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BROMINATION OF 4-(2- THIENYL) THIAZOLES AND 2-(2-THIENYL)QUINOLINE

V. A. Smirnov, A. V. Zimichev, UDC 547,712.2%732'789'831:542,944,2:543,422
G. A. Lyzhova, and A. E. Lipkin

Depending on the substituent, the bromination of 4-(2-thienyl)thiazoles and 2-(2-

thienyl)quinoline takes place in the 5 position of the thiophene or thiazole ring.
When an amino group is present in the 2 position of the thiazole ring, bromination
takes place in the 5 position of the thiazole ring. When excess brominating agent

is present, a second bromine atom enters the 5 position of the free ring.

It is known that thiazole and its homologs with an unsubstituted 2 position are brominat—
ed with difficulty by both bromine and N-bromosuccinimide (NBS) [1-3]. Depending on the na-
ture of the substituent in the 4 position, in the bromination of 2-—amino- and 2-acetamidothia--
zoles bromine either enters the 5 positicn of the thiazole ring, or substitution takes place
in the substituent [4-6]. At the same time, the bromination of thiophene and its homologs
takes place readily and primarily in the o positionof the ring [7-10].

In the present research we studied the bromination of 4-(2-thienyl)thiazole (I) and its
2—amino (II) and 2-acetamido (III) derivatives, as well as 2-(2-thienyl)quinoline (IV), with
bromine and NBS in glacial acetic acid or acetic anhydride at 20, 40, 60, and 80°C.
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We have previously shown [10] that the addition of acetic anhydride to glacial acetic
acid in the bromination of thiophene with NBS leads to a 16% increase in the yield of 2-bromo-
thiophene. We observed a similar effect in the bromination of 1I-IV: The yields of bromo deriva-
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tives were 8-12% higher than in the case of the reaction without acetic anhydride. The initial
products in the bromination of 1 and IV with bromine at 20°C are perbromides, which are slowly
converted to monobromides V and XVII, and the bromination of T and IV is therefore effective
only at temperatures above 40°C, under which conditions the perbromides are rapidly converted
to monobromo-substituted compounds. A change in the reaction temperature from 20°C to 80°C

has virtually no effect on the composition of the bromination products. The nature of the sub-
stituent has a decisive effect on the direction of substitution in monobromination. In the
case of bromination of I and IV with one equivalent of bromine or NBS the halogen enters the

5 position of the thiophene ring. An increase in the nucleophilicity of the substituent by the
introduction of an acetamido group in the 2 position leads to the formation of a mixture of
monobromo-substituted compounds that contain halogen in the 5 position of both the thiophene
(VII) and thiazole (VIII) rings. The introduction of an aminc group (I1) in the case of mono~
bromination orients substitution exclusively in the thiazole ring. The bromination of I-IIL
with a twofold amount of bromine or NBS leads to the formation of dibromides that contain
bromine atoms in the 5 positions of the thiophene and thiazele rings (IX-X1) (see Table 1).

The structures of the products of bromination of I-IV were proved by alternative synthe=-
sis from the corresponding bromothienyl ketones and their bromomethyl-substituted derivatives.

Data from the PMR spectra of the compounds described in this paper are presented in Ta-
ble 2. In the assignment of the signals in the PMR spectra we took into account the literature
data on the effect of the substituents on the chemical shifts of the protons of the thiophene
ring and the low sensitivity of the spin—spin coupling constants in thiophenes to a change in
the character of the substituents [11]. For comparison, we synthesized XTIT-XVI.

EXPERIMENTAL

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer.
The UV spectra of solutions of the compounds in ethanol were recorded with an SF-4a spectro-
photometer. The ratios of the isomers in the mixtures of crude products of the bromination
of I-1IT were determined from data from the PMR spectra obtained from solutions in dimethyl
sulfoxide (DMSO) with an RYa-2306 spectrometer (60 MHz) with tetramethylsilane (IMS) as the
internal standard or, in the case of the products of bromination of IV, with a Tesla BS-487C
spectrometer (80 MHz) with trifluorcacetic acid as the solvent, The course of the reactions
and the individuality of the compounds were monitored by thin-layer chromatography (TLC) on
Silufol UV-254 plates in benzene—-methanol (9:1), benzene—ether (l:1), and chloroformacetic
ac*d—methanol (91:5:4) systems.

We have previously described the synthesis of I-IV [12, 13].

Bromomethyl 3-Bromo-2~thienyl Ketone. This compound, with bp 155-~156°C (5.3 bPa} and
ngo 1.6644, was obtained in 47% yield by the method used to prepare bromomethyl 5-bromo-2-
thienyl ketone [10]. Found: C 25.35 H 1.1; S 11.1%. CeH,Br,0S. Calculated: C 25.4; H 1.4;
S 11.37%.

