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Abstract: Thiophene oligomers continue to attract much attention
mainly because of their unique biological activities and as start-
ing materials for the preparation of organic conductors. The
present review summarizes recent development in synthetic chemistry

of oligothiophenes.

INTRODUCTION

Oligothiophenes are compounds of current interest mainly because of the following

two Teasons.

1) Plants belonging to the family Compositae contain thiophene and bi- and ter-
thiophene derivatives, which show unique biological activities, Among them, most
notable is o-terthiophene which shows photoenhanced activities against nematodes,
microorganisms, algae, human erythrocytes, insect larvae and eggs, in addition to
generating skin pigmentation, acting as herbicide, and acting as a seed germina-
tion inhibitor.1 This provoked synthetic study of a wide variety of thiophene
oligomers to investigate the structure-activity relationship in this type of mole-
cules. Incidentally, in connection with photoenhanced activitiy of a-terthiophene,

the photochemical study of oligothiophenes may open a new field of photochemistry.

2) Electrochemical polymerization of thiophene produces electroconductive doped-
polythiophenes. The use of a-terthiophene instead of thiophene itself affords
more conductive, crystalline doped-polythiophenes.2 This suggests that in this
polymer each thiophene unit is more regularly connected at its o-position and thus

conjugates more effectively each other. Furthermore doped Langmuir-Blodeett films
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prepared from oligothiophenes are highly electroconductive.3 These findings also

tempted synthetic interest of oligothiophenes of desirable structures.

The present review summarizes recent development in synthetic chemistry of oligo-
thiophenes. Syntheses of bithiophenes and cyclic oligothiophenes are not included

on account of space consideration.

1. PREPARATION OF TERTHIOPHENES

Terthiophenes consist of 14 isomers shown below. A1l of these positional isomers

have been satisfactorily synthesized.
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1.1 2

2

2°:5' ,2"-TERTHIOPHENE (e- TERTHIOPHENE) (1)

Synthesis of a-terthiophene (1) has been investigated in great detail. Histori-
cally 1 was first obtained as a byproduct along with other oligomers when
Steinkopf attemnted the preparation of a-bithiophene by treatment of 2-iodothio-

4 Treatment of 2,5-diiodothiophene or a mix-

phene with copper bronze at 190 °C.
ture of Z-iodo- and 2,5-diiodothiophenes with copper also affords 1.4 Later it
was characterized as a component of the petals of the yelliow marigold.s

Japanese patent work modified Steinkopf's method to give 1 in reascnable yielcl.ﬁ'8

Further modification of this method is the use of [1,3-bis{diphenylphosphino)-
propane|nickel(¥1) dichloride [NiClZ(dppp)]. Thus, 2-thienylmagnesium bromide
couples with Z,5-dibromothiophene in the presence of this reagent to give 1 in

good yield.g’lD

4 § Cu, DMF, refl., 24 h 30%
Br

S ref. 6

—— (ML) L)
S S 3
w m Cu, DMF, ref. 7 1
T NG

refl., 24 h  60.5%

\

NiCla(d }
O—WJBV‘ + Br—[}—Br 2 pep

dppp: Ph,P(CH,),PPh

2)3 Z
Molten sulfur reacts with 1,4-di-2-thienyl-1,3-butadiene to give 1.1 Patent
work also showed that n-decane can react with sulfur in the presence of 2-mer-

captobenzothiazole to give 1.12

E;:Ifzﬁ»-SH
[YTNL) NG MM
S 5 200 °C

215 °C, 16 h
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The diacetylene 15 smoothly reacts with hydrogen sulfide or sodium sulfide to give

1 in excellent yield..ls-18

== (L)L)
1

S HZS or NaZS

5 1

The key point of the above synthesis is how to prepare 15 and hence its precursor

Several syntheses of 2-thienylacetylene shown below were

2-thienylacetylene.
13-17

devised and the oxidative coupling of the former to 15 was modified.

