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Experimental Section

General procedures

Unless otherwise noted, all reactions were carried out in oven-dried glassware under
an atmosphere of argon or nitrogen. Tetrahydrofuran and toluene were dried and
distilled from sodium metal. Acetonitrile and dichloromethane were distilled from
calcium hydride. Methanol was dried by heating under reflux with magnesium and
then distilled. N, N-Dimethylformamide was dried over P,Os and distilled under
vacuum. Reactions were monitored by analytical thin-layer chromatography (TLC) on
Merck silica gel 60F,s4 plates (0.25 mm), visualized by ultraviolet light and/ or by
staining with ceric ammonium molybdate or ninhydrin. Optical rotations were
measured at ambient temperature (25 °C) using RUDOLPH AUTOPOL III. '"H NMR
spectra were obtained on Varian INOVA-500 or JEOL JNM-AL300 spectrometer at
ambient temperature. Data were reported as follows: chemical shift on the 6 scale
(using either TMS or residual proton solvent as internal standard), multiplicity (br =
broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), integration, and
coupling constant(s) in hertz. >*C NMR spectra were obtained with proton decoupling
on a Varian INOVA-500 (125 MHz) or JEOL JNM-AL-300 (75 MHz) spectrometer
and were reported in ppm with residual solvent for internal standard (77.0 for CDCl).
High resolution mass spectra were obtained on a PE SCLEX QSTAR spectrometer.

Elemental analysis data were recorded on a PE-2400C elemental analyzer.



Methyl
2,3-di-O-benzyl-4-O-(4-methoxybenzyl)-6-deoxy-a-D-xylo-hex-5-enopyranoside
(17). To a solution of 15' (5.12g, 10.6 mmol) in DMF (40 mL), p-methoxybenzyl
chloride (4.3 mL, 4.95 g, 31.6 mmol) and sodium hydride (1.69 g, 60% in mineral oil,
42.3 mmol) were added at 0 °C. After stirring for 3 h at room temperature, TLC
monitoring (petroleum ether/EtOAc 3: 1) indicated completion of the reaction. Excess
of NaH was quenched by sat. NaHCO; aqueous solution (100 mL) at 0°C, and the
mixture was extracted with EtOAc (100 mL). The aqueous layer was extracted with
EtOAc (2x50 mL). The organic layer and the combined extracts were dried over
Na,S0y, filtered, and the solvent was removed in vacuo. The residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc 15:1) to afford 17 (4.64
g, 92%) as a white solid: R¢= 0.37 (petroleum ether /EtOAc 4:1); [a]p =-0.7 (c = 0.4,
EtOAc); '"H NMR (500 MHz, CDCl3) & = 7.36-7.26 (m, 12H, Ar), 6.86-6.84 (m, 2H,
Ar), 4.90-4.81 (m, 4H, PhCH,), 4.70-4.65 (m, 4H, H-6a, H-6b, PMB), 4.61 (d, 1H, J
= 3.5 Hz, H-1), 3.94 (t, 1H, J= 9.5 Hz, H-3), 3.88 (dt, 1H, J=3.0, 9.0 Hz, H-4), 3.80
(s, 3H, OCH3), 3.59 (dd, 1H, J=3.5, 9.0 Hz, H-2), 3.41 (s, 3H, OCH3); >C NMR (75
MHz, CDCl;3) 6 = 159.27 (PMB), 153.70 (C-6), 138.68, 138.04, 130.08, 129.55,
128.44, 128.35, 128.09, 128.00, 127.61, 131.78, 99.01 (C-1), 96.81, 81.16, 79.18,
75.74, 74.20, 73.60, 55.42 (OCHs;), 55.25 (OCHj3); MS (ESI) m/e caled for Cy9H3,04
(M+Na+) 499, found 499; elemental analysis caled (%) for Co9H3,06: C 73.09, H 6.77,

found: C 72.94, H 6.83.



21-(2,4,5/3)-2-0-Allyl-3,4-di-O-benzyl-2,3,4,5-tetrahydroxycyclohexanone (18).
To a stirred solution of 16 (5.20 g, 13.1 mmol) in acetone-water (2:1, 50 mL) was
added Hg(OCOCF3), (0.56 g, 1.31 mmol) at room temperature. After stirring for 3 h,
sat. NaHCOs3 aqueous solution was added to neutralize the mixture to pH 6~7. The
mixture was partially evaporated to remove acetone, and the suspension was extracted
with EtOAc (50 mLx2), the organic layer was collected and sequentially washed with
water and brine (50 mL), dried over Na,SO,, filtered, concentrated in vacuo. The
residue was purified by column chromatography on silica gel (petroleum ether/EtOAc
4:1) to give 18 (3.71 g, 74%) as colorless solids: Rf = 0.36 (petroleum ether/EtOAc
1:1); [a]p = -20.0 (¢ = 2.2, EtOAc); 'H NMR (300 MHz, CDCl3) & = 7.40-7.26 (m,
10H, Ar), 5.94 (ddt, 1H, J = 6.0, 10.5, 17.5 Hz, =CH-), 5.25 (dq, 1H, J = 1.5, 17.5 Hz,
=CH,), 5.18 (dq, 1H, J = 1.5, 12.5 Hz, =CH;), 4.93 (d, 1H, J = 10.5 Hz, PhCH)),
4.85-4.71 (m, 3H, PhCH,), 4.40 (ddt, 1H, J= 1.5, 5.0, 12,5 Hz, C=C-CH,), 4.25-4.24
(m, 1H, H-2), 4.07 (ddt, 1H, J = 1.5, 5.0, 12.5 Hz, C=C-CH,), 4.00-3.95 (m, 2H,
H-3&H-4), 3.78 (dt, 1H, J =2.7, 6.3 Hz, H-5), 2.62 (dd, 1H, J = 3.6, 14.7 Hz, H-6eq),
2.47-2.41 (m, 2H, -OH, H-6ax); >*C NMR (75 MHz, CDCl;) & = 203.94 (C=0),
138.27, 137.58, 134.24 (=CH-), 128.37, 128.21, 128.02, 127.86, 127.74, 127.58,
117.49, 85.03, 81.64, 81.30, 75.83, 72.93, 72.51, 66.30, 42.53 (C-6); HRMS (ESI)

m/e calcd for C,4Hy304 (M+Na") 405.1672, found: 405.1672.

21.-(2,4,5/3)-2-O-(4-Methoxybenzyl)-3,4-di-O-benzyl-2,3,4,5-tetrahydroxycyclo

hexanone 19) and



21-(2,4/5,3)-2-0O-(4-methoxybenzyl)-3,4-di-O-benzyl-2,3,4,5-tetrahydroxycyclohex
anone (20). To a stirred solution of 17 (4.64 g, 9.7 mmol) in acetone-water (2:1, 90
mL) was added Hg(OCOCF;), (0.42 g, 0.98 mmol) at room temperature. After
stirring for 3 h, sat. NaHCO; was added to neutralize the mixture to pH 6~7. The
mixture was partially evaporated, the suspension was extracted with EtOAc (50
mLx2), the organic layer was collected and sequentially washed with water and brine
(50 mL), dried over Na,SO, filtered, concentrated in vacuo. The residue was purified
by column chromatography on silica gel (petroleum ether/EtOAc 3:1) to give 20 (696
mg, 15%) as a white solid: Rf = 0.42 (petroleum ether/EtOAc 1:1); [a]p =-9.3 (c=0.4,
EtOAc); '"H NMR (500 MHz, CDCls, 40 °C) & = 7.36-7.24 (m, 12H, Ar), 6.86-6.83
(m, 2H, Ar), 4.99 (d, 1H, J = 11.5 Hz, PhCH,), 4.92 (d, 1H, J = 11.0 Hz, PhCH,),
4.83 (d, 1H, J=11.0 Hz, PhCH,), 4.73 (d, 1H, J = 11.0 Hz, PhCH,), 4.69 (d, 1H, J =
11.5 Hz, PhCHy), 4.47 (d, 1H, J = 11.0 Hz, PhCH,), 4.13 (d, 1H, J = 8.0 Hz, H-2),
3.79 (s, 3H, OCH,), 3.73-3.62 (m, 3H, H-3, H-4, H-5), 2.74 (dd, 1H, J =4.5, 13.5 Hz,
H-6eq), 2.48 (t, 1H, J =13.5 Hz, H-6ax), 2.43 (s, |H, OH); *C NMR (75 MHz, CDCls)
d = 203.20 (C=0), 159.43(PMB), 138.01, 129.90, 129.47, 128.72, 128.44, 128.07,
127.98, 127.84, 113.83, 85.68, 84.65, 81.90, 75.60, 75.44, 73.30, 67.99, 55.26
(OCH3), 44.08 (C-6); HRMS(ESI) m/e caled for CosH3006 (M+Na") 485.1935, found:
485.1931. Further elution gave isomer 19 (3.33 g, 75%) as a white solid: Rf = 0.35
(petroleum ether/EtOAc 1:1); [a]p = -22.4 (¢ = 0.7, EtOAc); 'H NMR (500 MHz,
CDCls) 6 = 7.33-7.26 (m, 12H, Ar), 6.83 (d, 2H, J = 8.5 Hz, Ar), 4.93-4.69 (m, 5H,

PhCH,), 4.50 (d, 1H, J = 11.5 Hz, PhCH,), 4.23-4.22 (m, 1H, H-2), 4.02-4.01 (m, 2H,



H-1, H-3), 3.80-3.76 (m, 4H, H-4, OCH3), 2.66 (dd, 1H, J = 4.0, 15.0 Hz, H-6eq),
2.48 (dd, 1H, J = 4.0, 15.0 Hz, H-6ax); >C NMR (75 MHz, CDCl5) 6 = 203.97 (C=0),
159.28, 138.36, 137.58, 129.81, 129.71, 128.56, 128.34, 128.06, 127.88, 127.69,
113.73, 84.87, 81.67, 81.45, 75.92, 73.20, 73.09, 66.47, 55.23 (OCH3), 42.50 (C-6);

HRMS (ESI) m/e calcd for C,5H3006 (M+Na+) 485.1935, found: 485.1937.

1p-(1,2,4/3,5)-4-0O-Allyl-2,3-di-O-benzyl-1-O-methyl-5-hydroxylcyclohexanepent
ol 21) and
1p-(1,2,4,5/3)-4-0O-allyl-2,3-di-O-benzyl-1-O-methyl-5-hydroxylcyclohexanepentol
(22). To a solution of 16> (1.73 g, 4.37 mmol) in toluene (10 mL), was added TIBAL
(IM in toluene, 43.7 mL) dropwise under argon at room temperature. When the
addition of TIABL was finished, the mixture was heated by oil bath at 50 °C. After
stirring for 3.5 h, NaOH (2M aqueous solution, 100 mL) was added to quench the
reaction, the mixture was diluted with EtOAc (50 mL) and washed with water (50 mL)
and brine (50 mL). The organic layer was collected and dried over Na,SOs,
concentrated and purified by column chromatography on silica gel (petroleum
ether/EtOAc 4:1) to give 21 (402 mg, 24%) as a white solid: Rs = 0.48 (petroleum
ether/EtOAc 1:2); [a]p = +31.3 (c = 2.3, EtOAc); 'H NMR (300 MHz, CDCl3) § =
7.38-7.28 (m, 10H, Ar), 5.95 (ddt, 1H, J = 5.7, 10.2, 17.4 Hz, =CH-), 5.27 (dq, 1H, J
=1.5,17.4 Hz,=CH,), 5.17 (dq, 1H, J= 1.5, 10.2 Hz, =CHy), 4.94 (d, 1H, J=10.5 Hz,
PhCH,), 4.75 (d, 1H, J = 10.5 Hz, PhCH,), 4.71 (2d, 2H, J = 12.0 Hz, PhCH,), 4.47

(ddt, 1H, J = 1.5, 5.7, 12.3 Hz, C=C-CH,-), 4.19 (ddt, 1H, J = 1.5, 5.7, 12.3 Hz,



C=C-CH-), 3.87-3.76 (m, 2H, H-3, H-5), 3.63-3.62 (m, 1H, H-1), 3.44-3.40 (m, 4H,
H-2, OCHs), 3.14 (t, 1H, J = 9.3 Hz, H-4), 2.41 (br, 1H, OH), 2.30 (dt, 1H, J= 4.5,
14.1 Hz, H-6eq), 1.20 (ddd, 1H, J = 2.1, 12.0, 14.1 Hz, H-6ax); °C NMR (75 MHz,
CDCls) 6 = 138.72, 138.30, 135.05, 128.33, 128.05, 127.83, 127.65, 127.55, 117.02,
85.98, 82.84, 81.68, 75.67, 75.06, 74.11, 72.66, 67.82, 57.34 (OCHs;), 30.76 (C-6);
HRMS (ESI) m/e calcd for CpsH300s4 (M+Na") 421.1985, found: 421.1945. Further
elution gave isomer 22 (1.27 g, 73%) as a colorless oil: Ry = 0.37 (petroleum
ether/EtOAc 1:2); [a]p = +7.5 (¢ = 2.1, MeOH); 'H NMR (300 MHz, CDCl;) & =
7.41-7.26 (m, 10H, Ar), 5.97 (ddt, 1H, J = 6.0, 10.5, 17.5 Hz, =CH-), 5.30 (dq, 1H, J
=1.5,17.5 Hz, =CH»), 5.17 (dq, 1H, J = 1.5, 10.5 Hz, =CH,), 4.92-4.67 (4xd, 4H, J =
12.0 Hz, PhCH;), 4.23-4.20 (m, 2H, C=C-CH;), 4.11-4.04 (m, 2H, H-3, H-5),
3.71-3.70 (m, 1H, H-1), 3.60 (d, 1H, J = 9.9 Hz, OH), 3.52 (s, 3H, OCHs), 3.39 (dd,
1H, J = 3.0, 9.3 Hz, H-2), 3.27 (dd, 1H, J= 3.3, 9.3 Hz, H-4), 2.28 (dt, 1H, J = 3.3,
15.0 Hz, H-6eq), 1.33 (dt, 1H, J=2.7, 15.0 Hz, H-6ax); >*C NMR (75 MHz, CDCls) &
= 138.90, 138.45, 135.18, 128.35, 128.28, 128.21, 127.75, 127.65, 127.53, 117.09,
82.47, 82.20, 78.95, 78.82, 75.97, 73.19, 71.64, 68.32, 59.01 (OCHs;), 29.54 (C-6);

HRMS (ESI) m/e caled for Cp4H3005 (M+Na+) 421.1985, found: 421.1945.

1p-(1,2,4/3,5)-4-0O-Allyl-1,5-di-O-benzoyl-2,3-di-O-benzyl-cyclohexanepentol
(23). To one portion of powdered MesNBH; (1.16 g, 0.013 mol) in dry
round-bottomed flask under argon, freshly distilled AcOH (2.6 ml, 0.045 mol) was

added dropwise at room temperature and stirred for 30 min. THF (8 mL) was then



added, the mixture was stirred at the same temperature for additional 3 h to ensure
complete conversion of MesNBHs to MesNBH(OAc)s. To the above mixture, a
solution of 18 (1.108 g, 2.78 mmol) in CH3CN (10 mL) was added dropwise. After
stirring for 13 h at room temperature, sat. NH4Cl aqueous solution was added to
quench the reaction. The mixture was extracted with EtOAc (50 mL), washed with sat.
KHCOs3 (50 mL), then dried over Na,SQO4, concentrated to produce a colorless oil
(899 mg). To a mixture of the colorless oil and DMAP (14 mg, 0.12 mmol) in
pyridine (20 mL), BzCl (1.63 mL, 14.03 mmol) was added slowly at 0 °C. The
mixture was allowed to stir for 6 h from 0 °C to room temperaure. The mixture was
concentrated, diluted with EtOAc (50 mL), washed successively with sat. NaHCO3
(50 mL) and water (50 mL). The organic layer was collected and dried over Na,SOy4,
concentrated, and purified by column chromatography on silica gel (petroleum
ether/EtOAc 16:1) to give 23 (1.36 g, 80% over two steps) as colorless solids: R =
0.36 (EtOAc/ petroleum ehter 1:4); [a]p = +42 (€ = 2.0, EtOAc); 'H NMR (300 MHz,
CDCl) 6 = 8.12-8.02 (m, 4H, Ar), 7.60-7.42 (m, 7H, Ar), 7.33-7.16 (m, 9H, Ar),
5.89-5.76 (m, 2H, H-1, H-5), 5.58-5.49 (m, 1H, =CH-), 5.16 (dd, 1H, J= 1.5, 17.1 Hz,
=CH,), 5.06 (d, 1H, J = 10.2 Hz, =CH,), 4.92-4.81 (m, 3H, PhCH,), 4.60 (d, 1H, J =
11.7 Hz, PhCH,), 4.37 (dd, 1H, J= 5.7, 12.0 Hz, C=C-CH,), 4.24 (dd, 1H, J= 6.3,
12.0 Hz, C=C-CH,), 4.00 (t, 1H, J = 9.3 Hz, H-4), 3.67-3.60 (m, 2H, H-2, H-3), 2.49
(dt, 1H, J = 4.5, 14.1 Hz, H-6¢eq), 1.71 (ddd, 1H, J = 2.1, 12.0, 14.1 Hz, H-6ax); °C
NMR (75 MHz, CDCls) 6 = 165.65 (PhCO), 165.56 (PhCO), 138.53, 137.82, 134.85,

133.18, 133.08, 130.02, 129.92, 129.57, 128.46, 128.40, 128.30, 128.14, 128.00,



127.65, 117.32, 82.91, 81.52, 80.69, 76.09, 74.68, 72.15, 71.57, 66.95, 31.07 (C-6);
MS (FAB) m/e calcd for C37H3607: 592, found: 592 (M"); elemental analysis calcd (%)

for C37H3¢07: C 74.98, H 6.12; found: C 74.70, H 6.40.

