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S u m m a r y — The synthesis of the C-disaccharide imidate 34 , a key synthon for the synthesis of heparin pentasacchar ide 
mimetics, is described. The C-interglycosidic bond was established through 9-endo-trig radical cyclization from two tethered 
monosaccharides. It was followed by conversion of the reducing end glucose unit into the required glucuronic acid derivative. 

hepar in / s i l icon tether / r ad i ca l cyc l i za t ion / C-disaccharide / ca rbohydra te mimet ics 

R e s u m e — Synthese d ' u n donneur de g lycosyle C-disacchar idique : u n in te rmedia i re cle p o u r l a p repara t ion de 
nouveaux mimes biologiquement actifs d u pentasacchar ide de I 'hepar ine . Nous decrivons la synthese de I ' imidate 
C-disaccharide 34 , un intermediaire cle pour la prepara t ion des mimes du pentasacchar ide de I 'heparine. La liaison 
C-interglycosidique est etablie grace a une cyclisation radicalaire 9-endo-trig a par t i r de deux monosaccharides temporai re-
ment connectes. Ce t t e cyclisation est suivie d 'une t ransformation de I 'unite reductr ice glucose en uni te acide glucuronique. 

hepar ine / agrafe a u s i l i c i u m / cyc l i sa t ion rad ica la i re / C-disaccharlde / m ime de sucre 

I n t r o d u c t i o n 

Nature has selected to connect two monosaccharide 
units through an acetal linkage in order to build up 
a disaccharide; such a chemical function is both easily 
elaborated and also hydrolyzed. It is critically impor­
tant that biological polymers such as nucleic acids, pro­
teins, and polysaccharides can both be biosynthesized 
and biodegraded through enzymatic processes. In fact, 
there are not many ways to connect two six-membered 
rings while respecting this reversibility rule. As a con­
sequence of this logic, a stereoelectronic effect, known 
as the anomeric effect, emerges. It could very well be 
that such an effect - which has often been claimed as 
critical for the conformation around the ea;o-anomeric 
glycosidic bond, and, as a consequence, for biological 
properties -- is just a non-planified consequence of the 
logical selection of the reversible trick selt;cted to join 
two sugar residues together. In order then to evaluate 
the contribution of such an effect, it is an attractive 
challenge to construct a close analog - a mimetic of 
a biologically well-established oligosaccharide, in which 
one or several interglycosidic oxygen atoms have been 
replaced by a methylene group. Rather than using sub­
tle and questiormable conformational analyses to probe 
the consequences of the removal of the anomeric effect 
[1], we indeed decided to directly examine the corre­

sponding biological consequences of such a modification. 
In this way, two additional goals are also pursued: 

(1) To build a molecular object which is fully resis­
tant to glycosidases, a feature which could be of impor­
tance for the development of an oligosaccharide-based 
drug. 

(2) To get information on the potential direct in­
tervention and importance of an interglycosidic oxygen 
atom on the hydrogen bonding network with a receptor 
protein. 

The availability of a well-established series of bio­
logically active heparin pentasacc;liarides [2] allows us 
to investigate how the introduction of a C-disaccharide 
bond in some of them wotdd influence the interaction 
with their target protein receptor, antithrombin. In this 
article we describe the preparation of the key disaccha­
ride s.ynthon 3 4 which is needed for the preparation of 
the pentasaccharide mimetic 1. 
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This article is dedicated to Professor Roger W Jeanloz on the occassion of his 80th birthday. 
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S c h e m e 1. Retrosynthesis of the key compound 34 . 
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The key feature of this work is a recently developed 
strategy for the synthesis of C-disaccharides [3]; it is 
based on a 9-ENDO-TRIG radical cyclization process bet­
ween two tethered monosaccharides. 

R e s u l t s a n d d i s c u s s i o n 

PREPARATION OF TTIE RADICAL PRECURSORS 11 AND 14 

Two radical precursors have been prepared: a phenyl 
selenoglycoside 1 1 , as shown in scheme 3, and the 
2-benzothiazolyl thioglycoside 1 4 . The 2-benzothiazolyl-
thio group has been successfully used for radical deoxy-
genation of secondary alcohols [6]. 

The structure of the pentasaccharide 1 as an ulti­
mate goal dictated the structure of the; target synthon 
3 4 . The selected retrosynthesis of 3 4 is outlined in 
scheme 1. Compound 1 9 was prepared by addition of 
the anomeric radical generated from 1 1 onto the exo­
cyclic double bond of 6. We have shown [3] that such a 
reaction was possible when the radical donor was con­
nected to the acceptor, thus making the reaction in-
tramolecrdar. Subsequent manipulations of 1 9 include 
selective oxidation at position 6 of the 'reducing end' 
unit, acetolysis of the methyl glycoside, and introduc­
tion of the required imidate function. 

PREPARATION OF TLIE RADICAL ACCEPTOR 6 (SCHEME 2) 
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S c h e m e 3 . Reagents: (i) HBr, AcOH; (u) ( P h S e l 2 , N a B H 4 . 
E t O H , C H 2 C I 2 , 86%: (in) PhSeH, BFa-EtaO. C H 2 C I 2 , 
68%: (iv) MeONa, MeOH. 94%; (v) P h C H ( 0 M e ) 2 . P T S A , 
C H 3 C N , 88%. 

Known methyl 2,3-di-O-methyl-a-D-glucopyranoside 2 
[4] was prepared in three steps from commercially avail­
able methyl a-D-glucopyranoside in an overall yield of 
70%. The more reactive primary hydroxyl group of 2 
was selectively protected as a teri-butyldimethylsilyl 
ether (95% yield). Swern oxidation [5] of the free hy­
droxyl function in 3 gave the ketone 4 in 93% yield. 
Wittig reaction then gave 5 in 60% yield. Deprotection 
of the primary hydroxyl function was achieved (95%) in 
dichloromethane/methanol (5:1, v:v), in the presence of 
camphorsulfonic acid. 
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S c h e m e 2 . Reagents: (i) TBDMSCl , E t sN, DMAP. 
C H 2 C I 2 , 95%; (ii) DMSO, (COCl)2 , EtaN, C H 2 C I 2 , 93%; 
(iii) (Ph3PMe)Br. BuLi, T H F . 60%; (iv) CSA, MeOH, 
C H 2 C I 2 , 95%. 

The glycoside 1 1 could be obtained in two dif­
ferent ways. An equimolar anomeric mixture of the 
known acetates 7 [7] (the formation of the less reactive 
a-anomer could not be avoided and a separation of the 
two anomers failed) wiis treated in dry dichloromethane 
with PhSeH (1.5 equiv) in the presence of BFs-OEta to 
give compound 9 in 68% yield. For a large scale syn­
thesis of 9 , it was found more efficient to use the bro­
mide 8, easily prepared from 7. Reaction with sodium 
phenylseleno (triethoxy) borate [8] selectively gave 9 in 
an overall yield of 86%. from the anomeric mixture 7. 
Product 9 was deacetylated to give the triol 1 0 (94%) 
which, after treatment with benzaldehyde dimethyl­
acetal in DMF under acidic conditions, yielded 1 1 
(88%o). 

The second radical donor 1 4 was prepared in a sim­
ilar way, as shown in scheme 4: acetate 7 was treated, 
in dry dichloromethane, with 2-benzothiazolethiol 
(1.5 equiv) in the presence of BFa-OEta to give 1 2 . 
After deacetylation and benzylidenation as above, 1 4 
was obtained in limited yield (24% from 7 ) . The phenyl 
selenoglycoside 1 1 is more easily available, furthermore 
preliminary experiments indicated that it is a more 
efficient C-glycosyl donor than 1 4 . For these reasons, 
it was chosen as the radical precursor in preparative 
experiments. 
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S c h e m e 4 . Reagents: (i) 2-benzothiazolethiol. BF;RET20. 
CH2CI2, 68%; (ii) MeONa, MeOH, 43% from 7: (iii) 
PhCH(OMe )2 , P T S A , C H 3 O N , ,56%. 

Synthesis of the C-disaccharide glycosyl donor 

6 + 11 

ME 

15 

The alcohol 6 was bound to 1 1 through a sila-
ketal tether to give 1 5 . The reaction was carried 
out in two steps: the secondary alcohol 1 1 was first 
treated by dichlorodimethylsilane in the presence of 
n-butyllithium in THF at -70 °C, to give the desired 
monochlorodirnethylsilyl ether. An excess of silylating 
agent was used in order to minimize the formation of the 
symmetrical silaketal. The excess of reagent was then 
eliminated by evaporation before addition of a THF so­
lution of the primary alcohol 6 in the presence of innda-
zole. The silaketal 1 5 was obtained in high yield (90%), 
and due to its high acid sensitivity it was in general 
directly used in the next reaction. 

CHJCOCHJCH —cX--MIOS^^^ 

16 17 R=H 
18 RSAC 

The cyclization step was achieved upon slow addi­
tion (18 h, syringe pump) of a diluted tributyltin hy­
dride toluene solution, in the presence of AIBN, onto 
a refluxed toluene solution of the silaketal 1 5 . The 
silicon tether was removed by aqueous HF treatment to 
give a mixture of the protected C-disaccharides 1 9 , 2 1 , 
2 3 and 2 5 (60% overall yield from 1 5 ) . The reduced 
product 1 6 (35%.) and the starting material 6 (35%) 
were also isolated. 

The homoh^tic cleavage of the tin-tin chemical bound 
in BuaSnSnBua has been shown [9] to be possible via 
a triplet state, using a triplet sensitizer. As a possi­
ble alternative to the previously described methodol­
ogy, we decided to try these conditions to a solution 
of the crude compound 1 5 in acetone, in the presence 
of BusSnSnBu;̂ , The solution was prepared in a Pyrex 
tube, under argon, degassed, and irradiated for 3 h with 
a mercury lamp. The Pyrex container filtered out all UV 
radiation below 230 nm. The acetone acted as triplet 
sensitizer, solvent, and hydrogen donor. The mixture of 

20R=Ac 21 R=H 
22 R=Ac 

r e o X i ^ ^ MEO _ 
23 R=H 
24R=Ac 

2SR=H 
26 R=Ac 

C-disaccharides was isolated in 50% yield. Among vari­
ous by-products, 1 7 has been isolated and characterized 
as the acetylated derivative 18 , Its formation is due to 
the addition of acetone to the exocyclic double bond of 
6, 

The difficult separation of the four isomeric C-disac­
charides can only be achieved on a small fraction 
by reverse-phase HPLC, either on the diols ( 1 9 , 2 1 , 
2 3 , 2 5 ) or on their diacetylated derivatives ( 2 0 , 2 2 , 
2 4 , 2 6 ) , The relative proportions of the four isomers 
( 1 9 / 2 1 / 2 3 / 2 5 = 70:16:14:<1) were found to be inde­
pendent of the method used to generate the radical. The 
structure of the C-disaccharides was unambiguously as­
signed after careful 'H-NMR analysis of the diacetyl­
ated compounds (see table I), The 0 configuration of 
the methylene fjridge in 2 2 and 2 6 is clear from J1.2 
coupling 'in unit A; 2 2 (9.3 Hz); 2 6 (9.5 Hz). Com­
pounds 2 0 and 2 4 are the two possible A anomers 2 0 
(,/i.2 4.9 Hz), 2 4 (./,,2 5.9 Hz). The high .h.I (unit B) 
coupling constant in 2 0 (10.0 Hz) and 2 2 (9.0 Hz) indi­
cate the gluco configuration of the corresponding unit. 

