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ABSTRACT

We describe here the chemical synthesis of two tetrasaccharides (18) and
(19) contained al different protecting groups in the correct positions for

further manipulation using the 2+2 coupling strategy.
© 2008 Trade Sciencelnc. -INDIA

INTRODUCTION

Heparan sulfate(HS) is a member of the
glycosaminoglycan(GAG) family and closein structure
to heparin(HP), which is clinically used for its
antithrombotic activity. Itisalinear sulfated polysac-
charide and its basi ¢ disaccharide unit composed of a
uronic acid 1,4-linked to a 2-deoxy-2-aminoglucose.
HSchains, either a thecdl surfaceor intheextrace lu-
lar matrix, interact and regulatethe activity of numerous
proteins, such asgrowth factors, cytokines, chemokines,
vird proteinsor coagulation factors¥. HSisoneof the
most heterogeneousbiopolymerssincetheuronicacid
may have either the D-gluco or L-ido configuration
and various sulfation patterns (sulfoforms) may occur
alongthechain?¥, Thereisgrowing evidencethat the
formation of different HS structuresistightly controlled
during biosynthesis, with the presumed god of generat-
ing sequenceswith biologica specificity!®. It hasoften
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been difficult to determinetheoligosaccharide sequence
and sulfation pattern of HP or HSfragment required for
activation or deactivation of agiven protein®. For this
reasonitishighly desirableto devel op effective synthe-
sesof thisheparin-likeoligosaccharide chainswith de-
fined sze, sequence, and chargedistribution to be used
intheinteraction studies. Impressiveimprovementsin
the synthesis of HS fragments have been madeinthe
last decade and have dlowed HSfragmentswith alarge
structura variety to be synthesi zed®”.

In continuation of our effort to synthesize HSfrag-
mentsfor biologica studies, wereported previoudy the
synthesisof sulfated disaccharidesthat contain gluco-
sidemoieties®. Theimportant features of that primary
approach were: (a) Avoids problemscaused by uronic
acidssuch asepimerization of the C-5 position, by se-
lective TEM PO oxidetion of the primary hydroxyl group
inalatter step. (b) OH-C(6) of glucosamine moieties
were protected as TBDPS ethersto avoid oxidation
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SCHEME 1

and it cleanly deblocked by treatment with HF in pyri-
dine. (c) Acetyl and/or levulinoyl esters protect the po-
sitionsto besulfated, whilebenzyl ethersare used for
permanent protection. (d) The 2-Azido-2-
deoxyglycosidewas used asaglycosyl acceptor where
the anomeric OH group wasmasked asallyl ether and
the OH-C-(4) isfree. (e) The glucosyl moiety was
employed asthioglycosyl donor and thehydroxyl group
a C-4wasprotected as p-methoxybenzyl (PMB) ether.
Theuseof thisanomeric functionaity in glucosamine
derivativein combinationwith aset of other protecting
groupsalowsone common building block that could
be dongated at either thereducing or non-reducing end
for the synthesis of larger saccharidelibraries. Inthis
paper, we report the preparation of two tetrasaccha-
ridebuildingblocksusing 2+2 srategy which rdiesupon
either glycosyl fluoride or a Schmidt
trichloroacetimidate-mediated coupling betweenthe 2-
azido disaccharidedonors(11), (12), (13) andthedis-
accharide acceptor (15). Thekey point inthisapproach
istoobtaingood a stereosd ectivity intheglycosylation
reaction between acceptorsand donors. The non-par-
ticipating azide at the 2-position of the donors should
alow for al,2-cisglycosylation. A quick survey of the
literature reveal ed that, although reactions between
donors containing anon-participating azido™®, and gly-
cosyl acceptors may lead to some unwanted b-ano-
mer, thisisnot thegenera trend. Indeed, inmany cases,
thereported a-anomer wasformed asthe soleisolated
stereoi somer™®. Wethusfelt rather confident that we
would be able to find highly a-diastereoselective
glycosylation conditionsbetween (11-13) and (15). The
tetrasaccharidethusformed will comprisethesamepro-
tecting group pattern at theanomeric and 4,-positions,
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alowingusto performfurther iterativechain dongation
using sequentia addition of disaccharides.

RESULTSAND DISCUSSION

We recently reported a concise method for a
stereocontrolled synthesis of aset of selectively pro-
tected disaccharide (1-4) (SCHEME 1)1, A unique
pattern of protecting groups made clear distinction be-
tween the positionsto be sulfated and thoseremaining
asfreehydroxyl groups. In addition, theanomeric po-
sitions are protected as alyl ethers, whereas the 4'-
positionsaremasked as PMB ethers. The orthogonal -
ity of thePMB and alyl groups can then be used for
further € ongation of the chain by recurrent deprotection
and activation steps. Therefore, the next issueto be
addressed towards the disaccharide donors was
deallylation of the disaccharides (1-4) to get thefree
reducing end carbohydrates.

(SCHEME 1).

Preparation of disaccharidedonors(11-14)

O-Allyl ethersareusually “clipped off” by a two-
step process, isomerisation™ of the double bond to
get 1-propenyl ether and conversion into the corre-
sponding free OH using either acid or HgCl./HgO.
Despitethe procedureinvolvesmild reaction condition
it could not beapplied to the substrates containing acid
labile protecting groups such asPM B group. Onthe
other hand, clip off” allyl group under DDQ/CH,CL./
H,O method was not the opti mum choi ce because not
only the PM B could be cleaved* under thiscondition
but also anomericalyl ethersproved to beresistant to
DDQ*. The deallylation method using PdCI, in
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MeOH! ! jsdealing with substrates contai ning non-
anomericalyl etherswhileanomericdlyl etherswere
removed using PdCl./NaOAc/AcOH mixture™, acon-
ditionsthat isnot suitablefor substrates such as(1-4).
Asamodel reaction, deallylation of (5)® with PdCI,,
(SCHEME 2) inMeOH furnished thelactol (6)(67%)
after 2hreactiontime. Thedeallylationreaction hadto
be monitored carefully by TLC and worked up imme-
diately, because prolonged reaction timesresultedin
compl ete decomposition of (6). *H-NM R spectraof
(6) in CDCI, clearly demonstrated the disappearance
of theallyl protonsand proved that (6) isamixture of
1.3 o/ anomers, respectively. The 3-H-1 proton ap-
peared at 55.19ppm asdoublet(J, ,=8.3Hz), while a-
H-1 proton appeared as doubl et (J,,=3.6Hz) at
85.22ppm. The mass spectroscopy (MA LDI-TOF)
showed fragments at 347 (M*), 370(M*+Na) and
386(M*+K). Under similar conditions, dlyl glycosides
(1-4) weretransformed into the corresponding hemi-
acetal intermediates (7-10), respectively, by treatment
with PdCl./MeOH mixture. Itisnoteworthy to mention
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that solutions of lactols(7-10) in CDCI., proved to be
unstable carbohydrates and therefore they were passed
immediately to the next step. Thefluoride donors(11)
and (12) were next prepared: reaction of (7-8) with
(diethylamino) sulfur trifluoride (DAST; Et,NSF,) in
CH.CI, at -30°C gave (11) (70%) and (12)(64%) re-
spectively asamixtureof 1:1 o/ anomers. Interest-
ingly, thelevulinoyl group in compound (8) proved to
be stable and thus glycosyl fluoride (12) was separated
as a single reaction product. The expected gem-
difluoridesderivativeby reaction of levulinoyl CO group
in compound (8) with DAST was not formed under
thiscondition. Thestructuresof (11) and(12) wereevi-
dent from their *H-NMR spectra. The H-1 proton of
compounds(11) appeared at 35.60ppm(d, J, =
53.0Hz), H-1’ proton resonated at & 4.75ppm as dou-
blet of doubletsand the coupling constant J,. , =8.4Hz
confirming the B-stereochemistry. *H-NMR spectrum
of (12)reveded that H-1 proton appeared at 6=5.53
ppm(dd, J, ;=55.4Hz, J, ,=3.0Hz, a-anomer), H-1’
proton at 8 4 10ppm(d, J,. ,.=7.9Hz) and *C-NMR
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SCHEME 3

spectrum showed that C-1 and C-1’ are resonated at
106.89ppm and 100.22ppm, respectively. Table 1 com-
piles selected *H- and *C-nmr data of the carbohy-
drate portionsin glycosyl donors(11-14).

Prepar ation of disaccharideacceptor (15-17)

Thed eavageof the p-methoxybenzyl groupsindis-
accharides(1-3) was then achieved with 2.5%
trifluoroaceticacid (TFA) indichloromethane (DCM)12¢!
to givethedesired disaccharide acceptors (15)(97%),
(16)(92%) and (17)(91%), respectively, (Scheme 2).
We found that this method for the cleavage of the p
methoxybenzyl group gave higher yieldsto the use of
DDQ. Table 2 compilesselected *H-NMR and **C-
NMR dataof the carbohydrate portionsin acceptors
(15-17).

