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The chemistry of thiohydrazonates and their utility
in organic synthesis
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Syntheses, spectroscopic properties and reactions of thiohydrazonates are reviewed. The reactions of
the title compounds are subdivided in sections that cover their rearrangement, oxidation and substitu-
tion. The utility of these esters in synthesis of thirty six different heterocyclic ring systems has also
been presented. Their biological and industrial applications are pointed out.

Keywords: Hydrazonoyl halides; Rearrangement; Cyclization; Substitution; Heterocycles; Oxidation;
Biological activity

1. Introduction and scope of the review

The thiol tautomers 1 of acid thiohydrazides are usually called hydrazonothioic acids. Func-
tional derivatives of such acids as well as those of their oxygen analogs namely the hydrazonoic
acids 2 have attracted the interest of numerous investigators throughout the world since 1950.
Examples of such derivatives are hydrazonoyl halides 3, amidrazones 4, hydrazonates 5
and thiohydrazonates 6. Although several review articles, covering the various aspects of
hydrazonoyl halides 3 [1–6] and amidrazones 4 [7], have been reported, the chemistry of
thiohydrazonate esters 6 has not been reviewed hitherto. The prodigious growth and current
research interest in the chemistry of such esters during the past 35 years prompted us to
write this review. For this purpose, this article covers the primary chemical literature pub-
lished between 1971 and 2004 contained in Chemical Abstracts Chemical Substance Indexes,
Volumes 74–141 inclusive. Literature prior to 1971 will not be included unless it is felt to be
essential to bringing the relevant information together and to putting the problem into common
perspective. In the following sections the various aspects of the chemistry of thiohydrazonates
of the general formula 6, including nomenclature, syntheses, spectroscopic properties, reac-
tions, and more briefly, the biological activity and industrial applications of such esters, where
tested, are discussed.
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268 A. S. Shawali and M. A. N. Mosselhi

N
H

R

X

NHR'

NR
NHR'

X
H

1 (2)
1, X = S; 2, X = O

NR
NHR'

z

Z : 3, Cl or Br; 4, R'R"N; 5, R''O; 6, R"S

No attempt will be made in this article to list the individual thiohydrazonates described in the
literature, as some of them were reported in several articles as intermediates in the reactions
studied. In addition, heterocyclic compounds embracing the thiohydrazonate grouping within
the ring structure such as 1,3,4-thiadiazoles 7 and 1,3,4-thiadiazines 8 as well as their benzo-
derivatives 9, will not be covered here except when these compounds arise during typical
thiohydrazonate preparations.

N N

S

R'

R

N
N

S R

R'

N
N

S R

R'
7 8 9

2. Nomeclature of thiohydrazonates

Throughout this review the names of such esters are derived from either the systematic
or family names of their parent acids. For example, the systemtic and (family) names of
the acids 10–12 are alkanehydrazonothioic acid (alkanethiohydrazonic acid), arenecarbo-
hydrazonothioic acid (arenecarbothiohydrazonic acid) and diazenecarbohydrazononothioic
acid (diazenecarbothiohydrazononic acid), respectively as reported in Chemical Abstracts
Chemical Substance Indexes. Thus, the names of the esters 13–15 are phenyl N-
phenyl benzenecarbohydrazonothioate (or phenyl N-phenylbenzenecarbothiohydrazonate),
2-pyridyl N-phenyl-2-oxopropanehydrazonothioate (or 2-pyridyl N-phenyl-2-oxopropane-
thiohydrazonate) and methyl N,2-diphenyl-diazenecarbohydrazonothioate (or methyl N,2-
diphenyldiazenecarbothiohydrazonate), respectively.

NR
NH2

S
H

NAr
NH2

S
H

NAr-N=N
NH2

S
H
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N
N
H

S

N
NO

S
N

CH3

H

NN
N
H

S
CH3

N

13 14

15

3. Synthesis of thiohydrazonates

A search of the literature has revealed much work on this subject. It is worthy to mention here
that while many thiohydrazonates have been prepared, isolated and identified, some other
thiohydrazonates have been identified merely as intermediates in many organic syntheses.
The following are the general synthetic methods in which such esters have been isolated and
identified.

3.1 From hydrazonoyl halides

The most widely used method for preparation of aryl thiohydrazonates 18 involves reactions
of hydrazonoyl halides 16 with arenethiols 17 in the presence of a suitable base catalyst. In
this method, N-aryl hydrazonoyl halides [8–23], N-heteroaryl hydrazonoyl halides [24–30]
and N-methyl, N-arylhydrazonoyl halides [18] were used.

N N

ArS

R R'

R"

RC(X)=NN(R')R" + ArSH
Base

–HX

R = Ar, EtOCO, PhNHCO, HCO, CH3CO, PhCO, Het-CO, ArSO2

R' = H, CH3

R" = Ph, XC6H4 ; Heteroaryl

16 17

18
X = Cl, Br

Similar reactions of hydrazonoyl halides 16 with heterocyclic thiols 19 in ethanol in the
presence of triethylamine or sodium ethoxide afforded the corresponding thiohydrazonates 20
[15, 23, 31–41].

N N

HetS

R H

R'

RC(X)=NNHR' + Het-SH
Base

–HX

R = Ar, COOEt, PhNHCO, CH3 CO, PhCO

Het = Heteroaryl;   R' = XC6H4

16 19

20
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270 A. S. Shawali and M. A. N. Mosselhi

In two other reports [42, 43] it was indicated that reaction of N-phenyl benzenecarbohydra-
zonoyl chloride with 2-thioxothiazolin-4-one 21 in benzene in the presence of triethylamine
afforded the C-substitution product 22. No rationalization was given to account for why the
expected thiohydrazonate 23 or amidrazone 24 were not formed.

S

NH

O

S

S

NH

O

S

PhNHN

Ph

S

N

O

S

NNHPh

Ph

S

N

O

S NNHPh

Ph

+ Ph-C(Cl)=NNHPh
– HCl

24 2223

21

– HCl

Reaction of hydrazonoyl halides with alkanethiols in ethanol in presence of sodium ethoxide
yielded the respective alkyl thiohydrazonates 25 [10, 15, 44–52].

N N

R"S

R H

Ar

RC(X)=NNHAr + R"SH
Base

– HX

R = Ar, EtOCO, PhNHCO, CH 3CO

R, -CH2 -Het, -C

25

C-R, -CH 2COO

Similarly, addition of 2,3,4,6-tetra-O-acetyl-D-1-thioglucopyranose 26 to selected nitrili-
mines, generated in situ from the corresponding hydrazonoyl halides, gave after deblocking
the respective glucopyranosyl thiohydrazonates 27 [28, 53, 54].

Ar-CH=CH-C(Br)=NNHAr + R-SH

Ar-CH=CH-C(S-R)=NNHAr

27

26

R = 1-b-D-Glucosyl, 1-b-D-Galactosyl, 1-a-D-Rhamnosyl, 1-a-D-Mannosyl

Recently, a series of the bis-thiohydrazonates 28 was prepared by reaction
of hydrazonoyl halides with 5-phenyl-1,3,7,9-tetrahydro-2,8-dithioxopyrido[2,3-d:6,5-
f’]dipyrimidine-4,6(1H,9H)-dione in ethanol in the presence of sodium ethoxide [55].

NH

N
H

N N
H

NH

O O

SS

Ph

NH

N N N

NH

O O

SS

Ph

R NNHAr ArNHN R

R-C(Cl)=NNHAr

28
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The chemistry of thiohydrazonates 271

Treatment of N-phenyl formicthiohydrazide with sodium hydroxide, followed by hydra-
zonoyl chlorides in aqueous ethanol or methanol, afforded the respective thiohydrazonates
29 [56].

HO– S

NNHAr

CH=NNHPh

R

+ RC(Cl)=NNHAr

R = Ac, EtOCO

HCSNHNHPh

29

Reaction of thioacetamide with N-phenyl 2-oxopropanehydrazonoyl chloride in refluxing
toluene solution was reported to give a mixture of two products namely 30 and 31 in 30 and
5% yields, respectively [57]. Treatment of 31 with methyl iodide in refluxing methanol in the
presence of sodium methoxide afforded the thiohydrazonate 32 [57].

Cl

NNHPh
CH3CO

S

N
N

S

CH3

H3COC

Ph
S

S

N
N

H3COC

Ph

CH3

NNHPh

S

CH3

N=N-Ph

S-CH3

N
N

H3COC

Ph

MeONa / MeOH

CH3CSNH2

+

30 31

32

3.2 Japp-Klingmann reaction

The Japp-Klingmann reaction is considered the second most common method for synthesis
of thiohydrazonates. Thus, coupling of diazotized aromatic amines with heteroarylthio-active
methine compounds 33 in ethanol in the presence of sodium acetate gave the respective
thiohydrazonates 34 [31, 32, 39, 58, 59].

Het-S-CH(R)COCH3

ArN2Cl
R-C(S-Het)=NNHAr

Het: 

R:  CH3CO , PhCO, EtOCO, PhNHCO

3433

 4,5-diphenylimidazol-2-yl; Benzoimidazol-2-yl;
 4,5-diiphenyl-1,3,4-triazol-3-yl

Also, it was reported that 5-aryl-2[(aroylmethyl)thio]-1,3,4-oxadiazoles behave as CH-acids
and readily couple with aryldiazonium tetrafluoroborates at the active methylene group to give
the respective thiohydrazonates 35 [60].

NN

O S-CH2COArAr

ArN2BF4
NN

OAr S NNHAr

COAr

35
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272 A. S. Shawali and M. A. N. Mosselhi

Recently, the bis-thiohydrazonates 28 were reported to be obtained by coupling
of 2,8-di(1-ethoxycarbonyl-2-oxopropylthio)-5-phenylpyrido[2,3-d:6,5-f′]dipyrimidine-4,6
(3H,7H)-dione with diazotized anilines in ethanol in the presence of sodium acetate [55].

NH

N N N

NH

O O

SS

Ph

RR COCH3
COCH3

H H

NH

N N N

NH

O O

SS

Ph

R NNHAr ArNHN R

2ArN2Cl

R = EtOCO
28

3.3 From thiohydrazides and active halogen compounds

The thiohydrazonates 36 and 37 were prepared by reactions of 2,4-dinitrofluorobenzene
with N-phenyl benzothiohydrazide and dithizone, respectively, in acetonitrile in presence
of triethylamine [61].

