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. ABSTRACT

. ' {
\ - .

Oncogen;f transformation frequently results in the

production of abnormal cell—sPrface carbohydrates, known -

as "tumor-associated carbohydrates", and it'g;% been shown

that these carbohydrate structures can result from a
X . i A Ve i »
change in the enzymatic activity of a single :

v
- - .
-

alycosyltransferase. . K

This work was aimed at developinq a selective assay
s

for monitoring chanqes in the intracellular act1v1£y of
r Y4

such a known tumor-elevated qucosyltransferase, termed. N-—

'acetqulucosamlnyl transferase \Y (G1cNAC transferase V),

_b% using appropriately designed synthetic oligosaccharidé

!

bubstrates. To~this end, the trlsaccharlde R D—

GlcNAc(l +2)a-D- Man(1+6)8rD Man-O(CH2)8COOCCH3 (2) and the
relatéd tetrasaccharlde B D—GlcNAc(l»Z)—a -D- Mad(l»G)[a DZ
Man(l 3))-5 D- Man- O(CHZ)BCOOCH3 (3) have been chemlcally

synth851zed as potential selective acceptors for this

. S A |
‘»..\0 nd - T(CH,),COOMe

%

X (CH,),C00Me



The multi-step syntheses to prepare the

oligosaccharides 2 and 3 involvegd sequential Koenigs Knorr
glycosylations. of ‘s
derivatives and are

scheme shown below: ~

'y

C
© The“trisaccharide 2 was found to be a selective

N ¢

acceptor for GlcNAc transferase V.
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CHAPTER 1
INTRODUCT ION

The cell-surface carbthdrates of eukaryotic cells
are made up of the sugar ch;ins of glycoproteins and
glycolipids and the more loosely as50ciated collagen,
heparan sulfate and fibronectin. The coualently attached
complex carhthdrates of glycoproteins and glycolipids are
usually between two and fifteen sugar units long and

 typica11y meke up 2—10% of the plasma membrane w_eiqht.1
The carbohydrate chains of these latter glycoconjugates
project outward from the cell and, despite their
relatively 1ow eQundence, it is believed! that they almost
entirely,Cerr,the ceil surface end thus form the first
1ayer of interaction with other cells.

‘Ménx of the compiex carbohydrates appear‘to have
physicochemical functions such as modifying solubility,
stabilizing.protein conformation and protecting
oiycoproteins'against.proteolysis.2 Current research in

" the brological sciences is, however, focu51ng on’ the ‘
o’/p0551b1e role of these hlghly diverse structures as

ecognition markers whlch may d1rect phenomena as dlverse

as the binding of hormones, tox1ns, enzymes, v;ruses and

¢
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bacteria to the cell and as "traffic signals" which
g N uﬁ
control the circulation of bo%ﬁ glycéproteins and whole

. ’ H .
cells.3 Although much of the evidence to support the role

of_complex carbohydrates in mediating these diverse

processes is still largely circumstantial, a handful of

< .
structures have been assigned definitive physiological

functions. These critical functions include that of B8-D-

Ay

galactose as a recognition marker in the hepatic clearance

4

of serum glycoprotelns and of mannose—6-phos§hate

re51dues in the targeting of newly blosynthe51zed

.

glycoprotéfaf to the 1ysosomes.5

About ten years ago, evidence began to accumulate.

that the .carbohydrate structures. of both cell-surface

qucoproteins and glycolipids became dramatically altered
) ¢
during both normal and abnormal cellular development‘.6'8

Consistent changes in cell-surface carbohytdxate structures
S ' ' 5 —_— '
have now been shown to accompany -the development*bf human

melanoma,vneuroblastema and‘colorectal,‘qastr;c and
‘pancreatie,carcinoma.g The .occurrence of largevf0co—
sylated h hly-branched qucopeptldes 1s 1n fact one of

the most reproduc1ble correlates w1th the mallgnant trane~‘
ermathn of cells.lq ’The fuhetlonal slgnlflcance, ff'aA
any; of,thesehcell¥surface struCtural'changevas not at‘
~all clear but these aberrant carbohydrate structures are

o
attractlng a great deal of cllnlcal 1nterest as potent1a1
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tumor markers. Theg structures of many of these "tumor-

w

associated" carbohydrates have been elucidated in recent
years and~major research efforts have gone into the

productlon of monoclonal antibodies aga1nst many of these

8,11 One of these monoclonal ant1b0d1es,

+

termed CA19-9, is already in wide clinical use .as a

12,13

structures.

prognostic monitor for colorectal cancer.
: i B N _
Tumor-associated oligosaccharides are'the

manlfestatlon of altered carbohydrate biosynthesis and

“ could, in pr1nc1ple, result f rom any of a ‘large numbeJ of

cellular irregularities. Glycosylatlon of protelns is a.

co- or post- translatlonal mod1f1cat1on wh1ch requlres the
L]

—

'sequentlal act1on of a series of enzymes _ ) Y
(qucosyltransferases) and co—factors (5uqar nucleotLdes)
.and occurs in the endoplastlc retlculum and golgi,
ves1cles.14 A change in the’ cellular levels of the
glycosyltransferases, the sugaf nucleotides or their’

, transport protelqg the hlosynthetlc precursors of the-
sugar nucleotldes, glycosylhydrolases, or even mild
dlsruptlons of the membrane 1ntegr1t1es of. 1ntracellular
organelles could account for the observed changes 1n cell-‘

'o
surface carbohydrate structures. Because of th1s

[N - - e

'~tremendous complex1ty the correlatlon of the express1on of""'

2

tumor- assoc1ated cell surface carbohydrates W1th a sanle

'transformatfon—1nduced molecular event has untll very

0,-
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recently ‘remained elusive.
4

»

In 1984, Yamashita et al.l® compared the carbohydrate

— ——

structures of the membrane N-linked glycoproteins of baby
y ‘ .

‘hamster ligney (BHK) cells aﬁd their polyoma transformant
(Py—-BHK). Tﬁﬁy1f0und that while the transformed cells
produced the séme approximatelyftwenty structures as did
uthe normal cells, they produced more of the larger more

highly branched oligoéaccharides. They proposed that the

changes ?n the #elative proportion of the cell-surface
S .

oligosaccharides observed on- transformation could be

expléined by*fhe elevation in the activity of a single

enzyme, a glycosyltransferase, termed N-Acetyl-g-D- '

glucosaminyl transferase V (GlcNAc ;qfnsferase vV, GnT

V). They subééqQ2?1§$ validated this proposal in 198515

when they showe@ that the GnT V activity in Py-BHK cells-
was in fact elevated tﬂo}fold wllen compared with

FE . . ’ . :
untransformed cells.. - This elegant work provided the first
3 - ‘ . P

demonstration-that Ehe changes in cell surface-

ot

>
-

carbohydrates observed-on oncbgenlc transformatlon could

o

. . '
result from a chanqe im the act1v1ty of a 51ngle qucosyl-

tratherase. Yamasﬂlta et al. s worklo 15 therefore

suqaests thap the act1v1ty of ‘a 51nq1e qucosyltransferase

acan, in itself, serve as-a tumor'marker.y The detection of
‘.? v . R

A, :
a chdhpe in a 51nqle spec1f1c enzymatlc act1v1ty should be
A
- far 51mp1er than the characterlzatlon and quantlflcatlon"

Y s
: v . & . @

. b R R ot



of a highly heterogeneous mixture of cell-surface

carbohydrate structures produced as a result of this

single enzymatic chénoe.

This thesis is concerned with the developmept of a
rapid and Cpnvenient assay for measuring ‘the activipy of
alycosyltransferases, in particular of Yamashita et al.'s
elevated GnT‘V. Glycosyltrénsferases catalyze the
transfer éf éi*ﬂyposyl residue, usua11y>from a suqar
nucleotide {(termed the donor), to the hydroxyl qroup ot
another sugar (termed the acceptof&; The sequential
action of a large number ot such g}ycoéyftransferases Es
required for the synthesis of complex oligosaccharides.

The chemical r?action caﬁalyzed by GlcNAc transferases is
the transfer of an N-acetylglucosaminyl residue fromﬂ_ y

uridine-diphospho-N-acetylglucosamine (UDP-GlcNAc) to a

hydroxyl qgroup of some acceptoé sugar:

e ' "o -«
M o
o o ol
HO Acceptor
o]

Hp-Acceptor, NN—<
' : c

A . . ubp
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The products of the reaction are uridine—diphosphate'(UDP)
and a B-linked di- or oligosaccharide. i
At least 9 different GlcNAc transferases are known 'to
© be invoived in thg biosynthesis of the asparagine-linked
oligosaccharides{3’10'15'16 All of these énzymes use
UDP-GlcNAc as the glycosyldonof and the diffe?ence between
them lies in their épecificity for different acceptor
. . . 7
structures. A composite structure of the core r?gion of
known asparaqgine-linked oligosaccharides is shown in
Fiqure l.‘ The oliqgosaccharides are ali attached to
protein @sparagine residues (N—linked{ throuqh‘a common
chitobiose linkaqe, nglcNAc(1»4)BQGICNAc—Asn. The GlcNAc
transférases responsible for generating the diversity of
structures observed on cell surface N;linked glycoproteins
ace‘labellgd GnT 1, II, 111, IV and Vband the GlcNAc
residues they transfer are labelled in the éame
fashion.l® 1In the naturally occurring structures other
sugar residues, notably Q—galactose and‘L—fucose,\are
addéd onto these GlcNAc residues to pfoduce ﬁheAcomp%eted
structures. GnT's I-V transfer BQGI&NAC gg'g—maﬁnose“
i:eéidues, but téldifferent hydfoxyl groups.of the three ..
'different‘mqnnosé fesidues.‘ Theseienzymeéhare all locaéeé -
_in the rquqh»endoplasﬁic-retiguluh and in the golgi |
apparatus of celis where they frequentl& compete for

common glycoprotein substfates. ' _li



GnT V - - - - - BGlcNA¢(1*6)

N
7

GnT 11- - - - - BGlcNAcC (142 (14+6)
GnT II11- - —~BGlcNAc(1»4)BMan(1+4)ﬁélcNAc(1*4)BGerAr—Asn
GnT I----- BGlcNAc(1+2) (1+3)
N
: v aMan
- -/
B : GnT IV - - - - BG1lcNAc(1+4)

-

Figure 1., A hypothetlcal structure showing the BDclcNAc un]tq aaded
by GlcNAc-transferases I-V (GnT I- V).1



'A portion of the biosynthetic pathway elucidated by
Yamashita Ei_al. for the production of BHK cell-surface
glycoproteins is shown in Figqure 2. This biosynthetic

scheme, reproduced from Yamashita et 513,15 shows how the

product of one glycosyltransferase reaction can freguently

!
I

Qe a substrate for several competing glycosyl-
‘transferases. . The elevation of GnT V in Py-BHK cells
results in a shunt in the normal bfosyntﬁetic branchingqg
indicated by the bqld face arrows with the‘resultant
increase in the larger, more highly branched oligo-
sacéharidé structures. GnT V transfers BDGlcNAc
exclusively to the 6-hydroxyl group of the a(l-6) linkea
D-mannose unit of the glycopeptide.

Assaying the activity of ﬁheée'various qucosg}-.

transferases, which are present in only minute amounts,

.- . e “ o
invariably involves the measuré@ent of the transfer of a

;radiolabeiled GlcNAc residue from‘14C'or‘3H-UDP;GlcNAC to
a suitable accéptor_oiigosaccharide,‘followed byQTsolatiOn
anlcountinq of the product.15'16 The difficuity | | |
encountered withaqssayinq the GnT's iscxhat they .alk uée.
‘“the same sugar nucleotide ana severallof.them.ﬁay éc§ Sn
“any.given substfate. As seén in Figufe 2, in the
biosyn@hesis‘oﬁ N-1linked glyéopep;ides,‘GnT V acts on

" hepta- and octasaccharidic substrétes. In théir“lahdhark-
work,1~5 faméshita.EE_EE:;isolaéed their substrates from

[
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aMan (1+6)

‘ BMan-R
BGlcNAc(1+2)aMan(1+3)
&
GnT II '

BGlcNAc(1+2)&hQQil}6) ‘ :
\\ﬁMan -R ‘cher enzymg_s‘_;1 _

BGlcNAc(1+2)aMan(1+3)

! H
GnT 1V
* "
. ‘ BGlcNAC(1+6)
BG1cNAC(1+2) aMan (1+6) Saman (146 )
™~ Man-R BGlcNAc (1+2) ‘(
BGlcNAc(1+2) . : v .-BMan-R
an(1-+3) BGlcNAé(1+2)aMan(1+3)///’
BGlcNAc(1+4)" - v 5
other GnT V
enzymes ',
) -
R - BGlCNAc(1+6)\ &
» //nMan(1+6)’
BG1cNAC(1+2) . o
BGlcNAc(1+2) Man-R - !
\\aMan(1+3f/’ o o : al

BGlcNAc(1+4)

Figure 2. Partial pathway showing "the involvement of GlcNAc-
7" transferase V (GnT V) in the biosynthesis of complex sugar
chain's.15 R .represents QQplcNAc(1*4)BQplcNAc-Asn.
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e
the urine of patients y}th hetabOliC disorders
(mannosidosis, fucosidosis and Ghl—qanqliosidosis) and
f requently had to further process.fhése structures by'
removal of Quter.sugar {esidues with specific glycosyl
thydrolases. Such procedures are not only labor intensive
and time consuming but uré’clear}y not general. The
amount of material that may be obtained is also limited.
Yamashita et al.'s saparation af the‘radioagtive products
of the enzymatic reactions required high-voltage paper
electrobhoresis, gel—permeatian chromatoqraphy, treatment
with qucosyl‘hydrolases and re-chromatography. Both the
.difficulty and jmpractability of such glycosyltransferase
assays are considered a major obsfacle in the study of
alycosyltransferase tumor markers.

Our approach to- this problem was to chemically
synthesize oligosaccharides whiéh would, we hoped, be
recoghizéd by only a single enzyme thus producing a
sdbstraté which could be used in an assay specific for
that 51ngle glycosyltransferase activity. Such substrates
mlght include’ ollgosaccharldes where cross‘reactlnq sugar
residues were completely absent or whe e the 1nterfer1ng
hydroxyl'qroups which might be acted on by other Gl;NAc
transferases were masked by elther O—methylatlon or
17, 18

_ deoxyqenatlon. Thls latter approach has recently

been successfully applled in the dlfferentlatlon of two

¢
T o
Ry



11

ey

competing a—L—focos;?ifansferases in serum. To be truly

useful, such substrates and theilr glycosylated products

~should also be amenable to simple rapid isolation from the

incubation mixtures of cell extracts or fluids which

e

contain the qucosyltransferaée activities beinqg assayed.
In order to test the practicability of this approach
;o ,

we chose to attempt the preparation of substrates

selective for Yamashita et al.'s GnT V since this

V5 .
Wi
)

olyoosyltrahsferase was already attracting wide interest .

X

" as a‘potential tumor marker. The smallest Kpown.substrateﬂ

82

for GnT V is the heptasaccharlde 1 shown in Fiqure 3,
which was isolated and used by Yamashita et al 15 as
despribed above Recent work,19 23 from the laboratory ot
Lemieur and ourl own, on the molecular b:;is tor the
b1nd1nq of ollqosaccharldes by monoclonal antlbodles and
lectlns strongly suggested that protelns here not llkely

\

to require carbohydrate surfaces much larqer than that of
a trisaccharide for faithf 1'recognition. We expected
that thié situation might "also hold true for the‘enzymatic

spec1f1c1ty of qucosyltraﬁsferases and - therefore

&
w7

envisjoned the trlsaccharldL . i o .
'jRDGlcNAc(l»Z)aDMan(1+6)BDManOR (2) as a likely acceptor~ ;fi>/

for GnT V. Our ratlonale for the ch01ce of 2 can be seen

1n quure '3 where the structure of the nbtural heptasac-

charide acceptor 1 is also shown. We set forth,



BG1lcNAc (1+2)aMan(1+3)

Figure,}.p

BGlcNAC(l*Q)aMa;(1»6)
~

R= aMan, BGlcNAc(1+2)aMan(1+6)
~N

OH
O-A

NHACc

///eMan(1+4)ﬁc1cNAci1+4)BG;cNAc-Asn

OH

NHAc OH 3
GnTy

/

\ .
((:HZ)BCxNOl‘?
’ £

R=H, BGlcNAc(1*2)aMan(1+6)\\\

BMan O(CH )BCOOMe

BMan-0(CH )BCOOMe

aMan(1+3r///

t ,"' M

A heptasaccharlde acceptor (1 for GlcNAc—transferase v
{(GnT V) compared with the structures ofsthe proposed

,synthetlc acceptors 2 and 3. The bold arrows show the

primary hydroxyl group: to which GnT V transfers a N—

acetyl- ﬁ D-glucosamlnyl residue.

.
?

12
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/

therefore, to synthesize 2, which contains the reactive

b -
tgrget hydroxyl group acted on by the enzyme and one suqar
residue on either side of the a-D-mannose residue bearing

this hydroxyl group. Since we did not knPw whether this

"structure incorporated .sufficient features for recognition

by GnT V, the synthesis was planned in a way that also

allowed the preparation of the tetrasaccharide 3 which is

closer in structure to the natural acceptor 1. 1In order

. .f;’

to facilitate the isolation of our glycosylated substrates

from’Eheir enzymatic incubation mixtures, we elected to

«

prepare 2 and 3 as their 8—we;hoxyparbonyloétyl

qucoside524‘since“inclusion of this hydrophobic group
o : \

. S ’
should facilitate adsorption q_“”%ﬁerse phase (C-18)

. . bt . I3 .
chromatography supports. This "linking arm” might also
eventually be used"for the attachment of fluorescent,
radioactive or enzymatlc taqs to these potential acceptors

to hel locallze the correspondlnq enzyme in 1ntracellular

.és ot to prepare affinity columns tbfassist in’

enzyme isolations.



CHAPTER 2

RESULTS AND DISCUSSION

The goal og this tkesis project was to synthesize two.
oliqosaccharides, namely B-methoxycarbonyloctyl 6-0-[2-0O-
(2-acetamido-2-deoxy —2—glucopyrandsy1)—a—g—
mannoLyranosyl]—é-g—mannopyranoside (2) ;nd 8-methoxycar-
bonyloctyl 6-0-([2-0-(2-acetamido-2-deoxy-B-D-gluco-
pyranosyi)—a—g—mannopyranosyl]}B—Q;(a—g—mannopyranosyl);9—
Q—mannopyrénégide (3). In order to increasé the potential
usefulness of the oligosaccharides 2 and 3 we elected to
synthesize these structures covalently attached to a
linking grm which would ;ilow their subsequent éttachment
to proteins, solid supports, and fluorescéal or

radioactive tags. These glycocoﬁjugates might then be

used in the intracellulaf localization of the N-

acetqulucosaminyl'tr;}bﬁsrases as well as in their

.o . . A
purification. LU

s -

A retrosynthetic analysis of the target structures 2

-

and 3 suggested; as the key intermediate, the
trisadcharide precursor- 4, which was protected in\a manner
to allow the selective liberation of the hydroxyl group at

c-3 of the_ﬁ—g-mannopyranosyl residue for'subsequéﬁf
; , ‘ 1

i
\

B S
" 14
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“(CH,)§COOMe

~

" e '
glycosylation by the a -D-mannopyranosyl donor 5. -The key

SoaE
intermediate 4 was, in turn, rettqsypth?sized into
monohexosyl synthons 6, 7, and 8.thhe two monosaccharide
. synthons, 6 and 7, were designed’ to function as 2-deoxy-2-

A

ﬁhthalimido—B-Q-glucbpyranosyl and a—g-mannopyrancsyl*
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donors respectively. The synthon 8 was properly protected

to perform dual functions:

pyranosyl donor and then,

first acting as a B-D-manno-

after selective removal . of

acetyl group at 0-6, as a glycosyl acceptar.

OAc

AcO
Ac

i
o,
OBn “
08n
&
OBn
‘ 1
~N
(GH,)sCOOMe

T g
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" procedure gave'only a modest yléld, as'reported,za SO our

attfentitn was drawn to a recently published -method,

N . : R .18

L o T

four monosaccharide’synthons‘(,,5?25 6,26 7,27

required, three, namely synth?ns 5, 6, and 7
been prepared. THerefors, a synthetic route .

towards the mgnosacchafide synthon 8 was first undertaken.
¢ 4 .
Meth{ﬁ a—D-manndpyranoside (9) was cq%verted-to’its
4,60~ benzylldene derivative 10 in 25% y1;1d on treatment
wlth benzaldehyde ﬂn thé presence of formic acid. Thl;

. t

.
a

° < .
; ¢ 29

. 2] 2
whxch 1nvolved the reaction of 9 in N, N dimethylformamlde

‘e

wlth benzaldehyde d1methy1aceta130 in the presencé of

tetrafluOfoborlc acid. Thls 1mproved procedure prov1ded a

“50% yield of the benzylidene derlvatlve 10 and allowed its

.preparatiqn in sufficient quantities (60 q) to'proceed

3
rd

,witgﬁthe ppeparation of 8. : WO
. -Selective 3—9_-a11y1étion of 10 was efd_-‘;gd by the

| Ly
. . ' . ff‘ R
procedure of Nashed,31 which involved its reapction with
. .

one eQuidﬁle;t of dibutyltin oxide to provide pfesumably

.'4,6—Q;benzy1idehe-2,3—Q;diButylstannylene-a-Q—hdnnopYrano—

side (11)- Compound 11 was not isolated but was treated

with allyllbromide'h13L§;dimethylformamide at 100°C to-

- give methyl 379fa}1y1r4,619;benzylidene—a-gﬁmanno—

pyranosidéf(l2) in 82% &ield, AlghoUgh 12 appearéd

"t

y,Nﬁ - . P .
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homogeneous by thin layer chromatography (tlc), its

optical rotation, [a]3% + 59.4° (c 1.2, chloroform)
differed somewhat from the vaipe reported by Nashed:

+63.5%.(c 1.5, ohloroform). The 400 MHz H nmr spectrum,

»

however, showed 12 to be a pure sidgle isomer whose
identity could'réadiiy be ascertained. The signal for the
hydroxylic pfoton appeared'as a‘doublet (JZ,OH = 1.5 Hz)
at 53.045, causinq’H—2 to produce a broad signal at 64.033
wpich‘collapsed to a doublet of doublets (J2,3 ; 3.5 Hz
and Ji,2 = 1.5 Hz) on deuterium exchange. The position of

" free hydroxyl group in 12 was further confirmed by its in

situ derivatization using trichloroacetyl isoéyanate.32

The 1H nmr spectrum recorded following the addition of
trichloroacetyl isocyanate displayed the expected

downfield shifted doublet of doublets (35,3 =.,3.0 Hz and

Jl'z’"’-_- 1.5 .Hz) at 65.349. \

&
-

Treatment of 12 with benzyl bromide and sodium

hydride in behzene31 furnished the 2-0O-benzyl. derivative
. A . . .

13 in 90% yield.. The,pfeSence of a benzyl group in 13 was

confirmed by thé”appearance, in the H nmr spectrum, of
L : ' -
A . ' .

additional signals integrating for five protons in the

. . . : L. .
aromatic region. The signals for the now diastereotopic

benzylicbprotohs appeared at 54.843 and 4.725, each ‘as a

one proton AB doublet with a geminal coupling constant of

i
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12.0 Hz.

The reductive cleavage ot the benzylidene group in 13
;as achieved by tefluxing with LiAlHg-AlCcl3 in ether
“dichloromethane (1:1, according to Liptak et al.,33 to
. give the 4j9;benzyl (14) and 6-O-benzyl (15) derivatives,
in the ratip of 8:1, in a combined yield ot 86%. The
structures of the hydrodenolysis products 14 and 15 were
assigned on the basis of 14 nmr data. The lH nmr spectrum

of the major product 14 showed a doublet of doublets for

¢

OH-6 at 52.046 (J6,OH = 7.0 Hz and Jg',0H = 5.5 Hz) as
well as a clear signal for one‘of the H-6's at 63.840
(ddd,, Jg, g+ = 12.0 Hz, Jg,o4 = 7.0 Hz, and Js,6 = 3.0

Hz). On DO exchange,.the signal corresponding to OH-6
disappeared and, as expected, the signal for this H;6
simplified to a doublet ot doublets, the coupling with
hydroxylic proton being absent. The 1H nmr spectrum of 6-
£§beh;yl derivativell4, on the other hand, displayed a
doublet for hydroxylic prdton at'62.578 (34,01 = 2.0 Bz)
and a doublet of doublet of doublete for H—4 at 64.004
(4,5 = 9.0 Hz, J3,4 = 9,0 Hz, and J4,0H = 2.0 Hz). After
DZO addltlon, the 1lH nﬁr specttum of 14‘showed the

d1sappearance of the OH resonance and the 51mpllf1cat10n
of the 51gnal for H-4 to a doublet of ~doublets.

The 13C nmr data were also in accord with the

.
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structures assigned for 14 énd 15. The well established
empiricallrule34 that alkoxylated carbons (ROC) are
deshielded by 5-10 ppm compared with the(corresponding
hydroxylated carbon atomsu(HOE) permits % siﬁple
verification of the position of the benzyl ethers in 14
and 15. The major product 14 shbwea the signal for C-6 at
§62.43 ppm, the Qormal position for the underivatized
hydroxymethyl group carbons of pyranose rings.34 In 15,
however, t?is methylene carbon qbpeared at 670.2; ppm,
confirming/the presence of the 6-O-benzyl ether. -

Réaction of the 4-O-benzyl compound 14 with acetic
anhydride in the presence of pyridine gave the Sjgjacetyl
derivative 16 inv98% yield. The downfield shift of the
H-6 resonances in the lH nmr spectrum of 16 due to
acetylation of 0-6 supportéd.the assigned structure. i

}he glycosidic linkage in 16 was acetolyzgd35 using
acetic anhydride in the presence of é catélYtic amount of
sulfuric acid to afford 1;6-6iﬁgjacety173f9;all§1f2{4—di—
Q}benzyl—aQQ—manﬁopyranose (17)'in 77% yield. fhe‘
_structure of 117 could be deduced from its 14 nmr spectfum,
which i-ncludé‘a"";'a deshielded signai at 66.195 (d, Jy, , =
Z;O'QZ).for_H-lland a six-proton singlet at 62.055

vindf&ating the‘presénce of two‘acetyl groups. Further
prpofjfof_the”assigned structufe'l7 wés-prgvided by.ifs

L o4
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13¢ nmr spectrum, which contained a shielded signal (as
compared with 99.10 ppm for its precursor) at 691.79 for
c-1 and additional signals‘qt 5168.82 and 20.98 for OCOCH;
and OCOCH, respectively. Along with this major produgl |
17, the acetolysis reaction also produced two minor
products, namely, 1,6—diﬁgjacety1—379;ally1-2,4—di;95
benzyl-8 -D-mannopyranose (18) and 1,4,6-tri-O-acetyl-3-0-
allyl—ZfQ;benzyl—a—g-mannopyranose (19) io a combined
yleld of 6%. The anomeric configuration of 18 was evident
from the appearance;, in 1ts ly nmr spectrum, of a doublet
(31,2 = 1.0 Hz) for H-1 at 65 609 (about 0.6 ppm upfield
relative to H-1 in the corresponding a-anomer 17). The
presence of shielded signals (as compared with the a-
anomer 17) for H-3 and'H¥5 at 63.598 end 3.300 h
respectively further esteblished36 the anomeric.
conflguratlon to be 8 in 18. The structure of the other
minor product 19 could also be deduced from .its 4 nmr .
spectral data, which included‘a doublet (Jl 2 = 2.0 Hz) at
-66 185. for H-1, indicating the conflquratlon at C-1 to be
a;,and a deshielded doublet of douhlets (J3 4 = J4 5 -

‘iO.S Hz) at 65.431 for H-4 due to the acetylation of 0-4,
thus ponfirmiug the cleavage of the 419;benzyi group of
13. | .o o . : ,

Reaction of the diacetate 17 in dichloroméggeqedzutuf
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Wt

0°C, with hydrogen bromide which Q;s dried byApassage
throughca-calcium sulfate column, led to the formation of
the glycosyl bromide 8 in essentiaily,QUantitative
yield. The 14 nmr spectrum of 8 displayed a doublet (31,2
=.1.5) at 66.444'fof H-1 and a singlet at 62.065, now
integrating for onlyvthree protons, arising from a single
acetyl methyl grodp. 14 its 3¢ nmr spectrum, the sigpal
for C-1 éépeared at 6§87.41, ;nd only one signal each fof
the carbonyl carbon at 6170.57 and for the ace;yl methyl
.~ group at §20.72 wére present. |

When theééiacetateul7 was allowed to react with HBr
gas introduced direc§1y from the cylinder withouf passage
through calcium sulfate, the thin laver chromatogram (tlc)
of the reaction mixture showed the presence of twg
products, the miﬁor being’the desired bromide 8. The
major product 20 had a slightly lower,mbbility in tlc.
The 14y nmr Spectrpmvof the mixture of 8 and 20 indicated
20 to be the hydfobromination product of 8, namely, 6-0-
3acetyl-2,{—difgjbenZyl-BfQ;(B-gromopropyl)—a-g—mahno4
‘Pyrénosyi‘brdmide.‘»This'structufal aésignment was ﬁéde to
éécéunt,fdf the‘observéinnbof a triplet for;tWo;protonél‘
at 53.688}(3rCH2¢H2Qﬂ20),va.multipletvfpr twolprotons at
‘53.g;p'fbr érq52C52cHéo, and a tyo:perQh ﬁultibleﬁigt .

§2.119. for BrCH;CH,CH,0. The ratio of 20 to 8 was.
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determined to be 4:1 from this 4 nmr speétrum.

In order to further corfoborate both the presence and
the position of the bromine atom in the labile anomeric
broﬁide 20 a stable derivative was prepared. Following
the separation of 20 frqm 8‘py flash column chromato-
graphy,37 20 was glycosylated with methanol under the
conditions of Garegg et al.,38 using silver. carbonate as
pfomoter ana dichIoromefhane‘as solvent, to provide. a ;K
mixture of the 8- and a-mannosides 21 and 22 (B/«:4/1) in
an isolated yield of 91%. The structure of B-anomejiﬁif
was determined from its 4 and 13c nmr spectral data as
well as‘mass spectral analysis. The 4 nmr spectrum of
the p-anomer 21 showed the presence of a dodblet-(Jl'Q =

1.0 Hz) at 6§4.308 for H-1 and three two-proton signals: a

triplet at 3.484 (J = 7.0 Hz) assigned to BrCH,CH,CH,0, a

‘multiplet at 63.41 assigned to BrCEQCHZCHZO,-and another

multiplet between §2.92° and 2.856. The assigned
structure 21 was also in agreement with the 13C nmr
spectrum, which exhibited a signal_er Cc-1 at 6102.81 and
three signals’§t<667,00, 32;98, and 30.41 tentatively -
assigned ;o?BrCHZCQZQyZO, BrCH,CH,CHZ0, and BrCH" 2CH,0, .
respeq#ively.' Uhequ%vocal-support for the pre¢sence of

bromine in 21 (molecular weight 537.447) was provided by

»

the chemical ionization mass spectrum, which showed two

ey
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peaks of almos£ equal‘intensity at 554 (93.3%) and 556
(100.0%), corresponding to the NH4+ add;cts containing the
79 r and 8lsr isotopes respectively. éurthermore,
microanalytical data were in accord with the molecular
formula for 21.

The newly developed method 65 Paulsen and Lockhoff39
for the stereoselective synthesis of B-mannosides was used
for the preparation of the glycosides 238 and 23a.
_Reaction of the glycosyl bromide 8 and 8-methoxycarbany-
octanol in the presence of an insoluble catalyst prepared
by precipitaﬁion of silver silicate on aluminum oxide,
provided a mixture of the B- and a—ﬁannosides, 23 in a
combined yield of 56%; All .attempts to separate these
anomers using chromatography on silica gel, silica gel
impregnated‘;igh silver nitrate oa\alumina, were
unsuccessful. That 23 was a mixture of the « and B
glycosides was ev{dent from the H nmr spectrum which

’sﬁowed a signal a£ 54,365 for H-1 of the ﬁ—anomer'angjﬁi_.3: .
doublet (J) , = 2.0 Hz) at 64.8?4-for H-1 of the b .‘> :
corresponding a-anomerf The B/q ratio Qf this mixture,
determinted by integration of these signals in the lu nm£
spéctrum of 23, was fand to vary with éhe temperature of
.tﬁé reaétioﬁ{v At‘-78°C, the p- and'a—anéﬁers w;re‘b

‘ produced in a 6:F fatio. On the other hand, at the higher

)‘.
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temperatures of -20° and 0° the ratig - to a-anomers .

were 4.3:1 and 3.5:1 respectively. - The glyc lation

reaction did not go to completion as indicated/by the’

AN

presence of the unreacted glycosyl bromide 8 on tlc. The

rate of disappearance of 8 increased with temperature but

no improvement in the yield of 23 was observed.
Elimination of HBr is likely a major reaction pathway for
8 at these higher temperatures.

124 was also

Coupling of 8 with 8-methoxycarbonyoctano
attempted using freshly Prepared silver carbonate in the
presence of 4 2 moleculfar sieves, using dichloromethane as

solvent at 0°C, according to the procedure of Garegg et

A@1-38

A mixture of B~ and a—anomers (pg/a:3/1) was

obtained in 54% yield. The reaction was faster under %
these'condi;ions but provided an overall lower yield than
with the silver silicate reaction.

Treatment of the mixture 23 with sodium methoxide in
methanol effected the removal of‘acetyl'groups to providei
a mixturé of 248 and 25 which ch§u1d nowlbe séparated by
flééh éoldﬁn‘chfgmatography on sil#er”nitra;e impreqhatéd
silica gel. The assignment of structures to the |
deaéetylation‘producté 24 énd 25 was made on the basis.of.
their 8 and 3¢ nmr data. ‘ | - ’

Appearance, ih_the,lﬁ nmr spectrum of the major .

’
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product 24, of a broad signal for one proton at 64;408

s . :
(J1,2 = 1 Hz), %uggested the anomeric configuration to be

B. A onée-proton doublet of doublets (J6a,0H = Jsb,oﬁ

6.5 Hz) at 62.140 er_a D,0-exchangeable hydroxyl proton
is also consistent with the structure assigned ro 24.
This structural assignmenr was further suppprted by the
13¢ nmr spectrum of 24 where the signal for C-1 at 658.25

was clearly visible. The g-configuration ot the

-

glycosidic linkage in 24 could be unequivocally assigned

from its lH-coupled 13¢ nmr spectrum where this signal
: ’ A )
appeared as a doublet, Jc-1,H-1 ~ 133.6 Hz, in accord with

the empirical rules formulated by Bock and Pedersen40 for

the dependence of *the one-bond C-H coupllng on the

anomeric configuration of pyranosides. -

Ay

The structure of ‘the minor .product 25 was assigned
after ‘the observatlon, in its 1y nmr spectrum, of a

doublet for -one proton at 54.790 (Jl 52 = 2.0 Hz), assigned

to H-1, as expected for the corresponding ¢~anomer. A
‘broad'doubleﬁ’integrating'for one protoneat 62 098-for a
hydroxyllc proton. ‘'was also present. The 13C -mr. spectrum

of 25 showed the c-1f51gna1 for C-1 at 698 25 with

'3 . S . . ' 7

Je-1,H- 1 = 168 2 Hz. ” .
A Condensatlon of the elcohol 24 and 2—0—acety1—3r4,6¥

trl-O benzyl-a—D—mannopyranosyl bromlde27 (n, whlch had \

},

been freshly prepared from 3, 4 6- tr1-0~benzy1 1 2-0-
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(methoxyethylidene)-g -D-mannopyranose (26), under?
Hetferich conditious using mercuric bromide and mercuric’
cyanidelas promote:s and acetonitrile as solvent furnished
the a—linked disaccharide 27 in 77% yield. The stfucture
of 27 was assigned on the basis of its 4 and 13¢ nmr

spectra. \The resonances for two anomeric protons were

observed in the H nmr spectrum, at 6§4.911 (Jl',Z' = 2.0

JHz) and 4.334 (J; , = 1 Hz) and were thus assigned to H-1'

.of the a-mannopyranosyl unit and H-1 of the B-

mannopyr anosyl unit,,respectively(y The presence of a
deshielded doublet of doublets (Jlt'év = 2.0 Hz and J2-'3}’

= 3.0 Hz) at §5.459 ihdicated the presence of the expected -

‘acetoxy group on C-2' and, by decoupling, thus confirmed ..

the identity of the anomeric doublet at §4.911. The-13c
nmr spectral date were also in agreement with the a551gned
structure. 'The_configuration of the newly formed £ &35’

glycosidic 1inkage‘inv27,'expected to be a due to

neighborihg grOUp participation of the 2—acetoxy group in

’the glycosylatlon reactlon,(bas ev1dent from, 1ts lh- -

coupled 13C ‘nmr spectrum which showed a doublet each for

C 1 %@d Cc-1' at 6104 64 (Jc-q1,4-1 7 154571Hz) and.97;77

(JC lw B=1' = 170 4 Hz) respectlvely. One-bondgk-ﬁ

‘ coupllng constants. of these maqnltudes require: the

presence of the B and‘a glycos;dlc-llnkages‘as agﬁlgned.
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Reaction. of 27 with sodium methoxide in dry methanol
provided the alcohol 28 in quantitative yield.
Disappearanpe, in.tﬁe.lh nm? spectrum, of a singlet tor
three acetyl protons and the upfield shift ot the signal
for H-2' to 64.128 confirﬁed the removal ot acetyl group
from 0O-2' of 27. Moreéver, the presence of a new signal
" at 62.355 {broad singlet), which was exchanged for
deuterium by treatment with D0, further supported the
structure assigned'to 28. The 13C nmr spectrumlof 29
showed the expected disappearance of the signals
corresponding to carbonyi and methy1 carbons.

Reaction of the alcohol 28 with 3,4,6—triﬁgjacetyl—2f
deoxy-2-phthalimido-g -D-glucopyranosyl brofnide26 (6) in
dichloromethane using silver zeolitedl as promoter at room
--—temperature, as described 69%Schﬁartz et al.,42_failed to
provide-;ny of the desired trisaccharide 4. Use of silver
triflate/2,4,6—cdllidine (1.5 molar equivalents each with
respect to 6) at -20°C in nitromethane, accérding to
Lemieux et a1.26 did provide the"desifed product although
the yield of 30% proved unacééptably‘low; In an attempt
to accomplish the preparation of 4 in a more'respectabiev
‘;yielé,'we turned our attention to the'conditions deécribed
by Paulsen et al.43 in a recent report. -ThUs the |
" treatment of 28 withuthe glycosylzbromidelﬁ (2;molar

eQuivalents)‘using silver triflate/2,4,6-collidine,(10



equivalents) using silver triflate/2,4,6-collidine (10

molar equivelents each) in the presence of 4 A molecular
sieves in dichloromethane at -50°C provided the
trisaceharide 4 in 76% yield after chromatographic
purification. The presence of the 3,4,6;trif9;acetyi—2—
deoxy-2-phthalimido-f-D-glucopyranosyl moiety in 4 yas

1y nmr spectrum which displayed four

indicated by its
deshielded, one-proton signals, characteristic of the
newly intredpced glucosyl resiéue: a doublet of'doubleﬁs
at 65.815 (J34 = 9.0 Hz, Jyw.gn = 10.0 Hz) for H-3", a
doublet &t 65.573 (Jyw pw = 8.5 Hz) for H-1", a doublet of
doublets at §5.215 (J3w 4w = 9.0 Hz, Jgu 5w = 10.0 Hz) for
H-4, and a doublet of doublets at 44.513 (Jpn 3n = 10.0
Hz, Jyu ou = 8.§\Hz) for é—2.v The magnitude of the
coUpllng constant setween H-1" and H-2" provides
unamblguous proof that these protons are in the trans-
diaxial orieﬁtatio; and thus establishes the presence of
the 8 qluc031d1c 11nkage The 13C nmr spectrum of 4
showed the expected 51qnals at 6170. 42 169.89, and.169.21
for three acetyl cargenyl carbons, aﬁd an‘additiopal
anomeric eignal at 69éy48 (C:l") fgfther subsﬁantiated the
.strueture assigeed to ‘.~
Along with the hajgr condensatiéﬁ product 4 a minor:
broduct (29) wibhkhigher&Rf, was elsq produeed. Thie
T

\
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minor product, isolated in 6% yield, was not fully
characterized but appears to be the a-linked
trisaccharide. This structural assignment was made on the .
basis of 1its 1H nmf spectrum which included a partially
obscured doublet for H-1" at &65.14 (Jlu'zn < 4 Hz) and a
shielded signal (relative to the corresponding B-anomer)
for H-3" at §6.77 (J3u 4u = 9.0 Hz, Jgyu 3» = 11.5 Hz),
suggesting the configuration at C-1" to be a. All other
signals in the ln nmr spectrum of‘29 were.consistent wﬁpb
it being a trisaccharide. As expected, the¢product of EE
ellmlnatlon of HBr f;om the glycosyl bromide 6, namely
3,4,6-tri-O-acetyl-1, 5 anhydro 2-deoxy-2- phthallmldo D-
arabino-1-hex-l-enitol (30, was also formed in the
glycdsylation mixture. The glycai'Bd had nmr data

iden®ical with those previously reported. 24

OBn
"OBn

(CHI).-coo_Me A o _

29 o 30
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Three different methods were examined to effect the
removal of the allyl group from 4. Treét%ent'of 4 with 5%
palladium on charcoal,44 under acidic conditions,
furnished the trisaccharide alcohol 31 in énly 34%
yield. Using palladium(II) chloride as catalyst in acetic
acid-water (20:1) according to Ogawa,45 31 could be
obtained in 90% yield.  Finally, deallylation of 4 could
also be achieved in two steps: reacti%n with
tris(triphenylphosphine)rhodium(I)‘chlopide as catalyst,
‘according to tﬁe{procedure deveIOpeduby Corey and Suggs,46
effected the isomerization of double bond t§ give.the
pfOp—l—enyl etnef, which on treatment?’ with mercuric
chloride in Ehe'presence of mercuric oxide, underwent
hydrolysis‘té_afford the required trisaccharide alcohol 31
in 85% yleld. The progress of the isomerization reaction
proved d1ff1cu1t to monitor by tlc since the 1somerlzed
pgpduct (enol ether) and the allyl ether had the same
chromatographic meiliﬁy- Surprisingly, Washi;g the ‘ether
extraét‘witﬁ briné‘acidified to pH 2 failed.to accomplish
;he hydrbigsis oﬁ the enol:ether as had been reported by~
Cdtey and Sugg$.46 | | |

The structure of the comboﬁnd 31 was ‘evident ffém its
lg.nmr spectrug Whiéﬁ st dev01d of 31gnals for the

- protons of‘the llyl-group. The correspondlng 51gnalsv

" were also absent in the 13C nmr spectrum. Appearance of. a



D20—exchangéable one-proton doublet at &§2.380 (J3,
10.0 Hz) further supported the assigned structure.
Deacetylation of 31-using sodium methoxide in
metﬂanol led to the quantitative formation sf 32,
identity could easily 5e ascertained by the absenc
acetyl resonances in both its 1y and 1v3‘C nmr spect
Removal of phthalimido gioub from 32, and subseque
‘acetylation of the free amine were performed as de

by Bundle and Josephson.48 Thus, treatmsnt of 32
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OH ©

whose

e of
ra.

nt N-
scribed

with

hydrazine (8 molar equivalents) in refluxing methanol

generated the free amine which was acetylated in situ

using acetic anhydride in methanol-water (1l:1). The N-

. L : - '7] ’
acetyl derivative 33 was obtained in an overall vyi

[

eld of

60%8. No evidence of attack at the 8-methoxycarbonyloctyl

ester wés théined. The structure of 33 was supported by

,thé decrease of intensity of the'signals from the

aromatic

protons in 4 nmr spectrum along with the appearancé of

‘two new signals: a three proton singlet arising from the

-ﬂ:acétyl methyl group»at'61.779 and a broad singlet for

one DyO-exchangeable proton at §5.533 assigned to

‘amide proton. The 13¢ nmr spectrum of 33 further
supportéd the assigned strqugre.7‘The signals at
' ‘\".\/——.,‘ o

133.79, 131.84, and 123.23 which were assigned to

_the

5168.51,

the

carbonyl éarbonswvtwo of the tertiary aromatic carbons,
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lthe quaternary aromatic carbons, and the remaining two
tertiary'arohatic carbons of the phthalimido group,
respectively‘in the 13C nmr spectrum of 32, were absent in
the nmr spectrum of 33. Compound 33, on the other hand, ;i
showed two new resonances at §172.37 and 23.30 for the .
carbonyl and the methyl carbons, respectively, of the N-
acetyl group.

«Hydrogenolytic cleavage of the benzyl protecﬁingv
groups of 33 using 5% palladium-on-charcoal as the
catalyst in 98% ethanol furnished the target trisaccharide
2, which was puﬁified by size-exclusion chromatography on
Bio-Gel P-2. Compqund 2 was obtained as a white
lyophilizedApowder_in 85% y%pld. The H nmr spectrum of 2
showed the expected signals for H-1 at &§4.664 (JI,Z < 0.7
Hz), H-1' at 64.920 (J;+ i = 1.8 Hz) and H-1" at 64.579
(Jln'z" = 8.0 Hz). Other signals were in accord with the
structu§al assignment. The pértial‘BGO'MHz ly nmf
spectrum Qf 2 'is reproduced in Figure 4 to show ieve1~of
anomeric purityMOf thié fiﬁél product. The ly-coupled }3c
- nmr spéctrum of»2 again.establishédrthe copfigufatiohs at
C-1 (Jeo1,H-1 ='1:59.4' Hz), C-1! (Jc_i,;ﬂ_l. = 169.5 Hz),
and ¥-1" (Je_yw yoy» = 162.3 Hz) to be §, a,pand §
respectively. * | /

'“Havihg accomplished the ‘synthesis of the ‘target
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Figure 4. The 360 MHz TH nmr spéct;'a (o"nly anomeric region shown) of .-
' " 2 and 3 in D,0. ' - '
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“the. acetyl regibn showed thé expected seven signals for

44

trisaccharide 2, the preparation of the tetrasaccharide 3
was undertaken. Iﬁ'order to achieve the coupling of 31
and 2,3,4,6-tetra-0O-acetyl—a-D-mannopyranosyl bromide25

(9), two different promotérs were utilized. Under the

conditions of Hanessian and Banoub?%? using silver triflate

Qnd tetramethylurea as promoter, the glycosylation of 31
with the bromide 5 to provide the tetrasaccharide 34
proéeéded in only 38% yield. Ewhen the reaction was
performed instead in the presenéé of ébrcuric bromide and
mercuric cyanide in dichlorometh;ﬁg, in the bpresence éf 4

\

A molecular sieves, a 65% yield ofbhhe condensation ¢,

\
\

product 34 was obtained. The bromide\5 desctibed above
. N .
was readily available from 1,2,3,4,6—péntaﬁgja&gtyl-a/B-Q—
mannopyranose by treatment with 45% hydingh bromide in
. N
acetic acid. - _ \x .
. . - "\ Y
The ‘4 nmr data of 34 required the presence of a

§

2,3;4,6—tetraf9;aéetyl-a—2¢mannopyranosyl moiégy. The
signal for the anomeric proton of the newly introduced
glycosyl tesidue appeared at 6§5.018 (Jl"zu & Z,Hz) and

the methyl acetyl groups. The:™*>C nmr spectrum showed the
preseﬁce of four,anomeric carbons: 6101.95,'ch1'ﬂ_1 e
154.1 Hz, 97.64, Jc;lﬁ,ﬂ;lh.?‘17o.9,nz, 96.60p'q¢f1u,g,r.

