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This article is a critical survey of the literature on methods of synthesis, chemical properties, 
conversions, and applications of 1,3,4-thiadiazines and their hetaryl derivatives. 

Advances up to 1969 in the chemistry of 1,3,4-thiadiazines were examined in the review article [1], which 
was far from complete and which dealt mainly with the work of German and Swedish chemists. That review covered 
methods for the synthesis of 1,3,4-thiadiazine derivatives from aliphatic and aromatic a-halocarbonyl compounds 
and from thiohydrazides and dithiocarbohydrazides, as well as the stability of these compounds. A chapter in the 
review [2] was devoted to the desulfurization of 1,3,4-thiadiazines to pyrazoles. 

In recent years, interest in 1,3,4-thiadiazines has increased in connection with the high biological activity 
and broad-spectrum action of their derivatives. New methods have been developed for the synthesis of 1,3,4- 
thiadiazines and condensed heterosystems based on these compounds. As new physicochemical methods have become 
available, data have been obtained on the structure, stability, and conversions of 1,3,4-thiadiazine derivatives, and 
on the influence of chemical and physical factors on their capabilities for transformation. 

In this review we will examine preparation methods, tautomerism, chemical properties, and transformations 
of 1,3,4-thiadiazines and their hetaryl derivatives, as well as possible applications. 

The review covers the literature of the last 20 years, including 1990. 

1. METHODS OF SYNTHESIS 

1.1. Synthesis of 1,3,4-Thiadiazines 

1,3,4-Thiadiazines were obtained for the first time by Bose in 1925 by the interaction of o~- 
bromoacetophenone with thiosemicarbazide. Condensation of thiosemicarbazide with c~ =haloketones (R = Me, Ph; 
R 1 = H, Me, CO2Et ) leads to the formation of 2-amino-l,3,4-thiadiazines I [1, 3]. The yields of the 2- 
aminothiadiazines are usually high; but, depending on the character of the original reactants, the polarity of the 
solvent, and the temperature, byproducts may be obtained -- 2-hydrazinothiazoles and 3-aminothiazoles [3-5]. 

A i ~  I tl 2N ~'N H r~..~@N,~.N 

I-IV 
I R2=NH2; II R2=CcaHs; III R~=SH; IV R~=SAlk 

High yields of the amines I are obtained in acetonitrile [6] and in hydrochloric or hydrobromic acid [7-9]. 
In ethanol, byproducts are formed; but when acid is added, higher yields of the amines I are obtained [9-11]. This 
method has been used to synthesize a series of 2-amino-l,3,4-thiadiazines substituted in positions 3 and 4 and in the 
amino group [3, 12-17]. The interaction of 16a-, 2o~-, and 21c~-bromoketosteroids with thiosemicarbazide leads to 
the formation of the thiadiazinosteroids V-VII [18]: 
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Closure of the thiadiazine ring can be accomplished by using other thiocarbohydrazides as well 
(phenylthiocarbohydrazides [19], thioarylhydrazides, salts and esters of dithiocarboxylic acid,* dithiourea, etc.). 2- 
arylamino- and 2-arylhydrazinothiadiazines have been obtained from diazoketones and substituted thiosemicarbazides 
or thiocarbohydrazide in the presence of copper [20, 21]. Oximes of ~ =bromoacetophenones with thiourea are also 
cyclized to thiadiazines I [22]. 

Certain 2-arylamino-5-aryl(hetaryl)-1,3,4-thiadiazines are obtained by oxidative cyclization of 4-substituted 
thiosemicarbazones of acetophenones with bromine in chloroform [23, 24]. With thiobenzohydrazide, o~- 
bromoacetophenone forms 2,5-diphenyl-l,3,4-thiadiazines II [25]. 

2-Mercapto- and 2-alkylthio-l,3,4-thiadiazines III and IV are obtained by condensation of salts or esters of 
dithiocarbazinic acid with a-halocarbonyl compounds [26-28]. The products included, along with 2- 
mercaptothiadiazine III, a product of a side reaction -- 3-amino-4-methyl-2(3H)-thiazolinethione. Interaction of the 
methyl ester of dithiocarbazinic acid with benzoylchloroacetate at --30~ leads to the formation of the unstable 5- 
hydroxy derivative of 2-methylthio-5,6-dihydro-l,3,4-thiadiazine VIII [29]. Upon condensation of chloronitroso 
compounds and salts of dithiocarbazinic acid, 2-mercaptothiadiazines III are likewise formed [30]. 2-Methylthio-5,6- 
hexamethylene- 1,3,4-thiadiazine IX is obtained from 2-nitroso- 1-chlorocyclooctanone and methyl dithiocarbazate [30]. 
2-Chlorocyclopentanone with potassium N-phenyldithiocarbazate at room temperature forms the 2- 
mercaptothiadiazine X [31]. With d-glucosamine, methyl dithiocarbazate interacts to form compounds of the ozazone 
type, which split out ammonia upon crystallization and are cyclized to 6-substituted thiadiazines IV [R 1 = 
OHCH2--CH(OH)--CH(OH), R 2 = MeSCSNHN=CH] [32]. The methyl dithiocarbazinite of sym-triazine interacts 
with chloroacetonitrile to form thiadiazines IV containing a triazine ring in position 4 [33]. Interaction of 
bromoacetophenone with bis(thiourea) in a 2:1 ratio affords the thiadiazine XI with a 4-phenylthiazole radical in 
position 4 [34]. 

Ph 
11 I 

P "  

I ! I O O C "  "S  ~ " S M e  ~ S / ~ 'S I I  

VIII IX X 

H2N ~.C .NH "Nil / > 

H I B y  II II 
H S S 

x I  
In many cases, transformation of the 1,3,4-thiadiazole ring under the influence of chemical reagents leads 

to the formation of 1,3,4-thiadiazines. 5,6-Dihydro-4H-1,3,4-thiadiazines are obtained by the action of a- 
halocarbonyl compounds on 4,5-dihydro-l,3,4-thiadiazole in the presence of a base [35]. By the interaction of e~- 
bromoacetophenones with 3-substituted 1-amino-2-thioxo-4-imidazolidinones, 3,6-dihydro-2H- 1,3,4-thiadiazines have 
been synthesized [36]. Conversion of the thiadiazole ring to a thiadiazine ring also takes place when 1,3,4- 
thiadiazoline-1-oxide is treated with the anhydrides of acids [37], or when 1,3,4-thiadiazolium salts are treated with 

*As in Russian original; possibly should be dithiocarbazinic acid -- Translator. 
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dialkylphosphonates in the presence of a base [38-41]. By the action of nucleophiles (Nu = NH 3, Me2NH, 
pyrrolidine, MeSK) on 3 -bromoalkyl-5-trifluoromethyl- 1,3,4-thiadiazol-2(3H)-one (XII), 2-trifluoromethyl-4H- 1,3,4- 
thiadiazine (XIII) is obtained with a 70-80% yield [42]. 

Comparative experiments with 5-phenyl- and 5-methyl-substituted analogs of XII have shown that 
transformation of the thiadiazole ring takes place only when an electronegative CF 3 group is present. 3-Alkyl-6- 
trifluoromethyl-3,6-dihydro-2H- 1,3,4-thiadiazines are obtained by cyclization of CF3COCR = NNR 1CH2 R2 in the 
presence of Lavesson reagent [43]. 

