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Abstract—A series of mannosyl donors linked via position 6 by a carbonate, oxalate, malonate, succinate, and phthalate tether, respectively,
to position 3 of a glucoside and glucosamine acceptor afforded during intramolecular glycosylation, anomeric mixture of the corresponding
disaccharides. The dependence of the diastereoselectivity on the glycosylation procedure, the solvent, and the blocking groups in comparison
to an intermolecular mannosylation is studi@2000 Elsevier Science Ltd. All rights reserved.

Introduction Thus, a suitably protected mannosyl donor was first linked
by a succinyl or malonyl tether at its position 6 to a glucosyl
The disaccharide fragmentB-p-Manp-(1—4)-p-Glcp/ acceptor followed by intramolecular glycosylation/cyclisa-

GIcNAcp is a very common structural disaccharide motif tion to afford the corresponding disaccharides (Schenfé 1).
found in a huge number of naturally occurring oligo-
saccharides. For example, the Complex CarbohydrateFor the disaccharide-Manp-(1—4)-p-Glcp ana/B-ratio of
Structure Database (CCSD) at the University of Georgia 64:36 was obtain€dwhereas the disaccharigen-Manp-
(http://128.192.9.29/carbbank/) contains more than 7,000 (1—4)-p-GIcNAcp was exclusively formed.In order to
entries for this disaccharide fragment. In particular, this understand the factors which influence the anomeric
structure is found in the core regionNfglycanes of glyco- ~ outcome of these intramolecular mannosylations we now
proteins, in glycosphingolipids, and in various lipopoly- made systematic variations of the length and flexibility
saccharides. Without any doubt, it can be regarded as oneof the tether as well as variations of the leaving group
of the most significant disaccharide structures found in of the donor. Furthermore, solvent effects and different
nature. Due to the importance @-p-Manp-(1—4)-p- activation procedures have been studied in relation to
Glcp/GIcNAcp fragments significant efforts toward the the diastereoselectivity of intramolecular mannosylations
chemical synthesis of that structure have been undertakeras well.
in recent years and novel approaches for the construction of
the difficult B-mannosidic linkage have been developed.

Results and Discussion
Recently, we disclosed a new procedure for the synthesis of
B-p-mannose containing saccharides using the intramolecu-As a basis for the comparison of the diastereoselectivity of
lar glycosylation approach via prearranged glycosfes. intramolecular glycosylations and of the factors which may
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Scheme 2(i) Ac,0, pyridine, 87%®2, 86%5; (i) NaCNBH;z, HCI in EtLO, 82%; (iii) NIS, cat. TMSOTf,—30°C, MeCN, 21%6a, 3% 6b.

influence this selectivity we first prepared the disaccharides Next, for the systematic variation of the tethers and of the
6 by a classical approach as follows (Scheme 2). Benzyl activation procedures for intramolecular mannosylations a

2-O-benzoyl-4,60-benzylidenes-p-glucopyranosid® (1)
was conventionally acetylated to giv& the benzylidene
acetal of which was regioselectively opefedo afford
acceptor3. Next, phenyl 1-thio-mannoside donérwas
prepared via intermediatefrom phenyl 1-thioe.-p-manno-
pyranosid& by sequential tritylation (Trt-Cl, pyridine),
benzylation (BnBr, NaH, DMF), detritylation (aqueous
HCI, acetone), and acetylation (£, pyridine). Coupling
of 3 and5 under activation wittN-iodosuccinimide (NIS)
and a catalytic amount of trimethylsilyl trifluoromethane-
sulfonate (TMSOTT) then afforded disaccharidei 24%
overall yield. Compound was formed as a 88:12 mixture
of the anomer$a and6b, respectively.
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series of differently linked prearranged glycosides; 16,
and 17 were prepared (Schemes 3 and 4). Starting from
known ethyl 2,3,4-tri©-benzyl-1-thioe-D-mannopyrano-
side” (7), esterification with-butyl malonat&® and dicyclo-
hexyl carbodiimide (DCC) afforded compouBgthet-butyl
group of which was hydrolyzed with GEO,H to give
mannoside 9. Similarly, 7 was treated with succinic
anhydride as previously descrilféd®'?to afford the
succinatel0. Acids 9 and 10 were condensed with benzyl-
idene protected glucosidésand11,'® respectively, and the
intermediatesl?2a—c were finally converted into the pre-
arranged glycosided3a-c (Scheme 3). In the case of
compoundd.2ab and13ab, respectively, the condensation
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Scheme 3(i) HO,C-CH-COxt-Bu, DCC (64%); (ii) CRCO,H (100%); (iii) succinic anhydride, pyridine, cat. DMAP (85%); (iv) (alp)DCC, cat. DMAP;
(c) 11, 2-chloro-1-methyl pyridiniumiodide n¢Bu)z3N; (v) (a,b) NaCNBH, HCI in Et0; (c) EgSiH, CRCO,H.
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14c X = CO-CH,-COt-Bu (61%)
14¢' X = CO-CH,-CO,H (95%)
14d X = CO-(CH,),-CO,H (94%)
14e X = CO-C¢H,-0-COCI (100%)
14¢' X = CO-C¢H,-0-CO,H (90%)
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16a X =CO (87%)

16b X = CO-CO (22%)

16¢ X = CO-CH,-CO (73%)
16d X = CO-(CH,),-CO (83%)
16e X = CO-C¢Hy-0-CO (83%)
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152 X =CO (81%)

15b X =CO-CO (55%)

15¢ X = CO-CH,-CO (72%)
15d X = CO-(CH,),-CO (93%)
15¢ X = CO-C4H,-0-CO (70%)
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17a X = CO (80%)
17b X = CO-CO (83%)
17¢ X = CO~(CH,),-CO (84%)

Scheme 4.(i) (a) COC, pyridine; (b) (CO)Cl,, pyridine; (c) HQC—CH—COxt-Bu, DCC; (d) succinic anhydride, pyridine, cat. DMAP; (e) phthaloyl
dichloride, pyridine or phthalic anhydride, pyridine, cat. DMAP; (i) {CIB,H; (iii) (a) 1, pyridine; (b)1, DCC, cat. DMAP; (iv) NaCNBH, HCI in EtO; (v)

m-chloroperbenzoic acid.

and reductive ring opening of the benzylidene group could In similar sequences, phenyl 2,3,4-®tbenzyl-1-thioe:-p-
be performed conventionally as described above. However,mannopyranoside4] was used for the introduction of

the condensation & and11 with DCC as well as reduction
of the benzylidene group df2cwith NaCNBH; proceeded
sluggishly and gav&3cin poor yield. A similar observation
has been previously made. Therefore, Mukaiyama’s
method (2-chloro-1-methyl pyridiniumiodide, tnHbutyl-
amine}® was applied for the condensation step and
DeNinno’s method (58|H CECOZH)1 for the regio-
selective benzylidene ring opening which both gave
satisfactory yields.

different tethers as outlined in Scheme 4. Treatmend of
with phosgene and oxallylchloride in pyridine, respectively,
afforded compound44a and 14b, which were both used
without further purification. Esterification of the latter
with glucoside 1l then gave first intermediates5a and
15b, which were once again converted into the prearranged
glycosides16a and 16b by reduction with NaCNBHl
Furthermore, the corresponding sulfoxidéga and 17b
were prepared as well according to Kahne's procefure
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Scheme 5(i) For activation, R, R?, and X see Table 1; (ii) (1) cat. NaOMe in MeOH; (2) BzCl, pyridine.
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Table 1. Intramolecular glycosylation of compound8, 16, and17

G. Lemanski, T. Ziegler / Tetrahedron 56 (2000) 563-579

Entry Starting material R1 R2 X Ring size Activatfon Solvent Yield (%)18  Yield (%) 19 Ratio a:3
1 13a SEt OBz Malonate 12 A MeCN 138a 58 19a 18:82
2 A CH.Cl, 1718a 5319a 24:76
3 B MeCN 618a 7319a 8:92
4 B CH.CI, 918a 68 19a 12:88
5 13b SEt OBz Succinate 13 A MeCN 3Bb 3319b 53:47
6 A CH.Cl, 4318b 2719b 61:39
7 B MeCN 2718b 4319b 39:61
8 B CH.CI, 3118b 3719 46:54
9 C MeCN 3618b 3719 49:51
10 C CH,Cl, 4018b 3219b 56:44
11 13c SEt NPhth Malonate 12 A MeCN 08c 5119c 0:100
12 A CH.Cl, 018c 47 19c 0:100
13 B MeCN 018c 5219c 0:100
14 B CH.CI, 018c 4919c 0:100
15 16a SPh OBz Carbonate 10 A D,E MeCN - - b_
CH.CI,
16 C,B MeCN - - <
CH2C|2
17 17a SOPh OBz Carbonate 10 F MeCN 18d 019d 100:0
18 F CH,Cl, 7918d 019d 100:0
19 16b SPh OBz Oxalate 11 A, B, D E MeCN - - b_
CH.CI,
20 C MeCN - - <
CH.CI,
21 17b SOPh OBz Oxalate 11 F MeCN 1Be 019e 100:0
22 F CH,Cl, 7518e 019e 100:0
23 16¢ SPh OBz Malonate 12 A MeCN 2P8a 54 19a 29:71
24 A CH.Cl, 2518a 5019a 33:67
25 16d SPh OBz Succinate 13 A MeCN 48b 2519b 64:36
26 A CH,Cl, 5318b 2119b 72:28
27 17¢ SOPh OBz Succinate 13 F MeCN 48b 2319b 67:33
28 F CH,Cl, 5418b 2319b 70:30
29 16e SPh OBz Phthalate 13 A MeCN ABf 9 19f 89:11
30 A CH.Cl, 63 18f 10 19f 86:14

2 A: NIS, cat TMSOTf,—3C°C; B: MeOTf, 20C; C: IDCP, 20C; D: DMTST, 20C; E: Br,, AgOTf, 25C; F: T,0, 2,6-dit-butyl-pyridine,—50 to 20C.

® Decomposition.
°No reaction.

(m-chloroperbenzoic acid). The malonyl tether was intro-
duced via 14c and 15c as described above. Similarly,
succinatesl4d, 15d, 16d, and 17c were obtained accord-
ingly and as described previouglfor the synthesis of the

residues of all individual compounds. Typically, coupling
constants of 153-160 Hz are indicative f@-linked
mannose residues and constants of 162-173 Hz are
indicative for o-linked mannoside® For «-linked

phthaloy! tethered glycosides, two approaches have beendisaccharided8, the coupling constants were found to be

tested. First4 was condensed with phthalicdichloride to
give crudelde However, all attempts to esterify the latter
with glucoside 1 failed. Therefore,4 was treated with
phthalic anhydride to give the acithe the condensation
of which with 1 and DCC proceeded without any problems
and affordedL5ein 70% yield. Finally, ring opening of the
benzylidene acetal of the latter with NaCNBHjave
prearranged glycosidi6e

All prearranged glycoside&3, 16, and 17 were used for

in the range 164.3—168.5 Hz, and fdtinked disaccharides
19in the range 153.1-153.4 Hz. Furthermore, deacylation
of tethered compounds8 and 19 followed by rebenzoyl-
ation of the intermediates afforded disaccharid@snd21
(Scheme 5) which also showed significant coupling
constants of 171.8, 156.8, and 154.8 Hz, respectively.

In general, the following global properties of intramolecular
glycosylations could be deduced from the experiments. (1)
All intramolecular glycosylations (except those performed

intramolecular mannosylations (Scheme 5) using NIS and on carbonate and oxalate tethered 1-thio-glycoslédesnd

a catalytic amount of TMSOTf at30°C (procedure Aj?
methyl trifluoromethanesulfonate (MeOTf) at °20 (pro-
cedure BY° iodoniumdicollidine perchlorate (IDCP) at
20°C (procedure C§' dimethyl methylthiosulfoniumtriflate
(DMTST) at 20C (procedure D¥**?2 Br, and silver
trifluoromethanesulfonate (AgOTf) at 2D (procedure
E)>® and trifluoromethanesulfonic anhydride D at
—50 to 20C (procedure F§* The results are summarized
in Table 1. The anomeric configurations of the obtained
disaccharides were determined by measuring'taq 1.

16b with procedures A—E, cf. Table 1, entries 15 and 19)
proceeded with significantly higher yield than the inter-
molecular mannosylation betweeh and 5 (Scheme 2).
Particularly, under identical conditions (activation with
NIS), intramolecular mannosylations (Table 1, entries 1,
5, 23, 25, and 29) gave a 70—80% yield of the corresponding
disccharides 18 and 19 whereas the intermolecular
mannosylation afforded disaccharidés in poor 24%
yield. Similar observations have been previously made for
intramolecular (3-4)-selective rhamnosylations of galacto-

coupling constants at the anomeric centers of the mannosesides?® (2) Except for intramolecular mannosylations with
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Scheme 6(i) Succinic anhydride, pyridine, cat. DMAP, 82%; (i) DCC, cat. DMAP, 73%; (iii) NaCNBK HCI in Et,0, 93%; (iv) (a) NIS, cat. TMSOTH,
MeCN, 63%; (b) NIS, cat. TMSOTTf, C¥Ll,, 70%; (v) (1) cat. NaOMe in MeOH; (2) BzCl, pyridine, 81%.

phthalate tethered prearranged glycositee (entry 29) using a Monte-Carlo conformation search with the
which resulted in an anomeric mixture af3==89:11, all AMBER force field implemented in MacroMod@&Ishowed
other glycosylations proceeded with significantly higher the a-linked productsl8b, 18d, 18e and 18f to be 26.6—
B-content (up toa:=8:92 in entry 3) than the inter- 55.5 kJ/mol more stable than the correspond@itinked
molecular mannosylation @ and 5 which gave anx: disaccharides. Solely, for malonate tethered disaccharides
mixture of 88:12 (Scheme 2). (3) There was no strong the B-linked productsl9b and19cwere ca. 4 kd/mol more
solvent dependence of the diastereoselectivity as wasstable than thex-linked counterpart. However, additional
previously observed for other intramolecular glycosyl- factors like the activation procedure used for the ring
ations?’ (4) No dramatic change in diastereoselectivity closure and the blocking groups at the mannosyl donor
could be observed for different activation procedures (cf. play also a significant role for the anomeric outcome. The
entries 1-4 vs. 23 and 24, 5-10 vs. 25-28). In contrast, alatter influence was previously encountered for other
complete inversion of the anomeric selectivity has been intramolecular glycosylatiod$'226-28 and was also
found for intramolecular condensations with succinate demonstrated here for prearranged glycog&8evhich had
tethers at position 3 of the mannosyl dofid5) Highest neighboring active benzoyl groups instead of benzyl groups
yields of B-(1—4)-linked products were obtained when a as in compound43b, 16d, and17c
12-membered ring was formed with malonate tethered
compoundsl3a (entries 3 and 4) anti3c (entries 11-14). Compound®5was prepared as outlined above by succinoyl-
ation of 22'? to give first succinate23, condensation of
Obviously, a strong influence of the tether on the diastereo- which with 1 then afforded24, and reductive ring opening
selectivity of intramolecular mannosylations is operative. of the latter finally gave5 (Scheme 6). When glycosidb
When a 10-membered ring is formed (carbonate tethers,was treated with NIS under identical conditions as in
entries 15-18) solely activation of the sulfoxidiéa gave Table 1, solely thex-linked disaccharid®6 was obtained
a-linked product18d. No B-linked productl9d was found in 70% yield whereas the corresponding benzyl protected
in this case. Similarly, for an 11-membered ring (oxalate glycosidel6d afforded a 72:28x/B-mixture in 74% yield
tether, entries 19-22)7b resulted in exclusive formation (Table 1, entry 26). Once again, tlhelinkage in 26 was
of the corresponding-linked disaccharidé8e No reaction unambiguously assigned by the found CH-coupling
or decomposition of the starting material§a and 16b, constant of 168.2 Hz and by converti2§ into 27 which
respectively, was observed for other activation procedures.also hadlc.; ;+167.5 Hz.
The formation of 12-membered rings (i.e. a malonate tether,
entries 1-4, 11-14, 23, and 24) resulted in high contents of
the B-linked productsl9a and 19¢ respectively, whereas Experimental
the formation of 13-membered rings (i.e. succinate and
phthalate tethers, entries 5-10, 25-30) gave againGeneral
higher contents ofa-linked disaccharided8b and 18f,
respectively. The NMR data were obtained from spectra measured in
CDCl; solutions (with M@Si as internal standard) at 25
The influence of the tether on the anomeric selectivity of with Bruker AC 300F and DRX 500 spectrometers at 300
intramolecular mannosylations can be put down at least in and 500 MHz for'H NMR spectra, and 75 and 126 MHz for
part to the differences in the thermodynamic stability of the '*C NMR spectra, respectiveliti NMR signal assignments
disaccharided 8 and 19. A similar observation has been were made by first-order analysis of the spectra and by
made previously for intramolecular galactosylatidhs. HH-COSY spectra. Of the two magnetically non-equivalent
Molecular modeling studies for compounds and 19 geminal protons at C-6, the one resonating at lower field was
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allocated 6a-H and the one resonating at higher field 6b-H. (4.81 g, 17.7 mmol) and tritylchloride (4.56 g, 16.4 mmol)
13C NMR assignments were made by mutual comparison of in pyridine (20 ml) was stirred at 2@ for 24 h. The mixture
the spectra, by DEPT spectra, and by CH-COSY spectra.was poured into water and extracted with dichloromethane.
Optical rotations were measured at’@5with a Perkin— The extracts were washed with water, dried and concen-
Elmer automatic polarimeter, Model 241. TLC was trated to give crude phenyl ©-trityl-1-thio-a-p-manno-
performed on precoated plastic sheets, Polygram SIL pyranoside (7.65g). BnBr (5.27 ml, 44.6 mmol) was
UV .54 40x80 mm (Macherey—Nagel) using appropriately added at @C to a solution of the crude tritylated inter-
adjusted mixtures of toluene/ethyl acetate. Detection wasmediate and NaH (2.06 g, 85.8 mmol) in DMF (30 ml)
effected by UV light, where applicable, and by charring and the mixture was stirred at 2D for 3 h. Excess NaH
with 5% H,SQO, in ethanol. CC was performed by eluting was destroyed by careful addition of MeOH and the mixture
from columns of Silica Gel 60 (Merck) with appropriately was poured into water and extracted with dichloromethane.