Glycosylation reactionsof disaccharidedonors11-
13 with disaccharideacceptor (15)

With the disaccharide building blocks (11-14) and
(15-17) inhand contai ning protecting groupsin the cor-
rect positions, weinitialy investigated the glycosylation
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reaction between donor(11) and acceptor (15)under
standard conditions, using CH,CI_-Et O (4:1v/) assol-
vent and in the presence of Cp,ZrCl,-AgOTf asthe
promoter system at -5°C® 0°C gave the desired
tetrasaccharides(18) in only 10% yield and an o/
ratio of 50:50, together with severa sidereaction prod-
ucts asevidenced by mass spectrometry. Thetypical
course of thereaction involved thes ow hydrolysisof
thedonor (11) upon addition of further quantities of
promoter. In addition, after treatment of the reaction
mixture, the acceptor (15) could be partly recovered
together with some partially unprotected derivatives.
Wethen looked a the effects of changing the promoter
to BF,.OEt, or TMSOTf as well as the presence or
absence of molecular Seves; inal casesthereactions
were unsuccessful. Wereasoned that, in compound(15),
the nucleophilicity of the OH-C(4), may bereduced by
the presence of acetyl that would be the cause of the
low glycosylationyied. A literature survey showsthat
the4-OH nucleophilicity isvariableand linked to the
protecting groups used. Inthe case of glycosylationre-
actionswith bromide donors, an acetyl group at the 3-
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TABLE 1: Sdlected NM R chemical shifts(dppm) of car bohydrateringin glycosyl donors(11-14)

H-1, H-2, H-3, H-4, H-5, H-6, C-1, C-2, C-3 C-4, C-5, C-6.
(H-1p) (H-2)) (H-3y) (H-4) (H-5%) (H-6) (C-1y) (C-2) (C-3) (C-4) (C-5) (C-6p)
56000 347 369 445 3.96 4.45

11 4758
(5.04) (4.86) (3.85) (4.22) (3.49) (3.96)
5530 328 378 4.07 3.85 3.87 - 61.07 77.78 69.70 7091 66.48
12 4.83p - - - - 106.89 60.84 70.12 67.75
(4.78) (4.17) (3.68) (4.03) (359 (343) (8329 (100.22) (77.41) (73.35 (70.55) (68.78)
5.05a - - - - - 94.73 62.73 7766 7330 7516 6528
13 4668 348 370 4.45 4.36 4.33 100.36 60.98 77.42 - 7460  68.51
(4.80) (4.48) (3.92) (4.41) (4.23) (4.09) (100.53) (83.37) (77.89) (75.48) (74.18) (68.82)
5.040, 3.37 - - - -
14 4768 333 399 443 4.05 4.45
(4.87) (4.72) (4.08) (4.68) (3.96) (3.90
TABLE 2: Selected NM R chemical shifts(d ppm) of carbohydrateringin acceptors(15-17)
H-1, H-2, H-3;, H-4, H-5, H-6, C-1. C2 C3 C4 C5 C6
(H-p) (H-2)) (H-3) (H-4) (H-5) (H-6p) (C-1) (C-2) (C-3) (C-4) (C-5) (C-6y)
15 4.40 334 378 451 380 438 100.58 61.19 - - 7422 7124
(5.05) (4.86) (3.89) (4.34) (3.35) (355) (100.29) (82.50) ----- (80.91) (73.71) (72.91)
16 4.36 322 372 415 352 393 100.62 61.31 8100 69.70 7462 65.99
(5.23) (5.04) (3.75) ----- (352) (3.73) (100.29) (83.43) (73.34) (74.14) (76.06) (68.27)
17 4.39 325 378 455 415 415 100.60 62.67 8338 7179 7422 64.36
(5.32) (4.84) (3.82) (4.68) (3.34) (355) (100.53) (84.45) (73.46) (70.74) (73.71) (69.96)

position, for instance, giveslow glycosylation yields,
whilealyl or benzyl groupsdlow efficient couplings™™.
We have aready reported the moderate yield of
glycosylation reaction at the OH-4 of a2-azido glu-
cose acceptor containing an ester group!®. We could
not test this hypothesisby changing the acetyl protect-
ing group that present at its correct 2-position and we,
therefore, looked for aterative explanation for thelow
glycosylaionyidd.

It is well known that the solvent used in a
glycosylation has animpact on reactionsyields®®. In
thefirst experiment for the preparation of (18) inCH,CI,
and Et,0O asco-solvent, wefaced adual reactivity and
diastereoselectivity problem. Under S * conditionsthe
effect of ethersonthe oxycarbeniumintermediategen-
erdly resultsintheformation of thethermodynamicaly
more stabl e glycoside anomer, dueto stabilisation of
the epimeric oxonium anomer by thereverseanomeric
effect!™¥, By conducting the condensation between do-
nor (12) and acceptor (15) in Et,O inthe presence of
Cp,ZrCl,-AgOTf as the promoter system at -
5°C—0°C, quitesurprisingly, thetetrasaccharides (19)
obtainedinasimilar low yield(10%) and thea/bratio
remained unchanged(50:50). It isimportant to notethat
thedonor consumed mores owly in Et,O (30to 45min)
thanin CH,CI_(15min), in accordancewith the change
insolvent polarity.

For themoment, we anticipated that thelow yield
obtained during the current glycosyl ation step could be
attributed to the inadequate reactivity of the glycosyl
fluoridesasdonorsin comparison to the sidereactions
occurred under such reaction conditions, such asthe
instability of the PMB group. It was necessary to de-
vicemore activated glycosyl donors such asglycosyl
trichl oroacetimidates. Compounds(13) and (14) were
obtained by treatment of thelactols(8)and (10) respec-
tively, with trichloroacetonitrile (CCl .CN) inthe pres-
enceof 1,8-diazabicyclo[5.4.0] undec-7-ene(DBU).As
reveal ed by NM R spectroscopy (TABLE 1), theglyco-
syl imidates(18)and(14) werefound to beamixture of
anomers(a/p 1:3 ratio). H-1_and H-1, protons of
(13)wereagppearedintheH-NMR spectrum 6 5.05ppm
(d,J,,,.=38Hz, aanomer), 5 4.66ppm(d, J,, ,.=8.3Hz,
B-anomer), 6 4.80(d, J,, ,,=8.5Hz) whereas the NH
proton resonated at & 8.64ppm asabroad singlet sig-
nal. ®*C-NMR of anomeric mixture (13)showed C-1,
and C-1, at(6100.53, 6 00.36, f-anomer), and (5
100.14, 6 94.73, a-anomer) ppm respectively. Based
on the presence of an appreciableratio of B-imidatedo-
nor, wewereanticipated much higher o-stereosd ectivity
during the course of glycosylation step, therefore, (13)
wereimmediady subjected to thenext glycosylation sep
to avoid anomerization whichislikely taken placein
favor of themore stable a imidate anomer. Coupling

— @)u;am'c CHEMISTRY

Hn Tndéan g%wumé



6 Chemical synthesis of selectively protected tetrasaccharides

FPull Paper =

reaction of imidate(13) and acceptor (15) catdyzed by
TMSOTfinCH,CI-Et O(4:1v/v) assolvent yielded a
mixtureof tetrasaccharide (18) whichwascontaminated
with someother sdereaction products. Purificationon
silica gel and Sephadex LH-20 using CH,CI./
MeOH(1:1v/v)yiddedthedesredtetrasaccharide (18)
(20%yield), aderivative of tetrasaccharide (18)(with-
out PM B group; 20% as evidenced by mass spectrom-
etry; probably formed after the coupling step) and some
partialy unprotected derivative of acceptor(15). Inter-
estingly, thediastereo selectivity wasimproved leading
toa3:1a/p ratio asjudged by careful *H-NMR analy-
sisof thecrude product (TABLE 3). A rational expla-
nation for the observed diastereoselectivity of the
glycosylation reaction using fluoride donors (13) and/
or(12) with the acceptor(15) could be attributed to the
reverse anomeric effect. The observed o/ ratio of
product may support thisassumption. Ontheother hand,
formation of (18) from theimidate(13)and acceptor (15)
could occurred via the systematic oxycarbenium
intermediate(S,! pathway) and the presence of thenon-
participating azide at the 2-position of thedonor alows
al,2-cisglycosylation, nevertheless, considering the
higher 3-anomer ratio of theimidate (13), we should
not excludethepossibility of S, pathway aswell.

In conclusion we demonstrated that imidate(13) as
adiasaccharide donor gaveamoderateyield and good
stereosel ectivity during coupling reaction with the
diasaccharide acceptor (15) thanitsflouro and ogue(11).
Thelow reactivity of thefluoride asdonor and/or the
OH-4, in acceptor were perceived to be obstaclesto
obtain good yield during such glycosylation step. In our
study, wefound that changing sol vent mixture(CH,CI.-
Et,O; 4:1v/v) to Et,O did not show any improvement
ineither reactionyield or diastereosd ectivity. Imidate
disaccharidedonor(14) and acceptors(16,17) that have
not been usedinthisstudy could be considered asnove
synthetic subtargetsfor oligosaccharide synthesis.

EXPERIMENTAL

General methods

All solventsweredried over sandard drying agents
andfreshly distilled prior to use. All moisture-sengitive
reactionswere performed under an argon atmosphere

@Wu'c CHEMISTRY —
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TABLE 3: Sdected NM R Chemical shifts(8ppm) of car bohy-
drateringin tetrasaccharides(18-19)

