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1. Materials and general methods 

1.1 Materials 

Unless otherwise noted, all reagents and solvents were purchased from 

commercial sources and used as received. Headpiece (HP, 5'-

/5Phos/GAGTCA/iSp9/iUniAmM/i-Sp9/TGACTCCC-3', MW = 4937 Da), 

Headpiece-primer (HP-P, 

5'/5Phos/ACCTTCGGTCGGGAGTCA/iSp9/iUniAmM/iSp9/TGACTCCCGACC

GAAGGTTG-3') and code sequences were received from HitGen Inc. 

(Shuangliu District, Chengdu, China). All the DNA sequences were written in 5’- 

to 3’- orientation unless otherwise noted. Chemicals and reagents were 

purchased from several commercial suppliers including J&K Scientific, 

Bidepharm, Adamas, and Sigma-Aldrich, and were generally used from aliquots 

dissolved in DMA, ACN, H2O or other solvents, depending on solubility and 

optimized reaction conditions. T4 DNA ligase and 10× ligation buffer (500 mM 

Tris pH 7.5, 500 mM NaCl, 100 mM MgCl2, 100 mM DTT, and 25 mM ATP) 

were purchased from HitGen Inc.. Aqueous solutions, including NaCl (5 M), 

basic borate buffer (250 mM, sodium borate/boric acid, pH 9.4), and acetate 

buffer (3 M, sodium acetate/acetic acid, pH 5.2) were prepared in-house. 

Watsons Water was used in the reactions unless otherwise stated. All the gel 

images were captured by a Bio-Rad ChemidocTM image system. All reactions 

were performed in Axygen® 0.6 mL Snaplock Microcentrifuge Polypropylene 

Tube (Product Number: MCT-060-L-C). For detailed technical information, the 

reader is directed to the homepage of Axygen: http://www.axygen.com. 

 

Figure S1. Structure of HP (MW = 4937). 
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1.2 General methods for DNA analysis 

On-DNA reaction analysis (UHPLC-MS method). The detection was 

performed by a high-resolution mass spectrometry-Agilent 6230 Time-of-Flight 

(TOF) mass spectrometer connected to an Agilent 1290 UHPLC. After the 

reaction, an aliquot of the reaction mixture was diluted with water to make the 

sample approximately 1 µM. Then, 10~20 µL of the sample was injected into a 

reversed-phase UHPLC column (Agilent, AdvanceBio Oligonucleotide, C18, 

2.1×50 mm, 2.7 µm, maintained at 60 °C) at a flow rate of 0.3 mL/min. The 

effluent was detected by UV absorbance (260 nm) and analyzed on Agilent 

6230 TOF in negative ion mode. 

Table S1. Analytical method for d1-d72 
Time (min) Flow (mL/min) %B 

0 0.3 5 
1 0.3 15 
2 0.3 25 

5.5 0.3 30 
6 0.3 90 

6.5 0.3 90 
7 0.3 5 
8 0.3 5 

Solvent A: 200 mM HFIP and 8 mM TEA in H2O; Solvent B: MeOH 

Table S2. Analytical method for co-injection experiment 
Time (min) Flow (mL/min) %B 

0 0.3 5 
1 0.3 15 
12 0.3 40 

12.1 0.3 90 
13 0.3 90 

13.1 0.3 5 
14 0.3 5 

Solvent A: 200 mM HFIP and 8 mM TEA in H2O; Solvent B: MeOH 

Table S3. Analytical method for DNA ligation analysis 
Time (min) Flow (mL/min) %B 

0 0.3 3 
1 0.3 12 

2.5 0.3 18 
4 0.3 20 
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Time (min) Flow (mL/min) %B 
6 0.3 22 
9 0.3 30 
10 0.3 85 
11 0.3 85 
12 0.3 3 

Solvent A: 200 mM HFIP and 8 mM TEA in H2O; Solvent B: MeOH 

Conversion calculation. The conversions of on-DNA products were 

determined by UV absorbance (260 nm) peak area integration using the 

following equation: Conversion% = UV peak area (desired product)/UV peak 

area (total DNA recovered), while ignoring UV extinction coefficient difference 

for DNA species and assuming 100% DNA recovery. Any non-oligo material 

with UV absorbance (260 nm) was subtracted from the conversion calculation.1 

Molecular mass analysis. Observed m/z was calculated as m/z = [M – z]/z for 

the negative ion mode. Data visualization and integration were performed on 

BioConfirm 10.0 software (Agilent, v10.0). 

