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Pedepar
Ortuer 46¢., 34., 6puc., 21adn., Qucroux., 4 npui.

1,2-nudocdarnukioneHTaIueHUA-aHUOH , OUsIEPHBIC KOMIIJIEKCHI ,
CTPYKTypa , MOJICKYJISIPHbIE MAareHTHUKH , MOCTUKOBBIH JIMTaH/I

B ortuere npencraBneHsl pe3ynabTaThl KCCAEAOBAHUHM, BBIMOIHEHHBIX MO 2 ATAMy
['ocynapctBernHoro kontpakTa Ne 16.740.11.0745HoBbie (hyHKIIMOHATIBHBIE
MaTepuaibl Ha ocHOBe 1,2-1udocdanmkioneHTaaueHuaHbIX KOMILIEKCOB
MEPEXOAHBIX U PEIKO3EMENBHBIX METAIOB, 00JIaA0ONINX MATHUTHBIMU U
JTrOMHUHECHeHTHbIME cBoiicTBamu' (tmgp "2011-1.3.1-210-026"pt 24 okTs10pst
2011no nanpasnenuto "[IpoBeaeHne HAyYHBIX UCCIEOBAHUNA MOJIOJBIMU
KaHIUAaTaMy HayK B 00J1acTH pa3paboTKH (PyHKIIMOHAIBHBIX MaTEPHAJIOB,
COJIEpIKaINX PEIKO3EMENbHBIE U IEPEXOTHBIEC FTEMEHTHI C YUaCTUEM HAYUHO-
UCCIIEIOBATENLCKUX M HAyYHO-00pa30BaTeIbHbIX Oprannsanuii ['epmanuu” B
pamkax meponpusatus 1.3.1 TIpoBeaeHne HaydHBIX UCCIIEIOBAHUN MOJIOIBIMU
YYEHBIMU - KaHuaTamMu Hayk.", meponpusatus 1.3 "TIpoBenenne HaydHbIX
HUCCIeI0BaHUH

MOJIOZIBIMHM YYEHBIMH - KAHIUJJATAMU HAYK U LEJIEBbIMU aCIIUPAHTAMHU

B Hay4yHO-00pa3oBaTelbHbIX IeHTpax" , HanmpaBieHus 1 "CtumynupoBaHue
3aKpEIUICHHs] MOJIOZIEKU B cpepe HayKu, 00pa30BaHMs U BBICOKMX TEXHOJOTUM."
dbeneparbHOH 11e1eBOM MporpaMMbl ' HaydHbie ¥ HAyIHO-TIEAArOTMYEeCKUE Kaaphl
naHoBannoHHo# Poccnu™ Ha 2009-2013 0161.

[ens paboThl - 3yueHne KkoMIieKcooOpa3yromux cBoucTs 1,2-
nudochaluKIONeHTaIueHUI-aHUOHOB M0 OTHOIIEHUIO K COEAMHEHUSM
NEPEXOAHBIX U PEIKO3EMENbHBIX METAIIOB, UCCIIEIOBAHUE MArHUTHBIX U
JIOMUHECLIEHTHBIX CBOMCTB MOJIYYEHHBIX KOMIUJIEKCOB U YCTAaHOBJICHUE
3aBHCHMOCTH JJaHHBIX CBOMCTB OT cTpoeHus 1,2-1udochanukioneHTaaieHn HbIX
KOMITJIEKCOB, KaK TOJIX0/1a K CO3/IaHUI0 HOBBIX (DYHKIIMOHAIHHBIX MAaTEPHAJIOB.
JIist mocTrKeHUs TOCTaBJICHHOM 11eH, B pamkax [ITHWP O6yner npusnedena
HAy4YHO-HCCIe0BaTeNbCKast opranu3anus u3 ['epmanun - UHCTUTYT TBepaoro
TeJIa U U3ydeHus MatepuaioB uM. JleiiOnuna, r. Ipe3nen, ['epmanus (Leibniz
Institute for Solid State and Materials Researchsben (IFW-Dresden)ro
OTKPOET JIOCTYI K COBPEMEHHOMY 000pY/A0BaHHUIO, TO3BOJIUT MEPEHATH OIBIT
3apyOeKHBIX KOJUJIET, a TAaK)Ke Oy/IeT COAeMCTBOBATh YKPEIUICHNUIO HAYYHBIX
KOOTICPAIIMOHHBIX CBsi3er Mexy Poccuen u ['epmanueii.

Jlnia cuHTe3a OUSIIEpHBIX KOMILIEKCOB, coAepxamux 3,4,5rpuapun-1,2-
nudochanuKIONeHTaIuEeHUIBHBIA TUTaH T, ObLT UCTIOJIB30BAH TOIXO0/T
OCHOBaHHBIN Ha BBeJeHUE 1-Tpumermicrannmi-3,4,51puapui-1,2-
nudochanukioneHTa-2,4-1MeHOB B PEAKIIHIO ¢ rajioreHuamMu Maprandmna (1) n
meau (). Bce paboTel ObLTH ITPOBEIEHBI ¢ UCIIOIb30BaHUEM ammapaTypsl LlneHka
B HHEPTHOM aTtMocdepe (0e3 1ocTyma KUCI0poa U BIIark BO31yXa).



CtpoeHre MoayueHHbBIX COSAMHEHUH OBIJIO0 YCTAHOBJICHO TIPH MIOMOIIIN METOJI0B
CHEKTPOCKOIUU SIZIEPHOIO0 MATHUTHOTO pe30HaHCa U UHPPAKpACHOU
CHEKTPOCKOIHUH.

CTpyKTypa HEKOTOPBIX KOMIUIEKCOB MOJITBEPKAEHA METOJIOM
PEHTIeHOCTPYKTYPHOT'O aHAJIM3a MOHOKPHUCTAJIJIOB.

Bce paboTb! OB TPOBEAEHBI C UCMOJIB30BAHUEM CHEIHMATIBEHOTO 000PY10BaHUS,
KOTOPOE TI03BOJISIET OCYIIECTBIISATH MPOBEICHNE CHHTE30B, BBIJICIICHHE U OYHCTKY
POAYKTOB PEAKIUH, TOATOTOBKY 00Pa3IoB ISl PU3NKO-XUMUYECKUX
WCCJICIOBaHU B UHEPTHOM aTMocdepe, 6e3 oCTyma KICIOpoaa U BiIard BO3ayxa
(muaus [nenka).

Crektpsl SIMP 6bu1n 3anucansl Ha mpubope Avance || TM 400 Bruker (1H 400
MTI'n, 31P 162.97539 W, 13C 100.6MI ).

UK cnektpsl peructpupoBaiu Ha MK-ciekrpomerpe Vertex 708 nuanazone 4000
— 400cwm -1 ¢ pazpemienueM 4 cm -1, ¢ KOIMYECTBOM CKaHOB 32.

TpexkpyKHbI aBTOMAaTUYECKU MOHOKPHUCTAIbHBIA PEHTT€HOBCKU
nudpakToMeTp ¢ KOOpAUHATHBIM JeTeKTopoM “Bpykep-AXS” Smart Apex lic
MOJIEOIEHOBBIM M3 Ty4aTEIeM.

ABTOMAaTHYECKHI PEHTICHOBCKUN TU(HPAKTOMETP C KOOPAUHATHBIM JIETEKTOPOM
"Bpykep-AXS" Single-Crystal System KAPPA APEX ¢lmenabivm u3myyarenem.

bbun pa3zpaboTaHbl METOAMKU CHHTE3A:

ouc[umlnl 3,4,51pu-mera-autpodernn-1,2-1ubpochanukioneHTa ueHI T

TETpakapOOHMJI MapraHia) ¢ BeIxo1oM He MeHee 60%;

ouc[umlnl 3,4,5¢pu-napa-proppernn-1,2-1nbocdanukioneHtaaueHu

TETpakapOOHMJI MapraHia) ¢ BeIxo oM He MeHee 60%;

ouc[umlnl 3,4,5¢pu-napa-xnopdpenuin-1,2-mmdochanukioneHtaaueHu I

TETpakapOOHMJI MapraHia) ¢ BeIxo1oM He MeHee 60%;

ouc[p,nlml 3,4,51pu-mera-xnopdenn-1,2-mudocharkioneHTaIneHNT

TeTpakapOOHMJI Maprania) ¢ BeixooM He MmeHee 60%;

ouc[p,nlml 3,4,5¢pu-opro-xmophennn-1,2-nudochanukioneHraaueHu

TeTpakapOOHMJ Maprania) ¢ BeixooM He meHee 60%;

ouc[p,nlml 3,4,5rpu-napa-tomami-1,2-tudochaukioneHTaaIneHNT

TeTpakapOOHMJI Maprania) ¢ BeixooM He MmeHee 60%;

ouc[p,nlml 3,4,51pu-napa-metokcudenmi-1,2-mudocharukioneHTaIneHuT

TeTpakapOOHMJI MapraHia] ¢ Beixoom 6osree 60%;

ouc[unlnl 3,4,5¢pu-mera-uutpodennn-1,2-tudpochanukionenraauerus 2,2 -

OMIMUPHUINH MM | ¢ BBIX0JI0M He MeHee 60%;

ouc[unlnl 3,4,5¢pu-napa-bropdpennn-1,2-tudochanuknonenraauenus 2,2 -

OUIMUPHUINH Me¥| ¢ BBIX0JI0M He MeHee 60%;

ouc[unlnl 3,4,5¢pu-napa-xnopdennn-1,2-tndochanukmonenraaueHus 2,2 -

OMIUPHUANH Me¥| ¢ BbIX010M He MeHee 60%0;

onc[unlnl 3,4,5¢pu-mera-xmophennn-1,2-nmudochanukioneHTaguenus 2,2 -

OMIUPHUANH Me¥| ¢ BbIX010M He MeHee 60%0;

onc[unlnl 3,4,5¢pu-opro-xmopbenmi-1,2-tndochanuknonenraauenus 2,2 -
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OUIMUPUINH Me¥| ¢ BBIX0JI0M He MeHee 60%;

onc[unlnl 3,4,5¢pu-napa-roami-1,2-1udochanmknonenraaueus 2,2 -
OMIUPHUANH Me¥| ¢ BbIX010M He MeHee 60%;

ouc[p,nlml 3,4,51pu-napa-metokcudenmi-1,2-mudocharukioneHTaaIneHuT
2,2 -OunupuanH Mean] ¢ BeIxoaoM He meHee 60%;

CTtpoeHue Noay4eHHBIX COSAMHEHUN OBIJIO YCTaHOBJICHO METOaMH
criektpockonuu SIMP u UK ¢ Tounocteio 99,5%.BmecTte ¢ Tem, meToom
PEHTTCHOCTPYKTYPHOTO aHaIM3a OblIa yCTaHOBIIEHA CTpyKTypa ouc[inlnl 3,4,5-
Tpu-napa-propdpennn-1,2-mudochanuxioneHTaaueHu] TeTpaKapOOHIII
mapranna] u 6uc[ph,nlml 3,4,51pu-napa-xmophenmn-1,2-
nudochanrKIoNeHTaIueHU] TeTpaKapOOHIIT MapraHia).

Kpome Toro Obutn HapaOOTaHbI 3KCIIEPUMEHTAIbHBIE 00pa3IIbl:

ouc[p,nlml 3,4,51pu-mera-aurpodenni-1,2-nudochanukiioneHTaueHu I
TeTpakapOOHMUI Maprania] (OpaHKeBbIl OPOIIeK) — 1 rpaMM, cTereHb YUCTOTHI
99%,;

ouc[pu,nlml 3,4,5rpu-napa-brophenni-1,2-1udochannukioneHTaIueHI T
TeTpakapOOHUI MapraHia] (OpaHXeBbIl OPOIIeK) — 1 rpaMM, cTeneHb YUCTOTHI
99%,;

ouc[p,nlml 3,4,51pu-napa-xmopdenni-1,2-audochanukioneHraaueHu I
TeTpakapOOHUI MapraHia] (OpaHXeBbIl OPOIIeK) — 1 rpaMM, cTereHb YUCTOTHI
99%;

ouc[p,nlml 3,4,51pu-mera-xnopdenmi-1,2-mudocharukioneHTaIneHAT
TeTpakapOOHMI MapraHia] (OpaHXeBbId MOpoIIeK) — 1 rpaMm, CTETICHb YUCTOTHI
99%;

ouc[umlnl 3,4,51pu-opro-xmopdpenun-1,2-mudochanmkionenragneHua
TeTpakapOOHMI MapraHia] (OpaHXeBbId MOpoIIeK) — 1 rpaMm, CTETICHb YUCTOTHI
99%,;

ouc[p,nlml 3,4,5rpu-napa-toami-1,2-tudochanukaoneHTaaIueHNT
TeTpakapOOHMUI MapraHia] (OpaHXeBbIl OPOIIeK) — 1 rpaMM, cTereHb YUCTOTHI
99%;

ouc[pu,nlml 3,4,51pu-napa-metokcudenmi-1,2-mudocharukioneHTaaIneHuT
TeTpakapOOHUI Maprania] (OpaHXeBbIl OPOIIeK) — 1 rpaMM, cTereHb YUCTOTHI
99%,;

ouc[unlnl 3,4,5¢pu-mera-uutpodenni-1,2-tudpochanukionenraauerus 2,2 -
ourupuanH Meau| (KpacHO-OpaHXeBbIN TOpoIek) — 1 rpamMma, CTEIICHb YUCTOTHI
99%;

ouc[unlnl 3,4,5¢pu-napa-bropdpennn-1,2-tudochanuknonenraauenus 2,2 -
ourupuanH Meau| (KpacHO-OpaHXeBbIN TopoIiek) — 1 rpaMma, CTEIICHb YUCTOTHI
99%;

onc[unlnl 3,4,5¢pu-napa-xaopdenni-1,2-tndochanmknonenraauesus 2,2 -
ounupurH Meau| (KpacHO-OpaHKEBbIi MOPoIIeK) — lrpaMmMa, cTeneHb YUCTOTHI
99%,;

ounc[unlnl 3,4,5¢pu-mera-xmophennn-1,2-nqudochanukioneHTaguenus 2,2 -
ounupurH Meau| (KpacHO-OpaHKEBBIH MOPOIICK) —HE MeHee 1 rpamma, CTEIeHb
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4UCTOTHI He MeHee 99%;

ouc[unlnl 3,4,5¢pu-opro-xmopbenni-1,2-tndochanuknonenraauenus 2,2 -
ounupuarH Meau| (KpacHO-OpaHKEBbIH MOpoIeK) — 1rpamMm, CTereHb YUCTOTHI
99%,;

onc[unlnl 3,4,5¢pu-napa-roami-1,2-1udochanuxinonenraauesus 2,2 -
ounupurH Meau| (KpacHO-OpaHKEBbIH MOPoIeK) — 1rpamMm, CTereHb YUCTOTHI
99%,;

ouc[p,nlml 3,4,57pu-napa-metokcudenmi-1,2-mudocharukioneHTaIneHA]
2,2 - ounupuann Menu| (KpacHO-OpaHKeBbIid OpoIlek) — 1rpamm, cTeneHb
guctoThl 99%.
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BBEJAEHUE

Hayunbie UCCIIEIOBAHNS, CBSI3aHHEIE C  pa3paboTKoii HOBBIX
(YHKITMOHATLHBIX MAaTEPHAJIOB CIIOCOOHBIX TPOSBISATh YHUKAJIbHBIC CBOWCTBA
(MarHUTHBIE, TIOMUHECIIEHTHBIC, HE TUHCHHO-ONTUYECKUE | T.J.) HA CETOIHSIIHHIHI
JCHb TPETEPIIEBAIOT CYIICCTBCHHBIN MOABbEM. BoNbIION HMHTEpec, K MOA00HOTrO
polia MaTtepualiaM CBsI3aH B IEPBYIO OYepeb C BO3MOXKHOCTBIO CO3JIaHUS HA WX
OCHOBE TPAKTHYECKU TOJE3HBIX YCTPOMCTB, TAKMX KaK KBAHTOBBIC KOMITBIOTEPHI
[1], MarHWTHBIC TOJYPOBOJHHUKH, CIIMHOBBIE HAHOTPAH3UCTOpPHI [2], CHHH-
SJIEKTPOHHBIC CEHCOPHI IMO3UI[HOHUPOBAHMS W JBUXKCHHS, BbICOKOCKOPOCTHBIC
NEPEKIIIOYaTeIM MArHUTHOTO COCTOSIHHS, XHMHYECKHE CEHCOpHI, AMCILICH Ha
OpTaHHYECKHUX CBETOAMOaX [3] u T.1.

