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OXIMES OF FIVE-MEMBERED
HETEROCYCLIC COMPOUNDS WITH
THREE AND FOUR HETEROATOMS
2.*SYNTHESIS OF DERIVATIVES,
REACTIONS, AND BIOLOGICAL
ACTIVITY (REVIEW)

E. Abele, R. Abele, and E. Lukevics

Data on the reactions of triazole, tetrazole, dioxazole, oxadiazole, and thiadiazole aldoximes, ketoximes,
and amidoximes, their synthesis, and the reactions of their derivatives are reviewed. The synthesis of
new heterocycles based on the oximes of five-membered heterocyclic compounds with three and four
heteroatoms is examined separately. The principal results from investigation of the biological activity of
ethers of these oximes are also presented.
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The oximes of five-membered heterocyclic compounds with three and four heteroatoms are widely used
as intermediates in fine organic synthesis. In the review [1] we examined methods for their production and
features of their structure. In the present article we discuss the reactions of triazole, tetrazole, dioxazole,
oxadiazole, and thiadiazole aldoximes, ketoximes, and amidoximes and their derivatives. Methods for the
synthesis of new heterocyclic systems from derivatives of these oximes are discussed in a separate section. In
the last section of the review some results from investigation of the biological activity of the ethers of these
oximes are presented.

1. CHEMICAL TRANSFORMATIONS OF THE OXIMES OF FIVE-MEMBERED HETEROCYCLIC
COMPOUNDS WITH THREE AND FOUR HETEROATOMS
1.1. Synthesis of O-Derivatives of the Oximes

1.1.1. O-Ethers of Triazole Oximes. The principal method for the production of the ethers of triazole
oximes is alkylation with alkyl halides in the K,CO3;/DMF [2], K,CO3/MeCN [3], NaOH/Buy,NI/PhMe [4], and

NaOH/PhCH,/Me;N'OH /PhMe [5] systems. In addition, the O-ethers of triazole oximes have been

*For Communication 1, see [1].
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obtained from the carbonyl derivatives and O-alkyl derivatives of hydroxylamines (or their hydrochlorides) in
pyridine/ethanol [6], aqueous ammonium acetate [7], or K,CO;3;/MeOH system [8].

A four-stage method was developed for the synthesis of the O-ethers derivatives of triazole dioximes,
used as plant growth regulators. The oxime O-ether 1 reacts with the sodium salt of triazole with subsequent
alkylation of the ketone group at the o position. Reaction of the intermediate with hydroxylamine and acylation
with propionic anhydride gives the O-ether 2 as the only product [9].
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The sodium salts of triazole oximes 3 react readily with RR',SnCl, forming the fungicidal O-tri-
alkylstannyl oximes 4 [10]. At room temperature without a solvent N-trimethylsilyltriazole (5) and N,N-bis-
(silyloxy)enamines, which are formal B-carbon electrophiles, form a mixture of two isomeric O-trimethylsilyl
oximes 6 and 7 with a total yield of up to 100% [11].
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1.1.2. O-Ethers of Tetrazole Oximes. The O-cthers of tetrazole oximes are produced in the reactions of
the respective oximes with alkyl halides in the NaH/DMF system [12].

Subsequent reaction of the oxime O-ether 8 with CICO,Et, dimethylaniline in CH,Cl,, and the tetrazole
derivative 9 leads to the formation of the tetrazole oxime O-methyl ether 10 with a yield of 78% [13].
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Several papers have been devoted to synthesis of the ethers of tetrazole oximes with the tetrazole
fragment in the O-alkyl chain [14-16]. Thus, the reaction of the O-(3-cyanopropyl) oximes 11 in the
Me;SiN3/Bu,SnO/toluene system at 100°C leads to the O-[3-(5-tetrazolyl)propyl] oximes 12 with yields of
39-43% [16].
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1.1.2. O-Ethers of Oxadiazole and Thiadiazole Oximes. O-Acylated 1,2,4-oxadiazoles were obtained
in the reaction of the corresponding oximes in a system with an acylating agent such as
CIP(=S)(OR;)/NaHCO5/Bu;N [17] or 1,4-diazabicyclo[2.2.2]octane/CH,CI, [18].

The oxime O-ethers 15 with a 1,2,4-oxadiazole fragment in the O-alkyl chain were obtained by the
reaction of two molecules of the nitrile oxides 13 with 1-chloroalkyl isocyanates 14 in the presence of
triethylamine [19]. The product 15 is formed through a [3+2] cycloaddition stage.
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cl 0
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1,3,4-Oxadiazole O-alkyl oxime fragments are present in cephalosporin antibiotics. The reaction of
2-mercapto-5-phenyl-1,3,4-oxadiazole 16 with the oxime ether 17 in the presence of POCI; gives the O-ether
18, which is an intermediate in the synthesis of antibiotics [20].
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The O-ethers of furazan oximes are usually obtained by alkylation of the corresponding oximes with
alkyl halides in the presence of alkali. Thus, during the alkylation of 4-aminofurazan-3-carboxamide oxime with
methyl iodide in the presence of alkali the corresponding O-methyl ether is formed as the only product [21].
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3,4-Dihydro-2H-pyran can also be used for alkylation. Its addition to the hydroxyl group of the oxime 19 in an
acidic medium (methanesulfonic acid) followed by alkaline hydrolysis of the ester group gives the
O-(tetrahydro-2H-pyran-2-yl) oxime 20 with a yield of 49% [22].
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The reaction of the amidoxime of 4-aminofurazan-3-carboxylic acid (21) with lead dioxide leads to the
formation of a mixture of three products 22-24, one of which is the O-acetyl derivative 22 [23].
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The O-ethers of thiadiazole oximes are widely used as intermediates in the synthesis of cephalosporin
antibiotics [24-30]. The reaction of the ether 25 with potassium thiocyanate followed by hydrolysis gives the
1,2,4-thiadiazole O-alkyl oxime 26 [25].
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In a basic medium the pyridinium salt 27 reacts readily with nitrosodimethylaniline, forming the oxime
ether 28 [31].
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1.2. Transformations of the Oxime Group

In the presence of Ac,O [32, 33] or SOCL/DMF [22] 1,2,5-thia- and 1,2,5-oxadiazole aldoximes are
converted into nitriles. The degree of dehydration of diformylfuroxan dioxime 29 depends substantially on the
conditions under which it is performed [34]. In the presence of an excess of SO,Cl at 25-40°C compound 29 is
converted into 4-cyanofuroxan-3-carboxamide 30. At increased temperature (50-60°C) and with a shorter
reaction time (5 min) the formation of a mixture of isomeric mononitriles 31 and 32 is observed. In boiling
thionyl chloride the dinitrile 33 is formed.
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Reaction of the nitrolic acid 34 with N,O, in chloroform at 60°C also leads to a nitrile 35. At 45°C the
furoxandinitrolic acid 36, produced from furoxan dialdoxime and N,O, in the N,0O,/dioxane system, forms
4-cyano-3-nitrofuroxan 37. At higher temperature (70°C) the more stable isomer 38 is formed [35-37].
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The reaction of 1,2,4-oxadiazole amidooximes39 with sodium nitrite in hydrochloric and hydrobromic
acids gives the corresponding halogen derivatives 40 with yields of 61-68% [38]. However, direct bromination
of the amidoxime 41 in a solution of sulfuric or hydrobromic acid leads to a mixture of two compounds — the
amide 42 and the bromide 43. If this reaction is carried out in hydrochloric acid the chloro oxime 43 (X = Cl) is
obtained [21].
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The reactions of oxadiazole halo oximes with various nucleophilic reagents have been widely
investigated. Thus, in reaction with sodium azide the halogen derivatives of 1,2,4-oxadiazole-3-carbo-

hydroxamic acids 44 give the corresponding azide derivatives 45 [39]. 1,2,5-Oxadiazole chloro oximes react in a
similar way [40].

