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General Experimental Procedures.

Solvents were purified according to the standard procedures, and reagents used were of
highest purity avalable. All reactions were peformed in flame-dried glass apparatus
under argon amosphere unless mentioned otherwise. Anhydrous solvents like CHyCly,
Et,O, THF, CH3OH, CH3CN, DMF, pyridine, EtsN were freshly dried usng standard
methods. NMR measurements ¢H, *C, 3P, 2D *H-'H and H-*C COSY, HMQC) were
recorded on a 300 MHz spectrometer (Bruker) fitted with pulse-field gradient pobe, and
trimethylslane (TMS) or resdua resonance of deuterated solvent were used as internd
reference. For 3!P NMR spectra, phosphoric acid was used as externa reference. 3C
NMR spectra were broadband *H decoupled or inverse HMQC experiments. Chemical
shifts are expressed in ppm and coupling congtants J in Hz. Mass-spectra (ESI) and high-
resolution mass-spectra (HRMS) were obtained on quadrupole and LCT-TOF (time of
flight) spectrometers respectivdly usng acetonitrile-water (1:1) mobile phase. Optica
rotations were measured on a digitad Perkin-Elmer 241 polarimeter. Andytical TLC was
performed on Merck Kieselgel 60 Fps4 plates, and compounds visudized by ammonium-
molybdate/ceric-sulfate developing reagent. Preparative TLC was conducted on Andtech
Uniplate dlicagd plates (20 x 20 cm). Silica column chromatography was carried out
with dlica gd 60 (60-120 mesh) or flash dlica g (230-400 mesh). Anayticd and semi-
preparative HPLC purification were caried out on a Shimadzu sysem usng RP-18
columns and a photodiode array detector system.



2,3,4,5-tetra-O-benzyl-1-O-(4-methoxybenzyl)-(DL )-myo-inositol - (7). A solution  of
racemic 2,3:4,5-di-O-cydohexylidene-myo-inostol (34 g, 100 mmol, prepared by a
reported® method) and dibutyl tinoxide (24 g 93 mmol) in anhydrous CHsOH (200 mL)
was heated to reflux for 4 h. Excess of solvent was removed and the residue was dried by
repested evaporation through toluene. The resdue was dissolved in anhyd DMF (150
mL) followed by the addition of pre-dried CsF (20 g, 120 mmoal), KI (20 g, 120 mmol)
and PMBCI (25 mL, 184 mmol). The suspenson was vigoroudy girred for 24 h at rt.
The solvent was removed under reduced pressure and the resdue was purified by dlica
column chromatography (85:15 to 70:30 hexane/EtOAC) to provide two known? regio-
isomers.  2,3:4,5-di-O-cycohexylidene- 6- O- (p-methoxybenzyl)- (DL )-myo-inogtol (16 g,
38%, Rf = 043 in 20% EtOAc-hexane) and 2,3:4,5-di-O-cyclohexylidene-1-O-(p-
methoxybenzyl)-(DL)-myo-inositol (18 g, 43%, Rf = 0.2 in 20% EtOAc-hexane). The
desred more polar isomer (13.2 g, 28.6 mmol) was dissolved in anhyd DMF (250 mL)
and solution was brought to 0 °C and then NaH (4.3 g) and alyl bromide (10 mL) were
added. The reaction mixture was gtirred for 3 h a room temperature and brine (500 mL)
was added, and extracted with diethyl ether (250 mL x 4). The organic extract was dried
over anhyd NaSO,, concentrated and the resdue was purified by a slica column to give
6-O-dlyl- 2,3,4,5-di- O-cyd ohexylidene- 1- O- (4- methoxybenzyl)- (DL )- myo-inositol (14
g, 99% vyidd). The above bis-ketd (14 g, 28 mmol) was dissolved in a mixture of
CH3OH-CH.Cl, (1:1) followed by the addition of pTSA (1 g). The reaction was sirred
for 24 h a room temperaure, neutralized with triethylamine, concentrated and purified
by a dlica column (toluene/methanol, 3:1) to give 6-O-dlyl-1-O-(4-methoxybenzyl)-
(DL)-myo-inositol in (85 g, 90% vyield). TLC (toluene/MeOH, 3:1): R = 0.21; *H NMR
(300 MHz, CDs0D): 3.19-3.34 (m, 3H), 3.60 (m, 2H), 3.71 (s, 3H, OMe), 4.08 (m, 1H),
4.29-4.34 (m, 2H, dlyl), 452-4.65 (m, 2H, CH,Ph), 5.07-5.29 (m, 2H, dlyl), 5.94-6.04
(m, 1H, dlyl), 6.83-6.92 (m, 2H, Ph), 7.30-7.35 (m, 2H, Ph); MS (podtive ion ESMS,
M+Na") caled for G7H240;Na 363.1420, found 363.1425. The above tetraol (7.5 g, 22
mmol) was dissolved in anhyd DMF (240 mL) and cooled to 0 °C, followed by addition
of benzyl bromide (16 mL) and NaH (4.2 g). The mixture was girred for 4 h a room
temp, cooled, quenched with CH3;OH (3 mL), diluted with brine solution and extracted

with EtOAc. The organic layer was concentrated, and the resdue was purified by slica



column (hexane/EtOAC, 7:1) to obtain the tetra-benzylated product, 6-O-dlyl-2,3,4,5-
tetra- O- benzyl- 1- O- (4-methoxybenzyl)- (DL )-myo-inositol (14 g, 92%). TLC (toluene/
EtOAc, 3:1): R = 0.55; *H NMR (300 MHz, CDCh): 3.24 (dd, J = 2.2 and 9.7 Hz, 1H),
3.31(dd, J = 2.2 and 9.7, 1H), 3.39 (dd, J = 9.1 Hz, 1H), 3.80 (s, 3H, OMe), 3.91 (m,
1H), 4.24-4.41 (m, 2H), 4.52-4.65 (m, 4H), 4.77-4.90 (m, 6H), 5.15 (m, 2H), 5.85-6.10
(m, 1H), 6.84-6.87 (m, 2H), 7.22-7.42 (m, 22H, Ph). MS (positive ion ESMS, M+Na)
cacd for CysHagO7Na 723.3298, found 723.3303. The above intermediate (9 g, 12.8
mmol) was dissolved in anhyd DMSO (200 mL) and treated with potassum tert-butoxide
(14 g). The reaction mixture was kept a 70 °C for 2 h, after which it was poured onto ice-
cold water, extracted with EtOAc. The organic layer was washed with brine and water,
dried (N&SO,4) and concentrated. The residue was dissolved in a solution of 1 M HCH
acetone (1:9, 300 mL) and kept a 40 °C for 30 min, neutrdized with triethylamine and
concentrated. The resdue on dlica column purification (hexane/EtOAc, 4:1) afforded
2,3,4,5-tetra- O- benzyl- 1- O- (4- methoxybenzyl)- (DL )-myo-inostol (7, 7.6 g, 90%) as a
colorless foam. TLC (hexane/EtOAc, 4:1): R = 0.25. *H NMR (300 MHz, CDCk): 2.59
(s, 1H, OH), 3.15 (dd, J= 1.8 and 9.8 Hz, 1H, 3-H), 3.35 (dd, J = 9.8 Hz, 1H, 5-H), 3.37
(dd, J= 2.0 and 9.6 Hz, 1H, 1-H), 3.79 (s, 3H, OMe), 4.10 (bs, 1H), 4.08 (dd, J = 9.8 Hz,
1H), 4.14 (m, 1H, 6H), 4.42-4.92 (m, 10H, CH,Ph), 6.84-6.88 (m, 2H, Ph), 7.20-7.40
(m, 22H, Ph); *C NMR (75 MHz, CDCk): 55.23, 71.89, 72.80, 72.86, 73.66, 74.01,
75.28, 75.73, 76.49, 76.62, 77.04, 77.46, 79.74, 81.07, 81.38, 83.46, 113.87, 127.32,
127.45, 127.50, 127.57, 127.60, 127.69, 127.81, 127.99, 128.12, 128.25, 128.33, 128.35,
129.34, 129.97, 138.81, 138.86, 159.31; MS (positive ion ESMS, M+Na") cacd for
C42H4407Na 683.2985, found 683.2990.

