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无过渡金属条件下可见光诱导 α-重氮酯的氧化合成 α-酮酯 

赵保丽 a,b    杨良凤 b    程  凯 b    周丽云*,a    万结平*,a 
(a江西师范大学化学化工学院  南昌 330022) 

(b绍兴文理学院  浙江省精细化工与传统工艺绿色替代技术重点实验室  浙江绍兴 312000) 

摘要  发展了一例空气氛围下氧气作为无污染氧化剂合成 α-酮酯的方法. 以易得的 α-重氮酯为起始原料, 该转化在采

用曙红 Y 作为光敏剂的光诱导条件下进行. 反应在室温和空气氛围下操作, 底物兼容性好. 提供了一个绿色、简便合成

结构多样的 α-酮酯的方法. 
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Metal-Free Synthesis of α-Keto Esters 
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Abstract  Herein, an aerobic oxidation approach for the synthesis of α-keto esters using oxygen as a cheap and pollution-free 
oxidant has been developed. By using readily available α-diazo esters as starting materials, the transformation was achieved by 
the inducement of visible light with eosin Y as the light sensitizer. The reactions proceed at room temperature under air atmos-
phere, tolerating substrates with broad scope, thus providing a green and facile synthetic approach to structurally diverse 
α-keto esters. 
Keywords  photocatalysis; transition metal-free; aerobic oxidation; α-diazo esters; α-keto esters  

 

1  Introduction 
Visible light photoredox catalysis, which relies on the 

redox ability of excited-state of photosensitizer or photo-
catalyst to promote single-electron-transfer (SET) process 
upon visible-light irradiation, has drawn intensive research 
interests and received tremendous advances.[1] Particularly, 
due to the incomparable advantages in atom economy, 
sustainability and facile operation, the photocatalytic oxi-
dation reactions employing the oxygen as the oxidant has 
been demonstrated as powerful tools. A variety of different 
types of organic transformations, including the C—H bond 
functionalization,[2] sulfur oxidation,[3] carbon-carbon bond 
cleavage,[4] intramolecular dehydrogenative elimination,[5] 
difunctionalization of unsaturated carbon-carbon bonds,[6] 
and a plethora of other reactions[7] have all gained im-

portant progresses with photocatalysis. Inarguably, the 
known works have disclosed the promise in developing 
much more methods with high efficiency by combining 
visible light-based photocatalysis and oxygen-based oxida-
tion. 

On the other hand, α-keto esters are useful chemicals 
showing widespread application in synthetic chemistry and 
many related disciplines.[8] The synthesis of α-keto esters 
thus occupies rather crucial position in the area of organic 
synthesis. In 2011, Jiao and co-workers[9] have reported the 
synthesis of α-keto esters via oxidative esterification of 
benzyl halides by photocatalysis. Since then, the visible 
light-based synthesis of α-keto esters has won significant 
interests from synthetic chemists, which promoted the oc-
currence of many different visible light photocatalytic 
methods for the synthesis of these compounds. For in-
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stance, our group[10] has developed the synthetic approach 
toward α-keto esters by carbon-carbon double bond cleav-
age of enaminones. Wang and co-workers[11] have estab-
lished an alternative method via the reactions of bromoal-
kynes, alkynes and pure oxygen with visible light irradia-
tion. In addition, the carbon-carbon bond cleavage of 
α-cyano ketones,[12] the nitroarene mediated oxidation of 
α-diazo esters,[13] the oxygenation of methylene C—H 
bonds on the methylene esters,[14] as well as the oxidation 
of α-hydroxyl esters[15] have been reported as practical 
methods as accesses to α-keto esters via visible light pho-
tocatalysis. Despite these notable advances, the utilization 
of pure oxygen as oxidant and/or the requirement of sensi-
tive reagents or unstable starting materials raises up the 
requirement for more complementary method for the syn-
thesis of such products. Because of their versatile reactivi-
ty, tolerance to moisture as well as the relative readily 
availability,[16] we envisage that using α-diazo esters as 
staring materials might bring opportunity for devising 
photocatalytic synthesis of α-keto esters via milder and 
more facile operation. Here, based on the extensive con-
cerns on the advantageous metal-free synthesis with visible 
light photocatalysis,[17] we report our results in the visible 
light induced synthesis of α-keto esters via the oxidation of 
α-diazo esters by using Eosin Y as non-metal sensitizer 
with air as the source of oxygen, which would complement 
the presently known methods via simple and mild opera-
tion.[18] 

