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Thienopyrimidines derivatives continue to attract great interest due to the wide variety of interesting biological activities observed for 

compounds characterized by this heterocyclic system. This review results from the literature survey containing the synthesis of thieno[2,3-

d]pyrimidines, thieno[3,2-d]pyrimidines and thieno[3,4-d]pyrimidines from thiophene ring then build pyrimidine ring and from pyrimidine 

ring then build thiophene ring. 
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Introduction 

Thienopyrimidine can be represented in three structures as 
shown below.1 

 

 

 

 

Synthesis of thienopyrimidines was accomplished either 
starting with thiophene moiety followed by construction of 
pyrimidine moiety on it or starting with pyrimidine nucleus 
followed by construction of thiophene block on it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Synthesis 

Preparation of thieno[3,4-d]pyrimidine 

a) From 4-oxo-tetrahydrothiophene-3-carboxylate 

3-Methyl 4-oxo-tetrahydrothiophene-3-carboxylate (1)2 
was converted to the oxime (2) by reacting with 
hydroxylamine hydrochloride in methanol and barium 
carbonate. The produced oxime was rearranged with 
hydrogen chloride in methanol at room temperature3 into 3-
amino-4-carbomethoxythiophene (3). Methyl 4-amino 
thiophene-3-carboxylate (4) was converted into thieno[3,4-
d]pyrimidin-4(3H)-one (3) by reacting with formamide at 
175 0C in the presence of ammonium formate in 71 % 
yield.4 

Application of these conditions in the case of the free base, 
compound (3) gave only traces of the desired (4) along with 
large amounts of tar. Since aminothiophene bases are 
notoriously unstable, the molecule was stabilized by 
formylation with formic acid in the presence of sodium 
acetate to give (5) in 59 % yield, which when treated with 
ammonium formate and formamide at 145 0C gave a 50 % 
yield of the thienopyrimidine (4). 

 

 

 

 

 

 

 

 

 

Scheme 1.  
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On the other hand, methyl 4-formamidothiophene-3-
carboxylate (5) was converted into the corresponding 4-
formamidothiophene-3-carboxamide (6) using methanolic 
ammonia solution which easily gave thienopyrimidine (4) 
with methanolic sodium methoxide in 93 % yield (Scheme 
1). 

b) From 4-amino-thiophene-3-carboxylic acid amide 

2,4-Diaminothiophene-3-carbonitrile (7) was converted to 
amide (8) by using sulfuric acid at room temperature 
cyclization by using triethyl orthoformate or triethyl 
orthoacetate gave thieno[3,4-d]pyrimidine (9) in 65 % yield 
(Scheme 2).5  

 

 

 

 

 

Scheme 2.  

c) From 3-aminothiophene-4-carboxylic ester 

Thiophene amino esters (10) were reacted with 2-
chloroethyl isocyanate in toluene and gave the 4-(2-
chloroethyl)thiophene derivatives (11). Compounds (11) 
were then reacted with 2-methoxyphenylpiperazines in THF, 
2-propanol or DMF to afford the thienopyrimidine-2,4-dione 
derivatives in 56 % yield (12) (Scheme 3).6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3. 

Thieno[3,2-d]pyrimidine 

From rthyl or mMethyl 3-aminothiophene carboxylate 

derivatives  

Ethyl 3-aminothiophene-2-carboxylate (13) was heated up 
to 190 oC with urea under neat condition followed by 
treatment with sodium hydroxide then acidified with sulfuric 
acid gave thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione (14) in 
84 % yield. The latest compound was converted into 2,4-
dichlorothieno[3,2-d]pyrimidine (15) by the reaction with 
phosphorus oxychloride in dioxane in the presence of 
triethylamine in 81.4 % yield (Scheme 4).7 

 

 

 

 

 

Scheme 4.  

 

Aryl acetonitrile (16) reacted with ethyl formate in the 
presence of sodium methoxide to afford the corresponding 
sodium 2-cyano-2-arylethenolate (17) which was reacted 
with p-toluenesulfonyl chloride in DMF affording 2-aryl-3-
(p-toluenesulfonato) acylonitriles (18). 

