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A method is p roposed  for  the synthes is  of 5- acy lamino-  2.3- dimethyl thiophene-  4- carbaldehydes  
and 5 -acy lamino-2 .3 - t e t r ame thy lene th iophene -4 -ca rba ldehydes  by the fo rmyla t ion  of the co r -  
responding thiophenes using the V i l s m e i e r  reac t ion .  F r o m  the fo rmyl  de r iva t ives  obtained, 
p rev ious ly  unaccess ib le  der iva t ives  of thieno[2, 3-b]pyridine,  thieno[2,3-d]pyrimidine,  and 
thieno[3' .  2':  5 .6]pyr ido[2,3-d]-pyr imidine  have been synthesized.  

The formyla t ion  by the V i l sme ie r  method of the 5 -acy lamine -2 .3 -d ime thy l -  and 5 -aey lamino-2 ,3 -  
t e t ramethylene th iophenes  (Ia-e) that have now become  widely avai lable  [2] has  enabled a s e r i e s  of p rev ious -  
ly  unknown fo rmy l  de r iva t ives  (Ha-e) to be obtained in high yield. The IR s p e c t r a  of (Ha-e), as com p a red  
with those of (ta-e), have an additional absorpt ion  band in the region of the f requenc ies  of the v ibra t ions  of 
the earbonyl  group at 1600-1690 em - I .  In the PMR spec t rum,  a s inglet  in the region of a romat i c  protons  
that  is  observed  for  4 .H in compounds (ia-e) has  d isappeared .  

To c h a r a c t e r i z e  the compounds obtained, de r iva t ives  of them were  synthesized,  the phenylhydrazone 
(III), the is onicotinoylhydraz one (IV), the th iosemiea rbazone  (V), and the anil (VI). The reduct ion of (VI) 
with sodium t e t r a h y d r o b o r a t e  gave 4-ani l inomethyl -  5 -benzoylamino-2 ,3- te t ramethylene th iophene  (VII). 

In the acylaminoth iophenecarba ldehydes  (Ha-e), the functional groups  a r e  located in the ortho posi t ion 
with r e spec t  to one another,  and t he re fo re  they a r e  of i n t e r e s t  as the s ta r t ing  compounds for  the synthesis  
of var ious  condensed he te rocyc les .  

The action of cyanoacet ie  e s t e r  in the p r e s e n c e  of piper idine  on (IIa, b, d) gave high yields of 6 -amino-  
5-e thoxycarbonyl th ieno[2,3-b]pyr idines  (VIII. IX). The reac t ion  of (Ha, d) with malononi t r i le  and benzo-  
n i t r i l e  took p lace  s i m i l a r l y  and a lso  led to de r iva t ives  of 6-aminothieno[2,3-b]pyridine (X, XI, XII). The 
acyl res idue  subst i tuted in the amino group of (Ha, b, or  d) was el iminated by the p iper id ine  in the reac t ion  
p r o c e s s .  On reac t ion  with cyanoacet ic  es te r ,  (fib) and (IId), differ ing by the i r  acyl  subst i tuents ,  both gave 
(IX). The IR spec t r a  of (VIII) and (IX) each had a band at  1690 em -1 which is c h a r a c t e r i s t i c  for  the C ~ O  
of an e thoxycarbonyl  group, and the s pec t r a  of (X) and (XI) each had a band at 2230 cm -1 cha rac te r i z ing  a 
CN group. In all  the de r iva t ives  (VIII-XII) obtained, the absorpt ion  bands of the NH 2 group were  found in 
the 3400-3490 cm -1 region.  

The reac t ion  of (IX) and (3:) with an excess  of f o r m a m i d e  gave the th ienopyr idopyr imidines  (XIII) 
and (XIV). In the IR s p e c t r u m  of (XIII), the carbonyl  group is cha r ac t e r i z ed  by a band at 1670 cm -1, which 
shows the p r e s e n c e  of a l a e t a m  s t ruc tu re  in (XIII). 

* Fo r  Communica t ion  VII. see  [1]. 