T a b l e I. P ro ton chemical shifts and coupling constants 
(CDCL) in the C-disaccharides 20 , 22 , 24 and 26. The 
imit A is the C-glycosidk: unh , the unit B is the reducing 
end (methyl glycoside), H-41i refers to the hydrogen a toms 
of the methylene bridge. 

20 22 24 26 

A B A B A B A B 

H-l 4,36 4,85 3,54 4,87 4,02 4,85 3,50 4,85 
H-2 4,96 3,24 4,78 3,26 4,99 3,23 4,75 3,24 
H-3 3,48 3,37 3,45 3,41 3,60 3„59 3,50 3,61 
H-4 3,68 1,76 3,61 1,83 3,60 2,34 3,65 2,33 
H-5 3,65 3,70 3,37 3,87 3,88 4,03 3,39 4,00 

H-6a 4,29 4,32 4,22 4,30 4,22 4,09 4,34 4,15 
H-6b 3,65 4,12 3,69 4,15 3,87 3,94 3,76 4,08 
H-4ha 1,80 1,82 2,01 1,78 
H-4hb 1,57 1,56 1,66 1,43 

.h.2 4,9 3,5 9,3 3,6 5,9 ,3,8 9,5 3,8 

.72,3 7,0 9,2 9,3 9,0 9,2 10,1 9,5 9,8 
•hA 8,0 10,0 9,3 9,0 5,5 9,5 5,0 

9,3 9,0 < 1 9,5 1,5 
Js.fia 2,2 5,0 2,0 4,8 8,6 5,0 3,2 
J,5,(ib 5,2 10,0 5,3 10,0 4,1 10,5 8,5 
Jsa.eb 12,1 10,5 11,8 10,3 10,8 10,5 11,7 
•74,41itt 3,0 < 1 2,0 
•74,41ib 6,0 8,3 4,5 
•hhn.l 8,5 12,0 5,3 
•hwt.i 3,5 2,4 10,5 

J4ha,4hb 14,8 15,3 15,5 
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S c h e m e 5. Reagents : (i) NaBHaCN, HCl, ether . T H F , 87%; (ii) MeONa, MeOH, 98%; (iii) TBDMSCl , EtgN, D M A P , C H 2 C I 2 , 

86%; (iv) Mel , NaH, D M F , 93%; (v) CrOg, H 2 S O 4 , acetone then BnBr , K H C O 3 , D M F 87%; (vi) H 2 S O 4 , AcOH, AcaO, 76%; 
(vii) A c O - , N H 2 N H + , D M F , 80%; (viii) C C I 3 C N , DBU, C H 2 C I 2 , 87% ( Q / 5 , 10:1). 

The unit B of 2 4 and 2 6 has the galacto conhguration 
2 4 J 3 , 4 5.5 Hz; 2 6 J 3 A 5.0 Hz. 

The major and wanted disaccharide 1 9 crystallized 
out of the mixture of C-disaccharides, previously en­
riched in this isomer by classical flash column chro­
matography on silica gel. This auspicious feature proved 
critical for the isolation of rather large amounts of 1 9 
in pure form. X-ray analysis of 1 9 has been carried out 
and will be published elsewhere. It confirms the struc­
ture assigned from ^H NMR analysis. 

The final part of the synthesis, as depicted in 
scheme 5, consisted in the conversion of 2 0 into the 
giycosyl imidate 3 4 . To this end the benzylidene 
acetal was first regioselectively reduced using NaBH;jCN 
and HCl [10] to give 2 7 (87%)", which was then deacetyl­
ated (98%;). Temporary protection of the primary alco­
hol function was achieved by selective introduction of 
the teri(-butyldimethylsilyl ether (86%.) and the result­
ing diol 2 9 was methylated (93%). .lones oxidation was 
performed on the silyl ether 3 0 to furnish the crude 
uronic acid which was directly benzylated (87% overall). 
Acetolysis of 3 1 using the sy.stem H 2 S O 4 / A C O H / A C 2 O 

resulted in the cleavage of the anomeric methyl glyco­
side as well as the benzyl ether at the primary position 
and provided 3 2 (76%) as a mixture of the two anomeric 
acetates, which could be separated by chromatography 
and both fully characterized. Selective deacetylation of 
the anomeric position of 3 2 was then achieved using 
hydrazine in DMF (80%), and the resulting mixture 
of anomers 3 3 was finally converted to 3 4 by reaction 
with trichloroacetonitrile, in the presence of DBU ]11]. 
A mixture of anomers {a/t3, 10:1) was obtained after 
flash chromatography (87%)). The successsful conver­
sion of the giycosyl donor 3 4 into the pentasaccharide 
1 together with the measurement of the correspond­
ing anti-factor Xa biological activity, has been achieved 
and has been reported elsewhere [12[. 3 4 has also been 

transformed into other biologically active analogues of 
1 [13]. 

E x p e r i m e n t a l s e c t i o n 

General 

All solvents and reagents were of the best grade commer­
cially available or were purified and dried according to s tan­
dard procedures. All reactions were conducted under a dry 
a tmosphere of argon. Reactions were monitored by T L C 
on silica gel 60 F 2 5 4 (Merck) with detection by charring 
with H 2 S O 4 . Flash column chromatography was performed 
on silica gel 60 (E Merck 63-200 /Mm). H P L C exper iments 
were performed on a Waters 600E instrmneiU., equipped 
with a Waters 991 detector opera t ing at 257 nm. The fol­
lowing columns were u.sed: (1) Novapack 4 m, 60 A. Cig, 
150 X 3.9 m m (Waters) , eluted with 80:20 H 2 0 - C H ; t C N . (2) 
Lichrospher ODS-2, 4 m, C i s , 2.50 x 4.6 m m (Interchim), 
eluted wi th 75:25 H 2 O - C H 3 C N . Semi prepara t ive H P L C 
was performed on a Porasil C i s , 300 x 7.8 m m eluted with 
49.5:50.5 H 2 O - C H 3 C N . N M R spect ra were recorded with 
Bruker AM 100, AC 250, AM 400 or A M 500 ins t ruments for 
.solution in C D C I 3 ( internal Me4Si) unless otherwise s ta ted. 
MS analy.ses were performed on a Nermag RlO-10 instru­
ment using chemical ionisation (CI, N H 3 ) and detection of 
positive ions. Melt ing poirrts w(!re determined in capillary 
tubes with a Buchi .510 appa ra tus , and are uncorrected. Op­
tical rota t ions were measured with a Perkin-Elmer Model 
141 polar imeter at 23 ± 3 °C. Elemental analyses were car­
ried out a t the Service Central d 'Analyses (CNRS, Vernai­
son, France) or at t he Service d 'analyse de I 'Universite Pierre 
et Marie Curie, Paris , F>ance. 

Methyl 2,3-di-0-m,ethyl-6-0-tert-hutyldimethylsilyl-
a-D-glucopyranoside 3 

tert-Butyldimethylsilyl chloride (14.0 g, 92.9 mmol) , E t s N 
(15 mL, 108 mmol) , and D M A P (260 mg, 2.13 mmol) were 
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added to a solution of 2 [6] (15.84 g, 71.3 mmol) in dry 
dichloromethane (300 mL) . After 15 h st irr ing a t room tem­
pera ture , the solution was di luted wi th dichloromethane, 
washed with sa tu ra t ed aqueous N a H C O s , dried (MgS04) , 
filtered, and evaporated under reduced pressure. The residue 
was purified by flash chromatography (1.3:1 cyclohex­
ane /e thy l acetate) t o give 3 (22.79 g. 95%) as a colorless 
.syrup. [Q]D 4-87 (c 1.2, CHCI3). 
^H N M R (400 MHz) 6: 4.83 (d, IH, Ji 2 3.7 Hz, H - l ) , 3.86 

(dd, IH, Jea 6B 10.5 Hz, ,75,6A 4.8 Hz, H-6a), 3.81 (dd, IH, 
J5 6B 4.5 Hz. H-6b), 3.65, 3.50 and 3.43 (s, 3H, OCi^s ) , 
3.60 (ddd, IH, J4.5 9.0 Hz, H-5), 3.51 (ddd, IH, J3,4 
9.0 Hz, J4,oH 1.3 Hz, H-4), 3.47 (t, IH, J^.g 9.0 Hz, H-3), 
3.21 (dd, IH, H-2), 2.91 (d, IH (C4-O77), 0.91 (s. 9H. 
SiC(CH3)3), 0.09 (s, 6H, Si(CH3)2). 

" C N M R (63 MHz) 6: 97.30 (C- l ) , 82.70, 81.65, 71.96 and 
70.41 (C-2, C-3, C-4, C-5), 63.99 (C-6), 61.16. 58.50 and 
55.03 (OCH3), 25.84 (SiC(CH3)3). 18.27 (SiC(CH3)3), 
- 5 . 4 9 (Si(CH3)2). 

MS {m/z): 3.54 (M + ^Hi)+. 337 (M + H)+ , 322 
(M - OMe + NH3), 305 (M OMe) . 

Anal calc for C i 5 H 3 2 0 o S i : C, 53.54: H, 9.58. Found: C, 53.69: 
H, 9.55. 

METHYL 2,3-DI-0-METHYL-6-0-TERT-BUTYLDIMETHYLSILYL-

A-D-XYLO-HEX-4-ULOPYRANOSIDE 4 

A solution of D M S O (8.7 mL, 123 mmol) in dry 
dichloromethane (20 mL) was added to a st irred, and cooled 
( - 7 0 °C) solution of oxalyl chloride (5.4 mL, 61.9 mmol) in 
dry dichloromethane (120 mL) . After 15 min, a solution of 
3 (18.78 g, 55.8 mmol) in dry dichloromethane was slowly 
added. After 15 min st irr ing, dry t r ie thylamine (37 mL, 
265 mmol) was introduced, and after 15 min, the temper­
a ture was allowed to rise up to room tempera tu re . Water 
(150 mL) was added, and the aqueous layer was ext rac ted 
with dichloromethane (150 mL) . The organic layers were 
combined, washed wi th brine, dried (MgS04) , and concen­
t ra ted under reduced pressure. The residue was purified by 
flash chromatography (cyclohexane/ethyl aceta te 9:1 then 
4:1) to give 4 (17.3 g, 93%) as a colorless ofi. [OJD + 9 8 
(c 1.0, CHCI3). 
' H N M R (400 MHz) 6: 5.03 (d, IH, J1.2 3.5 Hz. H- l ) , 4.13 

(dd, IH, J s e b 6.8 Hz, J5 6A 3.2 Hz, H-5), 4.09 (d, IH, 
J2,3 9.9 Hz, H-3), 4.06 (dd, IH, Jea.eb 0 . 3 Hz, H-6a), 
3.81 (dd, IH, H-6b), 3.59, 3.56 and 3.53 (s, 3H, OCHJ). 

3.52 (dd, I H . H-2), 0.89 (s. 9H, SiC(C773)3), 0.08 (s, 6H. 
Si(C7/3)2). 

' ^C N M R (63 MHz) S: 202.26 ( C = 0 ) , 97.42 (C- l ) , 84.45. 
82.54 and 74.07 (C-2, C-3, C-5), 61.20 (C-6), 60.13, 
59.58 and 55.75 (OCH3), 25.76 (SiC(CH3)3), 18.24 
(.SiC(CH3)3), - 5 . 4 1 and - 5 . 4 7 (Si(CH3)2). 

