
925 
HETEROCYCLES, Vol. 40, No. 2, 1995 

STLTDIES TOWARD ALKYLTHIOPHENE-2-CARBOXALDEHYDES. 

REDUCTION OF 3-ALKENYLTHIOPHENES WlTH D I L A N E I  

TRlFLUOROACETIC ACID. REGIOSELECTNlTY IN FORMYLATION 

REACTIONS OF 3-ALKYLTHIOPHENES 

Michael R. Detty* and David S. Hays 

Office Imaging Research and Technical Development, Kodak Imaging Group, 

Eastman Kodak Company, Rochester, New York 14650-2129, USA 

w- Reduction of 2- or 3-alkenylthiophenes with Et3SiWCFjCOzH in 

CHzClz gives the corresponding 2- or 3-alkylthiophene in >90% isolated yield. 

The regioselectivity of various Vilsmeier formylations of 3-alkylthiophenes was 

found to be a function of increasicg steric bulk in the 3-alkyl substituent and in the 

Vilsmeier reagent . The regioselectivity of fonnylations of 3-alkylthiophenes by 

initial lithiation with butyllithiwn in ether followed by quenching with DMF is 

independent of the presence or absence of TMEDA. 

INTRODUCTION 

l,l-Dioxo-4-dicyanomethylene-2,6disubstited 4H-thiopyrans (I), which have been described as analogues 

of tetracyanoquinodimethane (TCNQ)' and have been utilized as electron-transport materials in 

electrophotographic applications?3 display increased planarity in the neutral molecule and increased elecuon 

delocalization in the corresponding anion radicals when R1 and/or R2 are 2-thienyl substituents. We were 

interested in derivatives of (1) with alkyl-substituted 2-thienyl groups (branched alkyl substituents in 

particular), which might show improved solnbiiity in various polymeric b i d m .  In order to prepare such 
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compounds as shown in Scheme I, we sought highly regioselective routes to various 3-, 4-, and 5- 

alkylthiophene-2-carboxaldehyde derivatives. 

Scheme I 

I I I I 
MeCMe + 2 HC-Rl 

The most direct approaches to such molecules are fonuylation reactions of alkyIthiophenes.4-6 One formylation 

procedure is the Vilsmeier reaction on 3-alkylthiophenes (3) to give 4 and 5 and on 2-alkylthiophenes (6) to 

give 7 .4,6 Another formylation procedure is lithiation of the thiophene rings followed by quenching with an 

appropriate elecaophile such as dimethylformamide (DMP).~ 

The claims of regioselectivity in these reactions have varied significantly. The 5-alkylthiophene-2- 

carboxaldehydes (7) have been prepared with greater than 95% regioselectivity under Vilsmeier conditions.46 

The syntheses of the methyl derivatives (4a) and (5a) have been the subject of many investigations with greatly 

varying claims of regioselectivity.4.5 A Vilsmeier approach gives regiochemical preference to isomer 

(4a),4,5a,b.* while lithiation of 3a followed by treatment with dimethylformamide (DMF) gives the 2,4- 

isomer (5a) as the regiochemically preferred isomer.4.5g Vilsmeier approaches to the isopropyl derivatives 

(4e) and (5e) have also been described.' A regioselective preparation of isopropyl derivative (5e) (95% 

selectivity) has been described, which involves bromination of 3e followed by lithium-bromine exchange and 

reaction of the resulting thienyl lithium species with DMF.'*~ 

A second problem associated with the synthesis of alkyl-substituted thiophene-2-carboxaldehydes is the 

preparation of branched-alkyl suhstituents from alkenyl precursors. In our experience, heterogeneous 

hydrogenation catalysts are readily poisoned by the thiophene nucleus. 

We have examined two aspects of the chemi:itly associated with alkylthiophene precursors to thiophene-2- 

carboxaldehydes. The regiochemical selectivities of four approaches to the formylation of 3-alkylthiophened3) 

shown in Scheme II have been calculated from integral ratios of the two isomers (4) and (5) as determined by 

200 MHz 'H nmr spectra. Two different Vilsmeier reagents with different steric bulk were examined 
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(Procedures A and B). Two different thiophene lithiation procedures with different butyllithium reagents 

followed by treatment with DMF were also examined (Procedures C and D). The reduction of akenyl- 

substituted thiophene derivatives with uiethylsilane and uiiluomacetic acid in dichloromethane was found to 

give excellent yields of 3-alkyl- (3) and 2-alkylthiophenes (6) with branched akyl substituents as shown in 

Scheme III. 