(3,4,6-Tri-O-acetyl-2-azido-2-deoxy-a -D-glucopyr anosyl)-(1-6)-2,3,4,5-tetra-O-ben

zyl-1-O-(4-methoxybenzyl)-(DL)-myo-inositol (15). A mixture of 2,3,4,5-tetra-O-benzyl
-1-O- (4- methoxybenzyl)- (DL)-myo-inositol acceptor 7 (7.8 g, 11.5 mmol) and 3,4,6-tri-
O-acetyl- 2- azido- 2- deoxy-b - D-glucopyranosyl-trichloroacetimidate (6, 10.5 g, 22 mmoal,
1.6 equiv, prepared from tri-O-acetyl-D-gluca by a reported® azidonitration method), and
freshly activated powdered 4A molecular sieves were dried by azeotropic remova of
resdua moidure through toluene. The mixture was dissolved in anhyd CH,Cl, (70 mL),



gtirred under argon a room temperature for 30 min, and then cooled to 0 °C. To the
above suspension was added a solution of TMSOTf (2 mL, 0.2 M solution in CHxCly)
drop-wise and the mixture was stirred further for 40 min & 0 °C. After completion, the
reection mixture was neutrdized with trithyamine, filtered through cdite and
concentrated. The dlica column chromatography (hexane/EtOAc, 3:1)) provided the
product 15 (12 g, 90%, 1.1 diasterecisomeric mixture) as colorless solid. TLC (hexane/
EtOAc, 7:4): R = 0.43. *H NMR (300 MHz, CDCk): 1.83-2.07 (3x s, 9H, OAc), 3.11-
3.15 (m, 1H), 3.39-3.42 (m, 2H), 3.44-3.46 (dd, J = 9.6 Hz, 1H), 3.47-3.50 (dd, J = 1.8
and 9.5 Hz, 1H), 3.60-3.63 (m, 2H), 3.82 (s, 3H, OCHs), 4.06 (s, 1H), 4.13-4.14 (dd, J =
9.5 Hz, 1H), 4.20-4.33 (m, 2H), 4.40-5.18 (m, 10H, CH,Ph), 4.92 (m, 1H), 5.40-5.43 (m,
1H), 5.64 (d, J = 3.6 Hz, 0.5H), 5.79 (d, J = 3.6 Hz, 0.5H), 6.84-6.87 (m, 2H, Ph), 7.22-
7.43 (m, 22H, Ph); *C NMR (75 MHz, CDCl): 20.54, 20.58, 20.63, 55.19, 60.89, 61.17,
66.73, 67.99, 68.99, 68.99, 70.57, 71.62, 71.66, 71.84, 72.77, 72.85, 73.61, 73.97, 75.04,
75.23, 75.69, 79.69, 80.74, 81.04, 81.33, 81.96, 83.41, 83.97, 97.35, 97.16, 113.83,
127.72-129.29 (multiple peaks), 138.09-138.81 (multiple peaks), 159.37, 169.48, 169.98,
170.64; HRMS (ESMS, M+Na") caled for Cs4Hs9014N3Na 996.3895, found 996.3885.

(2-Azido-4,6-di-O-benzylidene-2-deoxy-a -D-glucopyr anosyl)-(1-6)-2,3,4,5-tetra-O-

benzyl-1-O-(4-methoxybenzyl)-D-myo-inositol (17) and other diasterecisomer (18).
The above pseudodisaccharide (15, 10.4 g, 10 mmol) dissolved in a solvent mixture of
anhyd CHCl, (24 mL) and CHzOH (96 mL) was treated with a saturated solution (1.6
mL) of sodium methoxide in CH;OH and the reaction mixture was dirred for 24 h a
room temperature. After completion of reaction, it was neutrdized with cation exchange
resn (Amberlite IR 120H"), filtered and concentrated to give 2-azido-2-deoxy-a -D-gluco
pyranosyl)-(1-+6)- 2,3,4,5-tetra- O- benzyl- 1- O- (4- methoxybenzyl) - (DL )- myo-inogitol (16)
in quantitative yidd. This intermediate (8 g, 9.4 mmol) was dissolved in athyd CHsCN
(240 mL) followed by addition of benzadehyde-dimethylacetd (12 mL, 6.88 mmol) and
camphor-sulphonic acid (1.6 g, 6.88 mmol). The reaction mixture was dirred for 24 h at
rt, neutrdized with EtsN and concentrated. The residue was diluted with EOAc, organic
layer washed with saturated NaHCOs solution, brine and H>O. Organic layer was dried
(NaSO,), concentrated and purified on a dlica column (hexane-EtOAc, 85:15) provided
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desired D-inogtol isomer 17 (4.12 g, 47%) TLC (hexane/EtOAc, 7:3), R = 0.35; [x]p =
+57 (¢ = 1.0, CHCL); *H NMR (300 MHz, CDCh): 3.10 (dd, J = 3.9 and 10 Hz, 1H),
3.38 (dd, J= 2.2 and 9.8 Hz, 1H), 3.45 (m, 4H), 3.76 (s, 3H), 3.98 (bs, 1H), 4.05-4.11 (m,
4H), 4.24 (dd, J = 9.3 Hz, 1H), 4.45 (br s, 2H), 4.60-4.94 (m, 8H), 5.35 (s, 1H), 5.72 (d, J
= 3.9 Hz, 1H), 6.81-6.84 (m, 2H), 7.14-7.27 (m, 27H); 3C NMR (75 MHz, CDCh):
55.20, 61.92, 62.90, 68.53, 71.74, 72.73, 73.51, 74.20, 75.04, 75.35, 75.65, 80.79, 81.27,
81.84, 81.91, 97.70, 101.85, 113.81, 126.38, 127.12, 127.38, 127.58, 127.65, 127.87,
128.04, 128.14, 128.16, 128.28, 128.33, 129.04, 129.55, 129.66, 136.99, 138.16, 138.50,
138.80, 159.31; HRMS (ESMS, M+Na') cdcd for CssHs7011N3Na 958.3891, found
958.3885; and the L-inogtol isomer 18 (4.2 g, 48%). TLC (hexane/EtOAcC, 7:3), R =
0.42; [e]o = +43 (c = 1.0, CHCl) *H NMR (300 MHz, CDCl): 3.17-3.18 (dd, J= 3.9 and
9.8 Hz, 1H), 3.30 (dd, J = 1.8 and 9.8 Hz, 1H), 3.35-3.39 (dd, J = 2.1 and 9.6 Hz, 1H),
347 (t, J = 9.3 Hz, 1H), 3.59-3.65 (dd, J = 10 Hz, 2H), 3.71 (s, 3H), 3.82 (t, J= 5 Hz,
1H), 3.94 (br s, 1H), 4.10 (dd, J = 9.6 Hz, 2H), 4.17-4.23 (m, 2H), 4.33 (t, J = 9.6 Hz,
1H), 4.40-5.02 (m, 10H), 5.51 (s, 1H), 5.59 (d, J = 3.9 Hz, 1H), 6.78-6.81 (d, 2H), 7.28-
7.38 (m, 27H); *C NMR (75 MHz, CDCk): 55.11, 61.65, 63.05, 68.73, 68.88, 72.10,
72.60, 74.36, 74.65, 75.01, 75.58, 77.77, 80.47, 81.78, 82.04, 84.29, 97.88, 101.88,
113.92, 126.29, 127.34, 127.38, 127.45, 127.56, 127.69, 127.81, 128.10, 128.21, 128.26,
128.29, 128.36, 129.11, 129.45, 129.75, 137.21-138.60 (multiple peaks), 159.28; HRMS
(ESMS, M+Na") calcd for CssHs7011N3Na 958.3891, found 958.3883

(2-Azido-3,6-di-O-benzyl-2-deoxy-a -D-glucopyr anaosyl)-(1-+6)-2,3,4,5-tetra-O-benyl -
1-O-(4-methoxybenzyl)-D-myo-inositol  (5). Compound 17 (4 g, 424 mmol) was
dissolved in anhyd DMF (60 mL) followed by the addition of benzyl bromide (2.0 mL,
16.8 mmol) and NaH (1.2 g, 52 mmol) a 0 °C. After 30 min, the reaction was brought to
room temperature and stirred for 4 h. After completion, the excess of NaH was destroyed
by addition of a few drops of methanol. The nixture was diluted with excess of EtOAc,
which was wash with saturated solution of NaHCOs, water, dried over NaSO, and
concentrated. Silica column chromatography (hexane/EtOAc, 9:1) afforded, 2-azido-3-O-
benzyl-4,6- O- benzylidene- 2- deoxy-e:- D-glucopyranosyl) - (1-+6)- 2,3,4,5- tetra- O- benzyl- 1-

