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Synthesis of Unsymmetrical 2,3-Diaryl- and 2,4-Diarylthiophenes
Starting from 2,5-Dichlorothiophene®
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Unsymmetrically substituted 2,4-diaryl- and 2,3-diarylthiophenes were synthesized from 2,5-dichlorothio-
phene via 4-aryl-2-chlorothiophenes in two and four steps including Ni-mediated cross-coupling, respectively.
Aluminum chloride-catalyzed reaction of 3-aryl-2-chlorothiophenes with some aromatic ethers unexpectedly led

to the formation of the corresponding 2,4-isomers.

Although the chemistry of oligophenylenes has been
systematically investigated, that of thiophene contain-
ing analogs has not yet been fully explored. The mixed
thiophene—arene oligomers containing 2,4-, 2,3-, or 3,4-
thienylene unit are rather limited in number in partic-
ular.

During the course of studies on the acid-catalyzed
reactions of thiophene nuclei, we found that chlorothio-
phenes easily reacted with some aromatic compounds
in the presence of AlCls; 2-chlorothiophene® gave the
corresponding 2-arylthiophenes, while 2,5-dichlorothio-
phene® unexpectedly yielded 4-aryl-2-chlorothiophenes
(1) (Scheme 1). Further, we demonstrated that 1
were versatile starting substances for the synthesis of
mixed thiophene-arene oligomers containing 3-aryl-2-
thienyl or 4-aryl-2-thienyl unit.*® These findings sug-
gest a new route from 2,5-dichlorothiophene to 2,4-
diaryl- (2) and 2,3-diarylthiophenes (6), one of the
simplest mixed thiophene—arene oligomers correspond-
ing to terphenyls. Only a very few of hitherto known
2,4- (2) and 2,3-diarylthiophenes (6) contain two dif-
ferent aryl substituents.®” They have been synthesized
principally by several types of ring closure consisting
of high-temperature sulfuration of appropriate olefins
or ketones. Most of these methods, however, are not
practical enough, because of the difficulty in obtaining
starting substances and the severe reaction conditions.
As an extension of our previous studies, we investigated
the synthesis of 2 and 6 using 1 as the intermediates.

Results and Discussion

The AlCl3-catalyzed reaction of 1 with aromatic com-
pounds failed to afford 2, the self-condensation of 1 be-
ing predominant.¥ The unsymmetrical 2,4-diarylthio-
phenes (2) were prepared in 50—70% yields by cross-
coupling of 1 with arylmagnesium iodide (ArMgl; 3 mo-
lar equiv) in the presence of bis(acetylacetonato)nickel-
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Scheme 1.

(IT) (Ni(acac)z; 0.05 molar equiv) and PPhj (0.1 molar
equiv) (Scheme 2). The results are summarized in Ta-
ble 1.

In the hope of obtaining 2,3-diarylthiophenes (6), we
next investigated the Friedel-Crafts type reaction of 3-
aryl-2-chlorothiophenes (5) with aromatic compounds.
3-Aryl-2-chlorothiophenes (5) were easily prepared from
1 by catalytic dechlorination, followed by chlorination
of the resulting 3-arylthiophenes (4) with SO2Cls. The
structures of the chlorinated 3-arylthiophenes were con-
firmed by the 'HNMR spectra, which clearly showed
the presence of 2,3-disubstituted thiophene ring” in
their molecules. The AlCls-catalyzed reaction gave,
however, the 2,4-diaryl isomers 2 or self-condensation
product 7 (Scheme 3) depending upon the reactivity of
the substrate. Namely, with benzene or toluene, the
reaction of 2-chloro-3-phenylthiophene (5a) gave the
same product, 5-chloro-4,4’-diphenyl-2,2’-bithiophene
(7; Ar=Ph) in low yields (23 and 28%, respectively).
The structure was identified by dechlorination of the
product, which gave symmetrical 4,4’-diphenyl-2,2'-bi-
thiophene. On the other hand, the reaction with much
more reactive compounds such as anisole and 1-meth-
oxynaphthalene led to the formation of 2 in reasonable
yields (Table 2). It should be pointed out that, in these
reactions, an aryl group is introduced into the vacant
a-position accompanied by the elimination of the chlo-
rine atom on the other a-position. The structures of 2
were established on the basis of their elemental analy-
ses, and spectral data. The 'H NMR spectra showed, in
addition to the absorptions ascribable to the aromatic
protons, an AB quartet with a coupling of 1.2—1.7 Hz,
characteristic for 2,4-disubstituted thiophenes™ in the
ring proton region. Further support for the structural
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Scheme 2.
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Table 1. Ni(acac)2-Mediated Coupling of 4-Aryl-2-chlorothiophenes (1) with Aryl Grignard Reagents
1 Ar'MgX 2
Ar Ar Ar  Yield® Mp (6m/°C)
a: Ph PhMgl a: Ph Ph 63 120—1219  (hex)?
Ph 2-ThMgBr® b: Ph 2-Th 53 74—76 (hex)
b: 4-MeCgHy4 PhMgl c: 4-MeCgHy Ph 61 116—117 (hex)
c: 4-FEtCsHy PhMgl d: 4-EtCeH4 Ph 61 94—96 (hex)
d: 4MeOCgH;  PhMgl e: 4MeOCeH;  Ph 57 159—161°)  (hex+ben)
e: 2,4-Me;C¢Hs  PhMgl f: 2,4-MeoCgHs  Ph 70 oil?
f: 2-Naph® PhMgl g: 2-Naph Ph 50 129—130 (hex+ben)
a) Isolated yields based on 1 used. b) Naph=naphthyl; Th=thienyl. ¢) lit, 124—125 °C 382
120.6—121.5 °C,112) 121.0—121.5 °C.11b) d) Solvent for recrystallization: hex=hexane, ben=ben-
zene. e) lit,%2) 161.5—163.5 °C. f) Bp 105 °C (bath temp)/1x10~% mmHg.
Table 2. Friedel-Crafts Type Reaction of 3-Aryl-2-chlorothiophenes (5) with Aromatic Ethers
5 Ar'-H 2
Ar Ar Ar' % Yield® Mp (8im/°C)
a: Ph PhH (23)®
Ph PhMe (28)%)
Ph PhOMe h: Ph 4-MeOCgHy 56 143—144Y  (ben)®
Ph 1-NaphOMe i: Ph 4-MeO-1-Naph® 66 93—94 (hex)
b: 4MeCe¢Hs  PhOMe j: 4MeCgHs  4-MeOCgH, 43 164—166  (hex)
c: 4-EtCeHy PhOMe k: 4-EtCeH4 4-MeOCgH4 46 139—140 (hex+-chl)
d: 4MeOCgHs PhOMe l: 4MeOC¢Hs 4-MeOCgH, 45 223—224"  (ben+EtOH)
g 5CL2Th  PhOMe  m: 5-CL2-Th®  4-MeOCgH, 41 117—118  (hex)
a) Isolated yield based on 5 used. b) 5-Chloro-4,4’-diphenyl- 2,2’-bithiophene (7), mp 144—145 °C.
¢) Naph=naphthyl; Th=thienyl. d) lit,6® 144.5—145.5 °C. e) Solvent for recrystallization: hex=hexane,
ben=benzene, chl=chlororform. f) lit, 219—221 °C,2) 204—205 °C,82) 218—219 °C.8b)
Ar Ar Ar oxyphenyl)thiophene (21).2%)
[_\S H/PdC \S 0Lk \i A plausible pathway of the unusual formation of the
c f i : c 2,4-diarylthiophenes (2) is shown in Scheme 4. This
2 4 apparently involves 3-aryl-2-chloro-2 H-thiophenium ion
o o2l \s A with the positive charge on the 5-position, al-
( O\ s «c ) though a molecular orbital calculation (MNDO method;
s”c Chart 1) predicts the formation of 3-aryl-2-chloro-5H-
59 thiophenium ion B (Ar=Ph) in preference to the cation
Ar A (Ar=Ph) in the protonation of 2-chloro-3-phenyl-
(/_\S\ thiophene (5a). The chlorothiophenium ion A reacts
Ar Ar-H s Ar
[\S\ AICI 6
Ar Ar, . Ar Ar Ar Ar
s "¢l 43 g +
H H H
5 I3 o JNTS. s 2= & . G
Ar'S alsz s’ ’ syt (;01 H® "S" Cl
R 5 Ar 3 g Ar
— J VTN,
MeO 2m : R=Cl / -H* HCI c”“s’2 g
8 :R=H
A 7
Scheme 3. , Ar Hel Ar
\ Ar;H arg/S{ H -HCL [\S
assignment was provided by the comparison of some -H H™ S (et Ar’ S
products with their authentic samples; 2-(p-methoxy- 2
phenyl)-4-phenylthiophene (2h)®® and 2,4-bis(p-meth- Scheme 4.



