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2,4-Dichloro- and 2,4-dibromo-thiazole were deprotonated at position-5 with LiNPr, in THF at —78 °C
and the resulting lithium compound was quenched with various reagents, to yield various trisubstituted
thiazoles. 2,5-Dibromo-4-chlorothiazole reacted with n-butyllithium in THF at —78 °C at position-5 and
the resulting lithium derivative gave 2-bromo-4-chloro-5-substituted thiazoles when quenched with the
appropriate reagent. Both the 2- and 5-bromine-atoms were reactive in diethyl ether. 2,5-Dibromo-
thiazole failed to deprotonate at position-4 under various reaction conditions, whereas treatment of
2,4,5-tribromothiazole with 1 mole equivalent of n-butyllithium in THF at — 90 °C, followed by addition
of dimethyl disulfide after 30 min, gave a high yield of the 2,5-bis(methylthio)-compound. The tribromo-
compound was also treated with 1 mole equivalent of n-butyllithium or methyllithium under various
reaction conditions and the products formed after hydrolysis were analysed by *H NMR spectroscopy.
The 5-bromine-atom is the most reactive and greater selectivity is obtained with methyllithium.

Many common organic compounds are readily poly- or per-
brominated and the bromine atoms provide useful *handles’ for
the introduction of other substituents via bromine — lithium
exchange techniques.? Previously we have demonstrated that
the bromine atoms in readily available 1-protected 24,5-
tribromoimidazoles can be replaced stepwise in the order
2 —— 5——4.37° Similar work has been carried out with 1-
and 2-protected dibromo-1,2,3-triazoles.> We now report an
extension of our work to polyhalogenothiazoles.

Discussion

In diethyl ether at — 78 °C, 2,4-dibromothiazole § reacts with n-
butyllithium exclusively by bromine —— lithium exchange at
position-2,7-® whilst 2,5-dibromo-4-(trifluoromethyl)thiazole 3
is reported® to undergo bromine —— lithium exchange with n-
butyllithium in hexane at —60°C at both position-2 and
position-5.

Similarly, 2-bromothiazole (more readily available than the
parent heterocycle)”-8'°7!3 and its derivatives’-®-!* react with
n-butyllithium in diethyl ether at low temperatures to give the
corresponding thiazol-2-yllithium compound. With LiNPr,!
(LDA), 2-bromothiazole is deprotonated at position-5, to give
2-bromothiazol-5-yllithium.!'*!> By contrast with 5-bromo-
thiazole and its derivatives, which undergo bromine —
lithium exchange reactions with n-butyllithium®!!-!2 or
phenyllithium'® without difficulty, 4-bromothiazole is metal-
lated with n-butyllithium at position-2.2 However, a number of
substituted 4-bromothiazoles undergo bromine — lithium
exchange reactions to yield the corresponding thiazol-4-
yllithium compound.”"!?-!3 The difference in the reactivities of
bromine atoms at C-4 and C-5 in imidazoles*~® and thiazoles
can be attributed to the effect of a nitrogen lone pair on N-3
(the ‘ALP effect’!”) which destabilises a developing negative
charge at C-4.