N N/CH~CH2Br 

XII  

N u  
N ' '-N "CH2CH2Br 

CONu 

N ' N "CONu HzC~ "/N'~W 

X l l l  

The reaction of 2-dialkylamino-5-phenyl-1,3-oxothiolium cations with nucleophiles containing an amino group 
also leads to 1,3,4-thiadiazines. Thus, the 1,3-oxathiole derivative XIV (X = HSO4) , with excess hydrazine hydrate 
or acrylhydrazine, forms the respective thiadiazines XV and XVI [44, 45]: 

A r  

ph..,.~N.. N \N / ~/ I X- Ph,~ /N~. 

S N ~  

XV X I V  X I V  X V I  

The thiadiazines XVII are obtained from tetrazines by the action of esters of thioformic acid [46]. Here the 
donor-substituted thiocarbonyl group acts as a heterodienophile in [4 + 2]-cycloaddition. The reaction proceeds 
through the formation of bicyclic Diels--Alder adducts with subsequent conversion to the thiadiazines XVII: 

N 

s 

I I I  + ~ H 

N ]  N N , OA 

R R 5 

lk 

R "~.~N ~- N 

XVIl 

Cycloaddition of 2-phenylethynylthiolates [47, 48] or phenylethenethiolates [49-51] with chlorohydrazones 
or nitriles [52] in an inert solvent in the presence of triethylamine also leads to the formation of thiadiazines XVIII, 
with rather high yields. 

Mercaptoalkylhydrazones, formed by the interaction of ketohydrazones with thiranes [53, 54], or from 
mercaptoalkylhydrazines [55], are cyclized reversibly in the form of hydrazones or in the presence of ketones to 

Ph Ar Ar 
I I I 
C HN,.N Ph....N,.N 
I I I  II 

SK C I / C ' ~ R  S R 

XVIII  
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> - -  NH I 
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SH 

XIX 
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perhydro- 1,3,4-thiadiazines XIX. The thermodynamic parameters of the tautomeric equilibrium have been determined 
[56], and the steric structure of the thiadiazines XIX has been established [57]. 

6-Hydroximinothiadiazine-2-thiones XX are obtained by the interaction of substituted hydrazines, carbon 
disulfide, and nitrostyrene at 50~ in the presence of ammonia [58-60]. 

R 2 

+ ,nne n ,,,.~N,.N a 

XX 

1.2. Synthesis of 1,3,4-Thiadiazinones 

The 2-one, 5-one, and 6-one derivatives of 1,3,4-thiadiazine are known. Of these, the most thoroughly 
studied is the thiadiazin-5-one, synthesized by the interaction of haloacetic acids with derivatives of 
thiosemicarbazide, thiocarbohydrazide, or dithiocarbazinic acid. In the condensation of haloacetic acids with a 
thiosemicarbazide, as already mentioned, important factors in determining the formation of the possible isomers are 
the character of the substituents and the pH and temperature of the reaction medium; in earlier reports, therefore, 
information on the structure of the reaction products is contradictory [61]. In the condensation of a thiosemicarbazide 
with chloroacetic acid in butanol, the formation of two compounds was observed in [62] -- the hydrazone of 
thiazolidine-2,4-dione (XXI) and 2,5'-iminobis(6H-1,3,4-thiadiazine)-5,2-diol (XXII) or its tautomer XXIIa. The 
structure of compound XXII is confirmed by hydrolytic splitting of one of the thiadiazine rings in concentrated HC1 
and interaction of the hydrolysis product with aromatic aldehydes to form compound XXIII; further evidence may 
be found in the IR spectra of compound XXII [63]. 

~ CHaCO01t 

XxI XXII1 

H 
HO"~N" N O~,/N-NI l 

XXII ~KXIJa 

With yields of 60-70 %, 4-(1-phthalazinyl)-1,3,4-thiadiazin-5-ones are obtained [64] by boiling 4-substituted 
1-(phthalazinyl- 1)thiosemicarbazide and ethyl bromoacetate in concentrated HC1; 2,4- and 2,3,4-substituted thiadiazin- 
5-ones are obtained by the interaction of 1,3- and 1,3,4-substituted thiosemicarbazide with thioesters, anhydrides, 
and acid chlorides of haloacetic acids [65, 66]. With hydrazides and thiohydrazides in 2 N NaOH, 2-arylthiadiazin-5- 
ones are formed [67]. From 2-methylenethiobenzhydrazide and bromoacetic acid, 4,4'-methylenebis(5,6-dihydro-2- 
phenyl-1,3,4-triadiazin-5-one) (XXIV) is obtained, along with methylenebis(methylenethiobenzhydrazide XXV) [68]: 

HeC-~--N~N~CSPh 

~a2 
S N-'CHzN S 

p h , , ~ N  / ~ kN ~ . , . p  h H2C=N--N--CS-Ph 

XXIV XXV 

A 4-phenyl-4,5-dihydro-l,3,4-thiadiazin-5-one of the type of XXVI, substituted at position 2, has been 
synthesized from the phenylhydrazone XXVII in methanol in the presence of a weak base [69-71]. The structure of 
the thiadiazine XXVI has been confirmed by 1H and 13C NMR spectra and by x-ray structure analysis; the structure 
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is consistent with what has been reported in other work by these same investigators. The low yield of compound 
XXVI indicates that the thiadiazinone exists in equilibrium with XXVII. 

C~H~X-p ~6H4X-P i- 
0 ~,,N.N . O~ HN.N 

XXVI XXVII 

Higher yields of XXVI are obtained from the phenylhydrazone of methylthioacetic acids and 
dicyclohexylcarbodiimide [72]. With X = H, the yield of the compound of the type of XXVI is 70-80%; with X = 
NO2, the yield drops to 30%. The 5-hydroxy and 5-oxo forms of the thiadiazinone XXVI have been judged on the 
basis of spectroscopic data and calculations by the Htickel molecular orbital method [73]. 

The other thiadiazinones have received less attention. For the synthesis of thiadiazin-2-ones, salts or esters 
of thiocarbazinic acid are alkylated with an arylacyl bromide and then cyclized in dilute HC1 to form 5-aryl-6H-1,3,4- 
thiadiazin-2(3H)-ones XXVIII [74-76]. Also, O-methyl thioformate can be used [74] 

ArgO A r~N.~NH 

H 
XXVIII 

.o "c S~"NH e,, 0 ~ 'S ~l~.. % 
XXIX 

Thiadiazin-6-ones XXIX have been obtained by intramolecular cyclocondensation of the thiosemicarbazone 
of phenylglyoxalic acid, with a 90% yield [77]. 

1.3. Synthesis of Condensed 1,3,4-Thiadiazines 

The presence of a hydrazino group in position 2 of 1,3,4-thiadiazines increases the local 7r-excess of the 
heteroring and facilitates cyclization with 7r-electrophilic reagents. By the action of esters of orthocarboxylic acids 
[78] or acid chlorides [79] on 2-hydrazino-5-aryl(alkyl)-6H-1,3,4-thiadiazines, 7H-1,2,4-triazolo[3,4-b]thiadiazines 
(XXX) are formed. The compounds XXX are also obtained by refluxing 2-benzoylhydrazino-5-phenyl-4H-1,3,4- 
thiadiazines in ethanol in the presence of HC1 [80]. 

