Tetrahedron Letters, Vol. 38, No. 6, pp. 993-996, 1997

Pcrgamon Copyright © 1997 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

PII: S0040-4039(96)02507-5 0040-4039/97 $17.00 + 0.00

Preparation and Coupling Reaction of Thienylmanganese Bromides
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Abstract : 3-Thienylmanganese bromide, 3-bromo-4-thienylmanganese bromide and 4-substituted
3-thienylmanganese bromides were prepared from the reactions of Rieke manganese with 3-
bromothiophene, 3,4-dibromothiophene and 4-substituted 3-bromothiophenes, respectively. The
resulting thienylmanganese bromides underwent cross-coupling reactions under mild reaction
conditions. © 1997, Elsevier Science Ltd. All rights reserved.

In our continuing studies on the applications of active metals to synthetic organic chemistry, Rieke
manganese (Mn*) was shown to exhibit superior reactivity towards oxidative addition to organic halides.!
This discovery prompted us to investigate whether we could apply this finding to 3,4-dibromothiophene and
4-substituted 3-bromothiophene. Due to the possibility of functional group conversion of both bromine atoms
of the thiophene ring, 3,4-dibromothiophene appears to be an ideal starting material? for the preparation of
symmetrical and/or unsymmetrical 3,4-disubstituted thiophene derivatives, which are currently of interest in
drug design and for the construction of new polymers.3

Acylation-reduction, lithiation-alkylation, thiophene ring construction and Grignard cross-coupling
with bromothiophene are the representative methods for the preparations of alkyl- and aryl-thiophenes.4

In this letter, we would like to report a facile synthesis of 3-bromo-4-thienylmanganese bromide
and 4-substituted 3-thienylmanganese bromides via the direct oxidative addition of Rieke manganese to 3,4-
dibromothiophene and 4-substituted 3-bromothiophenes, respectively. And, the coupling reaction of the
resulting thienylmanganese bromides with various electrophiles will be described. Also, the coupling reaction
of 3-thienylmanganese bromide will be included.
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As shown in Table I, 3-bromo-4-thienylmanganese bromide was formed as a major product from
the reaction of 1 equiv of 3,4-dibromothiophene and 2 equiv of Mn*.5 and easily underwent cross-coupling
reaction with acid chlorides and aryl iodides. According to the high resolution mass spectra of the products of
entries 1, 4, 5, and 6 in Table 1, the second bromine atom of thiophene ring is still retained.
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The coupling reaction of 3-bromo-4-thienylmanganese bromides with acid chlorides gave the
corresponding ketones in good isolated yields (Table 1, entries 1, 2, and 3) without requiring any transition
metal catalysts. Coupling reactions with aryl iodides were also examined. Using a catalytic amount of
Pd(PPhj), catalyst, the corresponding C-C bond forming products were obtained in good yields (Table 1,
entries 4, 5, and 6). It is noteworthy that the consecutive two precedures, oxidative addition and coupling
step, can be completed at room temperature in a few hours.

Table 1. Coupling Reaction of 3-Bromo-4-thienylmanganese Bromide

Entry Electrophile Product Yield (%)° Entry Electrophile Product®  Yield (%)°
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a) 'H, '3C NMR , HRMS spectra were consistent with literature. b) Isolated yields (based on electrophile).
c) 10 mole % Pd(PPh;),4 was used as a catalyst (based on electrophile).

The same strategy was applied to 4-substituted 3-bromothiophenes to make unsymmetrical 3,4-
disubstituted thiophenes. As shown in Table 2, cross-coupling products were obtained in moderate yields (36
- 66 %) under mild conditions. Oxidative additions of Mn* to the 4-substituted bromothiophenes were
performed at rt in Sh and the successive coupling reactions of thienylmanganese bromides with benzoyl
chlorides afforded unsymmetrical 3,4-disubstituted thiophenes at rt in 30 min without a catalyst (Table 2,
entries 1 and 2). With a Pd(0) catalyst, C-C bond formation was completed from the reaction of the
thienylmanganese bromide with 4-iodobenzene (Table 2, entry 3).

