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Introduction

Oxamic acid monothiooxamides (A) and thiohydr-
azides (B), which contain amide, thioamide, and thiohydr-
azide groups, can undergo a variety of reactions owing 
to their polyfunctional nature. Compounds with these 
groups are often used to synthesize products exhibit-
ing various pharmacological activities.1—10 Study of 
the synthetic potential of oxamic acid monothiooxamides 
and thio hydrazides and the eff ect of interplay between 
the most proximate groups on the structure and reactiv-
ity of compounds are of considerable theoretical and practi-
cal interest.

R1—R5 = H, A r, Het

Previously, we described convenient methods for the 
preparation of oxamic acid monothiooxamides and thio-
hydrazides, including optically active products,11 by the 
reaction of an amine/elemental sulfur mixture prepared 
in advance with chloroacetamides under mild conditions, 
which made these compounds readily accessible.12 The 
method off ers numerous combinatorial options, since 
isomeric compounds can be prepared from chloroacet-
amides obtained from the amine component. It was de-
monstrated that oxamic acid monothiooxamides and 
thiohydrazides can be converted to various products, in-
cluding N- and S-containing heterocycles possessing di-
verse biological activities.13—15 The amide moiety was 
shown to considerably aff ect the reactivity of the thioamide 

group in monothiooxamides. Unlike benzothioamides, 
they easily react with hydroxylamine to give amidoximes, 
which, in their turn, were used for the preparation 
of heterocyclic derivatives such as 1,3,4-oxadiazoles, 
1,2,4-oxa diazoles, furoxans, and isoxazoles.16 The reactiv-
ity diff erence between the amide, thioamide, and thio-
hydrazide groups makes oxamic acid monothiooxamides 
and thiohydrazides valuable starting compounds also for 
the synthesis of mixed diheterocycles.12

Lately, a large body of information related to the 
chemistry of oxamic acid monothiooxamides and thio-
hydrazides has been accumulated, with a considerable part 
of the data being devoted to the design of heterocycles 
from these compounds. Previously,17 we published a brief 
review disclosing some aspects of the chemistry of oxamic 
acid thiohydrazides. The present review integrates the 
comprehensively describes the synthetic potential of 
oxamic acid monothiooxamides and thiohydrazides whose 
transformations induced by treatment with diversifi ed 
reagents provide new synthetic routes to both known and 
novel bi- and polyheterocyclic systems, in particular, 
heterocyclic derivatives of natural compounds. In view of 
their simplicity, these approaches are useful, in particular, 
for the generation of amine-based combinatorial libraries 
of potential biologically active compounds of carbox-
amide-containing heterocycles.

Synthesis of fi ve-membered rings 
with two heteroatoms

The literature describes monothiooxamide hetero-
cyclization reactions that proceed either with retention of 
the thiocarbonyl sulfur atom, giving rise to sulfur-con-
taining heterocyclic structures, or with replacement of this 
atom, resulting in N,O-containing heterocycles.
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The former route is illustrated by the approach to 
N-aryl-5-(dibromomethyl)-1,3-thiazole-2-carboxamides 
3a—c (Scheme 1), which includes the reaction of halogens 
with monothiooxamides 2a—c containing a propargyl 
group. The latter are, in turn, formed upon the reaction 
of propargylamine and elemental sulfur with 2-chloro-N-
phenylacetamides 1a—c. The eff ect of solvents on the 
course of the reaction was studied and the best yields of 
thiazoles 3a—c (80—85%) were found for the reaction 
conducted in an ionic liquid, 1-n-butyl-5-methylimid-
azolium hexafl uorophosphate.18

The method is general and is appropriate for available 
thioamides containing propargyl groups. It was shown, in 
particular, that the 2-(chloromethyl)-1H-benzimidazole (4) 
is smoothly thiolated at the chloromethyl group and, after 
bromination in 1-n-butyl-5-methylimidazolium hexafl uoro-
phosphate, aff ords 2-[5-(dibromomethyl)-1,3-thiazol-2-
yl]-1H-benzimidazole (6) in 78% yield (Scheme 2).18

This approach can also be extended to derivatives 
containing an ethylene group. For example, the reaction 
of halogens with monothiooxamide 7 containing an allyl 
group aff ords 5-(bromomethyl)-N-phenyl-4,5-dihydro-

1,3-thiazole-2-carboxamide (8a) and 5-(iodomethyl)-N-
phenyl-4,5-dihydro-1,3-thiazole-2-carboxamide (8b) in 
80—88% yield (Scheme 3).18 The reaction in ionic liquids 
takes place at room temperature and takes 2—5 min, 
whereas in other solvents, a longer reaction time or more 
drastic conditions are required.

Scheme 3 

X = Br (a), I (b)

Reagents and conditions: i. X2, 1-n-butyl-5-methylimidazolium 
hexafl uorophosphate or tetrafl uoroborate.

The double bond of monothiooxamides 9a,b is also 
in volved in reactions with thionyl chloride proceeding 

Scheme 1

R = H (a), Cl (b), Me (c)

Reagents and conditions: i. Propargylamine, S8, ~20 C, DMF. ii. Br2, ~20 C, 2—5 min, 1-n-butyl-5-methylimidazolium hexafl uoro-
phosphate. iii. Br2. 

Scheme 2

Reagents and conditions: i. Propargylamine, S8, ~20 C, DMF. ii. Br2, ~20 C.



Heterocycles based on monothiooxamides Russ. Chem. Bull., Int. Ed., Vol. 68, No. 6, June, 2019 1145

as hetero cyclizations giving chloromethyl derivatives 
10a,b, which can be converted to sulfi de 11 or azide 12 
(Scheme 4).18

Aminonitroarenes and -pyridines 13a—d were con-
verted to 2-chloro-N-(2-nitrophenyl)acetamides 14a—c 
and 2-chloro-N-(2-nitropyridin-3-yl)acetamide 14d, which 
underwent S-functionalization under the action of pre-pre-
pared solutions of elemental sulfur in amines to aff ord mono-
thiooxamide derivatives 15a—d and 16a—d (Scheme 5),19 
which are employed in the synthesis of carboxamide-
containing benzimidazoles. The reaction with morpholine 
smoothly proceeds at room temperature, while in the case 
of a weaker base, e.g., aniline, it is necessary to add tri-
ethylamine or pyridine (see Scheme 5).19

The reduction of the nitro group located in the ortho-
position to the monothiooxamide moiety of 2-anilino-N-
(2-nitrophenyl)-2-thioxoacetamides 15a,c and 2-anilino-
N-(2-nitropyridin-3-yl)-2-thioxoacetamides 16a—c is 
accompanied by heterocyclization to benzimidazoles 17a,b 
and 18a—c (Scheme 6).19 This reaction aff ects both 
chalco gen atoms of the monothiooxamide moiety: the 
carbonyl group is involved in heterocyclization, whereas 
the thione group is hydrolyzed with the subsequent forma-
tion of the amide.