1.3 General methods for DNA conjugates purification 

Ethanol precipitation. To an on-DNA reaction mixture was added 10% volume 

of NaCl solution (5 M) and 3 times volume of absolute cold ethanol. Alternatively, 

to a DNA ligation mixture was added 10% volume of acetate buffer (3 M, pH 

5.2) and 3 times volume of absolute cold ethanol. The solution was maintained 

at -80 °C for 2 h and then centrifuged at 13500 rpm for 30 minutes at 4 °C by 

Eppendorf 5424R centrifuge. The supernatant was discarded, and the pellet 

was rinsed with 200 μL cold 75% ethanol. After centrifuging at 13500 rpm for 

10 minutes at 4 °C, the supernatant was discarded again and the DNA pellet 

was dried by Speedvac (CV200, JM company, Beijing, China), which was 

equipped with cryotrap (JM86, JM company, Beijing, China). The recovered 

sample was dissolved in ddH2O for subsequent experiments. 

HPLC purification. Preparative reversed-phase high-performance liquid 

chromatography (RP-HPLC) for the DNA conjugate was performed on Waters 

1575EF Series with the column (Eclipse-XDB C18, 5 µm, 9.4 × 250 mm). 



S6 
 

Fractions containing the product were combined and lyophilized. 

Table S4. RP-HPLC method of purification 
Time (min) Flow (mL/min) B%  

0 4 10 
1 4 10 
11 4 30 

11.1 4 100 
12 4 100 

12.1 4 10 
16 4 10 

Solvent A: 100 mM TEAA in H2O; Solvent B: 100 mM TEAA in 80% MeCN 

1.4 General procedure for DNA ligation 

This reaction contained variably-derivatized HP-P starting material (10 nmol in 

H2O, 1 equiv), code (12 nmol in H2O, 1.2 equiv), 10× ligation buffer (20 μL), T4 

DNA ligase (1.5 μL, 2000 units/μL) and nuclease-free water (to the total volume 

of 50 μL). The reaction was incubated at 20 °C for 2 h before performing gel 

analysis. The crude product was purified by ethanol precipitation and used for 

the next step. 

1.5 General procedure for polyacrylamide gel 

The ligation reaction was monitored by gel electrophoresis with 20% urea 

polyacrylamide gel in 1× TBE buffer (89 mM Tris-Borate, 2 mM EDTA, pH 8.3) 

system referenced by a 20 bp DNA ladder (Takara, Japan). First, the DNA 

samples were denatured at 95 °C in a dry bath for 10 min and mixed with 

loading buffer. Then, 5 pmol of treated DNA samples was loaded on the gel, 

and the gel was run at 150 V for 50–60 min. DNA fragments were visualized 

and analyzed by Bio-Rad ChemidocTM Image System (Bio-Rad, CA, USA). 

1.6 General information for off-DNA synthesis 

Off-DNA reactions were monitored by TLC. Analytical TLCs were performed 

with 0.25 mm silica gel HSGF254. The TLC plates were visualized by ultraviolet 

light. Flash chromatography was conducted on silica gel 60 (SiO2, 100–200 
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mesh). Isolated compounds were characterized by 1H-NMR, 13C-NMR, and 

