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x . N .  ABSTRACT
N T - _
Monoclonal antlbodles W1th anti-I, spec1f1c1ty from

patlents w1th chronic cold agqutln;n dlsease have been shown
¥

to recognize spec1f1c &omalns on the ollgosaccharlde structure
BDGal(l*4)BDG1cNAc(l*6)[3DGal(l+4)BDGlcNAc(l*B)]8DGa1(l+4)
BDGlcNAc(l*3)BDGa1 iIn the case of the monoclonal ant1 I Ma
antlbody, the blndlng had been found to\pe,restrlcted to cer-

tain portions of_the ‘three sugar unlts, BQGal(l+4)82GleNAc‘
4 . &

(1‘»6)2Gal 4(or (1*6)DG1CNAC) (I) S | ,‘ ‘ ‘51

~In.order to dellneate the exact nature of the binding ‘
‘ . .
w1th the antl I Ma anthbody, a series~of 'fraudulent' ollgo-
L

! saccharldes de81gned to probe the varlous structural d%@ands,

Qf?éhe comblnlng site'were: synthe51zed for use 1n 1nh1b1tlon

\
~ - <

‘;““*“Etuaies., These 1nciud‘6‘”(AT the 2=arino=2= deoxy, Zeacetamfao—“
3, ..

&

2= deoxy and 2 -deoxy-2- trlfluoroacetamldo derlvatives of BDGal-
XY

(l+4)BDG1cNAc(1*6)l 2 3,4-di- O 1sopropy11dene aDGal,
(B) several homologous alkyl glyc051des of BDGal(l*4)BDGlcNAc,

(C) the dlastereomerlc BDGal(l*4)8DGlcNAc(l+6)6 C- CH —DGal,

3.
(ﬁ) the. BDGlc(l*4 BDGlENAc(l*G)l 2 3,4- dl -0-= lsOpropylldene—‘
aDGal (E) the 6“%deoxy derlvatlves of 8DGal(l+4)BDG1cNAcfﬂ
(1+6)Dgal and of BDGlc(l+4)8DGlcNAc(l+6) 1,2; 3 4 dl O*&soprop—

. ylldene—agGal and (F) BDGlcNAc(l-*G)BDGal(l-N;)BDGlcNAcOCH3 |

. ’ Y

o i} . iv



,é» The 1nh1b¢f10n results obtained wlth these compounds

)qxshowed tham the C 6 methylene group»of the reduc1ng BDGal

- . :2"

upit, the acetamldo group of the BDslcNAc, and’ part of the

terminal - BDGal 1nclud1ng OH- 4" and OH 6" I are 1nt1mately

bound'by the»antl—I Ma'antlbody . The most notable result is

B

3

that the D 1somer oﬁ;the 8DGal(L»4)BDGlcNAc(l+6)GAQC-CH3—

QGal was found to be a superlor 1nh1b1tor to I while the
T ) .

L—lsomer was less potent It_can therefore be concluded

that the I ‘Ma trlsaccharlde (I) enters the comblnlng 51te of

4\’,— &

< the antlbody in a conformatlon that 1s close to that of the

N
o

'~f\., -

D 1somer and thlS conformat;on was establlshed(by H nmr
. S T . 3""’ -« ° ‘?J :
spectrosoopy. S N - -

;
h -

'3“ Our intergretation of these:results is that fhe tri-

R N

. , S : , : _". N N ,4‘. . ) . ’:_‘ g , }
saccharlde-(I) is bound 1n a conformatlonvthab possesses

s s, o

!
a—reglon amenable to. hydrophoblc bondlng w1th a comblnlng

,.

_51te tha& extends between -the C- 6 grouplng of. the two DGal 'tv

1 .
unlts“and over the acetamldo group of the central BDGlcNAc

Zl

re51due W1th the 3- OH of thlS unlt hyd?%gen bonded to O0-5"
of the termlnal BDGal unit. No 1nsxght was qalned on’ the .

nature of the‘lnvolyement of the C—4"_and C—6" group;ngs
o , S . . - ' .
6f the terminal BDGal unit exceptvthat the interactions are .

FI

sbetween the hydroxYl éroups\at\these pogitions with polar

8.

groups at the periphery of the combining site.
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genic determinant in this conformation.

Display showing that the conformation of. the I
Ma antigenic determinant possesses a region along
C6-Cl'-C3'-05"~-C6" which can be expected to be.

~compatible with a hydrophobic region for the

combining site. The area marked with question,

marks indicates the region where the exact man-- -
ner of binding is not known.
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INTRODUCTION o

Part I Immunochemical Aspects

\ N

A. The Ii Antigens

. -

The human Ii blood group was diécovered;by Wiener in
19561, . The I antigens "are well'egpfessed oh red‘bqud cells
of "99.9% of ;adults, and the related i antigens are féund on_
the red cells of the uﬁbilical cords of newborn iﬁfénts and

the red cells of ‘a rare group of adults who lack th§ I anti-

gensl’2. These Ii antigens have also-been detected on human *
lymphocytes, macrOphages3, various cultured cells4’5,ané in

. . 6 ‘ : r
certain secretions . . ]

A group of monoclonal IgM cold agglutlnlns, WﬂlCh are
~autoant1bod1es from patients with chronic cold agglutlnln
disease7 that agglutinate, iﬂ vitro, red ce}ls only in cold
(up to 32°C),are directed against tﬁe Ii antigens. The
studies of the reactions of the vérious monoclonal anti-
bodiésB.—'lO with cerﬁain blood group substances from milkll and ;
human ovarian cyst fluidlz’13 revealed that the Ii determin—:
ants reside in the core structure of the ABH and Lewis blood
group antigens.: A'glycoprotein OGllyhich was isolated from
ovarian cyst fluid of a Nigerian and lacked ABH and Lewis
WactiQities was fbund to have both-I andgi determinaﬁtss_u{
Characterization of the ollcosaccharldes isolated after alkaline boro—
deuterlde degradation of purified OG substance orov1ded

evidence for the composite structure shown in Fig. 112. This

-

precursor OG substance contains a branc%gd oligosaccharide

1
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. gDGal
813Ga1(1+3) BDGINAC - ‘ P BDGLCNAC™
TN (1e3) : 1(1-6)

N BDGal(l—*B) BDG1cNAc (1+3) 8DGal (1+3) BDGal (1+3) aDGaINAc-protein
BDGal(l+4)BDGlcNAc \1 4
I BDG1cNAC

{ ¢<1+3)}

lgpcal |-

Fig. 1° A camposite structure proposed by Vicari and Kabai:n, for the
'0G oligosaccharide noiety which was based on the earlier cam-
posite structure proposed for the A, B,' H, Le , Leb substances
by. Lloyd and KabatM
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» ‘ - s . ” ‘l " 3
. B : 1
\

portion made up of‘thal(l»3)ﬁ§GlcNAc(l+3)——(Type 1 chain)

2

and BDGal(1+4)BD cNAc(l»3)—»A¢ype'2 chain) units. It does

not contain_fucosyl\residues..fo.comparfsqp to the structure

-

proposed for A, B, H, &ea, Leb‘substancesl4, oG can reasonably
]

.
3 .

be con51dered as a precursor to these latter blood group sub-

stances.” Indeed, A and B bl od- group substances can be con—‘
verted by Smith degradation to precursor like substances

51m11ar to the 0OG glycoproteln presumably by remov1ng the /

outer LFuc and DGalNAc or DGal resr@!}esl2 14

8 hl _71 .
Recent studies by Hakomorl, Fe121 et al15 17 “with mono-

clonal antibodies and dﬁycosphlngollplds further definedé the

I determrnants to be residing on the'branched ollgosacoharlde
structure BQdal(l+4f82GlcNAc(l+3)[BQGal(l;45éQGlcNAc(l46)]—
'BQGal(l+4)BQGlcNAc(l+3igGal——, Whereas‘the i'ﬁéterminant to l N

be residing on the stralght chain ollgosaccharlde structure

’

8DGal (1+4) BDGLcNAC (1+3) BDGal (1+4) BDG1cNAC (1-3) b“cal—. It was

SN

. also sbown by means of inhibition assays that, arthouqh no

two monoclonal antibodies jare identical in their-reaction
o . ; . o
pattern with various haptens, three main types of anti-I can

% b€'identifiedl8: type l% the anti-I sera Ma and Woj geact
with the BgGal(l+4)BQGIC%AC(4+6)QGal——sequence, type 2, tﬁe

N . .
anti-I sera Step, Gra, Ver and Ful react with the BDGal(1-+4}-

BDG1lcNAc(1+3) DGal—sequ nee, and type 3, the anti—I'sera Phi,ﬂ
Da, Sch and Low react only when both sequences are available.
The addition of a BDGycNAc lﬁ6)——branch to the reduc1ng

DGal residue of ‘the QQGal(l+4)BQGlcNAc(1+3)2Gal sequence

confers an enhancem7ht in the inhibitory activity with some

/
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o

of the anti-I antibodies but results in the loss of the 1

. . QO
activity as recognized by anti-i Tho, Den, Ho and McC™ |

v

B. The Immune Résponse, Polyclonal and Monoclonal
" Antibodies, and Antigenic Specificity

Antibod}es in man and animals afe associated with a
group of plaiya proteins célled immunoglobulinszo. The mono;
meric forms of immunoglobulin, for example, IgG, share a
similar basic structure which is made up of four peptide -
structures consisting of ‘two identigal,heavy'chains and two

didentical.light chains connected by interchain disulfide bonds.

RN e

Each of these monomers.has two identical ligandrbinding'éiles
capaple of binding thg antigenic determinants corresponding

td their specificity. 1In generai, the immunoglobulins iso-.
lated from a normaigserum are a complex mixture of different
ggﬁibodies with different-physicoéhemicai and_biologicél acti-
vities. With respect tq_antigen—bindihg specificities, anti-
bodies which have been obtained by deliberate immunization are
considered to have coﬁbin;ng'sites>complementary to specific
strﬁctural units of thg antigeh-employed. The immune response .
appears to involve an antigen-induced selection (afﬁer the
clonal sglection theory proposed by Burnet?lwhich ié widely "’
accepted as a working hypothesis‘for antibody biosynthesis)l
and proliferafion of antibodygﬁ?bducing lymphocytes each of
whicﬂ produce a clone of célls which manufacture antibodiés

v with specificitieé for the inducing antigen.-.énuantigen,

however, usually poséesses many immunogenic sfées and the im-

)

mune response to even one such site may result in antibodies

S
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of the same specificity, but withféubpopulations that recog-

S ©

nize the_éfructural.features of\akgiVen antigenic determinant
in differenf'ways.A Thérefore{viﬁ\idﬁibition studies, a topéL
; graphiéal\feature present in a given inhibitor may be recog-
-nized by that,pOpulation of antibodies thch is directed
against that particular pértion of the complete determinant
but not by bther antibodies of the same antigenic specificity.o
Recently, Zopf et glz?examined the pattern of the binding of
variousvcomplex sugars with antibodies.inducéd_by glyco-
éonjugates of the following oiigésaccharides, lacto—§-tétraoée
(BQGal(l+3)BQGlcNAcf?*3)BQGal(l+4)QGlc)'and laéto—ﬁ—difuCOr
hexaose I (agFuc(l+2)82Gal(l+s)[QLFuc(l+4DBQGlCNAcxl+3)BQGal—
.(1»4)2Gl¢).' It was suggested that'the polyclonal populétipn

of antibodie; résemb]? antibédies’of the same specificity but 1‘
which bind different parts of fhe.same antigenic determinant;
The anti-lacto-N-difucohexaose antibody recognized the difuco-
.syl determihant but t“% inhibifion activitxf@gcreased signifim
'cantly when either of the fucose residués was absent aﬁd was
compieteI?"ibst when both were missing. On the other Hahd,

the anti—lacﬁo—g-tetréOSe recognized the tetrasaccharide

2.

alone and this binaing was affected only slightly by the addi- S
tion of one ar'both of the»fucose units. Thﬁé# both of the
oiryx@cdunide—huhxed antibodias could‘bind’the_lacto—g—
difuéﬁhékaose buf the anEi—lacto—ﬁ—difucohexaése antibody
recognized the surface ‘of the oligosaccharide which possessed

the fucose residues whereas the anti-lacto-N-tetraose antibody

recognized arctier surface of the molecule. A good illustration



of the polyclonal nature of antibodies obtaingd by immunizaj
tion is provided by resullts in a paper by Lemieux et 5321
Antibodies raised in rabbits agéi@st an artificial LeP aﬁtigen
(a;Fuc(l+2)BQGal(l*3)[ugFuc(l%4)]BQGlcNAc—~) were found to be
extensively adéorbed by synfhetic immunoadsérbents specific
for anti-Le@ lBQGal(l+3)[agFuc(lfﬁ)jBQGléNAc——i and énti—Led'
(.LFuc (1-2) 8DGal(1+3) BDG1cNAC—) antibodies. This is attri-
buted to different populations of'antibodies in the aQti—éerﬁm.“
‘Certain populations view topographical regions on fhe’Leb
détermi%ant which are common to the Le@ but not the Led deter-
minant and vice—versa.. Therefore, polyclonal antiboay vopula-

»

tion in a given anti-serum can have an.assortment of combining.

‘ gites for a given determinant. Unless the gcombining site of

Is

" a given monoclonal antibody has been completely defiﬁed, there

&

" is %lﬁaysvthe possibility that the Best known inhibitor is a

structure which is only a pértion of the complete determinant.
In order to study the immunogenicit?_of a given aﬁti—
genic determinant, either monoclonal or highly refined'poly—
clonal antibody popul’kiozs are required. Studies aimed at
discerning how an antigenic-determinant is accepted into the
combining site ofnan antibody would, of course, be best based
on studies involving puré monoclonal antibodies. Until re-
cently, the main source of monoclonal antibodies was fhe blood
of humans ahd animals suffering from diseases cailéd multiple
myeloma24. Tge;e are neoplastic diseases involying immuno;

globulin-producing cell's. The heoplastic cells which produce o

a given myeloma protein are considered to be derived from a-



single clone and, therefore, produce monoclonal antibodies.

Myeloma proteins are obtainable in substantial amounts from a

. S ]
given patient and are readily purified and characterized‘5'26.

~ N ’ : . .
“These proteins have played important roles in the elucidation
. T

of immunoglobulin structure and antigen-binding specificity..

4

C. The Specificity of the Anti-I Ma Antibody

The monoclonal anti-I Ma aﬁtibody, whichvié'the.con—
(cern.df this thesis, if%}ts strongly w;th the glycoprotein 0G
(Fig. 1) and belongs to the typé 1 anti-I antibodies mentioned
~on p. 3. The inhibition activities of different carbohydrate-
structures with anti-I Ma are sﬁmmérized in fable I and II.
It was obvious. at the beginniné.of this iﬁvestigétion,_frgm
Table I,.that the disaccharide residue BQGal(l+4)QGlcNAc.is
involved in binding which extends to the‘B(l*Gs linkage that.
joins the QGlcNAc residﬁe to the reducing QGgl residue since

- B

structures 2, 3, 4 and 10 were inactive whereas 5 was fully

active. However, by comparing the inhibition activities of 5
and §, it seemed that the £n£act reducing DGal unit 1is not re-
quifed. The fact that changing the 8(1-4) linkage (as in §)
3t6 8(133) linkage (as in gf provided a structufe that.was
still active and more active than‘fhe 8DGal(1+4) DG1cNAc struc-
ture (less amount of 9 required for 20% inhibition than that
of }\spggested that the binding is more directed té the inter;'
nal structure which is boxed in the conformational formpla

(Fig. 2) presented for compounds 5 and 9 than to that portion

of the lactosamine residue which involves the ;erminal BDGal
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Inhibitory activities of oligosaccharides with anti-T

DGal(l—*4) BDG1NAC (1-6) 3,4~ dldeoxy—D—hex—B-emtol(lB)

Table I

Ma as determined by quantitative precipitin assays10 27, 23

) |
, + ;
'Oligol'sécchari des ' ;[\?éllsitt?g gi(f:zz—
BDGal (1+4) DGlaNAC(1) . 3.1, 50%" _
0.90, 20%

BDGal (13) DG1NAC (2) Inactive® 10
BDGal (1+6) DG1ANAC ( 3) . Inactive 10
RDGLENAC (1+6) oDGa INACO (CH,) gCOOCH (4) | Inactive | 29
5DGal (1+4) BDG1CNAC (1+6) DGal (5) 0.45, 50% 27
B:QGal(1+4).BgGld\IAc(l->6)BDGalO(CHz)8COOG~I3 (6) - 0.45, 50% 27 ¢
aDGal (1+4) BDGLANAC (1+6) -3-hexenetetrols (7) 0.45, 50% 10
BgGal(l—»4-)-BgGld\IA¢(l—>6)OLDGalNAcO(Cﬂz)8OOOCH3(8) 0.45, 50% | 29
.8DGal (1+3) BDG1ANAC (1-6) NGal (9) ‘ n0.60, 2038 | 27
BDGal (1+4) BDG1aNAC(1+3)DGal (10) Tnactive 27
8pGal (1-4) BRGIANAC \ (1,6,

BDGalO(CHz) 8CO(IIH3,(11) 0.45, 50% 29
BDGal(l—»él)BDGlcNAc/ (1+3) .
BDGal (1+4) BDG1cNAC ~(196)

» BDGalactitol (12) 0.45, 50% 10
8DGal (1+3) RpGlaiac -~ (173 h ’
odFuc
4 (123) Inactive 10

*|moles of inhibitors added providing 20% or 50% (as indicated) inhibition
of the precipitation of the anti-I Ma antibody from 15uL of the serum

by 14.5ug of the blood group substance OG 20% fram 10% <)

volume of 400pi.

in a total

+Inact_ive in inhibition at the highest amount of the inhibitors tested.

5The highest. mhlbltlon attalned was not more than 20% at the highest

amount of inhibitor tested.



Table II - Inhibitory{activitiqs of glycosphingolipids with

anti-I Ma as determined by radioimmunoassayl8

v /!
.- . o Inhibit-
Glycosphingolipids ory Acti- -
. ' : vities
BDGal(l+4)BDG1cNAc‘\ (1+6) - 1
BDGal(l+4)6DG1cNAc(l+3)BDGal(1+4)BDGlc-Cbr(lA) - 30
BDGal(l->4)BQGlcNAc/ (1>3) ' 5

ABDGal(l+4)BDGlcNAC(l+6)BDGal(l+4)BDGlcNAc(l*3)BDGal(l*4)8DGlc*Cer(15) 9

opGal (1+3) BDGal (1-4) BDGLANAC ,

a Bu%a_fﬂm BDGLcNAC (1-3) BDGal (1+4) BDG1c—Cer (16) 17
' BDGal (1+4) BDG1NAC

i

SConcentration in ug/mL requ1red to give 50% inhibition of binding of

1251 labelled I-active glycoprotein.
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OH
“OH
OH

9

_ &
Fig. 2 Conforn;;“:l"ci'onal formulae of 5(8DGal(lw4)8DGlcNAcC(1+6)-
B : . -~ 3 ’ : ) .
DGal) and 9 (BDGal(1l~3)BDGlcNAc(1+6)DGal) showing the
common part of the two trisaccharides (boxed) 4against

which the anti-I*Ma is directed.
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. s RIS v . ' B ’/ . . !
residue“z At the same-time, in view of the high activities of

o o) . ’ . . N ..

compound 7, it was considered‘7possible that the structural
~ : S| :

unit, BDGal(1l-4)BDGlcNAc(1+6) [8DGal (1+3) JuDGalNAc of the OG

glyeop;otein (Fig{ 1) would be bound by the anti-I Ma anti-

[*3

'oody To test this possibility, the haptens BDGal(l+4)BDGlcNAc—
. (l->6)aDGal\IAcO(CH o) g coocH '(8) and 82G1cNAc(1+6)aQGa1NAco (CH,)g-"

”COOCH3(4) were synthesizedzsand testedzgg The trisaccharide

. / - ’ : ’ N - .
hapten (8) was as active as were 5 and 6 but the disaccharide
- P , ™ ~ ~ . . .

4 was inactive. These results reguired an involvement of the

8DGaI(l+4) unit of the‘tfisaccharide 5 in binding with anti-I

Ma antlbody Also,'iticouldvbe noted that the presence of a
DGal unit «-linked to the 3- p051t10n of the terminal DGal {(as

in 16 in Table II) had 11ttle effect on: blndlng}' quuarly,

}

it 1s a better 1nh1b1tor than 14 ‘and not much less potent than

15 (Table II) In.contrast, a LFuc re51due a-linked to ‘the: 3—f

hd °

position of the central GlcNAc (as 1?,13'1n Table I) rendered

the structure inaetive}olrhis suggested thet the anti-I Ma
antibddy recognizesoa eertain topographieai region on:the‘.
trisfecharide'structure é which is masked by the fucose in'}g-
but nqt the galaetese inllg., It:wasth s the concern of this
thesis to provide synthetic\structures soecielly designed to

\

shed llght on the exact tooographlcal features of the I Ma

determlnant whlch is recognized by the anti-I Ma antlbody

“\



D, Antlbody Hapten Jnteractlon

The molecular bas1s of the complementarlty 1n.antibodyr

antigen"interactions has been of major theoretical interest

J

'351nce thé clas51cal studies by Landstelner on serologlcal

’reactlons?o. ‘The spec1f1c blndlng '0of a ligand by an antlbody
: is generally regarded as a'competltlve'partltlonlng of a lﬁf
hgand between water and antibody comblnlng 51te3l.4Thermod§nam4
1cally, the stablllty of the antlbody ligand complex depends
~upon the free energy change»due to the resultant non-covalent:
interactions (ionic bonds, hydrogen bonds, Van der Waals in-
teractions or charge-transfer bonds) between atomic groups on
the ligand and those ondthe-antibody combining site as.well

as the transfer of the water molecules orlglnally 1nteract1ng
w1th4these regions .to the bulk solvent. The summatlon of all
the relatively weak forces over‘the area-of ipteraction. is
responsible for the binding of a highly compatiblehstructure
and discriminates hetweenrstructurespwhich present different
topographical»surfaces.' ln favor of;hydrophobic:interaction
as the maln dr1V1ng force for immunological reactlon which is
highly stereospe01flc is the fact that, as p01nted out by
‘Salem??,London—Van der Waals interactions (dispersion forces)
can canseularge attractive}forces between large molecules if
the complex involves a‘subStantial number of appropriate dis-
tances between~atoms in both molecules.‘ These attractive‘
forces have an 1nverse 51xth power dependence on the distance
hetween the 1nteract1ng groups,’and therefore,for best blndlng,

the antigenic determinant*must provide a highly complementary

v

3



’

and conformarionally well definedisurface (topography of the
molecule) to the antibody combining site. However, aS»noted
- in some cases,-a ligand- 1nduced conformatlonal change or con-
formative response of the comblnlng 51te33 of an antlbody or
the active site34 of an enzyme allows for some flex1b111ty in
the acceotance of the llgand Cohn et al suggested3 that a

T

number of amino-acid re51dues in the v1c1n1ty of “thHe binding

13

site might not contribute to the specificity of the reaction, -

but only‘to the stabilization of the antigen—anuibody complex
once it mas formed and thus to the overall freelenergy change
of the reaction..

