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Experimental

General procedures: 'H and C NMR spectra were recorded with JEOL JNM-ECX400P,
INM-ECA500, JMN-ECA600, and Bruker Avance III 500 spectrometers. Chemical shifts are
expressed in ppm (J) relative to the signal of Me,Si as an internal standard. High-resolution mass
spectrometry (HRMS) was performed with a Bruker Daltonics micrOTOF (ESI-TOF) mass
spectrometer.  Specific rotations were determined with a Horiba SEPA-300 high-sensitivity
polarimeter. Molecular sieves were purchased from Wako Chemicals Inc. and dried at 300 °C for 2
h in a muffle furnace prior to use. Drierite was powdered and dried at 300 °C for 6 h in a muffle
furnace prior to use. Solvents as reaction media were dried over molecular sieves and used without
further purification. TLC analysis was performed on Merck TLC plates (silica gel 60F,s4 on glass).
Compounds were visualized either by exposure to UV light (254 nm) or by spraying 10 % H,SO4
solution in EtOH, 20 % phosphomolybdic acid solution in EtOH, or ninhydrin reagent, followed by
heating. Flash column chromatography on silica gel (Fuji Silysia Co., 80 mesh and 300 mesh) or
Sephadex (Pharmacia LH-20) was performed with the solvent system (v/v) specified. Evaporation

and concentration were conducted in vacuo.
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Drierite (2.00 g) was added to a solution of 2-(Trimethylsilyl)ethyl (methyl
3,5-dideoxy-5-trifluoroacetamido-D-glycero-o-D-galacto-2-nonulopyranosylonate)-(2—6)-3,4-di-O-
benzyl-2-O-p-methoxybenzyl-B-D-glucopyranoside S1 (1.00 g, 1.06 mmol) in MeOH (111 mL) and
the suspension was stirred for 1 h at room temperature. A 28 % solution of sodium methoxide in
MeOH (602 pL) was added and the resulting mixture was stirred for 45 h under reflux. The
suspension was stirred under a hydrogen stream for 5 h at room temperature. Completion of the
reaction was confirmed by TLC (CHCl;/MeOH 10:1), whereupon the reaction mixture was
neutralized with Dowex-50 (H") and filtered through Celite. The combined filtrate and washings
were concentrated. The residue was purified by column chromatography on silica gel
(CHCIl3/MeOH 15:1) to give compound 5 (777 mg, 90 %).

[a]p = +28.5 ° (¢ 1.0, CHCls); '"H NMR (500 MHz, CD;0D): § 7.26-7.19 (m, 12 H, Ar), 6.79 (d, 2 H,
J=8.7 Hz, Ar), 4.82-4.59 (m, 6 H, ArCH,), 4.40 (d, 1 H, J;» = 7.9 Hz, H-1%),4.35 (dd, 1 H, Js s =

1.9 Hz, Js7;=3.4 Hz, H-6"), 4.28 (dd, 1 H, Js 60 = 2.0 Hz, Jyem = 10.5 Hz, H-62"), 4.06 (m, 1 H, H-4%),
3.99 (m, 1 H, TMSCH,CH,), 3.88 (dd, 1 H, Js ¢, = 6.1 Hz, H-6b"), 3.78 (dd, 1 H, Js.9, = 2.3 Hz, Jyem
=7.7 Hz, H-9b"), 3.71-3.57 (m, 9 H, H-3%, H-5°, H-7°, H-8", H-9b*, OMe, TMSCH,CH}), 3.50 (dd, 1
H, Jis=3.0 Hz, H-5"), 3.43 (t, 1 H, J34=J45 = 9.4 Hz, H-4%), 3.30 (dd, 1 H, J,5=9.1 Hz, H-2%,
2.26 (dd, 1 H, Jgem = 13.7 Hz, J3eq4 = 10.4 Hz, H-3eq"), 1.99 (dd, 1 H, J3axa = 4.9 Hz, H-3ax"), 0.99
ppm (m, 2 H, TMSCH,CH,); *C NMR (125 MHz, CD;0D): § 172.2, 160.7, 140.0, 139.7, 132.0,
130.7, 129.3, 129.2, 129.0, 128.8, 128.8, 128.6, 128.5, 114.6, 104.2, 97.2, 85.7, 83.2,79.4, 79.4, 76 4,
75.6,75.2,72.2,71.8, 68.4, 68.3, 64.6, 64.4, 55.7, 55.0, 40.3, 19.4, -1.3 ppm; HRMS: m/z: found
[M+Na]" 834.3492, C4,Hs,NO;3Si calcd for [M+Na]" 834.3491.

PivCI o
Py-CH,Cl, - OSE
(1:4) OMBnN

-40°C

PivO

Pivaloyl chloride (159 pL, 1.29 mmol) was added to a solution of compound 5 (522 mg, 643 umol)
in pyridine (2.6 mL)/CH,Cl; (10.4 mL) at -40 °C. The resulting mixture was stirred for 30 min at
-40 °C. Completion of the reaction was confirmed by TLC (CHCI3/MeOH 10:1).  After

quenching by water, the reaction mixture was diluted with CHCl; and the organic layer was washed
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with 2 M aqueous HCIl, water, saturated aqueous NaHCOj; solution, dried (Na,SO,), and concentrated.
The residue was purified by column chromatography on silica gel (CHCl;/MeOH 45:1—30:1) to
give compound 6 (575 mg, quant.).

[a]p = +3.7 ° (¢ 0.5, CHCl3); 'H NMR (400 MHz, CDCly): & 7.31-7.24 (m, 12 H, Ar), 6.83 (d, 2 H, J
=8.7 Hz, Ar), 6.49 (d, 1 H, Juus = 6.4 Hz, NH), 4.92-4.63 (m, 6 H, ArCH,), 4.42 (m, 1 H, H-6"),
4.40 (d, 1 H, J;,=7.8 Hz, H-17), 4.35 (dd, 1 H, J3.9, = 2.3 HZ, Jyem = 11.9 Hz, H-9a%), 4.32 (m, 1 H,
H-6a%), 4.24 (dd, 1 H, Jgop = 5.1 Hz, H-9b"), 4.11 (m, 1 H, H-4"), 4.05-3.95 (m, 2 H, H-6b",
TMSCH,CH,), 3.86 (m, 1 H, H-7°), 3.79 (s, 3 H, OMe), 3.75 (m, 1 H, H-8), 3.66-3.59 (m, 3 H,
H-3%, H-4", TMSCH,CH,), 3.56 (m, 2 H, H-5*, H-5"), 3.36 (dd, 1 H, J,5 = 8.7 Hz, H-2%),2.92 (d, 1 H,
Jons = 3.7 Hz, OH-8"), 2.44 (dd, 1 H, Jeem = 14.2 Hz, J3¢q4 = 10.5 Hz, H-3eq"), 1.98 (dd, 1 H, Jsaes

= 5.0 Hz, H-3ax"), 1.22 (s, 9 H, (CH3);C), 1.07 ppm (m, 2 H, TMSCH,CH,); *C NMR (150MHz,
CDCl3): 6 179.3,170.0, 159.2, 138.4, 130.3, 128.4, 128.3, 127.7, 127.6, 127.6, 113.7, 113.6, 103.6,
95.6, 84.5, 82.0, 75.6, 74.9, 74.6, 74.3, 70.5, 69.5, 69.1, 67.4, 66.3, 62.3, 55.2, 38.9, 29.6, 27.1, 18.4,
-1.5 ppm; HRMS: mVz found [M+Na]+ 918.4067, C47HesNO4Si caled for [M+Na]™ 918.4067.

3A molecular sieves (122 mg) were added to a solution of compounds 7 (230 mg, 405 pmol) and 6
(182 mg, 203 pmol) in EtCN (3.7 mL). The suspension was stirred for 1 h at room temperature,
and then cooled to -40 °C. NIS (182 mg, 810 pmol) and TfOH (7.2 pL, 81.0 umol) were added to
the solution and stirring was continued for 1 h, when completion of the reaction was confirmed by
TLC (PhMe/EtOAc 1:1). The reaction mixture was made alkaline to pH 8 with saturated aqueous
NaHCOj; solution at 0 °C, filtered through Celite, and the filter bed was washed with EtOAc. The
combined filtrate and washings were extracted with EtOAc, and the organic layer was washed with
saturated aqueous Na,S,0; solution and brine, dried (Na,SO,), and concentrated. The residue was
purified by column chromatography on Sephadex LH-20 (MeOH) and silica gel (PhMe/EtOAc
2:1—1:1) to give compound 8 (137 mg, 50 %).

[a]p =-5.1 ° (¢ 0.9, CHCly); 'H NMR (500 MHz, CDCls): & 7.33-7.25 (m, 12 H, Ar), 6.86 (d, 1 H,
Jnms = 6.0 Hz, NH), 6.83 (d, 2 H, J= 8.7 Hz, Ar), 5.48 (dd, 1 H, Js; = 1.7 Hz, J;5 = 9.5 Hz, H-7°),
5.35 (m, 1 H, H-8%), 4.92-4.64 (m, 7 H, H-4°, ArCH,), 4.39 (d, 1 H, J;, = 7.9 Hz, H-1%), 4.35 (dd, 1
H, J5 60 = 1.9 Hz, Jgem = 10.5 Hz, H-6a"), 4.30 (dd, 1 H, Js9, = 4.8 Hz, Jgem = 11.7 Hz, H-92"),
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4.25-4.20 (m, 3 H, H-6", H-9b°, H-9a°), 4.11 (m, 1 H, H-7"), 4.07-4.00 (m, 3 H, H-6°, H-9b",
TMSCH,CH,), 3.97 (m, 1 H, H-5"), 3.93-3.86 (m, 2 H, H-6b*, H-8"), 3.85-3.79 (m, 7 H, H-4",
COOMe, OMe), 3.62 (m, 2 H, H-3*, TMSCH,CH,), 3.56 (m, 1 H, H-5%), 3.49 (dd, 1 H, J;, = 9.6 Hz,
Jus=9.0 Hz, H-4%), 3.39 (dd, 1 H, J,5=9.1 Hz, H-2%), 3.27 (t, 1 H, J45 = Js = 10.2 Hz, H-5°), 3.08
(brs, 1 H, OH-7%), 2.69 (dd, 1 H, Jyem = 12.6 Hz, J3q4 = 4.5 Hz, H-3eq"), 2.52 (d, 1 H, Jouz = 8.7
Hz, OH-8), 2.26 (dd, 1 H, Jyerm = 14.2 Hz, Jseqq = 10.7 Hz, H-3eq"), 2.22-2.07 (4 5, 12 H, 4 Ac),

1.99 (dd, 1 H, Jsaes = 5.5 Hz, H-3ax"), 1.79 (t, 1 H, Jsues = 12.6 Hz, H-3ax°), 1.22 (s, 9 H, (CH;);C),
1.05 ppm (m, 2 H, TMSCH,CH,); *C NMR (125 MHz, CDCls): 8 179.1, 171.2, 170.3, 169.6, 169.5,
169.3, 167.9, 159.2, 138.7, 138.3, 130.8, 129.8, 128.4, 128.3, 128.0, 127.8, 127.7, 127.5, 113.7,
103.1,99.9, 95.8, 84.7, 82.0, 79.1, 78.1, 75.6, 74.7, 74.3, 74.2, 72.7, 72.4, 71.7, 70.3, 67.8, 67.5,
66.9, 66.0, 63.8, 62.8, 60.3, 59.4, 55.2, 53.3, 52.3, 38.8, 37.8, 37.5,29.7, 27.2, 21.0, 20.9, 20.8, 20.6,
18.6, 14.2, -1.4 ppm; HRMS: m/z: found [M+Na]+ 1375.5398, CgsHssN4O,5Si caled for [M+Na]”
1375.5399.

