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a-Azido carbonyls include compounds that are known to possess wide range of
biological activities or are important templates in medicinal chemistry. They are
also extremely powerful building blocks for the efficient synthesis of diverse
arrays of biologically important N-heterocyclic compounds. In the light of the
importance of this family of organic azide compounds a great deal of attention
has been given to their synthesis and, in the past years, several methods have been
described in the literature allowing for the direct construction of these substances
from easily accessible alkene and alkynes by vicinal oxy-azidation reactions.
However, no comprehensive review on this chemistry has been published to date.
In this light, here we intend to summarize the advances in this attractive field with
special attention on mechanistic features of the reactions.

1. Introduction

Organic azides are privileged motifs that occur in
various marketed drugs with diverse pharmacological
activities [1]. They are also extremely powerful and
versatile building blocks in a variety of synthetic
transformations [2]. In particular, a-azido carbonyls are
found in the structures of large numbers of approved drugs
and clinical/preclinical candidates, with a wide range of
activities including anti-bacterial, anti-viral, anti-
myeloma, anti-AIDS and many more (Scheme 1) [3]. This
class of azido compounds are also one of the most useful
and versatile synthons in organic synthesis, as they can be
easily transformed into numerous biologically important
N-heterocycles including pyrroles, indoles, pyrazoles,
imidazoles, triazoles, pyridines, pyrimidines, pyrazines,
quinazolines, isoquinolines, etc [4]. As a result of this,
numerous methods have been developed for the synthesis
of a-azido carbonyls [5]. However, most of these methods

rely upon the nucleophilic substitution of corresponding
a-substituted ketone (e.g., a-halo ketones, a-tosyloxy
ketones, a-nosyloxy ketones) with an azide anion.
However, these methods suffer from some disadvantages
such as requirement of pre-functionalized starting
materials and liberation of hazardous by-products.
Therefore, the development of efficient, convenient, and
environmentally benign approaches that benefit from
simple, low-cost and easily accessible starting materials
for the construction of this specific class of organic azide
compounds is still highly desirable in synthetic chemistry.
Generally, the synthesis of nitrogen-included compounds
is crucial in medicinal chemistry and material science.
Nitrogen enhances diversity, reactivity, and solubility,
aiding drug development and improving stability and
specificity in biological interactions. Efficient nitrogen
incorporation strategies remain a focus in synthetic
chemistry [6-10].
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Scheme 1. Selected examples of bioactive compounds possessing an a-azido ketone unit.

The direct Oxy-functionalization of unsaturated
hydrocarbons has emerged as a sustainable powerful,
and step-economy synthetic strategy for the efficient
construction of a-functionalized ketones in one step
from simple and readily available feedstock chemicals

[11-18]. In this context, the direct oxy-azidation
reactions have recently become a highly valuable tool
for preparing a-azido ketones from easily accessible
alkenes and alkynes with high atom-, step-, and pot-
economy (Figure 1). However, as far as we know, no

comprehensive review on the direct synthesis of a-azido
ketone derivatives from unsaturated hydrocarbons has
been published to date. In this light, here we sum up the
advances in this field with special attention on
mechanistic implications of the reactions. It should be
noted that this review does not cover literature data on
the hydroxyazidation of alkenes since it recently
highlighted by Shahimi and co-workers [19], in a paper
entitled " Direct hydroxyazidation of alkenes: A viable
strategy for the synthesis of B-azido alcohols *.

(0]
Oxy-azidation N,
I L & R U Rl

RZ

Fig. 1. Direct vicinal oxy-azidation of unsaturated carbon-carbon bonds.

2. Oxy-azidation of alkenes

The possibility of direct oxy-adization of alkenes
into corresponding a-azido ketones was first realized by
Vankar and co-workers [20], who synthesized a range
of cyclic and acyclic a-azido ketones 2 from the reaction
of respective alkenes 1 with trimethylsilyl azide
(TMSN3) and chromium trioxide (CrOs) under catalyst-
/additive-free conditions. The reactions were carried out
in DCM at room temperature, tolerated various terminal
(aromatic or aliphatic) and internal (cyclic or acyclic)
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alkenes, and provided the desired products in moderate
to high yields (Scheme 2). Notably, the reaction
exhibited high degree of regioselectivity, in which
azidation is exclusively took place on the carbon atom
attached to the terminal carbon atom of the C—C double
bond and those a-azido ketones that have carbonyls in
the internal positions are formed selectively.
Unfortunately, the authors did not unravel the plausible
mechanistic scheme for this difunctionalization
reaction.
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CrOj; (1.6 equiv.)

RZ

2
Rl/\/R + TMSN}
1

R1= Ph, nCSHl 15 nC11H23
R2?=H, Me, Ph

Rl

o
-

DCM, r.t., 24 h

2 N,

9 examples (51-82%)

Rl + R2: -(CH2)3-, -(CH2)4-, -(CH2)5-5 -(CH2)10-

Scheme 2. Vankar's synthesis of a-azido ketones 2.

