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Ac acetyl 

AcOH acetic acid 

Ala alanine 

Asp aspartic acid 

aq. aqueous 

Bn benzyl 

Boc tert-butoxycarbonyl 
tBu tert-butyl 

Cbz benzyloxycarbonyl 

DABCO 1,4-diazabicyclo[2,2,2]octane 

DACH diaminocyclohexyl 

DAST N,N-diethylaminosulfur trifluoride 

dba dibenzylideneacetone 

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene 

1,2-DCE 1,2-dichloroethane 

DIPEA N,N-diisopropylethylamine 

DMAP 4-dimethylaminopyridine 

DMEAD di-2-methoxyethyl azodicarboxylate 

DMF N,N-dimethylformamide 

DMSO dimethyl sulfoxide 

ED50 effective dose 50 

EDCI 1-ethyl-3-(dimethylaminopropyl)-carbodiimide hydrochloride 

ESI electrospray ionization 

Glc glucosamine 

Glu glutamic acid 

His histidine 

HMBC heteronuclear multiple bond coherence 

IC50 half maximal inhibitory concentration 

LTA L-threonine:uridine-5'-aldehyde transaldolase 

Lys lysine 

Me methyl 

MIC minimum inihibitory concentration 

MOM methoxymethyl 

MraY phosho-N-acetylmuramyl-pentapeptide translocase 

MRSA methicillin-resistant Staphylococcus aureus 
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MS molecular sieve 

Mur muramic acid 

NADPH nicotinamide adenine dinucleotide phosphate 

NMO 4-methylmorpholine N-oxide 

NMR nuclear magnetic resonance 

NOE nuclear Overhauser effect 

Ns 2-nitrobenzenesulfonyl 

PDB protein data bank 

Pg protecting group 

Ph phenyl 

Phe phenylalanine 

Pic picoline 

ROE rotating frame nuclear Overhauser effect 

SHMT serine hydroxymethyltransferase 

TBS tert-butyldimetylsilyl 

TFA trifluoroacetic acid 

THF tetrahydrofuran 

TLC thin-layer chromatography 

TMS trimethylsilyl 

Ts p-toluenesulfonyl 

UDP uridine 5'-diphosphate 

UMP uridine 5'-monophosphate 

UTP uridine 5'-triphosphate 
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Figure 0-7. SHMT-like transaldolase  
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Figure 1-5. Calculated global energy-minimum conformers of 12 and 13; 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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Figure 1-8. Conformational analysis of 12 and 13; >10kJ/mol energy-minimum from global minimum conformers 

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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7) radical cyclization

N

OPh

Br

CO2Et

N

OPh

CO2Et
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21 22

23 24 25
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Scheme 2-2. 
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46-57%

34 35

36

Method A

Method B

BnONH2·HCl
MS3A



(

Scheme 2-3. 

 
 

 

 

  

X = leaving group
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11-membered ring formation

HO OH

NH2

asymmetric 
allylic alkylation

reductive amination
37 38

39

40 41 rac-42



((

2  

 

s r m pwZ 5'-O-β- g
” Z5'-O-β- eb Yβ cm pwgY

2 bw Yu eb g  

(Scheme 2-4)Z 

 

Scheme 2-4.  
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Scheme 2-5. 
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O
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O
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O
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Scheme 2-6.  
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Scheme 2-7. 

 

 

 

Scheme 2-8. 
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O

O O

HO
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CH2Cl2

63%

O

O O

BzO
FDAST

CH2Cl2, 0 °C

52 53 54

AcCl, pyridine
CH2Cl2, 0 ºC

51%
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O O
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FDAST
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OH
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O
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O
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OH
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57: R = Bz : –30 ºC : 23% (SM 41%) 
                        0 ºC : 56% (SM   8%)
58: R = Ac :     0 ºC : 81%

O

O O

O
O

Nu

47

54: R = Bz
56: R = Ac

59
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Figure 2-2.  
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Figure 2-3. Trost ligand 
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complexation
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Pd

LL
+

Nu–
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addition
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decomplexation

(R,R)-DACH-phenyl Trost ligand
L1

NH HN
OO

PPh2 Ph2P
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(S,S)-DACH-phenyl Trost ligand
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Scheme 2-10. 
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Scheme 2-12. 

 
 

YTrost 63 p Y b  (Scheme 2-

13)Zpfp g Y p b Y62% pf 68g
” bm p e YBlechert “ b 50a)Zm” f
Y Y g w g w Y

d b Z 

 

pw 64 f 66 hY pw m Y
72% ee a Y g a m g f w (Scheme 2-11)Z w
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A C C ( %

HO OH

OH

O O

O

O NO2

O O

OCO2Me

rac-62

rac-63

O O

OH

rac-61

p-nitrobenzoic acid
DMEAD, PPh3
THF

92%

1) NaOH 
    MeOH/H2O
2) ClCO2Me
     pyridine
     CH2Cl2

97% over 2 steps

MeO OMe

PPTS
acetone

83%

NsNHCbz
Pd2(dba)3⋅CHCl3
L1, Et3N
THF, 0 °C→rt

O O

NNsCbz

64

39%, ca. 80% ee

60

Pd2(dba)3⋅CHCl3
L1, Et3N
THF, –10 °C→0 °C

O O

OCO2Me

rac-63

NHNs

O O

Ns
N

67

93%
>99% ee

O O

NNsCbz

O O

H2N

lit. [α]25D +148º (c = 0.39, MeOH)50a)

p-tBu-benzenethiol
K2CO3
DMF

82%

[α]D17 -75.1 (c 1.10, CHCl3)

O O

NHCbz

[α]D21 -97.4 (c 0.85, CHCl3)

NaOH
1,4-dioxane/H2O

90 °C

74% O O

NH2

[α]D18 -107 (c 0.30, MeOH)
72% ee

64 65 66 ent-66
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Scheme 2-14. 

 
  

Pd2(dba)3⋅CHCl3
L2, (C6H13)4NBr
CH2Cl2, 0 °C→rt

O OO O
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rac-63

NK

O

O

N

O

O

68
62%

98% ee

K2OsO4⋅2H2O
K3[Fe(CN)6]
K2CO3, NaHCO3
DABCO, MeSO2NH2
tBuOH/H2O

NaIO4
THF
phosphate buffer
(pH 7.2)

80%

p-tBu-benzenethiol
K2CO3
MeCN/DMF

84% O O

NHCbz

TBSO OTBS

NHCbz

83% over 2 steps

TBSO OTBS

NHCbz

OH
HO

OHC

TBSO OTBS

NHCbz
OHC

1) aq. AcOH
    60 °C
2) TBSCl
    imidazole
    CH2Cl2

O O
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Scheme 2-15. 
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O

MeO2C
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AcO

CbzHN

O
O

1) H2
    Pd black
    MeOH

CHO

CHO

TBSO

TBSO

NHCbz2)

see table

table

reagents solvent (M) temperature yield (%)

dialdehyde 71 (1.1 eq)
NaBH(OAc)3, AcOH, MS4A

then
NaBH3CN

1,2-DCE (0.03) rt→60 °C 26

dialdehyde 71 (1.5 eq)
pic-BH3, AcOH, MS4A 1,2-DCE (0.04) rt 44

dialdehyde 71 (3 eq)
pic-BH3, AcOH 1,2-DCE (0.2) rt 47

dialdehyde 71 (3 eq)
pic-BH3, AcOH 1,2-DCE (0.1) rt 44

dialdehyde 71 (3 eq)
pic-BH3, AcOH MeOH (0.1) rt 25

entry

1

2

3

4

5

58

71

72
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O
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O
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Scheme 3-1. 
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H
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H
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Scheme 3-4. 
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Scheme 3-5. 
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O
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O
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O
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O
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O
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O
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O
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O
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    CH2Cl2
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O
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O
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Scheme 3-8. 

 
 

Scheme 3-9. 

 
 

 

NaIO4
THF
phosphate buffer 
(pH 7.2)

H2
Pd black
MeOHO

MeO2C

O
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N
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O
O

O

OO

OH
HO

etc.

O
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O
O

O

OO

OH
HO

molecular weight: 621

molecular weight: 603

O
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O
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NH

O
O

O

OO

HO

O
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O
O

O

NH
O
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OH

O
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molecular weight: 603

O
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O
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CbzHN

O
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OO

HO
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97 103 104

105 106

Pic-BH3, AcOH CH2Cl2 (0.01) 40 °C 14

50 °CPic-BH3, AcOH MeOH (0.01) 44

ON

MeO2C

O
BocN

O

O
O

O

O

MeO2C

O

NBoc

H2N

O
O

see table
O

OO

OH
HO

Pic-BH3, AcOH, MS3A

Pic-BH3, AcOH MeOH (0.05) 50 °C 32

MeOH (0.05) rt

50 °CPic-BH3, AcOH, MS3A MeOH (0.05)

32

28

table
reagents solvent (M) temperature yield (%)a

HMBC 1H→13C (CDCl3)

entry

1

2

3

4

5

104 107

aYield was calculated over 4 steps from 96
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Scheme 3-10. 

 
  

table
reagents solvent temperature yield

Me3SnOH

Ba(OH)2·8H2O
LiOH

KOTMS
KOH

Ph3SiSH, Cs2CO3                                                
   2,6-di-tBu-p-cresol

1,2-DCE reflux no reaction
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Scheme 3-19. 
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NKY12-41 

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

 A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH2Cl2 (20 mL) was treated 

with BzCl (293 µL, 2.52 mmol) at 0 °C, and the mixture was allowed to room temperature and 

stirred for 24 hours. An additional portion of BzCl (79.8 µL, 687 µmol) was added to the 

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

of H2O, and extracted with AcOEt. The organic phase was washed with 1M aq. HCl, H2O, brine and dried (Na2SO4), 

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. 
1H NMR (CDCl3, 400 MHz, a 2:1 mixture of the anomers) δ 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, J1,2 = 1.8 Hz), 5.49 (d, 0.2H, H-1, J1,2 = 

3.6 Hz), 4.81 (d, 0.6H, H-3, J3,4 = 6.0 Hz), 4.77 (d, 0.4H, H-3, J3,4 = 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, CH2CH3×2), 1.02-0.87 (m, 6H, CH2CH3×2);  
13C NMR (CDCl3, 100 MHz, a mixture of the anomers) δ 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 C17H22O6Na 345.1309, found 345.1310. 

 

NKY12-72, NKY12-73 

Methyl 5-O-[5-O-benzoyl-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(uracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (57) 

 A solution of 53 (47.1 mg, 146 µmol) in CH2Cl2 (1.5 mL) was treated with 

diethylaminotrifluoride (38.6 µL, 292 µmol) at 0 °C for 10 min. The reaction was 

quenched by addition of sat. aq. NaHCO3, and extracted with AcOEt. The organic phase 

was washed with brine, dried (Na2SO4), filtered, and concentrated in vacuo to afford the 

crude fluoride 54. A solution of the crude fluoride 54 and 47 (49.2 mg, 97.3 µmol), 

MS4A (100 mg) in CH2Cl2 (1 mL) was treated with BF3 Et2O (9.2 µL, 73 µmol) at 0 °C 

for 1 hour. The additional portion of BF3 Et2O (9.2 µL, 73 µmol) was added to the 

reaction mixture at 0 °C, and stirred for 12 hours. Et3N (68 µL, 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 (Na2SO4), 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 

µmol, 56%) as a white foam, and 47 (4.1 mg, 8.1 µmol, 8%) as a white foam. 
1H NMR (CDCl3, 500 MHz) δ 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, J5,6 = 8.1 Hz), 5.66 (d, 1H, H-1', J1',2' = 2.3 Hz), 5.59 (d, 1H, NH-6', JNH-6',6' = 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, J2',3' = 6.9, J2',1' =2.3 Hz), 4.71-

4.65 (m, 3H, H-6', H-2'', H-3''), 4.52 (t, 1H, H-4'', J4'',5'' = J4'',5'' = 5.8 Hz), 4.48 (d, 1H, H-5', J5',4' = 7.5 Hz), 4.37 (dd, 

1H, H-5'', J5'',5'' = 11.8, J5'',4'' = 5.5 Hz), 4.27 (dd, 1H, H-5'', J5'',5'' = 11.8, J5'',4'' = 6.1 Hz), 4.19 (dd, 1H, H-4', J4',5' =7.5, 

J4',3' = 4.0 Hz), 3.70 (s, 3H, OMe), 1.64 (q, 2H, CH2CH3, J = 7.7 Hz), 1.52 (q, 2H, CH2CH3, J = 7.5 Hz), 1.48 (s, 3H, 
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acetonide), 1.30 (s, 3H, acetonide), 0.87-0.81 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C40H48N3O15 810.3080, found 810.3084; 

[α]D
17 –5.78 (c 0.92, CHCl3). 