Scheme II. 
A. DMFIPOCI, 

(3a), R = Me 
2) DMF 

(4a), R =Me (Sa), R =Me 
(3b), R = Et D. 1) n-BuLi-TMEDA (4b), R = Et (5b). R = Et 
(3c), R = n-Pr - ( 4~ ) .  R = n-Pr (Sc), R = n-Pr 
(Jd), R = n-Bu 2) DMF (4d), R = n-Bu (5d), R = n-Bu 
(3e), R = i-Pr (4e), R = i-Pr (Se), R = i-Pr 

Scheme III. 

RESULTS AND DISCUSSION 

Pre~aration of 3-Alkvlthio~henes (J), 3-Methylthiophene (3a) is commercially available (Aldrich). 3- 

Alkylthiophenes (3b-d) were prepared according to the procedure of Van Pham. Mark, and Ziimer as shown 

in Scheme IV.9 The appropriate alkyl Grignard reagent was coupled to 3-bromnthiophene with a catalytic 

quantity of [I ,3-bis(diphenylposphino)propane]nickel() chloride UTi(DPPP)C121 in ether. The products were 

isolated as distilled, colorless oils in 58-75% isolated yield. Attempts to prepare 3-isopropylthiophene (3e) via 

this procedure gave 1:l mixtures of 3-n-propyl- (3c) and 3-isopropylthiophene (3e). Preparation of the 

Grignard reagent of 3-bromothiophene and attempted coupling with 2-bromopropane in the presence of 

catalytic Ni(DPPP)Clz gave thiophene and none of the desired pmduct. 
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Scheme IV. 
Br 1) Mg' i-Pr 

Ni(DPPP)C12 s 2) Ni(DPPP)Cl,. 

1) n - ~ u ~ i \  / Hz, 5% Pd-C 
2) acetone methyl acetate 
3) oxalic acid or 

HSiEt,, CF3C02H 
Q ~ * ~ H ~  dichloromethane 

3-Isopmpylthiophene (3e) was successfully prepared in several steps as shown in Scheme N. Lithiation of 3- 

bromothiophene according to the procedure of Gronowitz, Cederlund, and ~ o r n f e l d t ~  followed by addition of 

acetone and dehydration with oxalic acid gives 3-(2-propeny1)thiophene in 37% overall yield. Hydrogenation 

with 5% palladium on carbon in methyl acetate gave 3e in 85% isolated yield, but additional catalyst needed 

to he added at frequent intervals during the hydrogenation, which suggests some poisoning by the thiophene. 

As an alternative procedure, we investigated the reduction of 3-(2-propeny1)thiophene with triethylsilanef 

trifluoroacetic acid in dichloromethane. Reduction was nearly instantaneous and was mildly exothermic. The 

reagents and by-products of the reaction are volatile leaving 3-isopropylthiophene (3e) as the residue in 

essentially quantitative yield. Distillation gave 3e in 92% isolated yield. This procedure was found to he 

equally successful for the reduction of 2-(2-propeny1)thiophene to give 2-isopropylthiophene (6a) in 90% 

isolated yield and for the reduction of 2-hutenylthiophenes (a mixture of isomers) to give 2-B-hutylthiophene 

(6b) in 93% isolated yield. 

Formvlation Reactions of 3-Alkvlthio~henes. Vilsmeier Reactions. The two Vilsmeier approaches compare the 

standard DMF-POC13 reagent system with the bulkier N-methylformanilide (NMFA)-POC13 reagent system.5e 

With 3-alkylthiophenes (3), the preferential site of electrophilic attack by the electrophilic species is the 2- 

position leading predominantly to 2,3-disubstituted products (4) (Table I). As the steric hulk of the 3- 

substituent increases, more of the 2,hiisubstio~ted products (5) are formed and the 4 : 5 ratio decreases. As 

shown in Tahle I, the bulkier NMFA-POClj system provides slightly more of the 2,4-products (5) than does 

the DMF-FOCI3 system, which suggests that steric interactions are imponant. Formation of the 2,4-iosmers 

(5) should he sterically less demanding than formation of the 1,2-isomers (4). Attempts to use even sterically 
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more demanding reagents such as Nfl-diphenylformamide or Nfl-diisopropylformamide with POCl3 were 

hit less,  as no product formation was observed, even after extended periods of heating. The 3-allcylthiophene- 

2-carboxaldehydes (4) were separated from the 4-alkyl isomer via careful chromatography on activated silica 

gel eluted with 10% ethyl acetate in hexanes and were isolated in greater than 60% isolated yield. The 

(4e)/(5e) mixtures were not efficiently separated by chromatography on silica gel. 

