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COMPOUNDS. IV. 
FIVE-MEMBERED SULF’UR HETEROCYCLES 

BY 1,4-ADDITION OF THE CARBENOID 
ICH,MgCl 
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hboratoire de Chimie Organique, U.A. C.N.R.S. 475, 2, rue de la 
Houssiniire, 44072 Nantes Cedex (France) 

( Received Julv 16. I985 ) 

2,3-Dihydrothiophenes. 2-arylthiophenes. 2-methylthio-3-arylthiophenes and 2-substituted thiazoles are 
prepared by 1.4-addition of iodomethylmagnesium chloride with /hminopropenethione, methyl 8- 
aminopropmedithioate and thioacylformamidines. 

INTRODUCTION 

The insertion of a sulfur atom between two carbons of the same chain is a general 
procedure used to form sulfur heterocycles; mist of the thiophene derivatives can be 
prepared by this method.’-4 Only some recent works describe the thiophenic ring 
formation by insertion of a carbon atom in a chain which already contains a sulfur 
atom: the reaction of bromonitromethane on adducts of enamine isothiocyanate 
leads to 2-nitrothio~henes,~ the akylation of (thioacy1)malonic acid derivatives with 
O-ethyl a-chlorothioacetate gives thiothenoic acid O-esters,6 2-thenoic compounds 
are obtained by the addition of a-halogenocarbonyl compounds on 3-amino sub- 
stituted dithioacrylate? monothio B-diketones* and vinylogous thioamides.’. ’’ 

In a previous paper,” we related the formation of five-membered heterocyclic 
compounds by addition reaction of lithium enolates of a-chlorinated esters on 
a-unsaturated thiocarbonyl compounds; thus 2,3-dihydrothiophene and A2-thiazo- 
lines were prepared from 8-aminopropenethione 1 and from N-thioacylformami- 
dines 3. In this work we describe an original synthesis of arylthiophenes and 
thiazoles by the addition reaction of iodomethylmagnesium chloride on the a- 
unsaturated thiocarbonyl substrates 1, 2 and 3 (1). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



300 J.-P. GUEMAS AND J .  VILLIERAS 

RESULTS AND DISCUSSION 

U maturated thiocarbonyl compounds, like a-ethylenic thioamides,12-16 p-amino- 
propenethiones 1 (thioamide vinylogs) and /3-aminopropenedithioates1'~"* '* 2 (di- 
thiocarbamate vinylogs) react regioselectively with organometallic reagents to give a 
1.4-addition reaction, the nucleophilic agent attacking at the B-carbon atom of the 
thiocarbonyl group. Alkylation of the 1,4-adduct by iodomethane occurs at the 
sulfur atom. 

The study of the gem-halogenated Grignard reagents previously carried out by 
one of us19 showed that the iodomethylmagnesium chloride ICH2MgCl is a carbenoid 
which presents both nucleophilic and electrophlic reactivities: its nucleophilic 
properties are apparent in the condensation with aldehydes and halogen compounds, 
whereas the presence of the iodine atom gives rise to an electrophilic reactivity, 
which was established by reaction with organomagnesium reagents. 

The condensation of iodomethylmagnesium chloride with 1-aryl 3-dialkyl- 
aminopropenethiones la-e at -50°C in tetrahydrofuran and in the presence of 
hexamethylphosphotriamide gives the corresponding 3-dialkylamino-2,3-dihydrc~ 
thiophenes 7a-e (Table I) with good yields, which were obtained as crude oils after 
hydrolysis. Attempts at purification b$ distillation and chromatography of the 
compounds 7 failed because of decomposition on heating or on silica gel. However, 
'H NMR spectra of the crude oils showed that the 2,3-dihydrothiophenes 7 are 
prepared with satisfactory purity. 