The formation of monothiooxamides followed by 
heterocyclization involving the thioamide group was de-
scribed for 2-amino-4,5-difl uoroaniline. The reaction of 
2-chloro-N-(4,5-difl uoro-2-nitrophenyl)acetamide (19) 

Scheme 4

X = CH (a), N (b)

Reagents and conditions: i. SOCl2, 1-n-butyl-5-methylimidazolium hexafl uorophosphate. ii. HSCH2C(=O)OEt, ТГФ.  iii. NaN3, 
DMF.

Scheme 5

X = CH, R = H (a); X = CH, R = Cl (b); X = CH, R = Me (c); X = N, R = H (d)
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with о-phenylenediamine or о-aminophenol in the pres-
ence of elemental sulfur proceeds via the formation of 
monothiooxamide 20, which undergoes heterocyclization 
at the thioamide group, resulting in the formation of 
benzimidazole 21a or benzoxazole 21b, respectively 
(Scheme 7).20 The reaction is accompanied by replacement 
of the fl uorine atom in the para-position to the nitro group 
by the aromatic amine residue.

Scheme 7

 

X = NH2, Y = NH (a); X = OH, Y = O (b)

The intramolecular cyclization of imidazoles 24а—с 
(Scheme 8),20 which involves the carbonyl group and is 
accompanied by nitro group reduction, opens up the way 
to difluorobis(benzimidazoles) 25a,b and difluorobenz-
imid azolylimidazo[4,5-b]pyridine 25c.

2-(Chloromethyl)-5,6-difl uoro-1H-benzimid azole 26 
was converted to products 27a,b with two diff erent hetero-
cycles directly linked to each other (Scheme 9).20 

Scheme 9

X = NH (a), O (b)

Monothiooxamides and their transformations have an 
interesting application in the alkaloid chemistry (Scheme 10). 
The formation of imidazoline moieties in the reactions of 
ethylenediamine with monothiooxamides 28 and 30 based 
on cytisine and anabasine resulted21 in the synthesis of 
alkaloid derivatives 29 and 31.

It is noteworthy that the simultaneous action of ethyl-
enediamine and elemental sulfur on chloroacet amide 32 
aff ords bis(thioxoacetamide) 33, whereas the use of a pre-
prepared solution of elemental sulfur in ethylenediamine 
gives the above-noted dihydroimidazole 31 (Scheme 11).21

The reaction of bromoacetone 34 with alkaloid mono-
thiooxamides 35 and 36 yielded thiazoles 37 and 38, re-
spectively (Scheme 12).21

Scheme 6

 

R = H, X = NHPh (17a); R = Me, X = NHPh (17b);

R = H, X =  (18a); R = Cl, X =  (18b);

R = Me, X =  (18c)

Scheme 8

X = CH, R = H (a); X = CH, R = Cl (b); X = N, R = H (c)
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Synthesis of fi ve-membered rings with three heteroatoms

The involvement of oxamic acid thiohydrazides and 
their derivatives in the heterocyclization represents a route 
to fi ve-membered rings with three heteroatoms, in par-

ticular, thiadiazole derivatives (Schemes 13 and 14).22—24 
For example, 3-(1,3,4-thiadiazol-2-yl)propanoic acids 41, 
new free fatty acid receptor 1 (GPR40) agonists, were 
synthesized by several routes with participation of oxamic 
acid thiohydrazides (see Scheme 13).

Scheme 10

Scheme 12

Scheme 11
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Scheme 13

Reagents and conditions: i. S8, morpholine, Et3N, DMF, ~20 C. ii. N2H2. iii. Succinic acid anhydride, glacial AcOH, refl uxing, 2 h.

Scheme 14

Reagents and conditions: a. Chloroacetyl chloride, Et3N, THF, 0 C~20 C. b. S8, morpholine, Et3N, DMF, ~20 C, 16 h. 
c. N2H4•H2O, DMF, ~20 C, 16 h. d. RCOOH, CDI, CH2Cl2, ~20 C, 16 h. e. Glacial AcOH, refl uxing, 30 min. f. 4 M solution of 
HCl in 1,4-dioxane, ~20 C, 16 h. g. ArNHCOC(S)NHNH2.

Scheme 15

 49 R1 R2 R3 49 R1 R2 R3 49 R1 R2 R3

 a Ph H H f 4-FC6H4 Br OH k 4-MeOC6H4 F H
 b 4-FC6H4 H H g Ph F H l 4-MeOC6H4 H H
 c Ph H OH h 4-FC6H4 F H m 2,5-(MeO)2C6H3 H H
 d Ph Br OH i 4-MeOC6H4 H OH n 2,5-(MeO)2C6H3 F H
 e 4-FC6H4 H OH j 4-MeOC6H4 Br OH o 3,5-Cl2C6H3 H H
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Hydrazones obtained from oxamic acid thiohydrazides 
are widely used to prepare heterocyclic products. Note 
that these hydrazones exist as open-chain and cyclic tauto-
mers.25 The isomer ratio strongly depends on the nature 
of groups in the thiohydrazide moiety of the hydrazones. 
For example, hydrazones obtained by the reaction of 
oxamic acid thiohydrazides with formylchromones 48 
exist in solutions as cyclic forms 49a—o (Scheme 15).26,27

However, in metal complexes 50, they occur as open-
chain isomers (Scheme 16)26,27.

Scheme 16

M = Cu, Co, Ni

The reactions of N-(aryl)-2-hydrazino-2-thioxo acet-
amides 51a,b with 2-formylbenzoic acid aff ord hydrazones 
that exist as tautomers 52a,b and 53a,b . The intramo-
lecular acylation of one form (53a,b) was utilized in the 
synthesis of N-aryl-5-oxo-5,9b-dihydro[1,3,4]thia dia zolо-
[2,3-a]isoindole-2-carboxamides 54a,b (Scheme 17).28

The oxidation of open-chain (55a—c) and cyclic 
(56a—c) isomers of thiohydrazones gives diff erent products 
(Scheme 18).28 On treatment with DDQ, cyclic thio hydr-

azones 56a—c are converted to 5-phenyl-1,3,4-thiadi-
azole-2-carboxamides 57a—c, whereas hydrazones 55a—c 
react with MCPBA to aff ord 2-hydrazino-2-oxoacetamide 
hydrazones 58a—c (see Scheme 18), with the thiocarbonyl 
group being converted to the carbonyl group.