Carbohydrate structures are generally strongly’HYdro—
'phlllC and thelr adsorptlon from solution in water by the
comblnlng site of an antlbody is truly a remarkable event.
.Evidence has accumulated that anti—oligoSaccharide antibody

combininévsites are highly hydrophobicBS. In some cases, as

‘ S .
was pointed out by KabatBl; in which unexpected Cross-

-

react1v1t1es were observed studles of molecular models showed

complementarity 1nvolv1ng hydrOphoblc groups in the binding
of carbohydrates to a'proteln.‘-Sprlnger and Wllllamson36 nad
found that a lectln which 1s present in eel serum reacted
with an H blood group spec1flc protelh and also agglutinated

“human O red cells whlch have the type 2 H structure (aLFuc-

(l+2)BDGal(l+4)BDGlcNAc) at thelr surface.‘ The monosaccharlde

L-fucose was found to 1nh1b1t the agglutlnatlon at low con-
centrations. ‘The enantlomerlc D- fucose was found to be
inactive. However, B—Q-methyl—z-fucose»was found to be.



v

considerably more active than;the gefucose; while 3—9—methyl—w

L¥fucose was Jjust as active as the Deisomer. 'These resnlts<

can be ratlonallzed in terms of the hydrophob1c1ty of the part

of the molecules which is expected to be accépted 1nto the

comblnlng site of the lectln (Fig. 3). a—D—Fucose, which is

a poor 1nh1b1tor, has an hydroxyl group in this reglon and is
/

‘less compatlble wrth-a hydrophobic combining site on the.

lectln.»\It can be deduced then, that the carbohydrate mole—

\

'\

cule, as a. cOnformatlonally deflned structure, can exhibit a
considerable area of high hydrophob1c1ty which allows the mole—
cule to interact favorably with the hydrophobic_groups in»the_
antibody or lectin combining site'while_the hydrophilic part
of the molecule.may remain.interacting either‘with solvent
water or with polar groups at the periphery or the combining
site. |
. Amongst the monoclonal IgM antibodies, the combining
sites of the anti-I Ma and anti-I Woj'antibodies (p.3) were
confirmed by-Lemieux_and Kahat et §l27 to be complementary to
certain portions,of the three sugar_units in BDGal (1+4) -
DG1cNAG (1+6) DGal (of . (1+6) DGLeNAC) (5), although their in—>
‘hlbitory activities‘with“different oligosaccharides are
, different. In order to dellneate“theiexact nature of the-
bindlng,'syntheticﬂffraudulent' oligosaccharides“with'struc—i

3 . . o ' SR : .
tural variations designed to-probe the various' structural

demands of the comblnlng 51te are requ1red for 1nh1b1tlon.
'

.. studies. The syntheses of 1nh1b1tors related to the ant1 I

PR

Ma combinlng site'thus chstitute;the_syntheticfprogramﬂof,TU‘“L

this thesis.

14
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-
Mo \
' MO CH, ' CH,0 - CHy77 >0
- H H H
H o OH 7 —© H
HO CH, - HOon . HOCH, \ HO OocH, \
a-D-Fucose a-L-Fucose 3-0-Methyl- 3-0-Methyl-
' " a-D-fucose a-L-fucose

Fig. 3 The inhibition by simple sugars of the agglutination
of human O red cells by ah eel lectin. The arrows
indicate the possible hydroohobic regions in the case
of the inhibitors that are bound. In the case of
quFuc, a more hydrophilié environment 'is presented

. (an adaptation from Ref. 35).
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The conformational properties of oli§osaccharide

-
_ structuree, especially those of the blpod group substances,
have been of major toncern in Dr. R. U. Lemieux's laboratory
for the past ten years. The so- called HSEA (hard—ephere,
exoanomerlc effect) method 37 had‘been‘adopted for*molecular
modelling and the results arrived at by this method were veri-
fied by lH—-nmr experiment538. in the case of'the I Ma deter-
minant, Dr. H. Th¢gereen deduced, by using the HSEA method,
that the disaccharide BDGlcNAc(1+6)gDGal exists in a very
large number of energically near-equivalent coﬁforvers, thﬁe
no conclusion could‘be drawn as to whicp conformer was ﬁost
llkely to be accepted by the anti-I Ma combining site. How-
ever, the range of low energy conformers was expected to be
narrowed by the substitutio; of a methyl group for a hydrogen
at the C-6 atom: of the reducing BDGal unit. In view of the
predicted conformationel properties, the two diastereoisomers
g% and 26 were synthe51zed (p.77) and their conformations were
:verified by lH—nmr experiments which were performed by
Dr. T. Nakashima. |

The compounds achieved by chemical synthesis were
sent to Dr. E. A. Kabat (College og Phyeicians and Surgeons,
Coiumbia University, New York) for inhibiticn studies which
were made by J. Liao. The results of these‘studies will be
presented'apd discussed in a later part of this tﬁesis; The

synthetic program of this thesis which forms part of the

multi-disciplinary project will be described in Part II.



Part II .Synthetic Aspeéts,
¢ :

The purpose of this section is to briefly introduce
-the synthétic program which forms the base of this tﬁesié and
which wag designed to providé mélecular'probes fo; the exami-
nation of the binding of the trisaccharide 5 by the anti-I
Ma antibody. ‘It is expected that this overview will assis£

‘the reader to follow the presentation of the experimental

results that follow.

o
0 H
| H ©
\ OH
\
"
3y 5
As already mentioned (p. 7 ), it had already been es-

v tablished that the reducing DGal unit is oniy marginal}y in-
| volved. 1In ofder to establish which. atomic groups were
. involved, .the folldwing compounds were sYynthesized and tested
as inhibitors of the precipitiﬁ reactions of anti-I Ma and

the OG protein.

" HO

17, R=Ac ; 18, R

H ;- 19, R = COCF

~ -~ . ~ o~ -~ o~

17



s,

'18':

20, R=CHy; .21, R=CHCHy; = 22, R = CH,CH,CHy ;
23, R = CH(CH3)2 P 24, Rsé_CH2CH(CH3)2

In order to ertabllsh the orientation of the reduting
BDGal unlt of 5 when the trlsaccharlde is accepted by antl I

hMa, the conformatlonally well deflned homologues of 5 were

”{synthe51zed name}y, (the L-lsomer) ahd 26.(the~2—1somer);t

25, R = CHy 4 R' = H ; 26, R =1 ,'R'_= CH3 o
&1l of these syntheses proceeded from 3,6-di-O-acetyl-

4—9—(tetra—g—acetyl—B—Q—galactOpyranosyi)—2-deoxy-2-phthal—

imido-8-D~glucopyranosyl chloride (27) 6£ bromide (28), pre-

pared from hexa-O-acetyl-lactal via the azidonitration route

39

following the proceine‘teﬁerted by Lemieux et al Conden-

4



wf
,satlon of the bromnde (28) uﬁder“stahdard conditions®? with

the approprlate ‘alkanols provided the blocked derivatives of
compounds‘ZO to 24. Compound 17 was prepared by condensatipn
of the chloride (27) with the well-known l,2;3,4—di—9—isopro—

pylidene—d-g—galactose41 followed by deblocking‘and N-acetyla-

tion. In order to prepare the homologues 25 and 26, a proce-

dure modelled on that employed by Lemieux et §l42 was used to

prepare 1,2;3,4—di—9-isopropylidene—74deoxy-B—g—glyCero—Q—
. o ,
galacto-heptopyranose (29)and 1,2;3,4-di-0O-isopropylidene-7-

deoxy—a—g—glycero—g—ga1acto"heptopyrarose(30).These alcohols

were then condensed with the chloride 27 in’ the usual manner .

Deblocking and N-acetylation thenjprovided'compounds 25 and 26.

In order to eéxamine the role of the BDGlcNAc unit 1n
the olndlng of 5 by the anti-I Ma antlbody, the free am1ne(18i
and 1its trlfluoroacetyl derlvatlve (19) were prepared. These

Lo

were submitted for testing without removal of the isopropyli-

qxdene groups 51nce the N- acetyl compound (17) was hlghly active.

C As was mentloned above, the term1na1 BDGal unit of 5 .

“tf;was 1mpllcated in the blndlng w1th anti- I Ma antrbody ‘Syn-

‘theses were therefore de51gned to examine the extent of 1ts
”involvement'in the binding geactlon. For thls purpose, the
6" ~-deoxy derivative 3} of 5 was synthesized. The 4"—epimerv-
(32) of 17 as well as the 6" -deoxy derrvative (%%)‘were‘also
prepared in a manner -similar to the preparation of §42 but

starting with hexa-O-acetyl-cellobial. e

-
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32, R = OH 33, R=H - CH

It proved, 4in the inhibition studlesﬂcarrled out by
Kabat and Liao that the 51mple methyl glycoside of N- acetyl-i
"Q—lactosamlne was even a better inhibitor of the anti-I Ma
~than was: the trisaccharide 5. Therefore, further syntheses
_‘almed atneluc1dat10n of the partlclpatlonvof the non-reducing
,_BDGal unlt utlllzed the methyl glycoside .as a starting mateQ

s;al Two p0551b111t1es were env1saged* (1) the" blndtng ';‘\n;‘

'_chat was hlghly sgec1f1c termlnated w1th blndlng of . the non-

ﬂreduc1ng BDGal unit or,QKZ) the blndlng continued beyond
this unit to include a fourth sugar unlt As seen above,
the presence of a sugar unit at. the. 3"-p051t10n of - 5 is un-
lmkeiy.- Should the blndlng 1nclude a_fourth sugar unit, in
view of the composite structnre presented in Fig. 1, this

would most likely be at the 6"4p051t10n -and involve a

BDGlcNAc residue. Even though.ther

m?ex1sts no precedent for
4

a BQGlCNAé(ifsyBQcalil*4)BDGlcNAc(l+6)DGEl structural unit ?nfi;h

s e

I antigenic determinants, the methyl glycoside;34'Was]synthe§ 

sized.
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. 34

The éther possibiliiy'is'that the binding involves the

- 6" —hyd‘_lfoxymethy,l".'qrotﬁ: in an- iritvfamvélééﬁ‘lér»ly, hyd,rogen—bonded’ i
. - . SRR v -

form -~ as depicted in 35.. 'JTh_is matter will be discussed in

detail ‘iny Part ‘IV"_ of. the I;)isc‘us‘sio'n' of Results.




EXPERIMENTAL

General Methods

All solvents and reagents used. were reagent‘grade'and,
in the cases where further purification was reduired, stand-
‘ard procedures44 were followedv- All solid reagents for
: glycosylatlon were drled overnlght over phosphorus pentox1de
in hlgh vacuum prior. to: use uSolutlon transfers where dry
conditions were required were done—under nitrogen using stand—
ard;syringe technidues45 4 ‘ |

Thin iayer'chromatoarans thc) uere performed on pre-
icoated 5111ca gel 60 F254 plates (E. Merck barmétadt) and
v1suallzed by quenchlng of fluorescense and/or by charring.
after spraying w1th 5% sulfurlc ac1d in ethanol For column
chromotography,f51llca gel 60(0 063-0. ZO@mm Fluka A: G.
Chemlsche Fabrlk, CH—9470,sBuchs'S “GAX]WaS usedffOrﬁelution;';v
under atmospheric pressure, and for medium pressufé‘kflaéhf
chromotography 5111ca gel 60(0 040 0.063mm) (E. Merck, Darm-

tadt) was used For reverse phase chromotography on. hplc,
€18 column (5u, 8mm I.D.) (Waters Assooiates, Milford,
MAO1757) was used. For‘gel filtration:iSephadex LH-20
(Pharmacia Fine Chemicals'AB} Uppsala, Sweden) and Bio-Gel P=2
(200-4qo_mesh) (Bio—Rad'LaBoratories, ﬁichmond, California,‘
U.SLALY we"‘re“used‘:*’Mem}.araneudialysis”wasperformed’under~
medlum pressure u51ng UMOS Diaflo membrane (Amicon, Lex1ngton,:

"MA02173) , Dowex 1- XB(OH y resin was obtalned from J ‘T Baker

¥
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’ when deuterlum ox1de was the solvent HOD—4 80. ﬁelting“points‘

Chemical Co., Phillipsburg, N. J., and Amberlite IR—120(H+5

’

resin . was obtained from Mallinckrodt) Inc., Paris, Kentucky.403i

.Spectral and elemental analyses were performed by the
7
Spectral Service Laboratory undex the supervision of Dr. T.

Nakashima and the Analytical Service Laboratory under the

_supervision of Mr. R. Swindlehurst. ?TIR spectra were recorded
using a Nicolet 7199. Proton magnetic resonance(lH—nmr)SpeCtra,

were, recorded on a Varian HA-100 or Bruker WH-400 at ambient

\ 4

3 .
temperatures. Carbon-13. nuclear magnetlc resonance (1 C-nmr)
&

spectra were recorded on a Brucker .WP-60(15. O8MHz) or HFX—QO

1 13

N
v (22,6 MHz) at amblent temperature H and C chemlcal Shlfts

are in ppm relative to an 1nternal reference tetramethy151lane

(TMS, d=0.00) or chloroform (CHC13, §=7.27) in organic solvents
e
(chloroform d was usually used as solvent), and in the case

T were. determlned using a Gallenkamp meltlng p01nt apparatus in

open—glass caplllary tubes and are uncorrected. Optlcal_rota—

tions were determined by a Perkin-Elmer 241 polarimeter at 589mm

in a_l-dm cell.

&
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~

1,2;3,4—Di—0—isopropylidene—6—0—[3 6—di—O—acetYl—4;O—(tetra—

O-acetyl-B8- D—galactopyranosyl)-2-deoxy—2 phthallmldo B-D-

glucopyranosyl] a- D—galactopyranose (37)

——

3,6-Di—9—acetyl—4—9—(tetra—g—aéetyl—B—Q—galactppyraﬁb—
.'syl)—2—deoxy—2—phtha1imidoiq7B-Q-glucopyranosyl chloride (ng
(0.38 g, 0.51 mmol)> ln<hy nitromethane (2 mL) was added t§ a
solution of142;3;4ﬂir§flsopropyl1dene-a—D—galactopyranose (36) “
(0.142 g, 0.55 mmol), s —collig'):e (62 mg, 0.51 rrmol) and - 51lver |
trifluoromethanesul fonate (51lver triflate) (0. 131 g, 0.51 nnbl) in dry
nltromethane (5 mL) cooled to —15°C. The mlxture was stirred at -15°C fof
2 h and warmed up to roam tenperature for 2.5.h. The reaction mixture
- was then dlluted w1th chloroform (10 mL) and the\solids were
‘removed by flltratlon. The flltrate was washed with soaiﬁm
thiosulfate solution (10 ﬁL), cold water (10 mL) and saturated
sodium bicarbonate soiution'(le 10 mL). Solvent removal after,
drygng over sodium sulfate ieft a foam which was appiieq'to é
silica gel column and eluted with ethyl.acetate—hexéhe (1:1).
Soclvent removal of the second fraction left a‘white solia (0.364 g,
72%), mp 194-198°C, Ia]é4 -17.5°(c 0.7, chloroform); 1H—-nmr
(Fig.4) 8: 7.86-7.66 (m, 4H, phthalimido), 5.80 (dd, 1H, H-3',
Ty gv= 10.5HZ J3.4;+ 7f832)f°5;42(d 1H,H-1", jl,’zf 8. 5Hz) |

5.32(dd,1H,H—4",J3"4"=\3.0Hz,

overlapping with H-2",

J e O.GHZ), 5.10(m12H,H-1
4nsm .2

| Jlkz? 4}8HZ),'5-00(dd,lHLH-3-f J2é3"=
10.5Hz), 4.51 (m,2H,H-1" overlapping with possibly a H-6",

Jlﬁ,Z"z 8.0Hz),_4f36 (dd,1H,H- 3 2 3— 2.2Hz,.J3’4é 7.8H%)
4.20_(m,.2H,,H52->ovérlapping Wlth one other”prOton), 4.10

*{m, .3H, H-2 pverlapping with 2 other protons), 4.00 (dd, lH;
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H-4, T, ='1.5Hz), 3.82 (m, 4H, H-4' overlapping with 3 other
i )

_ proYGhs, one of which is possibly H-5"), 3.66 (m, 2H, possibly
H<5' and H-5) 2,&5 -1.91 (es 18H, acetyl methyl), 1.38,. 1.21; O

1.03°(3s, 12H, O- 8 (CH ) ;). Anal. calcd. for C44H55NO

C 54.71, H 5.74, N 1.45; found: '€ 55.70, H 5.97, N 1.37.

1,2;3, 4 Dl O—lsOPropylldene 6-0-[2-amino-2-deoxy- 4 O-(B-D- .

' galactopyranosyl)-B D—glucopyranosyl]Ja D—galactopyranose (18)

A solution of. compound 37 (0.357g1'0.37mmol) and1853
.hydrazine hydrate " (0.12g, 2.39mmol). .in ethanol (3mL) wds re-
fluxed for 2 Q;'_The white solid obtainéd éfter solvent removal
.was applied directiy £o a Sephadex LH-20 column and eluted wiﬁh
éﬁhanol-watef (l:l). Solvent removal from the main fraction:
gave a whlte solld (0.17g, 0.29mmol, 78%); lH—nmr (Fig. 5) Sv;
5. 73 (@, 11, H-1, Jl,2 - 5.0Hz), 4.61 (dd, 1H, H-2, J2;3 =
2.0Hz), 4.48 (2d, 2H, H-1' anth—l" overlapping, J = 7.6Hz and
7.6Hz), 4.16 (m, 2H, H-4 and ﬁ—S}, 3.05 (a4, 1H, H—2;)( 1.60,
1.51,1.43, 1.42 (45, 128, Ofg(CHé)z), 4;75,_4.05—3.53 (dd and
m, 14H, remaining protons). |

1,2;3,4-Di~ O 1sopropylldene 6-0-[2- acetamido-2- -deoxy-4-0- (B~D-

',galactopyranosyl) B~ D—glucopyranosyl] a- D-galacto'.ranose (lZ)

_;Compound 18 (30mg, 0.05mmol) was takén up in methanol-
water (1l:1, 2 mL) contalnlng acetic' anhydrlde (0. 4 mL) and left
at room.temperature for abogt 5 h,. The 0il obtained after sol-
véntlrémoval was applied to Sephadex LH-20 column and eluted

withjéthanol—water (1:1)-. - Solvent removal and freaze-drying of



L eh, Do e

el g

‘;the maln fractlon gave a whlte SOlld (26 mg, 0 042<mmol 82%); o

> + A RS
- \,‘»-

lH ~nmr (Flg.,ﬁ) P 5 66 (4, 1 el Jl é ='5. OHz),_ .58
(d,'lH, H-1", L.t =, 6z) 4;56'(dd, 1N, H-2, 3, 5 = 2.0Hz)
4. 50 fd H, H-1", J,, fzw = 7.6H2), 4.42 {bd, 1, ‘H- 4), 2;05,

_(é; 3H NHAC methyl)._l 605 L. 51,0 F.43,° L. 42 @ *:;LzH > é(CH 20
f

t4~11‘3-53 (m, 16H, remalnlng protons)

Lo B

'1,2;3,4-Di-0- 1sopr0pylldene 6-0- [2 deoxy 2 trlfluoroacetamldo-

4—9-(B-Q-galactopyranﬁsyl)—B—Q—glucopyranosyl]—a—g—galacto—'

I

pyranOse (19)

’ A solution of the compound 18 (30 mg, 0.651 mmol) and
'S ethyl trlfluorothloacetate (90 mg, 0'63 mmol) in_methanol ’
f(2'mL),was kept at room temperature for 2 days "The 0il ob- -
talned after solvent removal was applled to a Slllcﬁ gel
column and eluted w1th methanol. The white SOlld obtalnedA
after solvent removal of“the first fraction was filtered
_through a Sephadex-LH—ZO column in ethanol—water (1:15.
‘Solvent removal and freeze drying of the main fractlon gave. a-

| White solid (20 mg, 05029 ‘mmol, 57%). lE- nmr (Fig. 7) ©

¢ . . - 18, H-1' -
'5.66.(d, 1, H-1, J) 5 = 5.0Hz), 4.72 (d, 1H, H-1', Jy, 50 =
7.6Hz), 4.55 (dd, 1H, H-2, J, 5 = 2.0Hz), 4.50 (4, 1H, H- 1, BN
Iyw, 7.6Hz), 4.41 (dd, 1H, H-4), 1.60, 1i50, 1.42 (3s;

"0
' 12H 0~ é(CH

3)2); 4.08-3.54 (m, 16H, remaining protons) .
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Methyl 3. 6 -dis O acetyl 4- O+(tetra O-acetyl- B -D- galactopyranosyl) f}

. 2- deoxy 2 phthallmldo B D g&ucopyran051de (38) L

3, 6 di O acetyl 4 O (tetraro—acetyl B -D= galactopyrano—"

syl)-2- deoxy 2= phthallmrdo o, B D glucopyranosyl bromlde (28)
‘(mpa104-111~c;~[u]§5

B mmol) 1n dry nltromethane (2 mL) was added to a solutxon of.

+35 7°(c l O 'chloroform),‘o 293 g, 0 37

dry methanol (l mL), sym- collldlne (50 ul) AS1lver trlflate

. oL W

(O 114 g, 0 44 mmol) in dry nltromethane (5 mL) cooled to —15 C
The mlxture ‘was stlrred at —15 °C for l h. The reactlon,mlx-.m

ture:was diluted with chloroform (10 mL) and the solid was

removed by flltratlon dThe'filtrate was washed with saturated
5 sodlum thlosulfate solution (10 .mL), . cold water (10 mL) aﬁd

saturated sodlum blcarbonate solutlon (3 X lO mL) . Solvent

L D PR oy, .
l.’, . ; At - - e

. removal after drylng w1th sodlum sulfate left a wh;te solld

<

(0.287 qg) whlch was recrystalllzed from ethyl,acetate (0.198 g,
0.27 mmol, 73%); mp 227.5-229.5 C;,fqig4 +19p8 (c 0.42,
. : N 2 :. : )
,chloroform);'lenmr (Fig- 8) 6: 7.90-7.70 (m, 4H, phthallmldo)'

5.75 (ad, 1H, H-3, J. . = 10.5Hz, J = 8. OHz), 5.28 (4,
B 2,3 S 3,4.
H-1, J; , = 8.0Hz), 4.52 (¢, -1H, H-1', J 1v gr =

(s, 3H, OCHj), 2.15-1.90 (6s, 18H, acetyl methyl), 5.38-3.76
- -

(m, 11H, remalnlng.protons)f‘ Anal. oalcd. for'C33H39018N

C 53.74, H 5.33, N 1.90; found: C 53.23, H 5.34, N 1.94.

'8.0Hz) , 3;42'



Ethyl 3; 6 dl—O acetyl 4 O~ (tetra O—acetyl B D galactopyranosyl)

2= deoxy 2- phthallmldo—s gluCOpyranOSLde (39)

" The bromide‘(28) (0 3 g, 0. 38 mmol) was condensed w1th

~ o~

- dryuethaholall mL) follOW1ng the same procedures as has-beeni»“¢

described for the preparation of §§ to glve, after recrystal—‘

"1i2ation“froﬁ ethyl QCetate-hexane} the glyc051de (22) (0.21 g,

0.28 mmol, 74%); e 249 250°C; [a]24

+11.4° (c-0.4, chloroform);
.."1 N

“H-rimr (Flg._9) § . 7.90-7.70¢ (m, 4H,'ph£haiimidé)[ 5.74

2,3 3,4

J1,2 = 8.0HZ):, 4.52-(d, lH,'H-l ’ Jl',2'“= 8.‘0HZ), 3.52 (m,.

1H, OCH.A), 2.15-1.91 (6H, 18H, acetyl methyl), 1.05 (t, 3H,

(dq 1H, H-3, - 10.5Hz, J, , = 8.0Hz), 5.36 (dd, 1H, H-1,

2

_OCHZCH3 methyl§,,5.32—3.75 (mg 12H, remaining protonS). Anal.

:calcdﬁ ror C34H41018N C 5?;33( H'STBO’:N,}‘st touno:

C 54.14, H 5.58, N 1.83.

=

n-Propyl 3,6#di—9—acety174~97(tetra—g—acetyl—B—Q—galacto—

,pyranosyl)—2—deoxy-2—phthalimido—B—Q-glucopyrahoside (40)

Thefbromide (28) (0.3 g, 0.38 mmo15 was condensed with

~ o~

"dry n- propyl alcohol (1 mL) follow1ng the same procedures as
has been descrlbed for the preparatlon of 38 to give, after

Aibrecrystalllzat;on from ethyl acetate—hexane, the glyc051de

24
o als

(40) (0.219 ¢, 0.29 mmol, 77%); mp 227-229°C; + 13,5°

(c 0.4chloroform) ; lH—nmr (Fig.10) & : 7.96—7.68.(m, 4H,

phthalimido), 5.73 (dd, 1H, H=-3, 3, 3 = 10.5Hz, J, , = 8.0Hz),
. . ’ . ’ B

. T (G —’ ) = - . . : ~1" - =
5.32 (4, 1H, H-1, J, , = 8:0Hz), 4.52 (d, 1§, H-1', J., ,,

8.0Hz), 3.32 (m, 1H, OCH,A), 2.14-1.89 (6, 18H, acetyl



3

- methyl), 1.41 (ﬁ,;zﬁp (OCHé)CHéi, 0.66 (t, 3H, OCH ,CH,CH!

