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A b s t r a c t : Severa l me thods for the prepara t ion of t r i s ( th ieny l )methanes and t r i th ieny lmethy l 
carbenium ions have been modif ied. Tris(2-thienyl)methane was prepared through the condensat ion 
of thiophene and 2-thiophene aldehyde in the proport ions of 1:2 using a catalytic amounts of 7 0 % 
sulfuric acid at 50 "C. Alternatively catalytic amounts of sulfuric acid absorbed on si l ica gel were 
used. The scope of the reaction of 2.5-dialkyl-3-thienyll i thium derivat ives with alkyl carbonates and 
methyl chloroformate for the preparation of tr is(thienyl)carbinols has been studied. Tris(thienyl)car-
benium ions were convenient ly prepared through the react ion of t r is( th ienyl )methanes with trityl 
perchlorate in anhydrous dichloromethane. 

i n t r o d u c t i o n 

In connect ion with our interest In the spectroscopic and chemical propert ies of var ious substi tuted 

tr is(thienyl)methane derivatives and the carbenium ions, carbanions and radicals derived from them 

[ 1 ] , we have undertaken an investigation of the synthesis of these types of compounds. W e have re­

cently descr ibed methods for the preparat ion of t r is[2.5-bis(methyl thio)-3-thienyl ]carbinol, tr is[4,5-

bis(methylthio)-2-thienyl)carbinol] and tr is[2,4,5-tr is(methylthio)-3-thienyl]carbinol [2]. Recently also 

the two isomeric tr is(tr ichlorothienyl)methyl radicals have been prepared f rom the tris (tr ichlorothie-

nyl)carbinols via the corresponding carbenium ions and studied by EPR-spectroscopy [3]. 

Very few tr is(thienyl)methane derivatives have been described previously. Hartough mentioned in his 

monograph, as unpubl ished work, that he obtained tr is(5-methyl-2-thienyl)methane by condensat ion 

of 2-methyl thiophene with 5-methyl-2-thiophene aldehyde in the presence of act ivated c lays at the 

reflux temperature of toluene [4]. Tris(2-thienyl)carbinol, the derivative, which was first prepared, was 

obtained by the addit ion of 2-thienylmagnesium hal ide to di(2-thienyl) ketone [5,6], but was at that 

t ime not obtained in pure form. 

Another Friedel-Crafts type approach, consist ing in the reaction of chloroform with 2-acetylthiophene 

in the presence of excess of a luminium chlor ide, gave solely t r is(5-acety l -3- th ienyl )methane [7]. 
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These results were confirmed by Meth-Cohn, who also found that this compound gave 2:1 clathrates 

with a variety of organic compounds [8]. Their structure has been studied by X-ray crystal lography [9-

[12]. 

In recent years the activity in this field has markedly increased and a number of papers on the syn­

thesis and reactivity of bis(heteroaryl)- and tris (heteroaryl)methane derivatives have appeared. The 

condensation of 2-methylfuran and 2-methylthiophene with a variety of aldehydes using macropourus 

ion-exchange resins as catalyst gave high yields of triaryl substituted methanes [13]. Treatment of N-

(a-benzotriazolyl)alkylcarbamate, available from the condensation of benzotriazole, an aldehyde and 

an alkyi carbamate or methylfuran in the presence of zinc chloride with excess methylthiophene, was 

used for the preparat ion of bis(heteroaryl)alkyl or phenyl methanes [14]. The interest in these com­

pounds was motivated by their potential use as flavour agents of interest for the perfume industry. 

Regioselective lithiation of di(2-thienyl)methane at the methylene group has recently been used for 

the preparation of various trisubstituted methanes [15]. Similarly carbanion reactions at the bridge po­

sition of 5.5'-disubstituted di(2-thienyl)methanes have been used [16]. The reaction of 3,4,5-trichloro-

2-thienyllithium with acetone has been used for the preparation of dimethyl-3 ,4,5-tr ichloro-2-thienyl-

carbinol and with aldehydes various trichloro-2-thienylcarbinols were obtained. Upon reaction with p-

toluenesulfonic acid compounds with styryl and phenyl groups underwent a new type of el imination 

with rearrangement producing thiolactones in high yields [17]. 

