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RNA  RNA (dsRNA)  

(Figure 1) dsRNA RNase III Dicer 2

21~25 RNA (siRNA; small interfering 

RNA) siRNA Argonaute2

RNA-induced silencing complex (RISC) siRNA

Aronaute2

RISC Argonaute2

RISC mRNA

mRNA 2  

microRNA (miRNA) 20~24 RNA

miRNA 1993 Lee
3

miRNA lin-4

miRNA 1900 miRNA

RNA primary miRNA (pri-miRNA) 

RNA Drosha RNase III

precursor miRNA (pre-miRNA) 

pre-miRNA Exportin-5 Dicer

miRNA miRNA Argonaute

RISC RISC

mRNA
4 miRNA mRNA

miRNA mRNA miRNA

mRNA  

 

1-2 miRNA  

 

miRNA
5 miRNA

oncomiR 6 miRNA

 (oncomiR)

 (Table 1) oncomiR  (antagomir) miRNA

miRNA
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Table 1. miRNA 

miRNA   Reference 

miR-122  C  7 

miR-10b   8 

miR-221   9 

miR-380-5p  p53  10 

miR-296   11 

let-7  KRAS,MYC,HMG2  12 

miR-34   13 

miR-143/145  MYC  14 

miR-26a  D2 E2  15 

 

miRNA mRNA

miRNA miRNA

miRNA mRNA  

 

1-3 miRNA mRNA  

 

Argonaute miRNA

miRNA Argonaute 5´

2-7 mRNA 3´UTR
16 miRNA mRNA

mRNA

X

Argonaute

mRNA

"pre-organize" Figure 2. Argonaute2 RNA  
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mRNA

(Figure 2) 17  miRNA mRNA

5´  (t1) 

t1 18 X

Argonaute2 t1 MID

 (Figure 

3) 19  

 

Figure 3. (A) MID  (B) t1

Argonaute2  

 

1-4 mRNA  

 

miRNA mRNA mRNA

 (Table 2) TargetScan PicTar EMBL EMMO

mRNA

TargetScan t1

mRNA

mRNA 5´

4

TargetScan 20  

A B 
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Table 2. mRNA  

 a 

 URL Reference 

TargetScan m,w,f 

1

 

http://www.targetscan.org 21 

EMBL f 

 

http://russell.embl-heidelberg.de  

 

22 

PicTar m,f,w 

 

http://pictar.mdc-berlin.de  

 

23 

EIMMo m,f,w 

 

http://www.mirz.unibas.ch/ElMMo2 

 

24 

Miranda m,f,w,+ 

 

http://www.microrna.org  

 

25 

MirBase 

Targets 

m,f,w,+ 

 

http://microrna.sanger.ac.uk 26 

PITA Top m,f,w 

 

http://genie.weizmann.ac.il/pubs/ 

mir07/mir07_data.html  

 

27 

RNA22 m,f,w 

 

http://cbcsrv.watson.ibm.com/ 

rna22.html 

28 

am = mammalian/vertebrate, f = fly, w= worm, + = additional clades  
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1-5 mRNA  

 

mRNA miRNA

mRNA miRNA

mRNA

mRNA Jiang

mRNA miRanda CyclinD1 miRNA

29 miRanda 45 miRNA

CyclinD1 3´UTR 7  (16%) 

mRNA

 

 

1-5-1 mRNA  
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miRNA 31

mRNA
32-34 miRNA miRNA
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mRNA 35
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mRNA 2 mRNA

mRNA Nicolas 36

mRNA

mRNA miRNA

miRNA
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1-5-2 HITS-CLIP 

 

HITS-CLIP UV cross-linking immunoprecipitation (CLIP) high-throughput sequencing 

(HITS) mRNA 37

4- UV 4-
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RNA 32P SDS-PAGE mRNA-Argonaute

Argonaute  (miRNA ) mRNA
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 (Figure 5) Jochen miR-106a

miR-17-5p mRNA

mRNA 39  

 
Figure 5. miR-CLIP 
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 (Scheme 

2) UV

 

 

 

 

 

Scheme 1.  

 

 

 

 

 

 

 

Scheme 2. UV  
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 (Figure 6) 43  
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2  RNA RNA  

 
UV

miRNA UV

mRNA  (Figure 7)  

 

 

 

 

 

 

Figure 7. miRNA mRNA  
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2-1  

   

1 2

β-D-  (Scheme 3) 

41  

 

 
Scheme 3.  

 

2´- β-D-

β-

 (Figure 9)  

 

 
 

Figure 9.  
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2-1-1  

 

m-Iodobenzyl alcohol TBDMSCl

TBDMS 3 92% 3 THF -78 °C

n-BuLi

4 95% 4

5 82% 5

2 6 88%

6 I2 7 78% TBDMS TBAF

8 86%  (Scheme 4)  

 

 

 

Scheme 4.  
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2-1-2 1  

 

8 1-O-acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose

8 1-O-acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose CH2Cl2 TMSOTf

9 89%

1´- 2´- H  (J ) 

1´- β- 1´-H 2´-H
90° Φ Karplus J

9 1H NMR 5.31ppm

1´- H β-

9 CH3ONa

1 85% 1 DMTrCl 1

5´- 1 DMTr 10 91%

DMTr 10 TBDMSCl

2 1H NMR 1H-1H COSY

2.5ppm

3´- H 3´-

TBDMS 2´-

2.8ppm 2´- H

2´- TBDMS 3´-

2´-TBDMS 11 3´-TBDMS

12 38% 45% 2´-TBDMS

11 1 13

62 %  (Scheme 5)  
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2-1-3  

 

8 19 p-Iodobenzyl alcohol

TBDMSCl TBDMS 14

14 THF -78 °C n-BuLi

15

15

16 90% 16 2

17 88% I2 18

 96% TBDMS TBAF

19 92%  (Scheme 6)  
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2-1-4 2  

 

13 2 19

1-O-acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose

20 92% 1H NMR 5.31ppm 1´-
H β-

20 CH3ONa 2

95% 2 DMTrCl 1 5´- 1

DMTr 21 93% 21 TBDMSCl

2
1H NMR 1H-1H COSY 2´-TBDMS 22

3´-TBDMS 23 30 % 45 %

2´-TBDMS 22 2

13 95% (Scheme 7)  
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2-2 1 2 RNA  

 

2-2-1  

 

 (Figure 10) 
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2-2-2 1 2 RNA  

 

1 2

 (Table 3) miRNA let-7

5´ 8-10 1 2  (RNA2-9) let-7

miRNA 1
44 RNA 5´- FITC

let-7  (RNA10) 1

 (RNA11) MALDI-TOF/MS

 

 

Table 3.  

RNA Sequencea calculated observed 

RNA 1 

RNA 2 

5'-UGA GGU AGU AGG UUG UAU AGU-3' 

5'-UGA GGU A1U AGG UUG UAU AGU-3' 

6791.9 

6856.9 

6790.3 

6854.6 

RNA 3 5'-UGA GGU AG1 AGG UUG UAU AGU-3' 6895.9 6897.7 

RNA 4 5'-UGA GGU AGU 1GG UUG UAU AGU-3' 6872.9 6875.9 

RNA 5 5'-UGA GGU AGU A1G UUG UAU AGU-3' 6856.9 6854.1 

RNA 6 5'-UGA GGU A2U AGG UUG UAU AGU-3' 6856.9 6855.9 

RNA 7 5'-UGA GGU AG2 AGG UUG UAU AGU-3' 6895.9 6895.0 

RNA 8 5'-UGA GGU AGU 2GG UUG UAU AGU-3' 6872.9 6871.9 

RNA 9 5'-UGA GGU AGU A2G UUG UAU AGU-3' 6856.9 6855.6 

RNA 10 3'-ACU CCA UCA UCC AAC AUA UCA-F-5' 7078.1 7078.0 

RNA11 3'-ACU CCA UGA UCC AAC AUA UCA-F-5' 7118.1 7118.0 

aF = FITC 

2-3 1 2 RNA  

 

1 2 RNA  (RNA2-9) RNA 

(RNA10,11) 50%  (Tm) 100mM NaCl

 (pH =7.0) RNA1 RNA (RNA10,11) 

Tm RNA
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2-3-1 1 RNA  

 

1 RNA  (RNA2-5) RNA (RNA10,11) 

50 %  (Tm)  (Figure 11,12)  

 

 

 

 

 

 

 

 

   ΔTm = Tm – Tm (RNA 1 + 10) 

 

Figure 11. 1 RNA RNA10  

 

 

 

 

 

 

 

  

ΔTm = Tm – Tm (RNA 1 + 11) 

 

Figure 12. 1 RNA RNA11  

 

1 RNA RNA1

1

1 C G  (RNA2 + 10, RNA 2 + 11) A U  

(RNA 3 + 10, RNA 4 + 10) C-G 3

A-U 2 C-G 1

ds RNA Tm (°C) ΔTm (°C) 

RNA 1 + 10 70.7 - 

RNA 2 + 10 59.8 -10.9 

RNA 3 + 10 62.8 -7.9 

RNA 4 + 10 63.3 -7.4 

RNA 5 + 10 58.8 -11.9 

ds RNA Tm (°C) ΔTm (°C) 

RNA 1 + 11 63.0 - 

RNA 2 + 11 60.4 -2.6 

RNA 3 + 11 59.2 -3.8 

RNA 4 + 11 56.8 -6.2 

RNA 5 + 11 50.3 -12.7 
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3 1 Tm

 (RNA 1 + 11) 1 miRNA

 ( ) miRNA  

 

2-3-2 2 RNA  

 

2 RNA  (RNA6-9) RNA (RNA10,11) 

50 %  (Tm)  (Figure 13,14)  

 

 

 

 

 

 

 

 

   ΔTm = Tm – Tm (RNA 1 + 10) 

 

Figure 13. 2 RNA RNA10  

 

 

 

 

 

 

 

 

   ΔTm = Tm – Tm (RNA 1 + 11) 

 

Figure14. 2 RNA RNA11  

 

ds RNA Tm (°C) ΔTm (°C) 

RNA 1 + 10 70.7 - 

RNA 6 + 10 61.0 -9.7 

RNA 7 + 10 64.1 -6.6 

RNA 8 + 10 64.4 -6.3 

RNA 9 + 10 60.1 -10.6 

ds RNA Tm (°C) ΔTm (°C) 

RNA 1 + 11 63.0 - 

RNA 6 + 10 61.3 -1.7 

RNA 7 + 10 59.6 -3.4 

RNA 8 + 10 57.6 -5.4 

RNA 9 + 10 52.0 -11.0 
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2 RNA RNA1

2

2 C G  (RNA2 + 10, RNA 2 + 11) A U  

(RNA 3 + 10, RNA 4 + 10) C-G 2

A-U 2

Tm  (RNA 1 + 11) 2

miRNA  ( ) miRNA
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2-4 RNA RNA  

 

RNA RNA

RNA RNA

RNA RNA 1:1

UV (365 nm 30 302 nm 10 ) 7 M

20%  

(20% PAGE)  

 

2-4-1 1 RNA RNA  

 