= 164.16 Hz énd the newbsignal for aflinked mannosé at .
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~without characterization of the intermediates involved.
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. &
699.83, Jo_y+ y-y+ = 177.8 Hz. Other features of these

spectra, -described in detail in the experimental section,

were in accord with the assigned structures.

Conversion of 34 to 35 was effected in three steps

Deacetylation of 34 with sodium methoxide in methanol gave

‘a white foam which was refluxed with hydrazine in methanol

to gederate the free amine which, on treatment with acetic

anhydride in pyridine, gave the peracetylated groduct 35

.in 63% yield. Attempted N-acetylation of the intermediate

=

free amineJ obtained in the second step of the aboveA

- R

aequenCe using acetlepanhydrlde in methanol -water (1 1)
gave a véry polar hydroxylated derlvatlve whlch proved
dlfflcult to purlfy by 5111ca gel chromatography. The

stpuc;uxe of 35 could readily be deduced from its 4y nmr

-

spectrum which displayed the presence of only twenty-five

.afgmatic protons and an additional singlet at 61.705 for

thrée_g;gbetyl protons. Disappéaranqeldf theﬁ13C

resonances cbrresponding'to the carbons of' the phthalimido
group and the presence of two new‘signals.at 6169.54 and

- . N

”23,27‘arising“from the N-~acetyl group also supported‘theh

séructurefassigned to 35.

Removal of the O-acetyl and O-benzyl prpféctlng

(
groups of 35 was convenlently accompllshed/py treatment

/
!
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with sodium methoxide in methanol followed by
hydrogenolysis over 5% palladium-on-charcoal. Filtration
of the crude product ‘through a column of Bio-Gel P-2
afforded the target te£rasaccharide 3 as a wﬁite
lyophilized powder in a total yield.of 85%. Complete
removal of acetyl and benzyl groups waé evident from. the
absence of the corresponding signals in the 14 nmr

\E
spectrum of 3. The signals for H-1, H—l',.H—l", and H-1"
appeared at 64.671 (J1,2 < 0.8 Hz), 5.104 (Jl',2' = 2.0
Hz), 4.918 (Jlnlzp = 1.8 Hz) and 4.579 (Jln'zu = 8.0 Hz)
respectively. The 1H—coupled 13C nmr spectrum of 3 was
employed to re-establish the anomeric confiqurations which
were already assigned by the lH—coupled 13¢c nir spectra
recorded following the formation of each ‘glycosidic
linkage. As anticipatéd, ¢-1, c-1', c-1", and C-1" showed
the one-bond C-H couplings of 159.1 Hz (p), 172.00 Hz (a),
169.3 Hz (a), and 159.1 Hz (B), respectively. The partial
360 MHz lh nmr spectrum of 3 ig repfoduced in ﬁigure 4
where }t is compared with thé spectruﬁ'of the

‘ chrésponding trisaccharide 2.

. - ; R ¥
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CHAPTER 3

TESTING RFSULTS
-~
Trisaccharide 2 was found to be an excellent acceptor

for GlcNAc~transferase V (GnT V) in experiments performed ~
. { - .

’

.by Dr. Michael Pierce, Department of Anatomy, University
of Miami Medical School. The results of these experiments
are included'here,_briefly, only for the sake of
compieteness. R

In a typical experiment, BHK cells were sonicated in‘
0.1 M MES [2—(Ejhorpholino)—ethanesulfonic acid}, pH 7.0,
and protein was solubilized by addition of‘Triton x-iOO to

|

a 1% solution. The glycosyltransferase assay was
performed in a total volume of 20 pL'containing 100 ug of
the sdlubil@zed ceilular protein, 1 mM of the acceptor
trisaécaarfde é, 1 mM of 2—acetamido—2—deoxy46-2—gluco—

- pyranosyl amine (an N-acetyl glucosaminidase inhibitor)

_And 5 mM_UDP—(3H)—GléNAc. After a 2 hour incubation at
‘37°; the mikturé waé diluted with water (100 pL) and
passed ovérAa filtér suppbrfing Dowex—leB (formaﬁe) ioh
ekchange resin to remer'alhost'a;lvdf the negatively
.gharged.counts.‘ The filtraﬁe-was then‘injected1ontQ é
réygfsé phase (C-18) HPLC~¢olumh.Which'wasieiutéd
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isocratically with 40% agqueous methanol. ‘The chromatogram
obtained in this manner is reproduced in Figure 5. 1In
this figure, peak A includes both 3H-UDP-G1lcNAc which had
passed through the ion exchange resin and, presumably, |
some of its hydrelytic products including GlcNAc and.
GlcNAc-1l-phosphate. ;eak B has a rétention volume
identical to the acceptor trisaceharide 2 ahd is absent
when this trisaccharide acceptor is omitted frbh'the
incubation mixture. The ceunts produced in this peak
increased linearly with time, in the presence et a
saturating concentration of acceptdrfé {50-100 nmoles/20
.pL), as expected for the enzymatic:reaction. The
radioactivity in peak B is therefore a measure of the
aetivity of a GlcNAc—transferase.

BHK cells are known te contain only GlcNAc-
transferases i, I1, 1v, Vv and VI, 15 and all but GnT V
require Mn’f~+ for act1v1ty. The counts in peak B (Flgurel
5) were not affected by the. 1nclu51on of - ethylenedlamlne
ntetraacetlc*ac1d (EDTA) ‘at concentratlons known to" abollsh
the act1v1t1es of these. Mn/*+ requ1r1ng enzymes. 7It
therefore appears that trlsaccharlde 2 1s 1ndeed a
,selectlve substrate for assaylng the act1v1ty of GnT V.
‘Using acceptor 2 in this assay, the GnT V- act1v1ty of Rous
sarcoma transformed 'BHK cells was found to be 1.8-2.0
t1mes hlgher than in the unvransformed cells. This

™~

\.
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' Figure 5. HPLC elution profile of a GlCNAéétrénsfegjse assay ﬁixtﬁre
: Peak A includes

‘on a reverse-phase (C-18) column.
unreacted UDP-(3H)-GlcNAc and its decompositiaon S
products. Peak ‘B is the product of “H-GlcNAc transfer to
the synthetic acceptor trisaccharide 2. -

2



LW

53

"
finding parallels that of Kobatal9s15 for polyoma-

transformed BHK cells.

Tetrasaccharide 3 has not yet been tested as an
acceptor.



CHAPTER 4

EXPERIMENTAL

J -

General Methods

All'solvents and reagents uéed were reagent grade,
and, in cases where further purification was required,
standard procedures50 were follgwed. All solid reactants
for glycosylation were dried overnight over phosphorﬁs
pentaoxide in a high vacuum prior to use. Solutionf
transfers where anhydrous conditions were 'required were
done under nitrogen using standafd syrQBge techniques.51
Molecular sieves were pufchased from BDH Chemicals, and
the ratio of alcohol to molecular sieves ,in glycosylation
was between 1:5 and 1:10 by weight.

Thin layer chromatograms (tlg) were performed on pre-
coated silica gél 60;E254 plates (E. Merck, Darmstadt) and
vfsualized by quéhching of fluorescence and/of by charring
after spraying w;th 5% sulfuric acid'in ethanol. For
flash chromgtog'raphy37 40-63 um (4‘}00-23,}0 mesh) silica gel

60 (E. Merck No.'9385)’and4distilledAsolvent§ were‘uséd,
aﬁd theﬁ:atiO«of éiiica gél to compound waé inlthe rangé
50:1-100:1, Skellysolvé B refers to hexane éuppliéd‘by',

Stanchem,.Winnipeg, Manitoba. Solvents_weré removed ory a

i
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cotary evaporator under the vacuum of a water aspiratoy
with bath temperatures of 40° 5r lower. For gel
filtration, Bio-Gel P-2 (200-400 mesh) (Bio-Rad
Lagoratories, Richmond, California, USAS was used.

Spectral and elemental analyses were performed by the
de artmental NMR Service Laboratory under the supervision
of Dr. T.T. ﬁakashima and the‘AnalYtical Service
Laboratory under the supervision of Mr. R. Swindlehurst.
Proton nuclear mégnétic resonance (1H nmr) spectra were
recorded at either 400 MHz (Bruker Wﬂ—400) or 360 MHz

4 :

(Bruker WM-360) with .either tetramethylsilane (40 in
CDCl3) or acetone (62.225 in D30) as internal standard‘at
ambient témperature.‘ Carbon;13-nuclear magnetic resonance
“(13¢ nmr) spectra WQfe recorded at either 100.62 MHz
(Bruker WH-400) or 90.56 MHz (Bruker WM-360) with either
externél‘teqraﬁethylsilane (60 in CDC13Y or external 1,4-
dioxané (667.4 in D,0) as reference standard.. 1y chemical
shifts and coupling constants are reported as if ;hey were
first‘drder._’Assignments of 13¢ feséﬁances are

tentative. Optical rotations were determined on a Perkin-

Elmer 241 polarimeter in a 1 dm cell at ambient
temperature (23 * 1°C).
Protons of the allyl grdup present in the compounds

described in this work ‘were designated as Ha, Hb, Hc, H4d,

and He as‘defined below. These protons showed the same



coupling constants and thus the same multiplicity pattern
in all the compounds examined and only the chemical shifts

varied. The observed coupling constants were:

-
~u

a,c

‘Ja,b = 1.5 ¢t 0.5 Hz
Ab,~dddd, Jp, . = 17.0 Hz
Ip,q = 1.5 ¢ 0.5 Hz

He, dddd, Jy,,. = 17.0 Hz

Ja,c = 10.5 Hz

)Jc,d = 5.5 Hz

Je,e = 5;5 Hz
Hd, dddd, Jé,e = 13.5 Hz

Jp,g = 1.5 ¢ 0.5 Hz

Ja,g = 1.5+ 0.5 Hz
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He, dddd, Jy o = 13.5 Hz '
3 = S.5 Hz
J = 1.5 + 0.5 Hz

Jb;e = 1.5 ¢+ 0.5 Hz

Methyl 3-O-allyl-2-O-benzyl-4,6-O-benzylidene-a-D-manno-

pyranoside (13)

To a solution of methyl 379;a11y1—4,6—ijenzylide6é—
a—g—mannopyrandside31 (12) (13.60 g; 42.24 mmol) in dr}
benzene (500 mL) were added sodium hydride (about 80%
dispersion in oil; 2.02 g) and benzyl bromide (7.55 mL;
63.35 mmol) . The mixture was refluxed under nitrogen
atmosphe:é for 16 h. After the mixture had cooled to room
temperature, the excess of sodium hydfide was decoﬁposed
by the additiqp of methanol (250 mL), then water (Séo.mL)-
was added. The organic layerlwas Separéted, washed‘with
wa;ér, dried (MgSOy4). filtered; and concentrated. ' The tlc¢
of the résidual oil showed, besides a ﬁajof spo£ for the
‘benzylation product,.a.UV active, fést‘moving spot which
presumably corresponded to unreacted benzyl bromlde.
g%ash chromatography of the oil obtalned above using -

N
Skellysolve B~ethy1 acetate- (10 1) as eluent, which
provided a good separat1on on tlc plate (Rg of benzylatlon

product = 0.35), did not'result in complete separation.

s
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Purification of the major product could be achieved by
Qradi?nt flash chromatography employing a mixture of
Skellysolve B and ethfl acetate (the ratio of Skellysolve
B-ethyl acetate was changed'from 50:1 to 2:1 during
elution). Finally 13 was obtained as a yelldw oil (15.73
g; 90%); lalp +33.0° (¢ 1.4, chloroform); Rg 0.35
(Skellysolve B-ethyl acetate, 10:1);~1H nmr (CDCl3) 6&:
7.505-7.259 (10H, aromatic), 5.901 (1H, Hc allyl), 5.60§
(s, 1H, CgHgCHO,), 5.294 (1H, Hb allyl), 5.146 (1H, Ha
allyl), 4.843 (a4, 1H, Jgem’= 12.0 Hz, CgHgCHHO), 4.725 (d,

H, Jgem = 12.0 Hz, C6H5Q§§O), 4.681 (d, 1H, Jy,6p = 2.0

Hz, H-1), 4.294-4.208 (2H, Hd allyl (64.268] and H-6e
' ™~ - : . & ’

(64.244, dd, Jg,,6e = 10.5 Hz, Js g, = 4.5 Hz]), 4.185
(dd, 1H, Jg, ge = 10.0 Hz, Jg5 g4 = 10.0 Hz, H-6a), 4.104
(1H, He allyl), 3.885-3.834 (2H, H-3 and H-4), 3.818 (dd,
1H, Jp,3 = 3.2 Hz, -Jy, = 2.0 Hz, H-2), 3.761 (dd, MH,
J4,5 = 10,0 .HZ, J5,6a = 10.0 Hz, Js’se = 4.5 Hz, H"S)r
3.310 (s, 3H, CH30); 3¢ nmr (cocly) 6: - 138. 18, 137.72

(quat.‘arom ), 135.0° (CHZ—CHCHZO): 128. 64, 128 00, 127.87,

"/ 127.59, 125,00 (tert. arom. ), 116 32 (CH2-CHCH20), 101 43,

100.52 (C-1 and C6H5_ﬁ02), 79.09 (C-4), 76.47, 76.03 (C-2

A9

and c-3), 73. 56 (CgHsCH0), 68. 79 (CHz—CHCHZO), 64.03

(C- 6), 54, 67 (C -5), 29.57 (CH3O) Anal. caled. f or -

' CpqHogOg: ' C 6 89, H 6. 84 found- C 69.67, H 6.94.
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Methyl 3f9;a11y1-2,4—di—g;benzy1-a-Q—mannopyranoside (l‘f

To a stirred solutionﬁof 13 (14.27 g; 34.59 mmo%) in -
1:1_dietﬁy1 ether-dichloromethane (300 mL) was added,
portionwise, LiAlHy (3.95 g; 103.9 mmol) and the mixture
was slowly heated to the boiling point. To the boiling
solution under reflux was added AlCl3 (13.85 g; 103.9 |
mmol) in diethyl ether (150 mL) over a period‘of 70 min,
after which tlc indicated the absence of étarting
material. The mixture was'cooled. The excess of LiAlH,4
was décompOsed with ethyl acetate (75 mL), and Al(OH)j was
prec1p1tated by the addition of water (75 mL) After -
dilution with ether (400 mL), the organic layer/was
separated from the aqueous layer which was back-extracted
Qith ether (150 mL). The combined ether extracts were
washed withrwater (3 x 150 mh), dried (MQSO4):Aand‘
concentrated to an oily residue whlch tlc 1ndfcated to be
"a mixture of two compounds. The separatlon of. these two
;products was achleved by flash chromatography u51ng‘ h
Skellysolve B—ebhyl acetate (3: 1) as eluent. Evaporatlon
~of the early fractlons prov1ded the minor product 15 (1 69
g) as af:m, e]p = -6. 25° (¢ 1.04, chloroform)s; Rf 0.47
(Skellysolve B—ethyl acetate, 23 1). 1H nmr (CDC13) 8.2
7.39-7.25 (IOH,(a:omat1c), 5.906' (1H, Hc allyl),_S 283 .
(14, Hb allyl), 5.185 (1K, Ha allyl), 4.778 (4, W, Iy 5 =

o

¥



2.0 Hz, H-1), 4.730-4.665 (AB, 2H, Jgop = 12.0 Hz,

CeH5CH0), 4.655-4.583 (AB, 2H, Jgem = 12.0 Hz, CgHgCHO)

4.070-3.938 (3H, Hd and He allyl overlapping with H-4
(64.004, ddd, J3,4 = 9.0 Hz, Ja,5 = %0 Hz, Jg,6n = 2:0°
Hz, simplitied to dd with Joy being absent on D0
exchange]), 3.830-3.704 (4H, H-2, H-5, H-6a, and H-6b),
3.596 (dd, 1H, J3 4 = 9.5 Hz, Jp,3 = 3.0 Hz, H-3), 3.354

(s, 3H, CH30), 2.578 (d, 1H, Jq,on - 2-0 Hz, disappeared

60

4

on D,0 exchange, 4-0OH); ' nmr (CDClz) &§: 138.40, 138.37

(quat. arom.), 134.76 (CH=CHCH0), 128.37, 127. 88,

a

127.66, 127.56 (tert. arom.), 117.22 (Eﬁ%fcﬁcﬁzo), 99.40 -

L

(€-1), 79.41 (C-3), 73.79 {C-2), 73.65, 72.78 (CeHgLH20).

71.58 (C- 5), 70.73 (Cﬁz CHCH20), 70.66 (C-6), 67.96 (C- 4)

54.99¢(CH30). Anal. calcd. for C24H3006°¢ C 69. 55' H_

/7.30;" found: € 69.67, H 7.35.

. Evaporation of the later fractions gave the major

o

- product 14 (10.78 g) as an oil; la]D +48.25° (5;0.97,

'chlofoform); R¢ 0.35 (Skellysolve B-ethyl aceﬂete,‘azl);'

‘1§ nmr (cDCl3) 6: 7.42-7.24 (10H, -dromatic), 5.950 (1H,
Hc'ailyl), 5.326 (14, Hb allyl), 5. 180 (1H, Ha'ailyi);
4.936 (d, 1H, Jgem * 11 0 ‘Hz, csnSCHHQ), 4. 813 (d lH,'

Jgeh = 12.5 Hz, C6H5CHHO), 4.709-4.%88 (2H, CgH5CHHO -

r,

[84 709; 4, Jgem = 12 5 Hz] overlapplng w1th H-1 [64.650,

d, Jl,z;= 2 Hz1), 4. 638 (d, 1H, Jgem = 11.0 Hz, CEH5CHHO), °

4.146-4.064 (2H, Hd and -He- allyl), 3.913 (dd,-l!-l,~ J3,4 =
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é
9.5 Hz, Jgq 5 = 9.5 Hz, H-4), 3.840 (ddd, lH, Jea,6b = 12.0

Hz, Je,0H = 5.5 Hz, Js,ea = 3.0 Hz, Dp0 addition resulted
in its collapse to dd with Jg oy having disappeared,
H-6a), 3.81-3.72 (3H, H-2, H-3, and H-6b), 3.601<%ddd, 1H,

5.0 Hz, H-5), 3.298

Jg,5 = 9.5 Hz, Jg g4 = 3.0 Hz, Js g
(s, 3H, CH30), 2.046 (dd, 1lH, .J6a,0H = 5.5 Hz, J6b,OH
7.0 Hz, deuterium exchangeable, 6-OH); 13C nmr (CDC13)

6: 138.56, 138.37 (quat. arom.), 134.96 (CHp=CHCH0),

128.36, 128.02, 127.81, 127.67 (tert. arom.), 116.60

4
-(CHp=CHCH20), 99.47 (C-1), 79.92 (C-3), 75.13 (CgH5CHRO),

74.88 (C-2 and C-4), 72.99 (C6Hsgﬂ20), 72.10 (C-S), 71.10
-(CHp=CHCH0), 62.42 (C-6), 54.72 (CH30). Anal. calcd. tor

Cy4H300¢: C 69.55, H 7.30; found: C 69.42, H 7.37.

°

Methyl 6f97acetyl—3f9;allyl—2,4—dijgjbenzyl—a—2—manno—

\

pyranoside (16)

To a solution of 14 (10.30 g, 24.85 mmol) in dry

- pyridine (106 mL) wés added acetic anhydridé (7;5 mL;

.- 79.§4'mhol). Tﬁe'mixture was sffrred under nitrogen

atmosphe;e at rooﬁ témperature overnight.” The excess of

gagtic anhydride was decomposed by dropwise additio; of
 ethaH6I“2§ mL) to the ice cbld fe;ction'mixture, and.
dichlorométhane (300 mL) and water (250 mL) Were'thén

added. The agqueous layer was Separated and béck extracted



with dichloromethane (100 mL). The combined dichlor-

omethane extracts were washed with 1 M agueous HCl and

saturated agqueous sod%um bicarbonate. The organic phase
was dried (MgSO4) filtered, and evaporated undgf reduced
pressure to give 16 (11.06 g; 98%) as a chromatbgraphy—
puré oil; lalp +42.9i° (c '1.03, chloroform); Rf 0.45

’

(Skellysolve B-ethyl acetate, 3:1); lH nmr (CDCl3) 6:

7.41-7.25 (10H, aromatic), 5.920 (lH, Hc allyl), 5.309

/ \
Jgem

{

(1H, Hb allyl), 5.169 (1H, Ha allyl), 4.910 (d, 1H,
11.0 Hz, C635C5ﬁ05, 4.778-4.691 (3H, CgHsCH0 (64.778-
4.691, AB, Jgem = 11.0 Hz] overlapping with H-1 [64.718,

d, Jy,2 = 2.0 Hz}), 4.561 (d, 1H, Jgem = 11.0 Hz,

CeHSCHHO); 4.348-4.268 (2xdd, 2H, J6a,6b = 12.0 Hz, Js,sa

= 3.0 Hz, Jg ¢p = 5.0 Hz, H-6a and H-6b), 4.119—4.025 (2H,
Hd and He allyl), 3.844 (dd, 1H, J3,4 = 9.0 Hz, Ja,s = 9.5
Hz, H-4), 3.781-3.706 (3H, H-3 [63.766, J, 3 = 3.5 Hz, |
33,4 - 9.5 Hz), H-2 (63.743, 51,2 = 2.0 Hz, Jy,3 = 3.5

Hz], and H—S), 3.31 (s, 34, CH30), 2.05 (s, 3H, OCOCHj3);
13¢ nmr (CDCl3) 6: 170.80 OCOCH3), 138.3§ stguat. arom.),
134.85 (CHy=CHCH30), 128.36, 128.29, 128.08, 127.70/

127.60 (tert. arom.), 116.70 (CH2=CHCH20), 99.10 (C-1),
79.89 (C-3), 75.07 (CgHgCH20), 74.50, 74.58 (C-2 and C-4),
72.66 $CH§CHZ0), 70.98 (CHp=CHCH20): 69.98 (C-5), 63:63
(C-6), 54773 (CH3O), 20.81.(OCQEH3). Anal. calcd. for

CpgH3207: C~68.40, H 7.07; found: C 68.39, H 7.09.
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1,6-Di-O-acetyl-3-0-allyl-2,4-di-O-benzyl-a~D-manno-

pyranose (17)

A solution of concentrated sulfuric acid (0.22 mL) in
acetic anhydride (7.68 mL) was added dropwise to a
"solution of 16 (8.77 g; 19.65 mmol) in acetic anhydride
(40 mL) at 0° over 10 min. The mixture was stirred at 0°C
for 25 min énd at room.temperature for 20 min. Thén the
reaction mixture was poured into dichloromethane kl L) and
ice cold water (l‘L)‘containing godium bicarboﬁate, and
the resulting mixture was stirred at room temperature for
30 min. Thé organic and aqueous layers weregéeparated,_
and the agueous léyer was extracted with dichloromethane
(500 mL). The dicﬁloromethane solutions Qeré combined and

+ .
then washed with .saturated aqueous sodium carbonate and

water. Finally the organic phase was dried (NazSOd”!

filtered, and concgnﬁratéd.- The residual Syrup was oy
purified by flaSh‘cﬁrpmatography using Skgllysolvé B-:EQxl‘
‘acetate as eluent, thejgatio of“Skellysolve B to ethyl
"acetate being var}eﬂ”f?Eﬁ 6:1 to 3;1‘durihg.elution. 
Removal of soiveﬁt from the earlyvfracpions‘provided the

. title compound as an oil (7.35 g;‘77§'yieldf;4[d]b°+37°85-’
5(2,0-93r>¢h10r6f0rm>: Re O-SGN(Skellygélve‘B—éthyl

acetate, 3:1); lH nmr (CDCl3) 6: 7.431-7.273 (10H, R

o
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‘" aromatic), 6.195 (4, 1H, J1,2 = 2.0 Hz, H-1), 5.923 (1H,
Hc allyl), 5.315 (1H, Hb allyl), 5.200 (1H, Hc allyl),

4.935 (d, 1H, Jgepm = 10.5 Hz, C6HS5CHHO), 4.840-4.766 (AB,

2H, Jgem = 12.0 Hz, CeHSCH20), 4.621 (d, 1H, Jgem - 10-°

Hz, CgHgCHHO), 4.384-4.310 (2xdd, 2H, H-6a and H-6b),
%.095 (ddd, 2H, CHp=CHCH20), 3.973 (dd, 1H, J3,4 = 10.0
Hz, Jg4 ¢ =’10.0 Hz, H-4), 3;%93 (add, 1lH, Jgq,5 = 10.0 Hz,

J5.6a = 4.0 Hz, Js,ep = 3-0 Hz, H-5), 3.814, 3.785 (2 dd,

2H, J3 4 = 10.0 Hz, J2,3 = 3.0 Hz, J1,2 = 2.0 Hz, H-3 and
H~2 respectiQely), 2.055 (é,"6&, OCOCH3*2) 7 13¢ nmr
(CDC13) 6:.170.82, 168.82 (Qgpéﬂ3), 138.08, 137.87 (quét.
aroﬁ;)' 134.68 (HpC=CHCH20), 128.50, 128.40, 128.24,

12?{@5, 127.88, 127.83 (tert. arom.), 117.04 (H,C=CHCH,0),

91.79 (C-1), 79.17 (C-3), 75.36 (CeH5CH20), 73,89, 73.39
(C-2 and C-4), 72.53 (CguscH0), 72.41 (C-5), 71.09

(H,C=CHCH,0), 63.24 (C-6), 20.98, 20.85 (OCOCH3). .Anal.

calcd. for CpyH3,0g: C 66.93, H 6.66; found: C 66.78, H

6.74.

. EVapofa;ion of the sgbsequentufractions furnished the-

corresbohding g -anomer (18) and 1;4,6-triﬁg;ace£y1—3ﬁgf
ally1-2ﬁg;behzyl-a-Qfmannopyfanosé (19ibin é'cOmbined“
yield of 6%. The. lH nmr spectra of 18 and 19 were in

agreement “with. the assigned structures.

\d
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GjQ;Acetyl—Bfgjallyi-Z,4—diﬁ9jbenzy1—a—Q—mannopyranosyl

bromide (8)

Hydrogen bromide gas was bubbled for 30 min through a
tube of calcium sulfaée into a solution of 17 (5.80 g;
11.97 mmol) in dry dichloromethane (300 mL) at 0°C. The
solution waé then taken to dryness and the by—proauct
acetic acid removed by evaporation of toluene (100 mL)
from thé residue (twice). Finally 8 was obtained as an

0il, a very mall portion of which was purified for
: ‘ N

elemental and nmr spectral analysis by flash 0

’chromatégrabhy using Skellysolve B-ethyl acetate (3:1) as
eluent; [alp +133.08° (2_0.91, chibroform); R¢ 0.60
(skellysolvé~B—ethyi acetate, 3:1); 1lH nmr (CDCl3) &6:
7.45-7.30 (108, aromatic), 6.444 (d, 1lH, Jj 7 = 1.5 Hz,

H-1), 5.936 (1H, Hc ailyi), 5.350 (1H, Hb allyl), 5.233
(1H, Ha allyl), 5.955 (d, 1H, Jgen = 10.5 Hz, Csﬂséﬂﬁo),
4.788-4.718 (AB, 2H, Jgem = 12.5 Hz, CenscH20)s 4-613 (d,
lH'-"Jgem = 10.5 H?: CeH5CHHO), 4.388-4058 (2H, H-6a and
H-6b), 4.243 (dd, H, 33,4 = 9.0 Hz, J2,3 =.3.0 Hz, H-3),
4-116‘(03'23} J = 5 Hz, CH2=CHQE§O),_4Q016—3;935 (34, H-2
(64.011, dd, Jp,3 = 3.0 H%:IJI,Z = 1.5 Hz], H-4 and H-5),
2.065 (s, 3H, OCOCHj), 13C.nmr (CDCl3) 6: 170.57
(Qgpcg3);'137.90;1137.55 (quat. arom.), 134.37

(GHp=CHCH,0), 128.63, 128.44, 128.14, 127.97, 127.87,

~
:
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127.73 (tert. arom.), 117.38 (CHy=CHCH,0), 87.41 (C-1),

78.41 (Cc-3), 78.31, 74.31, 73.57 (C-2, C-4, and C-5),

75.30, 72.89 (CgHsCH0), 71.21 (CH2=CHCH20), 62.39 (C-6),

20.72 (OCOCH3). Anal. calcd. for C25H290¢Br: C 59.41, H

5.78, Br 15.81; found: C 59.48, H 5.82, Br 16.17.

3

8-Methoxycarbonyloctyl 6ﬁ9;acetyl—3ﬁgjallyl~2,4—diﬁ97

benzyl-f -D-mannopyranoside (238 ) and 8-methoxy-
|
carbonyloctyl 6-O-acetyl-3-0O-allyl-2,4-di-O-benzyl-a-D-

mannopyranoside (23 )

‘8—Methoxycarbonyoctanol24 (7.50 g; 39.89 mmol) and
silver silicate/alumina (16.50 g) iﬁvdry dichloromethane’’
(100 mL) were stirred at room temperature for 1 h. To the
above mixture which wés coolea to -78°C was added |
dropwise, with stirring, a solution of broﬁosugar 8 (7.44
g; 14.72‘mmol) in dry dichloromethane (75 mL) énd stirring.
''was coﬁiinued for 2.5’h at -785C, and for 10 h at room
temperaﬁure. The mixture3was diluted with dichloromethane-
(IOOJmﬁ) and filtered through celite. The filtréte‘wés |
Qashed‘w{th datér, dried (Na2804)'"aﬁd éoncentratgd'to a
syrup wﬁiCh Qés purified by flash,chromatography,‘using
‘Skellysolve‘B-éﬁhyl»acetéte (4.5:1)”as elﬁenp; A
‘;chfomatogréphically inseparébleiﬁ:l mixture of b—;ahd a-

_mannosidgs-23 was obtained as an,oil‘(5.14 g;‘totalfy4e1d~
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57%). I nmr (CDCl3) . 4.824 (d, J1,2 = 1.5 Hz, H-1 of
a—-anomer), 4.365 (d, J1,2 ~ 0.5 Hz, H-1 of p-anomer),
2.059 (s, OCOCH3 of a-anomer), 2.050 (s, OCOCH3) ot -
anomer).

LY

é—MethoxycarbonyLoctyl 3-0-allyl-2,4-di-O-benzyl-f -D-

mannopyranoside (24) and 8-methoxycarbonyloctyl 379;allyl-”

2,4-di-0O-benzyl-a -D-mannopyranoside (25)

-

fhe mixture of a— and B-anomers 23 described.above

(4.39 g; 7.17 mmol) wasvdissolved in dry methanol (200 mL)
containing a trace of sodium mgthoxide; and the resulting‘
;olution was stirred at room temperature.bvernight.
Neutralization with Amberlite'IR—IZO(H) résin followed by
the removal of the resin and evaporation provided a
chromatographlcally pure oily res1due (4.10 g) whose tlc
on silica gel 1mpregnated with 511ver nitrate showed 1t to
‘be a mixture of two compounds. ('Purlflcatlon ot these two
"products was accqmpllshed by flash chromatography on -
silvar nitrare—iﬁﬁregnated silica_gel using Skellysolve B-
ethyl“aéetate as éluent, the ratio of Skeliysolve B to B
ethyl acetate belng decreased from 7 1 to 2:1 durlng
qelutlonf Evaporatlon of early fractlons furnlshed the a:
‘aaomér 2§ (Q,19 g) as an»pll, [a]D +30 8° (c 0 75, |

chloroform); 1H}_nmr.(CDCl'3)'5_; 7.42-7.27 KJOH, éromatlc),



5.965 (lﬁ, Hc of allyl), 5.345 (l1H, Hb allyl), 5.194 (1lH,

‘Ha allyl), 4.945 (d, 1H, Jgem = 11.0 Hz, CeHsCHHO), 4.843-
4.788 (2H, CgHsCHHO [64.828, d, Jgem = 12.0 Hz] and H-1
[64.790, d, J1,2 = 2.0 Hz]l, 4.724 (d, 1H, Jgepn = 12.0 Hz,
CgHsCHHO), 4.655 (d, 1H, Jgem = 11.0 Hz, CgH5CHHO), 4.138
(broad d, 2H, Hd and He allyl), 3.923 (dd, lH{ Jg,5 = 2.5
Hz, J3 4 = 9.5 Hz, H-4), 3.870-3.579 (9H, H-2, H-3, H-5,
H-6a, H-6b, OCHHCHp, and OCH3 (63.665, s]), 3.329 (at, 1,
Jgem = 9.0 Hz, Jyjc = 6.5 Hz, OCHHCH2), 2.303 (t, 2H, \‘
CHpCOOCH3,» J = 7.5 Hz)‘___,'_-2.098 (erad S, lﬂ,oexchangeable
with deuterium, OH), 1.620 (m, 2H, aliphatic), 1.510 (m,
2H, aliphatic), 1.29 (broad s, 8H, remaining aliphatic);
13C.nmr (CDCl4) 6: 174.15 (COOCH3), 138.48, 138.43 (gquat.
arom.),,134.95 (CHp=CHCH,O), 128.35, 128.29, 128.07,
127.72, 127.67, 127.58 (tert. arom.), 116.47 (CH,=CHCH,0),
98.25 (C-1, JC_I,H_1 § 168.2 Hz), 79.98 (C-3), 75.18
(CgHgCH-0), 75.04, 75.01 (C-3 and C-4), 72.88 (CgHgCH,0),
72.08'(Ee5), 71.07 (CH2=CHCH20), 67.61 (OCH2CH2)/s 62.46
(C-6),, 51.33 (COOCH3), 34.01 (CHpCOOCH3), 29.32, 29.11,
29.06) 29.01, 25.99, 24.85 (aliphatic). Anal. calcd.” for
C33H4soé:,'C»E9.4s, H“8,12;‘found: c 69.27, H 8.26.
Furtﬁer elu'tion'provided a mixture of a- and -
anomers ('-.0'.'9 g) -which' were in-‘uthe.‘ratio of 1:3 (a/B) by 1y
nmr. , “ ) . |
E’yapora_tiio‘n of‘ the flatéi:‘ fractions affc-)rldved the

N o . : T,
! . “‘,\‘ 1
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o
desired B-anomer 24 (2.89 g) as an oil; [a]D -51.33 (c

0.9, chlioroform); 1

H nmr (CDC13) & e _7.49—7.29 (10H,
aromatic), 5.893 (1H, Hc allyl), 5.288 (1H, Hb allyl),
$.17 (1H, Ha allyl), 4.969-4.858 (3H, CgHgCH,O [64.969-

]
= 12.50Hz] and CgHgCHHO (4.935, d, J =

4.800, AB, J gem

gem

10.5 Hz)), 4.624 (d, 1H, Jyen = 10.5 Hz, CgHgCHHO), 4.408

(d, 14, J = 1 Hz, H-1), 4.024-3.828 (6H, H-2, H-4, H-6a,
OCHHCH,, and CH,=CHCH,0), 3.763 (ddd, 1H, Jga,6p = 12-0
AERZ, Js gp = 6.0 Hz, Jeb,0oq = 6-0 Hz, simplified to dd with
Jeb,on being absent on D,0 gxchange, H—Cb), 3.688 (s, 3H,;-
OCH;), 3.444-3.386 (2B, H-3 and ocgﬁCHzﬂ, 3.316 (dt, 1H,
Ja 5 = 9.5 Hz, Jo gn.= 6.0 Hz, Js n = 3.0 Hz, H-5), 2.330
}t,'ZH:ﬁCﬂzCOOCH3, J = 9.5 Hz), 2.140 (t, 1H, Jea,on = 6-0
\Hz, Jep,on = 6-0 Hz, disappeared aftérszo additidﬁ, OH) ,
1.670—1.628;(4H( aliphatic), 1.345 (8H, reméininq !
aliphatic); 13¢ nmrr (CDCl3) 6: 174.50 (COOCHS), 135.65,
138.36 (quat. arom.), 134.70 (CH,=CHCH,0), 128.37, 128.28,
128.11, 128.03, 127.73, 127.37 (tert. arom.), 116.75
(gy2=cncﬁzb),_101{69 (c-1, JC_I'H_1'¥ 153.6. Hz), 82.33 |
(C-3), 75.77, 74.88,73.90 (C-2, C-4, and C=5), 75.18,
'73.86 (C6H5gﬂ20),y70.58,70.12A‘fH2=CHQﬁ20 and Qgﬁzcnz))

62.63 (C-6), 51.36 (@WOCH3), -34.04 (CH,COOCH;), 29.63,

29.16, 29.04, 26.01; 24.89A(aliphatigﬁ.'.i92é$;§olcq‘ for
Cy3Hae0g: C 69.45,g¥'8:f2;;fodnd: c 69.41, H 8.13.

S 3
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8-Methoxycarbonyloctyl 6-0-(2-O-acetyl-3,4,6-tri-O-benzyl-

a-Q-mannopyranosyl)-379;a11y1-2,4-di797benzy1—ﬁ—g—

mannopyranoside (27)

To a sglution of 24 (2.89 g; 5.06 mmol) in dry
acetonitrile (60 mL) containipg 4fF molecular sieves were
added, sequentially, mercuric bromide (2.19 g; 6.07 mmol),
mercuric cyanide (1.53 g; 6.07 mmol), and a solution of 2-
O-acetyl-3,4,6-tri-O-bgnzyl-a-D-mannopyranosyl bromid827
(7) in dry acetonitrile (25 mL), which had been’f;eshly
prepared from‘3,4,6—triﬁ9;benzyl—l,2ﬁ9;(methoxyethyl—
idéne)—B—é—méhnopyranose (26) (3.07 g;ﬂ6.07 ol). The
reaction mixture was stirred at room temperature for 1 h,
and the mthure was then filtered*throuéh Celite'
Evappratioh 6f the soivéht gave an oily residue which was
egtraéted 3 times with dichloromethane. The extracts were
comSiﬁed-and washed .successively with saturated aqueous
potassium Chloqide, saturaped aqueous sodium bicarbonate, -

water, and brine. The organic layer was dnied (Na25043,
filtered, aAd evaporated tond;yness.‘ The resulting oil
-was purified by flash chromatpgraphy'usihg SkellysolVé B-
ethyl acetate (4:1) as eluent to pfovide the title o
.compound as a syrip (4.07 g; 77%); [alp -6.07° (c 1.22,

T - - . °
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chloroform); Rg 0.3 (Skellysolve B-ethyl acetate, 3:1); 1y
nmr kCDC13) 5: 7.47-7.10 (25H, aromatic), 5.86 (1lH, Hc
allyl), 5.459 (dd, 1lH, Jp+ 3+ = 3.0 Hf' Jpe, o0 = 2.0 Hz,
H-2'), 5.270 (1lH, Hb allyl), 5.159 (lH, Ha allfl), 4.980-

4.825 (SH, H-1' [64.911) and 4 x CgHgCHHO {d, Jgep = 11.0-

12.5 Hz]), 4.680-4.650 (2 d overlapping, 2H, Jgem = 10.5
: /

and 12.0 Hz, CgHgCH 0), 4.513-4.408 (d4xd, 4H, Jyopn = 11.0-
12.0 Hz, CgHgCH,0), 4.334 (s, 1H, H-1), 3.930-3.590 (15H,
COOC}i\[63.66];H—2, H-4, H-6a, H-6b, H-3', H-4', H-S',

H-6agL)\H-6b", CH,=CHCH,0 and OCHHCH,), 3.410-3.315 (3H,

H-3, H-5, and OCHHCH,O), 2.283 (t, 2H, J = 7.5 Hz, ,
CH,COOCH3), 2.133 (s, 3H, OCOC33), 1.620-1.5¥3 (4H,
aliphatic), 1.335-1.240 (8H, remaining aliphatic): 13¢ nmr

(CDCly) &: 174.08 QQQOCHj), 170.12 (OCOCH3), 139.00,

138.80, 138.53, 138.46, 138.05 (guat. arom.), 134&79
(CH,=CHCH,0), 128.27, 128.19, 128.13, 128.10, 127.97,
127:77,‘125.70, 127.59, 127.54, 127.50, 127.38,.127.29,
127.23 (tgrt. arom.), 116.67 (gﬁ2=CHCH205,'101.64 (c-1,
Jc;llﬁ_i‘= 192.7 Hz), 97.77 (c-1', ic_ltlﬂ_li_= 170.4 Hz),

82.56 (C-3), 77.94 (C-3'), 74.80, 74.37, 73.91 (C-2, C-4,

/And C-4'), 71.36 (C-5'), 68.67 (C-2'), 74.91, 73.71,
0, 71.51 (CéH5gH2Ox5),L70.43,‘6§.79‘(CH2=CH§ﬁ20 and .
OCHACH,), 68.98 (ct6"), 67.06.(C=6), 51.26 (COOCH3), 34.05
(CH,COOCH3), 29.65, 29.23, 29.16,'29.07} 26.09, 24.92

(aliphatic), 20.99 (OCOCH3). Anal. calcd. for - -
' v . X . i . / .
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- . ’ LS
°C62H76014: C 71.24, H 7.33; found: 71.09, H 7.46.

[}

8-Methoxycarbonyloctyl 3-0O-allyl-2,4-di-O-benzyl-6-0-

(3,4,6-tri-O-benzyl-a-D-mannopyranosyl)-3-D-

mannopyranoside (28)

‘The disaccharide 27 (2.88 g; 2.76 mmol) was de-0-
acetyla}ed as described for the pfepéra;ioﬁ of 25 and
26. After removal of the reéin by filtration the solvent
was evaporated to afford 28 as chromatographically pure
oil (2273 g; 99%); laly +3.13° (c 1.34, chloroform); Rg
0.32 (Skellysélve B—acetoné, 3:1); IH nmr (CDC1l3) 6
7.48-7.14 (éSH, aromatic), 5,883 (1H, ,Hc allyl), 5.288
(1H, Hb allyl), 5.170 (1H, Ha allyl), 5.258 (broad s, -1lH,
- i{fg and

12.5 Hz, CgHgCH,0), 4.644-4.438 (6xd, 6H, J op [ 11:0-12.0

2

Hz, CgHgCH,0), 4.335 (s, 1H, J) , < 1 Hz, H-1), 4:128

v

(broad s, 1H, H-2'), 4.038-3.593 (15H, OCH; [63.655, sl,

H-2, H-4, H-6a, H-6b, H~3', H-4', H-5', H-6a‘', H-6b',

N

L7

HHCH,, and CH,=CHCH,0); 3.423-3.320 (3H, H-3, H-S, and
T o . \ \ oo v ,
HCHy), 2.355 (broad s, 1H, deuterium-exchangeable, OH),

7 ;,284 (t, 2H, J = 7.5 Hz, QgéCOQCH3), 1.59 (4H, aliphatic),
1.28 (8H, remainigg alipha;iq)}f13cfhmr (CDélj) 5: 173.86
" (COOCH3), 139.04, 138.73, 138.59, 138.44, 138.03 (quat.
arom. ), 154:86*(cné;gycGEO),‘128,49,_128.36; 128.29, |

.
»
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128.24, 128.07, 127.99, 127.89, 127.78, 127.62, 127.48,
127.40 (tert. arom.), 116.84 (CH,=CHCH,0), 101.73 (C-1),
99.77 (C-1'), 82.47 (C-3), 79.69 (C-3'), 75.24, 74.61,
74.36, 74.06 (C-3, C-4, C-5, and C-4'), #5.07, 74.94,
73.88, 73.41, 71.48 (CgHsCHy0), 71.07 (C-5'), 70.54, 69,88
(CH,=CHCH,O and OCH,CH,), 69.03 (C-6'), 68.01 (C-2'),
66.65 (C-=6), 51.43 (COOCH3), 34.12 (CH,COOCH ;) ® 29.72,
29.29, 29.25, 29.14, 26.15, 24.99 (aliphatic). Anal.
calcd. for CgoH,40y37 C 71.83, H 7.44; found: C 71.59;

. (4
7.31. ‘ 8
. W !

8 -Methoxycarbonyloctyl 6-0—{2—0—@3,4,6—triﬁ9;acetyﬂ—2—

deoxy-2- phthallmldo-B -D- glucopyrano l)-3 4 6~tri- O-
%

g

benzyl—a—Q-mannopyranosyl]— ;Q;allyl—z,4—difgjbenzyl—ﬁ—Q—'

mannopyranoside (4) o vﬁﬁ”‘

To a solut‘;n of 28 (2 73 g, 2. 73 mmol) in dry
dlchloromethane {75 mL) were added sllver triflate (7.0 g,
'27 25 mmol), _1_;c0111Q}ne (3 6 mL, 27 25 mmol), .and 4 A
;ﬁplecular 51eyes, To{the resultlng mlxture, cooled to.
450°c) was'adééd droéwisé a solution of 3,4,6-tri=p-

acetyl 2 -deoxy—-2- phtha11m1do-6 D—glucopyranosyl bromlde26
(6) (2.30 g; 2.60 mmol) in dry dlchloromethane (25 mL)

~ The above mixture was stirred at eSOFC for 15 min and then

P

e

K

allowed to'warm to room témperature over a period of 1-



\
h. The tlc of the mixture, revealed the presence of
unreacted alcohol 28 (~30%). The reaction mixture was’

N

again cooled to -50°C and a solution of‘the bromide 6
(2.30 q; 2+60 mmol) in dru dichloromethane (25 mL) was
added dropwise. After stirring at -50°C for 15 min, the

Qmikture was allowed to attain room temperature, with

stirring, durihg ] h. The tlc now showed the complete

‘ : . .
disappearanc¢e of the alcohol 28. THe mixture was diluted

with dichloromethane, ‘and then filtered through Celite.

. .[. o » D .- .

The filtrate/was washed sequentially with {ce water, 1ice
cold 1N aqueOUS HC1l, and éaturated-aQeruS sodium

.

bxcarbonate.' The orqanlc phase-was dried (Na2804),
. e

flltered and evaporated. The 5e31dual oil was subjected
"to flash chromatoqraphy emp}oylng toluene eghyl acetate

(3.5:1) aSreluent. The fractloﬂs contalntnq the mag

: %, . LI '.
product were combined and evaporated. The tlc of the 011

so obtalned when deueloped i 9kelly§olve B- acetone'

--“) »

(3 1), also 1nd1cated the presenCe of a mlnor product.

,Ihere%ore, the. above 011 was aqaln chnomatographed u51nq

-,Skellysolve B-acetone (3 l) as eluent to prov1de the a- .

“1inked trisaccharide-29‘asMan 011“C0 27 g; 7%). Further

»

elutlon w1th the same solvent systém gave the tltle

compound as a syrup (2 92 gi 76%)J,[“1D 23 O4° (c 1.02,

-, o~

chloroform), Rf 0 45 (toluenesethyl ‘acetate, 31 1), 0 17

(Skel ysolve'B—acetone,‘j;Jﬂ; ‘g nmr (CDC13)36: ”7.86ﬁ7}04
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(294, aromatic), 5.901-5.790 (2H, Hc allyl and H-3"
(65.815, J3u 4u = 9.0 Hz, Jyu 3w = 11.0 Hz}), 5.573 (d,
1H, Jyw, on = 8.5 Hz, H-1"), 5.303-5.143 (3H, H-4" (65.215,
dd,‘ J4||~’5n = 10.0 HZ, J3u'4" = 9.0HZ] and Ha and Hb

t

4
allyl), 4.993 (d, 1H, J 13.0 Hz, CegHgCHHO), 4.890-~

ged

4.735 (4xd, 4H, qum =‘11.0—12.5 Hz,~C6H5Q§20), 4.676 (d,

1H, Jy+ 5 = 1.5 Hz, H-1'), 4.538-4.459 (2H, H-2" [§4.513,

dd, Jyn 3w = 11.0°Hz, Jju ou = 8.5 Hz] and CgHgCHHO
(£4.475, 4, Jqem = 12-0 Hz]), 4.400 (dd, 1, J,: 5. = 2.5

Hz, Jyo 20 = 2.5 Hz, B-2'), 4.373-4.303 (44, H-1 (~4.344),
4 Fy ; .