Ar~N~ N 

L~S~NHNH~ + R1C(OR)3 

At.. .  IN~. j R  1 

XXX 
Aryl-substituted 2H-imidazo[2, l-b][1,3,4]thiadiazines XXXI in the form of stable hydrobromides have been 

obtained by the action of haloketones on 2-amino-5-phenyl-1,3,4-thiadiazines in ethanol in the presence of HBr [81], 
or by the bromination of 6-bromomethyl-5,6-dihydro-2-methylamino-4H-1,3,4-thiadiazine [82]. 

ph,y~S..r ~ �9 s r ~ a  P h x N  L i / a '  

XXXl 
It has been shown in the work of Japanese investigators that by the cyclization of 2-amino-5,6-substituted 

thiadiazines with acetylenecarboxylates, pyrimido [2, l-b[ [ l, 3,4] thiadiazines XXXII are formed [83, 84] (see below). 
By the interaction of benzaldazine with excess thioglycolic acid in benzene, 1H,6H-1,3,4-thiadiazino[4,3- 

c][1,3,4]-thiadiazin-3,8-(2H,7H)-dione [85]. The yield of the final products depends on the nature of the substituents 
[86]. When the arylaldazine is fused with lactic acid, a mixture of isomers is formed. 1,3,4-Triadiazino[6,5- 
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b][1,3,4]thiadiazines XXXIV were obtained along with other products by the interaction of thiobenzhydrazide with 
orthoformic ester [87]. 

R e AI" 0 Ph 

0 Ar Ph 

XXXII XXXIII XXXIV 

2. CHEMICAL PROPERTIES OF 1,3,4-THIAIiHAZINES 
AND 1,3,4-THIADIAZINONES 

2.1. Tautomerism of 1,3,4-Thiadiazines 

1,3,4-Thiadiazines exist in two tautomeric forms 6H and 4H. According to PMR and IR spectroscopic data, 
the 6H form dominates in 2-amino-l,3,4-thiadiazines in solution, and the 4H form in the solid state [88, 89]. In the 
PMR spectra of the 6H, a singiet is observed from the two protons at the C(6 ) atom of the thiadiazine ring, in the 
3.6-3.9 ppm region [4, 7, 8, 45, 88]; for the 4H form, a singlet of one proton is observed in the 5.6 ppm region 
[89, 45]. In the IR spectra of the 4H form, characteristic bands of ~'NH are observed in the 3200-3190 cm -~ region, 
and/~NH in the 1640 cm -1 region [45, 89]. 3-Alkyl-2-amino-l,3,4-thiadiazines exist in solution in the 6H form [14, 

II H 
R ~ N  "~. t "rl "~' /N "- N R ' ~ M . N H  R " ~ N ' N H  

6H 4H 5H 4H 

15]. 

On the basis of studies of NMR, IR, and UV spectra of model compounds, the thione structure has been 
assigned to 2-mercaptothiadiazines [30]. In the PMR spectra, signals are observed from protons of the N(3)H group 
in the 10-12 ppm region, and there are no signals of the SH group in the strong field. Always present in the IR 
spectra is a band higher than 3000 cm -1 corresponding to NH vibrations; the weak band at 2500-2600 cm -1 is 
completely absent. In the UV spectra of the thione forms there is a long-wave absorption maximum that is shifted 
hypsochromically by 25 nm when the system configuration is changed (for the S-alkyl derivatives). The 13C NMR 
spectra confirm the presence of a C = S  structural element. 5,6-Polymethylene-l,3,4-thiadiazines belong to the 6H 
series [30]. 

2.2. Chemical Properties of 1,3,4-Thiadiazines 

The presence of the sulfur atom in the thiadiazine molecule determines its specific chemical properties -- 
transformation with contraction of the ring under the influence of various factors. The susceptibility of the 
thiadiazines to conversions depends on the stability of the hetero ring, which is governed in turn by the character 
of the substituents in positions 2 and 5 and particularly 6, and also by the types of reagents and solvents. Since the 
thiadiazine ring is not always stable under the conditions existing in many chemical reactions, the possibilities for 
chemical modification of 1,3,4-thiadiazines are limited. 

2.2.1. Reactions in Which the Thiadiazine Ring is Preserved. There are not many reactions in which the 
thiadiazine ring is preserved. Electrophilic substitution at the carbon atom, which is widely encountered in the 
aromatic and heterocyclic series, has not been studied adequately in the case of the 1,3,4-thiadiazines. At the same 
time, 5,6-dihydro-5-hydroxy-4-phenyl-l,3,4-thiadiazine, for which the C(5 ) atom is in the sp 3 configuration, reacts 
with electrophiles and enters into nucleophilic substitution reactions with alcohols, thiols, and amines to form the 
corresponding 5-substituted 1,3,4-thiadiazines with nearly quantitative yields [71, 73]. The reactivity of this 
compound is explained by resonance stabilization of the intermediate thiadiazinium cation that is formed upon 
heterolysis of the carbon--oxygen bond [73]. 
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Alkylated thiadiazines are usually obtained by a directed synthesis in which alkylthiocarbohydrazides are 
condensed with ot-halocarbonyl compounds. 2-Mercapto-5-phenyl-4H-1,3,4-thiadiazine is methylated at the sulfur 
by methyl iodide in the presence of KOH [80]. 

Tetrahydro-6-hydroximino-3-methyl-5-phenyl-4H-1,3,4-thiadiazine-2-thion, when subjected to the action of 
NaNO 2 in acetic acid, is converted smoothly to the N(4)-nitroso derivative [58]. By oxidation of 5,6-diphenyl-2- 
phenylhydrazino-6H-1,3,4-thiadiazine by atmospheric oxygen in acetic acid or hydrogen peroxide in ethanol, the 2- 
phenylazo derivative is obtained [19]. 

2.2.2. Transformation of Thiodiazines with Ring-Opening. As mentioned above, the stability of the 
thiadiazine ring is determined by many factors. Thermal cleavage of the ring to give pyrazo!es with extrusion of 
sulfur or to form dipyrazolyl-4,4'-disulfides takes place when substituted thiadiazines are heated above their melting 
point [90], or at 180~ [91]. Transformation of the thiadiazine ring takes place upon heating in nonpolar organic 
solvents [92-94] or under the action of nucleophiles, certain acylating agents, or acids. For thiodiazines with electron- 
acceptor substituents in position 6, extrusion of sulfur sets in when they are exposed to ultrasound [95, 96]. Such 
6-substituted thiadiazines are so unstable that, even in the course of their synthesis, they are converted to pyrazoles 
while sulfur is extruded, so that they are often intermediates rather than final reaction products [2, 92, 97]. Certain 
triazolothiadiazines are resistant to the action of triphenylphosphine and acetic acid [78~[. In a number of cases, 
condensed thiadiazines are transformed to the corresponding pyrazoles with extrusion of sulfur [2, 98]. 