HeoOXxoguMoO OTMETHTH, YTO 3HAYUTEIBLHOE KOJIMYECTBO COEOUHEHUH
00IagaromMX MAarHUTHBIMH M JIFOMHHECLIEHTHBIMA CBOMCTBAMM JTO KOMIIIEKCHI
NEPEeXOJIHBIX W PEIKO3eMEIbHBIX MeTauioB. HecMoTps Ha TO, YTO B ITHX
COEIMHEHUSAX (PYHKIIMOHAIBHBIM IICHTPOM SIBJISIFOTCSI B OCHOBHOM HMOHBI METAJLJIOB,
BOXHYIO pOJb B (OPMHPOBAHMHM KOMIUIEKCOB HWIPAIOT WMEHHO JIMTaHIbI
CBSI3BIBAOIINE ATH METAJUIOICHTPHI, TOCKOJIbKY OHH 00YCIIaBIIMBAIOT ApXUTEKTYPY
KOMIUIEKCOB M KOOPJMHAI[MOHHBIX IOJIMMEPOB, YYacTBYIOT B pealld3aliu
0OMEHHBIX B3aUMOJICHCTBUAN MEXIy aTOMaM{ METAJUIOB, a TAKXKE YCHIIUBAIOT WIIH
racar JroMUHecHeHIHio. K Hacrosimiemy BpeMEHH, IS KOHCTPYHPOBaHHS
KOMILJIEKCOB 00JIaJafoNMX MArHUTHBIMH M JIIOMHHECIIEHTHBIMH CBOHCTBAMH
IIMPOKOE PACIPOCTPAHCHHE IOJYUYHIM KHCIOPOJ-, a30T- U CcepacojepiKalliue
auranzsl [4], [5]. Bmecte ¢ Tem mogo0HbIe COSAMHEHHS Ha OCHOBE MOCTHKOBBIX
(GboChHUHOBBIX JHTAaHIOB JI0 HACTOSAIIETO BPEMEHH OBbUIM HEW3BECTHBI, XOTS
10IOOHBIC CHCTEMBbI, 0€3yCIOBHO, 3aCIYKHBAIOT 0COOOI0 BHUMAaHHS, MOCKOJIBKY
MOTYT TIPOSIBJISITh COBEPIICHHO WHBIC CBOWCTBA BCICACTBHE pA3JIMYUs B
9JICKTPOHHBIX XapaKTEPUCTUKAX aroMma ¢ocdopa 1Mo CPaBHCHHIO C KUCIOPOIOM,
a30TOM WM Ccepoil. BpickazaHHO€ HaMH MPEANOJIOKCHHE O BO3MOXKHOCTH

HCIIOJIBb30BaHUA Cl)OC(I)a]_II/IKJ'IOHeHTaI[I/IeHI/II[-aHI/IOHOB B KadYC€CTBC MOCTHKOBBIX



docdopconepkammx  JUTAaHAOB Ui KOHCTPYUPOBAHHSI  MOJIEKYJSIPHBIX
MarHeTWKoOB,  OBUIO  yCHNEmIHO  MOATBEpKJeHO  Ha  mpumepe  1,2-
nudochanmkiIoneHTaaueHuAHOro komiiekca wmapranmna () [6], B koTopom
HAOMIOJAIOTC  aHTHU(EPPOMAarHUTHbIE OOMEHHBIE B3aUMOACHCTBHUS  MEXKIY
HECTIapEHHBIMH  DJIEKTPOHAMH  METAJUIOLEHTPOB  BO3HUKAIOIIME BCIIEJCTBHE
nepeHoca 3apsijia ¢ MeTajula Ha JIranj, Ooyiee TOro, AJs JaHHOW CHUCTEMbI ObLIO
BIIEpBbIe 3aUKCUPOBAHO Hajnuue 3(p(eKkTa CIMHOBOTO 3Xa, YTO MPEACTABIAET
OOJIBIIION MHTEPEC IS KBAHTOBBIX BBIYMCIICHHI [7].

B cBsa3u ¢ 3THM, BOXXHOM W akTyaldbHOM 3ajadeil sBisieTcs pa3padoTKa
MOJIXOJO0B K CHUHTe3y HOBBIX 1,2-1ndochannkioneHTagueHuIHbIX KOMIIEKCOB
NEePEeXOAHbIX METAJUIOB, COJEpXKAIIUX pa3IHyHble 3aMECTHTEIN B apeHOBBIX
¢parmeHTax, yCTaHOBJICHHE UX CTPOCHUS U U3YUCHHE UX MAarHUTHBIX CBOMCTB, KaK
crioco0a MOJTyYeHHUs MOJIEKYJISIPHBIX MAarHEeTHKOB Ha UX OCHOBE. B To ke Bpewms,
MHTEPECHBIM TPEJCTABISETCS CHUHTE3MPOBATH KOMIUIEKCHl PEAKO3EMEIbHBIX

MCTAJIJIOB U U3YYUTH UX JIIOMUHCCIICHTHBIC CBOMCTBA.



OCHOBHAA YACTD

Cunrte3 3,4,5rpuapui-1,2-1udochannkaioneHTaaneHUIHBIX KOMILJIEKCOB

NNEePEXOIHBIX METAJIOB.

4. Onucanue BoinoiaHeHus [IHUP

PaboTbl BeIMOMHATHCS B paMkax CorniameHus 0 HayYHOM COTPYIHUYECTBE
Mexay PenepanbHbIM TOCYJAPCTBEHHBIM OIOXKETHBIM YUPEXKJICHUEM HayKu
HNuctutyTOoM opranndeckoit u ¢pusznyeckoit xumuu uM. A.E.ApGy3oBa Kazanckoro
Hay4yHOro neHrpa Poccuiickoi akagemuu Hayk U MHCTUTYTOM TBEpAOro Teia u
W3y4YeHUs MaTepuasaoB uM. JIelOHuma.

4.1. B coorBerctBun ¢ CoriaiieHHeM O HAyYHOM COTPYAHUYECTBE
denepanabHbIM TOCYIAPCTBEHHBIM OIO/IKETHBIM yUpexAeHUEM HayKu MHCTUTYTOM
opranuyeckoil u Qusnueckor xumuu uMm. A.E.ApOy3oBa Kazanckoro HaydHOro
neHTpa Poccuiickoli akajgeMun HaykK (POCCHICKOW opraHu3amueii) OyayT
BBITNIOJIHEHBI clieaytoniue paboTol: «CHHTE3 U M3YYEHUE CTPOEHHUS KOMILJIEKCOB
MEePEeXOAHBIX  METAUIOB, cojepkamux  1,2-audocdanukioneHTaaueHuaehId
JIUTaHI.

4.2. B coorBerctBuu ¢ CorjalmeHieM O Hay4YHOM COTPYJAHUYECTBE
WucTUTYTOM TBEpaoro Tela W U3ydeHHs MmarepuanoB uM. JleiiOHuna
(MHOCTpaHHBIM MAPTHEPOM) OYAYT BBINOJIHEHBI Cleayromue padoTel: «3ydeHue
ANIEKTPOHHOTO  cTpoenust  3,4,5Tpuapun-1,2-nudocanukioneHTagueHuIHbIX

KOMIIJICKCOB IICPCXOAHBIX MCTAJIJIOB>.

B pamkax paboT mo BTOpOMY d3Tamy TOCKOHTpakTa ObLIO 3alUTAHUPOBAHO
pa3paboTrath ~ METOAWMKM  CHHT€3a  HOBbIX  Oumsanmepubix  1,2-1tudocda-
IIUKJIONICHTAANCHUTHBIX KOMILJIEKCOB TIEPEXOHBIX METAJUIOB, a TAK)Ke HapaboTaTh
JaHHBIC COCTUHEHUS IJIsl IPOBEJCHMS NajdbHEHIINX nuccaenoBanuii. C 3TOH 11eIbo,

Ha TMpeAbLAyIIeM »JTarne HamMu ObUTH Hapa®oTaHbl cooTBercTByRomme 3,4,5-
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tpuapmi-1,2-1udochanuknonenraaunenuasl Hatpus (1) mo pazpaboraHHOMy HaAMU
paHee MeETOIy, OCHOBAaHHOMY Ha peakiuuu noaudochuaoB HATPUS C
LU KJIOTIPOTIEHUIIBHBIMU coJIsIMU (pocoHus. Bmecte ¢ TeM, HEOOXOUMO OTMETHUTD,
yTo  Haubonee  yaOOHBIMHM  MpeKypcopamMu  aias  noimydeHuss — 1,2-
IupocanvKIONEeHTAIUEHUAHBIX KOMIUIEKCOB MEPEXOJHBIX METAJJIOB SIBIISIOTCA
1,2-nudochannkiioneHTaIueHUAHbIC TPOU3BOAHBIC 0JI0Ba (2), KOTOpBIE TaKxkKe

ObLIH Hapa60TaHBI HaMHM Ha NPCAbIAYHIEM 3TAIlC TOCKOHTPAKTA.

Ar Ar Ar Ar

Me;SnClI 4 N
Ar’i?/l:’ Ar’ip/P

Tonyon, -78°C |

Na(aurnum),* SnMe;

(1a-g) (2a-g)
ar= {)-@iF{ - i e (1 @) @) me-L - (:Me0- - (g)
NO, cl Cl
Cxewma 1.Ilonyuenue 1-rpumetwicranuui-3,4,51puapun-1,2-

nudochanukironenTa-2,4-1ueHos (2).
Ha

|. Cunre3 Ousinepunix 3,4,5Tpuapui-1,2-1udochannkiaoneHTaaneHNIHbIX

KoMIIekcoB mapranua (I).

Hamu Obl1O  yCTaHOBJIIEHO, 4YTO JJIi CHUHTe3a OwusgepHbix 1,2-
nudochanmkioneHTaIneHUAHBIX KoMiiekcoB Mapranna (1) (3) manboiree yao0HO
BBOJMTH B peakinio ¢ 1-rpuMmerniacTanamni-1,2-mudocdonaamu (2) nmeHrtakapOOHUII
opomuioM mapranma (1), KOTOpBbIii SIBISETCS KOMMEPUYECKHU TOCTYITHBIM PEeareHTOM
WIM MOXET OBITh JIETKO TIOAy4YeH MyTeM OpOMHpOBaHHUS JAeKakapOOHHIIA

numapraniia [8].
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Ar Ar
v C

co oc p—P CO
Ar \ X\ Ar L oc. [ Br THE oc\Nl e \I\llln ~_co
Mn - n
oc” | “co c” | ™
P—F c|:o © (J:\P—P/ co °°
_Me
Sn\
Me/ Me Ar Ar
2(a-g) Ar
3(a-g)
Ar={ ) @:F-{ - wrei-{)- ©:( ) @: - (e):Me<)- (7 Meo )~ (a)
NO, cl cl

Cxema 2. Cuntes ousinepusix 3,4,51puapui-1,2-nudochannkinoneHTa neHuIHbIX

komrutekcoB mapranma (1) (3).

Tak, yxxe npu cMmemniennu pacteopa 1-rpumernicrannui-3,4,51puapui-1,2-
audpochoaa (2) ¢ pactBopom neHTakapOoHmiaOpomuaa wapranma (), B
TeTparuapodypane, HaOIOJAeTCs IMOTEMHEHHE PEAaKIMOHHONW CMecH, a
NOCJICyIONIee HarpeBaHHWE CMECH B TEUSHHE TpeX 4YacoB MPUBOTUT K
00pa30BaHUIO TEMHO-0PaHKEBOT0 pactBopa OusIEPHOTO 1,2-
nuochanuKIIONeHTaIueHUIHOTO  KoMmiuiekca Mapradma (3).  Ilocnemyromiee
yIapyuBaHUE PEaKIMOHHOW CMECH W TMPOMBIBAHHE OCTAaTKa T€KCAHOM ITO3BOJISIET
BBIICTTUTH YUCTHIA IPOAYKT B BHUJIE OPAH)KEBOT'O MTOPOIIIKA.

[To maHHOW METOIMKE HAMU TOJyUEHBI CIICIYIONINE COSTHHCHUS:

ouc[p,n"n'-3,4,51pu-uema-uaurpodennn-1, 2-1udochanrKIoneHTaTHEHAT

TeTpakapOOHMII MapraHIal;

ouc[u n':n'-3,4,51pu-napa-dpropdenun-1,2-mudochannKIoneHTa e HIL

TeTpakapOOHMI MapraHial;
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ouc[u n':n'™-3,4,51pu-napa-xnopdenun-1,2-mdochannKIoneHTa e HII
TeTpakapOOHMII MapraHIal;
ouc[p,n"n'-3,4,51pu-uema-xnopbenun-1,2-1ubochannKioneHTa e HIL
TeTpakapOOHMJI MapraHIal;
ouc[p,n"n'-3,4,51pu-opmo-xnopdenun-1,2-1ubochanuKIoneHTa IS HIT
TeTpakapOOHMII MapraHial;

ouc[u n':n'™-3,4,51pu-napa-rommn-1,2-1upocharuKIoneHTaTHeHN
TeTpakapOOHMII MapraHial;

ouc[u n':n'™-3,4,51pu-napa-meroxcudenmn-1,2-xudocda-

[IUKJIOTICHTAMCHHT TETPaKapOOHWII MapraHIia).

Crpoenue coenuHeHuit (3a-g) ObUIO TOKa3aHO MeTOJaMH criekTpockonuu SIMP
H, *°C, *P u wmeromom WK-CHEKTPOCKONNH, a COCTAaB MOATBEPIKACH JAHHBIMH
3JIeMEHTHOTO aHanu3a. Kpome toro, mins coenuHenuit (3b m 3C) Obur BbINOTHEH
PEHTTEHOCTPYKTYpHBIN aHanu3. O0a COCTUHEHHS SIBISIOTCS HM30CTPYKTYPHBIMH C HX
benmnn-3amemennsiM anaorom (3h) (puc. 1 - 3).

CorylacHO ITaHHBIM PEHTI€HOCTPYKTypHOTO aHamu3a (puc. 1), monekyna (3b)
COJICP)KUT IBa ¢dbparmenTa Mn(CQO),, COETMHEHHBIX 1,2-
nudochaluKIONeHTAIUCHUAHBIME  JIMTaHaaMu. KaXaplii aToM MapraHiia HMeeT
OKTa3JpUUYECKOe OKPYXKCHHE, XapakTepHoe s kapOonmiaoB maprania (I). O6a 1,2-
G ochauKIONCHTAIUEHUIHBIX KOJIbI]a MPAKTUYECKU IUIAHAPHBI M JIEKAT B OJHOU
TIOCKOCTH. LleHTpabHOE KOJIbII0, 00pa30BaHHOE JBYMS aTOMaMU MapraHIla U YeThIPbMs
atomamu (pocopa, nmeer koH(DOpManHIO «kpecio». HeobxomumMo  OTMETUTH,  YTO
paccrostaust  Metai-pochop (rabm. 1) mpakTHYECKH OJMHAKOBBI, B Ipeieiax
9KCIIEPUMEHTAIBHBIX OIMIMOOK. JuHbl cBsizelr (ocdop-yriepoa B coeaunenun (3b)
TaKKe MPUMEPHO PaBHBI MEXy COOOHM M COCTABISIOT B CPEIHEM 1.750A, uto HemHOrO
MEHbIIIe aHAJIOTUYHBIX MapaMeTpoB B 3,4,5Tpudenni-1,2-mudochanukioneHTagueHue
Hatpus (1h) (1.771A). Bwmecte ¢ tem, paccrosiaue dochop-pochop B kommiekce (3b),
paBroe 2.1103(13) A, mpakruuecku copmamaer ¢ paccrostHueMm docdop-pochop B
coenunenun (1h), cocraBmsromee 2.111(3) A, HEOBXOIUMO OTMETHTB, YTO JAHHBIE

S3HAYCHUA ABJAIOTCA CPCIHUMHU MCXKAY 3HAYCHUAMU JINH CBSI3EH XApaKTCPHBIX IJIA
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OJIMHAPHOW ¥ JBOWHON cBsi3u (hocdop. bomee Toro, cymma BaJIEHTHBIX YIJIOB Ka)KJOTO
aroma Qocdopa coctaBiser npumepHo 340°, yTo XapakTepHO s TPEXBAJIEHTHOIO M

TPEXKOOPAUHUPOBAHHOTO aToMa (ocdopa.

