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Abstract The metal-free oxidation of dialkyl, alkyl aryl, or alkyl het-
eroaryl ketones or arylalkynes to the corresponding carboxylic acids is
achieved using an oxidative mixture of Oxone and trifluoroacetic acid.
This green method is a simple and mild protocol to obtain carboxylic
derivatives in excellent yields.

Key words ketones, alkynes, oxidation, carboxylic acids, green chem-
istry

The carboxylic acid moiety is an important functional
group in organic chemistry or biology, and it plays an im-
portant role as a versatile building block in the synthesis of
natural products, pharmaceuticals, agricultural chemicals,
polymers, and dyes.1 Many oxidation processes to prepare
such carbonyl derivatives are known to produce undesired
waste materials. In conventional oxidation procedures, ni-
tric acid, sulfuric acid, hydrogen peroxide, hydrobromic
acid, carbon tetrabromide–triphenylphosphine, and other
oxidants are commonly used that have harsh conditions
and it is sometimes difficult to perform the oxidation in a
controlled manner.2 Frequently, oxidation processes are
problematic and many are unacceptable for practical syn-
thetic use. The use of heavy metal oxidants produces toxic
waste during the process. Therefore, an efficient oxidant/re-
agent/catalyst system and the correct choice of reaction
conditions are important for the feasibility of an ideal oxi-
dation procedure.

Several long-standing methods for the synthesis of car-
boxylic acids involve the ozonolysis3 of olefins and alkynes
or the two-step dihydroxylation and oxidative cleavage of
diols with sodium periodate and oxidants.4 These methods
aside, there are many methods that have been reported for

the conversion of acetophenones and terminal arylalkynes
into the corresponding carboxylic acids by the direct con-
version of alkynes and/or alkenes to carboxylic acids cata-
lyzed by different metals such as osmium; the olefin oxida-
tion is carried out with osmium tetroxide and a variety of
co-oxidants [H2O2, TBHP, Oxone, PhI(OAc)2, NaIO4] are
used.5 Manganese and its oxides are also used for this type
of conversion.6 Ruthenium4b,7 and other metals including
lead,8 gold,9 rhenium,10 and tungsten oxides,11 and other
metals or their oxides, have been used for the oxidation of
various precursors to carbonyl derivatives. Many oxo acids
have also been used for this type of oxidation reaction.12

The development of novel metal-free methods for the
preparation of carboxylic acids is an interesting target for
organic chemists. Simple, inexpensive, and metal-free
methods have great importance for this conversion; safer
and cleaner oxidation procedures are still in demand and
need to be developed.

In continuation of our interest in the development of
metal-free reactions,13 we now report a simple and efficient
method for the oxidation of dialkyl, alkyl aryl, or alkyl het-
eroaryl ketones or arylalkynes to the corresponding carbox-
ylic acids. Excellent yields of carboxylic acids were obtained
when the reaction was carried out with a mixture of triflu-
oroacetic acid and Oxone. Initially, acetophenone (1a) was
chosen to optimize the reaction conditions. The reaction of
acetophenone (1a) with trifluoroacetic acid and Oxone
(1:1) in 1,4-dioxane at 101 °C gave the desired  carboxylic
acid 3a in good yield (Scheme 1). Similarly, phenylacetylene
(2a) was converted into benzoic acid (3a) in excellent yield
(Scheme 1). The reaction with Oxone or trifluoroacetic acid
alone did not give the product; this confirms that using tri-
fluoroacetic acid alone had no effect. The proportional mix-
ture of Oxone/trifluoroacetic acid (1:1; 2 equiv with respect
to reactant) is required for the reaction to progress.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, 3161–3168
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Scheme 1  Formation of benzoic acid from acetophenone or pheny-
lacetylene by oxidation using trifluoroacetic acid/Oxone mixture

Even though, the yields were found to be excellent in
this reaction, we optimized the reaction conditions for the
reaction of acetophenone (1a) by screening various oxi-
dants, acid additives, and solvents (Table 1). The best con-
version uses the Oxone and trifluoroacetic acid mixture
(1:1; 2 equiv with respect to reactant) (entry 4). Among the
solvents screened only tetrahydrofuran and 1,4-dioxane
gave the desired product 3a in 70% and 95% yields, respec-
tively (entries 4 and 5); therefore, 1,4-dioxane was chosen
to perform future reactions. The optimized conditions used
for all further reactions are as shown in Table 1, entry 4.

Table 1  Optimization of Reaction Conditions for the Formation of Car-
boxylic Acids from Acetophenone Substrate

To explore the possibility of varying the aryl substitu-
tion, alkyl substituted-aryl ketones were reacted with Ox-
one/trifluoroacetic acid under the optimized conditions
(Table 1, entry 4). Various substituted-acetophenones 1a–n
were converted smoothly into the corresponding carboxylic
acids 3a–n (Table 2). Acetophenone substrates containing
aryl groups substituted either with electron-withdrawing
groups or electron-donating groups performed equally well
and gave excellent yields of the corresponding carboxylic
acid derivatives in 80–95% yields.

