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Isomeric alkoxy(alkylthio)formylthiophenes were synthesized from 4-iodo-2- 
methoxythiophene, and the structures of the products of Vilsmeier formylation 
of 2-methoxy-5-methylthiothiophene were confirmed. 

In the course of our study of methods for the synthesis of polyfunctional derivatives 
of thiophene, particularly substituted sulfides of the I type, and their reactivities, we 
demonstrated that in the formylation of 2,5-bis(methylthio)thiophene (Ia) under the condi- 
tions of the Vilsmeier reaction up to 20% 5~methylthio-2-formylthiophene and a small amount 
(~5%) of 3,5-bis(methylthio)-2-formylthiophene are formed in addition to the principal re- 
action product, viz., 2,5-bis(methylthio)-3-formylthiophene [2]. As pointed out previously, 
the formation of these side products may be associated with conversion of an intermediate o 
complex of the II type, which develops under the conditions of C-protonation of thiophene 
Ia [3]~ to monosulfide III or the isomeric bissulfide IV, which then undergoes formylation. 
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A different picture was observed in the formylation of 2-methoxy-5-methylthiothiophene 
(!b). In this case, a complex mixture of the formyl derivatives was formed in which analogs 
of the aldehyde corresponding to sulfide III, viz., 5-methylthio- or 5-methoxy-2-formyl thio- 
phenes were not detected. The principal product was 2-methoxy-5-methylthio-3-formylthio- 
phene (V) in a mixture with isomeric aldehydes, the structures of which we did not establish 
definitively [4]. 

The aim of the present research was to obtain, starting from thiophene derivatives 
with prefixed positions of the substituents, isomeric aldehydes VI and VII, the presence 
of which in the mixture seemed most likely. By a comparison of their properties with the 
properties of the aldehydes detected in the mixture, wemight be able to solve the problem 
of the nature of the products of formylation of methoxy sulfide Ib and thereby ascertain 
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the effect of replacement of the methylthio group in bissulfide la by a methoxy group on 
the formation of compounds of the I type under the conditions of the Vilsmeier reaction. 

In addition, let us note that such aldehydes, particularly those that contain a formyl 
group in the 8 position of the ring, may be starting compounds for the synthesis of valuable 
physiologically active compounds (see [5]); in addition, aldehyde VII seemed of interest 
with respect to our research on the preparation of new ligands of the thiophene series. 

The corresponding iodo derivatives of thiophene served as the star~ing compou~s in all 
of the syntheses that we undertook. Our attempt to obtain aldehyde VII or the correspond- 
ing acid from 5-iodo-2-methylthio-3-formylthiophene (VIII) diethylacetal and, respectively, 
iodo acid IX by replacement of the halogen atom by a methoxy group by the method in [6] was 
unsuccessful -- the starting compound was recovered unchanged. We were unable to realize 
replacement of the iodine atom by a methoxy group by this me~od, and only a dehalogenation 
product, viz., 2-methylsulfonylthiophene-3-carboxylic acid(Xl), was isolated from the re- 
sulting mixture in the case of iodo sulfone X. We also obtained acid XI by an independent 
method by oxidation of 2-methylthio-3-formylthiophene. 
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We synthesized isomeric aldehydes Vl and Vll from 4-iodo-2-methoxythiophene (XII) ob- 
tained from 2,4-dliodothiophene. Replacement of the u-iodo atom by a methoxy group was 
achieved by heating 2,4-diiodothiophene with sodium methoxide in the presence of CuO by the 
meted previously described for the synthesis of 2-methoxythiophene [6]. The optimum yield 
of XII [60-70% according to data obtained by gas--liquid chromatography (GLC)] is achieved 
when 3 moles of MeONa and 0.5 mole of CuO per mole of 2,4-diiodothiophene are used in the 
case of a reaction time of 3 h. In addition to iodomethoxythiophene XII, 3-iodothiophene 
(10-15%), 2,4-dimethoxythiophene* ~5-i0%), and a small amount of diiodothiophenes were de- 
tected in the mixture by GLC. An~increase=in the amount of sodium methoxide (to 6 moles) 
and the heating time (to 6-30 h) leads to a decrease in the yield of iodomethoxythiophene 
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*We obtained 2,4-dimethoxythipphene (Xlll) from Xll by replacement of the iodine atom by a 
methoxy group. The data from the PMR spectrum confirmits structure; however, we were un- 
able to obtain this compound in the analytically pure state, since it proved to be extremely 
unstable and decomposed rapidly upon distillation and during storage. 
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TABLE i. Chemical Shifts in CCI~ of the Protons of Substi- 
tuted Methoxythiophenes (XII-XVIII) with the General Formula 

ac .3o-J~...$..~. d 

Compound 

XII 
XIII 
XIV 
XV 

XVI 
XVl1:1: 