O-(4-methoxybenzyl)-D-myo-inositol (428 g, 98%), as colorless syrup. TLC



(hexane/EtOAC, 8:2) R = 0.50; [a]p = +48 € = 1.0, CHCL). *H NMR (300 MHz,
CDCl3): 3.24 (dd, J= 3.8 and 10.0 Hz, 1H, 2b-H), 3.38 (dd, J = 2.2 and 9.8, 1H, 1a-H or
3a-H), 3.45 (dd, J = 2.2 and 9.8, 1H, 1aH or 3a-H), 3.46 (dd, J = 9.3 Hz, 1H), 3.52 (m,
2H), 3.80 (s, 3H, OCHj3), 3.96-4.04 (m, 2H, 2a-H, 3a-H), 4.06-4.29 (m, 4H), 4.48 (s, 2H,
CH,Ph), 4.57-4.96 (m, 10H, CH,Ph), 5.47 (s, 1H), 5.72 (d, J= 3.8 Hz, 1H, 1b-H), 6.83
6.89 (m, 2H, Ph), 7.08-7.13 (m, 2H, Ph), 7.17-7.45 (m, 30H, Ph); **C NMR (75 MHz,
CDCls): 55.20, 62.83, 68.67, 71.77, 72.70, 73.50, 74.16, 74.72, 74.99, 75.49, 75.57,
77.36, 80.81, 81.13, 81.84, 82.92, 97.71, 101.14, 113.86, 126.03, 126.15, 127.60, 127.63,
127.80, 127.92, 128.13, 128.17, 128.20, 128.24, 128.31, 128.34, 129.60, 130.00, 137.48,
137.85, 137.97, 138.15, 138.59, 138.81, 159.30; HRMS (ESMS, M+Na’) cdcd for
Cs2Hs3011N3Na 1048.4360, found 1048.4366. To a solution of above @wmpound (4 g,
3.88 mmoal), sodium cyancborohydride (2.7 g, 40 mmol), freshly activated moleculer
Seves (4A) in anhyd THF (140 mL), a& O °C under argon, was added drop-wise a
saturated solution of HCl in diethyl-ether till pH 1 was reached. After stirring @ 0 °C for
30 min, the reaction mixture was neutrdized with EtsN, diluted with EtOAc and
concentrated. The residue was purified on a slica column (hexane/EtOACc, 8:2) to provide
desired compound 5 (3.3 g, 82%) and colorless solid. TLC (hexaneEtOAc, 5:2) Rr =
0.46; [z]o = +33.2 (¢ = 1.4, CHCl). *H NMR (300 MHz, CDCh): 1.92 (d, J= 3.7, 1H,
OH), 3.17 (dd, J 3.8 and 9.9 Hz, 1H, 2b-H), 3.22 (m, 1H, 6b-H), 3.28 (dd, J = 3.8 and
10.5 Hz, 1H, 6'b-H), 3.38 (dd, J = 2.2 and 9.8 Hz, 1H, 3a-H), 3.44 (m, 1H, 5a&H), 3.47
(dd, J =22 and 9.8 Hz, 1H, 1a-H), 3.68 (m, 1H, 4b-H), 3.76 (m, 1H, 3b-H), 3.80 (s, 3H,
OCHs), 3.95 (m, 1H, 5b-H), 4.01 (dd, J = 2.2 Hz, 1H, 2a-H), 4.11 (dd, J= 9.4 Hz, 1H, 4a
H), 4.25 (m, 1H, 6a-H), 4.23-5.04 (m, 14H, CH,Ph), 5.72 (d, J= 3.7 Hz, 1H, 1b-H), 6.82-
6.88 (m, 2H, Ph), 7.17-7.45 (m, 32H, Ph); *C NMR (75 MHz, CDCk): 55.20, 62.66,
69.00, 69.30, 71.78, 72.18, 72.64, 73.32, 73.45, 74.16, 74.21, 74.68, 74.76, 75.49, 75.60,
79.27, 80.80, 81.54, 81.84, 81.90, 84.35, 97.30, 113,78, 127.49-129.96 (multiple peaks),
137.92, 138.17, 138.33, 138.43, 138.57, 138.83, 159.28; HRMS (ESMS, M+Na) cacd
for GsoHesO11N3Na 1050.4517, found 1050.4521. The NMR spectra data and the optical
rotation of 5 were identical to that reported” for this compound prepared by another route.



(2-Azido-3,6-di-O-benzyl-2-deoxy-a -D-glucopyranosyl)-(1-+6)-2,3,4,5-tetra-O-benyl -
1-O-(4-methoxybenzyl)-L -myo-inositol (19). An identicd method, described above for

compound 5, was used for the preparation of diastereoisomeric compound 19.

2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl trichloroacetimidate (11). D-Mannose
(20 g, 111 mmol) was hested a 80 °C for 3 h in presence of BF3.Et,O (1 ml, 7.7 mmol) in
dlyl doohal (230 mL). After neutrdization with NEts, the excess of dlyl dcohol was
evaporated, and the resdue purified by dlica column chromatography (CH,Cl,/MeOH;
91 to 82) which afforded an a/b-mixture of dlyl-a-D-mannopyranosde (a/b ratio,
20:1) (20 g, 80%) as semisolid. TLC (CH.Clo/MeOH): R = 0.5. *H NMR (300 MHz,
D,0): 3.42-4.11 (m, 11H), 4.72 (d, J = 2.0 Hz, 1H, 1-H), 5.06-5.21 (m, 2H, dl), 5.69-
5.83 (m, 1H, dl); MS (ESMS, M+Na) calcd for GH10sNa 243.0845, found 243.0850.
To a solution of above compound (7.5 g, 34 mmol) and benzyl bromide (24.5 mL, 180
mmol) in anhyd DMF (160 mL) was added, in portions, NaH (7 g, 175 mmol) & 0 °C.
After the mixture was dirred a 4 h, the excess of NaH was destroyed by addition of
CH3OH drop wise. The solution was diluted with EtOAc, the organic layer washed with
saturated solution of NaHCOs, brine, water, and dried (NaSO,4) and concentrated. Silica
column chromatography (hexanesEtOAc, 7:1) afforded 2,3,4,6-tetra- O-benzyl-1-O-dlyl-
a-D-mannopyranoside (16.4 g, 83%) as colorless foam. TLC (hexane/EtOAc, 4:1): R =
0.43; *HNMR (300 MHz, CDCk); 3.71-3.74 (m, 4H), 3.91 (m, 2H), 4.46-4.86 (m, 8H),
4.86 (d J= 1.8 Hz, 1H, H-1), 5.17-5.23 (dd, 2H, allyl), 5.80 (m, 1H), 7.19-7.28 (m, 20H);
MS (ESMS, M+Na") calcd for G7H100sNa 603.2723, found 603.2723. For the removal
of the anomeric dlyl group, the above compound (164 g, 28 mmol) was dissolved in
anyd DMSO (300 mL) and trested with potassum tert-butoxide (25 g). The reaction
mixture was kept a 80 °C for 2 h, after which it was poured onto ice-cold water,
extracted with EtOAc. The organic layer was washed with brine and water, dried
(N&SO4) and concentrated. The residue was dissolved in a solution of 1 M HClacetone
(1:9, 300 mL) and kept a 40 °C for 30 min, neutrdized with triethylamine and
concentrated. The resdue on dlica column purification (hexane/EtOAc, 4:1) afforded
2,3,4,6-tetra-O-benzyl-a - D-mannopyranose (14 g, 95%). *HNMR (300 MHz, CDCk):
3.68 (dd, 5.7 and 10.8 Hz, 1H), 3.80 (bs, 1H), 3.81 (dd, J = 9.3 Hz), 1H, 3.98 (m, 3H),



451 (d, J= 11 Hz, 2H), 457 (d, J= 5.7 Hz, 2H), 4.74 (d, J= 5.7 Hz, 2H), 4.89 (d, J =
10.8 Hz), 5.29 (d, J = 1.9 Hz, 1H), 7.19-7.28 (m, 20H); *C NMR (75 MHz, CDCh):
69.55, 72.13, 72.65, 73.29, 74.80, 74.94, 75.12, 79.62, 83.00, 93.60, 127.48-128.42
(multiple pesks), 138.32-132.40 (4 signals); MS (ESMS, M+Na') calcd for G4HzsOsNa
563.2410, found 563.2415. The above compound (5.0 g, 9.25 mmol) and CCLCN (5.1
mL, 35 mmol) were dissolved in anhyd CH,Cl, (18 mL). After addition of DBU (300 i)
and dirring at rt for 1 h, the solvent was removed and the residue was purified by slica
column (hexane/EtOAC, 8:2) affording desired donor 11 (6.1 g, 98%) as a brown viscous
compound. TLC (hexane/EtOac, 4:1): R; = 0.65; *HNMR (300 MHz, CDCk): 3.75 (m,
1H), 3.88 (m, 2H), 3.99 (m, 2H), 4.16 (dd, J = 7.8 Hz, 1H), 4.55-4.88 (m, 8H), 6.37 (s,
1H), 7.19-7.41 (m, 20H), 853 (s, 1H, NH); MS (ESMS, M+Na) cdcd for
C36H3606NClzsNa 706.1506, found 706.1510.