Table 2  Synthesis of Various Arenecarboxylic Acids from Alkyl Aryl Ke-
tones under the Optimized Conditions

Entry Solvent Oxidant 
(equiv)

Acid additive 
(equiv)

Temp 
(°C)

Time 
(h)

Yield 
(%)

 1 1,4-dioxane Oxone (2) TFA (2)  30 10 –

 2 1,4-dioxane Oxone (2) TFA (2)  80 10 65

 3 1,4-dioxane Oxone (1) TFA (1) 101 10 70

 4 1,4-dioxane Oxone (2) TFA (2) 101 10 95

 5 THF Oxone (2) TFA (2)  66 10 70

 6 1,4-dioxane Oxone (2) AlCl3 (2) 101 10 –

 7 1,4-dioxane Oxone (2) ZnCl2 (2) 101 10 –

 8 1,4-dioxane Oxone (2) H2SO4 (2) 101 10 88

 9 1,4-dioxane Oxone (2) AcOH (2) 101 10 30

10 1,4-dioxane H2O2 (2) TFA (2) 101 10 –

11 1,4-dioxane TBHP (2) TFA (2) 101 10 –

12 1,4-dioxane MCPBA (2) TFA (2) 101 10 –

13 1,4-dioxane IBX (2) TFA (2) 101 10 –

14 DMF Oxone (2) TFA (2) 154 10 –

15 H2O Oxone (2) TFA (2) 100 10 –

16 MeOH Oxone (2) TFA (2)  65 10 –

17 1,4-dioxane Oxone (2) TCA (2) 101 10 –

18 1,4-dioxane K2S2O8 (2) TFA (2) 101 10 –

19 1,4-dioxane DTBP TFA (2) 101 10 –

20 1,4-dioxane Na2S2O8 (2) TFA (2) 101 10 –

O O

OHOxone, TFA Oxone, TFA

    95%  95%

1a 3a 2a

O O

OHoxidant

1a 3a

acid additive

Entry Substrate Product Yield (%)

1

1a
3a

95

2

1b
3b

88

3

1c
3c

95

4

1d
3d

90

5

1e
3e

85

6

1f
3f

88

7

1g
3g

80

O
COOH

O

Br

COOH

Br

O

OMe

MeO

MeO
COOH

OMe

MeO

MeO

O

MeO

COOH

MeO

O

Br

COOH

Br

O

F

Br
COOH

F

Br

O

Cl Cl

COOH

Cl Cl
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Table 2 (continued)

Furthermore, this reaction was expanded to the use of
alkyl heteroaryl and dialkyl ketones. The reaction with 2-
acetylbenzofuran (1u) was performed and gave benzofu-
ran-2-carboxylic acid (3u) in 80% yield (Table 3, entry 1). A
few other heteroaryl substrates 1v–x were explored (Table
3), which also gave respective products 3v–x in good yields
(entries 2–4). The use of the alkyl substrates 1o,y,z was ex-
amined (entries 5–7) and gave the corresponding products
3o,y,z in lower yields. Dihydro-β-ionone 1y was converted
into β-ionic acid 3y in 60% yield, while α,β-unsaturated
substrates pent-3-en-2-one (1z) and benzylideneacetone
(1o) were converted into but-2-enoic acid (3z) and cinnam-
ic acid (3o) in 58% and 68% yields, respectively.

 8

1h
3h

85

 9

1i
3i

87

10

1j
3j

81

11

1k
3k

86

12

1l
3l

88

13

1m
3m

84

14

1n
3n

82

Entry Substrate Product Yield (%)

O

Cl

COOH

Cl

O

MeO

Br
COOH

MeO

Br

O

O2N
COOHO2N

O
COOH

O

F

COOH

F

Cl

O
COOHCl

O

O2N

COOH

O2N
© Georg Thieme Verlag  Stuttgart · New
Table 3  Synthesis of Various Alkane or Heteroarenecarboxylic Acids 
from Dialkyl or Alkyl Heteroaryl Ketones under the Optimized Condi-
tions

Similarly, the use of various α-substituted alkyl aryl ke-
tones 3aa–3ae was examined (Table 4) to examine the pos-
sibilities of this reaction. The reaction of propiophenone
(3aa) with trifluoroacetic acid/Oxone gave benzoic acid
(3a) in 62% yield (entry 1). Other reactions with α-alkyl-
substituted alkyl aryl ketones 3ab–ad gave the products
corresponding products 3a and 3p (entries 2–4), but benzo-
phenone (3ae) was not converted into the carboxylic acid
product (entry 5). The reason for the failure to react with
benzophenone (3ae) could be its electronic nature, which is
less reactive and in this case, it is difficult to cleave the C–C
bond between phenyl ring and carbonyl carbon.