Table I. Regiochemical selectivity for the formylation of 3-alkylthiophene (3) as determined by 200 MHz 'H 

nmr. Isolated yields of the mixture are given in parentheses. Numbers are the average of two or more runs. 

(99) (94) (80) (87) (93) 
NMFA/POCI3 75 : 25 67 : 33 64: 36 64 : 36 42 : 58 

(98) (95) (78) (97) (97) 
I?-BuLi, DMF 18 : 82 11:89 11 :89 9 :  91 4 : 96 

(97) (85) (85) (85) (82) 
n-BuLVTMEDA, 11 : 8 9  14 : 86 10: 90 10 : 90 5 : 95 

DMF (84) (80) (84) (85) (84) 

Lithiation Reactions. Regioselectivity opposite to that observed in the Vilsmeier reactions is obtained upon 

lithiation of 3-alkylthiophenes (3) in ether at ambient temperature followed by the addition of DMP as shown in 

Table I. Surprisingly, the use of tetramethylethylenediamine with pbutyllithium ( B u L m E D A )  had little if 

any effect on the regioselectivity of reaction (Table I). Increased steric bulk at the 3-position gives increased 

regioselectivity for the 2.4-product, which suggests that kinetic acidity is product determining. The 4- 

alkylthiophene-2-carboxaldehydes (5) were separated from the 3-alkyl isomer via chromatography on activated 

silica gel eluted with 10% ethyl acetate in hexanes and were isolated in greater than 70% isolated yield. 

The absence of any significant effect from the addition of TMEDA is somewhat surprising. It is well- 

recognized that aggregation of organolithium reagents occurs in organic solvents (as tetrameric units for 

alkyllithiums in ethereal solvents) and that the aggregation affects both steric hulk and reactivity.'O The 

addition of coordinating species such as TMEDA or hexamethylphosphoramide (HMPA) can convert tetrameric 

or higher aggregates to dimers and even monomers and can dramatically affect product  ratio^.'^-'^ 

Although one might expect lihiation products from hutyllithium and thiophcnes to reflect kinetic control, the 
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absence of any effect kom added TMEDA suggests that thermodynamic control may be operative. However, 

exchange rates of HI and H5 for 3-isopropylthiophene (3e) for deuterium were not a factor of 20 different but 

were nearly identical in NaOMeNeOD, which suggests that thermodynamic acidity is not product-ratio 

determining in the lithiation procedures. If the thiophene sulfur atom were to break up higher aggregates by 

wordination to the organolithium reagent, then the addition of TMEDA might have little effect on the observed 

regioselectivity and reactivity. 

General Exoerimental. 'H Nmr spectra were recorded on a Varian Gemini-200 (200 MHz) instrument in 

deuteriochloroform (CDC13) with chlorofom (7.26 ppm) as an internal reference. Chemical shifts are in ppm 

(6); multiplicities are indicated as s (singlet), d (doublet), t (triplet), q (quartet), sext (sextet), hept (heptet), m 

(multiplet); coupling constants, J ,  are reported (Hz); proton count is based on integration. Product ratios were 

determined by integration of the 200 MHz 'H nmr spectra. Elemental analyses are reported only for previously 

unknown compounds. However, nmr, infrared, and mass spectral characterization is provided for all 

molecules for which such data has not been previously described. Infrared spectra were recorded on a Perkin- 

Elmer 298 Infrared Spectmphotometer. Peak positions are reported (cm-1). Mass specaa were obtained by the 

Eastman Chemical Analytical Technology Division. Column chromatography was performed by the method of 

Still13 with 32-63 pm silica gel (ICN Biomedicals). Melting points were determined on a Thomas-Hoover 

capillary melting point apparatus and are uncorrected. Bulb-to-bulb distillations were done in a coffee pot 

Kugelrohr, and boiling points correspond to uncorrected, air bath temperatures. AU reactions were performed 

under a e, argon atmosphere in oven-dried glassware. 

N-Methylformanilide (NMFA), anhydrous ether 99+%, anhydrous dichloromethane 99+%, butyllithium (2.5 

M in hexanes), [1,3-bis(diphenylphosphino)propane]nickel() chloride (Ni(DPPP)C12), triethylsilane, and 3- 

methylthiophene were obtained from the Aldrich Chemical company and were used without funher purification. 