 

NKY12-76 

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

 A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH2Cl2 (20 mL) was treated 

with AcCl (179 µL, 2.52 mmol) at 0 °C, and the mixture was allowed to warm to room 

temperature and stirred for 30 min. Additional portion of AcCl (37 µL, 0.52 mmol) was added 

to the reaction mixture, and stirred for 5 min. The reaction mixture was quenched by addition 

of H2O, and extracted with AcOEt. The organic phase was washed with 1M aq. HCl, H2O, brine and dried (Na2SO4), 

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. 
1H NMR (CDCl3, 400 MHz) δ 5.48 (d, 1H, H-1, J = 2.7 Hz), 4.71 (d, 1H, H-2, J2,3 = 6.3 Hz), 4.65 (d, 1H, H-3, J3,2 

= 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, CH2CH3, J = 7.4 Hz), 1.59 (q, 2H, CH2CH3, J = 7.4 Hz), 0.92 (t, 3H, CH2CH3, J = 7.5 Hz), 0.89 

(t, 3H, CH2CH3, J = 7.5 Hz). This is a known compound. 

 

NKY12-81, NKY12-82 

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(uracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (58) 

 A solution of 55 (65.0 mg, 250 µmol) in CH2Cl2 (3 mL) was treated with 

diethylaminotrifluoride (66.1 µL, 500 µmol) at 0 °C for 10 min. The reaction was 

quenched by addition of sat. aq. NaHCO3, and extracted with AcOEt. The organic phase 

was washed with brine, dried (Na2SO4), filtered, and concentrated in vacuo to afford a 

crude fluoride 56. A solution of the crude fluoride 56 and 47 (84.4 mg, 167 µmol), MS4A 

(200 mg) in CH2Cl2 (2 mL) was treated with BF3 Et2O (9.2 µL, 73 µmol) three times at 

each hour at 0 °C. The reaction mixture was stirred for totally 8 hours. Et3N (116 µL, 

835 µmol) was added to the reaction mixture and filtered through Celite pad. The solution was partitioned between 

AcOEt and saturated aqueous NaHCO3, and the organic phase was washed with brine and dried (Na2SO4), 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 µmol, 81%) as a white foam. 
1H NMR (CDCl3, 500 MHz) δ 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, J = 12.0 Hz), 4.83-4.79 (m, 2H, 

H-2', H-3'), 4.67 (d, 1H, H-6', J6',NH-6' = 9.7 Hz), 4.60 (d, 1H, H-2'', J2'',3'' = 5.8 Hz), 4.56 (d, 1H, H-3'', J3'',2'' = 5.7 Hz), 

4.47 (d, 1H, H-5', J5',4' = 7.4 Hz), 4.36 (t, 1H, H-4'', J4'',5'' = J4'',5'' = 5.8 Hz), 4.22 (dd, 1H, H-4', J4',5' = 7.5, J4',3' = 4 Hz), 

4.12 (dd, 1H, H-5'', J5'',5'' = 12.0, J5'',4'' = 6.1 Hz), 3.99 (dd, 1H, H-5'', J5'',5'' = 11.5, J5'',4'' = 6.3 Hz), 3.77 (s, 3H, OMe), 
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2.06 (s, 3H, OAc), 1.65-1.60 (m, 2H, CH2CH3), 1.54-1.50 (m, 5H, acetonide, CH2CH3), 1.30 (s, 3H, acetonide), 

0.86-0.81 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C35H46N3O15 748.2923, found 748.2930; 

[α]D
18 –7.34 (c 1.03, CHCl3). 

 

NKY 16- 

rac-(1S,2S,3R)-2,3-O-Isopropylidene-4-cyclopenten-1-ol (61) 

 A solution of 60 (193 mg, 1.66 mmol) and 2,2-dimethoxypropane (1.02 mL, 8.30 mmol) in acetone 

(16 mL) was treated with pyridinium p-toluenesulfonate (20.9 mg, 83.0 µmol) at room temperature 

for 16 hours. The reaction was quenched by addition of Et3N (46 µL, 0.33 mmol), and concentrated 

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. 
1H NMR (CDCl3, 400 MHz) δ 5.89 (s, 2H, H-4, H-5), 5.02 (d, H-3, J3,2 = 5.0 Hz), 4.75 (t, 1H, H-2, J2,1 = J2,3 = 5.7 

Hz), 4.56 (dd, 1H, H-1, J1,OH-1 = 10.0, J1,2 = 5.4 Hz), 2.71 (d, 1H, OH-1, JOH-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) 

 A solution of rac-61 (891 mg, 5.70 mmol), p-nitrobenzoic acid (1.91 g, 11.4 mmol) and 

PPh3 (2.24 g, 8.55 mmol) in THF (50 mL) was treated with DMEAD (2.0 g, 8.55 mmol) 

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-62 (1.60 g, 5.24 mmol, 92%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 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, J5,4 = 5.5, J = 2.3 Hz), 5.87 (s, 1H, H-1), 5.35 (d, 1H, H-3, J3,2 = 

5.5 Hz), 4.76 (d, 1H, H-2, J2,3 = 5.9 Hz), 1.47 (s, 3H, CCH3), 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) 

 A solution of rac-62 (1.60 g, 5.24 mmol) in MeOH (50 mL) and H2O (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 

organic phase was dried (Na2SO4), filtered, and concentrated in vacuo to afford a crude alcohol. 

A solution of the crude alcohol in CH2Cl2 (50 mL) and pyridine (5 mL) was treated with 

ClCO2Me (1.6 mL, 21 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 18 hours. Additional 

portion of ClCO2Me (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 H2O, and extracted with AcOEt. The organic phase was washed 

with 1M aq. HCl, H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

O O

OH

rac

O O

O

O NO2

rac

O O

OCO2Me

rac



,

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. 
1H NMR (CDCl3, 500 MHz) δ 6.16 (d, 1H, H-4, J4,5 = 5.7 Hz), 5.93 (dt, 1H, H-5, J5,4 = 5.8, J = 1.2 Hz), 5.52 (s, 1H, 

H-1), 5.27 (d, 1H, H-3, J3,2 = 5.7 Hz), 4.65 (d, 1H, H-2, J2,3 = 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) 

 Compound rac-63 (50.0 mg, 233 µmol), NsNHCbz (86.1 mg, 256 µmol) and Et3N (97.4 µL, 

699 µmol) were dissolved in THF (2 mL). Ligand L1 (25.8 mg, 37.3 µmol) and 

[Pd2(dba)3]·CHCl3 (9.6 mg, 9.3 µmol) 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 aq. HCl. The organic phase 

was washed with H2O, brine and dried (Na2SO4), 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 µmol, 39%) as a white 

solid. 
1H NMR (CDCl3, 400 MHz) δ 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, J4,5 = 5.5, J4,1 = 

J4,3 =1.8 Hz), 5.87 (dd, 1H, H-5, J5,4 = 6.0, J5,1 = 2.7 Hz), 5.45 (s, 1H, H-1), 5.12 (d, H-3, J3,2 = 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, J3,2 = 6.0 Hz), 1.44 (s, 3H, CCH3), 1.34 (s, 

3H, CCH3); 
13C NMR (CDCl3, 100 MHz) δ 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 C22H22N2O8NaS 497.0989, found 497.1011; 

[α]D
21 –84.7 (c 1.02, CHCl3). 

 

NKY12-56 

N-[(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl]-benzyloxycarbamate (65) 

 A mixture of 64 (85.1 mg, 179 µmol) and K2CO3 (49.5 mg, 358 µmol) in MeCN-DMF (1:1, 4 

mL) was treated with 4-tBu-benzenethiol (92.6 µL, 537 µmol) at room temperature and stirred for 

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

phase was washed with brine and dried (Na2SO4), 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 

µmol, 84%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 7.35-7.29 (m, 5H, Ph), 6.00 (d, 1H, H-4, J4,5 = 5.5 Hz), 5.76 (d, 1H, H-5, J5,4 = 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, J2,3 = 5.0 Hz), 1.41 (s, 3H, acetonide), 1.34 (s, 3H, acetonide); 
13C NMR (CDCl3, 100 MHz) δ 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 C16H20NO4 290.1387, found 290.1391; 
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[α]D
22 –114.4 (c 0.81, CH3Cl). (ca. 80% ee) 

 

NKY12-65, 12-68 

N-[(1R,2R,3R)-2,3-Di-O-(tert-Butyldimethylsilyl)-4-cyclopentenyl]-benzyloxycarbamate (69) 

 A solution of 65 (30.0 mg, 104 µmol) in AcOH (1.6 mL) and H2O (0.4 mL) was heated at 

60 °C for 4 hours. The reaction mixture was concentrated in vacuo to afford a crude diol. A 

solution of crude diol and imidazole (28.3 mg, 416 µmol) in DMF (1 mL) was treated with 

TBSCl (34.5 mg, 229 µmol) at room temperature for 2 hours. MeOH was added to the reaction mixture, and 

partitioned between AcOEt and 1M aq. HCl. The organic phase was washed with H2O, brine and dried (Na2SO4), 

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 µmol, 83% over 2 steps) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 7.36-7.31 (m, 5H Ph), 5.90 (d, 1H, H-4, J4,5 = 6.0 Hz), 5.84 (d, 1H, H-5, J5,4 = 6.0 

Hz), 5.10 (br s, 1H, benzyl), 4.67 (m, 2H, NH-1, H-1), 4.46 (dd, 1H, H-3, J3,2 = 5.0, J3,4 = 2.3 Hz), 3.86 (t, 1H, H-2, 

J2,1 = J2,1 = 5.1 Hz), 0.89 (s, 9H, tBu), 0.88 (s, 9H, tBu), 0.06-0.05 (m, 12H, Me×4); 
13C NMR (CDCl3, 100 MHz) δ 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 C25H43NNaO4Si 500.2623, found 500.2624; 

[α]21
D –152.6 (c 0.98, CH3Cl). (ca. 80% ee) 

 

NKY13-8 

N-[(1R,2R,3R)-2,3-di-O-(tert-Butyldimethylsilyl)-4,5-dihydroxycyclopentenyl]-benzyloxycarbamate (70) 

 A solution of compound 69 (743 mg, 1.56 mmol), K3[Fe(CN)6] (1.54 g, 4.68 mmol), K2CO3 

(647 mg, 4.68 mmol), NaHCO3 (393 mg, 4.68 mmol), DABCO (175 mg, 1.56 mmol) and 

MeSO2NH2 (148 mg, 1.56 mmol) in tBuOH-H2O (2:1, 24 mL) was treated with K2OsO4·2H2O 

(57.5 mg, 156 µmol) at room temperature for 24 hours. After sat. aq. Na2S2O3 was added, the 

mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na2SO4), 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. 
1H NMR (DMSO-d6, 500 MHz) δ 7.37-7.30 (m, 5H, Ph), 6.69 (d, 1H, NH, JNH,1 = 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, JOH-4,4 = 5.2 Hz), 4.57 (d, 1H, OH-5, JOH-5,5 = 7.5 

Hz), 3.98 (q, 1H, H-5, J5,1 = J5,4 = J5,OH-5 = 6.9 Hz), 3.95 (dd, 1H, H-2, J2,1 = 6.3 Hz, J2,3 = 4.6 Hz), 3.80 (q, 1H, H-

1, J1,2 = J1,5 = J1,NH =7.9 Hz), 3.75 (t, 1H, H-3, J3,2 = J3,4 = 4.1 Hz), 3.68 (dd, 1H, H-4, J4,5 = 8.6, J4,3 = 5.2 Hz), 0.87 

(s, 9H, tBu), 0.83 (s, 9H, tBu), 0.07 (s, 3H, Me), 0.05 (s, 3H, Me), 0.01 (s, 3H, Me); 
13C NMR (CDCl3, 100 MHz) δ 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 C25H46O6NSi2 512.2858, found 512.2882; 

[α]D
17 –17.5 (c 1.0, CHCl3). (80% ee) 
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NKY13-69,NKY13-70,NKY13-71 

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-β−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)-β-D-

glycelo-L-talo-heptofuranuronate (72) 

 A solution of the compound 70 (253 mg, 494 µmol) in THF-phosphate buffer 

(1:1, pH 7.2, 10 mL) was treated with NaIO4 (211 mg, 988 µmol) at room 

temperature for 2 hours. After sat. aq. Na2S2O3 was added, the mixture was 

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

(Na2SO4), filtered, and concentrated in vacuo to afford a crude dialdehyde 71. A 

mixture of compound 58 (123 mg, 165 µmol) and Pd black (120 mg) in MeOH 

was vigorously stirred under H2 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 µL) was treated with AcOH (28 µL) 

and pic-BH3 (35.3 mg, 330 µmol) at room temperature for 90 hours. The reaction mixture was partitioned between 

AcOEt and 1M aq. HCl. The organic phase was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), 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 µmol, 47% over 2 steps) as a white solid. 
1H NMR (CDCl3, 500 MHz) δ 8.25 (br s, 1H, NH-3), 7.34-7.28 (m, 6H, Ph, H-6), 6.13 (d, NH-3''', JNH-3''',3''' = 8.6 

Hz), 5.70 (dd, 1H, H-5, J5,6 = 8.0, J5,NH-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', J3',2' = 6.6, J3',4' = 3.8 Hz), 4.60 (d, 1H, H-2'', J2'',3'' = 6.3 Hz), 4.50 (d, 1H, H-3'', J3'',2'' = 6.3 

