
S1 
 

 

SUPPLEMENTARY   MATERIAL 
=========================================== 

Chemoselective Oxidation of Aromatic Aldehydes to Carboxylic Acids: Potassium 
tert-butoxide as an Anomalous Source of Oxygen  

Waseem I. Lone,†‡ Auqib Rashid, #†‡ Bilal A. Bhat,#‡* Showkat Rashid†‡ * 

† Natural Products & Medicinal Chemistry Division, CSIR-Indian Institute of Integrative Medicine (IIIM), Jammu, Jammu and Kashmir 180001, 
India; 

# Natural Products & Medicinal Chemistry Division, CSIR-Indian Institute of Integrative Medicine, Sanat Nagar, Srinagar 190005, India;  
‡ Academy of Scientific and Innovative Research (AcSIR), Ghaziabad-201002, India 
Email:showkat.rashid@iiim.res.in; bilal@iiim.res.in. 

 

 

Table of Contents 

 

S.No. Contents  Page No. 

1 General information S2 

2 General oxidation procedures S2-S4 

3 Analytical data for general substrate scope S4-S10 

4 Evidence for Mechanism S11-S20 

5 Synthesis of designer substrates for selectivity experiments S21-S26 

6 Synthesis of related natural products S26-S28 

7 References for spectroscopic data of known compounds and 
isobutylene formation/detection 

S29 

8 NMR Spectra S30-S93 

 
 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications.
This journal is © The Royal Society of Chemistry 2024

mailto:showkat.rashid@iiim.res.in
mailto:bilal@iiim.res.in


S2 
 

 

Section-I:  General information. 
All reagents (purchased from Sigma Aldrich, Alfa-Aesar, TCI and Spectrochem) were used without 
further purification unless otherwise stated. Tetrahydrofuran was distilled from sodium 
benzophenone ketyl radical, and Benzene was distilled over CaH2. Analytical thin layer 
chromatography (TLC) was performed on 60 F254 (0.25 mm) plates and visualization was done under 
UV light (254 nm). Further visualization was done with p-anisaldehyde-sulphuric acid mixture and 
heating the plates at ∼120 °C. 1H NMR, 13C NMR, and 19F NMR spectra were recorded at room 
temperature in CDCl3, CD3OD, DMSO-d6 on 400 MHz Bruker-Asced instrument and chemical shifts 
are reported in parts per million (δ) scale using tetramethylsilane (TMS) as an internal standard. 
Standard abbreviations like s, d, t, q, dd, and m represent singlet, doublet, triplet, quartet, doublet 
of doublet, and multiplet respectively. Coupling constant (J) was measured in Hz.  Optical rotations 
were recorded on an Rudolph research analytical instrument with cell volume of 2 ml using 
methanol as solvent, and sample concentration was taken as c = 5 mg/mL. High resolution mass 
spectral data were obtained from electrospray ionization (ESI) apparatus using the time-of-flight 
(TOF) mass spectrometry. 
 

Section-II:  General oxidation procedures. 
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An oven dried round bottom flask was charged with potassium t-butoxide (2 equiv.) under ultra-
high purity (UHP) grade nitrogen atmosphere. Dry tetrahydrofuran (2.5mL/mmol of potassium t-
butoxide) was added to this vessel through a syringe and the solution was degassed by purging UHP 
grade nitrogen gas into solution for 15 minutes. A solution of corresponding aldehyde (1 equiv.) in 
dry tetrahydrofuran (approx. 1.5mL/mmol of aldehyde) was also degassed in a similar way for 15 
minutes and then was added to this solution of potassium t-butoxide through cannula at 0oC. After 
the addition was complete, the ice bath was removed and the reaction mixture was allowed to stir 
for 15-30 minutes at room temperature until complete consumption of starting material occurred, 
as monitored by TLC analysis. After completion of the reaction, workup with water and subsequent 
acidification of the aqueous layer with HCl (10%) resulted in the precipitation of the required 
compound which was filtered under vacuum, washed with cold water and dried under vacuum to 
yield the corresponding acids (2a-2zf and 4a-4k). [Note: Degassing was performed to avoid any 
possible interference from the air/oxygen which might be present in the solid reagents, solvents or 
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might creep in during the additions. When reactions were carried out without degassing, it was 
found that there was no change in the reaction outcome as far as the yield of corresponding acids 
and the time required for the reaction are concerned. Therefore we decided to stick to the non-
degassing procedure. Further, addition through cannula was no more required, and simple addition 
using the syringe-septa technique was found to be equally good.]  
 
 
Procedure for gram scale synthesis. 

An oven dried round bottom flask was charged with potassium t-butoxide (8.5 g, 75.66 mmol, 2 
equiv.) under nitrogen atmosphere. Dry tetrahydrofuran (60 mL) was added to this vessel through 
a syringe and the mixture was allowed to stir at 0 oC. A solution of cinnamaldehyde (5 g, 37.83 mmol, 
1 equiv.) in dry tetrahydrofuran (25 mL) was slowly added to the solution of potassium t-butoxide 
through syringe at 0 oC. After the addition, ice bath was removed and the reaction mixture was 
allowed to stir for 20 minutes at room temperature until complete consumption of starting material 
occurred, as monitored by TLC analysis. After completion of the reaction, workup with water and 
subsequent acidification of the aqueous layer with 10% HCl (70 mL) resulted in the precipitation of 
the required compound which was filtered under vacuum, washed with cold water and dried under 
vacuum to yield the corresponding acid 2a (5.153  g) in 92% yield. Similar procedure was followed 
for the synthesis of 2d, 4e and 4i (Corresponding acids obtained in 85%, 85% and 83% yield 
respectively). 
 

 
 
Section-III: Analytical data for general substrate scope:1 
 

Cinnamic acid (2a)1a, 1s, 1g [White Solid, Yield = 93% (5.210 g from 5g of 1a)]; 

1H NMR (400 MHz, DMSO-d6) δ 7.69–7.64 (m, 2H), 7.60 (d, J = 16.0 Hz, 1H), 
7.42–7.37 (m, 3H), 6.53 (d, J = 16.0 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 
167.8, 144.1, 134.4, 130.4, 129.0, 128.3, 119.3. 

 

Benzoic acid (2b)1a, 1b, 1e, 1g [White Solid, Yield = 91% (635 mg from 500 mg of 1b)]; 
1H NMR (400 MHz, DMSO-d6) δ 7.99 –7.95 (m, 2H), 7.60 –7.54 (m, 1H), 7.49 –7.43 
(m, 2H).  13C NMR (100 MHz, DMSO-d6) δ 167.7, 133.0, 131.0, 129.5, 128.7. 

 

 4-(tert-butyl) benzoic acid (2c)1e, 1f [White Solid, Yield = 90% (1.48 g from 1.5 
g of 1c)]; 1H NMR (400 MHz, CD3OD) δ 7.93 –7.88 (m, 2H), 7.48 –7.43 (m, 2H), 
1.34 (s, 9H). 13C NMR (100 MHz, CD3OD) δ 172.6, 156.4, 132.2, 130.4, 126.1, 
35.8, 31.6. 



S5 
 

 

 2,4-dimethylbenzoic acid (2d)1o [White Solid, Yield = 87% (3.78 g from 4 g of 
1d)]; 1H NMR (400 MHz, CDCl3) δ 8.01 – 7.97 (m, 1H), 7.11 –7.07 (m, 2H), 2.64 
(s, 3H), 2.38 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.6, 143.8, 141.7, 132.9, 
132.0, 126.8, 125.6, 22.3, 21.6. 

 

 3,4,5-trimethoxybenzoic acid (2e)1f,1g [White Solid, Yield = 85% (624 mg from 
500 mg of 1e)]; 1H NMR (400 MHz, CD3OD) δ 7.33 (s, 2H), 3.87 (s, 6H), 3.82 (s, 
3H). 13C NMR (100 MHz, CD3OD) δ 169.4, 154.3, 143.3, 127.2, 108.1, 61.1, 
56.6. 

