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Introduction 8
Received on November 14, 1997; revised on December 29, 1997; accepted on
January 2, 1998 The selectins are mammalian lectins that mediate the early %eps

of recruitment of leukocytes from the bloodstream in a varlet)Bof
2present address: TransCell Technologies, Inc., 8 Cedar Brook Drive, normal and patho|0g|ca| situations (see Bewlacqua and Nelgon
Cranbury, NJ 08512 1993; Rosen and Bertozzi, 1994; Varki 1994, 1997; Lasky, 1%5
3To whom correspondence should be addressed at: Department of Lowe and Ward, 1997; McEver and Cummings, 1997
Gynecologic Oncology, Roswell Park Cancer Institute, Elm & Carlton reviews). All three members of this family of adhesion moIeCUEs
Streets, Buffalo, NY 14263 (L-, P-, and E selectin) have amino terminal C-type lectin

domains that originally predicted their ability to bind carbohy-
drates. The role of sialic acids in ligand recognition by
selectins was also evident from early studies. A landmark event
n in this field occurred when several groups independently repo&ed
that the selectins recognize sialylated fucosylated ligands
taining the sialyl L& motif (SL&) NeuSA@2-3Gap1—4 (Fuc- 3 2
01-3)GIcNA@1- (structurel) (Phillipset al.,1990; Walz, 1990,<
Brandley, 1990). Later it was shown that sialy#ype structures o
can also bind with selectins (Beggal.,1991). Also, Grinellet E:
al., (1994) demonstrated that an uncommon sequence GaINiAc-

(Koenig et al, Glycobiology7, 79-93, 1997). Other studies Bl1-4(Fum1-3)GIcNAc (GalNAc-Lé&) occurred as a termmal&
have shown that sulfate esters can replace sialic acid in some structure on certain recombinant glycoproteins, and that it W&S a
selectin ligands (Yeunet al, Biochemistry, 31, 9126-9131, Petter inhibitor than Stdor E-selectin. S
1992; Imaiet al, Nature,361,555, 1993). Based upon these ob- It has .al.lc,o b(_aep well dpcumented that the sulfate gr_oupéan
servations we’ hypothésizéd th'at Neu5A@-3GapB1-3Gal- replace sialic acid in some instances as ligands for selectins (@en
NAc might have the capability of interacting with L- and et atlh 1992, Im??g al’lélgt(%)'SOEngé)f ”f_iK'FM') \ivag,s ge’jl'ft @
P-selectin. To examine this hypothesis, we synthesized SYNthesize ~J-sutiote = aBl-4(Fuerl-3)GIcNAC
GalBl-4(Fua 1-3)GIcNABL—6(NeuSAT2—3GaB1-3)-Gal- (Chandrasekaraet al., 1991, 1992; Matta, 1997). Synthetic sulfg
NAca 1-OB, which was found to be 2- to 3-fold better than sia- L€ derivative SE-3G@1-4(Fual-3)GIcNA@1-OMe 2 is o
lyl Le* for P and L selectin, respectively. We also report the recognized by all three selectins (Koeeigal, 1997). These,
synthesis of an unusual structure GalNABL—4(Fuai1— findings stimulated interest in the chemical and enzym@c

: : thesis of St 1 and its isomer Sl% NeuSAc— §
3)GIcNACB1-OMe (GalNAc-Lewist-O-methyl glycoside), syn
which also proved to be a better inhibitor of L- and P-selectin 3Gapl-3(Fuail-4)GIcNABL-OMe (structure3), their sul- &

; L o e fated analogs and other modified structures related to these mgtifs
g}agosrlgl)él t?;’vr:ixhngS%i?S:gén'Cv%tﬂgvvg'tg our knowledge _ (for example, Nicolaowt al., 1991, 1993; Tyrrekt al., 1991;
: ynthesized a mol- o e 1.,1995; Bamforcet al.,1996; D 1.,1996:
ecule that is 5- to 6-fold better at inhibiting L- and P-selectin  Maaneimeetal., 1995; Bamioreet al., 1396; Dupreet al., 1996;
than sialyl Lewis-OMe, Marronet al.,1996; Sanderst al.,1996; Sprengardit al.,1996;
Tsuboiet al.,1996; Wolteringet al.,1996).
GalNAcB1-4(Fuce1-3)GIcNACB] Most of the efforts towards the procurement of such small
N molecule inhibitory ligands for selectins have been centered on
the synthesis of mimics of Staype structures. Of note, the
By contrast to unbranched structures, substitution of a affinity of selectins for all these synthetic analogs appear to be
sulfate ester group for a sialic acid residue in such a molecule much poorer than those of the natural glycoconjugate ligands
resulted in a considerable loss of inhibition ability. Thus, the such as GlyCAM-1, CD34 (Baumbheitetral, 1993; Hemmerich
combination of a sialic acid residue on the primary §1-3) 1994, 1995), P-selectin glycoprotein ligand-1 (PSGL-I) (Moore
arm, and a modified Le® unit on the branched @1-6) armon et al., 1994; Wilkinset al, 1996), and mucosal cell adhesion
an O-linked Core 2 structure generated a monovalent molecule (MadCAM-I) (Bergt al.,1993), all of which are mucin

The selectins interact in important normal and pathological
situations with certain sialylated, fucosylated glycoconjugate
ligands containing sialyl Lewig (Neu5Aa2—-3GapB1-4(Fuc-
01-3)GIcNAc). Much effort has gone into the synthesis o
sialylated and sulfated Lewi¥ analogs as competitive ligands
for the selectins. Since the natural selectin ligands GlyCAM-1
and PSGL-1 carry sialyl Lewigt as part of a branched Core
2 O-linked structure, we recently synthesized G@l—4(Fuc-
01-3)GIcNA31-6(SE-3GaB1-3)GalNAclonOMe and found
it to be a moderately superior ligand for L and P-selectin

Neu5Aca2-3Galp1-3GalNAcal-OMe
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type glycoproteins carrying large numbers of O-linked chains We have now synthesized GalNA&L@OMe and studied its

which include sialylated fucosylated sequences (Krall, 1997). inhibitory properties towards all three selectins. We have
The complex chains of O-linked glycoproteins consist of threeombined this with our knowledge of the properties of the

distinct regions: core, backbone, and nonreducing terminus. Thalylated Core 2 structures to rationally design a better inhibitor

core structures are unique to O-linked glycoproteins, while th27 for L- and P-selectin.

backbone and nonreducing terminus can be found in glycopep-

tides and also as part of N-linked glycoproteins. Among th&able I. Relative inhibitory properties of Skend GalNAcL& against

known core structures (Schachter, 1986; Varki and Marth, 1995)combinant selectins binding to immobilized SLe

in which GalNAc isa-linked to Ser/Thr, Core 2, GlcNAc- F“°“1\3
B(1-6)[GaP(1-3)]GalNA@1-O Ser/Thr, appears to be the most | R-4GIcNACP1-OMe
prominent among these six structures, and our synthetic selectin
inhibitor IC50 values (£D) (UM) against SL&
GalNAGB1-4(Fuca1-3)GIcNACB Compound R E-Selectin  P-Selectin  L-Selectin
N
27 1 NeuSAm2-3GaB 550+40  500+25 600+ 30

Neu5Aca2-3Galp 1-3GalNAca-OMe
18 GalNAGB 500+ 120 400 +100 300+ 100

contains this same Core 2 structure. A brief account of our

rationale for the synthesis of this inhibitor and its analogs followg,"e compounds shown were tested in an ELISA competition assay against
he binding of recombinant selectins as describatérials and methods

. Structural SIUdieS_ on the carbohydrate moieties of th_e §5ovalues (M) against immobilized Sleare the mean values of three
!lgands are 0”'3_/ available fpr PSGL-1 and GlyCAM-1. _SU_"p“Sseparate experiments, and were calculated as describedMatdeials and
ingly, PSGL-1 is not heavily fucosylated, and the majority ofnethods