 

Figure 15. 1 RNA RNA  

 

ESI-TOF/MS RNA RNA

 (Figure 17) 

1

1 RNA

RNA 1

 

 

ds RNA   (%) 

RNA 10 + 2 C 6 

RNA 10 + 3 A 18 

RNA 10 + 4 U 13 

RNA 10 + 5 C 10 

RNA 11 + 2 G 6 

RNA 11 + 3 A 11 

RNA 11 + 4 U 7 

RNA 11 + 5 C 11 
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2-4-2 2 RNA RNA  

 

 

 Figure 16. 2 RNA RNA  

 

1

ESI-TOF/MS RNA RNA

 (Figure 18) 

1 1

RNA

2 RNA RNA
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RNA 10 + 8 U 13 

RNA 10 + 9 C 17 
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RNA 11 + 8 U 9 

RNA 11 + 9 C 13 
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Figure 17. RNA 2 + RNA 10  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. RNA 7 + RNA 11  
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2-5 2 miRNA  

 

2 RNA RNA

2 miRNA

2 miRNA  

 

2-5-1 miRNA  

 

2 miR-199a-5p (RNA12, 14, 16) miR-199a-3p (13, 15, 17) 

 (Table 4) 5p 3p

miR-199a  (Table 5) (Figure 19)  

 

Table 4. miR-199a-5p/3p  

RNA Sequence calculated observed 

RNA 12 5'-CCC AGU GUU CAG ACU ACC UGU UC-3' 7220.3 7219.3 

RNA 13 5'-ACA GUA GUC UGC ACA UUG GUU A-3' 7003.2 7000.6 

RNA 14 5'-CCC AGU G2U CAG ACU ACC UGU UC-3' 7321.2 7324.5 

RNA 15 5'-ACA GUA G2C UGC ACA UUG GUU A-3' 7104.2 7106.2 

RNA 16 5'-CCC AGU GU2 CAG ACU ACC UGU UC-3' 7321.2 7322.2 

RNA 17 5'-ACA GUA GU2 UGC ACA UUG GUU A-3' 7105.1 7104.8 

 

Table 5. miRNA  

 

 

Figure 19. miR-199a  

 

 

 

 

AGUGUUCAGAC

miR-199a-5p

miR-199a-3p

UACCUGUUCC5´-

3´-

-3´

-5´

CC

U
GGUUACACGUCUGAUG

ACAAU

miRNA miR-199a-5p miR-199a-3p 

miRNA 1 RNA 12 RNA 13 

miRNA 2 RNA 14 RNA 13 

miRNA 3 RNA 16 RNA 13 

miRNA 4 RNA 12 RNA 15 

miRNA 5 RNA 12 RNA 17 
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2-5-2 2 miRNA  

 

miR-199a -5p 3p miRNA

mRNA 2 5p 3p miR-199a

2 miRNA

Dual-luciferase reporter assay Renilla 

luciferase 5p 3p miR-199a

24 Renilla Firefly luciferase miRNA

Renilla luciferase miRNA

100 %  (Figure 20)  

 

 

Figure 20. (A) 5p Renilla luciferase  (B) 3p

Renilla luciferase  

 

2 miR-199a (miRNA2-5) miR-199a (miRNA1) 

Renilla luciferase 2

miRNA RISC mRNA

2 miRNA UV mRNA
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3 miRNA mRNA  

 
miRNA mRNA

1 2 1 2 RNA

RNA 2 miRNA

RISC mRNA 2

miRNA mRNA  

 

3-1 miRNA  

 

2 miRNA miR-145  (Figure 21) miR-145

FSCN1 mRNA 45

miRNA 3´
46 CPG miRNA 3´-

 (Figure 22) 2 mRNA 5´ 1-23

2 1-23 1 23 miRNA

FSCN1

2  

 

 

Figure 21. miR-145  

 

 

 

Figure 22. 3´-Biotin TEG 
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3-2 miRNA  

 

miR-145  RNA

Table6 7 RNA MALDI-TOF/MS  

 

Table6. miR-145  

RNA Sequence calculated  observed 

RNA 18 5´-GUC CAG UUU UCC CAG GAA UCC CU-3´ 7220.30 7220.30 

RNA 19 5´-GUC CAG UUU UCC CAG GAA UCC CU-B-3´ 7789.91 7789.75 

RNA 20 5´-2UC CAG UUU UCC CAG GAA UCC CU-B-3´ 7854.94 7855.91 

RNA 21 5´-G2C CAG UUU UCC CAG GAA UCC CU-B-3´ 7893.98 7892.14 

RNA 22 5´-GU2 CAG UUU UCC CAG GAA UCC CU-B-3´ 7894.97 7894.33 

RNA 23 5´-GUC 2AG UUU UCC CAG GAA UCC CU-B-3´ 7894.97 7894.82 

RNA 24 5´-GUC CAG UUU UCC CAG GAA UCC CU-B-3´ 7870.94 7870.13 

RNA 25 5´-GUC CA2 UUU UCC CAG GAA UCC CU-B-3´ 7854.94 7854.48 

RNA 26 5´-GUC CAG 2UU UCC CAG GAA UCC CU-B-3´ 7893.98 7893.19 

RNA 27 5´-GUC CAG U2U UCC CAG GAA UCC CU-B-3´ 7893.98 7895.33 

RNA 28 5´-GUC CAG UU2 UCC CAG GAA UCC CU-B-3´ 7893.98 7893.70 

RNA 29 5´-GUC CAG UUU 2CC CAG GAA UCC CU-B-3´ 7893.98 7895.31 

RNA 30 5´-GUC CAG UUU U2C CAG GAA UCC CU-B-3´ 7894.97 7893.84 

RNA 31 5´-GUC CAG UUU UC2 CAG GAA UCC CU-B-3´ 7894.97 7895.40 

RNA 32 5´-GUC CAG UUU UCC 2AG GAA UCC CU-B-3´ 7894.97 7894.11 

RNA 33 5´-GUC CAG UUU UCC C2G GAA UCC CU-B-3´ 7870.94 7871.07 

RNA 34 5´-GUC CAG UUU UCC CA2 GAA UCC CU-B-3´ 7854.94 7854.60 

RNA 35 5´-GUC CAG UUU UCC CAG 2AA UCC CU-B-3´ 7854.94 7856.63 

RNA 36 5´-GUC CAG UUU UCC CAG G2A UCC CU-B-3´ 7870.94 7876.67 

RNA 37 5´-GUC CAG UUU UCC CAG GA2 UCC CU-B-3´ 7870.94 7871.08 

RNA 38 5´-GUC CAG UUU UCC CAG GAA 2CC CU-B-3´ 7893.98 7894.25 

RNA 39 5´-GUC CAG UUU UCC CAG GAA U2C CU-B-3´ 7894.97 7896.05 

RNA 40 5´-GUC CAG UUU UCC CAG GAA UC2 CU-B-3´ 7894.97 7895.08 

RNA 41 5´-GUC CAG UUU UCC CAG GAA UCC 2U-B-3´ 7894.97 7894.37 

RNA 42 5´-GUC CAG UUU UCC CAG GAA UCC C2-B-3´ 7893.98 7894.16 
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Table7. miR-145  

RNA Sequence calculated  observed 

RNA 43 5´-GGA UUC CUG GAA AUU CUG UUC U-3´ 6989.15 6979.82 

 

miR145  (RNA42)  (RNA18-42) 

25 miR-145  

 

Table 8. miR-145  

miRNAa  

miR-145 RNA 18 RNA 43 

miR-145-B RNA 19 RNA 43 

miR-145-G1 RNA 20 RNA 43 

miR-145-G2 RNA 21 RNA 43 

miR-145-G3 RNA 22 RNA 43 

miR-145-G4 RNA 23 RNA 43 

miR-145-G5 RNA 24 RNA 43 

miR-145-G6 RNA 25 RNA 43 

miR-145-G7 RNA 26 RNA 43 

miR-145-G8 RNA 27 RNA 43 

miR-145-G9 RNA 28 RNA 43 

miR-145-G10 RNA 29 RNA 43 

miR-145-G11 RNA 30 RNA 43 

miR-145-G12 RNA 31 RNA 43 

miR-145-G13 RNA 32 RNA 43 

miR-145-G14 RNA 33 RNA 43 

miR-145-G15 RNA 34 RNA 43 

miR-145-G16 RNA 35 RNA 43 

miR-145-G17 RNA 36 RNA 43 

miR-145-G18 RNA 37 RNA 43 

miR-145-G19 RNA 38 RNA 43 

miR-145-G20 RNA 39 RNA 43 

miR-145-G21 RNA 40 RNA 43 
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miR-145-G22 RNA 41 RNA 43 

miR-145-G23 RNA 42 RNA 43 
a3´- miR-145 miR-145-B

miR-145  (N) miR-145-GN  

 

3-3-1 2 miRNA  

 

25 miR-145 FSCN1

 (Figure 23) DLD-1 6well 24 miR-145

40 nM 48

FSCN1 miR-145

 

 

 

Figure 23. miR-145  

 

miR-145 miR-145-B

Wilson 3´-

miRNA RISC 47 2 5´- 1-8

miRNA

5´- X

5´- Argonaute MID RISC
48 1 2 5´-

RISC

2-8 miRNA

C

FSCN1

FSCN1

N B 1 2 3 4 5 6 7 8 C 9 10 11 12 13 14 15 16

C 17 18 19 20 21 22 23
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FSCN1 mRNA miR-145

 (Table 9) 2

miR-145 15-17 2 miR-145

2 miR-145-B

2  

 

Table 9. FSCN1 mRNA miR-145  

Position of FSCN1 3´UTR Predicted consequential paring 

Position of 116-123 FSCN1 3´UTR 

hsa-miR-145  

Position of 377-384 FSCN1 3´UTR 

hsa-miR-145  

Position of 729-735 FSCN1 3´UTR 

hsa-miR-145  

Position of 1140-1247 FSCN1 3´UTR 

hsa-miR-145  

TargetScanHuman (http://www.targetscan.org) 
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3-3-2 miR-145-G9  

 

2

9 2

miR-145-G9 luciferase assay

Dual-luciferase reporter assay Firefly luciferase

FSCN1 mRNA 3´UTR miR-145-G9

24 Firefly Renilla luciferase miRNA Firefly 

luciferase miRNA

100 %  (Figure 24)  

 

 

 

 

 

 

 

 

 

 

 

Figure 24. miR-145-G9  
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3-4 2 miR-145  

 

2 miR-145-G9 RISC FSCN1

FSCN1 mRNA DLD-1 6 well 24 miR-145-G9

40 nM 24 UV (365 nm 20 302 nm 

10 ) RNA miR-145-G9 mRNA

RNA

RNA FSCN1 mRNA

PCR miR-145-G9  (Figure 

25)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. FSCN1 mRNA  
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miR-145 c-MYC mRNA
49 DLD-1 miR-145 c-MYC

 (Figure 26) DLD-1 miR-145 c-MYC

 

 

 

 

 

 

Figure 26. miR-145 c-MYC  

 

