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A facile preparation of 2-bromodifluoromethyl benzo-1,3-diazoles as novel CF,Br-containing heterocy-
clic building blocks has been developed through a one-pot process of reaction of 2-OH, 2-SH, or 2-NH,
substituted aniline with bromodifluoroacetic acid in the presence of 3 molar equivalents of CBr4 and Ph3P
in refluxing toluene. 2-Bromodifluoromethyl benzo-1,3-thiazole (2b) was successfully utilized in the
preparation of gem-difluoromethylene linked aryl ether compounds through the reaction with
phenolates or thiophenolate in DMF in good yields.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

gem-Difluoromethylene linked aryl ether compounds have
attracted substantial attention due to their wide range of
applications in pharmaceuticals, agrochemicals and electronic
materials, such as enzyme inhibitors, anti-HIV agents, potassium
channel activators, and smectic phase liquid crystals [1]. The most
common methods used for the synthesis of gem-difluoromethy-
lene aryl ether compounds are the approaches via the CF,-
containing building block [2]. It has been of great interest to
develop and effectively use the CF,Br-containing heterocyclic
building blocks for the construction of gem-difluoromethylene
linked heterocyclic-containing aryl ethers. However, till present,
only few papers about synthesis and applications of CF,Br-
containing heterocyclic building blocks have been reported [3].
Herein, we present the results on a facile synthesis of 2-CF,Br-
containing benzo-1,3-diazolic building blocks 2 via a one-pot
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reaction of 2-OH, 2-SH or 2-NH, substituted aniline with
bromodifluoroacetic acid in the presence of 3 molar equivalents
of CBr4 and Ph;P in refluxing toluene, which involves the formation
of CF,Br-containing imidoyl bromide intermediate and subsequent
intramolecular ring-closure reaction. In addition, 2-CF,Br-contain-
ing benzo-1,3-thiazolic building block 2b was successfully applied
to the synthesis of gem-difluoromethylene linked benzo-1,3-
thiazole-containing aryl ethers 3 through the reaction with
phenolates or thiophenolate in a suspension of sodium hydride
in DMF via a process of Sgn1 (Scheme 1).

2. Results and discussion

CF,Br-containing building blocks have been widely used to
introduce a CF, unit into organic molecules via Reformatsky
reaction, aldol reaction, cross-coupling reaction or radical addition
reaction, etc. [4] on the basis of high reactivity of the C-Br bond in
CF,Br group, which could easily be attacked by an electrophile or a
radical. However, such high reactivity of C-Br bond makes the way
of synthesis of CF,Br-containing building blocks greatly differ from
those for CF; and CF,H-containing building blocks. The develop-
ment of the synthetic method of CF,Br-containing building blocks,
especially for CF,Br-containing heterocyclic building blocks, still
encountered great challenges. The first example of synthesis of 2-
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Scheme 1. Preparation of 2-bromodifluoromethyl benzo-1,3-diazoles and its application in the synthesis of gem-difluoromethylene linked aryl ethers.

Table 1 Table 2
Synthesis of 2-bromodifluoromethyl benzo-1,3-diazoles. The reaction of 2-bromodifluoromethyl benzothiazole 2b with phenolates.
Entry Reactant Product Reaction Yield (%)* Entry ArYH Product Reaction Conversion Yield
time (h) time (h)  of 2b (%) (%)P
1 @[NHZ Y J‘\ 8 85 1 OH 3bd 22 85 65
X
0~ “CF,B
OH 1a 2Br 2a
NH, N
2 @[ ‘ J\ 24 65 2 | X 3be 22 80 73
ZNgH 1b S~ “CF,Br 2p =
NH
3 2 ©\\7j‘\ 10 15 3 O 3pr 20 83 64
N~ “CF,Br |
NHz 1¢ H e HyC0™ >
2 Isolated yield.
> 1:2 molar ratio of bromodifluoro acetic acid to PPhs/CBry. H
4 OO o 3bg 24 90 78
bromodifluoromethyl benzo-1,3-oxazole was reported to be
through a bromination of CF,H group on the benzo-1,3-oxazole
ring in the presence of excess amount of NBS. However, the 5 YOH 3bh 20 88 75
bromination of CF,H group through such radical process suffered ‘\N//
from either low yield or long reaction time [5]. Thus, our attention
was drawn back to modify the original Uneyama’s preparation of
fluorinated imidoyl halids. It was demonstrated that the reaction of 6 . SH Ibi 20 83 62
2-OH substituted aniline with bromodifluoroacetic acid in the \
presence of 3 molar equivalents of CBry, and PhsP in refluxing &
toluene initially led to the formation of bromodifluoromethyl
substituted imidoyl bromide in situ, which further underwent CH .
. . . . 7 3 3bj 36 - -
intramolecular ring-closure reaction to form the desired 2-
~N

bromodifluoromethyl benzo-1,3-oxazole product 2a effectively
[6]. This synthetic method is also suitable for other substrates, such
as 2-SH or 2-NH, substituted aniline as listed Table 1.