August, 1994]

(128.84)
(126.61) 9.06
H

(155.82)
(217.61)
cl st

(56.31)
(a) (b)

Atomic charges for carbons in 5a (a) and

Chart 1.
'H and *CNMR data for protonated 5a (b).

with an aromatic molecule, followed by the loss of a
proton and a HCl molecule to give 2. With the sub-
strates much less reactive than 5, the cation A attacks
parent molecule 5 at the 5-position to produce the self-
condensation product 7. The cation B is not reactive
enough to form 2,3-diarylthiophenes (6) under the con-
ditions; steric effect of the 3-positioned aryl group in the
cation may be responsible for the decrease in reactivity.

'H and 3C NMR spectra® of the protonated species,
which was produced from 5a in HSO3F at low tem-
perature in an attempt to confirm the existence of the
cation A, indicated, however, that the species was the
cation B (Chart 1). This suggests the rearrangement of
the cation A to the thermodynamically stable cation B
through a hydrogen shift; the conversion occurs too fast
on the NMR time scale to observe the initially formed
ion A. Such an irreversible 2,5-hydrogen shift has been
observed by NMR spectroscopy in the protonation of 2-
chloro-5-methylthiophene.!?

Finally, 2,3-diarylthiophenes (6) were synthesized by
the Ni(acac)z-mediated cross-coupling of 3-aryl-5-chlo-
ro-2-iodothiophenes (9) with ArMgX, followed by the
catalytic dechlorination of the resultant 2,3-diaryl-5-
chlorothiophenes (11) (Scheme 5; Tables 3 and 4). The
iodides 9 were obtained by the reaction of 1 with KI and
KNOj in acetic acid together with the nitro derivatives
10. The cross-coupling afforded the diarylthiophenes
11 in 40—50% yields. The reaction under the condi-
tions used for the synthesis of 2,4-diarylthiophenes (2)
was accompanied by the formation of the corresponding
2,3,5-triarylthiophenes (12; 20—30%). The structures

[—S KI, KNOs /AOH__ [‘S\ /(/:\X\No

Ar Ar'MgX
7\ Niacac), , PPhy 7\
AL T Q., Q\.f
9
lﬂ,lPd—c
Ar
1N\
ClI”'s S S”Ar
13 6

Scheme 5.
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of 6 were confirmed by their spectral data and elemental
analyses.

2,4-Diaryl- (2) and 2,3-diarylthiophenes (6) (Ar=
p-substituted phenyl) show characteristic UV absorp-
tions; 2 have an intense absorption band at 258—268
nm with an inflection at 302—310 nm, while 6 have two
distinctive bands at 237—240 nm and 275—279 nm.
The 2,3-diaryl isomers 6 generally absorb at shorter
wavelengths with reduced intensity compared to 2, as
is true for o-terphenyl against m-terphenyl.}” This ten-
dency is apparently ascribed to steric inhibition of res-
onance caused by the two neighboring aryl groups. The
steric effect is also seen in the spectrum of 4-(2,4-di-
methylphenyl)-2-phenylthiophene (2f), which absorbs
at shorter wavelengths compared to the parent 2a.

In conclusion: 1) A series of unsymmetrically sub-
stituted 2,3-diaryl- and 2,4-diarylthiophenes was syn-
thesized from 2,5-dichlorothiophene via 4-aryl-2-chlo-
rothiophenes (1). The result demonstrates the use-
fulness of 1, namely, 2,5-dichlorothiophene as a pre-
cursor of the thiophene oligomers containing 2,3- and
2,4-thienylene unit. 2) 3-Aryl-2-chlorothiophenes were
found to yield the corresponding 2,4-diarylthiophenes
in the AlCls-catalyzed reaction with aromatic ethers.
This makes a sharp contrast with the similar reactions
of other chlorothiophenes, in which a-chlorine atom is
directly replaced by an aryl group or removed with the
introduction of an aryl group into the neighboring -
position.

Experimental

All the melting and boiling points are uncorrected. The
UV (in MeOH otherwise noted) and MS spectra (70 eV)
were obtained on a Hitachi 228A and a Hitachi RMU-6M,
respectively. The 'HNMR spectra (in CDCl; otherwise
noted) were recorded on a Hitachi R-600 (60 MHz), Hitachi
R-90H (90 MHz), or Varian XL-200 (200 MHz) spectrom-
eter using TMS as an internal reference, while '*CNMR
measurement was made on a Varian XL-200 spectrometer
at 50.31 MHz. The protonated 5 was prepared in HSO3F
at —78 °C and its NMR spectra were taken with a similar
manner as described previously.'®!%

4-Aryl-2-chlorothiophenes® (1) and 2’,5-dichloro-2,3’-bi-
thiophene!® (5g) were prepared by the method described
previously. Commercial AICl3 was used without special pre-
cautions against moisture.

