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[A] 

Ac   : acetyl 

ADV   : Adefovir 

AIBN   : 2,2 ′-azobis (isobutyronitrile)  

APCI   : atmospheric aressure chemical ionization 

aq   : aqua 

AZT   : 3′-azido-3′-dehydroxythymidine 

[B] 

Bz   : benzoyl 

[C] 

calcd.   : calculated 

cccDNA  : covalently closed circular DNA 

CC50   : 50% cytotoxic concentration  

CDI   : 1,1 ′-carbonyldiimidazole 

[D] 

dATP   : 2′-deoxy adenosine triphosphate 

DABCO  : 1,4-diazabicyclo [2.2.2] octane 

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

DCM   : dichloromethane 

dCTP   : 2′-deoxy cytidine triphosphate 

ddC   : 2′,3′-dideoxycytidine 

ddI   : 2′,3′-dideoxyinosine 

DDQ   : 2,3-dichloro-5,6-dicyano-p-benzoquinone 

dGTP   : 2′-deoxy guanosine triphosphate 

DIAD   : diisopropyl azodicarboxylate 

DMAP  : N,N-dimethyl-4-aminopyridine 

DMF   : N,N-dimethylformamide 

DMP   : Dess-Martin periodinane 

DMSO  : dimethyl sulfoxide 

DMTr   : 4,4 ′-dimethoxytrityl  

d4T   : 2′,3′-didehydro-2′-deoxythymidine 



 
 

[E] 

EC50   : half maximal (50%) effective concentration  

EDC   : 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

ESI   : electrospray ionization 

Et   : ethyl 

ETV   : Entecavir 

[H] 

HBe   : hepatitis B virus envelope 

HBs   : hepatitis B virus surface 

HBV   : hepatitis B virus 

HCV   : hepatitis C virus 

HIV   : human immunodeficiency virus  

[I]  

IFN   : interferon 

isoddA  : 2′,3′-dideoxy isoadenosine 

[L] 

LAM   : Lamivudine 

LP  : lone pair  

[M] 

mCBA  : m-chlorobenzoic acid 

mCPBA  : m-chloroperoxybenzoic acid  

Me   : methyl 

mRNA  : messenger RNA 

MS 3A  : molecular sieve 3  

MS   : mass spectrometry 

MTT   : 3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

[N] 

Nap   : (2-naphthalenyl) methyl 

NAs   : nucleoside analogues 

n-BuLi  : n-butyllithium 

NMR   : nuclear magnetic resonance 

nor-AZADO  : 9-azanoradamantane-N-oxyl 

NTCP   : Na+-taurocholate cotransporting polypeptide  



 
 

[P] 

PCR   : polymerase chain reaction  

pgRNA  : pregenomicRNA 

PMB   : p-methoxybenzyl  

PPh3   : triphenylphosphine 

PTSA   : p-toluenesulfonic acid 

[Q] 

QOL   : quality of life 

[R] 

rcDNA  : relaxed circular DNA 

[T] 

TAF   : Tenofovir alafenamide 

TBAF   : tetrabutylammonium fluoride 

TBA-HS  : tetrabutylammonium hydrogen sulfate 

TBDPS  : tert-butyldiphenylsilyl  

TBS   : tert-butyldimethylsilyl  

TCDI   : 1,1 ′-thiocarbonyldiimidazole  

TCID50  : tissue culture infectious dose 50% 

TDF   : Tenofovir disoproxyl 

TEA   : triethylamine 

TFA   : trifluoroacetic acid    

THF   : tetrahydrofuran 

TIPS   : triisopropylsilyl  

TTP  : thymidine triphosphate  
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HBs , HBs . Table 1
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, HBV , , 

QOL .   



4 
 

3 HBV  

 

, HBV NAs ( ) IFN (

) . IFN

. , IFN , 

, .[15]  

,  , 

. , HIV ( ) 

NAs LAM (1) HBV , 

2000 LAM . , LAM

, , .[16] 

, ADV (2) 2004 , ADV LAM

.[1 7] LAM , LAM ADV

, HBV , 

.[18] -[19]  ,  ADV

, , 

.[20] ,  2006 ETV (3) 

. ETV HBV , 0.5 mg/day 

HBV  (LAM:100 mg/day, ADV:10 

mg/day). ,  ETV , 

. ,  ETV HBV

, LAM , 

LAM , ETV

.[21]  , TDF (4) 2014 , 

TDF , 300 mg/day .[22] 

, Tenofovir TAF (5) 

, 2017 . TAF TDF

, 25 mg/day TDF .[23] 

, 

.  (Fig.2) 
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NAs , ,  

Besifovir dipivoxil (6)[24] -[25]  2019 . 

, NAs IFN HBV

.[26] NTCP Dane Myrcludex-

B 2019 Phase2 .[27] -[29]  , HBV

Morphothiadine (7)[30]  HBV DNA 

Nitazoxanide (8)[31] -[33] 2019 Phase2

. (Fig.3) 
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1 HBV  

 

HBV , HBV Dane

. Dane 3.2kbp DNA (relaxed circular 

DNA, rcDNA) , 

.[34]  

HBV 1964 , HBV

, . , 2012 HBV

, NTCP (Na+

) .[35]  ,  NTCP 

, HBV

HBV , HBV

.[36] -[37] 

 
HBV , Dane

NTCP  (Fig.4, ),  (Fig.4,  ). , 

rcDNA  (Fig.4, ). rcDNA

covalently closed circular DNA (cccDNA) 
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DNA  (Fig.4,  ).  , cccDNA

DNA RNA 3.5 kb pgRNA

mRNA  (Fig.4,  ).  cccDNA , pgRNA

, 3 mRNA , mRNA

 (Fig.4 , ). ,  pgRNA

 (Fig.4, ), 

rcDNA  (Fig.4, ). rcDNA

, Dane

 (Fig.4,  ).  cccDNA  (Fig.4 , - )

HBV . [38] -[41]  ,  B

cccDNA , cccDNA , 

HBV .   
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2 HBV 

 

HBV , 

. , , , 

NAs . NAs  HBV

HBV , HBV

, . ,  NAs

, HBV , .  

NAs

, HBV .[42]  

, , 

, .  

,  NAs

.[41] -

[46]  LAM 204

, 180

.[41] , [42]  ,  LAM ETV

, 184 , 202

250 ETV

.[45] ,  TDF TAF

, LAM ETV

TDF

.[46] 

, 

,  HBV . 

, , , HBV

, NAs

.   
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3 NAs 

 

1 NAs  

 

NAs HBV pgRNA rcDNA

. , 

, HBV

. , DNA

.[47] -[48]  ,  

,  DNA

.  

NAs  ( ) 

. NAs dATP, dGTP, dCTP, TTP

, HBV DNA . DNA

NAs 5 ′ 3 ′ DNA . (Fig.5)  

 
NAs , HIV
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. 1985 , 

HIV NAs AZT (9) 

,  HIV .[49] -[50]  ,  AZT

NAs , HIV . 

HIV NAs Fig.6 .  

 

AZT 3 ′

NAs . AZT HIV DNA , TTP

, HIV DNA . ,  

,  3 ′ DNA , 

.[51]  AZT NAs

, ddI (10) 2 ′ 3 ′

NAs . ddI , , 

6 ddATP

. ddATP dATP , AZT DNA

.[5 2] ,  ddC (11) 

3 ′ NAs , dCTP , 

DNA . 2 ′,3 ′-endo-olefin

d4T (12)  TTP , DNA .  

, HBV NAs LAM ADV, 

TDF, TAF 3 ′ ,  DNA

, . ,  ETV 3 ′

. ETV

HBV DNA , , DNA

. ETV DNA , 

.[53] -[54] 
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ETV 3 ′

NAs , 4 ′- NAs . 4 ′- NAs , 

, 

.  

 

2 4′- NAs 

 

 

4 ′- NAs 4 ′ ,  

. (Fig.7) , HIV

Censavudine (13) 4 ′ 4 ′- NAs

. , Phase2 Islatravir (14) 4 ′

, 3 ′

,  . 4 ′- NAs 1956

Streptomyces calvus Nucleocidin (15) .[55] 

1971 Moffatt 16 4 ′,5 ′-exo-olefin 17 ,  

4 ′ 18 ,  15

. (Scheme 1)[55]   
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, 1992 , Maag 4 ′ 4 ′-

NAs (19-22) ,  HIV . (Table 2)[56]  

 
, 4 ′- NAs , 

, 4 ′ 23

24, 25, 26,  27 HIV

. (Fig.8)[56] -[61]  4 ′- NAs 3 ′

, ,  

.  
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3 4′- NAs  

 

C2 ′-endo/C3 ′-exo  (South ) 

C2 ′-exo/C3 ′-endo  (North ) , 

South . ,  4 ′

,  , North . (Fig.9) 

 
4 ′- NAs North , 4 ′

, , . 

North .[62]  

, 4 ′

σ* , 

. (Fig.10) , 4 ′ , 

, North

. 
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,  

. ,  4 ′ Islatravir

North Kirby .[63]  

, 3 ′ π*

.  (Fig.11) 

 
4 ′- NAs

DNA , . 

 

4 HBV 4′- NAs 

 

, 4 ′- NAs HIV , 

. , HIV HBV

4 ′- NAs . , 

, 4 ′- NAs HBV

. HBV 4 ′- NAs Fig.12 .   
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4 ′ CdG (28) CAdA (29) 

HBV  (EC50
HBV WT = 0.0004 μM) , ETV

HBV  (EC50
HBV ETV-R = 0.04-0.07 μM) 

. , ETV 4 ′ CMCdG (30) 

ETV HBV  

(ETV:EC50
HBV ETV-R = 64.037 μM, CMCdG:EC50

HBV ETV-R = 2.657 μM) 

. , NAs  (CC50
Hep G2 

= 2.6-89 μM) .[64] [65]   

4 ′- NAs HBV , 

. HBV , 

, HBV CdG

, A87, F88, P177, L180, M204, D205

, .[58] 

4 ′- NAs , HBV

, . , 

HBV , NAs , 

4 ′- NAs , .  
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2 4′- -5- -4-  

 

1  

 

4 ′- HBV

. 4 ′-

AdG (31) AAdA (32) HBV

 (EC50
HBV = 0.006-0.009 μM) .[66] , AdG

AAdA  (CC50
MT-4 = 4.6-4.9 μM), 

4 ′- . (Fig.13) 

 
,  . HBV

Telbivudine (33) 

.  ,  4 ′-  (34) 

HBV . , 5-

FddMeC (35) HBV  (EC50
HBV = 0.54 μM) 

. (Fig.14)[67]  

 

, HBV FNC (36) ,  N4

NAs (37-38) HBV . 

(Fig.15)[68] -[69] 
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, 4 ′-  (34) 

,  5- 4 ′- -2 ′- -5-  

(39) HBV , HBV

. , N4/O4 , 

, NAs 40-44 . ,  4 ′- -5- -4-

 (34, 39-44) HBV

. (Fig.16) 
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2 4′- -5- -4-  

 

34 Maag . (Scheme 2)[56] 

 
, 5 ′

45 ,  E2 , 4 ′,5 ′-exo-olefin 46

.  46 47

, 3 ′ p- 48 . 48

mCPBA , p-

, 3-

49 . ,  49

7M 34 .   

