
Jérôme
Typewritten Text
This is the accepted version of the following article: Helv. Chim. Acta 2023, e202200161. which has been published in final form at https://onlinelibrary.wiley.com/doi/10.1002/hlca.202200161. This article may be used for non-commercial purposes in accordance With Wiley-VCH Terms and Conditions for self-archiving

















 

 

Supporting Information 

Exploring Photoredox-Catalyzed (Re)functionalizations with Core-Modified Benziodoxolones 

 

 

Stephanie G. E. Amos, Franck Le Vaillant, Jerome Waser*  

Laboratory of Catalysis and Organic Synthesis, Institut des Sciences et Ingénierie Chimique, 

Ecole Polytechnique Fédérale de Lausanne, CH-1015, Lausanne, Switzerland   



 
 

SI-1 
 

Contents 

1. General methods ................................................................................................. 2 

2. Synthesis of hypervalent iodine reagents ............................................................ 4 

3. GP1: Synthesis of the photocatalysts ................................................................ 13 

4.   Deoxyalkynylation .............................................................................................. 14 

5. α-chloro alkynylation of DCE ............................................................................. 30 

6.   Deoxygenation-cyanation: synthesis of 10e ....................................................... 32 

7. Dethioalkynylation of 11 .................................................................................... 34 

8. Spectra of new and synthesized compounds ................................................. 37 

 

 

  



 
 

SI-2 
 

1. General methods 

All reactions that were carried out in oven dried glassware and under an atmosphere of 

nitrogen is stated at the start of the reaction conditions. For flash chromatography, distilled 

technical grade solvents were used. THF, CH3CN, toluene, Et2O and CH2Cl2 were dried by 

passage over activated alumina under nitrogen atmosphere (H2O content < 10 ppm, Karl-

Fischer titration). The solvents were degassed by Freeze-Pump-Thaw method when 

mentioned. All chemicals were purchased from Acros, Aldrich, Fluka, VWR, TCI, Merck and 

used as such unless stated otherwise. Chromatographic purification was performed as flash 

chromatography using Macherey-Nagel silica 40-63, 60 Å, using the solvents indicated as 

eluent with 0.1-0.5 bar pressure. TLC was performed on Merck silica gel 60 F254 TLC glass 

plates and visualized with UV light and p-anisaldehyde stain 

(EtOH:H2SO4:AcOH:p-anisaldehyde 135:5:1.5:3.7 V:V:V:V).  

1H-NMR spectra were recorded on a Brucker DPX-400 400 MHz spectrometer in chloroform-

d, acetonitrile-d3 CD3OD, DMSO-d6 or acetone-d6, all signals Are reported in ppm with the 

internal chloroform signal at 7.26 ppm, the internal acetonitrile signal at 1.94 ppm, the internal 

methanol signal at 3.30 ppm, the internal DMSO signal at 2.50 ppm or the internal acetone 

signal at 2.05 ppm as standard. The data is reported as (s = singlet, d = doublet, t= triplet, q = 

quadruplet, qi = quintet, m = multiplet or unresolved, br = broad signal, app = apparent, 

coupling constant(s) in Hz, integration, interpretation).13C-NMR spectra were recorded with 

1H-decoupling on a Brucker DPX-400 100 MHz spectrometer in chloroform-d, acetonitrile-d3 

CD3OD, DMSO-d6 or acetone-d6, all signals Are reported in ppm with the internal chloroform 

signal at 77.0 ppm, the internal acetonitrile signal at 1.3 ppm the internal methanol signal at 

49.0 ppm, the internal DMSO signal at 39.5 ppm or the internal acetone signals at 29.84 and 

206.26 ppm as standard.  

Infrared spectra were recorded on a JASCO FT-IR B4100 spectrophotometer with an ATR 

PRO410-S and a ZnSe prisma and is reported as cm-1 (w = weak, m = medium, s = strong, 

br = broad).  

High resolution mass spectrometric measurements were performed by the mass spectrometry 

service of ISIC at the EPFL on a MICROMASS (ESI) Q-TOF Ultima API. 

UV/Vis spectroscopy was performed on an Agilent Cary 60 UV-Vis and steady-state 

luminescence spectroscopy was recorded on a Varian Cary Eclipse spectrophotometer.  

Cyclic voltammetry experiments were performed on a Biologic SP-150 Potentiostat, with a 

three-electrode cell configuration: a glassy carbon electrode as the working electrode, Pt wire 
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as a counter electrode and an Ag/AgCl (KCl, 3M) electrode as the reference electrode. 

Bu4NPF6 was employed as the electrolyte (0.1 M).  

 

All photochemical reactions were carried out in oven dried glassware and under inert 

atmosphere (freeze pump thaw solvent stored on molecular sieves and under argon for 

maximum one week) unless specified otherwise. All reactions were performed under the 

irradiation of blue LED strips (ca. 12 W, λmax ≈ 460 nm), Kessil lamps (40 W per lamp, 390, 

427, 440, 467 nm) or a Rayonet reactor (for 360 nm). 

For the blue LED strips: the reactions were performed in 1.5 - 2.5 mL screw-cap vials which 

were stuck to the base of a crystallization dish. To the crystallization dish (a straight sided 15 

cm diameter pyrex dish) were attached the blue LEDs (RUBAN LED 5MÈTRES - 60LED/M - 

3528 BLEU - IP65 with Transformateur pour Ruban LED 24W/2A/12V, bought directly on 

RubanLED.com: 4.8 W/m: for 1 crystallisation dish: 2.5 meters were required total wattage: 

12 W). The distance between the LEDs and the test tubes was approximatively 3 cm for all 

vials and test tubes. In order to keep the temperature as constant as possible all reactions 

were ventilated by use of an over-head ventilator (desk fan). Long irradiation resulted in 

temperature increasing up to 27°C during overnight reactions. Without cooling the temperature 

could rise to 60 °C by covering the dish with aluminium foil. 

For the Kessil lamps: the reactions were performed in 2.5 -7.5 mL screw-cap vials, which were 

stuck to a glass plate, the two Kessil lamps were placed on each side of the vials. In the 

absence of cooling the reactions would heat up to 50 °C. With cooling by an over-head 

ventilator the reactions still warmed to 30 - 35 °C. 
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2. Synthesis of hypervalent iodine reagents 

The synthesis of reagents 9a and 16a, 16b and 16c had already been described before by 

our group. The procedures are taken from the indicated publications.  

1-Hydroxy-1,2-benziodoxol-3-(1H)-one (19) 

 

Following a reported procedure,1 NaIO4 (40.5 g, 189 mmol, 1.05 equiv) and 2-iodobenzoic 

acid (18) (44.8 g, 180 mmol, 1.0 equiv) were suspended in 30% (v:v) aq. AcOH (350 mL). The 

mixture was vigorously stirred and refluxed for 5 h. The reaction mixture was then diluted with 

cold water (250 mL) and allowed to cool to rt, protecting it from light. After 1 h, the crude 

product was collected by filtration, washed on the filter with ice water (3 x 150 mL) and acetone 

(3 x 150 mL), and air-dried in the dark overnight to afford 1-Hydroxy-1,2-benziodoxol-3-(1H)-

one (19) (44.3 g, 168 mmol, 93% yield) as a white solid.  

1H NMR (400 MHz, DMSO-d6) δ 8.02 (dd, J = 7.7, 1.4 Hz, 1H, ArH), 7.97 (m, 1H, ArH), 7.85 (dd, J = 

8.2, 0.7 Hz, 1H, ArH), 7.71 (td, J = 7.6, 1.2 Hz, 1H, ArH). 13C NMR (100 MHz, DMSO-d6) δ 167.7, 134.5, 

131.5, 131.1, 130.4, 126.3, 120.4. Consistent with reported data.1 

 

1-Acetoxy-1,2-benziodoxol-3-(1H)-one (15a)  

 

Following a reported procedure,2 compound 19 (3.00 g, 11.3 mmol, 1.00 equiv) was heated in 

Ac2O (10 mL) to reflux until the solution turned clear (without suspension, ca. 30 min). The 

mixture was then left to cool down and white crystals started to form. The crystallization was 

continued at -18 °C. The crystals were then collected and dried overnight under high vacuum 

to give compound 15a (3.06 g, 10.0 mmol, 86% yield).  

1H NMR (400 MHz, Chloroform-d3) δ 8.25 (dd, 1 H, J = 7.6, 1.4 Hz, ArH), 8.00 (dd, 1 H, J = 8.3, 0.5 Hz, 

ArH), 7.92 (dt, 1 H, J = 7.0, 1.7 Hz, ArH), 7.71 (td, 1 H, J = 7.6, 0.9 Hz, ArH), 2.25 (s, 3 H, COCH3). 

NMR data correspond to the reported values.2 

 

                                                

1 Brand, J. P.; Chevalley, C.; Scopelliti, R.; Waser, J. Chem. Eur. J. 2012, 18, 5655. 
2 Eisenberger, P.; Gischig, S.; Togni, A. Chem. Eur. J. 2006, 12, 2579. 
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1-(Phenylethynyl)-1,2-benziodoxol-3(1H)-one (9a) 

 

Following a reported procedure,1,3,4,5 trimethylsilyltriflate (9.1 mL, 50 mmol, 1.1 equiv) was 

added dropwise to a suspension of 2-iodosylbenzoic acid (19) (12.1 g, 45.8 mmol, 1.0 equiv) 

in CH2Cl2 (120 mL, 0.38 M) at 0 °C. The mixture was stirred for 1 h, followed by the dropwise 

addition of trimethyl(phenylethynyl)silane (20) (8.8 mL, 50 mmol, 1.1 equiv) (slightly 

exothermic). The resulting suspension was stirred for 6 h at RT, during this time a white solid 

was formed. A saturated solution of NaHCO3 (50 mL) was added and the mixture was stirred 

vigorously for 30 min resulting in a biphasic suspension. The suspension was diluted with 

CHCl3 and water, the solid aggregates could be further dissolved with MeOH (1-5%). The 

mixture was extracted twice with CHCl3. The combined organic layers were washed 3 times 

with “water:aq. sat. NaHCO3” (1:1 v:v), and brine. The organic layer was then dried over 

Na2SO4, filtered and evaporated under reduced pressure. The resulting mixture was combined 

with the solid obtained by recrystallisation in EtOAc:MeOH (2:1, ca. 28 mL/g). The mixture 

was cooled down, filtered, washed with Et2O and dried under high vacuum to afford PhEBX 

(9a, 6.8 g, 20 mmol, 43% yield). Colourless to off-white needle like crystals. 

Mp (Dec.) 155 – 160 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.46 (m, 1H, ArH), 8.28 (m, 1H, 

ArH), 7.80 (m, 2H, ArH), 7.63 (m, 2H, ArH), 7.48 (m, 3H, ArH). 13C NMR (101 MHz, 

Chloroform-d) δ 163.9, 134.9, 132.9, 132.5, 131.6, 131.3. 130.8, 128.8, 126.2, 120.5, 116.2, 

106.6, 50.2. Consistent with reported data.1 

 

4,5-Dimethoxy-1-hydroxy-1,2-benziodoxol-3-(1H)-one (15b) 

 

Following a reported procedure,6 NaIO4 (840 mg, 3.95 mmol, 1.05 equiv) and 4,5-dimethoxy-

2-iodobenzoic acid (21) (1.16 g, 3.76 mmol, 1.00 equiv) were suspended in 30% (v:v) aq. 

                                                

3 Lu, B.; Wu, J.; Yoshikai, N. J. Am. Chem. Soc. 2014, 136, 11598. 
4 Jia, K.; Zhang, F.; Huang, H.; Chen, Y. J. Am. Chem. Soc 2016, 138, 1514. 
5 Huang, H.; Zhang, G.; Gong, L.; Zhang, S.; Chen, Y. J. Am. Chem. Soc. 2014, 136, 2280. 
6 Chen, M.; Huang, Z.-T.; Zheng, Q.-Y. Org. Biomol. Chem. 2015, 13, 8812  
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AcOH (1.8 mL in 4.5mL of H2O). The mixture was vigorously stirred and refluxed for 4 h. The 

reaction mixture was then diluted with cold water (20 mL) and allowed to cool to rt, protecting 

it from light. After 1 h, the crude product was collected by filtration, washed on the filter with 

ice water (3 x 10 mL) and acetone (3 x 10 mL), and air-dried in the dark to give the pure 

product 15b (1.22 g, 3.76 mmol, >99%) as a colorless solid. 

1H NMR (400 MHz, (CD3)2SO) δ 7.99 (bs, 1 H, OH), 7.44 (s, 1 H, ArH), 7.22 (s, 1 H, ArH), 3.88 (bs, 6 

H, OCH3); 13C NMR (100 MHz, (CD3)2SO) δ 168.6, 154.1, 150.8, 124.3, 112.5, 110.9, 107.5, 56.2, 56.0. 

The compound was used directly in next steps with no further analysis. 