7z
i

Pucynok 1. Monekynsipaast ctpykrypa ouc[u,n'n'™-3,4,5spu-napa-dropdenun-1,2-

audochaluKIoneHTaIueHu 1 TeTpakapoorm maprania) (3b)

Pucynok 2. Monekynsipaast ctpykrypa ouc[u n':n'™-3,4,5pu-napa-xnoppenun-1,2-

audochauKIoneHTaIneHu I TeTpakapooH Maprania) (3C)
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Pucynok 3. Monekymsiprast ctpykrypa ouc[i n':n’-3,4,5spudenni-1,2-

mudocdanukiIoneHTagueHu 1 Terpakapoormn mapranma) (3h)
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Ta6nuua 1. Baxueitmme amuast csizeii (A) u anentrsie yrisr (°) 6uc[pun’n'-3,4,5-

Tpuapwmi-1,2-mudochanuknonenraauenu] Terpakapoonmn mapraunia] (3b,c,h)

Jlnunbt cszeit(A)

(3b)

(39

(3h)

Mn1-C22 1.874(3)

Mn1-C22 1.864(6)

Mn1-C3 1.872(4

Mn1-C23 1.831(3)

Mn1-C23 1.822(5)

Mn1-C1 1.819(4

Mn1-C24 1.832(3)

Mn1-C24 1.818(5)

Mn1-C2 1.832(4

Mn1-C25 1.856(3)

Mn1-C25 1.859(6)

Mn1-C4 1.861(4

Mn1-P1 2.3661(8)

Mn1-P1 2.3638(13

==Y

Mn1-P1 2.371p(1

Mn1-P2 2.3675(8)

Mn1-P2 2.3570(14

Mn1-P102 2.363%p

P1-P2 2.1122(10)

P1-P2 2.1062(16

P1-P2 2.1103(1B)

P1-C3 1.750(3)

P1-C3 1.750(4)

P1-C5 1.741(4)

P2-C1 1.750(3)

P2-C1 1.743(4)

P2-C7 1.736(4)

01-C22 1.129(3)

01-C22 1.119(5)

C3-03 1.128(5)

02-C23 1.129(3)

02-C23 1.141(5)

C1-011.147(5)

03-C24 1.133(3)

03-C24 1.142(5)

C2-02 1.133(5)

04-C25 1.134(3)

04-C25 1.130(5)

C4-04 1.133(5)

C1-C2 1.416(3)

C1-C2 1.409(6)

C5-C6 1.392(5)

C2-C3 1.396(4)

C2-C3 1.403(5)

C6-C7 1.418(5)

C1-C4 1.471(4)

C1-C4 1.486(6)

C5-C8 1.467(5)

C2-C10 1.492(3)

C2-C10 1.493(6)

C6-C14 1.505(5

C3-C16 1.489(3)

C3-C16 1.489(5)

C7-C20 1.480(5

Banenrusie yribi(°)

C3-P1-P2 94.62(10)

C3 P1 P2 94.78(1%)

C5-P1-PBgH3)

P2-P1-Mn1 123.11(3

P2 P1 Mn1 122.75(7

P2-P1-Mn1 122.41(5)

C3-P1-Mn1 125.72(9

C3-P1-Mn1 125.8(1)

C5-P1-Mn1 126.19(13)

C1-P2-P1 94.59(9)

C1 P2 P194.79(16)

C7-P2-P1 1239

P1-P2-Mn1 122.42(4

P1 P2 Mn1 123.66(7

P1-P2-Mn2 119.62(5)

C1-P2-Mn1 125.51(9

C1 P2 Mnl 125.88(15)C7-P2-Mn2 125.41(13)

C2-C1-P2 115.6(2)

C2 C1 P2 115.7(3

C6-C5-P1 135.0

C3-C2-C1 117.9(2)

C3C2C1118.1(4

C5-C6-C7 1BJ.7(

C2-C3-P1 116.16(19

C2 C3 P1 115.6(3)

C6-C7-P28(25.




IlomyueHHble, B  XOA€  PEHTICHOCTPYKTYPHOTO  aHAJIN3a,  JaHHBIE

CBUIETEIBCTBYIOT O HAJIMYHH B MOJIEKYJIaX MaHHBIX coeAuHeHuid (3) CyIIecTBEHHOro
nepepacnpeieseHus EKTPOHHOU TUIOTHOCTH, YTO MPEACTaBIsAET OOIbIION UHTEPEC s
JabHEHIIEro U3yUYeHUsI MATHUTHBIX CBOMCTB MMOJIyYE€HHBIX KOMITIEKCOB (3).

JIns omMcaHusi CTPOCHMS MOJIYYCHHBIX coequHeHui (3) B pacTBOpe HaMu ObLIH
HCIOJIb30BaHbl METOMbI crekTpockonuu AMP 31P, 1H, 13C, a rtakke meronq UK-
cextpockormi. Tak, B crmektpe SIMP 3P coemmmennmii (3a-g) mpucyrcTBYyeT
VIIUPEHHBIA CUHTJET B 00sactu +120M.1., 4TO XapaKTepHO sl KOMIIJIEKCOB MapraHIia ¢
MOCTHUKOBBIM u,nl:nl TAMOM  KoopauHamuu  1,2-tudocdanukionenTaiueHuIHOro
avragga u aroma Merawia. B MK cmekrpax mosydeHHBIX KOMILIEKCOB  (3a-Q)
HaOmromaeTcss 4 XapakTEepUCTUYHBIC IIOJOCHI TMOTJIONIEHUS B 00JacTH KojaeOaHUi

Kap6OHI/IJII:-HBIX rpymm, 4YTO CBUACTCILCTBYCT O HAJIWUYUHA CZV TUIIa CHUMMCTPUHU

MOJICKYIJIbI.

—124.391

\ f \

2137}7 |

R ——
y "
T R v v
20 0 2000 1800

I A A S B B e e e (LA I
200 180 160 140 120 100 80 60 40
(ppm)

Pucynok 4. Criextp SIMP *'P (ceBa) n UK (06macts KapGOHMIBHBIX TPYIIIL)
(cripaBa) 6uc[u,n"n'-3,4,51pu-napa-propbenni-1,2-

nudochanmkioneHTaaeHu Terpakapoorm maprania) (3b)

Takum 06p8,30M, INPOBCACHHBIC HaMM HCCICAOBAaHHA, CBA3AHHLBIC

C

U3y4YEeHHEM KOMILIEKCOOOpa3ymoluX CBOMCTB Mpou3BoAHbIX 3,4,5Tpuapui-1,2-

nudocharKIoNeHTaIneHUI-aHNOHA 110 OTHOIIICHHUIO K rajyioreHnam maprasma (1)
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U YCTAHOBJICHHE CTPOEHUsI 00pa3yroIIUXCsl COCIMHEHUH, MO3BOIMIN pa3paboTarh
METOJUMKHA CHHTE3a HOBBIX OusaepHbix 1,2-1udochanukionenTagueHuIHbIX

KomiutekcoB Mapranna (1) u yctaHoBUTh ux cTpykTypy co 100%T0ouHOCTHIO.

Jlanee mpUBOIATCS METOJIUKHM CHHTE3a BKJIIOYAIONIME OMHUCAHUE psAaa OMsIepHBIX
KOMILJIEKCOB ouc[p ,nl:n1—3 ,4,51puapun-1,2-nudocdarnukinoneHTaaueHu,I

TeTpakapOOHMI Mapranmna) (3a-g).

Buc[u,n":n"-3,4,57puapni-1,2-1udochannKI0neHTaTHeH I TeTPAKapOOHNT

mapranuna] (3a-g).

TunoBasi MeTOINKA.
K pacTBopy 1 MMOJTb 1-rpumeTtuncranuui-3,4,5gpuapui-1,2-
nudochanuknonenTa-2,4-1uena (2a-g) 8 20 mn TI'® nobaBuau pactBop 1 MMOJIb
Mn(COXBr B 20 mut TT'®. PeaknuoHHYIO CMECh MepEeMENIMBAIA B TEUCHHUE TPEX
yacoB npu Temieparype 60° C, 3aTeM ynapuii pacTBOPUTENb, OCTATOK MPOMBLIU

rekcanoM (3*25 mit) 1 BBICYIIMIIM B BaKyyMe MaciIsTHOTO Hacoca.

o 1. W3 1.1 (1.75mmonb) coenunenus (2a) u 0.48r (1.75

0
] C/‘ég—cf{,c” MMOJIb) Opomo(reHTakapOoHmI)Maprana mnoiaydeso 0.89
Cis Y; 12 Co—C,

7" Y| T (81%) opamkeBoro mopomrka 6uc[pn’n'-3,4,51pu-

] \
Mn/P1\P/C1‘C
" 1

C16

mema-autpodenmi-1,2-nudochanukioneHTaIueHu,I

TeTpakapOOHMI Maprania) (3a).

Crextp SIMP 'H (TT'®-dg, 8, m.a., J,T'n): & = 7.60 fic.tp, His 1H, 2dyy = 7.70);
7.64 quc.p, Hy, 2H, %3, = 7.63); 7.73-7.79, Hs, Hus, 3H); 8.27 1, Hs, Hip, 3H);
8.61 (1, Ha, Hio, 3H).

Crextp SIMP *'P (IT®-dg, §, m.1., J,I'n): & = 123.46 (c).

Crnextp UK (KBr, cm?, v CO): 1959; 1994; 2019; 2080.

Breruucieno (%): C 47.54; H 1.90; N 6.66; P 9.831 CsoH24MNyNOo0Ps

Haiineno (%): C 47.32; H 1.95; N 6.72; P 9.71.
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F 2. 3 1.3r (2.4 mmonw) coenunaenus (2b) m 0.65r (2.4

Hoco=cr
Hg~ o C9 =10
3 ~Cs
. /C1——02/C7_C8 MMOJIb) OpoMo(IeHTakapOOHMI)Maprana noiaydeHo 2.19
I s ) SV 1. 1
ch e "% _ % | 1 (83%) opamkesoro mopomka Oouc[dnin-3,4,59pu-

C4=C
e
Hs Hs

napa-prophennn-1,2-mudochanukioneHTaaneHI

TeTpakapOoonua mapranmna) (3b).

Crektp SIMP H (TT'd-dg, 6, m.a., J,I'): 6 = 6.70 f1, Hg, 2H,33 = 7.83); 6.724,
Ha, 4H,3J4 = 8.31); 6.854, Hs, 4H,%3y, = 8.31); 6.87 4, Ho, 2H, >34y = 7.83).
Crektp SIMP P (IT®-dg, §, m.1., J,I'n): & = 124.39 (c).

Crextp IMP °C (TT®-dg, §, m.zi., J,I'my): & = 114.20 g, Cs, “Jec = 21.50); 114.95
(n, Co, “Jec = 21.50); 131.50¢( Cs); 132.73 {1, Ca, *Jec = 7.86); 133.69¢ C7);
136.10 ¢, Cg); 152.78 (c, ©; 160.54 fi, Cs, “Jec = 82.70); 162.991( Ciq, “Jec =
83.53); 176.67q, Cy); 211.21 ¢, C1q); 211.67 €, Cyo).

Cnextp UK (KBr, cmi*, v CO): 1958; 1996; 2016; 2082.

Beruncieno (%): C 54.55; H 2.18; P 11.6¢hs CsoH»4MN,0P4F¢

Haiineno (%): C 54.92; H 2.35; P 11.73.

o 3. U3 1.5 (2.5 mmonb) coenunenus (2¢) u 0.69r (2.5

8-> MMOJIb) Opomo(TieHTaKapOOHMIT)MapraHiia moixy4deso 2.43r
= S20-cr | (81%) opamkesoro mopouka 6uc[p,n’n’-3,4,51pu-napa-

xnophenun-1,2-nudochanukaoneHTaIueHu

TeTpakapOonui Mapranma] (3¢).

Crextp SIMP 'H (T ®D-dg, 3, M.1.): & = 6.96 - 7.21, Ar).

Crextp SIMP *'P (IT®-dg, 5, m.1.): & = 128.92 (c).

Crextp UK (KBr, cmi*, v CO): 1963; 1996; 2016; 2081.

Beruncieno (%): C 50.04; H 2.00; P 10.3¢hs CsoH»4MN,05P4Clg

Haiineno (%): C 50.42, H 2.24, P 10.97.

Hug 4. N3 1.6 (2.7 mmoib) coenuuenns (2d) u 0.74r (2.7

Cl< s
H _Ce=Clo
o~y \
o MMOJIb) Opomo(rieHTakapOOHMI)MapraHiia moixydero 1.11
Cy Li—C
WP % 0 1.1
o = ¢ _ | T (69%) opamkeBoro mopoimka Ouc[i,nn-3,4,51pu-

mema-xnopdenmn-1,2-mudochanrkioneHTaIueHI

TeTpakapOonua Mapranma] (3d).
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Crextp SIMP *H (TT'®-dg, 8, m.z1.): & = 7.38 — 7.51x, Ar).

Crextp SIMP *'P (GDs, 8, m.z1.): 8 = 123.79 (c)

Crextp SIMP °C (TT®-dg, 8, m.1.): & = 129.91 — 131.24m Ph); 177.56, C,);
212.57 €, Cy1y); 213.13 ¢,Cyy).

Cnektp UK (rekcaH, cmt v C0): 1965; 2000; 2014; 2076.

Beruncieno (%): C 50.04; H 2.00; P 10.3¢hs CsoH»4MN,05P4Clg

Haiineno (%): C 50.12; H 2.25; P 9.83.

Ho 5. U3 1.4r (2.3 mmoinn) coeaunenus (2e) u 0.64r (2.3

8-t MMOJIb) Opomo(reHTakapooHmwI)Maprania mnoryaero 0.97
I\I;n/':’1\©/01~c3 k 690/ 6 1.1 3 4 5
Y . _ | T (69%) opamxkeBoro rmopomka Ouc[l,n N -3,4,59pu-

opmo-xnoppenun-1,2-1udochanukioneHTaIueHn

TeTpakapOoHu Maprania] (3e).

Cnektp SIMP H (TT'd-dg, 0, m.a., J,T'm): 6 = 7.31 — 7.39M, Ar); 7.76 (1, Hy, 2H,
33au = 7.68): 7.784, Hs, 1H,3} = 7.64I'n).

Crextp SIMP *'P (IT®-dg, 5, m.1.): & = 123.21 (c).

Cnextp UK (KBr, cmi*, v CO): 1961; 1996; 2016; 2081.

Brruucieno (%): C 50.04; H 2.00; P 10.3¢s CsoH4MN,OgP4Clg

Haiineno (%): C 50.08; H 2.13; P 10.11.

e 6. U3 1.9 (3.6 mmonn) coemunenus (2f) u 0.98r (3.6

Ho-co=c
HS‘CS/ 9=Co
e MMOJIb) OpoMo(ITeHTakapOoHWIT)Mapraniia moxyaeno 1.24r
Cy C—C
I\I;n/P1/©\C1\ //4_0\5\ (0) 1...1
P o e (65%) opamxeBoro mopomka ouc[l,n":n-3,4,51pu-napa-

tommi-1,2-1udochanukioneHTaTueHIT TeTpaKapOOHUIT

mapranna] (3f).

Crextp SIMP 'H (TT®-dg, §, m.1.): & = 1.39 ¢, Me); 7.11 — 7.36x, Ar).
Crextp SIMP *'P (IT®-dg, 3, m.1.): & = 120.45 (c).

Cnextp UK (KBr, cmi*, v CO): 1961; 1996; 2015; 2081.

Beruncieno (%): C 62.45; H 3.90; P 11.5¢s CsgH4oMN,OgPy
Haiineno (%): C 62.98; H 4.21; P 11.81.
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_owe 7. 13 1.5 (2.6 mmonb) coemunenus (2¢) u 0.71r (2.6

Ho-co=c
HS‘CS/ 9=Co
W +Co
L MMOJIb) Opomo(rieHTakapOoHmIT)Maprania moixydero 1.00
Cyy 1 C2
/ \ C4—Cs
—P 1—c7 s 1..1
i SR _S—ove| T (66%) opamkeBoro mopomka 6uc[,n"n-3,4,57pu-
4 5

napa-metokcudpenmi-1,2-nudocanuknoneHTagneHn

TeTpakapOooHua Mapranmna) (3g).

Crextp SIMP 'H (T ®-dg, 3, m.1.): & = 2.18 ¢, OMe); 6.98 — 7.38M, Ar).
Crextp SIMP *'P (IT®-dg, 3, m.1.): & = 118.71 (c).

Cnextp UK (KBr, cmi*, v CO): 1959; 1997; 2016; 2084.

Beruncneno (%): C 57.34; H 3.58; P 10.58u1 CsgH4oMN,014P,

Haiineno (%): C 57.61; H 3.77; P 10.81.
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[I. Cunte3 ousiaepunix 3,4,5rpuapui-1,2-1udochanukioneHTaaueHuTHbIX

KoMmIiekcoB meau (1).

Jlns  cuHTe3a  HOBBIX  OumsamepHbix  3,4,51puapwmn-1,2-mudocda-
IUKJIOTIEHTAAMECHUIHBIX KoMIUIeKCcOB Meau (|) Hanbosiee onTUMAaIbHBIM 0Ka3aa0Ch
BBEJICHUE 1-rpumeruncrannui-3,4,5apuapui-1,2-nmudocdanukionenra-2,4-
nueHoB (2) B peakiuio ¢ auMepom 2,2 -ounupuand opomuaa meau (I), KoTopsbrit
OBLI TOJYYEH 0 M3BECTHON MeTomuke u3 Opommma meau (1) u 2,2 -OunupuanHa
[9] saBisrOIMXCS KOMMEpPYECKHM JIOCTYIIHBIMH pearcHTamu. l[IpuMeHeHue
JIONIOJIHUTEIILHOTO OHMJCHTAHTHOTO JMranna (2,2 -OumupujinHa) y aroMa Meau
MO3BOJIMIIO MCKJIFOYMTHh MPOTEKAaHUE AMHAMHUYCCKHX IPOIIECCOB B 00Pa3yOIMUXCS

COCAUMHCHUAX M IPUBCIIO K 06p330BaHI/IIO CTaOMIILHBIX 6I/I$II[epHBIX KOMILJIICKCOB

(4).

