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Abstract

General methods of introducing of the phosphonate, phosphinate, phosphine oxide or phosphonium moieties in quinoline heterocyclic system for the last 5 years were analyzed. Phosphorylation or phosphonylation of hydroxy-group by the action of chlorophosphate or chlorophosphinate are the simplest way for obtaining of phosphoryl substituted quinolines. Pudovik and Abramov addition of dialkyl phosphites and phosphinites and related reaction of silylphosphites with an imino- and carbonyl-substituted quinolines are usual routes to phosphorus containing quinolines. Arbuzov reaction of the quinolines with alkyl halide fragments and trialkylphosphites or ethyldiphenyl phosphinites is also used for obtaining of phosphoryl substituted quinolines. Phosphonylation of the quinolines with alkyl halide fragments under the action of triarylphosphines can be used for the obtaining of the quinolines phosphonium derivatives. Direct transformation of quinoline heterocycle by the catalytic phosphonylation of the triflate derivatives of 8,8’-biquinolines or addition reaction of trialkylphosphites to the C=N endocyclic bond. Cyclization and cycloaddition of organophosphorus compounds are the other routes to the quinolines containing phosphorus. Thus, Pfitzinger reaction of isatin with 4-phosphorylalkanones leads to the formation of quinoline-4-carboxilyc acids with phosphine oxide side chain. 6-exo-dig-Cyclization of the pyrrole derivatives substituted with allenylphosphonate or phosphine oxide moieties gives pyrrole[1,2-a]quinolines. Catalysis by the chiral phosphine, (S,S)-Ferro-PHANE, leads to the enantioselective [3+2]-cycloaddition of allenylphosphonates to the acrylic derivatives and formation of the new phosphoryl-substituted quinolines. [4+2]-Cycloaddition of 2-aminobenzaldehyde’s imines or 2-aminoacetophenones and acetylene phosphonate gives rise to the various fluorine-containing quinoline-3-phosphonates.

Some aspects of practical application of phosphorus-substituted quinolines including synthesis of fluorescent complexes and complexes for catalysis as well as compounds with antibacterial, antifungal, anti-inflammatory activities and precursors for the obtaining of drugs were also observed.

Content

1. Modification of the functional groups

2. Cyclization and cycloaddition of the phosphorus-containing substrates
Introduction 

Quinoline moiety included in many of natural and synthetic biologically active compounds [1] and considered as “privileged” heterocycle [2]. Introduction of the phosphorus containing fragment to the biologically active molecules can lead to increasing or change the activity, improve transport through cell membranes and reduce toxicity. [3].

1. Functional group transformation
Transformation of the functional group, connected with quinoline nucleus is the simplest way to introduce phosphate or phosphinate substituents. Quinolyl-8-phosphinate or phosphates 2 were obtained by the reaction with phosphinic chloride or phosphorochloridate (scheme 1) [4]. Phosphorylation (thiophosphorylation) of 4-formyl-8-oxyquinolines 1 followed by Wittig olefination of lead to quinoline derivatives 4, containing phosphinate or thiophiosphinate group and arylvinyl fragment in position 4. Obtained compounds 4 shows high sensitivity as fluorescent probe for mercury ions (Hg2+) heavy metals (up to 0.075 nmole/l) [5].

Scheme 1
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A series of acyclic analogs of nucleosides – oxoquinolinephosphonates 6 was obtained by N-alkylation of oxoquinolines 5 with tosyldiisopropyl phosphonate (scheme 2). From obtained compounds, the most active 7-F substituted derivative 6 shows anti-HIV activity compared with AZT [6].

Scheme 2

[image: image2.emf]N

H

O

N

P(O)(O

i

Pr)

2

O

i

R

R

CO

2

Et

CO

2

Et

i.TsOCH

2

P(O

i

Pr)

2

,DMF,K

2

CO

3,

80

o

C.

