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A highly regioselective route was established to 2-aryl-, 2-cyclohexyl-, and 2-(2-arylethyl )-
4-alkylthiophenes, which are potential candidates as liquid crystalline compounds of low
viscosity. The key synthetic intermediates, 2-substituted-4-(chloromethyl)thiophenes 6, 14, and
20 were prepared respectively from the reactions of b,c-epoxycarbonyl compounds 5, 13,
and 19 with Lawesson’s reagent in the presence of a catalytic amount of p-toluenesulfonic
acid. The epoxycarbonyl compounds were obtained from the TiCl4-mediated reactions of
2-(chloromethyl )-3-(trimethylsliyl)propene (10 ) with acid chlorides followed by epoxidation
with m-chloroperoxybenzoic acid, or from prior epoxidation followed by oxidation with
pyridinium dichromate of homoallylic alcohols 3. The homoallylic alcohols 3 were syn-
thesized from the reactions of 2-(chloromethyl)-3-(trichlorosilyl )propene (2 ) with aldehydes
in N,N-dimethylformamide. Copper(I) catalysed cross-coupling reactions of 2-substituted-
4-(bromomethyl )thiophenes (which were prepared by transhalogenation of 2-substituted-4-
(chloromethyl)thiophenes with NaBr in acetone) with Grignard reagents aŒorded 2,4-disubstituted
thiophenes. Using this method, eleven 2,4-disubstituted thiophenes were synthesized and their
potentials as liquid crystalline compound of low viscosity were examined. The synthesized
2-(4-cyanophenyl )-4-pentylthiophene was observed to have a lower melting point than the
corresponding 2,5-disubstituted thiophene. This observation is consistent with the expectation
from the basis of molecular linearity which can aŒect the viscosity and/or melting point of
crystalline compounds.

1. Introduction Recently, we found an e� cient and regioselective method
for the synthesis of various substituted thiophenes byThe in� uences of thiophene ring systems on meso-

morphic behaviour have been studied in recent years using properly designed allylsilanes [3]; the strategy
allowed the synthesis of variously substituted 2-aryl-[1]. The substitution of a 2,5-disubstituted thiophene

ring in place of a 1,4-disubstitut ed phenyl ring in the rigid 4-alkylthiophenes . In order to produce liquid crystal
materials with low melting points and low viscosities,core of a molecule results in a lowering of the melting

point and mesophase transition temperature [1 d]. This we prepared new 2,4-disubstituted thiophenes having
dimethylene or cyclohexyl linking groups between ais explained in terms of the geometric diŒerences in

linearity of 2,5-disubstituted thiophenes. thiophene and a phenyl ring. Furthermore, we pre-
pared 2-(4-cyanopheny l)-4-alkylthio phenes and comparedBeing deviated more from linearity than 2,5-disubstituted

thiophenes (core angle, 148 ß ), the 2,4-disubstituted their properties with the properties of the corresponding
2,5-disubstituted derivatives.thiophenes (core angle, 141 ß ) [2] are expected to have

lower melting points and viscosity.
2. Experimental

1H NMR spectra were recorded on a Varian
Gemini-200 (200 MHz) spectrometer using chloroform
as an internal standard. 13C NMR spectra were obtained
on a Varian Gemini-200 spectrometer with CDCl3 as
the solvent and internal reference. High-resolution mass
spectra were obtained with a JEOL JMX-SX 102 mass
spectrometer employing per� uorokerosene as internal*Author for correspondence;

e-mail: kytkang@hyowon.cc.pusan.ac.kr standard. All mass spectra were generated using a 70 eV
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340 E. K. Kim et al.

ionization potential. Phase transition temperatures were 5a (6.1 g, 27 mmol ) and heated to boiling. After 30 min,
determined by diŒerential scanning calorimetry (Setaram, p-toluenesulfonic acid (20 mg) was added, and the mix-
TG/DTA 1600 ). ture heated at re� ux for 1 h. The reaction mixture was