The latter compound underwent acidic hydrolysis to give 
2-formyl-2-arylacylonitriles (19) which reacted with p-
toluenesulfonyl chloride in the presence of excess 4-
methylmorpholine in dichloromethane to give 2-cyano-2-
arylylvinyl toluenesulfonate (18). The obtained compound, 
when treated with methyl thioglycolate, gave the thiophene 
(20). The thiophene 20 was cyclized either by potassium 
cyanate or urea to thieno[3,2-d]pyrimidine in 80 % yield 
(21) (Scheme 5).8 
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Shestakov A. S. et al.9 reported synthesis of thieno[3,2-
d]pyrimidine by the reaction of methyl 3-aminothiophene-2-
carboxylate (22) with isocyanates and isothiocyanates. 
Initially, carbamides or thiocarbamides (23) were formed, 
alkaline treatment of (23) led to the formation of 
pyrimidinediones or 2-thioxopyrimidin-4-ones in 95 % yield 
(24) (Scheme 6). 

 

 

 

 

 

 

 

 

 

Scheme 6. 

 

Thieno[3,2-d]pyrimidin-2,4(1H,3H)-dione (14) was 
prepared by Temburnikar et al.10 in the reaction of methyl-3-
amino-2-thiophene carboxylate (22) with potassium cyanate 
in the presence of acetic acid as white solid in yield (71 %) 
(Scheme 7). 

 

 

 

 

Scheme 7.  

 

The  interaction of methyl 3-aminothiophene-2-
carboxylate (22) and 2-chloroethylisocyanates gave methyl 
3-(3-(2-chloroethyl)ureido)thiophene-2-carboxylate (25) 
with potential antihypertensive activity.11 The attempts to 
obtain 3-(2-chloroethyl)thieno[3,2-d]pyrimidine-2,4(1H, 
3H)-dione (26) led to a very slow reaction. In more 
complicated conditions (two-days boiling ammonia-dioxane 
solution) led to a tricyclic compound in 78 % yield (27) 
(Scheme 8). 

A. Ivachtchenko et al..11 reported that the amino-thiophene 
ester (22) was reacted with thiophosgene to generate 
isothiocyanate (28).   

 

 

 

 

 

 

 

 

 

 

Scheme 8. 

Further condensation of this reactive isothiocyanate 
intermediate with various primary amines in a mixture of 2-
propanol and 5 % aqueous KOH under reflux smoothly 
afford thieno[3,2-d]pyrimidines (29). On the other hand 
compound (29) was prepared directly by reacting of 
aminothiophene ester (22) with isothiocyanate derivatives in 
the presence of 2-propanol and triethylamine in 75 % yield 
(Scheme 9). 

 

 

 

 

 

 

 

Scheme 9. 

Thieno[3,2-d]pyrimidines were synthesized by E. 
Perspicace et al..12 in a two- or a three-step procedure, 
respectively, as depicted in the following Scheme, starting 
from compound (30). The starting materials methyl 3-
amino-5-(3-methoxyphenyl)-thiophene-2-carboxylate (30) 
was synthesized using the multi-step procedure well 
described in the literature.13 The condensation of molecule 
(30) with N,N-dimethylformamide dimethyl acetal (DMF-
DMA) gave methyl 3-dimethylaminomethylideneamino-5-
(3-methoxy-phenyl)thiophene-2-carboxylate (31) in very 
good yield14 which were used directly in the next step 
without purification to afford compound (32). The 
condensation of 6-(3-methoxyphenyl)-4H-thieno[3,2-
d][1,3]oxazin-4-one (33) with 3-methoxybenzyl amine as an 
alternative route to produce (32) was failed.  
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After O-demethylation using boron trifluoride methyl 
sulfide complex BF3.SMe2, the thieno[3,2-d]pyrimidin-
4(3H)-one (34) was obtained in 82 % yield (Scheme 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 10. Reagents and conditions: (a) DMF-DMA, EtOH, 
microwave irradiation (100 °C, 80 W, 15 min), 98%; (b) DMF, 
microwave irradiation (100 °C, 80 W, 15 min), 31%; (c) BF3.SMe2, 
CH2Cl2, rt, 82 %; (d) MeOH, reflux. 