HRMS. Chemical shifts (δ) were recorded on an Agilent 400 MHz spectrometer 

reported in parts per million (ppm). [CDCl3] (H δ = 2.50; C δ = 77.23) was used 

as solvents. Multiplicity abbreviations are as follows: s = singlet, brs = broad 

singlet, d = doublet (dd = doublet of doublets), t = triplet, q = quartet, m = 

multiplet. High resolution mass spectra (HRMS) were acquired on a 7 Tesla 

SolariX FT-ICR MS (quadrupole, Bruker Daltonics, Bremen, Germany) with an 

ESI source or GCT Premier (waters, United States) with an EI source. 
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2. Condition optimization and general procedures for on-DNA synthesis 

of 2,3-dihydrofuran 

2.1 Condition optimization  

Table S5. Optimization of conditions for the on-DNA synthesis of 2,3-

dihydrofuran

O

NC

O
O

O

HN + +
O

CN piperidine
ACN/H2O, 60 °C, 8 h

N+
O

Br
-

HN

O

a1 c1'b1 d1  
Entry Base Temperature Time Conversion 

1 pyridine 60 °C 8 h 48%a 

2 piperidine 60 °C 8 h >95% 
3 TEA 60 °C 8 h 86% 
4 Cs2CO3 60 °C 8 h 0%b 
5 KOH 60 °C 8 h 0%b 
6 piperidine 40 °C 8 h 43%b 
7 piperidine 25 °C 12 h 0%c 

aDNA-conjugated aldehydes remained; bDNA-conjugated aldehydes remained and byproduct 

generated; conly byproduct generated. 

Reaction conditions: To the solution of DNA conjugate a1 (4 µL, 100 µM in H2O, 400 

pmol, 1 equiv.), were added 7 µL H2O, 13 µL ACN, b1 (2 µL, 100 mM in ACN, 200 nmol, 

500 equiv.), base (2 µL, 200 mM in H2O, 400 nmol, 1000 equiv.) and c1’ (2 µL, 100 mM in 

H2O, 200 nmol, 500 equiv.) sequentially. The reaction mixture was vortexed, centrifuged 

and incubated in the dry bath. Regioisomers were observed. Deconvoluted molecular 

mass: calculated: 5314 Da; observed: 5314 Da. Conversions were determined by UHPLC-

MS. 

2.2 Preparation for DNA-conjugated aldehydes by amide coupling 
O

O

HNNH2
O

O

HO+
HATU, DIPEA

DMA/H2O
25 °C, 2 h

HP a1  

HP was dissolved in sodium borate buffer (250 mM, pH 9.4) to make 0.5 mM 

solution. 4-Formylbenzoic acid (20 µL, 200 mM in DMA, 200 equiv.), HATU (10 
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µL, 400 mM in DMA, 200 equiv.), and DIPEA (10 µL, 400 mM in DMA, 200 

equiv.) were mixed by vortex and allowed to pre-activate for 10 minutes at 25 °C, 

and then the mixture was transferred to HP solution (40 µL, 20 nmol). The 

reaction mixture was vortexed, centrifuged, and allowed to proceed at 25 °C in 

the dry bath for 2 h. After purification by ethanol precipitation, the reaction was 

analyzed by UHPLC-MS. The collected product was vacuum-dried overnight 

and redissolved in H2O for subsequent experiments. 

2.3 General procedure for formation of pyridinium ylide precursors 

N+
O

Br
-

Br
O

N

+ ACN
25 °C, 12 h

c1 c1'  
The α-bromoketone c1 (10 µL, 400 mM in ACN, 1 equiv.) was mixed with 

pyridine (10 µL, 400 mM in ACN, 1 equiv.) and proceed at 25 °C in the dry bath 

for 12 h. In most cases, a heavy precipitate formed. An equal volume of H2O 

was added to dissolve the precipitate, yielding a solution for subsequent 

experiments. Unless otherwise noted, pyridinium ylide precursors described in 

the supporting information were performed under this standard condition. Note: 

a freshly prepared solution was required. 

2.4 General procedure for on-DNA synthesis of 2,3-dihydrofuran scaffolds 

O

NC

O
O

O

HN + +
O

CN piperidine
ACN/H2O, 60 °C, 8 h

N+
O

Br
-

HN

O

a1 c1'b1 d1  

Standard Condition: To the solution of DNA conjugate a1 (4 µL, 100 µM in 

H2O, 400 pmol, 1 equiv.), were added 7 µL H2O, 13 µL ACN, b1 (2 µL, 100 mM 

in ACN, 200 nmol, 500 equiv.), piperidine (2 µL, 200 mM in H2O, 400 nmol, 

1000 equiv.), and c1’ (2 µL, 100 mM in H2O, 200 nmol, 500 equiv.) sequentially. 