The identities of reagents, intermediates and � nal partitioned between saturated aq NaHCO3 and ether,
products are indicated in the reaction schemes. and the aqueous layer was extracted with ether. The

combined organic phases were washed with brine and
2.1. Preparation of homoallylic alcohols 3 by the dried over Na2SO4 . Puri� cation by chromatography on
allylation of aldehydes with allyltrichlorosilane 2 silica gel (hexanes) aŒorded 1.8 g (30%, overall yield

in DMF based on the starting 4-� uorobenzaldehyde 1a) of 6a.
A mixture of 4-� uorobenzaldehyde (1a, 3.7 g, 30 mmol) Spectral data of 6a: 1H NMR d 4.60 (s, 2H, CH2Cl),

and 2-chloromethyl-3- (trichlorosilyl )propene (2, 8.0 g, 7.0–7.6 (m, 6H, aromatic) ; 13C NMR d 40.8 (CH2Cl),
36 mmol ) in N,N-dimethylformamide (DMF, 40 ml ) was 115.9 (d, 2JCF 5 20.6 Hz, Ph C3 , C5 ), 123.1 (Th C5 ),
stirred at 0 ß C for 1 h. The reaction was quenched with 123.6 (Th C3 ), 127.7 (d, 3JCF 5 7.8 Hz, Ph C2 , C6 ),
1N NaOH (100 ml) and the aqueous layer was extracted 130.4 (Ph C1 ), 139.1 (Th C4 ), 144.7 (Th C2 ), 162.7
with ether (30 ml Ö 3). The ether layer was washed with (d, 1JCF 5 245.0 Hz, Ph C4 ).
brine, dried over Na2SO4 , and concentrated to give 6.3 g
(98%) of the crude homoallylic alcohol 3a. 1H NMR 2.4. Copper(I) catalysed cross-coupling reactions of the
spectral data of 3a: d 1.88 (br s, 1H, OH), 2.55–2.61 bromide 7 with alkylmagnesium bromides—synthesis of
(m, 2H, CH2CHOH), 4.07 (s, 2H, CH2Cl), 4.88 (dd, 1H, 2-aryl-4-alkylthiophenes 8
J 5 8.2, 5.0 Hz, CH2CHOH), 5.09 (s, 1H, vinyl), 5.28 A mixture of 10 ml of dry acetone, 6a (1.2 g, 5.3 mmol )
(s, 1H, vinyl), 7.01–7.08, 7.30–7.39 (m, 4H, C6H4 ). and NaBr (0.66 g, 6.4 mmol ) was stirred for 18 h at room

temperature. The reaction mixture was concentrated and
2.2. Preparation of b,c-epoxycarbony l compounds 5 by

treated with Na2S2O3 aqueous solution. The mixture
the oxidation of homoallylic alcohols 3 with MCPBA

was extracted with ether (20 ml Ö 2). The organic phase
and PDC

was dried (Na2SO4 ) and concentrated to give 1.2 gm-Chloroperoxybenzoic acid (MCPBA, 50%, 15.5 g,
(85%) of 7a. 1H NMR spectral data of 7a: d 4.49 (s, 2H),

90 mmol ) was added to a dichloromethane (50 ml )
7.0–7.6 (m, 6H).

solution of crude 3a (6.3 g, 29 mmol ) and stirred for 20 h
The bromide 7a (1.20 g, 4.4 mmol), n-butylmagnesium

at room temperature. The mixture was washed with
bromide (4.4 mmol, 2.2 ml of 2M solution) prepared

saturated aq NaHCO3 solution, and the aqueous solution
from 1-bromobutane and magnesium in THF, and THF

was extracted with dichloromethane (30 ml Ö 2). The
(10 ml) were added to a 25 ml round-bottom � ask, which

organic extracts were dried (Na2SO4 ), evaporated to give
was previously � ushed with nitrogen and sealed with a