1) Bry
CH, (CO,H), ﬂ—c 2) NaCH '
—_— - o T ————
ésy—wo Ceheh g7 CHECHCORH 73) NalHp/NH, | ref. 13,14

C8r Buli
@ 4 ﬂ_ - . @
e Y = T C= ————-
¢ A—CHO g CH=CBr, . tH —— 15

PhyP 96y ref. 15,17 cu’ or Cu

@ Me 35 7C=CMgBr KOH/MeQH ref. 16
— .
I [S-&-«:scsm%
98%

) 85%

Hydrogen sulfide alsc smoothly adds to the diacetylene 16. However, preparation

of 16 seems to be tedious.18

ﬂ_ﬂ_ﬁ 1 ) Ph3P=CBr‘C02Me 1 ) KDH
H) ——————— CH=CBr-CO,H -

5 ) 2) Hy0 5 § 2 2) -0,
65% 19
M 1) BrC=CCOpH U_U_ :

_ Joow- (= D —————
s s S Ty o, A T H,S
26% %
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Treatment of 1,4-dicarbonyl compounds with phosphorus pentasulfide (Paal thiophene

synthesis) or with hydrogen sulfide and acid catalysts is a classical but conve-

nient synthesis of thiophenes.

sulfide,19’20’22’23

affords 1 in good yield.

phosphorus pentasulfide,

Thus, treatment of the diketone 17 with hydrogen

21,24 or with Lawesson's reagent (LR}24

rSf ;0 0 Sj

17

Preparation of 17 is the key point of the above synthesis.

a) H,S/h*
¢) LR o $ s $
1
LR

MeC 3
p-Me 6H4—E\S,P-C6H4-0Me-p

Several methods shown
19-24

below are now available for the preparation of 17.

1) e NH/ELTH

-

@COCHZBr — [&‘CUCH%‘NMQZ

2y pH 4-5
[CHaCH{OH)CHR TN 50y 3} heat 60%
S 0 0 5 67% | ref. 18
ﬂ—- Me,SiC1 051Mes Aq,0/OMF
cocH C=CH ref. 20-22
5 3 OMF  gpe 2 FAb
—— 17
) . 0. it
@ (i-Pr)oNLi [ CuClp/DMF
—r e - &—CH -
—cocy 2 ez | ef- 2
70%
ﬂ_ 1) (CH O)n!MezNH Het ﬂ— NaCN ref. 24

L Yoo

)

The present authors developed a new synthesis of 1,4-dithiins 19 which involves

treatment of diketo sulfides 18 with phosphorus pentasulfide or Lawesson's

25

reagent. The dithiins 19, when heated in refluxing o-dichlorobenzene, lose

sulfur with predominant formation of thiophenes 21a over 21b since thiocarbonyl
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ylide intermediates 20a, stabilized by aryl substituents, are mere stable than the

isomeric 20b.26 Application of this sequence to the diketo sulfide 18' allows the

preparation of 1 The minor isomer 8 is more soluble in hexane than 1 and easily
removable by recrystallization from this solvent.27 Oxidation of the dithiin }?'
with 1 equiv of m-chloropercxybenzoic acid and the extrusion of sulfur monoxide
from the resulting sulfoxide in the presence of dimethyl sulfoxide also affords a

mixture of 1 and 8 in a ratio of 22:1 in 90% total yield.z8

heat :;Sj—: M
Y PZSS Ar ISIAI" la
S

Lawesson 5
18 reagent 19 heat\\ H M
R =H or alkyl +8°-"R -
21b
L)
O 50 Ot e <8
..._._..._._’.
-5
65-70% 70.5%
18' 19*
1:8=13:1 S S
S
8

Bestmann and Schaper developed a unique thiophene synthesis.zg Application of

this reaction to the dithio ester 22 allows the preparation of 1 in a reasonable

yield. 2%
-+
5 P?h $  PPh
SMe 3 3 -PPh
) =M t 1 | 3
A0S +Ph3P=CH2--——E'Sﬁ—-> s c——CH*“" = ———-
29 83% heat
+
PPh3
5 5"
|
[} loty —— —
5 S 5 ] ~Ph,P3
45%
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The borane reagent 23, prepared from 9-BBN (9-borabicyclo[3.3.1]nonane) and
methanol, reacts with lithiated bithiophene to give 2? which affords gS on treat-
ment with boron trifluoride etherate. The reaction of 25 with 2Z-thienylliithium
followed by treatment with iodine and then with alkaline hydrogen peroxide gives
}.30 The whole reaction was carried out in a single flask and 1 was obtained in

37% conversion yield.