The reaction of 3-aminothiophene derivatives with 
chloroform amidine hydrochloride in dimethylsulfone gave 
thieno[3,2-d]pyrimidine derivatives in yield from 40 to 90 % 
according to the Scheme 11.15  

 

 

 

 

 

 

 

 

 

 
 

Scheme 11.  

Reaction of methyl 3-aminobenzothiophene-2-carboxylate 
(37) with lactams in the presence of dichloroethane and 
POCl3 gave benzothieno[3,2-d]pyrimidinone derivatives 
(38a-c) in yield 88, 60 and 93 %, respectively (Scheme 
12).16 

 

 

 

Scheme 12.  

From o-ketoaminothiophene 

The reaction of malononitrile with phenyl isothiocyanate 
in the presence of potassium hydroxide afford the potassium 
salt of ketene N,S-acetal (39). Compound (39) was allowed 
to react with p-bromophenacyl bromide or chloroacetone to 
afford the S-alkylated derivatives (40) which underwent 
cyclization in the presence of sodium ethoxide into 
compound (41). The reaction of (41) with formamide and 
formic acid under refluxing temperature gave 4-(4-
bromophenyl)-6-(phenylamino)thieno[3,2-d]pyrimidine-7-
carbonitrile (42) in 60 % yield. Also, compound (41) was 
allowed to react with phenyl isothiocyanate in pyridine 
when the corresponding 4-(4-bromophenyl)-3-phenyl-6-
(phenylamino)-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimidi-
ne-7-carbonitrile (43) was formed in 74 % yield (Scheme 
13).17 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 13.  

Thieno[2,3-d]pyrimidines 

A-Starting from thiophene ring and building pyrimidine ring 

on it 

1H-Thieno[2,3-d][1,3]oxazin-2,4-dione 

Thieno[2,3-d]pyrimidine was first synthesized by Baker et 
al...18 when thieno[2,3-d][1,3]oxazine-2,4-dione (44) was 
treated with ammonium formate in 89 % formic acid at 100 
0 C to initiate ring opening and formylation with formation 
of 2-formylamino-thiophene-3-carboxylic acid (45).  

S

NH2

CO2Me

MeO

S

N

CO2Me

MeO

N

S

MeO

O

N

O S

MeO

N

N
OMe

O

S

OH

N

N
OH

O

OMeNH2

OMeNH2

30

X

31

3

3
3

2

34

a

b

d

c

S

R3

R2

NH2

CO2R1 S

NH

NR3

R2

O

NH2

R1 R2 R3

H2

H2

H2

H2

H2 H2 H2

chloroformamidine.HCl

dimethylsalfone

35 36a - h

36a     Ph                         H Et

36b Ph-Me-p Et

36c Ph-Cl-p Et

36d Ph-OMe-p Me

36e t-Bu Et

36f             C-Hex Me

36g         1,2-dihydronaphthalene Et

36h

S

NH2

CO2R1
S

N

N

O

lactam

DCE/POCl3

37 38a - c

38a     1

38b 2

38c 3

n

n

n

CN

CN NHPh

SKNC

NC NHPh

SCH2CORNC

NC

S
PhHN

NC

COR

NH2
N

N
S

PhHN

NC

R

Ph

S

PhNCS
KOH RCOCH2X

N

N
S

PhHN

NC

R

dioxane

EtONa

EtOH

PhNCS/pyridine

HCONH2/HCO2H

39 40

41
43

42

R= 4-BrC6H4



Synthesis of thienopyrimidine derivatives starting from thiophene ring and pyrimidine ring                           Section A-Review 

Eur. Chem. Bull., 2017, 6(6), 246-257    DOI: 10.17628/ecb.2017.6.246-257 250 

The compound (45) then was reacted with diazomethane 
to give methyl ester (46), the methyl ester (46) was treated 
with methanolic ammonia to give 3H-thieno[2,3-d] 
pyrimidin-4-one (47) in 4 % yield (Scheme 14). 