adjusted mixtures of toluene/ethyl acetate. Solutions in The extracts were washed with aqueous Nak&@ution,

organic solvents were dried with anhydrous,8@, and
concentrated at 2 kP&;40°C.

Benzyl 3-O-acetyl-2-O-benzoyl-4,60-benzylidene«-b-
glucopyranoside (2).A solution of benzyl 20-benzoyl-
4,6-0-benzylidenax-p-glucopyranosid® (1, 1.16 g, 2.51
mmol) and acetic anhydride (1.42 ml, 15.06 mmol) in
pyridine (15 ml) was stirred at 2Q for 24 h, poured into

water and extracted with dichloromethane. The organic

dried and concentrated. Chromatography (£Aketone 5:1)
of the residue afforded phenyl 2,3,4-@Hbenzyl-6O-trityl-
1-thio-w-p-mannopyranoside (9.0 g, 70%)x]p=+80.1
(c=1.1, CHC}). H NMR (significant signal, CDG):
8=5.70 (d, 1H,J;,=1.4 Hz, 1-H). **C NMR (CDCk):
6=85.3 (C-1), 80.2 (C-3), 77.1 (C-4), 75.2 (C-2), 72.8
(C-5), 62.8 (C-8). Anal. calcd for £H405S: C, 79.56; H,
6.16; S, 4.09; Found: C, 79.39; H, 6.21; S, 3.85.

extracts were washed with aqueous HCI solution, dried (b) A solution of phenyl 2,3,4-tr®-benzyl-6O-trityl-1-

and concentrated. Chromatograplmyhgexane/ethyl acetate
5:1) of the residue afforde® (1.10 g, 87%), ]p=+134.8
(c=0.9, CHCL). H NMR (CDCly): 6=5.85 (t, 1H,
J3,~=9.9 Hz, 3-H), 553 (s, 1H, PhCH), 5.27 (d, 1H,
J1=4.1 Hz, 1-H), 5.07 (dd, 1HJ,s=10.0 Hz, 2-H), 4.75
(d, 1H,J=-12.4 Hz, PhCH), 4.54 (d, 1H,J=—12.4 Hz,
PhCH), 4.26 (dd, 1H, J567~4.9 Hz, Jsa6:=—10.1 Hz,
6a-H), 4.08 (dt, 1H,J56=10.2 Hz, 5-H), 3.79 (t, 1H,
6b-H), 1.99 (s, 3H, COCH. ¥*C NMR (CDCLk):
6=169.9, 165.7 (CO), 101.6 (PhCH), 95.9 (C-1), 79.2
(C-4), 72.3 (C-2), 69.9 (PhCHl 68.9 (C-3), 68.3 (C-6),
62.8 (C-5), 20.8 (CQH3). Anal. calcd for GgH,g0s: C,
69.04; H, 5.59; Found: C, 69.00; H, 5.66.

Benzyl 3-O-acetyl-2-0O-benzoyl-6-0O-benzyl-«-p-glucopy-
ranoside (3). A solution of HCI in EtO was added
portionwise at 28C to a stirred suspension @ (0.93 g,
1.84 mmol), 3 Amolecular sieves (ca. 0.5 g) and NaCNBH
(.45 g, 23 mmol) in THF (15 ml) until the evolution of gas

thio-a-p-mannopyranoside (5.95g, 7.6 mmol) and 1M
aqueous HCI solution (15 ml) in acetone (150 ml) was stir-
red at 60C for 24 h. The mixture was cooled to Z0)
washed with aqueous NaHG®olution, dried and concen-
trated. Chromatography (CgZacetone 15:1) of the residue
afforded4 (2.51 g, 61%), ]o=+86.1 €=1.0, CHC}). *H
NMR (CDCly): 6=5.51 (d, 1H,J; »=1.6 Hz, 1-H), 4.69 (d,
1H, PhCH), 4.67 (s, 2H, PhC}), 4.65 (d, 1H, PhCH), 4.61
(d, 1H, PhCH), 4.60 (d, 1H, PhCh), 4.15-4.09 (m, 1H,
5-H), 4.05 (t, 1H,J;34/~=J45=9.5 Hz, 4-H), 3.99 (dd, 1H,
J,5=3.1 Hz, 2-H), 3.88 (dd, 1H, 3-H), 3.81-3.75 (m, 2H,
6a-H, 6b-H).2*C NMR (CDCL): 6=86.0 (C-1), 80.3 (C-3),
76.4 (C-4), 75.3 (PhC}), 74.7 (C-2), 73.2 (C-5), 72.3, 72.2
(PhCH,), 62.2 (C-6). Anal. calcd for &H340sS: C, 73.04;
H, 6.31; S, 5.91; Found: C, 72.82; H, 6.28; S, 5.74.

Phenyl 6-O-acetyl-2,3,4-tri-O-benzyl-1-thio-w-p-manno-
pyranoside (5). Treatment of4 (3.07 g, 5.7 mmol) with
acetic anhydride (3.2 ml, 34 mmol) in pyridine (30 ml) as

ceased. The mixture was diluted with dichloromethane and described for compound afforded 5 (2.84 g, 86%),
filtered through a layer of Celite. The filtrate was washed [a]p=+75.8 €=2.0, CHCL). 'H NMR (CDCly): 6=5.57

with aqueous NaHC® solution and water, dried and
concentrated. Chromatography (G@tetone 6:1) of the
residue afforded3 (0.77 g, 82%), §]p=+118.1 €=1.1,
CHCl). *H NMR (CDCly): 6=5.59 (dd, 1H,J;,~9.1 Hz,
3-H), 5.23 (d, 1H,J;=3.7Hz, 1-H), 5.04 (dd, 1H,
J,5=10.2 Hz, 2-H), 4.73 (d, 1HJ=-12.4 Hz, PhCH),
463 (d, 1H, J=—12.0Hz, PhCH), 4.57 (d, 1H,
J=-12.1 Hz, PhCH), 4.52 (d, 1H,J=-12.4 Hz, PhCH),
3.97-3.91 (m, 1HJ5 ¢=4.2 Hz,J5 g5=4.0 Hz, 5-H), 3.88—
3.84 (m, 1H, J,;=9.5Hz, 4-H), 3.78 (dd, 1H,
Jsaei=—10.4 Hz, 6a-H), 3.70 (dd, 1H, 6b-H), 2.88 (d, 1H,
Jior=3.8 Hz, OH), 2.02 (s, 2H, COCHl *C NMR
(CDCly): 6=171.5 COCHg), 165.7 (PhCO), 95.2 (C-1),
73.4 (PhCH), 73.0 (C-3), 71.4 (C-2), 70.5 (C-5), 70.3
(C-4), 69.7 (PhCH), 69.5 (C-6), 20.9 (CGH3). Anal.
calcd for GgH300g: C, 68.76; H, 5.97; Found: C, 68.96; H
6.10.

Phenyl 2,3,4-tri-O-benzyl-1-thio-«-p-mannopyranoside (4).
(&) A solution of phenyl 1-thiax-p-mannopyranosi

(d, 1H, J;=1.6 Hz, 1-H), 4.95 (d, 1H,J=-10.8 Hz,
PhCH,), 4.72 (d, 1H,J=-12.3 Hz, PhCH), 4.63 (d, 1H,
J=-10.8 Hz, PhCH), 4.61-4.57 (m, 3H, PhCH 4.35—
4.29 (m, 3H,J567=4.6 Hz, 5-H, 6a-H, 6b-H), 4.00 (dd,
1H, J, 7=2.9 Hz, 2-H), 3.97-3.93 (m, 1H, 4-H2, 3.88 (dd,
1H, J3,=9.2 Hz, 3-H), 2.01 (s, 3H, COCH) C NMR
(CDCly): 6=170.8 COCHs,), 85.5 (C-1), 80.1 (C-3), 76.0
(C-2), 75.3 (PhCH), 74.6 (C-4), 72.1, 71.9 (PhGH 70.9
(C-5), 63.5 (C-6), 20.8 (COH3). Anal. calcd for
CasH3606S: C, 71.89; H, 6.20; S, 5.48; Found: C, 72.00;
H, 6.25; S, 5.40.

Benzyl O-(6-O-acetyl-2,3,4-tri-O-benzyl-a-p-mannopyr-
anosyl)-(3—4)-3-O-acetyl-2-0-benzoyl-6-O-benzyl-a-p-
glucopyranoside (6a) and benzyD-(6-O-acetyl-2,3,4-tri-
O-benzyl3-p-mannopyranosyl)-(+-4)-3-O-acetyl-2-O-
benzoyl-6-0O-benzyl-a-p-glucopyranoside (6b) A mixture
of 3 (0.679, 1.32mmgql),5 (0.92g, 1.58 mmol), NIS
(1.50 g, 6.6 mmol) and 4 Anolecular sieves (ca. 0.5g) in
MeCN (20 ml) was cooled under Ar te-30°C. TMSOTf
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(61 pl, 0.33 mmol) was added with a syringe, the mixture J,3=3.2 Hz, J3,=10.1 Hz,
was stirred for 10 min, neutralized by addition of pyridine,
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2-H, 3-H), 3.29 (s, 2H,
COCH,), 2.66-2.47 (m, 2H, SB,CHs), 1.44 (s, 9H,

diluted with dichloromethane and filtered. The filtrate was C(CH3)s), 1.23 (t, 3H,J=7.4 Hz, SCHCH,). *C NMR

washed with aqueous NaHG@nd NaS,0; solution, dried

(CDCL): 6=166.9 (CO), 165.4 (CO), 82.0C(CHs)s),

and concentrated. Chromatography (toluene/acetone 25:181.9 (C-1), 80.2 (C-3), 76.2 (C-2), 75.2 (PhgH74.6

of the residue afforded firéa (278 mg, 21%), &]p=+84.8
(c=1.0, CHCL). H NMR (CDCL): 6=5.61 (t, 1H,
J34~8.9 Hz, 3-H), 5.22 (d, 1HJ;, ,=3.6 Hz, 1-H), 5.08 (s,
1H, 1'-H), 4.95 (dd, 1H,J,5=10.3 Hz, 2-H), 4.86 (d, 1H,
J=-10.9 Hz, PhCH), 4.72 (d, 1HJ=-12.4 Hz, PhCH),

4.66-4.59 (m, 6H, PhCHi 4.64 (d, 1H,J=-11.7 Hz,
PhCH), 4.56 (d, 1H,J=—12.7 Hz, PhCH), 4.22 (bs, 2H,
6&-H, 6b/-H), 3.98-3.79 (m, 6H, 3H, 4'-H, 4-H, 5-H,

5-H, 6a-H), 3.71-3.67 (m, 2H,’H, 6b-H), 1.98 (s, 3H,
COCHy), 1.73 (s, 3H, COCH. °C NMR (CDCk):

5=170.7, 169.9 COCHs), 165.6 (PhCO), 100.0 (CL1
Jov1-n=170.3 Hz), 94.9 (C-1), 79.6 (CB 76.1, 74.2
(C-4,4), 74.9 (2 C, C-2 PhCH), 73.4 (PhCH), 72.4
(PhCH), 72.3 (C-3), 72.1 (PhC}), 71.8 (C-2), 71.3
(C-5), 70.1 (C-5), 69.8 (PhCH), 68.5 (C-6), 63.6
(C-6'), 20.8 (2 C, C@HS3). Anal. calcd for GgHgO14:

C, 71.01; H, 6.16; Found: C, 70.89; H, 6.09.

Eluted next wassb (44.4 mg, 3%), §]p=+45.0 €=1.3,
CHCl). *H NMR (CDCly): 6=5.76 (t, 1H,J;,=9.8 Hz,
3-H), 5.28 (d, 1H,J3;,=3.8Hz, 1-H), 5.02 (dd, 1H,
J,5=10.3 Hz, 2-H), 4.91 (d, 1HJ=-10.9 Hz, PhCH),
484 (d, 1H, J=—12.4Hz, PhCH), 4.73 (d, 1H,
J=-12.4 Hz, PhCH), 4.65 (d, 1H,J=—12.4 Hz, PhCH),
464 (d, 1H, J=—12.4Hz, PhCH), 457 (d, 1H,
J=-12.9 Hz, PhCH), 4.55 (d, 1H,J=—12.5 Hz, PhCH),
4.51 (bs, 1H, PhC}), 4.42 (d, 1H,J=—11.9 Hz, PhCH),
4.40 (d, 1HJ=-12.1 Hz, PhCH), 4.33 (s, 1H, 1-H), 4.28
(bd, 2H, 6&-H, 6b'-H), 4.01 (t, 1H,J,5=9.7 Hz, 4-H), 3.92—
3.89 (M, 1H, 5-H), 3.78 (t, 1HJ,; 5=9.4 Hz, 4-H), 3.65
(bd, 3 3=2.9 Hz, 2-H), 3.58 (bd, 2H, 6a-H, 6b-H), 3.33—
3.30 (m, 1H, 5H), 3.29 (dd, 1HJ3 4+=9.3 Hz, 3-H), 2.00
(s, 3H, COCH), 1.95 (s, 3H, COCH). *C NMR (CDCk):
6=170.8, 170.4 COCHg), 165.7 (PhCO), 100.9 (Ct1
Je11-#=152.2 Hz), 95.3 (C-1), 82.2 (CB 75.0 (PhCH),
74.9 (C-4), 74.3 (C-3, 73.8 (C-2),736 (1 C,2C, C-H
PhCH), 71.8 (C-2), 71.3 (PhCHl, 70.1 (C-5), 69.8
(PhCHy), 69.7 (C-3), 68.1 (C-6), 63.6 (C% 20.8, 20.7
(COCHs). Anal. calcd for GgHggO14: C, 71.01; H, 6.16;
Found: C, 71.20; H, 6.10.

