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The hydroacylation of dialkyl azodicarboxylates has received a lot of attention lately due to the great

importance of acyl hydrazides in organic chemistry. Herein, we report an inexpensive and green photo-

chemical approach, where light irradiation (390 nm) significantly accelerates the reaction between dialkyl

azodicarboxylates and aldehydes, while water is employed as the solvent. A variety of aromatic and ali-

phatic aldehydes were converted into their corresponding acyl hydrazides in good to excellent yields in

really short reaction times (15–210 min) and the reaction mechanism was also studied. Applications of this

reaction in the syntheses of Vorinostat and Moclobemide were demonstrated.

Introduction

Over the years, organic chemistry has provided appropriate
tools to scientists in order to rapidly and in a reliable fashion
synthesize molecules of significance. Modern organic syn-
thetic chemistry is on a continuous lookout for the develop-
ment of novel, green and sustainable organic transformations,
and at the same time, it targets the improvement of traditional
organic reactions, providing environmentally friendly alterna-
tives. Among them, organic transformations that provide the
formation of new C–N bonds are widely studied due to the
importance of the target molecules, such as natural products,
drugs or materials.1 There are numerous ways one could envi-
sage the retrosynthetic analysis to forge a new C–N bond;
however, a reaction that is not so often discussed, but in the
last few years has received a lot of attention, is the use of
dialkyl azodicarboxylates and aldehydes for the formation of
acyl hydrazides.2 The unambiguous and environmentally
friendly formation of acyl hydrazides is of great importance
due to the wide range of products that may be obtained from
them, such as the drugs Vorinostat and Moclobemide.3 At the
same time, the starting materials of this reaction are alde-
hydes, which are feedstock reagents with applications in med-
icinal chemistry and agrochemistry,4 and dialkyl azodicarboxy-
lates. The synthetic utility of dialkyl azodicarboxylates is based

on their electrophilicity5 since they possess both a strong elec-
tron-withdrawing ability and an unoccupied pi-orbital,6 which
make them appropriate reagents for a number of named
organic reactions, such as the Mitsunobu reaction or vari-
ations of the Baylis–Hillman reaction.1,7

Historically, the first reported approach, as well as most of
the synthetic strategies in the literature, for the construction of
acyl hydrazides involves the use of transition metals as cata-
lysts (Scheme 1A).2 Among the metals employed, rhodium
acetate,8 zinc acetate,9 copper acetate,10 copper oxide nano-
particles11 or magnetite impregnated with cobalt12 have been
described as the catalyst of choice depending on the reaction
conditions (Scheme 1A). In 2014, Xu and coworkers described
the synergistic effect of a Lewis acid (CoCO3) with a Brønsted
acid, namely TFA, for the promotion of the reaction between
aromatic or alkyl aldehydes and dialkyl azodicarboxylates
(Scheme 1B).13 This method reported the cooperative action of
both catalysts, where the Lewis acid activates the aldehyde,
while the Brønsted acid activates the dialkyl azodicarboxylate
partner. In 2009, researchers turned their attention to develop-
ing greener alternatives to these reactions. Along these lines,
Headley and coworkers employed imidazolium-based ionic
liquids for the promotion of the reaction (Scheme 1C),14 while
Mariappan and coworkers employed microwave irradiation
(Scheme 1D).15 In the former case, heating at 40 °C was
necessary and the reaction time varied from 1–168 h depend-
ing on the aldehyde counterpart.14 In the latter case, pyridine
was utilized in catalytic amounts and a short reaction time
(10 min) was employed along with the microwave irradiation;
however, a high temperature (140 °C) and DMF were utilized.15

Around the same period, in two different reports, one by
Caddick and coworkers16 and the other by Headley, Ni and co-
workers,17 water was utilized as the solvent (Scheme 1E). In
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the former case, a slight excess of the aldehyde (vs. dialkyl azo-
dicarboxylate) was employed, leading to good to high yields
with a reaction time that varied from 24–96 h,16 while in the
latter case, a higher reagent ratio (2 : 1) led to similar yields,
spanning from 3 to 360 h as the reaction time.17