 

 

4-(benzyloxy)-3,5-dimethoxybenzoic acid (2f)1p [White Solid, mp = 159-161 
°C, Yield = 88% (930 mg from 1 g of 1f)]; 1H NMR (400 MHz, DMSO-d6) δ 7.44 
–7.43 (m, 2H), 7.39 –7.29 (m, 3H), 7.24 (s, 2H), 4.98 (s, 1H), 3.82 (s, 6H). 13C 
NMR (100 MHz, DMSO-d6) δ 167.0, 152.9, 140.2, 137.6, 128.2, 128.0, 127.9, 
126.1, 106.6, 74.0, 56.0. 

 

4-(benzyloxy) benzoic acid (2g)1b, 1j [White Solid, mp = 186-189 °C, Yield = 84% 
(450 mg from 500 mg of 1g)]; 1H NMR (400 MHz, DMSO-d6) δ 7.91–7.87 (m, 
2H), 7.48 –7.44 (m, 2H), 7.43 –7.37 (m, 2H), 7.37 –7.31 (m, 1H), 7.11–7.07 (m, 
2H), 5.18 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ 167.2, 162.0, 136.6, 131.5, 

128.6, 128.1, 127.9, 123.3, 114.7, 69.6. 

 

 

 4-(dimethylamino) benzoic acid (2h)1a [Off-White Solid, Yield = 88% (487 mg 
from 500 mg of 1h)]; 1H NMR (400 MHz, CD3OD) δ 7.88 –7.81 (m, 2H), 6.73 – 
6.68 (m, 2H), 3.03 (s, 6H). 13C NMR (100 MHz, CD3OD) δ 170.8, 155.2, 132.5, 
118.0, 111.8, 40.2. 

 

 4-(allyloxy) benzoic acid (2i)1g [White Solid, mp = 163-165 °C, Yield = 85% 
(466 mg from 500 mg of 1i)]; 1H NMR (400 MHz, MeOD) δ 11.70 (s, 1H), 
6.93 (d, J = 8.6 Hz, 2H), 6.07 (d, J = 8.6 Hz, 2H), 5.14 – 5.03 (m, 1H), 4.38 (dd, 
J = 51.3, 13.9 Hz, 2H), 3.68 (d, J = 5.0 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) 
δ 167.1, 161.8, 133.2, 131.4, 123.1, 117.9, 114.5, 68.4. 
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 3-ethoxybenzoic acid (2j)1q [White Solid, mp = 136-139 °C, Yield = 90% (387 mg 
from 390 mg of 1j)]; 1H NMR (400 MHz, CD3OD) δ 7.61 –7.56 (m, 1H), 7.53 –7.50 
(m, 1H), 7.38 –7.32 (m, 1H), 7.15 –7.10 (m, 1H), 4.07 (q, J = 7.0 Hz, 2H), 1.40 (t, J 
= 7.0 Hz, 3H). 13C NMR (100 MHz, CD3OD) δ 169.7, 160.4, 133.2, 130.5, 122.9, 
120.6, 116.0, 64.7, 15.1. 

 

(E)-4-methoxy-3-(prop-1-en-1-yl)benzoic acid (2k) [White Solid, mp = 193-195 
°C  Yield = 86% (469 mg from 500 of 1k)]; 1H NMR (400 MHz, DMSO-d6) δ 7.95 
(d, J = 2.0 Hz, 1H), 7.82 –7.77 (m, 1H), 7.05 (d, J = 8.7 Hz, 1H), 6.64 – 6.57 (m, 
1H), 6.31 – 6.24 (m, 1H), 3.85 (s, 3H), 1.87 – 1.83 (m, 3H). 13C NMR (100 MHz, 
CD3OD) δ 170.0, 161.4, 131.1, 128.9, 128.1, 128.1, 126.2, 123.9, 111.4, 56.2, 
19.0. 

 

 4-methoxybenzoic acid (2l)1b, 1e, 1f [White Solid, Yield = 88% (491 mg from 500 
mg of 1l)]; 1H NMR (400 MHz, DMSO-d6) δ 12.63 (s, 1H), 7.89 (d, J = 8.4 Hz, 
2H), 7.01 (d, J = 8.4 Hz, 2H), 3.81 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 
167.1, 162.9, 131.4, 123.0, 113.9, 55.5. 

 

 4-cyanobenzoic acid (2m)1e,1g [White Solid, Yield = 91% (510 mg from 500 mg 
of 1m)]; 1H NMR (400 MHz, CD3OD) δ 8.14 (d, J = 8.3 Hz, 2H), 7.83 (d, J = 8.4 
Hz, 2H). 13C NMR (100 MHz, CD3OD) δ 167.9, 136.1, 133.4, 131.3, 119.0, 117.2. 

 

 4-nitrobenzoic acid (2n)1a, 1b, 1c [Off-White Solid, Yield = 92% (1.016 g from 1 
g of 1n)]; 1H NMR (400 MHz, DMSO-d6) δ 8.30 (d, J = 8.8 Hz, 2H), 8.15 (d, J = 
8.9 Hz, 2H).  13C NMR (100 MHz, DMSO-d6) δ 165.9, 150.1, 136.4, 130.8, 123.8. 

 

 2,3,4,5,6-pentafluorobenzoic acid (2o)1i [White Solid, mp = 106-10 °C, Yield = 86% 
(930 mg from 1 g of 1o)]; 19F NMR (377 MHz, DMSO-d6) δ -140.6 – -140.7 (m, 2F), -
151.3 – -151.4 (m, 1F),  -161.7 – -161.9 (m, 2F). 13C NMR (100 MHz, DMSO-d6) δ 
160.0 (s), 145.9 (m), 143.4 (m), 141.1 (m), 138.7 (m), 136.2, 109.4 (m). 

 

 3-(trifluoromethyl)benzoic acid (2p)1a [White Solid, Yield = 89% (745 mg from 
1 g of 1p)]; 1H NMR (400 MHz, CD3OD) δ 8.29 – 8.24 (m, 2H), 7.92 – 7.87 (m, 
1H), 7.72 – 7.65 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ 166.2, 133.3, 132.0, 
130.1, 129.7, 129.4, (m) 125.6 (m), 123.9 (d, J = 272.7 Hz)  
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 2,4-dichlorobenzoic acid (2q)1e [White Solid, Yield = 84% (455 mg from 500 mg 
of 1q)]; 1H NMR (400 MHz, CD3OD) δ 7.86 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 2.0 Hz, 
1H), 7.44 –7.39 (m, 1H). 13C NMR (100 MHz, CD3OD) δ 167.8, 139.0, 135.6, 
133.7, 131.7, 130.8, 128.3. 

 

 2-bromobenzoic acid (2r)1a, 1c [Off-White Solid, Yield = 91% (494 mg from 500 mg of 
1r)]; 1H NMR (400 MHz, DMSO-d6) δ 7.76 – 7.67 (m, 2H), 7.49 –7.39 (m, 2H). 13C NMR 
(100 MHz, DMSO-d6) δ 167.6, 133.9, 133.9, 132.7, 130.7, 127.8, 120.1. 

 

 2-bromo-4-methylbenzoic acid (2s)1r [Off-White Solid, Yield = 87% (470 mg from 500 
mg of 1s)]; 1H NMR (400 MHz, DMSO-d6) δ 7.67 (d, J = 7.9 Hz, 1H), 7.53 (s, 1H), 7.24 
(d, J = 7.8 Hz, 1H), 2.31 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 167.2, 143.4, 134.4, 
131.0, 130.3, 128.4, 120.5, 20.6. 

