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OXIMES OF SIX-MEMBERED 

HETEROCYCLIC COMPOUNDS 

WITH TWO OR THREE HETERO- 

ATOMS: I. SYNTHESIS AND 

STRUCTURE (REVIEW) 
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Data on methods for the production of and on the structure of pyridazine, pyrimidine, pyrazine, triazine, 
oxazine, thiazine, oxadiazine, and thiadiazine aldoximes, ketoximes, and amidoximes, and their 
derivatives are reviewed. 
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 The oximes of heterocyclic compounds with two or three heteroatoms are widely used as intermediates 
in fine organic synthesis. In this review the basic methods for the synthesis of pyridazine, pyrimidine, pyrazine, 
triazine, oxazine, thiazine, oxadiazine, and thiadiazine aldoximes, ketoximes, and amidoximes and their 
derivatives are summarized. The basic methods for investigation of the structure of the oximes of six-membered 
heterocyclic compounds with two or three heteroatoms are discussed in relation to isomerism. The reactions and 
biological activity of the oximes of heterocyclic compounds with two or three heteroatoms will be examined in 
the second part of the review. 
 
 
1. SYNTHESIS 
 
1.1. Synthesis of Pyridazine Aldoximes, Ketoximes, and Amidoximes 
 
 The classical method for the synthesis of pyridazine aldoximes and ketoximes is based on the reaction of 
the aldehyde or ketone with hydroxylamine hydrochloride in ethanol [1] or in an aqueous solution of K2CO3 [2]. 
Pyridazine aldoximes were obtained as minor products during the nitrosation of the alkyl chain of the alkyl 
derivatives in the NaNO2/HCl system [3]. 
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 Pyrroline N-oxides 1, which react with hydrazine in boiling acetic acid as equivalents of 1,4-dicarbonyl 
compounds, form the oximes of hydrogenated cinnolines 2 [4]. In reaction with hydrazine the pyrroline 
3-oximes 3 give pyridazine oximes 4 [5]. 
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 A few papers have been devoted to the synthesis of pyridazine amidoximes. Thus, pyridazine-3-amid-
oxime [6, 7], cinnoline-4-amidoxime [8], and 4-benzopyridazine amidoxime [9] are formed readily from the 
corresponding nitriles and hydroxylamine. Pyridazine-3-amidoxime 7 was obtained from the corresponding 
ester 5 in the NH3/NH2OH system or in the reaction of the amide 6 with hydroxylamine [6, 7]. It is interesting 
that the nitrile derivative of pyridazine 8 gives the amidoxime 9 with a yield of 72% during reaction with 
hydroxylamine hydrochloride [10]. 
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1.2. Synthesis of Pyrimidine Aldoximes, Ketoximes, and Amidoximes 
 
 Pyrimidine aldoximes and ketoximes are obtained by the reaction of the aldehyde or ketone with 
hydroxylamine hydrochloride in ethanol [11-13], methanol [14], water [15], DMSO [16], Na2CO3/EtOH/H2O 
[17], or NaOAc/EtOH [18]. 6-Bromomethyl-4-phenylpyrimidine 1-oxide 10 reacts readily with hydroxylamine 
hydrochloride in NaOH solution at room temperature with the formation of the oxime of 6-formyl-4-phenyl-
pyrimidine 1-oxide 11 with a yield of 80%. 6-Dibromomethyl-4-phenylpyrimidine 1-oxide reacts similarly [19]. 
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 The aldoxime 13 can be obtained directly from the acetal 12 [20]; during the action of hydroxylamine on 
N-(4-hydroxymethyl-2-methylthiopyrimidin-5-ylmethyl)-N',N'-dimethyl-4-phenylenediamine 14 the dimethyl- 
aminophenylamino group is removed, and the oxime 15 is formed [21]. 
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 Pyrimidine oximes were obtained as a result of nitrosation of the alkyl chain in the alkyl derivatives. The 
employed nitrosation systems were EtONO/KNH2/NH3 [22], EtONO/HCl/EtOH [23], AmONO/HCl/EtOH [24], 
and i-AmONO/NH3 [25]. It is interesting that the nitrosation of 4-methylpyrimidine with isoamyl nitrite takes place 
both in acidic and in basic media. Thus, the reaction of 4-methylpyrimidine in the i-AmONO/t-BuOK system gives 
pyrimidine-4-aldoxime with a 40% yield. If the reaction with isoamyl nitrite is conducted in the presence of HCl 
the yield amounts to 80% [26]. In the reaction of 4,5-dimethylpyrimidine 16 with EtONO only the activated 
methyl group at position 4 is nitrosated, and this leads to the formation of 5-methylpyrimidine-4-aldoxime 17 as 
the only product [27]. However, the reaction of 1,4,6-trimethylpyrimidin-2-one 18 with an excess of sodium 
nitrite gives 4,6-bis(hydroxyiminomethyl)-1-methylpyrimidine 19 with a yield of 75% [28]. 
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 The reaction of the ketone 20 with sodium nitrite in a water–dioxane solution of HCl gives the α-keto 
oxime 21 with an 86% yield. Further reaction of compound 21 with hydroxylamine hydrochloride in an aqueous 
solution of alkali leads to the formation of the dioxime 22 [29]. 
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 The synthesis of the oxime derivatives of 2-amino-5-nitro-3H-pyrimidin-4-one was set out in detail in 
the two patents [30, 31]. Reaction of the ketones 23 with the Wittig reagent, reduction, and nitrosation-
chlorination led to the oxime intermediate 24, and further reaction of compound 24 with NH3/MeOH and 
2-amino-6-chloro-5-nitropyrimidin-4-one led to the oxime 25 [31]. 
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 When the derivatives of 2,4,6-pyrimidinetrione 26 are boiled in acetic acid the 1,3,4-triazine ring is 
opened, and 3-aryl-6-(1,3-dimethyl-2,4,6(1H,3H,5H)-trioxo-5-pyrimidylidene)-1-hydroxy-1,4,5-triazahexa-
1,3-dienes 27 are formed with yields of 80-85% [32]. 
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 The 1,2,4-triazine ring is also opened in the reaction of 3-substituted 6,8-dimethyl-8H-pyrimidino-
[5,4-e][1,2,4]triazine-5,7-diones 28 with C-nucleophiles, such as 5-methyl-2-phenylpyrazol-3-one and ethyl 
nitroacetate, leading to the products 29 and 30 containing a hydroxyimino group at position 5 of the pyrimidine 
ring [33]. 
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 Cytosine, 1-methylcytosine, and 1,3-dimethylcytosine 31 react with hydroxylamine to form a mixture of 
two products 32 and 33 [34, 35]. However, cytosine and dry hydroxylamine at 37°C form only the product 32 
(R = R1 = H) with a good yield. 
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 Furopyrimidones 34 react with hydroxylamine with opening of the furan ring and the formation of the 4-
oximes of 1-alkyl-5-(2-hydroxyiminopropyl)-1H-pyrimidine-2,4-dione 35 [36]. 
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 Thermolysis of 6-amino-1,2-dihydro-3H-quinazolines 36 gives the quinazoline oximes 37 as the only 
products [37]. 
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 In an acidic or basic medium the N-benzoyl derivatives of the oximes of 2-aminobenzamides undergo 
cyclization to quinazolone oximes [38, 39]. For example, the amidoxime 38 is easily transformed into the 
corresponding quinazolone 4-oxime 39 with a yield of 67%. The reaction of the nitrile 40 with hydroxylamine 
also leads to the formation of a substituted quinazolone 4-oxime 41 [39]. 
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 In the reaction of the 2-aminobenzamide oxime 42 and dimedone the quinazolone 4-oxime is formed 
with a yield of 23% [40]. The reactions of N-hydroxyiminobenzyl-2-aminobenzamides 44 with triethyl 
orthoacetate or triethyl orthopropionate at 160-170°C give 2-alkyl-3-hydroxyiminoaralkyl-4-quinazolones 45 
with yields of 31-98% [41]. 
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 2-[1-(Hydroxyimino)ethyl]-2-methyl-4-phenyl-1,2,3,4-tetrahydroquinazoline 47 was obtained with a 
yield of up to 70% by the cyclization of the hydroxylamine 46 and 2,3-butanedione monoxime in the presence 
of p-toluenesulfonic acid or other acid catalysts [42]. 
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 The classical method for the synthesis of pyrimidine amidoximes is based on the reaction of the nitrile 
with hydroxylamine hydrochloride in an aqueous solution of K2CO3 [43], Na2CO3/H2O [44], ethanol [45], 
Et3N/MeOH [46], or i-Pr2NEt/DMF [47]. In the NH2OH·HCl/NaOMe/EtOCH2CH2OН system 4,7-diamino-
6-cyano-2-phenylpteridine 48 forms the oxime 49 [48]. 
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1.3. Synthesis of Pyrazine Aldoximes, Ketoximes, and Amidoximes 
 