NOH NOH

R=H, CF;; X=CI, Br

In the reaction of 4-aminofurazan-3-carbohydroxamoyl halides 46 with amines the corresponding
Z-isomers of amidoximes are formed. N,N-Disubstituted Z-amidoximes 47 are unstable and readily isomerize to
the E-amidoximes 48. When heated in the presence of alkali these products rearrange with opening of one
furazan ring and closure of the other and form the N-substituted aminofurazans 49. For N-monosubstituted
amidoximes 50 under the conditions of the rearrangement the equilibrium is displaced toward the Z-isomer of
50. The reaction products 49 and 52 were isolated with yields of 65-92% [41]. Similar rearrangements of

furazan amidoximes in an alkaline medium were examined in detail in the review [42] and in a series of
publications (e.g., [43, 44]).
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Reaction of the chloro oxime 53 with phenylhydrazine in the NaHCOs;/H,O/Et,O system gives the
amidrazone 54 (yield 50%) instead of the expected hydrazine oxime [45, 46].
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The synthesis and reactivity of the amino derivatives of 1,2,5-oxadiazole oximes were studied in detail
by the authors of [40]. Thus, under diazotization conditions the chloro oxime 55 gives the diazonium salt 56,
which is then transformed into the dioxime 57. It is interesting that treatment of the intermediate 56 with an
aqueous solution of sodium azide leads to the oxadiazole 58 with a yield of 87%. Substitution of the chlorine by
azide hardly occurs at all on account of the small equilibrium concentration of azide ion in the acidic medium.
The azido oxime 59 is oxidized by potassium permanganate in 20% aqueous hydrochloric acid, forming the
dicyanoazofurazan 60 with a yield of 39%.
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Nitration of the triazole oxime 61 in the HNOs/H,SO, system leads to the formation of two nitro
products 62 and 63 [47].
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In an aqueous solution of sodium hydroxide the mono-O-acetyloximes of benz[1,2,5]oxadiazole- and
benzo[1,2,5]thiadiazole-4,5-diones 64 and 65 form the oxa- and thiadiazoles 66 and 67 respectively as a result of
hydrolysis and a Beckmann rearrangement [48].
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1.3. Synthesis of New Heterocyclic Systems from Five-Membered Heterocyclic Compounds with Three
and Four Heteroatoms

Recent advances in the synthesis of heterocyclic systems from oximes were reviewed in [49]. In this
section specific reactions involving cyclization of the oximes of five-membered heterocyclic compounds with
three and four heteroatoms will be set out in greater detail.
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The reaction of 5-hydroxyimino-4-oxo0-4,5,6,7-tetrahydrobenzofurazan or furoxan 68 with ethyl acetate
or acetoacetic ester leads to the formation of indoles 69 with yields of 46-69% [50]. The reaction of compounds
68 with aldehydes (acetaldehyde and propionaldehyde) and morpholine gives tetrahydroindoles 70 with yields
of 70-82% [51, 52].

The reaction of the triazole amidoxime 71 with sodium ethoxide followed by treatment of the reaction
mixture with an alcohol solution of an ester gives 1,2,4-oxadiazoles, which then rearrange in the presence of
sodium hydride to the pyrazoles 72 [53].
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The hydrazine derivatives of oxadiazole oximes 73 and aldehydes in an acidic medium undergo
cyclization with the formation of triazoles 74 [54].

H
—N
NOH N
Ar_ arg s L p—ar
N \ NHNH, Ar'CHO, H,SO,, MeCN N { N
N. o > N\O 0"
0]
73 74 45-92%

Ar = Ph, 4-MeOC H,, 4-EtOC(H,; Ar! = Ph, 4-MeOC H,, 4-CICH,, Het

Triazoles are also produced during the rearrangement of oxadiazole oximes. Thus, the rearrangement of
the amidrazone 75 in the presence of copper powder at the melting point of the substance without a solvent leads
to the formation of the triazole 76 with a yield of 50% [45, 46]. The thermal reaction of the oxime 77 in a sealed
tube at 195-205°C gives 8-cyanotriazolo[1,5-a]pyridine 78 with a yield of 37% [55]. The triazole oxime 79 in
PPA at 70-80°C gives the tricyclic compound 80 with a yield of 21% [56].
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In an acidic medium oxadiazole azidoximes undergo cyclization to tetrazole derivatives [39, 40, 57].
Thus, Z—E-isomerization of the azidoximes 81, which takes place readily during the action of hydrogen chloride
in ether, leads to closure of the tetrazole ring 82 [39].
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A series of methods have been described for the synthesis of isoxazole derivatives from oxadiazole halo
oximes and alkenes or alkynes [58, 59]. In the presence of a base (NaHCO;) the bromo oxime 83 gives a nitrile
oxide, which enters readily into cycloaddition with alkenes or alkynes and forms dihydroisoxazole 84 or
isoxazole 85 respectively [58]. A furoxan nitrile oxide was successfully generated by the thermal reaction of the
nitrolic acid 86 in boiling benzene. Its reaction with phenylacetylene gives the isoxazole 87 with a yield of 60%
[60].
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In an acidic medium the 1,2,4-oxadiazole oximes 88 rearrange and form isoxazole amides 89 [61]. In the
presence of a base the oxime 90 undergoes cyclization to the isoxazolone 91 [62].

Ph NHCOR
N HCI, EtOH
\ ’ \
R/« _N NOH — / _N
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The cyclization of triazole oximes 92 takes place in boiling phosphorus oxychloride with the formation
of isoxazolo[4,5-b]quinoxalines 93 with yields of 76-91% [63, 64].
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The reaction of 1,2,4-oxadiazole oxime 94 with triethyl orthoformate in the presence of boron trifluoride
etherate at 100°C leads to the formation of the 1,2,4-oxadiazolyl-1,2,4-oxadiazole derivative 95 with a yield of 86%
[38]. Similar closure in the case of the tetrazole oxime 96 leads to a 1,2,4-oxadiazole ring 97 [65].
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In the presence of an aldehyde, an acidic catalyst, and trifluoroacetic or trichloroacetic anhydride
respectively 1,2,3- [66], 1,2,4- [67, 68], and 1,2,5-oxadiazole [69] amidoximes also form a new 1,2,4-oxadiazole
ring.
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Thermolysis of 1,2,4-oxadiazole amidoximes 98 in para-xylene gives quantitative yields of 1,2,4-oxa-
diazoles 99 [70, 71].
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The rearrangement of 1,2,4-oxadiazole amidoximes, leading to the amino derivatives of furazans, was
described in detail in the review [42] and in numerous articles such as [46, 72, 73]. Thus, in aqueous ammonia
the amidoxime 100 gives the furazan 101 with a yield of 40% [72].
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The reaction of 3,4-di(hydroxyiminomethyl)furoxan 102 with hydroxylamine hydrochloride gives
4,4'-diamino-3,3'-bifurazan 103 [74]. Cyclization of the tetrazole 104 [75] or furazan 105 [76] dioximes during

the action of cyanogen bromide or in the presence of AcONa/Ac,O also leads to the formation of furazan
derivatives 106 and 107 respectively.
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The bi-1,2,5-thidiazoles 109 were obtained by the cyclization of 1,2,5-thiadiazole ketoximes 108 in
reaction with S4N, SbF5 in boiling toluene [77]. 3,3":4'3"-Ter-1,2,5-thiadiazole was obtained in a similar way
from thiadiazole dioxime [78].