DLD-1 c-MYC COLO-201 SW480 miR-145

c-MYC  (Figure 27)  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. (a) DLD-1, COLO-201, SW480 c-MYC  (b) COLO-201

miR-145 c-MYC  (c) SW480 miR-145

c-MYC  
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miR-145 c-MYC  

RNA c-MYC mRNA

PCR  (Figure 28) 

c-MYC mRNA miR-145-G9

miRNA mRNA  

 

 

 

 

 

 

 

 

 

 

 

Figure 28. c-MYC mRNA  
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4  RNA

RNA  

 
2

miRNA mRNA 3´-

miRNA RISC mRNA

miRNA

25  (Figure 29)  

 

 

 

 

 

 

 

Figure 29. 25  

 

25 2

mRNA

25

RISC mRNA  

(Figure 30) 25 RNA RNA

mRNA  

 

 

 

Figure 30. miRNA mRNA  
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4-1  

 

25 1 2 -D-

 (Scheme 8)50 3,5-diaminobenzoic acid

sandmayer CH3OH

26 51% NaBH4

TBDMSCl TBDMS

27 92% 27 THF -78 °C 1 n-BuLi

28 85% 28

29 71% 29

2 30 92%

30 I2 31 93% 31 TIPS-

32 2 TBAF

33 91%  

 

 
 

Scheme 8.  
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33: 91%32: quant.31: 93%
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4-2 25  

 

12 25 33

1-O-acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose

34 89% 1H NMR 5.31ppm 1´-
H β-

34 CH3ONa

25 86% 2 DMTrCl 1 5´- 1

DMTr 35 90% 35 TBDMSCl

2
1H NMR 1H-1H COSY 2´-TBDMS

36 3´-TBDMS 37 25 % 27 %

2´-TBDMS 36 25

38 76% (Scheme 9)  
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4-3 25 RNA  

 

25

 (Table 10) miRNA let-7 5´-

8 25  (RNA 44) RNA 5´- FITC

let-7

4 RNA  (RNA 45-48) 

MALDI-TOF/MS  

 

Table 10.  

RNA aSequence calculated observed 

RNA 44 5´-UGA GGU AXU AGG UUG-3´ 4963.99 4962.79 

RNA 45 5´-F-CAACCU AAU ACC UCA-3´ 5178.79 5178.80 

RNA 46 5´-F-CAACCU AGU ACC UCA-3´ 5194.28 5193.99 

RNA 47 5´-F-CAACCU ACU ACC UCA-3´ 5154.25 5154.83 

RNA 48 5´-F-CAACCU AUU ACC UCA-3´ 5155.24 5154.96 

aX = 25 F = FITC 

4-4 RNA RNA  

 

25 RNA RNA RNA

RNA 1:1 UV (365 nm 

30 302 nm 10 ) 7M

20% PAGE  (Figure 31)  

 

 

 

 

 

 

 

 

Figure 31. 25 RNA RNA  
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RNA

RNA

25 RNA RNA

 

 

4-5 25 miRNA  

 

25 RNA RNA

25 miR-145 FSCN1

25

5´- 9 miR-145-G9 FSCN1  

 

4-5-1 miRNA  

 

9 25 miR-145

RNA MALDI-TOF/MS  

 

Table 11. miR-145  

RNA Sequencea calculated  observed 

RNA 49 5´-GUC CAG UUX UCC CAG GAA UCC CU-3´ 7350.41 7349.52 
aX = 25 

 

9 25 RNA43

miRNA miR-145-X9  

 

Table 12. miR-145  

miRNA  

miR-145-X9 RNA 49 RNA 43 
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4-5-2 25 miRNA  

 

miR-145-X9 FSCN1

 (Figure 32) DLD-1 6well 24 miR-145

20-40 nM 48

FSCN1 miR-145

miR-145 3´- miR-145-B 9

2 miR-145-G9  

 

 

 

 

 

 

 

 

 

Figure 32. miR-145- FSCN1  
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5  cRGD  

 
5-1 miRNA  

 

 miRNA

miRNA

miR-26a
51-52 miR-34a

53 miRNA miR-34a

miRNA

 

 

1) miRNA  

 siRNA DNA miRNA

miRNA

miRNA mRNA

miRNA mRNA

 

2)  

 

 

2 1) miRNA

mRNA miRNA

miRNA
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5-2  

 

1)  (Lipid Nano Particle: LNP) 

LNP 2) 

 (Figure 33) 54  

 

 

 

 

 

 

Figure 33. (A) LNP  (B)  

 

5-2-1 LNP  

 

 LNP 55-58 LNP

LNP in vivo

in 

vivo LNP PEG

LNP 100-200 nm

in vivo

siRNA

 

 

5-2-2  

 

59-62 LNP

LNP

(A) LNP法 (B) リガンドコンジュゲート法
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LNP

LNP

 

 

5-2-3 miRNA  

 

DNA siRNA

miRNA

DNA siRNA mRNA

miRNA

miRNA-

 

 

5-2-4 Cyclic RGD  

 

cyclic RGD (cRGD) RGD 5  (Figure 34) 

αVβ3
63 αVβ3

cRGD
64 DNA siRNA

cRGD 65-66 cRGD siRNA LNP
67  

 

 

 

 

 

 

 

Figure 34. cRGD  

HNNH

O

HN
O

H
N

NH

O

O

O

HS

OH

NH
NH2

HN

O

c(RGDfC)



 45 

cRGD

cRGD
69

 

 

5-3  

 

miRNA cRGD

cRGD

cRGD cRGD

miRNA siRNA siRNA RNA

miRNA cRGD

 

miRNA  

cRGD miRNA

cRGD-miRNA miRNA  
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5-4 cRGD-siRNA  

 

cRGD siRNA post-synthetic modification

RNA

N-ε-maleimidocaproyl-oxysuccinimide ester (EMCS) RNA

cRGD RNA

cRGD  (Scheme 10)  

 

 

Scheme 10. cRGD RNA  

 

RNA  (Figure 

35A) cRGD

 (Figure 35B) 

cRGD cRGD

 

 

 

 

 

 

Figure 35. (A)  (B)  
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5-5  

 

6-aminohexanoic acid

40 43%

40  (S)-3-amino-1-O-(4,4´-dimethoxy)trytily-2-propandiol (39)69

41 76% 41

42 42% 41

CPG (controlled pore glass) 

43 35.8 μmol/g  (Scheme 11)  

 

Scheme 11.  

 

5-6  

 

hexaethylene glycol 0.5 DMTrCl

DMTr 44 48%

45 54%  (Scheme 

12)  

 

 

 

 

Scheme 12.

31P NMR: δ 149.0, 149.7
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5-7 RNA  

 

RNA RecQL1 mRNA

siRNA 2´-O-metyl  (Figure 36) 

3´

mRNA RNA 57,58

RNA MALDI-TOF/MS  (Table13)  

 

Table 13. cRGD-RNA  

RNA Sequence calculated observed 

RNA 50 5´-Guu cAG ACC ACu ucA Gcu uTT-3´ 6693.19 6693.04 

RNA 51 5´-Guu cAG ACC ACu ucA Gcu uTT XXX-3´ 7491.88 7490.30 

RNA 52 5´-Guu cAG ACC ACu ucA Gcu uTT sXXX-3´ 7836.18 7835.73 

RNA 53 5´-Guu cAG ACC ACu ucA Gcu uTT sXsXsX-3´ 8524.78 8522.44 

RNA 57 5´-AAG CUG AAG UGG uCu GAA cTT-3´ 6785.18 6784.57 

RNA 58 5´-F-AAG CUG AAG UGG uCu GAA cTT-3´ 7313.64 7314.83 

u, c = 2´-OMe RNA, F = Fluorescein, s = hexaethylene glycol, X = amine 

 

RNA 51-53 cRGD 3 cRGD-RNA

cRGD RNA54-56 MALDI-TOF/MS

 (Table 14)  

 

 

 

 

 

 

 

Figure 36. 2´-OMe RNA  
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5-8 RNA 54  

 

RNA 51 pH 7.4

N-ε-maleimidocaproyl-oxysuccinimide ester (EMCS) RNA

HPLC cRGD

RNA 54  (Scheme13) (Figure 37)  

 

 

Scheme 13. RNA 54  
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(A)  

 

 

 

 

 

 

 

 

 

: UV 260 nm, : 1.0 mL/min, : (A) 5% 0.1 M TEAA (pH =7.0) 

(B) 50% 0.1 M TEAA (pH=7.0) : B conc. 0% (0 min)  35% (20 

min)  100% (30-35 min)  0% (35-40 min) 

 

(B) cRGD  

 

 

 

 

 

 

 

 

 

: UV 260 nm, : 1.0 mL/min, : (A) 5% 0.1 M TEAA (pH =7.0) 

(B) 50% 0.1 M TEAA (pH=7.0) : B conc. 0% (0 min)  35% 

(2.5 min)  60% (22.5 min)  100% (25-35 min)  0% (40-45 min) 

 

Figure. 37 RNA 54  
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5-9 RNA55  

 

RNA 52 pH7.4

N-ε-maleimidocaproyl-oxysuccinimide ester (EMCS) RNA

HPLC cRGD

RNA 55  (Scheme 14) (Figure 38)  

 

 

Scheme 14. RNA 55  
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(A)  

 

 

 

 

 

 

 

 

 

: UV 260 nm, : 1.0 mL/min, : (A) 5% 0.1 M TEAA (pH =7.0) 

(B) 50% 0.1 M TEAA (pH=7.0) : B conc. 0% (0 min)  35% (20 

min)  100% (30-35 min)  0% (35-40 min) 

 

(B) cRGD  

 

 

 

 

 

 

 

 

 

: UV 260 nm, : 1.0 mL/min, : (A) 5% 0.1 M TEAA (pH =7.0) 

(B) 50% 0.1 M TEAA (pH=7.0) : B conc. 0% (0 min)  35% 

(2.5 min)  60% (22.5 min)  100% (25-35 min)  0% (40-45 min) 

 

Figure 38. RNA 55  
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5-10 RNA56  

 

RNA 53 pH7.4

N-ε-maleimidocaproyl-oxysuccinimide ester (EMCS) RNA

HPLC cRGD

RNA 55  (Scheme 15) (Figure 39)  

 

 

 

Scheme 15. RNA 56  
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(1)  

 

 

 

 

 

 

 

 

 

: UV 260 nm, : 1.0 mL/min, : (A) 5% 0.1 M TEAA (pH =7.0) 

(B) 50% 0.1 M TEAA (pH=7.0) : B conc. 0% (0 min)  35% (20 

min)  100% (30-35 min)  0% (35-40 min) 

 

(2) cRGD  

 

 

 

 

 

 

 

 

 

: UV 260 nm, : 1.0 mL/min, : (A) 5% 0.1 M TEAA (pH =7.0) 

(B) 50% 0.1 M TEAA (pH=7.0) : B conc. 0% (0 min)  35% 

(2.5 min)  60% (22.5 min)  100% (25-35 min)  0% (40-45 min) 

 

Figure 39. RNA 56  
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5-11 cRGD-siRNA  