’H_6a", and C6H5C_H_20), 4-233 (dd, lH, J6a"’6bl| = 12.5 HZ,

J5n'6b" =;2.0 Ez, H-6b"), 4.063—3.245 (20H, OCﬁﬁCHZ

(64.035, td, J = 9.0 Hz, J

gem = 6.0 Hz], OCH4 [63.668,

vic

s], CH2=CHSEQO, CgHgCH,0, H-2, H-3, H-4, H-5, Hgba, H-6b, .
B30, é—4',dH—s'(5H—6a', H-5", OCHHCH,), 2.989 (dd, 1H,
Jéé.?Gb. ="11.0 Hz, 55',65'”= 5.5 Hz, 5-65'), 2.31 (t, 2H,

"‘q§2cootﬁ3, J = 7.5 Hz), 2.055 (s, 3H, OCOCHg), 2.024 (s, =~

' 3H, ochH3), 1.863 (s, 3H, ococa3);_1.7d-1;59 G, Y
aliphépic), 1.44-1.26 (8H, remaining aliphatic); I%C nmf
(CDClg) & 173}96 {COOCH3), 176742, 169.89;1r69.21.
(bCOCH3 and phthalimido c;rbonyl),_13a;§g{f138.5;,-i38.35, -
.137.80 (benzyl quat. .érém..).,i, 13.‘_4.55' (CHZF_C_?TCHZd)r' 13,3'74
(bh't‘ha'bl‘imi‘dho,‘t:ert.“ afoml ), 131.52 .(p‘h,f_‘hal'imi-dd quat. w o
_a}bm.s;*iés;3ﬁ; 128.19, 128.00, "127.92, 127.86, 127.63,

h 127.47,:127;43,*iéif25, 127.19, 126.99 (befizyl tert.

RN

e o . ¥
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arom.), 123.16 (phthalimido tert. arom.), 116.52
(CH,=CHCH,0), 101.79 (C-1, Je_) u_q = 152.8 Hz), 97.44
(C-1', Jeopr poqe = 169.2 Hz), 96.48 (C=1", Jo_yw y_q»
165.1 Hz), 82.64 (C-3), 76.81, 74.54, 74.09, 73.75, 73.49,
72.88, 71.89, 71.45, 70.62, 69.01 (C-2, C-4, C-5, C-2',
C=3", C-4', C-5', C-3", C-4", C-5"), 74.64;’73.63, 72.41,
70.33 (CgHgCH,0), 70.11 (CH,=CHCH,0 and OCH,CH,), 69.40
(C-6'), 66.53 (C-6), 62.17 (C-6"), 54.25 (C-2"), 51.17
(COOCH3), 33.86 (CH,COOCH3), 29.47, 29.10, 29.04, 28.90,
25.91, 24.74 (aliphatic), 20.56, 20.43," 20.24 (OCOCH;).

Anal. calcd. for CggHg3N Op: C 67.64, H 6.60, N 0.99;

found: £ 67.54, H 6.58, N 0.97.

»
8—Me;hoxycarbonylocty1 6-0-(2-0-3,4,6-tri-O-acetyl-2-

'690xy—2—phthalimidp—e—g-glucoﬁyrahosyl)-334,6,—trifg;,

benzyl—a42—mannbpy:énosy1]—274—di19;benzyl—ﬁfg—

~

mannopyranoside (31} . L

'a'A solution of 4 (2.79% g; 1,97AmmoI}; tris(triphényl—'
phospHiné)rhodium(I);chloride (129. mg3 0.14 mmol) , 1:8;'

;diazabicyclo[é.2;2]oétané (58 mg;:O.SI‘mmol) in R

ethanol—bepzene—water (7;3:1;1100 mL) was heated‘at reflux
for 24 hLm.The,sleEht was removed and the residue
dissolved in-acetone (100 mL) containing a_ trace amount of -

" mercuric oxide. To ‘this solution was. added a solution éf

~
3

; ‘ A : -‘h 2 . . SN
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mercuric chloride (3.0 g) én acetone-water (9:1: 50 mL),
and the mixture was stirreg at room temperatutre for 45
min. FolloQing evaporation of the solQQnt, the, residue
was taken up in dichloromethane (250 mL). "The |
dichloromethane s6lution was washed with 30% aqueous

potassium bromide and water. The organic layer was dried

(Na,50,4) and evéporqsed to give an oily residue which was
purified by flash‘chromatography using toluene—eﬁhxly
écetage (3.5:1) as eluent. The title compound was
obtained as a white foamy solid (2.31 g; 85%); [q]DA
'—19.07; (5_0.97,\ch10roformf; Reg 0.37 (toluene-ethyl

acetate, 3:1); MM nmr (CDCly) 6: 7.88-7.07 (29H,

-

aromatic), 5.84 (dd, 1H, J3n'4n = 9.0 HZ, Jzn 3 = ll-Q

Hz, H-3"), $.61 (d, 1H, J)u ju = 8.5 Hz, H-1"), 5.221 (dd,

1H, Jgn ge = 9.0 Hz, J3u 4w = 9.0 Hz, H-4"), 5.063 (d, 1H,

] S
= 12.0 Hz, c6ﬂsc§ﬁo),'4.853 (d, 1H, J = 11.0 Hz,

-Jgem gem

CgHgCHHO), 4.778-4.733 (2xd, 2H, J = 11.0 and 12.0 Hz,

gem
CgHgCHR0), 4.673 (d, 1H, 31 pi°= 2:0 Hz, H-1'), 4.633 <a,*;’-y

1H, Jgop = 12.0 Hz, CGHgCHHO), 4.543-4.476 (2H, H-2"

gem o S
(64.518, dd, J2",3; f.ii.p Hz, Jyw,gn. = 8.5 ?a]}i&EHSQﬂHQYj )
(64.491,°d, Jg;m é‘iz.o Hz]), 4.433 (1H, 3; ,7¢ 1 Hz, _ 'rd)/
H=1), 4.385—{1;404{5H,‘3723, H-6a", H-6b" and CgHgCH,0),
4.035-3.93% (48, oqﬁppnz}tﬂ-s",lghd CHsCHo0) s 3.828-3.245 - -
(14H, H-2, H*3,vH—4; H-5, H-6a, H-6b, H-3', Hedt Hes',

ol , ‘ o ST e
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JGa.,Gb..= 11.0 Hz, Js+ gp - 5.5 bz, H—6b'),€2.380 (‘dR
1H, deuterium-exchangeable, Joy y-3 ~ 10.0 Hz, OH), 2.290
(t, 2H, CH,COOCH3, J = 7.5 Hz), 2.056,2.050 (2xs, 6H,
OCOCH3), 1.860 (s, 3H, OCOCH3), 1.68-1.58 (4H, aliphatic),
1.40-1.26 (8H, remaining aliphatic)a'13C nmr (CDCly) 6:
174.17 (COOCH3), 170.63, 170.12, 169.40 (bggcﬂg and
'phtﬁaiimido carbonyl), 138.77, 138.50, 138.37, 138.30,
138.10 (benzyl duat. arom. ), 13}&95 (phthalimidd fert.
arom.), *131.82 (phthalimido quat. arom.), 128.56, 128:36,
128.23, 128.f3, 128.08, 127.72, 127.62, 127.59, 127.39,
127.21 (benzyl tert. arom.), 123.37 (phghalimido- tert.
arom. ), 101,96 (C-1), 97.25 (C-1'), 96.61 (c-17), 77:9q,
77.22, 76.27, 74.39, 74.34, 74.07, 73.22, 72.12, 71.61,
70. 80, 69.14 (C-2, c-3, c-4, c-s, c-2', c-3' Mic-4', c-5',
Cc-3", C-4" and C-5"), 75.06, 74;83,\74.44, 72.63, 70.49
(CgHsCH,0), 70.34 (OCH,CHp), 69.50 (C-6'), 66.58 (C-6), -

%2.33 (C-6"), 54.44 (C-2"), 51138 (COOCH3), 34.05

(CH,COOCH3)Y,, 29.61, 29.24, 29.19, 29.08, 26.06, 24.92

(arip§a£r¢)f 20.74\'20.623.20.44”@6cqu3)."1EE;LL;célcd.
for Cq7HggN 022% C 66.99, H,6.50,'N>1;Oi; found: C
. 66,74, H. 6.43, N 0.84, | . T



8-Methoxycarb?nyloctyl 6-0-(2-0-(2-deoxy-2-phthalimido-f -

Q—qlucopyranogyl)—3,4,6—tri-0-benzy1—d—Q—mannopyranosyl]—

2,4-di-0- beanl -R D—mannopyran051de (32)
;rf

To a solution of 31 (0.82 g; 0.59 mmol) in dry

methanol (75 mL) was.added a trace of solid sodium meth;
'oxide; The mixture was stirred at room tempe;aeere for 3'
b. Neutrallzatlon of the mlxture with Amberlife IR- 120(H )
resin followed by f11trat1on and evaporatlen afforded€32 -
as a white foamy sol1d n a‘quantltatlve y1eld;:-Ia]D
;31.545~(£_1.3, chloroform); Rg 0.2 (dichloPomethane-
methanol, 19:1); ' nmr (coci3) 5: 7.66-7.06 (29H,.
ardmatie), 5.399.(d 1H, Jln 2" = 8.0 Hz, H—l“f 5:035 kd,
lH;'qum = 12.0 Hz, CGHSCHHO), 4 824 4. 534 (6H, H-1"

64.643) and CgHsCH L0 I5xd, Jgem = 12.5-11.0 Hz)), 4.408-
4:241 (6H, H-1 [(64.408), ‘B-2' ([64.248, dd, Jz.’3, = 2 Hz,
Jyv,p+ = 2 Hz], H-2", H-3", and QGESQEQO'[Jgém = 11.0

Hz]), 4.020-3.208 (21H, H-2, H-3, Hr4, H-5, H-6a, H-6b,
‘ ‘ R
H-3', H-4', H-5', -H-6a', H44“ H-5", H—sé" H46b"
.’OQ_QCHZ, C6H5Q_20 and ocn3 [53 620, s]), 3. 063 2.900 (2H,.
'>H 6b' L62°Q18 dd, J6a va ‘ 10 5 HZ,. J5| 6b|= '5.5. HZ]
and OH [broad s, dlsappeared on D20 exchange]), 2. 396 (d,,

JH, J340H = 10.Q Hz; deuterlum exchangeable, -OH), 2 269'

(t, 2H, > =,8.0 Hz, q_zcoocn3),.1 65 1.55 (48, allphatlc),
f}r39r1l26f}.{k remalnlng allphat1c), 13C nmr » (CDC13) &:

. . L . -~
ERa S L
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174.43 (COOCH3), 168.51 (phthalimido carbonyl), 138.68,
135.52, 138.35, 138.32, 138.05 (benzyl quat. arom.),
133.79 (phthalimido tert. arom.), 131.84 (phthalimido
quat. arom.), 128.58, f28.38, 128.34, 128.26, 128.12,
128.03, 127.80, 127.70, 127.49, 127.44, 127.22 (benz}l
tert. Arom.), 123.23 (phthalimido tert. arom.;,'L01.§o
(C-1), 97.49 (C-1'), 96.84 (C-1"), 77.69, 77.26, 76.31,
75.6%,‘74L28,174.13, 73.38, 72.07, 71.73 (C-2, C-3, C-4,
c-s, c-2', c-3', C-4', C-5', C-37, C-4", and C-5"), 74.87,
74.77, 74.48, 72.63, 70.86 (CgH5CH0), 70.30 (OCH,CH,),
69.70 (C-6"), 66.65 (c-6), 62.21 (c-e"); 56.54 %o-z"),
'51.45 (coogy3),‘34.o7n(ggécoocn3f,'29.61, 29.11, 29.04,
26.04, 24.88 (aliphatic). Anal. calcd. for C;jHg3Ni0je:
C 67.98, H 6.67, N 1.12;‘found: C 67.43, H 6.60, N 1.10.

Y

B-Methoxycarbonylocty1‘6-0—[2—0—72—acetamido—2-deoxy—s—D—

glucopyranosyl) ~3,4,6- tr1~0 benzyl-a- D-mannopYranosyl]-

2, 4 d1-0 benzyl B-D-mannopyran051de (33)w.

Compound 32 (0.43 g; 0154 mmol) -in methanol (25 mL)
¢ )

was b01led w1th hydra21ne hydrate (O 14 mL of an 85%

S S

solution, 2. 6 mmol)-for 12 h. The tlc showed the presence S
B bf the startlng materlal in, the react1on mlxture._'

2 Therefore, -more hydrazlne bydrqte (0 07 mL of an 85% -

solution, 1 3 mmol) Was added "and’ the mlxturerrefluxed fOr .

o

3 : . .x'»-"‘ '
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[N

¥

another 4 h. The solution was evaporated and the residue
thdroughly Qried to remove traces of hydraziné; The
residue was then dissolved in methanol-water (1:1, 15 mL)

" and acetic anhydride (1 mL) was added. The resulting
solution was stirred at room temperature for 2 h.- Re%oval
of solvent gave'a white solid which was purified by flash
chromatography u51ng dlchloromethane -methanol (12 1) as
eIUent.'751nce the crude product was not completely N
Fsolubleﬂln theleluent used it was dissolved using more
methéhol in the same solvent mixture and éhén adsorbed on
fsddium sulfate which was poured onto the top of the siliéa
'paékigq. Pure 33 was obtain?d as a white‘foamy>§olid

(0.24 g; 60%); (a]b -20.46° (c O.Bs,rchlorof;rm)éin 0.61
(d1chloromethane-methanol, 10: 1);‘1H nmr (CDC13) 5: T.42-
7.16 (ZSH, dromatic), 5. 90 5 65 (broad s, 1lH, NH, ‘
deﬁterium;exchangeablé),»5{053 (d,‘iH,iJgem = 12.0 Hz,
CgHsCHHO) ;. 4. 913-4.825 (3H, CgHsCHYO [2xds Jgen = 11.0 Hz)
and H- 1" [54.910, EERITIPTIE 2 0 Hz)), 4.743 (d, 14, Jgem
= 12 0 Hz, C6H5CHHO), 4, 688 4 574 (3H, -1" and CSHSC_lqﬁ

[2xd, J =.12.0 Hz%}), 4 488 -4.325, (SH. H—l [64.435] ang

gem

LGHSngO [4xd, Jgém‘= 12.0 and 11. o Hz]), 4.253 (t, 1H,

H-2%),0 3.995-3.293 (23H,-H—2, H-3, Hf4, ‘—S‘ H-6a; H-6b,

-~

NH-3'; H-4', H-5',,H-6a', H-6b', H-2", H- 3" H-4", H-5"7"

“6a"ﬁ H 6b" OH OQ_QCHz,,and OCH3 [63 643, sl), 3. 00—'

.:-2 65 (bz:gad_,sJ 2H dxsappeareﬂ -on Dy0 exchange, OH), 2 501_
. . . R ._a- *

el . o . Lo . )
' L ) Co. 0 . ' " R
o : . N 5 -
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(d, 1!:1, J3,OH = 9.0 Hz, diséppeared on D,O excl ange,

3-OH), 2.276 (t, 2H, J = 7.0 Hz, CH,COOCH3), 1.840 (s, 3H,
NHCOCH3), 1.64-1.52 (4H, aliphatic), 1.36-1.22 (8H,
remaining aliphatic); 13¢ nmr (CDCly) 6: 174.10 (COOCH5) )
172.37 (NHCOCH;), 138.60, 138.39, 138.30, 137.93 (quat.
arom.), 128.50, 128.34,%128.27, 128.17, 127.93, 127.73,
127.65, 127.58, 127.44 (tert. arom.), 101.90 (C-=1)% 99.23

(C=-1'), .87.66 (C-1"), 77.62, 76.25, 75.83, 74.58, 74.39,

&) v oee
74.13, 73.71, 73.46, 71.64 (C-2, C-3, C-4, C-5, C-2', *

&
c-3', C-4', C-5', C-3", C-4", and C-5"), 74.75, 74.45,
3 .

73.20, 71.50, 70.30 (CgHgCH,0), 68.85 (C-6'), 66,86 (C-6),

62.66 (C-6"), 59.07 (C-2"), 51.26 .(€COOCH3), 33.99

(CH,COOCHS4 ), 29.57; 29.1h, 28.99, 25.99, 24;‘84

(ali”phati'c,)., 23.30'(NHC0_C_H3). Anal. -calcd. for

CgsHg3N101g: € '66.94; H 7.17, N 1.20; found: C 66.81, H

7.09, N 1.13. ng S
N .t . . : -

4

8-Methoxycarbonyloctyl 6-0-{2-0O-(2-acetamido-2-deoxy-8-D-

glucopyranésyl)fa?g-mannopyranosyll—B-Q-Qahnopytanoéide
. ’ ‘ . ' 4. ' <o . . * v - :..‘ ' » e
( 2 7 “ - . i e .’ .

Compound 33 (45 mg; 0.03%Mhmol} was dissolved in 98%
o . ,’ . ,r‘ » - . ‘ s e . _‘ 4 . . --<
ethanol (9 ‘mL), and 5% palladium—on—chaycoal jgg'mg)-was

.addéd,‘_Thé‘mixﬁure'wasgsﬁirred‘ﬁndgfuan-atmosphétgzof.

s s

hydrpgen_gasﬁfon.52 h,." The catalySE”wés‘rémOVdeby .
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159. 4 HZ), 10047 (C- 1, JC,Iu'H g = 162.3 Hz), 97. Ez

filtration and, after solvent evaporation, . the residue was

passed through a column of Bio-Gel P2 (2.5 cm x 47 cm)
;

i4

using 10% aqueous ethanol as.eluent. The carbohydrate-

N .

containing fractions were pooled, concentrated, and

"lyophilized to provide 2 as a white powder (23.5 mq; 85%);

[a]D —19.34°’(£_0,91, water) ; Re b.S? (dichloromethane-

~ - " . : -~
methanol—water,_10:6:rﬁ; lH nmr (DZO) 6:  4.920 (1H,.

hY

“Jyv Fe = 1.8 Hz, H=1'), 4.664 (1H,°J) , < 0.7 Hz, H-1),

4.579 (1H, Jyw ,w = 8.0 HzZ H-1"), 4.129 (dd, 1lH, J}+ o =

1.4 Hz, 30 30 = 3}4 Hz, H-2'), 3.9Q§—3.461.[22H,‘H}2 |
(63.981, J; 3 = 3.0 Hz), H-3' (63.844, J3. 41 = 9.5 Hz,
Jor 30 = 3.5°Hz); H-2" (53.706, Jyu gw = 8.0 Hz), B-3,
H-4, H-5, H-6a,. H-6b, H-4', H-5', H-6a’, H-6b', H-3",
H-qt, HoST, H-5a"; H-6b", OCH,CH,, ang OCH3 (53.690)],
2.388 (t, 2, 3 = 7.5 Hz, CH,COOCH3Z), 2. 056 (s, 3H,
NHCOCH;) , 1.68-1.50 (4H, aliphatic), 1.38-1.22° (8H,

remalnlgq allphatlc), The above lH nmr a551qnments were

confirmed»by homonuclear decoupllnq; 11C nmr (Dzo) &

-

178. 58 (NHCOCH ), 175: .59 (COOCH a, 100.82 (cC=- l,,JC 1, -1 =

Te

(c- 1' Je-1t melr 169.5 #z), 77.35, 76.75,75.35,
74. 10, 73.73," 71, 43,»70 92, 70.84; 70.54, 68.20; 67.63

1ﬁ-2, C‘3'.C 4, ¢- 5,,c 2", ¢—3f ;C:A': c-s5', '6;3", c44"f?
c-5*, and ocazcnz), 66.99 (C- 6),.62.43 (C- 6"), -§.<.55' y

(C—6 ) o 56 31 (C 2“), 52 91 (COOCH3), 34. 55 (CHZCOOCH )

4.27,

3

R



29.46, 29.05, 28.97,.28.93, 25.82, 25.11 (aliphatic),

223.21 -(NHCOCH3). Anal. cdlcd. for C,oHg3N;Og: C 50.34,

H'7.46, N 1.96; found: C 49.27, H 7:28, N 1.73.

8—Methcxycarbonyloctyl 6-0-[2-0-(3,4,6-tri-O-acetyl-2-

> sl

deoxy—Z}phthalimido—B—Q—glucopyranosyi)—3,4,6—trij97

benzyl—a—Q?mahnopyranosyl]4379;(2,3,4,6—tetra-9;acetyl—a—‘

B

\jg_mannopyranosyl)-2,4—dif9;benzy1—8jg—mannopyranoside (}0)

" .
. -xvll . : ‘- ) . . - . \
To a soluQ%Pn of the alcohol 31 (504 mg; 0.3%1 mmol)

! ; il \

in dry acetoniﬂfile (10 mL) containing. 48 molecular sieves

were added'sequentiallylmercufic bfomide‘(1.416 g; 3.93
mmol)*ahdlmercuric cyanide (988 mqi.;.§5‘ﬁmol). To .the

_ result;ng mixture, was addeo>a solution‘of 2,3,4,6:getrai97
'acetyl—a-gfhannopytahosyl brohigez5 (S) t0.915 g; 2.23

mmol) in dry acetonitrile (5 mL) in five portions with an

‘interval of 30 min betweén two  additions, and the reaction

- ’ s

mixture “was stirred for 2 h. Evaporation of the solvent

gave an(élly re51due wh1ch was extracted three times. w1th
’
d1chloromethane. The organlc extracts were comb1ned and

»

Mashed with satu ated aqueous pota551um chlor;de;"

. o } &6 “' N . e
saturated aqueous odlum blcarbOnate, water,.and‘brlne.

foamy resldue whlch was purlfled by flash chromatography

» v

u51ng toluene—ethyl acetate (3: 1)-as eluent.p‘The tltie_

. . « R
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-

W

@ . S o ’
.compound was obta®ned as a white foamy solid (0.405 g;:
65%); lalp +4:41° (c’0.98, chloroform); Re 0.25, (toluene-
ethyl acetate, 3:1); 'H nmr (CDCl3) &6: 7.88-7.02 (29H,

b 0

-'aroma‘t'}*c), 5.811 (dd, 1H, J3..'4,. = 10.0 Hz, J2..'3.‘. = 9.0

'Q » '~"°Q J i ,~
" “Hz, )i 5574 (&, 1H, Ty ge 8.5 Hz, H-1M), 5.391-

.o . /
53‘{349‘(2["1, J2| 3|.= 3.0 Hz, H";Z' and H 3')., 5. 240 5. 094
(48, H-4', H-4", CgH SCHHO, and H-1 [65.094] Jy. 4
f ¢
J4v /5" = 9 5 Hz , J?r w- = J4u g = 9.5 HZ), 4.893-4. 750

.(3H, Jgem = 11.5 Hzxa'nd 13.0 Hz, 3_:<C6H5C_H_HO)‘,@.A696 (d,

ﬂn Jym v = 1.5 Hz, H-1"), 4.539-4.448 (2H, H-2" [54.515,

dd q1|l’2|"= 8.5'-);;}12, qu.'3'. = 10.5 HZ] and CGHSC—H—HO [Jgem

= 11.5 Hz]), 4.440-4.284 (6H, H-1 -(54.440], H-2' [64.375,
SN

dad, Jlll'zn‘ = 2.-0 H'Z' J2n,'3u : 2.0 HZ], H"'Ga", and
’ ’

3xCgHgCHHO. [Jgop = 11.0 and 11.5 Hz]), 4.121 (d4, 1H,

. ~ ’
Jk6ali,6bll = 12.0 HZ, JS“IGb“ = 1-5 HZ, H"6b.), 4.09 -3.235

(21H, H-2, H-3, H-4, H-5, H-6a, H-6b, H-5', H-6a', H-6b',

-3" ’ H—4" 1 H_su ’ "H"Ga" ? H_ 5‘.', OC£2CH2 2 C6H5'CH401 OCH3 .

v : T '’ —.a : A L 2

[é 3-674]), 2.953 ('dd, 1R, JGaﬁ 6b" = 10.5 HZ, JS" 6b" =
«

6.0 Hz, H~ 6b“),;2 313 (t, 2H,vJ = 7.5 Hz, qucoocu ), 

A

..2 059 2. ooo (65, 18H OCOCH3x6),‘1 868 (s> 34, OCOCH3),

- 1.74-1.54; (4H, ariphatlc), 1.46-1.20 (8H, remaﬁnlnq oF

11phat1q$ 3¢ amr (cDC14) ‘6. 17411 1(COQCH3),. 170.58,
©170.21, 170,06, 169. 65, 169.47, 169.44, 169.35 (OCOCH3 and
phthéllmldo cagbonyl),; 138.75, 138.46, 137. 73; 137.51;_,"

(phthalimido quat. Afom.), 133. 90 (phtha11m1d0>te;t,'-

e . . ’ [

-
»



arom.), 128.82, 128.46, 128.36, 128.15, 128.08, 128.03,

127.87, 127.54, 127.47, 127.36,‘127.28, 127.18 (benzyl

tert. arom.), 123.3; (phthalimido tert. arom.), 101.95

(C=1, Je_y, p-y = 154.1 Hz), 99.83 (C-1", Jo_pv yoqo

177.8 Hz), 97.62 (C-1", Jo_yw y-yv,= 170.9 Hz), 96.60

(C-1'", Jo_pe, y-pe= = 164.16 Hz), 81.25, 76. 29, 74.78,

74.48, 74.17, 72.90, 72.03, 71.80, 70.73, 69: 33, 69.15,

68.98, 68.93, 65.94 (C-2, C-3, c-4, Cc-5, C-2', C-3', C-4*,

c-5', c-2", C-3", c-4", C-5", c—3"f§c-4",'and cfg'),

74.68, 74.58, 73.71, 72.52, 70.43 (CGEsgﬁﬁo),i7o,i1

;-(OCHZCHZ), 69.62 (c 6"), 66.29 (C-6), 62.43, 62.32 (c76"

7 and C-6%), 54.37 (c=27, 51.34 (COOCH3), 34 02 !
'(gﬁzcooca3), 29.66, 29.27, 29.19, 29.07, 26 10, 24.89

(aliphatic), 20.69, 20.56, 20.40 (OCOCH3). Anal. calcd.

#or Cg ) 107910317 C 63.89, H 6.30, N 0.82; found: ¢

63.45, B 6.31, N 0.82.

Rl

‘8—Methoxycarbpnyloctyl 6-0—[2+O4(3,4,6—trifb—aceey1—2—

PRV
P

‘facetam1d0—2 ~deoxy- B—D—glucopyranosyl)*B 4 6~ tri—o benzyl—
. & . ~
'-g-mannopyranosyl]— —O (2,3,4,6-tetra- O acetyl-a-D-

. s

fmannopyranosyl]—z 42 d1~0 benzyl B—D-mannopyran051de (35?’ f

Compound 34 (260 mg; 0. 15 mmol) was dlssolved in dry ’
- methanol (15 mL) containing . sodlum methox1de. The

Te
-~

, resuiting solut1onlwas stlrred gt room temperature for 45

v



.8_7 :

min, and the reaction‘mixture wasineutralized withe

-

2

Amberlite IR4120(H) resin. The résin was ;emoved by

flltratlon and the solvent evaporated to prov1de a- foamy ifw
ngOlid which was dissolved in methanol (10 mL). To this
Eyu501ut10n was added hydra21ne hydrate (0.4 mL of an 8?% .

solutlon, 7.43 mmol) and'the mixture was refluxed for 1 p

h. Removal of solvent gave a white residue. Traces of ¢

hydrazine. were removed by evaporation of methanol from the

product (twice), which was further dried on the vacuum e
4 . e ‘."‘"‘ .

pump. The product was then dissolved in pyridine (3.5 mL) .

and acetic anhydride (é:ﬁ_mL) and stirred overnight a;itﬁ?ih'
_room temperature. stcéés acetic anhydride was decomposed'uln
. * . : . . . -
"bv drobwise‘addition’oﬁ ethanol "to the reaction mixtdre at
- 0°C, to which was thenzadded dich]oromethane and water.

. The aqueoﬁs layer was separated and back extracted with -

more dichloromethane and the combined dichloromethane» _5

layers wWere washed ‘with 1 M agueous HC1 and saturat:r

aqueous SOdlum blcarbonate. The organlc phase was dr -3
ST B ’ A
(Na2804) flltered, and evaporated to give a foamy solld '

-

which was pur1f1ed by flash chromatography usxng

s eluent.'v

hSkellysolve B—ethyl acetate ethanol (20 20: l)
Pure 35 was obtalned as a whlte foamy SOlld (1,4 mg,f62%),i,
[a]D +11 23 (c 1. 18 chloroform), Rf 0.3 (Skellysolve B—’

?a”°l* 20:20: SSTS 1 nmr (CDC13) X 7. :70-

ethyl acetate—e,

N

7. 12 (253, aromatic), 5, 613 -5, 523 (285, n—3"'(5§ 588] andvu“
1 P .

o EE . . N ..
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. ABSTRACT

. ' {
\ - .

Oncogen;f transformation frequently results in the

production of abnormal cell—sPrface carbohydrates, known -

as "tumor-associated carbohydrates", and it'g;% been shown

that these carbohydrate structures can result from a
) . iy Ve P ¥
change in the enzymatic activity of a single :

v
- - .
-

alycosyltransferase. . K

This work was aimed at developinq a selective assay

4

for monitoring chanqes in the intracellular act1v1£y of
r Y4

such a known tumor-elevated qucosyltransferase, termed. N-—

'acetqulucosamlnyl transferase \Y (G1cNAC transferase V),

_b% using appropriately designed synthetic oligosaccharidé

!

bubstrates. To~this end, the trlsaccharlde R D—

GlcNAc(l +2)a-D- Man(1+6)8rD Man-O(CH2)8COOCCH3 (2) and the
relatéd tetrasaccharlde B D—GlcNAc(l»Z)—a -D- Mad(l»G)[a DZ
Man(l 3))-5 D- Man- O(CHZ)BCOOCH3 (3) have been chemlcally

synth851zed as potential selective acceptors for this

. S A |
‘»..\0 nd - T(CH,),COOMe

%

X (CH,),C00Me



The multi-step syntheses to prepare the

oligosaccharides 2 and 3 involvegd sequential Koenigs Knorr

glycosylations. of 7s leégiv protected carbohydrate
derivatives and are *summarized in the retrosynthetic

scheme shown below: ~

'y

S
' The“trisaccharide 2 was found to be a selective

acceptor for GlcNAc transferase V. . . . . Y
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CHAPTER 1
INTRODUCT ION

The cell-surface carbthdrates of eukaryotic cells
are made up of the sugar ch;ins of glycoproteins and
glycolipids and the more loosely as50ciated collagen,
heparan sulfate and fibronectin. The coualently attached
complex carhthdrates of glycoproteins and glycolipids are
usually between two and fifteen sugar units long and

 typica11y meke up 2—10% of the plasma membrane w_eiqht.1
The carbohydrate chains of these latter glycoconjugates
project outward from the cell and, despite their
relatively 1ow eQundence, it is believed! that they almost
entirely,Cerr,the ceil surface end thus form the first
1ayer of interaction with other cells.

‘Ménx of the compiex carbohydrates appear‘to have
physicochemical functions such as modifying solubility,
stabilizing.protein conformation and protecting
oiycoproteins'against.proteolysis.2 Current research in

" the brological sciences is, however, focu51ng on’ the ‘
o’/p0551b1e role of these hlghly diverse structures as

ecognition markers whlch may d1rect phenomena as dlverse

as the binding of hormones, tox1ns, enzymes, v;ruses and

¢



o

bacteria to the cell and as "traffic signals" which
g N uﬁ
control the circulation of bo%ﬁ glycéproteins and whole

. ’ H .
cells.3 Although much of the evidence to support the role

of_complex carbohydrates in mediating these diverse

processes is still largely circumstantial, a handful of

< .
structures have been assigned definitive physiological

functions. These critical functions include that of B8-D-

Ay

galactose as a recognition marker in the hepatic clearance

4

of serum glycoprotelns and of mannose—6-phos§hate

re51dues in the targeting of newly blosynthe51zed

.

glycoprotéfaf to the 1ysosomes.5

About ten years ago, evidence began to accumulate.

that the .carbohydrate structures. of both cell-surface

qucoproteins and glycolipids became dramatically altered
) ¢
during both normal and abnormal cellular development‘.6'8

Consistent changes in cell-surface carbohytdxate structures
S ' ' 5 —_— '
have now been shown to accompany -the development*bf human

melanoma,vneuroblastema and‘colorectal,‘qastr;c and
‘pancreatie,carcinoma.g The .occurrence of largevf0co—
sylated h hly-branched qucopeptldes 1s 1n fact one of

the most reproduc1ble correlates w1th the mallgnant trane~‘
ermathn of cells.lq ’The fuhetlonal slgnlflcance, ff'aA
any; of,thesehcell¥surface struCtural'changevas not at‘
~all clear but these aberrant carbohydrate structures are

o
attractlng a great deal of cllnlcal 1nterest as potent1a1



< .

tumor markers. Theg structures of many of these "tumor-

w

associated" carbohydrates have been elucidated in recent
years and~major research efforts have gone into the

productlon of monoclonal antibodies aga1nst many of these

8,11 One of these monoclonal ant1b0d1es,

+

termed CA19-9, is already in wide clinical use .as a

12,13

structures.

prognostic monitor for colorectal cancer.
: i B N _
Tumor-associated oligosaccharides are'the

manlfestatlon of altered carbohydrate biosynthesis and

“ could, in pr1nc1ple, result f rom any of a ‘large numbeJ of

cellular irregularities. Glycosylatlon of protelns is a.

co- or post- translatlonal mod1f1cat1on wh1ch requlres the
L]

—

'sequentlal act1on of a series of enzymes _ ) Y
(qucosyltransferases) and co—factors (5uqar nucleotLdes)
.and occurs in the endoplastlc retlculum and golgi,
ves1cles.14 A change in the’ cellular levels of the
glycosyltransferases, the sugaf nucleotides or their’

, transport protelqg the hlosynthetlc precursors of the-
sugar nucleotldes, glycosylhydrolases, or even mild
dlsruptlons of the membrane 1ntegr1t1es of. 1ntracellular
organelles could account for the observed changes 1n cell-‘

'o
surface carbohydrate structures. Because of th1s

[N - - e

'~tremendous complex1ty the correlatlon of the express1on of""'

2

tumor- assoc1ated cell surface carbohydrates W1th a sanle

'transformatfon—1nduced molecular event has untll very

0,-
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recently ‘remained elusive.
4

»

In -1984, Yamashita et 21:10 compared the carbohydrate

structures of the membrane N-linked glycoproteins of baby
y ‘ . |
‘hamster kidney (BHK) cells and their polyoma transformant

(Py—-BHK). Thﬁy1f0und that while the transformed cells
produced the same approximately twenty structures as did
the normal cells, they produced more of the larger more

highly branched oligoéaccharides. They proposed that the

changes ?n the #elative proportion of the cell-surface
S .

oligosaccharides observed on- transformation could be

expléined by*fhe elevation in the activity of a sihqle
enzyme, a glycosyltransferase, termed N-Acetyl-g-D- '

glucosaminyl transferase V (GlcNAc ;qfnsferase vV, GnT

V). They subééqQ2?1§$ validated this proposal in 198515

yhgn Fhey showe@ ;hat th? GnT V activity in Py-BHK cells-
wés in facé elevatéd tﬂo}fold wllen compared with
uﬁntransformed cells.%lfﬁié élegant work provided the first
. ; . ) T

jdemonstratio?-that Ehe changes in cell surface:

carbohydrates observed-on oncbgenlc transformatlon could

o

. ) N
result from a chanqe im the act1v1ty of a 51ngle qucosyl-

tratherase. Yamasﬂlta et al. s worklo 15 therefore

suqaests that the act1v1ty of ‘a 51nq1e qucosyltransferase

acan, in 1tse1f, serve ag-a tumor{m;rker.y The detection of
2y . R .

a chdﬂpg in a 51nqle spec1flc enzymatlc act1v1ty should be

“far 51mp1er than the characterlzatlon and quantlflcatlonj

Y s
: v . & . @

. b ) . ot



of a highly heterogeneous mixture of cell-surface

carbohydrate structures produced as a result of this

single enzymatic chénoe.

This thesis is concerned with the developmept of a
rapid and Cpnvenient assay for measuring ‘the activipy of
alycosyltransferases, in particular of Yamashita et al.'s
elevated GnT‘V. Glycosyltrénsferases catalyze the
transfer éf éi*ﬂyposyl residue, usua11y>from a suqar
nucleotide {(termed the donor), to the hydroxyl qroup ot
another sugar (termed the acceptof&; The sequential
action of a large number ot such g}ycoéyftransferases Es
required for the synthesis of complex oligosaccharides.

The chemical r?action caﬁalyzed by GlcNAc transferases is
the transfer of an N-acetylglucosaminyl residue fromﬂ_ y

uridine-diphospho-N-acetylglucosamine (UDP-GlcNAc) to a

hydroxyl qgroup of some acceptoé sugar:

e ' "o -«
M o
o o ol
HO Acceptor
o]

Hp-Acceptor, NN—<
' : c

A . . ubp
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The products of the reaction are uridine—diphosphate'(UDP)
and a B-linked di- or oligosaccharide. i
At least 9 different GlcNAc transferases are known 'to
© be invoived in thg biosynthesis of the asparagine-linked
oligosaccharides{3’10'15'16 All of these énzymes use
UDP-GlcNAc as the glycosyldonof and the diffe?ence between
them lies in their épecificity for different acceptor
. . . 7
structures. A composite structure of the core r?gion of
known asparaqgine-linked oligosaccharides is shown in
Fiqure l.‘ The oliqgosaccharides are ali attached to
protein @sparagine residues (N—linked{ throuqh‘a common
chitobiose linkaqe, nglcNAc(1»4)BQGICNAc—Asn. The GlcNAc
transférases responsible for generating the diversity of
structures observed on cell surface N;linked glycoproteins
ace‘labellgd GnT 1, II, 111, IV and Vband the GlcNAc
residues they transfer are labelled in the éame
fashion.l® 1In the naturally occurring structures other
sugar residues, notably Q—galactose and‘L—fucose,\are
addéd onto these GlcNAc residues to pfoduce ﬁheAcomp%eted
structures. GnT's I-V transfer BQGI&NAC gg'g—maﬁnose“
i:eéidues, but téldifferent hydfoxyl groups.of the three ..
'different‘mqnnosé fesidues.‘ Theseienzymeéhare all locaéeé -
_in the rquqh»endoplasﬁic-retiguluh and in the golgi |
apparatus of celis where they frequentl& compete for

common glycoprotein substfates. ' _li



GnT V - - - - - BGlcNA¢(1*6)

N
7

GnT 11- - - - - BGlcNAcC (142 (14+6)
GnT II11- - —~BGlcNAc(1»4)BMan(1+4)ﬁélcNAc(1*4)BGerAr—Asn
GnT I----- BGlcNAc(1+2) (1+3)
N
: v aMan
- -/
B : GnT IV - - - - BG1lcNAc(1+4)

-

Figure 1., A hypothetlcal structure showing the BDclcNAc un]tq aaded
by GlcNAc-transferases I-V (GnT I- V).1



'A portion of the biosynthetic pathway elucidated by
Yamashita Ei_al. for the production of BHK cell-surface
glycoproteins is shown in Figqure 2. This biosynthetic

scheme, reproduced from Yamashita et 513,15 shows how the

product of one glycosyltransferase reaction can freguently

!
I

Qe a substrate for several competing glycosyl-
‘transferases. . The elevation of GnT V in Py-BHK cells
results in a shunt in the normal bfosyntﬁetic branchingqg
indicated by the bqld face arrows with the‘resultant
increase in the larger, more highly branched oligo-
sacéharidé structures. GnT V transfers BDGlcNAc
exclusively to the 6-hydroxyl group of the a(l-6) linkea
D-mannose unit of the glycopeptide.

Assaying the activity of ﬁheée'various qucosg}-.

transferases, which are present in only minute amounts,

.- . e “ o
invariably involves the measuré@ent of the transfer of a

;radiolabeiled GlcNAc residue from‘14C'or‘3H-UDP;GlcNAC to
a suitable accéptor_oiigosaccharide,‘followed byQTsolatiOn
anlcountinq of the product.15'16 The difficuity | | |
encountered withaqssayinq the GnT's iscxhat they .alk uée.
‘“the same sugar nucleotide ana severallof.them.ﬁay éc§ Sn
“any.given substfate. As seén in Figufe 2, in the
biosyn@hesis‘oﬁ N-1linked glyéopep;ides,‘GnT V acts on

" hepta- and octasaccharidic substrétes. In théir“lahdhark-

work, 12 Yamashita et al. -isolated their substrates from



PC.Y
£l

aMan (1+6)

‘ BMan-R
BGlcNAc(1+2)aMan(1+3)
&
GnT II '

BGlcNAc(1+2)&hQQil}6) ‘ :
\\ﬁMan -R ‘cher enzymg_s‘_;1 _

BGlcNAc(1+2)aMan(1+3)

! H
GnT 1V
* "
. ‘ BGlcNAC(1+6)
BG1cNAC(1+2) aMan (1+6) Saman (146 )
™~ Man-R BGlcNAc (1+2) ‘(
BGlcNAc(1+2) . : v .-BMan-R
an(1-+3) BGlcNAé(1+2)aMan(1+3)///’
BGlcNAc(1+4)" o it E
other GnT V
enzymes ',
) -
' S : BGlCNAc(1+6)\ =
» //nMan(1+6)’
BG1cNAC(1+2) . o
BGlcNAc(1+2) Man-R - !
\\aMan(1+3f/’ o o : al

BGlcNAc(1+4)

Figure 2. Partial pathway showing "the involvement of GlcNAc-
7" transferase V (GnT V) in the biosynthesis of complex sugar
chain's.15 R .represents QQplcNAc(1*4)BQplcNAc-Asn.
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e
the urine of patients y}th hetabOliC disorders
(mannosidosis, fucosidosis and Ghl—qanqliosidosis) and
f requently had to further process.fhése structures by'
removal of Quter.sugar {esidues with specific glycosyl
thydrolases. Such procedures are not only labor intensive
and time consuming but uré’clear}y not general. The
amount of material that may be obtained is also limited.
Yamashita et al.'s saparation af the‘radioagtive products
of the enzymatic react1ons requlred high-voltage paper
electrophore51s, gel-permeation chromatoqraphy, treatment
with glycosyl hydrolases and re-chromatography. Both the
.difficulty and jmpractability of such glycosyltransferase
assays are considered a major obsfacle in the study of
alycosyltransferase tumor markers.

Our approach to- this problem was to chemically
synthesize oligosaccharides whiéh would, we hoped, be
recoghizéd by only a single enzyme thus producing a
sdbstraté which could be used in an assay specific for
that 51ngle glycosyltransferase activity. Such substrates
mlght include’ ollgosaccharldes where cross‘reactlnq sugar
residues were completely absent or whe e the 1nterfer1ng
hydroxyl'qroups which might be acted on by other Gl;NAc
transferases were masked by elther O—methylatlon or

:deoxyqenat1on. Thls latter approach has recently17 18

been successfully applied in the dlfferentlatlon of two

L
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et ey

competing a—L—focos;?ifansferases in serum. To be truly

useful, such substrates and theilr glycosylated products
~should also be amenable to simple rapid isolation from the
incubation mixtures of cell extracts or fluids which

e

contain the glycosyltransferase activities beinag assayed.

i

In order to test the practicability of this approach
;o A ,
we chose to attempt the preparation of substrates

selective for Yamashita et al.'s GnT V since this

v I~
it i,
14 K

glycosyltransferase was already attractinq widevinterestx
" as a‘potential tumor marker. The shallest Kpown.substrate%
for GnT V is the heptasaccharlde 1 shown in Fiqure 3,
which was isolated and used by Yamashita et al 15 as
despribed above Recent work,19 23 from the laboratory ot
Lemieur and ourl own, on the molecular b:;is tor the
b1nd1nq of ollqosaccharldes by monoclonal antlbodles and
lectlns strongly suggested that protelns here not llkely

\

to require carbohydrate surfaces much larqer than that of
a trisaccharide for faithf 1'recognition. We expected
“that thié situation might “also hold true for the enzymatic

spec1f1c1ty of qucosyltraﬁsferases and - therefore

&
w7

4 envisjoned the trlsaccharldL . i o .
'jRDGlcNAc(l»Z)aDMan(1+6)BDManOR (2) as a likely acceptor~ ;fi>/
for GnT V. Our ratlonale for the ch01ce of 2 can be seen

1n quure '3 where the structure of the nbtural heptasac-

charide acceptor 1 is also shown. We set forth,



BGLcNAC (1+2) aMan (146 )

BG1lcNAc (1+2)aMan(1+3)

Figure,}.p

R= aMan, BGlcNAc(1+2)aMan(1+6)
~N

OH
O-A

NHACc

:::ﬁMan(1+4)BGlcNAc21+4)BGJcNAc-Asn

OH

NHAc OH 3
GnTyv

/

\ .
((:HZ)BCxNOl‘?
’ £

R=H, BGlcNAc(1*2)aMan(1+6)\\\

BMan O(CH )BCOOMe

BMan-0(CH )BCOOMe

aMan(1+3r///

t ,"' M

A heptasaccharlde acceptor (1 for GlcNAc—transferase v
{(GnT V) compared with the structures ofsthe proposed

,synthetlc acceptors 2 and 3. The bold arrows show the

primary hydroxyl group: to which GnT V transfers a N—

acetyl-f- D-glucosamlnyl residue.

.
?

12
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/

therefore, to synthesize 2, which contains the reactive

b -
tgrget hydroxyl group acted on by the enzyme and one suqar
residue on either side of the a-D-mannose residue bearing

this hydroxyl group. Since we did not knPw whether this

"structure incorporated .sufficient features for recognition

by GnT V, the synthesis was planned in a way that also

allowed the preparation of the tetrasaccharide 3 which is

closer in structure to the natural acceptor 1. 1In order

. .f;’

to facilitate the isolation of our glycosylated substrates

from’Eheir enzymatic incubation mixtures, we elected to

«

prepare 2 and 3 as their 8—we;hoxyparbonyloétyl

qucoside524‘since“inclusion of this hydrophobic group
o : \

. S ’
should facilitate adsorption q_“”%ﬁerse phase (C-18)

. . bt . I3 .
chromatography supports. This "linking arm” might also
eventually be used"for the attachment of fluorescent,
radioactive or enzymatlc taqs to these potential acceptors

to hel locallze the correspondlnq enzyme in 1ntracellular

.és ot to prepare affinity columns tbfassist in’

enzyme isolations.



