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Abstract: Synthesis of Neu5Ax(2—3)Gaf3(1—4)Glc and Neu5Aa(2—8)Neu5Ac derivatived 2o and 14a.,
from lactose derivativé® and 2,3-dehydro-Neu5Ac derivativg respectively, with anchimerically assisted
Neu5Ac donom3e, 3f, or 3g has been studied. Reaction of haloger@sédaving a 3-phenoxythiocarbonyloxy
moiety as the assisting group, afforded wéhand 7 in the presence of equimolar amounts of AgOTf as
promotera-sialosideslla and 13a which were readily deoxygenated to affot@o and 14q, respectively.
Reaction of phosphitgf, having a 3-bromo substituent as the potentially anchimeric assisting group, furnished
in the presence of catalytic amounts of TMSOTf wilas acceptoun-sialosidel5a and with7 as acceptor
p-sialoside 173, which gave on debrominatioh2a. and 143, respectively. Reaction of readily available
phosphite3g, having a 3-thiobenzoyloxy group as the anchimeric assisting group, afforde@ wuitth7 in the
presence of catalytic amounts of TMSOTT in very high yieddnked sialoside1o and22a., which could

be readily deoxygenated to affot@a and14a. Thus,3gis an almost ideal sialyl donor for the high-yielding
generation ofi-glycosidic linkages also to low-reactive acceptors.

Introduction

The sequences Neu5&4(2—3)Gal and Neu5Ac(2—8)-
Neu5Ac and higher homooligomers thereof are frequently
occurring constituents of glycoconjugates including various
gangliosides. The derived compounds were found to play
important roles in numerous biological phenomena, being for
instance tumor-associated antigeher receptors of bacterial
toxins and viruse33

Several successful approaches to the generation of the

Neu5Aa(2—3)Gal linkage have been reportédl. High a-se-
lectivity and good yields have been gained with alkyl/arylthio
leaving groups, which require equimolar or higher amounts of
a thiophilic promoter systerh® or with phosphites as leaving
groups, which require just catalytic amounts of an acid for
activation; especially favorable results were obtained when the
reaction was carried out in acetonitrile at low temperatéies,
because, as demonstrated by us, the “nitrile effect” can greatly
influence anomeric stereocontral. However, these methods
failed in the generation of the highly demanding Neubif-
8)Neu5Ac linkagd?1t

To solve the problem ob(2—8)-linkage, anchimeric as-
sistance by an auxiliary group at C-3 has been prop&séel.
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Thus, addition of XY' reagents to 2,3-dehydroneuraminic acid
1 (Scheme 1), affordin@a and 25, and then transformation
into desired3 with Y on the $-side was performed, where Y
represents a group prone to neighboring group participation.
Mainly HOBr and PhSCI addition td (R = Ac, Bn) were
investigated (see Table 1). HOBr addition did not only lead to
the wrong regioisomers (because a 3-oxygen atom was envis-
aged for the anchimeric assistance), but alsoand j-face
addition (—~2a0,4 and 2ba,3) was obtained; then, in a quite
tedious procedure, both compounds were transformed into
desired3a and 3b, respectively (entries 1 and 3. PhSCI
addition gave the desired regioisomers (a 3-sulfur atom was
considered for the anchimeric assistance), yet agairand
p-face addition was observed (entries 3 andef,3); therefore,
chromatographic separation 2éo. and2¢s and transformation
into 3c were required (entry 3$14 Then, with the help of
promoter systems, frorBa—3c eventually intermediatd was
generated which should result i(2—8)-sialoside formation.
Table 1 exhibits that for most cases studied excellentlec-
tivities could be obtained, however, the overall yields are not
yet satisfactory. Only when a more reactive, yet not readily
available,O-benzyl-protected neuraminic acid derivative was
employed as sialyl donor (entry 2) acceptable product yields
were foundt?® With the 3-hydroxy group (entry 1), which is
less prone to anchimeric assistance than the 3-phenylthio moiety,
also thep(2—8)-sialoside was obtainéd;this is presumably
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aR = Ac, Bn; HO-R = sialyl acceptor; for details, see Table 1.

Table 1. Anchimerically Assisted Neu5Ac Donors Used for the Synthesis of Nea§2&e8)Neu5Ac Disaccharidés
3— NeubAa(2—8)Neu5Ac
20,6 —3 disaccharide derivative
1—20p yield from promoter yield
entry 2 R X' Y' o 3 R X Y 1(%) (equiv) (%) of
1P 2a  Ac  OH Br 31 3a Ac  Br OH 66 AgOTf (1) 26(17) 32
2¢ 2b Bn OH Br 4:1 3b Bn Br SPh 43 Hg(CN), (1.6) 64(28) «a
HgBr; (0.5)
3 2c Ac Cl SPh 1:3 3c Ac SEt SPh 52 MSB (1.4) 28 (14) =>99:1
AgOTf (1.4)
40 2c Ac Cl SPh 1:5 3d Ac Cl SPh 49 AgOTf (2) 49 (24) «

aFor details, see Scheme "IReference 12¢ Reference 139 Reference 14¢ Reference 15 This ratio could not be confirmed; see ref 14.
9Yield contains transformation df into O-benzyl-protected derivativé.Yield in parentheses: total yield fromh

due to the occurrence of transient intermed&tehich favors
via stereoelectronic contrglproduct formation. These lengthy
and not too efficient methodologies for Neus§2—8)Neu5Ac
formation, though not really required, have also been employed
for the generation of Neu5Ad2—3)Gal linkages®