,  4 , 49  4

50 . (Scheme 3) 
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50 4 DABCO , 

SNAr , 40-41 .  (Scheme 

4) 

 
, 50 ,  SNAr

39, 42-43 . , 50 4 DABCO

, SNAr 44

.  (Scheme 5) 
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3 4′- -5- -4- HBV  

 

HBV , 

. 

HBV real-time PCR . 

96 well plate , HepG2 2.2.15 1 well 4 103

, 200 μL . , 

well . HepG2 2.2.15

HBV , in vitro HBV

. well plate 37 CO2 14

. , 3 7 , 

. , 

, HBV DNA . , PCR well

HBV DNA , DNA EC50
HBV

. 

, 96 well plate MT-2 1 well 2 103

, well 200 μL

. , Cell Counting Kit -8 CC50  

34,  39-44 ETV HBV

Table 3 .  

 
HBV 34 ,  EC50

HBV = 0.63 0.29 
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μM . , 39 HBV , EC50
HBV = 

5.99 5.54 μM . 34 39

 (CC50
MT-2 > 100 μM).  

, N4/O4 40-44 , 

HBV . 

. 

 

4  

 

, HBV NAs 4 ′- -5- -4-

, .  

4 ′- 6 , 22.0% . , 4 ′-

-5- -4-

50 6 , 17.3% . , SNAr

4 , 21.0-82.1% . 

HBV 34

 (EC50
HBV = 0.63 0.29 μM), 39 HBV  (EC50

HBV = 

5.99 5.54 μM). , 34 39  

(CC50
MT-4 > 100 μM) 34 39

. , 4 ′-

 (CC25
MT-2 = 0.21 μM)[56] , 5-

39 , HBV . , 

5

. ,  FNC N4 , 

HBV , 40-44 HBV . 

, 5 , N4/O4

, HBV

. , HBV 4 ′- NAs

, 5-

.  

, HBV 4 ′- NAs

.   
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3 4′-  

 

1  

 

DNA , , 

,  . (Fig.17)  

 
,  

.  ,  ,  7 , O4

. (Scheme 6)[70] -[73]   

 
,  , 

2 ′  (51) ,  
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.[74] -[76]  .  (Fig.18) 

 

,  3 ′ isoddA (52) HIV  (EC50
HIV = 21 

μM) , 5 ′ isoddA (53) 

HIV  (EC50
HIV = 0.06 μM) . 

(Fig.19)[77] isoddA

.[78]  

 
, Jeong ETV , 

3 ′ 54 HBV  (EC50
HBV 

= 1.5 μM) . (Fig.20)[79] -[81]   

 

, 4 ′- NAs

. , 4 ′

, 

55 , 56 . 

(Fig.21)[82] -[83] 
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,  

,  4 ′ NAs . 4 ′

CAdA (29) CMCdG (30) , 

Islatravir (14) . (Fig.22)  

 

,  CMCdG , 

4 ′ 57-58 . ,  

isoddA 4 ′ 59 CAdA

60 . , 

59 61 .  (Fig.23)  

 

57-61 , HBV HIV , 

. ,  .  
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2 4′-  

 

1 4′-  

 

4 ′- Scheme 7 .  

 
4 ′-

, 

. 

, L-

. 

 

2 4′- -3′-  

 

L- , 1,2-

61 . [84] , 5 1

, 3 p-

, 5 , 

62 .  62 1 Moffatt

, Aldol-Cannizzaro 4-C- 63 .  

, 2,3- -5,6- -p-  (DDQ) 

, p- 64

. (Scheme 8) 
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64 X . 

(Fig.24) 

 

64 , 

Corey-Fuchs , 

65 . 65

p- , 66

, 5 1 TBDPS 67 . 67

3

Wittig 3- 68 . , 

, , 69

.  69 2 6

, 70 , ,  4 ′- -3 ′-

 (57) .  57
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NOESY 8 5 ′ .  

(Scheme 9) 
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3 4′-  

 

4 ′-  (58) 64

. (Scheme 10) 

 

64 ,  

. , 

71 . , 

p- , 1

TBDPS 73 .  73 Barton-McCombie

74 , , 

75 .  ,  

, .  , 

, ,  

.  

, 64 1 , 

,  . Scheme 11

.  
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1 , Nap (2- ) . 

(Scheme 12) 

 

64 Nap 76 , p-

, 1 TBS 78 . 

,  Barton-McCombie , , 

,  .  

Nap . Barton-McCombie

, Nap , 
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.  

, , Bz 

( ) .  (Scheme 13) 

 

64 Bz , 80 .  , p- , 

TBDPS 1 , 82 . Barton-

McCombie , 83 .  ,  

, , 84 ,  

N6 Boc , 85 . 85
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Bz , Boc 1 N6

Boc-4 ′-C- 86 . 86 , 

, 

87 .  , 87

4 ′-  (58) . 

85 58 NOESY 8 5 ′

.  

 

4 2- -4′-  

 

2- -4 ′-  (59) 84

. (Scheme 14)  

 
84 2- -6- 88 .  

,  2

, . , Bz 89 ,  

3 4 ′ 90 .  6

SNAr TBDPS , 59 .  
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88 NOESY 8 5 ′

.  

 

5 4′-  

 

,  58

60 . (Scheme 15) 

 
( ) 

60 . 60 , 

, NMR 5:3 . 

57-60 , 

.   
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3 4′-  

 

2 , ,  

. HBV

, 2 3 . 

 

HIV MTT assay . 96 well 

plate 1 well RPMI 1640 10

100 μL . , well HIV MT-2  (2 103

/well). , HIV , 100 TCID50

. ,  MT-2

well , 37 CO2 7 . 

, well 100 μL , MTT

10 μL , 37 CO2 4

. , MTT 100 μL

, well 570nm , 

EC50 . 

57-60 HBV ETV

Table 4 .   
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NAs HBV . , 60

HIV , 

 (EC50
HIV = 

61.4 μM). NAs . 

.  

 

4  

 

HBV , 4 ′-  (57-60) 

NAs . NAs L-

7 64 .  

4 ′- -3 ′-  (57) 

, 64 8 69 .  69

,  ,  57 . 

57 L- 18 , 0.843% . 

, 4 ′-  (58) , 57

, 74 ,  

, 

. ,  

, 84 , 

. , , 

58 .  , 58  (

) 

60 . 58 L- 20 , 2.94%, 

60 L- 21 , 0.272% . 

,  2- -4 ′-  (59) 

, 84 2- -6- . 

,  6 59

L- 20 , 0.992% . 

58-60 , 4 ′

,  4 ′

.  ,  , 
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4 ′- 4 ′

, .  (Scheme 16) 

 
57-60 , 

, HBV

. HIV HBV , 57-60 HIV

. , 58 HIV , 

60 HIV (EC50
HIV = 

61.4 μM). 

, 4′-

. ,  59, 61 HIV

52 , 53  (52:EC50
HIV = 21 μM, 53:EC50

HIV = 0.06 

μM),  (53:CC50
MT-4 = 2.9 μM). (Fig.25) 

 

4 ′

,  

. NAs HBV

, . 

, 

,  NAs . 

, 4′ ,  HBV

, NAs

. 

4′ , 
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NAs . 

. , 

,  NAs

.  
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4  

 

HBV HCV

. , HCV , 99%

, HBV

. , 

. HBV , 

. , NAs , 

.  

NAs NAs

. , HBV

, HBV 4 ′ NAs

.  

,  4 ′- -5- -4-

. HBV 4 ′-

, 4 ′- -5- HBV

. 

HBV . 4 ′-

, 5

. , 4 HBV

. , 4′-

5-

. 

,  4′

,  HBV . , 

HBV . , 4′

. 

,  4 ′

, , 

,  .  

NAs , HBV
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. 

, B

. 
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,  , 

, , 

.  

 

, 

.  

 

.  

 

, 

.  

 

.  

 

X

. 

 

.  

 

NMR

. 

 

, , , 

,  , 
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,  

.  

2 3  
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, .  TLC Merck

TLC  (Silicagel 60 F254, 0.25 mm) . 

 (Yamazen Hi-flash, Yamazen 

Universal Premium, Biotage ZIP sphere, Biotage SNAP Ultra,  WAKO Presep) 

, Yamazen AI-580S automated flash chromatography system . 

Silica Gel 60N ( ,  63-210 μL 

) , Chromatorex® (100-200 mesh, FUJI SILYSIA 

CHEMICAL LTD) . 1H-NMR 13C-NMR, 31P-NMR JEOL ECA 

500 spectrometer . 1H-NMR

. 13C-NMR 31P-NMR . 

NMR δ (ppm) . 

singlet (s),  doublet (d), doublet of doublets (dd), doublet of doublets of 

doublets (ddd), triplet (t), doublet of triplet (dt),  septet (sep), multiplet (m), 

broad (br) .  (J)   (Hz) . 

ESI-MS, APCI-MS JEOL JMS-T100LP system . HPLC

PU2089, UV2075, CTO-10AVP B

, YMC Hydrosphere C18 column (6.0  150 mm) , 

254 nm UV .  
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2  4′- -5- -4-  

 

5′-Deoxy-5′-C-iodothymidine (45) 

 (9.68 g, 40.0 mmol) 1,4-  (200 mL) 

 (15.7 g, 60.0 mmol),  (6.50 mL, 80.0 mmol), 

I2 (15.7 g, 61.5 mmol) ,  .  ,  

(10.0 mL), 10%Na2S2O3  (14.0 mL) , 

. , ,  NaCl

, MgSO4 . , 

, 45 (9.96 g, 28.3 mmol, 70.8%) . 
1H-NMR (500 MHz, DMSO-d6) δ 11.4 (s, 1H), 7.53 (d, J = 1.2 Hz, 1H), 6.22 (dd, 

J = 8.3, 6.3 Hz, 1H), 5.49 (d, J = 4.0 Hz, 1H), 4.20-4.17 (m, 1H), 3.81 (dt, J  = 

6.3, 2.9 Hz, 1H), 3.52 (dd, J = 10.3, 6.3 Hz, 1H), 3.39 (dd, J = 10.3, 6.3 Hz, 1H), 

2.32-2.26 (m, 1H), 2.08 (ddd, J = 13.8, 6.3, 2.9 Hz, 1H), 1.80 (s, 3H)  

, [56] 1H-NMR

. 

 

1-(2,5-Dideoxy-β-D-glycero-pent-4-enofuranosyl)thymine (46) 

45  (9.86 g, 28.0 mmol)  (100 mL) 

 (4.54 g, 84.0 mmol) , 75 . 

, , . 