It was shown that the one-pot reactions of o-, m-, or 
p-pyridinecarbaldehydes 59 with thiohydrazides 60 com-
prise the steps of hydrazone 61 formation and cyclization 
to the dihydrothiazole moiety 62 followed by oxidation 
with air oxygen to give a thiadiazole ring. These reactions 
can be conducted without intermediate isolation of hydr-
azones and thus aff ord 1,3,4-thiadiazoles 63 starting from 
any pyridinecarbaldehyde isomer 59 (Scheme 19).29

The thiohydrazides of oxamic acids fruitfully serve for the 
preparation of heterocyclic steroid derivatives (Scheme 20). 
16-Hydroxymethylidene-17-oxo androstane 64 and es-
trone 65 derivatives, which exist in dynamic equilibrium with 
the keto-aldehyde tautomer, react with oxamic acid thio-
hydrazides 66a,b, yielding30 thiohydrazones 67а,b and 68a,b. 
The reaction is regioselective, and the 17-oxo group is not 
displaced even when a twofold excess of thiohydrazide is used.

The authors note that just after dissolution, thiohydr-
azones 67a,b and 68a,b exist as thione form A; however, 
the thiol (B) and cyclic (C) forms are generated very rap-
idly (Scheme 21).

The last-mentioned forms are relatively stable: they 
are oxidized to thiadiazolyl-substituted steroids 69a,b and 
70a,b in 60—64% yields only when compounds 67а,b and 
68a,b are refl uxed in dioxane (Scheme 22).30

Hydrazone preparation and cyclization to the thiadi-
azole system can be accomplished in one stage if com-
pounds 64 and 65 are refl uxed in acetic acid with appro-
priate oxamic acid thiohydrazides. In this case, cyclization 
is accompanied by acylation of the hydroxy group in posi-
tion 3 of ring A of the steroid molecule and gives acetates 
71а,b and 72a,b (Scheme 23).

Scheme 17

R = 4-FC6H4 (a), 2-F3CC6H4 (b)
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Scheme 18

R1 = H, R2 = 
 
(a); R1 = H, R2 = 4-FC6H4 (b); R1 = OEt, R2 = 4-FC6H4 (c)

Scheme 19

 
R = Ar, Het

Scheme 20

R = 4-MeOC6H4 (a), 4-FC6H4 (b) 

Scheme 21
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Scheme 23

 

R = 4-MeOC6H4 (a), 4-FC6H4 (b)

The reaction of hydrazone 73 with alkali metal (het-
aryl)arenethiolates 74a—c gives 17-(hetaryl)arylthio de-
rivatives and is accompanied by cyclization of the thio-
hydrazone moiety to the 1,3,4-thiadiazole ring, thus 
giving compounds 75a—c (Scheme 24).31

Modifi cation of oxamic acid thiohydrazide hydrazones 
extends the range of accessible heterocyclic compounds. 
The reduction of the azomethine moiety in thiohydrazones 
increases the number of nuleophilic reaction sites in the 
molecule and expands the synthetic potential for the design 
of heterocyclic structures.

Regioselective reduction of the imine bond in thiohydr-
azones 76a—j with sodium borohydride at a temperature 
close to 0 C has been carried out; the reaction does not 
aff ect the carbonyl or thiocarbonyl group and can be used 
to prepare N-(hetaryl)aryl-2-(2-arylhydrazino)-2-thioxo-
acetamides 77a—j (Scheme 25).13,28

The reaction is sensitive to the structure of oxamic acid 
thiohydrazide hydrazones. The reduction of compounds 
76a—j was conducted in methanol; however, attempted 
reactions with thiohydrazones 78a—d in this solvent 
yielded complex product mixtures. The successful reduc-
tion of compounds 78a—d to thiohydrazides 79a—d was 
accomplished in THF at 0—5 C (Scheme 26).28

A variety of heterocyclization reactions involving the 
products of reduction of oxamic acid thiohydrazide hydr-
azones have been reported.2,4 It was shown, for example, 
that N-aryl-4-arylmethyl-5-oxo-4,5-dihydro-1,3,4-thia-
di azole-2-carboxamides 80a—c can be prepared from the 
thiohydrazide moiety of the reduced hydrazone on treat-
ment with carbonyldiimidazole (Scheme 27).13

Scheme 22

R = 4-MeOC6H4 (a), 4-FC6H4 (b)

Scheme 24

R =
  

(a), Ph (b),
  

(c)

Scheme 25

77 R1 R2 R3 77 R1 R2 R3

a 2-MeC6H4 H H f 2-F3CC6H4 OEt H
b 2-FC6H4 OEt H g 3-F3CC6H4 OEt H
c 3-FC6H4 OEt H h 4-F3CC6H4 OEt H
d 4-FC6H4 OEt H i Py H H

e 4-FC6H4 Br Br j

 
 H H
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Scheme 27

R1 = 2-FC6H4, R2 = OEt, R3 = H (a);
R1 = 4-FC6H4, R2 = OEt, R3 = H (b);
R1 = 3-F3CC6H4, R2 = OEt, R3 = H (c)

N-Aryl-4-arylmethyl-5-thioxo-4,5-dihydro-1,3,4-thia-
di azole-2-carboxamides 81a—c, thio analogues of com-
pounds 80a—c, are obtained by keeping thiohydrazides 
77c,d,g with carbon disulfi de and a 2—3-fold excess of 
alkali in methanol at room temperature for two days 
(Scheme 28).28 The reactions of thiohydrazides 77d,f,g with 
3-ethoxy-2-hydroxybenzaldehyde in methanol produced 

the corresponding 4,5-dihydro-1,3,4-thiadiazole-2-carb-
oxamides 82a—c in good yields. Thiohydrazides 77b,d,f 
react with diethyl chlorophosphate in benzene, being con-
verted to phosphorus-containing heterocycles, di hydro-
thiadiazaphospholane oxides 83a—c, in 60—70% yields.

4-Thiazolidinones are widely used in the synthesis of 
various biologically active molecules,32—35 a special place 
among which is occupied by 2-thioxo-1,3-thiazolidin-4-
ones (rhodanines), which exhibit antiviral, antibacterial, 
and antitumor activities. They are also utilized in the 
therapy of diabetes mellitus (Epalrestat drug) and show 
high inhibitory activity against the human immunodefi -
ciency virus 1 (HIV-1).

An attempt was made to prepare rhodanines based on 
oxamic acid thiohydrazides. It turned out, however, that 
the reaction of oxamic acid thiohydrazides 84a—c with 
carbon disulfi de in the presence of bases cannot be 
stopped after the formation of the primary dithiocarbamate 
adduct: both on heating and at –15 C, cyclization at the 
thio carbonyl group takes place, yielding N-aryl-5-thioxo-
4,5-dihydro-1,3,4-thiadiazole-2-carboxamides 85a—с in 
61—70% yields (Scheme 29).36

The reaction of oxamic acid thiohydrazides with tri-
thiocarbonyldiglycolic acid did not give rhodanines either: 
the reaction in diglyme yielded the same thiadiazole-2-
thiones 85a—c.