 

cRGD-RNA siRNA

PEG

 

 

5-11-1 cRGD-siRNA  

 

RNA 58 cRGD RNA 54-56

4 siRNA 1-4  (Table 14)  

 

Table 14. cRGD-siRNA  

siRNA RNA Sequece calculated observed 

siRNA 1 RNA 58 3´-TTc AAG uCu GGU GAA GUC GAA F-5´ - - 

 RNA 50 5´-Guu cAG ACC ACu ucA Gcu uTT-3´ - - 

siRNA 2 RNA 58 3´-TTc AAG uCu GGU GAA GUC GAA F-5´ - - 

 RNA 54 5´-Guu cAG ACC ACu ucA Gcu uTT XXX-3´ 9867.43 9869.47 

siRNA 3 RNA 58 3´-TTc AAG uCu GGU GAA GUC GAA F-5´ - - 

 RNA 55 5´-Guu cAG ACC ACu ucA Gcu uTT sXXX-3´ 10151.73 10150.28 

siRNA 4 RNA 58 3´-TTc AAG uCu GGU GAA GUC GAA F-5´ - - 

 RNA 56 5´-Guu cAG ACC ACu ucA Gcu uTT sXsXsX-3´ 10840.33 10842.11 

u, c = 2´-OMe RNA, F = Fluorescein, s = hexaethylene glycol, X = cRGD 
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5-11-2 cRGD-siRNA  

 

 siRNA1-4 A2058

A2058 24

siRNA 250 nM 37 °C CO2 18

Hoecst-33342 10

1 PBS  (Figure 40)  

 

 

 

Figure 40. cRGD-siRNA  
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5-12 cRGD-siRNA  

 

RNA 56 siRNA

cRGD-siRNA PCR

cRGD siRNA 5  (Table 15)                  

 

Table 15. cRGD-siRNA  

siRNA RNA Sequece 

siRNA 5 RNA 57 3´-TTc AAG uCu GGU GAA GUC GAA-5´ 

 RNA 50 5´-Guu cAG ACC ACu ucA Gcu uTT-3´ 

siRNA 6 RNA 57 3´-TTc AAG uCu GGU GAA GUC GAA-5´ 

 RNA 56 5´-Guu cAG ACC ACu ucA Gcu uTT sXsXsX-3´ 

u, c = 2´-OMe RNA, s = hexaethylene glycol, X = cRGD 

 

5-12-1 cRGD-siRNA  

 

cRGD siRNA

RNAiMAX siRNA 5 6

A2058 96well 24 siRNA RNAiMAX

20 nM 24 RNA

RecQL1 mRNA PCR siRNA

 (Figure 41A)  

cRGD

A2058 96well 24

siRNA 250 nM 72

RNA RecQL1 mRNA PCR

siRNA  (Figure 41B) 
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Figure 41. (A) , (B) 
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5-13 cRGD-siRNA  

 

 cRGD-siRNA

 

 

1) siRNA  (IC50 ) 

2) cRGD-siRNA  

 

2  

 1) siRNA

siRNA

siRNA

siRNA 1

siRNA

IC50 pM

RecQL1 siRNA IC50 nM

miRNA miRNA siRNA

siRNA

 

2) siRNA

cRGD-siRNA

 

 

cRGD-siRNA

cRGD-siRNA  (Figure 42)  
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Figure 42. cRGD-siRNA   
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5-13-1 siRNA  
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 (Figure 43A) 70
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Figure 43. (A)  (B) RNA  
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RNA  (Table 16) siRNA

3´ RNA

RNA 57 cRGD RNA60

siRNA  

 

Table 16. cRGD-RNA  

siRNA RNA Sequece calculated observed 

siRNA 7 RNA 57 3´-TTc AAG uCu GGU GAA GUC GAA-5´ - - 

 RNA 59 5´-Guu cAG ACC ACu ucA Gcu uTT (Y)15-3´ 13125.19 6773.70 

[M-2H]2- 

siRNA 8 RNA 60 3´- XsXsXs TTc AAG uCu GGU GAA GUC GAA-5´ 10840.33 10840.97 

 RNA 59 5´-Guu cAG ACC ACu ucA Gcu uTT (Y)15-3´ - - 

u, c = 2´-OMe RNA, Y = spermine, s = hexaethylene glycol, X = cRGD 

 

5-13-3 cRGD-siRNA  

 

 A2058 96well 24 siRNA

125-250 nM 24 2% 72

RNA RecQL1 mRNA PCR

siRNA  (Figure 44)  

 

 

 

 

 

 

 

 

 

 

 

Figure 44. cRGD-siRNA  
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15 siRNA 7 250 nM

cRGD siRNA 8 250 nM

mRNA 40%

cRGD siRNA

cRGD-siRNA 250 nM

siRNA

 

 

5-14 miRNA  

 

cRGD- miRNA

cRGD miRNA-205

2´-O-methyl (2´-OMe) RNA 2´-deoxy, 2´-Fluoro (2´-F) RNA

 (Figure 45) 2´-OMe 2´-F siRNA
71-73 siRNA

miRNA  

 

 

 

 

 

 

Figure 45. (a) 2´-OMe RNA  (B) 2´-F RNA  

 

5-14-1 miRNA  

 

 miRNA-205  (Table 17) 
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RNA Argonaute

5´- 1-8

Argonaute

siRNA 2´-F 2´-OMe RNA 64-67

 

 

 

Table 17. miRNA-205  

miRNA RNA Sequece calculated observed 

miRNA 1 RNA 61 5´-UCC UUC AUU CCA CCG GAG UCU U-3´ 6852.05 6849.92 

 RNA 62 3´-UUG AAG UGA GGU GGC CUC AG-5 6462.88 6461.67 

miRNA 2 RNA 61 5´-UCC UUC AUU CCA CCG GAG UCU U-3´ - - 

 RNA 63 3´-TTG AAG uGA GGu GGc cuc AG-5´ 6667.12 6665.70 

miRNA 3 RNA 64 5´-uCc UuC aUu Cca cCG GAG UcT T-3´ 6988.28 6988.90 

 RNA 63 3´-TTG AAG uGA GGu GGc cuc AG-5´ - - 

miRNA 4 RNA 65 5´-uCc UUC AUU CCA CCG GAG UcT T-3´ 6896.16 6896.20 

 RNA 63 3´-TTG AAG uGA GGu GGc cuc AG-5´ - - 

miRNA 5 RNA 66 5´- uCc UuC aUu CcA cCg GaG uCT T -3´ 7002.30 7002.96 

 RNA 63 3´-TTG AAG uGA GGu GGc cuc AG-5´ - - 

miRNA 6 RNA 67 5´- uCc UuC aUu CcA cCG GAG uCT T -3´ 6974.26 6975.97 

 RNA 63 3´-TTG AAG uGA GGu GGc cuc AG-5´ - - 

a, g, c, u = 2´-OMe RNA, C, U = 2´-F RNA, F = Fluorescein, s = hexaethylene glycol, X = cRGD 

 

5-14-2 miRNA-205  

 

 miRNA-205 A2058

6well 24 miRNA RNAiMAX 20 nM

72

miRNA

(Figure 46)  
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Figure 46. (A)  (B) 
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Argonaute

siRNA Argonaute 2

RNA mRNA miRNA Argonaute 1-4
74 siRNA

miRNA Argonaute 2 Argonaute 1, 3, 4

miRNA 3, 5, 6

 

 

5-14-3 miRNA-205  

 

 miRNA-205 miRNA 2, 3, 4

miRNA PBS 10%

37 °C 1, 3, 6, 12 15% 

Native PAGE miRNA miRNA

SYBR GREEN  (Figure 47)  

 

 

Figure 47. miRNA  
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6   

 
6-1  

 

miRNA 1) miRNA

miRNA 2) cRGD-

 

 

2 miRNA mRNA

1 2

1 2 RNA RNA

365 nm UV

RNA

2

small RNA  

 

3 5´- 9 2 3´-

miRNA-145 miR-145-G9 miRNA-145 mRNA

FSCN1, c-MYC miR-145-G9

UV mRNA

mRNA RNA mRNA

mRNA FSCN1 mRNA miR-145-G9 FSCN1 

mRNA miRNA-145

c-MYC mRNA miRNA-145

c-MYC c-MYC

miRNA-145 c-MYC

mRNA

miR-145-G9 mRNA

miRNA mRNA

miRNA

 

 



 67 

 4 miRNA RISC 2

25 25

1 2 RNA

3´ miR-145-G9 miRNA-145

miR-145-X9

miRNA-145

25 miRNA RISC 2

RNA mRNA  

 

5 miRNA cRGD cRGD-siRNA

miRNA cRGD

cRGD PEG cRGD-siRNA

cRGD-siRNA

3 cRGD PEG

cRGD

 (Figure 48)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48. cRGD-siRNA  
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cRGD siRNA

cRGD-siRNA

cRGD-siRNA

15 N/P 1.05

cRGD-siRNA cRGD-siRNA

250 nM 40% siRNA

 

 miRNA

miRNA-205 2´-OMe 2´-F

miRNA miRNA miRNA 4

 (Figure 49)  

 

 

 

 

Figure 49. miRNA 4  
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7  

 
7-1  

 

1.  

 

DNA/RNA synthesizer  NTS-H6 DNA/RNA synthesizer 

MALDI/TOF-MS   SHIMADZU AXIMA-CFR plus 

NMR    JEOL  ECX-400P, ECA-500, ECA-600 

Tm     SHIMADZU  UV2450 

 FUJIFILM  LAS4000 

    SHIMADZU  UV2450 

  ATTO  Luminescenser JNR  

PCR   Thermal Cycler Dice® Real Time System II 

HPLC    SHIMADZU LCsolution 

     DGU-20A3 

     LC-20AT 

     CTO-10AS VP 

     SPD-20A 

     CBM-20A 

   KEYENCE BZ9000 

 

2.  

 

TLC   Merck TLC plates silica gel 60 F254 

  Silica Gel 60N (spherical,neutral) 63-210 µm 

Sep-Pak C18  Waters Corporation 

 

3.  