1L-(1,2,4/3,5)-1,5-Di-O-acetyl-2-O-allyl-3,4-di-O-benzyl-cyclohexanepentol (24).
To a solution of 23 (150 mg, 0.25 mmol) in MeOH (5 mL), 30% NaOMe (0.1 mL)
was added at room temperature. After stirring for 1 h, the mixture was neutralized to
pH = 6-7 with ion-exchange resin (Dowex 50, strong acid form) at room temperature.
The mixture was filtered and concentrated to give colorless oil. To the crude oil,
CH,Cl, (2 mL) and pyridine (204 pL, 2.5 mmol) were added, followed by addition of
Tf,0 (174 pL, 1.0 mmol) at 0 °C. After stirring for 10 min, sat. NaHCOs (20 mL) was
added to neutralize the mixture. The mixyure was diluted with CH,Cl, (20 mL) and
washed with water (20 mL). The organic layer was collected, dried over Na;SOy,
concentrated in vacuo and co-evaporated with toluene (3 mL) for three times to afford
yellow oil. The crude product was dissolved in DMF (2 mL), n-BusuNOAc (226 mg,
0.75 mmol) was added to the mixture at 0 °C under argon, and stirred for 5 h at r.t.
The mixture was concentrated, the residue was purified by column chromatography
on silica gel (petroleum ether/EtOAc 9:1) to give 24 (42 mg, 35% over three steps) as
a white solid: Rf = 0.32 (petroleum ether/EtOAc 3:1); [a]p = -2.4 (c = 2.5, MeOH); 'H
NMR (300 MHz, CDCls) 6 = 7.34-7.26 (m, 10H, Ar), 5.95 (ddt, 1H, J = 5.7, 10.8,
17.4 Hz, =CH-), 5.43-5.42 (m, 1H, H-1), 5.29 (ddt, 1H, J=1.2, 1.2, 17.4 Hz, =CH»),

5.23-5.14 (m, 2H, =CH,, H-5), 4.92-4.67 (m, 4H, PhCH,), 4.18 (dd, 1H, J=5.7, 12.6
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Hz, C=C-CHy), 4.06 (dd, 1H, J = 6.0, 12.6 Hz, C=C-CH,), 3.85 (t, 1H, J = 9.3 Hz,
H-4), 3.51 (t, 1H, J = 9.6 Hz, H-3), 3.42 (dd, 1H, J = 3.0, 9.6 Hz, H-2), 2.20 (dt, 1H, J
= 4.5, 14.1 Hz, H-6eq), 2.13 (s, 3H, COCHj3), 1.95 (s, 3H, COCHs), 1.47 (ddd, 1H, J
= 2.7, 12.3, 14.1 Hz, H-6ax); >C NMR (75 MHz, CDCl;) & = 170.19 (COCHj3),
170.09 (COCHs), 138.57, 138.50, 134.55, 128.37, 128.15, 127.74, 127.69, 127.64,
117.45, 83.31, 81.57, 80.36, 76.09, 75.62, 71.36, 70.69, 66.66, 30.80 (C-6), 21.14
(COCH3), 21.06 (COCH3); HRMS (ESI) m/e caled for Cy7H3,07 (M+Na”) 491.2040,

found: 491.2039.

1p-(1,2,4,5/3)-4-0O-Allyl-2,3-di-O-benzyl-1,5-dihydroxylcyclohexanepentol (25).
To a solution of 18 (571 mg, 1.49 mmol) in methanol (15 mL) at 0 °C was added
portion-wise NaBHy4 (225 mg, 5.96 mmol). After stirring for 10 min, sat. NH4Cl
aqueous solution was added to quench the reaction. The mixture was concentrated and
extracted with EtOAc (30 mL) and water (30 mL). The organic layer was dried over
Na,SO4, filtered, and concentrated. The residue was purified by column
chromatography on silica gel (petroleum ether/acetone 4:1) to give 25 (467 mg, 82%)
as a colorless oil: Rf = 0.28 (petroleum ether/acetone 2:1); [a]p = +15.4 (C = 2.6,
EtOAc); 'H NMR (300 MHz, CDCl3, D,O exchange) 6 = 7.41-7.26 (m, 10H, Ar),
5.94 (ddt, 1H, J = 5.4, 10.5, 17.1 Hz, =CH-), 5.29 (dd, 1H, J= 1.8, 17.1 Hz, =CH,),
5.18 (dd, 1H, J =1.8, 10.2 Hz, =CH,), 5.16-4.73 (m, 4H, PhCH,), 4.22-4.14 (m, 4H,
H-1, H-5, =C-CH,-), 4.05 (t, 1H, J = 9.3 Hz, H-3), 3.40-3.62 (m, 2H, H-2 or H-4, OH),

3.30 (dd, 1H, J = 3.3, 9.3 Hz, H-2 or H-4), 2.33 (dt, 1H, J= 3.6, 15.0 Hz, H-6eq), 1.46



(dt, 1H, J = 2.7, 15.0 Hz, H-6ax); °C NMR (75 MHz, CDCl3) & = 138.80, 138.10,
134,82, 128.39, 128.30, 128.12, 127.84, 127.75, 127.56, 117.31, 82.26, 78.66, 76.06,
72.62, 71.70, 68.53, 31.23 (C-6); HRMS (ESI) m/e caled for C,3Hy0s (M+Na")

407.1829, found: 407.1831.

2L-(2,4/3)-2-0O-Allyl-3,4-di-O-benzyl-2,3,4-trihydroxy-5-cyclohexen-1-one (27).
To a solution of 18 (260 mg, 0.6mmol) in CH,CI, (5 mL), MsCl (156 mg, 1.4mmol)
was added dropwise at 0 °C, followed by addition of triethylamine (0.5 mL, 3.6
mmol). The mixture was stirred at 0 °C for 2 h, diluted with CH,ClI, (50 mL), washed
successively with 0.5 M H,SO4, sat. NaHCOs, and brine. The organic layer was dried
over Na,SO4 and concentrated. The residue was purified by column chromatography
on silica gel (petroleum ether/ EtOAc 12:1) to give 27 (148 mg, 60%) as a colorless
oil: R = 0.28 (petroleum ether/EtOAc 3:1); [a]p = +21.0 (c = 0.6, EtOAc); 'H NMR
(500 MHz, CDCl3) 6 = 7.40-7.30 (m, 10H, Ar), 6.80 (dd, 1H, J = 2.0, 10.5 Hz, H-6),
6.02 (dd, 1H, J =2 .0, 10.0 Hz, H-5), 6.04-5.95 (m, 1H, =CH-), 5.35 (dd, 1H, J= 1.5,
17.0 Hz, =CH,), 5.21 (dd, 1H, J = 1.5, 10.5 Hz, =CH,), 4.97 (d, 1H, J = 11.0 Hz,
PhCH,), 4.83(d, 1H, J =11.5 Hz, PhCH,), 4.81 (d, 1H, J = 10.5 Hz, PhCH,), 4.74 (d,
1H, 12.0 Hz, PhCH,), 4.51 (ddt, 1H, J= 1.5, 5.5, 12.5 Hz, =C-CH,-), 4.35 (dt, 1H, J =
2.0 ,7.5 Hz, H-4), 4.25 (ddt, 1H, J = 1.5, 5.5, 12.5 Hz, =C-CH;-), 3.97-3.91 (m, 2H,
H-2, H-3); °C NMR (125 MHz, CDCl;) & = 197.34 (C=0), 148.06, 138.17, 137.62,

134.39, 128.54, 128.40, 128.19, 128.03, 127.89, 127.82, 117.80, 84.72, 83.60, 78.89,



75.76, 73.66, 29.69; HRMS (ESI) m/e caled for Cy3H,404 (M+H+) 365.1770, found:

365.1770.

11-(1,5/4,6)-6-O-Allyl-4,5-di-O-benzyl-cyclohex-2-en-1-0l (28). To a mixture of
27 (86 mg, 0.24 mmol) and CeCls*7H,O (132 mg, 0.35 mmol) in methanol (5 mL)
was added NaBH, (13 mg, 0.34 mmol) at 0 °C. After stirring for 15 min, the reaction
was quenched with water and extracted with EtOAc (50 mL), washed with brine,
dried over Na,SO4. The organic layer was concentrated and purified by column
chromatography on silica gel (petroleum ether/EtOAc 4:1) to give 28 (78 mg, 90%) as
a light yellow oil: Rf = 0.22 (petroleum ether/acetone 2:1); [a]p = +90.3 (c = 3.9,
MeOH); 'H NMR (500 MHz, CDCl3) & = 7.38-7.27 (m, 10H, Ar), 5.95 (ddt, 1H, J =
6.0, 10.5, 17.5 Hz, =CH-), 5.72-5.67 (m, 2H, H-2, H-3), 5.28 (ddt, 1H, J = 1.5, 17.5
Hz, =CH,), 5.19 (ddt, 1H, J = 1.5, 10.0 Hz, =CH,), 4.89-4.65 (m, 4H, PhCH,), 4.46
(ddt, 1H, J=1.5, 5.0, 12.5Hz, =C-CH,), 4.30 (d, 1H, J = 7.0 Hz, H-1), 4.23 (dd, 1H, J
=5.0, 12.5 Hz, =C-CH,), 4.22-4.19 (m, 1H, H-4), 3.71 (dd, 1H, J= 7.5, 10.5 Hz, H-5),
3.41 (dd, 1H, J = 7.5, 10.0 Hz, H-6); >C NMR (125 MHz, CDCls) & = 138.54, 138.24,
134.97 (=CH-), 129.36 (C-2), 128.42, 128.36, 127.94, 127.80, 127.72, 127.45, 127.05
(C-3), 117.32 (=CH,), 84.08 (C-6), 83.27 (C-5), 80.48 (C-4), 75.24 (PhCH,), 74.12
(=C-CH,), 72.28 (PhCH,), 71.93 (C-1); MS (ESI) m/e calcd. for Cy3H604: 389
(M+Na+), found: 389; elemental analysis calcd (%) for Co3H2604: C 75.38, H 7.15;

found: C 75.29, H 7.23.



1p-(1,3,5/2,4)-1,6-Di-O-benzoyl-2,3-di-O-benzyl-4-O-(4-methoxybenzyl)-cyclohe
xanepentol 30) and
1L-(1,2,4/3,5)-3,4-di-O-benzyl-2-O-(4-methoxybenzyl)-1,5-dihydroxylcyclohexane
pentol (31). To a solution of 20 (150 mg, 0.32 mmol) in dry dioxane (6 mL), was
added NaBH4 (65 mg, 1.72 mmol) under argon. After stirring for 4h, water was added
to quench the reaction at 0 °C, continued to stir until no bubble spreading out. Then
the mixture was concentrated in vacuo, the residue was dissolved with EtOAc (20
mL), washed with water and brine, dried over Na,SQO4, concentrated, purified by
column chromatography on silica gel (CH,Cl,/MeOH 100:1) to give 31 (34 mg, 22%):
Rt = 0.52 (CH,Cly/ MeOH 20:1); [a]p = -2.2 (¢ = 0.5, EtOAc); "H NMR (500 MHz,
CDCls) 6 = 7.36-7.24 (m, 12H, Ar), 6.86 (d, J = 8.5 Hz, Ar), 5.00 (d, 1H, J=11.5 Hz,
PhCHy;), 4.90 (d, 1H, J = 10.5 Hz, PhCH,), 4.82 (d, 1H, J = 10.5 Hz, PhCH,), 4.76
(2br, 2H, OH), 4.69-4.60 (m, 3H, PhCH,), 4.08 (q, 1H, J = 3.0 Hz, H-1), 4.95 (ddd,
1H, J=15.0,9.5, 12.0 Hz, H-5), 3.83-3.80 (m, 4H, H-3, OCHs), 3.48 (dd, 1H, J = 3.0,
9.0 Hz, H-2), 3.26 (t, 1H, J = 9.5 Hz, H-4), 2.24 (dt, 1H, J= 4.5, 14.0 Hz, H-6¢eq),
1.37 (ddd, 1H, J = 2.5, 12.0, 14.0 Hz, H-6ax); '*C NMR(75 MHz, CDCl3) § = 159.42
(PMB), 138.61, 129.91, 129.52, 128.60, 128.41, 127.92, 127.83, 127.65, 113.92,
86.12, 82.93, 81.50, 75.68, 75.40, 72.45, 67.67, 65.78, 55.27 (OCHs;), 33.42 (C-6);
HRMS (ESI) m/e calcd. for CpgH3,04 (M+Na+) 487.2091, found: 487.2094. Another
component 29 (116 mg) was collected as a colorless oil: Rf = 0.45 (CH,Cl,/ MeOH
20:1), but its purity was not satisfied in '"H NMR spectrum. To the above crude oil

(116 mg, 0.25 mmol) in pyridine (5 mL), was added BzCl (209 mg, 1.4 mmol) at 0 °C.



After stirring for 5 h, pyridine was evaporated under vacuum. The residue was diluted
with EtOAc, washed with sat. NaHCO; and water. The organic layer was collected,
dried over Na,SO,, concentrated, purified by column chromatography on silica gel
(petroleum ether /EtOAc 12 : 1) to give 30 (150 mg, 89%) as a white solid: Rf = 0.30
(petroleum ether /EtOAc 3:1); [a]p = +3.2 (¢ = 1.3, EtOAc); 'H NMR (500 MHz,
CDCl;) 6 = 8.14-6.66 (m, 24H, Ar), 5.30 (ddd, 2H, J = 4.5, 9.0, 11.5 Hz, H-1, H-5),
4.89 (d, 2H, J = 11.5 Hz, PhCH,), 4.86-4.69 (m, 4H, PhCH,), 3.82 (t, 1H, J= 9.0 Hz,
H-2), 3.79 (t, 1H, J= 9.0 Hz, H-4), 3.73 (t, 1H, J=9.0 Hz, H-3), 3.71 (s, 3H, OCH3),
2.58 (dt, 1H, J= 5.0, 12.5 Hz, H-6eq), 1.77 (q, 1H, J= 12.0 Hz, H-6ax); “C NMR
(75 MHz, CDCls) 6 = 165.39 (PhCO), 159.11 (PMB), 138.35, 137.94, 133.08, 130.14,
129.87, 129.62, 128.37, 128.26, 127.94, 127.70, 127.63, 113.64, 83.07, 82.71, 76.10,
75.52, 75,13, 70.85, 70.79, 55.13 (OCHs;), 32.16 (C-6). HRMS (ESI) m/e calcd. for

C42H,4003 (M+Na") 695.2615, found: 695.2615.

1p-(1,2,4/3,5)-5-Azido-2,3-di-O-benzyl-1-O-methyl-1,2,3,4-cyclohexanetetrol
(32). To a solution of 22 (34 mg, 0.085 mmol) in CH,Cl, (1 mL), pyridine (28 uL,
0.34 mmol) was added and followed by the addition of Tf,0 (29 pL, 0.17 mmol) at 0
°C. After stirring for 10 min, sat. NaHCO; was added to quench the reaction, diluted
with EtOAc, washed with water and brine. The extract was dried over Na SOy,
concentrated; the residue was co-evaporated with toluene for three times before
dissolved in DMF (1 mL). To the mixture, NaN3 (1.5 mg, 0.34 mmol) was added at 0

°C. After 5 h, the mixture was evaporated in vacuo, diluted with EtOAc, concentrated



to give a yellow oil. Mixed the oil with MeOH (1 mL), PdCl, (3 mg, 0.022 mmol) was
added at r.t. After stirring for 12 h, the mixture was diluted with CH,Cl,, filtered,
concentrated. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAc 4:1) to give 32 (9 mg, 35% for 3 steps) as a colorless oil: Rf =
0.34; [o]p = -9.3 (¢ = 0.4, EtOAc); 'H NMR (500 MHz, CDCls) & = 7.37-7.29 (m,
10H, Ar), 5.02 (d, 1H, J=11.1 Hz, PhCH,), 4.71 (s, 2H, PhCH), 4.69(d, 1H, J = 11.1
Hz, PhCH,), 3.76 (t, 1H, J= 9.0 Hz, H-3), 3.66-3.61 (m, 2H, H-4, H-5), 3.45-3.41 (m,
4H, H-1,0CH3), 3.39 (dd, 1H, J = 3.0, 9.0 Hz, H-2), 2.58 (d, 1H, J = 2.5 Hz, OH),
2.21 (dt, 1H, J=4.0, 14.5 Hz, H-6eq), 1.19 (ddd, 1H, J = 2.5, 12.0, 14.5 Hz , H-6ax);
C NMR (75 MHz, CDCl;) & = 138.51, 137.98, 128.62, 128.46, 127.99, 127.93,
127.86, 82.05, 81.40, 76.49, 75.71, 74.86, 72.46, 58.93, 57.76 (OCHjs), 29.69 (C-6);
IR v = 2103.6 cm’ (-N3); HRMS (ESI) m/e calcd. for Cp;HpsN3O4 (M+NH4+)

401.2183, found: 401.2189.

1,3-Di-azido-5,6-di-O-benzyl-2-deoxystreptamine (33). The initial synthesis of 33
was almost the same as that of 32, yield: 35% for 3 steps. The other method is: after
debenzoylation of 35 (447 mg, 0.64 mmol, in 2mL MeOH) with 30% NaOMe (in
MeOH, 0.1 mL), the reaction mixture was neutralized with ion-exchange resin
(Dowex 50, strong acid form), filtered, and concentrated to give crude diol. The crude
diol was dissolved in CH,Cl, (5 mL), pyridine (0.6 mL, 7 mmol) was added dropwise,
followed by the addition of Tf,0 (0.5 mL, 2.8 mmol) at 0 °C. After stirring for 10 min,

sat. NaHCO; was added to quench the reaction. The mixture was extracted with



EtOAc (20 mL), washed with water (20 mL), dried over Na,SO., concentrated, and
co-evaporated with toluene for three times. The crude product was dissolved in DMF
(2 mL), NaN3 (194 mg, 2.8 mmol) was added at 0 °C. After stirring for 5 h, the
mixture was concentrated, diluted with EtOAc, washed with water, and concentrated
again. The residue was dissolved in CH,Cl,/H,O (18:1, 5 mL), DDQ (250 mg, 0.94
mmol) was added. And the mixture was stirred for 12 h at r.t., then quenched with sat.
NaHCOs, diluted with CH,Cl, (20 mL), washed with water and brine. The extract was
dried over Na,SO4 and concentrated. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc 9:1) to give 33 (162 mg, 61%
over four steps) as a colorless oil: Ry =0.38 (petroleum ether/acetone 3:1); [a]p =
+39.4 (c = 0.5, EtOAc); '"H NMR (500 MHz, CDCl;) & = 7.38-7.25 (m, 10H, Ar), 4.94
(d, 1H, J = 11.5 Hz, PhCH,), 4.89-4.84 (m, 2H, PhCH,), 4.72 (d, 1H, J = 11.5 Hz,
PhCHy,), 3.49-3.33 (m, SH, H-1, H-3, H-4, H-5, H-6), 2.52 (s, 1H, OH), 2.17 (dt, 1H,
J =45, 13.0 Hz, H-2eq), 1.34 (q, 1H, J = 12.5 Hz, H-2ax); °C NMR (75 MHz,
CDCls) 6 = 138.34, 137.84, 129.15, 128.92, 128.68, 128.56, 128.47, 128.26, 84.43,
84.09, 76.56, 76.20, 61.00, 60.25, 32.73 (C-2); HRMS (ESI) m/e calcd. for

C20H22NgO3 (M+NH, ") 412.2092, found: 412.2091.