On heating, or better, on quaternization of the dialkylamino group with 
iodomethane followed by the action of triethylamine, the 3-dialkylamino-2.3-dihy- 
drothiophenes 7 easily eliminate the amine to give the 2-arylthiophenes 4. Melting 

TABLE I 

Addition of ICH, MgCl with the thioamide vinylogs 1 

yield ( )a 
Compounds Ar -N: yield(%) m.p.("C) M+ (%) Ref. 

a C6 H5 pyrrolidino 82 40-41 160 61 ( 5 0 )  20-23 

b p-CH3C,H, piperidino 94 63 174 54(51) 20.22 
aq. e thanol 

aq.ethano1 

aq.ethano1 

ethanol 

aq.methano1 

C p-CHI,OC,H, diethylamino 95 108-109 190 76(72) 20.24 

d p-CIC,H, pyrrolidino 84 84-85 194 85 (71) 20.23 

e p-BrC,H, pyrrolidino 100 98-100 238 55 (55) 20.23 

Calculated from the thioamjde vinylog. 
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301 THIOPHENE DERIVATIVES 

points and 'H NMR spectra of compounds 4 are'consistent with literature data,20-24 
the results are given in Table I. 

Taking into account our previous results on the condensation of organomagnesium 
compounds on thioamide vinyl~gs, '~ the heterocycle formation can be explained by 
two successive reactions: in a first step, the iodomethylmagnesium chloride reacts 
with the thioamide vinylog according to a lA-addition, the ring closure is then 
obtained from the attack of the electrophilic carbon atom by the negative charge 
localised on the sulfur atom and the depart of the iodine atom (2). 

According to this scheme the carbenoid ICH2MgCl only reacts as nucleophile 
with the a-unsaturated thiocarbonyl substrate, its electrophilic reactivity is not 
involved in the heterocycle formation which results from the electrophilic properties 
of the iodomethyl group just fixed on the carbon chain. 

Thiophenic ring formation from a-unsaturated thiocarbonyl compounds was first 
observed by Smutny7 in the condensation reaction of a-halogenocarbonyl deriva- 
tives with dithiocarbamate vinylogs. However in this latter case, the reactional 
scheme is quite different because the carbon insertion begins with the formation of a 
sulfur ylide. 

Condensation of the iodomethylmagnesium chloride on the methyl 2-aryl-3-mor- 
pholinopropenedithioares 2a and 2b leads to the expected 3-aryl-2-methyl- 
thiothiophenes 5a25 and 5b with yields of only 23% and 22%. Analysis by 'H NMR 
of the crude oil obtained after hydrolysis did not show the corresponding inter- 
mediate 3-morpholinc~2,3-dihydrothiophene but a mixture of several products among 
which we isolated the 3-aryl-2-methylthiothiophene 5 and its isomer, the 3-aryl-4- 
methylthiothiophene 8 (3). 

From the thioacylformamidine 3, which presents a carbon-nitrogen double-bond 
conjugated with the thiocarbonyl group, addition of the iodomethylmagnesium 
chloride gave similar results to those obtained with dithiocarbamate vinylogs 2. The 
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intermediate A2-thiazolines were not isolated as they eliminate the m i n e  sponta- 
neously to give thiazolic compounds; 3a and 3b thus gave the 2-phenylthiazole2’ 6a 
and the 2-ben~ylthiothiazole~~ 6b with yields of 21% and 19% respectively (4). 

The low yields found for compounds 5 and 6 can be explained by the lesser 
reactivity of the dithiocarbamate vinylogs 2 and the thioacylformamidines 3 com- 
pared to the thioamide vinylogs 1 towards the organometallic reagent. Attempts at 
higher temperature ( - 40°C) were unsuccessful because at this temperature the 
decomposition of ICH ,MgCl proceeds faster than the addition reaction. 

Addition of carbenes to a-ethylenic carbonyl compounds does not affect the 
carbonyl group and leads to cyclopropane  derivative^.^^*^ In this study, the addition 
of the carbenoid reagent ICH ,MgCl to some a-unsaturated thiocarbonyl com- 
pounds occurs regioselectively as a 1 +addition, which finally gives five-membered 
sulfur heterocycles. 