Five year later, Nair and co-workers
demonstrated that the same transformation could be
achieved by using sodium azide (NaNs) as the azide
source and molecular oxygen (O2) as the source of
oxygen atom of carbonyl group [21]. Thus, in the
presence of 2.3 equiv. of cerium ammonium nitrate
(CAN) as a one-electron oxidant, the reaction of styrene
derivatives 3 with NaN3 in MeOH under an oxygen
atmosphere furnished corresponding phenacyl azides 4
in good to excellent yields. As shown in Scheme 3a,
vinyl arenes possessing either electron-donating or
electron-withdrawing functionalities were well tolerated
by this protocol. However, only para-substituted
styrenes have been examined in this study and no

comment was made by the authors regarding the
applicability of ortho- and meta-substituted substrates.
The mechanistic course of this oxy-adization reaction is
shown in Scheme 3b, and involves the initial formation
of azido radical via one-electron oxidation of azide
anion by CAN. Subsequently, addition of this radical to
the styrene 3 leads to benzylic radical A, which after
interaction with oxygen furnishes the peroxy radical B.
Thereafter, the abstraction of a hydrogen atom from the
solvent by newly generated radical B leads to an
hydroperoxide intermediate C. Finally, oxidative
cleavage of intermediate C by CAN affords the
observed phenacyl azides 4.

(@) 0
. N3
X CAN (2.3 equiv.) ;
+ NaN3
MeOH, O,, 0 °C, 30-60 min
R R
3 4
R=H, Me, OMe, OAc, NHAc, Cl 6 examples (68-95%)
(b)

_ CAN .
N3 _— N3

. N
N, . 0,
/: —_— /_/ _
Ar AT
3 A

(oN OH
/ /
O N; O N; O N;
— — == }J ’
—_— _—
Ar Ar Ar
B C 4

Scheme 3. (a) Nair's synthesis of phenacyl azides 4; (b) Possible mechanism for the formation of phenacyl azides 4.

The synthesis of a library of phenacyl azides 6 in
good to excellent yields (up to 95 %) was also reported
by Badri and Gorjizadeh through the direct oxy-
adization of corresponding styrene derivatives 5 with
NaNz under an atmosphere of oxygen using cis-1,4-

bis(triphenylphosphonium)-2-butene  peroxodisulfate
(BTPBPD), as an inexpensive and environmentally safe
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oxidation reagent (Scheme 4) [22]. The reaction showed
good functional group tolerance, including fluoro,
chloro, bromo, nitro, acid and ether functionalities that
would allow further elaboration of the products. When
compared to the CAN-mediated protocol, the current
methodology presents higher average vyields using
similar substrates.
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Scheme 4. Badri-Gorjizadeh's synthesis of phenacyl azides 6.

In a significant contribution in this field, Kirsch's  alkenes. Notably, when internal alkenes were used as
research group developed an efficient protocol for the  substrates under the identical conditions, the
synthesis of geminal triazides 8 from terminal alkenes 7 corresponding oxy-diazidated products were obtained in
as shown in Scheme 5 [23]. Optimal reaction conditions high yields. It should be mentioned that, due to its lower
for this transformation were found to be in situ oxidative power, IBX-SO3K cannot be used in place of
preparation of the corresponding iodomethyl ketones by IBX as the oxidizing agent in oxy-iodination step. On
reaction of alkenes with 2-iodoxybenzoic acid (IBX)  the other hand, the use of IBX instead of IBX-SO3K in
and N-iodosuccinimide (NIS). Then the reaction was  the azidation step results in a strongly exothermic
followed by addition of water, filtration and addition of  reaction that is uncontrollable, and ends in the complete
NaN; and IBX-SOs;K. The reactions showed good decomposition of the starting material and the evolution
tolerance to both aliphatic and aromatic terminal of gas.

i. IBX (2 equiv.), NIS (1.1 equiv.), DMSO, 35 °C

ii. H,0 i A on
: 0 \
iii. IBX-SO3K (3 equiv.), NaN3, 23 °C N; 17
/: » R N \O
R N, 3
7 8
R= 4-F-C¢H,, 3-OMe-C¢H,, 2-OMe-C¢H,, 2-CI-CH,, 7 examples (32-48%) Bx ©
2-naphthyl, 2-(5-Me)-furyl, 2-pentyl
Scheme 5. Kirsch's synthesis of geminal triazides 8.
In 2017, Moorthy and co-workers developed an In 2018, Xiong and co-workers realized the first