B-H ———3 ( B~—0Me - 8
MeQH L'+
e / oy 1
24
\ \-M I
5 - — ]

B
UU / @ Li* 37%
2

As already mentioned, 1 was first isolated from the petals of the yellow marigold
(Targetes erecta].s Other plants belonging to the family Compositae also contains
1 and its derivatives.3} Especially a series of a-terthiophene derivatives %g-@
were isolated from Eclipta erecta r.312  A11 of these compounds were satisfactorily

synthesized starting from 1 as depicted below.27

TOMF/POCTS . s T, W

70 °¢ KOH

75% NaBH, | THF 96%
100%

ic R'C0,H/DCC/4-pyrrol idinopyridin
RCOC /pyridine \ by pyridine

M@-CHZOCOR WDHZOCM !

s s S
1d: R=CH3 "
Ter R=CH(CH,), lg: R'= "Scacel
1f: R=CH=C(CH
(CH3); Th: R'= & caeed
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Reductive coupling of the aldehyde }g with a low-valent titanium reagent, prepared
from titanium({IV) chloride and zinc powder, affords the g-olefin EZ as brick-red
crystals having copper-like luster, which is hardly soluble in ordinary organic
solvents. The same procedure is applicable to the preparation of g-olefins %%

and 29.32

TiCl,/2n

Ta
THF, refi.

Finally the authors prepared the structurally interesting a-terthiophene derivative

30 by heating di-2-thienylacetylene with elemental sulfur at 205-215 °C.33

{)=L) k.
= -
8 )

2058-215 °C 57%

1.2. 2,2':3',2"-TERTHIOPHENE (2)

This terthiophene was prepared by reaction of 2,3-dibromothiophene with 2 equiv of
Z-thienylmagnesium bromide in the presence of [1,1'-bis(diphenylphosphino}ferro-

cenelpalladium(II) dichloride [PdClZ(dppf)]34 or the foregoing NiClz(dppp).35

@ [.&B‘” PdC1, (dppf) or
+ -
5~ M9er s N1CT, (dppp) s

Br

1.3, 2,2':4',2"-TERTHIOPHENE (3)

Thermolysis of the 1,4-dithiin 32, which is obtainable by acid treatment of the
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Bunte salt 31, affords § with loss of sulfur in low overall yield.36

The reaction of the ketone §4 with 2-thienylmagnesium bromide followed by dehydra-
tion and oxidation affords ?.36 However, preparation of §§ is considerably lengthy.
Thiophenes are known to polymerize on treatment with acidic materials. Treatment
of thiophene with orthophosphoric acid under mild conditions affords the trimer

35, as well as a pentamer whose structure is yet unknown. Oxidation of §§ with

chloranil affords 3.37

ﬂ— %m 200 °C, -S
COCHSS0qMa ————=—=
3 heat 12%

»

0 @
1) s MgBr S
4SLCHaCHc02H — 453—(_5 2) -H0 193 S s
3 15% 34

3) [0] 3

Y

y e S
S TN 5 fo]

35

1.4, 2,2':3',3"-TERTHIOPHENE (4)

This terthiophene was obtained in excellent yield by coupling reaction of 2-thien-

ylmagnesium bromide with bromobithiophene 36, which is obtainable by bromination

of 3,3'-bithiophene.35

' és} Hger NCT,(dppp) s s

1.5. 2,2':4',3"-TERTHIOPEHENE (5)

2,4-Dibromothiophene reacts with 2-thienylmagnesium bromide selectively at its
Z-position in the presence of PdClz(dppf) to give bromobithiophene 37. The reac-

tion of 37 with 3-thienylmagnesium bromide in the presence of NiClZ(dppp) gives 5
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in good yield.38

MgBr
By @MgBr M 15 S ﬂ_—[y@
S S

S Br PdCls dppf} Nicl, dppp)
88%

1.6, 2,2':5',3"-TERTHIOPHENE (6)