Aims of This Work. To improve the efficiency and
simplicity of the NeuS5Aa(2—8)Neu5Ac linkage methodology
at least five demands should be fulfilled: (iy¥ addition to
1 (Scheme 1) should lead in high yield only28, thus giving
ready access to the decisive sialyl doBp(ii) activation of 3

efficient neighboring group participation should be provided in
order to enforce highlyo-selective reactions also with less
reactive acceptors and thus preventing any other side reactions;
(iv) the anchimerically assisting group should also accommodate
its immediate and practically quantitative removal after product
formation; (v) the Neu5Ac donor and/or acceptor should be
designed in such a way as to permit repetitive glycosylations,
thus making the highly valuabl®(2—8)-linked homooligomers
of Neu5Ac available and also structural variants thereof.
Obviously, a compound of the general struct@e could

should be achieved by simple catalysis, as for instance providedaccommodate demands-ii: acid-catalyzed removal of the

by acid treatment of the phosphite leaving group (and not by

phosphite moiety should lead to relatively stable five-membered

equal amounts or even more of a promoter system as requiredoxathiolanium intermediatéx!” which, on proper selection of

for halogen and alkyl/arylthio leaving groups, respectively); (iii)
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T. Tetrahedron Lett1997, 38, 1599-1602. (f) Martichonok, V.; Whitesides,
M. G. Carbohydr. Res1997, 302,123-129.

group Z, will not result in loss of Z or give with the acceptor
an ortho ester derivative, but instead it will smoothly lead to
the desiredx-sialoside linkage in high yield.

(17) A thiocarbonyloxy moiety was claimed to support 2-de@xy-
ribonucleoside formation via a six-membered intermediate; yet, still both
anomers were obtained: Mukaiyama, T.; Hirano, N.; Nishida, M.; Uchiro,
H. Chem. Lett1996 99-100.



5436 J. Am. Chem. Soc., Vol. 120, No. 22, 1998

4

WOAC o ? ggs

\ CO,Me

©

AcO
AcO OP(OEY), AcO  AcO

AcN

H
OAc

3x

4x

To test this concept, we have first investigated the phenox-
ythiocarbonyloxy group as the anchimerically assisting group
and chloride as the leaving groupel X = Cl; Y = PhO—C-
(=S)—0).r® Then we investigated the usefulness of phosphite
as the leaving group in the presence of bromine as the
anchimericaly assisting grouf{ X = OP(OEt); Y = Br).
Finally the combination of the phosphite leaving group and the
thiobenzoyloxy group as the anchimerically assisting group was
investigated 8g0 X = OP(OEt); Y = PhCES)—0)). In
addition, g-face selective addition of the"Ygroup @ — 26)
had to be solved.

Results and Discussion

Acceptor Synthesis. The glycosyl donor properties of the
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Scheme 2
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providing trisaccharidd 1o in high yield. Ensuing treatment
with tributyltin hydride (BuSnH)/azoisobutyronitrile (AIBN)
in toluene afforded knowm(2—3)-linked ganglioside GM3

newly designed sialyl donors were investigated with two intermediatel2o in very high overall yield. Application of
important acceptor molecules. The first one was known 3b,- the same reaction sequence to 7,8-O-unprotected neuraminic
4b-O-unprotected lactosé'® which exhibited in sialylation  acid derivative7 as the acceptor afforded exclusivelf2—8)-
reactions with nonanchimerically assisted sialyl donors good linked disaccharidd.3a. in 68% isolated yield; removal of the

yields and mainlyo-product formatiort:®

HO _OBn o oBn BnO o::

HO%&/O g 75 come

b S W~
OBn OAc

As the neuraminic acid derived acceptor, 7,8-O-unprotected
2,3-dehydroneuraminic acid derivativewas chosen, because
it should combine good reactivity with the potential to reiterate
the sialylation procedure (see above, demand v). Compdund
can be readily prepared from known &®isopropylidene-2,3-
dehydroneuraminic acid derivati8s(Scheme 2Pawhich after
regioselective 4-O-acetylation with acetic anhydride in pyridine
(—9) and then acid-catalyzed removal of tBdsopropylidene
group yielded 7,8,9-O-unprotected derivatit®. Treatment
with dibutyltin oxide (BySnO) and then benzyl bromide in the
presence of tetrabutylammonium bromide (TBABr) led to
regioselective 9-O-benzylation, furnishing target molegtiie
good overall yield.