MS (m/z): 352 (M + NH4) + , 335 (M + H) + ; 320 
(M OMe + NH3) + , 303 (M - OMe)"-. 

Anal calc for CisHsoOeSi: C, 53.86; H, 9.04, Found: C, ,54.04; 
H, 9.17. 

METHYL 4-DEOXY-2,3-DI-0-METHYL-4-C-METHYLENE-

6-0-TERT-BUTYLDIMETHYLSILYL-A-D-XYLO-HEXOPYRANOSIDE 5 

A 1.6 M solution of n-butyl l i th ium in n-hexane (75 mL) was 
slowly added to a st irred suspension of methyl t r iphenylphos­
phonium bromide (43.3 g, 127 mmol) in dry T H F (250 niL). 
After 30 min at room t empera tu re , the mixture was cooled 
to - 7 0 °C . A solution of 4 (13.97 g, 41,8 mmol) in T H F 
(60 mL) was then introduced. After 30 min at - 7 0 °C, the 
t empe ra tu r e was allowed to rise up t o room tempera tu re . 
One horn later a sa tu ra ted aqueous solution of ammonium 

chloride (300 mL) was added and the aqueous layer WAS ex­
t rac ted with ether. T h e organic layer was dried ( M g S 0 4 ) , 
filtered, and concentrated under reduced pressure. Purifi­
cat ion by flash chromatography (cyclohexane/ethyl ace ta te 
7:1 then 4:1) gave 5 (8.30 g , 60%) as a colourless oil. [AJO 
-f-151 (c 1.3, CHCI3). 
' H N M R (400 M H z ) 6: 5.22 (d, IH, J 1 Hz, C = C H 2 ) , 4.97 

(d, IH , J 1 H z , C = C / / 2 ) , 4.88 (d, IH, Ji,2 3.5 Hz, H- l ) , 
4.11 (t, IH, Js.sa 6.5 Hz. Js.fib 6.5, H-5), 3.96 (d, IH. J2,3 
10.0 Hz, H-3), 3.95 (dd, IH, Jsa.ab 10.5 Hz, H-6a), 3.81 
(dd, IH, H-6b), 3.53 (s, 6H, OC//3), 3.46 (s, 3H, OCTfs), 
3.18 (dd, IH, H -2) . 0.90 (s, 9H. SiC(C7/3)3), 0.09 (s, 6H, 
S i ( C i 7 3 ) 2 ) . 

^•'C N M R (63 MHz) S: 142.47 (C-4), 106.92 ( C = C H 2 ) , 
97.74 (C- l ) , 83.65. 81.03 and 69.47 (C-2, C-3. C-5), 63.07 
(C-6), 59.34, 59.18 and 54.99 (OCH3), 25.60 (SiC(CH3)3), 
16.23 (SiC(CH3)3), - 5 . 3 5 and - 5 . 4 4 (Si(CH3)2). 

MS {M/Z): .350 (M -f NH4) + . .333 (M + H) + , 318 

( M - O M e + NH3) + , .301 (M OMe)^". 
Anal calc for C ]6H320,sSi : C, ,57.80; H, 9.70; Found: C, ,57.89; 

H, 9.70. 

METHYL 4-DEOXY-2,3-DI-0-METHYL-4-C-METHYLENE-

A-D-XYLO-HEXOPYRANOSIDE 6 

Camphorsulfonic acid was added to a solution of 5 (8.50 g , 
25.6 mmol) in d ich loromethane /methanol (5:1, 250 mL) . 
After complete d isappearance of the s ta r t ing mater ial (TLC 
cyclohexane/ethyl ace ta te 1:1), the solution was neutralised 
by addit ion of E t sN. The solvent was removed under reduced 
pressure and the residue and purified by flash chnjmato-
graphy (cyclohexane/ethyl ace ta te 1:1 then 1:2) to yield 6 
(5.32 g, 95%.) as a colorless syrup. (Q]D -1-239 (c 1.0, CHCI3). 
' H N M R (400 MHz) 6: 5.24 (d, I H , J 1.5 Hz, C^CHI), 4.93 

(d. IH, ,7 1.5 Hz, C = C i 7 2 ) , 4.90 (d, IH, J i ,2 3.5 Hz. H - l ) , 
4.18 (dd. IH, J.v6h 7.5 Hz, JB.O.̂  3.7 Hz , H-5), 3.97 (ddd, 
IH, J2,3 9.5 Hz, .7 1 Hz, .7 1 Hz. H-3). 3.91 (dd, IH . Jga.eb 
11.5 Hz, H-6a), 3.84 (dd. IH, H-fib), 3.52, 3.51 and 3.45 
(s, 3H, (OCH3), 3.19 ((hi, IH, H-2). 

" C N M R (63 MHz) 6: 141.73 (C-4), 107.52 ( C = C H 2 ) , 97.98 
(C- l ) . 83.31, 80.71 and 69.19 (C-2, C-3, C-5), 62.45 (C-6), 
59.44, 59.26 and 55.,30 (OCH3). 

MS {M/Z): 236 (M + N H i ) ^ 219 (M -I- H)+, 204 

(M - OMe + NH3)+, 187 (M OMe)+ . 
Anal calc for C ioHisO^: C, 55.03; H, 8.31; Found: C, 55.06; 

H. 8.37. 

PHENYL 2,4,6-TRI-0-ACETYL-3-0-METHYL-L-SELENO-

P-D-GLUCOPYRANOSIDE 9 

Method 1: benzeneselenol (5.7 mL, 53.7 mmol) was added 
to a solution of 7 [8] (1:1 mixture of anomers; 13.05 g, 
36.0 mmol) in dichloromethane (120 mL) . The reaction mix­
ture was cooled to 0 °C , and BF3-OEt2 (8.8 mL, 71.9 mmol) 
was slowly added. After 3 h a t room t empera tu re , the re­
action mixture was diluted with dichloromethane (100 mL) , 
washed with sa tura ted aqueous NaHCO:) (300 mL) , brine, 
dried ( M g S 0 4 ) , filtered and evaporated under reduced pres­
sure. The residue 9 (8.17 g, 68% from 7) was directly en­
gaged in the deacetylat ion s tep. 

Method 2: Sodium borohydride (510 mg, 14.6 mmol) was 
added a t 0 °C , to a suspension of diphenyl diselenide (2.27 g, 
7.27 mmol) in dry ethanol (30 mL) . This solution was then 
transferred onto a solution of 8 (4.22 g , 11.0 mmol) in 
dichloromethane (25 mL) and the mix ture was stirred under 
reflux for 3 h. The mix ture was cooled to room tempera tu re , 
the precipi ta ted NaBr filtered off, and the solution concen­
t ra ted under reduced pressure. T h e residue was dissolved 
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in dichloromethane (100 mL) and the organic solution was 
washed with I M N a O H (50 mL) and a sa tu ra ted solution 
of NH4OI (50 mL) . The aqueous layers were extracted with 
dichloromethane (20 mL) , t he combined organic layers were 
dried ( M g S 0 4 ) , filtered, and concentrated under reduced 
pressure. T h e residue was purified by flash chromatography 
(cyclohexane/ethyl aceta te 1.7:1) to give 9 (4.,35 g, 86%). 

M p 101-102 °C (ethyl acetate) ; HD - 2 0 (c 1.0, C H O L ) . 
^H N M R (400 MHz) 6: 7.71-7.66 (m, 2H, arom) , 7.08-6.98 

(m, 3H, arom) , 5.27 (dd, I H . Ji ,2 10.0 Hz, Ja.s 9.4 Hz. 
H-2), 5.13 (t , IH, J 3 4 9.4 Hz. J 4 , 5 9.4 Hz, H-4) , 4.63 
(d, IH, H - l ) . 4.14 (dd, IH, Jea.Bb 12.2 Hz, ./5,6a 5.3 Hz, 
H-6a), 4.08 (dd, IH, J j . e b 2.5 Hz, H-6b), 3,28 (t, IH , 
H-3), 3,16 (s, 3H, OC/ fa ) , 3,07 (ddd, IH , H-5), 1,77, 1,71 
and 1,62 (s, 3H, OCOCTfs) , 

' ^ 0 N M R (63 MHz) S: 169,99, 168,82 and 168,78 ( 0 = 0 ) , 
134,99-128,23 ( 0 arom) , 82,62 (C-3), 82,15 (C- l ) , 77,50 
(C-5), 71,57 (C-2), 68,73 (C-4), 62,40 (C-6), 58.04 
( O C H 3 ) , 20,65, 20,32 and 20,25 ( O O O C H 3 ) . 

-MS (M/Z): 478 (M + N H 4 ) + , 461 (M + H)+, 303 
(M - SePh)+ , 

Anal calc for Ci9H2408Se: O, 49,68: H, 5,27; Found: 
0 , 49,85; H, 5,27, 

PHENYL 3-0-METHYL-L-SELENO-[3-D-GLUCOPYRANOSIDE 10 

Sodium (1,2 g) was introduced portionwise into a solution 
of 9 (84,3 mmol) in methanol (500 mL), After 1 h, the 
solution was neutralised by addit ion of lR-120 (H+) resin, 
filtered, concentrated under reduced pressure. The residue 
was purified by flash chromatography (cyclohexane/ethyl 
ace ta te / ace tone 1,5:1:1) to give 1 0 as a syrup (22,7 g, 81%; 
from 8 ) , [Q;]D - 5 8 (c 1,0, MeOH) , 

' H N M R (250 MHz, O D 3 O D ) 6: 7,60 7,13 (m, 5H. arom), 
4,68 (d, IH, J 1 2 7.2 Hz, H- l ) , 3,74 (dd, IH, ,76„,oh 
12,1 Hz, J,,,Ga 1,9 Hz, H-6a), 3,54 (dd, IH, Jn.ob 5,2 Hz, 
H-6b), 3,53 (s, 3H, 00773) . 3,27 3,14 (m. 3H, H-2, H-4, 
H-5), 2,99 (t, IH, ,72,3 8,6 Hz, /3,4 8,6 Hz, H-3), 

1=^0 N M R (63 MHz, C D 3 O D ) 6: 1.35,40, 129,94 and 128,73 
( 0 arom) , 129,67 (C arom), 89,37, 86,04, 83,07, 74,31 
and 70,96 ( C - l , C-2, 0 - 3 , C-4, C-5), 62,74 (C-6), 61,34 
( O C H 3 ) , 

MS [M/Z): 352 (M + N H i ) ^ , 335 (M + B ) / 

Anal calc for C i3Hi805Se (333,242): 0 , 46,86; H, 5,44; 
Found: C, 47,14; H, 5,.56, 

PHENYL 4,6-0-BENZYLIDENE-3-0-METHYL-L-SELENO-

•3-D-GLUCOPYRANOSTDE 11 

p-Toluenesulfonic acid (45 mg) and benzaldehyde dimethyl­
acetal (5,4 mL, 36,0 mmol) were added to a solution of 
1 0 (7,65 g, 23,0 mmol) in dry acetonitri le (150 niL), After 
s t i rr ing for 2 h a t room tempera tu re , dry K 2 C O 3 (1,5 g) was 
added. After 30 min the solution was filtered, concentrated 
and the residue was purified by flash chromatography (cyclo­
hexane/e thyl ace ta te 3.5:1) to give 1 1 (8.55 g, 88%). Mp 
123-124 °C (cvclohexane/ethyl ace ta te) ; [QID - 3 8 (c 1.0, 
C H C L ) . 
^H N M R (250 MHz) 6: 7,68-7,64 (m, 2H, arom) , 7,50-7,30 

(m, 8H, a rom) , 5,55 (s, IH, C / / P h ) , 4,86 (d, IH, ,7i 2 
9,5 Hz, H- l ) , 4,40 (dd, IH, ,76a,6b 10,4 Hz, ,75,6a 4,5 Hz, 
H-6a), 3,78 (dd, IH, ./s.eb 9,6 Hz, H-6b), 3,67 (s, 3H, 
O C 7 / 3 ) , 3,61 3,43 (m, 4H, H-2, H-3, H-4, H-5), 2,63 (s, 
OH) , 

^•^0 N M R (63 MHz, CgDe) B: 138,27 126,58 ( 0 arom) , 
101,35 ( C H P h ) , 85,21 (0 -1 ) , 84,10, 81,32, 73,68 and 71,64 
(0 -2 , C-3, C-4, C-5), 66„58 (C-6), 60,76 ( O C H 3 ) , 

MS {M/Z): 440 ( M + N H 4 ) + , 423 ( M + H) + , 265 

( M - SePh)+ , 
Anal calc for C2oH220,5Se: 0 , 57 ,01; H, 5,26; Found: 

0 , 57.04; H, 5.24. 

