Journal Pre-proof

Synthesis of a,3-dibromo ketones by photolysis of a-bromo ketones with N-
bromosuccinimide: Photoinduced 3-bromination of a-bromo ketones

Da Yoon Moon, Sejin An, Bong Ser Park

PII: S0040-4020(19)31059-2
DOI: https://doi.org/10.1016/j.tet.2019.130684
Reference: TET 130684

To appearin:  Tetrahedron

Received Date: 31 August 2019
Revised Date: 5 October 2019
Accepted Date: 8 October 2019

Please cite this article as: Moon DY, An S, Park BS, Synthesis of a,B-dibromo ketones by photolysis
of a-bromo ketones with N-bromosuccinimide: Photoinduced B-bromination of a-bromo ketones,
Tetrahedron (2019), doi: https://doi.org/10.1016/j.tet.2019.130684.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Ltd.



https://doi.org/10.1016/j.tet.2019.130684
https://doi.org/10.1016/j.tet.2019.130684

Graphical Abstract

Synthesis of a,3-Dibromo Ketones by Photolysis of Leave this area blank for abstract info.
a-Bromo Ketones with N-bromosuccinimide;

Photoinduced B-Bromination of a-Bromo Ketones
DaYoon Moon, Sgjin An and Bong Ser Park*
Department of Chemistry, Dongguk University(Seoul Campus), Seoul 04620, Korea

o o
CH ,
| x 3 hv | S &
S Br NBS | CH,CN v Br
X
hv hy
o

X
NBS | aceQ Atone
| N Br

[ =
X




Synthesis of1,3-Dibromo Ketones by Photolysis afBromo Ketones
with N-bromosuccinimide: Photoinduc@eBromination ofa-Bromo Ketones

Da Yoon Moon, Sejin An and Bong Ser Park*
Department of Chemistry, Dongguk University (SeGampus), Seoul 100-715, Korea

Abstract: Irradiation ofa-bromopropiophenones in the presence of NBS regultseformation of
o,B-dibromopropiophenones, which can be viewefl-asomination ofa-bromopropiophenones. The
reaction is believed to go through a series oftreas; photoinduced C-Br bond cleavage, elimination

of HBr to giveq,B-unsaturated ketone intermediates, and additioBrgfwhich are formed by the
reaction between HBr and NBS. From mechanistidistuof the reaction, we have also found a
very convenient method far-debromination of the,-dibromopropiophenones which is by simple
irradiation of the dibromo ketones in acetone @r@anol without the use of any additives. Our
results demonstrate that bromine can be addedanteliminated from the alpha, beta, or both
positions to the carbonyl group by photochemicalhmés, which make synthetic options of bromine
containing carbonyl compounds versatile.

1. Introduction

Bromination is undoubtedly one of the most impadrtaethods in organic functional group
interconversion. Thus, various techniques for bration have been developed from many
different starting compoundsAmong them, there has recently been much intenest the
preparation ofx.3-dibromo carbonyl compounds because they servesefsiluntermediates
in organic synthesis. For example, dibromo compseumale been used as precursorsofor
bromoacrylate$, vinyl azides® B-nitro ketone$, indanones, pyrazoles, etc. Furthermore,

a facile preparation method for the dibromo compisuis a key feature in using them as a
protecting group in vinyl ketonésThe vicinal dibromides can also be used as UV qamit
generators for photoresist because photodecommositi such compounds can provide a
remarkably clean source of bromine atdimBven though the dibrominated compounds
could be obtained easily by Baddition to vinyl ketone®,the use of hazardous molecular
bromine was unsuitable hence, there has been tbéd fog more convenient and safer
methods.