XVII I  

I 
OCHa 
CHO 
CH (OC2Hs)2 
SC14~ 
COOH 
COOCtt3 

6, �9 ppm 

3,81 
3,78 
3.87 
3,78 
3,80 
3,91 
3,85 

6,07 
5,28 
6,42 
6,05 
6,00 
6,58 
6,47 

9,50 
5,27r 
2,35 
9,55 
:3,75 

6,55 
5,78 
7,29 
6,41 
6.07 
7,47 
7,18 

JHbH d , Hz 

1,5 
2 
1,5 
1,6 
2 
1,4 
1,3 

*The signals of the a and c protons are singlets, while the 
signals of the b and d protcns are doublets. 
%Signal of the CH proton. 
~With CDCIs as the solvent. 

and an increase in the amounts of dimethoxy derivative (up to 60% according to GLC) and 3- 
iodothiophene (up to 30%). Distillation of the mixture yielded virtually pure (according 
to GLC) iodomethoxythiophene XII (in35-40% yield), which was subsequently used for the 
synthesis of various substituted methoxythiophenes, viz., XIV, XVI, and XVII; the structures 
of the latter as 2,4-disubstituted thlophenes are confirmed by data from the PMR spectra 
(Jss = 1.4-2 Hz, see Table i). The position of the methoxy group in the thiophene ring of 
XII was confirmed by its conversion to 2-methoxythiophene under the influence of butyllithium 
and water. 

The successive action of BuLi and DMF on 4-methylthio-2-methoxythiophene (XVI) yielded 
aldehyde VI, which proved to be identical with respect to its melting point and IR, PMR, and 
mass spectra, as well as the GLC and TLC data, to one of the aldehydes that we previously 
isolated [4] in the formylation of methoxy sulfide Ib; structure VII was tentatively pro- 
posed for it. The amount of this isomer in the mixture in individual cases reaches 15-25%. 
This result, in addition to the absence in the reaction mixture of monosubstituted aldehydes 
of the XIX type, makes it possible to propose that in the case of methoxy sulfide Ib con- 
version of an intermediate complex of the II type proceeds primarily via a pathway lead- 
ing to isomerization product XVI (similar to the II + IV transformation for bissulfide la). 
5-Methoxy-2-methylthio-3-formylthiophene (VII), which we obtained by the action of BuLi and 
dimethyl disulfide on 5-methoxy-3-formylthiophene diethylacetal (XV), differed with respect 
to its physical constants and PMR and IR spectra, as well as its retention time under GLC 
conditions and its Rf value, from isomeric aldehydes V and VI; it should be noted that the 
chemical shifts of the protons of the thiophene ring in isomers VI and VII are extremely 
close (the difference is ~0.14 ppm) but differ considerably from the chemical shifts of the 
corresponding proton in isomer V (by 0.8-0.9 ppm). Aldehyde VII also proved to be one of 
the components of the mixture formed in the formylation of methoxy sulfide Ib; however, as 
we have already noted above, the principal product is isomer V, and this indicates the 
primary ortho-orienting effect of the methoxy group as compared with the methythio group. 

EXPERIMENTAL 

The IR spectra were recorded with UR-20 and Specord IR-75 spectrometers. The PMR 
Spectra were obtained with Varian DA-60-IL and Tesla BS-497 spectrometers (i00 MHz) with 
hexamethyldlsiloxane as the internal standard. Analysis by GLC was carried out with an 
LKhM-SMD chromatograph with a flame-ionization detector and a stainless steel column with 
a length of 2 m and a diameter of 3 mm filled with 5% SE-30 on Chromaton N-AW-DMCS (0.16- 
0.2 mm) with helium as the carrier gas. 

