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Volume 102 of our Advances commences with the next of our contin-
uing surveys of the “The Literature of Heterocyclic Chemistry, Part X,
2005-2007” this one covering reviews published in the period 2005-
2007, again authored by Professor L.I. Belen’kii and his colleagues
V.N. Gramenitskaya and Yu.B. Evdokimenkova all affiliated with the
Zelinsky Institute of Organic Chemistry.

A comprehensive treatment of the “Friedldander Annulation in the
Synthesis of Azaheterocyclic Compounds” has been provided by
M. Shiri and Z. Tanbakouchian (Alzahra University, Tehran, Iran), M.A.
Zolfigol (Bu-Ali Sina University, Hamedan, Iran), and H.G. Kruger
(University of KwaZulu-Natal, Durban, South Africa); it details the wide
variety of heterocyclic systems available with this methodology.

This volume closes with another contribution by A.P. Sadimenko
(University of Fort Hare, Alice, South Africa) in his ongoing series cover-
ing “Organometallic Complexes of Heterocycles.” The present chapter
deals with “Organometallic Complexes of Aminopyridines” of which a
very large number have been described with highly diverse structures
and important applications in a variety of areas.

Alan R. Katritzky
Gainesville, Florida
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1. INTRODUCTION

This survey is a sequel to nine already published survey’s in Advances
in Heterocyclic Chemistry (66AHC(7)225, 79AHC(25)303, 88AHC(44)269,
92AHC(55)31, 98AHC(71)291, 99AHC(73)295, 01AHC(79)199, 04AHC
(87)1, 06AHC(92)145). It includes monographs and reviews published
during the period 2005-2007 as well as some published earlier but omitted
in Part IX.

Like Parts III-IX, this survey is based partly on bibliographic papers
published by the authors in Khimiya Geterotsiklicheskikh Soedinenii since
2006 (09KGS466, 09KGS939, 09KGS1107). Sources not only in English
but also in Russian, Japanese, Chinese, Czech, and other languages are
surveyed and classified. This feature of the survey should cause no prob-
lem because some of the sources are available in English translations and
practically all others have informative English abstracts as well as quite
understandable and useful schemes and lists of references. As before,
carbohydrates are not covered. Such compounds are mentioned only in
general cases (e.g., anomeric effect) as well as when carbohydrates serve as
starting compounds for the synthesis of other heterocycles or they are
present as fragments of a complex system including another heterocyclic
moiety such as nucleosides.
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2. GENERAL SOURCES AND TOPICS

2.1 General books and reviews

2.1.1 Textbooks and handbooks
Synthesis and properties of heteroaromatic compounds: 05MI1.

21.2 Annual reports
2121 Comprehensive reports 07PHC1, 08PHC1, 09PHC1.

2.1.2.2 Specialized reports devoted to basic series of heterocycles

Three-membered heterocycles: 07PHC55, 07PHC81, 08PHC70, 09PHC47.

Four-membered heterocycles: 07PHC106, 08PHC92, 09PHC74.

Pyrrole and its benzo derivatives: 07PHC150, 08SPHC135, 09PHC122.

Furan and its benzo derivatives: 07PHC187, 08PHC176, 09PHC152.

Thiophenes, selenophenes, and tellurophenes: 07PHC126, 08PHC112,
09PHC94.

Five-membered heterocycles with more than one N atom: 07PHC218,
08PHC208, 09PHC190.

Five-membered heterocycles with N and S (Se) atoms: 07PHC247,
08PHC242, 09PHC220.

Five-membered heterocycles with O and S (Se, Te) atoms: 07PHC276,
08PHC277, 09PHC253.

Five-membered heterocycles with O and N atoms: 07PHC288, 0SPHC288,
09PHC265.

Pyridine and its benzo derivatives: 07PHC310, 08PHC314, 09PHC289.

Diazines and their benzo derivatives: 08PHC353, 08PHC383, 09PHC333.

Triazines, tetrazines, and fused polyaza-systems: 07PHC371, 08PHC414,
05PHC337.

Six-membered heterocycles with O and/or S atoms: 07PHC376, 09PHC365,
09PHC399.

Seven-membered heterocycles: 07PHC402, 08PHC437, 09PHC432.

Heterocycles with eight-membered and large rings: 07PHC430, 08PHC465,
09PHC459.

2.1.23 Reports devoted to individual problems

Annual survey of organometallic metal cluster chemistry for the year
2003: 05CCR(249)2763.

Transition metals in organic synthesis, highlights for the year 2003:
06CCR(250)300.

Transition metals in organic synthesis, highlights for the year 2004:
06CCR(250)2411.

Bioinspired organic chemistry: 06AR(B)377.

Catalysis (particularly, the use of ionic liquids in catalysis): 06AR(B)325.

Chemical genetics: 06AR(B)138.

Computational organic chemistry: 06AR(B)219.
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Heterocyclic chemistry: 06AR(B)81.

Highlights of natural product synthesis (2004, 2005): 06AR(B)98.

Marine natural products: 06AR(B)123.

Mechanisms of radical and radical ion reactions: 06AR(B)247.

N-Heterocyclic carbenes in transition metal and organic catalysis:
06AR(B)168.

Oxidation and reduction methods: 06AR(B)34.

Recent developments in palladium-catalyzed heterocycle synthesis and
functionalization: 05COC625.

Supramolecular chemistry (molecular recognition, structure and
assembly, and functional systems): 06 AR(B)148.

TEMPO (2,2,6,6-tetramethylpiperidine-N-oxyl) as an important reagent
in alcohol oxidation and its application in synthesis of natural
products between 2000 and 2004: 06MRO155.

213 Nomenclature
IUPAC nomenclature (general monograph): 04MI1.

2.1.4 History of heterocyclic chemistry, biographies

Heterocyclic chemistry in Moscow State University: 05KGS31.

History of aromaticity (heteroaromaticity) concept: 05CRV3436.

The history of Woodward—Doering/Rabe—Kindler total synthesis of qui-
nine: 07AG(E)1378.

Input of Prof. K. C. Nicolaou in chemical biology and medicinal chemis-
try: 05]MC5613.

2.1.5 Bibliography of monographs and reviews
The literature of heterocyclic chemistry, 2002-2004: 06AHC(92)145.
Specialized surveys: 09KGS466, 09KGS939, 09KGS1107.

2.2 General topics by reaction type

We have classified the many reviews dealing with these materials under
the following headings:

1. General Sources and Topics.

2. Structure and Stereochemistry (it is self-subdivided into Theoretical Aspects,
Stereochemical Aspects, Betaines and Other Unusual Structures,
Miscellaneous Substituted Heterocycles).

3. Reactivity (General Topics: Reactions with Electrophiles and Oxidants,
Reactions with Nucleophiles and Reducing Agents, Reactions Toward Free
Radicals, Carbenes, etc., Reactions with Cyclic Transition State, Reactivity of
Substituents, Heterocycles as Intermediates in Organic Synthesis).

4. Syntheses (General Topics and Nonconventional Synthetic Methodologies,
Synthetic Strategies and Individual Methods, Versatile Synthons and Specific
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Reagents, Ring Synthesis from Nonheterocyclic Compounds, Syntheses by
Transformation of Heterocycles).

5. Properties and Applications (Dyes and Intermediates, Substances with
Luminescent and Related Properties, Organic Conductors, Coordination
Compounds, Polymers, lonic Liquids, Miscellaneous).

2.2.1 General sources and topics

All-metal aromaticity and antiaromaticity of inorganic heterocycles:
05CRV3716.

Anion receptors: 05H(66)689.

Conjugated polymers (particularly, polythiophene, polypyrrole, and poly-
furan) and aromaticity: 05CRV3448.

Estimating aromatic stabilization energies, particularly, in heterocycles:
05CRV3773.

From macrocyclic oligo-acetylenes to aromatic ring carbomers, pericy-
clynes and hetero-pericyclynes: 06CRV5317.

The influence of different main group elements on relative stability of
valence isomers: 07BCJ1241.

Interactions C—F...H, F...F, C—F.. .n in crystalline compounds including
fluorine heterocycles: 05CSR22.

Intervalence charge transfer in trinuclear and tetranuclear Fe, Ru, and Os
complexes with heterocyclic ligands: 06CRV2270.

Liquid chromatography — mass spectrometry: 03MI1.

Locking self-assembly of supramolecular structures possessing heterocy-
clic fragments: 07CSR856.

Memory of chirality and asymmetric synthesis: 0551.

Modern HPLC: 06MIS.

Molecular recognition of oxoanions based on guanidinium receptors:
07CSR198.

Nucleus-independent chemical shifts (NICS) as an aromaticity (heteroar-
omaticity) criterion: 05CRV3842.

Palladium-catalyzed dynamic kinetic asymmetric allylic alkylation with
the DPPBA ligands: 07AA59.

Principles of environmental chemistry (general monograph): 05MIO9.

Recent advances in heterolytic nucleofugal, particularly, heterocyclic leav-
ing groups: 07T5103.

Recent progress in stable radical chemistry (including heterocyclic radicals
and radicals with heterocyclic substituents): 070BS1321.

Tautomeric equilibria in relation to n-electron delocalization (particu-
larly, tautomerism of heteroaromatic compounds): 05CRV3561.
Spherical aromaticity of fullerenes, polyhedral boranes, and related struc-

tures including heterofullerenes: 05CRV3613.
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2.2.2 Structure and stereochemistry

2.2.21 Theoretical aspects

H-Bond-assembled supramolecular architectures of fullerenes functiona-
lized by various heterocyclic fragments: 07CJO153.

Planar tetracoordinate carbon and fenestranes, in particular, azafenes-
tranes: 06CRV4787.

Supramolecular chemistry in water (noncovalent interactions with partic-
ipation of heterocycles): 07AG(E)2366.

Supramolecular species bearing quaternary azaaromatic moieties: 06H
(68)1467.

2.2.2.2 Molecular dimensions

Atomic resolution crystallography of proteins and X-ray absorption fine
structure studies of metalloproteins: 05CCR197.

Bioactive conformations, and structure-activity relationship of taxol
and its analogs: 05Z0R329. Configuration, conformation, reactivity,
and applications of hexahydropyrrolo[2,3-blindoles in synthesis:
07ACR151.

Conformationally constrained peptide nucleic acid (PNA) analogs and
DNA /RNA binding selectivity: 05ACR404.

Conformationally locked nucleotides and their analogs: 06Y681.

Coordination modes of 5-pyrazolones (X-ray diffraction data):
07CCR1561.

Effect of preferential conformations on base properties and thermo-
dynamics of conformation conversion along with type of ring fusion
on cis—trans conversion of bicycle in pyrrolizidines: 06KGS1443.

Metalloproteins three-dimensional structure determination using
multiple-scattering analysis of X-ray absorption fine structure:
05CCR(249)141.

Rules to predict the conformational behavior of saturated seven-
membered heterocycles: 05ARK(6)88.

Structural (X-ray) properties of homoleptic, mononuclear transition metal
complexes of 1,2-dioxolenes: 06CCR(250)2000.

X-ray structural chemistry of cobalamins: 06CCR(250)1332.

2.2.23 Stereochemical aspects

Asymmetric domino reactions based on the use of chiral auxiliaries:
06T1619.

Asymmetric domino reactions based on the use of chiral catalysts and
biocatalysts: 06T2143.

Asymmetric organocatalysis (general monograph): 05MI13.

Asymmetric organocatalysis of Diels-Alder, [3 + 2] and [4 + 3] cyclo-
addition reactions: 05Y464.

Asymmetric catalysis by chiral hydrogen-bond donors, particularly, by
proline and alkaloids: 06AG(E)1520.
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Asymmetric heterogeneous catalysis (heterocycles as catalysts, starting
compounds and products): 06AG(E)4732.

Catalytic enantioselective construction of all-carbon quaternary stereo-
centers: 065369.

Crystallization-induced diastereomer transformations: 06CRV2711.

Dynamic stereochemical rearrangements in chiral organometallic com-
plexes with heterocyclic ligands: 07CSR551.

Efficiency in nonenzymatic kinetic resolution of chiral heterocycles: 05AG
(E)3974.

Enantioselective organocatalysis (general monograph): 07MI3.

Exciting supramolecular architectures: Light-induced processes and
synthetic transformations in noncovalent assemblies: 05EJO4041.

Lewis acid-base bifunctional asymmetric catalysis, particularly, in the
Reissert reaction: 055L1491.

One-pot synthesis of fused aromatics, particularly, those with diazapenta-
phene skeleton possessing helical chirality and assignment of absolute
configuration assisted by theoretical circular dichroism: 05Y798.

Principles and recent applications of chiral auxiliaries: 0651899.

Structure of fullerenes and fullereno-annulated heterocycles; problem of
fullerene chirality: 06CRV5049.

Synthesis and the potential of thiaheterohelicenes: 060BC2518.

Use of chiral sulfoxides as chiral auxiliaries in asymmetric synthesis of
bioactive products: 06T5559.

22.24 Betaines and other unusual structures

Azafulvenium methides chemistry: 06 ARK(7)89.

The chemistry of functionalized N-heterocyclic carbenes: 07CSR592.

Development of organic photochromic radical compounds: 07CJO696.

Formation of [5,6]- and [6,6]-open fulleroide structures, particularly,
fullerenoheterocycles: 07UK768.

Synthesis and properties of cationic n-conjugated systems stabilized by
bicyclo[2.2.2]octene units including annulated silatropilium ion,
thiophene, 1,2-dithiine, 1,4-dithiine, and oligothiophenes: 055L187.

Synthesis and properties of molecular rods containing heterocyclic
fragments: 05CRV1197.

2.2.2.5 Miscellaneous substituted heterocycles

Chemistry of arene- and hetarene-based hydrazonoalkanenitriles:
07H(71)2545.

Fluorinated ethers, thioethers, and amines, derivatives of heterocycles:
05CRV827.

Heterofullerenes: 06CRV5191.

Persulfurated aromatic compounds including hetarenes: 06AG(E)1686.

Products of [2 + 3] cycloaddition to [60] fullerene: 05CJO159.



8 LI. Belen’kii et al.

2.2.3 Reactivity
2.23.1 General topics

Activation of heteroaromatics by metal sulfonate catalysts in C—C bond
forming reactions: 06Y752.

Alkynylation of chiral alkoxy-, amino-, and thio-substituted hetarencar-
baldehydes: 06CRV2355.

Anion binding involving n-acidic heteroaromatic rings: 07ACR435.

Baylis—Hillman reactions in nontraditional media (water, ionic liquids,
supercritical CO,): 07CJO322.

Baylis—Hillman reaction in synthetic chemistry (particularly, cyclic
amines as catalysts): 07CSR1581.

Carbonylation of heterocycles by homogeneous catalysts: 07CC657.

Chemistry of N-(1-haloalkyl)azinium halides: 07ARK(3)96.

Cycloacylation of thioamides and their derivatives by compounds with
activated multiple bond: 07KGS1283.

Homologation of heterocycles by a sequential reductive opening lithia-
tion—electrophilic substitution—cyclization: 06AHC(91)135.

Electrochemical fluorination of heterocyclic compounds: 06 AHC(90)239.

Microwave irradiation for accelerating reactions of three- to five-mem-
bered heterocycles: 05AHC(88)1.

Microwave acceleration of reactions of six-, seven-membered, spiro and
fused heterocycles: 06 AHC(90)1.

Modern Pummerer-type reactions including those concerning hetero-
cycles: 06T5003.

Proton-coupled electron transfer: 07CRV5004.

Recent advances in intermolecular direct arylation reactions of hetero-
cycles and arenes: 07AA35.

Some aspects of the Willgerodt—Kindler reaction and connected reactions:
05H(65)411.

Templated photoreactions (including reactions of heterocycles) in homo-
geneous solutions: 06CRV5413.

Water as a reagent in regio- and stereoselective reactions including syn-
theses of heterocycles and ring opening of epoxides: 05Y18.

2.23.2 Reactions with electrophiles and oxidants

Advances in singlet oxygen chemistry including photooxidation of five-
membered heteroaromatics with one and two heteroatoms: 05T6665.

Electrophilic reactions of aromatic and heteroaromatic compounds in ionic
liquids: 06ZOR1761.

Photooxygenation of heterocycles: 05COC109.

Use of solid catalysts in Friedel-Crafts acylation reactions, particularly, in
acylation of heterocycles: 06CRV1077.

Uses of sodium chlorite and sodium bromate in oxidation of heterocycles,
particularly, to give lactones: 060PP177.
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2.23.3 Reactions with nucleophiles and reducing agents

Asymmetric hydrogenation of heteroaromatic compounds: 07ACR1357.

Carbanion generation through tin-lithium exchange of vinyl-, aryl-, and
hetarylstannanes: 06 ARK(9)265.

Halogen dance reaction and its application in synthesis of heteroaro-
matics: 07COC637, 07CSR1046.

Nucleophilic aromatic substitution of hydrogen as a tool for heterocyclic
ring annulation: 07AHC(93)57.

Position-flexible elaboration of halogenated heterocycles into metalated
species as key intermediates for synthesis: 07SL3096.

Recent advances in asymmetric hydrogenation of heteroaromatic com-
pounds (quinoxaline, pyridine, and furan derivatives): 05CJO634.
Stereoselective conjugate addition reactions to heterocyclic acceptors
using in situ metallated terminal alkynes and the development of

novel chiral P,N-ligands: 07BCJ1635.
Vicarious nucleophilic substitution of hydrogen in nitro aromatics and
nitro heteroaromatics: 07CJO17.

2.2.3.4 Reactions toward free radicals, carbenes, etc.

Catalysis of stannane-mediated radical chain reactions by benzenesele-
nol, particularly, reactions with formation and/or participation of
heterocycles: 07ACR453.

Intermolecular reactions of electron-rich heterocycles with copper and
rhodium carbenoids: 07CSR1109.

2.23.5 Reactions with cyclic transition state

The Diels—-Alder cycloadditions of 3,5-dibromo-2-pyrone and its deriva-
tives: 07PHCI.

Nucleophilic addition, 1,3-dipolar cycloaddition, and Diels—Alder reac-
tions of indoles substituted at the 2- or 3-position with electron-
withdrawing groups (NO,, PhSO,): 05COC1493.

Porphyrins in Diels—Alder and 1,3-dipolar cycloaddition reactions:
08PHC44.

2.23.6 Reactivity of substituents

Advances in catalytic, enantioselective aminations and oxygenations of
carbonyl compounds (heterocycles and their complexes as catalysts):
05AG(E)4292.

Asymmetric benzoin reactions with N-heterocyclic carbene catalysts:
07Y370.

Progress in protection of carbonyl compounds as acetals, thioacetals, and
oxothioacetals: 07CJO576.

2-Pyridylsilyl group as useful multifunctional group in organic synthesis:
06SL157.
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2.23.7 Heterocycles as intermediates in organic synthesis

Advances in liquid-phase organic synthesis using functional ionic liquid as
supports: 07CJO1188.

Advances in homogeneous oxidation with metalloporphyrins as catalysts:
07CJ0O1039.

Application of N-oxides in asymmetric catalytic reactions: 05CJO272.

Applications of N-chlorosuccinimide in organic synthesis: 0753599.

Asymmetric enamine catalysis, in particular, reactions with participation
of heterocycles as catalysts, starting compounds, and/or products:
07CRV5471.

Asymmetric organocatalysis, particularly, using heterocyclic, mainly, pro-
line-derived organocatalysts: 07T9267.

The atroposelective synthesis of axially chiral biaryls via configurationally
unstable, lactone-bridged biaryls: 02JOM(661)31.

Bifunctional organocatalysts, particularly, (5)-3-(N-isopropyl-N-3-pyridi-
nylaminomethyl) BINOL for enantioselective aza-Morita—Baylis—
Hillman (aza-MBH) reactions: 07Y1089.

Bisoxazoline ligands with chiral backbones and their applications in asym-
metric catalytic reactions: 07CJO1087.

Catalytic enantioselective o-fluorination of carbonyl compounds using
chiral transition metal complexes with heterocyclic ligands: 07Y1099.

Chiral glycolate equivalents for the asymmetric synthesis of «-hydroxy-
carbonyl compounds (heterocycles as chiral auxiliaries): 07BCJ1451.

Chiral heterocyclic amines as organocatalysts for asymmetric conjugate addi-
tion to nitroolefins and vinyl sulfones via enamine activation: 07CC3123.

Chiral N-oxides in asymmetric catalysis: 07E]O29.

Chiral sulfur-containing heterocyclic ligands for asymmetric catalysis:
07T1297.

1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.0]octane
bis(tetrafluoroborate), Selectfluor, as fluorinating agent: 05AG(E)192.

Complete reversal of enantioselection using oxazoline-containing Schiff
base ligand: 07Y969.

Creation of chiral heterocyclic ligands having acetal structures and their
applications to Pd-catalyzed asymmetric reactions: 07Y1191.

Cyclic derivatives of dihydroxyacetone, particularly, 2,2-dimethyl-1,3-
dioxan-4-one in organic synthesis: 05AG(E)1304.

Development of the optically active chiral ligands ferrocenyloxazolinyl-
phosphines (FOXAP) and their application to catalytic asymmetric
reactions: 07Y761.

The directed synthesis of axially chiral ligands, reagents, catalysts, and
natural products through the “lactone methodology”: 02JOM(661)49.

Enantiopure cyclic nitrones as a useful class of building blocks for asym-
metric syntheses: 075485.



The Literature of Heterocyclic Chemistry, Part X, 2005-2007 n

Heterocyclic hydroperoxides in selective oxidations: 07CRV3338.

Iminium catalysis, in particular, reactions with participation of hetero-
cycles as catalysts, starting compounds, and/or products: 07CRV5416.

Intelligent catalysts, especially, N,N’-{[(25,55)-1-(4-pyridinyl)-2,5-pyrroli-
dinediyl]ldicarbonyl}bis[L-tryptophan] 3,3’-dioctyl ester in regioselec-
tive acylation of carbohydrates: 07Y1081.

Ionic-liquid-supported synthesis as a novel liquid-phase strategy for
organic synthesis: 06ACR897.

Metalated heterocycles in organic synthesis: 07ARK(10)152.

New advances in N-oxidation of nitrogen-containing heterocyclic com-
pounds: 07CJO1050.

New advances in palladium-catalyzed aerobic oxidations (N-heterocycles
as ligands): 06CJO397.

New advances of asymmetric cyclopropanation reactions using chiral
metal catalysts including metal complexes with oxazoline, porphyrin,
bipyridine, and terpyridine derivatives: 07CJO438.

N-Heterocyclic carbenes catalyzed umpolung reactions via homoenolates:
07Y1009.

Nucleophilic organocatalysis through umpolung (pyridine, triazole, thia-
zole, benzimidazole, imidazole derivatives, and cyclic amines as cata-
lysts): 07CJO545.

O/C rearrangements: a powerful strategy for the synthesis of functionalized
carbocycles, mainly, from saturated O-heterocycles: 07T3081.

Organocatalysis by N-heterocyclic carbenes: 07CRV5606.

Organocatalytic asymmetric Mannich reactions (heterocycles as chiral
ligands and products): 07E]JO5797.

Peptide-based asymmetric catalysts: 07CJO1195.

Recent advances in kinetic resolution using nonenzymatic catalysts,
mainly heterocycles: 07CJO1345.

Recent advances in the catalytic asymmetric nitroaldol (Henry) reaction
including application of heterocyclic organocatalysts and ligands:
07EJO2561.

Recent development and application of chiral phase-transfer catalysts
including heterocycles as catalysts: 07CRV5656.

Silica-supported Pd catalysts with heterocyclic ligands for Heck coupling
reactions: 07T6949.

Small molecule activation at uranium coordination complexes, particu-
larly, with N-heterocyclic ligands: 06CC1353.

Small-molecule H-bond donors in asymmetric catalysis including reac-
tions with participation of heterocycles as catalysts, starting com-
pounds, and/or products: 07CRV5713.

Stereoselective anhydride openings (heterocycles as catalysts):
07CRV5683.
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Synthesis of chiral heterocyclic phosphines for application in asymmetric
catalysis: 07COC61.

Synthetic applications and oxidation kinetics of N-hetarenium halochro-
mates and dichromates: 07T4367.

Tandem oxidation processes using manganese dioxide: 05ACR851.

Transition metal-catalyzed carbochalcogenation of alkynes: 06CL1320.

Zwitterions in carbon-carbon and carbon-nitrogen bond-forming reac-
tions as a promising synthetic strategy leading, in particular, to vari-
ous heterocycles: 06 ACR520.

224 Synthesis

2241 General topics, nonconventional synthetic methodologies

Advances in microwave-assisted combinatorial synthesis: 06CJO1500.

Amine-catalyzed Baylis-Hillman reaction (proline, 1-azabicyclo[2.2.2]
octane, imidazole, etc. as catalysts): 05CJO763.

Application to the preparation of useful compounds based on enzyme- and
microorganism-mediated reactions: 06Y664.

Application of polymer-supported oxazo-type compounds (mainly, oxazo-
lidinone, oxazoline, and oxazaborolidine derivatives) to asymmetric
reactions: 05CJO1039.

Aryne-mediated synthesis of heterocycles: 07H(74)89.

Borylation of saturated heterocycles with several heteroatoms: 06KGS643.

Carbene complexes of nonmetals: 05E]O237.

Catalyzed reactions of alkynes in water (particularly, syntheses of O-het-
erocycles by hydroalkoxylation, N-heterocycles by hydroamination,
syntheses of triazoles, imidazoles, furans, and hetero [2 + 2 + 2] tri-
merizations): 06ASC1459.

Cationic organometallic complexes of scandium, yttrium, and the lantha-
noids in synthesis of heterocycles using Diels—Alder reactions and
intramolecular hydroamination: 06CRV2404.

Cerium(III) chloride promoted reactions and their applications to organic
synthesis: 05CJO1029.

Cp*Ir complex-catalyzed hydrogen transfer reactions directed toward
environmentally benign organic synthesis including N-heterocycliza-
tion and hydrogenation of quinolines: 055L560.

Convenient and general microwave-assisted protocols for the synthesis of
heterocycles: 06H(70)655.

Cupreines and cupreidines as bifunctional cinchona organocatalysts: 06AG
(E)7496.

N-Cyanoimines in synthesis of heterocyclic compounds: 05KGS963.

The development of enantioselective rhodium-catalyzed hydroboration of
olefins (chiral bidentate P,P and P,N ligands): 05ASC609.

1,3-Dipolar cycloadditions in aqueous media: 06H(68)2177.

Domino reactions in organic synthesis: 06MI5.
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Dynamic combinatorial chemistry of various heterocycles: 06CRV3652.

Environmentally benign solvents (supercritical fluids, ionic liquids, low
melting polymers (especially PEG), perfluorinated solvents and water)
in organic synthesis, particularly, that of heterocycles: 05COC195.

From multicomponent-reactions (MCRs) toward multifunction-compo-
nent-reactions (MFCRs): 07H(73)149.

Heterocycles from transition metal catalysis. Formation and functionaliza-
tion: 05MI11.

Highly efficient synthesis of heterocyclic compounds based on reactivity of
trifluoroacetyl group: 06Y1282.

B-Hydride elimination in Pd(ID)-catalyzed reactions proceeding in the pres-
ence of nitrogen ligands (pyridine, bipyridine, phenanthroline, etc.) for
the regeneration of the Pd(II) species: 05CJO1182.

High-pressure organic synthesis (including hetero Diels—Alder and 1,3-
dipolar [3 + 2] cycloaddition reactions and epoxide ring opening):
05Y770.

High-throughput and parallel screening methods in asymmetric hydro-
genation: 06CRV2912.

Indium reagents in heterocyclic chemistry: 05COC1205.

The intramolecular coiodination of alkenes with internal oxygenated
nucleophiles as a methodology for the preparation of heterocyclic
compounds: 05COS393.

Methods for the synthesis of hetaryl-substituted 1,4-benzo- and 1,4-
naphthoquinones: 05KGS803.

MCRs (general monograph): 05MI5.

The multisubstrate screening of asymmetric catalysts: 05ASC737.

New advances of Fe- and Co-catalyzed C—C coupling reactions: 07CJO703.

Nucleophilic radicals with low-lying unoccupied orbitals, such as acyl,
oxyacyl, silyl, stannyl, and germyl radicals providing high regiocontrol
and efficient methods for the synthesis of heterocycles: 07ACR303.

Organic chemistry in water (including syntheses of heterocycles): 06CSR68.

Organocatalytic asymmetric Mannich reactions (heterocycles as chiral
ligands and products): 07EJO5797.

Photoinduced electron-transfer processes in the synthesis of heterocycles:
07ACR128.

Platinum-catalyzed hydrofunctionalization of unactivated alkenes with
carbon, nitrogen, and oxygen nucleophiles in synthesis of hetero-
cycles: 07CC3607.

Progress in application of Merrifield resin in solid phase organic synthesis
including reactions with participation and formation of heterocycles:
07CJO1069.

Progress in isocyanide-based MCRs in synthesis of heterocycles: 06CRV17.
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Progress of Rh-catalyzed [2 +2], [2+2+ 1], [2+2+2],[3+2],[3+4],
[4 + 2] cycloadditions: 07CJO958.

Recent advances in the development and applications of post-Ugi trans-
formations: 07H(73)125.

Recent advances in microwave-assisted synthesis of heterocyclic com-
pounds: 05COS333.

Recent approaches to the construction of 1-azaspiro[4.5]decanes and
related 1-azaspirocycles: 06T3467.

Recent developments in the electrochemistry of some nitro compounds of
biological significance, in particular, 1,4-dihydropyridine, imidazole,
and furan derivatives: 05COC565.

Recent progress in [3 + 2] cycloaddition using azomethine ylides: 06CJO9.

Recent progress of Mitsunobu reaction, particularly, for heterocycles as
reactants and products: 06CJO454.

Ru-catalyzed reconstructive synthesis of functional organic molecules via
C—C bond cleavage: 05CL1462.

S-Alkyl-N-cyanoisothioureas-based synthesis of azoles, azines, and their
fused derivatives: 07KGS1443.

Selected patented cross-coupling reaction technologies with participation
of heterocycles as ligands in catalyst molecules, reactants, and products:
06CRV2651.

Synthesis and transformations of heterocycles under the action of micro-
wave irradiation: 05KGS1123.

Synthesis of heterocycles using mercuric triflate as a catalyst: 06Y744.

Synthesis of heterocyclic dimethyl o-dicarboxylates using cycloaddition
reactions of dimethyl acetylenedicarboxylate: 05JHC337.

Synthetic use of molecular iodine for organic synthesis, particularly, to
form heterocycles: 065L.2159.

A synthon approach to spiro and hetero spiro compounds: 06T779.

Stereoselective construction of quaternary stereocenters: 05ASC1473.

Theoretical studies on domino cycloaddition reactions: 05MRO47.

Utilization of heteropalladation (halopalladation; oxypalladation; amino-
palladation; acetyloxypalladation) of unsaturated hydrocarbons in
organic synthesis, particularly, in synthesis of heterocycles: 07CJO819.

Versatile reactivity and catalytic effects of copper(Il) halides in organic
syntheses including formation of lactones and lactams, pyrrolidi-
nones, pyridinones, pyrroles, and dihydrofurans; dehydrogenation of
heterocycles to yield uracils, dihydroisoquinolines, and pyridazines:
05COC1737.

2.2.4.2 Synthetic strategies and individual methods
Aldolase-mediated synthesis of iminocyclitols and novel heterocycles:
06AA63.
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Amination with oximes, particularly, intramolecular amination to give
five- and six-membered N-heterocycles: 05EJO4505.

1,3-Aminoalcohols and their derivatives in asymmetric organic synthesis
of N- and N,O-heterocycles: 07CRV767.

C—C, C-0, C—N bond formation on sp® carbon by Pd(Il)-catalyzed reac-
tions involving oxidant agents, particularly, alkene-hetarene coupling
and syntheses of various O- and N-heterocycles: 07CRV5318.

Cascade reactions in the synthesis of heterocycles: 06ARK(7)416, 07AHC
9H)1.

Chemical and biochemical transformations in ionic liquids: 05T1015.

Chemical routes for the transformation of biomass into chemicals, partic-
ularly, into furfural, N-heterocycles, and epoxides: 07CRV2411.

Chemistry of the anionically activated aromatic CF; group and synthesis of
heterocycles: 07MRO183.

The chemistry of mercapto- and thione-substituted 1,2,4-triazoles and their
utility in heterocyclic synthesis: 06 ARK(9)59.

Design of highly functional small-molecule catalysts and related reactions
based on acid-base combination chemistry (particularly, synthesis of
oxazolines and thiazolines and L-histidine-derived sulfonamide as a
minimal artificial acylase for the kinetic resolution of racemic alcohols):
07SL686.

Development and applications of electron-transfer-initiated cyclization
reactions, particularly, applications to heterocycle synthesis: 07SL191.

Domino synthesis of carbo- and heterocycles involving a 1,3 or 1,4 C—O
silyl migration: 07SL177.

Enantioselective synthesis of heterocycles mediated by organoselenium
reagents: 06 ARK(7)186.

Environmentally benign solvent systems and a greener [4 + 2] cycloaddi-
tion process for synthesis of heterocycles: 07MRO89.

Gold-catalyzed organic reactions, particularly, olefin epoxydation and
hydroamination or hydroalkoxylation of alkynes to give N- or O-het-
erocycles: 07CRV3180.

Heterocycles as versatile building blocks in different synthetic strategies:
06ARK(7)395.

Hypervalent iodine(V) reagents, particularly, benzoiodoxole oxide in
organic synthesis: 06 ARK(9)26.

Microwave-assisted synthesis in water as solvent: 07CRV2563.

Microwave irradiation for accelerating reactions with participation and /or
formation of heterocycles: 05Z0R1757, 06 ARK(9)1.

Modern strategies in organic catalysis based on iminium activation using
imidazolidinones as catalysts: 06AA79.

New heterocyclization reactions with Fischer carbene complexes: 06 ARK
(7)129.
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New routes to organofluorine compounds (including fluorinated hetero-
aromatics) based on ketenes and the radical transfer of xanthates:
070BC205.

Nitrobutadienes from B-nitrothiophenes as valuable building-blocks in the
overall ring-opening/ring-closure protocol to homo- or heterocycles:
06ARK(7)169.

Nonconventional methodologies for Heck reaction, particularly, with par-
ticipation of heteroaromatics: 05T11771.

Nucleophilic dearomatizing (DnAr) reactions of aromatic C,H-systems,
particularly, of heterocycles: 07CRV1580.

Poly(ethylene glycol) supported synthesis of heterocyclic libraries:
05CJO1157.

Preparation of heterocyclic compounds via Ti- or Zr-metallacycles: 05Y102.

Progress in the synthesis of heterocycle-fused Cg-fullerene derivatives:
06CJO168.

Radical conjugate additions with participation and formation of hetero-
cycles including stereoselective reactions, cascade reactions, and
application of conjugate additions in total synthesis of natural products:
05T10377.

Rapid, “green,” predictable microwave-assisted synthesis with participa-
tion and formation of heterocycles: 05ACR653.

Recent advances in synthesis of condensed heterocycles on polymeric
supports: 05CJO152.

Recent developments in the synthesis of heterocyclic derivatives by Pdl,-
catalyzed oxidative carbonylation reactions of suitably functionalized
alkynes: 03JOM(687)219.

Recent applications of the dealkoxycarbonylation reactions of malonate
esters, B-keto esters, a-cyanoesters, and related analogs including
preparation and participation of heterocycles: 07ARK(2)1, 07ARK(2)54.

1,4-Sila- and stannatropic strategy for generation of 1,3-dipoles and its
application to heterocyclic synthesis: 06 ARK(7)370.

Solvent-free and highly concentrated reactions, particularly, those with
formation and/or participation of heterocycles as a green chemistry
approach to asymmetric catalysis: 07CRV2503.

The Sonogashira reaction in syntheses with formation and/or participa-
tion of heterocycles: 07CRV874.

C,-Symmetric chiral bis(oxazoline) ligands in asymmetric catalysis:
06CRV3561.

Synthesis of azaheterocycles by one-electron reduction of oximes: 06ARK
(7)245.

Synthesis of cyclic nitrones by bromocyclization of unsaturated oximes:
06ARK(7)76.
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Synthesis of heterocycles via palladium-catalyzed oxidative addition:
06CRV4644.

Synthesis of heterocyclic compounds by carbenoid transfer reactions:
07COC177.

Synthesis of B-tropolone and fused heterocycle derivatives by acid-cata-
lyzed and photoreactions of 0-quinones with quinolines and benzimi-
dazoles: 06 ARK(7)439.

Synthetic uses of ynolate-initiated heterocyclizations: 07T10.

Transformation of carbon dioxide, particularly, in synthesis of oxazolidi-
nones and cyclic carbonates or copolymerization with oxiranes:
07CRV2365.

Transition metal catalyzed [2 + 2 + 2] cycloaddition and application in
organic synthesis, particularly, that of heterocycles: 05EJO4741.

2.2.43 Versatile synthons and specific reagents

Aldehyde N,N-dialkylhydrazones as neutral acyl anion equivalents, par-
ticularly, in synthesis of heterocycles: 07EJO5629.

Application of allenic compounds tandem cyclizations, particularly, in ring
opening of ethynylaziridines with participation of organocopper com-
pounds, Pd-catalyzed stereoselective cyclization of allenes leading to
aziridines, pyrrolidines, and benzoindoles: 05YZ899.

Application of 2-iodoxybenzoic acid as oxidizing agent in organic synthe-
sis: 06CJO1623.

Asymmetric hetero-Diels—Alder reactions of Danishefsky’s and Brassard’s
dienes with aldehydes: 07SL2147.

Asymmetric synthesis of N-heterocycles (including alkaloids) using N-sul-
finyl imines: 06 ARK(7)120.

Boron-substituted building blocks in Diels—Alder and other cycloaddition
reactions, particularly, those with participation and formation of het-
erocycles: 0552091.

Cerium(IV) ammonium nitrate — A versatile single-electron oxidant, par-
ticularly, in heterocyclic chemistry: 07CRV1862.

CF;-bearing aromatic and heterocyclic building blocks: 06 AG(E)5432.

The chemistry of hydrazonates including their use for the synthesis of
heterocycles: 07COC773.

Cyclic nitriles, particularly, those of heterocyclic series in synthesis: 05T747.

Derivatives of polyfluoroalkanethioic acids in synthesis of fluorine-con-
taining heterocycles: 05RKZ(6)107.

Development of boron-based reactions and reagents for organic synthesis,
particularly, of heterocycles: 07Y1048.

4,4-Dialkoxybutan-2-ols as synthons, particularly, for preparation of
heterocycles: 05ZORO.

Domino reactions of 1,3-bis(silyl enol ethers) with 4-(trialkylsilyloxy)ben-
zopyrylium triflates to give various carbo- and heterocycles: 07SL1016.
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Enantiopure sulfinamides in asymmetric synthesis of aziridines, pyrroli-
dine phosphonates, and natural bioactive heterocycles: 05AA93.

Formation of halogen and chalcogen derivatives via hetaryllithium inter-
mediates: 0553477.

Functionalized magnesium organometallics as versatile intermediates for
the synthesis of polyfunctional heterocycles: 06CC583.

Generation, properties, and synthetic applications of nitrile ylides:
07COC741.

Guanidines in organic synthesis, particularly, that of heterocycles: 065737.

N-Heterocyclic carbenes as versatile organocatalysts and reagents:
06CJO745.

Lithium aminoborohydrides in reduction of N-alkyllactams and synthesis
of 2-dialkylaminopyridines: 05AA61.

New synthetic applications and biological activity of diazenes: 05JHC401.

Nitrenium ions and direct electrophilic aromatic amination (cyclic
nitrenium ions, formation of N-heterocycles by intramolecular amina-
tion, N-aminopyridinium salts): 05Z0OR487.

Organotrifluoroborates in organic synthesis (reactions with oxiranes, epox-
idation of, hetaryltrifluoroborates in Suzuki reaction): 05AA49.

Pd-catalyzed direct arylation of simple arenes (hetarenes) in synthesis of
biaryl molecules: 06CC1253.

Pd-catalyzed domino oligocyclizations of acyclic 2-bromoenynes and
2-bromoenediynes: 05ACR413.

Preparation and reactions of heteroaryl organomagnesium compounds:
06CL2.

Privileged building blocks in chemo-differentiating ABB MCRs (reactions
introducing into the final product one molecule of component A and
two molecules of component B): 07CSR484.

Recent advances in stereoselective syntheses using N-acylimines (particu-
larly, with formation of heterocycles): 075159.

Recent developments of biaryl synthesis including that of arylhetarenes via
cross-coupling reactions of areneboronic acid derivatives: 05Y312.

Recycle application of catalyst supported by ionic liquids to asymmetric
reaction: 06CJO1362.

Solid-supported reagents, catalysts, and their use to solution-phase combi-
natorial synthesis: 06CJO885.

Synthesis and application of functionalized chiral ionic liquids: 06CJO1031.

Synthesis and stereoselective functionalization of silylated heterocycles as a
new class of formyl anion equivalents: 06CC488]1.

Synthesis of enaminones and their utility in organic (mainly, heterocyclic)
synthesis: 06CJO1192.

Synthesis of heterocycles by using thiones and selones: 05Y791.
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Synthetic applications of Buchwald’s phosphines in palladium-catalyzed
aromatic-bond-forming reactions, mainly those leading to N- and
O-heterocycles: 06AA17.

The use of phosphorus-centered radicals in organic chemistry, particularly,
syntheses and transformations of heterocycles: 05CSR858.

Titanium complexes in enantioselective Friedel-Crafts, [4 + 2] and [3 + 2]
cycloaddition reactions, epoxidation and other oxidation processes:
06CRV2126.

2-(Trimethylsilyl)ethanesulfonyl (or SES) group in amine protection and
activation: 06CRV2249.

Utilities of some carbon nucleophiles in heterocyclic synthesis: 07COC853.

Utility of cyanoacetic acid hydrazide in heterocyclic synthesis: 06 ARK(9)
113.

2.2.44 Ring synthesis from nonheterocyclic compounds

Arsonium ylides in synthesis of heterocycles: 05T1385.

Asymmetric MCRs: 05AG(E)1602.

Asymmetric organocatalytic domino reactions: 07AG(E)1570.

CH/r hydrogen bonds in organic reactions, particularly, in hetero Diels—
Alder reaction: 05T6923.

Cascade reactions of carbonyl ylides for heterocyclic synthesis: 09PHC20.

Citronellal as key compound in organic synthesis, particularly, of hetero-
cycles: 07T6671.

Condensation of thioamides with acetylencarboxylic acids derivatives:
06ZOR807.

The construction of C—N double bonds by aza-Wittig reaction in the prep-
aration of heterocycles: 07T523.

Criss-cross cycloaddition reactions with hexafluoroacetone azine to give
partially fluorinated heterocycles and polymers: 06H(67)443.

gem-Disubstituent effect in formation of heterocycles: 05CRV1735.

The domino way to heterocycles: 07T5341.

Fluorine-containing 2-functionalized 1,3-dicarbonyl compounds for het-
erocyclic synthesis: 06H(69)593.

Formation of furoxans by cyclization of 1,2-dinitroso compounds:
05CSR797.

Formation of heterocycles by cyclizations of allylic substrates via palla-
dium catalysis: 05T3457.

Formation of heterocycles by transition metal-catalyzed hydroarylation
of alkynes: 055167.

Generation of iminium ylides from carbenes and carbenoids and their
synthetic application: 05UK183.

Gold catalysis, particularly that of reactions leading to formation of hetero-
cycles: 06AG(E)7896.
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Heterocycle synthesis by copper-facilitated addition of heteroatoms to
alkenes, alkynes, and arenes: 07CSR1153.

Heterocyclization reactions with participation of thiols: 06ZOR647.
Hexamethyldisilathiane-based thionation of carbonyl compounds as a
versatile approach to sulfur-containing heterocycles, particularly, to

isothiazoles: 055L.1965.

Intramolecular dipolar cycloaddition reactions of azomethine ylides:
05CRV2765.

1-Lithio-1,3-dienes as useful building blocks for heterocyclic compounds:
07BCJ1021.

Metal vinylidenes and allenylidenes in catalysis of anti-Markovnikov
additions to terminal alkynes and alkene metathesis, particularly with
participation and/or formation of heterocycles: 06 AG(E)2176.

Multicomponent syntheses of heterocycles by transition-metal catalysis:
07CSR1095.

N-Vinylic phosphazenes as a tool for the synthesis of acyclic and hetero-
cyclic compounds: 06COC2371.

One- or two-step sequences for the synthesis of heterocycles from versatile
nitroalkanes: 07T12099.

Pd-catalyzed bicyclization in the one-step formation of heteropolycyclic
ring systems: 06COC1325.

Quinoneimides in synthesis of heterocycles: 055L.2407.

Reactions of functionalized alkoxyethylenes with nucleophilic reagents in
synthesis of five-, seven-membered heterocycles and macrohetero-
cycles: 06ZOR167.

Recent advances in the chemistry of o,f-unsaturated trifluoromethylke-
tones including their use for synthesis of heterocycles: 07T7753.

Ring closing enyne metathesis as a powerful tool for the synthesis of
heterocycles: 07CSR55.

Ring-closing metathesis as a basis for the construction of aromatic and
heteroaromatic compounds: 06AG(E)2664.

Ring-closing metathesis of heteroatom-substituted dienes: 06H(70)705.

Ring-closing metathesis of substrates containing more than two
C—C double bonds as a rapid access to functionalized heterocycles:
06COC1363.

Ring-closure reactions of ortho-vinyl-tert-anilines via the tert-amino effect:
0652625.

Secondary amides as ortho-directed metallation groups for arenes; a useful
construction way for polysubstituted aromatic and heteroaromatic
systems: 06COC1817.

Stereoselective allylboration using (B)-y-alkoxyallyldiisopinocampheyl-
boranes for the synthesis of heterocycles: 07ARK(2)121.
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Synthesis of enamines, enol ethers, and related compounds by cross-cou-
pling reactions, particularly, synthesis of heterocycles including natural
products: 05CC973.

Synthesis of heterocycles by transition metal-catalyzed cyclocarbonylation
reactions: 06COC1397.

Synthesis of heterocycles through hydrosilylation, silylformylation, silyl-
carbocyclization, and cyclohydrocarbonylation reactions: 06COC1341.

Synthesis of partially fluorinated heterocycles from 4,4-bis(trifluoro-
methyl)-substituted hetero-1,3-dienes via C—F bond activation and
their application as trifluoromethyl-substituted building blocks: 06H
(69)569.

Synthesis of perfluoroalkyl heterocycles using perfluoroolefins containing
a reactive group at the double bond: 05AHC(88)231.

Synthesis of polyfluoroalkyl-substituted heterocycles based on unsatu-
rated compounds possessing polyfluoroalkyl groups: 06KGS323.

Synthesis of polyfunctional heterocycles based on aromatic nitriles:
06IVUZ(4)3.

Synthesis of pyrrolidine derivatives and lactones based on conjugate addi-
tion of nitroalkanes to electron-poor alkenes: 05CRV933.

Thiourea and selenourea and their applications, particularly, in the prep-
aration of heterocycles: 06COS439.

The use of anthranilic acid as a starting material for synthesis of hetero-
cycles: 06COS379.

2.2.4.5 Syntheses by transformation of heterocycles

Advances in siloxane-based aryl-aryl coupling reactions for synthesis of
bihetaryls: 05T12201.

Aryl-hetaryl bond formation by transition metal-catalyzed direct
arylation: 07CRV174.

Carbon-carbon coupling reactions of heterocycles catalyzed by
heterogeneous Pd catalysts: 07CRV133.

Catalytic direct arylation of heteroaromatic compounds: 07CL200.

Direct transition metal-catalyzed functionalization of heteroaromatic
compounds: 07CSR1173.

Hypervalent iodine chemistry (I-heterocycles and synthesis of hetero-
cycles): 05AG(E)3656.

Innovative catalytic protocols for the ring-closing Friedel-Crafts-type
alkylation and alkenylation of arenes and hetarenes: 06EJO3527.

Modern synthetic methods for fluorine-substituted target molecules,
particularly, with participation or preparation of heterocycles:
05AG(E)214.

Regioselective (site-selective) functionalization of unsaturated haloge-
nated nitrogen, oxygen, and sulfur heterocycles by Pd-catalyzed
cross-couplings and direct arylation processes: 07CSR1036.



22 L.l. Belen’kii et al.

Ring-closure reactions of heterocyclic analogs of o-vinyl-tert-anilines via
the tert-amino effect: 0652625.

Synthesis of biaryls and arylhetarenes using Pd/C-catalyzed Suzuki-
Miyaura reaction: 06E]JO2679.

Thioisomtinchnones in synthesis of heterocycles: 05ACR460.

2.2.5 Properties and applications (except drugs and pesticides)
2251 Dyes and intermediates

Advances in study of the indocyanine dyes: 06CJO442.

Current developments in optical data storage with organic dyes includ-
ing N-heterocycles and their metal complexes: 06AG(E)2016.

Improving the properties of organic dyes by molecular encapsulation
(particularly, cyclodextrin-encapsulated dyes and rotaxane dyes):
05EJO4051.

2.2.52 Substances with luminescent and related properties

Classification and mechanism of the action of sun-protecting natural and
synthetic organic UV filters: 06IVUZ(11)3.

Design, synthesis, and biological activity of unnatural enediynes (includ-
ing those with heterocyclic fragments) and related analogs equipped
with pH-dependent or phototriggering devices: 07CRV2861.

Designing tridentate ligands, 2,2'-bipyridine and 2,2":6'2"-terpyridine
derivatives, for ruthenium(Il) complexes with prolonged room tem-
perature luminescence lifetimes: 05CSR133.

Electron and energy transfer modulation with photochromic switches
(dithienylethenes and spiro[chromene-2,2’-indolines]): 05CSR327.

Fluorescent oligopyridines and their photo-functionality as tunable fluor-
ophores: 07COC195.

Functional bioluminescent imidazopyrazinone dyes: 06Y1062.

Heterocycles as materials for fluorescence resonance energy transfer anal-
ysis: 06 AG(E)4562.

Heterocycle-based dendrimers for use in organic light-emitting diodes
and solar cells: 07CRV1097.

Heterocyclic photochromes as molecular switches controlled by light:
06CC1169.

Luminescent sensors and switches in the early 21st century: 05T8551.

Molecular engineering of octupolar NLO molecules and materials based
on bipyridyl metal complexes: 05ACR691.

Photoactive metallocyclodextrins: 05CSR120.

Recent development of 67-electrocyclic photochromic systems: 06CL1204.

Research of electrophosphorescent organometallic complexes (N-hetero-
cycles as ligands): 05CJO873.

Research progress of 8-hydroxyquinoline metal complexes in electrolumi-
nescent devices: 06CJO783.
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Spiro compounds for organic optoelectronics: 07CRV1011.
A survey of the synthesis of photochromic material diarylethenes, mainly,
dithienylethenes: 07CJO175.

2.253 Organic conductors (except polymers)

Charge carrier transporting heterocycle-derived molecular materials and
their applications in devices: 07CRV953.

Functionalized acenes and heteroacenes for organic electronics:
06CRV5028.

Organic semiconducting thiophene-, selenophene-, and tetrathiafulva-
lene-derived oligomers for use in thin film transistors: 07CRV1066.
Organic synthesis and device testing for molecular electronics, in partic-

ular, synthesis of oligo(2,5-thiophene ethynylenes): 06AA47.
Research progress of tetrathiafulvalene and its derivatives in organic pho-
toelectric functional materials: 05CJO1167.

2254 Coordination compounds

Amide-based macrocyclic ligands for anion coordination: 06 AG(E)7882.

Applications of transition-metal catalysts, particularly complexes with
N-heterocyclic ligands, to textile and wood-pulp bleaching by using
hydrogen peroxide: 06 AG(E)206.

Coordination chemistry and catalytic applications of functionalized
N-heterocyclic carbene ligands: 07COC1491.

Coordination modes of 5-pyrazolones (X-ray diffraction data): 07CCR1561.

Coordination properties of bidentate alcohols and aldehydes derived from
imidazole, pyrazole, or pyridine toward Cu(Il), Co(Il), Zn(Il), and Cd
(II) ions in the solid state and aqueous solution: 05CCR(249)2259.

Crystal engineering of coordination polymers using 4,4'-bipyridine as a
bond between transition metal atoms: 06CC4169.

Cyclophosphazene-based multisite coordination ligands: 07CCR1045.

Evolution and applications of second-generation ruthenium olefin metath-
esis catalysts, particularly, using heterocyclic ligands: 07AA45.

Macroheterocyclic ligands in coordination of anions: 05ACR671.

Mossbauer studies of coordination compounds (including those with
N-heterocyclic ligands) using synchrotron radiation: 05CCR(249)255.

Molecular assemblies of functional (mostly N-heterocyclic) molecules on
gold electrode surfaces studied by electrochemical scanning tunneling
microscopy: 06BCJ1167.

N-Heterocycle-based multicoordinate ligands for actinide/lanthanide
separations: 07CSR367.

Salicylidenealdimine-based metal chelates for gas (O, and NO) binding
and catalysis: 05ACR765.

Selective extraction of naturally occurring radioactive Ra** with crown
ethers and related compounds: 05CSR753.
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Cy-Symmetric chiral bis(oxazoline) ligands in asymmetric catalysis:
06CRV3561.

The synthesis and coordination chemistry of 2,6-bis(pyrazolyl)pyridines
and their terpyridine analogs: 05CCR(249)2880.

Synthesis and application of new N-heterocyclic carbene ruthenium com-
plexes in catalysis: 06COC203.

Synthesis, structures, metal coordination chemistry and applications of
4-acyl-5-pyrazolone ligands: 05CCR(249)2909.

Transition metal complexes as molecular machine prototypes: 07CSR358.

2255 Polymers

The chemistry of organic nanomaterials (oligothiophenes and perilenedia-
mides): 05AG(E)5592.

Chemical sensors based on amplifying fluorescent conjugated polymers
functionalized, particularly, by crowns, thymine, or cyclophanes:
07CRV1339.

Conducting-polymer-based chemical sensors: 07BCJ2074.

The Cgp/-conjugated oligothiophenes as materials for organic solar cells:
05CSR31.

Effect of different factors on curing process of tetrazole-containing poly-
mers: 06IVUZ(6)3.

High-content photochromic polymers based on dithienylethenes:
05EJO1233.

Linear-conjugated systems (mainly, poly- and oligothiophenes) deriva-
tized with Cgo-fullerene as molecular heterojunctions for organic
photovoltaics: 05CSR483.

Main-chain organometallic polymers: synthetic strategies, applications,
and perspectives: 07CSR729.

Metal containing polymers with heterocyclic rigid main chains: 07CCR2104.

Modular and dynamic functionalization of polymeric scaffolds using
N-heterocycles: 07ACR63.

New approaches to the analysis of high connectivity materials, coordina-
tion framework polymers derived from lanthanide metal ions with N,
N'-dioxide ligands, such as 4,4'-bipyridine, pyrazine, 1,2-bis(pyridin-4-
yDethane, and trans-1,2-bis(pyridin-4-yl)ethane N,N'-dioxides:
05ACR335.

Organocatalytic ring-opening polymerization involving lactones,
morpholine-2,6-diones, cyclosiloxanes, and oxadisilacyclohexanes as
monomers and/or heterocyclic carbenes as catalysts: 07CRV5813.

Relationships between molecular structure, electrochemical properties,
and solid-state organization of salts of extended tetrathiafulvalene
analogs: 05CSR69.

The roles of molecular architecture and redox matching in conducting
metallopolymers possessing heterocyclic fragments: 05CC23.
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Study of structuration processes of tetrazole-containing polymers under
the action of various curing systems: 06IVUZ(8)3.

Synthesis and properties, particularly, as composite and electrolumines-
cent materials, of polyquinolines and polyantrazolines: 05UK739.

Synthesis of oligo(p-aniline) analogs, indolocarbazole and diindolocarba-
zole derivatives: 055L1223.

Synthesis of uniform, nonnatural oligomers, particularly, oligopyridines,
oligo(pyridine—pyrimidine)s, and oligothiophenes: 06SL1793.

N-Vinylpyrrolidone in radical copolymerization reactions: 06IVUZ(2)3.

2.25.6 lonic liquids

Advances in liquid-phase organic synthesis using functional ionic liquid
as supports: 07CJO1188.

Application of ionic liquid-anchored catalyst or reagent to organic syn-
thesis: 07CJO1236.

Approaches to crystallization from ionic liquids: 06CC4767.

Asymmetric catalysis in ionic liquids: 07COS370.

Catalysis in ionic liquids: 07CRV2615.

Chemical and biochemical transformations in ionic liquids: 05T1015.

The chemistry of the C(2) position of imidazolium room temperature ionic
liquids (mainly, deprotonation to give N-heterocyclic carbenes):
07COS381.

Computer simulation of clusters, liquids, and crystals of dialkylimidazo-
lium salts: 07ACR1156.

Electrochemical aspects of ionic liquids: 05MI12.

Electrophilic reactions of aromatic and heteroaromatic compounds in
ionic liquids: 06ZOR1761.

Evolution of ionic liquids from solvents and separations to advanced high
energy materials: 07ACR1182.

Functional design of ionic liquids: 06BCJ1665.

Functionalized imidazolium salts for task-specific ionic liquids and their
applications: 06CC1049.

Intermolecular dynamics, interactions, and solvation in ionic liquids:
07ACR1217.

Ionic green solvents from renewable resources: 07EJO1049.

Ionic liquids and catalyst immobilization: 05Y503.

Ionic liquids as environmentally benign solvents in organic synthesis,
particularly, that of heterocycles: 05COC195.

Ionic liquids as solvents for catalyzed oxidations (in particular, epoxida-
tion) of organic compounds: 06ASC275.

Ionic liquids in separations including extractions, gas chromatography,
and supported liquid membrane processes: 07ACR1079.

Ionic liquids in the range of solvents (general monograph): 05MI7.

Lanthanides and actinides in ionic liquids: 07CRV2592.
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Local structure formation in alkyl-imidazolium-based ionic liquids as
revealed by linear and nonlinear Raman spectroscopy: 07ACR1174.

Metal catalyzed reactions in ionic liquids: 05MI10.

Progress in the research of guanidinium ionic liquids including cyclic
ionic liquids: 06CJO1335.

Reactivity of ionic liquids: 07T2363.

Recycle application of catalyst supported by ionic liquids to asymmetric
reaction: 06CJO1362.

Solvation, solute rotation and vibration relaxation, and electron-transfer
reactions in room temperature ionic liquids: 07ACR1130.

Solubility of CO,, CHy4, C,Hg, CoHy, Oy, and Nj in 1-hexyl-3-methylpyr-
idinium bis(trifluoromethylsulfonyl)imide (comparison to other ionic
liquids): 07ACR1208.

Synthesis and application of functionalized chiral ionic liquids:
06CJO1031.

The use of quaternary phosphonium salts and 1,3-dialkylimidazolium
hexafluorophosphates in “green” organic synthesis: 07COC107.

225.7 Miscellaneous

Chemistry of important flavor compounds, viz., 2-acetyl-1-pyrroline,
6-acetyl-1,2,3 4-tetrahydropyridine, 2-acetyl-2-thiazoline, and 5-ace-
tyl-2,3-dihydro-4H-thiazine: 06CRV2299.

Discotic liquid crystals (particularly, heterocyclic compounds) and their
applications from tailor-made synthesis to plastic electronics: 07AG(E)
4832.

2,4,6,8,10,12-Hexanitro-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0'1.0°°]
dodecane (high-energy material hexanitrohexaazaisowtirtzitane):
05UK830.

Hydrogen-bonding of fullerenes with heterocycles: 05AG(E)5374.

Microporous porphyrin solids: 05ACR283.

Multidimensional crystal structures and unique solid-state properties of
heterocyclic thiazyl radicals and related materials: 06BCJ25.

Multisubstituted olefins (including those with heterocyclic substituents),
their synthesis and applications to materials science and pharmaceu-
tical chemistry: 06BCJ811.

Self-organized functional liquid-crystalline assemblies (including those
with N-heterocyclic fragments) as soft materials: 06 AG(E)38.

Synthesis of aryl- and heteroaryl-substituted cyclopentadienes and
indenes and their use in transition metal chemistry: 06COC937.

Synthesis of self-organizing thiophene-, thiazole-, or 1,3,4-thiadiazole-
based mesogenic materials: 07CSR2046.

Synthesis, structure, and molecular encapsulation of open-cage fullerenes,
particularly, possessing heterocyclic fragments: 055L2117.

Synthesis, structure, and properties of thiols, particularly, those of hetero-
cyclic series: 05Z0OR647.
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2.3 Specialized heterocycles

a-Haloacetylenic and acetylenic alcohols (including their use for synthesis
of O- and N-heterocycles): 07ZOR169.

Methods for the synthesis of polycyclic nitramines: 07UK724.

New catalytic reactions of oxa- and azabicycloalkenes, including oxa- and
azabenzonorbornadienes: 07ACR971.

Polar acetalization and transacetalization in the gas phase to form cyclic
acetals (the Eberlin reaction): 06CRV188.

23.1 Nitrogen heterocycles (except alkaloids)
2311 General sources and topics

Abnormal N-heterocyclic carbenes: 07CCR596.

Anionic tethered N-heterocyclic carbene chemistry: 07CSR1732.

Aryl and 1,3-dioxoindanyl derivatives of azoles and azines: 07KGS51603.

f-Block N-heterocyclic carbene complexes: 06CC3959.

Coordination chemistry and catalytic applications of functionalized
N-heterocyclic carbene ligands: 07COC1491.

Formation and reactions of osmium—carbon double bonds, particularly,
in carbene analogs derived from osmacyclopropene, osmafurane, and
osmapyrrole: 07CCR795.

From the reactivity of N-heterocyclic carbenes to new chemistry in ionic
liquids: 06CC1809.

Inclusion complexes containing quaternary azaaromatic moieties: 07H
(71)1685.

Metal complexes with “pincer”-type ligands incorporating N-heterocyclic
carbene functionalities: 07CCR610.

Metal-mediated asymmetric alkylation using chiral N-heterocyclic car-
benes derived from chiral amines: 07CCR702.

Mixed oxazoline-carbenes as stereodirecting ligands for asymmetric catal-
ysis: 07CCR718.

NHC-Ru complexes-friendly catalytic tools for manifold chemical trans-
formations: 07CCR765.

N-Heterocyclic carbenes as organocatalysts: 07AG(E)2988.

N-Heterocyclic carbene-silver complexes as a new class of antibiotics:
07CCR884.

Organosilicon derivatives of nitrogen heterocycles with hypervalent sili-
con atom: 07UKS885.

Palladium complexes of N-heterocyclic carbenes as catalysts for cross-
coupling reactions: 07AG(E)2768.

Preparation and application of N-heterocyclic carbene complexes of Ag(I):
07CCR642.

Preparation of NHC-ruthenium complexes (NHC is N-heterocyclic
carbene) and their catalytic activity in metathesis reaction:
07CCR726.
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Progress in five-membered heterocyclic metallocene N-analogs:
07CJ0O329.

Stereoelectronic parameters associated with N-heterocyclic carbene
ligands: 07CCR874.

Structural and catalytic properties of chelating bis- and tris-N-heterocyclic
carbenes: 07CCR841.

Supported N-heterocyclic carbene complexes in catalysis: 07CCR860.

Synthesis, structure, and application of Ag(l) N-heterocyclic carbene com-
plexes: 05CRV3978.

Transition metal-catalyzed reactions using alkynes as precursors of car-
bene and vinylidene complexes used in cyclizations leading to N-het-
erocycles: 05CL1068.

2.3.1.2 Structure and stereochemistry

Mossbauer studies of coordination compounds (including those with N-
heterocyclic ligands) using synchrotron radiation: 05CCR(249)255.

