1.31 g, 36%): THmmr (CDC,)6: 5.54 (dd,'Jl,’z, =

13

= 9.5 Hz, 1H, H-2'); Cnmr (CDCl3)6: 100.55,

8.0 Hz, J2;,3,
100.40 (C-1, C-1'), 95.65, 94.94 (OCH,0). De-O-p-nitrobfn-
zoylation of'§%, followed by chromatogréphy,as describe

for the ea-anomer , provided the title compound (g%
which crystallized from ethanol (787 mg, 25%): m.p. 108-109,
[a]gs'z 90 (C 0.7 CHCl;); ‘Hnmr (CDC1,)6: 7.36, 7.22 (m,

‘25H, afomatic), 5.66 (d, l1H, NH), 4.95-4.29 (m, 16H, benzyl,
H-1 and H-1'), 4.01-3.32 (m, 17H, sugar, OCH; (§3.64) and
aglycénic), 2.26 (t, 2H, CHZCO), 1.60-1.20 (m, 16H, including
NHCOCH; (61.70), OH and aliphatic). Anal. calcd. for |
C.,H,,0,N: C 68.84, H 7.29, N 1.32; found: C 68.65

61777715
g 7.10, N 1.36.



2-0- (2 3 7 trx~0 benzyiwa;L~fuCOPYranosyl)—BFD—galac%opy-
‘ 4.

ranOSyll -3, G*di—o—beizylaxyme;hyl -2“aeoxy-B-D- glucopyran-

A Q‘ . ‘} " ] ? o m . '
oside: (64) ’ %; W Y : % |
To a mixture -of cornpou "52 (633 mg, 0 59 mmol), tetra-

]

ethylammonlum bromade (lB&fmg, 0.88 mmol), diisopropylethyl-
amine (0.28 mlL, 1.60 mmol), molecular sieve (830 mg),
dlmethylformamlde (0.50 mL) and dichloromethane (2.5 mL),

there was added 2,3,4-tri-O-benzyl-a-L-fucopyranosyl bromide
TR

({{) [freshly'prepared from 2,3,4-tri-O-benzyl-1-0-p-nitro-
benzoyl-a, B-L-fucopyranosel? A(9OS mg, 1.55 mmol)] in
dichloromethane (1.0 mL). After stirfing at room temperature
for 26 h, the reaction mixture was diluted with dichloro-
methane, filtered through Celite and the filtrate was made}
up to 60 mL with‘dichloromethane Washlng twice with water,j’

followed by drylng and evaporatlon, left a brown syrup whlch

[

was purlfled with chromatography, elutlng first w1th gf oo

&

‘ hexane-ethylacetate (2:1), then dichloromethane—eﬁhylacetate
(1:1), and provided a trisaccharide containing fraction '

(765 mg) . The nmr Spectfa of this materiai'showed.;tuto;pg }

a mixture of two compounds and chfomatography\using diehloro—
. -

methane-ethylacetate (4:1) separated the components S Evapor—

ation of the latter fraction (Rf p.49) provided the tltle

compouhd (385 ﬁg, 44%) as a clear syrup: [a]%S 38 . (C}

0.6 CHCl,); 'Hnmr (CDC1,)6: 7.34-7.00 (m,.40H, aromatic),

—

3);
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y

5.84 (d, lH, NH), 5.68 (4, Iy = 4.0 Hz, 1H, H-1"), 4.94-

,2"

o5 (m, 22H, benzyl, OCH,O, H-1 and H-1'), 4.35 (q,

JSII'GN =
(6§3.65) and

2

6.5 Hz, 1H, H-5"), 4.16-3.37 (m, 20H, sugar, OCH,

aglyconic), 2.27 (t, 2H, CH,CO), 1.74 (s, 3H, NHCOCH,), 1.60-

1.17 (m, 15H, H-6" (61.18,
13

JS",G" = 6.5 Hz) anq aiiphatic);
Cnmr (CDCIB)G: 174.25 (QQOCH3), 170.12 (NHQQCHB); 139.12,
139.07, 138.85, 138.71, 138.36,. 138.22, 138.16, 138.01

(quat. aromatic), 128.96~126.58 (18 lines, remaining‘aromatic),
101.73 (C-1), 100.46 (c-1'), 97.73, 95.98, 95.19 (C-1" and
0¢H20), 84.14 (c-4), 79.78, 78.46, .76.48, 76.42, 76.07,

75.34, 74-9@, 74.57, 83.67, 73.49, 73,05, 72.81, 71.49,

69.86, 69.65, 69.42, 68.65, 67.00, 66.69 (sugar, aglyconic

and benzylic: . 21 lines expected, 19 lines found), 54.77

(C-2), 51.36 (OCH3), 34.14 (QHZCO), 29.76, 29.64, 29.21,

©29.12, 26.00, 24.98 (aliphatic), 23.40 (NHCOCHg), 16.82

(C-6"). Anal. calcd. for C 0

88%105°19
N 0.95; found: C 71.61, H 7.30, N 0.95.

N: C 71.38, H 7.15,

Evaporation of the earlier fraction (Rf 0.58)

provided 8-methoxycarbonyloatyl 2-amino-4-0-[3,4,6-tri-0O-

benzyl—2—0—(2,3,4—tri—O—benzyl—u—L—fucOpyrénosfi?fﬁ<D~

galactopyranosyl] -3, 6~di-O-benzyloxymethyl-2-deoxy-B-D-

gluc0pyranOSide (63) as a syrup (19; mg, 22%): [u]gs -24.8

(C 1.1 CHCl,) ; 'Hnmr (CDC1,)6: 7.34-6.99 (m, 40H,
aromatic), 5.66 (d, J;, 5., = 4.0 Hz, 1H, H-1"0, 4.98-4.38
14

(m, 21H, benzyl, OCH

,0, and H-1'), 4.25 (q, Jgit gu = 5.6 Hz,

@

. i . .
& @ . o
. i .