 

 

 4-bromobenzoic acid (2t)1a, 1b, 1c [White Solid, Yield = 90% (971 mg from 1 g of 
1t)]; 1H NMR (400 MHz, DMSO-d6) δ 7.85 (d, J = 8.5 Hz, 2H), 7.69 (d, J = 8.5 Hz, 
2H). 13C NMR (100 MHz, DMSO-d6) δ 166.8, 131.8, 131.4, 130.1, 127.1. 

 

 (E)-3-(4-fluorophenyl) acrylic acid (2u)1s [Off-White Solid, Yield = 88% (934 
mg from 1 g of 1u)]; 1H NMR (400 MHz, CD3OD) δ 7.70 – 7.59 (m, 3H), 7.18 
– 7.10 (m, 2H), 6.43 (d, J = 16.0 Hz, 1H).  13C NMR (100 MHz, CD3OD) δ 170.2, 
165.3 (d, J = 250.5 Hz), 145.0, 132.3 (d, J = 3.0 Hz), 131.3 (d, J = 9.1 Hz), 

119.3 (d, J = 3.0 Hz), 116.9 (d, J = 22.2 Hz). 

(E)-3-(3,4,5-trimethoxyphenyl)acrylic acid (2v)1m [Off-White Solid, mp 
= 126-128 °C, Yield = 83% (445 mg from 500 of 1v)]; 1H NMR (400 MHz, 
DMSO-d6) δ 7.52 (d, J = 15.9 Hz, 1H), 7.02 (s, 2H), 6.53 (d, J = 15.9 Hz, 
1H), 3.81 (s, 6H), 3.68 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 167.9, 
153.2, 144.3, 139.4, 130.0, 118.6, 105.8, 60.2, 56.1. 

 

(2E,4E)-5-(benzo[d][1,3]dioxol-5-yl)penta-2,4-dienoic acid (2w)1h 
[White Solid, mp = 200-202 °C, Yield = 81% (262 mg from 300 mg of 
1w)]; 1H NMR (400 MHz, DMSO-d6) δ 7.34–7.22 (m, 1H), 7.23 (d, J = 
1.4 Hz, 1H), 7.01 (dd, J = 8.1, 1.5 Hz, 1H), 6.98 – 6.94 (m, 2H), 6.92 
(d, J = 8.0 Hz, 1H), 6.05 (s, 2H), 5.92 (d, J = 15.2 Hz, 1H). 13C NMR (100 

MHz, DMSO-d6) δ 167.7, 148.1, 148.0, 144.6, 139.8, 130.5, 124.9, 123.1, 121.2, 108.5, 105.7, 100.4.  
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Terephthalic acid (2x)1d,1e [White Solid, Yield = 85% (1.051 g from 1 g of 1x)]; 
1H NMR (400 MHz, DMSO-d6) δ 8.04 (s, 4H). 13C NMR (100 MHz, DMSO-d6) 
δ 166.8, 134.5, 129.5. 

 

 

Phthalic acid (2y)1d, 1e [White Solid, Yield = 82% (508 mg from 500 mg of 1y)];   1H 
NMR (400 MHz, DMSO) δ 7.69 – 7.64 (m, 2H), 7.61 – 7.55 (m, 2H). 13C NMR (100 
MHz, DMSO) δ 168.8, 132.9, 130.9, 128.4. 

 

 

 2-naphthoic acid (2z)1a, 1b, 1j [White Solid, Yield = 91% (1.298 g from 1.3 g of 
1z)]; 1H NMR (400 MHz, CD3OD) δ 8.60 (s, 1H), 8.02 (dd, J = 8.6, 1.6 Hz, 1H), 
7.97 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.7 Hz, 2H), 7.56 (m, J = 16.2, 6.9, 1.2 Hz, 
2H). 13C NMR (100 MHz, CD3OD) δ 170.0, 137.0, 134.0, 132.1, 130.3, 129.3, 

129.2, 129.1, 128.8, 127.8, 126.3. 

 

 6-methoxy-2-naphthoic acid (2za)1j [White Solid, mp = 202-204 °C, Yield 
= 92% (985 mg from 1 g of 1za)]; 1H NMR (400 MHz, DMSO-d6) δ 8.51 (s, 
1H), 8.00 (d, J = 9.0 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 8.6 Hz, 
1H), 7.38 (s, 1H), 7.23 (d, J = 8.8 Hz, 1H), 3.89 (s, 3H). 13C NMR (100 MHz, 
DMSO-d6) δ 167.7, 159.3, 136.9, 131.0, 130.5, 127.6, 127.1, 125.9, 125.8, 

119.6, 106.1, 55.5. 

 1-naphthoic acid (2zb)1j, 1n, 1s [Off-White Solid, Yield = 94% (518 mg from 500 
mg of 1zb)];   1H NMR (400 MHz, CD3OD) δ 8.94–8.89 (m, 1H), 8.20 (dd, J = 7.2, 
1.3 Hz, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.94 – 7.89 (m, 1H), 7.61–7.55 (m, 1H), 7.55 
– 7.48 (m, 2H). 13C NMR (100 MHz, CD3OD) δ 171.0, 135.4, 134.3, 132.7, 131.3, 
129.6, 128.8, 128.5, 127.2, 126.9, 125.6. 

 

 [1,1'-biphenyl]-2-carboxylic acid (2zc)1j [Off-White Solid, Yield = 90% (265 mg 
from 270 mg of 1zc)]; 1H NMR (400 MHz, CD3OD) δ 7.80 (dd, J = 7.7, 1.1 Hz, 1H), 
7.53 –7.48 (m, 1H), 7.42 –7.28 (m, 7H).  13C NMR (100 MHz, CD3OD) δ 172.4, 
143.4, 142.6, 133.0, 132.1, 131.8, 130.5, 129.5, 129.0, 128.2, 128.1.            

 [1,1'-biphenyl]-2,2'-dicarboxylic acid (2zd)1k [White Solid, mp = 230-232 °C, 
Yield = 83% (191 mg from 200 mg of 1zd)]; 1H NMR (400 MHz, CD3OD) δ 8.00 –
7.99 (m, 1H), 7.98 –7.97 (m, 1H), 7.56 –7.50 (m, 2H), 7.44 – 7.39 (m, 2H), 7.19 
–7.15 (m, 2H).  13C NMR (100 MHz, CD3OD) δ 170.4, 170.3, 145.1, 145.0, 132.4, 
132.3, 131.5, 131.4, 131.2, 131.1, 131.0, 130.9, 128.0, 127.9. 



S9 
 

 

 anthracene-9-carboxylic acid (2ze)1l [Off-White Solid, Yield = 89% (286 mg 
from 300 mg of 1ze)]; 1H NMR (400 MHz, CD3OD) δ 8.60 (s, 1H), 8.16 – 8.04 (m, 
4H), 7.60–7.49 (m, 4H). 13C NMR (100 MHz, CD3OD) δ 173.2, 132.5, 130.5, 
129.9, 129.7, 129.0, 127.9, 127.0, 126.6, 126.1. 

 

pyrene-1-carboxylic acid (2zf) [Off-White Solid, mp = 270-272 °C, Yield = 93% 
(497 mg from 500 mg of 1zf)]; 1H NMR (400 MHz, DMSO-d6) δ 9.22 (d, J = 9.4 Hz, 
1H), 8.61 (d, J = 8.1 Hz, 1H), 8.36–8.26 (m, 5H), 8.20 (d, J = 8.9 Hz, 1H), 8.14–8.08 
(m, 1H).  13C NMR (100 MHz, DMSO-d6) δ 169.2, 133.7, 130.7, 130.2, 129.9, 
129.6, 129.3, 128.5, 127.3, 126.8, 126.6, 126.3, 124.7, 124.6, 124.1, 123.5. 