the crude hydroxy epoxide 4a (6.5 g, 96%). 1H NMR
rubber septum. The solution was then cooled in an icespectral data of 4a: d 2.14–2.27 (m, 2H, CH2CHOH),
bath, and a THF solution of Li2CuCl3 (0.1M, 0.5 ml )2.77 (d, 1H, J 5 4.2 Hz, oxiran CH2 ), 2.98 (d, 1H,
was added. The reaction mixture was stirred for 5 h atJ 5 4.2 Hz, oxiran CH2 ), 3.23 (br s, 1H, OH), 3.52 (d, 1H,
room temperature. Work-up and puri� cation by silicaJ 5 11.8 Hz, CH2Cl), 3.65 (d, 1H, J 5 11.8 Hz, CH2Cl),
gel chromatography (hexanes) aŒorded 0.76 g (70%)4.79 (dd, 1H, J 5 9.8, 3.0 Hz, CH2CHOH), 6.96–7.10,
of 2-(4-� uorophenyl)-4-pentylthiophene 8a. The com-7.26–7.41 (m, 4H, C6H4 ).
pounds 8b–8e were similarly prepared. 8a: 1H NMRPyridinium dichromate (PDC, 17.0 g, 45 mmol) was
d 0.90 (t, 3H, J 5 5.7 Hz, CH2 (CH2 )3CH3 ), 1.26–1.71added to a dichloromethane (50 ml ) solution of the
(m, 6H, CH2 (CH2 )3CH3 ), 2.60 (t, 2H, J 5 7.7 Hz,crude product 4a (6.5 g, 28 mmol ). The mixture was
CH2 (CH2 )3CH3 ), 6.85 (s, 1H, Th H5 ), 7.00 (s, 1H,stirred at room temperature for 20 h, and then the
Th H3 ), 7.04–7.09, 7.50–7.57 (m, 4H, C6H4 ); 13C NMRsolvent was evaporated. The residue was dissolved in
d 14.0, 22.5, 30.0, 30.6, 31.5 (5C, aliphatic chain), 115.7ether and � ltered. Evaporation of the � ltrate aŒorded
(d, 2JCF 5 21.5 Hz, Ph C3 , C5 ), 119.4 (Th C5 ), 124.4the crude b,c-epoxycarbonyl compound 5a (6.1 g, 95%).
(Th C3 ), 127.3 (d, 3JCF 5 8.2 Hz, Ph C2 , C6 ), 131.01H NMR spectral data of 5a: d 2.86 (d, 1H, J 5 4.2 Hz,
(Ph C1 ), 142.8 (Th C4 ), 144.3 (Th C2 ), 162.2 (d, 1JCF 5oxiran CH2 ), 2.95 (d, 1H, J 5 4.2 Hz, oxiran CH2 ), 3.10
247.1 Hz, Ph C4 ); HRMS calcd for C15 H17FS 248.1035,(d, 1H, J 5 17.5 Hz, CH2C O), 3.61 (d, 1H, J 5 11.7 Hz,
found 248.1056. 8b: 1H NMR d 0.86–0.89 (m, 3H,CH2Cl), 3.78 (d, 1H, J 5 17.5 Hz, CH2C O), 3.98 (d, 1H,
CH2 (CH2 )5CH3 ), 1.31–1.64 (m, 10H, CH2 (CH2 )5CH3 ),J 5 11.7 Hz, CH2Cl), 7.04–7.18, 7.94–8.06 (m, 4H, C6H4 ).
2.60 (t, 2H, J 5 7.7 Hz, CH2 (CH2 )5CH3 ), 6.85 (s, 1H,
Th H5 ), 7.01 (s, 1H, Th H3 ), 7.06–7.08, 7.51–7.582.3. Synthesis of 2-aryl-4-(chloromethy l)thiophenes 6
(m, 4H, C6H4 ); 13C NMR d 14.1, 22.7, 29.2, 29.3, 30.4,Lawesson’s reagent (5.6 g, 14 mmol ) was added to a

benzene (30 ml ) solution of epoxycarbonyl compound 30.6, 31.8 (7C, aliphatic chain), 115.6 (d, 2JCF 5 22.0 Hz,
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341Regioselective synthesis of 2,4-disubstituted thiophenes

Ph C3, C5 ), 119.3 (Th C5 ), 124.4 (Th C3 ), 127.2 1H NMR d 0.87–0.94 (m, 3H, CH2 (CH2 )3CH3 ), 1.25–1.72
(m, 6H, CH2 (CH2 )3CH3 ), 2.61 (t, 2H, J 5 7.5 Hz,(d, 3JCF 5 7.8 Hz, Ph C2 , C6 ), 131.0 (Ph C1 ), 142.8

(Th C4 ), 144.2 (Th C2 ), 162.2 (d, 1JCF 5 246.6 Hz, Ph C4 ); CH2 (CH2 )3CH3 ), 6.98 (s, 1H, Th H5 ), 7.26 (s, 1H,
Th H3 ), 7.5–7.7 (m, 4H, C6H4 ); 13C NMR d 14.0, 22.4,HRMS calcd for C17H21 FS 276.1348, found 276.1376.