Recently, we reported thati-bromopropiophenones could be converted irfe
bromopropiophenonega photochemical C-Br bond cleavage reaction, whiehoeined as
photoinduced 1,2-Br shift reaction.(Schemé!1lf was suggested that the 1,2-Br shift
occurred by conjugate addition of HBr indgB3-unsaturated ketone intermediates formed by
the photoinitiated C-Br bond cleavage and disprogoation of the resulting radical pairs.
We envisioned that the,-unsaturated ketone intermediates would be trapgesk, to give
a.B-dibromo ketones if the photolysis afbromopropiophenones is done undes &rriched
condition. It is known that Brcan be formed by the reaction of N-bromosuccinirfidBS)
with HBr.*?> Since HBr is one of initial photoproducts of the2-Br shift reaction, we
speculated thatr.3-dibromo ketones would be formed wherbromopropiophenones are
irradiated in presence of NBS. The formation of thB-dibromo ketones fronm-bromo
ketones would be considered as a forifdddromination, which is very rare in organic
synthesis?® To our delight,8-bromination was observed to occur in a very effectvay,
which will be described below.
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Scheme 1. Photoinduced 1,2-Br shift reaction.

2. Result and discussion

o-Bromopropiophenones, which were prepared dsppromination of the corresponding
propiophenones using CuBwere irradiated as 0.02-0.03 M solution in thespnce of NBS
using a photolysis setup whose light source wagraxFfiltered light of a 450W Hanovia
medium pressure mercury arc lamp. The photolystiymts were separated by column
chromatography, whereby the structure of each mtoduas characterized by routine
spectroscopic analysis. To obtain the optimum dandifor the photolysis reaction, reactant
la was chosen as the base compound and several tsolvere tested shown in Table 1.

Table 1. Product distribution in photolysisiaf using various solvents

0 0 0 0
CH; _ hv Br 4+ Br + CHj
Br NBS Br
1a 2a 3a 4a

Product Distribution (%6)

Solvent 2a 3a da

Acetonitrile 100 - -
Acetone - 78 22
Benzene 81 19 -
Dichloromethane 59 41 -
Chloroform 38 52 10
Ethyl acetate 54 46 -

2 The numbers were obtained by comparing integratfohi NMR signal of each product after irradiation uatlithe
starting ketones disappeared. The photolysis was @io®.025 M solution containinta and NBS(1.1 equivalents).

It was observed that product distribution was sitplependent on the type of solvents used.
In acetonitrile, the3-bromination reaction produ@a was formed exclusively, while the 1,2
bromine shift producBa became a major product in acetone. The produettpéty of 2a
over3a decreased in benzene by ca. 10% relative to thatre acetonitrile, and comparable
amounts of2a and3a were obtained in other solvents such as dichlotbame, chloroform
and ethyl acetate. In alcoholic solvents such athamel and 2-propanol, a large amount of
polymeric products were formed, whose structurddccoot be determined. The amount of
NBS did not have a significant effect on produdtrlbution, however, the product ratios
seemed to be dependent on the irradiation time;twivas due to photochemical reactions of
2a under the given photolysis conditionde infra. Since the product selectivity & was
the best and the irradiation time dependence ofild of 2a was the smallest out of all the
solvents tested, acetonitrile was chosen for theakthe experiments.

With the optimum condition at hand, we investigafgttochemical reactions of several
compounds, as shown in Table 2.



Table 2. Product distribution in photolysis of varsa-bromoalkyl phenyl ketones

o]
| AN CH3 hv | AN Br
NB
A CHoON (7 Br
* 2
Substrate Product distribution (%) Yield of 2°€
2 Other Products (%)
o}
la Br 100 - 83(72)
CHs
0
1b W Br 100 - 82(71)
H,CO CHs
0
e Q)\( ” 100 , 95(86)
Br CHs
0
1d /©)‘\( Br 100 - 80(70)
o CHs
OCHO
le @&Br 100 ] 99(89)
CHs
O
1f BrO)KrBr 100 i 99(82)
CHj
0
9 ° i 100 : 79(68)
CHs
(0]
Br Benzylic
o m3 62 bromination (38) 52
ch
0
1 Br ) Ring )
CHs brominatior{(100)
HO
CH; O
1 i ) Benzylic )
J CHs bromination(100)
CHs
O CH
1k ’ 90 Norrish/Yang e
Br photoreaction(10




