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Abstract

a-haloketones play important role for the synthesis of N-, S-, O-heterocyclic compounds. a-haloketones can be synthesized
form different building blocks. One of them is converting a-haloketones form olefins. In this review different types of
synthetic methods have been discussed which were reported in last two decades.
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In last couple of decades, several synthetic methodologies
have been developed for the synthesis of a-haloketones by a-
halogination of aryl ketones, oxyhalogenation of
hydrocarbons, oxidative halogenation of secondary alcohols,
oxidation of functionalised hydrocarbons, Hydration of 1-
Haloalkynes, etc. a-haloketones are valuable intermediates for
the synthesis of heterocyclic compounds.[1-2] The presence
of two adjacent different types of electrophilic center
composes the intermediate, flexible to manufacture
industrially and pharmaceutically valuable compounds. Out of
all above mentioned methods oxyhalogenation of
hydrocarbons is very significant way to prepare a-haloketones
from olefins.

In 2007, Ttoh et al. reported the synthesis of a-iodoketones
derivatives from Styrene derivatives, Scheme 1.[3] In this
methodology they have used FSM-16 (a mesoporous silica), 1
equiv I, and molecular oxygen under fluorescence lamp in
ethyl acetate at room temperature. The experimental data
showed that the reaction condition is equally applicable for
electron-rich as well as electron-deficient olefins with 38-77%
yield.

XX 1equivl;, FSM-16 |

R
= EtOAc, hv, 10 h =

R=H, Me, 'Bu, Ph, CI, NO,

Scheme 1. Synthesis of a-iodoketones derivatives using
molecular oxygen and .

In 2009, Iskra et al. showed the synthesis of a-bromoketone
from styrene using 2 equiv of NBS in aqueous medium,
Scheme 2.[4] The reaction was allowed to stir for 24 hours at
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room temperature. Here
bomohydrine.
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Scheme 2. Synthesis of a-bromoketone from styrene using NBS-
H20

the major side product was

NBS (2 equiv)
_—
H,0, 24 h, rt

In the same year Ranu et al. reported facile one-pot synthesis
of a-bromoketones from olefins using NaBr, NaOBr and
H2S0O4 at room temperature, Scheme 3.[5] It was observed that
with respect to other organic solvent like acetonitrile, DCM,
DMSO and THF, 1,4-dioxane gives better result for this
methodology. A series of olefins undergo this conversion
under the same condition to give 40-87% vyield.

o
5 @/\ HOBr 2.5-3 eq. N Br
o |
N 1,4-dioxane, rt, 6-15 h R

Scheme 3. Synthesis of a-bromoketone from styrene using NaBr,
NaOBr and H2SO4

Almost at the same time Moorthy et al. documented protocol
for conversion of olefins to o-bromo/ a-iodoketones using
IBX and NBS/NIS respectively, Scheme 4.[6] The reactions
were carried out with 1.1 equiv NBS or NIS under mild
reaction condition i.e. at room temperature in DMSO to get
61-95% vyield. Later in the year 2014 Mal et al. demonstrated
the same reaction methodology under solvent free condition
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in ball milling.[7] Ball milling condition is equally effective
to give very excellent isolated yield.

o
:\/ NXS (1.1 eq), IBX (2.0 eq) X
o
DMSO, rt, 0.2-3.0 h
X
61-95%

X=1,Br
Scheme 4. Synthesis of a-haloketones from olefins using
NBS/NIS and IBX

In 2017 Moorthy et al. reported one pot two step synthesis of
a-bromoketones from olefins Scheme 5.[8] In the first step
olefin converted to bromohydrine in presence of NBS-H,O
and in the second step bromohydrine was oxidised to a-
bromoketones by Catalist TetMe-IA in presence of co-oxidant
oxone in acetonitrile-watermedium at room temperature in the
same pot.

X
Z

N 4.NBS, H,0

2. Cat-TetMe-IA, Oxone
MeCN-H,0, RT, 14-15 h

R—T

(79-94%)
R=H, Me, t-Bu, OMe, OPh, OAc,
COOH, COOMe, Cl, Br, NO, etc.

Scheme 5. one pot synthesis of a-bromoketones by NBS, Cat-
TetMe-1A and oxone.

Akamanchi et al. reported direct conversion of olefins into a-
bromoketone susing IBX and TEAB in DCM at room
temperature, Scheme 6.[9] In this reaction 1.1 equiv of both
IBX and TEAB were used to get 45-92% isolated yield.
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Scheme 6. Synthesis of a-bromoketones from olefins using IBX
and TEAB

30% aq. HBr (1.7 equiv.) o
R XX H,0, (3 equiv.) N Br
o |
N H,0, rt R

R= Me, CI, NO, etc.

Scheme 7. Synthesis of a-bromoketones derivatives using HBr-
H202

In 2010, Adimurthy et al. disclosed the synthesis of o-
bromoketones from olefins using HBr-H,O, under mild
aqueous condition, Scheme 7.[10] In this methodology 1.7
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equiv of HBr and 3 equiv of H,0, were used to get 20-94%
GC yield. In all the cases the side product is bromohydrine.