. JH 5 65, N 1 85

A

m
2
1%

29

. <
4

3 .
methyl),>5.30—3;68 {m, 12H¢;temaining protons) . Anal calcd

» . ﬁi , : _
for C35H43 18 C 54.9?,. ﬁsléa’-N 1.8a; found: C 55:02,

Isopropyl 3 6- di -0~ acetyl 4-0- (tetra 0- acetyl 8- D- galacto~

pyranosyl) ~2- deoxy 2- phthallmldo B-D- glycopyran051de (41)

~ ~

0.31 mmol 81%), mp 255.5- 258:5°C; [a]§4’ +3.6°(c 0.4,-ch

5.72 (dd, lH "H-3, J

¢

The bromlde (28) (0;3 g, O. 38 mmol) was condensed w1th -

"150pr0pyl alcohol (l mL) follow1ng the same procedures des-

_‘crlbed for the prep%ratlon of 38 to glvez\after recryetalll—

Lo~

zatlon from ethyl acetate hexane the glyc051de (41) (0.236 g,

- form); lH Amr ¢ (Flg 11) .*~7@90~7,70‘(m,'$ﬁ,,phthélimido):]";,

_ 5,3.%}10“5Hz' J3?4 =.8.0Hz), 5.42 (4, 1H,
H-1, ) z‘='8-10Hz>r4-752' (d, 1H, H-1', Jl. , = 8.0Hz), 2.12--
1.88 (55, 18H, -acetyl methyl); 1,12 (d, 3, OCH(CH3) , methyl

'A); 0.91 (d, 1H, OCH(CH.). methy T B), ﬂsi34—3.78 (m, 12H, re-
B . ¢ N .

372

maining protons). Anal. calcd. for e

35H 43°18" ”C.54790'

"H 5.66, N 1,83; found: C 54.56, H 5.65, N 1. 81

’ .\ ~

Isobutyl 3 6-di-0- acetyl- 4 ~0- (tetra o- acetyl B- -D- galacto—

pyranosyl)-Z—deoxy 2- phthallmldo—B—D glucopyran051de (42)

dry isobUtyl alcohol (1 mL) follow1ng the same proced

LS

" The bromlde (28) (0.3'g; 0;38 mmol) was condensed with
L ~ o~ [ j X

- described for the preparatlon of 38 to glve, after recrystal—

. lization from-ethanol, the-glyc051de (42) (0.2 g, 0.26 mmol,



]24 ;15'00(5 0.4, chloroform)f lH—nmr

68%); mp 199-203°C; lo 5
(Fig.12) 6§ : 7.90-7.67 (m, 4H; phthalimido), 5.75 (dd, 1H,

H-3, J2’3 = 10.5Hz, J3,4 = 8.0Hz), 5.32 (4, 1H, H—l,'Jl,2 =

8.0Hz), 4.52 (d, 1H, H-1', J;, 5, = 8.0Hz), 3.60 (4d, 1H,
. ! N

OCHZCH(CH3)2 OCHZA),.3.12 (ad, 1H, OCH2CH(CH3)2 OCHzB),

5.13-0.88 (6s, 18H, acetyl methyl), 1.68 (m, 1H, OCH,CH(CH,),

methine), 0.63 (24, 6H, OCH_CH(CH methyls) . Anal. calcd.

2 3°2
for Cy 00 gH: € 55,46, 5:82,"N 1.60; four: € 56.39,

)

H 5.91, N '1.83.

Methyl:2—acetamido—2—deoxy—4ﬁ9—(ngfgalactopyranosyl)—8—2-

'glucopyran051de (20)

E] >~

" Methdﬂ 1. A solutlon Jf ‘the- methylaqu@osmde (38) f:~l;-
(52F9 n9,>0.072 mmol) in 97% hydrazine hydrate-ethanol (3:20,
1 mL) was refluxed for 2 h. The solid which depositedlomf‘
cooIing was removed by filffetionhoefofe eoinent'iemo§el.

The re51due was taken up in methanol-water (1:1, 2 mL) con-
rtalnlng acetic anhydrlde (0 4 mL) and left at room temperature
for 1.5 h. Solvent removal left a SOlld which was extracted
with water and the solutlon was applled to a column of DoWex
i—X8 (OH ) resin Solvent removal'left a solid (54 mg). This
material (19 mg) was applled to a reverse phase Cl8 column
(hplc) and eluted with'methanol—water (3:7). Solvent removal

of the main fraction'gave e<SOlid which was recrystalllzed-

24
D

26.7°(c 0.25, water); ‘H-nmr (Fig.13) & : 4.52 (2d, 2H, H-1,

from methanol (6 mg, 0.015 mmol, 60%); mp 283-285.5°C; [o]



;o P N 1 1
kN . O oei !

}fﬁ”l overlapplng, 8 OHz and 8 OHz),:3 55 (s,,3H OCH ),_”

2. 08 (s, 3H, NHAC methyl),«4 8- 3 50 {am, 12H remalnlng
;protons) A;L}jo;;:gi”;;jégjy;:.ji:g:j' '

o "A':r

Method. 2. The methyl glycoslde (38) (6§;ﬁ§;j@:681f1_5_fi$
mmol) was treated with 0.125M‘sodiumjmethoxide?hethanol-éoluff

tion (2 mL) at room temperature for-lemih‘beforeAlR-IQOl(H+L;

AW r‘
‘resin was added to brlng the pH to %6 0 Solvent removal

. left a white SOlld whlch was dlssolved in ethanol (2 mL) con4"“"“

‘talnlng 97% hydra21ne hydrate (O 05 mL) and the solutlon was
refluxed for 5 h: The solvent was evaporated and the’ re51due

was: drled under hlgh vacuum. to remove excess hydrazlne The

solid was takeén up in methanol water (2»mL)5conta1n1ngvaceticl_

fanh&dfidélCQ.ﬁr@L);%hd_lefthat_ﬁpop;ﬁéwéé?étﬂré‘f?fazéhkq
Solvent removal left a solid which was,dissolved inlenalla ’
amount of water and applied to a Biogel P-2 column and eluted
"wi%h~water4ethanol"(9:ly.; Solvent ‘removal. from the main.

fractions left a solld (26 mg, 0. 065 mmol \80%)ZWhibh,was rée

crystallized and characterlzed as descrlbed in Method 1. e

R

Coge -
el

Ethyl 2—acetamido—2—deoxy—4—94(B%Q—galaotopvranosyl)-B—Q— .

glucopyran051de (21) | - s

i S

The ethyl gly0051de (39) %O.lZdug, bilﬁfmmol)fwas'dis—vﬂ

solved in 01025M sodium methox1de~methanol.(2 mL) and left'at

room“temperature for 1 h before Amberlite IR-120(HY) resin was

“added ‘to bring the pH ddwn toxabopt'S., Solvent.removal°left ’

a solid which was redissolved,in pyridine (2 mL) and heated



ether ‘was- added drOpw1se unt11 the solutlon tuzned clbudy

[E)

'Vftaken up 1n methanol water (l l 4" mL) contalnlng acetlc an--

dlssolved 1n methanol and decolorlzed w1th charcoal jTﬁé.V“

resultant squtlon was evaporated down to- about 1 mL. Dlethyl‘

On storage at‘—4 C for an few hqurs, the solutlon dep051ted a

PO

gtcrystal (55 2 mg) A sOlut;on of thls materlal (52 mg) 97%i
'“at 80 C for 2 h Solvent removal left ‘a SOlld wthh was

- hydride (0 8 mL) and left at room temperature for 2 h - Sol—ﬂ

' vent removal left a whlte SOlld whlch was redlssolved 1n water

-_'and applled to’ a Dowex l X8(OH) re51n column Solvent removal

,left a whlte SOlld whlch was recrystalllzed from methanol

Ta]2%

- 24.0°(S.0.9,

(38 mg, 0 092 mmol 61%), mp 274-275°C;

“‘water) thnmnﬁ(Fig;lﬁ)iSl:” §559°1d lH H 1, : = 8 .0HZ). -

L 2.

4.50 (4, 1H, H-1", = 8.0Hz), 2;05v(s,‘3H, NHAc methyl),

Jl',2'

1.19 (t, OCH2CH3 methyl), 4.02-3.52 (m, 1l4H, remaining protons).

n- Propyl 2- acetamldo 2~ deOXy 4- O~ (B—Q—galaotopyranosyl)fB—Q—

glucopyran051de (gg)

Treatment of n-propyl glyc051de (40) (71 mg, 0.093 mmol)
with hydrazlne hydrate, work- -up and N- acetylatlon as in
Method 1 for the preparation of (20) resulted in a white solid

(80 mg). 30 mg of this material was applied to a reverse

' phase Cl8 column (hplc) and eluted w1th methanol—water (3:7).

Solvent removal of the maln fractlon left a solid which was

rorruvetralli ool FrAm mn#-hgnf.‘l [ I s TR A NAA een ey

"32:

'”at'll59cfforfibwh* SolVent removal gave an 011 wthh was re— B

l,hydra21ne hydrate (20 mg)- in ethanol (l 5 mL) was refluxed l e'f



inrmp 276 5 278°C [a]24 20 7 (c 0 35, water), lH—nmr‘(Eigglﬁ[ 5,;;55.f

4 55 (d lH H 1 Jl 2 8 0H2),~4 50 (d lH “H= l"’?iﬁ;2§‘=i
"‘('_8.‘0IHZ‘)A, 204 (S, 3H : NHAc-»methyl) 2 l 54 (m, 2H, (OCH ')CH (CH3) C
“ﬁethyiéhéf*"o“éo (£, 3H, "0CH CH2CH3_methyl+7\A 05 3 so (m,

14H, remalnlng protons). R

e .
e

: isopropyl 2= acetamldo 2- deoxy 4 O—(B D galactopyranosyl B D—'

glucopyran051de (23)

: Treatmentfof the isagfdpyr giycoside1(§l$ﬂfé§footud:iéwd |
‘mmol) with hydra21ne hydrate, work up and N- acetylatlon as
described in Method 1 for the preparatlon of 20 resulted ia
a white solld (85 mg)._ 30 mg of this materlal was‘applied to
a reverse phase C1l8 column (hplc) andveluted with methanol—
-water (3;7)1 Solvent removal,of>th§vmain fractions left a
'solid which wae'recrystallized from methahol.(7 mg,t0:01d.mmol,
40%);'mp 264—266°C [a]24 —16 7°(c. 0. 25, waten);\lﬁ;nmrijfig;IG}

.8 : 4.68 (4, 1H, H-1, = 8.0Hz), 4.54 (&, 1H, H-1',

71,2
l' .. ﬂ8.QHz)C 1.08 (s, 3H, NHAc methyl), 1.24 and 1.18
(24, 6H, ocn(cH3)2‘methyl),_4.1073.55 (i, 13H, remaining

protons) .

Isobutyl 2-acetamido—2fdeoxy—4—9—(B—Q—galaotopyranosyl)—B—Q— .

gidcopYranoside (24) -

Treatment of the isobutyl.giycoside (42) (50 mg, 0.064

- mmol) with hydrazine hydrate, work-up and N-acetylation as

described in Method 1 for the preparation of ZQ,lresulted in



re

**Tﬂé“whipeﬁsoLide545mg)g~ﬁihis@?ééérial'(20 mg) was applled to

a”re?erée phase,plB,qoluﬁn'(hplc) and eluted w1th methanol—
- water (3;7): " Solvent removal of the main fractions left a

50lid which. was recrystallizeéd from methanol (6-mg,'o;014

"mmol, 58%), mp 282.5-284.5°C; [a] —23 5°(c 0.25, water) i
-%Hﬁnmrn(Figal71.6;?f 4. 58»(d lH H 1 Jl.z.—‘S.OHz),A4.52'
So(dp 1H; H-l'pJ 1 2 = 81 OHz),.§.4O*(dd,le1JQCH26H(G §)2i ,hb.A

- methylene &), .- %. 08 (s, 3H, NHAC mgth?lf} i;SA‘(m, lH,

OCH2CH(CH3)2

methlne), 0.92 (24, 6H, OCH. CH(CH ) methy1Y; o
4.08-3.54 (m, 13H, remalnlng protons).

2

L2;3,4—Di—9—i50propylidene—a—Q—galactQ—l,6—dialdo—

- hexopyranose kg%)

1,2;3,4—Di—g—iéopropylidene—a—g—galactose was oxidized

using the chromium trioxide-pyridine complex .in dichloro-
) ’ 53

-

methane as was described by Arrick et al™". ‘Chromium trioxide

(47 g, 0.47 mol) was added té'a styrreé’solﬁtiqnwéf éicﬁloro—
_ mgthané\(l200 mL) and anhydrous pyridine (73 g, 0.93 mol)
'ove; a peribd”of-30 min. vl,2;3,4-di—9—iSop:opyi&dene—d—Q— .
galactose (10 g, 0.0384 moli in dichlorohethane (40'mL).Was
then addéd:and the mixture was stirred for 20 min. The
supernatant solution was decénted and the tarry precipitate-

- was extracted with diethyi ether (100 mL). The combined solu-
tions were washed sucéessively with coid sodium-bicarbénate |
solution (500 mL) and ice-cold water (2 x 300 ﬁL). Solvent

removal, after drying over magnesium sulfate, left a dark

green syrup (9.47 g, 0.0367 mol, 95%). Examination of the

34



dark green syrupy crude product (95% yleld) showed it to be

~of as good a quallty as that obtalned by dlstlllatlon The

-

H-nmr - spectrum was. in accord with that publlshed by Horton

et al46

l 2; 3, 4- Di-0- 1sopropy11dene 7- deoxy B-L- glycero D-g_lacto

:L;heptOpyranose (29)

"

Methylmagne51um 1od1de was prepared under standard con-=
. ditions47 using magnesium (1 42 g, 58 mmol)*and methyl. 1od1de
(8.3 g, 58 mmol) in dlethyl ether (60 mL). A solutlon of t};;~
aldehyde g;) (8 0 g, 31'mmol)fin dietnyl ether (45 mL) was
added dropwise wrth stirring»and the~mixture'Was kept‘at~room
temerature for 15 N, The reaction mixture was then COoled in
ice-water and a 10% solution of ammonium chloride in water

(50 mL) was added.' Work—up in the usual manner using diethyl

9@

ether as extractant, drying over magnesium sulfate, and .sol-
' venttremoual;‘left’a syrup whicnvwas decolorized by passing .
a solution in ethyl acetate throuqh.a short-columnvof silica
gel.' Removal of the solvent left>a‘syrup (7.3.9) which was

dissolved“in'heXane (15 mL). On storage, the solution deposi-

ted 3.17 g of crystals which, after three recrystallizations
23

from hexane, provided2.2 g (26%) of 29, mp 90-91°C; [a)f” -58.5°

{c 1.8, chloroform); lH—nmr (Fig.19) &.: 5.58 (4, 1lH, H-1,

J) 5 = 4.6Hz), 4.59 (dd, 1H, H-3, Jy 3 = 2.1Hz, Jy . = 8.0Hz),
4.32 (dd, 1H, H-2), 4.26 (dd, 1H, H-4, J, . = 2.0Hz), 3.99

B B
(m, 1H, H-6), 3.48 (dd, 1H, H-5, Je ¢ = 6.8Hz),-1.50, 1.44,

>

35
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1.32 (3s, }23 o-¢ (cH )2), 1.26 (d, 38, (C-TVHy» Jg oy ° 6Hz) .

Anal. calcd. .for C C 56.92,'H:8J08;‘found}"c 56.87,

13 22 6 :
. H 8.05.

1,2;3,4-Di-0O-isopropylidene-7-deoxy-a-D-glycero-D-galacto-

heptopyranose (30)

The mother quudf frém tﬁé %i£g£ crystalliéaéion of the
isomer (29) was taken to a syrup (3 B6 g) which was dissolved
in dlchloromethane (10 mL), pyrldlne (4 mL) and benzoyi
chlorlde (2 mL) ., . Thefsolutlon was stifred at rdom tempe%atﬁre
.-fOrfB h and the.prbduc£~was isoléted in'the‘ﬁsual mannef;
Solvent~removal-left-a syrup thch wasltaken up iﬁ_héxane (3 mL)
and the solution was kept at -4°C for 2 days. Crystals
(0.290 g) were deposited which were debenzoylated in methanol- -
Sodium‘methoxlde without further pﬁrlflcatlon. The Qroduct
‘was appliéd to-a column of silicta gel and eiuted with ethyl
aceéaté—héxane (6&4). The main fractions Qere combined and
dissolved in a small amount of hexane and the solation de-
posited a white solid (0.188 g, 2%) when stored at -4°C over- .
.’night. This product, mp 57-58°C, [a]g3'-34.8°(g"o.3, éhlorp—
'forh), was not further purified since the }H-nmr‘spectrum

revealed it to be a nearly pure substance; lH-nmr (Fig.20) ¢ :

5.55 (q,'lH, H-1, Jl’2 = 5.0Hz), 4.62 (dd, 1H, H-3, J2,3 =
2.2Hz, J, , = 8.0Hz), 4.46 (dd, 1H, H-4, J, . =-2.0Hz), 4.30
(dd, 1H, H-2), 3.96 (m, 1H, H-6), 3.50 (d4d, 1H, H-5, Jg ¢ =

7.2Hz), 1.51, 1.45, 1.36, 1.32,.1.29 (5 peaks, 1SH,
o

é(CH3)

O0-
' C13H22 6° C 56.92, H 8.08; found: C 56.42, H 7.77.

2 and (C—7)H3 overlappinqj. Anal. calcd. for
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'1,2;3,4-Di-0-isopropylidene-6-0-[3,6-di-O-acetyl-4-0- (tetra-

O-acetyl-f-D-galactopyranosyl)-2-deoxy-2-phthalimido-8~D-

'glﬁcopyranosyl]—7—débxy—S—;—glycero—Q—gélacto—heptbpyranose(gg)g

3,6fDi—9—acetyl—4—95(Eetra—g—acetyl—Bfgﬁgalacbppyféno;

syi)—2-dequf2ephtha;imidofd,B—Q—glucobyranbsyl chloride(22)39
(1.3‘g,.;.8 mmol) in nitromethane (5 ﬁL?IWAé added to alsolﬁ—
tion of the alcohol (29) (0.5 g, 1.8 mmol), sym-collidine
(0.22 g,'l.87mﬁol) and"silver‘triflate_(0.29 g, 1.9 mmol) in
dry nitfométhane.(IS'mL) cooled to -25°C. The mixture was '’
sfirréd at —25°Cvfo;ﬂéjh.* The reaction mixturé-was then
‘stirred at room fembe?ature for 8 h. The‘solidé that were
deposited after the addition of chloroform (lOQ mL) were re-
moved by filtration and the~fi%§;g;e,wa§43ashed‘with sodium
thiosulfate solugioﬁf/aoia/;;ter,'dilute aqueous HC1l, and
saturated sodium bicarbonate solution. Solvent removal, after
drying over sodium sulfate, left a foam whith was applied to

‘a silica gel column and eluted with ethyl acetate-hexane (1l:1).

Solvent removal of the second fraction left a white solkid

.

(0.63 g, 36%), mp 119—123°c;.[a]g3 -21.6°(c 1.1, chloroform);
lH—nmr'(Fig'.2l) §: 7.80-7.52 (broad m, 4H, phthélimido),'
5.70 (dd, 1H, H-3', Jg, 4, = 8.0Hz, J,, 5, = 10.5Hz), 5.39

. ] - ' ' = ' ! —-4" =
d, lH,-H 1', ), 50 = 8.5Hz), 5.23 (broad d, IH, H-4", Jy. ,u
3.1HZ)! 5.Q4 (dd, 1Hj H-2", Jl",2" 7.5Hz, J2",3" = lO.?HZ),

4.87 (4ad, 1H, H-3"), 4.73 (d, 1H, H-1, J = 5.0Hz), 4.44

1,2

(@, 1#¥, H-1"), 3.18 (broad dd, 1H, H-5, - 8.2Hz), 2.06,

Is 6
2.05, 1.99, 1.97, 1.88, 1.80 (6s, 18H, acetyl CH,), 1.32,

4



.18, 1-12, 0.80, 0.75 (5 peaks, 15H, 0-C-(CH,), and (C-7)Hg) .
'Anal:‘calcd for C ‘H N: C 55¢16} H 5.86, N 1.43; found:

45"57%23"
C 55.02, H 5.83(:N 1.31.

l,2}3,4—Di-9¥isopropylidene—G-g-[2—acetamido;2—deoky—4—9—

(B-Q—galactopyranosyl)fs—g—glucopyranosyl]r7—deoxy—8-g—

g}yéero—g—gaiéctd—hepfopyranoseM(§§5

A solutioﬁ of compound ff (0.56 g, 0.57 mmol) and 85%
hydrazine hydrate (0.22 g, 4.39 mmol) ‘in ethanol (5 mL) was
refluxed for 3 h. Solvent removal left a syrup which was re-
dissolved in water (5 mL). The solution was neutralized with
glacial acetic acid and the precipitate formed was‘rembvedAby
:bfiltration.‘ Dialysis of the filtrate through a.UMosiDiaflo
membrahé'afforded after freeze-drying of tﬁemdialyzed solution,
a solid (0.25 g). This substance was téken up in methanol-
water (1l:1, 20 mL) contaihing acetic -anhydride (4 mL) and léft'
a% room temperature for 2 H. Sélvent removal and\qu§télli—n
zation from methanol—ether/gaVe a white solid (0.152 g, 42%),
mp 165-169°C; ‘H-nmr (D,0) é: 5.62 (4, 1H, H-1, Iy, = 5-0Hz),
4.44 (24, 2H, H-1' and H-1" overlapplng, J. = 7.5Hz and 8. OHz),
2.07 (s, 3H, NHAc methyl), 1.52, 1.48, 1.38 (3s, 12H,
O—C(CH3)£), 1.30 (d, 3H, (C—7)H3), 4.02-3.48 (m, 17H, remain-

ing protons) .
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6-0- k2 ~Acetamido-2-deoxy=4- O- (B~ D -galactopyranosyl) - 8-D-

»glucopyranosyl] 7 deoxy~L glycero—D—galacto heptopyranose (25)
I3
A solution of compound (§5) (50 mg, 0.078 mmol) in 95%

'trifluoroacetic acid (2 mL) das stirred for 3 min. at room

temperature and'rapidly eVaporated in vacuo to a syrupwwhieh

was applied to a Sephadex LH-20 column and eluted with ethanol—

‘water (1:1). Solvent removal and freeze- drylng of the main
fraction gave a white sole (13.5 mg, 0.024 mmol, 31%) ; lanmr
(Fig.23) &: 5.28 (a, H—lu, 1'2-5 2‘5Hz, H—lBAnot ebserved,
probably obscured by the HOD peak at 4.80), 4.54 (2, 2H, H-1"
and H-1" overlapping, J = 7.5Hz and 7. S5Hz), 2.14, 2.13 (2s,

NHAc-a and NHAc-B methyl), l.33‘(2d, 3H, (C-7)H,ja and B),

3
4. 08 3 44 (m, 17H, remaining protons).

1,2;3,4—Di—9—isoprOpylLdenefG-g-[3,6—di—o—acetyl—4-9—(tetra—

Q—acetyl—B—Q—Qalactopyranosyl)—2?deoxy-2—phthalimido—B-Q—gluco—

pyranosyl]-7—deoxy—d—g—glycero—g—gé}aqto—heptopyranose (46)

3; 6 Di-0- acetyl 4- O—(tetra O- acetyl B~ D-galactopyrano—.
syl)—2 deoxy 2 phthallmldoﬂxB D- glucopyranosyl chloride
\ o
(0.213 g, 0.29 mmol) in dry nltromethane (2 mL) was added to

a solutlon of the alcohol (30) (60 mg, 0.22 mmol), sym-collidine

(33 mg, 0.27 mmol) and silver triflate (60 mg, 0.24 mmoi), in

dryrnitromethane'(S mL) cooled to -25°C. The mixture was

-

_stirred at -25°C for 2 h and then warmed to room temperature
for 16 h. The reaction mixture was diluted with chloroform

(20 mL) and the solids &ere removed by filtration.’ The fil- -
b
trate was washed w1€§icold water, aqueéeous sodium blcarbonate

RS
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u - ‘»‘ . ) o R - .
solutlon,_and dilute hydrbchl ric acid. Solve rémoval after

.drylng over sodlum sulfate left a foam whlch was, &bplled to a

5111ca gel column and elu%éﬁ w1th ethyl acetate hexane (r:1). .,
Solvent removal of the second’ fractlon,left Y whlte solld ' °

= K]

(0.14 g, 0.14 mmo1, 65%), mp 114-119°a, [m]23 -20°(c 0.5, .