18, 188 19 198
H-1, 5.03 4.86 471 459
H-1, 4.42 4.29 4.92 4.70
H-1, 5.53 5.00 5.45 5.02
H-1q4 4.95 4.39 493
H-2, 3.29 3.22 3.25 3.22
H-2, 3.85-3.74(m) 3.33 463  4.40-4.30(m)
H-2, 3.24 3.26 3.03 3.03
H-2y 3.39-3.32(m) 454 465  4.40-4.30(m)
H-3, 3.27 344  424-419(m) 4.40-4.30(m)
H-3, 3.46 330  3.38-3.33(m) 4.50-4.45(m)
H-3, 3.30 3.73-3.71(m) 4.24-4.19(m) 4.40-4.30(m)
H-33 3.39-3.32 (M) 440  338-333(m) 455
H-4, 3.85-3.74 (m) 381 4.24-419(m) 4.40-4.30(m)
H-4, 3.65-3.54 (M) 3.85  3.38-3.33(m) 4.50-4.45(m)
H-4, 3.85-3.74 (m) 390 338-333(m)  3.33
H-4g 3.85-3.74(m) 3.73-3.71(m) 4.24-4.19 (m) 4.40-4.30(m)
H-5, 3.65-354(m) 3.66-3.63(m)  3.52 4.0-3.33(m)
H-5, 3.65-3.54(m) 3.36 405  4.50-4.45(m)
H-5. 3.65-354(m) 3.53-349(m)  4.03 4.0-3.33(m)
H-5, 3.65-3.54(m) 3.61-3.53(m) 4.14-4.10(m) 4.0-3.33(m)
C1l, 10033 100.19
C1, 10016 100.04
C-1, 96.00 94.77
C1y 10388 103.00
C-2, 62.93 62.44
C-2, 80.60 82.36
C-2, 62.40 62.96
C-24 83.11 83.36
C3. 77.92 77.70
C3 - 77.34
C-3, 77.39 77.30
C-34 84.84 83.59
C-4, 76.94 75.80
C-4 83.92 79.87
C-4, 76.50 78.71
C-4q 80.35 78.23
C5, 69.73 70.01
C-5 73.46 74.00
C-5, 72.03 74.34
C-54 73.12 74.30
C6, 65.76 66.52
C-6, - 66.70
C-6, 68.56 69.12
C-64 - 69.46

usingoven-dried glassware. Evaporation wasperformed
under vacuum with awater bath temperature below
40°C. Molecular sieveswere crushed and activated in
vacuo at 390°C for 4 hours prior to use. Reactions
were monitored by TLC on glass SilicaGel 60 F,,
plateswith detection by UV at 254nm and by charring
with 5% ethanolic H,SO,. Column chromatography was
performed onsilicagel 60 (EM Science, 70-230 mesh),
sizeexclusion column chromatography was performed
on Sephadex LH-20 (methanol/dichloromethane 1:1
v/v, PharmaciaBiotech AB) or Sephadex G-25 (wa-
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ter eution). 1D *H-NMR, 2D correl ated spectroscopy
(*H-*H COSY, H-BC HSQC) and C-NMR were
recorded on Varian 300M Hz and 500M Hz spectrom-
eters equipped with Sun off-line editing workstation.
Me,Si or solvent signalswere used for 6 calibration
(CDCl,: *H 6=7.26;*C 6=77.0ppm). Matrix-assisted
laser desorptionionization-Time-of-Flight (MALDI-
TOF)mass spectroscopy was performed using aHP
MALDI-TOF spectrometer using gentisicacid asma
trix. For the determination of the a/b ratio for
tetrasaccharides(18) and(19) size-exclusion chroma-
tography wasfirst performed followed by careful NMR
analysisof the product.

2-N-acetyl-3,4,6-tri-O-acetyl-2-deoxy-a./B-D-
glucopyranoside (6)

To a solution of Allyl 2-N-acetyl-3,4,6-tri-O-
acetyl-2-deoxy-B-d-glucopyranoside (5)1*3(100mg,
0.243mmol) dissolved in 5.0ml MeOH was added
Pdladium(Il) chloride(20mg). Themixturewasstirred
at rt for 2h(TLC) and then filtered through ashort col-
umn (2cm) of Celite. The solvent was evaporated to
drynessand the oil resduewaspurified onsilicagel
column using 5% MeOH-CH,CI, (R, 0.19)
afforded(60mg, 67%) of pure(6) asclear oil. Theratio
of o/f anomerswas 1.3 asjudged by *H-NMR spec-
tra. Thefollowingdatawererecorded: *H-NMR(CDCI.,
300MHz): B-anomer: 5.90(d, J,,, ,=8.8Hz, 1H, NH)
5.19(dd, J, ,=8.3Hz, 1-H), 510(dd J,,=9.6Hz,
J,,=9.6Hz, 1H 3-H), 4.61(dd, J, ,=9.6Hz, 356—6 6Hz,
1H 5-H), 4.44(dd, J, .= 9.2Hz, J =9.6Hz, 1H, 4-H),
3.82 (ddd, 1H, J, -96 J, =83, J ,=8.8 Hz, H-2),
3.70-3.65(m, 1H) 3. 59 3. 54(m 1H), 2.14(s,
NHCOCH,), 2.06 (s, COCH,), 1.99(s, COCH,), 1.92
(s, COCH,). MS: M* 347; Found: 347 (M*), 370
(M*+Na), 386 (M*+K). a-anomer: 5.22(dd, J, ,=3.6
Hz, 1-H), 5.10(dd, J,,=9.6 Hz, J, ,=9.6Hz, 1H 3 H),
4.61(dd, J_, 96Hz J =6.6Hz, 1H 5-H), 4.44 (dd,
J,,=9.2 Hz J,.=9. 6Hz 1H, 4-H), 3.89 (ddd, 1H,
J =9.6, J,, 36 J, \+=8.8Hz, H-2), 3.80-3.70 (m,
1H) 3.33 3 24(m, 1H) 2.12(s,NHCOCH,), 2.00 s,
COCH,), 1.95(s, COCH,), 1.93(s, COCH)

2-O-acetyl-3,6-di-O-benzyl-4-O-(4-methoxy ben-
zyl)-B-D-glucopyr anosyl-(1—4)-2-azido-3-O-ben-
zyl-6-O-(tert-butyldiphenylsilyl)-2-deoxy-a./B-D-
glucopyranosyl fluoride(11)

== Pyl Paper

To asolution of disaccharide (1)(100mg, 0.092
mmol) in MeOH (10ml) was added PdCl,(20mg). The
mixturewas stirred at rt and the progress of thereac-
tionwasmonitored by TLC until the starting material
was consumed(2h). The mixturewasfiltered through
Celite, and thefiltrate was concentrated and purified
by acolumn chromatography(EtOAc-hexane 1:4, R,
0.2) to give(2-O-acetyl-3,6-di-O-benzyl-4-O-(4-
methoxybenzyl)-3-D-glucopyranosyl)-(14)-2-azido-3-
O-benzyl-6-O-(tert-butyl diphenylsilyl)-2-deoxy-a./ 3-
D-glucopyranose (7) ascolorlessoil and passed im-
mediately to the next step. Thefollowing datawerere-
corded: *H-NMR(500MHz, CDCl,): 7.72-7.67(m, 5
H, arom), 7.43-7.25(m, 20H, arom), 7.08(d, J , =8.4
Hz, 2H, MeO-Ph), 6.80(d, J,,,=8.4Hz, 2 H, MeO-
Ph), 5.237(d, J,=10.9Hz, 1H, PhCH,), 5.07(d,
J,,=10.5Hz, 1H PhCH »)» 9.05 (dd, J, ,=8.3Hz,
J,, 5, =8.8Hz, 1H, H- 2)484(d,J .=3.5Hz, 1H, H-
1, (a-anomer), 4.86(d, Jlble:8.8Hz, 1H, H-1),
4.83(d, J,,=12.3Hz, 1H, PhCH,)), 4.71(d,
Jr=10. 9Hz 1H PhCH,), 4.64(d, J, —10.9Hz, 1H,
PhCH) 4.94(d,J,, =10.5Hz, 1H, PhCH) 4.51(dd,
I 3= 5 =10 7Hz 1H,H-4,), 4.43-4.33(m, 2H, H-
5, H-6,), 4.25-4.22(m, 1H, H-6)), 4.16(d,
J..,.=8.8Hz, 1H, H-1, B-anomer), 3.89 (m, 1H, H-
6) 378(dd J, =8 8Hz, J;,4=9:6Hz, 1H, H-3),
3.76(dd, J,, -9 3Hz J.,,.=10. 7Hz 1H,H-3),3.75(s,
3H, OCH3) 358(m 1H H-6,), 3.42 (dd, J,, ,,=9.6,
Jpep=9-9HZ, 1H, H-4)), 3.3(dd, J, ,= 9.9,
N -6 3Hz, 1H, H-5)), 3.22(dd, J,, —8 3Hz,
‘Ja, —93Hz 1H, H-2), 1.79 (s, 3H, COCH) 1.05
(s, 9H 3xCH,). MS: M* 1037; Found: 1060, M*+Na
and 1076, M*+K.

Thesolution of thelactol (7) dissolvedin 1.0 ml of
CH,CI, was cooled to -30°C and 28l (0.23mmol) of
DAST wasadded. After 30min stirring TLC showed
completeconversion of thestarting materia. Themix-
turewas quenched with 100ul of MeOH and then the
solventswere concentrated in vacu. Theresduewas
dissolvedinMeOH (50 ml) and washed thoroughly with
saturated agqueous NaHCO,(20ml), brine(20ml),
dried(MgSO,), filtered and thefiltratewas concentrated
invacu. Theresiduewas purified onsilicagel column
chromatography (EtOAc-hexane 1.4, R=0.16) togive
fluoride (11)(70mg, 70%) asacolorlessail. *H-NMR

e, Onganic CHEMISTRY

A Tudian Yoarnal



8 Chemical synthesis of selectively protected tetrasaccharides

OCAIJ, 4(1) January 2008

FPull Paper =

(500MHz, CDCl,): 7.70(d, J=6.6Hz, 2H, arom), 7.64(d,
J=6.6Hz, 2H, arom), 7.43-7.30(m, 21H, arom), 7.09(d,
J8.4Hz, 2H, MeO-Ph), 6.81 (d, J=8.4Hz, 2H, MeO-
Ph), 5.60 (dd, J, =53.0Hz, J ., =3.6Hz, 1H, H-1; &
anome)), 5. 18(d J =10. 9Hz 1H PhCH,), 5.04(dd,

3, .=8.4Hz, J,_ =9.2Hz, 1 H, H-2), 4.82 (d,
Jgem—114Hz 11 PhCH) 4.78(d, J,,=9.2Hz, 1H,
H-1), 475 (d, J, ,=8.4Hz, 1H, H- 1(Banomer)

4.72(d, Jgeﬂ—]_’L 4Hz 1H PhCH,), 4.67(d, J =12.3Hz,
1H, PhCH,), 4.64(d, J —11.4Hz, 1H, PhCH) 4.50-
4.34(m, 2H, 2><H-6a), 4.40(d, Jgem:10.9Hz, 1H,
PhCH,), 4.36 (d, J —12.3Hz, 1H, PhCH,), 4.22 (dd,
Jy =92, —97Hz 1H, H-3%), 4.00-3.92 (m, 2H,
H 5 H- 6b) 385(dd J1p36=9-7, Iy ,=9-2Hz, 1H, H-
4), 380(d J =114 Hz, 1H, PhCH) 3.78(s, 3H,
OCH,), 3.69 (dd J15=9-2, J,,.,=9.2 Hz, 1H, K- -4),
3.53-3.44(m, 1H, H-5a), 3.51(dd Jr=92Hz, 3.,
=9.2Hz, 1H, H-3a),3.47(dd,J =0, 2Hz J —92Hz
1H,H-2),2.16(s, 3H, COCH3) 1.06(s, 9H 3><CH3).
MS: M* 1038; Found 1061, M*+Naand 1077, M*+K.