Hz), 4.42 (dd, 1H, H-4', J4',5' = 6.9, J4',3' = 2.9 Hz), 4.31-4.28 (m, 2H, H-5', H-4''), 4.00 (dd, 1H, H-5'', J5'',5'' = 11.5, 

J5'',4'' = 7.5 Hz), 3.81-3.73 (m, 6H, OMe, H-3''', H-4''', H-5'''), 3.56 (d, 1H, H-6', J6',5' = 5.7 Hz), 3.27 (d, 1H, H-2''', 

J2''',2''' = 10.9 Hz), 2.97 (t, 1H, H-6''', J6''',5''' = J6''',6''' = 10.3 Hz), 2.67 (d, 1H, H-2''', J2''',2''' = 11.2 Hz), 2.35 (br s, 1H, H-

6'''), 2.06 (s, 3H, OAc), 1.61 (m, 2H, CH2CH3), 1.48 (q, 2H, CH2CH3, J = 7.5 Hz), 1.41 (s, 3H, CCH3), 1.26 (s, 3H, 

CCH3), 0.92 (s, 9H, tBu), 0.87 (s, 9H, tBu), 0.89-0.79 (m, 6H, CH2CH3×2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe), 

0.03 (s, 3H, SiMe), 0.02 (s, 3H, SiMe);  
13C NMR (CHCl3, 100 MHz) δ 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 C52H83O17N4Si2 1091.5286, found 1091.5333; 

[α]D
19 +3.66 (c 1.10, CHCl3). 
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NKY16-79, NKY16-80 

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-β−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)-

β-D-glycelo-L-talo-heptofuranuronate (73) 

 A mixture of compound 72 (33.3 mg, 30.5 µmol) and Pd black (30 mg) in MeOH 

(1 mL) was vigorously stirred under H2 atmosphere at room temperature for 2 

hours. The catalyst was filtered off through a Celite pad, and the filtrate was 

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

Et3N (12.8 µL, 91.5 µmol) in CH2Cl2 was treated with NsCl (10.1 mg, 45.8 µmol) 

at room temperature for 14 hours. The reaction mixture was partitioned between 

AcOEt and sat. aq. NaHCO3, and the organic phase was washed with H2O and 

brine, dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by preparative TLC (5% 

MeOH/CHCl3) to afford 73 (9.2 mg, 8.1 µmol, 27% over 2 steps) as a white solid.  
1H NMR (CDCl3, 500 MHz) δ 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, J6,5 = 8.0 Hz), 6.39 (d, 1H, NH-3''', JNH-3''', 3''' = 8.6 Hz), 5.72 (dd, 1H, H-5, J5,6 = 8.0, J5,NH-3 

=2.3 Hz), 5.61 (d, 1H, H-1', J1',2' = 2.3 Hz), 5.11 (dd, 1H, H-2', J2',3' = 6.9, J2',1' =2.3 Hz), 5.07 (s, 1H, H-1''), 4.83 

(dd, 1H, H-3', J3',2' = 6.9, J3',2' = 3.5 Hz), 4.62 (d, 1H, H-2'', J2'',3'' = 6.3 Hz), 4.55-4.52 (m, 2H, H-4', H-3''), 4.34 (t, 

1H, H-4'', J4'',5'' = J4'',5'' = 6.9 Hz), 4.29 (t, 1H, H-5', J5',4' = J5',6' = 6.3 Hz), 4.01-3.91 (m, 3H, H-5''×2, H-5'''), 3.71 (s, 

3H, OMe), 3.60 (br s, 1H, H-4'''), 3.56 (d, 1H, H-6', J6',5' = 5.7 Hz), 3.38 (d, 1H, H-3''', J = 5.7 Hz), 3.24 (d, 1H, H-

2''', J2''',2''' = 11.5 Hz), 2.96 (t, 1H, H-6''', J6''',5''' = J6''',6''' = 10.3 Hz), 2.69 (d, 1H, H-2''', J2''',2''' = 12.1 Hz), 2.35 (dd, 1H, 

H-6''', J6''',6''' = 10.3, J6''',5''' =4.6 Hz), 2.07 (s, 3H, OAc), 1.63 (s, 3H, CCH3), 1.63-1.58 (m, 2H, CH2CH3), 1.53 (q, 2H, 

CH2CH3, J = 7.5 Hz), 1.39 (s, 3H, CCH3), 0.87-0.83 (m, 24H, tBu×2, CH2CH3×2), –0.01 (s, 3H, SiMe), –0.03 (s, 

6H, SiMe), –0.06 (s, 3H, SiMe); 
13C NMR (CDCl3, 125 MHz) δ 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 C50H80N5 O19SSi 1142.4701, found 1142.4690; 

[α]D
20 +25.1 (c 0.92, CHCl3). 

 

NKY13-40 

Methyl 5-O-[2,3-O-(3-pentylidene)-β−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)-β-D-glycelo-L-

talo-heptofuranuronate (74) 

A mixture of metallic Sm (1.5 mg, 10.1 µmol) and I2 (2.6 mg, 10.1 µmol) in 

MeOH (0.5 mL) was stirred at room temperature for 5 minutes. Compound 73 

(11.5 mg, 10.1 µmol) was added to the mixture and stirred at room temperature 

for 22 hours. The reaction mixture was partitioned between AcOEt and 1M aq. 

HCl, and the organic phase was washed with H2O and brine, dried (Na2SO4), 

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

gel column chromatography (20-70% AcOEt/hexane) to afford 74 (8.8 mg, 8.0 
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µmol, 79%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 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, 

J6,5 = 7.8 Hz), 6.66 (d, 1H, NH-3''', JNH-3''', 3''' = 8.2 Hz), 5.73 (dd, 1H, H-5, J5,6 = 8.2, J5,NH-3 = 2.3 Hz), 5.59 (d, 1H, 

H-1', J1',2' = 1.8 Hz), 5.11 (br s, 2H, H-2', H-1''), 4.81 (dd, 1H, H-3', J3',2' = 6.7, J3',4' = 3.5 Hz), 4.63 (d, 1H, H-2'', 

J2'',3'' = 6.0 Hz), 4.57 (d, 1H, H-3'', J3'',2'' = 6.0 Hz), 4.49 (dd, 1H, H-4', J4',5' =7.6, J4',3' = 3.5 Hz), 4.40 (br s, 1H, H-

4''), 4.28 (t, 1H, H-5', J5',4' = J5',6' =6.9 Hz), 3.96 (ddd, 1H, H-5''', J5''',6''' = 10.4, J5''',6''' = 4.6, J5''',4''' = 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 = 4.1 Hz), 3.20 (d, 1H, H-2''', J2''',2''' = 11.4 Hz), 3.03 (dd, 1H, OH-5'', J = 9.2, J = 4.6 Hz), 2.86 (t, 1H, H-6''', J6''',5''' 

= J6''',6''' = 10.5 Hz), 2.74 (d, 1H, H-2''', J2''',2''' = 12.4 Hz), 2.38 (dd, 1H, H-6''', J6''',6''' = 10.3, J6''',5''' = 4.8 Hz), 1.63-1.60 

(m, 5H, CCH3, CH2CH3), 1.52 (q, 2H, CH2CH3, J = 7.5 Hz), 1.38 (s, 3H, CCH3), 0.85-0.81 (m, 24H, tBu×2, 

CH2CH3×2), 0.02 (s, 3H, SiMe), –0.02 (s, 6H, SiMe×2), –0.03 (s, 3H, SiMe); 
13C NMR (CDCl3, 100 MHz) δ 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 C48H78N5O18SSi2 1100.4596, found 1100.4637; 

[α]D
19 +16.6 (c 0.76, CHCl3). 

 

NKY13-9 

Methyl 5-O-[2,3-O-(3-pentylidene)-β−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)-β-D-glycelo-L-talo-

heptofuranuronate (76) 

 A mixture of metallic Sm (4.0 mg, 26.5 µmol) and I2 (3.4 mg, 26.5 µmol) in 

MeOH (1 mL) was stirred at room temperature for 5 minutes. Compound 72 (28.9 

mg, 26.5 µmol) was added to the mixture and stirred at room temperature for 24 

hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and 

the organic phase was washed with H2O and brine, dried (Na2SO4), filtered, and 

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

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

92%) as a white solid. 

1H NMR (CDCl3, 500 MHz) δ 8.87 (s, 1H, NH-3), 7.33-7.25 (m, 6H, Ph, H-6), 6.40 (d, NH-3''', JNH-3''',3''' = 7.5 Hz), 

5.72 (d, 1H, H-5, J5,6 = 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'', J2'',3'' = 5.8 Hz), 4.59 (d, 1H, H-3'', J2'',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''', J5''',6''' = 7.5 Hz), 3.73 (s, 4H, OMe, H-3'''), 3.66 (d, 1H, H-5'', J5'',5'' = 12.0 

Hz), 3.51 (d, 1H, H-6', J6',5' = 6.3 Hz), 3.42 (br s, 1H, H-5''), 3.28 (br s, 1H, OH-5''), 3.16 (d, 1H, H-2''', J2''', 2''' = 12.1 

Hz), 2.87 (t, 1H, H-6''', J6''',5''' = J6''',6''' = 10.1 Hz), 2.71 (d, 1H, H-2''', J2''',2''' = 12.1 Hz), 2.36 (br s, 1H, H-6'''), 1.61-

1.55 (m, 2H, CH2CH3), 1.50 (q, 2H, CH2CH3, J = 7.3 Hz), 1.44 (s, 3H, CCH3), 1.29 (s, 3H, CCH3), 0.90 (s, 9H, 
tBu), 0.87 (s, 9H, tBu), 0.90-0.79 (m, 6H, CH2CH3×2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe), 0.04-0.04 (m, 6H, 

SiMe×2); 
13C NMR (CDCl3, 100 MHz) δ 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, 
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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 C50H81O16N4Si2 1049.5181, found 1049.5179; 

[α]D
22 +0.55 (c 1.20, CHCl3). 

 

NKY7-8 

Methyl (2S,3R)-3-O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pento-

furanosyl]-2-benzyloxycarbonylamino-3-hydroxybutanoate (94) 

 A solution of 93 (2.78 g, 5.64 mmol) in benzene-THF (1:1, 50 mL) was treated with PPh3 

(4.43 g, 16.9 mmol) and H2O (5 mL), and the resulting mixture was heated at 50 °C for 8 

hours. The reaction mixture was partitioned between AcOEt and brine. The organic phase 

was dried (Na2SO4), filtered, and concentrated in vacuo. The residue was roughly purified for 

excluding PPh3 by silica gel column chromatography (1-5% MeOH/CHCl3), and the fractions 

containing amine were collected and concentrated in vacuo. A solution of the amine and Et3N 

(1.57 mL, 11.3mmol) in CH2Cl2 (60 mL) was treated with NsCl (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. aq. NaHCO3 and extracted with 

AcOEt. The organic phase was washed with brine and dried (Na2SO4), 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. 
1H NMR (CDCl3, 400 MHz) δ 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', JNH-5',5' = 6.4 Hz), 5.52 (d, 1H, NH-2, JNH-2,2 = 9.2 Hz), 5.12 (m, 3H, H-1', benzyl), 4.62 

(m, 2H, H-2', H-3'), 4.40 (dd, 1H, H-2, J2,NH-2 = 9.4, J2,3 = 2.1 Hz), 4.35-4.31 (m, 1H, H-3), 4.25 (t, 1H, H-4', J4',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, CH2CH3, J = 7.6 Hz), 

1.57 (q, 2H, CH2CH3, J = 7.5 Hz), 1.27 (d, 3H, Me-4, JMe-4,3 = 6.4 Hz), 0.84 (t, 3H, CH2CH3, J = 7.6 Hz), 0.84 (t, 

3H, CH2CH3, J = 7.6 Hz); 
13C NMR (CDCl3, 100 MHz) δ 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 C29H37O12N3NaS 674.1990, found 674.1992; 

[α]D
25 +3.85 (c 0.77, CHCl3). 

 

NKY7-34 

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

nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-

hydroxybutanoate (95) 

 A mixture of 94 (299 mg, 459 µmol), 61 (93.2 mg, 597 µmol) and PPh3 (181 mg, 689 

µmol) in THF (5 mL) was treated with DMEAD (161 mg, 689 µmol) at 50 °C for 1 

hours. The reaction mixture was cooled to room temperature, then partitioned between 

AcOEt and H2O. The organic phase was washed with brine, dried (Na2SO4), filtered, 

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

chromatography (20-40% AcOEt/hexane) to afford 95 (377 mg, 477 µmol, quant.) as a 

white foam. 
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1H NMR (CDCl3, 400 MHz) δ 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 = 1.4 Hz), 7.40 (m, 5H, Ph), 6.04 (dt, 1H, H-4'', J4'',5'' = 5.5, J4'',3'' = 1.8 Hz,), 5.75 (d, 1H, NH-2, JNH-2,2 = 9.6 Hz), 

5.72 (dd, 1H, H-5'', J5'',4'' = 6.0, J5'',1'' = 2.3Hz), 5.34 (d, 1H, H-3'', J3'',2'' = 5.5 Hz), 5.10 (d, 2H, benzyl, J = 3.2 Hz),  

5.04 (s, 1H, H-1'), 5.00 (d, 1H, H-2', J2',3' = 6.0 Hz), 4.92 (br s, 1H, H-1''), 4.61 (d, 1H, H-3', J3',2' = 6.0 Hz), 4.36-

4.30 (m, 3H, H-2, H-3, H-2''), 4.13 (dd, 1H, H-4', J4',5' = 11.0, J4',5' = 3.2 Hz), 3.71-3.58 (m, 4H, H-5'a, OMe), 2.66 

(dd, 1H, H-5'), 1.66 (q, 2H, CH2CH3, J = 7.7 Hz), 1.54 (q, 2H, CH2CH3, J = 7.5 Hz), 1.36 (s, 3H, CCH3), 1.28 (d, 

3H, Me-4, JMe-4,3 = 6.4 Hz), 1.19 (s, 3H, CCH3), 0.90-0.83 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C37H47O14N3NaS 812.2671, found 812.2679; 

[α]26
D +32.7 (c 1.02, CHCl3). 