2-BENZOTHIAZOLYL 2,4,6-TRI-0-ACETYL-3-0-METHYL-

1-THIO-P-D-GLUCOPYRANOSIDE 12 

2-Benzothiazolethiol (1,45 g, 8,67 mmol) was added, to a so­
lution of 7 [8] (1:1 mixture of anomers; 2,1 g, 5,8 mmol) in 
dichloromethane (50 mL), The solution was cooled to 0 °C, 
and BF3 'OEt2 (1,8 niL, 14,7 rnmol) was slowly added, AL 
ter 3 h a t room tempera tu re , the reaction mix ture was di­
luted with dichloromethane (50 mL) , washed with sa tura ted 
aqueous N a H C O j (100 mL), brine, dried ( M g S 0 4 ) , and con­
centra ted under reduced pressure. The crude residue 1 3 was 
directly engaged in the next s tep wi thout further character­
isation, 
MS ( m / z ) : 470 (M + H ) L 

2-BENZOTHIAZOLYL 3-0-METHYL-L-THIO-6-D-GLUCO-

PYRANOSIDE 13 

Sodium (205 mg) was added portionwise to a .solution of 1 2 
in dry methanol (50 niL), After 2 h at room tempera tu re , the 
mixture was neutralised by addit ion of IR-120 (H"*") resin, fil­
tered, concentrated under reduced pressure, and the residue 
was purified by flash chromatography ( C H 2 C l 2 / M e 0 H 25:1) 
to give 1 3 (0,85 g, 43% from 7 ) , [O]D - 2 9 (c 0,5, O H C I 3 ) , 
' H N M R (200 MHz) B: 7,99-7,36 (m, 4H , arom) , 5,14 (d, 

IH, ,7i.2 9,6 Hz, H- l ) , 3,97 3,52 (m, 5H, H-2, H-4, H-5, 
H-6a, H-6b). 3.73 (s. 3H. OCH3), 3.32 (t, IH . J2.3 8.7 Hz, 
,73,4 8,7 Hz, H-.3). 

.MS {M/Z): 344 (M + H)+. 

No correct elemental analysis has been obtained from this 
h^'droscopic compound. 

2-BENZOTHIAZOLYL 4 , 6 - O-BENZYLIDENE-3-0-METHYL-

L-THIO-TI-D-GLUCOPYTANOS'IDE 14 

p-Toluenesulfonic acid (15 mg) and benzaldehyde dimethyl­
acetal (0.6 mL, 4,0 mmol) were added to a solution of 1 3 
(790 mg, 2,30 rnmol) in dry acetonitrile (20 mL), After stir­
ring for 2 h at room tempera tu re , dry K 2 C O 3 (130 mg) was 
added. After 30 min the solution was filtered, concentrated 
under reduced pressure. The residue was purified by flash 
chromatography (cyclohexane/ethyl ace ta te 3:1) to give 1 4 
(560 mg, 56%)), Mp 147 °C (cyclohexane/ethyl aceta te) , [AJO 
- 3 7 (c 1,0, C H C L ) . 
^H N M R (250 MHz) B: 7.99 7,36 (m, 9H, arom), 5,59 (s, 

IH, C i 7 P h ) , 5,33 (d, IH, J1..2 9,8 Hz, H- l ) , 4,44 (dd, 
IH, ,/6a,6h 10,5 Hz, ,75,(,a 4,1 Hz, H-6a), 3.83 (t, IH . Js.ob 
10.5 Hz, H-6b), 3 ,80 3,65 (rn, 3 H , H-2, H-4, H-5) , 3.71 (s, 
,3H, 0 0 7 / 3 ) , 3„55 (dd, IH, ,72,3 8,6 Hz, ,73.4 8,6 Hz, .H-3), 
3,23 (d, IH, ,72,oH 2.8 Hz, C2-OH), 

MS {M/Z): 432 ( M f H) L 

Anal calc for C21H21 NO,,S2: C, 58,45; H, 4,90; N, 3,25; 
Found: C, 58,26: H, 4,95: N, 3,12, 

HD ETHYL 6 - 0 - [ ( 4 , 6 - O-BENZYLIDENE-3- O-METHYL-

L-SE-PHENYL-F3-D-GLUEOPYRANOS-2- 0-YL)DIMETHYL-

SILYL]-4-DEOXY-2,3-DT-O-METHYL-4-C-METHYLENE.-

A-D-XYLO-HEXOPYRANOSID,E 15 

A 1.6 M solution of n-butyl l i th ium in n-hexane (7,0 mL, 
11,2 mmol) was added to a cooled ( - 7 0 °C) solution of 1 1 
(4,30 g, 10,2 mmol) in dry T H F (30 mL) placed in a Schlenck 
appara tus , .After 10 min, dichlorodimethylsilane (5,0 mL, 
41,2 mmol) was added, and the reaction mixture was allowed 
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to warm up to room t empera tu re . After 3 h, t he solution 
was concentrated under reduced pressure and a solution of 
6 (2.10 g, 9.62 mmol) and imidazole (985 mg, 14.4 mmol) 
in dry T H F (20 mL) was added. After 30 min at room 
tempera tu re , the solution was concentra ted under reduced 
pressure, water (50 mL) was added, and the product was 
extracted with dichloromethane. T h e organic solution was 
dried (MgS04) , filtered, and concentra ted under reduced 
pressure. The residue was directly engaged in t he next 
s tep. For characterisat ion purposes, 15 was purified by flash 
chromatography (25:1 to luene/ace tone containing 0.5% of 
tr iethylamine) t o give a colourless syrup (90%). 

^H N M R (400 MHz, CeDe) 6: 7.77-6.99 (m, lOH. a rom) , 
5.51 (m, IH, C = C i / 2 ) , 5.24 (m, IH , C = C F 2 ) , 5.16 (s, 
IH, C i f P h ) , 4.85 (d, IH , Ji,2 3.7 Hz, H- l ) , 4.81 (d, IH, 
J i ' 2' 9.8 Hz, H - l ' ) , 4.45 (m, IH, H-5), 4.,38 (dd, IH, ./ea eb 
10.8 Hz, J s 6a 4.8 Hz. H-6a), 4.33 (dd, IH, Js eb 6.2 Hz, 
H-6b). 4.20 (m, IH, ./a.a 9.2 Hz. H-3), 4.05 (dd, IH, 
Jea '.eb' 10.3 Hz, Jg- ea' 4.9 Hz, H-6a ' ) , 3.87 (dd, IH, J^'-v 
8.1 Hz. H-2') , 3.52. 3.38, 3.31 and 3.27 (s, 3H. O C H 3 ) , 
3.37 (t, IH, J s ' e b ' 10.3 Hz, H-6b') , 3.35 (t. IH, H-4') . 
3.32 (dd, IH, H-2), 3.22 (dd, IH, , / 3 ' , 4 ' 9.3 Hz, H-3') , 
3.05 (ddd, IH, J 4 ' 5 ' 9.3 Hz, H-5') , 0.38 and 0.37 (s, 3H, 
S i ( C i / 3 ) 2 ) . 

MS {m/z): 714 (M - F - N H 4 ) + . 
No elemental analysis has been a t t emp ted on this unsta­

ble in termediate . 

Radical cyclization reaction and cleavage of the tether 
(formation of 19, 21, 23 and 25) 

A .solution of t r ibutyl t in hydride (6.1 mL, 22.7 mmol) , and 
AIBN (200 mg, 1.22 mmol) , i n dry and degassed toluene 
(14 mL) was added over a period of 8 h to a toluene solution 
(850 mL) of previously obtained 1 5 . 

For the photochemical cyclizations, crude 1 5 was dis-
.solved (0.5-0.9 M solution containing 0.7-0.8 equivalents of 
Bu6Sn2) in acetone (99%, ACROS) i n a Pyrex Schlenk ap­
para tus . The solution was degassed and placed under argon. 
It was irradiated with a Hg-lamp for 3 h under vigorous stir­
ring at room tempera tu re . 

After radical cyclization, the solvents were evaporated 
under reduced pressure and the residue was dissolved in 
T H F . A 20-fold excess of HF (40%, aqueous solution) was 
added. After complete desilylation (TLC, to luene /ace tone 
4:1) the solution was neut rahsed by addit ion of solid 
N a H C O s , filtered and concentrated under reduced pressure. 
A first chromatography (cyclohexane/ethyl aceta te 3:1 then 
1:2) allowed the separation of the reduced alcohol 1 6 , unre­
acted 6 and a C-disaccharide fraction. The C-disaccharide 
frac:tion could be finther fractionated (cyclohcxane/et hyl 
ace ta te /ace tone 2:1:1 then 0.5:1:1). T h e to ta l yield in 
C-disaccharides was 60% from 1 5 over three steps ( tether­
ing, radical cyclization, cleavage of the connector) using the 
BusSnH technique, and 50% after photochemical cycliza­
tion. In preparat ive experiments , t he major C-disaccharide 
1 9 could be crystallized out of the mixture result ing from 
preliminary eni ichment by flash chromatography. 

1.5-Anhydro-4,6- 0-benzylidene-3- 0-m,ethyl-
D-glucitol 16 

M p 120 °C (cyclohexane/ethyl aceta te) : [ Q ] D - 3 (c 1.0, 
C H C I 3 ) . 

i R N M R (400 MHz) 6: 7.52-7.36 (m, 5H, arom), 5.56 (s, 
IH, C H P h ) , 4.34 (dd. IH , Jea.eb 10.5 Hz. . / 5 , 6 A 4.9 Hz, 
H-6a), 4.08 (dd, IH, J ia . ib 11.2 Hz, J i a . 2 5.5 Hz, H- la) , 

3 . 7 4 (dddd, IH , H -2) , 3 . 7 2 (t, IH, J 5 eb 10.5 Hz, H-6b), 
3 . 7 0 (s, 3H, OCH3), 3 . 5 8 (t, IH, J 3 4 9.0 Hz, J 4 5 9 . 0 Hz, 

H - 4 ) , 3 . 4 2 (ddd, IH , H-5), 3 . 3 8 (t, IH, J ] b , 2 11.2 Hz, 
H - l b ) , 3.36 (t, IH, J 2 , 3 9 . 0 Hz, H - 3 ) , 2.58 (d. IH, . / 2 0 H , 

2.5 Hz, C2-OH) . 
' ^C N M R (63 MHz) 8: 137.28 (C arom) , 1 2 8 . 9 3 - 1 2 5 . 9 6 

(C a rom) , 101.10 ( C H P h ) , 84.62 ( C - 3 ) , 82.06 ( C - 4 ) . 