Self-organization of disc-like molecules (in particular, formation of dis-
cotic crystals by N-heterocycles): 06CSR83.

2.3.1.3 Reactivity

Direct sp° C—H bond activation adjacent to nitrogen in heterocycles:
07CSR1069.

Oxidation of N-heterocycles (a green approach): 07JHC1223.

4-RSO,-substituted azetidin-2-ones, pyrrolidin-2-ones, and piperidin-2-
ones as stable precursors of reactive N-acylimino derivatives:
05CRV3949.

2314 Synthesis

N-Acylhydrazones as versatile electrophiles for the synthesis of nitrogen
heterocycles: 05AG(E)5176.

Azide rearrangements in electron-deficient systems (particularly, Schmidt
lactam synthesis): 06CSR146.

A catalytic enantioselective aza-Michael reaction with participation of N-
heterocycles in asymmetric synthesis of f-amino carbonyl compounds:
05EJO633.

1,5- or 1,7-electrocyclization of conjugated azomethine ylides: 06EJO2873.

Five-, six-, and seven-membered lactim ethers. Synthesis and chemical
properties: 05KGS645.

Gold-catalyzed hydroamination of C—C multiple bonds, particularly, in
synthesis of N-heterocycles: 06EJO4555.

Imidoyl radicals in organic synthesis, particularly, in construction of
indoles, phenanthridines, pyrrolidines, quinolines, quinoxalines, and
fused poly-cyclic N-containing derivatives: 07COC1366.

Olefin metathesis of amine-containing systems to give nitrogen hetero-
cycles: 07ASC1829.
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Oximes as reagents, particularly, for syntheses of N-heterocycles:
06UK884.

Preparation of cyclic S,5-dioxides and N-oxides using elemental fluorine
and HOF-CH;CN: 05E]02433.

Synthesis of azabicyclic systems using nitrogen-directed radical rearran-
gements: 070OBC3071.

Synthesis of bridged and nonbridged N-heterocycles by cyclocondensa-
tion of bis(silyl enol ethers) with iminium salts: 07EJO2233.

Synthesis of O- and N-heterocycles by cyclization of unsaturated organo-
lithiums: 02JOM(646)59.

Synthesis of N-heterocycles (indole, quinoline, pyrrole, pyrrolizine, indo-
lizine derivatives, lactams, pumiliotoxin C, and lycopodine) using Ti-
activated molecular nitrogen: 04JOM(689)4210.

Synthesis of unusual azides, 1,2,3-triazoles, and azirines using hexadecyl-
tributylphosphonium azide as a highly potent reagent: 0753431.

Synthesis, properties, and applications of N-phosphino lactams: 06CCR
(250)2867.

23.2 Oxygen heterocycles
23.2.1 Chemistry of individual classes of O-heterocycles

Calorimetric and computational study of sulfur-containing six-membered
rings including saturated S- and O-heterocycles: 05CSR347.

Cyclic organic peroxides: 070OBS3895.

Recent developments in main group metal complexes catalyzed/initiated
polymerization of lactides and related cyclic esters: 06CCR(250)602.

23.2.2 Reactivity Cyclopropanation of unsaturated O-heterocycles,
particularly, sugar derivatives: 05T321.

23.23 Synthesis

Benzoic anhydride and its derivatives in the synthesis of lactones: 05Y2.

Gold-catalyzed reactions of oxo-alkynes in preparation of O-heterocycles:
07ARK(5)6.

Oxidative cyclization of dienes and polyenes mediated by transition-
metal-oxo species (formation of O-heterocycles): 0752585.

Preparation of optically active fluorine-containing y-lactones with four
chiral centers: 05Y26.

Reactions of 2,3-allenols and their derivatives, particularly those leading
to O-heterocycles: 06CJO1468.

Synthesis of O- and N-heterocycles by cyclization of unsaturated organo-
lithiums: 02JOM(646)59.

Transition metal-catalyzed reactions using alkynes as precursors of car-
bene and vinylidene complexes used in cyclizations leading to O-
heterocycles: 05CL1068.



30 L.I. Belen’kii et al.

233 Sulfur heterocycles
233.1 Chemistry of individual classes of S-heterocycles

Benzo-annulated cyclic polysulfides: 07MRO15.

Cyclic 1,2-disulfonium dications and their Se and Te analogs: 05RKZ(6)77.

Persistent S-heterocyclic n-radical cations, their self-association, and its
steric control in the condensed phase: 050BC561.

2332 Structure and stereochemistry Calorimetric and computational study
of sulfur-containing six-membered rings including saturated S- and O-
heterocycles: 05CSR347.

2.33.3 Reactivity

Chiral sulfur ligands (S-, S,N-, S,0-heterocycles and heterocycles bearing
S-containing substituents) for asymmetric catalysis: 07CRV5133.

Oxidation of sulfides to sulfoxides: 05T1933, 05T8315.

2334 Synthesis

Catalytic syntheses and reactions of S-heterocycles (thiacycloalkanes, thio-
phenes, thiolane 1,1-dioxides): 05MI4.

Preparation of cyclic 5,5-dioxides and N-oxides using elemental fluorine
and HOF-CH3CN: 05E]02433.

Heterocyclic chemistry of sulfur chlorides — Fast ways to complex hetero-
cycles: 06EJO849.

2.4 Natural and synthetic biologically active heterocycles

We have classified the many reviews dealing with these materials under
the following headings:

1. General Sources and Topics (it is self-subdivided into Biological Functions,
Syntheses).

Alkaloids (General, Syntheses, Individual Groups).

Antibiotics (General, Antitumor, B-Lactam, Macrocyclic, Miscellaneous).
Vitamins.

Drugs (General, Activity Types, Individuals and Groups).

Pesticides.

Miscellaneous (Enzymes, Amino Acids and Peptides, Plant Metabolites,
Marine, Cyclodextrins, Other).

N ®N

241 General sources and topics

Advances in natural product synthesis by using intramolecular Diels—
Alder reactions: 05CRV4779.

Bioinspired electron-transfer systems and their applications: 06BCJ177.

Bioinspired hydrogen bond motifs in ligand design: 05ACR54.

Biologically active molecules with a “light switch”: 06 AG(E)4900.

Bioluminescence mechanism in the limpet-like snail, Latia neritoides:
05BCJ1197.
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Biomedical applications of carbon nanotubes functionalized by heteryl
groups: 05CC571.

Biosynthetic and biomimetic electrocyclizations: 05CRV4757.

The chemistry of nitroxyl (HNO) and implications in biology: 05CCR(249)
433.

Chiral trisoxazolines in asymmetric catalysis and molecular recognition:
05CSR664.

Current and emerging approaches for natural product biosynthesis in
microbial cells: 05ASC927.

Effects of small heterocyclic molecules on morphogenesis and cell
anatomy; on interaction of protein molecules; and on DNA and
RNA: 05CSR472.

Exogenous carcinogens in foodstuffs and carcinogens produced in
technological processes: 05CLY3.

Functionalized organolithium compounds in total synthesis: 05T3139.

The impact of bacterial genomics on natural product research: 05AG(E)
6828.

Mechanistic studies of relevance to the biological activities of chromium:
05CCR(249)281.

Metathesis reactions in total synthesis: 05AG(E)4490.

Microscale approach for configurational analysis using combined cross
metathesis/CD'FDCD protocols in natural products research: 06Y382.

Misassigned natural products and the role of synthesis in modern
structure elucidation: 05AG(E)1012.

N-Containing compounds of macromycetes: 05CRV2723.

New synthetic methods useful for total synthesis of nitrogen-containing
bioactive natural products, particularly, dendrobatid alkaloids, marine
alkaloids, monoterpene alkaloid incarvillateine: 05CPB1375.

A novel method for construction of heterocycles using organometallic
complexes and its application to the total syntheses of natural pro-
ducts: 05CPB457, 05YZ51.

Novel strategies for labeling biomolecules: 050BC20.

Photoreduction of polyazaaromatic Ru(Il) complexes by biomolecules:
06CCR(250)1627.

Polyketide stereotetrads in natural products (lactones, particularly, eryth-
romycin): 05CSR677.

Progress in the synthesis of heterocyclic natural products by the
Staudinger/intramolecular aza-Wittig reaction: 05ARK(2)98.

Revision of the stereochemistries of natural products through synthetic
study: synthesis of fudecalone and kaitocephalin: 07Y511.

Rigid-rod molecules in biomembrane models: 05ACR79.

Ru(l) and Ru(ll) complexes with cyclam and related species:
05CCR(249)405.
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Small organic molecules (preferably, heterocycles) as initiators of chemical
biology: 06Y529.

Strategy and design of total synthesis of selected bioactive natural pro-
ducts: 05CRV4707.

Synthetic nonpeptide mimetics of a-helices (terpyridines, 1,4-benzodiaze-
pin-2,5-dione, polycyclic ethers, trisubstituted imidazoles as
mimetics): 07CSR326.

Tandem cyclizations based on the novel reactions of allenic compounds
useful for preparation of bioactive heterocycles: 05CPB1211.

2411 Biological functions of natural and synthetic bioactive heterocycles

Advances in the biological activities and synthesis of 2-arylbenzo[b]furans:
05CJO25.

Biologically active pyrazines of natural and synthetic origin: 06CLY959.

Chemical modification of biomolecules to change their functionalities:
06Y1306.

Enzymatic reactions, mechanisms, structures, and biological functions of
nicotinamide adenine dinucleotide: 070BC2541.

Pilicides — 5-0x0-2,3-dihydrothiazolo[3,2-b]pyridine-3-carboxylic acid deri-
vatives targeting bacterial virulence: 070BC1827.

Reactions and biological activity of oximes of five-membered heterocyclic
compounds with two heteroatoms: 07KGS1123.

Recent advance in quinoline derivatives with biological activities:
07CJO1318.

Recent progress on squaric acid research in bioorganic fields: 07Y32.

Recent progress on the lipase-catalyzed asymmetric syntheses: 07Y772.

Representative natural products used in chemical genetics studies:
06CRV2476.

Structural analogs of tetrapyrrole macrocycles and their biological proper-
ties: 071ZV663.

Synthesis and role of glycosylthio heterocycles in carbohydrate chemistry:
06T2943.

Synthetic studies on cyclic guanidine natural products for the elucidation
of their controlling mechanism of protein—protein interaction: 06Y539.

Synthetic studies on oligosaccharide mimics carrying sulfur atoms in the
pyranose rings: 06Y766.

Transition metal cage complexes (including complexes with porphyrin,
phthalocyanine, cyclic polyamines as ligands) in biochemistry and
medicine: 07IZV555.

2412 General approaches to syntheses of biologically active heterocycles

Advances in iron catalyzed cross coupling reactions, selected applications
to the total synthesis of bioactive natural products and pharmaceuti-
cally relevant compounds: 05CL624.
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Advances on application of low valent titanium to organic synthesis
(McMurry reaction, particularly, in synthesis of natural products and
their analogs): 05CJO1342.

Applications of Baeyer—Villiger monooxygenase in organic synthesis
(mainly, for five- and seven-membered lactones): 05CJO1198.

Application of hydrolytic kinetic resolution (HKR) in the synthesis of
bioactive compounds: 07T2745.

Application of Ramberg-Backlund reaction to the synthesis of functional
organic molecules, particularly, of natural compounds: 06CJO158.
Asymmetric intramolecular conjugate addition of chiral enolates to
form pyrrolidine, piperidine, indoline, and tetrahydroisoquinoline
derivatives with contiguous quaternary and tertiary stereocenters:

06YZ617.

Asymmetric syntheses of natural products using acetals: 05YZ699.

Carbon-carbon and carbon-hydrogen bond transformations mediated by
highly reactive radicals and their application to the synthesis of bioac-
tive compounds: 07Y665.

Cascade reactions in total synthesis: 06AG(E)7134.

Catalytic asymmetric synthesis of biologically active molecules: 07Y439.

Chemo- and stereoselective reduction of enaminones for the preparation of
biologically active compounds: 06 ARK(6)104.

Cyclooctyne and 4-cyclooctyn-1-ol as versatile building blocks, especially,
in synthesis of natural products: 05EJO4231.

o,B-Dehydroamino acids as versatile intermediates in organic synthesis
and structural motives in natural products and biologically active
compounds: 0651.

Development of amino thiourea catalysts as an artificial enzymes and
their application to catalytic enantioselective synthesis of natural pro-
ducts and medical supplies: 06Y1139.

Development of enantioselective fluorination reaction and its application
to the synthesis of biologically active compounds: 06Y14.

Development of Stetter reaction, particularly, in the synthesis of natural
compounds: 06CJO906.

Enantio- and diastereoselective construction of a,x-disubstituted a-amino
acids for the synthesis of biologically active compounds: 05EJO5127.

A formal [3 + 3] cycloaddition approach to natural-product synthesis:
05E]JO23.

The hetero Diels—Alder approach to carbohydrate-containing molecular
scaffolding: 07COS47.

High-throughput synthesis of combinatorial libraries based on natural
products: 07Y795.

The intramolecular Stille reaction in some target natural product syntheses
(mainly, authors results): 02JOM(653)261.
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Long-range stereocontrol and asymmetric desymmetrization in total syn-
thesis of merrilactone A: 07Y419.

Macrocyclization by ring-closing metathesis in the total synthesis of natu-
ral products: 06 AG(E)6086.

Macrolactonizations in the total synthesis of natural products: 06CRV911.

Methods for constructing the peroxy bonds of organic peroxides:
05CJO1372.

Natural products syntheses based on biotransformations using hydro-
lases: 07Y783.

New development of photoinduced electron transfer reaction and total
synthesis of natural products, cyclic amines and O-macrohetero-
cycles: 05YZ16.

New developments in the asymmetric synthesis of heterocyclic natural
products: 06ARK(7)57.

New metal-catalyzed carbocyclization reactions for the construction of
complex natural products: 06 ARK(7)338.

The Nicholas reaction as a powerful tool for the stereoselective synthesis of
bioactive compounds, particularly, cyclic polyethers: 07SL343.

Organocatalytic synthesis of drugs and bioactive natural products:
07EJO2575.

Oxidative C—C bond formation in synthesis of natural products:
06ARK(7)310.

Palladium-catalyzed a-arylation of carbonyl derivatives and its applica-
tions in the synthesis of natural products: 05CJO282.

Palladium-catalyzed cross-coupling reactions in total synthesis:
05AG(E)4442.

Rapid syntheses of biologically active quinazolinone natural products
using microwave technology: 07COS223.

Recent advances in asymmetric nitroso Diels—Alder reactions leading,
particularly, to natural products: 06E]JO2031.

Regio- and stereoselective synthesis of tri- and tetrasubstituted alkenes by
introduction of CO, and alkylzinc reagents into alkynes in preparation
of natural products: 07EJO4981.

Regioselective ortho metalation-cross coupling for biaryls and heterobiar-
yls in aromatic and heteroaromatic natural product synthesis:
02JOM(653)150.

Separations and syntheses of chiral compounds and application to the
synthesis of natural products using fluorous chemistry: 06Y617.

Strategies for the formation of tetrahydropyran rings in the synthesis of
natural products: 06E]JO2045.

Strategies for the synthesis of C, symmetric natural products: 07T1487.

Syntheses of natural products having an epoxyquinone structure:
05CRV4515.
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Synthesis and biological activities of cantharidin (2,6-dimethyl-4,10-
dioxatricyclo-[5.2.1.0*°]decane-3,5-dione) and its derivatives:
06CJO579.

Synthesis and biological activity of prostaglandin analogs containing het-
eroatoms in the cyclopentane ring: 05COC419.

Synthesis and biological activity of 1,2,4-triazolo[1,5-a][1,3,5]triazines
(5-azapurines): 06H(68)1723.

Synthesis and biological activity of vicinal diaryl-substituted 1H-imida-
zoles: 07T4571.

Synthesis of 2-, 4-, and 5-(2-alkylcarbamoyl-1-methylvinyl)-7-alkyloxy-
benzo[blfurans and their leukotriene B4 receptor antagonistic activity:
05YZ863.

Synthesis of aza-C-disaccharides (dideoxyiminoalditols C-linked to mono-
saccharides) and analogs: 055675.

Synthesis of biologically active pyridazinoquinoxalines: 05/HC387.

Synthesis of cycloruthenated pyrido[2,3-a]lpyrrolo[3,4-clcarbazole-5,7(6H)-
diones and ruthenium complexes as protein kinase inhibitors:
07SL1177.

Synthesis of 12,6-eudesmanolides: 06CJO757.

Synthesis of glycosides containing quinazolin-4(3H)-one ring system:
05H(65)3007.

Synthesis of macrocyclic compounds including natural products by ring
closing metathesis: 07COC1339.

Synthesis of naturally occurring nitrogen heterocycles from carbohydrates:
05MI2.

Synthesis of nitrogen-containing natural products using allyl cyanate-to-
isocyanate rearrangement: 06Y96.

Synthesis of novel epibatidine-related derivatives through 1,3-dipolar
cycloaddition of pyridine nitrile oxides: 06 ARK(8)17.

Synthesis of propellane-containing natural products: 05T8769.

Synthesis of scaffolds with glycomimetic structures, including polyhy-
droxylated octahydroindoles and decahydroquinolines: 07COS1.

Synthetic approaches to naturally occurring 10-membered-ring lactones:
0753261.

Synthetic chemistry of halichlorine (15-membered lactone possessing
indolizidine fragment) and the pinnaic acids: 05CRV4514.

Synthetic organic chemistry of bioactive heterocycles based on small ring
compounds: 07CPB961.

Synthetic progress in artificial receptors of molecular capsules based on
glycoluril: 06CJO1485.

Synthetic studies on heterocycles (coumarins, benzoxazoles, various alka-
loids): 06YZ543.

Synthetic studies toward the pectenotoxins: 060BC4048.
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Titanocene-mediated radical cyclization in the synthesis of natural pro-
ducts: 06EJO1627.

Total syntheses of useful bioactive compounds and significance of their
developments: 06Y458.

Total synthesis of epoxyquinonoid natural products: 07BCJ1672.

Total synthesis of a-pyrone meroterpenoids, novel bioactive microbial
metabolites: 05CRV4559.

Total synthesis of some natural O-heterocycles as possible agents in com-
bating neurodegenerative disorders: 06 ACR539.

Total synthesis of structurally unique y-lactam natural products: 07Y460.

The use of catalytic asymmetric sulfide oxidations to the syntheses of
bioactive sulfoxides: 05ASC19.

242 Alkaloids
2421 General The quest for quinine: 05AG(E)854.

2422 Structure Design, synthesis, and binding affinity of new nicotinic
ligands: 06 ARK(8)50.

2.4.23 Synthesis

Advances in the synthesis of analogs of the Delphinium alkaloid methylly-
caconitine: 055L1809.

Applications of Stevens rearrangement of ammonium ylides to the synthe-
sis of alkaloids: 06T1043.

Comparison of synthetic strategies and routes of total synthesis of the lupin
alkaloid cytisine: 07T1885.

[3 + 3] Cycloadditions and related strategies in alkaloid natural product
synthesis: 050BC1349.

Intermolecular Pictet-Spengler condensation with chiral carbonyl deriva-
tives in the stereoselective syntheses of optically active isoquinoline and
indole alkaloids: 05ARK(12)98.

New strategies for the synthesis of monoterpene indole alkaloids:
05COC1465.

Novel routes to pyrroles, indoles, and carbazoles — Applications in total
synthesis of alkaloids including fused indolizidines, yohimbanes,
Amaryllidaceae alkaloids, and carbazoles: 05COC1601.

Oxidative amidation of phenols via the use of hypervalent iodine reagents
in alkaloid synthesis: 0753759.

Progress in the synthesis of morphine alkaloids (2000-2004): 05SL388.

Pyrroles and gem-dihalocyclopropanes as building blocks for alkaloid syn-
thesis: 056COC1589.

Reserpine: a challenge for total synthesis of natural products: 05CRV4671.

Stereo-controlled construction of quaternary carbon stereocenters in total
synthesis of complex cyclotryptamine alkaloids: 07AG(E)5488.

Syntheses of morphine and codeine (1992-2002): 06COS99.
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Synthesis of antitumor bis-tetrahydroisoquinoline alkaloids, saframycins
and ecteinascidins: 05CJO42.

Synthesis of benzo[c]phenanthridine alkaloids using a Pd-catalyzed aryl-
aryl coupling reaction: 056H(65)697.

Synthesis of hydroxylated phenanthridines, Amaryllidaceae constituents
(1996-2004): 05SL.365.

Synthesis of poison frog alkaloids as novel, potent, and subtype-selective
blockers of neuronal nicotinic acetylcholine receptors: 06Y49.

Synthesis of cinchona alkaloids: 07Y598.

Synthetic studies of hetisan-type aconite alkaloids (total synthesis of
(*)-nominine): 06Y237.

Total synthesis of calycotomine, 1-hydroxymethyl-substituted tetrahydro-
isoquinoline: 055339.

Trends in total synthesis of alkaloids: 05CLY298.

A unified synthetic approach to the pyrazinone-containing dragmacidin
alkaloids: 06CC3769.

2424 Individual groups of alkaloids

Advances in development of dopaminergic aporphinoids: 07JMC171.

Advances in the chemistry of macroline, sarpagine, and ajmaline-related
indole alkaloids: 06T8655.

Benzol[c]phenanthridine alkaloids sanguinarine and chelerythrine: 06H
(68)2403.

Chemistry of indole alkaloids related to the corynanthe-type from Uncaria,
Nauclea, and Mitragyna plants: 05COC1445.

The chemistry of recently isolated naturally occurring quinazolinone alka-
loids: 06T9787.

Chemoenzymatic synthesis of morphine, pancratistatin, and their ana-
logs: 06 ARK(7)276.

Diazine analogs of the pyridocarbazole alkaloids: 06COC363.

B-Isocupreidine-catalyzed asymmetric Baylis—-Hillman reactions (B-isocu-
preidine is (3R,8R,95)-10,11-dihydro-3,9-epoxy-6-hydroxycincho-
nane): 06Y1132.

Luotonin A (a novel pyrroloquinazolinoquinoline alkaloid isolated from
the aerial parts of Peganum nigellastrum Bunge) as a lead toward anti-
cancer agent development: 05H(65)2203.

Progress in the study of Daphniphyllum alkaloids: 07CJO565.

Quaternary isoquinoline alkaloids sanguinarine and chelerythrine, in vitro
and in vivo effects: 06CLY30.

Research progress on sugar-mimic polyhydroxy alkaloids derived from
plants: 07CJO1337.

Stereochemistry, syntheses, and biological activity of lupine alkaloids:
07YZ1557.
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The structure, biological activities, and synthesis of 3-hydroxypyrrolizi-
dine alkaloids and related compounds: 05COC1393.

Survey of chemical syntheses of the pyrrolizidine alkaloids turneforcidine
and platynecine: 07H(74)125.

Synthesis and absolute configuration of (+)-lentiginosine, indolizidine alka-
loid, a potent and selective inhibitor of amyloglucosidase: 07EJO1551.

Total synthesis of antitumor pyrroloiminoquinone alkaloids discorhab-
dins and makaluvamines: 05COC1567.

2.43 Antibiotics

2431 Antitumor antibiotics

Antitumor antibiotics: bleomycin, enediynes, and mitomycin: 05CRV739.

Hybrid molecules based on distamycin A as potential antitumor agents:
06ARK(7)20.

Recent developments in the syntheses of macrocyclic antitumor com-
pounds epothilones and analogs: 06E]JO4071, 06MRO49.

Recent developments in the chemistry and biology of epothilones: 06 ARK
(8)131.

Rifamycin — mode of action, resistance, and biosynthesis: 05CRV621.

Studies on natural anticancer macrolactones cryptophycins and their
mimetics: 06CJO27.

Synthetic studies on fostriecin and related natural products with antitu-
mor properties: 07Y874.

Total syntheses of anticancer natural product FR901464: 07Y119.

Total syntheses of antitumor antibiotic FR900482, its derivatives and
analogs through the eight-membered N-hydroxybenzazocinone key
intermediate: 07Y470.

Total syntheses of macrolactones with excellent antitumor activity,
epothilones: 07CJO298.

2432 B-Lactam antibiotics

Bacterial resistance to f-lactam antibiotics: 05CRV395.

New progress in enzymatic semi-synthesis of B-lactam antibiotics:
06CJ0O292.

2433 Macrocyclic antibiotics

Chemistry and biology of the 23-membered macrocyclic streptogramin A
antibiotics: 07MRO159.

A comparative analysis of the total syntheses of the amphidinolide T
natural products: 050BC2675.

Enantioselective disposition of lansoprazole and rabeprazole in human
plasma: 06YZ395.

The role of macrolides in translation and protein synthesis: 05CRV499.

Synthesis and antibacterial activity of macrolides and ketolides related to
erythromycin: 06T3171.



The Literature of Heterocyclic Chemistry, Part X, 2005—2007 39

Synthesis of nine-membered dilactone antibiotics antimycins: 06CJO1370.

2434 Miscellaneous antibiotics

Biomimetic synthesis of heteroaromatic thiopeptide antibiotics from
amino acids: 07AG(E)7930.

Biosynthesis and mode of action of lantibiotics: 05CRV633.

Chemistry and biology of ramoplanin, a lipoglycodepsipeptide with
potent antibiotic activity: 05CRV449.

2-Deoxystreptamine as central scaffold of aminoglycoside antibiotics:
05CRV775.

Derivatization and isotope labeling of amphotericin B aiming at
elucidation of the ion-channel structure: 06Y502.

Genetic approaches to polyketide antibiotics: 05CRV543.

Glycopeptide and lipoglycopeptide antibiotics: 05CRV425.

Molecular insights into aminoglycoside action and resistance: 05CRV477.

N-Heterocyclic carbene-silver complexes as a new class of antibiotics:
07CCR884.

An overview of synthetic and biological studies of ambruticin and ana-
logs: 05COC405.

Streptogramins, oxazolidinones, and other inhibitors of bacterial protein
synthesis: 05CRV529.

Synthetic routes toward the pyranonaphthoquinone antibiotic pentalon-
gin and syntheses of corresponding nitrogen derivatives: 07SL829.

Synthetic study of nucleoside antibiotics: 06YZ579.

Thiopeptide antibiotics: 05CRV685.

Total synthesis of spiroketal containing natural products, reveromycin A
and spirofungin B: 06ARK(7)105.

2.4.4 Vitamins

Asymmetric synthesis of vitamin E: 06CJO1353.

Chemistry and enzymology of vitamin B;,: 05CRV2075.

Design and synthesis of highly potent vitamin D receptor antagonists based
on the structural development of vitamin D;-26,23-lactone: 07Y947.

Green molecular transformations mediated by vitamin B, related metal
complexes as homogeneous and heterogeneous catalysts: 05Y780.

Luminescent transition metal complex biotin conjugates: 06CCR(250)1724.

Properties and chemical modification of L-ascorbic acid: 05KFZ(5)26.

Search for and development of active vitamin D; analogs: 05Y728.

Thiamine models and perspectives on the mechanism of action of thiamine-
dependent enzymes: 06CSR684.

245 Drugs
2451 General

Analysis of the reactions used for the preparation of drug candidate mole-
cules: 060BC2337.
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Applications of total synthesis toward the discovery of clinically useful
anticancer agents: 07CSR1207.

Asymmetric synthesis of active pharmaceutical ingredients: 06CRV2734.

Chemistry and biology of a series of antitumor sulfonamides: exploiting
transcriptomic and quantitative proteomic analyses for exploring
drugable chemical space: 06Y1171.

Design and structure-activity relationships of MT, selective melatonin
receptor antagonists: 06 ARK(8)8.

Design and synthesis of heterocycle-fused enediyne prodrugs activable
at will: 06ARK(7)261.

Designing heterocyclic selective kinase inhibitors: from concept to new
drug candidates: 06 ARK(7)496.

Development of environmentally benign organometallic catalysis for drug
discovery and its application to heterocyclic chemistry: 07CPB1099,
07YZ1383.

Development of novel catalytic asymmetric reactions mediated by chiral
Pd complexes as acid-base catalysts and their application to synthesis of
drug candidates: 06CPB1351.

Human pharmaceuticals in the aquatic environment: 07CRV2319.

Intramolecular cyclization utilized for release of active substances from
prodrugs: 05CLY21.

Large-scale oxidations in the pharmaceutical industry: 06CRV2943.

Metabolism of endogenic compounds: 06MI1.

Metabolism of exogenous compounds. Drugs and other xenobiotics:
06MI2.

Neuronal nicotinic acetylcholine receptors: 05]MC4705.

New methodologies for entry to targets of therapeutic interest: 055L2571.

New targets and screening approaches in antimicrobial drug discovery:
05CRV759.

Noncovalent interactions in adducts of platinum drugs with nucleobases in
nucleotides and DNA as revealed by using chiral substrates: 06CCR
(250)1315.

Organic chemistry of food, feed, and biologically active additives: 06MI3.

Organic synthesis of small organic molecules and biomolecules, especially
of pharmaceutically relevant heterocycles with light-fluorous reagents,
reactants, catalysts, and scavengers: 06AA3.

Organolithium reagents in pharmaceutical asymmetric processes:
06CRV2596.

Ozonolysis applications in drug synthesis: 06CRV2990.

Potent agents based on ligands for cell-surface receptors (particularly,
indoloazepines) and drug discovery: 06 ACR831.

Practical synthesis of multifunctional compounds, particularly, intermediates
for drug synthesis through Pd/C-catalyzed coupling reactions: 06Y853.
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Process design and development of drug candidates using cross-coupling
reactions as key steps in Merck: 02JOM(653)279.

Renin inhibitors as antihypertensive agents and factor Xa inhibitors as
anticoagulants: 07H(73)47.

S-Adenosyl-L.-homocysteine hydrolase as an attractive target for antimicro-
bial drugs: 07YZ977.

Search and structural elucidation of medicinal products from the vegetable
kingdom, including flavonoids: 07YZ1975.

Selective reductions with boron reagents in synthesis of pharmaceutical
and other products: 06CRV2617.

Silatranes in medicine and agriculture: 05MI3.

Structure, orientation, and conformational changes in transmembrane
domains of multidrug transporters: 05ACR117.

Synthesis and pharmaceutical evaluation of positron emission tomography
[''C] radiopharmaceuticals for the clinical application: 06YZ737.

Use of the furoxan system in the design of new NO-donor antioxidant
hybrids: 06 ARK(7)301.

Synthesis and biological evaluation of potential positron emission tomog-
raphy ligands for brain visualization of dopamine D; receptors: 06 ARK
(8)102.

Tyrosine kinase drug discovery: 06 ARK(8)38.

24.5.2 Definite types of activity

Activation of p53 protein as tumor suppressor by small heterocyclic mole-
cules: 05]MC4491.

Adverse cardiovascular effects of the coxibs: 05JMC2251.

Antibacterial natural products in medicinal chemistry: 06 AG(E)5072.

Antitumor properties of 16-membered ketolactone fludelone:
05AG(E)2838.

Applications and synthesis of the antiepileptic drug oxcarbazepine and
related structures: 07COC1385.

CB1 cannabinoid receptor antagonists for treatment of obesity and preven-
tion of comorbid metabolic disorders: 06]MC4008.

A comparative QSAR study of nonsteroidal anti-inflammatory drugs:
05CRV3235.

Development of and industrial process for synthesizing 9-(2,3-deoxy-2-
fluoro-B-p-threo-pentofuranosyl)adenine — anti-HIV agent Lodenosine:
05Y864.

Discovery and development of small-molecule chemokine coreceptor
CCR5 antagonists (oximino-substituted piperidinopiperidines, chiral
piperazines, spirodiketopiperazines): 06JMC2851.

Dithiol proteins as guardians of the intracellular redox milieu in parasites,
old and new drug targets in trypanosomes and malaria-causing plas-
modia: 05AG(E)690.
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Dopamine D3 receptor partial agonists and antagonists as potential drug
abuse therapeutic agents: 05]MC3663.

Drug discovery research for microbial metabolites: 06Y548.

5-Hydroxytryptamine 2C (5-HT,¢) receptor agonists as potential antiobe-
sity agents: 06]JMC4023.

Industrial syntheses of the central core molecules of HIV protease
inhibitors: 06CRV2811.

Macrolide antibiotics and other macroheterocycles as heat shock protein 90
inhibitors: 05]MC7503.

Medicinal chemistry of human ether-a-go-go related gene (hERG) optimi-
zations: 06JMC5029.

A medicinal chemistry perspective of control of hepatitis C: 05]MC1.

Melanin-concentrating hormone-1 receptor antagonists for the treatment of
obesity: 06JMC4017.

Melanocortin-4 receptor (MC4R) agonists for the treatment of obesity:
06JMC4035.

Molecular recognition of protein kinase binding pockets for design of
potent and selective kinase inhibitors: 07JMC409.

Neurotoxins and drugs for treatment of Parkinson disease: 05KFZ(9)3,
05KFZ(10)14, 05KFZ(11)3.

New approaches toward anti-HIV chemotherapy: 05JMC1297.

The next generation of phosphodiesterase inhibitors: 05]MC3449.

Norepinephrine reuptake inhibitors for neuropsychiatric disorders:
06H(69)539.

Oral cholesteryl ester transfer protein (CETP) inhibitors for treating coro-
nary artery disease: 06JMCI.

Peptidomimetics, glycomimetics, and scaffolds from carbohydrate build-
ing blocks: 07E]O4177.

Progress in total synthesis of orlistat (antiobesity drug): 05CJO902.

Prospects for metabotropic glutamate 1 receptor antagonists in the treat-
ment of neuropathic pain: 07JMC2563.

Pyridazine derivatives as novel acyl-CoA:cholesterol acyltransferase
(ACAT) inhibitors: 05JHC395.

Rational drug design of ¢ opioid receptor agonist TAN-67: 06Y371.

Research on nonnucleoside inhibitors of HIV-1 reverse transcriptase from
4,5,6,7-tetrahydro-5-methylimidazo[4,5,1-jkl(1,4)benzodiazepin-2(1H)-
one (TIBO) to etravirine (TMC125): 05]JMC1689.

Structural and functional basis of cyclooxygenase inhibition:
07JMC1425.

The structure-activity relationship of allyl-substituted oxopyrimidines:
05YZ73.

Thrombin receptor (protease activated receptor-1) antagonists as potent
antithrombotic agents with strong antiplatelet effects: 06JMC5389.
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Transient receptors as potential vanilloid type 1 channel modulators for the
treatment of pain: 07JMC2589.

2453 Individual substances and groups of compounds

Antitumor metal-containing carboranes: 071ZV620.

Azetidine-2-carboxylic acid as one of key pharmaceuticals: 060PP427.

Carboranyl thymidine analogs for neutron capture therapy: 07CC4978.

CO and NO in medicine: 07CC4197.

Drug targets, lead compounds, and potential therapeutic applications of
endocannabinoids: 05JMC5059.

Induction of apoptosis in several cancer cell lines by a natural product,
Apoptolidin (20-membered macrolide): 06 AG(E)872.

Medicinal chemistry approach to the synthesis of pyrazolo[4,3-¢][1,2,4]
triazolo[1,5-c]pyrimidine template: 06COC259.

Medicinal chemistry of combretastatin A4: 06JMC3033.

Oxazolidine derivatives of ephedrine with retarded activity: 05CLY318.

Porphyrin-based, chlorophyll-based, or phthalocyanine-based com-
pounds as synergic photosensitizers for photodynamic therapy:
05COC813.

3,3’-Pyrrolidinyl-spirooxindole natural products as inspirations for the
development of potential therapeutic agents: 07AG(E)8748.

Quinolone and pyridone antibacterial agents, bacterial topoisomerase
inhibitors: 05CRV559.

Recent progress during 2000-2005 in development of dopamine receptor
subtype-selective agents, potential therapeutics for neurological and
psychiatric disorders: 07CRV274.

Recent progress in the synthesis of artemisinin and its derivatives:
060PP1.

The structure-phototoxicity relationship and photostability of fluoroqui-
nolones: 05YZ255.

Synthesis and pharmacology of (4aS,6R,8a5)-5,6,9,10,11,12-hexahydro-3-
methoxy-11-methyl-4aH-[1]benzofuro[3a,3,2-¢f] [2]benzazepin-6-ol
(galantamine): 06CRV116.

Synthetic approaches to 1,2,4-triazoles and their pharmacological impor-
tance: 06KGS1605.

Synthetic strategies toward O(6)-substituted guanine derivatives and their
use in medicine: 05COS215.

Tetrazole derivatives as drugs: 07KGS3.

24.6 Pesticides

Cross-coupling and metallation reactions of 3(2H)-pyridazinones in syn-
theses of fungicides and herbicides: 05]HC427.

Pyrazole chemistry in crop protection: 07H(71)1467.

Pyrimidine chemistry in crop protection: 06H(68)561.
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Structural determination of the ComX pheromone: synthesis studies on
ComXRO-E-2 pheromone and ComXRO-E-2 peptides containing
modified tryptophan residue with a geranyl group: 07Y608.

Synthetic studies of fluorine-containing compounds for household insec-
ticides, particularly, 3-[1R-trans-(2-trifluoromethyl)cyclopropanecar-
bonyl]-4-hydroxy-6-methyl-2-pyrone with outstanding insecticidal
activity against Blattella germanica: 07Y620.

2.4.7 Miscellaneous

2471 Enzymes, coenzymes, and their models

Artificial metalloenzymes: 05CSR337.

Artificial ribonucleases: 060BC15.

Aryloxo and thiolato vanadium complexes as chemical models of the
active site of vanadium nitrogenase: 05CCR(249)2144.

Chemical structure and biological activity of «- and B-glucosidase inhibi-
tors: 06T10277.

Chemistry and biochemistry of insulin-mimetic vanadium and zinc com-
plexes (including pyridine, pyrimidine, thiazole, and porphyrin deri-
vatives): 06BCJ1645.

Chemistry relating to the nickel enzymes CODH and ACS: 05CCR(249)1582.

Computational and synthetic approaches for the discovery of HIV-1 inte-
grase inhibitors: 06 ARK(7)224.

Cytochromes c: 06CRV2550.

Development of novel C1 domain ligands of protein kinase C to clarify the
precise structure and activation mechanism: 06Y515.

Development of ruthenium catalyzed oxidation reactions inspired by cyto-
chrome P-450: 07Y2.

DFT investigations of models related to the active site of [NiFe] and [Fe]
hydrogenases: 05CCR(249)1620.

cis-Dihydroarenediols and -hetarenediols formation by arene dihydroxy-
lating dioxygenase enzymes and application of the cis-dihydrodiol
bioproducts: 060BC181.

Discovery of nonpeptide bradykinin B, receptor agonists and antagonists:
05Y852.

Diversity of epoxide hydrolase biocatalysts: 06COC1145.

Domain relationships in thiamine diphosphate-dependent enzymes:
06ACR550.

Enantioselective C—C bond synthesis catalyzed by enzymes: 05CSR530.

Friedel-Crafts-type mechanism for the enzymatic elimination of ammonia
from histidine and phenylalanine: 05AG(E)3668.

Fifteen years of Raman spectroscopy of engineered heme containing per-
oxidases: 05ACR433.

Functional roles of the heme architecture and its environment in tetraheme
cytochrome c: 07ACR171.
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H/D exchange reactions and mechanistic aspects of the hydrogenases:
05CCR(249)1677.

Heterocyclic inhibitors of tumor necrosis factor-o converting enzyme
(TACE): 06H(70)691.

Histones and histone-modifying enzymes: 05AG(E)3186.

Identification of small molecules inhibitors of GCN5 histone acetyltrans-
ferase activity: 06 ARK(8)24.

Immobilization of penicillin G acylase: 05ASC905.

Inhibitors of the hepatitis C virus RNA-dependent RNA polymerase:
06ARK(7)479.

Inhibitors of protein tyrosine phosphatases: 05AG(E)3814.

Involvement of the Diels—Alderases in the biosynthesis of natural pro-
ducts: 05BCJ537.

Iron hydrogenase active site mimics in supramolecular systems aiming
for light-driven hydrogen production: 05CCR(249)1653.

The key role of heme to trigger the antimalarial activity of trioxanes:
05CCR(249)1927.

Mechanism for transduction of the ligand-binding signal in heme-based
gas sensory proteins revealed by resonance Raman spectroscopy:
05ACR662.

Metallo-B-lactamases as possible weaponry for antibiotic resistance in
bacteria: 06ACR721.

Metalloporphyrines as active site analogs-lessons from enzymes and
enzyme models: 05ACR127.

Microtiter plate based chemistry and in situ screening: a useful approach
for rapid enzyme inhibitor discovery: 060BC1446.

Molecular design of synthetic receptors with dynamic, imprinting, and
allosteric functions (mainly the author’s results related to sugar sensing
systems are presented): 05BCJ40.

Multiple modes of active center communication in thiamin diphosphate-
dependent enzymes: 05ACR755.

Native and mutant nickel-iron hydrogenases: 05CCR(249)1596.

Nonpeptidic ligands (mainly, heterocycles) for peptide-activated G pro-
tein-coupled receptors: 07CRV2960.

Occurrence and functions of cytochrome c: 06CRV90.

Progress in coenzyme NAD(P)H model compounds: 06CJO775.

Rapid 6n-azaelectrocyclization learning from the enzyme inhibitory mech-
anism as strategy for the synthesis of N-heterocycles including alka-
loids: 05Y696.

Recent progress in model studies of mechanism for DNA photolyase:
07CJO918.

Some general principles for designing electrocatalysts with hydrogenase
activity: 05CCR(249)1518.
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Spectroelectrochemistry of hydrogenase enzymes and related com-
pounds: 05CCR(249)1536.

Structural and functional models related to the nickel hydrogenases:
05CCR(249)1555.

Structural and spectroscopic models of the A-cluster of acetyl coenzyme
A synthase/carbon monoxide dehydrogenase: 05CCR(249)3007.

Structure-based inhibitor design of human hematopoietic prostaglandin D
synthase: 05Y739.

Structure—function relationships of nickel-iron sites in hydrogenase
and a comparison with the active sites of other nickel-iron
enzymes: 05CCR(249)1609.

Synthesis of gem-diamine 1-N-iminosugars, a new family of glycosidase
inhibitors: 06H(67)461.

Synthesis of inhibitors against glycosyltransferases: 06Y894.

Synthetic models of the active site of catechol oxidase: 06CSR814.

Synthetic, structural, and reactivity studies of iron-only hydrogenase
model compounds: 05CCR(249)1641.

The substrate spectrum of mandelate racemase: 05ASC951.

Thiamine models and perspectives on the mechanism of action of thia-
mine-dependent enzymes: 06CSR684.

Total synthesis of lactacystin and salinosporamide, natural proteasome
inhibitors: 07CAJ20.

Total synthesis of (+)-scyphostatin, a neutral sphingomyelinase inhibitor:
07Y358.

Transient-state kinetic approach to mechanisms of enzymatic catalysis:
05ACR157.

X-ray magnetic circular dichroism — a high energy probe of magnetic
properties, particularly of metalloproteins and metalloenzymes:
05CCR(249)3.

2.4.72 Amino acids and peptides

Assembly-line enzymology for polyketide and nonribosomal peptide anti-
biotics: 06CRV3468.

Asymmetric catalysis mediated by synthetic peptides including cyclic
dipeptides and peptides formed by proline or histidine: 07CRV5759.

Atomic resolution crystallography of proteins and X-ray absorption fine
structure studies of metalloproteins: 05CCR197.

Biological activity and synthesis of diketopiperazines: 07T9923.

Biomimetic synthesis of heteroaromatic thiopeptide antibiotics from amino
acids: 07AG(E)7930.

Characterization of “spectroscopically quiet” metals in metalloproteins:
05CCR161.

Chemical and biological aspects of Cu”* interactions with peptides and
aminoglycosides: 05CCR(249)2323.
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Conjugation of 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid
(DOTA) and its derivatives to peptides, applications and future pro-
spects of the conjugates: 07MRO281.

A crosslinking amino acid histidinoalanine: 07T9033.

Expanding the genetic code (possible use of 30 new amino acids for
creating new proteins and organisms): 05AG(E)34.

Heterocycles as ligands in catalytic asymmetric synthesis of a-amino acids:
07CRV4584.

Heme-iron in lipid oxidation: 05CCR(249)485.

Hexafluoroacetone as protecting and activating reagent; new routes to
amino, hydroxy, and mercapto acids and their application for peptide
and glyco- and depsipeptide modification: 06CRV4728.

Mechanism of electron transfer in heme proteins and models:
05CRV2627.

Metallacyclopeptides as artificial analogs of naturally occurring peptides:
05CSR496.

Metalloproteins three-dimensional structure determination using multi-
ple-scattering analysis of X-ray absorption fine structure: 05CCR(249)
141.

Natural occurrence, syntheses, and the use of 1-aminocyclopropanecar-
boxylic acid (ACA) and other 2,3-methanoamino acids for preparation
of cyclic peptides and heterocyclic derivatives of ACA: 07CRV4493.

Neurohormonal preparations of ergo peptide series related to ergo alka-
loids: 05RKZ(1)125.

Peptide-activated G protein-coupled receptors recognizing ligands with
turn structure: 05CRV793.

Peptide hormones, particularly, cyclopeptides: 05RKZ(1)11.

Plant cyclopeptides: 06CRV840.

Polypeptides and 100 years of chemistry of a-amino acid N-carboxyanhy-
drides: 06AG(E)5752.

Process development of micafungin, a novel cyclopeptide antifungal
agent: 06Y1294.

Protein-reactive natural products (mainly, heterocycles): 05AG(E)5788.

Recent advances in the synthesis of unnatural az-amino acids (heterocycles
are of considerable importance both during the synthetic build-up and
as targets): 07COC801.

Recent progress of the synthetic studies of biologically active marine cyclic
peptides and depsipeptides: 05CRV4441.

Recognition of proline-rich motifs by protein—protein interaction domains:
05AG(E)2852.

Stereoselective synthesis of aza- and diazabicyclo[X.Y.0]alkane dipeptide
mimetics: 0551031.
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Strategies for targeting protein—protein interactions with synthetic agents:
05AG(E)4130.

Structure and thermodynamic stability of lanthanide complexes with
amino acids and peptides: 05CCR(249)567.

The synthesis of 16-membered macrocyclic depsipeptides, cryptophycins:
0653747.

Syntheses of peptidomimetics based on pyranose and polyhydroxylated
piperidine scaffolds: 06COS403.

Thiopeptide antibiotics: 05CRV685.

X-ray magnetic circular dichroism — a high energy probe of magnetic
properties, particularly of metalloproteins and metalloenzymes:
05CCR(249)3.

24.73 Plant metabolites

Advances in the chemistry of furano-diterpenoids from Teucrium genus
(2000-2005): 05H(65)1221.

Asymmetric synthesis of styryl-lactones isolated from several species of
the genus Goniothalamus (Annonaceae): 06COS41.

Biosynthetic pathway leading to the fungal secondary metabolite phomoi-
dride B: 06SL354.

A combined resonance Raman and quantum chemical study of the chro-
mophore structural changes during the photocycle of phytochrome:
07ACR258.

Bioactive compounds from mushrooms: 07H(72)45.

Core-modified ginkgolides, terpene trilactones from Ginkgo biloba extract:
05H(66)743.

Enantiotopic synthesis of merrilactone and guanacastepene: 05H(66)711.
Naturally occurring iridoids (cyclopentanolc]lpyran monoterpenoids), a
review compiling data reported between 1994 and 2005: 07CPB159.
Naturally occurring secoiridoids and bioactivity of naturally occurring

iridoids and secoiridoids: 07CPB689.

New biologically active metabolites from Chinese higher fungi:
06COC849.

Progress in the research on naturally occurring flavones and flavonols:
06COC873.

Progress in total synthesis of anti-HIV pyranocoumarin calanolide A and
its analogs: 07CJO685.

Recent advancement in synthesis of green tea catechins: 07CJO1502.

Structure and bioactivity of the furan-diterpenoids from the genera
Leonotis and Leonurus: 07H(74)31.

Survey of briarane-related diterpenoids obtained from Gorgonacea (genus
Briareum, Erythropodium, Ellisella, and Junceella) and Pennatulacea
(genus Cavernularia and Pteroeides): 05H(65)195.

Synthesis, bioactive conformations, and structure-activity relationship of
taxol and its analogs: 05Z0OR329.
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Synthesis of phytochrome, a protein-bound linear tetrapyrrole:
055L.2861.
Synthetic strategies of fostriecin: 05H(66)727.

2.4.7.4 Heterocycles produced by marine organisms

Absolute configuration of ciguatoxin and development of immunoassay
systems: 07BCJ1870.

Advances in the total synthesis of biologically important marine macro-
lides: 05CRV4237.

Anti-inflammatory metabolites from marine sponges: 05CSR355.

The asymmetric total synthesis of nakadomarin A, a marine manzamine
alkaloid: 05Y200.

Bioactive nitrogenous metabolites from ascidians: 07H(74)53.

Biomimetic synthesis of trans, syn, trans-fused polycyclic ethers
(polyoxepanes and polypyrans): 065L1816.

Chemistry and biology of anti-inflammatory marine natural ts, phospho-
lipase A, inhibitors: 05COC1419.

Construction of fused polycyclic ethers (particularly, ciguatoxins and
gambieric acids) by strategies involving ring-closing metathesis:
06CC3571.

Convergent strategies for syntheses of trans-fused polycyclic ethers:
05CRV4379.

Development and application of a convergent strategy for the total syn-
thesis of polycyclic ether natural products: 07BCJ856.

The first asymmetric total synthesis of tetrodotoxin, a puffer fish toxin:
07Y492.

Iminium alkaloids from marine invertebrates, structure, biological
activity, and biogenesis: 05CL454.

New methods of imidazole functionalization — from imidazole to marine
alkaloids: 065L.965.

The phomactins. A novel group of terpenoid platelet activating factor
antagonists related biogenetically to the taxanes: 06 ACR354.

Progress in the study of marine bromopyrrole alkaloids: 05CJO788.

Pursuit of novel bioactive marine metabolites: 06Y471.

Recent research progresses on lamellarins and analogous hexacyclic poly-
aromatic pyrrole alkaloids of bioactive marine mollusk: 05CJO641.
The structural revision of marine natural product palau’amine and total
synthesis of the latter and related pyrrole-imidazole alkaloids:

07AG(E)6586.

Studies on total synthesis of the cylindricine/fasicularin/lepadiformine
family of tricyclic marine alkaloids: 06CRV2531.

Synthesis and antitumor activity of actin-depolymerizing macrolides from
the sea hare Aplysia kurodai: 06Y1273.
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The synthesis of aplysinopsins, meridianines, and related compounds of
marine origin: 05SMRO211.

Synthesis of prelaureatin, laurencin, and the medium-ring ether parts of
ciguatoxins: 07Y502.

Synthetic strategies of marine polycyclic ethers via intramolecular
allylations. The iterative total synthesis of hemibrevetoxin B and the
convergent total synthesis of gambierol: 05ACR423.

Synthetic studies of marine polycyclic ether ciguatoxins: 06Y418.

Systematic synthesis of diastereomeric poly-THF ring cores and total syn-
thesis of antitumor Annonaceous acetogenins: 06SL993.

Total synthesis and structure-activity relationship of a cytotoxic polycyclic
ether Gymnocin-A: 06Y808.

Total synthesis of brevetoxin B: 07Y430.

Total synthesis of marine polycyclic ethers: 05CRV4314.

Total synthesis of oxacyclic macrodiolide natural products: 05CRV4348.

Total synthesis of tricyclic marine alkaloids (—)-lepadiformine, (+)-cylin-
dricine C, and (—)-fasicularin: 07Y805.

2475 Cyclodextrins

Noncovalently bound cyclodextrin dimers and related compounds:
05KGS1603.

Photoactive metallocyclodextrins: 05CSR120.

2.4.7.6 Other topics

C-Alkoxycarbonyl nitrones as building blocks for the synthesis of buteno-
lides, lactams, and modified nucleosides: 05MRO59.

The asymmetric total synthesis of epoxyquinols A, B, and C and epoxyt-
winol A: 07EJO3783.

Bioactive O-heterocycles from insect pathogenic fungi: 05ACR813.

Cellulose as fascinating biopolymer and sustainable raw material: 05AG(E)
3358.

Chemistry and biology of wortmannin (steroidal furan isolated from
Penicillium wortmanni Klocker): 050BC2053.

Chemistry of some pyrrolidine derivatives (domoic acid, isodomoic acids)
and their analogs: 05T5713.

Creation of highly potent vitamin D receptor antagonists: 07YZ1215.

Design and synthesis of new classes of heterocyclic C-glycoconjugates
and carbon-linked sugar and heterocyclic amino acids by asymmetric
MCRs: 06ACR451.

Development of novel nuclear receptor ligands based on receptor-folding
inhibition hypothesis: 07YZ341.

Directly linked polyazoles (polythiazoles, polyoxazoles, and thiazolylox-
azoles), important moieties in natural products: 0551907.
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Discovery of progesterone receptor agonists and antagonists inspired by
the fungal metabolite PF1092C: 06Y559.

Heteroditopic receptors: 07H(72)53.

Natural occurrence, synthesis, and biological activity of piperidine homo-
azasugars: 05ARK(3)110.

Natural products with maleic anhydride structure: 07CRV1777.

Noncovalent binding of Iuminescent transition metal polypyridine
complexes to avidin, indole-binding proteins and estrogen receptors:
07CCR2292.

Novel bioactive compounds from insect pathogenic fungi: 07Y700.

Novel bioactive O-heterocycles isolated from unexploited organisms, cel-
lular slime molds: 07YZ1431.

Progress in the total synthesis of antitumor styryl lactones: 05SMRO333.

Recent advances in the total synthesis of piperidine azasugars: 05E]JO2159.

Recent methodologies for the synthesis of furan-2(5H)-ones and their
application in total synthesis of natural products with this subunit:
05MRO139.

Rh(I)-catalyzed cyclizations wvia rhodacycle intermediates and its
application to the synthesis of (+)-epiglobulol: 07Y183.

Search for the functions of glyco-linkages in natural glycosides by using
trans-glycosylation: 06Y34.

Stereoselective syntheses of naturally occurring 5,6-dihydropyran-2-ones:
07T2929.

Stereoselective synthesis of procyanidin oligomers and their bioactivity:
05Y982.

Structures, sources, and synthetic strategies of natural nonanomeric
spiroketals: 05CRV4406.

Study on myxomycetes as a new source of bioactive natural products:
07YZ1369.

Thioglycosides in sequential glycosylation strategies: 05CSR769.

The use of titanocene(Ill)-mediated radical epoxide opening in syntheses of
natural products: 06MRO23.

3. THREE-MEMBERED RINGS

3.1 General topics

Asymmetric synthesis of epoxides and aziridines from aldehydes and
imines: 06MI10.

Aziridines and epoxides in organic synthesis (general monograph): 06MI9.

Epoxidation and aziridination reactions using chalcogenides as
organocatalysts: 07CRV5841.

Epoxides and aziridines: 06 ARK(3)6.
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Epoxides and aziridines in click chemistry: 06MI21.

Expanding the utility of lithiated epoxides and aziridines in synthesis:
06SL1.

Metalated epoxides and aziridines in synthesis: 06MI14.

Recent advances in silver-catalyzed nitrene, carbene, and silylene-trans-
fer reactions leading, particularly, to aziridines and silacyclopro-
panes: 06E]O4313.

3.2 One heteroatom

3.21 One nitrogen atom

Advances in nitrogen transfer reactions involving aziridines: 06 ACR194.

Asymmetric ring-opening of aziridines with carbon nucleophiles:
06E]JO4979.

Asymmetric syntheses with aziridinecarboxylate and aziridinephospho-
nate building blocks: 06MI12.

Azide compounds as nitrogen sources for atom-efficient and ecologically
benign nitrogen-atom-transfer reactions such as aziridination: 05CL1304.

Aziridination by metal-mediated carbon—nitrogen bond formation
reactions: 05COC657.

Aziridination of telluronium and sulfonium ylides: 055L.2720.

Aziridine natural products — discovery, biological activity, and biosyn-
thesis: 06MI20.

Aziridines in parallel- and solid-phase synthesis: 07EJO1717.

Chiral nonracemic sulfinimines as versatile reagents for asymmetric
synthesis, particularly, of aziridines: 06T8869.

Investigations of the [2,3]-sigmatropic rearrangements of vinylaziridines
and allylic amines: 07SL1190.

Methyleneaziridines in organic synthesis: 06SL3205.

N-Phosphinoylimines in synthesis of aziridines: 0551205.

Recent development of regio- and stereoselective aminohalogenation
reaction of alkenes, particularly, aziridinium mechanism of the reac-
tion: 07EJO2745.

Recent progress in the study of aziridination reaction: 06CJO1173.

Synthesis and reactivity of C-heteroatom-substituted aziridines:
07CRV2080.

Synthesis of aziridines: 06MI13.

Toward reaction selectivities of imines and aziridines: 06SL181.

The utility of lithiated aziridines in synthesis: 06SL1.

Vinylaziridines in organic synthesis: 06 MI11.

3.2.2 One oxygen atom
3.2.2.1 Reactivity of oxiranes
Asymmetric ring opening of epoxides: 05COC1, 06CJO1208, 06E]JO4979.

Catalytic asymmetric epoxide ring-opening chemistry: 06MI16.
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Chiral cyclohexene oxide-derived 1,2-amino alcohols and 1,2-diamines in
asymmetric synthesis: 06SL2699.

Development of new synthetic reactions featuring tandem carbon—carbon
bond formation, particularly, tandem reactions involving
o,B-epoxysilanes: 07YZ1399.

Epoxides in complex molecule synthesis: 06MI17.

Epoxysilane rearrangement, its mechanistic studies, and synthetic appli-
cations: 06Y1148.

Expanding the utility of lithiated epoxides in synthesis: 05SL1359, 06SL1.

Opening of epoxide ring with intramolecular participation of oxygen-con-
taining nucleophilic group: 05Z0R167.

Reactions of epoxides with oxygen-containing nucleophiles: 06ZOR327.

Recent advances in the semi-pinacol rearrangement of «-hydroxy epoxides
and related compounds: 07CSR1823.

Ring opening of epoxides in enantioselective additions of organolithiums:
0552271.

Synthesis of 1,2-difunctionalized fine chemicals through catalytic, enantio-
selective ring-opening reactions of epoxides: 0653919.

Use of titanocene monochloride in organic synthesis, for example, for ring
opening of epoxides: 06CJO145.

Vinylepoxides in organic synthesis: 06 MI18.

3.2.2.2 Synthesis of oxiranes

Advances in homogeneous and heterogeneous catalytic asymmetric epox-
idation: 05CRV1603.

The biosynthesis of epoxides: 06MI19.

Chiral-auxiliary-controlled diastereoselective epoxidations: 05SL1047.

Chromium- and manganese-salen promoted epoxidation of alkenes:
05CRV1563.

Enantioselective epoxidation of olefins with chiral metalloporphyrin cat-
alysts: 05CSR573.

Epoxidation of olefins with dioxiranes: 05CJO745.

Epoxidation of telluronium and sulfonium ylides: 055L.2720.

Frontier of asymmetric epoxidation: utilization of aqueous hydrogen per-
oxide: 06Y869.

Metal-catalyzed synthesis of epoxides: 06MI15.

Progress in the epoxidation of olefins using hydrogen peroxide as oxidant:
05CCR(249)1944, 07CJO358.

Recent developments in epoxide preparation: 06COS457.

Salen—-metal complex catalyzed asymmetric epoxidation of the olefins:
05CJO347.

3.23 One sulfur atom
Synthesis and reactions of 2-alkylidene thiiranes and thietanes: 0752755.
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3.3 Two heteroatoms

3.3.1 Two nitrogen atoms

Diazirines as carbene precursors: 06 ACR267.

Endeavors to make the photophore, phenyldiazirine easy to use:
07YZ1693.

33.2 Two oxygen atoms
Epoxidation of olefins with dioxiranes: 05CJO745.
Recent advances in the study and application of dioxiranes: 05CJO386.

333 One nitrogen and one oxygen atom
N-Phosphinoylimines in synthesis of oxaziridines: 0551205.

4. FOUR-MEMBERED RINGS

4.1 General topics

Recent developments in the use of catalytic asymmetric ammonium
denolates in chemical synthesis including preparation of p-lactones and
B-lactams: 07CRV5596.

4.2 One heteroatom

421 One nitrogen atom

o-Amino acid derivatives with a Co—P bond in synthesis of B-lactam
antibiotics: 07ARK(6)193.

Benzazetines and their derivatives: 07KGS1763.

B-Lactams as building blocks for the stereoselective synthesis of nonf-
lactam products: 07CRV4437.

Synthesis and applications of sulfur-containing chiral ferrocene deriva-
tives, particularly, ferrocene-containing p-lactams: 07SL360.

Synthesis of B-lactams using the copper(I)-catalyzed cycloaddition of a
terminal alkyne and a nitrone, the Kinugasa reaction: 07SL2321.

Theoretical studies on the ring opening of B-lactams in solution and in
enzymatic media: 06COC805.

422 One oxygen atom

Ring opening of oxetanes in enantioselective additions of organo-
lithiums: 0552271.

Synthesis of polymers with well-defined structures by novel ring-open-
ing reactions of oxetanes: 06Y934.

423 One sulfur atom

Methods for the synthesis of 3-aminothietane derivatives: 07KGS655.

Synthesis and reactions of 2-alkylidene thiiranes and thietanes:
0752755.
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4.3 Two heteroatoms

Structural aspects of 1,2-dioxetanes active toward intramolecular charge-
transfer-induced chemiluminescent decomposition: 05BCJ1899.

5. FIVE-MEMBERED RINGS

5.1 General topics

Application of organocatalysts (particularly, proline, imidazole, thiazole
derivatives) to asymmetric synthesis: 06CJO618, 06CJO899.

Asymmetric 1,3-dipolar cycloadditions: 07T3235.

Asymmetric 1,3-dipolar cycloadditions of cyclic stabilized ylides derived
from chiral 1,2-amino alcohols: 0651.2349.

Azolium cyclophanes: 06MRO333.

“Click chemistry” and its applications in synthesis of azoles: 06CJO271.

Five-membered vic-dioxo heterocycles: 04MI2.

Formation of five-membered heterocyclic rings under radical cyclization
conditions: 05T10603.

Intramolecular 1,3-dipolar cycloaddition reactions in targeted syntheses:
07T12247.

Reactions of functionalized alkoxyethylenes with nucleophilic reagents in
synthesis of five-membered heterocycles: 06ZOR167.

Recent progress of halogen-dance reactions in heterocycles: 05H(65)2005.

Regioselective cross-coupling reactions of multiple halogenated N-, O-,
and S-heterocycles: 05T2245.

Theoretical investigations of [3 + 2] cycloaddition reactions: 06UK1045.

5.2 One heteroatom

We have classified the many reviews dealing with these materials under
the following headings:

1. General.

2. One Nitrogen Atom (it is self-subdivided into Monocyclic Pyrroles,
Hydropyrroles, Porphyrins and Related Systems, Indoles, Carbazoles, Related
Systems, and Hydrogenated Derivatives, Isoindoles Including Phthalocyanins
and Porphyrazines, Polycyclic Systems Including Two Heterocycles).

3. Omne Oxygen Atom (Furans, Hydrofurans, Annulated Furans, Five-
Membered Lactones).

4. One Sulfur Atom (Thiophenes, Annulated Thiophenes).

521 General
Advances in the chemistry of trihetarylmethanes (trithienyl-, trifuryl-, and
triindolylmethanes): 06T6731.



56 LI Belen’kii et al.

Formation of five-membered heterocycles under radical cyclization con-
ditions: 07T793.

Functionalized acetylenes as versatile building-blocks for the multicom-
ponent assembling of polysubstituted furans and pyrroles: 07H(73)87.