1p-(1,2,4,5/3)-1,5-Di-O-benzoyl-2,3-di-O-benzyl-1,2,3,4,5-cyclohexanepentol
(34). To a solution of 25 (289 mg, 0.75 mmol) in pyridine (5 mL), BzCl (420 mg, 3
mmol) was added at 0 °C. After stirring for 12 h at room temperature, the reaction

mixture was concentrated in vacuo, diluted with EtOAc, washed with sat. NaHCOs,



dried over Na,SOs, concentrated to give yellow oil. The oil was dissolved in methanol
(10 mL), PdCl, (25 mg, 0.14 mmol) was added at r.t. After stirring for 2 h, the
reaction mixture was diluted with CH,Cl,, filtrated, and concentrated. The residue
was purified by column chromatography on silica gel (petroleum ether/EtOAc 4:1) to
give 34 (365 mg, 88% over two steps) as a colorless oil: Rf= 0.42 (petroleum
ether/EtOAc 1:1); [o]p = +14.7 (¢ = 9.5, EtOAc); "H NMR (500 MHz, DMSO, 35 °C)
0 =7.93-7.91 (m, 2H, PhCO), 7.82-7.80 (m, 2H, PhCO), 7.60-7.52 (m, 2H, PhCO),
7.40-7.37 (m, 4H, Ar), 7.33-7.21 (m, 10H, Ar), 5.67-5.66 (m, 1H, H-1), 5.32 (dd, 1H,
J=3.0, 3.5 Hz, H-5), 5.26 (d, 1H, J= 5.5 Hz, OH), 4.88 (d, 1H, J = 11.5 Hz, PhCH»),
4.83 (d, 1H, J = 11.5 Hz, PhCH,), 4.70 (d, 1H, J = 11.5 Hz, PhCHy), 4.59 (d, 1H, J =
11.5 Hz, PhCHa), 4.12 (t, 1H, J = 9.5 Hz, H-3), 3.83 (ddd, 1H, J= 3.5, 6.0, 9.5 Hz,
H-4), 3.77 (dd, 1H, J= 3.5, 9.5 Hz, H-2), 2.23 (dt, 1H, J = 3.5, 16.0 Hz, H-6¢eq), 1.81
(dt, 1H, J = 3.5, 16.0 Hz, H-6ax); °C NMR (75 MHz, DMSO) & = 165.53 (PhCO),
165.25 (PhCO), 139.17, 138.46, 133.03, 129.99, 129.72, 129.34, 129.12, 128.33,
128.03, 127.92, 127.68, 127.42, 127.29, 127.13, 79.86, 78.34, 74.04, 72.66, 71.45,
71.31, 68.68, 28.61 (C-6); HRMS (ESI) m/e caled. for C34H3,07 (M+H") 553.2221,

found: 553.2225.

1p-(1,2,4,5/3)-1,5-Di-O-benzoyl-2,3-di-O-benzyl-4-(4-methoxy)benzyl-1,2,3,4,5-
cyclohexanepentol (35). To a solution of 34 (659 mg, 1.04 mmol) in dry CH,Cl, (3
mL), a solution of freshly prepared PMBOCNHCCI; (3.1 g) in hexane (6 mL) was

added. Freshly distilled BF3Et,O (35 uL) was added slowly at 0 °C. After stirring for



10 min, no starting material was detected, Et;N was added to quench the reaction. The
reaction mixture was extracted with EtOAc (20 mL), washed with water and brine,
dried over Na,SO., and concentrated. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc 16:1) to give 35 (451 mg, 56%)
as a white solid: Rf= 0.37 (petroleum ether/ EtOAc 4:1); [a]p = -7.1(c = 1.3, EtOAc);
'H NMR (300 MHz, CDCls) & = 7.87-7.95 (m, 4H, PhCO), 7.5-7.45 (m, 2H, PhCO),
7.35-7.22 (m, 16H, Ar), 6.79-6.76 (m, 2H, Ar), 5.69-5.68 (m, 2H, H-1, H-5), 4.87 (s,
2H, PhCHy), 4.78 (d, 1H, J=10.8 Hz, PhCH,), 4.72 (d, 1H, J = 11.1 Hz, PhCH,), 4.64
(d, 1H, J = 11.7 Hz, PhCH,), 4.56 (d, 1H, J = 11.4 Hz, PhCH,), 4.27 (t, 1H, J = 9.0
Hz, H-3), 3.76 (s, 3H, OCH3), 3.75-3.63 (m, 2H, H-2, H-4), 2.56 (dt, 1H, J=3.6, 15.6
Hz, H-6¢eq), 1.87 (d, 1H, J = 15.6 Hz, H-6ax); °C NMR (75 MHz, CDCl;) & = 166.14
(PhCO), 159.09 (PMB), 138.67, 138.07, 132.75, 130.18, 130.13, 129.78, 129.50,
128.19, 128.12, 127.83, 127.53, 113.62, 79.76, 79.65, 77.92, 75.51, 72.42, 72.06,
68.39, 55.15 (OCH3;), 29.27 (C-6); HRMS (ESI) m/e caled. for Cy4HyoOs (M+Na")

695.2615, found: 695.2608.

1p-(1,2,4/3,5)-1,5-Di-O-benzoyl-2,3-di-O-benzyl-4-O-(4-methoxybenzyl)-
1,2,3,4,5-cyclohexanepentol (36). Following the procedure in synthesis of 23,
MesNBH(OACc); was freshely prepared from MesNBH4 (285 mg, 3.2 mmol) and
AcOH (0.64 ml, 11.1 mmol) in THF (5 mL). To the mixture, a solution of 19 (298 mg,
0.64 mmol) in dry CH3CN (5 mL) was added dropwise. After stirring for 12 h, TLC

monitoring indicated no starting material left, sat. NH4Cl was added to quench the
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reaction. The reaction mixture was neutralized with sat. KHCO;, extracted with
EtOAc, dried over Na,SO4, concentrated to give a colorless oil. To this colorless oil in
dry pyridine (2 mL), BzCl (0.3 mL) and cat. DMAP were added slowly at 0 °C. The
mixture was allowed to stir at r.t. for 5 h, concentrated in vacuo. The residue was
dissolved in EtOAc (20 mL), washed with sat. NaHCOs, water and brine. The organic
layer was collected, dried over Na,SO4, and concentrated. The residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc 16:1) to give 36 (382
mg, 88% over two steps) as a white solid: Rf = 0.29 (petroleum ether/EtOAc 3:1);
[a]o = +35.0 (¢ = 0.5, EtOAc); '"H NMR (300 MHz, CDCl;) & = 8.14-8.09 (m, 2H,
PhCO), 7.99-7.97 (m, 2H, PhCO), 7.61-7.28 (m, 16H, Ar), 7.25-7.16 (m, 2H, Ar),
7.09-7.06 (m, 2H, Ar), 5.84 (m, 1H, , H-1), 5.57 (ddd, 1H, J = 5.0, 10.0, 10.0 Hz,
H-5), 4.94 (d, 1H, J = 11.5 Hz, PhCHy;), 4.89-4.79 (m, 3H, PhCHy), 4.70 (d, 1H, J =
11.5 Hz, PhCH,), 4.60 (d, 1H, J = 11.4 Hz, PhCHy,), 4.04 (t, 1H, J= 9.5 Hz, H-3),
3.79-3.67 (m, 5H, H-2, H-4, OCH3), 2.50 (dt, 1H, J=4.5, 14.5 Hz, H-6eq), 1.73 (ddd,
1H, J = 2.5, 12.5, 14.5 Hz, H-6ax); >°C NMR (75 MHz, CDCls) = 165.67 (PhCO),
165.56 (PhCO), 159.15 (PMB), 138.62, 137.81, 133.18, 133.06, 130.21, 129.91,
129.77, 129.61, 128.46, 128.39, 128.32, 128.03, 127.67, 127.59, 113.68, 82.80, 81.74,
80.80, 76.05, 75.44, 72.15, 71.59, 66.92, 55.14 (OCH3), 31.15 (C-6); HRMS (ESI)

m/e calcd. for C4H4005 (M+NH4+) 690.3061, found: 690.3059.

11-(1,2,4/3,5)-1,5-Di-azido-3,4-di-O-benzyl-2,3,4-cyclohexanetriol (37). To a

solution of 36 (382 mg, 0.57 mmol) in MeOH (5 mL), 30% NaOMe (in MeOH, 0.1
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mL) was added and the mixture was stirred for 1 h. The reaction mixture was
neutralized with ion-exchanged resin (Dowex 50, strong acid form), filtered, and
concentrated to give crude diol (207 mg). To a suspension of crude diol product in
CH,Cl; (5 mL), pyridine (0.36 mL, 4.4 mmol) was added, followed by the addition of
TH0 (306 uL, 1.7 mmol) dropwise at 0 °C. After stirring for 10 min, sat. NaHCO;
was added to quench the reaction. The reaction mixture was diluted with EtOAc
(2x50 mL), washed with water and brine. The extract was dried over Na,SO, and
concentrated. The residue was coevaporated with toluene for three times before
dissolved in DMF (5 mL). To the above mixture, NaNs3 (116 mg, 1.78 mmol) was
added at 0 °C. After stirring for 12 h, the reaction mixture was concentrated in vacuo.
The residue was purified by column chromatography on silica gel (petroleum
ether/EtOAc 6:1) to give 37 (91 mg, 41% over three steps): Rt = 0.40 (petroleum
ether/EtOAc 2:1). To the crude diol described above, -OTf was substituted by Ns’
whereas PMB group was deprotected at the same time by the above procedure. [a]p =
+18.3 (¢ = 1.8, EtOAc); 'H NMR (500 MHz, CDCl3) & = 7.39-7.25 (m, 10H, Ar), 4.97
(d, 1H, J=11.5 Hz, PhCH,), 4.88 (d, 1H, J = 10.5 Hz, PhCH,), 4.84 (d, 1H,J=11.0
Hz, PhCH,), 4.69 (d, 1H, J = 11.0 Hz, PhCH,), 4.00 (q, 1H, J = 3.5 Hz, H-1),
3.74-3.69 (m, 2H, H-3, H-5), 3.65 (dd, 1H, J = 3.5, 9.5 Hz, H-2), 3.33 (t, IH, J=9.0
Hz, H-4), 2.36 (d, 1H, J = 3.0 Hz, OH), 2.09 (dt, IH, J= 4.5, 14.5 Hz, H-6eq), 1.44
(ddd, 1H, J= 3.0, 12.5, 14.5 Hz, H-6ax). °C NMR (75 MHz, CDCl;) & = 138.94,

137.54, 128.74, 128.49, 128.16, 127.98, 127.88, 84.65, 81.70, 75.77, 75.57, 74.12,
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59.97, 59.29, 31.54 (C-6).; HRMS (ESI) m/e caled. for CaoHNeOs (M+NH;)

412.2092, found: 412.2095.

1p-(1,2,4/3,5)-1,5-Di-azido-2,3-di-O-benzyl-2,3,4-cyclohexanetriol (38). To a
solution of 31 (78 mg, 0.17 mmol) in CH,Cl, (5 mL), was added dry pyridine (0.14
mL, 1.7 mmol), followed by the addition of Tf,0 (0.11 mL, 0.67 mmol) dropwise at 0
°C. After stirring for 10 min, sat. NaHCO; was added to quench the reaction. The
reaction mixture was diluted with CH,Cl, (20 mL), washed with water (10 mL) and
brine (10 mL). The organic layer was collected, dried over Na,SO4, concentrated, and
co-evaporated with toluene (5 mLx3). The residue was dissolved in dry DMF (2 mL),
and NaN3 (44 mg, 0.67 mmol) was added. After stirring for 5 h, the reaction mixture
was concentrated, diluted with EtOAc, washed with water, and again concentrated to
give a colorless oil. To a solution of this oil in CH,Cl,/H,O (5 mL, 18:1), DDQ (71
mg, 0.30 mmol) was added. After stirring for 4 h at room temperature, sat. NaHCO;
was added to quench the reaction. The mixture was extracted with CH,Cl, (20 mL),
dried over Na,SO., and concentrated. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc 10:1) to give 38 (26 mg, 40%
over three steps) as a colorless oil: Rf = 0.40 (petroleum ether/EtOAc 2:1); [a]p =-0.9
(c = 0.2, EtOAc); '"H NMR (500 MHz, CDCls) & = 7.38-7.25 (m, 10H, Ar), 4.97 (d,
1H, J = 11.5 Hz, PhCH), 4.75-4.69 (m, 3H, PhCH,), 3.98 (q, 1H, J = 3.5 Hz, H-1),
3.71 (t, 1H, J=9.0 Hz, H-3), 3.60 (ddd, 1H, J =4.5, 9.5, 11.5 Hz, H-5), 3.54 (dd, 1H,

J=3.5,9.0 Hz, H-2), 3.39 (dt, 1H, J = 2.0, 9.0 Hz, H-4), 2.59 (d, 1H, J = 2.0 Hz, OH),
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2.03 (dt, 1H, J=4.5, 14.5 Hz, H-6eq), 1.34 (ddd, 1H, J = 2.5, 12.0, 14.5 Hz, H-6ax);
BC-NMR (125 MHz, CDCl3) § = 138.19, 137.38, 128.63, 128.58, 128.09, 127.99,
127.91, 82.05, 81.06, 76.26, 75.77, 72.93, 58.89, 57.74, 31.11 (C-6); HRMS (ESI)

m/e calcd. for Co0H2oNO3 (M+NH4+) 412.2092, found: 412.2093.

1p-(1,2,4/3,5)-5-O-Benzoyl-2,3-di-O-benzyl-1-O-methyl-1,2,3,4,5-cyclohexanepe
ntol (39). To a solution of 21 (306 mg, 0.77 mmol) in pyridine (5 mL), was added
DMAP (ca. 0.05 equiv.), followed by the addition of BzCl (0.36 mL, 3.1 mmol)
dropwise at 0 °C. After stirring for 5 h, the mixture was concentrated, extracted with
EtOAc, washed with sat. NaHCO; and water. The organic layer was collected and
dried over Na,SO,, filtered and concentrated in vacuo. To a solution of the above
crude product in MeOH (10 mL), was added PdCl, (36 mg, 0.21 mmol). After stirring
at room temperature for 2 h, the mixture was diluted with CH,Cl,, filtered, and
concentrated. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAc 6:1) to give 39 (351 mg, 98%) as a white solid: R = 0.48
(petroleum ether/EtOAc 2:1); [a]p = +10.9 (c = 1.1, MeOH); 'H NMR (300 MHz,
CDCls) 6 = 8.04-8.00 (m, 2H, PhCO), 7.57-7.51 (m, 1H, Ar), 7.44-7.29 (m, 12H, Ar),
5.25 (ddd, 1H, J = 4.5, 9.0, 11.0 Hz, H-5), 5.00 (d, 1H, J = 11.1 Hz, PhCH,),
4.79-4.70 (m, 3H, PhCH), 3.90 (t, 1H, J=9.0 Hz, H-3), 3.79-3.72 (m, 2H, H-1, H-4),
3.54 (dd, 1H, J = 3.0, 9.0 Hz, H-2), 3.49 (s, 3H, OCH,), 2.54 (d, 1H, J = 2.7 Hz, OH),
2.53 (dt, 1H, J=4.5, 14.1 Hz, H-6¢eq), 1.39 (ddd, 1H, J=2.4, 11.1, 14.1 Hz , H-6ax);

3C NMR (75 MHz, CDCl;) & = 166.15 (PhCO), 138.59, 138.06, 132.99, 130.08,
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129.62, 128.52, 128.41, 128.30, 127.99, 127.88, 127.79, 81.58, 81.27, 75.53, 74.67,
72.51, 71.73, 57.20 (OCH3), 28.73 (C-6); elemental analysis calcd. (%) for CasH30Os:
C 72.71, H 6.54, found: C, 72.44, H, 6.49; HRMS (ESI) m/e calcd. for CysH300¢

(M+Na") 485.1935, found: 485.1942.

1p-(1,2,4,5/3)-2-0O-Allyl-1-O-benzoyl-2,3-di-O-benzyl-5-O-methyl-1,2,3,4,5-cyclo
hexanepentol (40). To a solution of 22 (1.083 g, 2.7 mmol) and DMAP (16.5 mg,
0.14 mmol) in pyridine (10 mL), BzCl (0.93 mL, 8.1 mmol) was added dropwise at 0
°C. After stirring for 5 h, the mixture was concentrated in vacuo. The residue was
dissolved in EtOAc (50 mL), washed with sat. NaHCO; and water. The organic layer
was dried over Na,SO4 and concentrated. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc 6:1) to give 40 (1.339 g, 98%)
as a white solid: Rf = 0.52 (petroleum ether/EtOAc 2:1); [a]p = -6.6 (Cc = 0.6, EtOAc);
'H NMR (300 MHz, CDCl;) & = 8.15-8.12 (m, 2H, PhCO), 7.57-7.52 (m, 1H, Ar),
7.45-7.25 (m, 12H, Ar), 5.88 (ddt, 1H, J = 6.0, 10.5, 17.5 Hz, =CH-), 5.57-5.56 (m,
1H, H-1), 5.24 (d, 1H, J = 17.1 Hz, =CH>), 5.11 (d, 1H, J = 7.5 Hz, =CHa), 4.90-4.72
(m, 4H, PhCH,), 4.25-4.08 (m, 3H, H-3, =C-CH>-), 3.67-3.66 (m, 1H, H-5), 3.50-3.46
(m, 2H, H-2, H-4), 3.30 (s, 3H, OCH3), 2.50 (dt, 1H, J= 3.6, 15.6 Hz, H-6eq), 1.41 (d,
1H, J = 15.6 Hz, H-6ax); °C NMR (125 MHz, CDCl3) & = 166.20(PhCO), 138.90,
138.51, 134.91, 133.63, 132.88, 130.34, 130.13, 129.96, 128.28, 127.98, 127.64,

127.55, 117.15, 81.14, 80.11, 78.72, 76.04, 75.90, 72.89, 71.59, 68.60, 56.83 (OCH3),
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26.42 (C-6); MS (ESI) m/e calcd for C3;H3406 (M+Na") 525, found: 525; elemental

analysis caled (%) for C3;H3406: C 74.08, H 6.82, found: C 74.11, H 6.99.

1p-(1,2,4,5/3)-5-O-Benzoyl-2,3-di-O-benzyl-1-O-methyl-1,2,3,4,5-cyclohexanepe
ntol (41). To a solution of 40 (31 mg, 0.06 mmol) in MeOH (1 mL), was added PdCl,
(3 mg, 0.018 mmol) at room temperature. After stirring for 3 h, the reaction mixture
was diluted with CH,Cl,, filtered, and concentrated. The residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc 4:1) to give 41 (25 mg,
87%) as a colorless oil: R= 0.42 (petroleum ether/EtOAc 2:1); [a]p =-1.9 (¢ = 2.1,
EtOAc). Acceptor 41 was not stable in CDCl; or CD;0OD at room temperature.
Besides, it is hard to identify the structure from its "H NMR. For further identification,
allyl group was reintroduced by the following procedure: To a mixture of 41 (33 mg,
0.07 mmol) and freshly prepared AllylOCNHCCI; (70 mg) in CH,Cly/ hexane (1:2, 2
mL) with 4 A molecular sieves, TfOH (7 pL) was added slowly at 0 °C. Stirring the
mixture for 12 h from 0 °C to room temperature, Et;N was added to quench the
reaction. The reaction mixture was filtered and concentrated. The residue was purified
by column chromatography on silica gel (petroleum ether/EtOAc 6:1) to give 40" (25
mg, 70%) as a white solid: R = 0.52 (petroleum ether/EtOAc 2:1). From the NMR
spectra it was find the allylation product 40° and 40 are the same compound. It was
demonstrated that the benzoyl group did not migrate during the deprotection of allyl

group. Compound 41 was directly used for the glycosyl coupling reaction.
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1p-(1,2,4/3,5)-1,5-Di-O-benzoyl-2,3-di-O-benzyl-1,2,3,4,5-cyclohexanepentol (42).
To a solution of 23 (261 mg, 0.44 mmol) in methanol (5 mL), was added PdCl, (25
mg, 0.14 mmol) at room temperature. After stirring for 2 h, no starting material was
detected. The reaction mixture was diluted with CH,Cl,, filtrated, and concentrated.
The residue was purified by column chromatography on silica gel (petroleum
ether/EtOAc 8:1) to give 42 (237 mg, 98%) as a colorless oil: Rt = 0.26 (petroleum
ether/EtOAc 2:1); [o]p = -22.4 (¢ = 2.1, MeOH); 'H NMR (300 MHz, CDCl3) § =
8.11-8.08 (m, 2H, PhCO), 8.03-8.01 (m, 2H, PhCO), 7.63-7.25 (m, 16H, Ar), 5.86 (dt,
1H, J=2.4, 4.8 Hz, H-1), 5.48 (ddd, 1H, J=4.8, 8.7, 11.1 Hz, H-5),4.97 (d, 1H, J =
11.1 Hz, PhCHy), 4.84 (d, 1H, J=11.1 Hz, PhCH>), 4.74 (d, 1H, J = 11.1 Hz, PhCH,),
4.60 (d, 1H, J = 11.1 Hz, PhCHy), 3.96-3.82 (m, 2H, H-3, H-4), 3.74 (dd, 1H, J = 3.0,
8.7 Hz, H-2), 2.74 (d, 1H, J = 2.7 Hz, OH), 2.50 (dt, 1H, J = 4.8, 14.1 Hz, H-6eq),
1.81 (ddd, 1H, J=2.4, 10.8, 14.1 Hz, H-6ax); *C NMR (75 MHz, CDCl5) & = 165.97
(PhCO), 165.61 (PhCO), 138.24, 137.57, 133.24, 133.11, 129.88, 129.68, 128.51,
128.38, 128.02, 127.88, 127.79, 80.64, 80.18, 75.39, 74.38, 72.13, 71.45, 67.08, 30.62

(C-6); HRMS (ESI) m/e caled. for C34H3,07 (M+Na") 575.2040, found: 575.2034.