71.42 (C-5), 69.88 (C-l), 69.76 (C-2), 68.81 (C-6). 60.96 
( O C R s ) . 

MS ( m / z ) : 284 (M + N H 4 ) + , 267 ( M T - H) + . 
Anal calc for C w H w O s (266.293): C, 63.15; H , 6.81; Found: 

C, 63.26; H , 6.81. 

Methyl 6-0-acetyl-4-C-(S-oxobutyl)-4-deoxy-
2,3- dl-0-m.ethyl-a-D-gl.ucopyranoside 18 

Compound 17 (see results and discu.ssion) was quant i ta ­
tively acetylated in A c 2 0 / p y r i d i n e (1:1) in the presence of a 
catalytic amount of DMAP. The product was isolated after 
evaporat ion and flash chronuitography. 
' H N M R (250 MHz) S: 4 , 8 6 (d, IH , . / 1 . 2 3 . 3 Hz, H - l ) . 4 . 3 0 

(dd, I B , , 7 E A , 6 B 12.2 Hz. . / 5 . 6 A 2.2 Hz, H -6a) , 4 . 1 6 (dd, 
IH, J s e b 5 . 4 Hz, H -6b) , 3 . 6 8 (ddd, IH, J 4 s 1 0 . 4 Hz. 
H - 5 ) , 3 . 5 6 , 3 . .50 and 3 . 4 2 (s, 3H, OCi^s) , 3 . ,34 (dd. IH, 
.7s.4 9 . 6 Hz, H - 3 ) , 3 . 2 3 (dd, IH, , 7 2 , 3 9 . 3 Hz, H -2) , 2 .59-
2.51 (m, 2H, CH3COC / f 2 C H 2 C ; - 4 ) , 2.15 and 2.11 (s, 
3H. O C O C / / 3 and C 7 / 3 C O C H 2 C H 2 C - 4 ) , 1.85 1.76 (m, 
I H , C H 3 C O C H 2 C i f 2 C - 4 ) , 1 . 6 9 - 1 . , 55 (m, 2H, H - 4 and 
C H 3 C O C H 2 C J / 2 C - 4 ) . 

' ^C N M R (63 MHz) b: 207.91 (CH. iCOCHzCIlaCM), 
170.80 ( O C O C H 3 ) . 97.51 (C- l ) . 83.19, 80.43 and 
68.86 (C-2, C - 3 , C-5), 64.26 ((;-6), 60.76, 5 8 . 3 3 and 
5 5 , 1 3 ( O C R s ) , 41.45 ( C ; - 4 ) , •10 , .59 ( C H 3 C O C H 2 C H 2 C - 4 ) , 

29,83 ( C H S C O C H 2 C H 2 C - 4 ) , 2 1 , 5 4 ( C 3 4 3 C O C H 2 C H 2 C ; -

4 ) , 2 0 , 7 7 ( O C O C H 3 ) . 

MS {m/z): 336 ( M - R NH4) + , 319 ( M + H ) + , 304 
( M - OMe + N H 3 ) " - , 287 (M OMe)^ . 

No further characterisat ion of this by-product has been 
carried out. 

Methyl 4-C-(4,6-0-benzylidene-3-0-methyl-
a-D-glucopyran,osylmethyl)-4-deoxy-2,3-di-
0-methyl-cy-D-glucopyranoHide 19 

This compound could bi; crystallized (see above); M p 105 °C 
(cyclohexane/ethyl aceta te) , [ajn 4-119 (c 1,1, C H C I 3 ) , 

' H NMR. (400 MHz) b: 7 , 5 0 7 , 3 5 (m. 5H, arom), 5 , 5 4 (s. 
IH, C i J P h ) . 4 . 8 8 (d, IH, ./, 2 3 . 4 Hz, H - l ) . 4 . 2 7 (dd. 
IH, J,w 6 B ' 9 . 5 Hz, ./s' ea' 3 . 7 Hz. H -6a ' ) , 4 . 2 6 (fldd. IH, 
11-]'), 3 . 8 . 5 - 3 . 7 9 (m, 2H, H-6a, H -2 ' ) , 3 . 7 2 - 3 . 5 4 (m. .5H, 
H - 5 , H-6b, H - 4 ' , H - 5 ' , H -6b ' ) , 3 . 6 7 , 3 . 6 4 , 3 . 5 0 and 3 . 4 2 
(s. 3H, O C H 3 ) . 3 . 4 4 ( t . I H , '.h. :c 9 . 5 Hz, J^, 4 , 9 . 5 Hz, 

H - 3 ' ) , 3 . 4 1 (t, IH, J 3 , 4 9 . 2 Hz, H - 3 ) , 3 . 2 6 (d, IH, J 2 ' o u , 

5 . 4 Hz, C. '2-OH), 3 . 2 5 (dd, IH, .^.s 9 . 2 Hz, H -2) . 2.14 
(t, IH, J 6 . 4 Hz, CH-OH), 1.93 (ddd, IH, J 4 , 4 H A 5 . 5 Hz, 
. / 4 B A 1 ' 5 . 5 Hz. H -4ha) , 1.93-1.85 (m, IH . H - 4 ) , 1.65 (ddd, 
I H . , 7 4 H A . 4 H B 14.7 Hz , , / 4 . 4 B B 7.3 Hz, . 7 4 B B . i ' 3.2 Hz, H -4hb) . 

'•'C N M R (63 M H z ) b: 137.29 (C arom), 128.88-125,96 
(C arom), 101,11 ( C H P h ) , 97,64 (C- l ) , 83,52 (C-2), 
82,76, 81,95, 80,84, 72.01, 71.92 and 64.31 ( C - 3 , C-5, C-2', 
C - 3 ' , C-4', C - . 5 ' ) , 75,19 (C-T) , 69,41 (C-6') , 62,69 (C-6). 
60,93, 60,70, 58,31 and 5 5 , 2 0 ( O C H 3 ) , .38.80 ( C - 4 ) , 25.58 
(C methylene) . 

MS im/z): 502 ( M + NH., )^ \ 485 ( M + H ) + . 470 
( M O M e J - N H s ) ^ , 453 ( M - OMe)+ . 

Anal calc for C24H.360nrH2O (.502.558): C, 57.36; H , 7.62: 
Found: C, 57.31; H, 7..54, 
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METHYL 6-O-ACETYL-4-C-(2-O-ACETYL-4,6-O-BENZYLIDENE-

3'0-METHYL-A-D-GLUCOPYRANOSYLMETHYL)-4-DEOXY-

2,3-DI-0-METHYL-A-D-GLUCOPYRANOSIDE 20 

Compound 19 was quant i ta t ively acetylated in Ac2 0 / p y r i -
dine (l.T) in the presence of a catalyt ic amount of DMAP. 
The product was isolated after evaporat ion under reduced 
pressure and flash chromatography, [ajo + 8 7 (c 1.0, C H C I 3 ) . 

N M R (500 MHz): see table I. 
'- 'C N M R (63 MHz) 8: 170.81, 169.80 ( C = 0 ) , 137.18 

(C arom) . 128.92-125.95 (C a rom) , 101.31 ( C H P h ) , 97.51 
(C- l ) , 83.22 (C-2), 81.94, 69.25 and 63.83 (C-5, C-4', 
C-5') , 81.81 (C-3), 78.78 (C-3') , 72.74 (C-2') , 71.96 
( C - l ' ) , 69,49 (C-6 ') , 64,17 (C-6), 60,64, 59,82, 58.30 and 
55.19 ( O C H 3 ) , 39.00 (C-4), 26.47 fC methylene) , 20.91, 
20,76 ( O C O C H 3 ) . 

MS im/z): 586 (M -f- N H 4 ) + , 569 (M + H)+ , 554 
(.M - OMe -t- N H s ) ^ , 537 (M - OMe) + , 

Anal calc for 028H4oO i2 - H 2 0 : 0 , 57,33; H , 7,22; Found: 
C, 57,28; H, 7,07, 

METHYL 6-0-ACETYL-4-C-(2- 0-ACETYL-4,6-0-BENZYLIDENE-

3-0-METHYL-3-D-GLUCOPYRANOSYLMETHYL)-4-DEOXY-

2,3-DI-O-METHYL-A-D-GLUCOPYRANOSIDE 22 

Compound 2 1 was quant i ta t ively acetylated in A c 2 0 / p y r i -
dine (1:1) in the presence of a catalyt ic amount of DMAP, 
The product was isolated after evaporat ion under reduced 
pressure and flash chromatography. [ 0 ) 0 + 2 0 (cO, l , O H C I 3 ) , 
' H N M R (500 MHz): see table 1, 
MS {m/z): 586 (M + N H 4 ) + , 569 (M + H)+, 

T h e isolation of this compound has been performed on a 
very small scale, so tha t no destruct ive elemental analysis 
has been achieved on the sample and the next two other 
isomers. 

METHYL 6-O-ACETYL-4-C-(2-O-ACETYL-4,6-O-BENZYLIDENE-

3-0-METHYL-A-D-GLUCOPYRANOSYLMETHYL)-4-DEOXY-

2,3-DI-O-METHYL-A-D-GALACTOPYRANOSIDE 24 

Compound 23 was quant i ta t ively acetylated in Ac2 0 / p y r i -
dine (1:1) in t he presence of a catalyt ic amount of DMAP, 
The produc t was isolated after evaporat ion under reduced 
pressure and flash chromatography, [AJO + 7 2 (c 0,1, C H C I 3 ) , 
^H N M R (500 MHz): see table I, 
MS {m/z): 586 (M + N H 4 ) + , 569 (M + H)+, 554 

(M - OMe -I- N H 3 ) + , 537 (M - OMe)+ , 

METHYL 6-0-ACETYL-4-C-(2-0-ACETYL-4,6-0-BENZYLIDENE-

3-0-METHYL-P-D-GLUCOPYRANOSYLMETHYL)-4-DEOXY-

2,3-DI-O-METHYL-A-D-GALACTOPYRANOSIDE 26 

Compound 25 was quant i ta t ively acetylated in Ac2 0 / p y r i -
dine (1:1) in t he presence of a catalyt ic amount of DMAP, 
T h e product was isolated after evaporat ion under reduced 
pressure and flash chromatography, ( Q ] D + 5 5 (c 0,31, 
C H C I 3 ) , 

' H N M R (500 MHz): see table 1, 
MS {m/z): 586 (M -f- N H 4 ) + , 569 (M -h H)+, 554 

(M - OMe -I- N H 3 ) + , 537 (M - OMe)+, 

METHYL 6-O-ACETYL-4-C-(2-O-ACETYL-6-0-BENZYL-

3- 0-METHYL-A-D-GLUCOPYRANOSYLMETHYL)-4-DEOXY-

2,3-DI-O-METHYL-A-D-GLUCOPYRANOSIDE 27 

A sa tu ra ted solution of HCI in e ther was slowly added 
at 0 °C to a solution of 2 0 (2,47 g, 4,35 mmol) and 

NaBHaON (2,93 g, 46,5 mmol) in T H F (80 mL) contain­
ing 4 A molecular sieves and a few crystals of methyl 
orange. After 1.5 h, t he solution was filtered, aqueous satu­
ra ted NaHCOs (100 mL) was added, and the produc t was 
ext rac ted wi th ether. T h e organic layer was dried (MgS04) , 
filtered, evaporated under reduced pressure, and the residue 
was purified by flash chromatography (cyclohexane/ethyl 
ace ta te /ace tone 5:2:2) to give 2 7 (2,15 g, 87%). [A\V + 9 0 
(c 1,0, C H C L ) . 

