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. : acceptor. The improved glycosyl donor properties of di-
Abstract: It has been shown th@&tchloroacetyl protecting groups - S
enhance significantly sialylating activity of 2-thioethyl sialosides irln\l'a‘cety!3 .and N'mﬂuoroacetyl N_TFA). o_Ier_lvat_lves Of.
model reactions af(2-8)-sialylation. Ethyl 4,7,8,9-tett@-chloro- neuraminic acid were explained by minimization of side
acetyl-3,5-dideoxy-2-thio-5-trifluoroacetamideglyceroa-p-ga- ~ reactions at théN-acyl moieties due to reducing their
lacto-non-2-ulopyranoside thabmbines electron-withdrawin@-  nucleophilicity?°

chloroacetyl andN-trifluoroacetyl protecting groups displayed the i . } :
best reactivity and enabled the most efficient synthesis of tl\/ge supposed that electron-withdrawing N-protecting

Neu5Aax(2-8)Neu5Ac dimer. The Gletrasaccharide was synthe-9rOUPS are able also to increase the positive charge on C-
sized in stepwise manner using this sialyl donor in the key (2-83—0}c all cationic species (SU_Ch as S'Q'Y' or sialyl nitriltim '
coupling, albeit the yield was noticeably lower than in the mod@ations) involved in sialylation and increase thereby their

sialylation of monosaccharide acceptors. reactivity towards nucleophiles. If this is the case, elec-
Key words: chloroacetyl protecting group, 2-thioethyl sialosidefron-withdrawing O-protecting group would produce the
glycosylation, reactivity, GPoligosaccharide same effect on the reactivity of sialyl donors. Here we de-

scribe the effect dD-chloroacetyl protecting groups in 2-

thioethyl a-sialosides on their efficiency as sialyl donors
The disaccharide sequence Neu&@:s8)Neu5Ac is a ina(2-8)-sialylation.O-Chloroacetyl groups can be easily
constituent of a number of gangliosides such a%,(_;[jntroduced, are stable under sialylation conditions, and
GT.» GQy, and others, and plays a key role in their biocan be removed selectively, if necessary, in the presence
logical activities! The simplest representative of thisof other acyl protections.

group, the ganglioside GO(1), was shown to be the To facilitate NMR analysis of compoundssthioethyl

human melanoma associated antigen (Figufe 1). sialoside3 but not a more readily availableB-mixture?
was chosen as a starting material for the preparation of
Neu5Ac-o-(2-8)-Neu5Ac-o-(2-3)-Gal-B-(1-4)-Gle-p-O-Ceramid chloroacetylated sialyl donors-Thiosialosides can be
1 obtained more easily in anomerically pure form than the
_ correspondingg-anomers. Compoung was synthesized
Figurel from chloride 21! according to the modified published

proceduré® followed by deacetylation in 79% yield
Chemical preparation of the Neu5&2-8)Neu5Ac dimer (Scheme 1). Since fully acetylated derivatives of NeuSAc
is strongly complicated by the low reactivity of the 8-OHare conventional sialyl donors, tetraacetat&as chosen
group of neuraminic acid and remains so far one of tlas a reference point. Its chloroacetylated andlbgvas
main problems of the oligosaccharide synthesis. The mgstpared fron8 by reaction with chloroacetic anhydride
of successful syntheses were based on application of mad-the presence of NaHG® O-Acetyl and O-chloro-
ified sialyl donors bearing an additional function at C-&cetyIN-TFA thioethyl sialosid&a and7b'*were synthe-
which can control the stereochemistry of substitution atzed from3 by acidic de-N-acetylatidhfollowed by N-
the anomeric center and prevent 2,3-eliminatidfulti-  trifluoroacetylation of the amino group fand O-acyla-
step synthetic procedures are required for preparationtiwn of 6 formed with AgO or (CICH,CO),0.