F

NO2

NO2

S-Ar'

NNHAr NNH-Ar

S-Ar'

RCSNHNHAr ArN=N-CSNHNHAr

Et3N Et3N

 R-C ArN=N-C

Ar = 2,4-(NO 2)2C6H3

36 37

Similarly 2-chloro-3-nitropyridine was reported to react with thiohydrazides in acetonitrile
in presence of triethylamine and yielded the corresponding thiohydrazonates 38 [61].

N Cl

NO2 S

NNHAr'
Ar N

O2N

Et3N
+ ArCSNHNHAr'

38

Treatment of benzoic thiohydrazide with acylacetylenes was reported to yield the
thiohydrazonates 39 [62].

RCOC∫C-Ph PhCSNHNH2

S

NNH-C(Ph)=CHCOR

C(Ph)=CHCOR

Ph
+

39
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The chemistry of thiohydrazonates 273

The S-methylation of the thiohydrazide 40 in alkaline media gave the thiohydrazonate 41A
and its pyrazolyl-derivative 42A, side by side; while S-benzylation in aqueous alkali produced
the ring closed product 42B exclusively [63].

NN

MeMe

S-R"

NNH-C

NH

Ph-CS-NHNH-C(=NH)-NHN=CRR'

Ph-C(S-R")=NNHC(=NH)-NHN=CRR'

R = Me; R' = CH2COMe

Ph-C+

40

41

42

A, R" = Me; B, R" = PhCH2

R"X

X = Cl, I

3.4 From 2,5-diaryltetrazoles and thiophenols

Heating 2,5-diphenyltetrazole with thiophenol was reported to give phenyl N-
phenylbenzenecarbothiohydrazonate 43 via the 1,3-addition of thiophenol to the initially
formed nitrilimine intermediate [64].

N
N

N

N

Ph

Ph
N

N

Ph

Ph

PhSH

N
N

Ph

Ph

S-Ph

H–N2

+

–
43

3.5 Miscellaneous methods

3.5.1 From 1,3,4-oxadiazol-2-ones and thiols. 3-Halomethyl-5-trifluoromethyl-1,3,4-
oxadiazol-2-one gave upon heating with alkanethiols in the presence of triethylamine the
respective thiohydrazonates 44 [65].

O

NN

F3C

CH2X

O

RSH

Et3N
F3C

N

S-R

N

COO–

CH2X

F3C
N

S-R

N=CH2

F3C
N

S-R

NHCH2-SRRSH

– CO2

44

, X–

R = Me, Et, i-Pr, PhCH2 ; X = Cl, I
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274 A. S. Shawali and M. A. N. Mosselhi

3.5.2 From 1,3,4-thiadiazol-2(3H)-thiones. Reaction of N-methyl benzenecarbo-
hydrazonoyl bromide with 5-alkylthio-1,3,4-thiadiazole-2(3H)-thiones in anhydrous
tetrahydrofuran in the presence of triethylamine was reported [66] to give a mixture of
2,2′-azinobis(3-methyl-5-phenyl-2,3-dihydro-1,3,4-thiadiazole 45 and dialkyl bis(3-methyl-
5-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-ylidene)(thioperoxydicarbonohydrazonate) 46.

S

N
H

N

RS S

Ph-C(Br)=NNHMe

Et3N

N N

S

Me

N
N

S

S SPh

N
N

N N

S

R
S

R
Me

Ph

N N

S N
N S

NN

Me

Me

PhPh

R

+

= Et, Me, t-Bu, 4-MeC6H4CH2, 2,4-Cl2C6H3CH2

45

46

3.5.3 From aldehyde hydrazones and arylsulfenyl chlorides. Reaction of N,N-
disubstituted aldehyde hydrazones with 4-nitrophenylsulfenyl chloride in dichloromethane
was reported to give the thiohydrazonates 47 [67].

SAr' R'

N
NAr

H
R Cl

N N
R

Ar'S

R'

ArArCH=NNRR'
Ar'SCl

+

47Ar' = 4-O2NC6H4

3.5.4 Alkylation of thioaroylthiosemicarbazides. Methylation of N-thiobenzoyl-N′-
substituted-semicarbazides 48 with methyl iodide in methanol in presence of sodium
methoxide or with dimethyl sulfate afforded the thiohydrazonate 49 [68]. Alternatively, oxi-
dation of 48 with bromine or hydrogen peroxide to give the disulfide 50 and treatment of the
latter with methyl iodide or dimethyl sulfate under similar reaction conditions afforded the
thiohydrazonates 49 [68].

S-Me

NN(R)CONHR'
Ar

Br2 or H2O2

SS

NN(R)CONHR'
Ar

NN(R)CONH2

Ar

Ar-CS-NHN(R)CONHR'
i or ii

R = H, Me R' = H, Me

i or ii

i = MeI / NaOMe

ii = Me2SO4

48

49

50
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The chemistry of thiohydrazonates 275

3.5.5 Alkaline hydrolysis of 4-alkylthio-3-arylaminopyrimidinium salts. Treatment of
the title salts 51 with sodium hydroxide caused their hydrolysis and gave the respective
thiohydrazonate 52 [69].

N N

S-Me

NHPh

Ph

Ph

HO– N N-NHPh

S-Me

OH
Ph

Ph

N N-NHPh

S-MePh

H COPh+

51 52

3.5.6 From α-nitrohydrazones. Treatment of N-(p-nitrophenyl) α-nitrobenzaldehyde-
hydrazones 53 with sodium thiophenoxide in ethanol at room temperature was reported to
give the respective phenyl benzenecarbothiohydrazonates 54 [70].

Ar NNHAr'

NO2

Ar

S-Ph

NNHAr'

XC6H4 O2NC6H4

+

Ar = Ar' = 4-

PhSNa

53
54

3.5.7 From zwitterionic thiooxalic acid derivatives. Treatment of the zwitterionic
thiooxalic acid derivatives 55 in methanol with alkyl bromides or iodides yielded the respective
thiohydrazonates 56 in good yields [71].

R'NHN

S NH2

NH-NH-R' R'NHN

S NH2

NH-NH-R'

R
X–

+
R-X

MeOH, heat
+

X = Br, I

R' = H, Me, Ph

R = Me, 4-O2NC6H4CH2, Me(CH2)4

55 56

Mesoionic tetrazoles 57 reacted with Et3O+ BF−
4 in CH2Cl2 to give the corresponding

tetrafluoroborates which reacted with sodium sulfide to the hydrazonothioate 58 [72].

PhN=N
N-NHPh

S-EtNN

N
N S

Ph

Ph

+ 1) Et3O+BF4
–

2) Na2S

57 58

Reaction of the spirocyclic-2,5-dihydro-1,3,4-thiadiazole 59 and thiobenzophenone-
S-oxide in THF at 45◦ yielded the thiohydrazonate 60 in 23% yield in addition to other
by-products [73].

N
NH

S

O

O S-Me

NN

S
O

Ph2C=S=O

59 60

+

Other by-products
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276 A. S. Shawali and M. A. N. Mosselhi

4. Spectroscopic properties of thiohydrazonates

The characteristic features of the electronic absorption spectra of several thiohydrazonates in
ethanol were reported to be typical of hydrazones. For example, such esters exhibit UV maxima
in the regions 360–340 and 280–270 nm [20, 21]. The logarithms of the molar extenction
coefficients at the indicated wavelengths is usually higher than 4.00.

In the IR spectra, the νC=N and νNH absorption bands of thiohydrazonates appear in the
regions 1615–1600 and 3350–3200 cm−1 [8, 17, 19, 20, 52, 55, 74, 75].

In the 1H NMR spectra of thiohydrazonates, the chemical shift value of the NH proton
usually is at δ 9.20–10.9 [14, 19, 23, 75, 76]. In their 13C NMR spectra the chemical shift
value of the imino carbon is in the region δ 120.5–136.0 [34] [65].

The mass spectra of thiohydrazonates were reported to be characterized by peaks that
correspond to loss of the elements of the respective thiols from their molecular ions [8, 14,
55, 74, 77]. The results of spectroscopic studies of 1H NMR, IR [78–80] and visible spectra
[81], as well as flash photolysis [82] and X-ray crystallograpic analysis [83, 84] indicated that
alkyl N,2-diaryldiazenecarbohydrazonothioates exist in solution as an equilibrium mixture
of yellow and pink isomers. Such isomers have trans-anti-s-trans (A) and trans-syn-s-trans
(B) configurations, respectively, with respect to the N=N, C=N and C−N bonds of the ester
skeleton. The main feature of the yellow isomer is the presence of short NH . . . S intramolecular
hydrogen bond indicating a firmly stabilized five membered ring [83, 84].

N

N

N
Ar

S

N

Ar

R

H

N

N N

N
HAr Ar

S-RA B

5. Chemical reactions

5.1 Smiles rearrangement

Thermolysis of hydrazonates 61 was reported to result in 1,4-rearrangement to give the respec-
tive N,N-disubstituted acid hydrazides 62 [64]. Thermal rearrangement of thiohydrazonates to
the respective N′,N′-disubstituted thiohydrazides was first attempted by Hegarty et al. [85] but
without success. Later, Elliott et al. [23] reported that rearrangement of thiohydrazonates can
be accomplished when (i) the S-aryl is made electron deficient by substitution and/or incorpo-
ration of heteroatom(s); (ii) employing basic conditions to increase the nucleophilicity of the
terminal N-atom of the hydrazonoyl system or (iii) employing acidic conditions to increase
the electrophilicity of the S-aryl group if it is basic. For example, Elliott et al. [23] found that
when the thiohydrazonates 63 were treated with triethylamine in ethanol at reflux, they yielded
the respective benzo[e][1,3,4]thiadiazine derivatives 65. The latter resulted via rearrangement
of the thiohydrazonates and in situ cyclization of the resulting thiohydrazides 64.

O-Ar'

NNHAr"
Ar

NHN(Ar')Ar"
Ar

O

61
62

heat
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The chemistry of thiohydrazonates 277

S-Ar'

NNH-C6H3X2

Ar
NH-N(Ar')C6H3X2

Ar
S

S

N
N

X Ar

Ar'

Et3N

–HX

X = Br

Ar' = 4-NO2C6H4

63 64

65

Recently Shawali et al. [39, 41, 86] reported that treatment of 66 with sodium ethoxide in
ethanol at reflux afforded the respective thiohydrazides 67.

N

NN

S-C(R)=NNHAr

Ph

Ph
N

NN

Ph

Ph

N
NHCSR

Ar

EtO–

66 67

When the 2-pyrimidinyl thiohydrazonate 68 was treated with hydrochloric acid in methanol,
it gave the thiohydrazide 69 in 53% yield [23].