Entry Substrate Product Yield (%)

Heteroaryl

1

1u 3u

80

2

1v 3v

90

3

1w 3w

70

4

1x 3x

67

Alkyl

5

1y 3y

60

6

1z 3z

58

7

1o 3o

68

O O O
COOH

N

O

N

OH

O

S

O

S

O

OH

O

O

O

O

OH

O

OH

O

O

OH

O

O

OH

O
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Table 4  Synthesis of Carboxylic Acids from Various α-Substituted Alkyl 
Aryl Ketones under the Optimized Conditions

The oxidative cleavage of alkynes to carboxylic acids is a
fundamental reaction in organic chemistry. Many methods
are known for this conversion and the use of Ozone, potas-
sium permanganate, molybdenum, tungsten, or ruthenium
reagents, and hydrogen peroxide mediated oxidation reac-
tion are well reported.14 The Oxone–trifluoroacetic acid
procedure utilized for the oxidation of alkyl aryl ketones
was also applied to substituted arylacetylenes 2. The re-
quired substituted benzoic acids 3 were obtained in good to
excellent yields for all substrates; various substitutions
such as electron-donating and electron-withdrawing
groups on the aryl group were acceptable (Table 5).

In summary, we have developed a mild and efficient
procedure for the oxidation of dialkyl ketones, alkyl aryl ke-
tones, or alkyl heteroaryl ketones or arylalkynes to the cor-
responding carboxylic acids in the presence of Oxone/triflu-
oroacetic acid. The present protocol is simple and can be ef-
fectively implemented in organic synthesis for various
applications.

Entry Substrate Product Yield (%)

1

3aa
3a

62

2

3ab
3a

47

3

3ac
3p

60

4

3ad
3a

45

5

3ae

– –

O
COOH

O
COOH

O
COOH

O
COOH

O

Table 5  Synthesis of Various Arenecarboxylic Acids from Arylalkynes 
under the Optimized Conditions

Entry Substrate Product Yield 
(%)

 1

2a 3a

95

 2

2p 3p

90

 3

2e 3e

89

 4

2q 3q

87

 5

2r 3r

87

 6

2s 3s

83

 7

2d 3d

91

 8

2t 3t

90

 9

2p
3p

83

10

2aa 3p

80

COOH

COOH

Br

COOH

Br

COOH

COOH

O

COOH

O

MeO

OH

O

MeO

MeO MeO

COOH

COOH

COOH
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, 3161–3168



3165

K. A. Aravinda Kumar et al. PaperSyn  thesis

D
ow

nl
oa

de
d 

by
: W

ei
zm

an
n 

In
st

itu
te

 o
f S

ci
en

ce
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
Analytical TLC was performed using TLC pre-coated silica gel 60 F254
Merck (20 × 20 cm). TLC plates were visualized by exposure to UV
light or I2 vapor, or immersion in an acidic staining solution of p-ani-
saldehyde followed by heating on hot plate. Organic solvents were re-
moved by rotary evaporation on Buchi-Switzerland R-120 rotary
evaporator and vacuum pump V-710. Purification of compounds was
by column chromatography using Merck silica gel 230–400 mesh size.
1H or 13C NMR spectra were recorded with Bruker 400 or 500 MHz
NMR instruments referenced to the residual proton in the NMR sol-
vent (CDCl3: δ = 7.26, or other solvents as mentioned). All NMR spec-
tra were processed with either MestReNova or Bruker software. Mass
spectra were recorded with an Agilent mass spectrometer.

Benzoic Acid (3a);15a Typical Procedure from Acetophenone or 
Phenylacetylene
To a mixture of acetophenone (100 mg, 1 equiv) or phenylacetylene
(1 equiv) in dioxane (5 mL), Oxone (2 equiv) and TFA (2 equiv) were
added. The mixture was then heated to reflux for 10 h and then
cooled to r.t. H2O (10 mL) was added and the mixture was extracted
with EtOAc (2 × 20 mL). The combined organic layers were treated
with sat. NaHCO3 solution and the aqueous layer was poured onto
crushed ice and treated with 2 M HCl; a colorless solid precipitated
out. The precipitate was filtered off and dried in vacuo to give benzoic
acid (3a)15a after column chromatography (silica gel; EtOAc–hexane,
1:9) as a white crystalline solid; yield: 0.096 g (95%) from 1a; mp
122–123 °C.
1H NMR (400 MHz, CD3OD): δ = 8.03 (d, J = 7.6 Hz, 2 H), 7.54 (t, J = 7.3
Hz, 1 H), 7.43 (t, J = 7.6 Hz, 2 H).
13C NMR (100 MHz, CD3OD): δ = 170.0, 134.1, 131.8, 130.8, 129.5.
MS (ESI): m/z = 123.3.

2-Bromobenzoic Acid (3b)15a

White solid; yield: 0.089 g (88%); mp 148–150 °C.
1H NMR (400 MHz, CD3OD): δ = 7.70–7.67 (m, 1 H), 7.58 (d, J = 8.0 Hz,
1 H), 7.33–7.25 (m, 2 H).
13C NMR (126 MHz, CD3OD): δ = 169.7, 135.3, 134.6, 133.6, 132.2,
128.5, 122.0.
MS (ESI, –): m/z = 199.2 [M+ – 1].

3,4,5-Trimethoxybenzoic Acid (3c)15d

White crystalline solid; yield: 0.096 g (95%); mp 167–170 °C.
1H NMR (400 MHz, CDCl3): δ = 7.38 (s, 2 H), 3.94 (s, 3 H), 3.93 (s, 6 H).
13C NMR (126 MHz, CDCl3): δ = 171.4, 152.9, 142.9, 124.1, 107.4, 60.9,
56.2.
MS (ESI, –): m/z = 211.2 [M+ – 1].