8c: 1H NMR d 0.84–0.91 (m, 3H, CH2 (CH2 )7CH3 ), 30.5, 31.5, 34.1 (5C, aliphatic chain), 110.3 (Ph C4 ),
118.8 (CN), 121.8 (Th C5 ), 125.8 (Th C3 ), 126.41.26–1.67 (m, 14H, CH2 (CH2 )7CH3 ), 2.60 (t, 2H,

J 5 7.7 Hz, CH2 (CH2 )7CH3 ), 6.85 (s, 1H, Th H5 ), 7.00 (Ph C2 , C6 ), 132.6 (Ph C3 , C5 ), 138.9 (Th C4 ), 141.6
(Ph C1 ), 144.9 (Th C2 ); HRMS calcd for C16 H17NS(s, 1H, Th H3 ), 7.04–7.09, 7.50–7.57 (m, 4H, C6H4 );

13C NMR d 14.1, 22.7, 29.4, 29.5, 29.6, 29.7, 30.5, 30.6, 255.1082, found 255.1082.
32.0 (9C, aliphatic chain), 115.7 (d, 2JCF 5 22.0 Hz,
Ph C3 , C5 ), 119.4 (Th C5 ), 124.4 (Th C3 ), 127.3

2.6. Preparation of 2-[2-(4-� uorophenyl)ethyl]-(d, 3JCF 5 7.8 Hz, Ph C2 , C6 ), 131.0 (Ph C1 ), 142.9
4-alkylthiophenes 16(Th C4 ), 144.3 (Th C2 ), 162.2 (d, 1JCF 5 247.1 Hz, Ph C4 );

3-(4-Fluorophenyl)propanoyl chloride (11, 2.4 g,HRMS calcd for C19H25 FS 304.1661, found 304.1650.
13 mmol ) and 10 (2.0 g, 12 mmol ) in dichloromethane8d: 1H NMR d 0.85–0.88 (m, 3H, CH2 (CH2 )5CH3 ),
(5 ml ) at Õ 78 ß C were slowly added to a dichloromethane1.28–1.63 (m, 10H, CH2 (CH2 )5CH3 ), 2.60 (t, 2H,
(15 ml) solution of TiCl4 (1.5 ml, 2.7 g, 14 mmol ). AfterJ 5 7.5 Hz, CH2 (CH2 )5CH3 ), 6.91 (s, 1H, Th H5 ), 7.14
stirring the solution at Õ 78 ß C for 1 h, the reaction was(s, 1H, Th H3 ), 7.39–7.43 (m, 2H, Ph H5 , H6 ), 7.66
quenched with 20 ml of 1N HCl aqueous solution. The(s, 1H, Ph H2 ); 13C NMR d 14.1, 22.7, 29.1, 29.3, 30.4,
aqueous layer was extracted with dichloromethane30.5, 31.8 (7C, aliphatic chain), 120.5 (Th C5 ), 124.7
(20 ml Ö 2). The combined organic extracts were washed(Th C3 ), 125.4 (Ph C6 ), 127.1 (Ph C2 ), 130.6 (Ph C5 ),
with saturated aq NaHCO3 solution (20 ml Ö 2) and130.8 (Ph C1 ), 132.8 (Ph C4 ), 134.6 (Ph C3 ), 141.1
brine, dried (Na2SO4 ), � ltered, and evaporated in vacuo(Th C4 ), 144.5 (Th C2 ); HRMS calcd for C17 H20Cl2S
to give the crude b,c-unsaturated ketone 12. A dichloro-326.0663, found 326.0662. 8e: 1H NMR d 0.88–1.00
methane (1 ml ) solution of 12 (2.0 g, 9.4 mmol ) was(m, 3H, CH2CH2CH3 ), 1.54–1.72 (m, 2H, CH2CH2CH3 ),
added at 0 ß C to a dichloromethane (30 ml ) solution of2.58 (t, 2H, J 5 7.7 Hz, CH2CH2CH3 ), 6.87 (s, 1H,
MCPBA (50%, 5.2 g, 30.0 mmol), and allowed to reactTh H5 ), 7.12–7.45 (m, 5H, C6H4 and Th H3 ). 8f:
further for 20 h at room temperature. The reaction mixture1H NMR d 0.91–0.94 (m, 3H, CH2 (CH2 )3CH3 ), 1.26–1.69
was stirred with a saturated aq NaHCO3 solution(m, 6H, CH2 (CH2 )3CH3 ), 2.61 (t, 2H, J 5 7.5 Hz,
(30 ml) for 2 h. The aqueous layer was extracted withCH2 (CH2 )3CH3 ), 6.86 (s, 1H, Th H5 ), 7.15 (s, 1H,
dichloromethane (20 ml Ö 2). The combined organicTh H3 ), 7.28–7.40, 7.57–7.61 (m, 4H, C6H4 ).
extracts were dried (Na2SO4 ), � ltered, and concentrated
to give the crude b,c-epoxycarbonyl compound 13
(3.1 g). The crude product 13 was added to a benzene2.5. Preparation of 2-(4-cyanoph enyl)-4-alkylthi ophenes 9