3-Bromothiophene was obtained from the Aldrich Chemical Company and was distilled prior to use. 

Phosphorous oxychloride, magnesium turnings, 2,4-diniuophenylhydrazine, methyl acetate. 5 %palladium on 

carbon (Pd/C), bromoethane, I-bromopropane, and I-bromobutane were obtained from the Eastman Chemical 

Company and were used without further purification. N,N-Dimethylformamide was obtained from the 

Eastman Chemical Company and was dried over 3A molecular sieves prior to use. Teh.amethylethylenediamine 
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(TMEDA) was distilled from CaH2 and stored over 3A molecular sieves prior to use. Solvents used for 

extractions and chromatography were reagent grade and were used without purification. "Brine" refers to a 

saturated aqueous solution of NaC1. 2,4-Dinitrophenylhydrazones (2.4-DNP) were prepared from the 

thiophene aldehydes accord'mg to the method given in Fieser and Fieser14 and were recrystallized from ethyl 

acetate. 

Prevaration of 3-alkvlthiovhenes (3b-Q), Compounds (3b-d) were prepared according to the method of Van 

Pham, Mark, and Zimmer.9 Magnesium turnings (1.34 g, 55.2 mmol) were dried and activated by beating and 

stirring under a stream of argon for 1 h. Ether (100 ml) was added, and the alkyl Grignard reagent was 

prepared from the corresponding I-bromoalkane (60.7 mmol). When most or all of the magnesium had 

disappeared, Ni(DPPP)C12 (33 mg) was added, and then the 3-bromothiophene (8.15 g, 50.0 mmol) was 

added dropwise. The reaction was refluxed for 15 hours and then quenched by pouring into a 2 N HCl/ice 

mixture (50 ml). After wnrkup with diethyl ether, the solvent was removed by distillation under argon. The 

residues were distilled at 20 torr to afford the 3-alkylthiophene as a colorless oil (58-7.58). 

For); 74%, bp 87-92 'C at 20 torr.15 

-0175%. bp 98-100 'C at 20 torr.15 

-): 5896, bp 127-133 'C at 20 torr.l6 

The use of 2-bromopropane in the procedure above gave a 1:1 mixture of 3-n-propylthiophene (3c) and 3- 

isopropylthiophene (3e). Preparation of the Grignard reagent from 3-bromothiophene coupled with 2- 

bromopropane under the conditions described above gave none of the desired product (3e) and significant 

quantities of thiophene. 

( 3-(2-Propeny1)rlliophene (1 6.0 g, 

129 mmol), prepared according to the method of Gronowitz, Cederlund, and Homfeldt? was placed in a Pam 

shaker bottle along with 5 % PWC (4.0 g) and methyl acetate (I50 ml). The reaction was allowed to proceed 

under an atmosphere of hydrogen (56 psi) for 4 h, at which time an additional 2.0 g of 5% Pd/C was added. 

The reaction was allowed to proceed under an atmosphere of hydrogen (56 psi) for an additional 4 h, at which 

time the suspension was filtered through a pad of Celite. After removal of the solvent by distillation under an 

atmosphere of argon, the residue distilled from 95-97 'C at 20 torr to afford 13.8 g of 3e as a colorless oil 

(85%). 'H Nmr data agree with the published results.8 
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B. Hvdroeenation with Triethvlsilane~rifluoroacetic Acid. 3-(2-Propeny1)thiophene (12.4 g, 100 mmol) and 

triethylsilane (17.5 g, 150 mmol) were dissolved in 100 ml of dichloromethane. Trifluomacetic acid (18.5 g, 

150 mmol) and a catalytic amount of Vifluoroacetic anhydride (0.25 g, 1.0 mmol) in 25 ml of dichlorornethane 

were added dmpwise. The reaction was mildly exothermic. After addition was complete, the reaction mixture 

was stirred 5 min at ambient temperature and was concentrated. Distillation of the residue gave 11.6 g (92%) 

of 3e as a colorless oil, bp 95-100 'C at 20 torr.8 

The procedure was repeated with 2-(2-propeny1)thiophene (12.4 g, 100 mmol) to give 11.4 g (90%) of 6a as 

a colorless oil, bp 102-104 'C at 20 torr.8 

The procedure was repeated with 2-(2-buteny1)thiophene (20.0 g, 145 mmol) to give 19.1 g (93%) of 6b as a 

colorless oil, bp 38-42 'C at 1.0 torr: 'H Nmr (CDC13) S 7.11 (dxd, 1 H, J = 1, 5 Hz), 6.91 (dxd, 1 H, J = 3, 