 

4,5-Dimethoxy-1-[phenylethynyl]-1,2-benziodoxol-3(1H)-one (9b) 

 

Following a reported procedure,7 trimethylsilyl triflate (1.47 mL, 8.15 mmol, 1.10 equiv) was 

added to a suspension of 15b (2.40 g, 7.41 mmol, 1.00 equiv) in CH2Cl2 (37 mL) at RT. The 

resulting yellow mixture was stirred for 1 h, followed by the dropwise addition of 

trimethyl(phenylethynyl)silane (20) (1.60 mL, 8.15 mmol, 1.10 equiv). The resulting 

suspension was stirred for 6 h at RT, during this time a yellow suspension was formed. A 

saturated solution of NaHCO3 (25 mL) was then added. The two layers were separated and 

the aqueous layer was extracted with DCM (25 mL). The combined organic extracts were 

dried over MgSO4, filtered and evaporated under reduced pressure. The resulting solid was 

recrystallized in CH3CN (50 mL) and a few EtOH to afford the reagent (2.41 mg, 5.90 mmol, 

80%) as a colorless solid. The mother liquors was reflux in CH3CN (4 mL), filtered and washed 

with cold CH3CN and pentane and dried under high vacuum to afford the reagent 9b (100 mg, 

0.245 mmol, 3.3%) as a colorless solid. Combined yield: 81%. 

Mp (Dec.) 176-179 °C. 1H NMR (400 MHz, CDCl3) (ca 0.08 mmol/mL) 7.89 (s, 1 H; ArH), 7.70 (s, 1 H; 

ArH), 7.60 (m, 2 H; ArH), 7.50 (m, 3 H; ArH), 4.05 (s, 3 H; CH3), 3.98 (s, 3 H; CH3). 13C NMR (101 MHz, 

CDCl3) 166.8, 154.9, 152.2, 132.6, 130.8, 128.9, 124.4, 120.5, 113.3, 107.6, 106.3, 105.3, 56.7, 56.4, 

51.2. IR 3079 (w), 2935 (w), 2854 (w), 2147 (w), 1742 (w), 1623 (s), 1569 (m), 1497 (s), 1442 (m), 1396 

(s), 1300 (m), 1272 (s), 1215 (s), 1167 (m), 1128 (w), 1023 (m), 906 (w), 781 (m), 735 (s), 656 (w), 635 

(s). HRMS (ESI) calcd for C17H14O4I+ (M+H) 408.9937, found 408.9949. 

 

                                                

7 Pan, Y.; Jia, K.; Chen, Y.; Chen, Y. Beilstein J. Org. Chem. 2018, 14, 1215–1221. 
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4,5-Dimethyl-1-hydroxy-1,2-benziodoxol-3-(1H)-one (23) 

 

Following a reported procedure,1 NaIO4 (0.81 g, 3.8 mmol, 1.05 equiv) and 2-iodo-4,5-

dimethylbenzoic acid (22) (1.00 g, 3.62 mmol, 1.00 equiv) were suspended in 30% (v:v) aq. 

AcOH (4.8 mL). The mixture was vigorously stirred and refluxed for 3 h30. The reaction 

mixture was then diluted with cold water (8 mL) and allowed to cool to rt, protecting it from 

light. After 1 h, the crude product was collected by filtration, washed on the filter with ice water 

(3 x 5 mL) and acetone:water (1:1) (5 mL), and N2-dried in the dark to give the pure product 

23 (1.00 g, 3.25 mmol, 90%) as a colorless solid (95% purity by 1H NMR). 

1H NMR (400 MHz, DMSO-d6) δ 7.93 (s, 1H, OH), 7.78 (s, 1H, ArH), 7.54 (s, 1H, ArH), 2.38 (s, 3H, Me), 

2.37 (s, 3H, Me).13C NMR (101 MHz, DMSO-d6) δ 167.9, 144.2, 139.4, 131.8, 129.2, 126.3, 117.0, 20.1, 

18.9. HRMS (ESI) calcd for C9H10IO3
+ [M+H]+ 292.9669; found 292.9667 

 

4,5-Dimethyl-1-[phenylethynyl]-1,2-benziodoxol-3(1H)-one (9c) 

 

Following a modified reported procedure,
1 trimethylsilyltriflate (0.64 mL, 3.5 mmol, 1.1 eq.) 

was added dropwise to a stirred solution of 4,5-dimethyl-2-iodosylbenzoic 23 (0.94 g, 3.2 

mmol, 1 equiv) in CH2Cl2 (16 mL) at RT. The resulting yellow mixture was stirred for 1 h, 

followed by the dropwise addition of trimethyl(phenylethynyl)silane (20) (0.69 mL, 3.5 mmol, 

1.1 equiv) (slightly exothermic). The resulting suspension was stirred for 6 h at RT, during this 

time a white solid was formed. A saturated solution of NaHCO3 (10 mL) was then added and 

the mixture was stirred vigorously. The two layers were separated and the aqueous layer was 

extracted with DCM (10 mL). The combined organic extracts were dried over MgSO4, filtered 

and evaporated under reduced pressure. The resulting solid was recrystallized in CH3CN (40 

mL) to afford the expected reagent (758 mg, 2.02 mmol, 63%) as a colorless solid. The mother 

liquors was condensed then reflux in CH3CN (4 mL), filtered and washed with cold CH3CN 

and pentane and dried under high vacuum to afford the reagent 9c (100 mg, 0.266 mmol, 

8.3%, not pure) as a colorless solid. Combined yield: 71%. 
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Mp (Dec.) 159.9 – 160.8 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.16 (s, 1H, ArH), 7.90 (s, 

1H, ArH), 7.72 – 7.57 (m, 2H, ArH), 7.57 – 7.40 (m, 3H, ArH), 2.41 (d, J = 7.3 Hz, 6H, 2 x 

CH3). 13C NMR (101 MHz, Chloroform-d) δ 167.1, 145.2, 141.2, 133.2, 132.8, 130.7, 128.9, 

128.8, 126.5, 120.7, 112.6, 106.2, 20.7, 19.4. (1C not resolved) IR (νmax, cm-1) 3052 (m), 2900 

(m), 2130 (s), 1648 (s), 1469 (s), 1382 (s), 1277 (s), 1073 (s). HRMS (ESI/QTOF) m/z: [M + 

H]+ Calcd for C17H14IO2
+ 377.0033; Found 377.0031. 

4,5-Dimethoxy-1-[(triisopropylsilyl)ethynyl]-1,2-benziodoxol-3(1H)-one (9d) 

 

Following a reported procedure,8 n-butyllithium (2.5 M in hexanes, 28 mL, 70 mmol, 0.98 

equiv) was added dropwise to a stirred solution of ethynyltrimethylsilane (24) (7.0 g, 71 mmol, 

1.0 equiv) in THF (100 mL) at -78 °C. The mixture was warmed to 0 °C and stirred for 5 min. 

The mixture was then cooled back to -78 °C and chlorotriisopropylsilane (15 mL, 71 mmol, 1.0 

equiv) was added dropwise. The mixture was then allowed to warm to room temperature and 

stirred overnight. A saturated solution of ammonium chloride (100 mL) was added, and the 

reaction mixture was extracted with diethyl ether (2 x 100 mL). The combined organic layers 

were washed with water and brine, then dried over MgSO4, filtered and concentrated under 

reduced pressure to obtain a colorless liquid which was further purified by filtration on silica 

eluting with pentane (500 mL) to yield 25 (16 g, 64 mmol, 90% yield) as a colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 1.08 (m, 21H, TIPS), 0.18 (s, 9H, TMS). Consistent with reported 

data.8  

 

 

Following a modified procedure,7 trimethylsilyltriflate (400 μL, 2.20 mmol, 1.1 equiv, freshly 

distilled) was added dropwise to a stirred solution of 15b (648 mg, 2.00 mmol, 1.0 equiv) in 

acetonitrile (10 mL). After 2 min, (trimethylsilyl)(triiso-propylsilyl)acetylene (25) (560 mg, 2.20 

mmol, 1.1 equiv) was added dropwise, followed, after 20 min, by the addition of pyridine (180 

μL, 2.20 mmol, 1.1 equiv). The mixture was stirred 20 min. The solvent was then removed 

under reduced pressure and the yellow crude oil was dissolved in dichloromethane (20 mL). 

                                                

8 Helal, C. J.; Magriotis, P. A.; Corey, E. J. J. Am. Chem. Soc. 1996, 118, 10938. 
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The organic layer was washed with 1 M HCl (20 mL) and the aqueous layer was extracted 

with CH2Cl2 (20 mL). The organic layers were combined, washed with a saturated solution of 

NaHCO3 (40 mL), dried over MgSO4, filtered and the solvent was evaporated under reduced 

pressure. Recrystallization from acetonitrile (ca 8 mL) and wash with hexanes afforded 9d 

(575 mg, 1.18 mmol, 59%) as colorless cristals.  

Mp (Dec.) 180-183°C. 1H NMR (400 MHz, CDCl3) (ca 0.09 mmol/mL) 7.83 (s, 1 H, ArH), 7.61 (s, 1 H, 

ArH), 3.99 (s, 3 H, OMe), 3.97 (s, 3 H, OMe), 1.14 (m, 21 H, TIPS). 13C NMR (101 MHz, CDCl3) 166.7, 

154.9, 152.2, 124.5, 113.8, 113.2, 107.8, 104.7, 66.0, 56.7, 56.5, 18.5, 11.2. IR 2945 (w), 1616 (m), 

1569 (w), 1497 (m), 1464 (w), 1396 (m), 1317 (w), 1269 (m), 1215 (m), 1181 (w), 1129 (w), 1026 (w), 

921 (w), 884 (w), 778 (w), 734 (m), 708 (m), 639 (s). HRMS (ESI) calcd for C20H30O4ISi+ (M+H) 

489.0958, found 489.0950. 

 

4,5-Dimethoxy-1-[(4-fluorophenyl)ethynyl]-1,2-benziodoxol-3(1H)-one (9e) 

 

Following a modified procedure,7 trimethylsilyl trifluoromethanesulfonate (0.398 mL, 2.20 

mmol) was added to a suspension of 15b (0.648 g, 2.000 mmol) in CH2Cl2 (10 mL) at RT. The 

resulting yellow mixture was stirred for 1 h, followed by the dropwise addition of ((4-

fluorophenyl)ethynyl)trimethylsilane 26 (0.446 mL, 2.20 mmol). The resulting suspension was 

stirred for 6 h at RT, during this time a yellow suspension was formed. A saturated solution of 

NaHCO3 (5 mL) was then added. The two layers were separated and the aqueous layer was 

extracted with DCM (5 mL). The combined organic extracts were dried over MgSO4, filtered 

and evaporated under reduced pressure. The resulting solid was recrystallized in CH3CN (10 

mL) and to afford 9e (570 mg, 1.33 mmol, 67%) as a colorless solid. 

1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H, ArH), 7.62 (s, 1H, ArH), 7.62 – 7.48 (m, 2H, ArH), 

7.24 – 7.05 (m, 2H, ArH), 4.29 – 3.69 (m, 6H, dMeO). 13C NMR (101 MHz, Chloroform-d) δ 

166.9, 163.9 (d, J = 254.0 Hz), 155.0, 152.3, 134.9 (d, J = 8.8 Hz), 124.4, 116.6 (d, J = 3.9 

Hz), 116.4 (d, J = 22.4 Hz), 113.3, 107.6, 105.2 (d, J = 13.5 Hz), 56.7, 56.4, 51.4 (d, J = 1.2 

Hz). 1 carbon is not resolved. HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C17H13FIO4
+ 426.9837; Found 426.9841. 
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4,5-Dimethoxy-1-[(4-bromophenyl)ethynyl]-1,2-benziodoxol-3(1H)-one (9f) 

 

Following a modified procedure,7 trimethylsilyl trifluoromethanesulfonate (0.398 mL, 2.20 

mmol) was added to a suspension of 15b (0.648 g, 2.000 mmol) in CH2Cl2 (37 mL) at RT. The 

resulting yellow mixture was stirred for 1 h, followed by the dropwise addition of ((4-

bromophenyl)ethynyl)trimethylsilane 27 (0.557 g, 2.20 mmol) (solution in 1 mL DCM, rinced 

with 0.5 mL). The resulting suspension was stirred for 6 h at RT, during this time a yellow 

suspension was formed. A saturated solution of NaHCO3 (25 mL) was then added. The two 

layers were separated and the aqueous layer was extracted with DCM (25 mL). The combined 

organic extracts were dried over MgSO4, filtered and evaporated under reduced pressure. The 

resulting solid was recrystallized in CH3CN (50 mL) and a few drops EtOH to afford the reagent 

9f (800 mg, 1.64 mmol, 82%) as a colorless solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.87 (s, 1H, ArH), 7.70 – 7.52 (m, 3H, ArH), 7.52 – 7.37 

(m, 2H, ArH), 4.16 – 3.67 (m, 6H, dMeO). 13C NMR (101 MHz, Chloroform-d) δ 166.8, 155.0, 

152.3, 133.9, 132.3, 125.6, 124.4, 113.3, 107.6, 105.2, 104.9, 56.7, 56.5. 2 carbons are not 

resolved. HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C17H13
79BrIO4

+ 486.9036; Found 486.9040. 

1-Cyano-1,2-benziodoxol-3-(1H)-one (16a) 

 

Following a reported procedure,6 15a (3.50 g, 11.4 mmol, 1.00 equiv.) was dissolved under 

nitrogen in dry DCM (60 mL, 0.19 M). To the clear colourless solution was added via syringe 

trimethylsilyl cyanide (TMSCN, 3.0 mL, 23 mmol, 2.00 equiv.) over a five minute time period, 

then trimethylsilyl trifluoromethanesulfonate (TMSOTf, 21 µL, 0.11 mmol, 0.01 equiv.). 