The purity of VI-VIII was monitored by TLC on Silufol UV-254 plates in a hexane-~ther 
system (I:i). 
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5-1odo-2-methylthio-3-formylthiophene (VIII). A) An ether solution of 0.33 g (51 
mmole) of BuLl was added at --5 to 0~ to 10 g (43 mmole) of 2-methylthio-3-formylthiophene 
diethylacetal [8] in 60 ml of ether, and the mixture was stirred at 20~ for 30 min. It 
was then treated with 13 g (51 rmnole) of I= in 130 ml of ether at --5 to 0~ and the mix- 
ture was stirred at 20~ for 2 h. It was then poured into acidified ice water and the 
ether layer was separated. The aqueous layer was extracted thoroughly with ether, and the 
combined ether layer and extract was washed with water, 10% aqueous Na2SaOs, and water, and 
dried with MgSO~. The ether was removed by distillation, and the precipitate was removed 
by filtration, washed with ether, and dried to give 7.7 g (59%) of iodo aldehyde VIII with 
mp III-I13~ (from heptane and from ethyl acetate). An additional 3.6 g of iodo aldehyde 
VIII was isolated from the mother liquor after removal of the ether for an overall yield of 
80%. IR spectrum (in CHCI,): 1670 cm-: (CO). PMR spectrum [in (CD,)=CO]: 2.65 (3H, s, 
SCHs), 7.59 (IH, s, 4-H), and 9.85 ppm (IH, s, CHO). Found: C 25.5; H 1.8; I 44.0; S 22.2%. 
C~HsIOS~. Calculated: C 25.4; H 1.8; I 44.6; S 22.5%. 

B) An 8.5-g (33 mmole) sample of I2 and 3.5 g (16 mmole) of HgO were added gradually 
with shaking to a solution of 6.5 g (28 mmole) of 2-methylthio-3-formylthiophene diethyl- 
acetal in 15 ml of dry benzene. After 30 min, the precipitate was removed by filtration 
and washed with benzene and ether. The filtrate was washed with 10% aqueous Na2S203 solu- 
tion and water, dried with MgSO~, and distilled to remove the ether. The residue contained 
4.8 g (56%) of iodo aldehyde VIII in the form of a viscous crystallizable oil. The oil 
was treated with acetone, and the white precipitate was removed by filtration, washed with 
acetone, and dried to give 1.25 g (15%) of aldehyde VIII with mp I04-I05~ Recrystalliza- 
tion from hexane and from acetone gave a product with mp I08-II0~ No melting-point de- 
pression was observed for a mixture of this product with a sample of the aldehyde obtained 
by method A. 

5-Iodo-2-methylthiothiophene-3-carboxylic Acid (IX). A solution of 0.7 g (2.5 mmole) 
of iodo aldehyde VIII in alcohol was added to 0.6 g (2.6 rmnole) of freshly precipitated 
silver oxide (from 0.86 g of AgN03 and 0.2 g of NaOH in the minimum amount of water), and 
the mixture was maintained at 20~ for 12 h. It was then heated to 60~ filtered in 
the hot state, and the precipitate was washed with alcohol. The filtrate was evaporated 
in UaOuo and the residue was dissolved in water. The solution was filtered and the fil- 
trate was acidified with HCI (I:i). The precipitate was removed by filtration, washed with 
water, and dried to give 0.5 g (67%) of iodo acid IX with mp 236-237~ (from alcohol and 
from ethyl acetate with charcoal). IR spectrum (KBr pellet): 1670 (CO) and 2800-3100 cm -* 
(OH). Found: C 23.9; H 1.7; I 41.9; S 21.1%. C,HbIO2S2. Calculated: C 24.0; H 1.7; I 
42.3; S 21.4%. 

Methyl Ester of Acid IX. This compound [i g (88%)] was obtained from a suspension of 
i.i g of acid in ether and an ether solution of diazomethane and had mp I12-I14~ (from 
heptane with charcoal and from MeOH). PMR spectrum (in CDCI,): 2.55 (3H, s, SCH,), 3.77 
(3H, s, CH,CO0), and 7.50 ppm (IH, s, 4-H). Found: C 27.0; H 2.3; S 20.0%. C,HTI02S~. 
Calculated: C 26.8; H 2.2, S 20.4%. 