5 Hz), 6.78 (dxd, 1 H, J = 1, 3 Hz), 2.92 (sext, I H, J = 7 Hz), 1.64 (m, 2 H), 1.30 (d, 3 H, J = 7 Hz), 0.87 

(t, 3H, J = 7 Hz); ir (neat, NaC1) 2963,2928,2875, 1454, 1441,1378, 1234,853,821,691 cm-1; mlz 140 

(M+). Anal. Calcd for CgH12S: C, 68.51; H, 8.63; S ,  22.87. Pound: C, 68.66; H, 8.61; S, 22.46. 

Reoaration of 2-(2-Pro~envl)thioohene. n-Butyllithium (240 ml of 2.5 M in hexanes, 600 mmol) was added 

dropwise to a stirred solution of thiophene (55.5 g, 660 mmol) in 1 I of THF cooled to -78 'C. The resulting 

solution was stirred for 1.5 h at -78 'C. Acetone (43.0 g, 740 mmol) in 100 ml of THF was added. The 

resulting solution was stirred for I hat -78 'C and was then w m e d  to ambient temperature over a 2-h period. 

The reaction mixture was quenched by the slow addition of 1 I of saturated ammonium chloride solution. The 

organic phase was separated and the products were extracted with ethyl acetate (3 x 500 ml). The combined 

organic extracts were washed with brine, dried over magnesium sulfate, and concentrated. The residue was 

purified by distillation to give 68.3 g (80.0%) of a colorless oil, bp 50-55 'C at 1 ton, which crystallized upon 

standing. 

The alcohol was dissolved in 1 I of dry pyridine. Methanesulfonyl chloride (107.9 g, 942 mmol) was added 

dropwise over 20 min. The reaction was cooled in an ice bath. The cooling bath was removed and stining was 

continued for 1 h. The reaction mixture was poured onto 1 1 of ice water. The products were extracted with 

ether (3 x 400 ml). The combined organics were washed with 2 N HCl(3 x 300 ml) and saturated sodium 

bicarbonate (2 x 300 ml), were dried over magnesium sulfate, and concentrated. The residue was purified by 

distillation to give 47.7 g (82%) of 2-(2-propeny1)thiophene as a colorless oil, bp 30-33 'C at 1 torr.8 
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Pre~aration of 2-Butenvlthioohenes. pButyllithium (40 ml of 2.5 M in hexanes, 100 mmol) was added 

dropwise to a stirred solution of thiopheoe (9.26 g, 110 mmol) in 150 ml of THF cooled to -78 'C. The 

resulting solution was stirred for 1.5 h at -78 'C. 2-Butanone (8.88 g, 123 mmol) in 20 ml of THP was added. 

The resulting solution was stirred for 1 h at -78 'C and was then warmed to ambient temperature over a 2 h 

period. The reaction mixture was quenched by the slow addition of 150 ml of saturated ammonium chloride 

solution. The organic phase was separated and the products were extracted with ethyl acetate (3 x 150 ml). 

The combined organic extracts were washed with brine, dried over magnesium sulfate, and concentrated. The 

residue was purified by distillation to give 14.1 g (90.0%) of a colorless oil, bp 49-54 "2 at 0.2 torr, which 

crystallized upon standing. 

The alcohol (12.0 g, 77.0 mmol) was dissolved in 150 ml of ether. The resulting solution was stirred for 1 h 

over 100 ml of 10% HC1. The organic phase was separated and the aqueous phase was extracted with 100 ml 

of ether. The combined ether extracts were washed with saturated sodium bicarbonate solution (3 x 100 ml) 

and brine, were dried over magnesium sulfate, and concentrated. The residue was purified by distillation to 

give 7.80 g (73%) of 2-butenylthiophenes as a colorlew oil, bp 58-62 'C at 1 torr. By IH nmr, there is a 6:l 

mixture & and  isomers of the 2-(2-buteny1)thiophenes and trace amounts of 2-(1-huteny1)thiophene. For 

the major component of the 6 1  mixture: IH Nmr (CDCI3) 6 7.07 (m, 1 H), 6.95 (m, 2 H), 6.00 (q + other 

splittings, 1 H, J = 7 Hz), 2.02 (t, 3 H, J = 1 Hz), 1.77 (dxd, 3 H, J = 1,7 Hz). For the minor component of 

the 6 1  mixture: IH Nmr (CDC13) 6 5.61 (q +, 1 H), 2.12 (1, 3 H), 1:88 (dxd, 3 H); ir (mixture, neat, NaCI) 

3085, 2980, 2925, 2870, 1441, 1380, 1353, 1329, 849. 810, 690 cm-1; mlr 138 (M+). The mixture of 

isomers gave a satisfactory elemental analysis: Anal. Calcd for C~HIOS: C, 6921; H, 7.26; S, 23.53. Pound: 

C, 68.96; H, 7.61; S, 23.46. 