This one-pot reaction involves a slow formation of imidoyl
bromide intermediate (4) in the first step. Upon the formation of 4,
the subsequent intramolecular ring-closure reaction occurred via
nucleophilic substitution of bromide by neighboring XH group
under the promotion of Et;N (Scheme 2). 2-OH Substituted aniline
1a provided the desired product in better yield with shorter
reaction time (entry 1, Table 1) in comparison with 2-SH aniline 1b
(entry 2, Table 1) as a substrate due to the electron-releasing
characteristic of hydroxyl group which enriches the electron
density of neighboring amino group to accelerate the formation of
intermediate 4a in the rate-determining step. However, 2-NH,
substituted aniline provided a much lower yield under the same
reaction conditions. The reaction could occur only when the

NH,
~ Slow
\ + BrCF,COOH —— %>
N PPhs, CBr,
X=0,S,NH L

N
8 @: yosn Mk 36 - -
s

3 The conversions of 2b were determined by !°F NMR analysis.
b Isolated yield.

amounts of carbon tetrabromide and triphenylphosphine were
decreased from 3 to 2 molar equivalents and the desired 2-
bromodifluoromethyl benzo-1,3-imidazole (2¢) was obtained in
15% yield. The reason could possibly be the existence of the further
reaction of unprotected NH group of 2c¢ with the excess amount of
PPh; and CBry4 [7].
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Scheme 2. Mechanism of formation of 2-bromodifluoromethyl benzo-1,3-diazoles.
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CF,Br-containing heterocyclic building blocks have been
successfully applied to the reactions with aldehydes [4] for the
preparation of biologically reactive gem-difluoromethylene linked
compounds. It was found that the molecules that have difluor-
omethylene group as a tether connecting benzo-1,3-oxazole-
contaning compounds could significantly increase the anti-HIV
activity [8]. Considering potential biological activities of ben-
zothiazole derivatives, 2-bromodifluoromethyl-benzo-1,3-thiazo-
lic building block (2b) was selected for the further synthesis of
biologically interesting gem-difluoromethylene linked benzo-1,3-
thiazole-contaning aryl ethers. This reaction was carried out in
DMF through the displacement of bromide from 2-bromodifluor-
omethyl-benzothiazole by phenolates generated in situ from
phenols in a suspension of sodium hydride. The raw material 2b
could not be consumed completely when equimolar amount of the
phenolate was added to the solution of 2-bromodifluoromethyl
benzo-1,3-thiazole in DMF. The residual of reactant 2b could still
be detected by 'F NMR analysis of the reaction mixture even
though the reaction time was prolonged, or the reaction
temperature was raised. The conversion of the reactant 2b could
be improved if the amount of the phenolate was increased,
however, it caused difficulties in purification. After screening of the
reaction conditions, an optimal yield of 3bd was obtained when
the reaction was carried out in DMF at 90 °C for 22 h with an molar
ratio of 1b:phenolate=1:1.1. Under the optimized reaction
condition, various phenolates were employed to investigate the
generality of this substitution reaction, the results are shown in the
Table 2. Substituted phenolates could provide higher yields of the
desired compounds (Table 2). The eletronic natures of these
phenolates did not significantly influence the yields of products.
The reaction of 2b with benzenethiolate could also form the
desired compound 3bi in 62% yield (entry 6, Table 2). However, the
heterocyclic thiolates examined did not work in this reaction
(entries 7 and 8, Table 2). The reaction of CF,Br-contaning
heterocycle building block and phenolates or thiolate was
considered undergoing an Sgy1 rather than a typical Sn2
mechanism due to the influence of the fluorine atoms in CF,Br
group [9].

3. Conclusion

2-Bromodifluoromethyl benzo-1,3-diazoles as novel CF,Br-
containing heterocyclic building blocks were successfully prepared
through a facile one-pot reaction of 2-OH, or 2-SH, or 2-NH,
substituted aniline with bromodifluoroacetic acid in the presence
of 3 molar equivalents of CBr4 and PhsP via the initial formation of
imidoyl bromide intermediate (4) followed by intramolecular ring-
closure reaction. 2-Bromodifluoromethyl-benzo-1,3-thiazole (2b)
was successfully utilized in the preparation of biologically
interesting gem-difluoromethylene linked aryl ether compounds.
The reaction of 2-bromodifluoromethyl-benzo-1,3-thiazole (2b)
with substituted phenolates or thiophenolate, which were
generated in situ from substituted phenols or thiophenol in
suspension of sodium hydride in DMF, is considered to undergo a
Srn1 process.