Allyl-3-O-benzyl-4,6-O-benzylidene-a -D-mannopyranosde (12). A solution of dlyl-
a-D-mannopyranoside (15 g, 68 mmoal), benzadehyde-dimethylacetd (13 mL, 76 mmol)
and camphor sulphonic acid (3.0 g, 13 mmol) in anhyd CHzCN (300 ml) was stirred at rt
for 18 h. After neutrdization with NEt; and the reaction mixture was concentrated,
diluted with EtOAc and organic layer washed with saturated solution of NaHCOs, brine
and water. The organic layer dried (N&SO,), concentrated and the residue was purified
by slica column chromatography (hexane/EtOAc, 6:4) to provide compound dlyl-4,6-O-
benzylidene-a -D-mannopyrancside  (15.6 g, 74%) as a colorless crydaline solid. TLC
(hexane/EtOAcC, 1:1): R = 0.38; 'HNMR (300 MHz, CDCk): 3.78-3.90 (m, 2H, H-5 and
H-6), 3.98 (m, 1H, H3), 3.99 (m, 1H), 4.05-4.14 (m, 2H, H2 and H6), 4.19 (m, 1H),
4.24-4.28 (m, 1H, H4), 492 (d, J = 1.3 Hz, 1H, H1), 5.19-5.33 (m, 2H, dlyl), 5.50 (s,
1H), 5.90 (m, 1H, alyl), 7.27-7.45 (m, 5H); 3C NMR (75 MHz, CDCl): 63.19, 68.01,
68.16, 68.52, 68.68, 78.79, 99.49, 102.13, 117.63, 126.22, 128.23, 129.1, 133.43, 137.17,
MS (ESMS, M+Na') calcd for GgH200sNa 331.1158, found 331.1165. To a solution of
above compound (7.8 g, 25 mmoal) in anhyd DMF (100 mL) was added benzyl bromide
(3 mL, 22,5 mmol) and NaH (1.3 g, 32.5 mmol) a 0 °C. The reaction mixture was tirred
a rt for 4 h, excess of NaH destroyed by addition of CHzOH, and diluted with EtOAcC.
The mixture was washed with saurated solution of NaHCOs, brine and waeter, dried



(NaSO,4) and concentrated. Silica column chromatography (hexane/EtOAc, 7:1) afforded
pure compound dlyl-3-O-benzyl-4,6- O-benzylidene-a - D-mannopyranoside (6.6 g, 65%)
as colorless syrup. TLC (hexaneEtOAc, 7:3): Ry = 0.40; HNMR (300 MHz, CDCk):
3.78-3.80 (m, 2H, H5 and H-6), 3.98 (m, 1H, H3), 4.02-4.14 (m, 2H, H2 and H-6),
4.24-4.28 (m, 1H, H4), 4.78 (m, 2H, CH,Ph), 4.84 (d, J = 1.3 Hz, 1H, H1), 5.19-5.33
(m, 2H, dlyl), 5.52 (s, 1H), 5.90 (ddt, 1H, alyl), 7.27-7.45 (m, 10H); 2*C NMR (75 MHz,
CDCl): 63.53, 68.03, 68.69, 73.59, 73.63, 73.70, 78.52, 79.46, 97.48, 101.37, 117.54,
125.99, 126.22, 127.89, 127.98, 128.17, 128.32, 128.38, 128.49, 128.99, 133.37, 137.31;
MS (ESMS, M+Na") calcd for CosHos06Na 421.1627, found 421.1633.

3,4,6,-Tri-O-benzyl-b -D-mannopyr anose-1,2-pen-4-enylor thobenzoate (13). The
penta- O-benzoyl-D-mannose (30 g, 42 mmol) was dissolved in CH,Cl, (150 mL) and
cooled to 0 °C and treated with a solution of 30% HBr-AcOH (100 mL). The reaction
mixture was dirred a rt for 12 h, diluted with CH,Cl, (250 mL) and cold saturated
NaHCOs3 solution (150 mL) and dirred for 30 min. The organic layer was washed with
brine, dried (N&SO,), concentrated, and puried by slica column (hexane/EtOAcC, 4:1) to
get the mannosyl bromide (23 g), TLC (hexane/EtOAC, 4:1): Ry = 0.50, al of which (23
g, 48 mmol) was dissolved in CH,Cl, (100 mL) and treated with 2,6-lutidine (14 mL, 142
mmol) and 4-penten-1-ol (7.05 ml, 685 mmol). After five days of dirring a rt, the
reaction mixture was diluted with CH,Cl,, washed with saturated aqueous NaHCOs; and
brine, dried over N&SO, and concentrated. Silica chromatography (hexane/EtOAc, 3:1)
afforded 3,4,6,-tri- O-benzoyl- b - D-mannopyranose- 1,2- pen-4-enylorthobenzoate (23 g) as
colorless solid. TLC (hexane/EtOAc, 4:1): R = 0.30; 'H and *C NMR data of this
intermediate was identica to the previoudy reported> The compound (9.0 g, 14. mmol)
dissolved in CH,Cl:CHsOH (72 mL, 8:1) was treated with sodium methoxide (400 mg,
7.4 mmoal) and the reaction mixture irred a room temperature for 2 h. After removd of
solvent and column  chromatography  (CHsOH:CH,Cl,, 955) provided fully
debenzoylated derivative (4.2 g, 86%) colorless foam which (4.2 g, 12 mmol) was
dissolved in anhyd DMF (50 mL) and benzyl bromide (7.4 ml, 54.36 mmol) and NaH
(2.9 g, 725 mmol) were added at 0 °C. After 1 h, the reaction was brought to rt and
dirred for overnight. After completion of the reaction, the excess of NaH was destroyed



by addition methanol (5 mL) and concentrated. The resdue was diluted with EtOAcC,
washed with saturated solution of NaHCOs, brine and water respectively, dried over
NaSO, and concentrated. Flash chromatography (hexane/EtOAc, 4:1) afforded compound
13 (7.0 g, 93%) as colorless syrup. TLC (hexane/EtOAc, 4:1): R = 0.42; *H NMR (300
MHz, CDClg): 1.71-1.82 (m, 2H), 2.18-2.26 (m, 2H), 3.40-3.69 (m, 4H), 3.80-3.94 (m,
2H), 4.85-5.13 (m, 6H), 5.52 (d, J = 3 Hz, 1H), 5.87 (m, 1H), 7.78-7.20 (m, 20H); 1*C
NMR (75 MHz, CDCl): 28.77, 30.19, 63.30, 69.09, 72.08, 73.14, 74.33, 74.95, 75.02,
76.13, 78.43, 97.72, 114.80, 122.10, 126.61, 127.27, 127.37, 127.86, 127.87, 127.95,
128.13, 128.27, 128.40, 137.84, 137.95; MS (ESMS, M+Na) calcd for GgH4207Na
645.2828, found 645.2835.

Allyl-2,3,4-tri-O-benzyl-a -D-mannopyranoside  (14). 1-O-Allyl-a -D-mannopyranose
(24 g, 109 mmoal) dissolved in anhyd pyridine (100 mL) was tregted with trityl chloride
(26 g, 93 mmol) and the reaction mixture was stirred over night a 80 °C. The excess of
pyridine was removed by didtillation at reduced pressure and residue diluted with EtOAC,
washed with saturated solution of NaHCOs, brine and water, dried over N&SO,4 and
concentrated. Silica column chromatography (CH.Cl,/MeOH, 95:5) afforded dlyl-6-O-
trityl-a -D-mannopyranosde (35 g, 70%) as pae ydlow syrup which was dissolved in
anhyd DMF (400 mL) followed by the addition of benzyl bromide (58 mL) and NaH (21
g) a 0 °C. After 30 min, the reaction was brought to rt and stirred for 4 h. After
completion, the excess of NaH was destroyed by addition of methanol and concentrated.
The mixture was diluted with EtOAc, which was wash with saurated solution of
NaHCOg3, water, dried over NaSO, and concentrated. Slica column chromatography
(hexane/EtOAc, 3:1) afforded dlyl-2,3,4-tri-O-benzyl-6- O-trityl-a - D-mannopyranosde
(49 g, 89%). The above compound (49 g, 67 mmoal) dissolved in a solvent mixture of
CH2Cl>-CH30OH (720 mL, 1:3) was treated with p-toulene-sulponic acid (3.6 g) and
dirred for 12 h a rt. After completion of the reaction, the reaction was neutrdized with
EtsN and concentrated. Slica column chromatography (hexane/EtOAc, 7:3) afforded
dlyl-2,3,4-tri-O-benzyl-a -D-mannopyranosde (30 g, 93%) as colorless foam. TLC
(hexane/EtOAc, 7:3), R = 0.25; *HNMR (300 MHz, CDCh): 3.61 (m, 1H), 3.76 (m, 1H),
3.89, (m, 2H), 3.99 (m, 1H), 4.19 (dd, 1H), 4.05 (m, 1H), 4.58-4.80 (m, 6H), 4.80 (d, J =
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1.3 Hz, 1H), 5.19-5.33 (m, 2H), 5.78 (m, 1H), 7.24-7.31 (m, 15H); 3C NMR (75 MHz,
CDCls): 61.86, 67.65, 72.01, 72.61, 72.78, 74.76, 74.95, 80.10, 97.24, 117.00, 127.43,
127.49, 127.55, 127.73, 127.86, 128.14, 128.23, 133.74, 138.26, 138.48, 138.53; MS
(ESMS, M+Na") cacd for CzoHz40sNa 513.2253, found 513.2260.

