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General 
All chemical reagents and solvents were purchased from Aldrich and were stored over molecular 
sieves and used without further purification. Electrospray ionization ion trap (ESI-IT) mass spectra 
were recorded by using a Bruker Daltonics esquire 3000+ instrument in positive or negative mode. 
DNA oligonucleotide synthesis was carried out by using an Applied-Biosystems 392 DNA/RNA 
synthesizer using standard phosphoramidite protocols and purified by reverse phase HPLC with a 
TEAA/CH3CN gradient. Oligonucleotides were quantitated by UV. Reverse- phase HPLC was 
performed by using a Prominence HPLC (Shimadzu) system.  
 

Preparation of aldehyde 1 
4-Formyl-benzoic acid NHS ester: 150 mg N-hydroxysuccinimide was dissolved in anhydrous 
CH2Cl2 together with 1.0 equiv. of carboxylbenzaldehyde and 2 equiv. of 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI). The reaction was 
maintained at room temperature for 5 h. The crude reaction mixture was extracted with 2.5% 
NaHSO4 to remove the excess EDCI. The organic phase was washed with brine, dried over MgSO4, 
and concentrated in vacuo. The residue was dried and used directly for DNA functionalization. 
3’-Aldehyde-templated Oligonucleotides: 3’ amino-modified oligonucleotides were synthesized 
using standard automated solid-phase phosphoramidite coupling methods from 3’ amino-modifier 
C7 CPG (Link Technologies). Up to 150 µg of a 3’-amino DNA oligonucleotide was combined 
with 6 mg/mL 4-formyl-benzoic acid NHS ester (final reaction = 10% DMF) in 200 mM sodium 
phosphate (pH = 7.2) at room temperature for 12 h. The reaction mixture was evaporated and 
washed with ether, then purified by reverse-phase HPLC and characterized by mass spectrometry.  
 

Preparation of prolinamide 2 
Fmoc-proline NHS ester: 150 mg N-hydroxysuccinimide was dissolved in anhydrous CH2Cl2 
together with 1.0 equiv. of Fmoc-proline and 2 equiv. of EDCI. The reaction was maintained at 
room temperature for 5 h. The crude reaction mixture was extracted with 2.5% NaHSO4 to remove 
the excess EDCI. The organic phase was washed with brine, dried over MgSO4, and concentrated 
in vacuo. The residue was dried and used directly for DNA functionalization. 
5’-Prolinamide-templated Oligonucleotides: 5’ amino-modified oligonucleotides were synthesized 
using standard automated solid-phase phosphoramidite coupling methods with 5’-amino-modifier 
(Link Technologies). Up to 200 µg of a 5’-amino DNA oligonucleotide was combined with 6 
mg/mL Fmoc-proline NHS ester (final reaction = 10% DMSO) in 200 mM sodium phosphate (pH 
= 7.2) at room temperature for 12 h. The reaction mixture was evaporated and washed with ether, 
then purified by reverse-phase HPLC and lyophilized. The Fmoc group was cleaved with 33% 
NH3/H2O at 550C for 1h and evaporated. The final product was purified by reverse-phase HPLC 
and characterized by mass spectrometry. 
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Preparation of diprolinamide 7 
The 5’-diprolinamide-templated oligonucleotides were prepared following the protocol for 
5’-prolinamide-templated oligonucleotides using Fmoc-pro-proline NHS ester instead of 
Fmoc-proline NHS ester 

 
DNA-templated catalytic reaction with acetone:  
DNA-templated catalytic reactions were performed by mixing DNA-conjugated proline catalysts 
(60 pmol) and DNA-tethered aldehyde (60 pmol) in a volume of 20 µL of buffer at 250C. To this 
solution, 5µL acetone was added to the reaction mixture. After the defined time, the reaction 
mixture was lyophilized and analyzed by denaturing HPLC.   
Denaturing HPLC: Chromatography was run using a Waters Xbridge column (4.6×50 mm) eluted 
at 500C at 1 mL/min with a linear gradient that increased the proportion of solvent B in solvent A 
from 5% to 17% in 20 min, where A is 0.1 M Et3NHOAc, pH 7.0, and B CH3CN. 

 
Discovery of reaction conditions 
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pH value: Reactions were performed by mixing 2 (60 pmol) and DNA-conjugated aldehyde 1 (60 
pmol) in a total volume of 20 µL of 100mM phosphate buffer (Na2HPO4/NaH2PO4) at 250C. 4µL 
acetone was added to the reaction mixture. After 4h, the reaction mixture was lyophilized and 
analyzed by denaturing HPLC. 
 

pH Yield (4)% Yield (3)% 

6.0 1 35 
6.5 3 70 
7.0 10 86 
7.1 13 90 
7.2 17 90 
7.3 23 91 
7.4 25 91 
7.5 30 90 
7.6 35 90 
7.8 47 89 
8.0 59 89 
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Buffer: Reactions were performed by mixing 2 (60 pmol) and DNA-conjugated aldehyde 1 (60 
pmol) in a total volume of 20 µL of 100mM pH 7.3 different buffer at 250C. 2µL acetone was 
added to the reaction mixture. After 4h, the reaction mixture was lyophilized and analyzed by 
denaturing HPLC. 
 

