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ABSTRACT: An electrochemical synthesis of diazo compounds from hy-
drazones in yields as high as 99% was performed. This method was elab-
orated as a useful synthetic method and demonstrated on various diazo 
substrates (25 examples). Apart from exhibiting matched efficiency as 
commonly used harsh and toxic chemical oxidants, this reaction is practi-
cally simple to set up, mild in conditions, high in electron efficiency (3 F/mol).  

Accessing complex and pharmaceutically relevant or-
ganic compounds relies on multistep synthetic routes that 
use expensive and hazardous reagents.1 The increase in en-
vironmental awareness has led industries to search for bet-
ter alternatives that reduce waste generation, reduce car-
bon footprint, and avoid highly toxic chemicals and metals. 
So, it is no surprise that synthetic organic chemistry has 
seen a recent revival of the use of electrochemistry.2-4 Elec-
trochemistry is defined as applying an electric difference of 
potential that induces the addition or removal of electrons 
to or from a molecule.5 It can enable the replacement of ex-
pensive and toxic reducing and oxidizing reagents by the 
simplest form of an electron source: electricity. The inevita-
ble shift towards sustainable energy sources to generate 
electricity makes research in this area all the more valuable. 
Hence, we are in the era of the revitalization of electrochem-
istry with a large availability of uncharted waters in the 
field.6-8  

One area of research that has particularly attracted our 
attention is the development of synthetic strategies for the 
synthesis of diazo compounds. Diazo compounds are noto-
rious for their synthetic versatility and high reactivity.9-11 
They are commonly used as carbene precursors to shortcut 
chemical syntheses by the performance of unique discon-
nection approaches through cyclopropanation,12-14 dipolar 
cycloaddition,15, 16 and insertion reactions.17, 18 Although re-
ports on the use of diazo compounds are numerous, those 
covering their synthesis are limited and unsustainable. Un-
til now, the most used approaches for the synthesis of diazo 
compounds are the Bamford-Stevens reaction of sulfonyl 
hydrazones,19 Regitz diazo transfer,20 and oxidation of sim-
ple hydrazones (Figure 1).21-25 The Bamford-Stevens reac-
tion and Regitz diazo transfer score low on scales of atom-
economy and require tedious purifications. Even the most 
straightforward oxidation of simple hydrazones into diazo 
compounds usually requires stoichiometric amounts of ox-
idants that are not only expensive but also toxic, i.e. Ag2O, 

MnO2, Pb(OAc)4, and HgO.23, 26-28 More recently, hypervalent 
iodine(III) reagents, such as PhIO and PhIF2, were reported 
as metal-free oxidants to access diazo compounds.24, 29 How-
ever, these methods suffer from the formation of PhI as a 
by-product which needs to be removed by purification. We 
herein propose to employ electrochemistry as a green oxi-
dant to achieve a clean, streamlined, atom economic, and af-
fordable synthesis of diazo compounds from simple hydra-
zones. 

There are very few reports on the electrochemical oxida-
tion of simple hydrazones. In 1983, Chiba et al. demon-
strated that the anodic oxidation of benzophenone hydra-
zones on a platinum anode leads to the corresponding azine 
in high yields.30 Interestingly, they observed that when us-
ing an undivided cell containing NaOMe-MeOH at 70 °C, di-
phenyl diazomethane could be made in situ by the for-
mation of diphenylmethyl methyl ethers upon reaction with 
MeOH, in addition to cyclopropanes in the presence of al-
kenes. 

Later, Okimoto and Takahashi successfully isolated ben-
zoylphenyl diazomethanes during the anodic oxidation of 
benzil hydrazones in the presence of KI as a halide ion 
source.31 Although the respective dimethyl acetals were ob-
tained when KBr was used, it was assumed that the reaction 
proceeds via the formation of a diazo  



 

Figure 1. Overview of methods for synthesizing diazo 
compounds 

intermediate. They successfully obtained high yields of the 
diazo compound, but their study was restricted to two ex-
amples. The same group then reported the anodic oxidation 
of dihydrazones into bis-diazo compounds, but again, only 
for two examples.32  

The main reasons why these electrochemical methods 
have not gained popularity and been incorporated as syn-
thetic methods is because they lack generality and scope, 
are difficult to reproduce, use expensive electrode material, 
and require divided cells which are not regularly found in 
synthetic laboratories. To address this, we have developed, 
as an unprecedented synthetic method, the organic electro-
synthesis of diazo compounds through anodic oxidation of 
simple hydrazones which is practical to set up (no need for 
moisture exclusion or inert atmosphere), has high electron 
efficiency, is performed with a standardized electrochemi-
cal setup, uses readily available and cheap electrode mate-
rial, and produces high yields of the desired diazo com-
pound (Figure 1). 