Most interest has been focused on the physical propert ies and reactions of the trithienyl carboca-

tions. Detailed NMR studies of the tris(2-thienyl) methane cation have been undertaken [I8-21]. The 

structure of the perchlorate has been determined by X-ray crystallography. It was found that the ion 

is stabilized by delocalization over a conjugated polymethine framework [22]. Nakayama and cowork­

ers have recently published important work on the reaction of this carbenium ion with hydrogen and 

carbon nucleophi les, which affords three types of addit ion products, formed by the addit ion of the 

nucleophiles to the carbenium ion center and the 3- and 5-posit ions of the 2-thienyl group [23]. These 

investigations were extended to an investigation of 2,5-biscarbenium salts [24]. Such compounds 

were obtained through the reaction of 2,5-dil i thiothiophene and di(2-thienyl) ketone and are synthetic 

precursors for low band gap polymers [25.26]. Also 2,5-biscarbenium ions derived from 2,2'-bithienyl, 

Which are perthienyl analogues of Chichibabin's hydrocarbon, have been studied [27]. They also stud­

ied the reaction of the carbanion of tris(2-thienyl)methyllithium with various alkyi halides. With primary 

alkyi halides only alkylation at the carbanionic center was obtained, whereas with secondary and ter­

tiary alkyi hal ides in addit ion alkylation at the 3-posit ion of the th iophene ring was observed [28]. 

Starting from 2-methyl-4-bromothiophene they prepared tris(5-methyl-3-thienyl)carbinol through halo­

gen-metal exchange at -78 fol lowed by reaction with diethyl carbonate. This compound was trans­

formed to the carbenium ion, which was methylated at the carbenium center with methyl magnesiuim 
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iodide. Upon bromination and halogen-metal exchange, reaction with diethyl carbonate gave a hete-

rotriptycene [29]. Photochemical reactions of diphenyl-2-thienyl carbinol have been studied [30]. 

An investigation on the ERR-spectra of tris(trithienyl)methyl radicals has been published [3 i ] and re­

cently a study of the dimerization of the diphenyl-2-thienylmethyl radical has been reported [32]. 

Exper imenta l 

Melt ing points are uncorrected. The ^ H NMR spect ra were recorded on a Var ian XL-300 

spectrometer and deuteriochloroform was used as solvent. The mass spectra were recorded on a 

JEOL-SX 102 spectrometer. The UV spectra were recorded with an UNICAM SP. 800 Ultraviolet 

spectrophotometer. Column chromatography was carried out with Merck silica gel 60. 

Tris(2-thienyl)methane l a 

To a stirred mixture of 11.2 g (0.10 mol) of 2- th iophenealdehyde [33] and 25.2 g (0.30 mol) of 

thiophene 3.0 ml of 7 0 % sulfuric acid was added dropwise at room temperature. After one hour the 

reaction mixture was warmed to 50 "C and stirred for another three hours. At room temperature the 

crude product was tr i turated four t imes with hot ethanol . The combined ethanol f ract ions were 

evaporated and the residue chromatographed using first petro leum ether and then petro leum 

ether/ethyl acetate (9:1) as eluent. The yield of the title compound, obtained as white crystals, was 

10.0 g (38%). mp 54 "C (hexane) (lit. [34] mp 54 "C). 

2,5-Bis[di(2-thienyl)methyl]thiophene 3 

This compound was obtained from the most polar fract ions in the procedure descr ibed above as 

orange crystals mp 77-78 "C (hexane); NMR: 6 7.22 (dd. 4H . H5. J = 4.75. 1.65 Hz). 6.94 (m. 8H). 

6.76 (S. 2H). 6.04 (s. 2H); MS: M/z 440 (M"^). Anal. Calcd. forCggH^gSg: C. 59.95; H. 3.65; S. 36.38. 

