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A method was developed for the synthesis of 5-acylamino-2,3-dimethyl- and 5-acylamino- 
2,3-tetramethylenethiophenes by decarboxylation of the corresponding 5-acylaminothiophene- 
4-carboxylie acids. The azo coupling and arninomethylation of the synthesized acylamino- 
thiophenes were studied. 

Aeylaminothiophenes are usually obtained by acylation of the double tin or zinc salts of aminothio- 
phene [2-4]. However, the method has limited application because of the difficulties involved in the syn- 
thesis of the individual starting nitrothiophenes. The simplest representative of the series - 2-acetamido- 
thiophene - is readily formed by decarboxylation of 5-acetamidothiophene-2-carboxylic acid, obtained by a 
multistep synthesis [5]. 

In connection with the interest in stable aminothiophene derivatives, we obtained the previously un- 
known ce-acylaminothiophenes from the accessible ce-amino-/3-ethoxycarbonylthiophenes (Ia, b) [6, 7]. A 
nttmber of c~-acylaminothiophenes die-g) were obtained by aeylation of In, b. Decarboxylation of 5-acyl- 
arnino-2,3-dialkylth[ophene-5-carboxylic acids (Ilia, b [7] and IIIc-g), obtained by alkaline hydrolysis of 
the corresponding esters, gives high yields of the previously unknown acylaminothiophenes {IVa-g). Re- 
action of IVb, d with benzenediazonium chloride readily leads to 4-phenylazo-5-acylamino-2,3-dialkyl- 
thiophene derivatives (Vb, d), reductive acylation of which with zinc in acetic acid in the presence of acetic 
anhydride gives the ortho derivative of diacylaminothiophene (VIb, d). We were able to aminomethylate the 
acylaminothiophene derivatives (IVb-e) by heating them with bis(dimethylamino)methane bis(dibutylamino)- 
methane, and bis(N-methylpiperazino)methane. Mannich bases (VII-XIII) were obtained in high yields by 
this process. The replacement of the hydrogen in the 4 position by a dimethylaminomethyl group by the 
action of bis(dimethylamino)methane indicates the high reactivity of the acylaminothiophene derivatives. 
For comparison, it is sufficient to point out that fi-substituted products are formed in low'yields in the 
aminomethylation of other thiophene derivatives [8]. The aminomethylation of IVe, d by the action of for- 
malin and secondary amine hydrochlorides proceeds ambiguously as a function of the basicity of the amines 
used for the reaction. Hydrochlorides of Mannich bases (XIV, XV) were obtained in the reaction of IVc, d 
with formalin and morpholine hydrochloride. The reaction of IVd with formalin and dibutylamine and N- 
methylpiperazine hydrochlorides leads to a dithienylmethane derivative (XVI). The latter was also ob- 
tained by tile action of formalin on IVd. 

An absorption maximum at 229-280 rum is observed in the UV spectra of IVa-g, while a second ab- 
sorption maximum at 313-321 nm is also observed in the spectra of IVc, d, f, g. The PMR spectrum of 
IVa contains the distinct singlet of the proton in the 4 position of the thiophene ring at 6.38 ppm. Absorp- 
tion bands appear at 1535-1540 cm -I (N=N bond) in the IR spectra of Vb, d, while the 4-H singlet vanishes 

* See [i] for communication V. 
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T A B L E  1. a - A c y l a m i n o t h i o p h e n e  D e r i v a t i v e s *  

