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ARTICLE INFO ABSTRACT

Article history: With water as the sole solverd green and efficient method has been developedht
Received synthesis of various,a-dihaloketonesia ultrasound assistegttolylthiourea catalyzed tande
Received in revised form reaction of alkynes with trihaloisocyanuric aci@lkis synthetic route could effectively avoid
Accepted use of toxic organic solvents and transition metadlysts, and the productsub be obtaine
Available online in a very short time at room temperature with gtmexcellent yields.
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a,a-dihaloketones

1. Introduction bleaching agent. In contrast to common halogenating
eagents, TXCA has no irritating odor and is alde t
ransfer most part of their mass to the substrates.
"Furthermore, in these reactions, cyanuric acidipitates

as a by-product, which can be recovered by fittratand
reused to prepare trihaloisocyanuric acid.
Ultrasound-assisted organic synthesis has proveccksan
and advantageous—methed method in organic synthesis
When ultrasonic waves are passed through a solvent
medium, vibrational motions are induced. As theleyc
exceeds the compression cycle, it breaks through th
intermolecular forces of attraction maintaining the
cohesion of the medium causing a sudden drop sspre,
resulting in the production of micro oscillatingvitation
bubbles of gaseous substances. The bubbles thengend

an unstable size with each succession of appliedsohic
energy causing instantaneous asymmetric  violent
implosion of the bubbles in less than a microsecamnithe
interface, resulting in the formation of high pragsmicro-

jets and high energetic shockwaves that aid irgérimg

the solid catalyst, causing the interfacial boupd&s

a,0-Dihaloketones are important structural motifs anc{
intermediates for pharmaceuticals, agrochemicalsl a
natural products, and their high reactivity makesni react
with a large number of nucleophiles to provide eetg of
useful compounds. Consequently, the development of
general and efficient methods for synthesis ofi-
dihaloketone is an active research topic in modeganic
synthesis and medicinal chemistry. Traditionally,o-
dihaloketones have been synthesized through hadtigen
of a-methylketoned, acylation of arends and
oxyhalogenation of alkynésAlthough these methods are
favorable, there are still some limitations asda: (i)
these methods are usually restricted to synthdsisoe
dichloroketones andx,a-dibromoketones; (i) the non-
methyl phenylketone and internal alkyne substrateswy
low selectivity; and (iii) hazardous or toxic reags and
solvents, metallic or acidic catalyst, and high ctiem
temperatures for long reaction times are requitdolvel
methods of halogenation with high selectivity tkatisfy

the requirements of green chemistry are still eédér. destruct and thereby intensifying adequate contsct

Trihaloisocyanuric ~ acids  (TXCA) are stable andmeans of efficient turbulent mixing and acoustieaming.
inexpensive solids, easily available in pool sugpland Cﬁl

L ove - s a result of this, the rate of the reaction iases by
frequently used as swimming-pool disinfectant anqnany times as the rate of mass transfer across the
OCorresponding author. Tel.86-7466381164; fax: 866381165; e-mail:hnkjxy2017@163.com (Fang Liu)
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interfacial surface increas®sThe ultrasonic effect
induces very high local pressure and temperaturgisld
the bubbles and enhances mass transfer and tutlblolen
in the liquid. This unique property of ultrasoniecisively
affects the chemical reactivity through dissipatioh
energy. Compared with the traditional heating,asibund
irradiation has some significant advantages
ultrasonification largely enhances the reactione,rat
improves yields, minimizes side-product formatioy b
providing the activation energy in micro environme
offers environmentally friendly and sustainable thgtic
processes by means of using small amounts of dslven
mild reaction condition, and easier manipulatiofo the
best of our knowledge, there is no report in ttegditure on

1 None 30 min 94%
2 Thioure instead gp-tolylthiourea 30 min 81%
3 N-Methylthiourea instead gf-tolylthiourea 30 min 84%
4 N,N'—Diphenylt_hiqurea instead pf 30 min 89%
-5 Without p-tolylthiourea 30 min 53%
6 TCCA (0.5 equiv.) instead of (1.0 equiv.) 30 min 74%
7 Stirring at 50C instead of ultrasonic 12h 34%
8 Stirring at 100C instead of ultrasonic 12 h 59%
9 sonicated at 40 W power instead of 60 W 50 min 85%
10 sonicated at 100 W power instead of 60 W 30 min 94%

the preparation ofa,a-dihaloketone from alkynes and
trihaloisocyanuric acids using ultrasound irradiatiin
water. We purpose in this work an improved synthedi
a,a-dihaloketone using an catalytic amount qf
tolylthiourea in water under ultrasound irradiatiorhis
method allows for high yields in a short time abmo
temperature.