1L-(1,2,4/3,5)-1,5-Di-O-benzoyl-3,4-di-O-benzyl-1,2,3,4,5-cyclohexanepentol (43).
To a solution of 24 (112 mg, 0.24 mmol) in methanol (2 mL), 30% MeONa (in
MeOH, 0.1 mL) was added dropwise. The reaction mixture was neutralized with
ion-exchange resin (Dowex 50, strong acid form), filtered, and concentrated to give

yellow oil. The oil was dissolved in pyridine (5 mL), BzCl (0.17 mL, 1.44 mmol) was
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added at 0 °C, and the mixture was stirred for 6 h. The reaction mixture was
concentrated in vacuo, diluted with EtOAc (20 mL), and washed with sat. KHCOs.
The organic layer was collected and concentrated to give a yellow oil. To the solution
of this oil in methanol (2 mL), PdCIL, (13 mg, 0.07 mmol) was added at room
temperature. After stirring for 2 h, the mixture was diluted with CH,Cl,, filtered, and
concentrated. The resulting residue was purified by column chromatography on silica
gel (petroleum ether/EtOAc 6:1) to give 43 (118 mg, 89% over three steps) as a white
solid: Rf= 0.31 (petroleum ether/EtOAc 2:1); [a]p = -24.1 (c = 1.7, EtOAc); 'H NMR
(500 MHz, CDCl;) 8 = 8.06-8.04 (m, 2H, PhCO), 8.01-7.99 (m, 2H, PhCO),
7.60-7.54 (m, 2H, Ar), 7.47-7.40 (m, 4H, Ar), 7.36-7.28 (m, 5H, Ar), 7.20-7.19 (m,
5H, Ar), 5.64-5.62 (dt, 1H, J = 2.5, 4.5 Hz, H-1), 5.58 (ddd, 1H, J = 5.0, 8.5, 9.0 Hz,
H-5), 4.94 (d, 1H, J = 11.0 Hz, PhCH,), 4.85-4.79 (m, 3H, PhCH,), 3.96 (t, 1H, J =
8.5 Hz, H-4), 3.91 (dd, 1H, J = 3.0, 9.0 Hz, H-2), 3.83 (t, 1H, J = 8.5 Hz, H-3),
2.40-3.00 (br, 1H, OH), 2.52 (dt, 1H, J=4.5, 14.5 Hz, H-6eq), 1.83 (ddd, 1H, J= 2.5,
11.0, 14.0 Hz, H-6ax); *C NMR (75 MHz, CDCl;) & = 166.02 (PhCO), 165.57
(PhCO), 138.05, 137.60, 133.23, 133.13, 129.83, 129.73, 129.60, 128.54, 128.42,
128.39, 128.12, 128.08, 127.96, 127.84, 82.60, 81.18, 75.53, 75.43, 72.72, 71.68,
70.01, 30.70 (C-6); MS (ESI) m/e caled. for C34H3,07: 575 (M+Na"), found: 575;

elemental analysis caled (%) for C34H3,07: C 73.62, H 5.84, found: C 73.62, H 5.99.

1L-(1,3,5/2,4)-1,5-Di-O-benzoyl-2,3-di-O-benzyl-1,2,3,4,5-cyclohexanepentol

(44). To a solution of 30 (48 mg, 0.07 mmol) in CH,Cl,/H,O (2 mL, 18:1), was added
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DDQ (26 mg, 0.11 mmol) at room temperature. After stirring for 2 h, sat. NaHCO;
was added to quench the reaction. The solution was diluted with CH,Cl, (20 mL) and
washed with brine (20 mL). The organic layer was collected, dried over Na,SO., and
concentrated. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAc 10:1) to give 44 (24 mg, 62%) as a white solid: R¢= 0.30
(petroleum ether/EtOAc 3:1); [a]p = -33.6 (c = 0.1, EtOAc); 'H NMR (500 MHz,
CDCl3) 6 = 8.03-7.98 (m, 4H, PhCO), 7.58-7.53 (m, 2H, Ar), 7.44-7.40 (m, 4H, Ar),
7.34-7.29 (m, SH, Ar), 7.18 (s, 5H, Ar), 5.30 (ddd, 1H, J = 4.5, 9.0, 11.5 Hz, H-1),
5.17 (ddd, 1H, J = 5.0, 9.5, 12.0 Hz, H-5), 497 (d, 1H, J = 11.5 Hz, PhCH,),
4.85-4.78 (m, 3H, PhCH,), 3.87 (t, 1H, J=9.0 Hz, H-3), 3.81 (t, 1H, J=9.0 Hz, H-4),
3.58 (t, 1H, J=9.0 Hz, H-2), 2.60 (dt, 1H, J=4.5, 12.5 Hz, H-6eq), 2.53 (br, 1H, OH),
1.80 (g, 1H, J= 12.0 Hz, H-6ax); >C NMR (125 MHz, CDCl;) & = 165.92 (PhCO),
165.42 (PhCO), 138.18, 137.82, 133.15, 133.16, 129.82, 129.71, 129.63, 128.61,
128.41, 128.35, 128.31, 128.04, 127.97, 127.72, 82.85, 82.68, 75.83, 75.42, 75.05,
71.04, 70.84, 31.94 (C-6); HRMS (ESI) m/e calcd. for C34H3,07 (M+Na") 575.2040,

found: 575.2030.

(2R,3S,4R,5R)-2-0O-Allyl-3-O-benzyl-5-O-methyl-7-oxa-bicyclo[2.2.1]heptane
(46). To a solution of 21 (14 mg, 0.04 mmol) in CH,Cl, (1 mL), was added dry
pyridine (32.6 pL, 0.4 mmol) followed by the addition of Tf,0 (27.8 puL, 0.16 mmol)
dropwise at 0 °C. After 1 h, TLC monitoring showed the completion of the reaction,

and sat. NaHCO; was added to quench the reaction. The reaction mixture was diluted

-29-



with CH,Cl, and washed with water. The organic layer was dried over Na,SO, and
concentrated. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAc 6:1) to give 46 (10 mg, 99%) as a white solid: R; = 0.40
(petroleum ether/EtOAc 2:1); [a]p = -49.2 (c = 0.7, EtOAc); 'H NMR (500 MHz,
CDCls) 6 = 7.39-7.32 (m, 5H, Ar), 5.90 (ddt, 1H, J = 6.0, 10.5, 17.5 Hz, =CH-), 5.25
(dq, 1H, J=1.5, 17.5 Hz, =CH,), 5.18 (dq, 1H, J = 1.5, 6.0 Hz, =CH,), 4.56-4.50 (m,
4H, H-1, H-2, PhCH,), 4.07 (dd, 1H, J = 2.4, 6.9 Hz, H-5), 3.99-3.92 (m, 2H,
=C-CH,), 3.84 (dt, 1H, J = 1.5, 6.5 Hz, H-3), 3.35 (d, 1H, J = 1.5 Hz, H-4), 3.26 (s,
3H, OCHs), 1.87 (dd, 1H, J = 7.0, 13.0 Hz, H-6ax), 1.72 (ddq, 1H, J = 1.5, 6.5, 13.0
Hz, H-6eq); °C NMR (75 MHz, CDCl3) & = 137.46, 134.27, 128.52, 128.03, 127.85,
117.45, 85.65, 84.06, 79.97, 79.35, 72.85, 69.96, 56.49 (OCHj3), 35.34 (C-6); HRMS

(ESI) m/e calcd. for C17H3006 (M+Na+) 313.1410, found: 313.1408.

p-Methylphenyl

2,6-di-azido-3,4-O-isopropylidene-1-thio-2,6-di-deoxy-$-D-galactopyranoside

(51). To a solution of 48> (762 mg, 2.27 mmol) in 2,2-dimethoxypropane (10 mL),
was added CSA (29 mg, 0.12 mmol) at room temperature. After stirring overnight,
Et;N was added to neutralize the reaction. The reaction mixture was concentrated and
coevaperated with toluene for three times. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc 15:1) to give 51 (372 mg, 50%)
as a white solid: Rf = 0.41 (petroleum ether/EtOAc 4:1); [a]p = +145.5 (c = 4.2,

EtOAc); 'H NMR (300 MHz, CDCl3) § = 7.49 (d, 2H, J = 7.9 Hz, Ar), 7.15 (d, 2H, J
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=17.9 Hz, Ar), 4.33 (d, 1H, J =10.5 Hz, H-1), 4.11-4.06 (m, 2H, H-3, H-4), 3.81 (ddd,
1H,J=2.1,5.4,5.7 Hz, H-5), 3.66 (dd, 1H, J=7.8, 12.7 Hz, H-6a), 3.44-3.32 (m, 2H,
H-2, H-6b), 2.35 (s, 3H, PhCH3), 1.42 (s, 3H, CHs), 1.34 (s, 3H, CH3); °C NMR (75
MHz, CDCls) & = 138.78, 133.97, 129.74, 127.28, 110.79 (isopropylidene), 85.91
(C-1), 78.25, 75.28, 72.69, 63.55, 51.13, 27.97 (isopropyliden), 26.23 (isopropyliden),
21.14 (CH;); MS (ESI-TOF) m/e calcd. for Ci6H20N¢O3S 399 (M+Na+), found 399;
elemental analysis calcd (%) for CicH20NgO3S: C 51.06, H 5.36, N, 22.23, found: C

51.27, H 5.55, N 22.09.

p-Methylphenyl 2,6-di-azido-3,4-di-O-acetyl-1-thio-2,6-di-deoxy-a
-D-mannopyranoside (52). To a solution of 49* (530 mg, 1.2 mmol) in MeOH (5
mL), 30% NaOMe in MeOH (0.1 mL) was added. The solution was neutralized with
ion-exchange resin (Dowex 50, strong acid form), filtered, and concentrated to give
colorless oil. To this oil in pyridine (5 mL), TsCl (462 mg, 2.4 mmol) was added at 0
°C, and the mixture was stirred overnight. The reaction mixture was diluted with
CH,Cl, (50 mL), washed with sat. NaHCO; and brine. The organic layer was
collected and concentrated. The resulting residue was dissolved in DMF (5 mL),
NaNj (112 mg, 1.7 mmol) was added, and the reaction mixture was heated at 80 °C
for 10 h. The mixture was concentrated in vacuo, diluted with EtOAc, and washed
with water. The organic layer was dried over Na,SO4 and concentrated. The residue
was mixed with pyridine (5 mL), Ac,O (0.28 mL, 2.7 mmol) was then added at 0 °C,

and the mixture was stirred overnight at room temperature. The reaction mixture was

231 -



concentrated in vacuo. The resulting residue was dissolved in EtOAc, washed with sat.
NaHCO; and brine. The organic layer was collected, dried over Na,SO., and
concentrated. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAc 6:1) to give 52 (258 mg, 51% over four steps) as a white
solid: Rf = 0.36 (petroleum ether/EtOAc 4:1); mp 64-65 °C; [a]p = +8.7 (¢ = 4.1,
EtOAc); 'H NMR (500 MHz, CDCl3) & = 7.40 (d, 2H, J = 8.0 Hz, Ar), 7.16 (d, 2H, J
= 8.0 Hz, Ar), 5.43 (d, 1H, J = 1.5 Hz, H-1), 5.35 (dd, 1H, J =4.0, 9.5 Hz, H-3), 5.29
(t, 1H, J = 9.5 Hz, H-4), 4.44 (ddd, 1H, J = 2.5, 7.0, 9.5 Hz, H-5), 4.30 (dd, 1H, J =
1.5, 4.0 Hz, H-2), 3.40 (dd, 1H, J = 7.0, 13.5 Hz, H-6a), 3.26 (dd, 1H, J=2.5, 13.5 Hz,
H-6b), 2.34 (s, 3H, CHs), 2.11 (s, 3H, CHs), 2.08 (s, 3H, CHs); °C NMR (75 MHz,
CDCls) 6 = 169.87 (COCH3), 169.60 (COCH3), 138.68, 132.52, 130.11, 128.38, 86.09
(C-1), 70.88, 67.18, 62.64, 51.07, 21.11 (CH3), 20.64 (COCH3), 20.49(COCHj3); MS
(ESI-TOF) m/e calcd. for C1cHy0N¢O3S 443 (M+Na+), found 443; elemental analysis
caled (%) for C;sHyoNegO3S: C 48.56, H 4.79, N 19.99, found: C 48.83, H 5.07, N

19.82.

General procedure for the preparation of pseudodisaccharides 53-58 and 60-65.
Donor 50° (0.3 mmol) and acceptor (0.2 mmol) were coevaporated twice with toluene
and further dried under vaccum. To a solution of donor and acceptor in CH,Cl, (5
mL), 4 A molecular sieves (600 mg) and N-iodosucccinimide (0.3 mmol) were added,
and the mixture was stirred for 30 min before cooled to -40 °C under argon.

Trifluoromethanesulfonic acid (0.03 mmol, IN in Et,0) was added, the temperature
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was then allowed to rise to -20 °C, and maintained at this temperature for 30 min to 3
h until donor disappeared by TLC monitoring. Et;N was added to quench the reaction.
The reaction mixture was filtered, washed with CH,Cl,, and concentrated. The residue
was purified by column chromatography on silica gel. To the disaccharides with
benzoyl protective group, 30% NaOMe in MeOH was added to give S53-58.
Compound 65 was obtained by the coupling of donor 51 and acceptor 33 followed by

the deprotection of acetal group with 80% AcOH/H,O at 60 °C for 2 h.

11-(1,2,4,5/3)-2-0-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2,6’-di-deoxy-a-p-glucopyr
anosyl)-3,4-di-O-benzyl-1,2,3,4,5-cyclohexanepentol (53). Yield: 80%; [a]p = +19.9
(c = 3.2, EtOAc); 'H NMR (500 MHz, CDCls) & = 7.41-7.25 (m, 20H, Ar), 5.28 (d,
1H, J = 3.5 Hz, H-1°), 5.02 (d, 1H, J = 10.0 Hz, PhCH,), 4.92-4.85 (m, 4H, PhCH,),
4.74 (d, 1H, J = 12.0 Hz, PhCH,), 4.69 (d, 1H, J = 11.5 Hz, PhCH,), 4.59 (d, 1H, J =
11.5 Hz, PhCHy), 4.18-4.10 (m, 4H, H-1 or H-5, H-2 or H-4, H-3 H-5"), 4.05 (dd, 1H,
J=9.0, 10.0 Hz, H-3"), 3.58 (dd, 1H, J = 3.5, 10.0 Hz, H-2’), 3.52-3.44 (m, 5H, H-1
or H-5, H-2 or H-4, H-4’, H-6a’, OH), 3.33 (dd, 1H, J = 6.0, 13.5 Hz, H-6b"), 3.12 (d,
1H, J = 2.5 Hz, OH), 2.32 (dt, 1H, J = 3.5, 15.5 Hz, H-6eq), 1.53 (d, 1H, J =15.5 Hz,
H-6ax); °C NMR (75 MHz, CDCls) & = 138.74, 137.75, 137.58, 128.53, 128.36,
128.12, 127.98, 127.90, 127.83, 127.74, 127.53, 99.14 (C-1"), 82.10, 82.16, 80.37,
78.94, 78.18, 75.84, 75.59, 75.13, 72.78, 70.93, 70.34, 68.50, 63.86, 51.10, 31.52

(C-6); MS (ESI-TOF) m/e calcd. for C4H44NeOg 754 (M+NH4+), found 754;
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elemental analysis caled (%) for CsoH4aNgOs: C 65.20, H 6.02, N 11.41, found: C,

65.09, H, 6.00, N, 11.19.

1p-(1,3,5/2,4)-2-0-(2’,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-D-glucopyr
anosyl)-3,4-di-O-benzyl-1,2,3,4,5-cyclohexanepentol (54). Yield: 77%; [a]p = +0.6
(c = 0.3, EtOAc); '"H NMR (500 MHz, CDCls) & = 7.38-7.27 (m, 20H, Ar), 5.37 (d,
1H, J = 3.5 Hz, H-1"), 5.02 (d, 1H, J = 11.0 Hz, PhCH,), 4.94 (d, 1H, J = 11.0 Hz,
PhCH,), 4.88-4.86 (m, 4H, PhCH,), 4.67 (d, 1H, J = 11.5 Hz, PhCH,), 4.59 (d, 1H, J
=11.0 Hz, PhCH,), 4.21 (ddd, 1H, J=2.5, 5.5, 10.0 Hz, H-5"), 3.97 (dd, 1H, J = 9.0,
10.0 Hz, H-4’), 3.64-3.46 (m, 7H, H-1, H-2, H-3 or H-4, H-5, H-2’, H-3’, H-62a’),
3.37-3.33 (m, 2H, H-3 or H-4, H-6b’), 2.96 (br, 1H, OH), 2.24 (dt, 1H, J =4.5, 12.5
Hz, H-6¢eq), 1.62 (br, 1H, OH), 1.48 (q, 1H, J = 12.5 Hz, H-6ax); °C NMR (125 MHz,
CDCls) 6 = 138.36, 138.20, 137.44, 137.38, 128.69, 128.59, 128.49, 128.42, 128.16,
128.10, 128.02, 127.92, 127.87, 127.54, 127.29, 98.28 (C-1’), 86.17, 85.48, 82.68,
80.27, 78.74, 75.57 (X2), 75.47, 75.28, 70.82, 68.51, 68.26, 63.76, 51.22, 36.43 (C-6);

HRMS (ESI) m/e calcd. for C4oH44N¢Og (M+Na+) 759.3113, found: 759.3124.