5-1odo-2-methylsulfonylthiophene-3-carboxylic Acid (X). A mixture of 0.7 g (2.5 
~ole) of iodo aldehyde VIII, 30 ml of acetic acid, and 4 ml of 28% H202 ~ was heated for 
3 h on a boiling-water bath, after which the acetic acid was removed by distillation (with 
the addition of alcohol), and the solid residue was recrystallized from water with charcoal 
to give 0.64 g (78%) of sulfone X with mp 188-189~ IR spectrum (KBr pellets): 1710 (CO) 
and 1135 cm-* (SOn). PMR spectrum [in (CD,)=CO]: 3.39 (3H, s, SO=CH,) and 7.67 ppm (IH, s, 
4-H). Found: C 21.2; H 1.80; I 38.2; S 19.2%. C,HbIO~S2. Calculated: C 21.7; H 1.5; 
I 38.2; S 19.3%. 

2-Methylsulfonylthi0phene-3-carboxylic Acid (XI). A) This compound was obtained in 
quantitative yield as described above for iodo acid X from 0.5 g (3.1 mmole) of 2-methyl~ 
thio-3-formylthiophene and had mp 182-183~ (from ethyl acetate). Found: C 35.0; H 3.0; 
S 30.6%. C6H604S=. Calculated: C 34.9; H 2.9; S 31.1%. 

B) A 0.7-g (2.1 mmole) sample of acid X in MeOH was added to 0.7 g (13 mmole) of MeONa 
in 40 ml of dry MeOH and Q.08 g of powdered CuO, and the mixture was refluxed with stirring 
for 30 h. The CuO was removed by filtration and washed with hot MeOH, and the filtrate was 
evaporated ~n vaeuo to dryness. The residue was dissolved in water, and the solution was 
acidified with HCI. The resulting turbid solution was extracted thoroughly with ether, and 
the extract was washed with water, dried with MgSO~, and distilled to remove the ether. 
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The residue contained 0.63 g of an oil, which began to crystallize upon standing. The crys- 
tals were removed by filtration, washed with cold ether, and recrystallized from a mixture 
of ethyl acetate with heptane to give iodine-free acid XI with mp 175-176~ No melting- 
point depression was observed for a mixture of this product with a sample of acid XI de- 
scribed in method A. IR spectrum (KBr pellets): 1685 (CO) and 1140 cm -~ (S02). PMR spec- 
trum [in (CD~)2CO]: 3.44 (3H, s, SO2CHs); 7.67, 7.85 ppm (IH, d, 4-H, IH, d, 5-H, J~5 = 
5.5 Hz). Found: C 35.0; H 3.0%. CEH604S2. Calculated: C 34.9; H 2.9%. 

4-1odo-2-methoxythiophene (XII). A 3.6-g (0.045 mole) sample of finely ground CuO and 
30.0 g (0.09 mole) of 2,4-diiodothiophene [9] were added to a solution of sodium methoxide 
obtained from 6.3 g (0.27 mole) of Na in 90 ml of MeOH, and the mixture was refluxed with 
stirring for 3 h. The precipitate was removed by filtration, water was added, and the 
liberated oil was extracted thoroughly with ether. The extract was washed with water, 
dried with MgSO~, and distilled to remove the ether to give 17.69 g of an oil containing, 
according to GLC (at 156~ 66% 4-iodo-2-methoxythiophene (XII), ~5% 2,4-dimethoxythiophene 
(XIII) (see below), ~15% 3-iodothiophene, ~13% diiodothiophenes, and a small amount of 2~ 
methoxythiophene. Rectification of the mixture with a column filled with a glass packing 
with a total condensation head gave 9.51 g of a fraction with bp II0-135~ (32 m m) with 
2o 1.6380 containing primarily 4-iodo-2-methoxythiophene (XII) (in 44% yield) from which n D 

pure iodomethoxythiophene XII, with bp 132-135~ (32 mm) and n~ ~ 1.6280, was isolated by 
column fractionation. Found: C 25.1; H 2.2; 1 52.4; S 13.2%. C5H51OS. Calculated: C 
25.0; H 2.1; 1 52.8; S 13.3%. 