2,3,4,6-Tetra-O-benzyl-a -D-mannopyr anosyl-(1® 2)-3-O-benzyl-4,5-di-O-acetyl-a -
D-mannopyranosyl trichlor oacetimidate (9).

@ Allyl  (2,3,4,6-tetra-O-benzyl)-a -D-mannopyranosyl-(1® 2)-3-O-benzyl-4,6-O-benzyli
dene-a-D-mannopyranoside. The glycosyl donar @1, 2,3,4,6-tetra-O-benzyl-a-D-manno
pyranosyl trichloroacetimidate, 4.1 g, 6.0 mmol) and the acceptor (12, dlyl-3-O-benzyl-
4,6-O-benzylidene-a -D-mannopyranoside, 1.75 g, 4.39 mmol) were dried through anhyd
toluene and then dissolved in anhyd diethyl-ether (100 mL) under argon. After addition
of TMSOTf solution (295 mL, 0.1 N in anhyd diethyl-ether), the reaction mixture was
dirred for 2 h a rt. This was followed by neutrdization with EtsN, concentration and
dlica column chromatography (hexane/EtOAc, 7:1) to obtain desred compound (4.4 g,
81%) as a colorless crystaline solid. TLC (hexane/EtOAc, 3:1): R = 0.36; *HNMR (300
MHz, CDCk): 3.70 (m, 2H), 3.75-4.00 (m, 6H), 4.10-4.25 (m, 3H), 4.30 (m, 1H), 4.40 (t,
1H), 4.45-5.00 (m, 11H), 5.15-5.30 (m, 2H), 5.41 (s, 1H), 5.58 (s, 1H), 5.80 (m, 1H),
7.09-7.50 (m, 30H); ¥C NMR (75 MHz, CDCk): 64.05, 67.94, 68.03, 68.69, 68.79,
69.32, 71.60, 72.41, 73.23, 73.34, 73.42, 73.69, 74.07, 74.77, 74.81, 77.55, 78.51, 79.23,
79.50, 98.23, 98.69, 102.03, 117.47, 126.13, 127.20, 127.27, 127.33, 127.48, 127.52,
127.64, 127.68, 127.74, 127.87, 128.00, 128.12, 128.16, 128.19, 128.22, 128.27, 128.32,
128.39, 128.49, 129.12, 133.37, 137.54, 137.75, 138.11, 138.38, 138.41, 138.72; HRMS
(ESMS, M+Na") calcd for Cs7HgoO11Na 943.4033, found 943.4040.

(b) 2,3,4,6-tetra-O-benzyl-a -D-mannopyranosyl-(1® 2)-3-O-benzyl-a -D-mannopyranos
de. The above mannobiose intermediate (2.0 g, 2.19 mmol) dissolved in DMSO (90 mL)
was trested with potassum t-butaoxide (7 g, 625 mmol) and the reaction mixture was
stirred at 80°C for 3 h. After completion of the reaction, ice was added and the mixture
extracted with EtOAc. The organic layer was dried with NgSO, and concentrated to
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provide thick syrup. This was dissolved in a mixture of acetonelM HCI (9:1, 79 mL) and
heated a 55°C for 2 h, the progress of reaction checked by TLC. The reaction mixture
was cooled, neutraized with NEs and concentrated. Hash chromatography
(hexane/EXtOAC, 1:1) provided desired compound (1.4 g, 82%) as colorless foam. TLC
(hexane/EtOAC, 3:7): R = 0.34; *HNMR (300 MHz, CDCh): 3.58 (m, 2H), 3.75 (m, 5H),
3.85 (m, 3H), 4.00 (bs, 2H), 4.43-4.54 (m, 10H), 5.06 (bs, 1H), 5.34 (d, J = 1.9 Hz, 1H),
7.12-7.24 (m, 25H); *C NMR (75 MHz, CDCk): 62.38, 62.84, 67.34, 67.70, 69.57,
69.73, 71.56, 72.12, 72.32, 72.43, 72.58, 72.67, 73.31, 74.53, 74.87, 75.12, 77.32, 77.65,
79.27, 92.37, 98.70, 127.44-128.31 (multiple peaks), 137.93-138.08 (5 peaks); HRMS
(positiveion ESMS, M+Na") caled for C47Hs,011Na 815.3407, found 815.3412.

(© Acetyl-(2,3,4,6-tetra-O-benzyl-a -D-mannopyranosyl)-(1® 2)-3-O-benzyl-4,5-di-O-
acetyl-a-D-mannopyranoside. A solution of preceding deprotected intermediate (1.4 g,
1.78 mmol) in a mixture of pyridine and acetic anhydride (1:1, 6 equivdent) was dirred
at 0°C for 15 min and then kept a rt overnight. This was followed by addition of ice and
dirring for 30 min, extraction with EtOAc. The organic layer was washed with saturated
olution of NaHCO; and water, dried with NaSO, and concentrated. Fash
chromatography (hexane/EtOAc, 3:1) afforded desred triacetylated compound (145 g,
93.35%) as colorless syrup. TLC (hexaneEtOac, 7:3) Ry = 0.58; *HNMR (300 MHz,
CDCl): 1.84 (s, 3H), 1.96 (s, 3H), 2,03 (s, 3H), 3.75 (m, 1H), 4.10 (dd, J= 3 and 12 Hz,
1H), 4.15 (dd, J = 5Hz, 1H), 4.35 (m, 3H), 4.50-4.60 (m, 6H), 4.70 (t, J = 11 Hz, 1H),
4.96 (d, J= 2 Hz, 1H), 5.23 (s, 1H), 5.30 (t, J = 10 Hz, 1H), 6.13 (d J = 2 Hz, 1H), 7.25-
7.53 (m, 25H); 13C NMR (75 MHz, CDCh): 20.54, 20.64, 20.71, 61.50, 62.47, 67.71,
69.63, 71.08, 71.93, 72.31, 72.40, 72.46, 72.69, 73.24, 74.01, 74.34, 75.04, 75.49, 75.80,
77.10, 79.49, 90.89, 100.60, 127.40-128.32 (multiple peaks), 138.12-138.38 (5 peaks),
167.99, 168.54, 170.70; HRMS (positive ion ESMS, M+Na) cadcd for CssHsgO14Na
941.3724, found 941.3730.

(d)  2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl-(1® 2)-3-O-benzyl-4,5-di-O-acetyl-a -
D-mannopyranoside. A solution of previous acetylated compound (1.0 g, 1.14 mmol) in a

saturated solution of dimethylamine in CHsCN (55 mL) was stirred a —20°C for 1 h. the
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excess of solvent and reagent was carefully removed by evaporation under reduced
pressure  without heeting. Fash chromatography  (hexane/EtOAc, 3:1) provided
compound 9 (0.9 g, 94%) as colorless foam. TLC (hexane/EtOAc, 7:3), Rr = 0.34;
'HNMR (300 MHz, CDCk): 3.75 (m, 2H), 3.90 (m, 1H), 3.90-4.25 (m, 7H), 4.25-4.56
(m, 10H), 4.75 (t, 1H), 4.90 (d, J = 1.9 Hz, 1H), 5.08 (d, J = 1.9 Hz, 1H), 5.27 (t, 1H),
7.10-7.26 (m, 25H); 3C NMR (75 MHz, CDCk): 20.67, 20.71, 62.67, 62.90, 68.38,
68.71, 69.65, 72.18, 72.27, 72.55, 72.60, 72.67, 72.92, 72.97, 73.27, 74.35, 74.44, 74.03,
75.22, 77.21, 79.66, 92.45, 100.33, 127.37-128.29 (multiple peaks), 138.02-138.30 (5
peaks), 169.47, 170.77; HRMS (positive ion ESMS, M+Na’) cacd for CsiHs6O13Na
899.3619, found 899.3625.