CHAPTER 2

RESULTS AND DISCUSSION

The goal og this tkesis project was to synthesize two.
oliqosaccharides, namely B-methoxycarbonyloctyl 6-0-[2-0O-
(2-acetamido-2-deoxy —2—glucopyrandsy1)—a—g—
mannoLyranosyl]—é-g—mannopyranoside (2) ;nd 8-methoxycar-
bonyloctyl 6-0-([2-0-(2-acetamido-2-deoxy-B-D-gluco-
pyranosyi)—a—g—mannopyranosyl]}B—Q;(a—g—mannopyranosyl);9—
Q—mannopyrénégide (3). In order to increase the potential
usefulness of the oligosaccharides 2 and 3 we elected to
synthesize these structures covalently attached to a
linking grm which would ;ilow their subsequent éttachment
to proteins, solid supports, and fluorescéal or

radioactive tags. These glycocoﬁjugates might then be

used in the intracellulaf localization of the N-

acetqulucosaminyl'tr;}bﬁsrases as well as in their

.o . . A
purification. LU

s -

A retrosynthetic analysis of the target structures 2

-

and 3 suggested; as the key intermediate, the
trisadcharide precursor- 4, which was protected in\a manner
to allow the selective liberation of the hydroxyl group at

c-3 of the_ﬁ—g-mannopyranosyl residue for'subsequéﬁf
; , ‘ 1

i
\

B S
" 14
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“(CH,)§COOMe

~

" e '
glycosylation by the a -D-mannopyranosyl donor 5. -The key

SoaE
intermediate 4 was, in turn, rettqsypth?sized into
monohexosyl synthons 6, 7, and 8.thhe two monosaccharide
. synthons, 6 and 7, were designed’ to function as 2-deoxy-2-

A

ﬁhthalimido—B-Q-glucbpyranosyl and a—g-mannopyrancsyl*
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donors respectively. The synthon 8 was properly protected

to perform dual functions:

pyranosyl donor and then,

first acting as a B-D-manno-

after selective removal . of

acetyl group at 0-6, as a glycosyl acceptar.

OAc

AcO
Ac

i
o,
OBn “
08n
&
OBn
‘ 1
~N
(GH,)sCOOMe

T g



four monosaccharide’synthons‘(,,5?25 6,26 7,27

required, three, namely synthpns 5, 6, and 7

been prepared. THereforé&, a synthetic route .

%
towards the monosaccharlde synthon 8 was first undertaken.

¢ ¢

Meth{ﬁ a—D-mannopyran051de (9) was Canerted-to its
¢

4,60~ benzylldene derivative 10 in 25% yield on treatment
g .
wlth benzaldehyde 1n t he, presence ‘of formic acid.» This

.
a

" procedure gave'only a modest yleld, as reported,za SO our

° < .
oo . ‘ ] . . ) L@
attentitin was drawn to a recently pub‘lished-method,29
2] 2

;whxch 1nvolved the reaction of 9 in N, N dimethylformamlde
wlth benzaldehyde~d1methy1aceta130 in the presencé of
tetrafluOfoborlc acid. Thls 1mproved procedure prov1ded a
“50% yielq of the benzylidene derlvatlve 10 and allowed its

.preparatiqn in sufficient quantities (60 q) to'proceed

3
rd

,witgﬁthe ppeparation of 8. : WO
. -Selective 3—9_-a11y1étion of 10 was efd_-‘;gd by the

o
procedurefof Nasﬁed,31 which invoLVed:its re55tion with
one eQuidﬁle;t of'dibutyltin oxide to'provide pfesumablf
.“4,6—Q;benzy1idehe-2,3—Q;dipu;ylstanpylene-a-Q—hdnnopYrano—
side‘(ll)e Compound 11 was not isolated but was treated
with aliyi‘brom.ide in N,N- dlmethylformamlde at 100°C to
- glve methyl 3—O-a11y1 -4, 6 -0- benzylldene—a-Dfmanno—

pyranos;de;(lZ) 1np82% yxeld, Alghough 12 appeared
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homogeneous by thin layer chromatography (tlc), its
optical rotation, [a]3% + 59.4° (c 1.2, chloroform)
differed somewhat from the vaipe reported by Nashed:

+63.5%.(c 1.5, ohloroform). The 400 MHz H nmr spectrum,

»

however, showed 12 to be a pure sidgle isomer whose
identity could'réadiiy be ascertained. The signal for the
hydroxylic pfoton appeared'as a‘doublet (JZ,OH = 1.5 Hz)
at 53.045, causinq’H—2 to produce a broad signal at 64.033
wpich‘collapsed to a doublet of doublets (J2,3 ; 3.5 Hz
and Ji,2 = 1.5 Hz) on deuterium exchange. The position of

" free hydroxyl group in 12 was further confirmed by its in

situ derivatization using trichloroacetyl isoéyanate.32

The 1H nmr spectrum recorded following the addition of
trichloroacetyl isocyanate displayed the expected

downfield shifted doublet of doublets (35,3 =.,3.0 Hz and

Jl'z’"’-_- l.S-HZ) at 65.349. \

&
-

Treatment of 12 with benzyl bromide and sodium

hydride in behzene31 furnished the 2-0O-benzyl. derivative
. A . .

13 in 90% yield.. The,pfeSence of a benzyl group in 13 was

confirmed by thé”appearance, in the H nmr spectrum, of
L : ' -
B

additional signals integrating for five protbns in the

. . . : L. .
aromatic region. The signals for the now diastereotopic

benzylicbprotohs appeared at 54.843 and 4.725, each ‘as a

one proton AB doublet with a geminal coupling constant of

i
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12.0 Hz.

The reductive cleavage ot the benzylidene group in 13
;as achieved by Eefluxing with LiAlHg-AlCcl3 in ether
“dichloromethane (1:1, according to Liptak et al.,33 to
. give the 4j9;bénzyl (14) and 6-O-benzyl (15) derivatives,
in the ragip of 8:1, in a combined yield ot 86%. The
structures of the hydrodénolysis products 14 and 15 were
assigned on the basis of 14 nmr data. The lH nmr spectrum

of the major product 14 showed a doublet of doublets for

¢

Oh-6 at 62.046 (Jg oy = 7.0 Hz and Jg',0H = 5.5 Hz) as
well as a clear signal for one‘of the H-6's at 63.840
(ddd,, Jg, g+ = 12.0 Hz, Jg,o4 = 7.0 Hz, and Js,6 = 3.0

Hz). On DO exchangé,.the signal corresponding to OH-6
disappeared and, as expected, the signal for this H;6
simplified to a doublet ot doublets, the coupling with
hydroxylic proton being absent. The 1H nmr spectrum of 6-
£§beh;yl derivativell4, on the othér hand, displayed a
doublet for hydroxylic prdton at'62.578 (34,01 = 2.0 Bz)
and a doublet of doublet of doubletg for H—4 ét 64.004
(4,5 = 9.0 Hz, J3,4 = 9,0 Hz, and J4,0H = 2.0 Hz). After
DZC addition, the 1H nﬁr~specttum of 14‘showed the
éisappéafance’of the OH resonance and the simplification
of the signal for H-4 to a doublet of doublets.

.

The 13C nmr data were also in accord with the
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structures assigned for 14 énd 15. The well established
empiricallrule34 that alkoxylated carbons (ROC) are
deshielded by 5-10 ppm compared with the(corresponding
hydroxylated carbon atomsu(HOE) permits % siﬁple
verification of the position of the benzyl ethers in 14
and 15. The major product 14 shbwea the signal for C-6 at
§62.43 ppm, the Qormal position for the underivatized
hydroxymethyl group carbons of pyranose rings.34 In 15,
however, t?is methylene carbon qbpeared at 670.2; ppm,
confirming/the presence of the 6-O-benzyl ether. -

Réaction of the 4-O-benzyl compound 14 with acetic
anhydride in the presence of pyridine gave the Sjgjacetyl
derivative 16 inv98% yield. The downfield shift of the
H-6 resonances in the lH nmr spectrum of 16 due to
acetylation of 0-6 supportéd.the assigned structure. i

}he glycosidic linkage in 16 was acetolyzgd35 using
acetic anhydride in the presence of é catélYtic amount of
sulfuric acid to afford 1;6-6iﬁgjacety173f9;all§1f2{4—di—
beenzyl—aég—manﬁopyranose (17)'in 77% yield. fhe‘ E
_structure of 117 could be deduced from its 14 nmr spectfum,
which i-ncludé‘a"";'a deshielded signai at 66.195 (d, Jy, , =
Z;O'QZ).for_H-lland a six-proton singlet at 62.055

vindf&ating the‘presénce of two‘acetyl groups. Further
prpofjfof_the”assigned structufe'l7 wés-prgvided by.ifs

L o4
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13¢ nmr spectrum, which contained a shielded signal (as
compared with 99.10 ppm for its precursor) at 691.79 for
c-1 and additional signals‘qt 5168.82 and 20.98 for OCOCH;
and OCOCH, respectively. Along with this major produgl |
17, the acetolysis reaction also produced two minor
products, namely, 1,6—diﬁgjacety1—379;ally1-2,4—di;95
benzyl-8 -D-mannopyranose (18) and 1,4,6-tri-O-acetyl-3-0-
allyl—Z—O—benzyl—a—g-mannopyranose (19) io a combined
yleld of 6%. The anomeric configuration of 18 was evident
from the appearance;, in 1ts ly nmr spectrum, of a doublet
(31,2 = 1.0 Hz) for H-1 at 65 609 (about 0.6 ppm upfield
relative to H-1 in the .corresponding a-anomer 17). The
presence of shielded signals (as compared with the a-
anomer 17) for H-3 and'H¥5 at 63.598 end 3.300 h
respectively further esteblished36 the anomeric.
conflguratlon to be 8 in 18. The structure of the other
minor product 19 could also be deduced from .its 4 nmr .
spectral data, whlch 1nc1uded a doublet (Jl 2 = 2.0 Hz) at
-66 185. for H-1, indicating the conflquratlon at C-1 to be
a;,and a deshielded doublet of douhlets (J3 4 = J4 5 -
‘iO.S Hz) at 65.431 for H-4 due to the acetylation of 0-4,
thus ponfirmiug the cleavage of the 419;benzyi group of
13. | .o o . : ,

Reaction of the diacetate 17 in dichloroméggeqedzutuf
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Wt

0°C, with hydrogen bromide which Q;s dried byApassage
throughca-calcium sulfate column, led to the formation of
the glycosyl bromide 8 in essentiaily,QUantitative
yield. The 14 nmr spectrum of 8 displayed a doublet (31,2
=.1.5) at 66.444'fof H-1 and a singlet at 62.065, now
integrating for onlyvthree protons, arising from a single
acetyl methyl group. 14 its 13c nmr spectrum. the sigpal
for C-1 éépeared at 6§87.41, ;nd only one signal each fof
the carbonyl carbon at 6170.57 and for the ace;yl methyl
.~ group at §20.72 wére present. |

When theééiacetateul7 was allowed to react with HBr
gas introduced direc§1y from the cylinder withouf passage
through calcium sulfate, the thin laver chromatogram (tlc)
of the reaction mixture showed the presence of twg
products, the miﬁor being’the desired bromide 8. The
major product 20 had a slightly lower,mbbility in tlc.
The 14y nmr Spectrpmvof the mixture of 8 and 20 indicated
20 to be the hydfobromination product of 8, namely, 6-0-
3acetyl-2,{—difgjbenZyl-BfQ;(B-gromopropyl)—a-g—mahno4
‘Pyrénosyi‘brdmide.‘»This'structufal aésignment was ﬁéde to
éécéunt,fdf the‘observéinnbof a triplet for;tWo;protonél‘
at 53.688}(3rCH2¢H2Qﬂ20),va.multipletvfpr twolprotons at
‘53.g;p'fbr érq52C52cHéo, and a tyo:perQh ﬁultibleﬁigt .

§2.119. for BrCH;CH,CH,0. The ratio of 20 to 8 was.
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determined to be 4:1 from this 4 nmr speétrum.

In order to further corfoborate both the presence and
the position of the bromine atom in the labile anomeric
broﬁide 20 a stable derivative was prepared. Following
the separation of 20 frqm 8‘py flash column chromato-
graphy,37 20 was glycosylated with methanol under the
conditions of Garegg et al.,38 using silver. carbonate as
pfomoter ana dichIoromefhane‘as solvent, to provide. a
mixture of the 8- and a-mannosides 21 and 22 (B/«:4/1) in
an isolated yield of 91%. The structure of B-anomejiﬁif
was determined from its 4 and 13c nmr spectral data as
well as‘mass spectral analysis. The 4y nmr spectrum of
the p-anomer 21 showed the presence of a dodblet-(Jl'Q =

1.0 Hz) at 6§4.308 for H-1 and three two-proton signals: a

triplet at 3.484 (J = 7.0 Hz) assigned to BrCH,CH,CH,0, a

‘multiplet at 63.41 assigned to BrCEQCHZCHZO,-and another

multiplet between §2.92° and 2.856. The assigned
structure 21 was also in agreement with the 13C nmr
spectrum, which exhibited a signal_er Cc-1 at 6102.81 and
three signals’§t<667,00, 32;98, and 30.41 tentatively -
assigned ;o?BrCHZCQZQyZO, BrCH,CH,CHZ0, and BrCH" 2CH,0, .
respeq#ively.' Uhequ%vocal-support for the pre¢sence of

bromine in 21 (molecular weight 537.447) was provided by

the chemical ionization mass spectrum, which showed two

ey
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peaks of almos£ equal‘intensity at 554 (93.3%) and 556
(100.0%), corresponding to the NH4+ add;cts containing the
79 r and 8lsr isotopes respectively. éurthermore,
microanalytical data were in accord with the molecular
formula for 21. |
The newly developed method 65 Paulsen and Lockhoff3?

for the stereoselective synthesis of B-mannosides was used
for the preparation of the glycosides 238 and 23a.
_Reaction of the glycosyl bromide 8 and 8-methoxycarbany-
octanol in the presence of an insoluble catalyst prepared
by precipitaﬁion of silver silicate on aluminum oxide,
provided a mixture of the B- and a—ﬁannosides, 23 in a

combined yield of 56%. All .attempts to separate these

>

anomers using chromatography on silica gel, silica gel
2 ‘

impregnated with silver nitrate or alumina, were

unsuccessful. That 23 was a mixture of the « and B

glycosides was evident from the Y4 nmr spectrum which

A

i

"showed a signal at 64.365 for H-1.of the ﬁ—anomer'angjﬁi_.3: .
doublet (J, , = 2.0 Hz) at 64.8?4-for H-1 of the 7 .” :
corresponding a-anomerf The B/q ratio Qf this mixture,
determinted by integration of these signals in the lu nm£
spéctrum of 23, was fand to vary with éhe temperature of

.tﬁé reaétioﬁ{v At‘-78°C, the p- and'a—anéﬁers w;re‘b

‘ produced in a 6:F fatio. On the other hand, at the higher

)‘.
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temperatures of -20° and 0° the ratig - to a-anomers .

were 4.3:1 and 3.5:1 respectively. - The glyc lation
reaction did not go to completion as indicated/by the’

presence of the unreacted glycosyl bromide 8 on tlc. The

rate of disappearance of 8 increased with temperature but

nO»impyovement in the yield of 23 was observed.
Elimination of HBr is likely a major reaction pathway for
8 at these higher temperatures.

Coupling of 8 with 8*methoxycarbonyoctanol24 was also
attempted using freshly Prepared silver carbongge in the
presence of 4 & moleculfar sigves, using'dichloromethane as

solvent at 0°C, according to the procedure of Garegg et

A@1-38

A mixture of B~ and a—anomers (pg/a:3/1) was

obtained in 54% yield. The reaction was faster under %
these'condi;ions but provided an overall lower yield than
with the silver silicate reaction.

Treatment of the mixture 23 with sodium methoxide in
methanol effected the removal of‘acetyl'groups to providei
a mixturé of 248 and 25 which ch§u1d nowlbe séparated by
flééh éoldﬁn‘chfgmatography on sil#er”nitra;e impreqhatéd
silica gel. The assignment of structures to the |
deaéetylation‘producté 24 énd 25 was made on the basis.of.
their 8 and 3¢ nmr data. ‘ | - ’

Appearance, ih_the,lﬁ nmr spectrum of the major .

’
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product 24, of a 5road signal for one proton at 64;408
(Jy,2 = 1 Hz;%/%uggested the anomeric configuration to be
B. A one-proton doubiet of doublets (J6a,0H = Jsb,oﬁ

6.5 Hz) at 62.140 er_a D,0-exchangeable hydroxyl proton
is also consistent with the structure assigned ro 24.
This structural assignmenr was further suppprted by the
13¢ nmr spectrum of 24 where the signal for C-1 at 658.25
was clearly visible. The g-configuration ot the

glycosidic linkage in 24 could be unequivocally assigned

from its lH-coupled 13¢ nmr spectrum where this signal
. ~ 3
appeared as a doublet, Jc-1,H-1 ~ 133.6 Hz, in accord with

the empirical rules formulated by Bock and Pedersen40 for
the dependence of *the one-bond C-H coupllng on the
anomeric configuration of pyranosides. -

The structure of ‘the minor .product 25 was assigned
after ‘the observatlon, in its 1 nmr spectrum, of a
doublet for one proton at 54.790 (Jl 2 = 2.0 Hz), assigned
to H-1, as expected for the correSpondlng ¢~anomer. A
"brosd'doubleiiintegrating'for one protoneat 62 698~for a
hydroxyllc proton. ‘'was also present. The 13C -mr. spectrum
of 25 showed the C-l 51gnal for C 1l at 698 25 with ‘
Jeo1,n- l!i 168.2 Hz. = D

Condensatlon of the alcohol 24 and 2 -0~ acetyl -3,4, 6—

trl-O benzyl-a—D—mannopyranosyl bromlde27 (n, whlch had
A

},

been freshly prepared from 3, 4 6- tr1-0~benzy1 1 2-0-
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(methoxyethylidene)-g -D-mannopyranose (26), under?
He%ferich conditious using merouric bromide and mercuric’
cyanidelas promote:s and acetonitrile as solvent furnished
ehe a—linked disaccharide 27 in 77% yield. The stfucture
of 27 was assigned on the basis of its 4 and 13¢ nmr

spectra. \The resonances for two anomeric protons were

observed in the H nmr spectrum, at 6§4.911 (Jl',Z' = 2.0

JHz) and 4.334 (J; , = 1 Hz) and were thus assigned to H-1'

.of the a-mannopyranosyl unit and H-1 of the B-

R
mannopyranosyl unit, respectively,> The presence of a

deshielded doublet of doublets (Jlt'év = 2.0 Hz and J2-'3}’

= 3.0 Hz) at §5.459 ihdioated the presence of the expected -

‘acetoxy group on C-2' and, by decoupling, thus confirmed ..

the identity of the anomeric doublet at §4.911. The-13c
nmr spectral date were also in agreement with the a551gned
structure. 'The_configuration of the newly formed £ &35’

glycosidic 1inkage‘inv27,'expected to be a due to

neighborihg grOUp participation of the 2—acetoxy group in

’the glycosylatlon reactlon,(bas ev1dent from, 1ts lh- -

coupled 13C ‘nmr spectrum which showed a doublet each for
C 1 %@d Cc-1' at 6104 64 (Jc-q1,4-1 7 154571Hz) and.97;77

(JC lw B=1' = 170 4 Hz) respectlvely. One-bondg%-H"

‘ coupl;ng constants. of : these magnitudes reguire the

bresence of the B'and‘d'lecosidic-linkages‘as a!&igned.
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Reaction. of 27 with sodium methoxide in dry methanol
provided the alcohol 28 in quantitative yield.
Disappearanpe, in.tﬁe.lh nm? spectrum, of a singlet tor
three acetyl protons and the upfield shift ot the signal
for H-2' to 64.128 confirﬁed the removal ot acetyl group
from 0O-2' of 27. Moreéver, the presence of a new signal
" at 62.355 {broad singlet), which was exchanged for
deuterium by treatment with D0, further supported the
structure assigned'to 28. The 13C nmr spectrumlof 29
showed the expected disappearance of the signals
corresponding to carbonyi and methy1 carbons.

Reaction of the alcohol 28 with 3,4,6—triﬁgjacetyl—2f
deoxy-2-phthalimido-g -D-glucopyranosyl brofnide26 (6) in
dichloromethane using silver zeolitedl as promoter at room
--—temperature, as described 69%Schﬁartz et al.,42_failed to
provide-;ny of the desired trisaccharide 4. Use of silver
triflate/2,4,6—cdllidine (1.5 molar equivalents each with
respect to 6) at -20°C in nitromethane, accérding to
Lemieux et a1.26 did provide the"desifed product although
the yield of 30% proved unacééptably‘low; In an attempt
to accomplish the preparation of 4 in a more'respectabiev
‘;yielé,'we turned our attention to the'conditions deécribed
by Paulsen et al.43 in a recent report. -ThUs the |
" treatment of 28 withuthe glycosylzbromidelﬁ (2;molar

eQuivalents)‘using silver triflate/2,4,6-collidine,(10



equivalents) using silver triflate/2,4,6-collidine (10

molar equivelents each) in the presence of 4 A molecular
sieves in dichloromethane at -50°C provided the
trisaceharide 4 in 76% yield after chromatographic
purification. The presence of the 3,4,6;trif9;acetyi—2—
deoxy-2-phthalimido-f-D-glucopyranosyl moiety in 4 yas

1y nmr spectrum which displayed four

indicated by its
deshielded, one-proton signals, characteristic of the
newly intredpced glucosyl resiéue: a doublet of'doubleﬁs
at 65.815 (J34 = 9.0 Hz, Jyw.gn = 10.0 Hz) for H-3", a
doublet &t 65.573 (Jyw pw = 8.5 Hz) for H-1", a doublet of
doublets at §5.215 (J3w 4w = 9.0 Hz, Jgu 5w = 10.0 Hz) for
H-4, and a doublet of doublets at 44.513 (Jpn 3n = 10.0
Hz, Jyu ou = 8.§\Hz) for é—2.v The magnitude of the
coUpllng constant setween H-1" and H-2" provides
unamblguous proof that these protons are in the trans-
diaxial orieﬁtatio; and thus establishes the presence of
the 8 qluc031d1c 11nkage The 13C nmr spectrum of 4
showed the expected 51qnals at 6170. 42 169.89, and.169.21
for three acetyl cargenyl carbons, aﬁd an‘additiopal
anomeric eignal at 69éy48 (C:l") fgfther subsﬁantiated the
.strueture assigeed to ‘.~
Along with the hajgr condensatiéﬁ product 4 a minor:
broduct (29) wibhkhigher&Rf, was elsq produeed. Thie
T

\
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minor product, isolated in 6% yield, was not fully
characterized but appears to be the a-linked
trisaccharide. This structural assignment was made on the .
basis of 1its 1H nmf spectrum which included a partially
obscured doublet for H-1" at &65.14 (Jlu'zn < 4 Hz) and a
shielded signal (relative to the corresponding B-anomer)
for H-3" at §6.77 (J3u 4u = 9.0 Hz, Jgyu 3» = 11.5 Hz),
suggesting the configuration at C-1" to be a. All other
signals in the ln nmr spectrum of‘29 were.consistent wﬁpb
it being a trisaccharide. As expected, the¢product of EE
ellmlnatlon of HBr f;om the glycosyl bromide 6, namely
3,4,6-tri-O-acetyl-1, 5 anhydro 2-deoxy-2- phthallmldo D-
arabino-1-hex-l-enitol (30, was also formed in the
glycdsylation mixture. The glycai'Bd had nmr data

iden®ical with those previously reported. 24

OBn
"OBn

(CHI).-coo_Me A o _

29 o 30
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Three different methods were examined to effect the
removal of the allyl group from 4. Treét%ent'of 4 with 5%
palladium on charcoal,44 under acidic conditions,
furnished the trisaccharide alcohol 31 in énly 34%
yield. Using palladium(II) chloride as catalyst in acetic
acid-water (20:1) according to Ogawa,45 31 could be
obtained in 90% yield.  Finally, deallylation of 4 could
also be achieved in two steps: reacti%n with
tris(triphenylphosphine)rhodium(I)‘chlopide as catalyst,
‘according to tﬁe{procedure deveIOpeduby Corey and Suggs,46
effected the isomerization of double bond t§ give.the
pfOp—l—enyl etnef, which on treatment?’ with mercuric
chloride in Ehe'presence of mercuric oxide, underwent
hydrolysis‘té_afford the required trisaccharide alcohol 31
in 85% yleld. The progress of the isomerization reaction
proved d1ff1cu1t to monitor by tlc since the 1somerlzed
pgpduct (enol ether) and the allyl ether had the same
chromatographic meiliﬁy- Surprisingly, Washi;g the ‘ether
extraét‘witﬁ briné‘acidified to pH 2 failed.to accomplish
;he hydrbigsis oﬁ the enol:ether as had been reported by~
Cdtey and Sugg$.46 | | |

The structure of the comboﬁnd 31 was ‘evident ffém its
lg.nmr spectrug Whiéﬁ st dev01d of 31gnals for the

- protons of‘the llyl-group. The correspondlng 51gnalsv

" were also absent in the 13C nmr spectrum. Appearance of. a



D20—exchangéable one-proton doublet at &§2.380 (J3,
10.0 Hz) further supported the assigned structure.
Deacetylation of 31-using sodium methoxide in
metﬂanol led to the quantitative formation sf 32,
identity could easily 5e ascertained by the absenc
acetyl resonances in both its 1y and 1v3‘C nmr spect
Removal of phthalimido gioub from 32, and subseque
‘acetylation of the free amine were performed as de

by Bundle and Josephson.48 Thus, treatmsnt of 32

39

OH ©

whose

e of
ra.

nt N-
scribed

with

hydrazine (8 molar equivalents) in refluxing methanol

generated the free amine which was acetylated in situ

using acetic anhydride in methanol-water (1l:1). The N-

. L : - '7] ’
acetyl derivative 33 was obtained in an overall vyi

[

eld of

60%8. No evidence of attack at the 8-methoxycarbonyloctyl

ester wés théined. The structure of 33 was supported by

,thé decrease of intensity of the'signals from the

aromatic

protons in 4 nmr spectrum along with the appearancé of

‘two new signals: a three proton singlet arising from the

-ﬂ:acétyl methyl group»at'61.779 and a broad singlet for

one DyO-exchangeable proton at §5.533 assigned to

‘amide proton. The 13¢ nmr spectrum of 33 further
supportéd the assigned strqugre.7‘The signals at
' ‘\".\/——.,‘ o

133.79, 131.84, and 123.23 which were assigned to

_the

5168.51,

the

carbonyl éarbonswvtwo of the tertiary aromatic carbons,
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lthe quaternary aromatic carbons, and the remaining two
tertiary'arohatic carbons of the phthalimido group,
respectively‘in the 13C nmr spectrum of 32, were absent in
the nmr spectrum of 33. Compound 33, on the other hand, ;i
showed two new resonances at §172.37 and 23.30 for the .
carbonyl and the methyl carbons, respectively, of the N-
acetyl group.

«Hydrogenolytic cleavage of the benzyl protecﬁingv
groups of 33 using 5% palladium-on-charcoal as the
catalyst in 98% ethanol furnished the target trisaccharide
2, which was puﬁified by size-exclusion chromatography on
Bio-Gel P-2. Compqund 2 was obtained as a white
lyophilizedApowder_in 85% y%pld. The H nmr spectrum of 2
showed the expected signals for H-1 at &§4.664 (JI,Z < 0.7
Hz), H-1' at 64.920 (J;+ i = 1.8 Hz) and H-1" at 64.579
(Jln'z" = 8.0 Hz). Other signals were in accord with the
structu§al assignment. The pértial‘BGO'MHz ly nmf
spectrum Qf 2 'is reproduced in Figure 4 to show ieve1~of
anomeric purityMOf thié fiﬁél product. The ly-coupled }3c
- nmr spéctrum of»2 again.establishédrthe copfigufatiohs at
C-1 (Jeo1,H-1 ='1:59.4' Hz), C-1! (Jc_i,;ﬂ_l. = 169.5 Hz),
and ¥-1" (Je_yw yoy» = 162.3 Hz) to be §, a,pand §
respectively. * | /

'“Havihg accomplished the ‘synthesis of the ‘target
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“the. acetyl regibn showed thé expected seven signals for

44

trisaccharide 2, the preparation of the tetrasaccharide 3
was undertaken. Iﬁ'order to achieve the coupling of 31
and 2,3,4,6-tetra-0O-acetyl—a-D-mannopyranosyl bromide25

(9), two different promotérs were utilized. Under the

conditions of Hanessian and Banoub?%? using silver triflate

Qnd tetramethylurea as promoter, the glycosylation of 31
with the bromide 5 to provide the tetrasaccharide 34
proéeéded in only 38% yield. Ewhen the reaction was
performed instead in the presenéé of ébrcuric bromide and
mercuric cyanide in dichlorometh;ﬁg, in the bpresence éf 4

\

A molecular sieves, a 65% yield ofbhhe condensation ¢,

\
\

product 34 was obtained. The bromide\5 desctibed above
. N .
was readily available from 1,2,3,4,6—péntaﬁgja&gtyl-a/B-Q—
mannopyranose by treatment with 45% hydingh bromide in
. N
acetic acid. - _ \x .
. . - "\ Y
The ‘4 nmr data of 34 required the presence of a

§

2,3;4,6—tetraf9;aéetyl-a—2¢mannopyranosyl moiégy. The
signal for the anomeric proton of the newly introduced
glycosyl tesidue appeared at 6§5.018 (Jl"zu & Z,Hz) and

the methyl acetyl groups. The:™*>C nmr spectrum showed the
preseﬁce of four,anomeric carbons: 6101.95,'ch1'ﬂ_1 e
154.1 Hz, 97.64, Jc;lﬁ,ﬂ;lh.?‘17o.9,nz, 96.60p'q¢f1u,g,r.

= 164.16 Hz énd the newbsignal for aflinked mannosé at .
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. &
699.83, Jo_y+ y-y+ = 177.8 Hz. Other features of these

spectra, -described in detail in the experimental section,

.

were in accord with the assigned structures.

Conversion of 34 to 35 was effected in three steps

~without characferization of the intermediates involved.
-Tbacety}ation of 34 witﬁ sodium methoxide in methandl gave
‘a white foam which was refluxed with hydrazine in methanol
to gederate the free Aﬁine'which, on treatment with acetic
anhydride in pyridine, gave the peracetylated ﬁroduct 35

.in 63% yield. Attempted N-acetylation of the intermediate

free amineJ obtained in the second step of the aboveA

- R

aequenCe using acetlepanhydrlde in methanol -water (1 1)
gave a véry polar hydroxylated derlvatlve whlch proved
dlfflcult to purlfy by 5111ca gel chromatography. The

stpuc;uxe of 35 could readily be deduced from its 10 nmr
spé&tfum which displayed the pfesence of only twenty-five

 afgmatic protons énd an additional singlet at 61.705 for
thrée N-acetyl proéons. Disappééranqeldf theﬁ13C‘

resonances cbrresponding'to the carbons of' the phthalimido
group and the presence of two new‘signals.at 6169.54 and

- . N

”23,27‘arising“from the N-~acetyl group also supported‘theh
séructufefassigned to'35.

Removal of the O-acetyl and O-benzyl prpféctlng

(
groups of 35 was convenlently accompllshed/py treatment

/
!
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with sodium methoxide in methanol followed by
hydrogenolysis over 5% palladium-on-charcoal. Filtration
of the crude product ‘through a column of Bio-Gel P-2
afforded the target te£rasaccharide 3 as a wﬁite
lyophilized powder in a total yield.of 85%. Complete
removal of acetyl and benzyl groups waé evident from. the
absence of the corresponding signals in the 14 nmr

\E
spectrum of 3. The signals for H-1, H—l',.H—l", and H-1"
appeared at 64.671 (J1,2 < 0.8 Hz), 5.104 (Jl',2' = 2.0
Hz), 4.918 (Jlnlzp = 1.8 Hz) and 4.579 (Jln'zu = 8.0 Hz)
respectively. The 1H—coupled 13C nmr spectrum of 3 was
employed to re-establish the anomeric confiqurations which
were already assigned by the lH—coupled 13¢c nir spectra
recorded following the formation of each ‘glycosidic
linkage. As anticipatéd, ¢-1, c-1', c-1", and C-1" showed
the one-bond C-H couplings of 159.1 Hz (p), 172.00 Hz (a),
169.3 Hz (a), and 159.1 Hz (B), respectively. The partial
360 MHz lh nmr spectrum of 3 ig repfoduced in ﬁigure 4
where }t is compared with thé spectruﬁ'of the

‘ chrésponding trisaccharide 2.

. - ; R ¥
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CHAPTER 3

TESTING RFSULTS
-~
Trisaccharide 2 was found to be an excellent acceptor

for GlcNAc~transferase V (GnT V) in experiments performed ~
. { - .

’

.by Dr. Michael Pierce, Department of Anatomy, University
of Miami Medical School. The results of these experiments
are included'here,_briefly, only for the sake of
compieteness. R

In a typical experiment, BHK cells were sonicated in‘
0.1 M MES [2—(Ejhorpholino)—ethanesulfonic acid}, pH 7.0,
and protein was solubilized by addition of‘Triton x-iOO to

|

a 1% solution. The glycosyltransferase assay was
performed in a total volume of 20 pL'containing 100 ug of
the sdlubil@zed ceilular protein, 1 mM of the acceptor
trisaécaarfde é, 1 mM of 2—acetamido—2—deoxy46-2—gluco—

- pyranosyl amine (an N-acetyl glucosaminidase inhibitor)

_And 5 mM_UDP—(3H)—GléNAc. After a 2 hour incubation at
‘37°; the mikturé waé diluted with water (100 pL) and
passed ovérAa filtér suppbrfing Dowex—leB (formaﬁe) ioh
ekchange resin to remer'alhost'a;lvdf the negatively
.gharged.counts.‘ The filtraﬁe-was then‘injected1ontQ é
réygfsé phase (C-18) HPLC~¢olumh.Which'wasieiutéd
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isocratically with 40% agqueous methanol. ‘The chromatogram
obtained in this manner is reproduced in Figure 5. 1In
this figure, peak A includes both 3H-UDP-G1lcNAc which had
passed through the ion exchange resin and, presumably, |
some of its hydrelytic products including GlcNAc and.
GlcNAc-1l-phosphate. ;eak B has a rétention volume
identical to the acceptor trisaceharide 2 ahd is absent
when this trisaccharide acceptor is omitted frbh'the
incubation mixture. The ceunts produced in this peak
increased linearly with time, in the presence et a
saturating concentration of acceptdrfé {50-100 nmoles/20
.pL), as expected for the enzymatic:reaction. The
radioactivity in peak B is therefore a measure of the
aetivity of a GlcNAc—transferase.

BHK cells are known te contain only GlcNAc-
transferases i, I1, 1v, Vv and VI, 15 and all but GnT V
require Mn’f~+ for act1v1ty. The counts in peak B (Flgurel
5) were not affected by the. 1nclu51on of - ethylenedlamlne
ntetraacetlc*ac1d (EDTA) ‘at concentratlons known to" abollsh
the act1v1t1es of these. Mn/*+ requ1r1ng enzymes. 7It
therefore appears that trlsaccharlde 2 1s 1ndeed a
,selectlve substrate for assaylng the act1v1ty of GnT V.
‘Using acceptor 2 in this assay, the GnT V- act1v1ty of Rous
sarcoma transformed 'BHK cells was found to be 1.8-2.0
t1mes hlgher than in the unvransformed cells. This

™~

\.
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' Figure 5. HPLC elution profile of a GlCNAéétrénsfegjse assay ﬁixtﬁre
: Peak A includes

‘on a reverse-phase (C-18) column.
unreacted UDP-(3H)-GlcNAc and its decompositiaon S
products. Peak ‘B is the product of “H-GlcNAc transfer to
the synthetic acceptor trisaccharide 2. -

2
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"
finding parallels that of Kobatal9s15 for polyoma-

transformed BHK cells.

Tetrasaccharide 3 has not yet been tested as an
acceptor.



CHAPTER 4

EXPERIMENTAL

J -

General Methods

All'solvents and reagents uéed were reagent grade,
and, in cases where further purification was required,
standard procedures50 were follgwed. All solid reactants
for glycosylation were dried overnight over phosphorﬁs
pentaoxide in a high vacuum prior to use. Solutionf
transfers where anhydrous conditions were 'required were
done under nitrogen using standafd syrQBge techniques.51
Molecular sieves were pufchased from BDH Chemicals, and
the ratio of alcohol to molecular sieves ,in glycosylation
was between 1:5 and 1:10 by weight.

Thin layer chromatograms (tlg) were performed on pre-
coated silica gél 60;E254 plates (E. Merck, Darmstadt) and
vfsualized by quéhching of fluorescence and/of by charring
after spraying w;th 5% sulfuric acid'in ethanol. For
flash chromgtog'raphy37 40-63 um (4‘}00-23,}0 mesh) silica gel

60 (E. Merck No.'9385)’and4distilledAsolvent§ were‘uséd,
aﬁd theﬁ:atiO«of éiiica gél to compound waé inlthe rangé
50:1-100:1, Skellysolvé B refers to hexane éuppliéd‘by',

a

Stanchem,.Winnipeg, Manitoba. Solvents_weré removed o

i
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cotary evaporator under the vacuum of a water aspiratoy
with bath temperatures of 40° 5r lower. For gel
filtration, Bio-Gel P-2 (200-400 mesh) (Bio-Rad
Lagoratories, Richmond, California, USAS was used.

Spectral and elemental analyses were performed by the
de artmental NMR Service Laboratory under the supervision
of Dr. T.T. ﬁakashima and the‘AnalYtical Service
Laboratory under the supervision of Mr. R. Swindlehurst.
Proton nuclear mégnétic resonance (1H nmr) spectra were
recorded at either 400 MHz (Bruker Wﬂ—400) or 360 MHz

4 :

(Bruker WM-360) with .either tetramethylsilane (40 in
CDCl3) or acetone (62.225 in D30) as internal standard‘at
ambient témperature.‘ Carbon;13-nuclear magnetic resonance
“(13¢ nmr) spectra WQfe recorded at either 100.62 MHz
(Bruker WH-400) or 90.56 MHz (Bruker WM-360) with either
externél‘teqraﬁethylsilane (60 in CDC13Y or external 1,4-
dioxané (667.4 in D,0) as reference standard.. 1y chemical
shifts and coupling constants are reported as if ;hey were
first‘drder._’Assignments of 13¢ feséﬁances are

tentative. Optical rotations were determined on a Perkin-

Elmer 241 polarimeter in a 1 dm cell at ambient
temperature (23 * 1°C).
Protons of the allyl grdup present in the compounds

described in this work ‘were designated as Ha, Hb, Hc, H4d,

and He as‘defined below. These protons showed the same



coupling constants and thus the same multiplicity pattern
in all the compounds examined and only the chemical shifts

varied. The observed coupling constants were:

H ’
=
Hiy AN \
(:——O ,
d H(‘ \ 4
Ha, dddd, J, . = 10.5 Hz
Ja,d = 1.5 + 0.5 Hz .
Ja,e = 1.5+ 0.5 Hz

‘Ja,b = 1.5 ¢t 0.5 Hz
Ab,~dddd, Jp, . = 17.0 Hz
Ip,q = 1.5 ¢ 0.5 Hz

He, dddd, Jy,,. = 17.0 Hz

Ja,c = 10.5 Hz

)Jc,d = 5.5 Hz

Je,e = 5;5 Hz
Hd, dddd, Jé,e = 13.5 Hz

Jp,g = 1.5 ¢ 0.5 Hz

Ja,g = 1.5+ 0.5 Hz

i
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He, dddd, Jy o = 13.5 Hz '
3 = S.5 Hz
J = 1.5 + 0.5 Hz

Jb;e = 1.5 ¢+ 0.5 Hz

Methyl 3-O-allyl-2-O-benzyl-4,6-O-benzylidene-a-D-manno-

pyranoside (13)

To a solution of methyl 379;a11y1—4,6—ijenzylide6é—
o« -D-mannopyranoside3l (12) (13.60 g; 42.24 mmol) in dry
benzene (500 mL) were added sodium hydride (about 80%
dispersion in oil; 2.02 g) and benzyl bromide (7.55 mL;
63.35 mmol). The mixture was refluxed under nitrogen
atmosphe:é for 16 h. After the mixture had cooled to room
temperature, the excess of sodium hydfide was decoﬁposed
by the additiqp of methanol (250 mL), then water (Séo.mL)-
was added. The organic layerlwas Separéted, washed‘with
wa;ér, dried (MgSOy4). filtered; and concentrated. ' The tlc¢

of the residual oil showed, besides a major spot for the

benzylation product, a UV active, fést‘moving spot which

f

presumably corresponded to unreacted benzyl bromlde.
g%ash chromatography of the oil obtalned above using -
Skellysolve B~ethy1 acetate- (10 1) as eluent, which
provided a good separat1on on tlc plate (Rg of benzylatlon

product = 0.35), did not'result in complete separation.

A\
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Purification of the major product could be achieved by
Qradi?nt flash chromatography employing a mixture of
Skellysolve B and ethfl acetate (the ratio of Skellysolve
B-ethyl acetate was changed'from 50:1 to 2:1 during
elution). Finally 13 was obtained as a yelldw oil (15.73
g; 90%); lalp +33.0° (¢ 1.4, chloroform); Rg 0.35
(Skellysolve B-ethyl acetate, 10:1);~1H nmr (CDCl3) 6&:
7.505-7.259 (10H, aromatic), 5.901 (1H, Hc allyl), 5.60§
(s, 1H, CgHgCHO,), 5.294 (1H, Hb allyl), 5.146 (1H, Ha
allyl), 4.843 (a4, 1H, Jgem’= 12.0 Hz, CgHgCHHO), 4.725 (d,

H, Jgem = 12.0 Hz, C6H5Q§§O), 4.681 (d, 1H, Jy,6p = 2.0

Hz, H-1), 4.29411.208 (24, Hd 51}y1 (64.268] and H-6e
[64.244, dd, J6a,g; = 10.5 Hz, Jg,g, = 4.5 Hz]), 4.185
(dd, 1H, Jg, ge = 10.0 Hz, J5 ga = 10.0 Hz, H-6a), 4.104
(1H, He allyl), 3.885-3.834 (2H, H-3 and H-4), 3.818 (dd,
1H, Jp, 3 = 3.2 Hz, J),5 = 2.0 Hz, H-2), 3.761 (dd, 1H,
Ja,5 = 10.0 Hz, Jg g, = 10.0 Hz, J5 g = 4.5 Hz, H=5),
3.310 (s, 3H, CH30); 3¢ nmr (cocly) 6: - 138. 18, 137.72
(quat.‘arom Y, 135.0 (CHZ—CHCHZO), 128, 64, 128 00, 127.87,
=A~}27 59, 125,00 (tert. arom. ), 116 32 (CH2-CHCH20), 101 43,
100.52 (C-1 and c635_502), 79.09 (C-4), 76.47, 76.03 (C-2

and c-3), 73. 56 (CgHsCH0), 68. 79 (CHz—CHCHZO), 64.03

(C- 6), 54, 67 (C -5), 29.57 (CH3O) Anal. caled. f or -

' CpqHogOg: ' C 6 89, H 6. 84 found- C 69.67, H 6.94.
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Methyl 3f9;a11y1-2,4—di—g;benzy1-a-Q—mannopyranoside (l‘f

To a stirred solutionﬁof 13 (14.27 g; 34.59 mmo%) in -
1:1_dietﬁy1 ether-dichloromethane (300 mL) was added,
portionwise, LiAlHy (3.95 g; 103.9 mmol) and the mixture
was slowly heated to the boiling point. To the boiling
solution under reflux was added AlCl3 (13.85 g; 103.9 |
mmol) in diethyl ether (150 mL) over a period‘of 70 min,
after which tlc indicated the absence of starting
material. The mixture was cooled. The excess of LiAlH,4
was decomposed with ethyl acetate (75 mL), and Al(OH)5 was
prec1p1tated by the addition of water (75 mL) After -
dilution with ether (400 mL), the organic layer/was :
separated from the aqueous layer which was back-extracted
Qith ether (150 mL). The combined ether extracts were
washed withrwater (3 x 150 mt), dried (MoSO4):Aand‘
concentrated to an oily residue whlch tlc 1ndfbated to be
"a mixture of two compounds. The separatlon of. these two
;products was achleved by flash chromatography u51ng‘ h
Skellysolve B—ebhyl acetate (3: 1) as eluent. Evaporatlon
~of the early fractlons prov1ded the minor product 15 (1 69
g) as aiﬁz}a, «]p = -6. 25° (¢ 1.04, chloroform)s; Rf 0.47
(Skellysolve B—ethyl acetate, 23 1). 1H nmr (CDC13) 8.2 |
7.39-7.25 (10H,(a:omat1c), 5.906' (1H, Hc allyl),_S 283‘

(1H, Hb allyl), 5.185 (1H, Ha allyl), 4.778 (d, IH, Jy2 =
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2.0 Hz, H-1), 4.730-4.665 (AB, 2H, Jgop = 12.0 Hz,

CeH5CH0), 4.655-4.583 (AB, 2H, Jgem = 12.0 Hz, CgHgCHRO) »
4.070-3.938 (3H, Hd and He allyl overlapping with H-4
(64.004, ddd, J3,4 = 9.0 Hz, Jg,5 = %.0 Hz, Jgq,oy = 2-0-
D ‘ N

Hz, simplitied to dd with J,y being absent on D30
exchange}), 3.830-3.704 (4H, H-2, H-5, H-63, and H-6b),

3.0 Hz, B-3), 3.354

3.596 (dd, 1H, J3 4 = 9.5 Hz, J2 3

(s, 3H, CH30), 2.578 (d, 1H, Jq,on - 2-0 Hz, disappeared

on D,0 exchange, 4-0OH); ' nmr (CDClz) &§: 138.40, 138.37
127. 88,

a

(quat. arom.), 134.76 (CH=CHCH0), 128.37,
127.66, 127.56 (tert. arom.), 117.22 (Eﬁ%fcﬁcﬁzo), 99.40 -

L

(€-1), 79.41 (C-3), 73.79 {C-2), 73.65, 72.78 (CeHsLH0)

71.58 (C- 5), 70.73 (Cﬁz CHCH20), 70.66 (C-6), 67.96 (C-4),

54.99¢(CH30). Anal. calcd. for C24H3006°¢ C 69. 55' H_

;7.30;" found: C 69.67, H 7.35.
,Evaporatlon of the later fractions gave the major

- product 14 (10.78 g) as an oil; lalp +48.25° (5;0.97,
jchlofoform); Rf_0.35 (Skellysolve B—ethyl aceﬂete,ugzl);'
b.lu nmr (CDC13)~6:I 7.42—3.24'(lOH, éromatic), 5.9§Qv(lHa
Hc'ailyl), 5.326 (1H, Hb allyr), 5.180 (1H, Ha'ailyi);
4.936 (d, 1H, Jgem = 11.0 Hz, CeHsCHHO), 4. 313 (d iH,'
Jgeh = 12.5 Hz, C6H5CHHO), 4.709-4.88 (2H, CgH5CHHO -
[#4.709; 4, Jgem f 12.5 Hz] overlappmg w1th H-1 [64..590,'
d,' 31,2“: 2 Hz]), 4. 638 (d, 1H, Jgem = 11. Q Hz, CeHSCHHO), .

4.146-4.064 (2H, Hd and He- allyl}, 3.913 (dd, 1H, J3, 4 =
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é
9.5 Hz, Jgq 5 = 9.5 Hz, H-4), 3.840 (ddd, lH, Jea,6b = 12.0

Hz, Je,0H = 5.5 Hz, Js,ea = 3.0 Hz, Dp0 addition resulted
in its collapse to dd with Jg oy having disappeared,
H-6a), 3.81-3.72 (3H, H-2, H-3, and H-6b), 3.601<%ddd, 1H,

Jg,5 = 9.5 Hz, Jg ¢, = 3.0 Hz, Jg gp = 5.0 Hz, H-5), 3.298

(s, 3H, CH30), 2.046 (dd, 1lH, .J6a,0H = 5.5 Hz, J6b,OH

7.0 Hz, deuterium exchangeable, 6-OH); 13C nmr (CDC13)

6: 138.56, 138.37 (quat. arom.), 134.96 (CHp=CHCH0),

128.36, 128.02, 127.81, 127.67 (tert. arom.), 116.60
‘ ¢

- (CH,=CHCH0), 99.47 (C-1), 79.92 (C-3), 75.13 (CgH5CH0),
74.88 (C-2 and C-4), 72.99 (CgHgCH,0), 72.10 (C-5), 71.10
-(CHp=CHCH0), 62.42 (C-6), 54.72 (CH30). Anal. calcd. tor

Cy4H300¢: C 69.55, H 7.30; found: C 69.42, H 7.37.

