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Table 0-1. Antibacterial pipeline, Big pharma4)

Company Since 1998 Phase 2/3
Abbott Laboratories 0 0
AstraZeneca 0 2
Bayer 0 0
GlaxoSmithKline 0 1
Lilly 0 0
Merck/Schering-Plough 1 1
Novartis 0 0
Ortho McNeli/lJohnson&Johnson 1 0
Pfizer/Wyeth 2 0
Roche 0 0
Sanofi 0 0
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were calculated. Macro-Model program was used for conformational search.Conformational searching was carried

out using MCMM method, followed by PRCG minimization with OPLS 2005 force field.
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table
entry reagents solvent (M) temperature  yield (%)2
1 Pic-BH3, AcOH CH,CI, (0.01) 40 °C 14
2 Pic-BH3, AcOH MeOH (0.05) 50 °C 32
3 Pic-BH3, AcOH, MS3A MeOH (0.05) rt 32
4 Pic-BH3, AcOH, MS3A MeOH (0.05) 50 °C 28
5 Pic-BH3, ACOH MeOH (0.01) 50 °C 44
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table
entry reagents solvent temperature yield
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NKY12-41

5-O-Benzoyl-2,3-O-(3-pentylidene)-D-ribo-pentofuranose (53)

BzO O ..oH A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH,Cl, (20 mL) was treated
_\S_zm with BzCl (293 uL, 2.52 mmol) at 0 °C, and the mixture was allowed to room temperature and
\O><O/ stirred for 24 hours. An additional portion of BzCl (79.8 uL, 687 umol) was added to the

reaction mixture, and stirred for 20 minutes. The reaction mixture was quenched by addition

of H,0, and extracted with AcOEt. The organic phase was washed with 1M ag. HCI, H,O, brine and dried (Na,SO4),

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (5-

20% AcOEt/hexane) to afford 53 (463 mg, 1.44 mmol, 63%) as a colorless oil.

'H NMR (CDCl3, 400 MHz, a 2:1 mixture of the anomers) 6 8.07 (d, 1.4H, Ph, J=8.7 Hz), 7.99 (d, 0.6 Hz, Ph, J=

7.3 Hz), 7.62-7.56 (m, 1H, Ph), 7.48-7.44 (m, 2H, Ph), 5.52 (d, 0.8H, H-1, J,,= 1.8 Hz), 5.49 (d, 0.2H, H-1, J,»=

3.6 Hz), 4.81 (d, 0.6H, H-3, J; 4= 6.0 Hz), 4.77 (d, 0.4H, H-3, J34= 5.9 Hz), 4.72-4.54 (m, 2.3H, H-2, H-4, H-4, H-

5, H-5), 4.45 (br s, 0.6H, H-2), 4.41-4.32 (m, 1H, H-5, H-5), 4.08-4.05 (m, 0.4H, OH-1), 3.21-3.06 (m, 0.6H, OH-

1), 1.86-1.57 (m, 4H, CH,CH3%2), 1.02-0.87 (m, 6H, CH,CH3x2);

C NMR (CDCls, 100 MHz, a mixture of the anomers) 8 166.7, 166.2, 133.6, 133.4, 129.9, 129.8, 129.7, 128.7,

128.6,118.4,117.1,103.5,98.1, 86.4, 85.3, 82.3, 81.8, 79.5, 78.9, 66.1, 65.9, 29.6, 29.0, 29.0, 28.8, 8.61, 8.55, 8.00,

7.52;

ESIMS-LR m/z 345 [(M + Na)']; ESIMS-HR calcd for C7H,,04Na 345.1309, found 345.1310.

NKY12-72, NKY12-73
Methyl 5-O-[5-O-benzoyl-2,3-O-(3-pentylidene)-f—p-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-
deoxy-2,3-O-isopropylidene-1-(uracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (57)

A solution of 53 (47.1 mg, 146 umol) in CH,Cl, (1.5 mL) was treated with

BZO\" AO\\ diethylaminotrifluoride (38.6 uL, 292 umol) at 0 °C for 10 min. The reaction was
Oé, O quenched by addition of sat. ag. NaHCOs3, and extracted with AcOEt. The organic phase

CbzHN p / NH  was washed with brine, dried (Na;SOy,), filtered, and concentrated in vacuo to afford the
MeO,C N o crude fluoride 54. A solution of the crude fluoride 54 and 47 (49.2 mg, 97.3 umol),

MS4A (100 mg) in CH,Cl;, (1 mL) was treated with BFs; Et,0 (9.2 uL, 73 wmol) at 0 °C

for 1 hour. The additional portion of BF;;Et,O (9.2 uL, 73 wmol) was added to the
reaction mixture at 0 °C, and stirred for 12 hours. EtsN (68 uL, 0.49 mmol) was added to the reaction mixture and
filtered through a Celite pad. The solution was partitioned between AcOEt and saturated aqueous NaHCO3, and the
organic phase was washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was
purified by high-flash silica gel column chromatography (30-100% AcOEt/hexane) to afford 57 (44.4 mg, 54.8
umol, 56%) as a white foam, and 47 (4.1 mg, 8.1 umol, 8%) as a white foam.
'H NMR (CDCls, 500 MHz) & 8.63 (br s, 1H, NH-3), 8.07 (d, 2H, Ph, J= 7.5 Hz), 7.54 (m, 9H, Ph, H-6), 5.72 (d,
1H, H-5, Js¢= 8.1 Hz), 5.66 (d, 1H, H-1', J; » = 2.3 Hz), 5.59 (d, 1H, NH-6', JNnue6 = 9.8 Hz), 5.21 (s, 1H, H-1"),
5.12 (d, 1H, benzyl, J= 12.6 Hz), 4.96 (d, 1H, benzyl, J= 12.6 Hz), 4.82 (dd, 1H, Jy 3= 6.9, J» ' =2.3 Hz), 4.71-
4.65 (m, 3H, H-6', H-2", H-3"), 4.52 (t, 1H, H-4", Jyn s»= Js 5= 5.8 Hz), 4.48 (d, 1H, H-5', Js.»= 7.5 Hz), 4.37 (dd,
1H, H-5", Js» 5= 11.8, Jsv4»= 5.5 Hz), 4.27 (dd, 1H, H-5", J5s»= 11.8, Js» 4»= 6.1 Hz), 4.19 (dd, 1H, H-4', J4 5=7.5,
Jy3y=4.0 Hz), 3.70 (s, 3H, OMe), 1.64 (q, 2H, CH,CHs J= 7.7 Hz), 1.52 (q, 2H, CH,CH;, J= 7.5 Hz), 1.48 (s, 3H,



acetonide), 1.30 (s, 3H, acetonide), 0.87-0.81 (m, 6H, CH,CH;x2);

C NMR (CDCls, 100 MHz) 5 170.4, 166.1, 163.3, 156.3, 150.1, 142.3, 136.4, 133.4, 129.9, 129.7, 128.6, 128.2,
117.2,115.1, 112.2,102.9,93.6, 86.3, 85.8, 85.0, 83.8, 82.0, 80.7, 79.2, 67.1, 65.0, 54.5, 53.0, 29.5, 29.0, 27.2, 25 .5,
8.51,7.48;

ESIMS-LR m/z 811 [(M + H)']; ESIMS-HR calcd for C4oH4sN3015 810.3080, found 810.3084;

[a]p'” —5.78 (¢ 0.92, CHCls).

NKY12-76

5-O-Acetyl-2,3-O-(3-pentylidene)-D-ribo-pentofuranose (55)

AcO O ..oH A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH,Cl, (20 mL) was treated
‘\g_z« with AcCl (179 uL, 2.52 mmol) at 0 °C, and the mixture was allowed to warm to room
\(><3/ temperature and stirred for 30 min. Additional portion of AcCl (37 uL, 0.52 mmol) was added

to the reaction mixture, and stirred for 5 min. The reaction mixture was quenched by addition
of H,0, and extracted with AcOEt. The organic phase was washed with 1M ag. HCI, H,O, brine and dried (Na,SO4),

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (10-

30% AcOEt/hexane) to afford 55 (302 mg, 1.16 mmol, 51%) as a colorless oil.

'H NMR (CDCls, 400 MHz) & 5.48 (d, 1H, H-1, J=2.7 Hz), 4.71 (d, 1H, H-2, Jr3=6.3 Hz), 4.65 (d, 1H, H-3, J3,

=6.3 Hz), 4.25-4.32 (m, 2H, H-4, H-5), 4.11 (dd, 1H, H-5, J=11.1, J=5.7 Hz), 3.04 (br s, 1H, OH-1), 2.11 (s, 3H,

OAc), 1.71 (q, 2H, CH,CH3, J= 7.4 Hz), 1.59 (q, 2H, CH,CH3, J= 7.4 Hz), 0.92 (t, 3H, CH,CHs, /= 7.5 Hz), 0.89

(t, 3H, CH,CH3;, J= 7.5 Hz). This is a known compound.

NKY12-81, NKY12-82

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-p—p-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(uracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (58)
A solution of 55 (65.0 mg, 250 wmol) in CH,Cl, (3 mL) was treated with
AcO\“" AO\\ diethylaminotrifluoride (66.1 uL, 500 umol) at 0 °C for 10 min. The reaction was
Q, quenched by addition of sat. ag. NaHCOs3, and extracted with AcOEt. The organic phase
CbzHN S-) (/_q NH  was washed with brine, dried (Na,SOy,), filtered, and concentrated in vacuo to afford a
MeO,C © N_<o crude fluoride 56. A solution of the crude fluoride 56 and 47 (84.4 mg, 167 umol), MS4A
(200 mg) in CH,Cl, (2 mL) was treated with BFs; Et,0 (9.2 uL, 73 umol) three times at

O

e each hour at 0 °C. The reaction mixture was stirred for totally 8 hours. EtsN (116 uL,
835 umol) was added to the reaction mixture and filtered through Celite pad. The solution was partitioned between
AcOEt and saturated aqueous NaHCOs3, and the organic phase was washed with brine and dried (Na,SOy), filtered,
and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (30-100%
AcOEt/hexane) to afford 58 (101 mg, 135 umol, 81%) as a white foam.

'H NMR (CDCls, 500 MHz) § 8.41 (br s, 1H, NH-3), 7.37-7.30 (m, 6H, Ph, H-6), 5.73-5.66 (m, 3H, NH-6', H-5,
H-1"), 5.21 (d, 1H, benzyl, J=12.1 Hz), 5.16 (s, H-1, H-1"), 5.07 (d, 1H, benzyl, /= 12.0 Hz), 4.83-4.79 (m, 2H,
H-2',H-3"), 4.67 (d, 1H, H-6', Jo nu-e= 9.7 Hz), 4.60 (d, 1H, H-2", J,» 3»= 5.8 Hz), 4.56 (d, 1H, H-3", J3. ,»=5.7 Hz),
4.47 (d, 1H, H-5', Js o= 7.4 Hz), 4.36 (t, IH, H-4", J4 5= Jg s»= 5.8 Hz), 4.22 (dd, 1H, H-4', J4 5=7.5, Jy 3= 4 Hz),
4.12 (dd, 1H, H-5", Jsn5»=12.0, J5n4»= 6.1 Hz), 3.99 (dd, 1H, H-5", Js» 5= 11.5, Js:4»= 6.3 Hz), 3.77 (s, 3H, OMe),



2.06 (s, 3H, OAc), 1.65-1.60 (m, 2H, CH,CH3), 1.54-1.50 (m, 5H, acetonide, CH,CH3), 1.30 (s, 3H, acetonide),
0.86-0.81 (m, 6H, CH,CH3x2);

C NMR (CDCls, 100 MHz) § 170.7, 170.4, 163.4, 156.4, 150.1, 142.3, 136.3, 128.6, 128.3, 128.3, 117.1, 115.1,
102.8,93.4, 86.2, 85.8, 84.8, 83.6, 81.8, 80.6, 78.9, 67.3, 64.4, 54.5, 53.0, 29.5, 28.9, 27.2, 25.4, 20.9, 8.45, 7.41;
ESIMS-LR m/z 748 [(M + Na)']; ESIMS-HR calcd for C35sH4sN30,5 748.2923, found 748.2930;

[a]p™ —7.34 (¢ 1.03, CHCls).

NKY 16-
rac-(1S,2S5,3R)-2,3-O-Isopropylidene-4-cyclopenten-1-o0l (61)
A solution of 60 (193 mg, 1.66 mmol) and 2,2-dimethoxypropane (1.02 mL, 8.30 mmol) in acetone
@ o (16 mL) was treated with pyridinium p-toluenesulfonate (20.9 mg, 83.0 umol) at room temperature
d)é) for 16 hours. The reaction was quenched by addition of Et;N (46 uL, 0.33 mmol), and concentrated
rac in vacuo. The residue was purified by silica gel column chromatography (20% AcOEt/hexane) to
afford rac-61 (216 mg, 1.38 mmol, 83%) as a colorless oil.
'H NMR (CDCls, 400 MHz) & 5.89 (s, 2H, H-4, H-5), 5.02 (d, H-3, J32=5.0Hz),4.75 (t, 1H, H-2, J, 1= J,3=5.7
Hz), 4.56 (dd, 1H, H-1, J, ou-1=10.0, J1 2= 5.4 Hz), 2.71 (d, 1H, OH-1, Jou.1,1 = 10.0 Hz), 1.44 (s, 3H, CCH3), 1.40
(s, 3H, CCH3). This is a known compound.

NKY10-77
rac-(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl p-nitrobenzoate (62)

o Y®/ NO,  Asolution of rac-61 (891 mg, 5.70 mmol), p-nitrobenzoic acid (1.91 g, 11.4 mmol) and
PPh; (2.24 g, 8.55 mmol) in THF (50 mL) was treated with DMEAD (2.0 g, 8.55 mmol)

O
O at room temperature for 12 hours. The reaction mixture was concentrated in vacuo. The
>< residue was purified by silica gel column chromatography (10% AcOEt/hexane) to afford
rac rac-62 (1.60 g, 5.24 mmol, 92%) as a white solid.

'HNMR (CDCl;3,400 MHz) 6 8.31-8.28 (m, 2H, aromatic), 8.22-8.18 (m, 2H, aromatic),
6.23 (d, 1H, H-4, J4 5= 5.9 Hz), 6.03 (dd, 1H, H-5, Js4=5.5,J=2.3 Hz), 5.87 (s, 1H, H-1), 5.35 (d, 1H, H-3, J3,=
5.5 Hz), 4.76 (d, 1H, H-2, J,3=5.9 Hz), 1.47 (s, 3H, CCHs), 1.39 (s, 3H, CCH3). This is a known compound.

NKY10-79, 10-80

rac-(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl methyl carbonate (63)
GOCOzMe A solution of rac-62 (1.60 g, 5.24 mmol) in MeOH (50 mL) and H,O (10 mL) was treated with
— NaOH (1.30 g, 31.4 mmol) at room temperature for 20 min. The reaction mixture was
>< concentrated in vacuo. The residue was diluted with brine and extracted with Ether, and the
rac organic phase was dried (Na,SOy), filtered, and concentrated in vacuo to afford a crude alcohol.
A solution of the crude alcohol in CH,Cl, (50 mL) and pyridine (5 mL) was treated with
CICO,Me (1.6 mL, 21 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 18 hours. Additional
portion of CICO,Me (2.4 mL, 31 mmol) and pyridine (5 mL) was added to the reaction mixture, and stirred for 10

min. The reaction was quenched by addition of H,0, and extracted with AcOEt. The organic phase was washed

with 1M aq. HCI, H,O, brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by



silica gel column chromatography (10% AcOEt/hexane) to afford rac-63 (1.09 g, 5.09 mmol, 97% over 2 steps) as
a colorless oil.

'H NMR (CDCls, 500 MHz) & 6.16 (d, 1H, H-4, Jus=5.7Hz),5.93 (dt, 1H, H-5, Js4=5.8,J=1.2 Hz), 5.52 (s, 1H,
H-1), 5.27 (d, 1H, H-3, J5,= 5.7 Hz), 4.65 (d, 1H, H-2, J,3= 5.8 Hz), 3.81 (s, 3H, Me), 1.42 (s, 3H, CCH3), 1.35
(s, 3H, CCH3). This is a known compound.

NKY13-65
N-Benzyloxycarbonyl-N-[(1R,2R,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-2-nitrobenzenesulfonamide
(64)
@’NNSCbZ Compound rac-63 (50.0 mg, 233 umol), NsNHCbz (86.1 mg, 256 umol) and Et;N (97.4 uL,
— 699 wmol) were dissolved in THF (2 mL). Ligand L1 (25.8 mg, 37.3 wmol) and
>< [Pd,(dba);]-CHCl; (9.6 mg, 9.3 umol) were dissolved in THF (2 mL) and stirred for 15 minutes,
then this solution was slowly added to the mixture at 0 °C. The mixture was stirred for 17 hours
at room temperature. The reaction mixuture was partitioned between AcOEt and 1M ag. HCI The organic phase
was washed with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified by
flash silica gel column chromatography (20-30% AcOEt/hexane) to afford 64 (42.6 mg, 89.8 umol, 39%) as a white
solid.
'H NMR (CDCls, 400 MHz) & 8.03 (dd, 1H, Ns, J=8.2, J= 1.4 Hz), 7.77 (dd, 1H, Ns, J= 8.2, J= 1.2 Hz), 7.67 (td,
1H, Ns, J=7.8, J= 1.4 Hz), 7.41-7.34 (m, 4H, Ns, Ph), 7.24-7.22 (m, 2H, Ph), 5.99 (dt, 1H, H-4, J45s=5.5, Js1 =
Js3=1.8 Hz), 5.87 (dd, 1H, H-5, J5 4= 6.0, Js ;= 2.7 Hz), 5.45 (s, 1H, H-1), 5.12 (d, H-3, J5,= 6.0 Hz), 5.07 (d, 1H,
benzyl, J=11.4 Hz), 5.03 (d, 1H, benzyl, J=11.5 Hz), 4.83 (d, 1H, H-2, J5,= 6.0 Hz), 1.44 (s, 3H, CCHs), 1.34 (s,
3H, CCHs);
C NMR (CDCls, 100 MHz) & 151.3, 147.9, 136.5, 134.5, 134.4, 133.5, 133.1, 131.9, 130.1, 129.4, 129.4, 128.9,
124.7, 111.7, 85.5, 83.7, 70.0, 69.9, 27.5, 25.8;
ESIMS-LR m/z 497 [(M + Na)']; ESIMS-HR calcd for C2,H2,N,0gNa$S 497.0989, found 497.1011;
[a]p>' —84.7 (c 1.02, CHCl,).

