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Synthesis and Studies of a Variety of Thiophene Co-oligomers
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Poly- or oligothiophenes are important m-conjugated organic materials owing to their versatile
applications in organic optical and electronic devices. Structural modification of thiophene backbone is an
important issue to improve their solubility and diversify optical and electronic properties. Introduction of
substituent on thiophene ring, incorporating foreign conjugated fragments or metal groups in thiophene
backbone are the most common methods to improve their properties. In this regard, co-oligomers of
metallacyclopentadiene (MCP) and thiophene (Figure 1) are an interesting class of conjugated oligomers,
since 1) it is reactive oligomer in which MCP units could be converted to a various conjugated fragments and
2) itself can serve as organometallic oligomers having better optical and electronic properties. It is difficult to

prepare such oligomer by common transition metal-catalyzed cross coupling

s. I N s U\ reactions because of very active MCP unit which would be unstable in
\/ m \/ s coupling condition and/or deactivate catalysts. Therefore, in situ
ML, Metal group metallacyclization of monomer unit containing alkyne group, is a good method
Figure 1.Mcg_g:)i:1phene to produce active MCP containing thiophene cooligomers. There are few
co-oligomer

reports on such method where phenylene monomers containing terminal
alkyne units were converted to corresponding MCP-phenylene intermediates by cycloaddition on metal center
followed by conversion to different conjugated fragments. However, these methods give a mixture of
regioisomeric MCP intermediates thus a mixture of final products. My research goal was to establish a method
which would help to prepare regioisomerically pure MCP intermediates and do systematic study of the
structure-property relationship.

I envisaged that connection of thiophene and alkyne moieties before converting to MCP, a pre-connected
method, would help to produce a
well-defined conjugated backbone
with complete regioselectivity.
Pre-connected oligodiynes were
prepared by Sonogashira-Hagihara
coupling of 2,2'-bithiophene and
4,4-bis(butoxymethyl)-1,6-heptadi
yne (Figure 2). Oligodiynes were

Diyne 1a Bisdiyne 1b Trisdiyne 1¢

ith W
treated with one, two or three Figure 2. Bithiophene connected oligodiynes

equiv. of Cp,ZrBu, (Negishi
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reagent) to afford the corresponding ZCP inserted oligothiophene intermediates (Scheme 1). Treatment of
these intermediates with different reagents (3 M HCI, DMAD or S;Cl,) leads to a wide variety of thiophene
cooligomers 3a-c, 4a-c or 5a-b. Photophysical and electronic behaviors of those derivatives were studied by
absorption and emission spectra in chloroform (Table 1).

Another goal of

Oligodiyne my research was to

1a, 1bor ic . e
synthesize transition

metal containing main

chain type thiophene
CpyZrBuy

neq.
n=120r3
cooligomers.  Various

MeO,C  CO,Me )

4a, 4b or 4¢ metallacyclopentadiene
units of group 14 metals
(81, Sn or Ge) have been

incorporated and

ZCP intermediates

2a, 2bor2¢ 5aor 5b
Scheme 1. Variety of thiophene co-oligomers via zirconacyclopentadiene (ZCP) intermediates studied by several
Table 1. Absorption and emission data groups. However, transition metal containing thiophene oligomer
Ymax (67) Yem( ®F)  Egopical 6V)°  which is rather air stable, have not been reported yet to the best of
3a  441(33,660) - 2.48 - my knowledge. In the present work, I synthesized main chain type
9 - . . . . . . . . ays
3b 497 (118,500) 247 air stable thiophene cooligomer containing titanium transition metal
3¢ 515(144,700) - 2,07
4a 341 (32,700) 473(0.16)  3.16 centers. When diyne 1a or 1b was treated with 1 or 2 equiv. of
4b  354(72,520)  473(020)  3.00 Cp,TiBu,, respectively, titanacyclopentadiene containing thiophene
4c  358(159,200) 473 (0.22 2,95 . . . .
( ) ©2 co-oligomer 6 or 7 was produced in good yields (Figure 3). These
5a  429(37370)  486(0.20)  2.55

5b  475(70.670) 543(0.16) 226 products were purified under air and fully characterized by NMR

and HRMS. | studied air stability, photophysical and electronic

2 molar extinction coeff, in M~'cm™ (stope of the Abs
- b : ; . . . . .
(¥) vs. Cone. (X) plot). * quantum yield by comparison  pehaviors of these derivatives. These compounds have very high air
with standard sample. € optical band gap from absorption
edge. stability in solid state (Figure 3). Solution phase stability was also
studied for toluene solution by UV-vis measurement. Comparison of absorption spectra revealed that replacing

sulfur atoms by “Ti(Cp),’ have significant influence on photophysical and electronic behaviors.

