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ABSTRACT: The palladium-catalyzed direct alkenylation of
thieno[3,2-b]thiophene takes place regioselectively at C2.
Symmetrically and unsymmetrically 2,5-dialkenylated thieno-
thiophene derivatives can be prepared by the catalytic
procedure. Related fused thienyl and carbazole derivatives
also undergo regioselective direct alkenylation.

hienothiophene and related z-conjugated motifs are

among important frameworks in organic materials,
especially because of their utility as key cores of organic
semiconductors." Therefore, the development of synthetic
methods for the introduction of 7-conjugated substituents on
the thienothiophene nucleus has attracted attention. From the
atom- and step-economy points of view, direct C—H
functionalization appears to be promising for the derivatiza-
tion.” However, such direct functionalization reactions of
thienothiophene derivatives have been less explored. As a rare
example, the palladium-catalyzed phenylation of thieno[3,2-
b]thiophene itself has recently been reported by Itami’s group
(Scheme 1) The reaction took place at C3 regioselectively.

Scheme 1. Direct Functionalization of Thienothiophene
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There is to our knowledge no report on the direct C—H
alkenylation of thienothiophenes. In the context of our
continuous study of the Fujiwara—Moritani-type C—H
alkenylation,” we have succeeded in finding that the direct
alkenylation of thieno[3,2-b]thiophene and related fused
thiophenes can be conducted effectively under palladium
catalysis.” This reaction has been found to take place at C2
regioselectively, in contrast to the previous phenylation. Under
similar conditions, unprecedented C3-selective alkenylation of a
carbazole derivative has also been achieved. These new findings
are described herein.
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In an initial attempt, thieno[3,2-b]thiophene (la) (0.2
mmol) was treated with styrene (2a) (0.4 mmol) in the
presence of Pd(OAc), (0.02 mmol) and AgOAc (0.4 mmol) as
the catalyst and oxidant, respectively, under N, in TFE at room
temperature for 24 h. As a result, C2-selective alkenylation
proceeded smoothly to produce (E)-2-styrylthieno[3,2-b]-
thiophene (3aa) in 68% yield (Table 1, entry 1). It should
be noted that no dialkenylation product was detected even
under conditions using excess 2a. Other oxidants such as

Table 1. Reaction of Thieno[3,2-b]thiophene (1a) with
Styrene (2a)”

s PA(OAG), s
WA + Ay \ 7/ \_~pn
s oxidant s
1a 2a 3aa
entry oxidant (mmol) yield (%)
1 AgOAc (04) 68 (66)
2 AgOCOCEF, (0.4) 8
3 Ag,CO, (02) 13
4 A0 (02) 16
5 Cu(OAc), H,0 (0.4) 5
6° AgOAc (0.4) 62
79 AgOAc (0.4) 49

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), and Pd(OAc),
(0.02 mmol) in TFE (1 mL) under N, at rt for 24 h, unless otherwise
noted. GC yields based on the amount of 1a used. The value in
parentheses indicates the yield after purification. “With Pd(OAc),
(0.01 mmol). *With 2a (0.2 mmol).
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AgOCOCF;, Ag,CO;, Ag,O, and Cu(OAc),-H,0 were less
effective than AgOAc (entries 2—S). In each case using a
decreased amount of Pd(OAc), or 2a, the yield of 3aa was
slightly reduced (entries 6 and 7).

We next examined the reactions of a number of fused
thiophenes 1 with styrenes 2 under the conditions used in
Table 1, entry 1 (Table 2). Among the para-substituted

our method could be employed as the substrates in the present
alkenylation. Thus, the corresponding 2-styrylthienobenzofur-
ans 3ca—ea were obtained under the standard room-temper-
ature conditions (Table 2, entries 7—9).

Besides styrenes, acrylic acid derivatives could also be
employed as coupling partners for the C2-alkenylation of
fused thiophenes 1 (Table 3). Treatment of la with butyl

Table 2. Reaction of Fused Thiophenes 1 with Styrenes 2

Y Pd(0AG), Y
- = -
/7 \ . /\@\ 7 \ / \
“ m R AgOAc  z7 g R

Vi
z S
1 2 3
entry 1 2 product % yield”
S = S
e /\@ 7\
] R s R
1 1a 2b: R=F 3ab: R=F 76
2 2c R=Cl Jac R=Cl 74
3 2d: R=CF; 3ad: R=CF; 75
4 2e: R=Me Jae R=Me  59¢
) 2f: R = OMe 3aft R=0Me 34¢
S S
AR AR 2P N 4 N s ~pn
S s s S
6 1b 2a 3ba 62
(o] (o]
Q_m 4 \N__p~pn
s )
7 1c 2a Jca 66
(o] (o]
L] (3L} s
Me o Me ¥
8 1d 2a 3da 74
(o] (o]
s
cl S Cl
9 le 2a Jea 45

“Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), Pd(OAc), (0.02
mmol), and AgOAc (0.4 mmol) in TFE (1 mL) under N, at rt for 24
h. Plsolated yields based on the amount of 1 used. “At 50 °C.

styrenes employed, electron-deficient styrenes 2b—d reacted
with 1a efficiently to afford the corresponding C2-styrylated
products 3ab—ad in 74—76% yield (entries 1—3). Contrast-
ingly, the reactions of styrenes possessing an electron-donating
group, 2e and 2f, were relatively sluggish, producing 3ae and
3af in moderate yields even at SO °C (entries 4 and S). These
electron-rich styrenes had a tendency to undergo unidentified
dimerization under the present reaction conditions. Tricyclic
dithieno[3,2-b:2",3’-d]thiophene (1b) also underwent C2-
alkenylation to give (E)-2-styryldithieno[3,2-b:2',3'-d]-
thiophene (3ba) in 62% yield (entry 6). It should be noted
that dithieno[3,2-b:2',3'-d]thiophene derivatives are also of
importance in organic materials because of their optical and
electronic properties.7