O-glycans are disialylated or neutral forms of core 2 structures

(Wilkins et al, 1996). The following Core 2 branched 3Le

containing structure has been reported as a significant componésitle 1. Relative inhibitory properties of branched chains including NeuSAc
of both PSGL-1 and GIyCAM-l (Hemmerieﬂl aI.,1995): and/or GalNAcL#& against recombinant selectins binding to immobilized Sle

Fucal,
3
4 GalNAc-4GlcNAcp 1\6
R-3Galp1-3GalNAca1-O-Me

NeuSAca2-3Galp 1-4(Fuca1-3)GleNAcB N
6

NeuSAca2-3Galp 1-3GalNAc-O-Ser/Thr

However, according to Hemmerich (1995), sulfate was ICsg values (SD) (uM) against SL&
reported to be present at the C-6 position of galactose, or ) . ] . ) .
position of GIcNAc of the SPemoiety linked to the C-6 position éompound R E-Selectin  P-Selectin _ L-Selectin
of GalNAc (structureS and 6). We therefore recently synthesized 24 OH >500 400+ 60 30080
NeuS5A@2—-3(SE-6Gf#31-4(Fua1-3)GIcNAP1-OMe (struc- 27 NeuSAc >500 85 55 105 +75
ture7) (Jainet al, 1994). However, our data indicate that this is 3-SE >500 >500 500+ 70

neither a superior nor a specific ligand for L-selectin (Koehig
al., 1997). The only obvious difference was that recognition byhese compounds were tested in an ELISA competition assay against th
E-selectin was lost upon sulfation. The isomeric compountinding of recombinant selectins as describddtérials and methodsICsg
Neu5Am2-3Gapl-4(Fua1-3)SE-6GIcNAR1-3Gal was Vvalues (M) against immobilized Sl%eare the mean values of two or three
Synthesized by Scuddet al (1994) and found to be onIy experiments, and were calculated as described Walrials and methods

- ’ e . Some examples of inhibition curves are shown in Figure 2.
moderately superior to SKas an inhibitor of L-selectin.

Fucal\ Fucal

220z 1snbny |z uo 1senb Aq $05.0./20././8Po1o1e/q09K|6/Woo dno"olwapeoe)/:sdjy Woly papeojumoq

3 3 Table lll. Relative inhibition data of branched chains containing sulfate at
NeuSAce2-3(SE-6Gal)B1-4GIcNAC1 NeuSAce2-3GalB 1-4(SE6GIcNAC)B 1 one arm and sialic acid at the other arm of core 2 branched structures
~
R R -3Galp1-4(Fucal-3)GIcNAcBI
NeuSAca2-3GalB1-3GalNAc 5§ NeuSAca2-3Galp1-3GalNAc 6
R’-3Galp1-3GalNAcal-OMe
One explanation of the lack of high affinity of 6 aries6lfo ICsg values (D) (1M) against SLE
Lewis*for L-selectin (compared to native ligand of GLYCAM-1)
could be that the whole carbohydrate moiety representeahid E L P
6 is involved in interaction with L-selectin. In other words, the 8 R=H,R'=SE 600+ 100 300+50  270+50
NeuSAm2-3Gapl-3GalNAc- moiety of the Core 2 mucin 3, R=sE, R=NeusAc 500- 90 500+ 10 585 +25
structure might exert an appreciable impact on binding of R = NeUSAc. R= SE 200:40 620690 450 470
L-selectin along with sulfated sialyl Lewiknked at C-6 position - T - -
in structure$ and6. Based on these data, we decided to examing4 R =H, R'= NeuSAc, 500£50 20050  300+55

the role of the NeuSA2—3GaBl-3GalNAc sequence by a-benzyl analog GalNAc
synthesizing Core 2 branched structures. For example, we
synthesized structu@:

Results and discussion

Galp 14(F 1-3)GlcNAcB! . . .
APIA(Fucol GINACBL A series of branched structures have been examined for inhibition

NeuSAca2-3Gaip 1-3GalNAcal-OB of these three selectins. Synthetic strategies for the synthesis of
oligosaccharides represented by struct@&snd33 (Tablelll)
which was better than Sle have been described by Huang e{@atpublished observations),
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whereas synthesis &4 will be published elsewhere. In the
present studies, undefaterials and methodse have described . .. o indd. 27 andBlagainst E- L-
the synthesis of8 (Tablel), 2_4' 27 and31 (Tablell). F'gurel, angd P-selectinrég;)ainit immobilizedpSLeon;potymd§4, 27g, and3l v’veré
represents the four key 1-thio glycosyl donors employed in Outgsted for their ability to inhibit the binding of each of the recombinant
synthetic schemeb-4depending upon the target structures. Forselectins to immobilized Skén ELISA inhibition experiments, as described
introduction of GalNA@- linkage, we have utilized a key underMaterials and methoddhe 1G5 values from such studies and the
glycosyl donor phenyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimi- structures of the compoung4, 27, and31 are represented in Table IlI.
do-1-thiool/B-p-galactopyranoside 1{). Compound 11 was
prepared by treatment of known 1,3,4,6-tetra-O-ace-
tyl-2-deoxy-2-phthalimida/B-p-galactopyranosedlQ) (Ogawa, p1-OMe 18 in three steps; removal of O-benzyl group
1992) with thiophenol in dichloromethane and in the presence bf/drogenolysis, and phthalamido removal followed by N-age-
borontrifluoride-ethearate. Compourid) existed largely as the tylation. The enzymatic synthesis @B has been reported:
B-anomer /P ratio 1:4) as judged by it$1 NMR spectrum. (Bergwerffet al, 1993). N
Scheme | represents the synthesisl®fand key glycosyl Selective deacylation of methyl O-(2,3,4-tri-O-acetyl-6-G-
donor 20 for the synthesis of GalNAc Kdinked compounds. trimethylacetylB-p-galactopyranosyl)-(1-3)-2-acetamido-2-
Regioselective acylation of methyl 3-O-benzyl-2-deoxy-2-deoxy-4,6-O-(4-methoxybenzylidene)p-galactopyranoside
phthalimidof-p-glucopyranosidel2 (Alais and David, 1990) (21) in 1:1 dichloromethane-methanol (0.5 M NaOMe,[iH),
with acetyl chloride in pyridine afforded the 6-O-acetyl derivativefollowed by chloroacetylation and cleavage of the 4-methoky-
(13) in 79% vyield. Glycosylation (catalyzed by N-iodosuccini-benzylidene acetal with 70% aqueous acetic acid afforded
mide-triflic acid(Veenemaet al., 1990) ofl3with donorllgave  compound22 (unpublished observations) (Scheme ll). N
(14) in 52% yield. Hydrogenolytic cleavage of the benzyl group N-lodosuccinimide-triflic acid glycosylation of compouné
of 14 in glacial acetic acid and in the presence of 10%22) with glycosyl donor20, followed by removal of the
palladium-on-carbon furnished the partially protected disacchachloroacetyl groups in th@-galactopyranosy! residue afforded
ide (15). a-L-Fucosylation ol5with the tri-O-benzyl thiophenyl the partially-protected pentasaccharide intermedéerf 35%
donor (L6) in the presence of N-iodosuccinimide-triflic acid yield (based or22). The IH NMR spectrum of23 was in
(Scheme 1) afforded the fully protected trisaccharide derivativeonformity with the overall structure expected.
(17) in 68% yield. Compound?7 was converted, in 76% yield, Compoun@3is the key intermediate for obtaining the desired
into the diphthaloyl peracetate J18y hydrogenolysis (glacial inhibitors24and27. Thus, for the production of compou2dithe
acetic acid-10% Pd-C), followed by acetolysis (acetic anhydridepartially-protected®3 was subjected to complete removal of the
acetic-acid—sulfuric acid). Compout@ was, in turn, converted blocking groups in three successive steps [aterials and
(49% vyield) into the key glycosyl dona2@) by treatment with method}y whereas for obtaining the sialylated compoRAdhe
thiophenol and boron-trifluoride ethearate. A portioddfvas  same intermediat23 was allowed to react with known (Marra
converted to free trisaccharide GalNBe4(Fuarl-3)GIcNAc-  and Sinay, 1989) sialyl donoR5) to give, in 47% yield, the