In summary, [ was successful to establish a

pre-connected approach to access a wide range of
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thiophene cooligomers. Pre-connection gives the

advantage of synthesizing reactive MCP containing

thiophene cooligomer which is difficult to make by
coupling method. MCP unit was converted to

different conjugated unit by various substrates.

Photophysical and electronic properties were also

Figure 3. Titanacyclopentadiene containing thiophene co-oligomers . : .
and their air stability in solid/solution phase studied for those cooligomers.
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Synthesis and Studies of a Variety of Thiophene Co-oligomers
EHGTF A 7o rat) IT—DFKEHE)

RVFAT 204 ) IFFT7 2% 00 & T3 o R REEEHI
BB FMEHCAKAVWONAIEERILEYMTH D, TNATTXRITIZ O o
REBMEOERIZBWT, HILWEXFLEA L, #RIIFFT 7B Y
ERNTRYVF A 720 RF YV IFF 72 2B L TWAER, BEi34Y o4
NN am g AR FOBBERERSIE T, —RIZAV IFAT7 = 26K
THREEZRELE,

AELWIILIE SDENORDL, FE1EIR)FF 72003V IFAT7 2
REte n ERDOEEMEIC W TOLEHREREB I o T3,
BOEIIFY TALVDEREINA ) B TFANLEY I4 0 EDRIGIC
XprvnvarvrsaXgd 28K 3BEOEKREITRV., ZOVLaS
vomRv Ty 2 ik, 3BREERERVEITFAT 2 UEEET DL, T4
S5 BEIC, HEVNETF AT = 8 BE~HEICERT I HFIECOWVTRRT
Wa, EERUIvaris7aX 2o 28K, 3BEZANVTC 7=y
FF7zratY)de—RPry—FF 7 oF ) Av—RE~OEHRLES
ICTEBRZLEZRLTWS, ZTOXIICEENER L-FHOFETIX, FMUH
BMENOERA TR o) Iv—NERTERIRE, TRNETIZRVHF LS Z
WMALT=FEERSoTWD, ¥Rz M 2BV IET INE TOHFEDORRA
EHHHED, AV Iv—Tha8, oA T at o=y Fe@{EICH
ATHZE L TEBDZEHLAEARFEORBERS-TWD, ¥k =y F2RE
EF T EIZE L TW RSN OMBEREEREL ., BI04 ) 24 VAR
DEZATREELTWADOT, BEHEMENERINTVS,
BIEIE2ETER LILEYWOYHEEZRAITNS, UV, BHEART + U
7 EDOEBRN2YEND, AREREXGEM L U TOERIZOWVWTHEREL, 7
RIS EENRER LTIZREFF 7203 ) S—BNKBEEMOEBRERIZ
LCREREMBREZRTIEEZRHLTNS,
BABMICNECHEBEERE. BASBIZBRLN TV n EFREBR{ILESYICET
L<BBEB THATF XL 28L5BRTHEIFF T I/uXv VU RNE
ETCrEFRABHEAY) I<-—CHATEAZLEZRHL, Zhzg8h4Y A
T—DEREBIRoTre THIXZOSBFOELHLVLEHETH S,
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FBSETIIERERAGEMDOARETHAINLT = MEKORIFEYY Y
V=T AT7 =2 BEEEOERIC, TNETICEENBER LEARFERISHTE
HZEETRLTWS,

INZETDHIC, FHERIINETO n ERERHECHEILY IFAT 2
REDERICBVTEH LVEEZIRE L, TOBANRERFEL LTEEY
KRB THDILERLTREY, BENEEMEBEROSBTICH LERTS & =
ARBBLONRD B,

Lo TEEIL, LEEREEL (B OFUEBEINIBKHILOLE
H5H,
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