Corn- Empirical Found, % Calc., ~]c 
pound nap, ~ formula C ]H .J S 

l 63,2 5,6 4,6 IIc i 148--149 C~H~7NOaS 

IIe  95,5-- 96 C~H2rNOaS 
IIf I 165--166,5 C~H~INOaS 

lI~ ! 1925--1935 CtsH~6NOaSCI 
Illc I 21o,5--217,b C~,H,aNOaS I "I'[63'8!5' 0 416 IIId 211--212 Ct~H~sNOaS 
IIIe / 232--233 ClrHIrNOaS 64,9155 4,4 
IIIf / 210--211,5~C~rHIrNOaS 64655 41 

iIIg i 240--241 C~HI4NOaSCI"f !575:4,2 4,2 
IVa 144--145 ICsHuNOS 56,86,8 ~ 8,0 
IVb 160--161 C~6H~aNOS ] 61 467 I 73 
IVc 145--146 C~H~aNOS / 67141515, 6 2 
1Vd 155--156 ICIsH~sNOS 70,015,9 I 5,5 
IVe 149,5--150,5 ICI6HI7NOS 71,0 6,3 ) 5 0 
IVf 125--125,5 C~H~TNOS 71,016,3 I 5,4 

IV g\% 180--180,5 C~H,4NOSCI::[: 61,5 4,9 I 4,9 
206--207 iC~eHtrNaOS 64,0 5,7 14,3 

Vd 298,5--299.5 'Cs~H~NaOS 69,85 3 11 6 
VII 100--101 !IC~6H~~ 66,6i6,9 919 

VIII 119--120 iCIaH2oN2OS ]61,87,8 110,9 
IX 124--125 [CIoH:4N~OS 69 4:72 85 
X II5,5--116,5 C~4Ha~N2OS 72,58,3 7,3 

XII 123--124 "[C~H~sNaOS 66,7!7,2 !12,3 
XIII 176,5--177,5 IC: H~zN3OS 68,017,5 11,3 
XIV 213--214 C~H~2N~O~S.HC1 ]58,86,4 ] 7,6 
XV 162,5--163.5 iC2oH~4NzOoS" HC1 ] 60,9i6,5 [ 6,9 

I 
3'5 ~ 4 6 I0,2 / 63,/,ol 

9,7 65,65,9 4,2 
J 9 4166,4'!6 l 4.0 

9,2 66,5[6.1 - -  
8,8) 59,4,5,0 J 3,9 

111,5161 014,8 I 50 
106 638~501 46 
, 10:2164:7,5',4 414 

9,9' 64,7,5,4 I 4,4 
9,7157,2j4,2 4,2 

19,0' 56,8 6,6 8,2 
162i615671 72 
13',8' 6715!517 i 611 
12,5170,0,5 9 ] 54 
tI 5170,8183 I 5.1 
11,9 70 8:6,3 l 511 
110 6E71481 4,8 
10,8 64,2,5,7 i14,0 
8,8 698]5,3 1116 

ll , l  66,6i7,0 9,7 

12,7161,7i8,0 !10,9 
9,9169,5 7,3 ! 8,5 
80172,386:7,0 
9,4 ~ 66,5i7,3 12,2 
8,5 68,27,4 ill,4 
8,6 58,9 5 ,3  76 
8,3 6 0 9 6 4  7,1 

t 
] Yield, ~ 

s 

10,6 Quantita- 
tive 

94,1 
98,7 
97,3 

~0:6[ 64 58,5 
10,2i 53,5 
10,2~ 96,5 
9,6 57 

19,O 90 
16,31 92,4 
13,8J 93 
12.41 95 
11,8 95 
11,8 95,7 
l l ,0 97 
10,71 52,6 
8,91 45,3 

11,1 Quantita- 
tive 

12,7 i 93,5 
9,81 98 
8,0 ! 92,5 
9,3 87,3 

84,3 
8,2: 88 

* The substances were purified for analysis by recrystallization; 
IIe, g, IIIc,d, g, IVg, VII, IX, X, XIV, and XV from methanol; IIc, d, 
IVa-e, and Vb from acetone; Ill, fill, and Vd from dioxane; file from 
methanol-dioxane (I: I); IVf from ether-petroleum ether (3 : i), VIII 
from ether; XII from 50% aqueous alcohol; and XIIl from alcohol. 
~Found: C1 10.7%o Calculated: CI 10o6%. 
S Found: C1 12.1%. Calculated: CI 12o1%. 