 

NKY8-81, 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)-β−D-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-

hydroxybutanoate (96) 

 A mixture of 95 (520 mg, 658 µmol) and K2CO3 (118 mg, 855 µmol) in MeCN (7 mL) 

was treated with 4-tBu-benzenethiol (170 µL, 987 µmol) at 0 °C and stirred for 10 hours 

at room temperature. The reaction mixture was added 4-tBu-benzenethiol (170 µL, 987 

µmol) and K2CO3 (118 mg, 855 µmol) and stirred for 24 hours. The reaction mixture 

was partitioned between AcOEt and 1M aq. HCl. The organic phase was washed with 

sat. aq. NaHCO3, brine, dried (Na2SO4), filtered, and concentrated in vacuo to afford a 

crude amine. A solution of the crude amine and Et3N (184 µL, 1.32 mmol) in THF (7 mL) was treated with Boc2O 

(303 µL, 1.32 mmol) at room temperature and stirred for 20 hours. The reaction mixture was partitioned between 

AcOEt and H2O, and the organic phase was washed with brine and dried (Na2SO4), 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 µmol, 81% over 2 steps) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 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', J2',3' = 6.4 Hz), 4.70 (br s, 1H, H-1''), 4.57 (br s, 1H, 

H-3'), 4.52 (d, 1H, H-2'', J2'',3'' = 6.0 Hz), 4.37-4.35 (m, 2H, H-2, H-3), 4.13 (dd, 1H, H-4', J = 10.8, J4',5' = 3.9 Hz), 

3.70 (s, 3H, OMe), 3.44 (br s, 1H, H-5'), 2.71 (dd, 1H, H-5', J5',5' = 14.6, J5',4' = 4.1 Hz), 1.67 (q, 2H, CH2CH3, J = 

7.5 Hz), 1.54 (q, 2H, CH2CH3, J = 7.6 Hz), 1.46 (s, 9H, tBu), 1.41 (s, 3H, CCH3), 1.34 (s, 3H, CCH3), 1.24 (d, 3H, 

H-4, J4,3 = 6.4 Hz), 0.91-0.83 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C36H53N2O12 705.3593, found 705.3589; 

[α]D
17 –71.9 (c 0.95, CHCl3). 
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NKY8-100 

Compound 107 

 A solution of compound 96 (30.7 mg, 43.6 µmol), K3[Fe(CN)6] (43.2 mg, 131 µmol), 

K2CO3 (18.1 mg, 131 µmol), NaHCO3 (11.0 mg, 131 µmol), DABCO (4.9 mg, 43.6 

µmol) and MeSO2NH2 (4.1 mg, 43.6 µmol) in tBuOH-H2O (1:1, 0.8 mL) was treated 

with K2OsO4·2H2O (1.6 mg, 4.4 µmol) at room temperature for 27 hours. After sat. aq. 

Na2S2O3 was added, the mixture was extracted with AcOEt. The organic phase was 

washed with brine and dried (Na2SO4), 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 NaIO4 (21.8 mg, 102 µmol) at room temperature for 2 hours. After sat. aq. Na2S2O3 was added, the 

mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. A mixture of the residue and Pd black (3.0 mg) in MeOH (1 mL) was vigorously stirred 

under H2 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 µL) and Pic-BH3 (8.7 

mg, 81.2 µmol) at room temperature. The resulting mixture was heated at 50 °C for 20 hour. Pic-BH3 (4.4 mg, 41.1 

µmol) 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. HCl. The organic phase was washed with sat. aq. NaHCO3 and brine, dried 

(Na2SO4), 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 µmol, 44% over 4 steps) as a white solid. 
1H NMR (CDCl3, 400 MHz, 50 °C) δ 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, J2,3 = 10.5 Hz), 2.78 (m, 1H, H-6'''), 2.62 (dd, 1H, H-2'', J2'',2'' = 13.3, J2'',3'' = 4.6 Hz), 2.15 (br s, 1H, H-6''), 

1.69 (q, 2H, CH2CH3, J = 7.5 Hz), 1.57-1.44 (m, 14H, CH2CH3, tBu, CCH3), 1.32 (s, 3H, CCH3), 1.11 (d, 3H, H-4, 

J4,3 = 5.9 Hz), 0.92 (t, 3H, CH2CH3, J = 7.3 Hz), 0.86 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (CDCl3, 100 MHz, a mixture of rotamers) δ 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 C28H46O10N2Na 593.3045, found 593.3059; 

[α]D
26 +31.5 (c 0.65, CHCl3). 

 

NKY9-37 

Compound 108 

 To a solution of compound 107 (11.0 mg, 19.3 µmol), 2,6-di-tBu-p-cresol (0.9 mg, 4.08 

µmol) and Ph3SiSH (16.9 mg, 57.9 µmol) in DMF (1 mL) was added Cs2CO3 (18.9 mg, 

57.9 µmol) and the mixture was stirred at 90 °C for 12 hours. Ph3SiSH (16.9 mg, 57.9 

µmol) and Cs2CO3 (18.9 mg, 57.9 µmol) were added to the reaction mixture, and the 

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 aq. HCl. The organic phase 

was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by silica 
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gel column chromatography (1-10% MeOH/CHCl3) to afford 108 (10.9 mg, 19.6 µmol, quant.) as a white solid. 
1H NMR (CDCl3, 400 MHz, a mixture of rotamers) δ 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'',5'' = 4.6 Hz), 3.45-3.29 (m, 2H, H-5', H-2''), 3.13 (t, 1H, 

H-2, J2,3 = 11.0 Hz), 2.80 (dd, 1H, H-6'', J6'',6'' = 10.1, J6'',6'' = 7.4 Hz), 2.67 (td, 1H, H-2'', J2'',2'' = 13.4, J2'',3'' = 5.3 Hz), 

2.30-2.19 (m, 1H, H-6''), 1.71-1.65 (m, 2H, CH2CH3), 1.60-1.45 (m, 14H, CH2CH3, CCH3, tBu), 1.33-1.32 (m, 3H, 

CCH3), 1.18 (d, 3H, H-4, J4,3 = 5.5 Hz), 0.94-0.84 (m, 6H, CH2CH3); 
13C NMR (CDCl3, 100 MHz, a mixture of rotamers) δ 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 C27H43O10N2 555.2923, found 555.2926; 

[α]D
20 +31.5 (c 1.09, CHCl3). 

 

NKY9-43 

Compound 109 

 Compound 108 (10.9 mg, 19.6 µmol) was treated with aq. 80% TFA (1 mL) at room 

temperature for 24 hours. The mixture was concentrated in vacuo, the residue was purified 

by C18 reverse phase column chromatography (100% H2O, 0.1% TFA), and the fractions 

containing compound 109 were collected and concentrated in vacuo. The residue was 

partitioned between AcOEt and H2O. The aquious phase was concentrated in vacuo to 

afford 109 (7.1 mg, 12.3 µmol, 63%) as a white solid. 
1H NMR (D2O, 500 MHz) δ 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', J5', 5' = 14.9 Hz), 3.42 (d, 1H, H-2, J2, 3 = 10.3 Hz), 3.37-3.32 (m, 2H, H-2'', H-

3''), 3.14 (d, 1H, H-2'', J2'',3'' =11.5 Hz), 3.07-2.97 (m, 3H, H-5', H-6''×2), 1.23 (d, 3H, H-4, J4,3 = 5.7 Hz); 
13C NMR (D2O, 1% CD3OD, 100 MHz) δ 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 C14H25O8N2 349.1605, found 349.1610 

[α]D
16 –18.3 (c 0.71, DMSO). 

 

NKY8-36, 8-37, 8-39 

Methyl 5-O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-

benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-

talo-heptofuranuronate (113) 

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

mg) in THF (3 mL) was treated with Boc2O (62.9 µL, 274 mmol) at room 

temperature, and stirred for 1 hour. An Additional portion of Boc2O (12.6 µL, 54.8 

µmol) was added to the reaction mixture, and stirred for 20 minutes. The reaction 

was quenched with MeOH, then filtered through a Celite pad. The solution was 

partitioned between AcOEt and sat. aq. NH4Cl. The organic phase was washed with 

H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

dissolved in benzene-THF (1:1, 4 mL) and added PPh3 (144 mg, 548 µmol) and H2O (1 mL) at room temperature. 
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The resulting mixture was heated at 45 °C for 16 hours. The reaction mixture was partitioned between AcOEt and 

1M aq. HCl. The organic phase was washed with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. 

The residue was roughly purified for excluding PPh3 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 Et3N 

(198 µL, 1.42 mmol) in THF (3 mL) was treated with NsCl (39.4 mg, 178 µmol) at 0 °C. After stirring for 20 

minutes at roose was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

purified m temperature, the reaction mixture was partitioned between AcOEt and sat. aq. NaHCO3. The organic 

phaby high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford 113 (158 mg, 160 µmol, 58% 

over 3 steps) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 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'', JNH-5'',5'' = 6.7 Hz), 5.77 (d, 1H, NH-6', JNH-6',6' = 9.6 Hz), 5.73 (d, 1H, H-5, J5,6 = 8.2 Hz), 

5.54 (d, 1H, H-1', J1',2' = 1.8 Hz), 5.19-5.07 (m, 2H, benzyl), 5.04 (s, 1H, H-1''), 5.00 (dd, 1H, H-2', J2',3' = 6.6, J2',1' 

= 1.6 Hz), 4.83 (dd, 1H, H-3', J3',2' = 6.4, J3',4' = 4.6 Hz), 4.70 (dd, 1H, H-6', J6',NH-6' = 10.1, J6',5' = 1.8 Hz), 4.67 (m, 

2H, H-2'', H-3''), 4.42 (dd, 1H, H-5', J5',4' = 8.2, J5',6' = 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''×2), 1.60 (s, 9H, tBu), 1.60-1.47 (m, 4H, CH2CH3×2), 1.48 (s, 3H, CCH3), 1.31 (s, 3H, 

CCH3), 0.81-0.77 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C44H55N5O19NaS 1012.3104, found 1012.3104; 

[α]D
15 +56.7 (c 0.76, CHCl3). 

 

NKY10-78 

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

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

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (114) 

 Compound 113 (40.0 mg, 40.4 µmol), rac-63 (19.9 mg, 92.9 µmol) and Et3N 

(16.9 µL, 121 µmol) were dissolved in THF (0.5 mL). Ligand L1 (4.5 mg, 6.5 

µmol) and Pd2(dba)3·CHCl3 (1.7 mg, 1.6 µmol) were dissolved in THF (0.5 

mL) and stirred for 30 minutes, then this solution was slowly added to the 

mixture at 0 °C. The mixture was stirred for 6 hours at room temperature. The 

reaction mixuture was partitioned between AcOEt and sat. aq. NH4Cl. The 

organic phase was washed with H2O, brine and dried (Na2SO4), 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 µmol, 56%) as a white foam and 113 (13.3 

mg, 13.4 µmol, 33%) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 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' =2.3 Hz), 5.38 (d, 1H, H-3''', J3''',2''' = 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', J2',3' = 6.7, J2',1' = 2.2 Hz), 4.67-4.65 (m, 2H, H-6', 
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H-3''), 4.45 (dd, 1H, H-5', J5',4' = 7.6, J5',6' = 1.6 Hz), 4.26 (dd, 1H, H-4', J4',5' = 7.6, J4',3' = 4.4 Hz), 4.16 (d, 1H, H-2''', 

J2''',3''' = 6.0 Hz), 4.08 (dd, 1H, H-4'', J4'',5'' = 11.2, J4'',5'' = 3.0 Hz), 3.70 (s, 3H, OMe), 3.64 (dd, 1H, H-5'', J5'',5'' = 15.6, 

J5'',4'' = 11.5 Hz), 2.62 (dd, 1H, H-5'', J5'',5'' = 17.0, J5'',4'' = 3.2 Hz), 1.66-1.48 (m, 16H, tBu, CH2CH3×2, CCH3), 1.35 

(s, 3H, CCH3), 1.33 (s, 3H, CCH3), 1.16 (s, 3H, CCH3), 0.81 (t, 6H, CH2CH3×2, J = 7.1 Hz); 
13C NMR (CDCl3, 100 MHz) δ 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 C52H65N5O21NaS 1150.3785, found 1150.3770; 

[α]D
23 +69.4 (c 0.85, CHCl3). 