Photochemistry, the use of light to promote organic reac-
tions, has been known since the 1900s.18 For many years,
however, organic chemists abstained from the use of photo-
chemistry in organic synthesis. In recent years, photoredox cat-
alysis has brought a revolution in how organic chemists
embrace photochemistry.19 In most cases, metal-based com-
plexes are employed as photocatalysts since their properties
can be tuned via ligand manipulation. Photoorganocatalysis is
an even newer field, which employs small organic molecules
as photocatalysts.20,21 As expected, the field of photochemistry

soon realized the potential in catalyzing the hydroacylation of
dialkyl azodicarboxylates (Scheme 2). In a pioneering work in
2013, Ryu, Fagnoni and coworkers reported the use of TBADT
as the photocatalyst for the hydroacylation of dialkyl azodicar-
boxylates, using a Hg lamp or a solar box as the irradiation
source (Scheme 2A).22 This work proved to be inspirational for
our group and this reaction was among the first we studied in
the field of photochemistry.3,23 Later in 2017, we also proposed
the use of graphite flakes as the heterogeneous catalyst for the
daylight-mediated hydroacylation of dialkyl azodicarboxylates
(Scheme 2B),24 while in 2014, we employed PhCOCOOH as the
photoinitiator for the hydroacylation of dialkyl azodicarboxy-
lates (Scheme 2C).23a,i This protocol proved to be very general
and we used this to introduce a one-pot protocol for the syn-
thesis of hydroxamic acids and amides, which found appli-
cation in the synthesis of two pharmaceuticals.3 Having a long
experience in photochemistry and the hydroacylation of dialkyl
azodicarboxylates and in an effort to further comply with the
principles of green and sustainable chemistry,25 we decided to
apply our knowledge to this reaction and combine it with
different irradiation sources in order to achieve shorter reac-

Scheme 1 Common synthetic approaches for the hydroacylation of
dialkyl azodicarboxylates reported in the literature.

Scheme 2 Photochemical approaches for the hydroacylation of dialkyl
azodicarboxylates.
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tion times and better yields (Scheme 2D). Herein, we were able
to introduce the use of LED irradiation (390 nm) for the hydro-
acylation of dialkyl azodicarboxylates in the fast, green and
light-accelerated synthesis of acyl hydrazides, using water as
the solvent (Scheme 2D). The reaction time in all cases was
quite short (15–210 min) versus all literature reports, while
high to excellent yields were obtained. Finally, the application
of the protocol in the synthesis of the two drugs, Vorinostat
and Moclobemide, is demonstrated.

Results and discussion

Our recent studies have shown that the nature of wavelength
irradiation can have a huge impact on the outcome of a given
reaction,26 in accordance with the literature. We began our
investigation by evaluating how different wavelengths of
irradiation affect the reaction between heptanal and diisopro-
pyl azodicarboxylate (DIAD) (2a) with MeCN as the solvent
(Table 1).27 The reaction completion was determined by TLC
and NMR and the results showed that 390 nm and 440 nm
were equally successful, since DIAD was fully consumed after
three hours, whereas, in other cases, longer reaction times
were required (Table 1). When we employed CFL lamps, which
were employed in our previous studies,3,23a,i the reaction
reached completion after 3.5–4 h of irradiation, depending on
the lamps employed (Table 1, entry 7). We also performed the
experiment in the dark to highlight the acceleration outcome
due to irradiation.27 Indeed, after 3 h, only 5% of the starting
material was consumed. Having opted for the wavelength
irradiation of 440 nm, we evaluated a variety of solvents
(Table 2). When the reaction was performed in MeCN, the
desired product 3a was isolated as the sole product (Table 2,
entry 1). However, when the reaction was performed in other
organic solvents, 3a was not the only product observed
(Table 2, entries 2–4 and 6–10). Interestingly, except from the
desired product, the oligomerization of DIAD had also

occurred, indicating the existence of a parallel reaction. In
most of the solvents employed, even when the consumption of
DIAD was full, the formation of the oligomers (2a-dimer or 2a-
trimer) was more favorable than the formation of the desired
product (Table 2, entries 4 and 7–10). The structures of 2a-
dimer and 2a-trimer were verified by isolating them and char-
acterizing them independently, upon the irradiation of DIAD
alone.27 When THF was used as the reaction medium, the
obtained product was not acyl hydrazide 3a, but the product of
the reaction between dialkyl azodicarboxylate and THF, in
accordance with the studies of Lee and Otte and ours (Table 2,
entry 5).8,23f,i Our focus then turned to examining the possi-
bility of employing a greener solvent.28 Thus, we tested water,
which is known to have a positive effect in some reactions29

and as it is mentioned in the literature, it is a quite successful
solvent for the specific reaction.16,17 In particular, following
the pioneering contributions by Caddick, Chudasama and co-
workers, water is known to accelerate acyl radical formation
and facilitates a number of reactions.30 Thus, in this work, we
envisioned a combined activation, derived from the “on-water”
effect29 and the acyl radical formation that is favoured in
water.30 Indeed, when the reaction was performed in water, 3a
was obtained as the sole product in a quantitative yield in just