tr}eze donﬁ.rs ar;d an ﬁddipi?nlal step is dnL(fecededlfor remoya]_niol 14 was used as a sialyl acceptor in model sialyla-
of the auxiliary from the sialylation produtn alterna- o reactions. It could be selectively sialylated at 8-OH

tive strategy consisting in the use of the NeuaA2- ecause of its much hi o
: . . , ; gher reactivity as compared to that
8)Neu5Ac dimer obtained by mild acid hydrolysis ofy¢ 7 o 2c16piol 14 was prepared as follows (Scheme 2).
colominic acid circumvents the problems of the chemic he startinga-benzyl sialoside8 was synthesized from
SVF‘FheS'S of the(2'-8)-I|nkag'e but s limited by IOW. e}va||- chloride2 and benzyl alcohol according to the described
ability of the starting material. Recently, a promising arocedurd followed by de-O-acetylation. Treatmentsof
proach was reportédhat employed N-trifluoroacetylated it 2 >_dimethoxypropane and CSA in acetone afforded
derivatives of neuraminic acid as both sialyl donor a |9-isopropylidene derivativ® which was selectively
benzoylated at O-4 with benzoyl chloride to give

SYNLETT 2005, No. 9, pp 1375-1380 monobenzoatd0. Removal of the isopropylidene group
Advanced online publication: 29.04.2005 followed by treatment of tridl1 with o, a-dimethoxytolu-

DOI: 10.1055/s-2005-868514; Art ID: G03405ST - ; ;
© Georg Thieme Verlag Stuttgart - New York ene in the presence of CSA yielded a mixture of 7,9- and

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



1376 Y. E. Tsvetkov, N. E. Nifantiev LETTER

AcO OAc al HO OH
ab CO,Me
AcO™ O CO,Me ——» HO' 1) SEt
AcNH RNH
AcO HO
2 c 3R=Ac
5R=H
eorf d[ . 6R=TFA
le orf
RO ,OR RO ,OR
CO,Me CO,Me
RO" SEt RO" SEt
AcNH 2 TFANH 2 "
1
RO RO RO ResconH
4aR=Ac 7aR=Ac
4bR=CA 7bR=CA BzO 18a—e
CA = CICH,CO +
RO
. ) R2CONH
Schemel Reagents and conditions) EtSNa, MeCN, r.t.; b) MeO R o COMe
Na, MeOH, r.t., 79% over two steps; ¢) MsOH, MeOH, refldk; 2 OBn
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8,9-benzylidene derivativek? and13 in a ratio of about
1:1. This mixture was subjected, without separation of t
isomers, to reductive acetal ring-opening with

H;B-NMey-AICl; in the presence of watérto give 7,8-
diol 14 in high yield. derivative 17. The transformatiori4 — 17 could be

accomplished without chromatographic purification of

its N-TFA counterpart (cf. ref), diol 17 was also prepared thoeo /'merme“d"'?‘tf dcompounds and afforded dfibin 85—
from 14 using the procedure of de-N-acylation of seconog- o overall yield.

ary amides via intermediathl-Boc-imide formatio®® Then NIS/TfOH-promoted sialylation of accept@#sand
(Scheme 2). Dioll4 was converted into 7,8-isopro- 17 with two equivalents of thioglycosidds,b and7a,b
pylidene derivative which was treated, without isolationvas examined (Scheme 3). As we reported earfiégly-

with Boc,O in the presence of DMAP to give imid6. cosylation of substrates containing acetamido groups with
Selective removal of thid-acetyl group irl5 with hydra-  ethyl thioglycosides can be accompanied by the transfer
zine hydrate afforded Boc-protected amie Simulta- ©0f SEt residue onto these groups resulting in the formation
neous cleavage of acid-labile isopropylidene and B&d EtS(AC)N-derivatives. This side reaction strongly com-
groups followed by N-trifluoroacetylation yieldddTFA  plicated analysis and separation of reaction mixtures and

heme3 Reagents and conditiors) NIS, TfOH, MS 3 A, Me@,
0 °C; b) (HN),CS, MeOH-HOACc (3:1), 7-10 min, r.t.