A

|

te-
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1H, B-5%), 4.19 (4, J; , = 8.0 Hz, 1H, H-1), 4.16-3.24 (m,.
: ‘ - ' o '

19H, sugar, OCH  (63:66). and algyconic), 2.8@ (gd, J =

3 | ' *1,2
‘8.0 HzD" J, 3 = 9.5 Hz, 1H, B-2), 2.28 (t, 2H, cugto), 1.70=
1.11 (m, 17H, NHz, H-6" (1. }2, a, JS" gn = 6.5 Hz) and

aliphatic); “Jcnmr (CDC1,)8: 174.13 (COOCH;), 139.10,

138.95, 138.88 138. 69, 138.32, .138. 19; 137.97 (quat. aro-
matlc), 128. 47—&26 42 (15 llnes, remalnlng aromatlc), 104.31
(c-1), 101.15;(0—1 | 97.62, 97.21, 95.25 (C l“ OCH,0) ,
84.17 (C-4), 82.00, 79.63, 78.30, 75.98, 75.52, 74.84,
74.41, 73.59, 73.53, 73;37,'72.96,,72.67,'72.53,@71,26,
70.35, 69.88, 69.64, 68.73, 66.48, 66. 30 (sugar, Leniyl and
‘aglyconlc'ﬁ,Zl iines expected, 20911nes found), 56 62 (C-2),
"51.31 (OCH ), 34.08 (CH»CO); 29’70 29>21, 29.15, 29208, ¢
26.03, 24.94 (allphatlc), 16.70 (C-6")s | |
Treatment of 63 Wlth methanol—acetlc anhydrlde (2 1)
at room temperature overnlght resulted in its quant1tat1Vé |

conversion to 64, as ev;denced by TLC,A1H and 13Cnmr.

“

’

Tk
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8-Méth0xycarbonyloétyl 2—Acetamido-z-dgoxyfjﬁ-o-(a—L-

' fucopyranosyl)-B—D-éalactopyranosyll48—D—glucopyfanoside %)

N

' Compound 64 (323 mg, 0.22 mmol) was dissolved in 95%
ethanol (8 mL) containing 5% pal@é&ium on carbon (340 mg)
and hydrogenated at l40 psi for 22 h. TLC examinatibq at

this point shoWed the presence of a single spot @ﬁf 0.54 in

2-prbpanol—water.2 8°2) u The catalyst was removed by flltra—'

-tlon .on Cellte and washed w1th several portlons of hot

ethanol., Solvent removal followed by freeze—drylng an
e ‘XP “

' %>
aqueou§ solut;dh of the re51due prov1ded the title trlsacc-

<,“‘\M.,,‘ e
harlde as a‘wﬁlte powder 6131 mg, 86%) [a]25 ~-70.4 (C 0 9
'HZO)." * :. - . MQ»' ' oy n
¢ The lH and 13Cnmr parameters of 5 appear in Tables 1
and 2, reépectiVely.
?réatment of 5 with 85% hydrazihe—hydréte, as described

for the prepa:ation of the hydrazide of 4, resulted in its

cdmpleteﬂgonversion to the hydrazide as evidenced by its’
4 - _
#

73

G

e
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)

8—Methoxycarb0nyloctyly2—Acetamido—4-0f(3,4,6—tri—0-benzyl—8f

biglucopyranosyl)—3,6—di-O—bemzyloxymethyl-2—deoxy—B—D-

glucopyranoside (66)

O

Compound 60 (633 mg, 1.00 mmol) was engaged for 44 h in

the Koenlgs—Kno r reaction with 2-0- acetyl 3,4,6- tri-o-
benzyl-o-D-glutopyranosyl bromlde (53) [freshly prepared
from 50 (810 mg, 1.56 mmol)] under the conditions described
fof the preparatioh of 54. Pfobeseing of the reaction mix-
ture, as before} fqllowed by chromatography, usihg\ethyl—"
acetate-~diethyl ehher-g—hexane (2}2:1) as eluent,‘prbvided
a fraction (Rf O. SQ, 514 mg) whese 1Hnmr spectrum'Qas con-
sistent with that of a mixture of dlsaccharlde derlvatlves.
De—O-acetylatlon, using - sodlum methox1de in methanol fol-.

1owed by chromatography, using ethylacetate n-hexane (2: 1)

as eluent prov1ded the title compound (Rf 0.50) as a clear

syrup (331 mg, 31%): ‘1Hnmr | ' o

(epCl,)6: 7.44-7.14 (m, 25H;raromatic), 5.69 (d, 1H, NH),

O, H-L' (84.72, I, ,, = 8.5 Hz),

2 1',2"

-1 (84.51, J, 2;# 7.5 Hz) and benzyl), 4.08-3.36 (m, 17H,
1 .

sugar, OCH3 ( 3.68) and aglyconic), 3.10 (br, 1H, OH), 2.28

(t, ZH’ CH

H,CO), 1.75 (s, 3H, COCH;), 1.70-1.20 (m, 12H,

.aliphatic) .

Evaporation of the latter fraction (Rf 0.38) provided

3

3
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8-methoxycarbonyloctyl 2:acetamido,4—0—(3,4,6—tii—0-benzYl4
B [ - "" - -

a-g—glucopyran05yl)-3,6—di-g—benzylomeethyl-Z-deoxyes-g-‘

'gluCOpyranoside (e5) (%19 mg, 11%): lHpmr (CDC13)6:g5.l2
(d;-Jl,'Z, < 3 Hz, 1H, H-1'"). B |

&



.
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ethylacetate (4:1),—pr0v!ded the title compound (Rf 0,38) .
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:f

V—Methoxycarbonyloctyl 2—-Acetamido-4-0- [3 4,6~tri-o- benzyl-

~O—(2,3,4—tr1 O-benzyl-o-L-fucopyranosyl) -8- D—glucopyrano—‘

Vo

syl]—3,6-di—O—benzyloxymethyl—2—deoxy—B—D—glu00pyranoside (67)

Compound 66 (245 mg, 0.23 mmol) and the fucosyl bromide
{3 (2.2 eq) were engaged in the halide~ion catalyzed’reaction

under the conditions described for the preparation of 64,

.except'that a further addition of 43 (2.2 eq) was made after

15 h. After .an additional 24 h, the‘reaction mixtuqe was
filtered, washed and évaporated to leave a dark syrup.