 Pyrazine aldoximes and ketoximes are produced by the reaction of the aldehyde or ketone with 
hydroxylamine hydrochloride in the pyridine/EtOH [49] or Et3N/CHСl3 [50] systems. Boiling of pteridine 50 in 
sulfuric acid followed by treatment of the reaction mixture with hydroxylamine hydrochloride gives the oxime 
of 2-amino-3-formylpyrazine 51 with a yield of 85% [51]. 
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 In addition, pyrazine-2-carbaldehyde can be obtained from 2-methylpyrazine in the BuONO/NaNH2/NH3 
system [52]. 
 The reaction of the dinitrile 52 with hydroxylamine in ethanol leads to the dioxime 53 with a 50% yield 
[53]; in the NaNO2/H2O/HCl system this compound is converted into the product 54 from partial hydrolysis of 
one oxime group with a yield of 77% [53]. 
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 The reaction of 5-aryl-2,3-dihydro-2,3-furandiones 55 with diaminoglyoxime in dry dioxane gives the 
5,6-dioximes of 3-oxopiperazines 56 [54]. 
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 2-Hydroxyimino-1,2-dihydroquinoxalines were produced successfully by the cyclization of o-diamino-
benzenes with halo oximes [55, 56]. For example, the reaction of diaminobenzene 57 and oxime derivatives of 
the MeC(=Y)C(=NOH)Cl type in ether in the presence of triethylamine gives the oximes 58 with yields of 
52-90% [56]. 
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 In a water–alcohol solution of sodium carbonate N-cyanomethyl-o-phenylenediamine 59 and 
hydroxylamine hydrochloride give 2-hydroxyimino-1,2,3,4-tetrahydroquinoxaline 60 with a yield of 78% [57]. 
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 The reactions of 4,5,6-triaminopyrimidine 61 with O=C(CH=NOH)2 in methanol give pteridine oximes 
62 with yields of 83-99% [58]. 
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 The classical method for the synthesis of pyrazine amidoximes is based on the reaction of the nitrile 
with hydroxylamine hydrochloride in the Na2CO3/EtOH [59], i-Pr2NEt/DMF [47], and Et3N/MeOH [46] 
systems. 2-Pyrazine amidoxime can also be obtained from pyrazine-2-carbothioamide and hydroxylamine [60]. 
 