 

 furan-3-carboxylic acid (4a)1a [Off-White Solid, Yield = 89% (1.038 g from 1 g of 3a)]; 
1H NMR (400 MHz, CD3OD) δ 8.13 – 8.10 (m, 1H), 7.57–7.54 (m, 1H), 6.74–6.72 (m, 
1H). 13C NMR (100 MHz, CD3OD) δ 166.5, 149.5, 145.4, 120.9, 110.8. 

 

 thiophene-3-carboxylic acid (4b)1a [White Solid, Yield = 91% (1.036 g from 1 g of 
3b)]; 1H NMR (400 MHz, CD3OD) δ 8.21 – 8.16 (m, 1H), 7.51–7.47 (m, 1H), 7.46 –7.43 
(m, 1H). 13C NMR (100 MHz, CD3OD) δ 166.1, 135.4, 134.2, 128.9, 127.4. 

 

 5-(2-chlorophenyl)furan-2-carboxylic acid (4c)1u [Off-White Solid, mp = > 
300 °C Yield = 87% (373 mg from 400 mg of 3c)]; 1H NMR (400 MHz, CD3OD) 
δ 7.99 (dd, J = 7.9, 1.7 Hz, 1H), 7.52 (dd, J = 8.0, 1.2 Hz, 1H), 7.46–7.39 (m, 
1H), 7.38 – 7.33 (m, 1H), 7.32 (d, J = 3.7 Hz, 1H), 7.25 (d, J = 3.7 Hz, 1H). 13C 
NMR (100 MHz, CD3OD) δ 159.3, 152.5, 144.5, 131.0, 130.4, 130.1, 128.8, 

127.9, 127.6, 119.4, 112.8. 

 

 benzo[b]thiophene-3-carboxylic acid (4d)1a [Off-White Solid, mp = 176-178 °C, 
Yield = 90% (393 mg from 400 mg of 3d)]; 1H NMR (400 MHz, CD3OD) δ 8.56 (d, 
J = 7.8 Hz, 1H), 8.51 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.51 – 7.37 (m, 2H). 13C NMR 
(100 MHz, CD3OD) δ 165.9, 141.6, 138.3, 138.2, 128.7, 126.3, 126.0, 125.6, 

123.6. 

 

 1-methyl-1H-indole-3-carboxylic acid (4e)1t [Off-White Solid, mp = 209-211 °C, 
Yield = 85% (2.525 g from 2.7 g of 3e)]; 1H NMR (400 MHz, CD3OD) δ 8.07 (d, J = 
7.7 Hz, 1H), 7.90 (s, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.29–7.18 (m, 2H), 3.84 (s, 3H).  
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13C NMR (100 MHz, CD3OD) δ 168.8, 138.9, 137.3, 128.2, 123.7, 122.7, 122.2, 111.1, 107.6, 33.5. 

 

9-benzyl-9H-carbazole-3-carboxylic acid (4f) [Off-White Solid, mp = 260-
262 °C, Yield = 84% (266 mg from 300 mg of 3f)]; 1H NMR (400 MHz, DMSO-
d6) δ 8.81 (d, J = 1.4 Hz, 1H), 8.30 (d, J = 7.7 Hz, 1H), 8.04 (dd, J = 8.6, 1.6 Hz, 
1H), 7.68 (dd, J = 18.6, 8.5 Hz, 2H), 7.50 – 7.45 (m, 1H), 7.26 – 7.20 (m, 4H), 
7.18 – 7.14 (m, 2H), 5.71 (s, 2H).  13C NMR (100 MHz, DMSO-d6) δ 168.1, 
142.8, 140.9, 137.5, 128.7, 127.5, 127.3, 126.8, 126.7, 122.6, 122.4, 122.1, 

121.6, 120.9, 120.1, 110.1, 109.4, 45.9. 

1,3-diphenyl-1H-pyrazole-4-carboxylic acid (4g)1v [White Solid, mp = 208-
210 °C, Yield = 86% (365 mg from 400 mg of 3g)]; 1H NMR (400 MHz, 
CD3OD) δ 8.80 (s, 1H), 7.89 – 7.80 (m, 4H), 7.57 – 7.49 (m, 2H), 7.46 – 7.35 
(m, 4H). 13C NMR (100 MHz, DMSO-d6) δ 163.9, 152.9, 138.9, 133.6, 132.2, 
129.7, 129.2, 128.6, 127.9, 127.4, 119.1, 114.0. 

 

4-morpholinobenzoic acid (4h)1a [Off-White Solid, mp = 280-285 °C, Yield 
= 82% (445 mg from 500 mg of 3h)]; 1H NMR (400 MHz, DMSO-d6) δ 7.79 
(d, J = 8.8 Hz, 2H), 6.95 (d, J = 8.9 Hz, 2H), 3.76 – 3.68 (m, 4H), 3.25 –3.18 
(m, 4H). 13C NMR (100 MHz, DMSO-d6) δ 167.4, 154.0, 131.0, 120.0, 113.3, 
66.0, 47.1. 

 

benzo[d][1,3]dioxole-5-carboxylic acid (4i)1a,1g, 1s [White Solid, mp = 234-237 
°C, Yield = 85% (2.820 g from 3 g of 3i)]; 1H NMR (400 MHz, DMSO-d6) δ 7.53 
(dd, J = 8.1, 1.7 Hz, 1H), 7.34 (d, J = 1.6 Hz, 1H), 6.96 (d, J = 8.1 Hz, 1H), 6.10 (s, 
2H). 13C NMR (100 MHz, DMSO-d6) δ 166.8, 151.3, 147.6, 125.1, 124.8, 108.9, 

108.1, 102.1. 

 

 6-bromobenzo[d][1,3]dioxole-5-carboxylic acid (4j)1w   [White Solid, mp = 198-
200 °C, Yield = 88% (469 mg from 500 mg of 3j)]; 1H NMR (400 MHz, CD3OD) δ 
7.33 (s, 1H), 7.14 (s, 1H), 6.07 (s, 2H). 13C NMR (100 MHz, CD3OD,) δ 168.6, 
152.5, 148.7, 126.6, 115.2, 115.1, 111.7, 104.2. 

 

2,3-dihydrobenzo[b][1,4]dioxine-6-carboxylic acid (4k)1l [Off-White Solid, mp 
= 133-135 °C, Yield = 90% (494 mg from 500 mg of 3k)]; 1H NMR (400 MHz, 
DMSO-d6) δ 7.45 – 7.41 (m, 1H), 7.38 (d, J = 2.0 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 
4.31–4.24 (m, 4H).  13C NMR (100 MHz, DMSO-d6) δ 166.9, 147.6, 143.1, 123.9, 

123.1, 118.3, 117.2, 64.5, 64.0. 
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Section-IV: Evidence for Mechanism: 
 

(a) HPLC analysis of reaction performed under different conditions. 
 

The reaction mixture was analyzed by using RP-HPLC (Reverse-Phase High Performance Liquid 

Chromatography). The RP-HPLC was equipped with Agilent 1260 series having PDA detector (UV 

detection at 254 nm), RP-18 endcapped (5µm) column bearing column temp 30℃ with flow rate 

of 1.5 ml/min and the gradient elution was performed with 40 to 60% MeOH in water as mobile 

phase for 20 minutes. 

Chromatogram of pure cinnamic acid (2a). 
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Chromatogram of pure cinnamyl alcohol (2a’). 
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Chromatogram of reaction mixture performed by using 2 equivalents of sodium methoxide  
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Chromatogram of reaction mixture performed by using 2 equivalents of sodium ethoxide.  
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Chromatogram of reaction mixture performed by using 2 equivalents of potassium tert-

butoxide. 
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Chromatogram of reaction mixture performed by using 1.5 equivalents of potassium tert-

butoxide. 
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Chromatogram of reaction mixture performed by using 1.2 equivalents of potassium tert-

butoxide. 
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Chromatogram of reaction mixture performed by using 1 equivalent of potassium tert-

butoxide. 
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(b) Reactions in presence of radical scavengers. 