In 2019, Wang et al. reported a practical synthesis of a-
bromo/iodo/chloroketones from olefins under visible-light
irradiation conditions, Scheme 8.[11] The reaction was carried
out in presence of hypervalent iodine Phl(OAC),,
trihalomethane in water at room temperature. For the synthesis
of a-iodoketones derivatives the reaction was carried out
without addition of phtotocatalyst where as for the synthesis
of a-bromoketones and a-chloroketones the reaction was
carried out using Ru(bpy)sCl; as a photocatalyst.

X
+ CHX,

PhI(OAc), (0.5-1.0 equiv.) o
Visible Light irradiation

Nons

Ambident condition

X=1 Sunlight, 6 h, without added photocatalyst
X=Br Ru(bpy);Cl, (1.0 mol%)

Blue LED (450-455 nm, 3 W), 8 h
X=Cl Ru(bpy)sCl, (1.5 mol%)

Blue LED (450-455 nm, 3 W), 12 h

Scheme 8. Synthesis of a-bromo/iodo/chloroketones derivatives
using Phl(Oac):

In 2013, Guo et al. showed the synthesis of a-bromoketones
through K3;S;0g-mediated tandem hydroxybromination and
oxidation of olefins, Scheme 9.[12] The reaction was carried
out with 2 equiv. of KBr and 2.5 equiv. of K;S,0s in water at

o]
B
R O K2S,0s (2 eq.), KBr (2 eq.) N r
| > —_
= H,0, 60 °C, 12 h %
R=H, Me, t-Bu, OMe, OAc, F etc. 21-90%

60 °C for 12 h.

Scheme 9. Synthesis of a-bromoketones derivatives using
K2S20s

In 2019 Chen et al. reported a facile electrochemical Mn-
catalyzed synthesis of a-chloroketones derivatives from
styrenes via oxygen reduction in acetone/DCM medium at 40
°C, Scheme 10.[13] The advantage of this reaction is that the
method is eco friendly with very high yield.

MnCl, (0.1 eq.) o
R : X (+)“Fﬂg/cclfrsyé(cf)fs|:eg 'r)nA o R c
acetone/DCM, O,, 40 °C \F
37-95%

R=H, Me, t-Bu, OMe, OAc, F etc.

Scheme 10. Synthesis of a-chloroketones derivatives using Mn-
catalyst
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In 2020, Zhu et al. reported Iron-catalysed o-haloketone
synthesis using KBr and KCI, Scheme 11.[14] A wide range
of electron-rich and electron-deficient styrene derivatives
undergo oa-haloketones formation reaction by molecular
oxygen in presence of 12W blue LEDs in Methyl tert-Butyl
Ether to give upto 89% vyield.

(0]
FeX;3 (0.1 eq), KX (1.5 eq.)
R—:\ A TsOH (2 eq.) R X X
7 MTBE, Oy, hv, it N

X= Br (65-89%)

R= H, OMe, t-Bu, OMe, Cl, Br, F, CN,, NO,
X=1 (42-67%)

Scheme 11. Synthesis of a-bromo/iodoketones derivatives using
KBr/KI

In 2016 Zhang et al. documented 1,3-Dibromo-5,5-
dimethylhydantoin (DBH) mediated one-pot syntheses of a-
bromoketones from olefins in water, Scheme 12.[15] The
reaction was performed in presence of 1% tween-80 in water
to avoid the solubility problem of the organic compound at 60
°C to get good yield. DBH plays a dual role in this reaction,
that is as an oxidant and a halogenating agent. This protocol is
not effective for the sterically hindered olefins.

(0]
DBH (2 equiv.) Br
[ .
- N
H,0, 1% Tween-80

56-90%

R

R= alkyl, aryl

Scheme 12. Synthesis of a-bromoketones using DBH

In 2014, Phukanet et al. reported the synthesis of a-
bromoketones  from  olefins  using  N,N-dibromo-p-
toluenesulfonamide (TSNBr,),Scheme 13.[16] This method is
equable applicable to the electron-rich and electron-poor
styrene system. The reaction was performed with 2.2 equiv. of
TsNBr; in aqueous-acetone medium at room temperature to
get 80-87% yield. Here the thing that needs to be noted is that
TsNBr; is not an easily accessible chemical.

0}
Br
R

TsNBr, (2.2 equiv.)

R
R/\/ Acetone-H,0, 30:1
rt R!
R= alkyl, aryl
R1= alkyl, aryl 56-90%

Scheme 13. Synthesis of a-bromoketones using TsSNBr2

In this review several methodologies were discussed for the
synthesis of a-haloketones that is a-bromoketones, o-
iodoketones and a-chloroketones from olefins. Overall, this
review analyzed several methodologies to access aromatic a-
haloketones where the source of halogen are N-
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halosuccinimides, metallic halides, hydrohalic acid, salt of
halides etc. Apart from them molecular halogen also has been
used for such conversion. Although many of the
methodologies gave promising results but this review is made
with the expectation that the results collectively may give a
way to a more effective methodology for the said conversion.
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