4-Methoxybenzoic Acid (3d)15a

White solid; yield: 0.091 g (90%); mp 183 °C.
1H NMR (500 MHz, CD3OD): δ = 7.87 (d, J = 8.9 Hz, 2 H), 6.87 (d, J = 8.9
Hz, 2 H), 3.75 (s, 3 H).
13C NMR (126 MHz, CD3OD): δ = 169.8, 165.1, 132.9, 124.0, 114.7,
55.9.
MS (ESI, –): m/z = 151.2 [M+ – 1].

4-Bromobenzoic Acid (3e)15a

White solid; yield: 0.086 g (85%); mp 253 °C.

1H NMR (400 MHz, CD3OD): δ = 7.82 (d, J = 8.5 Hz, 2 H), 7.55 (d, J = 8.5
Hz, 2 H).
13C NMR (126 MHz, CD3OD): δ = 168.8, 132.8, 132.5, 131.1, 128.8.
MS (ESI, –): m/z = 199.2 [M+ – 1].

3-Bromo-4-fluorobenzoic Acid (3f)15e

White solid; yield: 0.088 g (88%); mp 138–140 °C.
1H NMR (400 MHz, CDCl3): δ = 8.34 (m, 1 H), 8.07 (m, 1 H), 7.23 (m, 1
H).
19F NMR (376 MHz, CDCl3): δ = –98.11 (td, J = 7.2, 5.2 Hz).
13C NMR (101 MHz, CDCl3): δ = 170.2, 162.7 (d, J = 256.2 Hz), 136.1 (d,
J = 1.7 Hz), 131.5 (d, J = 8.8 Hz), 126.7 (d, J = 3.5 Hz), 116.7 (d, J = 23.1
Hz), 109.5 (d, J = 21.8 Hz).
MS (ESI, –): m/z = 216.8 [M+ – 1].

2,4-Dichlorobenzoic Acid (3g)15b

White solid; yield: 0.081 g (80%); mp 157–160 °C.
1H NMR(400 MHz, CDCl3): δ = 7.99 (d, J = 8.5 Hz, 1 H), 7.53 (d, J = 1.9
Hz, 1 H), 7.35 (dd, J = 8.5, 2.0 Hz, 1 H).
13C NMR (101 MHz, CDCl3): δ = 169.3, 139.6, 136.1, 133.5, 131.45,
127.2, 126.6.
MS (ESI, –): m/z = 189.2 [M+ – 1].

4-Chlorobenzoic Acid (3h)15b

White solid; yield: 0.086 g (85%); mp 238–240 °C.
1H NMR (400 MHz, CD3OD): δ = 7.89 (d, J = 8.6 Hz, 2 H), 7.38 (d, J = 8.6
Hz, 2 H).
13C NMR (101 MHz, CD3OD): δ = 168.8, 140.2, 132.3, 129.7.
MS (ESI, –): m/z = 155.2 [M+ – 1].

3-Bromo-4-methoxybenzoic Acid (3i)15i

White solid; yield: 0.087 g (87%); mp 220–221 °C.
1H NMR (400 MHz, CD3OD): δ = 8.05 (d, J = 2.1 Hz, 1 H), 7.90 (dd, J =
8.6, 2.1 Hz, 1 H), 7.01 (d, J = 8.7 Hz, 1 H), 3.85 (s, 3 H).
13C NMR (126 MHz, CD3OD): δ = 168.4, 161.0, 135.7, 132.0, 125.4,
112.5, 112.2, 57.0.
MS (ESI, –): m/z = 228.9 [M+ – 1].

3-Nitrobenzoic Acid (3j)15a

Pale yellow solid; yield: 0.082 g (81%); mp 139–140 °C.
1H NMR (400 MHz, CD3OD): δ = 8.65 (d, J = 1.7 Hz, 1 H), 8.36–8.31 (m,
1 H), 8.26 (d, J = 7.7 Hz, 1 H), 7.63 (t, J = 8.0 Hz, 1 H).
13C NMR (126 MHz, CD3OD): δ = 165.9, 148.2, 135.0, 132.4, 129.6,
126.8, 123.8.
MS (ESI, –): m/z = 166.1 [M+ – 1].

3,4-Dimethylbenzoic Acid (3k)15c

White solid; yield: 0.087 g (86%); mp 164 °C.
1H NMR (400 MHz, CDCl3): δ = 7.93–7.81 (m, 2 H), 7.28–7.18 (m, 1 H),
2.33 (d, J = 4.5 Hz, 6 H).
13C NMR (101 MHz, CDCl3): δ = 172.7, 143.3, 136.8, 131.2, 129.8,
127.8, 126.9, 20.1, 19.6.
MS (ESI, –): m/z = 148.8 [M+ – 1].
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, 3161–3168
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4-Fluorobenzoic Acid (3l)15b

White crystalline solid; yield: 0.089 g (88%); mp 184 °C.
1H NMR (400 MHz, CDCl3): δ = 8.16–8.13 (m, 2 H), 7.15 (t, J = 8.0 Hz, 2
H).
13C NMR (126 MHz, CDCl3): δ = 168.7, 168.4, 165.9, 138.5, 133.4,
128.4, 116.5.
MS (ESI, –): m/z = 139.0 [M+ – 1].