Table 1 Optimization of the reaction between heptanal (1a) and 2a, in
order to identify the optimum wavelength of irradiationa

Entry Irradiation source (nm) Reaction time (h) Conversion (%)

1 370 21 h 100
2 390 3 h 100
3 427 5 h 100
4 440 3 h 100
5 456 3.5 h 100
6 525 24 h 100
7 CFL lamps 4 h 100

a Conversion determined by 1H-NMR. The reaction was performed
with heptanal (1a) (114 mg, 1.00 mmol) and di-isopropyl azodicarboxy-
late (2a) (101 mg, 0.50 mmol) in MeCN (2 mL) under irradiation.

Table 2 Optimization of the visible light-mediated reaction between 1a
and 2a

Entry
Irradiation
source (nm) Solvent

Yielda

(%)
2a-Dimer
(%)

2a-Trimer
(%)

1 440 MeCN 100 — —
2 440 Et2O 53 23 24
3 440 EtOAc 47 46 7
4 440 Toluene 46 54 —
5 440 THF 0 — —
6 440 CH2Cl2 75 10 15
7 440 Pet. Eth. 23 55 2
8 440 CCl4 46 54 —
9 440 MeOH 9 64 27
10 440 CHCl3 46 48 6
11b 440 H2O 100 (87) — —
12c 390 H2O 100 (92) — —

a Yield determined by 1H-NMR. The reaction was performed with hep-
tanal (1a) (114 mg, 1.00 mmol) and di-isopropyl azodicarboxylate (2a)
(101 mg, 0.50 mmol) in solvent (2 mL) under irradiation. The yield of
the product after isolation by column chromatography in parenthesis.
b The reaction was completed in 55 min. c The reaction was completed
in 40 min.
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50 min (Table 2, entry 11). Thus, irradiation seems to acceler-
ate the process even more. This fact is also supported by a
simple comparison of the literature data. Caddick and co-
workers reported that the reaction between butanal and 2a in
water required 16 h to provide 90% of the hydroacylation
product,16 while Headley, Ni and coworkers reported that the
reaction between nonanal and 2a in water required 20 h to
provide 92% of the hydroacylation product.17 Herein, the reac-
tion of heptanal with 2a in water and upon irradiation
required 55 min to provide a quantitative yield of 3a (100%
conversion, Table 2, entry 11). However, since irradiation at
390 nm was equally effective, we performed the reaction at
390 nm as well, and in this case, the results were even better,
since the reaction was completed faster, within just
40 minutes (Table 2, entry 12). Herein, the reaction of heptanal
with 2a in water required approx. 40 minutes to provide a
quantitative yield of 3a (100% conversion, 92% yield of the iso-
lated product, Table 2, entry 12). In the case where water was
used as the reaction medium, no oligomers were formed, thus
making water the optimum solvent for the reaction, concern-
ing both the reaction speed and oligomer formation.

In an attempt to reduce the ratio of the employed aldehyde,
we studied the behavior of the reaction in ratios of 1.5 : 1 and
1.1 : 1 of 1a : 2a.27 We observed that as the amount of the alde-
hyde used tended to be stoichiometric, the reaction time
increased. When 1.5 equiv. of aldehyde were employed (in H2O
at 390 nm), only ten additional minutes (50 min) were required
to reach completion; however, when 1.1 equiv. of 1a were
employed (in H2O at 390 nm), the reaction was completed
after approximately 2 h.27 Thus, we concluded that the
optimum reaction ratio is 1.5 : 1. In order to ensure the effec-
tiveness of the correct irradiation wavelength, we reperformed
the reaction at different irradiation wavelengths, but this time
by employing water as the solvent and using a 1.5 : 1 ratio.27

Irradiation at 390 nm provided the best results since the reac-
tion was completed in just 50 minutes. However, the reaction
time increased when the irradiation wavelength diverged from
400 nm, from 50 to 200 minutes. The diversity of the reaction
times may be attributed to the wavelengths of the absorbance
of DIAD, which will be discussed in the section dealing with
the reaction mechanism.