interesting one-pot-three-step approach comprising metal-catalyzed direct oxy-adization of alkenes by using
bromohydroxylation-oxidation-azidation ~ for  the low-cost Cu(OTf) as the catalyst, TMSN;3 as the azide
conversion of alkenes 9 into a-azido ketones 10 under  source, and molecular oxygen both as an oxidant and a
ambient conditions (Scheme 6) [24]. Step one of this  source of an oxygen atom [25]. Under the optimized
process involves initial formation of bromohydrins Aby  conditions, various styrene derivatives 11 bearing
the reaction of alkenes 9 with N-bromosuccinimide sensitive functional groups such as fluoro, chloro,
(NBS) in aqueous acetonitrile which then undergoes bromao, cyano, nitro, ether, and ester showed fair to high
oxidation with Oxone in the presence of a catalytic  yields of the corresponding phenacyl azide products 12
amount of 3,4,5,6-tetramethyl-2-iodoxybenzoic acid (Scheme 7). However, hydroxyl-substituted styrenes
(TetMe-IBX) leading to a-bromoketones B followed by ~ were incompatible in the reaction and applicability of
a nucleophilic substitution with NaNs to form the target  aliphatic alkenes was not investigated in this study. In
a-azido ketones 10. The one-pot conversions are  order to extend the generality of their methodology, the
versatile for a variety of olefins that include cyclic as  authors also investigated several vinylic substituted
well as acyclic aliphatic olefins and electron-rich and styrene derivatives. B-Alkyl and nitrile substituted
electron-deficient  styrenes. This protocol was  substrates were inert under the standard conditions, but
compatible with a variety of alkenes that include cyclic  stilbene gave the corresponding product in only 45%,
as well as acyclic aliphatic olefins and electron-richand  which indicates that this protocol is specific for terminal
electron-deficient styrenes. alkenes.
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(a) i. NBS (1.05 equiv.), MeCN/H,O (1:1), r.t., 4-12 h
ii. TetMe-IA (10 mol%), Oxone (1.0 equiv.), r.t., 10-24 h O
iii. NaHCOj5 (2.3 equiv.), NaN; (1.5 equiv.), r.t., 6-12 h 2
R? ’ ] 1 R
Rl/\/ » R
9 10 N3
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4-NO,-C4H,,2-Br-C¢Hy, 2-NO,-CH,, 1-naphthyl, 2-naphthyl

R2=H, Me
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Scheme 6. Moorthy's synthesis of a-azido ketones 10.

Cu(OTY), (15 mol%)

LYY
R—T + TMSN;
=

11

MeCN, O,, r.t.,, 18 h

> R

N
=

12
18 examples (30-80%)

R=H, 4-Me, 4-'Bu, 4-OMEe, 4-F, 4-Cl, 4-Br, 4-CN, 4-OAc, 3-Cl, 3-Br, 3-NO,, 3-vinyl, 2-Br,

3,4-(CH=CH),-, 2-F-5-Br, 3-Br-4-F

Scheme 7. Xiong's synthesis of geminal triazides 12.

Concurrently, an elegant visible-light-accelerated
Cu-catalyzed  direct  oxy-azidation of  vinyl
(hetero)arenes 13 with TMSN; was reported by Hossain
et al. [26]. No organic oxidant was used and only 1
mol% of organic dye [Cu-(dap)2]Cl (dap=2,9-bis(p-
anisyl)-1,10-phenanthroline) ~ was  enough  for
preparation of a panel of 28 functionalized 2-azido-1-
arylethanones 14 in 10-85% vyields (Scheme 8). These
reactions were run under green LED irradiation at
ambient temperature and tolerated both terminal and
internal alkenes with either electron-donating or
electron-withdrawing substituents. However, the steric
hindrance produced by the substituents has a significant
influence on the reaction yield. For instance, while para-
substituted nitrostyrene produced 51% yield, the meta-
substituted one produced 29% vyield. Moreover, a
substrate with two Cl substituents at C2 and C6-
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positions gave the product in only 10% vyield.
Allylbenzene did not take part in the reaction and
therefore no other aliphatic alkenes were examined in
the protocol. By observing the lack of conversion for the
unactivated olefin, the authors provided an interesting
example to highlight chemoselectivity of their
methodology. When 1-allyl-4-vinylbenzene  was
subjected to these reaction conditions, oxy-azidation
occurred exclusively over the vinylic C-C double bond
when allylic C-C double bond was also present.
Gratifyingly, 1-(chloromethyl)-4-vinylbenzene was also
successfully oxy-azidated and the reactive chloride
remained untouched, highlighting the excellent
chemoselectivity of the reaction. The authors assume
that the mechanistic pathway of this light-accelerated
oxy-azidation reaction involves the initial formation of
[Cu(D)]* complex A' via the excitation of [Cu(dap)2]Cl
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complex A under light irradiation, which after oxidation
by O leads to catalytically active species

B. Next, reaction of newly generated complex B with oxygen to form O-centered radical F. Afterwards,
with the azide anion give azide-bridged dimer C, which peroxy radical intermediate F binds to D to give Cu(ll)
after the homolytic dissociation affords Cu(l) species D species G. Finally, elimination of active species B from
and an azide radical. Subsequently, addition of the azide  this intermediate furnishes the target oxy-azidated
radical to the substrate 13 provides C-centered radical E product 14 (Scheme 9).
(confirmed by TEMPO trapping), which further reacts

R
X [Cu(dap),]CI (1 mol%)
+ TMSN, >
MeCN, green LEDs, air (O,), r.t., 12-72 h

13

/

28 examples (10-85%)