2,4-Dimethoxythiophene (XIII). A mixture of 5 g (20.8 mmole) of iodomethoxythiophene 
XII, 3.4 g (63 mmole) of MeONa in i5 ml of MeOH, and 0.83 g (10.5 rmnole) of CuO was refluxed 
with stirring for 12 h, after which it was worked up as described above for iodomethoxy- 
thiophene XII to give 1.86 g of an oil containing primarily 2,4-dimethoxythiophene (XIII) 
and 2-methoxy- and 4-iodo-2-methoxythiophene (GLC at 160~ from which a fraction with bp 
124~ (32 mm) and I17-I18~ (22 mm) and n~ ~ 1.5300 containing 97.5% of dimethoxythiophene 
XIII was isolated by distillation. The reaction product darkened rapidly and decomposed 
during storage. We were therefore unable to obtain satisfactory results of elementary 
analysis for C. Found: C 48.4; H 5.4; S 22.0%. C6HB02S2. Calculated: C 50.0; H 5.6; 
S 22.2%. 

5-Methoxythiophene-3-carboxylic Acid (XVII). A solution of 0.88 g (13.8 mmole) of 
BuLl in i0 ml of ether was added gradually at --70~ in a stream of Ar to 3 g (12.5 mmole) 
of iodomethoxythiophene XII in i0 ml of dry ether. After 15 min, the mixture was poured 
over dry ice in ether. After evaporation of the CO=, water was added to the residue, and 
the ether layer was separated. The aqueous layer was extracted with ether and acidified 
with dilute HCI (i:i), and the precipitate was removed by filtration, washed with water, and 
dried to give 1.33 g (67.3%) of acid XVII with mp 133-134~ (from heptane). IR spectrum 
(KBr pellets): 1680 cm -~ (CO). Found: C 45.5; H 3.8; S 20.3%. C~H6OsS. Calculated: 
C 45.6; H 3.8; S 20.3%. Methyl ester XVIII had mp 28-30~ (from heptane). Found: S 18.5%. 
CTHs03S. Calculated: S 18.6%. 

5-Methoxy-3-formylthiophene (XIV). A solution of 8.8 g (0.14 mole) of BuLl in ether 
was added as described above to 30 g (0.125 mole) of 4-iodo-2-methoxythiophene (XII) in 
i00 ml of ether. After 15 min, a cooled (to --70~ solution of 10.3 g (0.14 mole) of DMF 
in 40 ml of ether was added, and, after 30 min, the mixture was poured into 50 ml of water 
and 50 ml of HCI (i:i). The organic layer was separated, the aqueous layer was extracted 
with ether, and the combined organic layer and extract was washed with water, dilute HCI 
(i:i0), and 10% aqueous Na~COs, and dried With MgSO4. The ether was removed by distillation, 
and the residue was distilled 6n v~cuo to give ii g (62%) of aldehyde XIV with bp 131-132~ 
(25 mm) and I15-I18~ (13 mm) and ~o 1.5711. IR spectrum (in CHCIs): 1680-1690 cm -I (CO). 
Found: C 50.3; H 4.2; S 22.6%. C6H602S. Calculated: C 50.7; H 4.2; S 22.5%. 

The 2,4-dinitrophenylhydrazone had mp 229-231~ (dec., from CHCI3, ethyl acetate). 
Found: C 44.6; H 3.5; S 10.1%. CI=H~oN405S. Calculated: C 44.7; H 3.1; S 10.0%. 

5-Methoxy-3-formylthiophene Diethylacetal (XV). A mixture of 16.5 g (0.116 mole) of 
aldehyde XIV, 51.5 g (0.36 mole) of ethyl orthoformate, 60 ml of absolute alcohol, and three 
drops of concentrated HCI was refluxed for 5.5 h, after which it was neutralized with 10% 
KOH in MeOH, and the solvents were removed by vacuum distillation. Water was added to the 
residue and the liberated oil was extracted thoroughly with ether. The extract was washed 
with water, dried with MgSO~, and distilled to remove the ether. The residue was vacuum 
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distilled to give 18.2 g (.73%) of diethylacetal XV with bp 138~ (13 mm) and n~ ~ 1.4920. 
Found: C 55.6; H 7.4; $ 14.7%. C,oHI60sS. Calculated: C 55.5; H 7.4; S 14.8%. 

