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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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2-Cyanoethyl-N,N-diisopropyl-(1,2,3,4-tetra-O-acetyl-α-D-glucopyranoside-6-yl)phosphoramidite (7) 
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5-Iodo-3’-O-levulinyl-2’-deoxyuridine (8c) 
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5-Iodo-3’-O-levulinyl-2’-deoxyuridine (8c) 
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5-Iodo-3’-O-levulinyl-2’-deoxyuridine (8c) 
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5-Iodo-5’-O-levulinyl-2’-deoxyuridine (8d) 
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5-Iodo-5’-O-levulinyl-2’-deoxyuridine (8d) 
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1-(2’,3’-Di-O-acetyl-β-D-ribofuranosyl)-1H-1,2,4-triazole-3-carboxamide (8g) 

(ppm)
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1-(2’,3’-Di-O-acetyl-β-D-ribofuranosyl)-1H-1,2,4-triazole-3-carboxamide (8g) 
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1-(2’,3’-Di-O-acetyl-β-D-ribofuranosyl)-1H-1,2,4-triazole-3-carboxamide (8g) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9a) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9a) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9a) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9a) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(2’,3’-didehydro-2’,3’-dideoxythymidin-5’-yl)-1,2,3,4-tetra-O-acetyl-�-D-glucopyranos-6-yl phosphate (9b) 
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2-Cyanoethyl-(3’-O-levulinyl-5-iodo-2’-deoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9c) 
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-Cyanoethyl-(3’-O-levulinyl-5-iodo-2’-deoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9c) 
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-Cyanoethyl-(3’-O-levulinyl-5-iodo-2’-deoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9c) 
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 S48 

-Cyanoethyl-(3’-O-levulinyl-5-iodo-2’-deoxyuridin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9c) 
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 S49 

2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 

 

(ppm)

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

 

NH

O

ON

OO

O

I

O

O

O
AcO

AcO

OAc
AcO

O
P

O

1
6

1'

1''

CN
O 1'''

9d

1H-RMN (MeOH-d4, 600 MHz)



 S50 

2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 

 

(ppm)
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2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 

 

(ppm)
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 S52 

2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 
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 S53 

2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 
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 S54 

2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 
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 S55 

2-Cyanoethyl-(5’-O-levulinyl-5-iodo-2’-deoxyuridin-3’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9d) 
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 

(ppm)
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 

(ppm)
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 

(ppm)
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 

(ppm)
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 
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2-Cyanoethyl-(2’,3’-dideoxyinosin-5’-yl)-1,2,3,4-tetra-O-acetyl-α-D-glucopyranos-6-yl phosphate (9e) 
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2-Cyanoethyl-[N
6
-(dimethylamino)methylen-2’,3’-dideoxyadenosin-5’-yl]-1,2,3,4-tetra-O-acetyl- 

�-D-glucopyranos-6-yl phosphate (9f) 
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2-Cyanoethyl-[N
6
-(dimethylamino)methylen-2’,3’-dideoxyadenosin-5’-yl]-1,2,3,4-tetra-O-acetyl- 

�-D-glucopyranos-6-yl phosphate (9f) 
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2-Cyanoethyl-[N
6
-(dimethylamino)methylen-2’,3’-dideoxyadenosin-5’-yl]-1,2,3,4-tetra-O-acetyl- 

�-D-glucopyranos-6-yl phosphate (9f) 
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2-Cyanoethyl-[N
6
-(dimethylamino)methylen-2’,3’-dideoxyadenosin-5’-yl]-1,2,3,4-tetra-O-acetyl- 

�-D-glucopyranos-6-yl phosphate (9f) 

(ppm)

-80-60-40-20020406080

 

O
AcO

AcO

OAc
AcO

O
P

OO

O
O

NC

1'

5'
6''

1''

2

1'''
N

NN

N
8

6
N NMe2

9f

31P-RMN (MeOH-d4, 242.9 MHz)



 S67 

2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 

(ppm)
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 S68 

2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 
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 S70 

2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 
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 S71 

2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 
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 S72 

2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 

 

 

O
AcO

AcO

OAc
AcO

O
P

O
O

NC

6''

1''

1'''

NN

N

OO

AcO OAc

NH2

O

1'

5

9g

HSQC (MeOH-d4, 600 MHz)



 S73 

2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(3-carbamoyl-1,2,4-triazoyl)-β-D-ribofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

αααα-D-glucopyranos-6-yl phosphate (9g) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
6
-benzoyladeninyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9h) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
6
-benzoyladeninyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9h) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
6
-benzoyladeninyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9h) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
6
-benzoyladeninyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9h) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
6
-benzoyladeninyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9h) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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-benzoyladeninyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9h) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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α-D-glucopyranos-6-yl phosphate (9i) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
4
-benzoylcytosinyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9i) 
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2-Cyanoethyl-[2’,3’-di-O-acetyl-1’-(N
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-benzoylcytosinyl)-β-D-arabinofuranos-5’-yl]-1,2,3,4-tetra-O-acetyl- 

α-D-glucopyranos-6-yl phosphate (9i) 
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2’,3’-Didehydro-2’,3’-dideoxyuridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10a) 

(ppm)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0

 

O
HO

HO

OH

O
P

NH

O

ON

OO

O

1'

5'
6''

1''

1
6

OH

HO

10a

1H-RMN (D2O, 400 MHz)



 S89 

2’,3’-Didehydro-2’,3’-dideoxyuridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10a) 

(ppm)
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2’,3’-Didehydro-2’,3’-dideoxyuridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10a) 

(ppm)
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2’,3’-Didehydro-2’,3’-dideoxyuridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10a) 

(ppm)

-80-60-40-20020406080

 
 

O
HO

HO

OH

O
P

NH

O

ON

OO

O

1'