 

NKY10-81 

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

nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (115) 

 Compound 113 (60.0 mg, 60.6 µmol), carbonate rac-63 (29.8 mg, 139 µmol) 

and Et3N (25.4 µL, 182 µmol) were dissolved in THF (0.5 mL). Ligand L2 (6.7 

mg, 9.7 µmol) and Pd2(dba)3·CHCl3 (2.5 mg, 2.4 µmol) 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. aq. NH4Cl. The 

organic phase was washed with H2O, brine and dried (Na2SO4), 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 µmol, 97%) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 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''', J4''',5''' = 6.0 Hz), 5.79 (d, 1H, NH-6', JNH-6',6' = 10.1 Hz), 5.76 (d, 1H, H-5, J5,6 = 8.2 

Hz), 5.59 (br s, 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', J5',4' = 9.2 Hz), 

4.25-4.22 (m, 1H, H-4'), 3.91 (dd, 1H, H-4'', J4'',5'' = 11.7, J4'',5'' = 3.9 Hz), 3.71 (s, 3H, OMe), 3.44 (dd, 1H, H-5'', 

J5'',5'' = 15.1, J5'',4'' = 11.5 Hz), 3.07 (dd, 1H, H-5'', J5'',5'' = 15.1, J5'',4'' = 4..6 Hz), 1.60 (s, 9H, tBu), 1.60-1.49 (m, 4H, 

CH2CH3×2), 1.40 (s, 3H, CCH3), 1.32 (s, 3H, CCH3), 0.83-0.79 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C52H65N5O21NaS 1150.3785, found 1150.3779; 

[α]23
D +81.4 (c 0.88, CHCl3). 
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NKY10-84,  

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

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

isopropylidene-1-(uracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (116) 

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

(100 µL) at 60 °C and stirred for 10 hours. The reaction mixture was partitioned 

between AcOEt and sat. aq. NaHCO3. The organic phase was washed with brine 

and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified 

by silica gel column chromatography (60-70% AcOEt/hexane) to afford 116 (18.1 

mg, 17.6 µmol, 78%) as a white solid. 

1H NMR (CDCl3, 400 MHz) δ 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, J5,6 = 8.2, J5,NH-3 = 1.8 Hz), 5.59 (d, 1H, H-1', J = 1.8 Hz), 5.37 (d, 1H, H-3''', J3''',2''' = 5.0 Hz), 5.13 (m, 6H, H-2', 

H-2'', H-1'', H-1''', benzyl), 4.82 (t, 1H, H-3', J3',2' = J3',4' = 5.5 Hz), 4.68 (d, 1H, H-3'', J3'',2'' = 5.5 Hz), 4.64 (d, 1H, H-

6', J6',NH-6' = 10.0 Hz), 4.42 (d, 1H, H-5', J5',4' = 8.2 Hz), 4.26 (dd, 1H, H-4', J4',5' = 8.0, J4',3' = 4.4 Hz), 4.14 (d, 1H, H-

2''', J2''',3''' = 6.0 Hz), 4.07 (dd, 1H, H-4'', J4'',5'' = 11.4, J4'',5'' = 3.2 Hz), 3.71 (s, 3H, OMe), 3.64 (dd, 1H, H-5'', J5'',5'' = 

15.4, J5'',4'' = 11.7 Hz), 2.58 (dd, 1H, J5'',5'' = 15.6, J5'',4'' = 3.2 Hz), 1.59-1.16 (m ,16H, tBu, CCH3, CH2CH3×2), 0.80 

(t, 6H, CH2CH3×2, J = 7.4 Hz); 
13C NMR (CDCl3, 100 MHz) δ 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 C47H57N5O19NaS 1050.3261, found 1050.3253; 

[α]20
D +78.9 (c 1.12, CHCl3). 

 

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

To a solution of 113 (393 mg, 393 µmol), 61 (124 mg, 794 µmol) and PhOPPh2 (221 mg, 794 µmol) in THF (4 mL) 

was added a solution of DMEAD (186 mg, 794 µmol) in THF (1 mL) at 50 °C, and the reaction mixture was stirred 

for 1 hour. The mixuture was partitioned between AcOEt and H2O, and. the organic phase was washed with brine 

and dried (Na2SO4), 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. aq. NaHCO3, and. the organic phase was washed with brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was high-flash silica gel column chromatography (20-50% acetone/hexane) to 

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

 

 

 

 

 

 

O N
NH

O

O

O O

O

MeO2C

O

NNs

CbzHN

O
O

OO



--

NKY 12-7 

rac-(1S,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl methyl carbonate (117) 

 A solution of compound rac-61 (1.37 g, 8.77 mmol) in pyridine (4.3 mL) and CH2Cl2 (40 mL) 

was treated with ClCO2Me (2.49 g, 26.3 mmol) at 0 °C for 2 hours. The reaction was quenched 

with H2O, and the resulting mixture was partitioned between AcOEt and 1M aq. HCl. The organic 

phase was washed H2O, brine and dried (Na2SO4), 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. 
1H NMR (CDCl3, 400 MHz) δ 6.10 (dt, 1H, H-4, J4,5 = 6.0 Hz, J4,1 = 1.8 Hz), 5.91 (dd, 1H, H-5, J5,4 = 6.0 Hz, J5,1 

= 1.8 Hz), 5.30 (dt, 1H, H-1, J1,2 = 5.5 Hz, J1,4 = J1,5 = 1.6 Hz), 5.03 (dd, 1H, H-3, J3,2 = 5.8 Hz, J3,4 = 1.6 Hz), 4.92 

(dd, 1H, H-2, J2,1 = J2,3 = 5.5 Hz), 3.83 (s, 3H, OMe), 1.40 (s, 3H, CCH3), 1.38 (s, 3H, CCH3).  
13C NMR (CDCl3, 100 MHz) δ 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 C10H14O5Na 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 CH2Cl2 (60 mL) and H2O (5 mL) was 

treated with TFA (10 mL) at room temperature for 4 hours. The reaction was quenched with 

NaHCO3, and the resulting mixture was extracted with AcOEt. The organic phase was dried 

(Na2SO4), 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.  
1H NMR (CDCl3, 400 MHz) δ 6.25 (d, 1H, H-4, J4,5 = 6.0 Hz), 6.03 (dt, 1H H-5, J5,4 = 6.0 Hz, J = 1.6 Hz), 5.41 (d, 

1H, H-1, J1,2 = 6.4 Hz), 5.15 (t, 1H, H-2, J2,1 = 6.0 Hz, J2,3 = 6.0 Hz), 4.90 (dd, 1H, H-3, J3,OH-3 = 11.0 Hz, J3,2 = 5.5 

Hz), 2.49 (d, 1H, OH-3, JOH-3,3 = 11.0 Hz,); 
13C NMR (CDCl3, 100 MHz) δ 154.1, 140.0, 128.7, 82.4, 75.4; 

ESIMS-LR m/z 143 [(M + Na)+]; ESIMS-HR calcd for C6H7O4 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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (120) 

 Compound 113 (30.0 mg, 30.3 µmol), carbonate rac-119 (9.9 mg, 69.7 µmol) 

and Et3N (12.7 µL, 90.9 µmol) were dissolved in 1,4-dioxane (0.5 mL). Ligand 

L2 (3.4 mg, 4.9 µmol) and Pd2(dba)3·CHCl3 (1.3 mg, 1.21 µmol) were 

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

was slowly added to the mixture at room temperature. The mixture was stirred 

for 9 hours at room temperature. The reaction mixuture was partitioned 

between AcOEt and sat. aq. NH4Cl. The organic phase was washed with H2O, 

brine and dried (Na2SO4), 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 µmol, 

O O

OCO2Me

rac

rac
O

O

HO O

O N
NBoc

O

O

O O

O

MeO2C

O

NNs

CbzHN

O
O

OHHO



-.

49%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 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', JNH-6',6' = 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''', J5''',4''' = 6.0 Hz), 5.22 (d, 1H, OH-3''', JOH-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''', JOH-2''',2''' = 5.5 Hz), 4.77 (dd, 1H, H-3', J = 6.4 Hz, J = 4.6 Hz), 4.69 (d, 1H, 

H-1''', J1''',2''' = 6.9 Hz), 4.56 (d, 1H, H-3'', J3'',2'' = 5.9 Hz), 4.43-4.34 (m, 3H, H-5', H-6', H-4''), 4.23 (br s, 1H, 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'', J5'',5'' = 15.1 Hz J5''b,4'' = 

4.6 Hz), 1.51 (s, 9H, tBu), 1.42-1.34 (m, 7H, acetonide, CH2CH3 2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H, CH2CH3, 

J = 7.6 Hz), 0.65 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (DMSO-d6, 100 MHz) δ 170.1, 160.0, 156.3, 148.2, 147.8, 147.5, 143.9, 136.8, 136.6, 134.6, 132.2, 131.2, 

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 C49H62N5O21S 1088.3653, found 1088.3621; 

[α]D
21 +60.2 (c 0.95, CHCl3). 

 

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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (121) 

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

and Et3N (127 µL, 909 µmol) were dissolved in 1,4-dioxane (3 mL). Ligand 

L1 (34 mg, 48.5 µmol) and Pd2(dba)3·CHCl3 (13 mg, 12.1 µmol) were 

dissolved in 1,4-dioxane (3 mL) and stirred for 30 minutes, then this solution 

was slowly added to the mixture at room temperature. The mixture was stirred 

for 12 hours at room temperature. The reaction mixuture was partitioned 

between AcOEt and sat. aq. NH4Cl. The organic phase was washed with H2O, 

brine and dried (Na2SO4), 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 µmol, 

57%) as a white foam and 113 (49 mg, 49.5 µmol, 16%) as a white foam. 
1H NMR (DMSO-d6,, 400 MHz) δ 8.11 (d, 1H, Ns, J = 8.2 Hz), 7.93 (d, H-6, J6,5 = 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', JNH-6',6' = 9.2 Hz), 6.03-6.02 (m, 1H, H-4'''), 5.85 (s, 1H, H-1'), 5.83 (d, 1H, H-5, J5,6 = 8.2 Hz), 5.69 (d, 1H, 

H-5''', J5''',4''' = 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''', J1''',2''' = 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''', J3''',2''' = 6.0 Hz), 4.17-4.12 (m, 2H, H-4', H-2'''), 3.59 (s, 3H, OMe), 3.33 (o, 1H, H-5''), 3.13 (dd, 1H,H-5'', J5'', 5'' 

= 15.6 Hz, J5'',4'' = 3.2Hz), 1.50 (s, 9H, tBu), 1.42-1.37 (m, 7H, acetonide, CH2CH3 2), 1.26 (s, 3H, acetonide), 0.73 

(t, 3H, CH2CH3, J = 7.6 Hz), 0.64 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 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; 

O N
NBoc

O

O

O O

O

MeO2C

O

NNs

CbzHN

O
O

OHHO



-

ESIMS-LR m/z 1088 [(M + H)+]; ESIMS-HR calcd for C49H62N5O21S 1088.3653, found 1088.3621; 

[α]D
18 +4.85 (c 0.61, CHCl3). 

 

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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(uracil-

1-yl)-β-D-glycelo-L-talo-heptofuranuronate (122) 

 A mixture of 116 (236 mg, 230 µmol) and K2CO3 (41.3 mg, 299 µmol) in MeCN 

(3 mL) was treated with 4-tBu-benzenethiol (59.5 µL, 345 µmol) at room 

temperature and stirred for 16 hours. The reaction mixture was added 4-tBu-

benzenethiol (29.8 µL, 173 µmol) and K2CO3 (20.7 mg, 150 µmol) and stirred for 

20 hours. The reaction mixture was partitioned between AcOEt and sat. aq. 

NH4Cl, and the organic phase was washed with brine and dried (Na2SO4), filtered, 

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

and Et3N (192 µL, 1.38 mmol) in THF (3 mL) was treated with Boc2O (476 µL, 

2.07 mmol) at room temperature and stirred for 30 hours. The reaction mixture was partitioned between AcOEt and 

1M aq. HCl, and the organic phase was washed with H2O, brine and dried (Na2SO4), 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 µmol, 82% over 2 steps) as a white foam. 
1H NMR (CD3OD, 400 MHz) δ 7.66 (d, 1H, H-6, J6,5 = 8.2 Hz), 7.39-7.28 (m, 5H, phenyl), 5.99 (d, 1H, H-4''', J4''',5''' 

= 6.0 Hz), 5.79 (br s, 1H, H-5'''), 5.70 (d, 1H, H-1', J1',2' = 1.8 Hz), 5.66 (d, 1H, H-5, J5,6 = 8.2 Hz), 5.35 (d, 1H, H-

3''', J3''',2''' = 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', J6',5' = 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, tBu, CH2CH3×2, CCH3), 1.37 (s, 3H, CCH3), 1.32 

(s, 6H, CCH3×2), 0.83-0.78 (m, 6H, CH2CH3×2); 
13C NMR (CD3OD, 100 MHz) δ 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 C46H62O17N4Na 965.4002, found 965.4000; 

[α]D
18 –49.9 (c 1.07, CHCl3). 