S

NNHAr
N

N

Me

Me
Ph

S

NHN
Ph N

N

Me

Me

Ar

HCl

68 69

In some cases the thiohydrazonates undergo in situ rearrangement during their preparation
to give the respective thiohydrazides [87, 88]. For example, reactions of hydrazonoyl halides
with each of 3-mercapto-4-phenyl-6-substituted-5(4H)-1,2,4-triazinone and 5-phenyl-1,3,4-
triazole-3(2H)-thione in ethanol in the presence of sodium ethoxide were reported to give
directly the corresponding thiohydrazides 71 and 73 via rearrangement of the initially formed
thiohydrazonates 70 and 72, respectively [87]. The structure of the latter thiohydrazides was
confirmed by alternate synthesis [86, 88].

N
N

N
R

O

SH

Ph

R"C(X)=NNHAr
N

N

N
R

O

S-C-R"

Ph

NNHAr

N
N

N
R

O

N-NHCSR"

Ph

Ar

+
EtOH

EtONa

EtONa

R" = Ph, EtOCO, PhNHCO, Ac, Bz
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N

N

N

SHPh

H

R"C(X)=NNHAr N

N

N

S-C-R"Ph

H
NNHAr

N

N

N

N-NHCSR"

ArH

Ph

+
EtOH

EtONa

EtONa 72

73

5.2 Oxidation

A search of literature has revealed little work on this reaction, although treatment of the
thiohydrazonates 74 with hydrogen peroxide in acetic acid at room temperature was reported
to give the corresponding arylhydrazonosulfone derivatives 75 [15, 89].

CO-R''

NNHAr
R-S

CO-R''

NNHAr
R-SO2

N

NH

O

N
H

N
Ph

Ph
,

R" = EtO; Me; ArNH

74
75

R = Ph, , 

, 1-Naphthyl; 4-Cyano-1- p-tolyl-5-phenylpyrazol-3-yl

5.3 Methanolysis

Treatment of p-nitrophenyl N-methyl-N-2,4-dinitrophenylbenzothiohydrazonates 76 with
sodium methoxide in methanol was reported to give the respective methyl N-methyl-N-2,4-
dinitrophenylbenzohydrazonates 77. A kinetic study of this reaction revealed that it proceeds
via addition-elimination mechanism [18, 90]. Similarly, reaction of thiohydrazonate-Ni com-
plex 78 with alcohols in presence of sodium alkaoxide was reported to the yield respective
hydrazonate-Ni complexes 79 [91].

Ar S

N

Ar'

N

Ar"

Me

MeO-

MeOH

Ar S

N

Ar'

N

Ar"

Me

OMe

Ar

N
N

Ar"

Me

OMe

-Ar'S

Ar' = p-NO2C6H4
Ar" = (O2N)2C6H3

RONa

ROH

O

N
N

N

O-R

Ni

O
O

N
N

N

S-Me

Ni

O

– -

2,4-

76 77

R = Me, Et, Pr, Bu, Pentyl
78 79
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5.4 Synthesis of heterocycles

5.4.1 Pyrazoles. 1,5-Diphenylpyrazol-3-yl-2,3,4,6-tetra-O-acetyl-1-thio-β-D-glucopyra-
nosides 81 were easily prepared in high yields (90%) by the action of iodine or
N-bromosuccinimide on the respective thiohydrazonates 80 in dichloromethane solution [54].

R
S

CH=CHPh

NNHPh

N
N

SR

Ph

Ph

I2

CH2Cl2

R = Protected Sugar

80 81

5.4.2 Thiazoles. Thiohydrazonates of type 82 were reported to cyclize in situ during their
preparation from hydrazonoyl halides with thioacetamides to give 2-arylazo-3,5-disubstituted
thiazoles 83 [92, 99].

R'CSNH2
S

CORArNHN

NH

R'

NS

Ar-N=N R

R'

R' = NCCH2, PhNH

RCOC(Cl)=NNHAr +

–HOH

–HCl

82

83

Treatment of the thiohydrazonates 84 with sodium hydroxide or triethylamine in ethanol
at room temperature afforded the thiadiazole derivatives 85 together with the hydrazonoyl
sulfide and malononitrile derivatives as by-products [93].

S

CORArNHN

NH

NC
G

NS

Ar-N=N R

GNC

G = ArCH, ArNHN

–HOH

84 85

base

5.4.3 1,3,4-Thiadiazolines. Alkynyl thiohydrazonates 86, prepared by reaction of hydra-
zonoyl halides with potassium thioacetylenes in benzene in the presence of triethylamine,
were reported to undergo cyclization to give the thiadiazine derivatives 87 in 30–100% yields
[45]. In another report, it was indicated, however, that the foregoing reaction afforded the
1,3,4-thiadiazoline derivative 88 [47]. The structures of the latter were confirmed by X-ray
crystallographic analyses [47].
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NNHAr
R

S Ph

N
N

SR

Ar

Ph

NN

SR CHPh

Ar

R = EtOCO; MeCO, XC6H4

86

87 88

Recently, it was reported that the thiohydrazonates 89, formed in the reaction of hydrazonoyl
halides with 1,3,4-oxadiazole-2-thione in either benzene or ethanol in the presence of triethyl-
amine at room temperature, underwent cyclization in situ to give the corresponding spiro
compounds which displayed ring-chain tautomerism to give 3,5-diphenyl-1,3,4-thiadiazol-
2(3H)-one benzoylhydrazone 90 as end products [35, 59, 94].

Similarly, 1,3,4-thiadiazol-2-yl thiohydrazonates 91 were reported to undergo cyclization
in situ followed by ring-chain tautomerism, when treated with triethylamine in ethanol at room
temperature, to give the isomeric thiadiazoline derivatives 92 [36].

NN

XR S
R'

NNHAr'
N N

S
N
H

N

XR

Ar'

R'

N N

S R'

Ar'

N
N
H

R

X
89 (91) 

90 (92)

89, 90, X = O

91, 92, X = S

1-Iminoethyl thiohydrazonates 93, prepared by reaction of hydrazonoyl halides with thio-
acetamide in refluxing toluene was reported to cyclize also in situ to give the 1,3,4-thidiazolone
derivative 94 [57].

N
NHAr

NH

SCH3CO CH3

N N

SCH3CO
CH3

NH2

Ar

N N

S CH2CH3CO

Ar
N N

SCH3CO CH-CS-CH3

Ar

NH2

CH3

S

CH3COC(Cl)=NNHAr + CH3CSNH2

–NH3

–NH3

–HCl

93

94

In another report 1,3,4-thiadiazoline derivatives 96 were prepared by base-catalyzed
cyclization of the thiohydrazonates 95, accessible from reaction of hydrazonoyl halides with
potassium salts of the active methine thioamides [9, 95, 96].
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Heating 5-tetrazolyl thiohydrazonates 97 in toluene, benzene or dimethyl sulfoxide was
reported to give 2,4-diaryl-5-arylimino-1,3,4-thiadiazoles 98 [34]. Also, the thiohydrazonate
99 cyclized in situ during its preparation from N-phenyl benzenecarbohydrazonoyl chloride
with the sodium salt of ethyl ester of monothiocarbonic acid to give 3,5-diphenyl-1,3,4-
thiadiazol-2(3H)-one 100 [97].

N

N
N

N

S

NNHAr

Ph

Ar

S

NNHAr

Ph

NAr

N3

N

S

N

NAr

Ar

Ph
–HN3

97

98

N

S

N

O Ph

Ph
S-COOEt

N-NHPh

100

Ph-C

99

–EtOH

Likewise, the thiohydrazonate esters 101, prepared from the reaction of hydrazonoyl halides
with 3-phenyl-2,4-dioxotetrahydrothiazole-5-thiocarboxanilide in dimethylformamide in the
presence of sodium hydroxide, was reported to cyclize in situ to give the thiadiazoline derivative
102 [98].

N

N

S

R

Ar

S

N
O

O

Ph

– PhNH2

S

R

S

N
O

O

Ph

PhNH

ArNHN
S-K+

S

N
O

O

Ph

PhNH

R-C(X)=NNHAr

–KBr

R: Ph, PhCH=CH, 2-thienyl, Ac, EtOCO, PhCO,
      PhNHCO, 2-thenoyl, 2-naphthoyl

101 102
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Also, 3-aryl-2-(benzoylhydrazono)-3-phenyl-5-acyl-1,3,4-thiadiazole 105 was obtained
by in situ cyclization of the thiohydrazonate esters 103 or 104 which are formed by
reaction of hydrazonoyl halides with either 5-phenyl-1,3,4-oxatriazole-2-thione or 2-benzoyl-
dithiocarbazate, respectively [99, 100].

NN

O S

H

Ph
R-CO-C(Br)=NNHAr

PhCONHNHCSSR'

NN

O S

H

Ph

COR

NNHAr

S

N
N NNHCOPh

RCO

Ar

S NNHCOPh

SR'

RCO

NNHAr

SN

Me

Ph

–R'SHR = 

104 103

105

Reactions of hydrazonoyl halides with dithiocarbamate and dithiocarbazates afforded the
respective 1,3,4-thiadiazole derivatives 107 via in situ cyclization of the initially formed
thiohydrazonate esters 106 [99].

R-CO-C(Br)=NNHAr
Z-NHCSSR'

S

N
N N-Z

RCO

Ar

S N-Z

SR'

RCO

NNHAr

SN

Me

Ph

–R'SH

R = 

Z = Ph; R1R2C=N

R' = Me, Et, PhCH 2

R1 = H, Me; R2 = Ph, 4-MePh, 2-thienyl, 
        2-furyl, 3-pyridinyl, 4-pyridinyl

–HBr

106

107

2-Substituted-1,3,4-thiadiazoline derivatives 109 were obtained by in situ cyclization of the
thiohydrazonate 108 formed by reaction of the thioamides with hydrazonoyl halides [101, 102].

R-C(X)=NNHPh
R'CH2CSNHAr

S

N
N CHR'

R

Ph

S CHR'

NHAr

R

NNHPh

N

–ArNH2R = 

–HX

Ph, PhCH=CH, EtOCO, Ac, 
2-Naphthoyl, 2-thenoyl

R' =  

108

109
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5.4.4 Dithianes. Trichloromethyl N-aryl-nitromethanehydrazonothioates 110 were cyclo-
dimerized upon treatment with potassium hydroxide in chloroform at 0◦C to give the dithianes
111 [103].