NKY12-56
N-[(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl]-benzyloxycarbamate (65)
: NHCbz A mixture of 64 (85.1 mg, 179 umol) and K,CO; (49.5 mg, 358 umol) in MeCN-DMF (1:1, 4

mL) was treated with 4-'Bu-benzenethiol (92.6 uL, 537 umol) at room temperature and stirred for

I

<

16 hours. The reaction mixture was partitioned between AcOEt and sat. ag. NH4Cl, and the organic

X

phase was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue
was purified by high-flash silica gel column chromatography (10-30% AcOEt/hexane) to afford 65 (43.8 mg, 151
umol, 84%) as a white solid.
'H NMR (CDCls, 400 MHz) & 7.35-7.29 (m, 5H, Ph), 6.00 (d, 1H, H-4, Jss=5.5Hz),5.76 (d, 1H, H-5, Js 4= 4.1
Hz), 5.23 (br s, 1H, H-3), 5.11 (br s, 2H, benzyl), 4.77 (br s, 1H, NH-1), 4.67 (d, 1H, H-1, J= 7.3 Hz), 4.52 (d, 1H,
H-2, J,3=5.0 Hz), 1.41 (s, 3H, acetonide), 1.34 (s, 3H, acetonide);
C NMR (CDCls, 100 MHz) & 155.7, 136.4, 135.7, 132.2, 128.7, 128.4, 111.7, 84.8, 84.4, 67.1, 62.8, 27.5, 25.8;
ESIMS-LR m/z 312 [(M + Na)']; ESIMS-HR calcd for C;sH20NO4 290.1387, found 290.1391;



[a]p>> —114.4 (¢ 0.81, CH;Cl). (ca. 80% ee)

NKY12-65, 12-68
N-[(1R,2R,3R)-2,3-Di-O-(tert-Butyldimethylsilyl)-4-cyclopentenyl]-benzyloxycarbamate (69)
@,NHCbz A solution of 65 (30.0 mg, 104 umol) in AcOH (1.6 mL) and H,O (0.4 mL) was heated at
A 60 °C for 4 hours. The reaction mixture was concentrated in vacuo to afford a crude diol. A
TBSO OTBS
solution of crude diol and imidazole (28.3 mg, 416 wmol) in DMF (1 mL) was treated with
TBSCI (34.5 mg, 229 umol) at room temperature for 2 hours. MeOH was added to the reaction mixture, and
partitioned between AcOEt and 1M aq. HCI. The organic phase was washed with H,O, brine and dried (Na,SO,),
filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (3-
10% AcOEt/hexane) to afford 69 (41.1 mg, 86.0 umol, 83% over 2 steps) as a white solid.
'H NMR (CDCls, 400 MHz) & 7.36-7.31 (m, 5H Ph), 5.90 (d, 1H, H-4, Jas=6.0 Hz), 5.84 (d, 1H, H-5, J54= 6.0
Hz), 5.10 (br s, 1H, benzyl), 4.67 (m, 2H, NH-1, H-1), 4.46 (dd, 1H, H-3, J5,=5.0, J34=2.3 Hz), 3.86 (t, 1H, H-2,
Jo1=J21=5.1Hz), 0.89 (s, 9H, ‘Bu), 0.88 (s, 9H, ‘Bu), 0.06-0.05 (m, 12H, Mex4);
C NMR (CDCls, 100 MHz) § 155.9, 136.6, 135.0, 134.1, 128.6, 128.4, 128.3, 78.9, 74.5, 66.8, 61.3, 26.0, 26.0,
18.4,0.14,-4.05, -4.24, -4.75;
ESIMS-LR m/z 500 [(M + Na)']; ESIMS-HR calcd for C,5H4;3NNaQ,Si 500.2623, found 500.2624;
[a]*'p =152.6 (¢ 0.98, CH5CI). (ca. 80% ee)

NKY13-8
N-[(1R,2R,3R)-2,3-di-O-(tert-Butyldimethylsilyl)-4,5-dihydroxycyclopentenyl]-benzyloxycarbamate (70)
OH A solution of compound 69 (743 mg, 1.56 mmol), Ks[Fe(CN)¢] (1.54 g, 4.68 mmol), K,CO;

HoﬁaNHCbZ (647 mg, 4.68 mmol), NaHCO; (393 mg, 4.68 mmol), DABCO (175 mg, 1.56 mmol) and
TBSC§ ‘:OTBS MeSO,NH, (148 mg, 1.56 mmol) in ‘BuOH-H,0 (2:1, 24 mL) was treated with K,0s04-2H,0
(57.5 mg, 156 wmol) at room temperature for 24 hours. After sat. aq. Na,S,03; was added, the
mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (10-50% AcOEt/hexane) to
afford 70 (638 mg, 1.25 mmol, 80%) as a white solid.

'H NMR (DMSO-ds, 500 MHz) & 7.37-7.30 (m, 5H, Ph), 6.69 (d, 1H, NH, Jnu1 = 9.8 Hz), 5.05 (d, 1H, benzyl, J=
12.6 Hz), 4.98 (d, 1H, benzyl, J= 12.6 Hz), 4.75 (d, 1H, OH-4, Jou.44= 5.2 Hz), 4.57 (d, 1H, OH-5, Jou.s5= 7.5
Hz), 3.98 (q, 1H, H-5, J5 1= Js54 = Json.s= 6.9 Hz), 3.95 (dd, 1H, H-2, J,, = 6.3 Hz, J,3= 4.6 Hz), 3.80 (q, 1H, H-
1, Jip=Ji5=Jinu=7.9 Hz), 3.75 (t, 1H, H-3, J3,=J34= 4.1 Hz), 3.68 (dd, 1H, H-4, J45= 8.6, J43=5.2 Hz), 0.87
(s, 9H, ‘Bu), 0.83 (s, 9H, ‘Bu), 0.07 (s, 3H, Me), 0.05 (s, 3H, Me), 0.01 (s, 3H, Me);

C NMR (CDCls, 100 MHz) 8 156.0, 137.3, 128.3, 127.7, 127.6, 76.7, 76.1, 74.7, 67.3, 65.1,57.3,25.8,17.9, 17.8,
—4.55,-4.64, -4.78;

ESIMS-LR m/z 512 [(M + H)']; ESIMS-HR calcd for C,sH40sNSi, 512.2858, found 512.2882;

[a]p'” =17.5 (¢ 1.0, CHCl3). (80% ee)



NKY13-69,NKY13-70,NKY13-71
Methyl  5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-
[(3R,4S,5R)-3-benzyloxycarbonylamino-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-B-b-
glycelo-L-talo-heptofuranuronate (72)
AcO o A solution of the compound 70 (253 mg, 494 umol) in THF-phosphate buffer
CbzHN I""ézo (1:1, pH 7.2, 10 mL) was treated with NalO4 (211 mg, 988 umol) at room
TBSO : O~ P temperature for 2 hours. After sat. aq. Na,S,03; was added, the mixture was
N O ¢
~ N_<
0]

TBSO extracted with AcOEt. The organic phase was washed with brine and dried

o

MeO,C (NayS0,), filtered, and concentrated in vacuo to afford a crude dialdehyde 71. A

o 6 mixture of compound 58 (123 mg, 165 umol) and Pd black (120 mg) in MeOH
P was vigorously stirred under H, atmosphere at room temperature for 30 min. The
catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo to afford a crude amine.
The mixture of the crude amine and the crude dialdehyde 71 in 1,2-DCE (800 uL) was treated with AcOH (28 uL)
and pic-BHj3 (35.3 mg, 330 umol) at room temperature for 90 hours. The reaction mixture was partitioned between
AcOEt and 1M aq. HCL. The organic phase was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOy), filtered,
and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (20-70%
AcOEt/hexane) to afford 72 (85.2 mg, 78.1 wmol, 47% over 2 steps) as a white solid.
'H NMR (CDCls, 500 MHz) & 8.25 (br s, 1H, NH-3), 7.34-7.28 (m, 6H, Ph, H-6), 6.13 (d, NH-3", JINp-aman = 8.6
Hz), 5.70 (dd, 1H, H-5, Js s = 8.0, Jsxu-3 = 1.7 Hz), 5.49 (s, 1H, H-1"), 5.11 (s, 2H, benzyl), 5.04-5.03 (m, 2H, H-2',
H-1"), 4.81 (dd, 1H, H-3', J32 = 6.6, J3.4 = 3.8 Hz), 4.60 (d, 1H, H-2", J,»3» = 6.3 Hz), 4.50 (d, 1H, H-3", J3: ,»=6.3
Hz), 4.42 (dd, 1H, H-4', J4 5 = 6.9, Jy 3 = 2.9 Hz), 4.31-4.28 (m, 2H, H-5', H-4"), 4.00 (dd, 1H, H-5", Js»s» = 11.5,
Jsvan=17.5 Hz), 3.81-3.73 (m, 6H, OMe, H-3", H-4", H-5"), 3.56 (d, 1H, H-6', J¢ s = 5.7 Hz), 3.27 (d, 1H, H-2",
Joymom=10.9 Hz), 2.97 (t, 1H, H-6", Jg» sm = Jgn ¢» = 10.3 Hz), 2.67 (d, 1H, H-2" Jomow=11.2 Hz), 2.35 (br s, 1H, H-
6"), 2.06 (s, 3H, OAc), 1.61 (m, 2H, CH,CHs), 1.48 (q, 2H, CH,CH3, J= 7.5 Hz), 1.41 (s, 3H, CCH3), 1.26 (s, 3H,
CCHs), 0.92 (s, 9H, ‘Bu), 0.87 (s, 9H, ‘Bu), 0.89-0.79 (m, 6H, CH,CH3x2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe),
0.03 (s, 3H, SiMe), 0.02 (s, 3H, SiMe);
3C NMR (CHCls, 100 MHz) & 170.5, 169.5, 163.2, 156.1, 150.2, 143.1, 136.8, 128.6, 128.4, 128.2, 116.9, 114.6,
112.3, 102.8, 95.7, 89.7, 86.4, 84.3, 84.2, 82.0, 81.8, 80.7, 80.7, 70.6, 68.3, 68.1, 66.6, 64.5, 54.6, 52.4, 51.6, 45.6,
29.8,29.6, 28.9, 26.6, 26.2, 25.9, 24.9, 20.9, 18.4, 18.2, 8.56, 7.46, —4.44, —4.57, —4.68;
ESIMS-LR m/z 1092 [(M + H)']; ESIMS-HR calcd for Cs,Hg30,7N4Si, 1091.5286, found 1091.5333;
[a]p'” +3.66 (¢ 1.10, CHCI3).



NKY16-79, NKY16-80

Methyl  5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-

[(3R,4S,5R)-3-(2-nitrobenzenesulfonylamino)-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-

B-p-glycelo-L-talo-heptofuranuronate (73)

ACO a\\ A mixture of compound 72 (33.3 mg, 30.5 umol) and Pd black (30 mg) in MeOH
(1 mL) was vigorously stirred under H, atmosphere at room temperature for 2

TBSO concentrated in vacuo to afford a crude amine. A solution of the crude amine and

O

NsHN I"«é’o
TBSOa~, O o hours. The catalyst was filtered off through a Celite pad, and the filtrate was
]@N (/_/( NH
v~ | |

MeO,C 0  EtN (12.8 uL, 91.5 umol) in CH,Cl, was treated with NsCl (10.1 mg, 45.8 umol)
o 6 at room temperature for 14 hours. The reaction mixture was partitioned between

x AcOEt and sat. ag. NaHCOs3, and the organic phase was washed with H,O and
brine, dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by preparative TLC (5%
MeOH/CHCl,) to afford 73 (9.2 mg, 8.1 wmol, 27% over 2 steps) as a white solid.
'H NMR (CDCls, 500 MHz) & 8.39 (s, 1H, NH-3), 8.16-8.15 (m, 1H, Ns), 7.81-7.80 (m, 1H, Ns), 7.74-7.72 (m, 2H,
Ns), 7.39 (d, 1H, H-6, Js5 = 8.0 Hz), 6.39 (d, 1H, NH-3"", Jnp-3» 3~ = 8.6 Hz), 5.72 (dd, 1H, H-5, J5 6 = 8.0, J5 Nxu-3
=2.3 Hz), 5.61 (d, 1H, H-1', J;» = 2.3 Hz), 5.11 (dd, 1H, H-2', J, 3 = 6.9, J>;» =2.3 Hz), 5.07 (s, 1H, H-1"), 4.83
(dd, 1H, H-3', J3» = 6.9, J3» = 3.5 Hz), 4.62 (d, 1H, H-2", Jy3» = 6.3 Hz), 4.55-4.52 (m, 2H, H-4', H-3"), 4.34 (t,
1H, H-4", Jgn s» = Jgns5» = 6.9 Hz), 4.29 (t, 1H, H-5', Js.4 = Js¢ = 6.3 Hz), 4.01-3.91 (m, 3H, H-5"x2, H-5"), 3.71 (s,
3H, OMe), 3.60 (br s, 1H, H-4"), 3.56 (d, 1H, H-6', J¢ s = 5.7 Hz), 3.38 (d, 1H, H-3",J=5.7 Hz), 3.24 (d, 1H, H-
2", Jomow=11.5 Hz), 2.96 (t, 1H, H-6""', Jgn s = Jon g» = 10.3 Hz), 2.69 (d, 1H, H-2", Jw,»=12.1 Hz), 2.35 (dd, 1H,
H-6", Jgn g =10.3, Jon s» =4.6 Hz), 2.07 (s, 3H, OAc), 1.63 (s, 3H, CCH3), 1.63-1.58 (m, 2H, CH,CH3), 1.53 (q, 2H,
CH,CHs, J = 7.5 Hz), 1.39 (s, 3H, CCH3), 0.87-0.83 (m, 24H, ‘Bux2, CH,CH;3x2), —0.01 (s, 3H, SiMe), —0.03 (s,
6H, SiMe), —0.06 (s, 3H, SiMe);
C NMR (CDCls, 125 MHz) 6 170.6, 169.5, 162.8, 150.2, 148.1, 143.4, 134.6, 133.6, 132.7, 131.4, 125.2, 117.0,
115.1,112.3, 102.8, 96.0, 89.0, 86.3, 84.2, 84.0, 81.9, 81.0, 70.9, 68.0, 67.7, 64.6, 55.1, 54.7, 51.7, 46.2, 29.8, 29.7,
29.1, 26.8, 26.0, 25.9, 25.1, 21.0, 18.2, 18.2, 8.62, 7.56, 0.15, —4.49, —4.63, —4.81;
ESIMS-LR m/z 1143 [(M + H)']; ESIMS-HR calcd for CsoHgoNs O19SSi 1142.4701, found 1142.4690;
[a]p™” +25.1 (¢ 0.92, CHCl3).

NKY13-40
Methyl 5-O-[2,3-O-(3-pentylidene)-f—p-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-[(3R,4S,5R)-3-
(2-nitrobenzenesulfonylamino)-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-g-p-glycelo-L-

talo-heptofuranuronate (74)

HO a\\ A mixture of metallic Sm (1.5 mg, 10.1 wmol) and I, (2.6 mg, 10.1 umol) in

NSHN Iu,, 6’0 MeOH (0.5 mL) was stirred at room temperature for 5 minutes. Compound 73
TBSOa N, O / P (11.5 mg, 10.1 umol) was added to the mixture and stirred at room temperature
TBso]gN ~6 (/_«NH for 22 hours. The reaction mixture was partitioned between AcOEt and 1M agq.
MeO,C © N_<O HCI, and the organic phase was washed with HO and brine, dried (Na;SOy,),

filtered, and concentrated in vacuo. The residue was purified by high-flash silica

P gel column chromatography (20-70% AcOEt/hexane) to afford 74 (8.8 mg, 8.0



umol, 79%) as a white solid.

'H NMR (CDCls, 400 MHz) 5 8.50 (s, 1H, NH-3), 8.16-8.14 (m, 1H, Ns), 7.79-7.71 (m, 3H, Ns), 7.31 (d, 1H, H-6,
Jos=7.8 Hz), 6.66 (d, IH, NH-3", Jxp3» 3+ = 8.2 Hz), 5.73 (dd, 1H, H-5, Js5 = 8.2, Jsnu3 = 2.3 Hz), 5.59 (d, 1H,
H-1', Ji> = 1.8 Hz), 5.11 (br s, 2H, H-2', H-1"), 4.81 (dd, 1H, H-3", J32 = 6.7, J3.4 = 3.5 Hz), 4.63 (d, 1H, H-2",
Jy3= 6.0 Hz), 4.57 (d, 1H, H-3", J3:»» = 6.0 Hz), 4.49 (dd, 1H, H-4', J4 5 =7.6, Jy 3 = 3.5 Hz), 4.40 (br s, 1H, H-
4"), 4.28 (t, 1H, H-5'", Js 4 = Js.¢ =6.9 Hz), 3.96 (ddd, 1H, H-5", Jsu g = 10.4, Jsn gn = 4.6, Jsn gn = 2.4 Hz), 3.72 (s,
3H, OMe), 3.70 (t, 1H, H-5", J = 3.6 Hz), 3.66 (s, 1H, H-4"), 3.55-3.47 (m, 2H, H-6', H-5"), 3.35 (br d, 1H, H-3",
J=4.1Hz),3.20 (d, 1H, H-2", Jon;n = 11.4 Hz), 3.03 (dd, 1H, OH-5",J=9.2, J = 4.6 Hz), 2.86 (t, 1H, H-6", Jgn 5
= Jgngn=10.5 Hz), 2.74 (d, 1H, H-2", Jyn v = 12.4 Hz), 2.38 (dd, 1H, H-6", Jgn g = 10.3, Jgn s» = 4.8 Hz), 1.63-1.60
(m, 5H, CCH;, CH,CH3), 1.52 (q, 2H, CH,CH3, J = 7.5 Hz), 1.38 (s, 3H, CCH3), 0.85-0.81 (m, 24H, ‘Bux2,
CH,CH;x2), 0.02 (s, 3H, SiMe), —0.02 (s, 6H, SiMex2), —0.03 (s, 3H, SiMe);

C NMR (CDCls, 100 MHz) & 170.3, 162.8, 150.1, 148.2, 143.4, 143.3, 133.7, 132.5, 131.5, 125.1, 116.7, 115.1,
113.4,102.8, 96.4, 89.1, 88.9, 87.0, 84.2, 82.0, 81.1, 70.9, 68.5, 67.6, 63.7, 54.8, 54.6, 51.9, 46.3,29.9, 29.7, 29.1,
26.8,26.1,25.9,25.1,18.3, 18.2, 8.58, 7.57, 0.14. —4.43, —4.65, —4.81;

ESIMS-LR m/z 1101 [(M + H)"]; ESIMS-HR calcd for C4sH7gN50,5SSi, 1100.4596, found 1100.4637;

[a]p'” +16.6 (¢ 0.76, CHCl3).

NKY13-9

Methyl 5-O-[2,3-O-(3-pentylidene)-f—p-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-[(3R,4S,5R)-3-
benzyloxycarbonylamino-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-B-b-glycelo-L-talo-
heptofuranuronate (76)

HO a\\ A mixture of metallic Sm (4.0 mg, 26.5 umol) and I, (3.4 mg, 26.5 umol) in

CbzHN Iu,, é}o MeOH (1 mL) was stirred at room temperature for 5 minutes. Compound 72 (28.9
TBSO~ A, O / P mg, 26.5 umol) was added to the mixture and stirred at room temperature for 24
TBSO]:/\N .:- (/N_«NH hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and
MeO,C © _<O the organic phase was washed with H,O and brine, dried (Na,SO,), filtered, and

o 6 concentrated in vacuo. The residue was purified by high-flash silica gel column

P chromatography (10-50% AcOEt/hexane) to afford 76 (25.7 mg, 24.5 umol,

92%) as a white solid.