The Phenoxythiocarbonyl Group as the Anchimerically
Assisting Group. Readily available 2,3-dehydroneuraminic
acid derivativel (Scheme 3) was converted by Goto etZl.
via HOBr addition, separation from the undesired diastereoi-

somer, transformation into the 2,3-epoxide, and then treatment

with TiCls into halogenose2as (see the discussion in the
Introduction and Table 1). We found th245 can be directly
transformed with phenoxythiocarbonyl chloride in the presence
of 4-(dimethylamino)pyridine (DMAP) int®-phenoxythiocar-
bonyl derivative3e3 in high yield. Reaction 08¢ with lactose
derivative 6 as the acceptor in the presence of equimolar
amounts of silver trifluoromethanesulfonate (AgOTf) in 1,2-
dichloroethane as solvent afforded the desimedinkage,

(18) For preliminary publication of part of this approach, see ref 10a.
(29) Jung, K.-H.; Hoch, M.; Schmidt, R. Riebigs Ann. Cheml989
1099-1106.

O-phenylthiocarbonate group led to desired 3-deoxy derivative
140 in practically quantitative yield. The structural assignment
of 14a could be readily based on the NMR dat&] chemical
shifts and®Jc—1 y-3ax) and their comparison with the data of
the correspondings-isomer 143 which was independently
obtained (see bE|OW)Zl40., 3J13C(C—l’)—1H(H—3a>() = 7.6 Hz
corresponds to aa-linkage; 143, 3Jicc-1)-1HH-3ax) = 1.8 HZ
corresponds to #-linkage?® Thus, it could be demonstrated
that the thiocarbonyloxy group is an ideal anchimerically
assisting group, leading, presumably via intermedidie
exclusively toa-linkage.

Phosphite as the Leaving Group. For the investigation of
the usefulness of phosphite as the leaving grolipwas
transformed into known 3-bromoneuraminic acid derivafiigg
(Scheme 4¥2which had to be separated from the diastereoi-
somer (see the discussion in the Introduction and Table 1).
Reaction ofbg with CIP(OEt} in the presence of Hig's base
afforded diethyl phosphite derivatiaf in practically quantita-
tive yield. Because intermediate bromonium ion formation is
known to favor anti-addition products, reaction 8f with
accepto6 in the presence of catalytic amounts of trimethylsilyl
trifluoromethanesulfonate (TMSOTf; 0.2 equiv) was expected
to givea-sialoside. This was confirmed: as the product, lactone
1500 was obtained. Debromination with BSnH/AIBN in
toluene afforded in practically quantitative yielléo. which upon
treatment with NaOMe/MeOH furnished known GM3 interme-
diate 120.. Application of the same reaction sequence to
acceptor7 led to a surprising result: presumably \Baas the
intermediate (Scheme 1: R Ac, Y = Br), only -linkage to
the 8-hydroxy group of was found, thus resulting jf+product
175. Debromination of175 as described above afforded

B-linked disaccharid&4s, thus permitting unequivocal structural

assignments of anometda and143, respectively. Obviously,
phosphite can be successfully employed as the leaving group
also with neuraminic acid derivatives having electron-withdraw-
ing substituents at the 3-position. However, C-3 substituents

(20) Hori, H.; Nakajima, T.; Nishida, Y.; Ohrui, H.; Meguro, H.
Tetrahedron Lett1988 29, 6317-6320.
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requiring three membered onium transition state formation in at theg-face of C-3, first diastereoselective transformation of
order to exert anchimeric assistandar( Scheme 1) are notas into 3-hydroxyneuraminic acid derivativé8 was required
reliable in anomeric control as groups available to five- (Scheme 5). It turned out that osmium tetroxide catalyzed
membered onium intermediate formation, as for instance the dihydroxylation usingN-methylmorpholineN-oxide (NMO) as
thiocarbonyloxy group investigated above (deg. oxidizing agent, following a general procedétesffords via a
Phosphite as the Leaving Group and Thiobenzoyloxy as  j-selective dihydroxylation only 2,3-dihydroxy derivative
the Anchimerically Assisting Group. For an efficient syn- (*H NMR: H-3, J34= 9.5 Hz), thus readily solving an important
thesis of the desired sialyl donor having a phosphite leaving demand in our endeavors. Regioselective attachment of a
group and thiocarbonyloxy as the anchimerically assisting group thiocarbonyl group at the 3-hydroxy group with phenoxythio-
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a2 Reagents and conditions: (a) Q#IMNO, acetone, watettert-
butyl alcohol (95%); (b) PhOC(S)Cl, DMAP or PhOC(S)-Cl,
Bu,SnO or PhOC(S)Cl, (BusSnxO (qu); (c) PhC(CH=NMe,"ClI;
H,S (92%); (d) CIP(OE$) NEtPr, (93%).