The anodic oxidation of methyl hydrazineylidene-2-phe-
nylacetate 1a was initially studied using a graphite anode, 
which would be more appealing than using expensive elec-
trode material such as Pt, while examining different sol-
vent-electrolyte combinations (Table 1). Using solvents 
such as dimethyl carbonate (DMC), diethyl carbonate (DEC), 
propylene carbonate (PC), and DMSO, the reaction could not 
reach the level of conductivity needed to achieve the se-
lected current (25 mA, 10.4 mA/cm2). MeOH promoted bet-
ter conductivities than other solvents, and the diazo 2a was 
obtained in modest yields. Even though MeOH tends to pro-
mote better conductivities for electro-organic reactions, we 
wanted to move away from choosing a protic solvent for this 
reaction because the objective is to develop a methodology 
for the synthesis of diazo compounds which can be used as 
is for subsequent reactions in carbene chemistry. 

The presence of a protic solvent would limit this method 
because it would react with the carbene by polar X–H inser-
tions and necessitate the diazo compound's isolation. An ac-
etonitrile/water mixture appeared promising as a solvent 
choice for further optimization. However, reactions with 
graphite as the cathode led to poor yields.  

Table 1. Optimization of electrolysis conditions for the 
electrosynthesis of diazo compound 2a.  

 

aReactions are carried out on a 0.4 mmol scale of 1a (3 
F/mol) at rt in a 5 mL ElectraSyn cell equipped with C and Ni 
electrodes, and yields were determined by 1H NMR with CH2Br2 
as an internal standard. 

This was due to the reduction of the formed diazo com-
pound 2a into the simple ester. Using a material with a low 
hydrogen overvoltage,such as Pt or Ni, as the cathode en-
hanced the yield of the diazo compound and decreased the 
yield of the reduction product. This reaction showed to pro-
ceed better in the presence of NH4OAc and this is explained 
by two reasons: the first is that acetate behaves as a base to 
help mediate the oxidation of the hydrazone; the second is 
that the ammonium cation acts a proton source which is 
more easily reduced at the cathode compared to the diazo 
compound. An excess of NH4OAc was required to get better 
yields of diazo 2a (5 equiv). In the absence of water, the re-
action still displayed high resistance, but with the addition 
of KI, this was resolved and the diazo compound 2a was ob-
tained in 89% yield and in high purity (no need for purifica-
tion). To move away from using expensive and precious 
metal electrode material, the Pt cathode was replaced by a 
cheaper Ni electrode, resulting in unchanged yields of the 
desired diazoester 2a. So, as optimal reaction conditions, a 
graphite anode and Ni cathode in acetonitrile with KI (0.5 
equiv) and NH4OAc (5 equiv) at 50 mA (20.8 mA/cm2) for 3 
F/mol results in high yields (89%) of the desired diazo com-
pound 2a. Further details on optimizing the reaction’s con-
ditions, such as changes in quantities of electrolytes and 
concentrations, can be found in detail in the Supporting In-
formation. 

A few control reactions were run to show that this reac-
tion is electrochemical (Table 2). Under the optimized elec-
trochemical conditions, using C (+) and Ni (–) electrodes 
with KI and NH4OAc as electrolytes in CH3CN, after running 
3 F/mol at 50 mA (20.8 mA/cm2), the diazoester 2a is pro-
duced in 89% yield (Table 2, entry 1). The reaction of the 
hydrazone in the presence of KI (0.5 equiv) and the absence 
of any applied current leaves the hydrazone intact after 24 
h (Table 2, entry 2). The same result is observed when using 
both KI (0.5 equiv) and NH4OAc (5 equiv) (Table 2, entry 3). 
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To investigate whether the possible formation of I2 under 
the optimized electrochemical conditions would be respon-
sible for the oxidation reaction, we introduced 1 equiv of I2 
with the hydrazone in the absence of any current. This re-
sulted in azine formation with no trace of the diazo com-
pound 2a (Table 2, entry 4). However, running the same re-
action in the presence of NH4OAc resulted in the  

Table 2. Control experiments for the anodic oxidation 
of hydrazone 1a.a 

 

Entry Conditions Yield 
(%) 

1 C (+), Ni (–), KI (0.5 equiv), NH4OAc (5 
equiv), 20.8 mA/cm2, 3 F/mol 

89 

2 No current, KI (0.5 equiv), 24 h NR 

3 No current, KI (0.5 equiv), NH4OAc (5 
equiv), 24 h 

NR 

4 No current, I2 (1 equiv), 1 h 0 

5 No current, I2 (1 equiv), NH4OAc (5 
equiv), 1 h 

15 

aReactions are carried out on 0.4 mmol scale of 1a in CH3CN 
(0.08 M) and yields were determined by 1H NMR with CH2Br2 
as an internal standard. 

formation of the diazo compound 2a in 15% yield (Table 2, 
entry 5). Although we cannot rule out the direct reaction 
with electrogenerated iodine, the electrochemical reaction 
led to a cleaner product and higher yield. 