Formvlation of 3-Alkvlthio~henes Usinr! POCDDMF. Procedure A. Standard Vilsmeier conditions were 

employed,' and a typical procedure follows. To the N.N-dimethylformamide (0.77 g, 10.5 mmol) was added 

phosphorous oxychloride (1.61 g, 10.5 mmol). The mixture was stirred at mom temperature for one hour, at 

which time the 3-alkylthiophene (7.00 mmol) was inuoduced. The reaction w u  stirred at mom temperature for 

one hour, then at 100 'C for 1 h. The reaction mixture was cooled to room temperature, diluted with 50 

ml of CH2C12, and poured into 50 ml saturated NaHC03. The organic phase was drawn off, and the aqueous 

phase was extracted with CHZCIZ (3%). The combined organic layers were washed with brine (Ix) and dried 

over MgS04. After concentration on a rotary evaporator, the residue was purified by flash column 
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chromatography (hexanes/EtOAc) to afford a mixture of 3- and 4-alkyIthiophene-2~arbxaldehy&s. Careful 

chromatography (10% EtOAchexanes) allowed the separation of the pure 3-alkylthiophene-2-carboxaldehyde 

(4). 

Fonnvlation of 3-alkvlthioohenes wine POC13/NMFA. Procedure B. The general procedure of Weston and 

MichaelsSc was followed. To the N-methylformanilide (0.82 g, 6.07 mmol) was added phosphorous 

oxychloride (0.93 g, 6.07 mmol). The yellow mixture was allowed to stand for 30 min, at which time the 3- 

alkylthiophene (6.68 mmol) was introduced. After stirring for 17 h, the reaction was diluted with 30 ml of 

CH2C12 and was poured into 30 ml of ice water. The organic layer was drawn off, and the aqueous layer was 

extracted with CHzC12 (3x). The combined organics were washed with 2 N HCI (Zx), and the acidic layers 

were extracted with CHzClz (2x). The organic layers were further washed with saturated NaHC03 (Zx), and 

then with brine (lx). After drying (MgS0.d. the solvent was removed on a rotary evaporator, and the resulting 

residue was purified by flash column chromatography (hexanes/EtOAc) to afford a mixture of 3- and 4- 

alkylthiophene-2-carboxaldehydes. 

Fonnvlation of 3-alkvlthio~henes usine n-BuLiDMF. Procedure C. The general lithiation prodedure of 

Gronowitz was followed.8 To a solution of the 3-alkylthiophene (7.0 mmol) in ether (7 ml) was added the g- 

butyllithium (7.0 mmol) at such a rate that a slight reflux was maintained. The reaction was then heated to 

reflux for 15 minutes, the heat source was removed, and the N,N-dimethylfonnamide (0.70 ml, 9.1 mmol), 

was added in a solution of diethyl ether (3.5 ml). After stirring for 4 h, the reaction was quenched by the 

addition of 20 ml of saturated NH4C1. The organic layer was drawn off, and the aqueous layer was extracted 

with ether (3x). The combined organic extracts were washed with brine (lx), dried (MgSOd), and 

concentrated. The residue was purified by flash column chromatography (hexanes/EtOAc) to afford a mixture 

of 3- and 4-akylthiophene-2-carboxaldehydes. Careful chromatography on freshly activated silica gel (10% 

EtOAchexanes) allowed the separation of the pure 4-alkylthiophene-2-carboxaldehyde (5). 