o o
a
BnO OSE

OMBn 1. Ac,0, DMAP / Py, RT

CooMme 2. (NHp),-AcOH / THF

.‘\\OAC

OAc

Acetic anhydride (1.0 mL) and DMAP (1.0 mg) were added to a solution of compound 8 (243 mg,
180 pmol) in pyridine (2.0 mL). The reaction mixture was stirred for 2 h at room temperature.
Completion of the reaction was confirmed by TLC (hexane/EtOAc 1:1). After quenching with
MeOH, the residual mixture was diluted with EtOAc and washed with 2 M aqueous HCI, water,
saturated aqueous NaHCOj; solution, and brine, dried (Na,SO4), and concentrated. The residue was
exposed to high vacuum for 2 h. The crude material was redissolved in THF (4.5 mL), and
hydrazine acetate (33.0 mg, 359 umol) was added to the solution. The reaction mixture was stirred
for 12 h at room temperature. Completion of the reaction was confirmed by TLC (hexane/EtOAc
1:1). The mixture was then diluted with EtOAc, washed with 2 M aqueous HCI, water, saturated
aqueous NaHCOs solution, and brine, dried (Na,SO,), and concentrated. The residue was purified
by column chromatography on silica gel (hexane/EtOAc 1:1) to give compound S2 (256 mg, 99 %).
[a]p =-59.0 ° (¢ 0.6, CHCls); '"H NMR (500 MHz, CDCl): & 7.30-7.23 (m, 12 H, Ar), 6.93 (d, 1 H,
Jnns =5.7 Hz, NH), 6.82 (d, 2 H, J= 8.6 Hz, Ar), 5.83 (dd, | H, Js; = 1.6 Hz, J;5 = 9.6 Hz, H-7°,
5.48 (dd, 1 H, Jo7 = 1.6 Hz, J,5 = 9.6 Hz, H-7°), 5.40 (m, 2 H, H-8", H-8°), 4.89-4.64 (m, 7 H, H-4°,
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ArCH,), 4.39 (d, 1 H, J;, = 7.9 Hz, H-1%), 4.37 (dd, 1 H, Js0, = 4.4 Hz, Jye, = 11.6 Hz, H-92"), 4.33
(d, 1 H, J56=9.4 Hz, H-6"), 4.22 (dd, 1 H, Js0, = 2.2 Hz, Jyer = 12.1 Hz, H-9a°), 4.19 (dd, 1 H, Js6,
= 1.5 Hz, Jyem = 10.2 Hz, H-6a%), 4.09 (dd, 1 H, Js = 4.9 Hz, H-9b"), 4.06-3.99 (m, 3 H, H-6",
H-9b°, TMSCH,CH,), 3.84-3.72 (m, 9 H, H-6b*, H-4°, H-5°, COOMe, OMe), 3.63-3.49 (m, 5 H,
H-3%, H-4%, H-5°, H-5°, TMSCH,CH,), 3.40 (dd, 1 H, J,3 = 9.0 Hz, H-2%), 2.58 (dd, 1 H, Jyep, = 12.6
Hz, Jsequ = 4.7 Hz, H-3eq"), 2.26 (dd, 1 H, Jgem = 14.0 Hz, J3eqs = 5.9 Hz, H-3eq®), 2.19-1.93 (m, 19
H, H-3ax’, 6 Ac), 1.58 (t, 1 H, Jsux4 = 12.6 Hz, H-3ax%), 1.21 (s, 9 H, (CH;);C), 1.05 ppm (m, 2 H,
TMSCH,CH,); *C NMR (125 MHz, CDCls): & 177.6, 171.2, 170.4, 169.9, 169.9, 169.6, 169.5,
169.3, 169.2, 168.2, 159.1, 138.7, 138.6, 130.8, 129.7, 129.6, 129.0, 128.2, 128.2, 127.8, 127.6,
127.4,125.2, 113.7, 113.5, 103.0, 100.0, 95.5, 84.6, 81.8, 78.0, 75.6, 75.5, 74.4, 74.3, 73.9, 72.9,
72.5,71.8,70.4, 69.0, 67.8, 67.4, 66.8, 63.5, 62.9, 60.8, 58.6, 55.2, 53.1, 51.8, 38.7, 36.7, 35.9, 29.6,
27.1,20.9, 20.8, 20.8, 20.7, 20.5, 18.5, -1.5 ppm; HRMS: mVz: found [M+Na]" 1459.5610,
CgoHosN4027Si caled for [M+Na]” 1459.5610.

O 0 (@]
g OSE g OSE
Boc,0 BnO
OMBn DMAP . OMBn
MeCN COOMe
RT
WOAC
OAc
S2 S3

Di-t-butyl dicarbonate (20.7 uL, 94.8 pmol) and DMAP (0.4 mg, 3.16 umol) were added to a
solution of compound S2 (90.8 mg, 63.2 umol) in MeCN (1.3 mL). The reaction mixture was
stirred for 20 min at room temperature. Completion of the reaction was confirmed by TLC
(hexane/EtOAc 2:1). The mixture was diluted with CHCI;, and washed with 2 M aqueous HCI,
water, saturated aqueous NaHCOj solution, and brine, dried (Na,SOj,), and concentrated. The
residue was purified by column chromatography on silica gel (hexane/EtOAc 5:2—2:1) to give
compound S3 (95.9 mg, 99 %).

[a]p =-45.2 ° (¢ 0.6, CHCls); '"H NMR (500 MHz, CDCl3): & 7.29-7.25 (m, 12 H, Ar), 6.82 (d, 2 H,
J=8.7Hz, Ar), 5.97 (dd, 1 H, Js;=2.0 Hz, J,5 = 9.6 Hz, H-7"), 5.62 (m, 1 H, H-8%), 5.53 (dd, 1 H,
Js7=0.7 Hz, J;5 = 10.3 Hz, H-7°), 5.36 (m, 1 H, H-8"), 4.90-4.64 (m, 8 H, H-5", H-4°, ArCH,), 4.41
(dd, 1 H, Jg.90 = 2.6 Hz, Jyem = 12.9 Hz, H-9a%), 4.38 (d, 1 H, J,» = 7.9 Hz, H-17), 4.29 (m, 2 H, H-6",
H-92"), 4.16-4.09 (m, 4 H, H-6a", H-4°, H-9b", H-9b°), 4.03 (m, 1 H, TMSCH,CH,), 3.98 (d, 1 H,
Js 6 =10.7 Hz, H-6°), 3.78-3.72 (m, 7 H, H-6b", COOMe, OMe), 3.63-3.56 (m, 3 H, H-3", H-4",
TMSCH,CH,), 3.53-3.47 (m, 2 H, H-5% H-5°), 3.40 (dd, 1 H, J,5 = 8.3 Hz, H-2%), 2.57 (dd, 1 H, Jeem
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= 12.9 Hz, Jieqs = 5.0 Hz, H-3eq®), 2.30 (dd, 1 H, Jyery = 14.3 Hz, Jseqs = 5.8 Hz, H-3eq"), 2.20 (dd,
1 H, Jyaxs = 10.7 Hz, H-3ax"), 2.16-1.95 (6 s, 18 H, 6 Ac), 1.54 (s, 9 H, (CHz);C), 1.47 (dd, 1 H,
Jsaxa = 12.6 Hz, H-3ax°), 1.19 (s, 9 H, (CH;)5C), 1.06 ppm (m, 2 H, TMSCH,CH,); "*C NMR (125
MHz, CDCls): § 177.8, 170.8, 170.0, 169.8, 169.7, 169.4, 169.1, 168.3, 164.2, 159.1, 149.9, 138.7,
138.5, 130.7, 129.8, 128.3, 128.2, 128.2, 127.7, 127.7, 127.6, 127.4, 113.7, 103.0, 98.7, 95.6, 84.5,
84.4,81.8,77.9,75.5,75.1, 74.4,74.2,73.7, 72.1, 71.8, 70.7, 70.0, 69.0, 67.3, 67.0, 66.9, 63.3, 62.0,
60.6, 58.9, 55.2, 52.9, 52.4, 38.6, 36.9, 35.8, 28.1, 27.1, 20.9, 20.8, 20.8, 20.7, 20.6, 18.5, -1.5 ppm;
HRMS: m/z: found [M+Na]" 1559.6137, C74H,00N402Si calcd for [M+Na]™ 1559.6135.

O
BnO 2 OSE
OMBn NaOMe
COOMe MeOH
RT
HO
“OAc
9
OAc

s3
A 28 % solution of sodium methoxide in MeOH (397 uL) was added to a solution of compound S3

(95.9 mg, 62.4 umol) and the resulting mixture was stirred for 2.5 h with the monitoring the reaction
by TLC (CHCI3/MeOH 6:1).  The reaction mixture was then neutralized with Dowex-50 (H"),
filtered, and concentrated. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH 30:1—25:1—20:1) to give compound 9 (64.2 mg, 83 %).

[a]p =-23.3 ° (¢ 1.2, CHCls); '"H NMR (500 MHz, CD;0D): & 7.18-7.10 (m, 12 H, Ar), 6.70 (d, 2 H,
J=8.6 Hz, Ar), 6.58 (d, 1 H, Jyus = 8.6 Hz, NH), 4.75-4.48 (m, 6 H, ArCH,), 4.26 (d, 1 H, J;, =8.1
Hz, H-1%), 3.96 (m, 1 H, H-4"), 3.73, 3.70, 3.63 (3 5, 9 H, 2 COOMe, OMe), 3.25 (m, 1 H, H-5"),
3.18 (dd, 1 H, J,5 = 8.6 Hz, H-2"), 2.57 (dd, 1 H, Jeem = 13.2 Hz, J3¢q4 = 4.6 Hz, H-3eq"), 2.35 (dd, 1
H, Jyem = 12.6 Hz, J3¢q4 = 4.0 Hz, H-3eq"), 1.64 (t, 1 H, Jsps = 12.6 Hz, H-3ax"), 1.53 (dd, 1 H, Jgem
= Jaxs = 12.6 Hz, H-3ax%), 1.38 (s, 9 H, (CH;);C), 0.90 ppm (m, 2 H, TMSCH,CH,); °C NMR (125
MHz, CD;0D): 6 170.3, 160.6, 159.1, 140.0, 139.6, 132.0, 130.7, 129.3, 129.3, 129.1, 128.8, 128.7,
128.5, 114.6, 111.7, 104.2, 100.0, 98.8, 85.8, 83.1, 81.4, 78.6, 76.5, 75.7, 75.7, 75.2, 75.0, 73.3, 72.4,
70.9,70.3, 70.1, 68.3, 64.6, 64.5, 64.1, 56.8, 55.7, 53.5, 52.7, 52.6, 41.7, 39.9, 28.8, 19.3, -1.3 ppm;
HRMS: nVz: found [M+Na]" 1255.5188, CssHgsN4013Si caled for [M+Na]™ 1255.5188.
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OAc 1. MsOH / MeOH, Reflux ><O

AcQ COOMe 2. TrocOSu, NaHCO; / 0 COOMe
H,0, 1,4-Dioxane, RT
ACHN -~ Q/ ~SPh TrocHN— 07 ~SPh
AcO 3. DMP, CSA / MeCN, RT HO

OAc OH
10 S4

MsOH (4.00 mL, 61.7 mmol) was added to a solution of compound 10 (9.00 g, 15.4 mmol) and the

mixture was stirred for 36 h under reflux. Completion of the reaction was confirmed by TLC
(CHCI3/MeOH/AcOH 5:1:0.1). The mixture was then neutralized with triethylamine and the
volatiles were co-evaporated with toluene. The residue was exposed to high vacuum for 3 h. The
crude material was redissolved in 1 M aqueous NaHCO; solution (15.4 mL) and then 1 M TrocOSu
solution in 1,4-dioxane (16.9 mL) was added to the solution. The mixture was stirred for 1 h at
room temperature with the monitoring of the reaction by TLC (CHCIl3;/MeOH 5:1). The reaction
mixture was then diluted with EtOAc, washed with water and brine, dried (Na,SO,), and
concentrated. The residue was exposed to high vacuum for 30 h. The curde material was
redissolved in MeCN (102 mL)/THF (52 mL) and DMP (2.83 mL, 23.1 mmol) and CSA (358 mg,
1.54 mmol) were added to the solution. The reaction mixture was strirred for 15 min at room
temperature, and the progress of the reaction was monitored by TLC (hexane/EtOAc 1:1). After
quenching the reaction by triethylamine, the reaction mixture was concentrated and the residual
volatile was co-evaporated with toluene. The residue was purified by column chromatography on
silica gel (CHCl;/MeOH 100:1—80:1—70:1) to give compound S4 (5.92 g, 65 %).