1 chloroform) ; lH'—nmr (Fig,?Z)”G:’ 7 80 7 62 (broad m, 4H,

\

o 7 2 ' '=
Rhthalrmldo)t 5.66 (dd, 1H,. H 3 ’ J3 4, 2,’3,

10.5Hz), 5.41 (d, 1H, H-1', N 8 SHz), 5.34 (4, 1H,

H-1,°3, , = 4.5Hz), 5.25 {(broad d, lH, H-4", J

'% 8. OHz,

3"’4"_= 3'1Hz)l

5.04 (dd4, 1H, H-2", ql",Z" = 735Hz,“Jé",3"k= 10.5Hz), 4.86

. (da, 1H, H-3"), 4.46 (4, 1H, H-1"), 2.07, 1.99, 1.98, 1.89,
1.84 (5s, 15H, acetyl CH;), 1.32, 1.22, 1.20 (3§ﬂfléﬂ;7,'
-9 : . g R ‘
O-C(CH3)2),O.§8 (d, 3H, (C 7)H ). LAnal. oalcd for C45H57023N
C 55.16, H 5.86, N 1.43; founa: 'C-54.51, H 5.76, N 1.34, "
Lo e L o |

1,2;3,4-Di-0- 1sOpropy11dene 6- 0 [2- acetamido 2-deoxy-4~0-

(B- D—gaAactopyranosyl) B D—glucopyranosyl] 7= deoxy o= D—J

_ glycero D-galacto heptopyranose (47)

Treatment of compound 46’(0 119 g, 0 12 mmol) w1th 85%
.'J :
__hydra21ne”hydrate, work up anqu acetylatlon as descrlbed

above for the preparatlon of 45‘Jresulted 1n ‘the 1solat10niof
ia whlte SOlld (72 mg) which was applied to a Sephadex LH 20
‘vcolumn and eluted with ethanol—water (l 1). Solvent removal
from the- maln fraction gave a whlte SOlld (34 mg, 0 053 mmol
44%), mp. 155- 158 °c, Honmr (D,0) §: 5.656 (d, 1H, H-1,



[

g, , = 5.0Hz), 4.50- (24, 2H, H—l}_and-Hfl“ overlapping, J =
’ : . ) Lo e . : i

'7.5Hz and ‘7. SHz), 2.10 (s, . 3H »NHAo‘methyl)i_l.GS; 1. 48 C1. 45,.

1.43 (4s, 12H; O- S(CH ). 1.25 (d 3H, (C-7)Hj), 4.20-3. 50

3 2

(m, 17H, remaining protons)

6—9—[2—A¢etamido—2fdeoxy—4¥9 (B- D galactOpyran0syl) B-D-gluco-

!

pyranosyl]-7—deoxy—2—g}ycero 2 galacto heptopyranose (26)
B : ’ . . P

A solution of compound>47 (21'mg,’o.033 mmol)‘in 70%

‘trlfluoroacetlc ac1d (2. mL) was . stlrred at room temperature

for 4 min and rapldly evaporated in Vacuo to about 0.5 mL

o and 3 drops of trlethylamlne was added. Flltratlon through a

column of Sephadex‘LH—ZO .as descrlbed above for the prepara—

s

'Qion of 25, prOV1ded a maln fractlon which was - freeze drled to

a‘whitefsolld (14.5 mgs,’ 79%); lH -nmr - (Flg 24) 6§ : 75.24, 4.66
(24, 1H, H41&.and H-18, J = 3.0Hz and 7.5Hz), 4:58} 4.49 (2d,
‘2H, H-1' and H- l" which shows up. at this field p051tlon, :
J = 7.5Hz and 7.5Hz), 2.08 (s, 3H, NHAc methyl),\l.26, 1.24
(2d, 3H, (C-7)Hja and (C-7)H.E), 4.26-3:42 (m, 17H; remaining

protons). »

' ’ , - , R » A '
Crude- 3,6-Di-O-acetyl-2-azido-2-deoxy-4-0- (tetra-O-acetyl-B-

.Q;glucopjranosyl)—a,B%Q—glpcopyranosylVnitrate (48)

e

Hexa o-acetyl- cellobial (mp 129.5-133°C, [al%4 = -24.5°

(c, l.l chloroform))48

(45 g, 0.08 mol ) 1n acetonltrlle

1

\

(315 mL) was added to a; mlxture of sodlum a21de {8.1 g, 0.124

mol) and ceric ammonlumunltrate~(l35 g, 0.3 mol) ‘cooled to

41
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~15°¢*7,

The %ééultiﬁg éuspension was'viéorously sﬁirred with
4cooling for 8 h. ,The sblid4was removed by filtration and
-'washea with tOIueﬁe;ﬂ700 mL).and tﬁe combined.filtfate and"
Washingé werebpoured:on ice (~500 g). The(ofgapic,layer was
separated and washediwith cold water:(3 xISOC ij before dry—'

ing over sodium'sulfate Solvent removal by evaporatlon in

vacuo at 45 °C left a foam (45 g).

3,6~ Di- 0- acetyl 2- 321do 2- deoxy -4-0- (tetra 0- acetyl 8 D-

f glucopyranosyl) -a-D- glucopyranosyl bromide '(49)

‘N, N- dlmethylbromoformlnlum bromlde (13.3 g, O 061 mol)
afided to a solution of the crude product 48 (40 g) 1n'(
dlcﬁloromethane (60 mL) . The, mixture was stlrred at room
tqmperatUré for 3 h to fesuit'in/gfkféér red solution before
ithium bromide (50 g, 0.57 mol) was édded. The suspension
was stirred for 7 h. _The.miXture was then diluted wifh di-.
chloromethane (60 mL) and the supernatant was decanted oﬁto
ice (500 g). The organic layer was‘separéted ahd washed with
saturated sodium bicarbon?te solution (4 x 200 mL).aﬁd water
(200 mL) befqre,érying wi;h‘aghydrous sodium sulfate  %olvent
removal by evaporation left a foam which waé redissolved in
the minimum'amoﬁnt_of ethyl aqetaté and kept in an ether bath’

for 12 h. The solution deposited‘a solid (15.6 g, 0.0%28

mole, 327% from hexa-O-acetyl-cellobial); mp 136.5-138°C; FTIR

(CHCL,Cast) vmax: 2114 (Np); 'H-nmr (Fig.25) 8: 6.35 (d, 1,
Y, ), = 3.8H2), 5.45 (dd, 1K, H-3, Jy 5 = 10.1He, Jy 4 -
8.4H2),.5.14 (dd, IH, H-3', Iy 5 - 9.0Hz,\J3.’4. = 9.0Hz),

42
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5.06 (ad, 1H, H-4','J4, g, = 9.0Hz), 4.91 (4d, 1H, H-2"';
I v iy = 7.8Hz), 4.51 (d, 1H, H-1'),” 4.49 (dd, 1H, H-6A), 4.38
(dd, 1H, H-b&' A J6 'A,6'B = 12.5Hz, J6'A,5‘ é 4f5Hz), 4.20 (m,
1H, H-5), 4.15 (dd, 1H, H-6B, Jep 5 = 4-0Hz), 4.03 (da, 1H,

B ! , . . N B ‘4‘
H-6'B, Jg,p 5. = 2.5Hz), 3.81 (ad, 1H, H-4, J, _ = 9.0Hz),

3.66 (dd and.m,. 2H,‘H—2 and H-5' overlapﬁing)} 2.10—1.94>(Gs;“

18H, acgtyl methyl). Anal. calcd. for C24H32015N3Br :

C 42.24, H 4.73, N 6.16, Br 11.76; found: C 41.93, H 4.64,

N 6.01, Br 11.89. .

-~

A portion of this product was redissolved in. ethyl
acetate with warming and petroleum ether (hexane) was added
¥ . !

: 2 ‘ :
until the solution’thrned cloudy. The solution, on-storage

at -4°C overnlght deposited a crystalllne solid+4 mp 140-141°C;

[a]2? +79.7°(c 1.3, chloroform).

Benzyl 3, 6 -Di-0- acetyl 2- azldo 2- deoxy 4- O (tetra 0- acetyl-

g-D- glucopyranosyl) B- D—glucopyran051de (50)

A solution of the‘azidobromide (49) (9.75 g, 4.3 mmol)
in nitromethane (20.mL) was added in small piitions-to-a

stirred mixture of benzyl alcohol (6 mL), silixer carbonate

(15 g, 54.53mm015, ané ﬁriérite (15 g) which_%és cooled to
-25°C. After stirring at -25°C for 20lh, the solids were‘;e—
moved by‘filtration and washed with dichloromethane (20 mL) .
Sol?ent removal lgfi a syrup which was applied to a silica
gel column and'elutéd with ethyl acetate4he¥ane.(5:6). Sol-

vent removal of the second fraction gave an o0il which crystal-

1lized on addition of diethyl ether (6.68 g, 9.4 mmol; 66%); —



£

: 24. N
mp 155-158°C; [a]D

7.32 (s,.5H, benzyl aromatic protons), 4.88°and 4.66 (24, 2H,"

benzyl CH,), 4.47 (d, 1H, H-1', J 8.0Hz), 4.38 (4, 1H,

1,2

H-1, J, = 8.0Hz), 3,44 (ad, 1H, H-2, J, 5 = 10.5Hz), 2.1a-

1.96'(45, 12H, acetyl methyl). ‘Anal. calcd. for C31H39016N3
C 52.47, H 5.54, N 5.92; found: C 52.27, H 5.61, N 6.02.

- i

Benzyi ﬁéazido—Zrdéoxy—4—9—(B—Q—glucopyranosyl)-B—Q~

glucopyranoéide (51)

The acetate {50) (4.0 d, 5.64 mmol) was diséolved in
0.01N so&iﬁm methdxide—methaﬁol (75 mL), and left at room
temperature for 1 h. Thé solution was tfeated'&ith IR-résin
lZO(ﬁT) to bring the pH to about 6.0. Tﬁe resultant solution
was evaEQrated in Ygggg down to “about 10 mL when crystallizé—
‘tion éccurred. ' The crystals (2.37 g,_5:i9 mmol, 92%) were
collécted and'washed with cold methanol; mp 195—198°é,‘[a]§4
_7.4°(E‘Q.4, methanol). Anal. qéléd.‘for.C19H27OION3
'C 49.89, H 5.95, N 9.19; found: C 49.69, H 5.99, N 9.24.

»
-

Benzyl 24amino—2-aeoxy—4—9—(B—Q—glucopyranbsyl)—8—Q~gluco?

ipyranqside (52)

A slow stream of hydrogen sulfide was bubbled through an ice-
cold solution of the azide (51) (2.0 g, 4.38 mmol) in pyridine
(25 mL) and triethylamine (15 mL) for 2.5 h. The solution

was evaporated to dryness and the residue was extracted with

methanol-water (l:1). The extract was filteredlthrough a bed

1

44
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of diatomaceous earth and solvent removal of the filtrate re-
sulted in a dark;colored solia (1.96 g). The solid was‘again.
taken up in Water and the suspension was centrifuged. Freeze-
drylng -0of the supernatant gave a yellowish whlte solid (1.58 g,

3.67 mmol, 84%); [a]25 -28.2°(¢ 0.6, water); lH—nmr (D O)ldz
R - 2

"7.46 (s, 5H, benzyl aromatic)‘4.54—4.50 (24, 2H, H-1 and H-1'

overlapping, J = 8.0Hz and 7.5Hz), 2.72 (gd, 1H, H-2, Jy 5 =
ST . : . , .

S.OHZ, J2k’3 = 9.5HZ).

Benzyl 3,6-di-O-acetyl-4-0-(tetra-O-acetyl-B8-D-glucopyranosyl)-

2—deoxye2-phthalimide—B—g—glucopyranoside (§§)t ' Ay

Phthalic anhydride (97 mg, 0.65 mmol) was added to a o

, _ X

solution of the amine (5%) (0. 489 g, 1. 13 mmol) in pyrldlne
(4 mL). The solution was heated to 60°C for 20 min. Tri-
ethylamine (0.1 g, 0.99 mmo}) and more phthalic anhydride

(97 mg, 0.65 mmol) were added and ‘the heating was continued

‘for 1 h. Methahol (2 mL) was added and the solution was -

eva?orated to dryness;~ The residue was taken up in pyridine-

o

acetic anhydride (2:1, 3 mL) and heated at 80°C for 3 h.
Solvent removal left a dark foam which was applied to a silica
gel column and eluted with ethyl acetate—hexane'(l-l) .§6T>\

Y : A
vent removal of the main fraction left an o0il which wag’ redis-

"solved in dlethyl ether and decolorlzed w1th charcoal The

resultant solution, on storage in open-flask for 2 days, -

deposited crystals (0.55 g, 0.68 mmol, 60%); mp 138-140°C;

[a]24 42216°(Q 0.95, ehloroform); lH—-nmr (CDC1

D ) 6. 7.80-

3

.7.68 (m, 4H, phthalimido), 7.12-7.04 (m, 5H, benzyl arodmatic),

k

f
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2,3 = l0.0Hz, J§'4.='8.0Hz), 5.35 (4, 1H,

= 8.4Hz), 5.14. (dd, 1H, H-3', J,, 4, = 9.0Hz,

= 7.6Hz), 4.81

5.72 (ad, 1H, H-3, J

Hflr Jl'z/

J = 9.0Hz), 4.92 (44, 1H, H-2', J

31,4|
(d, 1H, benzyl CH

1',2' o
, BB, J,o = 12.0Hz), 4.58 (qd, lﬁ,lH—GA);
4.56 (4, 1H, H-1'), 4.51 (4,. 1H, benzyl CH2 H-B), 4.33 (44,

N 1H, H-6'A, J = 12.5Hz, = 5.0Hz), 4.26 (dd, 1H,

6'A,6'B Jera,s5

H-2), 4.16 (a4, 1H, H-6B, Jo, op = 120z, Jop o

4.02 (dd, 1lH, H-6'B, J6'B 5 = 2.0Hz), 3.87 (dd, 1H, H-4
, 5

= 8.0Hz), 3.78 (m, 1H, H—S), 3.64 (m, 1H, H-5").

= 5.0Hz),

.+ 74s |
Anal. calcd. fo; C32H37N018 f. C 57.56, H 5.33, N 1.73; fqugf:

C 57.03, H 5.33, N 1.69.

3,6—Di-95acety1—4-9—(tet:a—Q;acetyl—S-Q—gludopyranosyl)—

2—deoxy—2—phthalimido-u,B—g—glucopyranose‘(§§)’

The compound 53 was hydrogenated in ethanol—ethyl
acetate (l:1) at 50 psi and room temperature using 5% palla-
dium on charcoal as catalyst fo;'20 h. The yield was,quanti—

tative. 'lH—nmr (CDC1.,) ¢ : 7.90*7.70 (m, 4H, phthalimido),

. 3 |
6.00 (dd, 0.2H, H-3a), 5.76 (dd, 0.8H, H-38), 5.64 (4, 0.8H,

H-18), 5.34 (d, 0.2H, H-la), 2.21-1.82 (m, 18H, acetyl methyl).

'3,6—Di—O—acety1—4—O—(tetra—O—acetyl?B-Q—glucopyranosyl)—2—
2 ol = A >

fec]

‘deoxy—é-phthalimido-a,B-glucopyranosyl?chlbride (55)

N,N—Dimethylchlofoforminium chloride (95 mg, 0.74 mmol),
the alcohol (§é) (0.13 g, 0.18 mmol), and sym-collidine

(0.1 g, 0.82 mmol) in dichloromethane (2. mL) was stirred at
& : U s . v

FARET
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:odm témperature for 1 h. The reaction mixture was diluted
‘with chloroform (lb mL) and washed successively with cold

water (10 mL)‘ané‘saturated sodium bicarbonate solution (3 x

14

10 mL) ." ¢Drying with sodium sulfate and'solvent removal left

a solid (0.122 g, 0.16 mmol, 89%);th—nmr (Fig.26) & : 7.82-

7.66 (m, 4H, phthalimido), 6.48 (dd, 0.2H, H-3a), 6/12 (d,
! " / .

0.8H, H-18, Jyo ,, = 9.0Hz), 6.08 (d, 0.2H, H-la, Jy , =

3.6Az), 5.66 (4d, 0.8H, H-38), 2.12-1.82 (m, 18H, acetyl -

methyl) .

\

1,2;3,4-Di-0-isopropylidene-6-0~[3,6-di~0Zacetyl 4-0- (tetra-

Q—acetyl—B—Qfglucopyfanosyl)—2-deoXy—2—phthélimido—B—Q—

glucopyranosyl]-a-D-galactopyranose (56) S '

The chldride (55) (0.1.g; 0.13 mmol) in nitromethane -
(0.5 mL) was added to a solution of the alcohol 1,2;3,4-di-
g—isopropylidene:a—gjgaiactopyraﬁose'(33 mg;;O.lg mmol) , EXE;‘
collidine (16 mg, 0.13 mmol), and‘silﬁer triflate'(33 mg, .
O.lé mmol). in dry nitromethane (1.5 mL) éooléd’to —?O°C. " The
mixture was stirredfat ~20°C for 3 h and then worked;up the

same'way as has been described for the compound (37). The

chloroform-diethyl ether; mp 235-237°C; [on]D

chloroform) ; lH—nmr (Fig.27) 6§ :  7.90-7.66 (m, 4H, phthalimido),

'5.78 (d4a, 1H, H-3', '10.8Hz, J = 8.0Hz), 5.45 (d,

Jor, 30 3,4

1H, H-1"', Jl',2' = 9,0Hz), 5.12 (4, lH',. Hjl, Jl,_2 = 5.0HZ,-

this proton is overlapping with other protons), 4.58 (d, 1H,

. -

H-1", J1"~2; = 8.0Hz, overlapping with othér prétons)L
. ' . . _

/
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2.17-1.88 (6s, 18H, acetyl methyl), 1.40, 1.24, 1.04 (3s, 12H,

o

44755

C(CH,),) . Anal. calcd. for C, H NO,; : C 54.71, H 5,74,
N 1.45; found: C 55.67, H 5.96, N 1.45. |

1,2;3,4-Di<0O-isopropylidene-6-0-~ [2-acetamido-2- deoxy-4- O0-

(B D- glucopyranosyl)— - -glucopyranosyl]-a—g—galactopyranose(gg)

A splution of compound 56 (23.5 mg, 0. 024 mmol) and 85%
hydra21ne derate (0. 15 mL) in ethanol (1 mL) was refluxed for

2 ' h. Solvent’ removal left a solid which was dissolved in

“ ~.'

methanol- -water 1: l lme) containing acetic.anhydride (0.25 mL)
@é ) /“'{\\' AY ’ '

&nd the solutlon was kept at room temperature for 2 h. Sol-
vent removal left a. solld Wthh was;applled to a Sephadex LH- -

.20 column and elut@d %th ethanol—water (l l) . Solvent

removal of a main frastﬁbn"ﬁ?ﬁt a white SOlld (10 6 mg, N7

mmol, 71%). 1H—nmr (Fig. 28# 83, 5, 63 (4, 1H, H 1,,Jl 2&—\ 
g & 4 7

4.55 (m, 3H, H-1', H-1", H-2 overlapping) , 4.40‘(dd, 1H, &H—Q‘?

‘ . 4 Q -
2.10 (s, 3H, NHAc methyl), 1.61-1.42 (4s, 12H, O—C(CH3)2).

; ' '

Benzyl 4—9f(B—Q—galactopyranosyl)—2—deoxy—2-phthalimidé—

—

B—Q—glpcopyrahpSide (57)

(i) Sodium hydroxide 301u£ion (4N, 25 mL) wdas added to a suéj
pension of benzyl 3,6—di—97acetyl;4;9§(tetra—g-acetyl—
B-D-galactopyranosyl)-2-deoxy-2-phthalimido-B-D-gluco- s
pyranoside39 (0.5 g, 0.62 mmol) in methanol (25 mL) and
the mixture was stirred for 1 h. The resultant,clear.

-

v ' , ' .
selution was then treated with small amount of IR-resin



(i)

‘material was treated with NaOCH

49

120 (HY) to bring the pH down to "5.0. Solveht removal '

by evaporétion gave a whzte_éolid (0.313 g) which had

the samé'Rf onﬂ£lc(7‘ethyl aéetate:Z ethanol:1 Waﬁer) as
the more éolar‘side product observed when the starting
3—CH3OH as described in = °*
method ii (below). The solid was taken up in dry pyridine
(10 mL);and heated at 115°C for 10 h. It was observed

on tlc the compléte disappearance of the starting material

and a heW'product which has the same R_ as the main

f

: ¢
product obtained in the following preparation (ii). Sol-

vent .removal left a yellowish solid which was redissolved

in methanol (40 mL) and the solution was dedblqrized by

Charcoal.' Solvent removal left a white solid (258 mg,

0.46 mmol, 75%); mp 255-257°C; [a]g3

cast) vmax: 1701.9 cm * (phthali-

-44.0°(c 0.10,
methanol; ‘FTIR (CHCl3
mido carbonyl) ; 13C—nmr (pyridine) 6 : there are 13 peaks

for the ring éarbon atom and the benzyl methylene carbon .

- 105.9 (c-1'), 98.5 (c-1), 83.4, 77.2, 76.8, 75.2, 72.6,

70.9, 70.6, 70.1, 62.2 and 62.1 (C-6 and C-6'), and 57.6.

The compound benzyl 3,6-diP9—acetyi—4—9—(tetraég—acetyl—

g-D-galactopyranosyl)-2-deoxy-2-phthalimido-B8-D-gluco-

pyranoside (0.5 g, 0.62 mmol)s,was treated with 0.2 N
| Yo o
sodium methoxide-methanol (150 mL) for 5 min at room

temperature. The resulting mixture (the solid was not

.completely soluble) was treated quickly with IR-120(H™)

;

‘'resin to bring the pH down to V6. Solvent removal left



a white selid (0.39 g) which showed on tlc (7 ethyl
acetate:2 ethanol:1 water) as a major faster-moving spot
and a minor‘slow—moving spot. The'mixture, on refluxing
in dry pyridine, resulted'in the disappearance of the
more polar contaminant and after the same work—up as in

method i afforded a solid (p,280 g, 0.50 mmol, 82%); mp

254-257°C; [a]§3 -44.8°(c 0.17, methanol) .
anal. calcd. for C..H..O0..N C'57.75, H 5.56, N 2.49;

‘ 27731712
found: C 57.62, H 5.49, N 2.30.

Benzyl 4-0-44, 6-0-benzylidene- B Drgalactopyranosyl)—2 deoxy—

2- -phthalimido-B- D glucopyranos1de (§§)

The compound (57) (0.80 g, 1.42 mmol) ,a,%~dimethoxy-

toluene (0.43 g, 2.84 mmol) and p-toluenesulfonic acid mono-

hydrate (11 mg) in dry acetonltrlle (15 mL) was stirred at

room temberature for 7 h. Triethylamine was added drJdpwise

. to bring the pH to about 7. Solvent removal left an o0il which

was applied‘to a silica gel column and eluted with ethyl

acetate-methanol (9:1). Solvent removal of the main fraction
left a solid (0.78 g). The solid was redissolved in methanol'
(15 mL). The solution was filtered and concentrated by evapo—‘

ration to about 5 mL. Diethyl ether was then added dropwise
until the solutlon turned clemdy. On storage at room Eempe—
rature overnight and then at -4°C for 5 h, this solution de-

posited crystals (0.54 g, 0.83 mmol, 58%); mp 206-207°C;

24 R 5 ’ ‘ - . r
]

[a D ;72.4°(E l.l,‘chloroform); lH—nmr (CD3OD) §: 7.81 (s,

4H, phthalimido), 7.61-7.25 (m, 5H, benzylidene aromatic),

50



%
b
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©7.10 (s, 5H, benzyl aromatic), 5.60 (s, 1H, benzylidene

methine), 5.20 (d, 1H, H-1); 13C—nmr (Fig.31) § : there are :

14 peaks for the ring carbon, the benzyl methylene carbon and

the benzylidene methine carbon: 105.5 (C-1'), 101.5 (benzy-
; | >
lidene methine), 98.6, 82.0, 77.3, 76.9, 73.8, 71.9, 80.0,

70.3, 69.5, 67.8 (C-6'), 61.7 (C-6), 57.9. Anal. calcd. for

(2

C34H35012N : C 62.86, H 5.43,-N‘2.16; found: C 62.22

N 2.14.