2  Results and discussion 
Initially, α-phenyl diazoacetate 1a (0.5 mmol) was 

treated with Rhodamine B (0.025 mmol) at room tempera-
ture in CH3CN with the irradiation of 12 W blue LEDs, 
and α-keto ester 2m was obtained in 68% yield (Table 1, 
Entry 1). No desired product was obtained in the absence 
of photocatalyst (PC) (Table 1, Entry 2). Later, performing 
the reaction using Rose Bengal and Eosin Y as PC was 
found to promote the product formation in 77%～83% 
yields (Table 1, Entries 3～4). The analogous reactions 
employing [Ru(bpy)3]Cl2 and Ir(ppy)3 also led to the syn-
thesis of product 2m with lower yield (Table 1, Entries 5～
6). For the solvent effect, common organic solvents such as 
CCl4, CH2Cl2, and tetrahydrofuran (THF) gave poor results 
(Table 1, Entries 7～9). Evidently, aprotic polar medium 
was found to be effective for the α-keto ester formation 
wherein acetonitrile furnished better result than other sol-
vents such as N,N-dimethylformamide (DMF), dimethyl 
sulfoxide (DMSO) and acetone (Table 1, Entries 10～12). 
In the section of comparing different light sources, the re-
actions under the irradiation of green LEDs, household 
light bulb, or red LEDs all gave inferior result (Table 1, 
Entries 13～15). Later, a control entry under pure oxygen 
gave the product with similar yield with the one under air 
(Table 1, Entry 16). Finally, the reaction conducted under 
dark atmosphere provided no product (Table 1, Entry 17), 
confirming that the light irradiation was indispensable for  

Table 1  Optimization on reaction conditionsa 

 

Entry Photocatalyst Solvent Light source Yield b/%
1 Rhodamine B CH3CN Blue LED 68 
2 — CH3CN Blue LED — 
3 Rose Bengal CH3CN Blue LED 33 
4 Eosin Y CH3CN Blue LED 83 
5 Ru(bpy)3Cl2 CH3CN Blue LED 55 
6 Ir(ppy)3 CH3CN Blue LED 60 
7 Eosin Y CCl4 Blue LED 39 
8 Eosin Y CH2Cl2 Blue LED 36 
9 Eosin Y THF Blue LED 28 

10 Eosin Y DMF Blue LED 61 
11 Eosin Y DMSO Blue LED 52 
12 Eosin Y acetone Blue LED 67 
13 Eosin Y CH3CN Green LED 50 
14 Eosin Y CH3CN household bulb 63 
15 Eosin Y CH3CN Red LED 37 
16c Eosin Y CH3CN Blue LED 81 
17 Eosin Y CH3CN dark 0 

a Reaction condition: 1a (0.5 mmol), photocatalyst (5 mol%), solvent (1 mL), 
and stirred for 6 h under air and light irradiation. b Isolated yield. c Reaction 
under pure oxygen (101 kPa). 