For comparison of the sidlacceptor properties d# and

o\ﬁho CO.Me
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o

o)
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2 —> yo o7~ oBn = HO' 0770Bn —> O o/~oBn T Ph s -

AcNH AcNH AcNH O/E\O
BzO
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Scheme 2 Reagents and conditiona) BnOH, AgCO;, AgCIO,, MS 4 A, CHCl,, r.t.; b) MeONa, MeOH, r.t., 90% over two step};
Me,C(OMe),, CSA, acetone, r.t., 94% fé d) BzCl, pyridine—CHCl,, 0 °C, 88%; e) 80% aq HOAc, 40° C, 94%; f) PhACH(OMEA,

MeCN, r.t.; g) HB-NMe;,, AICI;, H,0, THF, r.t., 81% over two steps; h) B&c DMAP, THF, reflux, 97% over two steps; i}i,-H,O, DMF,

r.t., 95%; j) 90% aq CI£OOH, CHCI,, r.t.; k) CRCOOGFs, EtN, CH,CI,, r.t., 91% over two steps.
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decreased the yields of target products. It was found tiet NMR spectra of botti8 and19 showed that they were
a brief treatment with thiourea in a mixture of MeOH-2-8)-linked disaccharides.

HOAc? caused complete conversion of EtS(AC)N moietfnq known empirical rules for the assignment of the ano-

into the parent acetamide, whereas chloroacetyl groups f&sric configuration of tetraacetylated NeuSAc restdue
mained intac'g under these conditions. To provide a relliere found to be also applicableQechloroacetyl and\-
able comparison of results of the model reactionggn sialosides. Although signals for H-4 of the glycosy-
sialylation reaction mixtures were subjected to the aboYé’[ing residue ilN-TFA a-disaccharided8c—e appeared
procedure. The disaccharide products were separatgd - 5 o_5 1 (i.e. shifted by ca. 0.2 ppm downfield as
from unreacted sialyl acceptors and monosaccharide k?%'mpared to signals for H-4 if-acetyl derivatives

products by gel permeation chromatography. Pure angs, py this region did not overlap that of corresponding
mers18 and19 were isolated by HPLC. The results argy_anomers19c—e (5 > 5.40 ppm). The difference in
summarized in Table 1. A8{H9’—H9} values of the glycosylating Neu moiety for
As expected, acetylated dondm gave low yield of the a-anomersl8 (0.28-0.37 ppm) anp-anomersl9 (0.45—
correspondingx(2-8)-linked productl8a (entry 1). Re- 0.63 ppm) was not as pronounced as in ‘conventional’ sia-
placement oO-acetyl groups by chloroacetyl ones (donolosides, but nonetheless allowed reliable configuration as-
4b, entry 2) increased two-fold the yield18. Essentially signment within each anomeric pair. Coupling constant
the same effect gave rid¢ TFA group (donor7a, entry valuesJ, g of the non-reducing Neu residue were also
3). Combination ofO-chloroacetyl andN-TFA groups characteristic for its anomeric configuration being 8.0-8.6
(donor7b, entry 4) resulted in further increase of the yieldHz for a-anomersl8 and 2.8—4.6 Hz fo-anomersl9.

of 18; this yield is comparable with those obtained on sigye have found some other regularitie$HirNMR spectra
lylation of 3-OH in many galactose derivativeS-TFA ot 13 and19 which may be useful for the assignment of
sialyl acceptorl? (entry 5) displayed higher reactivity e anomeric configuration in (2-8)-dimers of neuraminic
than theN-acetyl counterpait4 and allowed preparation ociq Thus, irrespective of the protecting groups pattern,
of a-dimer18ein excellent yield of 55%. This is the high-{,o signals for H-6 in the glycosylating Neu residue ap-
est yield ofa(2-8)-disaccharide achieved on the use of Feared ab = 3.95-4.15 fon-anomerd8 and a = 4.55—
non-modified at C-3 sialyl donor. Boons et al. prepared Agg forg onest9. The signals for H-8 in the glycosylated
similar a(2-8)-dimer in the same yield of 55% but withyey, residue located in the regiondof 4.40—4.58 fou-

three equivalents of sialyl donbdt is noteworthy that disaccharide48 and in the region f = 4.02—4.07 fop-
yields of the correspondirfgfanomersl9 did not change somers19.