3,6-Di-O-benzyl-2-O-levulinoyl-4-O-(4-
methoxybenzyl)-B-D-glucopyr anosyl-(1—4)-2-
azido-3-O-benzyl-6-O-(tert-butyldiphenylsilyl)-2-
deoxy-a./B-D-glucopyranosyl fluoride (12)

Thedisaccharide(2)(100mg, 0.088mmoal) dissolved
in MeOH(10ml) was treated with PdCI(20 mg) and
work up following the same method described aboveto
preparethelactol (7). Thefiltratewas concentrated and
purified by ashort column chromatography (EtOACc-hex-
anel:2, R 0.2)togive(3,6-di-O-Benzyl-2-O-levulinoyl-
4-O-(4-methoxybenzyl)-b-D-glucopyranosyl)-(1—4)-
2-azido-3-O-benzyl-6-O-(tert-butyl diphenylsilyl)-2-
deoxy-a./-D-glucopyranose(8) ascolorlessail. The
following data were recorded: *H-NMR (500 MHz,
CDCl,): 7.73-7.68(m, 5H, arom), 7.42-7.22(m, 21 H,
arom), 7.09(d, J , =8.4Hz, 2H, MeO-Ph), 6.81(d,
J4=84Hz, 2H, MeO-Ph), 5.26(d, J, .= 3.3Hz, 1H,
H-1, a-anomer), 5.19(d, Jor=11.0Hz, 1H, PhCH,),
5.07((d, J,,,,=8.0Hz, 1H, H-1; B-anomer), 5.05(dd,
Jy.,=7.7Hz, J,, ., =8.8Hz, 1H H-2,), 4.89(d,
Jg "212.4Hz, 1H, PhCH »), 4.70 (dd, J,, , =88,
Jy 4=9.6Hz, 1H, H-3), 479(d J =11.3Hz, 1H,
PhCH ), 4.65(dd, J, ,=9.6,J, ., =96 Hz, 1H, H-4),
4.57(d, J,,=12.4 Hz, 1H, PhCH,), 4.52(d,
J. =1 7Hz 1H, H-1), 4.45(d, J =11.3Hz, 1H,

1b,2b
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PhCH,),4.48-4.44(m, 1H, H-6 ), 4.43-4.40(m, 1H, H-
6),4.20 (d, J, =12.4Hz, 1H, PhCH,), 4.13(d, J, =
12.4Hz, 1H, PhCH,), 3.95(dd, J, ,=9.6, J, o =7.4 Hz,
1H, H-5)), 3.79-3.71(m, 2H, 2x H -6,), 3.75(s, 3H,
OCH,), 3.58(dd, J,,,.=9.3, J,,,.=8.8Hz, 1H, H-3),
3.69(dd, J,,.=9.4, J5 =1 2Hz 1H H-5), 3.61 (dd,
J,. —88 J 5=9.4Hz, 1H, H-4), 3.49 (dd,
J —80Hz J —9 6Hz, 1H, H-2), 2.73-2.62(m, 2H,
CH ,CH,CO), 2 30 2.13(m, 2H, COCH,CH,), 2.09(s,
3H, COCH3) 1.05(s, 9H, 3xCH,). MS M* 1093;
Found: 1116, M*+Naand 1132, M*+K.

Thelactol (8)dissolved in 1.0ml of CH.CI, was
cooled to -30°C and treated with 28ul (0.23mmol) of
DAST and worked up asthemethod mentioned above
for(11). Theresiduewaspurified on silicagel column
chromatography (EtOAc-hexane 1.2, R, 0.2) togive
fluoride(12) (64mg, 64% overall yield from 2) ascol-
orless oil. '"H-NMR (500MHz, CDCl,): 7.66(d,
J=6.6Hz, 2H, arom), 7.50(d, J=6.6Hz, 2H, arom), 7.35-
7.14(m, 20H, arom), 7.00(d, J=8.4Hz, 2H, MeO-Ph),

6.73(d, 3=8.4Hz, 2H, MeO-Ph), 5.53(dd, J, =55.4Hz,
J,,=3.0Hz, 1H; H-1,, a-anomer), 5.11(d, J = 11.4Hz,
1H PhCH,), 4. 96(dd, o= 7-9HZ, 3,0 o -9 7Hz, 1H,

H-2,), 4.83(d, J,,,,=8.4 Hz, 1H, H-1_ (banomer),
4.78(d, J, ,,=9. 2Hz 1H, H-1), 4.64(d, Jgem—ll 4Hz,
1H, PhCH) 4.60 (d, J - =11.8Hz, 1H, PhCH,),
4.36(d, J,,,=12.3Hz, “1H, PhCH ), 4.32(d,
J, —123Hz 1H, PhCH,),4.28(d, J,,, = 12.3Hz, 1H,
PhCH) 4.17(dd, J, ,=9.7Hz, J,_ —9 2Hz, 1H, H-
3,),4.10-4.05(m, 1H. H- -3), 4.06-4.00(m, 1H, H- -6),
3.92-3.85(m, 1H, H-6), 3.85(dd, J,,,=10.1, J, .,
=10.1Hz, 1H, H-4), 3.78(dd, J5a4a=10 i J =8.8Hz,
1H, H-5)), 3.74(s, 3H, OCH,), 370-3.65(m, 1H, H-

5), 359(dd, J, ., =9.2Hz, J, . =9.2 Hz, 1H, H-4),
343(dd, J,, —30 3379 2Hz 1H H-2; a-anome),
3.40(dd, J —82 J —10.1 Hz, 1H, H- 2., B-ano-

mer), 3.30-3.26(m, 24, 2xH-6,), 2.63-2.47(m, 2H,
CH,CH,CO), 2.28-2.09 (m, 2H, COCH,CH),
2.02(s, 3H, COCH,), 0.981(s, 9H, 3xCH.,). 13C-
NMR(125MHz, CDCI,): 205.50(-CH,COCH,),
170.99 (OCOCH,), 159.22(C-OMe), 138.28, 135.72,
135.37, 132.09, 129.96, 129.74, 129.62, 129.00,
128.50, 128.30, 128.17, 128.06, 127.76, 127.69,
127.58, 127.43, 127.27, 127.19, 122.75, 121.43,
121.30, 121.20, 120.89, 120.70, 120.58, 120.40,
113.76(MeO-Ph), 106.89(C-1), 100.22(C-1,), 83.29
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(C-2,), 77.78(C-3,), 77.41(C-3), 75.34(CH_Ph),
75.13(CH,Ph), 74.62, (CH_Ph); 74.03 (C-4,), 73.35
(C-4),70.91(C-5), 70.55(C-5,), 70.12,69.70, 68.78
(C-6,, anomer-1), 68.25(C-6,; anomer-2), 67.75(C-6,;
anomer-1), 66.48 (C-6,; anomer-2), 61.07 (C-2,; ano-
mer-1), 60.84 (C-2; anomer-2), 55.30 (OCH_-Ph),
48.43, 37.64(OCOCH,CH,CO; anomer-1), 37.55
(OCOCH,CH,CO; anomer-2), 29.77 (OCO CH,CH,
CO), 27.78, 26.92(CH,), 22.91(CH,), 20.05(CH,),
19.46(CH,). MS: M* 1095; Found 1118, M*+Naand
1134, M*+K. Calculated for C_H. O N.SiF: C,

12° 73

67.94; H, 6.39; N, 3.83. Found, C 6778

3,6-Di-0O-benzyl-2-O-levulinoyl-4-O-(4-metho
xybenzyl)-B-D-glucopyr anosyl-(1—4)-2-azido-3-O-
benzyl-6-O-(tert-butyldiphenylsilyl)-2-deoxy-o./B-
D-glucopyranosyl trichlor oacetimi date(13)

The lactol(8)((crude product out of (100mg,
0.088mmol) of disaccharide 2)) dissolvedin 2.0ml of
CH,CI, was cooled to -10°C and treated with 90pl
(0.90mmol) of trichloroacetonitrile. DBU(8.6pl,
0.06mmol) wasadded dropwiseand stirring was contin-
ued for 1h. then the mixturewas quenched with 100l
of MeOH and the solventswere concentrated in vacu.
The residue was purified on silica gel column
chromatography(EtOAc-hexane1:3, R 0.2) togive(13)
(55mg, 51%) as colorless oil. The ratio of o/B(13)
anomerswas 1:2 asjudged from *H-NMR data. The
following data were recorded: *H-NMR(500MHz,
CDCI.,, selected datafor the 3 anomer): 5 8.64(brs,
1H, NH), 7.74-7.62(m, 5H, arom), 7.43-7.21(m, 20H,
arom), 7.08(d, J_,,.=8.4Hz, 2H, MeO-Ph), 6.80(d,
J 4e=8-4Hz, 2H, MeO-Ph), 5.57(d, J,, , =8.3Hz, 1H,
H-1), 5.23(d, J,,,=11.0Hz, 1H, PhCH,), 5.20 (d,
J =11.0Hz, 1H PhCH) 5.11 (d, J .=11.0Hz, 1H,
PhCH) 5.11(d, J,,,=11.0Hz, 1H, PhCH) 505(dd
3,0 1=8-5Hz, J,, .=10.1Hz, 1H, H-2)), 4.81(3,,,,
11.4Hz, 1H, PhCH) 4.77(3,,,=11.0Hz, 1H, PhCH)
4.73(d, J,=11.4Hz, 1H, PhCH,), 4.66(d, o=
8.5Hz, 1H, H- 1) 4.58(J,,,=11.0Hz, 1H, PhCH,),
4.48(dd, J,, ,=J,, ., 10. 1Hz, 1H, H-4)), 4.45(dd, J e
—J =9.2Hz, 1H, H-4 ), 4.41(dd, J ,.=10.1Hz, J36L
—10 1 Hz,1H, H-3), 4.36 (dd, J =121, Jg o
=3.7Hz,1H,H-6,),4.33(dd, J,, 6b-12 1, I =
1H, H-6,), 4.23(dd, J,,,,= 9.0, J,,