It was assumed that activation of the carboxyl group 
of trithiocarbonyldiglycolic acid would promote the for-
mation of intermediate amide followed by cyclization to 
rhodanine. Indeed, the reaction of oxamic acid thio-
hydrazides 86a—m with trithiocarbonyldiglycolic acid 
in anhydrous THF in the presence of DCC or CDI at 
0 C resulted in the formation of 2-[(4-oxo-2-thioxo-1,3-
thiazolidin-3-yl)amino]-N-(hetaryl)aryl-2-thioxoamides 
87a—m in 70—80% yields (Scheme 30).37

Scheme 26

R = 2-thienyl (a), 5-methyl-2-thienyl (b), 3-pyridyl (c), 4-pyridyl (d)

Scheme 28

81: R1 = 3-FC6H4, R2 = OEt, R3 = H (a); R1 = 4-FC6H4, R2 = OEt, R3 = H (b); R1 = 3-F3CC6H4, R2 = OEt, R3 = H (c)
82: R1 = 4-FC6H4, R2 = OEt, R3 = H (a); R1 = 2-F3CC6H4, R2 = OEt, R3 = H (b); R1 = 3-F3CC6H4, R2 = OEt, R3 = H (c)
83: R = 2-FC6H4 (a), 2-F3CC6H4 (b), 4-FC6H4 (c)

Reagents and conditions: i. CS2, KOH/MeOH, 48 h. ii. 3-Ethoxy-2-hydroxybenzaldehyde, MeOH, [H+]. iii. (EtO)2POCl, C6H6, 
refl uxing.
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Scheme 30

R = Ph (a), 4-ClC6H4 (b), 4-MeOC6H4 (c), 4-FC6H4 (d), 
 3-O2NC6H4 (e), 4-HOC6H4 (f), 3-F3CC6H4 (g), 4-F3CC6H4 (h),
 3,5-(F3C)2C6H3 (i), 3,4-(MeO)2C6H3 (j), 3,4,5-(MeO)3C6H2 (k),

  

(l),
  

(m)

In the absence of trithiocarbonyldiglycolic acid, 
oxamic acid thiohydrazides 88a—e were converted in THF 
at room temperature to 5-hydroxy-1,3,4-thiadiazole-2-
carboxamides 89a—e in 85—92% yields (Scheme 31).36

Scheme 31

R = Ph (a), 4-ClC6H4 (b), 4-MeOC6H4 (c), 4-BrC6H4 (d), 
 3-O2NC6H4 (e)

Since functional derivatives of rhodanine are widely 
used in the synthesis of biologically active products, much 

attention is paid to the synthetic potential of rhodanine-
based oxamic acid thiohydrazides whose modifi cation 
markedly expands the range of rhodanine derivatives. 
2-Thioxo-1,3-thiazolidin-4-one 90 reacts with aromatic 
aldehydes in methanol at room temperature in the presence 
of catalytic amounts of ethylenediammonium diacetate to 
give, within 30—60 min, 5-arylidenerhodanines 91a—c in 
85—95% yields (Scheme 32).38,39

Scheme 32

R = 4-ClC6H4, R´ = Ph (a); R = R ́  = 4-ClC6H4 (b); 
R = 4-ClC6H4, R´ = 5-niitrofuran-2-yl (c)

Reagents and conditions: i. R´CHO, ethylenediammonium 
diacetate, MeOH, 30—60 min, ~20 C.

The reaction of rhodanines 92a—d with triethyl ortho-
formate in acetic acid in the presence of sodium acet-
ate (40 C, 1—1.5 h) aff ords ethoxymethylenerhod-
anines 93a—d in 60—70% yields, which then react with 
morpholine furnishing the corresponding enamines 94a—d 
(Scheme 33).39

Scheme 33

R = Ph (a), 4-ClC6H4 (b), 4-MeOC6H4 (c), 3-O2NC6H4 (d)

Reagents and conditions: i. HC(OEt)3, AcOH, AcONa, 40 C, 
1—1.5 h. ii. Morpholine, EtOH.

It is noteworthy that the reaction of rhodanines 93a—d 
with morpholine carried out below 40 C does not aff ect 
other reactive groups, in particular, the thioamide group. 
Higher temperatures induce decomposition of ethoxy-
methylenerhodanines.

Scheme 29

R = H (a), Cl (b), OMe (c)
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The reaction of 2-thioxo-1,3-thiazolidin-4-ones 95a—c 
with diazonium salts in the presence of potassium carbon-
ate and sodium acetate in aqueous ethanol resulted in the 
synthesis of 5-arylhydrazonorhodanines 96a—i in 80—85% 
yields (Scheme 34).39

Scheme 34

95: R = H (a), Cl (b), OMe (c)

96 R R´ 96 R R´ 96 R R´
a H H d Cl H g OMe H
b H Br e Cl Br h OMe Br
c H OMe f Cl OMe i OMe OMe

Reagents and conditions: i. R´C6H4N2Cl, K2CO3, AcONa, 
EtOH/H2O.

Although rhodanine molecules 95a—c contain several 
nucleophilic centers, they are acylated with benzoic acid 
chlorides on heating in dioxane in the presence of sodium 
hydroxide to give mainly 5-acylrhodanines 97a—f in 
50—60% yields (Scheme 35).39

Scheme 35

97: R = R´ = H (a); R = H, R´ = Cl (b); R = Cl, R´ = H (c);
 R = R´ = Cl (d); R = OMe, R´ = H (e); R = OMe, R´ = Cl (f)

Reagents and conditions: i. R´C6H4C(=O)Cl, dioxane, NaOH.

Rhodanines 95a—c are smoothly brominated in di-
oxane at room temperature. Since 5-bromorhodanines are 
fairly labile, they are used for alkylation of anilines with-
out isolation of intermediate bromination products. 5-Aryl-
aminorhodanines 98a—i are produced in 68—75% yields 
(Scheme 36).39

Scheme 36

98: R = R´ = H (a); R = H, R´ = 3-F (b); R = H, R´ = 3,5-Cl2 (c);
 R = Cl, R´ = H (d); R = Cl, R´ = 3-F (e); R = Cl, R´ = 3,5-Cl2 (f);
 R = OMe, R´ = H (g); R = OMe, R´ = 3-F (h);
 R = OMe, R´ = 3,5-Cl2 (i)

Reagents and conditions: i. Br2, dioxane. ii. R´C6H4NH2.

Rhodanines with oxamic acid thiohydrazide moieties 
were used to prepare fused heterocycles. Refl uxing of 
compounds 95a—c with the Lawesson reagent or phos-
phorus pentasulfi de in toluene gives N-aryl-5-thioxo [1,3]-
thi azolo[4,3-b][1,3,4]thiadiazole-2-carbothioamides 99a—c 
in 75—85% yields (Scheme 37).40

Scheme 37

R = H (a), Cl (b), OMe (c)

Reagents and conditions: i. Lawesson reagent or P2S5, toluene.