1 75 Norrish/Yang e
I photoreaction(25
]

Polymeric f
im WCHS ) products (15)
Br
o)

in Ph 100 - 75(55)
Br
0]

Br Tri-bromo
10 80 78(65)
©i><CH3 product(20)
0]

o}

dicesl NE
- 0" (100
o (100)
@)
1q ©§ 100 : 90
Br

2 Reaction condition: 0.025 M solution bfin acetonitrile, NBS(1.1 eq.)® Values obtained
by integration ofH NMR. © The yields were determined by integration'ldfNMR spectra
using methyl benzoate as an internal standardodianthesis are isolated yields. During the
isolation, HBr elimination occurred in small exteémtmost cases.)

41t turned out to be a thermal reacti§ithe yield was not determined because it was styong!
dependent on irradiation time due to secondary guhattions.! The relative yield using
NMR integration could not be obtained due to bresdnof the spectruri.Only thetrans
product was detected and isolatdds : trans= 1 : 4.'Thecis andtrans isomers could not be
separated.

The dibromo ketone® were obtained as a major product in good yieldsnfphotolysis of
most ketones that we analyzed. In cases where om®i@ methyl substituents were present
in a benzene ring such d and 1j, benzylic bromination became a major competing
pathway with the desire@-bromination. Forli containing a hydroxyl group in the benzene
ring, both ortho positions to the hydroxy group &é&rominated, which turned out to be a
thermal reaction later from further investigatibtowever,1b andle, which have a methoxy
group at eitherpara or ortho position to the carbonyl, went through the desifed
bromination with no interference of other side teats.

Other alkyl ketones apart from propiophenoriésto 1q, were also tested under the same
reaction condition. Fotk and1l, Norrish/Yang photoreactidh products were also formed,
which made the reaction mixtures more difficult dnalyze compared to other ketones.
Apparently, theB-bromination reaction is slower than photoinduce®-Br shift reaction
because the Norrish/Yang products are not formeh fphotolysis ofltk and1l in a given
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reaction condition with no NBS present. As a rafees rates of the Norrish/Yang reaction of
a-substituted phenyl alkyl ketones are known torbthe order of 19s*.*

The yield of the desirefl-bromination product fronrim was further reduced mainly due to
the formation of polymeric precipitates during tleaction. It can be speculated that fhe
bromination oflm is hampered by steric hindrance caused by an exétayl group a3
position to the carbonyl, resulting to polymeripati of the a,3-unsaturated ketone
intermediate. Further characterization of the pasgimprecipitates was nor carried out due to
their insoluble nature.

In photolysis oflo, the products from a secondary photoreaction \@etays contained in
the reaction mixture. The initially formggétbromination product seemed to go through the
same reaction sequence as the first one, whiclov@a8r bond cleavage, disproportionation,
and Bp addition. The secondary photoreaction of the ahigiroduct occurred at the other
methyl group oflo to form a tribromo ketone as shown in Scheme 2.

O 0 0 o]
CH3 hv CH3 hv CH-Br CHzBr
CHy —— CH,Br ——> 2 B CH,Br
Br Br -HBr ry Br
10 20

Scheme 2. Photochemical reactioraebromoisobutyrophenondd).

In the case oip, chromone was the only product formed. Appareftlgromination reaction
could not occur due to the stability of the chromaeimg. In contrasf3-bromination reaction
easily occurred during photolysis of an indanonévdéve, 19.