/S\
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1 \ | 1
RJS—(R S,N,*SbCl,, PhMe, 100°C K
> s c,

/ \ 434 5 _ R / \

N\S/N N\S/N
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The reaction of the chloro oxime 110 with sodium thiocyanate leads to the formation of a derivative of
4,1,2-thiaoxazole 111 with a yield of 59% [79].
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Triazole and oxadiazole oximes were also used for the synthesis of six-membered heterocyclic
compounds. Thus, with liquid N,Oy in ether the furazan dioximes 112 undergo cyclization with the formation of
a furazanol[3,4-d]pyridazine ring 113 [80].
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Cyclization of the triazole oxime 114 in the orthoether/Fe/AcOH system gives 1,2,4-triazolo[3,4-f]-
triazines 115 with yields of 47-56% [64]. Photoirradiation of the triazole oximes 116 leads to cleavage of the N—
N bond and rearrangement to the triazine oximes 117 [81].
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The reaction of the aminomethyl oxime hydrochloride 118 with formaldehyde leads to the oxadiazines
119 [82]. Under the influence of triethylamine the halo oximes 120 form the nitrile oxides, which dimerize to

1,4,2,5-dioxadiazine 121 [79, 83].
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2. BIOLOGICAL ACTIVITY OF THE OXIME ETHERS OF FIVE-MEMBERED HETEROCYCLIC
COMPOUNDS WITH THREE AND FOUR HETEROATOMS

2.1. Bactericidal and Cytotoxic Activities

Antibacterical agents based on thiadiazole and tetrazole oximes Ceftobiprole Medocaril 122, Cefclidin
123, Cefozopran 124, Cefuzonam 125, Cefteram 126, and Cefmenoxime 127 have found widespread applications
[84-86]. In addition to these widely used products, it is necessary to mention the very wide range of patents and
publications devoted to cephalosporin antibiotics containing hydroxyimino fragments, 1,2,4-thia-diazole [87-
147] and tetrazole [148-156] fragments, and also triazole [157, 158], 1,2,4-oxadiazole [159, 160], 1,3,4-
oxadiazole [161, 162], 1,2,3-thiadiazole [163, 164], and 1,3,4-thiadiazole [165-167] fragments.
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1,2,5-Oxadiazole amidoximes exhibited high activity against Chlamydia pneumoniae [168].
Fluoreno[2,3-d]-1,2,3-triazoles 128 and 129 inhibit various kinases. These compounds were tested as
antitumor agents [169].

OH OH
/ N/
N
\ \
CIUL (XX
N X
N/ \N/
1 1
R 128 R 129

X=0,S;R,R!'=H, Alk, Cl, Br
The oximes 12, which have a tetrazole fragment in the O-alkyl chain, were investigated as cytotoxic
agents on tumor cells [15].
2.2. Action on the Cardiovascular System

The oximes 130 were studied as antagonists of the thrombocytes activating factor and inhibitors of
thromboxane synthetase [170-173]. These compounds can be proposed for the treatment of ischemic heart
disease and other diseases associated with circulation of the blood.

R=H, Me
1,2,5-Thiadiazole oximes have exhibited f-adrenergic blocking activity [174].
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2.3. Anti-inflammatory Activity

The oximes 131, which have an oxadiazole fragment in the O-alkyl chain, exhibited anti-inflammatory
activity [175].
N—N R'
L
131

R,RI=Alk, Ph;n=1,2

2.4. Oximes of Five-Membered Heterocyclic Compounds with Three and Four Heteroatoms as
Fungicides, Pesticides, Herbicides, and Insecticides

The oxime derivatives of triazole [2, 4, 176-195], tetrazole [196, 197], oxadiazole [198-202], and
thiadiazole [203-205] have high fungicidal activity. Of these compounds it is necessary to mention specially the
oxime ethers 132, which have high fungicidal activity against Rhizoctonia solani, Botrytis cinereapers,
Gibberella zeae, Physalospora piricola, and Bipolaris mayelis [201].

R = H, Cl, Br, I, NO,, Alk, OMe

Pesticidal activity was exhibited by derivatives of triazole [206-212], tetrazole [213], oxadiazole [214,
215], and thiadiazole [216] oximes.

The literature contains data on the herbicidal activity of triazole [217-219] and tetrazole [220] oximes.
Triazole oximes have exhibited high insecticidal activity [221-227].

In addition, thiadiazole oximes have been used as agricultural microbicides [228], and the O-ethers of
triazole oximes as plant growth regulators [9, 229, 230].

2.6. Other Activities

Triazole [231], oxadiazole [232], and thiadiazole [233] oximes have been investigated as antidotes for
poisoning by organophosphorus compounds.

Triazole oximes are used as markers for cancerous disecases [234].

The oximes of dibenzo[a,e]triazolo[ 4,5-c]cycloheptanes were used for diseases associated with a
growth hormone deficiency [235].

Derivatives of oxadiazole oximes are inhibitors of elastase hydroxylase [236] and antagonists of
oxytocin receptors [237]. 1,2,5-Oxadiazole amidoximes have been proposed as modulators of indoleamine-
2,3-dioxygenase [238].

784



REFERENCES

10.
11.

12.

13.
14.

15.
16.
17.
18.
19.

20.
21.

22.

23.

24.
25.

26.
27.

28.
29.

E. Abele, R. Abele, and E. Lukevics, Khim. Geterotsikl. Soedin., 803 (2008).

W. Kraemer, H. J. Knops, K. H. Buechel, W. Brandes, and P. E. Frohberger, Eur. Pat. 28346; Chem.
Abstr., 95, 115569 (1981).

J. Kocur, H. Mildenberger, and B. Sachse, Z. Naturforsch., 37B, 902 (1982).

W. Kraemer, K. H. Buechel, H. Timmler, W. Brandes, and P. E. Frohberger, US Pat. 4309434; Chem.
Abstr., 96, 122809 (1982).

W. Kraemer, K. H. Buechel, G. Halmwood, P. Reinecke, and W. Brandes, Ger. Pat. 3407005; Chem.
Abstr., 103, 37483 (1985).

M. Z. Krimer, F. Z. Makaev, Yu. B. Kalyan, V. P. Tashchi, and Yu. G. Putaikin, /Izv. Akad. Nauk, Ser.
Khim., 2082 (1993).

H. L. Elbe, K. H. Buechel, P. E. Frohberger, W. Brandes, and K. Luerssen, Ger. Pat. 3116888; Chem.
Abstr., 98, 107300 (1983).

H. Emami and A. Shafiee, Tetrahedron, 61, 2649 (2005).

C. Rentzea, W. Spiegler, and J. Jung, Ger. Pat. 3220183; Chem. Abstr., 101, 7161 (1984).

Q. Xie, Y. Zhu, and G. Liu, Yingyong Huaxue, 12, 74 (1995); Chem. Abstr., 124, 29914 (1996).

I. V. Bliznets, A. V. Lesiv, L. M. Makarenkova, Y. A. Strelenko, S. L. Ioffe, and V. A. Tartakovskii,
Mendeleev Commun., 142 (2000).

K. Takeo, H. Kondo, H. Tsuboi, K. Akiba, A. Koiso, T. Otaguro, H. Nakayama, H. Hamano, A. Ono,
and T. Asada, PCT Int. WO Pat. 0316303; Chem. Abstr., 138, 205062 (2003).

Asahi Chemical Industry Co., Ltd., Jpn. Pat. 81133285; Chem. Abstr., 96, 162708 (1982).

D. Rakowitz, G. Heinisch, P. Lukavsky, S. Kiendler, C Trenkwalder, D. Barlocco, G. Rastelli, and L.
Constantino, J. Heterocycl. Chem., 37, 1089 (2000).

K. Rubina, E. Abele, S. Belyakov, 1. Shestakova, and Yu. Popelis, Zh. Org. Khim., 42, 751 (2006).

E. Abele, K. Rubina, S. Belyakov, M. Fleisher, and J. Popelis, Heterocycl. Comm., 12, 259 (2006).

E. Durio and S. Dugone, Gazz. Chim. Ital., 66, 139 (1936).

S. K. Kim, J. C. Lim, T. S. Kwon, B. J. Park, and W. H. Kim, Eur. Pat. 620228; Chem. Abstr., 122,
239685(1995).

M. V. Vovk, V. V. Pirozhenko, V. N. Fetyukhin, A. A. Esipenko, and E. A. Romanenko, Ukr. Khim.
Zh., 56,276 (1990); Chem. Abstr., 113, 132101 (1990).