A suspension of 2-(4-bromopheny l)-4-propylthiophene (15 ml) solution of Lawesson’s reagent (2.4 g, 6.0 mmol ),
and the solution was heated to boiling. After 30 min,(8e, 2.0 g, 7.1 mmol ) and copper(I ) cyanide (0.95 g,

10.6 mmol) in DMF (4 ml) was stirred at 200 ß C (bath p-toluenesulfonic acid (10 mg) was added and the
mixture heated at re� ux for 1 h. The reaction mixturetemperature) for 8 h. The hot solution was poured into

a solution of iron(III) chloride (3.6 g) and 10M hydro- was partitioned between saturated aq NaHCO3 and
ether, and the aqueous layer was extracted with ether.chloric acid (1.4 ml ) in water (5.5 ml ) and stirred at

60–70 ß C for 20 min. The hot mixture was then shaken The combined organic phases were washed with brine
and dried over Na2SO4 . Puri� cation by chromatograph ywith toluene (30 ml Ö 2). The combined extracts were

washed with 6M hydrochloric acid (25 ml ) and water, on silica gel (hexanes) gave 0.7 g (23%, overall yield
based on the allylsilane 10 ) of 14. T rans-halogenationdried and evaporated. The crude product was puri� ed

by silica gel column chromatography (hexanes : dichloro- of the chloride 14 to the bromide 15, and a cross-

coupling reaction of the bromide 15 with n-butyl-methane 5 4 : 1) to give 9a (940 mg, 58%). 9a: 1H NMR
d 0.97 (t, 3H, J 5 7.1 Hz, CH2CH2CH3 ), 1.60–1.70 (m, 2H, magnesium bromide in the presence of the Kochi catalyst

were performed similarly to the processes describedCH2CH2CH3 ), 2.58 (t, 2H, J 5 7.5 Hz, CH2CH2CH3 ),
6.96 (s, 1H, Th H5 ), 7.17 (s, 1H, Th H3 ), 7.5–7.7 above. After the usual work-up and puri� cation with

chromatography (silica gel, hexanes), 2-[2-(4-� uoro-(m, 4H, C6H4 ); 13C NMR d 13.6, 23.3, 32.3 (3C, aliphatic

chain), 110.0 (Ph C4 ), 118.6 (CN), 121.7 (Th C5 ), phenyl)ethyl]-4-pentylthiophene (16a, 270 mg, 49%)
was obtained. 16a: 1H NMR d 0.93–1.00 (m, 3H,125.4 (Th C3 ), 126.2 (Ph C2 , C6 ), 132.3 (Ph C3 , C5 ),

138.5 (Th C4 ), 141.3 (Ph C1 ), 144.4 (Th C2 ); HRMS CH2 (CH2 )3CH3 ), 1.34–1.72 (m, 6H, CH2 (CH2 )3CH3 ),
2.58 (t, 2H, J 5 7.3 Hz, CH2 (CH2 )3CH3 ), 2.94–3.15calcd for C14 H13NS 227.0769, found 227.0766. 9b:
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342 E. K. Kim et al.