Precipitation occurred within 5 min and the reaction mixture was stirred at room temperature 

and under nitrogen for 30 min to ensure the completion of the reaction. The resulting thick 

white suspension was diluted with hexane (5 mL) before being filtered and the solid was 

washed with hexane (3 x 20 mL) and dried in vacuo affording 16a (96%, 2.99 g, 11.0 mmol). 

1H NMR (400 MHz, DMSO-d6) δ 8.29 (d, J = 8.3 Hz, 1 H, ArH), 8.13 (dd, J = 7.4, 1.7 Hz, 1 H, ArH), 

8.06-7.97 (m, 1 H, ArH), 7.88 (t, J = 7.3 Hz, 1 H, ArH). 13C NMR (101 MHz, DMSO-d6) δ 166.7, 136.5, 

132.0, 131.9, 130.2, 127.8, 117.5, 87.9. The data correspond to those reported in literature.6  
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4,5-Dimethoxy-1-Cyano-1,2-benziodoxol-3-(1H)-one (16b)  

 

 

Following a reported procedure,6 4,5-dimethoxy-1-acetoxy-1,2-benziodoxol-3-(1H)-one (15b, 

92 mg, 0.251 mmol, 1.00 equiv.) was dissolved under nitrogen in dry dichloromethane (2 mL). 

To the clear colorless solution was added via syringe trimethylsilyl cyanide (TMS-CN, 67 µL, 

0.50 mmol, 2.00 equiv.) over a five minute time period, then trimethylsilyl 

trifluoromethanesulfonate (TMS-OTf, 0.90 µL, 5.03 µmol, 0.02 equiv.). Precipitation occurred 

within 5 min and the reaction mixture was stirred at room temperature and under nitrogen for 

30 min to ensure the completion of the reaction. The resulting thick white suspension was 

diluted with hexane (5 mL) before being filtered and the solid was washed with hexane (3 x 

20 mL) and dried in vacuo affording 16b (75 mg, 0.225 mmol, 90 %) as a white solid.  

1H NMR (400 MHz, (CD3)2SO) δ 7.63 (s, 1H, ArH), 7.53 (s, 1H, ArH), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, 

OCH3). 13C NMR (101 MHz, DMSO-d6) δ 166.6, 155.2, 151.9, 123.1, 112.7, 109.2, 107.0, 88.7, 56.2, 

55.0. The characterization data is in accordance with reported literature values.6  

 

5-Fluoro-1-Cyano-1,2-benziodoxol-3-(1H)-one (16c) 

 

Following a reported procedure, 2 NaIO4 (760 mg, 3.55 mmol, 1.05 equiv) and 5-fluoro-2-

iodobenzoic acid (28) (900 mg, 3.38 mmol, 1.00 equiv) were suspended in 30% (v:v) aq. AcOH 

(1.8 mL) / H2O (4.5 mL). The mixture was vigorously stirred and refluxed for 4 h. The reaction 

mixture was then diluted with cold water (180 mL) and allowed to cool to rt, protecting it from 

light. After 1 h, the crude product was collected by filtration, washed on the filter with ice water 

(3 x 10 mL) and acetone (3 x 10 mL), and air-dried in the dark to give the pure product 29 (908 

mg, 3.22 mmol, 95%) as a colorless solid. 
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1H NMR (400 MHz, (CD3)2SO) δ 8.25 (bs, 1 H, OH), 7.90 – 7.78 (m, 2 H, ArH), 7.75 (dd, J = 8.4, 2.5 

Hz, 1 H, ArH). 13C NMR (100 MHz, (CD3)2SO) δ 166.7 (d, J = 2.6 Hz), 164.0 (d, J = 248.3 Hz), 134.2 

(d, J = 7.5 Hz), 128.5 (d, J = 8.7 Hz), 121.98 (d, J = 23.9 Hz), 117.4 (d, J = 23.6 Hz), 114.4. The 

compound was used in the next step with no further analysis. 

 

Following a reported procedure,2 hypervalent iodine precursor 29 (800 mg, 2.84 mmol, 1.00 

equiv.) was suspended in acetic anhydride (2.80 mL, 29.7 mmol, 10.5 equiv) and heated to 

reflux for 30 minutes. The resulting clear, slightly yellow solution was slowly let to cool down 

to room temperature and then cooled to 0 °C for 30 minutes. The white suspension was filtered 

and the filtrate was again cooled to 0 °C for 30 minutes. The suspension was once again 

filtered and the combined two batches of solid product were washed with hexane (2 x 20 mL) 

and dried in vacuo affording 30 (825 mg, 2.55 mmol, 90%) as a white solid. 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.93 (m, 2H, ArH), 7.64 (ddd, J = 9.1, 7.7, 2.9 Hz, 1H, ArH), 2.26 

(s, 3H, OC(O)Me). 13C NMR (100 MHz, CDCl3) δ 176.4, 166.7 (d, J = 2.9 Hz), 165.0 (d, J = 254.5 Hz), 

131.7 (d, J = 8.0 Hz), 131.0 (d, J = 8.1 Hz), 123.7 (d, J = 24.0 Hz), 120.0 (d, J = 24.3 Hz), 111.2 (d, J = 

2.3 Hz), 20.2. The compound was used in the next step with no further analysis. 

 

Following a reported procedure,6 30 (750 g, 2.31 mmol, 1.00 equiv.) was dissolved under 

nitrogen in dry dichloromethane (15 mL). To the clear colorless solution was added via syringe 

trimethylsilyl cyanide (TMS-CN, 0.62 mL, 4.6 mmol, 2.0 equiv.), over a five minute time period, 

then trimethylsilyl trifluoromethanesulfonate (TMS-OTf, 4.2 µL, 23 µmol, 0.010 equiv.). 

Precipitation occurred within 5 min and the reaction mixture was stirred at room temperature 

and under nitrogen for 30 min to ensure the completion of the reaction. The resulting thick 

white suspension was diluted with hexane (5 mL) before being filtered and the solid was 

washed with hexane (3 x 20 mL) and dried in vacuo affording 16c (610 mg, 2.10 mmol, 91 %) 

as a white solid.  

Mp. 181.1 – 184.1°C (decomp). 1H NMR (400 MHz, DMSO-d6) δ 8.25 (dd, J = 8.9, 4.2 Hz, 1H, ArH), 

7.99 – 7.75 (m, 2H, ArH). 13C NMR (100 MHz, DMSO-d6) δ 165.3 (d, J = 2.4 Hz), 164.6 (d, J = 251.5 

Hz), 133.1 (d, J = 7.7 Hz), 130.1 (d, J = 8.9 Hz), 123.8 (d, J = 24.5 Hz), 118.4 (d, J = 24.1 Hz), 111.4, 

87.4. IR (solid) 3870 (s), 3740 (s), 3686 (s), 3620 (m), 3435 (w), 3335 (w), 3227 (w), 3109 (w), 2988 

(w), 2914 (w), 2360 (m), 2162 (w), 2005 (w), 1926 (w), 1865 (w), 1739 (m), 1702 (m), 1647 (m), 1518 

(s), 1457 (m), 1419 (m), 1306 (m), 1141 (w), 1025 (s), 823 (w). HRMS (ESI) calcd for C8H4FINO2
+ 

[M+H]+ 291.9265; found 291.9270.  
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3. GP1: Synthesis of the photocatalysts 

 

Following a reported procedure,9 Sodium hydride (60% suspension in mineral oil, 8.0 equiv) 

was added slowly to a stirred solution of substituted-carbazole 31 (5.0 equiv) in dry THF (0.05 

M) under a nitrogen atmosphere at RT After 30 min, 2,4,5,6-tetrafluoroisophthalonitrile 32 (1.0 

mmol, 1.0 equiv) was added. After stirring at RT for 15 h, 2 mL water was added to the reaction 

mixture to quench the excess of NaH. The resulting mixture was then concentrated under 

reduced pressure. The crude product was purified by recrystallization from hexane:CH2Cl2 

then filtered. The brown liquid filtrate was concentrated and recrystallized as before. The 

combined solids were then purified by column chromatography on silica gel with 

CH2Cl2:Hexane. 

2,4,5,6-Tetra(9H-carbazol-9-yl)isophthalonitrile (4CzIPN, 14a) 

 

Following GP1 and starting from 9H-carbazole 31a (X = H, 1.67 g, 

10.0 mmol, 5.00 equiv), sodium hydride (0.60 g, 15 mmol, 7.5 

equiv) and 2,4,5,6-tetrafluoroisophthalonitrile 32 (0.40 g, 2.0 mmol) 

in 40 mL of THF. Recrystallisation (Hexanes:CH2Cl2 (1:1, 90 mL)) 

afforded the crude product as a yellow powder. Column 

chromatography afforded 2,4,5,6-tetra(9H-carbazol-9-

yl)isophthalonitrile (14a) as a bright yellow crystalline solid (1.14 g, 

1.45 mmol, 73 % yield). 

 

Rf (Hexane;CH2Cl2 1:1) = 0.29. (yellow spot on TLC). 1H NMR (400 MHz, Chloroform-d) δ 8.2 (d, J 

= 7.7 Hz, 2H, ArH), 7.8 – 7.6 (m, 8H, ArH), 7.5 (ddd, J = 8.0, 6.6, 1.6 Hz, 2H, ArH), 7.3 (d, J = 7.5 

Hz, 2H, ArH), 7.2 (dd, J = 8.4, 1.5 Hz, 4H, ArH), 7.2 – 7.0 (m, 8H, ArH), 6.8 (t, J = 7.8 Hz, 4H, ArH), 

6.6 (td, J = 7.6, 1.2 Hz, 2H, ArH).13C NMR (101 MHz, Chloroform-d) δ 145.2, 144.6, 140.0, 138.2, 

136.9, 134.7, 127.0, 125.8, 124.9, 124.7, 124.5, 123.8, 122.4, 121.9, 121.4, 121.0, 120.4, 119.6, 

116.3, 111.6, 109.9, 109.5, 109.4. 1H NMR shift in Chloroform-d are consistent with reported data.10 

                                                

9 Le Vaillant, F.; Garreau, M.; Nicolai, S.; Gryn’ova, G.; Corminboeuf, C.; Waser, J. Chem. Sci. 2018, 9, 5883–

5889. 
10 Uoyama, H.; Goushi, K.; Shizu, K.; Nomura, H.; Adachi, C. Nature 2012, 492, 234. 
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(2r,4s,5r)-2,4,5,6-Tetrakis(3,6-dichloro-9H-carbazol-9-yl)isophthalonitrile (4ClCzIPN, 14b) 

 

Following GP1 and starting from 3,6-dichloro-9H-carbazole 31b (X 

= Cl, 1.96 g, 6.00 mmol, 6.0 equiv), sodium hydride (320 mg, 8.00 

mmol, 8.0 equiv) and 2,4,5,6-tetrafluoroisophthalonitrile 32 (200 

mg, 1.00 mmol) in 20 mL of THF. Recrystallization 

(Hexanes:CH2Cl2 (1:2, 80 mL)) gave 900 mg of yellow powder, 

then second recrystallization gave 325 mg of brown powder. 

Column chromatography of the combined solid afforded (2r,4s,5r)-

2,4,5,6-tetrakis(3,6-dichloro-9H-carbazol-9-yl)isophthalonitrile 

(14b) as a bright yellow crystalline solid (830 mg, 0.780 mmol, 87 

% yield). 

Rf (Hexane:CH2Cl2 1:1) 0.25. (yellow spot on TLC). 1H NMR (400 MHz, DMSO-d6) δ 8.60 (d, J = 2.1 

Hz, 2H, ArH), 8.15 (d, J = 2.1 Hz, 4H, ArH), 8.08 (d, J = 8.8 Hz, 2H, ArH), 7.87 (dd, J = 8.8, 2.1 Hz, 

2H, ArH), 7.80 (d, J = 2.2 Hz, 2H, ArH), 7.69 (d, J = 8.8 Hz, 4H, ArH), 7.46 (d, J = 8.8 Hz, 2H, ArH), 

7.32 (dd, J = 8.8, 2.2 Hz, 4H, ArH), 6.93 (dd, J = 8.8, 2.2 Hz, 2H, ArH). 13C NMR (101 MHz, DMSO-

d6) δ 145.0, 144.5, 138.5, 137.4, 136.5, 135.8, 134.5, 127.8, 127.0, 126.4, 125.7, 125.3, 124.2, 123.8, 

123.3, 121.6, 120.9, 120.3, 116.8, 112.6, 112.5, 112.3, 111.7. HRMS (ESI) calcd for C56H24Cl8N6 

[M+] 1059.9565; found 1059.9573. 

 

4. Deoxyalkynylation 

Synthesis of tertiary alcohols 

Alcohols for substrates 2a, 2b, 2d-f were purchased from commercial sources (Sigma-Aldrich, 

Acros, TCI, abcr) and used directly without prior purification.  