Ar

Ar
2(a-g) Ar
4(a-g)
Ar= (- @ F- e - @) (e):Me< )~ Meo{ )~ (0)
NO, Cl Cl

Cxema 3. Cuntes Ousnepssix 3,4,5Tpuapun-1,2-tudocdarnukioneHTa MeHUTHBIX

komiutiekcoB meau (1) (4).
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[Tpu moGaBiieHMM HAaBECKH HWCXOJHOTO AMMepHOro komiuiekca meau (1) k
pactBopy l-rpumermicranaui-1,2-mupochona (2) B TerparuapodypaHe IBET
pacTBOpa MEHSETCS C JKEJNTOTO Ha OpaHXkeBbld. [lanbHeliliee mepeMennBaHue
PEaKIMOHHON CMECH B T€YEHHE TPEX YacOB MPOTEKAET C MOJHBIM PACTBOPEHUEM
ucxonHoro komiiekca menu (1) u oOpazoBaHHEM TEMHO-OPAH)KEBOTO PACTBOpA
cojepxamuM OusiiepHblii  komiuieke wmenu (4). Tlocnenyromee ymapuBaHHE
PEaKIMOHHON CMECH W TPOMBIBAHHWE OCTAaTKa TOJIYOJIOM TIO3BOJIIET BBIICIUTH
YHCTHIN MPOIYKT B BUEC TEMHO-OPAH)KEBOTO TIOPOIITKA.

[To manHOW METOAMKE HAMU MOJIYYCHBI CICAYIONINE COSTHHCHMS:

ouc[u ,nlinl-S ,4,53pu-uema-anutpodenni-1,2-
mudochalMKIoNeHTaAueHU ] 2,2 OUIUPUINH MEIH];

ouc[u n':n'™-3,4,51pu-napa-dpropdenun-1,2-mudochannKIoneHTa e HIL
2,2 -OUIUPUINH MEIH];
ouc[p,n"n'-3,4,51pu-napa-xnopbenun-1,2-1ubochannKIoneHTa IUSHHT
2,2 -OUIUPUINH MEIH];
ouc[p,n"n'-3,4,51pu-uema-xnopbenun-1,2-1ubochannKioneHTa e HIL
2,2 -OUIUPUINH MEIH];
ouc[p,n"n'-3,4,51pu-opmo-xnopdenun-1,2-1ubocdaniKIoneHTa eI
2,2 -OUIUPUINH MEIH];

ouc[u ,nlinl-S 4,51pu-napa-ronun-1,2-tudochanuknonenraaueHus 2,2 -
OMIUPHUIANH MEIH];

ouc[u n':n'-3,4,51pu-napa-meroxcudenmn-1,2-xudocda-

UKJIONIEHTaUCeHU T 2,2 -OUTUPUIUH MEIH].

Crpoenue coenuHeHuii (4a-g) ObLIO JIOKAa3aHO METOJAMHU CIICKTPOCKOITHA
SIMP 1H, 3p 4 MetooM MK-cnekTpockonuu, a coCTaB MOATBEPKIACH JaHHBIMU
9JIEMEHTHOr0 aHanau3a. KpoMe TOro, M3 peakuuoOHHONW cMmecH komruiekca (4b),
COAEPHKAILETO napa-xnopheHun 3aMeICHHBIN 1,2-

nudochanukiIoneHTaAUSHUIHBIA  JUraHg  ObUIM  BBIACICHBI  KPUCTAJLIBI
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coemuaenus  (5), CTpykTypa KOTOporo Oblla YCTaHOBJICHA  METOIOM
PEHTTEHOCTPYKTYpHOTO aHanu3a (puc. 4).

OcTOB  MOJIEKYJIbI (5) COCTOMT U3  JBYX 1,2-nudocda-
IIUKJIONICHTAANCHUIHBIX JIUTAH/IOB, KOTOPBHIE BBICTYMAIOT B POJH MOCTHKOB,
CBsI3BIBAas MEXIy cOOOI 1Ba aToMa MeIW MMEKOIIUX B CBOCH KOOPAMHAIIMOHHOU
cdepe, B KayecTBE JOMOJHUTEIBHBIX CO-JHTaHIOB, MO OJHOW Mojekyre 2,2°-

OMnUpUIHA.

Br3 Br2 Br1

Cle3

PucyHok 5. Monekyisipras crpykrypa [Cu(2,2 -bipy){u,n*:n*(Cl-
CeHa)aCsP2}] J/CUBr{1,n*Nn*(Cl-CsH4)3CaPH[Cu(2,2 -bipy)Br{n*(Cl-
CoHa)sCsPH[Cu(2,2 -bipy){n*(Cl-CsH,):C:P2}] * Brs (5)
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bonee Toro, B gaHHOW MoOJIeKyJie HAOMIOJAETCS JIOTOJHUTEIbHAS
KOOpJIMHAIIAS JBYX aTOMOB MEIU 3a CYET B3aUMOJCUCTBUS C T- OpOUTAISIMU
atoMoB (Qocdopa oboux 1,2-1dochanukiIoneHTaIuCHUIHBIX JUraHaoB. Eiie
OJIMH aTOM MEJM CBSI3aH C JBYMs aTOMaM{ MEIU BXOJSAIIAMU B OCTOB MOJIEKYJIbI
(5). IlpeamnonoxuTenbHO, JAHHOE COSMHEHHE 00pa3yeTcs MyTeM B3aUMOACHCTBUS
ousneproro komiuiekca meau () (4b) ¢ He mpopearnpoBaBIIMM H3OBITKOM
UCXOJHOTO JuMepa 2,2 -ounupuann 6pomuaa menu (l). bonee Toro, nporekanuro
NOOOHON peakIMu MOXET CIOCOOCTBOBAaTh HAIMYME B NApA-TIONOXKCHUU
AJIEKTPOHOAKIIETITOPHOTO 3aMECTHUTEIIS —  xJjopa. Tax, BBEJ/ICHIE
AJIEKTOPOHOAKIIENITOPHOTO XJopa B 1,2-mudochanukioneHTafueHUIHBINA JTUTaH]T
NPUBOJUT K CMEMICHUIO DJIEKTPOHHOH TUIOTHOCTH B C3P,-kombiie B cTopoHy Cs
¢parmeHTa, B CBSI3U C 3TUM T- OpOUTAIM aTOMOB (hocopa B MEHbBIIEH CTEIEHU
conpsikeHbl ¢ 7m- opoutanmu Cz; (QparMeHTa M CIMOCOOHBI Y4acTBOBaTh B

KOOpAWMHAIWH C aTOMaMHU IIEPEXOAHBIX MCTAJIJIOB.

Ta6muua 2. Baxueiinme aunel cessei (A) u Banentusie yrmbt (°)
[Cu(2,2-bipy}{.n "N (Cl-CeH4)sCsP}] CUBK{,n*N*(Cl-CeHa4)sCsP2}]
[Cu(2,2"-bipy)Br{n*(Cl-CeHa)sCsP2}][Cu(2,2-bipy){n*(CI-CeHa)sCsP2}] * Brs (5)

Jlnune! ceseit (A)
Cul P2 2.242(2) C28 C29 1.388(9) Cu7 Br8 2.6426(13)
Cul P6 2.268(2) C25 C26 1.411(10) Cu9 N90 2.027(6
Cu4 P3 2.273(2) Cul N12 2.054(6) Cu9 N101 2.021(6)
Cu4 P5 2.283(2) Cul N23 2.036(6) Cu9 Br8 2.5820(14)
P2 P3 2.178(3) Cu4 N59 2.043(6) P3 Cul0 2.448(2
P5 P6 2.180(3) Cu4 N48 2.051(6) P2 Cul0 2.433(2
P2 C24 1.741(8) P2 Cu7 2.287(2) P5 Cul0 2.438(2
P3 C26 1.743(8) P3 Cu7 2.318(2) P6 Cul0 2.494(2
P5 C27 1.741(7) P5 Cu9 2.309(2) CulO Cu4 2.6176(14)
P6 C29 1.747(7) P6 Cu9 2.317(2) Cul0 Cul 2.6378(14)
C24 C251.410(10) Cu7 N78 2.031(6) CulO Brll 2.8B33
C27 C28 1.421(9) Cu7 N89 2.027(6)
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Banenrtusie yrisl (°)

N23 Cul N12 80.6(2)

N23 Cul P2 115.37(19

N’

N12 CRI1E2.94(17)

N23 Cul P6 115.64(19)

N12 Cul P6 108.57(1Y)

P2R%A1110.88(8)

N23 Cul Cul0 111.66(18

N12 Cul Cul0 165.92(17)

C&2Cul0 59.15(6)

P6 Cul Cul0 60.55(6)

C24 P2 P3 94.6(3)

C24 P2 Qa11(3)

P3 P2 Cul 125.80(11)

C24 P2 Cu7 116.1(2

P3 P262D(8)

Cul P2 Cu7 116.49(9)

C24 P2 Cul0 107.8(2

P3 PD6AB5(8)

Cul P2 Cul0 68.55(7)

Cu7 P2 Cul0 111.20(9)

C262P33PL(3)

C26 P3 Cu4 128.1(3)

P2 P3 Cu4 123.09(11)

C26 P31T4B(2)

P2 P3 Cu7 61.07(8)

Cu4 P3 Cu7 115.54(9

C26 P3 QOIM(2)

P2 P3 Cul0 63.16(7)

Cu4 P3 Cul0 67.23(6

Cu7 P®C02.64(9)

N59 Cu4 N48 80.5(2)

N59 Cu4 P3 124.11(18

e

N48 CBA56.11(17)

N59 Cu4 P5 105.92(18)

N48 Cu4 P5 114.99(18)

P3R%411.85(8)

N59 Cu4 Cul0 114.07(18

N48 Cu4 Cul0 164.97([L8)

Ce8Cul0 59.57(6)

P5 Cu4 Cul0 59.21(6)

C27 P5 P6 93.9(2)

C27 P5 Q64 (3)

P6 P5 Cu4 123.32(11) C27 P5 Cu9 117.0(3 P6 P56CL05(8)
Cu4 P5 Cu9 114.09(9) C27 P5 Cul0 104.5(2) P6 PBGE1L0(8)
Cu4 P5 Cul0 67.25(6) Cu9 P5 Cul0 112.98(9) C295P83F5(3)

C29 P6 Cul 120.3(3)

P5 P6 Cul 124.61(11

C29 P61TE%B(3)

P5 P6 Cu9 61.71(8)

Cul P6 Cu9 121.55(9

C29 P6 €0AG%(3)

P5 P6 Cul0 62.46(8)

Cul P6 Cul0 67.07(6

Cu9 P®C1Q.70(9)

N89 Cu7 N78 80.5(2)

N89 Cu7 P2 162.34(1d

N78 CR1PL.67(17)

N89 Cu7 P3 110.00(18)

N78 Cu7 P3 167.24(1]

P2R3136.44(7)

N89 Cu7 Br8 94.35(17)

N78 Cu7 Br8 87.02(17

P2 8§ 98.87(7)

P3 Cu7 Br8 98.99(6)

Cu9 Br8 Cu7 131.96(4

N101 §G9 80.6(3)

N101 Cu9 P5 161.24(18

N90 Cu9 P5 110.43(1

N104d 6 110.36(19

N90 Cu9 P6 164.82(18)

P5 Cu9 P6 56.23(7)

N101 Q8%B.58(17)

N90 Cu9 Br8 94.12(16)

P5 Cu9 Br8 99.54(6)

P6 CuB 5.39(6)

Brll CulO P2 119.28(6)

Brll Cul0 P5 115.67(

6)

PPOR6 125.05(7)

Br1l Cul0 P3 117.71(7)

P2 Cul0 P3 52.99(7

P5 GBL001.13(7)

Brll Cul0O P6 119.43(6)

P2 Cul0 P6 97.85(7

P5 G6L62.44(7)
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P3 Cul0 P6 122.85(7)

Brll CulO Cu4 114.93

(5)

PO 101.51(6)

P5 Cul0 Cu4 53.54(5)

P3 Cul0 Cu4 53.20(5

P6 CuD100.40(6)

Brll Cul0 Cul 116.69(5

P2 Cul0 Cul 52.30(6

PEQLIL 101.71(6)

P3 Cul0 Cul 101.31(6)

P6 Cul0 Cul 52.37(¢

)
)
)

Cu4 QuID128.37(5)

CoryiacHO TOJIyYeHHBIM JaHHBIM BUIHO, 4yTO aTtoMbl Meau Cul m Cu4 mexat B
MJIOCKOCTH LeHTpasibHOTo Kojiblia Cul-P2-P3-Cu4-P5-P@, nmunb! ceszeit B 1,2-
nudochanuKIoONeHTaIueHUIHBIX JIMTAaHAaX ycpeaHeHbl. bonee Toro, coriacHo
3HAYEHUSAM CYMM BAJE€HTHBIX YIJIOB, KOTOPBIE COCTABJISAIOT npuMepHo 340°,
KKl aToM (dochopa sBISETCS TPEXBAJEHTHBIM U TPEXKOOPAUHUPOBAHHBIM
(raby. 2), YTO MOXET CBHJICTCIILCTBOBAThL O HAIMYUHU IepepaclpeaeiicHus
AJIEKTPOHHOM IJIOTHOCTU B LIEHTPAJIBLHOM KOJIblIe 0Opa30BaHHOM aTOMaMH MEIU U
dbochopa. Takum o6Opasom, Omaromapss mnoJiydeHHbIM jgaHHbIM PCA s
HOJIUSAZICPHOTO KoMILIeKca (5) MOKHO KOCBEHHO CYJIUTh O CTPYKTYpe OHSICPHBIX
KOMILTIEKCOB Meau (4).

JIJIss onMcaHusl CTPOSHUS IMOYYCHHBIX coequHeHui (4) B pacTBOpe HaMH
OBLITM MCIIOJIB30BAHBI METOJIbI crieKTpockonuu SIMP 31P, lH, a Taxxke meron MK-

crexktpockomuu. Tak, B crmektpe SIMP P coenuuenmii (4a-g) HaGmromaercs

YIIUPEHHBIN CUHTJIET B 00JaCTH +4 M. ..

Pucynok 6. Criektp IMP *'P 6uc[u n"n'™-3,4,51pu-napa-xnopbenni-1,2-

mudocdarmknonentaauenua 2,2 -ounupuand meau| (4e)
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Takum o00pa3om, mMOTy4YeHHBIE Ha JaHHOM OJTane Owusigepueie 1,2-
mudochanukioneHTanueHuaabple  koMmimiekebl Meau (1) wm  wmapranma  (I)
MPEACTABIISIOT OOJBINOW HWHTEpEC ISl JAJbHEHUIIEro M3yYeHHUS WX MarHUTHBIX

CBOWCTB, 4TO OyZET peasn30BaHO Ha CIEAYIOIIEM 3Tale MPOEKTa.

Jlanee mnpUBOASTCS METOAMKH CHHTE3a BKIIOYAIOIIME OIKMCAHUE psaa
1.1
OUsIEpHBIX KOMILJIEKCOB ouc[u,n-n™-3,4,51puapui-1,2-

nudochanukIoneHTaauenus 2,2 ounupuand meau] (4a-g).

Bnc[u,nl:n1-3,4,5-Tpnapm1-1,2-nnq)ocq)aunknoneHTauneHnu 2,2 OunMpuInH
menu| (4a-g).

TunoBasi MeTOIMKA.
K pacTBopy 1 MMOJTb 1-rpumetuncranuui-3,4,5gpuapui-1,2-
mudochanukionenTa-2,4-mmena (2a-g) B 30 mn TI'® poGaswimm HaBecky 0.5
mmoas [CuBr(2,2°-bipy)}. Peakiuonnyroo cMmech mepeMelnBaIl B TCUECHUE IISTH
4acoB NpH KOMHATHOW TeMIeparype, 3aTeM YIapuid pacTBOPUTENb, OCTATOK

IPOMBLTH TekcaHoM (3*25 mit) v BRICYITHIIM B BAKYyME MAcIITHOTO Hacoca.

o 1. 13 1.21r (1.93mmonb) coenunenus (2a) u 0.58r (0.97

O,N.
H _C11=Ci2
1(]\00 <
e MMOJIb)  aumepa (2,2 -OunupuauH)OpoMHIa  MeIu
/P/C1C_>C‘f; £
e e _ Jeew | monydeno 1.24 v (88%) kpacHO-OpaHKEeBOIrO IOpOLIKA

2,2"-bipy

6uc[p,n'n'-3,4,51pu-uema-uurpodenni-1,2-xudocha-

UKJIONCHTaaeHN ] 2,2 Ounupuant meau] (4a).

Coektp SIMP H (TTd-dg, 6, m.x., J,T): & = 6.80 — 7.40M, Ph, 2,2 -bipy, 6H);
8.24 (u.c, 2,2 -bipy, 1H); 8.43y(ur.c, 2,2 -bipy, 1H).

Crnextp SAMP 3p (ITd-dg, 8, m.x., J,I'): 6 = 4.53 §mr.c).
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Beruncneno (%): C 56.01; H 3.98; N 9.61; P 8.4&s1 CggHsgCUN1001,P,
Hatineno (%): C 56.42; H 4.05; N 9.72; P 8.61.
" F 2. 13 1.4 (2.6 mmons) coenunenus (2b) u 0.78r (1.3

N s

Hg-. /Cg=C\10

C +Cs
%

Jor—cs MMOJIb)  auMepa (2,2 -OunupuauH)OpoMuaa  Meau

CU/P1/C1C_>C‘§; £ Cs
1— W
Ser 7% _ %~ | monmyueno 1.28 r (76%) kpacHO-OpaH)KEBOTO MOPOIIKa

Ci=cC
2,2"-bipy g ‘ N s
4 Hs

6uc[p,n"m'-3,4,51pu-napa-propbenun-1,2-mudocha-

UKJIONIeHTaquenu 2,2 -ounupuausa menu| (4b).