 

 

 

 

 

 

 

 

 

O N
NH

O

O

O O

O

MeO2C

O

NBoc

CbzHN

O
O

OO



.

NKY11-33,11-36,11-37, 11-38 

Compound 124 

 A solution of compound 122 (53.6 mg, 56.8 µmol), K3[Fe(CN)6] (112 mg, 341 

µmol), K2CO3 (23.5 mg, 170 µmol), NaHCO3 (14.3 mg, 170 µmol), quinuclidine 

(6.3 mg, 56.8 µmol) and MeSO2NH2 (5.4 mg, 56.8 µmol) in tBuOH-THF-H2O 

(1:1:1, 1.5 mL) was treated with K2OsO4·2H2O (6.3 mg, 17.0 µmol) at room 

temperature for 16 hours. After sat. aq. Na2S2O3 was added, the mixture was 

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

(Na2SO4), 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 NaIO4 

(30.4 mg, 142 µmol) at room temperature for 2 hours. After sat. aq. Na2S2O3 was added, the mixture was extracted 

with AcOEt. The organic phase was washed with brine and dried (Na2SO4), 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 H2 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 µL) and pic-BH3 (24.3 mg, 227 µmol) at room temperature. The resulting mixture was 

heated at 50 °C for 1 hour. The reaction mixture was partitioned between AcOEt and 1M aq. HCl. The organic phase 

was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), 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 µmol, 27% 

over 4 steps) as a white solid. 
1H NMR (CDCl3, 500 MHz, a mixture of rotamars) δ 8.17 (s, 1H, NH-3), 7.29 (d, 1H, H-6, J6,5 = 8.0 Hz), 5.74 (d, 

1H, H-5, J5,6 = 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''', J6''',6''' = J6''',5''' 

= 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, 

CH2CH3×2, CCH3×4, tBu), 0.92-0.84 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 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 C38H55O15N4 807.3669, found 807.3681; 

[α]D
19 +25.5 (c 0.47, CHCl3). 
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NKY9-42 

Compound 125 

 To the solution of compound 124 (5.5 mg, 6.8 µmol), 2,6-di-tBu-p-cresol (0.3 mg, 

1.36 µmol) and Ph3SiSH (11.9 mg, 40.8 µmol) in DMF (400 µL) was added 

Cs2CO3 (13.3 mg, 40.8 µmol) and the mixture was stirred at 90 °C for 26 hours. 

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

between AcOEt and 0.3 M aq. HCl. The organic phase was washed with brine and 

dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

silica gel column chromatography (1-5% MeOH/CHCl3) to afford 125 (3.4 mg, 

4.28 µmol, 63%) as a white solid. 
1H NMR (CDCl3, 500 MHz, a mixture of rotamers) δ 9.62 (br s, 1H, NH-3), 7.24 (d, 1H, H-6, J6,5 = 9.2 Hz), 5.76 

(br s, 1H, H-5), 5.66 (s, 1H, H-1'), 5.25 (s, 1H, H-1''), 4.95 (br d, 1H, H-3', J3',2' = 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, CH2CH3), 1.61-1.25 (m, 23H, CH2CH3, CCH3×4, tBu), 0.93-0.84 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 125 MHz) δ 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 C37H53O15N4 793.3513, found 793.3529; 

[α]D
23 +28.6 (c 0.23, CHCl3). 

 

NKY11-99 

Compound 5 

 Compound 125 (6.1 mg, 7.7 µmol) was treated with aq. 80% TFA (1 mL) at room 

temperature for 48 hours. The mixture was concentrated in vacuo, and then the 

residue was partitioned between AcOEt and H2O. The aquious phase was 

concentrated in vacuo to afford 5 (4.7mg, 6.1 µmol, 79%) as a white solid. 
1H NMR (CD3OD, 0.5% TFA, 500 MHz) δ 7.82 (d, 1H, H-6, J6,5 = 8.1 Hz), 5.67 (d, 

1H, H-5, J5,6 = 8.0 Hz), 5.65 (s, 1H, H-1'), 5.20 (s, 1H, H-1''), 4.37 (dd, 1H, H-3'', 

J3'',2'' = 6.9 Hz, J3'',4'' = 3.1 Hz), 4.31 (d, 1H, H-5', J5',6' = 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'', J4'',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', J6',5' = 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). 
13C NMR (CD3OD, 0.5% TFA, 125 MHz) δ 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 C21H31N4O13 547.1882, found 547.19023; 

[α]D
20 –1.51 (c 0.59, MeOH). 
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NKY15-73 

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

 A solution of rac-63 (892 mg, 4.16 mmol) in AcOH (40 mL) and H2O (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. 
1H NMR (CDCl3, 500 MHz) δ 6.16 (ddd, 1H, H-4, J4,5 = 6.1, J4,3 = 2.3, J = 1.2 Hz), 6.01 (dd, 1H, H-5, J5,4 = 5.7, J 

= 1.7 Hz), 5.45 (dd, 1H, H-1, J1,2 = 3.5, J1,5 = 1.7 Hz), 4.74 (dt, 1H, H-3, J3,2 = 5.7 Hz, J3,4 = 2.0 Hz), 4.14 (dd, 1H, 

H-2, J2,3 = 5.8, J2,1 = 3.5 Hz), 3.83 (s, 3H, Me), 3.66 (br s, 1H, OH), 2.85 (br s, 1H, OH); 
13C NMR (CDCl3, 100 MHz) δ 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 C7H11O5 175.0601, found 175.0602. 

 

NKY15-35 

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

O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-

(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (131) 

 Compound 113 (279 mg, 282 µmol), carbonate rac-130 (98.2 mg, 564 µmol) 

and Et3N (118 µL, 846 µmol) were dissolved in THF (3 mL). Ligand L2 (31.2 

mg, 45.1 µmol) and Pd2(dba)3·CHCl3 (11.7 mg, 11.3 µmol) were dissolved in 

THF (3 mL) and stirred for 30 minutes, then this solution was slowly added 

three times at each 30 min to the mixture at room temperature. The mixture 

was stirred for totally 16 hours. The reaction mixuture was partitioned between 

AcOEt and sat. aq. NaHCO3. The organic phase was washed with brine and 

dried (Na2SO4), 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 µmol, 73%) 

as a white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 8.21 (d, 1H, Ns, J = 7.5 Hz), 7.93 (d, 1H, H-6, J6,5 = 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''', 

J4''',5''' = 6.3, J = 2.3 Hz), 5.86 (d, 1H, H-1', J1',2' = 1.7 Hz), 5.84 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.36 (d, 1H, H-5''', J5''',4''' 

=7.5 Hz), 5.13-5.05 (m, 3H, benzyl, H-2'), 5.02 (d, 1H, OH-2''', JOH-2''',2''' = 7.5 Hz), 4.80 (s, 1H, H-1''), 4.93 (d, 1H, 

OH-2''', JOH-3''',3''' = 5.8 Hz), 4.80-4.78 (m, 2H, H-3', H-2''), 4.74 (d, 1H, H-1''', J1''',2''' = 5.2 Hz), 4.62 (d, 1H, H-3''), 

4.42 (d, 1H, H-5', J5',4' = 8.6 Hz), 4.38 (d, 1H, H-6', J6',NH-6 = 9.2 Hz), 4.32 (br s, 1H, H-3'''), 4.18 (dd, 1H, H-4', J4',5' 

= 8.9, J4',3' = 4.3 Hz), 4.08 (dd, 1H, H-4'', J4'',5'' = 10.3 Hz, J4'',5'' = 2.3 Hz), 3.80 (q, 1H, H-2''', J2''',2'''-OH = J2''',1''' = J2''',3''' 

= 6.3 Hz), 3.52 (s, 3H, CO2Me)3.46 (dd, 1H, H-5'', J5'',5'' = 16.4, J5'',4'' = 11.8 Hz), 2.79 (dd, 1H, H-5'', J5'',5'' = 15.8, 

J5'',4'' = 2.6 Hz), 1.50 (s, 9H, tBu), 1.46-1.36 (m, 7H, acetonide, CH2CH3 2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H, 

CH2CH3, J = 7.4 Hz), 0.67 (t, 3H, CH2CH3, J = 7.4 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 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 C49H62N5O21S 1088.3653, found 1088.3689; 
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[α]D
19 +86.2 (c 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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (132) 

 A solution of 131 (181 mg, 166 µmol) and DIPEA (116 µL, 664 µmol) in 

CH2Cl2 (2 mL) was treated with MOMCl (25.2 µL, 332 µmol) at room 

temperature and stirred for 18 hours. The reaction mixture was added 

MOMCl (12.5 µL, 165 µmol) and stirred for 24 hours. The mixture was 

partitioned between AcOEt and sat. aq. NaHCO3. The organic phase was 

washed with brine and dried (Na2SO4), 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 µmol, 64%) as a 

white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 8.25 (d, 1H, Ns, J = 7.5 Hz), 7.93 (d, 1H, H-6, J6,5 = 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', JNH-6',6' = 9.2 Hz),  7.37-7.31 

(m, 5H, Ph), 6.07-6.05 (m, 1H, H-4'''), 5.86 (d, 1H, H-1', J1',2' = 1.7 Hz), 5.84 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.37 (d, 1H, 

H-5''', J5''',4''' = 7.5 Hz), 5.31 (d, 1H, OH-2''', JOH-2''',2''' = 8.0 Hz), 5.14-5.06 (m, 3H, benzyl, H-2'), 4.97 (s, 1H, H-1''), 

4.83 (d, 1H, H-2'', J2'',3'' = 6.3 Hz), 4.79 (t, 1H, H-3', 5.5 Hz), 4.75 (d, 1H, H-1''', J1''',2''' = 6.3 Hz), 4.67 (d, 1H, 

OCH2OMe, J = 6.9 Hz), 4.64 (d, 1H, H-3'', J3'',2'' = 5.7 Hz), 4.60 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.42 (d, 1H, H-5', 

J5',4' = 9.2 Hz), 4.38 (d, 1H, H-6', J6',NH-6 = 9.2 Hz), 4.29 (dd, 1H, H-3''', J3''',2''' = 5.5, J3''',4''' = 2.6 Hz), 4.18 (dd, 1H, H-

4', J4',5' = 8.6, J4',3' = 4.6 Hz), 4.11 (d, 1H, H-4'', J4'',5'' = 10.7, J4'',5'' = 2.6 Hz), 3.89 (q, 1H, H-2''', J2''',1''' = J 2''',3''' = J2''',OH-

2''' = 6.7 Hz), 3.56-3.46 (m, 1H, H-5''), 3.52 (s, 3H, CO2Me), 3.23 (s, 3H, OCH2OMe), 2.75 (d, 1H, H-5'', J5'',5'' = 13.2 

Hz),1.50 (s, 9H, tBu), 1.47-1.37 (m, 7H, acetonide, CH2CH3 2), 1.27 (s, 3H, acetonide), 0.72 (t, 3H, CH2CH3, J = 

7.5 Hz), 0.67 (t, 3H, CH2CH3, J = 7.4 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 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 C51H65O22N5S 1132.3915, found 1132.3944; 

[α]D
18 +80.3 (c 0.64, CHCl3). 
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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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (133) 

 A solution of 132 (121 mg, 111 µmol) in MeOH (2 mL) was treated with 

AcOH (0.2 mL) at 60 °C and stirred for 40 hours. The reaction mixture was 

partitioned between AcOEt and sat. aq. NaHCO3. The organic phase was 

washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. 

A mixture of the residue and K2CO3 (30.7 mg, 222 µmol) in MeCN (2 mL) 

was treated with 4-tBu-benzenethiol (57.5 µL, 333 µmol) at room 

temperature and stirred for 24 hours. The reaction mixture was partitioned 

between AcOEt and sat. aq. NH4Cl, and the organic phase was washed with 

brine and dried (Na2SO4), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine 

and Et3N (46.4 µL, 333 µmol) in THF (2 mL) was treated with Boc2O (156 µL, 666 µmol) at room temperature and 

stirred for 24 hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and the organic phase 

was washed with H2O, brine and dried (Na2SO4), 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 µmol, 76% 

over 3 steps) as a white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 11.4(br s, 1H, NH-3), 7.77 (d, 1H, H-6, J6,5 = 8.0 Hz), 7.36-7.32 (m, 5H, Ph), 

5.93 (br s, 1H, H-4'''), 5.79 (s, 1H, H-1'), 5.77 (br s, 1H, H-5'''), 5.63 (d, 1H, H-5, J5,6 = 6.3 Hz), 5.14-5.01 (m, 4H, 

benzyl, H-2', H-1''), 4.92 (d, 1H, H-1''', J1''',2''' = 6.9 Hz), 4.83 (d, 1H, H-2'', J2'',3'' = 5.7 Hz), 4.78 (t, 1H, H-3', J3',2' = 

J3',4' = 5.7 Hz), 4.68-4.60 (m, 3H, OCH2OMe, H-3''), 4.41 (d, 1H, H-6', J6',5' = 9.2 Hz), 4.37 (d, 1H, H-5', J5',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, CO2Me), 3.24 (s, 4H, 

OCH2OMe, H-5''), 2.85 (d, 1H, H-5'', J5'',5'' = 9.8 Hz), 1.48-1.38 (m, 16H, CH2CH3×2, acetonide, tBu), 1.26 (s, 3H, 

acetonide), 0.74 (t, 3H, CH2CH3, J = 7.2 Hz), 0.70 (t, 3H, CH2CH3, J = 7.2 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 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 C45H63O18N4 947.4132, found 947.4135; 

[α]D
20 +53.5 (c 0.55, CHCl3). 

