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CLAIMS 

1. A compound comprising the structure shown in Formula I: 

 

wherein 

R is independently a -(CH2)n-, wherein n is 0, 1, 2 or 3; 

R
X1

 is  

  

* 
denotes the point of attachment of the R

X1
 group to the -(CH2)n- group; and 

R
X4

 is independently selected from the group consisting of a branched or linear C1-

C20 alkyl; a hydroxyl group; a halogen (F, Cl, Br, I); nitrile (CN); boronic acid (BO2H2); 

carboxylic acid (COOH); carboxylic acid ester (COOR
X2

); primary amide (CONH2); 

secondary amide (CONHR
X2

); tertiary amide (CONR
X2

R
X3

); sulfonamide (SO2NH2); N-

alkylsulfonamide (SONHR
X2

); 

R
X2

 and R
X3

 are independently, for each occurrence, selected from the group 

consisting of a branched or linear C1-C20 alkyl; phenyl (C6H5); an R
X4

 substituted phenyl 

ring (R
X4

C6H4), wherein R
X4

 is defined above; a carboxylic acid (COOH); a carboxylic acid 

ester (COOR
X5

), wherein R
X5

 is a branched or linear C1-C20 alkyl; and cycloalkyl, wherein 

R
X2

 = R
X3

 = (CH2)n; 

X is independently selected from the group consisting of -H, -OH, -OMe, -O-allyl, -F, 

-OEt, -OPr, -OCH2CH2OCH3 and -azido; 

R' is independently selected from the group consisting of a -H, -Ac; -Bz; -

P(NiPr2)(OCH2CH2CN); and -SiMe2tBu; 

R'' is independently selected from the group consisting of a hydrogen, 4,4'-

dimethoxytrityl (DMT) and triphosphate (-P(O)(OH)-O-P(O)(OH)-O-P(O)(OH)2) or a salt 

thereof;  
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and salts thereof. 

2. The compound of claim 1, wherein R
X4

 is independently selected from the group 

consisting of a branched or linear C1-C6 alkyl; a -OH; a -F and carboxylic acid (COOH). 

3. The compound of claim 1, wherein X is independently selected from the group 

consisting of -H, -OH, -OMe and -F. 

4. The compound of claim 1, wherein R' is selected from the group consisting of a -H, -

Ac and -P(NiPr2)(OCH2CH2CN). 

5. The compound of claim 1, R" is a triphosphate (-P(O)(OH)-O-P(O)(OH)-O-

P(O)(OH)2). 

6. A nucleic acid molecule comprising the compound of any of claims 1 to 5. 

7. A compound comprising the structure shown in Formula I: 

 

wherein 

R is independently a -(CH2)n-, wherein n is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10; 

R
X1

 is 

 

* 
denotes the point of attachment of the R

X1
 group to the -(CH2)n- group; 

R
X4

 is independently selected from the group consisting of a branched or linear C1-

C20 alkyl; a hydroxyl group; a halogen (F, Cl, Br, I); nitrile (CN); boronic acid (BO2H2); 

carboxylic acid (COOH); carboxylic acid ester (COOR
X2

); primary amide (CONH2); 

secondary amide (CONHR
X2

); tertiary amide (CONR
X2

R
X3

); sulfonamide (SO2NH2); N-

alkylsulfonamide (SONHR
X2

); 
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R
X2

 and R
X3

 are independently, for each occurrence, selected from the group 

consisting of a branched or linear C1-C20 alkyl; phenyl (C6H5); an R
X4

 substituted phenyl 

ring (R
X4

C6H4), wherein R
X4

 is defined above; a carboxylic acid (COOH); a carboxylic acid 

ester (COOR
X5

), wherein R
X5

 is a branched or linear C1-C20 alkyl; and cycloalkyl, wherein 

R
X2

 = R
X3

 = (CH2)n; 

X is independently selected from the group consisting of -H, -OH, -OMe, -O-allyl, -F, 

-OEt, -OPr, -OCH2CH2OCH3 and -azido; 

R' is independently selected from the group consisting of a -H, -Ac; -Bz; -

P(NiPr2)(OCH2CH2CN); and -SiMe2tBu; 

R'' is a triphosphate (-P(O)(OH)-O-P(O)(OH)-O-P(O)(OH)2); 

and salts thereof. 

8. The compound of claim 7, wherein R
X4

 is independently selected from the group 

consisting of a branched or linear C1-C6 alkyl; a -OH; a -F and carboxylic acid (COOH). 

9. The compound of claim 7, wherein X is independently selected from the group 

consisting of -H, -OH, -OMe and -F. 

10. The compound of claim 7, wherein R' is selected from the group consisting of a -H, -

Ac and -P(NiPr2)(OCH2CH2CN). 

11. A nucleic acid molecule comprising the compound of any of claims 7, 8, 9, or 10. 

12. A method for making a compound having Formula I: 

  

wherein 

R is independently a -(CH2)n-, wherein n is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10; 

R
X1

 is : 
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* 
denotes the point of attachment of the R

X1
 group to the -(CH2)n- group; and 

R
X4

 is independently selected from the group consisting of a branched or linear C1-

C20 alkyl; a hydroxyl group; a halogen (F, Cl, Br, I); nitrile (CN); boronic acid (BO2H2); 

carboxylic acid (COOH); carboxylic acid ester (COOR
X2

); primary amide (CONH2); 

secondary amide (CONHR
X2

); tertiary amide (CONR
X2

R
X3

); sulfonamide (SO2NH2); N-

alkylsulfonamide (SONHR
X2

);  