Coektp SIMP H (TTd-dg, 6, m.x., J,Tm): 6 = 6.89 — 7.37M, Ph, 2,2 -bipy, 6H);
8.21 fyur.c, 2,2 -bipy, 1H); 8.36(ur.c, 2,2 -bipy, 1H).

Crnextp SAMP 3p (ITd-dg, 8, m.a., J,I'): 6 = 5.21 §mr.c).

Beranciieno (%): C 63.01; H 4.48; N 4.32; P 9.57s CggHssCUN4P4Fg

Haiineno (%): C 63.52; H 4.35; N 4.61; P 9.35.

o 3. U3 1.5 (2.5 mmons) coenunenus (2€) u 0.75r (1.26

- MMOJIB)  guMmepa (2,2 -OMnupuAuH)OpoMHIa  MeIu
ci—C5
H b TG
e o | momydeno 1.49 r (85%) xpacHO-OpamXKeBOro mOpOLIKa
4=Cs

ouc[p,n"n'-3,4,51pu-napa-xnopbenun-1,2-nupocda-

HUKJIONCHTaaeHn 2,2 -ounupuann meau| (40).

Crextp SIMP 'H (TT'®-dg, 5, m.1.): & = 7.11 - 7.38%, Ph, 2,2 -bipy, 6H) ); 8.29
(ymr.c, 2,2 -bipy, 1H); 8.41yu.c, 2,2 -bipy, 1H).

Crextp SIMP *'P (IT®-dg, §, M.1.): & = 7.86 §mur.C).

Beraucieno (%): C 58.54; H 4.16; N 4.02; P 8.90s CggHssCUN4P4Clg

Hatineno (%): C 58.96; H 4.54; N 4.21; P 8.97.

Huo 4. N3 1.361 (2.3 Mmmoub) coequnenus (2d) m 0.68t (1.1

&~ MMOJb) auMmepa (2,2 -OunupuanH)OpoMuaa  Meau

b A
furtse el _ | momydero 1.18 r (74%) kpacHO-OpaHKEBOrO MOPOLIKA
2,2"-bipy Fe6s

ouc[p,n"m*-3,4,51pu-uema-xnopbenun-1,2-mudpocha-

HUKJIONEHTaaueHu ] 2,2 ounupuant meau] (4d).
Crextp SIMP 'H (TT'®-dg, §, m.i.): & = 7.03 - 7.29%, Ph, 2,2 -bipy, 6H) ); 8.22
(ymr.c, 2,2 -bipy, 1H); 8.39(u.c, 2,2 -bipy, 1H).
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Crextp SIMP *'P (IT®-dg, §, M.1.): & = 7.21 §ur.C)

Boruucieno (%): C 58.54; H 4.16; N 4.02; P 8.98s CggHssCUN4P4Clg

Haiineno (%): C 58.57; H 4.31; N 4.14; P 8.89.

Ho 5. 13 1.6 (2.7 mmons) coenunaenus (2e¢) m 0.80r (1.3

Hg-, e
Co=C1o
CI‘CB/ \

8™ MMOJIb MMepa 2.2 -0unupuanH)opoMuIa  MEau
/
Ci—C;
A O TG
P! | momyueno 1.44 t (77%) KpacHO-OPAHKEBOTO IMOPOIIKA
C4=C,
4—0Ls

2,2 -bipy /

ouc[u ' :n'™-3,4,51pu-opmo-xnopdenmn-1,2-xudocda-

HUKJIONEHTaaeHu 2,2 -ounupuaun meau] (4e).

Crextp SIMP *H (TT'®-dg, 8, M.x., J,I'w): & = 7.08 - 7.29%, Ph, 2,2 -bipy, 6H) );
8.20 fymr.c, 2,2 -bipy, 1H); 8.35y(ur.c, 2,2 -bipy, 1H).

Crextp SIMP P (IT®-dg, §, m.1.): & = 7.01 ().

Boruucieno (%): C 58.54; H 4.16; N 4.02; P 8.98s CggHssCUN4P4Cleg

Haiineno (%): C 58.63; H 4.24; N 4.25; P 8.85.

e 6. U3 1.751 (3.3 mmonn) coenuuenus (2f) u 0.98r (1.6

e MMOJb)  gumepa (2,2 -OunupuanH)OpoMuaa  MEAH
c—C}
_ /O\ /CA—C5\
G C“Ce; _—ve| momydeno 1.32 r (65%) KpacHO-OpamKXeBOro MOPOIIKa
2,2’ -bipy 4G5

ouc[u ' :n'™-3,4,51pu-napa-rommn-1,2-xudocharuxio-

neHraguenns 2,2 -ounupunun meau| (4f).

Crextp IMP 'H (TT®-dg, §, M.1.): & = 1.33 €, Me); 6.87 - 7.15x, Ph, 2,2’ -bipy,
6H) ); 8.14 gur.c, 2,2 -bipy, 1H); 8.21yfu.c, 2,2 -bipy, 1H).

Crextp SIMP P (IT®-dg, §, M.1.): & = 2.45 §ur.C).

Boruucieno (%): C 69.87; H 5.98; N 4.41; P 9.46a C;4H76CWLN4P,

Haiineno (%): C 69.98; H 6.11; N 4.63; P 9.61.

_owe 7. 13 1.5t (2.6 mmoib) coemunenus (2¢) u 0.78r (1.3

He Hg,09=C1o
Cs\ /\Cg ~
et MMOJNb)  guMmepa (2,2 -OunupuanH)OpoMHIa  MeIu
1_—C2
u/P1©\1\ /A_Cg
PN Joowe| momyweno 1.10 r (62%) KpacHO-OpaHkKEBOTO MOPOILIKA

ouc[p n"n*-3,4,51pu-napa-meroxcudenmn-1,2-

nudocharmioneHTaauenua 2,2 ounupuaud meau] (49).
Crnektp SIMP H (TTd-dg, 8, m.1.): 6 = 2.27 ¢, OMe); 6.81 - 7.19M, Ph, 2,2'-

bipy, 6H) ); 8.18 fiu.c, 2,2°-bipy, 1H); 8.19u.c, 2,2 -bipy, 1H).
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Crextp SIMP *'P (IT®-dg, §, M.1.): & = 2.31 §mr.C).
Berancneno (%): C 64.96; H 5.56; N 4.10 P 9.@#s C;4H76CUN4OgPy
Haiineno (%): C 65.11; H5.77; N 4.31; P 9.12.
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3AKJIIOYEHHE.

Taxum 006pa3omM, HaMH OBLITN BBITIOJIHEHBI Bce PaOOTHI, 3asIBJICHHBIE B paMKax
BTOPOTO 3Tara roCKOHTpakTa. PazpaboTaHbl METOIUKN CHHTE3a HOBBIX OMSIEPHBIX
3,4,51puapwi-1,2-mudocharmkioneHTaueHUIHBIX KOMITICKCOB Mapranmna (3) u
mMean (4) w3 COOTBETCTBYIOHMX  l-rpuMmetwicTaHHuiI-3,4,51puapui-1,2-
nudochanuknonenTa-2,4-1menoB u rajgoreauaoB Mapranua (1) m memm (1),
MI03BOJIAIOIIME TIOTydaTh KoMIutekchl (3) u (4) ¢ BerxogoMm Oosiee 60%.Boree Toro,
UCTIONB3Ysl  pa3paboTaHHBIE  METOIWKH, HaMH Obul  HapaboTaH  psin
SKCIIEPUMEHTATBHEIX  00pasios:  ouc[ n'n'-3,4,54pu-uema-aurpodenun-1,2-
nudochaNKIONeHTaTHeHH TeTpakapOoHmn Mapranma); ouc[u,n'm’-3,4,51pu-
napa-propdenni-1,2-nudochanukioneHTaIueHU ] TETPaKapOOHUI Maprasial;
ouc[u n':n'-3,4,51pu-napa-xnopdenun-1,2mudochannKIoneHTa JUCHIT
TeTpakapOOHMII Maprasiial; ouc[p,n'm'-3,4,51pu-uema-xnopbenun-1,2-
nudochanHKIONeHTaIHeH: ] TeTpakapooumn Maprauma); ouc[in'n'-3,4,51pu-
opmo-xnopdpeHmi-1,2-mudochanukiIoneHTaAueHUT TeTpakapOOHWIT MapraHial;
ouc[p,n"m*-3,4,51pu-napa-ronun-1,2-1ubochannKIoneHTaTHCHIT TeTpa-
kapOoHMn Mapranual; ouc[u,n'm’-3,4,54pu-napa-meroxcudenni-1,2-audocha-
LUKIONCHTAAHCHN] TeTpakapOoHMn Mapramma);  ouc[u,n'n'-3,4,51pu-yuema-
Hutpodenmi-1,2-nudochanuxioneHTaIueHu,I 2,2 OunupuanH MeIH];
ouc[u ' :n'-3,4,51pu-napa-propbennn-1,2-mdbochanukionenraguenny 2,2 -
OMnUpPUINH MeH]; ouc[p,n"n'-3,4,51pu-napa-xnopbenun-1,2-nudocda-
UKJIONCHTAAUEeHNU 2,2 -OUIMUPUIUH MEIu]; 6Hc[u,nl:nl-S,4,5=rpH-Mema-XJ10p-
dbenunn-1,2-mudochanukaonenranuenn 2,2 OunupuaInH Meau];
ouc[p,n"m'-3,4,51pu-opmo-xnopdennn-1,2-mudocharmknonenraguenny 2,2 -
OWIMUPUIMH  MEIH]; ouc[u ' :n'-3,4,51pu-napa-romun-1,2-nudochanuxio-
neHTagueHn 2,2 -OWIMUPUIUH  MeIu]; 6I/Ic[u,n11n1—3,4,5-TpH—napa—MeT0KCI/I—
bennn-1,2-tudochanuknonentaguenus 2,2 -OMMAPHIUH  MeIH], CTPYKTypa
KOTOpBIX YycCTaHOBIeHa C TouHOCThIO 99.9%. B npanpHeiimem miaHupyercs

HN3Yy4YCHUC MAaIrHUTHBIX CBOMCTB IMOJIYUYCHHBIX KOMILJICKCOB.
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Tiluykov,*" Dmitry Krivolapov,” Olga Kataeva,

ad

The reaction of 1-alkyl-1,2-diphosphacyclopenta-2.4-dienes { 1-alkyl-1.2-diphospholes) (1) with
diphenyldiazomethane proceeds st room temperature via unstable [3+2] cycloadducts to form

bieyelic phosphiranes (2). However, 1-alkyl-1.2-diphospholes (1) react with M.alpha-diphenylnitrene or
N-tert-butyl-alpha-phenylnitrone depending on the temperature to give either dimers of -alkyl-1-ox0-1,
2-diphospholes (5} or 1-alkyl-1.7-dioxo-6-az0- | . 7-diphospha-bicyclo] 3.2.0]hept-2-enes (7) — phosphorus

analogues of f-lactams.

Introduction

Reactions of dipolarophiles with |,3-dipoles (Huisgen reaction)
are effective synthetic tools for the construction of five-
membered heterocycles and have been successfully employed
for preparation of natural pmducts_: drugs and agricultural
chemicals,” Novel types of dipolarophiles leading o novel
heteroeyelic compounds are of interest due 1o high regio- and
stereoselectivity of 1.3-dipolar cycloaddition reactions.” Thus,
two-coordinate organophosphorus compounds can be regarded
as dipolarophiles for construetion of novel phosphaheterocycles
with wseful properties.” For example, |.3-dipolar cycloaddition
reactions of heterophospholes which additionally contain O, N,
S heteroatoms have been carried out with a varety of 1,3-
dipoles.” Addition of diazoalkanes to the C=P unit of hetero-
phospholes led to products with either C-N or P-N bonds
depending on the substiuents of the diazoalkane.” The evelo-
adducts resulting from: addition of diszoalkanes and azides are
usually stabilized by proton shift or loss of nitrogen.” The reac-
tions with nitrile oxides,” nitrilimines. and nitrile ylides'
proceed highly regioselective — the carbon atom of the 13-
dipole is bonded to the phosphorus atom of the heterophosphole.

At the same time, | 3-dipolar cycloaddition reactions of phosph-
acyclopenta-2,4-dienes ( phospholes) have been poorly studied in

TA, E, Arbuzev nstitute of Organic and Pliysical Clemistry Russian
Acideny of Seivnces. Arbuzov S, 8, 420088 Ma..ma Ruxsia,
E-miail; itupkow@iope.en; Fox; +7-843-273-18-72
CIEW Dresden, POR 270018, D-01171 Dvesden, Crermmany

inseitug fiir Anorganische Chemie, Universings Lefpzig, Johannisalles
29, 04103 Leipziy, Germany

+ Ekumim supplementary information (ESI available: Copies of NMR
'H, e, P spect of 2a, Sa, Ta and Td, CCDC $65460 (2a), £65361
(5n), 265361 (Ta) and 865362 (Td). For ESLand erystallographic data in
CIF or other electronic format see DOL 10, 1039/c20b25532d

contrast to their Diets—Alder reactions.'" This fact can be related
tor the different reactivity of the two tautomene forms of phosp-
holes — 1H- and 2H-phospholes. 1 H-Phospholes are typically
stable compounds that exhibit, however, poor reactivity in eyelo-
addition reactions due to aromatic stabilization within the nng.
Formed by a H[1,5]-sigmatropic shift, 2H-phospholes are very
reactive bul unstable compounds.”' To the best of our knowl-
edge, there are only two examples of regiospecific [2 + 3] l..‘H..](l
addition reactions of 2H-phospholes with mesitylnitrile oxide'”
which lead o the bieyelic phosphaisooxazolines.

However, in our opinion, use of |.3-dipoles containing N-0-
bonds in resctions with phosphaalkenes or other P=C com-
pounds could be accompanied by oxidation of the phosphorus
atom. Indeed oxygen atom tmansfer proceeds upon mixing of
phosphines with nitrile oxides or nitrones vig nucleophilic attack
of phosphine on the positively charged carbon atom ar the NO-
fragment, formation of four-membered azaphosphaoxetane ring
and following cleavage into phosphine oxide and nitrile or
imine, '

Therefore, it is interesting o study the reactivity of 1-alkyl-1,
2-diphospholes, which demonstrate high thermal stability like
| H-phospholes and high reactivity as 2H-phospholes,'® woward
different 1.3-dipoles — diphenyldiszomethane and nitrones.

Results and discussion

The reactions of heterophospholes with diszoalkanes procecd
with formation of either five-membered bicyclic diazophos-
pholanes” or bicyclic phosphiranes."® However, we have found
that 1-alkyl-1.2-diphospholes (1) mact with  diphenyldi-
azomethane cleanly at room temperature to form exclusively
Z-alkyl-3,4,5,6.6-pentaphenyl-1,2-diphosphabicyelo-{3, 1.0]-
hex-3-cnes (2) (Scheme 1),

5298 | Qvg. Biomal, Chem., 2012, 10, 5298-5306
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Scheme 1 Resction  of  1-alkyl-1.2-diphospholes  with  diphenyl-
dinzomethane.

Fig. 1 ORTEP view of 2-sopropyl-3,4.5,6,0-pentapheny|-1.2-diphos-
phabicyelo-{3. 1. 0hex-3-ene (2a). Hydrogen atoms heve been omitted
for clarity. Selected bond lengths (A) and angles (%) P1-C1 LE84(2);
PI-C2 LBHN2Y PI-P2 2183(%); P2-C4 1.827(2) P2-O5 1869(3);
C1-02 LE61(3); C2-03 1.516(3% C3-C4 1351035 Cl-P1-02 48.9(9);
C1-PI-P2 99.9(7); C2-P1-P2 94.5(7); C4-P2-C3 10391 ; C4-P2-P1
93.9(8); C5-P2-P1 —99,8{9).

Presumably, first an unstable [3 + 2] cycloaddition product 3
a5 intermediate 15 formed, which mpidly underzoes  further
rearrangement with loss of Ny and formation of 2. Although
we were not able o detect 3 by low temperature NMR experi-
ments, a similar rearrangement is proposed for dipolar cyelo-
addition reactions of heterophospholes  with  diazomethane
derivatives.*

Bicvclic phosphimanes 2 were fully characiedzed by 'H,
YPI'THY. MC'H} NMR spectroscopy. and 2a was additionally
structurally characterized by X-ray structure analysis (Fig, 1),

The *'P4'H} NMR spectra of 2a—¢ reveal two doublets at 23
and —123 ppm with a large coupling constant 'Jpp = 354 Hz
shifted upfield in comparison to free 1-alkyl-1,2-diphosphole (1)
by ca. 50 and 300 ppm, respectively. Note that the existence of
only one group of signals confirms the formation of one diaster-
enisomer only instend of the possible eight,

The P-C bond lengths (1.884(2) and 1.890(2) A) of the three-
membered ring in 2a are in the typical range of other phosphir-
anes (1.78-1.89 A)L'" The sum of bond angles around P
{Z(£P1) = 243.287) in 2a indicates a pyramidal environmen! at
phosphorus comparable to other bicvelic phosphiranes, eg.,
phosphirano[1,2-¢][1,2,3]dizzaphospholes (X(2P) = 234,07 or
spiro] Muorene-9,6'-[2]thial | lphosphabicyelol3. 1 .0Thex-3-enes]
(247.89)."