18 /20212/8/219118/G02A|6/w00°dnooiwapeoey/:sdny woly papeojumoq
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Scheme Il.(a) NIS-triflic acid; CHClI,, -65°C; (b) thiourea-lutidine,
OH ethanol- CHCI, (1:1, v/v), 6 h, 80C; (c) hydrazine hydrate-methanol
H (4:1, vIv); (d) methanol-triethylamine-acetic anhydride (4:2:1, v/v); (e)
MeOH-MeONa.
H
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o
Scheme I. (a) Acetyl chloride-pyridine-GEly, -30°C, 2 h; (b) 10% Pd-C, 14 + 25 2o HAG 116

acetic acid; (c) NIS-triflic acid; CyCly-ether (1:1, v/v), OC; (d) acetic
acid- bSOy-acetic anhydride, €C, 16 h; (e) Bk-ethereate-thiophenol,
CHCly, 5 h, 30C; (f) hydrazine hydrate ethanol (4:1, v/v), 2Q0 16 h;
(g) methanol triethylamine-acetic anhydride (4:2:1, v/v).

hexasaccharide derivativ@g) (Scheme Ill). Thex-configur-
ation for the sialic acid residue was confirmed by th&IMR of
26 which exhibited a double doublet &t2.67 (J = 4.6 Hz),
attributable to H-3e of this residue. The conversid6anto the
target compound{7) was performed in four successive steps: (1)
lithium iodide-pyridineg(Nicolaouet al., 1992) (methyl ester to
free acid), (2) methanol-hydrazine hydrate (removal of the
phthalimido group), (3) acetic anhydride-methanol-dichlorome-
thane (N-acetylation), and (4) methanolic sodium methoxide
(O-deacetylation). ThéH and13C NMR spectra 0R7 were in  Scheme l11. (a) NIS-triflic acid, propionitrile, -65€, 3 h; (b) Lil-pyridine,
accord with the structure assigned. 120°C, 6 h; (c) methanol-hydrazine hydrate ‘(4:10, vIvf,@B016 h;

A similar glycosylation of compound (Jain and Matta, 1994),(\;?98152'2”80;0%'2 (1:1, vv), acetic anhydride;C, 1 h; () MeOH-
(28) with 20 gave, in 76% yield, the pentasaccharide derivative ' '
(29), the chloroacetyl group of which was removed to give, in
71% yield, intermediate3Q) (Scheme V).

For the produ_ctio.n of the target compouﬁﬂ:),(intermgdiate Inhibition studies
30was treated with five molar equivalents of sulfur trioxide—pyri-
dine complex in N,N-dimethylformamide at®© (Scheme 1), To ascertain the importance of GalNAc in the GalNAcLe
followed by customary removal of the protecting groups. Columstructure, we synthesized the two compounds shown in Table
chromatographic purification on silica gel then furnished thand compared their inhibitory properties against all three
desired compoundl in 37% yield. The structure and purity of selectins. As shown in the table, the presence Pfiiaked
our synthetic compounds was established by TLC, NMR, ar@alNAc residue at the 4 position of GlcNAc(Eue-3) was
FAB mass spectroscopy. clearly superior to having thei2-3sialylated Gal residue

26
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Inhibitors of selectins

Our interest in the synthesis of branched ligands containing
NeuS5Aa2-GaPB1l-3GalNA@- arm has been also due to the
following findings. We recently identified a 3-O-sulfotransferase
CIACO. 0 + 1) from ovarian, breast, and other tissues capable of incorporating

Ac ACHMe sulfate esters at C-3 of Gal in the @at3GalNAc sequence
28 (Kuhnset al.,1995; Chandrasekarahal., 1996, 1997). Recently,
reports of a native oligosaccharide carrying SE-BGe8Gal-
l NAc have appeared (Chance and Mawhinney, 1996; Fdoega
a

AcO Ac H oH

1997). We synthesized a branched derivative Core 2 structure 8,
containing a 3-O-sulfate ester group instead of sialic acid moiety
and found it to be inhibitory for L- and P- selectin (Koegtigl.,
1997). This encouraged us to synthesB£ having the
Neu5Am2-3Gaf1-3GalNAc sequence.

GaJ[31-4(Fucal-3)GlcNAcl\ 8
6
H SE-3GalB1-3GalNAce:1-0Z
0]

o We also synthesized struct®avherein the sulfate ester is

HAc) located at C-6 of Gal in the G&l-3GalNAc moiety o

2

X ng R = ClAc Gal[31-4(Fuca1-3)GlcNAcl\6 9 533_,
30. R=H SE-6GalB1-3GalNAca1-OMe §
cd In Tablelll, we have given the inhibition data for compoungs
ae 8, 32-34and sialyl Lewi¥. The carbohydrate sequence repre-

sented by structui@2 has been reported to be part of resplratcgy

: mucin (Lo-Guidiceet al.,1994).
Compound32 was found to behave similar to sialyl LeWSm
H Compound33 was 2-fold better than sialyl LeWisagainst
E-selectin and slightly better against P-selectin. Comparafive
inhibition data of8, 32, and33 suggest that in core 2 structure§
sialyl Lewig arm is a preferred site for interacting Wlt@
E-selectin. However, we have observed an interesting phengam-
ena for L- and P-selectin ligands containing sulfate at the f@ 3
posmon of galactose on one arm and sialic acid at C-3 of galacgose
in the other arm of Core 2 structure. When sulfate is present atC-3
Scheme IV.(a) NIS-triflic acid; CHCly, -65°C; (b) thiourea-lutidine, of Galin Gap1-3GalNAc the presence of sialic acid at C-3 of C{‘&I
gt*g‘”so'hcgfgghgn‘(’)/lva 2:;2?3&(Z)FEi?igY{'d\'/?\f)%’D";pr'f)(‘gMFr in the L& moiety further linked to C-6 of GalNAc (as ins
Methano,l-triethylamine-a)zzetic anhy)éiride (4:é:i, v/\f’)O(l rdom com_pound33) has a negative impact toward binding, as C@I’
temperature, 1 h. previous studies showed that @bH(Fueil-3)GIcNAc- <

B1-6(SE-3G#31-3)GalNA@1-OMe8 is a 2-fold better ligand

than sialyl Lewi¥ for L- and P-selectin (Koenigt al.,1997). It

is also surprising that when sialic acid is linked to C-3 of Gatjn
(Neu5Ac2-3Gal) of Sl structurel. These data confirm the Galpl-3GalNAc, the presence of a 3-O-sulfé heoiety on C-6 3
previous report for E-selectin (Grinnell al.,1994), and extend of GalNAc (as in compoun8?) also has a negative impact. OLE’
them to show that GalNAcEds an even better inhibitor than compound G@l1-4(Fuo1-3)GIcNAB1-6(NeuSAc2— 3
SLe* of L- and P-selectin. 3Gap1-3)GalNA@1-OBn34 (R.K.Jain and K.L.Matta, unpub-,

Based upon this finding and the rationale discussed in thished observations) is almost 3-fold better than sialyl Lefors

introduction, we felt that Neu5A®-3GaBl-3GalNAc se- L-selectin. It is apparent that in an approach for the construciion
guence in Core 2 structure ligands could combine with Gabf a library of analogs of the Gil-4(Fuo1-3)GIcNAc- &
NAcLeX to obtain even better binding to L- and P-selectin. W@1-6(Gap1-3)GalNA@1- sequence if sialic acid (or replaces
have therefore synthesized an oligosaccharide containing bothroént of sialic acid by a carboxy alkyl group) (Allanson, 1993)Ns
these sequences. The results of inhibition studies shown in Takkpt at the C-3 position of galactose in one arm it will be advisable
Il support the value of this approach. It can be seen that puttitm@introduce sulfate at a position other than C-3 of galactose in the
the GalNAc-L€& into a Core 2 branched structure made nather arm. Thus, it is not surprising to see a sulfate ester group
difference when compared to GalNAc*_élowever, adding a located on C-6 of galactose or GIcNAc, as showrainds which
sialic acid residue to the ®d-3GalNAc sequence of this represent portions of GlyCAM-1. Once again, our recent
structure potentiated the inhibitory properties to the point wheriahibition studies of these selectins with branched Core 2
it is [b-fold better as an inhibitor of L- and P-selectin. Thestructures warrant mention here. Interestingly, our synthetic
improvement in binding to E-selectin was not as great. Interestompound® having SE-6G@l1-3GalNAc is found to be a ligand
ingly, a sulfate ester at the 3-position of @al3GalNAc could for both L and P selectin. Itis striking thatsilfo Le* or 6-sulfo
not substitute for the sialic acid residue. These data suggest thet type structures without a sialic acid moiety do not act as
L- and P-selectin are recognizing a specific clustered motifhibitors of selectin, whereas the presence of a 6-O-sulfo group
involving components of both branches of the Core 2 structur@n the galactose moiety of Gal-3GalNAc showed inhibitory