=4.0Hz,
w=9-2Hz, 1H, H-
3), 409(m, 1H, H-5b), 4.00-3.84(m, 2H, 2xH-6),

== Pyl Paper

3.78(s, 3H, OCH,), 3.70 (dd, J,,,.=9.2, J . =3.8Hz,
1H, H-5), 3.48(dd, J,,,, =8.3, J =9.0Hz, 1H, H-
2), 2.70-2.62(m, 2H, CHZCHZCO), 2.50-2.35(m,
2H, COCH,CH,), 2.05 (s, 3H, COCH,), 1.05(s, 9H,
3xCH,). 3C-NMR (125MHz, CDCI,, selected data
for the b anomer): d100.53(C-1,), 94.73(C-1),
83.37(C-2,), 77.89(C-3), 77.66(C-3), 76.18(C-4,),
75.48(C-4), 75.16(C-5,), 74.60(C-5,), 68.82(C-6),
68.51(C-6,), 62.73(C-2). Recorded data for the o
anomer: 6 100.36 (C-1,), 90.98(C-1), 77.42, 74.18,
65.28(C-6,), 60.98(C-6,), 62.64(C-2). Other *C-
NMR signals: $205.50(-CH,COCH,), 171.69
(OCOCH,), 171.23(C=0), 160.80(C=NH),
159.97(C-OMe), 138.48, 138.37, 138.28, 138.21,
135.93, 135.87, 135.34, 132.42, 130.05, 129.80,
129.73, 129.58, 129.49, 128.44, 128.41, 128.35,
128.26, 128.13, 128.11, 127.89, 127.84, 127.70,
127.66, 127.58, 127.48, 127.41, 127.33, 127.29,
127.19, 113.83(MeO-Ph), 76.43 (CH,Ph),
75.16(CH,Ph), 74.02(CH,Ph), 73.35 (CH,Ph),
55.26(0OCH,-Ph), 48.06, 37.48 (OCOCH, CH,CO),
31.27, 29.61 (OCOCH, CH,CO), 29.34, 27.67,
27.7(CH,COCH,), 26.85 (CH,),26.70(CH,), 20.80
(CH,), 19.37(CH,). MS: M*1237.5; Found: 1261,
M*+Naand 1277, M*+K.

3,6-Di-O-benzyl-2-O-levulinoyl-4-O-(4-methox
ybenzyl)-B-D-glucopyranosyl-(1—4)-2-azido-6-O-
(tert-butyldiphenylsilyl)-3-O-levulinoyl-2-deoxy-
o/ B-D-glucopyranosyl trichlor oacetimidate (14)

Thedisaccharide(4)(100mg, 0.088mmol) dissolved
in MeOH(10ml) wastreated with PdCI (20 mg) and
work up following the same method described above
to preparethelactol (7). Themixturewasfiltered through
Celite, and thefiltrate was concentrated and purified
by ashort column chromatography (EtOAc-hexane 2:3,
R, 0.19) gave a mixture of(3,6-di-O-Benzyl-2-O-
levulinoyl-4-O-(4-methoxybenzyl)-f-D-glucopy
ranosyl)-(1—4)-2-azido-6-O-(tert-butyl diphenylsilyl)-
3-O-levulinoyl-2-deoxy-a./ 3-D-glucopyranose(10) as
colorlessoil. Thefollowing datawererecorded: *H-
NMR(500MHz, CDCl.): 7.76-7.64(m, 5H, arom),
7.45-7.21(m, 15H, arom), 7.06 (dd, J_, =8.4Hz, 2H,
MeO-Ph), 6.79(dd, J = 8.4Hz, 2H, MeO-Ph), 5.48
(dd, J, ,,=8.3Hz, J, . =10.3Hz, 1H, H-2), 4.97(d,
J . =8.3Hz, 1H, e 1b) 4.92 (dd, J,,,.=8.8Hz,
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J..,.=9.3Hz, 1H, H-3,, a-anomer), 4.80(d,
J —11 2Hz, 1H, PhCH,), 479(d J=11.2Hz, 1H,
PhCH ,),4.76(d, J=8.3Hz, 1H), 469(d Jopa=2-4Hz,
1H, H-1, a-anomer), 4.68(dd, J ,=10.3,
J, ,=10. 3Hz 1H, H-3), 4.60(d, J, —12 2Hz 1H,
PhCH) 4.57(d, J,, =12.2Hz, 1H, PhCH) 4.51(d,
Jpem=12.2Hz, 1H PhCH) 4.43(dd, J,,,,=10.3,
=9 7Hz, 1H, H-4),4.16 (d, J , = 12.2Hz, 1H,
PhCH »),4.06(dd, J,,,=9.7,J,, —97Hz, 1H,H-4),
4.05(dm, J_,, =9. 7Hz 1H H- 5a) 3.99(dd, J,, ,,=10.3,
I -97Hz 1H H-3), 3.96 (dm, J, —97Hz 1H,
H 5b) 3.92(d, J,,,,=7.3Hz, 1H, H- 1a) 392 3.89(m,
2H, 2xH-6)), 3.83 3.78(m, 2H, 2xH-6), 3.77(s, 3H,
OCH,), 3.37(dd, J,,,,=8.8,J,, .=2.4Hz, 1H,H-2,, o-
anomer), 3.33(dd, J,, ,=10.3,J,, , =7.3Hz, 1H, H-2)),
2.90-2.50(m, 4H, 2°"0OCOCH,CH,), 2.48-2.15(m, 4H,
2xOCOCH,CH,), 2.08 (s, 3H, CH,COCH,), 2.01(s,
3H, CH, COCH,), 1.07(s, 9H, 3xCH,). *C-NMR
(125MHz, CDCIl,): 205.98(CH,COCH,),
172.06(OCOCH,), 170.82(OCOCH,), 138.72,
138.39, 138.04, 136.01, 135.65, 135.59, 135.46,
130.01, 129.80, 129.66, 128.35, 127.84, 127.69,
127.60, 127.53, 127.28, 113.84(MeO-Ph), 100.66(C-
1), 100.44(C-1,), 87.38 (C-2,), 84.83(C-5,),
83.44(C-4), 74.67(PhCH,), 74.59(PhCH,), 73.68
(PhCH,), 72.83(C-3), 72.26(C-5), 71.23, 70.14(C-
3,), 70.01(C-4,), 68.68(C-6,), 65.50(C-6 ), 61.45(C-
2), 55.23(0CH,), 38.36 (OCOCH, CH,CO), 37.75
(OCOCH,CH,CO), 37.50(0COCH,CH,CO),
34.37(0COCH,CH,CO0), 29.72(0OCOCH,CH.CO),
29.61 (OCOCH,CH.CQ), 28.21 (OCOCH,CH,CO),
27.62(CH,), 26.87(CH,), 19.38(CH,). MS: M* 1101,
Found: 1125, M*+Naand 1141, M*+K.

Thelactol (10) wastrestedwithtrichloroacetonitrile
and DBU and worked up as described for lactol (8).
Theresiduewaspurified onsilicagd column chroma-
tography (EtOAc-hexane 1.2, R, 0.2) to give(14)
(44mg, 40%overdl yidd from(4)) ascolorlessoil. The
ratio of o/(14) anomerswas 1:2 asjudged from *H-
nmr data. '"H-NMR (500 MHz, CDCI,, datarecorded
for B-anomer).

68.76(sbr, 1H, NH), 7.73-7.68(m, 5H, arom), 7.38-
7.25(m, 15H, arom), 7.05(dd, J_, =8.2Hz, 2H, MeO-

Ph), 6.79(dd, J,, =8.2Hz, 2 H, MeO-Ph), 5.48(dd,
J,, ,=8.3Hz, J ,=10.3Hz, 1H, H-2,), 4.97(d,
Jleb—S 3Hz, 1H, - 1), 480(d, J, =115 Hz, 1H,
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PhCH,), 4.79(d, J_, =11.5Hz, 1H, PhCH,), 4.76(d,
J.,=83Hz, 1H, H-1), 4.68(dd, J, ,=10.3, J

la2a ? 73b,2b ! 3b4b

10.3Hz, 1H, H-3), 4.60(d, J__ =12.6Hz, 1H, PhCH)
4.57(d, J,=12.6Hz, 1H, PhCH) 4.51(d, J,
12.2Hz, TH, PhCH,), 4.43 (dd, J, ,=10.3, J,,

! T4b,3b ! b, 5b

9.7Hz, 1H, H-4)), 4.16(d, J , =12.2Hz, 1H, PhCH)

4.08(dd, J,,=9.7, 3, =9.7Hz, 1H, H-4), 4.05(cm,
J_,=9.7Hz, 1, H-5), 3.99(dd, J, =103, J_ =
9.7Hz, 1H, H-3), 3.96 (dm, J,, ,=9.7Hz, 1H, H-5),

3.92-3.89 (m, 2H, 2xH-6,), 3.83-3.78(m, 2H, 2xH-
6,), 3.76(s, 3H, OCH,), 3.33(dd, J,,,=10.3,
J501,=8-3Hz, 1H, H- 2) 2.90-2.50(m, 4H, 2x
OCOCH,CH,), 2.48-2.15(m, 4H, 2xOCOCH_CH,),
2.08 (s, 3H CH,COCH,), 2.01(s, 3H, CH COCHS)
1.07(s, 9H, 3xCH,). MS: M* 1247, Found: 1270,
M*+Na, 1286; M*+K.