Decolorization, uéing dichloromethéne—ethy1acetate (1:1),

followed by chromateraphy,'eluting with dichloromethane-

25 134 (c 0.2 cuciy;: *
D - ( L4 CC3)I

1Hnmr'(CDCl )8§f7.45-7.04 (m, 40H, aromatic), 5.74 (d, 1H,

as a clear syrup (193 mg, 57%): [0]

NH), 5.57 (4, J = 3.5 Hz, 1H, H-1"), 4.98-4.42 (m, 22H,

lu 2" .
benzyl OCH20 H-1 and H-1'); 4 .30 (q, 5" 6" = z, lH,
- He 5") *mloa 3.34 (m, 20H, sugar, ocn3 (83.67) andvaglyconlc),

"

--2.28 (t: 2H, CHZCO), 1.79%(s,” 3@ COCH ), 1.70-1.19 (m, 15H,

H-6" (81.20, Jou cu = 6.5 Hz) and aliphatic); >
5 /6 L%

8: 174.16 (COOCH;), 170.1f (NHCOCH,), 138.92, 138.86, 138.57,

Cnmr (CDC13)

138.42, 138.32, 138.23, 137.99 (quat. aromatic), 128.48-

126.54 (16 lines, remaining aromatic), 101.30 (c-1), 100.50 . _
7 _ o T ST

2

‘(C—l'), 97.99, 96.23, 95.24 (C-1", OCH,0), 85.63 (C-4),

\,

~
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W

79.91, 78.48, 78.38,476.65, 76.31, 75.98, 75.17, 75.07,

"75.01, 74.77, 74.32, 73.68, 73.51, 72.89, 69.71, 69.42,

68.95, 66.83, 66.52 (sugar; benzyl and'ag}yCOnic: 21 lines

expected, 19 lines found), 55.73 (C-2), 51.32 (OCH;), 34.13

(CH,CO), 29.64, §B.18, 29.09, 25.97, 24.97 (aliphatic),

23.44 (NHCOCH,), 16.80 (C-6").
C 71.38, H 7.15, N 0.95;

found: C 71.22, H 7.27, N 1.04.



“a,

’ L—fucoPYranosyl)—B;D—glucopyranosyll—B-D-giﬁcopyranoside (6)

MR
o a

* W, 174
LW

8-Methoxycarbonyloctyl 2—Aoetamido—2-deoxy-4-O;[2—0-(a—_

A

Compoundﬁ§7 (162 mg, 0.109 mmol)‘ﬁasfhydrogenated for

48‘hKUnder the condftiOns described for the preparation of

‘E. The yield of white freeze-dried powder (Rf 0.60 in 2-

. A, -
i propanol—water, 8: 2) was 65 mg (85%): [q]?]')5 -78.7 (C 0.5
Hzo) » M . ) v ’
1

The "H and13Cnmr parameters are regported in Tables 1

and 2, respect1vely fs

.

‘Treatment of 6 w1th hydrazﬁiemhydrate, as descrlbed

- for the. preparatlon of the hydra21de of 5, resultéﬁgln 1ts

3 "I’» Ay

complete conversion to the hydraz1de as e@ldenced by 1Hnmr

spectroscopy.
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B. Immunochemistry

1. Preparation of Antigens and Immunoadsorbents.

4 The procedure used for the‘preparation of the BSA-

antigens was slightly,madified from that reported by Lemieux,

11

Bundle and Baker. The hydrazine-free hydrazides of 2, 4,

-~

5 and 6 were obtained as white powders by filtration through

¥ ]

a éolumn of Biogel P-2 in 10% aqueous ethanol followed by
evaporation and freeze-drying of an aqueous solution of the
eluaté.' The hydrazine-free hydrazide (100 umol) waé dis-

solved in dry DMF‘kl.S mﬁ) and cooled to -25°C. Then

400 pmol of 3.6M HC1l in anhydrous dioxane weie added, fol- :
lowed b& t—butil nitrite (140 umol). After 30“min(_sﬁl—' @!@ﬁﬁ%ﬁ

‘phamic acid (40 umol) in DMF (100 uL) was added and the

i oA

additional 15 min. This A

solution kept at -25°C er‘pn
solution containing the hapten azide was added to a solution {h%

i,

~of BSA (2 umol) in 23 mL of buffer solution (0.085M HC1l in
0.2M N—ethyi diethanolamine; pH 8.9) and kept at 0 - 4°C
for i2 h and at room temperature for 2 h. This solution |
was diélyzed against doubly distilled water (300 mL)vinJa
Diaflo*ultrafiltration cell equipped with a.PM—lO gembréne
and freeze—d;%ed to provide the antigég as a white powder.
The antigens were analyzed for carbohydrate content by

8

the phenol-sulfuric acid method9 déing a standard éurve

obtained from a series of solutions containing known

e

&

oy
sy

¥

N
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concentrations of the free haptens.' The hapten incorpora-  ,
tions achieved are repdrted‘asvthe number of moles of bound
hapten per mole of antigen, oh the basis of a molecular
weight for BSA of 65,000,97.in‘Tab1e 7. M
For the preparation of an immunoadsorbent (iA), the
hapten acyl-azide was prepared in the same manner as des-
cribed above except that Hunx#'e base (500 umol) was used
in. place of the sulphamic. solutlon. The solution coqﬁfln-‘
ing the hapten-azide was then added to a siurry of silyl-
aminated Chromosorb P96 suspendqd in acetonitrile (550 mL)
and kept stirr;qg at .0 — 4°C for l%'h and room temperatufe
for 2 h. The IA was collected qnjgfscintered—glass funnel -
'and_washeddthéroughly withnméthégﬁl and dietﬁyl ether, and
then stirred with 10% acetic anhydriée‘in methanol at room
temperature for nearly 12 h. ?&e IA was then washed ex-
haustively with methanol, water, saturated éodium hydrogen -
carbbnate solution,‘water, methanol and ether and air dried.

The hapten-incorporatiogs achieved were determined as des-

cribed fof the antigens and are réported as-the number of
;o

pymoles of hapten per gram of IA’in Table 7. .

2. Immunizations.
. A N

San Juan rabbits were immunized, in groups of 3, with

, _ :
, each of the antigens derived from 1 - 6. The immunization
. ;9 ~ ~ A i

A

A



" Incorporation .Y
Antigen Immunoadsorbent
Hapten < - (mol/mol) (ymol/g)
Ca |
e-Le (f) -14.2 0.40
4 o . v
e-Le~ (4) 18.5 .o 0.50
H (5) 13.8 | 0.55
e-H (6) 19.1 .. 0.37
~
TABLE 7. Incorporation of hapten into the

BSA-antigen and immunoadsorbent

estima@%ﬁ by,the phenol-sulfuric

acid methodm‘.98

177



x O

‘Na

178
schedule used was that described by Lemieux et al.llﬁas
Protocol A. The antigen (0.5 mg) was administered in

4 ' : -4

phosphate-buf fered saline (1.6 x 10 'M NaH,PO, and 5 x 10 M

,HPO, in 0.15M NacCl; PBS) emulsified in Freund's complete
adjuvant (FCA) (0.8 mL). The suspension (0.2 mL) was in-
jected subcontaneously in each toe pad and in the neck.
Tﬁe remaining 0.4 mL was injected intramusculafiy, 0.2 mL
into eaéh rear thigh. A furthér 1 mg of antigeﬁ in PBS
(1.5 mL) and FCA (1.4me).was given over 5 separate injec—,B
tions 3 or 4 days apart, 0.3 mL in each rear thighAmusclé}

The rabbits were éi.anguinated by cardiac puncture 10-12

daxs after the last injection. The'blood was collected in

~ yaccutainer tubes and incubated at 37°C for 1 h' and 0 - 4°C

for 1 - 2 h prior to clot retraction. The sera were made

s

0.5% in sodium azide and stored at 0 F'4°C.