2062
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effects. It should be noted that the SE-@3aBGalNAc (no. 25801, Corning) were coated with 200 ng of polyacrylamide-
sequence has been reported to be a part of various O-linked muBIeX (no. 18205PA, Syntesome) by overnight incubatiorf @ 4
glycoproteins  (Chance et al, 1996). Also, the in 100plof 50 mM sodium carbonate/bicarbonate buffer, pH 9.5.
NeuS5A@2-3(SE-6Gal}1-3GalNAc sequence has been sugPlates were then blocked with 2QDper well of assay buffer:
gested to comprise a part of O-linked glycoprotein (Mawhinne20 mM Hepes (no. 16926, U.S. Biochemical), 125 mM NaCl,
et al., 1992). Thus, it is quite possible that earlier mentione@ mM CaCp, 2 mM MgCh, 1% protease-free BSA (no.
naturally occurring selectin ligands such as CD34 or othe82—045-1, Pentex, Miles, Inc.), pH 7.45 (osmolality 290 millios-
unidentified sialo mucin type ligands (Kraal and Mebius, 1997jnoles, determined with a Vapor Pressure Osmometer, model
may contain Bsulfo Gal in the Gfi1-3GalNAc chain contained 5500XR, Wescor, Inc.) for a minimum of 2 h a4 During the
in a core 2 structure in the form of SE-6@R+3GalNAc or  blocking step, the selectin chimeras were separately preincubated
SE-6(Neu5Aa2-3)Gapl-3GalNAa sequences. In fact, the at 4°C with a secondary antibody, peroxidase-conjugated goat
present studies demonstrating the ability of NewBAc anti-human IgG (No. 109-035-098, Jackson Immunoresearch
3GapB1-3GalNAc to bind to selectins, combined with ourLaboratories, Inc.) in assay buffer fot h. Final selectin-Rg
previous finding of inhibitory impact of SE-6@4-3GalNAc, concentration was 20 nM, and the optimal secondary antibody
enhances our interest in the preparation of branched coredifution was determined to be 1:1000 for the particular serum
structure with SE-6(Neu5A@2-3)GapB1-3GalNAc having sia- used. Potential inhibitors were serially diluted in assay buffer, at
lyl LeX or LeX moiety O-linked at C-6 position of GalNAc. 2x the final required concentration. The selectin-Rg/secondary
It is not clear at this time why an oligosaccharide containingntibody stock was aliquoted into tubes containing an equivalent
GalNAB1-4(Fua1-3)GIcNA@1-OMe sequence, which lacks volume of inhibitor solution; buffer alone for the positive contréf,
a negative charge, appears to be a better ligand for E-selectinbuffer with 10 mM NaEDTA, pH 7.5, for the negative controf
However, Grinnellet al. (1994) reported SXeand GalNAc- (giving a final concentration of 5 mM EDTA). These tubes W@le
B1-4(Fue1-3)GIcNAc appear to be structurally similar throughpreincubated at*4C for 30 min, and then added to ELISA plates,
modeling studies. We became interested in the synthesis infduplicates, at final well volume of 1Q0. After 4 h of plate
oligosaccharides containing GalNAGBI(Fuai1-3)GIcNAc incubation at 4C, plates were washed three times with 2qier
determinant partly because GalNAc as a starting material vgell of assay buffer at°4C, followed by development with 150
cheaper than sialic acid. Moreover, the chemical synthesis of par well of OPD solution at room temperature: 0.002 g
oligosaccharide containing the GalN#e-4(Fuci1-3)GIcNAc  o-phenylenediamine dihydrochloride (OPD)/ml in 50 mM sodiun
determinant is not as time consuming as an oligosaccharide wititrate, 50 mM disodium phosphate buffer, pH 5.2 contain%g
sialyl Lewis x moiety. GaINAB1—4(Fuo1-3)GIcNA®B- se- 1 pl/ml 30% HO,. Using a timer, each well was sequentialgz
quence has been found to be a part of various glycoproteirgjenched with 4Qul of 4 M HpSO after a fixed time of o
especially N-linked glycoproteins (Delt al.,1995; Manzellaet  peroxidase reaction. Softmax software and a microplate regder
al., 1996). The disaccharide GalN&-4GIcNAG- is part of  (Molecular Devices, Inc.) determined and recorded absorbance at
certain O-linked glycoproteins (Hiranet al., 1993), some 492 nM. Prior to curve fitting, the data was changed ifto
containing fucose (Siciliano, 1994). The sequence GalNAgercentages for comparative purposes, using the formula: ([av@age
B1l-4(Fuo1l-3)GIcNAc has been reported to be a part obf duplicates) - (negative control)}/[(positive control) - (negatiye
oligosaccharides isolated from sea squirt H antigen, an O-linkedntrol)] x 100) again with the Softmax software. =
glycoprotein (Ohateet al., 1991). The sequence shown in
structure 24 has been reported recently (Strestlkar,1994). General methods
Thus, our present studies provide a new avenue toward the . ) ) )
synthesis of GalNAc-Pecontaining branched ligands for the Optical rotations were measuredl@5°C with a Perkin-Elmer 3
inhibition of L- and P-selectin that is considerably better thag41 Polarimeter. Thin layer chromatography (TLC) was conducted
SLeX. Furthermore, we have clearly demonstrated that tH@gh glass plates preco_ated with 0.25 mm layers of silica gel 60F§54
NeuSA@2—3Gapl-3GalNAc sequence of the core 2 structurdAnaltech GHLF uniplates). The compounds were located by

contributes to the binding of L- and P- selectin. exposure UV light or by spraying with 5%${, in ethanol andé
charring, or by both techniques. The silica gel used for column

chromatography was Baker Analyzed (60—200 mesh). N@R

dny woly

01/L/8/31°

Materials and methods spectra were recorded@5°C, 'H-spectra with a Varian EM-390%
_ at 90 MHz and with a Bruker AM-400 at 400 MHz, and the
Materials 13C-spectra with a Bruker AM-400 at 100.6 MHz. All chemical

. L shifts are referenced to tetramethylsilane. Solutions in orgahic
Sources of several chemicals used are indicated below. Mostégi Y 9

the other materials used were obtained from the Sigma Chemigs} vents were generally dried with anhydrous sodium sulfﬁe.