Found: C. 60.05. H. 3.66; S. 36.29. 

Tris(5-methyl-2-thienyl)methane l b 

This compound was prepared according to Chavez and Godinez [35] from 12.6 g (0.10 mol) of 5-me-

thyl-2-formylthiophene[33]. 19.6 g (0.20 mol) of 2-methylthiophene [36] and 3.0 g of acidic sil ica gel 

in 50 ml of benzene. The reaction mixture was warmed to 60 "C and 11.0 g (0.078 mol) of 

phosphorous pentoxide was added over a period of one hour. After stirring for another three hours at 

the same temperature the solid material was removed by titration and washed with dichloromethane. 

The combined filtrates were washed with 10% sodium hydroxide solution and water. After drying over 

magnesium sulfate and evaporation the residue was chromatographed using petroleum ether as 

eluent. 11.9 g (39%) of the title compound was obtained as coloriess crystals mp 66-67 "C (ethanol); 

^ H NMR: 6 6.70 (d. 3H. J = 3.25 Hz). 6.57 (d. 3H. J = 3.25 Hz). 5.82 (s. 1H). 2.52 (s. 9H). 

Tris(5-bromo-2-thienyl)methane Ic 

To a mixture of 7.86 g (0.30 mol) of l a in 70 ml of ether and 9.2 ml of 3 0 % hydrogen peroxide 
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cooled to -15 "C, 30 ml of 4 7 % fiydrobromic acid was added dropwise during one fiour. Wfien tf ie 

addit ion was completed tf ie stirring was cont inued for anotf ier two f iours and tf ie temperature was 

kept below -5 "C. At room temperature tf ie pf iases were separated and tf ie organic pf iase was 

wasf ied witf i saturated sodium cf i lor ide solut ion, 1 0 % sodium hydroxide solution and water. After 

drying over magnes ium sulfate and evaporat ion tf ie residue was recrystalized first f rom petroleum 

etfier (80-100 "C) and t f ien from etf ianol mp 81-82 "C. Tf ie yield of tf ie title compound as colorless 

crystals was 8.1 g (54%). ""H NMR: 6 6.91 (d, 3H, H4, J = 3.80 Hz), 6.68 (dd, 3H, H3, J = 3.80, 0.90 

Hz). 5.81 (s, 1H, metf i ine-H. J = 0.90 Hz); NMR: 6 146.8, 129.6, 126.8. 112.3, 43.3; Anal. Calcd. 

f o r C i a H ^ B r g S a i C , 31.28; H. 1.41 ; S , 19.27. Found: C. 31.34; H, 1.43; S, 10.39. 

T r i s (2 ,5 -d imethy l -3 - th ieny l )methane 2a 

Tf i is compound was prepared as described for l a from 14.0 g (0.10 mol) of 2,5-dimetfiyl-3-formyl-

tf i iopfiene[37] and 22.4 g (0.20 mol) of 2,5-dimetfiyltf i iopfiene [38]. Tf ie title compound was obtained 

as wfi i te crystals in a yield of 14.5 g (42%) ; mp 143-144 °C: ^H NMR: 6 6.28 (s, 3H), 5.07 (s, 1H). 

2.34 (s, 9H), 2.18 (s, 9H): ^^C NMR: 6 139.1 , 134.4, 130.2, 126.8, 30.9, 15.3, 12.9. 

Anal. Calcd. for C^gHggSg: C, 65.84; H, 6.39; S, 27.76. Found: C, 65.92; H, 6.46; S, 27.67. 

T r i s (5 -ace ty l -2 -b romo-3- th ieny l )methane 2b 

To a suspension of 33.4 g (0.25 mol) of a luminum tricfiloride in 70 ml of cfi loroform 20.5 g (0.10 mol) 

of 2-acetyl-5-bromotf i iopf iene [39] was added in port ions at room temperature. Tf ie reaction mixture 

was ref luxed over nigfit and tf ien careful ly poured into ice-cold 1 M fiydrocfi loric acid. Tf ie pf iases 

were separated and tf ie water pf iase extracted witfi cfi loroform. Tf ie combined organic pf iases were 

wasf ied witf i water, dr ied over magnes ium sulfate and evaporated. The residue w a s purif ied by 

HPLC using a preparative polygosil co lumn (10x500 mm) and fieptane/etfiyl acetate (9:1) as eluent. 