The diacetylene 40, prepared from acetylenes 38 and 39, reacts with sodium sulfide

to give 6 in good yield.sg

The reaction of the Grignard reagent 41 with thiolan-3-one affords the alcohol 42,

which is converted to 6 in low yield.39
The Mannich base 43 reacts with the aldehyde 45 to give 1,4-diketone 44, which

gives 6 on treatment with phosphorus pentasulfide or Lawesson's reagent.z4

39
b A s W
5 ey Ngo C=C-C=C Na,S 87%

9%
38 40 2

0

D0 ) e,

——————

s L g1z S o 1 o o
12

4]
CO HoCH NM
b 2 2 jath a0 NaCN  35%

DMF

800

18

1.7. 2,3':2',3"-TERTHIQOPHENE (7}

The reaction of bromobithiophene 46 with 2-thienylmagnesium bromide allows the

preparation of terthiophene 7 in excellent yield.38

Br
o0 - -
+ MgBr TP
5 . S NiC1,(dppp) $
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1.7, 2,3':4',2"-TERTHIOPHENE (8)

Condensation of 2,2'-thenil with bis(ethoxycarbonylmethyl) sulfide (Hinsberg
thiophene synthesis) followed by hydrolysis affords the dicarboxylic acid 47,

decarboxylation of which gives 8 in a reasonable yield.40

S
w 1) MeONa W 340 °C w
) Hy0 -zcoz

Eto;gc—\ ~—C0EY HORC”™ S
5 47 8

Recently the authors have developed a new general thiophene synthesis using easily

41,42

available diketo sulfides as the starting material. Application of this

procedure to the diketo sulfide ?8 allows a high yield synthesis of 8 43 Intra-
molecular reductive coupling of ?% with a low-valent titanium reagent, prepared
from titanium(IV) chloride and zinc powder, affords the cis-diol 4?.44 Acid-cata-
lyzed dehydration of f? gives rise to §. Incidentally, application of the above

synthesis to the diketo selenide 50 allows the preparation of 51, the seleno-analog

of 8.%°
U_ SRALY VLN TsOH
COCH,C1 ———b —t— 0 8
NaoS g7 THE, 0°°C goq 2" 95y
49
9
£;jk\<; f>/j:;§ -—_ s 5 5
Se 5

51

1.9, 2,3':4',3"-TERTHIQPHENE (9)

This terthiophene was prepared by reaction of bromobithiophene 52 with 2-thienyl-

magnesium bromide in good yield.s8
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5
3

—_—p
Br + Q‘MgBr NiClo({dppp) 831

52 9

1.10. 2,3':5',3"-TERTHIOPHENE (10)

This terthiophene was cbtained by reaction of bromobithiophene 53 with 2Z-thienyl-

magnesium bromide in excellent yield.38

Br
s
z-} NiC1o{dppp)
_____.._-—-)
S ’ 57 94% 3
$
53 10 5

1.11. 3,2':3',3"-TERTHIOPHENE (11)

The Teaction of 2,3-dibromothiophene with 2 equiv of 3-thienylmagnesium bromide

in the presence of NiClZ(dppp) gives 11 in good yield.35

Br

o,

1.12. 3,2':4',3"-TERTHIOPHENE (12)

MgBr
NiC12(dppp)
+ » 1
S 774 5

3

Y

2,4-Dibromothiophene reacts with 2 equiv of 3-thienylmagnesium bromide in the

presence of PdClz(dppf)34 or NiClz(dppp)35 to give 12 in reasonable yield.

Br MaBr
PdCT,(dppf)  48%
+ —p
ST e 3 614 g

NiClo{dppp)
S

— 1742 —




HETEROCYCLES, Vol 27, No. 7, 1988

1.13. 3,2":5',3"-TERTHIQPHENE (13)

Two methods are available for the preparation of this terthiophene. One method
involves the reaction of sodium sulfide with diacetylene 54 prepared using 3-formyl-
thiophene as the starting material,ls and the other method utilizes the reaction

of phosphorus pentasulfide with diketone 55 prepared from 3-acety1thiophene.46

45 52% 18

CH=0 C==(H
Z § 1) CBT‘4, Ph3P ﬂ § >
G é ; [ t g
) 2) Buli S CUC12 (=(—i=(
73% 54

|
COCH —
d 3 Messic) M =i PhIO
————p
5 Et3N/DMF S >

BF 5-Et,0 55

1.14. 3,3':4', 3"-TERTHIOPHENE (14)