3-Chlorobenzoic Acid (3m)15b

White crystalline solid; yield: 0.085 g (84%); mp 167–170 °C.
1H NMR (400 MHz, CDCl3): δ = 8.09 (s, 1 H), 8.00 (d, J = 7.7 Hz, 1 H),
7.59 (d, J = 8.0 Hz, 1 H), 7.42 (t, J = 7.9 Hz, 1 H).
13C NMR (101 MHz, CD3OD): δ = 168.4, 135.5, 133.9, 131.2, 130.5,
129.0.

4-Nitrobenzoic Acid (3n)15a

Pale yellow solid; yield: 0.083 g (82%); mp 238 °C.
1H NMR (400 MHz, CD3OD): δ = 8.23 (d, J = 8.8 Hz, 2 H), 8.13 (d, J = 8.8
Hz, 2 H).
13C NMR (126 MHz, CD3OD): δ = 167.6, 151.9, 137.6, 131.9, 124.5.
MS (ESI, –): m/z = 166.2 [M+ – 1].

Cinnamic Acid (3o)15l

White crystalline solid; yield: 0.069 g (68%); mp 130 °C.
1H NMR (500 MHz, CDCl3): δ = 7.81 (d, J = 16.0 Hz, 1 H), 7.57–7.55 (m,
2 H), 7.44–7.38 (m, 3 H), 6.47 (d, J = 16.0 Hz, 1 H).
13C NMR (126 MHz, CDCl3): δ = 172.8, 147.2, 134.0, 130.8, 129.0,
128.4, 117.3.
MS (ESI, +): m/z = 147.3 [M+ + 1].

4-Methylbenzoic Acid (3p)15a,c

White solid; yield: 0.105 g (90%); mp 274 °C.
1H NMR (400 MHz, CDCl3): δ = 8.03 (d, J = 8.1 Hz, 2 H), 7.27 (t, J = 8.1
Hz, 2 H), 2.46 (s, 3 H).
13C NMR (101 MHz, CD3OD): δ = 170.1, 145.0, 130.8, 130.1, 129.1,
21.6.
MS (ESI, +): m/z = 137.4 [M+ + 1].

4-tert-Butylbenzoic Acid (3q)15a

Colorless solid; yield: 0.088 g (87%); mp 162–164 °C.
1H NMR (400 MHz, CDCl3): δ = 8.04 (d, J = 8.5 Hz, 2 H), 7.49 (d, J = 8.5
Hz, 2 H), 1.35 (s, 9 H).
13C NMR (126 MHz, CDCl3): δ = 172.4, 150.2, 130.1, 129.1, 125.6, 40.6,
31.3.
MS (ESI, –): m/z = 177.2 [M+ – 1].

4-Phenylbenzoic Acid (3r)15c

White solid; yield: 0.088 g (87%); mp 223–224 °C.
1H NMR (500 MHz, CD3OD): δ = 7.99 (dt, J = 8.4, 1.8 Hz, 2 H), 7.65–
7.60 (m, 2 H), 7.59–7.55 (m, 2 H), 7.38–7.35 (m, 2 H), 7.31–7.26 (m, 1
H).
13C NMR (126 MHz, CD3OD): δ = 169.7, 147.0, 141.3, 131.4, 130.6,
130.1, 129.3, 128.2, 128.0.
MS (ESI, –): m/z = 197.3 [M+ – 1].

4-Phenoxybenzoic Acid (3s)15i

White solid; yield: 0.084 g (83%); mp 165 °C.
1H NMR (400 MHz, CDCl3): δ = 8.08 (d, J = 8.8 Hz, 2 H), 7.41 (t, J = 7.9
Hz, 2 H), 7.21 (t, J = 7.4 Hz, 1 H), 7.09 (d, J = 7.7 Hz, 2 H), 7.01 (d, J = 8.8
Hz, 2 H).
13C NMR (126 MHz, CD3OD): δ = 169.3, 163.4, 157.09, 133.0, 131.2,
126.1, 125.7, 121.2, 118.2.

4-Methoxy-2-methylbenzoic Acid (3t)15i

White solid; yield: 0.102 g (90%); mp 178 °C.
1H NMR (400 MHz, DMSO): δ = 7.84 (d, J = 8.3 Hz, 1 H), 6.84 (s, 1 H),
6.82 (d, J = 2.4 Hz, 1 H), 3.79 (s, 3 H), 2.52 (s, 3 H).
13C NMR (126 MHz, DMSO): δ = 168.0, 161.7, 142.1, 132.7, 122.0,
116.6, 111.1, 55.2, 21.8.
MS (ESI, +): m/z = 163.3 [M+ + 1].