R=H,6-Cl,

7-Cl.6-Br,

7-Br,6-F,

7-F,6-Me,

7-Me,6-NO

2,

7-NO

2

5

6

27-42%


Quinolyl 2-(3-,4-) phosphonates, phosphine oxides and phosphinic acids 8 were obtained from quinoline-2(3-, 4-) methanimines 7 by Pudovik reaction or addition of tris(trimethylsilyl)phosphite (scheme 3) [7].
Scheme 3
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Scheme 4
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Abramov reaction of 2-azidoquinoline-3-carbaldehyde 9 with dialkylphosphites as well as addition of trialkylphosphites lead to (-hydroxy(alkoxy)phosphonates 10, containing tetrazoloquinoline moiety (scheme 4). Staudinger reaction of compounds 9 with tris(diethylamino) phosphine followed by hydration and oxidation unexpectedly gives quinolinazaphosphole 11. Knoevenagel condensation of quinoline 9 with methylene-diphosphonate leads to quinoline-diphosphonate 12. Some of the obtained compounds have almost the same anti-inflammatory activity as indomethacin [8].
Tetrazoloquinolines 14 bearing aminophosphonate moiety were synthesized by the phosphonylation of C=N [9] or C=C bond in cyanoacrylate fragment [10] of tetrazoloquinolines 13 (scheme 5). Compounds 14 show a good antimicrobial and antifungal activity.
Scheme 5
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Interaction of 2-chloromethylbenzoquinoline 15 with triethylphosphite (Arbuzov reaction) or sodium 2-ethoxycarbonylmethyl diethylphosphonate (scheme 6) followed by acidic hydrolysis lead to new quinolinophosphonic acids 16, 17 with inhibition activity to enzyme for the regulation of cholesterol biosynthesis – farnesyl pyrophosphate synthase (FPPS) [11].
Scheme 6
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A series of phosphorus containing quinoline derivatives 19, 20 was obtained from 3-bromomethylquinoline 18 (Scheme 7) for subsequent Wittig or HWE olefination as a key step in the synthesis of the Pithivastatin lactone form [12].

New optically active phosphino-8,8’-biquinoline 21 with good enantioselectivity in Suzuki coupling was prepared by the catalytical phosphonylation of diquinoline 21 (scheme 8) [13]. 
Tetrahydroquinoline (isoquinoline) phosphonic acids 23-25 – analogs of pipecolic acid, were synthesized by addition of trialkylphosphites on C=N bond of the CBZ derivatives of dihydroquinolinium 26 or isoquinolinium 27, 28 (scheme 9) followed by hydrolysis of carbamate and alkoxy groups [14].
Scheme 7
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Scheme 8
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Схема 9
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2. Cyclisation and cycloaddition of phosphorus containing substrates
Cyclisation and cycloaddition of phosphorus containing substrates allow obtaining of various substituted and condensed phosphorus containing quinoline derivatives. Synthesis of the heterocyclic phosphonates based on Kabachnik-Fields reaction including quinolines and isoquinoline was recently observed by Haji [15].
Recently we report synthesis of quinolinophosphonates (phosphine oxides) based on Pfitzinger reaction of isatin 30 with 4-phosphorylalkanones 31 (scheme 10) [16].
Scheme 10
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Scheme 11
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An 6-exo-dig cyclisation of pyrrole substituted allenyl phosphonates and phosphine oxides 33 give pyrrolo[1,2-a]quinolines 32 (scheme 11). A cyclization of tetra-substituted allenes 33 occurs only under microwave irradiation and only isomeric pyrrolo[1,2-a]quinolines 34 and 35 were formed in the case of allenylphosphine oxides [17].
Scheme 12


[image: image13.emf]Fe

TMS

TMS

P

Cy

NO

2

CO

2

Et

C

P(O)(OEt)

2

N

H

O

H

H

P(OEt)

2

O

NO

2

CO

2

Et

P(OEt)

2

O

+

(S,S)-Ferro-PHANE

i.(S,S)-FerroPHANE(10mol%),

i

ii

90%

72%

86%ee

36

37

38

39

PhCH

3

,,18hii.Fe,AcOH,.