carbonyl chloride and different bases furnished only cyclic
thiocarbonatel9 in practically quantitative yield. Therefore,

regioselective introduction of the thiobenzoyl moiety was
studied, because this group is not available to cyclization an

it can also be readily removed in a radical-initiated deoxygen-

ation reactiorf2 To this aim,18 was treated witiN,N-dimethyl-
a-chlorobenzimidium chloride; ensuing reaction with hydrogen
sulfide afforded 39-thiobenzoyl derivative20 in very high
yield. This compound could be transformed with CIP(QHt)
the presence of Hig's base into desired sialyl don@g in
very high overall yield starting from readily accessible
Reaction of sialyl donoBg with acceptoi6 in acetonitrile at
—15°C in the presence of catalytic amounts of TMSOTf (0.2
equiv) affordedo(2—3)-linked trisaccharid@1a in 88% yield

(Scheme 6). Also removal of the anchimerically assisting group
could be successfully performed under standard conditions in

very high yield, thus affording known GM3 intermedidt2a.
Application of this reaction sequence Taas the acceptor led
to similar results: exclusively(2—8)-linkage was observed,
affording disaccharid@2a in 83% isolated yield, which upon
removal of the thiobenzoyloxy moiety furnished desitefd,
yet now in excellent overall yield; thus, the power of sialyl donor
3gis exhibited, which obviously reacts exclusively viaface
attack of the acceptor at intermediate

Conclusion

The demands for an efficient generation of the NeusAc
(2—8)Neu5Ac linkage could be well fulfilled. Thg-selective
and practically quantitative dihydroxylation of 2,3-dehydro-
neuraminic acid derivativé affords 18 which can be regiose-
lectively and efficiently transformed into sialyl don®g (overall
yield from 1. 80%). Activation of3g with catalytic amounts
of TMSOT( (0.2 equiv) provides with 7,8-O-unprotected 2,3-
dehydroneuraminic acid derivativeexclusivelyo(2—8)-linkage
in very high yield; ensuing convenient removal of the anchi-
merically assisting group afforded disaccharitte. (isolated
yield from 3g, 83%; total yield of 14o. from 1, 67%).

(21) Van Rheenan, V.; Cha, D. A.; Hartley, W. Krg. Synth. Collect.
1988 6, 342.

(22) Barton, H. R. D.; McCombie, W. S. Chem. Soc., Perkin Trans.
11975 1574-1585.
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Compound 14o. offers also repetitive application of this
methodology. Thus, a convenient and highly efficient meth-
odology for the synthesis af-sialosides and especially of
(2—8)-linked neuraminic acids and possibly their homooligo-
mers could be developed.

Experimental Section

General Procedures. Solvents were purified in the usual way.
Boiling range of the petroleum ether (PE) used: -8B °C. H
NMR spectra: Bruker AC 250 (250 MHz) and Bruker DRX 600 (600
MHz); solvent, CDC{; internal standard, M&i; chemical shifts and
coupling constants were partially obtained from COSY spectra. Flash
chromatography: silica gel (Baker, particle size 4@). Thin-layer
chromatography (TLC): foil plates, silica gel 6Qsk(Merck; layer
thickness, 0.1 nm). Optical roations: Perkin-Elmer polarimeter 241
MC; 1 dm cell; temperature, 20C. Elemental analyses: Heraeus
CHN-O-rapid.

Methyl 5-Acetamido-4-O-acetyl-8,9-0-isopropylidene-2,3,5-
trideoxy-p-glycerop-galactenon-2-enopyranosonate (9).To a solu-
tion of known 812 (1.37 g, 3.97 mmol) in dichloromethane (25 mL)
and pyridine (5 mL) was added acetic anhydride (0.94 mL, 9.93 mmol),
and the mixture was stirred at room temperature for 15 h. Excess acetic
anhydride was destroyed with methanol (1 mL), and the solvents were
evaporated with toluene. Column chromatography of the residue
(toluene/acetone, 7:3) ga®g1.09 g, 71%) as a white powder, which
crystallized from a hexanesthyl acetate mixture: mp 186.88 °C;

[a]p 61.5 (c 1.5, CHCE); *H NMR (250 MHz, CDC}) 6 1.33, 1.38
(s, 3 H, CH-isoprop), 2.03, 2.09 (s, 3 H, Ac), 3.46 (dd, 1 B§; =

q1.3.375= 8.3 Hz, 7-H), 3.76 (s, 3 H, COOMe), 4.01 (dd, 1 B =

1.3,J55 = 11.2 Hz, 6-H), 4.08 (m, 1 H, 9a-H), 4.14 (m, 1 H, 9b-H),
4.20 (m, 1 H, 5-H), 4.36 (m, 1 H, 8-H), 5.66 (dd, 1 B4 = 2.5, 45

= 9.2 Hz, 4-H), 5.82 (d, 1 HJ3x» = 2.5 Hz, 3-H), 6.02 (d, 1 H, NH).
Anal. Calcd for G;HsNOo: C, 52.71; H, 6.46; N, 3.61. Found: C,
52.70; H, 6.40; N, 3.71.