2. Results and Discussion

We initiated our investigations with phenylacetydm as
the model substrate. After scrupulous evaluatiomlbbf
the reaction parameters, we found that a cockbaisisting
of trichloroisocyanuric acfi(TCCA, 1.0 equiv.) and-
tolylthiourea (2.5 mol %) as the catalyst in wates ml)
was sonicated at 60 W power for 30 min delivesed
dichloroketone?a in 94% GC vyield (Table 1, entry 1). It is

worth noting that--monochloro ketone was not detected in

the crude mixtures. As expected, the nature otHtalyst
played a critical role on the reaction outcome; lgvhi
otherwise related thioureas provided inferior resul
(entries 2 - 4). A complicated reaction mixture of
chlorination products 28, 2-chloroacetophenonga and
1,2-dichloro-vinyl)-benzene4a) was detected in the
absence of thioureas (entry 5). Decreasing the atmaiu

# Reaction conditionsta (0.1 mmol), TCCA (1.0 equiv)-tolylthioure (2.5
mmol %), water (1.5 ml) in vial was sonicated atB@ower.
® Determined by GC-MS using ethylbenzene as thegriat standard.

With the optimal reaction conditions in hand, we
investigated various alkynes so as to gauge thpesob
this ultrasound-assisted tandem reaction. As shawn
Table 2, phenylacetylenes bearing both electroratitog
groups and electron-withdrawing groups at thara,
meta, andortho-positions of the phenyl ring could furnish
the desiredo,a-dihaloketones in high yields2¢ — 2n).
These results indicated that neither electroniecgéfhor
steric hindrance of phenylacetylenes significantly
influences the efficiency of this method. Thioetlggoup
(2e), which may not be used in oxyhalogenation of ia#ls/

is compatible. Halogen substituents such as FBCand |
were all well tolerated 2f — 2i), which made this
methodology more useful for further transformations
Diethylnylbenzene proceeded smoothly to give thebto
chlorination product2o in 85 % vyield. Polycyclic and
heteroaromatic substituted acetylenes could also be
transformed into the corresponding products in ggelils
(2p and2q). In addition, aliphatic terminal alkynes were
good substrate2( — 2s). Notably, the reaction could be

TCCA from 1.0 equiv. to 0.5 equiv. resulted in theextended to thermodynamically more stable internal

formation of producka with only a 74% GC yield (entry
6). In order to verify the effect of ultrasoundadiation, we
performed the halogenation reaction iat by stirring at

alkynes. Subjecting the substrate
trimethyl(phenylethynyl)silandt to the standard reaction
conditions could successfully afford tRe in 88% vyield,

50C and 100C for 12 hours in the absence of ultrasonicallowing access to phenylacetylene via deproteatiothe

wave. The yields oPa were 34% and 59% (entries 7 and
8), respectively, which were less than that obtaineal vi
ultrasonic-assisted synthesis. Encouraged by thessdts,
various ultrasonic powers were screened to optirttiee
reaction conditions.Decreasing the ultrasonic powers
resulted in slightly lower yields (entry 9). No lefih was
obtained by increasing the ultrasonic power (eri@y.

Thus, it was clear from the data that ultrasound ca

accelerate the halogenation reaction affording drigheld
than thermal conditions and significantly reducitige
reaction time and temperature.
Table 1. Optimization Studied

C

I
Os N
—. T

p-tolylthiourea (2.5 mol %)

TO

Ph _ N ultrasonic Ph cl
Cl Cl i
\c[)]/ H50, rt, 30 mins 4
1a 2a
Entry Variation from standard conditions above  Time Yield®