[a]p =-6.1 ° (¢ 1.0, CHCl3); 'H NMR (500 MHz, CDCls): & 7.55-7.33 (m, 5 H, Ph), 5.25 (d, 1 H,
Inms = 7.7 Hz, NH), 4.85 (d, 1 H, Jgem = 12.1 Hz, CI3CCH,), 4.61 (d, 1 H, CI3CCH,), 4.15 (dd, 1 H,
Jr3=7.2Hz, J39. = 6.3 Hz, Jg 9, = 6.5 Hz, H-8), 4.06 (dd, 1 H, Jgem = 8.5 Hz, H-9a), 3.94 (dd, 1 H,
H-9b), 3.70 (m, 2 H, H-4, H-5), 3.61 (t, | H, J; on = 7.3 Hz, H-7), 3.51 (s, 3 H, COOMe), 3.43 (d, 1
H, Js¢ = 9.4 Hz, H-6), 3.28 (d, 1 H, OH-7), 2.94 (dd, 1 H, Jeem = 12.9 Hz, J3q4 = 4.1 Hz, H-3eq),
2.80 (d, 1 H, J40n = 3.6 Hz, OH-4), 1.90 (dd, 1 H, J55x4 = 11.0 Hz, H-3ax), 1.33, 1.25 ppm (2 s, 6 H,
(CH;),C); PC NMR (125 MHz, CDCls): & 169.1,155.9, 136.7, 130.0, 128.9, 128.6, 108.8, 95.2, 87.3,
76.1,74.9,74.7,70.1, 68.2, 67.2, 54.0, 52.3, 40.7, 26.7, 25.4 ppm; HRMS: m/z: found [M+Na]"
610.0443, C5,H,3C13NOoS caled for [M+Na]" 610.0443.

>< CAc,0 ><
o DMAP

0

0 COOMe K,CO5 0 COOMe

TrocHN-< o SPh CHgC|2 TrocHN-< o SPh
HO -50°C HO

OH OCAc
S4 S5

DMAP (2.1 mg, 17.0 umol) and K,CO5 (235 mg, 1.70 mmol) were added to a solution of compound
S4 (200 mg, 340 umol) in CH,Cl, (6.8 mL). The mixture was then cooled to -50 °C, and

chloroacetic anhydride (67.0 mg, 374 umol) was added to the solution. The reaction mixture was
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stirred for 3 h at -50 °C with monitoring of the reaction by TLC (PhMe/EtOAc 5:2). After
quenching the reaction with water, the resulting mixture was extracted with CHCI;, and combined
extracts were washed with water and brine, dried (Na,SO,), and concentrated. The residue was
purified by column chromatography on silica gel (PhMe/EtOAc 5:2) to give compound S5 (217 mg,
96 %).

[a]p =-67.0 ° (¢ 1.0, CHCls); '"H NMR (500 MHz, CDCl3): & 7.55-7.33 (m, 5 H, Ph), 5.48 (d, 1 H,
Inms = 9.0 Hz, NH), 5.11 (td, 1 H, J3axs = Jas = 11.7 Hz, J3eq,4 = 5.1 Hz, H-4), 478 (d, 1 H, Jgem =
12.1 Hz, C15CCHy), 4.67 (d, 1 H, C13CCHy,), 4.17 (dd, 1 H, J;3 = 7.2 Hz, Jg9, = 6.3 Hz, Jg9» = 6.1 Hz,
H-8), 4.06 (m, 3 H, H-9a, CICH,), 3.95 (dd, 1 H, H-9b), 3.88 (dd, 1 H, J5s5 = 10.6 Hz, H-5), 3.60 (dd,
1 H, J;0n = 6.9 Hz, H-7), 3.53 (s, 3 H, COOMe), 3.49 (d, 1 H, H-6), 3.18 (d, 1 H, OH-7), 2.91 (dd, 1
H, Jeem = 12.7 Hz, H-3eq), 1.99 (dd, 1 H, H-3ax), 1.34, 1.26 ppm (2 s, 6 H, (CH3),C); BC NMR (125
MHz, CDCl): 6 168.5, 167.5, 155.4, 36.7, 130.0, 128.7, 128.6, 108.8, 95.2, 86.9, 77.2, 76.0, 74.7,
74.5,70.8, 69.9, 67.0, 52.4, 51.9, 40.6, 37.3, 26.8, 25.3 ppm; HRMS: mVz: found [M+Na]" 686.0155,
Ca4Ha9CINO S caled for [M+Na]™ 686.0158.

Ho wo o

e COOMe DMAP Q COOMe
TrocHN < Q SPh TF\l,"TF TrocHN < Q SPh
HO AcO
OCAc OCAc
S5 1

Acetic anhydride (655 pL, 6.94 mmol) and DMAP (42.0 mg, 347 umol) were added to a solution of
compound S5 (2.31 g, 3.47 mmol) in THF (34.7 mL)l. The reaction mixture was stirred for 3.5 h at
room temperature. Completion of the reaction was confirmed by TLC (hexane/EtOAc 2:1). After
quenching with EtOH, the residual mixture was diluted with EtOAc and washed with 2 M aqueous
HCI, water, saturated aqueous NaHCOj; solution, and brine, dried (Na,SQO,), and concentrated. The
residue was purified by column chromatography on silica gel (hexane/EtOAc 2:1—3:2) to give
compound 11 (2.43 g, 99 %).

[a]p=+19.4° (c 0.9, CHCL;); '"H NMR (400 MHz, CDCl;): & 7.56-7.35 (m, 5 H, Ph), 5.31 (dd, 1 H,
Jo7=14Hz, J;3=5.5Hz, H-7), 5.12 (ddd, 1 H, J3ax4 = 11.9 Hz, J3¢q 4 = 5.0 Hz, J; s = 10.5 Hz,
H-4), 4.87 (d, 1 H, Jyus = 9.6 Hz, NH), 4.79 (d, 1 H, Jgem = 11.9 Hz, CI3CCH,), 4.51 (d, 1 H,
CI3CCH,), 4.27 (dd, 1 H, Jg9, = 6.0 Hz, Jg 9, = 6.4 Hz, H-8), 4.03-3.91 (m, 4 H, H-9a, H-9b, CICH,),
3.79 (dd, 1 H, Js¢ = 10.5 Hz, H-6), 3.64 (s, 3 H, COOMe), 3.59 (dd, 1 H, H-5),2.91 (dd, 1 H, Jeem =
12.8 Hz, H-3eq), 2.17 (s, 3 H, Ac), 1.94 (dd, 1 H, H-3ax), 1.34, 1.29 ppm (2 s, 6 H, (CH;),C); °C
NMR (125 MHz, CDCl3): 8 170.2, 169.0, 166.7, 154.2, 135.1, 129.1, 128.8, 128.8, 109.3, 97.8, 95.2,
74.6,73.1,71.1,70.8, 69.5, 67.2, 66.9, 61.1, 52.9, 50.9, 40.5, 36.8, 26.6, 25.3, 20.9 ppm; HRMS:

1 A. Sakakura, K. Kawajiri, T. Ohkubo, Y. Kosugi, K. Ishihara, J. Am.Chem. Soc. 2007, 129,
14775-14779.
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Mz found [M+Na]" 728.0264, C»sH;;CL,NO ;S caled for [M+Na]” 728.0264.

e

o A
0 COOMe NIS e COOMe
. OBn TfOH OBn
TrocHN—< 0 SPh HO/\[( EtCN TrocHN-< 0 O/\H/
AcO o] Ac 0

OCAc MS3A O ocAc
1 12 $6 (a), S7 (B)

3A molecular sieves (1.0 g) were added to a solution of compounds 11 (400 mg, 565 pmol) and 12
(96.4 uL, 679 pL) in EtCN (11.3 mL). The suspension was stirred for 1 h at room temperature,
then cooled to -60 °C. NIS (161 mg, 679 umol) and TfOH (18.1 uL, 204 pmol) were added to the
solution and stirring was continued for 2 h, after which TLC analysis (CHCls/acetone 25:1) indicated
completion of the reaction. The reaction mixture was made alkaline to pH 8 with saturated aqueous
NaHCOj; solution at 0 °C, filtered through Celite, and the filter bed was washed with EtOAc. The
combined filtrate and washings were extracted with EtOAc, and the organic layer was washed with
saturated aqueous Na,S,05 solution and brine, dried (Na,SO,), and concentrated. The residue was
purified by column chromatography on silica gel (CHCls/acetone 33:1—30:1) to give compounds S6
(249 mg, 58 %) and S7 (151 mg, 35 %).

Compound S6: [a]p =+3.1 ° (¢ 1.0, CHCL3); "H NMR (600 MHz, CDCl3): § 7.39-7.33 (m, 5 H, Ph),
5.33(dd, 1 H, Js7=1.4 Hz, J;3 = 4.8 Hz, H-7), 5.26 (ddd, 1 H, J3ax4 = 11.0 Hz, J3¢q 4 = 4.9 Hz, J45
=10.4 Hz, H-4), 5.19 (d, 1 H, Jgem = 15.9 Hz, PhCH>), 5.17 (d, 1 H, PhCH>), 5.00 (d, 1 H, Inus =
9.8 Hz, NH), 4.78 (d, 1 H, Jeem = 12.1 Hz, C13CCH,), 4.54 (d, 1 H, CI3CCH,), 4.36 (s, 2 H,
OCH,CO0), 4.30 (dd, 1 H, Jg9, = 6.9 Hz, Jg o, = 6.2 Hz, H-8), 4.02 (m, 3 H, H-9a, CICH), 3.93 (dd, 1
H, Joem = 8.3 Hz, H-9b), 3.90 (dd, 1 H, Js s = 11.0 Hz, H-6), 3.76 (s, 3 H, COOMe), 3.67 (dd, 1 H,
H-5), 2.85 (dd, 1 H, Jgem = 12.4 Hz, H-3eq), 2.13 (s, 3 H, Ac), 1.99 (t, 1 H, H-3ax), 1.35, 1.34 ppm
(2 s, 6 H, (CH3),C); *C NMR (100 MHz, CDCl): 8 170.3, 168.9, 167.2, 166.9, 154.0, 135.1, 128.6,
128.6, 108.8, 98.3, 95.1, 75.0, 74.6, 72.8, 70.4, 69.0, 66.9, 65.8, 61.7, 53.0, 51.6, 40.5, 37.1, 26.5,
25.3, 20.8 ppm; HRMS: nVz found [M+N.a1]+ 784.0705, CoH35CI,NO 4 caled for [M+Na]”
784.0704.