much with protecting groups variation, and hencete- , . .
reoselectivity also increased upon accumulation of eleRecently, Schmidt and co-workétslescribed an effi-
tron-withdrawing groups in the sialyl donor moleculeCi€nt synthesis of the ganglioside &) that was based
The increase of-stereoselectivity may be attributed to®n the consecutive introduction of two NeuSAc residues
the stabilization ofi-configurated sialyl nitrilium inter- INto an oligosaccharide chain. A sialyl donor with 3-SPh

mediates (cf. reP) due to the - effect of protecting participating auxiliary was used in the second sialylation.
groups. We applied sialyl donorb, which had displayed the best

reactivity in the model (2-8)-sialylations, to a similar
Structure of disaccharideg$8 and 19 was proved byH y (2-8)-sialy

- - preparation of 2-aminoethyl glycoside of the G@t-
NMR spectroscopy dafd. Configurations of newly yaqaccharide. To minimize manipulations with protecting

formed 'sialoside bonds were deduced from HMBC spe, foups in the stage of GMtisaccharides, selectively pro-
tra (optimized for a coupling constant of 8 Hz). A stron

: ' L , cted sialyl donors were employed in the first coupling
correlation between C-land H-3,, indicatedtransdi-  gien  TheirN-acetyl andN-TFA precursor20a,b were
axial orientation of the methoxycarbonyl group and thgiained in good overall yields from tetr@gnd6 using
proton H-3, and, hencey-configuration ofl8. The lack  {he synthetic pathway described above for the transforma-
of C-1-H-3,, correlation in HMBC spectra d® proved  (jon g —5 14 (Scheme 4). Chloroacetylation @a,b
their B-configuration. The presence of signals for 7-OH in

Tablel Effect of O- and N-Protecting Groups on Efficiency of (2-8)-Sialylation

Entry Donor Acceptor Products R R? R3 Yield of 18 (%) Yield of 19 (%)
1 4a 14 18a, 19a CH,CO CH, CH, 8 7
2 4b 14 18b, 19b CICH,CO CH; CH; 18 9
3 Ta 14 18c, 19c CH,CO CK CH; 20 7
4 7b 14 18d, 19d CICH,CO CR CH, 37 8
5 7b 17 18e, 19e CICH,CO Ck CF; 55 7
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Scheme4 Reagents and conditions) see steps c—g in Scheme 1, 69% overaliar60% for20b; b) CICH,COCI, pyridine—CHCI,, 0 °C
92% for both21a,b; ¢) NIS, TfOH, MS 3 A, MeCN, —40 °C, 62% faBa, 72% for23b; 15% for25a, 17% for25b; d) (H,N),CS, 2,4,6-colt
dine, MeOH, reflux, 97% fo24a, 93% for24b; e) 1 M aq NaOH, MeOH, r.t.; f) AO, MeOH, r.t.; g) H, PdA(OH)Y/C, MeOH, r.t.; h) CECO,Et,
MeOH, r.t.