The condensation of rhodanines 95a—c with chloro-
acetic acid in methanol in the presence of sodium meth-
oxide provided the route to 2-thioxo-2,3-dihydrofuro-
[2,3-d] [1,3] thiazol-6-ones 100a—c in 60—65% yields 
(Scheme 38).40

5-Benzylidenerhodanines 101a—c containing a con-
jugated carbonyl group react with phenylhydrazine in the 
presence of sodium acetate, giving rise to tetrahydro-5H-
pyrazolo[3,4-d][1,3]thiazole-5-thiones 102a—c in 55—65% 
yields (Scheme 39).40 In anhydrous ethanol with sodium 
acetate, the reaction proceeds within 3.5 h, whereas with 
heat ing in acetic acid it takes 7 h to achieve the same yield. 
Note that the reaction conditions do not aff ect the thioamide 
groups of the rhodanine ring or the thiohydrazide moiety.

Refl uxing of benzylidene rhodanine derivatives 101a—c 
with ethyl cyanoacetate in an acetic acid solution of am-
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monium acetate for 4 h aff ords40 substituted 2-thioxothi-
azolepyridine-6-carbonitriles 103a—c in 50—55% yields. 
The yields of fused heterocycles 103a—c can be consider-
ably increased by using microwave irradiation. Indeed, by 
the microwave-assisted reaction of benzylidene rhodanine 
derivatives 101a—c with ethyl cyanoacetate in an acetic 
acid solution of ammonium acetate, we obtained substi-
tuted thiazolo[4,5-b]pyridine-6-carbonitriles 103a—c in 
88—92% yields (Scheme 40).41 Relatively low yields of 
3,7-dihydro-2H-pyrano[2,3-d][1,3]thiazole-2-thiones 
104a—c were obtained when benzylidene derivatives 
101a—c were heated with malonodinitrile in the presence 
of triethylamine in DMF for 10 h (25—35%) or in an-
hydrous ethanol for 3 h (30—35%) (see Scheme 40).

When this reaction was carried out in acetic acid with 
microwave assistance for 45 min, the yields of 2H-pyrano-
[2,3-d][1,3]thiazole-2-thiones 104a—c were41 85—87%.

An alternative route to pyranothiazole-2-thiones is to 
heat hetarylidenemalonodinitriles with rhodanines 105a—c 
in ethanol in the presence of piperidine. This approach 
makes it possible to prepare a variety of pyrano[2,3-d]-
[1,3] thiazoles and increases their yield based on the start-
ing rhodanine. Indeed, 5-nitro-2-furyl- and thienyl-
pyrano[2,3-d][1,3]thiazole derivatives 106a—f were syn-
thesized in 55—60% yields (Scheme 41).40

Scheme 41

 

105: R = H (a), Cl (b), Br (c)
106: R = H, R´ = 5-nitrofuran-2-yl (a); R = H, R´ = thiophen-2-yl (b);
 R = Cl, R´ = 5-nitrofuran-2-yl (c); R = Cl, R´ = thiophen-2-yl (d);
 R = Br, R´ = 5-nitrofuran-2-yl (e); R = Br, R´ = thiophen-2-yl (f)

Reagents and conditions: i. R´CH=C(CN)2, EtOH, piperidine.

The cycloaddition of arylidene rhodanines to dieno-
philes was accomplished under microwave irradiation. 
This gave pyrano[2,3-d]thiazoles 107a—f and 108a—c in 
78—90% yields (Scheme 42).41 It is worth noting that these 
compounds cannot be prepared from 5-arylidenerhoda-
nines by known procedures. The reactions were carried 
out under various conditions at room temperature and at 
refl ux and in various solvents. The cycloaddition also did 
nor proceed at elevated pressure (from 10 to 150 kbar), no 
matter whether at room temperature or on heating (40 to 
150 C). In all cases, the starting compounds were recov-
ered; in addition, refl uxing in high-boiling solvents led to 
resinifi cation of the reaction mixture.41

Scheme 38

R = H (a), Cl (b), OMe (c)

Reagents and conditions: i. ClCH2COOH, MeONa, MeOH.

Scheme 39

R = H (a), Cl (b), OMe (c)

Reagents and conditions: i. PhNHNH2, AcONa, EtOH.

Scheme 40

R = H (a), Cl (b), OMe (c)

Reagents and conditions: i. Ethyl cyanoacetate, AcONH4, AcOH, 
microwave irradiation. ii. Malonodinitrile, AcONH4, AcOH, 
microwave irradiation.
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Synthesis of six-membered heterocyclic compounds

When thiohydrazides 109a—d are heated in ethanol, 
N,N´-diaryl-1,4-dihydro-1,2,4,5-tetrazine-3,6-dicarb ox-
amides 110a—d are formed in good yields (Scheme 43).28

Scheme 43

R = pyridin-2-yl (a), 2-MeC6H4 (b), 3-FC6H4 (c), 4-FC6H4 (d)

A new two-step route proposed for the synthesis of 
pyridazines from ketones includes Vilsmeier—Haack 
chloroformylation of enolyzable ketones 111 followed by 
imination with oxamic acid hydrazides to give oxamic acid 
thiohydrazide hydrazones as sources of the 2,3-diazahexa-
triene system, which undergoes cascade electrocyclization/
aromatization giving functionalized pyridazines 112 in 
moderate to high yields (32—89%) (Scheme 44).42—44

Scheme 44

Reagents and conditions: i. 1) Vilsmeier—Haack reaction;
2) H2NNHCSCONHR3, TsOH (10 mol.%). 

It was found that heterocyclization of oxamic acid 
thiohydrazide hydrazones is accompanied by release of 

molecular sulfur as a reaction product. Quantum chemical 
calculations in combination with NMR studies demon-
strated that, despite the possibility for cyclization to follow 
a nucleophilic pathway, the 6-electrocyclic pathway is 
much more favorable. Advantages of the method include 
the ready accessibility of reactants, broad range of reactive 
substrates, and easy implementation.42,43

Refl uxing of 3-chloro-1H-indene-2-carbaldehyde 114 
(obtained from indanone 113) with oxamic acid thiohy-
drazides 88c and 109d in ethanol in the presence of TsOH 
aff ords a mixture of thiohydrazone 117a,b and pyridazine 
118a,b in 1 : 4 ratio (Scheme 45).30,44 Similarly, cyclo-
hexanone 115 is converted to chloro aldehyde 116, which 
is transformed to thiohydrazone 119a,b and pyridazine 
120a,b in 1 : 4 ratio upon refl uxing with thiohydrazides 
88c and 109d in ethanol in the presence of TsOH (see 
Scheme 45).30,44

The approach described above was successfully utilized to 
obtain steroids containing pyridazine moieties. It was shown 
that thiohydrazones 121a,b cyclize to pyridazines 122a,b 
in 92% yield, the reaction being conducted in ethanol in 
the presence of a catalytic amount of TsOH (Scheme 46).42

Refl uxing of oxamic acid thiohydrazides in ethanol 
with formyl androstene and estrone derivatives in the 
presence of TsOH smoothly produces pyridazines 124a,b 
in one step (without isolation of intermediate hydrazones) 
(Scheme 47).42

The putative mechanism of cyclization of thiohydr-
azone 123a to pyridazine 124a is depicted42—44 in Scheme 48. 
Analysis of 2D NMR spectra demonstrated that thio-
hydrazone 123а exists in solutions as a mixture of open-
chain thione (syn-1) and thiol (syn-2) forms and cyclic 
form (cycl). The cyclization takes place for isomer syn-2, 
which ensures the maximum proximity of the C—SH 
carbon atom and the chlorine atom at C(17). This induces 
disrotatory 6-electrocyclization giving heterocycle 125, 
which contains both sulfur and chlorine atoms; this is 
followed by aromatization with the release of elemental 
sulfur and hydrogen chloride to give the pyridazine ring 
of compound 124а. Sulfur was isolated from the reaction 
medium in a nearly quantitative yield.