’
B

H 5.28,

‘Benzyl 376—di—9facetyl-4—9—(2,3—di—9—acety174,6—9—benzylidéné—

B—Q—galactopyranosyl)—2-deoxy—25phthalimido—B-Q—glucopyrano¥

side (59)

~ o~

The' compound 58 (0.62 g, 0.96 hmoi) was dissolved- in
acetic-anhydride-pyridine (1:2) and heated at 80°C for 3 h.
Soivent removal left a yellowish foam which was decolorized
L - pessing through a short column of silica gel and eluted
with ethyl acetéte: Reﬁoval of the solveng-gave a solid which
was fecrystallized from ethanol. The yield of this pure prod;
uct was 81%; mp 210-212°C. The lH—n;fﬂspectrum (Fig.32) isi |
consistent with the structu?e éssigned. Anal. calcd. for
CyoH 301N 0 C 61C69, H 5.30, N 1.71; found: ¢ 61.35, H 5.32,
N 1.24.



Q‘)x
) - : . —

Benzyl 3,6-di-O-acetyl-4-0-{(2, 3—di—0—acetyl—B—Q—galacto-

pyranosyl) -2~deoxy- 2 -phthalimido-g- D-glucopyranoside (60)

. s

The benzylidene coméound.(59) (0.47 g, O 58~mmoi) was
treated with 80% aqueous acetic acid at 80°C for 3'h. Solvent
removal left.a foam whlch was applied to 5111ca gel column
and eluted with ethyl acetate-hexane (4:1). Solvent removal
of the main fraction gave a solid in 82%.yiéld.' lH—nm_r_Spec—
trum (Fig.33) of this solid was conéiétent with the stru¢tUre‘
assigned.

N ’ ' ‘ s
. " ; . .

Benzyl 3,6—di—9~acetyl—4—9-(2,3,4—tri—Q-acetyl—G—deoxy—6—

iodo—B—Q—galactopyranosyl)—ZLdeoxy—Z—phthalimido—B—Q-

glucopyranoside (61)

Methéne;ulfonyl chloride/ (60 ﬁg, 0.52 mmol) was addéd
inltwolbatéhes (15 min interval) to a solution of the diol
(60) (0.3 g, 0.41 mmol) in dry py-ridine (2 mL) cooled to -
-20°C. The reaction mixture was kept at -20°C for .12 h and
then allowed to warm ﬁp‘to room temperature after a fewdrc;ps’n
of'water was added. Solvent removal lgft an oil which was
applied tova silica gel co}umh.and eluted with ethyl écetate-
hexane (4:1). Solvent removal of the main fraction gave an
oil (0.18 g) which was directly treated with acetic anhydride-
pyridine (1:2) for 3»9. gﬁemoval of solvent léftla solid
(0.19 g). This mate?ﬁ#ivgnd potassium iodide'(Q,S g) in
N,N—dimethylformamide §éimL) were heated at 80°é.for 72 h;f'
The reaction mixture wés aiiuted with chloroform (10 mL)'éha

| s

ES

C5

52



washed with cold water (3

sulfate. The residue,

after solventgremoval

%

10 mL) before drying with sodium .

was applled to

a 5111ca gel column and eluted with ethyl acetate hexane (3 2)

Solvent remgval of the main fraction gave a SOlld (0 12 g,

0.13 mmol, 32%), lH-—nmr

mido), 7.12 (s,

10.5Hz, J

3,4 = ?:ZHZ)

1.0Hz) ,

Jy,3 7
3.4Hz,

J4|’5|

lH, H-2"',

5.36

(da,' = 7.5Hz;

| Jl',2'
"H=-3")., 4.82
H- 6A J6A 5
'1H, benzyl methylene B), 4.28
H¥B, Jep,5 =

3.86

(aq, 1H," = 2.0Hz),

4.5HY%) , 3;94'(dd,

(m, 1H, H-5), 3.76 (m,

B), 2.16-1.91 (5s, 15H,

I 14.42; found:

'C37H41016NI

Q-

(Flg.34)_6:
; 5.

(d,

4.55

(aq,

?

7.

5H, benzyl aromatic),_§:80

55

1H, H-

2',3!

(d, 1H, benzyl methylene A; J

4,

- 1H, H-4,
lH,- H—S')r

acetyl ‘methyl) .

(ad,

1H, H-2),

83-7.69

1H, H-

l. Jl g

lO SHZ)

A,B

1H, H-1'),

)
14,5
3.10

Anal.

I 14.53.

(dd,

4",

P
.17 {dd,

(m,,

(m,
‘lH, H-3,
J3’l 4_! ‘.=
8 5Hz ,‘5;11
, 4.97

(ad, 1H,

12 OHz), 4.58
4.53 (4,

1H,

'=110;0Hz),

2H, H-6'A and

calcd. for

Benzyl 3,6-di-0- acetyl 4~ O (2 3,4-tri- O ~acetyl-6- deoxy B-D-

galactopyranosyl) -2- deoxy 2~ phthallmldo 8 D- glucopyran051de(62)

- e

The iodo compound'(§}I

(0.11 g, 0.12 mmol),

<
tri-n-

butyl tin hydride (0.14 g, 0.48 mmol) 2,2'raéobisisobutyro—
' : i

nitrile (5 mg)

in toluene was heated at 55°C for 20 h.

Solvent removal left an 011 wh}ch/;/s applled to a silica gel

column and eluted with ethyl acetate hexane,(l 1) .

.Removal -

of solvent from the second fraction gave an 011 (48 mg, 0.06

mmol, O%)

and'conforms to the structure assigned.

1
H-nmr requlres this to be a near pure substance'

1H—nmr (Figm35) S:

4H phthall—

(RS



6-7/70 (m, 4H, phthalimidq)i_7.P6 (s, 5H, benzyl. aromatic)

'5.76 (dd, 1H, H-3, K

23 ;;o‘snzf Iy 4= 7.0Hg), 5. 41 (d, lHﬁ
.H—l,‘Jllé = 7.2nz), §.22-(dd,»lH,.h—4 , J3,,4rp§ 3.5Hz,
4' é-'= 170Hz)%'5.14 (ad, 1H, B-2','3,, j--? 7'5Hz, Tpr 30 =

10 OHz), 4“98f(dd 1H, H—3‘),d4 84 (d' 1H, benzyl methylene A,

JAB = 12 OHZ), 4. 58 (dd 1H, H-6a, J6A 5 = l SHZ) 4.56»(dp

lH benzyl methylene B), 4.55 (d lH, H—l,),‘4;26 (aqa, 1H, "

H-2), 4. 17 (ad, 1H, H-6B,°J = 3.5Hz);.3.88 (ad, 1H, -H-4),

6B,5

3T80:(ddﬁ 1H,  H-5)., 3.74 (ddf‘lH, H-5", 5',(c' )Hé
'2.15-1.89 '(5s, 15H, acetyl methyl), 1.26 (d, 3H, ONERE

‘l 2;3, 4-Di- O—1sopropylldene 6-0-[3, 6 ai- -O-acetyl-4- O—

(2, 3 4~ tr1 O acetyl 6- -deoxy-B- D-galactopyranosyl) 2~ deoxy—

—phthallmldo B D—gluCOpyranosyL] ~a-~ D—galactopyranose (63)

£

3,6~ d1 o- acetyl 4-0- (2 3,4-tri-O-acetyl-6- deoxy—B D~
galactopyranosyl) -2- deoxy 2= phthallmldo B- D—glucopyranosyl
"bromlde (64) (27 mg, 0.037 mmol) was prepared from 62 by the
._same procedure as was descrlbed for the preparatlon of the
. chloride (27) except N N- dlmethylbromoformlnlum bromlde51 >2
, was . ased as the halogenatlng reagent The bromlde (64) was
“condensed W1th l 2;3,4- d1 O 1sopropy11dene~a—D galactopyranose

(73) ih the same manner as was descrlbed.for the.preparatlon

‘=. 7 . OHZ) -

of the trlsaccharlde 56. The yleld was 18 mg_(54%)iof-an oil’

‘ after chromotography lH -nmr (Flg 36) §: 7.92-7.68 (m,:4H,‘

%

qphthallmldo), 5.81 (dd, 18, H-3', J_, ., = 10.5Hz, J =

2',3! Y31,4
8. OHz), 5.46 (d, 1H, H-1', J;, ,, = 8.5Hz), 5.20 (dd, 1H,
B Bt } . ,
B - " [ = : ' : C = ) ) - .
ﬂH\é ’ J3“}4“. 3.5Hz, J4"'5"_ _1,QHn), 5'13.(de;H’ Hfl’

K¢
N

L3

54
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| J9y,57= 5.2Hz), 5.09 (dd, 1H, H-2", 3., .. on 3w

'10.5Hz) , 4.96 (dd, 1H, H-3"), 4.53 (4d, 1H, H-6'A), 4.51 (d,

= 7.5Hz, J

1H, H-1")', 4.40 (dd, 1H, H-3, J_ , = 2.5Hz, 8.0Hz) ,

2,3 I3,4 T
4.22 (a4, 1H, ¥-2'), 4.16 (dd, 1H, H-6'B), 4.1l (dd, 1H, H-2),
S ) . Y : N

4.?0 (dd, 1H, H-4, J4(5

(mj 1H, H-5'), 3.74 (m, 1H, H-5"), 3.66 (m, 1H, H-5), 2.16-

= 1.5Hz), 3.88 (dd, 1H, H-4'), 3.83

1.90 (5s, 15H, acetyl methyl), 1.40, 1.22, 1.03, 1.02 (4s,

- 12H, O—C}CH3)2), lflﬁ (d,;;H, ‘CG")H3’ JS",(C6")H3 = 7.0Hz):

-

-

6—9-{2—Acetamido—2-de0xy—4—9e(6—deoky—B—Q—galaétcpyranosyl)—

 Hydrazinolysis and N-acetylation was carried out by

B-D-glucopyranosyl]-D-galactopyranose (31)

“

prdéedures as was described for the préparétibnﬂof éompound‘

32. Removai;of isoProPY;idene groﬁps by_aéidﬁﬁydrolysiS-fol—
léwing the prbqeaures descfibed'for‘the~prepafation ofvcompodhd
gg\afforded a whité solid (4 mg). The y%eld'waS'hiéﬁifor
hydraZipblyéis and'N—agetylation’but»thetyield of acid hydroi—
.‘.ysis'step was oﬁly £6%’for the required sé&ucture.as déter-
mined by lH--nmr‘. ;Thié material was separdted.from ofhéf
-proauc£S'by the'Sephadé# LH—ZO‘CQlumn.% Thé_othér products*.j
wefe notlch;racteri;ed; lHv'nmr (Fig.37) §: 5.235(&, O.jSH,
<lH—la, J, |

. la,2a ’
4.58 (d, 1H, H-1',

= 3.5H2), 4.63-(d, 0.65H, H-18, J . .. = 8.0Hz), -

Jyy 50 = 7.8Hz), 4.46 (4, 1H, H-1",

"Jyn 5w = 7.5Hz), 2.08 (s, 3H, NHAc methyl), 1.27 (4, 3H,

(Ceu)Hg, Ticgn g5 T 7.0Hz) .-
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" Benzyl 3,6—di-9—acetyl—4¥9—(2,3—di—9—acetyf—4,6—9—benzylidene—‘

B-E—glucob?ranOsyl)-2-deoXy—2—phthalimido—B-Q—glucopyranoside(§§)

Phthalic anhydride (0:123 g, 0.83 mmol) was added to a

. \ s

:solutfon ofsthe amine (§g)‘(o.62 g, 1.44 mmol) in pyrldrne,
(4 mL). The solution was heated to 60°C for 20 min. . Tri-
ethYlamine (v0.1 g, 0.99 mmol) and more phthalggganhydride
(0.123 g, 0.83 mhol) were added and the heating was continﬁed‘
for 1 h. Methanol (3 mL) was added before solvent removal.

The residue was again taken up in dry Eyridine (4 mL) and:
heated at 115°C for 6 h. vsoiventvremoval left a dark oil.
This\material o,a- dlmethoxytoluene (0.438 g, 2.88 mmol),

'p toluenesulfonlc ac1d monohydrate (%5 mg) in acetonltrlle
(3 mL) were stlrred together at room temperature for 24 h
before neutrallzatlon by addlng trlethylamlne The residue
left after solvent removal was taken db in acetlc anhydride-
‘pyrldlne (1:2, 3 mL) and heated to 80 C for 3 h.. The oil ob~-
tained afterisolvent removal was red;ssolved in ether (150 mL)
and decolorized by charcoal; Removal of solvent from the
resultant solution left an'oii which Qas applied.to a silica
gel colnmn and eluted with ethyl'acetate;hexane (3$wa Sol-
‘vent»removay of the first fraction gave a‘solid (0.35 g, 0.43 ‘
mrol, 30%);‘mp 112-116°C;  [2]24 34, EM 0.7, chloroform); -+
lH—nmr'(Fig.,38) 5:‘ 7,81r7.68 (m, 4H, phthallmldo), 7.38-7.31 "

(m,_SH benqylldene aromatlc), 7. 12 7.08 (m, 5H, benzyl)

aromatic, 5.71 (Qd, 1H, H—3( J2 3 = 10.0Hz, Iy 4 = 8.0Hz),
5.44 (s, 1H, benzylidene methine), 5.36 (d, 1H, H-1, 3, =

- . N , . . _ N _
8.0Hz), 5.25 (dd, 1H, H 3‘7 QZ',3' s.onz, 31,40 = 8.0Hz),



-

\

4.92 (dd, 1H, H-2', Jiv 4 = 7.4Hz), 4.81 (d, 1H, benzyl

2
methylene A, J, .'= 12.0Hz), 4.65 (d, 1H, H-1'), 4.53 (dd, 1H, .
H-6A, Jgp ¢p'= 12.0Hz, J5,6a = 2-0Hz), 4.50 (4, 1H, benzyl
methylene B), 4.26 (4ad, lH( H-6'1, J6'A,5' = 570Hz, J6'A,6'B =

10.0Hz), 4.24 (dd, 1H, H-2),4.13 (dd, 1H, H-6B, Jep s

. 3.86.(dd, 1H, H-4, J 10.0Hz), 3.74 (m, 1H, H-5), 3.66

4,5
(m, 2H, H-4' and H-6"' overlapping), 3.44.(m, 1H, H-5").

4274316
C 61.68, H 5.29, N 1.68.

Anal. calcd. for C,, H,.0, N.: C 61.69, H 5.30, N 1.71: found:

Benzyl 3,6—di—9—acetyl—4—9—(2,3,4—tri—9—acetyl—6—deoxy—6—

iodofﬁ—g-glucopyraﬁosyl)—2-dequ—2—phthaliﬁido—Bfg—gluco—

pyranoside (66)

~ ~

Compound 65 was debenzylidenated by the same procedure
s

as in the case of preparation of the diol (60) .  This was
follbwed by methaﬁesulfoleation of the 6'-OH (65% yield) and
acetylation of the 4'-OH (85%)-in the saﬁe w%y'as in‘thé éase
“of §§. The resultant mesylate gp.l g, 0.12 mmol), sodium

iodide (70 mg, 0.46 mmol) in N,N-dimethylformamide (1.5 mL)

was heated at 75°C for 20 h. The reaction mixture was di®luted
with dichloromethane (10 mL)‘and washed with 10% sodium thio-

: sulfate‘solution (10 mL), and cold water (2 x 10 mL) before

drying with ‘sodium sulfate. Solvent removal left a solid

(0.1 g, 0.11 mmol, 92%); lH—nmr (CDC1.,) 6: 7.83-7.70 (m, 4H,

3
phthalimido), 7.14-7.08 (m, 5H, benzyl aromatic), 5.78 (44,

1H, H-3, J ., = 10.5Hz, 8.8Hz), 5.36 (4, 1H, H-1,

2.3 J3,4 =

= ) . -3 ' = i =
Jl,2' 7.8Hz), 5.15 (44, 1H, H-3°', Jé,{3, ' 10.0Hz, J3,,4, ‘

= 4_.6Hz),

57
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10 %Hz), 4.88 (m, 2H, H-2' and H-4' overlapping), 4.82 (d, 1H

benzyl methylene A, JA,B

; ‘ o= JE P BN ,
JsA,sB_ 12.0Hz, J6A,5: 2.0Hz), 4.60 (4, 1H, H-1", J)r g

8.0Hz), 4.51 (4, 1H, benzyl methylene B), 4.30 (dd, 1H, H-2),

= 12.0Hz), 4.62 (44, 1H, H-6A,

' 4.18 (dd, 1H, H-6B, J = 5.0Hz), 4:00 (dd, 1H, H-4, J =

6B,5 “4,5
10.0Hz), 3.84 (m, 1lH, H-5), 3.46 (m, lHd”H—S'), 3.27 (44, 1B
. /r’“ o

14

H-6'A, J = 11.2Hz, = 3.8Hz), 3.06 (dd4, 1H,

J6'A,5'

6'2,6'B .
8.8Hz) . Anal. calcd. for C

O, NI

e
H-6'B, J 37141016

6'B,5"
I 14.42; found: I 14.86.

Benzyl'3,6-di—9-acety1-4—9—(2,3,4—tri—Q-acety1—6-deoxy-84Q—

glucopyranosyl)—2—deoky—2—phthalimido-B—Q;glucopyranoside (67)

The iodo compound (66) (67 mg, 0.076 mmol), tri-n-butyl
tin hydride (90 mg, 0.31 mmol),72,2'—azogisisobutyronitrile
(v2 mg) in toluene was heated at 60°C for 4 h. Tﬂe 0il ob-
tained after solvent removal Qas applied to a silica gel
column and;eluﬁed withvefhyl acetate-hexane‘(l:ll;//éolvenﬁ
‘removal éf the firséifraétion left an o0il (21 mg,l 0.028 mmol,
33%%}-1H-nm£ required this substance‘to be near pure and con-
 formed to the strucﬁure assigned. lH-’-nmr (fig.39) §: 7.83- (/

7.66 (w, 4H, phthalimido),7.12-7.06 (m, SH, benzyl aromatic), %

5.72 (dd, 1H, H-3, J, , = 10.5Hz, 35 4 = 8.0Hz), 5.38-{d, 1H,
H-1, J) 5 = 8.0Hz), 5.12 (dd, 1H, 3—3 + Jy0 30 = 10.0Hz,
31,40 = 10.0Hz), 4.90 (dd, 1H, H-2', J,, ,, = 8.0Hz), 4.81

(m, 2H, H-4' and benzyl methylene A), 4.57 (44, 1lH, H-6A,

) _ . . - .- ‘J' o " o . .
JGA,GB = 2.0Hz,~J6A’5 2.4HZ)f AiSl (m, 2H, H-1 and benzyl

\



methylene B), 4.26 (dd, 1H, H-2), 4.16 (dd, 1H, H-6B, J o =

5.0Hz), 3.86 (dd, 1H, H-4, J, . = 10.0Hz), 3.78 (m, 1H, H-5),

L}

4,5
3.50 {(m, 1lH, H-5'), 2.21-1.88 (5s, 15H, acetyl methyl), 1.22

(d, 3H, (Cg,)H, ,-J(C6')H3 g1 = 6.5Hz).

1,2;3,4-Di-0-isopropylidene-6-0-[3,6-di-0-acetyl-4-0-(2, 3,4~

tri—g—acetyI-G—deoxy—Bfg—glucqpyranosyl)—2—déoxy—2—

phthalimido—glucqpyranoSyl]-G—Q—galactopyranose (68)

The cqmpound-gzk(ZO ng, 0:026 mmol) was hydrogenated
and halogeﬁatea uging VilSméier'reagent (bromide) following
»
the same‘procedureé as described for the preparation of 55.
The resultant'b#omide was cd%dénség,with 1,2;3,4-di-0-iso-
propyiidene—a—grgaiéctopyranosevby'ﬁhe meﬁhod described before

for the preparation of 56.  However, in this case a large

excess (50 equivalent) of the alcohol was used.  The resultant

trisaccharide, however, had the same Re

on tlc (1 ethyl ace-
tate: 1 hexane) as tﬁat of the alcohol. The reaction mixture,

after workx-up, ‘was treated with acetic anhydride—pyridine.
The 6-O-acetylated alcohol was readily separated from the

trisaccharide‘by silica gel column‘chromotography. The yield

was 12.6 mg (54%) of an oil; g nmr (Fig.40) &: 7.88-7.65

(m, 5H, phthalimido), 5.77 (dad, 1H, H-3', = 10.5Hz,

’ J2l’3l »
= v -1 :
J31 47 8.0Hz), 5.43 (d, 1H, H-1', Jy, », = 8.5Hz), 5.12 (m,

2H, H-1 and H-3" overlapping, Jlké = 5.0Hz, J2" 3; = 10.0Hz,

J = 10.0Hz), 4.90 (dd, 1H, H-2"), 4.80 (dd, 1H, H-4"),

3 " ;4 "

. 4.51 (m, 2H, H-1", Jlﬁ on = 8.0Hz‘overlapping possibly with

59
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2,3 = 2.5H2, Iy, = 8.0Hz), 4.21

(dd, 1H, H-2'), 4.14 (44, 1H, H-6'B), 4.10 (dd, 1H, H-2),

H-6'A), 4.40 (a4, 1H, H-3, -J

4.00 (dd, 1H, B-4, Iy 5 = 1.5Hz), 3.90 (da, -1H, H-4'), 3.84-
3.50 (remaining protons'consisting of H-5, H-5' and H-5"),
2.16-1.88 (5s, 15H, acetyl methyl), 1.40, 1.23, 1.03, 1.02

_ . _ _

3 (CG")H /5

Q .
(4s, 12H, O-C(CH,).), 1.22 (d, 3H, (C_,)H
o 3’2 : 6 5

6.2Hz) .

l,2;3,4—Di—9—isopropylidene-é—g-[2—adetamidb—2—deoxy—4—9—

(6—deoxy—B—Q—glucopyfanosyl)—B—Q—glucopyranosyl]—a~2-galacto4

pyranose (33)

Hydrazinolysis of the compound 8 was carried out with s
the same method as described for the preparation of 32 to
yield a white solid (4.5 mg, 0.007 mmol, 60%); lH—nmr (Fig.41)

§: 5.62 (d, 1H, H-1, J = 5.0Hz), 4.53 (4, 1lH, H-1',

1,2

8.0Hz), 4.52 (dd, 1H, H-2, J. ..= 3.0Hz), 4.39 (ad,

1,2 , 2,3°
1H, H-4, J, . = 2.0Hz), 2,03 (s, 3H, acetamido methyl), 1.55-

)

1.37 (4s, 12H, o—;(CH3)2), 1.28 (d,.BH, (C6")H3 -

’

Methyl 4—9—(B-Q—galactopyrandsyl)—2—deoxy—2—phthalimido-ﬂ~D—

o
T N

plived

glucopyranbside-(ég)

A solﬁtion gflsodium methoxide in methanol (O.i?N, 5 -mL)
was added to the blocked methyl«glycoside’(gg) (iSS,mg,YO.él
mmol) énd the miXture Was étirred for 15 min. IR-120 (HY)
resiﬁ,was then added quickly to the resulting clear solution

" to bring the pH to v6.0. Removal of the resin by filtratién



e
and solvent remoyal left a solid (103 mg, 0.21 mmol, 1008%) .
lH—nmr’spectfum of this subéfghce (Fig.42) is consistent with
the structure assigned.