GP2: Synthesis of tertiary alcohols from ketones 

 

An oven dried two-necked flask, equipped with a magnetic stirrer, was charged with the ketone 

33 (1.0 equiv) and dissolved in anhydrous THF or Et2O (0.2 M). The reaction was cooled to 0 

°C with an ice bath. The methylmagnesium bromide solution (3.0 M in Et2O) was diluted to 1 

M and added dropwise to the cooled solution via a dropping funnel. The reaction was stirred 

at room temperature overnight (15 to 18 h) at this time the reaction was quenched with sat. 

aq. NH4Cl, followed by the addition of water and EtOAc. The layers were separated, the 

aqueous layer was extracted 3 times with EtOAc then the combined organic layers were 

washed with sat. aq. NaCl. The organic layer was then dried on MgSO4, filtered and 
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concentrated under reduced pressure. The compound was purified by column 

chromatography (SiO2, pentane:EtOAc, p-Anisaldehyde stain) affording the desired alcohol 

34.  

Methylcyclododecan-1-ol (34c) 

 

Following GP2: from cyclododecanone (33c, 1.00 g, 5.49 mmol, 1.0 equiv) 

in Et2O (25 mL, 0.2 M) using methylmagnesium bromide (3.0 M in Et2O, 2.0 

mL, 6.00 mmol, 1.1 equiv) diluted with THF (4.0 mL).  

Column chromatography (SiO2, 10% EtOAC in Pentane) afforded 

methylcyclododecan-1-ol 34c (609 mg, 3.07 mmol, 56 %) as a white 

amorphous solid. The NMR data was collected and the compound was used 

in the next step without further analysis. 

Rf (pentane:EtOAc 9:1) = 0.4. 

1H NMR (400 MHz, CDCl3) δ 1.59 – 1.52 (m, 2 H, CH2), 1.45 – 1.25 (m, 20 H, CH2), 1.17 (s, 3 H, 

CH3). 13C NMR (101 MHz, CDCl3) δ 73.8, 36.3, 29.2, 26.6, 26.2, 22.7, 22.2, 20.1. 

 

N-Boc-3-hydroxy-3-methyl pyrrolidine (34h) 

 

Following GP2: N-Boc pyrrolidin-3-one (33h, 2.04 g, 11.01 mmol, 1.0 equiv.) 

in anhydrous Et2O (20 ml, 0.55 M) using methylmagnesium bromide (3.0 M 

in Et2O, 3.7 mL, 11 mmol, 1.1 equiv). 

Column chromatography (SiO2, hexanes:EtOAc 1:1 ratio) afforded N-Boc-3-

hydroxy-3-methyl pyrrolidine (34h, 604 mg, 5.20 mmol, 52 %) as a colourless 

oil. The NMR data was collected and the compound was used in the next 

step without further analysis. 

 

Rf (hexanes:EtOAc 1:1) = 0.5. 

1H NMR (400 MHz, Chloroform-d) δ 3.53 – 3.43 (m, 2H), 3.37 (dd, J = 11.4, 1.6 Hz, 1H), 3.22 (d, J = 

11.5 Hz, 1H), 1.93 – 1.73 (m, 2H), 1.45 (s, 9H), 1.40 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

154.7, 79.3, 58.8, 44.8, 39.2, 28.5, 28.4, 25.4.  

 

1-Phenethylcyclohexanol (34i) 
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Following a modified reported procedure,11 a 20 mL round-bottomed test tube was charged 

with zinc(II) chloride (0.263 g, 1.93 mmol, 25 mol%), sealed, and evacuated. Diethyl ether 

(dry; 10 mL) was then added via syringe, followed by cyclohexanone 33i (0.80 mL, 7.7 mmol, 

1.0 equiv). The solution was cooled to 0 °C (ice-water bath) and phenethylmagnesium chloride 

35 (1.0 M in THF; 9.3 mL, 9.3 mmol, 1.2 equiv) was then added dropwise. Stirring was 

continued at 0 °C for 2 hours. The mixture was then warmed to room temperature and stirred 

overnight. After 20 hours, the initially grey solution converted into a pale grey suspension. At 

this point, the reaction was quenched by cautious addition of sat. aq. NH4Cl (20 mL). The 

aqueous layer was extracted with ether (3 x 20 mL). The combined organic extracts were 

washed with brine, dried over MgSO4, filtered, and concentrated under vacuum. The resulting 

crude oil was submitted to column chromatography (Biotage, 40 g SiO2; EtOAc in pentane, 5 

to 20%) to furnish 1-phenethylcyclohexanol 34i (0.423 g, 2.07 mmol, 27% yield) as a colorless 

solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.33 - 7.23 (m, 2H), 7.24 - 7.14 (m, 3H), 2.77 - 2.63 (m, 

2H), 1.84 - 1.70 (m, 2H), 1.67 - 1.55 (m, 5H), 1.55 - 1.42 (m, 2H), 1.39 - 1.17 (m, 1H), 1.24 

(br s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 142.9, 128.4, 128.4, 125.7, 71.4, 44.3, 37.5, 

29.4, 25.8, 22.3. The values of the NMR spectrum are in accordance with reported literature 

data.12  

 

1-(4-Methoxyphenyl)-2-methylpropan-2-ol (34g) 

 

An oven dried two necked flask, equipped with a magnetic stirrer, was charged with 36 (1.0 

mL, 6.3 mmol, 1.0 equiv) and dissolved in anhydrous THF (60 mL, ca. 1.0 M). The reaction 

was cooled to 0 °C with an ice bath. The methyl magnesium bromide solution (3 M in Et2O) 

(4.8 mL, 14 mmol, 2.3 equiv) was diluted to 1 M with THF (10 mL) and added dropwise to the 

cooled solution via syringe. The reaction was left to stir at room temperature overnight (18 h) 

at this time the reaction was quenched with sat. aq. NH4Cl. The aqueous layer was extracted 

3 times with EtOAc then the combined organic layers were washed with sat. aq. NaCl. The 

organic layers were then dried on MgSO4, filtered and concentrated under reduced pressure. 

The crude was purified by column chromatography (SiO2, pentane:EtOAc 9:1, 4:1, p-

                                                

11 Hatano, M.; Suzuki, S.; Ishihara, K. J. Am. Chem. Soc. 2006, 128, 9998. 
12 Yus, M.; Martıńez, P.; Guijarro, D. Tetrahedron 2001, 57, 10119. 
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Anisaldehyde stain blue to purple and black spots) affording the desired alcohol (34g, 0.898 

g, 4.98 mmol, 79 %).  

Rf (pentane:EtOAc 9:1) = 0.3 

1H NMR (400 MHz, CDCl3) δ 7.16 – 7.11 (m, 2H, ArH), 6.88 – 6.83 (m, 2H, ArH), 3.80 (s, 3H, OMe), 

2.71 (s, 2H, ArCH2), 1.21 (s, 6H, C(CH3)2). 13C NMR (101 MHz, CDCl3) δ 158.5, 131.5, 129.9, 113.8, 

70.9, 55.4, 48.9, 29.2. The reported NMR data are consistent with the reported data.13 

 

Synthesis of cesium salts 

GP3: Synthesis of cesium salts from tertiary alcohols 

 

Step 1: Following a modified reported procedure,14 a two necked round bottomed flask, 

equipped with a magnetic stirrer, was charged with THF or CH2Cl2 (0.1 or 0.2 M),15 DMAP 

(0.15 mmol, 5 mol%), the tertiary alcohol 34 (3.00 mmol, 1.00 equiv) and triethylamine (1.05 - 

1.2 equiv) were then added. Ethyl 2-chloro-2-oxoacetate (1.05 - 1.2 equiv) was then added 

dropwise and giving a yellowish solution. The reaction was then stirred for 1 h – 2 h at room 

temperature. Upon full conversion of the alcohol, indicated by TLC analysis, the reactions 

were quenched with sat. aq. NH4Cl. The layers were then separated and the organic layer 

was then washed twice with brine (ca. 10 mL). The organic layer was then dried over Na2SO4 

and filtered. A solid deposit for flash chromatography was prepared: (ca. 5-7 g SiO2) 

concentrated under reduced pressure. The compound was purified by flash chromatography 

(SiO2, pentane:EtOAc 9:1, 4:1, p-Anisaldehyde stain blue, green or purple spots) affording the 

desired alkyl ethyl oxalate 37. 

Step 2: Following a modified reported procedure,14 a round-bottom flask was charged with 

ethyl oxoacetate 37 (1.75 mmol, 1.00 equiv) followed by the addition of THF (1 M). To this 

solution, a 1 M stock solution of aq. CsOH (1.7 mmol, 1.00 equiv) was added dropwise (ca. 2 

min). The mixture was stirred vigorously for 5 min at room temperature, then concentrated 

                                                

13 Okamura, T.; Egoshi, S.; Dodo, K.; Sodeoka, M.; Iwabuchi, Y.; Kanoh, N. Chem. – Eur. J. 2019, 25, 16002–

16006. 
14Nawrat, C. C.; Jamison, C. R.; Slutskyy, Y.; MacMillan, D. W. C.; Overman, L. E. J. Am. Chem. Soc. 2015, 137, 

11270–11273. 
15 We have not noticed particular changes of reactivity between THF and CH2Cl2 or between 0.1 M or 0.2 M, use 
of CH2Cl2 simplifies extraction. 
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immediately under reduced pressure (T = 55°C - 60 °C: P = 300 mbar to 20 mbar).16 The 

resulting solid was then dried under high vacuum for at least 4 hours affording a dry (rarely 

hygroscopic, some are soap-like) cesium salt 2. 

Ethyl 2-(1-methylcyclohex-1-yl)oxy-2-oxoacetate (37a) 

 

 

37a was synthesized following step 1 of GP3 in THF (90 mL, 0.1 M) 

using 1-methylcyclohexan-1-ol (34a, 1.1 mL, 8.8 mmol, 1.0 equiv), 

DMAP (107 mg, 0.876 mmol, 0.1 equiv) triethylamine (1.50 mL, 10.5 

mmol, 1.2 equiv) and ethyl chloro-oxoacetate (1.20 mL, 10.5 mmol, 

1.2 equiv).  

Column chromatography (SiO2, 2% EtOAc in Pentane) afforded 

ethyl (1-methylcyclohexyl) oxalate (37a, 1.18 g, 5.51 mmol, 63%) as 

a pale yellow oil. 

Rf (pentane:EtOAc 98:2) = 0.3. 

1H NMR (400 MHz, CDCl3) δ 4.30 (q, J = 7.12 Hz, 2H, CO2CH2), 2.21 – 2.18 (m, 2H, CH2), 1.58 – 

1.44 (m, 8 H, CH2), 1.55 (s, 3H, CH3), 1.35 (t, J = 7.12 Hz, 3 H, CO2CH2CH3). 13C NMR (101 MHz, 

CDCl3) δ 158.8, 157.2, 86.7, 62.8, 36.4, 25.3, 25.1, 22.1, 14.1. IR (νmax, cm-1) 2979 (w), 2938 (m), 

2864 (w), 1743 (s), 1454 (w), 1326 (m), 1192 (s), 1146 (s). HRMS (ESI/QTOF) m/z [M + Na]+ Calcd 

for C11H18NaO4
+ 237.1097; found 237.1094 

 

Cesium 2-(1-methylcyclohex-1-yl)oxy-2-oxoacetate (2a) 

 

2a was synthesized following step 2 of GP3 in THF (5.0 mL, 0.1 M) 

using ethyl (1-methylcyclohexyl) oxalate (37a, 1.07 g, 5.00 mmol, 

1.0 equiv) and 1 M aq. CsOH (5.0 mL, 5.0 mmol, 1.0 equiv). 

Affording cesium 2-((1-methylcyclohexyl)oxy)-2-oxoacetate (2a, 

1.4 g, 4.4 mmol, 88%) as a colorless amorphous solid. 

1H NMR (400 MHz, DMSO-d6) δ 2.08 – 1.96 (m, 2H, CH2), 1.56 – 1.43 (m, 3H, CH2), 1.43 – 1.29 

(m, 7H, CH2 + CH3), 1.27 – 1.18 (m, 1H, CH2). 13C NMR (101 MHz, DMSO) δ 167.7, 163.6, 79.2, 

36.2, 25.3, 25.0, 21.5. HRMS (ESI/QTOF) m/z [M - Cs]- Calcd for C9H13O4
- 185.0819; Found 

185.0819. 

 

Ethyl 2-(1-methylcyclopent-1-yl)oxy-2-oxoacetate (37b) 

 

37b was synthesized following step 1 of GP3 in THF (16 mL, 0.2 M) 

using 1-methylcyclopentan-1-ol (34b, 337 mg, 3.36 mmol, 1.0 

equiv), DMAP (21 mg, 0.17 mmol, 5 mol%), triethylamine (0.56 mL, 

                                                

16 Other hydrolysis products have been observed when the reaction is left longer or triturated in diethyl ether to 
attempt purification. 
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 11 mmol, 1.2 equiv) and ethyl chloro-oxoacetate (0.45 mL, 11 

mmol, 1.2 equiv).  

Column chromatography (SiO2, pentane:EtOAc 9:1 to 8:2) afforded 

ethyl (1-methylcyclopentan-1-yl) oxalate (37b, 596 mg, 2.98 mmol, 

89%). 

 

Rf (pentane:EtOAc 9:1) = 0.5. 