' ‘_ Quantitative Batch Immuncadsorption. (QBIA) 101

‘The LeZ, Led, ﬁgc, Le-disac, GlcNAc, LacNAc and H-

disac IA's WepeMavailgple%inithese laboratories. The anti-
body blndlng capac1ty of all the IA's used was estlmated by

adsorption of the undliuted anti-serum obtalned from a
<

rabbit immunized with the BSA—antigen derived from the same

hapten. In the few cases where the result of the QB%A

)

experiment indicated that the IA was within 20% of satur- \

W

ation using 100 pL of serum, the experiment was repeated

}

using 50 uL and this result was used. -

!
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ey
In a typical experiment, the serﬁm (190 uL)%was added
to a 12 x 75 mm test-tube c0nta1n1ng the ;x (30 ;sl mg) and
PBS (900 uL) and the fube was slowly rotated, at an angle
of about 45°, at 0 - 4°C for 2.5 h. The supernatant was
~ removed and the IA was washed 6 times with PBS (4 mL).
Residual PBS was removed by suction with a finely-drawn
capillary. Then 2% NH,OH (in 0.15 NaCl) (1.0 mL) was added
and, after rotation of ‘the tube for 10 min at 0 - 4°C and
centrifugation at 3000 rpm (1000 g) for 2 mln, the super-
natant was removed. The.optical density of this solution
at 280 nm was determined using the corresponding solution
obtained by identical treatment of a blank (un~-haptenated)

IA .as standard. The antibody concentration of the serum

was then calculated using the extinction co-efficient

Eégo = 14'101 according to the expression: .
antibody (m /mL) - A280 (oﬁs)
concentration ‘M9

mL of serum (usually 0.1) x 1.4

" The results of the 96 QBiA experiments. petformed are pre-

sented in Tables 4 and 5.
w N
4. Isolation of Antibodies.

The general prodedpre for the isolation of ahtibodies

from animal serum is given below. All manipulations were:

.

o
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\ " . el
[ .
carried out at 0 - 4°C.
The serum (10 mh) was passed thrdough a column (1.5 cm
: T e
I.D.) of IA (10 g) at a flow rate of 20 mL/h and the column
was washed with PBS until no U.V. (280 nm) adsorption was

detectable in the eluate. Then 2% NH,OH(in 0.15M NaCl)

qi:;umn at a flow rate of 140 mL/h

eluate was collected and immedi-
N N S X

was passed through the

and the protein contg

ately neutralized witJM éPo4 to a pH of ca. 7.2. This *

solution was dialyzf‘“'XM—SO‘memBrane) exhaustively against
PBS, concentrated to L0 mL and Ssterilized by millipore fil-
tration. QBIA adsays showed, in all cases, that about 80%

of the desorbed protein was active-antibody.

S. . N-Deacetylations.

All the N-deacetylations were performed under condi-
tions modified from those described by Lindberg et aul}s
‘The haptens (N-acetylated methyl'esters)(ca. 5 mg) were
dissolved in dimethylsulfoxide (2.0 mL) and 10N sodium
"hydroxide (0.4 nﬁd. Thisphenol (50 pL) was added and the .
'solutions were heated in a stainless steel bomb at 120°C
for hearly 65 h. After cooling, the reactions were diluted .
with water (10 mL) and neutralized with.acetié acid.
Evaporation to dryness left a gummy‘white.solid which was

extracted 4 times with diethyl ether (25 mL). This material

was dissolved in 10% ethanol and filtered through 2 columns

ey



] _ \, ' o o
f&, S £}
. 1 : ‘ “ " '\' .
(1.5 x.30 cm) of Biogel P-2, using the same solvent, to
remov§ the sodium acetate. Evaporation of thé eluate and
freeZg;d;ying of the residue provided‘the N-deagetylated
carpoxylic acids as white poﬁders. The lﬂhﬁr spectra ‘of
thege samples, recorded in D,0, were devgid of signals for
the methoxyl and acetamido methyi group protons of the
starting materials. The;e spectra were all in agreement

s o bt

with the assigned structures and required High purity.

All the free amines provided the signal for H-2 as a doublet

of doublets between 2.9 and 3.1 ppm. '
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ABSTRACT
The 1,2-0-(2 - oxa-3 - oxo-cyclopentylidene) derivative

of 3,4,6-tri-O-acetyl-a-D-glucopyranose was prepared in
qboth the exo (ﬁ) and endo (§) forms. The compounds were
prepared by bromide-ion promoted cyclization of 3,4,6-tri-
O—acetyi—2~0~(3—carboxypropionyl)—a—D—glucopyranosyl bromide.
The similar acyloythoester derivatives of phthalic acid

were prepared from 3,4,6-tri-O-acetyl-2-0-(2-carboxybenzoyl) -
a-D-glucopyranosyl bromide. The cyclizations produced a
much higher ratio of the endo forms than would be expected
from their relative thermodynamic stabilities. The
configurations were established by nuclear Overhauser
enhancement studies and their conformations deduced from
1Hmr parameters. The greater stability of the exo-
isomers appears to have a stereoelectronic origin.
Preliminary efforts to engage the acylorthoesters in re-
actions with isopropyl alcohol to form glycosides are
reported. It was discovered that carboxylic acid.prdvides

powerful catalysis for the B to a anomerization of O-

acylated ‘glucopyranosides by stannic chloride.

INTRODUCTION
The development of a generally reliable synthesis
of 1,2-trans-B-glycopyranosides in high yield remains an

important challenge. The best methods now available, using
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glucose derivatives ay an example, appear to be those in-
volving the intermediate tormation of a l,2—orthovstor.1'2
All such methods, especially when applied to hindvréd|‘wd
weakly nucleophilic alcohols, are susceptible to extensive

3,4,5

formation ot a- as well as B-glycoside. Also, the

nature of the acid used to catalyze the orthoester rearranqg-

ment can strongly intluence the route of reaction.3'6
The formation of a f-glycoside by way of a 1,2-ortho-

ester is expected to proceed by the reaction pathway out-

lined in Scheme 1. The first formed 1,2-dioxenium ion (A)

is attacked at the anomeric rather than the 2-position of

the pyranose ring because of participation of the 0-5 atom

in charge delocalization as indicated. Most probably, the

reaction, in its first stage, inyolves bond rearrangement of

the dioxenium ion (A) toward the glycosyloxon?um i?n (B) .