The reaction mixture was vortexed, centrifuged and incubated at 60 °C in the 

dry bath for 8 h. The product was obtained by ethanol precipitation and 
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analyzed by UHPLC-MS immediately (Conversion: >90%). Regioisomers were 

observed. Deconvoluted molecular mass: calculated: 5314 Da; observed: 5314 

Da. Unless otherwise noted, on-DNA synthesis of 2,3-dihydrofuran scaffolds 

described in the supporting information was performed under this standard 

condition. 

 

Figure S2. UHPLC chromatogram and deconvoluted MS of d1. a, UHPLC 

chromatogram of d1. b, Deconvoluted MS of the chromatographic peak eluting 

at 3.8 min. c, Deconvoluted MS of the chromatographic peak eluting at 4.3 min. 
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3. Structural validation 

3.1 Off-DNA synthesis of 2,3-dihydrofuran S1 

O

NC

O

O

O

HO + +
O

CN piperidine
ACN, 80 °C, overnight

N+
O

Br
-

HO

O

S1  

4-(2-benzoyl-4-cyano-5-phenyl-2,3-dihydrofuran-3-yl)benzoic acid (S1): 

Authentic S1 was prepared according to procedures reported in the literature.2 

A mixture of β-ketonitrile (1.0 mmol, 1.0 equiv.), pyridinium salt (1.0 mmol, 1.0 

equiv.), aldehyde (1.0 mmol, 1.0 equiv.), and piperidine (1.2 mmol, 1.2 equiv.) 

in ACN (10 mL) was refluxed overnight. The reaction mixture was poured into 

50 mL water. The product was extracted with ethyl acetate (3 × 20 mL) and the 

combined organic layers were washed with brine and dried over Na2SO4. The 

solvent was distilled off under reduced pressure, and the residue was purified 

by flash column chromatography with EtOAc/n-hexane as an eluent to obtain 

the desired product S1 as a faint yellow viscous oil (152 mg, 38%). 1H NMR 

(400 MHz, CDCl3) δ 8.18 (d, J = 7.6 Hz, 2H), 8.04 (d, J = 7.3 Hz, 2H), 7.95 (d, 

J = 7.6 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.55 – 7.43 (m, 7H), 5.90 (d, J = 5.7 

Hz, 1H), 4.91 (d, J = 5.7 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 192.1, 166.8, 

145.1, 134.5, 133.4, 132.2, 131.4, 129.2, 129.0, 128.9, 127.9, 127.5, 126.9, 

116.1, 89.1, 84.5, 52.1. HRMS (TOF ESI): m/z: [M + H]+ Calcd for C25H18NO4+: 

396.1230; Found: 396.1234. 
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1H NMR (400 MHz, CDCl3) of S1 

 

13C NMR (101 MHz, CDCl3) of S1 

 
 

O

NC

OHO

O

S1

O

NC

OHO

O

S1
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During the off-DNA synthesis of the corresponding small molecule, excellent 

regioselectivity was observed, and TLC analysis revealed predominantly a 

major product. Due to the significant dominance of the trans isomers, isolation 

proved difficult, hindering the acquisition of pure cis-isomers. We directly used 

this sample as the off-DNA synthesized small molecule standard for conjugation 

with DNA. 

 

3.2 Co-injection experiment 

Route A 

O

NC

O
O

O

HN + +
O

CN piperidine
ACN/H2O, 60 °C, 8 h

N+
O

Br
-

HN

O

a1 c1'b1 d1  

Route B 

O

NC

O
HN

O

NH2 O

NC

O
HO

O

+ HATU, DIPEA
DMA, 25 °C, overnight

e1S1  

DNA conjugate d1 was prepared according to the general procedure for 

synthesis of 2,3-dihydrofuran. DNA conjugate e1 was prepared according to the 

general procedure for amide coupling. DNA conjugates d1, e1, and their 

equimolar mixture (d1/e1), were analyzed by UHPLC-MS using the same 

analysis method. For all the LC chromatograms, two chromatographic peaks 

emerged, exhibiting distinct retention times but the identical molecular weight. 