The MNDO MO calculations were done using a HITAC
M680 and a library program (MOPAC) at the Computer
Center, Institute for Molecular Science in Okazaki.

Coupling of 4-Aryl-2-chlorothiophenes (1) with
Arylmagnesium Halides. A Grignard reagent which
was prepared from iodobenzene or 2-bromothiophene (15
mmol) and Mg (0.4 g, 16.5 mmol) in dry ether (20 ml) was
added dropwise over a period of 1 h to a stirred solution
of 1 (5 mmol), bis(acetylacetonato)nickel(II) (Ni(acac)z; 64
mg, 0.25 mmol), and PPhs (130 mg, 0.5 mmol) in dry ether
(15 ml). The resulting brown-black solution was stirred for
3 h at room temperature, and then poured into 5% HCI
solution (20 ml). The ether layer was separated and the
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Table 3. Ni(acac)2-Mediated Coupling of 4-Aryl-2-chloro-5-iodothiophenes (9) with Aryl Grignard
Reagents
9 Ar'MgX Coupling product 11 and 12
Ar Ar Ar' % Yield® Mp (Gm/OC)b)
a: Ph PhMgl 11a: Ph Ph 46 (33) 73—74
12a: Ph Ph 19 1421439
Ph 2-ThMgl 11b: Ph 2-Th® (51) 61—62
Ph 3-Me-2-ThMgl 11c: Ph 3-Me-2-Th (58) 0il®
Ph 5-CIThThMgl11d: Ph 5/-CIThTh® (41) 76—77
b: 4-MeC¢Hy PhMgl 1le: 4-MeCgHy Ph 40 71—72
12b: 4-MeCgHy Ph 28 98—99
c: 4-EtCeHy PhMgl 11f: 4-EtCeHy Ph 41 oil?
12c: 4-EtCe¢Hy Ph 21 84—86
d: 4-MeOCgHy PhMgl 11g: 4-MeOCgH4 Ph 47 73—T74
12d: 4-MeOCeHy4 Ph 20 86—88

a) Isolated yields based on 9 used. Figures in parentheses indicate the yields in the absence of PPhs.

b) Recrystallized from hexane.

yl. d) lit, 142—143 °C,122) 141—142 °C,12b) 139—140 °C,12¢) 132—134 °C.12d)
f) Bp 105 °C (bath temp)/2 mmHg.

temp)/1 mmHg.

c) Naph=naphthyl; Th=thienyl; 5'-C1ThTh=>5'-chloro-2,2’-bithiophen-5-

e) Bp 135 °C (bath

Table 4. Catalytic Dechlorination of the Coupling Products 11

Coupling Dechlorination product
product 6
11 Ar Ar % Yield® Mp (8/°C)»
a a: Ph Ph 76 82—84%
b b: Ph 2-Th® 77 75—76
c c: Ph 3-Me-2-Th 83 61—62
d d: Ph ThTh® 80 104—106
e e: 4-MeCgHy Ph 86 oil®
f f: 4-EtCeHy Ph 85 oilP
g g: 4-MeOC¢H;  Ph 83 67—68

a) Isolated yields based on 11 wused. b)
¢) Naph=naphthyl; Th=thienyl; ThTh=2,2’-bithiophen-5-yl.
e) Bp 125 °C (bath temp)/2 mmHg.

83 °C.

aqueous layer was extracted with CHCls (10 ml). The com-
bined organic layers were washed with HoO (20 mlx2) and
dried. The residual mass after removal of the solvent was
chromatographed (silica gel/hexane or hexane-CHCl3 (3:1;
for 2f)) to give 2,4-diarylthiophene (2) along with a small
amount of biphenyl (about 0.3 g).
2,4-Diphenylthiophene (2a). UV 221 (sh, loge 4.20),
258 (4.56) and 302 nm (sh, 3.94) (lit,**™ (96% EtOH) 221
(sh, 4.21), 258 (4.52), and 305 nm (sh, 3.97)); '"HNMR (60
MHz) §=7.85—7.2 (m, 3-H, 5-H, and Ph (phenyl)); MS m/z
(rel intensity) 236 (M™, 100).
4-Phenyl-2,2'-bithiophene (2b). UV 224 (sh, loge
4.12), 262 (4.40), 286 (sh, 4.04), and 314 nm (4.03); 'HNMR
(60 MHz) 6=7.75—6.85 (m, 3-H, 5-H, Th (thienyl) and Ph);
MS m/z 242 (M*, 100). Found: C, 69.27; H, 3.92%. Calcd
for C14H10S: C, 69.38; H, 4.16%.
2-Phenyl-4-(p-tolyl)thiophene (2¢). UV 223 (sh,
loge 4.21), 260 (4.60), and 305 nm (sh, 3.87); 'HNMR (60
MHz) 6§=8.1—6.9 (11H, m, 3-H, 5-H, ph, and p-Ph (p-sub-
stituted phenyl)) and 2.37 (3H, s, CHs); MS m/z 250 (M™,
100). Found: C, 81.56; H, 5.53%. Calcd for C17H14S: C,
81.56; H, 5.64%.
4-(p-Ethylphenyl)-2-phenylthiophene (2d). UV

Recrystallized from hexane.
d) lit,110.13) 89 5
f) Bp 135°C (bath temp)/2 mmHg.

223 (sh, loge 4.22), 261 (4.61), and 306 nm (sh, 3.87);
'HNMR. (60 MHz) §=8.15—6.5 (11H, m, 3-H, 5-H, ph,
and p-Ph), 2.68 (2H, q, J=7.7 Hz, CH.CH3), and 1.25 (3H,
t, J=7.7 Hz, CH2CH3); MS m/z 264 (M*, 100). Found: C,
82.06; H, 6.02%. Calcd for C1gH16S: C, 81.77; H, 6.10%.

4- (p- Methoxyphenyl)- 2- phenylthiophene (2e).
UV 265 (loge 4.59) and 317 nm (sh, 3.67); 'HNMR (60
MHz) §=8.05—7.1 (9H, m, including a AA’'BB'm at 7.63
and 7.49; 3-H, 5-H, ph, and p-Ph), 7.02 and 6.87 (2H,
AA’BB'm, p-PH), and 3.84 (3H, s, OCHz); MS m/z 266
(M*, 100). Found: C, 76.65; H, 5.25%. Calcd for
C17H14OSZ C, 76.66; H, 5.30%.