TMS group. Phenylpropyne was good for the reactmon
deliver product 2u. However, the diphenylacetylene
substrate only provided a trace amount of the desir
product2v in the present catalytic system. Gratifyingly, the
present ultrasound promoted halogenation reactias w
also successfully applied to produegi-dibromoketones
(2w —2y) anda,o-diiodoketones4z — 2ab) and afford the
corresponding products in good yields.
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Table 2. Reaction Scope¥’ reaction process involved a build-up of positivarge in
— 22 92 o the transition state, with the positive charge be d-
=H, . 92% _ G _
pMe,  2b, 91% o carbon atom 9adjacent to the phenyl ring, that is, a
pPh  2c 88% C chloronium ion.
- cl . .
p-OMe,  2d, 86%, Figure 1. Hammett Equation
(0] p-SMe, 2e, 37%
Cl p-F, 2f, 75% 06 7 o
R N pCl, 29, 76% 20,85% 3
~ p-Br,  2h, 72% B
o, 2i, 79% o =
p-CFs, 2, 87% Cl
p-NOy, 2k, 72% OO &
p-COMe, 21, 73%
m-Me, 2m, 80% 2p, 79%
: 5+
o-Me, 2n, 86% | Y
o o o o 0.3 0.3
cl cl cl cl cl
(E)H/ Me/\Ms)H/ C\("E)J\/ Ph)J\/
S Cl cl (o] cl
2q, 71% 2r, 77% 2s, 84% 2t, 88%
o ¢ o ¢l 04 -
HMe th To further verify the tandem reaction mechanisnvessd
o ZCO/' Pth trage' control experiments were performed and the resudie
y (]

shown in Scheme 2a-Chloroacetophenone3a,’™® 1-

(o]
g R= H 2w, 83% |R=H, 2z, 81% phenylethanon&a and (1,2- dlchlorovmyl)benzenéal
F,o2x, 81:/0 F. 2aa77%  which could be generated from alkyha, failed to afford
Me, 2y 88% | Me 2abgs%  2a under the present conditions (Scheme 2, eqn. 1-3).

2 Reactlon conditions: 1 (0.3 mmol), TCCA (0.3 mmpHolylthioure  These results ruled out the possibility3af 4a and6a as
(2.5 mmol %), water (1.5 ml) in vial was sonica@d60 W power® intermediates of the transformation. Subsequertthg
isolated yield. reactionla with TCCA in the presence of 2,6-di-tertbutyl-

" : 4-methylphenol (BHT) or 2,2,6,6-tetramethyl-1-
Further, the scalability of our catalytic system swa . ™. .
examined. Phenylacetzlen&a with TCyéA c)(/)uld be Piperidinyloxy (TEMPO) as a radical scavenger géwe
performed on the 6 mmol scale. After 30 min, amimsle  CO'responding products in good yields, thus sugugsat
gum-like substance of a yellowish colour formedviater. & radical mechanism or single-electron-transfer TSE
The reaction mixture was extracted with ether ament Might not be involved in these reaction procesSesigme
crude2a could be purified simply by recrystallization from 2 efqn. 4)dFurthr(]ermore, deuterium labeling _eﬁ(perlmen.t was
hexanes and ether to give the desired prodadn 88% Performed (Scheme 2, eqn.5). Treat[tag\(/)vlt  TCCA in
yield (Scheme 1a). Notably, the developed procesiis the presence gb-tolylthiourea (2.5 mmol%) in ED (0.5
using column chromatography. Finally, a one-potML). deuterated products [k could be formed,
sequential reaction followed by H mediated implying that thea-hydrogen atom ofa originated from
cyclization to provide5a has been demonstrated (see water .
Scheme 1Bf. Although moderate yields are obtained, thescheme2. Control Experiments
one-pot methodology is expected to be of high stith

utility. ?
Y (1) )IVCI standard conditions 2a
Scheme 1 Gram scale synthesis and Application Ph 3a ND
(o) o
(1) Ph—— standard conditons Ph Cl (2) Ph)LMe standard conditions 2a
o cl 6a NP
cl
1a 2a, 1.00g, 88% 3) >:1,Z standard conditions 22
2 — standard conditons,, > /< 4a
(@) Ph—="H e Et,NH, %
o-aminophenol — standard conditions
1a P 5a, 69% ) Ph—= 2a
TEMPO 2 equiv. 88%
Given this departure from our initial expectatioa, BHT 2equiv.  85% o
Hammett plot was constructed for the migrationpafa-

. . -tolylthiourea (2.5 mmol %
substituted phenylacetylere In this way, we hoped to  (§) Ph—=+ TCCA £=¥ uItrasoinc ) &C'
gain an understanding of the type of intermedidted D,0 o °
were involved in the reaction. Figure 1 shows soeable D1-2a

linearity between the lol¢/ky) and Brown—-Okamoto
constant §) value of the respective substituents. This On the basis of all these results and previousrtefoa

negative slope (Hammatt value: -1.35.) suggests that the g‘éﬁi’ﬂg r:;eac':tlon pathlwl ay was proplosed as _depicted
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ousThe residue was purified by column chromatographgibica gel

Initially, TXCA ret with
water to give the HX&* 2 and reiease tricyanic acid.