While 1-alkyl-1,2-diphospholes (1) demonstrate similar be-
havior in reactions  with - diphenyldiazomethane ke other

heterosubstituted |'Jhnsphﬂlli:.ls_.R tegetions of 1 with nitrones (4)
are more complicated. At room temperature, only dimers of
I-alkyl-1-ox0-1,2-diphospholes (5} are oblained in T0-R0% iso-
lated vield (Scheme 2),

The structure of Sa—c was unambiguously confirmed by 'H,
Hprtay, BCTHY NMR spectroscopy and for Sa additionally
by K-y structure analysis (Fig. 2). The latter revealed partial
oxidation (50% occupancy of O2).

Only the endo isomer of Sa is formed. The inner angle
PE-PT-CE (90,28(1)7) is less acute than m similar compounds,
e.g.. the angle at the bridgehead phosphorus atom of the dimer
of 1-dimethylumino-phosphole-1-oxide (82.27°)'" or the sterically
hinderead 1-(2,4.6-tri-tert-buty phenyl iphosphole-1-oxide (80.27).%

Nitrones (4) probably act as mild oxidant, leading to unstable
oxides of l-alkvl-1.2-diphospholes  (6), which immediately
undergo [4 + 2] cycloaddition resctions 1o yield compounds §,
Note that [4 + 2] cycloaddition of monophosphole oxides to
give the corresponding dimers is a known reaction 22

Moreover, the reactivity of 1-alkvl-1.2-diphospholes (1)
toward nitrones (4) clearly depends on the temperature. Thus,
heating 1-alkyl-1.2-diphospholes (1) and (%% excess of nitrones
(4) up to 100 °C in toluene leads to formation of |-alkyl-2,3.4,5-
tetraphenyl-G-phenyl(tert-butyl - 1. 7-dioxo-6-azo- 1, 7-diphospha-
hicyelo[3.2.0]hept-2-enes (7) (eqn (23). The *'P{'H} NMR spec-
trum of the reaction mixtires shows only two doublets in the
range of 45 and 35 ppm with "Jpp coupling constants of around
55 He, albeit together with decomposition products. Simple
recrystallization gives pure products Ta— in 40-50% yield,

A crystal structure analysis of 7a and 7d showed that both
S-membered PoC; and 4-membered PMNCa cycles ame almost
planar (Fig, 3 and 41 The oxygen atoms are in an amid orientation,
Each phosphorus atom has a typical pyramidal environment.

The formation of 7 at elevated temperature can be explained
assuming following route (Scheme 2} First, the dimer of
|-alkyl-1.2-diphosphole-1-oxide (5) that is formed at room
temperature  could wndergo a retro-Diels-Alder reaction on
heating o give 1-alkyl-1,2-diphosphole-1-oxide (6), Then a [2 = 2]
cycloaddition reaction of 1-alkyl-1,2-diphosphole-1-oxide (6)
with imine RN = CHPh formed as side product by oxidation of
1-alkyl-1.2-diphospholes (1) with nittones (4) could lead to
intermediate 9 which could be oxidized with 6 or excess of
nitrome 1o form l-alkyl-1.7-dioxo-6-azo-1.7-diphospha-bicyclo
[3.2.0Thept-2-enes (7). Indeed, heating of Sa with N-phenylimine
in toluene proceeds with formation of Ta in 44-48% yield, The
low yield can be explained by partial decomposition of -alkyl-
1, 2-diphosphole-1-axide (6) during the reaction; some decompao-
sition products were detected by MpitHE NMR spectroscopy.
Thus, at room tempersture, kinetie reaction control prevails and
the less stable dimer of 1-alkyl-1,2-diphosphole- 1 -oxide (8) 15
the main reaction product, while at |10 °C and afler long reac-
tion times the thermodynamically more stable L-alkyl-2,3.4,5-
tetraphenyl-6-phenyl(rer-butyl -1, T-dioxo-6-azo-1, 7-diphospha-
bicyelof3.2.0Thept-2-ene (7) is formed.

Conclusions

In summary, we have, for the first time, clearly demonstrated
differences in reactivity of l-alkyl-1,2-diphospholes (1) toward

This journal is © The Royal Society of Chemistry 2012
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Scheme 2 Reaction of T-alkyl-1,2-diphospholes (1) with nitrones (4),

Fig. 2 ORTEP wview of 2.3.44a.5 6-hexaphenyl-1-isopropyl- | -oxo-
1,7, Ta-triphaspha-4, 7-{ isopropy Iphosphinidene-oxide bindene: (5a). Hydo-
gen atoms have been omitted for clarity. Selected bond lengths {A) and
angles (") P1-P2 2095(18); P1-C5 LATS(4); PI-CR 1.930(4); P2-02
1L A85(T); P2-C3 1LE0S4) P2-C11 | Bes(s); C3-C4 1,222(6), C4-05
1.5475); C5-P6 1.925¢4) Po-C10 LRIT4) P6-PT 2178016y P77
1 AT2030 PT-CA2 LR34(4) PT-C8 A6y CB-CY | 508(5); C9-C10
1 3045), O2-P2-C3 11R.9(3); O2-P2-P1 [24.9(3); C5-P1-C8 99.3(2);
CS-PI-P2 9390(14);, C8-PI-P2 1033004) C3-PZ-P1 94.1{16);
ClO-PHLCS 99502 CH-Pe-PT RT.6(14); C5-P6-PT  R9.2(13)%
CR-P7-P6005 14),

common | 3-dipoles: diphenyldiazomethane and nitrones. The
bicyclic phosphiranes 2 can be obtained in high yield by reaction
of 1 with diphenyidigzzomethane. At the same time, mixing of 1
with nitrones 4 at room temperature leads to oxidation of 1 and
tormation of dimers of [-alkyl-1,2-diphosphole- 1-oxide (5) which
underzo [2 + 2] cycloaddition reactions with mmine at elevated
temperatures  resulting  [-alkyl- 1, 7-dioxo-6-azo-1,7-diphospha-
bicyclo[3.2.0]hept-2Z-enes (7). The novel P-containing hetero-
cyeles 7 may be interesting as phosphorus analogues of B-lactam
antibiotics,™ while the dimers of |-alkyl-1,2-diphasphole-1-oxide
{5) could he used as novel drugs in cancer thempy.™

Experimental section

All renctions and manipulations were carried out under dry pure
Nz in standard Schlenk apparatus. All selvents were distilled

Fig, 3 ORTEP view of 1-isopropyl-2,3,4,5,6-pentsphenyl-1,7-dioxo-6-
nzo-1, 7-diphospha-bicyelo[ 3. 2.0jhept-2-cne (Ta), Hydmogen otoms have
been omitted for clurity, Selected hond lengths [A] and angles [°):
P1-OF 1.472011); P2-02 1.484(12); PI-F2 2.194(6); P1-N7 1.655(13);
PI-C5 18415y P2-C3 LEINIS), P2-CR |LR20(16); O304 | 351
(2 C4-C5 1.843(2); C5-06 1Le08(2); C6-NT L484(19); O1-PI-NT
121.3(7) O1-P1-C5 127.007) NT-PI-C5 80.4(7 ) O1-P1-P2 116.2(5)%
NT-PI-P2 106.35), C5-P1-P2 97.4(5), O2-P2-C3 115 7Ty, O2-P2-
CR N3 C3-P2-CE 1096(7); O2-P2-P1 114.7(5); C3-P2-F]
G2.46(5k CB-P2-P1 108.7(0).

from sodiunvbenzophenone and stored under nitrogen hefone
use. The NMR spectra were recorded with a Bruker MSL-400
spectrometer (“H: 400 MHz: *'P: 161.7 MHz; "C: 100.6 MHz),
SiMey was used as the internal reference for 'H and ''C NMR
chemical shifis, and 85% H;POy; as the external reference for >'P
NMR spectroscopy. 1-Alkyl-3,4.5-tnphenyl-1.2-diphosphacyclo-
penta-24-dienes (la-d)'™ and diphenyldiazomethane™ were
obtained  sccording  to litersture  procedures,  N-feri-butyl-
v-phenylnitrone and AM-c-diphenylnitrone were purchased from
Aldrich and used without additional purification.

X-ray structure analyses

Data for erystals of 2a and 7d were collected on o Bruker Smart
Apex 11 CCD diffractometer and for 5a and Ta on a Bruker
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Kappa Apex 11 CCD diffractometer using graphite-monochro-
mated Moy, (0.71073 A) mdiation. Programs used: data collec-
tion APEX2 (Bruker, 2004),™ data reduction SAINT (Bruker,
20041, absorption  correction SADABS  version 2,10
{Sheldrick. Bruker AXS Inc., 2002)."7 structure solution SIR.*
SHELXS97 (Sheldrick, 1997)" structure refinement by full-
matrix  ledsl-squargs  against s using SHELXL-97"" and
WinGX. ™ Details concerning data collection and refinement are
collected in Table 1. Pictures were generated with ORTEP3 for
Windows, " CCDC 865460 (2a), 865363 (Sa), 865361 (Ta) and
B65362 (7d) contain the supplementary crystallographic data for
this paper.

Fig. 4 The ORTEP view of I-isopropyl-2,3.4.5-tetraphenyl-f-rerr-
butyl-1,7-dioxo-fr-azo-1,7-diphospha-bicyclo 3. 2.0]hept-2-ene (7d).
Hydrogen atoms have heen omitted for clarity. Selected bond lengths
(A) and angles (%) PI-01 1 481{12) P2-02 L467(13) P1-C9 LRI
PI-CIT LR13(18Y) P1-P2 2.224(8), P2-N3 1651(14), P2-C13 1.836(16);
P2-C4 2.365(17) N3-C4 1487(2); C3-C0 1.344(2); C4-C13 1612023
OI-P1-NT7 121,37 O1-P1-C5 127,6(7); NT-PI-C5 30.4(7x O1-P1-
P2 O116.2(5) NT-P1-P2 1069(3)% C53-PI-P2 974(5) 02-P2-C3
LIS ATy O2-P2-C8 1133(Tk C3}-P2-CE 10967y O2-P2-Pt
I E4M5), C3-P2-P1 92.5(5); CE-P2-P1 108.7(6),

Table 1 Crystallographic dota for 2a. Sa, Ta and Td

Svnthesis

2-Isopropyl-3.4,5.6,6-pentaphenyl-1.2-diphosphabicyclo-| 3.1.0]-
hex-3-ene (2a). A solution of diphenyldiazomethane (0,15 g
0,79 mmol) i toluene (1 ml) was added dropwise o solution of
1-wopropy 134, 5-rphenyl-1,2-diphosphacy clopenta-2 4-diene (1a)
(0,27 g, 0.72 mmol) in toluene (10 ml) at oom lemperture,
After the addition was complete, the solution was stirred for 5 h
al room emperature. Concentration of the reaction mixre o
5 ml and eooling to =20 *C afforded 0.30 g (76%) light vellow
crystals  of  2-isopropyl-34.5.6.6-pentaphenyl-1,2-diphospha-
hicyelo-{3.1.01hex-3-ene (2a) with m.p. = 220 °C,

P " > o
2]
¥
A :5”
|
M

'H NMR (CDCls, ppm): 1.24 (dd, e = 15,7 Hz, 2y = 7.14
Hz, 3H, Me), 1.31 (dd, *Jyp = 9.7 Hz, Sy = 7.1 Hz, 3H. Me).
1.88 (dqq, “Jyqp = 139 Hz, “hyy = 7.1 Hz, gy = 7.1 Hz, TH,
CH), 6.26 {m, 2H. Ph]. 6.38 (dd, J|||1 =7.3, JHH = 1.2 Hz, 2H.
Ph), 6.80-7.20 (m; 16H. Ph), 7.45 (m, 3H. Ph), 7.63 (dd. Jyy =
F.Iﬁ HZ. J|||| =14 H.Z, 2H,. Ph].

p'H) NMR (CDCls, ppm): 23.3 (d, 'op = 278.5 Hz, PY),
—123.5 {d, "Jpp = 278.5 Hz, F*).

BCiHE NMR (CDCL,, ppm): 20.83 (d, Y/ = 4.0 Hz, Me),
20.94 (d, *Jep = 3.7 Hz, Me), 25.89 (dd, 'Jep = 21,1 Hz, Yep =
6.8 Hz, CHMe,), 54.68 (dd, "Jop = 36.1 Hz, “Jop = 2.0 Hz, CY),
7348 (dd, "Jop= 39,4 Hz, “Jep = 1.1 He, CY), 12536 (s, p-C™),
12560 (s, p=C™), 12580 (5, p-C™), 126.62 (s, m-C™), 126.84
(s, m-C™), 127,03 (s, m-C™), 127.07 (s, m-C™™), 12728 (brs..
m-C™), 12743 (s, m-C™), 128.76 (d. Jop = 1.7 Hz, a-C™),
129.50 {dd, Jop = 154 Hz, Jop = 1.8 Hz, 0-C™), 131,29 (s, o-
™}, 134.01 (d, Jop = 7.7 Hz, 0-C™), 134.91 (d, Jop = 2.6 Hz,
o-C™), 13783 (dd, " = L8 Hz, Yo = 1.9 Hz, ipsa-C™),
139.07 (d, “fop = 3.7 Hz, ipro-C™), 139.63 (dd, e = 16,1 Hz,

Compoun] reference 1a ] Ta Td
Chemical formula CasHyPy CagHys0) 5Py NEC 77 HaNOPL 30 M) Caglly=NOP2
Formula muss 538,57 T6R.TL T723.79 565.60
Crystal system Triclinic Monochmc Trichmc Muonoclinie
a(A) 101852y TLT2600 1) LL3080%) 1.23143)
hiA) 10.300(2) 19:13%¢2) | E.3298(9) 14.736(4)
e(A) 15.865(4) 19.555(2) 15.5036(8) 2(1.826(5)
") T2.942(2) SO0 T6.E84(3} G000
Ay B2 792(2) 96.130(6) R8.003(2) 102 290(4)
77 67.62002) GO0 5. 182(2) 9000

Llnit cell volume (A%) 1471116y JoaL4m 1927402} 306T14)
Temperture (K) 2962) 198(2) 1 50¢2) 206(2)
Space group P21 Yn P ye i Pl Yn
No. of formuls units per unit cell, £ 2 4 2 4

Mo, of reflections measured 14791 30279 82675 7222
Mo, of independent reflecions ShEd TalT 1370 7279

Kia L0265 02130 0.0450 0.0417
Final Ry values (f = 2a(7) idad 0.0517 0.0376 0.0427
Final wi() values (> 2a(i)) 01397 586 01140 0. 1060
Final R values (all duta) L0598 0.2242 0.0495 0.0684
Final wi(F7) values (all date) L1536 (0836 01211 01160
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*Jep = 1.8 Hz, ipso-C™), 139.9] (d, 2ep = 161 Haz, ipso-C™),
142,60 (d, *Jop = 10.6 Hz, ipsa-C™), 14749 (d, "Jep =282 Hz,
C®), 150.25 (dd, *Jep = 3.3 Hz, 2op = 1.5 He, €9,

IR (KBr, con™ ) 437 (w), 476 (w), 494 (w), 541 (w), 570 (m),
593 (m), 625 (w), 697 (s), 720 (W), 733 (m), 787 (m), BO9 (w),
B48 (w), 877 (w), 919 (w), 966 (w), 1031 (m), 1073 (m),
1154 (w) 1177 (w1236 (m). 1314 (w), 1364 (w), 1384 (w),
1441 (m), 1489 (m), 1552 (w), 1594 (m), 1804 (m), 1881 (w),
1945 (w), 2R58 (w), 2921 (w), 2950 (w), 3022 (w), J058 (w),
3078 (m).

Ca;HyaPy (538.59): caled C 82.51, H 5.99, P 11.50; found
C 8273, HAI8, P 1148,

2-Propyl-3.4.5.6,6-pentaphenyl-1.2-diphosphabicyclo]3.1.0] hex-
3-ene (2b). In a similar manner 2b was obtained from |-propyl-
3.4, 5-triphenyl-1,2-diphosphuacyclopenta-2 4-diene (1) (.40 g,
1.23 mmol) and diphenyldiazomethane (0.22 g, 1.13 mmol) as
light yellow powder (0,45 g, T1%); m.p. = 210 °C.

"H NMR (CDCl, ppin): 0.89 (1. iy = 5.6 Hz, 3H, Me), 1.51
{m, 2H, CH5), 1.58 (m, 2H PCHS), 6.15-7.54 (m, 25H, Ph).

MpilHE NMR (CDCL, ppm): 1.9 (d, Yoy = 263.7 He, P,
—115.7 (d, Ypp=263.7 Hz, P*).