the transformation. 
With the optimized conditions in hand, the scope of the 

diazo esters was next examined. According to the obtained 
results (Table 2), diazo esters functionalized with both 
electron donating (OCF3, SCH3, t-Bu) and electron with-
drawing (Br, Cl, CN) substituents on the para-position of 
the aryl groups were equally effective coupling partners, 
and the corresponding α-keto esters 2a～2f were obtained 
in 53%～77% yields (Table 2). Diazo esters bearing func-
tional groups on other positions of the phenyl ring such as 
meta-methyl (Table 2, 2g), and ortho-substituted (Br, Cl, 
NO2) (Table 2, 2h～2j) diazo ester reacted also smoothly 
to give α-keto esters with comparable yields (61%～88%). 
Notably, CF3-phenyl substrate was also well tolerated, and 
the corresponding α-keto esters 2k was provided in 80% 
yield. Heteroaromatic structure such as pyridinyl (Table 2, 
2l) was also compatible to this synthetic protocol. Later, a 
series of α-phenyldiazoacetates derived from simple ali-
phatic alcohols were also employed to react with 1a, which 
afforded products 2m～2t in 52%～86% yields. Unfortu-
nately, the reaction using methyl α-diazoacetate did not 
give the target product. When an α-diazoketone (α-diazo- 
acetophenone) was employed to the standard catalytic 
conditions, the expected diazo oxygenation was not ob-
served, either. Notably, the 1 mmol scale reaction for the 
synthesis of 2m could give the product with 71% good 
yield. 
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Table 2  Scope of the photocatalytic α-keto ester synthesis 
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a The yield in the parenthesis was given by 1 mmol-scale reaction.

To elucidate the reaction mechanism, control experi-
ments were conducted. First, adding 2,2,6,6-tetramethyl- 
piperidinooxy (TEMPO) or 2,6-di-t-butyl-p-cresol (bu-
tylated hydroxytoluene) (BHT) to the model reaction under 
the standard conditions completely suppressed the for-
mation of 2m (Eqs. 1 and 2), supporting the reaction as a 
typical free radical prototype by photocatalysis. In addi-
tion, the reaction performed under nitrogen atmosphere 
gave only trace amount of the target product (Eq. 3), indi-
cating that oxygen (air) was indispensable for this reaction. 
The results given by the control experiments suggested that 
the analogous reaction mechanism proposed by Wei et 
al.[18a] was also involved in our work.  
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3  Conclusions 
In conclusion, herein a metal-free photocatalytic oxida-

tive reaction of α-diazo esters for the synthesis of structur-
ally diverse α-keto esters is reported. By employing eosin 
Y as the sensitizer with blue LEDs irradiation, more than 
20 α-keto esters have been synthesized with generally good 
to excellent yields. The simple operation, green reaction 
conditions as well as the broad substrate scope constitute 
the major advantages of present synthetic method. 

4  Experimental section 
4.1  General information 

All materials were purchased from common commercial 
sources and used without further purification. The 1H 
NMR spectra were recorded at 400 MHz using TMS as 
internal standard, and the frequency for NMR test was 100 
MHz. All products are known compounds whose structures 
were assigned by comparing the NMR data with literature 
results. The products were isolated by column chromatog-
raphy on a silica gel (300～400 mesh) using the mixture of 
petroleum and ethyl acetate as eluent. 
4.2  General procedure for the synthesis of α-keto 
esters 2 

The α-diazo ester 1 (0.5 mmol) and eosin Y (0.025 
mmol) were placed in a Schlenk tube equipped with a stir-
ring bar. The solvent CH3CN (2 mL) was added under air 
atmosphere. The mixture was stirred and irradiated with 12 
W green LEDs at room temperature for 6 h. Upon comple-
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tion, the mixture was quenched with saturated sodium bi-
carbonate (10 mL) and extracted with ethyl acetate (5  
mL×3). The organic layers were combined and dried with 
anhydrous Na2SO4. After filtration, the solution was con-
centrated in vacuo. The residue was subjected to silica gel 
column chromatography to provide pure product with the 
elution of mixed petroleum ether and ethyl acetate (V∶   
V＝10∶1). 
4.3  Procedure for the 1 mmol scale reaction 

Diazo ester 1a (1 mmol) and eosin Y (0.05 mmol) were 
placed in a Schlenk tube equipped with a stirring bar. The 
solvent CH3CN (2 mL) was added under air atmosphere. 
The mixture was stirred and irradiated with 12 W green 
LEDs at room temperature for 6 h. Then, the mixture was 
quenched with saturated sodium bicarbonate (20 mL) and 
extracted with ethyl acetate (10 mL×3). The organic lay-
ers were combined and concentrated in vacuo. The product 
was purified by flash column chromatography on silica gel 
with the elution of mixed petroleum ether and ethyl acetate 
(V∶V＝10∶1) to afford target product 2m with 71% 
yield. 