 

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

Compound 134 

 A solution of compound 133 (149 mg, 157 µmol), K3[Fe(CN)6] (155 mg, 471 

µmol), K2CO3 (65.1 mg, 471 µmol), NaHCO3 (39.6 mg, 471 µmol), DABCO 

(17.6 mg, 157 µmol) and MeSO2NH2 (14.9 mg, 157 µmol) in tBuOH-H2O (1:1, 

4 mL) was treated with K2OsO4·2H2O (5.8 mg, 15.7 µmol) at room temperature 

for 24 hours. After sat. aq. Na2S2O3 was added, the mixture was extracted with 

AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, 

and concentrated in vacuo. The residue was purified by short silica gel column 
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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 NaIO4 (84.1 mg, 393 µmol) at 

room temperature for 1 hours. After sat. aq. Na2S2O3 was added, the mixture was extracted with AcOEt. The organic 

phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. A mixture of the residue and 

Pd black (80.0 mg) in MeOH (3 mL) was vigorously stirred under H2 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 µL) and pic-BH3 (33.6 mg, 314 µmol) at room temperature. 

The resulting mixture was heated at 50 °C for 6 hours. The reaction mixture was added Pic-BH3 (16.8 mg, 157 

µmol) and stirred for 10 hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl. The organic 

phase was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), 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 µmol, 20% over 4 steps) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, J6,5 = 7.9 Hz), 5.89 (d, 1H, H-1', 

J1',2' = 2.8 Hz), 5.76 (d, 1H, H-5, J5,6 = 7.6 Hz), 5.35 (s, 1H, H-1''), 4.91 (dd, 1H, H-2', J2',3' = 6.0, J2',1' = 2.8 Hz), 

4.80 (dd, 1H, H-3', J3',2' = 6.0, J3',4' = 3.2 Hz), 4.66 (d, 1H, H-2'', J2'',3'' = 5.7 Hz), 4.60-4.56 (m, 3H, OCH2OMe, H-

3''), 4.49 (d, 1H, OH-4''', JOH-4''',4''' = 3.8 Hz), 4.28-4.24 (m, 3H, H-4', H-5', H-4''), 4.17 (ddd, 1H, H-5''', J5''',6''' = 10.4, 

J5''',6''' = 5.0, J5''',4''' = 2.8 Hz), 4.07 (br s, 1H, H-4'''), 3.68 (s, 3H, CO2Me), 3.59 (br s, 2H, H-5'', H-3'''), 3.41 (d, 1H, 

H-5'', J5'', 5'' = 13.9 Hz), 3.26 (s, 3H, OCO2Me), 3.26-3.22 (m, 1H, H-2'''), 3.19 (d, 1H, H-6', J6',5' = 10.1 Hz), 2.74 

(dd, 1H, H-6''', J6''',6''' = 9.8, J6''',5''' = 5.0 Hz), 2.58 (d, 1H, H-2''', J2''',2''' = 13.2 Hz), 2.16 (t, 1H, H-6''', J6''',6''' = J6''',5''' = 

10.4 Hz), 1.62 (q, 2H, CH2CH3, J = 7.4 Hz), 1.58-1.53 (m, 2H, CH2CH3), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, tBu), 

1.34 (s, 3H, CCH3), 0.84 (t, 3H, CH2CH3, J = 7.1 Hz), 0.83 (t, 3H, CH2CH3, J = 7.3 Hz);  
13C NMR (DMSO-d6, 100 MHz) δ 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 C37H57O16N4 813.3764, found 813.3774; 

[α]D
19 –32.6 (c 0.64, CHCl3). 

 

NKY16-53 

Compound 138 

 A solution of 134 (11.4 mg, 14.0 µmol), palmitic acid (10.8 mg, 14.0 µmol) 

and DMAP (1.6 mg, 14.0 µmol) in 1,2-DCE (400 µL) was treated with EDCI 

(10.7 mg, 56.0 µmol) at room temperature and stirred for 24 hours. Palmitic 

acid (5.4 mg, 21 µmol) and EDCI (10.7 mg, 56.0 µmol) was added to the 

reaction mixture and stirred for 72 hours. After MeOH was added,  the 

reaction mixture was partitioned between AcOEt and 1M aq. HCl. The organic 

phase was washed with sat. aq. NaHCO3, brine and dried (Na2SO4), 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 µmol, 78%) as a white solid.  
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, J6,5 = 8.0 Hz), 5.89 (s, 1H, H-1'), 

5.76 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.49 (s, 1H, H-4'''), 5.37 (s, 1H, H-1''), 4.93 (dd, 1H, H-2', J2',3' = 6.3 Hz, J2',1' = 3.5 
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Hz), 4.80 (dd, 1H, H-3', J3',2' = 5.8, J3',4' = 2.9 Hz), 4.68 (d, 1H, H-2'', J2'',3'' = 5.2 Hz), 4.60 (d, 1H, H-3'', J3'',2'' = 5.2 

Hz), 4.54 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.38 (br s, 1H ,H-5'''), 4.34 (d, 1H, 

H-5', J5',6' = 9.8 Hz), 4.27-4.25 (m, 2H, H-4', H-4''), 3.70 (s, 3H, CO2Me), 3.60-3.54 (m, 2H, H-5'', H-3'''), 3.46 (d, 

1H, H-5'', J5'',5'' = 14.9 Hz), 3.28 (d, 1H, H-6', J6',5' = 9.7 Hz), 3.23 (s, 3H, OCH2OMe), 3.13 (o, 1H, H-2'''), 2.88-2.87 

(m, 1H, H-6'''), 2.80 (d, 1H, H-2''', J2''',2''' = 13.8 Hz), 2.30 (t, 2H, palmitoyl, J = 6.9 Hz), 2.07 (t, 1H, H-6''', J6''',2''' = 

J6''',6''' = 10.3 Hz), 1.62 (q, 2H, CH2CH3, J = 7.3 Hz), 1.57-1.50 (m, 7H, CH2CH3, CCH3, palmitoyl), 1.44 (s, 9H, 
tBu), 1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.87-0.82 (m, 9H, CH2CH3×2, palmitoyl); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 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 C53H87N4O17 1051.6061, found 1051.6068; 

[α]D
17 –28.7 (c 0.69, CHCl3). 

 

NKY16-69 

Compound 139 

 To the mixture of compound 138 (12.5 mg, 11.9 µmol), 2,6-di-tBu-p-cresol 

(1.3 mg, 5.9 µmol) and Cs2CO3 (11.6 mg, 35.7 µmol) in DMF (200 µL) was 

added Ph3SiSH (10.4 mg, 35.7 µmol) and the mixture was stirred at 90 °C for 

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

partitioned between AcOEt and sat. aq. NH4Cl. The organic phase was washed 

with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The 

residue was purified by silica gel column chromatography (1-5% 

MeOH/CHCl3) to afford 139 (10.9 mg, 10.5 µmol, 88%) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.2 (br s, 1H, NH-3), 7.61 (d, 1H, H-6, J6,5 = 8.1 Hz), 5.90 (s, 1H, H-1'), 

5.76 (d, 1H, H-5, J5,6 = 6.3 Hz), 5.49 (br s, 1H, H-4'''), 5.35 (s, 1H, H-1''), 4.92-4.90 (m, 1H, H-2'), 4.80 (dd, 1H, H-

3', J3',2' = 6.3, J3',4' = 3.2 Hz), 4.68 (d, 1H, H-2'', J2'',3'' = 4.6 Hz), 4.58 (d, 1H, H-3'', J3'',2'' = 5.2 Hz), 4.54 (d, 1H, 

OCH2OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.38 (br s, 1H, H-4', H-5'''), 4.26 (d, 1H, H-4'', J4'',5'' 

= 8.0 Hz), 4.21 (d, 1H, H-5', J5',6' = 9.8 Hz), 3.59 (br s, 2H, H-5'', H-3'''), 3.45 (d, 1H, H-5'', J5'',5'' = 14.9 Hz), 3.31-

3.23 (m, 1H, H-2'''), 3.23 (s, 1H, OCH2OMe), 3.14-3.12 (m, 1H, H-6'), 2.87 (dd, 1H, H-6''', J6''',6''' = 9.8, J6''',5''' = 5.2 

Hz), 2.74 (d, 1H, H-2''', J2''',2''' = 12.6 Hz), 2.89 (t, 3H, palmitoyl, J= 6.9 Hz), 2.20 (t, 1H, H-6''', J6''',6''' = 10.0 Hz), 

1.62 (q, 2H, CH2CH3, J =7.5 Hz), 1.56-1.53 (m, 4H, CH2CH3, palmitoyl), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, tBu), 

1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.88-0.84 (m, 9H, CH2CH3×2, palmitoyl); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 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 C52H85N4O17 1037.5904, found 1073.5889; 

[α]D
16 –15.9 (c 0.54, CHCl3). 
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NKY 17-2 

Compound 127 

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

at room temperature for 36 hours. The mixture was concentrated in vacuo. The 

residue was purified by high-flash C18 reverse phase column chromatography 

(70-90% MeOH/H2O, 0.1% TFA) to afford 127 (13.7 mg, 13.5 µmol, 53%) as 

a white solid. 
1H NMR (DMSO-d6, 500 MHz, a mixture of rotamers) δ 11.4 (s, 1H, NH-3), 

9.89 (br s, 0.4H), 9.66 (br s, 0.4H), 7.76 (d, 1H, H-6, J6,5 = 8.1 Hz), 7.16 (br s, 0.6H), 5.69 (d, 1H, H-5, J5,6 = 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, palmitoyl, 

J = 6.9 Hz); 
13C NMR (DMSO-d6, 125 MHz, a mixture of rotamers) δ 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 C37H61N4O14 785.4179, found 785.4197;  

[α]D
20 –0.24 (0.96, MeOH). 

 

Figure S-1. Chromatogram of HPLC, compound 127 (J’sphere ODS-M80, 150×4.6 mm; 75% MeOH/H2O, 0.1% 

TFA) 

a) crude product 

 
 

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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (140) 

 Compound 113 (1.00 g, 1.01 mmol), carbonate rac-130 (352 mg, 2.02 mg) 

and Et3N (423 µL, 3.03 mmol) were dissolved in THF (10 mL). Ligand L1 

(112 mg, 162 µmol) and Pd2(dba)3·CHCl3 (41.8 mg, 40.4 µmol) were 

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

of the Pd catalyst and the ligand was slowly added to the mixture at 70 °C. 

The mixture was stirred for 2 hours. The reaction mixuture was partitioned 

between AcOEt and H2O. The organic phase was washed with brine and dried 

(Na2SO4), 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 µmol, 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 µmol, 39%, diastereo ratio 140:131 = >11:1) as a white foam 
1H NMR (DMSO-d6, 400 MHz) δ 8.10 (d, 1H, Ns, J = 7.8 Hz), 7.93 (d, 1H, H-6, J6,5 = 8.2 Hz), 7.87-7.74 (m, 4H, 

Ns), 7.37-7,34 (m, 5H, Ph), 7.03 (d, 1H, NH-6', JNH-6',6' = 9.2 Hz), 5.93-5.92 (m, 1H, H-4'''), 5.84 (s, 1H, H-1'), 5.83 

(d, 1H, H-5, J5,6 = 8.2 Hz), 5.59 (dd, 1H, H-5''', J5''',4''' = 6.0, J5''',1''' = 1.6 Hz), 5.12 (d, 1H, H-2', J2',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''', JOH-2''',2''' = 7.3 Hz), 4.80-4.79 

(m, 2H, H-3', H-2''), 4.74 (d, 1H, H-1''', J1''',2''' = 4.6 Hz), 4.60 (d, 1H, H-3'', J3'',2'' = 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''', 

J2''',3''' = J2''',3''' = J2''',OH-2''' = 6.4 Hz), 3.56 (s, 3H, CO2Me), 3.41-3.37 (m, 1H, H-5''), 3.03 (dd, 1H, H-5'', J5'', 5'' = 15.1, 

J5'', 4'' = 3.2 Hz), 1.51 (s, 9H, tBu), 1.51-1.39 (m, 4H, CH2CH3×2), 1.41 (s, 3H, CCH3), 0.73 (t, 3H, CH2CH3, J = 7.8 

Hz), 0.67 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 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, 

OHHO

O N
NBoc

O

O

O O

O

MeO2C

O

NNs

CbzHN

O
O



.