New reactions in fullerene chemistry, particularly, retro-cycloaddition pro-
cesses of fullerenopyrrolidines and fullerenoisoxazolines: 07SL3077.

Palladium-catalyzed carboetherification and carboamination reactions of
y-hydroxy- and y-aminoalkenes for the synthesis of tetrahydrofurans
and pyrrolidines: 07EJO571.

5.2.2 One nitrogen atom

Noncovalent interactions, particularly, those in five-membered N-hetero-
cycles: 07CSR172.

Preparation of chiral 4-substituted y-lactams and corresponding y-amino
acids: 07KGS803.

Recent progress in the synthesis of pyrrole, dihydropyrrole, and pyrroli-
dine compounds: 05CJO1311.

Synthesis and biological activity of pyrrole, pyrroline, and pyrrolidine
derivatives with two aryl groups on adjacent positions: 0617213.

Synthesis and biological properties of sequence-specific DNA-alkylating
pyrrole-imidazole polyamides: 06 ACR935.

5.2.2.1 Monocyclic pyrroles

Advances in the chemistry of dipyrrins and their complexes (dipyrrin =
dipyrrolylmethane): 07CRV1831.

Aminomethylated pyrroles (chemistry and applications): 06MRO167.

Applications of planar-chiral pyrrole derivatives as ligands in asymmetric
catalysis: 06ACR853.

Dipyrinones, constituents of the pigments of life: 060PP347.

Metal-mediated synthesis of pyrroles: 07ARK(10)121.

Palladium-catalyzed cross-coupling and related reactions involving pyr-
roles: 06EJO3043.

Pyrrole protection: 06T11531.

Ring contraction methodology for the synthesis of pyrroles: 05COC261.

Supramolecular chemistry of “acyclic” n-conjugated oligopyrroles:
07EJO5313.

Synthesis and reactions of pyrrolecarbodithioates: 05RKZ(6)97.

The synthesis of highly functionalized pyrroles: 0753095.

Synthesis of new pyrroles with potential antimycobacterial, antifungal,
and selective COX-2 inhibiting activities: 07COC1092.

5.2.2.2 Hydropyrroles
Asymmetric synthesis of hydroxylated pyrrolidines and related bioactive
compounds: 065L1133.
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Chemistry and biology of pyrroline and pyrrolidine nitroxides: 05JHC437.

Construction of enantiopure pyrrolidine ring system via asymmetric [3 + 2]
cycloaddition of azomethine ylides: 06CRV4484.

Development of proline-derived chiral aminophosphine ligands for
palladium-catalyzed asymmetric allylic alkylation: 06Y628.

Intramolecular aminopalladation of alkenes as a key step to pyrrolidines
and related heterocycles: 07CSR1142.

N-Methylpyrrolidone (general monograph): 05MIS.

Optically active proline-catalyzed enantioselective organic reactions:
05CJO1619.

Progress in the study on the reaction mechanisms of proline-catalyzed
asymmetric direct aldol reactions: 06CJO1463.

Recent advances in the synthesis of nicotine and its derivatives: 07T8065.

Recent progress in the application of N-bromosuccinimide to organic
chemical reactions: 06CJO1518.

Synthetic approaches to enantiomerically pure 8-azabicyclo[3.2.1]octane
derivatives: 06CRV2434.

N-Vinylpyrrolidone in radical copolymerization reactions: 06IVUZ(2)3.

5.2.2.3 Porphyrins and related systems

Advances in the synthesis and chemistry of carbaporphyrins and related
porphyrinoids: 07EJO5461.

Application of magnetic circular dichroism spectroscopy to porphyrinoids:
07CCR429.

Applications of magnetic circular dichroism spectroscopy to porphyrins
and phthalocyanines: 07CC4077.

Application of metalloporphyrins in catalytic oxidation reactions:
07CJO34.

Artificial photosynthetic systems: assemblies of slipped cofacial
porphyrins and phthalocyanines showing strong electronic coupling:
070BC1679.

Asymmetric  heterogeneous catalysis by  metalloporphyrins:
06CCR(250)2212.

Bending, stretching, and twisting porphyrins: 06CC243.

Benziporphyrins, synthetic porphyrin analogs with one of pyrrole rings
replaced by a benzenoid ring: 05ACRSS.

The chemistry of N-confused porphyrin (NCP) and its analogs: 05ACR10,
05Y211, 06PAC(78)29.

Chiral self-discriminative self-assembling of meso—meso linked
diporphyrins: 07CCR2743.

Complexing properties of porphyrins: 05UK839.

N-Confused calix[4]pyrroles: 06CCR(250)2929.

Corrole-based applications: 07CC1987.
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Creation of porphyrin—fullerene-linked artificial photosynthetic systems:
07BCJ621.

Crown porphyrins: 06CCR(250)519.

Crystal engineering of porphyrin framework solids: 05CC1243.

Developments in heteroporphyrins and their analogs during 1999-2005:
06CCR(250)468.

Dynamic supramolecular porphyrin systems: 05T13.

Electronic structures of highly deformed iron(Ill) porphyrin complexes:
06CCR(250)2271.

Enantioselective epoxidation of olefins with chiral metalloporphyrin cata-
lysts: 05CSR573.

Fullerene-porphyrin supramolecular discrete host-guest complexes:
05ACR235.

Ground- and excited-state tautomerism in porphycenes: 06 ACR945.

Heme-copper/dioxygen adduct formation, properties, and reactivity:
07ACR563.

Hetero-arrays of porphyrins and phthalocyanines: 07CCR2334.

High-valent iron(IV)-oxo complexes of heme and nonheme ligands in
oxygenation reactions: 07ACR522.

Metalloporphyrin-NO bonding: 05ACR943.

Metalloporphyrin receptors of bases: 071ZV636.

Modern aspects of porphyrin IX chemistry: 07ZOR3.

New ring-contracted porphyrinoids, corrolazines in high-valent metallo-
porphyrinoid stabilization, and activation of dioxygen: 07ACR626.

Novel aspects of corrole chemistry: 05MRO355.

Nucleophilic substitution as a tool for the synthesis of unsymmetrical
porphyrins: 05ACR733.

Optically active supramolecular porphyrin-based systems: 06UK820.

Photoinduced electron transfer in supramolecular systems of fullerenes
functionalized with ligands capable of binding to zinc porphyrins and
zinc phthalocyanines: 05CCR(249)1410.

Photophysical properties of metal-mediated assemblies of porphyrins:
06CCR(250)1471.

Photophysics and photochemistry of kinetically labile, water-soluble por-
phyrin complexes: 06CCR(250)1792.

The photophysics and photochemistry of cofacial free base and metallated
bisporphyrins held together by covalent architectures: 07CCR401.

Porphyrin-calix[4]arenes: 05ZOR807.

Porphyrin-containing molecular squares: 06CCR(250)1710.

Porphyrins in Diels—Alder and 1,3-dipolar cycloaddition reactions:
08PHC44.

Progress in the chemical reactions of chlorophyll-a derivatives and
synthesis of polysubstituted chlorin or porphyrin: 05CJO1353.
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Progress in the study of fluoroporphyrins: 07CJO24.

Reactivity and electronic structure of stable high-spin nickel(II) or copper
(II) derivatives of core modified porphyrins (21-heteroporphyrins and
2-aza-21-carbaporphyrin): 05CCR(249)2510.

Recent advances in the synthesis of hydroporphyrins: 07COC1310.

Structure and properties of sterically twisted porphirins: 05UK268.

Supported metalloporphyrin catalysts for alkene epoxidation: 060BC599.

Synthesis and properties of calixarene-porphyrin conjugates: 05CJO375.

Synthesis of meso-phenyl substituted porphyrins as starting compounds for
preparation of porphyrin-containing polymers: 07IZV680.

Synthesis, structure, reactivity, and photoluminescence of lanthanide(III)
monoporphyrinate complexes: 07CCR2386.

Synthetic receptors based on porphyrins and their calyx[4]arene con-
jugates: 06MI6.

Synthetic routes to porphyrins bearing fused rings: 06T10039.

Synthetic strategies and structural aspects of metal-mediated multipor-
phyrin assemblies: 06 ACR841.

Tailoring porphyrins and chlorins for self-assembly in biomimetic artificial
antenna systems: 05ACR612.

Transition-metal complexes of expanded porphyrins: 07ACR371.

Transition metal-mediated fuctionalization and multiplication of
porphyrins toward giant functional systems: 07Y298.

Understanding binding interactions of cationic porphyrins with B-form
DNA: 05CCR(249)1451.

X-ray structural chemistry of cobalamins: 06CCR(250)1332.

5.2.2.4 Indoles, carbazoles, related systems, and hydrogenated derivatives

Acid-base catalysis of asymmetric fluorination of oxindoles: 05YZ785.

Annulated indoles: 06ARK(7)67.

Bartoli indole synthesis (reaction of vinyl magnesium halides with
o-substituted nitroarenes): 05COC163.

Catalytic and stereoselective alkylation of indoles: 055L1199.

Catalytic arylations in indole syntheses: 07SL507.

Catalytic asymmetric hydrogenation of indoles: 07Y109.

5,6-Dihydroxyindoles and indole-5,6-diones: 05AHC(89)1.

Direct and efficient organic synthesis using indium catalysts, particu-
larly, Friedel-Crafts alkylation of indoles with allylic or benzylic
alcohols: 07Y99.

Enantioselective fluorination reactions of active methine compounds,
particularly, oxindole derivatives catalyzed by chiral palladium
complexes: 065L1467.

2-Indolylacyl radicals in the synthesis of indole compounds: 09PHCT.

Methods for synthesis and chemical properties of isogramins:
05KGS483.
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Naphthostyryl chemistry (general monograph): 05MI6.

Nucleophilic addition, 1,3-dipolar cycloaddition, and Diels—Alder
reactions of indoles substituted at the 2- or 3-position with electron-
withdrawing groups (NO,, PhSO,) to give a variety of indoles,
pyrroloindoles, and carbazoles: 05COC1493.

Polymer-supported indole chemistry; chemical properties of polymer-
bound indole system: 06IVUZ(10)3.

Practical methodologies for the synthesis of indoles: 06CRV2875.

Recent development of Fischer indole synthesis in technology:
06CJO1025.

Recent uses of palladium chemistry in indole synthesis: 06COS477.

Synthesis and applications of amphiphilic fullerenopyrrolidine
derivatives: 060BC1629.

Synthesis and functionalization of indoles through palladium-catalyzed
reactions: 05CRV2873.

Synthesis and functionalization of indoles through rhodium catalyzed
reactions: 07COS201.

Synthesis of indole derivatives via isocyanides: 060BC757.

An update on catalytic enantioselective alkylations of indoles:
07MRO115.

The Witkop-Winterfeldt oxidation of indoles (formation of quinolones):
07COC159.

5.2.2.5 Isoindoles (including phthalocyanins and porphyrazines)

Advanced methods for the synthesis of 3-substituted 1H-isoindol-1-ones:
05COC1277.

Advances in the studies of photochemical reactions and synthetic applica-
tions of arenedicarboximides, in particular, phthalimide and N-
methylnaphthalimide: 06CJO278.

Applications of magnetic circular dichroism spectroscopy to porphyrins
and phthalocyanines: 07CC4077.

Approaches to the formation of condensed isoindolones: 05COC1261.

Axially modified gallium phthalocyanines and naphthalocyanines for
optical limiting: 05CSR517.

Effects of substituents on the photochemical and photophysical properties
of main group metal (Zn, Al, Ge, 5i, Sn, Ga, and In) phthalocyanines:
07CCR1707.

Hetero-arrays of porphyrins and phthalocyanines: 07CCR2334.

Metalloporphyrin hosts for supramolecular chemistry of fullerenes:
07CSR189.

Novel families of phthalocyanine-like macrocycles — porphyrazines
with annulated electron-withdrawing 1,2,5-thia/selenodiazole
rings: 06CCR(250)1530.



The Literature of Heterocyclic Chemistry, Part X, 2005—2007 61

Photochemical addition reactions involving  phthalimides:
05H(65)2221.

Photoinduced electron transfer in supramolecular systems of fullerenes
functionalized with ligands capable of binding to zinc porphyrins and
zinc phthalocyanines: 05CCR(249)1410.

Phthalocyanines in nanotechnology: 07CC2000.

Synthesis and excitation energy transfer of cyclic porphyrin arrays as
artificial photosynthetic antenna: 07CSR831.

Synthesis and structure modification of unsymmetrically substituted
phthalocyanines: 07UK732.

Synthesis, properties, and applications of ruthenium phthalocyanine
and naphthalocyanine complexes: 07CCR1128.

Vibrational spectroscopy of phthalocyanine and naphthalocyanine in
sandwich-type (na)phthalocyaninato and porphyrinato rare earth
complexes: 06CCR(250)424.

5.2.2.6 Polycyclic systems including two heterocycles

Chemistry of indoloindoles: 07UK348.

Configuration, conformation, reactivity, and applications of hexahydro-
pyrrolo[2,3-blindoles in synthesis: 07ACR151.

Effect of preferential conformations on base properties and thermodynam-
ics of conformation conversion along with type of ring fusion on cis--
trans-conversion of bicycle in pyrrolizidines: 06KGS1443.

Excited-state double-proton transfer in the 7-azaindole dimer in the gas
phase: 06BCJ373.

11H-Isoindolo[2,1-a]benzimidazoles: 07KGS323.

Methods for construction of isoindolo[1,2]-fused benzazepines and
benzazocines: 06KGS963.

Methods for construction of isoindolo[1,2]-fused quinolines and
isoquinolines: 06KGS1123.

Organometallic methods for the synthesis and functionalization of
azaindoles: 07CSR1120.

Pyrrolo[2,1-b]thiazoles: 07H(71)761.

Recent developments in the synthesis of indolizines: 07CJO1060.

Recent developments on the synthesis of indolizidine derivatives
(—)-swainsonine and analogs: 05COS39.

Synthesis and chemical transformations of 2,3-dihydropyrrole-2,3-diones
[a] annulated with azaheterocycles: 06KGS3.

Synthesis and reactivity of 5- and 6-azaindoles: 07T8689.

Synthesis and reactivity of 7-azaindole (1H-pyrrolo[2,3-blpyridine):
07T1031.

Synthesis of 1H-pyrrolo[1,2-b][1,2,4]triazole as a novel heterocyclic cyan
dye-forming coupler for color photographic use: 06Y222.
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523 One oxygen atom
5.23.1 Furans

2-Aminofurans and 3-aminofurans: 06AHC(92)1.

Furan oxidations (using furan ring as a C-1 or C-4 synthon) in organic
synthesis: 07COC1076.

Intramolecular thermal and catalytic [4 + 2] cycloaddition in 2-alkenyl-
furans: 05UK707.

Metal-mediated synthesis of furans: 07ARK(10)121.

Recent methodologies for the synthesis of furan-2(5H)-ones and their
application in total synthesis of natural products with this subunit:
05MRO139.

Syntheses of polysubstituted furans: 060BC2076.

5.23.2 Hydrofurans

Recent advances in the stereoselective synthesis of tetrahydrofurans:
07T261.

Synthesis of dihydrofurans substituted in position 2: 05E]JO4929.

Synthesis, properties, and application of 5-alkoxy-2,5-dihydrofuran-2-
ones: 05CJ0O239.

Synthetic strategies toward naturally occurring tetronic acids: 0653157.

Transition metal-catalyzed asymmetric ring opening reactions of
oxabenzonorbornadienes: 06CJO1613.

5.23.3 Annulated furans

Advances in the biological activities and synthesis of 2-arylbenzo[b]fur-
ans: 05CJO25.

Naphtho[2,3-c]furan-4,9-diones and related compounds: 05T9929.

The palladium-catalyzed assembly and functionalization of benzo[b]fur-
ans: 06COC1423.

Progress in syntheses of 3-n-butylphthalide and its analogs: 07COC833.

Recent advances in the Hauser annulation of phthalides and their analogs:
07CRV1892.

Use of stabilized phthalide anion annulation reactions in synthesis:
075643.

5.23.4 Five-membered lactones

Applications of Baeyer—Villiger monooxygenase for the synthesis of
five-membered lactones: 05CJO1198.

Chemistry and biology of resorcylic acid lactones: 07CC22.

Synthesis of butenolides by one-pot cyclization reactions of silyl enol
ethers with oxalyl chloride: 06SL3369.

5.2.4 One sulfur atom

52.4.1 Thiophenes

Cascade heterocyclization in synthesis of thiophene derivatives and their
fused analogs: 05RKZ(6)11.
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C-C Cross-coupling reactions for the combinatorial synthesis of
oligothiophenes: 02JOM(653)200.

Electronic energy transfer in a dinuclear Ru/Os complex containing a
photoresponsive dithienylethene derivative as bridging ligand:
05CCR(249)1327.

Photochromic bisthienylethenes as multifunction switches: 07CC78]1.

Nitrobutadienes from B-nitrothiophenes as valuable building-blocks in the
overall ring-opening/ring-closure protocol to homo- or heterocycles:
06ARK(7)169.

Stability of thiophenium ions and features of reactions of thiophenes with
electrophiles: 05RKZ(6)59.

Synthesis and reactivity of thioaurones (2-benzylidenebenzo[b]thiophen-3
(2H)-ones): 05H(65)451.

Synthesis of uniform, nonnatural oligomers, particularly, oligothiophenes:
06SL1793.

Tetraphenylenes and helical B-oligothiophenes as annulated, chiral n-con-
jugated systems: 07SL1799.

Thiophene 1,1-dioxides as building blocks in organic synthesis and materi-
als chemistry: 06UK1139.

5.2.4.2 Annulated thiophenes

Chemistry of benzo[c]thiophene: 07MI1.

Chemistry of thienothiophenes: 05UK235, 06AHC(90)125.

Chemistry of thienopyridines and related systems: 06MI4.

Dithienothiophenes, their syntheses and electronic and optical proper-
ties: 05T11055.

Chemistry of thienopyridines: 07AHC(93)117.

Chemistry of thienopyrimidines: 06AHC(92)83.

Progress in the study of thieno[3,4-c]thiophenes: 05CJO475.

Synthesis of polynuclear aromatic compounds incorporating a fused
thiophene ring: 05H(65)1491.

5.2.43 Hydrothiophenes

Cascade reactions of unsaturated xanthates and related reactions in the
synthesis of hydrogenated isobenzothiophenes: 05YZ469.

Single-site metal catalysts in the hydrogenation of thiophenes:
04JOM(689)4277.

5.3 Two heteroatoms

We have classified the many reviews dealing with these materials under
the following headings:

1. General.

2. Two Nitrogen Atoms (it is self-subdivided into Pyrazoles, Imidazoles, and
Annulated Imidazoles).
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3. One Nitrogen and One Oxygen Atom (1,2-Heterocycles, 1,3-Heterocycles).
4. One Nitrogen and One Sulfur Atom.

5. Two Oxygen Atoms.

6. Two Sulfur Atoms.

53.1 General

Azoles with two pyridine substituents at carbon atoms; their synthesis and
application in coordination chemistry: 05KGS1290.

Cross-coupling reactions on azoles with two and more heteroatoms:
06EJO3283.

Reactions and bioactivity of oximes of five-membered heterocycles with
two heteroatoms: 07KGS1123.

Synthesis and structure of oximes of five-membered heterocycles with
two heteroatoms: 07KGS483.

Synthetic utility of five-membered heterocycles — chiral functionalization
and applications (2-oxazolone, 1,3-dihydro-2-imidazolone, 2-thiazo-
lone, chiral synthons, chiral auxiliaries, chiral ligands): 05T8073.

53.2 Two nitrogen atoms
5321 Pyrazoles

Classification of hydrogen-bond motives in crystals of NH-pyrazoles:
06ARK(2)15.

Coordination modes of 5-pyrazolones (X-ray diffraction data):
07CCR1561.

Coordination properties of didentate alcohols and aldehydes derived
from imidazole, pyrazole, or pyridine toward Cu(ll), Co(Il), Zn(ID),
and Cd(II) ions in the solid state and aqueous solution: 05CCR(249)2259.

Metal derivatives of bis(pyrazolyl)alkanes: 05CCR(249)663.

Metal derivatives of tris(pyrazolyl)alkanes: 05CCR(249)525.

Pyrazole chemistry in crop protection: 07H(71)1467.

Silver(I) salts as useful reagents in pyrazole synthesis: 07ARK(2)224.

Stereoselective cycloadditions of nitrilimines as a source of enantiopure
4,5-dihydropyrazoles: 05H(65)2513.

The synthesis and coordination chemistry of 2,6-bis(pyrazolyl)pyridines
and their terpyridine analogs: 05CCR(249)2880.

Synthesis, structures, metal coordination chemistry, and applications of
4-acyl-5-pyrazolone ligands: 05CCR(249)2909.

Utilization of chiral enaminones and azomethine imines in the synthesis
of functionalized pyrazoles: 06 ARK(7)35.

5.3.2.2 Imidazoles

Approaches to crystallization from ionic liquids: 06CC4767.

Bio-inspired membranes for advanced polymer electrolyte fuel cells
(anhydrous proton-conducting membrane via molecular self-
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assembled acid-base complex such as one consisting of an acidic sur-
factant, mono-dodecylphosphate, and a basic surfactant, 2-undecyli-
midazole): 07BCJ2110.

The chemistry of the C(2) position of imidazolium room temperature ionic
liquids (mainly, deprotonation to give N-heterocyclic carbenes):
07COS381.

Chemistry of wureidocarboxylic and ureylenedicarboxylic acids:
06UK217.

Computer simulation of clusters, liquids, and crystals of dialkylimidazo-
lium salts: 07ACR1156.

Coordination properties of didentate alcohols and aldehydes
derived from imidazole, pyrazole, or pyridine toward Cu(Il), Co
(ID), Zn(I), and Cd(II) ions in the solid state and aqueous solution:
05CCR(249)2259.

Crystal engineering of binary metal imidazolate and triazolate
frameworks: 06CC1689.

2,3-Dihydroimidazol-2-ylidenes and their main group element chemistry:
05CCR(249)829.

From the reactivity of N-heterocyclic carbenes to new chemistry in ionic
liquids: 06CC1809.

Functional design of ionic liquids: 06BCJ1665.

Functionalized imidazolium salts for task-specific ionic liquids and their
applications: 06CC1049.

Imidazolium receptors for the recognition of anions: 06CSR355.

New guanidines from 2-imidazolidinones through 2-chloroamidinium
derivatives: 06ARK(7)148.

New methods of imidazole functionalization — from imidazole to marine
alkaloids: 065L965.

Recent progress in the catalytic synthesis of imidazoles: 07CAJ568.

Synthesis and biological activity of vicinal diaryl-substituted 1H-imida-
zoles: 07T4571.

Synthesis and biological properties of sequence-specific DNA-alkylating
pyrrole-imidazole polyamides: 06 ACR935.

5.3.23 Annulated imidazoles

1- and 3-Deazapurines (imidazopyridines): 05AHC(89)159.

11H-Isoindolo[2,1-a]benzimidazoles: 07KGS323.

Magnetism of metal-nitroxide compounds involving bis-chelating
imidazole and benzimidazole substituted nitronyl nitroxide free
radicals: 05CCR(249)2591.

Stable heteroaromatic carbenes of the benzimidazole series:
05ARK(8)10.

Synthesis and reactivity of 4-azaindoles: 07T8689.
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53.3 One nitrogen and one oxygen atom
5331 1,2-Heterocycles

Preparations and utility of aminoisoxazoles in the synthesis of fused
systems: 07AHC(94)173.

Recent advances in the synthesis and reactivity of isoxazoles: 05COC925.

Syntheses of polyfunctionalized compounds using nitroisoxazolones:
05Y1232.

Synthesis of isoxazolidines and isoxazolines from nitrones by 1,3-dipolar
cycloaddition on solid supports: 05CSR507.

5332 13-Heterocycles

Applications and modifications of oxazolidin-2-ones in synthetic organic
chemistry: 07COS238.

The construction of the oxazolidin-2-one ring: 07COS81.

The diverse chemistry of oxazol-5-(4H)-ones: 07CSR1432.

Co-Symmetric chiral bis(oxazoline) ligands in asymmetric catalysis:
06CRV3561.

Synthesis and use of bisoxazolinyl-phenyl pincers: 07CSR1133.

Synthetic applications of chiral 3-acyloxazolidin-5-ones: 06 ARK(7)292.

53.4 One nitrogen and one sulfur atom

Isothiazolium salts and their use as components for the synthesis of
S,N-heterocycles: 07AHC(94)215.

Pyrrolo[2,1-b]thiazoles: 07H(71)761.

Recent progress in the synthesis of thiazolopyrimidine analogs:
07CJO166.

Synthesis and applications of chalcogenoamides, particularly, for
preparation of thiazoles: 07COS15.

Synthesis and chemical properties of 2-substituted thiazoline-4,5-diones:
06KGS1283.

Synthesis of fused thiazoles: 06KGS167.

Synthetic approaches toward 2-iminothiazolidines: 06T513.

53.5 Two oxygen atoms

Electrochemical and structural (X-ray) properties of homoleptic, mononu-
clear transition metal complexes of 1,2-dioxolenes: 06CCR(250)2000.

Synthetic applications of chiral 1,3-dioxolan-4-ones: 06 ARK(7)292.

53.6 Two sulfur atoms

Electronic communication in tetrathiafulvalene (TTF)/Cqy systems:
07ACR1015.

Synthesis and applications of tetrathiafulvalenes and ferrocene-tetrathia-
fulvalenes and related compounds as electroactive organic materials:
05T3889.

Synthesis of 1,3-dithiole-2-thiones and tetrathiafulvalenes using
oligo(1,3-dithiole-2,4,5-trithione): 06KGS483.
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5.4 Three heteroatoms

Cross-coupling reactions on azoles with two and more heteroatoms:
06E]JO3283.

54.1 Three nitrogen atoms
5411 Monocyclic systems

Click chemistry (triazole synthesis and beyond): 0751589.

Copper-catalyzed azide-alkyne cycloaddition producing only 1,4-disub-
stituted-1,2,3-triazoles at room temperature in excellent yields: 07AA?7.

Cu'-catalyzed alkyne-azide “click” cycloadditions, a mechanistic and syn-
thetic perspective: 06EJO51.

The growing applications of click chemistry: 07CSR1249.

Mechanistic studies in triazolinedione ene reactions: 05S5L713.

N-Heterocyclic carbene-copper(l) complexes in homogeneous catalysis,
particularly, of [3 + 2] cycloaddition of azides and alkynes: 07SL2158.

Organic azides in reactions with participation and preparation of 1,2,3-
triazoles: 05AG(E)5188.

Recent applications of the Cu'-catalyzed Huisgen azide-alkyne 1,3-dipo-
lar cycloaddition reaction in carbohydrate chemistry, particularly,
synthesis of N-glycosyl-1,2,3-triazoles: 070BC1006.

Stable heteroaromatic carbenes of the 1,2,4-triazole series: 05ARK(8)10.

Synthesis of triazoles and tetrazoles by 1,3-dipolar cycloaddition (“click
chemistry”) in bioconjugate chemistry: 06CJO1640.

Synthetic approaches to 1,2,4-triazoles and their pharmacological impor-
tance: 06KGS1605.

1,2,3-Triazole and its derivatives, general review: 05UK369.

Triazole as the keystone in glycosylated molecular architectures
constructed by a click reaction: 07CAJ700.

5.4.1.2 Annulated triazoles

Acylbenzotriazoles as advantageous N-, C-, S-, and O-acylating agents
(2000-2005): 05SL1656.

Benzotriazole-mediated amino-, amido-, alkoxy-, and alkylthio-alkyl-
ation: 05T2555.

Benzotriazole-stabilized acyl anion synthons: 06ARK(4)119.

Synthesis and biological activity of 1,2,4-triazolo[1,5-a1[1,3,5]triazines
(5-azapurines): 06H(68)1723.

Synthesis of 1H-pyrrolo[1,2-b][1,2,4]triazole as a novel heterocyclic cyan
dye-forming coupler for color photographic use: 06Y222.

54.2 Two nitrogen atoms and one oxygen atom

1,3-Dipolar cycloaddition of nitrones to free and coordinated nitriles as
routes to govern the process of the synthesis of 2,3-dihydro-1,2,4-
oxadiazoles: 061ZV1803.
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Synthesis and synthetic applications of 1,2,4-oxadiazole-4 oxides:
07COC959.

Synthesis of 2,5-disubstituted 1,3,4-oxadiazoles and their activity as
insect growth regulators: 06CJO1647.

543 Two nitrogen atoms and one sulfur atom
Porphyrazines with annulated strongly electron-withdrawing 1,2,5-thia-
diazole rings: 06CCR(250)1530.

54.4 One nitrogen atom and two sulfur atoms
1,2,3-Dithiazole chemistry in heterocyclic synthesis: 06 ARK(7)207.

5.5 Four heteroatoms

Development of conductive organic molecular assemblies (organic
metals, superconductors, and exotic functional materials, particu-
larly, tetrathia(selena)fulvalenes and their derivatives): 07BCJ1.

Magnetic exchange interactions in perfluorophenyl 1,2,3,5-dithiadiazolyl
radicals: 05CCR(249)2631.

Metal derivatives of tetrazoles: 06UK569.

Methods of functionalization of tetrazoles — strategy and prospects:
06ZOR487.

Organic azides in reactions with participation and preparation of tetra-
zoles: 06AG(E)5188.

Organometallic tetrazole derivatives, their preparation, and synthetic
application: 05Z0OR1599.

Properties of tetrazole-containing polymers: 06IVUZ(6)3, 06IVUZ(8)3.

Protolytic equilibria of tetrazoles: 06ZOR1599.

Synthesis of triazoles and tetrazoles by 1,3-dipolar cycloaddition (“click
chemistry”) in bioconjugate chemistry: 06CJO1640.

Tetrazole derivatives as drugs: 07KGS3.

Tetrazolium salts applications in inorganic analysis: 07UK187.

6. SIX-MEMBERED RINGS

6.1 General

Design of heterocyclic systems based on vinyl sulfones of polyfluorinated
benzene and halopyridine series: 05RKZ(6)69.

Dihydroazines based on o,B-unsaturated ketones reactions: 06COC297.

Environmentally benign solvent systems and a greener [4+2]
cycloaddition process for the synthesis of heterocycles: 07MRO89.

Formation of six-membered heterocyclic rings under radical cyclization
conditions: 05710603, 07T793.
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The hetero Diels-Alder approach to carbohydrate-containing molecular
scaffolding: 07COS47.

Nitroso and azo compounds in modern organic synthesis, particularly,
nitroso and azo hetero-Diels—Alder reactions: 07BCJ]595.

Recent progress in the synthesis of heterocycles (pyridines, pyridones,
pyrans, pyrimidinediones, etc.) using [2 + 2 + 2] cycloaddition reac-
tions catalyzed by transition metal complexes: 06ASC2307.

Stereoselective aza-Diels—Alder reactions: 06COC981.

Substituent tautomerism of six-membered ring heterocycles:
06AHC(ON1.

6.2 One heteroatom

We have classified the many reviews dealing with these materials under
the following headings:

1. One Nitrogen Atom (it is self-subdivided into Pyridines, Pyridinium
Compounds, Ylides, Pyridine N-Oxides, Applications of Pyridines,
Bipyridines and Related Systems, Hydropyridines, Biologically Active
Pyridines and Hydropyridines, Pyridines Annulated with Carbocycles,
Pyridines Annulated with Heterocycles).

2. One Oxygen Atom (Pyrans and Hydropyrans, Annulated Pyrans and
Pyrylium Salts).

6.21 One nitrogen atom
6.21.1 Pyridines

The Bohlmann—Rahtz pyridine synthesis: 075L.2459.

Chemistry of 3-cyanopyridine-2(1H)-chalcogenones: 06UK645.

Convergence of spectroscopic and kinetic electron transfer parameters
for mixed-valence binuclear dipyridylamide ruthenium amine
complexes: 05CCR(249)507.

Coordination properties of didentate alcohols and aldehydes derived
from imidazole, pyrazole, or pyridine toward Cu(Il), Co(Il), Zn(II),
and Cd(II) ions in the solid state and aqueous solution: 05CCR(249)
2259.

Metallocomplexes of bis(2-pyridylamides) and their applications in cata-
lytic reactions: 05CCR(249)727.

Methodology for the synthesis of pyridines and pyridones: 07H(74)101.

New synthesis of pyridones using conjugate addition reactions of active
methine compounds to alkynyl imines and ketones: 06Y251.

New synthetic methods to 2-pyridone rings: 05COC1757.

Nitropyridines, their synthesis and reactions: 05]JHC463.

Organometallic complexes of B-, Si- (Ge-), and P- (As-, Sb-) analogs of
pyridine: 05AHC(89)149.
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Organometallic complexes of the 7 (11,c)-coordinated derivatives of pyr-
idine: 05AHC(88)111.

Organometallic chemistry of polypyridine ligands: 07AHC(93)179,
07AHC(94)107.

Pyridine-containing macrocycles via comediated [2 + 2 + 2] cycloaddi-
tions of a,w-bis-alkynes: 07ARK(12)7.

Regiochemical control and completeness in elaboration of pyridines
through organometallic intermediates: 07CSR1161.

Regioselective functionalization of unreactive carbon-hydrogen bonds,
in particular, arylation of pyridines by using aryl iodide, silver acetate,
and catalytic palladium acetate: 065L3382.

Synthesis of optically active 1-(2-pyridinyl)ethyl derivatives: 07Y127.

Synthesis of uniform, nonnatural oligomers, particularly, oligopyridines
and oligo(pyridine-pyrimidine)s: 06SL1793.

Transition metal-catalyzed [2 + 2 + 2] cycloaddition reactions to form
pyridine ring systems: 07CSR1085.

6.2.1.2 Pyridinium compounds, ylides, pyridine N-oxides

Chemistry of N-fluoropyridinium salts: 05CSR1031.

Mechanistic studies of photochemical transformations of pyridinium salts
and applications in synthesis: 070BC2735.

Preparation of new nitrogen-bridged heterocycles using pyridinium salts
and N-ylides: 05Y222.

Solubility of CO,, CH,, C,Hs, CoHy, Oy, and N in 1-hexyl-3-methylpyr-
idinium bis(trifluoromethylsulfonyl)imide (comparison to other ionic
liquids): 07ACR1208.

Switchable nonlinear optical metallochromophores with pyridinium elec-
tron acceptor groups: 06 ACR383.

6.2.13 Applications of pyridines

Bis(imino)pyridines, surprisingly reactive ligands and a gateway to new
families of catalysts: 07CRV1745.

Applications of planar-chiral pyridine derivatives as ligands in asymmetric
catalysis: 06 ACRS853.

Chiral dialkylaminopyridine catalysts in asymmetric synthesis: 07CRV5570.

Chiral pyridine-containing ligands in asymmetric catalysis: 07CCR2188.

Crystal engineering of coordination polymers using 4,4'-bipyridine as a
bond between transition metal atoms: 06CC4169.

Ethylene oligomerization, homopolymerization, and copolymerization by
iron and cobalt catalysts with 2,6-(bis-organylimino)pyridyl ligands:
06CCR(250)1391.

Metal complexes of 4,4'-dipyridyldisulfide — structural diversity derived
from a twisted ligand with axial chirality: 06CCR(250)2595.

P-Phos and its variants as versatile and effective atropisomeric
dipyridylphosphine ligands in asymmetric catalysis: 06ACR711.
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2-Pyridylsilyl group as useful multifunctional group in organic synthesis:
06SL157.

Pyridylsilyl group-driven cross-coupling reactions: 02JOM(653)105.

Synthesis of camphor-based pyridine ligands and their application in
asymmetric catalysis: 06CSR1230.

6.2.1.4 Bipyridines and related systems

Emerging host—-guest chemistry of synthetic nanotubes (nanotubes
containing polypyridines and calixcrown tubes): 07CC3891.

Functional bi- and tripyridyl-based ruthenium(Il)- and iridium(III)-con-
taining polymers for potential electro-optical applications: 07CSR618.

The higher oligopyridines and their metal complexes: 06COS19.

Metal-organic molecular architectures with 2,2'-bipyridyl-like and
carboxylate ligands: 05CCR(249)545.

Photophysical properties and use in photoactive supramolecular
assemblies of [Ru(bipy)(CN),]*~ and its derivatives: 06CCR(250)3128.

Photophysics in bipyridyl and terpyridyl platinum(II) acetylides: 06CCR
(250)1819.

Ru(I)-bipyridine complexes in supramolecular systems, devices, and
machines: 06CCR(250)1254.

The synthesis and coordination chemistry of 2,6-bis(pyrazolyl)pyridines
and their terpyridine analogs: 05CCR(249)2880.

Synthesis of azolylpyridines, promising ligands for coordination
chemistry: 05ARK(4)208.

2,2":6/ 2""-Terpyridines (from chemical obscurity to common supramolec-
ular motifs): 07CSR246.

6.2.1.5 Hydropyridines

Asymmetric organocatalytic reductions mediated by dihydropyridines:
070BC3407.

Asymmetric synthesis of hydroxylated piperidines and related bioactive
compounds: 065L1133.

Chemistry and biology of piperidine and tetrahydropyridine nitroxides:
05JHC437.

Chemistry of quinuclidines as nitrogen bicyclic bridged-ring structures:
06JHC1397.

Intramolecular cation—n interaction in organic synthesis (particularly,
synthesis of chiral dihydropyridines): 070BC2903.

Progress in investigation of oxidation of dihydropyridines and their
analogs: 07UK27.

Stereoelectronic substituent effects, particularly, in glycosides and
hydroxylated piperidines: 06 ACR259.

Synthetic approaches to enantiomerically pure 8-azabicyclo[3.2.1]octane
derivatives: 06CRV2434.
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TEMPO (2,2,6,6-tetramethylpiperidine-N-oxyl) as reagent in alcohol
oxidation and in synthesis of natural products: 06 MRO155.

6.2.1.6 Biologically active pyridines and hydropyridines

Biological labeling reagents and probes derived from luminescent
transition metal polypyridine complexes: 05CCR(249)1434.

Chemical and pharmacological significance of 1,4 dihydropyridines:
07COC847.

Comparison of the ability of pyridinium aldoximes to reactivate
human red blood cell cholinesterases inhibited by ethyl- and
methyl-paraoxon: 07COC1624.

Fine tuning of structure and reactivity of copper complexes using
pyridylalkylamine ligands — active site models for copper pro-
teins: 05Y1240.

Progress in coenzyme NADH model compounds and asymmetric
reduction of benzoylformate: 075L2785.

Recent advances in the synthesis of nicotine and its derivatives: 07T8065.

6.2.1.7 Pyridines annulated with carbocycles

Recent advance in quinoline derivatives with biological activities:
07CJO1318.

Recent progress in the synthesis of quinolines: 05COC141.

Ruthenium(Il)-catalyzed alkyne cyclotrimerizations, in particular, syn-
thesis of bicyclic pyridines via [2 + 2 + 2] cycloaddition of nitriles and
dinitriles: 05Y112.

Selected recent advances in the stereoselective synthesis of isoquinoline
and B-carboline derivatives with the use of chiral auxiliaries of natural
origin: 05COS301.

Synthesis and properties of quinolines spiro annulated at heterocyclic
fragment: 05JHC39.

Synthesis, reactions, and biological activity of quinoline oximes:
05KGS163.

Traditional and modern approaches to Skraup and D&bner-Miller
syntheses of quinolines: 06KGS803.

The Witkop-Winterfeldt oxidation of indoles (formation of quinolones):
07COC159.

6.21.8 Pyridines annulated with heterocycles

Advances in the area of pyridodiazinium systems containing bridgehead-
nitrogen atom: 06COC319.

Advances in the chemistry of naphthyridines: 06 AHC(91)189.

Biologically active benzo[b]lnaphthyridines: 05UK1001.

Chemistry of thienopyridines: 07AHC(93)117.

Chemistry of thienopyridines and related systems: 06MI4.
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1- and 3-Deazapurines (imidazopyridines): 05AHC(89)159.

Excited-state double-proton transfer in the 7-azaindole dimer in the gas
phase: 06BCJ373.

Methods for construction of isoindolo[1,2]-fused quinolines and
isoquinolines: 06KGS1123.

Organometallic methods for the synthesis and functionalization of
azaindoles: 07CSR1120.

Progress in synthesis of pyridopyrimidine analogs: 05CJO1530.

Raman scattering and photophysics in spin-state-labile d® Ru(Il)- and Fe
(INdipyridophenazine complexes: 06CCR(250)1696.

Recent development in the synthesis of indolizines: 07CJO1060.

Synthesis and reactivity of 4-, 5-, and 6-azaindoles: 07T8689.

Synthesis and reactivity of 7-azaindole (1H-pyrrolo[2,3-b]pyridine):
07T1031.

Synthetic approaches to pyrrolo-, furo-, thienoquinolines, and their
benzo or heterocyclic annulated derivatives: 05H(65)901.

6.2.2 One oxygen atom

6.2.2.1 Pyrans and hydropyrans

The Diels-Alder cycloadditions of 3,5-dibromo-2-pyrone and its
derivatives: 07PHC1.

2-Methyl-4-ox0-4H-1-benzopyran-4-one as a synthon in heterocyclic
chemistry: 06JHC813.

Photoinduced reactions of chromones and bischromones: 06 ARK(9)239.

Six-membered ring spiranes: carbocycles and heterocycles with oxygen:
05COC1287.

Stereoselective syntheses of naturally occurring 5,6-dihydropyran-2-
ones: 07172929.

Strategies for the formation of tetrahydropyran rings in the synthesis of
natural products: 06E]JO2045.

Synthetic approaches to «,f-unsaturated ¢-lactones and lactols: 07EJO225.

6.2.2.2 Annulated pyrans and pyrilium salts

Biomimetic synthesis of trans,syn,trans-fused polycyclic ethers (polyoxe-
panes and polypyrans): 065L1816.

Chemistry of 4-oxo-4H-1-benzopyran-3-carbonitrile: 05JHC1035.

C—C Cross-coupling reactions for the combinatorial synthesis of couma-
rin dyes: 02JOM(653)200.

Cycloaddition reactions of transition metal-containing benzopyrylium
and related zwitterionic intermediates: 06CL1082.

Flavonoids, a general monograph: 06MI7.

Methods for isolation and analysis of natural coumarins: 06KFZ(6)47.

3-Phenoxychromones, their occurrence in nature, methods for synthesis
and modification, and biological properties: 06KPS203.
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Spiropyrans. Synthesis, properties, and applications: 05KGS323.

Strategies and approaches for constructing 1-oxadecalins: 06T10785.

Synthesis and modification of 4-arylcoumarins (neoflavones): 05KPS199.

The synthesis of chromenes, chromanes, coumarins, and related hetero-
cycles via tandem reactions of salicylic aldehydes or salicylic imines
with o,B-unsaturated compounds: 070OBC1499.

Synthesis of isochromanes and related pyran-type heterocycles using
oxa-Pictet-Spengler cyclization: 065187.

6.3 Two heteroatoms

We have classified the many reviews dealing with these materials under

the following headings:

1. Two Nitrogen Atoms (it is self-subdivided into 1,2-Heterocycles, 1,3-
Heterocycles, Monocyclic Pyrimidines and Hydropyrimidines Except
Pyrimidine Nucleoside Bases and Nucleosides, Annulated Pyrimidines Except
Purines, Pteridines, and Flavins, Pyrimidine Nucleoside Bases and Purines,
Nucleotides and Nucleosides, Nucleic Acids, Pyrazines and Hydropyrazines).

2. One Nitrogen and One Oxygen Atom.

3. One Nitrogen and One Sulfur Atom.

4. Two Oxygen Atoms.

6.3.1 Two nitrogen atoms
Advances in the area of pyridodiazinium systems containing a bridge-
head-nitrogen atom: 06COC319.

6.3.11 1,2-Heterocycles

Cross-coupling and metallation reactions of 3(2H)-pyridazinones in syn-
theses of fungicides and herbicides: 05JHC427.

Cyclizations to new azolopyridazines and related ring systems:
05JHC421.

Functionalization and synthetic application of pyridazin-3(2H)-ones:
05JHC353.

Palladium-catalyzed cross-coupling reactions on pyridazine moieties:
06SL3185.

Palladium-catalyzed reactions on 1,2-diazines: 06COC377.

Pyridazine derivatives as novel acyl-CoA:cholesterol acyltransferase
(ACAT) inhibitors: 05JHC395.

Nucleophilic substitution of hydrogen in pyrimido[4,5-c]pyridazine-5,7
(6H,8H)-diones: 05JHC375.

Synthesis of biologically active pyridazinoquinoxalines: 05/HC387.

Synthesis of functionalized compounds containing pyridazine and
related moieties: 05JHC361.

Synthesis and heterocyclization of 3-alkynyl-6,8-dimethylpyrimido
[4,5-c]pyridazine-5,7(6H,8H)-diones and their lumazine analogs:
05JHC413.
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Use of polyfunctionalized pyridazines as reactive species for building
chemical diversity: 06COC277.

6.3.12 13-Heterocycles: monocyclic pyrimidines and hydropyrimidines

(except pyrimidine nucleoside bases and nucleosides)

Kost-Sagitullin rearrangement and other isomerization recyclization of
pyriymidines: 05KGS1445.

Novel ring closure and ring opening reactions of 2-aminopyrimidines into
imidazo[1,2-c]pyrimidines and guanidines, respectively: 06 ARK(7)5.

Pyrimidine chemistry in crop protection: 06H(68)561.

Synthesis of biologically interesting 6-substituted pyrimidines and 4(3H)-
pyrimidinones: 06 ARK(7)452.

Synthesis of uniform, nonnatural oligomers, particularly, oligo(pyridine—
pyrimidine)s: 06SL1793.

6.3.1.3 Annulated pyrimidines (except purines, pteridines, and flavins)

Chemistry of thienopyrimidines: 06AHC(92)83.

Coenzyme 5,10-methylene and methenyltetrahydrofolate models in
organic synthesis: 06 AHC(91)159.

Photophysics and photochemistry of pterins in aqueous solution:
06ACR395.

Progress in synthesis of pyridopyrimidine analogs: 05CJO1530.

Recent progress in the synthesis of thiazolopyrimidine analogs:
07CJO166.

6.3.1.4 Pyrimidine nucleoside bases and purines

Artificial nucleobases for hole transport: 07Y204.

2 4-Difluorotoluene as a thymine analog in shape and DNA replication
without hydrogen bonds: 06CC3665.

Fused six- and more-membered heterocyclo-purinediones, -purinones,
and -purineimines: 05AHC(88)175.

Isolation, characterization, and independent synthesis of guanine oxida-
tion products: 06EJO1351.

Synthetic strategies toward O(6)-substituted guanine derivatives and
their use in medicine: 05COS215.

6315 Nucleotides and nucleosides

Application of microwaves in the synthesis of nucleoside analogs:
07CJO4409.

Chemistry and properties of nucleoside and oligonucleoside boranopho-
sphates: 07CRV4746.

Chiral synthesis of heterosubstituted nucleoside analogs from noncarbohy-
drate precursors: 07COC1017.

Conformationally locked nucleotides and their analogs: 06Y681.
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Coordination chemistry of polyamines and their interactions in ternary
systems including metal ions, nucleosides, and nucleotides:
05CCR(249)2335.

Creation of low toxic reverse-transcriptase inhibitory nucleosides that pre-
vent the emergence of drug-resistant HIV variants: 06Y716.

Cycloadditions as a method for oligonucleotide conjugation: 06COS9.

cycloSal Phosphates as chemical trojan horses for intracellular nucleotide
and glycosylmonophosphate: 06EJO1081.

Development and applications of fluorescent oligonucleotides: 06COC491.

Four hydrogen-bonding motifs in oligonucleotides: 06 ARK(7)326.

Metathesis strategy in nucleoside chemistry: 05T7067.

Molecular design of polyamines and related compounds for controlled
DNA folding transition: 06Y1122.

Molecular mechanisms of mammalian global genome nucleotide excision
repair: 06CRV253.

Noncovalent interactions in adducts of Pt drugs with nucleobases in
nucleotides: 06CCR(250)1315.

Novel synthetic methods for manufacturing 2’-deoxynucleosides:
05Y594.

Nucleobases as supramolecular motifs: 05CSR9.

Nucleoside chemistry in crop protection (synthetic issues, mode of
action, and biological efficacy of nucleoside classes active as herbi-
cides, fungicides, and insecticides are presented): 05H(65)667.

Nucleoside monomers with the DNA base replaced by fluorescent hydro-
carbons and heterocycles, and their assembly into DNA-like molecules
in which the all bases are fluorescent: 060BC4265.

Nucleoside 5-triphosphates: self-association, acid-base, and metal
ion-binding properties: 05CSR875.

An overview of diazine nucleoside analogs: 06COC333.

Palladium-catalyzed C-IN and C—C cross-couplings as versatile avenues for
modifications of purine 2'-deoxynucleosides: 02JOM(653)234.

Phosphate mimic of nucleotides, influences on the ribofuranose
conformations: 06H(67)823.

Progress in synthesis, fluorescent, and biochemical properties of etheno-
substituted purine nucleoside derivatives: 06CJO1457.

Prokaryotic nucleotide excision repair: 06CRV233.

Recent developments in mass spectrometry for the characterization of
nucleosides, nucleotides, oligonucleotides, and nucleic acids:
05CRV1869.

Recent developments in the chemistry of nucleosides: 07PHC27.

Recent highlights in modified oligonucleotide chemistry: 07OBC3260.

Supramolecular architectures generated by self-assembly of guanosine
derivatives: 07CSR296.
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Synthesis and properties of oligonucleotides with acylamido substituents:
07SL1.

Synthesis and properties of psico-nucleosides: 060PP101.

Synthesis of 7-deazapurine (pyrrolo[2,3-d]pyrimidine) 2'-deoxyribonucleo-
sides: 07COC427.

Synthesis of biologically important nucleoside analogs by Pd-catalyzed
C-N bond-formation: 05COS83.

Synthesis of 2/,3'-didehydro-2’,3'-dideoxynucleosides having variations at
either or both of the 2’- and 3'-positions: 06T9085.

Synthesis of 2’,3'-didehydro-2’,3'-dideoxynucleosides via nucleoside route:
06COS261.

Synthesis of modified purine nucleosides and related compounds
mediated by adenosine deaminase (ADA) and adenylate deaminase
(AMPDA): 055509.

50 Years of chemical synthesis of oligo- and poly-nucleotides: 050BC3851.

6.31.6 Nucleic acids

The basic concept of “click chemistry” as a new synthetic method and its
applications in DNA research: 06CJO271.

Bio-inspired programmable self-assembly on DNA templates: 06CL694.

The chemical biology that controls DNA function and structure (mainly,
the sequence and conformation specific chemical reactions that occur in
DNA): 05Y1016, 07BCJ]823.

Conformationally constrained PNA analogs and DNA/RNA binding
selectivity: 05ACR404.

Covalent bonding of modified nucleic acids with proteins in study of
specific protein—nucleic interactions: 05UK84.

Direct reversal of DNA alkylation damage: 06CRV215.

DNA-based molecular design of nanobiomaterials: 05CL1206.

DNA-binding properties of anticancer active dinuclear Rh, Re, and Ru
compounds: 05ACR146.

DNA-metal base pairs: 07AG(E)6226.

DNA nanomachines and nanostructures involving quadruplexes:
060BC3383.

DNA-programmed assembly of nanostructures: 050BC4023.

DNA-protein interactions, bionanotechnology, and molecular recogni-
tion: 05AG(E)1166.

DNA and RNA synthesis: 05CRV593.

Elucidating DNA damage and repair processes by independently gener-
ating reactive and metastable intermediates: 07OBC18.

Functionalization of PNAs and novel strategy for active control of DNA
recognition by external factors using peptide ribonucleic acids: 05Y63.

Lone pair-aromatic interactions in nucleic acids: 07ACR197.
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Metal complexes of phenanthroline, bipyridine, terpyridine, dipyridophe-
nazine, or porphyrins as agents for the control of DNA structure:
07CSR471.

The metal-conjugated PNA challenge: 055L.1984.

Metal-containing nucleic acids as new biomaterials: 07COC355.

Molecular design, chemical synthesis, and biological carbohydrate-inter-
calator hybrids activity of artificial and DNA photocleaving: 05Y325.

NMR structures of damaged DNA: 06CRV607.

Noncovalent interactions in adducts of platinum drugs with nucleobases
in DNA: 06CCR(250)1315.

Perspectives in chemistry and therapeutic applications of locked nucleic
acid: 07CRV4672.

Photochemical DNA manipulation and DNA analysis by photoresponsive
artificial DNA: 07Y709.

Preparation and properties of mRNA 5'-cap structure: 05COC999.

Role of modified nucleosides in the translation function of tRNAs from
extreme thermophilic bacteria and animal mitochondria: 07BCJ1253.

The structure of homo-DNA ((4,6)-linked oligo-2,3-dideoxy-Dp-glucopyra-
nose nucleic acid): 07CSR31.

Supramolecular DNA recognition: 07CSR280.

Synthesis and properties of size-expanded DNAs: 07ACR141.

Synthesis, modifications, and applications of PNAs: 05CJO254.

Synthesis of ferrocenyl deoxyribonucleic acids (DNAs) and their applica-
tion to electrochemical gene detection: 06Y208.

Synthesis of highly functional nucleic acids and their application to DNA
technology: 05BCJ2083.

6.3.1.7 1,4-Heterocycles: pyrazines and hydropyrazines

Biological activity and synthesis of diketopiperazines: 07T9923.

Biologically active pyrazines of natural and synthetic origin: 06CLY959.

3,5-Dihalo-2(1H)-pyrazinones as versatile scaffolds in organic synthesis:
0652799.

Industrial-scale palladium-catalyzed coupling of aryl halides and
amines, particularly, in synthesis of arylpiperazines: 06 ASC23.

6.3.1.8 Annulated pyrazines

Coenzyme 5,10-methylene and methenyltetrahydrofolate models in
organic synthesis: 06AHC(91)159.

Raman scattering and photophysics in spin-state-labile d°® Ru(Il)- and
Fe(Il)dipyridophenazine complexes: 06CCR(250)1696.

Synthesis of quinazolinones and quinazolines: 05T10153.

6.3.2 One nitrogen and one oxygen atom
Advances in the synthesis of 2H-1,4-benzoxazin-3(4H)-ones and 3,4-dihy-
dro-2H-1,4-benzoxazines: 05T7325.
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Benzophenoxazine-based fluorescent dyes for labeling biomolecules:
06T11021.
Morpholine and its derivatives (general monograph): 07MI2.

6.3.3 One nitrogen and one sulfur atom

Recent progress in the chemistry of 2,1-benzothiazines: 08PHC1.

Retrosynthetic approaches to the synthesis of phenothiazines:
06AHC(90)205.

6.3.4 Two oxygen atoms
Synthesis of 2,3-dihydro-2-ylidene-1,4-benzodioxins: 05COC377.

6.4 Three heteroatoms

6.41 Three nitrogen atoms

Recent applications of 2,4,6-trichloro-1,3,5-triazine and its derivatives
in organic synthesis: 06T9507.

Synthesis and biological activity of 1,2,4-triazolo[1,5-a][1,3,5]triazines
(5-azapurines): 06H(68)1723.

6.5 Four heteroatoms

The magnetochemistry of verdazyl radical-based materials: 05CCR(249)
2612.
Recent advances and applications in 1,2,4,5-tetrazine chemistry: 07T4199.

7. RINGS WITH MORE THAN SIX MEMBERS

7.1 General

Formation of 7- to 12-membered heterocycles by diene and enyne metath-
esis: 07T3919.

7.2 Seven-membered rings

Applications and synthesis of the antiepileptic drug oxcarbazepine and
related structures: 07COC1385.

Reactions of functionalized alkoxyethylenes with nucleophilic reagents
in synthesis of seven-membered heterocycles: 06ZOR167.

Rules for predicting the conformational behavior of saturated seven-
membered heterocycles: 05ARK(6)88.

7.21 One heteroatom

Application of Baeyer—Villiger monooxygenase in synthesis of seven-
membered lactones: 05CJO1198.

Biomimetic synthesis of trans,syn,trans-fused polyoxepanes and
polypyrans: 065L1816.
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Construction of fused polycyclic ethers (particularly, ciguatoxins and
gambieric acids) by strategies involving ring-closing metathesis:
06CC3571.

Development and industrialization of the process of vapor-phase
Beckmann rearrangement of cyclohexanone oxime: 07BCJ1280.
Methods for construction of isoindolo[1,2]-fused benzazepines:

06KGS963.

Recent developments in the synthesis of oxepines: 06T9301.

7.2.2 Two heteroatoms

1,4-Benzodiazepin-2,5-dione as synthetic nonpeptide mimetic of «-heli-
ces: 07CSR326.

5-Methyl-4,5,6,7-tetrahydroimidazo(4,5,1-jk](1,4)benzodiazepin-2(1H)-
one as nonnucleoside inhibitors of HIV-1 reverse transcriptase:
05]MC1689.

7.23 Three and more heteroatoms

Design, synthesis, and applications of 3-aza-6,8-dioxabicyclo[3.2.1]
octane-based scaffolds for peptidomimetic chemistry: 06SL331.

1,2,3,4,5-Pentathiepines and 1,2,3,4,5-pentathiepanes: 07UK219.

7.3 Medium rings

Synthesis and biological perspectives of benzannulated medium ring
heterocycles: 07H(71)1011.

Chemistry of 2,8-dimethyl-6H,12H-5,11-methanodibenzol[b,fldiazocin
(Troger’s base): 07AHC(93)1.

The eight-membered N-hydroxybenzazocinone key intermediate in total
syntheses of antitumor antibiotic FR900482, its derivatives and ana-
logs: 07Y470.

Methods for construction of isoindolo[1,2]-fused benzazocines:
06KGS963.

7.4 Large rings

7.41 General problems
7.4.1.1 Structure, stereochemistry, reactivity, design

Anion templated assembly of mechanically interlocked structures:
07CSR211.

Chemistry and biology of the 23-membered macrocyclic streptogramin
A antibiotics: 07MRO159.

Compartmental macrocyclic Schiff bases and related polyamine
derivatives: 07CCR1311.

Mass spectrometric studies of noncovalent compounds, particularly,
catenanes: 060BC2825.
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Molecular recognition via base-pairing in self-assembled macrocyclic
and high-order ensemble synthesis, supramolecular polymer prep-
aration, molecular cage construction, and energy and electron
transfer modeling: 07CSR314.

A survey of transannular interactions in some macroheterocyclic
compounds: 05COC521.

7412 Synthesis

Advances in synthesis and research of macrocyclic compounds contain-
ing tetrathiafulvalene: 07CJO1220.

Functionalized alkoxyethylenes in synthesis of macroheterocycles:
06ZOR167.

Macrocyclization by ring-closing metathesis in the total synthesis of
natural products: 06 AG(E)6086.

Metal-free methods in the synthesis of macrocyclic Schiff bases:
07CRV46.

Progress in study of novel supramolecular host — thiacalixarene:
07CJ0O907.

Pyridine-containing macrocycles via comediated [2 +2 + 2] cycloaddi-
tions of a,w-bis-alkynes: 07ARK(12)7.

Ring-closing metathesis as a basis for the construction of macrohetero-
cycles: 06AG(E)2664.

Syntheses, structures, and interactions of heterocalixarenes: 05AHC(89)
120, 06ARK(9)17.

Synthesis and antibacterial activity of macrolides and ketolides related
to erythromycin: 06T3171.

Synthesis and properties of calixarene-porphyrin conjugates: 05CJO375.

Synthesis and properties of dibenzotetraaza macroheterocycles:
05KGS1763.

Synthesis, isomerization, and functions of cyclophanes with azobenzene
units in the main frame: 05Y370.

Synthesis of arylenephosphamacrocycles using three- and pentavalent
phoshorus compounds: 07UK362.

Synthesis of azomethyne macrocycles by condensation of dicarbonyl com-
pounds with diamines without the use of metal ions as template
agents: 07UK843.

Synthesis of macrocyclic compounds including natural products by ring
closing metathesis: 07COC1339.

Synthesis of macrosphelides, natural potent cell-cell adhesion inhibitors
having novel three ester linkages in their 16-membered macrocyclic
skeleton: 05H(65)1741, 05Y140.

The synthesis of 16-membered macrocyclic depsipeptides, cryptophycins:
0653747.
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Synthesis of rotaxanes and catenanes using the Cu(l)-catalyzed 1,3-dipo-
lar cycloaddition: 07BCJ1856.

Synthesis of water-soluble azacyclophane hosts as a guest-delivering car-
rier: 06Y1041.

Synthetic study on globomycins (19-membered depsipeptides): 05Y51.

Total synthesis of natural 8- and 9-membered lactones: 07CRV239.

7413 Applications

Amide-based macrocyclic ligands for anion coordination: 06 AG(E)7882.

Application of crown compounds bearing photochromic moiety for
metal ion separation and determination: 06Y61.

Chemical sensors based on amplifying fluorescent conjugated polymers
functionalized, particularly, by crowns or cyclophanes: 07CRV1339.

Conjugation of 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid
(DOTA) and its derivatives to peptides, applications, and future
prospects of the conjugates: 07MRO281.

Emerging host—guest chemistry of synthetic nanotubes (nanotubes con-
taining polypyridines and calixcrown tubes): 07CC3891.

Macro(hetero)cycles as precursors for organic nanotubes: 07COS59.

Photo-driven molecular devices (light-powered bistable rotaxanes and
catenanes): 07CSR77.

Synthesis of (E,E,E)-1,6,11-tris(arenesulfonyl)-1,6,11-triazacyclopenta-
deca-3,8,13-trienes and use of their Pd(0) complexes as catalysts in
carbon—carbon bond-forming reactions: 04JOM(689)3669.

Synthetic molecular motors and mechanical machines (in particular,
supramolecular complexes of porphyrins, crown ethers, cavitands,
rotaxanes, catenanes, and other macroheterocycles): 07AG(E)72.

Transition metal complexes of some azamacrocycles and their use in
molecular recognition: 07COS390.

7.42 Crown ethers and related compounds

Advances in the synthesis of N-substituted aza crown ethers and in their
applications for extraction and selective complexation of metal ions:
05CJO619.

Phenyl-substituted and benzannulated aza crown compounds with nitro-
gen atom conjugated with benzene ring: 05UK503.

Recent advances in asymmetric phase-transfer catalysis using chiral
nonracemic onium salts and crown ethers: 07AG(E)4222.

Stepwise two-electron-transfer reduction of cyclic ethers and lactones
with alkalide K°, K" (15-crown-5),: 07COC1126.

7.43 Miscellaneous macroheterocycles

Amino acid derived macrocycles: 06AG(E)1364.

Anion-templated assembly of interpenetrated and interlocked structures:
06CC2105.
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Azolium cyclophanes: 06MRO333.

Calixarene- and cavitand-based capsules: 06 ARK(5)137.

Calixarenes as platforms for the construction of multimetallic complexes:
04]JOM(689)4125.

Calixarenes enhanced as dendrimers: 06 MRO219.

Chemistry and chirality of molecular knots and their assemblies:
05AG(E)1456.

The chemistry of calixpyrroles: 07H(71)1261.

Chemistry of cavitands: 07ZMRO125.

Conformation-directed macrocyclization reactions: 05E]JO1949.

N-Confused calix[4]pyrroles: 06CCR(250)2929.

The cucurbit[n]uril family: 05AG(E)4844.

Elastic tubes built by cyclic chalcogenaalkynes as flexible hosts:
05CL126.

Functionalized cucurbiturils and their applications: 07CSR267.

Heteroatom-containing, carbon-bridged calix[4]arene, thiacalix[4]arene,
and sulfonamide bridged calix[4]arene: 07MRO143.