The final isomer 14 was prepared by reaction of 3,4-dibromothiophene with 2 equiv

of 3-thienylmagnesium bromide in the presence of PdClZ(dppf]34 or NiClz(dppp}.35

Br Br MgBr
PdC12(d 50%
M C 3 TEen T,
S 5 NiCTo(dppp) g5y
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2. PREPARATICN OF 2,2':5',2'":5",2""'-QUATERTHIOPHENE (o-QUATERTHIOPHENE) (56)

a-Quaterthiophene 56 was first obtained as chrome yellow crystals in a low yield

along with other oligomers when a variety of iodothiophenes were treated with

copper bronze. 4747

O e O DO -

¢ Cu

4 Cu

S S S g oligomers
56

A' X

S S
The reaction of icdobithiophene 57 with copper(I) acetate affords 56 in 60%

I

yield.48 More improved synthesis is treatment of bromobithiophene §§ with an
activated nickel(0) reagent, prepared by reduction of nickel(II) chloride with
zinc powder in the presence of triphenylphosphine, which affords §§ in 66% yield.49
5? is directly obtained from 2,2'-bithiophene via lithiation with lithium diisopro-
pylamide (LDA)} followed by oxidation with copper(II) chloride, though the reaction
requires the use of excess 2,2'-bithiophene (2 equiv).50 Dibromobithiophene 60

couples with 2 equiv of 2-thienylmagnesium bromide in the presence of NiClz(dppp)

to give 56 in 64% yield.g

ﬂ_ﬂ_ CH3C02CLI 60%
S ) I

ﬂ ﬂ NBS - NiC1,/Zn/Phgp
s 5 - 4 u }‘B'” DMF g1 | > °°
1%

Cuct,

85%
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O D> o,
57 Mgbr+ B s Br NiC1p{dppp)
60

The diacetylene 61 teacts with sodium sulfide to give 56 quantitatively.51 Two

methods were devised for the preparation of 61. One method involves the reaction
of bromoacetylene 39 with acetylene 62 (for the synthesis of 62, see ref. 18).
The other method uses the borane reagent 23 and allows the preparation of 61 in a

single flask in 69% yield.

NaZS
ﬂ—ﬂ—ca c—-cz-cﬂ > 56

Y

5 s 5
6 100%
4 u LCEL‘—H + ﬂ—c*c-—a > 6]l
g7 oo er 96 69%
62 39
BuLi \ 23
B—0Me
o / B/OMf'+ 64
4 L_A k— =(-Lji ——m—mP i ——
s7 s 1 FE M BF ,"Et,0
63 (=K, s
CEEC-—éfT&
Someme L3 Yoy
—C=C _— ;
8¢ S S B L

+
ALDD T
O—CEC-U L= S

66

65

The procedure developed by Kagan's group and used for the preparation of a-ter-

thiophene 1 was also satisfactorily applied to the synthesis of 56.30

- H Li
\ /ot . g
/B'—"UMe .__—F.)....’ \B/ Li .ﬁ.ﬂ_’ >B—-[@S_N—H —_—»
H p

/
23 s
P
. H
/ S H I
Lit 48% (p=2, g=2)
q 50% (p=3, g=1)

Any other isomers of 56 were not found in Chemical Abstracts.
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3, 2,27:5',2":57 2" 8" 2" QUINQUETHIOPHENE (&-QUINQUETHIOPHENE) (67} AND ITS

ISOMERS

a-Quinquethiophere 67 was first obtained as orange crystals in a small amount along
with other oligomers when 2-iodothiophene or a mixture of 2Z-iodo- and 2,5-diiodo-

thiophenes was treated with copper bronze.4

The reaction of sodium sulfide with diacetylene 68, which is obtainable by oxida-

18,51

tive coupling of acetylene 62, affords 67 in good yield. The coupling of

dibromoterthiophene 69 with 2-thienylImagnesium bromide in the presence of

NiCl,(dppp) affords 67.°%

I
I

73 ° 73.5%
) .
CuCly 8
S S - S S S 5 S
62 67

q& Z § Z y Z & . NiC15(dppp)
Br S s s Br + s MgBr

69

The Kagan's procedure used for preparation of o-ter- and o-quaterthiophenes was

also satisfactorily applied to the synthesis of 7.0

23 /Ny 11+ BFER0
. H p=2, g=3; 55%)
H'@“ \ém; 87 (p=4, q=1; 53%
—1 —_—b
/ Iz p=3, g=3; 45%
Lit H 70 \p=2, q=4; 59%
q