S NNHAr
Cl3C

NO2

S

S
Cl

Cl

N=N-Ar

Cl
Cl

Ar-N=N

NO2

O2N
KOH

Ar = RNHSO2C6H4

R = H, Ac, 2-thiazolyl, 4,6-dimethyl-2-pyrimidyl

110 111

5.4.5 Pyridazines. Several 2,6-diarylpyridazinone derivatives 113 were prepared by heat-
ing the thiohydrazonates 112 with ethyl cyanoacetate and ammonium acetate. Some of these
derivatives were reported to exhibit immunosupressant activity with human T-lymphocytes
[46, 104, 105].

OCH3

EtS
NNHAr

CN

COOEt
N

N

CH3

EtS Ar

O

CN

+

112 113

Reaction of thiohydrazonate 114 with methylglyoxal in ethanol in the presence of sodium
carbonate was reported to give 115 whereas in the presence of sodium bicarbonate, it gave the
isomeric compound 116 [106].

S-Me

NNH2

O2N
MeCO-CHO

N
N

MeS Me

NO2

N
N

MeS

Me

NO2

Na2CO3NaHCO3

+

114

115116

5.4.6 1,2,4-Triazines. Reaction of ethyl thiooxoamidate with the thiohydrazonate 117 in
refluxing ethanol in the presence of triethylamine afforded 6-amino-4-methyl-3-methylthio-
1,2,4-triazin-5(4H)-one 118 [107].

N
N

N-CH3

NH2

S-CH3

O

S

OC2H5O

NH2

N
NHCH3

S-CH3
NH2

+
–H2S
–EtOH117 118
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5.4.7 1,2,4.5-Tetrazines. Heating S-(1-aryl-1H-tetrazol-5-yl)benzothiohydrazonates 119
with sodium ethoxide in ethanol under reflux for 5 minutes, was reported to yield the substituted
dihydrotetrazines 120 in good yields [37]. In all cases examined, the symmetrical tetrazines 121
were formed as minor products, which are likely to result from dimerization of the nitrilimines.
It was indicated that the steps leading to the unsymmetrical tetrazines 120 are obscure and
they must involve an interaction between 122 and 123 which results in desulfurization and
loss of an aryl group possibly involving a species such as A.

N

N
N

N

Ph

Ar Ph

N
N

NNAr

N

N
N

N Ph
Ar

Ph

Ar

S

N
N ArPh

N

N N

N Ar

Ar-N-N =C - Ph
N N

NN

SH

Ar

N

N

N
N Ar

Ar

Ph

N N
N

N

Ar
C

Ph

S

NHAr
N

N N
N

N

Ph

Ar

EtO–
+

– +

+

+

A

122

123

–

119

121 120

5.4.8 Imidazo[2,1-b]thiazoles. Imidazo[2,1-b]thiazoles 125 were prepared by cycliza-
tion of 2-imidazolylthio hydrazonates 124, derived from α-oxoalkanehydrazonoyl halides
and 2-imidazolethiol [15, 31, 32]. Refluxing the thiohydrazonates 126 in ethanol contain-
ing triethylamine afforded 5,6-diphenyl-2-phenylhydrazonoimidazo[2,1-b]thiazol-3-one 127
[32].

N

N

S

H
COR

NNHAr

Ph

Ph

N
S

N

O

NNHAr
Ph

Ph N
S

N

R

N=N-Ar
Ph

Ph

124 (126)

127 125

–RH –H2O

 124 (125): R =  CH3, Ph
126: R = EtO, PhNH

Similarly, the thiohydrazonates 128 and 130, derived from α-ketohydrazonoyl halides
and 4,5-dihydroimidazole-2-thiol, cyclized upon refluxing in ethanol in the presence of
triethylamine to furnish the imidazo[2,1-b]thiazole derivatives 129 and 131, respectively
[11, 33].
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N

N

S

H
COR

NNHAr

N
S

N

O

NNHAr

N
S

N

R

N=N-Ar

128 (130)

131 129

–RH –H2O

128 (129): R = CH3, Ph, Het
130:          R = EtO, PhN H

5.4.9 Imidazo[2,1-c]-1,2,4-triazoles. Thiohydrazonates 132 derived from reaction of
hydrazonoyl halides with 4,5-diphenyl-2-imidazolethiol yielded the title ring system 133 upon
treatment with triethylamine [108].

N

N
H

S

R

NNHAr

Ph

Ph

N

N
H

N NHCS-R

Ph

Ph

Ar

N

Ph

Ph

N

N

N

Ar

R

–H2S

Et3N

132

133

5.4.10 1,2,4-Triazolo[3,4-c]-1,2,4-triazoles. Reaction of hydrazonoyl chloride with 3-
phenyl-1,2,4-triazole-5-thione in ethanol in the presence of sodium ethoxide at room
temperature was reported to give the thiohydrazide 135 as end product via rearrangement of the
initially formed thiohydrazonate 134. Refluxing the latter with phosphoryl chloride [86] or in
pyridine [88] afforded the respective 1,3,5-trisubstituted-1,2,4-triazolo[3,4-c]-1,2,4-triazoles
136. The structure of the latter products were confirmed by their alternate synthesis via reac-
tion of hydrazonoyl halides with 5-phenyl-3-methylthio-1,2,4-riazole in refluxing ethanol in
the presence of sodium ethoxide [88].

N
H

NH
N

S

Ph
R-C(X)=NNHAr

N
H

N
N

S

Ph

NNHAr

R

N
H

N
N

N

Ph

NHCSR

Ar

N
NPh

N

N
N ArR

POCl3

+
EtONa

EtOH

R =Ph, PhNHCO, EtOCO, PhCH=CH

134

135 136
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5.4.11 Thianaphthenes. 2-Arylazo-3-substituted-thionaphthenes 138 were prepared by
cyclizing the thiohydrazonates 137 with polyphosphoric acid [76].

S

COR

NNHAr
S N=N-Ar

R

–H2O

R = H, Me

PPA

137
138

5.4.12 Pyrazolo[5,1-c][1,2,4]triazines. Thiohydrazonates 139 and 141, prepared from
sodium thiophenolate and the respective hydrazonoyl chlorides, were reported to cyclize in
situ to give the respective pyrazolo[1,5-c][1,2,4]triazine derivatives 140 and 142, respectively
[109, 110].

N

COR
ArS

N
H

NN
H

X

Ph

N
N

N N

CH3

ArS

Br

Ph

N
N
H

N N

O

ArS

Ph

R / X :  CH3 / Br

EtO / HR / X :

–H2O

–EtOH
139 (141)

140

142139:
141:

5.4.13 Pyrazolo[4,3-b]-1,4-thiazines. Cyclization of (5-amino-3-phenylpyrazol-4-yl)
thiohydrazonate 143 in refluxing ethanol furnished the pyrazolo[4,3-b]thiazine derivatives
144 [33].

N
H

N S

NH2

Ph

COR

NNHAr
S

NN
H

N

NNHAr

R

Ph

R: Me ,  Ph

–H2O

143
144

5.4.14 1,2,4-Triazolo[4,3-a]pyrimidines. Various derivatives of this ring system 146 were
prepared by treatment of S-(6-substituted-4-oxo-3H-pyrimidin-2-yl) thiohydrazonates 145
with sodium ethoxide in ethanol under reflux [111–115].
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Similarly, treatment of the thiohydrazonate 147 with a base resulted in its rearrangement
and cyclization of the respective thiohydrazide to give 1H,5H-1,2,4-triazolo[4,3-a]pyrimidines
148 [116].

5.4.15 1,2,4-Triazolo[4,3-b]-1,2,4-triazines. Recently the synthesis of various deriva-
tives of this ring system was achieved by reacting the respective hydrazonoyl halides
with 1,2,4-triazine-2-thiones [38, 41]. It was suggested that the initially formed thiohy-
drazonates 149 underwent Smiles rearrangement to give the thiohydrazides 150 which
in turn cyclized via elimination of hydrogen sulfide to yield the respective 1,2,4-
triazolo[4,3-b]-1,2,4-triazine derivatives 151 as end products [38, 41]. The involvement
of the thiohydrazonate 149 as a possible intermediate in synthesis was evidenced by an
alternate synthesis of 151. Thus, treatment of the the azo derivatives 152 with sodium
ethoxide in ethanol yielded the respective 1,2,4-triazolo[4,3-b]-1,2,4-triazin-7(1H)-ones
151 [41].
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N
N

NH

S

R

NNHAr

O

R'

N
N

NH

N
NHCSR

O

R'

Ar

N

N

O

R'

N

N

N
Ar

R

–H2S

N
N

NH

S

R

N=N-Ar

O

R'

COCH3N
N
H

NH

S

O

R'

RC(X)=NNHAr

EtONa / EtOH
EtONa / EtOH

Base

152

149

150
151

5.4.16 7H-1,2,4-Triazolo[3,4-b]-1,3,4-thiadiazines. Treatment of the thiohydrazonates
153 with acetic acid was reported recently to afford 7-arylhydrazono-7H-1,2,4-triazolo[3,4-b]-
1,3,4-thiadiazines 154 which proved to exist predominantly in the indicated hydrazone form
[74, 75]. The tautomeric structures of the latter were elucidated by their spectral analyses and
correlation of their acid dissociation constants with Hammett equation.

N

NN

NH2

S

CH3CO

NNHAr

Ph

NN

N

N

S

NNHAr

CH3

Ph

–H2O

AcOH

153 154

Similarly, 1,2-bis-(7H-1,2,4-triazolo[3,4-b]-1,3,4-thiadiazin-3-yl)ethanes 156 were pre-
pared by cyclization of the respective bis-thiohydrazonates 155 [117].

5.4.17 Spiro-1,3,4-thiadiazolo[2,6′][1,2,4]triazines. Reaction of N-methyl benzene-
carbohydrazonoyl bromide with 3-phenyl-6-thioxo-1,4,5,6-tetrahydro-1,2,4-triazine in the
presence of triethylamine gave the spirocycloadduct 158 [118]. The formation of the lat-
ter was considered via direct cycloaddition of nitrilime to the C=S bond or via cyclization of
the initially formed thiohydrazonate 157.
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NH

NH
N

S

Ph

Ph-C(Br)=NNHMe NH

N
N

S

Ph

MeNHN Ph

N N

S
NH

NH
NPh

Me

Ph

Et3N+

157

158

5.4.18 1,2,4-Triazolo[4,3-d]-1,2,4-triazepines. The reaction of ethyl (N-arylhydrazono)
chloroacetate with 1,2,4-triazepine-3,5-dithione was reported to give 1,2,4-triazolo[4,3-d]-
1,2,4-triazepines 162 directly. It was assumed that the latter product was produced via
cyclization of the initially formed amidrazone derivative 160. [119]. Further evidence is needed
to substantiate that assumption as the product 160 can also result via the initial formation of
hydrazonothioate 159 followed by tandem rearrangement into 161

N NH

N

S

S

Me

Me

EtOCOC(Cl)=NNHAr

N N

N

S
Me

Me

S

ArNHN
COOEt

N N

N

S
Me

Me

S

NNHAr

COOEt

N

N

S
Me

Me

N

N

N

Ar

COOEt

N NH

N

S
Me

Me

N

Ar

NH

S COOEt

SH2

–HCl

–H2S

+

–

159

162

160

161

and cyclization of the latter to give 160.