Then, hypohalous acid converts into dihalo monoxid

(X,0)* and reacts with alkyngto yield the halonium ion
intermediateA. Then,A is trapped byp-tolylthiourea to
afford the key intermediate haloenamiBe followed by
intermolecular nucleophilic attack with XO  to fotire
intermediateC, which converts to more stable prodact
via enol keto tautomerism.

Scheme 3. Plausible Mechanism

X H

|
OYNYO OYNYO
+ H,0 + HXO
N N 20— HN__NH
i T
8 o
2HXO = X,0 +H,0 s
i NHTol
%0 A ? o

R——=

X0 O, X
X0
e )= = X
R X R X
R X TolHN NH,
1 A B Cc 2

X0

R——7 TolHN""NH,
N
X

3. Conclusion

In conclusion, we have developed an ultrasoundsiassi
one-pot three-component procedure for the prejaratf

(eluent: hexanes/ethyl acetate) to affaad- 2aa.

e4.3. Characterization of the compounds

4.3.1.2,2-dichloro-1-phenylethanon@a)*: Yellow oil (52.1
mg, 92%)."H NMR (400 MHz, CDCJ): = 6.69 (s, 1 H), 7.53
(t, J=7.6 Hz, 2H), 7.66 (1) = 7.6 Hz, 1 H), 8.09 (d] = 7.6 Hz,
2 H). ®C NMR (100 MHz, CDCJ): & = 67.81, 128.98, 129.80,
131.32, 134.63, 185.95.

4.3.2. 2,2-dichloro-1-(p-tolyl)ethanong2b)®: Colorless oil
(55.4 mg, 91%)'H NMR (400 MHz, CDCJ): 5 = 2.35 (s, 3 H),
6.61 (s, 1 H), 7.22 (dl = 8 Hz, 2H), 7.88 (tJ = 8 Hz, 2 H).°C
NMR (100 MHz, CDCJ)): & = 21.91, 67.68, 128.74, 129.72,
129.88, 145.97, 185.62.

4.3.3. 1-([1,1"-biphenyl]-4-yl)-2,2-dichloroethanen (2c)™:
Colorless solid (69.9 mg, 88%} NMR (400 MHz, CDCJ): &
=6.71 (s, 1 H), 7.46 (m] = 8.4 Hz, 3H), 7.64 (d) = 8.4 Hz, 2
H), 7.74 (d,J = 8.4 Hz, 2 H), 8.17 (d] = 8.4 Hz, 2 H)*C NMR
(100 MHz, CDC)): 6 = 67.91, 127.38, 127.54, 128.74, 129.13,
129.89, 130.45, 139.39, 147.33, 185.59.

4.3.4.  2,2-dichloro-1-(4-methoxyphenyl)ethanone2d)™:
Yellow solid (56.4 mg, 86%)*H NMR (400 MHz, CDC)): &

a,o-dihaloketone starting with commercially available -3 gg (s, 3 H), 6.64 (s, 1H), 6.97 §t= 8.4 Hz, 2 H), 8.06 (d] =
alkynes, green halogenating reagent and water usiRgs Hz 2 H).*C NMR (100 MHz, CDG): & = 55.71, 67.91,
common and cheap-tolylthiourea as a catalyst. Utilizing 114.24, 123.91, 132.32, 164.67, 184.65.

ultrasonic irradiation techniques provided dramatic

improvements in terms of higher yields and shorter 4.3.5. 2 2-dichloro-1-(4-(methylthio)phenyl)ethanori@e}”:
reaction times compared with conventional heatieghomd.  Colorless oil (26.1 mg, 37%JH NMR (400 MHz, CDCJ): § =
The advantages of this ultrasonic promoted approach53 (s, 3H), 6.68 (s, 1H), 7.28 @ = 8.4 Hz, 2H), 8.01 (d] =
involve the mild reaction conditions, low catalysading, 8.4 Hz, 2H).*C NMR (100 MHz, CDG) ¢ 14.62, 39.13,
ease of operation, the simplicity of separation, nd24.91,126.57, 130.03, 148.32, 184.97.

requirement for any matel salt and oxidant, exoeélle
chemoselectivity, and good functional-group toleernTo
the best of our knowledge, this method is the Bssimple
of synthesis of a,0-dihaloketone through ultrasonic
irradiation utilizingp-tolylthiourea as a catalyst.