1H NMR (400 MHz, CDCl3) δ 4.31 (q, J = 7.1 Hz, 2H, OCH2CH3), 2.21 (ttd, J = 10.4, 4.8, 2.4 Hz, 2H, 

CH2), 1.83 – 1.71 (m, 4H, CH2), 1.71 – 1.58 (m, 5H, CH2 + CH3), 1.36 (t, J = 7.1 Hz, 3H, OCH2CH3). 

13C NMR (101 MHz, CDCl3) δ 158.8, 157.5, 94.2, 62.9, 39.0, 24.1, 23.8, 14.1. IR (νmax, cm-1) 2984 

(m), 2942 (m), 2910 (w), 1762 (s), 1737 (s), 1370 (m), 1324 (m), 1201 (s), 1139 (s), 1017 (m), 846 

(m). HRMS (ESI/QTOF) m/z [M + Na]+ Calcd for C10H16NaO4
+ 223.0941; Found 223.0935. 

 

Cesium 2-(1-methylcyclopent-1-yl)oxy-2-oxoacetate (2b) 

 

2b was synthesized following step 2 of GP3 in THF (1.2 mL, 0.1 M) 

using ethyl (1-methylcyclopent-1-yl) oxalate (37b, 0.37 g, 1.8 mmol, 

1.0 equiv) and 1 M aq. CsOH (1.8 mL, 1.8 mmol, 1.0 equiv), 

affording cesium 2-(1-methylcyclopent-1-yl)oxy-2-oxoacetate (2b 

0.541 g, 1.78 mmol, 97%). 

1H NMR (400 MHz, DMSO) δ 1.97 (dddt, J = 7.1, 5.3, 3.0, 1.8 Hz, 2H, CH2), 1.72 – 1.49 (m, 6H, 

CH2), 1.46 (s, 3H, CH3). 13C NMR (101 MHz, DMSO) δ 167.5, 163.5, 87.3, 24.3, 23.3, 14.2. 

Consistent with reported data.14 

 

Ethyl (1-methylcyclododecyl) oxalate (37c) 

 

37c was synthesized following step 1 of GP3 in THF (25 mL, 0.1 M) 

using 1-methylcyclododecan-1-ol (34c, 500 mg, 2.52 mmol, 1.0 

equiv), DMAP (31 mg, 0.25 mmol, 10 mol%), triethylamine (0.42 mL, 

3.0 mmol, 1.2 equiv) and ethyl chloro-oxoacetate (0.34 mL, 3.0 

mmol, 1.2 equiv).  

Column chromatography (SiO2, 20% EtOAc in Pentane) afforded 

ethyl (1-methylcyclododecyl) oxalate (37c, 1.08 g, 4.25 mmol, 71 %) 

as an off-white amorphous solid. 

Rf (pentane:EtOAc 4:1) = 0.5. 

1H NMR (400 MHz, CDCl3) δ 4.31 (q, J = 7.2 Hz, 2H, CO2CH2), 2.10 – 1.98 (m, 2H, CH2), 1.74 – 1.61 

(m, 2H, CH2), 1.55 (s, 3H, CH3), 1.49 – 1.23 (m, 21H, CH2 + CH2CH3). 13C NMR (101 MHz, CDCl3) δ 

158.9, 157.1, 90.8, 62.9, 32.9, 26.2, 26.2, 24.0, 22.5, 22.0, 19.5, 14.1. IR (νmax, cm-1) 2939 (s), 2861 

(m), 1744 (s), 1467 (m), 1375 (m), 1325 (m), 1190 (s), 1152 (s). HRMS (ESI/QTOF) m/z [M + 

Na]+ Calcd for C17H30NaO4
+ 321.2036; Found 321.2037. 
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Cesium 2-((1-methylcyclododecyl)oxy)-2-oxoacetate (2c) 

 

2c was synthesized following step 2 of GP3 in THF (1.0 mL, 0.1 M) 

using ethyl (1-methylcyclododecyl) oxalate (37c, 300 mg, 1.00 

mmol, 1.0 equiv) and 1 M aq. CsOH (1.0 mL, 1.00 mmol, 1.0 equiv). 

Cesium 2-((1-methylcyclododecyl)oxy)-2-oxoacetate (2c, 300 mg, 

0.745 mmol, 74 %) was obtained as an off-white solid. 

1H NMR (400 MHz, DMSO) δ 1.90 – 1.77 (m, 2H, CH2), 1.56 – 1.42 (m, 2H, CH2), 1.38 (s, 3H, CH3), 

1.34 – 1.18 (m, 18H, CH2). 13C NMR (101 MHz, DMSO) δ 168.1, 164.0, 83.4, 33.21 26.3, 26.2, 24.4, 

22.3, 22.0, 19.2. HRMS (ESI/QTOF) m/z [M + Na]+ Calcd for C15H25CsNaO4
+ 425.0700; Found 

425.0695. 

 

Ethyl 2-(((1S,3S)-adamantan-1-yl)oxy)-2-oxoacetate (37d) 

 

37d was synthesized following step 1 of GP3 in DCM (25 mL, 0.1 M) 

using adamant-1-ol (34d, 378 mg, 2.48 mmol, 1.0 equiv), DMAP 

(30.4 mg, 248 mmol, 10 mol%), triethylamine (0.41 mL, 3.0 mmol, 

1.2 equiv) and ethyl chloro-oxoacetate (0.34 mL, 3.0 mmol, 1.2 

equiv).  

Column chromatography (SiO2, 15% EtOAc in Pentane) afforded 

ethyl 2-(((1S,3S)-adamantan-1-yl)oxy)-2-oxoacetate (37d, 442 mg, 

1.75 mmol, 71 %) as a pale yellow oil. 

Rf (pentane:EtOac 9:1) = 0.5. 

1H NMR (400 MHz, CDCl3) δ 4.31 (q, J = 7.1 Hz, 2H, OCH2CH3), 2.19 (d, J = 2.7 Hz, 9H, ad-CHx), 

1.76 – 1.55 (m, 6H, ad-CHx), 1.36 (t, J = 7.1 Hz, 3H, OCH2CH3). 13C NMR (101 MHz, CDCl3) δ 158.8, 

156.8, 85.1, 62.9, 41.0, 36.1, 31.1, 14.1. IR (νmax, cm-1) 2911 (m), 2854 (w), 1760 (s), 1733 (s), 1176 

(s), 1155 (s), 1044 (m). HRMS (APPI/LTQ-Orbitrap) m/z [M + Na]+ Calcd for C14H20NaO4
+ 275.1254; 

Found 275.1256. 

 

Cesium 2-(((1S,3S)-adamantan-1-yl)oxy)-2-oxoacetate (2d) 

 

2d was synthesized following step 2 of GP3 in THF (2.5 mL, 0.1 M) 

using ethyl 2-(((1S,3S)-adamantan-1-yl)oxy)-2-oxalate (37d, 252 

mg, 1.00 mmol, 1.0 equiv) and 1 M aq. CsOH (2.5 mL, 2.5 mmol, 1.0 

equiv). cesium 2-(((1S,3S)-adamantan-1-yl)oxy)-2-oxoacetate (2d, 

0.32 g, 0.91 mmol, 91%) was obtained as an off-white amorphous 

solid. 

1H NMR (400 MHz, DMSO) δ 2.12 – 2.07 (m, 3H, CH), 2.06 – 1.99 (m, 6H, CH2), 1.64 – 1.59 (m, 6H, 

CH2). 13C NMR (101 MHz, DMSO) δ 167.3, 163.4, 78.0, 41.0, 35.8, 30.2. HRMS (ESI/QTOF) m/z [M 

- Cs]- Calcd for C12H15O4
- 223.0976; Found 223.0974. 
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Ethyl 2-(2-methyl-4-phenylbutan-2-yl)oxy-2-oxoacetate (37e) 

 

37e was synthesized following step 1 of GP6 in THF (90 mL, 0.1 M) 

using 2-methyl-4-phenylbutan-2-ol (34e, 1.6 mL, 9.1 mmol, 1 equiv), 

DMAP (0.055 g, 0.46 mmol, 5 mol%), triethylamine (1.3 mL, 9.6 mmol, 

1.05 equiv) and ethyl chloro-oxoacetate (1.1 mL, 9.6 mmol, 1.05 

equiv).  

Column chromatography (SiO2, pentane:EtOAc 85:15) afforded ethyl 

(2-methyl-4-phenylbutan-2-yl) oxalate (37e, 2.00 g, 7.57 mmol, 83%) 

as a colorless oil. 

Rf (pentane:EtOAc 9:1) = 0.5 

1H NMR (400 MHz, CDCl3) δ 7.38 – 7.29 (m, 2H, ArH), 7.25 (d, J = 7.1 Hz, 3H, ArH), 4.38 (q, J = 7.1 

Hz, 2H, OCH2-CH3), 2.79 – 2.71 (m, 2H, Ph-CH2), 2.25 – 2.16 (m, 2H, CH2), 1.66 (s, 6H, dMe), 1.43 

(t, J = 7.1 Hz, 3H, OCH2CH3). 13C NMR (101 MHz, CDCl3) δ 158.6, 157.1, 141.6, 128.5, 128.4, 126.0, 

86.6, 62.8, 42.5, 30.2, 25.7, 14.0. IR (νmax, cm-1) 3087 (w), 3062 (w), 3029 (m), 2983 (m), 2949 (m), 

2872 (w), 1761 (s), 1737 (s), 1327 (m), 1188 (s), 1163 (s), 1118 (s), 912 (s). HRMS (ESI/QTOF) m/z 

[M + Na]+ Calcd for C15H20NaO4
+ 287.1254; Found 287.1256. 

 

Cesium 2-(2-methyl-4-phenylbutan-2-yl)oxy-2-oxoacetate (2e) 

 

2e was synthesized following step 2 of GP6 in THF (6.5 mL, 0.1 M) 

using ethyl (2-methyl-4-phenylbutan-2-yl) oxalate (37e, 1.70 g, 6.43 

mmol, 1.0 equiv) and 1 M aq. CsOH (6.4 mL, 6.4 mmol, 1.0 equiv), 

affording cesium 2-(2-methyl-4-phenylbutan-2-yl)oxy-2-oxoacetate 

(2e, 2.34 g, 6.36 mmol, 99%) as an off-white amorphous solid. 

1H NMR (400 MHz, D2O) δ 7.31 (m, 5H, ArH), 2.73 – 2.64 (m, 2H, ArCH2), 2.20 – 2.11 (m, 2H, CH2), 

1.55 (s, 6H, C(CH3)2). 13C NMR (101 MHz, D2O) δ 165.2, 164.1, 142.5, 128.7, 128.5, 126.0, 86.0, 

41.3, 29.7, 25.4. HRMS (ESI/QTOF) m/z [M - Cs]- Calcd for C13H15O4
- 235.0976; Found 235.0979. 

 

Ethyl (tert-butyl)oxy-2-oxoacetate (37f) 

 

Following a reported procedure,17 ethyl 2-chloro-2-oxoacetate (3.6 mL, 32 mmol, 1.2 equiv) 

was added to a solution of tert-butanol (34f, 2.0 g, 27 mmol, 1.0 equiv) and pyridine (3.26 mL, 

40.5 mmol) in Et2O (100 mL) and the resulting yellow solution was stirred at room temperature 

for 4 hours. The organic layer was washed with water (2 x 50 mL) and sat. aq. NaHCO3 

                                                

17 Xu, Y.; McLaughlin, M.; Bolton, E. N.; Reamer, R. A. J. Org. Chem. 2010, 75, 8666–8669. 
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solution (50 mL), dried over MgSO4 and concentrated under reduced pressure. The crude 

material was purified by flash column chromatography on a short column of silica gel (1:20 

Et2O:pentane) to give tert-butyl ethyl oxalate (37f, 4.4 g, 25 mmol, 98%) as a colorless oil. 

 

1H NMR (400 MHz, CDCl3) δ 4.31 (q, J = 7.1 Hz, 2H, OCH2), 1.55 (s, 

9H, tBu), 1.36 (t, J = 7.1 Hz, 3H, CH2CH3). 13C NMR (101 MHz, CDCl3) 

δ 158.8, 157.3, 85.0, 62.9, 27.9, 14.1. The NMR data obtained are 

consistent with the reported literature data.16 

Cesium (tert-butyl)oxy-2-oxoacetate (2f) 

 

2f was synthesized following step 2 of GP3 in THF (2.1 mL, 0.1 M) 

using tert-butyl ethyl oxalate (37f, 0.366 g, 2.10 mmol, 1.0 equiv) and 

1 M aq. CsOH (2.1 mL, 2.1 mmol, 1.0 equiv), affording cesium (tert-

butyl)oxy-2-oxoacetate (2f, 0.505 g, 1.82 mmol, 86%) as a colorless 

amorphous solid. 

1H NMR (400 MHz, DMSO-d6) δ 1.37 (s, 9H, C(CH3)3). 13C NMR (101 MHz, DMSO-d6) δ 167.5, 

163.5, 78.0, 27.9. HRMS (ESI/QTOF) m/z [M + Na]+ Calcd for C6H9CsNaO4
+ 300.9448; Found 

300.9451. 