Compound S7: [a]p =-12.2 ° (¢ 1.2, CHCls); '"H NMR (500 MHz, CDCls): & 7.44-7.35 (m, 5 H, Ph),
5.31 (m, 1 H, H-4), 5.28 (d, 1 H, Jgem = 11.9 Hz, PhCH,), 5.03 (dd, 1 H, Js7 = 1.9 Hz, J;3 = 8.4 Hz,
H-7),4.84 (d, 1 H, Jgem = 12.1 Hz, CI3CCH,), 4.67 (d, 1 H, Jyus = 10.4 Hz, NH), 4.50 (d, 1 H,
CI3CCH»), 4.47 (d, 1 H, Jgem = 16.3 Hz, OCH,CO), 4.28 (d, 1 H, OCH,CO), 4.27 (m, 1 H, H-8), 4.04
(dd, 1 H, J55=10.8 Hz, H-6), 4.02-3.95 (m, 3 H, H-9a, CICH,), 3.89-3.81 (m, 2 H, H-5, H-9b), 3.76
(s, 3 H, COOMe), 2.57 (dd, 1 H, Jeem = 13.1 Hz, H-3eq), 2.10 (s, 3 H, Ac), 2.03 (t, 1 H, H-3ax), 1.34,
1.28 ppm (2 s, 6 H, (CH3),C); °C NMR (125 MHz, CDCl3): § 170.2, 169.0, 166.7, 166.6, 154.2,
135.0, 129.0, 128.8, 128.7, 109.2, 97.7, 95.2, 74.6, 73.1, 71.1, 70.8, 69.5, 67.1, 66.9, 61.0, 52.8, 50.9,
40.5,36.7, 26.5, 25.2, 20.8 ppm; HRMS: m/z: found [M+Na]" 784.0804, C,0H35CI;NO 4 calcd for
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[M+Na]" 784.0704.

Ho

COOMe (NHy), ACOH COOMe

oBn 2, OBn

TrocHN—< Q Oﬁf THF-DMF TrocHN— Q O/ﬁ(

A0 Geac 0 (&) A0 Gy 0
s6 13

Hydrazine acetate (90.0 mg, 972 pmol) was added to the solution of compound S6 (296 mg, 389
pmol) in THF (3.9 mL)/DMF (3.9 mL). The mixture was stirred for 3.5 h at room temperature with
monitoring of the reaction by TLC (hexane/EtOAc 1:1). The mixture was diluted with EtOAc, and
this solution was washed with 2 M aqueous HCI, water, saturated aqueous NaHCO; solution, and
brine, dried (Na,SO,4) and concentrated. The residue was purified by column chromatography on
silica gel (hexane/EtOAc 3:4) to give compound 13 (244 mg, 92 %).

[a]p = +8.7 ° (¢ 1.2, CHCl3); 'H NMR (600 MHz, CDCls): & 7.39-7.33 (m, 5 H, Ph), 5.48 (d, 1 H,
Inis = 8.9 Hz, NH), 5.33 (d, 1 H, Js7 =4.1 Hz, H-7), 5.20 (d, 1 H, Jgem = 11.7 Hz, PhCH,), 5.17 (d,

1 H, PhCH>), 4.71 (d, 1 H, Jgem = 12.3 Hz, CI3CCH»), 4.64 (d, 1 H, CI3CCH,), 4.39 (d, 1 H, Jgem =
16.5 Hz, OCH,CO), 4.31 (m, 2 H, H-8, OCH,CO), 4.05 (m, 2 H, H-4, H-9a), 3.94 (m, 2 H, H-6,
H-9b), 3.74 (s, 3 H, COOMe), 3.32 (dd, 1 H, J;5= 8.3 Hz, Js 5= 10.3 Hz, H-5), 3.14 (d, 1 H, Jon7 =
4.8 Hz, OH-7), 2.78 (dd, 1 H, Jgem = 13.7 Hz, J3eq4 = 5.2 Hz, H-3eq), 2.09 (s, 3 H, Ac), 1.96 (dd, 1 H,
Jsaxa = 9.6 Hz, H-3ax), 1.34, 1.26 ppm (2 s, 6 H, (CH3),C); >C NMR (150 MHz, CDCls): & 170.6,
169.5, 167.8, 154.4, 135.1, 128.6, 128.6, 128.5, 108.8, 98.7, 95.2, 75.2, 74.6, 72.3, 69.5, 67.5, 66.9,
65.7,61.4,55.0, 52.8, 39.0, 29.7, 26.4, 25.4, 20.7 ppm; HRMS: m/z: found [M+Na]" 708.0986,
C,7H34C13NO ;3 caled for [M+Na]” 708.0988.

0 SPh 1 80% ag. AcOH, 45°C o] SPh
OMBn OMBn
0 OAc

o y\ 2.Ac0,DMAP/PY,RT A &

80 % aqueous AcOH (180 mL) was added to a flask containing compound S8 (3.75 g, 9.00 mmol).

S8 14

The mixture was stirred for 3 h at 45 °C, as the progress of the reaction was monitored by TLC
(hexane/EtOAc 1:1). The reaction mixture was then concentrated, the remaining volatiles were
co-evaporated with toluene, and the residue was exposed to high vacuum for 20 h. The crude
material was redissolved in pyridine (90.0 mL) and then acetic anhydride (3.40 mL, 36.0 mmol) and
DMAP (110 mg, 0.900 mmol) were added to the solution at 0 °C. The mixture was stirred for 45
min at room temperature, when completion of the reaction was confirmed by TLC (hexane/EtOAc
2:1). After quenching with EtOH, the mixture was concentrated and the residual volatiles were

co-evaporated with toluene. The residue was redissolved in EtOAc, and this solution was washed
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with 2 M aqueous HCI, water, saturated aqueous NaHCOj; solution, and brine, dried (Na,;SOy), and
concentrated. The residue was purified by column chromatography on silica gel (hexane/EtOAc
2:1) to give compound 14 (3.51 g, 85 %).

[a]p = +15.0 ° (¢ 1.5, CHCl3); 'H NMR (400 MHz, CDCl;): § 7.61-6.84 (m, 9 H, Ar), 5.24 (d, 1 H,
J;4=3.2 Hz, H-4), 5.00 (dd, 1 H, J,3 = 9.6 Hz, H-3), 4.75 (d, 1 H, Jeem = 10.5 Hz, ArCH>), 4.69 (d,
1 H,J1,=9.7Hz, H-1),4.51 (d, 1 H, ArCH,), 3.78 (s, 3 H, OMe), 3.75 (m, 1 H, H-5), 3.71 (dd, 1 H,
H-2),2.15 (2's, 6 H, 2 Ac), 1.21 ppm (d, 3 H, J5c = 6.8 Hz, H-6); °C NMR (100 MHz, CDCls): &
170.4, 169.8, 159.3, 133.5, 131.8, 130.0, 129.5, 128.8, 127.5, 113.7, 87.5, 74.9, 74.6, 72.7, 70.8, 55.2,
20.7, 20.6, 16.5 ppm; HRMS: nVz: found [MJrNa]+ 483.1448, CyH,304S caled for [MJrNa]+

483.1448.
g .
0 COOMe NIS 0 COOMe
OBn TfOH OBn
SPh
mMBn + TrocHN-—< o O/\H/ ——— > TrocHN-< a0 O/W
OAc AcO 0 tBuOMe-CH,Cl, AcO 0
AcO OH (1:1) o
14 13 MS4A =0
-40°C OMBnN
OAc

AcO s9

4A molecular sieves (605 mg) were added to a solution of compounds 14 (331 mg, 718 umol) and

13 (274 mg, 399 umol) in tBuOMe (14.4 mL)/CH,Cl, (14.4 mL). The suspension was stirred for 1
h at room temperature, then cooled to -40 °C. NIS (204 mg, 862 umol) and TfOH (7.6 uL, 86.2
pumol) were added to the solution and stirring was continued for 2 h, after which TLC analysis
(PhMe/EtOAc 2:1) indicated completion of the reaction. The reaction mixture was made alkaline

to pH 8 with saturated aqueous NaHCOj; solution at 0 °C, filtered through Celite, and the filter bed
was washed with EtOAc. The combined filtrate and washings were extracted with EtOAc, and the
organic layer was washed with saturated aqueous Na,S,0; solution and brine, dried (Na,SO,), and
concentrated. The residue was purified by column chromatography on silica gel (PhMe/EtOAc

2:1) to give compound S9 (313 mg, 76 %).

[a]p =+50.0 ° (¢ 0.6, CHCL3); '"H NMR (500 MHz, CDCl;): & 7.37-7.32 (m, 5 H, Ph), 7.24, 6.89 (2 d,
4 H, J=28.6 Hz, Ar), 5.30 (dd, 1 H, Js, = 1.2 Hz, J;5 = 5.1 Hz, H-7%), 5.21-5.14 (m, 5 H, H-3", H-4",
NH, PhCH,), 4.88 (d, 1 H, J;, =4.0 Hz, H-1°), 4.84,4.45 (2 d, 2 H, Jeem = 12.1 Hz, CI3CCH,), 4.59,
452 (2d,2H, Jgem = 11.4 Hz, ArCH,), 4.39,4.32 (2d, 2 H, Jgem = 16.1 Hz, OCH,CO), 4.29 (m, 1 H,
H-8%), 4.21-4.13 (m, 2 H, H-4*, H-5"), 4.06 (dd, 1 H, Jeem = 8.6 Hz, Js 0, = 6.9 Hz, H-9a"), 4.00 (d, 1
H, Js s = 10.9 Hz, H-6%), 3.94 (dd, 1 H, H-9b%), 3.82-3.72 (m, 7 H, H-2°, COOMe, ArOMe), 3.30 (dd,
1 H, J45 = 10.3 Hz, Jxy s = 8.6 Hz, H-5"), 2.84 (dd, 1 H, Jgem = 12.6 Hz, J3eq4 = 4.6 Hz, H-3eq"), 2.15,
2.12,1.98 35,9 H, 3 Ac), 1.77 (dd, 1 H, J34x4 = 11.5 Hz, H-3ax"), 1.34 (s, 6 H, (CH;),C), 1.06 ppm
(d,3H,Js6=6.3 Hz, H-6"); *C NMR (125 MHz, CDCl;): 8 170.8, 170.3, 169.8, 169.1, 167.4,
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159.4, 153.4,135.2, 129.8, 129.5, 128.6, 128.5, 128.4, 113.9, 108.7, 98.5, 95.2, 95.0, 75.2, 74.6, 72.9,
72.4,72.0,71.4,71.0,69.8, 69.5, 66.7, 65.8, 64.9, 61.5,55.2,52.7, 52.4, 37.0, 29.6, 26.4, 25.4, 20.9,
20.7, 20.6, 16.0 ppm; HRMS: nVz found [MJrNa]+ 1058.2354, C45Hs6CIsNO» caled for [MJrNa]+
1058.2353.

o f COOMe ) o §f COOMe
OBn - OBn
TroM OAH/ TrocHN—< /20 OA[(
AcO o (@] AcO 0 (e}
/@domsn WOH
OAc OAc

AcO S9 AcO S10

2,3-Dichloro-5,6-dicyano-p-benzoquinone (80.2 mg, 335 umol) was added to a solution of
compound S9 (232 mg, 224 umol) in CH,Cl, (4.5 mL)/H,0O (450 uL). The suspension was stirred
for 4 h at room temperature. Completion of the reaction was confirmed by TLC (hexane/EtOAc
1:1). The mixture was diluted with CHCI3, and the organic layer was washed with saturated
aqueous NaHCOs solution and brine, dried (Na,SOy), and concentrated. The residue was purified
by column chromatography on silica gel (hexane/EtOAc 1:1) to give compound S10 (195 mg,

95 %).