1

Methyl 3,6-di—9—acetyl—4—9—(2,3—di—9—acetyl—8-Qégalactopyra—

nosyl)—2—deoxy—2<phthalimido—B—Q—élucopyranoéide (70)

The deblocked methyl glycoside (§?)'(92 mg, 0.19 mmol),
a,a—dimethoxytoluene (58 mg, 0.38 mmol) and p-toluenesulfonic
acid monohydrate (2 mg) invary acetonitrile (2 mL) were
stirred together at room tempefature for 24 h. An additional
amount (58 mg, 6.38 mmol) of a,a-dimethoxytocluene was added
-and the mixture Was agaidﬁ;tirred for 48 h. Trimethylamine
.'was added d£0inse_to b?iné the leﬁo about 7. Solvent removal
left an oil which was diféctly taken up in acétic anhydfidé—
pyfidine (1:2, 2 mL) and kepf at room température for 12 h.
~Solvent removal from the main ffaction left a solid. This
. material was treated directly with 80% aqueous acetic acid at
80°C for 0.5 h. Sol&ent removal left an o0il which was épplied
to a‘siiica gel column and eluted with ethyl acetate-hexane
(4:1) . Solvent rembval from the main fraction left a solid
(58, mg, 0.089 mmol, 48%). H-nmr (Fig;AB) §: 7.90-7.75 (m,
4H, phthalimido), 5.35 (4, 1H, H-1, J, ,

10.0Hz), 4.95 (d4, 1H, H-3',

= 8.0Hz), 5.34 (dd,

1H, H-2',: = 8.0Hz,

Jl|,2' J2|’3|

J '2.4Hz), 4.60 (bd, 2H, H-1' overlapping possibly with

3+,4"
H-6A),‘4.25—4;15 fm, 3H, tentatively,assigned to H-2, H-6B and
H-4"), 4,00;3.80 (m, 4H, tehtati%ely aésigned to H-4, H-5 and
two H-6'), 3.74. (bm, 1H, H-5'), 3.50 (s, 3H, OCH,), 2.22,
2.16, 2.15, 2.02 (4s, 125,,acety1'méthy1). |



Methyl 3,6-di-O-acetyl-4-0-[2,3-di-O-acetyl-6-0-(3,4,6-tri-0O-

62

.acetyl—Z—deoxy-Z—phthalimido-B—Q—glucopyranosyl)-B—Q—g@lacto—

vpyranosyl]—2—deoxy—2—phthalimido—B—Q—glucdpyranoside (71)

3,4;S—Tri—g—acetyl—2—deoxy—2—phthalimidQQB—Q—gluco—:

pyraﬁosyl bromide (zg) (744ﬁg, 0.15 mmol) -in nitromethane‘

(2 mL) was added to a solution of the diol . (70) (48 mg, 0.074-
mmol), sym-collidine (9.0 mg, 0.074 mmol) and silver.triflatel
(19 mg, 0.054 mmol) in er'nitroﬁethane (0.5 mL) cooled to
-15°C. The reaction mixtﬁre was stirred for 3 h (no reaction
was observed to occur). The mixture was allowed to warm to‘
room temperature and stirred for overnight. The solids were
removed by filtration and the filtrate was diluted with,
chloroform (5 mLi before washing With.sodium thiosulfate solu-
tion (5 mL), cold water (5 mL) énd sodium bicarbonate solutioﬁ
(2 x 5 mL)._ Solvént'removal, after drying over anhydrous
sodium sulfate, left a foam which was appliedfto a silica.gel
column and_éluted with ethyllaéetate—hekane (1:1). solvent
fémoval of_the second fraction left a white solid (QO mg,
0.037 mmol, 50%). lH—nmr (Fig.44)'s : 7.90-7.70 (m, 43,
phthalimido), 5.82-5.65 (2dd, 2H, H-3 and H-3"), 5.50 de 5.30
(dd, 2H, H-1 and H-1"), 5:25;32ﬂ2 (m, 17H, remaining protons),
3t46 (s, 3H,‘OCH3),32.20, 2'12;,2'10' 1.92, 1.86 (5s, 21H, AN

' acétyl methyl) .

ﬁ
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.

Methyl 4—9—[6—9—(2-acetamido—2—deoxy-S—Q—glucopyranosyl)—842—

galacto@yranosyl]—2-a¢etamido—2—deoxy—B—Q—glucopyranoside (34)

:A solﬁtian of comppuhaf?%v(35 mg, 0.033 mm015 and'97%
hydrazine hydrate (0.3 g,'9.4 ﬁmoi) in ethanol ULﬁﬂJ was re- .
fluxed for 5 h. Solvent removal left ‘a solid wﬁth was -
directly taken up in methanbl—water (1:1, 2 mL) containing
acetic anhydride k0.4.mL) and left at room tempé£ature for 2 h.
Solvent removal left a solid which was dissolved in water and
applied to a Biogel P-2 column and elﬁted with water-ethanol
(9:1). Solvent removal from the main fractions gave-a solid
(16 mg, 0.027 mmol, 81%). lH—nmr (Fig.46) § : 4.65 (4, 1H,
H-1", J)v v % 8.0Hz), 4.50 (2d, 2H, H-1 and H-1", J = 7.5Hz
and 7.5Hz), 3.55 (s, 34, OCHB),-2.12} 2.11 (2s, 6H, N—aéetyL
methyl), 4.05-3.42 (m,‘lBH, remaining profons); 13C—nmf_
(Fig.47) S: 174.7, 174.6 (NHAc carbonyl carbon), 103.2, 102.0
and 101.2 (anomeric carbons), 79.3, 76.0, 74.9, 73.9, 72.7, Q\
72.6, 71.0, 70.1, 68.7, 68.4, 60.9 and 60.2 (two ¢—6s), 57.2

(OCH3), 55.7, 55.1, 22.5, 22.4 (NHAc methyl carbon) .

-

> -
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DISCUSSION OF RESULTS

4 .
This portion of the thesis is presented in four parts.

Part I consists.of a gdescription of the syntheses and charac-
terizations of the Qarious components tested as inhibitors of
the anti-I Ma antibodies. It is divided into six sections.
The products prepared ip each section are obtained following-
similar s?nthetic routes. .Since _the thesis reletes to the
binding of the structures to an antlbody, it was de51rable to
1nvest1gate the conformatlonal preferences of the various in-
hibitors and this is presented in Part If.' Part III presents
without discussion the inhibition data provided by Drs. Kaba-
and Liao. Part IV is concerned with the 1nterpretatlon of t

inhibition data in terms of the &tructural and conformatlonaL'

properties of the compounds tested.,
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PART I Chemical Syntheses

A. Syntheses of the 2-amino-2-deoxy- (18), the 2-acetamido-

2-deoxy-(17) and the 2-deoxy-2-trifluoroacetamido- (19)

derivatives of the BDGal(1+4)8DGlc(1+6)1,2;3,4-di-0~

isopropylidene-aDGal

In order to prepare the bloéked tris cchafide/(§2), a -
key starting material for tﬁe syntheses déscribed in this
£hesis, the phthalimido bhloride'(gZ) which was prepared fol-
lowing published procedu;fes39 waS'éondensed‘with 1,2;3,4-di-
9—iSOprOpylidéne—a-g—galactose (%Q)‘dnder the cogaition des-
cribed by Lemieux et 3&.42 Compound 37 vas obtained in 72%
yield and charac}erizedlby‘fhe.lH—nmr spectrum reproduced in
Fig. 4. ?he'spectrum ié‘in accord with the structural.agéign—
ment and indicates sufficient state onpDriti_fqr this product

i

. T ) R ] .
to be used for the preparation of the gmine 18.
o . oo | '

. . a—l ’ . A s

ac * “ .
~ o ' .

¥ - L ' Ag504CF i [ Ac - o/',‘é}o 7 )
- E’T&iﬁ—_’ &eo o ¢ : Q{:cn,
. Cripeo,  -28°C A g
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: - In order to prepare the amine 18, compound'§z was” treated
with hydrazine in the usual manner.42 The p;oduct was an amor-
.phous solid obtained in 78% yield after:purification‘by £fil- =
tration.through a,Sephadex LH-20 column. 1Its charactetizatiOn

w1ll be d15cussed in. connection w1th the structurally related

compounds 17 and 19. VR

~The free amine (18) was converted to the‘acetamido—‘com—f
pound (17) in 82% yield by treatment w1th aceg%c anhydrlde in
methanol water (1 1) and to the trlfluoroacetamldo— compound

(19)'1n 57% yleld by treatment with S- ethyl trlfluorothlo-'

acetate in methanol 50

The structures and “Honmr spect;a of compounde'zz, 18
and 19 are pteeentedzin Fig. 5 —"Fi§3‘7.‘ The ffee aminefis
well characterlzed by gpe low—fleld trlplet at 63 05 Wthh
can be a551gned to H- 2" thls 51gna1 1s not oresent in the
spectra:for'the acetamido- (lZ) and trlfluoroacetamldo— (%g)
compounds. © It is'expected.that the acylation‘ of'the'amine“v
will cause'a,deshielding of H-2'. iIt seeme'that;tne‘signals
for H-1' in 17 and 19 are aleo shifted downfield from that of
the amine by Q;IQ ppm and. 0.24 ppm, resoectively. This obSer—
vetion_}s as expected and_confirms the etructural‘assignmentm
B. ' Syntheses of the glycosidee BDGal (1+4) BDG1cNACOR (Eeffﬁztﬁx;

23 3
'CH2CH(CH3)2)

21, R=CH,CH,; 22;-R=CH2CH2CH i 23, R=CH(CH,),; 24, R=

., - As expected 3,6~-di~-0-acetyl-4-0-(tetra-0O- acetyl S—D—

galactopyranosyl) 2 deoxy 2—phtha11m1do-a B D—gluconyranosyl



68

~

- +ofa nﬂ‘wm punodwoo 3o wni3oads IWU-H_ ZHW 00y 9UL . w_;mﬂm‘

T

o i z £ wdd , s - 9 e g

.1«|.~—«~._....._..,..4....44~._...~‘..._..~~.....—q...~...,Au_._..aq.\u:._..,»ul..A....._.q..‘_n...<<|ﬂ

R e
ﬂ il _,
bl
. G P . . Y " ( .
W
u. ] :CMH . <

COTAMLIW P o o
ANIGITAJOYAOST . o S a,




69

.oNowcm L1 @psomEoo wo wn13nads Iwu-H ZHW 00% =24l ,.wq.wﬂhx
.p. Eaa..'. .

Y MAME EMACAIM RIS

9 }

1*-.—j<<<.<<.—.«<<441..

WY |
. ‘ ,
i ..
H
4 t
]
., !
by
- i i
< i i
! i
i i
. = \JJvlbnu-, n A
o : ' Hoa v
. ) .
- i ' 2
Lt
. / TANLIW
e TALIOV-N
TTAHLAN
- 3ANJQITAJOHdOST | -



70

*0%q uT 6T punodwos jo umiaads IWU-H_ ZHW 00p 24L L' *6Ta
0 e 0
-d-*-ﬂd v-<—-.-<- -14—4\4 -T-CJ_
- C.
%
.
61
| mOHMWO
~To o
"0
v uj&l o
pr//o|\ul — MI[\\ oH
R HD 4D00NH
TAHLIN -
.- ANTAITAJORIOST



j L ,- . v

bromide (gg) could be-prepared in high yield (85%) from
3,6—di—9—acetyle449r(tetre-g—acetyl—B—Q—galactopyranosyl)-24
deoxy—2—phthalimido—a,B—Q-glucopYranose‘(§§) by treatment with
the Vilsmeier reagent (N,N~dimethyl’bromoforminiumrbromide)‘SI’52
under the same cohditions reported for the preparation of the
chloride‘(gZ).39. This semi;crystelline-product proved quite
stable and‘could be kept for six months at.4°C in an atmos—

phere free of moisture. The glycosylation reactions of the

bromide'(28) with the various alkanols proceeded rap}dly

vundér the condition descrlbed by Lemleux et al ﬁhe glyco-»
Jr

sides 38 - 42 were obtained 1n crystalllne form wi yields

ranging from 70 - 80%. These products were shown';o be pure

and consistent with the assigned/structures by thiilH—nmr
spectra presented-in,Fig. 8 - Fig. 12. = \

All of the glycosides’exceptdthe'ethyl glycosyide (ggllv
were completely deblocked by hydrazinolysis before g— cetyla-
tion.42 * The finai producte were .then purifiediby-hplc‘using
reversq’phase c1s8 coiumn'before recrystelliZation. The over-
ali yielde rauge from]40% in the caSe of the,iSopropyl glyco-
side (g%f to 67% in the case of the 2—propy1pglycoside (g%).

' The poor yield id'tﬁe former cese was a result.of-the isolation

procedure. It is expgﬁ%&uxthat the procedure descrlﬁed below

for the preparatlon‘af the ethyl glyc051de (21) whlch employs
de—O acetylatlon prior to removal of the phthallmldo group,
would/have prov1ded a higher yield.
The ethyl glycoside (39) was flrst de- O—acerylated by

sodlum methoxide 1n methanol before the removal. of the



72

.€

120@D ‘ut wm.@::oaiou 30 unijoads ayu-y

[4

¢ ZHW 00% oy

[

TUIE R
TALADY

OATHITVHLH



73

T

€15a0 uT §f punoduos 3o wnijosds IWU-H. ZHW 00F UL 6 "bra .

0 ] 1

~N‘ HEQQ.' . .

jl—a-..-.1<<—

LER Sn o g

-<...._<4-<.....J—<.. ..... ™ LEMCLELEARLRL S (DL S L
- . B » 1 .

9 L
T

TANLAR
TRLADV

OQIHITYHIHd




LS

.£

AUDU ut oy punodwod”jo, wnijoads Iwu-H

T

ZHW 00C ®4YL . 0T °“bta .

So1%Eudiol -

|
)
i

l
1

.";
A

M
|
|
i

s
TAHLAR

TAL4DY

GQIWITVHLHA




75

-€15ap ut [y punodwod jo wni3oads IWU-H, ZHW 00p oul TT °BTd

1 t e wdd v s o ¢

__._.4...4.~...4«...._...q.... | A T _....__...«..~..,—.<....<.._.<..J.

s ) 4 —
: wau.
1A40¥d0S 1 ]

'

GAHLANR
TALAOV

-

_‘OGIRI'1VH.LHJ



76

~ ;i W .
. 3

&

»

r T T | IR LR BMELICALSM ML ALLE o

<

OQIKITYHLIH

LLTE])
14108051

H(*Ho)HI* HIO

o

TAHLAR
TALADY



phthalimido_grOup by hydrazinolysis. The material obtained
“af r N-acetylation was purified directly by recrystallization

from methanol and the overall v1eld of 21 was 61%. The methyl

~ o~

glycoside (22) was prepared again following- this procedure
except thék the final product was,purified by Biogel P-2

column. In this way, the yield after purification was im-

s
proved to 80%.

x

ThelH—nmr speetra of the alkyl lecosides 20—2§'are

presented in Fig. 13 - Fig. 17. The eiqpals which could be

- assigned (Table III) on the basis of“splittiﬁﬁfpatterns con- .

firmed fhe essignments,for BQGal(l44)BQGICNACO(CHZ)ECOOCH3
publishedaby Lemieux et gl.38 It'cen belseeni(Table‘III) that
the chemical shifts of thelring protons are essentially the
same for all thefglycosides except for certain anomeric H=1l
atoms whichiare’attached to the different alkoxy groups. As -,
could. be eXpected the signals for H- 1 are essentlally the
same in the case ofthe.ethyl, propyl and the isobutyl ulyco—
sides. The chemical shift for H-1 of the methyl glycoside is .
0.06 ppm upfield and that ofrthe isopropyl glyceside-is 0.12
‘ppm downfield. ) |

\

C. Synthesos of the dlastere01somer1c BDGal(l+4)BDGlQNAc—

(1+6) 6~ C CH DGal trlsaccharldes (25 and 26)

“Itewas‘aﬁtieipated that the preparation of the tri;
secchariae g§ and,gg wouldirestrict the cqnforﬁationel prefer-
ences as}compared to the related t:ieaecﬁaride (5) which, to
‘date, hesobeen the hatural stre£ture-moet active_ih the \ |
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‘obtained by diStillation53.wh1ch resulted in a lower Y

‘r

N

‘binding of the anti-I Ma a%tibody These con51deratlons will

be discussed’ later on in Part Iv of this dlSCUSSlon
y 6
The compound 1, 2;3, 4ﬂd1 O 1sopropy11dene ~-a- D—galacto—

1, 6 dialdo- hexopyranose (43) was obtalned 10 95% ‘yield by

ox1dat10n of 1,2;3,4- -di-0- 1sopropy11dene a-D- galactose us1ng

chromlum trloxlde pyrldlne complex in dlchloromethane as was

desgrlbed by . Arrlck et al. >3 . This syrupy product was. used in

the preparation of ‘the compound 29 and 30 since the ;H-nmr

- spectrum showed this product to be of as good a‘quality as. that
N\ 4 . .

« 1In J study of the'bindiné of antibodies specifie:
the‘B D- galactopyranosyl group, Lemieux et a143 observed that
the addition of methylmagne51um bromlde to 1,2;3,4-di-0-iso-
propylidene-a-D- galacto 1,6- dlaldohexopyranose (33)46'53 pro-

\

vided the L— and D—lsomer 29 and 30 respectively, in a ratio

of about 3:1. The two isomers were not separated, but were
”~

carried .6n to the next reactlon and separated only as the methyl

B- glyc051des In the present work, two products were obtalned

9

29 o 30

-~ o~

A ~a

84



“3

,hydp (43). Two anomerlc proton 51gnals (dbublets at

.

A,/;: -
'

. L P
1n a 51m11ar addltlon of methylmagne31um 1od1de to the alde— e

47,54

555;60»ahd §5.55, ,respectlvely) could be 1dent1f1ed in the

60 MHz 1H nmr. spectrum -of the reactlon mlxture(Flg 18). The

relatlve intensities of the two 51gnals 1nd1cated a 3:1 ratio: ~\

43 'gt

1

Thls is con51stent wtth the result reported by Lemleux et al

The mlxture of 1somers was obtalned as a syrup in"90% o«

yield. Slnce a solvent system thaé prov1ded an acgeptable

7
separatlon on tlc was-not found; no attempt was made to sepa-

rate the compounds by column chromotography._ However, the-f'

‘major product 29 crystalllzed froem a solutlon of the syrupy

mixture in hot hexane; The yield qu 26% after thre

A}
tallizations from hexane. The-lH -nmr spectrum (Flg 19
firmed the purity. In order to isolate the other iso'er,pthe
benzoate derivatives were prepared of the mixture pr sént” in ?

the mother liquors. Crystals deposited from’a solut;%n of the

berizoates in'hexane. De-0- benZOylatlon prOV1ded a materral Sy

s

‘mp 57—58°C, which produced the ;H—nmr spectrumv(presented 1n_

-~

Fig. 20). Therspectrum is'in~acpordanoe with that'expected_ 
. ) . : * 1 ‘ -
for the isomer (30) of 29. The yield wds 2%. 2

Lemieux et al, 43,as has been mentloned aboVe, prepared

the methyl B- glyc051de (72) of the mlnor\product*whlch had aﬁ

melting point of 143- 145°C and [a]go ~17.9° (water) . Since .

ey

methyl 7- deoxy B L glycero -L- galactQ—heptopyran051de had been

reported by Jackson and Hudson55 to have meltlng point 143 5—

144.0°C and [d]20 +18.5° (water), the Q—glycero—g—galacto— -~
14

s N

» ¢ h
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configuration was assmgned toi72 Thus, the new assymmetric

f

chnter—ln the minor product 30 was a551gned the D- conflgura-'

» 56

<3

The lH nmrchemlcal shlfts and coupling constants of

gg and 30 are llsted in Table Iv where it is seen that spac-
ings for the ‘sighals for the protons of the pyranose‘rlngs in
compounds 29 and 30 are v1rtually the same as. those published
by Cone and Hough57 for, l 2;3,4- dr»OrlsoprOpylldene a-D-

galactopyranose_(73). ‘The- c\emlcal shlfts of H-1, H-2 and H-3

were essentially the same for.the,three compodnds (73, 29,
The shift of H—4"was 4.26 ppm for both "the galactose compound

and the L-isomer (29), but the signal for H-4 of the D-isomer

(30) was 0.2 ppn to lower field probably due to the'deshield—'

ing py 0-6 atom . In view of the magnitudes of the codpling

Thls stereochemlcal outcome conforms to Cram's rule. .

30).

- 88



TABLE IV. 1H—nmr Chemical Shifts and Coupling Constants.

' of Compounds 29, 30, 73

i

29 R=OH, R'=CH
30 R=CH3, R'=OH
/73 R=H, R'=OH ,
~, 4 ’ ‘/;
. \
q
‘ > N ‘
Compound H-1 = H-2 H-3 H-4 H-5 H-6
b
v 29* 5.58  4.32 4.59 4,26  3.48  3.99
307 5.55 4.30 4.62 4.46 . 3.5% - 3.96
737 5.60 4.36 4.66 4.29 @ — . —
\ /
N -* In CDCl3 at 300% with CHCl3, §= 7.27 ppm as internal

reference and measured at 200.13 MHz.

THValues,taken from Cone aﬁﬁ Hough57 measured-a£ 60 MHz

ComEound» J1,2 J2,3 J3,4 J4,5 J5,6

29 4.6 2.1 8.0 2.0 6.8

30 5.0 2.2 8.0 2.0 7.2

- 73 5.0 2.4 8.0 1.4 —

3

é

89
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constants for.H—S and H—G, the cbmpoundé E;eexpeFted to exist'
extensively in:CDCl3win;the conformers which'maintéin:these
two-hydrdgehs in neaf.anti—periplanar‘relationship. The coﬁp—
ling constants of the protoﬂs on the pyranose ring indicate
that thé ring in thése~¢6mp6unds is strongly'distqrted_from

4 . o .
the Cl conformation into the conformation inferred by the

conformational formula drawn for gg and 30.

- It was planned to confirm the configurations of the
products gg and %9 by nuclear Overhauser enhancement s
since the Cé6-methyl group may reside closer to H-4 in
isomer (29) than in the Q:isomef (%Q). However, althéugh satu-
ration of the1s;gnals assigned to these methyl éroups did, in
fact, cause a égeater enhancement. of H-4 in the case of the
L—isoﬁer, the significance of this result was,obscufed by the
fact that the experimént could not’avoid Simultaneous satura- e
tion of the isopropylidene methyl'grOUps. This téer'Was
dealt wath later when the trisaccharides 21 and %4 were

~~p

synthésized.'
B

‘Reaction gf the glycosyl chloride with 29 and with 30
gave the blocked trisaccharides 44 and 46 in;36% and 65% yields,
respecfively. The lH—nmr spectra for these products are pre-

" sented in Figs. 21 and 22. Treatments with hydrazine hydraté
complétely déblocked these compounds to produce amines that
were notvisolated; §—acetylatﬁon provided 45 and gz.‘ Removal
of the isopr9pylidene groups by hydrolysis using aqueous tri-
4fluor0@é€tic acid then afforded the trisaccharides 25 and 26

whose,}H—nmr épectra are ﬁresented in”Figs. 23 and 24. ' The
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overall yields (4. 7% and 22 6%) were poor mainly because the
.

preparatlons were made onlikohce It is expected that these

'_‘could be substantlally 1mproved by an effort to optimize :the

' reaction andylsolatlon.procedures.

&

D. Synthe51s of the BDG1c (1+4) 6DGICNAC (1+6) 1, 2 3,4-8i-0-

1sopropy11dene uDGal trlsaccharlde (4"—ep;mer) (32)

i @
x

The heXa—O—acetyl42—deoxy—2-phthaiihido:B -D-c®llobiosyl K\
chlorlde (55) was prepared starting from thevhexa O- acetyl-

cellob1a1 follow1ng the azukmltannon route as in ‘the case of
7 [y : A

the lactosyl analogue.39 ;purlng the tlme of this preparation,

~°S. Sabesan, a fellow graduate student in/ the group; observed

that the reactionsg-of.the N-acetyl 2—azido;2-deoxy—a—g—'

"glycosylamine (74a) , one’of the by-producte in the azidonitra-

: . L. . 2
tion reaction,49 with N, N—dlmethylbromoformlnlum bromlde51 >

in dlchloromethane smoothly replaced the acetamldo group to

n

prov1de the a bromide (74b) As usual,39 the main products of

~ o~

) ‘ . . .. : . ! ‘ ) + 7 4 b
74a o o 122
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S
the reaction were the o and B azidoglycosyl nit;ates (abou£
75%) but the reaction peruct aléo coﬁtaineduabout 10% of the
l-acetamide compound 75. Since the separation of 75 from the
 mixture of nitrates requires chromatography,.the_crude product

was first treated'withJVilsmeier,bromide in dichlorbmethane.