Ethyl 2,3,4-tri- O-benzyl-6-O-(t-butyloxycarbonylethano-
yl)-1-thio-a-p-mannopyranoside (8).DCC (0.96 g, 4.65
mmol) was added at°C to a solution of7*® (2.09 g,
4.23 mmol),t-butyl malonat&* (0.75 g, 4.65 mmol) and 1-
hydroxy-1H-benzotriazole (0.69 g, 5.08 mmol) in dichloro-
methane (30 ml). The mixture was stirred at@Qor 24 h,

(C-4), 72.0 (2 C, PhCh, 70.1 (C-5), 64.3 (C-6), 42.6
(COCH,), 27.9 (CCHaj)s), 25.4 (STH,CH), 14.9
(SCH,CHy). Anal. calcd for GgH440S: C, 67.90; H, 6.96;
S, 5.04; Found: C, 67.94; H, 7.08; S, 5.11.

Ethyl 2,3,4-tri- O-benzyl-6-O-(hydroxycarbonylethanoyl)-
1-thio-a-p-mannopyranoside (9). Trifluoroacetic acid
(5.3 ml, 51.8 mmol) was added at room temperature to a
solution of 8 (1.65¢g, 2.59 mmol) in dichloromethane
(80 ml), the mixture was stirred for 3 h and concentrated.
Coevaporation of toluene (three times) afforded cr@de
(2.58 g, 100%) which was used without further purification
in the next step.

Ethyl 2,3,4-tri- O-benzyl-6-O-(3-hydroxycarbonylpropa-
noyl)-l-thio-a-n-mannopyranoside (10). A solution of

7% (2.33g, 4.71mmol), succinic anhydride (3.8g,
37.7 mmol) and a catalytic amount of DMAP (ca. 0.1 g)
in pyridine (50 ml) was stirred at 2C for 24 h and concen-
trated. The residue was dissolved in dichloromethane,
washed with aqueous HCI and NaHgQolution and
water, dried and concentrated to give crute (2.36 g,
85%) which was used without further purification in the
next step.

Ethyl 2,3,4-tri- O-benzyl-6-O-[(2-O-benzoyl-1-0O-benzyl-
4,6-0-benzylidenewa-bp-glucopyranos-3-yloxy)-carbo-
nylethanoyl]-1-thio-a-p-mannopyranoside (12a).Treat-
ment of crude9 (1.29¢g, 2.2 mmol) and1* (1.13g,
2.44 mmol) with DCC (0.5 g, 2.44 mmol) and a catalytic
amount of DMAP in dichloromethane (40 ml) at°ZDfor
24 h as described for the preparation®#fnd chromato-
graphy (toluene/acetone 10:1) affordé®a (1.67 g, 67%),
[a]p=+101.4 €=1.6, CHCL). 'H NMR (CDCly): 6=5.87
(t, 1H, J3 ,/=9.9 Hz, 3-H), 5.49 (s, 1H, PhCH), 5.30 (d, 1H,
J17=3.8 Hz, 1-H), 5.28 (d, 1H,); ,<1.0 Hz, 1-H), 5.05
(dd, 1H, J,=9.9 Hz, 2-H), 4.86 (d, 1HJ=-10.8 Hz,
PhCH), 4.74 (d, 1H,J=—12.4 Hz, PhCH), 4.68 (d, 1H,
J=—12.4 Hz, PhCH), 4.61 (d, 1H,J=—12.4 Hz, PhCH),
4.55-4.53 (m, 3H, PhChl 4.50 (d, 1H,J=-10.8 Hz,
PhCH,), 4.25 (dd, 1H, J56=5.0 HZ, Jsqe6:=—10.4 Hz,
6a-H), 4.22-4.19 (m, 2H, 64, 6b-H), 4.16—-4.02 (m,
2H, 5-H, 5-H), 3.83-3.68 (m, 3H, 2H, 4-H, 6b-H), 3.71
(t, 1H,J4 5=9.7 Hz, 4-H), 3.32 (s, 2H, COCH), 2.56-2.41
(m, 2H, SGH,CHy), 1.17 (t, 3H,J=7.4 Hz, SCHCH,). °C
NMR (CDCl,): 6=165.8 (CO), 165.6 (CO), 165.3 (CO),
101.5 (PhCH), 95.8 (C-1), 81.8 (C)180.2 (C-3), 78.9

diluted with dichloromethane and filtered through a layer of (C-4), 76.0 (C-2), 75.0 (PhCH), 74.6 (C-4), 72.2 (C-2),
Celite. The filtrate was subsequently washed with aqueous72.0 (2 C, PhCH), 70.0 (2 C, C-3, C-5, 69.9 (PhCH), 68.8

HCI and NaHCQ solution, dried and concentrated. Chro-

(C-6), 62.8 (C-5), 64.3 (C%, 41.1 (CQCH,), 25.3

matography if-hexane/ethyl acetate 6:1) of the residue (SCH,CHs), 14.9 (SCHCH,). Anal. calcd for GgHggO14S:

afforded 8 (1.73 g, 64%), §]lo=+58.0 €=1.1, CHC}).
'H NMR (CDCly): 6=5.33 (d, 1H,J, =1.0 Hz, 1-H), 4.92
(d, 1H, J=—10.7 Hz, PhCH)), 4.71 (d, 1H,J=—12.5 Hz,
PhCH), 4.65 (d, 1HJ=—12.5 Hz, PhCH), 4.60—4.56 (m,
3H, PhCH), 4.44 (dd, 1HJs6:=5.1 Hz, Jss = —11.8 Hz,
6a-H), 4.36 (dd, 1HJse—=2.2 Hz, 6b-H), 4.18 (ddd, 1H,
5-H), 3.93 (t, 1H,Jsc=9.4 Hz, 4-H), 3.83 (2 dd, 2H,

C,69.12; H,5.90; S, 3.13; Found: C, 68.82; H, 5.92; S, 3.14.

Ethyl 2,3,4-tri- O-benzyl-6-O-[3-(2-O-benzoyl-1-0-benzyl-
4,6-O-benzylidenee-p-glucopyranos-3-yloxy)-carbonyl-
propanoyl]-1-thio-a-p-mannopyranoside (12b). Treat-
ment of crude10 (1.58 g, 2.7 mmol) andl’® (1.23g,
2.7 mmol) with DCC (0.61 g, 3.0 mmol) and a catalytic
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amount of DMAP in dichloromethane (15 ml) at°0for
30 h as described for the preparation®#fnd chromato-
graphy (toluene/ethyl acetate 8:1) affordé@b (1.85 g,
67%), fa]o=+103.1 €=1.1, CHCL). 'H NMR (CDCl):
6=5.88 (t, 1H, J;,~=9.8 Hz, 3-H), 5.52 (s, 1H, PhCH),
5.33 (s, 1H, H), 5.29 (d, 1H,J;=3.8 Hz, 1-H), 5.08
(dd, 1H, J,5=10.0 Hz, 2-H), 4.90 (d, 1HJ=-10.9 Hz,
PhCH), 4.76 (d, 1H,J=—12.4 Hz, PhCH), 4.69-4.57
(m, 4H, PhCH), 4.55 (d, 1H,J=—12.3 Hz, PhCH), 4.53
(d, 1H, J=-10.9Hz, PhCH), 4.27 (dd, 1H,
Jsasti=—10.1 Hz, 6a-H), 4.19-4.17 (m, 2H, 6H, 6b'-H),
4.13-4.04 (m, 2HJ5 6=4.9 Hz, 5-H, 3-H), 3.93-3.78 (m,
4H, 2'-H, 3'-H, 4-H, 6b-H), 3.74 (t, 1H,)45=9.7 Hz, 4-H),
2.60-2.53 (m, 6H, @,CH,, SCH,CHs), 1.21 (t, 3H,
J=7.4Hz, SCHCH;). C NMR (CDCkL): 6=171.6
(COCH,CH,), 171.1 COCH,CH,), 165.7 (PhCO), 101.5
(PhCH), 95.9 (C-1), 81.9 (C%}, 80.3 (C-3), 79.1 (C-4),
76.1 (C-2), 75.1 (PhCH), 74.5 (C-4), 72.2 (C-2), 72.0 (2
C, PhCH), 69.9 (PhCH), 69.2 (C-3), 68.8 (C-6), 63.5
(C-6), 62.8 (C-5), 29.0, 28.9 (CCH.,CH,), 25.3
(SCH,CHj3), 14.9 (SCHCH3). Anal. calcd for GoHg 014S:
C, 69.35; H, 6.01; S, 3.09; Found: C, 69.29; H, 6.02; S, 3.07.

Ethyl 2,3,4-tri- O-benzyl-6-O-[(1-O-benzyl-4,6O0-benzyl-
idene-2-deoxy-2-phthalimidoe-p-glucopyranos-3-
yloxy)-carbonylethanoyl]-1-thio-a-p-mannopyranoside
(12c).A solution of cruded (1.26 g, 2.17 mmol)11*°(0.9 g,
1.85 mmol) andn-BugN (1.1 ml, 4.44 mmol) in dichloro-
methane (15 ml) was added at°@0under Ar to a suspen-
sion of 2-chloro-1-methyl-pyridiniumiodide (0.57 g,
2.22 mmol) in dichloromethane (5 ml). The mixture was
stirred for 2.5 h and concentrated. Chromatography (tolu-
ene/ethyl acetate 15:1) of the residue afford@d (1.55 g,
80%), [@]p=+101.4 €=1.1, CHCL). *H NMR (CDCly):
8=6.80 (dd, 1H,J;,~=9.4 Hz, 3-H), 5.50 (s, 1H, PhCH),
5.27 (d, 1H,Jy»=1.4 Hz, 1-H), 4.97 (d, 1HJ, ,=3.8 Hz,
1-H), 4.83 (d, 1H,J=-10.8 Hz, PhCH), 4.72 (d, 1H,
J=—12.6 Hz, PhCH), 4.68 (d, 1H,J=—12.4 Hz, PhCH),
4.62 (d, 1H,J=-12.3 Hz, PhCH), 4.55 (dd, 1H,J, =
11.2 Hz, 2-H), 4.53 (s, 2H, PhGH 4.45 (2 d, 2H,J=
—10.6 Hz, J=—12.7 Hz, PhCH), 4.24 (dd, 1H,Jse=
5.0 Hz, Jga 65=—9.9 Hz, 6a-H), 4.16 (dt, 1HJ5 ¢=9.9 Hz,
5-H), 4.09-3.99 (m, 3H,5H, 6&-H, 6b'-H), 3.78 (dd, 1H,
Jy 3=3.2 Hz, 2-H), 3.76—3.66 (m, 2H,3H, 4-H), 3.74 (t,
1H, 6b-H), 3.69 (t, 1H,J4=9.4 Hz, 4-H), 3.27 (d, 1H,
J=-15.7Hz, COCH), 3.19 (d, 1H, J=-15.8Hz,
COCH,), 2.57-2.43 (m, 2H, SB,CHj), 1.19 (t, 3H,
J=7.4 Hz, SCHCH,). *°C NMR (CDCk): 6=165.9, 164.1
(2 C, 2 C, NCO,COCH,), 101.4 (PhCH), 97.1 (C-1), 81.8
(C-1), 80.8 (C-4), 80.1 (C-3, 76.1 (C-2), 75.0 (PhCH),
74.6 (C-4), 72.0, 71.9 (PhC}), 69.9 (C-5), 69.8 (PhCH),
68.7 (C-6), 67.3 (C-3), 64.2 (C% 62.9 (C-5), 54.0 (C-2),
41.1 (CQCH,), 25.4 (SCHCH;), 14.9 (SCHCHs). Anal.
calcd for GgHsoNOy,S: C, 68.62; H, 5.66; N, 1.33; S,
3.05; Found: C, 68.69; H, 5.70; N, 1.39; S, 2.99.

Ethyl 2,3,4-tri- O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-benz-
yl-a-p-glucopyranos-3-yloxy)-carbonylethanoyl]-1-thio-
a-p-mannopyranoside (13a). Treatment of12a (0.8 g,
0.78 mmol) in THF (15ml) with NaCNBK (0.61 g,
9.75 mmol) and HCI in BED as described for the prepara-
tion of 3 and chromatography (toluene/acetone 15:1)
afforded13a(0.63 g, 78%), &]p=+81.9 £=1.0, CHCE).
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'H NMR (CDCly): 6=5.67 (dd, 1HJ;,=9.1 Hz, 3-H), 5.30
(s, 1H, ¥-H), 5.25 (d, 1H,J; ,=3.7 Hz, 1-H), 4.97 (dd, 1H,
J,#10.3 Hz, 2-H), 4.90 (d, 1HI=—11.0 Hz, PhCH), 4.74
(d, 1H, J=—12.4 Hz, PhCH), 4.68 (d, 1H,J=—12.4 Hz,
PhCH,), 4.61-4.58 (m, 2H, PhCHi 4.55 (s, 3H, PhCh),
454 (d, 1H, J=—11.0Hz, PhCH), 4.52 (d, 1H,
J=-12.6 Hz, PhCH), 4.37-4.30 (m, 2H, 6aH, 6b-H),
4.13 (ddd, 1H,J5 6z=2.6 Hz, 5-H), 4.00-3.94 (m, 1H,
5-H), 3.92 (t, 1H,Jy 5=9.6 Hz, 4-H), 3.82—3.67 (m, 3H,
2'-H, 3'-H, 4-H), 3.54 (d, 1HJ, o1=4.9 Hz, OH), 3.38 (d,
1H, J=-16.1 Hz, COCH), 3.30 (d, 1H,J=-16.1Hz,
COCH,), 2.54-2.47 (m, 2H, SB,CHy), 1.19 (t, 3H,
J=7.4Hz, SCHCH;). “C NMR (CDCL): 6=167.1
(PhCO), 165.8 (CO), 165.7 (CO), 95.1 (C-1), 82.0 (§-1
80.1 (C-3), 76.0, 74.5 (C-24), 75.1 (PhCH), 74.1 (C-3),
73.6 (PhCH), 71.9 (2 C, PhCH), 71.4 (C-2), 70.7 (C-5,
69.8 (C-5), 69.5 (PhC}), 69.2 (C-4), 69.0 (C-6), 64.6
(C-6'), 41.4 (CQCH,), 25.5 (TH,CH;), 14.9 (SCHCH,).
Anal. calcd for GgHg,014S: C, 68.99; H, 6.08; Found: C,
69.09; H, 6.02.

Ethyl 2,3,4-tri- O-benzyl-6-O-[3-(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-carbonylpropa-
noyl]-1-thio-a-p-mannopyranoside (13b). Treatment of
12b (2.11 g, 2.03 mmol) in THF (25 ml) with NaCNBH
(1.59 g, 25.34 mmol) and HCI in ED as described for the
preparation o3 and chromatography (toluene/ethyl acetate
3:1) afforded 13b (1.57 g, 74%), &]p=+89.2 (=1.5,
CHCly). *H NMR (CDCly): 6=5.66 (dd, 1H,J;,=9.2 Hz,
3-H), 5.34 (d, 1H,Jy »=1.0Hz, ¥-H), 5.24 (d, 1H,
J1=3.7 Hz, 1-H), 5.00 (dd, 1HJ,:=10.2 Hz, 2-H), 4.91
(d, 1H,J=-10.9 Hz, PhCH), 4.72 (d, 1H,J=—12.4 Hz,
PhCH,), 4.69 (d, 1H,J=-12.3 Hz, PhCH), 4.62 (d, 1H,
J=-11.8 Hz, PhCH), 4.57 (d, 1H,J=-10.4 Hz, PhCH),
4.56 (s, 3H, PhCh), 4.53 (d, 1H,J=—10.7 Hz, PhCH),
452 (d, 1H,J=-12.3 Hz, PhCH), 4.28—-4.22 (m, 2H,
Gd'H, 6b"H), 4.12 (ddd, 1H, J5r’53(:2.7 HZ, ‘]5’,6b’:
2.7 Hz, 5-H), 3.99-3.93 (m, 1H, 5-H), 3.90 (t, 1H,
Jy5=9.4 Hz, 4H), 3.83-3.77 (m, 3H, 2H, 3'-H, 4-H),
3.73 (dd, 1H, 6b-H), 3.30 (bs, 1H, OH), 2.70-2.43 (m,
6H, O"zCHz, SO‘|2CH3), 1.22 (t, 3H, J=7.4 Hz,
SCHCH;). '®C NMR (CDCk): 6=1722 (2 C,
COCH,CH,), 165.7 (PhCO), 95.1 (C-1), 81.8 (C}180.2
(C-3), 76.2, 74.4 (C-24), 75.1 (PhCH), 73.6 (PhCH),
73.4 (C-3), 72.0 (PhCh, 71.9 (PhCH), 71.5 (C-2), 70.5
(C-5), 70.1 (C-5), 69.7 (C-4), 69.5 (PhGH 69.2 (C-6),
63.7 (C-8), 29.2 (2 C, C@H,CH,), 25.4 (SCH,CHy),
15.0 (SCHCHy5). Anal. calcd for GoHg4014S: C, 69.21; H,
6.20; S, 3.08; Found: C, 69.38; H, 6.22; S, 3.29.