afforded sialyl donor&1a,b?8in which chloroacetates are Anomeric configuration of the terminal neuraminic acid
activating and also selectively removable temporary preesidue ir5a,b was proved by the data of HMBC spectra
tecting groups. NIS/TfOH-promoted sialylation of lacto{vide supra) and the position of sialylation was confirmed
side 2227 with small excess (1.2 equiv) @flab gave by the presence of signals for 7-OH of internal neuraminic
protected GMtrisaccharide&3a,b?8in yields of 62% and acid in’H NMR spectra of both tetrasaccharides. Chemi-
72%, respectively. Only minute amounts of the correal shifts for H-4 §=5.05 and 5.07 ppm) and H-6
spondingB-anomers (6% foR3a and 3% for23b) were (5 = 4.12 and 4.08 ppm), and the valuedqf(8.8 and 8.2
isolated in both sialylations. Removal of chloroacetyHz) andAd {H9—H9} (0.38 and 0.23) confirmed also the
groups from23a,b with thiourea resulted in triol24ab  a-configuration of the terminal neuraminic acid residues
almost quantitatively. Thus, the use of the 7,8dihlo- in 25a,b.

roacetyl-thiosialo.side.Qla,b.provided highly efficient 1.ansformation oP5a,b into 2-aminoethy! glycoside of
and stereoselective sialylation of lactositeand subse- GD; 26 was accomplished in 6 steps involving alkaline

quent one-step, high-yielding deprotection of the Sialyl%'ydrolysis of all ester and-TFA groups followed by N-
tion products23 into new sialyl acceptor&4. acetylation; reduction of the spacer azide group by hydro-
However, sialylation ofN-acetyl andN-TFA acceptors genation and subsequent temporary protection of arising
24a,b with two equivalents of thiosialosid® was not as amine by anN-TFA group; hydrogenolysis of benzyl
efficient as could be expected from the results of modethers; and, finally, alkaline hydrolysis with liberation of
disaccharide syntheses and gave, &frasaccharide de- the spacer amino group in 79% overall yiéiNMR and
rivatives25a,b?° in modest and practically equal yields of*C NMR data 0f26°° were almost identical to those re-
15% and 17%, respectively. TLC examination of tetrasacently published for the G[B-azidopropy! glycosidé

charide fractions obtained after gel permeatiop, conclusion, we have found thatchloroacetylation in-

chromatography revealed only traces of products thatease considerably the reaitgivof 2-thioethyl sialosides
might be identified as the correspondifiganomers. i gialyiation reactions. 2-Thiosialoside, which com-

About 70% of the acceptor was recovered in both casgg,eg O-chloroacetyl andN-TFA protecting groups
We suppose that such a considerable decrease of efficighs,yed the best sialylating activity and provided the most

cy of (2-8)-sialylation compared to model experiment%fﬁciem svnthesis of thea(2-8)-linked dimer of
and the lack of the difference in reactivity of tik@acetyl neuraminicyacid. "(2-8)

andN-TFA acceptors, may be caused by additional steric
hindrances around the 8-OH group that are created by the
bulky benzylated disaccharide aglycon in the acceptofgknowledgment

24, This work was supported by The Russian Foundation for Basic

Research, Grant No. 03-03-32567. The authors are indebted to Mr.

A. A. Grachev for recording NMR spectra.
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(18) Sherman, A. A.; Mironov, YV.; Yudina, O. N.; Nifantiev,
N. E.Carbohydr. Res2003, 338, 697.