(Het)Ar= Ph, 4-Me-C4H,, 4-'Bu-CgHy, 4-OMe-CgHy, 4-F-C¢H,, 4-C1-CgH,, 4-Br-CgHy, 4-OAc-CgHy,
4-NH,-C4H,, 4-NHAc-CHy, 4-NO,-C4Hy, 4-CN-C(Hy, 3-OMe-CHy, 3-C1-C¢Hy, 2-Me-C¢Hy,
2-OMe-C¢Hy, 2-NO,-C¢Hy, 2-CF3-CgHy, 3,5-(OMe),-C4Hj3, 3,4-(0Bn)-C4Hj3, 2,6-(Cl1),-CHs,
3,4,5-(OMe),-C¢H,, 2-Cl-3,4-(OMe),-C(H,, 2-naphthyl, 2-thienyl, 2-benzofuryl

R=H, Me

Scheme 8. Visible-light-accelerated Cu-catalyzed synthesis of 2-azido-1-arylethanones 14.
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Scheme 9. Plausible reaction mechanism for the formation of 2-azido-1-arylethanones 14.
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In the same year, Wei and co-workers reported a
conceptually analogous oxy-azidation using low-toxic
and inexpensive organic dye, Rose Bengal (RB) as a
photocatalyst and diphenyl diselenide (PhSeSePh) as
co-catalyst [27]. Thus, a panel of twenty-one vinyl
arenes 15 reacted well with TMSN3 under the standard
conditions [RB (1 mol%), PhSeSePh (5 mol%), MeCN,
blue LEDs, air, r.t., 2 h] to produce the corresponding 2-
azido-1-arylethanones 16 in moderate to almost
quantitative yields (Scheme 10). The method showed a

RB

PhSeSePh (5 mol%)

broad substrate scope including a,B-unsubstituted and [3-
substituted styrenes (cyclic and acyclic) bearing either
electron-withdrawing or electron-donating groups on
the phenyl ring periphery. Interestingly, the presence of
different substituting patterns in o-, m-, or p-positions on
the phenyl ring did not have almost any impact on the
reaction outcome. However, when aliphatic alkenes
such as hex-1-ene and cyclopentene were used as the
substrates under the identical conditions, none of the
desired products were detected.

(1 mol%)

NN
R'—t L+ TMSN;
—~_ R
15

R'=H, 4-Me, 4-'Bu, 4-OMe, 4-CH,Cl, 4-F, 4-Cl, 4-Br, 4-CF;, 4-OAc,

MeCN, blue LEDs, ari (O,), r.t., 2 h

-

11
R

16
21 examples (41-97%)

4-CN, 4-NO,, 3-Me, 3-F, 3-Cl, 2-Me, 2-Cl, 3,4-(CH=CH),

R?’=H, -CH,-, Me, Ph

Scheme 10. Wei's synthesis of 2-azido-1-arylethanones 16.

Along this line, very recently, the Cui-Liu
laboratory  designed and  synthesized  two
supramolecular metal—organic cages | and Il with the
general  formula  {[Nis(us-H20)(u2-OH)(TBSC)]s
[Ni4(/,t4-H20)(TBSC)]2(CULz)g}'(PFe)g and {[Ni4(,u4—
H20)(u2-OH)(TBSC)]a[Nia(ua-H20)-
(TBSC)]7(CuLy)s(NiLCl2)sL}-(PFe)s  from  proper
mixtures of H.L, HsTBSC, [Cu(CH3CN)4]-PFs and
NiCl,-6H,0 [28]. They showed that treatment of a Cu(l)
bis-dmp linker or a mixture of dmp and Cu(l) bis-dmp
linkers with a Nig-p-tert-butylsulfonylcalix[4]arene
cluster affords the quadruply interlocked double cage I
consisting of two identical tetragonal pyramids and the
quadruply heterointerlocked cage Il consisting of a
tetragonal pyramid and an octahedron, respectively
(Figure 2). With photoredox-active [Cu(dmp)2]* in the
structures, both cages exhibited remarkable
performance as supramolecular photocatalysts for oxy-
azidation of vinyl arenes with TMSN3; under irradiation
of green LEDs at room temperature.

In 2021, the group of Handa described a beautiful
micelle-mediated synthesis of a-azido ketones 18
through a one-pot two-step sequence from styrene
derivatives 17, NBS, and NaNs in water (Scheme 11)
[29]. In the first step, the reaction of alkenes with NBS
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in the presence of an amphiphile PS-750-M that
structurally mimics the dipolar-aprotic solvents resulted
in the formation of corresponding a-bromo ketones, and
in the second step, the treatment of resulted a-bromo
ketones with NaNs; furnished the expected a-azido
ketones. In this report, 10 o-azido ketones were
synthesized in fair to good yields (52-85%) using either
electron-rich or electron-poor styrene derivatives. In
addition, a gram-scale synthesis of 2-azido-1-
phenylethanone was successfully performed under the
standard reaction conditions (1.3 g, 85% yield).
Noteworthy, this synthetic strategy was also
successfully extended to the preparation of different a-
substituted ketones using different nucleophiles other
than azide. Mechanistic investigations indicated that this
oxy-azidation reaction proceeds through the following
key steps (Scheme 12): (i) addition of NBS to alkene 17
to generate radical intermediate A and a succinimide
radical; (ii) the hydrogen atom transfer radical
abstraction from water by succinimide radical to
produce to produce a-hydroxy bromide B; (iii) hydrogen
atom exchange between NBS and a-hydroxy bromide B
to form a-bromo ketone D through intermediate C; and
(iv) nucleophilic addition of N3 to intermediate D to
provide the final product 18.
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Figure 2. Schematic diagram showing the formation of cage | and cage I1.

