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A highly efficient molecular iodine catalyzed oxidative 

amidation of aryl methyl ketones with formamidine 

hydrochloride has been developed. This reaction represents a 

novel strategy for the synthesis of free (N-H) α-ketoamides. 10 

Based on the experimental results, a self-sequenced 

iodination/Kornblum  oxidation/amidation/oxidation/ 

decarbonylation mechanism was proposed. 

α-Ketoamides are known to be embedded in a wide range of 
biologically active natural products and pharmaceuticals.1 In 15 

particular, primary α-ketoamides are valuable precursors in a 
variety of functional group transformations with remarkable 
biological activity.2 Consequently, the development of rapid and 
efficient routes to α-ketoamides has attracted considerable 
attention. Recent advances have focused on the construction of N-20 

substitued α-ketoamides,3 however, the attainment of free (N-H) 
α-ketoamides has rarely been reported.4 Zhu and co-workers first 
developed a ZnCl2 promoted formal oxidative coupling of 4-
methoxybenzaldehyde and 1,1,3,3-tetramethylbutyl-isocyanide, 
which was then treated with TFA in DCM to form aryl primary α-25 

ketoamides (Scheme 1a).5a More recently, an electrochemical 
oxidation synthesis of α-oxophenylacetamide derivatives from 
acetophenones and ammonium acetate was reported by Wang et 
al. (Scheme 1b).5b Nevertheless, an oxidative cross-coupling with 
amidines as nucleophiles to provide free (N-H) α-ketoamides has 30 

not yet been reported. In this work, the first known example of an 
I2-catalyzed oxidative cross-coupling of formamidine 
hydrochloride with aryl methyl ketones is reported (Scheme 1c). 

 
Scheme 1 The methods of synthesis of free (N-H) α-ketoamides. 35 

In the light of our previous work on in situ iodination-based 
oxidative coupling of aryl methyl ketones,6  it was supposed that 
an oxidative amidation approach could be adapted for the 
construction of free (N-H) α-ketoamides from aryl methyl 
ketones and a free ammonia equivalent (NH4OAc or NH3·H2O). 40 

However, 2-aryloxazoles have been predominantly formed by an 
oxidative cyclization approach.7 As formamide can be a free 
ammonia surrogate via C(sp2)–N bond cleavage,8 it was utilized 
in our work as  a potential amino source for the construction of 
free (N-H) α-ketoamides under acidic conditions (Scheme 2). To 45 

our delight, α-oxophenylacetamide was obtained in 31% yield. 
Subsequently, formamidine hydrochloride was served as an 
alternative substrate leading to a considerable increase in the 
yield. The results suggested that the suitable concentration of acid 
could promote the yield of free (N-H) α-ketoamides. To the best 50 

of our knowledge, formamidine hydrochloride has not yet been 
utilized as a free ammonia surrogate; herein, a novel I2-catalyzed 
oxidative amidation of aryl methyl ketones with formamidine 
hydrochloride is presented for the construction of free (N-H) α-
ketoamides. 55 
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Scheme 2 Design strategy. 
 

Initially, an optimized I2-catalyzed oxidative cross-coupling 
of acetophenone (1a) with formamidine hydrochloride (2) was 60 

inspected in DMSO. When acetophenone (1a) was reacted with 
formamidine hydrochloride (2) in the presence of I2 at 100 oC, an 
oxidative coupling reaction and a decarbonylation process 
occurred to afford the desired product in 83% yield (Table 1, 
entry 1). Subsequent studies indicated that increases in the 65 

amount of 2 did not result in higher yields (Table 1, entries 2-3). 
The influence of temperature on the reaction was also 
investigated, and 110 oC was determined as optimum for the 
formation of α-oxophenylacetamide (Table 1, entries 4-8). To our 
surprise, a reduction in the equivalent of I2 to 0.8 equiv. provided 70 
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3a in 88% yield (Table 1, entry 12). Further increasing or 
decreasing the amount of I2 led to no improvement in the yields 
(Table 1, entries 9-11 and 13-15). Furthermore, it was established 
that the reaction could not proceed in the absence of I2, 
suggesting that I2 played a crucial role in the reaction (Table 1, 5 

entry 16). After screening on different parameters, the optimal 
reaction conditions were determined as 1a (1.0 mmol) with 2 (1.0 
mmol) in the presence of I2 (0.8 mmol) in DMSO at 110 oC for 11 
h. 
 10 

Table 1 Optimization of the reaction conditions
a 

 

 

Entry I2 (equiv.) Temp. (oC) Time (h) Yieldb (%) 
1 1.6 100 8 83 

 2c 1.6 100 8 80 
 3d 1.6 100 8 78 
4 1.6 60 8 0 
5 1.6 80 8 64 
6 1.6 90 8 78 
7 1.6 110 8 86 
8 1.6 130 2 81 
9 2.0 110 8 67 
10 1.2 110 8 87 
11 1.0 110 11 88 
12 0.8 110 11 88 

13 0.5 110 23 79 
14 0.3 110 23 78 
15 0.1 110 23 71 
16 – 110 23 0 

 
a Reaction Conditions: 1a (1.0 mmol), 2 (1.0 mmol), and I2, heated in 15 

DMSO (2 mL). b Isolated yields. c 2 (1.5 mmol). d 2 (2.0 mmol). 