Methyl 5-Acetamido-4-O-acetyl-2,3,5-trideoxyp-glycerep-galacto-
2-enopyranosonate (10).A solution of9 (1.04 g, 2.69 mmol) in 80%
acetic acid (20 mL) was heated at @Dfor 1 h and then evaporated in
vacuo. Column chromatography of the residue (CGiH@¢OH, 93:7)
afforded10 (880 mg, 94%) as an amorphous mass&]p[51.9 (c 2,
MeOH); *H NMR (250 MHz, CQ:OD) ¢ 1.97, 2.06 (s, 3 H, Ac), 3.58
(dd, 1 H,Js7=1.2,3;8= 9.1 Hz, 7-H), 3.66 (m, 1 H, 9a-H), 3.78 (s,
1 H, COOMe), 3.82 (m, 1 H, 9b-H), 3.88 (m, 1 H, 8-H), 4.27 (dd, 1
H, Jis= 8.6,J5611.3 Hz, 5-H), 4.35 (dd, 1 Hls6 = 11.3,Js7 = 1.2
Hz, 6-H), 5.65 (dd, 1 HJs4 = 2.6,J45 = 8.6 Hz, 4-H), 5.88 (d, 1 H,
Js4= 2.6 Hz, 3-H). Anal. Calcd for GH21NOs: C, 48.41; H, 6.05;
N, 4.03. Found: C, 48.37; H, 6.00; N, 4.05.

Methyl 5-Acetamido-4-O-acetyl-9-O-benzyl-2,3,5-trideoxyp-glyc-
ero-D-galactonon-2-enopyranosonate (7).A mixture of 10 (880 mg,
2.54 mmol) and BeSNnO (695 mg, 2.79 mmol) in toluene (38 mL) and
methanol (2 mL) was heated at 8% for 2 h. The solvents were
evaporated, tetrabutylammonium bromide (900 mg, 2.79 mmol), benzyl
bromide (0.83 mL, 7 mmol), and toluene (20 mL) were added, and the
mixture was heated at 8 for 4 h. The solution was evaporated in
vacuo, and the residue was purified by column chromatography
(toluene/acetone, 7:3) to give(760 mg, 70%) as a white powder which
crystallized from diethyl ether: mp 141143 °C; [a]p 55.8 (c 2,
CHCL); *H NMR (250 MHz, CDC}) 6 1.99, 2.08 (s, 3 H, Ac), 3.54
(dd, 1 H,J57 < 1, 376 = 9.2 Hz, 7-H), 3.63 (m, 1 H, 9a-H), 3.74 (s, 3
H, COOMe), 3.82 (m, 1 H, 9b-H), 4.13 (m, 1 H, 8-H), 4.16 (dd, 1 H,
Jss=11.4,J57 < 1 Hz, 6-H), 4.23 (m, 1 H, 5-H), 4.52, 4.57 (m, 2 H,
OCH,Ph), 5.64 (dd, 1 HJ34 = 2.6,Js5 = 8.8 Hz, 4-H), 5.82 (d, 1 H,
Js4= 2.6 Hz, 3-H), 6.16 (d, 1 HJsnw = 9.1 Hz, NH), 7.50 (m, 5 H,
Ph). Anal. Calcd for @H,eNOo: C, 57.79; H, 5.96; N, 3.21.
Found: C, 57.80; H, 5.92; N, 3.20.

Methyl 5-Acetamido-4-O-acetyl-9-O-benzyl-2,3,5-trideoxy-80-
{methyl [5-acetamido-4,7,8,9-tetra©-acetyl-3,5-dideoxyp-glycero
a-D-galacto-2-nonulopyranosid]onatg -p-glycerop-galactonon-2-
enopyranosonate (14). Method A. To a stirred mixture of7 (200
mg, 0.46 mmol), halogenos¥e (372 mg, 0.55 mmol), and molecular
sieves (500 mg) in dry 1,2-dichloroethane (5 mL) was added silver
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Scheme 6
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under an argon atmosphere. The mixture was heated atQ16r 3
h and then evaporated to dryness. Column chromatography of the

with chloroform. The combined filtrates and washings were evaporated residue (toluene/acetone, 7:3) afford2$ (231 mg, 55%) as a white

in vacuo to affordl3c, which was immediately used in the next step.
To a solution ofl3a in toluene (5 mL) were added tributylstannane
(0.37 mL, 1.38 mmol) and AIBN (catalytic amount) under an argon
atmosphere. The mixture was heated at 200for 3 h and then

