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Abstract: Acetylenic ketones of type 4 and acetylenic acetals of type 8 (Scheme 1) are excellent cyclization

precursors for the acki-catalyzed synthesis of various heterocydles. Using this methodology, 5- and 2-
substituted 3-bremothiophenes of typaes 7 and 8 have been prepared in good to excellent yields.

Thiophene and its derivatives are of great importance in organic chemistry and have found
many applications in the pharmaceutical field. Thiophene oligomers have unique electroconductive
praperties and various substituted thiophenes have been synthesized for this purpose, especially in
the search of new superconductors 1- In the past, the preparation of the thiophere ring system was
one of the main interest within the chemistry of five-membered ring heterocycles. Preparation of
thiophenes was accomplished using both classical and nonclassical approaches, such as for
example: a) the general Hinsberg synthesis from a-diketones 2, b) the standard Gewald type
synthesis 3, ¢) the Dieckmann condensation of mercapto ketone derivatives with alkynes 4,0) the
Socoany vacuum process 5, and 6) electrocyclic reactions 6.

Recently, we described the preparation of substituted 3-halofurans 7 and substituted
3-bromopyrroles 8. We present in this paper a general synthesis of 5- and 2-substituted
3-bromothiophenes of types 7 and 8 by acid-catalyzed cyclization of the corresponding acetylenic
ketones of type 4 and acetylenic acetals of type 8 (Scheme 7).
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The acetylenic ketones of type 4 were conveniently prepared in good yields by two differant
ways (Scheme 2).
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The 2-propynyl trityl sulfide 1 ¢ was easily obtained starting from propargyl bromide and
triphenyimethanethiol in THF as shown in Scheme 2. Treatment of 1 with BuLi at -78°, followed by
addition cf the corresponding aldehyde 2 and oxidation of the intermediate alcohols with MnOz in
CHgClz afforded the aceftylenic ketones 4a-d, 1, g 10 in good overall yields ( Table 1, Method A 11). As
an alternative method, we used the reaction of the lithium acetylide of 1 (generated in situ from 1 and
Buli in THF) with thel N-methoxy-N-methylamide of type 3 12 to conveniently prepare the
corresponding acetyleniciketones 4 (Table 1, Method B 11),

Table 1 : Synthesis of Acetylenic the Ketones 4a-g.

{ R Method Product Yield [%]
2a 2-furyt A 4a 76
2b 3-furyl A 4b 70
2 2-thienyl A 4c 80.5
2d 3-thienyl A ad 75
Je Bu B 48 735
2t 3.4,5-(M8O)aCqHy A af 83
2 __ CgHyy A ag 81.5

The synthesis of the acetylenic acetal 6 was achieved in high yield using the following
procedure (Scheme 3).

Scheme 3
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Sg (R=CgH ) 6g (R=CgH;7)

Treatment of the commerially available 3,3-diethcxyprop-1-yne with Buliin THF at -78°, followed by
addition of aldehyde 2g afforded the acetylenic aicoho! 5g in 82% yield 7. 13. Addition of
methanesuifonyl chloridd in the presence of tristhylamine gave the corresponding mesylate and
subsequent treatment with IBuOK and triphenylmethansthiol in DMF at r.t. provided the acetylenic
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acetal 6g in 92% isolated yleld (Method C 11).The synthesis of the 3-bromothiophenes of typas 7 14
and 8 15 (Scheme 1) was achieved in good yields by treatment of the acetylenic ketones 4a-g and
the acetylenic acetal 6g, with 33% HBI/ACOH in CHaClz (Method D 11, Table 2) 16.

Table 2 : Synthesis of 5- and 2-substituted 3-bromothiophenes 7 and 8.

R Method Product Yield (%]
4a 2-furyl D 7a 71.5
4 3-furyl D b 67.0
4c 2-thienyl D Tc 90.0
ad 3-thienyl D 7d 82.5
e Bu D Te 82.5
a 3,4,5-(MeO)5CH, D " 9
ag CgHy7 D 79 91.0
69 CgHy7 D 8g 81.5

The presented strategy aliows us to synthasize regioselectively the isomaric 5- and 2-substitued

3-bromothiophenes 7 and 8 as shown in Scheme 1. This approach features triphenylmethanthiol as a
useful source for masked sulfur and the trityl group as an efficient protecting group for the synthesis
of 4 and 6, which can be guantitatively cleaved under the cyclization conditions. Since
3-bromothiophenes can be easily substituted in various ways, our approach constitutes a novel and
efficient synthesis to highly substituted thiophenes. Applications towards the synthesis of biologically
imeresting thiophenes using this strategy will be reported in due course.
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As an altemnative approach, we preparsd in analogy to 1 (Scheme 2) tert-Butyl prop-2-ynyl
sulfide 9 as a synthetic equivalent of 1, starting from 2-Methyl-2-propanthiol and propargyl
bromide. 9 allowed us to synthesize the corresponding acetylenic ketones 4 and the acetylenic
acetals of 6 in high yislds, which smoothly cyclized to the 3-bromothiophenas 7 and 8. Due to
the foul stench of 9 and its derivatives, we focussed primarily on the developmant of 1.