2-Aminothiazole and thiazolidine-2,4-dione are commer-
cially available. Bromination of the former compound yields 2-
amino-5-bromothiazole'® which can be converted into 2,5-
dibromothiazole 1 via diazotisation and treatment of the
resulting diazonium salt with sodium bromide in the presence
of a copper salt (Sandmeyer reaction).!® Treatment of
thiazolidine-2,4-dione with either phosphoryl trichloride or
phosphoryl tribromide (an expensive reagent) gives 2.4-di-
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chloro- 4 or 24-dibromo-thiazole 5, respectively.!® The di-
bromo compound is unstable, losing bromine slowly on storage
at ambient temperature. Bromination of 2,4-dichlorothiazole 4
with bromine in acetic acid gives 2,5-dibromo-4-chlorothiazole
2,2° whilst further bromination of the 2,4-dibromo compound 5
similarly gives 2,4,5-tribromothiazole 6.2° We chose to study
the metallation and bromine —— lithium exchange reactions
of these readily available starting materials particularly with
the synthesis of 4-halogenothiazole-5-carbaldehydes in mind.
These aldehydes are key intermediates for the synthesis of
thienothiazoles, through their reaction with ethyl 2-mercapto-
acetate (see ref. 1 for the analogous synthesis of thieno-
imidazoles), and several novel heterocyclic systems.
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2,4-Dichloro- 4 and 2,4-dibromo-thiazole § were deproto-
nated at position-5 with LDA in anhydrous tetrahydrofuran
(THF) at —78 °C and the resulting thiazol-5-yllithium com-
pounds were quenched with either carbon dioxide, ethyl
chloroformate, benzaldehyde, benzophenone, chlorotrimethyl-
silane, or chlorotrimethylstannane, to give compounds 8-11
and 13 and 14, or 16, 17, 19 and 20, respectively (see Table 1 for
details) (compounds 14 and 20 are very unstable; consequently
their purification and analysis proved extremely difficult). In an
attempt to prepare 2,4-dichlorothiazole-5-carbaldehyde 7 2,4-
dichlorothiazol-5-yllithium was quenched with N,N-dimethyl-
formamide (DMF). The product isolated, however, was shown
(see Experimental section) to be 4-chloro-2-(dimethylamino)-
thiazole-5-carbaldehyde 21. Quenching of this thiazol-5-
yllithium compound with N-formylpiperidine gave an analog-
ous product 22. Since the completion of our work Sawhney and
Wilson?! have reported the synthesis of a series of 2-
(dialkylamino)thiazole-5-carbaldehydes by this method. A final
quench with water rather than acid is essential if compounds
such as 21 and 22 are to be isolated.2! These reactions proceed
via initial formation of 2,4-dichlorothiazole-5-carbaldehyde 7,
which undergoes nucleophilic displacement of its activated
2-chlorine atom with the liberated secondary amine. 2,4-
Dichlorothiazole-5-carbaldehyde 7 did not react with N,N-
dimethylformamide (neat) at ambient temperature during 5 h,
nor did 2,4-dichlorothiazole 4.22-23 When 2,4-dibromothiazol-
S-yllithium was quenched with DMF, then acid was added to
the reaction mixture, it gave 24-dibromothiazole-5-carb-
aldehyde 15.

When 24-dichloro- and 2,4-dibromo-thiazol-5-yllithium
were quenched with dimethyl disulfide, they gave compound 23
or 24, respectively, presumably through reaction of the initially
formed 2,4-dihalogeno-5-(methylthio)thiazole, 12 or 18, with
the liberated methylthiolate (MeS ™) anion.

Successive treatment of 2,5-dibromothiazole 1 with LDA
in THF (at 0°C) and dimethyl disulfide resulted in a
quantitative return of starting material. A previous attempt to
metallate 1-(ethoxymethyl)-5-methylthio-2-(phenylthio)imida-
zole in position-4 with LDA in THF at — 70 °C similarly failed
but metallation of this compound was achieved with potassium
diisopropylamide-lithium ¢-butoxide (KDA).2* However,
KDA failed to metallate 2,5-dibromothiazole in position-4;
again starting material was recovered.

When 2,5-dibromo-4-chlorothiazole 2 was treated with 1
mole equivalent of n-butyllithium in diethy! ether at — 78 °C the
product composition, after quenching of the reaction mixture
with water, was dependent on time, presumably as a result
of transmetallation reactions occurring after generation of
the kinetically controlled initial product(s). Both the 2- and
5-bromine atoms are reactive. After 12 s, the yellow oil
obtained was shown by 'H NMR spectroscopic analysis to be a
mixture containing 5-bromo-4-chloro- 30, 2-bromo-4-chloro-
25, and 4-chloro-thiazole 32 (proportions 7:10:0.9). As time
elapsed the amount of 4-chlorothiazole 32 (with two doublets, J
2.0 Hz, at 6 7.07 and 8.67%%) increased until, after 30 min, it
became the exclusive hydrogen-bearing product. 1-Protected
tribromoimidazoles (in Et,0)** and 2,5-dibromo-4-(trifiuoro-
methyl)thiazole 3 (in hexane)® similarly react with 1 mole
equivalent of n-butyllithium at both the 2- and 5-positions.