 

Ethyl (1-(4-methoxyphenyl)-2-methylpropan-2-yl)oxy-2-oxoacetate (37g) 

 

37g was synthesized following step 1 of GP3 in DCM (30 mL, 0.1 

M) using 1-(4-methoxyphenyl)-2-methylpropan-2-ol (34g, 500 mg, 

2.77 mmol, 1.0 equiv), DMAP (33 mg, 0.28 mmol, 10 mol%), 

triethylamine (0.40 mL, 2.9 mmol, 1.05 equiv) and ethyl chloro-

oxoacetate (0.30 mL, 2.9 mmol, 1.05 equiv).  

Column chromatography (SiO2, pentane:EtOAc 4:1) afforded ethyl 

(1-(4-methoxyphenyl)-2-methylpropan-2-yl) oxalate (37g, 270 mg, 

0.963 mmol, 35%) as a pale-yellow oil. 

Rf (pentane:EtOAc 4:1) = 0.4. 

1H NMR (400 MHz, CDCl3) δ 7.20 – 7.12 (m, 2H, ArH), 6.87 – 6.79 (m, 2H, ArH), 4.32 (q, J = 7.2 Hz, 

2H, OCH2CH3), 3.79 (s, 3H, OCH3), 3.03 (s, 2H, ArCH2), 1.53 (s, 6H (CH3)2), 1.38 (t, J = 7.1 Hz, 3H, 

OCH2CH3). 13C NMR (101 MHz, CDCl3) δ 158.6, 158.6, 157.2, 131.8, 128.5, 113.6, 86.8, 62.9, 55.3, 

46.1, 25.4, 14.1. IR (νmax, cm-1) 2995 (m), 2985 (m), 2953 (m), 2937 (m), 2909 (m), 2837 (m), 1761 

(s), 1738 (s), 1612 (m), 1513 (s), 1465 (m), 1370 (m), 1321 (s), 1247 (s), 1189 (s), 1177 (s), 1164 

(s), 1034 (s), 1019 (s), 851 (s). HRMS (ESI/QTOF) m/z [M + Na]+ Calcd for C15H20NaO5
+ 303.1203; 

Found 303.1206. 
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Cesium (1-(4-methoxyphenyl)-2-methylpropan-2-yl)oxy-2-oxoacetate (2g) 

 

2g was synthesized following step 2 of GP3 in THF (0.7 mL, 0.1 M) 

using ethyl (1-(4-methoxyphenyl)-2-methylpropan-2-yl) oxalate 

(37g, 0.20 g, 0.71 mmol, 1.0 equiv) and 1 M aq. CsOH (0.7 mL, 0.7 

mmol, 1.0 equiv), affording cesium (1-(4-methoxyphenyl)-2-

methylpropan-2-yl)oxy-2-oxoacetate (2g, 251 mg, 0.653 mmol, 

92%) as a coloroless amorphous solid. 

1H NMR (400 MHz, DMSO-d6) δ 7.18 – 7.11 (m, 2H, ArH), 6.85 – 6.78 (m, 2H, ArH), 3.72 (s, 3H, 

OCH3), 2.95 (s, 2H, ArCH2), 1.31 (s, 6H, (CH3)2). 13C NMR (101 MHz, DMSO-d6) δ 167.7, 163.3, 

157.7, 131.5, 129.3, 113.2, 80.2, 54.9, 44.5, 25.8. HRMS (ESI/QTOF) m/z [M - Cs]- Calcd for 

C13H15O5
- 251.0925; Found 251.0936. 

 

 

1-(Tert-butoxycarbonyl)-3-methylpyrrolidin-3-yl methyl oxalate (37h) 

 

Following a modified reported procedure,17 methyl chlorooxoacetate (1.00 ml, 10.9 mmol, 2.0 

equiv.) was added to a solution of 34h (1.1 g, 5.47 mmol, 1.0 equiv.) and pyridine (0.88 ml, 11 

mmol, 2.0 equiv.) in Et2O (100 mL, 0.25 M) and the resulting yellow solution was stirred at 

room temperature for 4 hours. The organic phase was washed with water (2 x 25 mL) and an 

aqueous saturated solution of NaHCO3 (25 mL), dried over MgSO4 and concentrated under 

reduced pressure. The crude material was purified by flash column chromatography on a short 

column of silica gel (1:19 - 1:9 Et2O:hexanes) to give the product 37h as a colorless oil (1.5 g, 

5.2 mmol, 96%).  

1H NMR (400 MHz, Chloroform-d) δ 3.87 (s, 4H, NCH2 + MeO), 3.52 – 3.36 (m, 3H, NCH2), 2.47 (m, 

1H, CH2), 2.01 (m, 1H, CH2), 1.69 (s, 3H, Me), 1.44 (s, 9H, tBu). 13C NMR (101 MHz, Chloroform-d) 

mixture of rotamers δ 158.3, 156.8, 154.3, 89.5, 88.8, 79.8, 60.4, 56.0, 53.5, 44.2, 43.8, 36.6, 28.5, 

21.3, 21.1, 14.2. The values of the NMR spectra are in accordance with reported literature data.14 

 

Cesium 2-((1-(tert-butoxycarbonyl)-3-methylpyrrolidin-3-yl)oxy)-2-oxoacetate (2h) 

 

2h was synthesized following step 2 of GP3 in THF (51 mL, 0.1 M) 

using ethyl (1-(tert-butoxycarbonyl)-3-methylpyrrolidin-3-yl) oxalate 

(37h, 1.5 g, 5.1 mmol, 1.0 equiv) and 1 M aq. CsOH (1.0 mL, 1.0 

mmol, 1.0 equiv). Cesium 2-((1-(tert-butoxycarbonyl)-3-
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methylpyrrolidin-3-yl)oxy)-2-oxoacetate (2h, 1.9 g, 4.7 mmol, 92%) 

was obtained as an off-white solid. 

1H NMR (400 MHz, Deuterium Oxide) δ 3.95 – 3.84 (m, 1H, NCH2), 3.54 – 3.45 (m, 3H, NCH2), 2.49 
(m, 1H, CH2), 2.10 (m, 1H, CH2), 1.67 (s, 3H, Me), 1.46 (s, 9H, tBu). 
The values of the 1H NMR spectrum are in accordance with reported literature data.14  

 

Cesium (1-phenyleth-2-yl)cyclohexan-1-yl)oxy)-2-oxoacetate (2i) 

 

Following a modified reported procedure,18 1-phenethylcyclohexanol 34i (0.200 g, 0.979 

mmol, 1.0 equiv.) was dissolved in diethyl ether (dry; 4.9 mL), and the resulting colourless 

solution was cooled to 0 °C (ice-water bath). A solution of oxalyl chloride (0.14 mL, 1.7 mmol, 

1.7 equiv.) in diethyl ether (dry; 3.0 mL) was then added by syringe drop-wise at the same 

temperature. Stirring was continued at 0 °C for 2 hours. The pale yellow mixture was then 

warmed to room temperature and, after 1 hour, an additional amount of oxalyl chloride (0.90 

mL, 1.1 equiv.) was added. Stirring was further continued at room temperature for 2 days, 

checking the consumption of the starting material by TLC analysis (pentane/EtOAc 9/1). After 

this time, the volatiles were removed under reduced pressure to furnish a greyish oil. The latter 

was dissolved in diethyl ether (10 mL) and treated by drop-wise addition of water (10 mL). 

After stirring for 5 minutes, the aqueous layer was separated and extracted with diethyl ether 

(3 x 10 mL). The combined ethereal extracts were dried over MgSO4, filtered, and 

concentrated under reduced pressure, to afford a pale yellow oil (0.263 g). The latter was 

dissolved in THF (5.0 mL) and water (0.5 mL), and aq. CsOH (1.0 M; 0.90 mL, 0.90 mmol, 

0.92 equiv.) was added slowly under vigorous stirring. After stirring for 5 minutes, the solution 

was submitted to low pressure distillation in order to remove the THF. The resulting pale yellow 

aqueous solution was then washed with a 1:1 mixture of pentane/diethyl ether (3 x 15 mL). It 

was then concentrated under reduced pressure and co-evaporated with toluene. The resulting 

off-white solid was then dried under high vacuum overnight. Caesium 2-oxo-2-((1-

phenethylcyclohexyl)oxy)acetate 2i (0.346 g, 0.848 mmol) was obtained in 87% yield. 

1H NMR (400 MHz, Methanol-d4) δ 7.23 (dd, J = 7.9, 6.9 Hz, 2H, Ph), 7.20 - 7.16 (m, 2H, Ph), 7.15 - 

7.10 (m, 1H, Ph), 2.68 - 2.61 (m, 2H, PhCH2), 2.33 (dt, J = 15.3, 3.7 Hz, 2H, PhCH2-CH2), 2.24 - 2.18 

(m, 2H, cyclic-CH2), 1.73 - 1.58 (m, 4H, cyclic-CH2), 1.58 - 1.47 (m, 4H, cyclic-CH2). 13C NMR (101 

                                                

18 Su, J. Y.; Grünenfelder, D. C.; Takeuchi, K.; Reisman, S. E. Org. Lett. 2018, 20, 4912–4916. 
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MHz, Methanol-d4) δ 166.7, 166.4, 143.8, 129.4, 126.7, 86.4, 41.1, 35.6, 30.5, 26.7, 22.9. One carbon 

was not resolved. HRMS (ESI/QTOF) m/z: [M]- Calcd for C16H19O4
- 275.1289; Found 275.1289. 

 

Optimization studies toward the deoxyalkynylation of 2a  

An oven dried test tube (5 mL) equipped with a magnetic stirrer was charged with the cesium 

salt 2a (0.1 mmol, 1.00 equiv), the alkyne source and the photocatalyst (5 mol%). The reaction 

vial was sealed with a septum. After 3 vacuum/N2 cycles (backfilling with Ar on the last cycle), 

degassed solvent was added. The upper part of the test tube and septum were wrapped in 

parafilm. The reactions were placed in the Rayonet reactor or a crystallization bath coated on 

the outside by blue LED strips (460 nm, ca. 10 W, at ca. 5 cm distance (no ventilation, T = ca. 

50 °C)) and stirred under irradiation for 18 hours. The reaction was filtered through a small 

celite plug which was washed with CH2Cl2. The crude was purified by preparative TLC (SiO2, 

pentane 100%). 

 

Entry Reagent (equiv) Photocatalyst Solvent Light source Yield (%) 

1 9a (1.5) 14a DCE Rayonet 55 

2 9a (1.5) 14a THF Rayonet 25 

3 9a (1.5) 14a DME Rayonet 10 

4 9a (1.5) 14a DMF Rayonet 55 

5a 9a (1.5) 14a DCE Rayonet 20 

6 9a (2.5) 14a DCE Rayonet 61 

7 9c (1.5) 14a DCE Rayonet 61 

8 9b (1.5) 14a DCE Rayonet 76 

9 9b (2.0) 14a DCE Rayonet 76 

10 9b (1.5) 14b DCE Rayonet 70 

11 9b (1.5) 14a DCE Blue LED strips 70 

aReaction was performed with 10 equiv H2O 
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GP4: 4CzIPN catalysed deoxyalkynylation with dimethoxy core-modified EBXs:  

 

An oven dried test tube (5 mL) equipped with a magnetic stirrer was charged with the cesium 

salt 2 (0.1 mmol or 0.3 mmol scale, 1.00 equiv), the EBX reagent (9b, 9d, 9e or 9f, 1.5 equiv) 

and 4CzIPN (14a, 5 mol%). The reaction vial was sealed with a septum. After 3 vacuum/N2 

cycles (backfilling with Ar on the last cycle), 1,2-dichloroethane (DCE, 1 M based on cesium 

salt) was added. The upper part of the test tube and septum were wrapped in parafilm. The 

reactions were placed in a crystalization bath coated on the outside by blue LED strips (460 

nm, ca. 10 W, at ca. 5 cm distance (no ventilation, T = ca. 50 °C)) and stirred under irradiation 

for 18 hours. The reaction was filtered through a small celite plug which was washed with 

CH2Cl2. 1H NMR yields were determined at this point by dissolving the crude in CDCl3 followed 

by the addition of CH2Br2 (1 equiv), the peak used for calculation is specified for each 

compound. Most compounds were purified column chromatography: solid deposit (ca. 2 g 

SiO2), column (Si2O, pentane:EtOAc).  

2-(1-Methylcyclohexyl)ethynylbenzene (7a) 

 

7a was synthesized following GP4 using cesium 2-(1-methylcyclohexan-1-

yl)oxy-2-oxoacetate (2a, 0.095 g, 0.30 mmol, 1 equiv), 9b (0.184 g, 0.450 mmol, 

1.50 equiv), 4CzIPN (14a, 0.012 g, 1.5 µmol, 5 mol%) in degassed DCE (3 mL, 

0.1 M).  

Column chromatography (SiO2, pentane) followed by preparative TLC (SiO2, 

glass plate, Heptane) afforded (1-methylcyclohexyl)enthynylbenzene (7a, 0.051 

g, 0.26 mmol, 86 %) as a colorless oil. 

Rf (pentane) = 0.7. 