Interlocked molecules containing quaternary azaaromatic moieties:
05H(65)1713.

Macroheterocyclic ligands in coordination of anions: 05ACR671.

Metal complexes of polyaza and polyoxaaza Schiff base macrocycles:
05CCR(249)2156.

Phosphorus-containing chiral cyclodextrins, calixarenes, and cyclophanes:
06COC2307.

Progress of calixarenes used as anion receptor: 06CJO419.

Progress on supramolecular building blocks of resorcinarenes:
06CJO431.

Recent progress on switchable rotaxanes: 06CSR361.

Reversible guest exchange mechanisms in supramolecular host-guest
assemblies (hemicarcerands, cucurbiturils, hydrogen-bonded assem-
blies, and metal-ligand assemblies): 07CSR161.

Rotaxanes as ligands (from molecules to materials): 07CSR226.

Shape-persistent macroheterocycles: 06AG(E)4416.

Structure and binding properties of water-soluble cavitands and
capsules: 07CSR93.

Sulfur-containing macrocyclic compounds as complexing reagents and
extragents for transition and heavy metals: 05RKZ(6)47.

Thiacalixarenes: 06CRV5291.

Topologically novel multiple rotaxanes and catenanes based on tetraurea
calix[4]arenas: 06CC2941.

Transition metal-complexed catenanes and rotaxanes as light-driven
molecular machines prototypes: 05CL742.



84 L. Belen’kii et al.

8. HETEROCYCLES CONTAINING UNUSUAL HETEROATOMS

8.1 General

Element-element additions to unsaturated carbon—carbon bonds catalyzed
by transition metal complexes in synthesis and reactions of Si-, Ge-, and
B-heterocycles: 06CRV2320.

Homolytic substitution at higher main group heteroatoms to give Se-, Te-,
and P-heterocycles: 06CC4055.

Rather exotic types of cyclic peroxides, heteradioxiranes (Het = N, Si, Ge,
Sn, Sb, P, S, Se): 07CRV3247.

8.2 Phosphorus heterocycles

8.2.1 Chemistry of individual classes of P-heterocycles

1,2-Dihydro-, 1,2,3,6-tetrahydro-, and 1,2,3,4,5,6-hexahydrophosphinine
1-oxides: 06COC93.

The chemistry of phosphinines: syntheses, coordination chemistry, and
catalysis: 06COC3.

The continuing development of the chemistry of phospholes: 06COC43.

Design and study of phosphocavitands: 05ACR108.

Exciting fields in P-heterocyclic chemistry: 05JHC451.

2-Phospha- and 2,3-oxaphosphabicyclo[2.2.2]octenes — synthesis,
fragmentation with release of the bridging P-containing unit, and
their use as phosphorylating agents: 06COC79.

Phosphametallocenes (mainly, works of the Prof. Mathey group):
02JOM(646)15.

Phosphorus-containing  chiral cyclodextrins, calixarenes, and
cyclophanes: 06COC2307.

Progress in five-membered heterocyclic metallocene N-, P-, and
As-analogs: 07CJO329.

Recent advances in the chemistry of annulated azaphospholes:
07COC33.

Ring-fused 1,3,2-dioxa-, 1,3,2-oxaza-, and 1,3,2-diazaphosphorinanes:
07COC1610.

Synthesis and properties of 1-phospha-4-silabicyclo[2.2.2]octane deriva-
tives: 06 ARK(7)359.

Synthesis, reactivity, and stereochemistry of new phosphorus hetero-
cycles with five- or six-membered rings, particularly, 2,3-dihydro-
1,3-oxaphospholes and 1,4,2-oxazaphosphinanes: 05JOM(690)2472.

8.2.2 Structure and stereochemistry

Applications of planar-chiral phosphole derivatives as ligands in
asymmetric catalysis: 06 ACR853.

Cyclophosphazene-based multisite coordination ligands: 07CCR1045.
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8.23 Reactivity
2,4-Bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide
(Lawesson’s reagent) in organic synthesis: 07CRV5210.

8.24 Synthesis
Synthesis of arylenephosphamacrocycles using three- and pentavalent
phosphorus compounds: 07UK362.

8.3 Boron heterocycles

83.1 Chemistry of individual classes of B-heterocycles

Advances in the chemistry of carboranes and metallacarboranes with
more than 12 vertices: 07CCR2452.

The chemistry of [1]borametallocenophanes and related compounds:
03JOM(680)31.

Chemistry of boron clusters, synthesis, structure, and application for
molecular construction: 07Y320.

Chemistry of the carba-closo-dodecaborate(—) anion, CB;1Hj, ™ : 06CRV5208.

The chemistry of the undecaborates: 03JOM(680)301.

Imide- and amide-supported group 5 and 6 metallacarboranes: 02JOM(657)9.

Developments in the chemistry of the nine-vertex monocarbaboranes:
02JOM(657)3.

Metal complexes of monocarbon carboranes bearing C-amino substitu-
ents: 04JOM(689)3891.

Poly(cyclodiborazane)s: 03JOM(680)27.

Synthesis, reactivity, and applications of cyclic and heteryl-substituted
borinium, borenium, and boronium ions: 05AG(E)5016.

83.2 Synthesis
Syntheses and spectroscopic properties of BODIPY dyes and their deriva-
tives (BODIPY is 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene): 07CRV4891.

83.3 Applications

Advances in the synthetic applications of the oxazaborolidine-mediated
asymmetric reduction: 06T7621.

A key role of orbital interaction in the main group element-containing
n-electron systems (the systems were synthesized using dibenzobor-
ole as building unit): 05CL2.

Antitumor metal-containing carboranes: 071ZV620.

Development of highly enantioselective oxazaborolidinone catalysts for
the reactions of acyclic «,f-unsaturated ketones: 07SL1823.

8.4 Silicon, germanium, tin, and lead heterocycles

8.4.1 Chemistry of individual classes of heterocycles
Chemistry of stable silyl, germyl, and stannyl cations, radicals, and anions,
particularly, Si-, Ge-, and Sn-heterocyclic moieties: 07ACR410.
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Cross-coupling reactions in the chemistry of silole-containing
p-conjugated oligomers and polymers: 02JOM(653)223.

Experimental aspects of aromaticity of group 14 organometallics (Si-, Ge-,
and Sn-heterocycles): 07AG(E)6596.

A helmeted dialkylsilylene, 2,2,5,5-tetrakis(trimethylsilyl)silacyclopen-
tane-1,1-diyl: 07BCJ258.

Heterocyclic compounds with a silicon atom and another nonadjacent
different heteroatom: 06T7951.

Metallocanes of group 14 elements — silicon and germanium derivatives:
06KGS1777.

Metallocanes of group 14 elements — tin derivatives: 07KGS963.

Nanodimensional organostannoxane molecular assemblies: 07ACR420.

Organosilicon peroxides (including cyclic peroxides): radicals and
rearrangements: 07T10385.

Photooxygenation of nonaromatic Si- and Ge-heterocycles: 07COC1053.

Polyhedral oligomeric silsesquioxane nanocomposites for biomedical
applications: 05ACR879.

Progress in synthesis and application of silazanes, particularly, cyclo-
silazanes: 07CJO1358.

Synthesis and properties of 1-phospha-4-silabicyclo[2.2.2]octane deriv-
atives: 06 ARK(7)359.

8.4.2 Structure and stereochemistry

Silicon-stereogenic silanes (including cyclic silanes) in asymmetric
catalysis: 07S5L1629.

Transannular secondary bonding in metallocanes of type
[X(CHzCHzY)zMRRl] and [X(CH2CH2Y)2M/R] (M = Ge(IV), Sn
(IV), Pb(IV), M’ = As(IlI), Sb(III), and Bi(Ill); X=NR’, O, S; Y =0,
S): 05CCR(249)859.

843 Reactivity

Electrochemical oxidation of cyclic polysilanes: 03JOM(685)145.

Organocatalytic ring-opening polymerization of oxadisilacyclohexanes
and cyclosiloxanes: 07CRV5813.

8.4.4 Synthesis

A key role of orbital interaction in the main group element-containing
n-electron systems (the systems were synthesized using silole or
bis-silicon-bridged stilbene as building units): 05CL2.

A bulky silylene Tbt(Mes)Si [Tbt = 2,4,6-(Me3Si);CsH,, Mes = 2,4,6-
Me;CgHo] generated under mild conditions in the synthesis of var-
ious silacyclic compounds: 075L2483.
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8.5 Selenium and tellurium heterocycles

8.5.1 General sources and topics

Advances in organic tellurium chemistry including Te-heterocycles:
05T1613.

Antiferromagnetic superconductor x-(BETS),FeBr, [BETS = bis(ethyle-
nedithio)tetraselenafulvalene]: 05BCJ1181.

Selenium heterocycles in synthesis and medicinal biology: 07ARK(6)14.

8.5.2 Chemistry of individual classes of heterocycles

Five-membered heterocycles with vicinal Te and O heteroatoms:
06AHC(92)55.

Heterocyclic tellurathianitrogen compounds: 02JOM(646)80.

Photooxygenation of nonaromatic Te-heterocycles: 07COC1053.

Porphyrazines with annulated strongly electron-withdrawing 1,2,5-sele-
nodiazole rings: 06CCR(250)1530.

Preparations, structures, and reactions of 1-benzoseleno- and 1-benzotel-
luropyrylium salts: 07MRO105.

Synthesis and use of chalcogenoamides for preparation of selenazoles and
selenazines: 07COS15.

Synthesis of selenophenes: 05MRO375.

8.6 Other unusual heterocycles

Benziodoxole-based hypervalent iodine reagents in organic synthesis:
05COS121.
Chemistry of pnictogen(IID)-nitrogen ring systems: 07CSR650.

8.6.1 Metallacycles

The anions and dianions of group 14 metalloles: 05CCR(249)765.

Aromatic iridacycles, particularly, iridabenzene, iridafuran, iridathio-
phene, and iridapyrrole: 07ACR1035.

Azobenzenes and heteroaromatic nitrogen cyclopalladated complexes
(palladacycles): 06CCR(250)1373.

Carbon—carbon bond-forming reactions using v,y-dialkoxyallylic Zr
species and proceeding through the formation of zirconacyclopro-
pane followed by B-elimination of the alkoxy group: 07Y56.

The coordination chemistry and reactivity of group 13 metal(I) hetero-
cycles: 05CCR(249)1857.

DFT study of “all-metal” aromatic compounds: 05CCR(249)2740.

Five-membered metallacycles of Ti and Zr in organometallic chemistry
and catalysis: 07CSR719.

Group 13 imido metallanes and their heavier analogs [RMYR'], (M = Al,
Ga, In; Y =N, P, As, Sb): 05CCR(249)2094.
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Organic transformations on o¢-aryl organometallic complexes,
particularly formation of metallocycles and complexes with hetero-
cyclic ligands: 07AG(E)8558.

Palladacycles in catalysis: 04JOM(689)4055.

P,Pd-heterocycles and N-heterocyclic carbene Pd complexes as catalysts
for CC-coupling reactions: 03JOM(687)229.

The potential of palladacycles: 05CRV2527.

Preparation of heterocyclic compounds viz Ti- or Zr-metallacycles:
05Y102.

Recent advances in metallabenzene chemistry (Ir-, Os-, Pt-, Ru-hetero-
cycles): 06AG(E)3914.

Rh(I)-catalyzed cyclizations via rhodacycle intermediates and its applica-
tion to the synthesis of (+)-epiglobulol: 07Y183.

Stable five-membered cyclic alkynes, 1-metallacyclopent-3-yne com-
plexes, mainly, 1-zirconacyclopent-3-yne complexes: 07Y347.

Studies of chromium cages and wheels: 05CCR(249)2577.

8.6.2 Metal chelates and related complexes

Biaryl-type bisphosphine ligands, in particular, those with heterocyclic
fragments and their application to asymmetric synthesis: 05T5405.

Cationic Rh(I)/BINAP-type bisphosphine complexes as catalysts for
chemo-, regio-, and enantioselective [2 + 2 + 2] cycloadditions to
afford substituted benzenes, cyclophanes, and N-heterocycles:
07SL1977.

Chiral, poly(rare-earth metal) complexes in asymmetric catalysis (exam-
ples of reactions with participation or formation of heterocycles):
06AA31.

Complexes of tris(pentafluorophenyl)boron with pyridines, pyrroles, and
indoles: 06CCR(250)170.

Coordination chemistry and catalytic applications of functionalized
N-heterocyclic carbene ligands: 07COC1491.

Development of chemo-, regio-, and enantioselective [2 + 2 + 2] cycloaddi-
tions (particularly, to form N-heterocycles) catalyzed by cationic
rhodium(I)/BINAP-type bisphosphine complexes: 07Y862.

Development of enantioselective reactions, particularly, hetero-Diels—
Alder reaction and epoxidation of conjugated enones using chiral lan-
thanum complexes: 07Y977.

1,1-Di(heteroatom)-functionalized ferrocenes as [N,N], [O,0], and [S,S]
chelate ligands in transition metal chemistry: 05CSR584.

Ephedrine derivatives, extraordinary tools for the study of stereogenic
centers in tetra- to heptacoordinated complexes: 07CCR1852.

Formation and reactions of osmium-carbon double bonds, particularly, in
carbene analogs derived from osmacyclopropene, osmafuran, and
osmapyrrole: 07CCR795.
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Formazanes and their metal complexes: 06UK980.

Guest-induced assembly of Pd(ID)-linked coordination nanotubes using
pyridine-based ligands: 07BCJ1473.

Intervalence charge transfer in trinuclear and tetranuclear Fe, Ru, and Os
complexes with heterocyclic ligands: 06CRV2270.

Ligand design in multimetallic architectures, in particular, the incorpo-
ration of heterocycles and arene cores within the ligands and the use of
weak interactions to assist self-assembly processes: 05ACR243.

Luminescent platinum(Il) terpyridyl complexes: 07CCR2477.

Luminescent square-planar platinum(II) complexes, particularly with 2,2’-
bipyridine or its derivatives having sensing functionalities: 07BCJ287.

N-Heterocyclic carbenes as highly efficient ligands in homogeneous and
immobilized metathesis ruthenium catalytic systems: 05ARK(10)206.

Nickel complexes with P,N-chelating ligands in catalytic ethylene dimer-
ization and oligomerization: 05ACR784.

On the nature of the active species in palladium catalyzed Mizoroki-Heck
and Suzuki-Miyaura couplings (particularly, Pd complexes with imi-
nopyridine and N-heterocyclic carbenes as ligands): 06ASC609.

Optically active metallosalen complexes as catalysts for atom-efficient
asymmetric reactions: 05Y478.

Pd-N-heterocyclic carbene catalysts for cross-coupling reactions: 06 AA97.

Rational syntheses of multinuclear high-spin metal complexes with pyri-
dine or 1,4,7-triazacyclononane-derived ligands: 07BCJ608.

Reversible O,-binding and activation with dicopper and diiron complexes
stabilized by hexapyridine ligands: 07BCJ662.

Ruthenium complexes bearing bidentate Schiff base ligands as efficient
catalysts for organic and polymer syntheses: 05CCR(249)3055.

Selective transformation of 1,2-diols based on formation of an activated
five-membered intermediate with an appropriate metal ion, particu-
larly, tin and copper: 07Y216.

Self-assembly directed by dinuclear zinc(I) macrocyclic species: 06CCR
(250)414.

Symmetry driven self-assembly of metallo-supramolecular architectures
in metal complexes with 2,2'-bipyridine and 8-hydroxyquinoline
ligands: 07BCJ797.

Synthesis and properties of mono- and oligo-nuclear Ru(Il) complexes of
tridentate ligands: 06CCR(250)1763.

Tautomerism and different types of coordination of typical chelating
ligands with metals: 05UK211.

Tethered bis(8-quinolinolato)chromium(IIl/II) complexes as asymmetric
catalytic redox systems: 07CL1082.

Transition metal and lanthanide cluster complexes constructed with thia-
calix[n]arene and its derivatives: 07CCR1734.
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Transition metal complexes of some azamacrocycles and their use in
molecular recognition: 07COS390.

Unconventional mixed-valent complexes of Ru and Os with heterocyclic
ligands: 07AG(E)1778.

Uranium complexes of multidentate, for example, pyridine- and pyrrole-
derived N-donors: 06CCR(250)816.
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1. INTRODUCTION

Since 1882, when Friedlander reported (1882CB2572, 1892CB1752) the
synthesis of quinolines from the condensation of o-aminoaryl carbonyl
compounds and enolizable methylene groups (Scheme 1), this method
has become more and more popular in azaheterocyclic synthesis.

R’ R!
RS 3
CL° .+ Lo s OLX
+
NH, O R2 -2H,0O N/ R2

Scheme 1.

This versatile method has opened the door for the preparation of a
large number of nitrogen-containing heterocyclic compounds such as
quinoline derivatives, pyridines, camptothecins, acridines, tacrine ana-
logs, phenanthrolines, naphthyridines, anthyridines, and anthrazoline
derivatives. The biological activity of these heterocyclic compounds has
been widely studied. Even though some reference to biological studies will
be reported, a complete review of their biological aspects falls outside the
scope of this report.

A related field involves the formation of anthrazoline, polyanthrazo-
line, and polyquinoline derivatives using diketones and di-o-aminoaryl-
carbonyl compounds. Vast varieties of pyridines, naphthyridines, and
phenanthrolines have also been prepared similarly.

The purpose of this review is therefore to summarize the application of
Friedlander type methods in a broad range of heterocyclic syntheses.

Although some short reviews have been published (77HC(32)1, 820R37,
03MI518, 04CJOC366, 05COC141, 05UK739, 05COR141, 08CORI1116,
09CJOC1), a comprehensive review article, which demonstrates the broad
versatility of the Friedlander synthesis, has not yet been reported.

The basic synthesis of the simplest azaheterocyclic compounds is dis-
cussed first along with the basic mechanism of the Friedlander reaction
after which a series of more and more complex azaheterocycles are
covered.

2. QUINOLINE SYNTHESIS

The simplest azaheterocycles that can be synthesized via the Friedlander
mechanism are the quinolines.



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 141

2.1 Friedlander quinoline synthesis

Quinolines and related heterocyclic systems represent an important class of
medicinal compounds (96CHEC2, 010L1109). These ubiquitous substruc-
tures are also associated with many biologically active natural products
(02NPR742). As a consequence, numerous methods to prepare quinolines
have been described (84CHEC, 96CHEC2, 010L1109, 02JOC3425,
030L1455, 030L1605, 030L1765). One of the most effective and popular
methods is the Friedlander synthesis (1882CB2572) that involves an acid- or
base-catalyzed carbon—carbon and carbon-nitrogen bond condensation
reaction followed by a cyclodehydration between an aromatic 2-aminoalde-
hyde or ketone with a reactive a-methylene carbonyl compound (Scheme 1).

Classical Friedlander reactions are generally carried out by refluxing
either an aqueous or an alcoholic solution of reactants in the presence of a
base. Alternatively, the reaction is performed by heating a mixture of the
reactants at temperatures ranging from 150 to 220°C in the absence of a
catalyst. Typical catalysts for the Friedlander reaction include bases
(49CB41, 73]OC449, 74JOC1765, 98FA399, 99W032100), such as piperidine
(02TA227, 4TA3919), sodium ethoxide (86MI1104, 90MI532, 94CJOC626,
95CJOC99, 96JHC841, 98MI40, 01CJSC567, 02CJOC275, 02CJSC154,
0717654, 08HAC229), sodium tert-butoxide (995C4223, 00BMC2461), KOH
(07JME5439), NaOH (94]ME2129, 05]ME2134), and MeONa (97JME2910);
others involve protic acids (66JOC2899, 66]JOC3852, 91JHC1301, 99H(50)479,
01BMC2727, 04MI315, 051J)B1649, 060BC104, 06TL1059), such as
p-toluenesulfonic acid (PTSA) (80S677, 91JME367), polyphosphoric acid
(77JPR589), Tritone B (49]CS2577, 85]0C5782), silica sulfuric acid (SSA)
(06M181), citric acid (08H(75)2523), NH,SOs;H (05TL7249), HCl/microwave
(MW) H3PMo1,04/Si0, (08CPB1049), HsPW1,04 (09MI1126, 06TL8811),
HCIO4-SiO, (07MI114), oxalic acid (07M1249), proline (08EJO2693),
CF;CO,H (075C629); or Lewis acids such as CeCl;-7H,0O (06TL813, 07T892),
FeCl; and Mg(ClO,), (05512653, 075C4071), MgCl,-PTSA (08IJB1160), Bi
(OT1); (04SL963), Yb(OTY); (05TL1647), AgzPW15040 (0452381), metal hydro-
gen sulfates (08H(79)2513), gold salts (03SL203, 07T2811, 080OL2159), BiCl;
(06M1289), NA(NO3)3-6H,O (0653825), GdCls-6H,O (08JCM679), SnCl,
(05CL314), and ZnCl, (02JOC9449, 085L233). Other catalysts include ionic
liquids (03JOC9371, 04CCL1170, 04CJC1192, 04JHC1039, 04MI1339, 08MI47,
09H(78)487), diphenyl phosphate (DPP)/MW (03TL255), I, (060BC126,
07MI267), clay/MW (995C4403), potassium dodecatangestocobaltate/ MW
(06H(68)549), NaHSO,/SiO, (06ARK198, 07M659), KAI(SO4),-12H,0-Si0,
(Alum-SiO,) (08H(75)947), KHSO, (06JHC1379), Amberlyst-15 (07MI148),
clay K-10 (08CAL250), diphosgene (02JOC7884), trimethylsilyl chloride
(07H(71)2397, 0751214, 0753891), LiBr (075C4319), 24 6-trichloro-1,3,5-tri-
azine (TCT) (07CL796), NiCl,-6H,O (08H(75)397), cyanuric chloride
(08M1947) and N-bromo reagents (09TL1055).
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The mechanism of the Friedlander synthesis of quinolines from o-ami-
nobenzaldehydes and simple aldehydes or ketones was described by
Muchowski and Maddox (04CJC461). Both basic and acidic conditions
have commonly been used. The first step involves a slow intermolecular
aldol condensation of the aldehyde or ketone with the o-aminobenzalde-
hyde (04CJC461). The aldol adduct generated in this manner then under-
goes a very rapid cyclization. Subsequent loss of water produces the
quinoline derivative (Scheme 2). Both are short-lived intermediates that
cannot be detected by TLC, even when deliberately generated by other
routes. Overall average yields for the final product from the starting mate-
rials range between 60% and 87%. These high yields combined with ver-
satility ensured that the Friedlander reaction became increasingly popular.

The mechanism involves a normal cross aldol condensation. The loss of
water in the last step is facilitated by two factors. First, an aromatic product
is formed that is thermodynamically much lower in energy. Second, the
proton attached to the same carbon as R”is in an a-position toa C=N (C=N
behaves similar to a carbonyl group) and an OH group. This proton,
therefore, is quite acidic leading to facile elimination of water under both
acidic (the OH group is protonated, converting it into a good leaving
group) and basic conditions (the acidic a-hydrogen is easily abstracted).

Under thermal or base catalytic conditions, an o-aminobenzophenone fails
to react with simple ketones such as cyclohexanone and deoxybenzoin
(67JHC565). Zolfigol et al. have very recently discovered that 0-aminobenzo-
phenones react with simple ketones such as cyclohexanone and deoxy-
benzoin in the presence of SSA as a solid protic catalyst under MW
conditions to yield new quinolines bearing hindered substituents. To show
the powerful effect of SSA in the synthesis of quinolines with bulky substi-
tuents, the reaction of deoxybenzoin with 6-chloro-2,3,4-triphenylquinoline 1
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Table 1. Synthesis of 6-chloro-2,3,4-triphenylquinoline 3
from 2-amino-5-chlorobenzophenone 1 and deoxybenzoin 2

Ph Ph
I Ph
+ T ——
NH, o> ph MW, neat N/ oh
(1 @ (©)
Entry Catalyst Equiv. cat./1 Time (min) Yield (%)
1 SSA 0.1 5 85
2 ZrOCl,-8H,0O 0.1 10 0
3 AI(HSOy)3 0.25 10 80
4 Zr(HSOyu)4 0.2 7 77
5 Zr(NO3), 0.15 5 0
6 FeCl3-6H,O 0.25 5 0
7 Fe(NO3)3-9H,0O 0.25 5 0
8 ZnCl, 1 5 0
9 AlCl, 1 5 0
10 CoCl,-6H,O 0.50 5 0
11 Bi(NO3)3 0.25 6 0
12 NaHSO, 1 6 79
13 AIPW1,049 0.05 6 0
14 ZrCly 0.25 6 0

was performed with other general Lewis acids. As shown in Table 1, only
hydrogen sulfate salts gave similar yields to SSA (08JICS490).

Recently, a new type of catalyst, namely “Lewis acid-surfactant-com-
bined catalyst (LASC),” has shown high efficiencies. These reactions are
promoted in water without organic cosolvents (09T587). LASCs as metal
dodecyl sulfates (07MI74) are efficiently employed in the Friedlander
quinoline synthesis (06MI253, 07ASC1047).

Another green route to multisubstituted quinolines using catalytic
amounts of Lewis acids vig a Friedlander annulation uses Zr(NOs), and Zr
(HSO4)4. They are more efficient than other Lewis acids in the catalyzed
condensation of o-aminoaryl ketones with ketones or f-diketones (07MI11214).

Ghassamipour and Sardarian have found that a catalytic amount of
dodecylphosphonic acid (DPA) 4 (Figure 1) in aqueous media and sol-
vent-free conditions prompted the synthesis in 52-89% yields (09TL514).

P N N\ P P//o
H d OH
4)

Figure 1.
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More examples where a hydrotropic aqueous medium was used under
typical green conditions in Friedlander’s quinoline method have been
reported (07MI279). 3-Acetyl-2-amino-4-hydroxy-1,3-pentadienecarboni-
trite 5 was used for the preparation of 2-(2-amino-3-cyano-6-hydroxyphe-
nyl)-8-cyano-5-hydroxy-4-methyl-quinoline 6 based on the transforma-
tion of hydroxyvinyl ketone to the diphenylboron chelate and
condensation of the latter with dimethylformamide (DMF) and dimethy-
lacetal (DMA) (Scheme 3) (97RCB122).

The last step involves the classical Friedlander self-condensation.
Typical yields for Scheme 3 are about 44%.

A general method for the preparation of 2-hydroxymethyl-3-quinoli-
necarboxylic acid lactones 8 (70-100%) from an o-amino aromatic carbonyl
compound uses tetronic acid 7 (Scheme 4) (58]JOC1996).

A series of 2,3-substituted 1-phenylbenzolflquinolines 10 was synthe-
sized from 1-benzoyl-2-naphthylamine 9 with f-keto esters, 50-88% yields

(Scheme 5) (68JHC313).
R 0 R o
o
sokPs g o'
NH, o NT
(7) (8)

Scheme 4.
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Scheme 5.

Walser et al. have employed a combination of the Friedlander method
and nucleophilic displacement of aromatic fluorines in the synthesis of
quinolinoquinolines and benzochromenoquinolines. 4-(2-Fluorophenyl)
quinoline 11 reacts with ethyl acetoacetate to yield 12 (83%) that is reduced
to 13 followed by treatment with sodium hydride to give benzochrome-
noquinoline 14 in 75% yield. However, hydrolysis of 12 to 15 followed by
sodium hydride leads to quinolinoquinoline 16 in 77% yield (Scheme 6)
(75JHC737).

Quinolino[3,2-d][1]-benzazepin-6-one 19 (36%), an antitumor com-
pound, was synthesized from [1]benzazepine-2,5-dione 18 with 2-amino-
benzaldehyde 17 (550556, 93JCE322) in ethanol catalyzed by potassium
hydroxide (Scheme 7) (98JME1299).

3-Acetyltropolone 20 reacted with 2-aminobenzaldehyde 17 in the
presence of sodium ethoxide to afford 3-(2-quinolyl)tropolone 21 in good
yield (Scheme 8) (90CCL101, 92CJOC85, 92MI77, 93MI85, 95]JHC1373).

Condensation of 17 with 3-methyl-1-phenylpyrazolin-5-one 22 gave
3-acetylcarbostyril phenylhydrazone 23, 3-(2-quinolyl)carbostyril 24, and
3-methyl-1-phenylpyrazolo[4,3-c]-1H-quinolin-2-one 25  (28RZ(C325,
28RZ(C345). When 23 was heated together with nitrobenzene cyclization
to 3-methyl-1-phenylpyrazolo[3,4-blquinoline 26 occurred. Tomasik et al.
have reported some analogs of 26 from 2-aminobenzaldehyde and
1-methyl-3-phenyl-, 1,3-dimethyl-, 1,3-diphenyl pyrazolin-5-one and pyr-
azolone in 20-60% yields (Scheme 9) (83JHC1539).

Compound 24 forms when 23 reacts with 2-aminobenzaldehyde 17 in a
normal aldol condensation where the methyl group is converted to a
nucleophile. In the second step, the amino nitrogen of 17 attacks the imine
carbon of 23 with subsequent loss of N-NH-Ph. Alternatively, 23 was
condensed with o-nitrobenzaldehyde and reduction and thermal cycliza-
tion gave pyrazoloquinoline 25 (34J1C427), a procedure similar to that used
in the synthesis of an indolinquinoline (60CIL1871).

3,8-Diamino-10H-quindoline 29 Fluoro-Nissl Green (Scheme 10)
employs a Friedlander quinoline synthesis using 27 and 28 to construct
the tetracyclic quindoline ring (49% yield) (95JOC3365).
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4'-Phenylquinoline 31 was readily obtained (44%) from naltrexone 30
with 2-aminobenzophenone (Scheme 11) (99JME3527).

Optically active, bicyclic ketones were subjected to a Friedlander syn-
thesis with 2-aminobenzaldehyde (17) to yield regio-isomeric linear or
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angular products. When starting from trans-configured ketones 32, linear
33 were the major isomers in ratios ranging from 76:24 to >98:2. With cis-
configured ketones 34 angular 35 were predominantly formed, although
with lower regioselectivity (Scheme 12) (08EJO1811).

Indan-1,3-dione 36 and o-aminoacetophenone condense in the pres-
ence of 20% acetic acid in quantitative yields. Product 37 is an interme-
diate for the preparation of benzo derivatives of eupolauridine 38, an
important alkaloid (Scheme 13) (92SC1773).

Quinoline 40 was synthesized in 66-89% yields (Scheme 14)
(08JM(C2492). It serves as a key intermediate in the synthesis of heat
shock response and angiogenesis inhibition derivatives.

Quinolines 42 (90T2445) and 44 (02CJOC672) are prepared from
o-aminobenzaldehyde and ketones 41 and polycyclic ketone 43, respec-
tively (Scheme 15). Typical yields are between 40% and 90%.



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds

CH3 0O CH3 O
o AcOH-H,0 80% A
* 4h,130°C Z
NH, © ’ N
(36) (37)

1. Me2NCH(OEt)2,
DMF, 120 °C, 3 h

2. ACOH, NH,CI
120 °C, 2 h.

(38)
Scheme 13.
OMe OMe
CHO R2
j\HzRZ = |
+ _—
NS
NH, o~ "R! N~ R!
OMe OMe
(39) (40)
Scheme 14.

OMe o 17 OMe O
/
(LY e £ 0
n rt, 3~5d

(41) (42)

17

EtONa, EtOH
reflux, 2 h

40% O

" O

Scheme 15.

149



150 Morteza Shiri et al.

CO,Et CO.H o
EtO,C S 1.KOH HO.C S 1. Ac,0, AcOK
2. H* 2. NaOH
(45) (46)
NH,
@1(0 140°C
R
N
- | S
X
9
R=Hor CHg
(47)
Scheme 16.

3-Thiochromanone 46 was prepared from diester 45 (Scheme 16) and
used in the Friedlander quinoline synthesis in high yields to give 47,
analogs of carcinogenic nitrogen polycycles (77T2383).

Gagniant and Deluzarche (46CR808) first reported the preparation of
benzothiepino[5,4-b]lquinoline derivatives 49 and related quinolines via
the Friedlander synthesis starting from 3,4-dihydro-1-benzothiepin-5
(2H)one 48. The preparation of additional 4-substituted benzothiepino
[5,4-b]lquinolines 49 and preliminary results of their pharmacological
properties were subsequently reported by Dudykina and Zagorevskii
(67KGS250). Pellicciari et al. used 2,4-dihydro-1-benzothiepin-4(5H)-one
50 (77JC(P1)1822) similarly. Quinolines 51 were obtained in good
yields R = H and R = CHj in 45% and 65% respective yields (Scheme 17)
(78JHC927).

An efficient method (55-80% yields) gave 3-substituted carbostyrilqui-
none derivatives 52 from 5,8-dialkoxyquinolines followed by a cerium
ammonium nitrate (CAN) oxidative demethylation (Figure 2) (93H(36)
1387). The synthesis of more complex analogs of 52 is presented in
Scheme 18.

Condensation of 3,6-dimethoxy-2-aminobenzaldehyde 39 with a vari-
ety of ketones and diketones leads to 5,8-dimethoxyquinoline derivatives
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56 that may be oxidized by CAN and pyridine-2,6-dicarboxylic acid
N-oxide (PDANO) to quinones 57 (Scheme 18) in overall yields between
60% and 65%. Quinones can be incorporated into larger cavities by a
selective stepwise Friedlander approach, and the CAN/PDANO oxida-
tion works preferentially for 5,8-dimethoxyquinoline (93]JOC1666).

The Friedlander condensation has also been used for the synthesis of
antitumor and antibiotic agents such as streptonigrin 58 (77JOC232,
78]JOC121), streptonigrone 59 (07JOC8489), lavendamycin analogs 60
(07TL6014, 08T2241), and quinolinequinones 61 (04BMC1667) 62 and 63
(75JHC725, 75JHC731, 79JHC1241) (Figure 3).

Deady et al. used methyl 2-amino-3-formylbenzoate with o-methoxy-
and o-nitro-phenylacetic acids, phenylpyruvic acid, and benzo[b]thio-
phen-2-one to prepare quinoline analogs (995C4223, 00A]JC143).

5-Bromo-2-aminobenzaldehyde 64 and a variety of enolizable ketones
65 afford bidentate and tridentate 6-bromoquinolines. Bromoquinoline 66
(up to 88% yield) could be coupled together to yield biquinoline 67
(Scheme 19) (030L2251).

2,3'-Biquinoline 69 was prepared from 3-acylquinoline 68 and 2-ami-
nobenzaldehyde 17 in 80% yields (Scheme 20) (21HCAS807).

Jahng and Park prepared 2,2'-pyridylbenzol[h]quinoline 72 as an N,N,
C-tridentate ligand from the condensation of 2-acetylpyridine 71 and

(@]
R! N R2
Z4
| N” RO HoN i N A | o i N
S 2 B N - A
R' = heteroaryl, H, OMe ~o Z HoN &
R? = H, CH,OH, CH,OAc 0 5
RS = aryl, heteroaryl, H, Cl, Me
(61) (62) (63)

Figure 3.
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+ 7 N\ KOH, EtOH 5 _N }\1
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r 2 O N 88%
(64) (65) (66)
1. NiCl,, Zn
2. KCN
(77%)

Scheme 19.

(6]
=z l 17
NS
N
(68)
Scheme 20.
CHO ‘ A
EtOH KOH =
NH, NTTS
reflux 8 h, 95% NINZ
(70) (71) (72)
Scheme 21.

l-aminonaphthalene-2-carbaldehyde 70 in ethanolic KOH in 95% yields
(Scheme 21) (99BKC1200).

2.2 Di- and polyquinolines synthesis

Bis-quinoline 74 was obtained from the condensation of two equivalents of
tetracyclo-[6.3.0.0%"".0>°Jundecane (TCU) 73 and o-aminobenzaldehyde
17 in 57% yields (Scheme 22) (87TL3319).
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(73) (74)

Scheme 22.

Bis-quinolines 77-79 and quinoline 80 were reported utilizing cis, syn,
cis-triquinane dione 76, which are readily accessible from Cookson’s dione
75 (64JCS3062) and 2-aminobenzaldehyde in the presence of alcoholic
KOH (Scheme 23) (92JC(P1)1747).

The condensation of other diketones 81 (85]JOC666, 94JOC823,
971C5390, 011C3413), 82, 83 (01IC5851), 76 (90T5077), 84 (89CC281), 73,
85 (94JOC823, 01IC3413), 86 (97JC(P2)2099, 08MI839), 87 (08MI297),
with o-aminobenzaldehyde, 3-amino-2-naphthaldehyde 88 or 1-amino-

HH
1. Zn-AcOH OWO 17
2. Na-K all N
a-K alloy, Y Y

KOH, EtOH

TMSCI

(76)

+

(78), 15%

O, N

N

+ =

(79), 22% (80), 7%

Scheme 23.
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2-naphthaldehyde 70 gave the corresponding diquinolines or dibenzoqui-
nolines (Figure 4).

Electroactive and blue light-emitting poly(vinyl diphenylquinoline) 90
was synthesized in nearly quantitative yield using a simple modification
of polystyrene 89. Polymer 90 has a glass transition temperature of 185°C,
is soluble in many organic solvents, and is a weak base comparable to poly
(vinylpyridine) (Scheme 24) (01MM6249).

Polyquinolines 92, developed by Stille et al. in the 1980s, are synthe-
sized by an acid-catalyzed condensation between monomers containing

CH:2
He Ho 4CcHn
4 oH, /<C‘CH)/n O NH,
CHSCOCI, ACl, Ph)b O
CS,, 45°C DPP, m-cresol
140 °C Z N
|
’ "
(89) (90)

Scheme 24.
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n-1 +

NH, H P
O —— N *
NH, n

Ph O
(91 (92)
Scheme 25.

both an o-aminoketone and also a ketomethylene 91 (Scheme 25)
(81IMM870, 93CM633).

Other monomers containing both an o-aminoketone and a ketomethy-
lene such as 93 (87MM258, 93CM633), 94 (87MM258), 95 (98 AP52), and 96
(99PB511) were also utilized in polyquinoline synthesis (Figure 5).

The high thermal and oxidative stability, good mechanical and electri-
cal properties, and eminent processability of such polymers make them
useful as high-performance polymer materials (76MM505, 76MM512).
Based on their optical and electronic properties (99MM7422), these poly-
mers have recently been investigated as potentially useful materials in
optoelectronic applications such as chemosensors (02PSA1831), photocon-
ductive properties (92MIlil, 96MI925), electroluminescent (94MI1272,
97CM409, 99]MC2201, 99MM2065, 00MM5880), and nonlinear optical
devices (91CM765, 92]PC2837, 99CM2218). Although rigid-rod polyqui-
nolines generally exhibit high strength and possess excellent thermal
properties, they have limited solubility in organic solvents, thus making
fabrication difficult (92CM95). Attempts were made to enhance the

o}
"0 s adar
N
Q 0
O Y,
NH,
o
(93) (94) (95)

Figure 5.
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140 °C, 48 h

J DPP, m-cresol

(99)
Scheme 26.

solubility of polyquinolines by incorporating flexible ether linkages or
cardo units into the polymer backbone (81MM486).

Alternating carbazole—quinoline 99 and phenothiazine-quinoline
donor-acceptor conjugated copolymers and a corresponding oligomer
were synthesized by Jenekhe et al. and their solution and solid-state
photophysics were investigated (Scheme 26) (01MM7315).

A series of conjugated copolymers 101 having the quinoline moiety in
the main chain based on fluorene were synthesized in good yields by a
palladium-catalyzed Suzuki coupling reaction (Scheme 27) (02MM2529,
07MCL159).

Many other di-(0-aminoketones) and diketones were used for the syn-
thesis of a new class of conjugated polyquinolines (Figure 6, Table 2).

2.3 Modified Friedlander quinoline synthesis

Major modifications to the Friedlander reaction frequently involve differ-
ent starting materials that deviate from the conventional examples. A one-
pot combination of a modified Friedlander annulation and a Knoevenagel
condensation have provided 2-styrilquinolines 152 in the presence of
1-methylimidazolium trifluoroacetate ([Hmim]TFA) (Scheme 28)
(08TL5366).

3-Tetrazolylquinoline 156 was obtained in three steps involving an
acid-catalyzed condensation of aminobenzophenone 153 with 3,
3-dimethoxypropionitrile 154 followed by classical tetrazole chemistry
(Scheme 29) (04]ME2574).
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H,SO,

HOAc, reflux  Br

Pd(PPh3),, K;CO3
toluene, H,0, reflux

(101)

Scheme 27.

The first step involves a modified Friedlander mechanism using a
nitrile known to give aldol products. The dimethoxy group is a protected
aldehyde (acetal).

Several 4-perfluoroalkylquinolines 159 were prepared from 2-perfluor-
oalkylanilines 157 (Scheme 30) (96TL4655, 97H(45)2089, 98JFC221, 9817947,
00JFC281). In an interesting variation where a -CF,-group in an a-position
to a benzene ring is converted to the ketal 158 with sodium ethoxide. While
normal fluoro-alkanes are extremely resistant to both acids and bases
(98JFC221) the reactivity of this -CF,-group originates from the ability of
the benzene ring to facilitate EtO™ displacing F~. The second step also
involves basic conditions and the enolate ion attacks the ketal. Imine for-
mation between the amine and the carbonyl group then follows.

The same reactivity of C-F groups in an a-position to an aromatic ring is
reported in Scheme 106.

Similar methodology was employed for the synthesis of methyl-1,
3-dihydro-2H-pyrrolo[3,4-blquinoline-2-carboxylate 162 in 65% yield
and methyl-1,2-dihydro-3H-pyrrolo[3,4-blquinoline-3-carboxylate 163 in
25% yield from commercial starting materials 160 and 161 (Scheme 31)
(0753319).

Synthesis of 2-aminoquinoline-3-carboxylic acids 165 from 2-tosylami-
nobenzaldehyde or its morpholine 164 and nitrile analogs has been
reported (08RCB418) (Scheme 32).

4-Aminoquinolines 168 containing an -CF,CH-heteroaryl-OH moiety
are obtained in moderate yields from the electrochemical reaction of
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Table 2. Monomers used in cross ketone polyquinoline synthesis

o-Aminoarylketone Diketone References
102 103 (87MM258)
97 104 (87MM258)
102 105 (87MM258)
97 106 (87MM258)
102, 97, 107, or 108 109 (00MM5880)
110 104, 109, 111, 112, or 113 (05MM6915)
97,107, or 108 114, 115, or 116 (85MM321)
110 117, or 118 (02CM682)
107 118 (02CM682)
107 100, 104, 117, 119, 120, or 121 (76MM496)
97 or 107 122 (90MM2418)
123 83,104,117, 119, 124, or 132 (76MM489)
97 100, 104, 117, 119, 120, 121, 125, or 126 (81MM493)
107 125 or 126 (81MM493)
127,128, or 129 112 (93CM633)
107 130 (02M1486)
131 100, 132, or 133 (98AP52)
97 134 (99CM27)
107 135 or 136, 137 (92CM95)
97 138, 139, 140, 141, 142, or 143 (96CM607)
107 or 144 145 or 146 (01MM3607)
147 148 (81MM486)
149, 150, or 151 104 (85MM2669)

Ph 1. [Hmim]TFA Ph

(0.5 equiv),

@O
+
NH,

CHg 2. 4-CIPhCHO

OEt  2p,80°C A

OEt

(152), 87%

Scheme 28.

_
T
Cl

4-amino-3-chlorodifluoroacetyl-2-methoxyquinoline 167 and heteroaryl
aldehydes (Scheme 33) (05TL7817).

Ru-grafted hydrotalcite is an excellent multifunctional catalyst for a
one-pot synthesis of quinolines from 2-aminobenzyl alcohol 169 and var-
ious carbonyl compounds through aerobic oxidation by Ru, followed by
an aldol reaction on basic sites of the hydrotalcite (Table 3) (04TL6029).

In addition, various metal complexes are proposed as catalysts for the
reaction above. These include Grubbs’ ruthenium complexes (01CC2576,
05BKC2038, 08EJO1625), RuCl,-(dmso), (05TL3683, 06T8988, 07E]J01599),
RhCI(PPhg); (05JHC1219), Pd(OAc),/PEG-2000 (07JOM4182), palladium
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Scheme 29.
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Table 3. One-pot quinoline synthesis using various catalysts®
O
OO b = O
cat.
+ /
NH
2 0, (1 atm) N
(169) (170)
Entry Catalyst Conversion of 169 (%)® Yield of 170 (%)®
1 Ru/HT-N°¢ >99 87
2 Ru/HT? >99 61
3 Ru/AlLO; >99¢ 3
4 Ru/MgO 37 Trace
5 Ru/Al(OH); 33 Trace
6 Ru/Mg(OH), 54 Trace
7 HT Trace Trace

2169 (1.0 mmol), acetophenone (1.2 mmol), catalyst (0.3 g, Ru: 3.0 mol%), toluene (5 mL),

100°C, 20 h, under O2 atmosphere.
PDetermined by GC.
“HT-N: hydrotalcites triethylamine.
4HT: hydrotalcites.
¢Oligomeric products were formed from 169.
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Scheme 34.

on charcoal (05BKC1286), [IrCl(cod,)] (05TL4539), CuCl, (06TL6781), and
a reusable form of copper (09MI117).

Moreover, quinolines can be prepared from an oxidative cyclization
between 2-aminobenzylalcohol 169 and ketones in the presence of a
Bronsted base without a transition metal catalyst (08JOC9778, 08TL6893).

A three-step biogenetic-type synthesis of bioactive natural product
Luotonin F 174 (99H(51)1883) in 38% overall yield starts from the natural
product pegamine 171 via PCC-oxidation, Friedlander condensation of
172, and chromium trioxide—periodic acid oxidation of 173 (Scheme 34)
(025323).

Borsche (50CB78), McNaughton (030L4257), and others (05BP911,
06ARK?24, 06]JCSI199) have developed a single-step method for quinoline
synthesis from o-nitrobenzaldehyde 175 and ketones, which employs
reducing agents such as SnCl, and ZnCl, (Scheme 35). The yields are
between 70% and 98% (030L4257).

In another one-pot synthesis using inexpensive reagents o-nitroaryl-
carbaldehydes are reduced to o-aminoarylcarbaldehydes with iron and a
catalytic amount of HCI (aq.). Subsequent in situ condensation with

1 1
I LR e @f\ﬁ
+
R? 2
NO, 9] ZnCl,, 70°C N/ R

(175)

Scheme 35.
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aldehydes or ketones gives mono- or disubstituted quinolines in high
yields (070BC61).

In another study, methyl 4-acetyl-5-(2-nitrophenyl)-pyrrolidine-2-car-
boxylate 177 was readily obtained (34%) in a one-step 1,3-dipolar cyclo-
addition of 176, followed by reduction (hydrogen and Pd/C), Friedlander
cyclization to 178, and fragmentation to yield 179 (72% yield from 175)
(Scheme 36) (98RCM796).

A new solid-phase synthesis of quinolines based on a Friedlander-type
reaction between a resin-bound azomethine 180 and ketones has been
described. The polymer-bound aniline analog 181 was also easily recycled
(Scheme 37) (030L3061) and serves as a catalyst. Also the solution phase of
this reaction has been reported (04TA3919).

o° o°
A Y
@ENOZ 25 J:Rz

1 2 4 0”7 R
o° O
+
2N \N H3

(181)

Scheme 37.
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Scheme 38.

Ethyl formate in hot pressurized water is an effective green reduc-
ing system for olefins, acetylenes, and aldehydes (00GC87, 00TL3523).
The nitro group can be selectively reduced in a pressure reactor at
170-200°C, yielding the Friedlander quinoline product in modest to good
yields (03GC177).

In another modification, the addition of o-ketohydrazones 183 to
2-acetamido-benzaldehyde 182 proceeds efficiently in the presence of
N-benzylpiperazine 184 to afford the expected Mannich adducts in good
to high yields as 185. These are easily converted to quinolines 186 under
acidic conditions (Scheme 38) (04SC109). After hydrolysis of the Mannich
product a normal Friedlander cyclization occurs.

Ketones react with o0-oxazoline-substituted anilines 187 and a catalytic
amount of PTSA in dry n-butanol to form 4-amino-substituted quinolines
188 or 4-quinolones in fair to good yields (Scheme 39) (06T9365).

In a modified Friedlander methodology, o-aminobenzoic acid 189
reacts with acetic anhydride under neat conditions without base to yield
2-quinolone 190 in 43.5% yield (Scheme 40) (46]JA1810).

In another modification (91JOC7288, 97SL285, 9851176, 9951335,
05TL767), o-lithiated N-pivaloylanilines 192 (from 191 and sec-BuLi and
DMF) and carbonyl compounds and potassium hexamethyldisilazan

,\;/g PhCOMe HNK
PTSA (10 mol%
G (10 mol%) \«, OH
n-BuOH, reflux, 24 h _
NH2 N

88%

(187) (188)

Scheme 39.
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(KHMDS) afford substituted quinolines 193 in one pot (Scheme 41)
(975L285). There is a similar synthesis of diazaanthracene. The yields are
between 32% and 85% (05MI374). The aldehyde originates from DMF.
Quinoline 195 is important in the total synthesis of sandramycin, qui-
naldopeptin, BE22179, and the luzopeptins. These compounds are sym-
metrical, cyclic decadepsipeptides possessing a twofold axis of symmetry
that exhibit a high affinity for sequence-selective DNA binding and bis-
intercalation of the pendant heterocyclic chromophores. Boger and Chen
have provided a modified procedure for 195 via 0-aminobenzaldehyde 17
and oxime 194 instead of ketones in 67% yields (Scheme 42) (95]JOC7369).
A modified Friedlander synthesis involving a-nitrocarbonyl and
2-aminocarbonyl compounds was reported (50JCS395, 51JCS2992,
53JCS3914, 57JA1502). 2-Aryl-3-nitro-1,2-dihydroquinolines 197 was pre-
pared from p-nitrostyrenes 196 and 2-aminobenzaldehyde 17 using
DABCO. Other alkyl nitro olefins were also used. When 2,3-dichloro-5,
6-dicyanoquinone (DDQ) is added to 3-nitro-1,2-dihydroquinolines 197,

JiOBn 1. 17, KOH, EtOH ©\/\/|[08n
,}1/ CO,Et 2. N-aHC03, CHjsl \N CO,H
OMe 3. LiOH

(194) (195), 67%

Scheme 42.
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3-nitro-2-substituted-quinolines 198 are obtained in 63-97% yields
(Scheme 43) (04]JOC1565).

3. CAMPTOTHECIN AND ITS ANALOGS

Renewed interest in the synthesis of camptothecin and its active analogs
was triggered by the discovery of its high antitumor activity in various cell
lines and screening of animals models (81T1047, 83CHE753, 92MI1, 95MI1,
97BMC1481, 00BP497, 03T8649, 04BMC1585, 04JNP273). While camp-
tothecin is a difficult alkaloid to isolate from natural sources, its analogs
are synthesized in good yields from the natural precursors (73CRV385,
91CPB3183, 09CRE213).

Danishefsky and coworkers reevaluated the problem and explored the
chemistry to provide a two-pronged approach to an inexpensive and
decent yielding route to bD,L-camptothecin (71JA5576, 74JOC3430,
75]J0C796, 93JOC611, 94JOC7033). In Scheme 44, the readily available
tricyclic ester 199 is converted to 202 using two alternative routes. In the
first sequence, 199 sodium hexamethyldisilazide (NaHMDS) and benzal-
dehyde afford benzylidene acid 201 in 90% yield. Ozonolysis of 201 fol-
lowed by esterification provided 202 in 94% yield. The complementary
route involves tricylic compound 199, oxygen and triethylphosphite to
give diastereomers 200 in 75% yield. Oxidation with pyridinium dichro-
mate affords ketone 202 in 83% yields. Ester 202 with a Schiff base via a
typical Friedlander condensation affords pentacyclic 203. Heating 203
with HBr provides b, L-desoxycamptothecin 204 in 71% yield.
Hydroxylation of 204 with oxygen, Me,NH, and CuCl, gives camptothe-
cin 205 in 91% yield. The overall yield of 205 from 200 and 201 is 30% and
39%, respectively.

A novel and efficient synthesis of racemic camptothecin 207 starting
from a readily accessible hydroxy pyridine 206 was described. Key steps
include a Claisen rearrangement of a functionalized allylic ether, a hin-
dered Heck coupling, and a Friedlander condensation (Scheme 45)
(050L2989).

The synthesis of camptothecin analogs substituted by a carbonyl func-
tion on position 5 of ring C 208 was realized (Figure 7) (03JHC45, 05T7916,
06T3959).
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Friedlander
condensation

Figure 7.

By developing a new synthetic procedure for the introduction of side
chains onto the camptothecin ring system, the group of Wani (93]ME2689,
04BML5377) was able to prepare a number of analogs bearing bulky,
hydrophobic groups directly attached to position 7, such as 209 and 210
(Figure 8). These include 7-tert-butylcamptothecin, 7-benzylcamptothecin,
and the corresponding 10,11-methylenedioxycamptothecins. The camp-
tothecin analogs show promising ability to inhibit the growth of selected
tumor cell lines.

Some novel hexacyclic and 7,9-disubstituted pentacyclic derivatives of
camptothecin were synthesized by Terasawa et al. They were evaluated
for in vitro cytotoxic activity against P388, HOC-21, and QG-56 and in vivo
antileukemic activity against 388 in mice. Hexacyclics 213 and 215 have
an additional 5-, 6-, or 7-membered ring cyclized at positions 7 and 9 of the
camptothecin moiety. They were prepared by intramolecular cyclization
of pentacyclic camptothecin derivatives of bicyclic amino ketone 212 or
214 and a tricyclic ketone 211, respectively (Scheme 46) (94JME3033).

R = sec-Bu, tert-Bu, Bz R = Ph, Bz, p-tolyl,
cyclopentyl, cyclohexyl,
p-chlorophenyl, p-fluorophenyl,
p-trifluoromethyl

Figure 8.
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HoN
o]
(212)
HO o
o}
T | HoN R
o N 2
o o} X
(211) 214

X=NH, S, O or CH,
R =CHg, OH

Scheme 46.

Water soluble 7-substituted quaternary ammonium salt derivatives of
10,11-(methylenedioxy)- and 10,11-(ethylenedioxy)-(20S)-camptothecin
216 (Figure 9) are synthesized via the Friedlander reaction followed by
nucleophilic displacement with an aromatic amine. All are more potent
than camptothecin in the in vitro cleavable complex assay (96JME713).

Analogs based on a novel template, 11-aza-(20S)-camptothecin 219,
were obtained from a total synthesis and tested as potential anticancer
drugs in the topoisomerase I enzyme cleavable complex assay. The parent
11-aza-(205)-camptothecin 219 is derived by cyclization of the known
aminopyridine derivative 3-(3-amino-4-picolylidene)-p-toluidine 217
and optically active tricyclic ketone 218 in 27% yield (Scheme 47)
(95]ME1106).

R
0 4 0
(<n _ N
o N\

(216) |/ “OH b

n=1,2
R = quarternary ammonium

Figure 9.



172 Morteza Shiri et al.

X p-TsOH
NI = B toluene, reflux
[ ond
(217) (218) (219)
Scheme 47.

The imine in the starting material serves as the electrophile for the
mixed aldol reaction in the first step. This could also rightly be classified
as a modified Friedlander reaction (see Section 2.1).

An improved preparation of indolizinoquinolines using MW-assisted
synthesis involves the Friedlander reaction of o-aminobenzaldehydes or
imines with tetrahydroindolizinediones to form a quinoline (025L2077).

Selective reduction of the aromatic nitro aldehyde 220 to the amine
group by phthalocyanine cobalt (I) anion is followed by condensation to
alkaloids 221 (Scheme 48) (81AGE208).

The Friedlander method is also widely used in the synthesis of camp-
tothecin analogs for the investigation of their biological properties
(69T2275, 71JA4074, 71JCS3551, 72JA3631, 86JME2358, 89TL2639, 90JC
(P1)27, 98TA2285, 04TL7247, 060BC3757). Examples are 222 (73JHC77),
aromathecin (223) (99TL2723, 02TL1835, 08JOC1975), mappicine ketone
(224) (95]J0C2912, 99T5449), 225 (95BML2129), 226, 227, 228, 229
(86JME2358), 230, 231 (90JME972), 232 (98]JME2308), 233 (87JME1774),
nothapodytine B 234, (—)-mappicine (235) (98JA1218, 03JHC601),
11-hydroxyacuminatines (236) (86JME1553, 060BC407), aza-analog 237
(80JMES554), 22-hydroxyacuminatines 238 (08BML2143), water-soluble
analogs 239 (95]ME395), 240 (91JME98), 241 (94BMC1397, 94CPB2518),
242 (92CPB683), E-ring modified 243 (89CPB2253), irinotecan (244)
(91MI1164, 97JOC6588), and paclitaxel-camptothecin analogs 245
(03BM(1851) (Figure 10).

R
o MeOH @

NO, \_/—cn B N" T\ )—cN

CH3 CH3

(220) (221)

R =H, (62%)
R=Cl, (51%)

Scheme 48.
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o R=H, Me, Ph R = H, CH,NMe,
(222) (223) (224)

/ OH O
/ OH O R = nitro, nitryl, alkyl,

amine, carbonyl, etc.
(230) (231) (232) (233)

R' = OH, amine / OH O
R?, R® = aminoalkyl
(240) (241)

R, R%,R3=NRp, |
OMe, H, Cl, Br, /‘ NH,O

F or SMe
(242) (244)
H3C
PhCONH o
N g
o PhOCO AcO
n=23,0r5
(245)

Figure 10.
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4. PYRIDINE SYNTHESIS

Friedlander reported the synthesis of pyridines via condensation of enam-
inoketones with f-ketoesters or 1,3-diketones (1883CB1833).

Breitmaier and Bayer have synthesized the 3-pyridinecarboxylates and
3-acylpyridines 247 by cyclocondensation of 3-aminoacrolein 246 with 1,
3-dicarbonyl compounds (Scheme 49) (69AGE765, 70T5907). The yields
range between 30% and 80%.

p-Ketoesters and ff-diesters also react with ff-enaminonitriles 248 in the
presence of stoichiometric amounts of tin (IV) chloride to give 4-amino-
pyridines and pyridines. They also react with aromatic ortho-aminonitriles
to give 4-amino-quinolines and quinolones (Scheme 50) (90TL3485,
95T12277). Typical yields are 45-70%.

Davies et al. have described a new synthetic strategy to obtain the Cox-
2 specific inhibitor 251. They heated a mixture of chloromalonaldehyde
249, ammonium acetate, and ketosulfone 250 with propionic acid at 125°C.
Pyridine 245 is produced in 62% yield together with furan impurity 252 in
approximately 15% yield (Scheme 51) (00JOC8415).

Condensation of 246 with a-oxo-2,3-cycloalkeno-pyridines (or thermo-
lysis of the o-allyloximes 254 derived from ketones 253) leads to the for-
mation of 3,3'-bridged-2,2'-bipyridine 255 in 20-65% yield (Scheme 52)
(85]JOC3824).

e) (0]
CHO - _ R
| . —
NH, 0”7 "R? N~ "R?
(246) (247)

R', R? = alkyl or alkoxy

Scheme 49.

0 NH, O
CN - y ot
| ; — (]
NH, 07 R? N~ R2

(248)
R, R? = alkyl or alkoxy

Scheme 50.
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SO,Me
Cl | N
NN
>
o SO,Me N Me
O,
CI\fJ\H NH,OAc (251), 5%
+ —_—
propionic +
OH o | ~ acid
NP Mo SO,Me
(249) (250) 4 |
O X
»
N Me
(252), 15%
Scheme 51.
\ n
\ n
N/ N \ — P>
% N N N
\/\O
(253) (254) (255)
n=2,34
Scheme 52.

Polyaza cavity terpyridines 257 were prepared from diketones 256 and
246 (Scheme 53). Similarly these diketones with o-aminobenzaldehyde
afford bis-annulated derivatives of 2,6-di(2’-quinolyl)pyridine while con-
densation with 2-aminonicotinaldehyde affords bis-annulated derivatives
of 2,6-di(1’,8'-naphthyrid-2’-yl)pyridine (85]OC2407).

A variety of tri-, tetra- and penta-cyclic pyrido[2’,3":4,5]thieno[2,3-d]
pyrimidines 259 are synthesized from 5-amino-6-formyl-4-methyl-2-

| Nt 246 | NN
N/ / N N/ 7 A\
0 0 =N N=

(256) (257)

n=2or4

Scheme 53.
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CHO 2
S R S N R2
N= | + - . N= |
—
Ph’<\N/ NH, 07 R’ p—{ ) ONR
N
Me Me
(258) (259)
Scheme 54.

phenylthieno[2,3-d]pyrimidine 258via Friedlander condensation with ali-
phatic, alicyclic, and heterocyclic ketones and other active methylene
compounds (Scheme 54) (07JCM689).

2-Acyl-3-aminonaphtho[2,1-b]furans 260 are directly synthesized from
2-hydroxy-1-naphthaldehyde oximes and then with an o-haloketone
through the Thrope—Ziegler reaction to yield amino furan 260. This amino
furan undergoes cyclization with active methylenes to produce 261 in
good yields (Scheme 55) (08IJB753).

The syntheses and anti-inflammatory activities of thieno[2,3-b]pyri-
dines 262 were also described. They were designed by modification of
the quinoline template of a new type of disease-modifying antirheumatic
drug (DMARD), TAK-603, and prepared via the Friedlander cyclization
(75% yield) (Scheme 56) (99CPB993).

2,7-Diaryl-3-cyano-4-methylpyrano[4,3-b]pyridine-5-ones 266 are syn-
thesized as shown in Scheme 57. In the first step, nitriles 264 are added
to esters 263 to then form products 265 via a Knoevenagel condensation.

CHjy CHj;

2

OI o R? 0 | R
. _

Q NH, © O7R! O N R

(260) (261)

Scheme 55.

Scheme 56.
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O (0]
(2(13) Ni(acac),, o-xylene O | 0 264 R% | X CN
2 H,0
/ECN 110-140 °C NH Ar N” Ar
Ar o Ar (0]
(264) (265) (266)
-ROHJ
O  CHs
0 | N CN
AN
(267)
Scheme 57.

265 reacts with nitriles 260 to give functionalized pyridines 266, which
undergo intramolecular cyclization to form pyranopyridines 267 in
15-19% yields (Scheme 57) (02RCB1545).

Reaction of 3-amino-2-formylimidazo[1,2-a]pyridine 268 with various
aldehydes and ketones affords an entry to dipyridoimidazole, tri(tetra)
azacyclopental[b]fluorine 269, tri(tetra)azabenzo[blfluorine 270, and tria-
zaindeno[2,1-b]phenanthrene 271 derivatives (Scheme 58) (05H(65)1121).

An analogous cyclization of 2-amino-6-ethyl-4-oxo-4H-1-benzopyran-
3-carbaldehyde 272 (86]P6110588), 5-amino-pyrazole-4-carbaldehyde 273
(07JHC343, 05JHC1311), 5-amino-1H-pyrazolo-4-carbaldehyde or cyano
274 (995C4403, 04AFF510), and 5-amino-3,4-diphenylthieno[2,3-c]pyrida-
zine-6-carbaldehyde 275 (96H(43)1073) with ketones was also reported.
Similarly o-aminothiophene carbaldehydes (05H(65)2369, 06JHC101) or
o-aminobenzaldehyde (945C1363) react with creatinine 276 and lead to
the corresponding pyridine derivatives (Figure 11). The yields of the
Friedlander steps are between 30% and 85%.