Selected *H-NMR data for (14)a-anomer: d
4.92(dd, J,,,=8.8Hz, J, , =9.3Hz, 1H, H-3), 4.87 (d,
J1.,.=4.0 Hz, 1H, H- 13) 4.72(dd, J,,..=9.3, J,,,.
=9.3Hz, 1H, H-4), 3.47(dd, J_,,=9.3, J_ . =4.8Hz,

1H,H-5), 3.37(dd, J,, =88, J, ,.=4.0Hz, 1H, H-2).

Allyl(2-O-acetyl-3,6-di-O-benzyl-4-hydr oxy-B-D-
glucopyr anosyl)-(1—4)-2-azido-3-O-benzyl-6-O-
(tert-butyldiphenylsilyl)-2-deoxy-B-D-glucopy
ranoside (15)

Disaccharide (1)(300mg, 0.278mmol) was dis-
solved in CH_CI.(25ml) and TFA (500ml) containing
water (10ul) was added. After 10min the solution
changed into apurple color and stirring was continued
for additiond 1hat rt. Thereaction mixturewasdiluted
with toluene(30ml) and concentrated to dryness. The
resduewaspurified by silicagel column chromatogra:
phy (10% EtOAcintoluene, R, 0.2) to give(260mg,
97%), of compound (15)as a clear oil. *H-NMR
(500MHz, CDCl,): 67.75-7.70 (m, 4 H, arom), 7.44-
7.27(m, 21H, arom), 5.96(dddd, J=17.0, 10.5, 6.0,
5.0Hz, 1H, CH,-CH=CH,), 5.34 (dq, J=17.0, 1.5Hz,
1H, CH,-CH=CH H), 5.24 (dq, J=10.5, 1.5Hz, 1 H,
CH=CHH,), 5.03 (d, J,, =11.3Hz, 1H, PhCH,),
5.11(d, J ,,=11.5Hz, 1H PhCH) 5.05(d, J,, ,,=8.0
Hz, 1H, H- -1,), 4.93(d, J,, =11.5Hz, 1H, PhCH )
4.89(d, J,=11.5Hz, 1H, "PhCH »), 4.86 (dd, J, =
8.0Hz, ‘]2b3b_9 3Hz, 1H,H-2,),4.72(d,J , =11.5Hz,
1H, PhCH L) 4 67 (d, J,,=11.3Hz, 1H PhCH.,),
4.51(dd, J =10.7 F Hz, 1H, H-4), 4.40 (d,

! 4a,3a 4a,Sa
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J,.,.=8.8Hz, 1H, H-1a), 4.38(dd, 1H, Jpe=12.0Hz,
J.5.=3.6Hz, H-6,), 4.36-4.33(m, 2H, H-3,, H-6),
4.11(ddt, Jgem:13.0, J,.=5.0,J,=15Hz,1H, CH_H-
CH=CH,), 3.99(d(dt, Jgem:13.0, J,=6.0,J,15Hz,1
H, CHH -CH=CH,), 3.89(dd, J,, —9 3 N

9.6Hz, 1H, H-3)), 3.80(ct, J. 4a=10.7Hz J=2.2Hz,
1H, H-5)), 3.78(dd, J..,.=9.6,J,,,.=10. 7Hz 1H, H-
3,), 3.58-3.53(m, 2H 2><H 6) 342(dd J,p5=9.6,
Jpep=9-6Hz, 1H, H- -4.), 3.35 (dt, J, —96
J. —3 3Hz, 1H, H-5)), 3.34(dd, J,, —8 8Hz,
J —9 6Hz, 1H, H-2), 1.81(s, 3H, OCOCH)
106(s 9H, 3xCH,). 13C NMR(125MHz, CDCl,):
169.13(C0O), 138.50, 138.35, 137.46, 135.97,
135.43, 133.61(-CH=CH,), 132.36, 129.84, 128.49,
128.44, 128.28, 128.12, 127.87, 127.80, 127.66,
127.59, 127.55, 117.62(CH=CH,), 100.58 100.6(1-
C), 100.29(C-1,), 82.50(C-4,), 80.91(C-2),
75.97(CH,-Ph), 75.40(CH,-Ph), 74.44(CH,-Ph),
74.22(C-5), 73.71(C-5,), 73.03,72.91, 71.24(C-6),
65.87(-CH,-CH=CH,), 61.19(C-2), 34.38, 26.77
(CH,), 20.76(CH,), 19.34(CH,). MS: M* 957; Found:
980, M*+Na and 996, M*+K. Calculated for
C,H,O,,N.Si: C, 67.71; H, 6.58; N, 4.38. Found:
C, 67.50; H, 6.55; N, 4.12.

Allyl (3,6-di-O-benzyl-2-O-levulinoyl-4-hydr oxy-B-
D-glucopyr anosyl)-(14)-2-azido-3-O-benzyl-6-O-
(tert-butyldiphenylsilyl)-2-deoxy-B-D-
glucopyranoside (16)

Disaccharide (2)(300mg, 0.264mmol) dissolvedin
CH,CI.(25ml) was treated with TFA and worked up
following the method described for (15). Theresidue
waspurified by sllicagel column chromatography (20%
EtOAc in toluene, R, 0.2) to give (248mg, 92%) of
compound(16) asathick clear oil. 'H-NMR (500MHz,
CDCl,): 6 7.76-7.71(m, 4 H, arom), 7.43-7.29(m,
21H, arom), 5.96(d, J=17.0, 10.5, 6.0, 5.0Hz, 1H,
CH,-CH=CH,), 5.35(dq, J=17.0, 1.5Hz, 1H, CH,-
CH=CH_H), 5.23 (d, J,, ,,=8.2Hz, 1H, H-1),
5.18(dq, J=10.5, 1.5Hz, 1H, CH,-CH=CHH,),
5.12(d, J,, 11.0Hz, 1H, PhCH,)), 5.04(dd,
J -82Hz J,, 5,=9.0Hz, 1H, H- 2) 4.89(d,
J —11 OHz, 1H PhCH) 4.83(d, J, =11.3Hz, 1H,
PhCH) 4.67(d, J, =11.3Hz, 1H, PhCHZ), 4.65(d,
Jpem=11.9Hz, 1H, PhCH) 4.63(d, J, =11.9Hz, 1H,
PhCH) 4.36(d, J,,,,=7-.9Hz, 1H, H- 1a) 4.26(d, J,
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=11.9Hz, 1H, PhCH,), 4.20-4.15(m, 2H, H-4,,
PhCH, ), 4.15(dd, J, ,=9.2Hz, J, . =9.2Hz, 1H, H-
4), 411(ddt, J =130, J,=50, J,=15Hz, 1 H,
CH H-CH=CH,), 3.99 (ddt, J =130, J,=6.0, J,,

1.5Hz, 1H, CHH,-CH=CH,), 3.93(dd, J,,, =12.9Hz,
J.=34Hz, 1H, H-6), 3.88(dd, J_ =129 Hz, J___
=56 Hz, 1M, H-6)), 3.75(dd, J, ,=9.0Hz, J,
=10.2Hz, 1H, H-3), 3.72(dd, J, ,=9.2Hz, J. .
=9.2Hz, 1H, H-3), 3.73(d, J, ,=13.01z, J, _ =2.6H7,
1H,H-6,),3.57(d, J,, ,=13.0Hz, J, ., =2.6Hz, 1H, H-

6,), 355348(m 2H H-5,, H -5,), 3.22(dd,
3. =79Hz,J, . =9.2Hz, 1H, H- 2a) 2.53-2.43(m, 2H,
CHZCHZCO), 2.35-2.24(m, 2H, COCH,CH,),
2.08(s, 3H, COCH,), 1.06(s, 9H, 3x CH,). ®*C-NMR
(125 MHz, CDCIl,): 205.83 (-CH,COCH,),
171.18(OCOCH,), 136.01, 135.45 (CH=CH,),
134.78, 133.87, 133.72, 130.09, 129.74, 129.63,
129.02, 128.39, 128.31,128.25, 128.07, 127.79,
127.70,127.54, 127.40, 127.34, 127.28, 118.40
(CH=CH,), 100.62(C-1,), 100.29(C-1), 83.43 (C-
2,),81.00 (C-3), 76.57(CH,-Ph),76.06(C-5,), 75.37
(CH,-Ph), 75.24(CH,-Ph), 75.12(CH,-Ph), 74.62(C-
5), 74.14(C-4), 73.34(C-3), 69.70(C-6,), 68.79
(CH,-CH=CH,), 68.27(C-4), 65.99(C-6), 61.31(C-
2), 37.50 (OCOCH,CH,CO), 29.73 (OCO
CH,CH,CO), 27.71(CH,COCH,), 26.83 (CH,),
26.55(CH,), 19.35(CH,) MS: M* 1013; Found: 1036,
M*+Na and 1052, M*+K. Calculated for C_H,
O,N.Si: C,67.52;H, 6.61; N, 4.14. Found; C, 67.33;
H, 6.60; N, 3.76.