5'
6''

1''

1
6

OH

HO

10a

31P-RMN (D2O, 161.9 MHz)



 S92 

2’,3’-Didehydro-2’,3’-dideoxyuridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10a) 
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 S93 

2’,3’-Didehydro-2’,3’-dideoxythymidine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10b) 

 

(ppm)
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2’,3’-Didehydro-2’,3’-dideoxythymidine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10b) 

(ppm)
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2’,3’-Didehydro-2’,3’-dideoxythymidine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10b) 

(ppm)
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2’,3’-Didehydro-2’,3’-dideoxythymidine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10b) 

 

(ppm)
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 S97 

2’,3’-Didehydro-2’,3’-dideoxythymidine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10b) 
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2’,3’-Didehydro-2’,3’-dideoxythymidine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10b) 
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 S99 

2’-Deoxy-5-iodouridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10c) 

(ppm)
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2’-Deoxy-5-iodouridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10c) 

(ppm)
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2’-Deoxy-5-iodouridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10c) 

(ppm)
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2’-Deoxy-5-iodouridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10c) 

 

(ppm)
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2’-Deoxy-5-iodouridine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10c) 
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 S104 

2’-Deoxy-5-iodouridine 3’-(αααα/β-D-glucopyranos-6-yl) phosphate (10d) 

(ppm)
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2’-Deoxy-5-iodouridine 3’-(αααα/β-D-glucopyranos-6-yl) phosphate (10d) 

(ppm)
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2’-Deoxy-5-iodouridine 3’-(αααα/β-D-glucopyranos-6-yl) phosphate (10d) 

(ppm)
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2’-Deoxy-5-iodouridine 3’-(αααα/β-D-glucopyranos-6-yl) phosphate (10d) 

(ppm)
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2’-Deoxy-5-iodouridine 3’-(αααα/β-D-glucopyranos-6-yl) phosphate (10d) 
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2’,3’-Dideoxyinosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10e) 

(ppm)
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2’,3’-Dideoxyinosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10e) 
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2’,3’-Dideoxyinosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10e) 

(ppm)
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2’,3’-Dideoxyinosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10e) 

(ppm)

-80-60-40-20020406080

 

 

 

 

O
HO

HO

OH

O
P

OO

O

1'

5'
6''

1''

2

NH

NN

N

O

8

6

OH

O

NH4

10e

31P-RMN (D2O, 161.9 MHz)



 S113 

2’,3’-Dideoxyinosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10e) 
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 S114 

2’,3’-Dideoxyadenosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10f) 

(ppm)
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 S115 

2’,3’-Dideoxyadenosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10f) 

(ppm)
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 S116 

2’,3’-Dideoxyadenosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10f) 

 

(ppm)
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 S117 

2’,3’-Dideoxyadenosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10f) 

(ppm)
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2’,3’-Dideoxyadenosine 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10f) 
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 S119 

1’-(3-Carbamoyl-1,2,4-triazoyl)-β-D-ribofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10g) 

(ppm)
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 S120 

1’-(3-Carbamoyl-1,2,4-triazoyl)-β-D-ribofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10g) 

(ppm)
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 S121 

1’-(3-Carbamoyl-1,2,4-triazoyl)-β-D-ribofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10g) 

 

(ppm)
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 S122 

1’-(3-Carbamoyl-1,2,4-triazoyl)-β-D-ribofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10g) 

 

(ppm)
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 S123 

1’-Adeninyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10h)  

 

(ppm)
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1’-Adeninyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10h) 
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1’-Adeninyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10h) 

(ppm)
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1’-Adeninyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10h) 

(ppm)
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1’-Adeninyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10h) 
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 S128 

1’-Cytosinyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10i) 

(ppm)
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1’-Cytosinyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10i) 

(ppm)
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1’-Cytosinyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10i) 

(ppm)
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1’-Cytosinyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10i) 

(ppm)
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1’-Cytosinyl-β-D-arabinofuranose 5’-(αααα/β-D-glucopyranos-6-yl) phosphate (10i) 
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 S133 

1-(5’-O-dimethoxytrityl-β-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (14) 

(ppm)

23456789

 

 

NN

N

OO

HO OH

NH2

O
OMe

OMe

14

1H-RMN (MeOH-d4, 300 MHz)



 S134 

1-(5’-O-dimethoxytrityl-β-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (14) 

 

(ppm)
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1-(5’-O-dimethoxytrityl-β-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (14) 

 

(ppm)
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 S136 

1-(2’,3’-di-O-acetyl-5’-O-dimethoxytrityl-β-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (15). 

(ppm)
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1-(2’,3’-di-O-acetyl-5’-O-dimethoxytrityl-β-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (15). 

(ppm)
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1-(2’,3’-di-O-acetyl-5’-O-dimethoxytrityl-β-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (15). 

(ppm)
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9-(β-D-arabinofuranosyl)-N
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Synthesis of N
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-benzoyl-9-(5’-O-dimethoxytrityl-β-D-arabinofuranosyl)adenine (18) 
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-benzoyl-9-(5’-O-dimethoxytrityl-β-D-arabinofuranosyl)adenine (18) 
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N
6
-benzoyl-9-(2’,3’-di-O-acetyl-5’-O-dimethoxytrityl-β-D-arabinofuranosyl)adenine (19) 

(ppm)
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-benzoyl-9-(2’,3’-di-O-acetyl-5’-O-dimethoxytrityl-β-D-arabinofuranosyl)adenine (19) 
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-benzoyl-9-(2’,3’-di-O-acetyl-5’-O-dimethoxytrityl-β-D-arabinofuranosyl)adenine (19) 
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 S148 

1-(5’-O-tert-butyldimetylsilyl-β-D-arabinofuranosyl)cytosine (21) 
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