) ) . hloromethane, N,N-dimethylformamide, 1,2-dichloroetharig,
Co. The following materials were obtained from the sourceg§on ene. and 2 2_dimethoxypropane were kept dried over 4 A
indicated ' '

. molecular sieves. Elemental analyses were performed by Robert-
All other chemicals were of reagent grade or better, fron;olOn Laboratory, Madison, New Jersey, USA
commercial sources. The recombinant L-selectin Ig-fusion ' ' ' '

chimeric protein was prepared as described (Norgardl.,
1993), and the E- and P-selectin Ig-fusion chimeric construc
were produced using the pcDM8 vectors (Nelsbal.,1993).  Using 1-thiophenyl glycoside as glycosyl donor, a solution of the
acceptors (1.0-1.2 mmol) and donor (1.0-1.5 mmol) and
ELISA inhibition assays N-iodosuccinimide (2.5-3.0 mmol) in dichloromethane (20 ml,
for preparation of compouri, 23 and29) or 1:1 dichlorome-
ELISA inhibition assays were done as previously reportethane-ether (30 ml, for compoudd), propionitrile (15 ml, for
(Koeniget al, 1997). Sterile polystyrene 96 well ELISA plates compound26) was stirred for 0.5 h with 4 A molecular sieves

general procedure for glycosidation
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(2 g) under an argon atmosphere®a (compound.4), or -40°C Anal Calc. for G4H4aN2017 C, 60.54; H, 5.08; N, 3.21.
(compound26) or -65°C (compound3 and29). Then a dilute Found: C, 60.35; H, 5.11; N, 3.16.

solution of trifluoromethanesulfonic acid (triflic acid, 0.2 ml in

10 ml dichloromethane or propionitrile) was added dropwiséMethyl O-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimifies-ga-
Stirring was continued at the same temperature for an additiodattopyranosyl)-(1 4)-6-O-acetyl-2-deoxy-2-phthalimidie-
hour, and the acid was neutralized with aqueous sodiugiucopyranosidel5)

bicarbonate solution. The mixture was filtered (Celite bed), anR
the solids thoroughly washed with water, saturated sodiugl
bicarbonate solution, 10% sodium thiosulfate solution, dried ary
concentrated under diminished pressure.

mixture of compound4 (1.0 g) and 10% Pd-C (1.0 g) in glacial

etic acid (20 ml) was shakeri8#5 kPa. The suspension was

en filtered (Celite bed), the solids were thoroughly washed with
glacial acetic acid, and the combined filtrate and washings were

] o ) concentrated under reduced pressure. The crude product was
Phenyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-1-thi-0-  applied to a column of silica gel and eluted with hexane-ethyl
galactopyranosidel(l) acetate 2:3- 1:4 (v/v). The fractions correspondingltwere

To a stirred solution df0 (6.4 g, 13.4 mmol) in dichloromethane Pooled and cgncentrated to give an amorphous solid (0.55 g,
(70 ml) was added thiophenol (4.0 ml, 36.4 mmol) ang BF62%); [d]p-11° (¢ 1.5, CHGY); *H NMR (CDCl): 57.89-7.74
ethereate (4.0 ml, 28.4 mmol). Stirring was continued for 4 h 4, 8 H, arom.), 5.79(dd, 1 H, H335.06 (d, J =9.1 Hz, 1 H, H-1),
room temperature. The reaction mixture was then washed wifh®4 (dd, 1 H, H-3, 3.34 (s, 3H, OMe), 2.17,1.91,1.82 and 1.81
aqueous sodium bicarbonate solution, water, dried, and concdfach S, 12 H, # OAc). O
trated. The residue was purified on a column of silica gel with a_Anal Calc. for G7H3gN20;7. C, 56.77; H, 4.89; N, 3.58.

MO

solvent gradient consisting of hexane-ethyl acetate-3:2:1  Found: C, 56.82; H, 4.91; N, 3.49. g?_,
(v/v) to afford11 (6.1 g, 84%); ¢]p +28° (c 1.0, CHC}); H _ - &
NMR (CD;Cly): 57.88-7.26 (m, 9 H, arom.), 5.79 (dd, J = 9.1 HA€thyl O-(2,3,4-ri-O-acetyl-2-deoxy-2-phthalimifies-ga- =
and 10.1 Hz, 1 H, H-3),5.70 (d, J = 10.5 Hz, 0.8 H, H-1), 5.49 ((AStopyranosyl)-(L. 4)-0-[2,3 4-tri-O-benzyb-L-fucopyranos- £
J=35Hz, 1 H, H-4), 2.2, 2.06, and 1.98 (eachs@ca),  Y)-(1-3)-0]-6-O-acetyl-2-deoxy-2-phthalimidbo-glucopy- - =
2.18, 2.04, and 1.81 (each ss ®AcH). ranoside {7) 2
Anal Calc. for GgH2sNOgS: C, 59.19; H, 4.78; N, 2.66. Glycosidation ol7(3.9 g, 5.0 mmol) with6(10.8 g, 20.0 mmol) &
Found: C, 59.21; H, 4.91; N, 2.54. in dichloromethane-ether (1:1, 100 ml) and purification of the
crude product mixture by silica gel column chromatography
Methyl 6-O-acetyl-3-O-benzyl-2-deoxy-2-phthalimf#o- [solvent gradient consisting of hexane-ethyl acetate-3:2:1 E
glucopyranosidel(3) (v/v) furnished compound8 (3.0 g, 68%); ¢i]p +3° (c 1.5, ©

. ) CHCl3); IH NMR (CD,Cly): & 7.88-6.99 (m, 23 H, arom.), 5.7
To a cold (-30C), stirred solution of methyl 3-O-ben- (dd, 1 H, H-3),5.31 (d, J= 4.1 Hz, 1 H, H), 4.89 (d, J = 8.6
zyl-2-deoxy-2-phthalimidd3-p-glucopyranosidd 2 (4.8 g, 11.6 Hz, 1H, H-1), 4.82 (d, J = 10.0 Hz, 1 H, BJ; B.27 (s, 3 H, OMe),

mmol) in pyridine (50 ml) was added, dropwise, a solution 0b 47 2 03 202 and 1.78 (each's, 120OAC), 1.30 (d, J = 6.5
acetyl chloride (0.97 ml, 12.4 mmol) in pyridine-dichlorome-{, 3 C,Me).’ ’ ’ ’ ’

thane (1:2, 15 ml). Stirring was continued for 2 h at the same apg calc. for G4HeeN2021: C, 64.10; H, 5.55; N, 2.34.
temperature, and then the mixture was kept overnight &(5—6 . . )

Found: C, 64.31; H, 5.51;JN2.16.
It was then cooled to @ and methanol (5 ml) was added to
decompose excess reagent. The solvents were removed Ungdeknyi O-(2-acetamido-2-deoBo-aalactopvranosvl)-
diminished pressure and the residue dissolved in dichloromey 4))/—0-[(0(—L—fucopyranosyl)-gf. 3)9-0]-2-aF():)(/atami-y)
thane. The organlc_laye_r was successively Wa_shed _Wlth 10 B-2-deoxyB-p-glucopyranosidels)
aqueous hydrochloric acid, water, saturated sodium bicarbonate . . T
solution, dried, and concentrated. The crude product was purifiédmixture of17(0.3 g) and 10% Pd-C (0.8 g) in glacial acetic aﬁéd
on a column of silica gel with a solvent gradient consisting of20 ml) was shaken under hydrogen245 kPa for 16 h at roomg
40-50% ethyl acetate in hexane to gh&(4.2 g, 79%); ¢]p  temperature. After processing as described for the preparatiqn of
+23° (c 1.0, CHC); 1H NMR (CD,Cly): 8 7.73-6.98 (m, 9 H, 16 (from 12 and followed by phthalamido removal witly,
arom.), 5.04 (d, J = 8.3 Hz, 1 H, H-1), 4.04 (dd, J = 8.6 Hz, H-6llydrazine hydrate-ethanol (1:4; v/v) at 1@0for 16 h and

A16/uid

¥0S.20./.0././8/319111€/q02.