[a]p =+81.0° (c 0.8, CHCl3); '"H NMR (500 MHz, CDCl5): & 7.40-7.33 (m, 5 H, Ph), 5.35 (dd, 1 H,
Jo7=1.2Hz, J;5=5.2 Hz, H-7%), 5.27 (d, 1 H, Jns = 9.2 Hz, NH), 5.22 (d, 1 H, Js 4 = 2.9 Hz, H-4"),
5.20,5.17 (2 d, 2 H, Jgem = 12.6 Hz, PhCH,), 5.05 (dd, 1 H, J,3 = 10.0 Hz, H-3%), 5.00 (d, 1 H, Jiz=
4.0 Hz, H-1"), 4.70,4.62 (2 d, 2 H, Jeem = 12.1 Hz, C13CCHy), 4.38,4.34 (2 d, 2 H, Joem = 16.6 Hz,
OCH,CO), 4.31 (m, 1 H, H-8%), 4.13 (m, 1 H, H-5"), 4.07-3.99 (m, 2 H, H-4*, H-9a"), 3.93 (dd, 1 H,
Jeem = 8.1 Hz, Jg op = 6.9 Hz, H-9b"), 3.88-3.77 (m, 2 H, H-6", H-2%), 3.74 (s, 3 H, COOMe), 3.47 (dd
1 H, J45=10.3 Hz, Js s = 9.7 Hz, H-5%), 2.85 (dd, 1 H, Jgem = 13.2 Hz, Js¢q4 = 5.1 Hz, H-3eq"), 2.14,
2.14,2.07 3's,9 H, 3 Ac), 1.94 (dd, 1 H, J34x4 = 11.5 Hz, H-3ax"), 1.34 (s, 6 H, (CH;),C), 1.13 ppm
(d,3H,J55=6.9 Hz, H-6"); *C NMR (125 MHz, CDCl;): 8 170.8, 170.5, 170.4, 169.1, 167.5,
154.5, 135.1, 128.6, 128.5,108.8, 100.9, 98.3, 95.0, 75.6, 75.0, 74.8, 72.3, 71.1, 70.9, 69.1, 66.8,
66.7,65.7, 65.4, 61.6, 60.4, 52.8, 52.6, 39.0, 26.4, 25.3, 21.0, 20.8, 20.8, 20.6, 15.9, 14.1 ppm;
HRMS: nVz: found [M+Na]" 938.1778, C37H4sCI3NO g caled for [M+Na]™ 938.1778.
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L
of § COOMe N COOMe
OBn 1.80% aq. AcOH, 50°C OBn
T’°WOW 2. Ac,0, DMAP / Py, RT T’°:WO/\Q/
WOH WOAC
Ac c)OAc s10 Ac c)OAc st

80 % aqueous AcOH (25.0 mL) was added to a flask containing compound S10 (912 mg, 994 pmol).
The mixture was stirred for 16 h at 50 °C. Completion of the reaction was confirmed by TLC
(CHCI3/MeOH 15:1). The mixture was then concentrated and remaining volatiles were
co-evaporated with toluene, and the residue was exposed to high vacuum for 1 h. The crude
material was redissolved in pyridine (20.0 mL) and then acetic anhydride (1.0 mL) and DMAP (12.1
mg, 99.4 umol) was added to the solution at 0 °C. The reaction mixture was stirred for 1.5 h at
room temperature, when completion of the reaction was confirmed by TLC (hexane/EtOAc 1:2).
After quenching with EtOH, the mixture was concentrated and the residual volatiles were
co-evaporated with toluene. The residue was redissolved in EtOAc, and this solution was washed
with 2 M aqueous HCI, water, saturated aqueous NaHCO; solution, and brine, dried (Na,SO,), and
concentrated. The residue was purified by column chromatography on silica gel (hexane/EtOAc
2:3) to give compound S11 (971 mg, 97 %).

[a]p = +38.3 ° (¢ 2.0, CHCLs); '"H NMR (600 MHz, CDCl;):  7.38-7.31 (m, 5 H, Ph), 5.34-5.31 (m,
3 H, NH, H-8", H-4"), 5.25 (m, 2 H, H-7°, H-3"), 5.19,5.14 (2 d, 2 H, Jeem = 12.3 Hz, PhCH,), 5.13
(d, 1 H, J;,=4.1 Hz, H-1"), 5.10 (m, 1 H, H-2"), 5.07,4.36 (2d, 2 H, Jgem = 12.4 Hz, CI3CCH,),
4.33,4.29 (2d, 2 H, Jgem = 16.5 Hz, OCH,CO), 4.24-4.15 (m, 5 H, H-4", H-6", H-9a", H-9b", H-5%),
3.72 (s,3 H, COOMe), 3.18 (dd 1 H, Js 5 = Js 6 = 10.3 Hz, H-5"), 2.74 (dd, 1 H, Jgem = 13.0 Hz, J3eq4
=4.8 Hz, H-3eq"), 2.18-1.98 (6 s, 18 H, 6 Ac), 1.69 (dd, 1 H, J3,x4 = 11.7 Hz, H-3ax"), 1.08 ppm (d,
3 H, Js = 6.2 Hz, H-6"); >C NMR (150 MHz, CDCl;): 8 170.8, 170.6, 170.4, 170.3, 169.9, 169.8,
169.2, 167.1, 153.6, 135.3, 128.5, 128.3, 128.3,97.9,95.4,94.2, 74.2, 71.2, 70.9, 70.3, 67.9, 67.7,
67.7,67.4, 66.6, 65.0, 61.8, 61.7, 52.9, 52.3, 37.5, 20.9, 20.9, 20.7, 20.6, 20.6, 15.8 ppm; HRMS:
m/z: found [M+Na]" 1024.1783, C4HsoC15NO»; caled for [M+Na]™ 1024.1782.

OAc OAc

AcQ COOMe AcQ COOMe
OBn 1.Zn/AcOH, RT OBn
TrocHN—> /320 o/ﬁ( AcHN—" /30 o/\[(
AO G o 2. Ac,0, DMAP / Py, RT AO g o
WOAC WOAC
AcoAC AcoORC
S11 15

Activated zinc powder (4.84 g) was added to a solution of compound S11 (971 mg, 968 pmol) in

AcOH (32.3 mL). The suspension was stirred for 4.5 h at room temperature with monitoring the
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reaction by TLC (CHCI3/MeOH 10:1). The mixture was filtered through Celite, and the filter bed
was washed with CHCI;. The combined filtrate and washings were washed with saturated aqueous
NaHCQOs, dried (Na,SOy) and concentrated. The residue was exposed to high vacuum for 1 h, and
was then redissolved in pyridine (20.0 mL) and then acetic anhydride (1.0 mL) and DMAP (12.1 mg,
99.4 umol) were added to the solution at 0 °C.  The reaction mixture was stirred for 2.5 h at room
temperature until the completion of the reaction was indicated by TLC (CHCls/acetone 4:1). The
reaction mixture was then concentrated and the residual volatiles were co-evaporated with toluene.
The residue was redissolved in EtOAc, and this solution was washed with 2 M aqueous HCI, water,
saturated aqueous NaHCOj; solution, and brine, dried (Na,SOy4), and concentrated. The residue was
purified by column chromatography on silica gel (CHCls/acetone 2:1) to give compound 15 (681 mg,
81 %).

[a]p =+68.5° (¢ 0.9, CHCLy); '"H NMR (500 MHz, CDCl;): & 7.38-7.31 (m, 5 H, Ph), 5.36 (m, 1 H,
H-8%), 5.30 (m, 3 H, NH, H-3", H-4"), 5.25 (dd, 1 H, Jss = 1.7 Hz, J;5 = 8.6 Hz, H-7%), 5.20, 5.14 (2
d, 2 H, Jgem = 12.6 Hz, PhCH>), 5.17 (d, 1 H, J;, = 4.1 Hz, H-1%), 5.02 (dd, 1 H, J,5 = 10.9 Hz, H-2"),
4.32 (s, 2 H, OCH,CO), 4.26 (dd, 1 H, Js.9, = 2.9 Hz, Jgem = 12.6 Hz, H-92"), 4.18-4.09 (m, 3 H,
H-4°, H-9b*, H-5), 4.04 (dd, 1 H, J5 = 10.3 Hz, H-6%), 3.73 (s, 3 H, COOMe), 3.48 (m 1 H, H-5"),
2.77 (dd, 1 H, Jgem = 12.6 Hz, Jseq4 = 4.6 Hz, H-3eq"), 2.15-1.91 (7 s, 21 H, 7 Ac), 1.90 (m, 1 H,
H-3ax"), 1.12 ppm (d, 3 H, J5 s = 6.9 Hz, H-6"); >*C NMR (--- MHz, CDCls): & --- ppm; HRMS: m/z:
found [M+Na]" 892.2845, C30Hs;NO,, calcd for [M+Na]" 892.2846.

OAc OAc
AcO COOMe AcQ COOMe
OH
AcHN O/\H/ Pd( OH)z AcHN—=_ /20 O/W
AcO
AO EtOAc “ 0 o
RT
b O OAc 0 OAc
Ac0®AC Ac0MC
15 16

20 % Pd(OH), on activated carbon (82 mg) was added to a solution of compound 15 (164 mg, 189
pmol) in EtOAc (9.4 mL). The suspension was stirred under a hydrogen stream for 5 h at room
temperature. After the completion of the reaction was confirmed by TLC (CHCl;/MeOH 10:1), the
mixture was filtered through Celite, and the filtrate was concentrated to give compound 16 (146 mg,
99 %).