Ethyl 2,3,4-tri- O-benzyl-6-O-[(1,6-di-O-benzyl-2-deoxy-
2-phthalimido-a-p-glucopyranos-3-yloxy)-carbonyl-
ethanoyl]-1-thio-a-p-mannopyranoside  (13c). Ets;SiH
(0.38 ml, 2.4 mmol) and GEOH (0.24 ml, 2.4 mmol)
was added at“C to a solution ofl2c (0.5 g, 0.48 mmol)
in dichloromethane (10 ml), the mixture was stirred &0
for 2.5 h and concentrated. Chromatography (toluene/ethyl
acetate 5:1) of the residue affordd@c (0.33 g, 65%),
[a]p=+115.1 €=1.1, CHCL). 'H NMR (CDCl): 6=6.62
(dd, 1H,J34=9.0 Hz, 3-H), 5.29 (d, 1H]y/ »=1.2 Hz, 1-H),
4.99 (d, 1H,J; =3.6 Hz, 1-H), 4.88 (d, 1H)=-10.9 Hz,
PhCH,), 4.73 (d, 1H,J=—12.6 Hz, PhCH), 4.68 (d, 1H,
J=-12.4 Hz, PhCH), 4.64 (d, 1H,J=-10.7 Hz, PhCH),
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4.60-4.53 (m, 5H, PhCH, 4.45 (dd, 1H,J,5=11.5 Hz,
2-H), 4.44 (d, 1H,J=—12.7 Hz, PhCH), 4.28-4.21 (m,
2H, 6d-H, 6b/-H), 4.18-4.03 (m, 2H, 5-H, '8H), 3.85 (t,
1H, Jy 5=9.2 Hz, 4-H), 3.81-3.78 (m, 2H, 2H, 3'-H),
3.76—3.71 (m, 3H, 4-H, 6a-H, 6b-H), 3.45 (bs, 1H, OH),
3.28 (s, 2H, C@H,), 2.59—-2.45 (m, 2H, GH,CH), 1.20

(t, 3H, J 7.4 Hz, SCKCH). 1*C NMR (CDCL): §=167.6,
166.8, 166.1 (CO), 96.2 (C-1), 82.0 (C)},180.1 (C-3), 76.0
(C-2)), 75.0 (PhCH), 74.2 (C-4), 73.5 (PhCH), 72.0 (2 C,
PhCH,), 71.8 (C-3), 71.4 (C-5, 71.1 (C-4), 69.8 (C-5), 69.4
(PhCH,), 68.9 (C-6), 64.5 (C-§, 53.8 (C-2), 41.3 (CGH,),
25,5 (LLH,CH3), 14.9 (SCHCHj). Anal. caled for
CsoHsiNOLS: C, 68.49; H, 5.84; N, 1.33; S, 3.05; Found:
C, 68.56; H, 5.88; N, 1.21; S, 3.20.

Phenyl 2,3,4-tri-O-benzyl-6-O-chlorocarbonyl-1-thio-a-
p-mannopyranoside (14a). Pyridine (0.19 ml, 2.3 ml)
and a solution of4 (1.25 g, 2.3 mmol) in toluene (15 ml)
was added at-15°C to a 2.12 M solution of phosgene
in toluene (1.3 ml, 2.76 mmol) and the mixture was
stirred at 20C for 17 h. Filtration of the mixture and
concentration of the filtrate afforded crudeta (1.31 g,
94%) which was used without further purification for the
next step.

Phenyl 2,3,4-tri-O-benzyl-6-O-chlorooxalyl-1-thio-a-p-
mannopyranoside (14b).Pyridine (0.22 ml, 2.7 ml) and a
solution of 4 (1.47 g, 2.7 mmol) in toluene (30 ml) was
added at @C to a solution of oxalylchloride (0.28 ml,
3.25 mmol) in toluene (30 ml) and the mixture was stirred
at 20C for 17 h. Filtration of the mixture and concen-
tration of the filtrate afforded crud&4b (1.72 g, 100%)
which was used without further purification for the next
step.

Phenyl 2,3,4-tri-O-benzyl-6-O-(t-butyloxycarbonylethanoyl)-
1-thio-a-p-mannopyranoside (14c).Treatment of4 (2.15

g, 4.0 mmol) and-butyl malonat&* (0.63 g, 4.0 mmol) with
DCC (0.87 g, 4.23 mmol) in dichloromethane (40 ml) at
20°C for 16 h and workup as described for the preparation
of 8 and chromatographyn{hexane/ethyl acetate 10:1)
afforded14c (1.64 g, 61%), §]p=+71.6 €=1.0, CHCE).
H NMR (CDCly): 6=5.55 (d, 1H,J; ,=1.5 Hz, 1-H), 4.94
(d, 1H, J=—10.7 Hz, PhCH), 4.71 (d, 1H,J=—12.4 Hz,
PhCH,), 4.61 (d, 1H,J=-12.2 Hz, PhCH), 4.62 (d, 1H,
J=-10.7 Hz, PhCH), 4.60 (s, 2H, PhC}), 4.44 (dd,
1H, J567=5.3 Hz, Jsa6i=—11.8 Hz, 6a-H), 4.37 (dd, 1H,
Js6=2.1 Hz, 6b-H), 4.33-4.28 (m, 1H, 5-H), 3.99 (dd,
1H, J, =2.9 Hz, 2-H), 3.97 (t, 1HJ,5=9.3 Hz, 4-H), 3.87
(dd, 1H,J3,=9.2 Hz, 3-H), 3.26 (s, 2H, COCH| 1.43 (s,
9H, C(CH3)s). *C NMR (CDCL): $=166.8 COCH,),
165.5 COCH,), 82.1 C(CHzy)3), 85.6 (C-1), 80.1 (C-3),
76.1 (C-2), 75.3 (PhC}), 74.6 (C-4), 72.1 (PhC}), 72.0
(PhCH,), 70.8 (C-5), 64.3 (C-6), 42.6 (QTH,), 27.9
(C(CH3)3). Anal. calcd for GoH440sS: C, 70.15; H, 6.47;
S, 4.68; Found: C, 70.11; H, 6.56; S, 4.62.

Phenyl 2,3,4-tri-O-benzyl-6-O-(hydroxycarbonylethanoyl)-
1-thio-a-p-mannopyranoside (14¢). Trifluoroacetic acid

(3.2ml, 41.8 mmol) was added at room temperature to a PhCH,),

solution of 14c (1.43 g, 2.1 mmol) in dichloromethane
(60 ml), the mixture was stirred for 2 h and concentrated.
Coevaporation of toluene (three times) afforded crudé
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(1.25 g, 95%) which was used without further purification in
the next step.

Phenyl 2,3,4-tri-O-benzyl-6-O-(3-hydroxycarbonylprop-
anoyl)-1-thio-a-p-mannopyranoside (14d).Treatment of
4 (1.02g, 1.9mmol), succinic anhydride (1.51g,
15.04 mmol) and a catalytic amount of DMAP (ca. 0.1 g)
in pyridine (20 ml) at 26C for 19 h as described for the
preparation ofLl0 and chromatography (Cgacetone 3:1)
afforded14d (1.13 g, 94%), &]p=+61.5 €=1.0, CHCE).

H NMR (CDCly): 6=5.56 (d, 1H,J, .=1.5 Hz, 1-H), 4.94
(d, 1H, PhCH), 4.72 (d, 1H, PhCh), 4.64 (d, 1H, PhCh),
4.61 (s, 2H, PhCh), 4.59 (d, 1H, PhCh), 4.40 (dd, 1H,
J5 6:=5.0 Hz, Jga 65=—11.9 Hz, 6a-H), 4.38—4.35 (m, 1H,
6b-H), 4.28 (ddd, 1H,J,5=9.2 Hz, J5¢~2.2 Hz, 5-H),
4.00 (dd, 1H,J,=2.8 Hz, 2-H), 3.98 (t, 1H,)3,=9.3 Hz,
4-H), 3.87 (dd, 1H, 3-H), 2.57 (s, 4HHG—CH,). **C NMR
(CDCly): 6=176.9 COOH), 171.8 (@O-CH,), 85.6
(C-1), 80.1 (C-3), 76.2 (C-4), 75.3 (BHl,), 74.5 (C-2),
72.1 (PICH,), 70.9 (C-5), 63.6 (C-6), 28.9, 28.&,—
CH,). Anal. calcd for G/H3g0sS: C, 69.14; H, 5.96; S,
4.99; Found: C, 68.95; H, 5.96; S, 4.76.

Phenyl 2,3,4-tri-O-benzyl-6-O-(2-chlorocarbonylbenzoyl)-
1-thio-a-p-mannopyranoside (14e). Pyridine (0.24 ml,
2.9 ml) and a solution of (1.59 g, 2.93 mmol) in toluene
(5 ml) was added at°C to a solution of phthaloylchloride
(0.51 ml, 3.5 mmol) in toluene (15 ml) and the mixture was
stirred at 20C for 15 h. Filtration of the mixture and
concentration of the filtrate afforded crudele (1.92 g,
93%) which was used without further purification for the
next step.

Phenyl 2,3,4-tri-O-benzyl-6-O-(2-hydroxycarbonylbenzoyl)-
1-thio-a-p-mannopyranoside (14e)Treatment of4 (1.53

g, 2.8 mmol), phthalic anhydride (0.5 g, 3.38 mmol) and a
catalytic amount of DMAP (ca. 0.1 g) in pyridine (20 ml) at
20°C for 15 h as described for the preparatiori0ffforded
14e(1.75 g, 90%) which was used without further purifi-
cation for the next step.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-10-benzyl-
4,6-0-benzylidenea-p-glucopyranos-3-yloxy)-carbo-
nyloxy]-1-thio-a-p-mannopyranoside (15a)A solution of
crudel4a(1.31 g, 2.17 mmol) in dichloromethane (15 ml)
was added at 10°C to a solution oft*® (1.0 g, 2.17 mmol)
in pyridine (20 ml), the mixture was stirred atZDfor 20 h,
poured into water and extracted with dichloromethane. The
extracts were washed with aqueous HCI and Nakl€du-
tion, dried and concentrated. Chromatography (toluene/
ethyl acetate 15:1) of the residue affordé8a (1.81 g,
81%), [a]p=+93.3 €=1.1, CHCE). '"H NMR (CDCly):
6=5.69 (t, 1H, J3,=9.8 Hz, 3-H), 5.49 (s, 1H, PhCH),
5.41 (d, 1H,Jy »=1.4 Hz, ¥-H), 5.34 (d, 1H,J; ,=3.8 Hz,
1-H), 5.01 (dd, 1H,J,5=9.9Hz, 2-H), 4.74 (d, 1H,
J=-10.4 Hz, PhCH), 4.73 (d, 1H,J=—12.4 Hz, PhCH),
463 (d, 1H, J=—125Hz, PhCH), 4.52 (d, 1H,
J=-12.2 Hz, PhCH), 4.50 (d, 1H,J=—11.5 Hz, PhCH),
4.43-4.33 (m, 2H, 6aH, 6b-H), 4.32-4.15 (m, 3H,
426 (dd, 1H, Jse:=4.8Hz, J56=9.9 Hz,
Jeao5=—10.1 Hz, 6a-H), 4.21-4.15 (m, 1H,-Bl), 4.07
(dt, 1H, 5-H), 3.94 (t, 1HJy 5=9.6 Hz, 4-H), 3.91 (bd,
1H, J2113r:2.5 HZ, Z'H), 3.80 (dd, 1H, J31'4r:9.7 HZ,
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3-H), 3.76-3.71 (m, 2HJ,5=9.9 Hz, 4-H, 6b-H).**C
NMR (CDCl): 6=165.5 (PhCO), 154.6 (OCO), 101.6
(PhCH), 95.7 (C-1), 85.5 (C%), 79.9 (C-3), 79.0 (C-4),
75.7 (C-2), 75.3 (PhCH), 74.2 (C-4), 73.2 (C-3), 72.5
(C-2), 71.9 (PhCh), 71.6 (PhCH), 71.0 (C-8), 70.0
(PhCH,), 68.8 (C-6), 66.7 (C-§, 62.7 (C-5). Anal. calcd
for Cg1Hsg015S: C, 71.05; H, 5.67; S, 3.11; Found: C, 71.16;
H, 5.69; S, 3.11.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-10-benzyl-
4,6-0O-benzylidene«-p-glucopyranos-3-yloxy)-ox-
alyloxy]-1-thio-e-p-mannopyranoside (15b). Treatment
of crude 14b (1.72 g, 2.72 mmol) and® (1.26 g, 2.72
mmol) in pyridine (10 ml) at 2 for 16 h as described
for the preparation ofl5a afforded 15b (1.59 g, 55%),
[a]p=+103.7 €=1.1, CHCL). 'H NMR (CDCl): 6=5.94
(t, 1H, J3,=9.8 Hz, 3-H), 5.54 (s, 1H, PhCH), 5.50 (d, 1H,
Jy»=1.4Hz, 1-H), 5.35 (d, 1H,J; ~=3.8 Hz, 1-H), 5.07
(dd, 1H, J,=9.9 Hz, 2-H), 4.75 (d, 1HJ=-12.4 Hz,
PhCH), 4.73 (d, 1H,J=-10.9 Hz, PhCH), 4.67—4.59
(m, 5H, PhCH), 4.54 (d, 1H, J=-12.3 Hz, PhCH),
4.40-4.21 (m, 4HJ56:=4.8 Hz, Jsq65=—10.2 Hz, B3-H,
6a-H, 6a-H, 6b/-H), 4.12-4.05 (m, 1H,J56~9.7 Hz,
5-H), 4.01 (dd, 1H,J»3=2.6 Hz, 2-H), 3.93 (t, 1H,
Jy5=9.2 Hz, 4-H), 3.88-3.77 (m, 2H,J34=9.2 Hz,
J,5=9.7 Hz, 3-H, 4-H), 3.69 (t, 1H, 6b-H)."*C NMR
(CDCl,): 6=165.5 (PhCO), 156.9, 156.3 (COCO), 101.7
(PhCH), 95.6 (C-1), 85.7 (C%}, 80.2 (C-3), 78.5 (C-4),
76.3 (C-2), 75.2 (PhCH), 74.2 (C-4), 72.2 (C-2), 72.1
(PhCH,), 72.0 (PhCH), 71.8 (C-8), 70.4 (C-3), 70.1
(PhCH,), 68.7 (C-6), 65.8 (C-§, 62.7 (C-5). Anal. calcd
for CeoHs60414S: C, 70.31; H, 5.52; S, 3.03; Found: C, 70.22;
H, 5.55; S, 3.02.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-10-benzyl-
4,6-0O-benzylidenew-p-glucopyranos-3-yloxy)-car-
bonylethanoyl]-1-thio-a-p-mannopyranoside (15c).
Treatment of crudel4c (1.18g, 1.9 mmol) andl*
(0.86 g, 1.87 mmol) with DCC (0.43 g, 2.06 mmol) and a
catalytic amount of DMAP in dichloromethane (40 ml) at
20°C for 14 h as described for the preparation &fand
chromatographyn-hexane/ethyl acetate 5:1) affordééc
(1.44 g, 72%), f]p=-+104.1 €=1.0, CHCL). 'H NMR
(CDCly): 6=5.88 (t, 1H,J;,~=9.8 Hz, 3-H), 5.48 (d, 1H,
J1=1.6 Hz, I-H), 5.47 (s, 1H, PhCH), 5.29 (d, 1H,
J1~=3.8 Hz, 1-H), 5.05 (dd, 1HJ,s=9.9 Hz, 2-H), 4.88
(d, 1H, J=—10.8 Hz, PhCH), 4.73 (d, 1H,J=—12.4 Hz,
PhCH,), 4.67 (d, 1HJ=—12.4 Hz, PhCH), 4.63—-4.57 (m,
3H, PhCH), 4.53 (d, 1H,J=-12.6 Hz, PhCH), 4.52 (d,
1H,J=-10.8 Hz, PhCH), 4.27—-4.15 (m, 4HJ5 6:=9.8 Hz,
5-H, 6d-H, 6b/-H, 6a-H), 3.94 (bd, 1H, 2H), 3.82-3.72
(m, 3H, 3-H, 4-H, 6b-H), 3.69 (t, 1HJ,s=9.7 Hz, 4-H),
3.26 (s, 2H, COCH). *C NMR (CDCL): 6=165.7 (CO),
165.6 (CO), 165.3 (CO), 101.5 (PhCH), 95.8 (C-1), 85.4
(C-17), 80.0 (C-3), 78.9 (C-4), 75.9 (C-2, 75.1 (PhCH),
74.6 (C-4),72.2(C-2),72.0 (2 C, PhCHi 70.7 (C-8), 70.1
(C-3), 70.0 (PhCH), 68.8 (C-6), 64.3 (C-9, 62.8 (C-5),
41.1 (CQCH,). Anal. calcd for G4HeO1S: C, 70.51; H,
5.64; S, 2.99; Found: C, 70.37; H, 5.62; S, 3.09.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1-0-benzyl-
4,6-0-benzylidenee-p-glucopyranos-3-yloxy)-3-car-bonyl-
propanoyl]-1-thio-a-p-mannopyranoside (15d). Treat-
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ment of 14d (0.8g, 1.24mmol) and1'® (0.58g,
1.24 mmol) with DCC (0.31 g, 1.49 mmol) and a catalytic
amount of DMAP in dichloromethane (20 ml) at°2Dfor