Scheme 42

107: R = H, X = O (a); R = H, X = NPh (b); R = Cl, X = O (c); R = Cl, X = NPh (d); R = OMe, X = O (e); R = OMe, X = NPh (f)
108: R = H (a), Cl (b), OMe (c)

Reagents and conditions: i.
 

, AcOH, microwave irradiation. ii. MeOOC—CC—COOMe, AcOH, microwave irradiation.
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3-Chloro-2-formyl-17-methyl-5-androsta-2,16-
diene 128 obtained in two steps (126  127  128) reacts 
with oxamic acid thiohydrazide 88c in ethanol at 20 C in 
the presence of a catalytic amount of TsOH, being con-
verted to thiohydrazone 129 in 75% yield (Scheme 49).43 
Simultaneously, in ring D of the steroid molecule, the 
Wagner—Meerwein rearrangement takes place, accom-

panied by migration of the Me group from position 13 
to position 17 of the carbon skeleton and double bond 
formation.

When thiohydrazone 129 is refl uxed in ethanol for 2 h 
in the presence of a catalytic amount of TsOH, pyridazine 
130 is formed in 73% yield; this product can also be pre-
pared in on stage (without isolation of intermediate hydr-

Scheme 45

R = 4-FC6H4 (a), 4-MeOC6H4 (b)

Scheme 46

R = 4-MeOC6H4 (a), 4-ClC6H4 (b)

Scheme 47

R = 4-MeOC6H4 (a), 4-ClC6H4 (b)
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azone) by refl uxing formyl derivative 128 with oxamic acid 
thiohydrazide 88c in ethanol in the presence of TsOH 
(Scheme 50).43

17-Hydroxy-5-androstan-3-one 131 was subjected 
to a similar reaction sequence (Scheme 51).44 During the 
synthesis of chloroaldehyde 132, the 17-OH-group 
of compound 131 is formylated to give compound 132, 
which reacts with thiohydrazide 88c to give 133; the latter 
is converted to 17-formyloxy-5-H-androst-2-ene-
[3,2-d]-3´-(4-methoxyphenylcarbamoyl)pyridazine 134 
in 81% yield.

Scheme 48

Scheme 49

R = 4-MeOC6H4

Reagents and conditions: i. Jones reagents, Me2CO, propan-2-ol. ii. POCl3, DMF, CH2Cl2. iii. Thiohydrazide 88c, EtOH, TsOH, 
20 C.

Scheme 50 

R = 4-MeOC6H4
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The products of reduction of oxamic acid thiohydrazide 
hydrazones 135a—h react with chloroacetic acid in the 
presence of ammonium acetate, giving rise to N-aryl-4-
arylmethyl-5-oxo-5,6-dihydro-4H-1,3,4-thiadiazine-2-
carboxamides 136a—h (Scheme 52).14,28

Scheme 52

136 R1 R2 R3 136 R1 R2 R3

a 4-FC6H4 OEt H e 2-F3CC6H4 OEt H
b 3-FC6H4 OEt H f 3-F3CC6H4 OEt H
c 2-FC6H4 OEt H g 2-F3CC6H4 Br Br
d 4-FC6H4 Br Br h 4-F3CC6H4 OEt H

Reagents and conditions: i. ClCH2COOH, AcONH4, PriOH, 
2 h, .

The reaction with thiohydrazides 137a,b containing 
a pyridyl substituent does not require a catalyst: most likely, 
the pyridine ring itself acts as a base (Scheme 53).14,28

Scheme 53

R = 4-pyridyl (a), 3-pyridyl (b)

Reagents and conditions: i. ClCH2COOH, PriOH, .

The use of chloroacetic acid chloride in the reaction 
with thiohydrazide 135a, unlike the use of chloroacetic 
acid, resulted in the formation of two products, thiadiazin-
one 139 being the predominant one. 6-Oxo-5,6-dihydro-
4H-1,3,4-thiadiazine-2-carboxamide 140 was isolated as 
a side product (Scheme 54).28

Scheme 51

R = 4-MeOC6H4

Reagents and conditions: i. POCl3, DMF, CH2Cl2. ii. Thiohydrazide 88c, EtOH, TsOH. iii. EtOH, TsOH, . iv. Thiohydrazide 88c, 
EtOH, TsOH, .
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Scheme 54

Reagents and conditions: i. ClCH2C(=O)Cl, DMF.

The possibility of modifi cation of the thiadiazinones 
thus formed involving the ring methylene group was de-
monstrated. For example, refl uxing of thiadiazinone 136a 
with benzaldehyde in acetic acid for 8 h yielded the benz-
ylidene condensation product 141 (Scheme 55).28

Scheme 55

Reagents and conditions: i. Benzaldehyde, AcOH, 8 h, .

The oxidation of thiadiazinone 136a with hydrogen 
peroxide in acetic acid generates sulfoxide 142 (Scheme 56).28 
The attempts at selective oxidation of the ring methylene 
group without aff ecting the thiocarbonyl group did not 
meet with success: multicomponent product mixtures were 
obtained. However, 5,6-dioxo-5,6-dihydro-4H-1,3,4-
thiadiazine-2-carboxamide 143 was still prepared by the 
reaction of thiohydrazide 136a with oxalyl chloride in 
DMF at temperatures around 0 C (see Scheme 56).28

The reaction of compound 136a with aromatic -bromo 
ketones resulted in the synthesis of thiadiazines 144a—c 
(Scheme 57).28

Scheme 57

R = H (a), 3-NO2 (b), 4-Cl (c)

Thiohydrazides 145 were converted to indolecarbald-
ehyde hydrazones 146a—d, which were reduced with 
sodium borohydride in methanol to aff ord derivatives 
147a—d. Their subsequent alkali-catalyzed reaction with 
monochloroacetic acid yields indole-containing thiadi-
azines 148a—d (Scheme 58).14

Synthesis of seven-membered rings 
with various heteroatoms

Chloroacetamides 149a—c were shown19 to react with 
a mixture of 2,2´-diaminodiphenyl, triethylamine, and 
elemental sulfur prepared in advance (Scheme 59) to give 
carbamoyl-containing 5H-dibenzo[d,f][1,3]diazepines 
151a—c. The reaction is likely to proceed via monothio-
oxamides 150a—c, which are then converted to dibenzo-
diazepines 151a—c.