'H NMR (CDCls, 500 MHz)  8.87 (s, 1H, NH-3), 7.33-7.25 (m, 6H, Ph, H-6), 6.40 (d, NH-3", JINp3van = 7.5 Hz),
5.72 (d, 1H, H-5, Js = 8.0 Hz), 5.54 (s, 1H, H-1"), 5.15-5.02 (m, 4H, benzyl, H-2', H-1"), 4.80 (br d, 1H, H-3', J=
3.5 Hz), 4.62 (d, 1H, H-2", J,»3» = 5.8 Hz), 4.59 (d, 1H, H-3", J>.3» = 5.8 Hz), 4.31-4.25 (m, 3H, H-4', H-5', H-4"),
3.88 (s, 1H, H-4"), 3.83 (br d, 1H, H-5", Jswe» = 7.5 Hz), 3.73 (s, 4H, OMe, H-3"), 3.66 (d, 1H, H-5", Js: 5 = 12.0
Hz), 3.51 (d, 1H, H-6', Jo¢ s = 6.3 Hz), 3.42 (br s, 1H, H-5"), 3.28 (br s, 1H, OH-5"), 3.16 (d, 1H, H-2"", Jom o» =12.1
Hz), 2.87 (t, 1H, H-6", Jgn sm = Jgnen = 10.1 Hz), 2.71 (d, 1H, H-2", Jom o« = 12.1 Hz), 2.36 (br s, 1H, H-6™), 1.61-
1.55 (m, 2H, CH,CHs), 1.50 (q, 2H, CH,CHj3, J = 7.3 Hz), 1.44 (s, 3H, CCHs), 1.29 (s, 3H, CCH3), 0.90 (s, 9H,
‘Bu), 0.87 (s, 9H, ‘Bu), 0.90-0.79 (m, 6H, CH,CH3x2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe), 0.04-0.04 (m, 6H,
SiMex2);

C NMR (CDCls, 100 MHz) & 169.9, 163.0, 156.2, 150.1, 142.9, 136.8, 128.6, 128.2, 128.1, 116.6, 114.7, 113.3,
102.8, 95.5, 89.3, 88.8, 87.0, 84.6, 82.0, 81.6, 80.5, 70.3, 68.6, 68.1, 66.5, 63.4, 54.5, 52.3, 51.8, 45.5, 29.8, 29.0,



26.8,26.2,25.9,25.0, 18.4, 18.2,8.57,7.51, —4.45, —4.56, —4.70;
ESIMS-LR m/z 1050 [(M + H)"]; ESIMS-HR calcd for CsoHg O1¢N4Si; 1049.5181, found 1049.5179;
[a]p>> +0.55 (¢ 1.20, CHCI3).

NKY7-8
Methyl (2S,3R)-3-0O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-S-D-ribo-pento-
furanosyl]-2-benzyloxycarbonylamino-3-hydroxybutanoate (94)

o A solution of 93 (2.78 g, 5.64 mmol) in benzene-THF (1:1, 50 mL) was treated with PPh;
NSHN\ 6}0 (4.43 g, 16.9 mmol) and H,O (5 mL), and the resulting mixture was heated at 50 °C for 8

O— hours. The reaction mixture was partitioned between AcOEt and brine. The organic phase
CbzHN ~O was dried (Na,SOy), filtered, and concentrated in vacuo. The residue was roughly purified for
MeO,C excluding PPh; by silica gel column chromatography (1-5% MeOH/CHCIs), and the fractions

containing amine were collected and concentrated in vacuo. A solution of the amine and Et;N
(1.57 mL, 11.3mmol) in CH,Cl, (60 mL) was treated with NsCI (1.62 g, 7.33 mmol) at 0 °C, then warmed to room
temperature and stirred for 7 hours. The reaction mixture was quenched with sat. ag. NaHCO; and extracted with
AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
residue was purified by high-flash silica gel column chromatography (30-50% AcOEt/hexane) to afford 94 (2.92 g,
4.48 mmol, 79% over 2 steps) as a yellow foam.
'H NMR (CDCls, 400 MHz) § 8.17-8.15 (m, 1H, Ns), 7.79-7.77 (m, 1H, Ns), 7.68-7.66 (m, 2H, Ns), 7.38-7.30 (m,
5H, Ph), 6.13 (t, 1H, NH-5', Jxu-s s = 6.4 Hz), 5.52 (d, 1H, NH-2, Jxu22= 9.2 Hz), 5.12 (m, 3H, H-1', benzyl), 4.62
(m, 2H, H-2', H-3"), 4.40 (dd, 1H, H-2, Jobng2= 9.4, Jo3=2.1 Hz), 4.35-4.31 (m, 1H, H-3),4.25 (t, 1H, H-4', Jy 5 =
6.0 Hz), 3.70 (s, 3H, OMe), 3.28-3.21 (m, 1H, H-5"), 3.15-3.08 (m, 1H, H-5"), 1.64 (q, 2H, CH,CH3, J= 7.6 Hz),
1.57 (q, 2H, CH,CH3s, J = 7.5 Hz), 1.27 (d, 3H, Me-4, Jume.43 = 6.4 Hz), 0.84 (t, 3H, CH,CHj3, J= 7.6 Hz), 0.84 (t,
3H, CH,CH3;, J= 7.6 Hz);
3C NMR (CDCls, 100 MHz) & 171.5, 156.7, 148.1, 136.3, 134.5, 133.6, 132.9, 130.9, 128.7, 128.4, 128.2, 125.4,
117.2,107.8, 86.3, 86.2, 82.2, 74.0, 67.4, 58.7, 52.9, 46.5, 29.4, 28.9, 16.6, 8.53, 7.50;
ESIMS-LR m/z 674 [(M + Na)']; ESIMS-HR calcd for C,0H3701,N3NaS 674.1990, found 674.1992;
[a]p> +3.85 (¢ 0.77, CHCl3).

NKY7-34

Methyl (25,3R)-3-0-{5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-
nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-B—p-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-

hydroxybutanoate (95)
540 A mixture of 94 (299 mg, 459 umol), 61 (93.2 mg, 597 umol) and PPh; (181 mg, 689
Ob A\\ umol) in THF (5 mL) was treated with DMEAD (161 mg, 689 umol) at 50 °C for 1
IN\’\!S 0 hours. The reaction mixture was cooled to room temperature, then partitioned between
Q, AcOEt and H,O. The organic phase was washed with brine, dried (Na,SOy), filtered,
CbzHN :9 and concentrated in vacuo. The residue was purified by high-flash silica gel column
MeOZC)_\ chromatography (20-40% AcOEt/hexane) to afford 95 (377 mg, 477 wmol, quant.) as a

white foam.



'H NMR (CDCls, 400 MHz) & 8.09 (d, 1H, Ns, J = 7.8 Hz), 7.63 (d, 1H, Ns, J = 8.0 Hz), 7.52 (td, 1H, Ns, J = 8.1,
J=1.4Hz), 7.40 (m, 5H, Ph), 6.04 (dt, 1H, H-4", Jy 5= 5.5, Jy3» = 1.8 Hz,), 5.75 (d, 1H, NH-2, Jxp20= 9.6 Hz),
5.72 (dd, 1H, H-5", Js4 = 6.0, Js»1» = 2.3Hz), 5.34 (d, 1H, H-3", J3.,» = 5.5 Hz), 5.10 (d, 2H, benzyl, J = 3.2 Hz),
5.04 (s, 1H, H-1'), 5.00 (d, 1H, H-2', J».3 = 6.0 Hz), 4.92 (br s, 1H, H-1"), 4.61 (d, 1H, H-3', J3.» = 6.0 Hz), 4.36-
4.30 (m, 3H, H-2, H-3, H-2"), 4.13 (dd, 1H, H-4', Jy.5 = 11.0, Jy.5 = 3.2 Hz), 3.71-3.58 (m, 4H, H-5'a, OMe), 2.66
(dd, 1H, H-5"), 1.66 (q, 2H, CH,CH3, J = 7.7 Hz), 1.54 (q, 2H, CH,CHs, J = 7.5 Hz), 1.36 (s, 3H, CCH3), 1.28 (d,
3H, Me-4, Juess = 6.4 Hz), 1.19 (s, 3H, CCHs), 0.90-0.83 (m, 6H, CH,CH;x2);

C NMR (CDCls, 100 MHz) & 171.2, 156.9, 148.3, 137.2, 136.5, 133.8, 132.9, 131.8, 131.6, 131.0, 128.7, 128.3,
128.1, 123.9, 116.7, 111.4, 108.8, 86.0, 85.5, 84.5, 82.1, 81.9, 75.0, 71.2, 67.1, 58.8, 58.8, 52.5, 49.1, 29.3, 28.9,
27.2,25.5,17.5, 8.58,7.55;

ESIMS-LR m/z 812 [(M + Na)']; ESIMS-HR calcd for C37H47014N3NaS 812.2671, found 812.2679;

[a]*p +32.7 (¢ 1.02, CHCL).

NKYS8-81, 8-82
Methyl (2S,3R)-3-O-{5-tert-butoxycarbonylamino-5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-
cyclopentenyl]-2,3-O-(3-pentylidene)-f—bp-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-
hydroxybutanoate (96)
A mixture of 95 (520 mg, 658 umol) and K,CO;3 (118 mg, 855 umol) in MeCN (7 mL)
Ob a\\ was treated with 4-'Bu-benzenethiol (170 uL, 987 umol) at 0 °C and stirred for 10 hours
"'N\B..‘?}&,o
o .

CbzHN O

o

at room temperature. The reaction mixture was added 4-'Bu-benzenethiol (170 uL, 987
umol) and K,CO; (118 mg, 855 umol) and stirred for 24 hours. The reaction mixture
was partitioned between AcOEt and 1M ag. HCI. The organic phase was washed with
MeO,C sat. ag. NaHCOs, brine, dried (Na,SO,), filtered, and concentrated in vacuo to afford a
crude amine. A solution of the crude amine and Et;N (184 uL, 1.32 mmol) in THF (7 mL) was treated with Boc,O
(303 uL, 1.32 mmol) at room temperature and stirred for 20 hours. The reaction mixture was partitioned between
AcOEt and H,0, and the organic phase was washed with brine and dried (Na,;SO.), filtered, and concentrated in
vacuo. The residue was purified by high-flash silica gel column chromatography (20-40% AcOEt/hexane) to afford
96 (375 mg, 532 umol, 81% over 2 steps) as a white foam.
'H NMR (CDCls, 400 MHz) & 7.38-7.31 (m, 5H, Ph), 6.01 (br s, 1H, H-4"), 5.76 (d, 1H, H-5", J= 3.7 Hz), 5.32 (br
s, 1H, H-3"), 5.13-5.10 (m, 3H, H-1', benzyl), 4.80 (d, 1H, H-2', J» 3 = 6.4 Hz), 4.70 (br s, 1H, H-1"), 4.57 (br s, 1H,
H-3"), 4.52 (d, 1H, H-2", J5»3» = 6.0 Hz), 4.37-4.35 (m, 2H, H-2, H-3), 4.13 (dd, 1H, H-4', J=10.8, Jy#5 = 3.9 Hz),
3.70 (s, 3H, OMe), 3.44 (br s, 1H, H-5"), 2.71 (dd, 1H, H-5', Js 5 = 14.6, Js » = 4.1 Hz), 1.67 (q, 2H, CH,CH3, J =
7.5 Hz), 1.54 (q, 2H, CH,CHs, J = 7.6 Hz), 1.46 (s, 9H, ‘Bu), 1.41 (s, 3H, CCHs), 1.34 (s, 3H, CCH3), 1.24 (d, 3H,
H-4, J43= 6.4 Hz), 0.91-0.83 (m, 6H, CH,CH3%2);
C NMR (CDCls, 100 MHz) § 170.9, 156.7, 136.3, 128.7, 128.3, 128.2, 116.7, 111.3, 105.5, 86.3, 84.8, 84.5, 82.4,
81.0,71.6,70.2, 67.3, 58.8, 52.5, 49.0, 29.5, 29.1, 28.4, 27.4, 25.7, 15.6, 8.45;
ESIMS-LR m/z 728 [(M + Na)']; ESIMS-HR calcd for C3sHs3N,0,, 705.3593, found 705.3589;
[a]p'” =71.9 (¢ 0.95, CHCl3).



NKY8-100
Compound 107

o A solution of compound 96 (30.7 mg, 43.6 wmol), K5[Fe(CN)s] (43.2 mg, 131 umol),
Bocl}l/"”é,o K,CO; (18.1 mg, 131 umol), NaHCO; (11.0 mg, 131 umol), DABCO (4.9 mg, 43.6

XO:G O~ umol) and MeSO,NH, (4.1 mg, 43.6 umol) in ‘BuOH-H,O (1:1, 0.8 mL) was treated
o N Q with K,0s04-2H,0 (1.6 mg, 4.4 umol) at room temperature for 27 hours. After sat. aq.
MeO,C Na,;S,05 was added, the mixture was extracted with AcOEt. The organic phase was

washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue
was purified by short silica gel column chromatography (30-50% AcOEt/hexane), and the fractions containing diol
were collected and concentrated in vacuo. A solution of the diol in THF-phosphate buffer (2:1, pH 7.2, 1.2 mL) was
treated with NalOy4 (21.8 mg, 102 wmol) at room temperature for 2 hours. After sat. ag. Na,S,03 was added, the
mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and
concentrated in vacuo. A mixture of the residue and Pd black (3.0 mg) in MeOH (1 mL) was vigorously stirred
under H, atmosphere at room temperature for 4 hours. The catalyst was filtered off through Celite pad, and the
filtrate was concentrated in vacuo. The residue in MeOH (4 mL) was treated with AcOH (24 uL) and Pic-BH; (8.7
mg, 81.2 umol) at room temperature. The resulting mixture was heated at 50 °C for 20 hour. Pic-BHj (4.4 mg, 41.1
umol) was added to the reaction mixture and the solution was stirred at 50 °C for 3 hours. The reaction mixture was
partitioned between AcOEt and 1M aq. HCI. The organic phase was washed with sat. ag. NaHCOj3 and brine, dried
(NaySOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (10-
20% AcOEt/hexane) to afford 107 (11.0 mg, 19.3 wmol, 44% over 4 steps) as a white solid.
'H NMR (CDCls, 400 MHz, 50 °C) & 5.18 (s, 1H, H-1'), 4.65-4.50 (m, 5H, H-2', H-3', H-4', H-5', H-3"), 4.16-4.11
(m, 2H, H-3, H-5"), 3.87 (d, 1H, H-4", J4 5= 4.6 Hz), 3.69 (s, 3H, OMe), 3.42-3.31 (m, 2H, H-5', H-2"), 3.12 (d,
1H, H-2, J,3=10.5 Hz), 2.78 (m, 1H, H-6"), 2.62 (dd, 1H, H-2", Jy»»=13.3, J»3»=4.6 Hz), 2.15 (br s, 1H, H-6"),
1.69 (q, 2H, CH,CH3, J = 7.5 Hz), 1.57-1.44 (m, 14H, CH,CH3, ‘Bu, CCH3), 1.32 (s, 3H, CCH3), 1.11 (d, 3H, H-4,
Js3=5.9Hz), 0.92 (t, 3H, CH,CHs, J= 7.3 Hz), 0.86 (t, 3H, CH,CH3, J = 7.6 Hz);
*C NMR (CDCls, 100 MHz, a mixture of rotamers) & 169.2, 169.1, 155.7, 155.5, 116.8, 116.6, 108.0, 107.8, 107.5,
107.0, 87.6, 87.3, 85.4, 83.1, 83.1, 80.5, 80.4, 76.5, 72.3, 72.2, 71.6, 71.5, 68.9, 54.9, 54.6, 51.2, 50.6, 49.8, 49.1,
48.6,45.4,45.0,29.9,29.8,29.7,29.4, 28.8, 28.5, 28.4, 28.3, 26.6, 26.3, 17.4, 8.56, 8.42, 7.58, 7.37,
ESIMS-LR m/z 593 [(M + H)']; ESIMS-HR calcd for CogHys010N2Na 593.3045, found 593.3059;
[a]p?® +31.5 (¢ 0.65, CHCl;).

NKY9-37
Compound 108

o To a solution of compound 107 (11.0 mg, 19.3 umol), 2,6-di-Bu-p-cresol (0.9 mg, 4.08
BocN/""é,o umol) and Ph3;SiSH (16.9 mg, 57.9 umol) in DMF (1 mL) was added Cs,COs3 (18.9 mg,

XO]@ O~ 57.9 wmol) and the mixture was stirred at 90 °C for 12 hours. Ph3SiSH (16.9 mg, 57.9
o) N 9 umol) and Cs,CO3 (18.9 mg, 57.9 umol) were added to the reaction mixture, and the
HO,C solution was stirred at 90 °C for 24 hours. After cooling down to room temperature, the

reaction mixuture was partitioned between AcOEt and 1 M ag. HCI The organic phase

was washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by silica



gel column chromatography (1-10% MeOH/CHCIs) to afford 108 (10.9 mg, 19.6 wmol, quant.) as a white solid.
'H NMR (CDCls, 400 MHz, a mixture of rotamers) & 5.20 (s, 1H, H-1'), 4.66-4.49 (m, 5H, H-2', H-3', H-4', H-5',
H-3"), 4.23-4.10 (m, 2H, H-3, H-5"), 3.88 (d, 1H, H-4", J4 s» = 4.6 Hz), 3.45-3.29 (m, 2H, H-5', H-2"), 3.13 (t, 1H,
H-2,J,53=11.0 Hz), 2.80 (dd, 1H, H-6", Jg 6= 10.1, Jg¢» = 7.4 Hz), 2.67 (td, 1H, H-2", Jyn» = 13.4, Jon3»= 5.3 Hz),
2.30-2.19 (m, 1H, H-6"), 1.71-1.65 (m, 2H, CH,CH3), 1.60-1.45 (m, 14H, CH,CH3, CCH3, ‘Bu), 1.33-1.32 (m, 3H,
CCHsj), 1.18 (d, 3H, H-4, J43= 5.5 Hz), 0.94-0.84 (m, 6H, CH,CHs);

*C NMR (CDCls, 100 MHz, a mixture of rotamers) & 172.2, 172.2, 155.7, 155.6, 116.9, 116.6, 108.2, 107.9, 107.5,
107.0, 87.6, 87.2, 85.5, 85.4, 83.1, 83.1, 80.7, 80.6, 72.0, 71.9, 71.6, 71.5, 68.6, 54.8, 54.5, 50.6, 49.8, 49.2, 48.7,
45.3,44.9,29.9,29.7,29.4, 28.8, 28.6, 28 .4, 28.3, 26.6, 26.3, 17.5, 8.59, 8.45, 7.61, 7.39;

ESIMS-LR m/z 555 [(M — H)]; ESIMS-HR calcd for C,7H43010N; 555.2923, found 555.2926;

[a]p™ +31.5 (¢ 1.09, CHCI5).