4.3.6 2,2-dichloro-1-(4-fluorophenyl)ethano(g§)®: Colorless
oil (46.6 mg, 75%JH NMR (400 MHz, CDCJ): 5 = 6.60 (s, 1
H), 7.20 (t,J = 8.4 Hz, 2H), 8.16 (dd] = 8.4, 5.2 Hz, 2 H)**C
NMR (100 MHz, CDC}): 6 = 67.84, 116.18, 116.40, 127.51,
, , 132.84, 167.76, 184.60.

4, Experimental Section

4.1. General methods and materials 4.3.6. 2,2-dichloro-1-(4-chlorophenyl)ethanone (2g)™:

. . Colorless solid (50.9 mg, 76%} NMR (400 MHz, CDCJ): &
All organic solvents were purchased from commeroakses =6.60 (s, 1 H), 7.50 (1= 8.4 Hz, 2 H). 8.05 (d] = 8.4 Hz, 2 H).

and used as received unless otherwise stated. Alf otfemicals 3 T
were purchased from 9dingchem and used without furthe C NMR (100 MHz, CDCJ): 3 = 67.80, 128.94, 129.34, 131.09,

purification. Reactions were monitored by thin-layer 131.28, 141.29, 184.97.
chromatography (TLC) using silicycle pre-coateitailgel plates. . 2
Chromatographic purifications were carried out orBiatage 4.3.7.  1-(4-bromophenyl)-2,2-dichloroethanone (2h)™:
Isolera instrumentH NMR and**C NMR spectra were recorded Colorless solid (57.9 mg, 7291 NMR (400 MHz, CDCJ): & =
on 400 MHz NMR plus spectrometer using residue solpeaks ~ 6.59 (S, 1 H), 7.67(d) = 8.4 Hz, 2H), 7.96 (d) = 8.4 Hz, 2 H).
as internal standards. Infrared spectra were redowi¢h IR C NMR (100 MHz, CDGJ): 8 = 67.77, 129.89, 130.13, 131.30,
spectrometer and are reported in reciprocal cemrtimgm').  132.34,185.19.
High resolution mass spectra were obtained using GOF-T
instrument with El or ESI source. Sonication was grened by 4.3.8. 2,2-dichloro-1-(4-iodophenyl)ethano(@)*: Colorless
K1000E-type sonicator (with a frequency of 40 kHz andsolid (69.6 mg, 79%)H NMR (400 MHz, CDCJ): 5 = 6.60 (s, 1
ultrasonic peak max. 100 W). H), 7.48 (d,J= 8.0 Hz, 2H), 7.79 (d] = 8.8 Hz, 2 H), 7.88 (d]

. = 8.0 Hz, 2 H), 8.04 (dJ = 8.0 Hz, 2 H).”"C NMR (100 MHz,
4.2.1 General Procedure for the Synthesis of 2 CDCl): & = 67.82, 103.22, 129.35, 129.49, 130.46, 131.03,
Procedure for 2: To a solution of alkyne (0.3 mmol) in water 138.33, 141.27, 184.51.
(1.5 mL) in sealed tube was added TXCA (0.3 mmol) pnd
tolylthiourea (0.075 mmol, 12 mg), the reaction tmig was
ultrasonic at room temperature under and the @actas
monitored by TLC. The reaction typically took 20nsi Upon
completion, the mixture was concentrated under redlypcessure.

4.3.9. 2,2-dichloro-1-(4-(trifluoromethyl)phenyl)ationg2j)>:
Colorless oil (67.1 mg, 87%H NMR (400 MHz, CDCJ): & =
6.62 (s, 1 H), 7.79 (d] = 8.4 Hz, 2H), 8.23 (d] = 8.4 Hz, 2H).



C NMR (100 MHz, CDCJ): & = 67.81, 125.94, 125.98, 128.36,
128.62, 133.99, 135.48, 185.15.

4.3.10. 2,2-dichloro-1-(4-nitrophenyl)ethanot@k)™: Yellow
oil (50.6 mg, 72%JH NMR (400 MHz, CDCJ): 5 = 6.59 (s, 1
H), 7.50 (d,J = 8.4 Hz, 2H), 8.05 (d] = 8.4 Hz, 2 H)*C NMR

(100 MHz, CDC}): 6 = 67.80, 129.34, 131.27, 141.29, 147.81,

185.05.

