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Copper Catalyzed Oxygen Assisted C(CNOH)-C(alkyl) Bond 

Cleavage: A Facile Conversion of Aryl/Aralkyl/Vinyl Ketones to 

Aromatic Acids  
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a
 Prathap Reddy Muktapuram,

a 
and 

 
Surendar Reddy 

Bathula
*a 

 A novel copper-catalyzed aerobic oxidative C(NOH)-C(alkyl) bond 

cleavage reaction of aryl/aralkyl/vinyl ketones for the synthesis of 

aromatic/acrylic acids is described. A series of ketones having 

aryl/aralkyl/vinyl at one end and methyl to any higher alkyl at the 

other end can be selectively cleaved and converted into the 

corresponding acids via oxime intermediates. 

Cleavage of C-C single bonds, which are ubiquitous in nature, is an 

emerging interest in the field of organic chemistry because of its 

use in functionalization, biodegradation and industrial 

applications.
1a-i 

Given the high activation energy, achieving such 

selective cleavages without effecting other starting materials and 

functional groups has been a challenging task.
1a-i

 In addition to 

some well known methods such as, the use of strained skeletons
2a-h

 

or chelation assisted strategies,
3a-i

 recently emerged Cu-catalyzed 

aerobic oxidative cleavage of alkyl groups adjacent to a keto 

functional group has become promising means for such hitherto 

formidable processes.
4
 Jiao et al. have reported Cu-catalyzed 

aerobic oxidative C-C bond cleavage reactions from ketones to 

esters
5
 and to amides

6
 (Scheme 1A-B). Kaliappan et al. have 

demonstrated a one-pot oxidation reaction of methyl ketones to N-

heterocyclic amides
7
(Scheme 1C). Bi et al. have developed a 

copper-catalyzed aerobic oxidative C(CO)-C(methyl)bond cleavage 

reaction for the synthesis of aldehydes
8 

(Scheme 1D). Here we 

report the synthesis of aryl/vinyl carboxylic acids using copper 

catalyzed C(CO)-C bond cleavage reaction under an oxygen 

atmosphere (Scheme 1E). 

Aromatic acids are prevalent in nature and they are prominently 

used in both industry and academia.
9
  In addition, most of the non-

steroid antiphlogistic drugs such as Aspirin, Diflunisal, Mefenamic 

acid, Meclofenamic, Niflumic acid and Tolfenamic acid etc. are 

aromatic carboxylic acids. Arenes are major precursors of aromatic 

carboxylic acids and this conversion require strong oxidants and 

harsh reaction conditions.
10

 Moreover, aryl methyl ketones are the 

best alternative precursors because they are readily available if not  

they can be easily prepared by acylation reactions. However, 

oxidation of these ketones is possible only by the cleavage of the α 

C-C single bond. Among the available methods, haloform reaction
11

 

using sodium hypochlorite is superior for the conversion of acyl 

arenes to aromatic acids. But, it requires an extra acidification step 

and also this reaction is not applicable for the higher alkyl aryl 

ketones and sensitive vinyl methyl ketones. Hence, an efficient C-C 

bond cleavage strategy which can convert the above mentioned 

substrates to their corresponding acids is highly desirable. 

 

Scheme 1. Copper mediated cleavage of C-C bond adjacent to 

carbonyl group. 

 

 

Based on the recent publications on the oxidative C-C bond 

cleavage of acetophenones,
5-8

 and inspired by a report by Chiba et 

al for the cleavage of α-keto imino copper intermediates
12

 we 

aimed for the C-C bond cleavage that is adjacent to oxime. This may 

lead to the formation of corresponding nitriles.  

Thus, we treated 4-methoxyacetophenone (1a, 1 mmol) with 2 eq 

of hydroxylamine and 30 mol% CuI in DMSO under oxygen 

atmosphere (table 1). When the contents were stirred at rt for 12 h 

we obtained only oxime 2a in 55% yield. Increase of hydroxyl amine 

to 4 equivalents at rt improved the yield of 2a to 70% along with 

the surprising formation of acid 3a in 12%. When the temperature 
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was raised to 50 
o
C the yield of 3a was improved to 43%. 

