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Key to Abbreviated Terms: 
AOP: 15-amino-4,7,10,13-tetraoxapentadecanoic acid 
DHP: 4-alkyl-1,4-dihydropyridine 
EDTA: ethylenediaminetetraacetic acid 
HFIP: hexafluoroisopropanol 
MOPS: 3-(N-morpholino)propanesulfonic acid 
TEA: triethylamine 
TMHD: 2,2,6,6-Tetramethyl-3,5-heptanedione 
TMG: 1,1,3,3-tetramethylguanidine 
4CzIPN: 2,4,5,6-Tetra(9H-carbazol-9-yl)isophthalonitrile 
  
General Considerations: 
General: All chemical transformations requiring inert atmospheric conditions or vacuum 

distillation utilized Schlenk line techniques with a 4- or 5-port dual-bank manifold. Argon or 

nitrogen was used to provide such an atmosphere. LED irradiation was accomplished using a 

Kessil H150-Blue LED lamp (30 W High Luminous DEX 2100 LED) placed 1.5 inches away 

from the reaction vessel. (Safety note: Looking directly into the LEDs can cause retinal damage. 

Reactions were viewed through orange-tinted safety glasses.) NMR spectra (1H, 13C, 19F) were 

obtained at 298º K. 1H NMR spectra were referenced to residual, non-deuterated chloroform (δ 

7.26) in CDCl3, 13C NMR spectra were referenced to CDCl3 (δ 77.3), and 19F NMR spectra were 

referenced to hexafluorobenzene (δ –164.9)1 as an internal standard and were run with C-F/C-H 

decoupling. Reactions were monitored by HPLC, GC/MS, 1H NMR, and/or TLC on silica gel 

plates (60 Å porosity, 250 μm thickness). TLC analysis was performed using hexanes/EtOAc as 

the eluent and visualized using permanganate stain, Seebach’s stain,2 ninhydrin stain, and/or UV 

light. Silica plugs utilized flash silica gel (60 Å porosity, 32-63 µm). Flash chromatography was 

accomplished using an automated system (monitoring at 254 nm and 280 nm) with silica cartridges 

(60 Å porosity, 20-40 µm). Solvents were purified with drying cartridges through a solvent 

delivery system. Melting points (°C) are uncorrected.  

Chemicals: Deuterated NMR solvents were stored over 4Å molecular sieves and/or K2CO3 

(CDCl3). Na2SO4, MgSO4, DMA, DMSO, CH2Cl2, CHCl3, EtOAc, pentane, hexanes, MeOH, 

Et2O, and toluene were used as purchased. Et3N was purchased from commercial suppliers and 

distilled from CaH2 prior to use. THF was purchased and dried via a solvent delivery system. 

DMSO and DMF (99.8%, extra dry) were stored over 4 Å molecular sieves. The transition metal 

photocatalyst [Ir{dFCF3ppy}2(dtbbpy)]PF6
3 and 4CzIPN4 were prepared in-house by the 
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procedures outlined in our previous publications. Borylated arenes were purchased from 

commercial suppliers. The organotrifluoroborate reagent potassium trifluoro(3,3,3-trifluoroprop-

1-en-2-yl)borate was prepared via our previously published protocol.5 Methyl 4-(3,3,3-

Trifluoroprop-1-en-2-yl)benzoate was prepared as previous reported.6 The other trifluoromethyl-

substituted alkenes were prepared using the procedures outlined here. All other CF3-subsituted 

olefins were prepared in-house using the procedures outlined here. Organobis(catecholato)silicates 

were prepared as previously described (1a).7 Carboxylic acids were purchases from commercial 

suppliers. 1,4-Dihydropyridines were prepared according to the procedures outlined here or 

according to literature procedures.8  

Analysis of “on-DNA” reactions: Analysis of on-DNA reactions was performed by LC/MS: After 

reaction, an aliquot of the reaction mixture was diluted with water to approximately 0.05 mM. 5 

PL of the LC/MS samples was injected onto a reverse-phase chromatography column (Halo ES-

C18, 3.4 Pm particle size, 2.1x30 mm) and eluted (10-90% B over 4 min at 0.5 mL/min flow rate; 

Solvent A: 0.75% v/v HFIP / 0.038% TEA / 5 PM EDTA in H2O; Solvent B: 0.75% HFIP, 0.038% 

TEA, 5 PM EDTA in 90/10 MeOH/deionized H2O) with monitoring at UV 260 nm. Effluent was 

analyzed on a Bruker microTOF in negative ion mode. % conversion was determined based on 

reported peak intensities following deconvolution (between 3,000 and 10,000 Da) of the DNA 

charge states using the Bruker Compass DataAnalysis software version 4.2 (build 383.1). An 

intensity of 5% of the maximum peak intensity observed for a given spectra was set as the reporting 

threshold. The maximum intensity peak for each distribution of peaks was manually selected as 

the representative peak for reporting. % conversion was then calculated by dividing the peak 

intensity of the product peak by the sum of the reported peaks for that spectra.  

Materials for “on-DNA” synthesis: DNA headpiece HP-NH2(5’-

/5Phos/GAGTCA/iSp9/iUniAmM/iSp9/TGACTCCC-3’) was obtained from Biosearch 

Technologies, Novato, CA. The spacer-elongated AOP-Headpiece (Figure S1) was prepared via 

HATU coupling following the general procedure described later in this document with 5 

equivalents each of Fmoc-15-amino-4,7,10,13-tetraoxapentadecanoic acid (Fmoc-AOP), i-Pr2EtN 

and HATU. The lyophilized product of this reaction was then deprotected by exposure to a 10% 

piperidine in H2O soln.  After the reaction was deemed complete by LC/MS analysis, the reaction 

was precipitated following the EtOH protocol and is typically pure enough to be used without 

further purification.   
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Figure S1. Sequence and structure of the AOP-Headpiece. MW = 5184.5220 
 

 

On-DNA aryl halides and trifluoromethyl-substituted alkenes were prepared according to 

procedures outlined here. Photoredox-catalyzed reactions were performed using snap-cap 

microcentrifuge tubes (Fisher catalog number 05-402-18). DMSO was used as received and H2O 

was ultrapurified to 18.2 M:cm and passed through a 0.2 Pm filter cartridge. All reactions were 

set up on the benchtop, open to air, and under ambient conditions. 
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Synthesis of Trifluoromethyl Alkene-Substituted Benzoic Acids  

Synthesis of 3-chloro-5-(3,3,3-trifluoroprop-1-en-2-yl)benzoic acid 

 

Cross-Coupling 

Methyl 3-chloro-5-(3,3,3-trifluoroprop-1-en-2-yl)benzoate, S1. To a 50 mL microwave tube 

was added methyl 3-bromo-5-chlorobenzoate (237 mg, 0.95 mmol, 1.0 equiv), Cs2CO3 (929 mg, 

2.85 mmol, 3.0 equiv), potassium trifluoro(3,3,3-trifluoroprop-1-en-2-yl)borate (288 mg, 1.43 

mmol, 1.5 equiv), Pd(OAc)2 (11 mg,  0.05 mmol, 0.05 equiv), and PPh3 (32 mg, 0.12 mmol, 0.12 

equiv).  The tube was sealed with a crimp-top cap containing a TFE-lined silicone septum and 

placed under an argon atmosphere via an inlet needle. The tube was evacuated three times via an 

inlet needle, then purged with argon. A mixture of degassed THF (6 mL) and degassed, and 

deionized H2O (3 mL) was added via syringe. The reaction mixture was stirred at 80 ºC overnight. 

Reaction progress was monitored by GC/MS. Once complete, the reaction was cooled to rt and 

diluted in EtOAc (25 mL). The reaction mixture was transferred to a separatory funnel and washed 

with saturated aq NaHCO3 (2 x 25 mL) and brine (25 mL). The layers were separated, and the 

combined aq layer was extracted with EtOAc (2 × 25 mL). The combined organic layers were 

dried (Na2SO4), and the solvent was removed in vacuo by rotary evaporation. Further purification 

by SiO2 column chromatography (gradient hexanes to 80:20 hexanes/EtOAc) to give the title 

compound (138.3 mg, 55%) as a yellow oil.  1H NMR (500 MHz, CDCl3)��δ 8.04 (s, 1H), 8.01 (s, 

1H), 7.62 (s, 1H), 6.07 (s, 1H), 5.86 (s, 1H), 3.95 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 165.4, 

137.41 (d, JC-C-F = 31 Hz, C), 135.6, 135.1, 132.4, 131.8, 130.2, 127.0, 123.0 (q, JC-C-C-F = 6.4 Hz, 

CH2), 122.6 (q, JC-F = 274.0 Hz, CF3), 52.7. 19F NMR (471 MHz, CDCl3) δ -68.08 (s, 3F). FT-IR 

(cm–1, neat, ATR) 3073 (w), 3003 (w), 2956 (w), 1729 (s), 1278 (vs), 1170 (vs), 1123 (vs), 989 

(m), 769 (m), 650 (m). HRMS (ES+) calcd for C11H9ClF3O2 [M+H]+: 265.0238, found: 265.0246. 

Br

(1.5 equiv)
5 mol % Pd(OAc)2

12 mol % PPh3

Cs2CO3 (3.0 equiv)
THF/H2O (2:1), 80 ºC, 24 h

BF3K

CF3

CF3 CF3

1 M aq. LiOH

THF/ iPrOH (5:1)
0 ºC to rt, overnight

HO

O

ClCl

MeO

O

Cl

O

MeO

C10H6ClF3O2
MW: 250.6012

C11H8ClF3O2
MW: 264.6282
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Hydrolysis 

3-Chloro-5-(3,3,3-trifluoroprop-1-en-2-yl)benzoic acid, S2. To a round bottom flask equipped 

with a stir bar was added methyl 3-chloro-5-(3,3,3-trifluoroprop-1-en-2-yl)benzoate (138 mg, 0.52 

mmol, 1.0 equiv) followed by THF (0.36 M, 1.4 mL). The reaction mixture was cooled to 0 ºC in 

an ice-water bath. After stirring for approximately 10 min, an aq 1 M solution of LiOH (0.78 mL, 

0.78 mmol, 1.5 equiv) was added, followed by i-PrOH (1.8 M, 0.29 mL). After stirring for 10 min, 

the ice-bath was removed, and the solution was stirred overnight at rt, at which time it was judged 

to be complete by HPLC. The crude reaction was concentrated in vacuo by rotary evaporation, and 

the resulting residue was dissolved in H2O (5 mL). This aq solution was transferred to a separatory 

funnel and washed with Et2O (2 × 5 mL). The aq layer was then acidified with 1 M aq HCl to a 

pH of ~1 and extracted with EtOAc (4 × 5 mL). The combined EtOAc layers were then dried 

(MgSO4) and filtered. The solvent was removed in vacuo by rotary evaporation to give the title 

compound as a white solid (88.7 mg, 68%) (mp = 99-101 ºC). 1H NMR (500 MHz, CDCl3)�δ 

12.11 (s, 1H, CO2H) 8.12 (s, 1H), 8.09 (s, 1H), 7.69 (s, 1H), 6.10 (s, 1H), 5.89 (s, 1H). 13C NMR 

(126 MHz, CDCl3) δ 170.8, 137.3 (q, JC-C-F = 31.0 Hz, C), 135.8, 135.3, 132.8, 131.5, 130.8, 127.6, 

122.9 (q, JC-C-C-F = 273.9 Hz, CH2), 122.8 (q, JC-F = 5.7 Hz). 19F NMR (471 MHz, CDCl3) δ -

68.09 (s, 3F). FT-IR (cm–1, neat, ATR) 3100 (w), 3014 (w), 2961 (w), 2872 (w, br), 2552 (w), 

1694 (s), 1290 (s), 1096 (vs), 890 (s), 713 (s), 646 (s). HRMS (ES–) calcd for C10H5ClF3O2 [M–

H]–: 248.9930, found: 248.9902. 

Synthesis of 5-(3,3,3-trifluoroprop-1-en-2-yl)nicotinic acid 

 

Cross-Coupling 

Methyl 5-(3,3,3-trifluoroprop-1-en-2-yl)nicotinate, S3 (74.1 mg, 32%) was prepared following 

the procedure for the preparation of methyl 3-chloro-5-(3,3,3-trifluoroprop-1-en-2-yl)benzoate 

N

Br

(1.5 equiv)
5 mol % Pd(OAc)2

12 mol % PPh3

Cs2CO3 (3.0 equiv)
THF/H2O (2:1), 80 ºC, 24 h

BF3K

CF3

N

CF3

N

CF3
1 M aq. LiOH

THF/ iPrOH (5:1)
0 ºC to rt, overnight

HO

O

MeO

OO

MeO

C9H6F3NO2
MW: 217.1472

C10H8F3NO2
MW: 231.1742
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with the following modification: The reaction was conducted using methyl 5-bromonicotinate (215 

mg, 1.0 mmol, 1.0 equiv). The pure carboxylic acid was obtained as a yellow oil. 1H NMR (500 

MHz, CDCl3)� δ 9.23 (s, 1H), 8.85 (s, 1H), 8.36 (s, 1H), 6.14 (s, 1H), 5.91 (s, 1H), 3.98 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 165.30, 151.95, 151.17, 135.82, 135.61 (d, JC-C-F = 31.5 Hz, C), 

129.58, 125.96, 123.21 (q, JC-C-C-F = 6.4 Hz, CH2), 122.82 (q, JC-F = 274.0 Hz, CF3), 52.75. 19F 

NMR (471 MHz, CDCl3) δ -68.33 (s, 3F). FT-IR (cm–1, neat, ATR) 3063 (w), 3013 (w), 2958 

(w), 1730 (vs), 1285 (vs), 1173 (vs), 1126 (vs), 957 (m), 770 (m). HRMS (ES+) calcd for 

C10H9F3NO2 [M+H]+: 232.0580, found: 232.0605. 