4.3.11. methyl 4-(2,2-dichloroacetyl)benzogt *: Colorless
oil (54.1 mg , 73%jH NMR (400 MHz, CDCJ): 5 = 3.94 (s, 3
H), 6.69 (s, 1 H), 8.13 (s, 4 HJC NMR (100 MHz, CDCJ): & =
52.71, 67.83, 129.74, 129.97, 134.60, 135.05, 2%69.85.51.

4.3.12. 2,2-dichloro-1-(m-tolyl)ethanof@m)™*: Colorless oil
(48.8 mg, 80%)'H NMR (400 MHz, CDCJ): 5 = 2.43 (s, 3 H),
6.72 (s, 1 H), 7.42 (ml= 7.6 Hz, 2H), 7.87 () = 3.8 Hz, 2 H).
¥C NMR (100 MHz, CDG)): 5 = 21.42, 67.81, 126.89, 128.83,
130.18, 131.41, 135.50, 139.01, 186.10.

4.3.13. 2,2-dichloro-1-(o-tolyl)ethanon@n)**: Colorless oil
(52.3 mg, 86%)'H NMR (400 MHz, CDCJ): & = 2.53 (s, 3 H),
6.66 (s, 1 H), 7.32 (m] = 8.4 Hz, 2H), 7.47 () = 7.6 Hz, 1 H)
7.73 (d,J = 7.6 Hz, 1 H)."*C NMR (100 MHz, CDGJ)): & =
21.36, 68.97, 125.81, 128.56, 132.33, 132.47, B321940.75,
188.43.

4.3.14. 1,1'-(1,4-phenylene)bis(2,2-dichloroethasjoii20)™:
White solid (65.0 mg, 85%)H NMR (400 MHz, CDC)): & =
6.62 (s, 2 H), 8.24 (s, 4 H}*C NMR (100 MHz, CDG)): & =
67.81, 130.18, 135.44, 185.24.

4.3.15.  2,2-dichloro-1-(naphthalen-2-yl)ethanone(2p)™:
White solid (56.7 mg, 79%JH NMR (400 MHz, CDCJ): & =
7.01 (s, 1 H), 7.35 (m, 3 H), 7.68 (m, 1 H), 7.95 (nH), 8.10
(m, 1 H), 8.63 (s, 1 H}*C NMR (100 MHz, CDGJ): 5 = 53.49,
125.89, 126.36, 127.16, 127.28, 128.39, 128.93,0/31132.38,
135.91, 197.64.

4.3.16.  2,2-dichloro-1-(thiophen-3-yl)ethanone (2q)™:
Colorless oil (41.7 mg, 71%)H NMR (400 MHz, CDCJ): & =
6.42 (s, 1 H), 7.39 (m] = 4 Hz, 1H), 7.67 (dJ = 4.8 Hz, 1 H),
8.39 (d,J = 4.8 Hz, 1 H).”*C NMR (100 MHz, CDGJ)): & =
68.24,126.77, 126.80, 135.56, 180.71

4.3.17. 1,1-dichlorooctan-2-or(@r)*: Colorless oil (32.7 mg,
77%) .*H NMR (400 MHz, CDCJ): 6 = 0.91 (t,J = 6.8 Hz, 3H),
1.35 (m, 6H), 1.69 () = 11.2 Hz, 2H), 2.94 (] = 7.5 Hz, 2H),
5.81 (s, 1H).”®*C NMR (100 MHz, CDCJ)): 6 = 14.07, 22.50,
24.34, 28.61, 31.49, 34.94, 43.03, 197.16.

4.3.18. 1,1,5-trichloropentan-2-ongs): Colorless oil (40.8

5
4.3.20. 2,2-dibromo-1-phenylethano(@w)*: Colorless oil
(69.3 mg, 83%) H NMR (400 MHz, CDC)): 6 = 6.65 (s, 1H),
7.43 (t,J = 7.8 Hz, 2H), 7.57 (1) = 7.8 Hz, 1H), 8.01 (d] = 8.0
Hz, 2H)."*C NMR (100 MHz, CDCJ): ¢ = 39.74, 129.00, 129.76,
130.85, 134.53, 186.01.