4- (2,4-Dimethylphenyl)- 2- phenylthiophene (2f).
UV 254 (loge 4.42) and 292 nm (sh, 4.10); "HNMR (60
MHz) §=7.85—6.75 (10H, m, 3-H, 5-H, Ph, and three ben-
zene ring protons), and 2.35 (6H, s, CHsz); MS m/z 264
(M*, 100). Found: C, 81.91; H, 6.10%. Calcd for C1sH16S:
C, 81.77; H, 6.10%.

4-(2-Naphthyl)-2-phenylthiophene (2g). UV 231
(loge 4.45), 259 (4.78), 279 (sh, 4.45), 289 (sh, 4.43), 304
nm (sh, 4.26); '"HNMR (60 MHz) §=8.2—7.0 (m, 3-H, 5-
H, Ph, and 2-Naph (Naph=naphthyl)); MS m/z 286 (M*,
100). Found: C, 84.08; H, 4.79%. Calcd for CzoH14S: C,
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83.88; H, 4.93%.

Preparation of 3-Aryl-2-chlorothiophenes (5). A
solution of 3-arylthiophene® (4; 10 mmol) and SOCl, (1.35
g, 10 mmol) in CClsy (15 ml) was refluxed for 8 h. The
reaction mixture was poured into ice-water (about 30 ml)
and the organic layer was separated from the aqueous layer
and the aqueous layer was extracted with CCly (10 mlx2).
The combined extracts were washed successively with H2O,
5% NaHCOj; solution, and again H2O, and dried. After re-
moval of the solvent the residue was chromatographed (silica
gel/hexane or hexane—-CHCl3 (2:1)), yielding 5 along with
small amounts of 4 and the isomeric 4-aryl-2-chlorothio-
phene (less than 5% of the monochlorinated derivatives of
4).
2-Chloro-3-phenylthiophene (5a). 51% Yield. Col-
orless oil, bp 60 °C (bath temp; 2 mmHg; 1 mmHg=133.322
Pa). UV 227 (loge 4.23) and 256 nm (4.06); "HNMR (60
MHz) §=7.8—7.25 (5H, m, Ph) and 7.15 and 7.03 (1H, d,
J=5.4 Hz each, 4-H and 5-H); MS m/z 194 (M*, 100) and
196 (M*+2, 39). Found: C, 61.48; H, 3.48%. Calcd for
C10H-CIS: C, 61.70; H, 3.62%.

2-Chloro-3-(p-tolyl)thiophene (5b). 48% Yield.
Colorless oil, bp 75 °C (bath temp; 2 mmHg). UV 230 (loge
4.26) and 259 nm (4.08); 'H NMR (60 MHz) §=7.55 and 7.41
(2H, AA'BB'm, p-Ph), 7.29 and 7.16 (2H, AA’'BB'm, p-Ph),
7.12 and 7.03 (1H, d, J=5.4 Hz each, 4-H and 5-H), and
2.38 (3H, s, CH3); MS m/z 208 (M™, 100) and 210 (Mt +2,
36). Found: C, 63.57; H, 4.27%. Calcd for C1;HoCIS: C,
63.30; H, 4.35%.

2-Chloro-3-(p-ethylphenyl)thiophene (5¢). 77%
Yield. Colorless oil, bp 90 °C (bath temp; 2 mmHg). UV
230 (loge 4.26) and 259 nm (4.09); "HNMR (60 MHz) 6=
7.59 and 7.44 (2H, AA’BB'm, p-Ph), 7.33 and 7.19 (2H,
AA'BB'm, p-Ph), 7.13 and 7.04 (1H, d, J=5.9 Hz each, 4-
H and 5-H), and 2.70 (2H, q, J=7.7 Hz, CH,CHs), 1.27
(3H, t, J=7.7 Hz, CH2CHg3); MS m/z 222 (M™, 97) and
224 (M*t+2, 35). Found: C, 64.93; H, 4.98%. Calcd for
C]QHHCIS: C, 64.71; H, 4.98%.

2- Chloro- 3- (p- methoxyphenyl)thiophene (5d).
57% Yield. Pale yellow oil, bp 125—130 °C (bath temp;
5x107% mmHg). UV 235 (loge 4.23) and 267 nm (4.10);
'HNMR (60 MHz) §=7.58 and 7.43 (2H, AA’BB'm, p-Ph),
7.25—6.8 (4H, m including a pair of doublets, J=5.5 Hz, at
7.11 and 6.99 and a AA’'BB’m at 7.03 and 6.87; 4-H, and 5-
H, and p-Ph), and 3.81 (3H, s, OCH3); MS m/z 224 (M™,
100) and 226 (M*42, 37%). Found: C, 58.52; H, 3.91%.
Calcd for C11HgClOS: C, 58.80; H, 4.04%.

AICIl3-Catalyzed Reaction of 3-Aryl-2-chlorothio-
phenes (5) with Aromatic Compounds.  Pulverized
AlCl; (0.68 g, 5 mmol) was added to a mixture of 5 (5 mmol)
and aromatic compound (40 mmol) in CH2Cl; (4 ml) under
ice-cooling, and the mixture was stirred at about 5 °C for 30
min, then at room temperature for 1 h, and at about 40 °C
for additional 30 min. The reaction mixture was poured into
ice-water and extracted with CHCls (10 mlx2). After usual
work-up the solvent and excess aromatic compound were dis-
tilled off and the residual mass was chromatographed (silica
gel/hexane—CHCl3) to give 2,4-diarylthiophenes (2) together
with a small amount of unreacted 5.

The product is less soluble in CHCl3 in the reaction of
2-chloro-3- (p-methoxyphenyl)thiophene (5d) with anisole.
In this case, CHCls (about 15 ml) was added to the reac-
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tion mixture, and resulting suspension was poured onto ice-
water. The precipitates thus separated out were filtered,
washed with a small amount of MeOH, and recrystallized
to give 2,4-bis(p-methoxyphenyl)thiophene (21). Work-up
and evaporation of the organic filtrate left a residual mass,
which was chromatographed (silica gel/hexane-benzene) to
afford another crop of 21 in small quantity.