The retention times of the peaks were consistent across all samples (Figure 

S3). This data validated the structure of the on-DNA generated product, 

revealing the presence of two regioisomers. Besides, in most of the substrates 

we investigated, there were two peaks indicating the presence of regioisomers, 

though the regioselectivity varies for different substrates. 
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Figure S3. Co-injection experiment of d1 and e1 from two independent 

synthetic routes. HPLC chromatography showed that the two peaks from the 

co-injection (red curve) had the same retention time as those from route A and 

route B, respectively (d1 from route A, brown curve; e1 from route B, dark 

blue curve).   



S15 
 

4. Scale-up reaction 

O

NC

O
O

O

HN + +
O

CN piperidine
ACN/H2O, 60 °C, 8 h

N+
O

Br
-

HN

O

a1 c1'b1 d1  

To the solution of DNA-conjugated aldehyde a1 (10 μL, 1 mM in H2O, 10 nmol, 

1 equiv.) were added 50 µL H2O, 80 µL ACN, b1 (20 µL, 100 mM in ACN, 2000 

nmol, 200 equiv.), piperidine (20 µL, 200 mM in H2O, 4000 nmol, 400 equiv.), 

and c1’ (20 µL, 100 mM in H2O, 2000 nmol, 200 equiv.) sequentially. The 

reaction mixture was vortexed, centrifuged, and incubated at 60 °C in the dry 

bath for 8 h. After purification by ethanol precipitation, the reaction was 

analyzed by UHPLC-MS. 

 

Figure S4. UHPLC chromatogram of d1 at 400 pmol (brown curve) and 10 nmol 

(dark blue curve) scales. 
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5. Enzymatic ligation 

O

NC

OO
CN

 ACN/H
2O, 60 °C, 8 h

N+O

Br
- HN

O

HO
O

O
HATU, DIPEA

DMA/H2O
25 °C, 2 h

NH2

Ligation
O

NC

O
HN

O

code 1

HP-P, lane 1
18 bp

g1, lane 3
31 bp

f1, lane 2
18 bp

piperidine

 

HP-P was initially coupled with 4-formylbenzoic acid, then reacted with b1 and 

c1’ to afford f1 (conversion: 87%), and then tagged with code 1 to afford g1. 

The reaction mixture was denatured by incubating at 95 °C in a dry bath for 10 

min, and then all the ligation product was isolated by ethanol precipitation. The 

resulting pellets were vacuum-dried and dissolved in nuclease-free water. 

 

Figure S5. Enzymatic DNA ligation by T4 ligase. a, UHPLC chromatogram of 

f1 and g1. b, 20% denaturing PAGE analysis of DEL-encoding compatibility. 

Lane 1, HP-P; Lane 2, DNA conjugate f1; Lane 3, DNA conjugate g1. c, 

Deconvoluted MS of g1.  
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6. General procedure for quantitative polymerase chain reaction (qPCR) 

O

NC

O
HN

O

Ligation
O

NC

O
HN

O

code 60

h1, lane 3
78 bp

f1, lane 2
18 bp

HP-P

 

DNA damage was assessed by qPCR. HP-P (25 pmol) and DNA conjugate f1 

(25 pmol) were ligated with a 60 bp DNA tag (code 60) for 12 h to generate HP-

P-code 60 and h1 in parallel. Ligation reactions were heat-inactivated at 95 °C 

for 10 min, diluted and subjected to qPCR without ethanol precipitation. (HP-P 

was quantified by its absorbance at 260 nm, while DNA conjugate f1 was 

relatively quantified by comparing the densitometry of bands in gel 

electrophoresis.) 

qPCR was performed on the BIO-RAD CFX96TM Real-Time System. Each 20 

µL reaction contained: 1 µL ddH2O, 4 µL primer mix (10 µM each of reverse 

and forward primer), 5 µL diluted DNA sample, and 10 µL 2 × SP qPCR mix 

(BG0014). Thermal cycling conditions were: 95 °C for 2 min, followed by 40 

cycles of 95 °C for 15 s and 65 °C for 15 s. All Cycle Threshold (CT) values 

represent the average of at least three replicates. 