NKY9-43
Compound 109

OH Compound 108 (10.9 mg, 19.6 umol) was treated with aq. 80% TFA (1 mL) at room
Hl:\I/"‘-éIOH temperature for 24 hours. The mixture was concentrated in vacuo, the residue was purified
Hojijl o H by C18 reverse phase column chromatography (100% H,0O, 0.1% TFA), and the fractions
HO "N “O containing compound 109 were collected and concentrated in vacuo. The residue was
HO,C partitioned between AcOEt and H,O. The aquious phase was concentrated in vacuo to

afford 109 (7.1 mg, 12.3 umol, 63%) as a white solid.

'H NMR (D0, 500 MHz)  5.09 (s, 1H, H-1"), 4.45 (dd, 1H, H-3', J = 8.9, 4.3 Hz), 4.13-4.04 (m, 5H, H-3, H-2',
H-4', H-4", H-5"), 3.64 (d, 1H, H-5', Js 5 = 14.9 Hz), 3.42 (d, 1H, H-2, J, 3 = 10.3 Hz), 3.37-3.32 (m, 2H, H-2", H-
3"),3.14 (d, 1H, H-2", J,»3»=11.5 Hz), 3.07-2.97 (m, 3H, H-5', H-6"%2), 1.23 (d, 3H, H-4, J45= 5.7 Hz);

C NMR (D,0, 1% CD;OD, 100 MHz) & 164.0, 104.3, 82.0, 75.4, 70.1, 69.5, 68.4, 64.7, 60.6, 53.4, 50.0, 49.8,
46.0, 16.8;

ESIMS-LR m/z 349 [(M + H)']; ESIMS-HR calcd for C4H,505N; 349.1605, found 349.1610

[a]p'®~18.3 (¢ 0.71, DMSO).

NKY8-36, 8-37, 8-39
Methyl 5-O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-p—p-ribo-pentofuranosyl]-6-
benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-g-p-glycelo-L-

talo-heptofuranuronate (113)

A mixture of 111 (200 mg, 274 umol), DMAP (16.7 mg, 137 wmol) and MS4A (300

NSHN\“__ Oj‘o\\ mg) in THF (3 mL) was treated with Boc,O (62.9 uL, 274 mmol) at room
Q/ o temperature, and stirred for 1 hour. An Additional portion of Boc,O (12.6 uL, 54.8

CbzHN 5-3 ﬂ NBoc umol) was added to the reaction mixture, and stirred for 20 minutes. The reaction
MeO,C © N_Qo was quenched with MeOH, then filtered through a Celite pad. The solution was
ay partitioned between AcOEt and sat. ag. NH4Cl. The organic phase was washed with

PN H,O0, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was

dissolved in benzene-THF (1:1, 4 mL) and added PPh; (144 mg, 548 umol) and H,O (1 mL) at room temperature.



The resulting mixture was heated at 45 °C for 16 hours. The reaction mixture was partitioned between AcOEt and
IM aq. HCI. The organic phase was washed with H,O, brine and dried (Na,SOy), filtered, and concentrated in vacuo.
The residue was roughly purified for excluding PPhs by silica gel column chromatography (1-20% MeOH/CHCl3),
and the fractions containing the amine were collected and concentrated in vacuo. A solution of the amine and Et;N
(198 uL, 1.42 mmol) in THF (3 mL) was treated with NsCl (39.4 mg, 178 umol) at 0 °C. After stirring for 20
minutes at roose was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was
purified m temperature, the reaction mixture was partitioned between AcOEt and sat. ag. NaHCOs. The organic
phaby high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford 113 (158 mg, 160 umol, 58%
over 3 steps) as a white foam.

'H NMR (CDCls, 400 MHz) & 8.10 (dd, 1H, Ns), 7.70-7.59 (m, 3H, Ns), 7.37-7.30 (m, 5H, Ph), 7.27-7.25 (m, 1H,
H-6), 6.27 (t, 1H, NH-5", Jxu-s+s»= 6.7 Hz), 5.77 (d, 1H, NH-6', Jxu¢ 6 = 9.6 Hz), 5.73 (d, 1H, H-5, Js 5= 8.2 Hz),
5.54 (d, 1H, H-1', Jy»= 1.8 Hz), 5.19-5.07 (m, 2H, benzyl), 5.04 (s, 1H, H-1"), 5.00 (dd, 1H, H-2', J» 3= 6.6, J> 1"
=1.6 Hz), 4.83 (dd, 1H, H-3', J3» = 6.4, J3 4= 4.6 Hz), 4.70 (dd, 1H, H-6', Js nu.s = 10.1, Jo 5= 1.8 Hz), 4.67 (m,
2H, H-2", H-3"), 4.42 (dd, 1H, H-5', Js 4= 8.2, Js ¢ = 1.8 Hz), 4.29-4.24 (m, 2H, H-4', H-4"), 3.76 (s, 3H, OMe),
3.24-3.19 (m, 2H, H-5"x2), 1.60 (s, 9H, ‘Bu), 1.60-1.47 (m, 4H, CH,CH;3x2), 1.48 (s, 3H, CCH3), 1.31 (s, 3H,
CCHs), 0.81-0.77 (m, 6H, CH,CH3%2);

C NMR (CDCls, 100 MHz) 5 171.5, 160.2, 156.3, 148.6, 148.0, 147.4, 142.2, 136.4, 134.2, 133.5, 132.7, 130.7,
128.6,128.3,128.1, 125.1, 117.0, 115.0, 113.0, 102.5, 95.7, 87.3, 87.2, 86.7, 86.3, 84.4, 82.1, 81.0, 80.2, 67.3, 55.1,
53.2,46.1,29.3,28.9, 27.5, 27.1, 25.4, 8.54, 7.54;

ESIMS-LR m/z 1012 [(M + Na)']; ESIMS-HR calcd for C44HssN509NaS 1012.3104, found 1012.3104;

[a]p" +56.7 (¢ 0.76, CHCl;).

NKY10-78

Methyl 5-0-{5-deoxy-N-[(1R,2S5,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-f-p-glycelo-L-talo-heptofuranuronate (114)

%O Compound 113 (40.0 mg, 40.4 umol), rac-63 (19.9 mg, 92.9 umol) and Et;N
ob A\\ (16.9 uL, 121 wmol) were dissolved in THF (0.5 mL). Ligand L1 (4.5 mg, 6.5
MN\N?,@,Q umol) and Pd,(dba);-CHCI; (1.7 mg, 1.6 umol) were dissolved in THF (0.5
0 ! P mL) and stirred for 30 minutes, then this solution was slowly added to the

O

5 ¢ 2 _ . .
CbzHN N _«N BOC  mixture at 0 °C. The mixture was stirred for 6 hours at room temperature. The
O

MeO,C reaction mixuture was partitioned between AcOEt and sat. ag. NH4Cl The
o. o organic phase was washed with H,O, brine and dried (Na,SO,), filtered, and
< concentrated in vacuo. The residue was purified by flash silica gel column

chromatography (20-30% acetone/hexane) to afford 114 (25.6 mg, 22.7 umol, 56%) as a white foam and 113 (13.3
mg, 13.4 umol, 33%) as a white foam.

'H NMR (CDCls, 400 MHz) & 8.10 (d, 1H, Ns, J= 8.2 Hz), 7.62 (td, 1H, Ns, J= 7.8, 1.3 Hz), 7.46 (td, 1H, Ns, J=
7.8, J= 0.9 Hz), 7.35-7.34 (m, 6H, H-6, Ph), 6.96 (d, 1H, Ns, J= 8.2 Hz), 6.05-6.03 (m, 2H, H-4", NH-6"), 5.78-
5.76 (m, 2H, H-5, H-5"), 5.59 (d, 1H, H-1', J1»=2.3 Hz), 5.38 (d, 1H, H-3"", J3=,»= 5.0 Hz), 5.14-5.01 (m, 3H, H-
2", benzyl), 4.96-4.94 (m, 2H, H-1", H-1"), 4.90 (dd, 1H, H-2', J»3= 6.7, Jo = 2.2 Hz), 4.67-4.65 (m, 2H, H-6',



H-3"), 4.45 (dd, 1H, H-5', Js.4= 7.6, Js.¢= 1.6 Hz), 4.26 (dd, 1H, H-4', Jy.5=7.6, Jx3= 4.4 Hz), 4.16 (d, 1H, H-2",
Jynzn=6.0 Hz), 4.08 (dd, 1H, H-4", Jy 5= 11.2, Jun5» = 3.0 Hz), 3.70 (s, 3H, OMe), 3.64 (dd, 1H, H-5", Js5:= 15.6,
Jsi 4= 11.5 Hz), 2.62 (dd, 1H, H-5", Js.5:= 17.0, Js 4= 3.2 Hz), 1.66-1.48 (m, 16H, ‘Bu, CH,CH3%2, CCH3), 1.35
(s, 3H, CCHs), 1.33 (s, 3H, CCH3), 1.16 (s, 3H, CCH3), 0.81 (t, 6H, CH,CH3x2, J= 7.1 Hz);

C NMR (CDCls, 100 MHz) 5 170.8, 160.3, 156.7, 148.6, 148.0, 147.5, 141.5, 137.2, 136.6, 133.8, 132.6, 132.5,
131.6, 131.4, 128.7, 128.3, 128.1, 123.7, 116.6, 115.1, 113.4, 111.4, 102.5, 94.5, 87.2, 87.1, 85.8, 85.3, 84.5, 84.3,
81.7, 81.5, 80.6, 80.4, 70.9, 67.1, 55.4, 52.8, 48.2, 29.2, 28.9, 27.6, 27.3, 27.2, 25.5, 25.5, 8.66, 7.63;

ESIMS-LR m/z 1151 [(M + Na)']; ESIMS-HR calcd for Cs,HesNsO,;NaS 1150.3785, found 1150.3770;

[a]p> +69.4 (¢ 0.85, CHCI3).

NKY10-81
Methyl 5-0-{5-deoxy-N-[(1S,2R,35)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-
nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-B—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-
deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (115)
Compound 113 (60.0 mg, 60.6 umol), carbonate rac-63 (29.8 mg, 139 umol)
and Et;N (25.4 uL, 182 umol) were dissolved in THF (0.5 mL). Ligand L2 (6.7
mg, 9.7 umol) and Pd,(dba);-CHCI; (2.5 mg, 2.4 umol) were dissolved in THF
(0.5 mL) and stirred for 30 minutes, after which this solution was slowly added
to the mixture at 0 °C. The mixture was stirred for 1 hour at room temperature.
The reaction mixuture was partitioned between AcOEt and sat. ag. NH4Cl The

organic phase was washed with H,O, brine and dried (Na,SO,), filtered, and

concentrated in vacuo. The residue was purified by silica gel column
chromatography (20-30% acetone/hexane) to afford 115 (66.3 mg, 58.8 umol, 97%) as a white foam.

'H NMR (CDCls, 400 MHz)  8.07 (dd, 1H, Ns, J= 7.8, J= 1.4 Hz), 7.66-7.56 (m, 2H, Ns), 7.34-7.31 (m, 7H, H-
6, Ns, Ph), 6.09 (d, 1H, H-4", J4s»= 6.0 Hz), 5.79 (d, 1H, NH-6', Jnue6 = 10.1 Hz), 5.76 (d, 1H, H-5, Jss= 8.2
Hz), 5.59 (brs, 2H, H-1', H-5"), 5.22 (d, 1H, H-3"', J= 6.0 Hz), 5.16-5.01 (m, 3H, H-1", benzyl), 4.91-4.87 (m, 2H,
H-2', H-2"), 4.80-4.77 (m, 2H, H-3', H-1"), 4.66-4.64 (m, 3H, H-6', H-3", H-2"), 4.44 (d, 1H, H-5', Js 4= 9.2 Hz),
4.25-4.22 (m, 1H, H-4"), 3.91 (dd, 1H, H-4", Jys»= 11.7, Jgs»= 3.9 Hz), 3.71 (s, 3H, OMe), 3.44 (dd, 1H, H-5",
Jsisn=15.1, Jygo=11.5 Hz), 3.07 (dd, 1H, H-5", Js» 5= 15.1, Js1 4o= 4..6 Hz), 1.60 (s, 9H, ‘Bu), 1.60-1.49 (m, 4H,
CH,CH3x2), 1.40 (s, 3H, CCH3), 1.32 (s, 3H, CCHs), 0.83-0.79 (m, 6H, CH,CH1x2);

C NMR (CDCls, 100 MHz) 5 170.5, 160.3, 156.5, 148.6, 148.1, 147.5, 141.5, 137.8, 136.5, 133.9, 132.9, 132.0,
131.5,129.7, 128.6, 128.3, 128.3, 124.3, 117.0, 115.1, 112.6, 111.9, 102.6, 94.5, 87.2, 87.0, 85.9, 84.8, 84.5, 84.2,
83.9, 81.1, 80.7, 79.9, 70.4, 67.2, 55.1, 52.9, 48.3, 29.4, 29.0, 27.6, 27.2, 27.2, 25.5, 25.4, 8.62, 7.63;

ESIMS-LR m/z 1150 [(M + Na)']; ESIMS-HR calcd for Cs,HgsNsO,;NaS 1150.3785, found 1150.3779;

[a]”p +81.4 (c 0.88, CHC;).



NKY10-84,

Methyl 5-0-{5-deoxy-N-[(1R,2S5,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(uracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (116)

%O A solution of 114 (25.6 mg, 22.7 umol) in MeOH (1 mL) was treated with AcOH

Ob A\\ (100 uL) at 60 °C and stirred for 10 hours. The reaction mixture was partitioned

IN\’\ES é}o between AcOEt and sat. ag. NaHCO3_ The organic phase was washed with brine

o P and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified

CbzHN O (/N—_:NH by silica gel column chromatography (60-70% AcOEt/hexane) to afford 116 (18.1
MeO,C © O  mg, 17.6 umol, 78%) as a white solid.

o b 'H NMR (CDCls, 400 MHz) & 8.83 (s, 1H, NH-3), 8.10 (d, 1H, Ns, J= 7.8 Hz),

> 7.62 (t, 1H, Ns, J= 7.8 Hz), 7.44 (t, 1H, Ns, J= 7.8 Hz), 7.35-7.33 (m, 6H, H-6,

Ph), 6.91 (d, 1H, Ns, J=7.8 Hz), 6.06-6.03 (m, 2H, NH-6', H-4"), 5.79 (d, 1H, H-5"", J= 3.2 Hz), 5.74 (dd, 1H, H-
5,J56= 8.2, Jsnus= 1.8 Hz), 5.59 (d, 1H, H-1', J= 1.8 Hz), 5.37 (d, 1H, H-3", J3n»= 5.0 Hz), 5.13 (m, 6H, H-2',
H-2", H-1", H-1", benzyl), 4.82 (t, 1H, H-3", J3.5= J3.4= 5.5 Hz), 4.68 (d, 1H, H-3", J3.,»= 5.5 Hz), 4.64 (d, 1H, H-
6', Joxue=10.0 Hz), 4.42 (d, 1H, H-5", J5 4= 8.2 Hz), 4.26 (dd, 1H, H-4', J4.5= 8.0, Jy 3= 4.4 Hz), 4.14 (d, 1H, H-
2", Jynzn= 6.0 Hz), 4.07 (dd, 1H, H-4", Jy»5o= 11.4, Jpn5v= 3.2 Hz), 3.71 (s, 3H, OMe), 3.64 (dd, 1H, H-5", Js: 5=
15.4, Js 4= 11.7 Hz), 2.58 (dd, 1H, Js:5:= 15.6, Js: 4= 3.2 Hz), 1.59-1.16 (m ,16H, ‘Bu, CCHs, CH,CH;x2), 0.80
(t, 6H, CH,CH3x2, J= 7.4 Hz);

C NMR (CDCls, 100 MHz) & 170.8, 163.2, 156.7, 150.1, 148.0, 143.0, 137.3, 136.6, 133.8, 132.6, 132.4, 131.5,
131.4, 128.7, 128.3, 128.1, 123.7, 116.4, 115.1, 113.3, 111.4, 102.7, 94.9, 86.6, 85.8, 85.3, 84.5, 84.1, 81.6, 81.5,
81.0, 80.7, 70.9, 67.1, 55.2, 52.8, 48.2, 29.4, 28.8, 27.3,27.2, 25.5, 8.66, 7.46;

ESIMS-LR m/z 1050 [(M + Na)']; ESIMS-HR calcd for C47Hs7N5O1oNa$S 1050.3261, found 1050.3253;

[a]*’p +78.9 (¢ 1.12, CHCl3).

Prepared by Mitsunobu reaction (NKY9-48, 9-49)

To a solution of 113 (393 mg, 393 umol), 61 (124 mg, 794 wmol) and PhOPPh; (221 mg, 794 umol) in THF (4 mL)
was added a solution of DMEAD (186 mg, 794 umol) in THF (1 mL) at 50 °C, and the reaction mixture was stirred
for 1 hour. The mixuture was partitioned between AcOEt and H,0, and. the organic phase was washed with brine
and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was dissolved with MeOH (4 mL) and AcOH
(0.4 mL), then heated at 60 °C for 46 hours. After cooling to room temperature, the mixture was partitioned between
AcOEt and sat. ag. NaHCOs, and. the organic phase was washed with brine and dried (Na,SOy), filtered, and
concentrated in vacuo. The residue was high-flash silica gel column chromatography (20-50% acetone/hexane) to

afford 116 (236 mg, 230 wmol, 58% over 2 steps) as a white foam.



NKY 12-7

rac-(1S,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl methyl carbonate (117)
@"'OCOZMe A solution of compound rac-61 (1.37 g, 8.77 mmol) in pyridine (4.3 mL) and CH,Cl, (40 mL)
<k was treated with CICO,Me (2.49 g, 26.3 mmol) at 0 °C for 2 hours. The reaction was quenched

o__0O
P with H,O, and the resulting mixture was partitioned between AcOEt and 1M aq. HCI. The organic

e phase was washed H,O, brine and dried (Na,S0O.), filtered, and concentrated in vacuo to afford
117 (1.58 g, 7.38 mmol, 84%) as a colorless oil. This copound was used to the next reaction without further
purification.
'H NMR (CDCl, 400 MHz) & 6.10 (dt, 1H, H-4, Js5=6.0Hz, J4; = 1.8 Hz), 5.91 (dd, 1H, H-5, Js4 = 6.0 Hz, Js
=1.8 Hz), 5.30 (dt, 1H, H-1, J,, = 5.5 Hz, J14=J,5=1.6 Hz), 5.03 (dd, 1H, H-3, J3, = 5.8 Hz, J3 4= 1.6 Hz), 4.92
(dd, 1H, H-2, J»1 = J»3=15.5 Hz), 3.83 (s, 3H, OMe), 1.40 (s, 3H, CCHs), 1.38 (s, 3H, CCHs).
C NMR (CDCls, 100 MHz) & 155.3, 135.4, 131.5, 113.2, 83.4, 78.7, 76.8, 55.0, 27.5, 26.9;
ESIMS-LR m/z 237 [(M + Na)']; ESIMS-HR calcd for CoH;405Na 237.0733, found 237.0729;

NKY 12-9
rac-Cyclic carbonate (119)
A solution of compound rac-117 (1.58 g, 7.38 mmol) in CH,Cl, (60 mL) and H,O (5 mL) was
@ \A\O treated with TFA (10 mL) at room temperature for 4 hours. The reaction was quenched with
rac NaHCOs, and the resulting mixture was extracted with AcOEt. The organic phase was dried
(NayS0y), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (30-50% AcOEt/hexane) to afford rac-119 (833 mg, 5.86 mmol, 79%) as a colorless oil.
'H NMR (CDCls, 400 MHz) & 6.25 (d, 1H, H-4, Jss=6.0 Hz), 6.03 (dt, 1H H-5, J54= 6.0 Hz, J= 1.6 Hz), 5.41 (d,
1H, H-1, J1, = 6.4 Hz), 5.15 (t, 1H, H-2, J,; = 6.0 Hz, J, 3 = 6.0 Hz), 4.90 (dd, 1H, H-3, J3 013 = 11.0 Hz, J3, = 5.5
Hz), 2.49 (d, 1H, OH-3, Jou-33 = 11.0 Hz,);
C NMR (CDCls, 100 MHz) & 154.1, 140.0, 128.7, 82.4, 75.4;
ESIMS-LR m/z 143 [(M + Na)']; ESIMS-HR calcd for C4H;04 143.0339, found 143.0343.