Formvlation of 3-alkvlthio~henes usine n - B u L i E D A D M F .  Procedure D. The general lithiation prodedure 

of Gronowitz was followed.8 To a solution of the 3-alkylthiophene (7.0 mmol) in ether (7 ml) was added a 

mixture of n-butyllithium (7.0 mmol) and TMEDA (0.90 g, 7.7 mmol) at such a rate that a slight reflux was 

maintained. The reaction was then heated to reflux for 15 minutes, the heat source was removed, and the N f l -  

dimethylfonnamide (0.70 ml, 9.1 mmol), was added in a solution of ether (3.5 ml). After stirring for 4 h, the 

reaction was quenched by the addition of 20 ml saturated NH4CI. The organic layer was drawn off, and the 
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aqueous layer was extracted with ether (3x). The combined organic extraas were washed with brine (Ix), 

dried (MgS04), and concentrated. The residue was purified by flash column chromatography (hexanes1EtOAc) 

to afford a mixture of 3- and 4-alkylthiophene-2-carbxaldehydes. 

The spectral characterization of many of the thiophene carboxaldehydes is described below for the fmt time 

although many of these compounds have been known in the litemhut. for some time.15,'6 

3-Methyl-2-thioohenecarboxaldehvde (4a). 'H Nmr of the major product (CDC13) 6 10.05 (d, 1 H, J = 1.1 

HZ), 7.63 (dxd, 1 H, J = 1.1, 4.9 Hz), 6.97 (d, I H, J = 4.9 Hz), 2.58 (s, 3 H); it (neat, NaC1) 1660 m- I ;  

m/z 126 (M+); bp (air bath temperature)60-63'Cat 0.3 ton; 2,4-DNP of 4a : mp 21 1-213 %; Anal. Calcd for 

C12H10N404S: C, 47.05; H, 3.29; N, 18.29. Found: C, 47.47; H, 3.32; N, 18.51. 

3-Ethyl-2-thioohenecarboxaldehvde (a). IH Nmr (CDC13) 6 10.04 (d, 1 H, .I = 1.1 Hz), 7.65 (dxd, 1 H, J 

=5.0Hz, 1.1 Hz),7.04(d, 1 H, J =  5.0Hz),2.99 (q ,2H , J=7 .6Hz) ,  1 . 3 0 ( t , 3 H , J =  7.6);ir (neat, 

NaC1) 1660 cm-1; mlz 140 (M+); bp (air bath temperature) 70-75 'C at 0.3 tom; 2,4-DNP of 4b : mp 191-193 

'C; Anal. Calcd for C I ~ H ~ ~ N ~ O ~ S :  C, 48.75; H, 3.78; N, 17.49. Found: C, 48.49; H, 3.91; N, 17.39. 

3-Proovl-2-thioohenecarboxaldehvde ( 4 ~ ) .  'H Nmr (CDC13) 6 10.04 (d, 1 H, J = 1.1 Hz), 7.64 (dxd, 1 H, J 

= 1.1,5.0Hz),7.01 (d, 1 H , J = ~ . O H Z ) , Z . ~ ~ ( ~ , ~ H , J = ~ . ~ H ~ ) ,  1 . 7 0 ( m , 2 H ) , 0 . 9 7 ( t , 3 H , J = 7 . 3  

Hz); ir (neat, NaC1) 1660 cm-I; mlz 154 (M+); bp (air bath temperature) 80 'C at 0.3 ton; 2.4-DNP of 4c : 

mp 173-175 'C; Anal. Calcd for C14Hi&04S: C, 50.29; H, 4.22; N, 16.76. Found: C, 49.95; H, 4.12; 

N, 16.46. 

3-Butvl-2-thioDhenecarboxaldehvde (4d). IH Nmr (CDClj) 6 10.04 (d, 1 H, J = 1.2 Hz), 7.64 (dxd, 1 H, J 

= 1.1, 5.0 Hz), 7.01 (d, 1 H, J = 5.0 Hz), 2.9'1 (t, 2 H, J = 7.6 Hz), 1.64 (m, 2 H), 1.37 (m, 2 H), 0.93 (t, 3 

H, J =  7.2 Hz); ir (neat) 1660 cm-1; mfz 168 (M+); bp 75-78 'C at 0.3 ton; 2,4-DNP of 4d : mp 158-161 'C; 

Anal. Calcd for C I S H I ~ N ~ O ~ S :  C, 51.71; H, 4.63; N, 16.08. Found: C, 51.75; H, 4.32; N, 16.27. 

lH Nmr (CDC13) 6 10.10 (dxd, 1 H, J =  0.3, 1.1 Hz), 7.65 

(dxdxd, 1 H , J = 0 . 5 ,  1.1,5.1Hz),7.11 (dxd, 1 H , J = 0 . 4 , 5 . 1  Hz, 1 H),3.66(hept, 1 H , J = 6 . 9 H z ) ,  

1.32 (d, 6 H, J = 6.9 Hz); ir (neat, NaCl) 1660 cm-I; mlz 154 (M+); bp of mixture (air bath temperature) 75- 

80 'C at 0.3 ton.; 23-DNP of 4d : mp 65-80 'C; Anal.(of mixture) Calcd for C14H1dQ04S: C, 50.29; H. 