EXPERIMENTAL 

Proton NMR spectra were recorded in chloroform-d solution at 60 MHz with a Perhn-Elmer R24 
spectrometer, at 100 MHz with a Varian XL 100 spectrometer or at 250 MHz with a Cameca 
spectrometer. ” C  NMR spectra were obtained on a Bruker WH 90 spectrometer. Chemical shifts are 
reported as 6 values in ppm to the internal standard (TMS). 

Mass spectra were determined with a Varian MAT 112 spectrometer at 70 eV. 
The purity of compounds was tested by thin layer chromatography on silica gel plates (E. Merck. Art. 

5714). Column chromatography was carried out by using silica gel 60 (E Merck, Art. 9385 or 7734). 
Melting points are uncorrected. 

Preparation and reactions of the iodomethylmagnesium chloride were carried out under an atmosphere 
of dry nitrogen. Tetrahydrofuran (THF) was freshly distilled from lithium aluminium hydride and stored 
under nitrogen over molecular sieve, diethyl ether was dried over calcium chloride. then sodium. 
hexamethylphosphotriamide (HMPT) was purified by distillation. 

Prepururrofr o/ srurfing muteriuls 1, 2 ond 3. l-Aryl-3-dialkylamine2-propen-l-thiones 1- were pre- 
pared by the action of the appropriate mine .  diethylamine (le). pyrrolidine (la. Id, le) or piperidine (Ib) 
on 3-aryl-1.2-dithiolylium perchlorate.” 

Methyl 3-morpholino-2-phenyI-2-propendithioate 2a and methyl 3-morpholine2-p-tolyl-2-propen- 
dithioate 2b were prepared according to S m ~ t n y ~ ~  by the reaction of morpholine on 3-methylthie4-phenyl- 
and 3-methylthio-4-p-tolyl-1.2-dithiolylium iodide. 

The procedure of Weidinger and Eilingsfeld” was used to prepare N’. N’-dimethyl-N’-thiobemoyl- 
formamidine 3a and bemyl N-(dimethylaminomethylen)dithiocarbamate3b by condensation of dimethyl- 
formamide diethylacetal on thiobenzamide and bemyl dithiocarbamate. 

’ Prepurutron of rhe iodomerhylmugnesium chloride ICH? MgCI. The iodomethylmagnesium chloride 
lCHzMgCl is prepared by a halogen-magnesium exchange reaction between the diiodomethane and the 
isopropylmagnesium chloride accoding to Villieras19: 

CH,I, + (CH,),CHMgCI + ICH,MgCl + (CH,),CHI 

In a flame-dried 500 mL round-bottomed flask, equipped with a magnetic stirrer, a low-temperature 
thermometer ( -  10OoC. + 50°C) and a pressure-equalizing addition funnel, were placed 5.36 g (20.0 
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THIOPHENE DERIVATIVES 303 

mmol) of diiodomethane in 30 mL of diethylether and 50 mL of THF. After cooling to - W"C, a solution 
of 20.2 mmol of isopropylmagnesium chloride in THF was added dropwise under vigourous stirring over 
a period of 30 min. After warming to - 70°C, the white suspension obtained is stirring during 30 min. 

~-Diul~,vlumin~-' .3-di~.~d~orhiophenes 7s-e. At - 7OoC, HMPT (3.6 mL, 20.0 mmol) was introduced 
with stirring in the ICH,MgCI suspension, which was allowed to warm to -50°C. The solution of the 
thioamide vinylog (4.0 mmol) in 40 mL of THF was then added dropwix (1 h) and the reaction mixture 
maintained at - 50°C during 3 h, at the end of which the initial colour of the thocarbony1 compound had 
disappeared. 