foam: [o]p 18° (c 1, CHCE); *H NMR (600 MHz, CDC}) 6 1.70 (dd,
Jzaxzeq= 13.1,Jzaxa = 11.8 Hz, 34-H), 1.82-2.15 (7 s, 21 H, 7 Ac),
2.35 (dd, 1 HJzax3eq= 13.1,Jzeqs = 4.5 Hz, 3cH), 3.59 (m, 1 H,
9a-H), 3.73 (m, 1 H, 8-H), 3.76 (m, 1 H, 9b-H), 3.94 (ddy < 1, J7s

evaporated to dryness. Column chromatography of the residue (toluene/= 8.7 Hz, 7-H), 3.97 (ddJss = 11, J56 = 10.5 Hz, 5-H), 4.13 (m, 1

acetone, 7:3) affordetido. (273 mg, 65%) as a white foam.

Method B. A solution of accepto¥ (200 mg, 0.46 mmol) and donor
39 (420 mg, 0.55 mmol) in dry acetonitrile (5 mL) was cooled-td5
°C. To this solution was added trimethylsily! triflate (2., 0.11

H, 9'a-H), 4.23 (dd,]67 <1, Js,e =11.0 Hz, 6-H), 4.27 (dd, 1 H]sﬁ
=11.0,J45 = 8.7 Hz, 5-H), 4.44 (dd, 1 HJs¢ = 10.5,J57 = 2 Hz,
6'-H), 4.47 (M, 1 H, ©-H), 4.94 (M, 1 H, 4H), 5.30 (M, 1 H, 8H),
5.44 (dd, 1 HJs7 = 2.0, 376 = 7.2 Hz, 7-H), 5.62 (dd, 1 HJs4 =

mmol). After 3 h the reaction was allowed to reach room temperature, 2.5,Js5= 8.7 Hz, 4-H), 5.89 (d, 1 HJs4 = 2.5 Hz, 3-H), 6.18 (d, 1
neutralized with triethylamine, and then concentrated. The residue wasH, Jsnu= 7.5 Hz, NH), 6.34 (d, 1 HJs nu = 10.2 Hz, NH);**C NMR

washed wih 1 N HCI solution (%) and water (%), dried (MgSQ),
and concentrated to affor2lo, which was immediately used in the

(150 MHz, CDC}) 6 20.71, 20.75, 20.79, 20.92, 20.98, 23.050{5-
CO), 38.83 (C-3, 48.75 (C-5), 48.87 (C5 62.05 (C-9), 66.17 (C-

next step. To a solution of the residue in toluene (5 mL) were added 7'), 68.35 (C-7), 68.43 (C-4), 69.95 (C}471.83 (C-8), 72.51 (C-9),

tributylstannane (0.37 mL, 1.38 mmol) and AIBN (catalytic amount)
under an argon atmosphere. The mixture was heated atd 16r 3

72.73 (C-8), 72.80 (C4, 77.54 (C-6), 96.87 (C'p 108.16 (C-3),
145.36 (C-2), 163.074O0Me), 168.64 (COOMg Anal. Calcd for

h and then evaporated to dryness. Column chromatography of the CaiHsaN2Oz1: C, 54.17; H, 5.72; N, 3.08. Found: C, 54.15; H, 5.69;

residue (toluene/acetone, 7:3) affordeth (315 mg, 74%) as a white
foam: [a]p 15° (c 1, CHCE); *H NMR (600 MHz, CDC}) 6 1.80-
2.10 (6 s. 18 H, 6 Ac), 2.44 (dd, 1 Hgax3eq= 12.3,J3ax4= 11.4 Hz,
3'axH), 2.60 (dd Jzeq,3ax= 12.3,J3¢q4= 4.6 HZ, 3o H), 3.56 (M, 1 H,
9a-H), 3.77 (dd, 1 HJs6 = 11.0,Js7 = 2.3 Hz, 6-H), 3.84 (m, 1 H,
9b-H), 3.91 (m, 2 H, 5H, 9a-H), 4.31 (m, 2 H, 5-H, 6-H), 4.52 (m,
1 H, 9b-H), 4.57 (m, 1 H, 8-H), 4.89 (m, 1 H,’#H), 5.19 (m, 1 H,
8-H), 5.30 (dd, 1 HJs 7= 2.3,J76= 4.6 Hz, 7-H), 5.34 (d, 1 HJ\ns

= 9.8 Hz, NH), 5.76 (dd, 1 H}34= 2.5,J45= 9.2 Hz, 4-H), 5.92 (d,
1H,J34=2.5Hz, 3-H), 6.91 (d, 1 HJs v = 8.3 Hz, NH); 3C NMR
(150 MHz, CDC}) ¢ 20.41, 20.73, 20.78, 20.98, 21.02, 22.96, 22.99
(7 CH3CO), 34.54, (C-3, 47.42 (C-5), 48.70 (C‘) 63.52 (C-9), 67.92
(C-7), 68.25 (C-7), 68.65 (C-4), 69.94 (C)470.48 (C-8), 70.80 (C-
9), 72.96 (C-8), 73.53 (C“p 76.80 (C-6), 100.61 (C‘p 107.26 (C-
3), 145.85 (C-2), 161.9700Me), 167.83 COOME€). Anal. Calcd
for CsHsoN2O01: C, 54.17; H, 5.72; N, 3.08. Found: C, 54.20; H,
5.71; N, 3.07.