Methyl 2-oxo-2-(4-(trifluoromethoxy)phenyl)acetate 
(2a):[19a] Colorless liquid. 1H NMR (400 MHz, CDCl3) δ: 
8.13 (d, J＝8.2 Hz, 2H), 7.34 (d, J＝8.2 Hz, 2H), 4.00 (s, 
3H). 

Methyl 2-(4-(methylthio)phenyl)-2-oxoacetate (2b):[19b] 
Colorless liquid. 1H NMR (400 MHz, CDCl3) δ: 7.94 (d,  
J＝8.6 Hz, 2H), 7.29 (dd, J＝10.6, 3.6 Hz, 2H), 3.97 (s, 
3H), 2.54 (s, 3H). 

Methyl 2-(4-(tert-butyl)phenyl)-2-oxoacetate (2c):[18] 
Colorless liquid. 1H NMR (400 MHz, CDCl3) δ: 7.96 (d,  
J＝8.7 Hz, 2H), 7.53 (d, J＝8.7 Hz, 2H), 3.97 (s, 3H), 1.35 
(s, 9H). 

Methyl 2-(4-bromophenyl)-2-oxoacetate (2d):[18] Color-
less liquid. 1H NMR (400 MHz, CDCl3) δ: 7.93 (d, J＝8.6 
Hz, 2H), 7.68 (d, J＝8.6 Hz, 2H), 4.00 (s, 3H). 

Methyl 2-(4-chlorophenyl)-2-oxoacetate (2e):[19c] Color-
less liquid. 1H NMR (400 MHz, CDCl3) δ: 8.01～7.99 (m, 
2H), 7.50 (d, J＝8.6 Hz, 2H), 3.99 (s, 3H). 

Methyl 2-(4-cyanophenyl)-2-oxoacetate (2f):[19d] Color-
less liquid. 1H NMR (400 MHz, CDCl3) δ: 8.21 (d, J＝8.8 
Hz, 2H), 7.85 (d, J＝8.2 Hz, 2H), 4.00 (s, 3H). 

Methyl 2-oxo-2-(m-tolyl)acetate (2g).[18] Colorless liq-
uid. 1H NMR (500 MHz, CDCl3) δ: 7.16～7.10 (m, 2 H), 
6.84 (t, J＝7.4 Hz, 1H), 6.79 (d, J＝8.2 Hz, 1H), 3.79 (s, 
3H), 2.22 (s, 3H). 

Methyl 2-(2-bromophenyl)-2-oxoacetate (2h):[19e] Col-
orless liquid. 1H NMR (400 MHz, CDCl3) δ: 7.65 (dd, J＝
8.0, 1.6 Hz, 1H), 7.63～7.61 (m, 1H), 7.44～7.41 (m, 2H), 
3.94 (s, 3H). 

Methyl 2-(2-chlorophenyl)-2-oxoacetate (2i):[18] Color-
less liquid. 1H NMR (400 MHz, CDCl3) δ: 7.77 (dd, J＝
7.7, 1.5 Hz, 1H), 7.56～7.52 (m, 1H), 7.46～7.40 (m, 2H), 
3.96 (s, 3H). 

Methyl 2-(2-nitrophenyl)-2-oxoacetate (2j):[19f] Pale 
yellow liquid. 1H NMR (400 MHz, CDCl3) δ: 8.20～8.17 

(m, 1H), 7.94～7.86 (m, 2H), 7.73～7.71 (m, 1H), 3.83 (s, 
3H). 

Methyl 2-oxo-2-(3-(trifluoromethyl)phenyl)acetate 
(2k):[19g] Colorless liquid. 1H NMR (400 MHz, CDCl3) δ: 
8.33 (s, 1H), 8.25 (d, J＝7.9 Hz, 1H), 7.92 (d, J＝7.8 Hz, 
1H), 7.68 (t, J＝7.9 Hz, 1H), 4.02 (s, 3H). 