 

 

 

 

 

 

 

Scheme 14. 

2-Amino-thiophene-3-carbonitrile from 5-acetyl-2-amino-4-

phenyl-thiophene-3-carbonitrile 

5-Acetyl-2-amino-4-phenyl-thiophene-3-carbonitrile 
(48)19  was reacted with carbon disulfide in pyridine to 
afford the thieno[2,3-d]pyrimidine dithione derivative (49) 
in 45 % yield.20 When compound (48) was reacted with 
triethyl orthoformate followed by sodium hydrogen sulfide 
treatment according to Taylor et al.21, the thieno[2,3-
d]pyrimidine thione derivative (50)20 was formed in 67% 
yield. Compound (48) was underwent cyclocondensation 
during refluxing in formamide22 to afford the 
aminothieno[2,3-d]pyrimidine derivatives (51) in 78 % yield 
(Scheme 15).20 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 15. 

 

 

 

 

 

 

 

 

 

 

 

Scheme 16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 17. 
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Imidoformates (53, 58) were prepared in excellent yield 
by treatment of 2-amino-6-methyl-4,5,6,7-tetrahydro-1-
benzothiophene-3-carbonitrile (52) prepared by Gewald 
reaction as reported in the literature23 and 2-amino-7-oxo-
4,5,6,7-tetrahydro-1-benzothiophene-3-carbonitrile (57) 
prepared from 1,3-cyclohexanedione24 with triethyl 
orthoformate at reflux temperature. Reactions of 
imidoformates (53, 58) with hydrazine hydrate afford the 
thienopyrimidines (54, 59) in 77 % and 64 % yields, 
respectively. Similarly, the reaction of imidoformates (53, 
58) with ethanolic ammonia followed by the cyclization of 
intermediates with sodium ethoxide in refluxed 
dimethylformamide, the formation of 
aminothienopyrimidines (56, 61) in 80 % and 75 % yields, 
respectively. The reaction of compounds (52, 57) with 
formic acid gave thienopyrimidinone derivatives (55, 60) in 
80 % yield (Scheme16 and Scheme 17). 

The compounds (56, 61) were prepared by refluxing 2-
amino-3-cyanothiophenes (52, 57) with formamide. Also, M. 
I. Hossain et al..25 used the 2-aminothiophene-3-carbonitrile 
(62) which prepared by Gewald method from 2-butanone 
with sulfur and malononitrile to synthesize thieno[2,3-
d]pyrimidine (63) in 85 % yield (Scheme 18). 

 

 

 

 

 

 

 

 

 

 
 

 

Scheme 18.  

Nitinkumar S. Shetty et al.26 used microwave irradiation 
to synthesize thieno[2,3-d]pyrimidine from α-
aminothiophene carbonitriles.23,27 The precursor 2-amino-
5,5-dimethyl-7-oxo-4,5,6,7-tetrahydro-1-benzothiophene-3-
carbonitrile (64) was prepared by the reaction of 1,3-
dimedone under conditions reported by K. Gewald.22,24 
Thienopyrimidin-4-one (65) was prepared by the microwave 
irradiation of 2-amino-3-cyanothiophene (64) in the 
presence of formic acid in 80 % yield (Scheme 19).  

 

 

 

 

Scheme 19. 

Compounds (68a-d) were obtained by reacting the 
aminocyano derivative (66) with the aromatic 
isothiocyanates in ethanol in the presence of a catalytic 
amount of triethylamine. Using phenyl isothiocyanate,  
hexacyclothienopyrimidine (76) was produced in 50 % yield 
(Scheme 20).28 

 

 

 

 

 

 

 

 

 

 

 

Scheme 20. 