 

 

Aldrich   1 M TBAF in THF, 3-Iodobenzy alcohol 
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  THF, n-BuLi in THF 

 TBDMSCl, Ethyl trifluoroacetate, DMAP, TMSOTf 

  DMF, EtOH, imidazole, NaHCO3, TEA, H2SO4, Na2SO4 

  DMTrCl, Pyridine, CH2Cl2, Methanol, m-Iodobenzyl alcohol, 

TsCl, 1-O-Acethyl-2,3,5-tri-O-benzoyl- -D-ribofuranose, 

HONH2•HCl, 2-Cyanoethyl Diisopropylchlorophosphoramidite, 

DIPEA, I2, 

 

NMR  

Aldrich Chemical Company   CDCl3 

Cambridge Isotope Laboratories, Inc.  DMSO-d6 

 

 

Aldrich    TEA·3HF 

GLEN RESEARCH   Oxidizing solution, Cap Mix A, Cap Mix B, 

Deblocking mix, Activator 

MILLIPORE    Millex®-LG Millex®-HV 

PALL   Acrodisc® Syringe Filter 0.2 m HT Tuffryn® 

Membrane 

TERUMO    10 mL  

    

 Uream Acrylamide (monomer), TEMED, Sodium 

dihydrogen phosphate, Disodium phosphate, EtOH, 

TEA  

  MeCN ( ), Bromophenol blue, 

N,N’-Methylenbisacrylamide, EDTA 4Na, APS, 

Formamide, Tris(hydroxymethyl)aminomethane, Boric 

acid, Ammonium solution (28%) 

 

 

promega  psiCHECKTM-2 vector TransFastTM Transfection Reagent  

  Dual-GloTM Luciferase Assay System 
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Wako   D-MEM (high glucose), RPMI-1640 

Invitrogen  Trypsin-EDTA, Lipofectamine RNAiMAX, RNaseOUT, Superscript VILO, 

OPTI-MEM 

TOYOBO  THUNDERBIRD ® qPCR Mix, SuperPrep Cell Lysis & RT Kit for qPCR 
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7-2  

 

3-iodo-1-[(tert-butyldimethylsilyl)oxymetyl]benzene (3)  

3-Iodobenzyl alchol (1.00 g, 4.27 mmol) DMF (10 mL) 

imidazole (0.639 g, 9.39 mmol) TBDMSCl (0.708 g, 4.70 mmol) 

H2O

 (  :  = 100 : 1) 

 3 (1.38 g, 3.96 mmol, 92%)  
1H NMR (400 MHz, CDCl3) δ 0.11 (s, 6H), 0.95 (s, 9H), 4.68 (s, 2H,), 7.06 (t, 1H, J = 7.6), 7.28 (d, 

1H, J = 7.8), 7.57 (d, 1H, J = 7.8), 7.67 (s, 1H); 13C NMR (151 MHz, CDCl3) δ -5.3, 18.4, 25.9, 64.1, 

94.2, 126.0, 135.0, 135.9, 143.9. Anal. Calcd for C13H21IOSi·1/10H2O: C, 44.60; H, 6.10. Found: C, 

44.42; H, 5.94. 

 

1-[(tert-butyldimethylsilyl)oxymethyl]-3-trifluoroacetylbenzene (4)  

 3 (1.44 g, 4.13 mmol) THF (30 mL) -78 C

n-BuLi (5.3 mL, 8.67 mmol) 15

CF3COOEt (1.0 mL, 8.67 mmol) 1 NaHCO3 (15 mL) 

H2O

 (  :  = 30 : 1) 

 4 (1.25 g, 3.93 mmol, 95%)  
1H NMR (400MHz, CDCl3) δ 0.12 (s, 6H), 0.96 (s, 9H), 4.81 (s, 2H), 7.52 (t, 1H, J = 7.8), 7.67 (d, 

1H, J = 8.2), 7.96 (d, 1H, J = 7.8), 8.05 (s, 1H); 13C NMR (151 MHz, CDCl3) δ -5.4, 18.3, 25.8, 64.0, 

116.7 (q, 1JC-F = 292.0), 127.4, 128.6, 129.0, 129.9, 133.0, 142.9, 180.6 (q, 2JC-F = 34.7); 19F NMR 

(376 MHz, CDCl3) δ 5.1. Anal. Calcd for C15H21F3O2Si·3/20H2O: C, 56.11; H, 6.69. Found: C, 

55.90; H, 6.39. 

 

3-[3-[(tert-butyldimethylsilyl)oxymethyl]phenyl]-3-trifluoromethyldiaziridine (6)  

 4 (1.07 g, 3.36 mmol), HONH3Cl (0.35 g, 5.04 mmol) 

EtOH (10 mL) pyridine (10 mL)  (60 C) 

H2O
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CH2Cl2

NEt3 (1.72 mL, 12.43 mmol) TsCl (1.28 g, 6.72 mmol) DMAP 

(0.04 g, 0.34 mmol) 

H2O

 (  :  = 15 : 1)  5 

(1.34 g, 4.02 mmol, 82 %)  
1H NMR (400 MHz, CDCl3) δ 0.10 (s, 6H), 0.94 (s, 9H), 2.46-2.49 (m, 3H), 4.72-4.76 (m, 2H), 

7.35-7.91 (m, 8H). 

-78 C  5 (1.13 g, 2.32 mmol) 7N 

NH3 in MeOH (17.0 mL, 116 mmol) 2 -78 

C NH3 gas

H2O

 (  :  = 20 : 1) 

 6 (0.38 g, 1.14 mmol, 49%)  
1H NMR (400 MHz, CDCl3) δ 0.10 (s, 6H), 0.94 (s, 9H), 2.22 (d, 1H, J = 8.7), 2.79 (d, 1H, J = 8.7), 

4,77 (s, 2H), 7.36-7.42 (m, 2H), 7.49 (d, 1H, J = 6.4), 7.59 (s, 1H); 13C NMR (151 MHz, CDCl3) δ 

-5.3, 18.4, 25.9, 58.1 (q, 2JC-F = 36.1), 64.4, 123.5 (q, 1JC-F = 277.6), 125.6, 126.6, 127.7, 128.6, 

131.6, 142.3; 19F NMR (376 MHz, CDCl3) δ 0.9. Anal. Calcd for C15H23F3N2OSi: C, 54.19; H, 6.97; 

N, 8.43. Found: C, 54.06; H. 6.80; N, 8.41. 

 

3-[3-[(tert-butyldimethylsilyl)oxymethyl]phenyl]-3-trifluoromethyl-3H-diazirine (7)  

 6 (0.42 g, 1.25 mmol) MeOH (5 mL) 

NEt3 (0.43 mL, 3.13 mmol), I2 (0.35 g, 1.38 mmol) 

H2O

 (  :  = 5 : 1) 

 7 (0.60 g, 2.78 mmol, 78%)  
1H NMR (400MHz, CDCl3) δ 0.01 (s, 6H), 0.95 (s, 9H), 4.73 (s, 2H), 7.04 (s, 1H), 7.20 (s, 1H), 

7.35 (d, 2H, J = 4.6); 13C NMR (151 MHz, CDCl3) δ -5.3, 18.3, 25.9, 28.5 (q, 2JC-F = 40.5), 64.3, 

122.2 (q, 1JC-F = 274.7), 123.9, 124.9, 127.0, 128.7, 129.1, 142.5; 19F NMR (376 MHz, CDCl3) δ 
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11.2. Anal. Calcd for C15H21F3N2OSi·3/10H2O: C, 53.65; H, 6.48; N, 8.34. Found: C 53.52; H, 6.20; 

N, 8.32. 

 

3-[(3-hydroxymethyl)phenyl]-3-trifluoromethyl-3H-diazirine (8)  

 7 (1.07 g, 3.24 mmol) THF (10 mL)

TBAF (3.6 mL, 3.56 mmol) 30

 (  : 

 = 5 : 1 ) 8 (0.60g, 2.78mmol, 86%) 

 
1H NMR (400MHz, CDCl3) δ 1.57-1.77 (m, 1H), 4.70-4.72 (m, 2H), 7.18-7.43 (m, 4H); 13C NMR 

(151 MHz, CDCl3) δ: 28.4 (q, 2JC-F = 40.5), 64.6, 122.1 (q, 1JC-F = 274.7), 124.7, 125.7, 128.0, 129.1, 

129.4, 141.7; 19F NMR (376 MHz, CDCl3) δ 11.2. Anal. Calcd for C9H7F3N2O·1/5H2O: C, 49.19; H, 

3.39; N, 12.75. Found: C 49.21; H, 3.23; N, 12.78. 

 

2,3,5-tri-O-benzoyl-1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-β-D-ribofuranose (9)  

1-O-Acetyl-2,3,5-tri-O-benzoyl- -D-ribofuranose (0.32 g, 0.63 mmol) 

CH2Cl2 (3 mL) -30 C TMSOTf (0.14 mL, 0.76 mmol) CH2Cl2 

(2 mL)  8 (0.17 g, 0.79 mmol) 2

 (10 mL) 

H2O

 (  :  = 7 : 1)  9 

(0.37 g, 0.56 mmol, 89%)  
1H NMR (400 MHz, CDCl3) δ 4.52-4.58 (m, 2H), 4.74-4.80 (m, 3H), 5.31 (s, 1H), 5.77 (d, 1H, J = 

4.6), 5.92 (t, 1H, J = 5.7), 7.05-8.02 (m, 16H); 13C NMR (151 MHz, CDCl3) δ 14.2, 21.1, 28.3 (q, 
2JC-F = 40.5), 60.4, 64.4, 69.0, 72.1, 75.5, 76.8, 79.3, 104.7, 122.0 (q, 1JC-F = 274.7), 125.4, 126.0, 

128.3, 128.4, 128.5, 128.8, 128.9, 129.0, 129.1, 129.3, 129.5, 129.7, 129.7, 129.8, 133.1, 133.4, 

133.5, 137.9, 165.2, 165.4, 166.2, 171.1; 19F NMR (376 MHz, CDCl3) δ 11.3. Anal. Calcd for 

C35H27F3N2O8: C, 63.64; H, 4.12; N, 4.24. Found: C, 63.41; H, 3.95; N, 4.24. 

  

1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-β-D-ribofuranose (1)  
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  9 (0.37 g, 0.56 mmol) MeOH (5 mL) 28% 

CH3ONa in MeOH 2

1

 (  :  = 10 : 1) 

1 (0.18 g, 0.52 mmol, 95%)  
1H NMR (400 MHz, CDCl3) δ 2.01 (s, 1H), 2.52 (d, 1H, J = 6.4), 2.71 (d, 1H, J = 3.7), 3.81 (s, 2H), 

4.01-4.15 (m, 2H), 4.40-4.41 (m, 1H), 4.54 (d, 1H, J = 12.4), 4.75 (d, 1H, J = 12.4), 5.04 (s, 1H), 

7.12-7.18 (m, 2H), 7.38-7.39 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 28.3 (q, 2JC-F = 40.5), 63.1, 

67.4, 71.1, 74.6, 84.0, 106.5, 122.1 (q, 1JC-F = 274.7), 125.4, 125.7, 127.8, 129.6, 129.7, 140.0; 19F 

NMR (376 MHz, CDCl3) δ 11.3. Anal. Calcd for C14H15F3N2O5: C, 48.28; H, 4.34; N, 8.04. Found: 

C, 48.17; H, 4.26; N, 8.01. 

 

1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-dimethoxy)trityl-β-D-ribofurano

se (10) 

1 (0.36 g, 1.03 mmol) pyridine (4 mL) 

DMTrCl (0.42 g, 1.24 mmol) 3

H2O

 (  :  = 2 : 1)  10 

(0.61 g, 0.94 mmol, 91%)  
1H NMR (400 MHz, CDCl3) δ 2.27-2.54 (m, 2H), 3.29-3.35 (m, 2H), 3.77-3.80 (m, 7H), 4.12-4.14 

(m, 1H), 4.43 (d, 2H, J = 11.9), 4.70 (d, 1H, J = 11.9), 5.03 (s, 1H), 6.78-7.46 (m, 17H); 13C NMR 

(151 MHz, CDCl3) δ 14.2, 21.0, 28.4 (q, 2JC-F = 40.5), 55.2, 60.4, 64.8, 68.7, 72.7, 75.3, 82.2, 86.1, 

106.3, 113.1, 122.0 (q, 1JC-F = 274.7), 125.5, 125.8, 126.8, 127.8, 128.1, 128.9, 129.0, 129.2, 130.0, 

135.9, 138.5, 144.7, 158.4; 19F NMR (376 MHz, CDCl3) δ 11.3. Anal. Calcd for C35H33F3N2O7: C, 

64.61; H, 5.11; N, 4.31. Found: C, 64.47; H, 5.10; N, 4.24. 