Benzofuran-2-carboxylic Acid (3u)15j

Light yellow solid; yield: 0.081 g (80%); mp 175–176 °C.
1H NMR (500 MHz, CD3OD): δ = 7.72 (d, J = 7.9 Hz, 1 H), 7.57 (t, J = 4.2
Hz, 2 H), 7.48–7.44 (m, 1 H), 7.31 (t, J = 7.5 Hz, 1 H).
13C NMR (126 MHz, CD3OD): δ = 161.0, 155.7, 146.0, 127.3, 127.1,
123.5, 122.6, 113.4, 111.5.
MS (ESI): m/z = 163.2 [M+ + H].

Nicotinic Acid (3v)15f

White solid; yield: 0.091 g (90%); mp 236–239 °C.
1H NMR (400 MHz, CD3OD): δ = 9.02 (s, 1 H), 8.64 (d, J = 3.6 Hz, 1 H),
8.33–8.31 (m, 1 H), 7.49–7.46 (m, 1 H).
13C NMR (101 MHz, CD3OD): δ = 167.7, 153.6, 151.2, 139.3, 128.7,
125.3.
MS (ESI, +): m/z = 124.2 [M+ + 1].

5-Methylthiophene-2-carboxylic Acid (3w)15h

Light yellow solid; yield: 0.071 g (70%); mp 139 °C.
1H NMR (500 MHz, CDCl3): δ = 7.71 (d, J = 2.6 Hz, 1 H), 6.81 (s, 1 H),
2.55 (s, 3 H).
13C NMR (126 MHz, CDCl3): δ = 165.6, 147.7, 133.4, 128.0, 124.6, 13.7.
MS (ESI, –): m/z = 143.0 [M+ – 1].

2-Furoic acid (3x)15g

White color solid; yield: 0.068 g (67%); mp 128–132 °C.
1H NMR (500 MHz, CDCl3): δ = 10.92 (s, 1 H), 7.65 (d, J = 21.1 Hz, 1 H),
7.34 (dd, J = 22.5, 3.4 Hz, 1 H), 6.59–6.54 (m, 1 H).
13C NMR (126 MHz, CDCl3): δ = 163.8, 147.5, 143.8, 120.2, 112.3.
MS (ESI, +): m/z = 113.2 [M+ + 1].

3-(2,6,6-Trimethylcyclohex-1-enyl)propanoic Acid (Dihydro-β-
ionic Acid, 3y)15m

Colorless liquid; yield: 0.061 g (60%).
1H NMR (400 MHz, CDCl3): δ = 2.43–2.39 (m, 2 H), 2.37–2.34 (m, 2 H),
1.93–1.89 (t, J = 6.2 Hz, 2 H), 1.61 (s, 3 H), 1.61–1.55 (m, 2 H), 1.44–
1.41 (m, 2 H), 1.00 (s, 6 H).
13C NMR (101 MHz, CDCl3): δ = 180.3, 135.4, 128.5, 39.7, 34.9, 34.7,
32.7, 28.3, 23.5, 19.65, 19.4.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, 3161–3168
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HRMS (ESI, +): m/z [M+] calcd for C12H20O2: 196.1458; found: [M + H+]
197.1530

Crotonic Acid (3z)15k

White color solid; yield: 0.059 g (58%); mp 181 °C.
1H NMR (500 MHz, CDCl3): δ = 12.34 (s, 1 H), 7.17–7.01 (m, 1 H),
5.91–5.79 (m, 1 H), 1.98–1.76 (m, 3 H).
13C NMR (126 MHz, CDCl3): δ = 172.3, 147.6, 122.2, 18.0.
MS (ESI, +): m/z = 87.2 [M+ + 1].

Acknowledgment

V.V. thanks UGC for the award of fellowship. The funding support
from CSIR funded project BSC0108 is gratefully acknowledged. IIIM
communication No.: IIIM/1779/2015

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0034-1381026. Supporting InformationSupporting Information

References

(1) (a) Cleaves, H. J. II Carboxylic Acid, In Encyclopedia of Astrobiol-
ogy; Gargaud, M., Ed.; Springer: New York, 2011, 249–250.
(b) DeRuiter, J. Carboxylic Acid Structure and Chemistry:
Part 1, In Principles of Drug Action 1; Spring 2005 ;
http://www.auburn.edu/~deruija/pda1_acids1.pdf, accessed
22nd June 2015. (c) Ballatore, C.; Huryn, D. M.; Smith, A. B. III
ChemMedChem 2013, 8, 385. (d) Skonberg, C.; Olsen, J.; Madsen,
K. G.; Hansen, S. H.; Grillo, M. P. Expert Opin. Drug Metab. Toxi-
col. 2008, 4, 425.

(2) (a) Field, K. W.; Shields, J. P.; Standard, J. M.; Ash, C. K.; Hoch, D.
J.; Kolb, K. E. J. Chem. Educ. 1985, 62, 637. (b) Tomoaki, Y.;
Tomoya, N.; Yasuhisa, K.; Hirashima, S.; Norihiro, T.; Miura, T.;
Itoh, A. Synlett 2013, 24, 607. (c) William, P. G.; Kwong, E. Synth.
Commun. 2003, 33, 2945. (d) Yasutaka, I.; Yasuyuki, S. J. Org.
Chem. 1990, 55, 5545. (e) Podgoršek, A.; Eissen, M.;
Fleckenstein, J.; Stavber, S.; Marko, Z.; Jernej, I. Green Chem.
2009, 11, 120.