Reaction of heteroaromatic 2-aminothiophene-3-
carbonitrile (69) with ethyl N-bis(methylthio)methylene-
amino acetate (70) gave thieno[2,3-d]pyrimidine (71) in a 
one-step process in 75 % yield.29 Compound (69) reacted 
with carbon disulfide in pyridine to afford thieno[2,3-
d]pyrimidin-2,4-dithione (72) which could be alkylated with 
methyl iodide in the presence of sodium hydroxide and gave 
compound (73) in 81 % yield (Scheme 21).  

 

 

 

 

 

 

 

 

 

Scheme 21.  
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From ethyl 2-aminothiophene-3-carboxylate 

Li et al.30 prepared thieno[2,3-d]pyrimidine derivative 
(74) by reaction of 2-aminobenzo[b]thiophene-3-carbonitrile 
(75) with benzoyl isothiocyanate to give N-((6-(tert-butyl)-
3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamo-
yl)benzamide (76) which reacted with ethyl bromoacetate in 
ethanol in the presence of sodium hydroxide as white crystal 
in yield 57 % (Scheme 22).  

 

 

 

 

 

 

 

Scheme 22.  

2-Aryl-4Н-naphtho[2',3':4,5]thieno[2,3-d][1,3]oxazine-
4,5,10-triones (77а-d) allowed to get 2-aryl-
naphtho[2',3',4,5]thieno[2,3-d][1,3]pyrimidine-4,5,10(3Н)-
triones (78а-d) easily. Pyrimidine triones were obtained in 
78 % yield in the reaction of oxazinetriones with ammonium 
hydroxide in ethanol without the isolation of intermediate 
compounds  which were transformed by 5 % solution KOH 
during 1 h (Scheme 23). 

 

 

 

 

 

 

 

 

Scheme 23.  

The interaction of ethyl acetoacetate with ethyl 
cyanoacetate and elementary sulfur in ethanol medium and 
in the presence of diethylamine led to diethyl 5-amino-3-
methylthiophene-2,4-dicarboxylate.29 The hydrazide (80) 
obtained by refluxing of ethyl carboxylate (79) with 
hydrazine hydrate in ethanol compound (80) was treated 
with carbon disulfide to afford the 3-amino-6-carboxyethyl-
5-methyl-2-thioxothieno[2,3-d]pyrimidin-4-one (81) in 
68 %yield (Scheme 24).31 

 

 

 

 

 

 

Scheme 24.  

Nitin G. Haswani et al..32 reported the synthesis of 2-
aminothiophene-3-carboxylate (82) according to Gewald 
method and the product was subjected to react with nitriles 
in the presence of HCl gas to afford thienopyrimidine (83) 
in 98 % yield (Scheme 25). 

 

 

 

 

 

 

 

Scheme 25. 

From 2-aminoindeno[2,1-b]thiophene-3-carboxylic amide  

Cyano acetamide was reacted with acetaldehyde in the 
presence of sulfur and triethylamine according to Gewald 
method in ethanol to give 2-aminothiophene-3-carboxamide 
(84) which reacted with chloroacetyl chloride to give the 
intermediate chloroacetyl derivative (85). 

 

 

 

 

 

 

Scheme 26. 
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The chloroacetyl derivative was cyclized with concd. HCl 
in ethanol producing thieno[2,3-d]pyrimidine (86) in 78 % 
yield (Scheme 26).33 

The reaction of 2-aminothiophene-3-carboxamide (87) 
with benzoyl isothiocyanate in acetone afforded the 
corresponding [N-benzoyl(thiocarbamoyl)]-aminothiophene 
derivative (88) in 67 % yield. The isolated compound (88) 
was hydrolyzed to yield the corresponding thiourea (89). In 
the accomplishment of the cyclodesulfurization by use of a 
heavy metal salt, compound (89) was added to a suspension 
of a slight excess of the metal salt in aqueous sodium 
hydroxide to give thieno[2,3-d]pyrimidine (90) in 97 % 
yield (Scheme 27).34  

 

 

 

 

 

 

 

 

 

 

 

Scheme 27. 