in the PMR spectra of these compounds. The structure of the dialkylaminomethyl derivatives (VII-XV) 
was proved by means of the IR and PMR spectra. The IR spectra of XI, XIV, and XV indicate the presence 
in the molecule of a group of basic character - at 2400-2700 cm -i there is a series of absorption bands 
due to NH + stretching vibrations, while the absorption band of CN + stretching vibrations is observed at 950 
cm -l. It was demonstrated by means of the PMR spectra that the dialkylaminomethyl substituent enters 
the 4 position of IVb-e rather than adding to the amide nitrogen.* 

R' 1 " ~ - - ~ c ~ 1 7 6  _ _  w ' - l - ~ c o o % H 5  __  R' -~__.~coon 

1 a, b II c-g I I I  a-g 

R ~ S / : " ~ N  H CO R 2 R ~"~S- , '~  N H CO R ~ R ~ $,,,':'~ N If cO R 2 

Vl b, d Vb,d / IV a-g 

coR~ coi l  ~ 

XV! VII-XV 

a R=RI=R2=CH3 bR+R I=(CH2)4 R2=CH3 "cR=RI=CH3, R2=C6Hs;dR+R I=(CH2)4, 
R2=CaHs; e R+R l= (CH2)4, R2=CH'2C6Hs; f i{+R I= (CH2)4, R2=p-CH3C6H4; g R+R = 
=(CH2)4, R2=p-C1C6H4; VII R=RIvCH6, R2=C~Hs, Ra=N(CHa)~; VIII R+R1=(CH2)4, 
R2=CHa, Ra=N(CHa)2; IX R+R 1= (CH2)4, R2=CH2C~H~, Rs=N(CHa)2; X R=RI=(CH2)4, 
R2=C6Hs, Ra=N(C4Hg)2; XI R+R l= (CH2)4, R2=C6Hs, Ra=N(CHa)2HC1; XII R=RI=CH3, 
R:=C6H~, Ra=piperazino_CH~ XIII R+RI=(CH2)4, R2=CeHs, R~=piperazino-C[-I3 
X1V R=RI=CHs, R2=C6Hs, Ra=morpholino. HC1, XV R+RI=(CHa)4, R2=C~H~, R a= 
=morpholino. HCI; XVI R+R~= (CH2)4, R~=C6H6. 

* T h e  M a n n i c h  r e a c t i o n  w i t h  r e p l a c e m e n t  of  t he  h y d r o g e n  a t t a c h e d  to  t h e  a m i d e  n i t r o g e n  w a s  p r e v i o u s l y  

o b s e r v e d  f o r  f o r m a n i l i d e  [9].  
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E X P E R I M E N T A L  

The IR spec t ra  were r ecorded  with a UR-10 spec t rometer ,  the UV spect ra  were r ecorded  with an 
EPS-3 speet rophotometer ,  and the PMR spec t ra  were recorded  with a JEOL-4H spec t rometer  at 100 NHz. 

5-Benzamido-4-ethoxycarbonyl-2 ,3-dirnethyl thiophene (IIc) and 5-Acylamino-4-e thoxyearbonyl -2 ,3-  
tetramethylenethiophene (IId-g). A 1.4-mole sample of the acid chloride was added by drops with s t i r r ing  
and heating (on a water  bath) to a solution of 0.5 mole of Ia, b in 140 rnl of dioxane, after  which the mixture 
was heated on a boil ing-water  bath for 30 rnin and cooled. The precipitate was removed by filtration. Corn- 
pound IIe was s imi la r ly  obtained, but the react ion mixture was poured into water,  and the precipitate was 
removed  by fil tration and boiled with petroleum ether to dissolve the phenylacetic acid. Data on I Ic -g  are  
presented in Table 1. 