Ethyl 2-oxo-2-(pyridin-3-yl)acetate (2l):[19h] Colorless 
liquid. 1H NMR (400 MHz, CDCl3) δ: 9.26 (d, J＝1.6 Hz, 
1H), 8.86 (dd, J＝4.8, 1.7 Hz, 1H), 8.37 (dt, J＝8.0, 2.0 
Hz, 1H), 7.49 (ddd, J＝8.0, 4.8, 0.6 Hz, 1H), 4.48 (q, J＝
7.2 Hz, 2H), 1.45 (t, J＝7.2 Hz, 3H). 

Methyl 2-oxo-2-phenylacetate (2m):[18] Colorless liquid. 
1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J＝7.2 Hz, 1H), 
7.66 (d, J＝7.4 Hz, 1H), 7.52 (t, J＝7.8 Hz, 2H), 3.99 (s, 
3H). 

Propyl 2-oxo-2-phenylacetate (2n):[10] Colorless liquid. 
1H NMR (400 MHz, CDCl3) δ: 8.00 (d, J＝7.4 Hz, 1H), 
7.63 (t, J＝6.9 Hz, 1H), 7.49 (t, J＝7.6 Hz, 1H), 4.35 (t,  
J＝6.7 Hz, 1H), 1.85～1.71 (m, 1H), 0.99 (t, J＝7.4 Hz, 
1H). 

Cyclopentyl 2-oxo-2-phenylacetate (2o):[10] Colorless 
liquid. 1H NMR (400 MHz, CDCl3) δ: 7.91 (d, J＝7.2 Hz, 
2H), 7.55 (t, J＝7.4 Hz, 1H), 7.42 (t, J＝7.7 Hz, 2H), 5.40 
(tt, J＝5.9, 2.9 Hz, 1H), 1.94～1.85 (m, 2H), 1.82～1.75 
(m, 2H), 1.73～1.63 (m, 2H), 1.60～1.49 (m, 2H). 

Isopropyl 2-oxo-2-phenylacetate (2p):[10] Colorless liq-
uid. 1H NMR (400 MHz, CDCl3) δ: 7.93 (d, J＝7.1 Hz, 
2H), 7.57 (t, J＝7.4 Hz, 1H), 7.43 (t, J＝7.7 Hz, 2H), 
5.31～5.21 (m, 1H), 1.33 (d, J＝6.3 Hz, 6H). 

sec-Butyl 2-oxo-2-phenylacetate (2q):[19i] Colorless liq-
uid. 1H NMR (400 MHz, CDCl3) δ: 7.88 (d, J＝7.1 Hz, 
2H), 7.55～7.48 (m, 1H), 7.38 (t, J＝7.7 Hz, 2H), 1.70～
1.47 (m, 1H), 1.26 (d, J＝6.3 Hz, 3H), 0.85 (t, J＝7.5 Hz, 
3H). 

Isopentyl 2-oxo-2-phenylacetate (2r):[18] Colorless liq-
uid. 1H NMR (400 MHz, CDCl3) δ: 7.85 (d, J＝7.2 Hz, 2 
H), 7.46 (t, J＝7.4 Hz, 1H), 7.32 (t, J＝7.7 Hz, 2H), 4.26 
(t, J＝6.8 Hz, 2H), 1.59～1.53 (m, 1H), 1.48 (q, J＝6.8 
Hz, 2H), 0.77 (d, J＝6.6 Hz, 6H). 

tert-Pentyl 2-oxo-2-phenylacetate (2s):[19j] Colorless liq-
uid. 1H NMR (400 MHz, CDCl3) δ: 7.85 (dd, J＝8.0, 1.5 
Hz, 2H), 7.43～7.35 (m, 3H), 1.95～1.78 (m, 2H), 1.52 (s, 
3H), 1.29 (t, J＝16.1 Hz, 3H), 0.93 (t, J＝7.5 Hz, 3H). 

2-Methylallyl 2-oxo-2-phenylacetate (2t):[19k] Colorless 
liquid. 1H NMR (400 MHz, CDCl3) δ: 8.03 (d, J＝7.2 Hz, 
2H), 7.67 (t, J＝7.4 Hz, 1H), 7.52 (t, J＝7.7 Hz, 2H), 4.45 
(s, 2H), 1.65 (s, 5H). 

 
Supporting Information  1H NMR spectra of products 
2a～2t. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn/. 
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