However, when 2,5-dibromo-4-chlorothiazole 2 was treated

X X
N N
pE &}
Br S S
30 X=Ci 32 X=Cl
31 X=8Br 33 X=Br
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with 1 mole equivalent of n-butyllithium, but in THF (at
—90 °C) instead of diethyl ether as the solvent, and the reaction
mixture was quenched with water, the only isolable hydrogen-
bearing product was 2-bromo-4-chlorothiazole 25 (5 at 7.13
for 5-H). 2-Bromo-4-chlorothiazol-5-yllithium also reacted
with carbon dioxide, benzophenone, and chlorotrimethylsilane,
to give (after hydrolysis) compounds 27-29, respectively.
Quenching of this lithium derivative with either DMF or N-
formylpiperidine failed to yield any 2-bromo-4-chlorothiazole-
5-carbaldehyde 26; these reactions gave only intractable black
residues. Dimethyl disulfide as the quenching reagent gave
compound 23, identical with the sample prepared as described
before.

When 24,5-tribromothiazole 6 was treated with 1 mole
equivalent of n-butyllithium in diethyl ether, the product
composition (by 'H NMR spectroscopy), after treatment of the
resulting mixture with 2 mol dm3 hydrochloric acid, was
shown to be dependent on time and temperature. After 10 min
at — 78 °C, a mixture of 2,4-dibromo- § and 4-bromo-thiazole
33 (ratio 10:5.5) was obtained. After 30 min at —78 °C, the
ratio of these products changed to 3:10 whilst, after 10 min at
—90 °C, a mixture of 2,4-dibromo- §, 4,5-dibromo- 31, and 4-
bromo-thiazole 33 (proportions 10:4.55:5.45) was obtained.
When 24,5-tribromothiazole 6 was treated successively at
—78 °C with 1 mole equivalent each of n-butyllithium and
dimethyl disulfide (after 30 min), 4-bromo-2,5-bis(methyl-
thio)thiazole 24 was obtained in 719 yield, identical with the
sample prepared as described before from 2,4-dibromothiazole

As is the case with 1-protected tribromoimidazoles,®-*¢ 2,4,5-
tribromothiazole 6 was found to be more selective in its
reactions with methyllithium, in diethyl ether at —90 °C. After
20 min, quenching of the reaction mixture with 2 mol dm™3
hydrochloric acid gave a mixture of 24-dibromo- 5 and 4-
bromothiazole 33 (ratio 10:1). Unlike 1-protected tribromo-
imidazoles, which react with ethylmagnesium bromide
selectively at the 2-bromine-atom,* 2.4 5-tribromothiazole
6 failed to react with this reagent in THF, either at ambient
(during 5 h) or reflux temperature (overnight); starting material
was recovered in each case.

Experimental

IR spectra were recorded for liquid films or Nujol mulls
between sodium chloride plates with a Perkin-Elmer 297 or
1710 FT spectrometer; 'H NMR spectra were recorded with a
Perkin-Elmer R32 (90 MHz) or a Bruker AC300 (300.13 MHz)
instrument with tetramethylsilane as internal standard; low-
resolution mass spectra were obtained using a Finnigan 4500
machine, and high-resolution mass spectra were recorded with a
Kratos Concept 1S mass spectrometer, both operating at 70 eV.
Reported molecular weights (obtained by low-resolution mass
spectrometry) are given for the isotopes "°Br, >*Cl and !2°Sn.
Isotopic abundance ratios were as expected for the compounds
containing these elements.

Camlab Polygram silica G/UV,,, plates were used for TLC,
flash chromatography was carried out on silica gel 60 (Merck
9385), and medium-pressure column chromatography on silica
gel (Merck 7736).