1p-(1,2,4/3,5)-4-0O-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-D-glucopyr
anosyl)-2,3-di-O-benzyl-1,2,3,4,5-cyclohexanepentol (55). Yield: 70%; [a]p = +76.5
(c = 0.3, EtOAc); '"H NMR (300 MHz, CDCls) & = 7.40-7.24 (m, 20H, Ar), 5.39 (d,
1H, J = 3.6 Hz, H-1"), 4.97-4.85 (m, 4H, PhCH,), 4.71-4.66 (m, 2H, PhCH,), 4.56 (d,

1H, J = 11.0 Hz, PhCH,), 4.26-4.22 (m, 1H, H-5"), 4.13-4.07 (m, 1H, H-1), 4.12-3.96
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(m, 2H, H-3 or H-4, H-3"), 3.85 (t, 1H, J=9.0 Hz, H-4"), 3.56-3.43 (m, 5SH, H-2, H-3
or H-4, H-5, H-2’, H-6a’), 3.33 (dd, 1H, J=5.1, 13.2 Hz, H-6b’), 2.25 (dt, 1H, J=4.2,
13.8 Hz, H-6eq), 1.53 (ddd, 1H, J = 2.4, 13.0, 13.8 Hz, H-6ax). °C NMR (75 MHz,
CDCl3) 6 = 138.70, 137.65, 137.50, 137.43, 128.56, 128.49, 128.34, 128.11, 128.01,
127.87, 127.52, 127.45, 98.14 (C-17), 85.13, 83.01, 80.49, 80.24, 78.75, 75.55, 75.24,
72.73, 70.74, 67.41, 65.60, 63.76, 51.13, 34.47 (C-6); MS (ESI-TOF) m/e calcd. for
C40H44NgOg 754 (M+NH4+), found: 754; elemental analysis calcd (%) for C4oH44NgOs:

C 65.20, H 6.02, N 11.41, found: C 65.07, H 5.99, N 11.19.

11-(1,2,4/3,5)-2-0-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-p-glucopyr
anosyl)-3,4-di-O-benzyl-1,2,3,4,5-cyclohexanepentol (56). Yield: 86%; [a]p = +8.7
(c = 0.3, EtOAc); '"H NMR (300 MHz, CDCls) & = 7.39-7.25 (m, 20H, Ar), 5.35 (d,
1H, J=3.9 Hz, H-1"), 5.02-4.95 (m, 2H, PhCH,), 4.91-4.84 (m, 4H, PhCH), 4.70 (d,
1H, J = 11.7 Hz, PhCH,), 4.58 (d, 1H, J = 11.1 Hz, PhCH,), 4.11-4.12 (m, 1H, H-1),
4.03-3.89 (m, 4H, H-3 or H-4, H-3’, H-4’, H-5"), 3.72 (dd, 1H, J = 2.7, 9.6 Hz, H-2),
3.50-3.42 (m, 3H, H-3 or H-4, H-5, H-6a’), 3.34-3.27 (m, 2H, H-2’, H-6b"), 2.39-2.33
(2xbr, 2H, OH), 2.22 (dt, 1H, J=4.2, 13.8 Hz, H-6eq), 1.45 (ddd, 1H, J = 2.0, 12.0,
13.5 Hz, H-6ax); °C NMR (75 MHz, CDCl3) & = 138.43, 138.38, 137.33, 137.19,
128.59, 128.49, 128.40, 128.18, 128.05, 127.88, 127.74, 127.50, 98.59 (C-1’), 86.54,
81.20, 81.10, 80.22, 78.76, 75.58, 75.44, 75.38, 75.29, 71.23, 68.10, 67.76, 63.59,
51.09, 34.24 (C-6); HRMS (ESI) m/e calcd. for C4H44NgOg (M+Na") 759.3113,

found: 759.3116.
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1p-(1,2,4/3,5)-4-0O-(2’,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-D-glucopyr
anosyl)-2,3-di-O-benzyl-1-O-methyl-1,2,3,4,5-cyclohexanepentol (57). Yield: 70%;
[a]p = +72.7 (¢ = 4.4, EtOAc); "H NMR (300 MHz, CDCl;) & = 7.38-7.26 (m, 20H,
Ar), 5.37 (d, 1H, J = 3.6 Hz, H-17), 4.99-4.84 (m, 5H, PhCH,), 4.74-4.65 (m, 2H,
PhCHy), 4.59 (d, 1H, J = 11.0 Hz, PhCH,), 4.18 (ddd, 1H, J=2.4, 5.1, 10.2 Hz, H-5’),
4.00 (dd, 1H, J =9.0, 10.2 Hz, H-4"), 3.91 (t, 1H, J=9.0 Hz, H-3"), 3.84-3.80 (m, 1H,
H-1), 3.60 (m, 1H, H-5), 3.56-3.41 (m, 8H, H-2, H-3, H-4, H-2’, H-6a’, OCH3), 3.33
(dd, 1H, J=5.1, 13.2 Hz, H-6b’), 2.90 (d, 1H, J = 3.9 Hz, OH), 2.28 (dt, 1H, J=4.5,
14.4 Hz, H-6eq), 1.23 (t, 1H, J = 14.4 Hz, H-6ax); °C NMR (75 MHz, CDCl;) & =
138.85, 138.13, 137.47, 137.42, 128.56, 128.49, 128.36, 128.27, 128.12, 127.99,
127.90, 127.86, 127.71, 127.63, 127.34, 98.21 (C-1°), 85.97, 82.70, 80.44, 80.14,
78.76, 75.53, 75.21, 74.75, 72.69, 70.75, 67.62, 63.76, 57.54 (OCH3), 51.17, 31.97

(C-6); HRMS (ESI) m/e calcd. for C4;H4sNgOg (M+Na") 773.3269, found: 773.3262.

11-(1,2,4,5/3)-2-0-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-p-glucopyr
anosyl)-3,4-di-O-benzyl-5-O-methyl-1,2,3,4,5-cyclohexanepentol (58). Yield: 70%;
[a]p = +34.8 (C = 2.4, EtOAc); "H NMR (300 MHz, CDCl;) 6 = 7.42-7.24 (m, 20H,
Ar), 5.23 (d, 1H, J = 3.6 Hz, H-1"), 5.02 (d, 1H, J = 10.5 Hz, PhCH,), 4.91-4.83 (m,
4H, PhCH,), 4.77 (d, 1H, J = 12.0 Hz, PhCH>), 4.67 (d, 1H, J = 11.7 Hz, PhCH,),
4.59 (d, 1H, J = 11.4 Hz, PhCH;), 4.22-4.06 (m, 4H, H-1 or H-3, H-3, H-4’, H-5"),

3.70-3.65 (m, 2H, H-1 or H-3, OH), 3.54-3.41 (m, 8H, H-4, H-5, H-6, H-2’, H-6a’,
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OCHs), 3.34 (dd, 1H, J = 5.1, 13.2 Hz, H-6b"), 2.27 (d, 1H, J = 15.0 Hz, H-6eq), 1.23
(d, 1H, J = 14.4 Hz, H-6ax); °C NMR (75 MHz, CDCl3) & = 138.80, 138.14, 137.66,
128.41, 128.28, 128.09, 127.92, 127.87, 127.82, 127.75, 127.64, 127.44, 99.33 (C-1°),
82.99, 82.70, 80.35, 78.99, 78.61, 78.35, 75.77, 75.52, 75.00, 73.13, 70.76, 70.17,
63.97, 59.06 (OCHs), 51.10, 29.71 (C-6); HRMS (ESI) m/e calcd. for C4HisNeOsg

(M+Na") 773.3269, found: 773.3254.

11-(1,3,4/2,6)-1-O-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2,6’-di-deoxy-a-p-glucopyr
anosyl)-2,3-di-O-benzyl-4,6-di-azido-1,2,3-cyclohexanetriol (60). Yield: 56%; [a]p
= +60.0 (c = 0.3, EtOAc); 'H NMR (500 MHz, CDCls) § = 7.37-7.24 (m, 20H, Ar),
5.59 (d, 1H, J = 4.0 Hz, H-1"), 5.05 (d, 1H, J = 10.5 Hz, PhCH,), 4.91-4.86 (m, 4H,
PhCH,), 4.70 (s, 2H, PhCH,), 4.61 (d, 1H, J = 11.0 Hz, PhCH,), 4.07 (ddd, 1H, J =
2.5,4.0,9.5 Hz, H-5"), 4.01 (dd, 1H, J=9.0, 10.0 Hz, H-3"), 3.99 (dd, 1H, J=3.5, 7.7
Hz, H-2’), 3.95 (t, 1H, J = 9.5 Hz, H-4’), 3.65-3.58 (m, 2H, H-1 or H-2, H-4),
3.53-3.46 (m, 3H, H-1 or H-2, H-6, H-6a’), 3.36 (dd, 1H, J = 4.5, 13.0 Hz, H-6b"),
3.31 (dd, 1H, J=4.0, 10.0 Hz, H-3), 2.15 (dt, 1H, J=4.5, 14.5 Hz, H-5¢q), 1.47 (ddd,
1H, J = 3.0, 12.0, 14.5 Hz, H-5ax); *C NMR (125 MHz, CDCl3) & = 138.24, 137.68
(X2), 137.22, 128.59, 128.48, 128.41, 128.14, 128.05, 128.01, 127.90, 127.74,
127.58, 127.45, 97.74 (C-1°), 82.93, 81.71, 80.04, 78.71, 78.26, 75.47, 75.35, 75.00,
73.19, 70.89, 63.28, 58.28, 57.27, 51.00, 31.17 (C-5); HRMS (ESI) m/e calcd. for

CaoH4N 1206 (M+Na") 809.3242, found: 809.3241.
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1.-(1,3,6/2,4)-1-O-(2’,6°-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-D-glucopyr
anosyl)-4,6-di-azido-2,3-di-O-benzyl-1,2,3-cyclohexanetriol (61). Yield: 50%; [a]p
= +82.1 (c = 0.6, EtOAc); 'H NMR (500 MHz, CDCl3) & = 7.36-7.25 (m, 20H, Ar),
5.37(d, 1H, J=4.0 Hz, H-1"), 5.01 (d, 1H, J=11.0 Hz, PhCH>), 4.93 (d, 1H, J=10.5
Hz, PhCH,), 4.88-4.82 (m, 5H, PhCH,), 4.56 (d, 1H, J = 11.5 Hz, PhCH,), 4.06 (dd,
1H, J = 3.0, 6.0 Hz, H-6), 4.03 (dd, 1H, J = 9.0, 10.5 Hz, H-3"), 3.97 (t, 1H, J =9.0
Hz, H-4%), 3.91 (ddd, 1H, J = 2.5, 7.0, 9.5 Hz, H-5’), 3.85 (dd, 1H, J = 3.5, 9.5 Hz,
H-2%), 3.71 (ddd, 1H, J = 4.5, 9.5, 12.5 Hz, H-4), 3.45-3.32 (m, 4H, H-1, H-2, H-3,
H-6a’), 3.27 (dd, 1H, J = 7.0, 12.5 Hz, H-6b), 2.11 (dt, 1H, J= 4.0, 14.0 Hz, H-5¢q),
1.45 (ddd, 1H, J=2.0, 11.5, 13.5 Hz, H-5ax); °C NMR (75 MHz, CDCl;) & = 138.24,
137.56, 137.44, 137.39, 128.56, 128.44, 128.16, 128.05, 127.88, 127.60, 127.32,
99.02 (C-17), 85.04, 81.64, 79.79, 79.41, 78.72, 75.81, 75.61, 75.53, 75.06, 71.87,
63.27, 59.96, 59.43, 51.10, 31.72 (C-5); HRMS (ESI) m/e calcd. for C4oH42N20¢

(M+Na") 809.3242, found: 809.3232.

11-(1,3,4/2,5)-1-0-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-D-glucopyr
anosyl)-6-azido-2,3-di-O-benzyl-4-O-methyl-1,2,3,4-cyclohexanetetrol (62). Yield:
86%; [a]p = +47.7 (c = 0.3, EtOAc); 'H NMR (300 MHz, CDCls) & = 7.37-7.26 (m,
20H, Ar), 5.62 (d, 1H, J =4.0 Hz, H-1"), 5.07 (d, 1H, J = 10.5 Hz, PhCH,), 4.91-4.86
(m, 4H, PhCH,), 4.70-4.60 (m, 3H, PhCH,), 4.28 (ddd, 1H, J = 2.5, 4.0, 10.0 Hz,
H-5%), 4.03 (t, 1H, J=9.0 Hz, H-3"), 4.00 (t, 1H, J =9.0 Hz, H-4"), 3.67-3.36 (m, 10H,

H-1, H-2, H-3, H-4, H-6, H-2’, H-6a’, OCH3), 3.30 (dd, 1H, J = 4.0, 10.5 Hz, H-6b"),
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2.32 (dt, 1H, J = 4.0, 14.0 Hz, H-5eq), 1.32 (ddd, 1H, J = 2.0, 13.5, 14.0 Hz, H-5ax);
3C NMR (75 MHz, CDCly) & = 138.52, 137.82, 137.70, 128.44, 128.35, 128.03,
127.93, 127.87, 127.73, 127.45, 97.74 (C-1°), 82.86, 81.75, 79.98, 78.70, 78.61, 75.43,
75.15, 74.98, 74.35, 72.73, 70.74, 63.23, 58.28, 57.90 (OCH3), 50.97, 29.74 (C-5);

HRMS (ESI) m/e calcd. for C41H45sNoO5 (M+NH4+) 793.3780, found: 793.3786.

5,6,3’,4’-Tetra-O-benzyl-1,3,2°,6’-tetraazidoneamine (63). Yield: 80%; [a]p =
+55.1 (c = 1.3, EtOAc); 1H NMR (300 MHz, CDCI3) 6 = 7.38-7.26 (m, 20H, Ar),
5.58 (d, 1H, J = 3.9 Hz, H-1’), 5.02 (d, 1H, J = 11.1 Hz, PhCHy;), 4.94-4.80 (m, 6H,
PhCH,), 4.61 (d, 1H, J=11.1 Hz, PhCH,), 4.27 (m, 1H, H-5), 4.00 (t, 1H, J=9.0 Hz,
H-37), 3.65-3.29 (m, 9H, H-1, H-3, H-4, H-5, H-6, H-2’, H-4’, H-6a’, H-6b"), 2.32 (dt,
1H, J = 4.2, 13.2 Hz, H-2eq), 1.49 (q, 1H, J = 13.2 Hz, H-2ax). The 'H NMR data

coinside with the previous report.'

4-0-(2’,6’-Di-azido-2’,6’-di-deoxy-3’4’-di-O-acetyl-a-pD-mannopyranosyl)-1,3-di
-azido-5,6-di-O-benzyl-2-deoxystreptamine (64). Yield: 84%; [a]p = +68.9 (c = 0.9,
EtOAc); '"H NMR (500 MHz, CDCls) & = 7.39-7.26 (m, 10H, Ar), 5.29-5.21(m, 2H,
H-3°,H-4"), 5.18 (d, 1H, J=2.5 Hz, H-1"), 5.02 (d, 1H, J=11.5 Hz, PhCH,), 4.90 (d,
1H, J = 10.5 Hz, PhCH,), 4.83 (d, 1H, J = 10.5 Hz, PhCHy), 4.62 (d, 1H, J=11.5 Hz,
PhCH,), 4.32 (ddd, 1H, J = 3.0, 6.0, 9.0 Hz, H-5"), 3.53-3.46 (m, 4H, H-2’, H-4, H-5,
H-6), 3.43-3.37 (m, 2H, H-1, H-3), 3.33 (dd, 1H, J = 6.5, 13.5 Hz, H-62"), 3.25 (dd,

1H, J = 3.0, 13.5 Hz, H-6b"), 2.34 (dt, 1H, J= 4.5, 13.0 Hz, H-2eq), 2.05 (s, 3H,
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COCH3), 2.04 (s, 3H, COCHs), 1.50 (q, 1H, J = 13.0 Hz, H-2ax); >*C NMR (75 MHz,
CDCl3) & = 169.94 (COCH3), 169.65 (COCH3), 137.35, 137.09, 128.72, 128.52,
128.26, 128.11, 128.05, 127.22, 98.76 (C-1°), 84.38, 84.10, 79.51, 75.91 (X 2), 70.70,
70.30, 66.76, 61.01, 60.18, 58.79, 51.01, 32.15 (C-2), 20.68 (COCH;), 20.45
(COCH3); HRMS (ESI) m/e caled. for C3H3N;,O3 (M+Na") 713.2515, found:

713.2506.

4-0-(2’,6’-Di-azido-2’,6’-di-deoxy-a-p-galactopyranosyl)-1,3-di-azido-5,6-di-O-
benzyl-2-deoxystreptamine (65). Yield: 60% over two steps; [a]p = +20.7 (c = 0.3,
EtOAc); "H NMR (500 MHz, CDCl3) & = 7.35-7.25 (m, 10H, Ar), 5.68 (d, 1H, J=4.0
Hz, H-1°), 5.02 (d, 1H, J = 11.0 Hz, PhCH,), 4.89-4.86 (m, 2H, PhCH,), 4.82 (d, 1H,
J =10.0 Hz, PhCH,), 4.39 (t, 1H, J = 5.5 Hz, H-3’), 4.13 (dd, 1H, J = 3.0, 5.5 Hz,
H-2"),4.03 (d, 1H, J=2.0 Hz, H-4’), 3.67-3.57 (m, 3H, H-4, H-5, H-6), 3.53-3.39 (m,
5H, H-1, H-3, H-5°, H-6a’, H-6b’), 2.52 (br, 2H, OH), 2.31 (dt, 1H, J =4.5, 13.0 Hz,
H-2eq), 1.50 (g, 1H, J= 12.5 Hz, H-2ax); >*C NMR (75 MHz, CDCls) & = 137.75,
137.23, 128.49, 128.13, 128.05, 127.69, 127.06, 97.80 (C-1), 84.62, 84.40, 77.19,
75.95, 75.20, 69.65, 69.04, 68.13, 60.24, 59.72, 59.51, 51.22, 32.30 (C-2); HRMS

(ESI) m/e calcd. for C,6H30N1,06 (M+Na+) 629.2304, found: 629.2307.