 
1.4. Synthesis of 1,2,3-, 1,2,4-, and 1,3,5-Triazine Aldoximes, Ketoximes, and Amidoximes 
 
 1,2,3-Triazine oxime 63 was obtained from o-aminobenzamide oxime 42 and NaNO2/HCl/H2O at 0-5°C 
[61]. 
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 1,2,4-Triazine oximes can be obtained by several methods [62]: 1) Pyrimido[5,4-e][1,2,4]triazine 
aldoximes are produced successfully from the corresponding dibromomethyl derivatives in the 
NH2OH·HCl/Na2CO3/ethanol system [62]. 2) A two-stage reaction – bromination of 3-methylfervenulin 64 with 
NBS/AIBN/CCl4 followed by treatment of the reaction mixture with hydroxylamine – leads to the formation of 
6,8-dimethyl-5,7-dioxo-5,6,7,8-tetrahydropyrimido[5,4-e]triazine-3-carbaldehyde 65 with a yield of 62% [62]. 
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 If the enamine 66 is boiled in the presence of a large excess of hydrazine 2'-hydroxyiminospirodihydro-
1,2,4-triazino[3,1]cyclohexane 4-oxide 67 is formed with a yield of 73% [63]. 
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 The 3-substituted 1,2,4-triazines 68 react readily with nitronate anions generated from nitroalkanes and 
KOH in DMSO and form aldoximes 69 with yields of 57-95% [64, 65]. 
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 With the dimethyl acetal of DMF in the NH2OH·HCl/NaOAc/EtOH system the phenylhydrazononitrile 
70 is readily converted into the triazine oxime 71 [66]. 
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 Enlargement of the oxadiazole ring is observed during the reaction of 3-benzoyl-5-perfluoroalkyl-1,2,4-
oxadiazoles 72 and hydrazine in dry DMF. Addition of the hydrazine at the C=N double bond occurs at the first 
stage, and opening of the oxadiazole ring and recyclization at the second. The triazole oximes 73 were isolated 
with yields of 65-92% [67]. 
 Several papers have been devoted to the synthesis of 1,3,5-triazine oximes. Thus, boiling of tris-
dimorpholinomethyl-1,3,5-triazine 74 with hydroxylamine hydrochloride in water gives 1,3,5-triazine-2,4,6-
tricarbaldoxime 75 with a yield of 79% [68]. 4,6-Diamino-1,3,5-triazine-2-carbaldoxime was obtained 
successfully from 6-bromomethyl-1,3,5-triazine-2,4-diamine and hydroxylamine [69]. 
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 1,3,5-Triazine aldoximes were also obtained as a result of nitrosation of the alkyl chain in the 
corresponding methyl derivatives in the EtONO/NaOMe/Et2O/MeOH [70], i-AmONO/t-BuOK/t-BuOH [70], or 
EtONO/HCl [27] systems. 
 1,3,5-Triazine amidoximes were synthesized from the corresponding nitriles and hydroxylamine 
hydrochloride in a water–alcohol solution of sodium bicarbonate [71]. The amidoximes 77 were obtained from 
the imines 76 and hydroxylamine hydrochloride [72]. 
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 The reaction of the potassium salts of 6-dinitromethyl-1,3,5-triazines 78 with N2O4 leads to the 
formation of two products – the nitrolic acids 79 (yields 56-67%) and the 1,2,5-oxadiazoles 80 (24-32%) [73]. 
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1.5. Synthesis of 1,2-, 1,3-, and 1,4-Oxazine Aldoximes and Ketoximes 
 
 N-Aryl-N-hydroxy-4-bromo-3-oxobutyramides 81 in the NH2OH·HCl/KOH/EtOH system at room 
temperature gives the 1,2-oxazine oximes 82 with yields of 37-65% [74]. 
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 The classical method for the synthesis of 1,3-oxazine ketoximes is based on the reaction of the ketones 
in the NH2OH·HCl/NaHCO3/MeOH/H2O system [75]. 
 A two-stage method for the synthesis of the oximes 84 is based on the cyclization of the ester 83 in the 
presence of MeLi followed by treatment of the reaction mixture with hydroxylamine hydrochloride in methanol 
[76]. 
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 Brevioxime 86 [77], isolated in 1977 from Penicillium brevicompactum, was recently synthesized both 
in the racemic form [78-81] and in the form of pure optical isomers [82]. During the oxidation of the alcohol 85, 
obtained in eleven stages from 1,5-pentanediol, followed by oximation (NH2OH·HCl/NaOAc/MeOH) rac-
brevioxime is formed with a 62% yield [78]. 
 

O

N

OH

Me

Me

O

H
O

N
Me

Me

O

HHON

85 86

.
1) Oxidation by periodinane
    (Dess-Martin),
2) NH2OH  HCl, NaOAc, 
     MeOH, 20°C

 
 
 Brevioxime and its analogs (e.g., compound 88) were synthesized by the cyclization of derivatives of 
1-(2,3-dihydropyrrol-1-yl)-2-methyldecane-1,3-dione (e.g., compound 87) in the presence of nitrosyl chloride, 
produced in the i-AmONO/Me3SiCl/CH2Cl2 system [80]. 
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 Several methods have been developed for the synthesis of the 7-oxime of 2,2-dimethyl-3-oxa-1-aza-
bicyclo[4.2.0]octane-7,8-dione [83, 84]. Thus, the reaction of the amide 89 in the n-BuLi/i-Pr2NН/i-AmONO/-
Me3SiCl/hexane/THF system gives the oxime 90 as the only product. The second method is based on the 
cyclization of the azetidinone 91 in a four-stage reaction. Thus, the reaction of compound 91 with boron trifluoride 
etherate, lithium diisopropylamide, and Me3SiCl and then with isoamyl nitrite gives compound 90 [83]. 
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 The nitrosation of acetophenone 92 in dioxane in the presence of 3-hydroxypropylamine leads to the 
formation of 3-nitroso-2-phenyl-1,3-oxazine-2-carbaldehyde 93. The product 93 is formed through the 
nitrosation of imine intermediates [84]. 
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OH N

Ph

NOH
 92

H2N(CH2)3OH, 
NaNO2, AcOH

93

, 0°C

 
 
 1,3-Oxazine oximes of the 95 type (yields up to 80%) were obtained successfully by thermal 
recyclization of substituted 4-arylbenzo[d][1,2]oxazin-1-ones 94 in the presence of anthranilic acid in n-butanol 
[85-87]. 

N O
O

R

R R

R
N

O
N

OHO

R
R

R

R

R1

NH2

O OH

94

R1

95

R = H, Br; R1 = Br, Me

n-BuOH

 
 
 1,4-Oxazine aldoximes and ketoximes were obtained by the reaction of the aldehyde or ketone with 
hydroxylamine hydrochloride in ethanol [88] or in pyridine [89]. 
 

O

N

O

Me O

O

N
H

O

Me O

NOH
 i-AmONO, CCl3CO2H,
 AcOH, 20°C

96 97  
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 The 1-oxime of 1-(2-oxo-3,4-dihydro-2H-benzo[1,4]oxazin-3-yl)propane-1,2-dione 97 was obtained by 
nitrosation of the propanone 96 in the i-AmONO/CCl3CO2H/AcOH system [90]. 
 The 3-oxime of 2H-[1,4]benzoxazine-2,3(4H)-dione 99 was obtained by the cyclization of o-amino-
phenol 98 in the presence of the Z-isomer of ethyl chloro(hydroxyimino)acetate and triethylamine in diethyl 
ether [91]. 

NH2

OH

Et
O

N
OH

Cl

O

O

N
H

O

NOH

Et3N, Et2O, 20°C

83%
98 99

 
 
 The derivatives of o-aminophenol 100 and dicyanogen di-N-oxide in chloroform at 0°C give 1,4-benz-
oxazine-2,3-dioximes 101 [92]. 
 