After cooling to - 80°C. the hydrolysis was performed rapidly with vigourous stirring by the addition 
of 100 mL of a saturated aqueous solution of ammonium chloride. The reactional mixture was then 
allowed to warm to room temperature and extracted three times with 100 mL portions of toluene. The 
toluene extracts were combined, washed with water and dried over Na,SO,. 

Evaporation of the solvent under reduced pressure gave the crude 3-dialkylamino-2,3-dihydrothiophene 
7 as a yellow oil. Yields are given in Table I, 'H NMR spectra data of the compounds 7 are collected in 
Table 11. 

Attempts at purification of the crude oils 7 by distillation or column chromatography on silica gel were 
unsuccessful, because of their decomposition into 2-arylthiophenes 4. 

2-Atylrhiophenes 4ee. The crude oil of the compounds 7 t e ,  prepared from 4.0 mmol of the thioamid 
vinylog Ia-e was dissolved in pure methyl iodide (10 mL) q d  stirred overnight. After removing the 
iodomethane in vacuo, the resulting viscous residue was stirred in 25 mL of a toluene-triethylamine 
mixture (4 : 1) for 1 h and heated under reflux for 12 h. After cooling, the toluene and the excess amine 
were removed by rotary evaporation under reduced pressure, the residue was then recovered by toluene 
(15 mL). After filtration to eliminate the salt of the amine. the solution was chromatograpbed on a silica 
gel column; elution with a petroleum ether-toluene mixture (1 : 1) afforded 2-arylthiophenes, which were 

TABLE I1 

'H  NMR spectra data of compounds 7 (6  in ppm/TMS, solvent CDCI,) 

Composi Ar -N< CH-N CH 2 CH= 

G H ,  
7r 6.83-7.60, m, 5 H 

7b p-CH3GH4 
2.28, s, 3 H 
6.97, d, 2 H 
7.23, d, 2 H 
J - 8.2 Hz 

7c p-CH,0GH4 
3.75, s, 3 H 
6.80. d. 2 H 
7.40, d, 2 H 
J - 8.7 Hz 

7d p-CIGH4 
7.13, qs, 4 H 

7e P B G H 4  
7.33, qs, 4 H 

pyrrolidino 
1 .61 .97 ,  m, 4 H 4.32, dt, 1 H 3.33, d, 2 H 5.90, d, 1 H 
2.47-2.97, m , 4  H J = 6.8 Hz, J - 2.8 Hz J - 6.7 Hz J = 2.8 Hz 

piperidino 
1.40-1.77. m. 4 H 4.30, dt, 1 H 
2.47-2.77, m, 4 H 

J = 6.7 Hz, J = 2.7 Hz 

3.33. d, 2 H 5.87. d, 1 H 

J - 6.7 Hz J = 2.7 Hz 

diethylamino 
1.07, t, 6 H 
2.57, q, 2 H 
2.52, q. 2 H 
J - 7.0 Hz 

4.62, dt, 1 H 3.27. d, 2 H 5.80, d. 1 H 

J - 6.8 Hr J - 2.9 Hz J = 6.8 fi I - 2.9 Hz 

pyrrolidiw 
1.55-1.92, m, 4 H 4.25, dt, 1 H 3.25, d, 2 H 5.80, d, 1 H 
2.43-2.80,m,4H J - 6 . 7 H z , J - 2 . 7 H z  J - 6 . 7 H z  J - 2 . 7 H z  

p yrrolidino 
1.63-1.97, m, 4 H 4.27, dt, 1 H 3.30, d, 2 H 5.93, d, 1 H 
2.50-2.87,m,4H J -7 .OHz . J -2 .8Hz  J - 7 . O H z  J - 2 . 8 H z  
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recrystallised as white crystals from aqueous ethanol (or methanol). Physical constants and yields are 
indicated in Table I. melting points and IH NMR spectra data are consistent with the l i t e r a t ~ r e . ’ ~ - ~ ~  

2- Meth~vlthio-3-phen~vlthiophene 5a. Iodomethylmagnesium chloride (20.0 mmol) was condensed with the 
methyl 3-morpholino-2-phenylpropendithioate (1.12 g. 4.0 mmol) according to the general procedure 
described above for the preparation of the compounds 7. After hydrolysis and extraction with toluene, the 
toluene extracts were combined, washed with water, dried (Na,SO;) and concentrated on a rotary 
evaporator under reduced pressure. 