2.2.2.1. Catalysis by mineral and organic acids. Transformation of thiadiazines into 4-mercaptopyrazoles 
or to pyrazoles with the extrusion of sulfur, depending on the substituents in the hetero ring, will take place as a 
result of the catalytic action of mineral acids or glacial acetic acid. In concentrated mineral acids, the 2- 
aminothiadiazines XXXVa, b, which are mainly 5-alkyl-substituted, are rearranged to the isomeric 2-imino-3-amino- 
A4-thiazolines XXXVIa, b [1, 99-102] 

R ",,.~N "~ N 

RI . ,~S  I,'~NHR a 
XXXVa.,b XXXVIa,b 

a) R=Alk, PhCH2, At; RI=R2=H,b,)R I=Me, R u=pr or .  i-Pr, R=Ph 

The rate of intramotecular rearrangement XXXVa --, XXXVIa in HCI o r  H2SO 4 at 30-50~ decreases in 
the series 5-alkyl > 5-benzyl > 5-aryl derivatives, and the rate increases with increasing acid concentration and 
reaction temperature [100, 102]. For the 5-aryl-substituted 2-aminothiadiazines, rearrangement to h4-thiazolines 
either does not take place at all or is very slow [1, 93, 102, 103]. In the case of 2-amino-5-phenylthiadiazine, 
prolonged boiling in concentrated HC1 is required to form small quantities of 2-hydrazino-4-phenylthiazole and 3- 
amino-2-imino-4-phenyl-A4-thiazoline [100]. It can be seen from kinetic studies reported in [102] that the 
isomerization of 5-arylthiadiazines to thiazolines in mineral acids is reversible and that the equilibrium of the reaction 
is shifted toward the formation of thiadiazines; this is in accord with the data of [1]. 

The mechanism of rearrangement of 5-alkyl-2-amino-6H-1,3,4-thiadiazines to A4-thiazolines includes 
transannular attack, of the SN2 type, by the N(3 ) atom on the sp3-hybridized C(5 ) atom of the thiadiazine, with the 
formation of a bridge bond between them. Subsequent formation of a diaziridine ring, followed by its opening, leads 
to the A4-thiazolines [100]. An alternative mechanism of the rearrangement [1, 102] assumes hydrolytic cleavage 
of the thiadiazine ring at position 4--5 and recyclization to form the A4-thiazoline. Other studies of the rearrangement 
of 2-aminothiadiazines to A4-thiazolines have been reported in [ 104]. 

When an electron-acceptor phenyl group is introduced into position 6 of the thiadiazines XXXVa, b, 
formation of A4-thiazolines is accompanied by competitive formation of pyrazoles with extrusion of sulfur [ 1, 95, 
102]. Subsequent dealkylation is possible [95, 105]. In concentrated HC1, for 2-tert-butylamino- and 2-[(2,2,4,4- 
tetramethylbutyl)amino]thiadiazines, differentiated behavior is observed, depending on the character of the substituent 
in position 6 [105]. 

In an acidic medium, the 6H-thiadiazines XXXVII are converted to the equilibrium, energy-rich 4H- 
thiadiazine XXXVIII. As a consequence of valence isomerization, this cyclic 8~r system is transformed to the thia-r 
homopyrazole XXXIX, which, upon elimination of sulfur or cleavage of the episulfide ring, forms the pyrazoles XL 
or XLI [106]. 

1165 
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XXXVII 

+H + 

H H 
nyN" N R~N\NH R"~y/N\ N 

R ~ .-"~S.*'~RR R1 .-/~'-S A R 2  R I . ' ~ R ~  

XXXVIII XXXIX XL 

H H 
R,~ .,.:N... R....~N,,. R~N,. . . .N fN....,.-R R-. /N... 

..... �9 N ""_"" N H N N . 

R~ .~'S';a'~.R 2 R ~/~'.S/~R2 R I / ~R2 R2/--- ~ S _ S /  "~R 2 

XLIII XLIV XLI XLII 
R=Ph; RI=H, Ph; R2=NMe, SMe, CH2Ph, Ph 

With such a mechanism for the thiadiazines that are capable of desulfurization, deuterium exchange of 
protons is accomplished in position 6 [106]. It is also suggested that, upon protonation, the C(2)--S bond is split to 
form a 4-mercaptopyrazole, which in certain cases may be converted to a pyrazole with extrusion of sulfur through 
the disulfide [1]; or formation of a thiirane is suggested [2]. The mechanism of desulfurization has received very little 
attention. In dilute mineral acids, desulfurization takes place for 2-cycloalkylimino- [107] and 2-dimethylamino-5- 
aryl-6H-1,3,4-thiadiazines [97, 106]. The stability of the thiadiazine ring in this case is influenced not only by the 
character of the cycloalkylamine, but also by the substituent in the phenyl ring [108]. 

The 6-unsubstituted thiadiazines XXXVII, when heated for an extended period in acetic acid, are transformed 
to the 4-mercaptopyrazoles XLI [1, 106, 109]. These latter compounds, upon oxidation by 12 in an alkaline medium 
or by atmospheric air, are converted under the action of Raney nickel to pyrazoles, with extrusion of sulfur [93]. 
Desulfurization of 2-methylimino-3-methyl-5-aryl-2,3-dihydrothiadiazines [14] and other 2-substituted 5- 
arylthiadiazines [1, 3, 92, 97, 110, 111] to pyrazoles proceeds most smoothly when they are heated in acetic acid. 
This is a preparative method for obtaining pyrazoles [2, 103]. If an aryl, acyl, or alkoxyl group is present in position 
6, the transformation to pyrazoles with extrusion of sulfur is accelerated severalfold in comparison with 6- 
unsubstituted derivatives, and the yields of pyrazoles are higher. For certain 6-substituted 2-alkylamino-5- 
arylthiadiazines in acetic acid, along with the elimination of sulfur, dealkylation in position 2 takes place, as well 
as acetylation to form 3-acetyl derivatives of the pyrazole [105]. 

2.2.2.2. Action of acylating agents. For the acylation of thiodiazines, carboxylic acid anhydrides and acid 
chlorides are used. Upon heating the thiodiazines XLV with acetic acid, acylation takes place, with opening of the 
thiadiazine ring and the formation of 3-substituted 1-acetyl-4-acetylmercapto-5-arylpyrazoles (XLVI) [1, 93, 97]. 

C()CII 
I 

M eCOS R 
XLV XI.VI 

Ar=C6Hs, C6H4Br-4, C6H4CI-4; R=N(CHa)2, Pil)eridine, morpholine, CHa, CHIC61-15, C~H~ 
Upon boiling triazolothiadiazines with acetic anhydride, N-acetylpyrazolotrazoles are formed [98]. The 

formation of pyrazoles and the acetylation apparently take place simultaneously. The introduction of an acetyl group 
into position 4 of thiadiazino[5,6-b]quinoxalines, upon heating in acetic anhydride with the addition of triethylamine, 
produces the 4-acetyl derivative of the thiadiazine, without recyclization [112]. 

Benzoylation of 5-substituted 2-aminothiadiazines proceeds selectively, depending on the solvent and the ratio 
of initial reagents, at the amino group of the side chain [101, 113] or at the terminal nitrogen atoms; or it may 
proceed with the formation of a mixture of several benzoyl derivatives [101]. The acylation of 2-arylamino-5- 
hetarylthiadiazines by acetic anhydride [24], or the acylation of 5,6-substituted 2-aminothiadiazines by ketene [84], 
takes place at the exocyclic nitrogen atom. 