2-Amino-1-methyl-6-phenylimidazo[4,5-b]lpyridine 278 is prepared
in 26% yield from 3-amino-2-phenylpropenal 277 and creatinine 276,
which are heated with N,O-bis(trimethylsilyl)acetamide at 120°C for

N
\_/
(0]
Et CHO CHO ) (CHO or CN)
| N//j’: N‘NI r\i"\l
N
0" NH [ NH, oy N
Ph

(272) (273) (274) (275) (276)

Figure 1.
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OiRZ = /N | X R
N N/ R2
Xy (269)
N._CHO o%) AN X
7Y T X, Y = CHy or NH | Y
N N N/
NH, n
(268) (270)
(@) = /N | X
N —
. x N
271)
Scheme 58.
/
CHO 276 XN
| — | | )N,
NH, N~ N
(277) (278)
Scheme 59.

2 h (Scheme 59). By changing the conditions, a pyrimidine derivative can
be the main product (95ACS361).

4-Aminocoumarin-3-formaldehyde 279 reacts with acetoacetic ester
while catalyzed by piperidine to form the tricycle 280 in high yields
(Scheme 60) (92LA203).

Acetoacetic esters also exhibit the characteristics of an aldol inter-
mediate with 2-amino-4,5-dihydro-3-thiophene-carbonitriles 281. In the
first stage, the aldol adds to the nitrile group with the formation of

(0] O OR
CHO Q
O 0O X (o)
| + ﬁOR piperidine | P
NH, o CHs N CHs,
(279) (280)
R =Me, 91%
R = Et, 86%

Scheme 60.
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Scheme 61.
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p-enaminone 282. The latter then undergoes cyclization to ethyl-4-amino-
2,3-dihydro-6-methylthieno[2,3-b]pyridine-5-carboxylates 283 as pro-
posed above. Titanium tetrachloride catalyzes not only the addition of
acetoacetic ester to the nitrile group (the first step) but also the last stage
of cyclization (the formation of the C-N bond; Scheme 61) (93LA1269).
4-Aminopyrimidine-5-carboxaldehyde 284 with aromatic ketomethy-
lenes provides 7- and 6,7-disubstituted pyrido[2,3-c/lpyrimidines 285.
Facile ring opening of the pyrimidine moiety of this heterocyclic system
gives substituted 2-aminonicotinaldehydes 286 (Scheme 62) (75]OC1438).
A series of pyrido[2,3-d]pyrimidines 288 were obtained in good yields
from pyrimidines 287 (Scheme 63) (02RCB1875, 05RCB784, 07RCB2293).

CHO R? R? OHC R
m + J/i KOH, MeOH le NN HCI ﬁ
/ — — Z
N NH2 O R1 reflux

(284)

N~ N7 "R! H,N

(285) (286)

Scheme 62.

N

2

R‘l
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R R Me
N)\/ECOMe R4 R4
N X
RJ'\N/ ! O/I/iRS —
2 RN N RS
(287) (288)

Scheme 63.

5. ACRIDINE SYNTHESIS

The Friedlander reaction has been used in the synthesis of acridines such
as 1,2,3,4-tetrahydroascididemine 289 (99TL4097), pyrido[3,2-blacridines
290, 291 (99T12637), polyhydroacridines 292, 293 (91]1B213), 1,2-dihydroa-
cridines 294 (66JPR298), acridine-4-carboxylic acids 295 (995C4223), and
dihydrobenz[clacridines 296 (81JHC649), luotonin A (09JOC00) and its
derivatives 297 (08BKC1988) and 298 (0852199) (Figure 12).

Molecules possessing the new skeleton of 1H-benzo[clpyrido[2,3,4-kI]-
acridine 301 with acyl, aminoacyl, and methoxy or aminoalkoxy substitu-
ents on the aromatic homocycles were synthesized. Most have therapeutic

Figure 12.
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(299) (300)
Scheme 64.

CHO N
@i NH, * O% —_— @fr\%
N X =N N

(302) (303) (304)
Scheme 65.

interest. The requisite 5-aminodihydroquinoline-4-ones 299 react under
azeotropic conditions with substituted-tetralones 300 and acidic catalyst
pyridinium  p-toluenesulfonate (PPTS) (Scheme 64) (02JOC3502,
04JME3665).

Thummel and coworkers have synthesized dipyrido[4,3-b;5,6-blacri-
dines 304 from the condensation of 8-amino-7-quinolinecarbaldehyde
302 with 5,6,7,8-tetrahydro-8-quinolone (303) and their ruthenium(Il)
complexes (Scheme 65) (961C5953).

2-Aminobenzonitril 305 and dimedone 306 in water condense to afford
hydroxyl acridine 307 in 80% (Scheme 66) (07MI1214).

Chiral acridine-type ligand 308 (08TA2600) and N,P-ligands such as
5-(diphenylphosphanyl)-1,2,3,4-tetrahydroacridines 309-312 (05TL3493,
06TA1529) have been reported (Figure 13).

They were obtained utilizing the same Friedlander methodology
between an amino aldehyde and a chiral methylene ketone.

o) H
N OH O

©: . Zr(NO3), N

NH H,0 N

(305) (306) (307)

Scheme 66.
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Figure 13.

6. PHENANTHROLINES

8-Amino-7-quinolinecarbaldehyde 302 is widely used in the synthesis of
mono- and di-(1,10)-phenanthrolines. Examples are 313 (94110685,
05]CD354), 314, 315, 316 (971C3133), 317, 318, 319 (991C5620), 320, 321
(020L1253), and 1,3-, 1,6-, 1,8-, and 2,7-bis(2-[1,10]phenanthrolinyl)pyr-
enes 322 (03EJ12774), 323 (00IC3590), and 324 (99TL7311) (Figure 14).

Chelucci and Thummel reported chiral phenanthrolines containing
camphor derivatives 327. Camphor 326, a hindered ketone, causes the
Friedlander reaction to proceed in low yields. They suggested a modifica-
tion starting from 225 in which 327 forms in 51% overall yield (Scheme 67)
(995C1665).

Cyclization of (1R,55)-(+)- and (15,5R)-(—)-nopinone 328a, 328b with
302 gives enantiomerically pure (2,3-b)-pineno-1,10-phenanthrolines 329a,
329b in 40-56% yields (Scheme 68). Separate coordination with Cu(l)
affords noninterconvertable chiral complexes that show equal and oppo-
site Cotton effects in their CD spectra (981C2145).

Di- or triacetylaromatic 330 or heteroaryl systems and 302 can be con-
densed to 1,10-phenanthrolines 331 (Scheme 69) (91T6851, 92SL1,
96JOC3017). Typical yields are between 50% and 86%.

Bridging ligands including a central linker appended to two 1,10-phe-
nanthrolin-2-yl units (e.g., 333 in Scheme 70) include pyridazin-3,6-diyl,
1,8-naphthyrid-2,7-diyl, 2,2"-bipyrid-6,6’-diyl, 1,10-phenanthrolin-2,9-diyl
332, 1,2-di(2'-pyrid-6’-yl)ethyne, and 3,6-di(2'-pyrid-6'-yl)pyridazine.
Yields are ranging between 48-88% (06JOC167).

Triacetylmethane 334 with o-aminoquinolinecarbaldehydes on
refluxing in ethanol with a catalytic amount of KOH, leads to 1,
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(317) (318) (319)

Figure 14.

1. LDA, THF, -78 °C, 2 h.

CHO 2. THF, HMPA (1:1) X
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| NO, = | NO, o
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N
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Fe powder, HCI (cons.), X
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N
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Scheme 67.
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0 ﬁ 7 N\ A
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Scheme 70.
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10-phenanthrolines 336 and 339 and 2-methyl-1,10-phenanthrolines 335,
338 in moderate yields. The corresponding quinolines and 1,8-naphthyr-
idines 340, 341 are obtained from 334 and o-aminoarylaldehydes and
2-aminonicotinaldehyde under similar conditions (Scheme 71) (05H(65)
2777).

The mechanisms of the above reactions were postulated (Scheme 72)
(05H(65)2777).

The scope of the Friedlander condensation in the preparation of chiral
alkyl-substituted 1,10-phenanthrolines was investigated. A range of chiral
[x, y-bl-cycloalkeno-condensed phenanthrolines 343 and 344 were pre-
pared in one step from the chiral pool of steroidal 342 or other cyclic
ketones and 302 via base-catalyzed conditions (Scheme 73) (00MI423,
01JOC400). In the case of the major product, aldol bond formation takes
place from the sterically less hindered a-carbon (C2) 343 while the steri-
cally more hindered «-carbon (C6) 344 reacts to form the minor product
(Scheme 73).

// —— 340 + 341
-CHaCOH  when X = CH

Scheme 72.
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(344), 13%

Scheme 73.

A synthetic protocol involving condensation of 302 and oximes 345 or
348 followed by potassium dichromate oxidation was applied to 1-(pyrid-
2'-yDpropane-1,2-dione-1-oxime 346 and 2,3,4-pentanetrione-3-oxime 349
to provide the ligands phenanthrolin-2-yl-pyrid-2-yl-methanone 347
and di-(phenathrolin-2-yl)-methanone 350, respectively (Scheme 74).

NOH
X X
NOH | \
N 209 N N~ K,Cr,05
I - H
0O N~ Z N 250
~ \
(345) (346)
NOH
299
piperidine
0 O EtOH
(348)

Scheme 74.
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Scheme 75.

These ligands 347 and 350 were complexed with [Ru] and their properties
were studied (051C8733). The typical yield for the Friedlander condensa-
tion steps is about 70%.

The synthesis of biphen 2,2’-dimethylene-3,3’-biphen 351 and 2,
3’-dimethylene-3,2-biphen 352 uses the same methodology (Scheme 75)
(021C3423).

4-Aminoacridine-3-carbaldehyde 337 with cycloalkane-1,2-diones
(Scheme 76) (08H(75)871) and 1,3-, 1,4-di-, 1,3,5-triacetylbenzenes
(07HAC650) benzolb]cyclo-alkanones, 3,4-dihydro-1(2H)-anthracenone
(07H(71)2003) ketones 353 (08H(75)2507), or simple ketones (02H(57)
1109) afford a series of mono-, di-, or tribenzo[b]-1,10-phenanthrolines.

Model compounds 356 are carcinogenic materials. In the synthesis of
356, Friedlander methodology is widely used. Typical starting materials
are 2,2'-diaminobenzophenones 355 and f-diketones (Scheme 77). Their
mutagenicities were investigated (25]CS1493, 62]JCS632, 66JME161,
71ZCe1, 86JC(P1)1225, 98]PP475).

o X 337
Ny 7
(353) (354)

X =H, H; -CH=CH-;
-(CHp)p-, n=1-4

Scheme 76.
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(355) (356)
Scheme 77.

7. NAPHTHYRIDINE DERIVATIVES

McWilliams and coworkers (03JOC467) have studied the catalytic activity
and selectivity of bases as catalysts in the [1,8]naphthyridine synthesis
from 2-aminonicotinaldehyde 357 (69BSB289, 74JOC720, 80T2359,
01MI1, 01SC1573) and 2-pentanone. As shown in Table 4, many different
Bronsted and Lewis bases promote this reaction. The best in terms of
acceleration and regioselectivity is pyrrolidine (03JOC467).

Table 4. Screening of catalysts for the reaction between 357 and 2-pentanone

@CHO cat NS NS Et
| r A '
N“ONH, O BIOH S\ Sppr - NN

(357) (358) (359)

Catalyst Conversion® Ratio®
NaOH >99 37:63
NaOEt 87 49:51
NH,OAc 44 (89) 42:58 (40:60)
NH,OH 18 (28) 44:56 (43:57)
CgHy7NH, 92 55:45
Et,NH 1(7) (74:26)
Piperidine 11 (39) 89:11 (88:12)
Morpholine 8 (26) 78:22 (77:23)
Proline 5 (64) 83:17 (70:30)
Pyrrolidine 97 86:14
Azetidine® 98 54:46
2-Methylaziridine 109 (41:59)
DBU 69 (98) 24:76 (27:73)
Et;N 0 N/A
H,50,7 0 N/A

*Mole percent conversion to 358 + 359 after 23 h at 23°C, determined by HPLC. Values in
parentheses were recorded after an additional 23 h at 70°C.

PRatio of 358:359 after 23 h at 23 °C, determined by GC. Values in parentheses were recorded
after an additional 23 h at 70 °C.

“Reaction run with 1.1 equiv. of azetidine hydrochloride and 1.0 equiv of DIPEA.

dReaction with 0.05 equiv of H,SOy.
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R1, R2 = H, COZH, COZEt
(360)

Figure 15.

In subsequent studies, a similar interaction between 2-aminonicotinal-
dehyde and unsymmetrical functionalized alkan-2-ones was reported.
This method typically provides substituted [1,8]naphthyridines in high
yields under standard hydroxide-catalyzed conditions (010L1101,
07MC25, 07RCB1911).

2-(Pyrid-2’-yl)-1,8-naphthyridines containing a carboethoxy group
appended at the 4- and 4'-positions were prepared as photosensitizers
360 (Figure 15). Complexation with Ru(Il) and NaNCS leads to [Ru
(L)2(NCS),] and subsequent hydrolysis of the ester affords a carboxylic
acid dye-sensitizer utilized in solar cells (061C10131).

2-Aminonaphthyridine 362 is obtained from 2-aminonicotinaldehyde
357 and the cyano amide 361 in 62%. A ratio of 4:1 for 362 and octahy-
droxypyridine[4]arene in polar media forms a gel-like system (Scheme 78)
(02EJO2120).

Marchand et al. (88TL6681) and Lim et al. (91JOC1492) have synthe-
sized bis(carboxamidonaphthyridine) 363 in 21% yield from tetracyclo-
[6.3.0.0*'1.0°”lundecane-2,7-dione (73) and 2 equivalents of 0-aminonico-
tinaldehyde 357 followed by treatment with octanoic anhydride. 357 and
1,4-cyclohexanedione yields bis(aminonaphthyridine) 364 in 49% yield
(Scheme 79) (75]0C3407).

Application of the Reimer-Tiemann reaction to 2,6-diaminopyridine
365 affords a 26% yield of 2,6-diaminopyridine-3-carboxaldehyde 366
and a small amount (4%) of 2,6-diaminopyridine-3,5-dicarboxaldehyde.

O
NHR 357 | TN NHR
CN idi NN
pyridine
E1OH N™ "N” "NH,
R= n-undecyl
(361) (362)

Scheme 78.
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357 —

Scheme 79.

Alternatively, conversion of 365 to 2,6-bis(pivaloylamino)pyridine 367 via
lithiation with n-butyllithium followed by treatment with N-formylmor-
pholine 368 and hydrolysis of the latter produces 366 in 67% overall yield
(Scheme 80) (93]JOC6625).

Pyridine 366 with a variety of activated and nonactivated ketones
yields 2-amino-1,8-naphthyridines (09H(79)411) and bis(2-amino-1,
8-naphthyridines) in moderate to good yields, providing a convenient
synthesis for useful building blocks utilized as new host-guest and self-
assembling systems (93JOC6625).

2-Aminonicotinaldehyde 357 with «- and -naphthols leads to naphtho
[1,2-b and 2,1-b][1,8]-naphthyridines 369, 370 in a single synthetic proce-
dure. The oxidation of the naphthonaphthyridines 369, 370 with peroxy

CHO
X NaOH, CHCl; | A

—

L~
HoN" N7 NH, EtOIz-Ié(;sﬂux H,N™ "N™ "NHp

(365) (366)

ECN | BuUCOC SN kon| 67%

overall
100 °C yield

1) n-BuLi, THF, 0 °C
N~ "Bu! 2
H H ) OK/N

“CHO

(367) (368)

Scheme 80.
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e
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glyserol, 250 °C, | A~
10 min N N
(370)
Scheme 81.

acids affords novel products such as a seven-membered oxazepine
(Scheme 81) (96H(43)2139). Replacement of 2-aminonicotinaldehyde
with 2-aminobenzaldehyde leads to quinoline derivatives (56MI315,
73CCC3862).

These naphthols tautomerized via the Ullmann—Fetvadjian reaction to
ketones (Scheme 82) (1903CB1027, 49JCS670, 50JCS1146, 51JCS2871,
67]CS213).

Heterocyclic unit 371 containing complementary donor-donor—accep-
tor (DDA) and acceptor—acceptor-donor (AAD) hydrogen bonding arrays
at an angle of about 60° was also designed to self-assemble into a hexamer.
This complex is an especially stable, hexameric, disk-shaped aggregate
(371)¢ containing 18 hydrogen bonds formed by the pairing of self-com-
plementary DDA and AAD sites. Additionally, six (secondary) hydrogen
bonds may be present in (371)¢ because the N2-H group can serve as a
long-range donor to N1 (Figure 16) (98]JA9092, 02JA13757).

Bell and Liu prepared newly designed heterocyclic receptors via the
Friedlander condensation and used them in the complexation of urea. For
example, urea complex 376 (88J A3673) is at least 10 times more stable than
the best crown ether receptor that also solubilizes solid urea in chloroform
(Scheme 83) (90AGE931).

Nselso N ses

Scheme 82.
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Figure 17.

In the another attempt, 1,8-naphthyridines 377 were prepared via
4-aminopyrimidine-5-carboxaldehyde (Figure 17) and used as receptors
in complexation studies with several guanidinium and ammonium guests,
including derivatives of the amino acids arginine and lysine (02]JA14092).

o-Aminoaryl-(heteroaryl)-aldehydes with acetoacetic ester lead to pyr-
idine ring annulation. For example, isomeric ortho-aminoformylquinolines
(77CR459, 81JHC925, 82JHC1289, 02ASJC1303) and ortho-aminoformyl-
pyridines (54JA596, 57JOC138) are used to synthesize various isomeric
naphthyridines. 2-Aminonicotinaldehyde 357 and ketones are widely
used for the preparation of 1,8-naphthyridine derivatives (74JHC151,
80TL4485, 86JHC689, 93A]JC987, 94AF809, 94JCM268, 03E]13547), in some
cases with HCI (77JHC685, 90JOC4744), NaF (03SC3131), NaOH
(04]JOC1959), pyridine/MW (02JB215), PTSA (031JB1170), LiCl/MW
(061JB302), NH4OAc (06]IB1051), montmorillonite K-10 (06]JIB2749), or
AlLO; (07]IB1721).

An efficient method prepares a variety of polycondensed 1,
8-naphthyridines from pyridines 378, 379, and 380 and cyclic and hetero-
cyclic ketones (Figure 18) (84ACP268, 91AJC481, 95H(41)1001, 96H(43)53,
03EJM265, 08T3446).

OHC._A_-CN NC._-CHO CHO
L. L. <

RO” N” “NH, RO” "N “NH, N~ NH,
(378) (379) (380)

Figure 18.
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Imidazo-[1,2-a]-naphthyridines 382 can be obtained from imidazo-[1,
2-a]-pyridine 381 in 5-65% yield (Scheme 84). They were evaluated for
their antitumor activity by the NClIs in vitro human tumor cell line screen-
ing panel. Among them, pentacyclic derivatives exhibit in vitro activity
comparable to the anticancer agent amsacrine (08EJM2505).

Pyridinoimidazo-[1,2-a]-pyridine 387 is synthesized from 2-amino-
4-methyl-5-nitropyridine 383 through a linear cyclization. A mixture of
DMF-DMA forms the agent for vinylamine functionalization 384. The
formation of pyridinoimidazopyridine 387 from 383 involves formation
of pyridine-fused naphthyridine by the McNaughton modified method in
a single step using SnCl, and ZnCl, and finally reductive cyclization of 385
followed by treatment of the resulting adduct 386 with (Boc),O (Scheme
85) (07TL8392).

1,6-Naphthyridine 390 is synthesized from 4-amino-3-pyridinecarbal-
dehyde 388 and isochroman-4-one 389 in 50% yields (Scheme 86)
(03CJOC466).

Methcohn and Hayes prepared 2-amino-7-methylquinoline-3-carbal-
dehyde (Figure 19) and employed it successfully in 1,6-naphthyridine
preparations via Friedlander’s method (82TL1613).

CH3 1. DMF-DMA, A | 100% HoN N
N 2. HCI BN), A, 71% NS ~  NalO,, THF, H,0
= N
NO2 7 NO2 rt, 44%
(383) (384)
HoN CHO HoN
2 | = acetone, SnCl,, ZnCl, | NN (Bootzangzolz «/ NN
N N_ A~ r ° N
NO, EtOH, A, 23% N
(385) (386) (387)

Scheme 85.
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Scheme 86.
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—
N~ "NH,

Figure 19.

3-Acetyltropolones 391 reacts with 2-amino-3-pyridinecarbaldehyde
to afford the 3-(1,8-naphthyridin-2-yltropolone in excellent yields. In a
similar manner, 1,6-naphthyridin-2-yl- 392, 1,7-naphthyridin-2-yl- 393,
6-pyrido[2,3-blpyrazinyl- 396, and 1-methyl-6-pyrazolo[5,4-blpyridyl-
398 substituted tropolones are prepared in 72-92% yields (Scheme 87)
(96JHC389).

A new class of tricyclic models such as 401 was also based on a
Friedlander reaction between chiral piperidine-2,4-diones 400 and azo-
methine 399 (Scheme 88) with yields of about 70%. Alkylation of the lactam
allows the introduction of various pendant arms on the chiral cyclic
inducer. Compound 401 is used for the preparation of various enantiose-
lective NADH mimics (03T4911).

Acetyl- and propionylferrocene with various aromatic 0-amino alde-
hydes give aza-aryl-substituted ferrocenes. Similarly, 1,1’-diacetyl- and
1,1’-dipropionyl ferrocene analogs 402 provide 1,1’-bis(azaaryl)-substi-
tuted derivatives 403 (Scheme 89) (92]JOC3780).

Several 1,5- and 1,7-naphthyridines are prepared from suitable ketone
and 2-amino-3-picolinaldehyde 357 or 3-aminoisonicotinaldehyde 394,
respectively (56JCS1045, 60JCS1370, 75CR381). For example, 2,2'-bi[l,
7-naphthyridine] 405 is also synthesized from 394 and diacethyl 404 in
40% yields (Scheme 90) (76JHC387).

Queguiner and his group used lithiated pivaloylaminopyridines 407
with aldehydes to synthesize amino ketones. Oxidation of alcohols 408
with CrO3; or MnO; leads to o-aminopyridyl ketones 409 (Scheme 91).
Amides 409 are hydrolyzed to the amines 410 with HCl. Both 409 and
410 were successfully utilized in Friedldnder condensations with various
ketones that produced naphthyridine derivatives (89JHC105).

Di-1,8-naphthyridines are synthesized from o-aminonicotinaldehyde
derivatives 411, 412, 413 (79MMS803), 379 (08T3446), or diketones 414
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(08T3446), 119, 124, 415, 416, 417 (79MMS803), 1,2-cyclohexanedione
418-420 (84]JOC2208, 04IC6195), 332 (08IC990), and 86, 87 (01E]JO863)
(Figure 20).

4-Aminopyrimidine-5-carboxaldehyde 421 (67CB3664) and 1,3-cyclo-
hexanedione react in a 1:2 molar ratio to form 422 in quantitative yield.
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Scheme 91.

The transformation of 422 in 2 N HCl results in a very efficient annulation
sequence leading to four linearly fused rings 424 in high yield from a
monocyclic starting material. 422 in 0.01N HCI gives 2-amino-
5-0x0-5,6,7,8-tetrahydroquinoline-3-carboxaldehyde 423. The accumula-
tion of functional groups with this simple molecular framework is note-
worthy. Pyrolysis of 422 results in the elimination of 1,3-cyclohexanedione
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with subsequent formation of 6-o0x0-6,7,8,9-tetrahydropyrimido([4,5-b]
quinoline 425 (Scheme 92) (76JOC1058).

ortho-Aminoaldehydes, readily obtained from aromatic cyclic ketones
and 421, react with aromatic ketones and lead to symmetrically 429 and
nonsymmetrically 431 fused 1,8-naphthyridines with equal ease (Scheme
93) (75]J0C2566).

Three isomeric octacyclic compounds 432, 433, and 434, each
composed of three 1,8-naphthyridine moieties, were synthesized from
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Figure 21.

1,3-cyclohexanedione, 2-aminonicotinaldehyde 357, and 4-aminopyrimi-
dine-5-carboxaldehyde 421 under different conditions (Figure 21)
(79JOC531).

Lehn et al. have reported the synthesis and study of a family of folda-
mers and macrocycles based on 1,8-naphthyridine and pyrimidine units
439, whose internal cavity is large enough to accommodate ionic sub-
strates. The study focused on the impact of host—guest binding within a
cylindrical environment (Scheme 94) (08]JOC2481).

Thummel et al. have used 4-aminopyrimidine-5-carboxaldehyde
421 as a useful synthon for the stereochemically controlled introduction
of the polycondensed 1,8-naphthyridines 440 (88JA7894) (Scheme 95)
(86IC1675).
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3-Phenyl-1,8-naphthyridin-2(1H)-one 441 can be synthesized from
2-aminonicotinaldehyde 357 and 2-phenylacetic acid with a catalytic
amount of piperidine in ethanol at reflux for 5 days; the yield was about
6% (Scheme 96) (66JOC315).

Much later, an alternate synthesis of naphthyridinones and quinoli-
nones was discovered. Palladium-catalyzed amidation of halo aromatic
rings with an ortho carbonyl group with primary or secondary amides
to from substituted naphthyridinones and quinolinones (Scheme 97)
(040L2433).

In the synthesis of SMP-797 442 as a new potent acyl-CoA cholesterol
acyltransferase (ACAT) inhibitor, a modified Friedlander annulation was
used (Figure 22) (05T10081).

Oxidation of 3-nitro-4-picoline 443 with selenium dioxide gives
3-nitro-4-pyridinecarboxaldehyde 444. Condensation of the aldehyde
with p-toluidine gives N-(3-nitro-4-picolylidene)-p-toluidine 445, which
is reduced to N-(3-amino-4-picolylidene)-p-toluidine 446. Condensation
of the latter with cyclohexanone and acetophenone gives 2,10-diaza-

N\ Br H2N O CSgCOs
| + a4
Pz CHO Pd,(dba)s, Xantphos,
toluene, 100 °C, 91%
Scheme 97.
O OH
é 3 HCI, H,O

(442)

Figure 22.
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5,6,7,8-tetrahydroanthracen 447 and 2-phenyl-1,7-naphthyridine 448,
respectively (Scheme 98) (55]A2438). The imine of 446 undergoes nucleo-
philic attack by the aldol and then p-toluidine serves as the leaving group.

8. ANTHYRIDINE PREPARATION

Condensation of 2,6-diaminopyridine-3,5-dicarboxaldehyde with ketones
affords substituted and fused 1,9,10-anthyridines. For example, 450 with
acenaphthenone 449 gave the fused, fully aromatic diacenaphtho[l,
2-b:1',2’-1] 1,9,10-anthyridine 451 in 65% yield (Scheme 99) (77JOC3410).
Murray et al. prepared 2,6-diamino-4-phenyl-3,5-pyridine dicaboxal-
dehyde 454 as outlined in Scheme 100. Thus, triethylorthobenzoate 452 is
heated with two equivalents of malononitrile in pyridine, followed by
aqueous hydrochloric acid, to afford 453 in 43% yields (95T635). A similar

(449) (450) (451)

Scheme 99.
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procedure prepares the 4-methylpyridine analog (86JME1080).
Aminolysis of 453 with concentrated ammonium hydroxide proceeds in
quantitative yield. Catalytic hydrogenation under acidic conditions
affords 454 in 32% yield (Scheme 100). Pyridine 454 is used for the prep-
aration of 1,9,10-anthyridines via a double Friedlander reaction (95T635).
The stability of the hydrogen bonding complexes of these anthyridines
was investigated (92]A4010).

9. ANTHRAZOLINES AND POLYANTHRAZOLINES

The synthesis, properties, and electroluminescent device applications of
diphenylanthrazoline molecules represented by 456 was reported
(Scheme 101). Analogs of 456 emit blue light with fluorescence quantum
yields of 58-76% in dilute solution, whereas they emit yellow-green light
as thin films. The diphenylanthrazolines are utilized in emissive layers for
light-emitting diodes and give off a yellow light with a maximum bright-
ness of 133 cd/m? (03JA13548).

A similar reaction as in Scheme 101 is also catalyzed by polyphosphoric
acid in yields ranging from 61% to 88% (09DP218).

The condensation of bisketomethylene monomers with either 2,5-
dibenzoyl-1,4-phenylenediamine 455 or 4,6-dibenzoyl-1,3-phenylenedia-
mine 457 (Figure 23) is catalyzed by acid to afford high molecular weight
polymers containing the anthrazoline and isoanthrazoline units in the
polymer main chain. Base is not an effective catalyst. Phenyl substitution
on the anthrazoline and isoanthrazoline units increases the solubility of

Ph
o NH, ) OYR opp B N R
/
H,N 0O 140°C,24h g7\ &
Ph

(455) (456)

Scheme 101.
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these polymers over those in which phenyl substitution is absent. The rod-
like character of these polymers, which can be altered by positional isom-
erism in the chain, has an effect on their solution properties (75PSA2233).

Numerous reports exist where the Friedlander method was employed
to synthesize polyanthrazolines (entries 1-8) and polyisoanthrazolines
(entries 9-12) from bis-o-aminocarbonyl compounds and diketones
(Figure 24, Table 5).

Table 5. Preparation of polyanthrazoline and polyisoanthrazoline

Entry Bis-0-aminocarbonyl Diketone References

1 455 100 (92CM95, 93MM895, 00MM2069)
2 455 104 (92CM95, 93MM895, 00MM2069)
3 455 106 (92CM95, 93MM895, 00MM2069)
4 455 458 (92CM95, 93MM895, 00MM2069)
5 455 459 (92CM95, 93MM895, 00MM2069)
6 455 460 (92CM95, 93MM895, 00MM2069)
7 455 112 (91MM6806)

8 455 461 (91MM6806)

9 455 462 (96CM579)

10 463 100 (69MM286)

11 463 117 (69MM286)

12 463 124 (69MM286)
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10. TACRINE-LIKE ANALOGS

In 1993 tacrine (9-amino-1,2,3,4-tetrahydroacridine, THA) was the first
acetylcholinesterase inhibitor (AChEI) approved in the United States for
the treatment of Alzheimer’s disease (AD) (99TPS127).

Effects of MW irradiation on the solid-phase synthesis of tacrine and its
derivatives were evaluated. Anthranilonitriles 464 with cyclohexanone
and PTSA-SiO, under MW irradiation gives good to excellent yields of
substituted THAs 465 (Scheme 102) (07JHC535).

NH,
R! CN R
j@[ . Q PTSA-SIO, N
R? NH, © MW R2 N
(464) (465)

Scheme 102.

Marco and his group reported the synthesis of different tacrine deri-
vatives from functionalized 2-amino-3-cyano-4,5-diarylfurans or thio-
phene 466 (02AP347), 2-amino-3-cyano-4H-pyrans 467 (97BML3165,
02AP347, 04BMC2199), and 6-amino-5-cyanopyridines 468 (01BMC727,
02BMC2077) with cyclic ketones (Figure 25).

New acridine-type compounds such as 470 can be synthesized from
substituted 3-amino-1H-benzo[flchromene-2-carbonitrile 469 and cyclo-
hexanone using anhydrous zinc chloride catalyst under reflux (Scheme
103) (08CCL15). Standard reported yields are between 47% and 50%.

Several novel analogs of tacrine 471 and 472 were tested for their ability
to inhibit acetylcholinesterase (AChE), butyrylcholinesterase (BChE), and
neuronal uptake of 5-HT (serotonin) and noradrenaline (Scheme 104).
Changes in the size of the carbocyclic ring of tacrine produced modest
potency against cholinesterase enzymes. Addition of a fourth ring resulted
in compounds with marked selectivity for AChE over BChE (97JME3516).

Ar
N o 1 CN 1
A— | 2 R EtO,C._~~_CN
XTONH oo e S
3 2 HsC”™ “N” “NH,
X=SorO
(466) (467) (468)

Figure 25.
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3-Amino-4-cyanopyrroles 473 with cyclic ketones are used for the syn-
thesis of substituted 4-azaisoindole tacrine analogs 474 (Scheme 105)
(07CJA1). The intermediate ketone is converted to an imine with excess
amino nitrile, which is subsequently converted to an enamine.

MeS NH;
MeS PhN X
CN
— —
—e . AlCl, N CN
= CH,Cl),, 2h  EtO,C
NH, - © ( it )§5°/ : NN —se
EtO.C o) reflux, o \
NPh
EtO,C
(473) (474)

Scheme 105.
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(*)-Huprines 477 are easily available via the cyclization of racemic
enones (*)-475, with 2-aminobenzonitrile (94EJM205, 96T5867,
98BMC427, 98TA835, 99JME3227, 00JMC4657, 01JME4733, 09BMC4523)
or 2-trifluoromethylaniline 476 (01TA2909) substituted at the fourth-
and/or sixth-position. AlCl; is added as a Lewis acid catalyst and the
reagents are refluxed in 1,2-dichloroethane (Scheme 106).

NaHMDS activates the a-carbon of the enamine, which then attacks
the labile CF; in a benzylic position. The amine group may originate
from NaHMDS. The same reactivity of C-F bonds on an aromatic ring
was observed in Scheme 30. Racemic 12-amino-6,7,8,11-tetrahydro-7,
11-methanocycloocta-[b]lquinoline derivatives (syn-huprines) substituted
at position 9 with an ethyl or methyl group (R = Et or Me) 477 and both
enantio-enriched forms of the 9-ethyl derivative are readily converted to
their anti-isomers (huprines). This interconversion is achieved by stereo-
specific acid-promoted (AICI; or triflic acid) isomerization of the endocyc-
lic C=C double bond from the 9(10)- to the 8(9)-position (Scheme 107)

(477) when R = Et

chiral MPLC‘
HCI, MeOH l l
Et Et
Et NH, Et NH,
N N o TiOH \ 7
/ —_—
/N TiOH 7\ \ N dioxane N
— dioxane — 93°C
HoN 93°C HoN

(+) )

Scheme 107.
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(01TA2909). The two anti-isomers were separated using chiral medium
pressure liquid chromatography (MPLC).

A new family of tacrine (THA) analogs 478-481 (03]ME1144), 482 (07H
(71)2249), 483 (07CCL636), and 484 (085C4369) containing the azahetero-
cyclic oxazolo, pyrazolo-[4,3-d]pyridine or pyrazolol[3,4-b][1,8Inaphthyri-
dine systems as isosteres of the quinoline ring of THA was reported
(Figure 26).

New 3-amino-2-selenophenecarbonitriles (485 when X = Se) (0851600)
or 3-amino-2-cyanothiophenes 485 when X = S (0751027, 08JHC853) were
condensed with cyclanones to afford, in one-step, tacrine analogs 486
under heating and MW irradiation (Scheme 108).

Kirsch prepared substituted 4-amino-5-cyano-1,3-thiazoles 487 and
used them successfully for the synthesis of new substituted [1,3]thiazolo

NH,
CN A
; X + or . X A
NH, O Y, N
R2 R2 n
X =S orSe n=0,1,2
(485) (486)

Scheme 108.
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NH,
CN A
S S X
+
ST L) e T
N ] MW N @
NH2 n N n
n=0,1,2
(487) (488), 77-98%
R = MeS-, PhNH-,CN—, o) N—>
_/
Scheme 109.

[4,5-e]pyridines 488 in one-step via Friedlander methodology under ther-
mal and MW conditions in good to high yields (Scheme 109) (08T9309).

11. CONCLUSIONS

Since 1882, numerous chemists have focused on the Friedlander annulation
as a straightforward method for the synthesis of azaheterocyclic com-
pounds. As has been emphasized, Friedlander method is a well-appreciated
tool for the generation of large libraries of related heterocyclic compounds
that are to be screened for pharmacological activity etc. This review has dealt
with the synthesis of quinolines, pyridines, campthotecines, acridines,
tacrines, phenanthrolines, naphthyridines, anthyridines, and anthrazoline
derivatives, including several other heterocyclic compounds.

NOT ADDED IN PROOF

After the submission of this manuscript the following references related to
Friedlander method have appeared in the literature (09ARK9, 09ARK2S,
09BKC3061, 09CJC1122, 09CR1028, 09CRE2652, 09H(78)1573, 091C6459,
091JB746, 09JCM649, 09JOM3215, 09M1195, 09M1343, (09MC303,
09MI241, 09MI867, 09MI1122, 09MI1448, 09MI1482, 0953819, 09SC3293,
095C3527, (09T2455, 0918524, 09TL5805, 10ARK305, 10BML3295,
10BSJ672, 10CPB212, 10EJM682, 10EJM2726, 10H(81)689, 10H(81)1923,
10HCA242, 10IJB253, 10JHC287, 10JOC1188, 10JOC3488, 10MI, 10MI95,
10MI100, 10MI137, 10MI140, 10MI875, 10MI1072, 10MI1180, 10MI1250,
10MI1842, 100BC1894, 10PSS319, 1051678, 105C120, 10SL2597, 10T7399,
10T7544, 10TL2342, 10CR1988, 10MI13, 10MI616, 100L5064, 10T9319,
10JOC7233, 10MI1430).



210

Morteza Shiri et al.

ACKNOWLEDGMENTS

We thank the Alzahra University and Bu-Ali Sina University, and the Elite
National Foundation (Iran) for financial support. Mr. Fitsum Tesfa is
thanked for his assistance with obtaining the references in electronic form
and Dr. Grant Boyle for proofreading the manuscript.

REFERENCES

1882CB2572 P. Friedlander, Chem. Ber., 15, 2572 (1882).

1883CB1833 P. Friedlander and C.F. Gohring, Chem. Ber., 16, 1833 (1883).

1892CB1752 J. Eliasberg and P. Friedlander, Chem. Ber., 25, 1752 (1892).

1903CB1027 F. Ullmann and A. Fetvadjian, Chem. Ber., 36, 1027 (1903).

21HCAS807 A.P. Smirnoff, Helv. Chim. Acta., 4, 807 (1921).

25]CS1493 J.M. Gulland and R. Robinson, J. Chem. Soc., 1493 (1925).

28RZ(C325 A. Musierowicz, S. Niementowski, and Z. Tomasik, Rocz. Chem., 8, 325
(1928).

28RZC345 Z. Tomasik, Rocz. Chem., 8, 345 (1928).

34]J1C427 K.S. Narang, ].N. Ray, and A. Singh, J. Indian Chem. Soc., 11, 427 (1934).

46CR808 P. Gagniant and A. Deluzarche, C. R. Hebd. Seances Acad. Sci., 223, 808
(1946).

46]JA1810 R.E. Lutz, ].F. Codington, R.J. Rowlett, A.J. Deinet, and P.S. Bailey, J. Am.
Chem. Soc., 68, 1810 (1946).

49CB41 H. Henecka, Chem. Ber., 82, 41 (1949).

49]CS670 N.P. Buuhoi, J. Chem. Soc., 670 (1949).

49]CS2577 B.R. Brown, J. Chem. Soc., 2577 (1949).

50CB78 W. Borsche and F. Sell, Chem. Ber., 83, 78 (1950).

50JCS395 K. Schofield and R.S. Theobald, J. Chem. Soc., 395 (1950).

50JCS1146 N.P. Buuhoi, J. Chem. Soc., 1146 (1950).

51JCS2871 N.P. Buuhoi, J. Chem. Soc., 2871 (1951).

51JCS2992 K. Schofield and R.S. Theobald, J. Chem. Soc., 2992 (1951).

53JCS3914 D.W. Ockenden and K. Schofield, J. Chem. Soc., 3914 (1953).

54JA596 H.E. Baumgarten, H.C.F. Su, and A.L. Krieger, . Am. Chem. Soc., 76, 596
(1954).

55]A2438 H.E. Baumgarten and A.L. Krieger, J. Am. Chem. Soc., 77, 2438 (1955).

550556 L.I. Smith and J.W. Opie, Org. Synth., 3, 56 (1955).

56JCS1045 V. Oakes, R. Pascoe, and H.N. Rydon, J. Chem. Soc., 1045 (1956).

56MI315 A. Lacassagne, N.P. Buuhoi, R. Daudel, and F. Zajdela, Adv. Cancer Res., 4,
315 (1956).

57]A1502 H.E. Baumgarten and J.L. Saylor, ]. Am. Chem. Soc., 79, 1502 (1957).

57J0C138 H.E. Baumgarten and K.C. Cook, J. Org. Chem., 22, 138 (1957).

58JOC1996 E.A.Fehnel, J.A. Deyrup, and M.B. Davidson, J. Org. Chemn., 23,1996 (1958).

60CIL1871 R.A. Abramovitch, R.T. Coutts, and N.J. Pound, Chem. Ind. (London)., 1871
(1960).

60JCS1370 A. Albert and F. Reich, J. Chem. Soc., 1370 (1960).

62]CS632 M.W. Partridge and H.J. Vipond, J. Chem. Soc., 632 (1962).

64]CS3062 R.C. Cookson, E. Crundwell, R.R. Hill, and J. Hudec, ]. Chem. Soc., 3062
(1964).

66JME161 R.T. Parfitt, ]. Med. Chem., 9, 161 (1966).

66]JOC315 E.M. Hawes and D.G. Wibberle, J. Chem. Soc. (C)., 315 (1966).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 21

66JOC2899 E.A. Fehnel, |. Org. Chem., 31, 2899 (1966).

66JOC3852 E.A. Fehnel and D.E. Cohn, . Org. Chem., 31, 3852 (1966).

66JPR298 G. Kempter and G. Mobius, . Prakt. Chem., 34, 298 (1966).

67CB3664 H. Bredereck, G. Simchen, and H. Traut, Chem. Ber., 100, 3664 (1967).

67]CS213 N.P. Buuhoi, J. Chem. Soc., 213 (1967).

67JHC565 E.A. Fehnel, ]. Heterocycl. Chem., 4, 565 (1967).

67KGS250 N.V. Dudykina and V.A. Zagorevskii, Khim. Geterotsikl. Soedin., 250 (1967).

68JHC313 T.L. Chan and J. Hamer, . Heterocycl. Chem., 5, 313 (1968).

69AGE765 E. Breitmaier and E. Bayer, Angew. Chem. Int. Ed., 8, 765 (1969).

69BSB289 J.P. Osselaer, ].V. Dejardin, and M. Dejardin, Bull. Soc. Chim. Belg., 78, 289
(1969).

69MM?286 W. Bracke, Macromolecules., 2, 286 (1969).

6912275 M. Shamma and L. Novak, Tetrahedron., 25, 2275 (1969).

70T5907 E. Breitmaier, S. Gassenman, and E. Bayer, Tetrahedron., 26, 5907 (1970).

71JA4074 G. Stork and A.G. Schultz, J. Am. Chem. Soc., 93, 4074 (1971).

71JA5576 R. Volkmann, S. Danishef, J. Eggler, and D.M. Solomon, J. Am. Chem. Soc.,
93, 5576 (1971).

71JCS3551 L.H. Zalkow, ].B. Nabors, K. French, and S.C. Bisarya, J. Chem. Soc., 3551
(1971).

71ZC61 G. Kempter and P. Klug, Z. Chem., 11, 61 (1971).

72JA3631 M.C. Wani, M.E. Wall, G.A. Brine, H.F. Campbell, and ].A. Kepler, ]. Am.
Chem. Soc., 94, 3631 (1972).

73CCC3862 P. Jacquignon, A. Croisy, A. Ricci, and D. Balucani, Collect. Czech. Chem.
Commun., 38, 3862 (1973).

73CRV385 A.G. Schultz, Chem. Rev., 73, 385 (1973).

73JHC77 T. Kametani, H. Takeda, F. Satoh, and S. Takano, . Heterocycl. Chem., 10,77
(1973).

73]J0C449 A. Walser, A. Szente, and J. Hellerba, J. Org. Chem., 38, 449 (1973).

74JHC151 E.M. Hawes and D.K.J. Gorecki, ]. Heterocycl. Chem., 11, 151 (1974).

74JOC720 T.G. Majewicz and P. Caluwe, . Org. Chem., 39, 720 (1974).

74JOC1765 D.L. Coffen and F. Wong, J. Org. Chem., 39, 1765 (1974).

74]JOC3430 S. Danishefsky and S.J. Etheredge, J. Org. Chem., 39, 3430 (1974).

75CR381 A. Decormeille, G. Queguiner, and P. Pastour, Compt. Rend., 280, 381
(1975).

75JHC725 K.V. Rao, J. Heterocycl. Chem., 12, 725 (1975).

75JHC731 K.V. Rao and P. Venkateswarlu, . Heterocycl. Chem., 12, 731 (1975).

75JHC737 A. Walser, T. Flynn, and R.I. Fryer, J. Heterocycl. Chem., 12, 737 (1975).

75JOC796 S. Danishefsky, T.A. Bryson, and J. Puthenpurayil, J. Org. Chem., 40, 796
(1975).

75J0C1438 G. Evens and P. Caluwe, J. Org. Chem., 40, 1438 (1975).

75JOC2566 P. Caluwe and T.G. Majewicz, ]. Org. Chem., 40, 2566 (1975).

75]0C3407 T.G. Majewicz and P. Caluwe, J. Org. Chem., 40, 3407 (1975).

75PSA2233 Y. Imai, E.F. Johnson, T. Katto, M. Kurihara, and J.K. Stille, . Polym. Sci.,
Part A., 13,2233 (1975).

76JHC387 A. Decormeille, F. Guignant, G. Queguiner, and P. Pastour, |. Heterocycl.
Chem., 13, 387 (1976).

76]JOC1058 T.G. Majewicz and P. Caluwe, J. Org. Chem., 41, 1058 (1976).

76MM489 J.E. Wolfe and J.K. Stille, Macromolecules., 9, 489 (1976).

76MM496 S.0. Norris and J.K. Stille, Macromolecules., 9, 496 (1976).

76MM505 W. Wrasidlo and J.K. Stille, Macromolecules., 9, 505 (1976).

76MM512 W. Wrasidlo, S.O. Norris, J.F. Wolfe, T. Katto, and J].K. Stille,

Macromolecules., 9, 512 (1976).



212 Morteza Shiri et al.

77CR459
77HC(32)1

77]C(P1)1822
77JHC685
77]0C232
77J0C3410
77]PR589
77T2383

78JHC927

78]0C121
79]JOC531
79JHC1241
79MM803
80JME554

805677
80T2359
80TL4485

81AGE208
81JHC649
81JHC925

81MM486
81MM493
81MMS870
81T1047
82JHC1289
820R37
82TL1613
83CHE753
83JHC1539

84ACP268
84CHEC

84JOC2208

85]0C2407
85J0C3824

85]0C666
85]0C5782

85MM321
85MM2669
86I1C1675

A.Godard, D. Brunet, G. Queguiner, and P. Pastour, Compt. Rend., 284, 459
(1977).

J. Jones, The Chemistry of Heterocyclic Compounds. Quinolines. John Wiley &
Sons, New York Vol. 32, Part 1 (1977).

R. Pellicciari and B. Natalini, . Chem. Soc., Perkin Trans., 1, 1822 (1977).

R.P. Thummel and D.K. Kohli, J. Heterocycl. Chem., 14, 685 (1977).

S. Hibino and S.M. Weinreb, J. Org. Chem., 42, 232 (1977).

P. Caluwe and T.G. Majewicz, J. Org. Chem., 42, 3410 (1977).

G. Kempter, D. Rehbaum, and J. Schirmer, J. Prakt. Chem., 319, 589 (1977).

J. Mispelter, A. Croisy, P. Jacquignon, A. Ricci, C. Rossi, and F. Schiaffela,
Tetrahedron., 33, 2383 (1977).

R. Pellicciari, B. Natalini, A. Ricci, G. Alunnibistocchi, and G. Demeo,
J. Heterocycl. Chem., 15, 927 (1978).

D. Kim and S.M. Weinreb, J. Org. Chem., 43, 121 (1978).

T.G. Majewicz and P. Caluwe, ]. Org. Chem., 44, 531 (1979).

K.V. Rao and H.S. Kuo, J. Heterocycl. Chem., 16, 1241 (1979).

G. Evens and P. Caluwe, Macromolecules., 12, 803 (1979).

M.C. Wani, P.E. Ronman, ].T. Lindley, and M.E. Wall, ]. Med. Chem., 23, 554
(1980).

D.A. Walsh, Synthesis., 677 (1980).

P. Caluwe, Tetrahedron., 36, 2359 (1980).

F. Nivoliers, A. Decormeille, A. Godard, and G. Queguiner, Tetrahedron
Lett., 21, 4485 (1980).

H. Eckert, Angew. Chem. Int. Ed., 20, 208 (1981).

D.J. Park, T.D. Fulmer, and C.F. Beam, J. Heterocycl. Chem., 18, 649 (1981).

H.E. Baumgarten, R.P. Barkley, SH.L. Chiu, and R.D. Thompson,
J. Heterocycl. Chem., 18, 925 (1981).

J.K. Stille, R.M. Harris, and S.M. Padaki, Macromolecules., 14, 486 (1981).

P.D. Sybert, W.H. Beever, and J.K. Stille, Macromolecules., 14, 493 (1981).

J.K. Stille, Macromolecules., 14, 870 (1981).

C.R. Hutchinson, Tetrahedron., 37, 1047 (1981).

A. Godard and G. Queguiner, J. Heterocycl. Chem., 19, 1289 (1982).

C.C. Cheng and S.J. Yan, Org. React., 28, 37 (1982).

R. Hayes and O. Methcohn, Tetrahedron Lett., 23, 1613 (1982).

J.C. Cai and C.R. Hutchinson, Chem. Heterocycl. Compd., 25, 753 (1983).

D. Tomasik, P. Tomasik, and R.A. Abramovitch, ]. Heterocycl. Chem., 20,
1539 (1983).

J.M. Quintela and J.L. Soto, Ann. Chim., 80, 268 (1984).

J. Jones, “Comprehensive Heterocyclic Chemistry” (A.R. Katritzky and
C.W. Rees, eds.), Pergamon Press, New York (1984).

R.P. Thummel, F. Lefoulon, D. Cantu, and R. Mahadevan, J. Org. Chem., 49,
2208 (1984).

R.P. Thummel and Y. Jahng, J. Org. Chem., 50, 2407 (1985).

R.P. Thummel, F. Lefoulon, and R. Mahadevan, |. Org. Chem., 50, 3824
(1985).

R.P. Thummel and F. Lefoulon, ]. Org. Chem., 50, 666 (1985).

D.L. Boger, S.R. Duff, ].S. Panek, and M. Yasuda, ]. Org. Chem., 50, 5782
(1985).

E.K. Zimmermann and ].K. Stille, Macromolecules., 18, 321 (1985).

D.M. Sutherlin and ].K. Stille, Macromolecules., 18, 2669 (1985).

R.P. Thummel, F. Lefoulon, D. Williamson, and M. Chavan, Inorg. Chem.,
25, 1675 (1986).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 213

86JC(P1)1225 C. Upton, J. Chem. Soc., Perkin Trans., 1, 1225 (1986).

86JHC689 R.P. Thummel, Y. Decloitre, and F. Lefoulon, J. Heterocycl. Chem., 23, 689
(1986).

86]JME1080 J.R. Piper, G.S. McCaleb, J.A. Montgomery, R.L. Kisliuk, Y. Gaumont, and
F.M. Sirotnak, J. Med. Chem., 29, 1080 (1986).

86]JME1553 M.E. Wall, M.C. Wani, S.M. Natschke, and A.W. Nicholas, |]. Med. Chem.,
29, 1553 (1986).

87JME1774 M.C. Wani, A.W. Nicholas, G. Manikumar, and M.E. Wall, . Med. Chem.,
30, 1774 (1987).

86JME2358 M.C. Wani, A.W. Nicholas, and M.E. Wall, . Med. Chem., 29, 2358 (1986).

86JP6110588 A. Nohara, H. Sugihara, and K. Ugawa, Japan patent, JP6110588 (1986).

86M1I1104 S.X.Liu, Y.J. Gao, and G.J. Jiang, Chem. ]. Chin. Univ. (Chin.)., 7, 1104 (1986).

87MM258 S.E. Tunney, ]. Suenaga, and ].K. Stille, Macromolecules., 20, 258 (1987).

87TL3319 R.P. Thummel and J.L. Lim, Tetrahedron Lett., 28, 3319 (1987).

88JA3673 T.W. Bell and J. Liu, . Am. Chem. Soc., 110, 3673 (1988).

88JA7894 R.P. Thummel, C. Hery, D. Williamson, and F. Lefoulon, ]. Am. Chem. Soc.,
110, 7894 (1988).

88TL6681 A.P. Marchand, P. Annapurna, J.L. Flippenanderson, R. Gilardi, and
C. George, Tetrahedron Lett., 29, 6681 (1988).

89CC281 A.P. Marchand, P. Annapurna, W.H. Watson, and A. Nag]l, J. Chem. Soc.,
Chem. Commun., 281 (1989).

89CPB2253 A. Ejima, H. Terasawa, M. Sugimori, S. Ohsuki, K. Matsumoto, Y. Kawato,
and H. Tagawa, Chem. Pharm. Bull., 37, 2253 (1989).

89JHC105 L. Estel, F. Linard, F. Marsais, A. Godard, and G. Queguiner, J. Heterocycl.
Chem., 26, 105 (1989).

89TL2639 A. Ejima, H. Terasawa, M. Sugimori, and H. Tagawa, Tetrahedron Lett., 30,
2639 (1989).

90AGE931 T.W. Bell and ]. Liu, Angew. Chem., 102, 931 (1990).

90CCL101 M.Z. Piao, Y.Z. Jin, and Z.T. Jin, Chin. Chem. Lett., 2, 101 (1990).

90JC(P1)27 A. Ejima, H. Terasawa, M. Sugimori, and H. Tagawa, |. Chem. Soc., Perkin
Trans., 1,27 (1990).

90JME972 A.W. Nicholas, M.C. Wani, G. Manikumar, M.E. Wall, KW. Kohn, and
Y. Pommier, |. Med. Chem., 33, 972 (1990).

90J]OC4744 J.A. Turner, J. Org. Chem., 55, 4744 (1990).

90MI532 W. Chen and G.J. Jiang, Chem. |. Chin. Univ. (Chin.)., 2, 532 (1990).

90MM2418 M.W. Pelter and ].K. Stille, Macromolecules., 23, 2418 (1990).

9072445 R. Antkowiak, W.Z. Antkowiak, and G. Czerwinski, Tetrahedron., 46, 2445
(1990).

90T5077 A.P.Marchand, P. Annapurna, R.W. Taylor, D.L. Simmons, W.H. Watson,
A. Nagl, ].L. Flippenanderson, R. Gilardi, and C. George, Tetrahedron.,
46, 5077 (1990).

90TL3485 A.C. Veronese, R. Callegari, and S.A.A. Salah, Tetrahedron Lett., 31, 3485
(1990).

91AJC481 G. Argiropoulos, L.W. Deady, and M. Dorkos, Aust. . Chem., 44, 481
(1991).

91CM765 A K. Agrawal, S.A. Jenekhe, H. Vanherzeele, and J.S. Meth, Chem. Mater., 3,
765 (1991).

91CPB3183 S.Sawada, S. Matsuoka, K. Nokata, H. Nagata, T. Furuta, T. Yokokura, and
T. Miyasaka, Chem. Pharm. Bull., 39, 3183 (1991).

91JHC1301 F. Gatta, M. Pomponi, and M. Marta, J. Heterocycl. Chem., 28, 1301 (1991).

91J1B213 P. Mehta, Y. Kumar, A K. Saxena, A K. Gulati, H.K. Singh, and N. Anand,

Indian |. Chem., Sect. B., 30, 213 (1991).



214 Morteza Shiri et al.

91JME98

91JME367

91J0C1492
91J0C7288
91MI1164

91MM6806
91T6851
92CJOCS5
92CM95
92CPB683

92JA4010
92JC(P1)1747

92JOC3780
92L.A203

925C1773
92JPC2837

92MI1
92MIil
92MI77
92SL1
93AJC987
93CM633
93H(36)1387

93]ME2689

93JOC611
93JOC1666
93JOC6625

93JCE322
93LA1269

93MI85
93MM895
94AF809

W.D. Kingsbury, J.C. Boehm, D.R. Jakas, K.G. Holden, S.M. Hecht,
G. Gallagher, M.J. Caranfa, F.L. McCabe, L.F. Faucette, R.K. Johnson,
and R.P. Hertzberg, |. Med. Chem., 34, 98 (1991).

D.R. Sliskovic, J.A. Picard, W.H. Roark, B.D. Roth, E. Ferguson,
B.R. Krause, R.S. Newton, C. Sekerke, and M.K. Shaw, |. Med. Chem.,
34,367 (1991).

J.C. Lim, S. Chirayil, and R.P. Thummel, . Org. Chem., 56, 1492 (1991).

LS. Cho, LY. Gong, and J.M. Muchowski, J. Org. Chem., 56, 7288 (1991).

S. Negoro, M. Fukuoka, N. Masuda, M. Takada, Y. Kusunoki, K. Matsui,
N. Takifuji, S. Kudoh, H. Niitani, and T. Taguchi, J. Natl. Cancer Inst., 83,
1164 (1991).

A K. Agrawal and S.A. Jenekhe, Macromolecules., 24, 6806 (1991).

R.P. Thummel, Tetrahedron., 47, 6851 (1991).

M.Z. Piao, Y.Z. Jin, and Z.T. Jin, Chin. J. Org. Chem. (Chin.)., 12, 85 (1992).

A K. Agrawal and S.A. Jenekhe, Chem. Mater., 4, 95 (1992).

A. Ejima, H. Terasawa, M. Sugimori, S. Ohsuki, K. Matsumoto, Y. Kawato,
M. Yasuoka, and H. Tagawa, Chem. Pharm. Bull., 40, 683 (1992).

T.J. Murray and S.C. Zimmerman, J. Am. Chem. Soc., 114, 4010 (1992).

G. Mehta, C. Prabhakar, N. Padmaja, and M.A. Viswamitra, J. Chem. Soc.,
Perkin Trans., 1, 1747 (1992).

F. Gelin and R.P. Thummel, . Org. Chem., 57, 3780 (1992).

I.C. Ivanov, S.K. Karagiosov, and M.F. Simeonov, Liebigs Ann. Chem., 203
(1992).

T.H. Tong and H.N.C. Wong, Synth. Commun., 22, 1773 (1992).

A K. Agrawal, S.A. Jenekhe, H. Vanherzeele, and J.S. Meth, J. Phys. Chem.,
96, 2837 (1992).

W. Tang and G. Eisenbrand, Chinese Drugs of Plant Origin. Springer,
New York (1992).

K.A. Kim, S.Y. Park, Y.J. Kim, N. Kim, S.I. Hong, and H. Sasabe, ]. Appl.
Polym. Sci., 46, 1 (1992).

M.Z. Piao, Y.Z. Jin, and Z.T. Jin, Huaxue Yu Nianhe., 2, 77 (1992).

R.P. Thummel, Synlett., 1-12 (1992).

Q.P. Chen and L.W. Deady, Aust. J. Chem., 46, 987 (1993).

A K. Agrawal and S.A. Jenekhe, Chem. Mater., 5, 633 (1993).

M.D. Blanco, C. Avendano, N. Cabezas, and J.C. Menendez, Heterocycles.,
36, 1387 (1993).

M.E. Wall, M.C. Wani, A.W. Nicholas, G. Manikumar, C. Tele, L. Moore,
A. Truesdale, P. Leitner, and J.M. Besterman, J. Med. Chem., 36, 2689
(1993).

W. Shen, C.A. Coburn, W.G. Bornmann, and S.J. Danishefsky, J. Org.
Chem., 58, 611 (1993).

R.P. Thummel, S. Chirayil, C. Hery, ].L. Lim, and T.L. Wang, J. Org. Chem.,
58, 1666 (1993).

E.E. Fenlon, T.J. Murray, M.H. Baloga, and S.C. Zimmerman, |. Org. Chem.,
58, 6625 (1993).

B.D. Foy, R.A. Smudde, and W.F. Wood, J. Chem. Educ., 70, 322 (1993).

H. Maruoka, K. Yamagata, and M. Yamazaki, Liebigs Ann. Chem., 1269
(1993).

M.Z. Piao, Y.Z. Jin, and Z.T. Jin, Youji Huaxue., 13, 85 (1993).

A K. Agrawal and S.A. Jenekhe, Macromolecules., 26, 895 (1993).

D. Heber, M. Verborg, and K. Mohr, Arzneim.-Forsch./Drug Res., 44-2, 809
(1994).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 215

94BMC1397 H.K. Wang, S.Y. Liu, KM. Hwang, G. Taylor, and K.H. Lee, Bioorg. Med.
Chem., 2, 1397 (1994).

94CJOC626 D.Q. Yang, YJ. Gao, and G.J. Jiang, Chin. |. Org. Chem. (Chin.)., 14, 626 (1994).

94CPB2518 T. Yaegashi, S. Sawada, H. Nagata, T. Furuta, T. Yokokura, and
T. Miyasaka, Chem. Pharm. Bull., 42, 2518 (1994).

94EJM205 F. Aguado, A. Badia, J.E. Banos, F. Bosch, C. Bozzo, P. Camps, J. Contreras,

M. Dierssen, C. Escolano, D.M. Gorbig, D. Munoztorrero, M.D. Pujol,
M. Simon, M.T. Vazquez, and N.M. Vivas, Eur. . Med. Chem., 29, 205

(1994).

94JCM268 S. Grivas and E. Ronne, J. Chem. Res. (S)., 268 (1994).

94JME2129 M.P. Maguire, K.R. Sheets, K. McVety, A.P. Spada, and A. Zilberstein,
J. Med. Chem., 37, 2129 (1994).

94JME3033 M. Sugimori, A. Ejima, S. Ohsuki, K. Uoto, I. Mitsui, K. Matsumoto,

Y. Kawato, M. Yasuoka, K. Sato, H. Tagawa, and H. Terasawa, |. Med.
Chem., 37, 3033 (1994).

94JOC823 E. Taffarel, S. Chirayil, and R.P. Thummel, J. Org. Chem., 59, 823 (1994).

94JOC7033 L. Snyder, W. Shen, W.G. Bornmann, and S.J. Danishefsky, J. Org. Chem.,
59, 7033 (1994).

94MI1272 LD. Parker, Q. Pei, and M. Marrocco, Appl. Phys. Lett., 65, 1272 (1994).

945C1363 E. Ronne, K. Olsson, and S. Grivas, Synth. Commun., 24, 1363 (1994).

94T10685 C.Y.Hung, T.L. Wang, Z.Q. Shi, and R.P. Thummel, Tetrahedron., 50, 10685
(1994).

95ACS361 S. Lindstrom, Acta Chim. Scand., 49, 361 (1995).

95BML2129 MR. Peel, M\W. Milstead, D.D. Sternbach, J.M. Besterman, P. Leitner,
B. Morton, M.E. Wall, and M.C. Wani, Bioorg. Med. Chem. Lett., 5,2129 (1995).

95CJOC99 Y.J. Ou, J.J. Wang, and G.F. Han, Chin. ]. Org. Chem. (Chin.)., 15, 99 (1995).

95H(41)1001 J.M. Quintela, J. Vilar, C. Peinador, C. Veiga, and V. Ojea, Heterocycles., 41,
1001 (1995).

95JHC1373 M.Z. Piao and K. Imafuku, J. Heterocycl. Chem., 32, 1373 (1995).

95]ME395 M.J. Luzzio, .M. Besterman, D.L. Emerson, M.G. Evans, K. Lackey,
P.L. Leitner, G. McIntyre, B. Morton, P.L. Myers, M. Peel, ].M. Sisco,
D.D. Sternbach, W.Q. Tong, A. Truesdale, D.E. Uehling, A. Vuong, and
J. Yates, . Med. Chem., 38, 395 (1995).