Hydrolysis 

5-(3,3,3-Trifluoroprop-1-en-2-yl)nicotinic Acid, S4 (52.1 mg, 75%) was prepared following the 

procedure for the preparation of 3-chloro-5-(3,3,3-trifluoroprop-1-en-2-yl)benzoic acid with the 

following modification: The reaction was conducted methyl 5-(3,3,3-trifluoroprop-1-en-2-

yl)nicotinate (74 mg, 0.32 mmol, 1.0 equiv). The pure carboxylic acid was obtained as a powdery 

white solid (mp: 153-155 ºC). 1H NMR (500 MHz, CD3OD)�δ 9.16 (s, 1H), 8.85 (s, 1H), 8.44 (s, 

1H), 6.23 (s, 1H), 6.15 (s, 1H). [No CO2H proton was observed due to H/D exchange with solvent.] 
13C NMR (125 MHz, CD3OD) δ 167.1, 152.2, 151.7, 137.3, 136.2 (q, JC-C-F = 31.4 Hz, C), 131.2, 

128.3, 125.0 (q, JC-C-C-F = 5.6 Hz) 124.4 (q, JC-F = 273.0 Hz). 19F NMR (471 MHz, CD3OD) δ -

66.13 (s, 3F). FT-IR (cm–1, neat, ATR) 3075 (w), 3012 (w), 2924 (w), 2433 (br, w), 1717 (m), 

1289 (m), 1174 (s), 1116 (vs), 819 (m), 753 (s), 647 (s). HRMS (ES+) calcd for C9H7F3NO2 

[M+H]+: 218.0429, found: 218.0437. 
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Synthesis of 1,4-Dihydropyridines 

 

General procedure for preparation of 1,4-dihydropyridines: 1,4-Dihydropyridines were prepared 

according to literature procedures.8,9 To a stirred solution of ethyl 3-aminocrotonate (1.0 equiv) 

and ethyl acetoacetate (1.0 equiv) in ethylene glycol (2.5 M) were added the aldehyde (1.0 equiv) 

and Bu4NHSO4 (12 mol %). The flask was warmed to 80 ºC and stirred for 3-4 h. The reaction 

was cooled to rt and diluted in EtOAc. The mixture was washed with brine and extracted with 

EtOAc three times. The combined organic layers were dried (MgSO4) and concentrated in vacuo. 

The residue was purified by column chromatography on SiO2 (gradient hexane to 50:50 

hexane/EtOAc) to give the 1,4-dihydropyridines. 

 

Diethyl 2,6-dimethyl-4-((prop-2-yn-1-yloxy)methyl)-1,4-dihydropyridine-3,5-dicarboxylate, 

S5 Following general procedure for preparation of 1,4-dihydropyridines using 2-(prop-2-yn-1-

yloxy)acetaldehyde (3.0 g, 30.6 mmol). The product S5 was isolated as a yellowish solid (5.0 g, 

15.6 mmol, 51%) (mp = 96-97 ºC). 1H NMR (500 MHz, CDCl3)��δ 5.83 (s, 1H), 4.17 (m, 5H), 

4.09 (d, J = 2.4 Hz, 2H), 3.37 (d, J = 5.5 Hz, 2H), 2.32 (t, J = 2.4 Hz, 1H), 2.27 (s, 6H), 1.28 (t, J 

= 7.1 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 168.0, 146.1, 100.4, 80.6, 73.9, 73.3, 60.0, 58.1, 

33.9, 19.7, 14.7. FT-IR (cm-1, neat, ATR) 3352 (m), 3242 (m), 2977 (w), 1688 (s), 1645 (s), 1487 

v 
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(s), 1321 (m), 1259 (m), 1092 (s), 658 (m). HRMS (ESI+) calcd for C17H24NO5 [M+H]+: 

322.1654, found: 322.1643.  

Alkylation 

3-(2-(2,2-Diethoxyethoxy)ethoxy)prop-1-ene, S6. To a solution of NaH (1.2 g, 30 mmol, 2.0 

equiv) in THF (10 mL) was slowly added 2-(allyloxy)ethan-1-ol (2.4 mL, 2.3 mmol, 1.5 equiv) in 

THF (2 mL) at 0 ºC. After stirring for 30 min at rt, a solution of 2-bromo-1,1-diethoxyethane (3.0 

g, 2.3 mL, 15 mmol, 1.0 equiv) and NaI (220 mg, 1.5 mmol, 0.1 equiv) in THF (5 mL) was added 

to the reaction mixture. The reaction was heated at reflux for 24 h and cooled to rt. The mixture 

was washed with brine (15 mL) and extracted with EtOAc (3 x 10 mL). The combined organic 

layers were dried (MgSO4) and concentrated in vacuo. The residue was quickly purified by column 

chromatography on SiO2 (60:40 hexane/EtOAc) to give the 3-(2-(2,2-

diethoxyethoxy)ethoxy)prop-1-ene, which was used without further purification (2.3 g, 10.5 

mmol, 70%). 1H NMR (500 MHz, CDCl3)��δ 5.90 (m, 1H), 5.26 (ddq, J = 17.2, 8.5, 1.7 Hz, 1H), 

5.17 (ddq, J = 14.7, 10.4, 1.4 Hz, 1H), 4.62 (t, J = 5.2 Hz, 1H), 4.01 (ddt, J = 7.2, 5.6, 1.4, 2H), 

3.68 (m, 4H), 3.56 (m, 6H), 1.20 (t, J = 7.0 Hz, 6H) 

 

 

 

v 



S10 
 

Oxidation 

To a solution of 3-(2-(2,2-diethoxyethoxy)ethoxy)prop-1-ene (2.2 g, 10.0 mmol) in H2O (10 mL) 

and CH2Cl2 (50 mL) was added TFA (10 mL). The reaction mixture was heated at reflux for 24 h 

and cooled to rt. The mixture was washed with saturated aq NaHCO3 (25 mL) and extracted with 

CH2Cl2 (3 x 20 mL). The combined organic layers were dried (MgSO4) and concentrated in vacuo 

to afford 2-(2-(allyloxy)ethoxy)acetaldehyde.  

1,4-Dihydropyridine Synthesis 

Diethyl 4-((2-(allyloxy)ethoxy)methyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 

S7. Following the general procedure for preparation of 1,4-dihydropyridines using crude 2-(2-

(allyloxy)ethoxy)acetaldehyde, product S7 was isolated as a colorless oil (1.5 g, 4.1 mmol, 41%). 
1H NMR (500 MHz, CDCl3)��δ 6.28 (s, 1H), 5.83 (ddd, J = 17.6, 10.5, 5.8 Hz, 1H), 5.19 (dd, J = 

17.3, 1.7 Hz, 1H), 5.09 (dd, J = 10.4, 1.5 Hz, 1H), 4.13 (m, 5H), 3.92 (d, J = 5.7 Hz, 2H), 3.54 (dd, 

J = 5.9, 3.9 Hz, 2H), 3.46 (dd, J = 5.9, 3.9 Hz, 2H), 3.24 (d, 6.0 Hz, 2H), 2.21 (s, 6H), 1.24 (t, J = 

7.1 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 168.1, 146.1, 135.0, 117.0, 100.3, 74.3, 72.3, 70.2, 

69.8, 59.8, 33.7, 19.3, 14.6. FT-IR (cm–1, neat, ATR) 3325 (w), 3075 (w), 2932 (w), 1732 (m), 

1446 (s), 1169 (s), 925 (m), 774 (m). HRMS (ESI+) calcd for C19H30NO6 [M+H]+: 368.2068, 

found: 368.2080. 

 
4-(tert-Butyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile, S8. To a stirred solution of 

3-aminocrotononitrile (7.5 g, 92 mmol, 2.0 equiv) in AcOH (30 mL) was added pivalaldehyde (4.0 

g, 5.0 mL, 46 mmol, 1.0 equiv). The reaction mixture was heated at reflux for 4 h. The reaction 

was diluted in EtOAc (30 mL) and quenched with saturated aq NaHCO3 (30 mL). The mixture was 

washed with brine (15 mL) and extracted with EtOAc (3 x 15 mL). The combined organic layer 

was dried (MgSO4) and concentrated in vacuo. The residue was purified by column 
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chromatography on SiO2 (gradient hexane to 30:70 hexane/EtOAc) to give the 4-(tert-butyl)-2,6-

dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile S8 as a white solid (3.8 g, 17.5 mmol, 38%) (mp 

= 195–196 ºC). 1H NMR (500 MHz, CDCl3)��δ 6.60 (s, 1H), 2.87 (s, 1H), 2.18 (s, 6H), 0.95 (s, 

9H). 13C NMR (126 MHz, CDCl3) δ 148.4, 120.6, 81.8, 46.6, 41.0, 26.3, 18.7. FT-IR (cm–1, neat, 

ATR) 3329 (m), 2969 (m), 2188 (s), 1494 (s), 1367 (s), 521 (m). HRMS (ESI+) calcd for C13H18N3 

[M+H]+: 216.1501, found: 216.1530. 

Preparation of on-DNA Substrates 

 

General Procedure 

HATU Premix Protocol for Acylation of DNA Headpiece. Cool the individual HATU (200 mM 

in DMA, 40 equiv), i-Pr2NEt (200 mM in DMA, 40 equiv), and carboxylic acid (200 mM in DMA, 

40 equiv) solutions in a 4 ºC for 5 min. Once chilled, the acid, i-Pr2NEt, and HATU solutions were 

added sequentially to a centrifuge tube, vortexed briefly, and allowed to react at 4 ºC for 20 min. 

The oligomer solution (1 mM in 250 mM pH 9.4 sodium borate buffer) was then added, and the 

mixture was vortexed. The reaction was allowed to proceed at rt and monitored by LC/MS. Upon 

completion, the reaction was worked up following the “EtOH Precipitation Protocol.” 

EtOH Precipitation Protocol. Transfer the reaction mixture to a centrifuge tube where it fills at 

most 1/4 of the total volume. A volume of aq 5 M NaCl equal to 1/10 of the reaction volume was 

then added followed by cold (–20 ºC) EtOH equal to 2.5 reaction volumes. The resulting mixture 

was then left to stand in a –20 ºC freezer for at least 1 h. The chilled mixture was the centrifuged 

for 15 min at 4 ºC in a microcentrifuge at 13,000 rpm. The supernatant was then removed, and the 

sample was re-centrifuged under the same conditions, and the supernatant was again removed. The 

remaining precipitate was then frozen in liquid N2 and placed on a lyophilizer for at least 10 min 

to remove any residual EtOH, providing the desired on-DNA substrate as a white solid.  

  

NH2 HATU (40 equiv), i-Pr2EtN (40 equiv)
5:3 DMA/250 mM pH 9.4 sodium borate buffer

O

RN
H

HO R

O

(40 equiv)
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Reaction Workflow 

 

 

 

 

 

Figure S2. Reaction components were added to Eppendorf tubes as stock solutions on the 

benchtop, open to air. 

 

 

 

 

 

 

Figure S3. The vials were vortexed and placed 1.5 inches away from a Kessil H150-Blue LED 

Lamp (30 W High Luminous DEX 2100 LED) and irradiated for 10-45 min. 

 

 

 

Figure S4. Upon completion, the reactions were removed from the light and analyzed. 
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C(sp3)–C(sp2) Cross-Coupling of on-DNA Aryl Halides 

Cross-Coupling Employing 4-Alkyl-1,4-dihydropyridines 
 

 

General Procedure. To a PCR Eppendorf tube was added 4-alkyl-1,4-dihydropyridne (10 PL of 

a 625 nmol/PL solution in DMSO, 6.25 Pmol, 250 equiv), 4CzIPN (5 PL of a 2.5 nmol/PL solution 

in DMSO, 12.5 nmol, 0.50 equiv), Ni(TMHD)2 (5 PL of a 10 nmol/PL solution in DMSO, 50 

nmol, 2.0 equiv), and aryl halide (5 PL of a 5 nmol/PL solution in deionized H2O, 25 nmol, 1.0 

equiv). The tube was then capped and vortexed to give a homogeneous solution and placed 1.5 

inches away from a 40 W tuna blue LED lamp and irradiated for 45 min. Upon completion, the 

reaction was removed from the light and analyzed by LC/MS. 