6-Hydroximinothiadiazine-2-thiones XX are acylated at the exocyclic nitrogen atom by awl chlorides and 
esters of chlorocarbonic acid in acetonitrile in the presence of pyridine [58, 60]. Upon heating 3-methyl-substituted 
thiadiazines XX in a mixture of acetic anhydride and acetic acid in the presence of sulfuric acid, the 4-acetyl 
derivative is formed; upon acylation by an ester of chlorocarbonic acid or by benzoyl chloride in pyridine, it is 
transformed to the 1,3,4-thiadiazoline-2-thione. 
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2.2.2.3. Transformation under the influence of nucleophiles. The action of nucleophiles, in particular 
butyllithium, results in recyclization of 6H-thiadiazines with a contraction of the ring to pyrazoles XLII or XLI 
through the formation of a reactive heterocyclic 8~r system -- the thiadiazine anion XLIII and thia-~-homopyrazole 
XLIV [106]. Desulfurization of the thiadiazines XXXVII to the pyrazoles XL proceeds in benzene at room 
temperature [106, 114]; this reaction proceeds at --110~ in THF under the influence of lithium diisopropylamine 
[106]. The 6-substituted thiadiazine XXXVII is converted quantitatively to the pyrazole XL by the action of 
butyllithium in THF at --80~ From 6-unsubstituted thiadiazines in absolute THF at --100~ under anaerobic 
conditions with butyllithium, red solutions of the thiadiazine anions XLIII are obtained [114]. Desulfurization of a 
number of thiadiazines takes place under the influence of potassium tert-butoxide [114] or sodium ethylate [103], 
in alcohols in the presence of a twofold excess of caustic [115], or upon heating with triphenylphosphine or triethyl 
phosphite [93, 109, 116]. It is suggested in [109, 117] that valence isomerization to thiirane derivatives takes place 
under the influence of thiophilic compounds of phosphorus. 2-(Methylthio)thiadiazines are transformed to dipyrazolyl 
disulfide under the influence of hydrazine hydrate or aniline [80]. 

2.3. Chemical Properties of Thiadiazinones 

Thiadiazinones interact with nucleophiles and other reagents in ways that are different from the reactions 
of thiadiazines. The 4-arylthiadiazin-5-ones exhibit high resistance to the action of nucleophiles, electrophiles, and 
radical reagents [73]. An important role in resonance stabilization of the thiadiazin-5-ones is played by the mesomeric 
effect of the carbonyl group [71]. Thiadiazin-S-ones are resistant to the action of O,O-dialkylhalophosphates [118] 
and lithium aluminum hydride [71], and they react with reagents without opening the ring. However, the action of 
sodium methylate in methanol on the thiadiazin-5-ones XLVII transforms them quantitatively to 2-arylamino-l,3- 
thiazoidin-4-ones XLVIII, with rupture of the N--N bond [119]. 

S 0:~--/> MeONa 0 ~_____NH 

Ar 

X L V I I  X L V I I I  

Oxidation of the thiadiazin-2-one XLIX by tert-butyl hypochlorine in DMFA, by chlorine in chloroform, 
or by 30% H202 in formic acid, leads to the formation of 4-aryl-l,2,3-thiadiazoles L with extrusion of CO 2 [74]: 

Re'.,.. ~N\ R 2 

T h,,i 
XLIX L 

The thiadiazin-6-one LI interacts with 1-diethylaminopropyne to form a mixture of adducts 1H-pyridazin-4- 
one and 5H-pyridazin-4-one [77]. Flame--vacuum pyrolysis at 550~ results in thermal fragmentation of LI to the 
thiadiazole LII, dimethylcyanamide, and benzonitrile [77]: 

Ph~N~N -CO N--N 

NM e 2 M e~N S Ph 

LI  L I I  

3. APPLICATIONS 

Interest in the thiadiazines is related to their high biological activity and their broad-spectrum action. A 
number of thiadiazines have fungicidal [ 120-122], antimicrobial [59, 60, 120, 123-125], antiinflammatory [ 12, 38-40, 
84, 126], and antiedematic [38, 40] activities. Certain thiadiazines are inhibitors of monoaminooxidase [124], 
lipoxygenase [127, 128], phosphodiesterase [129], and angiotensin-converting enzyme [130]. The general class of 
thiadiazines includes compounds with antioxidant [127], analgesic [12, 39, 127], antiviral [12, 131], and radiation- 
protective [132] properties. Substituted 5,6-dihydro-4H- and 3,4,5;6-tetrahydrothiadiazines can be used as central 
nervous system depressants [133, 134]. 
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In the last decade, many thiadiazines have been discovered with possible applications in medical practice as 
sedatives [39, 135], antianxiety agents [136], antiasthmatic agents [137], anticonvulsants [64], myorelaxants [138- 
140], coronary vasodilators [15, 129, 141], and spasmolytics [15, 136, 142]. Many thiadiazines have cardiovascular 
activity [16, 67, 75, 137, 143-149]. A number of thiadiazines are effective against viruses [66, 150]. 

Certain derivatives of thiodiazines that have pesticidal activity [10, 65, 113, 118, 151-154] may find 
applications in agriculture. Thiadiazines can be used in the manufacture of varnish resins for coatings [155, 156], 
raw and vulcanized rubber [157, 158], polypropylene [159], in mixtures for impregnating fabrics [160], in the 
manufacture of dyes [11, 161], in plating technology as brightening agents for copper-plating electrolytes [51, 162], 
in photography [163, 171], and in analytical chemistry as a reagent for the photometric determination of iron [172]. 

LITERATURE CITED 

1. H. Beyer, Z. Chem., 9, 361 (1969). 
2. S. Radl, Janssen Chim. Acta, 5, 3 (1987). 
3. E. Bulka, W. D. Pfeiffer, C. Tr61tsch, E. Dilk, H. Gartner, and D. Daniel, Collect. Czech. Chem. 

Commun., 43, 1227 (1978). 
4. H. Johne, K. Seifert, S. Johne, and E. Bulka, Pharmazie, 33, 259 (1978). 
5. S .F .  Kahlilova and I. A. Poplavskaya, lzv. Akad. Nauk KazSSR, Ser. Khim., No. 1, 56 (1984). 
6. E. Campaigne and T. P. Selby, J. Heterocycl. Chem., 15, 401 (1978). 
7. I. Ya. Postovskii, A. P. Novikova, L. A. Chechulina, and L. P. Sidorova, Khim. Geterotsikl. Soedin., No. 

8, 1051 (1976). 
8. A.P.  Novikova, N. M. Perova, L. G. Egerova, and E. I. Bragina, Khim. GeterotsikL Soedin., No. 6, 843 

(1991). 
9. A.P.  Novikova, N. M. Perova, L. G. Egerova, and E. I. Bragina, Carbonyl Compounds in the Synthesis 

of Heterocycles [in Russian], Izd. SGU, Saratov (1989), Vol. 2, p. 106. 
10. W.C.  Doyle, US Patent 3,862,183; Chem. Abstr., 82, 171094 (1975). 
11. Sh. Kida, K. Ishikawa, J. Kawashima, T. Tanaka, and K. Masuda, Japanese Patent 61,250,072; Chem. 