S. Ordzhonikidze All-Union Sc ien t i f i c -Resea rch  Inst i tute of Pha rmaceu t i ca l  Chemis t ry .  Moscow. 
Trans la ted  f r o m  Khimiya Getero ts ik l ieheskikh  Soedinenii, No. 1. pp. 58-60, January .  1974. Original  
a r t i c l e  submit ted  F e b r u a r y  8, 1973. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 1 7th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

50 



~--~CH2NHC6Hs__ ~ C M = N % ~  5 R 2 ~ _ _ ~ M = N N . C 6 ,  s 

NFICOC~sH~, ~ " ~ S ' J ~ N H C O C o H 5  R"~'~S'/\NFI.CDR 3 V ~S . /  ~NHCOCsfl5 

u VI . I a -e  / I11 

Rt/~Sf~N-~F'~N H 2 RI~$~NHCOR3 ~ , , , ~ S ~ , N  HCO C6 tt5 

XIII-XIV XV-XIX V 

Ia,  I Ia ,  X V  Rz= R ~ = R 4 = CH3; Ib,  I Ib ,  •  R 1 + R 2 = (CH2)4, R 4-- CH3; Ic ,  I I c ,  X V I I  R t = R 2 = 

CH 3, R 4= C8H5; Id, I Id ,  XVTI I  R ~ +R2: (CH2)4,  R4=C6H~; Ie,IZe X I •  R 1 +R 2 =(CH2)4, R4= 

CHzC6Hs; V I I I  R~=R ~ :  CH~, R ~ = COOC~H~; IX R z ~P.~ =(CH3)~, R ~ = COOC~H~; X R ~= P~ = 

CH 3, R ~ = CN:  X I  R z +P.~ = (CH~)~, R ~ -~ CN;  X I I  R ~ +R ~ = (CH~)~, R ~ = COte r i e ;  •  R 5 = OH, 

X I V  P.~ = N[-] z. 

The reac t ion  of (IIa-d) with ammonium acetate  was pe r fo rmed  with heating in acet ic  acid, i.e..  under  
conditions differing f rom those for  the synthesis  of the quinazolinones [3]. As a result ,  we obtained high 
yields  of the thienopyrimidine der iva t ives  (XV-XIX) with posi t ion 4 f ree  f rom substi tuents.  In the PMR 
spec t rum for  (XV), singlets of the protons  of the CH 3 groups are  observed  at 2.78, 2.28, and 2.45 ppm, and 
the singlet  of a proton at 8.77ppm, corresponding to the 4-H atom. 

EXPERIMENTAL 

The PMR spectra were taken on a JEOL-4H-100 instrument using HMDS as internal standard. The 
IR spectra were taken on a UR-10 instrument with the liquid substances in the form of thin films and the 
solids in paraffin oil. 

5-Acetylaminothiephene-4-earbaldehydes (IIa-e). In drops. 0.3 mole of freshly-distilled phosphorus 
oxyehloride was added to 0.3 mole of dimethylformamide cooled to ~ 0~ The mixture was kept at room 
temperature for 15 rain and was then cooled again, and 30 ml of dry diehloroethane and a solution of 0.195 
mole of a compound (la-e) in 900 ml of dry diehloroethane was added. The mixture was boiled for 15 rain 
and was then cooled, 0.9 mole of sodium acetate in 600 ml of water was added to it, and the new mixture 
was boiled for 20 rain. After cooling, the organic layer was separated off, and the aqueous layer was ex- 
tracted several times with dichloroethane. The combined extracts were washed with potassium carbonate 
solution and then with water until the wash-waters were neutral. The dichloroethane was distilled off to 
dryness and the residue was recrystallized from ethanol. Information on compounds (IIa-e) is given in 
Table I. 

The phenylhydrazone of 5-benzoylamino- 2,3-tetramethylenethiophene- 4-earbaldehyde (Ill), the iso- 
nicotinoylhydrazone of 5-benzoylamino- 2,3- tetramethylenethiophene- 4- carbaldehyde (IV), and the thios emi- 
carbazone of 5-benz oylarnino- 2.3-tetramethylenethiophenyl- 4- carbaldehyde (V) were obtained by the usual 
methods. Information on compounds (III-V) is given in Table I. 

5- Benzoylamino- 2.3-tetramethylene- 4-thenylidenaniline (VI). To a solution of 2.8 5 g (0.01 mole) of 
(lid) in I00 rnl of absolute ethanol was added 1 ml (0.01 mole) of aniline. The reaction mixture was boiled 
for 3 h 30 rain and was then cooled, and the precipitate that deposited was filtered off and was recrystal- 
lized from dioxane. Yield 1.4 g (39%) of (VI)with mp 196-197~ (from dioxane). Found %: C 73.3. H 5.6: 
N 7.8. S 9.0. C22H20N2OS. Calculated %. C 73.3: H 5.6: N 7.7: S 8.9. 