2-0-(2°,6’-Di-azido-3’,4’-di-O-benzyl-2’,6’-di-deoxy-a-D-glucopyranosyl)-3-O-b
enzyl-5-O-methyl-(2R,3S,4R,5R)-7-0xa-bicyclo[2.2.1]heptane (59). To a solution

of 57 (39 mg, 0.052 mmol) in CH,Cl, (2 mL), was added pyridine (42 pL, 0.52 mmol)
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and Tf,0 (35 pL, 0.21 mmol) at 0 °C. After stirring for 40 min, sat. NaHCO; was
added to quench the reaction. The mixture was diluted with CH,Cl, and washed with
brine. The organic layer was collected, dried over Na,SO4, and concentrated. The
residue was purified by column chromatography on silica gel (petroleum ether/EtOAc
3:1) to give 59 (33 mg, 99%) as a white solid: Rt = 0.23 (petroleum ether/EtOAc 3:1);
[a]p = +64.0 (c = 2.9, EtOAc);'H NMR (500 MHz, CDCl;) & = 7.39-7.24 (m, 15H,
Ar), 492 (d, 1H, J = 3.5 Hz, H-17), 4.90-4.84 (m, 3H, PhCH,), 4.62-4.55 (m, 4H,
PhCH,, H-1), 4.51 (d, 1H, J = 5.0 Hz, H-2), 4.05 (dd, 1H, J = 2.5, 7.0 Hz, H-5),
4.02-3.98 (m, 2H, H-3’, H-5), 3.93 (d, 1H, J = 5.5 Hz, H-3), 3.59 (d, 1H, J = 1.5 Hz,
H-4), 3.54 (t, 1H, J= 9.5 Hz, H-4"), 3.50 (dd, 1H, J = 2.5, 13.5 Hz, H-6a’), 3.35 (dd,
1H, J = 5.0, 13.5 Hz, H-6b), 3.31 (dd, 1H, J = 3.5, 10.0 Hz, H-2"), 3.26 (s, 3H,
OCH3;), 1.90 (dd, 1H, J= 7.0, 13.5 Hz, H-6eq), 1.74 (ddt, 1H, J = 1.5, 7.0, 13.5 Hz,
H-6ax); °*C NMR (125 MHz, CDCls) & = 137.97, 137.88, 137.67, 128.82, 128.78,
128.35, 128.31, 128.23, 128.11, 127.97, 98.30 (C-1°), 86.91, 84.56, 81.09, 79.99,
79.51, 79.05, 77.56, 75.68, 75.45, 73.23, 71.20, 63.49, 56.76 (OCH3;), 51.30, 35.60

(C-6); HRMS (ESI) m/e calcd. for C34H3sNsO7 (M+Na") 665.2694, found: 665.2697.

General procedure for the preparation of compounds 3-14 from 53-62, and
64-65. The preparation of compounds 3-9: to a solution of the pseudodisaccharide
(53-59) in methanol, 10% Pd/C (1.5 times as the weight of the starting material) was
added. The mixture was stirred for 18 h under an atmosphere of H,. The mixture was

filtered and concentrated. The residue was purified by ion-exchange chromatography
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(Amberlite CG-50, NH4" form) with a linear gradient of aqueous ammonia. Gradient
ammonia aqueous solution (0-10%, 0-15%, 0-20%) was used. The fractions were
collected and concentrated in vacuo. The products were dissolved in water, and 0.1N
HCI was used to adjust the pH values to 3-4. The final products were obtained after
lyophilization. The preparation of compounds 10-14: H,S gas was introduced into the
solution of pseudodisaccharide (60-62, 64-65) in a mixed solvent of
pyridine/H>O/Et;N (3:2:1) to reduce the azido groups to amino groups. The solvent
was removed and the residue was purified by column chromatography on silica gel
(EtOAc or CHClsy/methanol/NH4OH as eluents) to give benzyl-protected
pseudodisaccharides. Finally, the benzyl groups were removed under Pd/C/H,

conditions as described above to provide target compounds.

1L-(1,2,4,5/3)-2-O-(2’,6’-Di-amino-2’,6’-di-deoxy-a-D-glucopyranosyl)-1,2,3,4,5-
cyclohexanepentol (3): 32 mg, yield: 98%; [a]p = +95.0 (¢ = 0.6, H,0); 'H NMR
(500 MHz, D,O) 6 = 5.52 (d, 1H, J = 3.5 Hz, H-1"), 4.22-4.21 (m, 1H, H-1),
4.11-4.05 (m, 3H, H-4, H-5, H-5), 3.98 (dd, 1H, J=9.0, 11.0 Hz, H-3), 3.71 (dd, 1H,
J=3.0, 9.5 Hz, H-2"), 3.57 (dd, 1H, J = 2.5, 9.0 Hz, H-2), 3.46-3.41 (m, 3H, H-3’,
H-4’, H-6a’), 3.20 (dd, 1H, J = 8.5, 13.5 Hz, H-6b"), 2.16 (dt, 1H, J = 4.0, 15.5 Hz,
H-6eq), 1.78 (dt, 1H, J = 3.0, 15.5 Hz, H-6ax); >°C NMR (125 MHz, D,0) & = 97.09
(C-17), 82.12 (X2),74.47, 71.81, 70.53( X 2), 69.84, 69.31, 54.78, 40.88, 32.45 (C-6);

HRMS (ESI) m/e calcd. for C1,H4N,Og (M+H") 325.1605, found: 325.1672.
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1p-(1,3,5/2,4)-2-0-(2°,6’-Di-amino-2’,6’-di-deoxy-a-p-glucopyranosyl)-1,2,3,4,5-
cyclohexanepentol (4): 25 mg, yield: 98%; [a]p = +70.0 (¢ = 0.9, H,0); '"H NMR
(500 MHz, D,0) 6 = 5.54 (d, 1H, J = 4.0 Hz, H-1"), 4.29 (ddd, 1H, J = 3.0, 8.5, 11.0
Hz, H-5%), 3.92 (dd, 1H, J = 9.0, 11.0 Hz, H-3 or H-4), 3.71 (ddd, 1H, J = 5.0, 9.5,
12.5 Hz, H-5), 3.57-3.51 (m, 2H, H-1, H-3"), 3.48-3.39 (m, 4H, H-2, H-3 or H-4, H-2’,
H-6a’),3.31 (t, 1H, J = 9.0 Hz, H-4’), 3.20 (dd, 1H, J = 8.5, 13.5 Hz, H-6b’), 2.23 (dt,
1H, J = 4.5, 12.5 Hz, H-6¢eq), 1.51 (q, 1H, J = 12.5 Hz, H-6ax); °C NMR (125 MHz,
D,0) 6 =96.67 (C-1°), 83.93, 77.53, 75.17, 71.69, 69.97, 68.85, 68.75, 67.56, 54.79,
40.84, 37.92 (C-6); HRMS (ESI) m/e calcd. for C;,H»4N,Og (M+H+) 325.1605, found:

325.1615.

1p-(1,2,4/3,5)-4-0-(2°,6’-Di-amino-2’,6’-di-deoxy-a-p-glucopyranosyl)-1,2,3,4,5-
cyclohexanepentol (5): 17 mg, yield: 99%; [a]p = +169.2 (¢ = 0.6, H,0); 'H NMR
(500 MHz, D,O) 6 = 5.56 (d, 1H, J = 3.5 Hz, H-1’), 4.29 (ddd, 1H, J = 3.0, 9.0 Hz,
H-5), 4.07 (dd, 1H, J = 3.0, 6.0 Hz, H-1), 3.93 (dd, 1H, J = 9.0, 9.5 Hz, H-3"), 3.88
(ddd, 1H, J=5.0, 9.0, 12.0 Hz, H-5), 3.77 (t, 1H, J = 9.0 Hz, H-4), 3.54-3.39 (m, 5H,
H-2, H-3, H-2’, H-4’, H-62"), 3.20 (dd, 1H, J = 8.5, 13.5 Hz, H-6b’), 2.14 (dt, 1H, J =
4.5, 13.5 Hz, H-6¢eq), 1.62 (ddd, 1H, J= 2.5, 12.0, 13.5 Hz, H-6ax); °C NMR (125
MHz, D,0) 6 = 96.66 (C-1"), 84.36, 74.34, 73.85, 71.73, 70.00, 68.76, 68.73, 67.28,
54.84, 40.87, 36.30 (C-6); HRMS (ESI) m/e calcd. for C;,H24N20g (M+H") 325.1605,

found: 325.1619.
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1L-(1,2,4/3,5)-2-O-(2’,6’-Di-amino-2’,6’-di-deoxy-a-D-glucopyranosyl)-1,2,3,4,5-
cyclohexanepentol (6): 13 mg, yield: 99%; [a]p = +26.7 (¢ = 0.6, H,0); '"H NMR
(500 MHz, D,0) 6 = 5.52 (d, 1H, J = 3.5 Hz, H-1"), 4.21 (dd, 1H, J = 3.0, 5.5 Hz,
H-1), 4.01 (ddd, 1H, J= 3.0, 7.5, 10.5 Hz, H-5"), 3.95 (dd, 1H, J=9.5, 10.5 Hz, H-3"),
3.81-3.76 (m, 2H, H-4, H-5), 3.71 (dd, 1H, J = 3.0, 10.0 Hz, H-2), 3.46-3.39 (m, 3H,
H-3, H-2’, H-62"), 3.29 (t, 1H, J= 9.0 Hz, H-4"), 3.22 (dd, 1H, J = 8.0, 13.5 Hz,
H-6b%), 2.11 (dt, 1H, J = 4.5, 14.5 Hz, H-6¢eq), 1.58 (ddd, 1H, J = 2.5, 12.0, 13.5 Hz,
H-6ax); °C NMR (125 MHz, D,0) & = 97.56 (C-1"), 81.68, 77.99, 73.08, 71.66,
69.73, 69.34, 68.65, 68.51, 54.72, 40.86, 35.74 (C-6); HRMS (ESI) m/e calcd. for

C1,H,4N,0g (M+H") 325.1605, found: 325.1585.

1p-(1,2,4/3,5)-4-0-(2°,6’-Di-amino-2’,6’-di-deoxy-a-p-glucopyranosyl)-1-O-met
hyl-1,2,3,4,5-cyclohexanepentol (7): 18 mg, yield: 96%; [a]p =+93.3 (¢ = 0.6, H,0);
'H NMR (500 MHz, D,0) & = 5.60 (d, 1H, J = 4.0 Hz, H-1°), 4.32 (ddd, 1H, J = 3.0,
7.5, 10.5 Hz, H-5), 3.97 (dd, 1H, J=9.5, 10.5 Hz, H-3"), 3.82 (ddd, 1H, J =4.5, 9.5,
12.0 Hz, H-5"), 3.76-3.72 (m, 1H, H-1, H-4), 3.62 (dd, 1H, J = 3.5, 10.0 Hz, H-2),
3.57-3.42 (m, 7H, H-3, H-2’, H-4’, H-6a’, OCHs;), 3.24 (dd, 1H, J = 8.0, 13.5 Hz,
H-6b”), 2.42 (dt, 1H, J= 4.5, 14.5 Hz, H-6b), 1.51 (ddd, 1H, J = 2.5, 12.0, 13.5 Hz,
H-6a); °C NMR (125 MHz, D,0) § = 96.67 (C-1"), 84.24, 78.53, 74.24, 74.08, 71.71,
69.99, 68.76, 67.19, 57.64 (OCH3), 54.82, 40.85, 32.21 (C-6); HRMS (ESI) m/e calcd.

for C13H26N20g (M+H") 339.1767, found: 339.1759.
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1L-(1,2,4,5/3)-2-O-(2’,6’-Di-amino-2,6’-di-deoxy-a-D-glucopyranosyl)-5-O-met
hyl-1,2,3,4,5-cyclohexanepentol (8): 19 mg, yield: 99%; [a]p =+57.5 (¢ = 0.6, H,0);
'H NMR (500 MHz, D,0) 8 =5.51 (d, 1H, J=3.5 Hz, H-1°), 4.18-4.17 (m, 1H, H-1),
4.11 (td, 1H, J = 2.5, 9.0 Hz, H-2), 4.06 (t, 1H, J =9.0 Hz, H-3"), 3.99 (t, 1H, J=9.0
Hz, H-4’), 3.74-4.73 (m, 1H, H-5), 3.68-3.63 (m, 2H, H-2’, H-5"), 3.46-3.42 (m, 6H,
H-3, H-4, H-6a’, OCH3), 3.20 (dd, 1H, J = 8.5, 13.5 Hz, H-6b’), 2.35 (d, 1H, J=15.0
Hz, H-6eq), 1.65 (d, 1H, J = 15.0 Hz, H-6ax); >C NMR (125 MHz, D,0) & = 97.01
(C-17), 81.92, 79.98, 73.83 (X2), 71.82, 70.61, 69.85, 69.30, 58.11 (OCHs), 54.77,
40.87, 28.72 (C-6); HRMS (ESI) m/e calcd. for C;3H;6N,Og (M+H+) 339.1767, found:

339.1761.

2-0-(2’,6’-Di-amino-2’,6’-di-deoxy-a-p-glucopyranosyl)-5-O-methyl-(2R,3S,4R,
5R)-7-oxa-bicyclo[2.2.1]heptane (9): 37 mg, yield: 96%; [a]p = +60.0 (c = 1.0, H,0);
'H NMR (500 MHz, D,0) 6 = 5.36 (d, 1H, J = 3.5 Hz, H-1"), 4.67 (t, 2H, J = 6.0 Hz,
H-4), 4.18-4.16 (m, 2H, H-5, H-3"), 3.94 (ddd, 1H, J = 3.0, 8.5, 9.5 Hz, H-5’), 3.89
(dd, 1H, J=9.0, 10.5 Hz, H-4"), 3.76 (d, 1H, J = 1.0 Hz, H-2), 3.48-3.40 (m, 3H, H-1,
H-2°, H-6a’), 3.33 (s, 3H, OCH,), 3.22 (dd, 1H, J= 8.5, 13.5 Hz, H-6b"), 2.10 (dd, 1H,
J=17.0, 14.0 Hz, H-6ax), 1.76 (ddt, 1H, J = 2.0, 6.5, 14.0 Hz, H-6eq); °C NMR (125
MHz, D,0) 6 = 94.30 (C-1"), 85.14, 82.54, 81.40, 77.82, 76.36, 71.76, 69.88, 69.30,
56.66 (OCHs), 54.21, 40.88, 35.00 (C-6); HRMS (ESI) m/e calcd. for C;3H24N,0;

(M+H") 321.1656, found: 321.1647.
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1L-(1,3,4/2,6)-1-O-(2’,6’-Di-amino-2,6’-di-deoxy-a-D-glucopyranosyl)-4,6-di-a
mino-1,2,3-cyclohexanetriol (10): 18 mg, yield: 90%; [a]p = +84.2 (C = 0.6, H,0);
'H NMR (500 MHz, D,0) & = 5.80 (d, 1H, J = 3.5 Hz, H-1°), 4.14-4.12 (m, 3H, H-5’,
H-2, H-1 or H-3), 4.06-4.01 (m, 2H, H-3’, H-1 or H-3), 3.94-3.92 (m, 1H, H-4 or H-6),
3.83-3.81 (m, 1H, H-4 or H-6), 3.55-3.51 (m, 3H, H-2’, H-4’, H-62a’), 3.31 (dd, 1H, J
=17.5, 13.5 Hz, H-6b), 2.53 (ddd, 1H, J=4.5, 7.0, 15.0 Hz, H-5¢q), 2.22 (ddd, 1H, J
=4.5,9.0, 15.0 Hz, H-5ax); >C NMR (125 MHz, D,0) & = 95.68 (C-1°), 75.17, 71.46,
70.78, 69.83, 69.25, 69.19, 54.24, 48.71, 47.66, 40.84, 25.68 (C-5); HRMS (ESI) m/e

calcd. for C1,Hp6N4Og (M+H+) 323.1925, found: 323.1954.

1L-(1,3,6/2,4)-1-O-(2’,6’-Di-amino-2,6’-di-deoxy-a-D-glucopyranosyl)-4,6-di-a
mino-1,2,3-cyclohexanetriol (11): 21 mg, yield: 90%; [a]p = +68.3 (c = 0.6, H,0);
'H NMR (500 MHz, D,0) & = 5.76 (d, 1H, J = 3.5 Hz, H-1"), 4.20 (dd, 1H, J = 4.5,
10.0 Hz, H-1), 4.08 (m, 1H, H-6), 4.02 (t, 1H, J = 9.0 Hz, H-3"), 3.96 (ddd, 1H, J =
3.0, 7.5, 9.0 Hz, H-5"), 3.86 (t, 1H, J = 9.0 Hz, H-4"), 3.61 (t, 1H, J = 9.0 Hz, H-3),
3.52-3.42 (m, 4H, H-2, H-4, H-2’, H-6’a), 3.25 (dd, 1H, J = 8.0, 13.5 Hz, H-6b"), 2.46
(dt, 1H, J = 3.0, 15.5 Hz, H-5¢eq), 2.16 (ddd, 1H, J = 4.0, 14.0, 16.0 Hz, H-5ax); °C
NMR (125 MHz, D,0) 6 = 97.55 (C-1°), 75.24, 73.38, 73.22, 71.60, 69.73, 69.16,
54.34, 50.08, 49.06, 40.90, 27.81 (C-5); HRMS (ESI) m/e calcd. for C;H6N4Og

(M+H") 323.1925, found: 323.1924.
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1L-(1,3,4/2,6)-1-O-(2’,6’-Di-amino-2’,6’-di-deoxy-a-D-glucopyranosyl)-6-amino-
4-O-methyl-1,2,3,4-cyclohexanetetrol (12): 16 mg, yield: 70%; [a]p = +89.2 (c = 0.6,
H,0); "H NMR (500 MHz, D,0) & = 5.92 (d, 1H, J = 4.0 Hz, H-1"), 4.02 (ddd, 1H, J
=3.5, 7.0, 10.0 Hz, H-5"), 3.99 (dd, 1H, J =9.0, 11.0 Hz, H-3"), 3.88 (t, 1H, J=9.0
Hz, H-4’), 3.83 (t, 1H, J = 9.0 Hz, H-2 or H-1), 3.79 (dd, 1H, J = 3.5, 5.5 Hz, H-4),
3.63 (dd, 1H, J = 3.0, 9.5 Hz, H-2"), 3.53-3.45 (m, 4H, H-1 or H-2, H-3, H-6, H-62’),
3.41 (s, 3H, OCH3), 3.30 (dd, 1H, J = 7.0, 13.5 Hz, H-6b"), 2.51 (dt, 1H, J=4.5, 14.0
Hz, H-5¢eq), 1.71 (ddd, 1H, J = 2.0, 14.0, 14.5 Hz, H-5ax); °C NMR (125 MHz, D,0)
o = 96.75 (C-17), 79.61, 77.34, 74.38, 73.69, 71.41, 69.83, 69.10, 57.76 (OCH,),
54.28, 48.33, 40.84, 27.94 (C-5); HRMS (ESI) m/e caled. for C;3H7N307 (M+H")

338.1922, found: 338.1914.