Abstr., 106, 215514 (1987). 
12. N. Yoshida, K. Tanaka, Y. Iizuka, K. Wachi, T. Nishimura, and H. Takuzo, Japanese Patent 7,488,889; 

Chem. Abstr., 82, 57744 (1975). 
13. W. Schulze, G. Letsch, and H. Fritsche, J. Prakt. Chem., 36, 138 (1967). 
14. W.D.  Pfeiffer, E. Dilk, and E. Bulka, Z. Chem., 17, 173 (1977). 
15. W.D.  Pfeiffer, E. Bulka, and F. Reinhard, German Patent 209,196; Chem. Abstr., 101, 191974 (1984). 
16. W.D.  Pfeiffer, E. Dilk, and E. Bulka, German Patent 204,092; Chem. Abstr., 101, 7216 (1984). 
17. Y. Tomita, Sh. Kabashima, T. Okawara, T. Yamasaki, and M.Furukawa, J. Heterocycl. Chem., 27, 707 

(1990). 
18. D. Kallias, C. I. Stassinopoulou, and P. Catsoulacos, J. Heterocycl. Chem., 17, 1045 (1980). 
19. W.D.  Pfeiffer and E. Bulka, Z. Chem., 29, 288 (1989). 
20. W. Hampel, Z. Chem., 9, 61 (1969). 
21. W. Hampel, M. Kapp, and G. Proksch, Z. Chem., 10, 142 (1970). 
22. R .M.  Mochareb, A. Habashi, A. A. Hafez, and S. M. Sherif, Arch. Pharm., 320, 776 (1987). 
23. T .V.  Sarawathi, V.R. Rao, V. R. Srinivasan, and M. Ramaih, Indian J. Chem., 10, 1151 (1972). 
24. W. Veerabhadraiah, V. R. Rao, T. V. Rao, and Padmanabha, J. Indian Chem. Soc., 67, 81 (1990). 
25. B. Holmberg, A'rkiv Kemi, 9, 65 (1956). 
26. J. Sandstrom, Arkiv Kemi, 7, 249 (1954). 
27. J. Sandstrom, Arkiv Kemi, 9, 127 (1955). 
28. T. Sato and M. Ohta, Yakugaki Zasshi, 77, 771 (1957); Chem. Abstr., 51, 17941 (1957). 
29. J. Sandstrom, Acta Chem. Scand., 16, 2395 (1962). 
30. J. Beger, C. Thielemann, and P. D. Thong, J. Prakt. Chem., 321, 959 (1979). 
31. E. Taeger and Z. E1-Hewehi, J. Prakt. Chem., 18, 255 (1962). 
32. R. Hfill, J. Chem. Soc,, 2959 (1952). 
33. V .V.  Dovlatyan and R. A. Gevorkyan, Arm. Khim. Zh., 31,851 (1978). 

1168 



34. L .P .  Sidorova, A. P. Novikova, and I. Ya. Postovskii, Nucleophilic Reacts of Carbonyl Compounds [in 
Russian], Saratov (1982), p. 129. 

35. D.M.  Evans, D. R. Taylor, and M. Myer, Chem. Commun., No. 21, 1444 (1984). 
36. P. Molina, A. Arques, I. Cartagena, and J. M. Olmos, Synthesis, No. 7, 518 (1989). 
37. B.F. Bonini, C. Maccagnani, G. Mazzanti, L. Thijs, C. E. Veenstra, and B. Zwanenberg, J. Chem. Soc., 

Perkin 1, No. 10, 1218 (1978). 
38. A. Takamizawa and H. Sato, Japanese Patent 6,928,103; Chem. Abstr., 72, 43738 (1970). 
39. A. Takamizawa and H. Sato, Japanese Patent 6,927,896; Chem. Abstr., 72, 55523 (1970). 
40. A. Takamizawa and H. Sato, Japanese Patent 6,928,102; Chem. Abstr., 72, 79112 (1970). 
41. A. Takamizawa and H. Sato, Chem. Pharm. Bull., 18, 1201 (1970). 
42. H. Kristinsson, T. Winkler, and M. Mollenkopf, Helv. Chim. Acta, 66, 2714 (1983). 
43. Y. Kamitori, M. Hojo, R. Masuda, Y. Kawamura, and T. Numai, Synthesis, No. 6, 491 (1990). 
44. K. Hirai and T. Ishiba, Chem.,* 1318 (1971). 
45. K. Hirai and T. Ishiba, Chem. Pharm. Bull., 26, 3017 (1978). 
46. G. Seitz, R. Mohr, W. Overheu, and R. Allmann, Angew. Chem., 96, 885 (1984). 
47. Ya. V. Zachinyaev, M. L. Petrov, A. N. Frolkov, V. N. chistokletov, and A. A. Petrov, Zh. Org. Khim., 

16, 938 (1980). 
48. Y.V.  Zachinyaev, A. E. Bobrov, and A. I. Gynak, Rev. Roum. Chem., 34, 901 (1989). 
49. S. Hoff and E. Zwanenburg, Rec. Trav. Chim., 92, 929 (1973). 
50. M.L.  Petrov, V. A. Bobylev, V. N. Chistokletov, and A. A. Petrov, Zh. Org. Khm., 17, 1100 (1981). 
51. M.L .  Petrov, V. N. Chistokletov, and A. A. Petrov, USSR Inventor's Certificate No. 537,999; ByulL 

Izobret., No. 45, 92 (1976). 
52. V.A.  Bobylev, M. L. Petrov, V. N. Chistokletov, and A. A. Petrov, Zh. Org. Khim., 17, 2289 (1981). 
53. S.M. Shevchenko and A. A. Potekhin, Khim. Geterotsikl. Soedin., No. 11, 1569 (1978). 
54. S.M. Shevchenko and A. A. Potekhin, USSR Inventor's Certificate 749,840; ByuU. Izobret., No. 27, 102 

(1980). 
55. A.A.  Poteldain and S. M. Shevchenko, Khim. GeterotsikL Soedin., No. 10, 1355 (1981). 
56. S.M. Shevchenko and A. A. Potekhin, Khim. Geterotsikl. Soedin., No. 12, 1637 (1979). 
57. A.R.  Katritzky, R. C. Patel, and D. M. Read, Tetrahedron Lett., No. 43, 3803 (1977). 
58. U. Ptersen and H. heitzer, Justus Liebigs Ann. Chem., No. 5-6, 944 (1973). 
59. U. Petersen and H. Heitzer, German Patent 2,251,683; Chem. Abstr., 81, 13564 (1974). 
60. U. Petersen, H. Heitzer, and K. G. Metzger, German Patent 2,251,684; Chem. Abstr., 81, 25700 (1974). 
61. E. Bulka, P. Mittag, G. Berg, and H. Beyer, Rev. Chim., 7, 725 (1962). 
62. V.I .  Pleshnev and N. M. Turkevich, Metody Poluch. Khim. Reakt. Prep. (Moscow), No. 23, 67 (1971). 
63. A.A.  Kuzhelyuk, N. M. Turkevich, A. V. Babak, and L. T. Emchik, Izv. Vyssh. Uchebn. Zaved., Khim. 