(3) (a) Criegee, R. Angew. Chem. 1975, 87, 765; Angew. Chem., Int.
Ed. Engl. 1975, 14, 745. (b) Shing, T. K. M. In Comprehensive
Organic Synthesis; Vol. 7; Trost, B. M.; Flemming, I., Eds.; Perga-
mon: Oxford, 1991, 703–716. (c) Bailey, P. S. Chem. Rev. 1958,
58, 925.

(4) (a) Larock, R. C. Comprehensive Organic Transformations, 2nd
ed.; Wiley-VCH: New York, 1999, 1213–1215. (b) Carlsen, P. H.
J.; Katsuki, T.; Martin, V. S.; Sharpless, K. B. J. Org. Chem. 1981,
46, 3936.

(5) (a) Schroder, M.; Griffith, W. P. J. Chem. Soc., Dalton Trans. 1978,
1599. (b) Henry, J. R.; Weinreb, S. M. J. Org. Chem. 1993, 58,
4745. (c) Travis, B. R.; Narayan, R. S.; Borhan, B. J. Am. Chem. Soc.
2002, 124, 3824. (d) Lee, K.; Kim, Y.-H.; Han, S. B.; Kang, H.; Park,
S.; Seo, W. S.; Park, J. T.; Kim, B.; Chang, S. J. Am. Chem. Soc. 2003,
125, 6844. (e) Hart, S. R.; Whitehead, D. C.; Travis, B. R.; Borhan,
B. Org. Biomol. Chem. 2011, 9, 4741. (f) Milas, N. A.; Trepagnier, J.
H.; Nolan, J. T. Jr.; Iliopulos, M. I. J. Am. Chem. Soc. 1959, 81, 4730.
(g) Nielsen, T. E.; Meldal, M. Org. Lett. 2005, 7, 2695.

(6) (a) Lemieux, R. U.; Rudloff, E. V. Can. J. Chem. 1955, 33, 1701.
(b) Starks, C. M. J. Am. Chem. Soc. 1971, 93, 195. (c) Sam, D. J.;
Simmons, H. E. J. Am. Chem. Soc. 1972, 94, 4024. (d) Krapcho, A.
P.; Larson, J. R.; Eldridge, J. M. J. Org. Chem. 1977, 42, 3749.
(e) Lee, D. G.; Chang, V. S. J. Org. Chem. 1978, 43, 1532. (f) Lee, D.
G.; Chang, V. S. J. Org. Chem. 1979, 44, 2726.

(7) (a) Lee, D. G.; van der Engh, M. In Oxidation in Organic Chemis-
try, Part B; Trahanovsky, W. S., Ed.; Academic Press: New York,
1973, 186. (b) Gopal, H.; Gordon, A. J. Tetrahedron Lett. 1971, 12,
2941. (c) Muller, P.; Godoy, J. Helv. Chim. Acta 1981, 64, 2531.
(d) Neumann, R.; Abu-Gnim, C. J. Am. Chem. Soc. 1990, 112,
6025. (e) Kaneda, K.; Haruna, S.; Imanaka, T.; Kawamoto, K.
J. Chem. Soc., Chem. Commun. 1990, 1467. (f) Griffith, W. P.;
Shoair, A. G.; Suriaatmaja, M. Synth. Commun. 2000, 30, 3091.
(g) Yang, D.; Zhang, C. J. Org. Chem. 2001, 66, 4814. (h) Chen, Y.
K.; Lurain, A. E.; Walsh, P. J. J. Am. Chem. Soc. 2002, 124, 12225.

(8) Ballistreri, F. P.; Failla, S.; Spina, E.; Tomaselli, G. A. J. Org. Chem.
1989, 54, 947.

(9) (a) Deng, X.; Friend, C. M. J. Am. Chem. Soc. 2005, 127, 17178.
(b) Klust, A.; Madix, R. J. J. Am. Chem. Soc. 2006, 128, 1034.
(c) Zielasek, V.; Xu, B.; Liu, X.; Baumer, M. B.; Friend, C. M.
J. Phys. Chem. C 2009, 113, 8924. (d) Quiller, R. G.; Liu, X.; Friend,
C. M. Chem. Asian J. 2010, 5, 78.