[a]p =+91.5° (¢ 0.5, CHCls); '"H NMR (500 MHz, CDCL3): 8 5.77 (d, 1 H, Jxus = 7.9 Hz, NH),

5.36 (m, 1 H, H-8%), 5.26 (m, 3 H, H-7*, H-1°, H-4"), 5.10 (m, 2 H, H-2", H-3"), 4.36, 426 (2 d, 2 H,
Jeem = 16.8 Hz, OCH,CO), 4.31 (m, 3 H, H-4°, H-6", H-9a"), 4.15 (m, 2 H, H-9b", H-5%), 3.80 (s, 3 H,
COOMe), 3.26 (dd 1 H, Js5 = Js s = 8.7 Hz, H-5%), 2.69 (dd, 1 H, Jyem = 13.5 Hz, J3q4 = 4.8 Hz,
H-3eq"), 2.20-1.99 (7 s, 21 H, 7 Ac), 1.78 (dd, 1 H, J3ax4 = 9.6 Hz, H-3ax"), 1.10 ppm (d, 3 H, Js s =
6.6 Hz, H-6"); *C NMR (125 MHz, CDCl3): § 171.3, 171.1, 170.7, 170.5, 170.4, 170.2, 170.1, 167.4,
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98.2,94.7,77.6,72.1,70.9,70.2, 68.4, 67.9, 67.8, 67.8, 65.1, 62.2, 61.6, 53.1, 52.3, 36.3, 23.5, 21.0,
20.9, 20.8, 20.7, 20.7, 20.6, 15.9 ppm; HRMS: mVz: found [M+Na]" 802.2375, C3,H4sNO,; calcd for

n

[M+Na] 802.2376.
COOMe
1. PPh; / THF-H,0 (98:2), 40°C
BocHN BnO 2. Compound 16, HBTU, HOB,
HO Ho  HO BhO DIEA / DMF, RT
OMB" 3. Ac,0, DMAP / Py, RT
HO COOMe

PPh; (26.6 mg, 101 pmol) was added to a solution of compound 9 (41.7 mg, 33.8 umol) in THF (1.1
mL)/H,0 (30 uL). The mixture was stirred for 6 h at 40 °C with the monitoring the reaction by
TLC (CHCI3/MeOH 5:1).  The reaction mixture was then concentrated and remaining volatiles
were co-evaporated with toluene. The residue wase exposed to high vacuum for 12 h. Then the
crude material and compound 16 (26.3 mg, 33.8 pumol) were dissolved in DMF (1.0 mL) and then
HBTU (15.4 mg, 40.6 umol) and HOBt (5.5 mg, 4.06 pmol) were added to the solution. The
mixture was stirred for 9 h at room temperature. DIEA (14.1 pL, 81.8 umol) was added to the
solution, and then stirring was continued for 45 min at room temperature. Completion of the
reaction was confirmed by TLC (CHCl;/MeOH 6:1). The mixture was diluted with EtOAc, and
this solution was washed with water and brine, dried (Na,SO,), and concentrated. The residue was
subjected to column chromatography on silica gel (CHCl;/MeOH 25:1—15:1) and Sephadex LH-20
(MeOH) to give crude pentasaccharide (57.0 mg). The crude material was dissolved in pyridine
(1.0 mL), and acetic anhydride (500 pL) and DMAP (1.0 mg) were added to the solution. The
reaction mixture was stirred for 4 h at room temperature. Completion of the reaction was
confirmed by TLC (CHCIl;/MeOH 15:1).  After quenching with MeOH, the mixture was diluted
with EtOAc, and this solution washed with 2 M aqueous HCI, water, saturated aqueous NaHCO;
solution, and brine, dried (Na,SO,), and concentrated. The residue was purified by column
chromatography on silica gel (CHCI;/MeOH 55:1—45:1) to give compound 17 (65.0 mg, 85 %).
[a]p =-37.2 ° (¢ 1.0, CHCls); '"H NMR (500 MHz, CDCl3): & 7.31-7.25 (m, 12 H, Ar), 6.83 (d, 2 H,
J=8.7Hz, Ar), 5.98 (d, 1 H, Jyus = 10.3 Hz, NHF), 5.48 (d, 1 H, Jxus = 8.2 Hz, NH?), 5.45-5.40 (m,
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3 H, H-7°, H-8", H-8%), 5.37-5.26 (m, 6 H, NH", H-7%, H-8°, H-7%, H-1°, H-3), 5.15 (d, 1 H, J; 4= 3.8
Hz, H-4%), 5.07 (dd, 1 H, J;,=3.8 Hz, J,5 = 10.6 Hz, H-2°), 4.87-4.64 (m, 7 H, H-4°, ArCH),), 4.35
(d, 1 H, Jss=10.9 Hz, H-6"), 432 (d, 1 H, J;, = 7.9 Hz, H-1%), 4.28 (m, 2 H, H-9a%, OCH,CO),
4.23-3.94 (m, 11 H, H-6a", H-9a, H-5, H-9a°, H-9b°, H-4°, H-6", H-9b*, H-5°, OCH,CO,
TMSCH,CH,), 3.91-3.79 (m, 14 H, H-9b°, H-6°, 3 COOMe, OMe), 3.72-3.48 (m, 6 H, H-3%, H-4*,
H-6b°, H-4°, H-5", TMSCH,CH,), 3.36 (m, 3 H, H-2% H-5%, H-5%), 2.67 (m, 2 H, H-3eq", H-3eq"),
2.27 (dd, 1 H, Jgem = 12.6 Hz, Jseqs = 3.9 Hz, H-3eq"), 2.19-1.97 (14 5, 42 H, 14 Ac), 1.86-1.68 (m, 3
H, H-3ax", H-3ax%, H-3ax"), 1.45 (s, 9 H, (CH;);C), 1.11 (d, 3 H, Js s = 6.5 Hz, H-6°) 1.02 ppm (m, 2
H, TMSCH,CH,); *C NMR (125 MHz, CDCl;): 8 170.6, 170.5, 170.5, 170.4, 170.2, 170.1, 170.0,
169.9, 169.9, 169.8, 169.8, 169.7, 167.8, 167.5, 167.2, 159.1, 155.7, 138.7, 138.4, 130.7, 129.7,
128.3,128.2,128.2, 127.8, 127.7, 127.4, 113.7, 103.1, 98.6, 98.5, 98.4, 94.9, 84.5, 81.8, 79.2, 77.6,
77.4,75.6,74.9,74.3,73.7,72.7,72.5,72.3,71.2, 70.9, 70.8, 68.7, 68.3, 68.2, 68.1, 67.9, 67.7, 67.5,
67.3,67.0, 65.1,63.5, 63.4,62.5, 62.3, 62.1, 55.2, 53.1, 53.0, 51.9, 51.7, 50.5, 48.5, 39.6, 38.4, 37.4,
29.6,28.4,28.3,23.6,21.3,21.3,21.1,21.0, 20.8, 20.8, 20.7, 20.7, 20.6, 20.5, 20.5, 18.4, 15.9, -1.5
ppm; HRMS: mVz: found [M+Na]" 2284.8403, C04H,43N305,Si calcd for [M+Na]™ 2284.8401.

ACO OAc
0
3 OSE
OMBN
OAcC
AcQ COOMe
OAC
AcO CooMe BocHN Bno‘%o&
a
o o\/ZLAcOAcO AcO BnO OSE
1. DDQ / CH,Cl,-H,0 (20:1), RT AcHN—<__/d NG o) OBz
AcO H 0
2. Bz,0, DMAP / Py, RT /
AcO Sac COOMe
0/ oac
AcohC S12

DDQ (4.5 mg, 19.8 pmol) was added to a solution of compound 17 (37.3 mg, 16.5 umol) in CH,Cl,
(830 uL)/H,O (40 pL). The reaction mixture was stirred for 3.5 h at room temperature with
monitoring of the reaction by TLC (PhMe/acetone 3:2). The mixture was diluted with CHCls, and
the organic layer was washed with saturated aqueous NaHCOj5 solution and brine, dried (Na,SOy,),
and concentrated. The crude material was exposed to high vacuum for 24 h, and redissolved in
pyridine (1.0 mL). Benzoic anhydride (8.4 mg, 37.1 umol) and DMAP (200 pg, 1.24 pmol) were
added to the solution, and the reaction mixture was stirred for h at room temperature. Completion
of the reaction was confirmed by TLC (PhMe/acetone 3:2). After quenching with water, the

mixture was diluted with EtOAc, and the organic layer was washed with 2 M aqueous HCI, water,
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saturated aqueous NaHCOs, and brine, dried (Na,SOy,), and concentrated. The residue was purified
by column chromatography on silica gel (CHCl;/MeOH 50:1—40:1) to give compound S12 (24.8
mg, 67 %).

[a]p =-45.3 ° (¢ 0.5, CHCls); '"H NMR (500 MHz, CDCl): & 8.00-7.09 (m, 15 H, Ph), 6.00 (d, 1 H,
Jnis = 10.3 Hz, NH®), 5.49 (d, 1 H, Jyus = 8.0 Hz, NH?), 5.47-5.41 (m, 3 H, H-7°, H-8", H-§°),
5.38-5.27 (m, 6 H, NH", H-7°, H-7, H-8° H-1°, H-3°), 5.19 (dd, 1 H, Ji»,=8.2Hz, J,5=10.6 Hz,
H-2%,5.16 (d, 1 H, J; 4 = 3.8 Hz, H-4°%), 5.07 (dd, 1 H, J;, = 3.8 Hz, J,3 = 10.6 Hz, H-2°), 4.87-4.59
(m, 5 H, H-4°, PhCH,), 4.42 (d, 1 H, H-1%), 436 (d, 1 H, J5,6 = 10.8 Hz, H-6%), 4.31-4.25 (m, 2 H,
H-92°, H-9a°), 4.23-4.08 (m, 6 H, H-6a", H-9b", H-5°, H-4°, H-5°, OCH,CO), 4.06-3.98 (m, 3 H,
H-6", H-9b°, H-9a%), 3.92-3.80 (m, 10 H, H-6°, H-9b", OCH,CO, 2 COOMe, TMSCH,CH)),
3.74-3.57 (m, 7 H, H-3", H-4*, H-6b*, H-5", COOMe), 3.46 (m, 2 H, H-5°, TMSCH,CH,), 3.34 (m, 1
H, H-5%), 2.68 (m, 2 H, H-3eq’, H-3eq"), 2.30 (dd, 1 H, Joem = 12.9 Hz, J3eq4 = 4.0 Hz, H-3eq),
2.19-1.88 (145,42 H, 14 Ac), 1.84-1.75 (m, 2 H, H-3ax", H-3ax"), 1.70 (t, 1 H, Joem = J3axa = 12.3
Hz, H-3ax"), 1.46 (s, 9 H, (CH3);C), 1.11 (d, 3 H, Js 5 = 6.6 Hz, H-6°) 0.82 ppm (m, 2 H,
TMSCH,CH,); *C NMR (100 MHz, CDCly): & 170.7, 170.6, 170.5, 170.3, 170.2, 170.0, 169.9,
169.8, 168.8, 167.6, 167.5, 167.2, 165.2, 155.7, 138.3, 137.8, 132.9, 130.1, 129.7, 129.0, 128.5,
128.4,128.2,128.2, 128.0, 127.8, 127.5, 125.3, 100.5, 98.7, 98.5, 98.4, 94.8, 82.5, 79.3, 77.7, 77.2,
75.0,74.9,74.0, 73.7,72.7,72.6, 72.5, 72.2, 71.3, 70.9, 70.8, 68.7, 68.3, 68.2, 68.1, 68.0, 67.7, 67.6,
67.0, 65.2, 63.6, 63.0, 62.6, 62.3, 62.1, 53.1, 53.1, 52.0, 51.8, 50.5, 48.5, 39.7, 38.5, 37.4, 29.7, 28.5,
28.3,23.6,21.4,21.3,21.2,21.0,20.9, 20.8, 20.7, 20.7, 20.6, 17.8, 15.9, -1.5 ppm; HRMS: m/z:
found [M+Na]" 2268.8087, C03H39N3050Si calcd for [M+Na]" 2268.8088.