3.37 (s, 3 H-OMe), 2.14 (s, 3 H, OAc). -acetylation with methanol-triethylamine-acetic anhydride
Anal Calc. for G4H2sNOg: C, 63.29; H, 5.53; N, 3.08. Found: (4:2:1, v/v) afforded18. After purification over a silica gela
C, 63.31; H, 5.60; N, 3.01. column with CHC}-MeOH-water (13:6:1 5:4:1) as the eluent,s

18(0.07 g, 51%);d]p -88° (¢ 0.5, HO); IH NMR (D,0):85.12 N

Methyl O-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimiffes-galacto- (d, J=3.9Hz, 1H, H*), 4.55 (d, J = 8.4 Hz, 1H, H-1), 4.49 (d,

(1, 4)-6-O- 2 2y o .o J=7.8Hz, 1H, H-), 3.52 (s, 3H, OMe), 2.09 and 2.05 (each s,
E}’fgnﬁiz%ﬁan‘gs%g(%cewl 3-0-benzyl-2-deoxy-2-phthalimido- 75 AS) 1,28 (d, J = 6.6 Hz, 3 H, CMeY3C-NMR:

GalNAc{3-(1-4) residue: 100.69 (C-1), 51.34 (C-2), 70.97
Glycosidation ofL3 (4.0 g, 8.6 mmol) witi1(6.0 g, 11.1 mmol) (C-3), 66.50 (C-4), 72.36 (C-5), 60.40 (C-6), 21.15 (NAc);
followed by silica gel column chromatography (solvent gradienfuc-a-(1 - 3) residue: 97.41 (C-1), 66.68 (C-2), 68.16 (C-3),
consisting of hexane-ethyl acetate 3:21:1) affordedl4 (6.1 g, 69.79 (C-4), 65.90 (C-5), 14.33 (C-6); GIcNBe©Me residue:
52%); [a]p +10° (c 1.0, CHCY); H NMR (CD,Cl): 57.90-6.92  99.72 (C-1), 54.38 (C-2), 74.44 (C-3), 73.81 (C-4), 73.70 (C-5),
(m, 13 H, arom.), 5.79 (dd, 1 H, H}35.48 (d, J = 8.7 Hz, 1 H, 59.01 (C-6), 56.09 (OMe), 21.18 (NAc). ES-M8/z= 583.22
H-1), 5.44 (d, J = 3.1 Hz, 1 H, H)}44.91 (dd, 1 H, H-2, 4.46  [M-1]~ (584.58).

(d, J=8.0 Hz, 1 H, H*}, 3.27 (s, 3 H, OMe), 2.10, 2.03, 2.01, Anal Calc. for G3HsgN2O15 C, 47.25; H, 6.90; N, 4.79.
and 1.81 (each s, 12 Hx40Ac). Found: C, 47.09; H, 6.85; N, 4.67.
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0-(3,4,6-Tri-O-acetyl-2-deoxy-2-phthalimid@e-galactopyra-  further purification. A solution of the crude product in 1:1

nosyl)-(1- 4)-O-[(2,3,4-tri-O-acetyla-L-fucopyranosyl)- ethanol-dichloromethane (30 ml) containing thiourea (2.8 g, 37.8
(1- 3)-0]-1,6-di-O-acetyl-2-deoxy-2-phthalimidsglucopy- mmol) and lutidine (2.0 ml, 18.72 mmol) was stirred for 6 h at
ranose (19 80°C. The solvents were evaporated under reduced pressure and

) ] ) _ ) the residue redissolved in dichloromethane. The organic layer
A solution of compound7 (6.0 g) in glacial acetic acid (60 ml) \was washed with water, dried, and concentrated under diminished
was treated with 10% Pd-C (4.0 g) and the mixture was shak@fessure. The residue was purified on a column of silica gel by
for 16 h at room temperature under hydroge#db kPa). The  elution with a solvent gradient consisting of 10-15% MeOH in
suspension was then filtered (Celite bed) and the solids weg:hloromethane to giva3 (0.44 g, 37%; based 88); [a]p -40°

thoroughly washed with methanol. The filtrate and washingg 0.5, CHG}); tH NMR (CD,Cl,): 8 7.92-7.77 (m, 8 H, arom.),
were combined and concentrated and the residue was direalg3 (dd, 1 H, H-3), 5.76 (d, J = 9.6 Hz, 1 H, H}, 5.51 (d, J

utilized in the next step. A solution of this residue in acetic acig 3.5 Hz, 1H, H-4"), 5.41 (d, J = 2.9 Hz, 1 H, H%}, 5.38 (d,
(80 ml) and acetic anhydride (96 ml) containing conS®4(8.4  3=8.6 Hz, 1 H, H-1}, 5.22 (d, J = 3.3 Hz, 1 H, H“1), 5.20 (d,
ml) was stirred for 16 h af®. The mixture was then diluted with 3 = 2.9 Hz, 1 H, H-1), 2.83 (s, 3 H, OMe), 2.20-1.81, (cluster of

dichloromethane (700 ml), and successively washed with watey, 24 H, 7 OAc and NAc), 1.36 (d, J = 6.4 Hz, 3 H, CMe), and
saturated aqueous sodium bicarbonate solution, water, driedj4 (s, 9 H, CMg.

evaporated to dryness, and redissolved in dichloromethane. onal Calc. for GeHgsN3Oss C, 54.29; H, 5.69; N, 2.79.
Addition of ether-hexane caused the precipitatiod®fs an  Found: C, 54.03; H, 5.69: N, 2.79.

amorphous solid (4.0 g, 76%)]p -63° (c 1.0, CHGY); H A portion of compoun@3was treated with hydrazine hydraté
NMR (CDxClp): 67.92-7.78 (m, 8 H, arom.), 6.00 (d, J = 8.5 HZj methanol to cleave the phthalimido group, followed By
0.6H,H®),5.94(d,J=3.2Hz,0.4 H, Hx),5.82(dd, 1H,H-3  N-acetylation (MeOH-EN-Ac,0) chromatographed and finallyg
5.51(d, J=3.8Hz, 1 H, H*4 548 (d, J=3.6 Hz, 1 H, H¥  O-deacetylation in furnish in 66% yield, amorph@ds [a]p &
5.40(d, J=4.6 Hz, 1 H, H), 483 (d, J=10.6 Hz, 1 H, /)1 .12° (¢ 1.0, HO); 'H NMR (D;0): 55.11 (d, J = 4.0 Hz, 1 H,3
2.22-1.76 (cluster of s, 24 Hx80Ac), 1.41 (d, J = 6.7 Hz, 1.8 H-1"") 4.74 (d, J = 3.8 Hz, 1 H, H-1), 4.52 (d, J = 8.3 Hz, 1 H,

H, CMe{}), 1.36 (d, J = 6.5 Hz, 1.2 H, CM#g- H-1"),4.46 (d, J=7.8 Hz, 1 H, H"), 4.44 (d, J=7.0 Hz, 1 H.Z

Anal Calc. for GoHsaN2O2s: C, 55.48; H, 5.03; N, 2.59. H.1'),3.35 (s, 3 H, OMe), 2.04, 2.00 and 1.99 (each s, 9H,3

Found: C, 55.29; H, 5.11; N, 2.58. NAc), and 1.26 (d, J = 6.6 Hz, 3 H, CMe}®C NMR: 2

GalNAcB-(1-4) residue: 100.36 (C-1), 51.44 (C-2), 69.%9

Phenyl O-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimi@a-ga- (C-3), 66'76_ (C-4), 73.71 (C-5), 60.00 (C-6), 21.23 (NAG);
lactopyranosyl)-(L. 4)-O-[(2,3,4-tri-O-acetyla-L-fucopyra- Fuca-(1-3): 97.49 (C-1), 67.97 (C-2), 68.24 (C-3), 69.

nosy|)_(]__> 3)—0]-6-O-acety|—2—deoxy—2—phthalimido—l—thio- (C-4), 65.94 (C-5), 14.40 (C-G); G|CNﬁﬁ:-(l—> 6) residue: 99.76
a/p-d-giucopyranoside20) (C-1), 53.97 (C-2), 74.45 (C-3), 74.00 (C-4), 72.43 (C-5), 5996
(C-6), 21.30 (NAc); Gap-(1- 3) residue: 103.68 (C-1), 69.0&
To a stirred solution of9 (2.0 6, 1.8 mmol) in dichloromethane (C-2), 71.06 (C-3), 67.63 (C-4), 73.88 (C-5), 60.48 (C-§);
(40 ml) was added thiophenol (2.0 ml, 18 mmol) ang-8fer- GalNAc-a-OMe residue: 97.24 (C-1), 47.56 (C-2), 76.11 (C-3),
eate (0.8 ml, 5.6 mmol). Stirring was continued for 5 h at roorfi6.41 (C-4), 71.58 (C-5), 68.19 (C-6), 54.60 (OMe), 21.86
temperature. The reaction mixture was washed with aqueo(NAc). ES-MS:m/z= 948.39 [M-1]-.
sodium bicarbonate solution, water, dried, and concentrated. TheAnal. Calc. for G7Hg3aN3025.H20: C, 45.91; H, 6.77; N, 4.34.
residue was purified on a column of silica gel with a solventound: C, 46.08; H, 6.63; N, 4.29.
gradient consisting of hexane-ethyl acetate-11:4 to afford20