Thiohydrazides 135b,c,h react with bromopropionic 
acid, being thus converted to tetrahydrothiadiazepines 
152a—c (Scheme 60).14

Scheme 56

R = 4-FC6H4, R´ = 2-HO-3-EtOC6H3

Reagents and conditions: i. H2O2, AcOH. ii. Oxalyl chloride, 
DMF, ~0 C.
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Scheme 58

R = 2-F3CC6H4, R´ = H (a); R = 2-F3CC6H4, R´ = Me (b); R = 2-MeC6H4, R´ = H (c); R = 2,4-F2C6H3, R´ = H (d)

Scheme 59

X = CH, R = H (a); X = CH, R = Cl (b); X = N, R = H (c) 

Scheme 60

152: R1 = 2-FC6H4, R2 = OEt, R3 = H (a); R1 = 3-FC6H4, R2 = OEt, R3 = H (b); R1 = 4-F3CC6H4, R2 = OEt, R3 = H (c)

Scheme 61 
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The reaction of alkaloids 28 and 30 containing mono-
thiooxamide moieties with diaminobutane furnishes tetra-
hydrodiazepines 153 and 154, respectively (Scheme 61).21

Conclusion

The reactions summarized in the review demonstrate 
good prospects for the application of oxamic acid mono-
thiooxamides and thiohydrazides in the construction of 
various heterocyclic compounds. The synthetic potential 
of oxamic acid monothiooxamides and thiohydrazides is 
comprised of the reactivities of the amide and thioamide 
groups or thiohydrazide group. There are numerous ex-
amples of separate involvement of these groups into gen-
eration of heterocyclic molecules.45—51 However, the 
eff ect of the interplay between the most proximate amide 
and thioamide or thiohydrazide groups on the structure 
and reactivity of compounds has not been adequately 
studied. Therefore, the chemical potential of such com-
pounds has not been fully implemented as yet. The 
preparation of carboxamide-containing thiazoles and their 
derivatives based on monothiooxamides has been studied 
most extensively. Oxamic acid monothiooxamides and 
thiohydrazides were found to have good prospects for the 
synthesis of other carboxamide-containing heterocycles 
that are of obvious interest as biologically active com-
pounds, as indicated by published data. However, the 
synthetic potential of carboxamide groups of these com-
pounds for the synthesis of polycyclic fused heterocyclic 
products has scarcely been investigated. It is evident that 
more extensive use of oxamic acid monothiooxamides and 
thiohydrazides as the starting compounds for the design 
of various mono- and polyheterocycles is promising for 
the preparation of new drugs. It is noteworthy that oxamic 
acid monothiooxamides and thiohydrazides are easily 
prepared from amines and, hence, it is possible to elabo-
rate approaches to heterocyclic moieties based on quite 
a broad range of starting compounds, including numerous 
amine-containing natural products.

References

1. Pat. WO 2010/036147; https://worldwide.espacenet.com.
2. I. V. Zavarzin, V. V. Chertkova, I. S. Levina, E. I. Chernoburova, 

Russ. Chem. Rev., 2011, 80, 661.
3. X. Dongsheng, W. Yanchao, X. Jin, L. Jun, C. Junjun, Z. Man, 

F. Lei, W. Yongxiang, Med. Chem. Res., 2014, 23, 4977.
4. M. Chao, W. Anhui, W. Yongqi, R. Xuhong, C. Maosheng, 

Arch. Pharm., 2013, 346, 891.
5. Pat. WO 2013/074059; https://worldwide.espacenet.com.
6. Pat. WO 2013/018804; https://worldwide.espacenet.com.
7. Pat. WO 2012/095521; https://worldwide.espacenet.com.
8. Pat. WO 2011/080176; https://worldwide.espacenet.com.
9. M. A. Abdallah, T. A. Farghaly, M. M. Abdalla, Z. A. 

Muhammad, World J. Chem., 2011, 6, 96.

10. T. A. Farghaly, I. M. Abass, M. M. Abdalla, R. O. A. 
Mahgoub, World J. Chem., 2011, 6, 8.

11. D. V. Shamshurin, I. V. Zavarzin, V. N. Yarovenko, A. A. 
Es´kov, E. I. Chernoburova, M. M. Krayushkin, Y. V. Volgin, 
E. N. Shapovalova, P. N. Nesterenko, O. A. Shpigun, 
Mendeleev Commun., 2005, 15, 143.

12. M. M. Krayushkin, V. N. Yarovenko, I. V. Zavarzin, Russ. 
Chem. Bull. (Int. Ed.), 2004, 53, 517.

13. N. A. Zigangirova, E. S. Zayakin, L. N. Kapotina, E. A. Kost, 
L. V. Didenko, D. Yu. Davydova, Yu. P. Rumyantseva, A. L. 
Gintsburg, Acta Naturae, 2012, 2, 90.

14. RF Pat. 2495036; Byul. izobret., 2013, No. 28.
15. RF Pat. 2447066; Byul. izobret., 2012, No. 10.
16. V. N. Yarovenko, I. V. Zavarzin, M. M. Krayushkin, S. A. 

Kosarev, Russ. Chem. Bull. (Int. Ed.), 2002, 51, 1504.
17. Y. A. Volkova, E. I. Chernoburova, A. S. Petrova, A. A. Shtil, 

I. V. Zavarzin, Phosphorus, Sulfur, Silicon, 2017, 192, 237.
18. V. N. Yarovenko, A. V. Polushina, I. V. Zavarzin, M. M. 

Krayushkin, S. K. Kotovskaya, V. N. Charushin, J. Sulfur 
Chem., 2009, 30, 327.

19. V. N. Yarovenko, A. V. Polushina, K. S. Levchenko, I. V. 
Zavarzin, M. M. Krayushkin, S. K. Kotovskaya, V. N. 
Charushin, Russ. Chem. Bull. (Int. Ed.), 2009, 58, 1276.

20. V. N. Yarovenko, A. V. Polushina, K. S. Levchenko, I. V. 
Zavarzin, M. M. Krayushkin, S. K. Kotovskaya, V. N. 
Charushin, Russ. J. Org. Chem., 2007, 43, 1387.

21. N. Zh. Rakhimzhanova, Ph.D Thesis (Chemistry), Institute 
of Organic Synthesis and Coal Chemistry of the Kazakhstan, 
Karaganda, 2008 (in Russian).

22. M. Krasavin, A. Lukin, N. Zhurilo, A. Kovalenko, I. Zaha-
nich, S. Zozulya, D. Moore, I. G. Tikhonova, Bioorg. Med. 
Chem., 2016, 24, 2954.