1. TFA/ CH,Cl,, 0°C

2. Ac,0, DMAP / Py, RT coome AGHN Bnoo o
a
3. (NHyp),"AcOH / DMF, RT AHN o\/ZLAcOACO AcO d BnO
4. CCI;CN, DBU / CH,Cl,, 0°C Jovs /\m/ BzO ccl,

W Sac COOMe NH

18
TFA (250 uL) was added to a solution of compound S12 (17.3 mg, 7.70 umol) in CH,CI, (750 pL).
The reaction mixture was stirred for 3 h at 0 °C until TLC analysis (CHCI;/MeOH 15:1) indicated
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completion of the reaction. After quenching by saturated aqueous NaHCOj; solution, the mixture
was extracted with CHCls, dried (Na,;SO,), and concentrated. The residue was exposed to high
vacuum for 18 h and redissolved in pyridine (1.0 mL). Acetic anhydride (500 pL) and DMAP (1.0
mg) were added to the solution, and the mixture was stirred for 1 h at room temperature.

Completion of the reaction was confirmed by TLC (CHCl;/MeOH 10:1). The mixture was then
diluted with EtOAc, and this solution washed with 2 M aqueous HCI, water, saturated aqueous
NaHCOj; solution, and brine, dried (Na,SOy4), and concentrated. The residue was exposed to high
vacuum for 18 h, and redissolved in DMF (770 pL). Hydrazine acetate (1.0 mg, 11.2 pmol) was
added to the solution, and the mixture was stirred for 1 h at room temperature. Completion of the
reaction was confirmed by TLC (CHCIl;/MeOH 15:1). The mixture was then diluted with EtOAc
and washed with water and brine, dried (Na;SOy,), and concentrated. The residue was exposed to
high vacuum for 18 h, and redissolved in CH,Cl, (500 pL). CCI;CN (7.5 uL, 74.6 umol) and DBU
(0.6 puL, 3.73 umol) were added to the solution, and the reaction mixture was stirred for 45 min at

0 °C. After the completion of the reaction was indicated by TLC (CHCl;/MeOH 15:1), the reaction
mixture was concentrated. The residue was purified by column chromatography on silica gel
(CHCl3/MeOH 40:1—35:1) to give compound 18 (7.9 mg, 46 %).

[a]p =-33.2° (¢ 1.6, CHCls); '"H NMR (600 MHz, CDCLy): § 8.41 (s, 1 H, ClLCC=NH), 7.94-7.01
(m, 15 H, Ph), 6.57 (d, 1 H, J;, = 3.5 Hz, H-1%), 6.07 (d, 2 H, Jxps = 10.4 Hz, NH®, NH®), 5.63 (m, 1
H, H-8%), 5.52 (d, 1 H, Juis = 7.6 Hz, NH?), 5.43-5.38 (m, 2 H, H-7°, H-8%), 5.34-5.26 (m, 5 H, H-2%,
H-8", H-7%, H-3%, H-4°), 5.16 (d, 1 H, J;, = 4.1 Hz, H-1°), 5.13 (dd, 1 H, Jo; =2.4 Hz, J,5 = 9.3 Hz,
H-7%, 5.06 (dd, 1 H, J,5 = 10.7 Hz, H-2°), 4.97-4.72 (4 d, 4 H, PhCH,), 4.83 (m, 1 H, H-4%), 4.38
(dd, 1 H, Js90 = 2.4 Hz, Jgem = 12.1 Hz, H-9a°), 4.35 (d, 1 H, Js 6= 10.3 Hz, H-6%), 4.29 (m, 2 H,
H-6a°, H-9a"), 4.22-4.08 (m, 7 H, H-3", H-9b°, H-5%, H-4%, H-9a“, H-5°, OCH,CO), 4.04-3.93 (m, 3
H, H-4°, H-5°, H-6"), 3.91-3.79 (m, 13 H, H-5°, H-6°, H-9b°, H-9b", 3 COOMe), 3.71 (m, 1 H, H-4"),
3.44 (d, 1 H, Jgem = 9.7 Hz, H-6b"), 3.32 (br m, 1 H, H-5%), 2.69-2.64 (m, 2 H, H-3eq", H-3eq"), 2.32
(dd, 1 H, Jeem = 12.8 Hz, J3¢q4 = 4.5 Hz, H-3eq"), 2.12-1.75 (15 s, 45 H, 15 Ac), 1.90-1.85 (m, 2 H,
H-3ax’, H-3ax%), 1.69 (m, 1 H, H-3ax"), 1.11 ppm (d, 3 H, Js¢ = 6.2 Hz, H-6°); °C NMR (100 MHz,
CDCl3): 6 171.9, 170.6, 170.5, 170.4, 170.2, 170.0, 169.9, 169.9, 168.8, 167.6, 167.2, 167.1, 165.6,
160.8, 138.1, 137.9, 133.3, 129.8, 129.3, 128.4, 128.4, 128.3, 128.2, 128.0, 127.9, 127.6, 98.6, 98.3,
97.9,94.8,94.1,91.0,78.7,77.9,77.6,77.2,75.4,75.3, 72.7, 72.5,72.3, 72.0, 71.1, 70.9, 70.7, 68.3,
68.2, 68.0, 67.7, 67.6, 67.2, 66.9, 65.2, 64.3, 63.4, 62.2, 62.1, 53.2, 53.0, 52.6, 51.8, 49.0, 48.6, 39.5,
38.1,37.3,37.1,32.7,31.9, 30.0, 29.7, 29.5, 29.3, 27.1, 23.6, 23.3, 22.7, 21.2, 21.0, 21.0, 20.9, 20.8,
20.7,20.6,20.4, 19.7, 15.9, 14.1 ppm; HRMS: mVz: found [M+Na]" 2253.6057, Co7H 5 C13N4O49
caled for [M+Na]" 2253.6057.
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ACO OAc
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AcO COOMe 4 AcHN
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TMSOTf AcHN— /320 =

CH,Cl, A0 g ,
MSAW-300 AcO o A COOMe

0°C e 97 onc c
A0 s13

4A molecular sieves AW-300 (150 mg) were added to a solution of compound 18 (16.4 mg, 7.34
pmol) and n-hexanol (4.1 pL, 36.7 umol) in CH,Cl, (730 pL). The suspension was stirred for 1 h
at room temperature, then cooled to 0 °C. TMSOTT (0.27 pL, 1.47 umol) was added to the solution
and stirring was continued for 1 h, after which TLC analysis (CHCl;/MeOH 15:1) indicated
completion of the reaction. The reaction mixture was made alkaline to pH 8 with triethylamine at
0 °C, filtered through Celite, and concentrated. The residue was purified by column
chromatography on silica gel (CHCI;/MeOH 40:1—35:1) and preparative TLC (CHCl;/MeOH 15:1)
to give compound S13 (313 mg, 76 %).

[a]p=+12.3 ° (¢ 1.0, CHCL); "H NMR (600 MHz, CDCl;): & 8.00-7.11 (m, 15 H, Ph), 6.09 (d, 1 H,
Jniis = 9.9 Hz, NH), 6.06 (d, 1 H, Jais = 10.4 Hz, NH®), 5.63 (td, 1 H, J,5 = 9.3 Hz, Js0, = 2.2 Hz,
Js.op = 8.8 Hz, H-8°), 5.50 (d, 1 H, Jnyis = 7.7 Hz, NHY), 5.45 (m, 2 H, H-7°, H-8"), 5.34-5.27 (m, 4 H,
H-7¢, H-8%, H-3%, H-4°), 5.18 (dd, 1H, J;» = 8.2 Hz, J,3 = 9.4 Hz, H-2%), 5.16 (d, 1 H, J;,=3.9 Hz,
H-1°), 5.13 (dd, 1 H, Js7 = 2.8 Hz, H-7°), 5.06 (dd, 1 H, J,3 = 10.5 Hz, H-2°), 4.87-4.62 (4 d, 4 H,
PhCH,), 4.82 (m, 1 H, H-4°), 4.38 (m, 2 H, H-1°, H-9a°), 4.36 (d, 1 H, J; s = 11.0 Hz, H-6"), 4.28 (d,
2 H, Jyem = 12.1 Hz, H-92", H-9a°), 4.20-4.08 (m, 6 H, H-6a", H-5°, H-4", H-9b*, H-5°, OCH,CO),
4.04-3.96 (m, 3 H, H-5°, H-6", H-9b"), 3.89-3.78 (m, 14 H, H-4°, H-5", H-6°, H-9b°, 3 COOMe,
OCH,CH,), 3.74 (dd, 1 H, J;4 = 8.7 Hz, H-3%), 3.69 (m, 1 H, H-4"), 3.59 (d, 1 H, Jeem = 10.4 Hz,
OCH,CO), 3.43 (m, 1 H, H-6b%), 3.37 (m, 1 H, OCH,CH,), 3.31 (br m, 1 H, H-5%, 2.66 (m, 2 H,
H-3eq’, H-3eq"), 2.30 (dd, 1 H, Joem = 12.7 Hz, J3eq4 = 4.4 Hz, H-3eq"), 2.23-1.89 (155,45 H, 15
Ac), 1.86-1.78 (m, 2 H, H-3ax", H-3ax°), 1.69 (t, 1 H, Jgem = J3axs = 12.1 Hz, H-3ax%), 1.48-1.01 (m,
8 H, -(CHy)4-), 1.11 (d, 3 H, Js s = 6.6 Hz, H-6%), 0.71 ppm (t, 3 H, J= 7.1 Hz, CH,CHs); °C NMR
(150 MHz, CDCl3): 6 172.0, 170.7, 170.6, 170.5, 170.4, 170.3, 170.2, 170.0, 169.9, 168.8, 167.6,
167.2,167.1,165.3, 138.3, 137.9, 132.9, 130.1, 129.7, 128.4, 128.3, 128.2, 128.2, 128.0, 127.8,
127.6, 101.1, 98.7, 98.3, 97.9, 94.8, 82.4, 75.0, 74.0, 73.7, 72.3, 72.0, 71.2, 70.9, 70.7, 69.8, 68.3,
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68.2,67.7, 67.6, 67.4,66.9,65.2,64.3,63.4,62.9, 62.5,62.1,53.2,52.2,51.9,49.0,48.7, 39.4, 38.2,
37.3,31.4,29.7,29.3,25.5,23.6,23.3,22.7,22.4,21.3,21.2, 21.0, 21.0, 20.9, 20.8, 20.7, 20.6, 15.9,
13.9 ppm; HRMS: m/z found [MJrNa]+ 2194.7901, C191H133N3049 calcd for [MJrNa]+ 2194.7900.

COOMe
COOMe AcHN e &&
AcO AcO
cO BnO
AcHN \/ZL

AcO

ﬁi . COOMe

$13

OOH
0OH 4 AW %
1. Hy, P(OH),-C / EOH, RT AMO\/ZL <o HO
HO

2. LiCl / Py, Reflux

3. 1M NaOH aq. RT

OH COOH

‘&

19
20 % Pd(OH), on activated carbon (10.1 mg) was added to a solution of compound 15 (10.1 mg,
4.65 pmol) in EtOH (1.0 mL). The suspension was stirred under a hydrogen stream for 3.5 h at
room temperature. After the completion of the reaction was confirmed by TLC (CHCI;/MeOH
10:1), the mixture was filtered through Celite, and the filtrate was concentrated. The residue was
subjected to column chromatography on silica gel (CHCl;/MeOH 30/1—25/1) to give debenzylated
compound. This was redissolved in pyridine (1.5 mL) and lithium chloride (5.9 mg, 140 umol)
was added. The mixture was stirred for 14 h under reflux. The progress of the reaction was
monitored by TLC (CHCl;/MeOH/AcOH 5/1/0.1).  The resulting mixture was then concentrated
and the residual volatiles were co-evaporated with toluene. The residue was subjected to column
chromatography on Sephadex LH-20 (MeOH) to give crude tricarboxylic acid. The crude material
was dissolved in 0.1 M aqueous NaOH solution (1.0 mL) and the mixture was stirred for 4 h at room
temperature. Completion of the reaction was confirmed by TLC (CHCl3/MeOH/0.1 % aq. CaCl,
5/6/2). After neutralization with Dowex-50 (H"), the mixture was concentrated. The residue was
purified by column chromatography on silica gel (CHCl;/MeOH 5/4—2/3) to give 19 (6.0 mg,

95 %).