 

An oven-dried round bottom flask was charged with potassium t-butoxide (850 mg, 7.56 mmol, 2 

equiv.) and 2,2,6,6-tetramethylpiperidine-N-oxyl (1180 mg, 7.56 mmol, 2.1 equiv.) under ultra-high 

purity (UHP) grade nitrogen atmosphere. Dry tetrahydrofuran (20 mL) was added to this vessel 

through a syringe and the solution was degassed by purging nitrogen gas into the solution for 15 

minutes. A solution of cinnamaldehyde (500 mg, 3.78 mmol, 1 equiv.) in dry tetrahydrofuran (5 mL) 

was also degassed by purging UHP grade nitrogen gas into it for 15 minutes and then was added to 

the solution of potassium t-butoxide and 2,2,6,6-tetramethylpiperidine-N-oxyl  through cannula at  

0oC. The reaction mixture was allowed to stir for 15 minutes at room temperature until complete 

consumption of starting material occurred, as monitored by TLC analysis. After completion of the 

reaction, workup with water/EtOAc and subsequent acidification of the aqueous layer with 10% HCl 

(10 mL) resulted in the precipitation of the required compound which was filtered under vacuum, 

washed with cold water and dried under vacuum to yield the corresponding acid, 2a [510 mg, 91%]. 

Similar procedure was followed for the use of benzoyl peroxide as radical scavenger and 2a was 

isolated as an exclusive product [492 mg, 88%]. [Note: Organic layer was discarded since TLC 

analysis showed some very minor yellow colored impurities].  

(c) Reactions in presence of heavy inert gas (Argon). 
 

 
An oven dried round bottom flask was charged with potassium t-butoxide (338.8 mg, 3.02 mmol, 2 
equiv.) under argon atmosphere. Dry tetrahydrofuran (10 mL) was added to this vessel through a 
syringe and the solution was degassed by purging argon gas into solution for 15 minutes. A solution 
of cinnamaldehyde (200 mg, 1.51 mmol, 1 equiv.) in dry tetrahydrofuran (4 mL) was also degassed 
in a similar way for 15 minutes and then was added to this solution of potassium t-butoxide through 
cannula at 0oC. After the addition was complete, the ice bath was removed and the reaction mixture 
was allowed to stir for 15 minutes at room temperature until complete consumption of starting 
material occurred, as monitored by TLC analysis. After completion of the reaction, workup with 
water and subsequent acidification of the aqueous layer with HCl (10%) resulted in the precipitation 
of the required compound 2a which was filtered, washed with cold water and dried under vacuum. 
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(d) GC-MS Analysis of crude reaction mixture.2 

 
An oven dried round bottom flask was charged with potassium t-butoxide (849 mg, 7.56 mmol, 2 
equiv.) under nitrogen atmosphere and tetrahydrofuran (15 mL) was added to this vessel through 
a syringe. A solution of cinnamaldehyde (500 mg, 3.78 mmol, 1 equiv.) in dry tetrahydrofuran (6 mL) 
was added to this solution of potassium t-butoxide at 0oC. After the addition, the reaction mixture 
was allowed to stir for 30 minutes at the same temperature until complete consumption of starting 
material occurred, as monitored by TLC analysis. After completion, the crude reaction mixture was 
injected into the sample vial through a syringe and subjected to GC-MS analysis separately in THF 
as well as t-BuOH (Note: in both the cases, we were able to successfully detect the isobutylene 
peak). 
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Section-V:  Synthesis of designer substrates for selectivity experiments: 
 
(a)  Synthesis of 4-(hydroxy (phenyl)methyl) benzaldehyde (7): 
    

                           
 

A Round bottomed flask was charged with Cu(OAc)2·H2O (135 mg, 0.75 mmol, 10 mol%)  DPPF (620 
mg, 1.12 mmol, 15 mol %), arylboronic acid (1815 mg, 14.91 mmol, 2 equiv.), terephthaldehyde  1x 
(1000 mg, 7.46 mmol, 1 equiv.), NaOAc (1818 mg, 22.37 mmol, 3 equiv.) and toluene (60 mL). The 
resulting mixture was stirred under open atmosphere for 0.5 h at room temperature and then 
refluxed for 24 h. After complete consumption of starting material, the reaction mixture was cooled 
to room temperature and extracted with ethyl acetate (3 × 70 mL). The combined organic layer was 
washed with water (100 mL), dried over Na2SO4, concentrated under vacuum and purified by flash 
column chromatography (80: 20, v/v Hexane: EtOAc as eluent) to yield the desired product, 7 [1.450 
g, 85%]. 

4-(hydroxy(phenyl)methyl)benzaldehyde (7) [Gummy Solid]; 1H NMR (400 MHz, DMSO-d6) δ 9.96 (s, 
1H), 7.86 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 7.2 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 
7.22 (t, J = 7.3 Hz, 1H), 6.18 (d, J = 4.0 Hz, 1H), 5.83 (d, J = 3.9 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) 
δ 192.8, 152.6, 145.0, 135.0, 129.7, 128.4, 127.2, 126.9, 126.5, 74.1. 

(b) Synthesis of 4-(hydroxy(4-(methylthio) phenyl)methyl) benzaldehyde (8): 
 

 

                                 
 

Two neck oven dried round bottom flask was charged with a magnetic stir bar, magnesium turnings 
(71.73 mg, 2.95 mmol, 1.2 equiv.) and few iodine crystals under nitrogen. Dry tetrahydrofuran (15 
mL) was added using syringe septa technique and the mixture was allowed to stir at room 
temperature for few minutes. 4-bromothioanisole (500 mg, 2.46 mmol, 1.0 equiv.) dissolved in dry 
tetrahydrofuran (3 mL/mmol of 4-bromothioanisole) was added drop wise to this mixture over 30 
minutes and reaction mixture was refluxed for another one hour. Reaction progress was monitored 
by TLC and upon complete consumption of starting material, the reaction mixture was cooled to 
obtain a grayish black solution of Grignard reagent. This Grignard reagent was slowly added through 
syringe to the solution of terephthaldehyde (363 mg, 2.71 mmol, 1.1 equiv.) in dry tetrahydrofuran 
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10 mL taken in another oven dried round bottom flask under nitrogen atmosphere at 0oC. The 
reaction mixture was allowed to stir for 20 minutes at the same temperature. The progress of the 
reaction was monitored by TLC and upon completion, the reaction mixture was quenched with aq. 
NH4Cl solution. The mixture was extracted with ethyl acetate (3 x 60 mL) and the combined organic 
layer was washed with water, dried over Na2SO4, concentrated under vacuum and purified by 
column chromatography (90: 10, v/v Hexane: EtOAc as eluent) on silica gel to give the desired 
product 8 [496 mg, 78%]. 
 4-(hydroxy(4-(methylthio)phenyl)methyl)benzaldehyde (8) [Gummy Solid]; 1H NMR (400 MHz, 
DMSO-d6) δ 9.96 (s, 1H), 7.86 –7.84 (m, 2H), 7.61–7.59 (m, 2H), 7.34-7.32 (m, 2H), 7.22 – 7.19 (m, 
2H), 6.13 (d, J = 3.7 Hz, 1H), 5.78 (d, J = 2.7 Hz, 1H), 2.43 (s, 3H).  13C NMR (100 MHz, DMSO-d6) δ 
192.9, 152.5, 141.7, 136.8, 135.0, 129.7, 127.1, 126.8, 126.0, 73.6, 14.9. ESI HRMS m/z calcd. for 
C15H15O2S [M+H] +: 259.0799, Found: 259.0793 
 

(c)  Selectivity experiments: 

(i) Oxidation using weak oxidant (mCPBA)  

      

 
To a stirred solution of corresponding aldehyde (5 or 6 or 7 or 8) (1 equiv.) in CH2Cl2 (4 mL/mmol of 
corresponding aldehyde) at 0 oC was slowly added mCPBA (2 equiv.). The reaction mixture was 
warmed up to room temperature and allowed to stir for 2 h and monitored by TLC. After complete 
consumption of starting material, the reaction mixture was washed with saturated solution of 
NaHCO3 and extracted with ethyl acetate (3 times). The combined organic phase was dried over 
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MgSO4, solvent was removed under vacuum and residue was purified by column chromatography 

(using Hexane-Ethyl acetate as eluent) to give the desired products. 