22 h as described for the preparation&®#tnd chromato-
graphy (CCl/acetone 10:1) afforded5d (1.25 g, 93%),
[a]p=+101.7 €=1.2, CHCL). *H NMR (CDCly): $=5.87

(t, 1H, J» =33,=9.9 Hz, 3-H), 5.56 (d, 1HJ; »=1.5 Hz,
1-H), 5.50 (s, 1H, PhCH), 5.27 (d, 1H; =3.7 Hz, 1-H),
5.06 (dd, 1H, 2-H), 4.94—4.53 (8d, 8H, PHE), 4.38—4.35
(m, 2H, 6a-H, 6b-H), 4.31-4.20 (m, 2H, 5-H, 5-H),
4.18-4.16 (m, 1H, 4-H), 3.99 (dd, 1H; 5=2.9 Hz, 2-H),
3.98-3.93 (m, 1H, 4-H), 3.87 (dd, 1H;3,=9.1 Hz, 3-H),
3.80-3.68 (M, 2HJsa65=—10.4 Hz, 6a-H, 6b-H), 2.53—
2.46 (m, 4H, G1,—CH,). °C NMR (CDCk): 6=171.8,
171.6 (CCO-CH,), 165.8 (PiKO), 101.6 (PEH), 95.9
(C-1), 85.5 (C-1), 80.1 (C-3), 79.1 (C-4), 76.1 (C-4), 75.9
(C-2), 75.3 (PRH,), 74.5 (C-3), 72.3(C-5), 72.1,71.9,69.9
(PhCH,), 69.2 (C-2), 68.8 (C-6), 63.6 (C-6), 62.8 (C-5),
28.9, 28.7 CH,—CH,—). Anal. calcd for GHg014S: C,
70.70; H, 5.75; S, 2.95; Found: C, 70.46; H, 5.86; S, 2.76.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-10-benzyl-
4,6-O-benzylidenewa-p-glucopyranos-3-yloxy)-2-car-
bonylbenzoyl]-1-thio-a-p-mannopyranoside (15e)Treat-
ment of crude 14¢ (1.24g, 1.8 mmol),1*° (0.83g,
1.8 mmol) andp-toluenesulfonic acid (30 mg, 0.18 mmol)
with DCC (0.37 g, 1.8 mmol) and a catalytic amount of
DMAP in pyridine (25 ml) at 28C for 24 h as described
for the preparation 08 and chromatography (Cgacetone
40:1) afforded15e (1.43 g, 70%), &]p=+94.0 c=1.1,
CHCl). *H NMR (CDCly): 8=6.10 (t, 1H, J;,=9.8 Hz,
3-H), 557 (d, 1H,Jy»=1.5Hz, I-H), 552 (s, 1H,
PhCH), 5.31 (d, 1H,J,,=3.8 Hz, 1-H), 5.14 (dd, 1H,
J>7=9.9 Hz, 2-H), 4.90 (d, 1H,J=-10.6 Hz, PhCH),
478 (d, 1H, J=—12.4Hz, PhCH), 4.71 (d, 1H,
J=-12.2 Hz, PhCH), 4.64 (s, 3H, PhC}), 4.63 (d, 1H,
J=-12.1 Hz, PhCH), 4.55 (d, 1H,J=-12.1 Hz, PhCH),
4.35-422 (m, 4H, Jse=4.7Hz, J5~9.8 Hz,
Jeasi=—10.3 Hz, 8-H, 64d-H, 6a-H, 6B-H), 4.11 (dt, 1H,
5-H), 3.97 (t, 1H, Jy5=8.8 Hz, 4-H), 3.88 (dd, 1H,
J3 4=9.2 Hz, 3-H), 3.76-3.73 (m, 1HJ,5=9.8 Hz, 4-H),
3.75 (t, 1H, 6b-H)3'C NMR (CDCL): 6=167.0 (PhCO),
166.0, 165.8 (PhCOO), 101.3 (PhCH), 95.9 (C-1), 85.4
(C-1), 80.2 (C-3), 79.3 (C-4), 76.3 (C-2, 75.3 (PhCH),
74.6 (C-4), 72.2 (C-2), 72.1, 72.0 (PhGH 70.9 (C-5),
70.1 (C-3), 69.9 (PhC}), 68.8 (C-6), 63.9 (C-H, 62.8
(C-5). Anal. calcd for GgHe014S: C, 71.94; H, 5.50; S,
2.82; Found: C, 71.82; H, 5.41; S, 2.90.

Phenyl  2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-carbonyl]-1-thio-«-
p-mannopyranoside (16a). Treatment of 15a (1.06 g,
1.03 mmol) in THF (15ml) with NaCNBKl (0.58 g,
9.27 mmol) and HCI in BD as described for the prepara-
tion of 3 and chromatography (C&acetone 12:1) afforded
16a(0.93 g, 87%), §]p=+110.9 €=1.0, CHCL). *H NMR
(CDCly): 6=5.45 (t, 1H,J3,=9.7 Hz, 3-H), 5.41 (d, 1H,
Jy»=1.4Hz, 1-H), 5.30 (d, 1H,J; ~=3.7 Hz, 1-H), 4.97
(dd, 1H, J,5=10.2 Hz, 2-H), 4.92 (d, 1HJ=-10.6 Hz,
PhCH,), 4.70 (d, 1H,J=-12.4 Hz, PhCH), 4.64 (d, 1H,
J=-12.1 Hz, PhCH), 4.62 (d, 1H,J=-12.4 Hz, PhCH),
457 (d, 1H, J=—10.6Hz, PhCH), 456 (d, 1H,
J=-12.6 Hz, PhCH), 4.51 (d, 1H,J=-12.3 Hz, PhCH),
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450 (s, 3H, PhCh, 4.47 (dd, 1H, J5e,=5.7 Hz,
J6d,6U=_11-5 Hz, G&H), 4.38 (dd, 1H1‘J5’,6b/=2-1 Hz,
6b-H), 4.23 (ddd, 1H, 5H), 3.99-3.91 (m, 3H,
‘]2’,3’:3'0 Hz, J4/'5/:9.8 Hz, \]5’6&:4.3 Hz, J5,6b:3-7 Hz,
2'-H, 4-H, 5-H), 3.86 (t, 1H,J,5=9.7 Hz, 4-H), 3.78 (dd,
lH, J3fy4f:9.3 HZ, 3-H), 3.75 (dd, 1HJ6a,6b:_10-5 HZ, 6a-
H), 3.68 (dd, 1H, 6b-H), 2.72 (bs, 1H, OH}*C NMR

(CDCL): §=165.6 (PhCO), 155.4 (OCO), 95.1 (C-1), 85.5

(C-1), 79.9 (C-3), 76.9 (C-3), 75.7 (C-2, 75.3 (PhCH),

74.5 (C-4), 73.7 (PhCH), 71.9 (PhCH), 71.7 (C-2), 71.6
(PhCH,), 70.9 (C-5), 70.1, 70.0 (C-4,5), 69.7 (PhG}{69.2
(C-6), 67.0 (C-6). Anal. calcd for GHggO13S: C, 70.91; H,
5.85; S, 3.10; Found: C, 70.78; H, 5.96; S, 3.01.

Phenyl  2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-oxalyloxy]-1-thioe-
Dp-mannopyranoside (16b). Treatment of 15b (1.59 g,
1.5mmol) in THF (20 ml) with NaCNBK (0.85 g,

13.5 mmol) and HCI in BD as described for the prepara-

tion of 3 and chromatography (C&acetone 10:1) afforded
16b(0.35 g, 22%), f]p=+118.2 €=1.2, CHCE). *H NMR
(CDCly): =5.70 (t, 1H,J3,=9.8 Hz, 3-H), 5.50 (d, 1H,
Jy»=1.4Hz, ¥-H), 5.31 (d, 1H,J; ~=3.7 Hz. 1-H), 5.03
(dd, 1H, J,5=10.0 Hz, 2-H), 4.89 (d, 1HJ=-10.6 Hz,
PhCH), 4.74 (d, 1H,J=-12.5 Hz, PhCH), 4.63 (d, 1H,
J=-12.2 Hz, PhCH), 4.60 (d, 1H,J=-12.3 Hz, PhCH),
455 (d, 1H, J=—10.6Hz, PhCH), 4.53 (d, 1H,
J=-10.6 Hz, PhCH), 4.50 (d, 1H,J=-12.3 Hz, PhCH),
4.48 (bd, 3H, PhCh), 4.46-4.27 (m, 3H, BH, 6a-H,
6b/-H), 4.05 (dd, 1H,J, 3=2.9 Hz, 2-H), 4.00-3.93 (m,
1H, Jse=4.4Hz, J56=3.9Hz, 5-H), 3.96 (t, 1H,
J45=9.8 Hz, 4-H), 3.94 (t, 1HJy 5=9.4 Hz, 4-H), 3.81
(dd, 1H, J34=9.1Hz, 3-H), 3.80 (dd, 1H,

Jeasti=—10.3 Hz, 6a-H), 3.63 (t, 1H, 6b-H), 2.75 (bs, 1H,

OH). 3C NMR (CDCL): 8=165.6 (PhCO), 157.4, 156.8
(COCO), 95.0 (C-1), 85.7 (C4)}, 80.2 (C-3), 76.3 (C-2),
75.2 (PhCH), 74.5 (C-4), 74.1 (C-3), 73.4 (PhC}), 72.2,
72.1 (PhCH), 71.7 (C-B), 71.4 (C-2), 70.0 (2 C, C-5,
PhCH,), 69.5 (C-4), 69.1 (C-6), 66.1 (C%6 Anal. calcd

for CeHecOwS: C, 70.17; H, 5.70; S, 3.02; Found: C,

70.04; H, 5.81; S, 2.91.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-carbonylethanoyl]-1-
thio-a-p-mannopyranoside (16c). Treatment of 15c
(0.599g, 0.55mmol) in THF (15ml) with NaCNBH
(0.43 g, 6.9 mmol) and HCI in ED as described for the
preparation of 3 and chromatography n(hexane/ethyl
acetate 3:1) afforded.6¢c (0.39 g, 73%), &]p=+101.9
(c=1.0, CHCL). *H NMR (CDCL): 6=5.65 (dd, 1H,
J3,/~=9.2 Hz, 3-H), 5.52 (d, 1HJ; »=1.5 Hz, ¥-H), 5.24
(d, 1H, J;,=3.7Hz, 1-H), 4.97 (dd, 1HJ,:=10.2 Hz,
2-H), 4.90-4.83 (m, 4H, PhCH 4.73 (d, 1H,
J=-12.6 Hz, PhCH), 4.65-4.55 (m, 4H, PhCHl 4.51
(d, 1H, J=-12.5Hz, PhCH), 4.33—-4.24 (m, 3H, 5BH,
6d-H, 6b/-H), 3.97-3.95 (m, 2H,J»3=2.8 Hz, 2-H,
5-H), 3.94 (t, 1H, Jy5=9.2 Hz, 4-H), 3.84 (dd, 1H,
J3/'4/=9.2 Hz, 3'H), 3.71-3.63 (m, 3H, 4-H, 6a-H, Gb'H),
3.57 (d, 1H,J, 0=3.2 Hz, OH), 3.29 (bd, 2H, COCM *°C
NMR (CDCly): 6=167.0 (PhCO), 165.8 (COGH 165.7
(COCH,), 95.0 (C-1), 85.5 (C-, 80.0 (C-3), 76.0
(C-2), 75.3 (PhCH), 74.6, 74.3 (C-3,4), 73.6 (PhG}
72.1 (PhCH), 72.0 (PhCH), 71.4 (C-2), 70.6, 70.7

(C-5,5), 69.6 (PhCh), 69.3 (C-4), 69.1 (C-6), 64.7 (C%
41.5 (COCH). Anal. calcd for G3He:014S: C, 70.37; H,
5.81; S, 2.98; Found: C, 70.43; H, 5.93; S, 3.05.

Phenyl  2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-3-carbonylpropa-
noyl]-1-thio-a-p-mannopyranoside (16d). Treatment of
15d (1.25 g, 1.15 mmol) in THF (20 ml) with NaCNBH
(0.9 9, 14.4 mmol) and HCI in ED as described for the
preparation of3 and chromatography (Cghcetone 5:1)
afforded16d (1.04 g, 83%), &]p=+98.3 €=1.1, CHC}).
H NMR (CDCly): $=5.65 (t, 1H,J,5=J3,~9.7 Hz, 3-H),
5.55 (d, 1H,J; =1.4 Hz, 1-H), 5.23 (d, 1HJ; ,=3.7 Hz,
1-H), 4.99 (dd, 1H, 2-H), 4.93 (d, 1H, PhGK 4.74 (d,
1H, PhCH), 4.70 (d, 1H, PhCh), 4.61-4.58 (m, 6H,
PhCH, 5-H), 4.56 (d, 1H, PhC}), 4.52 (d, 1H, PhCHh),
4.28-4.25 (M, 3HJ56:=4.9 Hz, J5 6=2.6 Hz, 5-H, 6a-H,
6b-H), 3.97 (dd, 1H, 2-H), 3.92 (t, 1H;4=9.2 Hz, 4-H),
3.85 (dd, 1H, J,3=3.1Hz, 3-H), 3.78-3.75 (m, 1H,
J,5=9.6 Hz, 4-H), 3.73 (dd, 1H, Js6=4.9 Hz,
Joasi=—10.6 Hz, 6a-H), 3.69 (dd, 1H,J5¢=3.2 Hz,
6b-H), 3.27 (d, 1HJ4 01=3.7 Hz, (H), 2.64—2.43 (m, 4H,
CH,—CH,). *C-NMR (CDCL): 6=172.2 (2, GCO-CH,),
165.7 (PILO-), 95.2 (C-1), 85.4 (C-1), 80.0 (C-3), 76.1
(C-4), 75.2 (PRH,), 74.4 (C-2), 73.6 (P@H,), 73.5
(C-3), 72.1, 71.9 (P@H,), 71.5 (C-4), 70.8 (C-5), 70.5
(C-2), 69.7 (C-5), 69.5 (ReH,), 69.2 (C-6), 63.7 (C-6),
29.2 (2C, CH,—CH,). Anal. calcd for GuHesO1S: C,
70.57; H, 5.92; S, 2.94; Found: C, 70.72; H, 6.04; S, 2.79.