4,Methylthio-2-methoxythiophene (XVI). An ether solution of 1.5 g (23.4 mmole) of 
BuLl was added at --70~ in a stream of Ar to 5 g (20.8 mmole) of iodomethoxythiophene XII 
in i0 ml of dry ether, 15 min after which a cooled (to --70~ solution of 2.16 g of dimethyl 
disulfide in 5 ml of dry ether was added, and the mixture was stirred at --70~ for 30 min. 
It was then allowed to stand at 200C for 12 h, after which it was hydrolyzed with water 
(20 ml) with cooling. The ether layer was separated, and the aqueous layer was extracted 
with ether. The extract and organic layer were combined and washed with 10% aqueous NaOH 
and water and dried with MgSO~. The ether was removed by distillation, and the residue 
was distilled in vacuo to give 2.8 g (83.5%)of sulfide XVI with bp 132-134~ (30 mm) and 
n~ ~ 1.5880. Found: C 45.3; H 5.1%. C6H,OS=. Calculated: C 45.0; H 5.0%. 

5-Methoxy-2-methylthio-3-formylthiophene (VII). An ether solution of 6.6 g (0.I mole) 
of BuLl was added dropwise at --40~ in a stream of Ar to a solution of 20 g (0.092 mole) of 
5-methoxy-3-formylthiophene diethylacetal in 50 ml of dry ether, and, after 30 min, an ether 
solution of 9.5 g (0.i mole) of dimethyl disulfide in 15 ml of ether was added at --400C. 
The mixture was allowed to stand at 20~ for 12 h, after which it was hydrolyzed by cool- 
ing with i00 ml of water. The ether layer was separated, the aqueous layer was extracted 
with ether, and the extract and the organic layer were combined and washed with 10% aqueous 
KOH and water and dried with MgSO~. The ether was removed by distillation, and the residue 
(22.6 g of a dark oil) was distilled ~n Vacuo to give 13.8 g (57%) of 5-methoxy-2-methylthio- 
3-formylthiophene with bp 132-138~ (4 mm) (with decomposition) and n6 ~ 1.5333 containing, 
according to the PMR spectrum, 15-20% aldehyde VII. A 2.2-g sample of the mixture obtained 
was refluxed in i0 ml of alcohol containing three drops of HCI (i:i), after which the alco- 
hol was removed by distillation, and the residue was dissolved in ether. The ether solution 
was washed with water, dried with MgS04, and distilled to remove the ether to give 1.8 g of 
aldehyde VII with bp 1270C (4 mm) and n~ ~ 1.6182, which was purified for analysis by column 
chromatography [silica gel L (100/160 mesh)] by elution with hexane-ether (i:i) (Rf 0.417). 
IR spectrum in CHCIs: 1670 cm -~ (CO). PMR spectrum (in CCI~): 2.48 (3H, s, SCH3), 3.87 
(3H, s, OCHs), 6.27 (IH, s, 4-H), and 9.90 ppm (IH, s, CHO). Found: C 45.0; H 4.3; S 33.9%. 
C7H802S2. Calculated: C 44.7; H 4.3; S 34.0%. 

The 2,4-dinitrophenylhydrazone had rap 181-182~ (from ethyl acetate and from heptane). 
Found: C 42.5; H 3.3; N 15.2; S 17.2%. C~H~2N~05S=. Calculated: C 42.4; H 3.3; N 15.2; 
S 17.4%. 