To verify that the irradiation source is the main factor for
the reaction outcome, we carried out the reaction under the
optimum reaction conditions, but in the dark for 50 minutes
and the desired product 3a was obtained in 17% yield,27 verify-
ing the crucial role of water as the solvent29,30 and the accelera-
tion provided by 390 nm irradiation. Additionally, we carried
out the reaction under an argon atmosphere to verify that
oxygen is essential for the reaction.27 To our surprise, only a
slightly reduced 67% yield of 3a was obtained, indicating that
the presence of oxygen accelerates, but does not play a crucial
role in the reaction.27 We also checked the role of temperature
in the progression of our reaction, and no differences were
observed when a fan was used for the maintenance of the
temperature at 27 °C.27 Furthermore, under the optimum reac-
tion conditions, where reaction completion was observed, we

attempted the isolation of the desired product by simple
extractions (basic aqueous wash-extractions) and 3a can be
obtained in a very pure form without the need for column
chromatography.27

Having the optimum conditions in hand, the substrate
scope of the methodology was evaluated, initially using a
variety of aliphatic aldehydes and diisopropyl azodicarboxylate
(2a) (Scheme 3). Aliphatic aldehydes bearing linear alkyl
chains or alkyl chains with various branched parts, like 1a–e,
afforded the desired products 3a–e in high to excellent yields,
especially when 2 equivalents of the aldehyde were utilized,
and in very short reaction times (3c, 3d, 3h and 3j). The pres-
ence of easily oxidized functionalities, like double or triple
bonds (3f or 3g), did not alter the reaction outcome, leading to
products in excellent yields in really short reaction times. In
the case of α,α-disubstituted aldehydes, acyl radical formation
can be coupled with a number of by-products, since the corres-
ponding nucleophilic secondary aliphatic radical can be
formed by CO extrusion. However, in the case of aldehydes 1j
and 1k, the reaction was so fast (completion occurred in
15–60 min) that no such by-products were observed. Finally, a
tertiary substituted aldehyde, pivaldehyde (1l), was employed,
leading to the desired product 3l in 73% yield, after a reaction
time of 80 min.

Once the aliphatic counterpart of the aldehyde was probed,
we turned our attention to more difficult cased acyl radical for-
mation, such as aromatic aldehydes and α,β-unsaturated alde-
hydes (Scheme 4). To our delight, aromatic aldehydes did not
pose any problems concerning the yield and the reaction time,
with some of them reacting in just 20 minutes (3o and 3p, 2
equiv. of aldehyde). Aromatic aldehydes substituted with elec-
tron-donating and electron-withdrawing groups required
longer reaction times and the yields were mediocre to good
(3n, 3q and 3t), even when 2 equivalents of aldehyde were
used. Substitution at the ortho-position was also well tolerated,
since 1r reacted significantly well, resulting in an excellent
yield (94%). A heteroaromatic aldehyde (1u) was tested as well,
which gave the desired product in a mediocre yield while
requiring several hours for the reaction to be completed (3u).
We also explored the use of α,β-unsaturated aldehydes, which
afforded products 3v–x in mediocre to high yields, but longer
reaction times were required. Finally, the scope of azodicarbox-
ylates was probed by testing different dialkyl azodicarboxylates
in reaction with heptanal (1a) and the desired products were
obtained in very good yields (3y and 3z). The experiments were
performed using a 1.5 : 1 and a 2 : 1 ratio of aldehyde :
azodicarboxylate, in order to obtain results that can be com-
pared with the literature and to understand better the mecha-
nism of the reaction, which will be further analyzed in the
section dealing with the mechanism. The results showed that
when employing more equivalents of the aldehyde, better
yields were obtained. In some cases, a significant increase in
the yield was noted (3d, 3m, 3s and 3w), whilst in other cases,
the obtained yields were similar (3f, 3g and 3p). In the cases of
substrates where lower yields were obtained, the main bypro-
duct that occurred was the dimer of diisopropyl azodicarboxy-
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late (2a-dimer), whilst no decarboxylation in the α-substituted
aldehydes was noted.