23. M. Krasavin, A. Lukin, N. Zhurilo, A. Kovalenko, I. Zaha-
nich, S. Zozulya, J. Enzyme Inhib. Med. Chem., 2016, 
31, 1404.

24. M. Krasavin, A. Lukin, A. Bakholdina, N. Zhurilo, O. Ono-
pchenko, P. Borysko, S. Zozulya, D. Moore, I. G. Tikhonova, 
Eur. J. Med. Chem., 2017, 140, 229.

25. V. N. Yarovenko, A. V. Shirokov, I. V. Zavarzin, O. N. 
Krupinova, A. V. Ignatenko, M. M. Krayushkin, Chem. 
Heterocycl. Compd., 2003, 39, 1633.

26. K. A. Myannik, V. N. Yarovenko, E. K. Beloglazkina, A. A. 
Moiseeva, M. M. Krayushkin, Polyhedron, 2018, 139, 208.

27. K. A. Myannik, E. K. Beloglazkina, A. A. Moiseeva, T. K. 
Baryshnikova, V. N. Yarovenko, M. M. Krayushkin, Mendeleev 
Commun., 2018, 28, 79.

28. E. S. Zayakin, Ph.D Thesis (Chemistry), N. D. Zelinsky 
Institute of Organic Chemistry, Russian Academy of Sciences, 
Moscow, 2009 (in Russian).

29. K. A. Myannik, V. N. Yarovenko, G. M. Rodionova, T. K. 
Baryshnikova, M. M. Krayushkin, ARKIVOC, 2017, iii, 316.

30. I. V. Zavarzin, Ya. S. Antonov, E. I. Chernoburova, M. A. 
Shchetinina, N. G. Kolotyrkina, A. S. Shashkov, Russ. Chem. 
Bull. (Int. Ed.), 2013, 62, 2603.

31. I. V. Zavarzin, Ya. S. Antonov, E. I. Chernoburova, M. A. 
Shchetinina, N. G. Kolotyrkina, A. S. Shashkov, Russ. Chem. 
Bull. (Int. Ed.), 2013, 62, 2626.

32. P. Patel, P. S. Patel, Int. J. Adv. Res. Chem. Sci. (Ĳ ARCS), 
2015, 2, 25.

33. J. Dolezel, P. Hirsova, V. Opletalova, J. Dohnal, V. Marcela, 
J. Kunes, J. Jampilek, Molecules, 2009, 14, 4197.



Heterocycles based on monothiooxamides Russ. Chem. Bull., Int. Ed., Vol. 68, No. 6, June, 2019 1163

34. R. Bryk, B. Gold, A. Venugopal, J. Singh, R. Samy, K. Pupek, 
H. Cao, C. Popescu, M. Gurney, S. Hotha, J. Cherian, 
K. Rhee, L. Ly, P. J. Converse, S. Ehrt, O. Vandal, X. Jiang, 
J. Schneider, G. Lin, C. Nathan, Cell Host Microbe, 2008, 
3, 137.

35. A. J. Russell, I. M. Westwood, M. H. J. Crawford, J. Robinson, 
A. Kawamura, C. Redfi eld, N. Laurieri, E. D. Lowe, S. G. 
Davies, E. Sim, Bioorg. Med. Chem., 2009, 17, 905.

36. A. S. Nikitina, Ph.D Thesis (Chemistry), N. D. Zelinsky 
Institute of Organic Chemistry, Russian Academy of Sciences, 
Moscow, 2009 (in Russian).

37. V. N. Yarovenko, A. S. Nikitina, I. V. Zavarzin, M. M. 
Krayushkin, L. V. Kovalenko, Synthesis, 2006, 8, 1246.

38. K. Ramkumar, V. N. Yarovenko, A. S. Nikitina, I. V. Zavarzin, 
M. M. Krayushkin, L. V. Kovalenko, A. Esqueda, S. Odde, 
N. Neamati, Molecules, 2010, 15, 3958.

39. V. N. Yarovenko, A. S. Nikitina, I. V. Zavarzin, M. M. 
Krayushkin, L. V. Kovalenko, Russ. Chem. Bull. (Int. Ed.), 
2007, 56, 1624.

40. V. N. Yarovenko, A. S. Nikitina, I. V. Zavarzin, M. M. 
Krayushkin, L. V. Kovalenko, Russ. J. Org. Chem., 2007, 
43, 1364.

41. V. N. Yarovenko, A. S. Nikitina, E. S. Zayakin, I. V. Zavarzin, 
M. M. Krayushkin, L. V. Kovalenko, ARKIVOC, 2008, ix, 103.

42. A. V. Komkov, A. S. Komendantova, L. G. Menchikov, E. I. 
Chernoburova, Y. A. Volkova, I. V. Zavarzin, Org. Lett., 2015, 
17, 3734.

43. Y. A. Volkova, Y. S. Antonov, A. V. Komkov, A. M. Shcher-
bakov, A. S. Shashkov, L. G. Menchikov, E. I. Chernoburova, 
I. V. Zavarzin, RSC Adv., 2016, 6, 42863.

44. Ya. S. Antonov, Ph.D Thesis (Chemistry), N. D. Zelinsky 
Institute of Organic Chemistry, Russian Academy of Sciences, 
Moscow, 2013 (in Russian).

45. T. S. Jagodzinski, Chem. Rev., 2003, 103, 197.
46. J. Wei, X. Jiang, Y. Li, Org. Lett., 2016, 18, 340.
47. A. P. Ranskii, A. G. Panasyuk, I. V. Markova, N. P. Bez-

verkhnii, L. I. Shebitchenko, Voprosy Khim. Khim. Tekhnol., 
2008, 5, 9 (in Russian).

48. G. A. Gazieva, A. N. Kravchenko, Russ. Chem. Rev., 2012, 
81, 494.

49. H. Wang, L. Wang, J. Shang, X. Li, H. Wang, J. Gui, A. Lei, 
Chem. Commun., 2012, 48, 76.

50. A. Wesołowska, Ł. Groś, S. Westerlich, T. S. Jagodziński, 
ARKIVOC, 2008, xv, 239.

51. A. O. Gálvez, C. P. Schaack, H. Noda, J. W. Bode, J. Am. 
Chem. Soc., 2017, 139, 1826.

Received September 24, 2018;
in revised form February 13, 2019;

accepted February 28, 2019


	Synthesis of heterocyclic compounds based on oxamic acidmonothiooxamides and thiohydrazides
	Abstract
	Introduction
	Synthesis of fi ve-membered ringswith two heteroatoms
	Synthesis of fi ve-membered rings with three heteroatoms
	Synthesis of six-membered heterocyclic compounds
	Synthesis of seven-membered ringswith various heteroatoms
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Newton-Bold
    /Newton-BoldItalic
    /Newton-Italic
    /Newton-Regular
    /Pragmatica-Bold
    /Pragmatica-BoldObl
    /Pragmatica-Book
    /Pragmatica-BookObl
    /SymbolMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