4. Experimental
4.1. General

Reactions were generally carried out under nitrogen atmo-
sphere in an appropriate round bottom flask with magnetic
stirring. Thin layer chromatography (TLC) was performed on a
silica gel. 'H, '3 C and '°F NMR spectra were recorded on a 500 MHz
spectrometer. Chemical shifts for 'H NMR spectra are reported in
ppm downfield from TMS, chemical shifts for 1>C NMR spectra are

reported in ppm relative to internal chloroform (8 77.2 ppm for
13C), and chemical shifts for '°F NMR spectra are reported in ppm
downfield from internal fluorotrichloromethane (CFCls). Coupling
constants (J) are given in Hertz (Hz). The terms m, s, d, t, q refer to
multiplet, singlet, doublet, triplet, quartlet; br refers to a broad
signal. Infrared spectra (IR) were recorded on a FT-IR spectrometer,
absorbance frequencies are given at maximum of intensity in
cm™'. Mass spectra were obtained using ESI. High resolution mass
spectra were obtained using EI at 70 eV.

4.2. General procedure for preparation of 2-bromodifluoromethyl
benzo-1,3-diazoles (2)

A 200-ml three-necked flask equipped with a condenser was
charged with Ph3P (2.20 g, 8.4 mmol), Et3N (0.85 g, 8.4 mmol), CBr,
(16.8 g, 8.4 mmol), and bromodifluoro acetic acid (2.8 mmol) in
toluene (10.0 ml) at 0 °C under nitrogen atmosphere. After the
solution was stirred for about 10 min (ice water bath), 2-amino
phenol (3.3 mmol) dissolved in toluene (5.0ml) was added
dropwise. The mixture was refluxed under stirring for 6-24 h.
Solvent was evaporated under reduced pressure, and the residue
was diluted with petroleum ether (60-90 °C) and filtered. The
residual solid of Ph3PO and Et3N-HCI was washed with petroleum
ether 3 times. The filtrate was concentrated; the residue was then
purified by column chromatography to obtain the product 2.

4.2.1. 2-Bromodifluoromethyl-benzooxazole (2a)

2a was obtained as a yellow oil in 85% yield by flash column
chromatography on silica gel; '"H NMR (500 MHz, CDCl5): § 7.81-
7.83 (m, 1H, ArH), 7.58-7.61 (m, 1H, ArH), 7.41-7.50 (m, 2H, ArH);
13CNMR (125 MHz, CDCl5): 8 155.7 (t, ?Jc.r = 32.5 Hz), 150.6, 139.6,
127.8, 126.0, 121.9, 111.6, 108.9 (t, YJcr=300.6 Hz); '°F NMR
(470 MHz, CDCl3): § —51.4 (s, 2F); IR (cm™1): v 3069, 1620, 1490,
1245, 1066, 760, 681; HRMS calcd for (M") CgH4BrF,NO: 246.9444,
found 246.9441.

4.2.2. 2-Bromodifluoromethyl-benzothiazole (2b)

2b was obtained as a yellow oil in 65% yield by flash column
chromatography on silica gel; '"H NMR (500 MHz, CDCl5): § 8.11 (d,
J=8.5Hz, 1H, ArH), 7.86 (d, = 7.5 Hz, 1H, ArH), 7.52 (m, 1H, ArH),
7.45 (m, 1H, ArH); 3C NMR (125 MHz, CDCl3): § 162.0 (t, ?Jc.
r=30.0Hz), 151.8, 135.1, 127.4, 127.3, 124.7, 122.9, 113.5 (t, '/
F=301.3 Hz); 'F NMR (470 MHz, CDCl3): § —43.16 (s, 2F); IR
(ecm™1): v 3067, 1618, 1510, 1249, 1031, 761, 686; HRMS calcd for
(M™) CgH4BrF,NS: 262.9216, found 262.9213.