4.22; N, 16.76. Found: C, 50.75; H, 4.22; N, 16.27. 

-1. 'H Nmr (CDC13) 6 9.87 (d, 1 H, J = 1.3 Hz), 7.36 (d, 1 H, J = 

1.5 Hz), 7.36 (dxd, 1 H, J = 1.3, 1.5 Hz), 2.32 (s, 3 H); ir (neat, NaCI) 1660 m-1; m/z 126 (M+); bp of 
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mixture (air bath temperature) 55-60 'C at 0.4 torr; 2,4-DNP of 5a : mp 233-234 'C; Anal. Calcd for 

C ~ ~ H I O N ~ O ~ S :  C, 47.05; H, 3.29; N, 18.29. Pound: C, 47.32; H, 3.23; N, 18.41. 

4-Ethvl-2-thio~henecaboxaldehvde (5b). lH Nmr (CDC13) 6 9.88 (d, 1 H, J = 1.3 Hz), 7.63 (d, 1 H, J = 

1.5 Hz), 7.39 (m, 1 H), 2.68 (q, 2 H, J = 7.6 Hz), 1.27 (t, 3 H, J = 7.6); u (neat, NaCI) 2980, 2940, 1670, 

1470,1390,1240,1190,1130,860,670 cm-l; mlz 140 (M+); hp (air bath temperahue) 70 'C at 0.5 ton; 2,4- 

DNF' of 4b : mp 185-186 'C: Anal. Calcd for C I ~ H I ~ N ~ O ~ S :  C, 48.75; H, 3.78; N, 17.49. Found: C, 

48.40; H, 4.01; N, 17.28. 

4-Propvl-2-thio~henecarboxaldehvde ( 5 ~ ) .  'H Nmr (CDCl3) 6 9.88 (d, 1 H, J =  1.3 Hz), 7.60 (d, 1 H, J = 

1.5 Hz), 7.37 (m, 1 H), 2.62 (t, 2 H, J = 7.6 Hz), 1.66 (m, 2 H), 0.95 (t, 3 H, J = 7.3 Hz); u (neat, NaC1) 

2980,2940,2880,1660,1440, 1390, 1240, 1190, 1140,670 cm-1; mlz 154 (hi+); bp (air bath temperature) 

70 'C at 0.5 tom; 2,4-DNP of 5c : mp 186-187 "2; Anal. Calcd for C14H14N404S: C, 50.29; H, 4.22; N, 

16.76. Found: C, 49.85; H, 4.18; N, 16.97. 

4-Butvl-2-thio~henecarboxaldehvde (5d). 'H Nmr (CDC13) 6 9.87 (d, 1 H, J = 1.3 Hz), 7.61 (d, 1 H, J = 

1.5 Hz), 7.37 (m, 1 H), 2.65 (t, 2 H, J = 7.6 Hz), 1.64 (m, 2 H), 1.37 (m, 2 H), 0.93 (t, 3 H, J = 7.2); u 

(neat, NaCl) 1660 cm-I; mlz 168 (M+); bp 75-78 'C at 0.3 torr; Anal. Calcd for C9H120S: C, 64% H, 7.19; 

Found: C, 63.97; H, 7.51. 

4-Iso~ro~vl-2-thio~henecarboxaldehvde (5e). 'H Nmr (CDCl3) 6 9.88 (d, 1 H, J = 1.2 Hz), 7.67 (d, 1 H, J 

= 1.5 Hz), 7.40 (m, 1 H), 3.00 (hept, 1 H, J = 6.9 Hz), 1.27 (d, 6 H, J = 6.9 Hz); ir (neat, NaCI) 2980, 

1660, 1470, 1430, 1390, 1240, 1200, 1170 cm-I; mlr 154 (M+); bp (air bath temperature) 70 'C at 0.3 torr; 

2,4-DNP of 5e : mp 201-202 'C; Anal. Calcd for C I ~ H ~ ~ N ~ O ~ S :  C, 50.29; H, 4.22; N, 16.76. Found: C, 

49.85; H, 4.18; N, 16.97. 
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