Moreover, we applied our method to the synthesis of two
pharmaceuticals, the antidepressant Moclobemide and the
anticancer drug Vorinostat (Scheme 5). We were able to syn-
thesize both of these drugs in good yields, having excellent
yields and short reaction times in the steps where our protocol
was employed. Starting from suberic acid 4, aldehyde 7 was
obtained via a three-step process. Following the developed
method herein and reacting the intermediate acyl hydrazide
with hydroxylamine, Vorinostat 8 was obtained. Similarly,
starting from aldehyde 1o and following the developed
method and the literature, Moclobemide 10 was obtained.

Hence, having evaluated the substrate scope of the reaction
and knowing the strengths and weaknesses of this protocol,
we diverted our attention to study the reaction mechanism. We
initiated our investigation by carrying out UV-Vis absorbance
studies.27 According to the literature, when an electron donor
is coupled with an electron acceptor in a ground state, an elec-
tron donor–acceptor (EDA complex) or Charge Transfer
Complex is formed, which can be easily identified by a batho-
chromic shift in the UV-Vis absorbance spectrum when the
two reagents are mixed.31 Very recently, EDA complexes were
employed in order to initiate organic transformations.32 When

heptanal or benzaldehyde was used, there was no difference in
the absorbance in the UV spectrum, when mixed with 2a, indi-
cating that no EDA is formed. The studies were performed in
MeCN, in which the reagents can be fully dissolved. An
obvious absorbance of DIAD was present around the 400 nm
and 440 nm regions.

Some of the control experiments that were carried out
enhanced our suspicions of the existence of 3 parallel reac-
tions that take place simultaneously. Apart from the desired
reaction between dialkyl azodicarboxylate and the aldehyde for
the formation of the desired acyl hydrazides, the aldehydes are
also oxidized to carboxylic acids upon irradiation30,33 and at
the same time, dialkyl azodicarboxylates get oligomerized.
More specifically, when the reaction was performed in the
dark, after 50 minutes, only a small conversion to 3a was
noted, however, 2a-dimer was formed. When the reaction was
performed under an argon atmosphere, again a good conver-
sion of 3a was observed.27 So, the presence of oxygen is not
essential although it is known to accelerate the formation of
acyl radicals from aldehydes.30 So, it seems that oxygen pro-
motes two of the three reactions (the oxidation of the aldehyde
to the acid and the formation of the desired product).

Bringing together the literature knowledge and our studies,
we can conclude by proposing the following mechanism

Scheme 3 Substrate scope – aliphatic aldehydes. a Reaction time and yield of the isolated product, when 1.5 equiv. of aldehyde were used.
b Reaction time and yield of the isolated product, when 2.0 equiv. of aldehyde were used.
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(Scheme 6). In the literature, the mechanism for the hydroacy-
lation of dialkyl azodicarboxylates is mostly proposed involving
radical intermediates,2 although some ionic paths have also
been reported.2 In the literature, air and/or water are well-
accepted in being able to generate acyl radical I from alde-
hydes 1, a process which is highly dependent on air, but water
is known and proposed to accelerate this process (Scheme 6A,
Pathway II).16,17,29b,30a–c,34b It is also well accepted that acyl
radical I can react with different electrophiles, like DIAD,
leading to the desired products (Scheme 6C).16,17,30c Moreover,
we have more interest in photocatalysis and have been involved
in the use of aldehydes as potential photoinitiators
(Scheme 6A, up).20f,34a Under irradiation, aldehydes can lead
to radicals I and II, which are known to take part in various
processes, usually involving Hydrogen Atom Transfer (HAT)
events, either with different reagents or with oxygen

(Scheme 6A).20f Indeed, our observations are in accordance
with these notions, however, acyl radicals and the desired
product are produced in the absence of air, since the reaction
under argon (no oxygen) led to diminished yields (67%), while
solvents other than water led to slower reactions (if any).27

Thus, combining all these data, we can suggest that irradiation
promotes the self-excitation of diisopropyl azodicarboxylate
forming 2a*, due to its significant absorbance near 390 nm
(Scheme 6B, Pathway III).27 2a* can be used as a sacrificial
agent and promote HAT from the aldehyde to form acyl radical
I and intermediate III. However intermediate III can also be
formed from 2a* in the presence of water, which then oligo-
merizes forming dimers and trimers. 390 nm irradiation of
DIAD (2a) in water for 80 min led to the consumption of 2a
and the isolation, after column chromatography, of the same
DIAD oligomers 2a-dimer in 42% yield and 2a-trimer in 20%

Scheme 4 Substrate scope – aromatic aldehydes, α,β-unsaturated aldehydes, naturally-occurring aldehydes or different dialkyl azodicarboxylates.
a Reaction time and yield of the isolated product, when 1.5 equiv. of aldehyde were used. b Reaction time and yield of the isolated product, when 2.0
equiv. of aldehyde were used.
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yield, respectively.27 Although we have a long tradition of
studying this hydroacylation reaction,3,23a,i,24 this is the first
time that such oligomers (oligomerization of DIAD via HAT
from III) have been detected by our group (and in the litera-
ture). These kinds of oligomers can be produced from III, fol-
lowed by a second (and third) HAT with 2a (Scheme 6B).