(m, 4H, PhCH2CH2Th), 6.62 (s, 1H, Th H5 ), 6.73 carbonyl compounds 5 with Lawesson’s reagent in the
presence of a catalytic amount of p-toluenesulfonic acid(s, 1H, Th H3 ), 6.9–7.2 (m, 4H, C6H4 ); 13C NMR d
in re� uxing benzene aŒorded 2-aryl-4-(chloromethy l)-14.0, 22.5, 30.1, 30.5, 31.5 (5C, aliphatic chain), 32.1, 37.1
thiophenes 6 [3]. The order of addition of Lawesson’s(PhCH2CH2Th), 115.0 (d, 2JCF 5 21.0 Hz, Ph C3 , C5 ),
reagent and p-toluenesulfonic acid was important for117.5 (Th C5 ), 126.0 (Th C3 ), 129.8 (d, 3JCF 5 7.8 Hz,
the successful reactions; when p-toluenesulfonic acid wasPh C2 , C6 ), 136.8 (Th C4 ), 142.9 (Ph C1 ), 143.7 (Th C2 ),
added prior to the Lawesson’s reagent, a certain amount161.4 (d, 1JCF 5 244.3 Hz, Ph C4 ); HRMS calcd for
of furans were formed along with the correspondingC17H21 FS 276.1348, found 276.1342. 16b: 1H NMR
thiophenes [7].d 0.87–0.94 (m, 3H, CH2 (CH2 )5CH3 ), 1.30–1.62

The following four procedures—alkylation reaction(m, 10H, CH2 (CH2 )5CH3 ), 2.54 (t, 2H, J 5 7.7 Hz,
of aldehydes with trichloroallylsilane 2, epoxidation ofCH2 (CH2 )5CH3 ), 2.89–3.12 (m, 4H, PhCH2CH2Th),
homoallylic alcohols, oxidation to b,c-epoxycarbonyl6.59 (s, 1H, Th H5 ), 6.71 (s, 1H, Th H3 ), 6.9–7.2 (m, 4H,
compounds, and cyclization process to thiophenes—C6H4 ); 13C NMR d 14.1, 22.6, 29.1, 29.3, 30.4, 30.5,
were performed successively without isolation of the31.8 (7C, aliphatic chain), 32.2, 37.1 (PhCH2CH2Th),
intermediate products. The yields of thiophenes 6 listed115.0 (d, 2JCF 5 21.0 Hz, Ph C3 , C5 ), 117.5 (Th C5 ),
in scheme 1 are overall yields based on the starting126.0 (Th C3 ), 129.8 (d, 3JCF 5 7.8 Hz, Ph C2 , C6 ),
aldehydes.136.8 (Th C4 ), 142.9 (Ph C1 ), 143.7 (Th C2 ), 161.4

The bromides 7 were obtained from the trans-halo-(d, 1JCF 5 243.9 Hz, Ph C4 ); HRMS calcd for C19 H25FS
genation of the chlorides 6 with NaBr in acetone.304.1661, found 304.1674.
Alkylation reactions of the bromides 7 with Grignard
reagents in the presence of a catalytic amount of the

2.7. Preparation of trans-2-[4-(4- � uorophenyl)- Kochi catalyst (Li2CuCl3 ) [8] produced a good yield of
cyclohexyl]-4-heptylthiophene 22 2-aryl-4-alkylthiophenes 8. When the coupling reactions

Chloromethylthiophene 20 (200 mg, 32% overall of the Grignard reagents with the iodides, instead of
yield) was prepared using the procedures described the bromides 7, were performed, the reduced products
above, starting with trans-4-(4-� uorophenyl)cyclohexane- 2-aryl-4-methylthiophene s were formed as byproducts;
carbonyl chloride (17, 0.53 g, 2.2 mmol) and allylsilane the yields of the alkylation products 8 were decreased.
10 (360 mg, 2.2 mmol ). Compound 22 (116 mg, 58%) Reactions of 2-(4-bromophenyl)-4-pentylthiophenes
was prepared from the trans-halogenation of 20 (200 mg, 8e with copper(I ) cyanide in DMF at 200 ß C for 8 h gave
0.56 mmol) with sodium bromide and followed a cross- the desired cyano compounds 9 (scheme 2). Puri� cation
coupling reaction with n-hexylmagnesium bromide of 9 was performed by warming it with iron(III)

chloride/hydrochloric acid, followed by extraction into(1.1 mmol) in the presence of the Kochi catalyst. 22:
warm toluene and column chromatography (silica gel,1H NMR d 0.76–0.88 (m, 3H, CH2 (CH2 )5CH3 ), 1.26–1.73,
hexanes : dichloromethane 5 4 : 1) [1 c].1.97–2.23 (m, 20H, CH2 (CH2 )5CH3 and cyclohexyl),