P. B. Deshpande and P. K. Luthra, US Pat. 6384215; Chem. Abstr., 136, 355103 (2002).

V. G. Andrianov and A. V. Eremeev, Khim. Geterotsikl. Soedin., 420 (1994). [Chem. Heterocycl. Comp.,
30, 370 (1994)].

P. Tosco, M. Bertinaria, A. Di Stilo, C. Cena, G. Sorba, R. Fruttero, and A. Gasco, Bioorg. Med. Chem.,
13, 4750 (2005).

V. G. Andrianov and A. V. Eremeev, Khim. Geterotsikl. Soedin., 693 (1994). [Chem. Heterocycl. Comp.,
30, 608 (1994)].

T. Teraji, K. Sakane, and J. Goto, UK Pat. 2094794; Chem. Abstr., 98, 126100 (1983).

T. Kanai, K. Takayanagi, Y. Tanaka, A. Koiwa, S. Endo, K. Sato, S. Nomoto, and I. Sugiyama, Eur. Pat.
248434; Chem. Abstr., 108, 112466 (1988).

T. Kanai, K. Takayanagi, Y. Tanaka, A. Koiwa, S. Endo, K. Sato, S. Nomoto, and 1. Sugiyama, Jpn. Pat.
62286979; Chem. Abstr., 109, 129023 (1988).

T. Takani, K. Sakane, K. Myai, and K. Kawabata, Jpn. Pat. 91135778; Chem. Abstr., 112, 7491 (1990).
K. Sakane and T. Terasawa, Eur. Pat. 413151; Chem. Abstr., 115, 71608 (1991).

A. Terajima, T. Kato, Y. Takemoto, S. Tachibana, and Y. Konishi, Jpn. Pat. 04128277; Chem. Abstr.,
117, 171453 (1992).

785



30.
31,
32.
33.
34,
35,
36.
37.
38.
39,
40.
41.
42.
43,
44,
45,
46.
47,
48.
49.
50.

51.
52.

53.
54.
55.
56.
57.
58.

59.

786

T. Kanai, A. Imai, K. Sato, H. Shinohara, and K. Oishi, Eur. Pat. 590681; Chem. Abstr., 120, 323580
(1994).

V. G. Pepsin and E. K. Dyalenko, Khim. Geterotsikl. Soedin., 1048 (1967). [Chem. Heterocycl. Comp.,
3, 818 (1967)].

W. Remers, G. J. Gibs, and M. J. Weiss, US Pat. 3790590; Chem. Abstr., 80, 95964 (1974).

W. A. Remers, G. J. Gibs, and M. J. Weiss, J. Heterocycl. Chem., 6, 835 (1969).

E. V. Sizova, T. V. Romanova, S. F. Mel’nikova, and I. V. Tselinskii, Zk. Org. Khim., 41, 1837 (2005).
O. A. Rakitin, E. A. Khaibullina, T. I. Godovikova, V. A. Ogurtsov, and L. I. Khmelnitskii, Khim.
Geterotsikl. Soedin., 1117 (1993). [Chem. Heterocycl. Comp., 29, 952 (1993)].

0. A. Rakitin, V. A. Ogurtsov, E. A. Khaibullina, T. I. Godovikova, and L. I. Khmelnitskii, Khim.
Geterotsikl. Soedin., 1283 (1993). [Chem. Heterocycl. Comp., 29, 1099 (1993)].

O. A. Rakitin, V. A. Ogurtsov, E. A. Khaibullina, T. I. Godovikova, and L. I. Khmelnitskii, /zv. Akad.
Nauk, Ser. Khim., 1623 (1990).

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 539 (1994).
[Chem. Heterocycl. Comp., 30, 475 (1994)].

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 1700 (1989).
[Chem. Heterocycl. Comp., 25, 1419 (1989)].

I. V. Tselinskii, S. F. Melnikova, and T. V. Romanova, Zh. Org. Khim., 37, 1708 (2001).

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Zh. Org. Khim., 29, 1062 (1993).

V. G. Andrianov and A. V. Eremeev, Khim. Geterotsikl. Soedin., 1443 (1990). [Chem. Heterocycl.
Comp., 26, 1199 (1990)].

V. G. Andrianov, V. G. Semenikhina, A. V. Eremeev, and A. P. Gaukhman, Khim. Geterotsikl. Soedin.,
1701 (1988). [Chem. Heterocycl. Comp., 24, 1410 (1988)].

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 122 (1991).
[Chem. Heterocycl. Comp., 27, 102 (1991)].

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 964 (1992).
[Chem. Heterocycl. Comp., 28, 803 (1992)].

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 969 (1992).
[Chem. Heterocycl. Comp., 28, 808 (1992)].

T. P. Kofman, G. Yu. Kartseva, E. Yu. Glazkova, and K. N. Krasnov, Zh. Org. Khim., 41, 767 (2005).
V. Cere, D. Del Monte, S. Pollicino, and E. Sandri, Gazz. Chim. Ital., 105, 723 (1975).

E. Abele and E. Lukevics, Heterocycles, 53, 2285 (2000).

V. A. Samsonov and L. B. Volodarskii, Khim. Geterotsikl. Soedin., 1676 (1993). [Chem. Heterocycl.
Comp., 29, 1447(1993)].

V. A. Samsonov, Khim. Geterotsikl. Soedin., 1558 (2004). [Chem. Heterocycl. Comp., 40, 1346 (2004)].
V. A. Samsonov, L. B. Volodarskii, I. Yu. Bagryanskaya, Yu. A. Gagilov, and K. E. Lakman, Khim.
Geterotsikl. Soedin., 199 (1994). [Chem. Heterocycl. Comp., 30, 178 (1994)].

D. A. Berry, T.-C. Chien, and L. B. Towsend, Heterocycles, 63, 2475 (2004).

M.-H. Shih, M.-Y. Yeh, M.-J. Lee, and Y.-S. Su, Synthesis, 2877 (2004).

B. Vercek, . Leban, B. Stanovnik, and M. Tisler, J. Org. Chem., 44, 1695 (1979).

J. Faganeli, S. Polanc, B. Stanovnik, and M. Tisler, Croatica Chem. Acta, 48, 161 (1976).

M.-H. Shih, M.-J. Lee, and M.-Y. Yeh, J. Chin. Chem. Soc, 49, 361 (2002); Chem. Abstr., 138, 170146
(2003).

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 827 (1991).
[Chem. Heterocycl. Comp., 27, 651 (1991)].

A. B. Sheremetev, V. G. Andrianov, E. V. Mantseva, E. V. Shatunova, N. S. Aleksandrova, I. L. Yudin,
D. E. Dmitriev, B. B. Averkiev, and M. Yu. Antipin, /zv. Akad. Nauk, Ser. Khim., 569 (2004).



60.

61.
62.

63.
64.
65.
66.

67.
68.

69.
70.

71.

72.

73.

74.
75.
76.

77.
78.
79.

80.

81.
82.
83.

&4.

85.

86.
87.
88.
89.
90.
91.
92.

A. M. Gasco, A. Di Stilo, R. Fruttero, G. Sorba, A. Gasco, and P. Sabatino, Liebigs Ann. Chem., 441
(1993).

G. Ronsisvalle, F. Guerrera, and M. A. Siracusa, Tetrahedron, 37, 1415 (1981).

V. G. Andrianov, V. G. Semenikhina, D. A. Tikhomirov, and A. V. Eremeev, Khim. Geterotsikl. Soedin.,
1121 (1991). [Chem. Heterocycl. Comp., 27, 901 (1991)].