On the other hand, 2-amino-5-benzyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-3-carboxamide (91) was 
condensed with aromatic aldehydes in ethanol in the 
presence of concd. HCl affording 6-benzyl-2-phenyl(or 4-
chlorophenyl)-5,6,7,8-tetrahydropyridothieno[2,3-d]pyrimi-
dine-4(4H)-ones (92a-b) in 70 % and 78 % yield, 
respectively.35 Compounds 92a-b were reacted with 
phosphorus oxychloride to give 4-chloro derivatives (93a-b) 
in 90 % and 70 % yields, respectively (Scheme 28).  

 

 

 

 

 

 

Scheme 28. 

2-Aminoindeno[2,1-b]thiophene-3-carboxylic acid amide 
(94)36 was cyclized with butyraldehyde and benzoyl chloride 
to afford 2-propyl-3,9-dihydroindeno[1',2':4,5]thieno[2,3-
d]pyrimidin-4-one (95) and 2-phenyl-3,9-
dihydroindeno[1',2':4,5]thieno[2,3-d] pyrimidin-4-one (96) 
in 85 % yield and 62 % yields, respectively. Moreover, 
treatment of compound 94 with ethyl chloroformate in dry 
dioxane under reflux afforded not only to the cyclized 
thieno[2,3-d]pyrimidindione derivative (97) but also gave 
(3-carbamoyl-8H-indeno[2,1-b]thiophen-2-yl)carbamic acid 
ethyl ester (98) as well. Refluxing compound 98 in dry 
pyridine or compound 94 with ethyl chloroformate in dry 
pyridine gave in both cases the same product, 1,3,9-
trihydroindeno[1',2':4,5]thieno[2,3-d] pyrimidine-2,4-dione 
(97) in 69 % yield. The pyrimidinedione (97) could be 
formed via the formation of compound 98, which was 
isolated and cyclized by refluxing that in pyridine to 
thieno[2,3-d]pyrimidinedione (97) (Scheme 29). 

 

 

 

 

 

 

 

 

 

 

Scheme 29. 

2-Aminobenzo[b]thiophene-3-carboxamide (99a-b) 
reacted with propargyl bromide or with allyl bromide in 
DMF in the presence of K2CO3 to give 2-(prop-2-yn-1-
ylthio)benzothieno[2,3-d]pyrimidinone (100a) or 2-
(allylthio)benzothieno[2,3-d] pyrimidinone derivatives 
(100b) in yield 60 % and 64 %, respectively (Scheme 30).37 

 

 

 

 

 

 

 

Scheme 30. 
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N-(3-Cyano-4,5,6,7-tetrahydro-benzo[b]thiophen-2-yl)-
acetimidic acid ethyl ester and (Z)-ethyl N-3-cyano-4,5,6,7-
tetrahydrobenzo[b]thiophen-2-ylpropionimidate (101a,b) 
were reacted with hydrazine hydrate in ethanol to give 4-
iminobenzothieno[2,3-d]pyrimidin-3[4H]-amine and 2-
ethyl-4-iminobenzothieno[2,3-d] pyrimidin-3[4H]-amine 
(102a,b) in 77 % and 65 % yield, respectively (Scheme 
31).38 

 

 

 

 

 

Scheme 31. 

B) Starting from pyrimidine ring and building thiophene ring 

on it 

From 4-Oxo-6-phenyl-2-thioxo-1,2,3,4-tetrahydro pyrimidine-

5-carbonitrile 

4-Oxo-6-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carbo-nitrile (103)39 was alkylated and gave 2-
ethylmercapto-4-oxo-6-phenyl-3,4-dihydropyrimidine-5-
carbonitrile (104). Compound 104 was converted into 2-
ethylmercapto-4-chloro-6-phenyl-3,4-dihydropyrimidine-5-
carbonitrile (105) using phosphorus oxychloride.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 32. 