5.4.19 Cinnolines. Treatment of thiohydrazonates 163 with polyphosphoric acid was
reported to yield 3-(arylthio)cinnolines 164 and phenyl 4-aminophenyl sulfide [14, 76]. The
latter sulfide was considered to be formed through 3,5-sigmatropic rearrangement.
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N
N

S-Ph

R

X

-H2NC6H4-S-Ph
NNHC6H4X

RCO S-Ph

N

RCO S-Ph

H NHC6H5

X = H PPA

N

RCO S-Ph

H NHC6H5

N

RCO S

H

Ph

NH2

+

R = H, Me, Ph
X = H, Cl

163 164

PPA

+

+

– RCOCN

– H +

+

p

5.4.20 2H-1,4-Benzothiazines. An elegant method for synthesizing 2H-1,4-benzothiazine
derivatives 166 is cyclization of the respective thiohydrazonates 165, prepared from 2-
aminothiophenols and α-ketohydrazonoyl halides. The cyclization is usually accomplished
by treatment of these esters 165 with bases such as triethylamine or sodium ethoxide in
ethanol [19, 120] or in some cases with hydrochloric acid in ethanol [121, 122].

In contrast to the foregoing results, it was indicated in one report [15] that the thio-
hydrazonates 165 from the reaction of α-ketohydrazonoyl chlorides and 2-aminothiophenol
in refluxing dimethylformamide in the presence of triethylamine afforded 3-substituted-
1H-4,1,2-benzothiadiazine 167 via elimination of ammonia [15]. This latter finding seems
ambiguous as it involves nucleophilic displacement of amino group from an aromatic amine
residue.

NH2

S

COR

NNHAr S

N

NNHAr

R

– H2O

S

N
N

COR

Ar

acid or base

165 166

167

–NH3

Treatment of the thiohydrazonates 168 with hydrochloric acid resulted in their cyclization to
one and the same product namely the benzothiazin-3-one derivatives 169 [8, 19, 123].

NH2

S

COOR

NNHAr S

N
H

NNHAr

O

–ROH

R = a, Me, b, Et

HCl

168 169

5.4.21 1H-4,1,2-Benzothiadiazines. When each of the 4-nitrophenyl N-(2,4-dihalo-
phenyl)hydrazonothioates 170A,B [23], N-(2-bromo-4-nitrophenyl) analogs 170C [21] and
2-nitrophenyl analog 170D [124] was refluxed in ethanol in the presence of triethylamine,
the respective benzothiadiazine derivatives 172 were produced. Similar treatement of
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2,4-dinitrophenyl N-phenylthiohydrazonates 173 gave also the respective benzothiadi-
azine derivative 175 [61]. These reactions were reported to proceed via tandem Smiles
rearrangement of 170 and 173 to the respective thiohydrazides 171 and 174 which
cyclized in situ to give the corresponding benzothiadiazines 172 and 175 as end prod-
ucts. This was confirmed by the fact that similar treatment of nonactivated 4-nitrophenyl
N-(2-bromophenyl)benzenethiocarbohydrazonate led to only the respective thiohydrazide
171E [23].

S

R N N

H
Y

z

NO2

S

R N
H

N

Y

z

NO2

N

S

NR

z

NO2

–HY

Et3N

Y / Z: A, Br / Br; B, Br / F; C, Br / NO2

170 171

172

D, NO2 / H; E, Br / H

S

R N N

H

NO2O2N

S

R N
H

N

NO2

O2N

N

S

NR

NO2

–HNO2

Et3N

R = Ar; ArN=N-

173

175

174

1-Heteroaryl-6-bromo-3-phenyl-1H-4,1,2-benzothiadiazines 178 were also obtained upon
refluxing the respective heteroaryl thiohydrazonates 176 in ethanol in presence of triethylamine
[23].

S
Het

R N N

H

Br

Br

S

R N
H

N
Het

Br

Br

N

S

NR Het

Br

–HBr

Et3N

Het : 2-quinoxalinyl; 5-nitro-2-pyridyl;

4-Methyl-2-quinolinyl; 

2-Benzothiazolyl

176

178

177
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5.4.22 4H-Pyrido[3,2-e]-1,3,4-thiadiazines. An example of the title ring system 181 was
prepared from the thiohydrazonate 179, obtained from treatment of N-phenyl benzoicthio-
hydrazide with 2-chloro-3-nitropyridine in refluxing acetonitrile in presence of triethylamine.
To account for the formation of the product 181, it was assumed that the thiohydrazonate 179,
formed in the first step, underwent tandem in situ Smiles rearrangement to give 180 which
in turn cyclizes via elimination of the elements of nitrous acid to afford 2,4-diphenyl-4H-
pyrido[3,2-e]-1,3,4-thiadiazine 181 [61].

S

NNHPhPh

N

O2N

S

NH-NPh
N

O2N

H

N
S

N
N

PhPh
–HNO2

179

181

180

5.4.23 4H-Pyrimido[1,2-b]-1,2,4,5-tetrazines. Recently, it was reported that reaction of
the hydrazonoyl halides with 3-amino-2-mercapto-6-methyl-4(3H)-pyrimidinone in boiling
ethanol in presence of triethylamine, furnished pyrimido[1,2-b]-1,2,4,5-tetrazines 184. The
formation of the latter follows two steps namely (i) Smiles rearrangement of the initially
formed thiohydrazonates 182 to yield the thiohydrazides 183 and (ii) cyclization of the latter
to give 1,3,8-trisubstituted 4H-pyrimido[1,2-b]-1,2,4,5-tetrazines 184 as end products [40,
125].

N

N

O

R' S

NH2

NNHAr

R

N

N

O

R' N

NH2

NHCSR

Ar

N

N

N
N

N
H

O

R'

Ar

R

–H2S

R' = Me, Ph

182

184

183

5.4.24 1,2,4-Triazino[4,3-b]-1,2,4,5-tetrazines. Synthesis of the title compounds 187 was
carried out by reaction of the hydrazonoyl halides with 4-amino-3-mercapto-6-benzyl-5(4H)-
1,3,4-triazinone in boiling ethanol in presence of triethylamine. In this case, it seems the
reaction furnished initially the thiohydrazonates 185 which underwent in subsequent steps
rearrangement and cyclization to afford 1,2,4-triazino[4,3-b]-1,2,4,5-tetrazine derivatives 187
[126].
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N
N

N

O

S

NH2

NNHAr

R
PhCH2

N
N

N

O

N

NH2

NHCSR

Ar

PhCH2

N
N

N

N
N

N
H

O

Ar

RPhCH2

–H2S

185

187

186

5.4.25 Benzo[e]-4,1,2-thiadiazepines. Base-catalyzed intramolecular condensation of
S-(2-carboxyphenyl) thiohydrazonates 188 yielded benzo[e]-4,1,2-thiadiazepine derivatives
189 when refluxed in ethanol in the presence of triethylamine or sodium ethoxide [15].

S

COOH

R

NNHAr N

S

N

R

Ar
O

H2O

R = EtOCO; PhNHCO

188 189

S

COOH

R

NNHAr N

S

N

R

Ar
O

–H2O

R = EtOCO; PhNHCO

188 189

5.4.26 Thiazolo[3,2-a]benzimidazoles. Thiohydrazonates 190, prepared by reaction of
the respective hydrazonoyl chlorides with 2-mercaptobenzimidazole, cyclized in situ to yield
2-arylhydrazono-3-oxothiazolo[3,2-a]benzimidazole 191 when treated with catalytic triethy-
lamine in ethanol [33]. Use of 2-ketohydrazonoyl halides in this reaction under the same
conditions yielded the respective 3-substituted-2-arylazothiazolo[3,2-a]benzimidazoles 193
[33, 99, 127].
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S

COR

NNHAr

N

N
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S

COY

NHNAr

N

N
S

O
NNHAr

N

N
S

R
N=N-Ar

– HY

– H2O

Y = EtO; PhNH

R = Me; Ph

190 191

192 193
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5.4.27 1,2,4-Triazolo[4,3-a]benzimidazoles. Thiohydrazonates 194, derived from reac-
tion of hydrazonoyl halides with benzimidazole-2-thione were reported to undergo Smiles
rearrangement upon treatment with triethylamine to give the thiohydrazides 195 which
cyclized via elimination of hydrogen sulfide to afford the title compounds 196 as end products
[108].

N

N
H

S

NNHAr

R
N

N
H

N
Ar

NHCS-R

N

N
N

N

R

Ar

– H2S

Et3N

194
195

196

5.4.28 1,2,4-Triazolo[3,4-f ]purines. Thiohydrazonates 197, prepared by reaction of 8-
mercaptotheophylline and hydrazonoyl halides in dioxane in the presence of triethylamine,
were reported to give 1,2,4-triazol[3,4-f ]theophyllines 199 via rearrangement followed by
elimination of hydrogen sulfide [128]. The structures of the latter products were confirmed by
alternate synthesis by reaction of hydrazonoyl halides with either 8-methylthio-, 8-chloro- or
8-nitro-theophyllines 200 under the same reaction conditions.
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N N
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O

Me
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O
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N N
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O
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N

N
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Ar
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N N

N
H

O

O

Me

Me

z

–H2S

Et3N

–HZ

RC(X)=NNHAr

Z = Cl; MeS; NO2

–HX,

197 198

200 199

5.4.29 1,2,4-Triazolo[4,3-a]quinazolines. The thiohydrazonates 201, prepared by reac-
tion of various hydrazonoyl halides with 2-mercapto-4(3H)-quinazolinone, underwent in situ
tandem Smiles rearrangement and cyclocondensation to yield 1,2,4-triazolo[4,3-a]quinazolin-
5-ones 203 as end products [129].
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N

NH

O

S

R

NNHAr N

NH

O

N
NHCSR

Ar

N

O

N

N

N Ar

R

– H2S

R = Me; Et; Ph; PhCH=CH; 2-thienyl; MeCO; EtOCO; PhNHCO;

2-thienoyl; 2-naphthoyl; 2-furyl; benzoyl

201 202

203

Recently, it was reported that reaction of quinazoline-2-thione with bis-(hydrazonoyl
chloride) yielded bis-(phenylhydrazono)-thiazoloquinazoline derivative 204 [130].