Chromatography of the residue on a silica gel column gave by elution with a petroleum ether-dichloro- 
methane mixture (3 : 1) two fractions; the first fraction contained 0.19 g (yield 23%) of the 2-methylthio- 
3-phenylthiophene” 5n my = 51OC (aq.ethanol), (litz5 52”C), r.f. (TLC, petroleum ether) = 0.24; mass 
spectrum m/e 206 (m+) ;  H NMR (CDCI,) 6 ppm. 2.36 (s, 3 H. CH,) 7.09 (d, 1 H, H5, J - 5.5 Hz) 
7.29 (d, 1 H. H4, J = 5.5 Hz) 7.267.44 and 7.52-7.58 (2m 5 H, aromatics); evaporation of the second 
fraction gave 65 mg (yield 8%) of the 3-methyIthio-dphenylt0phene~~ 8a, mp = 7677°C (petroleum 
ether), (lit26 7678°C). r.f. (TLC, petroleum ether) = 0.16; mass spectrum m/e 206 (m+) ;  H NMR 
(CDCI,) 6 ppm 2.36 (s, 3 H, CH,) 6.96 (d, 1 H, H2,  J = 3.25 Hz) 7.26 (d. 1 H. HS, J = 3.25 Hz) 
7.31-7.43 and 7.50-7.56 (2m, 5 H. aromatics). 

?-Meth.r-.lthio-~-p-to/vlrhiophene 9. Prepared from the methyl 3-morpholino-2-p-tolylpropendithioate 2b 
as described for 5a, yield 228, yellow liquid, r.f. (TLC, petroleum ether) = 0.34; ’H  NMR (CDCI,) 6 
ppm 2.36 (s. 3 H. CH,) 2.38 (s, 3 H, CH,) 7.07 (d, 1 H, H5, J = 5.25 Hz) 7.21 (d, 2 H, aromatics, 
J = 8.2 Hz) 7.25 (d. 1 H, H4, J - 5.25 Hz) 7.44 (d, 2 H, aromatics, J = 8.2 Hz); mass spectrum m/e 220 
( m + ) .  Anal. Calcd for C,,H,,%: C, 65.41; H, 5.49; S, 29.10. Found:C, 65.21; H. 5.53: S, 28.90. 

From a second fraction, 60 mg of 3-methylthio4p-tolylthiophene 8b (yield 7%) were recovered, 
colourless liquid, r.f. (TLC, petroleum ether) - 0.22; ‘H NMR (CDCI,) 6 ppm 2.36 (s, 3 H, CH,) 2.38 
(s, 3 H. CH3),6.94 (d, 1 H, H2,  J = 3.25 Hz) 7.21 (d, 2 H, aromatics, J = 8.2 Hz) 7.23 (d, 1 H, H5, 
J = 3.25 Hz) 7.42 d, 2 H, aromatics, J = 8.2 Hz); mass spectrum m/e 220 (m+) .  

2-Phenylthiazo1b7 6s and 2-benzylthi0thazole~~ 6b were prepared in 218 and 19% yield respectively 
by hydrolysis of the addition compound of ICH,MgCI with the corresponding formamidines 3a and 3b 
according to the procedure described for 5a. Compounds Q and 6b were isolated by column chromatog- 
raphy on silica gel, elution with a toluene-dichloromethane mixture (1 : l ) ,  r.f. (TLC, dichloromethane) = 
0.38 (6a). 0.57 (6b) and were identified by comparison of their ‘H NMR spectra data with the 
Ii terat~re.’~.’~ 
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