Allyl(2-O-acetyl-3,6-di-O-benzyl-4-hydr oxy--D-
glucopyranosyl)-(1—4)-2-azido-6-O-(ter t-butyl-
diphenylsilyl)-3-O-levulinoyl-2-deoxy-B-D-
glucopyranoside(17)

Disaccharide (3) (160mg, 0.147mmol) dissolved
in 25ml of CH_CI, wastreated with TFA (500ul) and
water (10ul) and worked up asthe method described
for preparation of (15). Theresidue was purified by
slicagel column chromatography (25% EtOAcintolu-
ene, R, 0.2) to give(130mg, 91%) of compound (17)
asclear oil. 'H-NMR (500MHz, CDCl): §7.76-7.72
(m, 4 H, arom), 7.53-7.27(m, 16 H, arom), 5.91 (d,
J=17.0, 10.5, 6.0, 5.0Hz, 1H, CH_-CH=CH,), 5.32
(d, J,, ,,=8.2Hz, 1H, H-1,), 5.30(dq, J=17.0, 1.5Hz,
1H, CH,-CH=CH H), 5.21(dq, J=10.5, 1.5Hz, 1H,
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CH, CH=CHH,), 4.90(dd, J,,,.=9.6Hz,J, , =9.6Hz,
1H, H- -3),4.84 (dd, J,, ,=8.2Hz, J,, —9 3Hz, 1H,
H-2), 4.78 (d, J,,=12.1Hz, 1H, PhCH) 4.72(d,
Jen=12.1Hz, 1H, PhCH,), 4.68 (dd, J055=9-3,
Jp5=9-3Hz, 1H, H-4), 465(d J o =12.1Hz, 1H,
PhCH) 4.59(d, J,, =12.1Hz, 1H, PhCHz),4.55 (d,
J .=12.1Hz, 1H, PhCH) 4.52(d, J .=12.1Hz, 1H,
PhCH) 4.39(d, J ,=7-9Hz, 1H, H -1), 4.22(dd,
Jg =12.9Hz, J —2 3Hz, 1H, H-6), 4.18-4.11(m,
2H, H-53, H-6a), 4.11(ddt, J, =13.0, J,=5.0,
J,=1.5Hz, 1H, CH_H-CH=CH,), 3.99(ddt,
J —13.0,J, =6.0,J, 15Hz 1H, CHH -CH=CH,),
382 (dd, J,, 4b-9 3, Jstb—Q 3Hz, 1H, H- 3) 3.64(dd,
Jr=13.0Hz, J,  =2.3Hz, 1H, H-6)), 3.59-3.53(m,
2H, H-4,, H- 6b) 334t 3y 4=9:3,J,, ,=4.8Hz, 1H,
H-5), 325(dd 3. =79Hz, J, . =9.6Hz, 1H, H-2)),
2.90-2.80(m, 2H, CHZCHZCO), 2.55-2.45(m, 2H,
COCH,CH,), 2.21(s, 3H, -CH,COCH,), 2.08 (s, 3H,
-OCOCH,), 1.09 (s, 9H, 3xCH,). ®*C-NMR(125
MHz, CDCI,): 205.90(-CH,COCH,), 171.82
(OCOCH,-), 170.04 (OCOCH,), 138.57, 135.93,
135.60(CH=CH,), 133.68, 133.42, 133.16 130.31,
129.74, 129.67, 129.56, 129.02, 128.42 128.21,
127.80, 127.72, 127.62, 127.54, 117.79 (CH=CH,),
100.60(C-1,), 100.53(C-1), 84.45(C-2,), 83.38(C-
3), 81.91(C-3)), 75.46(CH,-Ph), 75.17(CH,-Ph),
74.72 (CH,-Ph), 73.55(C-4), 73.46(C-5,), 71.79(C-
5), 70.74(C-4,), 69.96(C-6 ), 68.91(CH,-CH=CH,),
64.36(C-6,), 62.67(C-2), 37.84(0OCOCH,CH.CO),
28.20(0COCH.CH,CQ), 24.10(CH,COCH,), 23.74
(CH,), 20.92(CH,), 19.28(CH,), 16.59 (OCOCH,).
MS: M*965; Found: 988, M*+Na and 1004, M*+K.
Calculated for C_H O, ,N.Si: C, 64.66; H, 6.52; N,
4.35. Found: C, 64.58; H, 6.33; N, 4.16.

Allyl (2-O-acetyl-3,6-di-O-benzyl-4-O-(4-
methoxybenzyl)-B-D-glucopyranosyl)-(1—4)-2-
azido-3-O-benzyl-6-O-(tert-butyldiphenylsilyl)-2-
deoxy-a/B-D-glucopyranosyl-(1—4)-O-(2-O-
acetyl-3,6-di-O-benzyl-B-D-glucopyranosyl)-
(1—>4)-2-azido-3-O-benzyl-6-O-(tert-butyl
diphenylsilyl)-2-deoxy-B-D-glucopyranoside (18)
Method 1

Thedisaccharide donor (11)(30mg, 0.028mmol)
and thedisaccharide acceptor (15)(18mg, 0.019 mmol)
were co-evaporated twice with dry tolueneand acti-
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vated molecular seves(100mg) and 3ml (CH,CI -Et,O
4:1v/v) were subsequently added. The mixture was
stirred at rt for 2h, then the temperature was cooled to
-5°C and ZrCp,Cl (22mg, 0.055mmol) and AgOTf
(10mg, 0.03mmol) were added. The mixturewasal-
lowed to warm to rt and stirring was continued for ad-
ditional 18h (overnight). Thesolution wasfiltered and
theinsolubleresiduewaswashed with CH,Cl, and the
combined filtratewasremoved in vacuo and theresi-
duewaspurifiedonsilicagel column chromatography
using 5% EtOAcintoluene(R, 0.3) to give (6mg, 10%,
1:1 o/pB) of pure(18) asaclear thick ail.

Method 2

A solutionof TMSOTf(20mL in100mL CH,Cl.)
was added to acooled solution (-30°C) of (13) (30mg,
0.024mmol) and (15)(18mg, 0.019mmol, 1.27equiv.)
in(CH,Cl -Et,0 4:1v/v)(500uL). The solution was
stirred for 2h at thistemperature, and then neutralised
with Et,N. The solvent was evaporated and the crude
reaction mixturewas passed through ashort gel-filtra-
tion chromatography column (LH-20, 2g) with CH,CI./
MeOH, 1:1 aseluent to afford a3:1 o/ mixtureof the
corresponding tetrasacchari des. Flash column chroma:
tography (toluene/EtOAC, 9:1t0 6:1) afforded 20mg
(18a) and (18b) (41.7%) asclear oil.

Data for (18a.)

TLC(toluene/EtOAc, 6:1): R=0.66, 'H-
NMR(500MHz, CDCl,): $=7.55-7.50(m, 4 H, Ph),
7.34-7.12(m, 46H, Ph), 7.07(d, J,, =8.4Hz, 2 H,
CH,O-Ph), 6.76 (d, J,,=8.4Hz, 2 H, CH,O-Ph),
5.90(dddd, J=17.0, 10.5, 6.0, 5.0 Hz, 1 H, CH,-
CH=CH,),5.53(d,J,_,.=4.0Hz, 1H, H-1c), 5.25(dl,
J =17.0, 1.5Hz, 1H, CH, CH=CH,), 5.15(br. d,
J105Hz, 1H, CH,-CH=CH,),5.09(d, J, =11.3Hz,
1H, CH,Ph), 5.03(d, J,,=11.3Hz, 1 H, CH,Ph),
4.92(d, J,, =11.3Hz, 1 H, CH,Ph), 4.86(d, J,,,.=7.4
Hz, 1 H, H-1), 4.79-4.71(m, 6H, CH_Ph), 4.70-
4.53(m, 7 H, CH_Ph), 4.48 (d, Jgem:12.1 Hz, 1H,
CH_Ph), 4.45(d, J . =12.1Hz, 1H, CH_,Ph), 4.39(d,
J = 7-2Hz, 1H, H -1), 4.35(d, J —12.1Hz, 1H,
CH Ph) 4.32(d,J,,,=12.1Hz, 1H, CH ,Ph), 4.29(d,
J,,.=72Hz, 1 H, H-1), 4.20(dd, J o5 =1-6, g0
—10 OHz, 1H, H-6,), 4.10(br. dd, J , =13.0, J=5.0Hz,
1H, CH,-CH=CH,), 4.03-3.94(m, 3 H, H-4, H-4,
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CHZ-CH=CH2), 3.85-3.74(m, 6 H, H-6,, H-6,, H-6,

, H-3, H-3), 3.71(s, 3H, Ph-OCH,), 3.65-
354(m 4H, H-5, H-5, H-5, H-4), 3.46(t, J 20
=J, ,=9.0Hz, 1H, H- 3b) 3.39- 332(m 4H, H-3, H-
6., H 2 H-6), 3.30(dd, J,., =4.0, J, , =10. OHz 1H,
H -2), 329(dd, o 5= 12y Jy5,=9.0Hz, 1 H, H-2),
3.24 (dd, J, , =4.0, J, ,=10.5Hz, 1H, H-2), 3.27-
3.21(m, 1 H H -5,), 209(s 3H, OCOCH,), 1.81(s,
3H, OCOCH,), 0.980(s, 9H, 3xCH,), 0.935 (s, 9H,
3xCH,). 13CINM R(125 MHz, CDCl,): §169.14
(C=0), 159.13(C-OCH,), 138.05, 137.45, 135.91,
135.83, 135.67, 135.40, 135.30, 133.37(CH,-
CH=CH,), 132.06, 129.77, 129.58, 128.50, 128.41,
128.30, 128.19, 128.07, 128.02, 127.91, 127.78,
127.64, 127.56, 127.50, 127.40, 127.20, 127.09,
126.87, 117.71 (CH,-CH=CH,), 113.69(CH,O-Ph),
103.88(C-1), 100.33(C-1), 100.16(C-1,), 96.00(C-
1), 84.84(C-3), 83.92(C-3)), 83.11(C-2)),
80.60(C-2,), 80.35(C-4,), 77.92(C-3), 77.39(C-3),
76.94(C-4), 76.50(C-4.), 75.22(CH,Ph), 74.94
(CH,Ph), 74.65(CH_Ph), 74.50(CH,Ph), 73.46(C-5)),
73.12 (C-5), 72.03 (C-5), 69.73(C-5,), 68.56(C-
6,), 68.25 (CH,-CH=CH,), 65.76(C-6,), 62.93(C-
2),62.40(C-5,), 55.26(0OCH,), 31.09, 29.76, 26.84
(CH,), 26.64 (CH,), 20.87(CH,), 19.37(CH,), 19.31
(CH,),19.23(CH,), 8.19(CMe,). MS: M* 1976.86;,
Found: 1976.00 and 2003.00, M*+Na.