Phenyl 2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-2-carbonylbenzoyl]-
1-thio-a-p-mannopyranoside (16e). Treatment of 15e
(0.48g, 0.42mmol) in THF (15ml) with NaCNBH
(0.33 g, 5.23 mmol) and HCI in ED as described for the
preparation of3 and chromatography (Cgacetone 15:1)
afforded16e (0.4 g, 83%), f]p=+139.4 €=1.0, CHC}).
'H NMR (CDCly): 6=5.96 (t, 1H,J;,~10.0 Hz, 3-H), 5.59
(d, 1H,Jy »=1.4 Hz, ¥-H), 5.29 (d, 1H,J; =3.7 Hz, 1-H),
5.05 (dd, 1H,J, =10.2 Hz, 2-H), 4.96 (d, 1H]=—10.9 Hz,
PhCH,), 4.80 (d, 1H,J=—12.4 Hz, PhCH), 4.70 (d, 1H,
J=-12.1 Hz, PhCH), 4.65-4.59 (m, 6H, PhCHl 4.56 (d,
1H,J=-12.7 Hz, PhCH), 4.45-4.36 (m, 3H, BH, 64-H,
6b/'-H), 4.06 (t, 1H,J, 5=9.5 Hz, 4-H), 4.01-3.90 (m, 3H,
Jz 4=9.5Hz, 3-H, 4'-H, 5-H), 3.89 (t, 1H,J,5=9.7 Hz,
4-H), 3.80-3.67 (m, 3H, 6a-H, 6b-H, OH}*C NMR
(CDCly): 6=168.5 (PhCO), 166.5, 165.7 (PhCOO), 95.2
(C-1), 85.3 (C-1, 80.2 (C-3), 76.2, 74.8 (Ci&), 75.3
(PhCH,), 74.3 (C-3), 73.5 (PhCH), 72.1, 72.0 (PhC}},
71.5 (C-2), 70.8 (2 C, C/5C-5), 69.0 (C-4), 68.8 (C-6),
64.6 (C-8). Anal. calcd for GgHe4014S: C, 71.81; H, 5.67;
S, 2.82; Found: C, 71.70; H, 5.80; S, 2.95.

Phenyl  2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-carbonyl]-1-sulfoxy-
a-p-mannopyranoside (17a)A solution of 16a (207 mg,

0.2 mmol) and 55%m-chloroperbenzoic acid (87 mg,
0.28 mmol) in dichloromethane (10 ml) was stirred at
20°C for 24 h and concentrated. Chromatography (toluene/
ethyl acetate 5:1) of the residue affordéda (168 mg,
80%), [a]p=+38.2 €=1.0, CHCL). *H NMR (CDCL):
8=5.45 (dd, 1H, J;,=8.7Hz, 3-H), 528 (d, 1H,
J1=3.7 Hz, 1-H), 5.03 (dd, 1HJ,=10.2 Hz, 2-H), 4.90
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(d, 1H, J=-10.9 Hz, PhCH), 4.72 (d, 1H,J=—12.3 Hz,
PhCH,), 4.65 (d, 1H,J=—12.3 Hz, PhCH), 4.59 (d, 1H,
J=-12.2 Hz, PhCH), 4.57 (bs, 4H, PhC}), 4.55 (d, 1H,
J=—-11.2 Hz, PhCH), 4.47 (d, 1HJ=-11.5 Hz, PhCH),
443 (S, 1H, 1—H), 440 (dd, 1H,J5/'6d=2.0 HZIJ6d,6U=
—11.7 Hz, 6&H), 4.31 (bt, 1H,Jy 3=3.2 Hz, 2-H), 4.24
(dd, 1H,Js 6,=6.6 Hz, 6B-H), 4.09 (dd, 1HJ3 4=9.0 Hz,
3-H), 4.05-4.00 (m, 1H, BH), 3.98-3.89 (m, 2H,
J5,6a:3-9 Hz, J5'6b:3.6 Hz, 4-H, 5-H), 3.85 (t, 1H,
Jy5=9.3Hz, 4-H), 3.78 (dd, 1H, Jgae=—10.4 Hz,
6a-H), 3.70 (dd, 1H, 6b-H), 2.86 (d, 1Hj,o+—=3.9 Hz,
OH). *C NMR (CDCh): $=165.5 (PhCO), 155.2 (OCO),
95.2,95.1 (C-1,9, 79.0 (C-3), 77.1 (C-3), 75.8 (C-9, 75.0
(PhCHy), 73.7 (PhCH), 73.4 (C-4), 72.3 (PhCH), 72.0
(PhCHp), 71.6 (C-2), 71.2 (C3, 70.1 (2 C, C-4, C-5),
69.7 (PhCH), 69.2 (C-6), 67.2 (C-§. Anal. calcd for
Cs1Hs0014S: C, 69.83; H, 5.76; S, 3.06; Found: C, 69.49;
H, 5.85; S, 3.09.

Phenyl  2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-oxalyloxy]-1-sulfoxy-
a-D-mannopyranoside (17b).Treatment ofl6b (218 mg,
0.21 mmol) and 55%m-chloroperbenzoic acid (89 mg,
0.28 mmol) in dichloromethane (10 ml) as described for
the preparation ofl7a afforded 17b (183 mg, 83%),
[a]p=+90.8 €=1.4, CHCL). 'H NMR (CDCly): 6=5.68

(t, 1H, J34=9.9 Hz, 3-H), 5.29 (d, 1HJ, ~=3.7 Hz, 1-H),
5.11 (dd, 1H,J, =10.0 Hz, 2-H), 4.80 (d, 1H]=—10.9 Hz,
PhCH), 4.73 (d, 1H,J=-12.3 Hz, PhCH), 4.65 (d, 1H,
J=-12.2 Hz, PhCH), 4.63 (d, 1H,J=-11.9 Hz, PhCH),
4.62-4.56 (m, 3H, PhCHi 4.55 (d, 1H,J=-12.0 Hz,
PhCH), 4.53 (d, 1H,Jy »=1.5Hz, ¥-H), 4.51 (d, 1H,
J=-12.1 Hz, PhCH), 4.49 (d, 1H,J=-12.3 Hz, PhCH),
4.41 (dd, 1HJ, 3=3.3 Hz, 2-H), 4.39-4.18 (m, 2H, 8eH,
6b/-H), 4.12 (dd, 1H,J3 ,=9.3 Hz, 3-H), 4.16-3.98 (m,
1H, 5-H), 4.04 (t, 1H,3,5=9.7 Hz, 4-H), 4.02-3.95 (m,
1H, Jss:=4.3Hz, J567=3.5Hz, 5-H), 3.85 (t, 1H,
Jy5=9.6 Hz, 4-H), 3.83 (dd, 1H,Js565=—10.2 Hz, 6a-
H), 3.61 (t, 1H, 6b-H), 2.80 (bs, 1H, OH)}3C NMR
(CDCly): 6=165.7 (PhCO), 157.2, 156.6 (COCO), 95.1
(C-1), 94.3 (C-1), 79.2 (C-3), 74.5 (2 C, C-5 PhCH),
74.4 (C-3), 74.1 (C-3, 73.4 (PhCH), 73.1 (PhCH), 71.2
(PhCH), 72.0 (C-2), 71.1 (C-2), 70.1 (C-5), 70.0 (PhGH
69.6 (C-4), 69.1 (C-6), 66.4 (C% Anal. calcd for
CeoHs0O15S: C, 69.13; H, 5.61; S, 2.98; Found: C, 69.00;
H, 5.74; S, 3.05.

Phenyl  2,3,4-tri-O-benzyl-6-O-[(2-O-benzoyl-1,6-diO-
benzyl-a-p-glucopyranos-3-yloxy)-3-carbonylpropa-
noyl]-1-sulfoxy-a-p-mannopyranoside (17c). Treatment
of 16d (0.69 g, 0.63 mmol) and 55%n-chloroperbenzoic
acid (0.25g, 0.78 mmol) in dichloromethane (10 ml) as
described for the preparation &fa afforded17¢ (0.59 g,
84%), [a]p=+69.2 €=1.1, CHCL). 'H NMR (CDCly):
6=5.63 (dd, 1H, J3,=9.3Hz, 3-H), 5.22 (d, 1H,
J; =3.8 Hz, 1-H), 5.00 (dd, 1HJ,5=10.2 Hz, 2-H), 4.85
(d, 1H,J=-11.2 Hz, PhCH), 4.77 (d, 1H,J; »=1.7 Hz,
1’-H), 4.71 (d, 1H,J=-10.6 Hz, PhCH), 4.69 (d, 1H,
J=-12.8 Hz, PhCH), 4.65 (bs, 2H, PhC}}, 4.62 (d, 1H,
J=-12.3 Hz, PhCH), 4.61 (d, 1H,J=-11.5 Hz, PhCH),
457 (bd, 1H, J»3=3.3Hz, 2-H), 455 (d, 1H,
J=-12.3 Hz, PhCH), 4.52 (d, 1H,J=—12.4 Hz, PhCH),
449 (d, 1H, J=—11.0Hz, PhCH), 4.26 (dd, 1H,
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Jy 4=8.6 Hz, 3-H), 4.10 (bd, 2H, 6aH, 6b/-H), 3.98-
3.91 (m, 1H, 5H), 3.83 (t, 1H, Jy5=9.2 Hz, 4-H),
3.80-3.70 (m, 3H, 5-H, 6a-H, 6b-H), 3.67-3.63 (m, 1H,
4-H), 3.17 (d, 1HJ4 0+=3.7 Hz, OH), 2.60-2.38 (m, 4H,
COCHCH,). *C NMR (CDCk): 6=172.2, 172.0
(COCH,CHy), 165.7 (PhCO), 95.2 (C-1), 90.8 (C}179.2
(C-3), 74.4 (2 C, C-5 PhCH), 73.9 (C-4), 73.7 (PhCH),
73.5 (C-3), 73.2 (PhCh, 72.8 (PhCH), 71.4 (2 C, C-2,
C-2), 70.4 (C-5), 69.9 (C-4), 69.6 (PhGH 69.3 (C-6),
63.9 (C-8), 29.1 (2 C, C@H,CH,). Anal. calcd for
Cs4Hs4045S: C, 69.55; H, 5.84; S, 2.90; Found: C, 69.85;
H, 5.77; S, 2.98.

General procedure AAccording to Table 2, a solution of
13a-c or 16a-e and 4 A molecular sieves in MeCN or
dichloromethane were stirred under Ar for 0.5 h and cooled
to —30°C. NIS and TMSOTf were added at30°C, the
mixture was stirred for 10 min, neutralized by addition of
pyridine, diluted with dichloromethane and filtered. The
filtrate was washed with aqueous NaH{@&nd NaS,0;
solution, dried and concentrated. Chromatography (toluene/
ethyl acetate) of the residue afforded compoua8sgb,f
and19a-cf.

General procedure BAccording to Table 2, a solution of
13a—c and16ab and MeOTf in MeCN or dichloromethane
was stirred at 2T for 6 h, neutralized by addition of g,
diluted with dichloromethane and filtered. The filtrate was
washed with water, dried and concentrated. Chromato-
graphy (toluene/ethyl acetate) of the residue afforded
compoundsl8ab and19a-c.

General procedure CAccording to Table 2, a solution of
IDCP andl13bandl16ab in MeCN or dichloromethane was
stirred at 20C until all starting material was consumed. The
mixture was diluted with dichloromethane, filtered, and the
filtrate was washed with aqueous 48505 solution, dried

and concentrated. Chromatography (toluene/ethyl acetate)
of the residue afforded8b and19b.

General procedure DAccording to Table 2, a solution of

16ab and DMTST in MeCN or dichloromethane was stirred
at 20C until all starting material was consumed. TLC
showed complete decomposition of the starting material.

General procedure EAccording to Table 2, AgOTf was
added at 2fC to a solution ofLl6ab in MeCN or dichloro-
methane. Brwas added and the mixture was stirred until all
starting material was consumed. TLC showed complete
decomposition of the starting material.

General procedure FAccording to Table 2, TO was
added under Ar at-50°C to a solution ofl7a—c and 2,6-
di-t-butylpyridine in MeCN or dichloromethane. The
mixture was warmed to 2@, stirred for 50 h, diluted with
dichloromethane and filtered. The filtrate was washed with
agueous NaHCgXxsolution dried and concentrated. Chroma-
tography (toluene/ethyl acetate) of the residue afforded
18b,d,e and19h.

Benzyl O-(2,3,4-tri-O-benzyl-w-p-mannopyranosyl)-(1—4)-
2-O-benzoyl-60-benzyl-w-p-glucopyranoside-3,6-malonate
(18a). [a]p=+140.1 €=1.0, CHCL). 'H NMR (CDClL):
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Starting material Solvent Proc. Activators Products, yield
(mg, mmol) (ml) (g or pl, mmol) (mg, %)
13a(460, 0.45) MeCN (15) A NIS (0.50, 2.24), TMSOTf (20, 18a(58, 13),19a(250, 58)
0.11)
13a(410, 0.40) CHCI, (15) A NIS (0.45, 2.00), TMSOTf (18, 18a(64, 17),19a(204, 53)
0.1)
13a(460, 0.45) MeCN (15) B MeOTf (340, 3.14) 18a(28, 6),19a(315, 73)
13a(520, 0.51) CHCI, (15) B MeOTTf (280, 2.53) 18a(46, 9),19a(335, 68)
13b (470, 0.45) MeCN (15) A NIS (0.51, 2.25), TMSOTf (20, 18b (169, 38),19b (146, 33)
0.11)
13b (400, 0.39) CHClI, (15) A NIS (0.44, 1.94), TMSOTf (18, 18b (164, 43),19b (104, 27)
0.1)
13b (640, 0.62) MeCN (15) B MeOTf (340, 3.14) 18b (161, 27),19b (257, 43)
13b (390, 0.37) CHCI, (10) B MeOTf (200, 1.87) 18b (112, 31),19b (133, 37)
13b (380, 0.37) MeCN (10) C IDCP (0.35, 0.74) 18b (129, 36),19b (132, 37)
13b (360, 0.34) CHCI, (10) C IDCP (0.32, 0.69) 18b (133, 40),19b (106, 32)
13c (300, 0.29) MeCN (10) A NIS (0.32, 1.43), TMSOf (13, 19c (144, 51)
0.07)
13c (310, 0.30) CHCI, (12) A NIS (0.34, 1.50), TMSOf (14, 19c (140, 47)
0.08)
13c (400, 0.38) MeCN (12) B MeOTf (214, 1.92) 19c¢ (199, 52)
13c (350, 0.33) CHCI, (12) B MeOTf (128, 1.67) 19c¢ (160, 49)
16a(214, 0.21) MeCN (20) A NIS (0.23, 1.04), TMSOTf (5, -2
0.052)
16a(250, 0.26) CHClI, (20) A NIS (0.29, 1.29), TMSOTf (12, -2
0.065)
16a(166, 0.16) MeCN (10) B MeOTf (90, 0.81) b_
16a(213, 0.21) CHCI, (10) B MeOTf (110, 1.03) b
16a(157, 0.15) MeCN (8) C IDCP (150, 0.31) b_
16a(225, 0.22) CHCI, (12) C IDCP (210, 0.45) b
16a(240, 0.24) MeCN (15) D DMTST (290, 1.12) a_
16a(199, 0.19) CHCI, (10) D DMTST (230, 0.87) 2
16a(250, 0.25) MeCN (15) E AgOTf (124, 0.48), B(8.7, -2
0.17)
16a(155, 0.15) CHCI, (10) E AgOTf (80, 0.30), Br(5.5, -2
0.11)
17a(350, 0.37) MeCN (20) F 0 (182, 2.2) 18d (257, 76)
17a(149, 0.14) CHCI, (10) F THO (66, 0.43) 18d (103, 79)
16b (350, 0.33) MeCN (10) A NIS (0.37, 1.65), TMSOTf (15, -2
0.083)
16b (300, 0.28) CHCI, (10) A NIS (0.32, 1.41), TMSOTf (13, -2
0.072)
16b (294, 0.28) MeCN (10) B MeOTf (152, 1.39) a_
16b (261, 0.25) CHCI, (10) B MeOTf (135, 1.23) a
16b (303, 0.29) MeCN (10) C IDCP (268, 0.57) b_
16b (280, 0.26) CHCI, (12) C IDCP (248, 0.53) b
16b (330, 0.31) MeCN (12) D DMTST (362, 1.4) a—
16b (280, 0.26) CHCI, (12) D DMTST (307, 1.19) 2
16b (294, 0.28) MeCN (12) E AgOTf (142, 0.55), Bf10, -2
0.20)
16b (237, 0.22) CHCI, (12) E AgOTf (115, 0.45), Br(8.0, -2
0.16)
17a(320, 0.30) MeCN (18) F 1O (146, 0.89) 18e(204, 72)
17a(282, 0.26) CHCI, (10) F THO (129, 0.79) 18e(187, 75)
16c (211, 0.20) MeCN (15) A NIS (0.22, 0.98), TMSOTf (15, 18a(42, 22),19a(102, 54)
0.083)
16c¢ (364, 0.38) CHCI, (20) A NIS (0.42, 1.89), TMSOTf (17, 18a(90, 25),19a(180, 50)
0.094)
16d (520, 0.48) MeCN (60) A NIS (0.54, 2.40), TMSOTf (20, 18b (213, 45),19b (118, 25)
0.11)
16c (370, 0.34) CHCI, (50) A NIS (0.38, 1.70), TMSOTf (14, 18b (175, 53),19a(71, 21)
0.08)
17¢(330, 0.30) MeCN (10) F 1O (132, 0.60) 18b (142, 48),19b (67, 23)
17c¢(300, 0.27) CHCI, (10) F TH,0 (119, 0.54) 18b (144, 54),19b (61, 23)
16€e(290, 0.26) MeCN (15) A NIS (0.29, 1.30), TMSOTf (12, 18f (183, 69),19f (23, 9)
0.065)
16e(340, 0.30) CHCI, (15) A NIS (0.34, 1.51), TMSOTf (14, 18f (195, 63),19f (31, 10)

0.08)

&Decomposition of the starting material.