0
R? N
N X i. NBS (2.5 equiv.), 3 wt% aq. PS-750-M, N, 60 °C N }
Rl > R
l ii. NaN; (1.5 equiv.), 60 °C, 5-15 h l R?
17 18

R!'=H, 4-Me, 4-'Bu, 4-Ph, 4-(2-naphthyl), 4-F, 4-Cl, 4-Br, 3-Br-4-F

R?=H, Me

10 examples (52-85%)

Scheme 11. Handa's synthesis of a-azido ketones 18.

In an important contribution in this field, Zhang
and  colleagous  developed a  catalyst-free
electrochemical approach for oxy-azidation of styrene
derivatives 19 with TMSN; and molecular under mild
conditions [30]. The authors identified a reticulated
vitreous carbon (RVC) and a platinum plate as the
optimal anode and cathode, respectively, and
tetrabutylammonium tetrafluoroborate (BusNBF.) as
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the supporting electrolyte. The established electro-
difunctionalization was conducted in MeCN under the
oxygen atmosphere, tolerated both terminal and internal
vinyl arenes, and provided the target a-azido ketones 20
in moderate to high yields (Scheme 13). The 1,1-
disubstituted styrenes were also subjected to the reaction
but, surprisingly, corresponding ketones were obtained
instead in excellent yields via olefin cleavage.
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0~_"__0
\V\j + H,0
OH
K : Br
\‘ Ar
H B

(0)
NaN3
N; -——— Br «— A
Ar Ar Ar

H
D

Scheme 12. A plausible mechanism for the formation of a-azido ketones 18.

I

0
R? N
X X (I= 7.5 mA) X ’
R'—F + TMSN; > R'—r 5
P "Bu,NBF, (0.05 M) = R
19 MeCN, O,, 10 °C, 3 h 20

R'=H, 4-'Bu, 4-CH,Cl, 4-OMe, 4-F, 4-Cl, 4-Br, 4-OAc,

17 examples (52-80%)

4-CN, 4-CF3;, 3-Me, 3-F, 2-Me, 2-Cl, 3,4-(CH=CH),-

R2=H, Me

Scheme 13. Zhang's synthesis of a-azido ketones 20.

3. Oxy-azidation of alkynes

Although, synthesis of a-azido ketones through
the direct oxy-azidation of alkenes has been well known,
direct oxy-azidation of alkynes was less developed. In
fact, only one example of such a reaction was reported
in the literature up to now. In this study, the Yanada
laboratory disclosed that the treatment of aryl alkyl
alkynes 21 with TMSN3 in the presence of 1.1 equiv. of
N-iodosuccinimide (NIS) in the binary solvent
MeCN/DCM under an open air atmosphere afforded
a,a-diazidoketones 22 with yield ranging from 17% to
73% (Scheme 14) [31]. In the investigation of the scope
of this transformation, it was found that the reaction is
very dependent on the steric- and electronic-factors of
the substituents on the aromatic ring of substrates.
Generally, alkynes with electron-donating groups
showed better activity in comparison with those
containing  strong electron-withdrawing  groups.
However, regardless of the electronic-characters of the
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substituents, ortho-substituted aryl alkynes totally failed
to participate in this conversion. On the other hand,
although aryl alkyl alkynes possessing either primary or
secondary alkyl groups were compatible in the reaction,
substrates with a tertiary alkyl groups did not take part
in the reaction. The authors suggested that the plausible
mechanism for the formation of o,o-diazidoketones
22 includes the initial formation of iodonium ion
intermediate A through the reaction of alkyne 21 with
NIS. Thereafter, syn or anti addition of the azide ion to
this intermediate A affords regiochemically unusual
alkene (2)-B or (E)-B. Subsequently, reaction of B with
I* results in the formation of intermediate C, which after
a quick reaction with the azide ion delivers diazide
intermediate D. In the next step, this intermediate D
undergoes hydrolysis by moisture from the air to
generate p-diazido alcohol intermediate E, which after
elimination of HI affords the observed products
(Scheme 15).
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NIS (1.1 equiv.)

R2
Rl/_ R3

21
= H, 4-Me, 4-F, 4-CF;, 3-OMe

MeCN/DCM (1:1), air (O,), r.t., 0.4-7 day

w pl
R

o

22
15 examples (17-73%)

R2="Pr, “Hex, -(CH,),0Bz, -(CH,);0Bz, OBz, OBn, OAc, OCO,Et, OCO-(4-Br-C4H,), OTBS

R3=H, Me, Ph

Scheme 14. Yanada's synthesis of a,a-diazidoketones 22.