NKY11-24
Methyl 5-O-{5-deoxy-N-[(1S,2S,3R)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-
tert-butoxycarbonyluracil-1-yl)-p-np-glycelo-L-talo-heptofuranuronate (120)
Compound 113 (30.0 mg, 30.3 wmol), carbonate rac-119 (9.9 mg, 69.7 umol)
Hob_ and Et;N (12.7 uL, 90.9 umol) were dissolved in 1,4-dioxane (0.5 mL). Ligand
L2 (3.4 mg, 4.9 umol) and Pd,(dba);-CHCI; (1.3 mg, 1.21 wmol) were

ﬁ”

© /—4 dissolved in 1,4-dioxane (0.5 mL) and stirred for 30 minutes, then this solution

CbzHN Q NBoc : . .
3 _< was slowly added to the mixture at room temperature. The mixture was stirred
MeO,C for 9 hours at room temperature. The reaction mixuture was partitioned
){ between AcOEt and sat. ag. NH4Cl. The organic phase was washed with H,O,

brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was

purified by flash silica gel column chromatography (66-100% AcOEt/hexane) to afford 120 (17.0 mg, 15.6 umol,



49%) as a white solid.

'H NMR (CDCls, 400 MHz) & 8.12 (d, 1H, Ns, J = 7.3 Hz), 7.95-7.76 (m, 4H, Ns, H-6), 7.35-7.29 (m, 5H, Ph),
7.17 (d, 1H, NH-6', JNn.¢.¢ = 9.1 Hz), 5.90 (dt, 1H, H-4", J4=5» = 6.0 Hz, J= 1.8 Hz), 5.85-5.83, (m, 2H, H-5, H-1")
5.49 (d,1H, H-5", Jsw4n= 6.0 Hz), 5.22 (d, 1H, OH-3", Jop.3» 3 = 5.0 Hz), 5.12-5.08 (m, 4H, benzyl, H-2', H-2"),
4.90 (s, 1H, H-1"), 4.85 (d, 1H, OH-2", Jop.2»o» = 5.5 Hz), 4.77 (dd, 1H, H-3', /= 6.4 Hz, J= 4.6 Hz), 4.69 (d, 1H,
H-1", Jymomw = 6.9 Hz), 4.56 (d, 1H, H-3", J5.,» = 5.9 Hz), 4.43-4.34 (m, 3H, H-5', H-6', H-4"), 4.23 (br s, |H, H-3""),
4.15-4.09 (m, 2H, H-4', H-2"), 3.56 (s, 3H, OMe), 3.34 (o, 1H, H-5"), 2.99 (dd, 1H, H-5", Js»s» = 15.1 Hz Jsp4» =
4.6 Hz), 1.51 (s, 9H, ‘Bu), 1.42-1.34 (m, 7H, acetonide, CH,CH; 2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H, CH,CHj,
J=17.6 Hz), 0.65 (t, 3H, CH,CH; J= 7.6 Hz);

CNMR (DMSO-dg, 100 MHz) § 170.1, 160.0, 156.3, 148.2, 147.8, 147.5, 143.9, 136.8, 136.6, 134.6, 132.2, 1312,
130.2, 129.6, 128.3, 127.8, 127.5, 124.0, 114.8, 113.5, 111.4, 101.1, 93.1, 86.8, 86.2, 85.6, 84.7, 83.7, 83.7, 81.0,
80.8,79.2,78.5,71.9,70.7, 65.7, 64.1, 54.9, 52.3, 47.7, 29.0, 28.4, 27.0, 27.0, 25.1, 8.35, 7.26;

ESIMS-LR m/z 1088 [(M + H)']; ESIMS-HR calcd for C49Hg,NsO,;S 1088.3653, found 1088.3621;

[a]p’ +60.2 (¢ 0.95, CHCI3).

NKY11-51
Methyl 5-O-{5-deoxy-N-[(1R,2R,3S)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-
tert-butoxycarbonyluracil-1-yl)-p-np-glycelo-L-talo-heptofuranuronate (121)

Compound 113 (300 mg, 303 umol), carbonate rac-119 (99.1 mg, 697 umol)

HO ;
NN j‘\\ and Et;N (127 pL, 909 umol) were dissolved in 1,4-dioxane (3 mL). Ligand
'\NNs
L1 (34 mg, 48.5 umol) and Pd,(dba);-CHCI; (13 mg, 12.1 wmol) were
dissolved in 1,4-dioxane (3 mL) and stirred for 30 minutes, then this solution
CbzHN 9 NBoc

was slowly added to the mixture at room temperature. The mixture was stirred
MeO,C for 12 hours at room temperature. The reaction mixuture was partitioned
between AcOEt and sat. aq. NH4CI. The organic phase was washed with H,O,
brine and dried (Na,S0O,), filtered, and concentrated in vacuo. The residue was
purified by flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 121 (187 mg, 172 umol,
57%) as a white foam and 113 (49 mg, 49.5 umol, 16%) as a white foam.
'H NMR (DMSO-dg,, 400 MHz) & 8.11 (d, 1H, Ns, J = 8.2 Hz), 7.93 (d, H-6, Jos = 8.2 Hz), 7.86 (dd, 1H, Ns, J =
8.0 Hz, J=1.2 Hz), 7.79 (t, 1H, Ns, J= 7.1 Hz), 7.72 (t, 1H, Ns, J = 7.8 Hz), 7.36-7.31 (m, Ph, 5H), 7.15 (d, 1H,
NH-6', Jnu6.6 = 9.2 Hz), 6.03-6.02 (m, 1H, H-4™), 5.85 (s, 1H, H-1"), 5.83 (d, 1H, H-5, Js s = 8.2 Hz), 5.69 (d, 1H,
H-5", Jsuw4n= 6.4 Hz), 5.13-5.01 (m, 4H, benzyl, H-2', OH-3"), 4.91 (s, 1H, H-1"), 4.79-4.76 (m, 2H, H-3', H-2"),
4.64 (d, 1H, H-1", Jyno» = 6.0 Hz), 4.58-4.54 (m, 2H, H-3", OH-2", 4.43-4.40 (m, H-5', H-6', H-4"), 4.30 (t, 1H, H-
3", Jawom=6.0 Hz), 4.17-4.12 (m, 2H, H-4', H-2""), 3.59 (s, 3H, OMe), 3.33 (o0, 1H, H-5"), 3.13 (dd, 1H,H-5", Js" s
=15.6 Hz, Js»4»=3.2Hz), 1.50 (s, 9H, ‘Bu), 1.42-1.37 (m, 7H, acetonide, CH,CH; 2), 1.26 (s, 3H, acetonide), 0.73
(t, 3H, CH,CH3, J=7.6 Hz), 0.64 (t, 3H, CH,CH3, J = 7.6 Hz);
CNMR (DMSO-dg, 125 MHz) § 170.3, 160.0, 156.2, 148.2, 147.8, 147.5, 143.8, 137.3, 136.9, 134.3, 132.3, 131.9,
130.0, 128.3, 127.8, 127.6, 124.0, 115.1, 113.4, 111.5, 101.1, 93.1, 86.7, 86.2, 85.3, 83.9, 83.7, 81.6, 80.7, 79.2,
79.0,72.2,70.7, 65.7, 64.3, 55.0, 52.4, 47.6, 29.0,28.5, 27.0, 26.9, 25.2, 8.36, 7.25;



ESIMS-LR m/z 1088 [(M + H)']; ESIMS-HR calcd for C4oHgNsO2;S 1088.3653, found 1088.3621;
[a]p'® +4.85 (¢ 0.61, CHCI3).

NKY9-52, 9-54

Methyl 5-O-{5-tert-butoxycarbonyl-5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-2,3-O-(3-
pentylidene)-f—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(uracil-
1-yl)-B-p-glycelo-L-talo-heptofuranuronate (122)

%O A mixture of 116 (236 mg, 230 umol) and K,COs3 (41.3 mg, 299 umol) in MeCN
Ob A\\ (3 mL) was treated with 4-Bu-benzenethiol (59.5 uL, 345 umol) at room
'”N\B,?_cé,o temperature and stirred for 16 hours. The reaction mixture was added 4-'Bu-

o ! 2 benzenethiol (29.8 uL, 173 umol) and K,CO; (20.7 mg, 150 wmol) and stirred for

CozHN, 9 (/N__:NH 20 hours. The reaction mixture was partitioned between AcOEt and sat. agq.
MeO,C ° O NH4CI, and the organic phase was washed with brine and dried (Na,SOy), filtered,

O>< o and concentrated in vacuo to afford a crude amine. A solution of the crude amine

and EtN (192 uL, 1.38 mmol) in THF (3 mL) was treated with Boc,O (476 uL,
2.07 mmol) at room temperature and stirred for 30 hours. The reaction mixture was partitioned between AcOEt and
IM aq. HCI, and the organic phase was washed with H,O, brine and dried (Na,SOy), filtered, and concentrated in
vacuo. The residue was purified by high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford
122 (177 mg, 188 wmol, 82% over 2 steps) as a white foam.

'H NMR (CD;0D, 400 MHz) & 7.66 (d, 1H, H-6, Jos=8.2 Hz), 7.39-7.28 (m, 5H, phenyl), 5.99 (d, 1H, H-4", Jgn sn
=6.0 Hz), 5.79 (br s, 1H, H-5"), 5.70 (d, 1H, H-1', J;» = 1.8 Hz), 5.66 (d, 1H, H-5, Jss = 8.2 Hz), 5.35 (d, 1H, H-
3" Jywom=3.6 Hz) 5.18 (d, 1H, benzyl, J=12.8 Hz), 5.11-5.08 (m, 2H, H-2', benzyl), 5.05 (s, 1H, H-1"), 4.86-4.84
(m, 1H, H-3"), 4.72-4.67 (m, 3H, H-2", H-3", H-1"), 4.57 (d, 1H, H-6', Jo s = 2.3 Hz), 4.52-4.48 (m, 2H, H-5', H-
2™, 4.21 (dd, 1H, H-4', J=9.0, J = 4.4 Hz), 4.03 (dd, 1H, H-4", J=11.0, 4.1 Hz), 3.75 (s, 3H, OMe), 3.48 (br s,
1H, H-5"), 2.74 (d, 1H, H-5", J = 13.6 Hz), 1.62-1.45 (m, 16H, ‘Bu, CH,CH;x2, CCH3), 1.37 (s, 3H, CCH3), 1.32
(s, 6H, CCH;3%2), 0.83-0.78 (m, 6H, CH,CH3x2);

C NMR (CD;OD, 100 MHz) & 172.1, 166.3, 158.7, 152.0, 145.7, 138.1, 129.5, 129.1, 129.0, 128.8, 117.5, 115.5,
113.1,112.4, 102.9, 96.5, 88.7, 87.3, 86.1, 85.7, 83.4, 82.9, 82.4, 81.1, 71.6, 67.9, 56.4, 53.3, 30.6, 30.0, 28.6, 27.6,
27.5,25.7,25.6,8.74,7.74;

ESIMS-LR m/z 965 [(M + Na)']; ESIMS-HR calcd for C4sHg,07N4Na 965.4002, found 965.4000;

[a]p™ ~49.9 (¢ 1.07, CHCl5).



NKY11-33,11-36,11-37, 11-38
Compound 124
a\\ A solution of compound 122 (53.6 mg, 56.8 umol), K3[Fe(CN)s] (112 mg, 341
BocN” o umol), K,CO3 (23.5 mg, 170 umol), NaHCO; (14.3 mg, 170 wmol), quinuclidine
o) : Oé’ 0 (6.3 mg, 56.8 umol) and MeSO,NH, (5.4 mg, 56.8 umol) in ‘BuOH-THF-H,0
><O]\/)\‘ S-) /N NH (1:1:1, 1.5 mL) was treated with K,0s04-2H,0 (6.3 mg, 17.0 umol) at room
(0)

_<

MeO,C O  temperature for 16 hours. After sat. aq. Na,S,0; was added, the mixture was
o b extracted with AcOEt. The organic phase was washed with brine and dried
)< (NaySO0y), filtered, and concentrated in vacuo. The residue was purified by short

silica gel column chromatography (100 % AcOEt), and the fractions containing the diol were collected and
concentrated in vacuo. A solution of the diol in THF-phosphate buffer (2:1, pH 7.2, 1.2 mL) was treated with NalO4
(30.4 mg, 142 wmol) at room temperature for 2 hours. After sat. ag. Na,S,03 was added, the mixture was extracted
with AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
residue was purified by short silicagel column chromatography (50%-100 % AcOEt/hexane), and the fractions
containing dialdehyde were collected and concentrated in vacuo. A mixture of the dialdehyde and Pd black (6.0 mg)
in THF (1 mL) was vigorously stirred under H, atmosphere at room temperature for 1 hour. The catalyst was filtered
off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in THF-MeOH (1:1, 6 mL) was
treated with AcOH (97 uL) and pic-BH3 (24.3 mg, 227 umol) at room temperature. The resulting mixture was
heated at 50 °C for 1 hour. The reaction mixture was partitioned between AcOEt and 1M aq. HCI. The organic phase
was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOy), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (40-50% AcOEt/hexane) to afford 124 (12.5 mg, 15.5 umol, 27%
over 4 steps) as a white solid.

'H NMR (CDCls, 500 MHz, a mixture of rotamars) 8 8.17 (s, 1H, NH-3), 7.29 (d, 1H, H-6, Jss=8.0 Hz), 5.74 (d,
1H, H-5, Jss = 8.1 Hz), 5.69 (s, 1H, H-1"), 5.32 (d, 1H, H-1", J = 8.0 Hz), 4.86-4.84 (m, 2H, H-2', H-3"), 4.64-4.36
(m, 6H, H-5', H-2", H-3", H-4", H-5", H-3""), 4.18 (br s, 1H, H-5"), 3.95 (dt, 1H, H-4', J=14.9, J=4.3 Hz), 3.87
(s, 1H, H-4"), 3.66 (d, 3H, OMe, J = 6.3 Hz), 3.47-3.33 (m, 3H, H-6', H-5", H-2"), 2.78 (t, 1H, H-6"", Jg» gn = Jgn 5m
= 8.9 Hz), 2.50 (td, 1H, H-2",J=13.8, J=5.8 Hz), 2.17 (dt, 1H, H-6", J=32.1, J=10.9 Hz), 1.69-1.25 (m, 25H,
CH,CH;x2, CCH3x4, ‘Bu), 0.92-0.84 (m, 6H, CH,CH3x2);

C NMR (CDCls, 100 MHz) & 168.0, 167.9, 162.4, 155.5, 155.3, 149.6, 141.7, 117.2, 116.8, 115.4, 110.2, 109.6,
108.2,107.9,102.8,91.7,91.6, 88.0, 87.7, 85.6, 85.5, 85.5, 83.9, 82.7, 80.7, 80.6, 79.5, 79.3, 71.6, 71.5, 71.4, 67.9,
67.7, 55.0, 54.7, 51.4, 50.5, 49.7, 49.2, 48.7, 45.7, 45.3, 30.1, 29.9, 29.8, 29.6, 29.5, 29.0, 28.6, 28.5, 28.3, 27.6,
26.7,26.3,25.8, 8.55, 8.40, 7.65, 7.41;

ESIMS-LR m/z 807 [(M — Na) ]; ESIMS-HR calcd for C33Hs50,5N4 807.3669, found 807.3681;

[a]p" +25.5 (¢ 0.47, CHCL3).



NKY9-42
Compound 125
To the solution of compound 124 (5.5 mg, 6.8 umol), 2,6-di-Bu-p-cresol (0.3 mg,

1.36 wmol) and Ph;SiSH (11.9 mg, 40.8 umol) in DMF (400 uL) was added

Cs,COs3 (13.3 mg, 40.8 umol) and the mixture was stirred at 90 °C for 26 hours.

NH  After cooling down to room temperature, the reaction mixuture was partitioned

O  between AcOEt and 0.3 M agq. HCI The organic phase was washed with brine and
dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (1-5% MeOH/CHCI;) to afford 125 (3.4 mg,

4.28 wmol, 63%) as a white solid.

'H NMR (CDCls, 500 MHz, a mixture of rotamers) 6 9.62 (br s, 1H, NH-3), 7.24 (d, 1H, H-6, Js5s = 9.2 Hz), 5.76

(brs, 1H, H-5), 5.66 (s, 1H, H-1"), 5.25 (s, 1H, H-1"), 4.95 (br d, 1H, H-3', J3:5 = 5.7), 4.89 (br s, 1H, H-2"), 4.68-

4.35 (m, 6H, H-5', H-2", H-3", H-4", H-5", H-3"), 4.22-4.14 (m, 2H, H-4', H-5""), 3.88 (br s, 1H, H-4"), 3.48-3.33

(m, 3H, H-6', H-5", H-2""), 2.80-2.77 (m, 1H, H-6"), 2.58 (br s, 1H, H-2"), 2.29-2.21 (m, 1H, H-6"), 1.70-1.67 (m,

2H, CH,CH3), 1.61-1.25 (m, 23H, CH,CH3, CCH;3%4, ‘Bu), 0.93-0.84 (m, 6H, CH,CH;3x2);

C NMR (CDCls, 125 MHz) & 170.3, 164.1, 164.1, 155.6, 155.4, 150.0, 149.9, 142.6, 117.0, 116.6, 115.6, 115.6,

109.4, 108.9, 108.2, 108.0, 102.8, 91.6, 87.8, 87.5, 85.3, 85.2, 83.9, 83.8, 82.8, 82.7, 82.6, 82.5, 80.7, 80.6, 79.3,

79.2,71.6, 71.6, 71.4, 66.4, 66.1, 54.7, 50.7, 49.9, 49.2, 48.8, 45.6, 45.3, 30.0, 29.8, 29.7, 29.5, 28.9, 28.6, 28.4,

28.3,27.6,26.6,26.2,25.8,22.8, 8.55, 8.40, 7.64, 7.43;

ESIMS-LR m/z 793 [(M — H) ]; ESIMS-HR calcd for C37Hs30,5N4 793.3513, found 793.3529;

[a]p> +28.6 (¢ 0.23, CHCL).