® No reaction.
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8=5.77 (t, 1H, J;,=10.0Hz, 3-H), 511 (d, 1H,
J;=3.4 Hz, 1-H), 4.93 (dd, 1HJ),5=9.6 Hz, 2-H), 4.92
(s, 1H, 1-H), 4.87 (d, 1H,J=—11.4 Hz, PhCH), 4.84—
4.80 (m, 1H, 6&H), 4.82 (d, 1H,J=—11.2 Hz, PhCH),
4.81 (d, 1H,J=—10.9 Hz, PhCH), 4.75-4.66 (m, 4H,
PhCH,), 4.54 (d, 1H,J=—12.6 Hz, PhCH), 4.51 (s, 1H,
PhCH,), 4.43 (d, 1H,J=—12.2 Hz, PhCH), 4.11 (t, 1H,
J,5=10.4 Hz, 4-H), 4.11-4.04 (m, 1H,'#l), 3.77-3.71
(m, 1H, 6B-H), 3.73 (dd, 1H,Jy4=9.3 Hz, 3-H), 3.64
(t, 1H, Jy5=9.3Hz, 4-H), 3.50-3.44 (m, 1H,
‘]5,6b=4'0 HZ, 5-H), 343—339 (m, 2H,\]2/Y3/=3.0 HZ,
Jeasi=—10.9 Hz, 2-H, 6a-H), 3.33—-3.28 (m, 1H, 6b-H),
3.27 (d, 1H, J=—12.6 Hz, COCH), 3.18 (d, 1H,
J=-12.6 Hz, COCH). ®*C NMR (CDCL): 6=165.6
(COCH,), 165.4 COCH,), 164.5 (PhCO), 94.8 (C-1), 93.1
(C-1, Je.y1-4=166.0 Hz), 79.3 (C-3, 75.5 (C-4), 75.3
(C-2), 745 (PhCH), 73.5 (PhCH), 73.2 (C-4), 73.0
(C-2), 72.8 (PhCH), 72.5 (PhCH), 69.5 (PhCH), 69.1,
68.9 (C-3,5,5), 68.8 (C-6), 64.8 (C)6 43.3 (CCCH,).
Anal. calcd for G/Hs6044: C, 70.94; H, 5.85; Found: C,
70.60; H, 5.85.

Benzyl O-(2,3,4-tri-O-benzyl-w-p-mannopyranosyl)-(1—4)-
2-O-benzoyl-6-O-benzyl-a-p-glucopyranoside-3,6-succi-
nate (18b). [a]p=+119.1 €=1.0; CHCE). H NMR
(CDCly): 6=6.05 (t, 1H,J,3=J3,=10.0 Hz, 3-H), 5.14 (d,
1H, J; =3.4 Hz, 1-H); 5.05 (d, 1HJ); =1.6 Hz, 1-H), 4.92
(dd, 1H, 2-H), 4.86 (d, 1H, PhCH 4.78 (d, 1H, PhCh),
4.60-4.52 (m, 6H, PhC}Hi, 4.45 (d, 1H, PhCh), 4.42 (d,
1H, PhCH), 4.26—-4.14 (m, 3HJsqe=—10.6 Hz, 5-H,
6a-H, 6b-H), 4.02 (dt, 1HJ,5=9.3 Hz, 5-H), 3.66-3.56
(m, 2H, 2-H, 4-H), 3.75 (dd, 1H], 3~=2.9 Hz,J; /~8.6 Hz,
3-H), 3.50-3.43 (m, 2H, 4-H, 6a-H), 3.36 (dd, 1H, 6b-H),
2.87-2.59 (m, 2H, 8,-CH,), 2.42-2.34 (m, 1H, 8,-
CH,), 2.17-2.09 (m, 1H, B,—CH,). *C NMR (CDCk):
6=171.5, 170.4 (O€0O-CH,, 165.7 (PIKO-), 95.0
(C-1), 92.8 (C-1,Jc11+=164.5Hz), 80.0 (C-4), 79.2
(C-5), 75.2 (C-2), 74.8 (ReH,), 73.6 (PItH,), 73.2
(C-3), 72.8 (C-3), 72.5 (ReHy), 72.3 (PItH,), 71.0
(C-2), 70.8 (C-5), 69.7 (ReH,), 68.6 (C-6), 67.4 (C-4),
64.2 (C-6), 29.9, 29.7 GH,-CH,). Anal. calcd for
CsgHsg014: C, 71.15; H, 5.97; Found: C, 70.94; H, 5.97.

Benzyl O-(2,3,4-tri-O-benzyl-a-p-mannopyranosyl)-(3-4)-
2-0O-benzoyl-6-0O-benzyl-w-p-glucopyranoside-3,6-car-
bonate (18d).[a]p=+121.7 €=0.99, CHC}). *H NMR
(CDCly): 6=5.73 (t, 1H,J3,~9.9 Hz, 3-H), 5.17 (d, 1H,
J1,7=3.7 Hz, 1-H), 4.93 (dd, 1HJ,5=10.1 Hz, 2-H), 4.81
(s, 1H, 1-H), 4.78 (d, 1H,J=—11.0 Hz, PhCH), 4.69 (d,
1H, J=-12.3Hz, PhCH), 4.66 (d, 1H,J=-11.7 Hz,
PhCH), 4.60 (d, 1H,J=-11.8 Hz, PhCH), 4.59 (d, 1H,
J=-12.5Hz, PhCH), 4.55 (d, 1H,J=-11.7 Hz, PhCH),
4.53 (d, 1H,J=—12.6 Hz, PhCH), 4.50 (s, 3H, PhCH),
4.34 (dd, 1H,Js64=1.7 HZ, Joy ey=—"11.5Hz, 6&H),
430 (t, 1H, J45=9.4Hz, 4-H), 4.04-4.00 (m, 1H,
Js ey=4.9 Hz, B-H), 3.95 (dd, 1H, 6bH), 3.77-3.71 (m,
1H, 5-H), 3.67 (dd, 1HJ3 4=9.4 Hz, 3-H), 3.65 (t, 1H,
\]41’5/:8.9 Hz, 4'H), 3.49 (bd, 1H, Ga'H), 3.45-3.35 (m,
Jy3=2.5Hz, 2-H), 3.32 (bd, 1H, 6b-H).’*C NMR
(CDCly): 6=165.3 (PhCO), 154.1 (OCO), 94.9 (C-1), 93.7
(C-l’, Jc_lr’]_r_H=168.5 HZ), 79.0 (C'a, 74.4 (PhCH), 74.2
(C-2), 74.0 (C-4), 73.8 (PhC}), 73.4, 73.3 (C-2,3, 73.0,
72.5 (PhCH), 71.9 (C-3), 71.0 (C-9, 70.5 (PhCH), 68.2
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(C-5), 68.8 (C-6), 67.0 (C4&. Anal. calcd for GsH34043: C,
71.57; H, 5.90; Found: C, 71.64; H, 5.88.

Benzyl O-(2,3,4-tri-O-benzyl-w-p-mannopyranosyl)-(1-4)-
2-0O-benzoyl-6-O-benzyl-a-p-glucopyranoside-3,6-
oxalate (18e).[a]p=+128.6 €=2.13, CHC}). 'H NMR
(CDCly): 6=5.98 (t, 1H,J;,=9.8 Hz, 3-H), 5.18 (d, 1H,
J;=3.6 Hz, 1-H), 4.99 (dd, 1HJ,5=9.9 Hz, 2-H), 4.90
(d, 1H, Jy2=1.3 Hz, 1-H), 4.88 (d, 1H,J=-10.7 Hz,
PhCH,), 4.76 (d, 1H,J=—11.8 Hz, PhCH), 4.66 (d, 1H,
J=-11.8 Hz, PhCH), 4.59 (d, 1HJ=—12.5 Hz, PhCH),
456 (d, 1H, J=—10.7Hz, PhCH), 4.53 (d, 1H,
J=—11.0 Hz, PhCH), 4.52—4.46 (m, 4H, PhCH| 4.42 (t,
1H,J,5=9.9 Hz, 4-H), 4.33-4.14 (m, 1H, 6&), 4.04-3.93
(m, 2H, 5-H, 6b/-H), 3.78—3.72 (M, 1HJs ¢=4.2 Hz, 5-H),
3.74 (dd, 1HJ5 4=9.2 Hz, 3-H), 3.67 (t, 1H J; 5=9.3 Hz,
4'-H), 3.55-3.48 (M, 1HJ, 3=3.0 Hz, 2-H), 3.54 (dd, 1H,
Jeas=—10.7 Hz, 6a-H), 3.30-3.24 (m, 1H, 6b-H}’C
NMR (CDCL): 6§=165.8 (PhCO), 157.6, 156.7 (COCO),
94.8 (C-1), 93.9 (C1 Jc.y1-1=165.6 Hz), 79.3 (C-3,
75.4 (PhCH), 74.8 (C-2), 73.4, 73.3 (C-4,4), 73.2
(PhCH), 73.1 (C-2), 72.0, 71.9 (PhGH 71.8 (C-B), 69.8
(PhCH,), 69.1 (C-3), 68.7 (C-6), 68.2 (C-5), 66.2 (C16
Anal. calcd for GgHs40.4 (951.04): C, 70.72; H, 5.72;
Found: C, 70.86; H, 5.69.

Benzyl O-(2,3,4-tri-O-benzyl-a-p-mannopyranosyl)-(1-4)-
2-0O-benzoyl-6-O-benzyl-a-p-glucopyranoside-3,6-
phthalate (18f).[a]p=+153.6 €=1.36, CHC}). *H NMR
(CDCly): 6=6.35 (t, 1H,J;,=9.8 Hz, 3-H), 5.20 (d, 1H,
J1=3.4Hz, 1-H), 5.15 (dd, 1HJ,=9.3 Hz, 2-H), 5.14
(d, 1H, Jy,=1.7 Hz, 1-H), 4.86 (d, 1H,J=-11.1 Hz,
PhCH), 4.80 (d, 1H,J=—12.6 Hz, PhCH), 4.73 (d, 1H,
J=-10.4 Hz, PhCH), 4.71 (d, 1H,J=—12.4 Hz, PhCH),
469 (d, 1H, J=—11.2Hz, PhCH), 4.61 (d, 1H,
J=-12.4 Hz, PhCH), 4.59 (d, 1H,J=—-11.2 Hz, PhCH),
457 (d, 1H, J=—12.7Hz, PhCH), 4.54 (d, 1H,
J=—11.6 Hz, PhCH), 4.52 (s, 1H, PhCh), 4.44-4.41
(m, 1H, Jezey=—10.3Hz, 6&H), 431 (t, 1H,
Js 6y=10.3 Hz, 6B-H), 4.08-3.98 (m, 2H, 4-H, '8H),
3.94-3.75 (m, 2H, 4H, 5-H), 3.69 (dd, 1HJy »=5.9 Hz,
3'-H), 3.62-3.42 (m, 3HJ» 3=2.9 Hz, 2-H, 6a-H, 6b-H).
C NMR (CDCkL): 6=167.5 (PhCO), 165.9, 165.7
(PhCOO), 94.8 (C-1), 93.9 (C:lJcy1.1=164.3 Hz),
75.7 (C-3), 75.3, 74.6 (C-24), 73.6 (C-4, 73.4
(PhCHy), 73.0 (C-2), 72.6, 72.5, 72.1 (PhGH 71.3
(C-5), 69.8 (PhCH), 69.6 (C-5), 68.3 (C-3), 68.2 (C-6),
64.9 (C-8). Anal. calcd for GHsgO14: C, 72.50; H, 5.69;
Found: C, 72.32; H, 5.74.

Benzyl O-(2,3,4-tri-O-benzyl8-p-mannopyranosyl)-(1-4)-
2-0O-benzoyl-6-0-benzyl-w-p-glucopyranoside-3,6-malo-
nate (19a). [a]p=+80.3 €=1.2, CHCL. *H NMR
(CDCly): 6=5.74 (t, 1H,J34/~9.5 Hz, 3-H), 5.26 (d, 1H,
J;~=3.8 Hz, 1-H), 5.00 (dd, 1HJ,:=10.1 Hz, 2-H), 4.91
(d, 1H, J=—11.3 Hz, PhCH), 4.81 (d, 1H,J=—12.6 Hz,
PhCH,), 4.73 (d, 1H,J=-12.5 Hz, PhCH), 4.70 (d, 1H,
J=—12.6 Hz, PhCH), 4.64-4.60 (m, 1H, Jezep=
—11.3 Hz, 6&H), 4.58 (d, 1H,J=-11.3 Hz, PhCH),
456 (d, 1H, J=—12.3Hz, PhCH), 4.55 (d, 1H,
J=-12.5Hz, PhCH), 4.49 (s, 2H, PhC}), 4.29 (d, 1H,
J=-12.1Hz, PhCH), 4.22 (s, 1H, *H), 4.01 (dd, 1H,
6b/-H), 3.97 (t, 1H,J,5=9.5 Hz, 4-H), 3.81-3.78 (m, 1H,
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Js6:=1.8 Hz, 5-H), 3.78 (t, 1HJ, 5=9.3 Hz, 4-H), 3.60
(ddd, 1H, J5’,Gd=4'8 HZ, ‘]5’,6U=7'8 HZ, S-H), 3.54 (bd,
1H, J» 3=3.0 Hz, 2-H), 3.41 (dd, 1H,Js26:=—10.9 Hz,
6a-H), 3.39-3.33 (m, 1H, 6b-H), 3.34 (dd, 1H,
Jz 4=9.0 Hz, 3-H), 3.28 (d, 1H,J=—12.4 Hz, COCH),
3.18 (d, 1H,J=—12.4 Hz, COCH). **C NMR (CDCL):
6=165.9 COCH,), 165.5 COCH,), 164.3 (PhCO), 103.2
(C-1, Jcy1-.y=153.2 Hz), 95.0 (C-1), 82.3 (CB 78.4
(C-4), 76.6 (C-4), 74.9 (PhCH), 73.6 (2 C, PhCh), 71.9
(PhCH,), 69.7 (PhCH), 74.2 (C-2), 72.6 (C-3), 72.2 (C-2),
70.2 (C-B), 69.8 (C-5), 67.9 (C-6), 64.1 (C% 429
(COCH,). Anal. calcd for G/Hs¢014: C, 70.94; H, 5.85;
Found: C, 70.77; H, 5.88.