(L1 g, 49%): §]p -72° (C 1.1, CHGY): IH NMR (CD,Cly): & . .
7.91-7.17 (m, 13 H, arom.). 5.84 (dd, 1 H, }-8.51 (d, J=3.8 Methyl 0-(3,4.6-tri-O-acetyl-2-deoxy-2-phthalimifie>-ga-

. , _ lactopyranosyl)-(L 4)-O-[(2,3,4-tri-O-acetyle-L-fucopyra-
Hz, 1 H, H-4), 5.41 (d, 2.8 Hz, 1H, H'}#5.36 (d,J =8.4 Hz, 1 i
H, and H-1) %.34 «d (J =4.0Hz 1H I”I)§15.28( (@, J=10.5Hz, NOSYD-(1-3)-0]-6-O-acetyl-2-deoxy-2-phthalimido-glu-
1H, H-1), 5.19 (dd, 1 H, H-, 2.20, 2.12, 2.11, 2.08, 2.07, 1.93 °°p>|’r§”5°3.yo'|)'(L 6 O-methyr(> acetamido-4,7.8,9-tetra- 0-
) P ; ’ Ay o AR 1=~ e 2 cetyl-3,5-dideoxyp-glyceroa-p-galacto-2-nonulopyranosylo-
and 1.80 (each s, 21 Hx7OAc), and 1.35 (d, J = 6.7 Hz. 3 H, nate-(2.» 3)-0-(6-O-trimethylacetyB-o-galactopyranosy-

1/8/3l

1snBny |z uo 1$8n6 Aq $05202/204/

CMe). : :
Anal Calc. for GaHegNoOpsS: C, 57.24; H, 4.98: N, 2.47, (1~3)-Ol-2-acetamido-2-deoxy-n-galactopyranoside)
Found: C, 57.37; H, 5.01; N, 2.29. Compound3(0.2 g, 0.13 mmol) was treated with do261(0.6
g, 1.1 mmol) in propionitrile (15 ml) at -8& for 3 h. The reaction
Methyl O-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimifies-ga- mixture was then processed as described above, and the ﬁ_iude
lactopyranosyl-(L1. 4)-O-[(2,3,4-tri-O-acetyla-L-fucopyranos- ~ Product subjected to column chromatography on silica gel with
yl)-(1 - 3)-0]-)6-O-acetyl-2-deoxy-2-phthalimigg+o-glu- 10% MeOH in dichloromethane as the eluent to 8&€0.12 g,

copyranosyl)-(L. 6)-O-[(6-O-trimethylacetyp-p-galactopyra- ~ 46%); [alp -28° (¢ 0.5, CHG); 1H NMR (CD,Cl): 57.88-7.76
nosyl)-(1- 3)-OJ-2-acetamido-2-deoxg-p-galactopyranoside (M, 8 H, arom.), 5.48 (d, J = 9.2 Hz; 1 H, NH), 5.84 (dd, 1 H,
(23) and Methyl O-(2-acetamido-2-deofye-galactopyranos- ~ H-3"), 5.49 (d, J = 3.3 Hz, 1H, H*4),5.40 (d, J=3.0 Hz, 1 H,
yl)-(1 - 4)-O-[(a-L-fucopyranosyl)-(1. 3)-O]-(2-acetamido-2- ~ H-4"),5.37 (d, J =8.6 Hz, 1 H, H"}, 5.28 (d, J = 3.3 Hz, 1 H,
deoxyB-D-glucopyranosyl)-(L 6)-O-[(B-p-galactopyranosyl)- ~ H-1""), 5.18 (d, J =3.3 Hz, 1 H, H-1),5.14 (d, J = 9.4 Hz, 1 H,
(1 - 3)-O]-2-acetamido-2-deoxy-p-galactopyranoside2d) H-1"), 3.78 (s, 3H, OMe), 2.79 (s, 3 H, OMe), 2.67 (dd, J = 4.6
Hz, H-3¢""), 2.18-1.77, (cluster of s, 39 H, ¥ OAc and

Glycosidation 0£2(0.9 g, 1.26 mmol) witB0(1.0g, 0.88 mmol) NHAc), 1.34 (d, J = 6.5 Hz, 3H, CMe) and 1.15 (s, 9 H, §me
followed by processing in the usual manner gave a crude productAnal Calc. for @ggH112N4O47 C, 53.44; H, 5.71; N, 2.83.
mixture which was directly employed in the next step withouFound: C, 53.09; H, 5.89; N, 2.93.
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Methyl O-(2-acetamido-2-deofrp-galactopyranosyl-(1 4)- Anal Calc. for G1HggN3038Cl: C, 52.55; H, 5.22; N, 2.59.
O-[a-L-fucopyranosyl)-(L 3)-O]-(2-acetamido-2-deoxfy-p- Found: C, 52.31; H, 5.16; N, 2.38.
glucopyranosyl)-(L 6)-O-[(5-acetamido-3,5-dideoxy-glyce-

ro-a-p-galacto-2-nonulopyranosylonic acid)-(23)-O-(3-b- Methyl O-(3,4,6-ri-O-acetyl-2-deoxy-2-phthalimifies-ga-
galactopyranosyl)-(1 3)-O]-2-acetamido-2-deoxg-p-galac-  lactopyranosyl)-(1. 4)-O-[(2,3,4-tri-O-acetyle-L-fucopyra-
topyranoside Z7) nosyl)-(1- 3)-0]-(6-O-acetyl-2-deoxy-2-phthalimidéb-glu-

copyranosyl)-(L 6)-O-[(2,4,6-tri-O-acetylB-p-galactopyrano
A solution of26 (0.1 g, 0.05 mmol) and lithium iodide (0.3 g, syl)-(1- 3)-O]-2-acetamido-2-deoxy-b-galactopyranoside
2.2 mmol) in pyridine (10 ml) was stirred for 6 HARO°C. The  (30)

solvent was then removed under diminished pressure and 88mpounc29(0.96 g, 0.58 mmol) was de-O-chloroacetylated in
residue was passed through a small column of silica gel by elutigny, s nner analogous to that described for the preparatibh of

with 20-30% methanol in dichloromethane to give the protecteglq, customary processing, silica gel column chromatographic

free acid derivative. This compound was taken in methanol-hy;, ification (5-10% MeOH in dichl th 0.65
drazine hydrate (4:1, 20 ml) and heatedBir C for 16 h. After %ur;f(;))lpnpglj _4000 (cel.O I%A%»W?,T?\“\/?SEZ'C%); 5

evaporation to dryness, the residue was redissolved in metha ’b1_7 78 8H 582 (dd. 1 H. ¥135.50 (d. J = 3.7
dichloromethane (1:1, 20 ml) and treated with acetic anhydride 1H H-(;r”]',) 5 Agr(c()jm\.]),: 33 IS|z 1H I’-l'—'335.38 Ed’ J=29
ml) for 1 h at 0C. The mixture was then evaporated to drynesg;,' 1 ' H-4’"), 5:38 (d, J= 9:0 Hz 1 H H’-)I: 5:25 (d’ J= 3:5

and the residue so obtained was deacetylated by stirring qu 1H, H-4),5.23 (d, J = 3.4 Hz, 1 H, H-4), 5.19 (d, 2.9 Hz, 1
methanolic sodium methoxide (0.05 N; 20 ml) for 2 days at roorpy i—i—l) ' 2.81'(5 3 H bMe) 290158 (cluéter ofs. 33 H 1