, 46 (4.54 g, 20.2 mmol, 70.3%) .  
1H-NMR (500 MHz, DMSO-d6) δ 11.4 (s, 1H), 7.42 (d, J = 1.2 Hz, 1H), 6.42 (dd, 

J = 6.9, 6.3 Hz, 1H), 5.55 (s, 1H), 4.71 (s, 1H), 4.29 (s, 1H), 4.14 (s, 1H), 2.40 

(dt, J = 13.8, 6.9 Hz, 1H), 2.18 (ddd, J = 13.8, 6.9, 3.4 Hz, 1H), 1.78 (d, J = 1.2 

Hz, 3H) 

,  [56] 1H-NMR

. 

 

4′-C-Azido-5′-deoxy-5′-C-iodothymidine (47) 

 (6.57 g, 101 mmol) DMF  (20.0 mL) 

 (7.84 g, 47.4 mmol) 0 , 20
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. ,  46 (4.54 g, 20.2 mmol) DMF  (40.0 

mL) 10 . NaHCO3 , 10%Na2S2O3

, .  NaCl

, MgSO4 , .  

 (ZIP 80 g, DCM/MeOH = 96/4  

89/11) , 47 (7.53 g, 19.2 mmol, 94.6%) . 
1H-NMR (500 MHz, DMSO-d6) δ 11.4 (s, 1H), 7.50 (d, J = 1.2 Hz, 1H), 6.34 (t, 

J = 6.9, 1H), 6.20 (d, 1H), 4.58 (dd, J = 11.5, 5.7 Hz, 1H), 3.67 (d, J = 10.9 Hz, 

1H), 3.64 (d, J = 10.9 Hz, 1H), 2.56-2.50 (m, 1H), 2.32-2.26 (m, 1H), 1.81 (s, 

3H) 

,  [56] 1H-NMR

. 

 

4′-C-Azido-5′-deoxy-5′-C-iodo-3′-O-(4-methoxybenzoyl)thymidine (48) 

47 (4.38 g, 11.1 mmol)  (50.0 mL) 4-

 (3.80 g, 22.3 mmol) , .  

, , . 

, NaHCO3 . 

MgSO4 , .  

 (ZIP 120 g, Hexane/AcOEt = 40/60  19/81) 

, 48 (2.77 g, 5.25 mmol, 47.3%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.90 (s, 1H), 8.08-8.02 (m, 2H), 7.44 

(d, J = 1.15 Hz, 1H), 6.51 (dd, J  = 7.5, 5.7 Hz, 2H), 5.78 (dd, J = 8.6, 6.3 Hz, 

1H), 3.89 (s, 3H), 3.80 (d, J  = 10.9 Hz, 1H), 3.76 (d, J = 10.9 Hz, 1H), 2.76-2.64 

(m, 2H), 1.99 (d, J  = 1.2 Hz, 3H) 

,  [56] 1H-NMR

. 

 

4′-C-Azido-5′-O-(3-chlorobenzoyl)-3′-O-(4-methoxybenzoyl)thymidine (49) 

48  2.02 g (3.83 mmol) /  (2/1, v/v) 

 (75.0 mL)  (4.01 g, 23.0 mmol), 

 (3.91 g, 11.5 mmol), 3-  (1.80 g, 
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11.5 mmol), 3-  (70%, 4.63 g, 18.9 mmol) , 

. , 3-  (70%, 1.98 g, 8.03 mmol) 

, 50 2 . ,  

,  NaHCO3 , NaCl , 

MgSO4 . ,  

 (ZIP 80 g, Hexane/AcOEt = 56/44  

45/55) , 49  (2.10 g, 3.78 mmol, 98.8 %) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.11 (s, 1H), 8.04-8.01 (m, 2H), 7.93-

7.91 (m, 1H), 7.58-7.55 (m, 1H), 7.39-7.36 (m, 1H), 7.11 (d, J = 1.2 Hz, 1H), 

6.96-6.93 (m, 2H), 6.47 (dd, J = 7.5, 5.2 Hz, 1H), 5.80 (dd, J  = 8.0, 6.3 Hz, 1H), 

4.78 (d, J  = 12.0 Hz, 1H), 4.72 (d, J  = 12.0 Hz, 1H), 3.89 (s, 3H), 2.79-2.66 (m, 

2H), 1.82 (d, J = 1.2 Hz, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 165.1, 164.4, 164.1, 163.1, 149.8, 

135.1, 134.9, 133.7, 132.2, 130.6, 130.0, 129.8, 127.9, 120.7, 113.9, 112.2, 96.9, 

85.3, 72.9, 65.3, 55.6, 35.8, 12.4  

MS (ESI) m/z (M+Na)+calcd. 578.1055; found 578.1024 

 

4′-C-Azidothymidine (34)  

49  (410 mg, 0.738mmol) 7M  

(10.0mL) 80 . ,  

,  (Hi-flash 45 g, 

DCM/MeOH = 93/7  85/15  80/20) , 34 (210 mg, 0.745 

mmol, 100 %) . 

,   [56] 1H-NMR

. 

 

4′-C-Azido-5′-O-(3-chlorobenzoyl)-3′-O-(4-methoxybenzoyl)-4-O-(2,4,6-

triisopropylbenzenesulfonyl) thymidine (50) 

49 (1.08 g, 1.94 mmol)  (20.0 mL) 

2,4,6-  (1.15 g, 3.80 mmol),  

 (1.06 mL, 7.60 mmol), DMAP (23 mg, 0.19 mmol) ,  

. , , 
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NaHCO3 , NaCl .  MgSO4

, .  

 (ZIP 30 g, Hexane/AcOEt = 85/15  70/30) , 

50 (969 mg, 1.18 mmol, 60.8%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.02-7.97 (m, 3H), 7.91-7.88 (m, 1H), 

7.67 (s, 1H), 7.59-7.57 (m, 1H), 7.39 (t, J = 8.0 Hz, 1H), 7.20 (s, 2H), 6.94 (d, J  

= 8.6 Hz, 2H), 6.38 (dd, J = 6.3, 5.7 Hz, 1H), 5.67 (dd, J = 7.5, 6.9 Hz, 1H), 4.76 

(s, 2H), 4.29 (sep, J = 6.9 Hz, 2H), 3.88 (s, 3H), 2.97-2.86 (m, 2H), 2.51 (ddd, J  

= 13.2, 7.5, 5.2 Hz, 1H), 1.91 (s, 3H), 1.32 -1.24 (m, 18H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.7, 165.0, 164.5, 164.2, 154.5, 

153.2, 151.2, 141.6, 135.0, 133.9, 132.2, 130.52, 130.47, 130.1, 129.8, 127.8, 

124.1, 120.6, 113.9, 104.6, 97.6, 86.7, 72.4, 65.5, 55.5, 37.1, 34.3, 29.6, 24.5, 

24.4, 23.5, 12.2 

MS (ESI) m/z (M+Na)+calcd. 844.2395; found 844.2392 

 

4′-C-Azido-2′-deoxy-5-methylcytidine (39) 

50 (720 mg, 0.876 mmol) THF  (12.0 mL) 28%

 (20.0 mL) , . , 

,  40%  (10.0 

mL) , . , 

 (ZIP 30 g, DCM/MeOH 

= 87/13  79/21  70/30) , 39 (68 mg 0.241 mmol, 27.5%) 

. 
1H-NMR (500 MHz, METHANOL-d4) δ 7.78 (s, 1H), 6.37 (dd, J = 7.5, 4.0 Hz, 

1H), 4.53 (dd, J = 8.0, 7.5 Hz, 1H), 3.83 (d, J = 12.0 Hz, 1H), 3.76 (d, J = 12.0 

Hz, 1H), 2.47 (ddd, J  =13.8, 8.0, 7.5 Hz, 1H), 2.34 (ddd, J = 13.8, 7.5, 4.0 Hz, 

1H), 1.96 (s, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  167.4, 158.1, 139.9, 104.6, 101.3, 86.7, 

72.0, 63.7, 39.4, 13.3 

MS (ESI) m/z (M+Na)+calcd. 305.0974; found 305.0930 

 

4′-C-Azido-4-O-methylthymidine (40)  
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50  (300 mg, 0.365 mmol) 1,4-  (7.00 mL) 

1,4- [2.2.2]  (81.0 mg, 0.720 mmol), MS 3Å (600 mg) 

, 30 . ,  (165 μL, 4.07 mmol), 

DBU (161 μL, 1.08 mmol) , . 

, . 

 (Hi-flash 14 g, DCM/MeOH = 99/1  93/7 ) 

,  40 (40 mg, 0.135 mmol, 37.0%) . 
1H-NMR (500 MHz, METHANOL-d4) δ  7.99 (d, J  = 1.2 Hz, 1H), 6.25 (dd, J  = 

7.5, 4.0 Hz, 1H), 4.43 (dd, J = 8.0, 7.5Hz, 1H), 3.87 (s, 3H), 3.76 (d, J = 12.0 

Hz, 1H), 3.68 (d, J  = 12.0 Hz), 2.43 (ddd, J = 13.8, 8.0, 7.5 Hz, 1H), 2.26 (ddd, 

J = 13.8, 7.5, 4.0 Hz, 1H), 1.88 (d, J  = 1.2 Hz, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  172.6, 158.0, 141.9, 106.8, 101.5, 87.2, 

71.7, 63.4, 55.2, 39.5, 12.2  

MS (ESI) m/z (M+Na)+calcd. 320.0971; found 320.0974 

 

4′-C-Azido-4-O-ethylthymidine (41)  

50  (218 mg, 0.265 mmol) 1,4-  (5.30 mL) 

1,4- [2.2.2]  (59.0 mg, 0.530 mmol), MS 3Å (200 mg) 

, 30 . ,  (154 μL, 2.65 mmol), 

DBU (99.0 μL, 0.663 mmol) , .  

, .  