Our proposed mechanism for the formatiofddfromination products as shown in Scheme 3
is similar to the one proposed for photoinduced -Br,2 shift reaction of a-
bromopropiophenones, except that Bddition toa.B-unsaturated carbonyl intermediates
becomes a predominant reaction pathway under therBiched reaction condition whereby
bromine molecules are formed by the reaction betwBS and HBr. One could argue that
the dibromo ketones would be formeddoypromination of initially formed3-bromo ketones
under the influence of NBS. In fact, there havenb&déew reports showing photochemioal
bromination of ketones using NBS.In order to get a better understanding of thetieac
mechanism, we performed the photolysigdifromopropiophenone. Under the same reaction
condition as described above, the ketone was eatgimiert, which led us to exclude tloe
bromination off3-bromo ketones from possible reaction mechanismsghi formation of3-
bromination reaction products.
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Scheme 3. Proposed mechanism for photochemi¢ggbromination of a-
bromopropiophenones.

The reaction mechanism implies that the produdbsadf 2 and 3 are determined by the
relative concentration of Band HBr in solution, since they are derived frdma samen, 3-
unsaturated ketone intermediates. In the presdnd88, Br, addition to give2 becomes the
dominant reaction pathway, whereas the formatio® becomes the predominant reaction
pathway in the absence of NBS. Even though the elveaction mechanism provides a
reaction route to the observed dibromo ketones:; tate under photolysis condition remain
doubtful, since they possess a photolabile alplgx 6end and therefore, could be involved
in the reaction process. Can photolysi® ébrm thea,3-unsaturated ketone intermediate and
convert it into3, if the reaction condition changes whereby theceatration of HBr exceeds
that of Br? We may have already encountered such a casee TaBhows that th@-
bromination reaction produ@a is absent in the reaction mixture when photolisidone in
acetone. The result was obtained after completearsion of the starting ketone, but further
examination revealed that the dibromo ketone waméh formed at an earlier stage of the
reaction and significantly decreased with concomitencrease of3a as the photolysis
continued. Figure 1 shows the irradiation time delemce of product ratios in photolysis of
lain acetone.
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Figurel. Irradiation time dependence of produgbsain photolysis ofia in acetone.

The dibromo keton@a was initially formed as a result of photolysislafin the presence of
NBS, consequently, photolysis @& under the same condition led to the formatioro ¢&-
unsaturated ketone and,B#ia the C-Br bond cleavage followed by disproportiamat The
latter process is known to occur very fast, witte reonstants exceeding 5 x'19"*" The
bromine molecules produced at this stage reactdd agetone to form brominated acetone
and HBr, which consequently added into thB-unsaturated ketone to for8a as observed
in our experiment. To ascertain the accuracy ofitieehanism, we irradiatétdh in acetone-gl
under the same reaction conditions and observe®ahd, was formed as the major product,
as shown in Scheme 3. This suggests that the rpapaluct 3a from photolysis ofla in
acetone was probably formed from the secondary opbattion of 2a. Besides its
mechanistic implication, the reaction can find use@fpplication ina-debromination ofx,3-
dibromo carbonyl compounds without using any adeedcing agents.

O O
hv
Br ,d Br
Br acetone-dg o D
2a 3a-d,
| Br, T H-D exchange
with acetone-dg

) @]

+
_ DBr
Br
H D

Br, + acetone-ds —> DBr + acetone-ds

Scheme 3. Photoinduceddebromination reaction &a.

a-Debromination of2 to form 3 can also beachieved if the acetone is replaced with 2-
propanol as the solvent. The reaction in 2-prop@photoreduction that is known to occur
via radical chain mechanism, as discussed in our guewieport
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We have also tested whether th@-unsaturated ketone intermediate can be observed up
completion of photolysis in the presence of anilivieere it can act as a quencher fos. Br
When 2 was irradiated in acetonitrile in the presenceld equivalents of aniliney,3-
unsaturated ketone was obtained as the major pradiica minimal amount o3 formed. As
mentioned above, the,3-dibromo ketones have been utilized as a protegmgp of vinyl
ketones. The photochemical reaction of the dibré&etones in the presence of aniline would
be a valuable addition to other known methtfds.