 

2-O-(tert-butyldimethyl)silyl-1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-di-

methoxy)trityl-β-D-ribofuranose (11) and 

2-O-(tert-butyldimethyl)silyl-1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-di-

methoxy)trityl-β-D-ribofuranose (12)  
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10 (1.30 g, 2.00 mmol) DMF (15 mL) 

NEt3 (0.92 mL, 6.75 mmol), TBDMSCl (0.47 g, 3.15 mmol) 

H2O

 (  :  = 5 : 1) 

11 (0.46 g, 0.60 mmol 30%) 12 (0.48 g, 0.63 mmol, 32%) 

 

11: 1H NMR (400 MHz, CDCl3) δ 0.10-0.12 (m, 6H), 0.90-0.92 (m, 9H), 2.46 (d, 1H, J = 7.4), 

3.15-3.36 (m, 2H), 3.76 (s, 6H), 4.11-4.13 (m, 2H), 4.19-4.20 (m, 1H), 4.59-4.78 (m), 4.94 (d, 1H, J 

= 1.8), 6.78-7.47 (m, 17H); 13C NMR (151 MHz, DMSO-d6) δ -5.0, -4.7, 25.7, 28.4 (q, 2JC-F = 40.5), 

55.1, 64.6, 68.8, 72.2, 76.5, 83.8, 85.9, 106.6, 113.0, 122.1 (q, 1JC-F = 274.7), 125.4, 125.8, 126.7, 

127.7, 128.2, 128.9, 129.0, 129.2, 130.1, 130.1, 136.1, 136.1, 138.7, 144.9, 158.3; 19F NMR (376 

MHz, CDCl3) δ 11.3. Anal. Calcd for C41H47F3N2O7Si·1/5H2O: C, 63.63; H, 6.25; N, 3.62. Found: C, 

63.38; H, 6.03; N, 3.53. 

12: 1H NMR (400 MHz, CDCl3) δ -0.13 (s, 3H), 0.00 (s, 3H), 0.81 (s, 9H), 2.75 (d, 1H, J = 1.8), 

3.08 (dd, 2H, J = 5.0 and 10.1), 3.38 (dd, 2H, J = 2.8 and 10.1), 3.76-3.80 (m, 6H), 3.97-3.98 (m, 

1H), 4.12-3.13 (m, 1H), 4.35-4.38 (m, 1H), 4.51 (d, 1H, J = 11.9), 4.78 (d, 1H, J = 11.9), 5.09 (s, 

1H), 6.76-7.50 (m, 17H); 13C NMR (151 MHz, CDCl3) δ -4.9, 17.9, 25.6, 28.4 (q, 2JC-F = 40.5), 55.2, 

63.8, 68.8, 72.3, 75.4, 82.9, 85.9, 106.4, 113.0, 122.1 (q, 1JC-F = 274.7), 125.6, 125.8, 126.7, 127.7, 

128.3, 129.2, 129.2, 129.5, 130.0, 136.1, 136.1, 138.7, 144.7, 158.4; 19F NMR (376 MHz, CDCl3) δ 

11.2. Anal. Calcd for C41H47F3N2O7Si: C, 64.38; H, 6.19; N, 3.66. Found: C, 64.16; H, 6.27; N, 3.57. 

 

2-O-(tert-butyldimethyl)silyl-1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-di-

methoxy)trityl-3-O-[(2-cyanoethoxy)(N,N-diisopropyamino)]phosphanyl-β-D-ribofuranose (13)  

11 (0.50 g, 0.65 mmol) THF (3.3 mL) 

DIPEA (0.55 mL, 3.25 mmol), 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite (0.29 mL, 1.30 

mmol) 1

 (  :  = 1 : 1) 13 (0.39 g, 0.40 mmol, 62%) 

 
31P NMR (162 MHz, CDCl3) δ 149.5, 150.0. 
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4-iodo-1-[(tert-butyldimethylsilyl)oxymetyl]benzene (14)  

4-Iodobenzyl alchol (2.00 g, 8.58 mmol) DMF (20 mL) 

imidazole (1.29 g, 18.88 mmol), TBDMSCl (1.42 g, 9.44 mmol) 

H2O

 (  :  = 30 : 1 ) 

14 (2.98 g, 8.56 mmol, quant.)  
1H NMR (400 MHz, CDCl3) δ 0.09 (s, 6H), 0.93 (s, 9H), 4.68 (s, 2H), 7.07 (d, 2H, J = 8.2), 7.65(d, 

2H, J = 8.2); 13C NMR (151 MHz, CDCl3) δ -5.3, 18.4, 25.9, 64.4, 92.0, 128.0, 137.2, 141.2. Anal. 

Calcd for C13H21IOSi: C, 44.83; H, 6.08. Found: C, 44.68; H, 5.99. 

 

1-[(tert-butyldimethylsilyl)oxymethyl]-4-trifluoroacetylbenzene (15)  

14 (2.98 g, 8.56 mmol) THF (30 mL) -78 C

n-BuLi (11.0 mL, 17.98 mmol) 15 CF3COOEt 

(2.2 mL, 17.98 mmol) 1

 (15 mL) H2O

 (  :  = 30 : 

1) 15 (2.69 g, 8.46 mmol, 99%)  
1H NMR (400 MHz, CDCl3) δ 0.12 (s, 6H), 0.96 (s, 9H), 4.83 (s, 2H), 7.50 (d, 2H, J = 8.2), 8.05 (d, 

2H, J = 8.2); 13C NMR (151 MHz, CDCl3) δ -5.4, 18.4, 25.9, 64.3, 116.7(q, 2JC-F = 292.0), 126.2, 

128.6, 130.2, 150.1, 180.2(q, 1JC-F = 34.7); 19F NMR (376 MHz, CDCl3) δ 5.1. Anal. Calcd for 

C15H21F3O2Si: C, 56.58; H, 6.65. Found: C, 56.62; H, 6.55. 

 

3-[4-[(tert-butyldimethylsilyl)oxymethyl]phenyl]-3-trifluoromethyldiaziridine (17)  

15 (2.18 g, 6.85 mmol), HONH3Cl (0.71 g, 10.28 mmol) 

EtOH (10 mL) pyridine (10 mL)  (60 C) 

H2O

CH2Cl2 NEt3 (3.5 mL, 25.35 mmol) TsCl (2.61 g, 13.70 mmol)

DMAP (0.08 g, 0.69 mmol) 

H2O
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 (  :  = 15 : 1) 

16 (3.01 g, 6.17 mmol, 90%)  

1H NMR (400 MHz, CDCl3) δ: 0.11 (s, 6H), 0.95 (s, 9H), 2.47 (d, 3H, J = 7.3), 4.77 (d, 2H, J = 

6.88), 7.36-7.91 (m, 8H). 

-78 C 16 (0.80 g, 1.64 mmol) THF 

(8 mL)  (10 mL, 164 mmol 100 eq.) 

2 -78 C NH 3gas

H2O

 (  :  = 20 : 

1) 17 (0.48 g, 1.44 mmol 88%)  
1H NMR (400 MHz, CDCl3) δ 0.11 (s, 6H), 0.95 (s, 9H), 2.20 (d, 1H, J = 8.7), 2.78 (d, 1H, J = 8.2), 

4,76 (s, 2H), 7.36-7.48 (m, 2H), 7.58 (d, J = 8.3), 7.59 (s, 1H); 13C NMR (151 MHz, CDCl3) δ -5.3, 

18.4, 25.9, 57.9 (q, 2JC-F = 34.7), 123.6 (q, 2JC-F = 279.0), 126.2, 128.0, 130.2, 143.8; 19F NMR (376 

MHz, CDCl3) δ 0.7. Anal. Calcd for C15H23F3N2OSi: C, 54.19; H, 6.97; N, 8.43. Found: C, 54.07; H. 

6.77; N, 8.21. 

 

3-[4-[(tert-butyldimethylsilyl)oxymethyl]phenyl]-3-trifluoromethyl-3H-diazirine (18)  

17 (1.48 g, 4.46 mmol) MeOH (15 mL) 

NEt3 (1.5 mL, 11.15 mmol) I2 (1.25 g, 4.91 mmol) 

H2O

 (  :  = 50 : 1) 

18 (1.41 g, 4.27 mmol, 96%)  
1H NMR (400 MHz, CDCl3) δ 0.01 (s, 6H), 0.94 (s, 9H), 4.74 (s, 2H), 7.17 (d, 2H, J = 8.2), 7.35 (d, 

2H, J = 8.2); 13C NMR (151 MHz, CDCl3) δ -5.3, 18.4, 28.4 (q, 2JC-F = 40.5), 64.2, 122.2(q, 1JC-F = 

274.7), 126.2, 126.4, 127.6, 143.3; 19F NMR (376 MHz, CDCl3) δ 11.1. Anal. Calcd for 

C15H21F3N2OSi·3/10H2O: C, 53.94; H, 6.46; N, 8.39. Found: C 53.81; H, 6.24; N, 8.43. 

 

3-[(4-hydroxymethyl)phenyl]-3-trifluoromethyl-3H-diazirine (19)  
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18 (0.78 g, 2.36 mmol) THF (10 mL) 

TBAF (2.6 mL, 2.56 mmol) 30

 (

 :  = 3 : 1) 19 (0.47 g, 2.18 mmol, 92%) 

 
1H NMR (400 MHz, CDCl3) δ 1.70-1.73 (m, 1H), 4.73 (d, 2H, J = 5.6), 7.20 (d, 2H, J = 7.8), 7.40 (d, 

2H, J = 8.2); 13C NMR (151 MHz, CDCl3) δ 28.3(q, 2JC-F = 40.5), 64.2, 122.1 (q, 2JC-F = 274.7), 

126.7, 127.1, 128.3, 142.5; 19F NMR (376 MHz, CDCl3) δ 11.1. Anal. Calcd for 

C9H7F3N2O·3/20H2O: C, 49.39; H, 3.36; N, 12.80. Found: C 49.26; H, 3.31; N, 12.66. 