 (SNAP 10 g, DCM/MeOH = 99/1  93/7) 

,  41 (27.0 mg, 0.0867 mmol, 32.7%) . 
1H-NMR (500 MHz, METHANOL-d4) δ  7.98 (d, J  = 1.2 Hz, 1H), 6.25 (dd, J  = 

7.5, 4.0 Hz, 1H), 4.43 (dd, J  = 8.0, 7.5 Hz, 1H), 4.32 (q, J  = 6.9 Hz, 2H), 3.76 

(d, J  = 12.0Hz, 1H), 3.68 (d, J = 12.0 Hz, 1H), 2.43 (ddd, J = 13.8, 8.0, 7.5 Hz), 

2.30 (ddd, J  = 13.8, 7.5, 4.0 Hz, 1H), 1.87 (d, J = 1.2 Hz, 3H), 1.28 (t, J  = 6.9 

Hz, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  170.7, 156.5, 140.3, 105.4, 100.0, 85.6, 

70.1, 63.1, 61.9, 38.0, 13.0, 10.7  

MS (ESI) m/z (M+Na)+calcd. 334.1127; found 334.1157 

 

4′-C-Azido-2′-deoxy-4-N,  5-dimethylcytidine (42)  
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50 (101 mg, 0.123 mmol) 30%  

(10.0 mL) 70 . ,  

, 

 (Hi-flash 14 g, DCM/MeOH = 92/8  85/15) , 42  

(30.0 mg, 0.101 mmol, 82.1%) . 
1H-NMR (500 MHz, METHANOL-d4) δ  7.67 (s, 1H), 6.39 (dd, J = 7.5, 4.0 Hz, 

1H), 4.53 (dd, J = 7.7, 7.2 Hz, 1H), 3.82 (d, J = 12.0 Hz, 1H), 3.75 (d, J = 12.0 

Hz, 1H), 2.93 (s, 3H), 2.27-2.17 (m, 2H), 1.92 (s, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  165.4, 158.4, 138.1, 105.3, 101.2, 86.5, 

72.1, 63.7, 39.3, 28.3, 13.2  

MS (ESI) m/z (M+Na)+calcd. 319.1131; found 319.1109 

 

4′-C-Azido-2′-deoxy-4-N-ethyl-5-methylcytidine (43) 

50  (151 mg, 0.184 mmol) 2M  

(10.0 mL) 70 . ,  

,  

(Presep 13 g, DCM/MeOH = 93/7  85/15) , 43 (40.0 mg, 

0.129 mmol, 70.1%) . 
1H-NMR (500 MHz, METHANOL-d4) δ  7.67 (s, 1H), 6.39 (dd, J = 7.5, 4.6 Hz, 

1H), 4.53 (dd, J = 8.0, 7.5 Hz, 1H), 3.82 (d, J = 12.0 Hz, 1H), 3.75 (d, J = 12.0 

Hz, 1H), 3.47 (q, J = 7.5 Hz, 2H), 2.48-2.42 (m, 1H), 2.33 (ddd, J = 13.8, 7.5, 

4.6 Hz), 1.93 (s, 3H), 1.19 (t, J = 7.5 Hz, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ  164.7, 158.5, 138.4, 105.3, 101.2, 86.6, 

72.1, 63.7, 39.4, 36.8, 14.7, 13.3  

MS (ESI) m/z (M+Na)+calcd. 333.1287; found 333.1322 

 

4′-C-Azido-4-N-cyclopropyl-2′-deoxy-5-methylcytidine (44) 

50  (210 mg, 0.255 mmol) 1,4-  (7.50 mL) 

1,4- [2.2.2]  (57.0 mg, 0.510 mmol), MS 3Å (200 mg) 

, 30 . ,  (179 μL, 

2.55 mmol), DBU (95 μL, 0.637 mmol) , .  

, . 7M
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 (10mL) , 60 10 . 

, ,  

 (Hi-flash 14 g, DCM/MeOH = 96/4  90/10) 

, 44 (17.0 mg, 0.0536 mmol, 21.0%) . 
1H-NMR (500 MHz, METHANOL-d4) δ 7.70 (d, J =1.2 Hz, 1H), 6.39 (dd, J  = 

7.5, 4.0 Hz, 1H), 4.53 (dd, J  = 8.0, 7.5 Hz, 1H), 3.83 (d, J  = 12.0 Hz, 1H), 3.76 

(d, J = 12.0 Hz, 1H), 2.91-2.87 (m, 1H), 2.47 (ddd, J  = 13.8, 8.0, 7.5 Hz, 1H), 

2.34 (ddd, J  = 13.8, 7.5, 4.0 Hz, 1H), 1.91 (d, J  = 1.2 Hz, 3H), 0.82-0.78 (m, 2H), 

0.63-0.59 (m, 2H) 
13C-NMR (126 MHz, METHANOL-d4) δ  166.4, 158.2, 138.5, 105.2, 101.2, 86.6, 

72.0, 63.7, 39.4, 25.2, 13.2, 7.2  

MS (ESI) m/z (M+Na)+calcd. 345.1287; found 345.1311 

 

3 4′-  

 

1,2-O-Isopropylidene-α-L-xylofuranose (61) 

L-  (9.70 g, 64.6 mmol)  (260 mL) 

 (9.70 mL, 175 mmol) , 1.5 . , 

 (200 mL), Na2CO3 (13.5 g, 127 mmol), NaHCO3 (25.2 g, 300 mmol) 

,  . 

 (500 g, DCM/MeOH = 98/2 → 91/9) ,  61 (10.8 g, 56.6 

mmol,  87.6%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 5.99 (d, J  = 3.4 Hz, 1H), 4.53 (d, J = 

3.4 Hz, 1H), 4.34 (d, J = 2.9 Hz, 1H), 4.19-4.10 (m, 2H), 4.05 (dd, J = 12.6, 2.9 

Hz, 1H), 2.96 (br, 1H), 1.49 (s, 3H), 1.33 (s, 3H)  

,  [84] 1H-NMR

. 

 

1,2-O-Isopropylidene-3-O-(4-methoxybenzyl)-α-L-xylofuranose (62) 

61  (11.1 g, 58.4 mmol)  (290 mL) 4, 4´-

 (21.8 g, 64.3 mmol) ,  1

. , , 
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. ,  

NaHCO3 . MgSO4 , 

.   

1,4- THF/DMF (1/1, 

v/v)  (292 mL) 60% in oil  (2.80 g, 70.0 mmol) 

, 0 1 , 4-

 (7.95 mL, 58.9 mmol) 19 . , 

, .  

,  NaCl . MgSO4 , 

.  

 (281 mL) p-

 (3.80 g, 22.6 mmol)  (95.0 mL) 0

. 20 , NaHCO3

, MgSO4 . , ,  

 (500 g, Hexane/AcOEt = 

75/25 → 50/50) 62 (14.7 g, 47.2 mmol, 3  80.8%) 

. 
1H-NMR (500 MHz, DMSO-d6) δ 7.25 (d, J = 8.6 Hz, 2H), 6.91 (dt, J = 8.6, 2.3 

2H), 5.83 (d, J  = 3.4 Hz, 1H), 4.72 (t, J  = 5.7 Hz, 1H), 4.65 (d, J = 3.4 Hz, 1H), 

4.57 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 11.5 Hz, 1H), 4.09-4.06 (m, 1H), 3.85 (d,  

J = 3.4 Hz, 1H), 3.74 (s, 3H), 3.64-3.53 (m, 2H), 1.39 (s, 3H), 1.25 (s,  3H) 
13C-NMR (126 MHz, DMSO-d6) δ 158.8 ,  129.9, 129.3, 113.7, 110.5, 104.4, 81.7, 

81.0, 80.8, 70.6, 58.7, 55.1, 26.6, 26.1 

MS (ESI) m/z (M+Na)+calcd. 333.1314; found 333.1326  

 

4-C-Hydroxymethyl-1,2-O-isopropylidene-3-O-(4-methoxybenzyl)-α-L- 

xylofuranose (63) 

62 (12.0 g, 38.6 mmol)  (72.0 mL) DMSO 

(107 mL, 1.51 mol),  (6.20 mL, 76.8 mmol), EDC HCl (22.1 g, 115 

mmol), TFA (3.72 mL, 48.6 mmol) , 1 . , 

, , NaCl . 

MgSO4 , .  
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1,4-  (82.0 mL) 37% HCHO

 (28.6 mL, 352 mmol), 2mol/L NaOH  (57.9 mL, 116 mmol) 

. ,  12.0 mol/L HCl  (9.60 mL, 

115 mmol) , .  

, ,  NaCl , MgSO4

.  (500 g, 

Hexane/AcOEt = 60/40 → 50/50 → 40/60 → 30/70 → 0/100) ,  

 63  (10.8 g, 31.8 mmol, 2  82.3%) . 
1H-NMR (500 MHz, DMSO-d6) δ 7.27 (d, J = 8.6 Hz, 2H), 6.91 (d, J  = 8.6 Hz, 

2H), 5.89 (d, J = 4.6 Hz, 1H), 4.80 (t, J = 5.7 Hz, 1H), 4.75 (dd, J = 4.6, 2.3 Hz, 

1H), 4.58 (d, J = 11.5 Hz, 1H), 4.45 (t, J  = 5.7 Hz, 1H), 4.41 (d, J = 11.5 Hz, 

1H), 4.02 (d, J = 2.3 Hz, 1H), 3.74 (s, 3H), 3.53-3.38 (m, 4H), 1.46 (s, 3H), 1.28 

(s, 3H) 
13C-NMR (126 MHz, DMSO-d6) δ 158.7 , 130.0, 129.1, 113.6, 111.9, 104.1, 89.8, 

85.8, 83.7, 71.1, 61.1, 60.9, 55.1, 27.3, 27.0 

MS (ESI) m/z (M+Na)+calcd. 363.1420; found 363.1462 

 

4-C-Hydroxymethyl-1,2-O-isopropylidene-3,5-O-[(R)-(4-methoxyphenyl) 

methylene]-α-L-xylofuranose (64) 

,  63 (2.50 g, 7.34 mmol) 

 (130 mL) MS 3Å (1.40 g), DDQ (1.50 g, 6.61 mmol) , 0

. , 

NaHCO3 , NaCl . , MgSO4

, .  

(ZIP 120 g, Hexane/AcOEt = 70/30 → 59/41 → 30/70) , 

64 (1.58 g, 4.67 mmol, 63.6%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.40 (d, J  = 8.6 Hz, 2H), 6.89 (d, J = 

8.6, 2H), 6.11 (d, J = 4.0 Hz, 1H), 5.41 (s, 1H), 4.70 (d, J = 4.0 Hz, 1H), 4.39 (d, 

J = 13.2 Hz, 1H), 4.38 (s, 1H), 4.02 (d, J  = 13.2 Hz, 1H), 3.97 (dd, J  = 12.0, 3.4 

Hz, 1H), 3.80 (s, 3H), 3.61 (dd, J  = 12.0, 9.7 Hz, 1H), 2.09 (dd, J = 9.7, 3.4 Hz, 

1H), 1.56 (s, 3H), 1.31 (s, 3H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.3, 130.0, 127.5, 113.8, 112.1, 

106.0, 99.0, 85.4, 82.5, 78.8, 70.3, 63.5, 55.4, 26.1, 25.4 
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MS (ESI) m/z (M+Na)+calcd. 361.1263; found 361.1260  

 

1,2-O-Isopropylidene-3,5-O-[(R)-(4-methoxyphenyl)methylene]-4-C-

triisopropylsilylethynyl-α-L-xylofuranose (65) 

64  (10.0 g, 29.6 mmol)  (100 mL) 

nor-AZADO (21 mg, 0.152 mmol), KBr (37 mg, 0.311 mmol), NaHCO3

 (240mL), NaClO  (26 mL) , 0 1.5 . 

, 10%Na2S2O3 , 

, NaCl . 

MgSO4 , .  

 (38.8 g, 148 mmol),  (24.5 g, 73.9 

mmol)  (120 mL) 0 30 . 

,   (120 

mL) , 0 30 . NaHCO3

, MgSO4 , . 

 (500 g, Hexane/AcOEt = 80/20)  .  

THF  (77.0 mL) 2.6 M n-BuLi in Hexane 

(12.0 mL, 31.2 mmol) , -78 1 , 

1 . , -78

 (3.20 mL, 15.1 mmol) , 1.5

. ,  ,  NaCl , 

MgSO4 , . 