Y. Kurasawa, K. Suzuki, S. Nakamura, K. Moriyama, and A. Takada, Heterocycles, 22, 695 (1984).

Y. Kurasawa, Y. Okamoto, and A. Takada, J. Heterocycl. Chem., 22, 1715 (1985).

S. D. Shaposhnikov, S. F. Mel’nikova, and I. V. Tselinskii, Izv. Akad. Nauk, Ser. Khim., 1077 (2004).
M.-Y. Yeh, F.-F. Chan, H. J. Tien, T. Fuchhigami, and T. Nonaka, J. Chin. Chem. Soc., 36, 143 (1989);
Chem. Abstr., 111, 174042 (1989).

I. L. Knunyants, M. P. Krasuskaya, and D. P. Del’tsova, Izv. Akad. Nauk, Ser. Khim., 577 (1966).

G. I. Gregory, P. W. Seale, W. K. Warburton, and M. J. Wilson, J. Chem. Soc, Perkin Trans. 1, 47
(1973).

R. Beaudegnies and S. Wendeborn, Heterocycles, 60, 2417 (2003).

J. Plenkiewicz and T. Zdrojewski, Bull. Soc. Chim. Belg., 90, 193 (1981); Chem. Abstr., 95, 62089
(1981).

J. Plenkiewicz and T. Zdrojewski, Bull. Soc. Chim. Belg., 96, 675 (1987); Chem. Abstr., 108, 186706
(1988).

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 822 (1991).
[Chem. Heterocycl. Comp., 27, 647 (1991)].

V. G. Andrianov, A. V. Eremeev, and Yu. B. Sheremet, Khim. Geterotsikl. Soedin., 856 (1988). [Chem.
Heterocycl. Comp., 24, 707 (1988)].

A. B. Sheremetev and E. V. Mantseva, Mendeleev Commun., 246 (1996).

V. N. Yarovenko, I. V. Zavarzin, and M. M. Krayushkin, /zv. Akad. Nauk, Ser. Khim., 2159 (1991).

I. V. Tselinskii, S. F. Mel’nikova, S. V. Pirogov, and S. D. Shaposhnikov, Zh. Org. Khim., 36, 786
(2000).

K.-J. Kim and K. Kim, Heterocycles, 71, 855 (2007).

K.-J. Kim and K. Kim, Tetrahedron, 63, 5014 (2007).

V. G. Andrianov, V. G. Semenikhina, and A. V. Eremeev, Khim. Geterotsikl. Soedin., 687 (1992).
[Chem. Heterocycl. Comp., 28, 581 (1992)].

O. A. Ivanova, E. B. Averina, T. S. Kuznetsova, and N. S. Zefirov, Khim. Geterotsikl. Soedin., 1251
(2000). [Chem. Heterocycl. Comp., 36, 1091 (2000)].

S. Tanaka, K. Seguchi, K. Itoh, and A. Sera, Bull. Chem. Soc. Jpn., 69, 3533 (1996).

L. V. Tselinski, S. F. Melnikova, and S. V. Pirogov, Russ. J. Org. Chem., 33, 1760 (1997).

I. V. Tselinskii, S. F. Mel’nikova, T. V. Romanova, N. P. Spiridonova, and E. A. Dundukova, Zh. Org.
Khim., 37, 1419 (2001).

The Merck Index. An Encyclopedia of Chemicals, Drugs and Biologicals, 14th Ed., Whitehouse Station,
New York, USA (2006).

G. W. A. Milne (editor), Ashgate Handbook of Anti-infective Agents, Ashgate Publ. Comp., Vermont,
USA (2000).

Antibacterial Chemotherapeutic Agents, Blackie Acad. & Professional, UK (1997).

T. Teraji, K. Sakane, and J. Goto, Eur. Pat. 7470; Chem. Abstr., 93, 150265 (1980).

I. Csendes, B. Mueller, and R. Scartazzini, Eur. Pat. 25017; Chem. Abstr., 95, 97819 (1981).

T. Teraji, K. Sakane, and J. Goto, Eur. Pat. 42154; Chem. Abstr., 97, 127387 (1982).

T. Teraji, K. Sakane, and J. Goto, US Pat. 4332798; Chem. Abstr., 98, 4433 (1983).

T. Teraji, K. Sakane, and J. Goto, US Pat. 4381299; Chem. Abstr., 99, 57922 (1983).

T. Takaya, H. Takasugi, K. Tsuji, and T. Chiba, US Pat. 4464369; Chem. Abstr., 101, 191553 (1984).

787



93.
94.
95.
96.

97.

98.

99.

100.
101.

102.

103.
104.
105.

106.
107.
108.
109.

110.

I11.

112.
113.

114.

115.
116.

117.
118.
119.

120.
121.

122.
123.
124.

788

J. Goto, K. Sakane, and T. Teraji, J. Antibiot., 37, 557 (1984); Chem. Abstr., 101, 130466 (1984).

T. Teraji, K. Sakane, and J. Goto, Eur. Pat. 118838; Chem. Abstr., 102, 78640 (1985).

T. Teraji, K. Sakane, and J. Goto, Jpn. Pat. 6122089; Chem. Abstr., 105, 78759 (1986).

T. Nishimura, Y. Yoshimura, N. Hashimoto, and A. Miyake, Eur. Pat. 228061; Chem. Abstr., 107,
236363 (1987).

L. Saito, S. Nomoto, T. Kamiya, H. Yamauchi, I. Sugiyama, Y. Machida, and S. Negi, Eur. Pat. 189916;
Chem. Abstr., 106, 4758 (1987).

Y. Machida, S. Negi, H. Yamauchi, I. Sugiyama, T. Kamiya, S. Nomoto, and T. Kamya, Jpn. Pat.
61115087; Chem. Abstr., 106, 32700 (1987).

H. Asai, F. Nakano, S. Azeynagi, and S. Nakagawa, Jpn. Pat. 62289585; Chem. Abstr., 109, 73242
(1988).

A. Miyake, M. Kondo, and M. Fujino, PCT Int. WO Pat. 8605183; Chem. Abstr., 108, 167195 (1988).
T. Harada, E. Yoshisato, H. Imai, Y. Takano, Y. Ichikawa, and Y. Suzuki, PCT Int. WO Pat. 8805777;
Chem. Abstr., 109, 230640 (1988).

J. Dornhagen, R. Angerbauer, K. G. Metzger, and H. J. Zeiler, Eur. Pat. 284954; Chem. Abstr., 110,
94857 (1989).

S. Kashimoto, K. Tomimatsu, and A. Miyake, Eur. Pat. 304858; Chem. Abstr., 111, 114964 (1989).

K. Sakane, N. Yasuda, and S. Nishimura, Eur. Pat. 303223; Chem. Abstr., 111, 23293 (1989).

T. Kamiya, T. Naito, T. Komatsu, Y. Kai, T. Nakamura, M. Sasho, S. Negi, I. Sugiyama, K. Katsu, and
H. Yamauchi, Jpn. Pat. 01261391; Chem. Abstr., 112, 216548 (1990).

K. Sakane, N. Yasuda, and S. Nishimura, Jpn. Pat. 01279893; Chem. Abstr., 112, 216552 (1990).

J. Goto, T. Teresawa, and K. Sakane, Jpn. Pat. 02188587; Chem. Abstr., 113, 231093 (1990).

A. Miyake, H. Shimizu, and K. Naito, Jpn. Pat. 0314586; Chem. Abstr., 114, 228632 (1991).

Y. Z. Kim, H. S. Oh, J. H. Yeo, J. C. Lim, W. S. Kim, C. S. Bang, and H. J. Yim, Eur. Pat. 397511;
Chem. Abstr., 114, 228628 (1991).

