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The reaction of thiophene derivatives with Grignard reagent (EtMgCl) and a catalytic amount
of amine (Cy2NH) induced the metalation at the a-position. Following addition of several aryl
halides in the presence of a nickel or palladium catalyst afforded C—H arylated products in good
to excellent yields. The method was successfully applied to facile synthesis of differently-
substituted 2,5-diarylthiophenes.
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1. Introduction

C-H functionalization of heteroaromatic compounds with
organic halides is of great interest in organic synthesis compared
with those of the related cross-coupling reaction with metallic
reagents. 2 Since a number of heteroaromatic components are
found in biologically active molecules® as well as advanced
organic materials*; development of a practical synthetic strategy
for such molecules is an important issue in organic synthesis.
Therefore, the straightforward coupling with C-H
functionalization is of considerable attention. We have recently
shown head-to-tail-type oligothiophene and polythiophene
syntheses with nickel-catalyzed cross coupling at the C—H bond
of thiophene,>® in which magnesium amide TMPMgCI-LiCl
recognized as Knochel-Hauser base” served as a deprotonating
agent for in-situ formation of the metallic species. We also found
that the metalation reaction of thiophene derivatives efficiently
proceeded with a combination of a Grignard reagent and a
catalytic amount of secondary amine and thus metalated
thiophene reacted with halothiophene  to form
thiophene—thiophene bond.®> We envisaged that such a unique
metalating system is also effective for the coupling reaction of
various aryl halides as well as that of halothiophenes. Herein, we
report that nickel or palladium-catalyzed cross coupling of aryl
bromides and chlorides with thiophene derivatives using a
metalating protocol by combination of catalytic amine and a
Grignard reagent.

2. Results and discussion

* Corresponding author. Tel/fax: +81788036181.
E-mail address: amori@kobe-u.ac.jp

We first examined the metalation of 2-methylthiophene (1a)
with ethylmagnesium chloride (EtMgCI) and a catalytic amount
of secondary amines to form the corresponding thienyl
magnesium reagent as summarized in Table 1.

Table 1. Generation of thienyl magnesium species with
EtMgCI and a catalytic amount of amine.?

) SRy
s THF S
la
DMF 0.5 mL
W Me@CHO
' la-CHO
amine temp./°C time/h yield®/%
Cy2NH 60 1 23
60 6 76
60 12 97
60 24 99
TMPH 60 5 71
60 12 81
60 24 94
CyMeNH 60 24 25
Et,NH 60 24 24
Bu,NH 60 24 26

2 The reaction was performed with 1a (0.5 mmol), EtMgCI (0.6 mmol) and
amine (0.05 mmol) in 0.60 mL of THF. ® Isolated yield.
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The progress of the reaction was confirmed by quenching
with N,N-dimethylformamide (DMF) to afford 2-formyl-5-
methylthiophene (1a-CHO)®. The reaction with 10 mol% of
dicyclohexylamine (Cy.NH) at 60 °C for 12 h afforded 1a-CHO
in 97% vyield, while shorter reaction periods resulted in inferior
yields. The use of 2,2,6,6-tetramethylpiperidine (TMPH) required
24 h for the complete metalation. On the other hand, use of
diethylamine (Et;NH), cyclohexylmethylamine (CyMeNH) and
dibuthylamine (BuzNH) were found to be ineffective. We have
already shown that metalation of 2-chloro-3-hexylthiophene with
EtMgCl and 10 mol% of Cy,NH under similar conditions
proceeded efficiently within 1 h to result in the metalation in an
excellent yield®. However, the reaction of 2-methylthiophene,
whose C-H bond at the 5-position was less acidic, at 60 °C for 1
h underwent the metalation in a poor yield (23%).