(&  2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl-(1® 2)-3-O-benzyl-4,5-di-O-acetyl-a -
D-mannopyranosyl trichloroacetimidate (9). To a solution of compound 9 (800 mg, 0.69
mmoal) in anhyd CH,Cl, (10 mL) was added CLCCN (1.7 ml, 17 mmol) and DBU (90
nmL) and the reaction mixture was dirred at rt for 1 h. The solvent was removed and the
resdue was purified by a glica column chromatography (hexane/EtOAc, 3:1) to afford
compound 10 (890 mg, 96%) as colorless foam. TLC (hexane/EXtOAc, 7:3): Rr = 0.50;
'HNMR (300 MHz, CDCh): 3.76 (m, 2H), 3.93 (m, 1H), 3.95-4.25 (m, 7H), 4.26-4.56
(m, 10H), 4.75 (t, 1H), 5.08 (d, J = 1.9 Hz, 1H), 5.27 (t, 1H), 6.30 (bs, 1H), 7.10-7.26 (m,
25H), 8.60 (s, 1H, NH); HRMS (ESMS, M+Na) calcd for Cs3Hss013NClsNa 1042.2715,
found 1042.2720.

Allyl (3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-(1-+6)-2,3,4-tri-O-benzyl-a -D-mann
opyranose (10). The orthoester donor 13 (1.85 g, 3.11 mmol) and mannobiose acceptor
14 (1.55 g, 3.16 mmol) were dissolved in anhyd CHyCl, (15 mL) and freshly activated
4A° molecular Seves were added. The solution was girred a rt for 30 min followed by
addition of 0.1 N solution of TESOTf in CH,Cl, (150 pL, 15 mmol) and N-
iodosuccinimide (525 mg, 2.34 mmol). After 30 min girring, the solution was neutraized
with EtsN, the solvent was evgporaed and the resdue purified by column
chromatography (hexane/EtOAc, 85:15), which provided dlyl (2-O-benzoyl-3,4,6-tri-O-
benzyl-a - D-mannopyranosyl)- (1-+6)- 2,3,4-tri-O-benzyl-a -D-mannopyranose . (231 g,
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72%) as colorless syrup. TLC (hexane/EtOAc, 7:3) R = 0.5; *HNMR (300 MHz, CDCh):
3.50-4.00 (m, 7H), 4.12-4.25 (m, 4H), 4.50-5.10 (m, 11H), 5.19 (d, J = 1.9 Hz, 1H), 5.20
(t, 1H), 5.90 (m, 1H), 7.24-8.10 (m, 35H); *C NMR (75 MHz, CDCk): 66.68, 67.78,
68.74, 69.00, 71.09, 71.65, 72.06, 72.70, 73.35, 74.23, 74.65, 74.76, 75.03, 75.11, 77.67,
80.30, 96.83, 98.07, 117.45, 127.51-128.35 (multiple pesks), 133.68, 138.49 (multiple
peaks), 165.49; HRMS (positive ion ESMS, M+Na) caled for GesHgsO12Na 1049.4452,
found 1049.4463. To a solution of above compound (23 g, 224 mmol) in a solvent
mixture of CHsOH-CH,Cl, (20 mL, 7:1) was added sodium methoxide (350 mg, 6.48
mmol). The solution was dirred at rt for 3 h. After completion of the reaction, the solvent
was evgporated and the resdue was purified by dlica column  chromatography
(hexane/EtOACc, 3:1) to get compound 10 (1.9 g, 92%) as colorless foam. TLC
(hexane/EtOAC, 7:3) R: = 0.25; *HNMR (300 MHz, CDCl): 3.50-3.60 (m, 2H), 3.62-
3.70 (m, 2H), 3.75-3.80 (m, 4H), 4.0 (m, 4H), 4.35-4.75 (m, 12H), 5.0 (bs, 1H), 5.10-5.15
(m, 2H), 5.80 (m, 1H), 7.18-7.29 (m, 30H) ; *C NMR (75 MHz, CDCh): 66.24, 67.76,
68.04, 68.87, 71.06, 71.44, 71.62, 72.08, 72.73, 73.32, 74.23, 74.63, 74.89, 75.01, 79.56,
80.20, 96.84, 99.59, 117.39, 127.62-128.29 (multiple pesks), 133.65, 138.46-138.50
(multiple pesks); HRMS (positive ion BSMS, M+Na') calcd for Gs7Hg2011Na 945.4190,
found 945.4197.

(2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-+2)-(4,6-di-O-acetyl-3-O-benzyl-a -
D-mannopyranosyl)-(1-2)-(3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-(1-6)-(2,3,4-
tri-O-benzyl-a -D-mannopyr anosyl)-trichlor oacetimidate (8).

@ Ayl (2,34,6-tetra-O-benzyl-a -D-mannopyranosyl)-(1-+2)-(4,6-di-O-acetyl-3-O-
benzyl-a -D-mannopyranosyl)-(1-2)-(3,4,6-tri-O-benzyl-a -D-mannopyranosyl)-(1-+6)-

2,3,4-tri-O-benzyl-a -D-mannopyranose. The mannobiosyl donor (2,3,4,6-tetra- O-benzyl-
a-D-mannopyranosyl-(1® 2)-3-O-benzyl-4,5- di- O-acetyl- a - D- mannopyranosyl trichloro
acetimidate, 9, 1.0 g, 1.08 mmol) and the acceptor (alyl (3,4,6-tri-O-benzyl-a-D-
mannopyranosyl)-(1-+6)-2,3,4-tri-O-benzyl-a -D-mannopyranocse, 10, 650 mg, 0.63
mmol) were fird dried through co-evaporaion with anhyd toluene, further dried for 2 h
under high vacuum, and then dissolved in anhyd CH,Cl, (12 mL) and freshly activated
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molecular seves (4 A° were added and the suspension stirred under argon a rt for 30
min. The reaction mixture was cooled to 0 °C and treated with 0.1 N TMSOTf solution
(760 pL, 0.76 mmol) and dirred for 30 min. The reaction was neutralized with EtsN and
solvent was evgporated. The resddue was purified by column chromatography
(hexane/EtOAC, 85:15) to provide target tetrasaccharide (1.05 g, 69%). TLC
(hexane/EtOACc, 7:3) Rr = 0.68. This glycosylaion reaction required drictly anhydrous
conditions; *H NMR (300 MHz, CDCh); 1.80 (s, 3H), 2.01 (s, 3H), 3.52-4.32 (m, 22H),
4.35-500 (m, 26H), 5.05-5.40 (m, 5H), 5.29 (t, 1H), 5.77-5.87 (m, 1H), 7.16-7.29 (m,
55H); *C NMR (75 MHz, CDCk): 20.57, 20.64, 62.87, 66.53, 67.69, 68.47, 68.86,
69.01, 69.13, 71.34, 71.41, 71.74, 72.01, 72.20, 72.24, 72.44, 72.59, 72.99, 73.18, 74.48,
74.61, 74.70, 74.88, 75.37, 75.76, 77.13, 79.03, 79.89, 80.27, 96.87, 99.05, 99.51, 99.81,
117.34, 127.30-128.24 (multiple pesks), 133.57, 137.98-138.76 (multiple peaks), 169.44,
170.69; HRMS (positive ion ESMS, M+Na') calcd for CiogH116023Na 1803.7805, found
1803.7811.

(b) 2,3,4,6-tetra-O-benzyl-a -D-mannopyranosyl-(1® 2)-4,6-di-O-acetyl-3-O-benzyl-a -D-
mannopyranosyl-(1® 2)-(3,4,6-tri-O-benzyl-a -D-mannopyranosyl)-(1® 6)-2,3,4-tri-O-

benzyl-a -D-mannopyranose. To a solution of protected above tetrasaccharide (425 mg,
0.238 mmol) in AcOH-H,O (11 ml, 19:1) was added PdCl, (400 mg, 2.25 mmol) and
anhyd NaOAc (400 mg, 4.87 mmol). The reaction mixture was gtirred at rt for 16 h under
argon amoshphere. After completion of the reaction, it was diluted with EtOAc, organic
layer washed with satrated NaHCO3 solution and water, dried (N&SO,) and evaporated.
The resdue was purified by dglica chromatography (hexane/EtOAc, 7:3) to provide
anomeric-deprotected  tetrasaccharide (380 mg, 91%) as colorless foam. TLC
(hexane/EtOAC, 6:4) R = 0.3; 'HNMR (300 MHz, CDCl) 1.79 (s, 3H), 2.00 (s, 3H),
3.30-4.25 (m, 22H), 4.30-4.90 (m, 24H), 4.96 (d, 1H), 5.05 (d, 1H), 5.09 (d, 1H), 5.16 (d,
1H), 5.28 (t, 1H), 7.08-7.29 (m, 55H); 2*C NMR (75 MHz, CDCl): 20.62, 20.76, 62.99,
68.12, 68.65, 68.87, 69.04, 69.17, 69.50, 71.34, 71.50, 71.55, 71.71, 72.01, 72.24, 72.37,
72.46, 72.62, 73.11, 73.20, 73.37, 74.02, 74.26, 74.52, 74.64, 74.78, 74.82, 74.90, 75.00,
75.09, 75.86, 75.99, 77.13, 78.59, 78.98, 79.86, 92.46, 99.09, 99.28, 99.89, 127.53-

15



12827 (multiple pesks), 138.24-138.41 (multiple pesks), 169.51, 170.96; HRMS
(pOS-tiVE ion ESM S, M+N8T) calcd for C1o05H112023Na 1763.7492, found 1763.7503.