4-Anflinomethyl- 5-benzoylamino- 2,3-tetramethylenethiophene (VII). With stirring, 0.6 g (I 60 rnmoles) 
of sodium tetrahydroborate was added in small portions to a solution of I.I g (2.8 mmoles) of (VI) in a mix- 
ture of 40 rnl of dioxane and 20 ml of methanol. After the addition of the whole of the sodium tetrahydro- 
borate, the mixture was stirred for 30 rain and was then poured onto ice. The precipitate that deposited 
was filtered off and was reerystallized from methanol. Yield 0.8 g (75%) of (VII) with mp 134-135~ (from 
methanol). Found %: C 73.0; H 6.1: N 7.8. S 9.0. C22H22N2OS. Calculated %: C 72.9- H 6.1. N 7.7: S 8.8. 

6-Amino-5-e thoxyearbonyl-2 .3-dimethyl th ieno[2 ,3-b]pyr id ine  (VIII) and 6-Amino-5-e thoxycarbonyl-  
2 ,3- te t ramethylenethieno[2 ,3-b]pyr id ine  (IX). The reac t ion  mix ture  obtained f rom 0.02 mole of (IIa, b, or 
d). 0.037 mole of cyanoacet ie  es te r ,  40 ml of ethanol, and 0.5 ml of piperidine was boiled for  1 h 30 rain 
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T A B L E  1. C h a r a c t e r i s t i c s  of  the  Compounds  Obtained 

C o m -  
p o u n d  

IIa 
IIb 
Ilc 
IId 
lie 

III 
IV 
V 

VIII 
IX 
X 

XI 
XII[ 
XIV 
XV 

XVI 

XVI I 
XVIII  

XIX 

Mp, ~ ~ 

134,5--135,5 
123--124 
156--157 
134--135 

I05,5--I06,5 
214--215 

280.5--281.5 { 
245--248(decomp.) 
193,5--194,5 
199,5--200,5 
249,5--250,5 
218,5--219,5 
>330 (decomp.) 

>350 
163--164/9T88_.89 mm 

184--186/7Tmm57_58 

164--165 i 
120,5--121,5 

87"88 { 

Empirical 
formula 

CIgH,tN02S 
CuH,3NO2S 
C,4H,3NO2S 
C16H~NO2S 
C,THITNO2S 

C~H21NsOS 
C2eH~N40~S 
C,~H,sN40~-q 
CI2H,('N20~S 
C~,H~sN~O,S 
C~oH~N~S 
CI~H.N~S 

Found. % 

C H 

{ 
54 8 5,7 

i 59,51 5,9 
6521 5,0 
67,2 5,2 
68,0] 5,6 

- -  ] 

57,3 5,2 
57,61 5,6 
61,0 5,7 
59,oi 4,4 
62,71 4,8 

Calculated, % i ~- 

N i S C 4 H N S .~ 

7,0 16,41~4,8i 5,6! 7,1,6,2 73 
6,3 14,6i59 2 5,9 j 6,3! 14,41 78 
5,3112,4 64;8! 5 0 5,4[ ,2,41 80 
49 112i67,~ 5,3i :4,9;11,2 80 
4'8 t0'7, 68'2[ 5,7 I 4,7! 10,71 84 

. ,1 8 , 7 i -  - 111,2i 8,6j 88 
[3,8 8,0!65,41 5,0 13;9i 7,9! 99 
[5,5, 17.8570 5,1 t 15,6 17,9 89 
[0,9," :57,6 5,6jI1,2':-- !90 
[0,1ill,6 60;81 5,8!10,1i116:88 
20,7~ 15,7L59,1] 4,5 20,7 i 15,8 93 
18,0', 139'6281 4,8 18,3 14,0:97 

C,~H, INaOS 
C,aH,~N(S 
Cg[tIoN.-S 

C.FImN2S 

C,4H,~N2S 
C16HI4N2S 
C17H,6N2S 

60,6! 4,6 * 1 16,3, - -  : 6 0 , 7  4.3 
i 61,3! 4,6 1 21 8~ : 60.9, 4,7 
16o.4! 5,4 i f8 .0 '  - 60.6 5,6 
] ; ) . ! i 
~64,9' 5,9 I -- : 15,5 64,7! 5,9 

7001 50 ' i i 11,8;' ,3.3: 7o.oi 5,o 
72'2', 513 if0,3 12,O 72 1 5,3 172,9  5,7 ig,,t i,,2!7_o,8:5 8 