 

2,3,5-tri-O-benzoyl-1-O-[4-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-β-D-ribofuranose (20)  

1-O-Acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose (0.46 g, 

0.91 mmol) CH2Cl2 (5 mL) -30 C TMSOTf (0.14 mL, 0.76 

mmol), CH2Cl2 (3 mL) 19 (0.18 g, 0.83 mmol) 2

 (10 mL) 

H2O

 (  :  = 7 : 1) 

20 ( 0.50 g, 0.76 mmol, 92%)  
1H NMR (400 MHz, CDCl3) δ 4.49-4.59 (m, 2H), 4.76-4.81 (m, 3H), 5.31 (s, 1H), 5.77 (d, 1H, J = 

4.6), 5.93 (t, 1H, J = 6.0), 7.11-8.02 (m, 16H); 13C NMR (151 MHz, CDCl3) δ 28.3(q, 2JC-F = 40.5), 

64.2, 68.7, 72.0, 75.5, 79.3, 104.6, 122.1(q, 1JC-F = 274.7), 126.5, 128.0, 128.3, 128.4, 128.5, 128.8, 

129.1, 129.5, 129.7, 129.7, 129.8, 133.1, 133.4, 133.5, 138.6, 165.2, 165.4, 166.2; 19F NMR (376 

MHz, CDCl3) δ 11.2. Anal. Calcd for C28H22F3N2O6: C, 63.64; H, 4.12; N, 4.24. Found: C, 63.66; H, 

4.12; N, 4.15. 

 

1-O-[4-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-β-D-ribofuranose (2) 

 20 (1.22 g, 1.85 mmol) MeOH (5 mL) 

28% CH3ONa in MeOH 2

 (  :  = 10 : 1) 

2 (0.61 g, 1.75 mmol, 95%)  
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1H NMR (400 MHz, CDCl3) δ 1.99 (s, 1H), 2.44 (d, 1H, J = 6.0), 2.65 (s, 1H), 3.68 (d, 1H, J = 

11.5,), 3.82 (dd, 1H, J = 3.2 and 12.0) 4.09-4.12 (m, 2H), 4.41 (d, J = 5.5), 4.55 (d, 1H, J = 12.4), 

4.66 (d, 1H, J = 12.4), 5.04 (s, 1H), 7.19 (d, 2H, J = 7.8), 7.35 (d, 2H J = 8.2); 13C NMR (151 MHz, 

CDCl3) δ 28.2(2JC-F = 40.5), 63.9, 68.9, 71.9, 75.2, 83.6, 106.6, 122.0(q, 1JC-F = 274.7), 126.6, 128.0, 

128.8, 138.7; 19F NMR (376 MHz, CDCl3) δ11.7. Anal. Calcd for C14H15F3N2O5: C, 48.28; H, 4.34; 

N, 8.04. Found: C, 48.35; H, 4.33; N, 7.95. 

 

1-O-[4-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-dimethoxy)trityl-β-D-ribofuran-

ose (21)  

2 (1.01 g, 2.90 mmol) pyridine (15 mL) 

DMTrCl (1.18 g, 3.48 mmol) 3

H2O

 (  :  = 2 : 1) 

21 (1.77 g, 2.72 mmol, 93%)  
1H NMR (400 MHz, CDCl3) δ 2.24 (d, 1H, J = 6.0), 2.52 (d, 1H, J = 3.2), 3.27-3.32 (m, 2H), 3.77 (s, 

6H), 4.11-4.15 (m, 2H), 4.32-4.36 (m, 1H), 4.42 (d, 1H, J = 12.4), 4.70 (d, 1H, J = 11.9), 5.03(s, 1H), 

6.77-7.46 (m, 17H); 13C NMR (151 MHz, CDCl3) δ 28.3(q, 2JC-F = 40.5), 55.2, 64.7, 68.6, 72.8, 75.4, 

82.3, 86.2, 106.4, 113.1, 122.5(q, 1JC-F = 274.7), 126.5, 126.8, 127.8, 128.1, 128.2, 128.4, 130.0, 

135.9, 139.3, 144.7, 158.5; 19F NMR (376 MHz, CDCl3) δ 11.3. Anal. Calcd for 

C35H33F3N2O7·1/10H2O: C, 64.43; H, 5.13; N, 4.29. Found: C, 64.25; H, 5.14; N, 4.32. 

 

2-O-(tert-butyldimethyl)silyl-1-O-[4-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-di-

methoxy)trityl-β-D-ribofuranose (22)  

21 (2.01 g, 3.09 mmol) DMF (20 mL) 

NEt3 (1.3 mL, 9.27 mmol), TBDMSCl (0.93 g, 6.18 mmol) 

H2O

 (  :  = 

5 : 1) 22 (0.71 g, 0.93 mmol, 30%) 23 (1.07 g, 1.40 mmol, 45%) 

 
1H NMR (400 MHz, CDCl3) δ 0.09-0.11 (m, 6H), 0.91 (d, 9H, J = 4.6), 2.45 (d, 1H, J = 7.8), 3.15 

(dd, 1H, J = 5.0 and 10.1), 3.35 (dd, 1H, J = 3.2 and 10.1), 3.76 (d, 6H, J = 1.4) 4.10-4.20 (m, 3H), 
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4.46 (d, 1H, J = 12.4), 4.78 (d, 1H, J = 11.9), 4.95(d, 1H, J = 1.4), 6.76-7.49 (m, 17H); 13C NMR 

(151 MHz, CDCl3) δ -5.0, -4.7, 18.1, 25.7, 28.3 (q, 2JC-F = 40.5), 55.1, 64.6, 68.8, 72.2, 76.5, 83.8, 

85.9, 106.7, 113.0, 120.2  (q, 1JC-F = 274.7), 126.5, 126.7, 127.7, 128.1, 128.2, 128.3, 130.1, 136.0, 

136.1, 139.4, 144.9; 19F NMR (376 MHz, CDCl3) δ 11.1. Anal. Calcd for C41H47F3N2O7Si: C, 64.38; 

H, 6.19; N, 3.66. Found: C, 64.39; H, 6.22; N, 3.61. 

 

2-O-(tert-butyldimethyl)silyl-1-O-[4-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-di-

methoxy)trityl-3-O-[(2-cyanoethoxy)(N,N-diisopropyamino)]phosphanyl-β-D-ribofuranose (24)  

23 (0.75 g, 0.98mmol) THF (4.9 mL) 

DIPEA (0.85 mL, 4.90 mmol), 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite (0.43 mL, 

1.96mmol) 1

 (  :  = 1 : 1) 24 (0.90 g, 0.93 mmol, 95%) 

 
31P NMR (162 MHz, CDCl3) δ 149.1, 149.8 

 

2,3,5-tri-O-benzoyl-1-O-[3-ethynyl-5-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-β-D-ribofur-

anose (34)  

1-O-Acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose (0.26 g, 0.51 mmol) 

CH2Cl2 (3 mL) -30 ºC TMSOTf (0.14 mL, 0.76 mmol) CH2Cl2 

(2 mL)  33 (0.17 g, 0.79 mmol) 30

 (10 mL) 

H2O

 (  :  = 5 : 1)  34 

(0.27 g, 0.41 mmol, 89%)  
1H NMR (500 MHz, CDCl3) δ 3.13 (s, 1H), 4.48-4.53 (m, 2H), 4.71-4.81 (m, 3H), 5.31 (s, 1H), 5.78 

(d, 1H, J = 6.7), 5.93 (dd, 1H, J = 6.0 and 9.0), 7.00 (s, 1H), 7.28-7.35 (m, 4H), 7.40-7.54 (m, 6H), 

7.59 (t, 1H, J = 10), 7.89 (d, 2H, J = 10.5), 7.98-8.03 (m, 4H); 13C NMR (126 MHz, CDCl3) δ 28.1 

(q, 2JC-F = 40.9), 64.1, 67.0, 68.5, 72.0, 75.6, 78.9, 79.5, 82.1, 104.8, 121.9 (q, 1JC-F = 275.2), 123.4, 

125.5, 128.3, 128.4, 128.5, 128.9, 129.1, 129.4, 129.4, 129.5, 129.6, 129.7, 129.7, 129.8, 132.1, 
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133.2, 133.4, 133.5, 138.4, 165.2, 165.2, 166.2; 19F NMR (470 MHz, CDCl3) δ 9.9. Anal. Calcd for 

C37H27F3N2O8·3/5H2O: C, 63.90; H, 4.11; N, 3.73. Found: C, 64.07; H, 4.11; N, 3.77. 

  

1-O-[3-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-β-D-ribofuranose (25)  

  34 (2.00 g, 3.03 mmol) MeOH (10 mL) 

28% CH3ONa in MeOH 2

1

 (  :  = 10 : 1) 

1 (0.91 g, 2.61 mmol, 86%)  
1H NMR (500 MHz, DMSO-d6) δ 3.33-3.38 (m, 1H), 3.52-3.57 (m, 1H), 3.78 (q, 2H, J = 5.0), 3.92 

(q, 1H, J = 7.0), 4.37 (s, 1H), 4.43 (d, 1H, J = 12.5), 4.65 (t, 1H, J = 5.5), 4.69 (d, 1H, J = 12.5), 4.82 

(t, 2H, J = 6.5), 5.06 (d, 1H, J = 4.5), 7.25 (s, 2H), 7.56 (s 1H); 13C NMR (126 MHz, CDCl3) δ 28.0 

(q, 2JC-F = 39.7), 62.9, 66.9, 70.9, 74.6, 82.1, 82.7, 84.0, 106.6, 121.9 (q, 1JC-F = 276.4), 123.1, 125.9, 

128.4, 128.5, 132.5, 140.9; 19F NMR (470 MHz, CDCl3) δ 10.0. Anal. Calcd for C16H15F3N2O5: C, 

51.62; H, 4.06; N, 7.52. Found: C, 51.58; H, 4.09; N, 7.68. 