With the optimized electrochemical conditions in hand, 
we investigated the scope of this reaction for the synthesis 
of different diazo compounds (Scheme 1). In the case of 
aryl-ester diazo compounds, para substituents with elec-
tron-donating character on the aryl ring (2a–2e) resulted in 
slightly decreased yields (53–73%). In an attempt to im-
prove these yields, the electrolysis of 1b and 1d was run at 
a lower current (25 mA, 10.4 mA/cm2); however, no signif-
icant change in yields was observed. In the case of a p-(n-
Bu)phenyl ethyl diazoacetate 2c, the reaction required 4 
F/mol instead of 3 F/mol to improve conversion and obtain 
diazo compound 2c in 70% yield. For the latter case, de-
creasing the current to 25 mA at 4 F/mol led to a signifi-
cantly improved yield of 2c (98%).  

Electron-withdrawing groups in para position (–Br, –Cl, 
and –F) and m,m’-F substituted hydrazone 1i resulted in 
good yields of their corresponding diazo compounds 2f–2i. 
Homobenzylic and aliphatic diazoesters could also be easily 
accessed using this method in high yields with no need for 
purification (81–99% yield). Hydrazone 1p with a benzylic 
ester group was successfully oxidized into the desired diazo 
compound 2p in a moderate yield (79%). Using a furfuryl 
ester was also tolerated using this method, and the diazo 
compound 2q was obtained in 35% yield, which slightly de-
creased when running the electrolysis at 25 mA (10.4 
mA/cm2). Using hydrazones with unsaturated ester parts 
with either an alkene or an alkyne, the corresponding diaz-
oester was obtained in 98% yield with an allyl ester (2m) 
and 40% yield with a terminal propargyl ester (2n); how-
ever, improved yields could be obtained with an internal al-
kyne as seen for 2o with was obtained in 77% yield. This 
method is also useful for synthesizing benzil diazo 2r and 
trifluoromethyl diazoalkanes 2s and 2t in high yields (75%, 
84%, and 92%, respectively). Diazoamide 2u and phospho-
nate 2v could also be synthesized in high yields (75 and 
92%, respectively) using this method. Diazomalonate 2w 
was obtained in a quantitative yield, and the oxidation of 
benzophenone hydrazone to make the diazo, which was 
trapped with methyl acrylate, gave pyrazole 2x in 68% 
yield. Hence, this shows that the electrochemical method 
has significant potential as a valuable way to access various 
diazo compounds free of any metal oxidants and organic 
contaminants. Compared to other synthetic methods com-
monly used to access these diazo compounds, anodic oxida-
tion of hydrazones shows matched potential with the ad-
vantage of using metal-free and green conditions free of any 
harsh or toxic chemical reagents. In addition, this method is 
extremely robust and does not need dry and inert condi-
tions. In most cases, at the end of the reaction, a simple ex-
traction to remove the inorganic salts sufficed to obtain the 
diazo compound in good purity levels. 

A plausible reaction mechanism for an anodic oxidation 
of simple hydrazones into diazo compounds is shown in Fig-
ure 2. The oxidation is possibly indirect and mediated by an 
iodonium. KI, in the presence of acetonitrile, is oxidized at 
the anode into an iodonium species ((CH3CN)2I+) and is re-
sponsible for the formation of the protonated diazo com-
pound.33 The latter is deprotonated by NH4OAc which also 
behaves as a proton source that is reduced at the cathode 
(especially that a Ni electrode has a low overvoltage for 

 

 

Scheme 1. Substrate scope for the electrosynthesis of diazo compounds.a  



 

 

a Reactions are carried out on 0.4 mmol scale of 1a (3 F/mol) at rt in a 5 mL ElectraSyn cell equipped with C and Ni electrodes and 
yields are isolated. b Reaction was run at 25 mA (10.4 mA/cm2). c Reaction was run to 4 F/mol due to incomplete conversion. d The 
diazo compound was trapped with 5 equiv of methyl acrylate 

H2 production). CV analyses of KI in acetonitrile showed the 
expected chemically irreversible oxidation waves at Epa = 
0.32 V and 0.49 V vs Fc+/0 (I–/I3– and I3–/[(CH3CN)2I]I3). The 
anodic oxidation of 1a showed a chemically irreversible 
event at Epa = 1.13 V vs Fc+/0. Interestingly, when KI was 
added to the mixture, the oxidation potential of the hydra-
zone shifted to a more positive potential (Epa = 1.14 V vs 
Fc+/0), which would fit with the formation of an N-iodo hy-
drazone. 

 

Figure 2. Proposed reaction mechanism for the anodic 
oxidation of hydrazones 

In conclusion, we have developed a new synthetic 
method to access stabilized diazo compounds through the 
anodic oxidation of simple hydrazones. This reaction po-
tently replaces commonly used toxic heavy metal oxidants 
with electricity to synthesize highly versatile diazo com-
pounds. Sub-equivalent amounts of KI are enough to 

mediate this reaction. The electrochemical reaction condi-
tions benefit from being mild, practical, efficient. A simple 
electrochemical setup and cheap electrodes are used to 
make this method as accessible as possible for application 
in any synthetic laboratory. A wide range of diazo com-
pounds, such as diazocarbonyls and trifluoromethyl diazo-
alkanes, with different functional groups, could be accessed 
using this method. Further work covering the synthesis of 
semi-stabilized and non-stabilized diazo compounds is un-
derway and will be reported in due course. 
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