2-Amino—4-[5(and 4)-bromo-2-thienyl]lthiazoles (XII, XIIL). A solution of 0.76 g (10
mmole) of thiourea in 40 ml of acetone was added to a solution of 10 mmole of the correspondx
ing ketone in 10 ml of acetone, and the mixture was refluxed for 30 min. It was then cooled,
and the precipitate was removed by filtration, washed with acetone, and dried. The hydrobro~ -
mide obtained was suspended in a small amount of water and neutralized with ammonia. The amine
was removed by filtration, washed with water, and dried (see Table 1),

2-Amino-4~(3-bromo~2—thienyl) thiazole (XIV). A mixture of 2.84 g (10 mmole) of the kex
tone, 0.76 g (10 mmole) of thiourea, and 50 ml of acetone was refluxed for 1 h, after which
it was cooled, and the acetone was decanted. Concentrated HCl1 (20 ml) was added to the oily
residue, and the mixture was refluxed for 30 min, cooled, and neutralized with ammonia. The
precipitate was removed by filtration, washed with water, and dried (see Table 1).

Bromination of I-III with Bromine. A solution of 1.6 g (10 mmole) of bromine in 5 ml of
glacial acetic acid was added dropwise at 20°C to a solution of 10 mmole of I=IIT in 40 ml of
glacial acetic acid, and the mixture was maintained at 20°C for 30 min, after which it was
poured into water. The precipitate was separated, washed with water, dried, and analyzed.
Bromination was carried out similarly at 40, 60, and 80°C.

Bromination of I-IIT with N-Bromosuccinimide (NBS). A 1.82-g (10.2 mmole) sample of NBS
was added at 20°C to a solution of 10 mmole of I~III in 20 ml of a mixture of acetic anhydride
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TABLE 1. Bromo Derivatives of 4-(2-Thienyl)thiazoles

R |
S N
|
R"2 s)\R

. B

Com- Found, % | Empirical Calc., % .
’ »)mp,°C | | la —_—

pound R R R ormu =
C IH, N C lnl 5 ;

v |4 5-Br |H 74—75 134,0/11,91259| C;H,BrNS;  34,2{1,6{26,1| 95
V1 | NH, H Br | 114—115 |32,612,0]24,7] C;HsBrNoS, [32,2]1,0124,5| 70
VIl | NHCOCH; |5-Br [H 261 35,8/2,4121,0 | CoH;BrN»OS, [35,6]2,3{21,1| 96
VIII | NHCOCH; | H Br 241 35,8|12,4 (21,4 CoH;BrN,0OSs [35,6[2,3121,1] 96
X | H 5-Br |Br | 63--64 26,1{1,1|19,8| C;HsBroNS, |25,910,9/19,7] 98
X | NHCOCH; |5-Br | Br 258 28,411,7[17,0{ CoHsBraN,0S2(28,311,6(16,81 96
X! | NH, 5-Br i pBr | 161—162 1 25011,3{19,1] C;H,BroNoS, {24,7]1,2]18,91 97
XII | NH 5-Br |H 151 32,4(2,1 (24,71 C:HsBrN,S, = [32,211,9(24,5! 90
XII | H 4-Br |H 158 32,51,9(24,6 C-HsBrNoS,  [32,211,9124,5( 93
XV | H 3-Br |H | 148150 |32,5|2,1|24,3 C;H;BrN»S, [32,2[1,9[24,5| 72
XV | NHCOCH; |4-Br |H 254 35,82,5(20,8| CoH7BrN.OS; {35,6(2,3121,1| 97
XVI | NHCOCH, {3-Br {H [ 255—256 1236,012,6120,0| CeH;BrN,OS; 135,6(2,3121,11 98

TABLE 2. PMR Spectra of 4-(2-Thienyl)thiazoles

. . Spin—spin coupling con~
Compound Chemical shifts, ppm stants, I:I)—Iz piing

5+{l V-H l ¥-H | 5H , 2-H l NH; g4 | owzy | w3 | 52
I 7,31 6,97 7,48 7,64 8,97 5,0 3,6 1,2 | 21
11 7,19 6,84 7,19 6,62 — 6,99 | 52 | 38 1,0 —_
111 7,31 6,92 7,34 7,23 — 53 | 34 1,1 —
v — 6,99 7,21 7,74 8,94 — — 140 — {20
Vi 7,37 6,95 7,56 — - 722 | 54 | 3,6 1,0 —
VII — 7,01 7,16 7,28 — — — | 4,2 — —_
VIII 7.47 7,00 7,64 —_ — — 5,2 3,7 1,3 —
IX — 7,06 7,44 — 9,00 | — — 1 40 — —
X — 7.09 7,40 - — — — | 42 - —
X1 — 7,06 7,34 —_ — 7,29 — | 4,1 — —
XII — 6,98 7,06 6,72 - 7,06 — ] 38 — —
XIIT 7,26 — 733 | 681 — 703 § — — 115 —
X1V 7,34 6,95 — 7,10 — 44 1 5,5 — — —
XV 7,38 — 7,43 7,40 — — — — {11 —
Xv1 746 | 7,01 — 7,64 — — 153 — — —