 (ZIP 40 g, Hexane/AcOEt = 98/2 → 90/10) , 

65  (4.43 g, 9.06 mmol, 3 30.6%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ  7.39 (d, J  = 8.6 Hz, 2H), 6.89 (d, J = 

8.6, 2H), 6.08 (d, J  = 3.4 Hz, 1H), 5.47 (s, 1H), 4.66 (d, J  = 3.4 Hz, 1H), 4.62 (s, 

1H), 4.42 (d, J  = 12.6 Hz, 1H), 4.11 (d, J  = 12.6 Hz, 1H),  1.68 (s, 3H), 1.32 (s, 

3H), 1.09-1.05 (m, 21H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.4, 129.8, 127.6, 113.8, 113.2, 

106.8, 104.7, 99.3, 90.4, 85.0, 82.9, 74.5, 72.8, 55.5, 26.0, 26.0, 18.3, 11.8 

MS (ESI) m/z (M+Na)+calcd. 511.2492; found 511.2479 

 

1,2-O-Isopropylidene-4-C-(triisopropylsylyl)ethynyl-α-L-xylofuranose (66) 
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65  (3.80 g, 7.78 mmol) 70%  (59 mL) 40

, , .  

 (Hi-flash 45 g, Hexane/AcOEt = 85/15 → 

75/25 → 60/40) ,  66 (1.18 g, 3.18 mmol, 40.9%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 6.00 (d, J  = 3.4 Hz, 1H), 4.60-4.59 (m, 

2H), 4.10 (d, J = 5.2 Hz, 1H), 3.99-3.92 (m, 2H), 2.74 (dd, J = 7.5, 6.3 Hz, 1H), 

1.64 (s, 3H), 1.33 (s, 3H), 1.09-1.02 (m, 21H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 113.4, 106.1, 105.5, 89.6, 87.3, 82.4, 

82.0, 66.5, 26.5, 26.4, 18.6, 11.1 

MS (ESI) m/z (M+Na)+calcd. 393.2073; found 393.2117 

 

1,2-O-Isopropylidene-4-C-(triisopropylsylyl)ethynyl-5-O-(tert-

butyldiphenylsilyl)-α-L-xylofuranose (67) 

66 (100 mg, 0.270 mmol)  (2.00 mL) 

tert-  (69.0 μL, 0.269 mmol), DMAP (2 

mg, 0.0164 mmol),  (65.0 μL, 0.469 mmol) , 25

. , , NaHCO3

, NaCl , MgSO4 . ,  

, 

 (Presep 13 g, Hexane/AcOEt = 95/5  85/15  70/30) , 

67 (97.4 mg, 0.160 mmol, 59.3%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.71-7.66 (m, 4H), 7.48-7.39 (m, 6H), 

6.04 (d, J = 4.0 Hz, 1H), 4.67 (d, J = 6.9 Hz, 1H), 4.63 (d, J = 4.0, 1H), 4.18 (d, 

J = 6.9 Hz, 1H), 4.05 (d, J = 10.9 Hz, 1H), 3.93 (d, J  = 10.9 Hz, 1H), 1.64 (s, 

3H), 1.36 (s, 3H), 1.06 (s, 9H), 1.00 (s, 21H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 135.7 , 131.9, 130.3, 128.1, 113.4, 

105.9, 105.6, 88.7, 88.1, 83.6, 82.3, 68.3, 31.7, 26.9, 22.8, 18.9, 14.3, 11.2 

MS (ESI) m/z (M+Na)+calcd. 631.3251; found 631.3269  

 

3-Deoxy-1,2-O-isopropylidene-4-C-(triisopropylsylyl)ethynyl-3-C-

methylene-5-O-(tert-butyldiphenylsilyl)-α-L-xylofuranose (68) 

67  (564 mg, 0.926 mmol)  (11.0 mL) 
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nor-AZADO (7.0 mg, 0.0507 mmol), KBr (6.0 mg, 0.0924 mmol) NaHCO3

 (27.0 mL), NaClO  (7.80 mL) , 0 30 . 

,  10%Na2S2O3 , . ,  

, NaCl . 

MgSO4 , 

.  

 (1.01 g, 2.83 mmol) 

THF  (40.0 mL) tert-  (321 mg, 2.86 mmol) , 

2 . , , 1

. ,  , NaCl

, MgSO4 . , ,  

 (Hi-flash 45 g, 

Hexane/AcOEt = 100/0  99/1  95/5) , 68 (403 mg, 

0.666 mmol, 2 71.9%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.68-7.62 (m, 4H), 7.44-7.38 (m, 6H), 

6.04 (d, J = 4.6 Hz, 1H), 5.62 (d, J  = 1.7 Hz, 1H), 5.45 (d,  J  = 1.7 Hz, 1H), 5.16-

5.15 (m, 1H), 3.84 (d, J  = 9.7 Hz, 1H), 3.58 (d, J  = 9.7 Hz, 1H), 1.59 (s, 3H), 

1.45 (s, 3H), 1.01-0.99 (m, 30H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 150.8, 135.7 , 132.8, 130.0, 128.0, 

113.6, 113.5, 105.4, 104.9, 88.0, 83.9, 82.0, 72.1, 30.5, 28.1, 27.6, 26.9, 18.9, 

11.2 

MS (ESI) m/z (M+Na)+calcd. 627.3302; found 627.3332  

 

1,4-Anhydro-3-deoxy-4-C-(triisopropylsylyl)ethynyl-3-C-methylene-5-O-

(tert-butyldiphenylsilyl)-L-xylitol (69) 

68  (403 mg, 0.666 mmol)  (6.60 mL) 

 (318 μL, 2.00 mmol),  

(254 μL, 2.00 mmol) , 0 4 . , 

, NaHCO3 , NaCl .  

MgSO4 , .  

 (Universal  16 g, Hexane/AcOEt = 

95/5  90/10) , 69 (238 mg, 0.434 mmol, 65.2%) . 
1H-NMR (500 MHz, DMSO-d6) δ 7.64-7.62 (m, 4H), 7.49-7.40 (m, 6H), 5.58 (d, 
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J = 5.7 Hz, 1H), 5.32 (d, J  = 2.3 Hz, 1H), 5.27 (d, J = 2.3 Hz, 1H), 4.57-4.53 (m, 

1H), 4.04 (t,  J = 7.5 Hz, 1H), 3.61 (s, 2H), 3.43 (t, J  = 8.6 Hz, 1H), 1.04-0.99 

(m, 30H) 
13C-NMR (126 MHz, DMSO-d6) δ 153.4, 135.1, 132.5, 129.9, 127.8, 108.5, 107.8, 

85.0, 80.4, 71.6, 70.5, 69.5, 26.5, 18.8, 18.4, 10.5 

MS (ESI) m/z (M+Na)+calcd. 571.3040; found 571.3013  

 

[(2′R,4′S)-2-N-Acetyl-2′ ,3′-dideoxy-3′-C-methylene-6-O-

(diphenylaminocarbonyl)-4′-C-(triisopropylsilyl)ethynyl]isoguanosine (70) 

69 (54.8 mg, 0.0998 mmol)  THF  (1.00 mL) 

 (39.3 mg, 0.150 mmol), N2- -O6-(

)  (58.0 mg, 0.150 mmol), 

 (27.7 μL, 0.150 mol) , 1 . ,  

,  . 

 (SNAP 10 g, Hexane/AcOEt = 80/20  70/30) 

, 70 (73.3 mg, 0.0797 mmol, 79.9%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.97 (br, 2H), 7.69 -7.65 (m, 4H), 7.43-

7.26 (m, 15H), 5.68 (br, 1H), 5.56 (s, 1H), 5.43 (s, 1H), 4.45 (dd, J = 10.3, 6.3 

Hz), 4.15 (dd, J = 10.3, 2.3 Hz, 1H), 3.92 (s, 2H), 2.54 (s, 3H), 1.07 -1.04 (m, 

30H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 156.4, 155.1, 152.2, 150.6, 148.6, 

142.3, 135.8, 135.7, 132.8, 132.7, 130.1, 130.0, 129.3, 127.93, 127.91, 120.7, 

114.8, 105.6, 88.1, 81.1, 71.1, 68.4, 57.0, 27.0, 25.3, 19.4, 18.7 , 11.3 

MS (ESI) m/z (M+Na)+calcd. 941.4218; found 941.4191  

 
[(2′R,4′S)-2′,3′-Dideoxy-4′-C-ethynyl-3′-C-methylene]isoguanosine (57)   

70 (138 mg, 0.150 mmol)  

(2.00 mL) 80 . ,  

, THF (1.50 mL) . THF 1M 

TBAF/THF (900 μL, 0.900 mmol) , 40 2 . 

,  ,  

 (SNAP 10 g, AcOEt/MeOH = 93/7  85/15) 
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,  57 (41.2 mg, 0.143 mmol, 95.3%) . 
1H-NMR (500 MHz, METHANOL-d4) δ 7.93 (s, 1H), 5.59 -5.57 (m, 1H), 5.51 (s, 

1H), 5.48 (s, 1H), 4.36 (dd, J = 10.3, 6.3 Hz, 1H), 4.22 (dd, J  = 10.3, 2.9 Hz, 

1H), 3.93 (d, J = 12.0 Hz, 1H), 3.88 (d, J = 12.0 Hz, 1H), 3.06 (s, 1H)  
13C-NMR (126 MHz, METHANOL-d4) δ 159.4, 155.4, 153.0, 150.1, 138.1, 117.2, 

114.8, 83.2, 82.4, 75.9, 72.2, 67.9, 57.7 

MS (ESI) m/z (M+H)+calcd. 288.1097; found 288.1133 

 

4-C-Cyano-1,2-O-isopropylidene-3,5-O-[(R)-(4-methoxyphenyl)methylene]-

α-L-xylofuranose (71) 

64  (12.0 g, 35.5 mmol)  (120 mL) 

nor-AZADO (26.4 mg, 0.191 mmol), KBr (44.4 mg, 0.196 mmol), NaHCO3

 (300 mL), NaClO  (31 mL) 1 . 

, 10%Na2S2O3 , 

.  NaCl , MgSO4 , 

.  

 (180 mL) 

NH2OH HCl (4.92 g, 70.8 mmol) , 1 . ,  

, . 

NaCl , MgSO4 , 

.  

 

(180 mL) 1, 1 ′-  (11.5 g, 70.7 mmol) ,  

. , , 

.  NaCl , MgSO4

, . 

