
 1 

Supporting Information 

 

 

Oligonucleotides with “Clickable” Sugar Residues: Synthesis, Duplex Stability and 

Terminal versus Central Interstrand Cross-Linking of 2’-O-Propargylated 

 2-Aminoadenosine with a Bifunctional Azide 

 

    

Suresh S. Pujari
†‡

, Peter Leonard
†
 and Frank Seela*

†‡
 

 

 

 

 

 
†
Laboratory of Bioorganic Chemistry and Chemical Biology, Center for Nanotechnology, 

Heisenbergstraße 11, 48149 Münster, Germany and 
‡
Laboratorium für Organische und 

Bioorganische Chemie, Institut für Chemie neuer Materialien, Universität Osnabrück, 

Barbarastraße 7, 49069 Osnabrück, Germany 

                                                                                      

 

 

Corresponding author: 

Prof. Dr. Frank Seela 

Phone: +49(0) 251 53406 500; Fax: +49(0)251 53406 857 

E-mail: Frank.Seela@uni-osnabrueck.de 

Homepage: www.seela.net  

 

 

 

 

 

 

mailto:Frank.Seela@uni-osnabrueck.de
http://www.seela.net/


 2 

Table of Contents 

 

Table S1. 
1
H-

13
C Coupling constants (Hz) of 2,6-diaminopurine nucleosides and their 

derivatives……………………………………………………………………………………5 

Figure S1. Structures of monofunctionalized oligonucleotides prepared by stepwise click 

reaction……………………………………………………………………………………..…..6 

Figure S2. Structures of cross-linked oligonucleotides prepared by stepwise click reaction….7 

Figure S3. Ion-exchange HPLC profiles of purified mono-functionalized oligonucleotides 49-

57 and cross-linked oligonucleotides ICL-1 to ICL-12.…………………….……..………...10 

Figure S4. HPLC Reaction profiles of monofunctionalization reactions…………………….13 

Figure S5. HPLC Reaction profiles of cross-linking reactions……………………………….15 

Figure S6. Melting profiles of cross-linked duplexes measured in high salt conditions……..17 

Figure S7. Melting profiles of cross-linked duplexes measured in low salt buffer 

conditions……………………………………………………………………………………..19 

Table S2. UV maxima and extinction coefficients (ε) of nucleoside derivatives.……...…….21 