NIS, TMSN,

Ar R—  » —

L (O
1 —~ N=N=N
Ar R
(Z)-B

!
) —T
=

s

from the air

Scheme 15. Mechanism proposed to explain the formation of a,a-diazidoketones 22.

4. Conclusion

In this overview we have presented the recent
advances in direct oxy-azidation of unsaturated
hydrocarbons, showing this methodology to be an
established process to access biologically and
synthetically important a-azido ketones within a single
click. Some salient features of this page of a-azido
ketones are: i) simple and readily available starting
materials; ii) high atom- and step-economy; iii)
minimal waste generation; and iv) high yield and
reioselectiviy.

References

[1] (& R. Kumar, L.I. Wiebe, E.E. Knaus, Synthesis and
antiviral activity of novel 5-(1-azido-2-haloethyl) and 5-
(1-azido-, amino-, or methoxyethyl) analogs of 2'-
deoxyuridine. J. Med. Chem., 36 (1993) 2470-2474; (b) L.
Ge, M.F. Chiou, Y. Li, H. Bao, Radical azidation as a
means of constructing C(sp®)-Ns bonds. Green Synth.
Catal., 1 (2020) 86-120; (c) J.E. Moses, A.D. Moorhouse,
The growing applications of click chemistry. Chem. Soc.
Rev., 36 (2007) 1249-1262.

[2] (a) S. Brése, C. Gil, K. Knepper, V. Zimmermann, Organic
azides: an exploding diversity of a unique class of

compounds. Angew. Chem., Int. Ed. Engl., 44 (2005)
5188-5240; (b) A.A. Nayl, A.A. Aly, W.A. Arafa, |.M.
Ahmed, A.l. Abd-Elhamid, E.M. El-Fakharany, M.A.
Abdelgawad, H.N. Tawfeek, S. Brése, Azides in the
Synthesis of Various Heterocycles. Molecules, 27 (2022)
3716.

[3] (a) P. Sivaguru, Y. Ning, X. Bi, New strategies for the
synthesis of aliphatic azides. Chem, Rev., 121 (2021)
4253-4307; (b) B. Edagwa, Y. Wang, P. Narayanasamy,
Synthesis of azide derivative and discovery of glyoxalase
pathway inhibitor against pathogenic bacteria. Bioorg.
Med. Chem. Lett., 23 (2013) 6138-6140.

[4] (a) T. Patonay, K. Konya, E. Juhasz-Téth, Syntheses and
transformations of a-azido ketones and related
derivatives. Chem. Soc. Rev., 40 (2011) 2797-2847; (b) S.
Faiz, A.F. Zahoor, N. Rasool, M. Yousaf, A. Mansha, M.
Zia-Ul-Hag, H.Z. Jaafar, Synthesis and consecutive
reactions of a-azido ketones: A review. Molecules, 20
(2015) 14699-14745; (c) L. Borkotoky, R.A. Maurya,
Recent advances on a-azidoketones and esters in the
synthesis of N-heterocycles. Asian J. Org. Chem., 11
(2022) €202200254.

[5] (a) A.W. Erian, S.M. Sherif, H.M. Gaber, The chemistry
of a-haloketones and their utility in heterocyclic synthesis.
Molecules, 8 (2003) 793-865; (b) T. Patonay, K. Konya,
E. Juh&sz-Téth, Syntheses and transformations of o-azido

361



Chem Rev Lett 8 (2025) 352-363

ketones and related derivatives. Chem. Soc. Rev., 40
(2011) 2797-2847; () S. Faiz, A.F. Zahoor, N. Rasool, M.
Yousaf, A. Mansha, M. Zia-Ul-Haq, H.Z. Jaafar.
Synthesis and consecutive reactions of a-azido ketones: A
review. Molecules, 20 (2015) 14699-14745; (d) R.
Moreira, M. Noden, S.D. Taylor, Synthesis of azido acids
and their application in the preparation of complex
peptides. Synthesis, 53 (2021) 391-417.

[6] (a) A.K.O. Aldulaimi, A.H. Adhab, H.R. Saud, M. Ubaid,
M.H. Sami, Chemical Fixation of CO, with 2-
Aminobenzenethiols into Benzothiazol(on)es: A Review
of Recent Updates, Chem. Rev. Lett., 7 (2024) 241-252;
(b) E. Hemmati, S. Soleimani-Amiri, M. Kurdtabar, A
CMC-g-poly(AA-co-AMPS)/Fe304 hydrogel
nanocomposite as a novel biopolymer-based catalyst in
the synthesis of 1,4-dihydropyridines, RSC Adv., 13
(2023) 16567-16583; (c) A.K.O. Aldulaimi, A.A.
Majhool, I. SaGbeeh Hasan, M. Adil, S. Mahmood Saeed,
A. H. Adhab, New MCRs: Preparation of Novel
Derivatives of Pyrazoloazepines in lonic Liquid and Study
of Biological Activity, Polycycl. Aromat. Comp., 44
(2023) 4584-4595.