4.2.3. 2-Bromodifluoromethyl-benzoimidazole (2c)

2¢ was obtained as a yellow solid in 15% yield by flash column
chromatography on silica gel; mp 206.8-207.6 °C; Lit. [10] mp
206.0-208.8 °C; '"H NMR (500 MHz, CDCl5): § 10.4 (s, 1H, NH), 7.88
(d, J=8.0Hz, 1H, ArH), 7.55 (d, J=7.5 Hz, 1H, ArH), 7.41 (m, 2H,
ArH); °F NMR (470 MHz, CDCl3): § —51.17 (s, 2F); IR (cm™'): v
3412, 3053, 1591, 1447, 1241, 1081, 764, 684.

4.3. General procedure for preparation of compounds 3

A 25 ml three-necked, round-bottom flask was charged with
NaH (2 mmol, 60%) and 10 ml of dry DMF under nitrogen
atmosphere. To the stirred suspension was added phenol
(1.1 mmol). Hydrogen gas was evolved and the flask became
warm. After stirring for 30 min, a clear solution was obtained. 2-
Bromodifluoromethyl benzothiazole (1 mmol) in 5 ml DMF was
added dropwise. Then the solution was allowed to stir at 80 °C for
22-36 h. The mixture was poured into 5 ml of ice water, then
extracted 3 times with 10 ml portions of ethyl acetate. The
combined organic layers were dried over anhydrous MgSO,4 and



170 H. Jiang et al./Journal of Fluorine Chemistry 133 (2012) 167-170

concentrated by rotary evaporation at reduced pressure. The
residue was then purified by column chromatography (2:1
petroleum ether:ethyl acetate) on basic aluminum oxide to obtain
the product 3.

4.3.1. 2-Difluorophenoxymethyl-benzothiazole (3bd)

3bd was obtained as a white solid in 65% yield by flash column
chromatography; mp 39.5-41.1 °C; '"H NMR (500 MHz, CDCl5): §
8.19(d,J=8.5Hz, 1H, ArH), 7.91 (dd, ] = 10.0, 2.5 Hz, 1H, ArH), 7.54
(td,J=7.0, 1.0 Hz, 1H, ArH), 7.49-7.45 (m, 1H, ArH), 7.38-7.33 (m,
4H, ArH), 7.24 (tt, J=6.5, 2.0 Hz, 1H, ArH); '3C NMR (125 MHz,
CDCl5): § 160.2 (t, }Jc.r = 40.0 Hz), 152.5, 149.8, 135.3,129.7, 127.1,
127.0, 126.5, 124.9, 122.2, 122.1, 118.3 (t, YJcr=261.3 Hz); '°F
NMR (470 MHz, CDCl3): § —63.03 (s, 2F); IR (cm™'): v 3067, 1592,
1490, 1295, 1193, 1066, 999, 760, 689; HRMS calcd for (M*)
C14HoF,NOS: 277.0373, found 277.0372.

4.3.2. 2-Difluoro-(4-nitro)-phenoxymethyl-benzothiazole (3be)

3be was obtained as a white solid in 73% yield by flash column
chromatography; mp 158.4-160.2 °C; "H NMR (500 MHz, CDCls): §
8.28 (dt, J = 9.0, 3.0 Hz, 2H, ArH), 8.20 (d, J = 8.0 Hz, 1H, ArH), 7.99
(d,J=7.5Hz, 1H, ArH), 7.61 (td, J=7.5, 1.0 Hz, 1H, ArH), 7.55 (td,
J=8.0, 1.0Hz, 1H, ArH), 7.49 (d, J=9.0 Hz, 2H, ArH); '*C NMR
(125 MHz, CDCl3): 8 158.7 (t, *Jc.r = 37.5 Hz), 154.6, 152.4, 145.6,
135.2, 127.5, 127.4, 125.7, 125.0, 122.2, 122.0, 1185 (t, Y
F=263.8 Hz); 'F NMR (470 MHz, CDCl5): 8 —63.57 (s, 2F); IR
(Cm’l): v 3084, 1615, 1594, 1517, 1343, 1272, 1154, 997, 764;
HRMS calcd for (M*) C;4HgF,N,03S: 322.0224, found 322.0220.