 

1-O-[3-ethynyl-5-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-O-(4,4’-dimethoxy)trityl-β-D- 

ribofuranose (35) 

25 (0.80 g, 2.30 mmol) pyridine (8 mL) 

DMTrCl (0.94 g, 2,76 mmol) 

H2O

 (  :  = 2 : 1)  10 

(0.61 g, 0.94 mmol, 91%)  
1H NMR (400 MHz, CDCl3) δ 3.12 (s, 1H), 3.31 (d, 2H, J = 6.3), 3.77 (d, 6H, J = 2.9), 4.10-4.15 (m, 

2H), 4.33 (q, 1H, J = 7.5), 4.41 (d, 1H, J = 15.5), 4.67 (d, 1H, J = 15.5), 5.02 (s, 1H), 6.79 (dd, 4H, J 

= 3.5 and 11.0), 6.97 (s, 1H), 7.17-7.25 (m, 3H), 7.33 (d, 4H, J = 11.0), 7.39 (s, 1H), 7.43-7.46 (m, 

2H); 13C NMR (126 MHz, CDCl3) δ 28.1 (q, 2JC-F = 41.0), 50.8, 55.1, 64.7, 68.0, 72.5, 75.3, 78.8, 

82.4, 86.1, 106.4, 113.1, 119.8 (q, 1JC-F = 244.0), 123.2, 125.5, 126.8, 127.8, 128.1, 129.3, 129.6, 

130.0, 132.1, 135.9, 139.1, 144.6, 158.4; 19F NMR (470 MHz, CDCl3) δ 10.1. Anal. Calcd for 

C37H33F3N2O7·1/2H2O: C, 65.00; H, 5.01; N, 4.10. Found: C, 65.01; H, 4.04; N, 4.84. 
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2-O-(tert-butyldimethyl)silyl-1-O-[3-ethynyl-5-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-

O-(4,4’-dimethoxy)trityl-β-D-ribofuranose (36)  

35 (1.21 g, 1.86 mmol) DMF (15 mL) 

NEt3 (0.8 mL, 5.58 mmol), TBDMSCl (0.56 g, 3.72 mmol) 

H2O

 (  :  = 5 : 1) 

36 (0.36 g, 0.47 mmol 25%) 37 (0.38 g, 0.50 mmol, 27%) 

 
1H NMR (400 MHz, CDCl3) δ 0.10-0.14 (m, 6H), 0.86-0.93 (m, 9H), 2.46 (d, 1H, J = 9.2), 3.12 (s, 

1H), 3.14-3.16 (m, 1H), 3.34-3.36 (m, 1H), 3.76 (s, 6H), 4.12-4.15 (m, 2H), 4.21-4.22 (m, 1H), 4.45 

(d, 1H, J = 15.5), 4.73 (d, 1H, J = 15.5), 4.93 (s, 1H), 6.78 (d, 4H, J = 10.9), 7.02 (s, 1H), 7.16-7.24 

(m, 3H), 7.35 (d, 4H, J = 10.5), 7.42 (s, 1H), 7.47 (d, 2H, J = 9.8); 13C NMR (126 MHz, CDCl3) δ 

-5.0, -4.7, 18.1, 25.7, 55.1, 64.6, 68.1, 72.2, 78.7, 82.1, 83.9, 86.0, 106.6, 113.0, 123.2, 125.5, 126.7, 

127.7, 128.2, 129.3, 129.6, 130.0, 130.1, 132.1, 136.1, 136.1, 139.3, 144.8, 158.4; 19F NMR (470 

MHz, CDCl3) δ 9.9. Anal. Calcd for C43H47F3N2O7Si·1/5H2O: C, 64.73; H, 6.05; N, 3.51. Found: C, 

64.86; H, 6.02; N, 3.47. 

 

2-O-(tert-butyldimethyl)silyl-1-O-[3-ethynyl-5-(3-trifluoromethyl-3H-diazirine-3-yl)]benzyl-5-

O-(4,4’-dimethoxy)trityl-3-O-[(2-cyanoethoxy)(N,N-diisopropyamino)]phosphanyl-β-D-ribofu-

ranose (38)  

36 (0.32 g, 0.42 mmol) THF (2.1 mL) 

DIPEA (0.36 mL, 2.10 mmol), 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite (0.2 mL, 0.84 

mmol) 1

 (  :  = 4 : 1) 13 (0.32 g, 0.32 mmol, 76%) 

 
31P NMR (203 MHz, CDCl3) δ 149.4, 149.8. 

  

6-(trifluoroacetamido)hexanoic acid (40) 
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hexanoic acid (1.00 g, 7.62 mmol) MeoH (2.0 mL) 

NEt3 (1.6 mL, 11.43 mmol), CF3COOEt (1.4 mL, 11.43 mmol) 

1M HCl aq.

40 (1.67 g, 7.35 mmol, 97%)  
1H NMR (400 MHz, CDCl3) δ 1.36-1.46 (m, 2H), 1.64-1.70 (m, 4H), 2.39 (t, 2H, J = 7.3), 3.38 (t, 

2H, J = 6.9), 3.14-3.16 (m, 1H), 6.36 (s, 1H). 

 

(S)-3-(6-trifluoroacetylamino)hexanecamido-1-O-(4,4’-dimethoxy)trityl-2-propanol (41) 

39 (0.50 g, 1.27 mmol) 40 (0.35 g, 1.52 mmol) DMF (10 

mL) DMAP (0.19 g, 1.52 mmol), NEt3 (0.21 mL, 1.52 mmol), EDCl 

(0.29 g, 1.52 mmol) 

 (  :  = 30 : 1) 

41 (0.44 g, 0.73 mmol, 57%)  

 

(S)-3-(6-trifluoroacetylamino)hexanecamido-1-O-(4,4’-dimethoxy)trityl-2-O-[(2-cyanoethoxy

)(N,N-diisopropyamino)]phosphanyl-propane (42) 

41 (0.64 g, 1.06 mmol) CH2Cl2 (6.4 mL) 

DIPEA (0.74 mL, 4.24 mmol), 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite (0.5 mL, 

2.12 mmol) 

 (  :  = 1 : 2) 42 (0.43 g, 

0.54 mmol, 51%)  
31P NMR (203 MHz, CDCl3) δ 149.7, 149.0. 

 

 (43) 

41 (0.10 g, 0.17 mmo) Pyridine (2 mL) 

Sccinic anhydride (0.10 g, 1.00 mmol), DMAP (61 mg, 0.50 mmo) 
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42

42 DMF (1.7 mL) EDCl (32 mg, 0.17 mmol), 

CPG (0.26 g, 0.04 mmol) 96 CPG

Pyridine CPG  

Capping mix (pyridine 13.5 mL, DMAP 0.183 g, Acetic anhydride 1.5 mL) 

48 CPG Pyridine, EtOH, MeCN

43 (25.8 mol/g)  

 

45 75  

 

7-3  

 

0.2  

mol 0.1 M

0.15 M MeCN CPG 0.2 mol

5'- DMTr

CPG  

CPG NH4OH : Ethanol (3 : 1) 

1.0 mlL 55 °C 4 CPG

DMSO (100 µL), NEt3 3HF (125 µL) 65 C 90

TBDMS 0.1 M TEAA buffer (10 mL) 

C-18 (Sep-Pak C-18) miliQ

MeCN

loading buffer (TBE buffer in formamide) 200 µL

20 % PAGE (500 V, 20 mA) 

 (0.1 M TEAA buffer 1 mM EDTA, 10 mL) 

C-18  (Sep-Pak C-18) 

miliQ MeCN

H2O 
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1 mL 260 nm

 

 

7-4 50 %  (Tm)  

 

50 %  (Tm) 3 M

 (10 mM NaH2PO4-Na2HPO4 (pH 7.0), 1 mM NaCl) 

200 L 95 ºC 3 1

RNA 150 L 20 ºC

100 ºC  (Δ0.5 ºC/ min) 50 %  (Tm) 
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7-5 Dual luciferase reporter assay 

 

HeLa 4000 cell/ml 96 well plate well  100 L

24 miRNA TE buffer 95 ºC 3 1

miRNA  (OPTI-MEM) 

0.1 g/ L psi-CHECK 1 L transfast 1.5 L 175 L

96 well plate  35 l 1 100 

L 24 24 Dual glo 

substrate  24 L 5 23 L 96 well plate

Firefly luciferase Stop and glo substrate 23 L

10 Renilla luciferase Renilla luciferase Firefly 

luciferase % of control

Luminescenser JNR ǁ  

 

 

 

Figure 31. Dual luciferase reporter assay 
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7-6 RNA  

 

RNA 1 : 1

3 M buffer (10 nM Tris-HCl (pH = 7.2), 100 nM NaCl) 

95 ºC 3 1

UV  (365 nm 30 302 nm 10 ) 

7 M loading buffer (10% TBE buffer in formamide) 

RNA 20%PAGE (500 V, 20 mA) 

 (0.1 M TEAA 

buffer 1 mM EDTA, 10 mL) C-18

 (Sep-Pak C-18) miliQ

MeCN

MALDI-TOF/MS  

 

7-7  

 

  DLD-1 5000 cell/ml 6 well plate 24 miRNA

TE buffer 20 M 95 ºC 3 1

miRNA miRNA

OPTI-MEM Lipofectamine RNAiMAX 15

40 nM 48

 (2,000 rpm, 5 ) 

Protein lysis buffer protease inhibitor alkaline phosphatase

20 2  (12,000 rpm, 20

) Lowry 100 

g/100 l SDS 98 °C

12.5 %SDS- PAGE

1 4 ºC 1

2 1 2

LAS 4000  
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7-8 miRNA mRNA  

 

DLD-1 300,000 cell/9.0 mL 6 well 24

miRNA OPTI-MEM Lipofectamine 

RNAiMAX 15 miRNA 40 nM

24 PBS buffer

UV (365 nm 15 ) 

 (2,000 rpm, 5 ) NucleoSpin miRNA

RNA dynabeads M-280 50 μL wash buffer (500 μL, 

20 mm Tris, 200 mm NaCl, 2.5 mm MgCl2, 0.1 % NP-40, pH 7.5) 2 reaction buffer 

(100 μL, 20 mm Tris, 200 mm NaCl, 2.5 mm MgCl2, 0.5 % NP-40, pH 7.5, 20U RNaseOUT) 

RNA 1 dynabeads wash 

buffer 500 L 2 TRIZOL 200 L RNase free water 50 L

RNA RNA Superscript VILO cDNA

Thermal Cycler Dice® Real Time System II PCR

mRNA  

 

7-9 cRGD  

 

RNA54  

RNA51 (15 nmol) 10 mM  (100 mM NaCl, pH 7.4) 

EMCS (50 mM in DMSO, 1.5 mol) 37 ºC 0.1 MTEAA

0.45 m HPLC

RNA cRGD  (50 mM in DMSO, 100 nmol) 

HPLC cRGD RNA54 (1.9 

nmol, 12%)  

 

RNA55  

RNA52 (20 nmol) 10 mM  (100 mM NaCl, pH 7.4) 

EMCS (50 mM in DMSO, 0.75 μmol) 37 ºC 0.1 MTEAA

0.45 μm HPLC

RNA cRGD  (50 mM in DMSO, 50 nmol) 
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HPLC cRGD RNA55 (2.8 

nmol, 14%)  

 

RNA56  

RNA53 (20 nmol) 10 mM  (100 mM NaCl, pH 7.4) 

EMCS (50 mM in DMSO, 4.0 μmol) 37 ºC 0.1 MTEAA

0.45 μm HPLC

RNA cRGD  (50 mM in DMSO, 110 nmol) 

HPLC cRGD RNA56 (5.0 nmol, 

25%)  

 

7-10  

A2058 30,000 cell/mL 35 mm 24

TE buffer siRNA (250 nM 

in OPTI-MEM) 18 Hoecst-33342

1 PBS  

 
7-11 PCR  

A2058 30,000 cell/mL 96 well 24

TE buffer siRNA (OPTI-MEM ) 24

FBS 2% 48 Superprep cell 

Lysis & RT kit for qPCR cDNA cDNA RecQL1 mRNA

-actin mRNA Thermal Cycler Dice® Real Time System II 

PCR  

 

7-12  

A2058 40,000 cell/mL 6 well 24

miRNA OPTI-MEM Lipofectamine RNAiMAX

15 miRNA 20 nM

72 1 PBS

miRNA  
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7-13  

miRNA PBS  (FBS) 10%

37 °C 1, 3, 6, 12 15% 

Native PAGE (200 V, 15 mA) miRNA  (SYBR GREEN 1 1 L, 

TBE buffer 10 mL) 30 LAS4000 RNA
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