Khim. Tekhnol., 16, 1516 (1973). 
64. R. Soliman, M. Gabr, M. S. Abouzeit-Har, and F. M. Sharabi, J. Pharm. Sci., 70, 94 (1981). 
65. L .H.  Edwards, Canadian Patent 1,121,349; Chem. Abstr., 97, 144885 (1982). 
66. T. Okawara, R. Kato, T. Yamasaki, N. Yasuda, and M. Furukawa, Heterocycles, 24, 885 (1986). 
67. D. Brown, R. I. Hargreaves, and B. G. Main, European Patent 52,442; Chem. Abstr., 97, 144886 (1982). 
68. B. Holmberg, Arkiv Kemi, 9, 47 (1956). 
69. Y. Matsubara, M. Yoshihara, T. Nakanura, Sh. Yamada, and T. Maeshima, Phosphorus Sulfur, 16, 89 

(1983). 
Y. Matsubara, 
Y. Matsubara, 
Y. Matsubara, 

70. T. Kakamura, and M. Yoshihara, Rikogakubu Kenkyu Hokoku, No. 18, 91 (1983). 
71. Sh. Yamada, M. Yoshihara, and T. Maeshima, Phosphorus Sulfur, 22, 41 (1985). 
72. S. Yamada, M. Yoshihara, and T. Maeshima, Chem. Pharm. Bull., 32, 1590 (1984). 
73. Y. Matsubara, S. yamada, M. Yoshihara, and T. Maeshima, Nippon Kagaku Kaishi, No. 7, 1312 (1987). 
74. G. Ege, Ph. Arnold, G. Jooss, and R. Noronha, Justus Liebigs Ann. Chem., No. 5, 791 (1977). 
75. R .B.  Hargreaves, B. J. McLoughlin, and S. D. Mills, European Patent 851,227; Chem. Abstr., 110, 

192866 (1989). 

*As in Russian original -- Translator. 

1169 



76. R. Jonas, J. Piulats, I. Lues, M. Klockow, European Patent 294,647; Chem. Abstr., 110, 192866 (1989). 
77. A.E.  Baydar, G. Boyd, and P. F. Lindley, Chem. Commun., No. 19, 1003 (1981). 
78. W.D.  Pfeiffer, E. Dilk, and E. Bulka, Z. Chem., 17, 15 (1977). 
79. Sh. Kida, T. Tanaka, and K. Masuda, Japanese Patent 61,260,085; Chem. Abstr., 106, 138475 (1987). 
80. Y. Usui, Yakugaku Zasshi, 89, 689 (1969). 
81. E. Bulka and W. D. Pfeiffer, Z. Chem., 15, 482 (1975). 
82. I .V .  Smolanka, T. A. Krasnitskaya, and M. M. Tsitsika, Ukr. Khim. Zh., 38, 587 (1972). 
83. N. Yoshida, K. Wachi, K.Tanaka, and Y. Iizuka, Japanese Patent 74,110,696; Chem. Abstr., 82, 171096 

(1975). 
84. N. Yoshida, K. Wachi, and K. Tanaka, Japanese Patent 74,110,697; Chem. Abstr., 82, 171095 (1975). 
85. G. Fenech and M. Basile, Ann. Chim., 53, 848 (1963). 
86. G. Fenech and M. Basile, Ga~. Chim. ltal., 96, 897 (1966). 
87. G. Scherowsky, Tetrahedron Lett., 52, 4985 (1971). 
88. M. Ito, Yakugaku Zasshi, 87, 539 (1967). 
89. R. Djudjik, M. Trkovnik, and D. Kitan, Org. Prep. Proc. Int., 17, 206 (1985). 
90. W.D.  Pfeiffer and E. Bulka, German Patent 235,640; Chem. Abstr., 105, 226554 (1986). 
91. N. Yoshida, K. Wachi, and K. Tanaka, Japanese Patent 74,100,080; Chem. Abstr., 82, 170912 (1975). 
92. E. Bulka and W. D. Pfeiffer, J. Prakt. Chem., 318, 971 (1976). 
93. W.D.  Pfeiffer and E. Bulka, Z. Chem., 16, 80 (1976). 
94. N. Yoshida, H. Miyazawa, K. Tanaka, and Y. Iizuka, Japanese Patent 75,130,760; Chem. Abstr., 85, 46637 

(1976). 
95. W.D.  Pfeiffer, E. Bulka, and R. Miethchen, Z. Chem., 27, 296 (1987). 
96. W.D.  Pfeiffer, R. Miethchin, and E. Bulka, German Patent 253,030; Chem. Abstr., 109, 93001 (1988). 
97. H. Beyer, H. Honeck, and Z. Reichelt, Justus Liebigs Ann. Chem., 741, 45 (1970). 
98. H. Ohachi and N. Mizukura, Japanese Patent 901077; Chem. Abstr., 113, 115317 (1990). 
99. J. Hadacek and J. Slotova-Yrnkova, Pharmazie, 15, 226 (1960). 

100. R.E.  Busby and T. W. Dominey, J. Chem. Soc., Perkin Trans. 2, No. 6, 890 (1980). 
101. E .E .  Campaigne and T. Selby, US Patent 4,254,259; Chem. Abstr., 95, 25150 (1981). 
102. W.D.  Pfeiffer, I. Buhrow, and E. Bulka, Wiss. Z. Ernst--Moritz--Arndt--Univ. Greifsw., Med. Riehe, 37, 

38 (1988). 
103. W.D.  Pfeiffer, E. Dilk, and E. Bulka, Synthesis, No. 3, 196 (1977). 
104. I. Brawford-Bryce, Chem. Abstr., 112, 118039 (1990). 
105. W.D.  Pfeiffer, E. Dilk, and E. Bulka, Z. Chem., 18, 65 (1978). 
106. R.R.  Schmidt and H. Huth, Tetrahedron Lett., No. 1, 33 (1975). 
107. L .P .  Sidorova, L. G. Egorova, and A. P. Novikova, in: Summaries of Papers from 16th Conference on 

the Chemistry and Technology of Organic Sulfur Compounds and Sour Crude Oils, Riga (1984), p. 264. 
108. L .P .  Sidorova and A. R. Sabitova, New Developments in the Chemistry of Azines [in Russian], Sverdlovsk 

(1985), p. 196. 
109. W . D .  Pfeiffer and E. Bulka, Synthesis, No. 7, 495 (1977). 
i10. W . D .  Pfeiffer, E. Dilk, and E. Bulka, Z. Chem., 17, 218 (1977). 
111. Y. Isomura, Sh. Sakamoto, N. Ito, H. Homma,T. Abe, and K. Kubo, Chem. Pharm. Bull., 32, 152 (1984). 
112. V .G.  Baklykov, V. N. Charushin, O. N. Chupakhin, and V. N. Drozd, Khim. Geterotsikl. Soedin., No. 

4, 557 (1987). 
113. T .D.  Thibault, US Patent 4,436,549; Chem. Abstr., 101, 23510 (1984). 
114. W . D .  Pfeiffer, K. Geisler, H. Rossberg, and E. Bulka, Z. Chem., 22, 137 (1982). 
115. W . D .  Pfeiffer and E. Bulka, German Patent 211,343; Chem. Abstr., 102, 62228 (1985). 
116. W.D.  Pfeiffer, H. Rossberg, and E. Bulka, German Patent 228,248; Chem. Abstr., 105, 60599 (1986). 
117. D.B.  Denney and M. J. Boskin, J. Am. Chem. Soc., 82, 4736 (1960). 
118. J .D .  Cleveland and L. H. Edwards, US Patent 4,158,732; Chem. Abstr., 91, 108013 (1979). 
119. Y. Matsubara, T. Nakamura, M. Yoshihara, and T. Maeshima, Chem. Pharm. Bull., 33, 3009 (1985). 
120. H. Zenno, A.Sugihara, and M. Ito, Japanese Patent 678,033; Chem. Abstr., 67, 54173 (1967). 
121. I. Saikava and Sh. Takano, Japanese Patent 7,041,593; Chem. Abstr., 75, 5965 (1971). 
122. Z. EI-Gendy, R. M. Abdel-Rahmab, and M. S. Abdel-Malik, Indian J. Chem. B, 288, 479 (1989). 