Light petroleum had a boiling range of 6080 °C unless stated
otherwise. Ether refers to diethyl ether. Solvents and reagents
were dried by standard procedures. In all cases organic extracts
were combined, dried (MgSO,), and evaporated under reduced
pressure on a rotary evaporator.

Small-scale distillations were carried out with a Kugelrohr
microdistillation apparatus and the ‘b.p.” temperatures recorded
are those of the oven at the time of distillation. M.p.s were
recorded with a Buchi m.p. apparatus and are uncorrected.
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Microanalytical (for C, H and N) results were supplied by
Butterworth Laboratories Ltd of Teddington.

The following compounds were prepared by literature
procedues: 2-amino-5-bromothiazole (61%9;), m.p. 95-96 °C
(from toluene) (lit.,' ! 34% and m.p. 93-94 °C, lit.,'® 59%; and m.p.
80 °C); 2,5-dibromothiazole 1 (50%), m.p. 4446 °C (from
EtOH) (lit.,'® 65% and m.p. 46-47 °C); 2,4-dichlorothiazole 4
(65%), m.p. 42-43 °C (from aq. EtOH) (lit.,'® 519 and m.p. 42—
43 °C); 2,4-dibromothiazole 5 (38.5%;), m.p. 81-82 °C (sublimed
at 90 °C and 1.00 mmHg) (lit.,'® 60% and m.p. 82 °C); 2,5-
dibromo-4-chlorothiazole 2 (58%), b.p. 78 °C at 1.1 mmHg
(1it.,2® 73% and bp. 78°C at 1.1 mmHg); and 24.5-
tribromothiazole 6 (87%;), m.p. 36 °C (sublimed at 45 °C and 0.2
mmHg) (lit.,2° 879 and m.p. 36 °C).

Reactions of 2,4-Dichloro- 4 and 2,4- Dibromo-thiazole 5 with
LDA.—General reaction. n-Butyllithium in hexane (1.1 mol
equiv.) was syringed dropwise through a rubber septum cap into
a round-bottomed flask containing a stirred solution of
diisopropylamine (1.1 mol equiv.) in anhydrous THF (15 cm?)
at —78 °C (internal temperature) under nitrogen and the
resulting solution was allowed to warm up to 0 °C, then cooled
again to —78 °C. A solution of either 24-dichloro- 4 or 2,4-
dibromo-thiazole 5 (0.5 g) in anhydrous THF (10 cm?) was
added dropwise at such a rate that the temperature did not
exceed — 70 °C. The resulting solution was stirred at — 78 °C for
30 min. Then the quenching reagent (1.1 mol equiv.) was
syringed in dropwise as a solution in THF (10 cm?) and the
mixture was allowed to warm up to ambient temperature. Water
(10 cm?®) was added and extraction with ether (3 x 50 cm?) gave
the crude product. Solids were crystallised whilst liquids were
either distilled (Kugelrohr apparatus) or purified by chrom-
atography on a silica column. For the synthesis of carboxylic
acids an excess of Cardice was added to the reaction mixture
prior to quenching with water. Addition of 10% hydrochloric
acid caused precipitation of the crude products. After quenching
with chlorotrimethylsilane or chlorotrimethylstannane, reaction
mixtures were washed with saturated aq. sodium hydrogen
carbonate (30 cm?) before extraction with ether.

Details of the products are given in Table 1.

Reactions of 2,5-Dibromo-4-chlorothiazole 2 with n-Butyl-
lithium—General reaction. 1.6 mol dm=> n-Butyllithium in
hexane (1.13 cm?, 1.8 mmol) was syringed dropwise through a
rubber septum cap into a round-bottomed flask containing a
stirred solution of 2,5-dibromo-4-chlorothiazole 2 (0.5 g, 1.8
mmol) in anhydrous THF (10 cm?®) at —90°C (internal
temperature) under nitrogen and the resulting mixture was
stirred at this temperature for a further 30 min. The quenching
reagent (1.8 mmol) was added as a solution in THF (10 cm?)
and the mixture was allowed to warm up slowly to ambient
temperature. After quenching of the mixture with an excess of 2
mol dm~3 hydrochloric acid, it was treated as described in the
previous general reaction.

