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Kak Yy MHOMMX Hay4HbIX COTpYAHUKOB, npuweawwmnx B Cnbupckoe otaeneHne AH CCCP B Ha4dane 60-X, NOCAY>XHOU CNUCOK
[. . HeboraT Ha 3anucu. locne okoH4YaHUAa [HenponeTpoBCKOro rocyHmsepcuTeTa B 1962 r. npuHAT Ha paboty B HAOX
CO PAH cTtapwum nabopaHToM. [lanee 3anncu TpyaoBou KHMXKKU: 1964 r. — Mnaawwmn HayyYHbi COTPYAHUK, 1980 r. —
CTapLUNM Hay4YHbIN COTPYAHUK, 1983-1989 rr. — 3aMecTuTeNb AMpEeKTopa MHCTUTYTA NO Hay4HbIM BonpocaM, 1989-1998
rr. — 3aBegywowmn nabopatopmen, 1998-1999 rr. — pykosoautens rpynnbl, 1999-2007 rr. — rfiaBHbI HAYYHbIN

COTPYAHMK.

CKynble CTPOYKU, XapaKTepM3yoLLmMe B 06LLEM-TO CpeaHEN YCNELLUHOCTM KapbepHbi pocT. OAHAKO, CMUCOK Hay4HbIX
TPYAOB, OT3bIBbl 0OBEKTMBHbIX KOJI/Ier CBUAETENLCTBYIOT, YTO I. . — NMYHOCTbL B HayKe He3aypsaaHas. MNepea HamMm —
MCTOPUS XXU3HN NOAJSIMHHOIO NOABUXXHUKA HAYKM, MUTAIOLWEro Ha NMPOTSXXEHUM BCEN XXU3HU UCTUHHYIO CTPACTb K TAKOMY
MHOIOTPYAHOMY MpeaMETY, KakKUM ABMSAETCS CUHTETUYECKAs OpraHMyeckas XuMms. YCnexm BbICOKOro Hay4YHOro 3HaHus
NPUXOAAT K UccneaoBaTensaM, 06naaaolmm TakMMM KavyecTBaMM YMa U XapakTepa, Kak Heyracmmas ntoboBb K NpeaMeTy,
HeYEMHas axxaa paboTbl, pacTyLlee C rogamm CTpeEM/IEHNE K CAMOCOBEPLLEHCTBOBAHUID, TOTOBHOCTb K JIMYHOMY PUCKY,
CMENOCTb U, HAKOHEL|, JaHHAs CBbILLE B Ka4yecTBe 0coboro Aapa TOHKas CBSA3b MbICAM C YMHbIMU PyKaMMu.

[[eoprumn 'eoprmueBny BCeM 3TUM 06/1a7a/1 B CAMOU BbICOKOU CTeneHn. MNMpupoXXaeHHbIN 3KCNEePUMEHTATOpP, NPUYEM
3KCMEPUMEHTATOP NOopa3nTeIbHO NPOAYKTUBHLIU, . . 6bl/1 0TMeYeH ocoboun NboBbIO K BewecTsy. HayyHoe
TBOpYECTBO IM. . HA NPOTAXEHUM BCEN €ro XXU3HU BbISI0 CBA3AHO C XMMUEN U TEXHONOrMEn TopopraHNYECKmX
coeMHEHNN. DTO HanpasieHne 6bi1o0 noctaBneHo H. H. BOpoXxLUoBbIM Kak OHO M3 CaMbIX rMaBHbIX (ec/in He rnaBHoe!) B

NeaTeNIbHOCTU OCHOBAHHOIO MM UHCTUTYTA.
Tonctukos [.A. I1aMaTU XMMUKa-poMaHTUKa // Hayka B Cnbupu, 2007, N 25, c. 12
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DIRECT FLUORINATION
OF ORGANIC COMPOUNDS

Cleup

G.G. Furin, G.P. Gambaretto
Direct fluorination of organic
compounds

Utanus, lNagya, 1996
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SYNTHESES OF HETEROCYCLIC COMPOUNDS

TARGETS IN HETEROCYCLIC SYSTEMS WITH PERFLUOROALKYL GROUPS

Chemistry and Properties BASED ON INTERNAL PERFLUOROOLEFINS

Georgii G Furin
Insrzmrg of Grgamc Chemistry, Russian Amdemy of Saezzces Siberian Division, 9 Prospect Lavrentieva,