OH

NHR

OO

O

N NOH

NOH

R

N N

CHCl3, 0°C

R, R1 = H, Me

R1 R1

101

,

100

C C

 
 
 In the i-BuONO/t-BuOK/THF system 4-methyltetrahydro-1,4-oxazin-3-one 102 is nitrosated selectively 
at position 2 and forms the oxime 103 [93]. 
 

O

N O
Me

O

N O
Me

NOH

i-BuONO, t-BuOK, THF

102 103  
 
 3,4-Dihydro[1,4]oxazino[3,4-b]quinazolones are readily nitrosated at position 1 in the NaNO2/AcOH/H2O 
system [94]. In addition a new two-stage method was developed for the synthesis of 1-hydroxyimino-3,4-di-
hydro-1H,6H-[1,4]oxazino[3,4-b]quinazolin-4-one 105 from 2-bromomethyl-3-(2-hydroxyethyl)quinazolin-
4-one 104 in the presence of aqueous alkali followed by oximation in the NaNO2/AcOH/H2O system [94]. 
 

N

N
H

Br

O
OH N

N
O

O

NOH

1) NaOH, H2O
2) NaNO2, AcOH, H2O

50%
104 105

 
 
 The classical method for the synthesis of 1,4-oxazine amidoximes is based on the reaction of oxazine 
nitriles in the NH2OH/MeOH [95], NH2OH·HCl/Et3N/EtOH [96], or NH2OH·HCl/NaHCO3/EtOH/H2O [97] 
systems. In the NH2OH·HCl/Et3N/EtOH system at room temperature 4H-benzo[1,4]oxazine-3-thione 106 gives 
the oxime 107 with a yield of 72% [98]. 
 
1432 



O

N
H

S

O
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NOHNH2OH  HCl, Et3N, EtOH, 20°C

106
107

.

 
 
 
1.6. Synthesis of 1,2-, 1,3-, and 1,4-Thiazine Aldoximes, Ketoximes, and Amidoximes 
 
 The basic method for the synthesis of 1,2-thiazine ketoximes is based on the reaction of the ketone with 
hydroxylamine hydrochloride in the presence of sodium acetate in methanol [99-101]. It is interesting that in the 
presence of an equimolar amount of hydroxylamine hydrochloride only the carbonyl group of the side chain in 
the cyclic thiazine 108 is oximated. The reaction product 109 was obtained with a yield of 81% [101]. 
 

NH
S

O

O OMe
O

O O

NH
S

O OMe
O

O O

NOH
NH2OH   HCl, MeOH, 60°C

108 109

.

 
 
 1,3-Thiazine oximes are usually obtained from the thiocarbonyl derivatives of 1,3-thiazines in the 
NH2OH·HCl/Et3N/EtOH/H2O [102], NH2OH/MeOH [103], and NH2OH/EtOH systems [104]. Trimethylcephem 
110 is readily nitrosated by tert-butyl nitrite with the formation of the oxime 111 [105]. In addition, N2O3 in 
methylene chloride has also been used in the selective nitrosation of cephems to oximes [106]. 
 

S

N

EtO
O

Me

Me

Me

S

N

EtO
O

Me

Me

Me

HON
t-BuONO

110 111  
 
 The nitrovinyl derivative of 1,3-thiazine 112 is easily transformed into 5,6-dihydro-4H-1,3-thiazine-
2-carbaldehyde oxime 113 in the NaH/(Me2N)3PO/THF system [107]. 
 

S

NH
NO2 S

NH
NOH

NaH, (Me2N)3PO, THF, 20°C

112 113  
 
 The cyclization of 2-thiocyanato-1-cyclohexanecarbaldehyde 114 in the presence of a solution of 
hydroxylamine in methanol at -10°C gives a derivative of 2-hydroxyimino-1,3-thiazine 115 [108]. 
 

O
S

N

NOH

NH2OH, MeOH, -10°C

114 115

SCN

 
1433 



 2-Hydroxyimino-1,4-benzothiazin-3(H)-one 117 was obtained from the corresponding dichloro 
derivative 116 and hydroxylamine in ethanol [109]. Nitrosation was also used successfully for the production of 
1,4-benzothiazine S-dioxides. For example, the reaction of compound 118 with an excess of sodium nitrite in 
aqueous acetic acid gives the dioxime 119 as the only product [110]. 
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NH2OH, EtOH, 70°C

116 117  
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O O
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NaNO2, AcOH, H2O

118 119  
 
 Ring enlargement in 2-(nitromethylene)thiazolidine 120 by the action of methylamine leads to the 
formation of the oxime 121 and 2-{[1-(methylamino)-2-nitroethenyl]amino}ethanethiol 122. Increase of the 
amount of methylamine in the reaction mixture increases the yield of compound 122 [111]. 
 

NHS

NO2

S

N NHMe

NOH

SH
N
H

N
H

Me

NO2

MeNH2, EtOH +

120 121 122  
 

 Under the condition of nitrosation (NaNO2/AcOH/pyridine/H2O) 1,5-benzothiazepine-2,4-dione 123 is 
converted into 2-hydroxyimino-1,4-benzothiazin-3(4H)-one 124 (yield 17%) and 2H-1,4-benzothiazine-3,4-di-
hydro-3-oxo-2-carboxylic acid 125 (45%) [112]. 
 

N
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O
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N
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N
H
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O
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AcOH,
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+

123 124 125  
 
 The synthesis of 1,4-thiazine oximes was realized by the cyclization of derivatives of 2-amino-
ethanethiols or 2-aminothiophenol with ethyl 2-chloro-2-(hydroxyimino)acetate [113-115], ethyl nitroacetate 
[116], or nitroacetone [117]. Thus, 2-aminoethanethiol 126 and ethyl chloro(hydroxyimino) acetate in an 
alkaline medium give 2-hydroxyiminotetrahydro-1,4-thiazin-3-ones 127 with yields of up to 83%. Heating of 
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2-aminothiophenol 128 with ethyl nitroacetate or nitroacetone at 100°C without a solvent leads to the products 
129 and 130 respectively with yields of up to 91%. 
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N Me
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1.7. Synthesis of Oxadiazine and Thiadiazine Oximes 
 
 The reaction of the dioxime 131 with tris(hydroxymethyl)aminomethane gives the 1,2,4-oxadiazine 
oxime 132 as the only product [118]. 
 