BC{'H} NMR (CDCly, ppm): 15.03 (d, *Jep = 9.1 Hz, Me),
2574 (d, *Jep = 169 Hz, CHs), 2851 (dd, "Jep = 21.7 Hz,
2Jep = 9.7 Hz, PCH;), 54.84 (dd, 'Jep = 35.5 Hy, “Jop = 1.2 Ha,
), 74.00 (d, 'Jep=139.3 Hz, CT, 125,25 (s, p-C™), 125,54 (5,
PO, 125,67 (5, p-C™), 126,45 (s, m-C™), 126.74 (s, m-C™),
126,95 (3, m-C"™), 127.22 (5, m-C™), 127.33 (s, m-C""), 127.38
(s, m-C™}, 128.64 (d, Jop = 7.8 Hz, o-C™), 12031 (d, Jop =
14.9 Hz, 0-C™), 131,17 (s, 0-C™), 133.98 (d, Jop = 7.9 Hz, 0-
C™), 134.78 (d, Jop = 248 Hz, o-C™), 13776 {d. “Jep = 2.1
Hz, ipso-C™), 138.84 (d, “Jop = 4.1 Hz, ipso-C™), 139.20 (brs.,
ipso-C™), 13936 (brs., ipso-C™), 142,30 (d, Jp = 10.3 Ha,
ipeo-C™), 148,58 (d, Jep = 26,0 Hz, C%), 14925 (d, “p =
2.9 Hz, C°).

IR (KBr, cm™') 431 (w), 4648 (w), 499 (w), 537 (wl,
ST1 (m), 395 (m), 622 (w), 697 (s), 721 (w), 755 (in}, 786 (m),
803 (w), B51 (w), 872 (w), 920 (m), 971 (w), 1032 (m),
1074 (m), 11585 (w), LI76 (w), 1235 (w), 1314 (w), 1371 (w),
1408 (w), 1430 (m), 1487 (m), 1595 (m), 1804 {w), 1885 (w),
1944 {w), 2863 (w), 2897 (w), 2921 (w), 2951 {w), 3023 [w),
3055 (w), 3078 (w), 3098 (w).

Ca7HaPy (538,59 caled © 82,51, H 599, P 11.50; found C
82,65, H 6,13, P 11,46,

2-Butyl-3.4,5,6,6-pentaphenyl-1,2-diphosphabicyclo] 3 1.0] hex-
3-eme (2c). In a similar manner 2¢ was obtained from | -butyl-
3.4, 5-triphenyl-1.2-diphosphacyclopenta-2 4-diene (1c) (.45 g,
116 mmal) and diphenyldinzomethane (0.22 g 1,13 mmol) as
light yellow powder (048 g, 75%) m.p. = 22| 7C,

'"H NMR (CDCly, ppm}: 0.87 (L “Juy = 5.6 Hz, 3H, Me),
142 (m, 2H, CHLY, 149 {m, 2H, CH5), 1.64 (m, 2H PCH:),
6.05-7.33 (m, 25H. Ph).

YPyH) NMR (CDCly, ppm): 1.2 (d. 'Jpp = 2543 Hz, P'),
=172 {d, oy = 254.3 Haz, P,

BC ' HY NMR (CDCly, ppm): 14.92 (d, 2ep = 3.2 Hz, Me),
201.23.(d, “fp =79 Hz, CHa) 2479 (d. :J('p = |7.2 Hz, CH3,),
2834 (dd, Yep = 204 Hz, 2Jep = 9.1 Hz, PCH.), 54.23 (dd,
Uep = 35.1 He, “Jep= 0.9 Hz, CY), 7416 (d, "Jep = 39.8 Hz,

C%, 125.52 (s, p-C™), 125.56 (s, p-C™), 125.62 (5, p-C™).
12626 (s, m-C™), 12677 (5. m-C™), 12698 (s, m-C™)_ 127.19
(s, m-C™), 12736 (s, m-C™), 12742 (5, mC™), 12875 (d,
Jep = 6.2 Hz, o-C™), 12027 (d, Jop = 141 Hz, o-C™),
13112 (s, 0-C™), 133.76 (d, Jop = 7.3 Hz, o-C™), 134.34 (d.
Jep = 23 Hz, o-C™), 13634 (d, *Jep = 1.9 Hz ipso-C™),
[37.49 (d. “ep = 4.7 He, ipso-C™), 13894 (brs., ipso-C'™),
13922 (brs., ipso-C™), 14425 (d, *Jop = 11.5 Hz, ipsa-C™),
14712 (d, "Jep=24.2 Hz, C%), 150,49 (d, “Jop = 1.7 Hz, C7).

IR (KBr, cm™'): 434 (w), 462 (w), 488 (w), 531 (w), 560 (m),
581 (m), 614 (w), 684 (s}, 729 (w), 740 {m), 799 (m). 814 (w),
B4T (w), 866 (wy, 946 (m), 984 (w) 1022 (m), 1049 (m),
1179 (w), TIBS (w), 1225 (w), 1317 (w), 1389 (w), 1433 {w),
1429 (m). 1499 (m). 1545 (m). 1822 (w), I875 (w}, 1989 (w),
2829 (w), 2823 (w), 2941 (w), 2950 (w), 3015 (w), 3064 (w),
3079 (w), 3014 {w),

CayHiaP2 (552.62); caled € 82,59, H 6.20, P 11.21; found C
8255, H6.10, P 11.35.

234 4.5.6-Hexaphenyl-T-isopropyl-1-0x0-1.7,Te-triphos pha-4,
T-(isopropylphosphinidene-oxideindene (5a). Dry N-rerr-buty|-
alpha-pheny Initrone (4a) (0.16 g, .90 mmol) or N-alpha-diphenyl-
nitrone (4b} (0018 g, 0.90 mmol) in toluene (5 ml) was added to
g solution  of  1-isopropyl-1.2-diphosphacyelopenta-2 d-diene
(Ta) (0.34 g, 0.9] mmol) in toluene (5 ml) and stirred for 12 h
(overnight) at 25 *C. Then the solvent was evaporated under
reduced pressure and the residue was washed with n-hexane
(2 = 5 ml), The residue was dried, dissolved in toluene (2 mil)
and | ml of n-hexane was slowly added dropwise. The solution
was kept at 0 °C overnight to give light vellow erystals which
were isolated by filiration and dried i vacuo to leave 0.26 g
(7444) of Sa as light yellow powder: m.p. 166-167 *C.

Al (2]

L 2"
o Pm
m |¥\ v
.
e (. O]
Ll Al ety
pr P

'H NMR (CDCls, ppm): 120 (dd, Yy = 7.1 Hz “pyy =
15.4 Hz 3H, Me), 1.32 (dd, "4y = 7.0 Hz, *Jpy = 15.6 Hz. 3H.
Me), 1.43 (dd, Wy = 7.2 He, Yy = 169 Hz, 3H, Me), 1.51
(dd, iy = 6.9 Hz, "y = 16,6 Hz, 3H, Me), 2,40 {m, 1H, CH).
2.53 (m, IH, CH), 6.80 (tr, “Jyy = 7.5 Hz, 3H, Ph), 691
(d, Yy = 7.5 Hz, ZH, Ph), 6.96-7.16 (m, |5H, Ph), 7.22-7.30
(m, SH. Ph), 7.31-7.39 (m, 3H. Ph}, 7.50 (d, *Ay = 7.5 Hz 2H.
Ph.

P NMR (CDCE, ppm): 1005 (ddd, 'Jyp = 1734 He,
Zhep = 38,5 Hz, “pp = 19.2 Hz, P*), 75.7 (dd, 'Jpp = 278.7 Hz,
Ap =192 Hz, 'Yy, =106 (dd, "Jop = 278.7 Hz, “Jup = 385 Ha,
P, =297 (d, Wpp = 1734 Hz, P),

C{'H! NMR (CDCl,, ppm): 26,34 (dd, “fop = 19.1 Hz,
Vep = 3.4 Hz, Me), 27.03 (dd, *Jop = 152 He, op = 2.6 Ha,
Me), 27.58 (dd, “op = 9.8 Hz, Wep = 5.1 Hz, Me), 28,92 (dd,
Yes = 10.7 Hz, Jep = 4.5 Hz, Me), 43.52 (dd, 'Jop = 43.8 Ha,
2fep =100 Hz, CH), 48.91 (dd, "Jep = 35.8 Hz, “Jep = 15.1 Hz,
CH), 73.07 (dd, "Jop = 27.5 Hz, Y = 8.7 Hz, C%), 74.29 (dd,
Yep = 19.3 Hz, 2ep = 10,5 Hz, C%, 126.61 (s, p-C™), 126.70
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{s. ;;-c"";. 126,89 (5, p-C™), 127.19 (s, p-C™), 127.26 (s,
PO, 127,40 (s, p-C™), 12758 (s, p-C™) 127.82 (5, p-C™),
127.95 (s, m-C™), 128.00 (s, m-C™), 128.06 (s, m-C™), 128.14
{8, m-C™ 12831 (s, m-C™), 12840 (s, m-C™), 12852 (s,
m-C" 128,61 (s, m-C™), 12871 (s, 0-C™), 128.86 (s, 0-C™),
12892 (s, o-C™), 129.40 (s, o-C™), 129.61 (s, 0-C™), 129.86
{5, o-C™), 130,09 (s, o-C™), 13026 (dd. Yp = 4.7 Ha,
“ep = 1 Hz, ipso-C™), 13026 (dd. “Jep = 7.1 Hz, Wy =
14.2 Hz, ipso-C™), 132,78 (d, T/ep = 10.1 Hz, ipso-C™), 134,29
{d, “Jep = 6.9 Hz, ipyo-C™), 135.96 (dd, Yep = 15.6 Hz, =
14.9 Hz, ipse-C™), 137.36 (d, Jep = 7.6 Hz, ipso-C™), 139,43
(dd, 'Jep = 129 Hez, gp = 3.9 Hz, C7), 14109 (dd, 'Jop
17.93 Hz, “Jop = 3.8 Hz, €%, 155.63 (d, 2Jep = 18,1 Hz, C%),
157.28 (dd, *Jep = 165 Hz, “Jop= 158 Hz, C'%,

IR (KBr, con™ 'y 457 (m), 463 (m), 482 (w), 496 (w). 517 (m),
531 (w), 567 (m), 610 (w), 647 (w), 692 (s), 793 (5), 854 (m),
921 (w). 932 (m), 1022 (s), 1098 (s), 1179 (m, P=0), 1245
{s, P==00), 1378 (w), 1408 {m), 1438 (m), 1496 (m), 1592 {m),
2870 (w), 2875 (w), 2930 {m), 2962 (m), 3052 (m).

CasHyOsPy (776.23): caled € 7422, H 571 O 4.12,
P 15.95: found C 74.27, H 5.79, P 15,85,

2.34a.4,5.6-Hexaphenyl-1-propyl-1-oxe-1,7.Ta-tetraphospha-4,
T+ propylphosphinidenc-oxide)-indene (3h). In o similar manner
5b was oblained from  1-propyl-1,2-diphosphacyelopenta-2,
4-diene (1h) (0.24 g, 0.65 mmol) and N-teri-butyl-alpha-phenyl-
nitrone (4a) (IL11 g 063 mmol) as light yellow powder (019 g,
7%k mu.p. 165 °C,

'H NMR (CDCLy, ppm): 101 {tr, "y = 6.8 Hz, 3H, Me),
107 (i, “Jyn = 6.7 Hz, 3H, Me), 1.78 {m, 2H, CH,), 1.85 {m,
2H. CHa), 1,97 {m, 2H, CHz), 2,001 (m, 2H, CHa), 6.7% (i,
"l = 7.2 Hz, 3H. Ph), 6.88 (d. “fy = 7.5 Hz, 2H, Ph),
6.92-7.10 (m, 15H, Phy, 7.21-7.29 (m. 4H. Ph), 7-31-7.40 (m,
4H. Ph), 7.59 (d, *Jiyse = 7.6 He. 2H, Ph).

Mpi'HY NMR (CDCla, ppm): 93.6 (ddd, 'Jop = 167.8 Hz,
3 op = 426 Hz, “pp = 189 Hz, P7), 67.3 (dd, "Jpe = 270.7 Hz,
o = 18.9 He, Po), =10.1 (dd, e = 270.7 Hz, “pp = 42.6 He,
Py), =316 (d, "Jpp = 1678 Hz, ).

YT HY NMR (CDCLy, ppm): 1564 (d, *Jep = 6.7 Hz, Me),
1589 (d, Jop = 6.5 Hz, Me), 17.98 (d, “op = 15.7 Hz, CH3),
18.56 (d, “Jep = 18.2 Hz, CHa), 3163 (dd, "Jep = 46.5 Hz, Sep
= 10.1 Hz, CHa), 37.17 (dd, 'Jop = 52.7 Hz, 2Jpp = 25.8 Hz,
CHa), 73.57 (dd, "Jep = 27.6 He, 2ep = 7.8 Hz, C7), 75.2 (dd,
Lier =193 Hz, 2ep = 9.5 Hz, C°), 126.61 (s, p-C™™), 126,70 (s,
PO, 126,80 (s, p-C™), 127,24 (s, p-C™), 12735 (s, p-C™),
127,38 (s, p=C™), 127.57 (s, p-C™), 127.69 (s, p-C™), 127.88
{s, m-C™), 128.00 (s, m-C™), 128.06 (s, m-C™, 128.14 (s,
m-C™), 128.36 (s, m-C™), 12844 (s, m-C™), 128.49 (5. m-C™),
128,62 (s, m-C™), 128,71 (5, 0-C™), 128,86 (s 0-C™), 128,92
(s, o-C™), 12895 (5, o-C™), 12932 (s, o-C™), 12936 (5,
a0, 129,51 (s, 0-C™), 12958 (5. 0-C™), 12067 (s, 0-C™),
130,06 (s, 0-C™), 130.22 (dd, Yep = 34 He, “Mop = 9.7 Hz,
ipso-C™), 131.56 (dd, 2op = 5.9 He, Uep = 18,4 Hz, ipsa-C™),
132.03 (d, *Jep = 9.2 Hz, ipso-C™), 13337 (dd. *Jep = 7.2 He,
Lep = 14,7 Hz, ipso-C™), 134,38 (d, Vep = 7.3 Hz, ipso-C™),
135.87 (dd, 2oy = 17.5 Ha, 2 = 3.8 Hz, fpso-C™), 139.42
(dd, "Jep = 16.0 Hz, *dep = 4.1 Hz, €7y 14001 (dd, ey =
235 Hz, %ep = 34 Hz, O, 15392 (d, e = 17.2 Hz, €%,
155,55 (dd, 2/ = 15.3 He, 2o = 13,9 Hz, C'%,

IR (KBr, cm™"); 459 (m), 483 (w), 497 (w), 523 (m), 539 (m)},
567 (m), 611 (w). 641 (w) 696 (s). K00 (s). B66 (m), 923 (w),
1026 (s), 1094 (s), 1174 (m, P=0), 1262 (s, P=0), 1378 (w),
1405 (m), 1442 (m), 1493 (m), 1596 (m), 2871 (w), 2928 (m),
2963 (m}. 3056 (m).

CuHaOsPy (776.23): caled C 7422, H 571, O 4.2,
P 15.95; found C 74.11. H 5.80, P 16.01.

1,3,4a.4.5 6-Hexaphenyl-1-butyl-1-ox0-1,7. Ta-tetraphospha-4,
T-{ butylphosphinidene-oxide)-indene (Sc). In a similar munner
Sc was obtaimed from 1-butyl-1.2-diphosphacyclopenta-2,
A-diene (Le) (.28 g 0.73 mmol) and N-rert-butyl-alpha-phenyl-
nitrone (4a) (0,13 g, 0.73 mmol) as light yellow powder (0,22 g,
76%); m.p. 168 °C.

'H NMR (CDCls, ppm): 0.71 (tr, Uy = 7.5 Hz, 3H, Me),
0,78 {ir, Y = 7.1 Hz, 3H, Me), 1.16 (m, 2H, CHa), 1,21 (m,
2H, CHa), 1.26 {m, 2H, CHz), 1.30 (m, 2H, CH,), 1.88 {m, 4H.
2CH,), 6.65 (ir, "y = 73 Hz, 3H, Ph). 6.77-6.96 (m, 10H,
Ph), 6.98-7.08 (m, 4H. Ph), 7.09-7.19 (m, 4H, Ph), 7.29
(ir, *hue = 7.6 Hz, 3H. Me), 7.44 (d, *hi = 7.5 Hz, 2H, Ph),
7.06 (d, 3J|n| = 7.7 Hz, 2H, Ph), 7.69 (d, :‘JHH = 6.3 Hz, 2H,
Ph.

Ypi'H} NMR (CDCly, ppm): 92.5 (ddd, 'Jpp = 165.3 Hz,
:.lrpp =415 Hz, JJpp = |%.5 H?_| ng_ 66,3 (dd, lJpp = 266,7 Hz,
hep = 18,5 Hz, Py), =9.2 (dd, 'Jpp = 266.7 Hz, 2oy = 41.5 Hz,
Py), —3005 (d, 'Jap= 1659 Hz, P,).