Code 60-T (5’-3’): 

CTCCCTCGCGCCATCAGACGACCACGCAAGAGCTTTATGTACGAGCAAA

GCCTGTGTTCA 

Code 60-B (5’-3’): 

AACACAGGCTTTGCTCGTACATAAAGCTCTTGCGTGGTCGTCTGATGGCG

CGAGGGAGGC 

Forward Primer (5’-3’):  

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGACTCCCGACCGAA

GGTTG 

Reverse Primer (5’-3’): 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGCCTCCCTCGCGCCAT

CAGAC 
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Figure S6. qPCR analysis of DNA damage. a, 20% denaturing PAGE analysis 

of ligation products. Lane 1, HP-P-code 60; Lane 2, DNA conjugate h1. b, 

Standard curve generated using serial dilutions of HP-P-code 60 as a control 

for qPCR. c, the CT values and DNA amplification ratios (the control and 

experimental group). 
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7. General procedure for DNA-encoded mock pool synthesis 

 

Figure S7. DNA-encoded mock pool synthesis 

HP was dissolved in sodium borate buffer (250 mM, pH 9.4) to make 0.5 mM 

solution. A1 or A2 (10 µL, 200 mM in DMA), HATU (10 µL, 400 mM in DMA) 

and DIPEA (10 µL, 400 mM in DMA) were mixed by vortex and allowed to pre-

activate for 10 minutes at 25 °C, and then the mixture was transferred to HP 

solution (10 µL, 10 nmol). The reaction mixture was vortexed, centrifuged, and 

allowed to proceed at 25 °C for 2 h. After purification by ethanol precipitation, 

the reaction was analyzed by UHPLC-MS. The DNA-conjugated aldehydes 

were dissolved in nuclease-free water, quantified using a BioTek Epoch UV-Vis 

spectrometer, and then pooled at 2 nmol each to form the cycle 1 product. The 

pooled cycle 1 product was dissolved in 44 µL H2O and divided into four tubes 

with 1 nmol mixture of DNA-conjugated aldehydes each, and separately 

reacted with a different combination of B1-C1, B1-C2, B2-C1, B2-C2 under 

standard condition. After pool and purification by ethanol precipitation, the 

reaction mixture was analyzed by UHPLC-MS. As illustrated in Figure S7, we 

verified the two-round synthetic crude mixture by MS to find all eight DNA 

conjugates.   
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8. UHPLC chromatogram and deconvoluted MS 

8.1 Scope of β-ketonitriles 

UHPLC chromatogram and deconvoluted MS of d1 

Conversion: >90% 

Calculated Mass: 5314 Da; Observed Mass: 5314 Da 
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UHPLC chromatogram and deconvoluted MS of d2 

Conversion: >90% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d3 

Conversion: >90% 

Calculated Mass: 5328 Da; Observed Mass: 5328 Da 
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UHPLC chromatogram and deconvoluted MS of d4 

Conversion: >90% 

Calculated Mass: 5328 Da; Observed Mass: 5328 Da 
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UHPLC chromatogram and deconvoluted MS of d5 

Conversion: >90% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d6 

Conversion: >90% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d7 

Conversion: >90% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d8 

Conversion: >90% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d9 

Conversion: 78% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d10 

Conversion: >90% 

Calculated Mass: 5348 Da; Observed Mass: 5348 Da 
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UHPLC chromatogram and deconvoluted MS of d11 

Conversion: >90% 

Calculated Mass: 5348 Da; Observed Mass: 5348 Da 
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UHPLC chromatogram and deconvoluted MS of d12 

Conversion: >90% 

Calculated Mass: 5393 Da; Observed Mass: 5393 Da 
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UHPLC chromatogram and deconvoluted MS of d13 

Conversion: >90% 

Calculated Mass: 5393 Da; Observed Mass: 5392 Da 
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UHPLC chromatogram and deconvoluted MS of d14 

Conversion: >90% 

Calculated Mass: 5382 Da; Observed Mass: 5382 Da 
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UHPLC chromatogram and deconvoluted MS of d15 

Conversion: 80% 

Calculated Mass: 5398 Da; Observed Mass: 5398 Da 
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UHPLC chromatogram and deconvoluted MS of d16 