Cl
Ph

NOH

NOH

O
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N

OH OH

NOH

Ph
H2NC(CH2OH)3

131
132  

 
 6-Hydroxyiminotetrahydro-1,3,4-thiadiazine-2-thiones 134 were obtained from aliphatic hydrazines, 
carbon disulfide, and ω-nitrostyrenes 133 [119, 120]. 
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O2N N
N
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N
N
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NOH
RNHNH2,
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MeOH, 25-50°C

R = Alk, CH2CH2OH, CH2CH2CN

133 134

 
 
 The respective oximes were also obtained by the nitrosation of 3,5-disubstituted 1,2,6-thiadiazine 
1,1-dioxides [121-123]. For example, the nitrosation of 3,5-diamino-1,2,6-thiadiazine 1,1-dioxide 135 with 
sodium nitrite in acetic acid leads to the oxime 136 [121]. 
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2. STRUCTURE 
 
 One of the most reliable methods for the determination of the structure of the isomeric oximes of six-
membered heterocyclic compounds with two and three heteroatoms is NMR spectroscopy. The 1H NMR spectra 
of the oximes of pyridazine [124-126], pyrimidine [11, 126-129], pyrazine [124], quinoxaline [130], 1,3,4-
triazine [68], and 1,3,4-thiadiazine [120] have been investigated in greatest detail. 
 The structure of the Z- [131] and E- [132] isomers of the oximes of 4-pyrimidinecarbaldehyde, 1-benzyl- 2-
phenyl-1H-quinazolone [39], and the solvate of 3-(1-hydroxyiminoethyl)-1-phenyl-4-hydro-1,2,4-triazine-
5,6-dione with methanol [133], the E-isomer of 1-(3-methylsulfanyl-1,2,4-triazin-5-yl)ethanone O-acryloyl-
oxime [134], and the palladium complex of 3-acetyl-5-benzyl-1-phenyl-4,5-dihydro-1,2,4-triazin-6-one oxime 
[135, 136] was confirmed by the data from X-ray crystallographic analysis. 
 IR spectroscopy was also used to study the structure of pyridazine [124], pyrimidine [11], quinazoline 
[127], quinoxaline [130], and 1,2,4-triazole [67] oximes. In the IR spectrum of 2-pyrimidine aldoxime there is a 
band for the free OH group at 3600 cm−1. In the spectrum of 3,5-dimethylpyrimidine-2-aldoxime there is also a 
strong band for the nonbonded hydroxyl group at 3600 cm−1, and there is in addition a band at 3300 cm−1 due to 
the strong intermolecular hydrogen bond, since the band completely only disappears in a very dilute solution 
(4·10−5 M). The above-mentioned oximes were therefore isolated as Z-isomers. During irradiation of the 
Z-isomer of 2,5-dimethylpyrimidine-2-aldoxime with ultraviolet light its E-isomer was obtained [11]. 
 
 
REFERENCES 
 
  1. O. E. A. Mustafa, H. A. Y. Derbala, S. A. Emara, H. A. Sallam, and M. F. Ismail, Egypt. J. Chem., 41, 

175 (1998); Chem. Abstr., 75, 20411 (1971). 
  2. F. Hampl, J. Mazac, F. Liska, J. Spogl, L. Kabrt, and M. Suchanek, Coll. Czech. Chem. Commun., 60, 

883 (1995). 
  3. E. Fanghaenel, A. Hucke, H. Hasan, K. Alrich, R. Radeglia, and O. Simonsen, J. Prakt. Chem., 337, 104 

(1995). 
  4. V. A. Samsonov, L. B. Volodarskii, I. Yu. Bagryanskaya, and Yu. V. Gatilov, Khim. Geterotsikl. 

Soedin., 1055 (1996). [Chem. Heterocycl. Comp., 32, 907 (1996)]. 
  5. T. Ariello, V. Spiro, and G. Vaccaro, Gazz. Chim. Ital., 89, 2232 (1959). 
  6. R. Delaby, R. Domiens, and M. Robba, Compt. Rend., 247, 1739 (1958). 
  7. M. Robba, Ann. Chim. (Paris), 5, 351 (1960). 
  8. T. Watababe, Yakugaku Zasshi, 89, 1167 (1969). 
  9. I. Zagrevescu, M. Petrovanu, and E. Rucinschi, Analele Stiinl. Univ. "A. I. Cuza", Iasi, Sect 17, 169 

(1961); Chem. Abstr., 59, 6399 (1963). 
10. S. Kamiya and M. Tanno, Chem. Pharm. Bull., 28, 529 (1980). 
11. E. A. Grachev and V. P. Mamaev, Khim. Geterotsikl. Soedin., 1422 (1972). [Chem. Heterocycl. Comp., 

8, 1284 (1972)]. 
12. M. B. Deshmukh and S. Patil, J. Indian Chem. Soc., 83, 393 (2006). 
13. F. Marquillas Olondriz, A. Bosch Rovira, P. Dalmases Borjoan, and J. M. Caldero Ges, Espana 

Pat. 2050069 (1994); Chem. Abstr., 121, 255824 (1994). 
14. K. Takanobashi, T. Yamano, and M. Tanaka, Jpn. Pat. 6322567 (1988); Chem. Abstr., 109, 231050 

(1988). 
15. R. Cibulka, F. Hampl, T. Martinu, J. Mazac, S. Teterova, and F. Liska, Coll. Czech. Chem. Commun., 

64, 1159 (1999). 
 
 
1436 



16. S. Huang, R. Li, P. J. Connolly, G. Xu, M. D. Gaul, S. L. Emanuel, and K. R. LaMontagne, 
L. M. Greenberger, Bioorg. Med. Chem. Lett., 16, 6063 (2006). 

17. W. Choung, B. A. Lorsbach, T. C. Sparks, J. M. Ruiz, and M. J. Kurth, Synlett, 3036 (2008). 
18. T. I. Borisova, A. E. Aliev, E. A. Sorokina, A. A. Sinitsina, and A. V. Varlamov, Khim. Geterotsikl. 