' H N M R (400 MHz) 6: 7,36-7,25 (m, 5H, arom) , 4,89 
(dd, IH , J2',3' 7,3 Hz, JI>.2' 4,3 Hz, H-2') , 4,84 (d, IH, 
JL 2 3.5 Hz, H- l ) , 4,58 and 4,55 (d, IH, Jg^m 12.0 Hz, 
O C H 2 P h ) , 4,31 (dd, IH , Jsa 6b 12,2 Hz, J,, 6a 2.0 Hz. 
H-6a), 4.25 (ddd, I H . J^I^^V ^ 10 Hz, J^Hb V « 3 Hz, 
H - l ' ) , 4.09 (dd, IH, , /5 ,6b 5,5 Hz, H-6h), 3.81-3.62 (m, 5H. 
H-5, H-4' , H-5 ' , H-6a' , H-6b ' ) , 3.50, 3.49, 3.46 and 3.39 (s, 
3H, OCH3), 3.41-3.34 (m, 2H, H-3, H-3 ') . 3,18 (dd, IH , 
J 2 3 9,4 Hz, H-2), 2,90 (d, IH, J 4 ' O H - 5,0 Hz, C i -OH) , 
2.12 and 2,06 (s, 3H, O C O C i f a ) , 1,77-1.68 (m, 2H, H-4, 
H-4ha) , 1.51 (ddd, IH, .74ha 4iLb 14,5 Hz, J 4 4h ~ 7 Hz, 
H-4hb), 

" C N M R (63 MHz) 6: 170,84 and 169,84 ( C = 0 ) , 137,97 
(C arom), 128,42-127,66 ( 0 arom) , 97.56 (C- l ) , 83.20 
(C-2), 81.90, 79.98, 73.45, 71.88, 69.86 and 69.56 (C-3, 
C-5, C-2', C-3 ' , C-5') , 73.55 ( O C H a P h ) , 70,10 ( C - l ' ) , 
69.65 (C-6') , 64,56 (C-6), 60,61, 59,55, 58,31 and 55,16 
( O C H 3 ) , 39,46 (C-4), 26,58 ( 0 methylene) , 21.02 and 
20,84 ( O C O C H 3 ) , 

MS m/z: 588 (M -f N H 4 ) ' * ^ , 5,39 (M - OMe) + , 

Anal calc for C28H42O12 (570,633): C, 58,94; H, 7,42, Found: 
C, 59,02; H, 7,62, 

METHYL 4-C-(6-0-BENZYL-3-0-METHYL-A-D-GLUCO-

PYRANOSYLMETHYL)-4'DEOXY-2,3-DI-0-METHYL-

A-D-GLUCOPYRANOSIDE 28 

Sodium (0,6 g) was added portionwise to a solution of 2 7 
(2,15 g, 3.77 mmol) in anhydrous methanol (200 mL) . After 
30 min a t room tempera tu re , the mix ture was neutralised 
by addit ion of IR-120 (H"*") resin, filtered and concentrated 
under reduced pressure. T h e residue was purified by flash 
chromatography (cyclohexane/acetone 1:1) gave 28 (1,80 g, 
98%), H D + 8 0 (c 1,0, C H C I 3 ) . 

' H N M R (400 MHz) 6: 7 . 39 7 ,28 (m, 5 H , a rom) , 4.89 (d, 
IH, J l 2 3.5 Hz, H- l ) , 4,60 and 4,55 (d, I H . Jge„, 12.0 Hz, 
OCT/zPh) , 3.96-3.90 (m, 2H, H - l ' , H-5') , 3.81 (dd, IH, 
Jea' 6b ' 10.2 Hz, JRY 6a' 7 , 0 Hz, H-6a') , 3 ,75-3,70 (m, 3H, 
H-6a. H-6b, H-4') , 3,66 (ddd, IH, J 2 ' 3 ' 5,5 Hz, J2' CM, 
5,5 Hz, JV 2' 4,5 Hz, H-2') , 3,63 (s, 3H, ' OCH3), 3,56 (dd, 
IH, J s ' s b ' 4,9 Hz, H-6b') , 3,52-3,47 (m, IH , H-5), 3,49 
(s, 6H , 2 O C / / 3 ) , 3,42 (s, 3 H , O C H 3 ) , 3,40 (t, IH . J 3 ' 4 . 
5,5 Hz, H-3') , 3.36 (dd , lH , .73,4 9,8 Hz, J2,3 9-3 Hz, H-3), 
3,23 (dd, IH, H-2), 3,17 (d, IH, Ca ' -OH) , 2,48 (t, IH , 
Ce-OH) , 1,80-1,67 (m, 2H, H-4, H-4ha), 1,58 (ddd, IH, 
J4ha ,4hb 14,8 Hz, J 7 , 5 Hz, J 4,5 Hz, H-4hb), 

" C N M R (63 MHz) 6: 137,89 ( 0 arom), 128,36-127,65 
(C arom), 97,65 (C- l ) , 83,45 (C-2), 82,21 and 80,35 
( 0 - 3 , 0 -3 ' ) , 75 ,73 and 70,96 (O- l ' , C-5') , 73,25 
( O C j y 2 P h ) , 72,49 (C-5), 69,65 (C-4 ' ) , 68,27 (C-6 ') , 
68,03 (0 -2 ' ) , 62,15 (C-6), 61,16, 58,84, 58,20 and 55,12 
( O C i / s ) , 38,55 (C-4), 28,26 (C methylene) , 

455 487 (M H)^ MS, m/z: 504 (M N H 4 ) + , 
( M - O M e , ) + , 

Anal calc for C24H38O10: 0 , ,59,25; H, 7,87, Found: C. 59,13; 
H. 7,97, 
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Methyl 4-C-(6-0-benzyl-3-0-methyl-a-D-glueo-
pyranosylmethyl)-4-deoxy-2,3-di-0-methyl-
6-0-tert-butyldimethylsilyl-a-D-glucopyranoside 29 

A solution of 28 (0.696 g, 1.43 mmol) , E t s N (0.3 mL, 
2.16 mmol) , D M A P (195 mg, 1.60 mmol) , and fcri-butyl-
dimethylsilyl chloride (270 mg, 1.79 mmol) in dichloro­
methane (20 mL) , was st irred overnight at room tem­
pera ture . Aqueous sa tu ra ted NH4CI (30 mL) was added 
and the aqueous phase was ex t rac ted three t imes with 
dichloromethane. The organic solution was dried ( M g S 0 4 ) , 
and concentrated under reduced pressure. The residue was 
purified by flash chromatography (cyclohexane/ethyl ac­
e t a t e / ace tone 3:1:1) gave 29 (0.738 g , 86%). [a\v) -f-79 (c 1.0. 
C H C L ) . 

^H N M R (400 MHz) 6: 7 .37-7.27 (m, 5H, arom) , 4.85 (d, 
IH, J i , 2 3.4 Hz, H - l ) , 4.60 and 4 .55 (d, IH , J g e m 12.1 Hz, 
O C i f z P h ) , 3.97 (d, IH, J 5.4 Hz, C i - O H ) , 3.96-3.90 (m, 
2H, H - l ' , H - 5 ' ) , 3.82-3.75 (m, 3H, H-4 ' , H-6a, H-6a ' ) , 
3.72-3.67 (m, 2H, H-2' , H -6b) , 3.67, 3.52, 3.49 and 3.41 (s, 
3H, O C / / 3 ) , 3.64 (dd, IH, Jsa' eb' 10.2 Hz, Jy y^' 5.3 Hz. 
H-6b') , 3.47-3.41 (m, 2H, H-5, H-3') , 3.36 (dd, IH. J 3 4 
10.5 Hz, J2.3 9.3 Hz, H-3), 3..33 (d, IH, J 7.2 Hz. C 2 ' -
OH) , 3.18 (dd, IH , H-2), 1.80 (ddd, I H . J4ha ,4hb 15.0 Hz. 
J^4ha,i' 10.0 Hz, J 4 . 4 h a 2.0 Hz, H-4ha) , 1.71 (dddd, IH, 
J 4 , 5 8.5 Hz, H-4), 1.55 (ddd, IH, J 4 , 4 h b 5.4 Hz, J 4 h b . i ' 

5.4 Hz, H-4hb) , 0.91 (s, 9H. S i C ( C i 7 3 ) 3 ) , 0.06 (s, 6H, 
Si(Ci73)2) . 

^H N M R (31 4- trichloroacetyl isocyanate, 400 MHz) 6: 
9.05 and 8.73 (s, IH, NH) , 7.37-7.26 (m, 5H, arom) , 
5.10 (t, IH, J 3 . 4 ' w 3 Hz, Ji'ry ~ 3 Hz, H-4 ' ) , 5.01 
(dd, IH, J 2 ' , 3 ' « 3 Hz, J r , 2 ' « 2 Hz, H-2') , 4,82 
(d, I H . J l 2 3.5 Hz, H - l ) , 4.58 and 4,53 (d, IH , J^cn, 
12,0 Hz, O C 7 7 2 P h ) , 4,23 (m, IH , H - l ' ) , 4,16 (m, IH, 
J 5 ' 6a' « 6,5 Hz, J 5 ' 6b' « 6,5 Hz, H - 5 ' ) , 3,83 3.73 (m, 
3H, H-6a, H-6a', H-6b ' ) , 3,69 (t, IH, H-3') , 3,66 (dd, IH, 
J 6 a , 6 b 12,0 Hz, Jseb 4 ,5 Hz, H-6b), 3,52, 3,48, 3,46 and 
3,37 (s, 3H, OCH3), 3.42 (ddd, IH, J 4 , 5 10,5 Hz, Js . sa 
2,0 Hz, H-5 ) , 3,31 (t, IH, Jz.a 9,3 Hz, J 3 , 4 9.3 Hz, H-3), 
3,13 (dd, IH , H-2), 1,71 (ddd, IH, J4ha ,4hb 14.0 Hz, J 4 h a , i ' 
6.0 Hz, J 4 . 4 k a 4.7 Hz, H - 4 h a ) , 1.68-1.60 (m, IH, H-4) , 1.54 
(ddd, IH, J 4 h b I' 6,5 Hz, J 4 4hb 4,2 Hz, H-4hb) , 0,88 (s, 
9H, S i C ( C f f 3 ) 3 ) , 0,56 and 0,55 (2s, 6H, S i ( C / / 3 ) 2 ) . 