temperature. The crude product was purified by column chromgya . ang NHAci 1.35 d J=6.2Hz 3 H CMe). ' 3
tography on silica gel by using chloroform/methanoliwater s.ai calc. for Q9|'|83’1\|3037: C 5359 H. 541 N. 2.728
13:6:1 and 4:5:1 (v/v/v) as the eluent, to give the target cOmpouRd \n4: ¢ 53 39: H. 5.63 N. 2.59. Y Y g
27(0.015 g, 24%):d]p -8° (c 0.15, HO); IH NMR (D;O): & P OSSR T S 5
5.11(d, J=3.9Hz, 1 H, H*1), 4.76 (d, J = 3.9 Hz; 1 H, H-1), Methyl O-(2-acetamido-2-deof/p-galactopyranosyl-(L. 4)- 3
452(d,J=82Hz,1H,H},451(d, J=7.7Hz, 1H, H),  O-[a-.-fucopyranosyl-(L 3)-O]-(2-acetamido-2-deox§-n- =
4.46 (d, J = 7.0 Hz, 1 H, H)13.34 (s, 3 H, OMe), 2.75 (dd, glucopyranosyl)-(1. 6)-O-[(3-O-sulfo-Bp-galactopyranosyl ~ 2
B ea™ =4.6 Hz, 1 H, H-3"e), 2.04, 2.03, 2.01 and 1.99 sodium salt)-(1. 3)-O]-2-acetamido-2-deoxg-b-galactopyra- 2
(each's, 12 H, 4 NHAc), 1.81 (t, """ a4™ =% a,3"e = noside 81) §
12.1 Hz, 1 H, H-3" a), and 1.26 (d, J = 6.5 Hz, 3 H, CMEC 3

NMR; D,0; GalNACf-(1-4) residue: 100.36 (C-1), 51.43 COMPOUNBO (0.45 g, 0.29 mmol) in N,N-dimethylformamide
(C-2). 69.79 (C-3), 66.77 (C-4), 73.72 (C-5), 60.00 (C-6), 21.2 0 ml) was treated with sulfur trioxide-pyridine complex (0.254,
(Nac); Fuce-(1-3) residue: 97.49 (C-1), 67.83 (C-2), 68.241:6 mmol) at 0C for 5 h. Excess reagent was destroyed by the
(C-3), 69.12 (C-4), 65.94 (C-5), 14.41 (C-6); GIcNREL . 6) addmon of methanol® ml), followed by_ pyn_dlneKB ml). The 3
residue: 99.76 (C-1), 53.97 (C-2), 74.44 (C-3), 73.87 (C-4), 72 4Rixture was then concentrated under d|m|n|shed.pressure an?_the
(C-5), 59.05 (C-6), 21.30 (NAC); GBH1 - 3) residue: 103.46 residue was passe_d th_rough a small column of silica gel by uging
(C-l): 68.22 (C—2),’ 76.22 (C-3), 66.42 (C-4), 73.81 (C-5), 60. 285-20% methanol in dichloromethane as the eluent. The fractipns

e (2, PN _ _ corresponding to product were pooled and concentrated andthe
Eggg 'g?l’llpéc(%_(i) g())r;:;?ges)l??i%%((cclg) 9687750(%2%)3?08; sidue taken in methanol-hydrazine hydrate (4:1, 50 ml) %d
(C-8)’ 61.59 (C-9) 9112 (NAc)z GalNAT-OMe residue: 97.21 neated afB0°C for 5 h. The mixture was then concentrated and
(C-l)’ 47.46 (C-2)’ 7471 (C-3)’ 66.42 (C-4), 71.07 (C.-5) ‘6g.041e crude product mixture was taken in methanol-triethylamine

(C-6), 54.62 (OMe), 21.09 (NAC). ES-M8vz= 1239.8 [M-1}. 2:1, 24 ml), cooled (OC) and treated with acetic anhydride
An’al Calc. for Q,H N4O33.1.5 HO: C, 45.46; H, 6.60: N (5 ml). It was allowed to gradually attain room temperature and
4.42. Found: C 45§378. H4 6?(33.2'. N.440. " keptforan additional 1 h at same temperature. The mixture Was

concentrated, and the residue applied to a column of silica gefand
eluted with chloroform/methanol/water 13:6:1 and 4:5:1 (V/v/).
Methyl O-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimifie>-ga- Fractions corresponding to product were pooled and concentrzted
lactopyranosyl)-(1- 4)-O-[(2,3,4-tri-O-acetyla-L-fucopyra- and the residue redissolved in water and passed through a small
nosyl)-(1- 3)-0]-(6-O-acetyl-2-deoxy-2-phthalimid®-b-glu- column of Amberlite IR-120 (N3 cation exchange resin_
copyranosyl)-(1- 6)-O-[(2,4,6-tri-O-acetyl-3-O-chloroacety3-  Lyophilization of the eluate then furnishgtl(0.11 g, 37%),d]p
-p-galactopyranosyl-(1. 3)-O]-2-acetamido-2-deoxg-b-ga- (c 1.0, HO); *H NMR (D20):85.12 (d, J = 3.9 Hz, 1 H, H"1),
lactopyranosideZ9) 4.77(d,J=3.7Hz;1H,H-1),4.57(d,J=7.9Hz, 1 H'H4.54

(d, J =8.3 Hz, 1H, H*1), 4.48 (d, J = 8.2 Hz, 1 H, H)13.37
Compound8(0.92 g, 1.5 mmol) was treated with (1.5 g, 1.3 (s, 3H, OMe), 2.07, 2.03 and 2.02 (each s, 2HNAc), and 1.27
mmol) as described in the general glycosidation methods. Aftéd, J = 6.6 Hz, 3 H, CMe}3C NMR (D,0); GaINAcB-(1 - 4)
the customary processing, the crude product was purified by silicasidue: 100.37 (C-1), 51.44 (C-2), 69.79 (C-3), 66.77 (C-4),
gel column chromatography with a solvent gradient consisting a13.57 (C-5), 59.90 (C-6), 21.14 (NAc); Fuefl - 3) residue:
20-25% acetone in dichloromethane to §9€1.0 g, 74%);¢]p  97.50 (C-1), 67.76 (C-2), 68.24 (C-3), 69.11 (C-4), 65.85 (C-5),
-36° (¢ 1.0, CHG}); H NMR (CD,Cly): 8 7.90-7.78 (m, 8 H, 14.41 (C-6); GIcNA®R-(1 - 6) residue: 99.76 (C-1), 53.99 (C-2),
arom.), 5.82 (dd, 1 H, H*3), 5.50 (d, J = 3.5 Hz, 1 H, H*4),  74.45(C-3), 73.88 (C-4), 72.44 (C-5), 59.06 (C-6), 21.31 (NAC);
540(d,J=34Hz,1H,H4538(d,J=79Hz, 1 H,H)1l 3-0O-SQNa Galf-(1-3) residue: 103.37 (C-1), 68.21 (C-2),
5.21 (d,J=3.5Hz, 1 H, H"), 5.19 (d, J = 3.2 Hz, 1 H, H-1), 79.29 (C-3), 66.42 (C-4), 73.73 (C-5), 60.48 (C-6); Gal-
5.14 (d,J=8.2Hz, 1 H, H*), 4.11-4.07 (bs, 2 H, CigIl), 2.83  NAc-a-OMe residue: 97.25 (C-1), 47.48 (C-2), 76.55 (C-3),
(s, 3 H, OMe), 2.19-1.80 (cluster of s, 33 H, 1@Ac and 65.40 (C-4), 71.07 (C-5), 67.87 (C-6), 54.62 (OMe), 21.06
NHACc), 1.35 (d, J = 6.8 Hz, 3 H, CMe). (NAc). ES-MS:m/z= 1028.38 [M-Naj .
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Anal Calc. for G7HgoN3028.SNa. 2 HO: C, 40.84; H, 6.11; Florea,D., Maes,E. and Strecker,G. (1997) Primary structure of seven sulfated
N. 3.86. Found: C. 40.73: H. 6.15: N, 3.73. oligosaccharide-alditols released by reducfivelimination from oviducal
’ ’ B Y mucins ofRana temporarioCharacterization of the sequence H$g) GIcA

(B1-3)Gal.Carbohydr. Res302,179-189.
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