'I“he disappearance of the N-acetyl,campound (75) could be confirmed

-Ac

AcO
AcO

by tlc. Lithium'bromide'was then added_to replace thé”nitrate
groups. Reversal of the order of addition did not cause the
disappearance gf the N-acetyl glycosylamine (Zé). The reason
fdr.this behaviour was not investigated. An overall yield of
32% of fhe'a-bromide (€?> after'crystallization wasiobtained |
in cpntrast to the 24%“yield obtained by previous;xoceines.%LAO'”
TﬁeVlenirspectrum‘of the E;yétalline‘u—bromidé'(ﬂ?) is pre-
sented in'Fig.»ZS. Tﬁe;seqﬁence of reactions used to prepare

the phthalimido Ehloride §§ from ﬂ% were thbse described by
 Leﬁieux et 3342 with very little hodification. It may be

noted that iﬁ the reduction of the azido cdmgound (51) by
hydregen éulfide, sﬁlfur,is generated and it was found helpful

to remove the sulfur by centrifugation.‘_ThelH-nmrspectra of
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the .chloride (é?).is presented in Fig. 26.- The sighals for

the - anomeric pfétons of the a—.and B- formﬁ.are present at
686.12 éhd §6.08 and;show the prqduc? to be a mixture of tﬁese
anomers (a:8=1:4).40 The mixture was used for the glycosyla—
tion reaction with l,2;3,4—di—9—isopropylidene—a-gfgalactose

to give the blocked trisaccharide (56) in 65% yield. The
quality of this product can be judged from its lH—nmz; spectrum
presented. in Fig. 27. Reﬁoval of acétyl and phthalimido groups
on 56 followed by g—écetylgtion‘afforded the ‘4" -epimer (32) -in
71% yield. - The lH—nmr spectrum ofy}% is presented in Fig. .28.

v

E. Syntheses of the 6"-deoxy derivatives of;BgGal(1+4)—‘

BDG1cNAc (1-6)DGal (31) and of BDGlc(1+4)BDGlcNAc(1+6)-

'1,2;3,4—di—9—isopr0pylidene—aQGal (33)

B

Lemieux and Burzynska28 as well as Bundle and Joseph-
son60 had obéerved that acetyl protecting groups can be selec-
tively removed by strictly anhydrous sodium ﬁethoxide—methanoi
n the presence of phthalimido group. Since the deacetylation
is very rapid, short reactibn times can limit the exteﬁﬁ of
hydrolytic cleavage of‘the phthalimido group by.the.inQariably
present traces of water. It was anticiéated, therefore, that.
benzyl'3,6—di—9—acetyl—4—9—2¥deoxy—(tefra—QAacetyl—8—Q=gala¢to-

~

pyranosyl)-2-phthalimido~glucopyranoside (Z§)39 should be a

convenient precursor to the éorresponding 6"~-deoxy compound (31).

However, it appeared that part of the phthalimido compound had

hydrolysed during the deacetylation reaction to the o-carboxy-
: _ .

98
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benzamido derivative 77. The formulatlon of 77 was .apparent

from the observation of a hlghly polar component on tlc and

OBn

the absence of a 31gna1 for a methoxy group 1n the lH-nmr.

‘ spectrum (Flg 29b) The removal of this side product proved
to be quite difficult as well as wasteful. It was obsefved
however, that treatment of the crude product in reflux1ng dry
pyridine for about 10 h caused the ring closure to form the

des1red phthallmldo compound (57). 1In order to check on this
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1

Fig. 30a The FTIR spectrum (CHClBVCIIt) of the compound 5? obtaine?d

by deacetylation of 7¢ uging anhydrous sodium methoxides

methancl.

Fig. 30b The FriIr spectrum (CHJOH cast) of the compound 77.

Fig. 30c¢ The rrIp spectrum (CNC13 cast) of thc.compound 57

Obtained by,rnlluixng 77 in Pyridane,
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matter, an authentlc sample of the Oo- carboxybenzamlde (77) was
prepared by alkaline hydrolysis. This ac1d was characterized
by its 1H—nmr (Fig.29b) and FTIR (Fig.30b) spectra. 1In faet,
on reflux1ng this: product in pyrldlne compound 57 was obtained
in quantltatlve yield as characterlzed by lH -nmr. (Fig 29c) and
FTIR (Flg 30c) spectra. It is seen that these spectra are
identical to those (Flgs 29a &30a) of the sample prepared by
.deacetylatlon u51ng anhydrous sodlum methoxide- methanol

The tréatment of 57 with two equlvalents of «, a—ﬂ
dimethoxytoluene and catalytlc amount of- p—toluenesulfonic acid
monohydrate61 in acetonitrile provided the 4',6;-Q~benaylidene
derivative in 55% yield. The'solubility of 57 in acetonitrile

was low, but the material disappeared inlsolution as reactioi

procéeded. The structure assigned to 58 was established by

: ' ) ©/CH(CX2H3)2
v o] HO A n p- Tolue«.'su"m'c
) [o] o . acid monohydrate
HO s N OH CH;;CN

13C—nmr spectrum (Fig.31) which shows only one CHZOH carbon

signal at § 61.7 which is assigned to C-6 and the signal for
C~-6" which is expected6'2 to be shifted downfield due -to sub-
.sritution of benzylidene group is found at 4§67, 8. Compound 58

~ o~

was then acetylated to provide the tetraacetate (59). The
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overall yleld of compound 59 from benzyl 2-amino-2- deoxy 4~

(8 D—galactopyranosyl)-B -D-glucopyranoside was 35%. 39 lH—nmr
spectrum of thls compound (59) is presented in Flg 32. Re-
moval of the benZylldene group was effected by hydrolys1s 1n
80% aqueous acetic ac1d and provided the 4',6'- diol (60) whose
lH nmr spectrum is, presented in Fig. 33 which shows the ab- |
sence of the benzylldene aromatlc and the methine 51gnals that
hare Present 1n the spectrum (Fig. 32) of §g
In order to prepare,the desired 6"~-deoxy compound (31)

it was decided to attempt a preferentlal mesylatlon of the

'-hydroxy group. Reaction of the d101(§9)Aw1th<muaequivalent

ST

1. CH3S0,Ct
Pynidine, ~20°%C

2.(CH,ycoL0
Pyrdine

3 Ki, DMF -

o o o °©
t, DMI ’ ~ ' N ‘
80°C 720 : ' Ay A
- ) AcO. o o OBn
. . Oac OAc
&
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N

- of methanesulfonyl ehletide provided a majorlproduct (54%)
~which was‘acetylated. 'The product of acetylation was not
further purified and was treated directly with potassium .
iodide in N,N-dimethylformamide at 80°C. It took 72 h for the
reaction to go to near completion. inthe case of a similar
~displacement reaction in the preparation of compound 66, the
reaction wasvcomplete in 20 h. This result is not surprisipg
since the greater resistance of the 6-sulfonate of galactose
derivatives to displacement reaction as compared to the glu-
cose derivatives had been pointed out. by Richardson.63 The
yield of the iodide 61 was 32% and this product was charac-
terized by 1ts lH -nmr spectrum presented in Fig. 34 which
shows a multiplet signal for the two H-6' protons at 63.10.
'Tri—g—butyltin hydride redﬁction64 of 61 in the presence of
catalytic amount of 2,2'—azobieisobutyronitrile as radical
initiator at 55°C resulted in.a mixture of products as can be
seen on tlc. The desired deoxy compound (Q%f was isolated by
silica éel chromotography and characterized by lH—nrﬁr'spectrum
reproduced in Fig. 35 whtig/shows‘the product to be in accord
with tﬂe structure assigned and is of sufficient purity to be *
carried on to the next reaction.. This product wes obtained

in 50%.yield and the other prbdpcts of the reduction reaction
were not characterized. Compound ngwasithen converted to the
.corteSponding bromide 64 following similar procedure as was
];deSeribea'fbtfthe;prepafatieniof the\éhloriae 27 except N,N-

vdimethylbfomofbrmiﬁium bromide was used as the halogenating
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.agent., The bromlde 64 was used dlrectly in the glycosylatlon

reactlon w1th l 2 3,4-di- O—1sopropy11dene ~a- D—galactose by

the method descrlbed by Lemleux et al 42 Thele -nmr- spectrumj'

(Flg 36) of the product obtalned 1n 54% yleld after purlflca—'ﬂ

- - tion: by 5111ca gel column chromotography is 1n accord w1th

-

the structure of 63 and is in a suff1c1ently pure state
"Removal of the acetyl and phthallmldo group by hydra21nolys1s
dnd N-acetylation was effecteq ‘smoothly following the usual
procedures.42‘ The removal of the 1sopropy11dene groups by ;

ac1d hydroly51s, however, resulted 1n a mlxture of products

115

e

The product 3l was 1solated by column chromotography (Sephadex o

LH -20) and characterlzed by 1H -nmr spectrum. shown in Fig. 37.

o

ThlS product o ined in 40% yleld is in accord with the

Structure of//1 and is of acceptable purity to be used as an

£

inhibitor.
Synthesis of the 6"-deoxy derivative of the 4" ~epimer
(33) followed a scheme similar to that described for the

preparftion.of 31, except the i'sopropylidene groups were re-

tained. 1In this case, however, with the result for the closing
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of the phthalimido group dlscussed aboue (i.e., from
the 9—carboxybenzeﬁide to the phthallmldo. deriyerrve),
it .was decided ‘to make . the ‘beniylideue' ccuécund 65
directly from the amine (ég) without isolepion, of inter-
mediates as ués-done_in the preparation of %g.: The sequence
_of the reactioné,used are described below.s The‘product ob-
talned by careful column chromotography was characterized by

1H -Nmr spectrum reproduced in Flg.,38. The_sPectrum 1s_;n

. Pyndine .

HO [¢]
L HO o trethylsmineg - . N,
L
“O g 2 'Reliuxing pyragine”
o - . - [0)
Qac

o 53 S - . @CH(OCH:’:
[ 4

. P -toivenesutionic acid’
monohydrate . CHACN .
e _.(‘;:N;’Co)z(? . pyidine © ' -

accora Wlth the structural assxgnment and 1ndlcates a hlgh

’fState of purity. The rJactlon sequence from 65+to 33 was

similar to that used for tHe preparation of 31, only short

' Q : 1. CHyS0,CH
pytidine, —20°C
) O’\O 0 A 2. (CH,C0),0 .
80% aq. scetic scid, pyridine {n—Bu),S5nH
AcO ' ’ - 2

80C 3. KI, DMF ' d
. °‘ ey
80'C, 20h uens, AIBN, 80°C

g (CH: ) ‘ A ‘
N~ CHBr ' '
H,, PdlC CH,” R AgSOJCFJ. sym-coliidine, CHyNO,, -25°C

: o . CcH,
CH : NNAc
3 s " cHy 1. NH,NH, o MO, HO _CHy
AcO Q0 Ac m PVITN 2. Acetic uo‘-\/g’ ) mo-l-’l‘){’! 7o
. sanhydride, H OH CH
Hy methanot of~CHs
' water 33 CH,

118



119

mHUDU :H”mm punodwod jo wnijsads Iwu-g

; ZHW 00 ay L

.{
TAHLAKW
TALIDY

&

THD ;
INAALITEIZNGG

u:«ﬁe:\

- TAYN4dE

......

(|

OGIHITVHIHA
- D1LYROUY
INAIT12ZN3q




N . | 120

. - \ :
of the last acid hydrolysis step for the removal of the iso-
propylidéne groups. The results were essentiallf'the same
vexéept‘for a smoother reaction in the preparation of the iodo
compound §§ which has been commented on before. The lH—nmr
spectra for‘§j andvgg are presentedvin Fig. 39 and Fig. 40_:
which show the two intermediates to be in essentially pure
form to be use&\in.subséquent reactions. It can be seen in
Tébieuviﬁhat the chemical sﬁifts of the ring protons in.gz fs
fessehtially'the same as those in Ehé compouna‘gg (the 4'-
o eéiﬁer which is described on ﬁmilz) except the H-4" in 62 is
shifted downfield by 0.41 ppm from that in 67, which is ex-
pected as the‘configurétion is inverted in that positioh.
Theg¢ompound,g§ aﬁd,§§ q;n be compared.likewise -in theﬂéame
tablé. The lH-nmr spectrum of the*c@mpound‘§§ is presented
‘in.Fig. 41 which shows this product to be in hiéhlylpuré
'state. This product with the blocked reducing DGal unit
(cf. the completely deblocked trisaccharide §%) was used as
vinhibitor since the compbund %Z was founa to be highly active
in inhibition as has already beeﬁ mentioned in the introduc—
. tion'of ‘the thesis.. . . | :

1
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(34)

© F. Synthe51s of BDGlcNAc(l* )BDGa1(1+4)BgG1¢NAcocH3 34

In order to synthe51ze the trlsaccharlde 34 1t was de—
cided to attempt a preferentlal glycosylatlon .on, the 6'—OH
of the lel (70) This ~diol was synthe51zéd startlng with the.

methyl glyc091de 38 accordlng to the scheme shown below

.<:)p "-."'1';

NaOCH, . CHa0H MO

AcO -

AcO i o . HO
) j’ “ [ 2N
’ HO ’

o Qﬁ(OCHalz_ S T ‘ Do S,
. : , o 0
. N iy H . N
P-toluenesulfonic acig ' - o] AcO oM
" monohydrale, CH3CN ' ’ L~ O OCH,
2’ ‘C"‘gml . pyhichne | AcO °

3 B80S aq acetic acid ; 80°¢C

Deacetylation pfegg.qsing'O.IZM anhydrous‘sodium‘meth_
oxide solutior}28 proceededvsmoothly-to probide 69 in
quahtitative'yield ' The compound 62‘ could be character—
1zed by, 1H—nmrspectrum presented in Fig. 42. The benzyll—
denatlon reaction of 69 proceeded considerably slower than in‘
the case of the benzyl glycoside (76) described before on p.102
presumably due to the lower solublllty of the methyl glyc051de

(

[{ea}

g) in acetonitrile. The diol (70) was obtained in 48% over-.

all yielad after .acetylation and debenzylldenatlon. The lH—nmr'
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spectrum of this compound is presented in Fig. 43. The fact
that the signal for H-4' at §4.18 is 0.77 ppm to the high
field from the signal for H-3' at 64.95 requires a substitu-
tion of an acetyl‘grOUp on 3'-OH and not on the 4'-OH. This
indicates that the prqéuct is in accord with the structural
assiénment and is ﬁot the other possible product; hamely, the
3',4'-diol. | A

{‘sZThe'glyCOsylatiennfeaétionvbetweengthe:@FfG”;diol‘(70)

and the bromide (78) (kindly provided by S. Sabesan) was per-

78

~

formed at room temperature as no reaction was observed to

occur at low temperature (-10°C) to provide the blocked tri-

saecharide 71 in SO%Iyield,E The,lH—nmr of this pfoduct.(Z})

fLS»preséhted in Fig. 44. In'orde; to prove that the glycosidic

bond was formed with,fhe 6'-0H and not the 4'-OH in this prod—

uct, the lH—nmr«Epectrum (Fig.45)‘was obtained after 71 was

Bl

treated with trichloroacetyl isocyanate in deuterated chloro-

form. This spectrum indicates a one-proton signal appearing at

.. 65.25 which is not found in the spectrum of 21; This is as-

signed to H-4' and is a result of the substitution of the:

r C e
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7N¥trichloroaCetyl urethane croup on the _4'-OH andinot the '

f6.-OH 51nce in the latter case the substltutlon 1s expected

130

Cto cause a much smaller Shlft of the 51gnals for the ‘two H- 6. ..

The~removal cof protectlng groups on 7l was achleved by'f

”"?:hydra21noly51s and N—acetylatlon of the product to- glve the.

”:;compound 34 in 81%- overall yleld ThlS productals~character— R

1zed.by lH—nmr,and 13C nmr - spectra presented in F1g 46vand~---‘w

~Fig.~47 respectlvely ~ The spectra are . in accord w1th the
structural a551gnment and 1nd1cate a. hlgh state of purlty..
It is to be noted that two 51gna1s at 6 60 9 and 6 60.2 on

the ;?c—nmr spectrum are asS1gned to C—6 and c-6" while»the"

signal of C—6' is expected to be shifted downfleld This fur-

»

ther conflrms the l4q llnkage between BQGlcNAc unit and the

central BDGal unlt in comoound 34

'
e . i
' - [ . . o -
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PART 11 Conformational Analysis

As discussed in the Introduction’-the monoclonal anti-I
Ma antibody combining site is at least in part directed tow-

ards a certain portion ‘of the surface of the trisaccharide (5).

ton

5
The specificity in the binding of carbohydrate to an
"antibody results frém the presentation of..a highly complemen-

tary surface by the oligosaccharide to the antibody combining

Si~~te.30, 31,35

The topographical feature is necessarily re-
lated to the Stereochemistry and the three-dimensional struc-
ture of the sugar molecule. When the chemical structure of

the antigenic determinant65’66

is known; for example, as may
be the case for I Ma (5), it is possible to anticipate the
various conformations which the molecule can adopt by rotation

' about' carbon-carbon and carbon-oxyggn bonds. However, even if

the structure is completely imbedded into the combining site, each

133



conformatioﬁAcénloffef a’wide.range of topographical féatures;
Shoulq the binding occuruat the-surface of the protéin,ﬁéven

though the oligosaccharide: were a rigid body pf known cohfor—
Fmtion, there would still remain to establish which topograph-

ical feature is involved.

However, oligosaccharides are“not rigid”strucﬁurés. The

conformatiﬁnai prOpérties df oligosa¢¢haride, which is'fe—
viewed‘by Stéddart67 in his treatise concerning the étereo—
chemistry of carbohydrateé, can be seen to be detefmined by
two factors: (i) the conformations of the individual mono-
. %

saccharide residues, and (ii) the relative conformations of
resgective pairs of monosaccharide residues linked glycosidi-
cally to each cher.
| As seen 1in structure ?, the I Ma determinant consists of
an N-acetyl-D-glucosamine residue f-linked to the 6-position
of a D-galactose residue and substituted at its 4-position by
another g—galactoée in the B-configuration. In general, the
conformations of the pyranose rings67 in tﬂ; Sugar ﬁnit.can
be expected to be those preferred for the sugar as a simple
glycoside and this can usually be readily ascertained by nu-
clear magnetic resonance spectroscopy.68 Tﬁe three sugar
units in the trisaccharide 5 are known to exist virtually |
ehtirelydin the 4C1 conformer567'as is indicated by.the con-
formatidnal formula 5. As for the orientation of the hydroxy-
methyl groups for sugars in aqueous solution, it has been

69-72

established that the conformational preference is impor-

tantly affected by the configuration at the C-4 position.
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In ﬁhe,casé of -D-glucose, Lemieux and Brewer 2 had established
N : : ‘
the orienhtation of the hydroxymethyl group to be mainly the
structg4¢/79a. In the case of D-galactose, Lemieux'gE §l37

concluded, on the basis of lHﬂmm data, that the conformer §Oa

——

79a 79b . 19c

is even more populated than is 79a. for D-glucose.

. OH
Ho— | ' HO HO \ NOH
. o 0 ’ 0
H oR HO OR HO-\. OR
\ OH , oH - | OH
*s0a LI 0c

No experimenfal evidence exists for the existence of ap?reci—
able amounts of the “&onformers 79c and 80b whereiﬁ thé 6-0H is-
in syn-axial like orientation with the 4-OH. However, Lemieux
et §l73 predicted by hard-sphere calculations and proved by
lH—mm:data that the éynthetic diastereoisomeric 6-C-methyl
derivatives of D-galactose (gi and §g)43 exist mainly in the
conformation showndas«g%a (D-isomer) and §ga“(g—isomer). Such
conformational preference was tfound to hold true in the dias-
tereoisomeric BQGal(l+4)BQElcNAc(l+6)6—g—CH3-Q—Gal trisaccha~-

rides (25 and 26) which will be discussed in detail later on.



Conformational analyses ®f the synthetic 6,6-C-dimethyl deriv-
ative of D-galactose - (83), predicted73 that the compound
should reside mainly in the conformafion shown in 83a. This

* conclusion was supported by-lH—nmr and l3C-—nmr data.,73

- Vol
. ‘V
S

w5

136



above, .render them’usefplffor.t

formatlon in- which the D galactose ‘was accepted ints* the com-

blnlng 51te of antlbodx -Thls matter will be dlscussed in
i *&1@ '
more detail later in Part Iv. s

The orlentatlon of the acetamrdo«groug’ls found by

X-ray anal_ysls?4 to be near that dlsplayed ln 84 where the

p>1

C -0 and C-N bonds are v1rtua11y ecllpsed and the’ N H bond is

nearly trans to the C2 H bond. . That this orlentatlon is

strongly preferred for the ace%amldo group of N acetyl amlno—
sugars is* supported by. the deshleldlng of H~2 by the carbonyl
group38 and the large. coupllng constant between the N >H and -
the C-H bonds which is normally observed to be 9. O Hz. 75,

The rotatlon of the. glyc051d1c and aglyconlc bonds

gives ‘rise to numerous conformathpns, each of which prov1des a

dlfferent topography for the molecule, Thus, 1n order to study

the blndlng behaviour - ofoluxsacduuldes to protelns, rt is es-
sential to apprec1ate the,conformatlonal;xtferaxgs, In thls

" regard, high—resolution nuciear magnetic'resonance spectrOscopy37’38’68
‘has been found to be the most useful phys1ca1 method presently

available foér .conformational ass1gnments Homamuy 1tnmstaﬂso

-
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et

be realized that, in the absence'of molecular models that;de—)
Lo . ‘ . B _' ) . Y [ f—. ’ . : . - .
fine the spatial arrangement of the protons in molecules, it
. - ' N c N . : ) ./,‘

_WOuld be extremelyvdifficult to’design nmr experiments  &nOe;

Tl'measurements\and other nmr parameters) and to gssess the

significance of the data, obtalned by these exoerlments In

,thls regard, Lemieux et al37 38have.b'een looklng.lnto a simple

i

and relatlvely unblased emplrlcal method called the HSEA (hard—
‘sphere, exo-andmmlc effect) calculatlons, whlch to date, had ¢ o
prov1ded conformaflonal preferences that are in good accord
with the>nmr gata 3738 This methoduls composed of two parts.:
-The first part is the so—ca}led‘hard—spherelcalCulations?Gwhidl
‘estimate the‘non—honded interactions (based on-the.Kitaigorodshy
expression77f78for the ranges of conformational change as one
rotatés the bonds concerned) " Superimposed on thlS con51deratlon
J(whlch usually gives a w1de range of conformatlons of similar
energy) is the restrlctlon of the gg?anamx1c effect.79 In the
procedure,37the potential energ? surfaces published by Jeffrey °

and Pople et al80

for the internal rotation barriet present in
dlmethoxymethane, which was derived by ab initio molecular
orbltal calculatlons, were used to introduce the influence of

‘the exo—ahOmerlc effect. The assessmernt of the exo-anameric ef-

~—

fect in dirferent anomers (o- and B—anowérs) wasuaiso carrie
out by Lemieux’ét‘alr37~

.“By‘means.Of HSEA molecular modelling method, the confo
~mational preference for the glycosidic 1inka§e atuthe'4—posi—
tion of the BDG1lcNAc residue of (63) was predicted by Lemieu
et §£38.to be near ¢?4'/H1" =v50 ’ H4'/Cl" = ld°._ It is

‘pected that the same conformationalvpreference-will be retained
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when the molecule complexes with the antlbody Lemieux et al29
also estlmated the glycosyl bond of the: BDG1lcNAc residue to

the 6-position of the reducing B8DGal (or aDGalNAc) unit to

. ] : . .
have the ¢C6/Hl torsion angle close to +60°. However; rota-

. : . C5/Cl' . -
tion abbut either:the 06-Cé6 (¥ torsion angle) or C5-C6

(9]
s
Il
o)
1l
oo

[\
wn
o)
Il

C'H3, R' =H

26 R =H, R' =CH

&

(wHS/OGtorsion angle) bonds was expected to lead to a number

of conformers which differ very little in energy. 'HSEA calcu-
, . -

lations54 showed that the wCS/CI torsion angle could vary

within ‘the following ranges (Table VI ) without encountering

energy barriers greater than *0.5 kcal/mole.