Nucleophilic attack at the B-side of the anomeric center

would be rendered favorable because of shielding of the a-side *

by the newly formed 2-acetoxy group which can be expected

to be electrostatically attracted to the carbonium center

as depicted in B. Stereoelectronic demands appear7 to

require the development of the glycosidic bond to occur

with a p-orbital of the 0-5 atom in an gg&ilp riplanar

orientation as indicated in C. Should the shielding of
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.the a-side of the anomeric center be lost, as is indicated
in D, then a-glycoside (E) formation is expected . to become °
the favored route of reaction ,7 _ .

9

It was ¢0nsidered of interest in this regard to5prepare

intramoleeﬁlar;1,2;a%ylorthoesters such as could be derivéd
from succinic acid (4 and 5) and phthalic acid (8 and 9)
to inhibit the accumulqtidn ofm%t&ble orthoesters derive

from external alcohol and, pérhaps, favor reaction by

way of the ‘oxocarbonium ion of type B rather than type D.

R

DISCUSSION OF RE'S.UL'I;S
3,4,6—Tri—0—aeety1—2—0-(3ic§rboxypropionyl)e—D-
“?glucopyranos§l bromide (3) was prepared from the readily
available 1,3,4,6—tetra—04acetyl-a—Deélﬁcopyranoge (1) by
way of its 2-O~(3-ca;boxypropipnyl) derivative (g). The
‘riﬁtramolecular cyclization of § to~produce the desired‘
spiro acylorthoesters (g and,?) in excellent yield was
induced by bromide-ion catalysis.8 The corresponding
derivatives of‘phthalic acid (§ aeg g) were prepared in -~
a similar menner from 7. Fractione} crystallization H
,a110wed the isolation ®f the purefg}thosuCCinate § and the
orthophthalate (§).' Attempts to oﬁtain pure eaeples ef 4
and g by‘chromatogréphic separation failed. The properties

of these compounds were deduced from mixtures of the epimers.

9
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The lH and 13Cmr parameters determined for compoﬁnds

2. §i‘§.and 9 are reported in Table I together with those
foFlihe(§tructﬁrally related qompoundg.lg to }3;' The exo-
»and ggggfconfigufations wére’assigned té compounds 4 and 5
on the basis df nuclear Overhauser enhahcément‘measuremepté..

N - P

The readily available form of 3,4,6-tri-O-acetyl-

_ : . _ L
1,2f0-(l—ethOXYéthyIidene)—a—D—glucopyrahose (lg{ has been
assigned the exoj-configuration.8

The great stablllty and unlformlty of the magnetlc‘
field generated by a superconductlng solen01d, the hlgh
resolutlon achieved at fields up ‘to 400 MHz together with
the computer—a551sted FT mode of operatlon allowé‘ﬁﬁé
"precise (within 2%) measurements of nuclear Overhauser
enhancementsg,and_thereby often provides a convenient tool -
for estimating whether'Or‘nof two or more hydrogen atoms ’
are in close proximity. Thus, for exﬁmple, the exo-
configuration of 10 could be easily confirmed by examining '
the effect of irradiéting the methyl group‘(dz 1.70) of‘the
37 H5 and

the methylene hydrogens of the ethoxy group were uniguely

~ orthoacetyl unit;i As expected, the signalé for H

enhanced by 2.4, 9.5 and 5.6%, respectively. This pléces
the methyl group closer to H-5 than H-3 which would be in’

accordance w1th the B conformation (however, as will be

=2,5
seen below,kln a somewhat distorted form). Similarly, irra-
diation ofbthe.higher field (8 2;65) multipie; for the methy-

lene protons of the succinyl residue of 4 resulted in 2.4 and
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'6.4% enhancements of the signals for Hqy and HS respec;iﬁgly.l
Alternately, irradiation 9£ H-S-df 5 caused-a'z.}%venhance;
ment of the signal‘fo;‘thi§,Methylene group. As expebted,
the signals for H-3 (6%) ana'the two H—G;s (4.7%) were
also enhanced, These measurements allow unequivocal
a#signment of the configuration of the quaternary carbon
in 4; that is, 4 is th= exo-isomer. 1In the case of 5,
irradiation of the muitiplet at § = 2.48 caused ehhance—
ment of the éignals for H—i (4.0%).5nd H-2 (2.3%) as expected
for the ggggfisémer. - 'The conforméﬁiohai preferences for é
and §.are discussed in detail below. The,cohfigurat;ons of
the phthalic acid deri?aﬁives (§ and g) are assigned bn the
" basis of the;ﬁmr parameters reported in Table I when
compaééd to those for compounds 4, 5 and 10.

Under the conditions for the bromide-ion catalyzed

cyclizaéions of 3 and 2>the ratio of exo to endo acyl-
orthdes£er found in the product vériéﬁ somewhat from '
‘experiment to experiment but in e§ery case the amount

of the exg product was less than that in mixtures obtained
when the isomers were equilibrated in dichloromethéne
contaiﬁing a trace of trifluorqacetic acid: 259:2.
and ggggfg were formed in a ratio‘of near 3:5 whereas the
ratio wa§ 5 for the.equilibiium.mixturgx_ In thé case

of é§2—§ and EEQQ'?' the ratio in the reac#ion product‘
wasv3:2"whereas in the‘equilibriumqmixture'the ratio Qés
7:2. in the case of the-eﬁhy% orthoacetate 10, the ratio

of exo to endo in the equilib#ium mixture was the same

N . .
ST SIRY RN, LA U

RN




200

as that found for 4 and 5. The rapid equilibrations are
expected to proceed by way of 1,2-dioxenium ions of the
type 15 with A = H. The faster. formation of the‘ther@o;
dynamically'less stable ggggf§?from 3 can be rationalized
in terms of an SNZ—type réplacement, asndepicted‘oy }f'
f.ggg-bromide formed from 15 (A = H) and bromide ion.

From the standpoint of repulsive non-bonded integactioné,
it could be expected that the more stable acylorthoester
would be that with the “small“ oxyéen atom in the mofe
crowded endo position. However, as noted above, io is' the
gig—isomer’thag is énergetically\ﬁore favorable.