From our previous results showing that photolysisaebromopropiophenones leads to
efficient conversion into-bromopropiophenones, we envisioned that thf-dibromo
compound2 can also be prepared photochemically frama-dibromopropiophenones. To
fulfil our expectation, photolysis af,a-dibromopropiophenone gave the desired pro@unt
good vyields both in solution and neat conditionisTieaction completes a valuable set of
photochemical Br-shift reactions starting frerbromopropiophenones, as shown in Scheme
4,

O
2- propanol
l hv l hv
NBS
O O
h
Br L
acetone
2 propanol

Scheme 4.Photochemical interconversion of variausoBtaining ketones.
3. Conclusions

In summary, photolysis ofi-bromopropiophenones in acetonitrile in the preseoic NBS
resulted in the formation af,3-dibromopropiophenones in good yields. The facild aco-
friendly reaction procedure, in which no hazardebhemical such as bromine was used,
would provide a valuable addition to the known &gtic methods of the dibromo ketones.
From studies on the reaction mechanism, we hawefaisd a very efficient method far-
debromination of thex,3-dibromopropiophenones which is by simple irradiatiof the
dibromo ketones in acetone or 2-propanol withouingisany additives. Our results
demonstrate that bromine can be added into or méited from alpha, beta, or both positions
to the carbonyl group by photochemical methodsctvimake synthetic options of bromine
containing carbonyl compounds versatile.

4. Experimental section

General Information

All reagents and solvents were purchased from cawialesuppliers and were used without
further purification. The starting materialg;bromo ketones, were synthesized using the
purchased reagents. The reaction was monitorethibylayer chromatography on silica gel
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60 Fs4 plate (Merck, Darmstadt, Germany). Column chromphy was done on silica gel
(BioSphere silica gel 60um 60A; BioMec, Seoul, $okibrea) with dichloromethane and n-
hexane.!H and **C NMR spectra were recorded on Bruker Auto-SamidRiMAS 500
MHz-NMR Spectrometry in CDGI IR spectra were recorded on Functional Anal-ATRFRF
Spectrometer (ldentifylR® Portable FT-IR SpectroeneSmiths Detection, London, United
Kingdom). High-resolution massspectra (HR-MS) weaequired under fast atom
bombardments (FAB) condition on a JMS-700 MSta{itteOL, Tokyo,Japan).

General experimental procedure

The a-bromo ketones tested for photolysis were prepdmgdCuBr bromination of the
corresponding ketones. The synthetic process hers dkescribed in our previous papen-
Bromo ketone (0.2 mmol) and N-bromosuccinimide Z0@mol) were dissolved in the
solvent (8 ml). The reaction mixture was placedairiest tube, and it was degassed by
charging Ar gas for a few minutes. Photolysis & thixture was done by using a typical
photolysis setup with a light source as a 450W hanmedium pressure mercury arc lamp
filtered by Pyrex. The reaction was monitored by tlayer chromatography (TLC), and the
irradiation continued until the-bromo ketone could not be detected. Then the maxias
concentrated by a rotary evaporator at room tenyeraThe products were then purified
through silica gel column chromatography (dichloedthane/hexane).

2,3-dibromo-1-phenylpropan-1-one (2a) **

'H NMR (500 MHz, CDC}) & 8.02 (dd,J = 7.8, 7.4 Hz, 2H), 7.64 (8,= 7.4 Hz, 1H), 7.52
(t, J = 7.8 Hz, 2H), 5.40 (ddl = 10.7, 4.1 Hz, 1H), 4.22 (dd, J = 10.7, 9.8 H4),13.80 (dd,
J = 9.8, 4.1 Hz, 1H) ppnt’C NMR (126 MHz, CDG)) § 190.9, 134.5, 134.3, 129.2, 129.1,
41.5, 28.9 ppm.