16,3-- ! 86 
21,8 -- ' 70 
18,o. - -  194 

!--115,6 95 

11,6' 13,3 98 
10,5112,0:98 
10,0 tL4 95 

* The  subs t ances  w e r e  pur i f i ed  by  r e c r y s t a l l i z a t i o n :  (IIa-e) f r o m  
ethanol :  (V, VII, VIII, X. XIV) f r o m  dioxane:  (VI) f r o m  dioxane--di-  
m e t h y l f o r m a m i d e  (4 : 1): (IX, XVIt, and XVIII) f r o m  ace tone :  (XI) 
f r o m  methanol :  (XIII) f r o m  d i m e t h y l f o r m a m i d e :  {XIX) f r o m  aqueous 
methanol .  

t B p .  

and was  then  cooled,  and the p rec ip i t a t e  tha t  depos i t ed  was  f i l t e red  off. I n fo rma t ion  on compounds  (VIII) 
and (IX) is given in Tab le  1. 

6 - A m i n o - 5 - c y a n o - 2 , 3 - d i m e t h y l t h i e n o [ 2 , 3 - b ] p y r i d i n e  (X) and 6 - A m i n o - 5 - e y a n o - 2 , 3 - t e t r a m e t h y l e n e -  
th i eno[2 ,3 -b ]pyr id ine  CKI). The expe r imen t  was  p e r f o r m e d  with 12.7 m m o l e s  of (IIa o r  d), 21 m m o l e s  of 
malonodin i t r i l e ,  40 ml  of ethanol,  and 0.5 ml  of  p ipe r id ine .  The r eac t ion  and the  i so la t ion  of the subs t ances  
w e r e  p e r f o r m e d  unde r  the condi t ions  of the syn thes i s  of  (VIII) and (IX). I n fo rma t ion  on compounds  (X) and 
{XI) is  g iven  in Tab le  1. 

6- A m i n o -  5 - b e n z o y l -  2 .3 - t e t r ame thy l ene th i eno [2 ,3 -b ]py r id ine  (XII). The e x p e r i m e n t  was  p e r f o r m e d  
with 5.6 g (19.5 m m o l e s )  of  {IId), 2.91 g (20 m m o l e s )  of benzoy lace ton i t r i l e ,  100 ml  Of ethanol,  and 3 ml  of 
p iper id ine .  The r e a c t i o n  and the  i so la t ion  of the subs tance  w e r e  p e r f o r m e d  u n d e r  the condi t ions  fo r  the 
syn thes i s  of  (VIII) and (IX). Yield 5.6 g (98.2%) of {XII) with mp 199-200~ (from acetone) .  Found %: C 70 .1 :  
H 5.3: N 9.0: S 10.5. CIsH15N2OS. Ca lcu la ted  %: C 70.1: H 5.2: N 9.1: S 10.4. 

3 ,4-  Dihydro-  6 ,7-  t e t r a m e t h y l e n e t h i e n o  [2 ,3 -b]pyr ido[2 ,3 -  d ]pyr imid in -  4-  one (XIII) and 4 - A m i n o - 6 , 7 -  
t e t r a m e t h y l e n e t h i e n o [ 2 , 3 - b ] p y r i d o [ 2 , 3 - d ] p y r i m i d i n e  (XIV). A solut ion of 0.01 m o l e  o f  ( I X ) o r  (XI) in 5 ml  of 
f o r m a m i d e  was  boi led  fo r  1 h 30 rain. The r e a c t i o n  m i x t u r e  was  cooled,  and the  p r e c i p i t a t e  was  f i l t e red  
off and washed  with methanol .  In fo rma t ion  on compounds  (XIII) and {XIV) is given in Table  1. 

The Th ienopyr imid ine  Der iva t ives  (XV-XIX). A m i x t u r e  of  21 m m o l e s  of  a compound  (IIa-e), 5.6 g 
of  a m m o n i u m  ace ta te ,  and 35 ml  of  ace t i c  ac id  was  boi led  fo r  1 h. P a r t  of the  ace t ic  ac id  was  d is t i l led  off 
unde r  r educed  p r e s s u r e ,  and the r e s i due  was  p o u r e d  into 200 ml  of wa te r  and e x t r a c t e d  with e the r  (or, if 
the  d e s i r e d  p r o d u c t  s e p a r a t e d  out in the f o r m  of c r y s t a l s ,  t hese  w e r e  f i l t e r ed  off). The combined  e x t r a c t s  
w e r e  washed  with sod ium ca rbona t e  so lu t ion  and with wate r ,  and w e r e  d r i ed  with m a g n e s i u m  sulfate,  and 
the  e t h e r  was  d is t i l led  off. I n fo rm a t i on  on compounds  (XV-XIX) is given in Table  1. 
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