N
H

NH

O

S NNHAr

NNHArCl

Cl

N

N S

O

NNHPhPhNHN

+
–2 HCl

204

5.4.30 Pyrido[3,2-e][1,2,4]triazolo[3,4-b]pyrimidines. Reaction of hydrazonoyl halides
with pyrido[3,2-d]pyrimidin-2-thione in boiling chloroform in the presence of triethy-
lamine gave the thiohydrazonates 205. The latter underwent consecutive rearrangement and
cyclization, to give the respective pyrido[3,2-e][1,2,4]triazolo[3,4-b]pyrimidin-5-ones 207
[131].

N N
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5.4.31 1,2,4-Triazolo[3,4-b]pteridines. Similarly, thiohydrazonate esters 208, formed by
reaction of hydrazonoyl halides with 1,3-dihydro-4-oxo-1,4-diazino[3,2-d]primidine-2-thione
derivatives in boiling tetrahydrofuran in the presence of triethylamine, underwent consecutive
in situ rearrangement and cyclization, to give the respective 1,2,4-triazolo[3,4-b]pteridin-9-
ones 210 [132].

N

N

N

NH

O

S

R

NNHArR'

R'

N

N

N

NH

O

N NHCS-R

Ar

R'

R' N
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N

N
N

Ar

RR'

R'– H2S

Et3N

N

N

N
H

NH

O

S

R'

R' Et3N

R-C(X)=NNHAr

R = Ph, EtOCO, Ac, PhCO, PhCH=CH

R' = H, Me, Ph 

208

210209

5.4.32 6H-1,2,4,5-Tetrazino[6,1-b]quinazolines. Reaction of 3-amino-2-mercapto-4(1H)-
quinazolinone with hydrazonoyl halides in ethanol in the presence of triethylamine afforded
the thiohydrazonates 211 which underwent tandem Smiles rearrangement and cyclocon-
densation [133] to give the respective 1,2,4,5-tetrazino[6,1-b]quinazolin-6-one derivatives
213.

N

N

O

NH2

S

R

NNHAr N

N

O

NH2

N NHCS-R

Ar

N

O

N

N
N

N
H

Ar

R

– H2S

Et3N

211

213

212

5.4.33 1H,7H-Benzo[1,2-e:5,4-e′]-bis[1,3,4]thiadiazines. Condensation of 1,5-difluoro-
2,4-dinitrobenzene with N′-phenylbenzothio-hydrazide in dimethyl-formamide in the pres-
ence of triethylamine was reported to give 215 via cyclization of the initially formed
thiohydrazonate 214 [61]. Oxidation of 215 with hydrogen peroxide in acetic acid yielded
216 [61].
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FF
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NPhNH
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N
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SPh Ph
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S
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S
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N
N N

N

Ph Ph

PhPh

Et3N

H2O2

AcOH

+
DMF

214 215

216

5.4.34 Spiro-1,3,4-thiadiazolo[2,6′]pyrazolo[1,5,4-ef ][1,5]benzo-diazepines. Reaction
of pyrazolo[1,5,4-ef ][1.5]benzodiazepine-6-thione with ethyl (N-arylhydrazono)chloroace-
tate yielded the respective hydrazonothioate which cyclizes to give the spiro-1,3,4-
thiadiazolo[2,6′]pyrazolo[1,5,4-ef ][1,5]benzo-diazepines 218 [134].

N
H

N

N

S

Ph

N

N

N

S

Ph

NNHAr

COOEt
S N

NN
H

N

N
Ph

Ar

COOEt

+ EtOCOC(Cl)=NNHAr
–HCl

217 218

5.4.35 Indeno[2,3-i]pyrido[3,2-e][1,2,4]triazolo[3,4-b]pyrimidines. Treatment of the
thione 219 with hydrazonoyl halides in chloroform in the presence of triethylamine afforded
the respective 1,3-disubstituted-1H,7H-indeno[2,3-i]pyrido[3,2-e][1,2,4]triazolo[3,4-b]-pyri-
midine-7,12-diones 222 via tandem rearrangement and cyclization of the initially formed
thiohydrazonate 220 [135]. The structure of the products 222 were confirmed by their
alternate syntheses by heating the respective 1,2,4-triazolo[3,4-b]pyrimidin-5-ones 223 with
2H-indene-1,3-dione in boiling ethanol to give 224 followed by heating the latter intermediates
in acetic acid [135].
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N N

NH

S

O

O
R

NNHPh

N N

NH

N

O

O

NHCSPh

Ph

N

O

O

N

N

N
N

R

Ph

N

O

N

N

N
N

R

Ph

NMe2

O

O
N

O

N

N

N
N

R

Ph

O
O

–H2S

R = Ph, Ac, EtOCO

–HCl

+
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5.4.36 Pyrido[3,2-f :5,6-f ′]bis-[1,2,4]triazolo[3,4-b]pyrimidines. Recently, Shawali and
coworkers [55] reported that treatment of the bis-thiohydrazonates 225 with sodium ethoxide in
refluxing ethanol gave the respective pyrido[3,2-f :5,6-f ′]bis-[1,2,4]triazolo[3,4-b]pyrimidine-
5,7-dione derivatives 227 via tandem Smiles rearrrangement and cyclization of the resulting
bis-thiohydrazide 226.

N N N

O OPh

N
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N N N
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Ph

R NNHAr ArNHN R

EtONa

EtOH

NH

N N N

NH

O OPh

N(Ar)NHCSRRCSNH(Ar)N

– 2 H2S
225

227

226

5.4.37 Miscellaneous reactions. Reaction of diphenylglyoxal and thiohydrazonate 228
in the presence of nickel chloride was reported to give the respective complex 229 [136].
Treatment of the latter with each of diethyl oxalate and diphenylglyoxal afforded the crown
nickel complexes 230 and 231, respectively [136].
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Reaction of methyl N,2-diphenyldiazenecarbohydrazonothioate 232 with bis(methylcyclo-
pentadienyl)titanium chloride yielded the two complexes 233 and 234 [137].

Treatment of methyl N,2-diphenyldiazenecarbohydrazonothioate 232 with iodine in chlo-
roform gave the triiodide salt 235 and the chloroform solvate of the tetrazolium triiodide 236.
The structures of both salts were established by X-ray analysis [138].

N
NH

S-MePhN=N

Ph

I2

HCl3

NN

N
N S-Me

Ph

Ph

S-Me

Me

 

TiCl2

+ + (PhN=N-C=NNHPh)HI3

236

235

-

2

[(MeCp) 2Ti(MeDz)Cl]

[(MeCp) 2Ti(MeDz)2]MeDz

233

234

+

Cp = Methylcyclopentadienyl anion

MeDz = anion of 232

232

6. Industrial and biological applications

Methyl and ethyl N-arylbenzenecarbohydrazonothioates were reported to be useful in the
control of fungi that attack plants [50]. Also, ethyl N-(2,6-dichloro-4-trifluoromethylphenyl)-
2,2-dimethylpropanehydrazonothioates demonstrated to be acaricidal and insecticidal agent
which demonstrated 100% control of spodoptera eridania at 10 ppm [139–141].

1,3,4-Oxadiaol-2-yl thiohydrazonates were reported to show no in vitro antibacterial activity
[142]. Some aryl N,2-diphenyldiazene-carbohydrazono-thioates were reported to be effective
atimulators of flax and hem germination [143].

Hydrazonoyl thiohydrazonothioates of type R2−C(S−Z) = NNR3R4, where Z =
–C(R1) = NNR5R6 and R1−6 = H, unsubsbtituted alkyl, aralkyl, heterocyclyl, proved to be
good photoconductors and useful as electrophoto receptors [144].
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Several alkyl N,2-diaryldiazenecarbohydrazonothioates were used in chemical analysis. For
example, long chain alkyl N,2-diphenyldiazene-carbohydrazonothioates were used as carriers
in simultaneous determination of o-nitrophenol and p-nitrophenol [145, 146].Also, some other
alkyl diazenecarbohydrazonothioates were used as chelating agents for the determination of
Au, Pt and Pd in industrial waste water [147]. Allyl diazenecarbohydrazonothioate [148] was
recommended as a regent for determination of Ir and Rh [149]

7. Conclusion

From the foregoing survey of thiohydrazonates, it can be seen that the main emphasis has lain
in synthetic work, both in their preparation and their use as precursors or intermediates for
synthesis of various heterocyclic compounds. The subject is ongoing and undoubtedly many
further examples of both synthesis and reactions will become available as the chemistry of
thiohydrazonates continues to develop. There remain, however, large areas of the chemistry
of such esters, particularly regarding their physical properties, which have not been explored
hitherto and could well repay the attention of some interested research groups.

References
[1] A.S. Shawali, C. Parkanyi. J. Heterocycl. Chem., 17, 833 (1980).
[2] A.S. Shawali. Heterocycles, 20, 2239 (1983).
[3] A.S. Shawali. Chem. Rev., 93, 2731 (1993).
[4] A.S. Shawali, M.A. Abdallah. Adv. Heterocycl. Chem., 63, 277 (1995).
[5] A.S. Shawali, S.M. Elsheikh. J. Heterocycl. Chem., 38, 541 (2001).
[6] A.S. Shawali, M.A. Mosselhi. J. Heterocycl. Chem., 40, 725 (2003).
[7] D.G. Neilson, R. Rogers, W.M. Heatlie, L.R. Newlands. Chem. Rev., 70, 151 (1969).
[8] A.S. Shawali, S.M. Elsheikh, C. Parkanyi. J. Heterocycl. Chem., 40, 207 (2003).
[9] A.O. Abdelhamid, M.N. Alkathiri. Phosphorus, Sulfur, Silicon, 119, 181 (1996).