Jzeqa= 4.6 Hz, H-20), 3.56 (dd, 1 HJy g = 11.0 Hz,
Jog=4.6 Hz, H-9), 3.77 (dd, 1 Hy g = 3.5 Hz, H-9), 3.86
(s,3H, CHO), 3.96 (dd, 1 HJ)s ;= 1.4 Hz, H-6), 4.06, 4.23
(2d, 2 HJgen=14.7 Hz, CICH), 4.22,4.38 (2d, 2 H,
Jgem=15.0 Hz, CICH), 4.29 (q, 1 HJs 5= 10.7 Hz, H-5),
4.49,4.53 (2d, 2 Hlge,= 11.8 Hz, PEH,), 5.07 (m, 1 H,
Js5=11.0 Hz, H-4), 5.41 (d, 1 Hyy5 = 9.9 Hz, NH), 5.49
(19) Grehn, L.; Gunnarson, K.; RagnarssonJ\{Chem. Soc., (m’ 1 H, H-8), 5.55 (dd, 1 H, 5= 3.8 Hz, H-7), 7.17-7.98
Chem. Commuri985, 1317. (m, 10 H, arom.). '
(20) General Procedurefor Model Sialylation. (27) Cheshev, P. E.; Khatuntseva, E. A.; Tsvetkov, Y. E.;
A mixture of sialyl donor (0.33 mmol), sialyl acceptor Shashkov, A. S.; Nifantiev, N. Russ. J. Bioorg. Chem.
(0.165 mmol) and powdered molecular sieves 3 A (1.5 g) in 2004, 30, 60.
MeCN (4 mL) was stirred at r.t. for 2 h, then cooled to —40 (28) Analytical data foR3a: [o], +11 € 1, CHCL). *H NMR
°C. Then, NIS (149 mg, 0.66 mmol) and TfOHu(§ 0.07 (500 MHz, CDC})): § = 1.78 (s, 3 H, CKCO), 2.14 (t, 1 H,
mmol) were added and the resulting mixture was stirred at Joons0e= 12.6 Hz,Js,, 4= 11.4 Hz, H-Bx NeuAc), 2.73 (dd,
—40 °C for 1.5 h. A drop of pyridine was added, the mixture 1H, Jgeq ,=4.5Hz, H_@q NeuAc), 3.73,4.02 (2d, 2 H,
was diluted with CHGland filtered through Celite. The Jgem= 14.9 Hz, CICH), 3.81 (s, 3 H, CkD), 4.15, 4.29 (2 d,
solids were washed with CHCtombined filtrates were 2H,J,.,,=15.0 Hz, CICH), 4.40 (d, 1 HJ, , = 8.0 Hz, H-1
washed with 1 M Nz5,0; solution, HO, and concentrated. Glc), 31.65 (d, 1 HJ, ,= 7.8 Hz, H-1 Gal), 5.04 (m, 1 H,
The residue was dissolved in a mixture of MeOH (3 mL) and J,5=10.3 Hz, H-4 NeuAc), 5.35 (d, 1 By 5 = 10.1 Hz,
HOACc (1 mL) and thiourea (20 mg) was added. After being NH), 5.51 (dd, 1 HJ), o= 1.7 Hz,J, 4= 9.0 Hz, H-7 NeuAc),
stirred for 7—8 min, the mixture was diluted with CHCI 5.57 (m, 1 H, H-8 NeuAc). '
thoroughly washed with 40, and the solvent was
evaporated. The residue was subjected to gel permeation
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(29)

Analytical data foR5a: [a]p —15 € 1, CHCL). *H NMR (500
MHz, CDCL): § =1.92 (s, 3 H, CKCO), 2.18 (t, 1 H,
J3ax,3eq= 13.2 HZ,J3,, 4= 11.6 Hz, H-8xNeuTFA), 2.21 (t,
1 H,J350 3= 13.1 HZ J3,, 4= 11.2 Hz, H-Bx NeuAc), 2.61
(dd, 1 H,J5¢q 4= 4.8 Hz, H-2qNeuAc), 2.77 (brd, 1 H, 4-
OH Gal), 2.82 (dd, 1 Hlzeq 4= 4.7 Hz, H-2qNeuTFA),
3.79 (s, 3 H, CED), 3.85 (s, 5 H, CkD, CICH,), 4.05 (s, 2
H, CICH,), 4.12 (dd, 1 HJs5=10.5 Hz,J; ;= 1.6 Hz, H-6
NeuTFA), 4.13,4.16 (2d, 2 H,,,= 15.0 Hz, CICH), 4.17,
4.28 (2d, 2 HJye= 15.1 Hz, CICH), 4.19 (dd, 1 H,