5-Chloro-4,4’-diphenyl-2,2'-bithiophene (7). UV
(MeOH) 255 (loge 4.62) and 328 nm (4.10); '"HNMR (200
MHz; acetone-d) §=7.9—7.3 (m including a pair of doublets
at 7.79 and 7.75, J=1.5 Hz; 3-H, 3'-H, 5'-H, and Ph); MS
m/z 352 (M*, 100) and 354 (M*+2, 44). Found: C, 67.93;
H7 3.64%. Calcd for ConlngCII C, 68.07; H, 371%

Catalytic dechlorination of 7 by the procedure described
below for 2,3-diaryl-5-chlorothiophene (11) yielded 4,4'-di-
phenyl-2,2'-bithiophene, mp 225—226.5 °C (lit,*) 224—225
°C).

2- (p- Methoxyphenyl)- 4- phenylthiophene (2h).
UV (EtOH) 261 (loge 4.55) and 302 nm (sh, 4.11); '"HNMR
(200 MHz) 6=7.95—7.2 (9H, m including a AA'BB'm at
7.64 and 7.60, and a pair of doublets at 7.48 and 7.32, J=1.5
Hz; 3-H, 5-H, Ph, and p-Ph), 6.95 and 6.91 (2H, AA'BB'm,
p-Ph), and 3.83 (3H, s, OCH3); MS m/z 266 (M*, 100).
Found: C, 76.64; H, 5.26%. Calcd for C17H,408: C, 76.66;
H, 5.30%.

2-(4-Methoxy-1-naphthyl)-4-phenylthiophene (2i).
UV (EtOH) 239 (sh, loge 4.49), 248 (sh, 4.44), 314 (4.04),
and 323 nm (4.01); 'HNMR (200 MHz) §=8.5—8.2 (4H,
m, 1,4-Naph (1,4-disubstituted naphthalene), 7.65 and 6.83
(1H, d, J=7.5 Hz each, 1,4-Naph), 7.65—7.2 (TH, m, 3-H,

. 5-H, and Ph), and 4.02 (3H, s, OCHz); MS m/z 316 (M,

100). Found: C, 79.96; H, 5.03%. Calcd for C21H60S: C,
79.71; H, 5.10%.

2- (p- Methoxyphenyl)- 4- (p- tolyl)thiophene (2j).
UV (EtOH) 264 (loge 4.60) and 308 nm (sh, 4.05); "HNMR
(200 MHz) 6=7.59 and 7.55 (2H, AA’BB'm, p-Ph), 7.53 and
7.49 (2H, AA'BB'm, p-Ph), 7.46 and 7.28 (1H, d, /=14
Hz each, 3-H and 5-H), 7.23 and 7.19 (2H, AA'BB'm, p-
Ph), 6.95 and 6.91 (2H, AA’BB'm, p-Ph), and 3.83 (3H,
s, OCH3), and 2.37 (3H, s, CHs); MS m/z 280 (M*, 100).
Found: C, 77.05; H, 5.65%. Calcd for C13sH160S: C, 77.11;
H, 5.75%.

4-(p-Ethylphenyl)-2-(p-methoxyphenyl)thiophene
(2k). UV (EtOH) 264 (loge 4.61) and 307 nm (sh,
4.07); 'THNMR (200 MHz) §=7.7—7.5 (4H, m including
two AA’BB’'m at 7.59 and 7.55 and at 7.56 and 7.52, p-Ph),
7.46 (1H, d, J=1.5 Hz, 5-H), 7.35—7.2 (3H, m including
a doublet at 7.28, J=1.5 Hz, and a AA'BB'm at 7.26 and
7.22; 3-H, and p-Ph), 6.95 and 6.91 (2H, AA’BB’'m, p-Ph),
3.83 (3H, s, OCH3), 2.75 (2H, q, J=7.6 Hz, CH,CHs), and
1.26 (3H, t, J=7.6 Hz, CHoCHs); MS m/z 294 (M*, 100).
Found: C, 77.46; H, 6.08%. Calcd for C;9H;30S: C, 77.51;
H, 6.16%.

5- Chloro- 5'- (p- methoxyphenyl)-2,3’-bithiophene
(2m). UV (EtOH) 285 (loge 4.57) and 321 nm (sh,
4.06); 'HNMR (60 MHz) §=7.61 and 7.47 (2H, AA’BB'm,
p-Ph), 7.28 and 7.17 (1H, d, J=1.4 Hz each, 2’-H and 4'-
H), 7.1-—6.8 (4H, m including a AA'BB'm at 6.99 and 6.87
and a pair of doublets, J=3.7 Hz, at 6.96 and 6.84; 3-H, 4-H
and p-Ph), and 3.84 (3H, s, OCH3); MS m/z 306 (M™, 100)
and 308 (M*42, 42). Found: C, 59.01; H, 3.53%. Calcd for
C15H11OCISz: C, 58.72; H, 3.61%.
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The catalytic dechlorination 2m as described below for
the preparation of 6 from 11 gave 5'-(p-methoxyphenyl)-
2,3'-bithiophene (8; 81%), mp 129—131 °C (hexane—
CHCl3). UV (EtOH) 278 (loge 4.56) and 308 nm (sh, 4.13);
'HNMR (200 MHz) §=7.57 and 7.53 (2H, AA’BB'm, p-Ph),
7.38 (1H, d, J=1.4 Hz, 2’-H or 4'-H), 7.35—7.2 (3H, m in-
cluding a doublet at 7.24, J=1.4 Hz; 2’-H or 4'-H, 3-H, and
5-H), 7.15—7.0 (1H, m, 4-H), 6.94 and 6.90 (2H, AA’'BB'm,
p-Ph), and 3.82 (3H, s, OCH3); MS m/z 272 (M™, 100).
Found: C, 65.90; H, 4.39%. Calcd for C15H1208S2: C, 66.14;
H, 4.44%.

Preparation of 3-Aryl-5-chloro-2-iodothiophenes
(9). To a solution of 2-chloro-4-arylthiophene (1; 10
mmol) in acetic acid (50 ml) was added ground crystals of
KI (10 mmol) and then KNO3 (15 mmol) with stirring. The
reaction mixture was carefully heated to reflux. The color
of the mixture turned purple with the evolution of brown
nitrogen oxides gas. After being refluxed for 30 min, the re-
action mixture was poured into H2O (50 ml) and extracted
with CHCl; (20 mlx3). The CHCIl3 extracts were com-
bined, washed with 10% Na2S203 (30 ml), and then H2O
(20 mlx2), and dried. The solvent was removed and the
residual oil was chromatographed (silica gel/hexane) to give
the iodides 9 and 3-aryl-5-chloro-2-nitrothiophene (10).