NKY11-99
Compound 5
OH Compound 125 (6.1 mg, 7.7 wmol) was treated with ag. 80% TFA (1 mL) at room
H’?\'/%'é/OH o temperature for 48 hours. The mixture was concentrated in vacuo, and then the
HOI?N o H . residue was partitioned between AcOEt and H,O. The aquious phase was
HO o N—< concentrated in vacuo to afford 5 (4.7mg, 6.1 umol, 79%) as a white solid.
HO.C ©  'HNMR (CD50D, 0.5% TFA, 500 MHz) & 7.82 (d, 1H, H-6, Js s = 8.1 Hz), 5.67 (d,

HO OH 1H, H-5, J5 = 8.0 Hz), 5.65 (s, 1H, H-1"), 5.20 (s, 1H, H-1"), 4.37 (dd, 1H, H-3",
Jyn=6.9 Hz, Jy4o=3.1 Hz), 431 (d, 1H, H-5', Js.¢= 10.3 Hz), 4.15-4.13 (m, 3H, H-2', H-4', H-2"), 4.07 (br s, 1H,
H-4"), 4.04 (d, 1H, H-4", J; 3= 4.0 Hz), 3.99 (d, 1H, H-3', J= 8.0 Hz), 3.96 (br s, 1H, H-5"), 3.87 (br s, 1H, H-5"),
3.75 (d, 1H, H-6', Jg.s = 10.3 Hz), 3.44-3.36 (m, 3H, H-5", H-2", H-3"), 2.84-2.81 (m, H-2"", H-6" 2).
C NMR (CD;0D, 0.5% TFA, 125 MHz) § 170.4, 158.7, 151.8, 142.0, 109.4, 102.1, 92.7, 83.0, 80.2, 75.7, 75.4,
72.8,70.9, 70.0, 68.2, 67.9 65.9, 63.1, 55.8, 51.1, 42.3.
ESIMS-LR m/z 547 [(M + H)']; ESIMS-HR calcd for C;H3N4O 13 547.1882, found 547.19023;
[a]p™ —1.51 (c 0.59, MeOH).



NKY15-73
rac-(1R,2R,3R)-2,3-dihydoxy-4-cyclopentenyl methyl carbonate (130)

GOCOZMe A solution of 7ac-63 (892 mg, 4.16 mmol) in AcOH (40 mL) and H,O (10 mL) was heated at

60 °C for 28 hours. The reaction mixture was concentrated in vacuo. The residue was purified

by high-flash silica gel column chromatography (10-60% AcOEt/hexane) to afford rac-130
(561 mg, 3.22 mmol, 77%) as a pale yellow oil.
'H NMR (CDCls, 500 MHz) & 6.16 (ddd, 1H, H-4, Jus=06.1,J43=2.3,J=12Hz), 6.01 (dd, 1H, H-5, Js4=5.7,J
=1.7 Hz), 5.45 (dd, 1H, H-1, J,, = 3.5, J,5 = 1.7 Hz), 4.74 (dt, 1H, H-3, J3, = 5.7 Hz, J54 = 2.0 Hz), 4.14 (dd, 1H,
H-2, J,3=5.8, /.1 =3.5Hz), 3.83 (s, 3H, Me), 3.66 (br s, 1H, OH), 2.85 (br s, 1H, OH);
C NMR (CDCls, 100 MHz) & 156.6, 136.9, 132.6, 87.9, 76.1, 73.8, 55.3;
ESIMS-LR m/z 197 [(M + Na)']; ESIMS-HR calcd for C;H;,05 175.0601, found 175.0602.

NKY15-35

Methyl 5-O-{5-deoxy-N-[(1S,2R,35)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-S—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-
(3-tert-butoxycarbonyluracil-1-yl)--D-glycelo-L-talo-heptofuranuronate (131)

o oM Compound 113 (279 mg, 282 umol), carbonate rac-130 (98.2 mg, 564 umol)
"'Q—NNS a\\ and Et;N (118 uL, 846 umol) were dissolved in THF (3 mL). Ligand L2 (31.2
\....6,0 o mg, 45.1 umol) and Pd,(dba);-CHCl; (11.7 mg, 11.3 umol) were dissolved in
© : /—4 THF (3 mL) and stirred for 30 minutes, then this solution was slowly added
CbzHN O \/ NBoc . : . .
; N three times at each 30 min to the mixture at room temperature. The mixture
MeO,C © was stirred for totally 16 hours. The reaction mixuture was partitioned between
o>< lo) AcOEt and sat. ag. NaHCOs; The organic phase was washed with brine and

dried (Na,SQ,), filtered, and concentrated in vacuo. The residue was purified
by high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 131 (225 mg, 207 wmol, 73%)
as a white foam.
'H NMR (DMSO-de, 500 MHz) & 8.21 (d, 1H, Ns, J= 7.5 Hz), 7.93 (d, 1H, H-6, Jss= 8.0 Hz), 7.89 (d, 1H, Ns, J=
6.9 Hz), 7.81 (t, 1H, Ns, J="7.5 Hz), 7.71 (t, 1H, Ns, J= 6.9 Hz), 7.39-7.31 (m, 6H, Ph, NH-6'), 6.01 (dt, 1H, H-4",
Jymsm=6.3,J=2.3 Hz), 5.86 (d, 1H, H-1', J1»=1.7 Hz), 5.84 (d, 1H, H-5, Jss=8.0 Hz), 5.36 (d, 1H, H-5", Jsm 4n
=7.5 Hz), 5.13-5.05 (m, 3H, benzyl, H-2"), 5.02 (d, 1H, OH-2", Jou.»»»=7.5 Hz), 4.80 (s, 1H, H-1"), 4.93 (d, 1H,
OH-2", Jou.3»3»= 5.8 Hz), 4.80-4.78 (m, 2H, H-3', H-2"), 4.74 (d, 1H, H-1", Ji»,»=5.2 Hz), 4.62 (d, 1H, H-3"),
442 (d, 1H, H-5', J5 4=28.6 Hz), 4.38 (d, 1H, H-6', Joxu6=9.2 Hz), 4.32 (br s, 1H, H-3"), 4.18 (dd, 1H, H-4', J4 5
=8.9, Jy3=4.3 Hz), 4.08 (dd, 1H, H-4", J4 5»=10.3 Hz, J4 s5»=2.3 Hz), 3.80 (q, 1H, H-2"", Jym ym.on =Jpm 1m = Jom 3w
= 6.3 Hz), 3.52 (s, 3H, CO,Me)3.46 (dd, 1H, H-5", Js.5:=16.4, Js 4»=11.8 Hz), 2.79 (dd, 1H, H-5", Jsu5»=15.8,
Jsnan=2.6 Hz), 1.50 (s, 9H, ‘Bu), 1.46-1.36 (m, 7H, acetonide, CH,CH; 2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H,
CH,CH3, J=7.4 Hz), 0.67 (t, 3H, CH,CH3, J= 7.4 Hz);
CNMR (DMSO-dg, 125 MHz) § 170.1, 159.9, 156.3, 148.2, 147.7, 147.5, 143.9, 137.0, 136.9, 134.6, 132.4, 131.7,
131.5, 130.0, 128.4, 127.9, 127.7, 124.1, 115.3, 113.4, 110.6, 101.1, 93.3, 86.9, 86.2, 85.3, 83.6, 81.7, 80.8, 78.4,
73.8,71.6,69.3,65.7,54.9,52.2,47.5, 29.0, 28.4, 26.9, 25.2, 8.26, 7.19;
ESIMS-LR m/z 1110 [(M + Na)']; ESIMS-HR calcd for C4Hg;NsO,;S 1088.3653, found 1088.3689;



[a]p'’ +86.2 (¢ 0.92, CHCl3).

NKY15-10
Methyl  5-O-{5-deoxy-N-[(1S,2R,3S)-2-hydroxy-3-methoxymethyloxy-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-f-p-glycelo-L-talo-heptofuranuronate (132)

A solution of 131 (181 mg, 166 wmol) and DIPEA (116 uL, 664 umol) in

MOMO, oH
3 Q—.N - a\\ CH,Cl, (2 mL) was treated with MOMCI (25.2 uL, 332 wmol) at room
" 6,0 temperature and stirred for 18 hours. The reaction mixture was added
© /—q MOMCI (12.5 pL, 165 umol) and stirred for 24 hours. The mixture was

CbzHN O NBoc . .
3 partitioned between AcOEt and sat. ag. NaHCO;_ The organic phase was
Meozg_\q washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo.

The residue was purified by high-flash silica gel column chromatography
(40-100% AcOEt/hexane) to afford 132 (121 mg, 107 wmol, 64%) as a
white foam.
'H NMR (DMSO-de, 500 MHz) & 8.25 (d, 1H, Ns, J= 7.5 Hz), 7.93 (d, 1H, H-6, Jss= 8.0 Hz), 7.89 (d, 1H, Ns, J=
8.0 Hz), 7.81 (t, 1H, Ns, J="7.7 Hz), 7.69 (t, 1H, Ns, J= 7.7 Hz), 7.42 (d, 1H, NH-6', Jxu.¢.¢ = 9.2 Hz), 7.37-7.31
(m, 5H, Ph), 6.07-6.05 (m, 1H, H-4"), 5.86 (d, 1H, H-1', J;»=1.7 Hz), 5.84 (d, 1H, H-5, J5c=8.0 Hz), 5.37 (d, 1H,
H-5", Jsm4n= 7.5 Hz), 5.31 (d, 1H, OH-2", Jon.o2»= 8.0 Hz), 5.14-5.06 (m, 3H, benzyl, H-2'), 4.97 (s, 1H, H-1"),
4.83 (d, 1H, H-2", J»3»= 6.3 Hz), 4.79 (t, 1H, H-3', 5.5 Hz), 4.75 (d, 1H, H-1", Jymo»= 6.3 Hz), 4.67 (d, 1H,
OCH,OMe, J =6.9 Hz), 4.64 (d, 1H, H-3", J3»»=5.7 Hz), 4.60 (d, 1H, OCH,OMe, J =6.3 Hz), 4.42 (d, 1H, H-5',
Js4=9.2 Hz), 4.38 (d, 1H, H-6', Jo nu-6 = 9.2 Hz), 4.29 (dd, 1H, H-3", J3m = 5.5, J3u 4n= 2.6 Hz), 4.18 (dd, 1H, H-
4, Jps5=8.6,Jp3=4.6 Hz),4.11 (d, 1H, H-4", J4 5= 10.7, Ja 5= 2.6 Hz), 3.89 (q, 1H, H-2"", Jopm n=J ym 3n=Jpm op
= 6.7 Hz), 3.56-3.46 (m, 1H, H-5"), 3.52 (s, 3H, CO,Me), 3.23 (s, 3H, OCH,OMe), 2.75 (d, 1H, H-5", Js» s»=13.2
Hz),1.50 (s, 9H, ‘Bu), 1.47-1.37 (m, 7H, acetonide, CH,CH3 2), 1.27 (s, 3H, acetonide), 0.72 (t, 3H, CH,CH3, J=
7.5 Hz), 0.67 (t, 3H, CH,CHs, J= 7.4 Hz);
CNMR (DMSO-dg, 125 MHz) § 170.1, 160.0, 156.3, 148.2, 147.7, 147.5, 143.9, 136.9, 134.7, 134.4, 133.4, 132.4,
131.6, 130.2, 128.4, 127.9, 127.8, 124.0, 115.2, 113.4, 110.6, 101.1, 95.5, 93.2, 86.8, 86.2, 85.6, 85.4, 83.6, 81.8,
80.8,79.2,78.5,77.2,73.8, 68.3, 65.7, 55.0, 54.7, 52.2, 47.5, 29.0, 28.4, 27.0, 25.2, 8.26, 7.18;
ESIMS-LR m/z 1155 [(M + Na)']; ESIMS-HR calcd for Cs;Hgs0,,NsS 1132.3915, found 1132.3944;
[a]p'® +80.3 (¢ 0.64, CHCI;).



NKY15-16, 15-18, 15-21

Methyl 5-O-{5-tert-butoxycarbonyl-5-deoxy-N-[(1S,2R,3S)-2-hydroxy-3-methoxymethyloxy-4-
cyclopentenyl]-2,3-O-(3-pentylidene)-f—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-f-p-glycelo-L-talo-heptofuranuronate (133)

OH A solution of 132 (121 mg, 111 umol) in MeOH (2 mL) was treated with
MOMO ~ ©
c‘Q—-NB o AcOH (0.2 mL) at 60 °C and stirred for 40 hours. The reaction mixture was
oc
\....é,o o partitioned between AcOEt and sat. ag. NaHCO;. The organic phase was
O

H Vi washed with brine and dried (Na,SO.), filtered, and concentrated in vacuo.
CbhzHN O NH

)_RQN_« A mixture of the residue and K,COj3 (30.7 mg, 222 wmol) in MeCN (2 mL)
MeO,C o

was treated with 4-'Bu-benzenethiol (57.5 uL, 333 umol) at room
o. .0 temperature and stirred for 24 hours. The reaction mixture was partitioned
between AcOEt and sat. ag. NH4Cl, and the organic phase was washed with
brine and dried (Na,SO.), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine
and Et;N (46.4 uL, 333 umol) in THF (2 mL) was treated with Boc,O (156 uL, 666 wmol) at room temperature and
stirred for 24 hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCI, and the organic phase
was washed with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified by
high-flash silica gel column chromatography (40-100% AcOEt/hexane) to afford 133 (79.7 mg, 84.2 umol, 76%
over 3 steps) as a white foam.
'H NMR (DMSO-ds, 500 MHz) & 11.4(br s, 1H, NH-3), 7.77 (d, 1H, H-6, Jss = 8.0 Hz), 7.36-7.32 (m, 5H, Ph),
5.93 (brs, 1H, H-4"), 5.79 (s, 1H, H-1"), 5.77 (br s, 1H, H-5"), 5.63 (d, 1H, H-5, Js s = 6.3 Hz), 5.14-5.01 (m, 4H,
benzyl, H-2', H-1"), 4.92 (d, 1H, H-1", J;»»» = 6.9 Hz), 4.83 (d, 1H, H-2", J,»3»= 5.7 Hz), 4.78 (t, 1H, H-3', J3 » =
Jy4=15.7 Hz), 4.68-4.60 (m, 3H, OCH,OMe, H-3"), 4.41 (d, 1H, H-6', Jo 5 = 9.2 Hz), 4.37 (d, 1H, H-5', Js 4 = 8.6
Hz), 4.29 (br s, 1H, H-3"), 4.13-4.11 (m, 2H, H-4', H-4"), 4.05 (br s, 1H, H-2"), 3.63 (s, 3H, CO,Me), 3.24 (s, 4H,
OCH,0Me, H-5"), 2.85 (d, 1H, H-5", J55» = 9.8 Hz), 1.48-1.38 (m, 16H, CH,CH;x2, acetonide, ‘Bu), 1.26 (s, 3H,
acetonide), 0.74 (t, 3H, CH,CH3, J = 7.2 Hz), 0.70 (t, 3H, CH,CHj3, J = 7.2 Hz);
C NMR (DMSO-dq, 125 MHz) § 170.2, 163.3, 156.2, 150.5, 143.4, 136.9,128.3, 127.8, 127.6, 127.1, 115.1, 113.3,
110.2, 101.9,95.4, 92.6, 86.4, 85.4, 83.5, 81.8, 81.0, 79.5, 79.2, 78.1, 77.9, 65.7, 55.0, 54.6, 52.3, 29.2, 28.5, 27.9,
26.9,25.3,8.22,7.15
ESIMS-LR m/z 948 [(M + H)']; ESIMS-HR calcd for C4sHg3015N, 947.4132, found 947.4135;
[a]p™” +53.5 (¢ 0.55, CHCl3).

NKY15-56, 15-60, 15-61, 15-62
Compound 134

a\\ A solution of compound 133 (149 mg, 157 umol), Ks[Fe(CN)¢] (155 mg, 471
BOCN/""é,O umol), K,CO; (65.1 mg, 471 umol), NaHCO; (39.6 mg, 471 umol), DABCO
HOw. O~ o (17.6 mg, 157 umol) and MeSO,NH, (14.9 mg, 157 umol) in ‘BuOH-H,O (1:1,
MOMO™ N 5-) (/_4’\“" 4 mL) was treated with K,0s04-2H,0 (5.8 mg, 15.7 umol) at room temperature
MeO,C o/ o  for 24 hours. After sat. ag. Na,S,03 was added, the mixture was extracted with

I AcOEt. The organic phase was washed with brine and dried (Na,SOy), filtered,

Pl and concentrated in vacuo. The residue was purified by short silica gel column



chromatography (100 % AcOEt), and the fractions containing a diol were collected and concentrated in vacuo. A
solution of the diol in THF-phosphate buffer (1:1, pH 7.2, 4 mL) was treated with NalO4 (84.1 mg, 393 umol) at
room temperature for 1 hours. After sat. aq. Na,S,0; was added, the mixture was extracted with AcOEt. The organic
phase was washed with brine and dried (Na,SQO,), filtered, and concentrated in vacuo. A mixture of the residue and
Pd black (80.0 mg) in MeOH (3 mL) was vigorously stirred under H, atmosphere at room temperature for 1 hour.
The catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in 1,2-
dichloroethane (16 mL) was treated with AcOH (90 uL) and pic-BHj3 (33.6 mg, 314 umol) at room temperature.
The resulting mixture was heated at 50 °C for 6 hours. The reaction mixture was added Pic-BH; (16.8 mg, 157
umol) and stirred for 10 hours. The reaction mixture was partitioned between AcOEt and 1M ag. HCIL. The organic
phase was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOy), filtered, and concentrated in vacuo. The residue
was purified by high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 134 (25.0 mg,
30.8 umol, 20% over 4 steps) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, Jss =79 Hz), 5.89 (d, 1H, H-1',
Jry=2.8 Hz), 5.76 (d, 1H, H-5, Js¢ = 7.6 Hz), 5.35 (s, 1H, H-1"), 4.91 (dd, 1H, H-2', J»3 = 6.0, J» = 2.8 Hz),
4.80 (dd, 1H, H-3", J3» = 6.0, J3 4 = 3.2 Hz), 4.66 (d, 1H, H-2", J,»3» = 5.7 Hz), 4.60-4.56 (m, 3H, OCH,OMe, H-
3"),4.49 (d, 1H, OH-4", Jou.4» 4~ = 3.8 Hz), 4.28-4.24 (m, 3H, H-4', H-5', H-4"), 4.17 (ddd, 1H, H-5"", Jsu ¢ =10.4,
Jsmen = 5.0, Jsmgm = 2.8 Hz), 4.07 (br s, 1H, H-4"), 3.68 (s, 3H, CO,Me), 3.59 (br s, 2H, H-5", H-3"), 3.41 (d, 1H,
H-5", Js» s» = 13.9 Hz), 3.26 (s, 3H, OCO,Me), 3.26-3.22 (m, 1H, H-2"), 3.19 (d, 1H, H-6', J¢ s = 10.1 Hz), 2.74
(dd, 1H, H-6", Jgngn = 9.8, Jon s» = 5.0 Hz), 2.58 (d, 1H, H-2"", Jom,w = 13.2 Hz), 2.16 (t, 1H, H-6", Jgn gn = Jgm sm =
10.4 Hz), 1.62 (q, 2H, CH,CH3, J = 7.4 Hz), 1.58-1.53 (m, 2H, CH,CH3), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, ‘Bu),
1.34 (s, 3H, CCHs), 0.84 (t, 3H, CH,CHs, J= 7.1 Hz), 0.83 (t, 3H, CH,CH3, J = 7.3 Hz);

C NMR (DMSO-d, 100 MHz) & 169.0, 163.2, 150.4, 140.4, 115.5, 112.9, 110.3, 102.0, 94.7, 94.3, 90.1, 84.9,
84.5, 83.3, 80.2, 79.2, 79.0, 71.1, 66.9, 56.8, 54.9, 51.2, 48.9, 44.1, 29.0, 28.8, 28.0, 28.0, 27.3, 25.4, 8.55, 8.44,
7.31;

ESIMS-LR m/z 814 [(M + H)']; ESIMS-HR calcd for C37Hs706N, 813.3764, found 813.3774;

[a]p'"” =32.6 (c 0.64, CHCl5).