Methyl 5-Acetamido-4-O-acetyl-9-O-benzyl-2,3,5-trideoxy-80-
{methyl [5-acetamido-4,7,8,9-tetra©-acetyl-3,5-dideoxyp-glycero
p-p-galacto2-nonulopyranosid]onaté -p-glyceronon-2-enopyra-
nosonate (14). A solution of accepto (200 mg, 0.46 mmol) and
donor 3f (370 mg, 0.55 mmol) in dry dichloromethane (5 mL) was
cooled to—20 °C. To this solution was added trimethylsilyl triflate
(20uL, 0.11 mmol). Afte 3 h the reaction was allowed to reach room

N, 3.08.

Methyl 5-Acetamido-5-deoxy-4,7,8,9-tetra®-acetylfi-D-erythro-
L-gluco-2-nonulopyranosonate (18).To a solution ofl (10 g, 0.02
mmol) in a mixture of acetonewater—tert-butyl alcohol (3:1:0.1, 50
mL) were added osmium tetroxide (100 mg, 0.39 mmol) &kd
methylmorpholineN-oxide (3.51 g, 0.03 mol). After 10 h, saturated
sodium bisulfite solution was added, and the mixture was stirred for
30 min. The solid was filtered off, to the resultant clear solution was
added water (50 mL) was added, and extraction with ethyl acetate (5
x 20 mL) was performed. The organic extracts were dried (MgSO
filtered, and concentrated to dryness. Column chromatography of the
residue (toluene/acetone, 2:1) affordesl (10.2 g, 95%) as a white
foam: [a]p —62° (c 0.9, CHCE); IH NMR (250 MHz, CDC}) 6 1.80-
2.15(5 s, 15 H, 5 Ac), 3.05 (br s, 1 H, 3-OH), 3.81 (s, 3 H, COOMe),
3.92 (m, 1 H, 9a-H), 4.04 (d, 1 Hz 4= 9.5 Hz, 3-H), 4.16-4.30 (m,

2 H, 5-H, 6-H), 4.45 (m, 1 H, 9b-H), 5.01 (dd, 1 Bs4 = 9.5,J45=
9.2 Hz, 4-H), 5.18 (m, 1 H, 8-H), 5.30 (dd, 1 Bs7= 1.4,J7;5= 8.6
Hz, 7-H), 5.45 (br s, 1 H, 2-OH), 6.45 (d, 1 Hsnn = 9.5 Hz, NH).
Anal. Calcd for GgH2gNO14: C, 47.31; H, 5.52; N, 2.76. Found: C,
47.20; H, 0.5.50; N, 2.73.

Methyl 5-Acetamido-4,7,8,9-tetraO-acetyl-5-deoxy-30-thioben-
zoyl-f-p-erythro-L-gluco-2-nonulopyranosonate (20).A solution of
N,N-dimethyl-a-chlorobenzimidium chloride (made frol g of N,N-
dimethylbenzamide ahl g of phosgenes} in dry dichloromethane (5

temperature, neutralized with triethylamine, and then concentrated. ThemL) was added dropwise to a solution of di8 (1 g, 1.96 mmol) in

residue was washed witL N HCl solution (), and water (), dried
(MgSQy), and concentrated to givE7s3, which was immediately used
in the next step. To a solution df73 in toluene (5 mL) were added
tributylstannane (0.37 mL, 1.38 mmol) and AIBN (catalytic amount)

dichloromethane, and the mixture was stirred for 0.5 h at room
temperature. Pyridine (1 mL) was then added, and the solution was
treated for 15 min with hydrogen sulfide. The mixture was evaporated
in vacuo, and the residue was purified by column chromatography
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(toluene/acetone, 2:1) to affor20 (1.16 g, 92%) as a pale yellow
syrup: o —57° (c 1, CHCE); H NMR (250 MHz, CDC}) 6 1.80-

2.15(5s, 15 H, 5 Ac), 3.80 (s, 3 H, COOMe), 4.03 (m, 1 H, 9a-H),

4.38 (dd, 1 H,Js6 = 8.8,Js7 = 1.4 Hz, 6-H), 4.44 (m, 2 H, 9b-H,
5-H), 5.23 (m, 2 H, 8-H, OH), 5.39 (dd, 1 Hg7= 1.4,J75= 9.0 Hz,
7-H), 5.44 (dd, 1 HJ34=9.4,Js5 = 9.1 Hz, 4-H), 5.59 (d, 1 HJ54
= 9.4 Hz, 3-H), 6.42 (d, 1 HJxus = 9.1 Hz, NH), 7.26-7.85 (m, 5
H, Ph). Anal. Calcd for @H3s.,NO.sS: C, 51.34; H, 5.11; N, 2.23.
Found: C, 50.53, H, 4.99; N, 2.18.