°

Methyl 6f97acetyl—3f9;allyl—2,4—dijgjbenzyl—a—2—manno—

M)

pyranoside (16)

To a solution of 14 (10.30 g, 24.85 mmol) in dry
. pyridine (100 mL) was added acetic anhydride (7.5 mL;
.- 79.§4'mhol). The mixture was stirred under nitrogen

atmosphere at room témperature overnight. The excess of

-~

gagt{iiijhydride was decomposed by dropwise addition of

1

~ethano ‘@? mL) to the ice cold feaction'mixture, and.

dichloromethane (300 mL) and water (250 mL) Were'thén

added. The agqueous layer was Separated and béck extracted



with dichloromethane (100 mL). The combined dichlor-

omethane extracts were washed with 1 M agueous HCl and

saturated aqueous /sodium bicarbonate. The organic phase

was dried (MgSO4) filtered, and evaporated under reduced

pressure to give 16 (11.06 g; 98%) as a chromatography-
pure oil; f{a]p +42.91° (c '1.03, chloroform); Rf 0.45
(Skellysolve B-ethyl acetate, 3:1); lH nmr (CDCl3) 6:

7.41-7.25 (10H, aromatic), 5.920 (lH, Hc allyl), 5.309

\
/
{

(1H, Hb allyl), 5.169 (1H, Ha allyl), 4.910 (d, lH, Jgem =
11.0 Hz, CﬁhscgﬁO), 4.778-4.691 (3H, CgHsCHRO (64.778-
4.691, AB, Jgem = 11.0 Hz] overlapping with H-1 [64.718,

d, Jy,2 = 2.0 Hz}), 4.561 (d, 1H, Jgem = 11.0 Hz,

CeHSCHHO); 4.348-4.268 (2xdd, 2H, J6a,6b = 12.0 Hz, Js,sa

= 3.0 Hz, Jg ¢p = 5.0 Hz, H-6a and H-6b), 4.119—4.025 (2H,
Hd and He allyl), 3.844 (dd, 1H, J3,4 = 9.0 Hz, Ja,s = 9.5
Hz, H-4), 3.781-3.706 (3H, H-3 [63.766, J, 3 = 3.5 Hz, |
33,4 - 9.5 Hz), H-2 (63.743, 51,2 = 2.0 Hz, Jy,3 = 3.5

Hz], and H—S), 3.31 (s, 34, CH30), 2.05 (s, 3H, OCOCHj3);
13c nmr (CDCl3) 6: 170.80 OCOCH3), 138.;¥J¢guat- arom. ),
134.85 (CHy=CHCH30), 128.36, 128.29, 128.08, 127.70/ |
127.60 (tert. arom.), 116.70 (CH2=CHCH20), 99.10 (C-1),
79.89 (C-3), 75.07 (CgHgCH20), 74.50, 74.58 (C-2 and C-4),
72.66 $CH§CHZ0), 70.98 (CHp=CHCH20): 69.98 (C=5), 63:63
(C-6), 54773 (CH3O), 20.81.(OCQEH3). Anal. calcd. for

C26H3207: C~68.40, H 7.07; found: C 68.39, H 7.09.
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1,6-Di-O-acetyl-3-0-allyl-2,4-di-O-benzyl-a~D-manno-

pyranose (17)

A solution of concentrated sulfuric acid (0.22 mL) in
acetic anhydride (7.68 mL) was added dropwise to a
"solution of 16 (8.77 g; 19.65 mmol) in acetic anhydride
(40 mL) at 0° over 10 min. The mixture was stirred at 0°C
for 25 min énd at room.temperature for 20 min. Thén the
reaction mixture was poured into dichloromethane kl L) and
ice cold water (l‘L)‘containing godium bicarboﬁate, and
the resulting mixture was stirred at room temperature for
30 min. Thé organic and aqueous layers weregéeparated,_
and the agueous léyer was extracted with dichloromethane
(500 mL). The dicﬁloromethane solutions Qeré combined and

+ .
then washed with .saturated aqueous sodium carbonate and

water. Finally the organic phase was dried (NazSOd”!

filtered, and concgnﬁratéd.- The residual Syrup was oy
purified by flaSh‘cﬁrpmatography using Skgllysolvé B-:EQxl‘
‘acetate as eluent, thejgatio of“Skellysolve B to ethyl
"acetate being var}eﬂ”f?Eﬁ 6:1 to 3;1‘durihg.elution. 
Removal of soiveﬁt from the earlyvfracpions‘provided the

. title compound as an oil (7.35 g;‘77§'yieldf;4[d]b°+37°85-’
5(2,0-93r>¢h10r6f0rm>: Re O-SGN(Skellygélve‘B—éthyl

acetate, 3:1); lH nmr (CDCl3) 6: 7.431-7.273 (10H, R

o
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‘" aromatic), 6.195 (4, 1H, J1,2 = 2.0 Hz, H-1), 5.923 (1H,

Hc allyl), 5.315 (1H, Hb allyl), 5.200 (1H, Hc allyl),
4.935 (d, 1H, Jgem = 10.5 Hz, CEHS5CHHO), 4.840-4.766 (AB,
2H, Jgem = 12.0 Hz, CeH5CH20), 4.621 (d, 1H, Jgem - 103
Hz, CgHgCHHO), 4.384-4.310 (2xdd, 2H, H-6a and H-6b),
§.095 (ddd, 2H, CHp=CHCHpO), 3.973 (dd, 1H, J3,4 = 10.0
Hz,“J4'5 = 10.0 Hz, H-4), 3 %93 (ddd, 1H, J4,5 = 10.0 Hz,

J5.6a = 4.0 Hz, Js,ep = 3-0 Hz, H-5), 3.814, 3.785 (2 dd,

2H, J3 4 = 10.0 Hz, J2,3 = 3.0 Hz, J1,2 = 2.0 Hz, H-3 and
H~2 respectiQely), 2.055 (é,"su, ococH3*2); 13C nmr

(CDCl3) &:. 170.82, 168.82 (Qgpéﬂ3), 138.08, 137.87 (quét.
arom.), 134.68 (HpC=CHCH0), 128.50, 128.40, 128.24,
12?}&5, 127.88, 127.83 (tert. arom.), 117.04 iﬂzg;cacﬁzo),
91.79 (C-1), 79.17 (C-3), 75.36 (CehsCH20)s 73,89, 73.39
(C-2 and C-4), 72.53 (CesCH20), 72.41 (C-5), 71.09
(H2C=Cﬂgﬁ26), 63.24 (C-6), 20.98, 20.85 (OCOCH3). Anal.
calcd. for C,y7H3,0g: C 66.93, H 6.66; found: C 66.78, H
6.74. “

. EVapofa;ion of the sgbsequentufractipns furnished the:
éorresbohdiﬁg g -anomer (18) and 1;4,6—trijg;éce£ylf§79:
ally1-2ﬁg;behzyl-a-Qfmannopyfanosé (19ibin é'cOmbined“
yield of 6%. The,¥H nﬁr spectra'of 18 and-19vwére in

agreement “with. the assigned structures.

o
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GjQ;Acetyl—Bfgjallyi-Z,4—diﬁ9jbenzy1—a—Q—mannopyranosyl

bromide (8)

Hydrogen bromide gas was bubbled for 30 min through a
tube of calcium sulfaée into a solution of 17 (5.80 g;
11.97 mmol) in dry dichloromethane (300 mL) at 0°C. The
solution waé then taken to dryness and the by—proauct
acetic acid removed by evaporation of toluene (100 mL)
from thé residue (twice). Finally 8 was obtained as an

0il, a very mall portion of which was purified for
: ‘ N

elemental and nmr spectral analysis by flash 0

’chromatégrabhy using Skellysolve B-ethyl acetate (3:1) as
eluent; [alp +133.08° (2_0.91, chibroform); R¢ 0.60
(skellysolvé~B—ethyi acetate, 3:1); 1lH nmr (CDCl3) &6:
7.45-7.30 (108, aromatic), 6.444 (d, 1lH, Jj 7 = 1.5 Hz,

H-1), 5.936 (1H, Hc ailyi), 5.350 (1H, Hb allyl), 5.233
(1H, Ha allyl), 5.955 (d, 1, Jgem = 10.5 Hz, csuségpo),
4.788-4.718 (AB, 2H, Jgem = 12.5 Hz, CenscH20)s 4-613 (d,
IH, Jgem = 10.5 Hz, CeH5CHHO), 4.388-4058 (2H, H-6a and
H-6b), 4.243 (dd, 1H, J3,4 = 9.0 Hz; 32,3 %:3:0 Hz, B=3),
4.116‘(d!'28; J = 5 Hz, CHg=CHQ§jO),_4{016—3;935 (34, H-2

) N : .
2.065 (s, 3H, OCOCHj3), 13C nmr (CDCl3) 6: 170.57
(ococH3). 137.90, 137.55 (quat. arom.), 134.37

(GHp=CHCH,0), 128.63, 128.44, 128.14, 127.97, 127.87,

~
¢
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127.73 (tert. arom.), 117.38 (CHy=CHCH,0), 87.41 (C-1),

78.41 (Cc-3), 78.31, 74.31, 73.57 (C-2, C-4, and C-5),

75.30, 72.89 (CgHsCH0), 71.21 (CH2=CHCH20), 62.39 (C-6),

20.72 (OCOCH3). Anal. calcd. for C25H290¢Br: C 59.41, H

5.78, Br 15.81; found: C 59.48, H 5.82, Br 16.17.

3

8-Methoxycarbonyloctyl 6ﬁ9;acetyl—3ﬁgjallyl~2,4—diﬁ97

benzyl-f -D-mannopyranoside (238 ) and 8-methoxy-
|
carbonyloctyl 6-O-acetyl-3-0O-allyl-2,4-di-O-benzyl-a-D-

mannopyranoside (23 )

‘8—Methoxycarbonyoctanol24 (7.50 g; 39.89 mmol) and
silver silicate/alumina (16.50 g) iﬁvdry dichloromethane’’
(100 mL) were stirred at room temperature for 1 h. To the
above mixture which wés coolea to -78°C was added |
dropwise, with stirring, a solution of broﬁosugar 8 (7.44
g; 14.72‘mmol) in dry dichloromethane (75 mL) énd stirring.
''was coﬁiinued for 2.5’h at -785C, and for 10 h at room
temperaﬁure. The mixture3was diluted with dichloromethane-
(IOOJmﬁ) and filtered through celite. The filtréte‘wés |
Qashed‘w{th datér, dried (Na2804)'"aﬁd éoncentratgd'to a
syrup wﬁiCh Qés purified by flash,chromatography,‘using
‘Skellysolve‘B-éﬁhyl»acetéte (4.5:1)”as elﬁenp; A
‘;chfomatogréphically inseparébleiﬁ:l mixture of b—;ahd a-

?_manqosidgs-23 was obtained as an,oil‘(5.14 g;‘totalfy4e1d~
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57%). I nmr (CDCl3) . 4.824 (d, J1,2 = 1.5 Hz, H-1 of
a—-anomer), 4.365 (d, J1,2 ~ 0.5 Hz, H-1 of p-anomer),
2.059 (s, OCOCH3 of a-anomer), 2.050 (s, OCOCH3) ot -
anomer).

LY

é—MethoxycarbonyLoctyl 3-0-allyl-2,4-di-O-benzyl-f -D-

mannopyranoside (24) and 8-methoxycarbonyloctyl 379;allyl-”

2,4-di-0O-benzyl-a -D-mannopyranoside (25)

-

fhe mixture of a— and B-anomers 23 described.above

(4.39 g; 7.17 mmol) wasvdissolved in dry methanol (200 mL)
containing a trace of sodium mgthoxide; and the resulting‘
;olution was stirred at room temperature.bvernight.
Neutralization with Amberlite'IR—IZO(H) résin followed by
the removal of the resin and evaporation provided a
chromatographlcally pure oily res1due (4.10 g) whose tlc
on silica gel 1mpregnated with 511ver nitrate showed 1t to
‘be a mixture of two compounds. ('Purlflcatlon ot these two
"products was accqmpllshed by flash chromatography on -
silvar nitrare—iﬁﬁregnated silica_gel using Skellysolve B-
ethyl“aéetate as éluent, the ratio of Skeliysolve B to B
ethyl acetate belng decreased from 7 1 to 2:1 durlng
qelutlonf Evaporatlon of early fractlons furnlshed the a:
‘aaomér 2§ (Q,19 g) as an»pll, [a]D +30 8° (c 0 75, |

chloroform); 1H}_nmr.(CDCl'3)'5_; 7.42-7.27 KJOH, éromatlc),



5.965 (lﬁ, Hc of allyl), 5.345 (l1H, Hb allyl), 5.194 (1lH,

‘Ha allyl), 4.945 (d, 1H, Jgem = 11.0 Hz, CeHsCHHO), 4.843-
4.788 (2H, CgHsCHHO [64.828, d, Jgem = 12.0 Hz] and H-1
[64.790, d, J1,2 = 2.0 Hz]l, 4.724 (d, 1H, Jgepn = 12.0 Hz,
CgHsCHHO), 4.655 (d, 1H, Jgem = 11.0 Hz, CgH5CHHO), 4.138
(broad d, 2H, Hd and He allyl), 3.923 (dd, lH{ Jg,5 = 2.5
Hz, J3 4 = 9.5 Hz, H-4), 3.870-3.579 (9H, H-2, H-3, H-5,
H-6a, H-6b, OCHHCHp, and OCH3 (63.665, s]), 3.329 (at, 1,
Jgem = 9.0 Hz, Jyjc = 6.5 Hz, OCHHCH2), 2.303 (t, 2H, \‘
CHpCOOCH3,» J = 7.5 Hz)‘___,'_-2.098 (erad S, lﬂ,oexchangeable
with deuterium, OH), 1.620 (m, 2H, aliphatic), 1.510 (m,
2H, aliphatic), 1.29 (broad s, 8H, remaining aliphatic);
13C.nmr (CDCl4) 6: 174.15 (COOCH3), 138.48, 138.43 (gquat.
arom.),,134.95 (CHp=CHCH,O), 128.35, 128.29, 128.07,
127.72, 127.67, 127.58 (tert. arom.), 116.47 (CH,=CHCH,0),
98.25 (C-1, JC_I,H_1 § 168.2 Hz), 79.98 (C-3), 75.18
(CgHgCH-0), 75.04, 75.01 (C-3 and C-4), 72.88 (CgHgCH,0),
72.08'(Ee5), 71.07 (CH2=CHCH20), 67.61 (OCH2CH2)/s 62.46
(C-6),, 51.33 (COOCH3), 34.01 (CHpCOOCH3), 29.32, 29.11,
29.06) 29.01, 25.99, 24.85 (aliphatic). Anal. calcd.” for
C33H4soé:,'C»E9.4s, H“8,12;‘found: c 69.27, H 8.26.
Furtﬁer elu'tion'provided a mixture of a- and -
anomers ('-.0'.'9 g) -which' were in-‘uthe.‘ratio of 1:3 (a/B) by 1y
nmr. , “ ) . |
E’yapora_tiio‘n of‘ the flatéi:‘ fractions affc-)rldved the

N o . : T,
! . “‘,\‘ 1
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o
desired B-anomer 24 (2.89 g) as an oil; [a]D -51.33 (c

0.9, chlioroform); 1

H nmr (CDC13) & e _7.49—7.29 (10H,
aromatic), 5.893 (1H, Hc allyl), 5.288 (1H, Hb allyl),
$.17 (1H, Ha allyl), 4.969-4.858 (3H, CgHgCH,O [64.969-

]
= 12.50Hz] and CgHgCHHO (4.935, d, J =

4.800, AB, J gem

gem

10.5 Hz)), 4.624 (d, 1H, Jyen = 10.5 Hz, CgHgCHHO), 4.408

(d, 14, J = 1 Hz, H-1), 4.024-3.828 (6H, H-2, H-4, H-6a,
OCHHCH,, and CH,=CHCH,0), 3.763 (ddd, 1H, Jga,6p = 12-0
AERZ, Js gp = 6.0 Hz, Jeb,0oq = 6-0 Hz, simplified to dd with
Jeb,on being absent on D,0 gxchange, H—Cb), 3.688 (s, 3H,;-
OCH;), 3.444-3.386 (2B, H-3 and ocgﬁCHzﬂ, 3.316 (dt, 1H,
Ja 5 = 9.5 Hz, Jo gn.= 6.0 Hz, Js n = 3.0 Hz, H-5), 2.330
}t,'ZH:ﬁCﬂzCOOCH3, J = 9.5 Hz), 2.140 (t, 1H, Jea,on = 6-0
\Hz, Jep,on = 6-0 Hz, disappeared aftérszo additidﬁ, OH) ,
1.670—1.628;(4H( aliphatic), 1.345 (8H, reméininq !
aliphatic); 13¢ nmrr (CDCl3) 6: 174.50 (COOCHS), 135.65,
138.36 (quat. arom.), 134.70 (CH,=CHCH,0), 128.37, 128.28,
128.11, 128.03, 127.73, 127.37 (tert. arom.), 116.75
(gy2=cncﬁzb),_101{69 (c-1, JC_I'H_1'¥ 153.6. Hz), 82.33 |
(C-3), 75.77, 74.88,73.90 (C-2, C-4, and C=5), 75.18,
'73.86 (C6H5gﬂ20),y70.58,70.12A‘fH2=CHQﬁ20 and Qgﬁzcnz))

62.63 (C-6), 51.36 (@WOCH3), -34.04 (CH,COOCH;), 29.63,

29.16, 29.04, 26.01; 24.89A(aliphatigﬁ.'.i92é$;§olcq‘ for
Cy3Hae0g: C 69.45,g¥'8:f2;;fodnd: c 69.41, H 8.13.

S 3
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8-Methoxycarbonyloctyl 6-0-(2-O-acetyl-3,4,6-tri-O-benzyl-

a-Q-mannopyranosyl)-379;a11y1-2,4-di797benzy1—ﬁ—g—

mannopyranoside (27)

To a sglution of 24 (2.89 g; 5.06 mmol) in dry
acetonitrile (60 mL) containipg 4fF molecular sieves were
added, sequentially, mercuric bromide (2.19 g; 6.07 mmol),
mercuric cyanide (1.53 g; 6.07 mmol), and a solution of 2-
O-acetyl-3,4,6-tri-O-bgnzyl-a-D-mannopyranosyl bromid827
(7) in dry acetonitrile (25 mL), which had been’f;eshly
prepared from‘3,4,6—triﬁ9;benzyl—l,2ﬁ9;(methoxyethyl—
idéne)—B—é—méhnopyranose (26) (3.07 g;ﬂ6.07 ol). The
reaction mixture was stirred at room temperature for 1 h,
and the mthure was then filtered*throuéh Celite'
Evappratioh 6f the soivéht gave an oily residue which was
egtraéted 3 times with dichloromethane. The extracts were
comSiﬁed-and washed .successively with saturated aqueous
potassium Chloqide, saturaped aqueous sodium bicarbonate, -

water, and brine. The organic layer was dnied (Na25043,
filtered, aAd evaporated tond;yness.‘ The resulting oil
-was purified by flash chromatpgraphy'usihg SkellysolVé B-
ethyl acetate (4:1) as eluent to pfovide the title o
.compound as a syrip (4.07 g; 77%); [alp -6.07° (c 1.22,

T - - . °
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chloroform); Rg 0.3 (Skellysolve B-ethyl acetate, 3:1); 1y
nmr kCDC13) 5: 7.47-7.10 (25H, aromatic), 5.86 (1lH, Hc
allyl), 5.459 (dd, 1lH, Jp+ 3+ = 3.0 Hf' Jpe, o0 = 2.0 Hz,
H-2'), 5.270 (1lH, Hb allyl), 5.159 (lH, Ha allfl), 4.980-

4.825 (SH, H-1' [64.911) and 4 x CgHgCHHO {d, Jgep = 11.0-

12.5 Hz]), 4.680-4.650 (2 d overlapping, 2H, Jgem = 10.5
: /

and 12.0 Hz, CgHgCH 0), 4.513-4.408 (d4xd, 4H, Jyopn = 11.0-
12.0 Hz, CgHgCH,0), 4.334 (s, 1H, H-1), 3.930-3.590 (15H,
COOC}i\[63.66];H—2, H-4, H-6a, H-6b, H-3', H-4', H-S',

H-6agL)\H-6b", CH,=CHCH,0 and OCHHCH,), 3.410-3.315 (3H,

H-3, H-5, and OCHHCH,O), 2.283 (t, 2H, J = 7.5 Hz, ,
CH,COOCH3), 2.133 (s, 3H, OCOC33), 1.620-1.5¥3 (4H,
aliphatic), 1.335-1.240 (8H, remaining aliphatic): 13¢ nmr

(CDCly) &: 174.08 QQQOCHj), 170.12 (OCOCH3), 139.00,

138.80, 138.53, 138.46, 138.05 (guat. arom.), 134&79
(CH,=CHCH,0), 128.27, 128.19, 128.13, 128.10, 127.97,
127:77,‘125.70, 127.59, 127.54, 127.50, 127.38,.127.29,
127.23 (tgrt. arom.), 116.67 (gﬁ2=CHCH205,'101.64 (c-1,
Jc;llﬁ_i‘= 192.7 Hz), 97.77 (c-1', ic_ltlﬂ_li_= 170.4 Hz),

82.56 (C-3), 77.94 (C-3'), 74.80, 74.37, 73.91 (C-2, C-4,

/And C-4'), 71.36 (C-5'), 68.67 (C-2'), 74.91, 73.71,
0, 71.51 (CéH5gH2Ox5),L70.43,‘6§.79‘(CH2=CH§ﬁ20 and .
OCHACH,), 68.98 (ct6"), 67.06.(C=6), 51.26 (COOCH3), 34.05
(CH,COOCH3), 29.65, 29.23, 29.16,'29.07} 26.09, 24.92

(aliphatic), 20.99 (OCOCH3). Anal. calcd. for - -
' v . X . i . / .
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- . ’ LS
°C62H76014: C 71.24, H 7.33; found: 71.09, H 7.46.

[}

8-Methoxycarbonyloctyl 3-0O-allyl-2,4-di-O-benzyl-6-0-

(3,4,6-tri-O-benzyl-a-D-mannopyranosyl)-3-D-

mannopyranoside (28)

‘The disaccharide 27 (2.88 g; 2.76 mmol) was de-0-
acetyla}ed as described for the pfepéra;ioﬁ of 25 and
26. After removal of the reéin by filtration the solvent
was evaporated to afford 28 as chromatographically pure
oil (2273 g; 99%); laly +3.13° (c 1.34, chloroform); Rg
0.32 (Skellysélve B—acetoné, 3:1); IH nmr (CDC1l3) 6
7.48-7.14 (éSH, aromatic), 5,883 (1H, ,Hc allyl), 5.288
(1H, Hb allyl), 5.170 (1H, Ha allyl), 5.258 (broad s, -1lH,
- i{fg and

12.5 Hz, CgHgCH,0), 4.644-4.438 (6xd, 6H, J op [ 11:0-12.0

2

Hz, CgHgCH,0), 4.335 (s, 1H, J) , < 1 Hz, H-1), 4:128

v

(broad s, 1H, H-2'), 4.038-3.593 (15H, OCH; [63.655, sl,

H-2, H-4, H-6a, H-6b, H~3', H-4', H-5', H-6a‘', H-6b',

N

L7

HHCH,, and CH,=CHCH,0); 3.423-3.320 (3H, H-3, H-S, and
T o . \ \ oo v ,
HCHy), 2.355 (broad s, 1H, deuterium-exchangeable, OH),

7 ;,284 (t, 2H, J = 7.5 Hz, QgéCOQCH3), 1.59 (4H, aliphatic),
1.28 (8H, remainigg alipha;iq)}f13cfhmr (CDélj) 5: 173.86
" (COOCH3), 139.04, 138.73, 138.59, 138.44, 138.03 (quat.
arom. ), 154:86*(cné;gycGEO),‘128,49,_128.36; 128.29, |

.
»
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128.24, 128.07, 127.99, 127.89, 127.78, 127.62, 127.48,
127.40 (tert. arom.), 116.84 (CH,=CHCH,0), 101.73 (C-1),
99.77 (C-1'), 82.47 (C-3), 79.69 (C-3'), 75.24, 74.61,
74.36, 74.06 (C-3, C-4, C-5, and C-4'), #5.07, 74.94,
73.88, 73.41, 71.48 (CgHsCHy0), 71.07 (C-5'), 70.54, 69,88
(CH,=CHCH,O and OCH,CH,), 69.03 (C-6'), 68.01 (C-2'),
66.65 (C-=6), 51.43 (COOCH3), 34.12 (CH,COOCH ;) ® 29.72,
29.29, 29.25, 29.14, 26.15, 24.99 (aliphatic). Anal.
calcd. for CgoH,40y37 C 71.83, H 7.44; found: C 71.59;

. (4
7.31. ‘ 8
. W !

8 -Methoxycarbonyloctyl 6-0—{2—0—@3,4,6—triﬁ9;acetyﬂ—2—

deoxy-2- phthallmldo-B -D- glucopyrano l)-3 4 6~tri- O-
%

g

benzyl—a—Q-mannopyranosyl]— ;Q;allyl—z,4—difgjbenzyl—ﬁ—Q—'

mannopyranoside (4) o vﬁﬁ”‘

To a solut‘;n of 28 (2 73 g, 2. 73 mmol) in dry
dlchloromethane {75 mL) were added sllver triflate (7.0 g,
'27 25 mmol), _1_;c0111Q}ne (3 6 mL, 27 25 mmol), .and 4 A
;ﬁplecular 51eyes, To{the resultlng mlxture, cooled to.
450°c) was'adééd droéwisé a solution of 3,4,6-tri=p-

acetyl 2 -deoxy—-2- phtha11m1do-6 D—glucopyranosyl bromlde26
(6) (2.30 g; 2.60 mmol) in dry dlchloromethane (25 mL)

~ The above mixture was stirred at eSOFC for 15 min and then

P

e

K

allowed to'warm to room témperature over a period of 1-



\
h. The tlc of the mixture, revealed the presence of
unreacted alcohol 28 (~30%). The reaction mixture was’

N

again cooled to -50°C and a solution of‘the bromide 6
(2.30 q; 2+60 mmol) in dru dichloromethane (25 mL) was
added dropwise. After stirring at -50°C for 15 min, the

Qmikture was allowed to attain room temperature, with

stirring, durihg ] h. The tlc now showed the complete

‘ : . .
disappearanc¢e of the alcohol 28. THe mixture was diluted

with dichloromethane, ‘and then filtered through Celite.

. .[. o » D .- .

The filtrate/was washed sequentially with {ce water, 1ice
cold 1N aqueOUS HC1l, and éaturated-aQeruS sodium

.

bxcarbonate.' The orqanlc phase-was dried (Na2804),
. e

flltered and evaporated. The 5e31dual oil was subjected
"to flash chromatoqraphy emp}oylng toluene eghyl acetate

(3.5:1) aSreluent. The fractloﬂs contalntnq the mag

: %, . LI '.
product were combined and evaporated. The tlc of the 011

so obtalned when deueloped i 9kelly§olve B- acetone'

--“) »

(3 1), also 1nd1cated the presenCe of a mlnor product.

,Ihere%ore, the. above 011 was aqaln chnomatographed u51nq

-,Skellysolve B-acetone (3 l) as eluent to prov1de the a- .

“1inked trisaccharide-29‘asMan 011“C0 27 g; 7%). Further

»

elutlon w1th the same solvent systém gave the tltle

compound as a syrup (2 92 gi 76%)J,[“1D 23 O4° (c 1.02,

-, o~

chloroform), Rf 0 45 (toluenesethyl ‘acetate, 31 1), 0 17

(Skel ysolve'B—acetone,‘j;Jﬂ; ‘g nmr (CDC13)36: ”7.86ﬁ7}04
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(294, aromatic), 5.901-5.790 (2H, Hc allyl and H-3"
(65.815, J3u 4u = 9.0 Hz, Jyu 3w = 11.0 Hz}), 5.573 (d,
1H, Jyw, on = 8.5 Hz, H-1"), 5.303-5.143 (3H, H-4" (65.215,
dd,‘ J4||~’5n = 10.0 HZ, J3u'4" = 9.0HZ] and Ha and Hb

t

4
allyl), 4.993 (d, 1H, J 13.0 Hz, CegHgCHHO), 4.890-~

ged

4.735 (4xd, 4H, qum =‘11.0—12.5 Hz,~C6H5Q§20), 4.676 (d,

1H, Jy+ 5 = 1.5 Hz, H-1'), 4.538-4.459 (2H, H-2" [§4.513,

dd, Jyn 3w = 11.0°Hz, Jju ou = 8.5 Hz] and CgHgCHHO
(£4.475, 4, Jqem = 12-0 Hz]), 4.400 (dd, 1, J,: 5. = 2.5

Hz, Jyo 20 = 2.5 Hz, B-2'), 4.373-4.303 (44, H-1 (~4.344),
4 Fy ; .

’H_6a", and C6H5C_H_20), 4-233 (dd, lH, J6a"’6bl| = 12.5 HZ,

J5n'6b" =;2.0 Ez, H-6b"), 4.063—3.245 (20H, OCﬁﬁCHZ

(64.035, td, J = 9.0 Hz, J

gem = 6.0 Hz], OCH4 [63.668,

vic

s], CH2=CHSEQO, CgHgCH,0, H-2, H-3, H-4, H-5, Hgba, H-6b, .
B30, é—4',dH—s'(5H—6a', H-5", OCHHCH,), 2.989 (dd, 1H,
Jéé.?Gb. ="11.0 Hz, 55',65'”= 5.5 Hz, 5-65'), 2.31 (t, 2H,

"‘q§2cootﬁ3, J = 7.5 Hz), 2.055 (s, 3H, OCOCHg), 2.024 (s, =~

' 3H, ochH3), 1.863 (s, 3H, ococa3);_1.7d-1;59 G, Y
aliphépic), 1.44-1.26 (8H, remaining aliphatic); I%C nmf
(CDClg) & 173}96 {COOCH3), 176742, 169.89;1r69.21.
(bCOCH3 and phthalimido c;rbonyl),_13a;§g{f138.5;,-i38.35, -
.137.80 (benzyl quat. .érém..).,i, 13.‘_4.55' (CHZF_C_?TCHZd)r' 13,3'74
(bh't‘ha'bl‘imi‘dho,‘t:ert.“ afoml ), 131.52 .(p‘h,f_‘hal'imi-dd quat. w o
_a}bm.s;*iés;3ﬁ; 128.19, 128.00, "127.92, 127.86, 127.63,

h 127.47,:127;43,*iéif25, 127.19, 126.99 (befizyl tert.

RN

e o . ¥
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arom.), 123.16 (phthalimido tert. arom.), 116.52
(CH,=CHCH,0), 101.79 (C-1, Je_) u_q = 152.8 Hz), 97.44
(C-1', Jeopr poqe = 169.2 Hz), 96.48 (C=1", Jo_yw y_q»
165.1 Hz), 82.64 (C-3), 76.81, 74.54, 74.09, 73.75, 73.49,
72.88, 71.89, 71.45, 70.62, 69.01 (C-2, C-4, C-5, C-2',
C=3", C-4', C-5', C-3", C-4", C-5"), 74.64;’73.63, 72.41,
70.33 (CgHgCH,0), 70.11 (CH,=CHCH,0 and OCH,CH,), 69.40
(C-6'), 66.53 (C-6), 62.17 (C-6"), 54.25 (C-2"), 51.17
(COOCH3), 33.86 (CH,COOCH3), 29.47, 29.10, 29.04, 28.90,
25.91, 24.74 (aliphatic), 20.56, 20.43," 20.24 (OCOCH;).

Anal. calcd. for CggHg3N Op: C 67.64, H 6.60, N 0.99;

found: £ 67.54, H 6.58, N 0.97.

»
8—Me;hoxycarbonylocty1 6-0-(2-0-3,4,6-tri-O-acetyl-2-

'690xy—2—phthalimidp—e—g-glucoﬁyrahosyl)-334,6,—trifg;,

benzyl—a42—mannbpy:énosy1]—274—di19;benzyl—ﬁfg—

~

mannopyranoside (31} . L

'a'A solution of 4 (2.79% g; 1,97AmmoI}; tris(triphényl—'
phospHiné)rhodium(I);chloride (129. mg3 0.14 mmol) , 1:8;'

;diazabicyclo[é.2;2]oétané (58 mg;:O.SI‘mmol) in R

ethanol—bepzene—water (7;3:1;1100 mL) was heated‘at reflux
for 24 hLm.The,sleEht was removed and the residue
dissolved in-acetone (100 mL) containing a_ trace amount of -

" mercuric oxide. To ‘this solution was. added a solution éf

~
3

; ‘ A : -‘h 2 . . SN
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mercuric chloride (3.0 g) én acetone-water (9:1: 50 mL),
and the mixture was stirreg at room temperatutre for 45
min. FolloQing evaporation of the solQQnt, the, residue
was taken up in dichloromethane (250 mL). "The |
dichloromethane s6lution was washed with 30% aqueous

potassium bromide and water. The organic layer was dried

(Na,50,4) and evéporqsed to give an oily residue which was
purified by flash‘chromatography using toluene—eﬁhxly
écetage (3.5:1) as eluent. The title compound was
obtained as a white foamy solid (2.31 g; 85%); [q]DA
'—19.07; (5_0.97,\ch10roformf; Reg 0.37 (toluene-ethyl

acetate, 3:1); MM nmr (CDCly) 6: 7.88-7.07 (29H,

-

aromatic), 5.84 (dd, 1H, J3n'4n = 9.0 HZ, Jzn 3 = ll-Q

Hz, H-3"), $.61 (d, 1H, J)u ju = 8.5 Hz, H-1"), 5.221 (dd,

1H, Jgn ge = 9.0 Hz, J3u 4w = 9.0 Hz, H-4"), 5.063 (d, 1H,

] S
= 12.0 Hz, c6ﬂsc§ﬁo),'4.853 (d, 1H, J = 11.0 Hz,

-Jgem gem

CgHgCHHO), 4.778-4.733 (2xd, 2H, J = 11.0 and 12.0 Hz,

gem
CgHgCHR0), 4.673 (d, 1H, 31 pi°= 2:0 Hz, H-1'), 4.633 <a,*;’-y

1H, Jgop = 12.0 Hz, CGHgCHHO), 4.543-4.476 (2H, H-2"

gem o S
(64.518, dd, J2",3; f.ii.p Hz, Jyw,gn. = 8.5 ?a]}i&EHSQﬂHQYj )
(64.491,°d, Jg;m é‘iz.o Hz]), 4.433 (1H, 3; ,7¢ 1 Hz, _ 'rd)/
H=1), 4.385—{1;404{5H,‘3723, H-6a", H-6b" and CgHgCH,0),
4.035-3.93% (48, oqﬁppnz}tﬂ-s",lghd CHsCHo0) s 3.828-3.245 - -
(14H, H-2, H*3,vH—4; H-5, H-6a, H-6b, H-3', Hedt Hes',

ol , ‘ o ST e
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JGa.,Gb..= 11.0 Hz, Js+ gp - 5.5 bz, H—6b'),€2.380 (‘dR
1H, deuterium-exchangeable, Joy y-3 ~ 10.0 Hz, OH), 2.290
(t, 2H, CH,COOCH3, J = 7.5 Hz), 2.056,2.050 (2xs, 6H,
OCOCH3), 1.860 (s, 3H, OCOCH3), 1.68-1.58 (4H, aliphatic),
1.40-1.26 (8H, remaining aliphatic)a'13C nmr (CDCly) 6:
174.17 (COOCH3), 170.63, 170.12, 169.40 (bggcﬂg and
'phtﬁaiimido carbonyl), 138.77, 138.50, 138.37) 138. 30,
138.10 (benzyl duat. arom. ), 13}&95 (phthalimidd fert.
arom.), *131.82 (phthalimido quat. arom.), 128.56, 128:36,
128.23, 128.13, 128.08, 127.72, 127.62, 127.59, 127.39,
127.21 (benzyl tert. arom.), 123.37 (phghalimido- tert.
arom.), 101,96 (C=1), 97.25 (C-1'), 96.61 (C-1"), 77:9q,
77.22, 76.27, 74.39, 74.34, 74.07, 73.22, 72.12, 71.61,
70. 80, 69.14 (C-2, c-3, c-4, c-s, c-2', c-3' Mic-4', c-5',
 C-3%, C-4" and C-5"), 75.06s 74;83,\74.44, 72.63, 70.49
(CgHsCH,0), 70.34 (OCH,CHp), 69.50 (C-6'), 66.58 (C-6),
%2.33 (C-6"), 54.44 (C-2"), 51}38.(coqgﬁ3{; 34.05
’(gpécoocﬂ3r;'29tsi, 29.24, 29.19, 29.08, 26.06, 24.92
(arip§a£r¢)f 20.74\'20.623.20.44”@6cqg§3)."Angl.;célcd.
for Cq7HggN 022% C 66.99, H,6.50,'N>1;Oi; found: o’

66.74, H.6.43, N 0.84. .

"



8-Methoxycarb?nyloctyl 6-0-(2-0-(2-deoxy-2-phthalimido-f -

Q—qlucopyranogyl)—3,4,6—tri-0-benzy1—d—Q—mannopyranosyl]—

2,4-di-0- beanl -R D—mannopyran051de (32)
;rf

To a solution of 31 (0.82 g; 0.59 mmol) in dry

methanol (75 mL) was.added a trace of solid sodium meth;
'oxide; The mixture was stirred at room tempe;aeere for 3'
b. Neutrallzatlon of the mlxture with Amberlife IR- 120(H )
resin followed by f11trat1on and evaporatlen afforded€32 -
as a white foamy sol1d n a‘quantltatlve y1eld;:-Ia]D
;31.545~(£_1.3, chloroform); Rg 0.2 (dichloPomethane-
methanol, 19:1); ' nmr (coci3) 5: 7.66-7.06 (29H,.
ardmatie), 5.399.(d 1H, Jln 2" = 8.0 Hz, H—l“f 5:035 kd,
lH;'qum = 12.0 Hz, CGHSCHHO), 4 824 4. 534 (6H, H-1"

64.643) and CgHsCH L0 I5xd, Jgem = 12.5-11.0 Hz)), 4.408-

4:2A1 (6H, H—l (64.408}, “H-2° (&4.248, dd4, J2.’3; = 2 Hz,
Jy%, o+ = 2 Hzl, H-2", H-3", and CgH5CH,0 [Jggn = 11.0
N

ﬁzj), 4.020-3.208 (21H, H-2, H-3, Hr4, H-5, H-6a, H—Bb; |
H-3'", H-4".H45‘ -H-6a';, H44“ H45" H—6é" ;Gb" o

.'oq_ecnz, C6H5Q_20 and ocn3 [53 620, s]), 3. 063 2.900 (28,

 H-6b', L62°a18 dd, Jgar 6b" 10 5 Hz; J5. 6b.~§ '5.5. Hz]
and OH [broad s, dlsappeared on D20 exchange]), 2. 396 (d,,
JH, J3,08 T 10.Q Hz; deuterlum exchangeable, -OH), 2 269'

(t,. 20, M

7,

=8 .0 Hz, Q_QCOOCH3),,1 65 1 55 (4H, allphatlc), T

—

~'}r39r1l26fj«,k remalnlng allphat1c), 13C nmr » (CDC13) XN

e

co . Ly . .~
A o S
.
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174.43 (COOCH3), 168.51 (phthalimido carbonyl), 138.68,
135.52, 138.35, 138.32, 138.05 (benzyl quat. arom.),
133.79 (phthalimido tert. arom.), 131.84 (phthalimido
quat, arom.), 128.58, £28.38, 128.34, 128.26, 128.12,
128.03, 127.80, 127.70, 127.49, 127.44, 127.22 (benz}l
tert. Arom.), 123.23 (phthalimido tert. arom.), 101.90

(C-1), 97.49 (C-l'),.96.84 (C-1"), 77.69, 77.26, 176.31,

.75.65, 74;28,174.13, 73.38, 72.07, 71.73 (C-2, C-3, C-4,

c-5, c-2', c-3', c-4', C-5', C-3", C-4", and C-5"), 74.87,
74.77, 74.48, 72.63, 70.86 (CgHgCH,0), 70.30 -(OCH,CH,),

69.70 (C-6'), 66.65 (c-6), 62.21 (C-6"), 56.54 (C-2"),

'51.45 (COOCH3), 34.07 (CH,COOCH3), 29.61, 29.17, 29.04,
OLt , . !

26.04, 24.88 (aliphatic). Anal. calcd. for CqqHgyNi0jg:

C 67.98, H 6.67, N 1,12; found: C 67.43, H 6.60, N 1.10.

Y

B-Methoxycarbonylocty1‘6-0—[2—0—72—acetamido—2-deoxy—s—D—

glucopyranosyl) ~3,4,6- tr1~0 benzyl-a- D-mannopYranosyl]-

Loe¥l T

solution, 2. 6 mmol)-for 12 h. The tlc showed the presence fi,

2 Therefore, -more hydrazlne hydrqte (0 07 mL of an 85% -

2, 4 d1-0 benzyl B-D-mannopyran051de (33)w.

Compound 32 (0.43 g; 0154 mmol)'inrmethanol (25 mL)
¢ )

was b01led w1th hydra21ne hydrate (O 14 mL of an 85%

-

&

- of the startlng materlal in, the react1on mlxture._'

solution, 1 3 mmol) Was added "and’ the mlxturerrefluxed fOr .

N e

o

I

.
’

4
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[N

¥

another 4 h. The solution was evaporated and the residue
thdroughly Qried to remove traces of hydraziné; The
residue was then dissolved in methanol-water (1:1, 15 mL)

" and acetic anhydride (1 mL) was added. The resulting
solution was stirred at room temperature for 2 h.- Re%oval
of solvent gave'a white solid which was purified by flash
chromatography u51ng dlchloromethane -methanol (12 1) as
eIUent.'751nce the crude product was not completely N
Fsolubleﬂln theleluent used it was dissolved using more
methéhol in the same solvent mixture and éhén adsorbed on
‘sddium sulfate which was poured onto the top of the siliéa
'paékigq. Pure 33 was obtain?d as a white‘foamy>§olid

(0.24 g; 60%); lalp ~-20.46° (c 0.88, chlorof:)rm)%? Re 0.61
(d1chloromethane-methanol, 10:1); 1H nmr (CDC13) 5: T.42-
7.16 (ZSH, dromatic), 5. 90 5 65 (broad s, 1lH, NH, ‘
deﬁterium;exchangeablé),»5{053 (d,‘iH,iJgem = 12.0 Hz,
CgHsCHHO) ;. 4. 913-4.825 (3H, CgHsCHYO [2xds Jgen = 11.0 Hz)
and H- 1" [54.910, EERITIPTIE 2 0 Hz)), 4.743 (d, 14, Jgem
= 12 0 Hz, C6H5CHHO), 4, 688 4 574 (3H, -1" and C6H5C_2Q§
'[2Xd, Jgem =.12.0 Hz%), 4. 488 -4.325, (SH, ijv[64.435] aqg
‘l.L6H5ngO t4xd, Jgém,= 12.0 and 11. 0 Hz]), 4;25%¢(;, 1H,
H-27), 3.995-3.293 (23H,-H—2, H-3, H-4, H ‘—S' H-Ga;'ﬂ—6b,‘

-~

NH-3'; H-4', H-5',,H-6a', H-6b', H-2", H- 3" H-4", H-5"7"

“6a"ﬁ H 6b" OH OQ_QCHz,,and OCH3 [63 643, sl), 3. 00—'

.:J2 65 (bz:gad_,sJ 2H dxsappeareﬂ -on Dy0 exchange, OH),_Z 501.
. . . R ._a- *
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(d, 15, J3,OH 9.0 Hz, disappeared on D,0 excl ange,

3-OH), 2.276 (t, 2H, J = 7.0 Hz, CH,COOCH3), 1.840 (s, 3H,
NHCOCH3), 1.64-1.52 (4H, aliphatic), 1.36-1.22 (8H,
remaining al%phatic); 13¢ nmr (CD§13) &: 174.10 QQQOCH3))J
172.37 (NHCOCH;), 138.60, 138.39, 138.30, 137.93 (quat.
arom.), 128.50, 128.34,%128.27, 128.17, 127.93, 127.73,
127.65, 127.58, 127.44 (tert. arom.), 101.90 (C-1)%_ 99.23

(C=-1'), .87.66 (C-1"), 77.62, 76.25, 75.83, 74.58, 74.39,

e Y oeqe |
74.13, 73.71, 73.46, 71.64 (C-2, C-3, C-4, C-5, C-2', *

&
c-3', C-4', C-5', C-3", C-4", and C-5"), 74.75, 74.45,
3 .

73.20, 71.50, 70.30 (CgHgCH,0), 68.85 (C-6'), 66,86 (C-6),

62.66 (C-6"), 59.07 (C-2"), 51.26 .(€COOCH3), 33.99
(CH,COOCH;3), 29.57, 29.1k, 28.99, 25.99, 2434
(alfphatit),’23.30'(NHCQgﬁ3). Anal. -calcd. for

CgsHg3N O1g: C 66.94; H 7.17, N 1.20; found: C 66.81, H
7.09, N 1.13. ng S |

- <Ay

. .

A g . .

4

8-Methoxycarbonyloctyl 6-0-{2-0O-(2-acetamido-2-deoxy-8-D-

glucopyranésyl)fa?g-mannopyranosyll—B-Q-Qahnopytanoéide

. . . . oo S . ) . . . ‘_.‘ . N B ..

(2 , : . ; ‘ e
Compound 33 (45 mg; 0.03%#mol} was dissolved in 98%

L . ,’ B ,;‘ - - . ‘ s e . _‘ 4 L -.4

ethanol (9 ‘mL), and 5% palladium—on—chaycoal jgg'mg)-was

.addéd,‘_Thé‘mixﬁure'wasgsﬁirred‘ﬁndgfuan-atmosphétgzof 

s s

hydrpgen_gasﬁfon.52 h,." The catalySE”wés‘rémOVdeby .



filtration and, after solvent evaporation, . the residue was
passed through a column of Bio-Gel P2 (2.5 cm x 47 cm)
/ T

using 10% aqueous ethanol as.eluent. The carbohydrate-

N .

containing fractions were pooled, cbncentréted, and
"lyophilized to hrovide:Z as a wﬁite poner (23.5 @o; 85;);
laly ~19.34° (c 0.91, water) ; Rp 0.57 (dichloromethane-
methanol—water,_10:6:Pﬁ; ;H nﬁr (DZO) 6; - 4.920 (lH,:
‘J£.,é. = 1.8 Hz, B=1'), 4.664 (18,3} , < 0.7 Hz, H-1),
4.579 (18, Jju v = 8.0 Hz? H-17), 4.129 (ad, 1H, 3)+ g0 =
1.4 Hz, 30 30 = 3}4 Hz, H-2'), 3.9Q§—3.461.[22H,‘H}2 |
(63.981, J; 3 = 3.0 Hz), H-3' (63.844, J3. 41 = 9.5 Hz,
Jor 30 = 3.5°Hz); H-2" (53.706, 31"12" - 8.0 Hz), B-3,
H-4, H-5, H-6a,. H-6b, H-4', H-5', H-6a', H-6b', H-3",
H-qt, HoST, H-5a"; H-6b", OCH,CH,, ang OCH3 (53.690)],
2.388 (t, 2, 3 = 7.5 Hz, CH,COOCH3Z), 2. 056 (s, 3H,
NHCOC_3), 1. 68 1. SO (QH, allphatlc)1 1.38-1.22° (8H,
remalnlgq allphatlc), The above lH nmr a551qnments were
confirmed»by homonuclear decoupllnq; 11C nmr (Dzo) &

-

178. 58 (NHCOCH Yo 175 .59 (COOCH a, 100.82 (cC=- l,,JC 1, -1 =

Te

159 4 HZ) , 10047 (cC- 1, JC,IU'H v = 162.3 Hz )., 97. Ez
(c-1t 1'y Je1t et T 169.5 H2), 77.35, 76.75,75.35, 74.27,
74. 10, 73 73, 71. 43,}70 92, 70.84; 70.54, 68.20, 67.63
1ﬁ-2, C‘3'.C 4, ¢- 5,,c 2", ¢—3f ;C:A': c-s5', '6;3", c44"f?
¢-5", and ocazcnz), 66.99 (C- 6),.62.43 (C- 6"), -§.<.55' y

(c—e )., 56.31 (c= 2“), 52 91 (COOCH3), 34. 55 (CHZCOOCH oo



29.46, 29.05, 28.97,.28.93, 25.82, 25.11 (aliphatic),
23.21 -(NHCOCH3). Anal. cdlcd. for CygHgyN Ojg: C 50.34,

H'7.46, N 1.96; found: C 49.27, H 7:28, N 1.73.