'H-NMR(500MHz, CDClI for 18p)

8 7.70-7.50(m, 4H, Ph, CH,O-Ph), 7.34-7.11(m,
46 H, Ph), 7.04(d, J_, =8.8Hz, 2 H, CH,0-Ph), 6.76
(d, J , =8.8Hz, 2 H, CH,O-Ph), 5.90(dddd, J=17.0,
10.5, 6.0, 5.0Hz, 1H, CH,-CH=CH,), 5.25 (dq,
J17.0, 1.5Hz, 1H, CH,-CH=CH,), 5.15(clg, J=10.5,
15Hz, 1H, CH,-CH=CH,), 5.11(d, J_, =12.1Hz, 1H,
PhCH,), 5.09(d, J,,=12.1Hz, 1H, PhCH,), 5.03(d,
J,,,=8.3Hz, 1H, H-1), 5.00(d, J,,,, =8.5Hz, 1H, H-
d) "4.95(d, J_, =7.4Hz, 1H, H-1), 4.92(d, 3,
=11.3Hz, 1H, PhCH) 4.86(d, J, =11.3Hz, 1H,
PhCH,), 4.84( d, J, =11.3Hz, 1H, "PhCH.), 4.78(d,
J,,=113Hz, 1H, PhCH.), 4.74(d, J,,=12.1Hz, 1H,
PhCH,), 4.72(d, J, =11.3 Hz, 1H, PhCH,), 4.68(d,
J,,=12.1Hz, 1H, PhCH,), 4.60(d, J, =11.6Hz, 1H,
PhCH,), 454 (dd, J,,,=9.0, J, , =7.4Hz, 1H, H-2),
450(d,J,=11.6Hz,1H, PhCH) 4.47(d,J, =121
Hz, 1H, PhCH,), 4.44(d, J,,=116Hz, 1H, PhCH,),

? 72c,1c
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4.42(d, 3=8.0Hz, 1H, H-1,), 4.40(dd, J,,,=9.0, J,, ,
=8.0Hz, 1H, H-3), 4.34(d, J_, =12.1Hz, 1H, PhCH,),
4.07(ddt, J_ =13.0, 3=5.0, J=15Hz, 1 H, CH -
CH=CH,), 4.01(m, 3H, H-4,, H-4, CH-CH= CH),
3.90(dd, J, . =9.6,J, —88Hz 1H, H4) 3.85 (dd,
1293, 6,80z, 1H), 3.82(dd, J, =128, =38 Hz,
1H, H-6,), 3.813(dd, J,,=9.6, J =8 8Hz 1 H, H-4c)
3.73-3.71(m, 5 H, H-3, H4 Ph-OCH,), 3.66-
3.63(m, 2H, H-5, H-6)), 3.61-3.53(m, 4H, H- 6,, H-
6, H-6,, H-5), 3.53-3.49 (m, 1H, H-5), 3.44(dd, J e
-85, 3, ,=10.0Hz, 1H, H-3), 3.33-3.28(m, 5 H, H-
2, H2 H-5,, H-3,, H-2,), 3.00 (ddd, J, .=1.5,
3 —30J 10,0, 1H, H- 5,),2.09(s, 3H, OCOCH3)
181(s, 3H. OCOCH,), 0.98(s, 9H, 3xCH,), 0.93(s,

OH, 3><CH3)

Allyl (2-O-acetyl-3,6-di-O-benzyl-4-O-(4-methoxy
benzyl)-B-D-glucopyr anosyl)-(1—4)-2-azido-3-O-
benzyl-6-O-(tert-butyldiphenylslyl)-2-deoxy-a-D-
glucopyr anosyl-(1—4)-O-(2-O-levulinoyl-3,6-di-O-
benzyl-B-D-glucopyr anosyl)-(1—4)-2-azido-3-O-
benzyl-6-O-(tert-butyldiphenylsilyl)-2-deoxy-B-D-
glucopyranoside(19)

Thedisaccharide donor (12)(30mg, 0.028mmol)
and thedisaccharide acceptor (15)(19mg, 0.019 mmol)
weretreated together following method 1 asdescribed
abovefor (18) to furnish(5mg, 10%, 1:1 a./3) of pure
(19) asclear oil. '*H-NMR(500MHz, CDCl,,, (190)-
anome): §7.69-7.52(m, 4 H, Ph), 7.39-7.11(m, 46 H,
Ph), 6.91(d, J_, =8.8Hz, 2H, CH,O-Ph), 6.72(d,
J +,=8.8Hz, 2H, CH,O-Ph), 5.87(dddd, J=17.0, 10.5,
60 5.0Hz, 1H, CH,-CH=CH,), 5.45(d, J, ,.=4.4Hz,
1 H, H-1c), 5.25 (dq J=17.0, 1.5Hz, 1H, CH,
CH=CH,), 5.15(br.d, J=10.5Hz, 1H, CH,-CH=CH,),
5.16(d, J,,=11.2Hz, 1H, PhCH,), 5.10(d, J , =11.2Hz,
1H, PhCH,),4.93(dd, J,, . ,=7.8Hz, J,, ., —9 8Hz, 1H,
H-2),4.92(dd, J, , =7.8Hz, J, -98Hz 1H,H-2),
4.90(d, J =11 2Hz 1H, PhCH) 487(d J . =11.0Hz,
1H, PhCH,), 4.83-4.76 (m, 6H, CH,Ph), 4.71(d,
J1.2:=8:3 Hz, 1H, H-1), 4.68 (d, Jgem—llz Hz, 1H,
PhCH) 4.65(d, J, ,,=7.8Hz, 1H, H-1), 4.63(d,
J,4,=8-.0Hz, 1H, H 1) 4.62 (d, J, =110 Hz, 1H,
PhCH) 4.33(d, J,=12.2Hz, 1H, PhCHz),4.30(d,
J o m11.2Hz, 1H, PhCHz),4.244.19(m, 7TH,H-6,, 2x
H-6,, H-6,, H-4,, H-3, H-3), 4.16(br. dd, J . =13.0,
J=5.0Hz, 1H, CH_-CH=CH,), 4.14-4.10(m, 1H, H-
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50, 4.05 (dd, J, =47, J, , =9.3Hz, 1H, H-5),
4.03(dd, J,_, =8.8Hz, J_ 33Hz 1H,H-5),3.52(m,
1H, H5a) 338333(m 7H 2xH-6, H-6,, H-4 , H-
6, H-4, H-3,, H-3), 325 (dd, J,, =8.3Hz, JZasa
=9.2Hz, 1H, H- -2)), 3.03(dd, J,,_ —44Hz .
=10.1Hz, 1H, H- 2) 2.52-2.40(m, 2H CH.CH CO)
2.33-2.21(m, 2H, COCH,CH,), 2. 10(s 3H,
COCH,), 1.18(s, 9H, 3><CH3). 13C-NMR (125MHz,
CDCl,): 205.76(-CH,COCH,), 171.80 (OCOCH,"),
$169.59(0CO CH,), 159.13(C-OCH,), 138.05,
137.45, 135.91, 135.83, 135.67, 135.40, 135.30,
133.37(CH,-CH=CH,), 132.06, 129.77, 129.58,
128.50, 128.41, 128.30, 128.19, 128.07, 128.02,
127.91, 127.78, 127.64, 127.56, 127.50, 127.40,
127.20, 127.09, 126.87, 117.71(CH2-CH=CH2),
113.69(CHO-Ph), 103.00 (C-1), 100.19 (C-1)),
100.04(C-1,),94.77(C-1 ), 83.59(C-3 ), 79.87(C-4,),
77.34(C-3),83.36(C-2), 82.36(C-2), 78.23(C-4),
77.70(C-3), 77.30 (C-3), 75.80(C-4), 78.71(C-4),
75.22(CH_Ph), 74.94 (CH,Ph), 74.65 (CH,Ph),
74.50(CH_Ph), 74.00(C-5,), 74.30(C-5)), 74.34 (C-
5), 70.01(C-5)), 69.46 (C-6,), 69.12(C-6),
68.25(CH,-CH=CH,), 66.70 (C-6,), 66.52 (C-6),
62.96(C-2), 62.44(C-2), 55.26 (OCH,), 31.09,
29.76, 26.84(CH,), 26.64(CH,), 20.87(CH,), 19.37
(CH,), 19.31 (CH,), 19.23(CH,), 8.19 (CMe,). MS:
M+ 2034.49; Found: 2059, M*+Naand 2074, M*+K.
SdlectedH-NMR datafor (19)3 anomer: 8 5.02(d,
J,.,=8.0Hz, 1H, H-1),4.70(d, J,, ,,=7.9Hz, 1H, H-
b) 4.59(d, J._,.=8.8Hz, 1H, H-1), 4.55 (dd,
J,=9:8Hz, J, —93Hz 1H, H- 3) 4.50-4.45 (m,
3H H 3, H-4, H 5b) 4.42-4.40(m, 1H, H-6¢), 4.40-
430(m6H H2 H-2,,H-3,H-3,H-4, H4)4O
3.33(m, 5H, H- 5 H-5c, H-5,, H-6,H-6,), 3.33(dd,

J,.5=9-3Hz, J, . =9.3Hz, 1H, H-4)), 3.22(dd,
J2 —7 9Hz, J —8 8Hz, 1H, H-2,), 3.03(dd,
Jm—s OHz, J,_ 3—10 1Hz, 1H, H-2), 1.73 (s, 3H,
COCH,).
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