 

Cross-Coupling Employing Amino Acids 
 
General Procedure. To a PCR Eppendorf tube was added amino acid (10 PL of a 625 nmol/PL 

solution in DMSO, 6.25 Pmol, 250 equiv), [Ir(dFCF3ppy)2(dtbbpy)]PF6 (5 PL of a 2.5 nmol/PL 

solution in DMSO, 12.5 nmol, 0.50 equiv), Ni(TMHD)2 (5 PL of a 10 nmol/PL solution in DMSO, 

50 nmol, 2.0 equiv), aryl halide (5 PL of a 5 nmol/PL solution in deionized H2O, 25 nmol, 1.0 

equiv), MOPs pH 8 buffer (1 PL of a 500 mM solution), and TMG (2.35 PL, 175 nmol, 700 equiv). 

The tube was then capped and vortexed to give a homogeneous solution and placed 1.5 inches 

X

N
H

O

X
X

N
H

O
R1

R2
4CzIPN (0.5 equiv)

Ni(TMHD)2 (2.0 equiv)
80:20 DMSO/H2O (1 mM)
30 W blue LEDs, 45 min

(250 equiv)

N
H

R2R1

Me Me

CO2EtEtO2C

X

N
H

O

X
X

N
H

O

R2

N
R1

Boc

HO2C R2

NR1 Boc

[Ir(dFCF3ppy)2(dtbbpy)]PF6 (0.5 equiv)
Ni(TMHD)2 (2.0 equiv)

TMG (700 equiv), MOPs pH 8 (25 mM)
77:23 DMSO/H2O (1 mM)
30 W blue LEDs, 10 min

(250 equiv)
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away from a 40 W tuna blue LED lamp and irradiated for 10 mins. Upon completion, the reaction 

was removed from the light and analyzed by LC/MS. 

C(sp3)–C(sp2) Cross-Coupling Optimization 
 

Table S1. DHP Optimization 

 
 
  

H
N

O

Br

HP-SADO

(5 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

H
N

O
HP-SADOA

B

Entry Deviation from Standard Conditions TIC Conversion to Ba

1 none 63%
2 [Ir{dF(CF3)ppy}2(dtbbpy)]PF6 0%
3 [Ni(Phen)Cl2](H2O)4 10%

[Ni(BPhen)Cl2](H2O)4 5%4

aDetermined by comparing intensity of all DNA-containing components in the TIC trace

N
H

Me Me

CO2EtEtO2C

O
O Me

Me

O
O

MeMe

[Ni(dtbbpy)Cl2](H2O)4 0%5
[Ni(dMeObpy)Cl2](H2O)4 0%6

[Ni(bpy)Cl2](H2O)4 0%7
100 mM pH 8 TRIS buffer 6%8

100 mM pH 8 MOPS buffer 4%9
100 mM pH 8.5 MOPS buffer 13%10
100 mM pH 8 HEPES buffer 23%11

No Ni(TMHD)2 0%12
No 4CzIPN 0%13

No light 0%14
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Table S2. Impact of base on amino acid cross-coupling 

  
 

Table S3. Impact of buffer additive on amino acid cross-coupling 
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Cross-Coupling Scope 
 

 
Table S4. C(sp3)–C(sp2) Cross-Coupling Productsa 

 
Entry Aryl Halide [RP] Product Aryl Halide Protonation Phenol 

1b 
  

74% 0% 11% 0% 

2b,c 
  

42% 30% 6% 0% 

3b 
 

 66% 10% 14% 0% 

4  
  

63% 0% 5% 0% 

5  
  

81% 0% 10% 0% 

6  
 

 
58% 22% 11% 0% 

7  
 

 
78% 0% 6% 0% 

8  
  

76% 0% 17% 0% 

9  
 

 
77% 0% 7% 0% 

10b 
  

70% 0% 20% 0% 

11b 
  

0% 37% 43% 3% 
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12b,c 
  

0% 89% 5% 0% 

13b 
 

 6% 86% 8% 0% 

14b 
  

9% 73% 5% 0% 

15b 
  

16% 53% 27% 0% 

16b 
  

67% 0% 28% 0% 

17b,c 
  

24% 13% 57% 3% 

18b 
 

 58% 0% 35% 0% 

19b 
  

69% 0% 10% 0% 

20b 
  

46% 0% 54% 0% 

21b 
  

79% 0% 13% 0% 

22b,c 
  

46% 0% 30% 10% 

23b 
 

 62% 0% 14% 5% 

24b 
  

66% 0% 90% 0% 

25b 
  

71% 0% 17% 12% 

26b 
  

55% 0% 35% 0% 

27b,c 
  

21% 18% 46% 0% 
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28b 
 

 40% 2% 46% 0% 

29b 
  

55% 5% 18% 0% 

30b 
 

 

48% 0% 42% 0% 

31b 
  

66% 0% 16% 0% 

32b,c 
  

42% 0% 29% 0% 

33b 
 

 72% 0% 24% 0% 

34b 
  

45% 3% 6% 0% 

35b 
  

71% 0% 24% 0% 

36b 
  

30% 23% 8% 4% 

37b,c 
  

7% 0% 30% 11% 

38b 
  

0% 0% 0% 0% 

39b 
  

55% 0% 13% 5% 

40b 
  

7% 0% 20% 0% 

41b,c 
  

5% 0% 13% 0% 

42b 
  

0% 0% 0% 0% 

43b 
  

8% 0% 28% 11% 
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44b 
  

75% 0% 21% 0% 

45b 
  

20% 0% 60% 0% 

46b 
  

43% 0% 46% 5% 

47b 

  
5% 0% 62% 7% 

48b 
  

5% 0% 54% 5% 

49b 

  
5% 13% 82% 5% 

50b 
  

65% 9% 18% 0% 

51b 

 
 

51% 4% 30% 0% 

52b 
  

72% 4% 19% 0% 

53b 
  

15% 69% 16% 0% 

54b 
  

0% 0% 94% 6% 

55b 
  

8% 12% 73% 7% 

56b 

  

0% 0% 54% 3% 

57b 
  

0% 0% 57% 0% 
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58b 

  

26% 11% 45% 5% 

59d 
  

45% 2% 0% 31% 

60d 

 
 

37% 46% 7% 0% 

61d 
 

 
5% 90% 0% 0% 

62d 
  

12% 63% 0% 0% 

63d 
  

29% 47% 3% 0% 

64d 
  

17% 78% 5% 0% 

65d 
  

5% 88% 7% 0% 

66d 
  

6% 88% 6% 0% 

67d 
  

0% 100% 0% 0% 

68d 
  

8% 81% 6% 0% 

69d 
  

51% 0% 18% 7% 

70d 
  

18% 0% 53% 6% 

71d 
 

 
17% 0% 20% 4% 

72d 
  

33% 5% 30% 4% 

73d 
  

19% 0% 22% 9% 
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74d 
  

17% 0% 48% 12% 

75d 
  

6% 0% 58% 14% 

76d 
 

 
16% 0% 45% 19% 

77d 
  

46% 0% 17% 9% 

78d 
  

8% 0% 44% 11% 

79d 
  

67% 6% 23% 0% 

80d 
  

42% 5% 26% 5% 

81d 
  

35% 15% 35% 2% 

82d 
  

40% 17% 32% 2% 

83d 
  

20% 21% 24% 6% 

84d 
  

42% 0% 48% 0% 

85d 
  

56% 0% 17% 4% 

86d 
 

 
65% 0% 20% 4% 

87d 
  

51% 3% 17% 4% 

88d 
  

38% 0% 29% 4% 

89d 
  

51% 0% 16% 3% 

90d 
  

53% 0% 17% 0% 
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91d 
  

0% 0% 0% 0% 

92d 
  

0% 0% 62% 4% 

93d 
  

0% 59% 5% 5% 

94d 
  

0% 0% 67% 5% 

95d 
  

0% 3% 53% 0% 

96d 
  

0% 0% 0% 0% 

aAll values indicate conversion to the indicated product as determined by LC/MS. bReaction 
conditions: DHP (250 equiv, 6.25 Pmol), 4CzIPN (50 mol %, 12.5 nmol), Ni(TMHD)2 (2.0 
equiv, 50 nmol), aryl halide (25 nmol, 1.0 equiv), 80:20 DMSO/H2O (1 mM), 45 min, irradiating 
with blue LED (30 W). cUsing 4-(tert-butyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarbonitrile. dReaction conditions: amino acid (250 equiv, 6.25 Pmol), Ir-1 (50 mol %, 12.5 
nmol), Ni(TMHD)2 (2.0 equiv, 50 nmol), aryl halide (25 nmol, 1.0 equiv), TMG (700 equiv, 17.5 
Pmol), MOPS pH 8 buffer (25 mM), 77:23 DMSO/H2O (1 mM), 10 min, irradiating with blue 
LED (30 W). TMG = 1,1,3,3-tetramethylguanidine. MOPS = 3-(N-morpholino)propanesulfonic 
acid. See Supporting Information for additional details. 
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Defluorinative Alkylation of on-DNA Trifluoromethyl Alkenes 

Alkylation Employing Alkyl Bis(catecholato)silicates 

 

General Procedure. To a PCR Eppendorf tube was added alkyl bis(catecholato)silicate (15 PL of 

a 83.3 nmol/PL solution in DMSO, 1.25 Pmol, 50 equiv), 4CzIPN (5 PL of a 2.5 nmol/PL solution 

in DMSO, 12.5 nmol, 0.50 equiv), and trifluoromethyl alkene (5 PL of a 5 nmol/PL solution in 

deionized H2O, 25 nmol, 1.0 equiv). The tube was then capped and vortexed to give a 

homogeneous solution and placed 1.5 inches away from a 40 W tuna blue LED lamp and irradiated 

for 10 min. Upon completion, the reaction was removed from the light and analyzed by LC/MS. 

Alkylation Employing 1,4-Dihydropyridines  

 

General Procedure. To a PCR Eppendorf tube was added 4-alkyl-1,4-dihydropyridine (15 PL of 

a 20.8 nmol/PL solution in DMSO, 312.5 nmol, 12.5 equiv), 4CzIPN (5 PL of a 2.5 nmol/PL 

solution in DMSO, 12.5 nmol, 0.50 equiv), and trifluoromethyl alkene (5 PL of a 5 nmol/PL 

solution in deionized H2O, 25 nmol, 1.0 equiv). The tube was then capped and vortexed to give a 

homogeneous solution and placed 1.5 inches away from a 40 W tuna blue LED lamp and irradiated 

for 10 min. Upon completion, the reaction was removed from the light and analyzed by LC/MS. 

 

 

 

R3NHSi
O

O

2

R1

R2
H
N

O

R1

R2

FF

4CzIPN, 80:20 DMSO/H2O
40 W blue LEDs

H
N

O

CF3

N
H

R2R1

Me Me

CO2EtEtO2C

H
N

O

R1

R2

FF

4CzIPN, 80:20 DMSO/H2O,
40 W blue LEDs

H
N

O

CF3
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Alkylation Employing Amino Acids 

 

General Procedure (5 mol % [Ir], 5 equiv acid). To a PCR Eppendorf tube was added DMSO (9 

PL), amino acid (1 PL of a 125 nmol/PL solution in DMSO, 125 Pmol, 5 equiv), 

[Ir(dFCF3ppy)2(dtbbpy)]PF6 (5 PL of a 0.25 nmol/PL solution in DMSO, 1.25 nmol, 5 mol %), 

trifluoromethyl alkene (5 PL of a 5 nmol/PL solution in deionized H2O, 25 nmol, 1.0 equiv), and 

2,6-lutidine (5 PL of a 750 nmol/PL solution in DMSO, 3.75 Pmol, 150 equiv). The tube was then 

capped and vortexed to give a homogeneous solution and placed 1.5 inches away from a 40 W 

tuna blue LED lamp and irradiated for 10 min. Upon completion, the reaction was removed from 

the light and analyzed by LC/MS.  

General Procedure (10 mol % [Ir], 25 equiv acid). To a PCR Eppendorf tube was added DMSO 

(5 PL), amino acid (5 PL of a 125 nmol/PL solution in DMSO, 625 Pmol, 25 equiv), 

[Ir(dFCF3ppy)2(dtbbpy)]PF6 (5 PL of a 0.5 nmol/PL solution in DMSO, 2.5 nmol, 10 mol %), 

trifluoromethyl alkene (5 PL of a 5 nmol/PL solution in deionized H2O, 25 nmol, 1.0 equiv), and 

2,6-lutidine (5 PL of a 750 nmol/PL solution in DMSO, 3.75 Pmol, 150 equiv). The tube was then 

capped and vortexed to give a homogeneous solution and placed 1.5 inches away from a 40 W 

tuna blue LED lamp and irradiated for 10 min. Upon completion, the reaction was removed from 

the light and analyzed by LC/MS. 

General Procedure (25 mol % [Ir], 50 equiv acid). To a PCR Eppendorf tube was added amino 

acid (5 PL of a 250 nmol/PL solution in DMSO, 1250 Pmol, 50 equiv), 

[Ir(dFCF3ppy)2(dtbbpy)]PF6 (5 PL of a 1.25 nmol/PL solution in DMSO, 6.25 nmol, 25 mol %), 

trifluoromethyl alkene (5 PL of a 5 nmol/PL solution in deionized H2O, 25 nmol, 1.0 equiv), and 

2,6-lutidine (5 PL of a 750 nmol/PL solution in DMSO, 3.75 Pmol, 150 equiv). The tube was then 

capped and vortexed to give a homogeneous solution and placed 1.5 inches away from a 40 W 

tuna blue LED lamp and irradiated for 10 min. Upon completion, the reaction was removed from 

the light and analyzed by LC/MS. 