Tf ie title compound, 7.0 g (34%), was obtained as colorless crystals mp 181-182 "C (etfianol). IR (po-

tasium bromide): v 1 6 5 0 c m " ' (C=0) : ^H NMR: 6 8.13 (s, 3H), 6.42 (s, I H ) , 2.55 (s, 9H). 

HRMS calcd. for C^gH^gB-gOgSg: 621.7576. Found: 621.7578. 

D i (5 -ace ty l -2 -ch lo ro -3 - th ieny l )ch lo romethane 4 

Tf i is compound was formed in tf ie procedure described above from 16.1 g (0.10 mol) of 2-acetyl-5-

cfi iorotf i iopfiene [39]. Tf ie title compound,2.6 g (21%), was obtained as colorless crystals mp 140-141 

°C (etfianol). IR (potassium bromide): v 1655 cm" " (C=0) : ^H NMR: 6 7.62 (s, 2H), 6.21 (s, IH ) , 2.52 

(s. 6H). 

HRMS calcd. for C^gHgClgOgSg.- 365.9109. Found: 365.9116. 

T r i s (2 ,5 -d imethy l -3 - th ieny l )ca rb ino l 5 

To a solution of 3.57 g (15.0 mmol) of 3-iodo-2,5-dimetfiyltf i iopfiene [40] in 80 ml of anf iydrous etfier 

8.0 ml of 2.02 M butyllitfi ium was added dropwise under nitrogen at -78 "C. The reaction mixture was 

stirred for 15 min and tf ien 3.75 g (15.0 mmol) of di(2.5-dimetfiyl-3-tf i ienyl)ketone [4 i ] in 30.0 ml of 
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anhydrous ether w a s added dropwise. After stirring for three hours at -78 "C the cool ing bath was 

removed and the reaction left over night. The reaction mixture was poured into ice-cold saturated 

ammonium chloride solution. The phases were separated and the organic phase washed with water, 

dried over magnesium sulfate and evaporated. The solid residue was triturated with two 5ml portions 

of pentane. After recrystall ization f rom ethanol 1.23 g (68%) of the title compound was obtained as 

white crystals, mp 110-111 "C (decomp.). IR (potassium bromide): v 3 6 0 0 c m ' ^ ^ H NMR: 6 6.46 (s. 

3H). 2.19 (s. 18H); MS: m/z 362 (M"^). 

Anal. Calcd. for C^gH220S2: C. 62.93; H. 6 .11 ; S. 26.53. Found: C. 62.95; H. 6.08; S. 26.55. 

Di(2,5-di- f-butyl-3-thienyl)ketone 6 

When 4.13 g (15 .0 mmol) of 3-bromo-2.5-d i -^buty l th iophene [42] was used in the procedure 

described for 5. 1.03 g (49%) of the title compound was obtained as white crystals mp 218-219 "C 

(lit. [41] mp 221-222 "C). 

1,3,5,7-Telra-f-biJtylbenzo[1,2-c;4,5-c']dithiophene-4,8-dione 7 

When 5.31 g (15.0 mmol) of 3.4-dibromo-2.5-di -^buty l th iophene [42] was used in the procedure 

descr ibed for 5. 0.10 g (9%) of the tit le compound was after subl imation at 192-194 "'C/9mm Hg 

obtained as whi te crystals. IR (potassium bromide): v 1650 cm ' ^ ( C = 0 ) ; ^H NMR: 6 1.57 (s. 36H); 

MS: M/z 444 (M"^). 

Anal. Calcd. for CggHggOgSg: C. 70.22; H. 8.16; S. 14.42. Found: C. 70.03; H. 8.15; S. 14.42. 