The TiCl4-promoted reaction of the allylsilane,2.55 (t, 2H, J 5 7.7 Hz, CH2 (CH2 )5CH3 ), 6.67 (s, 1H,
2-(chloromethyl)-3-(trimethylsilyl )propene (10) [5] withTh H5 ), 6.71 (s, 1H, Th H3 ), 6.94–7.02, 7.13–7.22
3-(4-� uorophenyl)propanoyl chloride (11) aŒorded b,c-(m, 4H, C6H4 ); 13C NMR d 14.1, 22.7, 29.2, 29.4, 30.4,
unsaturated ketone 12. Epoxidation of 12 with 2 equiv30.7, 31.8, 34.4, 35.4, 39.0, 43.1 (11C, aliphatic chain and
of MCPBA in dichloromethane at 0 ß C-room temper-cyclohexyl), 115.0 (d, 2JCF 5 20.6 Hz, Ph C3 , C5 ), 116.7
ature produced b,c-epoxycarbonyl compound 13. The(Th C5 ), 123.5 (Th C3 ), 128.1 (d, 3JCF 5 7.8 Hz, Ph C2 ,
p-toluenesulfonic acid-catalyzed reaction of 13 withC6 ), 137.1 (Th C4 ), 142.8 (Th C2 ), 151.1 (Ph C1 ), 161.2
Lawesson’s reagent aŒorded chloromethylthiophene 14.(d, 1JCF 5 245.7 Hz, Ph C4 ); HRMS calcd for C23 H31FS
The overall yield of 14 was 23%, based on the starting358.2131, found 358.2128.
allylsilane 10 (scheme 3). When the alkylation reactions
of the chlorides 14 were performed similarly to those

3. Results and discussion described above, 2-[2-(4-� uorophenyl)ethyl]-4-alkyl-
The allylsilane, 2- (chloromethyl )-3- (trichlorosilyl )- thiophenes 16 were obtained.

propene (2 ) [4] reacts with aldehydes 1 in DMF at 2-[4-(4-Fluorophenyl )cyclohexyl]-4-heptylthiophene
0 ß C without a catalyst to aŒord the corresponding (22) was also prepared from allylsilane 10 and
homoallylic alcohols 3 in high yield [5]. The b,c-epoxy- 4-(4-� uorophenyl)cyclohexanecarbony l chloride (17 ) in
carbonyl compounds 5 were conveniently prepared from 19% overall yield (scheme 4).
the homoallylic alcohols 3 by � rst epoxidation with Compounds 8b, 8d, 16, and 22 are liquid at room
MCPBA, followed by oxidation with PDC in a dichloro- temperature, and compounds 8a and 9a melt directly to

the isotrophic phase. The compounds 8c and 9b show amethane solution [6]. The reactions of crude b,c-epoxy-
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Scheme 1.

the isomeric 2,5-disubstituted derivatives, are due to the
larger deviation from linearity for the 2,4-disubstituted
thiophenes.

Scheme 2.

4. Conclusion
We have successfully developed an e� cient and regio-narrow nematic phase (see the table). The compound 9b

selective route to the variously substituted 2-aryl- , 2-cyclo-was observed to have a lower melting point than the
hexyl-, and 2-(2-arylethyl)-4-alkylthiophenes , which arecorresponding 2,5-disubstitut ed thiophene 23. (The phase
di� cult to prepare via other routes [9]. The followingtransition temperatures were determined by polarizing
points enhance the value of the present method: � rst,microscopy.)
starting materials such as allylsilanes 2 and 10, sub-The decrease in the thermal stabilities and melting

points of 2,4-disubstituted thiophenes, compared with stituted benzaldehydes and benzoyl chlorides, are easily
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Scheme 3.

Scheme 4.

available; second, an alkyl substituent at the 4-position
Table. Transition temperature for the 2-aryl-4-alkyl-

can be easily introduced by the copper(I ) catalysedthiophenes.
cross-coupling reactions to the bromides 7, 15 or 21

Compound Transition TDSC / ß C with Grignard reagents.

Thiophenes with substituents at the 2- and 4-positions
8a Cr � I 34.2 show lower melting points and thermal stabilities
8c Cr � N 40.5

than the corresponding 2,5-disubstituted thiophenes.N � I 41.3
This observation is consistent with the expectation from9a Cr � I 39.6

9b Cr � N 35.1 the basis of molecular linearity, which can aŒect the
N � I 44.4 melting points and the viscosities of crystalline com-
(I � N) 38.3 pounds. In order to aquire a liquid crystalline mixture
(N � Cr) 31.0

with low viscosity which might have practical utility,
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