5 -Benzamido-2 ,3-d imethyl th iophene-4-carboxyl ic  Acid (IIIc) and 5-Acylarnino-2 ,3- te t ramethylene-  
th iophene-4-carboxyl ic  Acids (IIId-g). A solution of 0.3 mole of sodium hydroxide in 150 ml of 50% aque- 
ous methanol was added to a solution of 0.165 mole of IIe-g in i00 ml of dioxane and 50 ml of methanol, af- 
ter which the solution was refluxed for 2.5 h and poured into 1 liter of water. The aqueous mixture was 
acidified with 50 rnl of concentrated hydrochloric acid, and the precipitate was removed by filtration, washed 
with water until the wash waters were neutral, recrystallized, and dried. Data on IIIc-g are presented in 
Table i. 

5-Acylamino-2,3-dimethylthiophenes (IVa, c) and 5-Acylamino-2,3-tetrarnethylenethiophenes (IVb, 
d-g). Compounds IIIa-g were heated at 240-250 ~ (bath temperature) until bubbles of carbon dioxide were 
no longer evolved. The melt was then cooled. Data on IVa-g are presented in Table i. 

4-Phenylazo-5-aeylamino-2~3-tetramethyleuethiophene (Vb, d). A solution of 0.075 mole of IVb, d in 
300 ml of acetic acid was added to a diazonium salt solution prepared from 7 ml (0.075 mole) of aniline, 25 
ml of concentrated hydrochloric acid, and 5.25 g (0.075 mole) of sodium nitrite, the whole neutralized with 
sodium acetate at 0-5 ~ . Concentrated sodium hydroxide solution was then added rapidly with cooling and 
s t i r r ing  until the mixture was alkaline, during which the tempera ture  of the mixture rose  to 60 ~ After 10 
rain, the precipi tate  was removed by filtration, washed to neutral i ty with water,  and suspended in 50 ml of 
methanol.  The suspension was refluxed for a few minutes and cooled, and the precipitate was removed by 
filtration. Data on Vb, d are  presented in Table 1. 

4 ,5-Diaeetamido-2,3- te t ramethylenethiophene (VIb). A 6.5-g (0o01 mole) sample of zinc dust was 
added in port ions to a heated (to 60 ~ mixture of 5~ g (0.02 mole) of Vb, 70 ml of glacial acetic acid, 4 ml 
of acetic anhydride, and 2 g of fused sodium acetate.  The mixture was then s t i r red  and refluxed for 2 h 
and poured into water.  The sediment  was removed by filtration, and 10-15~0 ammonium hydroxide was 
added gradualIy to the mother  liquor until it was alkaline. The alkaline mixture was filtered, and the fi l-  
t ra te  was extracted with chloroform.  The ch loroform was part ial ly removed by distillation, and the r e -  
suiting precipi ta te  was removed  by filtration and washed with ether to give 2.6 g (51.5%) of VIb with mp 
216-217.5 ~ (from methanol). Found: C 57~ H 6.3; N 10.9; S 12.8%. C12H1GN202S. Calculated: C 57.1; 
H 6.4; N 11.1; S 12.7%. 

4-Acetamido-5-benzamido-2 ,3- te t ramethylene th iophene  (VId). This compound was s imi lar ly  ob- 
tained from 2.7 g (0.075 mole) of Vd. The precipi tate  that formed from the aqueous solution was removed 
by fil tration and ree rys ta l l i zed  from methanol to give 0.9 g (39.3~0) of VId with rnp 192-193 ~ (from metha-  
nol). Found: C 65.0; H 5.8; N 8.9; S 10.2%. CI~H18N2SO 2. Calculated: C 65.0; H 5.8; N 8.9; S 10.2~0. 

5-Benzamido-2,3-dimethyI-4-dimethylaminomethyl th iophene (VII) and 5-Acylamino-2 ,3- te t ra rne th-  
ylene-4-dialkylaminomethyl thiophenes (VII, IX, and X). A mixture of 0o01 mole of IVb, c, d, e, 0.0176 
mole of bis(dialkylamino)rnethane, and 15 ml of dry dioxane was refluxed for 2.5 h. The solvents were r e -  
moved by vacuum distilIation~ Data on VII-X are presented in Table 1. 