8—Methcxycarbonyloctyl 6-0-[2-0-(3,4,6-tri-O-acetyl-2-

> sl

deoxy—Z}phthalimido—B—Q—glucopyranosyi)—3,4,6—trij97

benzyl—a—Q?mahnopyranosyl]4379;(2,3,4,6—tetra-9;acetyl—a—‘

B

\jg_mannopyranosyl)-2,4—dif9;benzyl—8jg—mannopyranoside (}0)

" .

¢ \". ' s q : ' ‘ “' :
To a soluQ%Pn of the alcohol 31 (504 mg; 0.3%1 mmol)

! ; il \

in dry acetoniﬂfile (10 mL) containing. 48 molecular sieves

A}

were added'sequentiallylmercuric bfomide‘(1.416 g; 3.93
mmol)*ahdlmercuric cyanide (988 mqi.;.§5‘ﬁmol). To .the

_ result;ng mixture, was addeo>a solution‘of 2,3,4,6:getrai97
'acetyl—a-gfhannopyrahosyl brohigez5 (S) t0.915 g; 2.23

mmol) in dry acetonitrile (5 mL) in five portions with an
'interyal of 30 min between two'additiohs; and the reaction
- : . ST : .
‘mixture*was stirred for 2 h. Evaporation of the solvent
gave an(élly re51due wh1ch was extracted three times. w1th
d1chloromethane. The organlc extracts were comb1ned and

»

washed with satu ated aqueous pota551um chlor;de;"

. o } &6 “' N . e
saturated aqueous odlum blcarbOnate, water,.and‘brlne.

The’ drled organ'c layer (Na2504) was evaporated ﬁo glve a-

foamy resldue whlch was purlfled by flash chromatography

» v

u51ng toluene—ethyl acetate (3: 1)-as eluent.p‘The tltie_

. B . « coe

cr

-
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" SR . SR C '
.compound was obta®ned as a white foamy solid (0.405 g;:

’

65%); lalp +4.41° (c'0.98, chloroform); Rg 0.25, (toluene-

ethyl acetate, 3:1); 'H nmr (CDCl3) &6: 7.88-7.02 (29H,

b 0

-'aroma‘t'}*c), 5.811 (dd, 1H, J3..'4,. = 10.0 Hz, J2..'3.‘. = 90

-

W

T a - g ¢ Gl ) ,
f'HZ, ), 5.57.4 (d, 14, Jlu o =~ 8. 5 HZ, H-1"), 5 391'—

/

53249L(2H, Iy, 30 = 3.0 Hz, H-2',and H-3'), 5. 240 5.094 .

(48, H-4', H-4", CgH SCHHO, and H-1 [65.094] Jy. 4
f ¢
J4v /5" = 9 5 Hz , J3‘r 4.. = J4u g = 9.5 HZ), 4.893-4. 750

.(3H, Jgem = 11.5 Hzxa'nd 13.0 Hz, 3_:<C6H5C_H_HO)‘,@.A696 (d,

ﬂn Jym v = 1.5 Hz, H-1"), 4.539-4.448 (2H, H-2" [54.515,

dd q1|l’2|"= 8.5'-);;}12, qu.'3'. = 10.5 HZ] and CGHSC—H—HO [Jgem

= 11.5 Hz]), 4.440-4.284 (6H, H-1 -(54.440], H-2' [64.375,
SN

dad, Jlll'zn‘ = 2.-0 H'Z' J2n,'3u : 2.0 HZ], H"'Ga", and
’ ’

3xCgHgCHHO. [Jgop = 11.0 and 11.5 Hz]), 4.121 (d4, 1H,

. ~ ’
Jk6ali,6bll = 12.0 HZ, JS“IGb“ = 1-5 HZ, H"6b.), 4.09 -3.235

(21H, H-2, H-3, H-4, H-5, H-6a, H-6b, H-5', H-6a', H-6b',

: » P ) : ‘ '

_3u’. H"‘4"' H_su' "H"Ga", H_S‘", OCﬂzCHz, C6H5'CH401 OCH3

v : T '’ —.a : A L 2

[63-674]), 2.953 ('dd, 1R, JGaﬁ 6b" = 10.5 HZ, JS" 6b" =
«

6.0 Hz, H~ 6b“),;2 313 (t, 2H,vJ = 7.5 Hz, qucoocu ), 

A

2 059 2. 000 (65, 18H OCOCH3X6),}1 868 (‘s 3H OCOCH3)-,’

- 1.74-1.54; (4H, ariphatlc), 1.46-1.20 (8H, remaﬁnlnq oF

allphat1q3 3¢ amr (cDC14) ‘6. 17411 1(COQCH3),. 170.58,

v1'70.21, 170 06, 169 65, 169.47, '169.'4_4, -169’,35 (OCOCH3 and

-

phthéllmldo cagbonyl), 138.75, 138.46, 137. 73; 137.51;_."

(phthalimido quat. Afom.), 133. 90 (phtha11m1d0>te;t,'-



arom.), 128.82, 128.46, 128.36, 128.15, 128.08, 128.03,
127.87, 127.54, 127.47, 127.36,‘127.28, 127.18 (benzyl
tert. arom.), 123.3; (phthalimido tert. arom.), 101.95
(C=1, Je_y, p-y = 154.1 Hz), 99.83 (C-1", Jo_pv yoqo
177.8 Hz), 97.62 (C-1", Jo_yw y-yv,= 170.9 Hz), 96.60

(C-1'", Jo_pe, y-pe= = 164.16 Hz), 81.25, 76. 29, 74.78,

74.48, 74.17, 72.90, 72.03, 71.80, 70.73, 69 33, 69.15,
68.98, 68.93, 65.94 (C-2, C-3, c-4, Cc-5, C-2', C-3', C-4*,
c-5', c-2", C-3", c-4", C-5", c—3"f§c-4",'and cfg'),

74.68, 74.58, 73.71, 172.52, 70.43 (c6h5gﬁ50),i7o,i1
;-(OCHZCHZ), 69.62 (c 6"), 66.29 (C-6), 62.43, 62.32 (c76"

7 and C-6%), 54.37 (c- 2%, 51.34 (COOCH3), 34 02 g
'(gﬁzcooca3), 29.66, 29.27, 29.19, 29.07, 26 10, 24.89
(aliphélici, 20.69, 20.56, 20.40 (OCOCH3). Anal. calcd. .
#or Cg ) 107910317 C 63.89, H 6.30, N 0.82; found: ¢
63.45, H 6.31, N 0.82. '

Rl

‘8—Methoxycarbpnyloctyl 6-0—[2+O4(3,4,6—trifb—aceey1—2—

4 ’:,’

‘facetam1d0—2 ~deoxy- B—D—glucopyranosyl)*B 4 6~ tri—o benzyl—
. & . ~
'-g-mannopyranosyl]— —O (2,3,4,6-tetra- O acetyl-a-D-

. s

fmannopyranosyl]—z 42 d1~0 benzyl B—D-mannopyran051de (35?’ f

Compound 34 (260 mg; 0. 15 mmol) was dlssolved in dry ’
- methanol (15 mL) containing . sodlum methox1de. The

Te
-~

, resuiting solut1onlwas stlrred gt room temperature for 45

v



.8_7 :

min, and the reactlon mlxture wasineutrallzed wltw

-

2

Amberlite IR4120(H) resin. The resin was ;emoved by

flltratlon and the solvent evaporated to prov1de a- foamy ifw
ngOlid which was dissolved in methanol (10 mL). To this
Eyu501ut10n was added hydra21ne hydrate (0.4 mL of an 8?% .

solution, 7.43 mmol) and'the mixture was refluxed fot 1 ,

h. Removal of solvent gave a white residue. Traces of ¢

hydrazine. were removed by evaporation of methanol from the

product (twice), which was further dried on the vacuum e
4 . e ‘."‘"‘ .

pump. The product was then dissolved in pyridine (3.5 mL) .

and acetic anhydride (é:ﬁ_mL) and stirred overnight a;itﬁ?ih'
_room temperature. stcéés acetic anhydride was decomposed'uln
. * . : . . . -
"bv drobwise‘addition’oﬁ ethanol "to the reaction mixtdre at
- 0°C, to which was thenzadded dich]oromethane and water.

. The aqueoﬁs layer was separated and back extracted with -

more dichloromethane and the combined dichlotomethane» :f

layers wWere washed ‘with 1 M agueous HC1 and saturat:r

aqueous sodlum blcarbonate. The organlc phase was dr ed
A ; ‘ . ,4 .
(Na2804)g flltered, and evaporated to give a foamy solld '

-

which was purlfled by flash chromatography usxng

aSkellysolve B-ethyl acetate ethanol (20 120 1) s eluent.'v

Pure 35 was obtalned as a whlte foamy SOlld (1,4 mg,f62%),i,
[a]D +11 23 (c 1. 18 chloroform), Rf 0.3 (Skellysolve B—’

ethyl acetate—ethanoly 20 20: 1), 1H nmr (CDC13) 6. ,7 70—_

N

7. 12 (253, aromatic), 5, 613 -5, 523 (zu, n—3'-'(5§ 588] and

- Al
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Ga,
enzyme.

. ABSTRACT

. ' {
\ - .

Oncogen;f transformation frequently results in the

production of abnormal cell—sPrface carbohydrates, known
as "tumor-associated carbohydrates", and it's;% been shown

that these carbohydrate structures can result from a
‘ e , Y
. : e il . 1
change in the enzymatic activity of a single :

v
- - .
-

alycosyltransferase. . K

This work was aimed at developinq a selective assay

4

for monitoring chanqes in the intracellular act1v1£y of
r Y4

such a known tumor-elevated qucosyltransferase, termed. N-—

‘acetqulucosaminyl transferase v ({GlcNAc transferase V),

'by usinq appropriately designed synthetic oligosaccharidé

!

substrates. To~this end, the trlsaccharlde B = D—

GlcNAc(l +>2)a-D- Man(1+6)8rD Man-O(CH2)8COOCCH3 (2) and the
relatéd'tetrasaccharlde B D—GlcNAc(th)—a D- Mad(l»G)[a DZ
Man(l 3))-5 D- Man- O(CHZ)BCOOCH3 (3) have been chemlcally

synth851zed as potential selective acceptors for this

N ] ‘ ; /o, . '
‘»..\0 nd - T(CH,),COOMe

%

X (CH,),C00Me



The multi-step syntheses to prepare the

oligosaccharides 2 and 3 involvegd sequential Koenigs Knorr

glycosylations. of 7s leégiv protected carbohydrate
derivatives and are *summarized in the retrosynthetic

scheme shown below: ~

'y

S
' The“trisaccharide 2 was found to be a selective

acceptor for GlcNAc transferase V. . . . . Y
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4
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CHAPTER 1
INTRODUCT ION

The cell-surface carbthdrates of eukaryotic cells
are made up of the sugar ch;ins of glycoproteins and
glycolipids and the more loosely as50ciated collagen,
heparan sulfate and fibronectin. The coualently attached
complex carhthdrates of glycoproteins and glycolipids are
usually between two and fifteen sugar units long and

 typica11y meke up 2—10% of the plasma membrane w_eiqht.1
The carbohydrate chains of these latter glycoconjugates
project outward from the cell and, despite their
relatively 1ow eQundence, it is believed! that they almost
entirely,Cerr,the ceil surface end thus form the first
1ayer of interaction with other cells.

‘Ménx of the compiex carbohydrates appear‘to have
physicochemical functions such as modifying solubility,
stabilizing.protein conformation and protecting
oiycoproteins'against.proteolysis.2 Current research in

" the brological sciences is, however, focu51ng on’ the ‘
e ossible role of these hlghly diverse structures as
’/Pecognlt;on markers whlch may d1rect phenomena asodlverse

as the binding of hormones, tox1ns, enzymes, v;ruses and

¢



o

bacteria to the cell and as "traffic signals" which
g N uﬁ
control the circulation of bo%ﬁ glycéproteins and whole

. ’ H .
cells.3 Although much of the evidence to support the role

of_complex carbohydrates in mediating these diverse

processes is still largely circumstantial, a handful of

< .
structures have been assigned definitive physiological

functions. These critical functions include that of B8-D-

Ay

galactose as a recognition marker in the hepatic clearance

of serum glycoprotelns4 and of mannose—6-phos§ﬁate

re51dues in the targeting of newly blosynth851zed

glycopropéfaf to the 1ysosomes.5

About ten years ago, evidence began to accumulate.

that the .carbohydrate structures. of both cell-surface

_qucoproéeins and glycolipids became dramatically altered
t‘. 6-8

[}
during both normal and abnormal cellular developmen

JConsistent changes in cell-surface carbohytdxate structures
haQe now been shown‘to_accompany-the éivelopéegszf human
melanoma,vneuroblastema and‘colorectal,‘qastgéc and
‘panereatie,carcingma.g The occurrence of lafgevf0co—
syiated ;}thy—branched_glycepeptides ie in fac;‘one off
the mqsﬁ fepfodUciblevcefreiateslwithithe,malighant'kfan;;'
fefmatieh'dfucéils.lq  The fﬁketionai’éighifieance, if
any; of,ﬁhesehcell¥surfaee strUCtural'cﬁangéeeis'aet at‘
~all clear but these aberrant carbohydrate structures are

o
attractlng a great deal of cllnlcal 1nterest as potent1a1

-

Y
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tumor markers. Theg structures of many of these "tumor-

w

associated" carbohydrates have been elucidated in recent
years and~major research efforts have gone into the

productlon of monoclonal antibodies aga1nst many of these

8,11

structures. One of these monoclonal ant1b0d1es,

+

termed CA19-9, is already in wide clinical use .as a

12,13

.

prognostic monitor for colorectal gcancer.
Tumor-associated oligosaccharides are'the

manlfestatlon of altered carbohydrate biosynthesis and

“ could, in pr1nc1ple, result f rom any of a ‘large numbeJ of

cellular irregularities. Glycosylatlon of protelns is a.

co- or post- translatlonal mod1f1cat1on wh1ch requlres the

]

sequentlal act1on of a series of enzymes ) Y

(qucosyltransferases) and co—factors (5uqar nucleotLdes)
‘and occurs in the endoplastlc retlculum and qolglf
ves1cles.14 A change in the’ cellular levels of the
glycosyltransferases, the sugaf nucleotides or their’

, transport protelqg the hlosynthetlc precursors of the-
sugar nucleotldes, glycosylhydrolases, or even mild
dlsruptlons of the membrane 1ntegr1t1es of. 1ntracellular
organelles could account for the observed changes 1n cell-‘

'o
surface carbohydrate structures. Because of th1s

¢ : -

'~tremendous complex1ty the correlatlon of the express1on of""'

2

tumor- assoc1ated cell surface carbohydrates W1th a sanle

'transformatfon—1nduced molecular event has untll very

0,-
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recently ‘remained elusive.
4

»

In -1984, Yamashita et 21:10 compared the carbohydrate

structures of the membrane N-linked glycoproteins of baby
y ‘ .

‘hamster ligney (BHK) cells aﬁd their polyoma transformant
(Py—-BHK). Tﬁﬁy1f0und that while the transformed cells
produced the séme approximatelyftwenty structures as did
uthe normal cells, they produced more of the larger more

highly branched oligoéaccharides. They proposed that the

changes ?n the #elative proportion of the cell-surface
S .

oligosaccharides observed on- transformation could be

expléined by*fhe elevation in the activity of a sihqle
enzyme, a glycosyltransferase, termed N-Acetyl-g-D- '

glucosaminyl transferase V (GlcNAc ;qfnsferase vV, GnT

V). They subééqQ2?1§$ validated this proposal in 198515

when they showe@ that the GnT V activity in Py-BHK cells-
o , » . . ‘
was in fact elevated tﬂo}fold wllen compared with

FE . . ’ . :
untransformed cells.. - This elegant work provided the first
3 - ‘ . P

demonstration-that Ehe changes in cell surface-

ot

>
-

carbohydrates observed-on oncbgenlc transformatlon could

o

%

reﬁult.frbm a chanqe im the act1v1ty of a 51ngle qucosyl-

tratherase. Yamasﬂ;taugg_ég; s worquils‘therefore

suqaests that the‘actibity of ‘a single giyeoSyltransferase
acan, in 1tse1f, serue as-é tuhoY~matker. The detection of
. ,! \’ . ¥ *
4, x
a chdhpe in a 51nqle spec1f1c enzymatlc act1v1ty should be
K

- far 51mp1er than the characterlzatlon and quantlflcatlon"

. a .
P T € L <
MR ' o o !
! s ® o ! . ©
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of a highly heterogeneous mixture of cell-surface

carbohydrate structures produced as a result of this
single enzymatic chénoe.

This thesis is concerned with the developmept of a
rapid and Cpnvenient assay for measuring ‘the activipy of
alycosyltransferases, in particular of Yamashita et al.'s
elevated GnT‘V. Glycosyltrénsferases catalyze the
transfer éf éi*ﬂyposyl residue, usua11y>from a suqar
nucleotide {(termed the donor), to the hydroxyl qroup ot
another sugar (termed the acceptof&; The sequential
action of a large number ot such g}ycoéyftransferases Es
required for the synthesis of complex oligosaccharides.

The chemical r?action caﬁalyzed by GlcNAc transferases is
the transfer of an N-acetylglucosaminyl residue fromﬂ_ y

uridine-diphospho-N-acetylglucosamine (UDP-GlcNAc) to a

hydroxyl qgroup of some acceptoé sugar:

e ' "o -«
M o
o o ol
HO Acceptor
o]

Hp-Acceptor, NN—<
' : c
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The products of the reaction are uridine—diphosphate'(UDP)
and a B-linked di- or oligosaccharide. i
At least 9 different GlcNAc transferases are known 'to
© be invoived in thg biosynthesis of the asparagine-linked
oligosaccharides{3’10'15'16 All of these énzymes use
UDP-GlcNAc as the glycosyldonof and the difference between
them lies in their épecificity for different acceptor
. . . 7
structures. A composite structure of the core r?gion of
known asﬁaraqine—linked oligosaccharides is shown 1in
Fiqure l.‘ The oliqgosaccharides are ali attached to
protein @sparagine residues (N—linked{ throuqh‘a common
chitobiose linkaqe, nglcNAc(1»4)BQGICNAc—Asn. The GlcNAc
transférases responsible for generating the diversity of
structures observed on cell surface N;linked glycoproteins
ace‘labellgd GnT 1, II, 111, IV and Vband the GlcNAc
residues they transfer are labelled in the éame
fashion.l® 1In the naturally occurring structures other
sugar residues, notably Q—galactose and‘L—fucose,\are
addéd onto these GlcNAc residues to pfoduce ﬁheAcomp%eted
structures. GnT's I-V transfer BQGI&NAC gg'g—maﬁnose“
i:eéidues, but téldifferent hydfoxyl groups.of the three ..
'different‘mqnnosé fesidues.‘ Theseienzymeéhare all locaéeé -
_in the rquqh»endoplasﬁic-retiguluh and in the golgi |

apparatus of cells where'they frequentl& compete for

common glycoprotein substfates. ' _li

-



GnT V - - - - - BGlcNA¢(1*6)

\
7

‘ GnT 11- - - - - BGlcNAcC (142 (14+6)
GnT II11- - —~BGlcNAc(1»4)BMan(1+4)ﬁélcNAc(1*4)BGerAr—Asn
. GnT I----- BGlcNAc(1+2) (1+3)
N
: v aMan
o v
. : GnT IV - - - - BGlcNAc(1+4)

-

Figure 1., A hypothetlcal structure showing the BDclcNAc un]tq aaded
by GlcNAc-transferases I-V (GnT I- V).1



'A portion of the biosynthetic pathway elucidated by
Yamashita et al. for the production of BHK cell-surface

glycoproteins is shown in Figqure 2. This biosynthetic
! 1
scheme, reproduced from Yamashita et 513,15 shows how the

product of one glycosyltransferase reaction can freguently

!
I

Qe a substrate for several competing glycosyl-
‘transferases. . The elevation of GnT V in Py-BHK cells
results in a shunt in the normal bfosyntﬁetic branchingqg
indicated by the bqld face arrows with the‘resultant
increase in the larger, more highly branched oligo-
sacéharidé structures. GnT V transfers BDGlcNAc
exclusively to the 6-hydroxyl group of the a(l-6) linkea
D-mannose unit of the glycopeptide.

Assaying the activity of ﬁheée'various qucosg}-.

transferases, which are present in only minute amounts,

.- . e “ o
invariably involves the measuré@ent of the transfer of a

;radiolabeiled GlcNAc residue from‘14C'or‘3H-UDP;GlcNAC to
a suitable accéptor_oiigosaccharide,‘followed byQTsolatiOn
anlcountinq of the product.15'16 The difficuity | | |
encountered withaqssayinq the GnT's iscxhat they .alk uée.
‘“the same sugar nucleotide ana severallof.them.ﬁay éc§ Sn
“any.given substfate. As seén in Figufe 2, in the
biosyn@hesis‘oﬁ N-1linked glyéopep;ides,‘GnT V acts on

" hepta- and octasaccharidic substrétes. In théir“lahdhark-

_work,ls Yamashita et al. -isolated their substrates from



» | >aMan(1+6)’

aMan (146)
BMan-R

BGlcNAc(1+2)aMan(1+3)

GnT 11

BGlcNAc(1+2)&hQQil}6) ‘ :
\\ﬁMan -R ‘cher enzymg_s‘_;1 _

BGlcNAc(1+2)aMan(1+3)

GnT 1V
. ‘ BGlcNAC(1+6) y
BG1cNAC(1+2) aMan (1+6) Saman (146 )
™~ Man-R BGlcNAc (1+2) ‘(
BGlcNAc(1+2) . : v _-BMan-R
an(1-+3) BGlcNAé(1+2)aMan(1+3)/
BGlcNAc(1+4)" v 5
other GnT V

enzymes <

)
E BGlCNAc(1+6)

BGlcNAc( 1+2)
BGlcNAc(1+2) Man-R
\aMan(1->3( ‘

BG1lcNAc( 1-»4 )/

Figure 2. Partial pathway showing ‘the involvement of GlcNAc-—
7" transferase V (GnT V) in the biosynthesis of complex sugar
chain's.15 R .represents ﬁ_QGlcNAc(i*MB_I_)_GlcNAc-Asn.

PR
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e
the urine of patients y}th hetabOliC disorders
(mannosidosis, fucosidosis and Ghl—qanqliosidosis) and
f requently had to further process.fhése structures by'
removal of Quter.sugar {esidues with specific glycosyl
thydrolases. Such procedures are not only labor intensive
and time consuming but uré’clear}y not general. The
amount of material that may be obtained is also limited.
Yamashita et al.'s saparation af the‘radioagtive products
of the enzymatic reactions required high-voltage paper
electrobhoresis, gel—permeatian chromatoqraphy, treatment
with qucosyl‘hydrolases and re-chromatography. Both the
.difficulty and jmpractability of such glycosyltransferase
assays are considered a major obsfacle in the study of
alycosyltransferase tumor markers.

Our approach to- this problem was to chemically
synthesize oligosaccharides whiéh would, we hoped, be
recoghizéd by only a single enzyme thus producing a
sdbstraté which could be used in an assay specific for
that 51ngle glycosyltransferase activity. Such substrates
mlght include’ ollgosaccharldes where cross‘reactlnq sugar
residues were completely absent or whe e the 1nterfer1ng
hydroxyl'qroups which might be acted on by other Gl;NAc
transferases were masked by elther O—methylatlon or
17, 18

'deoxyqenatlon. Thls latter approach has recently

rbeen successfully applled in the dlfferentlatlon of two

L

P
Ry
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ey

competing a—L—focos;?ifansferases in serum. To be truly

useful, such substrates and theilr glycosylated products

~should also be amenable to simple rapid isolation from the

incubation mixtures of cell extracts or fluids which

e

contain the qucosyltransferaée activities beinqg assayed.
In order to test the practicability of this approach
;o ,

we chose to attempt the preparation of substrates

selective for Yamashita et al.'s GnT V since this

V5 .
Wi
)

olyoosyltrahsferase was already attracting wide interest .

X

" as a‘potential tumor marker. The smallest Kpown.substrateﬂ

82

for GnT V is the heptasaccharlde 1 shown in Fiqure 3,

1. 15 as

which was isolated and used by Yamashita et a
despribed above Recent work,19 23 from the laboratory ot
Lemieur and ourl own, on the molecular b:;is tor the
b1nd1nq of ollqosaccharldes by monoclonal antlbodles and
lectlns strongly suggested that protelns here not llkely

\

to require carbohydrate surfaces much larqer than that of

a trisaccharide for faithf 1'recognition. We expected

"that thié sitwation might "also hold true for the‘enzymatic

spec1f1c1ty of qucosyltraﬁsferases and - therefore

&
w7

envisjoned the trlsaccharldL . i o .
'jRDGlcNAc(l»Z)aDMan(1+6)BDManOR (2) as a likely acceptor~ ;fi>/

for GnT V. Our ratlonale for the ch01ce of 2 can be seen

1n quure '3 where the structure of the nbtural heptasac-

charide acceptor 1 is also shown. We set forth,



BG1lcNAc (1+2)aMan(1+3)

Figure,}.;

BGlcNAC(l*Q)aMa;(1»6)
~

R= aMan, BGlcNAc(1+2)aMan(1+6)
~N

OH
O-A

NHACc

///eMan(1+4)ﬁc1cNAci1+4)BG;cNAc-Asn

OH

NHAc OH 3
GnTyv

/

\ .
((:HZ)BCxNOl‘?
’ £

R=H, BGlcNAc(1*2)aMan(1+6)\\\

BMan O(CH )BCOOMe

BMan-0(CH )BCOOMe

aMan(1+3r///

t ,"' M

A heptasaccharlde acceptor (1 for GlcNAc—transferase v
{(GnT V) compared with the structures ofsthe proposed

,synthetlc acceptors 2 and 3. The bold arrows show the

primary hydroxyl group: to which GnT V transfers a N—

acetyl- ﬁ D-glucosamlnyl residue.

.
?

12
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thereforé, to synthesize 2, which contains the reactive
tgrget hydroxyl group acted on by the enzyme~and one suqar
residue on either side of the a-D-mannose residue bearing
this hydroxyl group. Since we did not knPw whethe; thHis
"structure incorporated .sufficient features for recognition

by GnT V, the synthesis was planned in a way that also

allowed the preparation of the tetrasaccharide 3 which is

closer in structure to the natural acceptor 1. 1In order

. .f;’

to facilitate the isolation of our glycosylated subStrates

from’Eheir enzymatic incubation mixtures, we elected to

prepare 2 and 3 as their 8—we;hoxyparbonyloétyl

qucoside524‘since‘inclusion of this hydrophobic group
e \

should facilitate adsorptlon 0 §Verse phése (C-18)

. S . * .
chromatoqraphy supports. ThlS linking arm” might also
eventually be used"for the attachment of fluorescent,
radioactive or enzymatlc taqs to these potential acceptors

to hel locallze the correspondlnq enzyme in 1ntracellular

1és or to prepare affinity columns £0~5551st in'

organk

enzyme isolations.



CHAPTER 2

RESULTS AND DISCUSSION

The goal og this tkesis project was to synthesize two.
oliqosaccharides, namely B-methoxycarbonyloctyl 6-0-[2-0O-
(2-acetamido-2-deoxy —2—glucopyrandsy1)—a—g—
mannoLyranosyl]—é-g—mannopyranoside (2) ;nd 8-methoxycar-
bonyloctyl 6-0-([2-0-(2-acetamido-2-deoxy-B-D-gluco-
pyranosyi)—a—g—mannopyranosyl]}B—Q;(a—g—mannopyranosyl);9—
Q—mannopyrénégide (3). In order to increase the potential
usefulness of the oligosaccharides 2 and 3 we elected to
synthesize these structures covalently attached to a
linking grm which would ;ilow their subsequent éttachment
to proteins, solid supports, and fluorescéal or
radioactivé tags. These glycocoﬁjugates might then be

used in the intracellulaf localization of the N-

acetqulucosaminyl'tr;}bﬁsrases as well as in their

.o . . A
purification. LU

s -

A retrosynthetic analysis of the target structures 2

-

and 3 suggested; as the key intermediate, the
trisadcharide precursor- 4, which was protected in\a manner
to allow the selective liberation of the hydroxyl group at

c-3 of the_ﬁ—g-mannopyranosyl residue for'subsequéﬁf
; , ‘ 1

i
\

B S
" 14
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“(CH,)§COOMe

~

" e '
glycosylation by the a -D-mannopyranosyl donor 5. -The key

SoaE
intermediate 4 was, in turn, rettqsypth?sized into
monohexosyl synthons 6, 7, and 8.thhe two monosaccharide
. synthons, 6 and 7, were designed’ to function as 2-deoxy-2-

A

ﬁhthalimido—B-Q-glucbpyranosyl and a—g-mannopyrancsyl*
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o § ' 4
donors respectively. The synthon 8 was properly protected
to perform dual functions: first acting as a B-D-manno-

pyranosyl donor and then, after selective removal.of

acetyl group at 0-6, as a glycosyl acceptar.

j
OAc
ov
AcO '
Ac g OBn “ .
08n
&
OBn
‘ 1
~N
(GH,)sCOOMe

T g
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four monosaccharide’synthons‘(,,5?25 6,26 7,27

required, three, namely synth?ns 5, 6, and 7

been prepared. THereforé&, a synthetic route .

3
monosaccharlde synthon 8 was first undertaken.

¢ ¢
a—D-mannopyran051de (9) was Canerted-to its
¢
4,60~ benzylldene derivative 10 in 25% yield on treatment
7. .
wlth benzaldehyde in the presence ‘of formic acid.» This

.

' a

" procedure gave'only a modest yleld, as reported,za SO our

5 < :
oo . ‘ ] . . ) L@
attentithn was drawn to a recently pub‘lished,-method,29

S 2] s
whxch 1nvolved the reaction of 9 in N, N dimethylformamlde

wlth benzaldehyde d1methy1aceta130 in the presencé of
tetrafluOfoborlc acid. Thls 1mproved procedure prov1ded a

“50% yield of the benzylidene derlvatlve 10 and allowed its

. preparation im sufficient quantities (60 q) to'proceed

3
rd

,witgﬁthe ppeparation of 8. : WO
. -Selective 3—9_-a11y1étion of 10 was efd_-‘;gd by the

o
procedurefof Nasﬁed,31 which invoLVed:its re55tion with
one eQuidﬁle;t of'dibutyltin oxide to'provide pfesumablf

.“4,6—Q;benzy1idehe-2,3—Q;diﬁu;ylstaneylene-a-Q—hdnnopYrano—
side‘(ll)e Compound 11 was not isolated but was treated
with aliyi‘brom.ide in N,N- dlmethylformamlde at 100°C to

o glve methyl 3—O-a11y1 -4, 6 -0- benzylldene—a-Dfmanno—

o pyranos;dey(IZ) 1ne82% yield. Although 12 appeared
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homogeneous by thin layer chromatography (tlc), its
optical rotation, [a]3% + 59.4° (c 1.2, chloroform)
differed somewhat from the vaipe reported by Nashed:

+63.5%.(c 1.5, ohloroform). The 400 MHz H nmr spectrum,

»

however, showed 12 to be a pure sidgle isomer whose
identity could'réadiiy be ascertained. The signal for the
hydroxylic pfoton appeared'as a‘doublet (JZ,OH = 1.5 Hz)
at 53.045, causinq’H—2 to produce a broad signal at 64.033
wpich‘collapsed to a doublet of doublets (J2,3 ; 3.5 Hz
and Ji,2 = 1.5 Hz) on deuterium exchange. The position of

" free hydroxyl group in 12 was further confirmed by its in

situ derivatization using trichloroacetyl isoéyanate.32

The 1H nmr spectrum recorded following the addition of
trichloroacetyl isocyanate displayed the expected

downfield shifted doublet of doublets (35,3 =.,3.0 Hz and

Jl'z’"’-_- l.S-HZ) at 65.349. \

&
-

Treatment of 12 with benzyl bromide and sodium

hydride in behzene31 furnished the 2-0O-benzyl. derivative
. A . .

13 in 90% yield.. The,pfeSence of a benzyl group in 13 was

confirmed by thé”appearance, in the H nmr spectrum, of
L : ' -
B

additional signals integrating for five protbns in the

. . . : . .
aromatic region. The signals for the now diastereotopic

benzylicbprotohs appeared at 54.843 and 4.725, each ‘as a

one proton AB doublet with a geminal coupling constant of

i
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12.0 Hz.

The reductive cleavage ot the benzylidene group in 13
;as achieved by Eefluxing with LiAlHg-AlCcl3 in ether
“dichloromethane (1:1, according to Liptak et al.,33 to
. give the 4j9;bénzyl (14) and 6-O-benzyl (15) derivatives,
in the ragip of 8:1, in a combined yield ot 86%. The
structures of the hydrodénolysis products 14 and 15 were
assigned on the basis of 14 nmr data. The lH nmr spectrum

of the major product 14 showed a doublet of doublets for

¢

Oh-6 at 62.046 (Jg oy = 7.0 Hz and Jg',0H = 5.5 Hz) as
well as a clear signal for one‘of the H-6's at 63.840
(ddd,, Jg, g+ = 12.0 Hz, Jg,o4 = 7.0 Hz, and Js,6 = 3.0

Hz). On DO exchangé,.the signal corresponding to OH-6
disappeared and, as expected, the signal for this H;6
simplified to a doublet ot doublets, the coupling with
hydroxylic proton being absent. The 1H nmr spectrum of 6-
£§beh;yl derivativell4, on the othér hand, displayed a
doublet for hydroxylic prdton at'62.578 (34,01 = 2.0 Bz)
and a doublet of doublet of doubletg for H—4 ét 64.004
(4,5 = 9.0 Hz, J3,4 = 9,0 Hz, and J4,0H = 2.0 Hz). After
DZC addition, the 1H nﬁr~specttum of 14‘showed the
éisappéafance’of the OH resonance and the simplification
of the signal for H-4 to a doublet of doublets.

.

The 13C nmr data were also in accord with the



(90%)

(86%)
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C H_CH{OM , 3 - Okt
octilome) . HBE, ’

DME (50%)

(n—Bu)VSnO ) ¢

MeOH, reflux

CH2=CHCH28r

DMF, 100°C

(82%)

Ether—CH2C12 (1:1)
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structures assigned for 14 énd 15. The well established
empiricallrule34 that alkoxylated carbons (ROC) are
deshielded by 5-10 ppm compared with the(corresponding
hydroxylated carbon atomsu(HOE) permits % siﬁple
verification of the position of the benzyl ethers in 14
and 15. The major product 14 shbwea the signal for C-6 at
§62.43 ppm, the Qormal position for the underivatized
hydroxymethyl group carbons of pyranose rings.34 In 15,
however, t?is methylene carbon qbpeared at 670.2; ppm,
confirming/the presence of the 6-O-benzyl ether. -

Réaction of the 4-O-benzyl compound 14 with acetic
anhydride in the presence of pyridine gave the Sjgjacetyl
derivative 16 inv98% yield. The downfield shift of the
H-6 resonances in the lH nmr spectrum of 16 due to
acetylation of 0-6 supportéd.the assigned structure. i

}he glycosidic linkage in 16 was acetolyzgd35 using
acetic anhydride in the presence of é catélYtic amount of
sulfuric acid to afford 1;6-6iﬁgjacety173f9;all§1f2{4—di—
beenzyl—aég—manﬁopyranose (17)'in 77% yield. fhe‘ E
_structure of 117 could be deduced from its 14 nmr spectfum,
which i-ncludé‘a"";'a deshielded signai at 66.195 (d, Jy, , =
Z;O'QZ).for_H-lland a six-proton singlet at 62.055

vindf&ating the‘presénce of two‘acetyl groups. Further
prpofjfof_the”assigned structufe'l7 wés-prgvided by.ifs

L o4
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13¢ nmr spectrum, which contained a shielded signal (as
compared with 99.10 ppm for its precursor) at 691.79 for
c-1 and additional signals‘qt 5168.82 and 20.98 for OCOCH;
and OCOCH, respectively. Along with this major produgl |
17, the acetolysis reaction also produced two minor
products, namely, 1,6—diﬁgjacety1—379;ally1-2,4—di;95
benzyl-8 -D-mannopyranose (18) and 1,4,6-tri-O-acetyl-3-0-
allyl—Z—O—benzyl—a—g-mannopyranose (19) io a combined
yleld of 6%. The anomeric configuration of 18 was evident
from the appearance;, in 1ts ly nmr spectrum, of a doublet
(31,2 = 1.0 Hz) for H-1 at 65 609 (about 0.6 ppm upfield
relative to H-1 in the corresponding a-anomer 17). The
presence of shielded signals (as compared with the a-
anomer 17) for H-3 and'H¥5 at 63.598 end 3.300 h
respectively further esteblished36 the anomeric.
conflguratlon to be 8 in 18. The structure of the other
minor product 19 could also be deduced from .its 4 nmr .
spectral data, whlch 1nc1uded a doublet (Jl 2 = 2.0 Hz) at
-66 185. for H-1, indicating the conflquratlon at C-1 to be
a;,and a deshielded doublet of douhlets (J3 4 = J4 5 -
‘iO.S Hz) at 65.431 for H-4 due to the acetylation of 0-4,
thus ponfirmiug the cleavage of the 419;benzyi group of
13. | .o o . : ,

Reaction of the diacetate 17 in dichloroméggeqedzutuf
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Wt

0°C, with hydrogen bromide which Q;s dried byApassage
throughca-calcium sulfate column, led to the formation of
the glycosyl bromide 8 in essentiaily,QUantitative
yield. The 14 nmr spectrum of 8 displayed a doublet (31,2
=.1.5) at 66.444'fof H-1 and a singlet at 62.065, now
integrating for onlyvthree protons, arising from a single
acetyl methyl group. 14 its 13c nmr spectrum. the sigpal
for C-1 éépeared at 6§87.41, ;nd only one signal each fof
the carbonyl carbon at 6170.57 and for the ace;yl methyl
.~ group at §20.72 wére present. |

When theééiacetateul7 was allowed to react with HBr
gas introduced direc§1y from the cylinder withouf passage
through calcium sulfate, the thin laver chromatogram (tlc)
of the reaction mixture showed the presence of twg
products, the miﬁor being’the desired bromide 8. The
major product 20 had a slightly lower,mbbility in tlc.
The 14y nmr Spectrpmvof the mixture of 8 and 20 indicated
20 to be the hydfobromination product of 8, namely, 6-0-
3acetyl-2,{—difgjbenZyl-BfQ;(B-gromopropyl)—a-g—mahno4
‘Pyrénosyi‘brdmide.‘»This'structufal aésignment was ﬁéde to
éécéunt,fdf the‘observéinnbof a triplet for;tWo;protonél‘
at 53.688}(3rCH2¢H2Qﬂ20),va.multipletvfpr twolprotons at
‘53.g;p'fbr érq52C52cHéo, and a tyo:perQh ﬁultibleﬁigt .

82,119 for BrCH;CH,CH,0. The ratio of 20 to 8 was.
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determined to be 4:1 from this 4 nmr speétrum.

In order to further corfoborate both the presence and
the position of the bromine atom in the labile anomeric
broﬁide 20 a stable derivative was prepared. Following
the separation of 20 frqm 8‘py flash column chromato-
graphy,37 20 was glycosylated with methanol under the
conditions of Garegg et al.,38 using silver. carbonate as
pfomoter ana dichIoromefhane‘as solvent, to provide. a
mixture of the 8- and a-mannosides 21 and 22 (B/«:4/1) in
an isolated yield of 91%. The structure of B-anomejiﬁif
was determined from its 4 and 13c nmr spectral data as
well as‘mass spectral analysis. The 4y nmr spectrum of
the p-anomer 21 showed the presence of a dodblet-(Jl'Q =

1.0 Hz) at 6§4.308 for H-1 and three two-proton signals: a

triplet at 3.484 (J = 7.0 Hz) assigned to BrCH,CH,CH,0, a

‘multiplet at 63.41 assigned to BrCEQCHZCHZO,-and another

multiplet between §2.92° and 2.856. The assigned
structure 21 was also in agreement with the 13C nmr
spectrum, which exhibited a signal_er Cc-1 at 6102.81 and
three signals’§t<667,00, 32;98, and 30.41 tentatively -
assigned ;o?BrCHZCQZQyZO, BrCH,CH,CHZ0, and BrCH" 2CH,0, .
respeq#ively.' Uhequ%vocal-support for the pre¢sence of

bromine in 21 (molecular weight 537.447) was provided by

the chemical ionization mass spectrum, which showed two

ey
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peaks of almos£ equal‘intensity at 554 (93.3%) and 556
(100.0%), corresponding to the NH4+ add;cts containing the
79 r and 8lsr isotopes respectively. éurthermore,
microanalytical data were in accord with the molecular
formula for 21. |
The newly developed method 65 Paulsen and Lockhoff3?

for the stereoselective synthesis of B-mannosides was used
for the preparation of the glycosides 238 and 23a.
_Reaction of the glycosyl bromide 8 and 8-methoxycarbany-
octanol in the presence of an insoluble catalyst prepared
by precipitaﬁion of silver silicate on aluminum oxide,
provided a mixture of the B- and a—ﬁannosides, 23 in a
combined yield of 56%; All .attempts to separate these
anomers using chromatography on silica gel, silica gel
impregnated‘;igh silver nitrate or alumina, were

unsuccessful. That 23 was a mixture of the « and B

glycosides was evident from the Y4 nmr spectrum which

A

i

"showed a signal at 64.365 for H-1.of the ﬁ—anomer'angjﬁi_.3: .
doublet (J, , = 2.0 Hz) at 64.8?4-for H-1 of the 7 .” :
corresponding a-anomerf The B/q ratio Qf this mixture,
determinted by integration of these signals in the lu nm£
spéctrum of 23, was fand to vary with éhe temperature of

.tﬁé reaétioﬁ{v At‘-78°C, the p- and'a—anéﬁers w;re‘b

‘ produced in a 6:F fatio. On the other hand, at the higher

)‘.
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temperatures of -20° and 0° the ratig - to a-anomers .

were 4.3:1 and 3.5:1 respectively. - The glyc lation
reaction did not go to completion as indicated/by the’

presence of the unreacted glycosyl bromide 8 on tlc. The

rate of disappearance of 8 increased with temperature but

nO»impyovement in the yield of 23 was observed.
Elimination of HBr is likely a major reaction pathway for
8 at these higher temperatures.

Coupling of 8 with 8*methoxycarbonyoctanol24 was also
attempted using freshly Prepared silver carbongge in the
presence of 4 & moleculfar sigves, using'dichloromethane as

solvent at 0°C, according to the procedure of Garegg et

A@1-38

A mixture of B~ and a—anomers (pg/a:3/1) was

obtained in 54% yield. The reaction was faster under %
these'condi;ions but provided an overall lower yield than
with the silver silicate reaction.

Treatment of the mixture 23 with sodium methoxide in
methanol effected the removal of‘acetyl'groups to providei
a mixturé of 248 and 25 which ch§u1d nowlbe séparated by
flééh éoldﬁn‘chfgmatography on sil#er”nitra;e impreqhatéd
silica gel. The assignment of structures to the |
deaéetylation‘producté 24 énd 25 was made on the basis.of.
their 8 and 3¢ nmr data. ‘ | - ’

Appearance, ih_the,lﬁ nmr spectrum of the major .

’
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product 24, of a 5road signal for one proton at 64;408

(31,2 = 1 Hszf%uggested the anomeric configuration to be
B. A one-proton doubiet of doublets (J6a,0H = J6b,0ﬁ

6.5 Hz) at 62.140 er_a D,0-exchangeable hydroxyl proton
is also consistent with the structure assigned ro 24.
This structural assignmenr was further suppprted by the
13¢ nmr spectrum of 24 where the signal for C-1 at 658.25
was clearly visible. The g-configuration ot the

glycosidic linkage in 24 could be unequivocally assigned

from its lH-coupled 13¢ nmr spectrum where this signal
. ~ 3
appeared as a doublet, Jc-1,H-1 ~ 133.6 Hz, in accord with

the empirical rules formulated by Bock and Pedersen40 for
the dependence of *the one-bond C-H coupllng on the
anomeric configuration of pyranosides. -

The structure of ‘the minor .product 25 was assigned
after ‘the observatlon, in its 1 nmr spectrum, of a
doublet for one proton at 54.790 (Jl 2 = 2.0 Hz), assigned
to H-1, as expected for the correSpondlng ¢~anomer. A
"brosd'doubleiiintegrating'for one protoneat 62 698~for a
hydroxyllc proton. ‘'was also present. The 13C -mr. spectrum
of 25 showed the C-l 51gnal for C 1l at 698 25 with ‘

R - U S

JC1H1=1682I;12. |
A Condensatlon of the alcohol 24 and 2 -0~ acetyl -3,4, 6—

trl-O benzyl-a—D—mannopyranosyl bromlde27 (n, whlch had
A

},

been freshly prepared from 3, 4 6- tr1-0~benzy1 1 2-0-
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(methoxyethylidene)-g -D-mannopyranose (26), under?
He%ferich conditious using merouric bromide and mercuric’
cyanidelas promote:s and acetonitrile as solvent furnished
ehe a—linked disaccharide 27 in 77% yield. The stfucture
of 27 was assigned on the basis of its 4 and 13¢ nmr

spectra. \The resonances for two anomeric protons were

observed in the H nmr spectrum, at 6§4.911 (Jl',Z' = 2.0

JHz) and 4.334 (J; , = 1 Hz) and were thus assigned to H-1'

.of the a-mannopyranosyl unit and H-1 of the B-

R
mannopyranosyl unit, respectively,> The presence of a

deshielded doublet of doublets (Jlt'év = 2.0 Hz and J2-'3}’

= 3.0 Hz) at §5.459 ihdioated the presence of the expected -

‘acetoxy group on C-2' and, by decoupling, thus confirmed ..

the identity of the anomeric doublet at §4.911. The-13c
nmr spectral date were also in agreement with the a551gned
structure. 'The_configuration of the newly formed £ &35’

glycosidic 1inkage‘inv27,'expected to be a due to

neighborihg grOUp participation of the 2—acetoxy group in

’the glycosylatlon reactlon,(bas ev1dent from, 1ts lh- -

coupled 13C ‘nmr spectrum which showed a doublet each for
C 1 %@d Cc-1' at 6104 64 (Jc-q1,4-1 7 154571Hz) and.97;77

(JC lw B=1' = 170 4 Hz) respectlvely. One-bondg%-H"

‘ coupl;ng constants. of : these magnitudes reguire the

bresence of the B'and‘d'lecosidic-linkages‘as a!&igned.
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Reaction.of 27 with sodium methoxide in dry methanol
provided the alcohol 28 in quantitative yield.
Disappearanpe, in.tﬁe.lh nm? spectrum, of a singlet tor
three acetyl protons and the upfield shift ot the signal
for H-2' to 64.128 confirﬁed the removal ot acetyl group
from 0O-2' of 27. Moreéver, the presence of a new signal
" at 62.355 {broad singlet), which was exchanged for
deuterium by treatment with D0, further supported the
structure assigned'to 28. The 13C nmr spectrumlof 29
showed the expected disappearance of the signals
corresponding to carbonyi and methy1 carbons.