Reduc t ion of t r is ( th ieny l )ca rb ino ls to tr is(thienyl )methanes. 

To a mixture of 0.25 ml (2.0 mmol) of tr imethylsi lylchloride. 0.75 g (5.0 mmol) of sodium iodide and 

15 ml of acetonitr i le 2.0 mmol of the carbinol was added. The reaction mixture was stirred in the dark 

at room temperature over night. After addi t ion of sodium thiosul fate solut ion the product was 

extracted with two 15 ml port ions of diethyl ether. The combined ether phases were dr ied over 

magnesium sulfate and evaporated. The residue was recrystall ized from hexane. 

Tris(2-thienyl)carbinol [18] gave 0.43 g (82%) of a compound identical with l a described above. 

Tris(5-methyl-2-thienyl)carbinol [18] gave 0.53 g (87%) of a compound identical with 1_b described 

above. 

Tris(2.5-dimethyl-3-thienyl)carbinol (7) gave 0.63 g (91%) of a compound identical with 2adescr ibed 

above. 

Prepara t ion of t r ls ( th leny l )methy l perchlorate. 

To a solution of 0.34 g (1.0 mmol) of f reshly prepared trityl perchlorate [43] in 3.0 ml of anhydrous 

dichloromethane 1.0 mmol of the tr is(thienyl)methane was added. The reaction mixture was stirred 

over night under nitrogen at room temperature. Upon careful trituration with about 3 ml of petroleum 

ether colored crystals were formed. Most of the liquid was removed by decantat ion and the rest with 

a pipette. The remaining crystals were washed with pentane/ether (4:1) fo l lowed by drying in vacuo 
at room temperature. 41^ 
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Tris(2-thienyl)methane l a gave 0.22 g (62%) of 8a as brown-red crystals, mp 155-156 "C. MS (El): 

m/z 260 (M "^-1-0104). 

Tris(5-metfiyl-2-tf i ienyl)metfiane l b gave 0.31 g (77%) of 8 b as red crystals mp 166-167 " C ; UV 

(acetonitrile): (log e) 233 (2 .31) , 282 (2 .36) ; NMR: 6 8.03 (d, 3H, J = 4.0 Hz) 7.48 (d. 3H, J = 

4.0 Hz). 2.82 (s, 9H); ^^C NMR: 6 169.5. 147.2, 139.8. 133.5. 17.7; MS (El): mIz 302 (M -I-CIO4). 

Resu l t s a n d d i s c u s s i o n 

In t f ie present work we could prepare tf ie parent tr is(2-tf i ienyl)metfiane tf i rougfi tf ie condensat ion of 

2-tf i iopfiene aldefiyde and tf i iopfiene in tfie proportion of 1:2 using a catalytic amount of 7 0 % sulfu-

s s 
I 2 

a R - H a R ' R ' C H s 

b R - C H 3 b R - B r , R - - C O C H 3 

c R ' B r 

ric acid at 50 "C. Extraction of tf ie reaction product witf i f iot etf ianol fol lowed by co lumn cf i roma-

tograpf iy using ligfit petroleum as eluent gave tris(2-tf i ienyl)metfiane l a in 3 8 % yield and 2.5-di(di-

2-tf i ienylmetfiyl)tf i iopfiene 3 in 1 2 % yield. Recently Nakayama and coworkers prepared l^a in 3 3 % 

.s 
3 

yield using pf iospf iorus pentoxide in benzene as condensing agent [28]. W e found tfiat using only 

pf iospf iorus pentoxide gave lower yields and tfiat in certain cases no reaction occurred. In tf ie prepa­

ration of tr is(5-metf iyl-2-tf i ienyl)metf iane 1_b and tr is(2.5-dimetf iyl-3-tf i ienyl)metf iane 2a we used 

catalytic amounts of sulfuric acid adsorbed on silica gel fol lowing a recently introduced metf iod [35 ] . 

and l b and 2b were obtained in 3 9 % and 4 2 % yield, respectively. Bromination of l a witf i f iydrogen 

bromide and f iydrogen peroxide gave tris(5-bromo-2-tf i ienyl)metfiane Ic in 5 4 % yield. 