530{}95 Naymzbirsk Russia { ﬁ-mml george_furin @haﬁmzi cont )

Volume 2 (1998)

Fditors
Orazio A. Attanasi

Domenico Spinelli Aﬁszmct Recent advances m the field of ﬂfzé synthesis of pﬁl)ﬂuﬂrﬂ and perfluoroalkylated hémmey{rlfc

mmpwrzds which may be precursors for the synthesis of bmlagzmliy amvﬁ substances, are nmewmi An

analysis of new data on the methods of synthesis of 3-to 7wmembemzi kazﬁrﬁz:yﬁles with fme or more he*rem-
Reviews and Accounts on Heterocyclic Chemiistry atoms via intramolecular tzudeﬁph;im cyclisation umier the action i?f binucleophilic reagents and new
approaches to these P?‘{?ﬂﬂSSﬁS for perfluoroolefins are prgsﬁnmd The characteristics of the behaviour of
functional derivatives @f pea?m}rzmmd unsaturated compounds under conditions of nucleophilic catalysis by
bases are dmcmsed The main trends in the d&?ﬂfﬁ?p?ﬁﬂﬂf of the new approach to the synthesis of heterocyclic |
/\ compounds, the mﬂaezzca af ﬁw fuorine atoms on the reactivity of unsaturated compounds amf the app!szm "

C of these reactions 10 wgamc syntheszs are shown. Also the apphfm‘z{m of ﬂaarmﬁ-wnmmmg hez‘eracyd&s as

S

bwlﬂgmzlly active campaunds and functional materials Is reviewed. Various appmache.f 1o 3-, 4-, 5# and 5—- '”

membered hﬁmmcycles and their deﬂmrzvﬁs bmm,g ﬂwr’me ami CF s group are summarised. In my view

internal pmﬂmrmleﬁns may serve is key precursors 10 a variety of novel heramcydes mzd 10 ﬁnd out new and

more efficient methdds for the synthe.m of fluorine-containing molecules.
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2.1. Reaction of mygm«mntmnmg bmuclaﬁgmlw reagents with internal perﬁuamleﬁns e '3"';

22 Iﬁtemal perﬂmmale:ﬁﬁs in the reaction mth S*nnclmpmhc magams as pm:ursam to sulphﬁr-

| watalmng hatﬁwcyshc campeunds
2.3. Intramalecular cyclisation of internal perfluoroolefins by reaction of N—-nuclm;ahﬂzc rﬁageﬁts for the

rn a Ba B K H M re syﬁthesis of nitrogen-containing haterf}aycha cﬁmpcmndg
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This chapter i1s a continuation from Part I of this review of fluorine-containing
heterocycles recently published (03AHC(86)129). Part II deals with the synthesis of
fluorine-containing heterocycles by condensations of two or more precursors. Major
attention 1s paid to the use of mono- and 1,3-dicarbonyl substrates, and their
nitrogen analogs.

I. Introduction

Condensation of two or more molecules with specific functional groups is a key
method for the synthesis of heterocyclic compounds in general. This approach 1s

also widely practiced for the synthesis of heterocycles with perfluoroalkyl groups
(88M1, 93M2, 95CEN39, 97UK1985, 00H1411, 81UK325), one of the most
important areas of fluoroorganic chemistry. Heterocyclic compounds containing
perfluoroalkyl substituents have attracted much attention due to their remarkable
biological activity, specific chemical reactivity, and physical properties. In particular,
perfluoroalkylated six-membered heterocycles have important applications in
medicinal (87T3123, 89T1409, 88JCS(P1)1837), agricultural (93PCTWOI11112,
90JOC2872, 90JOC2964, 90EurP353187), host guest chemistry (95HS521), and in
the chemistry of laser dyes (951JPAP431, 87T3123).

Among nitrogen-containing heterocycles, azoles and pyrimidines play a major role
because of their biological activity. Many azoles are useful in the preparation of

273
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VOLUME 87 [SSN: 00652725 DOL: 10.1016/S0065-2725(04)87004.-1 All rights reserved
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This chapter “‘Fluorine-containing heterocycles. Part III”” is a continuation of the
recently published Part 1 (03AHC(86)129) and Part II (0O4AHC(87)273) that are
reviews on fluorine-containing heterocycles. Part I11 deals with the synthesis of fluo-
rine-containing heterocycles using perfluoroolefins with unsaturated fragments at the
multiple bond and mononucleophilic reagents. Major attention is paid to the use of
intramolecular nucleophilic cyclization of the products of addition at the multiple
bonds of the substituent.