5-Chloro-2-iodo-3-phenylthiophene (9a). 78%
Yield. Yellow viscous oil, bp 70 °C (bath temp; 1x1073
mmHg). UV 236 (loge 4.28) and 267 nm (3.96); 'HNMR
(60 MHz) 6=7.42 (5H, s, Ph) and 6.80 (1H, s, 4-H); MS m/=z
320 (M*, 100) and 322 (MT+2, 37%). Found: C, 37.64; H,
1.83%. Calcd for C10HgCIIS: C, 37.47; H, 1.83%.

5-Chloro-2-nitro-3-phenylthiophene (10a). 17%
Yield. Yellow needles, mp 97—98 °C (hexane). UV 221 (sh,
loge 4.06), 252 (sh, 3.58), and 328 nm (4.03); '"HNMR (60
MHz) §=7.44 (5H, s, Ph) and 6.91 (1H, s, 4-H); MS m/z
239 (M™*, 100) and 241 (M*+2, 37). Found: C, 50.14; H,
2.39; N, 5.91%. Calcd for C1oHsCINO,S: C, 50.11; H, 2.52;
N, 5.84%.

5-Chloro-2-iodo-3-(p-tolyl)thiophene (9b). 72%
Yield. Yellow viscous oil, bp 95 °C (bath temp; 1x1073
mmHg). UV 239 (loge 4.32) and 268 nm (3.99); "HNMR,
(60 MHz) 6=7.44 and 7.29 (2H, AA’'BB'm, p-Ph), 7.26 and
7.11 (2H, AA'BB'm, p-Ph), 6.78 (1H, s, 4-H), and 2.38
(3H, s, CH3); MS m/z 334 (M*, 100) and 336 (M*+2, 39).
Found: C, 39.77; H, 2.24%. Calecd for C;1HgClIS: C, 39.48;
H, 2.41%.

5-Chloro-2-nitro-3-(p-tolyl)thiophene (10b). 20%
Yield. Yellow needles, mp 99—100 °C (hexane). UV 222
(loge 4.14), 258 (sh, 3.62), and 329 nm (4.02); "HNMR (60
MHz) 6=7.29 (4H, s, p-Ph), 6.88 (1H, s, 4-H), and 2.40
(3H, s, CH3); MS m/z 253 (M™*, 100) and 255 (M*+2,
38). Found: C, 52.15; H, 3.01; N, 5.57%. Calcd for
C1:HsCINO,S: C, 52.08; H, 3.18; N, 5.52%.

5-Chloro-3-(p-ethylphenyl)-2-iodothiophene (9c).
78% Yield. Yellow viscous oil, bp 100 °C (bath temp;
1x107® mmHg). UV 240 (loge 4.34) and 269 nm (4.01);
'"HNMR (60 MHz) §=7.46 and 7.33 (2H, AA’BB'm, p-Ph),
7.29 and 7.15 (2H, AA’BB'm, p-Ph), 6.79 (1H, s, 4-H), 2.69
(2H, q, J=7.6 Hz, CH>CH3), and 1.26 (3H, t, J=7.6 Hz,
CH.CH3); MS m/z 348 (M™T, 100) and 350 (M*+2, 36).
Found: C, 41.35; H, 2.69%. Calcd for C12H;0CIIS: C, 41.33;
H, 2.89%.

5-Chloro-3-(p-ethylphenyl)-2-nitrothiophene (10c).
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17% Yield. Yellow needles, mp 71—72 °C (hexane). UV 222
(loge 4.17), 258 (sh, 3.63), and 329 nm (4.02); 'HNMR (60
MHz) §=7.52 and 7.33 (2H, AA’'BB’m, p-Ph), 7.33 and 7.14
(2H, AA'BB'm, p-Ph), 6.90 (1H, s, 4-H), 2.73 (2H, q, J=7.3
Hz, CH,CHs), and 1.28 (3H, t, J=7.3 Hz, CH2CH3); MS
m/z 267 (M*, 100) and 269 (M*+2, 37). Found: C, 53.94;
H, 3.63; N, 5.27%. Calcd for C12H1oCINO:S: C, 53.83; H,
3.76; N, 5.23%.

5- Chloro- 2- iodo- 3- (p- methoxyphenyl)thiophene
(9d). 66% Yield. Yellow viscous oil, bp 110 °C (bath
temp; 1x107%). UV 245 (loge 4.34) and 271 nm (4.05);
'HNMR (60 MHz) §=7.46 and 7.31 (2H, AA’BB'm, p-Ph),
6.86 and 7.00 (2H, AA’'BB’'m, p-Ph), 6.77 (1H, s, 4-H), and
3.83 (3H, s, OCH3); MS m/2350 (M*, 100) and 352 (M1 +2,
38). Found: C, 37.80; H, 2.15%. Caled for C11HsCIIS: C,
37.68; H, 2.30%.

5- Chloro- 3- (p- methoxyphenyl)- 2- nitrothiophene
(104). 28% Yield. Yellow needles, mp 112—113 °C
(hexane). UV 231 (loge 4.21), 264 (sh, 3.75), 330 (3.97),
and 383 nm (sh, 3.74); 'HNMR (60 MHz) §=7.50 and 7.35
(2H, AA’BB’m, p-Ph), 7.03 and 6.89 (2H, AA’BB'm, p-Ph),
6.89 (1H, s, 4-H), and 3.86 (3H, s, OCHs); MS m/z 269
(M™, 100) and 271 (M*+2, 36). Found: C, 49.05; H, 2.82;
N, 5.23%. Calcd for C11HsCINO3S: C, 48.99; H, 2.99; N,
5.19%.

5-Chloro-5'-iodo-2,2’-bithiophene (13). To a ice-
cooled and vigorously stirred solution of 5-chloro-2,2'-bithio-
phene'® (4.0 g, 20 mmol) in benzene (50 ml), HgO (yellow,
4.3 g, 20 mmol) and I (5.1 g, 20 mmol) were added alter-
nately in small amounts during a period of 10 min. The
reaction mixture was stirred for 2 h under ice-cooling. The
mixture was filtered and the residue (Hglz) was washed with
benzene (50 mlx2). The combined benzene filtrates were
shaken with 10% Na2S203 (50 mlx2) to remove excess Iz
and then with HoO (50 mlx2) and dried. After removal of
the solvent, the residue was recrystallized from hexane to
give 13 (3.4 g, 52%), mp 125—126 °C. UV 243 (loge 3.78),
257 (sh, 3.64), 320 (4.26), 335 (sh, 4.21), and 354 nm (3.84);
'HNMR (60 MHz) 6§=7.15 (1H, d, J=3.9 Hz, 4-H) and
6.95—6.65 (3H, m including three doublets at 6.89, J=3.9,
6.80, J=3.9 and 6.76, J=3.9 Hz; 4-H, 3-H, and 3'-H); MS
m/z 326 (M™, 100) and 328 (M*+2, 40). Found: C, 29.32;
H, 1.10%. Calcd for CgH4CIS2: C, 29.42; H, 1.23%.