95]ME1106 D.E. Uehling, S.S. Nanthakumar, D. Croom, D.L. Emerson, P.P. Leitner,
M.J. Luzzio, G. McIntyre, B. Morton, S. Profeta, J. Sisco, D.
D. Sternbach, W.Q. Tong, A. Vuong, and ].M. Besterman, ]. Med.
Chem., 38, 1106 (1995).

95J0OC2912 L. Pendrak, R. Wittrock, and W.D. Kingsbury, J. Org. Chem., 60,2912 (1995).

95JOC3365 C.A. Merlic, S. Motamed, and B. Quinn, J. Org. Chem., 60, 3365 (1995).

95JOC7369 D.L. Boger and J.H. Chen, J. Org. Chem., 60, 7369 (1995).

95MI1 M. Potmesil and H. Pinedo, Camptothecins: New Anticancer Agents.
CRC Press, Boca Raton (1995).

95T635 T.J. Murray, S.C. Zimmerman, and S.V. Kolotuchin, Tetrahedron., 51, 635
(1995).

95T12277 A.C.Veronese, R. Callegari, and C.F. Morelli, Tetrahedron., 51, 12277 (1995).

96CHEC2 MK. Balasubramanian and ].G. Keay, “Comprehensive Heterocyclic

Chemistry,” 2nd edn. (A.R. Katritzky, CW. Rees and E.F.V. Scriven,
eds.), Pergamon Press, Oxford (1996).

96CM579 A K. Agrawal and S.A. Jenekhe, Chem. Mater., 8, 579 (1996).
96CM607 T.A. Chen, AK.Y.Jen, and Y.M. Cai, Chem. Mater., 8, 607 (1996).
96H(43)53 J.M. Quintela, RM. Arcas, C. Veiga, C. Peinador, J. Vilar, and V. Ojea,

Heterocycles., 43, 53 (1996).



216 Morteza Shiri et al.

96H(43)1073
96H(43)2139

961C5953

96JHC389
96JHC841

96]ME713
96JOC3017
96MI925
96T5867
96TLA655

97BMC1481

97BML3165
97CM409

97H(45)2089
971C5390

971C3133
97]C(P2)2099

97JME2910
97JME3516
97]J0C6588
97RCB122
97SL285
98AP52
98BMC427

98FA399
98I1C2145

98]A1218
98] A9092
98JFC221

98]ME1299
98]ME2308

98JPP475
98M1I40

M.C. Veiga, ]. M. Quintela, and C. Peinador, Heterocycles., 43, 1073 (1996).

I. Takeuchi, K. Asai, Y. Hamada, H. Masuda, H. Suezawa, M. Hirota,
Y. Kurono, and K. Hatano, Heterocycles., 43, 2139 (1996).

CY. Hung, T.L. Wang, Y.C. Jang, W.Y. Kim, RH. Schmehl, and
R.P. Thummel, Inorg. Chem., 35, 5953 (1996).

M.Z. Piao and K. Imafuku, ]. Heterocycl. Chem., 33, 389 (1996).

T. Mori, K. Imafuku, M.Z. Piao, and K. Fujimori, J. Heterocycl. Chem., 33, 841
(1996).

K. Lackey, D.D. Sternbach, D.K. Croom, D.L. Emerson, M.G. Evans,
P.L. Leitner, M.J. Luzzio, G. McIntyre, A. Vuong, J. Yates, and
J.M. Besterman, . Med. Chem., 39, 713 (1996).

E.C. Riesgo, X.Q. Jin, and R.P. Thummel, J. Org. Chem., 61, 3017 (1996).

J.L.Kim, S.Y. Park, S.I. Hong, and K.A. Kim, Polymer (Korea)., 20,925 (1996).

P. Camps, R. ElAchab, M. FontBardia, D. Gorbig, ]. Morral,
D. MunozTorrero, X. Solans, and M. Simon, Tetrahedron., 52,5867 (1996).

L. Strekowski, S.Y. Lin, H. Lee, and J.C. Mason, Tetrahedron Lett., 37, 4655
(1996).

K.F. Bastow, H.K. Wang, Y.C. Cheng, and K.H. Lee, Bioorg. Med. Chem., 5,
1481 (1997).

A. Martinez-Grau and J.L. Marco, Bioorg. Med. Chem. Lett., 7, 3165 (1997).

S.A.Jenekhe, X.J. Zhang, X.L. Chen, V.E. Choong, Y.L. Gao, and B.R. Hsieh,
Chem. Mater., 9, 409 (1997).

A.Czarny, H. Lee, M. Say, and L. Strekowski, Heterocycles., 45, 2089 (1997).

Y. Jahng, J. Hazelrigg, D. Kimball, E. Riesgo, F.Y. Wu, and R.P. Thummel,
Inorg. Chem., 36, 5390 (1997).

Y. Jahng, R.P. Thummel, and S.G. Bott, Inorg. Chem., 36, 3133 (1997).

C.E. Marjo, M.L. Scudder, D.C. Craig, and R. Bishop, J. Chem. Soc., Perkin
Trans., 2, 2099 (1997).

A. Cappelli, M. Anzini, S. Vomero, P.G. DeBenedetti, M.C. Menziani,
G. Giorgi, and C. Manzoni, J. Med. Chem., 40, 2910 (1997).

M.T. McKenna, G.R. Proctor, L.C. Young, and A.L. Harvey, ]. Med. Chem.,
40, 3516 (1997).

K.E. Henegar, S.W. Ashford, T.A. Baughman, J.C. Sih, and R.L. Gu, J. Org.
Chem., 62, 6588 (1997).

V.A. Dorokhov, O.G. Azarevich, V.S. Bogdanov, and L.S. Vasilev, Russ.
Chem. Bull., 46, 122 (1997).

J.I. Ubeda, M. Villacampa, and C. Avendano, Synlett., 285 (1997).

X. Zhang, A.S. Shetty, and S.A. Jenekhe, Acta Polym., 49, 52 (1998).

A. Badia, J.E. Banos, P. Camps, J. Contreras, D.M. Gorbig, D. Munoz-
Torrero, M. Simon, and N.M. Vivas, Bioorg. Med. Chem., 6, 427 (1998).

B. Kalluraya and S. Sreenivasa, Farmaco., 53, 399 (1998).

E.C.Riesgo, A. Credi, L. De Cola, and R.P. Thummel, Inorg. Chem., 37,2145
(1998).

D.L. Boger and ]J.Y. Hong, J. Am. Chem. Soc., 120, 1218 (1998).

S.V. Kolotuchin and S.C. Zimmerman, J. Am. Chem. Soc., 120, 9092 (1998).

H. Lee, A. Czarny, M.A. Battiste, and L. Strekowski, . Fluorine Chem., 91,
221 (1998).

A. Link and C. Kunick, J. Med. Chem., 41, 1299 (1998).

M. Sugimori, A. Ejima, S. Ohsuki, K. Uoto, I. Mitsui, Y. Kawato, Y. Hirota,
K. Sato, and H. Terasawa, . Med. Chem., 41, 2308 (1998).

M. Upton, M.L Jaeda, and C. Upton, J. Pharm. Pharmacol., 50, 475 (1998).

YJ. Liu, Y.J. Ding, and Y. Liu, Chem. Reag. (Chin.)., 20, 40 (1998).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 217

98RCM796 M. Hadden and P.J. Stevenson, J. Chem. Res. (S)., 796 (1998).

9851176 J.I. Ubeda, M. Villacampa, and C. Avendano, Synthesis., 1176 (1998).

98T7947 L. Strekowski, S.Y. Lin, H. Lee, Z.Q. Zhang, and J.C. Mason, Tetrahedron.,
54, 7947 (1998).

98TA835 P. Camps, J. Contreras, M. Font-Bardia, J. Morral, D. Munoz-Torrero, and
X. Solans, Tetrahedron: Asymmetry., 9, 835 (1998).

98TA2285 A.Imura, M. Itoh, and A. Miyadera, Tetrahedron: Asymmetry., 9, 2285 (1998).

99BKC1200 Y.D. Jahng and ]J.G. Park, Bull. Korean Chem. Soc., 20, 1200 (1999).

99CM27 Y. Liu, H. Ma, and A.K.Y. Jen, Chem. Mater., 11, 27 (1999).

99CM2218 H. Ma, AKY. Jen, J.Y. Wu, XM. Wu, S. Liu, C.F. Shu, L.R. Dalton,
S.R. Marder, and S. Thayumanavan, Chem. Mater., 11, 2218 (1999).

99CPB993 A. Baba, A. Mori, T. Yasuma, S. Unno, H. Makino, and T. Sohda, Chem.
Pharm. Bull., 47, 993 (1999).

99H(50)479 M. Suzuki, K. Tanikawa, and R. Sakoda, Heterocycles., 50, 479 (1999).

99H(51)1883 Z.Z.Ma, Y. Hano, T. Nomura, and Y.J. Chen, Heterocycles., 51, 1883 (1999).

991C5620 F.Y. Wu, E. Riesgo, A. Pavalova, R.A. Kipp, RH. Schmehl, and
R.P. Thummel, Inorg. Chem., 38, 5620 (1999).

99]M(C2201 M. Liu, Y.Q. Liu, R.C. Urian, H. Ma, and A K.Y. Jen, J. Mater. Chem., 9,
2201 (1999).

99]JME3227 P. Camps, R. El Achab, D.M. Gorbig, J. Morral, D. Munoz-Torrero,

A. Badia, J.E. Banos, N.M. Vivas, X. Barril, M. Orozco, and F.J. Luque,
J. Med. Chem., 42, 3227 (1999).

99JME3527 S. Ananthan, H.S. Kezar, R.L. Carter, S.K. Saini, K.C. Rice, J.L. Wells,
P. Davis, H. Xu, CM. Dersch, EJ. Bilsky, F. Porreca, and
R.B. Rothman, J. Med. Chem., 42, 3527 (1999).

99MM2065 J.L. Kim, H.N. Cho, J.K. Kim, and S.I. Hong, Macromolecules., 32, 2065
(1999).

99MM7422 X.J. Zhang, A.S. Shetty, and S.A. Jenekhe, Macromolecules., 32, 7422 (1999).

99PB511 J.L. Kim, J.K. Kim, and S.I. Hong, Polym. Bull., 42, 511 (1999).

9951335 J.I. Ubeda, M. Villacampa, and C. Avendano, Synthesis., 1335 (1999).

99S5C1665 G. Chelucci and R.P. Thummel, Synth. Commun., 29, 1665 (1999).

995C4223 X.Y. Bu and L.W. Deady, Synth. Commun., 29, 4223 (1999).

995C4403 G. Sabitha, R.S. Babu, B.V.S. Reddy, and ].S. Yadav, Synth. Commun., 29,
4403 (1999).

99T5449 J.S. Yadav, S. Sarkar, and S. Chandrasekhar, Tetrahedron., 55, 5449 (1999).

99T12637 M.D. Blanco, C. Avendano, and J.C. Menendez, Tetrahedron., 55, 12637
(1999).

99TL2723 T.R. Kelly, S. Chamberland, and R.A. Silva, Tetrahedron Lett., 40, 2723 (1999).

99TL4097 M.D. Blanco, J.A. de la Fuente, C. Avendano, and J.C. Menendez,
Tetrahedron Lett., 40, 4097 (1999).

99TL7311 F.Y. Wy, E.C. Riesgo, R.P. Thummel, A. Juris, M. Hissler, A. El-ghayoury,
and R. Ziessel, Tetrahedron Lett., 40, 7311 (1999).

99TPS127 J.S. Kelly, Trends Pharmacol. Sci., 20, 127 (1999).

99WO32100 O. Nishimura, H. Sawada, N. Kanzaki, K. Kuroshima, M. Shiraishi,
Y. Aramaki, and M. Baba, W(09932100 (1999).

00AJC143 X.Y. Bu, L.W. Deady, and W.A. Denny, Aust. |. Chem., 53, 143 (2000).

00BMC2461 J. Chen, L.W. Deady, J. Desneves, A.]. Kaye, G.J. Finlay, B.C. Baguley, and
W.A. Denny, Bioorg. Med. Chem., 8, 2461 (2000).

00BP497 J.Y. Chang, X. Guo, H.X. Chen, Z.L. Jiang, Q. Fu, H.K. Wang, K.F. Bastow,
XK. Zhu, J. Guan, K.H. Lee, and Y.C. Cheng, Biochem. Pharmacol., 59, 497
(2000).

00GC87 J.M. Jennings, T.A. Bryson, and ].M. Gibson, Green Chem., 2, 87 (2000).



218

00IC3590
00JFC281
00JMC4657
00JOC8415
00MM2069
00MM5880
00TL3523
01BMC727
01BMC2727

01CC2576
01CJSC567

01EJO863
011C3413

011C5851
01JME4733

01JOC400
01MI1
00MI423
01MM3607
01MM6249
01MM7315
010L1101

010L1109
015C1573

01TA2909
02AP347

02ASJC1303
02BMC2077

02CJOC275

Morteza Shiri et al.

A. Juris, L. Prodi, A. Harriman, R. Ziessel, M. Hissler, A. El-ghayoury,
F.Y. Wu, E.C. Riesgo, and R.P. Thummel, Inorg. Chem., 39, 3590 (2000).

L. Strekowski, A. Czarny, and H. Lee, ]. Fluorine Chem., 104, 281 (2000).

P. Camps, R. El Achab, J. Morral, D. Munoz-Torrero, A. Badia, J.E. Banos,
N.M. Vivas, X. Barril, M. Orozco, and F.J. Luque, ]. Med. Chem., 43, 4657
(2000).

LW. Davies, J.F. Marcoux, E.G. Corley, M. Journet, D.W. Cai, M. Palucki,
J. Wu, R.D. Larsen, K. Rossen, P.J. Pye, L. DiMichele, P. Dormer, and
P.J. Reider, J. Org. Chem., 65, 8415 (2000).

X.J. Zhang and S.A. Jenekhe, Macromolecules., 33, 2069 (2000).

J.L. Kim, J.K. Kim, HN. Cho, D.Y. Kim, C.Y. Kim, and SI. Hong,
Macromolecules., 33, 5880 (2000).

T.A. Bryson, ].M. Jennings, and ].M. Gibson, Tetrahedron Lett., 41, 3523
(2000).

J.L. Marco, C. de los Rios, M.C. Carreiras, J.E. Banos, A. Badia, and
N.M. Vivas, Bioorg. Med. Chem., 9, 727 (2001).

M. Suzuki, H. Iwasaki, Y. Fujikawa, M. Kitahara, M. Sakashita, and
R. Sakoda, Bioorg. Med. Chem., 9, 2727 (2001).

C.S. Cho, B.T. Kim, T.J. Kim, and S.C. Shim, Chem. Commun., 2576 (2001).

C.Y. Liu, D.Q. Yang, and C.H. Huang, Chin. J. Synth. Chem. (Chin.)., 9, 567
(2001).

C.E. Marjo, R. Bishop, D.C. Craig, and M.L. Scudder, Eur. ]. Org. Chem., 863
(2001).

E.C. Riesgo, Y.Z. Hu, F. Bouvier, R.P. Thummel, D.V. Scaltrito, and
G.J. Meyer, Inorg. Chem., 40, 3413 (2001).

C. Bonnefous, A. Chouai, and R.P. Thummel, Inorg. Chem., 40, 5851 (2001).

P. Camps, E. Gomez, D. Munoz-Torrero, A. Badia, N.M. Vivas, X. Barril,
M. Orozco, and F.J. Luque, J. Med. Chem., 44, 4733 (2001).

S. Gladiali, G. Chelucci, M.S. Mudadu, M.A. Gastaut, and R.P. Thummel,
J. Org. Chem., 66, 400 (2001).

R.P. Thummel, 2-Aminonicotinaldehyde. Encyclopedia of Reagents for Organic
Synthesis. John Wiley & Sons, Ltd (2001).

G. Chelucci, G.A. Pinna, A. Saba, and G. Sanna, ]. Mol. Catal., A: Chem., 159,
423 (2000).

S. Concilio, P.M. Pfister, N. Tirelli, C. Kocher, and U.W. Suter,
Macromolecules., 34, 3607 (2001).

L.D. Lu and S.A. Jenekhe, Macromolecules., 34, 6249 (2001).

S.A. Jenekhe, L.D. Lu, and M.M. Alam, Macromolecules., 34, 7315 (2001).

Y. Hsiao, N.R. Rivera, N. Yasuda, D.L. Hughes, and P.J. Reider, Org. Lett.,
3, 1101 (2001).

H. Amii, Y. Kishikawa, and K. Uneyama, Org. Lett., 3, 1109 (2001).

N.R. Rivera, Y. Hsiao, J.A. Cowen, C. McWilliams, J. Armstrong,
N. Yasuda, and D.L. Hughes, Synth. Commun., 31, 1573 (2001).

P. Camps, E. Gomez, D. Munoz-Torrero, and M. Arno, Tetrahedron:
Asymmetry., 12, 2909 (2001).

J.L. Marco, C. de los Rios, M.C. Carreiras, J.E. Banos, A. Badia, and
N.M. Vivas, Arch. Pharm., 335, 347 (2002).

G.A. Prakash, N.S. Kumar, and S.P. Rajendran, Asian |. Chem., 14, 1303 (2002).

C. de los Rios, J.L. Marco, M.D.C. Carreiras, P.M. Chinchon, A.G. Garcia,
and M. Villarroya, Bioorg. Med. Chem., 10, 2077 (2002).

D.Q. Yang, C.Y. Liu, H.P. Zeng, and C.H. Huang, Chin. J. Org. Chem., 22,
275 (2002).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 219

02CJOC672 D.Q. Yang, H.P. Zeng, F. Lii, L H. Wu, and L.J. Wen, Chin. ]. Org. Chem.
(Chin.)., 22, 672 (2002).

02CJSC154 D.Q. Yang, H.P. Zeng, L. Peng, and F. Lv, Chin. ]. Synth. Chem. (Chin.)., 10,
154 (2002).

02CM682 C.L. Chiang and C.F. Shu, Chem. Mater., 14, 682 (2002).

02EJO2120 T. Gerkensmeier, B. Decker, M. Schwertfeger, W. Buchheim, and J. Mattay,

Eur. ]. Org. Chem., 2120 (2002).
02H(57)1109 J.K. Son and Y. Jahng, Heterocycles., 57, 1109 (2002).

02IC3423 Y.Z. Hu, Q. Xiang, and R.P. Thummel, Inorg. Chem., 41, 3423 (2002).

02IJB215 K. Mogilaiah and N.V. Reddy, Indian . Chem., Sect. B., 41, 215 (2002).

02JA13757 Y.G. Ma, S.V. Kolotuchin, and S.C. Zimmerman, J. Am. Chem. Soc., 124,
13757 (2002).

02JA14092 T.W. Bell, A.B. Khasanov, and M.G.B. Drew, ]. Am. Chem. Soc., 124, 14092
(2002).

02JOC3425 L. Pouysegu, A.V. Avellan, and S. Quideau, J. Org. Chem., 67, 3425 (2002).

02JOC3502 S. Chackal, R. Houssin, and J.P. Henichart, J. Org. Chem., 67, 3502 (2002).

02JOC7884 B.S. Lee, ].H. Lee, and D.Y. Chi, |. Org. Chem., 67, 7884 (2002).

02JOC9449 B. Jiang and Y.G. Si, J. Org. Chem., 67, 9449 (2002).

02M1486 S.F. Hou, Y. Jiang, M.X. Ding, and L.X. Gao, Chem. ]. Chin. Univ. (Chin.).,
23, 486 (2002).

02MM2529 X.W. Zhan, Y.Q. Liu, X. Wu, S.A. Wang, and D.B. Zhu, Macromolecules., 35,
2529 (2002).

02NPR742 J.P. Michael, Nat. Prod. Rep., 19, 742 (2002).

020L1253 D. Brown, S. Muranjan, Y.C. Jang, and R. Thummel, Org. Lett., 4, 1253
(2002).

02PSA1831 T.S. Lee, C. Yang, J.L. Kim, ] K. Lee, W.H. Park, and Y. Won, J. Polym. Sci.,
Polym. Chem. Part A., 40, 1831 (2002).

02RCB1545 V.A. Dorokhov, A.V. Vasilyev, S.V. Baranin, O.V. Afanas’ev, and
A.S. Vorushilov, Russ. Chem. Bull., 51, 1545 (2002).

02RCB1875 A.V. Komkov and V.A. Dorokhov, Russ. Chem. Bull., 51, 1875 (2002).

025323 S.B. Mhaske and N.P. Argade, Synthesis., 323 (2002).

02SL.2077 A.Perzyna, R. Houssin, D. Barbry, and J.P. Henichart, Synlett., 2077 (2002).

02TA227 J.L. Vasse, V. Levacher, J. Bourguignon, and G. Dupas, Tetrahedron:
Asymmetry., 13, 227 (2002).

02TL1835 S. Dallavalle and L. Merlini, Tetrahedron Lett., 43, 1835 (2002).

03BMC1851 H. Ohtsu, Y. Nakanishi, K.F. Bastow, F.Y. Lee, and K.H. Lee, Bioorg. Med.
Chem., 11, 1851 (2003).

03CJOC466 J.J. Wang, R.N. Liu, J.G. Yin, XR. Wu, Y. Zhao, and G .]. Jiang, Chin. ]. Org.
Chem., 23, 466 (2003).

03E]J12774 L. Chouai, F.Y. Wu, Y.C. Jang, and R.P. Thummel, Eur. |. Inorg. Chem., 2774
(2003).

03E]J13547 D. Brown, S. Muranjan, and R.P. Thummel, Eur. J. Inorg. Chem., 3547 (2003).

03EJM265 J.M. Quintela, C. Peinador, L. Gonzalez, R. Iglesias, A. Parama, F. Alvarez,
M.L. Sanmartin, and R. Riguera, Eur. |. Med. Chem., 38, 265 (2003).

03GC177 T.A. Bryson, ].M. Gibson, J.J. Stewart, H. Voegtle, A. Tiwari, ].H. Dawson,
W. Marley, and B. Harmon, Green Chem., 5, 177 (2003).

031JB1170 K. Mogilaiah and G.R. Sudhakar, Indian J. Chem., Sect. B., 42, 1170 (2003).

03JA13548 CJ. Tonzola, M.M. Alam, W. Kaminsky, and S.A. Jenekhe, J. Am. Chem.
Soc., 125, 13548 (2003).

03JHC45 N. Malecki, R. Houssin, J.P. Henichart, D. Couturier, F. Petra, L. Legentil,

and B. Rigo, J. Heterocycl. Chem., 40, 45 (2003).
03JHC601 K.E. Henegar and T.A. Baughman, ]. Heterocycl. Chem., 40, 601 (2003).



220

03]ME1144

03]OC467
03]0C9371

03MI518
030L1455

030L1605

030L1765
030L2251
030L3061
030L4257
035C3131
03SL203
03T4911

03T8649
03TL255

04AFF510

04BMC1585
04BMC1667

04BMC2199

04BML5377
04CCL1170
04CJC1192
04CJC461
04CJOC366
041C6195
04JHC1039
04]ME2574
04JME3665

04JNP273
04JOC1565

04]JOC1959

Morteza Shiri et al.

E.J. Barreiro, C.A. Camara, H. Verli, L. Brazil-Mas, N.G. Castro,
W.M. Cintra, Y. Aracava, C.R. Rodrigues, and C.A.M. Fraga, . Med.
Chem., 46, 1144 (2003).

P.G. Dormer, K.K. Eng, RN. Farr, G.R. Humphrey, J.C. McWilliams,
P.J. Reider, ] W. Sager, and R.P. Volante, ]. Org. Chem., 68, 467 (2003).
S.S. Palimkar, S.A. Siddiqui, T. Daniel, R.J. Lahoti, and K.V. Srinivasan,

J. Org. Chem., 68, 9371 (2003).

J.L. Marco and M.C. Carreiras, Mini-Rev. Med. Chem., 3, 518 (2003).

J. Ichikawa, Y. Wada, H. Miyazaki, T. Mori, and H. Kuroki, Org. Lett., 5,
1455 (2003).

B.K. Mehta, K. Yanagisawa, M. Shiro, and H. Kotsuki, Org. Lett., 5, 1605
(2003).

W. Du and D.P. Curran, Org. Lett., 5, 1765 (2003).

Y.Z. Hu, D. Zhang, and R.P. Thummel, Org. Lett., 5, 2251 (2003).

C. Patteux, V. Levacher, and G. Dupas, Org. Lett., 5, 3061 (2003).

B.R. McNaughton and B.L. Miller, Org. Lett., 5, 4257 (2003).

K. Mogilaiah and C.S. Reddy, Synth. Commun., 33, 3131 (2003).

A. Arcadi, M. Chiarini, S. Di Giuseppe, and F. Marinelli, Synlett., 203 (2003).

J.L. Vasse, V. Levacher, ]. Bourguignon, and G. Dupas, Tetrahedron., 59,
4911 (2003).

W. Du, Tetrahedron., 59, 8649 (2003).

S.J. Song, S.J. Cho, D.K. Park, T.W. Kwon, and S.A. Jenekhe, Tetrahedron
Lett., 44, 255 (2003).

ES.A. Aly, M.A. Abdo, and A.A. El-Gharably, Afinidad., 61, 510 (2004).

J.T. Craig, N.J. Rahier, and S.M. Hecht, Bioorg. Med. Chem., 12, 1585 (2004).

T. Fryatt, H.I. Pettersson, W.T. Gardipee, K.C. Bray, S.J. Green,
AM.Z. Slawin, H.D. Beall, and C.J. Moody, Bioorg. Med. Chem., 12,
1667 (2004).

J.L. Marco, C. de los Rios, A.G. Garcia, M. Villarroya, M.C. Carreiras,
C. Martins, A. Eleuterio, A. Morreale, M. Orozco, and F.J. Luque,
Bioorg. Med. Chem., 12, 2199 (2004).

G. Manikumar, R.M. Wadkins, D. Bearss, D.D. Von Hoff, M.C. Wani, and
M.E. Wall, Bioorg. Med. Chem. Lett., 14, 5377 (2004).

X.Y. Zhang, X.S. Fan, J.J. Wang, and Y.Z. Li, Chin. Chem. Lett., 15, 1170
(2004).

J. Wang, X. Fan, X. Zhang, and L. Han, Can. J. Chem., 82, 1192 (2004).

J.M. Muchowski and M.L. Maddox, Can. |. Chem., 82, 461 (2004).

D.Q. Yang, F. Lu, and W. Guo, Chin. |. Org. Chem., 24, 366 (2004).

RF. Zong, F. Naud, C. Segal, J. Burke, F.Y. Wu, and R. Thummel, Inorg.
Chem., 43, 6195 (2004).

G. Karthikeyan and P.T. Perumal, J. Heterocycl. Chem., 41, 1039 (2004).

A. Cappelli, G.L. Mohr, A. Gallelli, M. Rizzo, M. Anzini, S. Vomero,
L. Mennuni, F. Ferrari, F. Makovec, M.C. Menziani, P.G. De Benedetti,
and G. Giorgi, . Med. Chem., 47, 2574 (2004).

S. Catoen-Chackal, M. Facompre, R. Houssin, N. Pommery, J.F. Goossens,
P. Colson, C. Bailly, and J.P. Henichart, ]. Med. Chem., 47, 3665 (2004).

K.H. Lee, J. Nat. Prod., 67, 273 (2004).

M.C. Yan, Z]. Tu, C.C. Lin, S.K. Ko, ].M. Hsu, and C.F. Yao, . Org. Chem.,
69, 1565 (2004).

N. Yasuda, Y. Hsiao, M.S. Jensen, N.R. Rivera, C.H. Yang, K. M. Wells,
J. Yau, M. Palucki, L.S. Tan, P.G. Dormer, R.P. Volante, D.L. Hughes,
and P.J. Reider, J. Org. Chem., 69, 1959 (2004).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 221

04MI315 T. Vandana and K.J.R. Prasad, Indian ]. Heterocycl. Chem., 13, 315 (2004).

04M1I1339 X.Y. Zhang, XS. Fan, ].J. Wang, and Y.Z. Li, J. Chin. Chem. Soc., 51, 1339 (2004).

04012433 P.J. Manley and M.T. Bilodeau, Org. Lett., 6, 2433 (2004).

0452381 J.S. Yadav, B.V.S. Reddy, P. Sreedhar, R.S. Rao, and K. Nagaiah, Synthesis.,
2381 (2004).

04SC109 V. Bailliez, L. El Kaim, and V. Michaut, Synth. Commun., 34, 109 (2004).

04SL963 J.S. Yadav, B.V.S. Reddy, and K. Premalatha, Synlett., 963 (2004).

04TA3919 S. Leleu, C. Papamicael, F. Marsais, G. Dupas, and V. Levacher,
Tetrahedron: Asymmetry., 15, 3919 (2004).

04TL6029 K. Motokura, T. Mizugaki, K. Ebitani, and K. Kaneda, Tetrahedron Lett., 45,
6029 (2004).

04TL7247 J.R. Yu, J. DePue, and D. Kronenthal, Tetrahedron Lett., 45, 7247 (2004).

05BKC1286 C.S. Cho, W.X. Ren, and S.C. Shim, Bull. Korean Chem. Soc., 26, 1286 (2005).

05BKC2038 C.S. Cho, W.X. Ren, and S.C. Shim, Bull. Korean Chem. Soc., 26,2038 (2005).

05BP911 P. Ornaghi, D. Rotili, G. Sbardella, A. Mai, and P. Filetici, Biochem.
Pharmacol., 70, 911 (2005).

05CL314 P. Arumugam, G. Karthikeyan, R. Atchudan, D. Muralidharan, and
P.T. Perumal, Chem. Lett., 34, 314 (2005).

05COR141 V.V.Kouznetsov, L.Y.V. Mendez, and C.M.M. Gomez, Curr. Org. Chem., 9,
141 (2005).

05H(65)1121 N. Desbois, J.M. Chezal, F. Fauvelle, J.C. Debouzy, C. Lartigue,
A. Gueiffier, Y. Blache, E. Moreau, ].C. Madelmont, O. Chavignon,
and J.C. Teulade, Heterocycles., 65, 1121 (2005).

05H(65)2369 M. Bjork and S. Grivas, Heterocycles., 65, 2369 (2005).

05H(65)2777 A FM.M. Rahman, Y. Kwon, and Y. Jahng, Heterocycles., 65, 2777 (2005).

051C8733 T. Bark and R.P. Thummel, Inorg. Chem., 44, 8733 (2005).

051JB1649 Y K. Agrawal and H.M. Joshipura, Indian ]. Chem., Sect. B., 44, 1649 (2005).

05JCD354 Y.Z. Hu, M.H. Wilson, RF. Zong, C. Bonnefous, D.R. McMillin, and
R.P. Thummel, J. Chem. Soc., Dalton Trans., 354 (2005).

05JHC1219 C.S. Cho, HJ. Seok, and S.C. Shim, . Heterocycl. Chem., 42, 1219 (2005).

05JHC1311 M.N. Jachak, A.B. Avhale, C.D. Tantak, R.B. Toche, C. Reidlinger, and
W. Stadlbauer, J. Heterocycl. Chem., 42, 1311 (2005).

05]ME2134 D. Mabire, S. Coupa, C. Adelinet, A. Poncelet, Y. Simonnet, M. Venet,

R. Wouters, A.S.J. Lesage, L. Van Beijsterveldt, and F. Bischoff, ]. Med.
Chem., 48, 2134 (2005).

05M1374 J.I. Ubeda, M. Villacampa, and C. Avendano, Lett. Org. Chem., 2, 374
(2005).

05MM6915 B. Huang, J. Li, Z.Q. Jiang, ].G. Qin, G. Yu, and Y.Q. Liu, Macromolecules.,
38, 6915 (2005).

05012989 R.J. Anderson, G.B. Raolji, A. Kanazawa, and A.E. Greene, Org. Lett., 7,
2989 (2005).

05RCB784 A.V.Komkov, I.P. Yakovlev, and V.A. Dorokhov, Russ. Chem. Bull., 54, 784
(2005).

055L.2653 J. Wy, L. Zhang, and T.N. Diao, Synlett., 2653 (2005).

05T7916 T. Brunin, J.P. Henichart, and B. Rigo, Tetrahedron., 61, 7916 (2005).

05T10081 H. Ban, M. Muraoka, and N. Ohashi, Tetrahedron., 61, 10081 (2005).

05TL767 G. Chelucci, A. Manca, and G.A. Pinna, Tetrahedron Lett., 46, 767 (2005).

05TL1647 S.K. De and R.A. Gibbs, Tetrahedron Lett., 46, 1647 (2005).

05TL3493 G. Chelucci and G. Orru, Tetrahedron Lett., 46, 3493 (2005).

05TL3683 R. Martinez, G.J. Brand, D.J. Ramon, and M. Yus, Tetrahedron Lett., 46, 3683
(2005).

05TL4539 K. Taguchi, S. Sakaguchi, and Y. Ishii, Tetrahedron Lett., 46, 4539 (2005).



222

05TL7249
05TL7817
05UK739
06ARK24
06ARK198

06H(68)549
061]B302

06JIB1051
06]1B2749
06IC10131

06JCSI199
06JHC101
06JHC1379

06]JOC167

06M181
06MI253

06MI289

060BC104
060BC126
060BC407

060BC3757

0653825
06T3959

06T8988
06T9365
06TA1529
06TL813
06TL1059
06TL6781
06TL8811

07ASC1047
07CCL636

07CJA1
07CL79

07EJO1599
07H(71)2003

Morteza Shiri et al.

J.S. Yadav, P.P. Rao, D. Sreenu, R.S. Rao, V.N. Kumar, K. Nagaiah, and
A.R. Prasad, Tetrahedron Lett., 46, 7249 (2005).

M. Medebielle, S. Hohn, E. Okada, H. Myoken, and D. Shibata, Tetrahedron
Lett., 46, 7817 (2005).

A.L. Rusanov, L.G. Komarova, M.P. Prigozhina, and D.Y. Likhatchev,
Usp. Khim., 74, 739 (2005).

A. Mai, D. Rotili, P. Ornaghi, F. Tosi, C. Vicidomini, G. Sbardella,
A. Nebbioso, L. Altucci, and P. Filetici, Arkivoc., viii, 24 (2006).

U.V. Desai, S.D. Mitragotri, T.S. Thopate, D.M. Pore, and
P.P. Wadgaonkar, Arkivoc., xv, 198 (2006).

D.S. Bose and R.K. Kumar, Heterocycles., 68, 549 (2006).

K. Mogilaiah, M. Prashanthi, and S. Kavitha, Indian ]. Chem., Sect. B., 45, 302
(2006).

K. Mogilaiah and J.U. Rani, Indian |. Chem., Sect. B., 45, 1051 (2006).

K. Mogilaiah and B. Sakram, Indian . Chem., Sect. B., 45, 2749 (2006).

A. Kukrek, D. Wang, Y. Hou, R. Zong, and R. Thummel, Inorg. Chem., 45,
10131 (2006).

M.K. Chaudhuri and S. Hussain, J. Chem. Sci., 118, 199 (2006).

M. Bjork and S. Grivas, |. Heterocycl. Chem., 43, 101 (2006).

N.P. Selvam, C. Saravanan, D. Muralidharan, and P.T. Perumal,
J. Heterocycl. Chem., 43, 1379 (2006).

R.F. Zong, D. Wang, R. Hammitt, and R.P. Thummel, J. Org. Chem., 71, 167
(2006).

A. Shaabani, E. Soleimani, and Z. Badri, Monatsh. Chem., 137, 181 (2006).

M.A. Zolfigol, P. Salehi, A. Ghaderi, M. Shiri, and Z. Tanbakouchian,
J. Mol. Catal., A: Chem., 259, 253 (2006).

C.S. Jia and G.W. Wang, Lett. Org. Chem., 3, 289 (2006).

C.S.Jia, Z. Zhang, S.J. Tu, and G.W. Wang, Org. Biomol. Chem., 4,104 (2006).

J. Wu, H.G. Xia, and K. Gao, Org. Biomol. Chem., 4, 126 (2006).

M. Babjak, A. Kanazawa, R.J. Anderson, and A.E. Greene, Org. Biomol.
Chem., 4, 407 (2006).

C.J. Tang, M. Babjak, R.J. Anderson, A.E. Greene, and A. Kanazawa,
Org. Biomol. Chem., 4, 3757 (2006).

R. Varala, R. Enugala, and S.R. Adapa, Synthesis., 3825 (2006).

T. Brunin, L. Legentil, ].P. Henichart, and B. Rigo, Tetrahedron., 62, 3959
(2006).

R. Martinez, D.J. Ramon, and M. Yus, Tetrahedron., 62, 8988 (2006).

F.T. Luo, V.K. Ravi, and C.H. Xue, Tetrahedron., 62, 9365 (2006).

G. Chelucci and S. Baldino, Tetrahedron: Asymmetry., 17, 1529 (2006).

D.S. Bose and R.K. Kumar, Tetrahedron Lett., 47, 813 (2006).

G.W. Wang, C.S. Jia, and Y.W. Dong, Tetrahedron Lett., 47, 1059 (2006).

C.S. Cho, W.X. Ren, and S.C. Shim, Tetrahedron Lett., 47, 6781 (2006).

G.C. Muscia, M. Bollini, J.P. Carnevale, A.M. Bruno, and S.E. Asis,
Tetrahedron Lett., 47, 8811 (2006).

L. Zhang and J. Wu, Adv. Synth. Catal., 349, 1047 (2007).

J.R.Li, L.J. Zhang, ].N. Chen, X.Q. Yang, L.]. Wang, X.F. Zhao, and J.X. Qiu,
Chin. Chem. Lett., 18, 636 (2007).

H. Bekolo and G. Kirsch, Can. J. Chem., 85, 1 (2007).

B. Das, K. Damodar, N. Chowdhury, and K. Suneel, Chem. Lett., 36, 796
(2007).

R. Martinez, D.J. Ramon, and M. Yus, Eur. J. Org. Chem., 1599 (2007).

A FM.M. Rahman and Y.D. Jahng, Heterocycles., 71, 2003 (2007).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 223

07H(71)2249 M.C. Carreiras, A. Eleuterio, C. Dias, M.A. Brito, D. Brites, J. Marco-
Contelles, and E. Gomez-Sanchez, Heterocycles., 71, 2249 (2007).

07H(71)2397 S.V. Ryabukhin, A.S. Plaskon, V.S. Naumchik, D.M. Volochnyuk,
S.E. Pipko, and A.A. Tolmachev, Heterocycles., 71, 2397 (2007).

07HAC650 A F.M.M. Rahman and Y. Jahng, Heteroatom Chem., 18, 650 (2007).

07JCM689 S.A. Abdel-Mohsen and A.A. Geies, J. Chem. Res. (S)., 689 (2007).

07JHC343 M.N. Jachak, A.B. Avhale, R.B. Toche, and R.W. Sabnis, |. Heterocycl. Chem.,
44, 343 (2007).

07JHC535 M.A. Khalilzadeh, A. Hosseini, and M. Tajbakhsh, J. Heterocycl. Chem., 44,
535 (2007).

07]1B1721 K. Mogilaiah and K. Vidya, Indian ]. Chem., Sect. B., 46, 1721 (2007).

07JME5439 RJ. Altenbach, H.Q. Liu, P.N. Banfor, K.E. Brownian, G.B. Fox, R M. Fryer,

V.A. Komater, KM. Krueger, K. Marsh, T.R. Miller, ].B. Pan, L.P. Pan,
M.H. Sun, C. Thiffault, J. Wetter, C. Zhao, D.L. Zhou, T.A. Esbenshade,
A.A. Hancock, and M.D. Cowart, J. Med. Chem., 50, 5439 (2007).

07J0OC8489 B.K. Chan and M.A. Ciufolini, J. Org. Chem., 72, 8489 (2007).

07JOM4182 C.S. Cho and W.X. Ren, J. Organomet. Chem., 692, 4182 (2007).

07M659 M. Dabiri, S.C. Azimi, and A. Bazgir, Monatsh. Chem., 138, 659 (2007).

07M1249 M. Dabiri, M. Baghbanzadeh, and M.S. Nikcheh, Monatsh. Chem., 138, 1249
(2007).

07MC25 G.V. Bodrin, P.S. Lemport, S.V. Matveev, P.V. Petrovskii, and
E.E. Nifant’ev, Mendeleev Commun., 17, 25 (2007).

07MCL159 K.W. Kim, M.S. Kim, B.S. Kim, S.J. Cho, D.K. Park, H.S. Woo, and
T.W. Kwon, Mol. Cryst. Lig. Cryst., 462, 159 (2007).

07MI114 M. Narasimhulu, T.S. Reddy, K.C. Mahesh, P. Prabhakar, C.B. Rao, and
Y. Venkateswarlu, J. Mol. Catal., A: Chem., 266, 114 (2007).

07MI1148 B. Das, K. Damodar, N. Chowdhury, and R.A. Kumar, J. Mol.Catal.,
A: Chem., 274, 148 (2007).

07M174 M. Shiri, Res. J. Chem. Environ., 11, 74 (2007).

07M1267 M.A. Zolfigol, P. Salehi, A. Ghaderi, and M. Shiri, J. Chin. Chem. Soc., 54,267
(2007).

07MI1279 S.J. Chandratre and Z.A. Filmwala, J. Dispersion Sci. Technol., 28,279 (2007).

07MI1214 M.A. Zolfigol, P. Salehi, A. Ghaderi, and M. Shiri, Catal. Commun., 8, 1214
(2007).

070BC61 A H. Li, E. Ahmed, X. Chen, M. Cox, A.P. Crew, H.Q. Dong, M.Z. Jin,

L.F. Ma, B. Panicker, K.W. Siu, A.G. Steinig, K.M. Stolz, P.A.R. Tavares,
B. Volk, Q.H. Weng, D. Werner, and M.J. Mulvihill, Org. Bionol. Chem., 5,
61 (2007).

07RCB1911 PS. Lemport, G.V. Bodrin, M.P. Pasechnik, A.G. Matveeva,
P.V. Petrovskii, A.V. Vologzhanina, and E.E. Nifant’Ev, Russ. Chem.
Bull., 56, 1911 (2007).

07RCB2293 A.V. Komkov and V.A. Dorokhov, Russ. Chem. Bull., 56, 2293 (2007).

0751027 D. Thomae, G. Kirsch, and P. Seck, Synthesis., 1027 (2007).

0751214 S.V. Ryabukhin, D.M. Volochnyuk, A.S. Plaskon, V.S. Naumchik, and
A.A. Tolmachev, Synthesis., 1214 (2007).

0753319 R. Akue-Gedu, P. Gautret, J.P. Lelieur, and B. Rigo, Synthesis., 3319 (2007).

0753891 AS. Degtyarenko, A.A. Tolmachev, YM. Volovenko, and
A.V. Tverdokhlebov, Synthesis., 3891 (2007).

075C629 A. Shaabani, E. Soleimani, and Z. Badri, Synth. Commun., 37, 629 (2007).

075C4071 S. Kumar, A. Saini, and J.S. Sandhu, Synth. Commun., 37, 4071 (2007).

075C4319 M.A. Pasha, K.A. Mahammed, and V.P. Jayashankara, Synth. Commun., 37,

4319 (2007).



224

077892
0772811

07T7654
07TL6014
07TL8392
08BKC1988
08BML2143
08CAL250
08CCL15

08COR1116
08CPB1049

08EJM2505

08E]JO1625
08EJO1811

08E]JO2693
08H(75)397

08H(75)871
08H(75)947

08H(75)2507
08H(75)2523

08H(79)2513
08HAC229

08IC990
08I/B753
08IJB1160
08JCM679
08JHCS53
08JICS490
08JMC2492

08JOC1975
08JOC2481

Morteza Shiri et al.

CS. Jia, Y.W. Dong, S.J. Tu, and G.W. Wang, Tetrahedron., 63, 892 (2007).

S. Atechian, N. Nock, R.D. Norcross, H. Ratni, A.W. Thomas, ]J. Verron,
and R. Masciadri, Tetrahedron., 63, 2811 (2007).

D.Q. Yang, K.L. Jiang, ].N. Li, and F. Xu, Tetrahedron., 63, 7654 (2007).

A. Nourry, S. Legoupy, and F. Huet, Tetrahedron Lett., 48, 6014 (2007).

M. Andaloussi, E. Moreau, O. Chavignon, and J.C. Teulade, Tetrahedron
Lett., 48, 8392 (2007).

A.FM. Motiur Rahman, D.H. Kim, J.L. Liang, E.-S. Lee, Y. Na, K.-Y. Jun,
Y. Kwon, and Y. Jahng, Bull. Korean Chem. Soc., 29, 1988 (2008).

F. Grillet, B. Baumlova, G. Prevost, J.F. Constant, S. Chaumeron, D.C.H.
Bigg, A.E. Greene, and A. Kanazawa, Bioorg. Med. Chem. Lett., 18, 2143
(2008).

A. Kiss, A. Potor, and Z. Hell, Catal. Lett., 125, 250 (2008).

J.R. Li, LJ. Zhang, X.Q. Yang, Q. Li, D. Wang, C.X. Wang, D.X. Shi, and
Q. Zhang, Chin. Chem. Lett., 19, 15 (2008).

S. Madapa, Z. Tusi, and S. Batra, Curr. Org. Chem., 12, 1116 (2008).

B. Das, M. Krishnaiah, K. Laxminarayana, and D. Nandankumar, Chem.
Pharm. Bull., 56, 1049 (2008).

M. Andaloussi, E. Moreau, N. Masurier, J. Lacroix, R.C. Gaudreault,
J.M. Chezal, A. El Laghdach, D. Canitrot, E. Debiton, J.C. Teulade,
and O. Chavignon, Eur. |. Med. Chem., 43, 2505 (2008).

H.V. Mierde, P. Van Der Voort, D. De Vos, and F. Verpoort, Eur. |. Org.
Chem., 1625 (2008).

C.L. Diedrich, D. Haase, W. Saak, and ]. Christoffers, Eur. ]. Org. Chem.,
1811 (2008).

B.Jiang,].J. Dong, Y. Jin, X.L. Du,and M. Xu, Eur. ]. Org. Chem., 2693 (2008).

M. Dabiri, M. Baghbanzadeh, and E. Arzroomchilar, Heterocycles., 75, 397
(2008).

A FM.M. Rahman and Y. Jahng, Heterocycles., 75, 871 (2008).

A.A. Mohammadi, J. Azizian, A. Hadadzahmatkesh, and
M.R. Asghariganjeh, Heterocycles., 75, 947 (2008).

A.FM.M. Rahman and Y.D. Jahng, Heterocycles., 75, 2507 (2008).

R. Enugala, S. Nuvvula, V. Kotra, R. Varala, and S.R. Adapa, Heterocycles.,
75, 2523 (2008).

K. Niknam, M.A. Zolfigol, and A. Dehghani, Heterocycles., 79, 2513 (2008).

D.Q. Yang, W. Guo, Y.P. Cai, L.S. Jiang, K.L. Jiang, and X.B. Wu, Heteroatom
Chem., 19, 229 (2008).

G. Zhang, R. Zong, HW. Tseng, and R.P. Thummel, Inorg. Chem., 47, 990
(2008).

D. Ramesh, C. Chandrashekhar, and V.P. Vaidya, Indian ]. Chem., Sect. B.,
47,753 (2008).

M.A. Pasha, V.P. Jayashankara, and K.A. Mahammed, Indian ]. Chem.,
Sect. B., 47, 1160 (2008).

P.P. Reddy, B.C. Raju, and J.M. Rau, J. Chem. Res. (S)., 679 (2008).

P. Seck, D. Thomae, and G. Kirsch, J. Heterocycl. Chem., 45, 853 (2008).

M.A. Zolfigol, P. Salehi, M. Shiri, T.F. Rastegar, and A. Ghaderi, J. Iran.
Chem. Soc., 5, 490 (2008).

R.H.]J. Hargreaves, C.L. David, L.J. Whitesell, D.V. LaBarbera, A. Jamil,
J.C. Chapuis, and E.B. Skibo, J. Med. Chem., 51, 2492 (2008).

F. Pin, S. Comesse, M. Sanselme, and A. Daich, J. Org. Chem., 73, 1975 (2008).

A. Petitjean, L.A. Cuccia, M. Schmutz, and ].M. Lehn, J. Org. Chem., 73,2481
(2008).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 225

08JOC9778 R. Martnez, L.D.J. Ramon, and M. Yus, J. Org. Chem., 73, 9778 (2008).

08M1I47 T. Zhou, J.L. Lin, and Z.C. Chen, Lett. Org. Chem., 5, 47 (2008).

08M1297 S.F. Alshahateet, R. Bishop, D.C. Craig, F. Kooli, and M.L. Scudder, Cryst.
Eng. Commun., 10, 297 (2008).

08MI839 J. Ashmore, R. Bishop, D.C. Craig, and M.L. Scudder, Cryst. Eng. Commun.,
10, 839 (2008).

08M1947 B.P. Bandgar, P.E. More, and V.T. Kamble, . Chin. Chem. Soc., 55, 947
(2008).

080L2159 H. Waldmann, G.V. Karunakar, and K. Kumar, Org. Lett., 10, 2159 (2008).

08RCB418 L.Y. Ukhin and E.G. Beluv, Russ. Chem. Bull., 57, 418 (2008).

0851600 D. Thomae, G. Kirsch, and P. Seek, Synthesis., 1600 (2008).
0852199 C.L. Diedrich, D. Haase, and J. Christoffer, Synthesis., 2199 (2008).
085C4369 LM. Rodrigues, CS. Francisco, AM.F. Oliveira-Campos, and
A M. Salaheldin, Synth. Commun., 38, 4369 (2008).
08SL.233 JR. Li, LJ. Zhang, D.X. Shi, Q. Li, D. Wang, C.X. Wang, Q. Zhang,
L. Zhang, and Y.Q. Fan, Synlett., 233 (2008).

08T2241 A. Nourry, S. Legoupy, and F. Huet, Tetrahedron., 64, 2241 (2008).

08T3446 A. Fenandez-Mato, G. Blanco, ].M. Quintela, and C. Peinador, Tetrahedron.,
64, 3446 (2008).

08T9309 D. Thomae, E. Perspicace, S. Hesse, G. Kirsch, and P. Seck, Tetrahedron., 64,
9309 (2008).

08TA2600 R. Martnez, L. Zoli, P.G. Cozzi, D.J. Ramon, and M. Yus, Tetrahedron:
Asymmetry., 19, 2600 (2008).

08TL5366 M. Dabiri, P. Salehi, M. Baghbanzadeh, and M.S. Nikcheh, Tetrahedron
Lett., 49, 5366 (2008).

08TL6893 H.V. Mierde, P. Van Der Voort, and F. Verpoort, Tetrahedron Lett., 49, 6893
(2008).

09ARK9 J. Quiroga, J. Trilleras, R. Abonia, B. Insuasty, M. Nogueras, J. Cobo, and J.
M. de la Torre, Arkivoc., 9 (2009).

09ARK28 S.S. Ibrahim, H.A. Allimony, A.M. Abdel-Halim, and M.A. Ibrahim,
Arkivoc., 28 (2009).

09BKC3061 W.J. Lee, ]. M. Chea, and Y. Jahng, Bull. Korean Chem. Soc., 30, 3061 (2009).

09BM(C4523 C. Ronco, G. Sorin, F. Nachon, R. Foucault, L. Jean, A. Romieu, and
P.Y. Renard, Bioorg. Med. Chem., 17, 4523 (2009).

09CJC1122 M. Hosseini-Sarvari, Can. |. Chem., 87, 1122 (2009).

09CJOC1 Y.H. Long, L.H. Liang, and D.Q. Yang, Chin. ]. Org. Chem., 29, 1 (2009).

09CR1028 S. Nagarajan and T.M. Das, Carbohyd. Res., 344, 1028 (2009).

09CRE213 R.P. Verma and C. Hansch, Chem. Rev., 109, 213 (2009).

09CRE2652 J. Marco-Contelles, E. Perez-Mayoral, A. Samadi, M.D. Carreiras, and
E. Soriano, Chem. Rev., 109, 2652 (2009).

09DP218 S. Liu, P. Jiang, G. Song, R. Liu, and H. Zhu, Dyes Pigments., 81, 218 (2009).

09H(78)487 H.M. Wang, R.S. Hou, H.T. Cheng, and L.C. Chen, Heterocycles., 78, 487
(2009).

09H(78)1573 J.M. Chea and Y. Jahng, Heterocycles., 78, 1573 (2009).

09H(79)411 J. Chiba, Y. Doi, and M. Inouye, Heterocycles., 79, 411 (2009).

091C6459 A.N. Singh and R.P. Thummel, Inorg. Chem., 48, 6459 (2009).

091JB746 M. Kidwai, V. Bansal, N.K. Mishra, and D. Bhatnagar, Indian ]. Chem. Sect.
B., 48, 746 (2009).

09JCM649 AM.K. El-Dean, G.A.A. Micky, A. Ahmed, and R.H. Ahmed, J. Chem. Res.
(S)., 649 (2009).

09JOC5715 V.Sridharan, P. Ribelles, M.T. Ramos, and ].C. Menendez, J. Org. Chem., 74,

5715 (2009).



226

09JOM3215
09M1195

09M1343
09MC303
09MI117

09M1241

09MI867

09MI1122
09MI1126
09M1I1448

09M1I1482
0953819

095C3293
09SC3527
09T587
09T2455
09T8524
09TL514
09TL1055
09TL5805
10ARK305
10BML3295
10BSJ672
10CPB212
10CR1988
10EJM682

10EJM2726

10H(81)689

10H(81)1923
10HCA242

Morteza Shiri et al.

C.S. Cho and W.X. Ren, J. Organomet. Chem., 694, 3215 (2009).

L.Q. Wu, C.G. Yang, B.X. Niu, and F.L. Yan, Monatsh. Chem., 140, 1195
(2009).

S. Sadjadi, S. Shiri, R. Hekmatshoar, and Y.S. Beheshtiha, Monatsh. Chem.,
140, 1343 (2009).

P.S. Lemport, G.V. Bodrin, A .I. Belyakov, P.V. Petrovskii, A.V. Vologzhanina,
and E.E. Nifantev, Mendeleev Commun., 19, 303 (2009).

C.S. Cho, W.X. Ren, and N.S. Yoon, |. Mol. Catal., A: Chem., 299, 117
(2009).

F. Dominguez-Fernandez, J. Lopez-Sanz, E. Perez-Mayoral, D. Bek,
R.M. Martin-Aranda, A.J. Lopez-Peinado, and ]. Cejka, Chemcatchem.,
1, 241 (2009).

J.L.Wu, R.S. Hou, H.M. Wang, L.]. Kang, and L.C. Chen, J. Chin. Chem. Soc.,
56, 867 (2009).

L.H. Wu and D.Q. Yang, Chin. |. Org. Chem., 29, 1122 (2009).

M. Dabiri and S. Bashiribod, Molecules., 14, 1126 (2009).

J.S. da Costa, D.S. Pisoni, C.B. da Silva, C.L. Petzhold, D. Russowsky, and
M.A. Ceschi, J. Braz. Chem. Soc., 20, 1448 (2009).

C.S. Cho, T.G. Kim, and H.W. Kim, Catal. Commun., 10, 1482 (2009).

M. Delot, P. Carato, C. Furman, A. Lemoine, N. Lebegue, P. Berthelot, and
S. Yous, Synthesis., 3819 (2009).

X.L. Zhang, Q.Y. Wang, S.R. Sheng, Q. Wang, and X.L. Liu, Synth.
Commun., 39, 3293 (2009).

M.A. Tbrahim, Synth. Commun., 39, 3527 (2009).

M. Shiri and M.A. Zolfigol, Tetrahedron., 65, 587 (2009).

T. Boisse, L. Gavara, J.P. Henichart, B. Rigo, and P. Gautret, Tetrahedron.,
65, 2455 (2009).

N.P. Selvam, T.H. Babu, and P.T. Perumal, Tetrahedron., 65, 8524 (2009).

S. Ghassamipour and A R. Sardarian, Tetrahedron Lett., 50, 514 (2009).

R. Ghorbani-Vaghei and S. Akbari-Dadamahaleh, Tetrahedron Lett., 50,
1055 (2009).

D.I Jung, ]. H. Song, EJ. Lee, Y.Y. Kim, D.H. Lee, Y.G. Lee, and J.T. Hahn,
Tetrahedron Lett., 50, 5805 (2009).

D.S. Raghuvanshi and K.N. Singh, Arkivoc., 305 (2010).

H.Q. Liu, R.J. Altenbach, G.J. Diaz, A.M. Manelli, R.L. Martin, T.R. Miller,
T.A. Esbenshade, ].D. Brioni, and M.D. Cowart, Bioorg. Med. Chem. Lett.,
20, 3295 (2010).

Y. Jahng and A. Rahman, Bull. Chem. Soc. Jap., 83, 672 (2010).

E. Soleimani, M.M. Khodaei, N. Batooie, and S. Samadi, Chem. Pharm. Bull.,
58, 212 (2010).

S. Nagarajan, P. Arjun, N. Raaman, and T.M. Das, Carbohyd. Res., 345, 1988
(2010).

K. Balamurugan, V. Jeyachandran, S. Perumal, T.H. Manjashetty,
P. Yogeeswari, and D. Sriram, Eur. |. Med. Chem., 45, 682 (2010).

L.J. Zhu, Z.Y. Miao, C.Q. Sheng, W. Guo, J.Z. Yao, W.F. Liu, X.Y. Che,
W.Y. Wang, P.F. Cheng, and W.N. Zhang, Eur. |. Med. Chem., 45, 2726
(2010).

R.S. Hou, HM. Wang, L]. Kang, H.D. Du, and L.C. Chen, Heterocycles., 81,
689 (2010).

W.T. Gao, X.P. Cheng, and Y. Li, Heterocycles., 81, 1923 (2010).

A.M. Salaheldin, A.M.F. Oliveira-Campos, P. Parpot, L.M. Rodrigues,
M.M. Oliveira, and F.P. Feixoto, Helv. Chim. Acta., 93, 242 (2010).



Friedlander Annulation in the Synthesis of Azaheterocyclic Compounds 227

101JB253 K. Mogilaiah, K.S. Kumar, and N.V. Reddy, Indian |. Chem. Sect. B., 49, 253
(2010).

10JHC287 R.B. Toche, D.C. Bhavsar, M.A. Kazi, SM. Bagul, and M.N. Jachak,
J. Heterocycl. Chem., 47, 287 (2010).

10JOC1188 S. Yamazaki, M. Takebayashi, and K. Miyazaki, J. Org. Chem., 75, 1188 (2010).

10JOC3488 H. Venkatesan, F.M. Hocutt, T.K. Jones, and M.H. Rabinowitz, J. Org.
Chem., 75, 3488 (2010).

10JOC7233 G. Borzsonyi, A. Alsbaiee, R.L. Beingessner, and H. Fenniri, J. Org. Chem.,
75, 7233 (2010).

10MI Y. Li and W. Gao, Beil. ]. Org. Chem., 6 (2010).

10MI13 B. Ramesh, K.S. Chowdary, and P K. Dubey, Indian ]. Heterocycl. Chem., 20,
13 (2010).

10MI95 T. Lee, D. Lee, LY. Lee, and Y.D. Gong, ]. Comb. Chem., 12, 95 (2010).

10MI100 D.S. Bose, M. Idrees, N.M. Jakka, and J.V. Rao, J. Comb. Chem., 12, 100
(2010).

10MI137 J. Akbari, A. Heydari, H.R. Kalhor, and S.A. Kohan, J. Comb. Chem., 12,137
(2010).

10MI140 S.L. Kitson, S. Jones, W. Watters, F. Chan, and D. Madge, J. Lab. Comp.
Radiopharm., 53, 140 (2010).

10MI616 L.Q. Wu, X.A. Wang, WW. Ma, and F.L. Yan, J. Chin. Chem. Soc., 57, 616
(2010).

10MI875 M.M. Heravi, N.M. Haj, B. Baghernejad, Y.S. Beheshtia, and
F.F. Bamoharram, E-J. Chem., 7, 875 (2010).

10MI1072 H.S. Wang and J.N. Zeng, Chin. ]. Org. Chem., 30, 1072 (2010).

10MI1180 L.H. Wu and D.Q. Yang, Chin. |. Org. Chem., 30, 1180 (2010).

10MI1250 L.Q. Wu, F.L. Yan, L.M. Yang, and C.G. Yang, Chin. |. Org. Chem., 30, 1250
(2010).

10MI1430 J. Lopez-Sanz, E. Perez-Mayoral, D. Prochazkova, R.M. Martin-Aranda,
and A.J. Lopez-Peinado, Top. Catal., 53, 1430 (2010).

10MI11842 S.F. Alshahateet, R. Bishop, D.C. Craig, and M.L. Scudder, Cryst. Growth
Design., 10, 1842 (2010).

100BC1894 M. Wurdemann and J. Christoffers, Org. Biomol. Chem., 8, 1894 (2010).

100L5064 L. Li and D. Seidel, Org. Lett., 12, 5064 (2010).

10PSS319 R. Ghorbani-Vaghei and S. Akbari-Dadamahaleh, Phosph. Sulfur Silicon.,
185, 319 (2010).

1051678 A.H. Li, DJ. Beard, H. Coate, A. Honda, M. Kadalbajoo, A. Kleinberg,

R. Laufer, KM. Mulvihill, A. Nigro, P. Rastogi, D. Sherman, K.W. Siu,
A.G. Steinig, T. Wang, D. Werner, A.P. Crew, and M.]. Mulvihill,
Synthesis., 1678 (2010).

105C120 D. Garella, A. Barge, D. Upadhyaya, Z. Rodriguez, G. Palmisano, and
G. Cravotto, Synth. Commun., 40, 120 (2010).

10SL.2597 S.Chauhan, R. Chakravarti, 5$.M.]. Zaidi, S.S. Al-Deyab, B.V. Subba Reddy,
and A. Vinu, Synlett., 2597 (2010).

10T7399 C. Ronco, L. Jean, and P.Y. Renard, Tetrahedron., 66, 7399 (2010).

10T7544 L. Gavara, T. Boisse, ]J.P. Henichart, A. Daich, B. Rigo, and P. Gautret,
Tetrahedron., 66, 7544 (2010).

10T9319 A.K. Nedeltchev, H. Han, and P.K. Bhowmik, Tetrahedron., 66,9319 (2010).

10TL2342 M. Barber, S. Bazzi, S. Cadamuro, and S. Dughera, Tetrahedron Lett., 51,

2342 (2010).



3

Organometallic Complexes
of Aminopyridines

Alexander P. Sadimenko

Contents

6.
7.
8.

Introduction

Derivatives of Pyridine and Benzannulated Pyridines with
Adjacent Amino Groups

2.1 Nontransition metals

2.2 Titanium group

2.3 Vanadium and chromium group

2.4 Manganese group

2.5 Iron group

2.6 Cobalt, nickel, and copper group

2.7 Rare earth metals

Di and Tri-2Pyridylamines

Derivatives of Pyridine and Benzannulated Pyridines with
Nonadjacent Amino Groups

Aminomethyl Derivatives

5.1 Nontransition metals and titanium group
5.2 Vanadium group

5.3 Chromium group

5.4 Manganese and iron group

5.5 Cobalt group

5.6 Nickel group

5.7 Copper group

5.8 Rare earth metals

Carboxamide Ligands

Conclusion

List of abbreviations

References

230
230

230
231
233
234
235
247
250
251
252

254
254
257
258
259
262
268
270
272
273
274
275
276

Department of Chemistry, University of Fort Hare, Alice 5701, Republic of South Africa

Advances in Heterocyclic Chemistry, Volume 102
ISSN 0065-2725, DOI 10.1016/B978-0-12-385464-3.00003-0

© 2011 Elsevier Inc.
All rights reserved

229


http://dx.doi.org/10.1016/B978-0-12-385464-3.00003-0

230 Alexander P. Sadimenko

1. INTRODUCTION

This chapter is a continuation of a short series on organometallic com-
pounds represented by the chelates of pyridine derivatives. In the first
part, the N(O,S,Se)-chelates were characterized (09AHC(98)225). Herein,
organometallic compounds of various amino derivatives of pyridine and
its benzannulated forms are considered. The range of ligands includes
2-amino- or 2,6-diaminoderivatives where the amino substituent(s) is/are
adjacent to the pyridine nitrogen heteroatom, 3- and 4-aminoderivatives,
di- and tri-2-pyridylamines, aminomethyl compounds, carboxamides, and
some specific ligands. Only organometallic compounds are considered,
those with a metal-carbon bond. A wide scope of coordination compounds
is omitted. Material for several ligand groups is systematized by periodic
groups, and in conclusion coordination modes are highlighted.