OH

O

R1

N
PG

R2

H
N

O

R1

FF
N

R2

PG

Ir(dFCF3ppy)2(dtbbpy)PF6
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM), 40 W blue LEDs

H
N

O

CF3
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Table S5. Impact of tert-butyl-radical precursor loading on reaction outcome. 

 
 
Table S6. Impact of base on amino acid alkylation. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Ar 4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 10 min

CF3

A

N
H

NC CN

C (X equiv)

HP-SADO ArHP-SADO

F F

B

Entry Equiv C TIC Conversion to BaAr

1 12.5 48%D
2 10 58%D
3 5 72%D
4 12.5 38%E
5 10 49%E
6 5 58%E
7 12.5 44%F
8 10 53%F
9 5 61%F

CF3

H
N

O
HP-SADO

CF3

N
H

O
HP-SADO

Cl

N

CF3

N
H

O
HP-SADO

aDetermined by comparing intensity of all DNA-containing 
components in the TIC trace

Ar:

H
N

O
HP-SADO

(25 equiv)

[Ir{dF(CF3)ppy}2(dtbbpy)PF6 (10 mol %)
base, 80:20 DMSO/H2O (1 mM)

30W blue LED, 10 min

CF3

H
N

O
HP-SADO

F F

CO2HR1

N
BocR2

N

R1

R2

Boc

H
N

O
HP-SADO

F F

N

R1

R2

Boc
A

B

C
Entry Base Resulta

1 TMG (150 equiv) decomposition
2 2,6-lutidine (150 equiv) full conversion to B, <10% C
3 150 mM pH 7 Na Phosphate buffer full converison to B, >10% C

aDetermined by comparing intensity of all DNA-containing components in the TIC trace
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Table S7. Control reactions. 

 
 
Table S8. Optimization of alkylation using Fmoc-Pro-OH. 

 
 

 
 

  

H
N

O
HP-SADO

(5 equiv)

[Ir{dF(CF3)ppy}2(dtbbpy)PF6 (5 mol %)
2,6-lutidine (150 equiv),

80:20 DMSO/H2O (1 mM)
30W blue LED, 10 min

CF3

H
N

O
HP-SADO

F F

CO2HBn

N
BocMe

N

Bn
Me

Boc

A
B

Entry Deviation from Standard Conditions TIC Conversion to Ba

1 none 82%
2 Minus Photocatalyst 0%
3 Minus Base 26%

Minus Light 0%4

aDetermined by comparing intensity of all DNA-containing components in the TIC trace

H
N

O
HP-SADO

(25 equiv)

[Ir{dF(CF3)ppy}2(dtbbpy)PF6 (10 mol %)
additive, solvent (1 mM)
30W blue LED, 10 min

N
Fmoc

CO2H
CF3

H
N

O
HP-SADO

F F

N
Fmoc

Entry Additive Solvent ratio A : Ba TIC conversionb

1 2,6-lutidine (150 equiv) 80:20 DMSO/H2O 0 : 100 32%
2 100 mM TRIS pH 8 60:40 DMSO/H2O 0 : 100 67%
3 100 mM TRIS pH 9 60:40 DMSO/H2O 0 : 100 –
4 100 mM Na borate pH 9 60:40 DMSO/H2O 0 : 100 –
5 100 mM Maleate pH 6 60:40 DMSO/H2O 70 : 30 –
6 100 mM HEPES pH 9 60:40 DMSO/H2O 80 : 20 –

aDetermined by comparing relative ratio of starting material A to product B. bDetermined by comparing intensity of all DNA-containing 
components in the TIC trace

A B
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Defluorinative Alkylation Substrate Scope 
 

Table S9. Alkylation Productsa 

 
 

Entry ELT_DNA [RP] Product Alkene Double Alkylation CF3 Alkane 

1b 

 

 68% 13% 0% 8% 

2b 

 

 58% 24% 0% 6% 

3b 

 
 

64% 16% 0% 7% 

4b 

 
 

81% 8% 0% 6% 

5b 

 
 

76% 4% 0% 7% 

6b 

 
 

73% 6% 7% 5% 

7b 

 
 

43% 0% 0% 13% 

8b 

 
 

75% 4% 0% 5% 
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9b 

 

 60% 18% 0% 6% 

10b 

 
 

80% 0% 0% 8% 

11b 

  

73% 0% 0% 8% 

12b 

  

61% 11% 0% 10% 

13b 

 
 

64% 19% 1% 1% 

14b 

 
 

82% 6% 0% 8% 

15b 

 

 79% 0% 0% 10% 

16b 

 
 

71% 0% 5% 9% 

17b 

 
 

56% 8% 5% 7% 

18b 

 

 32% 0% 0% 11% 

19b 

 

 61% 21% 11% 8% 

20b 

 

 74% 5% 0% 9% 

21b 

 
 65% 15% 0% 5% 
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22b 

 

 45% 42% 0% 10% 

23b 

 

 59% 23% 2% 3% 

24b 

 
 

65% 13% 10% 11% 

25b 

 

 72% 4% 9% 14% 

26b 

 

 64% 19% 1% 2% 

27b 

 
 

51% 24% 5% 5% 

28b 

 
 

48% 14% 0% 5% 

29b 

 
 

70% 4% 0% 9% 

30b 

 
 

70% 5% 0% 6% 

31b 

 
 42% 23% 3% 7% 

32b 
  

72% 4% 0% 8% 

33b 
  

77% 7% 0% 6% 

34b 
 

 37% 35% 2% 6% 
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35c 

 
 

77% 0% 0% 0% 

36c 

 
 

63% 0% 9% 0% 

37c 

 
 

51% 7% 10% 0% 

38c 

 
 

44% 9% 0% 0% 

39c,e 

 

 72% 0% 7% 0% 

40c,d 

  

64% 0% 0% 0% 

41c 

 

 62% 0% 10% 0% 

42c 

 

 68% 0% 7% 0% 

43c 

 
 

74% 0% 0% 0% 

44c 

 
 

62% 0% 0% 0% 

45c 

 
 

61% 0% 9% 0% 

46c 

 
 

33% 0% 0% 0% 

47c,e 

 

 58% 0% 6% 5% 
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48c,d 

  

44% 0% 0% 0% 

49c 

 

 42% 0% 7% 0% 

50c 

 

 41% 0% 6% 0% 

51c 
 

 
86% 0% 0% 0% 

52c 
  

77% 0% 0% 0% 

53c 
  

61% 0% 10% 0% 

54c 
  

58% 0% 0% 0% 

55c,e 
 

 61% 0% 7% 0% 

56c,d 
  

76% 0% 0% 0% 

57c 
 

 44% 0% 6% 0% 

58c 
 

 35% 12% 4% 0% 

59f,g 

 
 

75% 4% 0% 0% 

60f,i 

 
 

70% 0% 0% 0% 

61f 

 
 

46% 0% 0% 0% 
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62i 

 
 

62% 0% 13% 0% 

63i 

 
 

59% 0% 6% 4% 

64f 

 
 

82% 0% 0% 0% 

65 f 

 
 

65% 0% 0% 0% 

66j 

 
 

74% 0% 0% 0% 

67j 

 
 

66% 0% 17% 0% 

68j 

 
 

67% 0% 20% 0% 

69f 

  
84% 0% 0% 0% 

70f 

  
65% 0% 11% 0% 

71j 

 
 

84% 0% 0% 0% 

72k 

 
 

45% 0% 0% 0% 

73l 

 
 

64% 0% 12% 0% 

74m 

 
 

47% 9% 0% 0% 
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75l 

 
 

66% 0% 5% 0% 

76k 

 
 

50% 0% 6% 0% 

77h 

 
 

67% 0% 0% 7% 

78h 

 
 

50% 0% 6% 0% 

79h 

 
 

65% 0% 8% 0% 

80h 

 
 

65% 0% 8% 0% 

81h 

 
 

50% 0% 6% 0% 

82h 

 
 

69% 0% 13% 0% 

83h 

  
70% 0% 13% 0% 

84j 

 
 

48% 16% 13% 0% 

85j 

 
 

64% 0% 6% 5% 

86j 

 
 

57% 0% 13% 0% 

87j 

 
 

61% 4% 5% 0% 
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88j 

 
 

45% 0% 30% 0% 

89j 
  

38% 0% 31% 0% 

90j 
  

61% 0% 7% 6% 

91j 
  

69% 12% 5% 6% 

92j 
  

48% 24% 9% 0% 

93j 
  

55% 0% 29% 0% 

94j 
  

84% 0% 0% 0% 

aAll values represent conversion to the indicated product as determined by LC/MS. All reactions were run using 
alkene (1.0 equiv, 25 nmol), 80:20 DMSO/H2O (1 mM), 10 min, irradiating with blue LED (30 W). See Supporting 
Information for additional details. bSilicate (50 equiv, 1.25 Pmol), 4CzIPN (50 mol %, 12.5 nmol). cDHP (12.5 
equiv, 312.5 nmol), 4CzIPN (50 mol %, 12.5 nmol). dUsing 25 equiv of DHP. eUsing 4-(tert-butyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile. fAcid (5 equiv, 125 nmol), [Ir(dFCF3ppy)2dtbbpy]PF6 (5 mol %, 1.25 nmol), 
2,6-[Ir(dFCF3ppy)2dtbbpy]PF6lutidine (150 equiv, 3.75 Pmol). gUsing 2.5 mol % [Ir(dFCF3ppy)2dtbbpy]PF6. hAcid 
(25 equiv, 625 nmol), I (10 mol %, 12.5 nmol), pH 9 TRIS buffer (100 mM), 60:40 DMSO/H2O (1 mM). iUsing 10 
equiv of acid.  jAcid (25 equiv, 625 nmol), [Ir(dFCF3ppy)2dtbbpy]PF6 (10 mol %, 12.5 nmol), 2,6-lutidine (150 
equiv, 3.75 Pmol). kAcid (50 equiv, 1.25 Pmol), [Ir(dFCF3ppy)2dtbbpy]PF6 (25 mol %, 6.25 nmol), 2,6-lutidine (150 
equiv, 3.75 Pmol). lUsing 25 equiv of acid, 10 mol % [Ir(dFCF3ppy)2dtbbpy]PF6. mUsing 50 equiv of acid, 50 mol % 
[Ir(dFCF3ppy)2dtbbpy]PF6. 
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qPCR, PCR, and Sequencing 

 

 
Figure S5: C1-C4 Tag Elongation  

Top Strand: 5’- /5Phos/A AAT CGA TGT GTT CCG CAA GAA GCC TGG TAA GCG GAG 
AAA GGT CGT T –3’ 

Bottom Strand: 5’-/5Phos/C GAC CTT TCT CCG CTT ACC AGG CTT CTT GCG GAA CAC 
ATC GAT TTG G -3’ 

The top and bottom strands (purchased from IDT as lyophilized powders) of a control 4-cycle tag 

were annealed by combining 330 nmol of each strand (2 mM in H2O), heating to 95 °C for 5 min, 

then cooling to rt. The annealed tag solution (1.1 equiv) was then added to the CF3-alkene 

headpiece (1 equiv, 300 nmol, 600 PL H2O, 0.5 mM), followed by a master mix solution (1.95 mL 

H2O, 60 µL 10x T4 ligation buffer, and 6 µL T4 DNA ligase purchased from Syngene). The 

ligation solution was vortexed and let sit for 15 min, at which point a primer tag was added to the 

solution (1.05 equiv, 315 nmol, 414 PL, 0.76 mM). The reaction was again capped, vortexed, and 

left at rt overnight. Following addition of 300 µL of 5 M NaCl (aq) and 10 mL of cold EtOH, the 

reaction was precipitated at –80 °C over 4 d. The precipitated solution was then centrifuged at 

3400 rpm at 4 °C for 45 min, and the solvent was decanted to afford the DNA pellet. The crude 

pellet was resuspended in 0.6 mL of H2O and purified by HPLC (Column: Gemini C18, 5 Pm 

particle size, 21.2 x 100 mm; Gradient: 5 to 90% B in 30 min, 20 mL/min; UV at 260 nm; Solvent 

A: 50 mM TEAA, pH 7.5; Solvent B: 1% H2O in MeCN) to afford the desired product. The 

lyophilized product was analyzed by optical density using a composite extinction coefficient of 

1023700 L/(mol-cm) to determine isolated yield (97.7 nmol, 32.6%). LCMS calcd: 34455, found: 

34453.8.  
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Reactions on Elongated CF3-alkene HP:  

 

General Protocol - Closing Primer Ligation on Reacted Material:  

Top Strand: 5’-/5Phos/ACG ATG CCC GGT CTA CNN NNN NNN NNN NCT GAT GGC 
GCG AGG GAG GC-3’ 

Bottom Strand: 5’-GTA GAC CGG GCA TCG TAA-3’ 

The lyophilized product from the exemplary reaction on elongated CF3-alkene headpiece was 

diluted with 200 PL milliQ H2O. The concentration of the stock solution was measured using 

optical density as determined on a Thermo NanoDrop 2000. Three measurements were obtained, 

and the average A260 used to determine concentration. The samples were lyophilized and then 
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redissolved to ~0.5 mM in H2O. To this solution was then added annealed closing primer (1.05 

equiv, 1 mM in H2O, purchased as dry powders from IDT then annealed), followed by enough 

mastermix to dilute reactions to 0.1 mM relative to starting DNA. The reaction was capped, 

vortexed, centrifuged and left to react overnight at rt for 2 d. 2 equiv of additional closing primer, 

buffer, and ligase were added, the reaction left at rt overnight, and then transferred to 4 °C for 4 d. 