Buffer Yield (4)% Yield (3)% 

Borate <5 <5 
TEAA 1.2 50 

Tris 4.1 62 
MOPS 1.4 57 

phosphate 9.1 83 

 
Salt: Reactions were performed by mixing 2 (60 pmol) and DNA-conjugated aldehyde 1 (60 pmol) 
in a total volume of 20 µL of 100mM phosphate buffer (pH 7.3) at 250C. Various salts and 2µL 
acetone were added to the reaction mixture. After 4h, the reaction mixture was lyophilized and 
analyzed by denaturing HPLC. 
 

Salt 
Concentration 

[mM] 
Yield (4)% Yield (3)% 

Non 0 6 75 
MgCl2  100 1 24 
MnCl2  100 <5 <5 
NaCl 100 6 75 
NaCl 200 6 76 
NaCl 400 5 75 
NaCl 800 4 72 

 
Phosphate Buffer concentration: Reactions were performed by mixing 2 (60 pmol) and 
DNA-conjugated aldehyde 1 (60 pmol) in a total volume of 20 µL of phosphate buffer (pH 7.2) at 
250C. 5µL acetone was added to the reaction mixture. After 4h, the reaction mixture was 
lyophilized and analyzed by denaturing HPLC.  
 

PB [mM] Yield (4)% Yield (3)% 

2 6 10 
5 7 58 
10 10 74 
25 12 82 
100 18 90 
200 24 91 
400 23 91 

 
The amount of acetone: Reactions were performed by mixing 2 (60 pmol) and DNA-conjugated 
aldehyde 1 (60 pmol) in a total volume of 20 µL of 100mM phosphate buffer (pH 7.3) at 250C. 
Acetone with different volume was added to the reaction mixture. After 4h, the reaction mixture 
was lyophilized and analyzed by denaturing HPLC. 
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Acetone µL Yield (4)% Yield (3)% 

0.001 <5 <5 
0.01 <5 2 
0.1 <5 17 
1 2 55 
2 6 75 
5 24 93 

 
 
Optimized reaction conditions 
Optimized reaction conditions for acetone: DNA-templated catalytic reaction performed by mixing 
2 (60 pmol) and DNA-conjugated aldehyde 1 (60 pmol) in a total volume of 20 µL of 100mM 
phosphate buffer (pH 7.3) at 250C. 5µL acetone was added to the reaction mixture. After 4 hours, 
the reaction mixture was lyophilized and analyzed by denaturing HPLC. 
 
Optimized reaction conditions for other ketones: DNA-templated catalytic reaction performed by 
mixing 2 (60 pmol) and DNA-conjugated aldehyde 1 (60 pmol) in a total volume of 30 µL of 
100mM phosphate buffer (pH 8.0) at 250C. 10µL DMSO and 3µl respective ketone was added to 
the reaction mixture. After 24 hours, the reaction mixture was lyophilized and analyzed by 
denaturing HPLC. 

 
Reactions including thermocycling 
Reaction performed in normal PCR tube by mixing DNA-conjugated aldehyde 1 (60 pmol) and 
desired amount of DNA-conjugated catalyst 7 in a total volume of 30 µL of 100mM phosphate 
buffer (pH 8.0) at 250C. 3µl acetone was added to the reaction mixture. The tube was sealed by 
teflon film. Thermocycling was performed employing the following program in a standard PCR 
thermocycler (Biometra): reaction at 250C for 1h, followed denaturation at 800C for 1min. After 25 
or 50 cycles, the reaction mixture was lyophilized and analyzed by denaturing HPLC. 

 
DNA thermal denaturation studies 
Melting curves were recorded on a Cary 100 bio UV/Vis instrument with temperature control unit. 
Data were obtained from three individual cooling/heating cycles. Melting temperatures (Tm values) 
were obtained from the maximum of the first derivative of the melting curves (absorbance at 
260nm versus temperature). Measurement were conducted in the 100mM phosphate buffer (pH 7.2) 
contained 3uM duplex DNA. The mixtures were heated to 950C for 5 min. and slowly cooled to 
room temperature prior to the melting curve measurements. Tm (1+2) = 62 0C, Tm (1+7) = 63 0C 

 
Determination of the initial rates 
The reactions were initiated by the addition 25µL acetone to solution of DNA-tethered catalyst 
(300 pmol) and DNA-conjugated aldehyde 1 (300 pmol) in 100 µL of 100mM phosphate buffer 
(pH 7.2) at 250C. For the determination of the initial rates involving the ketones depicted in Figure 
3, the reactions were performed as follows: The reactions were initiated by addition 15µL 
respective ketone to solution of DNA-tethered catalyst (300 pmol) and DNA-conjugated aldehyde 
1 (300 pmol) in 150 µL of 100mM phosphate buffer (pH 8.0) and 50 µL of DMSO at 250C. At 
several time intervals aliquots (20 µL) were removed, frozen and lyophilized. Then the samples 
were analyzed by denaturing HPLC. The kinetic values were obtained by fitting the data (time vs. 
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product amount) obtained for the initial reaction until yields 10 - 20% were reached.  
 
 

ESI mass spectrometry 
The purified oligonucleotide templates (50–100 pmol) were dissolved in a solution of 2-propanol 
(20%) containing NEt3 (1%). The mass measurements were carried out by using an Esquire 3000+ 
(Bruker) instrument and nitrogen was used as the nebulizing gas (12 psi) at 300 0C. The samples 
were injected into the system with the aid of a syringe pump (180 µLh-1). 
For reaction analysis respective fractions were collected, freeze-dried and analyzed by ESI-MS  
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