2. DERIVATIVES OF PYRIDINE AND BENZANNULATED
PYRIDINES WITH ADJACENT AMINO GROUPS

2.1 Nontransition metals

Deprotonation of (2,6-di-i-propylphenyl)(6-(2,4,6-tri-i-propylphenyl)pyri-
din-2-yl)amine and (2,6-di-i-propylphenyl)(6-(2,6-dimethylphenyl)pyri-
din-2-yl)amine using potassium hydride leads to crystalline organometal-
lic polymers of type 1 (R=R'=i-Pr; R=Me, R' = H) where the aryl
substituents also participate in coordination (04EJI3297). 2-
Pyridylaniline reacts with trimethylaluminum to yield [Me,AI(N(2-
CsH4N)Ph)] (01JCS(D)2838). The latter with (MesSi),NLi affords Li
[Me,; AI(N(SiMe3)2)(N(2-CsH4N)Ph)]. The reaction of t-butyl lithium with
[Me, AIIN(2-CsH4N)Ph)] in toluene gives [Lig(FH)(N(2-CsH,N)Ph), ] [Li
(Me,Al(t-Bup)o)l™ (99AGE3367). Zirconium complexes based on the
deprotonated amino ligands formed from isoquinoline and 2-amino-
naphthalene (L), [ZrL,(NMe,),l, with trimethylaluminum produce che-
lates 2 (R = Me, PhCH,, Ph) (040M5885). Lithium salt (2-CsH4N)(C¢Fs)
NLi and [Me;SbX,] (X =Cl, Br) give monoamides [Me;XSb(IN(C¢F5)(2-
C5sH4N))] or bis(amide) [Me;Sb(N(C4Fs)(2-CsH4N)),] where coordination
occurs via the imine nitrogen atom (07E]J15684).
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2.2 Titanium group

Reaction of [Ti(L)Cl,] (H,L is a biaryl-bridged aminopyridine) with
methylmagnesium bromide gives the dimethyl 3 (R = Me) (030M2972).
Dibenzyl 3 (R = CH,Ph) is prepared from H,L and [Ti(CH,Ph)4]. The
zirconium(IV) chloride complex of the deprotonated 4-methyl-2-((tri-
methylsilyl)amino)pyridine (LH) [Zr(n*(N,N)-L);Cl] reacts with methyl
lithium, phenyl lithium, and phenylethynyl lithium to give the s-alkyl,
-aryl, and -alkynyl [Zr(7*(N,N)-L);Mel, [Zr(*(N,N)-L);Phl, and [Zr(*(N,
N)-L);C=CPh], respectively (960M1071). In a similar way, [ZrL;(C=C-
C=CMe;Si)] and [ZrL;Me;] can be prepared (97CB789). N-Adamantyl-2-
aminopyridines (HL) readily form [ZrL,X,] (X=CH,Ph, CH,Bu-f)
(00CC2099). 2-Arylamino-6-methylpyridine with [Zr(CH;R)4] (R = Ph, ¢-
Bu) yields chelates 4 (04]JCS(D)2257). If in 2-arylaminopyridine Ar = 2,4,6-
Me;CeH; and X = CH,Ph, the product is [Zr(L);(CH,Ph)]. In contrast, with
X =CH,Bu-t, [Zr(L),(CH;Bu-t);] is formed. Similarly, pyridin-2-yl-
(1,2,3,4-tetrahydronaphthalene-1-yl)amine, 6-methylpyridin-2-yl-(1,2,3,4-
tetrahydronaphthalene-1-yl)amine, (1-phenylethylpyridin-2-yl)amine,
and (6-methylpyridin-2-yl)(1-phenylethyl)amine (HL) form [ZrL,R;]
(R = CH,Ph, CH,Bu-1), (04]JCS(D)4050). [IM(L)Y(CH,Ph);] (M = Zr, Hf, L is
a sterically demanding 2-aminopyridinate) is the result of the reaction
between 2-aminopyridines with tetrabenzyl zirconium or hafnium
(O8EJI5088). Further treatment of the products with B(C¢Fs); affords the
zwitter ionic dibenzyls where the phenyl ring of the B-bound benzyl group
is 71°-coordinated. Zirconium(IV) dichloride complexes of (2,6-di-i-propyl-
phenyl)-(6-(2,6-dimethylphenyl)pyridin-2-yl)amine and (2,6-di-i-propyl-
phenyl)-(6-(2,4,6-tri-i-propyl-phenyl)pyridin-2-yl)amine (LH), [ZrL,Cl,]
react with methyl lithium to yield alkyls 5 (R = Me, R' = H; R = R' = i-Pr)
(07JOM4569). With B(Cg¢Fs); and [PhNMe,H](B(C¢Fs),), cationic zirco-
nium-methyl 6 (X = MeB(CgFs)3, B(CsF5)4) result.
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Complex of 2-((diphenylphosphino)amido)pyridine (HL), [Ti(L)
(NEty)2] in the process of activation by methylalumoxane forms the tita-
nium-methyl cationic, for example, 7 (050M3255, 07]JCS(D)5623). 1,2-
Insertion of the double bond of phenylmethylenecyclopropane into the
Ti=N bond leads to azatitanacyclobutane 8 (050M5495). Titanium com-
plex [TiCLL,] (LH = 2-((2,6-di-i-propylphenyl)amido)pyridine) in magne-
sium in the presence of bis(trimethylsilyl)acetylene gives the alkyne 9
(08EJI2377). The latter inserts acetone in hexane to yield 10.
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Pyridine diamide ligands L [2,6-(RNCH,),NCsH;*~ (R = 2,6-di-i-pro-
pylphenyl, 2,6-dimethylphenyl) have been synthesized and give rise to the
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mono(alkyl) and bis(alkyl) complexes prepared from [LTiCl,] and various
Grignard reagents, for example, 11 (960M5085). Titanium complexes
bearing the pyridine diamide ligands [2,6-(RNCH,),NCsH3]*~ (R = 2,6-
di-i-propylphenyl, R =2,6-dimethylphenyl) have been synthesized.
Reduction of the dichloride precursors with sodium amalgam in the pres-
ence of alkynes yields titanacyclopentadienes 12 (R' = Ph, Et, n-Pr, SiMes)
(970M1491).
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ZERNER N—T{
= \CHZCMezPh = / R!
N~ R!
R R
11 12

2.3 Vanadium and chromium group

2-Aminopyridine and 2-amino-4,6-dimethylpyridine (HL) react with [(775—
CsH,4SiMe;3),NbH3] in tetrahydrofuran (THF) at elevated temperature to
yield complexes where the deprotonated aminopyridinate ligands are
n*(N,N)-coordinated [(1°-CsH,SiMe3)>,Nb(7*(N,N)-L)] (00ICA(300)131).
Niobium alkyne complexes, for example, 13, facilitate polymerization of
ethene in the presence of methylalumoxane as well as the selective
dimerization of 1-butene (98AGE3363, 03CRV283). Lithium salts of (4-
methylpyridin-2-yl)(trimethylsilyl)amine and (6—methy1£)yridin—2—yl)(tri—
methylsilyl)amine with pentabenzyltantalum afford 7 (IN,N,N)-coordi-
nated tribenzyltantalum(V) followed by toluene elimination (06E]J12683).
The lithium salt of (2,6-di-i-propylphenyl)(pyridin-2-yl)amine gives
such a product with tribenzyltantalum dichloride. [(5°-Cp),Mo(#>
(N,N)-2-NHNCsHyI(PFs) contains the deprotonated N,N-coordinated
2-aminopyridinato ligand (87JOM(320)53). 2-Aminopyridine with [W
(CO)5(THF)] gives [W(CO)5(2-NH;py)] coordinated via the pyridine nitro-
gen atom (01IC1993, 01ICC760) that can be deprotonated with sodium
hydride to yield a mixture of the dianionic dinuclear 14 and monoanionic
15 isolated as sodium salts. Photolysis of excess 2-aminopyridine and [W
(CO)6] in THF gives the nz(N,N)—coordinated chelate [W(CO),(2-NH,py)]
that can be deprotonated with sodium hydride to give Na[W(CO),
(2-NHpy)]. The latter with carbon dioxide in acetonitrile (AN) gives the
chelated carbamate in Na[W(CO)4(OC(O)-2-NHpy)]. 2,6-Diaminopyridine
enters into photolysis with [Cr(CO)4] in toluene to yield [Cr(CO)s(n'(N)-L)]
where coordination is via the nitrogen atom one of the amino groups
(04JOM2319).
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2.4 Manganese group

2-Aminopyridine (LH) with [(°-Cp),Mn] gives the hexanuclear amido
cage [(1-Cp)Mnslyl, (02CC2980). 2-Amino-6-methylpyridine reacts
with [Rez(p-H)3(CO)11(AN)] in refluxing toluene to produce dinuclear
16 (980OM5580). With [Res(p-H)4(CO)12] in refluxing 1,2-dichloroethane,
the trinuclear anionic cluster 17 is isolated as a triethylammonium
salt. Protonation of the product using (HOEt,)(BF,) then gives neutral
18 (00EJI1693). The same reaction but in the presence of triphenyl-
phosphine or tri(p-tolyl)phosphine also gives the neutral species 19 where
one of the CO ligands is substituted with PR; (R = Ph, p-Tol). Protonation
in the presence of an alkyne leads to the neutral alkynyl derivatives
20 (R=R'=Ph, Et; R=Ph, R'=H; R=H, R'=Ph). Compound 17
reacts with [Au(PPh3)]1(PFs) in THF to give two isolable heteronuclear
clusters 21 and 22 (000M2043).
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2.5 Iron group

2-Aminopyridine with [(1>-Cp)Ru(AN);]1(PF,) gives 7'(N)-coordinated
23 (L = AN) (03JCS(D)2329). In the presence of trimethyl and triphenyl-
phosphine, as well as carbon monoxide, 23 (L = PMe;, PPh;, CO) can be
prepared. For L = PPh; and CO, the reaction with diphenylacetylene gives
the 7°-allylcarbenes 24 (L = PPhs, CO). Under oxygen, 23 (L = AN) gives
dinuclear 25 with the ps-bridging function of aminopyridinates. The same
reaction but of 2-N,N'-dimethylaminopyridine gives the 7°(r)-coordinated
26. Interaction of [(772—H2)Ru(H)(PCy3)2(n2(N,N)-2—Npr)] with CH,=
CHSiEt; gives complex 27 (960M3471). 2-Aminopyridine, 2-amino-4-pic-
oline, and 2-(methylamino)pyridine react with [(7]4—C0d)Ru(Tp)Cl] in the
presence of terminal alkynes HC=CR (R = Ph, n-Bu, C¢Ho) to afford the
cyclic aminocarbenes 28 (R' = H, Me; R* = H, Me; R? = Ph, n-Bu, C¢Ho)

(020M4955).
(PFs) Ru\/iu (PFs)
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2-Dimethylaminopyridine with [OsHg(PPr-i3),] experiences activation
of one of the C—H bonds to yield chelate 29 (070M5140). With HBF,-Et,0,
cyclic carbene 30 results. 2-Aminopyridine with [Os(BCl,)CI(CO)(PPhs),]
gives 31 (E = X = C]) and 32 (X = CI) (020M4862). The latter on dissolution
in ethanol forms 32 (R = OEt). Product 31 with sodium bromide yields
31 (E = Br, X = Cl), with sodium borohydride 31 (E = H, X = Cl) and with
silver hexafluoroantimonate in wet THF 31 (E = Cl, X = OH). In excess
AgSbFg in acetonitrile cationic 33 follows, while in the presence of carbon
monoxide in ethanol cationic 34 is the product. 2-Methylaminopyridine
[Os(BCL)CI(CO)(PPhy),] gives, in contrast, exclusively 35 (E =X =Cl).
Further reaction with sodium borohydride yields mixture 35 (E =H,
X =Cl and 35 (E = Cl, X = OH), with ethanol 35 (E = Cl, X = OEt), with
silver hexafluoroantimonate in acetonitrile/ethanol cationic 36. 8-
Aminoquinoline with [Os(BCl,)CI(CO)(PPh3),] gives a base-stabilized
borylene complex containing a five-membered chelate ring (00AGE948).
8-Aminoquinoline with [M(CO)(PPh;),CI(SiMeCl,)] gives chelates
37 (M = Ru, Os; X = Cl), which in ethanol transform into 37 (M = Ru, Os;
X = OEt) (04JOM2511). In contrast, 2-aminopyridine with the osmium
precursor gives rise to the product of condensation of the amino NH-
functions with two silicon—chlorine bonds in bis-chelate 38. Bis(8-quino-
linyl)amine (HL) forms methyl trans-[Ru(L)Me(PMej3),] 39 (081C11570).

7 Z | z |
N N | N NS N N
(BF,4) (PhsPLE(OC)Os

H3(i—Pr3)2POs/ H3(i—Pr3)2POs/
\/N \\/ N \ NH
AN ~ B/

29 30 31
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[Ru,CIL4] (L is 2-anilinophenylpyridinate) and LiC=CPh give the
dinuclear [Ru,(C=CPh)L,] (86ICA(113)19) that contains a diruthenium
(ILIII) unit bridged by four pyridinate ligands. The ruthenium—ruthenium
bond is multiple and has order 2.5. 2,3,4,5,6-Pentafluoro-2-anilinopyridi-
nate (L) complex [Ru,L4Cl] with LiC=CPh gives [Ru,L4(C=CPh)] and
[Ru,L4(C=CPh),] (931C4175, 971C5449). [Ru,L4Cl] with LiC=CPh leads
to Ru,®" derivatives [Ru,Ls(C=CPh),], where L =2-F-, 2,3-F,-, 2,4-F,-,
2,5-F,-, 3,4-F»-, or 2,4,6-Fsanilinopyridinato (041C4825). [Ru,L4(C=CX)]
and LiC=CPh also yield bis-alkynyl trans-[(PhC=C)Ru,L4(C=CX)]
(X =SiMe;, C=CSiMej) (02JOM(655)239). [Ru,Ly(C=CPh)] may also be

37

\
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prepared from Me;SnC=CPh (00JOM(595)300, 02CIC355, 03JOM(670)188,
050M4854). In a similar manner, [Ru,L4(C=CR)] (R = SiMe3;, CH,OMe)
follow from LiC=CSiMe; and LiC=CCH,0OMe (00JOM(596)152). Under
desilylation agent n-BusNF, the derivative with R = SiMe; can be con-
verted to that with R = H. Compounds composed of two tetra(u-N,N'-2-
anilinopyridinate)diruthenium(ILIII) ends bridged by butadiynediyl or
ethynediyl ligands are characterized by strong electronic couplings across
the carbon bridges (00CC1197). Reaction between [Ru,L,Cl] and
LICECC5H4N leads to [RU2L4(CECC5H4N)2] (08IC7775) [RU2L4C1] with
LiC=CC=CSiMe; produces the monoadduct [Ru,L,(C=CSiMejz)] and
with excess diacetylide the bis-adduct [Ru,Li(C=CC=CSiMej),]
(010M2400). In a similar fashion, from [RuL,Cl] and LiC=CSiPr-i3,
[Ru,L4(C=CSiPr-i3)] can be prepared (020M732). [Ru,L4(C=CSiR3)]
(R=Me, i-Pr) with LiC=CC=CSiMe; give [(Me;SiC=CC=C)
Ru,L4(C=CSiR3)] (R = Me, i-Pr). The methyl derivative with K,COj3 in
methanol-THF gives a mixture of [(HC=CC=C)Ru,L4(C=CSiMe3)] and
[(HC=CC=C)Ru,L4(C=CH)]. When R =i-Pr, the sole product from
sodium hydroxide in methanol-THF is [(HC=CC=C)Ru,L,(C=CSiPr-
i)]. [RuL4Cl] with lithium aryl acetylenes gives [Ru,Ly(C=C-4-
C6H4CECX)] (X = SiMe3, H, RUQL4), 1,3-[RL12L4(CEC)2C6H4], 1,3-
[Ru,L4(C=C),CcH3-5-C=CH], and 1-[Ru,L4(C=C),C¢H;-3,5-(C=CH),]
(02JOM(660)1). [RupL4Cl] and LiCy,Li (n=1-4, 6) form polyyndiyls
[RupLy(p-C,C'—Cy,)Ru,Ly] (03JA10057). Application of E-hex-3-ene-1,5-
diyn-diyl gives 40 (X=Y =H; X=H, Y =Ru,Ly; X=0Me, Y = Ru,Ly)
(04JA10552). Cross-coupling between [Ru,L4(Cori - 1)H)] and HC=CY
gives [RupLa(CoY)] (k =2-5, Y = Si(i-Pr)3, Ph) along with [(RusLy)o(p-Cy
& — 1], the products of homocoupling (050M3247). Other representatives
are [Ru,L4(C=CC¢H,),(SCH,CH,SiMes)] (=1, 2) (05JA10010,
05JOM4734). A development of these studies is the application of vari-
ously substituted aminopyridinate ligands, for example, 2-(3,5-dimethox-
yanilino)pyridine and 2-(3-methoxyanilino)pyridine (L) (08JOM1656). As
before, [Ru,L,Cl] with LiC=CR allows the preparation of
[Ru,L4(C=CC=CSiMe3)], [Ru,L4(C=CFc)], and [Ru,L4(C=CC=CFo)].
The reactivity of [Ru,L4Cl] (LH = 2-anilino-4-methylpyridine) with carbon
monoxide is also of interest (061C5996). [Os,L4Cl,] (HL = 2-anilinopyri-
dine) readily reacts with LiC=CY to yield [Os,L4(C=CY),] (Y = Ph, Fc,
SiMe;, C=CSiMes) (051C5719).
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Derivatives of 2-aminopyridine containing substituents in the het-
eroring (H, 4-Me, 5-Me, 6-Me) and at the amino nitrogen atom (H, Me,
Ph when the heteroring is unsubstituted) (HL) with [Ruz(CO);,] in
refluxing toluene give a series of clusters [Rus(u-H)(uz,7>-L)(CO)o] repre-
sented by 41 when the heteroring contains 6-Me (90JCS(D)2201,
02EJI1559). This cluster with triphenylphosphine or diphenylphosphi-
nomethane gives [Ruz(p-H) (p13,7°-L)(CO)g(PPh3)] (930M4141) or [Rus
(-H)(u3,7*-LY(CO),(>-dppm)], respectively (90JOM(384)C25, 92JOM
(427)363). With excess triphenylphosphine, it gives the ligand-substitu-
tion product [Rus(u-H)(u3,m°-L)(CO),(PPh;),], which can be protonated
Further addition of triphenylphosphine to the product gives [Rus(u-
H)z(ug,nz—L)(CO)6(PPh3)3](BF4). With potassium methoxide, the latter
two products lead to [Ruz(p-H),(p5,7%-L)(CO)6(COOMe) (PPhs),] and
[Rus(p-H)»(ps,7>-L)(CO)5(COOMe) (PPhs)5], respectively. The reactions
of 41 with diphenylghosphine lead to [Rus(p-H)(us,n*-L)(CO)g(PPh,H)]
and [Rus(p-H)(pz,n"-L)(CO)7(PPh,H),]  (90JOM(393)C30, 91ICA(186)
225). The monophosphine derivative at reflux in THF transforms into
the phosphido-bridged [Rus(pts,n*-L)(1-PPhy) (i-CO)»(CO)s] and dipho-
sphine gives [Rus(p-H)(p3,7°-L) (-PPhy)»(CO)e] (940M55). Cluster 41
with HBF,;-OEt, also gives the dihydride [Rus(u-H)»(us,7>-L)(CO)so]
(BF,) (90JCS(D)3347), which with potassium methoxide yields a mixture
of the starting complex and [Rus(u-H),(us,77-L)Y(COOMe)(CO)g] and
with PPhy affords [Rus(u-H),(ps,n7%-L)(CO)s(PPhs)[(BE,). The latter with
potassium methoxide yields the methoxycarbonyl [Rus(u-H),(us,n*-L)
(COOMe)(CO)7(PPhy)].  [Rus(u-H)(us,n*-L)(CO),(PPhs),] reacts with
molecular hydrogen or diphenylacetylene by carbon—phosphorus bond
scission, the products being [Ru3(u-H)(M3,n2-L)(u—Pth)z(u—Ph)(CO)d
and  [Rus(u-H)(us,n°-L)(u-PPho)(u-n':?-PhC=CHPh)(Ph)(CO)s(PPhs)],

respectively (930M1006).
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Cluster 41 with diphenylacetylene gives the alkenyl-bridged
[Rus(ps,n’-L)(p-n":n>-PhC=CHPh)(CO)s]  (92JMC(71)L7, 940M4352).
[Rus(ps,n*-L) (p-n":>-PhC=CHPh)(CO)s] adds triphenylphosphine with-
out substitution accompanied by the intramolecular CO-insertion to
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yield 42 (990OM187). In the second step, ligand substitution yields 43.
Cluster 43 with carbon monoxide gives the ligand-substitution product
44. Thermolysis of [Rus(ps,7>-L)(PPh3),(CO)s](BF,) leads to the phenyl
derivative [Rusz(u-Ph)(us,n*-L)(u-PPhy)(PPh3)(CO);1(BE,y) (970M1743).
Protonation of the aminopyridinate product with HBF,-OEt, gives
[Rus(p-H)(ps,m*-L) (u-n":n*-PhC=CHPh)(CO)s]l(BF,) (940M4352), a pre-
catalyst for the hydrogenation of diphenylacetylene (955L579,
960M449, 99MI1). This compound reacts with triphenylphosphine to
afford products of CO-substitution containing one and two phosphine
moieties and under vigorous conditions three PPh; ligands (96JOM(511)
103). With bis(diphenylphosphino)methane (dppm), reductive elimina-
tion of cis-stilbene occurs however, and the product is [Ruz(pu-H)( l,lg,’l]z-L)
(u-dppm) (1" (P)-dppm)(CO);1(BF,). Deprotonation of [Rus(u-H)(us,7°-L)
(u-n":m>-PhC=CHPh)(CO)g](BF,) can be achieved by sodium methoxide
yielding [Rus(ps, L) (p-n':n*>-PhC=CHPh)(CO)s]. In contrast, with
sodium hydroxide the neutral hydride [Rus(p-H)(p3,n*-L)(CO)s] and
cis-stilbene follow. Compound 41 and its triphenylphosphine-
substituted product react with silanes and diphenylacetylene to yield
numerous clusters where silane and alkenyl moieties are attached to
different ruthenium atoms or only silane moieties are present: [Rus(p-
H)a(s,7°-L)(CO)5(Si(OMe)s)], [Rus(p-H)(us,7*-L)(CO)s(SiRs)a] (R = E,
OMe), [Rus(us,n*-L)(u-n":n?-PhC=CHPh)(CO),(SiRs)] (R =Et, OMe),
[Rus(ps,7°-L) (u-n":>-PhC=CHPh)(CO),(PPh3)], and [Rus(u-H)(us,7%-L)
(p-n":>-PhC=CHPh)(CO)4(SiEts)(PPh3)] (930M2973). [Rus(p-H)(us,n>-
L)(PPh3),(CO)g _ ,,] (n = 0-2) with triethylsilane and tri-n-butylstannane
give the oxidative substitution products [Rus(u-H),(u3-2-NH-6-Mepy)
(SiEt3)(PPh3),(CO)s — ,] (n=0-2) and [Rus(H-H)z(Hslﬁz'L)(Sn(ﬂ-Bu)3)
(PPh3),(CO)s - ] (n1=0-2) (920M3334).  [Rus(n-H)(us,n*-L) (0"’
PhC=CHPh)(CO),(PPh;)] with triphenylphosphine leads to the substi-
tution product [Rus(ps,7*-L)(1sn":n*-PhC=CHPh)(CO)s(PPhs),] (94JOM
(480)205).  [Rus(p-H)(us,7-L)(CO),(PPh3),] with diphenylacetylene
yields [Rus(ps, L) (1,0 :n*-PhC=CHPh)(,-PPh,)(Ph)(CO)5(PPhs)].

<OC>2Ru<‘[> >>\<H (OC>(PPh3>Ru\2> >>\<

C/ (CO)(PPhs) (CO)(PPh3)
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Cluster 41 reacts with diphenylacetylene and further with HBF4-OEt,
and carbon monoxide to give cluster 45 with two carbonyl bridges
(95I1C1620). The product reacts with chloride, iodide, and acetate anions
as (PPN)* or (n-BuyN)* salts to give [Rus(u-X)(us,n*-L)(CO)] (X =Cl, I,
MeCOO), and with (PPN)(BHy) [Rus(u-H)(us-L)Y(CO)ol (970M812).
[Rus(ps,n*-L)(CO)10l(BF,) reacts with (PPN),[Rus(us-S)(CO)s] to afford
the hexanuclear [Rug(p-H)(1g-S)(ps,n>-L)(CO);7]. Under triphenylpho-
sphine, 45 gives the substitution product [Rus(pts,n*-L)(CO)o(PPh3)I(BF,).
Reaction of 41 with diphenylacetylene in the presence of R35SnH (R = n-Bu,
Ph) gives [Rus(u-H)(us,7*L)(SnR3)»(CO)sl and [Rus(pu-H) (us,7°-L) (u-n":7-
PhC=CHPh)(SnR3)(CO);] (930M157). Complex 45 with excess sodium
hydroxide gives clusters 41, 46, and further anionic 47 (950OM3124) while
cation 45 and anion 47 give hexanuclear cluster 46.

- ~ o €O
S SN NI
o N N
C—=>Ru(c0), \R/C/ Y /
(OC),R; = / ®r) / C/ u\ oc/ H N
" 0C);R
RE ] OO (£¢ o U

\ u
S~ (coys ] (O,
45 46

O N\
(Na) /ﬂc*bwcon
(OC),Ru = 4

Complex 41 with molecular hydrogen gives [Rug(u-H)g(ptz,7*-L)(CO)14]
(940M426, 95]J0OM(494)169), which adds P(p-Tol); to yield another hexa-
nuclear cluster [Rué(u—H)é(u3,n2—L)(CO)14(P(p—Tol)3)2]. [Rus(ps,n*-L)
(u-n":n*-PhC=CHPh)(CO);] with molecular hydrogen in the absence of
diphenylacetylene gives 41 and 46 (940M4352). With carbon monoxide
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the derivative [Rus(ps,n*-L)(n'-PhC=CHPh)(CO)s] follows, which contains
a terminal alkenyl ligand. [Rug(uz-H)o(us-7*-L) (u-CO)»(CO)1 4] with diphe-
nylacetylene in toluene gives a mixture, among them [Rug(ps-1>-L)(113-CO)
(M'Co)z(co)uﬂ, [Rue(u5'7]2'L)(H4'772'PhCCPh)(Co)lsl, [RU7(H5'772'L)(H5'774'
PhCCPh)(CO)17], [Rug(ps-77*-L)(s1>-PhCCPh)(1-CO)CO) 1], [Rus(ps—n*
L)(ng-n*-PhCCPh)(u-CO)(CO)12l,  and  [Rus(ps7°-L)(pa-n>-PhCCPh)
(n6—PhMe)(p—CO)(CO)9] with retention of the coordination mode of the
aminopyridinate ligand (050M665). With diphenylbutadiyne also a mix-
ture of clusters results, [Rug(ps-7°-L)(ps-1°-PhCCCCH,Ph)(-CO)(CO)1 4],
[Rug(ps-7°-L) (us-n*-trans-PhCCCHCHPh)(u-CO)(CO)14], and [Rus(ps-n>-L)
(a=1°~trans-PhCCCHCHPh) (11>-PhMe) (n-CO)(CO)s]  (060M1492). With
arenes at high temperature [Ru6(u3—H)2(u5—772—L)(176—arene)(u—CO)z(CO)u]
(arene = C¢H,, CcHsMe, 1,4-CsHyMe,) are the products of substitution of
the arene for the three carbonyl ligands of the apical ruthenium atom
(060M2683). Cycloheptatriene in chlorobenzene at reflux gives a mixture
of [Rug(ps-H)(us1-L)(17°-C7Ho) (13-CO)(u-CO)2(CO) 111, [Rug(ps-H)(ps177-
L)(H3'777'C7H7)(H-CO)Q(CO)n]/ [Ru6(u5—772-L)(H2'777'C7H7)2(}J.-CO)(CO)g],
and [Rug(pte-C)(ps-n’-C7H7)o(1-CO)»(CO)s]. Dicyclopentadiene in chloro-
benzene at reflux temperature affords [Ru6(u3-H)(p5-n2-L)(n5—Cp)(p3-CO)
(u-CO)ACON1l,  [Rug(pa-H)a(us-n>L)(17>-Cp)a(is-CO)(-COYCO)s],  and
[Rus(ps-77-L) (na-1*-C1oH10) (1i-CO)»(CO)1p]. With indene in chlorobenzene
at reflux, the product is [Ruy(ps-1°-L) (uz-H) (p-n°-CoH7) (-CO)3(CO) 1] and
in excess of indene [Rug(ps-H)(us-1*L)(1n°-CoH7)(13-CO) (u-CO)»(CO)14]
(070M1414). With fluorene in decane at reflux the product is [Rug(ps-
H),(us-1>-L)(1°-C13Ho) (1-CO),(CO)1; 1, with azulene under identical condi-
tions [Rug(us-7>-L)(p5-n'-C10Hg) (1-CO),(CO)1l, and with acenaphthylene
[Ruy(pa--L)(u-n"-C1oHg) (1-n*-C1oHg) (1-CO)o(CO)s],  [Rutg(pua=r7*-L) (a1 -
C12Hg)(CO)12l, [Ruy(ps-n*-L)(pa-n'>-CiHg) (u-CONCO);2], and [Rug(pa-n'-
L)(14-1"%-C1,Hg) (u-CO)»(CO)s]. The latter case is unusual because the
coordination modes of the aminopyridinate ligands change. Heating
[Rug(ua-H)o(us-7*L)(-CO)»(CO)14] in undecane at reflux yields nonanuclear
cluster complexes [Rug(p-H),(pg-1*-L)4(CO)17] and [Rug(pa-H)(pu-H)(pug-1>-
L)3(CO)15] (060M5672). Aminopyridinate ligands are attached to edge-
bridging ruthenium atoms via the pyridine nitrogen heteroatom, while
imido nitrogens cap the metallic triangles. Treatment of [Rus(ps-H)o(ps-
17*-L)(p-CO)5(CO)14] with 2-amino-6-methylpyridine on refluxing in dec-
ane leads to the hexanuclear [Rug(ps-H)»(u-H)o(p4-17>-L)>(CO)14] and the
octanuclear [Rug(pu-H)(pg-1%-L)3(us-n>-HL) (1-CO)»(CO)15] (06CJC105). The
deprotonated aminopyridinate ligand is in a coordination mode when
the imido nitrogen atom caps a triangle of ruthenium sites and the pyri-
dine nitrogen is bound to an additional ruthenium atom. The ligand HL in
the second cluster caps a Ruy square through the imido nitrogen and the
pyridine nitrogen is bound to one of these Ruy sites. Thermolysis of [Rus(p-
H)(us-HL)(CO)o] in decane at 150°C gives nonanuclear [Rug(pz-H)o(p-H)
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(u5-O)(pa-L) (na-HL)(CO) 1], [Rug(p5-O)2(ps-L) (uz-HL),(u-CO)CO) 5],
[Rug(u5'o)2(ll4'L)(H3'HL)2(H'CO)2(CO)19], and [RU9(M4-O)(H5—O)(u4—L)
(n3-HL)(u-HL)(p-CO)(CO)19] along with hexanuclear [Rug(ps-H)o(ps-
HL)(p-CO)2(CO)14]  and  pentanuclear  [Rus(ps-L)2(p-COXCO)42]
(061C6020). Heating [Rug(ps-H)o(ps-7*-L)(u-CO)»(CO)14] in  1-octene
gives [Ruy(us-H)(ps-n>-L)(pu-n"*-MeC;Hg)(1-CO)3(CO)12], in 1-nonene
[Ru(us-H) (us-n>-L) (u-":n*-MeC,H,Me) (u-CO)3(CO)1,], in  1-decene
[Ru,(us-H) (ps-n*-ampy) (u-r>:*-MeC,H,Et) (1-CO)3(CO);,] and their iso-
mers (070M2482). The coordination mode of aminopyridinate ligands is
retained.

Cluster 41 with hexa-2,4-diyne gives 48 containing a bridging three-
electron hex-2-yn-4-en-4-yl ligand and 49 containing a bridging five-elec-
tron 5-methyl-6-(ethyliden)nona-2,7-diyn-4-en-4-yl ligand (010M4973).
With other diynes RC=CC=CR in THF the ynenyl [Rus(us-1°-L)(u-n’-
RC=CC=CHR)(u-C0O)»(CO)¢] (R =CH,OPh, R=Ph) follow with 1,4-
disubstituted butynen-3-yl ligand attached to two ruthenium atoms
(01CEJ2370). With diphenylbutadiyne [Rus(p-n*-L)(13-1°-PhCCs(C=CPh)
HPh,)(CO);] containing an 7’-cyclopentadienyl ring and a bridging car-
bene moiety, a [3 + 2] cycloaddition of 1,4-diphenylbutynen-4-yl takes
place in the course of coordination with a triple bond of a second diphe-
nylbutadiyne.

N N
o N ~
/ﬂcb\mmoh //HC> Ru(CO),
(OC),RU 4 (OC)zRu\ 4
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(CO) =
J \\/ ? =
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48 49

Cluster 41 reacts with HgPh, to give [Rug(uy-Hg)(us,n*L)2(CO)1sl
containing two [Rus(pis,7*-L)(CO)s] moieties bridged by a mercury atom
bonded to the two NH-bridged ruthenium atoms belonging to each
Ruj unit (91JOM(420)431). The product with mercury(ll) halides gives
50 (X = Cl, Br, I). The latter (X = Cl) further reacts with dimeric [(775—Cp)
M(CO)3l, M =Mo, W) and [Co,(CO)g] abbreviated as M,L,, to yield
the heteronuclear 51 (ML, = (nS—Cp)Mo(CO)3, (nS—Cp)W(CO)3, Co(CO)y)
(92JOM(434)123).
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Sodium 2-anilinopyridinate (L) with [Ruz(CO);,] followed by metath-
esis, denoted as (PPN)CI, gives anionic (PPN)[Rus(,7>-L)(CO)s] and
(PPN)[Rus(ps,7*-L)(CO)10] (920M1351). (PPN)[Rus(ps-1>-L)(CO)s] reacts
with P(n-Bu); or PPh; to yield the addition product (PPN)[Rus(ps-1*-L)
(CO)ng] (L'= P(n-Bu);, PPhg) (961C755). 2-(Methylamino)pyridine
(HL) reacts with P(n-Bu); to yield monosubstituted (PPN)[Ru3(u3—172—L)
(CO)g(P(n-Bu)z)]. The 2-anilinopyridine analog of 41 (90JA8607) inserts
benzyl isocyanide to give [Rus(u-PhCH,N=CC(Ph)=CH(Ph)(us,7°-L))
(CO)g] (940M4673). 2-Amino-6-phenylpyridine with [Ruz(CO)4,] yields
trinuclear ps-n* 52 and ps-1° 53 as well as hexanuclear ps-> 54 and ps-1°
55 clusters (03JCS(D)2808, 040M1107, 08OM2878). In contrast, this
ligand with [Os3(CO)10(AN),] gives only trinuclear u—nl 56, u—nz 57, and
under UV-induced decarbonylation ps-n* 58 clusters. Under reflux
in toluene 57 transforms to the cyclometalated p-° 59. Clusters similar
to 54 can be prepared in refluxing xylene from 6-methyl-2-amino-
pyridine or 2-aminopyridine (04I1C5450). 6-Methyl-2-aminopyridinate
cluster with triphenylphosphine gives monosubstituted [Rug(pz-H)a(pis-
17*-L)(u-CO),(CO)13(PPh3)] and with excess phosphine di- and trisubsti-
tuted [Ru6(p3-H)2(Hs-?’]z-L)(H-CO)Q(CO)12(PPh3)] and [Ru6(u3-H)2(u5-n2-L)
(p-CO),2(CO)411(PPh3)3] result. With bis(diphenylphosphino)methane the
product is [Ru6(u3—H)2(u5—772—L)(u—CO)z(CO)lz(u—dppm)].
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2-Aminopyridine and  2-(benzylamino)pyridine react with
[OS3(CO)]0('I72-COE)2] or [OS3(CO)]2] to form [OSgH(CO)lo(M-NC5H4X)]
(X=NH, NCHyPh) (82JCS(D)1205). Thermal decarbonylation gives
[OszH(CO)o(u3-NCsH4X)]. 2-Aminopyridine with [Os3(CO)12] under more
vigorous conditions gives the dinuclear species [Os(CO)4(p-
NCsH4sNH),]. 2-Amino-6-methylpyridine (HL) with [Os3(CO);;] in dec-
ane at reflux yields trinuclear [Os5(u-H)(p5-n*-L)(CO)o] (070M3212).
When the reaction is conducted in a twofold excess of [Os3(CO);,], three
products result, 60-62. 2-Amino-3-bromopyridine with [Osz(CO);¢(AN),]
and [(>-Cp")IrCL], in methylene chloride at reflux yield two heteropoly-
nuclear clusters with different coordination modes of the heteroaromatic
ligand, 63 with p3-n°>-mode and 64 with ps-n°-mode with deprotonation
(08JOM1528).



246 Alexander P. Sadimenko

= &
I
N N
\0s(c0)3 Y C}‘OS(COM
(0C0 o)
0s(CO
s(CO), 0’ \
08(CO), (OC)Q¢ \ oy
\V
(0C);0s—— 0s(CO); (OC)zos\—Hps(CO)3
60 61
(CO)z
o' | o
AN
L
HN—TF |
N
Br
63 64

2-Amino-7,8-benzoquinoline with [Ruz(CO);o(AN),] in THF gives
cyclometalated 65, and an excess of ligand in refluxing toluene gives pi3-
7° bridged 66 where the pyridine nitrogen atom is excluded from coordi-
nation (020M5055). In contrast, with [Os3(CO)1o(AN),], the sole product is
amido-bridged w-n' 67.
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2.6 Cobalt, nickel, and copper group

2-Dimethylaminopyridine reacts with [HoIr(OCMe,)>(PPh3).]1(BF,) to
give a cyclic carbene [HoIr(=CHN(Me)py)(PPh3),](BFs) 68 (R =Me,
R'! = H) via a sequence of oxidative addition and reversible «-elimination
in the conversion of N—Me to N—CH=Ir by double C-H activation
(01CC213, 04JA8795). The same reaction for 2-diethylaminopyridine
gives 68 (R = Et, R' = Me), with 2-pyrrolidinopyridine 68 (R, = (CHa),,
RR! = (CH,)»), 2-piperidinopyridine 68 (R, = (CH,)g, RR! = (CH,),), and
2-hexamethyleneiminopyridine 68 (R, = (CH,)g, RR! = (CH,)s). Tetrakis
(p-2-anilinopyridinato)dirhodium(ILIII) [Rh,L4Cl] with sodium or
lithium acetylides (C=CH, C=CPh, C=CCsHy-n, C=CC4HgC=CH)
give dinuclear complexes of composition [Rh,L,(C=CR)] (90IC4033).
[Rh;L4Cl] and Li(C=C),SiMe; in THF give [RhyL4(C=C),51Me;]
(011C2275). [RhyL4(C=C),RhyL4] can be prepared from [Rh,L4(C=C),-
Ll] and [Rh2L4C1]

=
|
T NR
(thp)z(mzlr:<
R 1
68

Lithium pyridinates of composition Li(2-PhNpy) and Li(2-Ph-4-t-Bu-
py) (LiL) react with [Rh(CD(Ly)], (L, = nbd, tfb, (CO),) to yield dinuclear
[Rh(p-L)(Ly)], (87ICA(128)119). Lithium 2-aminopyridinate and lithium 2-
anilinopyridinate (LiL) with the dimer [(5*-cod)Ir(u-CD)], give dinuclear
iridium(D) [(5*-cod)Ir(n-L)], (99ICA(292)244). Cyclometalated complex 69
based on 2-aminobenzoquinoline (96JA13105, 99CC297) is prepared from
the ligand and [(*-cod)Ir(PPh),1(BF,) in the presence of molecular hydro-
gen in methylene chloride. Initially [Ir(L)(PPh;),(H)(H,O)1(BF,) is formed,
and on interaction with a fluoride 69 results. It can be protonated at the
amino nitrogen atom using HBF,-Et,O to yield 70 (990M1615), both spe-
cies being stabilized by the intramolecular hydrogen:--fluorine bond. The
aqueous complex formed at the initial stages in 2-hexanone is converted to
71 (00JOM(600)7, 000M2228).

(BFy)
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(BFy)

o-Dimethylaminophenyl(8-quinolyl)amine with [(*-cod)PtCl,] in the
presence of triethylamine in methylene chloride gives 72 and 3,5-
dimethylphenyl(8-quinolyl)amine affords under these conditions a simi-
lar product 73 (011C5083). Bis(8-quinolyl)imine (HL) reacts with [(1*-cod)
PtCl,] and triethylamine to yield [Pt(L)CI] (020M1753). The lithium salt of
this ligand with [(n*-cod)Pt(Me)Cl] gives [Pt(L)Me], which gives [Pt(L)
(OTo)] with triflic acid. Heating the product in benzene with of NEtPr-i,
gives the phenyl complex 74. 9-Aminoacridine (L) is coordinated via the
pyridine nitrogen atom in [Pd(C¢F5)(L)(PPh3)Cl] (08IC6990). The divalent
complex of bis(8-quinolyl)amide (HL) 76 undergoes oxidative addition
with methyl iodide to afford octahedral 77 (061C4316) where the amide
nitrogen is readily quarternized with HBF, leading to [Pt(H)(L)PtMe,I]
(BFy).
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2-Aminopyridine bridges two Pt(C¢Fs), fragments in dinuclear 77
(08IC8767). The mononuclear anionic (N(72-Bu),)[Pt(Cg¢Fs)sL] (L = 2-ami-
nopyridine) is in the chelate mode (051C9444). 2,6-Bis-pyridyl-bridged bis-
azaallyl lithium complexes with [PACI,(PhCN),] yield metallacyclic 78
(04JOM1230). 6-((Ferrocenylmethyl)amino)-2-picoline with [Au(C¢Fs)
(THT)] gives the nl(N )-coordinated 79, which on further interaction with
[Au(acac)(PPhs)] gives dinuclear 80 where the amino nitrogen is also
engaged in coordination (04EJ14820). With [Au(C4Fs);(OEty)] or [Au
(C6Fs5)2Cll,, the product is gold(Ill) 81 (R = CgFs5, Cl). Dimethyl zinc with
2-pyridylamines HN(2-CsH4N)R (R = Ph, 3,5-Xy, 2,6-Xy, PhCH,, Me) (HL)
forms [MeZnL,]™ (01CE]J3696). N-2-pyridylaniline with ZnMe, and fur-
ther with n-BulLi affords [(Ph(2-CsH4N)N)>Zn(n-Bu)Li] (02JCS(D)3129).
Lithium (2-(6-methyl)pyridyDtrimethylsilylamide (LiL) with diethyl zinc
gives [(ZnEt),L,] where the amido groups bridge the metal centers (91JCS
(D)2859).
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2.7 Rare earth metals

The reactions of bis(alkyl) [Ln(’l’]z(N,N)'L)(CHzSiMeg)z(THF)] Ln=Y, Lu;
HL = 2-anilino-6-phenylpyridine) with phenylsilane and molecular
hydrogen result in trinuclear rare earth alkyl hydrido clusters 82
(080OM2905).  N-(2-((2,6-Di-i-propylphenylimino)methyl)phenyl)quino-
lin-8-amine (HL) with [Ln(CH,SiMe3);(THF),] affords bis(alkyl) 83
(Ln=Sc, n=0; Ln=Y, n=1, Ln=Lu, n=0) (06CEJ8969, 07CEJ2764,
080OM5889). Alkylation of [YL,CI(THF)] (LH = [6-(2,6-dimethylphenyl)
pyridin-2-yllamine) with LiCH,SiMe; in hexane gives the alkyl yttrium
[YL,CH,SiMe3(THF)] (070M5770). Treatment of the latter with phenylsi-
lane in toluene affords the product of an intramolecular sp>-hybridized
C—H bond activation, [Y(L)(L-H)(THF)]. The neutral ligand LH with [Y
(CH,5iMe3);-2THEF] in toluene gives the alkyl [Y(CH,SiMez)(L)(THF)]
(L = 2-t-butyl-6-(1-(quinolin-8-ylamido)-2-trimethylsilanylethyl) phenox-
ide) (08E]J14126) while the complex of deprotonated bis(4-methyl-2-pyri-
dylamino)tetramethyldisiloxane (LH) [L,NdLi(THF),] with [(*-cod)Pd
(Me)Cl] gives [Lo,NdPdMe] (98AGES832, 00AGE468, 01CEJ1630,
03EJI791). The lithium salt of 84 and yttrium(II) chloride in THF give
heterodinuclear 85 (01AGE4089) that with copper(I) chloride provides
the yttrium-copper 86.

Ph | .
AN Xy Me;Si(THF),
Me;SiCH —\Jl/ / \]\—L
EEINY VAR
TR/ /H H_\ _THF N
/”\Tﬂﬁ/\ 8

82 83

84 85 86
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3. DI AND TRI-2PYRIDYLAMINES

Trimethylaluminum with di-2-pyridylamine (LH) yields a mononuclear
zwitter ion [Me,Al(L)], dinuclear [MesAl,(L)], and tetranuclear
[MegAly(n3-O)x(L),]l, depending on conditions (970M4257, 980OM5334).
In [Me,AlL], [Me,GaPy,N], dimeric [Me,InL],, and polymeric [Me,TIL]..
the metal center is coordinated exclusively through the pyridine nitrogen
atoms of the deprotonated ligand (98EJI311). [u-(2,2"-Dipyridylamido-
N*N:N)-p-(2” 2" -dipyridylamido-N* ,N":N"")bis{bis(pentafluorophenyl)
thallium(III)}] contains a four-membered chelate ring (77ICA(21)L1). Tris
(2-aminopyridine) HC(SiMe,NHCsNH,-4,6-Me,); as a trilithium salt with
[NbC13(DME)(T]Z-PhCECSiM€3)] gives 87 where two of the three amino-
pyridinate moieties are 7*(N,N) coordinated, and one is coordinated only
by the amido-nitrogen center (970M5585). Di-2-pyridylamine (HL) reacts
with [M(CO)4(bipy)] M =Mo or W) to yield the mixed-ligand [M
(CO)5(bipy)(n'(N)-HL)] (86]JCS(D)759). In [W(CO)sL] the di-2-pyridyla-
mine ligand is monodentately coordinated (00AX(C)181). The lithium
di-2-pyridyl amido salt (LiL) gives [CrzL4Cl,], which reacts with
LiC=CPh to yield [Cr3;L4(C=CPh),] (98ICC1). The ligand reveals a biden-
tate coordination mode as in [Cr,L4(C=CPh),] (00IC748). Di-2-pyridyla-
mine reacts with [Ruz(CO)4,] or [Ruz(CO)49(AN),] to yield the C-metalated
88 (020M2540). In contrast, in the reaction with [Os3(CO)19(AN),] the
deprotonated ligand plays the role of a pz-7°-bridge where all the nitrogen
donor sites are involved in cluster formation, and the product has struc-
ture 89. On heating or UV-irradiation, the product decarbonylates to give
cluster 90.
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The following mononuclear complexes based on di-2-pyridylamine
(HL) are known: [M(L/»)(#*(N,N,N)-HL)I(CIO,) (M =Rh, Ir; L', = cod,
nbd, tfb; L' =CO), [M(CO),(;*(N,N,N)-HL)][MCL(CO),] (M =Rh, Ir),
[(1*-diolefin)M(C1)(1*(N,N,N)-HL)] (M = Rh, Ir; diolefin = cod, nbd, tfb),
and [(774-diolefin)M(772(N,Z\T)—L)] (M =Rh, Ir; diolefin = cod, nbd, tfb)
(86ICA(115)65). In the latter complex only two pyridine nitrogen atoms
are coordinated but an amide nitrogen is available as a source of the
dinuclear complexes [(1*-diolefin)Rh(u-L)Rh(CO)(PPhs),1(ClIO,) and
[(n*-diolefin)(CI)Rh(pu-L)Rh(r*-diolefin)] (diolefin = cod, nbd, tfb). Di-2-
pyridylamine reacts with cyclometalated [Ir(2-Phpy),Cl],, and further
with potassium hexafluorophosphate to yield [Ir(2-Phpy),(n*(N,N)-L)]
(PF¢) where coordination occurs wvia the pyridine nitrogen atoms
(061CA4144). [NizL4(AN),l(PF¢), with excess phenylacetylene gives
[Ni;Ly(C=CPh),] (03JCS(D)3015, 041C2277). The di-2-pyridylamine (L)
complex [Pt(Me)(rf(N,N)—L)(DMSO)](OTf) enters numerous substitution
reactions replacing dimethyl sulfoxide by various charged nucleophiles in
methanol (981C5460).

Di-2-pyridylamine (L) with [Pt;Mes(p1-SMe5),] forms [PtMe,(1°>(N,N)-
L)], where the ligand is coordinated via two pyridine nitrogen heteroatoms
(060M1583) that oxidatively adds methyl iodide to yield platinum(IV)
[PtIMe5(L)]. Protonation of [PtMez(nz(N,N)—L)] using hydrochloric acid
gives [Pt(Me)(nz(N,N)—L)X] (X = (1, OTf). The same process with triflic acid
but in the presence of dimethylsulfide gives [Pt(Me)(n*(N,N)-L)(Me,S)]
(OTf). The range of organocopper compounds with 7*(N,N)-coordination
via the pyridine nitrogen atoms includes [Cu(LH)X]Y (X = C;Hy, C3Hg,
Y = ClO4 X = CHy, Y = BEy), [CW(LH)(CO)(CO,)] (84I1C2813). Di-2-pyri-
dylamine (HL) with [Au(C¢Fs)(THT)] forms [(CeFs)Au(p-HL)Au(CgFs)]
where only pyridine nitrogen atoms are involved in coordination
(03EJ12170).

4. DERIVATIVES OF PYRIDINE AND BENZANNULATED
PYRIDINES WITH NONADJACENT AMINO GROUPS

4-(Dimethylamino)pyridine (L) with [(nS-Cp)zFez(CO)g(u—Si(I)(t-Bu))]
gives [(nS—Cp)zFez(CO)3(u—Si(L)(t—Bu))](I) (94JA8575). It also reacts with
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[(17°-Cp)oFey(CO),(p-CO)(u-Si(D(CHR,))] (R = Et, Ph) to yield the 5'(N)-
coordinated [(1°-Cp),Fex(CO),(n-CO)(u-Si(L)Y(CHR,)I() (97BCJ2193). 4-
Dimethylaminopyridine with [RuCl,(CO),(PPhj3),] gives the substitution
product [RuCl,(CO)(L)(PPhj),] (98POL2013). 2-Dimethylaminopyridine
reacts with [(1°-Cp")Fe(CO)(*(Si,P)-Me,SiPPh,)] to yield 91 by insertion
of the aromatic N—C bond into the Si—P bond (04JA5060). The aromaticity
of the pyridine ring is lost.
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3- and 5-Aminoquinolines (L) react with [(1*-diene)Rh(CD)], (diene =
cod, nbd) to yield monomeric [(*-diene)Rh(C)L] monodentately coordi-
nated via the pyridine nitrogen atom (99JOM(586)150). 3-Aminopyridine-
based ligands react with [(1)°-cymene)(Cl)Ru(u-C1),Ru(CD(°-cymene)] in
acetic anhydride to yield neutral 92 (R = ferrocenyl, anthracenyl), and
cationic 93 (R = ferrocenyl, anthracenyl) in the presence of silver hexa-
fluorophosphate (03JOM(666)63). Neutral 92 with 3-aminopyridine in
acetic anhydride in the presence of silver hexafluorophosphate gives the
mixed-ligand cationic 94 (R = ferrocenyl, anthracenyl). 4-Aminopyridine
with [(*-1,5-diamino-3-azapentane)Pt(Br)|Br in the presence of silver per-
chlorate gives the n'(N)-coordinated [(7*-1,5-diamino-3-azapentane)Pt(4-
NH;py)I(ClOy) (90JCS(D)3271).

RuCl, R (PF) (PFg)
= N/ = N/ \::]\N A / \L\
L NHR NHR_|
93

NH, _|
92

An interesting development is based on the neutral gold isocyanide
complexes [Au(R)CNpy-4)] (R =C¢Fs5, 2,4,6-(CF;);CsHy) and [Aus(p-
CeF4CeF4)(CNpy-4),] (07]JCS(D)5339). They enter into nucleophilic attack
by NEt,H, NH;Me (for mononuclear and dinuclear precursors), and
H,NCgH4NH; at the a-carbon atom of the isocyanide moiety to yield the
gold carbene derivatives 95 (R = C¢Fs, 2,4,6-(CF;);CsHy), 96 (R = C¢Fs,
2,4,6-(CF3)3C6H2), 97 and 98.
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5. AMINOMETHYL DERIVATIVES

5.1 Nontransition metals and titanium group

Thallium amide with [2-CsH,N)C(Me){CH,N(Li)SiMes},], substitutes the
lithium ions by thallium(I) in two steps, yielding the mixed metal amide
[(2-CsH4N)C(Me){CH,N(L1)SiMes HCH,N(TD)SiMe3} ], and the thallium(I)
diamide [(2-CsH,N)C(Me){CH,N(T1)SiMes},1» (00EJI2577).

Alkylation of the complex of tridentate diamidoamine ligand
[TiClL{MeC(2-CsHsN)(CHoNSiMes)o}l with RMgCl (R = PhCH,,
MesSiC,) yields the mono- and dialkyl [Ti(CDHR{H;CC(2-CsH4N)
(CHzNSiMEg)z}], [Tle{H3CC(2-C5H4N)(CHzNSIMe?,)Z}], and [Tle{H3CC
(2-CsH4N)(CH,NSiMes3),}] (97CB1751, 00CC173). Imido titanium com-
pound [Ti(NBu-#)(py)(MeC(2-CsH4N)(CH,NSiMe;),)] with 2,6-xylyliso-
cyanide gives the product of a double insertion into the titanium—imido
bond, 99 (97CC1555, 000M4784). Reactions with 2-butyne or 1-phenylpro-
pyne are C-N couplings and also lead to the four-membered titanaazeti-
dines 100 (R = Me, Ph) (98CC2555, 010M3308). The same products can be
obtainedina?2 + 2 cycloaddition with 1,2-butadiene and phenylallene. [2 + 2]
Cycloaddition with #-BuCP forms the mononuclear 101 (000OM3205).
[TiNBu-t)(L)(py)] and [Ti(N-2,6-CsHsPr-ir)(L)(py)] with phenyl acetylene
and p-tolyl acetylene give the [2 + 2] cycloaddition products [Ti(L)(n*N
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(Bu-)'CH=CR)] (R=Ph, p-Tol) and [Ti(L)(1*-N(2,6-C¢H;Pr-i) CH=CR)]
(R =Ph, p-Tol) (04CC704). Titanium imido complexes [Ti(NBu-£)(L)(py)]
(L = MeC(-CsH4N)(CH,N(3,5-CsHsMey)),) with aryl acetylenes afford
the [2 + 2] cycloadducts 102 (Ar = Ph, p-Tol) (080OM2518). A second equiv-
alent of alkyne affords azatitanacyclohexadienes 103 (070M5522). The
complex with Ar =Ph inserts sulfur and selenium atoms into the Ti—C
bond of the azatitanacyclobutene unit to give five-membered metalla-
cycles [Ti(L)(nz—N(t-Bu)CH:C(Ph)E)] (E =S, Se). Isonitriles insert into the
Ti—C bonds to give 104 (Ar = Ph, R = Xyl, Cy, -Bu; Ar =p-Tol, R =t-Bu).
Zirconium (1-pyridinio)imido complex [Zr(L)YIN=NCsHs)(OT£)(py)] reacts
with PhC=ClLi to yield alkynyl 105 (080OM172). A similar reaction occurs
with a hafnium analog (08]JCS(D)6231). The hydrazido complex with the
same ligand [Zr(L)(NHNMe,)Cl] with LiCH,SiMe; gives [Zr(L)Y(INHNMe,)
(CH,SiMe3)] (08JCS(D)2111).

\Bu ; Ar \Bu—t \Bu t
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The arylated diamidopyridine ligands [MeC(2-CsH,N)(CH,NATr), 1>~
(Ar = 2,4,6-Me;CgH,, 2,4,6-(i-Pr);CgH,) (L) form alkyls of zirconium and
hafnium [ZrLR,] (Ar =2,4,6-Me;CsH,, R = Me, PhCH,, Np, i-Bu), [Zr(L)
(THF)Me,]  (Ar=24,6-MesCeHy,),  [Li(Et,O)l[ZrLMes;]  (Ar=24,6-
Me3C6H2), [ZI'(L)(Z-BU)2] (Ar = 2,4,6—(i—Pr)3C6H2), [HfLRz] (Ar = 2,4,6—M63C6H2,
R =Me, Et, n-Pr, n-Bu, i-Bu, i-Pr), [Hf(L)G-Pr)Cl] (Ar =2,4,6-Me;C¢H,), and
[HEL) Bu)Cl] (00JA7841, 01JA10746, 020M5785). [HfLR,] (Ar=24,6-
Me;CeH,, R=i-Bu) with (PhsO)(B(CgFs)s) gives cationic 106 active in
1-hexene polymerization (030M4569). The dimethyl analog similarly forms
dinuclear 107.

Mes /_< Mes Mes
MesN—LN MesN N\ /VI K / N MesN
Tf B(CgFs)q MeB(CgFs)3
N

106

Complexes of (N,N'-di(6-methylpyridin-2-yl)-2,2’-diaminobinaphtha-
lene) (H,L) [MLCL;] or [ML(OTf),] M = Zr, Hf) with Me,CHCH,MgBr
give [ML(CH,CHMe,),] M = Zr, Hf) (050M3335). The ligand with [Zr
(CH,Ph)4] gives [Zr(L)(CH,Ph),], 108. Both can be activated with B
(CgF5); to give [ML(CH,CHCHMepI(HB(C¢F5);) or [Zr(L)(CH,Ph)
(PhCHzB(C6F5)3)] (2-C5H4N)CH2N{CHQCHzN(H)SlM€3}2 (HZL) forms
the zirconium dichloride [Zr(L)Cl,], which with MgCH,PhCI or
MgCH,5iMe;Cl forms chloroalkyls 109 (R! = Cl, R? = CH,Ph, CH,SiMe;)
(050M5586). The product (R* = CH,Ph) with methylmagnesium bromide
forms mixed dialkyl 109 (R' = Me, R? = CH,Ph). [Zr(L)Cl,] with methyl
lithium, benzylmagnesium chloride, MgCH,SiMe;Cl, t-butylmagnesium
chloride yields a series of dialkyls 109 (R! = R? = Me, CH,Ph, CH,SiMe;,
CH,Bu-t). Bis(2-picolyD)(2-hydroxy-3,5-di-t-butylbenzyl)amine with [Zr
(CH,Ph),] gives trialkyl 110 (07IC7199).

PhCH, SIMC3
%Q
\\JSlMe3

PhCH
108 109
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5.2 Vanadium group

The reactivity of [M(NR)CI(*(N,N,N)-MeC(2-CsH,N)(CH,NSiMes),) (py)]
(M =Nb, Ta; R =t-Bu, 2,6-C¢H;(i-Pr),) is of interest and often leads to
organometallic compounds (010M3531). Thus with LiCHR(SiMes) both
niobium and tantalum species give four-coordinate 111 (R = SiMe;, H;
M = Nb, Ta) without pyridine nitrogen coordination, while tantalum 112
is five-coordinated. The niobium precursor with PhCH,MgCl gives 113
with involvement of the heteroring, while that with LiCsH,Me leads to 114
where the pyridine ring is not coordinated (01CCR(216)65). [Ta(NBu-£)Cl
(nB(N,N,N)—MeC(Z-C5H4N)(CHZNSiMe3)2)(py)] with methyl lithium gives
[Ta(NBu-t)(1°(N,N,N)-MeC(2-CsH,N)(CH,NSiMe;),)(Me)] and with allyl-
magnesium chloride [Ta(NBu-t)(1°(N,N,N)-MeC(2-CsH4N)(CH,NSiMe3),)
(n'-C3Hs)] (040M4444). (3,5-Cl,CeH3HNCH,),C(2-CsHyN)(CH3) (HoL) is
the basis for [TaMes(L)] (010M5682).
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5.3 Chromium group

[WINPh)(L)CL] (L = MeC(2-CsHyN)(CH,NSiMe3),) with methylmagne-
sium bromide or phenylmagnesium chloride affords [W(NPh)(L)R,]
(R =Me, Ph) (031C4961). [W(L)Y(INPh)Me,] reacts with B(CgFs); to form
cationic [W(L)(NPh)Mel(MeB(CgFs)5) 115 (L = MeC(2-CsH,N)
(CH,NSiMe3),) (02CC2618). Carbon dioxide cycloadds at the W=NPh
bond to yield 116. With AN and THF, 115 forms adducts 117 (L = AN,
THF) (040M4444). When the reaction with B(C¢Fs)3 is conducted in meth-
ylene chloride with 0.5 equivalents of a reagent, the major product is the
methyl-bridged dinuclear 118. Methyl tungsten [W(NPh)(L)Me]" (L = MeC
(2-CsH4N)(CH,NSiMes),) 115 reacts with the heterocumulenes CO,, CS,,
RNCO, and RNCS (R = t-Bu, Ar) by insertion into a W—N bond to give 116
(illustrated for carbon dioxide) and subsequent rearrangement via a 1,3-
migration of a trimethylsilyl group to give 119 (05ACR839, 050M2368).

N N N N\
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Bis(2-pyridylmethyl)amine (L) forms cationic [W(CO),(1*-allyD(*(N,
N,N)-L)I(PF¢) (allyl = C3Hs, 2-MeC3Hy) and tris(2-pyridylmethyl)amine
(L) - IM(CO)»(n*-allyD(n*(N,N,N)-L)](PFs) (M = Mo or W, allyl = C3H; or
2-MeC3H,) (92JOM(435)319). In the latter, the N-donor set comprises two
pyridyl rings and the exocyclic nitrogen atom while the third pyridyl ring
is oriented away from the metal. Bis(2-pyridylmethyl)amines with [Mo
(CO)¢] give 120 (R = H, PhCH,) (02EJI1518). Using bromine in chloroform,
the product with R = H gives cationic 121. Tridentate coordination of the
potentially tetradentate pyridinophane ligand N,N’-dimethyl-2,11-
diaza[3.3](2,6)pyridinophane (L) occurs in [MO(?]S(N,N,N)-L)(CO)g,]
(98EJI1381). The complex of tri-2-pyridylmethylamine (L) [Cr(L)Cl,]
(BPhy) with methyl and phenyl Grignard reagents produces cationic chro-
mium(III) 122 (R = Me, Ph) (03IC6876, 08EJ12633).