 
Under these optimized conditions, the substrate generality of 

the I2-catalyzed oxidative coupling reaction was next evaluated 
with a range of different methyl ketones (Table 2). The results 20 

demonstrated that aryl methyl ketones bearing electronically 
neutral (4-H, 4-Me), electron-donating (4-OMe, 3-OMe, 2-OMe, 
4-OEt, 3,4-OCH2O, 3,4-OCH2CH2O), and electron-withdrawing 
(4-NO2, 4-Ph) substituents all reacted smoothly to afford the 
corresponding aryl primary α-ketoamides in moderate to 25 

excellent yields (69-89%; 3a-j). In general, aryl methyl ketones 
with electron-donating groups proceeded more efficiently than 
those containing electron-withdrawing groups. It was noteworthy 
that the halo-substituted aromatic ketones survived well, leading 
to halo-substituted α-ketoamides (67-87%; 3k-n), which could be 30 

used for further transformations. Meanwhile, sterically hindered 
2-naphthyl methyl ketone and 1-naphthyl methyl ketone 
furnished the desired products 3o and 3p in 80% and 58% yields, 
respectively. Moreover, the desired free (N-H) α-ketoamide could 
also be obtained in moderate yield from heteroaryl methyl ketone 35 

(43%; 3q). Gratifyingly, the optimized conditions were 
successfully applied to both N-free and N-protective indolyl 
methyl ketones, giving the corresponding products in good yields 
(71-79%; 3r-t). In addition, aliphatic methyl ketones such as 
acetone, cyclohexanone, and methylethylketone, were also 40 

investigated. However, none of the desired products were 
observed under the standard conditions. 

To gain some insight into the reaction mechanism, a series 
of control experiments were performed (Scheme 3). The reaction  

Table 2 Oxidative amidation of aryl methyl ketones with 45 

formamidine hydrochloridea, b 
 

 
 

a Reaction Conditions: 1 (1.0 mmol), 2 (1.0 mmol), and I2(0.8 mmol) 50 

in DMSO (2 mL) at 110 oC for 11 h. b Isolated yields. 

 
of α-iodo acetophenone (1aa) with formamidine hydrochloride 
(2) was found successful, and the desired product 3a was 
obtained both with I2 (0.8 mmol) and without I2 (Scheme 3a). In 55 

the presence of additional I2, hydrated hemiacetal (1ac) could 
react with 2 and afford the product 3a in 93% yield (Scheme 3b). 
These results clearly confirmed that phenacyl iodine (1aa) and 
phenylglyoxal (1ab) were the key intermediates in the 
transformation. However, the reaction was unable to proceed 60 

when hydrated hemiacetal (1ac) was tested in the absence of I2 
(Scheme 3b), which indicated that I2 played an important role in 
the subsequent domino process. The target product 3a was 
generated in 31% yield when formamide was used as the 
substrate instead of formamidine hydrochloride under the 65 

standard conditions (Scheme 3c). This suggested that 
formamidine hydrochloride may first react with acetophenone 
and then undergo hydrolysis. Furthermore, reactions performed 
with ammonium acetate or ammonium hydroxide under the 
standard conditions led to sharp decreases in yields of 3a 70 

(Scheme 3d, 3e). These results demonstrated that the direct 
release of ammonia could not be involved in this process. 
Additionally, when N-(1-hydroxy-2-oxo-2-
phenylethyl)formamide (A') was employed as the reaction 
substrate, only 18% product yield of 3a was obtained and no 75 

corresponding oxidative product C was detected(Scheme 3f). The 
treatment of N-formyl-2-oxo-2-phenylacetamide (C) under the 
standard conditions afforded the desired product 3a in 46% yield, 
which increased to 85% when 3 equiv. HI was added to the 
reaction system (Scheme 3g). These results suggested that C was 80 

an important intermediate in this transformation, which could not 
be formed through the direct oxidation of A', and the acid could 
promote the decarbonylation of C to yield 3a. 

On the basis of the aforementioned information and previous 
work,9 a possible mechanism was illustrated using acetophenone 85 

(1a) and formamidine hydrochloride (2) as an example (Scheme  
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Scheme 3 Control experiments. 
 
4). Initially, the reaction of 1a with molecular iodine resulted in 
the formation of α-iodo acetophenone (1aa), which subsequently 5 

converted into phenylglyoxal (1ab) and released HI via 
Kornblum oxidation in the presence of DMSO. The aldehyde of 
1ab was activated by regenerated Lewis acid I2; it was then 
attacked by formamidine hydrochloride (2) to afford the 
intermediate A, which was further oxidized to intermediate B by 10 

I2.
6, 10 Intermediate B underwent hydrolysis to afford intermediate 

C, which could subsequently transform to the desired product 3a 
through an acid-catalyzed decarbonylation process. 

 

 15 

Scheme 4 A possible mechanisim. 
 
Considering that primary α-ketoamides are important 

intermediates in organic synthesis, we treated 3c with 
thiosemicarbazide in refluxing sodium hydroxide and the 20 

resulting thio-1,2,4-triazinone (4) could be isolated in 85% 
yield.11 
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 25 

In conclusion, a highly efficient molecular iodine catalyzed 
sp3 C-H bond oxidative amidation of aryl methyl ketones has 
been developed with the use of formamidine hydrochloride as an 
amino surrogate for the construction of free (N-H) α-ketoamides. 
Preliminary studies of the mechanism suggested that this reaction 30 

occurred through a self-sequenced iodination/Kornblum 
oxidation/amidation/oxidation/decarbonylation cascade reaction. 
Further studies to elucidate a detailed mechanism and identify 
applications of this protocol are currently underway in our 
laboratory. 35 
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