R
X2

 and R
X3

 are independently, for each occurrence, selected from the group 

consisting of a branched or linear C1-C20 alkyl; phenyl (C6H5); an R
X4

 substituted phenyl 

ring (R
X4

C6H4), wherein R
X4

 is defined above; a carboxylic acid (COOH); a carboxylic acid 

ester (COOR
X5

), wherein R
X5

 is a branched or linear C1-C20 alkyl; and cycloalkyl, wherein 

R
X2

 = R
X3

 = (CH2)n; 

X is independently selected from the group consisting of -H, -OH, -OMe, -O-allyl, -F, 

-OEt, -OPr, -OCH2CH2OCH3 and -azido; 

R' is independently selected from the group consisting of a -H, -Ac; -Bz; -

P(NiPr2)(OCH2CH2CN); and -SiMe2tBu; 

R'' is independently selected from the group consisting of an hydrogen, 4,4'-

dimethoxytrityl (DMT) and triphosphate  (-P(O)(OH)-O-P(O)(OH)-O-P(O)(OH)2) or a salt 

thereof; optionally wherein R" is a hydrogen or triphosphate  (-P(O)(OH)-O-P(O)(OH)-O-

P(O)(OH)2); 

and salts thereof,  

the method comprising providing a compound having Formula IX 

 

wherein, 

R
X6 

is an iodine or bromine group; 

R
X7

 and R
X8

 are independently, for each occurrence, a hydrogen or protecting group; 
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X is independently selected from the group consisting of -H, -OH, -OMe, -O-allyl, -F, 

-OEt, -OPr, -OCH2CH2OCH3 and -azido; and 

transforming the compound having Formula IX by a palladium(0) catalyzed reaction 

in the presence of R
X1

-R-NH2, carbon monoxide and a solvent; and 

isolating the compound having Formula I. 

13. The method of claim 12, wherein R
X4

 is independently selected from the group 

consisting of a branched or linear C1-C6 alkyl; a -OH; a -F and carboxylic acid (COOH). 

14. The method of claim 12, wherein R' is selected from the group consisting of a -H, -Ac 

and -P(NiPr2)(OCH2CH2CN). 

15. The method of claim 12, R" is a hydrogen or triphosphate (-P(O)(OH)-O-P(O)(OH)-

O-P(O)(OH)2); or salt thereof. 

16. The method of claim 12, wherein n is 1, 2 or 3. 

17. The method of claim 12, wherein the protecting group is selected from the group 

consisting of triphenylmethyl, p-anisyldiphenylmethyl, di-p-anisyldiphenylmethyl, p-

dimethoxy trityltrityl, formyl, t-butyloxycarbonyl, benzyloxycarbonyl, 2-

chlorobenzyloxycarbonyl, 4-chlorobenzoyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 

furfurylcarbonyl, t-amyloxycarbonyl, adamantyloxycarbonyl, 2-phenylpropyl-(2)-

oxycarbonyl, 2-(4-biphenyl)propyl-(2)-oxycarbonyl, 2-nitrophenylsulfenyl and 

diphenylphosphinyl. 

18. A method for selecting a nucleic acid aptamer having binding affinity for a target 

molecule comprising: 

(a) contacting a candidate mixture with the target, wherein the candidate mixture 

comprises modified nucleic aptamers in which one, several or all pyrimidines in at least one, 

or each, nucleic acid aptamer of the candidate mixture comprises a compound of any one of 

claims 1 to 7, and wherein nucleic acid aptamers having binding affinity for the target 

molecule form nucleic acid aptamer-target molecule complexes; 

(b) partitioning the nucleic acid aptamer-target molecule complexes from the 

candidate mixture; 

(c) dissociating the nucleic acid aptamer-target molecule complexes to generate 

free nucleic acid aptamers; 
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(d) amplifying the free nucleic acid aptamers to yield nucleic acid aptamers 

having an increased dissociation half-life from the target molecule relative to other nucleic 

acids in the candidate mixture; 

(e) identifying at least one nucleic acid aptamer in which one, several or all 

pyrimidines comprises a compound of anyone of claims 1 to 7, wherein the nucleic acid 

aptamer has binding affinity for the target molecule. 

19. The method of claim 18, wherein steps a) through d) are repeated with the mixture of 

nucleic acid aptamers enriched in nucleic acid sequences capable of binding to the target 

molecule and have a slow off-rate when bound to the target molecule to further enrich for 

nucleic acid sequences that are capable of binding to the target molecule and have a slow off-

rate when bound to the target molecule. 

20. The method of claim 18, wherein the rate of dissociation of the acid aptamer is from 2 

minutes to 360 minutes. 

21. The method of claim 18, wherein the rate of dissociation of the nucleic acid aptamer 

is greater than or equal to 2 minutes. 

22. The method of claim 18, wherein the target molecule is a protein or a peptide. 

23. The method of claim 18, wherein the at least one nucleic acid aptamer is capable of 

binding the target molecule with an equilibrium binding constant (Kd) of at less than 100 nM, 

or from 0.1 nM to 100 nM. 

24. The method of claim 18, further comprising exposing the candidate mixture to a slow 

off-rate enrichment process. 

25. The method of claim 18, wherein the slow off-rate enrichment process is performed 

prior to step (b). 

26. The method of claim 18, wherein the slow off-rate enrichment process is selected 

from the group consisting of adding a competitor molecule, a dilution step, a combination of 

adding a competitor molecule followed by a dilution step, a combination of a dilution step 

followed by adding a competitor molecule, and a combination of simultaneously adding a 

competitor molecule and a dilution step. 
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27. The method of claim 26, wherein the competitor molecule is a polyanion. 

28. The method of claim 21, wherein the competitor molecule is selected from the group 

consisting of an oligonucleotide, dNTPs, heparin and dextran sulfate. 