4-0-(2’,6’-Di-amino-2’,6’-di-deoxy-a-D-mannopyranosyl)-2-deoxystreptamine
(13): 17 mg, yield: 96% over three steps; [a]p = +53.3 (¢ = 0.6, H,0); '"H NMR (500
MHz, D,0) 6 = 5.67 (d, 1H, J = 4.0 Hz, H-1"), 4.26 (dd, 1H, J = 4.0, 7.5 Hz, H-3"),
4.19 (dt, 1H,J=5.0, 7.5 Hz, H-5"), 4.01 (t, 1H, J=9.5 Hz, H-4 or H-5), 3.84 (t, IH, J
= 4.0 Hz, H-2"), 3.72 (t, 1H, J = 7.5 Hz, H-4"), 3.68 (t, 1H, J = 9.0 Hz, H-4 or H-5),
3.61-3.52(m, 2H, H-1 or H-3, H-6), 3.47-3.41 (m, 2H, H-6a’, H-6b’), 3.35 (dt, 1H, J =
4.0, 12.0 Hz, H-1 or H-3), 2.51 (dt, 1H, J = 4.0, 12.5 Hz, H-2eq), 1.92 (q, I1H, J=12.5
Hz, H-2ax); >*C NMR (125 MHz, D,0) & = 96.41 (C-1°), 79.13, 75.50, 73.29, 72.48,
68.40, 67.25, 53.61, 50.45, 49.27, 40.50, 28.82 (C-2); HRMS (ESI) m/e calcd. for

C12H26N4O6 (M+H") 323.1925, found: 323.1921.
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4-0-(2’,6’-Di-amino-2’,6’-di-deoxy-a-D-galactopyranosyl)-2-deoxystreptamine
(14): 14 mg, yield: 95% over two steps; [a]p = +31.7 (¢ = 0.6, H,0); 'H NMR (500
MHz, D;0O) 6 = 5.99 (d, 1H, J = 4.0 Hz, H-1"), 4.32 (td, 1H, J = 1.0, 5.0 Hz, H-5"),
4.23 (dd, 1H, J = 3.0, 11.0 Hz, H-3’), 4.13 (dd, 1H, J = 1.5, 3.0 Hz, H-4"), 4.00 (dd,
1H, J= 9.0, 10.0 Hz, H-4), 3.71 (t, 1H, J = 9.0 Hz, H-5), 3.67 (dd, 1H, J =4.0, 11.5
Hz, H-2), 3.61 (t, 1H, J =9.5 Hz, H-6), 3.57 (ddd, 1H, J =4.0, 10.0, 12.5 Hz, H-1 or
H-3), 3.39-3.34 (m, 3H, H-1 or H-3, H-6a’, H-6b"), 2.52 (dt, 1H, J = 4.0, 12.5 Hz,
H-2eq), 1.92 (q, 1H, J = 12.5 Hz, H-2ax); *C NMR (125 MHz, D,0) § = 96.95 (C-1"),
78.13, 75.97, 73.25, 70.02, 68.22, 65.81, 50.83, 50.45, 49.27, 41.29, 28.99 (C-2);

HRMS (ESI) m/e calcd. for C1,HysN4Og (M+H") 323.1925, found: 323.1925.
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DECOUPLE H1, 499.9056708 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 131072

Total time 16 hr, 25 min, 19 sec

77.534
75.168
71.694
69.970
68.845
68.746
67.563

96.666
83,934
;:l
LY
54.793
40.844
37.918
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GDz_o0822

File: CARBON

Pulise Sequence: sZpul
Solvent: d2o

Temp. 25.0 C s 298.1 K
User: 1-14-87
INOVA-500 “BMUSOO0"
Relax. delay 1.000 sec

Pulse 87.8 degrees

Acq. time 1.000 sec

Width 31421.8 Hz

1856 repetitions
OBSERVE €13, 125.7006556 MHz
DECOUPLE H1, 499.9056708 NHz
Fower 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 2.0 Hz
FT size 65536

Total time 8 hr, 34 min, 16 sec
-
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GD10_0806

File: CARBON

Pulse Sequence: sZpul _¢mo
Solvent: d2o MH
Fd

Temp. 25.0 C ; 298.1 K
User: 1-14-87 ﬂom _Mu

H
INOVA-500 “BMUSO0O™ | OH ©
T—

Relax. delay 1.000 sec

Pulse 64.3 degrees

Acqg. time 1.000 sec

Width 31421.8 Hz

5376 repetitions

OBSERVE C13, 125.7006556 MHz

DECOUPLE H1, 499.9056708 MHz

Power 32 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 65536

Total time 3 hf, 44 min, 59 sec
=

68.650
68.505
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~

71.664
69.734
69.344

73.075
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69.734
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68.650
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s
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GD3_oa22

File: CARBON

Pulse Sequence: s2pul
Solvent: d2o

Temp. 25.0 C 7 298.1 K
User: 1-14-87
INOVA-500 “BMUS00"

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acqg. time 1.000 sec

Width 31421.8 Hz

2112 repetitions
OBSERVE C13, 125.7006556 MHz
DECOUPLE H1, 4599.9056708 MHz
Power 38 dB

cont inuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.0 Hz

FT size 65536

Total time 8 hr, 34 min, 16 sec
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p1iGD?7_0722

File: CARBON

Pulse Sequence: s2pul

Solvent: D20

Temp. 25.0 C s 298.1 K
User: 1-14-87
INOVA-500 "BMUSOO"

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acqg. time 1.000 sec

Width 31421.8 Hz

8800 repetitions
OBSERVE (C13, 125.7006557 MHz
DECOUPLE H1, 498.3056708 MHz
Power 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.5 Hz
FT size 65536
Total time 11 hr, 25 min, 42 sec
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GDe_oszz

Pulse Sequence: s2pul

Solvent: d2o

Temp. 25.0 C s 298.1 K
User: 1-14-87

File: plj-GD8_0B22-¢
INOVA-500 "BMUSOD"

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acqg. time 1.000 sec

Width 31421.8 Hz

672 repetitions
OBSERVE C13, 125.7006556 MHz
DECOUPLE H1, 499.3%056708 MHz
Power 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.5 Hz
FT size 65536
Total time 7 hr, 8 min, 34 sec
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GDY_0808

File: CARBON

Pulse Sequence: s2pul

Solvent: d2o

Temp. 25.0 C s 298.1 K
User: 1-14-87
INOVA=-500 “BMUSODO"

Relax. delay 1.000 sec

Pulse 64.3 degrees

Acg. time 1.000 sec

Width 31421.8 Hz

6656 repetitions
OBSERVE C13, 125.7006546 MHz
DECOUPLE H1, 49%.3056708 MHz
Power 32 dB

continuously on

WALTZ=-16 modulated
DATA PROCESSING

Line broadening 3.0 Hz
FT size 65536
Total time 18 hr, 44 min, 59 sec
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pl1JGD6_0722

File: CARBON

Pulse Sequence: sZpul

Solvent: D20

Temp. 25.0 C s 28B.1 K
User: 1-14-87
INOVA-500 “BMUSDOD™

Relax. delay 1.000 sec

Pulse B7.8 degrees

Acq. time 1.000 sec

Width 31421.8 Hz

1248 repetitions

OBSERVE C13, 125.7006557 MHz
DECOUPLE H1, 499.9056708 MHz
Power 38 dB

continuous 1y on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.5 Hz

FT size 65536

Total time 11 hr, 25 min, 42 sec
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GDa_0313

File: CARBON

Pulse Sequence: sZpul

Solvent: d2o

Temp. 25.0 C s 298.1 K
User: 1-14-87
INOVA-500 “BMUS00"

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acg. time 1.000 sec

Width 31421.8 Hz

1568 repetitions
OBSERVE C13, 125.7006556 MHz
DECOUPLE M1, 499.3056708 MHz
Power 38 dB

cont inuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.0 Hz
FT size 65536
Total time 14 hr, 17 min, B8 sec
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MD_0806

File: CARBON

Pulse Sequence: s2pul

Solvent: d2o ZIN
Temp. 25.0 C s 298.1 K o
User: 1-14-87 [t
INOVA-500 “BMUS0OD" Iﬂ_o 4HCI

Relax. delay 1.000 sec

Pulse 64.3 degrees

Acq. time 1.000 sec ﬂ_mwwp\zmm
Width 31421.8 Hz OH
640 repetitions

OBSERVE C13, 125.7006556 MHz 12

DECOUPLE H1, 489.3056708 MHz
Power 32 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 65536

Total time 14 hr, 59 min, 59 sec

96.411
79.132
75.501
73.288
72.480
68.398
67.247
53.607
50,448
49.266
40.501
28.821
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p1JMD_1129

Pulse Sequence: gHMBC

Solvent: d2o

Temp. 25.0 C s 298.1 K
User: 1-14-87

File: pljMD_1129-bc
INOVA-500 "BMUSOOD"

Relax. delay 1.000 sec

32 repetitions

400 increments
DBSERVE H1, 499.9031226 MHz
DATA PROCESSING

Sine bell 0.082 sec
F1 DATA PROCESSING

Sine bell 0.016 sec
FT size 1024 » 8182
Total time 5 hr, S min, 10 sec

F1 A
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GalD_o0822

Pulse Sequence: s2pul OI_czm

moucasn“n»o O
Temp. 25.0 C s 298.1 K AHC|
User: 1-14-87 HO HN
File: plj-GalD_0822-c MNH;
INOVA-500 "BMUS00" m_

0]

Relax. delay 1.000 sec H
Pulse 87.8 degrees 14
Acqg. time 1.000 sec

Width 31421.8 Hz

352 repetitions

OBSERVE €13, 125.7006556 MHzZ
DECOUPLE H1, 499 9056708 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.5 Hz

FT size 65536

Total time 7 hr, 8 min, 34 sec
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p1iPMB

Pulse Sequence: sZpul

Solvent: cdcl3

Temp. 25.0 C s 298.1 K
File: pljPMB-h
INOVA-500 “BMUSDO"

Relax. delay 4.000 sec
Pulse 85.3 degrees

Acg. time 1.892 sec

Width 7248.3 Hz

32 repetitions

OBSERVE  H1, 499.8019012 MHz
DATA PROCESSING

FT size 65536

Total time 3 min, 8 sec
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SCANS
ACQTM
PD
PW1
IRN
CTEMP
SLYNT
EXREF
BF
RGAIN

D:\HF i\pl jPMB-C. als

13C
BCM

75.45
124. 00
1840.0
32768

20408. 1

CDCL3

3280
1. 606
1.394

4.2

20.5
77.00

2.00
24

MHz
KHz
He

Hz
sec
sec
us

[

ppm
Hz

ugmmWO

0B
17

he

-77 -



¢el

A

001

R S

o

00

Kdd

o

|

) . 0.8211

b GO
".;f— 1119 g5
 — o 0.9533
. - 0.9481
- 1.9919

44

el

£1000  INATIS

NIVOY
I#d
ad
WLOOV

dNHLD

NLVHI

#i
ZH 21°0
wdd oo 0

Nl

Jas

I e e e e e e e

i,

=1 @

SNVOS
Ly E|

ANTOA

E8E
mw =
Z5E

ey}
Fat
=
S
z
=
-~z

HOLZE
ZH 00511

ZH 0°0008
ZHM 00 0E1

295 960 'k
ZIW Ot "00%

Ot VQ

8l
80
0

H

218

ho213
h 183
A7

L0944
L0y
. RB46
. B0G
]
]

4,236

]
LOTH
056
036G

sTe H-z-922 100 W U foh a 3110




203, 938

DFILE  D:\Bt#rLi\PLJO61025-C. als

M 2823 m.mm.mwm £ COMNT
2 iy NN e e DATIM Wed Oct 25 09:41:33 2006
= NNW o & o o - & . OBNUC  13C
L j ) LLLbe ) _ EXMOD BCM 0
"/ NSV | OBFRQ 75.45 Wil |Ally|O
( | [ OBSET 124. 00 KHz no
OBFIN 1840.0 Hz ﬂm“o_m_ H

POINT 32768
FREQU 20408. 1 Hz
SCANS 96
ACQTH 1.606 sec
! PD 1.394 sec
PW1 4.2 us
IRNUC IH
CTEMP 21.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 24

150 100 50 0
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p1iPMBHg

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C 7 298.1 K
File: pljPMBHg-h
INOVA-500 “BMUSOOD"™

Relax. delay 4.000 sec

Pulse B5.3 degrees

Acqg. time 1,892 sec

width /248.3 Hz

32 repetitions

OBSERVE  H1, 499.9018394 MHz
DATA PROCESSING

FT size 65536

Total time 3 min, 8 sec
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p1j070625-1

File: CARBON

Pulse Sequence:
Solvent: cdcl3
Temp. 25.0 C 7 298.1 K

User: 1-14-87

INOVA-500 “BMUSOO“

s2pul

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acg. time 1.300 sec

Width 31421.8 Hz

5632 repetitions
OBSERVE C13, 125.7004331 MHZ
DECOUPLE H1, 499.9043860 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.5 Hz
FT size 131072

fotal time 3 hr, 14 min, 14 sec

197 .341

148.060
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/
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File: CARBON

77.252
77.000
76.741

Pulse Sequence: sZpul

Solvent: cdcl3d

Temp. 25.0 C s 298.1 K
User: 1-14-87

INOYA=500 “BMUSOO™ ‘

/e

Relax. delay 0.800 sec
Pulse 45.0 degrees
Acg. time 1.000 sec
Width 31421.8 Hz

25840 repetitions
DBSERVE C13, 125.7004338 MH2
DECOUPLE H1, 499.3043860 MHZ
Power 32 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.0 Hz
FT size 65536
Total time 18 hr, 31 sec

138.540
138.242

27.938

128.417
128.363
127.799

.
.

127.715
71.827

125.355
127.051
\_117.317
84.079
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//__an,us
\—75.238
N_74.124
\‘:je.zra

134,870

138.540

138.9 138.6 138.3 138.0 ppm
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File: PROTON

Pulse mﬂncqﬂﬂn“ gCosyY

Solvent: CDC13
Temp. 25.0 C / 298.1 K
INOVA-500 “BMUSOOD™

Relax. delay 1.000 sec

Acg. time 0.218 sec

width 49698.1 Hz

2D Width 4698.1 Hz

24 repetitions

300 increments

OBSERVE H1, 488.83013018 MHz
DATA PROCESSING

Sg. sine bell 0.109 sec

F1 DATA PROCESSING

8q. sine bell 0.033 sec

FT size 4096 x 4096

Total time 2 hr, 31 min, 51 sec
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File: PROTON

Pulse Segquence: sZpul

Solvent: cdcl3
Temp. 25.0 C » 298.1 K
INOVA-500 “BMUSO0O™

Relax. delay 4.000 sec
Pulse 82.8 degrees

Acqg. time 1.B3Z sec

Width 7998.4 Hz

16 repetitions
DBSERVE H1, 499.9013002 MHz
OATA PROCESSING
FT size 65536
Total time 1 min, 34 sec

?.358
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3.953
3.948
3.943

3.835
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_| T T T T T T T T T T T T T T LI S D I T
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tee— R el e b
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pI1JOG1030-2

File: PROTON

Fulse Sequence: gCOSY

Solvent: DMSO
Temp. 35.0 C s 308.1 K
TNGVA-500 “BMUSOOY

Relax. delay L1L.000 sec

Acg. time 0.204 sec

width 5018.5 Hz

2D Width 5018.5 Hz

16 repetitions

256 increments

OBSERVE Hi, 499 9042661 WHz
DATA PROCESSING

Sq. sine bell 0.102 sec

F1 DATA PRODCESSING

5q. sine bell 0.027 sec

FT size 4096 x 4096

Total time 1 hr, 25 min, 8 sec
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RC-PMB-9

File: PROTON

Pulse Sequence: sZpul
Solvent: cdcld

Temp. 25.0 C ¢ 298.1 K
INOVA-500 “BMUS00"

Relax. delay 4.000 sec

Pulse 78.8 degrees

Acq. time 1.892 sec

Width 7938.4 Hz

32 repetitions

OBSERVE Hi, 499.9019%0

DATA PROCESSING

FT size 65536

Total time 3 avﬁ. 8 sec
r~ o

HHz

-
w
]
~

q.876
q.855
q.833

4.708
ée7

4.958
4.897

4.982

7.393

T T T T T T T LI S T T T T T T T T Lo
8 7 6 5
—_—- ek bt
9.38 2.04

0.000

—1.542
1.459
1.463
444
.438

2.369
2.363
2.105
2.087
086
\__2.088
Iz
1

o
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DFILE
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRATN

SLVNT
EXREF

BF
RGAIN

D:\M-# 1 \RC-PMB-9-C. als

13C
BCM

75. 45
124. 00
1840. 0
32768

20408. 1

5680
1. 606
1.394

4.2
511
21.3

77.00
2.00
24
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RC-PMB-9

File: PROTON

Pulse Sequence: COSY

solvent: CDC13
Temp. 25.0 C ~ 298.1 K
INOVA-500 “BMUSOO"

Relax. delay 1.000 sec

Acqg. time 0.217 sec

Width 4710.8 Hz

20 Width 4710.9 Hz

32 repetitions

256 increments

OBSERVE H1, 499.9019015 MHZ
DATA PROCESSING

Sq. sine bell 0.109 sec

F1 DATA PROCESSING

Sq. sine bell 0.028 sec

FT size 4096 »x 4086

Total time 2 hr, 51 min, 52 sec

Fz
(ppm)
-0 .mi.
HI.
H l- ] [ ]
NW ' o -
i - -’
w‘\
] = =
] Ly * a -
4 1. - - I:
] . lhl“
5— g "
6— -
WII
] [ 3 -
4 L4
ml
T T T
7 6 5 4 3 2 1 -0

F1 (ppm)
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RC-PHBL1D

File: CARBON

Pulse Sequence: szZpul '

Solvent: cdcl3d

Temp. 25.0 C / 298.1 K
User: 1-14-87
INOYA-500 “BMUSODD"

127.933

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acq. time 1.300 sec

width 31421.8 Hz

320 repetitions
OBSERVE (€13, 125.7004365 MHz
DECOUPLE H1, 439.3043860 MHZ
Power 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.5 Hz
FT size 131072
Total time 12 hr, 18 min, 59 sec

128.577
28.089

- 128.627
=
127908

77.252
76.264
\— 75.768

58.886
57.742

[ _77.000
\__72.926

76.744

/-

81.114

-138.183
-137.377

i

e e

T T L i T 00 N B B B L LR B B L B B L0 T B B e e
220 200 180 160 140 120 100 a0 60 40 20 0 ppm
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pP1i070515-1

File: PROTON

Pulse Segquence: gCOSsY v

Solvent: cdcl3
Temp. 25.0 C s 298.1 K
INOWVA=-500 "“BMUSOD™

Relax. delay 1.000 sec _
Acg. time 0.214 sac
Width a4788.7 Hz

20 Width 4788.7 Hz ———— —
16 repetitions -
300 increments F2 ]
OBSERVE H1, 485.9015006 MWHz

DATA PROCESSING (ppm]
Sq. sine bell 0.107 sec B
Fl DATA FROCESSING -
8q. sine bell 0.034 sec -0 B =R
FT size 4096 x 4096 N
Total time 1 hr, 40 min, 58 sec 1

1-
] .-
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] rd
i - o
1 -
3]
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- 4- - "
4 e - - -
— 4 o
5 : -
6
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B8 7 ] 5 4 3 2 1 -0
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=] 66, 150

DFILE D:\ot3FH LA\PLJO6121B-C als

SHIER=E=ZTZER FERS-REZR b
ZEEEEZTEEEE CTEISEIEILS & OBNUC 130 Bz0
of 00 £ O o G o0 @O = T b= llTTfr?.ﬂ-Ll? ac EXMOD BCM
SEOSNASINEN T X e e e - UFR 75. 45 MHz %mﬁ.\ﬂ%f
rﬁz{ f 4 [ OBSET 124. 00 KHz 1008
J\ OBFIN 1840. 0 Hz
POINT 32768
FREQU 20408. 1 Hz
\ SCANS 1276
b ACQTM 1. 606 sec
FD 1. 394 sec
PW1 4.2 us
IRN
CTEMP 20.3 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 2. 00 Hz
RGAIN 25
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DFILE D:\M&l\pl jT-alfaBz-1-C. als
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o Kol F iSSP Wt b e — e s (kD O n e — DD I EXMOD  BCM
=) m_zwrwwwmnu_wunm.n 8787_.4? ,Hzf?as e OFR 75. 45 MHz
| OBSET 124. 00 KHz
fffkk\ T_///fJf \X\_\ 7 OBFIN 1840. 0 Hz
| I | POINT 32768
FREQU 20408. 1 Hz
SCANS 1728
ACQTM 1. 606 sec
FD 1. 394 sec
FW1 4.2 us
IRN
CTEMP 19.6 ¢
SLVNT CDCL3
EXREF 77.00 ppm
_ BF 2.00 Hz
RGAIN 24
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2  zoagpsseses szksss = z DEILE D A7 Urwd0T0613-C. als