Compound 105 was converted into 2-ethylmercapto-4-
mercapto-6-phenylpyrimidine-5-carbonitrile (106) via 
reaction with thiourea in refluxed ethanol followed by 
treatment with sodium hydroxide solution and then acidified 
with dilute HCl. When compound 106 reacted with α-halo 
carbonyl compounds in ethanol in the presence of sodium 
acetate, alkylation of mercapto group was occurred to afford 
compounds 107a-e. Compounds 107a-e were undergone 
Thorpe-Ziegler cyclization reaction in ethanol in the 
presence of potassium carbonate and afforded compounds 
108a-e in 62 %, 65 %, 70 %, 50 % and 40 % yield, 
respectively (Scheme 32).40,41 

From 1,3-dimethyluracil derivatives 

6-Chloro-5-cyano-1,3-dimethyluracil (109) prepared from 
the formyluracil in two steps,42 was cyclized to 5-
aminothieno[2,3-d]pyrimidine (110) on heating with ethyl 2-
mercaptoacetate in the presence of sodium carbonate. 6-
Mercaptouracil (111)43 was allowed to react with 
chloroacetaldehyde in the presence of sodium acetate at 
room temperature to give the thieno[2,3-d] pyrimidine (112) 
(Scheme 33).44 

 

 

 

 

 

 

 

 

 

 

Scheme 33. 

From 5-cyano-1,6-dihydro-4-methyl-2-phenyl-6-

thioxopyrimidine 

5-Cyano-1,6-dihydro-4-methyl-2-phenyl-6-
thioxopyrimidine (113) was prepared by treating benzoyl 
isothiocyanate with 3-aminocrotononitrile in refluxing 
dioxane.45,46 Cyclization of thioxopyrimidine (113) with 
ethyl chloroacetate (114) in DMF in the presence of excess 
anhydrous potassium carbonate at room temperature gave 
the ethyl 5-amino-4-methyl-2-phenylthieno[2,3-
d]pyrimidine-6-carboxylate (115) in 92 % yield (Scheme 
34).  

Treatment of compound 115 with 2,5-
dimethoxytetrahydrofuran in glacial acetic acid produced 
the ethyl 5-(1-pyrrolyl)-4-methyl-2-phenylthieno[2,3-
d]pyrimidine-6-carboxylate (116), which reacted with an 
excess of 85 % hydrazine hydrate in refluxing ethanol to 
give the corresponding 5-(1-pyrrolyl)-4-methyl-2-
phenylthieno[2,3-d]pyrimidine carbohydrazide (117). 

S

CN

N

R

OEt

S

N

N

NH
NH2

R

NH2NH2.H2O

101 a,b 102a,b

a= CH3

b= C2
H
5

N

N S CO2Et

O

O

N

N

O

O S

NH2

CO2Et

N

N

CN

ClO

O

N

NO

O

SH

HSCH2CO2Et

NaOEt

ClCH2CHO

Na2CO3

112111

109 110

NH NH

Ph

CN

O

S

N NH

SEt

Ph

CN

O

N N

Ph

CN

Cl

SEt

N N

SH

CN

Ph

SEt

103 104 105

POCl3
AcONa \ EtOH

C2H5I

N N

S Ph

CN

SEt

R

N

N
S

NH2

R

EtS

Ph

K2CO3

(i) thiourea (ii) NaOH/HCl

106

107 (a - e)

108 (a - e)

ClCH2CN/AcONa

108a: R= CONH2, 108b: R= CN, 108c: R= CO2Et, 108d: R= CONHPh-Cl-p, 108e: R= CONHPh-OMe-p



Synthesis of thienopyrimidine derivatives starting from thiophene ring and pyrimidine ring                           Section A-Review 

Eur. Chem. Bull., 2017, 6(6), 246-257    DOI: 10.17628/ecb.2017.6.246-257 255 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 34. 