[7] () A.K.O. Aldulaimi, M.J. Jawad, S.M. Hassan, T.S.
Alwan, S.S.S.A. Azziz, Y M. Bakri, The potential
antibacterial activity of a novel amide derivative against
gram-positive and gram-negative bacteria. Int. J. Drug
Deliv. Tec., 12(2) (2022) 510-515; (b) C.Y. Hsu, A.K.O.
Aldulaimi, H. Bahair, A.H. Adhab, S.K. Saraswat,
Hydrazinosulfonylation —of aryl electrophiles: a
straightforward approach for the synthesis of aryl N-
aminosulfonamides, RSC adv. 13(27) (2023) 18546-
18560; (c) A. Yadav, A. Taha, Y. A. Abdulsayed, S. M.
Saeed, A Density Functional Theory (DFT) Study on
Adsorption of a biological active ethionamide over the
Surface of a Fe-decorated porphyrin system, Chem. Rev.
Lett. 6 (2023) 128-138.

[8] (@ Y. Cao, S. Abdolmohammadi, R. Ahmadi, A.
Issakhov, A.G. Ebadi, E. Vessally, Direct synthesis of
sulfenamides, sulfinamides, and sulfonamides from thiols
and amines, RSC adv., 11 (51) (2021) 32394-32407; (b)
S. Soleimani-Amiri, Z. Hossaini, Z. Azizi, Synthesis and
Investigation of Biological Activity of New
Oxazinoazepines: Application of
Fe304/CuO/ZnO@MWCNT Magnetic Nanocomposite
in Reduction of 4-Nitrophenol in Water, Polycycl.
Aromat. Comp., 43 (2022) 2938-2959; (c) S. Soleimani-
Amiri, M. Mohammadi, N. Faal Hamedani, B. Dehbandi,
An Efficient Synthesis and Study of Biological Activity of
New Pyrimidoazepines Using
Ag/Fes04/TiO/CUO@MWCNTS Magnetic
Nanocomposites: A Combined Experimental and
Theoretical Investigation, Polycycl. Aromat. Comp., 43
(2023) 6046-6075.

[9] (a) E. Ezzatzadeh, S. Soleimani-Amiri, Z. Hossaini, K.
Khandan Barani, Synthesis and evaluation of the
antioxidant activity of new spiro-1,2,4-triazine derivatives
applying Ag/Fe;0/CdO@MWCNT MNCs as efficient
organometallic nanocatalysts, Front. Chem., 10 (2022)
1001707; (b) M. Kurdtabar, S. Soleimani-Amiri, M.
Alidad, G. Bagheri Marandi, Cu-Decorated CMC-g-

362

PAA/Fe304 Hydrogel Nanocomposite: High-Efficiency
and Reusable Catalyst for Synthesis of 1,2,3-Triazoles via
Click Reaction in Water, Journal of Polymers and the
Environment, (2025) 10.1007/s10924-025-03536-1; (c)
S. Soleimani-Amiri, M. Hojjati, Z. Hossaini, Green
synthesis and cytotoxic activity of functionalized
naphthyridine, Mol. Divers., 29 (2025) 1493-1506; (d) S.
Soleimani-Amiri, Identification of Structural,
Spectroscopic, and Electronic Analysis of Synthesized 4-
(5-Phenyl-1, 3, 4-Oxadiazol-2-YIthio)-3-Methylbenzene-
1, 2-Diol: A Theoretical Approach, Polycycl. Aromat.
Comp., 41 (2021) 635-652.

[10] (@) N. Shajari, R. Ghiasi, A. Ramazani, Experimental and
computational insights for identification of dialkyl 5-oxo-
5H-[1,3] thiazolo[3,2-a]pyrimidine-2,3-dicarboxylates,
Chem. Rev. Lett., 6 (2023) 24-28; (b) M. Edraki, M.
Sheydaei, D. Zaarei, A brief review of the performance of
azole-type organic corrosion inhibitors, Chem. Rev. Lett.,
6 (2023) 79-85; (c) T.A. Nyijime, H.F. Chahul, A. M.
Ayuba, F. lorhuna, Theoretical Study of Interaction
Between Thiadiazole Derivatives on Fe(110) Surface, J.
Chem. Lett., 4 (2023) 86-94.

[11] A. Bakhtiary, M.R.P. Heravi, A. Hassanpour, 1. Amini,
E. Vessallyy, Recent trends in the direct
oxyphosphorylation of C—C multiple bonds. RSC Adv., 11
(2021) 470-483.

[12] N. Yue, F.R. Sheykhahmad, 1, 2-(Hydr) oxy-
trifluoromethylation of C-C multiple bonds: Synthesis of
B-trifluoromethyl alcohols and a-trifluoromethyl ketones.
J. Fluor. Chem., 238 (2020) 109629.

[13] K. Chhetri, S. Bhuyan, K.P. Phukan, B.G. Roy, A
versatile approach to a-fluoroketones from diversely
substituted olefins: step towards greener
fluoropharmaceuticals. Sustain. Chem. Pharm., 41 (2024)
101687.

[14] S. Tian, X. Jia, L. Wang, B. Li, S. Liu, L. Ma, W. Gao,
Y. Wei, J. Chen, The Mn-catalyzed paired
electrochemical facile oxychlorination of styrenes via the
oxygen reduction reaction. Chem. Commun., 55 (2019)
12104-12107.