Interestingly, at 100 
o
C, the above reaction exclusively produced 

carboxilic acid (3a) with excellent yield (95%, entry 4, table 1). Of 

note is that the use of anhydrous DMSO led to the sluggish and 

incomplete conversion, demonstrating that the presence of water is 

necessary for the reaction. However, the reaction did not occur in 

the absence of Cu-catalyst or hydroxyl amine (entry 12 and 13, 

table 1). On the other hand, when conducted in the open air, the 

reaction ended up with the intermediate oxime even after 24 h. 

Among the tested copper salts copper (I) chloride, bromide and 

iodide are all equally effective in promoting reaction and we got 

best result with CuI (entry 4-6). Copper (II) acetate gave mixture of 

products (entry 7) and, with Copper Oxide only starting material 

was recovered (entry 8). In agreement with the earlier reports,
8
 

DMSO was found to be the appropriate solvent and no product 

formation was observed in solvents such as DMF, DCE and EtOH. 

Effectiveness of DMSO in aerobic oxidations may be attributed to 

its efficient metal-coordinating and catalyst stabilizing properties. 

 

Table 1. Optimization of hydroxyl amine mediated carbon-carbon 

bond cleavage reaction conditions
[a]

.  

 

Having the optimized conditions (entry 4 in table 1) in hand, we first 

planned to investigate the scope of (hetero)aryl methyl ketones in 

above reaction conditions. As depicted in table 2, a broad variety of 

acids could be readily obtained under the optimized conditions. 

Aromatic methyl ketones with electron-donating groups at either 

Ortho, Meta or Para-positions of the aryl ring all furnished the 

corresponding products (3a-3c) in good to excellent yields (90-95%). 

The presence of an electron-withdrawing group on the aromatic 

methyl ketones was also tolerated (3k-3q). However, the products 

were obtained in moderate to good yields (60-78%). Furthermore, 

heteroaromatic methyl ketones also offered the corresponding 

acids (3r-3s) in good to excellent yields (68-90%). But, in the case of 

4-acetylbenzaldehyde we didn't observed 4-formylbenzoic acid. 

Instead of the above said compound, we observed 4-cyanobenzoic 

acid (3t) in moderate yield (48%). 

 

Table 2. Synthesis of aromatic acids from aryl methyl ketones. 

 

 

Encouraged by the above results, we turned our attention towards 

the more challenging aryl higher alkyl (other than methyl) ketones 

(4a-4f) as our next substrates (table 3). To our delight, these 

substrates reacted well under the standard reaction conditions with 

the scission of entire alkyl group irrespective of its length to 

produce corresponding benzoic acids (3a, 3e, 3f, 3u, 3v) in 

moderate yields (45 to 60%). Such an erosion of any length of alkyl 

group was also demonstrated by Jiao et al
6
 during the synthesis of 

amides. Of note is that the classical alternative, the haloform 

reaction, cannot be extended to such higher alkyl ketones.  

 

Table 3. Synthesis of benzoic acids from aryl alkyl ketones. 
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Next, we became curious about the fate of the reaction of aralkyl 

alkyl ketones. Thus, we reacted 5a under the standard conditions. 

Interestingly, this led to the formation of 3a through oxidative 

scission of both the methyl and the methylene groups on either side 

of keto group, with an ending of oxidation process at the aromatic 

terminal (table 4). Recently, Bi et al
8
 and Jiao et al

5
 also observed a 

similar cleavage process during the conversion of aralkyl methyl 

ketones to aromatic aldehydes and aromatic esters respectively. 