(0 2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-+2)-(4,6-di-O-acetyl-3-O-benzyl -a-
D-mannopyranosyl)-(1-+2)-(3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-(1-+6)-(2,3,4-tri-
O-benzyl-a -D-mannopyranosyl)-trichloroacetimidate (8). The above tetrasaccharide (300
mg, 0.172 mmol) was dissolved in anhyd CH,Cl, (5 mL) followed by addition of
CCI3CN (0.51 mL, 5.1 mmol) and DBU (150 ni) and the reaction was stirred at rt for 1.5
h. After completion of the reaction, the solvent was removed under reduced pressure and
the resdue was purified on a dlica column (hexangEtOAc, 3:1) to give dedred
tetrasaccharide trichloroacetimidate donor (21, 320 mg, 98%) as colorless foam. TLC
(hexaneg/EtOAC, 3:1): Ri=0.53; *HNMR (300 MHz, CDCk): 1.79 (s, 3H), 2.00 (s, 3H),
3.30-4.25 (m, 22H), 4.30-4.90 (m, 24H), 5.06 (d, 2H), 5.16 (d, 1H), 5.28 (t, 1H), 6.32 (bs,
1H), 7.08-7.29 (m, 55H), 8.61 (s, 1H, NH); MS (ESMS, M-C,NCl3+H") cdcd for
C105H112023 1740.7594, found 1740.7599.

2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-2)-(4,6-di-O-acetyl-3-O-benzyl-a -
D-mannopyranosyl)-(1-2)-(3,4,6-tri-O-benzyl-a -D-mannopyranosyl)-(1-6)-(2,3,4-
tri-O-benzyl-a -D-mannopyr anosyl)-(1-4)-(2-azido-3,6-di-O-benzyl-2-deoxy-a -D-glu
copyr anosyl)-(1-+6)-2,3,4,5-tetr a-O-benzyl-1-O-(4-methoxybenzyl)-D-myo-inositol

(3a). The above tetramannose-trichoroacetimidate donor (2,3,4,6-tetra- O-benzyl-a-D-ma
nnopyranosyl)-(1-2)-(4,6-di- O- acetyl- 3- O- benzyl- a - D-mannopyranosyl) - (1-2)- (3,4,6-

tri- O- benzyl- a - D-mannopyranosyl) - (1-+6)- (2,3,4-tri- O- benzyl- a - D-mannopyranosyl) -
trichloroacetimidate, 8, 250 mg, 0.114 mmol) and the glucosamine-inositol acceptor (2-
azido- 3,6- di- O- benzyl- 2- deoxy-a - D-glucopyranosyl) - (1-+6)- 2,3,4,5- tetra- O-benzyl- 1-O-
(4-methoxybenzyl)-D-myo-inostal, 5, 150 mg, 0.15 mmol) were dried by evaporation
through anhyd toluene and then dissolved in anhyd diethyl-ether (10 mL) under argon
and cooled to 0 °C. To this was added a solution of 0.1 N TMSOTf (320 ni, 0.36 mmol)
and reaction mixture was dirred for 30 min. After completion of reaction the reaction

was neutrdized with EtsN and solvent evaporated, and residue purified by a slica column
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(hexane/EtOAC, 8:2) to provide desired pseudohexasaccharide 3a (220 mg, 60%) as
viscous substance. TLC (hexane/EtOAc, 3:1) Ry = 0.25; *HNMR (300 MHz, CDCl):
1.80 (s, 3H), 1.93 (s, 3H), 3.25-4.01 (m, 38H), 3.83 (s, 3H), 4.33-5.08 (m, 34H), 5.26 (bs,
1H), 5.28 (bs, 1H), 5.37 (bs, 1H), 5.38 (bs, 1H), 5.80 (d, J = 3.8 Hz, 1H), 6.89 (d, 2H),
7.07-7.39 (m, 87H); *C NMR (75 MHz, CDCk): 20.61, 22.59, 55.20, 62.03, 62.77,
62.97, 65.73, 66.51, 68.09, 68.51, 68.63, 68.86, 69.01, 69.18, 69.62, 69.69, 71.48, 71.71,
71.96, 72.05, 72.10, 72.21, 72.47, 72.66, 73.01, 73.12, 73.19, 74.16, 74.50, 74.61, 74.78,
74.94, 75.07, 76.20, 77.17, 79.03, 79.94, 80.04, 80.85, 81.52, 81.82, 81.87, 97.28, 99.23,
99.35, 99.80, 100.29, 113.92, 127.19-128.23 (multiple peaks), 129.44, 138.04-138.85
(multiple peaks), 159.31, 169.41, 170.67; HRMS (positive ion ESMS, M+Na') calcd for
Ci167H175033N3Na 2773.2006, found 2773.2010.

(2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-+2)-(3-O-benzyl-6-O-ter t-butyldi
phenylsilyl-a -D-mannopyr anosyl)-(1-2)-(3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-
(1-6)-(2,3,4-tri-O-benzyl-a -D-mannopyr anaosyl)-(1-4)-(2-azido-3,6-di-O-benzyl-2-
deoxy-a -D-glucopyr anosyl)-(1-6)-2,3,4,5-tetr a-O-benzyl-1-O-(4-methoxybenzyl)-D-
myo-inositol  (3c). The above pseudohexasaccharide 3a (85 mg, 0.03 mmol) was
dissolved in a solvent mixture of CH;OH-CH,Cl, (3:1, 6 mL) followed by addition of
sodium methoxide (90 mg, 1.66 mmol). The reaction was dirred a rt for 1h, solvent was
evaporated under reduced pressure and the resdue purified by a dglica column
(hexane/EtOAC, 65:35) to obtain desired deacetylated pseudohexasaccharide 3b (80 mg,
97%) as colorless solid which was dissolved in anhyd THF (1 mL) followed by addition
of imidazole (25 mg, 0.36 mmol) and tert-butyldiphenylslyl chloride (TBDPSCI, 60 ni,
0.23 mmol). The reaction mixture was dirred for 5 h, diluted with EtOAc, organic layer
washed with saturated ag solution of NaHCOs; and H.O, dried over NaSO, and
concentrated. The resdue was purified through a smal dglica column to provide
sdectively dlylated compound 3c (82 mg, 94%). TLC (hexaneEtOAc, 7:3) Ry = 0.40;
'HNMR (300 MHz, CDCk): 1.15 (s, 9H, TBDPS), 3.07-4.05 (m, 36H), 3.73 (s, 3H),
4.10-4.95 (m, 36H), 4.97 (bs, 1H), 5.17 (bs, 1H), 5.29 (bs, 1H), 5.42 (bs, 1H), 5.72 (d, J=
3.6 Hz, 1H), 6.80-6.82 (d, 2H), 7.04-7.26 (m, 93H), 7.61-7.77 (m, 4H); 2*C NMR (75
MHz, CDClk): 19.14, 29.24, 55.17, 62.01, 62.89, 64.95, 68.61, 68.83, 69.11, 69.53,
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71.55, 71.66, 71.78, 71.90, 72.05, 72.20, 72.65, 72.98, 73.05, 73.20, 74.13, 74.60, 74.75,
74.86, 75.01, 75.62, 76.18, 77.11, 77.81, 79.81, 79.53, 79.68, 79.91, 80.83, 81.52, 81.79,
81.89, 97.20, 98.29, 99.00, 99.17, 100.25, 113.89, 127.15-12821 (multiple pesks),
133.02, 135.55, 135.47, 137.75-138.89 (multiple pesks), 159.26. HRMS (positive ion
ESMS, M+Na") calcd for Cr70H186031N3SiNa 2927.2972, found 2927.2981.