[10] P. Frohberg, C. Kupfer, P. Stenger, U. Baumeister, P. Nuhn. Arch. Pharm. (W), 328, 505 (1995).
[11] A.O. Abdelhamid, F.F. Abdelmegeid, N.M. Hassan, H.F. Zohdi. J. Chem. Res. (S) 492, (M) 3036 (1995).
[12] A.O.A. Eltoum, N.J. O’Reilly, A.E. Tipping. J. Fluorine Chem., 65, 101 (1993).
[13] H.M. Hassaneen, A.S. Shawali, N.M. Elwan, N. Abounada. Sulfur Lett., 13, 273 (1992).
[14] T. Benincori, R. Fusco, F. Sannicolo’. Gazz. Chim. Ital., 120, 635 (1990).
[15] (a) M.K.A. Ibrahim, M.S. Elgharib, A.M. Farag, A.H. Elghandour. Indian J. Chem., 27B, 836 (1988);

(b) A.O. Abdelhamid, M.N. Al-Kathiri. Phosphorus, Sulfur & Silicon, 49, 181 (1996).
[16] H.M. Hassaneen, H.A.H. Mousa, N.M. Abed, A.S. Shawali. Heterocycles, 27, 695 (1988).
[17] H.M. Hassaneen, A.O. Abdelhamid, A.A. Fahmi, A.S. Shawali. J. Heterocycl. Chem., 22, 395 (1985).
[18] J.E. Rowe, A.F. Hegarty. J. Org. Chem., 49, 3083 (1984).
[19] N. Almirante, L. Forti. J. Heterocycl. Chem., 20, 1523 (1983).
[20] A.S. Shawali, H.M. Hassaneen, N.F. Eweiss. J. Appl. Chem. Biotechnol., 28, 864 (1978).
[21] A.S. Shawali, H.M. Hassaneen. Bull. Chem. Soc. Jpn., 50, 2827 (1977).
[22] A.S. Shawali, H.M. Hassaneen. Indian J. Chem., 14B, 425 (1976).
[23] A.J. Elliott, P.D. Callaghan, M.S. Gibson, S.T. Nemeth. Can. J. Chem., 53, 1484 (1975).
[24] H. Emam, A.O. Abdelhamid. Phosphorus, Sulfur, Silicon & Rel. Elements, 131, 37 (1997).
[25] H.H. Alnima, A.A. Ibrahim, W. Farig. Indian J. Chem., 34(B), 736 (1995).
[26] H.M. Hassaneen, A.S. Shawali, N.M. Elwan, A. Ibrahim. Arch. Pharm., 14, 266 (1991).
[27] N.A. Ismail. Egypt. J. Pharm. Sci., 32, 961 (1991).
[28] A.O. Abdelhmid, F.H.H. Elshiaty. Phosphorus & Sulfur, 39, 45 (1988).
[29] A.M. Farag, M.S. Algharib. Org. Prep. Proc. Int., 20, 521 (1988).
[30] E.M. Kandeel, H.H.S. Alnima, M.H. Elnagdi. Polish J. Chem., 57, 327 (1983); Chem. Abstr., 101, 7093v

(1984).
[31] A.M. Abdelfattah, H.A. Daboun, S.M. Hussein. Egypt. J. Chem., 26, 409 (1983); Chem. Abstr., 101, 230419h

(1984).
[32] A.A. Mahfouz, F.M. Elhabashy. Arch. Pharmacol Res., 13, 9 (1990).
[33] A.O. Abdelhamid, F.A. Attaby. J. Heterocycl. Chem., 28, 41 (1991).
[34] R.N. Butler, E.P. NiBhradalgh, K.J. Fitzgerald. J. Chem. Res. (S), 306 (1993).
[35] I.M.Abbas, M.A.Abdallah, M. Mosselhi, M.A.N., S.Z. Mohamed,A.S. Shawali. J. Chem. Res. (S), 308 (1994).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



The chemistry of thiohydrazonates 301

[36] M.A. Abdallah, M.A.N. Mosselhi, I.M. Abbas, A.A. Fahmi, A.S. Shawali. J. Chem. Res. (S), 370 (1995).
[37] R.N. Butler, E.O. Ni Bhradalgh, P. McArdle, D. Cunningham. J. Chem. Res., (S), 224, (M) 1401 (1995).
[38] A.K. Mansour, N.M. Elwan, H.A. Abdelhadi, H.M. Hassaneen. Sulfur Lett., 18, 105 (1995).
[39] M.A. Abdallah, M.A.N. Mosselhi, S.M. Riyadh, A.E. Harhash, A.S. Shawali. J. Chem. Res., (S) 700, (M) 3038

(1998).
[40] A.S. Shawali, A.A. Elghandour, S.M. Elsheikh. Heteroatom Chem., 11, 87 (2000).
[41] A.S. Shawali, S.M. Gomha. J. Prakt. Chem., 342, 599 (2000).
[42] H.A. Elfahham, K.U. Sadek, G.E.H. Elgemie, M.H. Elnagdi. Chem. Lett., 119 (1982).
[43] H.A. Elfahham, K.U. Sadek, G.E.H. Elgemie, M.H. Elnagdi. J. Chem. Soc. Perkin Trans I, 2663 (1982).
[44] J. Perronnet, P. Girault. Bull. Soc. Chim. Fr., 2843 (1973).
[45] Ya.V. Zachinyaev, M.L. Petrov, A.N. Frolkov, V.N. Chistokletov, A.A. Petrov. Zh. Org. Khim., 16, 938 (1980);

Chem. Abstr., 93, 204598f (1980).
[46] A.H. Elghandour, M.K.A. Ibrahim, B. El-Badry, H.K. Waly. Phosphorus, Sulfur, Silicon, 88, 147 (1994).
[47] N.A. Terent’eva, M.L. Petrov, K.A. Potekhin, Yu.T. Struchkov, V.A. Galishev. Zh. Org. Khim., 30, 344 (1994);

Chem. Abstr. 123, 143737q (1995).
[48] N.A. Terent’eva, M.L. Petrov, O.V. Shishkin, Yu.T. Struchkov, K.A. Potekhin, V.A. Galishev. Zh. Org. Khim.,

31, 891 (1995); Chem. Abstr., 124, 2889202z (1996).
[49] A.R. Katritzky, I. Ghiviriga, D.C. Oniciu, F. Soti. J. Heterocycl. Chem., 33, 1927 (1996).
[50] N. Troiani, P. Ponola, F. Gozzo, S. Lorusso. Ger. Offen. 2,436,544 (1975); Chem. Abstr., 83, 78829k (1975).
[51] S. Trotto, J.A. Furch, D.G. Kuhn, D.A. Hunt. Eur. Pat. Appl. EP, 709,372 (1996); Chem. Abstr., 125, 58090v

(1996).
[52] F. Abu-Awwad, B. Abu-Taher. Asian J. Chem., 15, 25 (2003).
[53] B. Joseph, P. Rolin. J. Carbohydr. Chem., 12, 1127 (1993).
[54] B. Joseph, P. Rollin. J. Chem. Res. (S), 128, (M) 770 (1994).
[55] A.S. Shawali, M.A.N. Mosselhi, M.A. Abdallah, T.M. Farghaly. Monatsh. Chem., 135, 211 (2004).
[56] Ya.V. Zachinyaev, A.I. Bobrov. Ukr. Khim. Zh., 53, 1200 (1987); Chem. Abstr., 109, 230413k (1988).
[57] T. Benincori, E. Brenna, F. Sannicolo’, L. Trimarco, T. Pilati. Gazz. Chim. Ital., 123, 531 (1993).
[58] M.Z.A. Badr, A.M. Mahmoud, S.A. Mahgoub, Z.A. Hozien. Bull. Chem. Soc. Jpn., 61, 1339 (1988).
[59] M.A.N. Mosselhi, M.A. Abdallah, I.M. Abbas, S.M. Mohammed, A.S. Shawali. J. Chem. Res. (S), 83, (M) 646

(1995).
[60] A.N. Krasovsky, A.P. Andrushko, A.M. Demchenko. Khim. Geterot. Soed., 37, 496 (2001); Chem. Abstr., 136,

216700c (2002).
[61] A.J. Elliott, M.S. Gibson. J. Org. Chem., 45, 3677 (1980).
[62] T.E. Glotova, A.S. Nakhmanovich, M.V. Sigalov. Khim. Geterotsikl. Soedin, 680 (1989); Chem. Abstr. 112,

98465j (1990).
[63] F. Kurzer, J.L. Secker. Tetrahedron, 37, 1429 (1981).
[64] R. Huisgen, J. Sauer, M. Seidel. Chem. Ber., 94, 2503 (1961).
[65] H. Kristinsson, T. Winkler, M. Molinkopf. Helv. Chim. Acta, 69, 333 (1986).
[66] J.P.F. Dunstan, G.M. Elsey, R.A. Russell, G.P. Savage, G.W. Simpson, E.R.T. Tiekink. Aust. J. Chem., 51, 499

(1998).
[67] M. Muhlstadt, L. Weber, P. Birner. J. Chem. Soc. Perkin Trans II, 821 (1988).
[68] F. Kurzer, K.M. Doyle. J. Chem. Soc. Perkin Trans I, 1873 (1986).
[69] B. Chuong, T. Lehmann. Z. Chem., 30, 133 (1990); Chem. Abstr., 113, 78351m (1990).
[70] A.S. Shawali, H.M. Hassaneen, S.M. Sherif. J. Heterocycl. Chem., 17, 1745 (1980).
[71] K. Martens, A. Scheunemann, K. Drexler, H. Dehne, H. Reinke, M. Michalik. Molecules, 6, 540 (2001).
[72] R.N. Hanley, W.D. Ollis, C.A. Ramsden, I.S. Smith. J. Chem. Soc. Perkin Trans. 1, 744 (1979).
[73] G. Mloston, A. Linden, H. Heimgartne. Helv. Chim. Acta, 79, 31 (1996).
[74] A.S. Shawali, I.F. Zeid, M.H. Abdelkader, A.A. Elsherbini, F.M.A. Altalbawy. J. Chin. Chem. Soc., 48, 65

(2001).
[75] M.A.N. Mosselhi, M.A. Abdallah, Y.F. Mohamed, A.S. Shawali. Phosphorus, Sulfur, Silicon, 177, 487 (2002).
[76] T. Benincori, F. Sannicolo. J. Org. Chem., 53, 1309 (1988).
[77] A.J. Elliott, M.S. Gibson, M.M. Kayser, Q.A. Pawelchak. Can. J. Chem., 51, 4115 (1973).
[78] A.T. Hutton, H.M.N.H. Irving. J. Chem. Soc. Chem. Commun., 763 (1980).
[79] H. Takahashi, O. Yamada, I. Hiroaki, K.N. Takadhi. J. Raman Spectrosc., 19, 305 (1988); Chem. Abstr., 109,