Enantioselective [3+2]-cycloaddition of allenephosphonate 36 and acrylate 37 under asymmetric catalysis with (S,S)-Ferro-PHANE leads to cyclopentyl phosphonate 38 with high ee (scheme 12). Reduction of nitro-group compounds 38 lead to ring closing on carbonyl group and formation of diethyl(4-oxo-3a,4,5,9b-tetrahydro-1H-cyclopenta[c]quinoline-3yl)phosphonates 39 [18].
Scheme 13
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Fluorine containing quinoline-3-phosphonates 43 available with a high yield from [4+2]-cycloaddition of 2-aminobenzaldehydes imines 40 [19] or 2-aminoacetophenones 41 [20] under heating in the presence of base (scheme 13) 

Conclusions
Key methods for introducing of four-coordinated phosphorus substituents in quinoline nucleus were observed. A general approaches are functional group transformation, heterocyclic fragment modification and synthesis of quinoline nucleus from phosphorus containing building blocks. 
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Аннотация 
В представленном мини-обзоре рассмотрены основные методы введения заместителей на основе фосфонатов, фосфинатов, фосфиноксидов и фосфониевых солей в хинолиновое ядро, представленные в литературе за последние 5 лет. Наиболее простым методом введения фосфорсодержащих заместителей в хинолиновое ядро является модификация функциональных гидрокси групп реакциями с галогенфосфатами или фосфинатами. Присоединение диалкилфосфитов или фосфинитов по Пудовику, Абрамову и родственные реакции соответствующих силиловых эфиров по имино- и карбонильным группам хинолинов или перегруппировка Арбузова триалкилфосфитов с хинолинами, содержащими галогеналкильные фрагменты также позволяет получать хинолинфосфонаты или хинолинфосфиноксиды. Получение фосфониевых производных возможно реакцией триарилфосфинов с галогеналкил замещенными хинолинами. Также хинолинфосфосфорильные производные доступны модификацией гетероцикла каталитическим фосфонилированием трифлатов или присоединением по C=N связи гетероцикла. Другим общим путем получения хинолинфосфорильных производных является циклизация или циклоприсоединение фосфорсодержащих субстратов. Так, реакция Пфитцингера              4-фосфорилкетонов с изатином позволяет получать хинолин-4-карбоновые кислоты с алкилфосфорильным заместителем во втором положении. 6-экзо-диг-Циклизация пирролозамещенных алленилфосфонатов и фосфиноксидов проиводит к пирроло[1,2-a]хинолинам. Катализ хиральным фосфином (S,S)-Ferro-PHANE приводит к анантиоселективному [3+2]-циклоприсоединению алленфосфоната с акрилатом с образованием хинолин-2онфосфоната. Реакции [4+2]-циклоприсоединения иминов 2-аминобензальдегида или 2-амино-ацетофенонов с алкинилфосфонатами позволяют получать разнообразные фторзамещенные хинолил-3-фосфонаты. Проанализированы некоторые аспекты практического применения фосфорсодер-жащих хинолинов. Производные 8-оксихинолинов с фосфинатными/тиофосфинатными группами являются высокочувствительными флуоресцентными хемосенсорами на ионы ртути. Оптически активный фосфино-8,8’-бихинолин показал хорошую энантиоселективность в реакции Сузуки. Оксохинолинфос-фонаты показывают анти-ВИЧ активность на уровне Зидовудина (AZT). Тетразолохинолины с амино-фосфонатными фрагментами показывают высокую антимикробную и противогрибковую активность, в то время как тетразолохинолины с бис(фосфонатным) фрагментом проявляют противовоспали-тельную активность на уровне индометацина. Серия фосфорсодержащих производных хинолина была синтезирована из 3-бромметилхинолина для последующего олефинирования по Виттигу или HWE с целью получения лактонизованной формы Питивастатина – средства для снижения уровня холестерина. 
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