Reaction of the alcohol 28 with 3,4,6—triﬁgjacetyl—2f
deoxy-2-phthalimido-g -D-glucopyranosyl brofnide26 (6) in

dichloromethane using silver zeolitedl as promoter at room

— - --—temperature, as described 69%Schwartz et al.,42 failed to

provide-;ny of the desired trisaccharide 4. Use of silver
ﬁriflate/2,4,6—cdllidine (1.5 molar equivalents each with
respect to 6) at -20°C in nitromethane, accérding to
Lemieux et a1.26 did provide the"desifed product although
the yield of 30% proved unacééptably‘low; In an attempt
to accomplish the preparation of 4 in a more'respectabiev
‘;yielé,'we turned our attention to the'conditions deécribed
by Paulsen et al.43 in a recent report. -ThUs the |

" treatment of 28 withuthe glycosylzbromidelﬁ (2;molar

triflatar’/? A GarnaT1iAina 1N

arnivalant+e) nieinn i luar



equivalents) using silver triflate/2,4,6-collidine (10

molar equivelents each) in the presence of 4 A molecular
sieves in dichloromethane at -50°C provided the
trisaceharide 4 in 76% yield after chromatographic
purification. The presence of the 3,4,6;trif9;acetyi—2—
deoxy-2-phthalimido-f-D-glucopyranosyl moiety in 4 yas |

1y nmr spectrum which displayed four

indicated by its
deshielded, one-proton signals, characteristic of the
newly intredpced glucosyl resiéue: a doublet of'doubleﬁs
at 65.815 (J34 = 9.0 Hz, Jyw.gn = 10.0 Hz) for H-3", a
doublet &t 65.573 (Jyw pw = 8.5 Hz) for H-1", a doublet of
doublets at 65.215 (J3n, 4 = 0 0 Hz, J4w gw = 10.0 Hz) for
H-4, and a doublet of doublets at 54 513 (J2u 3w = 10.0
Hz, Jln'zu = 8.5\Hz) for H—2.v The magnitude of the
coUpllng constant setween H-1" and H-2" provides
unamblguous proof that these protons are in the trans-
diaxial orieﬁtatio; and thus establishes the presence of
the 8 qluc031d1c llnkage. The 13C nmr spectrum of 4
showed the expected 51qnals at 6170. 42 169.89, and.169.21
for three acetyl cargenyl carbons, eﬁd an‘additiopal
anomeric eignal at 69éy48 (C:l") fgfther subsﬁantiated the
.strueture assigeed to ‘.~

Along with the majgr condensation product 4 a minor:

product (29) with higher \R¢, was also produced. This
\ , ) ' -

v

B
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minor product, isolated in 6% yield, was not fully
characterized but appears to be the a-linked
trisaccharide. This structural assignment was made on the .
basis of 1its 1H nmf spectrum which included a partially
obscured doublet for H-1" at &65.14 (Jlu'zn < 4 Hz) and a
shielded signal (relative to the corresponding B-anomer)
for H-3" at §6.77 (J3u 4u = 9.0 Hz, Jgyu 3» = 11.5 Hz),
suggesting the configuration at C-1" to be a. All other
signals in the ln nmr spectrum of‘29 were.consistent wﬁpb
it being a trisaccharide. As expected, the¢product of EE
ellmlnatlon of HBr f;om the glycosyl bromide 6, namely
3,4,6-tri-O-acetyl-1, 5 anhydro 2-deoxy-2- phthallmldo D-
arabino-1-hex-l-enitol (30, was also formed in the
glycdsylation mixture. The glycai'Bd had nmr data

iden®ical with those previously reported. 24

OBn
"OBn

(CHI).-coo_Me A o _

29 o 30
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Three different methods were examined to effect the
removal of the allyl group from 4. Treét%ent'of 4 with 5%
palladium on charcoal,44 under acidic conditions,
furnished the trisaccharide alcohol 31 in énly 34%
yield. Using palladium(II) chloride as catalyst in acetic
acid-water (20:1) according to Ogawa,45 31 could be
obtained in 90% yield.  Finally, deallylation of 4 could

]

also be achieved in two steps: reaction with

tris(triphenylphosphine)rhodium(I)‘chlopide as catalyst,

according to the procedure deveIOped'by Corey and Suggs,

effected the isomerization of double bond to give.the
pfOp—l—enyl etnef, which on treatment?’ with mercuric
chloride in Ehe'presence of mercuric oxide, underwent
hydrolysis‘té_afford the required trisaccharide alcohol 31

in 85% yield. The progress of the isomerization reaction
‘ _ , -
proved difficult to monitor by tlc since the isomerized

product (enol ether) and the allyl ether had the same

chromatographic mobility. Surprisingly, washing the ‘ether
extract with brine acidified to pH 2 failed to accomplish

the hydrblysis of the enol ether as had been reported by

Cdrey and Suggs. 46

The structure of the compound 31 was evident from its

1 nmr spectrun which was devoid of signals for the

 protons of the llyl-group. The corresponding signals .

" were also absent in the 13C nmr spectrum. Appearance of. a



D20—exchangéable one-proton doublet at &§2.380 (JB,OH =
10.0 Hz) further supported the assigned structure.
Deacetylation of 31-using sodium methoxide in
metﬂanol led to the quantitative formation sf 32, whose
identity could easily 5e ascertained by the absence of
acetyl resonances in both its 1y and 1v3‘C nmr spectra.
Removal of phthalimido gioub from 32, and subsequent N-
‘acetylation of the free amine were performed as described
by Bundle and Josephson.48 Thus, tféatmsnt of 32 with
hydrazine (8 molar eguivalents) in sefluxing methansl
generated the free amine which Qas acetylated‘in situ
using acetic anhydride in methﬂnoljwater (1:1). The N-
acetyl derivative 33 waskobtaggéd‘in an overall yield;of ’
60%8. No evidence of attack at the 8-methoxycarbonyloctyl
ester wés théined. The structure of 33 was supporged by
,thé decrease of intensity of the signals from the afomatic
protonslin 1H nmr specﬁrum along wiﬁh.the appearancé of‘
'twq_new_signals:' a three proton singlet arising from the

-ﬂ:acétyl methyl group»at'61.779 and a broad singlet for

3

one DyO-exchangeable proton at 6§5.533 assigned to the
‘amide proton. The 13¢ nmr spectrum of 33 further

supportéd the assigned strqugre.7‘The signals at 6168.51,
: ‘ e - ‘

133.79, 131.84, and 123.23 which were assigned td the

carbonyl éarbonswvtwo of the tertiary aromatic carbons,
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lthe quaternary aromatic carbons, and the remaining two
tertiary'arohatic carbons of the phthalimido group,
respectively‘in the 13C nmr spectrum of 32, were absent in
the nmr spectrum of 33. Compound 33, on the other hand, ;i
showed two new resonances at §172.37 and 23.30 for the .
carbonyl and the methyl carbons, respectively, of the N-
acetyl group.

«Hydrogenolytic cleavage of the benzyl protecﬁingv
groups of 33 using 5% palladium-on-charcoal as the
catalyst in 98% ethanol furnished the target trisaccharide
2, which was puﬁified by size-exclusion chromatography on
Bio-Gel P-2. Compqund 2 was obtained as a white
lyophilizedApowder_in 85% y%pld. The H nmr spectrum of 2
showed the expected signals for H-1 at &§4.664 (JI,Z < 0.7
Hz), H-1' at 64.920 (J;+ i = 1.8 Hz) and H-1" at 64.579
(Jln'z" = 8.0 Hz). Other signals were in accord with the
structu§al assignment. The pértial‘BGO'MHz ly nmf
spectrum Qf 2 'is reproduced in Figure 4 to show ieve1~of
anomeric purityMOf thié fiﬁél product. The ly-coupled }3c
- nmr spéctrum of»2 again.establishédrthe copfigufatiohs at
C-1 (Jeo1,H-1 ='1:59.4' Hz), C-1! (Jc_i,;ﬂ_l. = 169.5 Hz),
and ¥-1" (Je_yw yoy» = 162.3 Hz) to be §, a,pand §
respectively. * | /

'“Havihg accomplished the ‘synthesis of the ‘target
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“the. acetyl regibn showed thé expected seven signals for

44

trisaccharide 2, the preparation of the tetrasaccharide 3
was undertaken. Iﬁ'order to achieve the coupling of 31
and 2,3,4,6-tetra-0O-acetyl—a-D-mannopyranosyl bromide25

(9), two different promotérs were utilized. Under the

conditions of Hanessian and Banoub?%? using silver triflate

Qnd tetramethylurea as promoter, the glycosylation of 31
with the bromide 5 to provide the tetrasaccharide 34
proéeéded in only 38% yield. Ewhen the reaction was
performed instead in the presenéé of ébrcuric bromide and
mercuric cyanide in dichlorometh;ﬁg, in the bpresence éf 4

\

A molecular sieves, a 65% yield ofbhhe condensation ¢,

\
\

product 34 was obtained. The bromide\5 desctibed above
. N .
was readily available from 1,2,3,4,6—péntaﬁgja&gtyl-a/B-Q—
mannopyranose by treatment with 45% hydingh bromide in
. N
acetic acid. - _ \x .
. . - "\ Y
The ‘4 nmr data of 34 required the presence of a

§

2,3;4,6—tetraf9;aéetyl-a—2¢mannopyranosyl moiégy. The
signal for the anomeric proton of the newly introduced
glycosyl tesidue appeared at 6§5.018 (Jl"zu & Z,Hz) and

the methyl acetyl groups. The:™*>C nmr spectrum showed the
preseﬁce of four,anomeric carbons: 6101.95,'ch1'ﬂ_1 e
154.1 Hz, 97.64, Jc;lﬁ,ﬂ;lh.?‘17o.9,nz, 96.60p'q¢f1u,g,r.

= 164.16 Hz énd the newbsignal for aflinked mannosé at .



45

8n0O (CHahcxMDMe

HO-
31

HgBrz. Hg(CN)2
=]
(65%) 4 A moleculqr sieves

CH3CN s RT




i

~without characterization of the intermediates involved.

46

. &
699.83, Jo_y+ y-y+ = 177.8 Hz. Other features of these

spectra, -described in detail in the experimental section,

were in accord with the assigned structures.

Conversion of 34 to 35 was effected in three steps

Deacetylation of 34 with sodium methoxide in methanol gave

‘a white foam which was refluxed with hydrazine in methanol

to gederate the free amine which, on treatment with acetic

anhydride in pyridine, gave the peracetylated groduct 35

.in 63% yield. Attempted N-acetylation of the intermediate

=

free amineJ obtained in the second step of the aboveA

- R

aequenCe using acetlepanhydrlde in methanol -water (1 1)
gave a véry polar hydroxylated derlvatlve whlch proved
dlfflcult to purlfy by 5111ca gel chromatography. The

stpuc;uxe of 35 could readily be deduced from its 4y nmr

-

spectrum which displayed the presence of only twenty-five

.afgmatic protons and an additional singlet at 61.705 for

thrée_g;gbetyl protons. Disappéaranqeldf theﬁ13C

resonances cbrresponding'to the carbons of' the phthalimido
group and the presence of two new‘signals.at 6169.54 and

- . N

”23,27‘arising“from the N-~acetyl group also supported‘theh

séructurefassigned to 35.

Removal of the O-acetyl and O-benzyl prpféctlng

(
groups of 35 was convenlently accompllshed/py treatment

/
!
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with sodium methoxide in methanol followed by
hydrogenolysis over 5% palladium-on-charcoal. Filtration
of the crude product ‘through a column of Bio-Gel P-2
afforded the target te£rasaccharide 3 as a wﬁite
lyophilized powder in a total yield.of 85%. Complete
removal of acetyl and benzyl groups waé evident from. the
absence of the corresponding signals in the 14 nmr

\E
spectrum of 3. The signals for H-1, H—l',.H—l", and H-1"
appeared at 64.671 (J1,2 < 0.8 Hz), 5.104 (Jl',2' = 2.0
Hz), 4.918 (Jlnlzp = 1.8 Hz) and 4.579 (Jln'zu = 8.0 Hz)
respectively. The 1H—coupled 13C nmr spectrum of 3 was
employed to re-establish the anomeric confiqurations which
were already assigned by the lH—coupled 13¢c nir spectra
recorded following the formation of each ‘glycosidic
linkage. As anticipatéd, ¢-1, c-1', c-1", and C-1" showed
the one-bond C-H couplings of 159.1 Hz (p), 172.00 Hz (a),
169.3 Hz (a), and 159.1 Hz (B), respectively. The partial
360 MHz lh nmr spectrum of 3 ig repfoduced in ﬁigure 4
where }t is compared with thé spectruﬁ'of the

‘ chrésponding trisaccharide 2.

. - ; R ¥
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CHAPTER 3

TESTING RFSULTS
-~
Trisaccharide 2 was found to be an excellent acceptor

for GlcNAc~transferase V (GnT V) in experiments performed ~
. { - .

’

.by Dr. Michael Pierce, Department of Anatomy, University
of Miami Medical School. The results of these experiments
are included'here,_briefly, only for the sake of
compieteness. R

In a typical experiment, BHK cells were sonicated in‘
0.1 M MES [2—(Ejhorpholino)—ethanesulfonic acid}, pH 7.0,
and protein was solubilized by addition of‘Triton x-iOO to

|

a 1% solution. The glycosyltransferase assay was
performed in a total volume of 20 pL'containing 100 ug of
the sdlubil@zed ceilular protein, 1 mM of the acceptor
trisaécaarfde é, 1 mM of 2—acetamido—2—deoxy46-2—gluco—

- pyranosyl amine (an N-acetyl glucosaminidase inhibitor)

_And 5 mM_UDP—(3H)—GléNAc. After a 2 hour incubation at
‘37°; the mikturé waé diluted with water (100 pL) and
passed ovérAa filtér suppbrfing Dowex—leB (formaﬁe) ioh
ekchange resin to remer'alhost'a;lvdf the negatively
.gharged.counts.‘ The filtraﬁe-was then‘injected1ontQ é
réygfsé phase (C-18) HPLC~¢olumh.Which'wasieiutéd
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isocratically with 40% agqueous methanol. ‘The chromatogram
obtained in this manner is reproduced in Figure 5. 1In
this figure, peak A includes both 3H-UDP-G1lcNAc which had
passed through the ion exchange resin and, presumably, |
some of its hydrelytic products including GlcNAc and.
GlcNAc-1l-phosphate. ;eak B has a rétention volume
identical to the acceptor trisaceharide 2 ahd is absent
when this trisaccharide acceptor is omitted frbh'the
incubation mixture. The ceunts produced in this peak
increased linearly with time, in the presence et a
saturating concentration of acceptdrfé {50-100 nmoles/20
.pL), as expected for the enzymatic:reaction. The
radioactivity in peak B is therefore a measure of the
aetivity of a GlcNAc—transferase.

BHK cells are known te contain only GlcNAc-
transferases i, I1, 1v, Vv and VI, 15 and all but GnT V
require Mn’f~+ for act1v1ty. The counts in peak B (Flgurel
5) were not affected by the. 1nclu51on of - ethylenedlamlne
ntetraacetlc*ac1d (EDTA) ‘at concentratlons known to" abollsh
the act1v1t1es of these. Mn/*+ requ1r1ng enzymes. 7It
therefore appears that trlsaccharlde 2 1s 1ndeed a
,selectlve substrate for assaylng the act1v1ty of GnT V.
‘Using acceptor 2 in this assay, the GnT V- act1v1ty of Rous
sarcoma transformed 'BHK cells was found to be 1.8-2.0
t1mes hlgher than in the unvransformed cells. This

™~

\.
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' Figure 5. HPLC elution profile of a GlCNAéétrénsfegjse assay ﬁixtﬁre
: Peak A includes

‘on a reverse-phase (C-18) column.
unreacted UDP-(3H)-GlcNAc and its decompositiaon S
products. Peak ‘B is the product of “H-GlcNAc transfer to
the synthetic acceptor trisaccharide 2. -

2
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"
finding parallels that of Kobatal9s15 for polyoma-

transformed BHK cells.

Tetrasaccharide 3 has not yet been tested as an
acceptor.



CHAPTER 4

EXPERIMENTAL

J -

General Methods

All'solvents and reagents uéed were reagent grade,
and, in cases where further purification was required,
standard procedures50 were follgwed. All solid reactants
for glycosylation were dried overnight over phosphorﬁs
pentaoxide in a high vacuum prior to use. Solutionf
transfers where anhydrous conditions were 'required were
done under nitrogen using standafd syrQBge techniques.51
Molecular sieves were pufchased from BDH Chemicals, and
the ratio of alcohol to molecular sieves ,in glycosylation
was between 1:5 and 1:10 by weight.

Thin layer chromatograms (tlg) were performed on pre-
coated silica gél 60;E254 plates (E. Merck, Darmstadt) and
vfsualized by quéhching of fluorescence and/of by charring
after spraying w;th 5% sulfuric acid'in ethanol. For
flash chromgtog'raphy37 40-63 um (4‘}00-23,}0 mesh) silica gel

60 (E. Merck No.'9385)’and4distilledAsolvent§ were‘uséd,
aﬁd theﬁ:atiO«of éiiica gél to compound waé inlthe rangé
50:1-100:1, Skellysolvé B refers to hexane éuppliéd‘by',

a

Stanchem,.Winnipeg, Manitoba. Solvents_weré removed o

i
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cotary evaporator under the vacuum of a water aspiratoy
with bath temperatures of 40° 5r lower. For gel
filtration, Bio-Gel P-2 (200-400 mesh) (Bio-Rad
Lagoratories, Richmond, California, USAS was used.

Spectral and elemental analyses were performed by the
de artmental NMR Service Laboratory under the supervision
of Dr. T.T. ﬁakashima and the‘AnalYtical Service
Laboratory under the supervision of Mr. R. Swindlehurst.
Proton nuclear mégnétic resonance (1H nmr) spectra were
recorded at either 400 MHz (Bruker Wﬂ—400) or 360 MHz

4 :

(Bruker WM-360) with .either tetramethylsilane (40 in
CDCl3) or acetone (62.225 in D30) as internal standard‘at
ambient témperature.‘ Carbon;13-nuclear magnetic resonance
“(13¢ nmr) spectra WQfe recorded at either 100.62 MHz
(Bruker WH-400) or 90.56 MHz (Bruker WM-360) with either
externél‘teqraﬁethylsilane (60 in CDC13Y or external 1,4-
dioxané (667.4 in D,0) as reference standard.. 1y chemical
shifts and coupling constants are reported as if ;hey were
first‘drder._’Assignments of 13¢ feséﬁances are

tentative. Optical rotations were determined on a Perkin-

Elmer 241 polarimeter in a 1 dm cell at ambient
temperature (23 * 1°C).
Protons of the allyl grdup present in the compounds

described in this work ‘were designated as Ha, Hb, Hc, H4d,

and He as‘defined below. These protons showed the same



coupling constants and thus the same multiplicity pattern
in all the compounds examined and only the chemical shifts

varied. The observed coupling constants were:

H ’
=
His AN \
(:——O ,
d H(‘ \ 4
Ha, dddd, J, .'= 10.5 Hz
Ja,d = 1.5 + 0.5 Hz .
Ja,e = 1.5 + 0.5 Hz

‘Ja,b = 1.5 ¢t 0.5 Hz
Ab,~dddd, Jp, . = 17.0 Hz
Ip,q = 1.5 ¢ 0.5 Hz

He, dddd, Jy,,. = 17.0 Hz

Ja,c = 10.5 Hz

)Jc,d = 5.5 Hz

Je,e = 5;5 Hz
Hd, dddd, Jé,e = 13.5 Hz

Jp,g = 1.5 ¢ 0.5 Hz

Ja,g = 1.5+ 0.5 Hz

i
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He, dddd, Jy o = 13.5 Hz '
3 = S.5 Hz
J = 1.5 + 0.5 Hz

Jb;e = 1.5 ¢+ 0.5 Hz

Methyl 3-O-allyl-2-O-benzyl-4,6-O-benzylidene-a-D-manno-

pyranoside (13)

To a solution of methyl 379;a11y1—4,6—ijenzylide6é—
o« -D-mannopyranoside3l (12) (13.60 g; 42.24 mmol) in dry
benzene (500 mL) were added sodium hydride (about 80%
dispersion in oil; 2.02 g) and benzyl bromide (7.55 mL;
63.35 mmol). The mixture was refluxed under nitrogen
atmosphe:é for 16 h. After the mixture had cooled to room
temperature, the excess of sodium hydfide was decoﬁposed
by the additiqp of methanol (250 mL), then water (Séo.mL)-
was added. The organic layerlwas Separéted, washed‘with
wa;ér, dried (MgSOy4). filtered; and concentrated. ' The tlc¢

of the residual oil showed, besides a major spot for the

benzylation product, a UV active, fést‘moving spot which

f

presumably corresponded to unreacted benzyl bromlde.
g%ash chromatography of the oil obtalned above using -
Skellysolve B~ethy1 acetate- (10 1) as eluent, which
provided a good separat1on on tlc plate (Rg of benzylatlon

product = 0.35), did not'result in complete separation.

s
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Purification of the major product could be achieved by
Qradi?nt flash chromatography employing a mixture of
Skellysolve B and ethfl acetate (the ratio of Skellysolve
B-ethyl acetate was changed'from 50:1 to 2:1 during
elution). Finally 13 was obtained as a yelldw oil (15.73
g; 90%); lalp +33.0° (¢ 1.4, chloroform); Rg 0.35
(Skellysolve B-ethyl acetate, 10:1);~1H nmr (CDCl3) 6&:
7.505-7.259 (10H, aromatic), 5.901 (1H, Hc allyl), 5.60§
(s, 1H, CgHgCHO,), 5.294 (1H, Hb allyl), 5.146 (1H, Ha
allyl), 4.843 (a4, 1H, Jgem’= 12.0 Hz, CgHgCHHO), 4.725 (d,

H, Jgem = 12.0 Hz, C6H5Q§§O), 4.681 (d, 1H, Jy,6p = 2.0

Hz, H-1), 4.294-4.208 (2H, Hd allyl (64.268] and H-6e
' ™~ - : . & ’

(64.244, dd, Jg,,6e = 10.5 Hz, Js g, = 4.5 Hz]), 4.185
(dd, 1H, Jg, ge = 10.0 Hz, Jg5 g4 = 10.0 Hz, H-6a), 4.104
(1H, He allyl), 3.885-3.834 (2H, H-3 and H-4), 3.818 (dd,
1H, Jp,3 = 3.2 Hz, -Jy, = 2.0 Hz, H-2), 3.761 (dd, MH,
J4,5 = 10,0 .HZ, J5,6a = 10.0 Hz, Js’se = 4.5 Hz, H"S)r
3.310 (s, 3H, CH30); 3¢ nmr (cocly) 6: - 138. 18, 137.72

(quat.‘arom ), 135.0° (CHZ—CHCHZO): 128. 64, 128 00, 127.87,

"/ 127.59, 125,00 (tert. arom. ), 116 32 (CH2-CHCH20), 101 43,

100.52 (C-1 and C6H5_ﬁ02), 79.09 (C-4), 76.47, 76.03 (C-2

A9

and c-3), 73. 56 (CgHsCH0), 68. 79 (CHz—CHCHZO), 64.03

(C- 6), 54, 67 (C -5), 29.57 (CH3O) Anal. caled. f or -

' CpqHogOg: ' C 6 89, H 6. 84 found- C 69.67, H 6.94.
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Methyl 3f9;a11y1-2,4—di—g;benzy1-a-Q—mannopyranoside (l‘f

To a stirred solutionﬁof 13 (14.27 g; 34.59 mmo%) in -
1:1_dietﬁy1 ether-dichloromethane (300 mL) was added,
portionwise, LiAlHy (3.95 g; 103.9 mmol) and the mixture
was slowly heated to the boiling point. To the boiling
solution under reflux was added AlCl3 (13.85 g; 103.9 |
mmol) in diethyl ether (150 mL) over a period‘of 70 min,
after which tlc indicated the absence of étarting
material. The mixture was'cooled. The excess of LiAlH,4
was décompOsed with ethyl acetate (75 mL), and Al(OH)j was
prec1p1tated by the addition of water (75 mL) After -
dilution with ether (400 mL), the organic layer/was
separated from the aqueous layer which was back-extracted
Qith ether (150 mL). The combined ether extracts were
washed withrwater (3 x 150 mh), dried (MQSO4):Aand‘
concentrated to an oily residue whlch tlc 1ndfcated to be
"a mixture of two compounds. The separatlon of. these two
;products was achleved by flash chromatography u51ng‘ h
Skellysolve B—ebhyl acetate (3: 1) as eluent. Evaporatlon
~of the early fractlons prov1ded the minor product 15 (1 69
g) as af:m, e]p = -6. 25° (¢ 1.04, chloroform)s; Rf 0.47
(Skellysolve B—ethyl acetate, 23 1). 1H nmr (CDC13) 8.2
7.39-7.25 (IOH,(a:omat1c), 5.906' (1H, Hc allyl),_S 283 .
(14, Hb allyl), 5.185 (1K, Ha allyl), 4.778 (4, W, Iy 5 =

o

¥



2.0 Hz, H-1), 4.730-4.665 (AB, 2H, Jgop = 12.0 Hz,

CeH5CH0), 4.655-4.583 (AB, 2H, Jgem = 12.0 Hz, CgHgCHO)

4.070-3.938 (3H, Hd and He allyl overlapping with H-4
(64.004, ddd, J3,4 = 9.0 Hz, Ja,5 = %0 Hz, Jg,6n = 2:0°
Hz, simplitied to dd with Joy being absent on D0
exchange]), 3.830-3.704 (4H, H-2, H-5, H-6a, and H-6b),
3.596 (dd, 1H, J3 4 = 9.5 Hz, Jp,3 = 3.0 Hz, H-3), 3.354

(s, 3H, CH30), 2.578 (d, 1H, Jq,on - 2-0 Hz, disappeared

60

4

on D,0 exchange, 4-0OH); ' nmr (CDClz) &§: 138.40, 138.37

(quat. arom.), 134.76 (CH=CHCH0), 128.37, 127. 88,

a

127.66, 127.56 (tert. arom.), 117.22 (Eﬁ%fcﬁcﬁzo), 99.40 -

L

(€-1), 79.41 (C-3), 73.79 {C-2), 73.65, 72.78 (CeHgLH20).

71.58 (C- 5), 70.73 (Cﬁz CHCH20), 70.66 (C-6), 67.96 (C- 4)

54.99¢(CH30). Anal. calcd. for C24H3006°¢ C 69. 55' H_

/7.30;" found: € 69.67, H 7.35.

. Evaporation of the later fractions gave the major

o

- product 14 (10.78 g) as an oil; la]D +48.25° (5;0.97,

'chlofoform); R¢ 0.35 (Skellysolve B-ethyl aceﬂete,‘azl);'

‘1§ nmr (cDCl3) 6: 7.42-7.24 (10H, -dromatic), 5.950 (1H,
Hc'ailyl), 5.326 (14, Hb allyl), 5. 180 (1H, Ha'ailyi);
4.936 (d, 1H, Jgem * 11 0 ‘Hz, csnSCHHQ), 4. 813 (d lH,'

Jgeh = 12.5 Hz, C6H5CHHO), 4.709-4.%88 (2H, CgH5CHHO -

r,

[84 709; 4, Jgem = 12 5 Hz] overlapplng w1th H-1 [64.650,

d, Jl,z;= 2 Hz1), 4. 638 (d, 1H, Jgem = 11.0 Hz, CEH5CHHO), °

4.146-4.064 (2H, Hd and -He- allyl), 3.913 (dd,-l!-l,~ J3,4 =
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é
9.5 Hz, Jgq 5 = 9.5 Hz, H-4), 3.840 (ddd, lH, Jea,6b = 12.0

Hz, Je,0H = 5.5 Hz, Js,ea = 3.0 Hz, Dp0 addition resulted
in its collapse to dd with Jg oy having disappeared,
H-6a), 3.81-3.72 (3H, H-2, H-3, and H-6b), 3.601<%ddd, 1H,

5.0 Hz, H-5), 3.298

Jg,5 = 9.5 Hz, Jg g4 = 3.0 Hz, Js g
(s, 3H, CH30), 2.046 (dd, 1lH, .J6a,0H = 5.5 Hz, J6b,OH
7.0 Hz, deuterium exchangeable, 6-OH); 13C nmr (CDC13)

6: 138.56, 138.37 (quat. arom.), 134.96 (CHp=CHCH0),

128.36, 128.02, 127.81, 127.67 (tert. arom.), 116.60

4
-(CHp=CHCH20), 99.47 (C-1), 79.92 (C-3), 75.13 (CgH5CHRO),

74.88 (C-2 and C-4), 72.99 (C6Hsgﬂ20), 72.10 (C-S), 71.10
-(CHp=CHCH0), 62.42 (C-6), 54.72 (CH30). Anal. calcd. tor

Cy4H300¢: C 69.55, H 7.30; found: C 69.42, H 7.37.

°

Methyl 6f97acetyl—3f9;allyl—2,4—dijgjbenzyl—a—2—manno—

\

pyranoside (16)

To a solution of 14 (10.30 g, 24.85 mmol) in dry

- pyridine (106 mL) wés added acetic anhydridé (7;5 mL;

.- 79.§4'mhol). Tﬁe'mixture was sffrred under nitrogen

atmosphe;e at rooﬁ témperature overnight.” The excess of

gagtic anhydride was decomposed by dropwise additio; of
 ethaH6I“2§ mL) to the ice cbld fe;ction'mixture, and.
dichlorométhane (300 mL) and water (250 mL) Were'thén

added. The agqueous layer was Separated and béck extracted



with dichloromethane (100 mL). The combined dichlor-

omethane extracts were washed with 1 M agueous HCl and

saturated agqueous sod%um bicarbonate. The organic phase
was dried (MgSO4) filtered, and evaporated undgf reduced
pressure to give 16 (11.06 g; 98%) as a chromatbgraphy—
puré oil; lalp +42.9i° (c '1.03, chloroform); Rf 0.45

’

(Skellysolve B-ethyl acetate, 3:1); lH nmr (CDCl3) 6:

7.41-7.25 (10H, aromatic), 5.920 (lH, Hc allyl), 5.309

/ \
Jgem

{

(1H, Hb allyl), 5.169 (1H, Ha allyl), 4.910 (d, 1H,
11.0 Hz, C635C5ﬁ05, 4.778-4.691 (3H, CgHsCH0 (64.778-
4.691, AB, Jgem = 11.0 Hz] overlapping with H-1 [64.718,

d, Jy,2 = 2.0 Hz}), 4.561 (d, 1H, Jgem = 11.0 Hz,

CeHSCHHO); 4.348-4.268 (2xdd, 2H, J6a,6b = 12.0 Hz, Js,sa

= 3.0 Hz, Jg ¢p = 5.0 Hz, H-6a and H-6b), 4.119—4.025 (2H,
Hd and He allyl), 3.844 (dd, 1H, J3,4 = 9.0 Hz, Ja,s = 9.5
Hz, H-4), 3.781-3.706 (3H, H-3 [63.766, J, 3 = 3.5 Hz, |
33,4 - 9.5 Hz), H-2 (63.743, 51,2 = 2.0 Hz, Jy,3 = 3.5

Hz], and H—S), 3.31 (s, 34, CH30), 2.05 (s, 3H, OCOCHj3);
13¢ nmr (CDCl3) 6: 170.80 OCOCH3), 138.3§ stguat. arom.),
134.85 (CHy=CHCH30), 128.36, 128.29, 128.08, 127.70/

127.60 (tert. arom.), 116.70 (CH2=CHCH20), 99.10 (C-1),
79.89 (C-3), 75.07 (CgHgCH20), 74.50, 74.58 (C-2 and C-4),
72.66 $CH§CHZ0), 70.98 (CHp=CHCH20): 69.98 (C-5), 63:63
(C-6), 54773 (CH3O), 20.81.(OCQEH3). Anal. calcd. for

CpgH3207: C~68.40, H 7.07; found: C 68.39, H 7.09.
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1,6-Di-O-acetyl-3-0-allyl-2,4-di-O-benzyl-a~D-manno-

pyranose (17)

A solution of concentrated sulfuric acid (0.22 mL) in
acetic anhydride (7.68 mL) was added dropwise to a
"solution of 16 (8.77 g; 19.65 mmol) in acetic anhydride
(40 mL) at 0° over 10 min. The mixture was stirred at 0°C
for 25 min énd at room.temperature for 20 min. Thén the
reaction mixture was poured into dichloromethane kl L) and
ice cold water (l‘L)‘containing godium bicarboﬁate, and
the resulting mixture was stirred at room temperature for
30 min. Thé organic and aqueous layers weregéeparated,_
and the agueous léyer was extracted with dichloromethane
(500 mL). The dicﬁloromethane solutions Qeré combined and

+ .
then washed with .saturated aqueous sodium carbonate and

water. Finally the organic phase was dried (NazSOd”!

filtered, and concgnﬁratéd.- The residual Syrup was oy
purified by flaSh‘cﬁrpmatography using Skgllysolvé B-:EQxl‘
‘acetate as eluent, thejgatio of“Skellysolve B to ethyl
"acetate being var}eﬂ”f?Eﬁ 6:1 to 3;1‘durihg.elution. 
Removal of soiveﬁt from the earlyvfracpions‘provided the

. title compound as an oil (7.35 g;‘77§'yieldf;4[d]b°+37°85-’
5(2,0-93r>¢h10r6f0rm>: Re O-SGN(Skellygélve‘B—éthyl

acetate, 3:1); lH nmr (CDCl3) 6: 7.431-7.273 (10H, R

o
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‘" aromatic), 6.195 (4, 1H, J1,2 = 2.0 Hz, H-1), 5.923 (1H,
Hc allyl), 5.315 (1H, Hb allyl), 5.200 (1H, Hc allyl),

4.935 (d, 1H, Jgepm = 10.5 Hz, C6HS5CHHO), 4.840-4.766 (AB,

2H, Jgem = 12.0 Hz, CeHSCH20), 4.621 (d, 1H, Jgem - 10-°

Hz, CgHgCHHO), 4.384-4.310 (2xdd, 2H, H-6a and H-6b),
%.095 (ddd, 2H, CHp=CHCH20), 3.973 (dd, 1H, J3,4 = 10.0
Hz, Jg4 ¢ =’10.0 Hz, H-4), 3;%93 (add, 1lH, Jgq,5 = 10.0 Hz,

J5.6a = 4.0 Hz, Js,ep = 3-0 Hz, H-5), 3.814, 3.785 (2 dd,

2H, J3 4 = 10.0 Hz, J2,3 = 3.0 Hz, J1,2 = 2.0 Hz, H-3 and
H~2 respectiQely), 2.055 (é,"6&, OCOCH3*2) 7 13¢ nmr
(CDC13) 6:.170.82, 168.82 (Qgpéﬂ3), 138.08, 137.87 (quét.
aroﬁ;)' 134.68 (HpC=CHCH20), 128.50, 128.40, 128.24,

12?{@5, 127.88, 127.83 (tert. arom.), 117.04 (H,C=CHCH,0),

91.79 (C-1), 79.17 (C-3), 75.36 (CeH5CH20), 73,89, 73.39
(C-2 and C-4), 72.53 (CguscH0), 72.41 (C-5), 71.09

(H,C=CHCH,0), 63.24 (C-6), 20.98, 20.85 (OCOCH3). .Anal.

calcd. for CpyH3,0g: C 66.93, H 6.66; found: C 66.78, H

6.74.

. EVapofa;ion of the sgbsequentufractions furnished the-

corresbohding g -anomer (18) and 1;4,6-triﬁg;ace£y1—3ﬁgf
ally1-2ﬁg;behzyl-a-Qfmannopyfanosé (19ibin é'cOmbined“
yield of 6%. The. lH nmr spectra of 18 and 19 were in

agreement “with. the assigned structures.

\d
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GjQ;Acetyl—Bfgjallyi-Z,4—diﬁ9jbenzy1—a—Q—mannopyranosyl

bromide (8)

Hydrogen bromide gas was bubbled for 30 min through a
tube of calcium sulfaée into a solution of 17 (5.80 g;
11.97 mmol) in dry dichloromethane (300 mL) at 0°C. The
solution waé then taken to dryness and the by—proauct
acetic acid removed by evaporation of toluene (100 mL)
from thé residue (twice). Finally 8 was obtained as an

0il, a very mall portion of which was purified for
: ‘ N

elemental and nmr spectral analysis by flash 0

’chromatégrabhy using Skellysolve B-ethyl acetate (3:1) as
eluent; [alp +133.08° (2_0.91, chibroform); R¢ 0.60
(skellysolvé~B—ethyi acetate, 3:1); 1lH nmr (CDCl3) &6:
7.45-7.30 (108, aromatic), 6.444 (d, 1lH, Jj 7 = 1.5 Hz,

H-1), 5.936 (1H, Hc ailyi), 5.350 (1H, Hb allyl), 5.233
(1H, Ha allyl), 5.955 (d, 1, Jgem = 10.5 Hz, csuségpo),
4.788-4.718 (AB, 2H, Jgem = 12.5 Hz, CenscH20)s 4-613 (d,
IH, Jgem = 10.5 Hz, CeH5CHHO), 4.388-4058 (2H, H-6a and
H-6b), 4.243 (dd, 1H, J3,4 = 9.0 Hz; 32,3 %:3:0 Hz, B=3),
4.116‘(d!'28; J = 5 Hz, CHg=CHQ§jO),_4{016—3;935 (34, H-2

) N : .
2.065 (s, 3H, OCOCHj3), 13C nmr (CDCl3) 6: 170.57
(ococH3). 137.90, 137.55 (quat. arom.), 134.37

(GHp=CHCH,0), 128.63, 128.44, 128.14, 127.97, 127.87,

~
¢
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127.73 (tert. arom.), 117.38 (CHy=CHCH,0), 87.41 (C-1),

78.41 (Cc-3), 78.31, 74.31, 73.57 (C-2, C-4, and C-5),

75.30, 72.89 (CgHsCH0), 71.21 (CH2=CHCH20), 62.39 (C-6),

20.72 (OCOCH3). Anal. calcd. for C25H290¢Br: C 59.41, H

5.78, Br 15.81; found: C 59.48, H 5.82, Br 16.17.

3

8-Methoxycarbonyloctyl 6ﬁ9;acetyl—3ﬁgjallyl~2,4—diﬁ97

benzyl-f -D-mannopyranoside (238 ) and 8-methoxy-
|
carbonyloctyl 6-O-acetyl-3-0O-allyl-2,4-di-O-benzyl-a-D-

mannopyranoside (23 )

‘8—Methoxycarbonyoctanol24 (7.50 g; 39.89 mmol) and
silver silicate/alumina (16.50 g) iﬁvdry dichloromethane’’
(100 mL) were stirred at room temperature for 1 h. To the
above mixture which wés coolea to -78°C was added |
dropwise, with stirring, a solution of broﬁosugar 8 (7.44
g; 14.72‘mmol) in dry dichloromethane (75 mL) énd stirring.
''was coﬁiinued for 2.5’h at -785C, and for 10 h at room
temperaﬁure. The mixture3was diluted with dichloromethane-
(IOOJmﬁ) and filtered through celite. The filtréte‘wés |
Qashed‘w{th datér, dried (Na2804)'"aﬁd éoncentratgd'to a
syrup wﬁiCh Qés purified by flash,chromatography,‘using
‘Skellysolve‘B-éﬁhyl»acetéte (4.5:1)”as elﬁenp; A
‘;chfomatogréphically inseparébleiﬁ:l mixture of b—;ahd a-

?_manqosidgs-23 was obtained as an,oil‘(5.14 g;‘totalfy4e1d~
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57%). I nmr (CDCl3) . 4.824 (d, J1,2 = 1.5 Hz, H-1 of
a—-anomer), 4.365 (d, J1,2 ~ 0.5 Hz, H-1 of p-anomer),
2.059 (s, OCOCH3 of a-anomer), 2.050 (s, OCOCH3) ot -
anomer).

LY

é—MethoxycarbonyLoctyl 3-0-allyl-2,4-di-O-benzyl-f -D-

mannopyranoside (24) and 8-methoxycarbonyloctyl 379;allyl-”

2,4-di-0O-benzyl-a -D-mannopyranoside (25)

-

fhe mixture of a— and B-anomers 23 described.above

(4.39 g; 7.17 mmol) wasvdissolved in dry methanol (200 mL)
containing a trace of sodium mgthoxide; and the resulting‘
;olution was stirred at room temperature.bvernight.
Neutralization with Amberlite'IR—IZO(H) résin followed by
the removal of the resin and evaporation provided a
chromatographlcally pure oily res1due (4.10 g) whose tlc
on silica gel 1mpregnated with 511ver nitrate showed 1t to
‘be a mixture of two compounds. ('Purlflcatlon ot these two
"products was accqmpllshed by flash chromatography on -
silvar nitrare—iﬁﬁregnated silica_gel using Skellysolve B-
ethyl“aéetate as éluent, the ratio of Skeliysolve B to B
ethyl acetate belng decreased from 7 1 to 2:1 durlng
qelutlonf Evaporatlon of early fractlons furnlshed the a:
‘aaomér 2§ (Q,19 g) as an»pll, [a]D +30 8° (c 0 75, |

chloroform); 1H}_nmr.(CDCl'3)'5_; 7.42-7.27 KJOH, éromatlc),



5.965 (lﬁ, Hc of allyl), 5.345 (l1H, Hb allyl), 5.194 (1lH,

‘Ha allyl), 4.945 (d, 1H, Jgem = 11.0 Hz, CeHsCHHO), 4.843-
4.788 (2H, CgHsCHHO [64.828, d, Jgem = 12.0 Hz] and H-1
[64.790, d, J1,2 = 2.0 Hz]l, 4.724 (d, 1H, Jgepn = 12.0 Hz,
CgHsCHHO), 4.655 (d, 1H, Jgem = 11.0 Hz, CgH5CHHO), 4.138
(broad d, 2H, Hd and He allyl), 3.923 (dd, lH{ Jg,5 = 2.5
Hz, J3 4 = 9.5 Hz, H-4), 3.870-3.579 (9H, H-2, H-3, H-5,
H-6a, H-6b, OCHHCHp, and OCH3 (63.665, s]), 3.329 (at, 1,
Jgem = 9.0 Hz, Jyjc = 6.5 Hz, OCHHCH2), 2.303 (t, 2H, \‘
CHpCOOCH3,» J = 7.5 Hz)‘___,'_-2.098 (erad S, lﬂ,oexchangeable
with deuterium, OH), 1.620 (m, 2H, aliphatic), 1.510 (m,
2H, aliphatic), 1.29 (broad s, 8H, remaining aliphatic);
13C.nmr (CDCl4) 6: 174.15 (COOCH3), 138.48, 138.43 (gquat.
arom.),,134.95 (CHp=CHCH,O), 128.35, 128.29, 128.07,
127.72, 127.67, 127.58 (tert. arom.), 116.47 (CH,=CHCH,0),
98.25 (C-1, JC_I,H_1 § 168.2 Hz), 79.98 (C-3), 75.18
(CgHgCH-0), 75.04, 75.01 (C-3 and C-4), 72.88 (CgHgCH,0),
72.08'(Ee5), 71.07 (CH2=CHCH20), 67.61 (OCH2CH2)/s 62.46
(C-6),, 51.33 (COOCH3), 34.01 (CHpCOOCH3), 29.32, 29.11,
29.06) 29.01, 25.99, 24.85 (aliphatic). Anal. calcd.” for
C33H4soé:,'C»E9.4s, H“8,12;‘found: c 69.27, H 8.26.
Furtﬁer elu'tion'provided a mixture of a- and -
anomers ('-.0'.'9 g) -which' were in-‘uthe.‘ratio of 1:3 (a/B) by 1y
nmr. , “ ) . |
E’yapora_tiio‘n of‘ the flatéi:‘ fractions affc-)rldved the

N o . : T,
! . “‘,\‘ 1
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o
desired B-anomer 24 (2.89 g) as an oil; [a]D -51.33 (c

0.9, chlioroform); 1

H nmr (CDC13) & e _7.49—7.29 (10H,
aromatic), 5.893 (1H, Hc allyl), 5.288 (1H, Hb allyl),
$.17 (1H, Ha allyl), 4.969-4.858 (3H, CgHgCH,O [64.969-

]
= 12.50Hz] and CgHgCHHO (4.935, d, J =

4.800, AB, J gem

gem

10.5 Hz)), 4.624 (d, 1H, Jyen = 10.5 Hz, CgHgCHHO), 4.408

(d, 14, J = 1 Hz, H-1), 4.024-3.828 (6H, H-2, H-4, H-6a,
OCHHCH,, and CH,=CHCH,0), 3.763 (ddd, 1H, Jga,6p = 12-0
AERZ, Js gp = 6.0 Hz, Jeb,0oq = 6-0 Hz, simplified to dd with
Jeb,on being absent on D,0 gxchange, H—Cb), 3.688 (s, 3H,;-
OCH;), 3.444-3.386 (2B, H-3 and ocgﬁCHzﬂ, 3.316 (dt, 1H,
Ja 5 = 9.5 Hz, Jo gn.= 6.0 Hz, Js n = 3.0 Hz, H-5), 2.330
}t,'ZH:ﬁCﬂzCOOCH3, J = 9.5 Hz), 2.140 (t, 1H, Jea,on = 6-0
\Hz, Jep,on = 6-0 Hz, disappeared aftérszo additidﬁ, OH) ,
1.670—1.628;(4H( aliphatic), 1.345 (8H, reméininq !
aliphatic); 13¢ nmrr (CDCl3) 6: 174.50 (COOCHS), 135.65,
138.36 (quat. arom.), 134.70 (CH,=CHCH,0), 128.37, 128.28,
128.11, 128.03, 127.73, 127.37 (tert. arom.), 116.75
(gy2=cncﬁzb),_101{69 (c-1, JC_I'H_1'¥ 153.6. Hz), 82.33 |
(C-3), 75.77, 74.88,73.90 (C-2, C-4, and C=5), 75.18,
'73.86 (C6H5gﬂ20),y70.58,70.12A‘fH2=CHQﬁ20 and Qgﬁzcnz))

62.63 (C-6), 51.36 (@WOCH3), -34.04 (CH,COOCH;), 29.63,

29.16, 29.04, 26.01; 24.89A(aliphatigﬁ.'.i92é$;§olcq‘ for
Cy3Hae0g: C 69.45,g¥'8:f2;;fodnd: c 69.41, H 8.13.