I. Introduction

Recently, our understanding of the unique properties of fluorine compounds has
increased and many new uses (92M1, 84M2, 79TSC(4)373, 950PPI33, 81AHC1) have
appeared. Regioselective replacement of a hydrogen atom 1n aromatic or heterocyclic
systems by a perfluoroalkyl group can deeply mnfluence the physical and biological
properties of such molecules and this has encouraged the use of fluoroorganic com-
pounds such as pharmaceuticals, chelating agents, agrochemicals, and also in space
technology (93M3, 91FBC, 82BAFC). Fluorine-substituted pharmaceuticals, agro-
chemicals, dyes and polymers have already been commercialized. Many heterocyclic

231
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I. Introduction

In recent vears, fluorinated heterocyclic compounds have found wide use as phar-
maceuticals and agrochemicals due to their high and specific physiological activity
(94AHCI1, 95M1, 82MS8, 91M10, 94M3, 87JCP1119). This gave impetus to research
aimed at syntheses of heterocyclic systems with various fluorine-containing frag-
ments and especially those with perfluoroalkyl groups. These compounds serve to
create new drugs and agricultural agents, as well as intermediates for syntheses of
various materials.

Recent growth of research into fluoroorganic chemistry has led to the discovery of
fluorinated compounds with unique structures, many of which possess specific bi-
ological and pesticidal activities. Growth in production is expected in the near future
in the pesticide sector.

Today the primary goal 1s seeking unique approaches to studies of the effects of
the perfluorinated organic moiety on the physical and chemical properties of com-
pounds. At any level of modern development, fundamental research 1s stimulated by
the demand for advanced materials based on new substances possessing improved
properties to satisfy consumer requirements and capable of operating in relatively

239
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1. INTRODUCTION

DURING the last decade there has been a tremendous growth in the chemistry of organosilicon
compounds due to their role in organic synthesis. ' * Being the softest metal, silicon can generate
electrophilic and nucleophilic agents from organic denvatives under relatively mild conditions and
this has stimulated the creation of many new types of reaction. Trialkylsilylation of organic com-
pounds was formerly used mainly for analvtical purposes. The stabilizing effect of silyl groups on

2675
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Oriasaeunpe

1. Beegenue. Pons IIPOA3BONHEIX HEPPTOPAIKAHCYIHPOKHCIOT B CHHTE3E MONYIPOLYKTOB,
COZCPKAINAX aTOMBI PTOpa, ¥ HOBEIX MATEPHANOB Ha UX OCHOBE,
2. Yacts 1. Canres nep@ropaikadcyIbPOKACIOT.
2.1, Onmexrpoxumuyeckoe GPTopHpOBaHTE ANKHIBHEIX IPOU3BOAHBIX INECTUBAIISHTHON CEPHI.
2.2. Beenenue cepycojepKaniux 3aMECTHTEACH B OPraHHYECKUE MONEKYIBI, CONEPMKAIIHE
aTOMBI Topa.
2.2.1. Uicnonp3opanne HepTopaikii HOTHI0B B CHHTEsE nepHTOPANKAHCYIEHOKUCIIOT.
2.2.2. Peaxipam ({ropcopcpkamuX HYKISOQWIBHEIX PEareHTOB ¢ TaNOHANPOH3BOIHEIME
CephI.
2.3. HexoTopsie CBOMCTBA FaIONAAHTHAPHIOB HephTOPAIKaHCYTEBOKHCIOT,
2.3.1. Cunres mutHeBsiX coneit 6uc(uepdropankancybhoHuI)AMAIOR.
2.3.2. Honyyenne N-F-coepRalinx COCOUHEHMIA,

3. Hacre 2. llpmmenenue npomssozasix, coaepxammx SOoRp-rpymmel, ¥ DepCHeKIRBEL

CO3JAHUA HOBLIX MATCPHAIIOB.
3.1. Ilpuvenenne Ouc(riep@ropaikiicyabhOHIIIMUIOB H UX CONCH B KANECTRe KATAIH3a~
*  TOPOB B OPraHMMCCKOM CHHTE3E.

3.2. MemOpansi Ha OCHOBE HEPPTOPANKAHCYTBDOKACIOT.

3.3. DnexTpOIHTE Ha OCHOBE coineil Ouc(TpadropMeTancyibPOHRI)HMEIOB.
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