 4-(methylsulfinyl)benzaldehyde (5a) [White Solid, mp = 162-164]; 1H NMR (400 MHz, DMSO-d6) δ 
10.13 (s, 1H), 8.15 (s, 4H), 3.30 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 192.7, 145.3, 139.4, 130.3, 
127.9, 43.2. ESI HRMS m/z calcd. for C8H9O2S [M+H] +: 169.0318, Found: 169.0329 

4-(methylsulfonyl)benzaldehyde (5b) [White Solid, mp = 92-94]; 1H NMR (400 MHz, DMSO-d6) δ 
10.07 (s, 1H), 8.08 (d, J = 8.5 Hz, 2H), 7.89 (d, J = 8.1 Hz, 2H), 2.80 (s, 3H). 13C NMR (100 MHz, DMSO-
d6) δ 192.8, 152.9, 137.7, 130.2, 124.4, 43.0. ESI HRMS m/z calcd. for C8H9O3S [M+H] +: 185.0267, 
Found: 185.0272 

(4-(hydroxy(4-(methylsulfinyl)phenyl)methyl)benzylidene)oxonium (8a) [Gummy Solid]; 1H NMR 
(400 MHz, DMSO-d6) δ 9.96 (s, 1H), 7.89 –7.85 (m, 4H), 7.71–7.63 (m, 4H), 6.41 (d, J = 4.0 Hz, 1H), 
5.95 (d, J = 3.9 Hz, 1H), 3.17 (s, 3H).  13C NMR (100 MHz, DMSO-d6) δ 192.8, 151.4, 150.6, 139.5, 
135.3, 129.8, 127.2, 127.1, 127.0, 73.3, 43.6. ESI HRMS m/z calcd. for C15H15O3S [M+H] +: 275.0736, 
Found: 275.0744 

4-(hydroxy(4-(methylsulfonyl)phenyl)methyl)benzaldehyde (8b) [Gummy Solid]; 1H NMR (400 MHz, 
DMSO-d6) δ 9.96 (s, 1H), 7.86 (d, J = 8.1 Hz, 2H), 7.69 – 7.58 (m, 6H), 6.30 (d, J = 3.6 Hz, 1H), 5.90 (d, 
J = 3.4 Hz, 1H), 2.69 (s, 1H).  13C NMR (100 MHz, DMSO-d6) δ 193.2, 152.3, 148.2, 145.2, 135.5, 130.1, 
127.6, 127.3, 124.2, 73.9, 49.0. ESI HRMS m/z calcd. for C15H15O4S [M+H] +: 291.0686, Found: 
291.0696 

(ii) Oxidation using moderate oxidant (PDC)  
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To a stirred solution of corresponding aldehyde (5 or 6 or 7 or 8) (1 equiv.) in CH2Cl2 (4 mL/mmol of 
corresponding aldehyde) at 0 oC, was added PDC (2 equiv.) and celite (1:1 w/w of PDC). The reaction 
mixture was stirred at room temperature for 2 h and monitored by TLC. After completion, the 
reaction mixture was filtered and the filtrate was evaporated under reduced pressure. Toluene was 
added 3 times to remove pyridine as an azeotropic mixture. The resulting dark brown residue was 
subjected to column chromatography to give pure product.  

Terephthalaldehyde (6a) [Off-White Solid]; 1H NMR (400 MHz, DMSO-d6) δ 10.12 (s, 2H), 8.10 (s, 
4H).  13C NMR (100 MHz, DMSO-d6) δ 193.4, 140.0, 130.3. 

4-benzoylbenzaldehyde (7a) [White Solid, mp = 75-77]; 1H NMR (400 MHz, DMSO-d6) δ 10.14 (s, 1H), 
8.10 – 8.06 (m, 2H), 7.93 – 7.89 (m, 2H), 7.79–7.75 (m, 2H), 7.74 – 7.69 (m, 1H), 7.62 – 7.56 (m, 2H).  
13C NMR (100 MHz, DMSO-d6) δ 196.2, 193.7, 142.3, 138.8, 136.7, 134.0, 130.5, 130.3, 130.1, 129.3.  

4-(4-(methylsulfonyl)benzoyl)benzaldehyde (8c) [Off-White Solid, mp = 116-118]; 1H NMR (400 MHz, 
DMSO-d6) δ 10.13 (s, 1H), 8.10 – 8.02 (m, 2H), 7.90 – 7.86 (m, 2H), 7.72 – 7.68 (m, 2H), 7.44 – 7.40 
(m, 2H), 2.55 (s, 3H).  13C NMR (100 MHz, DMSO-d6) δ 194.4, 193.1, 146.1, 142.3, 138.2, 132.2, 130.5, 
129.9, 129.6, 124.9, 14.0. ESI HRMS m/z calcd. for C15H13O4S [M+H] +: 273.0580, Found: 273.0581 

(iii)  Oxidation using strong oxidant (Jones reagent) 
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A clean round bottom flask was charged with corresponding aldehyde (5 or 6 or 7 or 8) (1 equiv.)  in 
acetone (4 mL/mmol of corresponding aldehyde) and allowed to stir at 0 oC in an ice bath. A freshly 
prepared Jones reagent (2 equiv.) was added drop wise to the reaction mixture with continuous 
stirring for 10-15 minutes at the same temperature. The Reaction mixture was then allowed to stir 
at room temperature for 2 h and progress of reaction was monitored with TLC. Upon completion, 
the reaction was quenched by slowly adding an aqueous NaHCO3 solution. The mixture was 
extracted with ethyl acetate (3 times) and the organic layer was washed with water, dried over 
Na2SO4, concentrated under reduced pressure and purified by column chromatography on silica gel 
to give the desired product.  

4-(methylsulfonyl)benzoic acid (5c) [Off-White Solid, mp = 228-230] 1a; 1H NMR (400 MHz, DMSO-
d6) δ 8.10 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 8.2 Hz, 2H), 2.78 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 
166.6, 151.3, 132.8, 130.0, 123.9, 43.1. ESI HRMS m/z calcd. for C8H9O4S [M+H] +: 201.0216, Found: 
201.0586  

Terephthalic acid (2x) (NMR data on page S7). 