2,3-dibromo-1-(4-methoxyphenyl)propan-1-one (2b)

'H NMR (500 MHz, CDGCJ) & 8.01 (d,J = 8.9 Hz, 4H), 6.98 (d] = 8.9 Hz, 4H), 5.37 (dd]
=10.7, 4.1 Hz, 1H), 4.22 (d,= 10.7, 9.7 Hz, 1H), 3.89 (s, 6H), 3.79 (dd; 9.7, 4.1 Hz, 1H)
ppm;*C NMR (126 MHz, CDGJ) § 189.4, 164.6, 131.6, 127.1, 114.4, 55.8, 41.5 ppm;
IR(CHCl;) 1677 cnt (C=0), HRMS (FAB+): m/z calcd for {gHi1""Br,O, [M+H]":
320.9126, found: 320.9128.

2,3-dibromo-1-(4-bromophenyl)propan-1-one (2c)

'H NMR (500 MHz, CDC}) & 7.89 (d,J = 8.6 Hz, 2H), 7.67 (d] = 8.6 Hz, 2H), 5.33 (dd]
=10.7, 4.1 Hz, 1H), 4.21 (dd,= 10.7, 9.8 Hz, 1H), 3.79 (dd,= 9.8, 4.1 Hz, 1H) ppm*C
NMR (126 MHz, CDC}) & 189.9, 133.0, 132.6, 130.6, 129.9, 41.3, 28.7 piRtCHCL)
1691 cm' (C=0); HRMS (FAB+): m/z calcd for §s'°BrsO [M+H]*: 368.8125, found:
368.8122.

2,3-dibromo-1-(4-chlorophenyl)propan-1-one (2d)

'H NMR (500 MHz, CDC}) & 7.97 (d,J = 8.7 Hz, 2H), 7.50 (d] = 8.7 Hz, 2H), 5.34 (dd]
=10.8, 4.1 Hz, 1H), 4.21(dd, J = 10.8, 9.8 Hz, 139 (ddJ = 9.8, 4.1 Hz, 1H) ppm-C
NMR (126 MHz, CDC}) & 189.7, 141.1, 132.6, 130.5, 129.6, 41.4, 28.7 piRECHCL)
1690 cni (C=0); HRMS (FAB+): m/z calcd for &s"°Br,*°ClO [M+H]*: 324.8630, found:
364.8633.



2,3-dibromo-1-(2-methoxyphenyl)propan-1-one (2€)

'H NMR (500 MHz, CDCY) § 7.86 (ddJ = 7.8, 1.8 Hz, 1H), 7.65 — 7.48 (m, 1H), 7.13-7.04
(m, 1H), 7.00 (dJ) = 8.4 Hz, 1H), 5.72 (dd} = 10.4, 4.5 Hz, 1H), 4.20 (dd,= 10.4, 9.8 Hz,
1H), 3.96 (s, 3H), 3.74 (dd,= 9.8, 4.5 Hz, 1H) ppn1;’C NMR (126 MHz, CDG) § 192.6,
159.0, 135.2, 132.3, 125.0, 121.4, 112.1, 56.(8,40.8 ppm; IR(CHG) 1674 cnm' (C=0);
HRMS (FAB+): m/z calcd for GH1:."Br,0, [M+H] *: 320.9126, found: 320.9127.

2,3-dibromo-1-(3-bromophenyl)propan-1-one (2f)

'H NMR (500 MHz, CDC}) & 8.15 (s, 1H), 7.94 (d] = 7.8 Hz, 1H), 7.76 (d] = 6.2 Hz,
1H), 7.41 (dd) = 7.8, 6.2 Hz, 1H), 5.33 (dd,= 10.8, 4.0 Hz, 1H), 4.20 (dd= 10.8, 9.8 Hz,
1H), 3.79 (dd,) = 9.8, 4.0 Hz, 1H) ppn’C NMR (126 MHz, CDG)) 5 189.6, 137.3, 136.0,
132.1, 130.7, 127.6, 123.5, 41.3, 28.6 ppm; IR(GHTE92 cni (C=0); HRMS (FAB+):
m/z calcd for GHg"*BrsO [M+H]": 368.8125, found: 368.8122.