PN P PN PN

X
(CO); (CO);Br
120 121
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\ - V| @y
NS = 4
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N
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122

5.4 Manganese and iron group

With substituted bis(2-pyridyl)methylamine and the carbonyl precursor
[M(CO);(H0)5]" chelates 123 (M = Re, Tc) form using microwave heating
(08IC8213). An illustration of the tripodal N,N,O-chelates is rhenium(I)
124, prepared from the corresponding ligand and [Re(CO);(H,O);]Br
in methanol at reflux (08IC1337). Carbohydrate-appended 2,2'-dipicolyl-
amine ligands, 2-(bis(2-pyridinylmethyl)amino)ethyl-f-pD-glucopyrano-
side, 2-(bis(2-pyridinylmethyl)amino)ethyl-f-D-xylopyranoside, and
2-(bis(2-pyridinylmethyl)amino)ethyl-a-D-mannopyranoside (L) with
(NEty),[ReBrs(CO);] form [Re(CO)s(i°>(N,N,N)-L)]* (05IC2698).
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Complexes of 2,6-bis((dimethylamino)methyl)pyridine (L), [Ru(r*(N,
N,N)-L)CI(PPh3)](OTf) and [Ru(;°(N,N,N)-L)(OT)(PPh3)](OTf) under car-
bon monoxide yield [Ru(*(N,N,N)-L)CI(CO),1(OTf) and [Ru(r>(N,N,N)-L)
(OTH(CO)PPhy)I(OTS), respectively (98IC1749). N-(2-pyridylmethyl)-
(R)-1-phenylethylamine, N-(2-pyridylmethyl)-(R)-1-naphthylethylamine,
N-(2-pyridylmethyD)-(R)-1-cyclohexylethylamine, ~N-(2-pyridylmethyl)-
(1IR25,4R)-1-bornylamine, and N-(2-quinolylmethyl)-(R)-1-naphthylethyl-
amine with [(né-arene)Ru(p—Cl)Cl]z (arene = p-MeCgH,Pr-i, CsHg, CsMey)
in methanol-containing sodium hexafluoroantimonate give [(5°-arene)Ru
(L)C1]; one representative is illustrated as 125 (08]JCS(D)3328). Bis(2-pyr-
idylmethyl)amine at reflux with [Ru(CO),Cl,], in ethanol gives bis-chelate
126 (06ICA309). 1-(Pyridin-2-yl)methanamine ligands in combination
with phosphines afford ruthenium catalysts, for example, 127, for the
reduction of ketones and aldehydes (08EJI4041). Terdentate cyclo-
metalated 128 (R = Cl, OH, H) are catalysts for transfer hydrogenation of
acetophenone with 2-propanol (07CE]7479). 1-Substituted-1-(6-arylpyri-
din-2-yl)methanamines (R = H, Me, t-Bu) react with [RuCl,(PPh;);], 1-(1-
(dicyclohexylphosphino)ethyl)-2-(diphenylphosphino)ferrocene in the
presence of triethylamine to yield cyclometalated 129 (R = H, Me, t-Bu;
R' = H, Me) that serve as catalysts for the asymmetric transfer hydrogena-
tion of alkyl aryl ketones (09CE]729).
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(2-(2-Pyridyl)ethyl)(2-pyridylmethyl)methylamine (L) with [(n°-CsH)
RuCl,], and ammonium hexafluorophosphate in methanol gives [(1°-
CeHg)Ru(*(N,N,N)-L)I(PFy), (94]CS(D)465). In a similar way (1°-cyanocy-
clohexadienyl)ruthenium(Il) 130 can be prepared (961C3431). Identical
bis-chelates containing rings of varying size are based on N-methyl
((2-pyridylethyl(2-pyridyl)methyl)amine, N-methyl-N,N-bis(2-pyridyl-
methyl)amine, and N-methyl-N,N-bis(2-pyridylethyl)amine (091CA483).
Another series includes half-sandwich 7°benzene ruthenium
complexes containing n3(N,N,O)—ligands, 4-nitro-6-(((2'-(pyridin-2-yl)
ethyl) methylamino)methyl)-phenol, 2,4-di-f-butyl-6-(((2'-(pyridin-2-y1)
ethyl)methylamino)methyl)-phenol, and 2,4-di-t-butyl-6-((2'-(pyridin-2-
yDbenzylamino)methyl)-phenol (07JOM3248). (2,6-Bis(2-mercaptophenyl-
amino)dimethylpyridine) (H,L) with Fe(Il) salts gives pentacoordinate
[FeL], which coordinates CO to give diamagnetic [Fe(CO)(L)] and in a
similar way [Ru(CO)(L)], which can be illustrated as 131 (991C5314).
With NOBF, in methylene chloride 131 (M = Ru) is transformed to the
tetrafluoroborate cationic complex, but application of NaBH, in methanol
reverses the process (05ICA1798).
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5.5 Cobalt group

UV-photolysis of [N,N-bis(2-pyridylmethyl)amino acidato]phenanthroli-
necobalt(Ill) (amino acidato = glycinato, alaninato, 2-cyclopropylglyci-
nato) leads to the elimination of carbon dioxide from the amino acid based
chelate and the formation of Co—C—N metallacycles of the type 132 (00JCS
(D)2801, 04JCS(D)150). 2,6-Bis(1’,3'-diamino-2'-methylprop-2’-yl)pyridine
(L) forms 7]3(N,N,N)-Coordinated [Co(L)Y(Me)I(INO3), and [Co(L)(Me)]
(5206) can be prepared from [Co(NH;)5(Me)I(NO3); and by anion
exchange of the product with NayS,062H,O (99ICA(286)98).
Aminomethylpyridine ligands with [(1°-Cp )Ir(u-C1)Cl], in methanol-con-
taining sodium hexafluoroantimonate yield cationic 133 (R = Ph, Nph,
Cy), 134, and 135 (07JCS(D)1911, 08CCR782). These products with silver
hexafluoroantimonate in methylene chloride — acetone yield dicationic
aqua species similar in structure to 133-135 where the chloride ligand is
substituted by a water molecule contained in the acetone and the complex
ion acquires charge +2. Dicationic species similar to 133 (R = Ph, Nph) and
134 in acetone at room temperature evolve to cyclometalated 136, 137, and
138. In [(1°-Cp)Ir(CI)(L)[(SbF,) (L = N-(2-pyridylmethylene)-1-phenyleth-
ylamine, N-(2-pyridylmethylene)-1-naphthylethylamine, N-(2-quinolyl-
methylene)-1-naphthylethylamine, N-(6-methyl-2-pyridylmethylene)-1-
naphthylethyl amine, N-(2-pyridylmethylene)-1-cyclohexylethylamine,

q Cp'IrCl

N
| NHCHRMe |(SbFy)

7 N\

133
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N-(2-pyridylmethylene)-1-bornylamine two nitrogen atoms of the imine
ligands are involved in coordination (980M2986). In [(°-Cp )Rh(CI)(L)]
(SbFs) (L = N-(2-pyridylmethylene)-1-phenylethylamine, N-(2-pyridyl-
methylene)-1-naphthylethylamine, N-(2-pyridylmethylene)-1-cyclohex-
ylethylamine) the coordination is the same (990M3364).

Cp'IrCl
Cp'IrCl H
s (SbFg)
SN
_ NHCH(Nph)Me | (SbFg)
134 B 135 -
Cp*
/Ir
~ °N
| (SbF)
X H
136
Cp’k

138

Bis(2-pyridylmethyl)amine (L) forms the 7°(N,N,N)-coordinated complex
[(n*-cod)Rh(L)I(BPhy) (99CEJ2921, 030M3022, 04EJI2385). N,N,N-Tri((6-
methyl-2-pyridyl)methyl)amine forms iridium(I)-ethene complex 139 (M =
Ir, R = Me) as the hexafluorophosphate salt (02AGE2135). Oxidation using
ferrocinium hexafluorophosphate then gives dicationic iridium(II) 140. In a
similar way, the complex with R = H can be prepared (020M4312). Both 140
(R = H, Me) in acetonitrile enter iridium—carbon coupling yielding the ethene-
bridged iridium(II) dinuclear 141. Under oxygen in acetonitrile, further oxi-
dation to iridium(IIl) formylmethyl 142 occurs. In acetone, the first step is the
formation of the superoxo radical 143, which on 1,3- or 1,2-intramolecular
coupling of coordinated ethene and Ir-O-O moieties may produce radicals
144 or 145 (05]CS(D)879). One-electron oxidation of [(7*-CoH)Ir(L)]* (L = N,
N,N-tri((6-methyl-2-pyridyDmethyDamine, N-(2-pyridylmethyl)-N,N,-di((6-
methyl-2-pyridyl)methyl)-amine results in iridium(Il) [(*CoH)Ir"(L)]**
(05JA1895). In acetonitrile, they generate radical [(nl—C2H4)IrI(L)(AN)]2+.
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Oxygenation of 139 (M = Rh, Ir; R = H, Me) in solution gives 2-rhoda(Ill) and
2-irida(Ill)-oxetanes 146 (M =Rh, Ir; R=H, Me) (97AGE2064, 00CEJ298,
04AGE4142). Cationic 139 (M = Rh, R = H) with H,O, and NH," in acetoni-
trile gives a metallacyclic amide (99AGE219). In the solid phase, 139 (M = Rh,
Ir; R = H) enter into dioxygenation with molecular oxygen or air to yield
3-metalla-1,2-dioxolanes represented by isomers 147 and 148 (01AGE2106,
03EJT1072). Cationic [(7*-C,H)Rh(L)]" (L = N-alkyl-N,N-di(2-pyridylmethyl)
amine, alkyl = R = Me; R = n-Bu; R = PhCH,) are oxygenated in acetonitrile
by aqueous hydrogen peroxide to 2-rhoda(IIl) oxetanes [(1*-C,0-CH,CH,0-)
Rh(L)(AN)]" (01CEJ416). Cationic 139 (M = Rh, R = Me) is the result of the
reaction of N,N,N-tri((6-methyl-2-pyridyl)methyl)amine and [(nz—C2H4)2Rh
(u-CD], in methanol in the 2presence of potassium hexafluorophosphate
(02EJ12671). [(*-CHYI (L) (L = N,N,N-tri((6-methyl-2-pyridyl)methyl)
amine and ethyl diazoacetate reacts with the Ir-carbenoid radical [I'"(CH
(COOEH)(AN)(L)I** which then couples with the acetonitrile adduct of the
precursor and leads to C—C bond formation in dinuclear tetracationic iridium
(ITI) 149 (08CEJ7594). In contrast, trimethylsilyldiazomethane gives the mono-
nuclear dicationic iridium(III) 150.
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N,N,N-Tri((6-methyl-2-pyridyl)methyl)amine and N-methyl-N,N-bis
((6-methyl-2-pyridyl)methyl)amine with [(*-C,H,)Ir(Cl)] and potassium
hexafluorophosphate in methanol give the bis(ethene) iridium(I) 151 and
152, respectively. Both readily dissociate one ethene molecule. In the case
of 151, the mono-ethene 139 (M =1Ir, R = Me) slowly transforms to the
cyclometalated 153 in acetonitrile. The rhodium complex reacts with
molecular oxygen with displacement of ethene and formation of a per-
oxo-species. Both iridium mono-ethene species, in contrast, bind
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molecular oxygen in a peroxo-arrangement without loss of the ethene
molecule. N-(2-pyridylmethyl)-N-(6-methyl-2-pyridylmethyl)amine (L)
with [(n*nbd)Rh(u-CD)], and ammonium hexafluorophosphate gives
rhodium() [(*-nbd)Rh(;*(N,N,N)-L)](PF,) (040M4236) that with silver
hexafluorophosphate leads to rhodium(Il) [(774—nbd)Rh(773(N,N,N)—L)]
(PFe),. Attempted oxidation using ferric chloride in acetone-water leads
to rhodium(II) n'-3-hydroxy- or 3-methoxynonbornenyl dinuclear 154.
Ferrocenium hexafluorophosphate leads to similar isomeric products.
Protonation of the rhodium(I) material occurs at the pyridine nitrogen
atom to give cationic 155. Bis(2-picolyl)amine (H,L) forms [(5*-cod)Ir
(H,L)]* 156, which readily undergoes double deprotonation of the amine
and one of the methylene protons to yield the anionic [(174—cod)Ir(L)]*
(08CEJ10932). The latter can be oxidized to the ligand-centered radical
157 even in the air, and in this radical one of the pyridine rings is switched
not coordinated and the other partially loses aromaticity.
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N,N'-di(2-pyridylmethyl)amine, N-methyl-N,N'-di(2-pyridylmethyl)
amine, and N-benzyl-N,N'-di(2-pyridylmethyl)amine (L) react with [(1*-
C,oHy)4Ir(CD] and potassium hexafluorophosphate in methanol to yield
iridium(I) cationic [(7*-CoHy),Ir(>(N,N,N)-L)I(PF;) 158 (R=H, Me,
CH,Ph) (050M5964). Heating 158 (R = H) in acetonitrile gives iridium
(III) ethyl 159. In contrast, heating 158 (R = CH,Ph) leads to a dinuclear
iridium(III) 160 containing a cyclometalated benzylamino moiety and two
bridging hydride ligands. In acetonitrile, the product readily transforms to

mononuclear iridium(IIl) hydride 161.
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2-(Diethylamino-methyl)-6-(t-butyl sulfonyl methyl)pyridine (L) reacts
with [(7*>-COE)4Rh,Cl,] in acetonitrile to form neutral rhodium() [Rh
(nB(N,N,S)-L)(AN)] (080OM1892). The product with rhodium(l) or iridium
() precursors gives cationic [Rh(r>(N,N,S)-L)(AN)I(BE,) and [(*-COE)Ir
(773(N,N,S)—L)](BF4). These are readily carbonylated to yield 162 (M = Rh,
X =PFg) and 162 (M = Ir, X = BF,) and further on deprotonation by t-BuOK
— dearomatized 163 (M = Rh, Ir). The process can be reverted in acetic acid.
Using dimethylaminopyridines, pyridinophane and macrocyclic ligands
can be prepared. They react with [(5*-cod)M(Cl),] (M = Rh, Ir) and [(1*-
nbd)Rh(CI),] to yield chloride cationics 164 and 165, which can be trans-
formed to PFg, BF,, or BPhy salts (02E]J1457).
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5.6 Nickel group

2-Phenyl-6-(2-amino-i-propyl)pyridine with K,[PtCly] and PdCl, gives
cyclometalated 166 (M = Pt, Pd, L = CI) (040M4406). Potassium t-butoxide
acts a deprotonating agent for the platinum complex and leads to heterodi-
nuclear bis-chelate 167. Species 166 (M = Pt, L = CI) with molecular hydro-
gen gives hydride 166 (M = Pt, L = H). 6-Phenyl-2-((2,6-di-i-propylphenyl)
imino)pyridine (HL) with Pd(OAc), and PdCl,(PhCN); in benzene yields
neutral ortho-palladated 168 (X = OAc, Cl) (05E]J14794). The chloride in the
presence of NaB(3,5-(CF3),C¢H3)4 reacts with acetonitrile, triphenylpho-
sphine, di(o-methoxyphenyl)phosphine (L") in methylene chloride to give
cationic [PA(L")(#*(C,N,N)-L)1(B(3,5-(CF5),CcHa)s).
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Bis(2-pyridylmethyl)amine (L) is 7°(N,N,N)-coordinated in [Pt(L)(Me)]
Cl and [PH(L)(n'-ally)Me,]Br (970M1946). N,N,N'-Trimethyl-(N'-(2-pyri-
dylmethyl)ethylenediamine, N-benzyl-N,N'-dimethyl-N-(2-picolyl)ethy-
lenediamine with [PtMey(p-SMey)l, give the *(N,N)-chelates 169
(R =Me, CH,Ph) (030M787). Oxidative addition of methyl iodide forms
cationic bis-chelates of platinum(IV) 170 (R = Me, CH,Ph) with n3(N,N,N)—
coordination. Protonation with HX (X = CF;50;, CF;COO, BF,) leads to
similar cationic 171 (R = Me, CH,Ph; X = CF3;503, CF;COO, BF,), which
reductively eliminate methane to provide platinum(I) 172 with the
same set of R and X. The methyl(hydrido)platinum(IV) complex [Pt(H)
(CH3)>(D)I" (L =di-2-pyridyl methylamine) reductively eliminates
methane (990M4456). 2-Aminomethylpyridine with (n-BusN)[Pt(p-
CD2(CgF5)4] gives chelate 173 (04]JCS(D)2733).
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2,6-Bis((dimethylamino)methyl)pyridine and N,N,N'-trimethyl-N'-(2-
picolyl)ethylenediamine (L) are the basis for complexes [Pd(R)(1*(N,N,
N)-DI(OTS), 174 and 175 (R = Me, Ph, 4-O,NC¢Hy, 2-MeCgH,, 1-Nph,
Mes) (91RCT133, 940M3244) prepared by the reaction of a ligand with
[Pd(I)(Me)(tmeda)] and silver triflate. Bubbling carbon monoxide results
in insertion into the palladium—methyl or aryl bond to form acetyl or aroyl
compounds (950M5628).

< |
N
Me,N NMe, X \ /NMe2
/ Pd (OTH)

P|d (OTf) |
L R _ — R -
174 175

5.7 Copper group

Tris(2-pyridylmethyl)amine and similar ligands with [Cu(AN)4/(B(C¢F5)4)
in diethyl ether saturated with carbon monoxide give cationic 176 (R = H,
Me;,N, Me,O) and 177-179 (011C4514, 03IC3016, 08IC241). (t-
Butyldimethylsilyl)(2-pyridylmethyl)amine can be metalated with
dimethyl zinc to give dimer 180 (01EJI851, 01ZAAC1141). Metalation of
(2-pyridylmethyl)(tri-i-propylsilyl)amine using dimethyl zinc gives
dimeric 181 (R =i-Pr3Si) (02EJI389). Further addition of dimethyl zinc
yields the C-C coupling product 180 (R = i-Pr;Si). Metalation with di-n-
butyl magnesium gives magnesium bis((2-pyridylmethyl)(tri-i-propylsi-
lyDamide and further methyl magnesium (2-pyridylmethyl)(tri-i-propyl-
silyl)amide. Similar reactions occur when R = t-BuMe,Si. Compound 180
(R = t-BuMe,Si) reacts with aniline to give 180 (R =Ph) (020M906). 2-
Pyridylmethylamine is metalated by dimethyl zinc to yield methylzinc-
2-pyridylmethylamide, trimeric in the crystalline phase (02ZAAC1425).
Thermolysis in toluene in the presence of dimethyl zinc then leads to bis-
(methylzinc-2-pyridylmethylamido)-N- and N’-bis(methylzinc)-2,3,5,6 —
tetrakis(2-pyridyl)-1,4-diaza-cyclohexane. Bis(2-pyridylmethyl)amide
with ZnR, (R = Me, CH(SiMej;),) gives dinuclear 182, which can be par-
tially hydrolyzed to 183 when R = CH(SiMej3), (08JOM1027).
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5.8 Rare earth metals

Bis(phenoxide) ligand with [Sc(CH,SiMe3);(THF),] in THF affords 184
(02JOM(647)145). The dilithium salt of (2-CsHyN)CH,N{CH,CH,N(H)
SiMes}, (00CC1167) with ScCl; gives five-coordinate 185 (R = CI) (02JCS(D)
1694) that with LiCH,SiMe; forms alkyl derivative 185 (R = CH,SiMes3).
Lithiated diamidopyridines with [ScR3(THF),] (R = CH,SiMe;, Ph) give
series 186 (R = CH,SiMes;, R' =SiMes;, p-Tol, Mes; R =Ph, R'=SiMes)
(02JCS(D)4649). 2,6-Bis(((2,6-di-i-propylphenyl)amino)methyl)pyridine with
[Ln(CH,SiMe3); (THF),] (Ln=Lu, Y, Sc) gives series 187 (Ln=Sc, x =1;
Ln=Lu, x=2, Ln=Y, x=2) (03OM1212). 2,6-Bis((mesitylamino)methyl)
pyridine enters the same type of reaction to yield products with the same
type of structure but where x is always 1. Reaction of imino-amido-pyridine
with [Ln(CH,SiMe3)s(THF),] gives dialkyls 188 (Ln = Sc, Y, Lu) (080M4310).
The dilithium salt of 2,6-bis(2,6-di-i-propylanilidomethyl)pyridine (Li,L)
forms dichloride complexes with thorium(IV), [ThCl,(L)(DME)], which sub-
sequently give dialkyl [Th(CH,SiMe3),(L)] with LiCH,SiMe; (070M692).

C|H2$1MC3 1M€3
O/Sc\? E > <:\<1: s iMes
N

184 185

(THF)x CH251M63

\N |
~
Rl NN/— Sc—R
R T|HF klj)

186

Me351CH CH281Me3

St
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6. CARBOXAMIDE LIGANDS

2-Acetamido-7-methyl-1,8-naphthyridine with [Mo(CO)¢] in diglyme
forms the mononuclear complex 189 where the nitrogen atom of the acet-
amido-group is not coordinated (96CB683). Picolylaminediacetic acid
(H,L) with (NEty);[ReBr3(CO);] forms the tridentately coordinated [Re
(L)(CO)3], but, in contrast, with (NEty)[ReBrz(CO),(NO)] tetradentately
coordinated [Re(L)(CO)(NO)] 190 follow where one of the CO-ligands is
displaced (051C6082). 4-((Biotinamido)methyl)pyridine and 4-(N-((6-bio-
tinamido)hexanoyl)aminomethyl)pyridine interact with [Re(CO);(LL)
(AN)](OTf) in THF/methanol to yield 7'(N)-coordinated complexes 191,
where LL is a derivative of 1,10-phenanthroline R'=R*=R°=H;R'=H,
R*=R’=Me; R' = Me, R*=H, R’ = Ph), or dipyrido[3,2-a:2",3'-c)-phena-
zine, or benzolildipyrido[3,2-a:2',3'-c]phenazine (02JA9344, 040OM3062).
2-Pyridinecarboxamides (R =H, Me, i-Pr, Ph, CH(Me)(Ph)) react with
the dimer [(*-cod)Rh(CD]; in alkali to yield 192 (96JOM(523)179). N-(1-
Naphthyl)picolinamide with [Ir(PPh3);Cl] and triethylamine in ethanol
give cyclometalated 193 (X = H, CI) (08JOM3281).
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7. CONCLUSION

1. Mononuclear complexes of 2-aminopyridine, its derivatives and
deprotonated 2-aminopyridinates may be ;' (N)-coordinated via a pyr-
idine as in 194 or amino nitrogen atom in 195, or 7*(N,N) chelated in the
neutral 196 or, most typically, deprotonated 197 form. °-Coordination
198 via the heteroring is a unique mode observed only in a single case.
Complex substituents sometimes participate in coordination. Thus,
aryl moieties as in NHAr may be coordinated in an 7>-mode.
Alkylamine substituents often give rise to aminocarbene structures
located around the central atom. Cyclometalation, borylation, and
silylation of substituents, cyclometalation of the heteroring, and pro-
tonation of an amino group are features of some representatives.
Cluster chemistry gives rise to a variety of bridging modes, some of
them — uz,n1, 199, pz,nz, 200, very common pz,ns, 201, pg,nz, 202, and
1s,7°, 203 in clusters of high nuclearity. Clusters in many cases contain
cyclometalated heteroring.

= | = | =z | = |
X N 7N P ~
N N N\ N N N N
[ ™ VAN
M M M
194 195 196 197

M M
198 199 200
R = |
7\ L/M NN L/w NN
_ _ . M
N N M .
N AN YA
M M M M
201 202 203

2. Di- and tri-2-pyridylamines reveal 7*(N,N) 204 and 7°(N,N,N) 205
modes in mononuclear complexes and l,1°, 206 and 207, p,,1°, 208
and 209. Derivatives with nonadjacent amino groups are typically
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coordinated via the pyridine nitrogen, although silylation and carbene
formation by the amino groups sometimes occur.

M
i H |
N N N
49sissiegs
N N& X N Nx XN N Na
N/ N\ N\
M M M
204 205 206

jan
=

7\
/
\Z

7\

\
=

Z
_</z \g
Z/ \
@

207 208 209

3. Aminomethylpyridine ligands typically coordinate via all the available
heteroatoms forming bis- and poly-chelates, 210 and 213. However, at
times a pyridine moiety or an amino group is not coordinated.

7 N\
> o 7\
-
N =u W W
\N\ \N
~/ \
.
N
™~
210 211 212 213

8. LIST OF ABBREVIATIONS

Ac acetyl

acac acetylacetonate

AN acetonitrile

Bu butyl

cod 1,5-cyclooctadiene

COE cyclooctene

Cp cyclopentadienyl

Cp’ pentamethylcyclopentadienyl

Cy cyclohexyl
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DME dimethoxyethane

dppm bis(diphenylphosphino)methane

Et ethyl

Fc ferrocennyl

Me methyl

Mes mesityl

Np neopentyl

Nph naphthyl

nbd 2,5-norbornadiene

Np neopentyl

OTf triflate

Ph phenyl

PPN [Ph;PNPPh,]*

Pr propyl

py pyridine

tfb tetrafluorobenzobarrelene

THF tetrahydrofuran

THT tetrahydrothiophene

tmeda N,N,N',N'-tetramethylenediamine

Tol tolyl

Tp tris(pyrazol-1-yl)borate

Xyl xylyl
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2-(2-Amino-3-cyano-6-
hydroxyphenyl)-8-cyano-5-
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with cyclic ketones, 205
6-Amino-5-cyanopyridines, reactions
with cyclic ketones, 205
3-Amino-4-cyanopyrroles, reaction
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carbonitriles, reaction with
acetoacetic esters, 178
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niobium complexes, 233
5-Amino-3,4-diphenylthieno[2,3-c]
pyridazine-6-carbaldehyde,
condensation with ketones, 177
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reaction with aliphatic,
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ketones, 176
3-Aminoisonicotinaldehyde, reaction
with ketones, 195
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194
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[4,5-b]pyridine, 177
2-Aminomethylpyridine, reaction with
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2-Amino-6-methylpyridine, reaction
with rhenium complexes, 234
reaction with ruthenium complexes,
242

reaction with ruthenium carbonyls,
244
reaction with osmium carbonyls,
245
2-Amino-7-methylquinoline-3-
carbaldehyde, synthesis and use
in naphthyridine synthesis, 194
1-Amino-2-naphthaldehyde, 155
reaction with 2-acetylpyridine, 153
2-Amino-1,8-naphthyridines, 189, 190
2-Aminonicotinaldehyde, 179
reaction with unsymmetrical
functionalized alkan-2-ones,
188, 189
reaction with «- and f-naphthols,
190
reaction with ketones, 193
reaction with 2-phenylacetic acid, 201
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carboxaldehyde, synthesis, 197
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with ketones, 195
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ruthenium complexes, 235
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toluidine, 171
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toluidine, synthesis and reaction
with cyclohexanone, 201
5-Amino-pyrazole-4-carbaldehyde,
reaction with ketones, 177
5-Amino-1H-pyrazolo-4-
carbaldehyde, reaction with
ketones, 177
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condensation with ketones, 177
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complexes, 233
photolysis with tungsten carbonyls,
233
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236
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reaction with osmium carbonyls, 245
as a bridge in dinuclear platinum
complexes, 249
4-Aminopyridines, 174
reaction with platinum
complexes, 253
2-Amino-3-pyridinecarbaldehyde,
reaction with 3-acetyltropolones,
195
4-Amino-3-pyridinecarbaldehyde,
reaction with isochroman-4-one,
194
4-Aminopyrimidine-5-
carboxaldehyde, reaction with
aromatic ketomethylenes, 179
in synthesis of 1,8-naphthyridines,
193
reaction with 1,3-, cyclohexanedione,
196
4-Aminoquinolines, 174
3(5)-Aminoquinolines, reaction with
rhodium complexes, 253
8-Aminoquinoline, reaction with
osmium, ruthenium complexes,
236
o-Aminoquinolinecarbaldehydes,
reaction with triacetylmethane,
182
8-Amino-7-quinolinecarbaldehyde,
reaction with 5,6,7,8-tetrahydro-8-
quinolone, 181
in synthesis of phenanthrolines, 182
2-Aminoquinoline-3-carboxylic
acids, 158
3-Amino-2-selenophenecarbonitriles,
condensation with cyclanones, 208
4-Amino-substituted quinolines,
synthesis, 166
9-Amino-1,2,3,4-tetrahydroacridine, 205
12-Amino-6,7,8,11-tetrahydro-7,11-
methanocycloocta-[b]quinoline
derivatives, synthesis, 207
o-Aminothiophene carbaldehydes,
reaction with creatinine, 177
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2-Anilino-4-methylpyridine, in
ruthenium complexes, 238

Annual reports of medicinal chemistry,
literature reviews, 3

Annulated furans, literature
reviews, 62

Annulated imidazoles, literature
reviews, 65

Annulated pyrans, literature
reviews, 73

Annulated pyrazines, literature
reviews, 78

Annulated pyrilium salts, literature
reviews, 73

Annulated pyrimidines, literature
reviews, 75

Annulated thiophenes, literature
reviews, 63

Annulated triazoles, literature
reviews, 67

Anthranilonitriles, reaction with
cyclohexanone, 205

Anthrazoline derivatives,
synthesis, 140

Anthyridines, synthesis, 140

1,9,10-Anthyridines, synthesis, 203

Antibiotics, literature reviews, 39

Antitumor antibiotics, literature
reviews, 38

Aromathecin, 172

Aromatic 2-aminoaldehydes or
ketones, reaction with a reactive
a-methylene carbonyl
compounds, 141

2-Arylamino-6-methylpyridine, as a
ligand in zirconium complexes,
231

2-Aryl-3-nitro-1,2-dihydroquinolines,
167

Aza-aryl-substituted ferrocenes,
195

11-Aza-(20S)-camptothecin, 171

4-Azaisoindole tacrine analogs,
synthesis, 206

Azatitanacyclobutane, 232

Azatitanacyclohexadienes, 255

Aziridines, literature reviews, 52
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Azulene, in formation of ruthenium
complexes, 242

BE22179, 167
Benzochromenoquinolines, 145
Benzol[b]cyclo-alkanones, 187
Benzo derivatives of eupolauridine,
148
1,4-Benzodiazepin-2,5-diones,
literature reviews, 80
Benzolildipyrido[3,2-a:2/,3'-c]
phenazine, as a ligand in rhenium
complexes, 273
1H-Benzolclpyridol2,3,4-kl]-acridines,
180
2,1-Benzothiazines, literature
reviews, 79
Benzothiepinol[5,4-blquinoline
derivatives, 150
1-Benzoyl-2-naphthylamine, reaction
with f-keto esters, 144
2-(Benzylamino)pyridine, reaction
with osmium carbonyls, 245
7-Benzylcamptothecin, 170
N-Benzyl-N,N’-dimethyl-N-(2-picolyl)
ethylenediamine, in platinum
complexes, 269
N-Benzyl-N,N’-di(2-pyridylmethyl)
amine, reaction with iridium
complexes, 267
Betaines, literature reviews, 7
Bidentate 6-bromoquinolines, 152
2,2'-Bi[1,7-naphthyridine], 195
Biological functions of natural and
synthetic bioactive heterocycles,
literature reviews, 32
4-(N-((6-Biotinamido)hexanoyl)
aminomethyl)pyridine,
reaction with rhenium
complexes, 273
4-(Biotinamido)methyl)pyridine,
reaction with rhenium complexes,
273
Biphen 2,2'-dimethylene-3,3'-biphen,
187
Bipyridines, literature reviews, 71
2,3'-Biquinoline, 152

Bis(2-amino-1,8-naphthyridines), 190
Bis(carboxamidonaphthyridine), 189
2,6-Bis(1’,3'-diamino-2'-methylprop-
2'-yl)pyridine, in cobalt
complexes, 262
2,6-Bis((dimethylamino)methyl)
pyridine, in ruthenium
complexes, 260
in palladium complexes, 270
2,6-Bis(2,6-di-i-propylanilidomethyl)
pyridine, reaction of dilithium
salt with thorium complexes,
272
2,6-Bis(((2,6-di-i-propylphenyl)amino)
methyl)pyridine, reaction with
lanthanide complexes, 272
2,6-Bis(2-mercaptophenylamino)
dimethylpyridine, reaction with
ferrous salts, 261
2,6-Bis((mesitylamino)methyl)
pyridine, reaction with lanthanide
complexes, 272
N'-Bis(methylzinc)-2,3,5,6-tetrakis(2-
pyridyD-1,4-diaza-cyclohexane,
270
1,3(6)(8)-Bis(2-[1,10]phenanthrolinyl)
pyrenes, 182
2,7-Bis(2-[1,10]phenanthrolinyl)
pyrenes, 182
Bis(2-picolyl)amine, in formation of
iridium complexes, 266
Bis(2-picolyl)(2-hydroxy-3,5-di-t-
butylbenzyl)amine, reaction with
zirconiums, 256
2,6-Bis(pivaloylamino)pyridine, 190
Bis(2-pyridylmethyl)amine, formation
of cationic tungsten complexes,
259
in rhodium complexes, 263
in platinum complexes, 269
reaction with dimethylzinc, 270
[N,N’-Bis(2-pyridylmethyl)amino
acidato]phenanthrolinecobalt(III),
UV-photolysis, 262
2-(Bis(2-pyridinylmethyl)amino)ethyl-
p-D-glucopyranoside, in rhenium
complexes, 259



2-(Bis(2-pyridinylmethyl)amino)ethyl-
o-D-mannopyranoside, in
rhenium complexes, 259

2-(Bis(2-pyridinylmethyl)amino)ethyl-
B-D-xylopyranoside, in rhenium
complexes, 259

Bisquinolines, 153

Bis(8-quinolylimine, reaction with
platinum complexes, 248

Boron heterocycles, literature
reviews, 85

synthesis, literature reviews, 85
applications, literature reviews, 85

3,3'-Bridged-2,2'-bipyridines, 174

5-Bromo-2-aminobenzaldehyde,
reaction with enolizable ketones,
152

3-Butoxyquinoline-2-carboxylic acid,
167

7-t-Butylcamptothecin, 170

2-t-Butyl-6-(1-(quinolin-8-ylamido)-2-
trimethylsilanylethyl) phenoxide,
as a ligand in yttrium complexes,
250

Camptothecin, 168
synthesis, 140

Camptothecin analogs, synthesis and
biological activities, 172

Carbazoles, literature reviews, 59

Carbocyclic annulated pyridines,
literature reviews, 72

Carbon dioxide, cycloaddition with
tungsten imino complexes, 258

Carbonyl bridges in ruthenium-
pyridinium complexes, 241

Cationic bis-chelates of platinum(IV),
269

Chiral [x, y-b]-cycloalkeno-condensed
phenanthrolines, 185

Clay K-10, as catalyst in Friedlander
quinoline synthesis, 141

Coenzymes, literature reviews, 44

Cookson’s dione, 154

Coordination compounds, literature
reviews, 23

Crown ethers, literature reviews, 82
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(°-Cyanocyclohexadienyl)ruthenium
(II), formation, 261

Cyclic transition states in reactions
of heterocycles, literature
reviews, 9

Cyclodextrins, literature reviews, 50

Cycloheptatriene, in formation of
ruthenium complexes, 242

1-Decene, reaction with ruthenium
complexes, 243
D,L-Desoxycamptothecin, 168
Diacenaphthol[1,2-b:1",2'-i]
1,9,10-anthyridine, synthesis, 202
2,3-Dialkyl-5,8-dimethoxyquinoline,
148
Di-o-aminoarylcarbonyl compounds,
reaction with diketones, 140
2,6-Diamino-4-phenyl-3,5-pyridine
dicaboxaldehyde, synthesis and
reactions, 202
2,6-Diaminopyridine-3,5-
dicarboxaldehyde, reaction with
ketones, 202
3,8-Diamino-10H-quindoline, 145
2,7-Diaryl-3-cyano-4-methylpyrano
[4,3-b]pyridine-5-ones, 177
2,10-Diaza-5,6,7,8-
tetrahydroanthracene, synthesis,
201
Diazirines, literature reviews, 54
Dibenzo[b]-1,10-phenanthrolines,
187
4,6-Dibenzoyl-1,3-phenylenediamine,
condensation with
bisketomethylene monomers,
203
2,4-Di-t-butyl-6-((20-(pyridin-2-y1)
benzylamino)methyl)-phenol,
benzene ruthenium complexes,
261
2,4-Di-t-butyl-6-(((2'-(pyridin-2-yl)
ethyl)methylamino)methyl)-
phenol, benzene ruthenium
complexes, 261
1-(1-(Dicyclohexylphosphino)ethyl)-2-
(diphenylphosphino)ferrocene, in
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formation of ruthenium
complexes, 260
Dicyclopentadiene, in formation of
ruthenium complexes, 242
p-Diesters, reaction with
f-enaminonitriles, 174
2-(Diethylamino methyl)-6-(t-butyl
sulfonyl methyl)pyridine, reaction
with rhodium complexes, 268
1,2-Dihydroacridines, 180
3,4-Dihydro-1(2H)-anthracenone, 187
Dihydrobenz[c]acridines, 180
2,4-Dihydro-1-benzothiepin-4(5H)-
one, in Friedlander synthesis,
150
3,4-Dihydro-1-benzothiepin-5(2H)one,
in synthesis of benzothiepinol[5,4-
blquinoline derivatives, 150
N,N’-Di(6-methylpyridin-2-yl)-2,20-
diaminobinaphthalene
complexes, with zirconium and
hafnium, 256
Di-1,8-naphthyridines, synthesis, 195
2,6-Di(1’,8'-naphthyrid-2’-yl)pyridine
bis annulated derivatives, 175
Di-(phenathrolin-2-yl)-methanone,
186
(2,6-Di-i-propylphenyl)(6-(2,6-
dimethylphenyl)pyridin-2-yl)
amine, deprotonation to
organometallic polymers, 230
in zirconium complexes, 231
N-(2-((2,6-Di-i-propylphenylimino)
methyl)phenyl)quinolin-8-amine,
reaction with lanthanide
complexes, 250
(2,6-Di-i-propylphenyl)(6-(2,4,6-tri-i-
propylphenyl)pyridin-2-yl)amine,
deprotonation to organometallic
polymers, 230
in zirconium complexes, 231
Di-2-pyridylamine, reaction with
molybdenum and tungsten
complexes, 251, 252
reaction with trimethylaluminum, 251
with iridium and platinum
complexes, 252

N,N’-Di(2-pyridylmethyl)amine,
reaction with iridium complexes,
267
Diketones, reaction with
di-o-aminoarylcarbonyl
compounds, 140
Dimedone, reaction with
2-aminobenzonitril, 181
3,6-Dimethoxy-2-aminobenzaldehyde,
reaction with ketones and
diketones, 150
2-(3,5-Dimethoxyanilino)pyridine, in
ruthenium complexes, 238
5,8-Dimethoxyquinoline
derivatives, 150
o-Dimethylaminophenyl(8-quinolyl)
amine, reaction with platinum
complexes, 248
2-Dimethylaminopyridine, reaction
wtih osmium complexes, 236
reaction with iridium complexes,
247
reactions with iron complexes, 253
4-(Dimethylamino)pyridine, reaction
with iron complexes, 252
reaction with ruthenium complexes,
253
N,N’-Dimethyl-2,11-diaza[3.3]1(2,6)
pyridinophane, in molybdenum
complexes, 259
2,3'-Dimethylene-3,2"-biphen, 187
3,5-Dimethylphenyl(8-quinolyl)amine,
reaction with platinum
complexes, 248
Dimethyl zinc, reaction with
2-pyridylamines, 249
Dioxetanes, literature reviews, 55
Dioxiranes, by epoxidation of olefins,
literature reviews, 54
1,2-Dioxolenes, literature reviews, 66
Diphenylacetylene, reaction with
ruthenium complexes, 239, 240
in ruthenium-tin carbonyl
complexes, 241
Diphenylanthrazolines, 205
Diphenylbutadiyne, reaction with
ruthenium complexes, 242



Diphenylmercury, reaction with
ruthenium complexes, 243
5-(Diphenylphosphanyl)-1,2,3,4-
tetrahydroacridines, 181
2-((Diphenylphosphino)amido)
pyridine, in titanium complexes,
232
Dipyridol4,3-b;5,6-blacridines, 181
Dipyridoimidazole derivatives, 177
Dipyrido[3,2-a:2’,3'-c)-phenazine,
as a ligand in rhenium
complexes, 273
p-(2,2'-Dipyridylamido-N*N:N')-
p-(2",2"-dipyridylamido-N* ,N":
N"")bis{bis(pentafluorophenyl)
thallium(III)}, 251
7,9-Disubstituted pentacyclic
derivatives of camptothecin,
170
6,7-Disubstituted pyrido[2,3-cl]
pyrimidines, 179
1,2,3-Dithiazoles, literature
reviews, 68
Dodecylphosphonic acid, in
Friedlander synthesis, 143
DPA, see dodecylphosphonic acid
Dyes, literature reviews, 22

p-Enaminoketones, reaction with
p-ketoesters and fS-diesters, 174

Enolizable methylene groups, reaction
with o-aminoaryl carbonyl
compounds, 140

Enzymes, literature reviews, 44

Ethyl-4-amino-2,3-dihydro-6-
methylthieno[2,3-b]pyridine-5-
carboxylates, 179

Ethyl formate in hot pressurized
water, as an effective green
reducing system for olefins,
acetylenes, and aldehydes, 166

6-((Ferrocenylmethyl)amino)-2-
picoline, reaction with gold
complexes, 249

Five-membered heterocycles,
literature reviews, 55
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Five-membered lactones,
literature reviews, 62

Fluorene, in formation of ruthenium
complexes, 242

4-(2-Fluorophenyl)quinoline,
reaction with ethyl
acetoacetate, 145

Friedlander quinoline synthesis, 141,
mechanism, 142

Furans, literature reviews, 62

General sources and topics in
heterocyclic chemistry, literature
reviews, 5

General topics of reactivity of
heterocycles, literature reviews, 8

Germanium heterocycles, literature
reviews, 85

Gold isocyanide complexes,
reaction with nucleophiles, 253

Gold-rhenium complexes, 234

Heterocycles, reaction with
electrophiles and oxidants,
literature reviews, 8

reaction with free radicals,
literature reviews, 9

reaction with nucleophiles and
reducing agents, literature
reviews, 9

as intermediates in organic synthesis,
literature reviews, 10

syntheses from nonheterocyclic
compounds, literature
reviews, 19

syntheses via transformation of
other heterocycles, literature
reviews, 21

from marine organisms, literature
reviews, 49

1,2-Heterocycles, literature reviews, 74

1,3-Heterocycles, literature reviews, 75

1,4-Heterocycles, literature reviews, 78

Heterocyclic annulated pyridines,
literature reviews, 72

Heterocyclic conductors, literature
reviews, 23



294 SUBJECT INDEX

Heterocyclic coordination compounds,
literature reviews, 23
Heterocyclic drugs, literature
reviews, 39
by different activities, literature
reviews, 41
individual substances, literature
reviews, 43
Heterocyclic dyes, literature reviews,
22
Heterocyclic ionic liquids, literature
reviews, 25
Heterocyclic polymers, literature
reviews, 24
Heterocyclic receptors for urea, 191
Hexacyclic derivatives of
camptothecin, 170
Hexa-2,4-diyne, reaction with
ruthenium clusters, 243
2-Hexamethyleneiminopyridine,
reaction with rhodium
complexes, 247
(%)-Huprines, synthesis, 209
Hydrofurans, literature reviews, 62
Hydropyrans, literature reviews, 73
Hydropyrazines, literature
reviews, 78
Hydropyridines, literature reviews, 71
biologically active derivatives,
literature reviews, 72
Hydropyrimidines, literature
reviews, 75
Hydropyrroles, literature reviews, 56
Hydrothiophenes, literature reviews,
63
11-Hydroxyacuminatines, 172
22-Hydroxyacuminatines, 172
2-Hydroxymethyl-3-
quinolinecarboxylic acid
lactones, 144
2-Hydroxy-1-naphthaldehyde
oximes, 176

Imidazoles, literature reviews, 64
Imidazo-[1,2-a]-naphthyridines, 194
Imido titanium compounds, 254
Indan-1,3-dione, reaction with
o-aminoacetophenone, 148

Indene, in formation of ruthenium
complexes, 242

Indoles, literature reviews, 59

Indolizinoquinolines, 172

Ionic liquids, literature reviews, 25

2-Irida(Ill)-oxetanes, 264

Irinotecan, 172

Isoindoles, literature reviews, 60

Isothiazolium salts, literature
reviews, 66

Isoxazoles, literature reviews, 66

IUPAC nomenclature (general
monograph), literature
reviews, 4

p-Ketoesters, reaction with
p-enaminonitriles, 174

o-Ketohydrazones, reaction with
2-acetamido-benzaldehyde, 166

p-Lactam antibiotics, literature
reviews, 38

p-Lactams, literature reviews, 54

Large heterocycles, structure,
stereochemistry, literature
reviews, 80

synthesis, literature reviews, 81
applications, literature reviews, 82

LASC, see Lewis
acid-surfactant-combined catalyst

Lavendamycin analogs, 152

Lead heterocycles, literature
reviews, 85

Lewis acids, in Friedlander syntheses,
143

Lewis acid-surfactant-combined
catalyst, in Friedlander synthesis,
143

o-Lithiated N-pivaloylanilines,
reaction with carbonyl
compounds, 166

Lithium 2-aminopyridinate, reaction
with iridium complexes, 247

Lithium 2-anilinopyridinate, reaction
with iridium complexes, 247

Lithium (2-(6-methyl)pyridyl)
trimethylsilylamide, reaction with
diethyl zinc, 249



Lithium salt of (2,6-di-i-propylphenyl)
(pyridin-2-yl)amine, reaction
with tribenzyltantalum
dichloride, 233

Lithium salts of (4-methylpyridin-2-
yD(trimethylsilyl)amine, reaction
with pentabenzyltantalum, 233

Lithium salts of (6-methylpyridin-2-
yD(trimethylsilyl)amine, reaction
with pentabenzyltantalum, 233

Luminescent heterocycles, literature
reviews, 22

Luotonin A, 180

Luotonin F, 164

Luzopeptins, 167

Macrocyclic antibiotics, literature
reviews, 38

Magnesium bis((2-pyridylmethyl)-
(tri-i-propylsilyl)amide), 270

(-)-Mappicine, 172

Mappicine ketone, 172

Marine organisms, as a source of
heterocycles, literature
reviews, 49

Medium sized heterocycles, literature
reviews, 80

Metal chelates of heterocycles,
literature reviews, 88

Metallacycles, literature reviews, 87

3-Metalla-1,2-dioxolanes, 264

2-(3-Methoxyanilino)pyridine, in
ruthenium complexes, 238

Methyl 4-acetyl-5-(2-nitrophenyl)-
pyrrolidine-2-carboxylate, 165

Methyl 2-amino-3-formylbenzoate,
reaction with o-methoxy- and
o-nitro-phenylacetic acids,
phenylpyruvic acid, and benzol[b]
thiophen-2-one, 152

2-(Methylamino)pyridine, reaction
with ruthenium complexes, 235

reaction with osmium

complexes, 236

6-Methyl-2-aminopyridine, reaction
with ruthenium complexes,
244
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N-Methyl-N,N-bis((6-methyl-2-
pyridyl) methyl)amine, reaction
with iridium complexes, 265

N-Methyl-N,N-bis(2-pyridylethyl)
amine, as ligands in ruthenium
complexes, 261

N-Methyl-N,N-bis(2-pyridylmethyl)
amine, as ligands in ruthenium
complexes, 261

Methyl-1,2-dihydro-3H-pyrrolo[3,4-b]
quinoline-3-carboxylate, 158

Methyl-1,3-dihydro-2H-
pyrrolo[3,4-blquinoline-2-
carboxylate, 158

N-Methyl-N,N’-di(2-pyridylmethyl)
amine, reaction with iridium
complexes, 267

o-Methylene carbonyl compounds,
reacton with aromatic 2-
aminoaldehydes or ketones, 141

10,11-Methylenedioxycamptothecins,
170

Methyl magnesium (2-pyridylmethyl)
(tri-i-propylsilyl)amide, 270

2-Methyl-1,10-phenanthrolines, 185

3-Methyl-1-phenylpyrazolo[3,4-b]
quinoline, 145

3-Methyl-1-phenylpyrazolo[4,3-c]-1H-
quinolin-2-one, 145

1-Methyl-6-pyrazolo[5,4-b]pyridyl-
tropolones, 195

(6-Methylpyridin-2-yl)(1-phenylethyl)
amine, in zirconium complexes,
231

6-Methylpyridin-2-yl-(1,2,3,4-
tetrahydronaphthalene-1-yl)
amine, in zirconium complexes,
231

N-Methyl ((2-pyridyDethyl(2-pyridyl)
methyl)amine, as ligands in
ruthenium complexes, 261

N-(6-Methyl-2-pyridylmethylene)-1-
naphthylethyl amine, in iridium
complexes, 262

4-Methyl-2-((trimethylsilyl)amino)
pyridine, as a ligand in zirconium
complexes, 231
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Miscellaneous macroheterocycles,
literature reviews, 82

Models of enzymes and coenzymes,
literature reviews, 44

Molecular dimensions of heterocycles,
literature reviews, 6

Monobenzo[b]-1,10-phenanthrolines,
187

Naphthol[1,2-b][1,8]-naphthyridines,
190
Naphthol[2,1-b][1,8]-naphthyridines,
190
N-(1-Naphthyl)picolinamide, reaction
with iridium complexes, 273
Naphthyridines, synthesis, 140
1,6-Naphthyridine, 194
[1,8]Naphthyridines, synthesis, 188
3-(1,8-Naphthyridin-2-yl)tropolone,
195
1,6-Naphthyridin-2-yl-tropolones, 195
1,7-Naphthyridin-2-yl-tropolones, 195
Natural biologically active
heterocycles, literature reviews, 30
Nicotinic ligands, structure, design and
binding affinities, literature
reviews, 36

o-Nitroarylcarbaldehydes, reduction,
164
o-Nitrobenzaldehyde, in synthesis
of quinolines, 164
3-Nitro-1,2-dihydroquinolines, 167
Nitrogen heterocycles, literature
reviews, 27
3-Nitro-4-picoline, oxidation, 203
N-(3-Nitro-4-picolylidene)-p-toluidine,
synthesis, 203
3-Nitro-4-pyridinecarboxaldehyde,
synthesis and reactions, 203
4-Nitro-6-(((2'-(pyridin-2-yDethyl)
methylamino)methyl)-phenol,
benzene ruthenium complexes, 261
3-Nitro-2-substituted-quinolines, 168
Nonconventional synthetic
methodologies for heterocycles,
literature reviews, 12

1-Nonene, reaction with ruthenium
complexes, 243

Nothapodytine B, 172

Nucleic acids, literature reviews, 77

Nucleosides, literature reviews, 75

Nucleotides, literature reviews, 75

1-Octene, reaction with ruthenium
complexes, 243

Organic conductors, literature
reviews, 23

Oxadiazoles, literature reviews, 67

Oxaziridines, synthesis, literature
reviews, 54

Oxazolidin-2-ones, literature
reviews, 66

0-Oxazoline-substituted anilines,
reaction with ketones, 166

Oxetanes, literature reviews, 54

Oxiranes, reactivity literature
reviews, 52

synthesis, literature reviews, 53

6-Ox0-6,7,8,9-tetrahydropyrimido[4,5-
blquinoline, synthesis, 198

Oxygen heterocycles, literature
reviews, 29

Paclitaxel-camptothecin analogs, 172
Pegamine, 164
Pentacyclic pyrido[2’,3":4,5]thieno[2,3-
d]pyrimidines, 176
2,3,4,5,6-Pentafluoro-2-
anilinopyridinate, in ruthenium
complexes, 237
2,3,4-Pentanetrione-3-oxime, 186
Pentathiepines, literature
reviews, 80
Peptides, literature reviews, 46
2-Perfluoroalkylanilines, 158
4-Perfluoroalkylquinolines, 158
Pesticides, literature reviews, 43
Phenanthrolines, synthesis, 140
1,10-Phenanthrolines, 185
Phenanthrolin-2-yl-pyrid-2-yl-
methanone, 186
Phenothiazines, literature
reviews, 79



2-Phenyl-6-(2-amino-i-propyl)
pyridine, reaction with platinum
complexes, 268
6-Phenyl-2-((2,6-di-i-propylphenyl)
imino)pyridine, reaction with
palladium complexes, 268
(1-Phenylethylpyridin-2-yl)amine, in
zirconium complexes, 231
2-Phenyl-1,7-naphthyridine, 204
3-Phenyl-1,8-naphthyridin-2(1H)-one,
synthesis, 203
4'-Phenylquinoline, 146
Phosphorus heterocycles, structure
and stereochemistry, literature
reviews, 84
reactivity, literature reviews, 85
synthesis, literature reviews, 85
Phthalocyanins, literature reviews, 60
Picolylaminediacetic acid, in formation
of rhenium complexes, 273
(2,3-b)-Pineno-1,10-phenanthrolines,
182
2-Piperidinopyridine, reaction with
rhodium complexes, 247
Plant metabolites, literature reviews, 48
Polyanthrazoline derivatives, 140
synthesis, 206
Polyaza cavity terpyridines, 175
Polycondensed 1,8-naphthyridines,
193, 199
Polycyclic systems including two
heterocycles, literature reviews, 61
Polyhydroacridines, 180
Polyisoanthrazolines, synthesis, 206
Polyquinolines, 155, 156, 157
Polyquinoline derivatives, 140
Poly(vinyl diphenylquinoline),
synthesis, 155
Porphyrazines, literature reviews, 60
Porphyrins, literature reviews, 57
Propionylferrocene, reaction with
aromatic o-amino aldehydes, 195
Purines, literature reviews, 75
Pyrans, literature reviews, 73
Pyrazines, literature reviews, 78
Pyrazoles, literature reviews, 64
Pyridines, literature reviews, 69
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applications, literature reviews, 70
biologically active derivatives,
literature reviews, 72
synthesis, 140
synthesis via Friedlander
synthesis, 174
3-Pyridinecarboxylates, synthesis,
174
Pyridine-N-oxides, literature
reviews, 70
Pyridinium compounds, literature
reviews, 70
Pyridinium ylides, literature
reviews, 70
Pyridinoimidazo-[1,2-a]-pyridines,
194
1-(Pyridin-2-yl)methanamine ligands
in combination with phosphines
afford ruthenium catalysts, 260
Pyridin-2-yl-(1,2,3 ,4-
tetrahydronaphthalene-1-yl)
amine, in zirconium complexes,
231
Pyrido[3,2-b]acridines, 180
6-Pyridol[2,3-b]lpyrazinyl-tropolones,
195
Pyrido[2,3-d]pyrimidines, 179
2-Pyridylamines, reaction with
dimethyl zinc, 249
2-Pyridylaniline, reaction with
trimethylaluminum, 230
N-2-Pyridylaniline, reaction with
dimethyl zinc, 249
2,2'-Pyridylbenzo[h]quinoline, 152
(2-(2-Pyridyl)ethyl)(2-pyridylmethyl)
methylamine, in ruthenium
complexes, 261
N-(2-Pyridylmethyl)-(1R2S,4R)-1-
bornylamine, reaction with
ruthenium complexes, 260
N-(2-Pyridylmethyl)-(R)-1-
cyclohexylethylamine,
reaction with ruthenium
complexes, 260
N-(2-Pyridylmethyl)-N,N,-di((6-
methyl-2-pyridyl)methyl)-amine,
in iridium complexes, 263



298 SUBJECT INDEX

N-(2-Pyridylmethylene)-1-
bornylamine, in iridium
complexes, 263

N-(2-Pyridylmethylene)-1-
cyclohexylethylamine, in iridium
complexes, 262

in rhodium complexes, 263

N-(2-Pyridylmethylene)-1-
naphthylethylamine, in iridium
complexes, 262

in rthodium complexes, 263

N-(2-Pyridylmethylene)-1-
phenylethylamine, in iridium
complexes, 262

in rhodium complexes, 263

N-(2-Pyridylmethyl)-N-(6-methyl-2-
pyridylmethyl)amine, reaction
with rhodium complexes, 266

N-(2-PyridylmethyD)-(R)-1-
naphthylethylamine, reaction with
ruthenium complexes, 260

N-(2-PyridylmethyD)-(R)-1-
phenylethylamine, reaction with
ruthenium complexes, 260

2-(Pyrid-2'-yl)-1,8-naphthyridines, 189

1-(Pyrid-2'-yl)propane-1,2-dione-1-
oxime, 186

Pyrimidines, literature reviews, 75

Pyrimidine nucleoside bases, literature
reviews, 75

Pyrroles, literature reviews, 56

2-Pyrrolidinopyridine, reaction with
rhodium complexes, 247

Quinaldopeptin, 167
Quinolines, synthesis, 140, 141
as medicinal compounds, 141
Quinolinequinones, 152
Quinolino[3,2-d][1]-benzazepin-6-one,
145
Quinolinoquinolines, 145
4-Quinolones, 174
synthesis, 166
3-(2-Quinolyl)carbostyril, 145
N-(2-Quinolylmethylene)-1-
naphthylethylamine, in iridium
complexes, 262

N-(2-Quinolylmethyl)-(R)-1-
naphthylethylamine, reaction with
ruthenium complexes, 260

3-(2-QuinolyDtropolone, 145

Reactions of heterocycles via cyclic
transition states, literature
reviews, 9

Reactivity of nitrogen heterocycles,
literature reviews, 28

Reactivity of oxygen heterocycles,
literature reviews, 29

Reactivity of substituents on
heterocycles, literature reviews, 9

Reactivity of sulfur heterocycles,
literature reviews, 30

2-Rhoda(IIl) oxetanes, 264

Ring transformations of heterocycles,
literature reviews, 21

Ru-grafted hydrotalcite, as a
multifunctional catalyst for a
one-pot synthesis of quinolines,
161

Ruthenium and silane complexes,
structures and reactions, 240

Sandramycin, 167
Selenium heterocycles, literature
reviews, 87
Seven-membered heterocycles,
literature reviews, 79
Silica sulfuric acid, as a catalyst in
Friedlander reaction, 141, 142,
143
Silicon heterocycles, literature
reviews, 85
structure and stereochemistry,
literature reviews, 86
reactivity, literature reviews, 86
synthesis, literature reviews, 86
SMP-797, synthesis, 203
Sodium 2-anilinopyridinate, reaction
with ruthenium carbonyls, 244
Specific reagents for synthesis of
heterocycles, literature
reviews, 17
SSA, see silica sufuric acid



Stereochemical aspects of heterocycles,
literature reviews, 6

Stereochemistry of nitrogen
heterocycles, literature reviews, 28

Stereochemistry of sulfur heterocycles,
literature reviews, 30

Streptonigrin, 152

Streptonigrone, 152

Structure and stereochemistry of
heterocycles, literature reviews, 6

Structure of nitrogen heterocycles,
literature reviews, 28

Structure of sulfur heterocycles,
literature reviews, 30

2-Styrilquinolines, 157

Substituents on heterocycles,
reactivity, literature reviews, 9

1-Substituted-1-(6-arylpyridin-2-yl)
methanamines, reaction with
ruthenium complexes, 260

3-Substituted carbostyrilquinone
derivatives, 150

2,3-Substituted
1-phenylbenzolf]quinolines, 144

7-Substituted
pyridol[2,3-cl]lpyrimidines, 179

7-Substituted quaternary ammonium
salt derivatives of 10,11-
(methylenedioxy)- and 10,11-
(ethylenedioxy)-(20S)-
camptothecin, 171

Sulfur heterocycles, literature
reviews, 30

Syntheses of biologically active
heterocycles, literature reviews,
32

Syntheses of heterocycles, literature
reviews, 12

Synthesis and properties of
heteroaromatic compounds,
literature reviews, 3

Synthesis of alkaloids, literature
reviews, 36

Synthesis of nitrogen heterocycles,
literature reviews, 28

Synthesis of oxygen heterocycles,
literature reviews, 29
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Synthesis of sulfur heterocycles,
literature reviews, 30

Synthetic biologically active
heterocycles, literature
reviews, 30

Synthetic strategies for heterocycles,
literature reviews, 14

Tacrine, see
9-amino-1,2,3,4-
tetrahydroacridine
Tacrine analogs, synthesis, 140, 210
Tantanium complexes, 257
Tellurium heterocycles, literature
reviews, 87
Tetracyclic pyrido[2’,3':4,5]thieno[2,3-
d]pyrimidines, 176
Tetracyclo—[6.3.0.0.4’“.05’9]undecane,
with o-aminobenzaldehyde, 153
1,2,3,4-Tetrahydroascididemine, 180
Tetrahydroindolizinediones,
synthesis, 172
5,6,7,8-Tetrahydro-8-quinolone,
reaction with 8-amino-7-
quinolinecarbaldehyde, 181
Tetrathiafulvenes, literature
reviews, 66
Tetrazines, literature reviews, 79
Tetrazoles, literature reviews, 68
3-Tetrazolylquinoline, 157
Tetronic acid, in Friedlander
quinoline synthesis, 144
Thallium amide, reaction with lithiated
complexes, 254
Theoretical aspects of structure and
stereochemistry of heterocycles,
literature reviews, 6
[1,3]Thiazolo[4,5-e]pyridines,
synthesis, 211
Thieno[2,3-b]pyridines, syntheses and
anti-inflammatory activities, 176
Thietanes, literature reviews, 53, 54
Thiiranes, literature reviews, 53, 54
3-Thiochromanone, 150
Thiophenes, literature reviews, 62
Three-membered rings, literature
reviews, 51
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Tin heterocycles, literature reviews, 85

Titanaazetidines, 254

Titanacyclopentadienes, 233

Triacetylmethane, reaction with
o-aminoquinolinecarbaldehydes,
182

2,3,5-Trialkylquinolines, 167

Tri(tetra)azabenzo[blfluorine
derivatives, 177

Tri(tetra)azacyclopenta[b]fluorine
derivatives, 177

Triazaindenol[2,1-b]phenanthrene
derivatives, 177

Triazines, literature reviews, 79

Triazoles, literature reviews, 67

Tribenzo[b]-1,10-phenanthrolines, 187

Tricyclic pyrido[2’,3":4,5]thieno[2,3-d]
pyrimidines, 176

Tridentate 6-bromoquinolines, 152

Trimethylaluminum, reaction with
di-2-pyridylamine, 251

N,N,N’-Trimethyl-N’-(2-picolyl)
ethylenediamine, in palladium
complexes, 270

N,N,N-Tri((6-methyl-2-pyridyl)
methyl)amine, formation of
iridium(I)-ethene complex, 263

in iridium complexes, 263
reaction with rhodium

complexes, 264

as a ligand in iridium complexes, 264
reaction with iridium complexes,
265
N,N,N'-Trimethyl-(N'-(2-
pyridylmethyl)ethylenediamine,
in platinum complexes, 269
Trimethylsilyldiazomethane, reaction
with iridium complexes, 264
Trinuclear rare earth alkyl hydrido
clusters, 250
cis,syn, cis-Triquinane dione, 154
Tris(2-pyridylmethyl)amine, formation
of cationic tungsten complexes,
259
formation of chromium
complexes, 259
in copper complexes, 270

Versatile synthons for synthesis of
heterocycles, literature
reviews, 17

Vitamins, literature reviews, 39

2,6-Xylylisocyanide, 254

Zirconium dichloride, complexes, 231
in formation of complexes, 256
Zirconium heterocyclic complexes,
synthesis, 230
Zirconium (1-pyridinio)imido
complexes, 255
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