At this point, it was determined that the ligase was not behaving as expected (in comparison to a 

no-chemistry, no-headpiece CTR tag), so fresh ligase from a separate tube was added (6 equiv), 

followed by additional ligation buffer (6 equiv), and enough H2O to achieve a final concentration 

of ~0.05 mM. Ligations were allowed to run overnight. Samples were analyzed by gel 

electrophoresis and determined to have gone to sufficient completion.  
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General Protocol – qPCR:  

5’ 565 Cla Primer: 5’-TGA CTC CCA AAT CGA TGT G -3’ 

3’ 454 Short Primer: 5’-GCC TCC CTC GCG CCA -3’ 

Quantitative PCR was performed on a Roche LightCycler 480 II PCR system with SYBR Green I 

as the detection dye. A bulk master mix solution was prepared by combining 1 mL SYBR green, 

60 μL of 10 μM PCR primer 565 Cla, 60 μL of 10 µM PCR primer 454 short, and 680 uL of H2O.  

To 2 μL of sample was then added 18 μL of master mix. Samples were subjected to qPCR: 

Stage Temperature/Time Number of Cycles 
UNG 50 °C / 2 min 1 
HotStart 95 °C / 5 min 1 
Amplification 95 °C / 15 sec 

55 °C / 30 sec 
72 °C / 30 sec 

40 

Melt 95 °C / 1 sec 
70 °C / 1 sec 

1 

Cool 45 °C / 30 sec  
 
Samples were then analyzed using the 2nd derivative maximum standard protocol on the 
instrument. 

General Protocol – PCR Amplification: 

Samples were subjected to 14 cycles of PCR amplification using the Roche FastStart Taq 
Polymerase dNTPack and Illumina P5 and P7 primer. The standard Taq-PCRamp program is as 
follows: 

1. 95 °C for 10min  
2. 95 °C for 30sec  
3. 59 °C for 30sec  
4. 72 °C for 30sec  
5. Repeat STEP 2-4, 13 times 
6. 72 °C for 7 min 
7. 4 °C hold 
8. End  

After PCR, samples were purified using Beckman Coulter AMPure beads, then quantified on an 
Agilent Bioanalyzer following the standard manufacturer’s protocol. 

Chemistry ID Amp cycles [bioanalyzer] (nM) 
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Sample A 14 29.5 
Sample B 14 14.6 
Sample C 14 15.8 
Sample E 14 17.7 
Sample D 14 43.8 

 

General Protocol – Illumina Sequencing:  

Approximately 1E8 molecules were prepared for sequencing following the manufacturer’s 

standard protocol with an Illumina MiSeq v3 kit, then submitted for sequencing on an Illumina 

MiSeq. Samples were subjected to 111 cycles for Read 1 and 9 cycles for index runs. % sequences 

without mutations was determined based on a comparison of the desired sequence against the top 

19 other sequences identified. 

Table S10. 

% Chemistry 
ID Rank Count Sequence 

92.6% Sample A 1 3943911 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

1.5% Sample A 2 65783 
TAGACCGGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.8% Sample A 3 34529 
GTAGACCGGGCATCGTAACGACCTTTCTC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample A 4 26282 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample A 5 24875 
GTAGACCGGGCATCGTAACGACCTTTCCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample A 6 23570 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample A 7 16491 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample A 8 15736 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGCTTCTTGCGGAACACATCG

ATTTGGGAGT 
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0.4% Sample A 9 15280 
GTAGACCGGGCATCGTAACGACCTTTCTC
CCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample A 10 12030 
GTAGACCGGGCATCGTAACGACCTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample A 11 10091 
GTAGACCGGGCATCGTAAGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample A 12 9576 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTCCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample A 13 8700 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample A 14 8568 
GTAGACCGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample A 15 8497 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACAAATC

GATTTGGGAG 

0.2% Sample A 16 8348 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAGCACATC

GATTTGGGAG 

0.2% Sample A 17 7268 
GTAGACCGGGCATCGTAACGACCCTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample A 18 7140 
GTAGGCCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample A 19 6961 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCAGAACACATC

GATTTGGGAG 

0.2% Sample A 20 6793 
GTAGACCGGGCATCGTAACGACCTTTCTC
CACTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

92.3% Sample B 1 3049417 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

1.5% Sample B 2 49828 
TAGACCGGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.8% Sample B 3 26676 
GTAGACCGGGCATCGTAACGACCTTTCTC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 
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0.6% Sample B 4 21002 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample B 5 19168 
GTAGACCGGGCATCGTAACGACCTTTCCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample B 6 18329 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample B 7 13049 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample B 8 12569 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample B 9 12261 
GTAGACCGGGCATCGTAACGACCTTTCTC
CCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample B 10 9738 
GTAGACCGGGCATCGTAACGACCTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample B 11 9639 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACAAATC

GATTTGGGAG 

0.3% Sample B 12 8623 
GTAGACCGGGCATCGTAAGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample B 13 7364 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTCCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample B 14 7318 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCAGAACACATC

GATTTGGGAG 

0.2% Sample B 15 6985 
GTAGACCGGGCATCGTAACGACCTTTCTC
CACTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample B 16 6848 
GTAGACCGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample B 17 6778 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample B 18 6352 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAGCACATC

GATTTGGGAG 
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0.2% Sample B 19 6177 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGAAACACATC

GATTTGGGAG 

0.2% Sample B 20 6173 
GTAGACCGGGCATCGTAACAACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

92.4% Sample C 1 3605332 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

1.5% Sample C 2 59419 
TAGACCGGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.8% Sample C 3 31764 
GTAGACCGGGCATCGTAACGACCTTTCTC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample C 4 25003 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample C 5 22514 
GTAGACCGGGCATCGTAACGACCTTTCCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample C 6 22212 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample C 7 15311 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample C 8 15047 
GTAGACCGGGCATCGTAACGACCTTTCTC
CCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample C 9 14740 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample C 10 11231 
GTAGACCGGGCATCGTAACGACCTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample C 11 10614 
GTAGACCGGGCATCGTAAGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample C 12 10537 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACAAATC

GATTTGGGAG 

0.2% Sample C 13 8793 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTCCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 
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0.2% Sample C 14 8020 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample C 15 7919 
GTAGACCGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample C 16 7755 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAGCACATC

GATTTGGGAG 

0.2% Sample C 17 6669 
GTAGACCGGGCATCGTAACGACCCTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample C 18 6606 
GTAGGCCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.1% Sample C 19 5785 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTCCTTGCGGAACACATC

GATTTGGGAG 

0.1% Sample C 20 5576 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCCTCTTGCGGAACACATC

GATTTGGGAG 

92.5% Sample E 1 3657840 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

1.5% Sample E 2 59666 
TAGACCGGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.8% Sample E 3 30432 
GTAGACCGGGCATCGTAACGACCTTTCTC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample E 4 25543 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample E 5 21905 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.5% Sample E 6 21690 
GTAGACCGGGCATCGTAACGACCTTTCCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample E 7 15853 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample E 8 15041 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 
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0.4% Sample E 9 14683 
GTAGACCGGGCATCGTAACGACCTTTCTC
CCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample E 10 12469 
GTAGACCGGGCATCGTAAGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample E 11 11111 
GTAGACCGGGCATCGTAACGACCTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample E 12 9479 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACAAATC

GATTTGGGAG 

0.2% Sample E 13 8563 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTCCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample E 14 8230 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample E 15 8203 
GTAGACCGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample E 16 7584 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAGCACATC

GATTTGGGAG 

0.2% Sample E 17 6730 
GTAGACCGGGCATCGTAACGACCCTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample E 18 6650 
GTAGGCCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample E 19 5989 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTCCTTGCGGAACACATC

GATTTGGGAG 

0.1% Sample E 20 5539 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCCTCTTGCGGAACACATC

GATTTGGGAG 

92.4% Sample D 1 4627752 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

1.5% Sample D 2 76078 
TAGACCGGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.8% Sample D 3 41373 
GTAGACCGGGCATCGTAACGACCTTTCTC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 
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0.6% Sample D 4 31787 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample D 5 29541 
GTAGACCGGGCATCGTAACGACCTTTCCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.6% Sample D 6 28719 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample D 7 19946 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample D 8 19106 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.4% Sample D 9 18036 
GTAGACCGGGCATCGTAACGACCTTTCTC
CCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.3% Sample D 10 12694 
GTAGACCGGGCATCGTAACGACCTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample D 11 11355 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTCCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample D 12 10970 
GTAGACCGGGCATCGTAACGACCTTTCTC
CACTTACCAGGCTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample D 13 10963 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAACAAATC

GATTTGGGAG 

0.2% Sample D 14 10853 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCAGAACACATC

GATTTGGGAG 

0.2% Sample D 15 10476 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample D 16 10227 
GTAGACCGGCATCGTAACGACCTTTCTCC
GCTTACCAGGCTTCTTGCGGAACACATCG

ATTTGGGAGT 

0.2% Sample D 17 10084 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGAAACACATC

GATTTGGGAG 

0.2% Sample D 18 9741 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGGCTTCTTGCGGAGCACATC

GATTTGGGAG 
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0.2% Sample D 19 9715 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAGACTTCTTGCGGAACACATC

GATTTGGGAG 

0.2% Sample D 20 9586 
GTAGACCGGGCATCGTAACGACCTTTCTC
CGCTTACCAAGCTTCTTGCGGAACACATC

GATTTGGGAG 
 

Table S11. qPCR Results 

 

Sample Radical 
Precursor Photocatalyst Mutated 

Sequences 
Molecules per 1 

µl qPCR 
A  4CzIPN 7.43% 6.10E+13 

B 

 

4CzIPN 7.10% 4.42E+13 

C 
 

[Ir{dF(CF3)ppy}2dtbbpy]PF6 7.58% 5.23E+13 

D none 4CzIPN 7.61% 1.48E+14 
E none none 7.47% 6.60E+13 
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diethyl 4-((2-(allyloxy)ethoxy)methyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate 
1H, 500 MHz, CDCl3

N
H

MeMe

EtO

O

OEt

O
O

O
16

S64

S7



diethyl 4-((2-(allyloxy)ethoxy)methyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate 
13C, 126 MHz, CDCl3

N
H

MeMe

EtO

O

OEt

O
O

O
16

S65

S7



4-(tert-butyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile 
1H, 500 MHz, CDCl3

N
H

MeMe

CNNC

Me
Me
Me

S8

S66



4-(tert-butyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile 
13C, 126 MHz, CDCl3

N
H

MeMe

CNNC

Me
Me
Me

S8

S67



Aryl Iodide
Synthesis

68S



Aryl Iodide-S9

69S

Product: 100%



Aryl Iodide-S10

Product: 95%

70S



Aryl Iodide-S11

71S

Product: 95%



Aryl Iodide-S12

72S

Product: 100%



Aryl Iodide-S13

73S

Product: 94%



Aryl Iodide-S14

74S

Product: 100%



Nickel/Photoredox Dual 
Catalytic Cross-Coupling 

using DHP’s

75S



Cross-Coupling Product-3b

product

protodebrominationProduct: 74%
Starting material: 0%

Protodebromination: 11%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5368.1290
Molecular Weight: 5370.7760

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

Protodebromination

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol
HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

76S



Cross-Coupling Product-3b

product

protodebromination
Product: 66%

Starting material:   0%
Protodebromination: 16%

N
H

O

I

HP-SADO

Exact Mass: 5411.9474
Molecular Weight: 5414.5264

N
H

O
HP-SADO

Exact Mass: 5368.1290
Molecular Weight: 5370.7760

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

77S



Cross-Coupling Product-3c

product

starting material

protodebrominationProduct: 42%
Starting material: 30%

Protodebromination:   6%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5342.1133
Molecular Weight: 5344.7380