4.3.3. 2-Difluoro-(4-methoxy)-phenoxymethyl-benzothiazole (3bf)

3bf was obtained as a white solid in 64% yield by flash column
chromatography; mp 79.1-81.3 °C; '"H NMR (500 MHz, CDCl5): §
8.20 (d, J=8.5 Hz, 1H, ArH), 7.92 (d, J = 8.0 Hz, 1H, ArH), 7.55 (dd,
J=17.0,7.0Hz, 1H, ArH), 7.48 (dd, J= 7.5, 7.5 Hz, 1H, ArH), 7.26 (d,
J=9.0Hz, 2H, ArH), 6.87 (dd, J = 7.5, 2.0 Hz, 2H, ArH), 3.76 (s, 3H, -
OCHs); '3C NMR (125 MHz, CDCl5): 8 160.2 (t, %Jc.r=38.8 Hz),
157.9,152.4,143.1, 135.3, 127.1, 127.0, 124.9, 123.5, 122.1, 118.3
(t, Yer=261.3 Hz), 114.6, 55.6; '9F NMR (470 MHz, CDCl5): §
—63.42 (s, 2F); IR (cm™1): v 3074, 2970, 1503, 1298, 1176, 1058,
998, 762; HRMS calcd for (M) Cy5H;1F,NO,S: 307.0479, found
307.0481.

4.3.4. 2-Difluoro-(2-naphthyl)-oxymethyl-benzothiazole (3bg)

3bg was obtained as a white solid in 78% yield by flash column
chromatography; mp 89.7-91.3 °C; 'H NMR (500 MHz, CDCls): §
8.24 (d, ] = 8.0 Hz, 1H, ArH), 7.97 (d, J = 7.5 Hz, 1H, ArH), 7.86 (dd,
J=16.0, 14.5 Hz, 4H, ArH), 7.60 (td, J = 7.0, 1.0 Hz, 1H, ArH), 7.54-
7.48 (m, 4H, ArH); '3C NMR (125 MHz, CDCl5): § 160.1 (t, ?Jc
r=40.0 Hz), 152.5, 147.4, 135.3, 133.8, 131.7, 129.8, 127.9, 127.8,
127.1,127.0,126.9, 126.2, 125.0, 122.1, 121.5, 119.3, 118.5 (t, ..
r=261.3 Hz); '°F NMR (470 MHz, CDCl5): § —62.97 (s, 2F); IR
(cm~1):v3061, 1598, 1511, 1295, 1180, 1050, 997, 760, 732; HRMS
calcd for (M*) CygH11F2NOS: 327.0529, found 327.0525.

4.3.5. 2-Difluoro-(3-pyridyl)-oxymethyl-benzothiazole (3bh)

3bh was obtained as a pale-yellow solid in 75% yield by flash
column chromatography; mp 43.7-44.6 °C; '"H NMR (500 MHz,
CDCls): § 8.63 (d, J = 2.5 Hz, 1H, ArH), 8.48 (dd, J=5.0, 1.0 Hz, 1H,
ArH),8.14(d,J = 8.0 Hz, 1H, ArH), 7.91 (d,] = 7.5 Hz, 1H, ArH), 7.65-
7.63 (m, 1H, ArH), 7.53 (td,J = 7.0, 1.0 Hz, 1H, ArH), 7.46 (td,] = 8.0,

1.0 Hz, 1H, ArH), 7.30-7.28 (m, 1H, ArH); '3C NMR (125 MHz,
CDCl5): § 158.9 (t, )Jc.r = 37.5 Hz), 152.2, 147.6, 146.5, 143.9, 135.0,
129.4,127.1,127.0,124.8,124.1,122.0, 118.3 (t, 'Jcr = 263.75 Hz);
19F NMR (470 MHz, CDCl3): § —63.28 (s, 2F); IR (cm™!): v 3064,
2360, 1522, 1297, 1158, 1074, 1000, 763, 704; HRMS calcd for (M*)
Cy3HgF,N,0S: 278.0325, found 278.0329.

4.3.6. 2-Difluorophenylsulfanylmethyl-benzothiazole (3bi)

3bi was obtained as a white solid in 62% yield by flash column
chromatography; mp 93.5-94.0 °C; 'H NMR (500 MHz, CDCls): §
8.20 (d, J=8.0 Hz, 1H, ArH), 7.93 (d, J= 8.0 Hz, 1H, ArH), 7.71 (d,
J=7.0Hz, 2H, ArH), 7.57 (t,J = 8.0 Hz, 1H, ArH), 7.51-7.44 (m, 2H,
ArH), 7.39 (t, J= 7.5 Hz, 2H, ArH); >C NMR (125 MHz, CDCl5): §
162.6 (t, }Jcr=33.8 Hz), 152.4, 137.0, 135.4, 130.6, 129.3, 127.1,
126.9, 125.6 (t, Ycp=125.0 Hz), 124.8, 122.0; '°F NMR (470 MHz,
CDCl5): § —66.73 (s, 2F); IR (cm™1): v 3059, 1510, 1244, 1057, 1019,
885, 689; HRMS calcd for (M*) Ci4HoF2NS,: 293.0144, found
293.0141.
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