Figure S8. 
1
H NMR spectrum of compound 7………………………………………………..22 

Figure S9. 
13

C NMR spectrum of compound 7……………………………………………….23 

Figure S10. DEPT-135 spectrum of compound 7………………………………………….…24 

Figure S11. 
1
H-

13
C gated-decoupled spectrum of compound 7……………………………....25 

Figure S12. 
1
H NMR spectrum of compound 8………………………………………………26 

Figure S13. 
13

C NMR spectrum of compound 8…………………………………………..….27 

Figure S14. DEPT-135 spectrum of compound 8…………………………………………….28 

Figure S15. 
1
H-

13
C gated-decoupled spectrum of compound 8……………………………....29 

Figure S16. 
1
H NMR spectrum of compound 9…………………………………………..…..30 

Figure S17. 
13

C NMR spectrum of compound 9………………………………………….…..31 

Figure S18. DEPT-135 spectrum of compound 9…………………………………………….32 



 3 

Figure S19. 
1
H-

13
C gated-decoupled spectrum of compound 9………………………………33 

Figure S20. 
1
H NMR spectrum of compound 10……………………………………………..34 

Figure S21. 
13

C NMR spectrum of compound 10……………………………………………35 

Figure S22. 
31

P NMR spectrum of compound 10…………………………………….………36 

Figure S23. 
1
H NMR spectrum of compound 11…………………………………………..…37 

Figure S24. 
13

C NMR spectrum of compound 11………………………………………….…38 

Figure S25. DEPT-135 spectrum of compound 11…………………………………...………39 

Figure S26. 
1
H-

13
C gated-decoupled spectrum of compound 11……………………………..40 

Figure S27. 
1
H NMR spectrum of compound 12…………………………………………..…41 

Figure S28. 
13

C NMR spectrum of compound 12…………………………………………….42 

Figure S29. DEPT-135 spectrum of compound 12………………………………………..….43 

Figure S30. 
1
H-

13
C gated-decoupled spectrum of compound 12………………………….….44 

Figure S31. 
1
H NMR spectrum of compound 13……………………………………………..45 

Figure S32. 
13

C NMR spectrum of compound 13…………………………………………….46 

Figure S33. DEPT-135 spectrum of compound 13………………………………………..….47 

Figure S34. 
1
H-

13
C gated-decoupled spectrum of compound 13………………………….….48 

Figure S35. 
1
H NMR spectrum of compound 14……………………………………………..49 

Figure S36. 
13

C NMR spectrum of compound 14…………………………………………….50 

Figure S37. 
31

P NMR spectrum of compound 14…………………………………………….51 

Figure S38. 
1
H NMR spectrum of compound 15………………………………………..……52 

Figure S39. 
13

C NMR spectrum of compound 15…………………………………………….53 

Figure S40. DEPT-135 spectrum of compound 15…………………………………………...54 

Figure S41. 
1
H-

13
C gated-decoupled spectrum of compound 15……………………….…….55 

Figure S42. 
1
H NMR spectrum of compound 16……………………………………………..56 

Figure S43. 
13

C NMR spectrum of compound 16…………………………………………….57 

Figure S44. DEPT-135 spectrum of compound 16………………………………………...…58 



 4 

Figure S45. 
1
H-

13
C gated-decoupled spectrum of compound 16………………………….….59 

Figure S46. 
1
H NMR spectrum of compound 17………………………………………….….60 

Figure S47. 
13

C NMR spectrum of compound 17……………………………………….……61 

Figure S48. DEPT-135 spectrum of compound 17………………………………………..….62 

Figure S49. 
1
H-

13
C gated-decoupled spectrum of compound 17………………………..……63 

Figure S50. 
1
H NMR spectrum of compound 18…………………………………………..…64 

Figure S51. 
13

C NMR spectrum of compound 18…………………………………………….65 

Figure S52. 
31

P NMR spectrum of compound 18……………………………………….……66 

Figure S53. 
1
H NMR spectrum of compound 19………………………………………….…67 

Figure S54. 
13

C NMR spectrum of compound 19…………………………………………….68 

Figure S55. DEPT-135 spectrum of compound 19……………………………………..…….69 

Figure S56. 
1
H-

13
C gated-decoupled spectrum of compound 19………………………..……70 

Figure S57. 
1
H NMR spectrum of compound 20………………………………………….….71 

Figure S58. 
13

C NMR spectrum of compound 20…………………………………………….72 

Figure S59. DEPT-135 spectrum of compound 20…………………………………………...73 

Figure S60. 
1
H-

13
C gated-decoupled spectrum of compound 20……………………………..74 

 

 

 

 

 

 

 

 

 

 



 5 

Table S1. 
1
H-

13
C Coupling Constants (Hz) of 2,6-Diaminopurine Nucleosides and Their 

Derivatives. 
a,b

 

 

a
 Measured in DMSO (d6) at 298 K. 

b 
Purine numbering. 

c
J. Org. Chem. 2013, 78, 8545-8561. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      J (Hz)       

1
H-

13
C-Coupling 

Constants 
1

c
 7 8 9 11 12 13 15 16 17 19 20 

      1
J(C8, H-C8)

 
212.5 213.0 214.0 214.0 213.4 215.8 214.5 213.0 215.3 215.0 212.6 216.6 

3
J(C8, H-C1’)

 
4.2 4.4 4.1 3.8 4.3 4.2 3.7 4.0 4.0 -- 3.9 -- 

1
J(C1’, H-C1’) 163.8 163.0 167.8 166.7 164.7 165.5 164.3 164.6 165.5 166.0 164.2 163.1 

1
J(C2’, H-C2’)

 
151.4 147.4 -- -- 149.7 149.0 149.5 149.6 147.8 148.0 145.7 146.9 

1
J(C3’, H-C3’) 149.2 150.0 149.0 147.5 151.2 149.8 149.7 149.0 149.4 148.1 150.8 148.4 

1
J(C4’, H-C4’) 147.4 148.0 147.2 137.0 148.7 148.3 149.4 149.6 148.2 149.5 147.6 148.4 

1
J(C5’, H-C5’) 140.4 140.0 141.0 143.6 140.4 140.7 141.9 141.0 141.0 141.5 141.6 140.0 

1
J(C3’’, H-C3’’)

 
251.3 251.1 -- -- 251.3 251.3 251.3 251.3 251.3 251.0 -- -- 
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Figure S1. Structures of monofunctionalized oligonucleotides prepared by stepwise click 

reaction. 
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Figure S2. Structures of cross-linked oligonucleotides prepared by stepwise click reaction. 
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Figure S3. Ion exchange HPLC profiles of monofunctionalized and interstrand cross-linked 

oligonucleotides performed on a RP-18 column (4 x 250nm) at 260 nm. The compounds were 

eluted using the following gradient: (A) 25 mM Tris-HCl, 10% MeCN, pH 7.0; (B) 25 mM 