With metalation conditions of la at the 5-position using
EtMgCl and 10 mol% of Cy.NH at 60 °C for 24 h, we carried out
a transition metal-catalyzed cross coupling reaction of 4-
bromotoluene (2a). As shown in Table 2, the reaction with 2.0
mol% of nickel catalyst of bidentate diphosphine NiClx(dppe) at
room temperature for 24 h proceeded smoothly to afford 3aa in a
quantitative yield.® The reaction with NiCl,(dppf) at 60 °C also
gave 3aa in a reasonable yield (68%), whereas the reaction with
other nickel catalyst NiCl,(PPhs), and NiClx(dppp) proceeded in
poor vyields. The reaction with palladium catalysts with
phosphine ligands, PdCIy(PPhs), and PdCl,(dppf)-CH.CI,,
proceeded in moderate yields. Higher catalytic activity was
achieved with 2.0 mol% of palladium catalyst bearing a N-
heterocyclic carbene (NHC) ligand PEPPSI-SIPr?, to afford 3aa
in an excellent yield at room temperature.

The reaction of several thiophene derivatives was examined
with a variety of aryl bromides. The results are shown in Table 3.
Various aryl bromides bearing an electron-withdrawing or
donating substituent reacted with 2-methylthiophene (1a) to
afford the coupling products in good to excellent yields.
Although the reaction with 4-bromo-N,N-dimethylaniline

proceeded, the yield was slightly lower (38%, entry 7). In
addition, the reaction with other thiophene derivatives
benzo[b]thiophene (1b) and 2-alkynylthiophene 1c took place
similarly to afford the corresponding C—H arylation products
with PEPPSI-SIPri° Thiophene (1d) reacted with aryl bromides
to afford 2-arylated thiophene (3da, 3db, 3dg) in good to
excellent yields (entry 17-19). The reaction of benzo[b]furan was
carried out with 4-bromobenzene to afford 3ec in 58% yield
(entry 20).

Table 2. Arylation of 2-methylthiophene (1a) with 4-

bromotoluene (2a) with various catalysts?
EtMgCI 1.0 eq.

0,
Meﬂ Cy,NH 10 mol% Me@MgCI
S THF S
la
4-bromotoluene (2a) 1.2 eq.
catalyst 2.0 mol% A\
Me Me
THF, 24 h S
3aa
catalyst temp./°C yield®/%
NiCl,(PPhs), 60 31
NiCly(dppe) rt >99
NiClx(dppp) 60 23
NiCly(dppf) 60 68
PdClI,(PPhs), 60 82
PdCl,(dppf)-CH,Cl, rt 72
Pd-PEPPSI-SIPr rt 87

2 The reaction was carried out with 1a (0.5 mmol), EtMgCI (0.5 mmol) and
Cy,NH (0.05 mmol), 2a (0.6 mmol) and catalyst (0.01 mmol) in 2.0 mL of
THF. P Isolated yield.

Table 3. C—H coupling of thiophene derivatives with aryl bromide?

N

Joa EtMgCl 1.0 eq. Aryl-Br 1.2 eq. S
< @ Cy,NH 10 mol%_  catalyst 2.0 mol% <. @A |
< > - n
S H THF, 60 °C, 24 h THF 2.0 mL S 4

entry Substrate Aryl-Br catalyst temp./°C, time/h yield®/%
1 / O :

M Br Me

e“@ 1a 2a NiCly(dppe) rt, 24 >99 (3aa)

2 la BrOOMe 2 rt, 24 79 (3ab)
3 Br

la 2 rt, 24 97 (3ac)
4 Br F

la 2d rt, 24 98 (3ad)
5 1a BrOCF3 20 rt, 23 76 (3ae)
; ()

la Br Q i, 23 75 (3af)

2f

7

1a BrONMez 2 i, 23 38° (3ag)
8

\ 2a PEPPSI-SIPr r, 4 94 (3ba)
S 1b

9 1b 2b r, 5 90 (3bb)



10 1b 2c
11 1b 2d
12 1b 2e
13 1b 2f
14 1b 29
15 "CeHiz—=—= ZS)\ 1o 2a
16 1c 2b
179 N
s 14 2a
18¢ 1d 2b
19¢ 1d 29
20
\ 2c
O 1e

rt, 20 62 (3bc)
PEPPSI-SIPr rt, 22 95 (3bd)
n,5 96 (3be)
rt, 18 66 (3bf)
rt, 19 71 (3bg)
rt, 22 75 (3ca)
rt, 24 86 (3ch)
rt, 24 95 (3da)
rt, 24 75 (3db)
rt, 24 70° (3dg)
rt, 22 58 (3ec)