T. Kamiya, T. Naito, Y. Komatsu, Y. Kai, T. Nakamura, M. Sasho, S. Negi, I. Sugiyama, K. Katsu, and
H. Yamauchi, Eur. Pat. 333154; Chem. Abstr., 113, 23518 (1990).

A. Miyake, Y. Yoshimura, M. Yamaoka, T. Nishimura, N. Hashimoto, and A. Imada, J. Antibiot., 45,
48163 (1992); Chem. Abstr., 117, 48163 (1992).

K. Sakane, K. Kawabata, and Y. Inamoto, Jpn. Pat. 03255087; Chem. Abstr., 116, 151438 (1992).

K. Tanaka, M. Sutani, M. Komatsu, K. Tsuchida, A. Saito, K. Hayashi, H. Kanna, K. Yonezawa,
S. Minami, and Y. Watanabe, Jpn. Pat. 05155890 ; Chem. Abstr., 119, 249787 (1993).

K. Sakane, H. Yamanaka, and Y. Ogawa, PCT Int. WO Pat. 9221683; Chem. Abstr., 118, 212758
(1993).

H. Yamanaka, T. Ogawa, and K. Sakane, Jpn. Pat. 04270290; Chem. Abstr., 118, 212759 (1993).

K. Tanaka, M. Komatsu, H. Egawa, K. Moriyama, Y. Watanabe, and K. Momoi, Jpn. Pat. 04283586;
Chem. Abstr., 118, 191429 (1993).

M. Sendai and Y. Ishibashi, Jpn. Pat. 06100568; Chem. Abstr., 121, 108370 (1994).

A. Miyake and M. Nakao, Jpn. Pat. 06128268; Chem. Abstr., 121, 300664 (1994).

S. Hayhashi, Y. Kurita, A. Mizutani, E. Nakanishi, and M. Okunishi, Eur. Pat. 641797; Chem. Abstr.,
122, 265170 (1995).

M. Sendai, M. Nakao, and Y. Ishibashi, Jpn. Pat. 07179474; Chem. Abstr., 123, 285638 (1995).

Y. Kai and S. Chiku, J. Labelled Comp. Radiopharm., 34, 1069 (1994); Chem. Abstr., 122, 132800
(1995).

A. Miyake and M. Nakao, Jpn. Pat. 07173169; Chem. Abstr., 123, 313629 (1995).

A. Miyake and M. Nakao, Jpn. Pat. 07101960; Chem. Abstr., 123, 227903 (1995).

N. Koo, A. Kojima, and H. Fukuda, Jpn. Pat. 06298770; Chem. Abstr., 122, 160365 (1995).



125.
126.

127.

128.
129.

130.

131.

132.

133.

134.

135.

136.

137.
138.

139.
140.

141.
142.

143.
144.

145.
146.
147.
148.
149.
150.
151.
152.

153.
154.

N. Koo, A. Kojima, and H. Fukuda, Jpn. Pat. 06263766; Chem. Abstr., 122, 187253 (1995).

J. H. Kim, S. H. Kim, G. S. Nam, H. Y. Kim, H. J. Son, and E. S. Jang, PCT Int. WO Pat. 9532210;
Chem. Abstr., 124, 145746 (1996).

A. Miyake, K. Okonogi, and T. Ishikawa, PCT Int. WO Pat. 9623798; Chem. Abstr., 125, 247474
(1996).

H. Tawada, A. Myake, and T. Iwahi, Jpn. Pat. 0659669; Chem. Abstr., 124, 342985 (1996).

H. Yamauchi, I. Sugiyama, I. Saito, S. Nomoto, T. Komiyama, Y. Machida, and S. Negi, Jpn. Pat.
61137890; Chem. Abstr., 106, 4757 (1987).

E. Umemura, T. Kudo, Y. Sato, H. Takizawa, K. Amano, K. Atsumi, and K. Iwamatsu, Jpn. Pat.
08245632; Chem. Abstr., 126, 18715 (1997).

Y. Nishitani and K. Ishikura, PCT Int. WO Pat. 9737996, Chem. Abstr., 127, 346232 (1997).

G. Ascher and J. Ludescher, PCT Int. WO Pat. 9635692; Chem. Abstr., 126, 47035 (1997).

P. Angehrn, P. Hebeisen, 1. Heinze-Krauss, and M. Page, Eur. Pat. 831093; Chem. Abstr., 128,
357281(1998).

P. Angehrn, P. Hebeisen, I. Heinze-Krauss, M. Page, and V. Runtz, Eur. Pat. 849269; Chem. Abstr.,
129, 81623 (1998).

K. Kobayashi, E. Umemura, K. Atsumi, and T. Ida, PCT Int. WO Pat. 9635985; Chem. Abstr., 129,
81632(1998).

T. Ishikawa, S. Hashiguchi, and Y. lizawa, PCT Int. WO Pat. 9932497; Chem. Abstr., 131, 73504
(1999).

Y. Nishitani, H. Itani, and T. Irie, PCT Int. WO Pat. 0032606; Chem. Abstr., 133, 30627 (2000).

P. Hebeisen, 1. Heinze-Krauss, and H. Richter, PCT Int. WO Pat. 0032605; Chem. Abstr., 133, 17325
(2000).

P. Hebeisen, C. Hubschwerler, and J. Specklin, US Pat. 6232306; Chem. Abstr., 134, 340393 (2001).

T. Ishikawa, Y. Nakayama, M. Tomimoto, S.-I. Niwa, K. Kamiyama, S. Hashiguchi, Y. lizawa,
K. Okonogi, and A. Miyake, J. Antibiot., 54, 364 (2001); Chem. Abstr., 135, 61160 (2001).

P. Hebeisen, H. Hilpert, and R. Humm, PCT Int. WO Pat. 0190111; Chem. Abstr., 136, 5852 (2002).

G. Ascher, W. Heilmayer, M. Schranz, and J. Wieser, PCT Int. WO Pat. 20047505; Chem. Abstr., 140,
128191 (2004).

G. Ascher and T. Thirring, PCT Int. WO Pat. 200467536; Chem. Abstr., 141, 190629 (2004).

H. Yoshizawa, K. Yokoo, T. Nomura, T. Ohara, K. Ishikura, and Y. Nishitani, Heterocycles, 63, 1757
(2004).

H. Yoshizawa, T. Kubota, H. Itani, H. Ishitobi, H. Miwa, and Y. Nishitani, Biorg. Med. Chem., 12, 4211
(2004).

Y. Nishitani, T. Yasuhiro, and K. Yamawaki, PCT Int. WO Pat. 200585258; Chem. Abstr., 143, 306075
(2005).

H. Watabe and T. Sakata, Jpn. Pat. 2005162670; Chem. Abstr., 143, 59729 (2005).

W. J. Gottstein, Ger. Pat. 2739080; Chem. Abstr., 89, 6333 (1978).

M. Foxton, P. Walter, J. Adrian, and G. B. Webb, UK Pat. 2029823; Chem. Abstr., 93, 186382 (1980).
M. A. Kaplan, A. P. Granatek, and S. J. Nachfolger, US Pat. 4180658; Chem. Abstr., 92, 163983 (1980).
T. Kamiya, T. Teraji, Y. Nakai, K. Sakane, and J. Goto, Ger. Pat. 2848912; Chem. Abstr., 92, 111033
(1980).

T. Oine, Y. Yamada, M. Wagatsuma, T. Yamaguchi, and S. Ohshima, Eur. Pat. 117109; Chem. Abstr.,
102, 24361 (1985).

J. G. Teutsch, M. Klich, and J. F. Chantot, Fr. Pat. 2585021; Chem. Abstr., 107, 96508 (1987).

F. H. Jung, Eur. Pat. 447118; Chem. Abstr., 116, 6339 (1992).

789



155.
156.

157.

158.

159.

160.

161.
162.
163.
164.
165.
166.
167.
168.

169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.

184.