The modified Kafplus relationégiolo used by Coxon and
Hallll in a study of the conformatio;s of 1,2-0-alkylidene
pyranose derivativéé.provides tpe torsion angles -given in

Table II for the vicinal hydrogens about the pyranosé i

rings of the orthosuccinafes 4 and 5. -
| The difference in the coupllng constants for v1c1na1
hydrogens about the pyranose rings of the orthosuccinates
i and ? reguires the change in configuration at C-2 ofvther

dioxolane ring toocause an appreciab%e change in the con-
formation of the pyranose ring. As seen abo;e, the nucleaf
Overhauser enhancement experlment favors a B2 5 -like con-
fo;mation for 4. 1Indeed, inspection of a molecuiarAmodel
suggests that 4 likely exists in the somewhat flétﬁened

and slightly dlstorted 82 5 -conformation which is inferred

by the vicinal coupling constants (Table II). In the case

t
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, ‘  TABLE II
K -
14 S

Conformations'for the.Spirb—l,2-acylorthoesters

Estimated§ from Vicinal Coupling Cdnstantsb

" y§-1,H-2 H-2,H-3 H-3,H-4 H-4,H-5

Cémpound 4 (exo)

3

J (Hz) 5.5 3.0 3.0 9.5

H,H ‘
Torsion angle (°) -38 -54 124 - 166

Compound 5 (endo)

3 .
Jﬁ,H (Hz) - 6.? 4.5 _ 7.2 9.7
Torsion angle (°) +33 -133 148 169
‘ ! - ' )

aCalculatéd'using the expression proposed

by Abfaham and'cowo:kersLo

bAs:derived from the observed spacings.

1
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of §, the large values fo; JH_3’H_4‘and JH—4,H-S are sug-.
gestiVe of near éﬂ&i—periplanar orientations between H-4
and its neighboring hydrogens (H-3 and H-5) . The value of
6.2 Hz for JH_I’H_zdrequirgs these hydrogens to define a
torsion angle of about 30°. On this pasis, the preferred'
conformetion for the pyranose ring of §.could be near the
1'4§ conformation witd H-1 and H-2 in ggggl—éxial and gquasi-
eQuaéofial ofientatidn, respectively. On.thisibasis, itj'
would be surprising that irradiation of the methylene groué
would cause stronger enhancement of the guasi-axial H-1 atom.

4

On the other hand, the 91 conformation for the pyranose ring

which has the 0-5~C-1-C-2 reglon strongly flattened so0 as to

'.accommodate the dioxolane ring also provides tor51on angles

compatible with the measured vicinal coupllng constants
(Table II) but a decision in this regaro gould not be made on
the ba51s of the coupling constants only. ‘
In order to rationalize the fact that the exo-compound
4 is thermodynamically more stable than its gégg—isomer 5, it
seems necessary‘to invoke a substantial driving force for the
oxygen atom at the 2-position of the dioxolane ring to adopt
as axial ‘an orientation as possible as indicated by the con-
formational formulas preéented for 4 and‘é (also, the related
structures § and 9). Tre d#iving force presumably would be
‘of arstereoelectrqnic origin as is the case for the anomeric

effectlz. On this basis, a rationalization seems possiblg
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since, should t:he.gz)5 conformation of ﬂ be maintained in the
case of §,'there would exist, as can be readily éauggd from a
molecuiar model, a sever;_non—bonded interactioA between the
endo-oxygen atom and H-5. Thus, the change in conformation
for the pyranose ring would be egpectgd to occur in ordef to
relieve this interaction. ‘Should thevééggfisomer (5) prefer

the flattened 4

Cl—like conformation then, as suggested by the
conformational drawing, the endo-oxygeh atom would be in a

position to cause deshielding of H-3 of 5 as compared .to H-3

~

of 5. As seen in Table I, this was indeed the case. Furﬁher—
more, this conformation would plage H-1 in a somewhat more
equatorial orientation thap H-2 and these orientations would
be more in line with the nuclear Overhauser enhancement which
were observed on the irradiatiop of the methylene-group
hydrogen atoms of,§.thaﬁ wopld be thé case should the pyranose
ring be in the l’4§ conformation. It must be recognized that
the conformations assigned'to the pyranose*fings of the acy4v
lorthoesters represent the weightéé average of the conformers
with appreciablé population in the conformational equilibria
‘énd, likely, these are not highly rigid structures.

’It was expected that acylorthoesters would be highly
prone‘to dissociation either by thermal excitation alone
or with the assistance of acid: catalysis to form dipolar
species (i?) when A is a neutral species (solvent or
Lewis acid) br the cationic species when A is a éroton.

Recently, Wulff and co—workers13 reported the synthesis

7"\
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and reactivity of 3,4,6~-tri-O-acetyl-1,2-0-(1-{4-(4-
biphenylyl)butyryloxylethylidene)~a-D-glucopyranose.

In principle, the dioxenium ion (}5) could lead to
the formation of the cyclic structu?e }g. However, this
structure was not encountered either in the preparation
of the acylorthoesters or in the product of their solvoiysis.

It can be expected that 15 would be in equilibrium with

-

}Z so thét, in the presence.of an alcohol, a glycoside
would form. Under conditions which would produce the
dipolar species }Z, the a-side could be well shielded
and thus promote attack‘by the alcohol on the B-side

to form B-glycoside as the preferred route of reaction.

" Reaction of f and § with alcohol in the presence of
a trace of trifluoromethanesulfonic acid as catalyst could
lead to the formation of the orthoester %g.' However, a
two mole excess of isopropyi alcohol did not provide a
measuréble amount ofv}glunder conditions which rapidly
equilibrate é and é. |

The aéylorthoesters (ﬁ and §) were then heated at

150° in nitrobenzene with a molar excess of isopropyl
alcohol. Only 60% of the orthoesters reaeted in 18 h.
An isopropyl ester was ﬁormed along with glycoside (30%
yield) in a B to a ratio of 5 to 1. Addition of 2,4,6-
‘trimethylbenzoic acid had no apparent affect.on the
reaction. Addition of a slight excess of 2;6—lutidine

completely suppressed the formation of glycosideV Judging
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from these results, the further pursuit of this approach

to the synthesis of B-glycosides should include a
search for more reactive §2;£g-acy39rthoesters.