Coupling of 3-Aryl-5-chloro-2-iodothiophenes (9)
with Arylmagnesium Halides. a) In the Presence
of PPhs: Grignard reagent which was prepared from
iodobenzene (3.05 g, 15 mmol) and Mg (0.4 g, 16.5 mmol)
was reacted with 9 (5 mmol) in the presence of Ni(acac)s
(64 mg, 0.25 mmol) and PPhs (130 mg, 0.5 mmol) for 1 h
in a similar manner as described for the coupling of 4-aryl-
2-chlorothiophenes (1) with PhMgl. After removal of the
solvent from CHCIls extract of the products, the residual
mass was chromatographed (silica gel/hexane); two main
fractions consisting of a mixture of 2,3-diaryl-5-chlorothio-
phene (11) and biphenyl, and 2,3,5-triarylthiophene (12)
were obtained in order of decreasing Rs. Elimination of bi-
phenyl (about 0.3 g) from the mixture by sublimation under
reduced pressure (60—70 °C (bath temp)/2 mmHg) afforded
11, while evaporation of the second fraction gave 12. The
crude products were recrystallized from hexane.

b) In the Absence of PPhs: Dry benzene (10 ml) was
added to a Grignard reagent which was prepared from an
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aryl iodide (15 mmol) and Mg (0.4 g, 16.5 mmol) in dry ether
(20 ml). To the Grignard solution was added under reflux a
mixture of 5-chloro-2-iodo-3-phenylthiophene 9a (5 mmol)
and Ni(acac)2 (15 mg; 0.06 mmol) in dry benzene (20 ml).
The resulting brown black solution was refluxed with stirring
for 1 h. The reaction mixture was poured into 20% NH4Cl
solution (50 ml), worked up, and evaporated. The residue
contained, besides desired 11, biaryl which was produced by
homocoupling of Ar'Mgl and, in addition to them, unreacted
iodide 9 and deiodination products 1 in some cases which
were removed by column chromatography (silica gel/hex-
ane). The diarylthiophenes, 11b and 11d, were obtained
by the repeated chromatography of the residue in each case.
After removal of 9 and/or 1, the diarylthiophene 11a (90—
110 °C (bath temp)/2 mmHg) were isolated from biphenyl
(60—80 °C (bath temp)/2 mmHg; mp 69—70 °C) by sub-
limation under reduced pressure of the residue originated
from the reactions with 2-thienylmagnesium iodide. Like-
wise, distillation under reduced pressure of the residue re-
sulted from 3-methyl-2-thienylmagnesium iodide yielded 11c
as viscous yellow oil together with 3,3'-dimethyl-2,2"-bithio-
phene (100120 °C (bath temp)/1 mmHg; lit,'®) 131°C/11
mmHg) "HNMR (60 MHz) §=6.93 and 7.26 (2H, d, J=5.1
Hz each, 4-, 4'-, 5-, and 5-H), and 2.18 (6H, s, CH3). The
solid products were purified by recrystallization from hex-
ane.

2-Chloro-4,5-diphenylthiophene (11a). UV 240
(loge 4.31) and 292 nm (4.00); 'HNMR (60 MHz) §=7.25
(10H, s, Ph) and 6.99 (1H, s, 3-H); MS m/z 270 (M™, 100)
and 272 (M* 42, 42). Found: C, 70.93; H, 3.91%. Calcd for
C]GH11CISZ C, 70.97; H, 409%

2,3,5-Triphenylthiophene (12a). UV 262 (loge 4.36)
and 319 nm (4.10); 'HNMR (60 MHz) §=8.0—7.0 (m, 4-
H and Ph); MS m/z 312 (M™*, 100). Found: C, 84.72; H,
5.10%. Calcd for C22H16S: C, 84.58; H, 5.16%.

5-Chloro-3-phenyl-2,2’-bithiophene (11b). UV 245
(loge 4.23) and 313 nm (3.96); *HNMR (60 MHz) §=7.32
(5H, s, Ph) and 7.25—6.8 (4H, m, 4-H and Th); MS m/z
276 (M, 100) and 278 (M*+2, 43). Found: C, 61.01; H,
3.05%. Calcd for C14HoClS2: C, 60.75; H, 3.28%.

5- Chloro- 3'- methyl- 3- phenyl- 2, 2'- bithiophene
(11c). UV 239 (loge 4.33) and 295 nm (3.87); '"HNMR
(60 MHz) 6=7.3—6.8 (8H, m including a singlet at 7.05 as-
cribable to 4-H, a doublet at 6.79, J=4.9 Hz; 4'-H, 5'-H,
and Ph) and 1.85 (3H, s, CH3); MS m/z 290 (M*, 100) and
292 (M*+2, 41). Found: C, 61.88; H, 3.67%. Calcd for
C15H1:1CISe: C, 61.95; H, 3.81%.

5',5"-Dichloro- 3'- phenyl- 2,2':5, 2"'- terthiophene
(11d). UV 240 (loge 4.20) and 360 nm (4.31); '"HNMR
(60 MHz) 6=7.35 (5H, s, Ph) and 7.0—6.7 (5H, m including
a pair of doublet, J=3.8 Hz, at 6.94 and 6.77; 3-H, 4-H, 3"'-
H, 4"-H, and 4'-H); MS m/2 392 (M*, 100) and 394 (M*+2,
82). Found: C, 55.07; H, 2.39%. Calcd for C1sH10Cl2S3: C,
54.96; H, 2.56%.

2-Chloro-5-phenyl-4-(p-tolyl)thiophene (11e). UV
242 (loge 4.37) and 293 nm (4.04); "HNMR (60 MHz) §=
7.23 (5H, s, Ph), 7.08 (4H, s, p-Ph), 6.95 (1H, s, 3-H), and
2.31 (3H, s, CHs); MS m/z 284 (M™, 100) and 286 (M*+2,
39). Found: C, 71.83; H, 4.54%. Calcd for C17H;13CIS: C,
71.69; H, 4.60%.

2,5-Diphenyl- 3-(p-tolyl)thiophene (12b). uv
265 (loge 4.39) and 320 nm (4.27); 'HNMR (60 MHz)
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6=7.8—6.75 (15H, m, 4-H, Ph, and p-Ph) and 2.33 (3H, s,
CH3); MS m/z 326 (M*, 100). Found: C, 84.80; H, 5.49%.
Calcd for Co3H1sS: C, 84.62; H, 5.56%.