and glacial acetic acid (1:1), and the mixture was maintained at 20°C for 30 min, after which
it was poured into water. The acetic anhydride was hydrolyzed, and the precipitate was re-
moved by filtration, washed with water, dried, and analyzed. Bromination was carried out sim-
ilarly at 40, 60, and 80°C.

5-Bromo(5-bromo-2-thienyl)-2-R-thiazoles (IX, X, and XI). A) A solution of 1.6 g (10
mmole) of bromine in 5 ml of glacial acetic acid was added dropwise at 20°C to a solution of
10 mmole of V-VIII in 50 ml of acetic acid, and the mixture was maintained at 20°C for 30 min,
after which it was poured into water. The precipitate was separated, washed with water, dried,
and analyzed. Bromination was carried out similarly at 40, 60, and 80°C.

B) A'1,82-g (10.2 mmole) sample of NBS was added at 20°C to a solution of 10 mmole of
V-VIII in 50 ml of a mixture of acetic anhydride with acetic acid (1:1), and the mixture was
maintained at 20°C for 30 min, after which it was poured into water. The acetic anhydride was
hydrolyzed, and the precipitate was removed by filtration, washed with water, dried, and an-
alyzed. Bromination was carried out similarly at 40, 60, and 80°C.

C) A solution of 3.2 g (20 mmole) of bromine in 5 ml of glacial acetic acid was added
dropwise at 20°C to a solution of 10 mmole of I-III in 30 ml of acetic acid, and the mixture
was maintained at 20°C for 30 min, after which it was poured into water. The precipitate was
separated, washed with water, dried, and analyzed. Bromination was carried out similarly at
40, 60, and 80°C.

D) A 3.6-g (20.2 mmole) sample of NBS was added at 20°C to a solution of 10 mmole of I-
IIT in 50 ml of a mixture of acetic anhydride and acetic acid (1:1), and the mixture was main=-
tained at 20°C for 30 min, after which it was poured into water. The acetic anhydride was hy-
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drolyzed, and the precipitate was removed by filtration, washed with water, dried, and an-
alyzed. Bromination was carried out similarly at 40, 60, and 80°C,

2—(5-Bromo-2-thienyl)quinoline (XVII). A) A solution of 0.8 g (5 mmole) of bromine in
2.5 ml of acetic acid was added dropwise at 20°C to a solution of 0.53 g (2.5 mmole) of IV
in 10 ml of acetic acid, and the mixture was maintained at 20°C for 1 h, after which it was
poured into water and neutralized. The precipitate was removed by filtration, washed with
water, dried, and analyzed. Bromination was carried out similarly at 40, 60, and 80°C.

B) A 0.91-g (5.01 mmole) sample of NBS was added at 20°C to a solution of 0.53 g (2.5
mmole) of IV in 10 ml of a mixture of acetic anhydride with acetic acid (3:1), and the mix-
ture was maintained at 20°C for 1 h, after which it was poured into water and neutralized
with ammonia. The precipitate was removed by filtration, washed with water, dried, and an-
alyzed. Bromination was carried out similarly at 40, 60, and 80°C.

C) A solution of 1.21 g (10 mmole) of 2-aminobenzaldehyde in 10 ml of alcohol and 10 mg
of solid KOH were added to a solution of 2.05 g (10 mmole) of 5-bromoacetylthiophene in 10 ml
of alcohol, and the mixture was refluxed for 1 h. Warm water was added dropwise to the hot
solution until it became turbid, and the mixture was allowed to stand for crystallization.
Workup gave 2.6 g (92.8%) of a product with mp 106-108°C (from aqueous alcohol). Found: C
59.5; H 3.0; S 11.7%. C,3HgBrNS. Calculated: C 59.3; H 2.8; S 11.8%.

2-(4-Bromo-2-thienyl)quinoline (XVIII), This compound, with mp 128-130°C (from aqueous al-
cohol), was obtained in 95% yield by a method similar to that used to obtain XVII. Found:
C 59.3; H 2.7; S 11.8%. C;3HgBrNS. C 59.3; H 2.8; S 11.8%.
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