Stannic chloride is known to promote the reaction of
an acetylated sugar with alcohols to form glycqsides}4'15
It was therefore of interest to examine the reaction of

these acylorthoesters promoted by this Lewis acid. Indeed,

reaction of § was rapid at 25°, with dichloromethane as
solvent, providing near quantitative yields of isopropyl
glycoside but with the a-anomer predominating. Examination
of the course of reaction showed the system to provide
strong conditions for B to a glycoside anomerization. This
was surprising since Pacsu16 had shown stannic chloride

to be a'very paor catalyst for‘this transformation and
this was recently confirmed.15 Indeed, isopropyl 2,3,4,6-
tetra-O-acetyl B-D-glucopyranoside (33) (0.1 M) in chloro-
form at 25° and in the presence of an equimolar amount of
stannic chloride was found to_anomerize very slowly (half
time of reaction about 1400 min). However, under the same
conditions, isopropyl 3,4,6-tri-O-acetyl-2-0-(3-carboxy-
propionyl);B—D—glucopyranoside (Zﬂ) and isopropyl 3,4,6-
tri—O-acetyl-Z—O—(2—carboxybenzoyl)—B—D-glucopyranoside
(25) were found to undergo\£ap1d ‘anomerization w1th half-

-
11ves of 10 and 7 mlnutes, respectively.
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\Qpese rapid rates of reaction were expected to originate
A\ . ed .

in the liberation of a proton to form the protonated species
19 and 20 (AzSnCl4) under superacid conditions, with subsequent
anomerization, probably via the open chair intermediate
(21)17. Indeed, when isopropyl 2,3,4,6-tetra-O-acetyl-
B-D-glucopyranoside (22) was subjected to the above
conditions, with the addition of one molar equivalent of

acetic acid, anomerization was near 100 times faster

(tl/é = 14 min) than in the absence of the acetic acid.

In contrast to the results obtained using the succinyl
cémpounds E and §, the reaction of the phthalyl compounds
g and g produced high yields of 3,4,6-tri-0O~-acetyl-2-0-
(2—carboxyben;oyl)—a-D-glucopyranosyl chloride when
treated with stannic chloride in methylene éhloride in the
presence of two mole equivalents of isopropyl alcohol. It
thus appears iﬁportant to choose structures for the develop-

ment of this approach to B-glycoside éynthesis that can well

separate the —COOSnCl; group from the anomeric center.

N
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EXPERIMENTAL

The general procedures and analytical methods used

were the same as previously describcd.7

1,3.4,6-Tetra—0—acety1—2—o-(3—carboxypropiony1)«u—D-

glucopyranose (2)

A solﬁtion of 1,3,4,6-tetra~0-acetyl-a-D-gluco-
pyranose ({)19 (6.76 g, 19.4 mmol), succinic anhydride
(5.77 g, 57.6 mmol) and 4-dimethylamino pyridine (0.2 q)
in 40 mL dichloromethane-pyridine (1:1, V/V) was stirred
at room temperature for 2 h by which time tlc on silica
gel using ethyl acetate, hexane, ethanol (10:10:1)
ipdicated completion of reaction. Water (20 mL) was added
and the solution was evaporated to dryness. Toluene (2
x 100 mL) was added to the residue and removed by distillation
in vacuo.

The residue was dissolved in dichloromethane (100 mL)
and the solution was washed successively with water (2 x
100 mL), 5% HCl1l (200 mL) and water (100 mL). Drying and
solvent removal provided a syrupy product in 98% yield

(8.58 g) which crystallized from ethyl acetate-hexane:

25
D

Anal. calc. for C

mp 116-117°, [a] +93.4 (C l.Ol‘CHCl3).

C, 48.22; H, 5.39.

w

18913024
Found: C, 47.96; H, 5.44.
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3,4,6—Tri—0-acetyl-1,2—0-[2f-oxa-3-oxo—cyclopentylidene]

a-D-glucopyranose (4 (ex0))'§ (endo) ]

; » A satu;ated solution of HBr in acetic acid (40 mL,
prepared at 0°) containing 3% (V/V) of acetic anhYdride
was added to a solutlon of 2 (8.50 g, 19.0 mmol) in
dlchlorOmethane (10 mL) "~ After the resultlng solutioh
had been kept at room temperature'for 1.5 h, the solvent
was removed at a bath temperatur% of 35° Toluene (100 mL)
was added to the re51dual yellow syrup and removed by
distillétipn in vacuo. After repeating this treatment a
second time, fhe product was dissolved in dichloromethane
and the'feeulting solution was decolorized with charcoal,
and evaporated fo provideFB 4 6—tri—0-acetyl—2—0—»-

(3-carboxyproplonyl) a-D- glucopyranosyl bromlde (3) as

v
.

a-whlte foam.  The crude product re51sted crystalllzatlon
but appeared essentially pure (nmr) and was used directly

‘ tovform the title compoﬁnds, The meperial was dissolved

in dry'acetoﬁitrile (30‘mL)‘and to thisfselution 4 i
moleeular sieve (5 g), tetfaethylammonium bromide (3.2 q)

and 2,6—1utidine (10 mL) were added and the miXture was
stirredfa£ reoghtempefature for 3 h. Removal of £he solide
and evaporation left a.§e110w syrup which was dissolved: T
-in‘diCﬁleromethane (150 mL) .- This sQlution wae'washed |
‘tﬁice with water,dried and evaporated to ieaVe aqsyrhp

whlqh crystallized- from dlchloromethane-dl -isopropyl -

ether as fluffy white needles, 4.43 g (60%), mp, 125- 135°
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1er of this material showed it to consist of a 5:3

The
ratio of’§ and 4. Successive recfystallizations'from B,
ethyl acetate”and dichlotomethane—diethyl ether provides
pure endo isomer (5): mp 162-164°, [alpy?t +135.6 (¢ 1.0
CHC1;). |
| Anal. Calc. for C (H,,0,,; C, 49.49; H, 5.19.

Found: C, 49.32; H, 5.16.

'1,3,4.6-Tetra-0—acetyl—2—Of(Zrcarboxybenzoyl)—a-D—

" glucopyranose ' (6) .

A plution»of,% (11.66 g, 33.8 mmol)! phthalic an-
hydridéf(7.49 g, 1.5 eq) and 4-dimethylaminopyridine (37
mg) in 45 mL pyridiné-dichlofomethane (2:1 V/V) was kept
‘at room temperatﬁre_for 9 h, then taken to dryness.

Th; residual clear sYrﬁp was dissolved in dichloromethane
{100 mlL) and the'soluti;n wés washed with S% HC1 (200 mL),
then water (100 mL). Solvent;removal.left a white solid
which "crystallized from boiling ethanoi (100 mL) in 90%
yieldiﬂls.04 g) . vOne.recrystailizatiQn provided the
énalytiéal sample; mp 159-160°, [a]D21;j107° (9_0.99,
cnc13i. |

Anal:fCalcd. for C220l3H24: C, 53.23; H, 4.87.