Details of the products are given in Table 1.

Attempted Deprotonation of 2,5-Dibromothiazole \.—(a) With
LDA ar —90 °C. 1.6 mol dm™3 n-Butyllithium in hexane (1.40
cm?, 2.25 mmol) was syringed through a rubber septum cap
into a round-bottomed flask containing a stirred solution of
diisopropylamine (0.23 g, 0.32 cm?, 2.25 mmol) in anhydrous
THF (10 cm?®) cooled at —90 °C (internal temperature) under
nitrogen and the resulting mixture was stirred for 30 min at this
temperature. A solution of 2,5-dibromothiazole (0.5 g, 2.06
mmol) in THF (10 cm?) was added and the mixture was stirred
at —90 °C for a further 30 min. Then a solution of dimethyl
disulfide (0.21 g, 0.25 cm?, 2.25 mmol) in THF (10 cm?) was
added and the mixture was allowed to warm up slowly to
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ambient temperature. Work-up as described before gave only
starting material (1009, recovery), identified by its m.p. and IR
and 'H NMR spectra.

(b) With LDA ar 0 °C. Deprotonation was carried out as
described in (a) but at 0 °C. Work-up, after quenching with
dimethyl disulfide, as before gave a quantitative recovery of
starting material.

(c) With KDA at —78 °C. Deprotonation was carried out as
described in (a) but with KDA2?* instead of LDA and at
—78 °C. Work-up, after quenching with dimethyl disulfide, as
described in (a) gave only starting material (100%; recovery).

Reactions of 2,4,5-Tribromothiazole 6 with n-Butyllithium or
Methyllithium—(a) 1.3 mol dm™3 n-Butyllithium in hexane
(0.71 e¢m?, 0.93 mmol) was dissolved in anhydrous THF (15
cm®) and added dropwise to a stirred solution of 24,5-
tribromothiazole (0.3 g, 0.93 mmol) in anhydrous THF (10 cm?)
at —78 or —90 °C (internal temperature) under nitrogen and
the resulting mixture was stirred for a further 10 or 30 min at
this temperature. Then an excess of 2 mol dm~3 hydrochloric
was added and extraction with ether (3 x 50 cm?) gave the
crude product, which was analysed by 'H NMR spectroscopic
analysis. See Discussion section for results.

(b) The above reaction was repeated but using methyllithium
in place of the n-butyllithium (reaction temperature —90 °C;
the time before hydrolysis was 20 min). The result is given in the
Discussion section.

(c) The experiment described in (a) was repeated but the
reaction mixture was quenched (after 30 min at —90 °C) with a
solution of dimethyl disulfide (0.1 g, 1.06 mmol) in anhydrous
THF (10.0 cm?), then allowed to warm up slowly to ambient
temperature. An excess of water was added and extraction with
ether (3 x 50 cm?®) gave the crude product, which was
chromatographed on silica. Light petroleum (40-60 °C) eluted
4-bromo-2,5-bis(methylthio)thiazole 24 as a yellow oil (0.17 g,
71%,), identical with the sample prepared as described before.

Attempted Reactions of 2,4,5-Tribromothiazole 6 with Ethyl-
magnesium Bromide.—-(a) A solution of 2,4,5-tribromothiazole
(0.3 g, 0.93 mmol) in anhydrous THF (10 cm?®) was added
dropwise to a stirred solution of ethylmagnesium bromide
[prepared from magnesium (0.023 g, 093 mg-atom) and
bromoethane (0.1 g, 0.93 mmol)] in anhydrous THF (20 cm?)
at ambient temperature and the resulting mixture was stirred
for a further 5 h. Then 2 mol dm~> hydrochloric acid (10 cm?)
was added and extraction of the product with ether (3 x 50
cm?) gave starting material (80% recovery).

(b) The experiment described in (a) was repeated but the
reaction mixture was heated under reflux overnight before
hydrolysis. Work-up gave only starting material (80%, recovery).
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