Soedin., 534 (1995). [Chem. Heterocycl. Comp., 31, 468 (1995)]. 
19. V. F. Sedova and V. P. Manaev, Khim. Geterotsikl. Soedin., 1397 (1978). [Chem. Heterocycl. Comp., 

14, 1137 (1978)]. 
20. H. Bredereck, R. Sell, and F. Effenberger, Chem. Ber., 97, 3407 (1964). 
21. R. S. Shadbolt and T. L. V. Ulbricht, J. Chem. Soc. (C), 1203 (1968). 
22. H. Yamanaka, H. Abe, T. Sakemoto, H. Hiranuma, and A. Kamata, Chem. Pharm. Bull., 25, 1821 

(1977). 
23. G. Chen, J. Adams, J. Bemis, S. Booker, G. Cai, M. Croghan, L. Dipictro, C. Dominguez, D. Elbaum, 

J. Germain, S. Geuns-meyer, M. Handley, Q. Huang, J. L. Kim, T. Kim, A. Kiselyov, X. Ouyang, 
V. F. Patel, L. M. Smith, M. Stec, A. Tasker, N. Xi, S. Xu, and C. C. Yuan, PCT Int. Appl. WO Pat. 
0266470 (2002); Chem. Abstr., 137, 201332 (2002). 

24. D. T. Hurst, K. Biggadike, and J. J. Tibble, Heterocycles, 6, 2005 (1977). 
25. T. Sakamoto, S. Konno, and H. Yamanaka, Heterocycles, 6, 1616 (1977). 
26. H. Bredereck and G. Simchen, Angew. Chem., 75, 1102 (1963). 
27. H. Bredereck, G. Simchen, and P. Speh, Liebigs Ann. Chem., 737, 39 (1970). 
28. D. T. Hurst, S. G. Jones, J. Outram, and R. A. Petterson, J. Chem. Soc., Perkin Trans. 1, 1688 (1977). 
29. L. I. Khmel'nitskii, N. N. Makhova, M. A. Epishina, Yu. A. Strelenko, S. G. Baram, and B. P. Mamaev, 

Izv. Akad. Nauk SSSR, Ser. Khim., 915 (1988). 
30. H. C. Wood and K. Ohta, Brit. Pat. 1453832 (1976); Chem. Abstr., 86, 155681 (1977). 
31. H. C. Wood and I. Stirling, Brit. Pat. 1454166 (1976); Chem. Abstr., 86, 155682 (1977). 
32.  D. N. Kozhevnikov, A. M. Prokhorov, V. L. Rusinov, and O. N. Chupakhin, Khim. Geterotsikl. Soedin., 

1060 (2004). [Chem. Heterocycl. Comp., 40, 911 (2004)]. 
33. Yu. A. Azev and G. G. Aleksandrov, Khim.-Farm. Zh., 31, No. 1, 49 (1997). 
34. M. Blackburn and V. C. Solan, J. Chem. Soc., Chem. Commun., 724 (1976). 
35. D. M. Brown, M. J. E. Hewlins, and P. Schell, J. Chem. Soc. (C), 1925 (1968). 
36. D. Loakes, D. M. Brown, S. A. Salisbury, M. G. McDougall, C. Neagu, S. Nampalli, and S. Kumar, 

Helv. Chim. Acta, 86, 1193 (2003). 
37. D. Karbonits and P. Kolonits, J. Chem. Soc., Perkin Trans. 1, 2163 (1986). 
38. D. Karbonits and K. Horvath, Heterocycles, 37, 2051 (1994). 
39. D. Karbonits, I. Kanzel-Svoboda, C. Gonczi, K. Simon, and P. Kolonits, Chem. Ber., 122, 1107 (1989). 
40. J. Lessel, Arch. Pharm., 327, 571 (1994). 
41. K. Nagahara and A. Takada, Heterocycles, 12, 239 (1977). 
42. E. Mikiciuk-Olasik, Pol. Pat. 171218 (1997); Chem. Abstr., 127, 108936 (1997). 
43. M. Robba and R. Delaby, Compt. Rend., 248, 250 (1959). 
44. M. Robba, Ann. Chim. (Paris), 5, 380 (1960). 
45. S. X. Cai, H.-Z. Zhang, J. A. Drewe, P. S. Reddy, S. Kasibbatla, J. D. Kuemmerle, and K. P. Ollis, PCT 

Int. Appl. WO Pat. 02100826 (2002); Chem. Abstr., 138, 39285 (2002). 
46. P. V. Fish, G. A. Allan, S. Bailey, J. Blagg, R. Butt, M. G. Collis, D. Greiling, K. James, J. Kendall, 

A. McElroy, D. McCleverty, C. Reed, R. Webster, and G. A. Whitlock, J. Med. Chem., 50, 3442 (2007). 
47. D. Grant, R. Dahl, and N. D. P. Cosford, J. Org. Chem., 73, 7219 (2008). 
48. E. C. Taylor, US Pat. 3012034 (1961); Chem. Abstr., 57, 12511 (1962). 
49. H. Dahn and H. Moll, Helv. Chim. Acta., 49, 2426 (1966). 
50. T. Nowak and A. P. Thomas, PCT Int. Appl.WO Pat. 200540159 (2005); Chem. Abst., 142, 463737 

(2005). 
1437 



51. A. Albert, D. J. Brown, and H. C. S. Woon, J. Chem. Soc., 2066 (1966). 
52. S. E. Forman, J. Org. Chem., 29, 3323 (1964). 
53. N. R. Barot, J. A. Elvidge, and J. Chem. Soc., Perkin Trans. 1, 1009 (1972). 
54. Yu. S. Andreichikov and D. D. Nekrasov, USSR SU 914556 (1982); Chem. Abstr., 97, 127658 (1982). 
55. H. Brachvitz, East Ger. Pat. 64968 (1968); Chem. Abstr., 71, 81423 (1969). 
56. R. G. Kurmangalieva, S. F. Khalilova, and I. A. Poplavskaya, Deposited Doc., 4221 (1983); Chem. 