— L7= - = K I S o R = = - <] - — w e 9 o~ w e

b Shsgggsdny EEEERE B8 5 EXMD  BON

@ OMOONNN NS S € OBFRQ 75. 45 MHz

7 ﬁ%& ; I ) OBSET 124. 00 KHz

/J \ OBFIN 1840. 0 Hz

POINT 32768
FREQU 20408. 1 Hz
SCANS 4032
ACQTM 1. 606 sec
PD 1.394 sec
PW1 4.2 us
TRATN 511
CTEMP 21.2 ¢
SLYNT CDCL3
EXREF 77. 00 ppm
BF 2. 00 Hz
RGAIN 24
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128.032
“—127. 851
85. 654
B4. 05
79, 349
77. 429
T 000
76. 580
72. 846
— 69. 962
H6. 487

-128.518
— 79. 967

_—137. 461

__—134.271

s —

_\\\_

-

————117. 450

— 35.339

DFILE D:\H3 ILNPLJRC-0P-C. als

OBNUC. 13C

EXMOD BCM

OFR 75. 45 MHz
OBSET 124. 00 KHz
OBFIN 1840. 0 Hz
POINT 32768
FREQU 20408. | Hz
SCANS 26096
ACQT™M 1. 606 sec
FD 1.394 sec
P¥1 4.2 us
IRN

CTEMP 20.5 ¢
SLVNT CDCL3

EXREF 77. 00 ppm
BF 2.00 Hz
RGAIN 24
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Current Data Parameters

NAME plj0s10417-1
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 930908

Time 20.37
INSTRUM spect
PROBHD S mm Multinu
PULPROG g

D 36034
SOLVENT cocl3

N3 B

os 0

SWH 6024.096 Hz
FIDRES 0.167178 Hz
AQ 2.9908719 sec
AG 1024

DW 83.000 usec
DE 118.57 usec
TE 300.0 K

D1 1.00000000 sec
P1 7.00 usec
SFO1 300.5805000 MHz
NUCLEUS 1H

F2 - Processing parameters

51 16384

SF 300.5730105 MHz
WOW no

558 1]

LB 0.00 Hz
GB Q

PC 1.00

i0 NMR plot parameters

Cx 18.00 cm

F1iP 7.963 ppm

Fi 2393 .41 Hz

FaP ~-0.300 ppm

F2 -90.05 Hz
PPMCM 0.45901 pam/cm

HZCM 137.896967 Hz/cm

ﬁaoﬁﬁﬁawi 55ga...._un...nud75400542%%2%?4117057 o w o
O — 0 < 9~ r~ MO oM MNM M@ — 0o 0N o — W@~ Q= m o Mo
ﬂDDgnﬂ?Enn.man FoO@DM~MRoODO@O@OMWED WE 0o O @ M Uy s O — 00 5 MW - o
O Wi T T T 9 — 3300008?75665444333353554_.1_9._2 (===
e S A S N A N S, - T T T O MO MM MMM e MO O e o - oo o
L_rl{; (. ;rs; FJ?P{I[ILF&;;LJ!:F\!PIIIIIII&FPIII
_rJ
— ~ uw | (W[ =D m (@
| (=1] o Q| (O | = (S @ =2
o % L3 =18 = 1 E =2 = =1 Rl [Te] T =
o 5] o||o|iSi,|n|w =1 [=r=1
= -— -— IR =1E=1E.] [3"] m |
lwl_aa._—qq.—.- _.-_-—_-.'_-u—_-_—_-u-.mn;.-.-un—-qu-_‘d.da__.___.._H__-_.__.__q_
ppm 7 -] 5 4 3 2 1 0
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138.779
133. 966

—129.738

——127.282
110.791

63. 550
51.130

—— 26.232
— 21,138

— 27.971

DFILE D:\yexinshan\plj051017-B1-C. als
OBNUC 13C

EXMOD BCM

OBFRQ 75.45 MHz

OBSET 124. 00 KHz

OBFIN 1840. 0 Hz

POINT 32768

FREQU 20408. 1 Hz

SCANS 235

ACQTM 1. 606 sec a
PD 1. 394 sec 51
PW1 4.2 us

IRATN 511

CTEMP 22.5 ¢

SLVNT CDCL3

EXREF 77.00 ppm

BF 0.12 Hz

RGAIN 24
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PLJOS1108-2

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 25.0 C s 298.1 K
File: PLJOS1108=-2-h
INOVA-500 “BMUSO0O™

Relax. delay 4.000 sec

Pulse 82.1 degrees P~ " om Towomwwnn T o N
Acq: tims 1.892 sec $33% 83z ZsSSEEEoEss b Ns
i ropatitions” mnne  TeT G @ .o AcO -0
OBSERVE  H1, 499.9018383 WHZ t wt t\_ L AcO
DATA PROCESSING 52
FT size 65536 STol
Total time 1 min, 34 sec
-
@ MMSH
2 s ~Eg~aty  3gs
-~ ~]&-8 T o hn ® o e
e E ~ e “Tw a8 WH .2
| " - @ :
] ~ o
=
< \
) |¥F LC(|
B T T R A ST
2.40 z.30 z.20 z.10 ppm
- , . , . s
2.89 2_B0
2.86
— | .,br — |= LrL_L 1 —
e T e e S S S L e e At e B o LA S A B B o e TR A A S S e s B oy e B e
13 12 11 10 9 8 .7 6 5 __ 4 3 .2 1 -0 -1 ppm
3= S - gz 2 o=
- - soa oo —-— o~ owa
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PLJOS1108=-2

File: CARBON

Pulse Sequence: sZpul

Solvent: CDCI13

Temp. 25.0 C 7 288.1 K
User: 1-14-87
INOVA-500 “BMUSOD™

Relax. delay 1.000 sec

Pulse 4.3 degrees

Acg. time 1.300 sec

Width 31421.8 Hz

864 repetitions
OBSERVE €13, 125.7004370 MHZ
DECOUPLE H1, 499.9043860 MHZ
Power 32 dB

cont i nuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.5 Hz
FT size 131072
Total time 6 hr, 34 min, & sec

169.863
169.604

-168.863
169.604

138.636

| |
v
P A N

Ll L S TR s I L s i U
170.0 168.4 ppm

oAt ey ey s v

—132.540

130.122

86.116

77.256
-76.744

Q

128.408

r_._s.f:tifiii;fi__{.

70.897

67.216
62.673

51.109

-21.108

21.109
20.6449
A 20.495

—

21.3

20.644

20.495

S S S 0 N I R [ S e e L e B L B B B

220 200 180 160 140

T DAL B N B

1z0 100 &0

T

T T

20

L

ppm
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PLJOS51108-2

Pulse Sequence: gHHBC

solvent: CDC13

Temp. 25.0 C /s 298.1 K
User: 1-14-87

File: PLJOS110B-2-bc
TNOVA-500 “BMUSODO0™

Relax. delay 1.000 sec
Acqg. time D.219 sec
Width AB75.1 Hz

20 Width 25220.7 Hz

16 repetitions

400 increments

OBSERVE M1, 499.3018991 MHz

DATA PROCESSING

Sine bell 0.110 sec

F1 DATA PROCESSING

S5ine bell 0.008 sec

FT size Z04B x 8132
Total time 2 hr, 20 min,

17 sec

60

70

80

85-

L J i
& 23] O v @ o
_' =1 ] [ o
o © ) o
hve .8 0
170.77 2
S
0 - 0 (]

- 140 -



63" 81
by

GE TPO"T
pebegdeqbgeln peiny

¢6"0SB'E 001

ZE°D
T6°E

TE

0T

wdd

—“moog ] ]
aQ -l)gwcn-u:u T C M
&+ —HAM=ncEm O20 — —
BuPpm As .~ CFo @ -
== TAck. 1@ BT A @
NTLET ®&X -] I
+mnIMT S w30
- O @~=@® emr a 3
Som0 e#w3zmo oo a »
mUA_ —En. B - e ©
MBI E W= oo & -
W - - @ =" &3 ©
T O he Ok @e0n o X
3 T 3_@a X~
= @DanITeo s S o
a3 o NI o
3 w o om0

. no e o il
@ @ L =@ =

=] o - c

7.411 " = w [

@ - "
a o o Ed

w

o

x

=

N

- 141 -

ae9-£12T090r L0



DFILE D:\M#i\PLJ061213-68B-C. als

3 COMNT

—_ DATIM Fri Dec 22 19:13:57 2006

- OBNUC  13C
EXMOD BCM

_ OBFRQ 75.45 MHz
OBSET 124. 00 KHz
OBFIN 1840. 0 Hz
POINT 32768
FREQU 20408. 1 Hz
SCANS 1216
ACQTM 1. 606 sec
FD 1.394 sec
P¥1 4.2 us
TRNUC 1H
CTEMP 20.1 ¢
SLYNT CDCL3
EXREF 77.00 ppm
BF 2. 00 Hz
RGAIN 25
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pljo70B826

File: CARBON

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C_/ 298.1 K
User: 1-14-87
INOVA=500 “BMUSO0O™

Relax. delay 1.000 sec

Pulse 87.8 degrees

Acg. time 1.000 sec

Width 31421.8 Hz

448 repetitions

OBSERVE CLl3, 125.7004355 HHz
DECOUPLE H1, 493.9043860 MHz
Power 38 dB

= ™
continuously on m o=
WALTZ-16 modulated L
DATA PROCESSING o ..
Line broadening 3.0 Hz o o - o
FT size 65536 1 ﬁ ‘Sw
Total time 8 hr, 34 min, 16 sec - | = o
. 4 3
w2
L\_
o
-2 e a®
Rus 8gE]E
ngm_ Br2ela
Pl Sine e
- R \\\ﬁ\\rt
8 i (" = 3
- | ~ =
o .
= ‘ w
~ - ES
83 “
L T2
o e m
mm "M
e
=

Wik

L T e e e S B B B LI e B | TETTT T
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pljo7ozza

Puise Sequence: szZpul

Soivent: CDC13
Temp. 25.0 C s 296.1 K
user: 1-14-87
File: pljo70ZZE-cC S
INOVA-500 “BMUSOO™

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

wWidth 31421.8 Hz

1408 repetitions
OBSERVE C13, 125%.7003993 MHz
DECOUPLE H1, 499.9043860 MHz
Power 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING .
Line broadening 3.5 HZ
FT size 151072
Total time 2 hr, 11 min, 21 sec

128.823
28.781
28.354
128.308

£

78.512
79.050
77.563

hwi

128.232
128.114
77.311
77.055

\

86.908
84,558
81.091
79,385
75.682
75.450
73.230
71.197
63.488
S6.763
51.297

88.301

/-
/_ﬂ
/-
35.538

137.974
137.878
137.865

-L W . - A .L- La, e

L e A B B B L BB LA B T T _«._..__.__..____.q.__-_.a__.._____.._..J____~_....__.__..-_.nJl_Iql_.I_I_I_I-I-I_I_I-I_I_|._-__~__._.._._.I-I_I_I_.I_I1
220 200 180 160 140 120 100 a0 60 40 20 0 ppm
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p1iO7T0228

File: PROTON

Pulse Sequence: gCOSY
Solvent: CDC13

Temp. 25.0 C s ?98.1 K
INOVA-500 “BMUSOO™

Relax. delay 1.000 sec

20 Width 43952.6 Hz
16 repetitions
300 increments

DBSERVE H1, 499 .93018057 MHz

oATA PROCESSING

Sg. sine bell 0.103 sec
F1 DATA PROCESSING

Sg. sine bell 0.032 sec
FT size 4096 » 4086
Total time 1 hr, 40 min,

19 sec

-

—_—

= 3 ==
- e -
a o=
= & == -—
- o = o

—
5.0 4.5

F1 (ppm)

h“_“_ 3.5

3.0

2.5

SO0 L S B B B B

2.0
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pl1jo70228

File: PROTON

Pulse Sequence: gHSQC

Solvent: CDCI3

Temp. 25.0 C s 288.1 K
User: 1-14-87
INOVA-SD0 “YBMUSOO™

Relax. delay 1.000 sec

Acg. time 0.205 sec

Width 4995.3 Hz

2D Width 21387.5 Hz

16 repetitions

2 ®x 128 increments

OBSERVE H1, 499.9019057 MHz
DECOUPLE C13, 125.7098268 MHz
Power 49 dB

on during acquisition

off during delay

GARP=1 modulated

DATA PROCESSING

Gauss apodization 0.085 sec
F1 DATA PROCESSING

Gauss apodization 0.002 sec B
FT size 2048 x 2048 F1 u
Total time 1 hr, 27 min, 49 sec Hﬂﬁ__u.w

CCH,

cit,
N .
» I
I S )

'y
S S S B R

4 3 Z2
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pliovo2ze

File: PROTON

Fulse Sequence: gHMBC

Solvent: CDC13

Temp. 25.0 C s 29B.1 K
User: 1-14-87
INOVA-500 "BMUSOOD™

Relax. delay 1.000 sec
Acq. time 0.206 sec
Width 4973.9 Hz

20 Width 30165.9 Hz

16 repetitions

400 increments
OBSERVE
DATA PROCESSING
Sine bell 0.103 sec
F1 DATA PROCESSING
Sine bell 0.006 sec
FT size 2048 » B192

H1, 499.8019087 MHz

Total time 2 hr, 18 min, 44 sec

Fz (ppm}

OMe
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pljo7oz2e

File: PROTON

Fulse Sequence: NOESY

Solvent: CDC13

Temp. 25.0 C  288.1 K N
INOVA-500 “BMUSDD"

Relax. delay 1.000 sec |
Hixing 0.600 sec

Acg. time 0.205 sec .

Width 4985.3 Hz —

20 width 4995.3 Hz N B . L -
16 repetitions F2
OBSERVE. _Hm_.nw.wunua:__mu MH .UHU_H.__“—
. - z -
DATA PROCESSING - U] . N e
Gauss apodization 0.095 sec L .
F1 DATA PROCESSING = 1 @ o } o
Gauss apodization 0.028 sec -.LN 0—
FT size 4036 x 4036 - %
Total time 4 hr, 56 min, 45 sec :
- \I
2.5
3.0
T (=
1y e gl e e
. - [
3.5 — z
— A - - - — -
4 Iz
- - -
- 4.0 o -
= e® ©° 5 "o o o -
] o
. .
< 4.5 -~ o - -
~ A *’ - < o = o =
T - %# 'I_.' % -
5.0 &
e e L A S S N TR I T B e N A
5.0 4.5 4.0 3.5 3.0 2.5 2.0
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p1j070711

File: CARBON

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C / 298.1 K
User: 1-14-87
INOVA-S00 “BHUSOO™

128.478
128.409
128.135
128.051
pe

12z
.
g

b
{

.
v/

Relax. delay 1.000 sec

Pulse B7.8 degrees

BAcg. time 1.000 sec

Width 31421.8 Hz

B96 repetitions
OBSERVE C13, 125.7004355 MHz
DECOUPLE :W. 499.9043860 MHz
Power 38 d

continuously on !/J!/
WALTZ-16 modulated S
DATA PROCESSING

Line broadening 3.5 Hz
FT size 65536
Tetal time 7 hr, 8 min, 34 sec

—128.582

\_127.888

127.738
127.578

78.25%
77.252

127.448

77.000
76.748

75.474

75.345
g0l
73.186

137.678
a7.742
Jfau
\ \ 69,284

-036
75.
.70.889

Bz2.927
78.709

81.707
58,279

—§1.002

\ 57,272
.
31.167
24568

-~ 138.235

137.220
—_—

\
—_——

|
ATV A P AAN

e |

T M
138.4 137.8 137.2 ppm

™ I B SR A | LR BN s o S NN N N A N Lt B B L BN B AL NI S N L i B B L B
220 200 180 160 140 120 100 &0 60 40 20 0 ppm
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—- 31,720

DFILE
OBNUC
EXMOD
0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™
PD
P¥W1
IRATN
CTEMP
SLYNT
EXREF
BF
RGAIN

DA \PLIOT0531-2-C, ALS

13C
BCM

75. 45
124. 00
1840. 0
32768

20408. 1

CDCL3

3000
1. 606
1. 394
4.2
511
21.3

T7.00
2.00
24

MHz
KHz
Hz

Hz
Sec
sec

us

[+

ppm
Hz

4
sy e,
wwvmmr\A:J
N

61

£o TN, M

"] ben
My
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138.524
137. 815
137.700
128. 444
128. 354
128.032
-127.933
—127. 867
127.727
127. 447

fjff

\_

P

97.736
82. 860
?8 698
78. 607
77.000
76.571
75.426

D e e D 00 LD W D
00 LD 7 6D o Do O e
— Ot 03 = b= DA O O
o S 8
B - o 65 [ WD I

¥

iy

— 28.742

DFILE
OBNUC
EXMOD
OFR

OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRN

SLV¥NT

RGAIN

D:\H 37 1\pl jOT0327-w-C. als
13C
BCM

1. 606 sec
1. 394 sec
4.2 us

19.5 ¢
CDCL3
77.00 ppm
2.00 Hz
24
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169. 652
137.353
137.090
128.724
128.518

169. 941

~

DFILE D:\t#LA\PLJOTOG09-C. ALS

EEZE CoeSEeSEsEgEsZI=RTE B =o OBNUC  13C

0] — O e DW= Ol oh O O = 3 — w =

fxgs f3zccccdcScgsgE 3 8 g8 il

L L | _ OBSET 124. 00 KHz .
! OBFIN 1840.0 Hz Jﬂwf\uﬁf .

POINT 32768 P
FREQU 20408. 1 Hz B0 At
SCANS. 200 o
ACQT™ 1. 606 sec
FD 1.394 sec
PW1 4.2 us
IRATN 511
CTEMP 21.2 ¢
SLYNT CDCL2
EXREF 77.00 ppm
BF 2.00 He
RGAIN 24

125 100 75 50 25 o

- 167 -



§6°0

T0°T BE"O

S0°S

PI°T

vE"T
E0"BHOT

PEpdyed

07T

el

T0"E

e

B8 T

0T

wdd
L

el

i@aauanbas as|nd
NO LOHd

Lndzs

- 168 -

=0.007
e =0.010

“eTaLes

910



00g

-) way
@ 1
-
-
o -
<
—
o —1
5
]
=
(=]
ol
-1 b
=
|
[
A
-
|
[ 3]
o
o

Wdd

- 169 -

137.
-7,
~—12H,

' —128.
~—128.

— 127,
127

4
230
404
131
149
GAG
060

S p
3 ik
o G GIA
— = = .
68, 192
e < = 6027
A 59.717
= &A1
3 — 5180
40 on;
1
= A 2! h Scoom=
EREE Egggnﬂggﬁzwm
4 EzE3T ERZOHZES
¥ FERZ 2GEIZ02="
2
g 25
L b
B,
= —— EW ek
PO Y T SR EEO
S CaewadeDo
= =] S e - == D - B =
[ =] = SR TS R =
R
T " Fi% §F TEE=
2 non NN
Q
I
_ G
3
2
&0
UE
m
=
=
K