Found: C, 52.98, H. 4.84. .
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3,4,6—Tri-0—a¢etyl—2—0~(2—carboxybenzoy1)—a—D-glucopyrénosyl

bromide (7) -

Compound 6 (20.07 g, 40.47 mmol) was reacted with

hydrogen bromide under the same conditions u$ed for the

preparation of. 3, producing 7 as a white.féam which

1

provided an unstable crystalline product from ethanol-
hexane: mp 140° (dec), [al ®? +179.3° (¢ 1.0 cuc1,).

gna}. Calc. for C20H21011Br: C, 45.44; H, 4.09;
Br, 15.45. Found: C, 46.07; H, 3.98; Br, 15.70.

v

3,4,6—Tri-0—acety1—l,2-O—phthalidylidéne—d—p—élucopyranoée

[8 (exo), 9 (endo)].

The crude 7 appeared essentia}ly pure on examination
by t1¢ [silica gel—eppyl acetate; hexéne, acetic acid
‘(Sﬁsfl)j and was used direétlyvfor the prepar;tion of
ﬁhe_title compounds, as- described for ﬂ andvg, éxcept, / Q
that the reaction mixture was stirrea at 50° for 2 h, to
give a yelléw foam (90% yield)"' B

The ler spectrﬁmvshowéd~it to consist 6f an approxi-
mately 2:3 mixture of the 922942 énd exo 8 isomers.
Crystaliization from me£héhol‘provided 10.4 g of pure g

(59%): mp 150.5 - 152°, [a] *’

+84.3° (c 1.0 CHCl,).
Anal. Calc. fo: CZOHZPQIL: C, 55;05; H, 4.627

~Found: C, 55.03; H, 4.59.
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Isopropyﬁ 3,4,G—Tri-o—acetyl-z-b—(3-carboxybropionyl)—

8~D-glucopyranoside (24).

Isdpropyl 3,4,Gftri-o—acetyl—BQnglucopyranoside (33)20
(800 mg, 2.3 mmol) was reacted Qitb succinic anﬁydride, as
deséribed.for.the preparétion of'g, to provide a pale
'yellow solid: 1.03 g (99%) . Crystallization'from ethyl-
ééetaté—hexane provided the pure ﬁaterial: mp 116-117°,

[al 2

5 0 .
15°7.+93.3°.(c 1.0 CHCl,).

Anal. calc. for C19H28012: C, 50.89; H, 6.29.

Found: C, 50.82; H, 6.31.

Isopropyl 3,4,6-Tri-O-acetyl-2~0-(2-carboxybenzoyl)-8~D-

glucopyranoside (23)

. Compound 23 (435 mg, 1.25 mmol) was reacted with

e

phthalic anhydride, under the conditions described for the
preparation of 6, but for‘36 h. The product crystallized

from ethylacetate-n-hexane (68% yield): mp: 120-121°, .

25

lalp®” -9.87 (c 0.75 CHCL,).

- Anal. calc. for C23012H28:-C, 55.64; H, 5.68. Found:
'c, 55.78; H, 5.71.

Glycosidation Reactionsi

- 1. . Solvélysis reactions.
A solution of compound 5 (134 mg, 0.35 mmol) and iso-
propyl alcohol (0.70 mmol) in dry nitrobenzene (1.0 mL)

was heated in a sealed tube at 150° for 18 h. rSoivent



© 213
evaporation (100°, high vacuum) left a dark.yellowA5yrdp
«whdse Lime (CDC13) showed a 60; incorporation of the iso-
§r0py1 group into thevnpn—VQlatile product ahd near 40%
of equilibfated starting material (4 and 5). Thisbmaterial
was de-O;acetyiéted.by treatment with methanol—triethylamine—
water (2:1:1) overnight at room temperatuiet Evaporation
and j"treatment of a methanolic solution of the product
with Amberlite IR-120(H') gave a hixture of glucose‘and
isopropyl g}ucopyraﬁoside (30%‘yie1d) in a ratio of
approximately 7:3 (lﬂmr). The relative'intensiiieé_of the
signals for these anqmeric protons required the isopropyf‘

'

8- and a-D-glucopyranosides to be present in a ratio of 5.

2. Stannic Chloride Reacfions.

Stannic chloride (0.22 mmol) was added at room tempera-
ture to a stirred solution of 5 (85 mé,‘b.zz mmol).and_
isopropyl alcohol (0.30 mmol) in dichloromethane (l.s nL).
After 1 h, pyridine-water {1:2, 1.5 mL)'was-added ané the
mixture was then diluted with dichloromethane.. The
'solids we£e>rehoved by filtration using a Celite filtef
5ed. Removal of the solvents was achieved by azéotropic
co-evaéoratiOnnwith several portions of toluene. The
yield of crude glycoside (90%) was éstimated froﬁ the ler
(CDC13) spectrum by comparing the relative intensities of
the signals of £he methyl groups in éhe aglycon with

those for the O-acetyl sigpals. De—O—acetylatidn,
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followed by treatment with Dowex 1 x 8 (OH ), showed
the product to be a 5:4 mixture of the a and B—D—gluco-
pyranosfdes as determiped from the gelative intensities

of their anomegic doublets (aHl: $ 5.91, J 3.5 Hz;
BH):§4.52, 3 7.5 Hz. ‘Under the same conditions, but with
a reaction time of 15 h, a quantitaﬁive yield of a mixture
of the isopropyl a- and B-glucopyranosides was recovered.
The a/B iatio was 85:15. |

v

‘Anomerization Reactions

Stannio,chloride (1.0 mole equivalent) was ;ddgd with
vigorous ﬁixiog, at zero time, to a solution of the
acylated 1sopropyl B-D-glucopyranoside (22, 24 and g§)

(0.1 M) in pure dry chloroform {except in the case of the
reaction of gg catalyzed by an equimolar amount of acetic
acid) . . The sample was transferred, via a syringe; to a
thermostated (25 % 0:2°) polarimeter.cell and the rotation
was followed until it-feached a constant maximum. - The
‘reaétion mixture was neutralized and processed as described
above. The pseudo-first—order réte,constants for the
‘B;a”‘anoﬁerization were detefmined using the standard
intégrated'polarimetric rate expreséion and the half—timeé;
of reaction calculated from these constants.-

A The 1Hmr~spectra of the isolated reaction products

were, in all cases, consistent with a mixture of isopropyl

3,4,6—tri-o—acetyl—2—O-acyl—a—‘and B—D—glucopyranosides
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in .an a/B ratio of near 85:15;
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