The authors' a-terthiophene synthesis could be also satisfactorily applied to the

28

preparation of 67. Chlorcacetylation of o-bithiophene affords 71 in moderate
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yield. Reaction of ZE with sodium sulfide affords the sulfide Z§ nearly quantita-
tively, which on treatment with Lawesson's reagent gives the dithiin Z§ in 60%
yield. Thermolysis of Z§ in refluxing o-dichlorobenzene affords 92 in 56% yield
and its positional isomer 77 in a small amount. The isomer 77 was independently
synthesized. Treatment of diketo sulfide Z§ with a low-valent titanium reagent

in refluxing THF gives the dihydrothiophene 79 in B6% yield. Treatment of 79 with

pDq affords 77 in 86% yield.2®

CICH,COC Na,$
H@H —Z—-—DH-[-(_SM»COCH 0 —F—— 44 D Q H
N AICI/CS, n 2 Me,CO/H,0 n 5

71: n=2 (35%) 5
72: n=3 {68%} 73: n=2 (98%)
74: n=3 (98%)
H H H
ST Iy S:B,’{4{;7§]; _//,)' 7Ty s ],
” 67: n=2 (56%)
LR S heat, -$ 82: n=3 (38%)
75: n=2 (60%)

76: n=3

TiC1,/Zn oDy
73 or 74
THF/ref. dioxane, r.t.  n=2: 86%
n=2: 86% n=3: 80%
n=3: 83%

4, 2,2':5',27:5% 2rio gt gmsgun gunt GEXTTHIOPHENE (70) («-SEXITHIOPHENE)

a-Sexithiophene 70 was first obtained in a low yield by treatment of iodothiophene
with copper bronze.4 The compound is red crystals and hardly soluble in organic
solvents.

Lithiation of a-terthiophene 1 with LDA followed by oxidation with copper(1I)
chloride affords 70 in 73% yield (the method requires the use of 2 equiv of }).50
Bromination of 1 with NBS followed by coupling of the resulting bromide 81 with

the foregoing activated nickel(0) reagent also gives 70 in 48% overall yield.dg
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1 MBS 85%
ACOH/CHC T NiC),/Zn/PhgP

{XLIL D

81

70

Kagan's a-oligothiophene synthesis is also applicable to the preparation of 70

{see the scheme given in the preparation of a-quinquethiophene 67).30

No report on the preparation of isemers of 70 has appeared.

5. 2,2%':5',2'";50, A st gnn o gnnt 5t 2. SEPTITHIOPHENE {o-SEPTITHICGPHENE)

{82) AND ITS ISOMERS

a-Septithiophene (82} was first obtained in a very low yield along with other
oligomers by treatment of a mixture of 2-iodo- and 2,5-diiodothiophenes with
copper bronze.4 The cempound is deep red and hardly soluble in organic solvents.

The diacetylene 83, prepared from la in several steps, reacts with sodium sulfide

to give 82 in excellent yield.Sl

[XLIL DYoo~ (DNLYIYLD==03{3L)

=] | ———e— —

57T NP g s LH=0 IR e N S T Y
Ta

83
NaZS
97.5%
82

The authors' «a-oligothiophene synthesis is also applicable to the preparation of

28

82 (see the scheme given in the preparation of o-quinquethiophene 67). In this

case, the 1,4-dithiin 76 was not isolated, Treatment of the diketo sulfide 74

with Lawesson's reagent in refluxing chlorebenzene directly gave 82 in 38% yield
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along with its isomer 78 in 2% yield. The isomer 78 was independently synthesized
from the same starting material 74 in 66% overall yield via the dihydrothiophene
80. %%

The authors prepared an «,g-type of septithiophene 88 starting from terthiophene

8 in good overall yield. Chlorcacetylation of 8 gives §f in 79% yield, whcih was
converted to the sulfide 85 nearly quantitatively by treatment with sodium sulfide.
Intramolecular reductive coupling of 85 with the foregoing low-valent titanium
reagent in THF at 0 °C gives the diol §§ in 68% yield, while the reaction at room
temperature affords the dihydrothiophene 87 in 81% yield. The both compounds 86
and ?z are converted to §§ in excellent yields by treatment with p-teoluenesulfonic
acid or DDQ.43 The compound is colorless crystals and easily soluble in ordinary

organic solvents.