4.3.21. 2,2-dibromo-1-(4-fluorophenyl)ethanone (2x)*:
Yellow oil (72.0 mg, 81%) *H NMR (400 MHz, CDCJ): ¢ =
6.56 (s, 1H), 7.12 (t) = 7.8 Hz, 2H), 8.08 (m] = 7.8 Hz, 2H).
¥C NMR (100 MHz, CDCJ)): § = 0.02, 38.37, 115.12, 115.34,
126.01, 126.05, 131.63, 131.73, 166.59, 183.55.

4.3.22. 2,2-dibromo-1-p-tolylethanon@y)*:  yellow solid
(77.1 mg, 88%)5 = 2.37 (s, 3 H), 6.63 (s, 1 H), 7.23 (= 8.4
Hz, 2H), 7.90 (tJ = 8.4 Hz, 2 H)**C NMR (100 MHz, CDC})):
5=21.90, 39.94, 128.20, 129.72, 129.87, 145.8%,68

4.3.23. 2,2-diiodo-1-phenylethano(gz)** yellow solid (90.3
mg, 81%)H NMR (400 MHz, CDCJ): 5 = 6.53 (s, 1 H), 7.47 (t,
J=17.6 Hz, 2H), 7.61 (1) = 7.6 Hz, 1 H), 8.01 (dJ = 7.6 Hz, 2
H). *C NMR (100 MHz, CDG): 5 = 126.59, 127.07, 131.67,
132.23, 186.34.

4.3.24. 1-(4-fluorophenyl)-2,2-diiodoethano(#aa): yellow
solid (90.0 mg, 77%). IR (neat): 3461, 1693, 1588)8, 1410.5,
1264, 836, 768, 702 ¢c'H NMR (400 MHz, CDC)): & = 6.45
(s, 1 H), 7.15 (tJ = 7.6 Hz, 2H), 8.08 (mJ = 4 Hz, 2 H)."*C
NMR (100 MHz, CDC}): & = 115.18, 115.27, 115.40, 131.35,
131.45, 166.40, 185.82. HRMS (Elm/z [M]* calcd for
CgHsF1,0: 389.8362, found: 389.8358.

4.3.25. 2,2-diiodo-1-p-tolylethanoné2ab)®: Yellow solid
(99.6 mg, 86%JH NMR (400 MHz, CDCJ): § = 2.34 (s, 3H),
6.61 (s, 1H), 7.23 (d] = 8.0 Hz, 2H), 7.88 (d] = 8.4 Hz, 2H).
¥C NMR (100 MHz, CDGJ): § = 22.51, 68.48, 129.34, 130.32,
130.48, 146.57, 186.22.

4.3.26. benzo[d]oxazol-2-yl(phenyl)methanone (5a)"
Colorless solid (99.6 mg, 69%H NMR (400 MHz, CDCJ): 6 =
7.48 (t,J=7.6 Hz, 1H), 7.58 ( = 7.2 Hz, 3H), 7.69 (m] = 8.0
Hz, 2H), 7.95 (d,J) = 7.6 Hz, 1H), 8.54 (d] = 8.0 Hz, 2H)°C
NMR (100 MHz, CDC}): 0 = 111.82, 122.34, 125.69, 128.41,
128.58, 130.94, 134.28, 134.94, 140.68, 150.36,0857.80.53.
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Supplementary data

mg, 84%). IR (neat): 3088.2, 2962.2, 1443.4, 1311.0, 1295.7,

1071.2, 906.2, 800.4, 731.1 ¢m'H NMR (400 MHz, CDCJ): &
=2.05 (t,J= 7.2 Hz, 2 H), 2.70 () = 7.2 Hz, 2 H), 3.56 () =
6.4 Hz, 2 H), 6.21 (s, 1HYC NMR (100 MHz, CDCJ): d =
29.39, 30.71, 43.52, 115.05, 134.68. HRMS (Eijz[M]* calcd
for CsH,Cl;0: 187.9589, found: 187.9588.

4.3.19. 2,2-dichloro-1-phenylpropan-1-on@u)®: Yellow
solid (50.1 mg, 82%)*H NMR (400 MHz, CDCJ): & = 2.36 (s,
3 H), 7.49 (tJ = 8.4 Hz, 2H), 7.60 (t) = 8.4 Hz, 1H), 8.32 (d)
= 8.4 Hz, 2 H).*C NMR (100 MHz, CDGJ)): & = 34.32, 82.72,
128.18, 131.25, 133.69, 188.13.

Supplementary data associated with this article eafiound
in the online version, at http:// .
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