 (ZIP 120 g, Hexane/AcOEt = 85/15  75/25) , 

71  (6.58 g, 19.7 mmol,  55.5%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.37 (d, J  = 8.6 Hz, 2H), 6.90 (d, J = 

8.6 Hz, 2H), 6.13 (d, J = 3.4 Hz, 1H), 5.46 (s, 1H),  4.75 (s, 1H), 4.72 (d, J = 3.4 

Hz, 1H), 4.56 (d, J = 13.2 Hz, 1H), 4.26 (d, J  = 13.2 Hz, 1H), 3.81 (s, 3H), 1.72 

(s, 3H), 1.35 (s, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.7, 128.6, 127.5, 116.9, 114.0, 
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113.9, 107.3, 99.6, 83.8, 81.3, 71.9, 69.6, 55.5, 25.8, 25.0 

 

4-C-Cyano-1,2-O-isopropylidene-α-L-xylofuranose (72) 

71  (3.33 g, 9.99 mmol) 70%  (70.0 mL) 40

. , . 

 (Hi-flash 45 g, Hexane/AcOEt = 50/50 

→ 30/70) , 72 (1.97 g, 9.15 mmol, 91.5%) . 
1H-NMR (500 MHz, DMSO-d6) δ 6.10 (d, J = 5.7 Hz, 1H), 5.96 (d, J  = 3.4 Hz, 

1H), 5.45 (dd, J = 6.3, 5.7 Hz, 1H), 4.57 (d, J = 3.4 Hz, 1H), 4.33 (d, J  = 5.7 Hz, 

1H), 3.71 (dd, J = 10.9, 6.3 Hz, 1H), 3.60 (dd, J = 10.9, 5.7 Hz, 1H), 1.54 (s, 

3H), 1.26 (s, 3H) 
13C-NMR (126 MHz, DMSO-d6) δ 119.6 ,  112.0, 105.8, 85.2, 82.3, 76.6, 61.5, 

25.6, 24.7 

 

4-C-Cyano-1,2-O-isopropylidene-5-O-(tert-butyldiphenylsilyl)-α-L-

xylofuranose (73) 

72 (1.08 g, 5.00 mmol)  (24.0 mL) 

tert-  (1.27 mL, 6.11 mmol), DMAP (30.0 

mg, 0.246 mmol),  (1.20 mL, 8.62 mmol) , 

. , NaHCO3

, MgSO4 . , ,  

 (ZIP 40 g, Hexane/AcOEt = 85/15  

75/25  60/40) , 73 (1.31 g, 2.89 mmol, 57.7%) . 
1H-NMR (500 MHz, DMSO-d6) δ 7.69-7.67 (m, 4H), 7.51-7.44 (m, 6H), 6.24 (d, 

J = 5.7 Hz, 1H), 6.00 (d, J  = 3.4 Hz, 1H), 4.59 (d, J = 3.4 Hz, 1H), 4.43 (d, J  = 

5.7 Hz, 1H), 3.99 (d, J = 10.3 Hz, 1H), 3.75 (d, J = 10.3 Hz, 1H), 1.57 (s, 3H), 

1.27 (s, 3H), 1.02 (s, 9H)  
13C-NMR (126 MHz, DMSO-d6) δ 135.1 , 132.2, 130.1, 128.0, 119.1, 112.2, 106.1, 

85.0, 82.0, 76.8, 63.9, 26.4, 25.6, 24.7, 18.9 

MS (ESI) m/z (M+Na)+calcd. 476.1869; found 476.1898 

 

4-C-Cyano-3-deoxy-1,2-O-isopropylidene-5-O-(tert-butyldiphenylsilyl)-α-L-

xylofuranose (74) 
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73  (420 mg, 0.926 mmol)  (9.00 mL) 

1,1 ′-  (330 mg, 1.85 mmol), DMAP (34.0 mg, 

0.278 mmol) , 40 20 . 

, , NaCl . 

MgSO4 , 

.  

 (18.6 mL) AIBN (61.0 mg, 0.371 mmol),  (1.00 mL, 

3.72 mmol) ,  120 1 . , 

.  

(Hi-flash 14 g, Hexane/DCM = 90/10  70/30  50/50  35/65  0/100) 

, 74 (150 mg, 0.343 mmol, 36.9%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.67-7.64 (m, 4H), 7.48-7.38 (m, 6H), 

5.87 (d, J = 3.4 Hz, 1H), 4.84 (dd, J  = 4.6, 3.4 Hz, 1H), 3.82 (s, 2H), 2.59 (d, J 

= 14.3 Hz, 1H), 2.33 (dd, J  = 14.3, 4.6 Hz, 1H), 1.69 (d, J  = 14.3 Hz, 3H),  1.35 

(s, 3H), 1.07 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 135.7, 132.4, 130.2, 128.0, 119.7, 

113.5, 107.2, 80.4, 78.9, 67.0, 39.4, 26.8, 26.0, 25.6, 19.4  

MS (ESI) m/z (M+Na)+calcd. 460.1920; found 460.1920 

 

1,2-O-Isopropylidene-3,5-O-[(R)-(4-methoxyphenyl)methylene]-4-C-

(napthylmethoxy)methyl-α-L-xylofuranose (76) 

64  (507.5 mg, 1.50 mmol), DMF/THF (1/1, v/v)  

(4.50 mL) 60% in oil (78.0 mg, 1.80 mmol) , 0

1 . , 2-  (398 mg, 1.80 mmol) 

, 30 . 

,  . 

,  NaHCO3 , NaCl . 

MgSO4 , . 

 (Hi-flash 45 g, Hexane/AcOEt = 90/10  75/25 

 50/50) , 76 (686 mg, 1.43 mmol, 95.3%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.89-7.79 (m, 3H), 7.77 (s, 1H), 7.55-

7.43 (m, 3H), 7.40 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 6.07 (d, J = 4.0 
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Hz, 1H), 5.43 (s, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.69-4.66 (m, 3H), 4.27 (d, J  = 

13.2 Hz, 1H), 4.20 (d, J  = 13.2 Hz, 1H), 3.82 (d, J = 9.7 Hz, 1H), 3.80 (s, 3H),  

3.47 (d, J = 9.7 Hz, 1H), 1.27 (s, 3H), 1.24 (s, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 160.3, 135.3, 133.4, 133.2, 130.2, 

128.5, 128.0, 127.8, 127.6, 126.8, 126.3, 126.1, 125.9, 113.8, 111.9, 106.1, 98.8, 

85.6, 81.9, 78.9, 73.9, 70.3, 69.7, 55.5, 25.8, 25.3 

MS (ESI) m/z (M+Na)+calcd. 383.1471; found 383.1599 

 

1,2-O-Isopropylidene-4-C-(napthylmethoxy)methyl-α-L-xylofuranose (77) 

76  (107.5 mg, 0.225 mmol) 70%  (16.0 mL) 30

30 . , NaHCO3 , 

. .  

 (Hi-flash 45 g, 

Hexane/AcOEt = 50/50 → 30/70) , 78  (1.97 g, 9.15 mmol, 

91.5%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.85-7.81 (m, 3H), 7.75 (s, 1H), 7.49-

7.43 (m, 3H), 5.96 (d, J = 4.0 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 

12.0 Hz, 1H), 4.62 (d, J  = 4.0 Hz, 1H), 4.47 (d, J  = 4.6 Hz, 1H), 4.02 (dd, J  = 

12.0, 5.7 Hz, 1H), 3.82 (dd, J  = 12.0, 7.5 Hz, 1H), 3.79 (d, J = 9.2 Hz, 1H), 3.66 

(d, J = 4.6 Hz, 1H), 3.61 (d, J = 9.2 Hz, 1H), 2.73 (dd, J = 7.5, 5.7 Hz, 1H), 1.57 

(s, 9H), 1.32 (s, 3H), 1.26 (s, 3H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 134.9, 133.34, 133.25, 128.6, 128.0, 

127.8, 127.0, 126.4, 126.2 , 125.8, 112.4, 105.6, 88.0, 87.7, 78.4, 74.1, 73.3, 65.8, 

26.7, 26.0 

MS (ESI) m/z (M+Na)+calcd. 501.1889; found 501.1933  

 

1,2-O-Isopropylidene-4-C-(naphthylmethoxy)methyl-5-O-(tert-

butyldimethylsilyl)-α-L-xylofuranose (78) 

77  (106 mg, 0.293 mmol)  (2.94 mL) 

tert-  (49.0 mg, 0.326 mmol), DMAP (2.0 

mg, 0.0164 mmol),  (70.2 μL, 0.504 mmol) , 0

. , , NaHCO3
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,  NaCl , MgSO4 . 

,  

(Universal 16 g, Hexane/AcOEt = 85/15  50/50) , 78 (76.7 

mg, 0.162 mmol, 55.3%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.83-7.80 (m, 3H), 7.76 (s, 1H), 7.48-

7.44 (m, 3H), 5.96 (d, J = 4.0 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.69 (d, J = 

12.6 Hz, 1H), 4.57 (d, J = 4.0 Hz, 1H), 4.24 (d, J = 6.9 Hz, 1H), 4.08 (d, J = 10.9 

Hz, 1H), 3.99 (d, J = 6.9 Hz, 1H), 3.79 (d, J = 10.3 Hz, 1H), 3.62 (d, J = 9.7 Hz, 

1H), 3.56 (d, J  = 9.7 Hz, 1H), 1.36 (s, 3H), 1.29 (s, 3H), 0.90 ( s, 9H), 0.11 (s, 

3H), 0.09 (s, 3H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 135.4, 133.3, 133.1, 128.3, 128.0, 

127.8, 126.7, 126.2, 126.0, 125.9, 112.8, 105.3, 88.9, 88.5, 79.3, 73.8, 71.6, 65.3, 

27.1, 26.6, 25.8, 18.1, -5.4, -5.6 

MS (ESI) m/z (M+Na)+calcd. 497.2335; found 497.2392 

 

4-C-Benzoyloxymethyl-1,2-O-isopropylidene-3,5-O-[(R)-(4-

methoxyphenyl)methylene]-α-L-xylofuranose (80) 

,  64 (1.09 g, 3.21 mmol) 

/  (5/1, v/v)  (36.0 mL)  (410 

μL, 3.53 mmol) , 3.5 . ,  

, . 

MgSO4 . 

 (Presep 50 g, Hexane/AcOEt = 85/15) , 

 80  (1.31 g, 2.97 mmol, 92.5%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.07 (d, J = 7.5 Hz, 2H), 7.61 (t, J = 

7.5 Hz, 1H), 7.48 (t, J = 7.5 Hz, 2H), 7.43 (d, J = 8.6 Hz, 1H), 6.91 (d, J  = 8.6 

Hz, 2H), 6.15 (d, J  = 4.0 Hz, 1H), 5.45 (s, 1H), 4.74 (d, J  = 4.0 Hz, 1H), 4.63 (s, 

1H), 4.62 (d, J = 11.5 Hz, 2H), 4.47 (d, J  = 11.5 Hz, 1H), 4.38 (d, J  = 13.2 Hz, 

1H), 4.18 (d, J = 13.2 Hz, 1H), 3.81 (s, 3H), 1.65 (s, 3H), 1.32 (s, 3H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 165.9 , 160.4, 133.5, 129.8, 129.6, 

128.7, 127.5, 113.8, 112.5, 106.4, 99.1, 85.3, 80.7, 79.2, 69.4, 64.7, 55.5, 26.1, 

25.4 

MS (ESI) m/z (M+Na)+calcd. 465.1525; found 465.1658  
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4-C-Benzoyloxymethyl-1,2-O-isopropylidene-α-L-xylofuranose (81) 

 80 (1.31 g, 2.97 mmol)  (2.50 mL) 

80%  (12.5 mL) , 24 . , 

NaHCO3 , . 