NKY16-53

Compound 138
q\\ A solution of 134 (11.4 mg, 14.0 umol), palmitic acid (10.8 mg, 14.0 umol)
o BOCN/""é,O and DMAP (1.6 mg, 14.0 umol) in 1,2-DCE (400 uL) was treated with EDCI
\Mﬂ\o’.. O~ ° (10.7 mg, 56.0 umol) at room temperature and stirred for 24 hours. Palmitic
MOMO™ N _:6 ﬂNH acid (5.4 mg, 21 umol) and EDCI (10.7 mg, 56.0 umol) was added to the
MeO,C © N_<O reaction mixture and stirred for 72 hours. After MeOH was added, the
o b reaction mixture was partitioned between AcOEt and 1M ag. HCI. The organic
P phase was washed with sat. ag. NaHCOs3, brine and dried (Na,SOy), filtered,

and concentrated in vacuo. The residue was purified by silica gel column chromatography (30-50% AcOEt/hexane)
to afford 138 (11.5 mg, 10.9 umol, 78%) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, Jss = 8.0 Hz), 5.89 (s, 1H, H-1"),
5.76 (d, 1H, H-5, Js 6 = 8.0 Hz), 5.49 (s, 1H, H-4"), 5.37 (s, 1H, H-1"), 4.93 (dd, 1H, H-2', J, 3 = 6.3 Hz, J» ; = 3.5



Hz), 4.80 (dd, 1H, H-3', J3, = 5.8, J3 4 = 2.9 Hz), 4.68 (d, 1H, H-2", Jo.3» = 5.2 Hz), 4.60 (d, 1H, H-3", J3.o»=5.2
Hz), 4.54 (d, 1H, OCH,OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH,OMe, J = 6.3 Hz), 4.38 (br s, 1H ,H-5"), 4.34 (d, 1H,
H-5', Js ¢ = 9.8 Hz), 4.27-4.25 (m, 2H, H-4', H-4"), 3.70 (s, 3H, CO,Me), 3.60-3.54 (m, 2H, H-5", H-3"), 3.46 (d,
1H, H-5", Jss»= 14.9 Hz), 3.28 (d, 1H, H-6', J¢ 5 = 9.7 Hz), 3.23 (s, 3H, OCH,OMe), 3.13 (o, 1H, H-2"), 2.88-2.87
(m, 1H, H-6™), 2.80 (d, 1H, H-2", Jm» = 13.8 Hz), 2.30 (t, 2H, palmitoyl, J = 6.9 Hz), 2.07 (t, 1H, H-6", Jguom =
Jomem = 10.3 Hz), 1.62 (q, 2H, CH,CHs;, J = 7.3 Hz), 1.57-1.50 (m, 7H, CH,CH3, CCHj;, palmitoyl), 1.44 (s, 9H,
‘Bu), 1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.87-0.82 (m, 9H, CH,CH;x2, palmitoyl);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) 8 171.2, 168.9, 163.2, 155.2, 154.8, 150.4, 140.6, 140.4,
115.6, 115.5, 113.0, 110.7, 102.0, 94.0, 93.9, 90.0, 89.4, 84.8, 84.7, 83.3, 83.2, 80.1, 80.0, 76.2, 76.1, 68.0, 67.9,
66.7, 54.8, 54.4, 51.1, 49.6, 48.9, 45.0, 33.8, 31.3, 29.0, 28.9, 28.8, 28.4, 28.3, 28.2, 27.9, 27.8, 27.3, 25.5, 24.7,
22.1, 14.0, 8.57, 8.47, 7.30;

ESIMS-LR m/z 1052 [(M + H)']; ESIMS-HR calcd for Cs3Hg;N4017 1051.6061, found 1051.6068;

[a]p'” —28.7 (¢ 0.69, CHCl3).

NKY16-69

Compound 139
a\\ To the mixture of compound 138 (12.5 mg, 11.9 umol), 2,6-di-Bu-p-cresol
0 BocN/"”é,O (1.3 mg, 5.9 umol) and Cs,CO; (11.6 mg, 35.7 umol) in DMF (200 uL) was
\Mﬂ\ol.. O~/ 2 added Ph;SiSH (10.4 mg, 35.7 umol) and the mixture was stirred at 90 °C for
MOMO* N ~é (/l\l_qNH 20 hours. After cooling down to room temperature, the reaction mixuture was
HO,C ° _<O partitioned between AcOEt and sat. aqg. NH4Cl. The organic phase was washed
o b with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
P residue was purified by silica gel column chromatography (1-5%

MeOH/CHCl,) to afford 139 (10.9 mg, 10.5 umol, 88%) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.2 (br s, 1H, NH-3), 7.61 (d, 1H, H-6, Jy5 = 8.1 Hz), 5.90 (s, 1H, H-1,
5.76 (d, 1H, H-5, Js = 6.3 Hz), 5.49 (brs, 1H, H-4"), 5.35 (s, 1H, H-1"), 4.92-4.90 (m, 1H, H-2"), 4.80 (dd, 1H, H-
3, Jy» =63, J34 =3.2 Hz), 4.68 (d, 1H, H-2", J,»3» = 4.6 Hz), 4.58 (d, 1H, H-3", J3:,» = 5.2 Hz), 4.54 (d, 1H,
OCH,OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH,OMe, J = 6.3 Hz), 4.38 (br s, 1H, H-4', H-5"), 4.26 (d, 1H, H-4", Jy 5«
=8.0 Hz), 4.21 (d, 1H, H-5', Js ¢ = 9.8 Hz), 3.59 (br s, 2H, H-5", H-3"), 3.45 (d, 1H, H-5", Js»s»= 14.9 Hz), 3.31-
3.23 (m, 1H, H-2"), 3.23 (s, 1H, OCH,0OMe), 3.14-3.12 (m, 1H, H-6"), 2.87 (dd, 1H, H-6", Jg ¢ = 9.8, Jgnsm = 5.2
Hz), 2.74 (d, 1H, H-2", Jy»,» = 12.6 Hz), 2.89 (t, 3H, palmitoyl, J= 6.9 Hz), 2.20 (t, 1H, H-6", Jg ¢ = 10.0 Hz),
1.62 (q, 2H, CH,CH3, J =7.5 Hz), 1.56-1.53 (m, 4H, CH,CHj3, palmitoyl), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, ‘Bu),
1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.88-0.84 (m, 9H, CH,CH1x2, palmitoyl);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) & 171.3, 169.8, 163.2, 155.2, 150.4, 140.6, 140.4, 115.6,
115.5, 112.8, 110.6, 110.2, 101.8, 94.0, 93.9, 90.3, 89.4, 85.2, 84.7, 83.5, 83.3, 80.3, 80.0, 79.4, 76.7, 69.8, 68.2,
68.0, 67.3, 54.8, 54.5,49.9, 48.9, 45.1, 33.7, 31.3, 29.1, 29.0, 28.7, 28.2, 27.9, 27.8, 27.2, 25.5, 24.7, 22.1, 14.0,
8.55, 8.45,7.29;

ESIMS-LR m/z 1038 [(M + H)']; ESIMS-HR calcd for Cs,HgsN4O17 1037.5904, found 1073.5889;

[a]p'® —15.9 (¢ 0.54, CHCl5).



NKY 17-2
Compound 127

OH Compound 139 (26.7 mg, 25.7 umol) was treated with aq. 80% TFA (1 mL)

i HN/""@,OH o at room temperature for 36 hours. The mixture was concentrated in vacuo. The

\Mil\o"' ° F (/_/< residue was purified by high-flash C18 reverse phase column chromatography

HO™ "\ :Q o N—ﬁNH (70-90% MeOH/H;0, 0.1% TFA) to afford 127 (13.7 mg, 13.5 umol, 53%) as
HO,C o)

a white solid.

HO OH 'H NMR (DMSO-ds, 500 MHz, a mixture of rotamers) & 11.4 (s, 1H, NH-3),
9.89 (br s, 0.4H), 9.66 (br s, 0.4H), 7.76 (d, 1H, H-6, Jss = 8.1 Hz), 7.16 (br s, 0.6H), 5.69 (d, 1H, H-5, J55= 7.8
Hz), 5.63 (s, 1H, H-1"), 5.34 (br s, 2H), 5.19-5.17 (m, 1.6H), 5.09 (br s, 0.4H), 4.23-3.97 (m, 8H), 3.37-3.32 (m,
3H), 3.20 (d, 0.4H, J= 8.6 Hz), 3.04 (br s, 0.6H), 2.86-2.81 (m, 1H), 2.66 (d, 0.4H, J=13.2 Hz), 2.45 (t, 0.4H, 10.1
Hz), 2.36-2.29 (m, 2.4H), 1.51 (q, 2H, palmitoyl, J= 6.3 Hz), 1.23-1.22 (m, 24H, palmitoyl), 0.85 (t, 3H, palmitoy],
J=6.9 Hz);
BC NMR (DMSO-ds, 125 MHz, a mixture of rotamers) & 172.3, 171.9, 169.9, 169.8, 163.3, 150.4, 139.8, 118.1,
115.7,110.0, 101.6, 101.5, 89.2, 82.4, 82.3, 80.5, 80.3, 78.7, 76.8, 76.7, 74.0, 72.6, 72.6, 69.8, 68.5, 68.5, 68.2, 68.2,
67.9, 67.0, 63.2, 62.7, 57.8, 55.0, 51.9, 48.5, 47.8, 47.6, 46.6, 46.5, 33.5, 31.3, 29.1, 29.0, 28.8, 28.4, 28.4, 24.4,
22.1, 14.0;
ESIMS-LR m/z 785 [(M + H)+]; ESIMS-HR calcd for C37Hg N4O14 785.4179, found 785.4197,
[a]p™ —0.24 (0.96, MeOH).

Figure S-1. Chromatogram of HPLC, compound 127 (J’sphere ODS-M80, 150x4.6 mm; 75% MeOH/H,0, 0.1%
TFA)

a) crude product

Intensity (V]

b) after purification
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NKY16-36
Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-
tert-butoxycarbonyluracil-1-yl)-p-np-glycelo-L-talo-heptofuranuronate (140)

Compound 113 (1.00 g, 1.01 mmol), carbonate rac-130 (352 mg, 2.02 mg)
'NNs q\\ and Et;N (423 uL, 3.03 mmol) were dissolved in THF (10 mL). Ligand L1
6, (112 mg, 162 wmol) and Pd,(dba);-CHCI; (41.8 mg, 40.4 umol) were
/—-’<

H

dissolved in THF (10 mL) and the mixture stirred for 30 minutes. The solution

~ B 1 i
CbzHN, _< o¢ of the Pd catalyst and the ligand was slowly added to the mixture at 70 °C.

MeO,C The mixture was stirred for 2 hours. The reaction mixuture was partitioned
between AcOEt and H,O_ The organic phase was washed with brine and dried
x (NaySO0y), filtered, and concentrated in vacuo. The residue was purified by
high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 140 (657 mg, 604 umol, 60%,
diastereo ratio 140:131 = 6:1). The diastereo mixture was separated by high-flash silica gel column chromatography
(50-100% AcOEt/hexane) to give 140 (429 mg, 394 umol, 39%, diastereo ratio 140:131 =>11:1) as a white foam
'H NMR (DMSO-d, 400 MHz) & 8.10 (d, 1H, Ns, J= 7.8 Hz), 7.93 (d, 1H, H-6, Jos= 8.2 Hz), 7.87-7.74 (m, 4H,
Ns), 7.37-7,34 (m, 5H, Ph), 7.03 (d, 1H, NH-6', Jxu-e6 = 9.2 Hz), 5.93-5.92 (m, 1H, H-4"), 5.84 (s, 1H, H-1"), 5.83
(d, 1H, H-5, Jss=8.2 Hz), 5.59 (dd, 1H, H-5", Jsn 4v= 6.0, Jsm ;»=1.6 Hz), 5.12 (d, 1H, H-2', J» 3= 6.9 Hz), 5.08-
5.02 (m, 2H, benzyl), 4.99 (s, 1H, H-1"), 4.93 (d, 1H, OH-3"), 4.84 (d, 1H, OH-2", Jou.o">»= 7.3 Hz), 4.80-4.79
(m, 2H, H-3', H-2"), 4.74 (d, 1H, H-1", J;»,»=4.6 Hz), 4.60 (d, 1H, H-3", J3.,»=6.0 Hz), 4.43-4.39 (m, 3H, H-5',
H-6', H-3"), 4.18 (dd, 1H, H-4', J=8.7, J=4.1 Hz), 4.13 (dd, 1H, H-4", J=11.4, J=3.6 Hz), 3.84 (q, 1H, H-2",
Jow 3w = Jpm 3w = Jow oppm = 6.4 Hz), 3.56 (s, 3H, CO,Me), 3.41-3.37 (m, 1H, H-5"), 3.03 (dd, 1H, H-5", Js» s»=15.1,
Jst g=3.2 Hz), 1.51 (s, 9H, ‘Bu), 1.51-1.39 (m, 4H, CH,CH;3x2), 1.41 (s, 3H, CCH3), 0.73 (t, 3H, CH,CH3, J= 7.8
Hz), 0.67 (t, 3H, CH,CHj3, J= 7.6 Hz);
C NMR (DMSO-ds, 125 MHz) § 170.2, 160.0, 156.2, 148.2, 147.9, 147.5, 143.8, 136.8, 135.9, 134.5, 133.0, 132.4,
131.6, 128.4, 127.9, 127.8, 127.6, 127.2, 124.2, 115.4, 113.4, 111.1, 101.1, 93.4, 86.8, 86.2, 85.3, 84.4, 83.7, 81.1,



80.8,79.2,78.8, 72.7, 71.1, 68.9, 65.7, 54.9, 52.3, 47.4, 29.0, 28.4, 27.0, 25.2, 8.33, 7.20;
ESIMS-LR m/z 1111 [(M + Na)']; ESIMS-HR calcd for C40Hg:N50,;S 1088.3653, found 1088.3621;
[a]p> +51.9 (¢ 1.02, CHCL3).

NKY16-40

Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2-hydroxy-3-methoxymethyloxy-4-cyclopentenyl]-5-(2-nitrobenzene-

sulfonylamino)-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-f-np-glycelo-L-talo-heptofuranuronate (141)

vomo O A solution of 140 (187 mg, 172 wmol) and DIPEA (150 uL, 860 wmol) in
b---NNs oj\\\ CH,CI;, (3 mL) was treated with MOMCI (26 uL, 0.34 mmol) at room

\----é/o temperature and stirred for 24 hours. To the reaction mixture was added
(0]

O
: (/—( MOMCI (26 pL, 0.34 mmol) and stirred for 15 hours. After MeOH was
NBoc
N

CbzHN O . . ..
: o added, the reaction mixture was partitioned between AcOEt and sat. aq.
MeO,C © NaHCOs_ The organic phase was washed with brine and dried (Na;SOy),
o)<o filtered, and concentrated in vacuo. The residue was purified by high-flash

silica gel column chromatography (50-100% AcOEt/hexane) to afford 141
(114 mg, 101 wmol, 59%) as a white foam.
'H NMR (DMSO-ds, 500 MHz) & 8.10 (d, 1H, Ns, J= 8.0 Hz), 7.94-7.77 (m, 4H, H-6, Ns), 7.36-7.31 (m, 5H, Ph),
6.95 (d, 1H, NH-6', JNue6 = 9.2 Hz), 5.95 (m, 1H, H-4™), 5.84-5.82 (m, 2H, H-5, H-1"), 5.57 (d, 1H, H-5", Jsm 4n=
6.3 Hz), 5.20 (d, 1H, OH-2", Jou.»»»»=7.5 Hz), 5.12 (d, 1H, H-2', J» 3= 6.9 Hz), 5.08 (d, 1H, benzyl, J=12.6 Hz),
5.03 (d, 1H, benzyl, J=12.6), 4.98 (s, 1H, H-1"), 4.80-4.74 (m, 3H, H-3', H-2", H-1"), 4.66 (d, 1H, OCH,OMe, J
= 6.9 Hz), 4.60 (d, 1H, H-3", J3.,»= 5.7 Hz), 4.57 (d, 1H, OCH,OMe, J= 6.9 Hz), 4.42 (d, 1H, H-5', J= 8.0 Hz),
4.38-4.36 (m, 2H, H-6', H-3""), 4.20-4.17 (m, 2H, H-4', H-4"), 3.91 (q, 1H, H-2", Jou 1v=Jym 3n= Jow opg.on = 6.7 Hz),
3.56 (s, 3H, CO,Me), 3.24-3.20 (m, 4H, H-5", OCH,OMe), 3.05 (dd, 1H, H-5", Js»s»=15.5, Js» 4»= 3.4 Hz), 1.51 (s,
9H, ‘Bu), 1.46-1.41 (m, 7H, CCHs, CH,CH;x2), 1.27 (s, 3H, CCH3), 0.73 (t, 3H, CH,CH3, J= 7.2 Hz), 0.67 (t, 3H,
CH,CHs, J= 7.2 Hz);
CNMR (DMSO-dg, 100 MHz) § 170.1, 159.9, 156.1, 148.2, 147.9, 147.5, 143.9, 136.8, 134.7, 134.3, 133.5, 132.5,
131.1, 129.8, 128.3, 127.9, 127.6, 124.1 115.3, 113.4, 111.1, 101.1, 95.4, 93.4, 86.8, 86.2, 85.3, 84.4, 83.7, 80.9,
80.8, 78.7,77.2,73.0, 68.3, 65.8, 54.9, 54.7, 52.3, 46.8, 28.9, 28.3, 27.0, 26.9, 25.1, 8.35, 7.18;
ESIMS-LR m/z 1155 [(M + Na)']; ESIMS-HR calcd for Cs;HgsNsO,,S 1132.3915, found 1132.3876;
[a]p* +41.6 (c 0.82, CHCI3).