(10) Zhu, Z.; Espenson, J. H. J. Org. Chem. 1995, 60, 7728.
(11) (a) Ishii, Y.; Yamawaki, K.; Ura, T.; Yamada, H.; Yoshida, T.;

Ogawa, M. J. Org. Chem. 1988, 53, 3587. (b) Oguchi, T.; Ura, T.;
Ishii, Y.; Ogawa, M. Chem. Lett. 1989, 857. (c) Sato, K.; Aoki, M.;
Noyori, R. Science (Washington, D.C.) 1998, 281, 1646.
(d) Antonelli, E.; D’Aloisio, R.; Gambaro, M.; Fiorani, T.;
Venturello, C. J. Org. Chem. 1998, 63, 7190. (e) Oakley, M. A.;
Woodward, S.; Coupland, K.; Parker, D.; Temple-Heald, C. J. Mol.
Catal. A: Chem. 1999, 150, 105. (f) Freitag, J.; Nuchter, M.;
Ondruschka, B. Green Chem. 2003, 5, 291. (g) Noyori, R.; Aoki,
M.; Sato, K. Chem. Commun. 2003, 1977. (h) Fujitani, K.;
Mizutani, T.; Oida, T.; Kawase, T. J. Oleo Sci. 2009, 58, 37.

(12) (a) Das, S.; Mahanti, M. K. Oxid. Commun. 2006, 29, 851.
(b) Shin-ichi, H.; Tomoya, N.; Norihiro, T.; Itoh, A. Synlett 2009,
2017.

(13) (a) Venkateswarlu, V.; Aravinda Kumar, K. A.; Balgotra, S.;
Reddy, G. L.; Srinivas, M.; Vishwakarma, R. A.; Sawant, S. D.
Chem. Eur. J. 2014, 20, 6641. (b) Venkateswarlu, V.; Balgotra, S.;
Aravinda Kumar, K. A.; Vishwakarma, R. A.; Sawant, S. D. Synlett
2015, 26, 1258. (c) Balgotra, S.; Venkateswarlu, V.;
Vishwakarma, R. A.; Sawant, S. D. Tetrahedron Lett. 2015, 56,
4289. (d) Srinivas, M.; Hudwekar, A. D.; Venkateswarlu, V.;
Reddy, G. L.; Aravinda Kumar, K. A.; Vishwakarma, R. A.; Sawant,
S. D. Tetrahedron Lett. 2015, in press; DOI: 10.1016/j.tetlet.
2015.06.052. (e) Venkateswarlu, V.; Aravinda Kumar, K. A.;
Gupta, S.; Singh, D.; Vishwakarma, R. A.; Sawant, S. D. Org.
Biomol. Chem. 2015, in press; DOI: 10.1039/C5OB01015B.

(14) (a) Long, L. Chem. Rev. 1940, 27, 437. (b) Bailey, P. S.; Chang, V.
S.; Kwie, W. W. L. J. Org. Chem. 1962, 27, 1198. (c) Yang, N. C. C.;
Libman, J. J. Org. Chem. 1974, 39, 1782. (d) Ando, W.; Miyazaki,
H.; Ito, K.; Auchi, D. Tetrahedron Lett. 1982, 23, 555. (e) Silbert, L.
S.; Foglia, T. A. Anal. Chem. 1985, 57, 1404.

(15) (a) Shaikh, T. M.; Honga, F. E. Adv. Synth. Catal. 2011, 353, 1491.
(b) Shaikh, T. M.; Arumugam, S. Eur. J. Org. Chem. 2008, 4877.
(c) Nemoto, K.; Yoshida, H.; Egusa, N.; Morohashi, N.; Hattori, T.
J. Org. Chem. 2010, 75, 7855. (d) Yang, C. M.; Chung, Y. T. Tetra-
hedron Lett. 2014, 55, 5548. (e) Kumar, S.; Dixit, S. K.; Awasthi, S.
K. Tetrahedron Lett. 2014, 55, 3802. (f) Friis, S. D.; Andersen, T.
L.; Skrydstrup, T. Org. Lett. 2013, 15, 1378. (g) Zheng, R.; Zhou,
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, 3161–3168



3168

K. A. Aravinda Kumar et al. PaperSyn  thesis

D
ow

nl
oa

de
d 

by
: W

ei
zm

an
n 

In
st

itu
te

 o
f S

ci
en

ce
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
Q.; Gu, H.; Jiang, H.; Wu, J.; Jin, Z.; Han, D.; Dai, G.; Chen, R. Tet-
rahedron Lett. 2014, 55, 5671. (h) Rajender Kumar, P.; Raju, S.;
Satish Goud, P.; Sailaja, M.; Sarma, M. R.; Om Reddy, G.; Prem
Kumar, M.; Reddy, V. V. R. M. K.; Suresh, T.; Hegde, P. Bioorg.
Med. Chem. 2004, 12, 1221. (i) Nguyen, T.-H.; Chau, N. T. T.;
Castanet, A.-S.; Nguyen, K. P. P.; Mortier, J. J. Org. Chem. 2007,
72, 3419. (j) Li, H.-S.; Liu, G. J. Org. Chem. 2014, 79, 509.

(k) Szumna, A. Chem. Commun. 2009, 4191. (l) Kim, S. M.; Kim,
Y. S.; Kim, D. W.; Yang, J. W. Green Chem. 2012, 14, 2996.
(m) Vishwakarma, R. A.; Sawant, S. D.; Singh, P. P.; Dar, A. H.;
Sharma, P. R.; Saxena, A. K.; Nargotra, A.; Aravindakumar, K. A.;
Mudududdla, R.; Qazi, A. K.; Hussain, A.; Chanauria, N. US
20150051173, 2015.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, 3161–3168