2- Chloro- 4- (p- ethylphenyl)- 5- phenylthiophene
(11f). UV 243 (loge 4.38) and 292 nm (4.03); 'HNMR,
(60 MHz) 6=7.25 (5H, s, Ph), 7.12 (4H, s, p-Ph), 6.97 (1H,
s, 3-H), 2.64 (2H, q, CH>CH3), and 1.23 (3H, t, CH2CHs);
MS m/z 298 (M*, 100) and 300 (M*+2, 36). Found: C,
72.54; H, 5.04%. Calcd for C13H15CIS: C, 72.25; H, 5.06%.

3-( p-Ethylphenyl)-2,5-diphenylthiophene (12c).
UV 265 (loge 4.41) and 320 nm (4.27); “HNMR (60 MHz)
§=6.85—7.8 (15H, m, 4-H, Ph, and p-Ph), 2.66 (2H, q,
CH:CH3s), and 1.24 (3H, t, CH.CH3); MS m/z 340 (M,
100). Found: C, 84.91; H, 5.87%. Calcd for C24H20S: C,
84.66; H, 5.92%.

2-Chloro-4-(p-methoxyphenyl)-5-phenylthiophene
(11g). UV 245 (loge 4.36) and 294 nm (4.06); "HNMR
(60 MHz) 6=7.23 (5H, s, Ph), 7.2—6.65 (5H, m including a
singlet at 7.07 and AA'BB'm at 7.07 and 6.94, and at 6.84
and 6.70; 3-H, and p-Ph), and 3.76 (3H, s, OCHs); MS m/z
300 (M, 100), 302 (M*+42, 38). Found: C, 68.09; H, 4.28%.
Calcd for C17H13ClOS: C, 67.88; H, 4.36%.

3-(p-Methoxyphenyl)-2,5-diphenylthiophene (12d).
UV 271 (loge 4.40) and 322 nm (4.24); "HNMR (60 MHz)
§=7.85—7.0 (13H, m, 4-H, Ph, and p-Ph), 6.90 and 6.75 (2H,
AA’BB'm, p-Ph), and 3.80 (3H, s, OCH3); MS m/2342 (M™,
100). Found: C, 80.93; H, 5.20%. Calcd for C23H150S: C,
80.67; H, 5.30%.

Catalytic Dechlorination of 2,3-Diaryl-5-chloro-
thiophene (11). The reaction was done by stirring a
mixture of 11 (1.5 mmol), 10% Pd-C (0.3 g), KOH (0.6
g), and MeOH (30 ml) at about 40 °C in an atmospheric
pressure hydrogenation apparatus filled with Hy. After hy-
drogenation was complete (within 1.5 h), the catalyst was
removed by filtration and washed with CHClz (30 ml) and
the filtrate was concentrated. The residue was dissolved in
the CHCIl; washing and the solution was washed success-
fully with HoO (20 ml), 10% HCI (20 ml), and H20 (20 ml)
and dried. The solvent was removed by distillation, and the
residue was chromatographed (silica gel/hexane) and recrys-
tallized from hexane to give diarylthiophenes 6.

2,3-Diphenylthiophene (6a). UV 237 (loge 4.27)
and 275 nm (4.01) (lit,’*® (96% EtOH) 238 (4.30) and 278
nm (4.05)); '"HNMR (60 MHz) 6§=7.4—7.05 (m including a
doublet, J=5.0 Hz, at 7.15; 4-H, 5-H, and Ph); MS m/z 236
(M, 100).

3-Phenyl-2,2'-bithiophene (6b). UV 246 (loge 4.17)
and 304 nm (3.91); "HNMR (60 MHz) §=7.35 (5H, s, Ph)
and 7.3—6.85 (5H, m, 4-H, 5-H, and Th); MS m/z 242 (M ™,
100). Found: C, 69.24; H, 3.91%. Calcd for C14H10S2: C,
69.38; H, 4.16%.

3'-Methyl-3-phenyl-2,2'-bithiophene (6c). uv
227 (loge 4.19), 246 (4.23), 270 (sh, 3.97), and 296 nm (sh,
3.80); *HNMR (60 MHz) §=7.55—7.15 (8H, m including a
doublet, J=5.4 Hz at 7.40 and a prominent peak at 7.27;
three thiophene ring protons and Ph), 6.80 (1H, d, J=5.0
Hz, a thiophene ring proton), and 1.84 (3H, s, CHs); MS
m/z 256 (M7, 100). Found: C, 70.23; H, 4.58%. Calcd for
ClsH12821 C, 70.27; H, 4.72%.

3'-Phenyl-2,2':5,2"-terthiophene (6d). UV 248
(loge 4.15) and 350 nm (4.27); 'HNMR (60 MHz) §=
7.45—6.8 (m, 3-H, 4-H, 4'-H, 5'-H, Th, and Ph); MS m/z 324
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(M*, 100). Found: C, 66.43; H, 3.55%. Calcd for C13H12S3:
C, 66.63; H, 3.73%.

2-Phenyl-3-(p-tolyl)thiophene (6e). UV 239 (loge
4.31) and 277 nm (4.15); 'HNMR (60 MHz) §=7.5—7.05
(11H, m, 4-H, 5-H, Ph, and p-Ph) and 2.33 (3H, s, CHa);
MS m/z 250 (M*, 100). Found: C, 81.50; H, 5.55%. Calcd
for C17H14S: C, 81.56; H, 5.64%.

3-(p-Ethylphenyl)-2-phenylthiophene (6f). Uuv
239 (loge 4.32) and 275 nm (4.06); "HNMR (60 MHz) 6=
7.5—7.0 (11H, m, 4-H, 5-H, Ph, and p-Ph), 2.64 (2H, q,
CH>CH3) and 1.23 (3H, t, CH,CH3); MS m/z 264 (M1,
100). Found: C, 81.96; H, 6.00%. Calcd for C1gHi6S: C,
81.77; H, 6.10%.

2- (p- Methoxyphenyl)- 3- phenylthiophene (6g).
UV 240 (loge 4.34) and 279 nm (4.10); "HNMR (60 MHz)
6=7.5—7.0 (9H, m including a pair of doublets, J=5.1 Hz,
at 7.30 and 7.11; 4-H, 5-H, Ph, and p-Ph), 6.88 and 6.73 (2H,
AA'BB'm, p-Ph), and 3.78 (3H, s, OCH3); MS m/2266 (M™T,
100). Found: C, 76.83; H, 5.27%. Calcd for C;17H140S: C,
76.66; H, 5.30%.

We would like to thank Messrs. Yasuaki Takeda and
Katsutaka Narasaki for their assistance in some exper-
iments.
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