C1CH coc1 COCHLCY
A1C1 /CS Nazs

99%
S
THF, 0 °C THF, r.t.
58% 81%
H H
0 0

5 3 5
86
TsOH SQQ
heat dioxane
~2H,0
98% 98%
6‘ 2’21 :S] ,Zf':s!l,z”l’:sI'l ,2"”:5"”,2""' :5""] ,2"””:5'[”‘!,2"""'-OCTITHIOPHENE

{«-OCTITHIOPHENE] (89)

The title oligomer is the highest analeg of a-oligothiophenes ever synthesized.

It was obtained by bromination of a-quaterthiophene 56 with NBS followed by
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coupling with the activated nickel(0) reagent in low overall yield.4g The com-

pound is deep red crystals and practically insoluble in any ofganic solvents.

NBS
DAY LDIL) e DDALDILIL D
s7 87 s $7  AcOH/CHCT S 5 s7 s
56 90

refl, 3
51% NiC1,/Zn/Ph,P

18%

—
S S S S S S S S
89

7. ATTEMPTED SYNTHESIS OF AN o,B-TYPE OF PENTADECATHIOPHENE (91)

The authors tried the preparation of an o,B-type of pentadecathiophene 91 start-
ing from septithiophene 88. The strategy adopted for the preparation of 88 was
employed as shown below. The compound thus bbtained correctly showed a molecular

formula of 660H32515 by ms. It is white glassy solid and does not show distinct

melting point. It forms inclusion complexes with organic solvents. The uv-vis

and ir spectra are similar to those of B88. The nmr spectra are very complex

and could not provide conclusive evidence for structure ?}.43

1) C]CH2C0C1, A]C]S

2} NaZS

3) TfCl4/Zn, THF, refl.
4) ppQ, dioxane, r.t.

— 1750 —




HETEROCYCILES, Vol 27, No 7, 1988

8. UV-VIS SPECTRA OF OLIGOTHIOPHENES

In connection with photoenhanced bielogical activities of oligothiophenes, their
uv-vis spectral data are most relevant to study on the structure-activity
relationship. They are also important for the synthetic work of organic conduc-
tors where conjugation between each thiophene unit is the crux of a problem.
Uv-vis spectral data of terthiophenes and a-oligothiophenes are summarized in

Tables 1 and 2, respectively.

Table 1. UV-VIS Spectral Data of Terthiophenes 1-14,

Terthiophenes mp (°C}) Apax hm (e) Solvent
1 94-95 245 (7100), 350 (21300) MeOH
2 60-61 205 (18600), 254 (13400), 296 (9400)  MeOH
3 53-54 238 (23000) EtOH
4 38-39 203 (18600), 250 (12500), 295 (7900}  MeOH
5 101-102 210 (29000), 263 (23600), 310 {9800) MeOH
6 158-160 243, 331%) MeOH
7 39-40 207 (14400), 244 (14800), 292 (10900) MeOH
8 64 245 (22100), 272 (16700) EtOH
9 68-69 Z10 (17300), 242 (14900) MeOH

10 103-104 205 (9700), 272 (14700) MeOH
11 49-50 210 (20400), 255 (11300), 275 (10700) MeOH
12 156-158 222 (24000), 262 (22400) MeOH
13 193 210 (19700), 324 (24700) MeOH
14 83.5-84.5 210 (32400), 250 (15900) MeOH

a) & Values are not available to the authors.
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Table 2. Visual Color and UV Spectral Data (the Highest *nax Value) of

a~Oligothiophenes47

n 2 3 4 5 6 7 8
visual colorless pale chrome orange red red red
color yellow yellow
A3 (om) | 305° 360 391 116 238 aagP c

a) Benzene as solvent. b} The value is not accurate because of poor solubility
of the thiophene. <¢) Could not be determined because of the insolubility of
the sample.
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