[a]p =-14.2 ° (¢ 0.6, CHCl3/MeOH 1/1); 'H NMR (500 MHz, DMSO-dy): 6 4.40 (d, 1 H, J,, = 4.0
Hz, H-1%), 4.05 (d, 1 H, J;, = 8.0 Hz, H-1%), 3.95 (d, 1 H, Jgem = 16.6 Hz, OCH,CO), 3.84 (br dd, 1
H, Js s = 6.3 Hz, H-5°), 2.90-2.64 (br dd, 3 H, 3 H-3eq), 2.00 (s, 3 H, Ac), 1.81 (s, 3 H, Ac),
1.63-0.84 (m, 14 H, 3 H-3ax, -(CH,)s-, CH,CHj), 1.08 ppm (d, 3 H, H-6°); >C NMR (125 MHz,
DMSO-dg): HRMS: m/z: found [M-3H+2Na] 1342.4531, Cs;HgsN3O35 caled for [M-3H+2Na]
1342.4350.
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2010.9.27
Lactam tetraol
NAME Lactam
EXPNO 3
PROCNO 1
Date_ 20100927 o}
Time 17.44 a OSE
INSTRUM spect
PROBHD 5 mm PABBO BB- OMBn
PULPROG zgpg30
™ 65536
SOLVENT MeOD
NS 500
DS 2
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 203
DW 16.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
= Cl f1
NUC1 13C
P1 9.50 usec
PL1 -0.10 dB
PLIW 106.67142487 W
SFO1 125.7703643 MHz
ssassazs CHANNEL £2 scazszs=x=
CPDPRG2 waltzlé
Nuc2 1H
PCPD2 80.00 usec
PL2 1.70 dB
PL12 18.50 dB
PL13 18.50 4B
PL2W 17.32208443 W
PL12W 0.36190966 W
PL13W 0.36130966 W
SFO2 500.1320005 MHz
SI 32768
SF 125.7576218 MHz
WDW EM
ssB 0
LB 1.00 Hz
GB 0
BC 1.40
n.......l.........l.........I'........l.........l.........|....'v...l..vrv.v..|.........I....,.'..I.........l...r1...1|v........I.........I......,..I.........l......,..l...vvv.,.I.........I........-I...'rv'rr
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- abundance
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Trisaccharide (NeuSN3+Lactam)

NAME 28-16
EXPNO 10
PROCNO 1
Date_ 20101203

Time 10.38
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG 2930

TD 65536
SOLVENT CDC13

NS 16

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 50.8

DwW 48.400 usec
DE 6.50 usec
TE 296.2 K

Dl 1.00000000 sec
TDO 1
==x====s CHANNEL fl s=s=====
NUC1 1H 8
Pl 12.50 usec
PL1 1.50 @B
PL1W 18.13845062 W
SFO1 500.1330885 MHz
81 32768

SF $00.1300129 MHz
WDW EM

8SB 0

LB 0.30 Hz
GB 0

PC 1.00

e i e e e e LR e S SRR T S B S e S S S
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2010.10.27
Neu5N3 -Lactam
o [ )
o o8 O
N~
[
— —
NAME 28-2 (NeuSN3-Lactam)
EXPNO 3
PROCNO 1
Date_ 20101027
Time 11.01
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG 2gpg30
D 65536
SOLVENT CDC13
NS 1000
Ds 2
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 203
oW 16.800 usec
DE 6.50 usec
TB 299.4 K
m 2.00000000 sec
D11 0.03000000 sec
TDO 1
zzza=sex CHANNEL fl s=se=sa=
NUC1 13C
Pl 9.50 usec
PL1 -0.10 dB
PL1W 106.67142487 W
SFO1 125.7703643 MHz
=x=mzz== CHANNEL f2 s=xzsca=zs
CPDPRG2 waltzilé
NuC2 1H
PCPD2 80.00 usec
PL2 1.70 dB
PL12 18.5¢ dB
PL13 18.50 dB
PL2W 17.32208443 W
PL12W 0.36190966 W
PL13W 0.36190966 W
SF02 500.1320005 MHz
SI 32768
SF 125.7577950 MHz
WDW EM
SSB [}
LB 1.00 Hz
GB [}
PC 1.40
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NeuSN3-Lactam(NH) -perAc

NAME

Neu5SN3-Lactam-perAc
10

EXPNO

PROCNO 1
Date_ 20101214
Time 9.11
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930

O 65536
SOLVENT CpCl3

NS 16

DS 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG .

oW 48.400 usec
DE 6.50 usec
TE 295.9

D1 1.00000000 sec
TDO 1
........ CHANNEL f1 ssssse=sx
NuC1 1H

Pl 12.50 usec
PL1 1.50 dB
PL1W 18.13845062 W
SFO1 500.1330885 MHz
SI 32768

8F 500.1300117 MHz
WDW EM

SSB ]

LB 0.30 Hz
GB [

PC 1.00
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Neu5SN3-Lactam (NH) -perAc

NAME NeuSN21 - Lactam-perAc
BXPNO 12

PROCNO 1
Date_ 20101214
Time 10.25
INSTRUM t
PROBHD S mm PABBO BB-
PULPROG 2gpg30

™ 65536
SOLVENT 1.

NS 1200

os

s 29761.904 Hz
FPIDRES 0.454131 Hz
L 1.1010548 sec
RO a03

oed 16,800 usec
DR 6.50 usec
TR 298.4 K
nm 2.00000000 sec
D11 0.03000000 sec
DO 1

weusrsax CHANNEL f] ==s=sese
NOC1 13C

n 10.00 usec
PL1 -1.00
PLIN 131.23452759 W
srol 125.7703643 Nz
=snsusee CHANNEL £2 eowsswxm
CPDPRGZ waltelé
wuca b3
PCPD2 80.00 usec
PL2 1.50 dB
PL32 18.00 dB
PL13 18.50 dB
PL2W 10.13845062 W
PL12W 0.4060693% W
PL13W 0.36190966 W
§P02 $00.1320005 MHz
81 32768

sr 125.7577995 MHx
WDM BM

8sB 0

L8 1.00 Hz
a8 [

PC 1.40
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

28-19
10

1

20101207

11.58

spect

S mm PABBO BB-
2930

65536

CDC13

16

2
10330.578
0.157632
3.1719923
18

48.400
6.50

296.4
1.00000000
1

Hz
Hz
sec

usec
usec
K
sec

mamsszxn CHANNEL fl =sxssxw=

1H
12.50

18.13845062
500.1330885
32768
5$00.1300117
EM

0

0.30

0

1.00

usec

1.50 dB

W
MHz

MHz

Hz
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2010.12.07
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NAME 28-19
EXPNO 12
PROCNO 1
Date_ 20101207
Time’ 13.09
INSTRI pect
5 mm PABBO BB-
PULPR 2g9pg30
65536
SOLVENT €De1a o}
NS 1152 a
DS 2 fo) OSE
SWH 29761.904 Hz
PIDRES 0.454131 Bz OMBn
AQ 1.1010548 sec
RG 203
oM 16.800 usec
DE 6.50 usec
T’ 298.2 K
D1 2.00000000 sec
D1l 0.03000000 mec
TDO 1
C £1
NUC1 13c
Pl 10.00 usec
PL1 -1. ds
PL1W 131.23452759 W
SPOL 125.7703643 MHz
.
£2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 1.50 dB
PL12 18.00 dB
PL13 18.50 dB
PL2W 18.13845062 W
PL12wW 0.40606931 W
PL1IW 0.36190966 W
SFO2 500,1320005 MHz
81 32768
SF 125.7578004 MHZ
WDw BM
888 0
LB 1.00 Hz
GB []
PC 1.40

L L i
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0.1

abundance

13c-std-437.jdf
1single pulse decoupled gated NOE
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o7 Yy 1
NeuS5Troc_89ispd
NAME NeuSTroc_89ispd
EXFNO 10
PROCNO 1
pate_ 20110118 o 0o
Time 18.37 COOMe
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930 TrocHN— O SPh
™ 65536 Ny
SOLVENT cpcl3 HO CH
NS 16
DS 2
SWH 10330.578 Hz sS4
FIDRES 0.157632 Hz
aQ 3.1719923 sec
RG 101
DW 48.400 usec
OE 6.50 usec
TE 294.5 K
D1 1.00000000 sec
DO 1
E==zzan= CHANNEL f1 ==rr== ==
NUC1 H
Pl 12.50 usec
PL1 1.50 dB
PL1W 18.13845062 W
SFO1 500.1330885 MHz
s1 32768
SF 500.1300117 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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NeuS5Troc89ispd

NAME NeuSTroc_89ispd
3

PROCNO 3
Date_ 20101221
Time 19.16
INSTRUM

PROBHD S wm PABBO BB-
PULPROG 30

™ 65836
SOLVENT €DC13

ns 500

D8 2

W 29761.904 Hs
PIDRES 0.454131 Hs
L] 1.1010548 sec
RG 203

oW 16.800 usec
DB 6.50 usec
™= 297.2 K
n 2.00000000 sec
nl 0.03000000 sec
™0 1

ssesuzes CHAMNEL f1 ssesssss
wcL 1ic

Pl 10,00 usec
PL1 -1.00 48
PL1W 131.23452759 ¥
sro1 125.7703643 MHz
sazsssss CHAMNEL £2 scuseses
CPDPRG2 “ltl:;
80.00 usec
1.50 4B
18.00 a8
19.50 dB

18.13945062 W
0.40606931 W
0.36190966 W

$00.1320005 Miz

32768
125,7577968 MHz
»

0
1.00 Hs
1.40

D

190 180
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NAME 29-2

BXPNO 10

PROCNO 1

Date_ 20101227 o 0

Time 16.34 COOMe

INSTRUM spect

PROBHD 5 mm PABBO BB- [ )

PULPROG 2 N

™ it TrocHN SPh

SOLVENT CDC13

NS 16 HO OCAc

bs 2

SWH 10330.578 Hz S5

FIDRES 0.157632 Hz

AQ 3.1719923 sec

RG 20.2

DW 48.400 usec

DE 6.50 usec

TE 296.8 K

D1 1.00000000 sec

TDO 1

f1

NUC1 1H

[29 12.50 usec

PL1 1.50 dB

PL1W 18.13845062 W

SFO1 500.1330885 MHz

s1 32768

sF 500.1300032 MHz

WDW BM

8$SB [}

LB 0.30 Hz

GB L]

PC 1.00
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single pulse decoupled gated NOEI-COOMe,2-SPh,4-0CA,70Ac,8,9-OisoneuSTroc
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