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 C49H62N5O21S 1088.3653, found 1088.3621; 

[α]D
23 +51.9 (c 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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (141) 

 A solution of 140 (187 mg, 172 µmol) and DIPEA (150 µL, 860 µmol) in 

CH2Cl2 (3 mL) was treated with MOMCl (26 µL, 0.34 mmol) at room 

temperature and stirred for 24 hours. To the reaction mixture was added 

MOMCl (26 µL, 0.34 mmol) and stirred for 15 hours. After MeOH was 

added, the reaction mixture was partitioned between AcOEt and sat. aq. 

NaHCO3. The organic phase was washed with brine and dried (Na2SO4), 

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 µmol, 59%) as a white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 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', JNH-6',6' = 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''', J5''',4''' = 

6.3 Hz), 5.20 (d, 1H, OH-2''', JOH-2''',2''' = 7.5 Hz), 5.12 (d, 1H, H-2', J2',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, OCH2OMe, J 

= 6.9 Hz), 4.60 (d, 1H, H-3'', J3'',2'' = 5.7 Hz), 4.57 (d, 1H, OCH2OMe, 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''', J2''',1''' = J2''',3''' = J2''',OH-2''' = 6.7 Hz), 

3.56 (s, 3H, CO2Me), 3.24-3.20 (m, 4H, H-5'', OCH2OMe), 3.05 (dd, 1H, H-5'', J5'',5'' = 15.5, J5'',4'' = 3.4 Hz), 1.51 (s, 

9H, tBu), 1.46-1.41 (m, 7H, CCH3, CH2CH3×2), 1.27 (s, 3H, CCH3), 0.73 (t, 3H, CH2CH3, J = 7.2 Hz), 0.67 (t, 3H, 

CH2CH3, J = 7.2 Hz); 
13C NMR (DMSO-d6, 100 MHz) δ 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 C51H66N5O22S 1132.3915, found 1132.3876; 

[α]D
24 +41.6 (c 0.82, CHCl3). 

 

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)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (142) 
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 A solution of 141 (124 mg, 110 µmol) in MeOH (5 mL) was treated with 

AcOH (0.5 mL) at 60 °C and stirred for 3 days. The reaction mixture was 

partitioned between AcOEt and sat. aq. NaHCO3. The organic phase was 

washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. A 

mixture of the residue and K2CO3 (30.4 mg, 220 µmol) in MeCN (2 mL) was 

treated with 4-tBu-benzenethiol (57 µL, 0.33 mmol) at room temperature and 

stirred for 36 hours. The reaction mixture was partitioned between AcOEt 

and sat. aq. NH4Cl, and the organic phase was washed with brine and dried 

(Na2SO4), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine and Et3N (46 

µL, 0.33 mmol) in THF (1 mL) was treated with Boc2O (155 µL, 660 µmol) at room temperature and stirred for 20 

hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and the organic phase was washed 

with H2O, brine and dried (Na2SO4), 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 µmol, 71% over 3 steps) 

as a white foam. 
1H NMR (DMSO-d6, 400 MHz) δ 11.5 (br s, 1H, NH-3), 7.78 (d, 1H, H-6, J6,5 = 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, J5,6 = 8.2 Hz), 5.13 (d, 1H, benzyl, J5,6 = 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'', OCH2OMe), 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, CO2Me), 3.33 (o, 1H, H-5''), 3.24 (s, 3H, OCH2OMe), 2.80 (d, 1H, H-5'', J5'',5'' = 10.9 

Hz), 1.47-1.38 (m, 16H, tBu, CH2CH3×2, CCH3), 1.26 (s, 3H, CCH3), 0.73 (t, 3H, CH2CH3, J = 7.5 Hz), 0.69 (t, 3H, 

CH2CH3, J = 7.5 Hz); 
13C NMR (DMSO-d6, 100 MHz) δ 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 C45H63 N4O18 947.4132, found 947.4135; 

[α]D
20 –33.8 (c 0.83, CHCl3). 

 

NKY16-19,16-21,16-22,16-23 

Compound 143 

 A solution of 142 (213 mg, 301 µmol), K3[Fe(CN)6] (297 mg, 903 µmol), 

K2CO3 (125 mg, 903 µmol), NaHCO3 (75.9 mg, 903 µmol), DABCO (33.8 mg, 

301 µmol) and MeSO2NH2 (28.6 mg, 301 µmol) in tBuOH-H2O (1:1, 6 mL) was 

treated with K2OsO4·2H2O (11.1 mg, 30.1 µmol) at room temperature for 13 

hours. After sat. aq. Na2S2O3 was added, the mixture was extracted with AcOEt. 

The organic phase was washed with brine and dried (Na2SO4), 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 (1:1, pH 7.2, 2 mL) was treated with NaIO4 (33.2 mg, 155 µmol) at 

room temperature for 30 min. After sat. aq. Na2S2O3 was added, the mixture was extracted with AcOEt. The organic 

phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. A mixture of the residue and 
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Pd black (73.0 mg) in MeOH (2 mL) was vigorously stirred under H2 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 µL) and pic-BH3 (16.6 mg, 155 µmol) at room temperature. The 

resulting mixture was heated at 50 °C for 16 hours. The reaction mixture was partitioned between AcOEt and 1M 

aq. HCl. The organic phase was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), 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 µmol, 34% over 4 steps) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, a mixture of rotamers) δ 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''', JOH-4''',4''' = 3.4 Hz), 4.80-4.67 (m, 2H, H-3', H-5''), 4.63-4.54 (m, 4H, H-2'', H-3'', 

OCH2OMe), 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'''×2), 1.57-1.45 (m, 4H, 

CH2CH3×2), 1.46 (s, 3H, CCH3), 1.41 (d, 9H, tBu, J = 3.4 H), 1.27 (s, 3H, CCH3), 0.79-0.76 (m, 6H, CH2CH3×2); 
13C NMR (DMSO-d6, 125 MHz) δ 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 C37H57N4O16 813.3764, found 813.3774; 

[α]D
20 +13.5 (c 0.54, CHCl3). 

 

NKY16-52 

Compoud 144 

 A solution of 143 (3.9 mg, 4.8 µmol), palmitic acid (3.9 mg, 14.4 µmol) and 

DMAP (0.6 mg, 4.8 µmol) in 1,2-DCE (200 µL) was treated with EDCI (3.7 

mg, 19.2 µmol) at room temperature and stirred for 12 hours. After MeOH was 

added, the reaction mixture was partitioned between AcOEt and 1M aq. HCl. 
The organic phase was washed with sat. aq. NaHCO3, brine and dried 

(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

silica gel column chromatography (30-50% AcOEt/hexane) to afford 144 (3.2 

mg, 3.0 µmol, 63%) as a white sold.  
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.3 (br s, 1H, NH-3), 7.64 (d, 1H, H-6, J6,5 = 8.6 Hz), 5.77 (d, 1H, H-1', 

J1',2' = 2.3 Hz), 5.64 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.26 (s, 1H, H-1''), 5.15 (s, 1H, H-4'''), 4.96 (dd, 1H, H-2', J2',3' = 6.3, 

J2',1' = 2.3 Hz), 4.80 (t, 1H, H-3', J3',2' = J3',4' = 6.3 Hz), 4.64-4.57 (m, 4H, H-3'', H-5'', OCH2OMe), 4.51 (d, 1H, H-

2'', J2'',3'' = 6.3 Hz), 4.35 (dd, 1H, H-5', J5',6' = 10.6, J5',4' = 6.0 Hz), 4.25 (d, 1H, H-4'', J4'',3'' = 9.2 Hz), 3.96 (t, 1H, H-

4', J4',3' = J4',5' = 6.02 Hz), 3.83 (br s, 1H, H-5'''), 3.74-3.70 (m, 1H, H-3'''), 3.59 (s, 3H, CO2M), 3.48-3.44 (m, 2H, 

H-6', H-5''), 3.35 (d, 1H, H-6''', J6''',6''' = 12.6 Hz), 2.79 (dd, 1H, H-2''', J2''',2''' =10.9, J2''',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, CH2CH3, CCH3, palmitoyl), 1.41 (s, 9H, tBu), 

1.30-1.25 (m, 27H, CCH3, palmitoyl), 0.86 (t, 3H, palmitoyl, J = 7.2 Hz), 0.82-0.75 (m, 6H, CH2CH3×2); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 171.0, 167.2, 163.2, 154.3, 154.2, 150.3, 142.9, 115.5, 
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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 C53H86N4NaO17 1073.5880, found 1073.5896; 

[α]D
15 +24.0 (c 0.66, CHCl3). 

 

NKY16-64 

Compound 145 

 To the mixture of compound 144 (12.3 mg, 11.7 µmol), 2,6-di-tBu-p-cresol 

(1.3 mg, 5.9 µmol) and Cs2CO3 (11.4 mg, 35.1 µmol) in DMF (200 µL) was 

added Ph3SiSH (10.3 mg, 35.1 µmol) and the mixture was stirred at 90 °C for 

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

partitioned between AcOEt and sat. aq. NH4Cl. The organic phase was washed 

with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The 

residue was purified by silica gel column chromatography (1-5% 

MeOH/CHCl3) to afford 145 (11.8 mg, 11.4 µmol, 97%) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.3 (br s, 1H, NH-3), 7.62 (d, 1H, H-6, J6,5 = 8.0 Hz), 5.79 (d, 1H, H-1', 

J1',2' = 2.3 Hz), 5.64 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.26 (s, 1H, H-1''), 5.16 (s, 1H, H-4'''), 4.96 (dd, 1H, H-2', J2',3' = 6.6, 

J2',1' = 2.0 Hz), 4.89 (t, 1H, H-3', J3',2' = J3',4' = 6.3 Hz), 4.71-4.58 (m, 5H, H-2'', H-3'', H-5'', OCH2OMe), 4.34-4.25 

(m, 2H, H-5', H-4''), 3.96 (t, 1H, H-4', J4',3' = J4',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, OCH2OMe), 2.77 (dd, 1H, H-2''', J2''',2''' = 10.3, J2''',3''' =4.6 

Hz), 2.29 (t, H-3, palmitoyl, J =6.9 Hz), 1.59-1.49 (m, 7H, CH2CH3×2, CCH3, palmitoyl), 1.41 (s, 9H, tBu), 1.31-

1.25 (m, 27H, CCH3, palmitoyl), 0.88-0.78 (m, 7H, CH2CH3×2, palmitoyl); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 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 C52H85N4O17 1037.5904, found 1073.5955; 

[α]D
16 +12.5 (c 0.59, CHCl3). 

 

NKY16-68 

Compound 126 

 Compound 145 (11.8 mg, 11.4 µmol) ws treated with aq. 80% TFA (1 mL) at 

room temperature for 12 hours. The mixture was concentrated in vacuo. The 

residue was purified by high-flash C18 reverse phase column chromatography 

(60-90% MeOH/H2O, 0.1% TFA) to afford 126 (5.6 mg, 5.5 µmol, 48%) as a 

white solid. 
1H NMR (CD3OD, 400 MHz) δ 7.85 (d, 1H, H-6, J6,5 = 8.2 Hz), 5.69 (d, 1H, 

H-5, J5,6 = 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'',2'' = 8.6, J3'',4'' 4.5 

Hz), 4.33 (d, 1H, H-5', J5',6' = 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-

O N
NH

O

O

ON

HO2C

O
BocN

O

MOMO

O
O

O O

O

14

O N
NH

O

O

ON

HO2C

O
HN

O

HO

OH
OH

HO OH

O

14



)

4'', J4'',3'' = 4.1 Hz), 4.03 (dd, 1H, H-4', J4',3' = 8.2, J4',5' = 1.4 Hz), 3.82 (d, 1H, H-6', J6',5' = 10.4 Hz), 3.65-3.61 (m, 1H, 

H-5''), 3.50 (br s, 2H, H-2''', H-3'''), 3.01 (dd, 1H, H-6''', J6''',6''' = 10.4, J6''',5''' = 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, J = 7.0 Hz), 1.29 (br s, 24H, palmitoyl), 

0.90 (t, 3H, palmitoyl, J = 6.8 Hz); 
13C NMR (CD3OD, 125 MHz) δ 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 C37H61N4O14 785.4179, found 785.4197; 

[α]23
D +6.62 (c 0.56, CH3OH). 

 

Figure S-2. Chromatogram of HPLC, compound 126 (J’sphere ODS-M80, 150×4.6 mm; 75% MeOH/H2O, 0.1% 

TFA) 
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Conformational analysis 

 Conformational analysis of compound 12 and 13 was performed by Macromodel 10.2 (Schrödinger 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 (Schrödinger LLC). 

The X-ray crystal structure of MraY complexed with muraymycin D2 (PDB code: 5CKR) was refined for docking 

simulations using the ‘‘Homology modeling’’ (Escherichia coli strain K12; Uniprot ID: P0A6W3). 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 (Schrödinger 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 µL, 50 

mM Tris-HCl (pH 7.6), 50 mM KCl, 25 mM MgCl2, 0.2% Triton X-100, 8% glycerol, 100 µM C55-P, and 20 µM 

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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