1H NMR (400 MHz, CDCl3) δ 7.45 – 7.37 (m, 2H, ArH), 7.32 – 7.22 (m, 3H, ArH), 1.84 – 1.55 (m, 8H, 

CH2), 1.28 (s, 3H, CH3), 1.27 – 1.09 (m, 2H, CH2). 13C NMR (101 MHz, CDCl3) δ 131.7, 128.3, 127.5, 

124.4, 96.9, 81.9, 39.7, 33.3, 30.4, 26.1, 23.6. Consistent with the reported NMR data. 19,2020  

 

((1-Methylcyclopentyl)ethynyl)benzene (7b) 

 

7b was synthesized following the GP4 using cesium 2-((1-

methylcyclopentyl)oxy)-2-oxoacetate (2b, 0.030 g, 0.10 mmol, 1.0 equiv), 9b, 

0.061 g, 0.150 mmol, 1.50 equiv) and 4CzIPN (14a, 0.004 mg, 0.5 µmol, 5 

mol%) in degassed DCE (1 mL, 0.1 M).  

                                                

19 Amos, S. G. E.; Cavalli, D.; Le Vaillant, F.; Waser, J. Angew. Chem. Int. Ed. 2021, 60, 23827–23834. 
20 Gao, C.; Li, J.; Yu, J.; Yang, H.; Fu, H. Chem. Commun. 2016, 52, 7292–7294. 
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NMR yield: 25 % based on singlet at 1.35 (s, 3H, CH3) ppm. 

Column chromatography (SiO2, pentane) afforded 1-Methyl-1-

(phenylethynyl)cyclopentane (7b, 0.005 g, 0.02 mmol, 20 %) as a slightly yellow 

oil. 

1H NMR (400 MHz, CDCl3) δ 7.39 - 7.36 (m, 2H, ArH), 7.29 - 7.23 (m, 3H, ArH), 2.01 - 1.95 (m, 2H, 

CH2), 1.90 - 1.80 (m, 2H, CH2) 1.75 - 1.66 (m, 2H, CH2), 1.62 - 1.51 (m, 2H, CH2), 1.35 (s, 3H, CH3). 

Consistent with reported data.19 

 

1-Methyl-1-(phenylethynyl)cyclododecane (7c) 

 

7c was synthesized following the GP4 using cesium 2-((1-

methylcyclododecyl)oxy)-2-oxoacetate (2c, 0.040 mg, 0.10 mmol, 1.00 

equiv), 9b (0.061 g, 0.15 mmol, 1.5 equiv) and 4CzIPN (14a, 0.004 g, 

0.005 mmol, 5 mol%) in degassed DCE (1 mL, 0.1 M).  

Column chromatography (SiO2, pentane) afforded 1-Methyl-1-

(phenylethynyl)cyclododecane (7c, 0.004 g, 0.01 mmol, 10 %) as a 

slightly yellow oil. 

1H NMR (400 MHz, CDCl3) δ 7.40 – 7.36 (m, 3H, ArH), 7.29 – 7.23 (m, 2H, ArH), 1.46 – 1.29 (m, 

22H, CH2), 1.23 (s, 3H, CH3). Consistent with reported NMR data.19 

 

1-(Phenylethynyl)adamantane (7d) 

 

7d was synthesized following the GP4 using cesium 2-(((1S,3S)-

adamantan-1-yl)oxy)-2-oxoacetate (2d, 0.036 g, 0.10 mmol, 1.00 

equiv), 9b (0.061 g, 0.15 mmol, 1.5 equiv) and 4CzIPN (14a, 0.004 

g, 0.005 mmol, 5 mol%) in degassed DCE (1 mL, 0.1 M).  

NMR yield: 30 % based on massif at 1.64 – 1.59 (m, 6H, CH2) ppm. 

Column chromatography (SiO2, pentane) afforded 1-

(phenylethynyl)adamantane (7d, 0.007 g, 0.03 mmol, 30 %) as a 

slightly yellow oil. 

Rf (pentane) = 0.5. 

1H NMR (400 MHz, CDCl3) δ 7.44 – 7.32 (m, 2H, ArH), 7.32 – 7.19 (m, 3H, ArH), 2.07 – 1.97 (m, 3H, 

CH), 1.97 – 1.92 (m, 6H, CH2), 1.75 – 1.69 (m, 6H, CH2). Consistent with reported NMR data.19 

 

(3,3-dimethylpent-1-yne-1,5-diyl)dibenzene (7e) 

 

7e was synthesized following GP4 using cesium 2-(methyl-4-

phenylbutan-2-yl)oxy-2-oxoacetate (2e, 0.110 g, 0.300 mmol, 1.0 equiv), 

9b (0.184 g, 0.450 mmol, 1.50 equiv), 4CzIPN (14a, 0.012 g, 1.5 µmol, 5 

mol%) in degassed DCE (3 mL, 0.1 M).  
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Column chromatography (SiO2, pentane) afforded (3,3-dimethylpent-1-

yne-1,5-diyl)dibenzene (7e, 0.035 g, 0.14 mmol, 47 %) as a slightly yellow 

oil. 

Rf (pentane) = 0.4. 

1H NMR (400 MHz, CDCl3) δ 7.45 – 7.39 (m, 2H, ArH), 7.33 – 7.27 (m, 5H, ArH), 7.26 – 7.16 (m, 3H, 

ArH), 2.95 – 2.79 (m, 2H, ArCH2), 1.86 – 1.75 (m, 2H, ArCH2CH2), 1.36 (s, 6H, C(CH3)2). 13C NMR 

(101 MHz, CDCl3) δ 142.9, 131.7, 128.6, 128.5, 128.3, 127.6, 125.8, 124.1, 97.0, 81.0, 45.7, 32.3, 

32.0, 29.4. IR (νmax, cm-1) 3084 (m), 3060 (m), 3027 (m), 2968 (m), 2945 (m), 2910 (m), 2866 (m), 

2224 (m), 1946 (m), 1878 (m), 1804 (m), 1748 (m), 1491 (m), 1265 (m), 1070 (m), 755 (s), 740 (s), 

690 (s). HRMS (ESI/QTOF) m/z [M + Ag]+ Calcd for C19H20Ag+ 355.0610; Found 355.0615. 

 

(3,3-Dimethylbut-1-yn-1-yl)benzene (7f) 

 

7d was synthesized following GP4 using cesium tert-butoxyl-2-oxoacetate 

(2d, 0.028 g, 0.10 mmol, 1 equiv), 9b (0.061 g, 0.150 mmol, 1.50 equiv), 

4CzIPN (14a, 0.004 g, 0.5 µmol, 5 mol%) in degassed DCE (1 mL, 0.1 M). 

NMR yield: 35 % based on singlet at 1.32 (s, 9H, C(CH3)3) ppm. 

1H NMR (400 MHz, CDCl3) δ 7.43 – 7.33 (m, 2H, ArH), 7.32 – 7.20 (m, 3H, ArH), 1.32 (s, 9H, 

C(CH3)3). Consistent with reported NMR data.19 

 

1-(2,2-Dimethyl-4-phenylbut-3-yn-1-yl)-4-methoxybenzene (7g) 

 

7g was synthesized following GP4 using cesium (1-(4-

methoxyphenyl)-2-methylpropan-2-yl)oxy-2-oxoacetate (2g, 0.038 

g, 0.100 mmol, 1.00 equiv), 9b (0.061 g, 0.150 mmol, 1.50 equiv), 

4CzIPN (14a, 0.004 g, 0.5 µmol, 5 mol%) in degassed DCE (1 mL, 

0.1 M).  

Column chromatography (SiO2, pentane) afforded 1-(2,2-Dimethyl-

4-phenylbut-3-yn-1-yl)-4-methoxybenzene (7g, 0.005 g, 0.02 mmol, 

20 %) as a slightly yellow oil. 

1H NMR (400 MHz, CDCl3) δ 7.40 – 7.33 (m, 2H, ArH), 7.31 – 7.21 (m, 5H, ArH), 6.88 – 6.81 (m, 2H, 

ArH), 3.80 (s, 3H, OCH3), 2.74 (s, 2H, ArCH2), 1.28 (s, 6H, (CH3)2). Consistent with reported NMR 

data.19 

 

2-(1-Methylcyclohexyl)ethynylbenzene (7j) 

 

7j was synthesized following GP4 using cesium 2-(1-methylcyclohexan-1-

yl)oxy-2-oxoacetate (2a, 0.032 g, 0.10 mmol, 1 equiv), 9d (0.082 g, 0.15 mmol, 

1.50 equiv), 4CzIPN (14a, 0.004 g, 0.5 µmol, 5 mol%) in degassed DCE (3 

mL, 0.1 M).  

NMR yield: 52 % based on massif at 1.75 - 1.60 (m, 5H, CH2) ppm. 
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1H NMR (400 MHz, Chloroform-d) δ 1.75 - 1.60 (m, 5H, CH2), 1.55 (m, 3H, CH2), 1.19 (s, 3H, 

Me), 1.17 - 1.08 (m, 2H, CH2), 1.08 - 1.05 (m, 18H, TIPS), 1.05 - 0.96 (m, 3H, TIPS). 13C NMR 

(101 MHz, Chloroform-d) δ 115.9, 80.1, 39.5, 33.5, 30.6, 25.9, 23.4, 18.7, 11.3. Consistent with the 

reported NMR data.21 

 

1-Fluoro-4-((1-methylcyclohexyl)ethynyl)benzene (7k) 

 

7k was synthesized following GP4 using cesium 2-(1-methylcyclohexan-1-

yl)oxy-2-oxoacetate (2a, 0.095 g, 0.30 mmol, 1 equiv), 9e (0.192 g, 0.450 

mmol, 1.50 equiv), 4CzIPN (14a, 0.012 g, 1.5 µmol, 5 mol%) in degassed DCE 

(3 mL, 0.1 M).  

NMR yield: 35% based on massif at 1.86 – 1.75 (m, 2H, cyclic-CH2) ppm. 

1H NMR (400 MHz, Chloroform-d) δ 7.39 (m, 2H, ArH), 7.06 – 6.75 (m, 2H, ArH), 1.86 – 1.75 (m, 2H, 

cyclic-CH2), 1.74 – 1.56 (m, 6H, cyclic-CH2), 1.26 (s, 3H, Me), 1.25 – 1.10 (m, 2H, cyclic-CH2). 

Consistent with the reported NMR data.20 

 

1-Bromo-4-((1-methylcyclohexyl)ethynyl)benzene (7l) 

 

7l was synthesized following GP4 using cesium 2-(1-methylcyclohexan-1-

yl)oxy-2-oxoacetate (2a, 0.095 g, 0.30 mmol, 1 equiv), 9f (0.219 g, 0.450 

mmol, 1.50 equiv), 4CzIPN (14a, 0.012 g, 1.5 µmol, 5 mol%) in degassed DCE 

(3 mL, 0.1 M).  

NMR yield: 27% based on massif at 1.85 – 1.74 (m, 2H, cyclic-CH2) ppm. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.36 (m, 2H, ArH), 7.29 – 7.22 (m, 2H, ArH), 1.85 – 1.74 

(m, 2H, cyclic-CH2), 1.71 – 1.56 (m, 6H, cyclic-CH2), 1.26 (s, 3H, cyclic-CH2), 1.30 – 1.08 (m, 2H, 

cyclic-CH2). Consistent with the reported NMR data.20  

 

                                                

21 Liu, X.; Wang, Z.; Cheng, X.; Li, C. J. Am. Chem. Soc. 2012, 134, 14330–14333. 



 
 

SI-30 
 

Comparative study between optimized conditions with core modified reagent 9b and the 

optimized conditions previously published19 

 

 

Scheme SI-1. Comparative study between GP3 (conditions A) and the optimized conditions 

previously published (conditions B).19 

5. α-chloro alkynylation of DCE 

Optimisation studies towards the α-chloro alkynylation of DCE 

According to Table SI-2, a flame dried screw-cap vial, equipped with a magnetic stir bar was 

charged with 9a (0.25 mmol, 1.00 equiv), the photocatalyst (2 mol%) and HAT agent. The 

reaction was evacuated then backfilled with Ar. 1,2-dichloroethane (0.50 mL, 6.3 mmol, 25 

equiv) was then added and the reaction was irradiated with blue LED strips under stirring for 

the corresponding amount of time. The reactions were then concentrated in vacuo and 

resolubilized in CDCl3 before adding the internal standard: CH2Br2 (1 equiv) and preparing the 

NMR sample and submitted to analysis.  
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Table SI-2. Preliminary optimization studies towards the α-chloro alkynylation of DCE with EBXs. 

 

Entry HAT agent (equiv) PC λ (nm) I (W) 

1H NMR yield of 13 

(%) 

1 - 14a 440 80 11 

2 15a (0.3) 14a 440 80 9 

3 15a (0.3) 14b 440 80 8 

4 15a (0.3) 14a 460 10 - 12 14 

5 15a (0.3) 14b 460 10 - 12 15 

6a 15a (1.0) 14a 460 10 - 12 15 

7 15b (0.3) 14a 460 10 - 12 7 

8 39 (0.3) 14a 460 10 - 12 nd 

9 40 (0.3) 14a 460 10 - 12 nd 

10 41 (0.3) 14a 460 10 - 12 nd 

11 42 (0.3) 14a 460 10 - 12 nd 

12 42 (0.3) 14cb 460 10 - 12 nd 

13 42 (0.3) 46 460 10 - 12 nd 

14 42 (0.3) 47 460 10 - 12 nd 

15 43 (0.3) 14a 460 10 - 12 traces 

16 43 (0.3) 14c 460 10 - 12 Traces 

16 44 (0.3) 14a 460 10 - 12 traces + 6% of 39 

18 45 (0.3) 14a 460 10 - 12 8% of 39 

19c 45 (1.0) - 460 10 - 12 nd; 100% of 39 



 
 

SI-32 
 

aThe reaction was run for 2.7 days. bThis compound was synthesized following the reported procedure 

form our previous studies9 cThe reaction was performed without 9a. 