The carbohydrazide (117) was used as a key intermediate 
for the synthesis of novel 1,3,4-oxadiazole-thieno[2,3-
d]pyrimidine derivatives. Cyclization of carbohydrazide 
(117) with CS2 in the presence of pyridine afforded the 6-
(2,3-dihydro-2-mercapto-1,3,4-oxadiazol-5-yl)-4-methyl-5-
(1-pyrrolyl)-2-phenylthieno[2,3-d]pyri-midine (118).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 35. 

Its reaction with iodomethane in the presence of sodium 
methoxide yielded the 6-(2-methylthio-1,3,4-oxadiazol-5-
yl)-4-methyl-5-(1-pyrrolyl)-2-phenylthieno[2,3-d]pyrimidi-
ne (119) (84 % yield) (Scheme 34). On the other hand, some 
novel 6-(2-substituted-1,3,4-oxadiazol-5-yl)-4-methyl-5-(1-
pyrrolyl)-2-phe-nylthieno[2,3-d]pyrimidine derivatives (120, 
121 and 122) were also obtained by the condensation 
reaction of compound (119) with morpholine, 1,2,3,4-
tetrahydro quinoline and 1-(2-pyrimidyl) piperazine in 90, 
56 and 58 % yield, respectively (Scheme 35).47 

From 4,6-dichloro-5-formyl pyrimidine 

The reaction of ethyl-2-mercaptoacetate with 4,6-
dichloro-5-formyl pyrimidine (123) gave the compound 124 
in 22 % yield, which was reacted with aqueous ammonia at 
high temperature to afford 2,4-diaminothienopyrimidine 
(125) in 82 % yield.48 The Suzuki cross-coupling reaction of 
compound 124 with commercially available boronic acid 
derivatives gave 4-aryl-2-aminopyrimidines.49 
Saponification of the ethyl ester (126) gave the 
corresponding acid 127, which was coupled with  
ethylamine hydrochloride in the presence of HATU to give 
ethyl amide (128) in 72 % yield (Scheme 36).50 

 

 

 

 

 

 

 

 

 

 

 

Scheme 36.  

CONCLUSION 

From the literature survey, thienopyrimidine derivatives 
were proved to be very important compounds with extensive 
biological activities which can use in treatment of many 
diseases.  

S

N

NPh

NH2

COOEt

S

N

NPh

N

COOEtS

N

NPh

N

CONHNH2

S

N

NPh

N

O

N

N

SH

S

N

NPh

N

O

N

N

S

N

N
H

S

CN

Ph

ClCH2COOEt
a

b

c

d

e

113

114

115

116117

118
119

Reagents: (a) DMF/K2CO
3
; (b) 2,5-(MeO)

2
-tetrahydrofuran, glacial acetic 

acid; (c) hydrazine hydrate; (d) CS
2
/pyridine; (e) MeI

S

N

NPh

N

O

NN

N N

N

N

N

N

N

O

NN

N O
S

S

N

NPh

N

O

NN

N

NH N

N

N

NH

NH O

122

120

121

119

N

N

Cl

SNH2 COOEt

S

N

NNH2 CONH 2

S

N

NNH2 COOEt

Me

Me

S

N

NNH2 COOH

Me

Me

S

N

NNH2 CONHC 2H5

Me

Me

N

N Cl

CHO

Cl

NH2

HSCH2COOEt

Pd(PPh3)2Cl2

NaHCO 3,

MeOH

NaOH/EtOH/Water

K2CO3

MeCN

EtNH 2

123
124

125

126

127

128

aq NH3 microwave

2,4-M
e 2

C 6
H 4

-b
oro

nic acid, D
M

F

water,

HATU/ d
iis

opro
pylam

in
e,

EtN
H2/H

Cl/ D
M

F



Synthesis of thienopyrimidine derivatives starting from thiophene ring and pyrimidine ring                           Section A-Review 

Eur. Chem. Bull., 2017, 6(6), 246-257    DOI: 10.17628/ecb.2017.6.246-257 256 

On the other hand, thienopyrimidines derivatives have a 
lot of synthesis methods starting from thiophene ring but 
only several methods from pyrimidine ring containing 
compounds.  
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