" C N M R (63 MHz) S: 138.12 (C a rom) , 128.32-127.55 
(C arom), 97.29 (C- l ) , 83,71 (C-2), 81,98 (C-3), 80,98 
and 73,14 (C-5, C-3'), 75,17 and 70,14 ( C - l ' , C -5 ' ) , 
73,27 ( O C H z P h ) , 69,45 (C-4 ' ) , 69,23 (C-6') , 68,46 
(C-2 ') , 63,01 (C-6), 61,29, 59,07, 58,05 and 54,96 
(OCH3), 37,31 (C-4) , 28,04 (C methylene) , 25,86 
(SiC(CH3)3), 18,29 (SiC(CH3)3), - 2 . 5 0 and - 2 , 6 5 
(Si(CH3)2), 

MS, m/z: 618 ( M -f- NH*)* , 601 ( M + H ) + , 586 
( M - OMe + NH3)+, 569 ( M - OMe)+ , 

Anal calc for C3oH520 ioS i : C, 59,97; H , 8,72, Found: 
C, 60,12; H , 8,62, 

Methyl 4-C-(6-O-benzyl-2,3,4-tri- 0-methyl-a-D-gluco-
pyranosylmethyl)-4-deoxy-2,3-di-0-methyl-
6-0-tert-butyldimethylsilyl-a-D-glucopyranoside 30 

A 60% suspension of NaH in oil was slowly added to a solu­
tion of Mel (0,55 mL, 8 mmol) and 29 (735 mg, 1,22 mmol) 
in anhydrous D M F . After 40 min, methanol (1 mL) was 
added and, after addi t ionnal 10 min the solution was concen­
t ra ted under reduced pressure and the reaction produc t was 
ext rac ted with ether . The ether solution was dried ( M g S 0 4 ) , 
concentrated under reduced pressure, and the residue 

was purified by flash chromatography (cyclohexane/ethyl 
ace ta te 2:1) to give 3 0 (711 mg, 93%), [OJD + 1 0 3 (c 0,97, 
C H O L ) . 
^H N M R (400 MHz) 6: 7,36-7,26 (m, 5H, arom) , 4,82 (d, 

IH, J l 2 3,5 Hz, H - l ) , 4,66 and 4,51 (d, IH, Jgem 12.2 Hz, 

O C / / 2 P h ) , 4.36 (ddd, IH, . /4i ,a 1/ 10,5 Hz, J ^ 2' 5,2 Hz, 
,74hb 1' 2,6 Hz, H - l ' ) , 3.76 (dd, I H . ./ea.eb 11.3 Hz, Js .ea 
2,8 Hz, H-6a), 3.69-3.65 (m, 2H, H-6b, H-6a ' ) , 3.63 (dd, 
IH, Jga ' .eb ' 10.4 Hz, Jo'.Hi,/ 2,3 Hz, H-6b ' ) , 3,59, 3,.53, 
3.48, 3,46, 3,45 and 3,39' (s, 3H, O C J / 3 ) , 3,57-3,44 (m, 
3H, H-3, H-5, H-5 ' ) , 3,30-3,22 (m, 3H, H-2' , H-3 ' , H-4') , 
3,20 (dd, IH, J 2 . 3 9,3 Hz, H-2), 1,83 (ddd, IH, J4ha 4hb 
15,2 Hz, J4,4ha 2,4 Hz, H-4ha), 1,81-1,73 (m, IH, H-4), 
1,60 (ddd, IH, ,74,4hb 6.5 Hz, H-4hb), 0.89 (s, 9H, 
8 1 - 0 ( 0 7 / 3 ) 3 ) , 0,052 and 0,046 (2s, 6H, ,S i - (C7 / 3 )2 ) . 

' • ' 0 N M R (63 MHz) 6: 138,23 (C arom), 128,21 127,45 
f C a rom) . 97.22 (C- l ) , 83,35, 83,31, 81,94, 81,50, 79,37, 
71.98 and 71,48 (C-2, C-3, C-5, C-2' , C-3 ' , C-4' , C-5') , 
73,44 ( O C H 2 P h ) , 72,24 (C-L) , 68,96 (C-6') , 64,30 
(C-6), 60,31, 60,17, 59,98, 58.76. .58,11 and 54,62 (OCH3). 
39,32 (C-4), 25,90 (Si-C(CH3)3), 23,47 (C methylene) , 
18,31 (Si-C(CH3)3), - 5 , 1 9 and - 5 , 2 8 (Si-(CH3)2). 

MS, m/z: 646 (M + N H 4 ) " , 629 (M + H)+ , 614 
(M - OMe + NH3)+, 597 (M - OMe)+, 

Anal calc for C32H560 ioS i : C, 61,12; H, 8,98, Found: 
C, 61,03: H, 9,07, 

Benzyl [methyl 4-C-(6-0-benzyl-2,3,4-tri-0-methyl-
a-D-glucopyranosylmethyl)-4-deoxy-2,3-di-0-methyl-
a-D-glucopyranosid]uronate 31 

A solution of CrOs (0,6 g, 6,0 mmol) in aqueous H2SO4 
(3,5 M, 2,6 mL) was slowly added to a cooled (0 °C) 
solution of 3 0 (1,1 g, 1,75 mmol) in acetone (50 mL) , 
After 4 h, dichloromethane was added, the mixture was 
poured into iced H 2 O , stirred vigorously. T h e organic 
layer was washed with water until neutra l , dried (MgS04) , 
and concentrated under reduced pressure. The crude acid 
which was immediately disscjlved in D M F (50 mL) , and 
t rea ted overnight a t room t empera tu re with benzyl bro­
mide (1,1 mL, 9,25 mmol) , KHCO3 (1.1 g, 11 mmol) and 
t e t r abu ty l ammonium iodide (3,2 g, 8,66 mmol) . After evap­
orat ion under reduced pressure, water and dichloromethane 
were added, the organic layer was dried (MgS04) and con­
centra ted under reduced pressure. The residue was purified 
by flash chromatography (cyclohexane/ethyl aceta te 3:2) to 
give 31 (0,94 g, 87%), [ Q ] D ' ' + 9 4 (C 1,1, C H C L ) . 

^H N M R (400 MHz) 6: 7.40 7,24 (m, lOH, a rom) , 5,16 and 
5,12 (d, IH, J g „ „ 12,5 Hz, COOCT/aPh) , 4,94 (d, IH, 
. / 1 . 2 3,5 Hz , H - l ) , 4,65 and 4,44 (d, IH, J g e , „ 12,3 Hz, 
O C 7 7 2 P h ) , 4,43 (ddd, IH, J4ha 1 ' 10,7 Hz, J ^ 2' 5,9 Hz, 
J4hb , i ' 3,9 Hz, H - l ' ) , 4,12 ( d , T H , .74.5 10,8 Hz, H-5), 
3,66 (dd, IH, .76a' ,6b' 10.5 Hz, Js- .ea' 1.8 Hz, H-6a') , 3,60 
(dd, IH , J 5 / , 6 b ' LO Hz, H-6b ' ) . 3,57, 3,50, 3,49, 3,45 and 
3,41 (s, 3H, O C / / 3 ) , 3,46 (t, IH, J 2 , 3 9.0 Hz, .73,4 9,0 Hz, 
H-3), 3,35 (dd, IH, H-2), 3,32 3,26 (m, 3H, H-2' , H-3 ' , 
H-5') , 3,19-3,14 (m, IH, H-4') , 2,21 (dddd, IH, .74,4hb 
7,8 Hz, J4,4ha 3,0 Hz, H-4), 1,73 (ddd, IH, .74hahb 15.5 Hz, 
H-4ha), 1,66 (ddd, IH, H-4hb), 

^^0 N M R (63 MHz) 6: 170,14 ( C = 0 ) , 138.28 and 135.07 
(C arom), 128.55-127,42 (C a rom) , 98,09 (0 -1 ) , 83,42, 
82,10, 81,72, 81,43, 79,26 and 71,22 (C-2, C-3, C-2', 
C-3 ' , C-4', C-5') , 73,37 ( 0 C H 2 P h ) , 72,15 (C-5), 71,65 
( C - l ' ) . 68,63 (C-6'); 67,24 ( C O O C H 2 P h ) , 60,37, 60,15, 
59,84, 58,55, 58,44 and 55,69 (OCH3), 38,78 (C-4), 24,10 
( 0 methylene), 

MS, m/z: 636 (M + NH4) + . 619 (M + H) + , 604 
(M OMe + N H 3 ) ^ , 587 (M - OMe) + , 
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Anal calc for C 3 3 H 4 6 O 1 1 : C, 64.06; H, 7.49. Found: C, 64.00; 
H, 7.63. 

Benzyl [l-0-acetyl-4-C-(6-0-benzyl-2,S,4-tri-0-methyl-a-D-glucopyranosylmethyl)-4-deoxy-2,3-di-0-methyl-6-0-tert-butyldimethylsilyl-a,(3-D-ghicopyranose]-uronate 32 
A 5% solution of H 2 S O 4 in acetic acid (0.130 mL) was added 
to a cooled (0 °C) solution of 31 (255 mg, 0.412 mmol) 
in acetic anhydride (25 mL) . After 1 h, dichloromethane 
(50 mL) was added, immediately followed by sa tu ra ted aque­
ous NaHCOs (150 mL) . The organic phase was extracted 
three t imes with CH2CI2 , the organic layers were combined, 
dried (MgS04) , concentrated under reduced pressure. T h e 
residue was purified by flash chromatography (5:2 cyclohex-
ane /ace tone) to give 3 2 (188 mg, 76%; n/p 5:1 mixture) . 
The two anomers could be separated by chromatography on 
silica gel and characterized. 

32 ( a -anomer) : [a]n + 7 3 (c 1.0, C H C I 3 ) . 

' H N M R (400 MHz) S: 7.42-7.31 (m, 5H. a rom) , 6.42 (d, 
IH, . / I , 2 2.9 Hz, H- l ) , 5.15 (s, 2H, COOC/ZzPh) , 4.41 
(ddd, IH , J 4 H A I ' 11.5 Hz, J j / 2 ' 5.4 Hz, J 4 H B , I ' 2.7 Hz. 

H - T ) , 4.25-4.18 (m, 3H, H-5, 'H-6a ' , H-6b') , 3.56, 3.51, 
3.49. 3.44 and 3.41 (s, 3H, OCH,), 3.48-3..39 (m, 3H. 
H-2, H-3, H-5') . 3.25 (dd, IH, .J2' 3 ' «.7 Hz, H-2') , 3.18 (t. 
IH . J 3 . 4 ' 8.7 Hz. H-3') , 3.01 (dd, IH . ,/,. 5 ' 9-5 Hz. H-4') . 
2.24 2.16 (m. IH . H-4), 2.13 and 2.08 (s, 3H, O C O C i J s ) , 
1.80 (ddd, IH, , 7 . i , 4 H A 2.1 Hz , H-4ha), 1.65 (ddd, IH, 
J 4 I I A , 4 H B 15.5 Hz, , 7 4 , 4 H B 8.0 Hz, H-4hb). 

i^C N M R (63 MHz) <̂ : 170.90, 169.26 and 169.18 ( C = 0 ) , 
134.83 (C arom), 128.70-128.56 (C arom), 89.62 (C- l ) , 
82.95 (C-3') , 81.27. 81.14, 81.07 and 69.95 (C-2, C-3, 
C-2' , C-5'), 79.62 (C-4') , 73.90 (C-5), 71.40 ( C - T ) , 67..54 
( C O O C H a P h ) , 63.48 (C-6') , 60.35, 60.27, .59.63. .58.56 
and 58.47 ( O C R s ) , 38.42 (C-4), 24.19 (C methylene) , 
20.98 and 20.61 ( O C O C H 3 ) . 