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

NC CN

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

78S



Cross-Coupling Product-3c

product

protodebrominationProduct: 42%
Starting material:   0%

Protodebromination: 29%

N
H

O

I

HP-SADO

Exact Mass: 5411.9474
Molecular Weight: 5414.5264

N
H

O
HP-SADO

Exact Mass: 5342.1133
Molecular Weight: 5344.7380

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

NC CN

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

79S



Cross-Coupling Product-3d

product

starting material

protodebrominationProduct: 66%
Starting material: 10%

Protodebromination: 14%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O

O

HP-SADO

Exact Mass: 5400.1188
Molecular Weight: 5402.7740

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

O

Me Me

EtO2C CO2Et

O

O

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

80S



Cross-Coupling Product-3d

product

protodebromination
Product: 72%

Starting material:   0%
Protodebromination: 24%

N
H

O

I

HP-SADO

Exact Mass: 5411.9474
Molecular Weight: 5414.5264

N
H

O

O

HP-SADO

Exact Mass: 5400.1188
Molecular Weight: 5402.7740

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

O

Me Me

EtO2C CO2Et

O

O

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

81S



Cross-Coupling Product-3a

Product: 63%
Starting material: 0%

Protodebromination: 5%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O

O

O
O

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

Protodebromination

product

protodebromination

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP
HP-AOP

HP-AOP

HP-AOP

HP-AOP

82S



Cross-Coupling Product-3a 

N
H

O

I

HP-SADO

Exact Mass: 5411.9474
Molecular Weight: 5414.5264

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Protodeiodination

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

product

Starting material

Protodehalogenation

Product: 45%
Starting Material: 3%

Protodehalogenation: 6%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

83S



Cross-Coupling Product-3e

product

protodebromination

Product: 81%
Starting material:   0%

Protodebromination: 10%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

Exact Mass: 5514.1505
Molecular Weight: 5516.8740

O O

O

O
O

O

O
O

O
O

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

84S



Cross-Coupling Product-3e

product

protodebromination

Product: 71%
Starting material:   0%

Protodebromination: 24%

N
H

O

I

HP-SADO

Exact Mass: 5411.9474
Molecular Weight: 5414.5264

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O O

O

O
O

O

O
O

O
O

Exact Mass: 5514.1505
Molecular Weight: 5516.8740

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

85S



Cross-Coupling Product-3f

Phenol

protodehalogenation

86S

Product: 55%
Aryl Halide: 0%

Protodehalogenation: 13%
Phenol: 5%

Product



Cross-Coupling Product-3g

product

protodebrominationProduct: 77%
Starting material:   0%

Protodebromination:   7%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

Exact Mass: 5342.1133
Molecular Weight: 5344.7380

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

87S



Cross-Coupling Product-3h

product

protodebromination
Product: 76%

Starting material:   0%
Protodebromination: 17%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5380.1290
Molecular Weight: 5382.7870

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

88S



Cross-Coupling Product-3i

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5370.1083
Molecular Weight: 5372.7480

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

O

N
H

O

Me Me

EtO2C CO2Et

product

starting material

protodebrominationProduct: 58%
Starting material: 22%

Protodebromination: 11%

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

Protodebromination

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol
HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

89S



Cross-Coupling Product-3j

product

protodebrominationProduct: 78%
Starting material:   0%

Protodebromination:   6%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5376.0977
Molecular Weight: 5378.7550

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

90S



Cross-Coupling Product-3k

product

protodebromination
Product: 70%

Starting material:   0%
Protodebromination: 20%

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

Exact Mass: 5448.1188
Molecular Weight: 5450.8180

O

O

O
O

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

91S



Cross-Coupling Product-3l

product

protodebromination
Product: 55%

Starting material:   0%
Protodebromination: 35%

N
H

O
I

HP-SADO

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

Exact Mass: 5382.1446
Molecular Weight: 5384.8030

N
H

O
HP-SADO

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

Protodebromination

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

HP-AOPHP-AOP

HP-AOP

HP-AOP

92S



Cross-Coupling Product-3m

Phenol

protodehalogenation

93S

Product: 75%
Aryl Halide: 0%

Protodehalogenation: 21%
Phenol: 0%

Product



Cross-Coupling Product-3n

product

starting material

protodebromination
Product: 40%

Starting material:   2%
Protodebromination: 46%

N
H

O
HP-SADO

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

Protodebromination

N
H

O
I

HP-SADO

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

Exact Mass: 5414.1345
Molecular Weight: 5416.8010

N
H

Me Me

EtO2C CO2Et

O

O
O

O

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

HP-AOPHP-AOP

HP-AOP

HP-AOP

94S



Cross-Coupling Product-3o

Product: 55%
Starting material: 5%

Protodebromination: 18%

N
H

O
I

HP-SADO

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

Exact Mass: 5400.1188
Molecular Weight: 5402.7740

N
H

Me Me

EtO2C CO2Et

O
O

O
O

N
H

O
HP-SADO

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

Protodebromination

product

starting material

protodebromination

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

HP-AOP

HP-AOPHP-AOP

HP-AOP

95S



Cross-Coupling Product-3p

product

protodebromination
Product: 48%

Starting material:   0%
Protodebromination: 42%

N
H

O
I

HP-SADO

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

Exact Mass: 5528.1662
Molecular Weight: 5530.9010

N
H

Me Me

EtO2C CO2Et

O O

O

O
O

O

O
O

O

O

N
H

O
HP-SADO

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

Protodebromination

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

HP-AOPHP-AOP

HP-AOP

HP-AOP

96S



Cross-Coupling Product-3q

product

protodebromination

Product: 79%
Starting material:   0%

Protodebromination: 13%

N

N
H

O

Br

HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

Exact Mass: 5369.1242
Molecular Weight: 5371.7640

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO
HP-AOP

HP-AOP

HP-AOP

HP-AOP

97S



Cross-Coupling Product-3r

product

protodebromination

Product: 67%
Starting material:   0%

Protodebromination: 28%

N

N
H

O
HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

Exact Mass: 5369.1242
Molecular Weight: 5371.7640

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

Br

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO
HP-AOPHP-AOP

HP-AOP

HP-AOP

98S



Cross-Coupling Product-3s

product

protodebrominationProduct: 46%
Starting material:   0%

Protodebromination: 30%
Phenol: 10%

N

N
H

O

Br

HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

Exact Mass: 5343.1086
Molecular Weight: 5345.7260

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

NC CN

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO

phenol

HP-AOPHP-AOP

HP-AOP

HP-AOP

99S



Cross-Coupling Product-3t

product

protodebromination

Product: 62%
Starting material:   0%

Protodebromination: 14%
Phenol: 5%

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N

N
H

O

Br

HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O

O

HP-SADO

Exact Mass: 5401.1141
Molecular Weight: 5403.7620

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

O

Me Me

EtO2C CO2Et

O

O

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO

phenol

HP-AOP
HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3u

product

protodebromination
Product: 58%

Starting material:   0%
Protodebromination: 35%

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N

N
H

O
HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O

O
HP-SADO

Exact Mass: 5401.1141
Molecular Weight: 5403.7620

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

O

Me Me

EtO2C CO2Et

O

O

Br

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO HP-AOP

HP-AOP

HP-AOP

101S



Cross-Coupling Product-3v

Product: 66%
Starting material: 0%

Protodebromination: 9%

N

N
H

O

Br

HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

Exact Mass: 5387.0984
Molecular Weight: 5389.7350

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O

O

O
O

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

product

protodebromination

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO

HP-AOPHP-AOP

HP-AOP

HP-AOP

102S



Cross-Coupling Product-3w

Product: 69%
Starting material: 0%

Protodebromination: 10%

N

N
H

O
HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

Exact Mass: 5387.0984
Molecular Weight: 5389.7350

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

Br

O
O

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

product

protodebromination

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO HP-AOPHP-AOP

HP-AOP

HP-AOP

103S



Cross-Coupling Product-3x

product

protodebromination

Product: 71%
Starting material:   0%

Protodebromination: 17%
Phenol: 12%

N

N
H

O

Br

HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O O

O

O
O

O

O
O

O
O

Exact Mass: 5515.1458
Molecular Weight: 5517.8620

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO

phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

104S



Cross-Coupling Product-3y

product

protodebromination

Product: 46%
Starting material:   0%

Protodebromination: 54%

N

N
H

O
HP-SADO

Exact Mass: 5287.0460
Molecular Weight: 5289.6180

Protodebromination

N

N
H

O
HP-SADO

Exact Mass: 5364.9565
Molecular Weight: 5368.5140

N

N
H

O
HP-SADO

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O O

O

O
O

O

O
O

O
O

Br

Exact Mass: 5515.1458
Molecular Weight: 5517.8620

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO HP-AOPHP-AOP

HP-AOP

HP-AOP

105S



Cross-Coupling Product-3z

106S

Product: 43%
Aryl Halide: 0%

Protodehalogenation: 46%
Phenol: 5%

product

protodehalogenation
phenol



Cross-Coupling Product-3aa

107S

Product: 65%
Aryl Halide: 9%

Protodehalogenation: 18%
Phenol: 0%

product

protodehalogenation

Aryl Halide



Cross-Coupling Product-3ab

108S

Product: 51%
Aryl Halide: 4%

Protodehalogenation: 30%
Phenol: 0%

product

protodehalogenation

Aryl Halide



Cross-Coupling Product-3ac

109S

Product: 72%
Aryl Halide: 4%

Protodehalogenation: 19%
Phenol: 0%

product

protodehalogenation

Aryl Halide



Nickel/Photoredox Dual 
Catalytic Cross-Coupling 

using DHP’s
Control Reactions

110S



Cross-Coupling Product-3a

starting material

Product:     0%
Starting material: 100%

Protodebromination:     0%

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

Protodebromination

Control Reaction

HP-AOP

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O

O

O
O

No Ni(TMHD)2

111S



Cross-Coupling Product-3a

starting material

Product:     0%
Starting material: 100%

Protodebromination:     0%

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

Protodebromination

Control Reaction

HP-AOP

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O

O

O
O

No 4CzIPN

112S



Cross-Coupling Product-3a

starting material

Product:   0%
Starting material: 93%

Protodebromination:   0%

N
H

O
HP-SADO

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

Protodebromination

Control Reaction

HP-AOP

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O

O

O
O

No light

113S



Cross-Coupling Product-3a

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
pH 8 TRIS buffer (100 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Starting material

Product
Product: 6%

Starting Material: 63%
Protodehalogenation: 0%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

114S



Cross-Coupling Product-3a

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
pH 8 MOPS buffer (100 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Starting material

ProductProduct: 4%
Starting Material: 71%

Protodehalogenation: 0%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

115S



Cross-Coupling Product-3a

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
pH 8.5 MOPS buffer (100 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Starting material

Product
Product: 13%

Starting Material: 58%
Protodehalogenation: 0%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

116S



Cross-Coupling Product-3a

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
pH 8 HEPES buffer (100 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Starting material
Product

Protodehalogenation

Product: 23%
Starting Material: 47%

Protodehalogenation: 4%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

117S



Cross-Coupling Product-3a

DNA Decomposition

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

Ir(dFCF3ppy)2(dtbbpy)2PF6 (50 mol %)
Ni(TMHD)2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

HP-AOP

HP-AOP
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Cross-Coupling Product-3a

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(Phen)Cl2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Starting material

Product

Protodehalogenation

Product: 10%
Starting Material: 48%

Protodehalogenation: 17%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3a

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(BPhen)Cl2 (2.0 equiv)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

Starting material

Product

Protodehalogenation

Product: 5%
Starting Material: 20%

Protodehalogenation: 3%

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

HP-AOP

HP-AOP

HP-AOP

HP-AOP

120S



Cross-Coupling Product-3a

DNA Decomposition

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(dtbbpy)Cl2 (2.0 equiv)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

HP-AOP

HP-AOP
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Cross-Coupling Product-3a

DNA Decomposition

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(dMeObpy)Cl2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

HP-AOP

HP-AOP

122S



Cross-Coupling Product-3a

DNA Decomposition

N
H

O

Br

HP-SADO

Exact Mass: 5363.9613
Molecular Weight: 5367.5260

N
H

O
HP-SADO

Exact Mass: 5386.1032
Molecular Weight: 5388.7470

(250 equiv)

4CzIPN (50 mol %)
Ni(bpy)Cl2 (2.0 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

O
O

O

O

HP-AOP

HP-AOP

123S



Nickel/Photoredox Dual 
Catalytic Cross-Coupling 

using Amino Acids
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Cross-Coupling Product-3ad