4a : Mp. 111-112° IR (KBr) : 3432m, 3152w, 3083w, 3025w, 2211m, 1640s, 1490w, 1488m,
769s, 743s, 701s. TH-NMR ((Dg)DMSO, 250 MHz) : 8.15-8.10 (m, 1 fur. H); 7.40-7.15 (m, 15
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arom. H/1 fur. H); 6.80-6.75 (m, 1 fur. H); 3.27 (s, 2 aliph. H). MS : 408 (M+, <1), 244 (26), 243
(100), 241 (14), 239 (10), 166 (14), 165 (50). Anal. caic. for C27H2002S (408.515) : C 79.38,
H4.93, 8 7.85 ; found : C79.11, H 4.80, S 7.69.

General Procedures : Mathod A : To a stimred soln. of 3.15g (10.0 mmaol} of 2-propynyl trityl
sulfide 1 in absolute THF (30mi) was added under Ar at -78°, 6.6mi (1.05eq.) of BuLl-soln.
(1.6M in hexane). The reaction mixture was stirred for 30 min at -78°, followad by addition of 10
mmol of freshiy distilled (or recrystallized} aldehyde 2. After 30 min stirring at -78°, the reaction
mixture was slowly brought 1¢ 0°, poured onto ice, 1N aq. NaH2PQ4-soln. and AcOE!. The aq.
layer was extracted with AGOEt, the combined org. fractions were dried and the solvants
evaporated. The crude residue was dissolved in CH2Clz (20ml) and slowly added to a
mechanically stirred suspension of 26.0g (30eq.) of MnO2 at 0°. The reaction mixture was
stirred for 30 min at 0°, filtered through a plug of MgSO4 and evaporated. The residue was
chrematographed on SiO2 with Et2O/hexane to yield the substituted acetylenic ketones 4.
Method B : To a stirred soln. of 3.15g (10.0 mmol) of 2-propynyl-trityl suifide 1 in absolute THF
(30ml) was added under Ar at -78°, 6.6ml (1.05eq.) of BuLi-soln. (1.6M in hexane). The reaction
mixture was stirred for 30 min at -78°, brought to -20°, followed by addition of a soln. of 10 mmol
of the N-mathoxy-N-methylamide 3. The reaction mixture was stirred for 1 hr at 0°, pourad onto
ica, 1N aq. NaH2PQ4-g0in. and AcOEL. The combined org. fractions were washad with brine,
dried, the solvents were evaporated and the residue was chromatographed on SiO2 with
EtoO/hexane 1o yield'the substituted acetylenic ketones 4. Mathod C : To a stirred soln. of 10
mrmol of acetylenic akeohol 5 in CH2Clz (30ml) was addad under Ar, 1.67mi (12.0 mmol) ot

EtsN and 0.94m! (1210 mmof) of MsCt at 0°. The reaction mixture was stirred for 1 hr at 0°,
poured onto ice, 1Nlaa. NaHaPO4-s0ln. and Et20. The combined org. fractions were wastied
with brine dried and the solvents were evaporated. The residue was dissolved in DMF (10ml)
and added to a stirred mixture of 3.59g (13.0 mmol) of triphenylmethanethiol (Fiuka) and 1.46g
{13.0 mmal} of BuOIK in DMF (30rml) at 0°. The reaction mixture was stirred for 1 hrat r.t.,
poured onto ice, 1N dq. NaHaPOg4-soln. and AcQEt. The combined org. fractions ware washed
with brine dried and the solvents were evaporated. The residue was chromatographed an SiOz
with EtaoQOvhexane (1:20) to yield the substituted acetylenic acetals 6. Method D : To a stirred
soln. of 10.0 mmol of the substituted acetylenic derivatives of types 4 and 6 in CH2Cla (30mi)
was added at 0°, 5.0mi of HBr-soln. (33% in AcOH). The reaction mixture was stirmed for 2 hr at
0°, poured onto ice, sat: ag. NaHCO3-soln. and Et20. The combined org. fractions were washed
with brine,dried and the solvents were evaporated. The residue was chromatographed on

SIO2 with mixtures of EtzO/hexane and distilled or recrystallized, to yield the substituted
3-bromothiophenas of types 7 and 8.
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7d : M.p. 69-70° IR (;(Br) : 3439m, 3086w, 1503m, 1378m, 1193m, 824m, 777s. |H-NMR
((Dg)DMSO, 250 MHgz) : 7.85-7.80 (dd, J=3/1.5, 1 thioph. H); 7.70-7.60 (dd, J=5/3, 1 thioph. );
7.58 (d, J=1.5, 1 thiooh. H); 7.50-7.40 (m, 2 thioph. H). MS : 246 (100}, 244 (92), 165 (34), 127
(20), 121 (86), 89 (10), 82 (20), 69 (18), 63 (10), 45 (28), . Anal. calc. for CaH5S2Br [245.152) :
C 39.20, H 2.06, S 26.16 ; found : C39.32, H 2.16, S 25.91,

8g : B.p. 180°/0.1mbar. IR (Film) : 3150w, 3085w, 2938s, 2854s, 1520w, 1463w, 1437w,
1375w, 1345w, 1152w, 866w, 696m. TH-NMR ((D3)CDCl3, 250 MHz)) : 7.10 ; 6.89 (2d, J=5.3, 2
arom. H); 2.85-2.70 (m, 10 aliph. H); 0.88 (t, J=5.9, 3 aliph. H). MS : 408 (M+, <1}, 244 926),
243 (100), 241 (14), 239 (10), 166 (14), 165 (50). Anal. calc. for C12H1gSBr (275.25) : C 52.36,
H6.96,S 11.65; found : C 52 18, H7.10, S 11.84.

The 3-bromothiophanas should be storad in the freezer and protacted from light. They are bast
used immediately after their preparation for further transformations.
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