S 3
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8-Methoxycarbonyloctyl 6-0-(2-O-acetyl-3,4,6-tri-O-benzyl-

a-Q-mannopyranosyl)-379;a11y1-2,4-di797benzy1—ﬁ—g—

mannopyranoside (27)

To a sglution of 24 (2.89 g; 5.06 mmol) in dry
acetonitrile (60 mL) containipg 4fF molecular sieves were
added, sequentially, mercuric bromide (2.19 g; 6.07 mmol),
mercuric cyanide (1.53 g; 6.07 mmol), and a solution of 2-
O-acetyl-3,4,6-tri-O-bgnzyl-a-D-mannopyranosyl bromid827
(7) in dry acetonitrile (25 mL), which had been’f;eshly
prepared from‘3,4,6—triﬁ9;benzyl—l,2ﬁ9;(methoxyethyl—
idéne)—B—é—méhnopyranose (26) (3.07 g;ﬂ6.07 ol). The
reaction mixture was stirred at room temperature for 1 h,
and the mthure was then filtered*throuéh Celite'
Evappratioh 6f the soivéht gave an oily residue which was
egtraéted 3 times with dichloromethane. The extracts were
comSiﬁed-and washed .successively with saturated aqueous
potassium Chloqide, saturaped aqueous sodium bicarbonate, -

water, and brine. The organic layer was dnied (Na25043,
filtered, aAd evaporated tond;yness.‘ The resulting oil
-was purified by flash chromatpgraphy'usihg SkellysolVé B-
ethyl acetate (4:1) as eluent to pfovide the title o
.compound as a syrip (4.07 g; 77%); [alp -6.07° (c 1.22,

T - . . o

w
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chloroform); Rg 0.3 (Skellysolve B-ethyl acetate, 3:1); 1y
nmr kCDC13) 5: 7.47-7.10 (25H, aromatic), 5.86 (1lH, Hc
allyl), 5.459 (dd, 1lH, Jp+ 3+ = 3.0 Hf' Jpe, o0 = 2.0 Hz,
H-2'), 5.270 (1lH, Hb allyl), 5.159 (lH, Ha allfl), 4.980-

4.825 (5H, H-1' (64.911) and 4 x CgHgCHHO [d, J = 11.0-

gem
12.5 Hz]), 4.680-4.650 (2 d overlapping, 2H, Jgem = 10.5

‘ : /
and 12.0 Hz, CgHgCH,O0), 4.513-4.408 (4xd, 4H, Jgem = 11.0~

12.0 Hz, CgHgCH,0), 4.334 (s, 1H, H-1), 3.930-3.590 (15H,
COOC}i\[63.66];H—2, H-4, H-6a, H-6b, H-3', H-4', H-S',

H-6agL)\H-6b", CH,=CHCH,0 and OCHHCH,), 3.410-3.315 (3H,

H-3, H-5, and OCHHCH,O), 2.283 (t, 2H, J = 7.5 Hz, ,
CH,COOCH3), 2.133 (s, 3H, OCOC33), 1.620-1.5¥3 (4H,
aliphatic), 1.335-1.240 (8H, remaining aliphatic): 13¢ nmr
(CDCly) &: 174.08 (COOCH3), 170.12 (OCOCH3), 139.00, .

138.80, 138.53, 138.46, 138.05 (quat. arom.),

>

(CH,=CHCH,0), 128.27, 128.19, 128.13, 128.10, 127.97,
127:77,‘125.70, 127.59, 127.54, 127.50, 127.38,.127.29,
127.23 (tgrt. arom.), 116.67 (gﬁ2=CHCH205,'101.64 (C-1,
Jc;llﬁ_i‘= 192.7 Hz), 97.77 (c-1', ic_ltlﬂ_li_= 170.4 Hz),

82.56 (C-3), 77.94 (C-3'), 74.80, 74.37, 73.91 (C-2, C-4,

/And C-4'), 71.36 (C-5'), 68.67 (C-2'), 74.91, 73.71,
0, 71.51 (CéH5gH2Ox5),L70.43,‘6§.79‘(CH2=CH§ﬁ20 and .
OCHACH,), 68.98 (ct6"), 67.06.(C=6), 51.26 (COOCH3), 34.05
(CH,COOCH3), 29.65, 29.23, 29.16,'29.07} 26.09, 24.92

(aliphatic), 20.99 (OCOCH3). Anal. calcd. for - -
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- . ’ LS
°C62H76014: C 71.24, H 7.33; found: 71.09, H 7.46.

[}

8-Methoxycarbonyloctyl 3-0O-allyl-2,4-di-O-benzyl-6-0-

(3,4,6-tri-O-benzyl-a-D-mannopyranosyl)-3-D-

mannopyranoside (28)

‘The disaccharide 27 (2.88 g; 2.76 mmol) was de-0-
acetyla}ed as described for the pfepéra;ioﬁ of 25 and
26. After removal of the reéin by filtration the solvent
was evaporated to afford 28 as chromatographically pure
oil (2273 g; 99%); laly +3.13° (c 1.34, chloroform); Rg
0.32 (Skellysélve B—acetoné, 3:1); IH nmr (CDC1l3) 6
7.48-7.14 (éSH, aromatic), 5,883 (1H, ,Hc allyl), 5.288
(1H, Hb allyl), 5.170 (1H, Ha allyl), 5.258 (broad s, -1lH,
- i{fg and

12.5 Hz, CgHgCH,0), 4.644-4.438 (6xd, 6H, J op [ 11:0-12.0

2

Hz, CgHgCH,0), 4.335 (s, 1H, J) , < 1 Hz, H-1), 4:128

v

(broad s, 1H, H-2'), 4.038-3.593 (15H, OCH; [63.655, sl,

H-2, H-4, H-6a, H-6b, H~3', H-4', H-5', H-6a‘', H-6b',

N

L7

HHCH,, and CH,=CHCH,0); 3.423-3.320 (3H, H-3, H-S, and
T o . \ \ oo v ,
HCHy), 2.355 (broad s, 1H, deuterium-exchangeable, OH),

7 ;,284 (t, 2H, J = 7.5 Hz, QgéCOQCH3), 1.59 (4H, aliphatic),
1.28 (8H, remainigg alipha;iq)}f13cfhmr (CDélj) 5: 173.86
" (COOCH3), 139.04, 138.73, 138.59, 138.44, 138.03 (quat.
arom. ), 154:86*(cné;gycGEO),‘128,49,_128.36; 128.29, |

.
»
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128.24, 128.07, 127.99, 127.89, 127.78, 127.62, 127.48,
127.40 (tert. arom.), 116.84 (CH,=CHCH,0), 101.73 (C-1),
99.77 (C-1'), 82.47 (C-3), 79.69 (C-3'), 75.24, 74.61,
74.36, 74.06 (C-3, C-4, C-5, and C-4'), #5.07, 74.94,
73.88, 73.41, 71.48 (CgHsCHy0), 71.07 (C-5'), 70.54, 69,88
(CH,=CHCH,O and OCH,CH,), 69.03 (C-6'), 68.01 (C-2'),
66.65 (C-=6), 51.43 (COOCH3), 34.12 (CH,COOCH ;) ® 29.72,
29.29, 29.25, 29.14, 26.15, 24.99 (aliphatic). Anal.
calcd. for CgoH,40y37 C 71.83, H 7.44; found: C 71.59;

. (4
7.31. ‘ 8
. W !

8 -Methoxycarbonyloctyl 6-0—{2—0—@3,4,6—triﬁ9;acetyﬂ—2—

deoxy-2- phthallmldo-B -D- glucopyrano l)-3 4 6~tri- O-
%

R

benzyl—a—Q-mannopyranosyl]— ;Q;allyl—z,4—difgjbenzyl—ﬁ—Q—'

mannopyranoside (4) o vﬁﬁ”‘

To a solut‘;n of 28 (2 73 g, 2. 73 mmol) in dry
dlchloromethane (75 mL) were added sllver triflate (7.0 g;
27.25 mmol), sym-collidine (3.6 mL, 27.25 mmol), .and 4a
;ﬁpieedlat eieves. TeQEhe'resulting)mixture, cooled to.

;50°C, was' added dropw1se a solutlon of 3,4,6-tri- O—’

acetyl 2 -deoxy—-2- phtha11m1do-6 D—glucopyranosyl bromlde26

(6) (2. 30 g; 2.60 mmol) in dry dlchloromethane (25 mL)

:e',_

The above mlxture was stlrred at -50°C for 15 mxn and then

e

:allowed to“warm to room temperature over a perlod of 1.

K



\
h. The tlc of the mixture, revealed the presence of
unreacted alcohol 28 (~30%). The reaction mixture was’

N

again cooled to -50°C and a solution of‘the bromide 6
(2.30 q; 2+60 mmol) in dru dichloromethane (25 mL) was
added dropwise. After stirring at -50°C for 15 min, the

Qmikture was allowed to attain room temperature, with

stirring, durihg ] h. The tlc now showed the complete

. - LY N N
disappearanc¢e of the alcohol 28. THe mixture was diluted

with dichloromethane, ‘and then filtered through Celite.

. .[. o » D .- .

The filtrate/was washed sequentially with {ce water, 1ice
cold 1N aqueOUS HC1l, and éaturated-aQeruS sodium

.

bxcarbonate.' The orqanlc phase-was dried (Na2804),
. e

flltered and evaporated. The 5e31dual oil was subjected
"to flash chromatoqraphy emp}oylng toluene eghyl acetate

(3.5:1) aSreluent. The fractloﬂs contalntnq the mag

: %, . LI '.
product were combined and evaporated. The tlc of the 011

so obtalned when deueloped i 9kelly§olve B- acetone'

--“) »

(3 1), also 1nd1cated the presenCe of a mlnor product.

,Ihere%ore, the. above 011 was aqaln chnomatographed u51nq

-,Skellysolve B-acetone (3:1) as eluent to prov1de the a- .
“1inked trisaccharide-29‘asMén 011“C0 27 g; 7%). Further

»

elutlon w1th the same solvent systém gave the tltle

compound as a syrup (2 92 gi 76%)J,[“1D 23 O4° (c 1.02,

-, o~

chloroform), Rf 0 45 (toluenesethyl ‘acetate, 31 1), 0 17

* r
v I
. L, D T

(Skeltiiiive'ﬂ—aceﬁonQJ‘3;Jﬂ; Iy nmr (CDC13)j6= *7-86ﬁ7;04
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(294, aromatic), 5.901-5.790 (2H, Hc allyl and H-3"
(65.815, J3u 4u = 9.0 Hz, Jyu 3w = 11.0 Hz]), 5.573 (d,
1H, Jyw, o = 8.5 Hz, H-1"), 5.303-5.143 (3H, H-4" [65.215,

dd,‘ J4||~’5n = 10.0'HZ, J3u'4" = 9.0HZ] and Ha and Hb

4
allyl), 4.993 (d, 1H, J 13.0 Hz, CegHgCHHO), 4.890-~

ged

4.735 (4xd, 4H, qum =‘11.0—12.5 Hz,~C6H5Q§20), 4.676 (d,

1H, Jy+ 5 = 1.5 Hz, H-1'), 4.538-4.459 (2H, H-2" [§4.513,

dd, Jyn 3w = 11.0°Hz, Jju ou = 8.5 Hz] and CgHgCHHO
(64.475, 4, Jqem = 12.0 Hz]), 4.400 {(dgd, 14, Jys 30 7 2.5

Hz, Jq. 20 = 2.5 Hz, H-2'), 4.373-4.303 (4H, H-1 ([£4.344),
4 Fy ; .

’H_6a", and C6H5C_H_20), 4-233 (dd, lH, J6a"’6bl| = 12.5 HZ,
JS",6b" =;2.0 Ez, H-6b"), 4.063—3f245 (20H, OQEﬁCHz

(64.035, td, J = 9.0 Hz, J

gem vie = 6.0 Hz], OCH4 [63.668,

s], CH2=CHSEQO, CgHgCH,0, H-2, H-3, H-4, H-5, Hgba, H-6b, .
B30, é—4',dH—s'(5H—6a', H-5", OCHHCH,), 2.989 (dd, 1H,
Jéé.?Gb. ="11.0 Hz, 55',65'”= 5.5 Hz, 5-65'), 2.31 (t, 2H,

"‘q§2cootﬁ3, J = 7.5 Hz), 2.055 (s, 3H, OCOCHg), 2.024 (s, =~
' 3H, ochH3), 1.863 (s, 3H, ococa3);_1.7d-1;59 G, Y
aliphlaltic),v 1.44-1.26 (8H, remaining aliphatic); 13‘C nmf
(CDClg) & 173}96 {COOCH3), 170.42, 169.89;1r69.21.

("OE_OC,HB:- a'nd ph\lthali‘rvr'\ido carbonyl), 1_38.“_6“,9_-{"5138.5,2, 'i38. 36,
:137.80 (benzyl quat. érém,xg 134.55'(¢stg§cnzd),~133.74
(bh't‘ha'bl‘imi‘dho,‘t:ert.“ afoml ), 131.52 .(p‘h,f_‘hal'imi-dd guat. | ; o
_a}bm.s;*iés;3ﬁ; 128.19, 128.00, "127.92, 127.86, 127.63,
h 127.47,:127;43,*iéif25, 127.19, 126.99 (befizyl tert.

P
.- A
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arom.), 123.16 (phthalimido tert. arom.), 116.52
(CH,=CHCH,0), 101.79 (C-1, Je_) u_q = 152.8 Hz), 97.44
(C-1', Jeopr poqe = 169.2 Hz), 96.48 (C=1", Jo_yw y_q»
165.1 Hz), 82.64 (C-3), 76.81, 74.54, 74.09, 73.75, 73.49,
72.88, 71.89, 71.45, 70.62, 69.01 (C-2, C-4, C-5, C-2',
C=3", C-4', C-5', C-3", C-4", C-5"), 74.64;’73.63, 72.41,
70.33 (CgHgCH,0), 70.11 (CH,=CHCH,0 and OCH,CH,), 69.40
(C-6'), 66.53 (C-6), 62.17 (C-6"), 54.25 (C-2"), 51.17
(COOCH3), 33.86 (CH,COOCH3), 29.47, 29.10, 29.04, 28.90,
25.91, 24.74 (aliphatic), 20.56, 20.43," 20.24 (OCOCH;).

Anal. calcd. for CggHg3N Op: C 67.64, H 6.60, N 0.99;

found: £ 67.54, H 6.58, N 0.97.

»
8—Me;hoxycarbonylocty1 6-0-(2-0-3,4,6-tri-O-acetyl-2-

'690xy—2—phthalimidp—e—g-glucoﬁyrahosyl)-334,6,—trifg;,

benzyl—a42—mannbpy:énosy1]—274—di19;benzyl—&rg—

mannopyranoside (31} . L

'a'A solution of 4 (2.79% g; 1,97AmmoI}; tris(triphényl—'
phospHiné)rhodium(I);chloride (129. mg3 0.14 mmol) , 1:8;'

;diazabicyclo[é.2;2]oétané (58 mg;:O.SI‘mmol) in R

ethanol—bepzene—water (7;3:1;1100 mL) was heated‘at reflux
for 24 hLm.The,sleEht was removed and the residue

ST N o SRR e
dissolved in-acetone (100 mL) containing a_ trace amount of -

" mercuric oxide. To ‘this solution was. added a solution éf

~
3

; ‘ A : -‘h 2 . . SN
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mercuric chloride (3.0 g) én acetone-water (9:1; S50 mL),
and the mixture was stirreg at room temperatutre for 45
min. FolloQing evaporation of the solQQnt, the, residue
was taken up in dichloromethane (250 mL). "The |
dichloromethane sélhtion was washed with 30% aqueous
potassium bromide'and water. The organic layer was dried
(Na,50,4) and evéporqsed to givé an oily residue which was
purified by flash‘chromatography using toluene—eﬁhxly
écetage (3.5:1) as eluent. The title compound was
obtained as a white foamy solid (2.31 g; 85%); [q]DA
'—19.07; (5_0.97,\ch10roformf; Reg 0.37 (toluene-ethyl
acetate, 3:1); M nmr (CDC13) 6: 7.88-7.07 (29,
aromatic), 5.84 (dd, 1H, Jgu g» = 9;0 Hz, Jyn 3m - 11.0

-Hz, H-3"), 5.6f‘(d, 1H,'J1u,2n,= 8V5‘Hz, H*l"i,‘5.221.(dd,

1H, Jgn g = 9.0 Hz, Jgu g0 = 9.0 Hz, H-4"), 5.063 (d, 1H,

] S
= 12.0 Hz, c6ﬂsc§ﬁo),'4.853 (d, 1H, J = 11.0 Hz,

-Jgem gem

CeH5CHHO), 4.778-4.733 (2xd, 2H, Jgep = 11.0 and 12.0 Hz,

CgHsCHp0), 4.673 €d, 1H, Jpu pi°= 20 Mz, H-1'), 4.633 <a,*;’-x

1H, Jgop = 12.0 Hz, CGHgCHHO), 4.543-4.476 (2H, H-2"

gem o S
(64.518, dd, J2",3; f.ii.p Hz, Jyw,gn. = 8.5 ?a]}i&EHSQﬂHQYj )
(64.491,°d, Jg;m é‘iz.o Hz]), 4.433 (1H, 3; ,7¢ 1 Hz, _ 'rd)/
H-1), 4.385-ﬁf24oqksn,‘3723, H-6a", H-6b" and CqHsCHR0),

®=:

. - 'f.'" - C Lo : T . N e " .

4.035-3.93% (4H, OCHHCH,, H-5", and CgHgCH,0), 3.828-3.245 . -
: : Lo ST - !

(14”, H"z, H-3' H-4' H_‘S, H-Ga, H-Gb, H-3' ’ H—4' ’ H_S' I3 ) ' >«)

/ R . ) ’ . . o Lo . ’ ".:
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JGa.,Gb..= 11.0 Hz, Js+ gp - 5.5 bz, H—6b'),€2.380 (‘dR
1H, deuterium-exchangeable, Joy y-3 ~ 10.0 Hz, OH), 2.290
(t, 2H, CH,COOCH3, J = 7.5 Hz), 2.056,2.050 (2xs, 6H,
OCOCH3), 1.860 (s, 3H, OCOCH3), 1.68-1.58 (4H, aliphatic),
1.40-1.26 (8H, remaining aliphatic)a'13C nmr (CDCly) 6:
174.17 (COOCH3), 170.63, 170.12, 169.40 (bggcﬂg and
'phtﬁaiimido carbonyl), 138.77, 138.50, 138.37, 138.30,
138.10 (benzyl duat. arom. ), 13}&95 (phthalimidd fert.
arom.), *131.82 (phthalimido quat. arom.), 128.56, 128:36,
128.23, 128.f3, 128.08, 127.72, 127.62, 127.59, 127.39,
127.21 (benzyl tert. arom.), 123.37 (phghalimido- tert.
arom. ), 101,96 (C-1), 97.25 (C-1'), 96.61 (c-17), 77:9q,
77.22, 76.27, 74.39, 74.34, 74.07, 73.22, 72.12, 71.61,
70. 80, 69.14 (C-2, c-3, c-4, c-s, c-2', c-3' Mic-4', c-5',
Cc-3", C-4" and C-5"), 75.06, 74;83,\74.44, 72.63, 70.49
(CgHsCH,0), 70.34 (OCH,CHp), 69.50 (C-6'), 66.58 (C-6), -

%2.33 (C-6"), 54.44 (C-2"), 51138 (COOCH3), 34.05

(CH,COOCH3)Y,, 29.61, 29.24, 29.19, 29.08, 26.06, 24.92

(arip§a£r¢)f 20.74\'20.623.20.44”@6cqu3)."1EE;LL;célcd.
for Cq7HggN 022% C 66.99, H,6.50,'N>1;Oi; found: C
. 66,74, H. 6.43, N 0.84, | . T



8-Methoxycarb?nyloctyl 6-0-(2-0-(2-deoxy-2-phthalimido-f -

Q—qlucopyranogyl)—3,4,6—tri-0-benzy1—d—Q—mannopyranosyl]—

2,4-di-0- beanl -R D—mannopyran051de (32)
;rf

To a solution of 31 (0.82 g; 0.59 mmol) in dry

methanol (75 mL) was.added a trace of solid sodium meth;
'oxide; The mixture was stirred at room tempe;aeere for 3'
b. Neutrallzatlon of the mlxture with Amberlife IR- 120(H )
resin followed by f11trat1on and evaporatlen afforded€32 -
as a white foamy sol1d n a‘quantltatlve y1eld;:-Ia]D
;31.545~(£_1.3, chloroform); Rg 0.2 (dichloPomethane-
methanol, 19:1); ' nmr (coci3) 5: 7.66-7.06 (29H,.
ardmatie), 5.399.(d 1H, Jln 2" = 8.0 Hz, H—l“f 5:035 kd,
lH;'qum = 12.0 Hz, CGHSCHHO), 4 824 4. 534 (6H, H-1"

64.643) and CgHsCH L0 I5xd, Jgem = 12.5-11.0 Hz)), 4.408-

4:2A1 (6H, H—l (64.408}, “H-2° (&4.248, dd4, J2.’3; = 2 Hz,
Jy%, o+ = 2 Hzl, H-2", H-3", and CgH5CH,0 [Jggn = 11.0
N

ﬁzj), 4.020-3.208 (21H, H-2, H-3, Hr4, H-5, H-6a, H—Bb; |
H-3'", H-4".H45‘ -H-6a';, H44“ H45" H—6é" ;Gb" o

.'oq_ecnz, C6H5Q_20 and ocn3 [53 620, s]), 3. 063 2.900 (28,

 H-6b', L62°a18 dd, Jgar 6b" 10 5 Hz; J5. 6b.~§ '5.5. Hz]
and OH [broad s, dlsappeared on D20 exchange]), 2. 396 (d,,
JH, J3,08 T 10.Q Hz; deuterlum exchangeable, -OH), 2 269'

(t,. 20, M

7,

=8 .0 Hz, Q_QCOOCH3),,1 65 1 55 (4H, allphatlc), T

—

~'}r39r1l26fj«,k remalnlng allphat1c), 13C nmr » (CDC13) XN

e

co . Ly . .~
A o S
.
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174.43 (COOCH3), 168.51 (phthalimido carbonyl), 138.68,
135.52, 138.35, 138.32, 138.05 (benzyl quat. arom.),
133.79 (phthalimido tert. arom.), 131.84 (phthalimido
quat, arom.), 128.58, £28.38, 128.34, 128.26, 128.12,
128.03, 127.80, 127.70, 127.49, 127.44, 127.22 (benz}l
tert. Arom.), 123.23 (phthalimido tert. arom.), 101.90

(C-1), 97.49 (C-l'),.96.84 (C-1"), 77.69, 77.26, 176.31,

.75.65, 74;28,174.13, 73.38, 72.07, 71.73 (C-2, C-3, C-4,

c-5, c-2', c-3', c-4', C-5', C-3", C-4", and C-5"), 74.87,
74.77, 74.48, 72.63, 70.86 (CgHgCH,0), 70.30 -(OCH,CH,),

69.70 (C-6'), 66.65 (c-6), 62.21 (C-6"), 56.54 (C-2"),

'51.45 (COOCH3), 34.07 (CH,COOCH3), 29.61, 29.17, 29.04,
OLt , . !

26.04, 24.88 (aliphatic). Anal. calcd. for CqqHgyNi0jg:

C 67.98, H 6.67, N 1,12; found: C 67.43, H 6.60, N 1.10.

Y

B-Methoxycarbonylocty1‘6-0—[2—0—72—acetamido—2-deoxy—s—D—

glucopyranosyl) ~3,4,6- tr1~0 benzyl-a- D-mannopYranosyl]-

Loe¥l T

solution, 2. 6 mmol)-for 12 h. The tlc showed the presence fi,

2 Therefore, -more hydrazlne hydrqte (0 07 mL of an 85% -

2, 4 d1-0 benzyl B-D-mannopyran051de (33)w.

Compound 32 (0.43 g; 0154 mmol)'inrmethanol (25 mL)
¢ )

was b01led w1th hydra21ne hydrate (O 14 mL of an 85%

-

&

- of the startlng materlal in, the react1on mlxture._'

solution, 1 3 mmol) Was added "and’ the mlxturerrefluxed fOr .

N e

o

I

.
’

4
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[N

¥

another 4 h. The solution was evaporated and the residue
thdroughly Qried to remove traces of hydraziné; The
residue was then dissolved in methanol-water (1:1, 15 mL)

" and acetic anhydride (1 mL) was added. The resulting
solution was stirred at room temperature for 2 h.- Re%oval
of solvent gave'a white solid which was purified by flash
chromatography u51ng dlchloromethane -methanol (12 1) as
eIUent.'751nce the crude product was not completely N
Fsolubleﬂln theleluent used it was dissolved using more
methéhol in the same solvent mixture and éhén adsorbed on
‘sddium sulfate which was poured onto the top of the siliéa
'paékigq. Pure 33 was obtain?d as a white‘foamy>§olid

(0.24 g; 60%); lalp ~-20.46° (c 0.88, chlorof:)rm)%? Re 0.61
(d1chloromethane-methanol, 10:1); 1H nmr (CDC13) 5: T.42-
7.16 (ZSH, dromatic), 5. 90 5 65 (broad s, 1lH, NH, ‘
deﬁterium;exchangeablé),»5{053 (d,‘iH,iJgem = 12.0 Hz,
CgHsCHHO) ;. 4. 913-4.825 (3H, CgHsCHYO [2xds Jgen = 11.0 Hz)
and H- 1" [54.910, EERITIPTIE 2 0 Hz)), 4.743 (d, 14, Jgem
= 12 0 Hz, C6H5CHHO), 4, 688 4 574 (3H, -1" and C6H5C_2Q§
'[2Xd, Jgem =.12.0 Hz%), 4. 488 -4.325, (SH, ijv[64.435] aqg
‘l.L6H5ngO t4xd, Jgém,= 12.0 and 11. 0 Hz]), 4;25%¢(;, 1H,
H-27), 3.995-3.293 (23H,-H—2, H-3, H-4, H ‘—S' H-Ga;'ﬂ—6b,‘

-~

NH-3'; H-4', H-5',,H-6a', H-6b', H-2", H- 3" H-4", H-5"7"

“6a"ﬁ H 6b" OH OQ_QCHz,,and OCH3 [63 643, sl), 3. 00—'

.:J2 65 (bz:gad_,sJ 2H dxsappeareﬂ -on Dy0 exchange, OH),_Z 501.
. . . R ._a- *
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(d, 15, J3,OH 9.0 Hz, disappeared on D,0 excl ange,

3-OH), 2.276 (t, 2H, J = 7.0 Hz, CH,COOCH3), 1.840 (s, 3H,
NHCOCH3), 1.64-1.52 (4H, aliphatic), 1.36-1.22 (8H,
remaining al%phatic); 13¢ nmr (CD§13) &: 174.10 QQQOCH3))J
172.37 (NHCOCH;), 138.60, 138.39, 138.30, 137.93 (quat.
arom.), 128.50, 128.34,%128.27, 128.17, 127.93, 127.73,
127.65, 127.58, 127.44 (tert. arom.), 101.90 (C-1)%_ 99.23

(C=-1'), .87.66 (C-1"), 77.62, 76.25, 75.83, 74.58, 74.39,

e Y oeqe |
74.13, 73.71, 73.46, 71.64 (C-2, C-3, C-4, C-5, C-2', *

&
c-3', C-4', C-5', C-3", C-4", and C-5"), 74.75, 74.45,
3 .

73.20, 71.50, 70.30 (CgHgCH,0), 68.85 (C-6'), 66,86 (C-6),

62.66 (C-6"), 59.07 (C-2"), 51.26 .(€COOCH3), 33.99
(CH,COOCH;3), 29.57, 29.1k, 28.99, 25.99, 2434
(alfphatit),’23.30'(NHCQgﬁ3). Anal. -calcd. for

CgsHg3N O1g: C 66.94; H 7.17, N 1.20; found: C 66.81, H
7.09, N 1.13. ng S |

- <Ay

. .

A g . .

4

8-Methoxycarbonyloctyl 6-0-{2-0O-(2-acetamido-2-deoxy-8-D-

glucopyranésyl)fa?g-mannopyranosyll—B-Q-Qahnopytanoéide

. . . . oo S . ) . . . ‘_.‘ . N B ..

(2 , : . ; ‘ e
Compound 33 (45 mg; 0.03%#mol} was dissolved in 98%

L . ,’ B ,;‘ - - . ‘ s e . _‘ 4 L -.4

ethanol (9 ‘mL), and 5% palladium—on—chaycoal jgg'mg)-was

.addéd,‘_Thé‘mixﬁure'wasgsﬁirred‘ﬁndgfuan-atmosphétgzof 

s s

hydrpgen_gasﬁfon.52 h,." The catalySE”wés‘rémOVdeby .



filtration and, after solvent evaporation, . the residue was
passed through a column of Bio-Gel P2 (2.5 cm x 47 cm)
/ T

using 10% aqueous ethanol as.eluent. The carbohydrate-

N .

containing fractions were pooled, cbncentréted, and
"lyophilized to hrovide:Z as a wﬁite poner (23.5 @o; 85;);
laly ~19.34° (c 0.91, water) ; Rp 0.57 (dichloromethane-
methanol—water,_10:6:Pﬁ; ;H nﬁr (DZO) 6; - 4.920 (lH,:
‘J£.,é. = 1.8 Hz, B=1'), 4.664 (18,3} , < 0.7 Hz, H-1),
4.579 (18, Jju v = 8.0 Hz? H-17), 4.129 (ad, 1H, 3)+ g0 =
1.4 Hz, 30 30 = 3}4 Hz, H-2'), 3.9Q§—3.461.[22H,‘H}2 |
(63.981, J; 3 = 3.0 Hz), H-3' (63.844, J3. 41 = 9.5 Hz,
Jor 30 = 3.5°Hz); H-2" (53.706, 31"12" - 8.0 Hz), B-3,
H-4, H-5, H-6a,. H-6b, H-4', H-5', H-6a', H-6b', H-3",
H-qt, HoST, H-5a"; H-6b", OCH,CH,, ang OCH3 (53.690)],
2.388 (t, 2, 3 = 7.5 Hz, CH,COOCH3Z), 2. 056 (s, 3H,
NHCOC_3), 1. 68 1. SO (QH, allphatlc)1 1.38-1.22° (8H,
remalnlgq allphatlc), The above lH nmr a551qnments were
confirmed»by homonuclear decoupllnq; 11C nmr (Dzo) &

-

178. 58 (NHCOCH Yo 175 .59 (COOCH a, 100.82 (cC=- l,,JC 1, -1 =

Te

159 4 HZ) , 10047 (cC- 1, JC,IU'H v = 162.3 Hz )., 97. Ez
(c-1t 1'y Je1t et T 169.5 H2), 77.35, 76.75,75.35, 74.27,
74. 10, 73 73, 71. 43,}70 92, 70.84; 70.54, 68.20, 67.63
1ﬁ-2, C‘3'.C 4, ¢- 5,,c 2", ¢—3f ;C:A': c-s5', '6;3", c44"f?
¢-5", and ocazcnz), 66.99 (C- 6),.62.43 (C- 6"), -§.<.55' y

(c—e )., 56.31 (c= 2“), 52 91 (COOCH3), 34. 55 (CHZCOOCH oo



29.46, 29.05, 28.97,.28.93, 25.82, 25.11 (aliphatic),
23.21 -(NHCOCH3). Anal. cdlcd. for CygHgyN Ojg: C 50.34,

H'7.46, N 1.96; found: C 49.27, H 7:28, N 1.73.

8—Methcxycarbonyloctyl 6-0-[2-0-(3,4,6-tri-O-acetyl-2-

> sl

deoxy—Z}phthalimido—B—Q—glucopyranosyi)—3,4,6—trij97

benzyl—a—Q?mahnopyranosyl]4379;(2,3,4,6—tetra-9;acetyl—a—‘

B

\jg_mannopyranosyl)-2,4—dif9;benzyl—8jg—mannopyranoside (}0)

" .

¢ \". ' s q : ' ‘ “' :
To a soluQ%Pn of the alcohol 31 (504 mg; 0.3%1 mmol)

! ; il \

in dry acetoniﬂfile (10 mL) containing. 48 molecular sieves

A}

were added'sequentiallylmercuric bfomide‘(1.416 g; 3.93
mmol)*ahdlmercuric cyanide (988 mqi.;.§5‘ﬁmol). To .the

_ result;ng mixture, was addeo>a solution‘of 2,3,4,6:getrai97
'acetyl—a-gfhannopyrahosyl brohigez5 (S) t0.915 g; 2.23

mmol) in dry acetonitrile (5 mL) in five portions with an
'interyal of 30 min between two'additiohs; and the reaction
- : . ST : .
‘mixture*was stirred for 2 h. Evaporation of the solvent
gave an(élly re51due wh1ch was extracted three times. w1th
d1chloromethane. The organlc extracts were comb1ned and

»

washed with satu ated aqueous pota551um chlor;de;"

. o } &6 “' N . e
saturated aqueous odlum blcarbOnate, water,.and‘brlne.

The’ drled organ'c layer (Na2504) was evaporated ﬁo glve a-

foamy resldue whlch was purlfled by flash chromatography

» v

u51ng toluene—ethyl acetate (3: 1)-as eluent.p‘The tltie_

. B . « coe

cr

-
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" SR . SR C '
.compound was obta®ned as a white foamy solid (0.405 g;:

’

65%); lalp +4.41° (c'0.98, chloroform); Rg 0.25, (toluene-

ethyl acetate, 3:1); 'H nmr (CDCl3) &6: 7.88-7.02 (29H,

b 0

-'aroma‘t'}*c), 5.811 (dd, 1H, J3..'4,. = 10.0 Hz, J2..'3.‘. = 90

-

W

T a - g ¢ Gl ) ,
f'HZ, ), 5.57.4 (d, 14, Jlu o =~ 8. 5 HZ, H-1"), 5 391'—

/

53249L(2H, Iy, 30 = 3.0 Hz, H-2',and H-3'), 5. 240 5.094 .

(48, H-4', H-4", CgH SCHHO, and H-1 [65.094] Jy. 4
f ¢
J4v /5" = 9 5 Hz , J3‘r 4.. = J4u g = 9.5 HZ), 4.893-4. 750

.(3H, Jgem = 11.5 Hzxa'nd 13.0 Hz, 3_:<C6H5C_H_HO)‘,@.A696 (d,

ﬂn Jym v = 1.5 Hz, H-1"), 4.539-4.448 (2H, H-2" [54.515,

dd q1|l’2|"= 8.5'-);;}12, qu.'3'. = 10.5 HZ] and CGHSC—H—HO [Jgem

= 11.5 Hz]), 4.440-4.284 (6H, H-1 -(54.440], H-2' [64.375,
SN

dad, Jlll'zn‘ = 2.-0 H'Z' J2n,'3u : 2.0 HZ], H"'Ga", and
’ ’

3xCgHgCHHO. [Jgop = 11.0 and 11.5 Hz]), 4.121 (d4, 1H,

. ~ ’
Jk6ali,6bll = 12.0 HZ, JS“IGb“ = 1-5 HZ, H"6b.), 4.09 -3.235

(21H, H-2, H-3, H-4, H-5, H-6a, H-6b, H-5', H-6a', H-6b',

: » P ) : ‘ '

_3u’. H"‘4"' H_su' "H"Ga", H_S‘", OCﬂzCHz, C6H5'CH401 OCH3

v : T '’ —.a : A L 2

[63-674]), 2.953 ('dd, 1R, JGaﬁ 6b" = 10.5 HZ, JS" 6b" =
«

6.0 Hz, H~ 6b“),;2 313 (t, 2H,vJ = 7.5 Hz, qucoocu ), 

A

2 059 2. 000 (65, 18H OCOCH3X6),}1 868 (‘s 3H OCOCH3)-,’

- 1.74-1.54; (4H, ariphatlc), 1.46-1.20 (8H, remaﬁnlnq oF

allphat1q3 3¢ amr (cDC14) ‘6. 17411 1(COQCH3),. 170.58,

v1'70.21, 170 06, 169 65, 169.47, '169.'4_4, -169’,35 (OCOCH3 and

-

phthéllmldo cagbonyl), 138.75, 138.46, 137. 73; 137.51;_."

(phthalimido quat. Afom.), 133. 90 (phtha11m1d0>te;t,'-



arom.), 128.82, 128.46, 128.36, 128.15, 128.08, 128.03,
127.87, 127.54, 127.47, 127.36,‘127.28, 127.18 (benzyl
tert. arom.), 123.3; (phthalimido tert. arom.), 101.95
(C=1, Je_y, p-y = 154.1 Hz), 99.83 (C-1", Jo_pv yoqo
177.8 Hz), 97.62 (C-1", Jo_yw y-yv,= 170.9 Hz), 96.60

(C-1'", Jo_pe, y-pe= = 164.16 Hz), 81.25, 76. 29, 74.78,

74.48, 74.17, 72.90, 72.03, 71.80, 70.73, 69 33, 69.15,
68.98, 68.93, 65.94 (C-2, C-3, c-4, Cc-5, C-2', C-3', C-4*,
c-5', c-2", C-3", c-4", C-5", c—3"f§c-4",'and cfg'),

74.68, 74.58, 73.71, 172.52, 70.43 (c6h5gﬁ50),i7o,i1
;-(OCHZCHZ), 69.62 (c 6"), 66.29 (C-6), 62.43, 62.32 (c76"

7 and C-6%), 54.37 (c- 2%, 51.34 (COOCH3), 34 02 g
'(gﬁzcooca3), 29.66, 29.27, 29.19, 29.07, 26 10, 24.89
(aliphélici, 20.69, 20.56, 20.40 (OCOCH3). Anal. calcd. .
#or Cg ) 107910317 C 63.89, H 6.30, N 0.82; found: ¢
63.45, H 6.31, N 0.82. '

Rl

‘8—Methoxycarbpnyloctyl 6-0—[2+O4(3,4,6—trifb—aceey1—2—

4 ’:,’

‘facetam1d0—2 ~deoxy- B—D—glucopyranosyl)*B 4 6~ tri—o benzyl—
. & . ~
'-g-mannopyranosyl]— —O (2,3,4,6-tetra- O acetyl-a-D-

. s

fmannopyranosyl]—z 42 d1~0 benzyl B—D-mannopyran051de (35?’ f

Compound 34 (260 mg; 0. 15 mmol) was dlssolved in dry ’
- methanol (15 mL) containing . sodlum methox1de. The

Te
-~

, resuiting solut1onlwas stlrred gt room temperature for 45

v



.8_7 :

min, and the reactlon mlxture wasineutrallzed wltw

-

2

Amberlite IR4120(H) resin. The resin was ;emoved by

flltratlon and the solvent evaporated to prov1de a- foamy ifw
ngOlid which was dissolved in methanol (10 mL). To this
Eyu501ut10n was added hydra21ne hydrate (0.4 mL of an 8?% .

solution, 7.43 mmol) and'the mixture was refluxed fot 1 ,

h. Removal of solvent gave a white residue. Traces of ¢

hydrazine. were removed by evaporation of methanol from the

product (twice), which was further dried on the vacuum e
4 . e ‘."‘"‘ .

pump. The product was then dissolved in pyridine (3.5 mL) .

and acetic anhydride (é:ﬁ_mL) and stirred overnight a;itﬁ?ih'
_room temperature. stcéés acetic anhydride was decomposed'uln
. * . : . . . -
"bv drobwise‘addition’oﬁ ethanol "to the reaction mixtdre at
- 0°C, to which was thenzadded dich]oromethane and water.

. The aqueoﬁs layer was separated and back extracted with -

more dichloromethane and the combined dichlotomethane» :f

layers wWere washed ‘with 1 M agueous HC1 and saturat:r

aqueous sodlum blcarbonate. The organlc phase was dr ed
A ; ‘ . ,4 .
(Na2804)g flltered, and evaporated to give a foamy solld '

-

which was purlfled by flash chromatography usxng

aSkellysolve B-ethyl acetate ethanol (20 120 1) s eluent.'v

Pure 35 was obtalned as a whlte foamy SOlld (1,4 mg,f62%),i,
[a]D +11 23 (c 1. 18 chloroform), Rf 0.3 (Skellysolve B—’

ethyl acetate—ethanoly 20 20: 1), 1H nmr (CDC13) 6. ,7 70—_

N

7. 12 (253, aromatic), 5, 613 -5, 523 (zu, n—3'-'(5§ 588] and

- Al
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- 2 5 i ' . o

NH-[85.533," @, J = 7.5 Hz]), 5.405-5.340 (2H, H-2'
'[65.399, dd/ J20’3l = 3 S HZ, Jl' 2! =}1 S HZ] and H-3'

L5, 358, Ad,” J37 4p = 10.0 Hz, Jpe,30 = 3.5 Hz]), S. 213-

'Y

4.990 (SH, sHm4" (65.188, dd, Jyu g = 10.0 Hz, T30 40 =

10,0 Hz 1, cg HgCHHO [65. 133 4, Jgem = 13.0 Hz), Hel'

[65 100] v H e [65 07”4, d Jlm 2|- = 8. 5 HZ] ’ and H 4" i
4
. [6 5.015, dd J4n 5-! = 10 0 HZ, J3n| 4ll = 10 0 HZ]), 4.905-

4.765 (41, H-1Y [54 850, d, Jlulzq = 2.5 Hz) and

Q

‘ -BXCG'HSC_H_H‘O Jgem = 1.5.—13.0\'Hz])., 4.575-4.530 (2H, qu"; =

: o . L - .
-1Y.5 Hz andéd 12.0°Hz, CgHgCHo0)., 4:466-4.228 (6H, H-1

j / . ‘ - “ ’
(64.4%6], ;;pﬁusqgﬁq-LJgem_= 12.0 Hz], H-2" [84.288, broad
g], H-~6a" (5
[ ]

‘Hz]), 4.119-3.300 (13H, H-6p" [64.100, dd, Jsausw.’= 12,0 -

4 250"“dd) Team, 66 = 12.5 Hz, Jge-gam = 5.0

bz, Jg.eb“-z 0 H2), H-2, h-3, H-4, H-S, H-6a, H-6b,  ~
l.H—S”} H-62", H- 6&' H-3", H-4", 'ﬁ—s",'n—sa" H-6b", H-27,
H-5%, OCH,CH,, and OCH, (63.6651), 2.305 (v, oH,
>J:q52coocn3, = 7.5 Hz), 2.048-1.993 (21He 7xOCOCH Ny 1.779
(s, 3H, NHCOC_3), 1.67-1.52 (4H, allphath), 1.40-1.14
'(18H, rremalnlng a11phatp1c), ».13C nmr - (CDC13) 62 ) 174 22
, (coocu3), 171.03, 170.70, i70. 33, 170. 15,-169 84, 169.59,
165.54 (OCOCH3 and NHCOCH3),1138 71, 138.46, 137.91,
137.73 (quat.’ arom.), 128.55, 128.50, 128.45, 128.37,
,125.27;“128.22,;I27}94, 127;87;;127,72;if27.61, 127.51,
127 41; 127.34 (tert.'arom.), 161;90.kc-1), 99;33f(c~1'), 
98,35 (c 1">,-98 09 (c 1"), 81‘09' 76,97,176;52, 74.93, |

.E‘L“'



R

74.48, 74.37, 73.57, 72.02, 71.61, 69.33, 69.20, 69.11,
68.90, 65.88 (C-2, c-3, c-4, c-5, c-2',%c-3', c=4', c-5',
c-2", C-3", C-4", C-5",7C-3%, C-4", and C-S5%), 74.93,
74.66, 73.74, 73.01{'70.77 (CgHSCH,0), 70.59;§Q§ﬁZCHz3i
69.27 (C-6"), 66.37 (C-6), 62.42 (C-6' and C-6"), 55.90
(Cc- 2%, 51.45 (COOCHy), 34.07 (CH,COOCH;), 29.66, 29:33,
29.25, 29.14, 26.08, 24.94 (aliphatic), 23. 27‘I§HCOCHj),

20.76, 20.68 (ococn3) Anal. calcd. for.C85A107NlO30:ifC

62,91, H 6.65, N 0.86; Found: C 63.05, H 6.67, N 0:83.

.
o

8—Methoxyéafbonyloctyl 6197[ZfQ;(Q-acetamido—24déoxy—b~Q—

13

b Coe : !

,Glucopyrahosyl)-a—g-maanQYranOSylh%éigf(a-Q_

. mannopyranosyl)—é—g—mannopyranoside (3)y .

v
A solution of 35 (111 mg; 0.07 mmol) in dry methanol
(6 mL%’containinq'SOdIﬁh'methoxide was stirred at rbom

'G » ~e

temperature-for l h. Neutrallzatlon of the mlxture with.

'Amberllte ‘IR-120(H)  resin followediﬁg removal of the resin

.;by flltratlon arid evaporatlon of - the solvent prov1ded the'
;deacetylated product as a foamy SOlld (89 mg) whlch was
' dlssolved in 98% ethanol (17 mL) and hydrogenolyzed over

‘5% palladlum—onpcharcoal (180 mg) at atmospherlc pressure‘

~ for Svdays,_ Follow1nq flltuatlon through Cellte the

‘filtrate,wasAconqentrated'to annqlly residue which’ was

« -
- +



containing fractions were, combined and evaporated. ' Pure 3

ﬁ%C"

. r& )ii)i : ) . | : \

passed through a column of Bio-Gel P2 (2.5 cm x 47 cm)

using 10% équeous ethanol as eluent. The carbohydrate-

Kd

-was obtained foliowing lyophilization as a white amQrphbus

“solid’ (51 mg; 85%): lalp +6.48° (c 0.91, water); Ry 0.28

1

(dichloromethane-methanol-water, 10:6:1);’ H nmr (D,O0)

62 5;194 (IH,FJl.'z. = 2.0 Hz, H-lf),.4;918 (1H, Jl",?"

1.8 Hz, H1"), 4.671 (1H, Jy o < 0.8 Hz, H-1), 4.579 (45

1H, Jym gwo= 8.0 Hz, #-i"), 4.139 (2H, H-2 and "H-2"),

' .« . . N
'OQ_QCH )y 2.388 (t, 2H, c_zcoocnj; J = 7.5 Hz), 2 055 (s, /{

. ) .
. 4.065 (dd, 1H, ngfgi = 3.0 Hz, Jln 2w = 1.5 Hz, H-2'),
4.018-3.445 (26H; H-3' [63.891, J3: 31 = 10.0 Hz, Jp. 3. .=
A
- 3.0 HZ], H- 3" [63 843 J3u 4\0 = 9.5 HZ, J2n 3|| = 3.0 HZ],

“ ™
.H 3 (63. 728, J3 4 = 9 5 Hz], H 2* [&63. 705], OCH3 [63. 688,

s], H-4, H-5, H-6a, H-6b, Hf4', H-5', H-6a', Hj6b' ey

H-5", H-6a", H-6b", H-3", H+4", H-5", H-6a"™, H-6D", and

3H,'NHCOQ_3),.1 66-1. SO (4H, allphdtlc), 1 40 1. 20 (8H,

remalnlnq allphatlc). The above 1H nmr . as51qnments‘were

conflrmed by homonuclear decoupllnq- 13¢ nmr (DZO) 6

: .178 76 (NHCOCH ), 175 66 (COOCH3), 103.22 (C 1'

100.40 (C- 1., ooy, -1 = 159.1 Hz), 97.61 (C-1",

JC i, H_ln = 169.3 ‘Hz), 81.65, 77. 14, 76. 70, 75.12, 74, 24,

f74.18 73 70, 71.34, 71.16, 70,94, 70.%3; 70.49,-68.l7p

' 67.67,_66.63 (C-2, C-3, C-4, c-5, c-2', C=3', c-4', C-5';

90

-

' JC_1l“H 1 = 172.0 Hz), 100.69" (C- 1, Jo-1,H-1 = 159.1 Hz),



T
“ oo
)

c-2r, C-3", C-4", C-5"; C-3", C-4", and C-5"), 70.99

-

‘91

' (OCH,CH,), 66.63 (C-6), 62.49, 61.86, 61.51 (C-6', ,C=6", -

andg C-6"), 56.25 (C-2"), 52.95 (COOCH3)., 34.59

(CH,COOCHy) , 29.50, 29.11, 29.07, 28.99, 25.86, 25.15

(aliphatic), 23.22 (NHCOCHs).
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