Noteworthy is that this is in contrast to the productivity of haloform 

pathway where the similar substrate undergoes the oxidation of 

only methyl group to afford aralkyl acids. Next, the scope of the 

reaction was evaluated (table  4). Thus, various aralkyl  methyl 

ketones (5a-5g) yielded corresponding benzoic acids (3a, 3e, 3f and 

3u-3x) in good yields (49-64%). Aralkyl ethyl ketone (5g, example 

with other than methyl group) also gave benzoic acid (3a) in 60% 

yield.  

Our curiosity next turned to test the fate of dialkyl ketone which 

lacks aromatic ring at either terminals of ketone to abort the 

oxidation process. Towards this, butanone (5h) and cyclohexanone 

(5i) were employed in the reaction (table 4). Surprisingly, the 

substrates were completely consumed and no products were 

detected on TLC. We did not pursue it further as the desired 

product was not obtained. 

 

Table 4. Degradation of aralkyl or alkyl  methyl ketones. 

 
[Cu] (30 mol%)

5 (a-g) 3 (a,e,f,u-x)

Substrate Product Substrate Product

O

O

Cl

O

MeO

O

O

Br

OH

O
O

OMe

OH

OMe

O

3e, 50%

3a, 60%

3x, 49%

3v, 50%

3w, 60%

3u, 50%

O

Me
3f, 64%

O

5a

5b

5c

5e

5f

5g

5h

5d

O

5i

starting material consumed
and no products isolated

AlkylR

O

OHR

O

14 h

4 eq NH2OH.HCl,

DMSO, O2 (balloon)

Reaction conditions: 5 (1.0 mmol), NH2OH.HCl (4.0 mmol), copper catalyst (0.03

mmol), heated in DMSO at 100 oC, under O2 balloon. Yields are based on

Isolated products.  

The above results prompted us to check the reactivity of the vinyl 

methyl ketones to find whether an alkenyl group can act as a 

terminator to the above oxidation process. If so, it should deliver 

the interesting acrylic/cinnamic acids. Accordingly 

benzylideneacetone 6a was selected for the initial screening. When 

subjected under the standard reactions, remarkably, it  did not 

undergo vinyl degradation to produce benzoic acid but we isolated 

cinnamic acid after selective C(CO)-C(methyl) bond cleavage. 

Cinnamic acids and their derivatives are promising 

pharmaceuticals.
13

 Similarly, 6a-6k were employed as substrates 

and the results are summarized in table 5. The electron 

withdrawing (6g-6h) or donating groups (6b-6d) present on 

aromatic ring of benzylideneacetones were well tolerated to 

produce 7g-7h and 7b-7d in moderate yields (table 5). 

Heteoaromatic vinyl ketones (6j-6k) also smoothly reacted to 

produce corresponding heteroaromatic vinyl acids (7j, 58% and 7k, 

61%). 

 

Table 5. Chemo selective C(CO)-C(methyl) bond cleavage of vinyl 

methyl ketones. 

 

R = H (7a, 16 h, 58%)
R = 2-OMe (7b, 12 h, 48%)
R = 4-Me (7e, 12 h, 61%)

O [Cu] (30 mol%)

4 eq NH2OH.HCl,

DMSO, O2 (balloon)
(Het)Ar OH

O

(Het)Ar
6(a-k) 7(a-k)

COOH

COOH

X

COOH COOH

OMe

OMe OMe

MeO

MeO

7c, 12 h, 51% 7d, 12 h, 65%

Reaction conditions: 6 (1.0 mmol), NH2OH.HCl (4.0 mmol), copper

catalyst (0.03 mmol), heated in DMSO at 100 oC, under O2 balloon.Yields

are based on Isolated products.

R = 4-Cl (7h, 12 h, 51%)
R = 3-Cl (7b, 12 h, 42%)
R = 4-F (7g, 12 h, 54%)

X = S (7j, 12 h, 58%)
X = O (7k, 12 h, 61%)

R

 

Next, when we subjected 8, having aryl groups at either side of 

ketone (scheme 2), to standard  reaction conditions, interestingly, 

the both ends of the substrate was converted to corresponding 

acids. 