1170 



123. F.B. Cooper, P. Gross, and M. Lewis, Proc. Soc. Exp. Biol. Med., 47, 508 (1941). 
124. D.L.  Trepanier, US Patent 3,290,303; Chem. Abstr., 68, 29729 (1968). 
125. A.M. El-Naggar, A. M. A. E1-Salam, I. M. Ismail, B. M. Haroun, and A. M. Gommaa, Indian J. Chem. 

B, 198, 1088 (1980). 
126. A.B. Tomchin, I. A. Zhmykhova, M. M. Ponomareva, L. V. Pastushenkov, and E. G. Gromova, Khim.- 

farm. Zh., 20, 1051 (1986). 
127. W. Thorwart, U. Gebert, R. Schleyerbach, and R. Bartlett, German Patent 3,702,756; Chem. Abstr., 109, 

170466 (1988). 
128. W. Thorwart, U. Gebert, R. Schleyerbach, and R. Bartlett, German Patent 3,702,757; Chem. Abstr., 110, 

8223 (1989). 
129. W.J. Coates, H. D. Prain, M. L. Reeves, and B. H. Warrington, J. Med. Chem., 33, 1735 (1990). 
130. R.C. Brown, J. Dixon, and D. H. Robinson, German Patent 253,426; Chem. Abstr., 109, 129065 (1988). 
131. S.K. Kotovskaya, L. A. Tyurina, E. Yu. Chernova, G. A. Mokrushina, O. N. Chupakhin, A. P. Novikova, 

and V. I. II'enko, Khim.-farm. Zh., 23, 310 (1989). 
132. A.P .  Novikova, L. P. Sidorova, L. A. Chechulina, I. Ya. Postovskii, I. P. Tregubenko, and I~. A. 

Taraldltii, Problems in Modem Radiation Pharmacology [in Russian], Moscow (1980), p. 31. 
133. D.L.  Trepanier, P. E. Krieger, J. H. Mennear, and J. N. Ebie, J. Med. Chem., 10, 1085 (1967). 
134. D.L.  Trepanier and P. E. Krieger, US Patent 3,428,631; Chem. Abstr., 70, 106577 (1969). 
135. F.P.  Miller and W. D. Jones, Belgium Patent 884,990; Chem. Abstr., 95, 62276 (1981). 
136. W.D. Jones and F. P. Miller, German Patent 30,313,703; Chem. Abstr., 95, 81033 (1981). 
137. M. Martin, G. Nadler, and R. Zimmermann, European Patent 303,418; Chem. Abstr., 111, 97293 (1989). 
138. W.D. Jones and F. P. Miller, Belium Patent 884,991; Chem. Abstr., 95, 115618 (1981). 
139. W.D. Jones and F. P. Miller, US Patent 4,309,426; Chem. Abstr., 96, 181316 (1982). 
140. W. Jones and F. Miller, German Patent 3,042,295; Ref Zh. Khim., 130119 (1983). 
141. M.G. Collis, J. R. Keddic, and W. Rouse, Br. J. Pharmacol., 97, 409 (1989). 
142. W.D. Pfeiffer and E. Bulka, German Patent 220,311; Chem. Abstr., 104, 68891 (1986). 
143. K.H. Meyer, S. Schuetz, K. Stoepel, and H. G. Kroneberg, US Patent 3,328,387; Chem. Abstr., 68, 

105467 (1968). 
144. Japanese Patent 58,131,973; Chem. Abstr., 100, 6567 (1984). 
145. D. Brown, R. B. Hargreaves, B. J. McLoughlin, and S. D. Mills, European Patent 80,296; Chem. Abstr., 

100, 22672 (1984). 
146. D. Brown, R. B. Hargreaves, B. J. McLoughlin, and S. D. Mills, US Patent 4,489,074; Chem. Abstr., 102, 

149291 (1985). 
147. Japanese Patent 8,753,976; Chem. Abstr., 107, 115608 (1987). 
148. European Patent 180,I59; Chem. Abstr., 105, 97488 (1986). 
149. W.J.  Coates, European Patent 220,44; Chem. Abstr., 108, 112503 (1988). 
150. H. Morioka, M.Takezava, H. Shibai, T. Kato, N. Ysuda, T. Furukawa, and T. Okawara, Japanese Patent 

60,239,320; Chem. Abstr., 104, 207251 (1986). 
151. K. Ruefenacht, Helv. Chim. Acta, 56, 2186 (1973). 
152. W.C. Doyle, US Patent 3,779,736; Chem. Abstr., 80, 129266 (1974). 
153. W.C. Doyle, US Patent 3,854,924; Chem. Abstr., 82, 112114 (1975). 
154. L.H.  Edwards, US Patent 3,144,335; Chem. Abstr., 91, 20550 (1979). 
155. H.A. Walter, US Patent 2,534,087; Chem. Abstr., 45, 2714 (1951). 
156. H.A. Walter, US Patent 2,536,521; Chem. Abstr., 45, 2718 (1951). 
157. J.T. Gregory, US Patent 2,871,237; Chem. Abstr., 53, 11419 (1959). 
158. J.T. Gregory, US Patent 2,871,238; Chem. Abstr., 53, 11419 (1959). 
159. G. Minagawa, M. Akutsu, and M. Goto, Japanese Patent 7,537,651; Chem. Abstr., 84, 180229 (1976). 
160. K. Ishizuka, Japanese Patent 7,405,439; Chem. Abstr., 82, 59824 (1975). 
161. A.J. Elliott, US Patent 4,025,510; Chem. Abstr., 87, 153420 (1977). 
162. T. Fujino and Sh. Fueki, Japanese Patent 7,137,646; Chem. Abstr., 77, 147067 (1972). 
163. Belium Patent 571,916; Chem. Abstr., 56, 8217 (1962). 
164. L.W. Tregilus and A. A. Rasch, US Patent 3,017,270; Chem. Abstr., 57, 1791 (1962). 
165. French Patent 1,410,426; Chem. Abstr., 64, 2913 (1966). 

1171 



166. N.V. Gevaert-Agfa, Netherlands Patent 6,615,207; Chem. Abstr., 67, 69444 (1967). 
167. P.D. van Pee and J. F. Willems, French Patent 1,496,599; Chem. Abstr., 69, 320027 (1968). 
168. L.M. De Haes, H. K. Gevers, and J. J. Vanheertum, Belgium Patent 716,778; Chem. Abstr., 71, 66074 

(1969). 
169. A. Rasch, French Patent 2,001, 160; Chem. Abstr., 73, 72077 (1970). 
170. Y. Kawashima, H. Ishikawa, Sh. Kida, T. Tanaka, and K. Masuda, Japanese Patent 61,260,085; Chem. 

Abstr., 106, 138475 (1987). 
171. Y. Kaneko, Japanese Patent 63,256,951; Chem. Abstr., 111, 105647 (1989). 
172. L.V. Kholevinskaya, L. N. Emel'yanova, L. P. Sidorova, and A. V. Yuminov, USSR Inventor's Certificate 

1,189,862; ByuU. Izobret., No. 41, 103 (1985). 

1172 