790

O. Abu-Nasrieb, US Pat. 5574154; Chem. Abstr., 126, 31220 (1997).

R. Monguzzi, A. Manca, L. Marsili, and M. Zenoni, US Pat. 2005119478; Chem. Abstr., 143, 26419
(2005).

P. Hebeisen, H. Stalder, I. Heinze-Krauss, U. Weiss, H. Richter, G. P. Yiannikouros, Eur. Pat. 761673;
Chem. Abstr., 126, 238249 (1997).

X.-P. Hui, L. Hao, Z.-Y. Zhang, Q. Wang, F. Wang, and Z.-W. Guan, Gaodeng Xuexiao Huaxue
Xuebao, 21, 1844 (2000); Chem. Abstr., 134, 340365 (2001).

W. H. W. Lunn and W. J. Wheeler, US Pat. 4382931; Chem. Abstr., 99, 158118 (1983).

W. J. Wheeler, J. B. Deeter, D. R. Finley, M. D. Kinnick, R. Koehler, H. E. Osborne, J. T. Ott,
J. K. Swarztzendruber, and D. G. Wishka, J. Antibiot., 39, 111 (1986); Chem. Abstr., 105, 114782
(1986).

K. Obi, A. Kojima, H. Fukuda, and K. Hirai, Bioorg. Med. Chem. Lett, 5, 2777 (1995).

M. Koo, F. Shiga, and H. Fukuda, Jpn. Pat. 0667684; Chem. Abstr., 125, 10479 (1996).

T. Takaya, H. Takasugi, T. Chiba, and Z. Tozuka, Ger. Pat. 2745246; Chem. Abstr., 89, 43461 (1978).
T. Ishimaru, Eur. Pat. 400805; Chem. Abstr., 114, 121859 (1991).

T. Teraji, K. Sakane, and J. Goto, Eur. Pat. 13762; Chem. Abstr., 94, 30773 (1981).

T. Terachi, K. Sakane, and J. Goto, Jpn. Pat. 61178990; Chem. Abstr., 106, 32713 (1987).

T. W. Glinka and S. J. Becker, PCT Int. WO Pat. 200498500; Chem. Abstr., 141, 395332 (2004).

J. K. O. Alvesalo, A. Siiskonen, M. J. Vainio, P. S. M. Tammele, and P. M. Vuorela, J. Med. Chem., 49,
2353 (20006).

W. K. M. Chong and R. K. Duvadie, PCT Int. WO Pat. 0216326; Chem. Abstr., 136, 216749 (2002).

M. Fujita, T. Seki, H. Inada, and T. Sano, PCT Int. WO Pat. 9858930; Chem. Abstr., 130, 66518 (1999).
M. Fuyjita, T. Seki, H. Inada, K. Shimizu, and T. Sano, Bioorg. Med. Chem. Lett, 12, 341 (2002).

M. Fujita, T. Seki, H. Inada, K. Shimizu, and A. Takahama, T. Sano, Bioorg. Med. Chem. Lett, 12, 771
(2002).

M. Fujita and T. Seki, Bioorg. Med. Chem. Lett., 12, 1383 (2002).

N. Bodor, A. ElKoussi, M. Kano, and T. Nakamura, J. Med. Chem., 31, 100 (1988).

U. V. Laddi, S. R. Dessi, Y. S. Somannavar, R. S. Bennur, and S. C. Bennur, Indian Drugs, 34, 666
(1997); Chem. Abstr., 128, 114912 (1998).

S. Emami, M. Felahati, A. Banifatemi, M. Amanlou, and A. Shafiee, Bioorg. Med. Chem., 12, 3971
(2004).

W. Kraemer, K. H. Buechel, H. Timmler, W. Brandes, and P. E. Frohberger, Eur. Pat. 4917; Chem.
Abstr., 92, 146777 (1980).

W. W. Kraemer, H. J. Knops, K. H. Buechel, and W. Brandes, Ger. Pat. 2918467; Chem. Abstr., 94,
139816 (1981).

J. Stetter, K. H. Buechel, P. E. Frohberger, P. Reinecke, and W. Brandes, Ger. Pat. 3132335; Chem.
Abstr., 98, 198246 (1983).

W. Kraemer, K. H. Buechel, H. Timmler, W. Brandes, and P. E. Frohberger, US Pat. 4364955; Chem.
Abstr., 98, 126119 (1983).

G. Schulz, E. Bushmann, B. Zeeh, H. Sauter, E. H. Pommer, and E. Ammermann, Ger. Pat. 3244985;
Chem. Abstr., 101, 151859 (1984).

J. Stetter, K. H. Buechel, P. Reinecke, W. Brandes, and P. E. Frohberger, Ger. Pat. 3208194; Chem.
Abstr., 100, 6525 (1984).

W. W. Kraemer, H. J. Knops, K. H. Buechel, and P. Reinecke, Ger. Pat. 3310830; Chem. Abstr., 102,
203971 (1985).

E. Kranz, J. Stetter, W. Brandes, and P. Reinecke, Ger. Pat. 3545034; Chem. Abstr., 107, 115598
(1987).



185.

186.
187.

188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.

206.
207.

208.

209.

210.

211.

212.

H. J. Knops, K. Steinbeck, K. H. Buechel, W. Brandes, and P. Reinecke, Ger. Pat. 3545085; Chem.
Abstr., 107, 134312 (1987).

H. K. Lai, R. A. Davis, and A. R. Blem, US Pat. 4857649; Chem. Abstr., 112, 55890 (1990).

W. Kraemer, K. H. Buechel, G. Holmwood, S. Dutzmann, and P. Reinecke, Eur. Pat. 301349; Chem.
Abstr., 112, 139034 (1990).

H. K. Lai, R. A. Davis, and A. R. Blem, US Pat. 5006153; Chem. Abstr., 115, 71617 (1991).

H. Machizuki, A. Toniguchi, and K. Takiguchi, Eur. Pat. 670315; Chem. Abstr., 124, 29763 (1996).

Q. Cheng, C. Li, and Y. Xing, Yaoxue Xuebao, 32, 49 (1997); Chem. Abstr., 127, 318921 (1997).

S. Papakonstantinou-Garoufalias, P. Marakos, A. Tsantili-Kakoulidou, and A. Chytyroglou-Ladas,
Pharmazie, 53, 300 (1998).

Z. Zhou, J. Zhao, Y. Peng, and G. Zhan, Yingyong Huaxue, 15, 72 (1998); Chem. Abstr., 129, 10090
(1998).

K.-M. Sun and M. P. Walker, PCT Int. WO Pat. 0053585; Chem. Abstr., 133, 238007 (2000).

M. Gewehr, H. Sauter, B. Mueller, A. Gypser, W. Grammenos, J. Tormo i Blasco, A. Ptok,
O. Cullmann, T. Grote, E. Ammermann, S. Strathmann, G. Lorenz, and V. Harries, PCT Int. WO Pat.
0119803; Chem. Abstr., 134, 252341 (2001).

W. Liu, Y. Deng, Z. Lan, X. Wang, and B. Gao, Nongyaoxue Xuebao, 6, 13 (2005); Chem. Abstr., 143,
477917 (2005).

T. Araki, Jpn. Pat. 2004131392; Chem. Abstr., 140, 357356 (2004).

T. Araki, Jpn. Pat. 2004131416; Chem. Abstr., 140, 357357 (2004).

P.J. West and C. L. Cornell, PCT Int. WO Pat. 9604525; Chem. Abstr., 128, 167419 (1998).

N. V. Kirby, E. J. Canada, I. M. Morrison, M. E. Pieczko, G. D. Gustafson, J. T. Mathierson,
D. H. Cooper, C. S. Galka, and J. L. Adamski, PCT Int. WO Pat. 0015637; Chem. Abstr., 132, 222538
(2000).