(2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-2)-(3,4-di-O-benzyl-a -D-mannop

yranosyl)-(1-2)-(3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-(1-+6)-(2,3,4-tri-O-benzy

I-a -D-mannopyr anosyl)-(1-+4)-(2-azido-3,6-di-O-benzyl-2-deoxy-a -D-glucopyr anos

yl)-(1-+6)-2,3,4,5-tetr a-O-benzyl-1-O-(4-methoxybenzyl)-D-myo-inositol ~ (3d).  The
TBDPS protected pseudohexasaccharide (80 mg, 0.25 mmol) was dissolved in anhyd
DMF (2 mL) followed by addition of benzyl bromide (90 ni, 0.66 mmol) and sodium
methoxide (10 mg, 0.25 mmol). The reaction mixture was stirred a 0 °C for 1 h,
quenched with methanol, diluted with EtOAc, organic layer washed with brine and HO,
dried over NaSO, and concentrated. The residue was dissolved in 1.2 mL of a 1M
solution of tetrabutylammonium fluoride (TBAF) in anhydrous THF and dirred a room
temperature for 48 h. After completion of reaction, solvent was quickly removed under
vacuum and the viscous ydlow mass was purified through a smdl dlica column (hexane-
EtOAc, 70:30) to provide desred compound (87 mg, 90%) as colorless solid. TLC
(hexane/EtOAcC, 70:30) R = 0.25; *HNMR (300 MHz, CDCl): 3.15-3.85 (m, 36H), 3.96-
4.88 (m, 38H), 3.73 (s, 3H), 4.94 (s, 1H), 5.17 (s, 2H), 5.29 (s, 1H), 5.71 (d, J = 3.6 Hz,
1H), 6.80 (d, 2H), 7.05-7.26 (m, 92H); 2*C NMR (75 MHz, CDCl): 63.00, 65.96, 68.44,
68.33, 69.01, 69.25, 69.64, 70.25, 70.45, 71.57, 71.65, 71.73, 71.94, 72.00, 72.08, 72.54,
72.64, 73.07, 73.18, 74.11, 74.58, 74.65, 74.80, 74.91, 75.43, 77.10, 77.32, 77.71, 79.14,
79.62, 79.89, 80.80, 81.48, 81.78, 81.86, 97.27, 99.30, 99.31, 99.86, 100.43, 113.87,
127.21-128.17 (multiple peaks), 129.44, 138.32-138.35 (multiple peaks), 159.24; HRMS
(positiveion ESMS, M+Na") calcd for Cy70H177031N3Na 2779.2264, found 2779.2273.

(2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-+2)-(3,4-di-O-benzyl-6-O-(benzyl-
2-(N-benzyloxycar bonyl)-aminoethyl-phosphonato)-a -D-mannopyranosyl)-(1-+2)-
(3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-(1-6)-(2,3,4-tri-O-benzyl-a -D-mannopyr
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anosyl)-(1-+4)-(2-azido-3,6-di-O-benzyl-2-deoxy-a -D-glucopyr anosyl)-(1+6)-2,3,4,5-
tetra-O-benzyl-1-O-(4-methoxybenzyl)-D-myo-inositol.  Above  pseudohexasaccharide
3d (40 mg, 0.014 mmoal), dried thoroughly fird with co-evgporation with anhydrous
toluene (three times) and then under high-vacuum for two hours, was dissolved in
anhydrous CH,Cl, (1 mL) and to this solution was added freshly prepared®
CbzNH(CH>),OPOBNNIiPr; (12 mg, 0.027 mmol) and 1H-tetrazole (2 mg, 0.027 mmol).
The reaction mixture was girred under argon a room temperature for 3 h. The reaction
mixture was brought to —40 °C and trested with mCPBA (4 mg), stirred a —40 °C for 30
min and a room temp for 1 h. The reaction was now quenched with saturated agueous
NaHCO; solution, diluted with CHCl,, the organic phase was dried (NaSO,),
concentrated and the resdue was purified on a smdl slica column (EtOAc:HexaneEtsN;
1:3:0.1) to give desred phosphorylated product (27 mg, 60%) as a diasterecisomeric
mixture. TLC (hexane/EtOAc, 60:40) R = 0.35/0.37; *HNMR (300 MHz, CDCk): 3.18
5.15 (m, 90H), 5.52 (d, 1H), 6.80 (d, 2H), 7.09-7.40 (m, 102H, ArH); *C NMR (75 MHz,
CDCl): 65.19, 66.54, 66.79, 68.83, 69.69, 71.96, 72.19, 72.81, 73.01, 74.15, 74.48,
74.87, 75.21, 76.45, 77.35, 78.59, 79.58, 79.99, 80.91, 95.13, 98.89, 99.12, 100.07,
113.87, 127.04-128.37 (multiple peaks), 129.44, 137.59-138.67 (multiple peaks), 156.33,
159.24; 3P NMR (125 MHz): -0.61, 0.84; HRMS (positive ion ESMS, M+Na") cacd for
C187H195036N4PNa 3126.3186, found 3126.3192.

(2,3,4,6-Tetra-O-benzyl-a -D-mannopyranosyl)-(1-+2)-(3,4-di-O-benzyl-6-O-(benzyl-
2-(N-benzyloxycar bonyl)-aminoethyl-phosphonato)-a -D-mannopyranosyl)-(1-+2)-
(3,4,6-tri-O-benzyl-a -D-mannopyr anosyl)-(1-6)-(2,3,4-tri-O-benzyl-a -D-mannopyr
anosyl)-(1-4)-(2-azido-3,6-di-O-benzyl-2-deoxy-a -D-glucopyr anosyl)-(1-6)-2,3,4,5-
tetra-O-benzyl-1-O-(2-hexadecanoyl-1-O-octadecyl-sn-glycer yl-phosphonato)-D-
myo-inositol (Fully-protected GPI anchor). The aove compound (27 mg, 8.7 mmol)
dissolved in a solution of CHsCN/ toluene/water (1 mL, 91:5:4) was treated with CAN
(25 mg, 45 nmol) was a 0 °C, and the solution was tirred at for 30 min a the same temp
and a room temperature for 1 h. the reaction mixture was diluted with CH,Cl,, washed
with saturated NAHCOs solution and the combined organic layer was dried over NaSO;.
Silica column (toluene/acetone, 1:1) afforded PMB deprotected phosphohexasaccahride
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(20 mg, 77%). The above compound (17 mg, 5.7 nmmol), and freshly prepared 2-O-
octadecanoyl- 1- O-octadecyl- sn-glyceryl-H-phosphonate (2, 30 mg, 44 mmol) were dried
by evgporation with anhyd pyridine three times, and dissolved in anhyd pyridine (0.4
mL). This was followed by addition of pivaoyl chloride (9.6 ni, 80 mmoal). After dirring
a room temperature for 30 min, the reaction was trested with an iodine solution (2 equiv,
20 mg iodine in pyridine-water, 2.45:0.05) and the mixture was further stirred for 25 min.
The reection was diluted with CHCL and organic layer washed with 5% sodium bisulfite
solution. The organic layer was dried over NaSO,, concentrated and purified on a slica
column usng 5% MeOH-CH.Cl, (with 1% triethylamine) solvent system, providing the
desired phospholipidated fully protected GPl-anchor (12 mg, 55%). *H NMR (300 MHz,
CDCl): 0. 87 (t, 6H), 1.24 (m, 58H), 1.43 (m, 2H), 1.51-1.65 (m, 4H), 2.80-5.85 (m,
89H), 7.0-7.80 (m, 100H); HRMS (ESMS, M+Nad) cacd for CpigHoea041N4PoNa
3678.8069, found 3678.8021.

a -D-mannopyr anosyl)-(1-2)-(6-O-(aminoethylphosphonato)-a -D-mannopyr anos
syl)-(1—2)-a -D-mannopyranosyl)-(1-+6)-a -D-mannopyr anosyl)-(1-+4)-(2-amino-2-
deoxy-a -D-glucopyr anosyl)-(1-6)-1-O-(2-hexadecanoyl-1-O-octadecyl-sn-glycer yl-
phosphonato)-D-myo-inositol (1). The protected GPI-anchor (12 mg, 3.2 nmmol) and the
catalyst 20% Pd(OH), (25 mg) were dissolved in a solvent mixture of MeOH (1 mL),
CH2Cl, (2 mL) and H2O (0.05 mL). The resdud and dissolved ar from the flask was
removed by repeated evacuations by suction. The reaction mixture was then girred under
postive hydrogen atmosphere for 48 h. After completion of reaction, the mixture was
filtered through a smdl cdite pad, which was washed severd times with the solvent
mixture, and concentrated under reduced pressure to provide desired GPI-anchor 1 (4.2
mg, 73%). *H NMR (300 MHz, CDsOD-CDCl;-D,0) 0.87-1.00 (m, 6H), 1.16-2.35 (m,
66H), 2.63-4.28 (m, 45H), 4.76 (1H), 5.10 (br s, 2H), 5.18 (br s, 1H), 5.40 (br s, 1H); MS
(ESMS, M+H+Na) calcd for C77H147039N 2P2Na 1808.8954, found 1808.8990.
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