Conversion: >90% 

Calculated Mass: 5372 Da; Observed Mass: 5372 Da 
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UHPLC chromatogram and deconvoluted MS of d17 

Conversion: >90% 

Calculated Mass: 5383 Da; Observed Mass: 5383 Da 
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UHPLC chromatogram and deconvoluted MS of d18 

Conversion: >90% 

Calculated Mass: 5320 Da; Observed Mass: 5320 Da 
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UHPLC chromatogram and deconvoluted MS of d19 

Conversion: 85% 

Calculated Mass: 5315 Da; Observed Mass: 5315 Da 
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UHPLC chromatogram and deconvoluted MS of d20 

Conversion: 81% 

Calculated Mass: 5320 Da; Observed Mass: 5320 Da 
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8.2 Scope of pyridinium ylide precursors 

UHPLC chromatogram and deconvoluted MS of d21 

Conversion: >90% 

Calculated Mass: 5328 Da; Observed Mass: 5328 Da 
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UHPLC chromatogram and deconvoluted MS of d22 

Conversion: >90% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d23 

Conversion: 86% 

Calculated Mass: 5330 Da; Observed Mass: 5330 Da 
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UHPLC chromatogram and deconvoluted MS of d24 

Conversion: 87% 

Calculated Mass: 5398 Da; Observed Mass: 5398 Da 
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UHPLC chromatogram and deconvoluted MS of d25 

Conversion: 79% 

Calculated Mass: 5393 Da; Observed Mass: 5393 Da 
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UHPLC chromatogram and deconvoluted MS of d26 

Conversion: 89% 

Calculated Mass: 5348 Da; Observed Mass: 5348 Da 

 

 



S71 
 

 

 



S72 
 

UHPLC chromatogram and deconvoluted MS of d27 

Conversion: 85% 

Calculated Mass: 5440 Da; Observed Mass: 5440 Da 
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UHPLC chromatogram and deconvoluted MS of d28 

Conversion: 72% 

Calculated Mass: 5390 Da; Observed Mass: 5390 Da 
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UHPLC chromatogram and deconvoluted MS of d29 

Conversion: 68% 

Calculated Mass: 5392 Da; Observed Mass: 5392 Da 
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UHPLC chromatogram and deconvoluted MS of d30 

Conversion: 69% 

Calculated Mass: 5339 Da; Observed Mass: 5339 Da 
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UHPLC chromatogram and deconvoluted MS of d31 

Conversion: 57% 

Calculated Mass: 5382 Da; Observed Mass: 5382 Da 
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UHPLC chromatogram and deconvoluted MS of d32 

Conversion: 48% 

Calculated Mass: 5358 Da; Observed Mass: 5358 Da 
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UHPLC chromatogram and deconvoluted MS of d33 

Conversion: 27% 

Calculated Mass: 5359 Da; Observed Mass: 5359 Da 
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UHPLC chromatogram and deconvoluted MS of d34 

Conversion: 83% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d35 

Conversion: 78% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d36 

Conversion: 87% 

Calculated Mass: 5348 Da; Observed Mass: 5348 Da 
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UHPLC chromatogram and deconvoluted MS of d37 

Conversion: 76% 

Calculated Mass: 5393Da; Observed Mass: 5393 Da 
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UHPLC chromatogram and deconvoluted MS of d38 

Conversion: 75% 

Calculated Mass: 5382 Da; Observed Mass: 5382 Da 
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UHPLC chromatogram and deconvoluted MS of d39 

Conversion: 63% 

Calculated Mass: 5339 Da; Observed Mass: 5339 Da 
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UHPLC chromatogram and deconvoluted MS of d40 

Conversion: 54% 

Calculated Mass: 5359 Da; Observed Mass: 5359 Da 
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UHPLC chromatogram and deconvoluted MS of d41 

Conversion: 79% 

Calculated Mass: 5328 Da; Observed Mass: 5328 Da 
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UHPLC chromatogram and deconvoluted MS of d42 

Conversion: 80% 

Calculated Mass: 5382 Da; Observed Mass: 5382 Da 
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UHPLC chromatogram and deconvoluted MS of d43 