2,3-dibromo-1-(3-chlorophenyl)propan-1-one (29)

'H NMR (500 MHz, CDC}) & 7.99 (s, 1H), 7.89 (d] = 7.7 Hz, 1H), 7.61 (d) = 7.7 Hz,
1H), 7.47 (tJ = 7.7 Hz, 1H), 5.33 (dd] = 10.7, 3.8 Hz, 1H), 4.20 (dd,= 10.7, 9.6 Hz, 1H),
3.80 (dd,J = 9.6, 3.8 Hz, 1H) ppnt°C NMR (126 MHz, CDGJ) 6 189.7, 135.8, 135.6, 134.4,
130.5, 129.2, 127.1, 41.3, 28.6 ppm; IR(CEAB89 cm' (C=0); HRMS (FAB+): m/z calcd
for CoHg  Br,>>ClO [M+H]": 324.8630, found: 324.8633.

2,3-dibromo-1-phenylbutan-1-one (2k)?

'H NMR (500 MHz, CDCY) & 8.02 (ddJ = 8.3, 1.1 Hz, 2H), 7.64 (§,= 7.4 Hz, 1H), 7.52
(t, J= 7.8 Hz, 2H), 5.38 (d] = 10.6 Hz, 1H), 4.75 (dd),= 10.6, 6.7 Hz, 1H), 2.03 (d,= 6.7

Hz, 3H) ppm;**C NMR (126 MHz, CDGJ) 5 191.7, 134.5, 134.3, 129.2, 129.1, 49.6, 45.1,
24.6 ppm.

2,3-dibromo-3-methyl-1-phenylbutan-1-one (2m)

'H NMR (500 MHz, CDCJ) & 8.00 (d,J = 7.3 Hz, 2H), 7.62 (t] = 7.4 Hz, 1H), 7.51 () =
7.8 Hz, 2H), 5.65 (s, 1H), 2.15 (s, 2H), 2.09 (&) Ppm; *C NMR (126 MHz, CDGJ) &
192.5, 135.7, 134.0, 129.1, 128.9, 63.2, 53.6,,3U& ppm; IR(CHG) 1687 cnt (C=0);
HRMS (FAB+): m/z calcd for GH13"°Br,O [M+H]*: 318.9333, found: 318.9331.

trans-2,3-dibromo-1,3-diphenylpropan-1-one (2n)*

'H NMR (500 MHz, CDCJ) 6 8.11 (d,J = 8.3, 1.1 Hz, 2H), 7.67 (8, = 7.4 Hz, 1H), 7.60-
7.50 (m, 4H), 7.47 — 7.35 (m, 3H), 5.84 Jds 11.3 Hz, 1H), 5.65 (d] = 11.3 Hz, 1H) ppm;
3C NMR (126 MHz, CDGJ) § 191.4, 138.5, 134.6, 134.4, 129.5, 129.2, 1299,11, 128.6,
50.0, 47.0 ppm.

2,3-dibromo-2-methyl-1-phenylpropan-1-one (20)

'H NMR (500 MHz, CDC}) & 8.03 (d,J = 7.9 Hz, 2H), 7.55 (t) = 6.9 Hz, 1H), 7.45 () =
7.7 Hz, 2H), 4.35 (dJ = 10.1 Hz, 1H), 3.90 (dl = 10.1 Hz, 1H), 2.15 (s, 3H) ppHiC NMR
(126 MHz, CDC#) § 194.9, 135.5, 132.7, 129.6, 128.6, 59.5, 38.93 pm; IR(CHC})
1687 cnt (C=0); HRMS (FAB+): m/z calcd for ©H1:°Br,O [M+H]*: 304.9176, found:
304.9172.
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* Photochemical 3-bromination of a-bromopropiophenones.
*Simple and eco-friendly reaction procedure
*No hazardous chemical such as bromineisused



Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

[(IThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