Tris-HCl, 1.0 M NaCl, and 10% MeCN, pH 7.0. Elution gradient: 0-30 min 20-80% B in A 

with a flow rate of 0.75 mL min-1. X-axis corresponds to retention time [min] and y-axis 

corresponds to absorbance. 
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Figure S4. HPLC profiles of crude monofunctionalized oligonucleotides 49-58 obtained by 

stepwise click reaction (first click). Chromatography was performed on a RP-18 HPLC 

column (4 x 250 nm) at 260 nm with a gradient 0-25 min 0-20% A in B, flow rate 0.7 mL 

min
-1

 where A = MeCN; B = 0.1 M (Et3NH)OAc (pH 7.0). 
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Figure S5. HPLC profiles of crude cross-linked oligonucleotides ICL-1, ICL-2, ICL-4, ICL-

5, ICL-6, ICL-8, ICL-9, ICL-10, ICL-11 and ICL-12 obtained by stepwise click reaction 

(second click). Chromatography was performed on a RP-18 HPLC column (4 x 250 nm) at 

260 nm with a gradient 0-25 min 0-20% A in B, flow rate 0.7 mL min
-1

 where A = MeCN; B 

= 0.1 M (Et3NH)OAc (pH 7.0). 
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                              (a)                                                                  (b) 

  
                              (c)                                                                  (d) 

  
                              (e)                                                                   (f) 

  
                              (g)                                                                   (h)                       
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                              (i)                                                                     (j) 

 

 

  
                               (k)                                                               (l) 

   
                                (m)                                                                 (n) 

Figure S6. The melting profiles of cross-linked oligonucleotides (a) ICL-1; (b) ICL-2; (c) 

ICL-3; (d) ICL-4; (e) hairpin H1; (f) hairpin H2; (g) ICL-5; (h) ICL-6; (i) ICL-7; (j) ICL-8; 

(k) ICL-9; (l) ICL-10; (m) ICL-11; (n) ICL-12. The melting profiles were measured in 1 M 

NaCl, 100 mM MgCl2, 60 mM Na-cacodylate buffer. 
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(a)                                                                     (b) 

 

                             (c)                                                                    (d) 

 

  

                             (e)                                                                     (f) 
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                              (g)                                                                 (h) 

  

                              (i)                                                                (j) 

  

                             (k)                                                                   (l)                  

Figure S7. The melting profiles of cross-linked oligonucleotides (a) ICL-1; (b) ICL-2; (c) 

ICL-3; (d) ICL-4; (e) hairpin H1; (f) hairpin H2; (g) ICL-5; (h) ICL-6; (i) ICL-7; (j) ICL-8; 

(k) ICL-9; (l) duplex 26•27. The melting profiles were measured in 50 mM NaCl, 10 mM 

Na3PO4, 0.1 mM EDTA buffer. 
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Table S2. UV Maxima
a
 and Extinction Coefficients (ε)

b
 of Nucleoside Derivatives.

c 

 

Compound UV Data Compound UV Data 

  

λmax: 256 (ε 9800) 

         281 (ε 10500) 

λ260:          (ε 9000) 

  

λmax: 256 (ε 8900) 

         281 (ε 9800) 

λ260:             (ε 8200) 

  

λmax: 256 (ε 9400) 

         281 (ε 10900) 

λ260:             (ε 8800) 

 

 
 

 

 

 

 

  

 

λmax: 271 (ε 15800) 

  

λmax: 271 (ε 14800) 

 

  

λmax: 253 (ε 13900) 

        279 (ε 14500) 

        325 (ε 20600) 

 

  

λmax: 260 (ε 20700) 

         320 (ε 29500) 

  

λmax: 265 (ε 10000) 

         286 (ε 12000) 

 

  

λmax: 265 (ε 11500) 

         287 (ε 11200) 
 

  

λmax: 267 (ε 14000) 

         284 (ε 15900) 

 

  

λmax: 268 (ε 16200sh) 

         276 (ε 16700) 

 

  

λmax: 260 (ε 27900) 

         320 (ε 30700) 

  

a
Wavelength is given in nm.

 b
Unit for extinction coefficient is dm

3
 mol

-1
 cm

-1
. 