Conversion: 70% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d44 

Conversion: 65% 

Calculated Mass: 5348 Da; Observed Mass: 5348 Da 
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UHPLC chromatogram and deconvoluted MS of d45 

Conversion: 41% 

Calculated Mass: 5330 Da; Observed Mass: 5330 Da 
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UHPLC chromatogram and deconvoluted MS of d46 

Conversion: 11% 

Calculated Mass: 5359 Da; Observed Mass: 5359 Da 
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UHPLC chromatogram and deconvoluted MS of d47 

Conversion: 58% 

Calculated Mass: 5383 Da; Observed Mass: 5383 Da 
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UHPLC chromatogram and deconvoluted MS of d48 

Conversion: 65% 

Calculated Mass: 5400 Da; Observed Mass: 5400 Da 
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UHPLC chromatogram and deconvoluted MS of d49 

Conversion: 78% 

Calculated Mass: 5383 Da; Observed Mass: 5383 Da 
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UHPLC chromatogram and deconvoluted MS of d50 

Conversion: 65% 

Calculated Mass: 5374 Da; Observed Mass: 5374 Da 
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UHPLC chromatogram and deconvoluted MS of d51 

Conversion: 85% 

Calculated Mass: 5374 Da; Observed Mass: 5374 Da 
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UHPLC chromatogram and deconvoluted MS of d52 

Conversion: 55% 

Calculated Mass: 5350 Da; Observed Mass: 5350 Da 
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UHPLC chromatogram and deconvoluted MS of d53 

Conversion: >90% 

Calculated Mass: 5364 Da; Observed Mass: 5364 Da 
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UHPLC chromatogram and deconvoluted MS of d54 

Conversion: 70% 

Calculated Mass: 5304 Da; Observed Mass: 5304 Da 
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8.3 Substrate scope of DNA-conjugated aldehydes 

UHPLC chromatogram and deconvoluted MS of d55 

Conversion: >90% 

Calculated Mass: 5314 Da; Observed Mass: 5314 Da 
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UHPLC chromatogram and deconvoluted MS of d56 

Conversion: 68% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d57 

Conversion: 65% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d58 

Conversion: >90% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d59 

Conversion: 75% 

Calculated Mass: 5332 Da; Observed Mass: 5332 Da 
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UHPLC chromatogram and deconvoluted MS of d60 

Conversion: 89% 

Calculated Mass: 5393 Da; Observed Mass: 5393 Da 
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UHPLC chromatogram and deconvoluted MS of d61 

Conversion: 66% 

Calculated Mass: 5350 Da; Observed Mass: 5350 Da 
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UHPLC chromatogram and deconvoluted MS of d62 

Conversion: 14% 

Calculated Mass: 5330 Da; Observed Mass: 5330 Da 
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UHPLC chromatogram and deconvoluted MS of d63 

Conversion: 90% 

Calculated Mass: 5390 Da; Observed Mass: 5390 Da 
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UHPLC chromatogram and deconvoluted MS of d64 

Conversion: 81% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d65 

Conversion: 65% 

Calculated Mass: 5374 Da; Observed Mass: 5374 Da 
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UHPLC chromatogram and deconvoluted MS of d66 

Conversion: 62% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d67 

Conversion: 55% 

Calculated Mass: 5388 Da; Observed Mass: 5388 Da 
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UHPLC chromatogram and deconvoluted MS of d68 

Conversion: 35% 

Calculated Mass: 5344 Da; Observed Mass: 5344 Da 
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UHPLC chromatogram and deconvoluted MS of d69 

Conversion: 87% 

Calculated Mass: 5328 Da; Observed Mass: 5328 Da 
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UHPLC chromatogram and deconvoluted MS of d70 

Conversion: 61% 

Calculated Mass: 5489 Da; Observed Mass: 5489 Da 
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UHPLC chromatogram and deconvoluted MS of d71 

Conversion: 46% 

Calculated Mass: 5315 Da; Observed Mass: 5315 Da 
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UHPLC chromatogram and deconvoluted MS of d72 

Conversion: 62% 

Calculated Mass: 5320 Da; Observed Mass: 5320 Da 
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