[15] T. Mandal, N. Katta, H. Paps, O. Reiser, Merging Cu(l)
and Cu(ll) photocatalysis: development of a versatile
oxohalogenation protocol for the sequential Cu(ll)/Cu(l)-
catalyzed oxoallylation of vinylarenes. ACS Org. Inorg.
Au., 3 (2023) 171-176.

[16] Y. Ding, W. Zhang, H. Li, Y. Meng, T. Zhang, Q.Y.
Chen, C. Zhu, Metal-free synthesis of ketones by visible-
light induced aerobic oxidative radical addition of aryl
hydrazines to alkenes. Green Chem., 19 (2017) 2941-
2944,

[17] J. Wen, X. Yang, Z. Sun, J. Yang, P. Han, Q. Liu, H.
Dong, M. Gu, L. Huang, H. Wang, Biomimetic
photocatalytic sulfonation of alkenes to access j-
ketosulfones with single-atom iron site. Green Chem., 22
(2020) 230-237.

[18] Y. Jiang, T.P. Loh, Catalytic and direct methyl
sulfonylation of alkenes and alkynes using a methyl
sulfonyl radical generated from a DMSO, dioxygen and
copper system. Chem. Sci., 5 (2014) 4939-4943.


https://www.chemrevlett.com/article_165797.html
https://www.chemrevlett.com/article_165797.html
https://www.chemrevlett.com/article_165797.html

Chem Rev Lett 8 (2025) 352-363

[19] A.K.O. Aldulaimi, A.H. Hussein, M.J. Mohammed, H.R.
Saud, H. Bashir, F. Shahimi, Direct hydroxyazidation of
alkenes: A viable strategy for the synthesis of B-azido
alcohols. Chem. Rev. Lett., 7 (2024) 53-64.

[20] M.V.R. Reddy, R. Kumareswaran, Y.D. Vankar, A one
step conversion of olefins into a-Azidoketones using
azidotrimethylsilane-chromium trioxide reagent system.
Tetrahedron Lett., 36 (1995) 6751-6754.

[21] V. Nair, L.G. Nair, T.G. George, A. Augustine, Cerium
(1V) ammonium nitrate mediated addition of thiocyanate
and azide to styrenes: expeditious routes to phenacyl
thiocyanates and phenacyl azides. Tetrahedron, 56 (2000)
7607-7611.

[22] R. Badri, M. Gorjizadeh, Cis-1,4-bis
(triphenylphosphonium)-2-butene peroxodisulfate as an
efficient reagent for the synthesis of phenacyl

thiocyanates and phenacyl azides. Synth. Commun., 42
(2012) 2058-2066.

[23] P. Klahn, H. Erhardt, A. Kotthaus, S.F. Kirsch, The
synthesis of a-azidoesters and geminal triazides. Angew.
Chem., Int. Ed. Engl., 53 (2014) 7913-7917.

[24] A. Chandra, K.N. Parida, J.N. Moorthy, One-pot
synthesis of a-bromo-and a-azidoketones from olefins by
catalytic oxidation with in situ-generated modified IBX as
the key reaction. Tetrahedron, 73 (2017) 5827-5832.

363

[25] M.I. Hussain, Y. Feng, L. Hu, Q. Deng, X. Zhang, Y.
Xiong, Copper-catalyzed oxidative difunctionalization of
terminal unactivated alkenes. J. Org. Chem., 83 (2018)
7852-7859.

[26] A. Hossain, A. Vidyasagar, C. Eichinger, C. Lankes, J.
Phan, J. Rehbein, O. Reiser, Visible-light-accelerated
copper (II)-catalyzed regio-and chemoselective oxo-
azidation of vinyl arenes. Angew. Chem., Int. Ed. Engl.,
57 (2018) 8288-8292.

[27] W. WEei, H. Cui, H. Yue, D. Yang, Visible-light-enabled
oxyazidation of alkenes leading to a-azidoketones in air.
Green Chem., 20 (2018) 3197-3202.

[28] Y. Li, H. Jiang, W. Zhang, X. Zhao, M. Sun, Y. Cui, Y.
Liu, Hetero-and homointerlocked metal-organic cages. J.
Am. Chem. Soc., 146 (2024) 3147-3159.

[29] S. Hazra, G. Kaur, S. Handa, Reactivity of styrenes in
micelles: safe, selective, and sustainable functionalization
with azides and carboxylic acids. ACS Sustain. Chem.
Eng., 9 (2021) 5513-5518.

[30] Z. Ye, R. Zhu, F. Wang, H. Jiang, F. Zhang,
Electrochemical difunctionalization of styrenes via
chemoselective oxo-azidation or 0Xo-
hydroxyphthalimidation. Org. Lett., 23 (2021) 8240-8245.

[31] N. Okamoto, T. Sueda, H. Minami, Y. Miwa, R. Yanada,
Regioselective iodoazidation of alkynes: Synthesis of a,a-
diazidoketones. Org. Lett., 17 (2015) 1336-1339.