3-Substituted thiophene derivatives have attracted much attention in both material® and

pharmaceutical science.” To date, the most widely used methods for the preparation of 3-substituted
thiophene derivatives are the coupling reactions of 3-thienyl organometallic reagents with electrophiles. The
intermediates used in these reactions are generally obtained via either a metal-halogen exchange reaction of 3-
bromothiophene with n-butyllithium8 or the metathesis of the 3-lithiothiophene with different metal halides.?
However, these reactions suffer from a lack of regiospecificity as well as decomposition of the thiophene ring
at 118510 3-Thieny] organometallic reagents can be prepared by the direct oxidative addition of active metals
to 3-iodothiophene.!! However, 3-iodothiophene is rather difficult to prepare.

3-Thienylmanganese bromide was easily prepared from the reaction of Mn* (2 equiv) and 3-
bromothiophene (1 equiv). The oxidative addition of Mn* to 3-bromothiophene was accomplished in THF at
rt. The reactions of 3-thienylmanganese bromide with acid chlorides gave the corresponding ketones in
moderate to high yields (Table 3, entries 1 and 2). In the absence of additional electrophile, 3-
thienylmanganese bromide underwent homocoupling reaction to give 3,3"-bithienyl with Pd(0) catalyst at rt
(Table 3, entry 3). Under our reaction conditions, successful cross-coupling products were obtained from
Pd(0)-catalyzed reactions with ary] electrophiles in good yields (Table 3, entries 4 and 5).

In conclusion, thienylmanganese bromide reagents are easily prepared via the direct oxidative
addition of Rieke manganese to 3-bromothiophene 3,4-dibromothiophene and 4-substituted 3-bromo-
thiophenes. These resulting thienylmanganese bromides undergo coupling reactions with acid chlorides to give
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the corresponding ketones and Pd(0) catalyzed C-C bond formation with aryl iodides afforded the
corresponding aryl substituted thiophenes under mild reaction conditions.

Table 2. Coupling Reaction of 4-substituted 3-Bromothiophene

Entry Electrophilel (E,) Electrophile 2 (E,) Product ® Yield (%)°
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a) H, 13C NMR , HRMS spectra were consistent with literature. b) Isolated yields (based on ejectrophile).
¢) 10 mole % Pd(PPh3 )4 was used as a catalyst (based on electrophile).

Table 3. Coupling Reactions of 3-Thienylmanganese Bromide
Enury  Electrophile Product®  Yield (%)° Entry Electrophile  Product® Yield (%)"
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a) 1H, 13C NMR , HRMS spectra were consistent with literature. b) Isolated yields (based on electrophile).
¢) 10 mole % Pd(PPhs)4 was used as catalyst (based on electrophile).

2 4-BrC4H,COCI

The following is a representative procedure : to a slurry of Rieke manganese!2 (10.0 mmol) in THF
(10 mL) under argon was added 3,4-dibromothiophene (5.0 mmol) at rt and the mixture was stirred at rt for
5h.13 1,2-Dibromoethane!4 (6.0 mmol) was added neat to the reaction mixture at 0 °C and the mixture was
allowed to warm to rt over 20min. The resulting thienylmanganese bromide reagent was transfered via cannula
to a flask containing a THF solution of ethyl 4-iodobenzoate (4.0 mmol) and Pd(PPhs),4 (0.4 mmol) at rt over
30min. The resulting mixture was sitrred at rt for 30min. The reaction mixture was quenched with 3M HCI
(10 mL), extracted with ether (2x10 mL), and the combined organic layers were sequentially washed with
saturated NaHCO3, NaS>03 and NaCl solutions, dried over MgSO4, and concentrated. Flash
chromatography (ethyl acetate/ hexanes) afforded Ethyl 4-(3-bromo-4-thienyl) benzoate in 70% isolated yield.
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