NKY16-1,16-8,16-15

Methyl 5-O-{5-tert-butoxycarbonyl-5-deoxy-N-[(1R,2S,3R)-2-hydroxy-3-methoxymethyloxy-4-
cyclopentenyl]-2,3-O-(3-pentylidene)-f—-D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-p-D-glycelo-L-talo-heptofuranuronate (142)



OH A solution of 141 (124 mg, 110 wmol) in MeOH (5 mL) was treated with

MOMO
b NB o AcOH (0.5 mL) at 60 °C and stirred for 3 days. The reaction mixture was
'NBoc

\ @/O o partitioned between AcOEt and sat. ag. NaHCO; The organic phase was
© : / washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. A

CbzHN O NH . .
3 o N mixture of the residue and K,CO; (30.4 mg, 220 wmol) in MeCN (2 mL) was
MeO,C O treated with 4-Bu-benzenethiol (57 uL, 0.33 mmol) at room temperature and
o><o stirred for 36 hours. The reaction mixture was partitioned between AcOEt

and sat. ag. NH4Cl, and the organic phase was washed with brine and dried
(NaySOy), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine and Et;N (46
uL, 0.33 mmol) in THF (1 mL) was treated with Boc,O (155 uL, 660 umol) at room temperature and stirred for 20
hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCI, and the organic phase was washed
with H,O, brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by high-flash
silica gel column chromatography (40-100% AcOEt/hexane) to afford 142 (73.6 mg, 77.7 umol, 71% over 3 steps)
as a white foam.
'H NMR (DMSO-dq, 400 MHz) & 11.5 (br s, 1H, NH-3), 7.78 (d, 1H, H-6, Jos = 7.7 Hz), 7.37-7.31 (m, 5H, Ph),
5.89 (br s, 1H, H-4", H-5"), 5.79 (s, 1H, H-1"), 5.63 (br s, 1H, H-5, J56 = 8.2 Hz), 5.13 (d, 1H, benzyl, Jsc = 12.7
Hz), 5.06-5.01 (m, 3H, benzyl, H-2', H-1"), 4.86 (d, 1H, OH-2"), 4.78 (dd, 1H, H-3',J=5.9, J=4.5 Hz), 4.73-4.60
(m, 4H, H-2", H-3", OCH,OMe), 4.42-4.33 (m, 3H, H-5', H-6', H-3""), 4.14-4.11 (m, 2H, H-4', H-4"), 3.99 (br d, 1H,
H-2",J=6.3 Hz), 3.63 (s, 3H, CO,Me), 3.33 (o, 1H, H-5"), 3.24 (s, 3H, OCH,OMe), 2.80 (d, 1H, H-5", Js» s»=10.9
Hz), 1.47-1.38 (m, 16H, ‘Bu, CH,CH;3x2, CCH3), 1.26 (s, 3H, CCH3), 0.73 (t, 3H, CH,CH3, J= 7.5 Hz), 0.69 (t, 3H,
CH,CHs, J=17.5 Hz);
C NMR (DMSO-de, 100 MHz) § 170.2, 163.3,156.2, 150.5, 143.5, 136.9, 128.3,127.9, 127.6, 127.1,115.2, 113.3,
110.4, 101.8, 95.4,92.9, 86.3, 85.4, 83.6, 81.8, 81.0, 79.5, 79.2, 78.1, 74.1, 67.0, 65.7, 55.0, 54.6, 52.3, 29.2, 28.5,
27.9,27.0,25.3,8.24,7.16;
ESIMS-LR m/z 947 [(M + H)']; ESIMS-HR calcd for Cy4sHg3 N4Oyg 947.4132, found 947.4135;
[a]p™ =33.8 (¢ 0.83, CHCl5).

NKY16-19,16-21,16-22,16-23
Compound 143
q\\ A solution of 142 (213 mg, 301 umol), K;3[Fe(CN)s] (297 mg, 903 umol),
Bocw/"».é’o K,CO; (125 mg, 903 umol), NaHCOs3 (75.9 mg, 903 umol), DABCO (33.8 mg,
HO~ N © / 301 umol) and MeSO,NH; (28.6 mg, 301 umol) in ‘BuOH-H,O (1:1, 6 mL) was
MOMOIjN o ﬂNH

~

N _< treated with K,0s04-2H,0 (11.1 mg, 30.1 umol) at room temperature for 13

(0) . .
MeO,C ¢} hours. After sat. aq. Na,S,03; was added, the mixture was extracted with AcOEt.
S b The organic phase was washed with brine and dried (Na,SOy), filtered, and
X concentrated in vacuo. The residue was purified by short silica gel column

chromatography (100 % AcOEt), and the fractions containing the diol were collected and concentrated in vacuo. A
solution of the diol in THF-phosphate buffer (1:1, pH 7.2, 2 mL) was treated with NalO4 (33.2 mg, 155 umol) at
room temperature for 30 min. After sat. aq. Na,S,03; was added, the mixture was extracted with AcOEt. The organic

phase was washed with brine and dried (Na,SQO,), filtered, and concentrated in vacuo. A mixture of the residue and



Pd black (73.0 mg) in MeOH (2 mL) was vigorously stirred under H, atmosphere at room temperature for 1 hour.
The catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in 1,2-
dichloroethane (8 mL) was treated with AcOH (45 uL) and pic-BH; (16.6 mg, 155 umol) at room temperature. The
resulting mixture was heated at 50 °C for 16 hours. The reaction mixture was partitioned between AcOEt and 1M
aq. HCI. The organic phase was washed with sat. aq. NaHCO; and brine, dried (Na,SO,), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (40-60% AcOEt/hexane) to afford 143
(21.7 mg, 26.7 umol, 34% over 4 steps) as a white solid.

'H NMR (DMSO-ds, 500 MHz, a mixture of rotamers) 6 11.5 (br s, 1H, NH-3), 7.68 (dd, 1H, H-6, J=8.0,J=5.7
Hz), 5.76 (t, H-6, J=2.0 Hz), 5.67 (td, 1H, H-5,J="7.5,J=2.0 Hz), 5.24 (d, 1H, H-1", 14.3 Hz), 5.00 (m, 1H, H-
2", 4.89 (d, 1H, OH-4", Jou.4m4» = 3.4 Hz), 4.80-4.67 (m, 2H, H-3', H-5"), 4.63-4.54 (m, 4H, H-2", H-3",
OCH,0OMe), 4.35-4.31 (m, 1H, H-5"), 4.22 (dd, 1H, H-4", J=26.7, J=10.0 Hz), 3.94-3.91 (m, 1H, H-4"), 3.87 (br
s, 0.6H, H-5"), 3.76 (br s, 0.4H, H-5"), 3.70 (m, 0.4H, H-4"), 3.63-3.62 (m, 0.6H, H-4"), 3.51-3.48 (m, 1H, H-3"),
3.39-3.36 (m, 1H, H-6', H-5"), 3.17 (t, 1H, H-6", J = 10.9Hz), 2.60-2.51 (m, 3H, H-6", H-2"'x2), 1.57-1.45 (m, 4H,
CH,CH;x2), 1.46 (s, 3H, CCH3), 1.41 (d, 9H, ‘Bu, J = 3.4 H), 1.27 (s, 3H, CCH3), 0.79-0.76 (m, 6H, CH,CH;3x2);
C NMR (DMSO-dg, 125 MHz) 5 167.4, 163.1, 154.6, 154.4, 150.2, 142.9, 142.8, 115.4,115.2, 113.7, 109.4, 109.1,
102.0, 94.3, 94.2, 90.5, 90.3, 87.6, 86.7, 85.5, 85.2, 84.7, 84.5, 83.2, 83.1, 82.0, 79.7, 79.5 ,79.2, 79.1, 72.3, 72.2,
72.2,72.1, 68.4, 67.5, 66.2, 66.1, 54.8, 54.8, 54.5, 53.9, 51.0, 50.0, 49.7, 48.7, 48.3, 41.5, 41.4, 29.3, 28.9, 28.6,
28.2,28.0,27.1,25.3,25.3,8.37,8.22,7.27,7.19;

ESIMS-LR m/z 814 [(M + H)']; ESIMS-HR calcd for C37;Hs;N406 813.3764, found 813.3774;

[a]p™ +13.5 (¢ 0.54, CHCL).

NKY16-52

Compoud 144
A solution of 143 (3.9 mg, 4.8 umol), palmitic acid (3.9 mg, 14.4 umol) and
BocN q\\ DMAP (0.6 mg, 4.8 umol) in 1,2-DCE (200 uL) was treated with EDCI (3.7
]\/> /_4 mg, 19.2 umol) at room temperature and stirred for 12 hours. After MeOH was
MOMO NH added, the reaction mixture was partitioned between AcOEt and 1M aq. HCI.
MeO,C The organic phase was washed with sat. ag. NaHCOs3, brine and dried
o b (NayS0y), filtered, and concentrated in vacuo. The residue was purified by
P silica gel column chromatography (30-50% AcOEt/hexane) to afford 144 (3.2

mg, 3.0 umol, 63%) as a white sold.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.3 (br s, 1H, NH-3), 7.64 (d, 1H, H-6, Jss=8.6 Hz), 5.77 (d, 1H, H-1",
Jr»=2.3Hz),5.64 (d, 1H, H-5, Js s = 8.0 Hz), 5.26 (s, 1H, H-1"), 5.15 (s, 1H, H-4"), 4.96 (dd, 1H, H-2', J» 3= 6.3,
Jy1=2.3Hz), 4.80 (t, 1H, H-3', J3» = J34 = 6.3 Hz), 4.64-4.57 (m, 4H, H-3", H-5", OCH,OMe), 4.51 (d, 1H, H-
2", Jynan=6.3 Hz), 4.35 (dd, 1H, H-5', Js ¢ = 10.6, Js 4 = 6.0 Hz), 4.25 (d, 1H, H-4", J43»= 9.2 Hz), 3.96 (t, 1H, H-
4, Jy3 =Jps =6.02 Hz), 3.83 (br s, 1H, H-5"), 3.74-3.70 (m, 1H, H-3"), 3.59 (s, 3H, CO,M), 3.48-3.44 (m, 2H,
H-6',H-5"), 3.35 (d, 1H, H-6", Jgne»=12.6 Hz), 2.79 (dd, 1H, H-2", Jpu» =10.9, Jom 3» =4.0 Hz), 2.53-2.43 (m, 2H,
H-2", H-6"), 2.29 (t, 2H, palmitoyl, J = 6.9 Hz), 1.56-1.48 (m, 8H, CH,CH3, CCH3, palmitoyl), 1.41 (s, 9H, ‘Bu),
1.30-1.25 (m, 27H, CCH3s, palmitoyl), 0.86 (t, 3H, palmitoyl, J = 7.2 Hz), 0.82-0.75 (m, 6H, CH,CH3*2);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) & 171.0, 167.2, 163.2, 154.3, 154.2, 150.3, 142.9, 115.5,



115.3, 113.8, 109.4, 109.1, 102.0, 94.2, 90.4, 87.4, 86.6, 85.1, 84.9, 84.7, 84.5, 83.1, 81.9, 79.9, 79.6, 79.5, 72.1,
72.0, 69.8, 69.6, 68.8, 68.1, 65.9, 65.7, 54.9, 52.5, 51.7, 50.9, 48.2, 42.6, 33.8, 33.7, 31.3, 29.3, 29.1, 29.0, 28.9,
28.9,28.8,28.7,28.2,28.1,28.0,27.7,27.2, 25.3, 24.7, 24.6, 22.1, 14.0, 8.40, 8.25, 7.27, 7.22.;

ESIMS-LR m/z 1052 [(M + H)']; ESIMS-HR calcd for Cs3HgsN4NaO;7 1073.5880, found 1073.5896;

[a]p"® +24.0 (¢ 0.66, CHCI;).

NKY16-64
Compound 145
To the mixture of compound 144 (12.3 mg, 11.7 umol), 2,6-di-Bu-p-cresol
BocN q\\ (1.3 mg, 5.9 umol) and Cs,CO; (11.4 mg, 35.1 umol) in DMF (200 uL) was

q added Ph3;SiSH (10.3 mg, 35.1 umol) and the mixture was stirred at 90 °C for
MOMO O NH

20 hours. After cooling down to room temperature, the reaction mixuture was

HO,C partitioned between AcOEt and sat. ag. NH4Cl. The organic phase was washed
o b with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
Pl residue was purified by silica gel column chromatography (1-5%

MeOH/CHCl) to afford 145 (11.8 mg, 11.4 umol, 97%) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.3 (br s, 1H, NH-3), 7.62 (d, 1H, H-6, Js s = 8.0 Hz), 5.79 (d, 1H, H-1",
Jr»=2.3Hz),5.64 (d, 1H, H-5, Js s = 8.0 Hz), 5.26 (s, 1H, H-1"), 5.16 (s, 1H, H-4"), 4.96 (dd, 1H, H-2', J,.3 = 6.6,
Jr1=2.0 Hz), 4.89 (t, IH, H-3', J3» = Jy 4 = 6.3 Hz), 4.71-4.58 (m, 5H, H-2", H-3", H-5", OCH,OMe), 4.34-4.25
(m, 2H, H-5', H-4"), 3.96 (t, 1H, H-4', Jy 3 = Jy 5 = 5.2 Hz), 3.83 (s, 1H, H-5"), 3.74 (br s, 1H, H-3"), 3.53-3.45 (m,
1H, H-5"), 3.36-3.27 (m, 2H, H-6', H-6"), 3.17 (s, 3H, OCH,OMe), 2.77 (dd, 1H, H-2", Jynow = 10.3, Jom 3n =4.6
Hz), 2.29 (t, H-3, palmitoyl, J =6.9 Hz), 1.59-1.49 (m, 7H, CH,CH;x2, CCHs, palmitoyl), 1.41 (s, 9H, ‘Bu), 1.31-
1.25 (m, 27H, CCHs, palmitoyl), 0.88-0.78 (m, 7H, CH,CH3%2, palmitoyl);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) & 171.1, 168.1, 163.2, 154.3, 150.2, 142.6, 115.6, 115.3,
113.9, 109.6, 102.1, 94.2, 89.7, 87.5, 86.8, 84.7, 83.1, 81.9, 79.9, 79.5, 78.8, 72.0, 69.7, 69.0, 68.3, 66.4, 54.9, 52.6,
51.2,48.3,42.7,33.7, 31.3, 29.1, 29.0, 28.9, 28.8, 28.6, 28.2, 28.0, 27.7, 27.3, 25.6, 24.7, 24.6, 22.1, 14.0, 8.45,
8.29,7.35,7.27,

ESIMS-LR m/z 1038 [(M + H)']; ESIMS-HR calcd for Cs,HgsN4O17 1037.5904, found 1073.5955;

[a]p'® +12.5 (¢ 0.59, CHCL;).

NKY16-68
Compound 126
OH Compound 145 (11.8 mg, 11.4 umol) ws treated with aq. 80% TFA (1 mL) at
\Mj)\ H’;\l/%'é/OH o  room temperature for 12 hours. The mixture was concentrated in vacuo. The
14 o o

]@ f) ﬂ residue was purified by high-flash C18 reverse phase column chromatography
N NH
N—< (60-90% MeOH/H,0, 0.1% TFA) to afford 126 (5.6 mg, 5.5 umol, 48%) as a

white solid.

HO OH 'H NMR (CD;0D, 400 MHz) & 7.85 (d, 1H, H-6, Jss= 8.2 Hz), 5.69 (d, 1H,
H-5, Js6= 8.2 Hz), 5.67 (s, 1H, H-1"), 5.37 (s, H-4"), 5.21 (s, 1H, H-1"), 4.44 (dd, 1H, H-3", J3:5:=8.6, J3 4 4.5
Hz), 4.33 (d, 1H, H-5', Js ¢ = 10.9 Hz), 4.23 (br s, 1H, H-5"), 4.19-4.12 (m, 3H, H-2', H-3', H-2"), 4.06 (d, 1H, H-



4" Jp3=4.1 Hz), 4.03 (dd, 1H, H-4', J43=8.2, Jo s =1.4 Hz), 3.82 (d, 1H, H-6', Jo¢ »=10.4 Hz), 3.65-3.61 (m, 1H,
H-5"), 3.50 (brs, 2H, H-2"', H-3"), 3.01 (dd, 1H, H-6", Jg» g»= 10.4, Jo s»= 4.5 Hz), 2.89-2.78 (m, 3H, H-5", H-2",
H-6"), 2.43 (td, 2H, palmitoyl, J= 7.5, J= 1.7 Hz), 1.64 (t, 2H, palmitoyl, /= 7.0 Hz), 1.29 (br s, 24H, palmitoyl),
0.90 (t, 3H, palmitoyl, J= 6.8 Hz);

C NMR (CD;O0D, 125 MHz) § 174.0, 166.2, 151.9, 142.2, 109.5, 102.1, 92.8, 83.0, 80.5, 75.7, 75.5, 72.9, 71.3,
70.1, 69.3, 68.5, 64.3, 56.4, 51.2, 43.6, 34.8, 33.1, 30.8, 30.8, 30.6, 30.5, 30.5, 30.2, 25.9, 23.7, 14.5;

ESIMS-LR m/z 785 [(M + H)']; ESIMS-HR calcd for C3;HgN4O 14 785.4179, found 785.4197;

[a]®p +6.62 (¢ 0.56, CH;OH).

Figure S-2. Chromatogram of HPLC, compound 126 (J’sphere ODS-M80, 150x4.6 mm; 75% MeOH/H,0, 0.1%
TFA)
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Conformational analysis

Conformational analysis of compound 12 and 13 was performed by Macromodel 10.2 (Schrodinger LLC) using
OPLS-2005 as a force field. “Conformational search’ of these compounds was performed with “Torsional sampling
(MCMM)” method (Maximum iterations, 500; Maximum number of steps, 1000; Energy window for saving
structures, 50 kJ/mol), followed by ‘“Minimization” of generated conformers was performed ‘Polak-Ribiere
conjugate gradient (PRCG)” method with (Maximum iterations, 5000; Convergence threshold, 0.05). Default values

were used for all other parameters.

Docking simulation

Ligand preparation

Global energy-minimum conformers of all compounds generated by ““Conformational search” were used as initial
3D structures. These structures were optimized by “LigPrep” using OPLS-3 as a force field. The resulting structures

were used in docking simulations. Default values were used for all compounds.

Grid generation for docking simulation

The grids used for docking simulation were generated by “Receptor Grid Generation™ of Glide (Schrodinger LLC).
The X-ray crystal structure of MraY complexed with muraymycin D2 (PDB code: SCKR) was refined for docking
simulations using the ‘“Homology modeling” (Escherichia coli strain K12; Uniprot ID: POA6W3). As a center of
the grid, centroid of the residues thr73, Asn192, asp195, asn257, ser270, Gln 307 were selected.

Grid generation for docking simulation

The docking simulations were performed by “Ligand Docking” of Glide (Schrédinger LLC), using sp mode as a

precision and aforementioned prepared structures as ligands.

Fluorescence-Based MraY Assay.

Reactions were carried out in 384-well microplate. Reaction mixtures contained, in a final volume of 20 uL, 50
mM Tris-HCI (pH 7.6), 50 mM KCl, 25 mM MgCl,, 0.2% Triton X-100, 8% glycerol, 100 uM Css-P, and 20 uM
UDP-MurNAc-dansylpentapeptide. The reaction was intiated by the addition of MraY enzyme (11 ng/5 mL/well).
After 1h of incubation at 37 °C, the formation of dansylated lipid I was monitored by fluorescence enhancement

(excitation at 355 nm, emission at 535 nm) by using the Tecan infinite 200 miciroplate reader.
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