Applying tf ie metf iod of Gol 'dfarb etal. [44] to 2-acetyl-5-cfi lorotf i iopfiene. t f ie reaction failed and we 

obtained di-(5-acetyl-2-cfiloro-3-tfi ienyl)metfiyl cfiloride 4 in 2 1 % yield. On t f ieo t f ie r f iand tfie 

s s 
4 5. 

R - R ' - C H 3 
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t - B u ' ' 11 ^ t - B u 

O 

i 1 
Upon halogen-metal exchange of 3,4-dibromo-2,5-di-f-butylthiophene with one equivalent of butyll ith­

ium and react ion with dimethyl carbonate only the quinoid 1,3,5,7-tetra-(f-butyl)benzo-[1,2-c;4,5-

c']dithiophene-4.8-dione 7 was obtained in 9 % yield probably due to competing dilithiation reaction. 

In both cases no t races of carbinols could be found. Tris(2-thienyl)carbinol, t r is(5-methyl-2-thie-

nyl)carbinol [21] and 5 could easily and in high yields be reduced to the tr is(2-thienyl)methane deriva­

t ives l a and l b and tris(2.5-dimethyl-3-thienyl)methane 2a using trimethylsilyl chloride and sodium 

iodide in acetonitri le. 

Tris(thienyl)methyl carbenium perchlorates have previously been prepared from the corresponding 

carbinols by treatment with 6 0 % aqueous perchloric acid in acetic anhydride [22.29,31,45]. We found it 

more convenient to allow the tr is(thienyl)methane derivatives to react with trityl perchlorate in anhy­

drous dichloromethane. In this way we obtained tris(2-thienyl)methylcarbenium perchlorate 8a and 

^ ^ c - ^ c l o > . ^ 

^ c - ^ c l 0 4 • 

s 

8. ± 
a R = H R - R ' - C H j 

b R = C H 3 

c R = B r 

417 

reaction of 2-acetyl-5-bromothiophene with chloroform-aluminum chloride in the proport ion of 1:2 

gavetr is(5-acetyl-2-bromo-3-thienyl)methane 2b in 3 4 % yield. 

W e also invest igated the scope of the reaction of 2.5-dialkyl-3-thienyll i thium derivat ives with d ime­

thyl - or diethyl carbonate or methyl chloroformate in the proport ion of 3:1 in order to obta in the 

carbinols. Metal-halogen exchange between 3-iodo-2,5-dimethylthiophene with butyll ithium followed 

with 1/3 equivalent of methyl carbonate gave tris(2.5-dimethyl-3-thienyl)carbinol 5 in only 4 3 % yield. 

Better yields of 5 (68%) were obtained in the reaction of 2,5-dimethyl-3-thienyllithium and di-(2,5-dim-

ethyl-3-thienyl)ketone. We then turned to sterically more crowded systems. Reaction of d i - (2 ,5-d i -^ 

butyl-3-thienyl)l ithium with 1/3 of an equivalent of dimethyl carbonate stopped at the di-(2,5-di-^butyl-

3-thienyl) ketone 6 . which was obtained in 4 9 % yield. 

S 



Vol. 1, Nos. 5-6. 1995 On the Synthes of Some Trithienyl Methanes and 
Trithienylmethyl Carbenium Ions 

tr is(5-methyl-2-thienyl)methyl carbenium perchlorate 8b in pure form in 6 2 % and 7 7 % yield, respec­

tively. These perchlorates are very moisture sensitive and we could not obtain tr is(5-bromo-2-thie-

nyl)carbenium perchlorate 8c and tris(2,5-dimethyl-3-thienyl))carbenium perchlorate 9a complete 

ly pure. Acetylated tr is(thienyl)methanes, such as 2b did not react with trityl perchlorate and only 

traces of the corresponding carbenium perchlorates could be found after two days. 
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