MgSO4 , . 

 (Presep 50 g, Hexane/AcOEt = 50/50 → 35/65) 

,   81  (788 mg, 2.43 mmol, 81.8%) . 
1H-NMR (500 MHz, DMSO-d6) δ 8.04-7.90 (m, 2H), 7.75-7.61 (m, 1H), 7.61-

7.48 (m, 2H), 5.90 (d, J = 4.0 Hz, 1H), 5.57 (d, J = 5.2 Hz, 1H), 4.72 (t, J = 6.3 

Hz, 1H), 4.55 (d, J  = 5.2 Hz, 1H), 4.43 (d, J = 10.9 Hz, 1H), 4.36 (d, J  = 10.9 

Hz, 1H), 4.13 (d, J  = 6.3 Hz, 1H), 3.62 (d, J = 6.3 Hz, 2H), 1.45 (s, 3H), 1.24 (s, 

3H) 
13C-NMR (126 MHz, DMSO-d6) δ 165.4, 133.5, 129.6, 129.2, 128.8, 111.3, 104.5, 

88.66, 87.4, 75.5, 63.3, 60.1, 26.5, 26.0 

MS (ESI) m/z (M+Na)+calcd. 347.1107; found 347.1076 

 

4-C-Benzoyloxymethyl-1,2-O-isopropylidene-5-O-(tert-butyldiphenylsilyl)-

α-L-xylofuranose (82) 

,   81  (788 mg, 2.43 mmol) DMF  

(24.3 mL) tert-  (749 μL, 2.92 mmol),  

 (331 mg, 4.86 mmol) , 30 72 . 

, , . 

, NaCl ,  MgSO4 , 

.   

(ZIP 40 g, Hexane/AcOEt = 80/20 → 50/50) ,  82 (1.19 g, 

2.11 mmol, 86.8%) . 
1H-NMR (500 MHz, DMSO-d6) δ 7.95 (d, J  = 8.0 Hz, 2H), 7.72 (t, J = 6.9 Hz, 

1H), 7.65-7.55 (m, 6H), 7.41 (m, 2H), 7.34 (t, J  = 7.5 Hz, 2H), 7.28 (t, J = 7.5 

Hz, 2H), 5.95 (d, J = 4.0 Hz, 1H), 5.73 (d, J = 5.2 Hz, 1H), 4.65 (d, J = 10.9 Hz, 

1H), 4.57 (d, J  = 4.0 Hz, 1H), 4.45 (d, J  = 10.9 Hz, 1H), 4.23 (d, J = 5.2 Hz, 1H), 

3.93 (d, J  = 10.3 Hz, 1H), 3.78 (d, J = 10.3 Hz, 1H), 1.48 (s, 3H), 1.25 (s, 3H), 

0.92 (s, 9H) 
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13C-NMR (126 MHz, DMSO-d6) δ 165.3, 135.1, 135.0, 133.6, 132.6, 132.5, 129.8, 

129.8, 129.4, 129.2, 128.8, 127.85, 127.79, 111.2, 104.9, 88.8, 87.1, 75.3, 63.1, 

62.6, 26.4, 26.3, 25.7, 18.7  

MS (ESI) m/z (M+Na)+calcd. 585.2285; found 585.2220  

 

4-C-Benzoyloxymethyl-3-deoxy-1,2-O-isopropylidene-5-O-(tert- 

butyldiphenylsilyl)-α-L-xylofuranose (83) 

,   82  (578 mg, 1.03 mmol) THF  

(10.3 mL)  (373 μL, 6.18 mmol),  (385 μL, 6.18 

mmol) , 0 20 . ,  60% in oil  

(82.4 mg, 2.06 mmol) 0 30 . 

,  ,  , NaCl

. MgSO4 , 

.  

, 

 (10.0 mL) AIBN (84.5 mg, 0.515 mmol), 

 (949 μL, 3.09 mmol) , 80 2 . 

,  

 (ZIP 40 g, Hexane/AcOEt = 91/9) , 83 (512 

mg, 0.936 mmol, 90.9%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.92 (dd, J = 8.6, 1.1 Hz, 2H), 7.72-

7.60 (m, 4H), 7.55 (t, J = 7.4 Hz, 1H), 7.47-7.27 (m, 8H), 5.91 (d, J = 4.0 Hz, 

1H), 4.82 (m, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 3.71 (s, 

2H), 2.31 (dd, J = 14.3, 6.3 Hz, 1H), 2.20 (d, J = 14.3 Hz, 1H), 1.60 (s, 3H), 1.33 

(s, 3H), 1.04 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.2 , 135.8, 135.7, 133.13, 133.08, 

130.1, 129.9, 128.4, 127.9, 112.8, 107.0, 87.1, 81.4, 66.9, 66.3, 36.0, 27.4, 26.9, 

26.3, 19.3 

MS (ESI) m/z (M+Na)+calcd. 569.2335; found 569.2394  

 

1,4-Anhydro-4-C-Benzoyloxymethyl-3-deoxy-5-O-(tert-butyldiphenylsilyl)- 

L-xylitol (84) 
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,   83 (188 mg, 0.344 mmol) 

 (3.44 mL)  (164 μL, 1.03 mmol), 

 (131 μL, 1.03 mmol) , 0 4 . 

, , NaHCO3 , NaCl

. MgSO4 , 

.  (SNAP 10 g, 

Hexane/AcOEt = 75/25) , 84 (72.7 mg, 0.148 mmol, 

43.0%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.98 (dd, J  = 8.02, 1.2 Hz, 2H), 7.72-

7.61 (m, 4H), 7.56 (t, J = 7.4 Hz, 1H), 7.48-7.29 (m, 8H), 4.56 (d, J = 11.5 Hz, 

1H), 4.50 (d, J = 11.5 Hz, 1H), 4.48-4.45 (m, 2H), 3.91 (dt, J = 9.7, 1.7 Hz, 1H) 

3.87 (dd, J  = 9.7, 4.0 Hz, 1H), 3.72 (d, J  = 10.3 Hz, 1H), 3.62 (d , J = 10.3 Hz, 

1H), 2.27 (dd, J  = 14.3, 6.3 Hz, 1H), 2.19 (d, J  = 6.3 Hz, 1H), 1.98 (dt, J  = 14.3, 

1.7 Hz, 1H), 1.07 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.6, 135.7, 133.2, 133.1, 130.1, 

129.9, 129.8, 128.6, 127.9, 84.2, 76.0, 72.7, 66.9, 66.2 , 39.9, 26.9, 19.4 

MS (ESI) m/z (M+Na)+calcd. 513.2073; found 513.2028  

 

[(2′R,4′S)-4′-C-Benzoyloxymethyl-2′3′-dideoxy-5′-O-(tert-

butyldiphenylsilyl)-6-N-ditert- butoxycarbonyl]isoadenosine (85) 

,  84 (353 mg, 0.719 mmol) THF  

(7.20 mL)  (415 mg, 1.58 mmol), N6-di tert-

 (531 mg, 1.58 mmol), 

 (370 mg, 1.58 mmol) , 18 . 

, ,  NaCl . 

MgSO4 , . 

 (ZIP 40 g, Hexane/AcOEt = 75/25) 

,  85  (460 mg, 0.559 mmol, 77.7%) . 
1H-NMR (500 MHz, METHANOL-d4) δ 8.77 (s, 1H), 8.48 (s, 1H), 7.99 (d, J = 

7.5 Hz, 2H), 7.64-7.56 (m, 5H), 7.46 (t, J = 8.0 Hz, 2H), 7.38-7.22 (m, 6H), 5.45-

5.42 (m, 1H), 4.62 (d, J = 11.5 Hz, 1H), 4.45 (d, J  = 11.5 Hz, 1H), 4.43-4.37 (m, 

2H), 3.95 (d, J = 10.3 Hz, 1H), 3.77 (d, J = 10.3 Hz, 1H), 2.70 (dd, J = 13.8, 8.0 

Hz, 1H), 2.57 (dd, J  = 13.8, 5.7 Hz, 1H), 1.38 (s, 18H), 0.99 (s, 9H)  
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13C-NMR (126 MHz, METHANOL-d4) δ 166.3, 153.3, 151.6, 150.3, 149.7, 145.0, 

135.4, 133.2, 132.7, 129.82, 129.77, 129.4, 129.0, 128.4, 127.6, 84.6, 84.0, 70.2, 

65.7, 65.1, 55.8, 36.5, 26.7, 26.0, 18.7 

MS (ESI) m/z (M+H)+calcd. 808.3742; found 808.3758  

 

[(2′R,4′S)-2′,3′-Dideoxy-4′-C-Hydroxymethyl-5′-O-(tert-butyldiphenylsilyl)-

6-N-tert-butoxycarbonyl]isoadenosine (86) 

 85  (129 mg, 0.160 mmol)  

(30 mL) 17 . , ,  

 (SNAP 10 g, 

Hexane/AcOEt = 25/75 → 0/100) ,  86  (79.3 mg, 0.131 

mmol, 81.9%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.71 (s, 1H), 8.03 (s, 1H), 7.89 (s, 1H), 

7.67-7.57 (m, 4H), 7.51-7.28 (m, 6H), 5.26-5.23 (m, 1H), 4.37 (dd, J = 9.2, 6.3 

Hz, 1H), 4.19 (dd, J  = 9.2, 6.3 Hz, 1H), 3.85 (d, J  = 10.3 Hz, 1H), 3.78-3.65 (m, 

3H), 2.52 (dd, J = 13.8, 8.0 Hz, 1H), 2.44 (dd, J = 13.8, 6.9 Hz, 1H), 2.20 (s, 

1H), 1.57 (s, 9H), 1.04 (s, 9H)  
13C-NMR (126 MHz, CHLOROFORM-d) δ 153.0, 151.1, 150.0, 149.8, 140.4, 

135.7, 132.9, 130.09, 130.07, 127.9, 121.9, 86.2, 82.4, 71.3, 66.6, 65.7, 55.1, 

36.3, 28.3, 27.0, 19.4 

MS (APCI) m/z (M+Na)+calcd. 626.2775; found 626.2814 

 

[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoy-5′-O-(tert-butyldiphenylsilyl)-6-N-(tert- 

butoxycarbonyl)] isoadenosine (87) 

,  86  (682 mg, 1.13 mmol) 

 (22.6 mL)  (717 mg, 1.69 mmol) 

, 2 . , , 

10%Na2S2O3 . ,  NaCl

, MgSO4 , ,  

.  

 (11.3 mL) 

NH2OH HCl (177 mg, 2.54 mmol) , 2 . 
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, NaHCO3 , MgSO4

. ,  , .  