5-Methoxy-3-methylthio-2-formylthiophene (VI). An ether solution of 0.7 g (ii mmole) 
of BuLl was added at --3-5~ in a stream of Ar to 1.6 g (I0 m mole) of 2-methoxy-4-methylthio- 
phene (XVI) in 5 ml of dry ether, 30 min after which a solution of 0.8 g (ii mmole) of DMF 
in 3 ml of ether was added, and the mixture was stirred without cooling for 2 h and allowed 
to stand at 20~ for 12 h. It was then hydrolyzed with dilute HCI (I:i), and the precipi- 
tate was removed by filtration, washed with water, and dried to give 1.45 g (77%) of alde- 
hyde VI with mp 77.5-78.5~ (from heptane with charcoal and from CCI~) and Rf 0.167. No 
melting-point depression was observed for a mixture of this product with a sample of the 
aldehyde obtained in [4]. IR spectrum (in CHCI3): 1630-1640 cm-* (CO). PMR spectrum (in 
CCI~): 2.45 (3H, s, SCH3), 3.92 ~3H, s, OCHs), 6.13 (IH, s, 4-H), and 9.70 ppm (IH, s, 
CHO). Found: C 44.6; H 4.3; S 34.1%. C7H80~$2. Calculated: C 44.6; H 4.3; S 34.0%. 

5-Methoxy-3-methylthiothiophene-2-carboxylic Acid. A solution of 0.13 g (0.69 mmole) 
of aldehyde VI in alcohol was added to 0.15 g (0.65 mmole) of freshly precipitated Ag20, and 
the mixture was stirred with a magnetic stirrer at 50-60~ for 5 h and maintained at 20~ 
for 12 h. It was then heated and filtered in the hot state, and the precipitate was washed 
with hot alcohol. The filtrate was evaporated and the residue was dissolved in water. 
The solution was filtered, the filtrate was acidified with HCI (i:i), and the precipitated 
acid was removed by filtration and recrystallized from heptane to give a product with mp 
162-163~ PMR spectrum [in (CD3)=CO]: 2.44 (3H, s, SCH3), 3.92 (3H, s, OCH3), and 6.20 
ppm (IH, s, 4-H). Found: C 41.3; H 4.1%. CTHeOsS2. Calculated: C 41.2; H 4.0%. 
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IPSO ATTACK IN THE NITRATION OF 5-BROMO- 

AND 5-METHYL-2-CYCLOPROPYLTHIOPHENES 

S. S. Mochalov, T. P. Surikova, 
F. M. Abdel'razek, V. D. Zakharova, 
and Yu. S. Shabarov 

UDC 547.512.734:542.958.1 

It was established that 5-bromo-2-cyclopropylthiophene and 5-methyl-2-cyclo, 
propylthiophene undergo transformations during nitration with nitric acid in 
acetic anhydride that are a consequence of ipso attack of the nitryl cation in 
the 2 or 5 positions of the thiophene rings of the starting compounds. 

The concept of ipso attack, which is widely used to explain the results of nitration 
of benzenoid systems (for example, see [i, 2]), is presently beginning to find application 
also in the simplest aromatic heterocycles [3, 4]. However, only an extremely small amount 
of experimental data that reliably confirm the validity of the extension of this concept 
to heterocyclic compounds are as yet available. 

The detection in the ortho- or para-positions to the site of attack of modified alkyl 
[I] or cycloalkyl [2] groupings, as well as hydroxy groups in the nitration of ethers of 
phenols [2, 5], and the detection in the reaction mixture of products of ipso substitution 
of a halogen atom by a nitro group [6] are regarded as convincing evidence for the fact of 
ipso attack by the nitrating particle in substituted benzenes. 

One can assume that it is sufficient to identify compounds with modified alkyl or cyclo- 
a!kyl groupings or products of ipso substitution of of the corresponding halogen atom in the 
reaction mixture to establish the fact of ipso attack in the nitration of aromatic heterocyclic 
systems. 

In this connection, in the present research we studied the behavior of 5-bromo- and 
5-methyl-2-cyclopropylthiophenes (I, II) in the case of nitration with nitric acid in 
acetic anhydride. The cyclopropylthiophenes (I and II) necessary for the study were ob- 
tained by direct bromination of 2-cyclopropylthiophene with N-bromosuccinimide (NBS) and 
catalytic decomposition of the corresponding pyrazoline, respectively. 

NBS 

! 

CH3~-'~CCH2CH2N(CH3)2.HC I N2H4 l , ~ C l . 1 1 ~ ~  ~ - ~ H s ~  
~I N--NH II 0 

M. V. Lomonosov Moscow State University, Moscow 117234. N. I. Pirogov Second Moscow 
State Medical Institute, Moscow 119435. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 2, pp. 189-194, FebrUary, 1981. Original article submitted May 5, 1980. 
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