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

N
Boc

CO2H

Boc-Pro-OHN
H

HP-SADO
O

Br
Exact Mass: 5363.9613

Molecular Weight: 5367.5260

N
H

HP-SADO
O

Exact Mass: 5455.1610
Molecular Weight: 5457.8540

Boc
N

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

Product: 45%
Aryl Halide: 2%

Protodehalogenation: 0%
Phenol: 31%

Phenol

Product

Aryl Halide

HP-AOP

HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3ad

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

N
Boc

CO2H

Boc-Pro-OHN
H

HP-SADO
O

I
Exact Mass: 5411.9474

Molecular Weight: 5414.5264

N
H

HP-SADO
O

Exact Mass: 5455.1610
Molecular Weight: 5457.8540

Boc
N

Product: 42%
Aryl Halide: 0%

Protodehalogenation: 48%
Phenol: 0%

Product

Proto

HP-AOP

HP-AOP

HP-AOP

HP-AOP

126S



Cross-Coupling Product-3ae

product

protodehalogenation

127S

Product: 51%
Aryl Halide: 0%

Protodehalogenation: 16%
Phenol: 3%

Phenol



Cross-Coupling Product-3af

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

N
Boc

CO2H

250 equivN
H

HP-SADO
O

I
Exact Mass: 5411.9474

Molecular Weight: 5414.5264

N
H

HP-SADO
O

Exact Mass: 5509.2080
Molecular Weight: 5511.9460

Boc
N

Product: 56%
Aryl Halide: 0%

Protodehalogenation: 17%
Phenol: 4%

Phenol

Product

Proto

HP-AOP

HP-AOP

HP-AOP

HP-AOP

128S



Cross-Coupling Product-3ag

product

protodehalogenation

129S

Product: 53%
Aryl Halide: 0%

Protodehalogenation: 17%
Phenol: 0%



Cross-Coupling Product-3ah

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equivN
H

HP-SADO
O

I
Exact Mass: 5411.9474

Molecular Weight: 5414.5264

N
H

HP-SADO
O

Exact Mass: 5469.1767
Molecular Weight: 5471.8810

Boc
N

NBoc

Product: 65%
Aryl Halide: 0%

Protodehalogenation: 20%
Phenol: 4%

Phenol

Product

Proto

HP-AOP

HP-AOP

HP-AOP

HP-AOP

130S



Cross-Coupling Product-3ai

N
H

HP-SADO
O

Exact Mass: 5286.0507
Molecular Weight: 5288.6300

N
H

HP-SADO
O

Exact Mass: 5302.0457
Molecular Weight: 5304.6290

HO

Protodehalogenation

Phenol

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equiv

N
H

HP-SADO
O

Exact Mass: 5544.1876
Molecular Weight: 5546.9510

BocHN

BocHN

HN

HN

N
H

HP-SADO
O

Exact Mass: 5411.9474
Molecular Weight: 5414.5264

I

Product: 51%
Aryl Halide: 3%

Protodehalogenation: 17%
Phenol: 4%

Phenol

Product

Proto

Aryl Halide

HP-AOP

HP-AOP

HP-AOP

HP-AOP

131S



Cross-Coupling Product-3aj

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equivN
H

HP-SADO
O

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

HP-SADO
O

N
Boc

Exact Mass: 5469.1767
Molecular Weight: 5471.8810

I

N
Boc

Product: 67%
Aryl Halide: 6%

Protodehalogenation: 23%
Phenol: 0%

Aryl Halide

Product

Proto
HP-AOP

HP-AOP

HP-AOP

HP-AOP

132S



Cross-Coupling Product-3ak

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equivN
H

HP-SADO
O

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

HP-SADO
O

N
Boc

Exact Mass: 5523.2236
Molecular Weight: 5525.9730

I

N
Boc

Product: 42%
Aryl Halide: 5%

Protodehalogenation: 26%
Phenol: 5%

Aryl Halide

Phenol

Product

ProtoHP-AOP

HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3al

N
H

HP-SADO
O

Exact Mass: 5300.0664
Molecular Weight: 5302.6570

N
H

HP-SADO
O

Exact Mass: 5316.0613
Molecular Weight: 5318.6560

Protodehalogenation

Phenol
HO

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equivN
H

HP-SADO
O

Exact Mass: 5425.9630
Molecular Weight: 5428.5534

N
H

HP-SADO
O

Exact Mass: 5558.2032
Molecular Weight: 5560.9780

I BocHN

NHBoc

HN

HN

Product: 40%
Aryl Halide: 17%

Protodehalogenation: 32%
Phenol: 2%

Phenol

Product

Proto

Aryl Halide

HP-AOP

HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3am

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equivN
H

HP-SADO
O

N
Exact Mass: 5364.9565

Molecular Weight: 5368.5140

N
H

HP-SADO
O

N
Exact Mass: 5456.1563

Molecular Weight: 5458.8420

N
Boc

Br

NBoc

Product: 51%
Aryl Halide: 0%

Protodehalogenation: 18%
Phenol: 7%

Phenol

Product

Proto

HP-AOP

HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3an

N
H

HP-SADO
O

N
Exact Mass: 5287.0460

Molecular Weight: 5289.6180

N
H

HP-SADO
O

N
Exact Mass: 5303.0409

Molecular Weight: 5305.6170

Protodehalogenation

Phenol

HO

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
Ni(TMHD)2 (200 mol %)

TMG (750 equiv)
25 mM MOPs pH 8 

77:23 DMSO/H2O (1 mM)
30W blue LED, 10 min

CO2H

250 equivN
H

HP-SADO
O

N
Exact Mass: 5364.9565

Molecular Weight: 5368.5140

N
H

HP-SADO
O

N

Exact Mass: 5545.1828
Molecular Weight: 5547.9390

BocHN

HN

Br

NHBocHN

Product: 46%
Aryl Halide: 0%

Protodehalogenation: 17%
Phenol: 9%

Phenol

Product

Proto

HP-AOP

HP-AOP

HP-AOP

HP-AOP
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Cross-Coupling Product-3ao

137S

Product: 55%
Aryl Halide: 7%

Protodehalogenation: 25%
Phenol: 7%

product

protodehalogenation

Aryl Halide



Cross-Coupling Product-3ap

138S

product

protodehalogenation

Aryl Halide

Product: 41%
Aryl Halide: 0%

Protodehalogenation: 26%
Phenol: 4%



Cross-Coupling Product-3aq

139S

Product: 86%
Aryl Halide: 0%

Protodehalogenation: 8%
Phenol: 0%

product

protodehalogenation

Aryl Halide



Trifluoromethylalkene
Synthesis
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CF3-Alkene-S15

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

NH2

O

CF3

HP-SADO

HO

HATU (40 equiv), iPr2EtN (40 equiv),
5:3 H2O/DMA

(40 equiv)

product

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Acylated HP

Product: 86%
Starting Material: 0%

HP-AOP
HP-AOP

HP-AOP
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CF3-Alkene-S16

N
H

O CF3
HP-SADO

Exact Mass: 5414.0148
Molecular Weight: 5417.1082

NH2

CF3

HP-SADO HATU (40 equiv), iPr2EtN (40 equiv),
5:3 H2O/DMA

(40 equiv)

HO

O

Cl

Cl

product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 91%
Starting Material: 0%

HP-AOP

HP-AOP

HP-AOP
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CF3-Alkene-S17

N

N
H

O CF3
HP-SADO

Exact Mass: 5381.0490
Molecular Weight: 5383.6542

N

NH2

CF3

HP-SADO HATU (40 equiv), iPr2EtN (40 equiv),
5:3 H2O/DMA

(40 equiv)

HO

O

product

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 94%
Starting Material: 0%

HP-AOP
HP-AOP

HP-AOP

143S



Defluorinative Alkylation 
using Silicates

144S



CF2-Alkene-7a

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5444.1414
Molecular Weight: 5446.8218

[Si]
(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2

product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Starting materialProduct: 73%
Starting Material: 6%

Double alkylation: 7%
CF3 alkane: 5%

H
N

O
HP-SADO

Exact Mass: 5464.1477
Molecular Weight: 5466.8282

CF3

CF3 Alkane

CF3 alkane
Double alkylation

H
N

O
HP-SADO

Exact Mass: 5508.2291
Molecular Weight: 5510.9774

F

Double Alkylation

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7b

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5586.1068
Molecular Weight: 5588.7976

(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2 CF3F3C

F

F3C

CF3F
[Si]

product
Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 80%
Starting Material: 0%

Double alkylation: 0%
CF3 alkane: 8%

CF3 Alkane

H
N

O
HP-SADO

Exact Mass: 5606.1130
Molecular Weight: 5608.8040

CF3 CF3F3C

F

CF3 alkane

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7c

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5470.1571
Molecular Weight: 5472.8598

[Si]
(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2

product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Starting materialProduct: 82%
Starting Material: 6%

Double alkylation: 0%
CF3 alkane: 8%

H
N

O
HP-SADO

Exact Mass: 5490.1633
Molecular Weight: 5492.8662

CF3

CF3 Alkane

CF3 alkane

HP-AOP

HP-AOP

HP-AOP HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7c

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5486.1520
Molecular Weight: 5488.8588

[Si]
(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2

O

O

product
Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 71%
Starting Material: 0%

Double alkylation: 5%
CF3 alkane: 9%

H
N

O
HP-SADO

Exact Mass: 5506.1582
Molecular Weight: 5508.8652

CF3

CF3 Alkane

O

CF3 alkane

H
N

O
HP-SADO

Exact Mass: 5592.2502
Molecular Weight: 5595.0514

F

Double Alkylation

O

O

Double 
alkylation

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7d

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5462.1156
Molecular Weight: 5464.7928

[Si]

(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2

O

AcO

O

product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Starting materialProduct: 74%
Starting Material: 5%

Double alkylation: 0%
CF3 alkane: 9%

CF3 Alkane

H
N

O
HP-SADO

CF3

OAc

Exact Mass: 5482.1219
Molecular Weight: 5484.7992

CF3 alkane

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7e

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5586.1068
Molecular Weight: 5588.7976

(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2 CF3F3C

F

F3C

CF3F
[Si]

product
Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 80%
Starting Material: 0%

Double alkylation: 0%
CF3 alkane: 8%

CF3 Alkane

H
N

O
HP-SADO

Exact Mass: 5606.1130
Molecular Weight: 5608.8040

CF3 CF3F3C

F

CF3 alkane

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7f

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5524.1313
Molecular Weight: 5526.8638

[Si]

(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2

O

BzO

Ph

O

product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Starting materialProduct: 72%
Starting Material: 4%

Double alkylation: 9%
CF3 alkane: 14%

CF3 Alkane

H
N

O
HP-SADO

CF3

Exact Mass: 5544.1375
Molecular Weight: 5546.8702

O Ph

O

Double Alkylation

NHO
HP-SADO

F
Exact Mass: 5668.2088

Molecular Weight: 5671.0614

O O Ph

O

Ph

O

Double alkylation
CF3 alkene

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7g

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5519.1735
Molecular Weight: 5521.8888

[Si]

(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

CF2

N
H

Boc

BocHN

product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Starting materialProduct: 64%
Starting Material: 19%
Double alkylation: 1%

CF3 alkane: 2%

CF3 Alkane

H
N

O
HP-SADO

CF3

Exact Mass: 5539.1797
Molecular Weight: 5541.8952

NHBoc

CF3 alkane

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7ac

N
H

O
HP-SADO

Exact Mass: 5414.0148
Molecular Weight: 5417.1082

CF3

Cl

(50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

N
H

O
HP-SADO

Exact Mass: 5496.0879
Molecular Weight: 5499.2388

CF2

Cl

N
H

NH2

O

[Si]N
H

O

H2N

product

Acylated HP
Starting material

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 70%
Starting Material: 4%

Double alkylation: 0%
CF3 alkane: 9%

CF3 Alkane

N
H

O
HP-SADO

Exact Mass: 5516.0941
Molecular Weight: 5519.2452

CF3

N
H

NH2

O

Cl

CF3 alkane

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7ah

N

N
H

O
HP-SADO

Exact Mass: 5381.0490
Molecular Weight: 5383.6542

CF3 (50 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

N

N
H

O
HP-SADO

Exact Mass: 5463.1221
Molecular Weight: 5465.7848

CF2

N
H

NH2

O

[Si]N
H

O

H2N

product
Starting material

Product: 72%
Starting Material: 4%

Double alkylation: 0%
CF3 alkane: 8%

CF3 Alkane

N

N
H

O
HP-SADO

Exact Mass: 5483.1283
Molecular Weight: 5485.7912

CF3

N
H

NH2

O

CF3 alkane

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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Defluorinative Alkylation 
using DHP’s

155S



N
H

O
HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

N
H

O
HP-SADO

Exact Mass: 5418.1258
Molecular Weight: 5420.7838

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

CF2

CF3

CF2-Alkene-7h

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 77%
Starting Material: 0%

Product

Acylated HP

HP-AOP

HP-AOP

10 min

HP-AOP
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CF2-Alkene-7i

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 63%
Starting Material: 0%

Double Alkylation: 9%

N
H

O
HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

N
H

O
HP-SADO

Exact Mass: 5444.1414
Molecular Weight: 5446.8218

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

CF2

CF3

N
H

O
HP-SADO

Exact Mass: 5508.2291
Molecular Weight: 5510.9774

F

Double Alkylation

Double alkylation

Product

Acylated HP

HP-AOP

HP-AOP

HP-AOP HP-AOP

10 min
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CF2-Alkene-7j

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 64%
Starting Material: 0%
Double Addition: 0%

N
H

O
HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

N
H

O
HP-SADO

Exact Mass: 5590.1630
Molecular Weight: 5592.9198

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

O

Me Me

EtO2C CO2Et

CF2

CF3

O

O
O

O

O

O
O

O

O

Product
Acylation HP

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7k

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 62%
Starting Material: 0%

Double Alkylation: 10%

N
H

O
HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

N
H

O
HP-SADO

Exact Mass: 5430.0894
Molecular Weight: 5432.7508

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

CF2

CF3

O

O

H
N

O
HP-SADO O

O

Double Alkylation

F

Exact Mass: 5480.1250
Molecular Weight: 5482.8354

Product

Double Alkylation

Acylated HP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7l

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 68%
Starting Material: 0%

Double Alkylation: 7%

Product

Double Alkylation

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

N
H

O
HP-SADO

Exact Mass: 5476.1313
Molecular Weight: 5478.8198

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

CF2

CF3

O

O

O

O

NHO
HP-SADO

OO

Double Alkylation

F
Exact Mass: 5572.2088

Molecular Weight: 5574.9734

OO

HP-AOP

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7ad

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 74%
Starting Material: 0%

Product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5414.0148
Molecular Weight: 5417.1082