Benzyl O-(2,3,4-tri-O-benzyl3-p-mannopyranosyl)-(1-4)-
2-O-benzoyl-6-0-benzyl-a-p-glucopyranoside-3,6-succi-
nate (19b). [a]p=+38.8 €=1.0, CHCL). *H NMR
(CDCly): 6=5.83 (dd, 1H,J,5=9.9 Hz,J; ,~8.8 Hz, 3-H),
5.22 (d, 1H,J; =3.6 Hz, 1-H), 5.00 (dd, 1H, 2-H), 4.90 (d,
1H, PhCH), 4.79 (d, 1H, PhCh), 4.69 (d, 1H, PhCh),
4.62-4.50 (m, 6H, 1-H, PhGH 4.37-4.29 (m, 2H,
PhCH), 4.26-4.16 (m, 2H, 6a-H, 6b-H), 4.02 (t, 1H,
J3’4=\]4’5=9.3 Hz, 4'H), 3.82 (d, 1H,J2’3=31 Hz, 2'H),
3.72 (t, 1H, J;,5=9.5 Hz, 4-H), 3.53-3.42 (m, 3H, 3-H,
5-H, 5-H), 3.36 (dd, 1HJs¢=6.7 Hz, 6a-H), 3.32-3.26
(m, 1H, J567=2.8 Hz, 6b-H), 2.73-2.24 (m, 4H, KG—
CH,). ®C NMR (CDCL): §=171.0, 170.7 (OEO—-CH,),
165.7 (PICO), 103.0 (C-1Jc.11+=153.1 Hz), 95.2 (C-1),
82.7 (C-4), 78.5 (C-5), 75.5 (C-2), 75.2 (BH,), 74.6 (C-3),
73.9 (PICH,), 73.5 (PICH,), 72.7 (C-3), 72.4 (C-2), 72.2
(C-5), 72.0 (PRH,), 69.9 (C-4), 69.7 (P@H,), 68.1 (C-6),
63.4 (C-6), 30.3, 29.8 QH,—CH,). Anal. calcd for
CsgHsg014: C, 71.15; H, 5.97; Found: C, 70.97; H, 6.01.

Benzyl O-(2,3,4-tri-O-benzyl8-p-mannopyranosyl)-(1-4)-
1,6-di-O-benzyl-2-deoxy-2-phthalimidowa-p-gluco-
pyranoside-3,6-malonate (19c¢).[a]p=+86.8 (€=1.20,
CHCly). 'H NMR (CDCly): 6=6.51 (dd, 1H,J;,~=8.2 Hz,
3-H), 495 (d, 1H, J;=4.0Hz, 1-H), 4.93 (d, 1H,
J=-11.1 Hz, PhCH), 4.90 (d, 1HJ=-12.7 Hz, PhCH),
472 (d, 1H, J=—12.7Hz, PhCH), 4.71 (d, 1H,
J=-12.8 Hz, PhCH), 4.67-4.60 (m, 2H,J,=11.1 Hz,
Joa sy=—11.4 Hz, 2-H, 6&H), 4.59 (d, 1H,J=-12.7 Hz,
PhCH,), 4.57 (d, 1HJ=—11.2 Hz, PhCH)), 4.47—4.44 (m,
2H, PhCH), 4.40 (d, 1H,J=—-11.9 Hz, PhCH), 4.32 (d,
1H,J=-12.1 Hz, PhCH), 4.26 (s, 1H, 1-H), 4.09 (dd, 1H,
Js 6y=6.0 Hz, 6B-H), 4.03—3.97 (m, 2H, 4-H, 5-H), 3.82 (t,
1H, 3y 5=9.4 Hz, 4-H), 3.57 (bd, 1HJ, 3=2.9 Hz, 2-H),
3.47 (bs, 2H, 6a-H, 6b-H), 3.44-3.41 (m, 1H;), 3.26
(dd, 1H, J3 4=9.3 Hz, 3-H), 3.20 (d, 1H,J=—12.1 Hz,
COCH), 3.12 (d, 1H,J=—12.1 Hz, COCH). *C NMR
(CDCly): 6=167.3, 166.3 COCH,), 163.4 (2 C, NCO),
102.3 (C-l, JC—l’,l’—H:157-7 HZ), 96.3 (C'l), 82.0 (C/‘B
78.1 (C-4), 75.9 (C-3, 75.0 (PhCH), 73.7 (2 C, PhCH
C-2), 73,5 (PhCH), 71.4 (PhCH), 70.6 (C-8), 70.4
(C-3), 70.0 (C-5), 69.5 (PhCHi 68.1 (C-6), 63.4 (C-
6’), 53.8 (C-2), 42.9 (CGH,. Anal. calcd for
CsgHssNOy4: C, 70.36; H, 5.60; N, 1.42; Found: C, 70.07,
H, 5.64; N, 1.28.

Benzyl O-(2,3,4-tri-O-benzyl3-p-mannopyranosyl)-(1—4)-
2-0O-benzoyl-6-O-benzyl-a-p-glucopyranoside-3,6-
phthalate (19f). [a]p=+80.9 €=1.68, CHC}). 'H NMR
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(CDCly): $=6.06 (dd, 1H,J;,~=9.5 Hz, 3-H), 5.32 (d, 1H,
J17=3.5 Hz, 1-H), 5.12 (dd, 1HJ,+=10.2 Hz, 2-H), 4.98
(d, 1H, J=—-10.8 Hz, PhCH), 4.85 (d, 1H,J=—12.5 Hz,
PhCH,), 4.75 (d, 1H,J=—11.5 Hz, PhCH), 4.70 (d, 1H,
J=-11.7 Hz, PhCH), 4.68—4.58 (m, 3H, PhCHj 4.55 (s,
2H, PhCH), 4.48-4.44 (m, 1HJey sy=11.4 Hz, 6&H),
4.34 (s, 1H, 1H), 4.43 (d, 1H,J=—12.5Hz, PhCH),
433 (dd, 1H, Jyey=9.0Hz, 6B-H), 4.18 (t, 1H,
Js5=9.4 Hz, 4-H), 3.92 (t, 1H,); 5=9.5 Hz, 4-H), 3.91—
3.82 (m, 1H, 5-H), 3.68-3.60 (m, 1H/-8l), 3.62—3.56 (m,
2H, Jy 3=2.7 Hz, 2-H, 3-H), 3.52-3.44 (m, 2H, 6a-H,
6b-H). 13C NMR (CDCk): §=168.3 (PhCO), 165.2, 164.2
(PhCOO0), 102.4 (C1Jc 11 1.n=153.4 Hz), 95.2 (C-1), 79.0
(C-3), 77.7 (C-4), 76.9 (C!3 75.9, 74.7 (C-2,3, 75.1
(PhCH), 73.9, 73.5, 72.2 (PhCH{ 71.3 (C-2), 70.2 (C-5),
69.5 (PhCH), 69.1 (C-5), 67.8 (C-6), 64.1 (C-§. Anal.
calcd for G,Hsg014: C, 72.50; H, 5.69; Found: C, 72.34;
H, 5.75.

Benzyl O-(6-O-benzoyl-2,3,4-tri-O-benzyl-a-p-manno-
pyranosyl)-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-a-b-
glucopyranoside (20).(a) A solution of 18a (90 mg,
0.09 mmol) and a catalytic amount of NaOMe in methanol
(8 ml) was stirred at 2@« for 3 h, neutralized with Dowex
ion exchange resin (Hform) and concentrated. The residue
was dissolved in pyridine (8 ml) and benzoyl chloride
(0.065 ml, 0.56 mmol) was added. The mixture was stirred
at 20C for 24 h, poured into water and extracted with
dichloromethane. The extracts were washed with agqueous
HCI and NaHCQ solution, dried and concentrated. Chro-
matography if-hexane/ethyl acetate 4:1) of the residue
afforded 20 (71.7mg, 70%), &]p=+57.7 (€=0.52,
CHCl). 'H NMR (CDCls): 6=6.07 (dd, 1H,J;,~8.9 Hz,
3-H), 5.32 (d, 1H,J3;,=3.7Hz, 1-H), 5.16 (dd, 1H,
J,710.3 Hz, 2-H), 5.14 (d, 1HJ)y »=1.7 Hz, 1-H), 4.87
(d, 1H,J=-10.8 Hz, PhCH), 4.79 (d, 1H,J=-12.4 Hz,
PhCH), 4.61 (d, 1H,J=-11.6 Hz, PhCH), 4.59 (s, 1H,
PhCH,), 4.58 (d, 1H,J=—10.6 Hz, PhCH), 4.57 (d, 1H,
J=-12.1 Hz, PhCH), 4.55-4.52 (m, 1H, PhC}i 4.51 (dd,
1H, Jea sp=—11.8 Hz, 6&H), 4.45-4.41 (m, 2H, 6kH,
PhCH), 4.13 (t, 1H,Jy 5=9.4 Hz, 4-H), 4.06—4.00 (m,
2H, J5 =2.0 Hz, 5-H, PhCh), 4.03 (t, 1H,J;5=9.5 Hz,
4-H), 3.96-3.91 (m, 2HJs5 ¢4=3.1 Hz, 3-H, 5'-H), 3.89—
3.83 (M, 1H,Jsa6=—11.1 Hz, 6a-H), 3.72 (dd, 1H, 6b-H),
3.60 (t, 1H, Jy3=2.4Hz, 2-H). °C NMR (CDCk):
6=166.3, 165.6, 165.5 (PhCO), 100.2 (G-1cy 1.
y=171.8 Hz), 95.1 (C-1), 79.6 (CB 76.7 (C-4), 75.6
(C-2), 75.1 (PhCH), 73.7 (C-4), 73.5 (PhCH, 72.9
(C-3), 72.5 (PhCH), 71.8 (C-2), 71.6 (PhChl, 71.4
(C-5), 70.2 (C-5), 69.8 (PhC}), 68.6 (C-6), 63.5 (C-8.
Anal. calcd for GgHgsO14: C, 73.90; H, 5.84; Found: C,
73.95; H, 5.83. (b) Treatment df8b (198 mg, 0.2 mmol)
as described under (A) afforde20 (175 mg, 78%). (c)
Treatment of18d (92 mg, 0.1 mmol) as described under
(A) afforded 20 (81.7 mg, 74%). (d) Treatment df8e
(86 mg, 0.09 mmol) as described under (A) afford2@l
(69.9mg, 70%). (e) Treatment of18f (99 mg,
0.096 mmol) as described under (A) afford2@(74.7 mg,
70%).

Benzyl O-(6-O-benzoyl-2,3,4-tri-O-benzyl-p-mannopy-
ranosyl)-(1—4)-2,3-di-O-benzoyl-6-0O-benzyl-w-p-gluco-
pyranoside (21a). (A) Treatment of 19a (324 mg,
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0.34 mmol) as described for the preparatiorz@tinder (A)
afforded 2la (283 mg, 76%), &]p=—-45.6 (€=1.22,
CHCly). *H NMR (CDCly): 8=6.07 (t, 1H, J;,=9.8 Hz,
3-H), 5.33 (d, 1H,J;,=3.8Hz, 1-H), 5.18 (dd, 1H,
J,#710.2 Hz, 2-H), 4.89 (d, 1HJ=-12.0 Hz, PhCH),
479 (d, 1H, J=—10.9Hz, PhCH), 4.75 (d, 1H,
J=-12.7 Hz, PhCH), 4.65 (d, 1H,J=-12.1 Hz, PhCH),
456 (d, 1H, J=—125Hz, PhCH), 4.51 (d, 1H,
J=-11.8 Hz, PhCH), 4.44 (bd, 2H,J=—-11.8 Hz, 1-H,
PhCH), 4.42 (bd, 2HJ=-11.7 Hz, PhCH), 4.39 (d, 1H,
J=-10.8 Hz, PhCH), 4.22 (t, 1H,J,5=9.8 Hz, 4-H), 4.13
(dd, 1H,Jx sy=—11.7 Hz, 6&H), 4.08—4.02 (m, 2H, 5-H,
6b/-H), 3.76 (t, 1H,J4 5=9.4 Hz, 4-H), 3.70-3.60 (m, 3H,
Jp3=2.7Hz, 2-H, 6d-H, 6b-H), 3.32 gbdd, 2H,
J34=9.2 Hz, J5yez=2.0Hz, 2-H, 5-H). C NMR
(CDCly): 6=166.0, 165.7, 165.6 (PhCO), 100.8 (G-1
\]C_lf’]_f_H=156.8 HZ), 95.3 (C-l), 82.1 (C/-B 75.1
(C-4), 75.0 (PhCH), 741 (2 C, C-2 C-4), 73.7
(PhCHy), 73.5 (2 C, C-5 PhCH,), 72.0 (C-2), 71.2
(PhCH), 70.2, 70.1 (C-3,5), 69.8 (PhGH 68.2 (C-6),
63.5 (C-6). Anal. calcd for GgHesO14 C, 73.90; H,
5.84; Found: C, 73.92; H, 5.90. (B) Treatment B®b

(105 mg, 0.11 mmol) as described under (A) afforded

21la (88 mg, 75%).
0.087 mmol) as described under
(69.5 mg, 73%).

(C) Treatment ofl9f (89 mg,
(A) affordeztla

Benzyl O-(6-O-benzoyl-2,3,4-tri-O-benzyl{f3-p-mannopy-
ranosyl)-(1—4)-3-O-benzoyl-6-O-benzyl-2-deoxy-2-
phthalimido- a-p-glucopyranoside (21b).(A) Treatment

of 19¢(125 mg, 0.13 mmol) as described for the preparation

of 20 under (A) afforded21b (104 mg, 73%), §]p=+8.4
(c=1.14, CHC}). 'H NMR (CDCly): =6.84 (dd, 1H,
J3.4/~9.3 Hz, 3-H), 5.02 (d, 1HJ; =3.5 Hz, 1-H), 4.90 (d,
1H, J=—11.3Hz, PhCH), 4.88 (d, 1H,J=-12.5Hz,
PhCH,), 4.82 (dd, 1H,J,=11.1 Hz, 2-H), 4.74 (d, 1H,
J=—12.4 Hz, PhCH), 4.66 (d, 1HJ=—12.5 Hz, PhCH),
455 (d, 1H, J=—12.6Hz, PhCH), 4.53 (d, 1H,
J=-12.1Hz, PhCH), 4.48 (s, 1H, 1-H), 4.46-4.41 (m,
2H, PhCH), 4.38 (d, 1H,J=—12.0 Hz, PhCH), 4.30-
423 (m, 2H, 4-H, 5-H), 4.22 (d, 1HJ=-12.1 Hz,
PhCH), 4.18-4.11 (m, 1H,Jszev=—12.0 Hz, 6&H),
413 (dd 1H, Jsey=4.8 Hz, 6B-H), 3.80 (i, 1H,
Jy5=9.3 Hz, 4-H), 3.73 (bd, 2H, 6a-H, 6b-H), 3.68 (bd,
1H, Jo 3=3.0 Hz, 2-H), 3.24 (dd, 1HJ3 4=9.2 Hz, 3-H),
3.20-3.13 (m, 1H, 5H). *C NMR (CDCL): §=166.1,
165.8 (PhCO), 163.4 (2 C, NCO), 100.2 (G-Dc.y 1.
4=154.8 Hz), 96.6 (C-1), 81.8 (C'B 75.2 (PhCH), 74.8
(C-4), 73.9 (C-5), 73.7 (C-4), 73.6 (2 C, C-2 PhCH),
72.9 (C-3), 72.1 (PhC}), 70.4 (C-5), 69.6 (PhC}), 68.4
(C-6), 62.8 (C-6), 54.0 (C-2). Anal. calcd for GHesNO14:

C, 73.33; H, 5.62; N, 1.24; Found: C, 73.16; H, 5.58; N,

1.10.
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