Scheme 2. Oxidative cleavage of Phenylacetophenone. 

 

 

Before proposing the mechanism, we have conducted some control 

experiments (Scheme 3). First, we separately synthesized the oxime 

2a and subjected this to the standard reaction conditions. As 

expected, the reaction smoothly occurred to produce the 

corresponding product 3a in 92% yield. However, without 

hydroxylamine oxime 2a could not offered acid 3a (scheme 3B). 

This indicate the requirement of more than one equivalent of 

hydroxyl amine in the reaction. Since Bi et al
8 

have reported the 

formation of glyoxal intermediate from the acetophenone under 

the same reaction conditions, we have employed glyoxal 9 to verify 

its formation. Interestingly, 9 was smoothly transformed to the 

corresponding acid 3a in 87% yield (scheme 3C) suggesting the 

possible formation of α-oxo intermediates. Furthermore, nitrile 10 

did not react under the standard conditions (scheme 3D), implying 

that nitrile was not a possible intermediate in this process. 

Moreover benzophenone 11 could not yield corresponding acid 

under standard reaction conditions but formation of oxime (12) was 

observed (scheme 3E). Moreover, under the standard reaction 

conditions aldehyde (13) offered  nitrile (10) via dehydration of 

oxime. 
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Scheme 3. Control experiments. 

 

Ph-(CO)-Ph

3a, 92%

12, 20%

standard conditions

standard conditions

2a

11

3a, 0%
solvent, O2 (balloon)

[Cu] (30 mol%)
2a

Ph(CNOH)Ph

3a, 87%
standard conditions

9

(4-OMe)-Ph-(CO)-(CHO)

(A)

(B)

(C)

(E)

10

3a, 0%
standard conditions

(D)(4-OMe)-Ph-CN

(4-OMe)-Ph-CHO

10, 93%

standard conditions

13

(4-OMe)-Ph-CN (F)

 

Based on these results, we propose a mechanistic possibility of this 

Cu-catalyzed reaction under an O2 atmosphere as shown in scheme 

3. Reaction starts with the oxime (a) formation and its subsequent 

Cu(I)-mediated oxidation provides corresponding α-oxo oxime b
8
. 

This intermediate reacts further with hydroxylamine to produce di-

oxime c. Subsequent dehydration of aldoxime (c) generates benzoyl 

cyanide oxime d. This further produce intermediate oxazirene e 

along with the release of hydrogen cyanide (HCN) via C-C bond 

cleavage. Next, It reacts with water to generate oxaziridine f. 

Finally, oxaziridine undergo hydrolysis
14

 to deliver the desired acid. 

In case of higher alkyl groups the entire chain has decomposes to 

HCN. 

Scheme 3. Proposed mechanism 

 

 

In conclusion, a novel and efficient copper-catalyzed aerobic 

oxidative C-C bond cleavage of ketones to corresponding acids via 

unprecedented cleavage of alkyl groups adjacent to oxime has been 

developed. Readily available and inexpensive copper catalyst, and 

use of molecular oxygen as  oxidant make this transformation green 

and practical. Wide array of ketones having aryl/aralkyl/vinyl at one 

end and methyl to any higher alkyl at the other end can be 

efficiently cleaved and converted in to their corresponding acids in 

fair to excellent yields. Preliminary mechanistic experiments have 

disclosed the formation of oxime intermediate. Further 

investigations to clearly understand the reaction mechanism and 

the synthetic applications are currently underway. 

This work was supported by CSIR-ORIGIN (CSC0108), New Delhi. We 

are thankful to NMR, Mass divisions of  CSIR-IICT, for providing the 

analytical facilities. P.S.N, O.R and P.R.M. thank UGC and CSIR for 

the Ph.D. fellowships.  
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