To summarize, acyl radical I can be formed in three ways.
Firstly, by the aldehyde itself with the help of oxygen and/or
with the help of water (Pathway II, minor pathway, irradiation
is known to accelerate this pathway33) and secondly, by hv
irradiation (Pathway I, minor pathway). Thirdly, by intermedi-
ate 2a* (Pathway III, major pathway), which will form inter-
mediate III by hydrogen atom transfer from the aldehyde
(pathway not requiring oxygen for acyl radical formation).
Pathway III is the major pathway since when the control experi-
ment under argon was carried out,27 3a was obtained in a high
yield. If pathways I and II were major pathways, acyl radical I
would have been formed with great difficulty, resulting in low
yields. Nonetheless, in our case, the yield was just slightly
diminished (67%), indicating that oxygen is not essential for
the reaction, but plays an assisting role in enabling additional
pathways for the formation of the acyl radical (Scheme 6A).
Then, the acyl radical can react in two ways. Firstly, reacting in

the presence of oxygen (Scheme 6A) to form the corresponding
carboxylic acid.33,34 The second pathway (Scheme 6C) is the
desired pathway, in which acyl radical I reacts with 2a to form
intermediate IV, which promotes a HAT from the aldehyde
(generating again acyl radical I), leading to the desired product
3. Hence, the mechanism proposed in Scheme 6B is believed
to be dominant, however, the mechanisms in Scheme 6A con-
tribute to an extent to the reaction outcome. This hypothesis
of the mechanisms strengthens, by identifying the by-products
that formed, in the cases where lower yields were obtained. In
these cases, 2a-dimer formation was observed, as well as the
remaining aldehyde and the corresponding carboxylic acid of
the aldehyde. Last but not least, the enhancement of the
obtained yields and the diminished reaction times when 2
equivalents of aldehyde 1 were used, indicate the significance
of acyl radical formation. When larger amounts of the alde-
hyde exist in the reaction mixture, larger amounts of acyl
radical I can be formed and react efficiently with 2a, resulting
in the desired product 3a.

Scheme 5 Moclobemide and Vorinostat synthesized using this
protocol.

Scheme 6 Proposed reaction mechanism.
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Conclusions

In conclusion, a green, inexpensive, fast and environmentally
friendly synthetic protocol for the aerobic photochemical syn-
thesis of acyl hydrazides 3 from aldehydes 1 and dialkyl azodi-
carboxylates 2 was developed. Using 390 nm Kessil lamps as the
irradiation source and water as the solvent, light accelerates the
formation of the acyl radical from the corresponding aldehyde,
which reacts with dialkyl azodicarboxylate 2, leading to the
desired products. A variety of aldehydes can be used in this pro-
tocol, including aromatic, aliphatic, α,β-unsaturated and natu-
rally occurring aldehydes, affording the desired product in high
yields and in short reaction times (15–210 min). Based on the
literature precedent and our mechanistic investigations, three
proposed mechanistic pathways are presented, while the
pathway where dialkyl azodicarcoxylate is the initiator was
proven to be the dominant. Finally, the synthesis of two com-
mercially available drugs, Moclobemide and Vorinostat, was
also demonstrated using our protocol.

Experimental
General procedure for the synthesis of acyl hydrazides

In a test tube, aldehyde (0.75–1.00 mmol, 1.5–2.0 equiv.), dia-
lkylazodicarboxylate (0.50 mmol, 1.0 equiv.) and H2O (2 mL)
were added consecutively. The test tube was left stirring under
Kessil lamp irradiation (390 nm) for 15–210 min depending on
the substrate, until reaction completion, determined by TLC
and NMR. After reaction completion, the reaction mixture was
concentrated in vacuo. If the product is not of the desired
purity, the desired product can be further purified by column
chromatography.
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