2 Unless noted, the reaction was performed with substrate (0.5 mmol), EtMgCI (0.5 mmol), amine (0.05 mmol), aryl bromide (0.60 mmol) and catalyst (2.0
mol%) in 2.0 mL of THF. ® Unless specified, isolated yield. ¢ The yield was estimated by *H NMR analysis. ¢ The reaction was carried out with thiophene (0.6
mmol), EtMgCI (0.6 mmol), amine (0.06 mmol), aryl bromide (0.50 mmol) and catalyst (2.0 mol%) in 2.0 mL of THF.

It is also remarkable that the reaction with aryl chlorides 4
proceeded under similar conditions. The reaction of 2-
methylthiophene with 4-chlorotoluene (4a) was found to take
place at 60 °C for 24 h with PEPPSI-SIPr to afford 3aa in a
quantative yield, whreas the use of NiCl,(dppe), which showed

excellent performance in the reaction with aryl bromide, resulted
in a lower yield. As shown in Table 4, several unactivated and
activated aryl chlorides such as 4a-e reacted smoothly with
thiophene derivatives 1la and 1b to afford the corresponding
coupling products in good to excellent yields.

Table 4. C—H coupling of several thiophene derivatives with aryl chloride?

entry Substrate Aryl-ClI catalyst temp./°C, time/h yield®/%
! la C'OMG ia PEPPSI-SIPr 60, 24 >99 (3aa)
2 la 4a NiCly(dppe) rt, 24 32 (3aa)
3 la C'OOMG ab PEPPSI-SIPr rt, 24 82 (3ab)
4 la o) 1t 24 83 (3a¢)
4c '

5 cl CF

la 3 rt, 24 52 (3ae)

4e

6 1b 4a 60, 21 74 (3ba)
7 1b 4b rt, 19 63 (3bb)
8 1b 4c rt, 24 77 (3bc)
9 1b 4e rt, 19 82 (3be)

2 Unless noted, the reaction was performed with substrate (0.5 mmol), EtMgCI (0.5 mmol), amine (0.05 mmol), aryl chloride (0.60 mmol) and catalyst (2.0

mol%) in 2.0 mL of THF. ® Isolated yield.

Our further concern is focused on the synthesis of differently-
substituted 2,5-diarylthiophenes. As we have previouly reported
that 2,5-diarylthiophene derivatives showed relatively stronger
photoluminescence than those of thiazoles,? it is intriguing to
investigate a facile preparation method of the thiophene
derivative. Synthesis of 2,5-diarylthiophene was performed as
shown in Scheme 1. The reaction of 2-arylatedthiophene, which
was prepared in a manner shown in Table 3, at the 5-position
was carried out with EtMgCl and 10 mol% of Cy.NH for
metalation to afford the corresponding 2,5-diarylated thiophene
5a-5b in good yields.!
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BrORl
EtMgClI

f\ CY2NH10mol% — PEPPSI-SIPr A\
S THF, 60 °C, 24 h THF, rt S

3da (R'=Me): 95%
e
EtMgCl

3db (R'=OMe): 75%
Cy,NH10mol%  PEPPSI-SIPr R2 O A\ O R
THF, 60 °C, 24 h THF, 1t, 24 h s

5a (R! = Me, R? = OMe): 51%
5b (R! = OMe, R? = CF3): 56%

R

Scheme 1. Synthesis of differently substituted 2,5-diarylthiophene
by C—H arylation.

In conclusion, we have shown that metalation with a
combination of an alkyl Grignard reagent and a catalytic amount
of secondary amine is widely effective for heteroaromatic
compounds such as thiophenes and furans and thus metalated
species are shown to be employed not only for halothiophenes
but a variety of aryl bromides and chlorides. Accordingly, the
protocol involving metalation and the following cross coupling is
effective for general arylation of thiophene derivatives.
Differently substituted 2,5-diarylthiophene was also obtained in
a facile manner with iterative arylation reactions.
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