MS m/z: 616 (M + N H 4 ) + , 599 (M + H) + 

Anal calc for C29H420 i3 (598.643): C. 58.18: H, 7.07. Found: 
C, 58.05; H, 7.12. 

3 2 (,5-anomer): [ajo + 2 2 (c 1.0, C H C I 3 ) . 

^H N M R (400 MHz) S: 7.39-7.31 (m, 5H, arom) , 5.57 (m, 
IH, Jj,2 6.6 Hz, H- l ) , 5.17 and 5.13 (d, IH, J g „ N 12.0 Hz, 

COOCT/aPh) , 4.39 (ddd, J 4 H A 1 ' 1+5 Hz , J r 2' 5.2 Hz, 
J 4 b b r 2.7 Hz, H - T ) , 4.24-4.19 (m. 2H, H-6a', H-6b ' ) . 
4.03 (d, IH, . 7 4 , 5 10.6 Hz, H-5), 3.55, 3.54. 3.52, 3.,50 
and 3.40 (s, 3H. OCH,), 3.45 (ddd, IH, .74/ ,5 ' 9.3 Hz, 
. / . R Y E , , / 3.6 Hz, . /v.ob' 3.6 Hz, H-5') , 3..30 3.24 (m. 2H, 
H-2, H-3), 3.22 (dd, I H , J 2 ' . 3 ' 8.5 Hz, H-2') , 3.17 (t, IH, 
J-y 4' 8.5 Hz, H-3') , 3.00 (dd, IH, H-4') , 2.28-2.20 (m, 
IH, H-4), 2.11 and 2.09 (s, 3H, OCOCT/s) , 1.79 (ddd, 
IH, J 4 H A , 4 H B 15.5 Hz, J 4 , 4 H A 2.3 Hz, H-4ha), 1.58 (ddd, 
]H, . / 4 , 4 H B 8.0 Hz, H-4hb). 

' ^C N M R (63 MHz) b: 170.95, 169.17 and 168.89 ( C = 0 ) . 
134.89 (C arom), 128.58-128.49 (C arom), 93.66 (C- l ) . 
84.33, 82.98, 82.76 and 81.20 (C-2. C-3, C-2', C-.3'), 
79.54 (C-4 ') , 76.01 (C-5), 71.04 (C-T) , 69.97 (C-5 ') , 67.43 
( C O O C H 2 P h ) , 63.42 (C-6 ') , 60.30, 60.22, ,59.76, 59,40 
and 58,56 ( O C H 3 ) , 38,01 (C-4), 23,96 (C methylene) , 
21,02 and 20,83 ( O C O C H 3 ) . 

MS, m/z: 616 (M + N H 4 ) + . 599 (M + H) + . 

Anal calc for C 2 S H . 1 2 O 1 3 : C, 58.18;-H, 7.07. Found: C, 58.09; 
H, 6.90. 

Benzyl [4-C-(6-0-acetyl-2,3,4-tri-0-methyl-a-D-glucopyranosylmethyl)-4-deoxy-2,3-di-0-methyl-6-O-tert-butyldimethylsilyl-(a,0)-D-glucopyranose]-uronate 33 
Freshly prepared hydrazinium ace ta te (110 mg, 1.19 mmol) 
was added to a solution of 32 (230 mg, 0.38 mmol) in 
D M F (8 mL) . After 1 h, s a tu ra t ed aqueous sodium chlo­
ride (40 mL) was introduced and the produc t was ex­
t rac ted by ethyl aceta te . The solution was dried (AIgS04) 
and concentrated under reduced pressure and the residue 
was purified by flash chromatography (cyclohexane/ethyl 
ace ta te / ace tone 5:2:2) to give 3 3 (170 mg, 80%). 

3 3 ( Q anomer) : 
' H N M R (400 MHz) b: 7.43-7.30 (m, 5H, a rom) , 5.46 (d, 

IH, ,/i.2 2.6 Hz, H - l ) , 5.20 and 5.13 (d, IH, . / G , „ „ 12.2 Hz 

C 0 0 C / / 2 P h ) , 4.42 (d, IH, , / 4 , . 5 7.0 Hz, H-5), 4.31 (ddd, 
IH . J 4 I , A 1' 11.2 Hz, J r 2 ' 4.8 Hz, J 4 H B . I ' 3.3 Hz, H - l ' ) . 
4.26-4.18 (m, 2H. H-6a' , H-6b ') , 3.58, 3.51. 3.50, 3.43 
and 3.37 (s. 3H, OCH3). 3..58-3.49 (m, 2H, H-3, H-5') , 
3.29 (dd, IH, . / 2 , 3 6.5 Hz. H-2), 3.27-3.21 (m, 2H. H-2' . 
H-3') , 3.02 (dd, IH, J 9.5 Hz, J 8.0 Hz, H-4') . 2.35-2.27 
(m, IH, H-4), 2.06 (s, 3H, OCOCTJa), 1.87 (ddd, IH. 
, / 4 H A . 4 H B 15.2 Hz, . J 4 . . u , A 4.7 Hz, H-4ha), 1.77 (ddd. IH. 
. / 4 , 4 H H 8.5 Hz, H-4hb). 

'•'C N M R (63 MHz) b: 170.97 and 170..59 ( C = 0 ) , 1,35.25 
(arom). 128.52 128..37 (C arom) . 89.89 (C- l ) . 83.15. 
81.42, 80.37, 79.79, 78.79, 73.07, 71.92 and 69.93 (C-2. 
C-3, C-5, C - T , C-2', C-3 ' , C-4', C-,5'), 67.02 ( C O O C H 2 P h ) 
63.56 (C-6 ' ) . f)0.43, 60.34. 58.83, .58.61 and 58..54 ( O C H 3 ) . 

36.74 (C-4), 24.34 (C methylene), 20.78 ( O C O C H 3 ) . 

3 3 {3 anomer) : 
' H NMR (400 MHz) *: 4.76 (d. IH, J r 2 5.5 Hz, H- l ) , 4.40-

4..34 (m, IH , H - l ' ) , 4.04 (d. IH, J 4 . 5 9.0 Hz, H-5), 3.14 
(dd, IH, J 2 , 3 7.0 Hz, H-2), 2.07 (s, 3H, OCOCTJs) . 

'̂ ^C N M R (63 MHz) b: 96.60 (C- l ) . 
MS, m/z: 574 (M + N H 4 ) * . 556 (M - OH + NHg)^ . 539 

( M - O H ) + . 
Anal calc for C 2 7 H 4 0 O 1 2 (.556.606): C. 58.26; H. 7.24. Found: 

C, ,58.38; H, 7.35. 

O-[Benzyl 4 - C- (6- 0- acetyl-2,3,4 - tn- 0-mettiyl-a-D-glucopyranosylm,ethyl)-4-desoxy-2,3-di-0-methyl-(Q.,ij)-D-glucopyrano.syluronate[-trictiloroacetimidate 34 
Trichloroacetonitri le (1.5 rnL, 15 mmol) and DBU (30 fiL, 
0.2 mmol) were added to a solution of 3 3 (280 mg, 
0.503 mmol) in dichloromethane (15 mL) . After 40 min 
at room tempera tu re , the solution was concentrated un­
der reduced pressure and the residue was purified by flash 
chromatography (cyclohexane/ethyl aceta te 17:10, contain­
ing 1% EtsN) t"o give 3 4 (306 mg,"87%; a/(3 10:1). 

3 4 (a anomer) : 
' H N M R (400 MHz, CeDe) b: 8.49 (s, I B , NH) , 7.2.5-7.00 

( n i , 5H, a rom) , 6.72 (d, I B , J r a 3.4 Hz, H - l ) , 5.15 and 
4.94 (d, IH . . 7 G E , N 12.2 Hz, C o b C 7 / 2 P h ) , 4.67 (dd, IH, 
Jey.Bb' 11.8 Hz. Jv.e^/ 2.0 Hz, H-6a') , 4.65 (d, IH, J 4 . . ' I 

11.2 Hz, H-5), 4.62 (ddd, IH, ../^i.^ r 11-5 Hz. J r 2 ' 5.5 Hz, 
J 4 H B I' 2.7 Hz, H - T ) , 4.40 (dd, IH, J 5 / eb' 5.0 Hz, H-6b') , 
3.70 (ddd, IH, J r . 5 ' 10.0 Hz, H-5') , 3.69 (t, IH , J2 ,3 
9.5 Hz, J3.4 9.5 Hz. H-3), 3.50. 3.41. 3.40, 3.13 and 3.04 
(s, 3H, OCH,). 3.31 (dd, IH, . 7 2 / 3 ' 9.5 Hz, J,, ,r 8.0 Hz, 
H-3') , 3.25 (dd, IH, H-2') , 3.23 (dd, IH, H-2), 3.11 (dd, 
IH, H-4') . 2.63 (dddd, IH, J 4 , 4 H B 8.0 Hz, J 4 . 4 H A 2.2 Hz, 
H-4). 1.98 (ddd. IH, . 7 T H A , 4 H B 15.5 Hz, H-4ha), 1,86 (s. 
.3H, OCOCT/s) . 1.82 (ddd, IH. H-4hb). 
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N M R (400 MHz) 6: 8.64 (s. IH, NH) , 6.61 (d, IH, J1.2 
2.8 Hz, H- l ) , 4.46 (ddd, IH, 1/ 11,5 Hz, Jy 2' 6,0 Hz, 
,74hb 1' 3,0 Hz, H - l ' ) , 4,34 (d, lH , ' j 4 5 11.0 Hz, H-5), 2.37-
2.27 ' (m, IH, H-4). 

N M R (63 MHz, CeDg) 6: 170,22 and 169,27 ( C = 0 ) , 
161,24 ( C = N H ) , 135,64 (C arom), 128,89-128,47 (C 
arom), 94,67 (C- l ) , 84,02, 82,19, 82,05, 81,93, 80,59, 
75,02, 72,31 and 70,53 (C-2, C-3, C-5, C- l ' , C-2', C-3' , 
C-4', C-.5'), 67,54 ( C O O C H z P h ) , 63,83 (C-6 ') , 60,40, 
60,24, 59,94, 58,30 and 57,85 ( O C H 3 ) , ,39,22 (C-4), 24,.55 
(C, methylene) , 20,57 ( O C O C H 3 ) , 

34 (p anomer) : 
'H N M R (400 MHz, CeDe) S: 8,65 (s, IH, NH), 5,76 (s, IH, 

,7i,2 7,0 Hz, H- l ) , 4,41 (ddd, IH, ,74ha 1' 11-5 Hz, Jv 2' 
5,0 Hz, J4i,b 1 ' 2,6 Hz, H - l ' ) , 4,08 (d, IH, .Lt.r, 10,8 Hz, 
H-5), 2,31-2,23 (m, IH, H-4), 

Anal calc for C 2 9 H 4 0 N O 1 2 C I 3 (700,994): C, 49,69; H, 5,75; 
N, 2,00, Fonnd: C, 49,80; H, 5,94; N, 2,14, 
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