Abstr., 102, 45879 (1985). 
57. K. Harsanyi, C. Gonczi, G. Horvath, and D. Karbonits, Chem. Ber., 105, 805 (1972). 
58. L. G. Frohlich, P. Kotsonis, H. Traub, S. Taghavi-Moghadam, N. Al-Masoudi, H. Hofmann, H. Strobel, 

H. Matter, W. Pfleiderer, and H. H. H. W. Schmidt, J. Med. Chem., 42, 4108 (1999). 
59. M. H. Gezginci, A. R. Martin, and S. G. Franzblau, J. Med. Chem., 44, 1560 (2001). 
60. H. Foks and M. Janowiec, Pol. J. Pharmacol. Pharm., 29, 61 (1977). 
61. M. A. Aron and J. A. Elvidge, Chem. and Ind. (London), 1234 (1958); Chem. Abstr., 53, 9191 (1959). 
62. S. Werner-Simon and W. Pfleiderer, J. Heterocycl. Chem., 33, 949 (1996). 
63. BASF A.-G, Belg. Pat. 843299 (1976); Chem. Abstr., 87, 135421 (1977). 
64. R. Rykowski and M. Makosza, Tetrahedron Lett., 25, 4795 (1984). 
65. A. Rykowski, D. Branowska, M. Makosza, and P. van Ly, J. Heterocycl. Chem., 33, 1567 (1996). 
66. B. Al-Saieh, M. A. El-Apasery, and M. H. Elnagdi, J. Chem. Res., 578 (2004). 
67. S. Buscemi, A. Pace, A. P. Piccionello, G. Macaluso, N. Vivona, D. Spinelli, and G. Giorgi, J. Org. 

Chem., 70, 3288 (2005). 
68. F. Sumera, A. Rouzic, D. Raphalen, and M. Kerfanto, J. Heterocycl. Chem., 24, 793 (1987). 
69. A. Ostrogovich and I. Cadariu, Gazz. Chim. Ital., 73, 149 (1943). 
70. C. Grundmann and V. Mini, J. Org. Chem., 29, 678 (1964). 
71. A. A. Chesnyuk, S. N. Mikhailichenko, L. D. Konyushkin, S. I. Firgang, and V. N. Zaplishnii, Izv. 

Akad. Nauk, Ser. Khim., 1845 (2005). 
72. D. Kitan, M. Trkovnik, J. Zmitek, B. Stanovnik, and M. Tisler, Vestn. Slov. Kem. Drus., 34, 217 (1987); 

Chem. Abstr., 108, 186701 (1988). 
73. V. V. Bakharev, A. A. Gidaspov, and E. V. Peresedova, Khim. Geterotsikl. Soedin., 1263 (2006). 

[Chem. Heterocycl. Comp., 42, 1096 (2006)]. 
74. K. Tabei, E. Kawashima, and T. Kato, Chem. Pharm. Bull., 27, 1842 (1979). 
75. R. R. Gataulin and I. B. Abdrakhmanov, Zh. Org. Khim., 43, 728 (2007). 
76. P. J. Harper and A. Hampton, J. Org. Chem., 37, 795 (1972). 
77. P. Moya, M. Castillo, E. Primo-Yufera, F. Couillaud, R. Matinez-Manez, M. Garcera, M. A. Miranda, 

J. Primo, and R. Martinez-Pard, J. Org. Chem., 62, 8544 (1997). 
78. Y. Nishimura and T. Kitahara, Heterocycles, 52, 553 (2000). 
79. D. L. J. Clive and S. Hisaindee, J. Org. Chem., 65, 4923 (2000). 
80. B. Karadogan and P. J. Parsons, Tetrahedron, 57, 8699 (2001). 
81. P. J. Parsons, B. Karadogan, and J. A. Macritchie, Synlett, 257 (2001). 
82. Y. Nishimura, K. Ishigami, and T. Kitahara, Heterocycles, 61, 481 (2003). 
83. H. Yamashita, N. Minami, K. Sakakibara, and S. Kobayashi, M. Ohno, Chem. Pharm. Bull., 36, 469 

(1988). 
84. K. Eiter, K.-F. Hebenbrock, and H. J. Kabbe, Liebigs Ann. Chem., 765, 55 (1972). 
85. M. S. Amine, Egypt. J. Chem., 40, 231 (1997); Chem. Abstr., 127, 331444 (1997). 
86. E. A. Kassah, M. A. El-Hasbash, F. M. A. Soliman, and R. S. Ali, Egypt. J. Chem., 44, 169 (2001); 

Chem. Abstr., 137, 125128 (2002). 
87. A. M. F. Eissa, Egypt. J. Chem., 44, 345 (2001); Chem. Abstr., 136, 263106 (2002). 
88. F. D. King and R. T. Martin, Tetrahedron Lett., 32, 2281 (1991). 
 
1438 



89. E. Arora, L. Edwards, I. Methwin, A. Kers, K. Staaf, A. Slassi, T. Stefanac, D. Wensbo, and T. Xin, 
B. Holm, PCT Int. Appl. WO Pat. 200580386 (2005); Chem. Abstr., 143, 266955 (2005). 
90. E. Biekert and H. Koessel, Liebigs Ann. Chem., 662, 83 (1963). 
  91. K. C. Fylaktakidou, K. E. Litinas, A. Saragliadis, S. G. Adamopoulos, and D. N. Nicolaides, J. 

Heterocycl. Chem., 43, 579 (2006). 
  92. N. E. Alexandrou and D. N. Nicolaidas, J. Chem. Soc. (C), 2319 (1969). 
  93. J. A. Durden, Jr. and A. P. Kurtz, Jr., US Pat. 4235902 (1980); Chem. Abstr., 94, 192355 (1981). 
  94. I. Hermercz, I. Szilagyi, L. Orfi, J. Koekoesi, and G. Szasz, J. Heterocycl. Chem., 30, 1413 (1993). 
  95. P. Pace, M. E. Di Francesko, C. Gardelli, S. Harper, E. Muraglia, E. Nizi, F. Orvieto, A. Petrocchi, 

M. Poma, M. Rowley, R. Scarpelli, R. Laufer, O. G. Paz, E. Monteagudo, F. Bonelli, D. Hazuda, 
K. A. Stillmock, and V. Summa, J. Med. Chem., 50, 2225 (2007). 

  96. C. Gardelli, E. Nizi, E. Muraglia, B. Crescenzi, M. Ferrara, F. Orvieto, P. Pace, G. Pescatore, M. Poma, 
M. R. R. Ferreira, R. Scarpelli, C. F. Homnick, N. Ikemoto, A. Alfieri, M. Verdirame, F. Bonelli, 
O. G. Paz, M. Taliani, E. Monteagudo, S. Pesci, R. Laufer, P. Felock, K. A. Stillmock, D. Hazuda, 
M. Rowley, and V. Summa, J. Med. Chem., 50, 4953 (2007). 