 4-benzoylbenzoic acid (7b) [Off-White Solid, mp = 200-202]1f; 1H NMR (400 MHz, DMSO-d6) δ 8.10 
(d, J = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 7.78 – 7.74 (m, 2H), 7.73 – 7.68 (m, 1H), 7.61–7.55) (m, 
2H). 13C NMR (100 MHz, DMSO-d6) δ 195.4, 166.7, 140.6, 136.5, 134.0, 133.1, 129.8, 129.7, 129.4, 
128.7. ESI HRMS m/z calcd. for C14H11O3[M+H] +: 227.0703, Found: 227.0710  

4-(4-(methylsulfonyl)benzoyl)benzoic acid (8d) [Gummy Solid]; 1H NMR (400 MHz, DMSO-d6) δ 8.10 
(d, J = 8.2 Hz, 1H), 7.93 (d, J = 8.3 Hz, 1H), 7.89 – 7.83 (m, 4H), 2.83 (s, 3H). 13C NMR (100 MHz, 
DMSO-d6) δ 195.2, 167.1, 151.8, 140.5, 138.8, 134.7, 130.9, 130.3, 130.0, 124.4, 43.4. ESI HRMS m/z 
calcd. for C15H13O5S [M+H] +: 305.0478, Found: 305.0652 

(iv) Oxidation using our method (KOtBu) 
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An oven dried round bottomed flask was charged with potassium t-butoxide (2 equiv.) under 
nitrogen atmosphere. Dry Tetrahydrofuran (2.5 mL/mmol of potassium t-butoxide) was added to 
this through a syringe and the solution was allowed to stir at 0oC for 5-10 minutes till the base 
dissolves. A solution of corresponding aldehyde (1 equiv.) in dry tetrahydrofuran (3 mL/mmol of 
aldehyde) was added drop wise to this solution at the same temperature and the reaction mixture 
was allowed to stir for 2 h at room temperature till the complete consumption of starting material, 
as monitored by TLC analysis. After completion of the reaction, workup with water and subsequent 
acidification of the aqueous layer with HCl (10%) resulted in the precipitation of the required 
compound which was filtered under vacuum, washed with cold water and dried under vacuum. 
[Note: As already mentioned in the manuscript, the reaction gets completed with 15-30 minutes, it 
is kept for 2 h in order to have uniform set of conditions as compared to other selectivity 
experiments] 
 
4-(methylthio) benzoic acid (5d) [White Solid, mp = 190-192 °C, Yield = 88% (485 mg from 500 mg of 
5)] 1a; 1H NMR (400 MHz, CD3OD) δ 7.94 – 7.89 (m, 2H), 7.31 – 7.25 (m, 2H), 2.51 (s, 3H). 13C NMR 
(100 MHz, CD3OD) δ 169.7, 147.3, 131.1, 127.8, 125.9, 14.6. 
4-(hydroxymethyl) benzoic acid (6b)   [White Solid, mp = 184-186 °C, Yield = 85% (475 mg from 500 
mg of 6)] 1a; 1H NMR (400 MHz, DMSO-d6) δ 12.84 (s, 1H), 7.90 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.3 Hz, 
2H), 5.35 (s, 1H), 4.57 (d, J = 2.6 Hz, 2H). 13C NMR (100 MHz DMSO-d6) δ 167.3, 147.8, 129.2, 126.2, 
62.5. 

4-(hydroxy (phenyl) methyl) benzoic acid (7c) [Off-White Solid, mp = 164-166 °C, Yield = 88% (378 
mg from 400 mg of 7)]; 1H NMR (400 MHz, DMSO-d6) δ 12.86 (s, 1H), 7.88 (d, J = 8.2 Hz, 2H), 7.50 
(d, J = 8.2 Hz, 2H), 7.38 (d, J = 7.3 Hz, 2H), 7.33–7.27 (m, 2H), 7.23–7.18 (m, 1H), 6.05 (d, J = 3.9 Hz, 
1H), 5.77 (d, J = 3.7 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 167.3, 150.7, 145.1, 129.3, 128.3, 127.0, 
126.4, 126.3, 74.0. 

4-(hydroxy(4-(methylthio) phenyl)methyl) benzoic acid (8e) [White Solid, mp = > 300 °C, Yield = 85% 
(252 mg from 280 mg of 8)]; 1H NMR (400 MHz, DMSO-d6) δ 7.87 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.2 
Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.22 – 7.18 (m, 2H), 5.73 (s, 1H), 2.42 (s, 3H). 13C NMR (100 MHz, 
DMSO-d6) δ 167.5, 150.5, 142.0, 136.6, 129.8, 129.4, 127.1, 126.3, 126.0, 73.6, 14.9. ESI HRMS m/z 
calcd. for C15H13O3S [M-H]+ : 273.0560 Found: 273.0585 

 Section-VI:   Synthesis of related natural products: 

 
(a) Synthesis of PARP inhibitor and Phenaglydon: 
(i) Synthesis of 2-Bromo-N-phenylbenzamide (9a) and 2-Bromo-4-methyl-N-phenylbenzamide 

(9b): 
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To a solution of acid 2r (1000 mg, 4.97 mmol, 1 equiv.) in dry CH2Cl2 (4 mL/mmol of acid) was added 

thionyl chloride (1109 µl, 14.97 mmol, 3 equiv.) at room temperature. The reaction mixture was 

stirred at 70 oC for 3 hours before the solvent was removed. The residue containing acid chloride X1 

was dried under high vacuum and used for next step without further purification. 

To the stirred solution of corresponding acid chloride X1 in CH2Cl2 (30 mL), a solution of aniline 

(555.42 µl, 5.96 mmol, 1.2 equiv.) and triethyl amine (861 µl, 5.96 mmol, 1.2 equiv.) in CH2Cl2 (10 

mL) was added drop wise using dropping funnel at 0 oC. After complete addition, reaction mixture 

was stirred for 1.5 h at room temperature. 10% aqueous HCl solution (50 mL) was added to the 

reaction mixture and resulting solution was extracted with CH2Cl2 (3 × 30 mL), combined organic 

layer was washed with water (100 mL), dried over Na2SO4, concentrated in vacuum and purified by 

column chromatography (80 : 20, v/v Hexane : EtOAc as eluent) to give the desired product 9a in 

88% yield. Similar procedure was followed for the synthesis of 9b (obtained in 92% yield). 

2-Bromo-N-phenylbenzamide (9a) [White Solid, mp = 118-120 °C, Yield = 88%]; 1H NMR (400 MHz, 

DMSO-d6) δ 10.48 (s, 1H), 7.75 – 7.70 (m, 3H), 7.56 (dd, J = 7.5, 1.8 Hz, 1H), 7.52–7.48 (m, 1H), 7.44 

– 7.40 (m, 1H), 7.39 – 7.32 (m, 2H), 7.14 – 7.08 (m, 1H).  13C NMR (100 MHz, DMSO-d6) δ 165.9, 

139.2, 139.0, 132.8, 131.3, 128.9, 128.9, 127.8, 123.9, 119.7, 119.1. ESI HRMS m/z calcd. for C13H11 

BrNO [M+H] +: 276.0004, Found: 276.0024 

 2-Bromo-4-methyl-N-phenylbenzamide (9b) [White Solid, mp = 156-158 °C, Yield = 92%]; 1H NMR 

(400 MHz, DMSO-d6) δ 10.42 (s, 1H), 7.74 (d, J = 7.6 Hz, 2H), 7.57 (s, 1H), 7.45 (d, J = 7.7 Hz, 1H), 

7.40 – 7.29 (m, 3H), 7.13-7.9 (m, 1H), 2.37 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 166.0, 141.5, 

139.1, 136.4, 133.0, 128.9, 128.8, 128.3, 123.9, 119.7, 119.0, 20.5. ESI HRMS m/z calcd. for C14H14 

BrNO [M+H] +: 290.0161, Found: 290.0181 

  

(ii)  Synthesis of Phenanthridin-6(5H)-one (10a) and 9-Methylphenanthridin-6(5H)-one (10b): 

                              
 
An oven dried round bottom flask was charged with 2-Bromo-N-phenylbenzamide 9a (200 mg, 0.73 
mmol, 1 equiv.), potassium t-butoxide (408 mg, 3.63 mmol, 5 equiv.), AIBN (42 mg, 0.25 mmol, 35 
mol %) and benzene (10 mL). The reaction mixture was refluxed for 6 h and the progress of reaction 
was monitored by TLC. After completion, the reaction mixture was cooled to room temperature and 
extracted with ethyl acetate (3 × 20 mL). The combined organic layer was washed with water (50 
mL), dried over Na2SO4, concentrated in vacuum and purified by column chromatography (70 : 30, 
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v/v Hexane : EtOAc as eluent) to give the desired product 10a in 78% yield. Similar procedure was 
followed for the synthesis of compound 10b (obtained in 85% yield). 
 