Jog =12.4 HzJg¢= 6.0 Hz, H-9 NeuTFA), 4.28 (m, 1 H, H-
8 NeuAc), 4.40 (dd, 1 H}; ,= 7.8 Hz, H-1 GIc), 4.45 (dd, 1
H,J;,=8.2 Hz, H-1 Gal), 4.55 (dd, 1 Hy g = 2.6 Hz, H-9
NeuTFA), 5.05 (ddd, 1 H],s=10.4 Hz, H-4 NeuTFA),
5.27 (dd, 1HJ, ¢= 8.8 Hz, H-7 NeuTFA), 5.32 (ddd, 1 H,
J;5=10.5 Hz, H-4 NeuAc), 5.52 (m, 1 H, H-8 NeuTFA),
6.00 (d, 1 HJyys= 8.7 Hz, NH NeuAc), 6.40 (d, 1 H,
JInms = 9.4 Hz, NH NeuTFA).

Synlett 2005, No. 9, 1375-1380 © Thieme Stuttgart - New York

(30)

(31)

Analytical data fo@6: [a]p +5 (€ 0.5, HO). *H NMR (500
MHz, D,O, relative to internal aceton&, = 2.225);

terminal NeuSAct = 2.03 (CHCO), 2.78 (ddyJzeq 4= 4.1
Hz, Jzeq 30 12.2 Hz, H-280), 1.74 (t, H-3), 3.67 (H-4),
3.83 (H-5), 3.61 (H-6), 3.58 (H-7), 3.88 (H-8), 3.65 (H-9),
3.87 (H-9); internal Neu5Acd = 2.06 (CHCO), 2.68 (dd,
Jzeqa= 3.9 HZ,J3eq 3= 12.0 Hz, H-20), 1.74 (t, H-3),
3.61 (H-4), 3.82 (H-5), 3.71 (H-6), 3.86 (H-7), 4.11 (H-8),
3.75 (H-9), 4.17 (dd)y g = 2.8 Hz,Jy o = 12.1 Hz, H-9);
Gal:5 =4.52 (dJ,,= 7.6 Hz, H-1), 3.57 (ddl, 3= 9.7 Hz,
H-2), 4.08 (ddJ, ,= 2.3 Hz, H-3), 3.96 (d, H-4), 3.72 (H-5),
3.73 (H-6), 3.75 (H-9; Glc: 5 = 4.54 (d J, , = 8.2 Hz, H-1),
3.38 (t,J, 3= 8.5 Hz, H-2), 3.66 (H-3), 3.68 (H-4), 3.62 (H-
5), 3.86 (H-6), 4.00 (ddlg ¢ = 12.4 Hz,J5 s = 1.8 Hz, H-6),
3.27 (t,J=4.9 Hz, OCHCH,NH,), 3.88, 4.12
(OCH,CH,NH,). *C NMR (125 MHz, DO, relative to
internal acetondy. = 31.45); terminal Neu5Ad& = 176.2
(C-1), 41.7 (C-3), 69.7 (C-4), 53.0 (C-5), 74.0 (C-6), 69.4
(C-7), 72.2 (C-8), 63.9 (C-9), 23.814,CO), 174.4
(CHLCO); internal Neu5Acs = 176.2 (C-1), 41.0 (C-3),
69.0 (C-4), 53.5 (C-5), 75.1 (C-6), 70.5 (C-7), 79.3 (C-8),
62.7 (C-9), 23.5¢H,CO), 174.4 (CHCO); Gal:5 =104.0
(C-1), 70.5 (C-2), 76.7 (C-3), 68.7 (C-4), 76.5 (C-5), 62.3
(C-6); Glc:6 =103.2 (C-1), 73.9 (C-2), 75.3 (C-3), 79.2 (C-
4), 76.0 (C-5), 61.1 (C-6); 67.0 GB,CH,NH,), 40.7
(OCH,CH,NH,).

Zou, W.; Borelli, S.; Gilbert, M.; Liu, T.; Pon, R. A;
Jennings, H. J1. Biol. Chem2004, 279 25390.
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