Meanwhile, we recently reported that thieno[3,2-b]-
benzofuran frameworks can be readily constructed by the
palladium-catalyzed dehydrogenative cyclization of 3-phenox-
ythiophenes.® A series of thienobenzofurans 1c—e prepared by
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Table 3. Reaction of Fused Thiophenes 1 with Alkenes 2“

Y Pd(OAC), Y
SNV N+ AR SMY N R
~z7 s AgOCOCF; z s
1 2 3
entry 1 2 product % yield?
S s
A/ Z"R \ /Y ~r
s S
14 1a 2g R=CO,Bu"  3ag: R =CO,Bu" (31)
2de 2g R=CO,Bu" 3ag R=CO,Bu"  (55)
3df 2g R=CO,Bu"  3ag: R =CO,Bu" (36)
4dg 2g R=CO,Bu"  3ag: R =CO,Bu" (38)
5 2g R=C0O,Bu" 3ag R=CO,Bu"  60(63)
6 2h: R=CO,Bu’  3ah: R = CO,Bvw 58
7 2i: R=CO,Bu'  3ai: R=CO,Bu' 54
8h 2j: R=CO,Cy  3aj: R=CO,Cy 60
9 2k: R=CO,Et  3ak: R=CO,Et 52
10 2I: R = CO;Me 3al: R = CO;Me 51
11 2m: R = CONMe; 3am: R = CONMe, 45
] S
BYA Z~copn { M1 N ~cosun
s g CO-Bu s s
12 1b 2g 3bg 56
0 0
U_’Z_B Q—WCOZBU"
S S
13 le 2g 3cg 74
o] o}
WA [ \_~copun
Me s Me
14 1d 2g 3dg 81
(o] o]
I 1 \__p~comun
s
Cl s Cl
15 Te 2 3eg 71

“Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), Pd(OAc), (0.02
mmol), and AgOCOCF; (0.4 mmol) in EtCO,H (1 mL) under N, at
50 °C for 24 h. “Isolated yields based on the amount of 1 used. Values
in parentheses are GC yields. “At rt. dUsingl AgOAc in place of
AgOCOCF;. “In TFE. fIn AcOH. €In PivOH. "Cy = cyclohexyl.

acrylate (2g) under the same conditions as those in the
reactions with styrenes gave butyl (E)-3-(thieno[3,2-b]-
thiophen-2-yl)acrylate (3ag) in 31% yield (entry 1). At S0
°C, 3ag was obtained in 55% yield (entry 2). In AcOH or
PivOH, the yield of 3ag decreased (entries 3 and 4). Using
AgOCOCF; and EtCO,H as the oxidant and solvent,
respectively, improved the product yield to 63% (entry S).
Under similar conditions, various acrylates 2h—1 and N,N-
dimethylacrylamide (2m) coupled with 1a to produce 3ah—am
(entries 6—11). Dithienothiophene 1b and thienobenzofurans
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lc—e also underwent the C2-alkenylation with 2g to yield
3bg—eg in 56—81% yield (entries 12—15).

The C2-alkenylation of thienothiophenes appears to proceed
in a similar manner as the Fujiwara—Moritani-type C—H
alkenylation®>* through C2-selective palladation,” alkene
insertion, and f-hydrogen elimination. It appears possible
that, once formed, C2-alkenylated thienothiophenes undergo
the second alkenylation at the reactive S-position. To confirm
the hypothesis, 1a was treated with excess amounts of 2g and
AgOCOCF,; under air (Scheme 2a). As expected, 2,5-

Scheme 2. Synthesis of Dialkenylated Thienothiophenes
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dialkenylated product 4 was obtained predominantly in 60%
yield after a prolonged reaction time of 48 h, along with a
minor amount of monoalkenylated 3ag (14%).

An unsymmetrically dialkenylated thienothiophene could
also be prepared by the present procedure. Thus, treatment of
2-styrylthienothiophene 3aa with 2g gave S in 47% yield
(Scheme 2b). The same compound 5 could be obtained in the
reaction of 3ag with 2a (Scheme 2c). However, the reaction of
3aa with another styrene molecule did not occur. The reason is
obscure at the present stage.

Finally, we attempted to apply the C—H alkenylation
procedure to substrates other than thiophenes. As an example,
we succeeded in conducting the alkenylation of 9-methyl-9H-
carbazole (6) regioselectively (Scheme 3). Thus, the reaction of
6 with 2g using AgOCOCF; as the oxidant in EtCO,H at 100

°C under air gave 3-alkenylated 9-methylcarbazole 7 as a single
major product” in 44% isolated yield along with minor amounts
of removable isomers (less than 10%). Using Cu(OAc),-H,0

Scheme 3. Reaction of 6 with 2¢g
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Me
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Cu(OAc)H,C 20 51

in place of the Ag salt as the oxidant improved the yield of 7 to
51%.

In summary, we have demonstrated that C2-selective direct
alkenylation of thieno[3,2-b]thiophene and related fused
thiophene derivatives can be achieved under palladium catalysis.
This procedure provides simple synthetic routes toward various
m-conjugated molecules containing a fused thiophene core,
which are of importance in the field of organic materials. By the
present means, C3-alkenylation of the carbazole framework can
also be conducted. Further work is now ongoing to extend the
substrate scope.
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