_5-Benzamido-2,3-tetramethylene-4-dimethylarninornethylthiophene Hydrochloride (XI). This was 
obtained as in the preceding exper iment  f rom 2.57 g (0.01 mole) of IVd, 1.8 g (0.0176 mole) of bis(dimethyl-  
amino)methane, and 15 ml of d ry  dioxane. The solvents were removed by vacuum distillation, and the solid 
res idue was dissolved in absolute ether.  A soIution of hydrogen chloride in absolute ether was added to 
the ether solution, and the precipi tate  was removed  by fil tration and washed with ether to give 3.5 g (100%) 
of XI with mp 212-213 ~ (from alcohol). Found: C 61.8; H 6.6; N 7.7; S 9.0; C1 9.9~0o C18H22N2OS.HCI. CaI- 
culated: C 61.6; H 6.6; N 8~ S 9.1; C1 10.0%. 
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5-Benzamido-2,3-dimethyl-4-(N-methylpiperazino)methyl thiophene (XII) and 5-Benzamido-2 ,3-d i -  
methyl-4-(N-methylpiperazino)methyl thiophene (XIII). A 0.1-mole sample of N-methylpiperazine was added 
to 0.047 mole of formal in  at room temperature ,  and the mixture was refluxed for 10 rain. It was then 
t reated with a solution of 0.025 mole of IVc, d in 10 ml of dioxane, and the resul t ing solution was refluxed 
for 2.5 h. The solvents were removed by distillation, and the residue was cooled. The resul t ing c rys ta l s  
were washed on the fil ter with petroleum ether and dried. Data on XII and XIII are  presented in Table 1. 

5-Benzamido-2,3-dimethyl-4-morphol inomethyl thiophene Hydrochloride (XIV) and 5-Benzamido-2 ,3-  
te t ramethylene-4-morphol inomethyl thiophene Hydrochloride (XV). A solution of 0.031 mole of morpholine 
hydroehloride and 0.031 mole of formalin was added to a solution of 0.0155 mole of IVc, d in 20 ml of di- 
oxane, and the mixture was heated at 40-50 ~ for 4 h. The solvents were removed by distillation, and 10 ml 
of water was added to the residue.  The aqueous mixture was heated for 15 rain on a water  bath and cooled. 
The resul t ing precipitate was removed by fil tration and dried. Data on XIV and XV are  presented in Table 1. 

Bis(5-benzamido-2,3- te t ramethylene-4- th ienyl)methane (XVI). 1) A 2.5-ml  (0.031mole) sample of fo r -  
malin was added to a solution of 4 g (0.0155 mole) of IVd in 20 ml of dioxane, and the mixture was heated 
at 45-50 ~ for 4 h. The solvents were then removed by distillation, and the res idue was t r i turated with 5 ml 
of absolute alcohol and removed by filtration to give 2.95 g (72%) of XVI with mp 253-254.8 ~ (from dioxane) 
and Rf 0.55 on Silufol with a b e n z e n e - m e t h a n o l  (10 : 1) system.  Found: C 70.5; H 6.1; N 12.1%. C31H~2N202S 2. 
Calculated: C 70.4; H 6.1; N 12.1%. 

2) The compound was also p repared  f rom 2.57 g (0.01 mole) of IVd, 3.3 g (0.02 mole) of dibutylamine 
hydrochloride,  and 1.6 ml (0.02 mole) of formalin.  The react ion was car r ied  out and the products were 
isolated under the conditions used for the synthesis  of XIV-XVo The yield was 1.4 g (53%). No melt ing-  
point depress ion was observed for a mixture of this product  with a sample of XVI obtained by method 1. 
The product  had Rf 0.55 on Silufol with a b e n z e n e - m e t h a n o l  (10: 1) system. 
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