-
s
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TABLE VI Conformers of Near Equal Energy'fdr

BDGLcNAC (1+6) BDGal by HSEA Calculations”’
C6/H1"' H5/06 C5/C1!
- 60° 60° 120-290° (-70°)
60° 180° 110-240° (-120°) -

'600 B —-60° ‘100&2600 (~’100°)<u

Under this circumstance, no conclusion could be drawn
~as to which conformer was most likely to be accepted by the

I Ma combining site. However, it was expected thaf‘the range -

¢ -~

of low energy conformefsacould be narrowed by the substitution
of a methyl group for a hydrOgen'at the C-6 atom of the re-
ducing gDGal residue in 5. This would lead to the two dia-

stereoisoméfs 25 (the L-isomer) and 26 Kthe D-isomer) . Indeed,

HSEA calculation554 showed the most favorable conformer in

y T
the case of 26 (the D-isomer) to be near that with ¢C°/H1' -

n 1 . .
60°, 1°/%% = 60° ana T/ < 130°. The w"/%® - 60° tor-

sion angle requires that the torsion angle defined by H-5
and H-6 be near 180°. The . H-nmr spectrum of 26 (Fig.48a)

~
indicates a coupling constant of 8.5 Hz between H5 and H6

which is of the magnitude that requires the vidg;al H5 and H6
atoms to be'anti—péripléhar. " Examination of a molecular model

in this conformation shows the C-6 methyl group to be close to

H-5 and H-6 only (Fig.49). 1In fact, saturation of the methy1>

group led to nuclear Overhauser enhancementsl'82

of only these
two, hydrogen (Fig.50). The signalé for H-4 at 4.17 and. 4.24

ppm (a and R anomers) was not affected.
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Fig. 48a 'The 4OOVMHz lH—nmr Spectrum of compound 26 showing
' ~ the signals for the ring protons and indica

t

ting
‘fhe coupling constant of B.5 Hz between H5

and H6.'




. o

- Fig.

Fig.

493

49b
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Computer drawing of the D—trlsaccharlde (26)

in the conformation ant1c1pated by HSEA calcu-
lation in order to display the anti-periplanar
orientation of H5 and H6 and the orientation A
of the C7-methyl group relative to H4.

Computer drawing of the L-trisacchgfide (25) in

the conformation (25a) anticipated to be most
favorable by HSEA calculation a in the qgonfor-: . -
mation {25b) best indicated by A£he 1H nmr spee-"-" %
trum.” In the case of 25a, note the syn-axial

like arrangement of 04 and 06, the syn-clinal
orientation of H5 and H6, and that the C7-methyl
group is distant from H4. In the case of 25D,

"note H5 and H6 are in anti- periplanar orienta-

tion and that the C7-methyl group is in syn- ax1al
llke orientation with H4.
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for'H6, H5a and H58 observed on irradiation of
(C7)Hy.
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The HSEA calculatlons for the structure 25 (the L-isomer),

howeyer, indicated a conformation g§a‘(Fig.49) which has the

torsion angles ¢%/Ht" = 50°, /€L = 530° ana W398 = 190

® ,
to be 0.6 Kcal/mole lower in energy than the conformation 25b

which has the torsion angles ¢C6/H1‘ = ° C5/C¥

. /.
(-110°) an d wH5/06 = 290° (-70°). It appeared that ;hé con-

45°, ¥ = 250°
former 25a shouid be more abundant than 25b. However, a coup-
ling cénstant of'8;0'Hz.betWeeh H5 and.HG.was observed on
lH—nmr (Fig.48h) which implies en.anti—pefiplanar orientation
of the vicinal protons. This would be expected of sz and ‘
not 25a conformer where these atoms are in syn cllnal orlenta—
tions. Saturation of the signal for the C—methyl group re-
sulted in strong‘enhancement of the signal for H-4 (see Fig.51)"
as well as those for H5 and H6 in keeping with conformation
g§b_ano not 25a. The discrepancy between the lH—nmr observa-
tions and the HSEA orediCtion-in this cese‘might be* due to

the fact that the syn-axial 1like nonebonded interactions
between 04 and‘OG in 25a was underestimated by the hardesphere
calculation. In, fact, Lemieux and Pavia69 had noted that the
effective radius for oxygen may vary depending‘on'its substi-
tution and in HSEA calculations this was assumedgig be l.S‘g
which is the Ven der Waals radiusf Moreover,gthe oalculations
do not take into account the electrostatic effect83 and the
effect on the apparent volume of hydroxylvgroups when these

are hydrogen-bonded to solvent water.84
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Fig. 51 The 400 MHz lH —nmr spectrum of compound 25 and

the nuclear Overhauser enhancement of the signals
for H6,

H4 and HS5 observed on irradiation of (C7)H
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The nOe resuifs'mentioned above aiso confifms tﬁe con-
figurations of the two isomers which}has nof been accomplished
in the precursor 29 and 39 due to the preéence of the isopro-
leidene groups. . | .

The compounds 25 énd gé are thus\considered to be con-
formatiohally more rigid struéture than § about thg C5-C6 and
the 06-C6 bonds. This aspect of theiIFQSBformationai proper-
‘tiesfwere taken advahtage of in binaing studies which were

intended to determine as -to which conformation the I Ma deter-

minant (5) is ‘accepted into the combining site of the antibody.

4

Althoughﬁﬁt was pfedictéd by HSEA calcufafions>that 5 is dis-
tributed among a wide range of conformers described in

Tabkle VI, an observafion of the lH—nmr chemical shifts of %z,
18 and 19 suggesﬁs fﬁat the compound }g( which is thé 1,2;3,4-
di—o—isopropylidene derivative of 5, hight be restricted to
certain.conformatioﬁs. The signalé of H—{ in the acylated
derivatives (18 and 19) of 17 are shifted by 0.24 ppm from
that of 17 (Figs.5-7) whiéh indicates'that 18 and 19 might
reside in a conformation that requireslthe ;cetamido; or |

trifluoroacetamido group to be on the same side of the mole-

-

B

“trcule .as 0-4. This means that the compgund 18 are highly

¥

s
populated in conformers which are close to that preferred by

the D-isomer (gg) which has the acetamido group close to H-4
(Fig.49é).' Since the conformation preferred by the L-isomer
."has the aCetaﬁido group away from H-4 (Fig.49b), the above-
mentioned deshielding effect is unlikely to occur if 18 occu-

pies such a conformation. Although it is difficult to assess

146
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'the éffect of the isopropylidene grbups on the'conformatioﬁ
Vof the partially blocked trisacéharide (}?) as compared to 5, .
a good guess can be made that Fhé conformatibnal~prefereﬁce
of the twozcompounds‘are not appreciably differenp since the
compound_}g was found to be a good inhibitor and is expected’
to resemble 5. This matter will be discussed in Part IV

~after the inhibition results are presented in Part III.
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-ethanol but is precipitated by 20% ethanol.

PART III Inhibition Assays

All of the inhibition tests were conducted by Jerry Liao
A : +
in the laboratory of Professor E. A. Kabat. The method used
by J. Liao will be discussed beiowufollowed by the results of

such tests. N
h

A. Method

The Anti-I Ma (group 1) serum was obtained from a
patient (Ma) of group O and had a titer of 16,000 at goc .8
The precursor substaﬁce,dG—ZO%—from—lO%,was used as an antigen.
This is a frqction obtained from human ovarian cyst fluid by
digestion with pepsin, precipitation with ethanol, extraction
of ;hb dried precipitate with 90% phenol and ﬁhen isolating
ﬁhat fraction whiph is not precipitated from phenol by 10%

%

The quantitapive precipitin inhibition assays were
carried out as follows. |

Varying quantiﬁies of oligosaccharides (reported below
in pmolés)'were)added at 0°C to 30 pL of a 1:2 dilution of

anti-I Ma.ll"27

Total volumes were édjusted with saline to
400 vL. After 30 min at 0°C, 14.5 u‘g of _oé—'zo%-.from—lo%, a
guantity which had been sthn previously to precipitate all of
the antigbdy in the absence of inhibitor, was added. The con-
tents of the tubes were mixed, kept at bOC for 7 days, stirred

twice daily. The tubes were then centrifuged in the cold to

\ 148 .
c s
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collect the precipitates, which were washed twice with 0.5 mL

cold saline. The washed precipitates were analysed for nitro-
5

.

gen by the ninhydrin method.8 The per cent inhibition was

calculated from the decrease in Specifically precipitated
nitroZen in the presence of inhibitor as compared with a con--

trol to which no inhibitor had been added.

/ : gy
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B. Results of .Inhibition Assays

TABLE VII !
o : , .

Inhibition of the precipitin reactions of the anti-I, Ma antibody and®the

0G glycoprotein. Effects of changes in the aglycén (R)5 (826a1(1+&)32G1cNHAcOR)

Combound Ca umoles added for |°  AAGC ¥ | "Relative
P "50% inhibition (kcal/mole) | potencies
H ' ‘
(5) ° 0.45 0.00 1.00
. - 7 a_{ . . ‘ .‘”“ . s
H H o :
; T e | | . -
(17) ] - 70.59 0.16 » Q.76
~~ 0\ _-0 ]
X N _*0 - . . : S
(20)¥ CH 3~ o 0.16 . -0.61 2.81
~ e : .
(21) CH4CH - : 0.16 . -0.61 2.81.
(22) CH~CHCHo- 0.29. o -0.26 1.55
(23) | (CHj),CH- B 0.22 - -0.42 2.0
(24) (CH3)2CH CHo- 0.83 " 0.36 0.5
CHs " A : : ,
(25) H o o>1.25 >0.60 <0.36
_ , h
(26) 0.16 ~0.61 2.81
~~ . ~

The experimental plots are presented ip. Fig. 52.

The ratio of the molar amounts of two inhibitors which reduce the amount
of precipitin formation by 50% (umole of reference compound/umoles of
other inhibitors) is taken as the relative equilibrium constant Krel and
this value is used’® to calculate the difference of the binding free
energies (AAG®) for the two inhibitors with the antibody using the usual
expression. ) ¢ .

-AAGCP = RT1n Krel -

(R
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80

INHIBITION.
. g .

»
(=]

PERCENT

20

o 0* 02 03 o4 05 06 07 o8 o8 10 1M a2

MICROMOLES INHIBITOR »ADDED

'Fivg.' 52 Plots of 1nh1b1tlon of prec1p1tatlon on m1x1ng
' 15 uL of gnti-I Ma (30 UL of a 1:2 dilution) with
“ 14.5 ug of OG 20% from 10% in a total volume of -
400 pL and using compounds . 5 Q). 17 (@) ,
20 (B), 21 Ay, 22, _(V),_gg (0):5 24 (W)
25 (D) and 26 () as inhibitor. -

-
+



. TABLE "VITI

Effects of changes in the gPGlcNAc unit§

¥

A
A

152

! .
"

Htmoles added for AAGP Relative

Compound Structure '50% inhibition (kcal/mole) | potencies
(é) Inactive Inactive Inactive
(1) 3.1 114 0.15"
(}§) Inactive Inactive Tnactive
(19) Inactive ‘Inactive | Tnactive

RY= |

The experimental plots are presented in Fig. 53.

¥
See Table VII

(p.152); compound (2) is also used as

Compound (5) is used as the reference.

L}

the reference.
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PERCENT INH)
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100

[
80 |-
60}-
40)-
20}

\5
) / . ¥ &q 4 1 | ) J 4 | AJ ]
0 o1 0.2 03 04T o5 06 07 o8dpgg 11 19 12
MICROMOLES INHIBITOR ADDED
Plots of inhibition ofvprecipitation on mixing

Fig. 53

15-uL of anti-I Ma (30 UL of a 1:2 dilution) with
14.5 ug of 0G 20% from 10% in a total volume of

400 uL and using compounds 5 (0), 4 (@ ,: 18 (A),
13 (&), 31 (@), 32 (@), 33 (N) and 34 (X) as
i?hibitors. The compound g (LacN§¢).provided 50% Y

‘inhibition at the level ef 3.1 umoles.
1 ~ . . . g . . N

|
| _

re
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TABLE IX

Effects of changes in the terminal BDGal unit§

Compoungd | : Structure ' Potency as an Inhibjitor
1 R =H, R' = OH .
(§~) R =N | ? ) Inactive at 0.68 ymole
2 R =0H, R' = H ‘
(§~) R" = OH ’ Inact;ve at 0.95 pmole

(33) R =H, R

= H,
zZ R" = OH : Inactive at 0.75 umole
. o ‘ J .
(34) R -% Inactive at 0.4 pmole
' H NHAc _

"R' = OH, R" = H

N

§xThe experimental plots are presented iQ Fig. 53.



PART IV. The binding of 8DGal(l+4)gDGlcNAc (1+6)DGal
by Monoclonal Anti-I Ma Antibody

The evidence was presented in the intrbduction which
indicates that the anti-I Ma antibody combining site is di-
"rected towards a certain part on the triéacchafide BQGa1(1*4)—'
£DGlcNAc (1~6)DGal (or {1+6)DGlcNAc) (5). The hypothesis that
the Eomplémentarity arises dﬁe to the steric requi;ement (wigp
some flexibility afising from conformative response) of the
combining site.as well as hydrophobic bonding’between carbo-
hydrate molecule and the atomic droupings of ﬁhe combining
sifé was also discussed. In the pregent work, the binding of
the trisaccharide (5) with the anti-I Ma antibody was examined
in terméﬂof'this hypothesis by inhibition assays using syn-
thetic 'fraudulené' structure as inhibitors.

| The size of the combining site of the monoclpnal anti;I
. .

Ma antibody can be defined by the relative potencief in inhi-

~

bition of the compounds 4 - 6, 17, 18 and 31 - 34. / Compound 5,
which is the naturél structure most active in the binding of

" the anti-I Ma antibody, is designated the value of 1.0 in it

-

relative potency in inhibition as compared to various synthetic
inhibitors whose values ére aisb reédfted in Table VII in

Part III. It has been mentioned in the Introduction that the
intact reducing DGal unit is not required in the binding.

This is confirméd by fhe fac£ thatlcqmpéund 17 was found to be

N. .76 timae ac ARAAR 2rn “xhitkhidmey am’ B IMakd o 11T T LT T R
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was to be expec_ted,lo'27 the isopropylidene groups present«in
‘ }Z do not cause much hindrance to_the.binding. Of major in-
’terest is tne observation that the simple methyl glycoéide
(20) is a 2.8 times more‘potent inhibitor than the I Ma tri-
saccharide 5. Consequentiy, the major portion of the reduc-
ing DGal unit 'is not involved. _The‘addition of a methyl group
to form the ethyl glycoéide (g}) had no apprecieble influence
-on the potency. Thus, it can be concluded‘tnat the binding
of the reducing BDGal unit of the I'Ma trisaccharide (5) is
largely restrigcted to the C-6 methylene group. The addition
of B second methyl group to the methyl group of égbto’form
the isopropyl glycoside (g%) lowered the inhibition potency
but to such a smél% amount that it can be concludea that
neither of the methyl groups are importantly involved. Thus,
“the indication ieithat the role of the methyl ethyl and iso-
propyl groups is to render the tOpography about the aglyconic
carbon hydrophobic in nature. The significance of the higher
activities o~ 20 and 21 than that of 5 and the decrea51ng
activities of 22 - 24 w1ll be discussed later on in conjunc-
tion to the binding activ1t1es of the compounds 25 and 26.

The involvement of the acetamido group of the central
BDG1cNAc unit in the binding is supported by -thel binding activities
of coﬁpounds-l?v— 19 (Tables VII and VIII). The replacements
of the more hydrOphoblc acetamido group in 18 by an amino
group as well as the polar (but of about the same size) trii
fluoroacetamido group in 19 render both structures completely

inactive in binding. .Since the trifluoroacetamiao compound (19)
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is inactive, it is expected that the acetamido group in the.
I Ma determinant is orientated in a way that the methyl group
is directed towards the combining site in the antibody. This

point will become more obvious when the conformation of

un

accepted into the combining\eite is discussed later."

- As for the‘terminal<BQGal unit, it has been menﬁionéd_
~in the Introduciion.that this unit is importantly involvéd
in binding since the cdmpound 4 is completely inactive (Table i)
and that the OH-3" is not involved in the binding:' The fact
that the compounds 31 - 33 (Table IX) were found to be inac-
tive suggested that the OH-4" and OH-6" ar; involved in bind-
ing. Since compoqnd 34 (Table IX) was found to be’inactive,
the pbssibility that the I Ma determinant consists of an addi-
tioﬁal sugar upit, BDGlcNAc, linked to the 6;poSition of the
terminal DGal residue can be ruled out. Further investiga-
. tions are thus required in order to elucidate the way that
the two hydroxyl groups enter the combining site. |

The possibility exists that, in_féct; the anti-I Ma

combining site is designed to accept the terminal BDGal unit
with the favored orientation for Ehe hydroxylmethyl group as
is shownm in 5 (p.iB3L AInifact,‘it has already been’ demon-

43 that the inhibition of the binding of methyl BDGal

strated
by anti-BDGal antibodieélis.strbngly diminished (relative to
the inhibition by methyl BQGal) for methyl 6-deoxy-BDGal,
methyl 4fdeoxy—BgGal and méthyl BDGlc. Thus, the results
presented in Table IX are compatible witﬁ the binding of 5

about the C-4" to C-6" region of a simple unsubstituted SQGal



-resiaue. ‘Furthermbre, the inhybition provided by the D-6-C-
methyl desivative of methyl BDGal which resides in the csn-
fsrmation §ia, although weaker (AAC° = 1.3 fcal/mol) than that
-provided by methyl BDGal, was substantially (AAG® = 0.8 kcal/
mol) greater than that provided by the L-isomer (§ga). As
discussed in a recently submitted paper,73 the lower activity
of §}a as compared to methyl BDGal may simply arise because
the binding of §}a requires the intrusion of the 6-C-methyl.-
group into a rigidly held hydrophilic region of the combining
'site. This would be an interesting contrast'to the results

A

to be presented.below in connection with Fig. 54 where the.

introduction of methyl group at the C-6 position of 5 actually

enhanced the binding. In this case, it seems_evident that
the binding of the_C—G methylene group oscurs in an hydro-
phobic region of thé combining site.

. The possibility also exisfs that the binding involves
the 6"-hydroxymethyl group in‘an intramolecularly hydrogén—

bonded fotm as depicted in 35. The binding of a BDGal unit

in this manner was‘proposed by.Lemieux et gl.43'
* T ‘ ‘ o Sy
™
H CH
H~ | 3
X N o) H
(o) > CH
1 0 o ._ .
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Whaﬁ the present results prove beyond.éoubt is that
the combining site of the monocloqal anti-I Ma antibddy ex-
tends from the C-6-methyl grodp, over the acetahidOAgroup and
continués to include OH-4" and OH-6".

The trisaccharide 5 isvexpected to exist in solution
in a large number of conformations of near equal energy
(Table VI). However, as disgussed in Part II, compounds 25
(L-isomer) and gg (Q—isomeri_réside in the conformations that
are indicated by the formula in Fig. 54. The fact that the

D-isomer is a 2.8 times better inhibitor than the frisacéharide
(5) and that the L-isomer is a éoor inhibitor (Eig.54) indi-

cates that the combining site recognizes the trisaccharide (5)

in a conformation that is close to that of the D-isomer (26).
The higher binding activity of 26-than 5 might'arise because
5 is distributed among several conformations and therefore
the binding of 5 must inVolve anrimportant entropy of mixing~
as cémpared to 26. Sinée-the di-O-isopropylidene derivative
of 5; namely 18, is almost as potent an inhibitgr as 5, the
cbnformétibn‘of that portion of 18 wﬁich is bound is-probébly
~not appreéiably different from that of 5. As ﬁas beeh men-

tioned in Part II, the conformatidé of 18 is/in fact close to

tbétiﬁreferred by the D—isqmer (26) . It is’likely,-thereforé,
tgat éompoﬁnd.é is highly populated in those conformations \
which are close to that shown as 5b in Fig. 54, with minor

subpopulations of conformers close to that_sﬁown as b5a. It

is also seen in Fig. 54 that the disaccharide 1l is 19.4 times

less potent than that of its methyl‘glycoside (20).. '~ This
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indicates that the hydroxyl group in 1 is occupying the posi-

tion of the ﬁethoxy group in 20 and is less compatible with an

hydrophobic region 6f'the combining sjite. Since the trisac-
charide ? can occupy a large range of energically ﬁearly equi-
vaient orientations, it can be‘anticipated that C—l.to.C—S
region (g—arabino—portion) cén occupy the orientation of one
of the two methyl groups of the isopropyl glyCoside(ggl. An
indication as to which one is proviaed by the inhibition data
for the n-propyl and isogutYl glycosides (gg_and'gﬁ). It is
expected that the conformational prefefénée for the n-propyl
group would be the so-called zig-zag conformers depicted in
Fig. 54. Since the inhibition provided by this compound was
only 1.8 times less than the methyl glycoside (29), it can be
concludéd that the mgthyl group of' the gfpropyl glycoside(gg)
does not appreciably influence the binding activity.‘ However,
the addition of a methyl group to form the isobutyl glycoside
(gﬁ)provided a distinctly poorer inhib%tor (5.2 times less
potent than 20 and 2.9 times less potent than 22). This addi-
tional methyl group can be seen to occﬁpy‘thé'same position
(Fig. 54) as the 0-5 grouping in 5a. Therefore, it is de-
duced th?t the L-arabino grouping of the reducing unit of 3§
WOuld.oCCupy the pro-R and not the pro-S methyl group of the
isopfOp?l giycoside (g%), as in §b, when it is accepted into
the combining site. This interpretation is consistent with
the results of the D- and L—isomers (g§ and 26) as the con-
formation shown as §b is deducéd from the higbly.potent

inhibitor 26. .

161
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On examination of a molécular model, the trisaccharide
5 which resides in a conformation tﬁat is inferred from that
‘of fhe D-isomer (gé) displays a large surface (Fig.55) which
can be‘exéected to be energically quite readily freed from
water for descent into a hydrophobic cleft.. This surface is
"wedge-1like, and, for reasons discussed above concerning the
inhibiﬁion results, is expected to extend from C-6 of thé’re—
ducing DGal unit along the edge which includes the acetamido-
group to the'region around 05"-C5"-C6"-C4" of the terminal
DGal unit. The preferred cqﬁformétion for the BQGal(l+4j_
BBGlcNAc,unit has 0-3' in close préximity to O-5" (34178) and
thereforebis disposed for the intramolecular hydrogeﬁlbpnding
- ?
that is indicated in Fig. 56. Thevpresence of this bond is
expectéd43 to render the structure more favorable to binding
with an hydrophobic sﬁrface. -
The evidence presented above conce;ﬁing the eluciaation_,

-of the binding in the region of the 05"-C5"-C6"-C4%" indicates
that botk the OH—4"'aﬁd OH-6" are involved in the binding
sifce thé'compounds %} - %% are all \{nactive. It réemains, .
however, that the exact manner as to how these two hydroxyl gréups
are involved in the binding 1s not undgrstood. Neverth/eless, it
is remarkéble, on the basis of the conformation for the I Ma
determinant (Fig.55) and how it appears to bind with the anti-
body (Fig.56), that the large surface that is expected to be
'buried' in the combining site is essentialiy hydropﬁbbic in
nature and at least seven hydroxyl groups on § are readily

available for hvdroacen hnandina wit+h +ha armiocm~ne ~hoca e~
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Computer drawn pfojectidh formula of the trisaccha-
ride (26) (upper) as derived by HSEA calculation in
order to display how it is expected to interact

with a hydrophobic combining site. The Projection
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“l.
2 .
: JL . 13 : .
,.recently discussed, .~ some of these hydroxyl groups may be in
-contact w1th rigidly held hydrOphlllc grups at the perlphery
of the comblnlng site. | .

S;nce the anti-I Ma antibody possesses an unigue Com-~
bining site'expressed by a single clone, no general conCld—

51ons can be made 1n the present flndlngs However, it is

‘noteworthy that the hydro OblC nature of .the major portlon

-

of the anti-T Ma antlbody c 1n1ng 51te is in keeping Wlth

the expectatlon43 that the maln driving force for antibody-

' carbohydrate bihding'shoula tend toward hydrophobic bonding -
~and, ;when neces ary and stereochemlcally p0551ble, the
carbohydrate may -assume intramoleculax hydrogen bonds in order -
to become more?compatlble for such blndlng.

Finally, of major 1nterest are the co

20. l 23 which provlde the first examples\of synthetlc struc—
tures whlch-are closely related to a natural antlgenlc deter—
-
;vmlnant and which blnd the antlbody more strongly than does
the natural antlgen.) Thls occurs llkely because of the con-.
_formatlonal preferences of these molecules which more readlly
. preselt the topo;raphy wthh is complémentary to the’combinlng
.srtewJ The modern technique developed for chemical’ synthesls
and conformatlonal analy51s together with the now greater
'avallablllty of monoclonal antlbodles87 and leCtlnSBS augurs
well for studies concernlng the exact nature of blndlng of
carbohydrate structures_wrth réceptor'51tes—-a matter which
is now.of;fundamental importanCe’to.the.understandrng of a_L

e . . . ... 89
wide variety of biological communications.
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