  97. D. Sakai and K. Watanabe, PCT Int. Appl. WO Pat. 200935159 (2009); http://ep.expanet.com/ WO 
200935159. 

  98. H. Bartsch, T. Erker, and G. Neubauer, Monatsh. Chem., 120, 81 (1989). 
  99. R. D. Groneberg, J. Zhan, B. Askew, D. D'Amico, N. Han, C. H. Fotsch, Q. Liu, R. Riahi, J. Zhu, 

K. Yang, J. J. Chen, and R. Nomak, PCT Int. Appl. WO Pat. 200492164 (2004); Chem. Abstr., 141, 
379814 (2004). 

100. H. Zinnes, R. A. Comes, and J. Shavel, Jr., J. Heterocycl. Chem., 5, 875 (1968). 
101. V. Cechetti, A. Fravolini, F. Schiaffella, M. De Regis, G. Orzalesi, and I. Volpano, Farmaco, 38, 35 

(1983). 
102. L. Legrand and N. Lozach, J. Heterocycl. Chem., 21, 1615 (1984). 
103. G. I. Roslaya, Khim. Geterotsikl. Soedin., 483 (1968). [Chem. Heterocycl. Comp., 4, 325 (1968)]. 
104. V. Turkevich, Dopovidi Akad. Nauk Ukrain. RSR, Ser. B, 3, 376 (1966); Chem. Abstr., 64, 19600 

(1966). 
105. P. Wagner and H. Jensen, Ger. Pat. 2337448 (1975); Chem. Abstr., 82, 171003 (1975). 
106. M. M. Campbell and S. J. Ray, J. Chem. Soc., Chem. Commun., 665 (1980). 
107. J. E. Powell, US Pat. 4061749 (1977); Chem. Abstr., 88, 62405 (1978). 
108. M. Muehlstaedt, East Ger. Pat. 156908 (1982); Chem. Abstr., 98, 143440 (1983). 
109. A. I. Kiprianov and T. M. Verbovskaya, Zh. Obshch. Khim., 31, 531 (1961). 
110. C. Finzi and G. Leandri, Gazz. Chim. Ital., 80, 307 (1950). 
111. J. Kosary and K. Polos, Pharmazie, 48, 143 (1993). 
112. G. Kollenz and P. Sneider, Z. Naturforsch., 39b, 384 (1984). 
113. J. A. Durden, Jr., US Pat. 4003897 (1977); Chem. Abstr., 86, 171481 (1977). 
114. J. A. Durden, Jr., and A. P. Kurtz, Ger. Pat. 2462797 (1979); Chem. Abstr., 91, 157747 (1979). 
115. I. Szabadkai, K. Harsanyi, M. Bihari, M. Renyei, and G. Racz, J. Chem. Soc., Perkin Trans. 1, 2833 

(1998). 
116. A. I. Kiprianov and T. M. Verbovskaya, Zh. Obshch. Khim., 32, 3703 (1962). 
117. A. I. Kiprianov and T. M. Verbovska, Dopovidi Akad. Nauk Ukrain. RSR, 924 (1962); Chem. Abstr., 58, 

1445 (1963). 
118. L. K. Kayukova, I. A. Poplavskaya, E. I. Khokhlova, and R. U. Nysanbaeva, Izv. Akad. Nauk Resp. 

Kaz., Ser. Khim., 80 (1993); Chem. Abstr., 123, 33030 (1995). 
119. U. Petersen, H. Heitzer, and K. G. Metzger, Ger. Pat. 2251684 (1974); Chem. Abstr., 81, 25700 (1974). 
120. U. Petersen and H. Heitzer, Liebigs Ann. Chem., 944 (1973). 
 

1439 



121. M. G. Garda, R. Madronero, C. Ochoa, M. Stud, and W. Pfleiderer, An. R. Acad. Farm., 42, 327 (1976); 
Chem. Abstr., 86, 155616 (1977). 
122. P. Goya and M. Stud, J. Heterocycl. Chem., 15, 253 (1978). 
123. V. J. Aran, A. G. Bielsa, J. R. Ruiz, and M. Stud, J. Chem. Soc., Perkin Trans. 1, 643 (1986). 
124. G. Heinisch, G. Luszczak, and M. Pailer, Monatsh. Chem., 104, 1372 (1973). 
125. G. Heinisch and W. Holzer, Tetrahedron Lett., 31, 3109 (1990). 
126. G. Heinisch, W. Holzer, T. Langer, and P. Lukavsky, Heterocycles, 43, 151 (1996). 
127. H. Goncalves, C. Foulcher, and F. Mathis, Bull. Soc. Chim. Fr., 2615 (1970). 
128. G. G. Danagulyan, N. G. Balasanyan, and P. B. Teren’tev, Khim. Geterotsikl. Soedin., 1644 (1989). 

[Chem. Heterocycl. Comp., 25, 1369 (1989)]. 
129. R. Plate, C. G. J. Jans, M. J. M. Plaum, and T. de Boer, Bioorg. Med. Chem., 10, 1143 (2002). 
130. W. E. Hahn and Z. Cibulska, Polish J. Chem., 69, 305 (1986). 
131. M. Martinez-Ripoll and H. P. Lorenz, Acta Crystallogr., B29, 2260 (1973). 
132. M. Martinez-Ripoll and H. P. Lorenz, Acta Crystallogr., B30, 793 (1974). 
133. A. S. Abushamleh, A. F. Shihada, and F. Weller, Heterocycles, 60, 2123 (2003). 
134. M. Mojzych, Z. Kasczmarzyk, A. Fruzinski, and A. Rykowski, Analytical Sciences: X-Ray Structure 

Analysis [on-line computer file, http://www.jstage.jst.go.jp/article/analascix/23/x205/pdf], 23, x205, 
(2007); Chem. Abstr., 149, 576514 (2008). 

135. A. S. Abdushamleh, M. E. El-Abadelah, and C. M. Mossmer, Heterocycles, 53, 1155 (2000). 
136. A. S. Abdushamleh, M. E. El-Abadelah, and C. M. Mossmer, Heterocycles, 53, 1737 (2000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1440 


	Chemistry of Heterocyclic Compounds, Vol. 45, No. 12, 2009
	E. Abele1*, R. Abele1, and E. Lukevics1†



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