Methyl 5-Acetamido-4,7,8,9-tetra©-acetyl-2-O-(diethyl phos-
phite)-3-O-thiobenzoyl#-p-erythro-L-gluco-2-nonulopyranosonate
(39). To a solution 0f20 (500 mg, 0.78 mmol) in dry acetonitrile (8

mL) were added Huig’'s base (0.23 mL, 1.33 mmol) and diethyl

Castro-Palomino et al.

°C. To this solution was added trimethylsilyl triflate (2@, 0.11
mmol). After 3 h the reaction was allowed to reach room temperature,
neutralized with triethylamine and then concentrated. The residue was
purified by column chromatography (toluene/acetone, 3:1) to afford
21a (609 mg, 88%) as a white foamo]p 1.5° (c 1, CHCE); *H NMR

(600 MHz, CDC}) 6 1.79-2.09 (5 s, 15 H, 5 OAc), 3.13 (m, 1 H,
5'-H), 3.25 (m, 1 H, 5a-H), 3.36 (dd, 1 Hp3 = 9.0,J34 < 1 Hz,
3'-H), 3.42 (m, 2 H, 2a-H, '&-H), 3.47 (m, 2 H, 2H, 3-H), 3.63 (m,

2 H, 6a-H, 6b-H), 3.76 (dd, 1 HJ)s6=8.9,Js7= 1.1 Hz, 6'-H), 3.68

(m, 1 H, 6b-H), 3.83 (s, 3 H, COOMe), 3.88 (dd, 2 H,= Js5= 9.3

Hz, 4-H), 3.96 (dd, 1 HJ34 = Ja5 < 1 Hz, 4-H), 4.02 (m, 1 H, 9a-

H), 4.21 (m, 1 H, 8-H), 4.26 (d, 1 H,J.» = 9.2 Hz, 1-H), 4.33 (m,
1H, 9'b-H), 4.41 (d 1 HJ;»,= 9.3 Hz, 1-H), 5.08 (dd, 1 H}s 4, Ju5

chlorophosphite (0.17 mL, 1.17 mmol) at room temperature. After 1 = 9.4 Hz, 4'-H), 5.14 (m, 1 H, 8-H), 5.20 (d, 1 H,J34 = 9.5 Hz,

h, the solution was evaporated in vacuo, and the residue was washed"-H), 5.24 (m, 2 H, 7-H, NH), 7.15-7.33 (m, 35 H, 7 Ph). Anal.
with saturated aqueous sodium hydrogenocarbonate solution and waterCalcd for Gy H7sNO»:S: C, 65.09; H, 5.02; N, 0.93. Found: C, 65.00;
dried (MgSQ), and concentrated. The residue was chromatographed H, 5.05, N, 1.01.

on silica gel (toluene/acetone, 2.5:1) to aff@gl(546 mg, 92%) as a
white foam: p]p —42° (c 1, CHCE); *H NMR (250 MHz, CDC}) 6
1.01-1.09 (m, 6 H, 2 OCHKHCH3), 1.71-2.10 (5 s, 15 H, 5 Ac), 3.61
(s, 3 H, COOMe), 3.764.09 (m, 4 H, 2 OEI,CHs), 4.10 (m, 1 H,
9a-H), 4.21 (m, 2 H, 5-H, 6-H), 4.40 (m 1 H, 9b-H), 5.25 (dd, 1}
=1.7,J73= 8.6 Hz, 7-H), 5.35 (m, 2 H, 3-H, 4-H), 5.55 (d, 1 B\n5
= 9.0 Hz, NH), 7.26-7.90 (m, 5 H, Ph). Anal. Calcd for £Hg;-

NO:PS: C, 49.85; H, 5.49; N, 1.87. Found: C, 49.92; H, 5.50; N,

1.89.

Benzyl 2,3,6Tri- O-benzyl-4-O-[2,6-di-O-benzyl-3-O-(methyl 5-ac-
etamido-4,7,8,9-tetraO-acetyl-5-deoxy-30-thiobenzoyl-b-erythro-
o-L-gluco-2-nonulopyranosylate)#-p-galactopyranosyl]#-p-glu-
copyranoside (2b). A solution of6 (406 mg, 0.46 mmol) and donor
39 (420 mg, 0.55 mmol) in dry acetonitrile (5 mL) was cooled-tth5
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