N
H

O
HP-SADO

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

Exact Mass: 5452.0868
Molecular Weight: 5455.2258

Cl

CF3

Cl

CF2

N
H

Me Me

EtO2C CO2Et

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7ae

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 61%
Starting Material: 0%

Double Alkylation: 9%

N
H

O
HP-SADO

Exact Mass: 5414.0148
Molecular Weight: 5417.1082

N
H

O
HP-SADO

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

N
H

Me Me

EtO2C CO2Et

Exact Mass: 5480.0817
Molecular Weight: 5483.2358

Cl

CF3

Cl

CF2 O

O

Double Alkylation

N
H

O
HP-SADO

Exact Mass: 5546.1487
Molecular Weight: 5549.3634

Cl

O
F

O

Product

Acylated HP

Double Alkylation

HP-AOP

HP-AOP

HP-AOP
HP-AOP

10 min
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CF2-Alkene-7ai

Product: 86%
Starting Material: 0%

N

N
H

O
HP-SADO

Exact Mass: 5381.0490
Molecular Weight: 5383.6542

N

N
H

O
HP-SADO

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

Exact Mass: 5419.1210
Molecular Weight: 5421.7718

CF3

CF2

N
H

Me Me

EtO2C CO2Et

Double Alkylation

N

N
H

O
HP-SADO

Exact Mass: 5457.1931
Molecular Weight: 5459.8894

F

Product

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7aj

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 76%
Starting Material: 0%

N

N
H

O
HP-SADO

Exact Mass: 5381.0490
Molecular Weight: 5383.6542

N

N
H

O
HP-SADO

(12.5 equiv)

4CzIPN (50 mol %)
80:20 DMSO/H2O (1 mM)

30W blue LED, 45 min

Exact Mass: 5591.1582
Molecular Weight: 5593.9078

CF3

CF2

N
H

O

Me Me

EtO2C CO2Et

O
O

O

O

O

O
O

O
O

Product

HP-AOP

HP-AOP

HP-AOP

10 min
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Defluorinative Alkylation 
using Carboxylates

165S



CF2-Alkene-7m

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

NH

O

HP-SADO

Exact Mass: 5531.1735
Molecular Weight: 5533.8998

(5 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (2.5 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2 Boc
N

NBoc OH

O

NH

O

HP-SADO

Exact Mass: 5682.2932
Molecular Weight: 5685.1334

Boc
N

F

NBoc

product

Acylated HP

Product: 75%
Starting Material: 4%

Double Alkylation: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Starting Material

Double alkylation

HP-AOP

HP-AOP

HP-AOP
HP-AOP

30 W blue LEDs, 10 min

166S



CF2-Alkene-7n

Product: 67%
Starting Material: 0%

Double Alkylation: 0%
CF3 Alkane: 7%

product
Acylated HP

CF3 alkane

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
100 mM TRIS buffer pH 8
60:40 DMSO/H2O (1 mM)

30W blue LED, 10 min

25 equivN
H

HP-SADO
O

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

HN
HP-SADO

O

Exact Mass: 5653.1891
Molecular Weight: 5656.0258

CF3

FF

CO2H

NFmoc

N
Fmoc

HN
HP-SADO

O

Exact Mass: 5673.1954
Molecular Weight: 5676.0322

CF3

CF3 alkane

N
Fmoc

HN
HP-SADO

O

Exact Mass: 5926.3245
Molecular Weight: 5929.3854

F

Double Alkylation

N
Fmoc

N
Fmoc

HP-AOP

HP-AOP
HP-AOP

HP-AOP HP-AOP
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CF2-Alkene-7n

H
N

O
HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

(5 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

N
Fmoc

CO2H
CF3

H
N

O
HP-SADO

Exact Mass: 5653.1891
Molecular Weight: 5656.0258

F F

N
Fmoc

H
N

O
HP-SADO

Exact Mass: 5926.3245
Molecular Weight: 5929.3854

F

N
Fmoc

NFmoc
Double Alkylation

H
N

O
HP-SADO

Exact Mass: 5673.1954
Molecular Weight: 5676.0322

F F

N
Fmoc

F
CF3 alkane

Product: 32%
Starting Material: 6%

Double Alkylation: 0%
CF3 Alkane: 4%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

product

CF3 alkane

Acylated HP

Starting material

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7o

CF3 alkane

product

169S

Product: 65%
Starting material: 0%

CF3 Alkane: 8%
Double Alkylation: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP



CF2-Alkene-7p

product

170S

CF3 alkane

Product: 50%
Starting material: 0%

CF3 Alkane: 6%
Double Alkylation: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP



CF2-Alkene-7q

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

NH

O

HP-SADO

Exact Mass: 5533.1891
Molecular Weight: 5535.9158

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2

OH

O

NHBoc

NHBoc

product

Acylated HP

Product: 84%
Starting Material: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

H
N

O
HP-SADO

Exact Mass: 5686.3245
Molecular Weight: 5689.1654

F

Double Alkylation

NHBocBocHN

H
N

O
HP-SADO

Exact Mass: 5553.1954
Molecular Weight: 5555.9222

F F
F

CF3 alkane

NHBoc

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7r

product

CF3 alkane

172S

Product: 50%
Starting material: 0%

CF3 Alkane: 6%
Double Alkylation: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP



CF2-Alkene-7s

product

173S

CF3 alkane

Product: 65%
Starting material: 0%

CF3 Alkane: 8%
Double Alkylation: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP



CF2-Alkene-7t

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

NH

O

HP-SADO

Exact Mass: 5582.1844
Molecular Weight: 5584.9478

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2
NHBoc

BocHN OH

O

N

N

product

Acylated HP

Product: 74%
Starting Material: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7u

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5595.2048
Molecular Weight: 5597.9868

(5 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (5 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2 NMeBoc

Ph
BocN

OH

O

Ph

product

Acylated HP

Product: 82%
Starting Material: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7v

CF3 alkane

product

176S

Product: 69%
Starting material: 0%

CF3 Alkane: 13%
Double Alkylation: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP



CF2-Alkene-7w

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

NH

O

HP-SADO

Exact Mass: 5637.1612
Molecular Weight: 5640.0418

(5 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (5 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2
NHBoc

BocHN OH

O

S

S

product

Acylated HP

Product: 84%
Starting Material: 0%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7x

CF3 alkene

product

Product: 70%
Starting material: 0%

CF3 Alkane: 13%
Double Alkylation: 0%

178S

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP



CF2-Alkene-7y

NH

O

HP-SADO

Exact Mass: 5762.3055
Molecular Weight: 5765.1834

NHBoc

NH

N

F
BocHN

NHN

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

NH

O

HP-SADO

Exact Mass: 5571.1796
Molecular Weight: 5573.9248

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2
NHBoc

BocHN OH

O

NH

N

HN

N

product

Acylated HP

Product: 67%
Starting Material: 0%

Double Alkylation: 20%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Double alkylation

Double alkylation

HP-AOP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7z

Product: 64%
Starting Material: 0%

Double Alkylation: 12%
CF3 Alkane: 0%

Product

Double alkylation

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 10 min

25 equivN
H

HP-SADO
O

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

HN
HP-SADO

O

Exact Mass: 5496.1000
Molecular Weight: 5498.8098

CF3

FF

O

O CO2H

O

O

HN
HP-SADO

O

Exact Mass: 5516.1062
Molecular Weight: 5518.8162

CF3

O

CF3 alkane

O

HN
HP-SADO

O

Exact Mass: 5612.1462
Molecular Weight: 5614.9534

O

F
O

Double Alkylation

O

O

HP-AOPHP-AOP

HP-AOP HP-AOP

HP-AOP
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CF2-Alkene-7aa

Product: 47%
Starting Material: 9%

Double Alkylation: 0%
CF3 Alkane: 0%

CF3 alkene

Product

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Ir(dFCF3ppy)2(dtbbpy)PF6 (50 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 10 min

50 equivN
H

HP-SADO
O

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

HN
HP-SADO

O

Exact Mass: 5444.1414
Molecular Weight: 5446.8218

CF3

FF

CO2H

HN
HP-SADO

O

Exact Mass: 5464.1477
Molecular Weight: 5466.8282

CF3

CF3 alkane

HN
HP-SADO

O

Exact Mass: 5508.2291
Molecular Weight: 5510.9774

F

Double Alkylation

HP-AOP
HP-AOP

HP-AOP
HP-AOP

HP-AOP
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CF2-Alkene-7ab

Product: 66%
Starting Material: 0%

Double Alkylation: 5%
CF3 Alkane: 0%

product

Acylated HP

Double alkylation

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

HN
HP-SADO

O

Exact Mass: 5438.1320
Molecular Weight: 5440.7902

CF3

CF3 alkane

HN
HP-SADO

O

Exact Mass: 5456.1978
Molecular Weight: 5458.9014

F

Double Alkylation

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 10 min

25 equivN
H

HP-SADO
O

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

HN
HP-SADO

O

Exact Mass: 5418.1258
Molecular Weight: 5420.7838

CF3

FF

CO2H

HP-AOPHP-AOP

HP-AOP

HP-AOP

HP-AOP
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CF2-Alkene-7af

Product: 64%
Starting Material: 0%

Double Alkylation: 6%
CF3 Alkane: 5%

N
H

O
HP-SADO

Exact Mass: 5414.0148
Molecular Weight: 5417.1082

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

S

N
Boc

CO2H
CF3

N
H

O
HP-SADO

Exact Mass: 5583.0909
Molecular Weight: 5586.3748

F F

N
Boc

S

Cl

Cl

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

N
H

O
HP-SADO

Exact Mass: 5752.1670
Molecular Weight: 5755.6414

F

N
Boc

S

NBoc
S

Double Alkylation

Cl

N
H

O
HP-SADO

Exact Mass: 5603.0972
Molecular Weight: 5606.3812

F F

N
Boc

S
F

CF3 alkane

Cl

product

Acylated HP

CF3 alkane

Double alkylation

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7ag

N
H

O
HP-SADO

Exact Mass: 5818.2760
Molecular Weight: 5821.6714

HN

N

BocCl

HN N
Boc

FC

N
H

O

CF3
HP-SADO

Exact Mass: 5414.0148
Molecular Weight: 5417.1082

N
H

O
HP-SADO

Exact Mass: 5616.1454
Molecular Weight: 5619.3898

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2HN

NHBoc
OH

O

N

N

Boc

Cl

Cl

Starting material

Acylated HP

Product: 61%
Starting Material: 4%

Double Alkylation: 5%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Double Alkylation

Product

Double Alkylation

HP-AOPHP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7ak

N

N
H

O
HP-SADO

Exact Mass: 5381.0490
Molecular Weight: 5383.6542

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)
30W blue LED, 45 min

Ph
NHBoc

CO2H
CF3

N

N
H

O
HP-SADO

Exact Mass: 5582.1844
Molecular Weight: 5584.9478

F F
NHBoc

Ph

N

N
H

O
HP-SADO

Exact Mass: 5783.3197
Molecular Weight: 5786.2414

F
NHBoc

Ph

NHBoc
Ph

Double Alkylation

N

N
H

O
HP-SADO

Exact Mass: 5602.1906
Molecular Weight: 5604.9542

F F
NHBoc

Ph

F
CF3 alkane

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product: 69%
Starting Material: 12%
Double Alkylation: 5%

CF3 Alkane: 6%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

product
CF3 alkane
Double alkylation

Starting material

HP-AOP

HP-AOP

HP-AOP

HP-AOP

HP-AOP

10 min
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CF2-Alkene-7al

N

N
H

O

CF3
HP-SADO

Exact Mass: 5381.0490
Molecular Weight: 5383.6542

N

N
H

O
HP-SADO

Exact Mass: 5534.1844
Molecular Weight: 5536.9038

(25 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (10 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2

OH

O

NHBoc

NHBoc

Product: 84%
Starting Material: 0%

Product

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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Defluorinative Alkylation 
Control Reactions
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CF2-Alkene-7u

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5595.2048
Molecular Weight: 5597.9868

(5 equiv)

2,6-lutidine (150 equiv)
80:20 DMSO/H2O (1 mM)

CF2 NMeBoc

Ph
BocN

OH

O

Ph

Minus photocatalyst

Starting material

Acylated HP

Product: 0%
Starting Material: 88%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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CF2-Alkene-7u

H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5595.2048
Molecular Weight: 5597.9868

(5 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (5 mol %)
80:20 DMSO/H2O (1 mM)

CF2 NMeBoc

Ph
BocN

OH

O

Ph

Minus base

Starting material

Acylated HP

Product: 26%
Starting Material: 58%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

Product

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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H
N

O

CF3

HP-SADO

Exact Mass: 5380.0538
Molecular Weight: 5382.6662

H
N

O
HP-SADO

Exact Mass: 5595.2048
Molecular Weight: 5597.9868

(5 equiv)

Ir(dFCF3ppy)2(dtbbpy)PF6 (5 mol %)
2,6-lutidine (150 equiv)

80:20 DMSO/H2O (1 mM)

CF2 NMeBoc

Ph
BocN

OH

O

Ph

CF2-Alkene-7u

Minus light

Starting material

Acylated HP

Product: 0%
Starting Material: 88%

N
H

O
HP-SADO

Exact Mass: 5224.0351
Molecular Weight: 5226.5590

Acylated HP

HP-AOP

HP-AOP

HP-AOP

30 W blue LEDs, 10 min
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