 

(11.3 mL) 1, 1 ′-  (366 mg, 2.26 mmol) ,  

1.5 . , , 

NaCl . MgSO4 , 

.   (SNAP 25 

g, Hexane/AcOEt = 50/50) , 87 (420 mg, 0.701 mmol, 

62.0%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.71 (s, 1H), 7.91 (s, 1H), 7.90 (s, 1H), 

7.66-7.62 (m, 4H), 7.47-7.34 (m, 6H), 5.50-5.48 (m, 1H), 4.46 (dd, J = 10.3, 6.3 

Hz, 1H), 4.39 (dd, J = 10.3, 3.4 Hz, 1H), 3.99 (d, J = 10.9 Hz, 1H), 3.93 (d, J = 

10.9 Hz, 1H), 3.03 (dd, J = 14.3, 8.0 Hz, 1H), 2.69 (dd, J = 14.3, 5.2 Hz, 1H), 

1.08 (s, 9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 153.2, 150.8, 150.2, 149.7, 140.0, 

135.7, 132.1, 130.3, 128.1, 121.8, 119.1, 82.5, 80.5, 73.0, 66.5, 54.0, 41.0, 28.3, 

26.9, 19.4 

MS (APCI) m/z (M+Na)+calcd. 621.2622; found 621.2579 

 

[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoxy]isoadenosine (58) 

87  (252 mg, 0.420 mmol) 80%  (5.00 mL) 

5 . , , NaHCO3 , 

.  MgSO4 , 

Boc . 

Boc  (4.20 mL)  

(238 mg, 4.18 mmol) , 60 90 . , 

. 

,  58  (73.8 mg, 0.284 mmol, 67.6%) . 
1H-NMR (500 MHz, DMSO-d6) δ 8.17 (s, 1H), 8.15 (s, 1H), 7.26 (s, 2H), 5.82 (t, 

J = 6.3 Hz, 1H), 5.42-5.37 (m, 1H), 4.38 (dd, J = 9.7, 4.0 Hz, 1H), 4.29 (dd, J = 

9.7, 6.3 Hz, 1H), 3.72 (d, J  = 6.3 Hz, 2H), 2.97 (dd, J  = 14.3, 8.0 Hz, 1H), 2.65 

(dd, J = 14.3, 5.7 Hz, 1H) 
13C-NMR (126 MHz, DMSO-d6) δ 156.0 , 152.5, 149.3, 138.9, 120.2, 118.8, 80.4, 
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72.1, 64.5, 53.5, 39.9 

MS (ESI) m/z (M+H)+calcd. 261.1100; found 261.1051 

 

[(2′R,4′S)-4′-C-Benzoyloxymethyl-2′,3′-dideoy-5′-O-(tert-

butyldiphenylsilyl)]-2-amino-6-chloropurine isonucleoside (88) 

,  84 (1.36 g, 2.77 mmol) THF  (28.0 

mL)  (2.18 g, 8.31 mmol), 2- -6-

 (705 mg, 4.16 mmol),  (804 μL, 4.15 

mmol) , 0 30 , . 

, 

 (SNAP 10 g, Hexane/AcOEt = 50/50  25/75) , 

88  (480 mg, 0.747 mmol, 27.0%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 8.02 (d, J = 6.9 Hz, 2H), 7.75 (s, 1H), 

7.63-7.57 (m, 5H), 7.46 (t, J = 8.0 Hz, 2H), 7.42-7.37 (m, 2H), 7.34-7.28 (m, 

4H), 5.14-5.10 (m, 1H), 4.98 (s, 2H), 4.57 (d, J = 11.5 Hz, 1H), 4.44 (d, J = 11.5 

Hz, 1H), 4.37 (dd, J  = 9.7, 5.7 Hz, 1H), 4.21 (dd, J  = 9.7, 5.2 Hz, 1H), 3.96 (d, 

J = 10.3 Hz, 1H), 3.65 (d, J  = 10.3 Hz, 1H), 2.52 (dd, J  = 13.8, 8.0 Hz, 1H), 2.39 

(dd, J = 13.8, 5.7 Hz, 1H), 1.04 (s,  9H) 
13C-NMR (126 MHz, CHLOROFORM-d) δ 166.4, 159.0, 153.6, 151.7, 140.1, 

135.6, 133.4, 132.7, 130.8, 129.9, 129.8, 128.6, 127.9, 125.6, 84.8, 71.1, 66.0, 

65.7, 54.7, 37.1, 26.9, 19.3 

MS (ESI) m/z (M+H)+calcd. 642.2303; found 642.2264  

 

[(2′R,4′S)-2′,3′-Dideoxy-4′-C-hydroxymethyl-5′-O-(tert-butyldiphenylsilyl)]-

2-amino-6-chloropurineisonucleoside (89) 

88  (470 mg, 0.732 mmol)  

(50 mL) . , , 

 (Universal 16 g, 

Hexane/AcOEt = 50/50  40/60  30/70) , 89  

(353 mg, 0.655 mmol, 89.5%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.72 (s, 1H), 7.65-7.60 (m, 4H), 7.44-

7.33 (m, 6H), 5.06-5.03 (m, 1H), 4.95 (s, 2H), 4.31 (dd, J  = 9.2, 6.3 Hz, 1H), 

4.13 (dd, J = 9.2, 6.9 Hz, 1H), 3.86 (d, J = 10.3 Hz, 1H), 3.75 (dd, J = 11.5, 6.3 



68 
 

Hz, 1H), 3.68 (dd, J = 11.5, 6.3 Hz, 1H), 3.63 (d, J  = 10.3 Hz, 1H), 2.46 (dd, J  

= 13.2, 8.6 Hz, 1H), 2.32 (dd, J  = 13.2, 6.9, 1H), 1.05 (s, 9H)  
13C-NMR (126 MHz, CHLOROFORM-d) 159.0, 153.7, 151.7, 140.2, 135.7, 132.9, 

130.1, 128.0, 125.6, 86.2, 70.9, 66.6, 65.9, 54.8, 36.1, 27.0, 19.4 

MS (ESI) m/z (M+H)+calcd. 538.2041; found 538.2028  

 

[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoxy-5′-O-(tert-butyldiphenylsilyl)]-2-amino-

6-chloropurineisonucleoside (90) 

,  89  (153 mg, 0.284 mmol) 

 (5.68 mL)  (181 mg, 0.427 mmol) 

, 1 . , 

, 10%Na2S2O3 . ,  NaCl

, MgSO4 , 

.  

 (2.84 mL) 

NH2OH HCl (38.8 mg, 0.558 mmol) , . , 

, NaHCO3 . 

MgSO4 , 

.  

  

(5.68 mL) 1, 1 ′-  (91.7 mg, 0.566 mmol) 

,  5 . , , 

NaCl . MgSO4 , 

.   (SNAP 10 

g, Hexane/AcOEt = 60/40  55/45) , 90  (35.5 mg, 

0.0666 mmol, 23.5%) . 
1H-NMR (500 MHz, CHLOROFORM-d) δ 7.72 (s, 1H), 7.66-7.63 (m, 4H), 7.47-

7.35 (m, 6H), 5.32-5.27 (m, 1H), 5.06 (s, 2H), 4.42 (dd, J = 10.3, 6.3 Hz, 1H), 

4.34 (dd, J = 10.3, 4.0 Hz, 1H), 4.00 (d, J  = 10.9 Hz, 1H), 3.87 (d, J  = 10.9 Hz, 

1H), 2.96 (dd, J = 14.3, 8.0 Hz, 1H), 2.56 (dd, J = 14.3, 5.2 Hz, 1H), 1.09 (s, 

9H) 
13C-NMR (126 MHz, CHLOROFORM-d) 159.0, 153.3, 151.9, 139.6, 135.6, 132.1, 

130.3, 128.1, 125.4, 119.1, 80.4, 72.6, 66.6, 53.7, 40.9, 26.8, 19.3 
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MS (ESI) m/z (M+H)+calcd. 533.1888; found 533.1858 

 

[(2′R,4′S)-2-Amino-4′-C-cyano-2′,3′-dideoy]isoadenosine (59) 

 90 (36.8 mg, 0.0690 mmol) 

 (20.0 mL) 80 . , 

.  

THF  (2.76 mL) 1.0 M TBAF in THF (138 

μL, 0.138 mmol) , 40 . ,  

,  

(SNAP 10 g, DCM/AcOEt = 90/10  85/15) , 59 (11.4 

mg, 0.0413 mmol, 59.9%) . 
1H-NMR (500 MHz, METHANOL-d4) δ 7.92 (s, 1H), 5.32-5.30 (m, 1H), 4.39 (dd, 

J = 10.3, 4.0 Hz, 1H), 4.36 (dd, J  = 10.3, 6.3 Hz, 1H), 3.89 (d, J  = 12.0 Hz, 1H), 

3.81 (d, J = 12.0 Hz, 1H), 2.97 (dd, J = 14.3, 8.0 Hz, 1H), 2.67 (dd, J = 14.3, 5.2 

Hz, 1H) 
13C-NMR (126 MHz, METHANOL-d4) 160.6, 156.3, 151.4, 136.2, 119.2, 112.8, 

80.6, 72.6, 64.5, 53.8, 39.6 

MS (ESI) m/z (M+H)+calcd. 276.1209; found 276.1167 

 

[(2′R,4′S)-4′-C-Cyano-2′,3′-dideoy]isoadenosine phosphoramidite (60) 

59 (70.0 mg, 0.269 mmol) THF  (1.35 mL) 1-

 (353.8 μL 4.44 mmol), 1.0 M ( ) 

 in THF (1.35 mL, 1.35 mmol) , 24

. , , 10% , , 

NaHCO3 . MgSO4 , 

.   

(SNAP 10 g, DCM/MeOH = 97/3  93/7  90/10  80/20) , 

60  (12.5 mg, 0.0249 mmol, 9.26%) . 
1H-NMR (500 MHz, METHANOL-d4) δ 8.10-8.07 (m, 2H), 7.25-7.18 (m, 2H), 

7.11-7.05 (m, 3H), 5.40-5.37 (m, 1H), 4.46-4.30 (m, 4H), 3.90-3.86 (m, 1H), 

3.58-3.56 (m, 3H), 3.02-2.97 (m, 1H), 2.72-2.61 (m, 1H), 1.26-1.22 (m, 3H) 
13C-NMR (126 MHz, METHANOL-d4) δ 175.53, 175.49, 175.35, 175.31, 157.35, 

153.83, 151.89, 151.85, 150.56, 150.48, 140.65, 140 .60, 130.79, 130.74, 126.34, 
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126.22, 121.49, 121.45, 121.27, 121.23, 120.29, 119.39, 119.25, 79.97. 79.90. 

73.82, 73.66, 69.21, 69.17, 68.60, 55.74, 55.71, 52.80, 51.60, 51.42, 41.38, 41.28, 

20.36, 20.30, 20.25, 20.19  
31P-NMR (202 MHz, METHANOL-d4) δ 3.02, 2.72 

MS (ESI) m/z (M+H)+calcd. 502.1604; found 502.1588 
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