F. Maurer, U. Heinemann, B.-W. Krueger, H. Gayer, C Boie, A. Mauler-Machnik, and U. Wachendorff-
Neumann, PCT Int. WO Pat. 0292581; Chem. Abstr., 137, 384844 (2002).

Y. Li, J. Liu, H. Zhang, X. Yeng, and Z. Liu, Bioorg. Med. Chem. Lett., 16, 2278 (20006).

Y. Kido, H. Shishido, and J. Saito, Jpn. Pat. 2006151865; Chem. Abstr., 145, 62904 (2006).

I. R. Matthews and D. P. Bacon, PCT Int. Appl. WO 9505368; Chem. Abstr., 123, 9445 (1995).

T. Kobori, T. Goto, H. Kondo, H. Tsuboi, M. liyama, T. Asada, and T. Goto, PCT Int. Appl. WO
9929689; Chem. Abstr., 131, 58835 (1999).

M. liyama, H. Tsuboi, T. Kobori, H. Kondo, and A. Asada, Jpn. Pat. 2002193715; Chem. Abstr., 137,
78960 (2002).

H. Ertel, J. Kocur, and B. Sachse, Ger. Pat. 3005899; Chem. Abstr., 95, 204008 (1981).

J. Schmelzer, J. Stetter, [. Hammann, and B. Homeyer, Ger. Pat. 3150984; Chem. Abstr., 99, 122462
(1983).

B. Mueller, H. Sauter, F. Roehl, G. Lorenz, E. Ammermann, and S. Strathmann, Ger. Pat. 19523288;
Chem. Abstr., 126, 144279 (1997).

B. Mueller, H. Sauter, F. Roehl, G. Lorenz, E. Ammermann, and S. Strathmann, PCT Int. WO Pat.
9701544; Chem. Abstr., 126, 171603 (1997).

W. Grammenos, H. Bayer, T. Grote, H. Sauter, A. Gypser, R. Kirstgen, B. Muller, A. Ptock, F. Rohl,
G. Lorenz, E. Ammermann, and S. Strathmann, PCT Int. WO Pat. 9856774, Chem. Abstr., 130, 52424
(1999).

W. Grammenos, H. Bayer, H. Sauter, T. Grote, A. Gypser, R. Kirstgen, B. Muller, A. Ptock, F. Rohl,
N. Goetz, E. Ammermann, H. Volker, G. Lorenz, and S. Strathmann, Ger. Pat. 19732946; Chem. Abstr.,
130, 139349 (1999).

H. Ziegler, PCT Int. WO Pat. 0005222; Chem. Abstr., 132, 107954 (2000).

791



213.
214.

215.
216.

217.

218.

219.

220.

221.

222.

223.
224.

225.

226.
227.

228.

229.

230.

231.

232.

233.

324.

235.

236.

237.

238.

792

U. Kraatz, B. Homeyer, and B. Becker, Ger. Pat. 3328273; Chem. Abstr., 103, 178262 (1985).

H. Bayer, R. Bonoit, H. Sauter, B. Mueller, F. Roehl, E. Ammermann, and G. Lorenz, Ger. Pat.
4442732; Chem. Abstr., 125, 114593 (1996).

S. Trah and R. Zurflueh, PCT Int. WO Pat. 9700866; Chem. Abstr., 126, 157524 (1997).

M. Heil, H.-C. Militzer, O. Gebauer, G. Haenssler, K.-H. Kuck, A. Mauler-Machnik, and U.
Wachendorff-Neumann, PCT Int. WO Pat. 0173726; Chem. Abstr., 135, 272969 (2001).

G. Schulz, E. Bushmann, H. Sauter, B. Zeeh, B. Wuerzer, J. Jung, and G. Retzlaff, Ger. Pat. 3343415;
Chem. Abstr., 103, 215297 (1985).

K. Findeisen, M. Lindig, H. J. Santel, and R. R. Schmidt, Ger. Pat. 3729070; Chem. Abstr., 111, 97249
(1989).

A. Takase, H. Kai, K. Nishida, K. Morita, M. Masuko, K. Ide, and Y. Ueyama, Eur. Pat. 633252; Chem.
Abstr., 122, 239711 (1995).

T. Goto, S. Ito, N. Minegishi, T. Yamaoka, Y. Kitagawa, and K. Shibuya, Eur. Pat. 820994; Chem.
Abstr., 128, 154085 (1998).

H. Hokari, K. Masuda, T. Horii, Y. Nomura, and H. Shimazu, Jpn. Pat. 01308260; Chem. Abstr., 112,
216938 (1990).

K. Toriyabe, T. Takehi, Y. Nezu, Y. Nakano, and T. Shimazu, PCT Int. WO Pat. 9209581; Chem.
Abstr., 118, 59711 (1993).

K. Toyabe, M. Nezu, J. Nakano, and H. Shimazu, Jpn. Pat. 0641086; Chem. Abstr., 121, 9409 (1994).

T. Usami, K. Toyabe, T. Taketoi, M. Nezu, J. Nakano, H. Kurihara, and T. Hirano, Jpn. Pat. 06145151;
Chem. Abstr., 121, 205341 (1994).

H. Sasaki, K. Toyabe, S. Ito, S. Kudo, J. Nakano, H. Kurihara, and T. Hirano, Jpn. Pat. 06345738;
Chem. Abstr., 122, 290864 (1995).

G.Jin, Y. Li, Z. Liu, and J. Zheng, Yingyong Huaxue, 14, 5 (1997); Chem. Abstr., 128, 154143 (1998).
C. Yang, M. Jiang, Y. Yu, J. Ni, and X. Zhang, Jingxi Huagong, 20, 123 (2003); Chem. Abstr., 139,
149575 (2003).

T. Kobori, T. Goto, H. Kondo, H. Tsuboi, M. liyama, A. Asada, and T. Goto, Jpn. Pat. 351772; Chem.
Abstr., 134, 42132 (2001).

C. Rentzea, G. Reissenweber, K. H. Feuerherd, and J. Jung, Ger. Pat. 3213373; Chem. Abstr., 100,
68306 (1984).

G.Jin, Z. Liu, Y. Li, X. Wang, J. Ren, and J. Zheng, Yingyong Huaxue, 14,9 (1997); Chem. Abstr., 128,
180387 (1998).

R. N. Harris, III, C. D. Bedford, D. E. Hilmus, R. A. Howd, and R. A. Kenley, US Pat. 4865837; Chem.
Abstr., 112, 193663 (1990).

C. D. Bedford, R. A. Howd, O. D. Dailey, A. Miller, H. W. Nolen, III, R. A. Kenley, J. R. Kern, and
J. S. Winterle, J. Med. Chem., 29, 2174 (1986).

H. P. Benschop, G. R. Van Den Berg, C. Van Hooidonk, L. P. A. De Jong, C. E. Kientz, F. Berends,
L. A. Kepner, E. Meeter, and R. P. L. S. Visser, J. Med. Chem., 22, 1306 (1979).

Y. Zhang, T. Chu, X. Gao, X. Liu, Z. Yang, Z. Guo, and X. Wang, Bioorg. Med. Chem. Lett, 16, 1831
(2006).

B. R. Dixon, C. M. Bagi, and W. J. Scott, PCT Int. WO Pat. 0257241; Chem. Abstr., 137, 119677
(2002).

T. Miyazaki, T. Sugiura, and T. Horiuchi, PCT Int. WO Pat. 0157004; Chem. Abstr., 131, 152796
(2001).

M. Schwarz, P. Page, V. Pomel, A. Quattropani, and R. J. Thomas, PCT Int. WO Pat. 02102799; Chem.
Abstr., 138, 55968 (2003).

A.P.Combs and E. W. Yue, PCT Int. WO Pat. 2006122150; Chem. Abstr., 145, 489247 (2006).



	Chemistry of Heterocyclic Compounds, Vol. 44, No. 7, 2008
	E. Abele, R. Abele, and E. Lukevics



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /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 /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