 

 

A flame dried screw-cap vial, equipped with a magnetic stir bar was charged with 9a (87.0 mg, 

250 μmol, 1.00 equiv), 4CzIPN (1 mg. 1 µmol, 2 mol%) and 15a (21 mg, 68 μmol, 0.28 equiv). 

The reaction was evacuated then backfilled with Ar. 1,2-dichloroethane (0.50 mL, 6.3 mmol, 

25 equiv) was then added and the reaction was irradiated with blue LED strips under stirring 

for 2 days 14 hours 51 minutes. The crude was concentrated then purified by preparative TLC 

(SiO2, heptane) affording 13 (8 mg, 0.04 mmol, 10%). 

1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.14 (m, 5H, Ph), 4.90 (t, J = 6.7 Hz, 1H, ClCH), 

3.99 – 3.78 (m, 2H, ClCH2). Consistent with the reported data.22 

6. Deoxygenation-cyanation: synthesis of 10e 

Optimization studies toward the deoxycyanation of 2e 

According to table SI-3, an oven-dried 5 mL test-tube was charged with 2e (0.1 mmol, 1 equiv), 

the nitrile source 16 and the photocatalyst (5 mol%). After three vacuum/N2 cycles, solvent 

was added the reaction was degassed for 5 min by a balloon of Ar. The reaction was irradiated 

under ventilation with blue LEDs at 28 °C for 4 hours. The reaction was filtered over a celite 

pad and washed with acetone and concentrated under reduced pressure. 1H NMR yields were 

determined at this point by dissolving the crude in CDCl3 followed by the addition of CH2Br2 (1 

equiv).  

                                                

22 Xiang, J.; Jiang, W.; Fuchs, P. L. Tetrahedron Lett. 1997, 38, 6635–6638. 
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Table SI-3. Optimization studies towards the deoxycyanation of 2e with CBXs. 

 

Entry Solvent (M) Photocatalyst 
Reagent 

(equiv) 
T (°C) 

NMR yield 

(%)b 

1 DCE (0.05) 14a 16a (2) 28 23 

2 9:1 DCE:DMF (0.05) 14a 16a (2) 28 25 

3 MeOH (0.05) 14a 16a (2) 28 <5 

4 Acetone (0.05) 14a 16a (2) 28 15 

5 THF (0.05) 14a 16a (2) 28 30 

6 DME (0.05) 14a 16a (2) 28 39 

7 1:3 DCE:THF (0.05) 14a 16a (2) 28 40 

8a DME (0.05) 14a 16a (2) 28 35 

9a DME (0.05) 14b 16a (2) 28 30 

10a DME (0.05) 48 16a (2) 28 29 

11a DME (0.05) 14a 16b (2) 28 <5 

12a DME (0.05) 14a 16c (2) 28 21 

13a DME (0.05) 14a 16a (2) 40 16 

14a DME (0.05) 14a 16a (2) 60 17 

15a DME (0.05) 14a 16a (2) 8-14b 28 

16 DME (0.05) 14a 16a (2) 10c,d 5 

16 DME (0.05) 14a 16a (2) 28c 10 

18a DME (0.2) 14a 16a (2) 28 <5 

19a DME (0.01) 14a 16a (2) 28 15 

20a DME (0.05) 14a 16a (5) 28 NR 

21a DME (0.05) 14a 16a (1.5) 28 23 

22e DME (0.05) 14a 16a (1.5) 28 16 
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aReaction was run for 3 hours. bThe reaction was maintained at this temperature with a cooled water 

bath that was renewed every 30 min cThe reaction was irradiated by an immerged glass rod illuminated 

by a 420 nm blue LED 8 W. dThe reaction was cooled down by use of a cryostat. eReaction was 

irradiated using 2 blue LED lamps (2 x 40 W, λmax = 440 nm) 

 

 

An oven-dried 5 mL test-tube was charged with 2e (0.037 g, 0.10 mmol, 1.0 equiv.), 16a (0.055 

g, 0.20 mmol, 2.0 equiv.) and 4CzIPN (14a, 3.9 mg, 5.0 µmol, 5 mol%). After three vacuum/N2 

cycles, DME (2 mL, 0.05 M) was added the reaction was degassed for 5 min by a balloon of 

Ar. The reaction was irradiated under ventilation with blue LEDs at 28 °C for 4 hours. The 

reaction was filtered over a celite pad and washed with acetone and concentrated under 

reduced pressure. Crude was purified by prep TLC (9:1 Hept:EtOAc) affording 10e (7 mg, 0.04 

mmol, 40%). 

1H NMR (400 MHz, Chloroform-d) δ 7.33 – 7.28 (m, 2H, ArH), 7.24 – 7.19 (m, 3H, ArH), 2.86 

– 2.76 (m, 2H, Ar-CH2), 1.86 – 1.80 (m, 2H, Ar-CH2-CH2), 1.41 (s, 6H, (CH3)2). The results 

reported correspond to those in literature.23 

7. Dethioalkynylation of 11 

Synthesis of cesium 2-((3S,5S,7S)-adamant-1-ylthio)oxo-2-acetate (11) 

 

(3S,5S,7S)-adamantane-1-thiol (49, 1.2 g, 7.1 mmol, 1.00 equiv.) was charged into a two 

necked round-bottomed flask with THF (35.7 mL, 0.2 M) equipped with a magnetic stirrer. 

Triethylamine (1.1 mL, 7.5 mmol, 1.1 equiv.) and DMAP (0.044 g, 0.36 mmol, 10 mol%) were 

then added. Ethyl 2-chloro-2-oxoacetate (0.84 mL, 7.5 mmol, 1.1 equiv.) was then added 

dropwise. The reaction was then stirred for 1 hour at room temperature. The reaction was 

quenched with sat. aq. NaCl (15 mL), then washed with 50%vv sat. aq. NaCl (2 x 6 mL). 

Caesium hydroxide hydrate (1.19 g, 7.06 mmol) with water (7 mL) was added to organic 

                                                

23 Zhang, L.; Ang, G. Y.; Chiba, S. Org. Lett. 2011, 13, 1622. 
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phase. The latter was agitated for 5 min. Hexane (25 mL) was added. The aqueous layer was 

separated. The organic layer was back extracted with water (2 x 10 mL). The aqueous layers 

were combined and concentrated under reduced pressure. The resulting salt was dried 

overnight under reduced pressure by means of a desiccator (drying agent: SiO2). The crude 

product was suspended in Et2O for 1 h, washed and dried in desiccator (drying agent: SiO2) 

affording 11 (1.6 g, 4.3 mmol, 60 % yield) as a white solid. 

1H NMR (400 MHz, DMSO-d6) 2.00 (bs, 6H, adamantyl-CH2), 1.97 (bs, 3H, adamantyl-CH), 

1.71-1.64 (m, 6H, adamantyl-CH2). 13C NMR (101 MHz, DMSO-d6) δ 197.2, 162.5, 47.6, 41.9, 

36.5, 29.5. IR (νmax, cm-1) 2908 (m), 2855 (w), 1667 (s), 1642 (s), 1580 (s), 1354 (m), 1300 

(m), 984 (m), 778 (s), 758 (m). HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C12H15CsNaO3S+ 394.9689; Found 394.9686. 

Solvent and concentration screening studies towards the dethioalkynylation of 11 

According to table SI-4, an oven-dried 5 mL test-tube was charged 11 (0.037 g, 0.10 mmol, 

1.0 equiv), PhEBX (9a, 0.070 g, 0.20 mmol, 2.0 equiv.) and 4CzIPN (14a, 3.9 mg, 5.0 µmol, 

5 mol%). After three vacuum/N2 cycles, DCE (1 mL, 0.1 M) was added the reaction was 

degassed for 5 min by a balloon of Ar. The reaction was irradiated with blue LEDs at 55 °C for 

15 hours. The reaction was filtered over a celite pad and washed with acetone and 

concentrated under reduced pressure. Crude was purified by prep TLC (Heptane) affording 

7d and 17 as impure fractions. 

 

Table SI-4. Preliminary optimisation studies towards a dethioalkynylation of 11 with 9a and 

14a. 

 

Entry Solvent (M) NMR yield 7d (%) NMR yield 17 (%) 

1 DCE 0.05 20 50 

2 DME 0.05 10 71 

3 THF 0.05 15 73 

4 PhMe 0.05 <5 <10 

5 DCE 0.03 15 67 
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6 DCE 0.07 23 54 

7 DCE 0.1 25 55 

8 DCE 0.2 20 40 

9a DCE 0.05 10 15 

aPerformed at 28°C 

 

Photocatalysed dethioalkynylation and thioalkynylation with 11 and 9a 

 

To an oven-dried 5 mL test-tube was charged 11 (0.037 g, 0.10 mmol, 1.0 equiv.), PhEBX 

(9a, 0.070 g, 0.20 mmol, 2.0 equiv.) and 4CzIPN (14a, 3.9 mg, 5.0 µmol, 5 mol%). After three 

vacuum/N2 cycles, DCE (1 mL, 0.1 M) was added the reaction was degassed for 5 min by a 

balloon of Ar. The reaction was irradiated with blue LEDs at 55 °C for 15 hours. The reaction 

was filtered over a celite pad and washed with acetone and concentrated under reduced 

pressure. Crude was purified by prep TLC (Heptane) affording 7d and 17 as impure fractions. 

For 1H NMR yield calculations: CH2Br2 (6.0 µL, 0.086 mmol, 0.85 equiv.) was added as internal 

standard after work-up and concentration. The crude was immediately solubilised in CDCl3 

after addition. The 6H massif at 1.94-1.96 ppm for 7d and the 3H broad singlet at 2.11-2.13 

ppm for 18b were used for the calculation. 

7d: 1H NMR (400 MHz, chloroform-d) δ 2.00-1.98 (bs, 3H, adamantyl-CH), 1.96-1.94 (m, 6H, 

adamantyl-CH2), 1.73-1.71 (m, 6H, adamantyl-CH2). 13C NMR (100 MHz, chloroform-d) δ 

131.6, 128.0, 127.3, 124.0, 98.3, 79.3, 42.8, 36.3, 30.0, 28.0. Consistent with the reported 

data.19 

17: 1H NMR (400 MHz, Chloroform-d) δ 7.44 – 7.37 (m, 2H, ArH), 7.32 – 7.24 (m, 3H, ArH), 

2.12 – 2.06 (m, 3H, adamantyl-CH), 2.00 (d, J = 2.9 Hz, 6H, adamantyl-CH2), 1.69 (m, J = 3.1 

Hz, 6H, adamantyl-CH2). HRMS (ESI+) calcd. for [M+H]+ 269.1364. Found 269.1358. 
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8. Spectra of new and synthesized compounds 

4,5-Dimethyl-1-[phenylethynyl]-1,2-benziodoxol-3(1H)-one (9c) 

1H NMR (400 MHz, Chloroform-d) 

 

13C NMR (101 MHz, Chloroform-d) 
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4,5-Dimethoxy-1-[(4-fluorophenyl)ethynyl]-1,2-benziodoxol-3(1H)-one (9e) 
1H NMR (400 MHz, Chlorfrom-d) 

 

13C NMR (101 MHz, Chlorofrom-d) 
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4,5-Dimethoxy-1-[(4-bromophenyl)ethynyl]-1,2-benziodoxol-3(1H)-one (9f) 
1H NMR (400 MHz, Chlorofrom-d) 

 

13C NMR (101 MHz, Chlorofrom-d) 
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Cesium (1-phenyleth-2-yl)cyclohexan-1-yl)oxy)-2-oxoacetate (2i) 

1H NMR (400 MHz, Chloroform-d)  

 

13C NMR (101 MHz, Chloroform-d) 
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2-(1-Methylcyclohexyl)ethynylbenzene (7a) 
1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 400 MHz 
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1-Methyl-1-(phenylethynyl)cyclododecane (7c) 

1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 101 MHz 
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1-(Phenylethynyl)adamantane (7d) 

1H NMR (400 MHz, Chloroform-d)  

 

13C NMR, CDCl3 (with 1V% TMS), 101 MHz 
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(3,3-dimethylpent-1-yne-1,5-diyl)dibenzene (7e) 

1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 101 MHz 
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1-(2,2-Dimethyl-4-phenylbut-3-yn-1-yl)-4-methoxybenzene (7g) 

1H NMR (400 MHz, Chloroform-d)  

13C NMR, CDCl3, 101 MHz 
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4-Phenyl-2-methyl-2-cyano-butane (10e) 

1H NMR (400 MHz, Chloroform-d)  

 

13C NMR (101 MHz, Chloroform-d) 
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Cesium 2-((3S,5S,7S)-adamant-1-ylthio)oxo-2-acetate (11) 

1H NMR (400 MHz, Chloroform-d)  

 

13C NMR (101 MHz, Chloroform-d) 
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((3s,5s,7s)-adamantan-1-yl)(phenylethynyl)sulfane (17) 

1H NMR (400 MHz, Chloroform-d)  
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