c
Measured in 

MeOH. 
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Figure S8. 
1
H NMR spectrum of compound 7. 
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Figure S9. 
13

C NMR spectrum of compound 7. 
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Figure S10. DEPT-135 spectrum of compound 7. 
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Figure S11. 
1
H-

13
C gated-decoupled spectrum of compound 7. 
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Figure S12. 
1
H NMR spectrum of compound 8. 
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Figure S13. 
13

C NMR spectrum of compound 8. 
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Figure S14. DEPT-135 spectrum of compound 8. 
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Figure S15. 
1
H-

13
C gated-decoupled spectrum of compound 8. 

 

N

N

N

NH(i-Bu)

(i-Bu)HN N

O

OH

HO

8



 30 

Figure S16. 
1
H NMR spectrum of compound 9. 
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Figure S17. 
13

C NMR spectrum of compound 9. 
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Figure S18. DEPT-135 spectrum of compound 9. 
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Figure S19. 
1
H-

13
C gated-decoupled spectrum of compound 9. 
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Figure S20. 
1
H NMR spectrum of compound 10. 
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Figure S21. 
13

C NMR spectrum of compound 10. 
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Figure S22. 
31

P NMR spectrum of compound 10. 
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Figure S23. 
1
H NMR spectrum of compound 11. 
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Figure S24. 
13

C NMR spectrum of compound 11. 
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Figure S25. DEPT-135 spectrum of compound 11. 
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Figure S26. 
1
H-

13
C gated-decoupled spectrum of compound 11. 
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Figure S27. 
1
H NMR spectrum of compound 12. 
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Figure S28. 
13

C NMR spectrum of compound 12. 
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Figure S29. DEPT-135 spectrum of compound 12. 
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 44 

Figure S30. 
1
H-

13
C gated-decoupled spectrum of compound 12. 
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 45 

Figure S31. 
1
H NMR spectrum of compound 13. 
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Figure S32. 
13

C NMR spectrum of compound 13. 
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Figure S33. DEPT-135 spectrum of compound 13. 
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Figure S34. 
1
H-

13
C gated-decoupled spectrum of compound 13. 
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Figure S35. 
1
H NMR spectrum of compound 14. 
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Figure S36. 
13

C NMR spectrum of compound 14. 
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Figure S37. 
31

P NMR spectrum of compound 14. 
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Figure S38. 
1
H NMR spectrum of compound 15. 
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Figure S39. 
13

C NMR spectrum of compound 15. 
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Figure S40. DEPT-135 spectrum of compound 15. 
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Figure S41. 
1
H-

13
C gated-decoupled spectrum of compound 15. 

 

N

N

N

NH2

N
H

N

O

OOH

HO

15

O

MeO



 56 

Figure S42. 
1
H NMR spectrum of compound 16. 
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Figure S43. 
13

C NMR spectrum of compound 16. 
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Figure S44. DEPT-135 spectrum of compound 16. 
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Figure S45. 
1
H-

13
C gated-decoupled spectrum of compound 16. 
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 60 

Figure S46. 
1
H NMR spectrum of compound 17. 
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Figure S47. 
13

C NMR spectrum of compound 17. 
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Figure S48. DEPT-135 spectrum of compound 17. 
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Figure S49. 
1
H-

13
C gated-decoupled spectrum of compound 17. 
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Figure S50. 
1
H NMR spectrum of compound 18. 
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Figure S51. 
13

C NMR spectrum of compound 18. 
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Figure S52. 
31

P NMR spectrum of compound 18. 
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Figure S53. 
1
H NMR spectrum of compound 19. 
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Figure S54. 
13

C NMR spectrum of compound 19. 

 

O

OOH

HO

N N
N N3

O

N

N N

N

NH2

H2N

19



 69 

Figure S55. DEPT-135 spectrum of compound 19. 
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 70 

Figure S56. 
1
H-

13
C gated-decoupled spectrum of compound 19. 

 

O

OOH

HO

N N
N N3

O

N

N N

N

NH2

H2N

19



 71 

Figure S57. 
1
H NMR spectrum of compound 20. 
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Figure S58. 
13

C NMR spectrum of compound 20. 

 

O

OOH

HO

N N
N

O

OOH

HO

N
N N

O

N

N N

N

NH2

H2N

N

N N

N

NH2

H2N

20



 73 

Figure S59. DEPT-135 spectrum of compound 20. 
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 74 

Figure S60. 
1
H-

13
C gated-decoupled spectrum of compound 20. 
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