Phenanthridin-6(5H)-one (10a) [Off-White Solid, mp = 278-280 °C, Yield = 85% (111 mg from 200 mg 
of 9a]; 1H NMR (400 MHz, DMSO-d6) δ 11.68 (s, 1H), 8.50 (d, J = 8.1 Hz, 1H), 8.38 (d, J = 7.5 Hz, 1H), 
8.34–8.30 (m, 1H), 7.89 – 7.82 (m, 1H), 7.68 – 7.61 (m, 1H), 7.52 – 7.46 (m, 1H), 7.39–7.35 (m, 1H), 
7.29 – 7.24 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ 161.3, 137.0, 134.7, 133.3, 130.1, 128.4, 127.9, 
126.1, 123.7, 123.1, 122.8, 118.0, 116.6. 

  
9-Methylphenanthridin-6(5H)-one (10b) [Off-White Solid,  mp = 250-251 °C, Yield = 85% (123 mg 
from 200 mg of 9b)]; 1H NMR (400 MHz, DMSO-d6) δ 11.58 (s, 1H), 8.36 (d, J = 7.5 Hz, 1H), 8.31 (s, 
1H), 8.20 (d, J = 8.1 Hz, 1H), 7.50 – 7.44 (m, 2H), 7.37–7.33 (m, 1H), 7.28–7.22 (m, 1H), 2.53 (s, 3H).  
13C NMR (100 MHz, DMSO-d6) δ 160.9, 143.1, 136.8, 134.3, 129.5, 129.2, 127.5, 123.4, 123.3, 122.6, 
122.2, 117.6, 116.1, 21.6. 
 
(b)  Synthesis of Piperlongumine (12): 

 

                      

To a solution of acid 2v (200 mg, 0.84 mmol, 1.0 equiv.) and oxalyl chloride (319 mg, 2.5 mmol, 3 

equiv.) in DMF (10 mL) was added lactam (98 mg, 1 mmol, 1.2 equiv.). The reaction mixture was 

stirred at room temperature for 4 h before it was quenched with saturated aqueous NH4Cl (30 mL) 

and extracted with ethyl acetate (3 x 20 mL). The combined organic phase was washed with brine, 

dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by column 

chromatography (50: 50, v/v Hexane: EtOAc as eluent) to provide the desired amide 12 in 82% yield. 

 (E)-1-(3-(3,4,5-trimethoxyphenyl)acryloyl)-5,6-dihydropyridin-2(1H)-one (12) [White Solid, mp = 

122-125 °C, (219 mg, 85%)]; 1H NMR (400 MHz, DMSO-d6) δ 7.53 (d, J = 15.6 Hz, 1H), 7.28 (d, J = 15.6 

Hz, 1H), 7.10 – 7.06 (m, 1H), 6.96 (s, 2H), 5.96 (d, J = 9.7 Hz, 1H), 3.88 (t, J = 6.4 Hz, 2H), 3.81 (s, 6H), 

3.69 (s, 3H), 2.48 – 2.41 (m, 2H). 13C NMR (100 MHz, DMSO-d6) δ 168.51, 165.5, 153.2, 147.5, 141.9, 

139.4, 130.4, 124.5, 122.0, 105.6, 60.2, 56.0, 41.7, 24.4. 
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Section-VII: NMR Spectra: 
1H NMR Spectrum of 2a (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2a (DMSO-d6, 100 MHz)  
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1H NMR Spectrum of 2b (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2b (DMSO-d6, 100 MHz)  
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1H NMR Spectrum of 2c (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2c (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2d (CDCl3, 400 MHz)  

  
13C {1H} NMR Spectrum of 2d (CDCl3, 100 MHz) 
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1H NMR Spectrum of 2e (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2e (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2f (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2f (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2g (DMSO-d6, 400 MHz)  

  
13C {1H} NMR Spectrum of 2g (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2h (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2h (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2i (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2i (DMSO-d6, 100 MHz) 
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       1H NMR Spectrum of 2j (CD3OD, 400 MHz)   

 
13C {1H} NMR Spectrum of 2j (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2k (DMSO-d6, 400 MHz)   

  
13C {1H} NMR Spectrum of 2k (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2l (DMSO-d6, 400 MHz)   

 
13C {1H} NMR Spectrum of 2l (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2m (CD3OD, 400 MHz)   

 
13C {1H} NMR Spectrum of 2m (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2n (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2n (DMSO-d6, 100 MHz) 
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19F NMR Spectrum of 2o (DMSO-d6, 377 MHz)  

 
13C {1H} NMR Spectrum of 2o (DMSO-d6, 100 MHz) 

 



S45 
 

1H NMR Spectrum of 2p (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2p (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2q (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2q (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2r (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2r (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2s (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2s (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2t (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2t (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2u (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2u (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2v (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2v (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2w (DMSO-d6, 400 MHz)  

  
13C {1H} NMR Spectrum of 2w (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2x (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2x (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2y (DMSO-d6, 400 MHz)    

 

13C {1H} NMR Spectrum of 2y (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2z (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2z (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2za (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2za (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 2zb (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2zb (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2zc (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2zc (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2zd (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2zd (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2ze (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 2ze (CD3OD, 100 MHz) 
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1H NMR Spectrum of 2zf (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 2zf (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 4a (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 4a (CD3OD, 100 MHz) 
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1H NMR Spectrum of 4b (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 4b (CD3OD, 100 MHz) 
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1H NMR Spectrum of 4c (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 4c (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 4d (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 4d (CD3OD, 100 MHz) 
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1H NMR Spectrum of 4e (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 4e (CD3OD, 100 MHz) 
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1H NMR Spectrum of 4f (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 4f (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 4g (CD3OD, 400 MHz)  

 
13C {1H} NMR Spectrum of 4g (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 4h (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 4h (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 4i (DMSO-d6, 400 MHz)   

 
13C {1H} NMR Spectrum of 4i (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 4j (CD3OD, 400 MHz)    

 
13C {1H} NMR Spectrum of 4j (CD3OD, 100 MHz) 
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1H NMR Spectrum of 4k (DMSO-d6, 400 MHz)    

 
13C {1H} NMR Spectrum of 4k (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 5a (DMSO-d6, 400 MHz)    

 
13C {1H} NMR Spectrum of 5a (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 5b (DMSO-d6, 400 MHz)    

 
13C {1H} NMR Spectrum of 5b (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 5c (DMSO-d6, 400 MHz)   

 
13C {1H} NMR Spectrum of 5c (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 5d (CD3OD, 400 MHz)   

 
13C {1H} NMR Spectrum of 5d (CD3OD, 100 MHz) 
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1H NMR Spectrum of 6a (DMSO-d6, 400 MHz)  

 
 

13C {1H} NMR Spectrum of 6a (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 6b (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 6b (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 7 (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 7 (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 7a (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 7a (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 7b (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 7b (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 7c (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 7c (DMSO-d6, 100 MHz) 

 



S83 
 

1H NMR Spectrum of 8 (DMSO-d6, 400 MHz)  

  
13C {1H} NMR Spectrum of 8 (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 8a (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 8a (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 8b (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 8b (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 8c (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 8c (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 8d (DMSO-d6, 400 MHz)  

  
13C {1H} NMR Spectrum of 8d (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 8e (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 8e (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 9a (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 9a (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 9b (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 9b (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 10a (DMSO-d6, 400 MHz)  

  
13C {1H} NMR Spectrum of 10a (DMSO-d6, 100 MHz) 
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1H NMR Spectrum of 10b (DMSO-d6, 400 MHz)  

  
13C {1H} NMR Spectrum of 10b (DMSO-d6, 100 MHz) 

 



S93 
 

1H NMR Spectrum of 12 (DMSO-d6, 400 MHz)  

 
13C {1H} NMR Spectrum of 12 (DMSO-d6, 100 MHz) 

 
 