159158y (1988).
[80] H. Takahashi. Spectrochim. Acta, Part A, 44A, 1409 (1988).
[81] A.T. Hutton, H.M.N.H. Irving. J. Chem. Soc. Perkin Trans 2, 1117 (1982).
[82] U.W. Grummt, H. Langbein, R. Noeske, G. Roebisch. J. Photochem., 24, 53 (1984).
[83] J. Guillerez, C. Pascard, T. Prange. J. Chem. Res. (S), 308 (1978).
[84] A.T. Hutton, H.M.N.H. Irving, L.R. Nassimbeni. Acta Crystallogr, B36, 2071 (1980).
[85] A.F. Hegarty, J.A. Kearny, F.L. Scott. J. Chem. Soc. Perkin Trans II, 1422 (1973).
[86] M.A.N. Mosselhi, M.A. Abdallah, S.M. Riyadh, A.E. Harhash, A.S. Shawali. J. Prakt. Chem., 340, 160

(1998).
[87] A.K. Mansour, N.M. Elwan, H.A. Abdelhadi, H.M. Hassaneen. Sulfur Lett., 18, 105 (1995).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



302 A. S. Shawali and M. A. N. Mosselhi

[88] A.S. Shawali, M.A. Abdallah, I.M. Abbas, G.M. Eid. J. Chin. Chem. Soc., 51, 351 (2004).
[89] (a) A.O. Abdelhamid, F.A. Attaby, F. Khalifa, S.S. Ghabrial. Arch. Pharmacal. Res., 15, 14 (1992),

(b) A.O. Abdelhamid, F.F. Abdelmageid, N.M. Hassan, H.F. Zohdi. J. Chem. Res. (S), 492, (M) 3036 (1995).
[90] J.E. Rowe, D.A. Papanelopoulos. Aust. J. Chem., 48, 2041 (1995).
[91] M.D. Revenko, V.S. Pakhopol, K.M. Indrichan, Zh. Obshch. Khim., 59, 1713 (1989); Chem. Abstr. 112, 47562f

(1989).
[92] A.O. Abdelhamid, S.E. Abdou. Sulfur Lett., 6, 41 (1987).
[93] H.F. Zohdi, N.M. Rateb, A.O. Abdelhamid. Phosphorus, Sulfur & Silicon, 133, 103 (1998).
[94] A.S. Shawali, M.A. Abdallah, M.E.M. Zayed. Z. Naturforsch, 55b, 546 (2000).
[95] A.O. Abdelhamid, S.M. Al-Shehri. J. Chem. Res. (S), 240, (M) 1681 (1997).
[96] A.M. Farag, K.M. Dawood, Z.E. Kandeel. Tetrahedron, 53, 161 (1997).
[97] R. Huisgen, R. Grashey, M. Seidel, H. Knupfer, R. Schmidt. Ann. Chem., 65B, 169 (1962).
[98] A.A. Fahmi, H.A. Abdelhadi, M.S. Algharib. Phosphorus, Sulfur & Silicon, 105, 163 (1995).
[99] A.O. Abdelhamid, N.H. Metwally, N.H. Bishai. J. Chem. Res. (S), 462, (M) 1144 (2000).

[100] M.L. Petrov, M.A. Abramov. Phosphorus, Sulfur & Silicon, 134/135, 331 (1998).
[101] T.A. Abdallah, H.A. Abdelhadi, H.M. Hassaneen. Phosphorus, Sulfur & Silicon, 177, 59 (2002).
[102] A.O. Abdelhamid, N.A. Abdelreheem, N.M. Hassan. Heteroat. Chem., 11, 213 (2000).
[103] L.S. Pupko, A.I. Dychenko, P.S. Pelkis. Ukr. Khim. Zh., 38, 1049 (1972); Chem. Abstr., 78, 29686z (1973).
[104] R.J. Bochis, A. Kotliar, W.H. Parsons, K. Rupprecht. PCT Int. Appl. WO, 25,936 (1996); Chem. Abstr., 125,

275896s (1996).
[105] R. Norton, M.K.A. Ibraham. U.S. US 5,506,228 (1996); Chem. Abstr., 125, P3363w (1996).
[106] H. Hamberger, H. Reinshagen, G. Schulz, G. Sigmund. Tetrahedron Lett., 41, 3619 (1977).
[107] H. Neunhoeffer, H. Hammann. Liebigs Ann. Chem. 283 (1984).
[108] N.M. Elwan, A.A. Fahmy, T.A. Abdallah, H.M. Hassaneen. Sulfur Lett., 18, 9 (1994).
[109] M.H. Elnagdi, M.R.H. Elmoghayar, E.M. Kandeel, M.K.A. Ibrahim. J. Heterocycl. Chem., 14, 227 (1977).
[110] M.H. Elnagdi, M.R.H. Elmoghayar, H.A. Elfahham, H.H. Alnima. J. Heterocycl. Chem., 17, 209 (1980).
[111] A.S. Shawali, A.H. Elghandour, A.R. Sayed. Synth. Commun., 31, 731 (2001).
[112] A.S. Shawali, M.A. Abdallah, M.A.N. Mosselhi, T.A. Farghaly. Heteroat. Chem., 13, 136 (2002).
[113] M.A.N. Mosselhi. Monatsh. Chem., 133, 1297 (2002).
[114] H.M. Hassaneen, H.A. Abdelhadi, T.A. Abdallah. Tetrahedron, 57, 10133 (2001).
[115] N.M. Elwan, E.M. Awad, H.M. Hassaneen, A. Linden, Heimgartner. Helv. Chim. Acta, 86, 739 (2003).
[116] A.A. Fahmi, M.S. Algharib. Egypt. J. Pharm. Sci., 4, 267 (1995).
[117] A.S. Shawali, M.A. Abdallah, M.A.N. Mosselhi, Y.F. Mohamed. Z. Naturforsch., 57b, 552 (2002).
[118] D.J. Collins, T.C. Hughes, W.M. Johnson. Aust. J. Chem., 53, 137 (2000).
[119] M. ElMessaoudi, A. Hasnaoui, M. ElMohtadi, J.P. Lavergne. Bull. Soc. Chem. Belg., 10, 977 (1992).
[120] A.O. Abdelhamid, S.S. Ghabrial, M.Y. Zaki, N.A. Ramadan. Arch. Pharm. (W), 325, 205 (1992).
[121] P. Frohberg, M. Wiese, P. Nuhn. Arch. Pharm. Pharm. Med. Chem., 330, 47 (1997).
[122] P. Frohberg, U. Baumeister, D. Strohl, H. Danz. Heterocycles, 45, 1183 (1997).
[123] C. Parkanyi, A.O. Abdelhamid, A.S. Shawali. J. Heterocycl. Chem., 21, 521 (1984).
[124] D.E. Ames, S. Chandrasekhar, K.J. Hansen. J. Chem. Soc. Perekin Trans. 1, 539 (1978).
[125] A.S. Shawali, M.A. Abdallah, M.M. Zayed. J. Heterocycl. Chem., 39, 45 (2002).
[126] A.S. Shawali, S.M. Elsheikh. J. Prakt. Chem., 342, 96 (2000).
[127] N.M. Hassan, A.O. Abdelhamid. J. Chem. Res. (S) 350, (M) 2244 (1997).
[128] A.S. Shawali, M.A.N. Mosselhi, N.M. Tawfik. J. Org. Chem., 66, 4055 (2001).
[129] H.A. Abdelhadi, T.A. Abdallah, H.M. Hassaneen. Heterocycles, 41, 1999 (1995).
[130] A.S. Shawali, R.H. Hilal, S.M. Elsheikh. Montasch. Chem., 132, 715 (2001).
[131] H.M. Hassaneen, T.A. Abdallah. Molecules, 8, 333 (2003).
[132] T.A. Abdallah, M.A. Darwish, H.M. Hassaneen. Molecules, 7, 494 (2002).
[133] M.A. Abdallah. Montasch. Chem., 132, 959 (2001).
[134] E. Rakib, M. Benchidmi, E. Essassi, A. ElBouadili, M. Khouli, J.M. Barbe, M.D. Pujol. Heterocycles, 53, 571

(2000).
[135] H.M. Hassaneen, T.A. Abdallah, H.A. Abdelhadi, H.M.E. Hassaneen, R.M. Pagni. Heteroat. Chem., 14, 491

(2003).
[136] N.V. Gerbeleu, A.A. Dobrov, Yu.A. Simonov, V.E. Zavodnik, T.I. Malinovskii. Zh. Neorg. Khim., 38, 486

(1993), CA 119, 172927z (1993).
[137] Y. Singh, R. Sharma, R.N. Kapoor. Transition Met. Chem. (Weinheim), 11, 321 (1986).
[138] F.H. Herbstein, W. Schwotzer. J. Chem. Soc. Perkin Trans. 2, 1917 (1984).
[139] S. Trotto, J.A. Furch, D.G. Kuhn, D.A. Hunt. Eur. Pat. Appl. EP, 709,372 (1996); Chem. Abstr., 125, 58090v

(1996).
[140] W.K. Kitagawa, K. Wada, Y. Ito, Y. Otsu, Y. Hattori, K. Shibuya, T. Abe. Jpn K.T. K. JP 10,237,040 (1998);

Chem. Abstr., 129, 244922a (1998).
[141] R.E. Diehl, D.A. Hunt, S.H. Trotto. US 6,242,647 (2001); Chem. Abstr., 135, 19448e (2001).
[142] A.N. Krasovskii, A.K. Bulgakov, A.P. Andrushko, I.A. Krasovskii, A.M. Dyachenko, A.A. Bokun, N.A.

Kravchenko, A.M. Demchenko. Pharm. Chem. J., 34, 115 (2000).
[143] G.G. Davidyan, L.T. Rumyantseva, E.P. Nesynov. Fiziol. Akt. Veshchestva, 8, 68 (1976); Chem. Abstr., 87,

1047d (1977).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



The chemistry of thiohydrazonates 303

[144] Y. Takezawa, Jpn. K.T.K. JP 04,330,052 (1992), Chem. Abstr., 119, 237919v (1993).
[145] Y. Zeng, C. Tang, G. Shen, R. Yu. Huaxue Chuanganqi, 19, 18 (1999); Chem. Abstr., 131, 294932r (1999).
[146] Y. Zeng, C. Tang, G. Shen, R. Yu. Huaxue Chuanganqi, 18, 26 (1998); Chem. Abstr., 130, 275958s (1999).
[147] S. Tian. Guilin Yejin Dizhi Xueyuan Xuebao, 14, 420 (1994); Chem. Abstr., 122, 273573y (1995).
[148] A.V. Kotov, I.Yu. Davydova, N.M. Golovkina. Zh. Anal. Khim., 37, 594 (1982); Chem. Abstr., 97, 65557j

(1982).
[149] A.V. Kotov, I.Yu. Davydova, N.M. Golovkina. USSR SU 975707 (1982), Chem. Abstr., 98, 172226t (1983).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