BCIHY NMR (CDCL, ppm): 14,56 (s, Me), 14.89 (s, Mel,
15.23 (d, “Jep = 6.5 Hz, CHs), 15,91 (d, Jep = 8.5 Hz, CHa),
17.68 (. *Jep = 14.7 Hz, CHa), 19.63 (d, “fep = 19.2 Hz. CHa).
33.64 (dd, 'Jop = 36.5 Hz, “Jop = 15.7 Hz, CHa), 36.3 (dd, 'Jep
= 46,9 Hz, 2 = 21.3 He, CHa), 73.57 (dd, 'Jop = 27.5 He.
3ep = 8.7 Hz, C), 7425 (dd, "Jep = 19.3 Hz, %Jep = 10.5 Hz,
C™, 126,63 (s, p-C™), 126.69 (5, p-C™). 12692 (5, p-C™),
127.20 (s, p-C™), 127.35 (5, p-C™), 12747 (5, p-C™). 127.57
(s, p-C™), 12769 (s, pC™), 12784 (s, m-C™), 12800
(s, m-C™), 128,05 (5, m-C™), 138,19 (s, n-C™), 12836 (s, m-C™),
128.45 (5, m-C™). 128.52 (5, m-C™), 128.64 (5. m-C™), 128.76
(s, o-C™), 12886 (s. o-C™), 12891 (s, o-C™), 12907 (s,
p<C™), 12932 (5, p-C™), 12936 (5, 0-C™), 12953 (s, 0-C™),
128,59 (s, 0-C™), 129.68 (s, 0-C™), 130,06 (s, o-C™), 13026
(dd, Jep = 4.2 Hz, *ep=19.5 Hz, ipso-C™), 131.26 (dd, 2pp=
59 Hz, “Jep = 156 Hz, ipso-C™), 132.05 (d, *pp = 10.1 Hz,
ipso-CT™), 133,45 (dd, “ep = 8.8 Hz, Uep = 14.2 Ha, ipso-C™),
134.38 (d, “Jep = 7.3 Hz, ipso-C™), 135.87 (dd, *Jep = 17.5 Hz,
Yep = 3.8 Hz, ipso-C™), 13843 (dd, "Jep = 158 Hz, Lpp =
6.8 Hz, C7), 14105 (dd, Yep = 22.6 He, 2o = 4.8 Hz, C),
154.52 {d. “Jep = 182 Hz, C%), 158.73 {dd, *Jop = 14.4 Hz,
2tep=13,1 Hz, ).

IR (KBr, cm™'): 457 (i), 462 (m), 483 (w), 495 (w), 515 (m),
536 (m), 563 (m), 617 (w), 654 (w), 693 {s), 794 (s), 855 (w),
920 (w), 938 (m). 1024 (s), 1097 (s), 1182 (s, P=0), 1257
(s, P=0), 1378 (w), 1412 (m), 1443 (m), 1496 (m), 1594 {m),
2871 (w), 2879 {w), 2033 (m), 2962 {(m}. 3051 (m).

CoHyyOsP, (R04.26): caled C 7462, H 601, O 398
P 15.3%; found C 74.53, H 5.89, P 15.42.

I-1sopropyl-2,3.4,5.6-pentaphenyl-1,7-dioxo-6-az0-1.7-diphospha-
bieyelo|3.2.0[hept-2-ene (Ta). Dy Nea-diphenynitrone (113 g,
0.66 mmol, 0% excess) in toluene (5 mi) was added to a
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solution of [-isopropyl-1,2-diphosphacyelopenta-2.4-dicne {1a)
{0.22 g, 0,60 mmol} in toluene (5 ml) and stimed for 10 b at
100 “C. Then the selvent was evaporated under reduced pressure
and the residue was washed with p-heéxane (2 = 10 ml), The
residue was dried, dissolved in toluene (2 ml) and 1 mi of
n-hexane was slowly added dropwise. The solution was kept at
0 °C ovemight 1o give light vellow erystals which were isolated
by filtration and dried i vacuo 10 leave 017 g (49%:) of Ta as
white powder: m.p. 251 *C.

e
m:’%‘b L e

'H NMR (CsDe, ppm); 1.36 (dd, iy = 7.3 Hz, Yy = 19.9 Hz,
3H, MEI_ 1.58 {dﬁi. '1,.,"“ = 7.2 He, :\JI‘H = 185 H?_‘ 3H, M(!J_
247 {m, 1H, CH), 511 {d, “uy = 8.3 Hz, 1H, CPHH), 6.51
{tr, *Jy = 8.0 Hz, 3H, Ph). 6,96 (d, “fyy = 8.2 Hz, 2H, Ph),
7.10-7.29 (m. 10H. Ph), 7.37-7.56 (m. 5H. Ph), 7.87-7.96
{m, 5H, Ph).

p1HY NMR (CoDg, ppm): 432 (d, "Jpp = 50.6 Hz, P'),
323 (d, "Jpp = 30.6 Hz, P*).

B NMR (CaDe ppm): 1324 (dd, e = 123 Ha,
ep = 5.2 Hz, Me), 14.12 (dd, Jep = 126 Hz, “Jep = 4.8 Hz,
Me), 30018 (dd. 'Jop = 37.6 Hz, “Jop = 10.0 Hz, CH), 65.41 (d,
Hep = 139 Hz, C7), 68.80 (dd, 'Jop = 268 Hz, ep = 10.1 He,
CY. 12627 (5. p€™), 126,56 (s, pC™), 12683 (s, p-C™,
12735 (s, p-C™), 127,68 (s, p-C™), 127.91 (5, m-C™), 12834
{8, m-C™), 12840 (s, mC™), 12852 (s, m-C™), 128.72 (5,
m-C"™), 12886 (s, a-C™), 128.96 (s, 6-C™), 129.39 (s, o-C™),
131.46 (dd, Yep = 7.6 Hz, “op = 3.5 Hz, ipso-C™), 136.13 (dd,
ep = 5.9 Hz, Upp = 7.8 Hz, ipro-C™), 13695 (dd, *Jop = 6.8
Hz, 2Jcp = 9.1 Hz, ipso-C™), 137.35 (d, Jep = 6.5 Hz, ipso-
™), 137,91 (dd, “ep = 63 Hz YUop = 6.1 Hz ipso-C™),
139,37 (dd, 2/ep = 9.5 Hz, ep = 9.1 Hz €%, 15513 (dd,
"ep =269 Hz, “Jep = 11.1 Hz, C°),

IR (KBr, cm™'): 485 {w), 517 (m), 523 {(m), 338 (m),
546 (m), 583 (w), 680 (m), 712 (s}, 743 (m), TRT (m), 811 (w),
R79 {w), 1015 (m), 1032 (m), 1052 (m), 1060 (m). 0TS (w),
1184 (s, P=0). 1238 (s. P=0), 1365 {w). 1371 {m). 1393 (m),
1433 (w), 1467 (m), 1990 (m), 1595 (m), 1641 (w), 2896 (w),
2072 (s), 2995 (w), 3037 (w), 3061 (m).

Ci:HiNOSP: (585.61): caled € 75.89. H 568, N 2.39,
0 5.46, P 10.58: found C 75.63, H 5,90, N 2.26, P 10.76.

1-Propyl-2,3 4.5, 6-pentaphenyl-1, T-dioxo-b-azo-1.7-diphospha-
bicyelo]3.2.00hept-2-ene (Th). In o similar manner Th  was
obtamed from N-g-diphenylnitrone (4b)y (0,12 g, (1.59 mmol,
0% excess) and 1-propyl-1.2-diphosphacyclopenta-2,4-diene
(1b) (0.20 g, 0.54 mmol} as a white powder (0.14 g, 453%);
m.p. 249 *C.

"H NMR (CiDy, ppm: 115 {ir, Wy = 6.9 He, 3H, Me), 1.73
{m;, 2H, CHs), 1.95 {m, 2H, CH,), 3.12 (d, "Jpn = 6.8 Hz. 1H,
C(PH), 6.57 (i gy = 8.3 Hz, 2H, Ph), 6.95 (1r, My =
8.5 He, IH, Ph), 7.11-7.30 (m, 10H, Ph), 7.36-7.54 (m, 5H,
Ph), 7.63 (d, "J'"“ =74 Hz, 2H, Fh) 7.87-7.96 (m, 5H, Ph).

MpiH) NMR (CoDs, ppm): 353 (d, "p = 67.8 Hz, P'),
314 (d, "Jpp = 67,8 Hz, P*).

FCy'H} NMR (CoDg, ppm): 10,34 (d, "Jep = 5.3 Hz, Me),
1325 (d, “Jop = 14.5 Hz, CHa), 3048 (dd, "Jop = 35.0 Hz,
ey = 11.8 Hz, CHa), 65.54 (d, Sep = 13,8 Hz, C), 6723 (dd,
e =253 He, Yp = 9.5 He, CY, 126,16 (5, p-C™), 126,43 (5,
p-C™, 126,64 (s, p-C™), 127.29 (s, m-C™), 127.56 (s, m-C™),
127.80 (s, m-C™), 128.24 (5, m-C™), 12837 (5, m-C™), 128,53
(5, o-C™), 128.72 (s, 0-C™),128.86 (s, 0-C"™), 128.96 (s, o-C™),
129.40 (s, 0-C™), 131.54 (dd, *Jep = 7.4 Hz, Ly = 3.6 Hz,
ipsa-C™), 13645 (dd, “ep = 4.9 Hz, Shop = 8.8 Hz, ipso-C™),
136.95 (dd, “Jep = 6.2 Hz, “ep = 8.9 He, ipro-C™), 137,38 (d
Vep = 6.6 Hz, ipso-C™), 137.92 (dd, ep = 59 Hz, Y =
6.4 Ha, {pso-C™), 14012 (dd, 2Jep = 100 Hz, Jep = 8.9 Hz,
C™), 156,47 (dd, 'Jep = 30.33 Hz, Jep = 12.4 Hz, C°),

IR (KBr, cm™'): 486 (m), 513 {m). 525 (m) 536 (w)
S46 (m), 585 (w), 681 (w), 713 (), 741 (m), T8T (m), 810 (w),
875 (w), 1012 {m), 1038 (w), 1053 (m), 1068 (m), 1076 (m),
1185 (5, P=0), 1236 (s, P=0), 1365 {w}, 1371 (w), 1393 (m).
1435 (m), 1461 (m), 1492 {m), [387 (m), 1643 (w), 2001 {w),
2976 (5), 2989 (w), 3026 (m), 3051 (m).

C17H33NOsPy (585.61): caled C 75.89, H 5.68. N 239,
0 5.46, P 10.5%: found C 75,78, H 5.72, N 2.46, ' 10.56,

1-Butyl-2,3,4,5,6-pentaphenyl-1.7-dioxo-6-azo-1,7-diphospha-
bicyelo]3. 2.0l hept-2-ene  (Te) In a similar manner Te was
oblained from N-g-diphenvinitrone (4b) (0.13 g 068 mmol,
10%  excess) and 1-butyl-1.2-diphosphacyclopenta-2,4-diene
(Te) (0.24 g, 0,62 mmol) as & white powder (0.15 g, 41%) m.
p.252°C,

'H NMR (CyD;, ppm): 078 (tr, “fyy = 7.4 Hz, 3H, Me),
121 (m., 2H, CH,),1.58 (m, ZH, CH.), 1.88 (m. 2H, CHa).
5.21 (d, ey = 7.1 Hz, TH, CIPh)H), 6.50 (ir, “fyy = 8.5 Hz,
3H, Ph), 6.96 (d., "4y = 8.2 Hz, 2H. Ph), 7.09-7.24 (m. 10H.
Phy, 7.32-7.53 {m, 5H, Phi, 7.82-7.91 (m, 5H, Ph).

Pi'H] NMR (CeDs. ppm) 35.8 {d. 'Jpr = 68.1 Hz P,
315 (d. Jpp = 68.1 Hz, P*).

HCi'HY NMR (CeDy, ppm) 1133 s, Me), 1445 (d,
Uep = 74 Ha, CHa), 18,12 (d, 2Jep = 15.6 Hz, CHy), 30.64 (dd,
ep =332 Hz, 2ep = 142 Hz, CH.), 64.44 (d, 2Jp = 13.7 Hz,
%), 68,13 (dd, 'Jop = 263 Hz, o= 104 Hz, ), 12625 (s, p-
™), 126,56 (5, pC™), 12687 (5, pC™), 12738 (s, m-C™),
12768 (s, m-C™), 127.92 (s, m-C™), 128.35 (5. m-C™), 128,40 (s,
w1285 (3 0-C™), 12872 (s, 0-C™L12885 (5, o-C™),
12896 (s, o-C™), 129,28 (5, o-C™), 131.66 (dd, 2oy = 7.1 Haz,
fep = 5.7 Hz, ipsa-C™), 13536 (dd, “Jep = 5.2 He, “Jep = 98
Hz, ipso-C™), 136.87 (dd, “Jep = 5.8 Hz, *Jep = 91 Hz, jpso-
C™), 137,49 (d, Y = 6.9 Hz, ipso-C™), 13891 (dd, Upp = 6.1
Hz, %Jop = 6.3 Hz, ipeo-C™), 14037 (dd, 2 = 10.0 Hz, 2Jp =
9.2 Hz, %), 154.92 (dd, "Jop = 292 Hz, “dpp = 112 Hz, C°),

IR (KBr, em™"): 483 (m). 511 (m), 521 {w), 536 (m), 542 (m),
580 {w), 683 (w), 714 (s), 746 (m), 787 (m), §10 (w), 873 (w),
1015 (m), 1036 {w). 1054 (m). 1063 (m), 1075 (m). 117
(s, P=0), 1231 (s, P=00, 1365 (w), 1392 (m), 1434 (m),
1457 {m), 1493 (w), 1588 (m), 1641 (w), 2897 (m), 2970 (s),
2092 (w), 3052 (m).

CyHaNOSP, (399.64): caled € 76:11, H 588, N 2.34,
0 5.34, P 10.33: found C 76.28, H 5.72, N 2.41, P 10.45,

I-Isopropyl-2,3 .4, 5-tetrapheny|-6-tert-butyl-1,7-dioxo-6-ax0-
1,7-diphospha-bicyclo[3.2.0|hept-2-ene (Td). Dry N-tert-butyl-
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c-phenylnitrone (4a) (007 g, 0.95 mmoel, 0% excess) in
toluene (5 ml) was added to a solution of l-isopropyl-1.2-
diphosphacyclopenta-2,4-diene (Ta) (.32 g, 0.86 mmol} in
toluene (5 ml) and stirred for 10 h at 100 °C. Then the solvent
was evaporated under reduced pressure and the residue was
washed with n-hexane (2 = 5 ml). The residue was dried, dis-
solved in toluene (2 ml) and 2 ml of s-hexane wene slowly
added dropwise. The solution was kept a1 0 °C overnight to give
light vellow erystals which were isolated by filtration and dried
in vacno o leave 0.24 g (49%) of Td as white powder;
m.p. 245 *C.

o Pn g

P o
T e

'H NMR (CyDy. ppml: 142 (s, 9H, ‘Bu), 143 {dd, “Syyy =
7.2 Hz, aJpH = 19.6 Hz, 3H, Me), 1.66 ﬂd.d. 4J|{||. = 7.1 Hz,
ey = 174 Hz 3H, Me), 2.35 (m, 1H, CH), 539 (d, Vs
7.2 Hz. |H, C(PhJH), 6.50 (ir, “Jy5y = 7.9 Hz, 2H, Ph), 6.66 (i,
Y = 7.5 He, 1H. Ph), 6.87-7.04 (m. 5H, Ph), 7.12-7.36 (m,
TH. Phy, 747 (d = 82 Hez, 2H, Ph), 755 (i, Ly
7.6 Hz, 1H, Phl, 7.73 (d. “Jigs = 7.9 Hz, 2H. Ph),

HE{HY NMR (CoDy, ppm): 41.3 (d, "Jpp = 669 Hz, P'),
383 (d, Upp = 669 Hz, P7),

BT H NMR (CoDg, ppmk 1.14 (s, Me), 15.07 (dd, “Mop =
14.8 Hz, *Jep = 3.6 Hz, Me), 15.74 (dd, *Jep = 12,6 Hz, o =
5.7 Hz, Me), 29.82 (dd, Jop = 35.2 Hz, “ep = 10.8 Hz, CH),
54.84 (d, ey = 151 Hz, C), 61.28 (dd, 2ep = 9.8 He, ep =
3.9 Hz. C™, 69.28 (dd, "Jep = 29.8 Hz. Yoy = 10.5 Hz, CY),
126.25 (s, p=C™), 12681 (s, p-C™), 127.29 (5, p-C™), 127.32
{s, pC™, 127.67 (5, m-C™), 127.90 (s, m-C™), 12840 (s,
m-C™), 128.49 (s, m-C™), 128.70 (s, 0-C™), 128.88 (s, 0-C™),
128.97 (s, 0-C™), 129.39 (5, 0-C™). 130.84 (dd, *Jep = 6.6 Ha,
Yep = 3.7 Hz, ipso-C™), 135.68 (dd, “Jep = 6.2 Hz, 2ep = 9.7
Hz. ipso-C™), 136.05 (dd, *Jop = 6.8 Hz, “Jop = 10.1 Hz, ipso-
C™y 137.35 (d, Vep = 5.9 Ha, jpso-C™), 13846 (dd, *ep =
10.8 Hz, “ep = 9.2 He, ©F), 154.50 (dd, Jep = 27.3 Hz, “pp =
12.8 Hz, €%,

IR (KBr, cm™'} 481 {m), 507 (m), 515 (m), 530 (m),
546 (m), 578 (w), 663 (m), 700 (s}, T35 (m), 775 (m), 799 (w),
879 {w), 1012 (m), 1029 (m), 1075 (m), 1081 (m). 1075 (w),
1172 (s, P=0), 1219 (3, P=0), 1365 (m}, 1433 (w}, 1454 (m),
1491 (m), 1598 (m). 1637 (w). 2890 (w), 2968 (s), 2982 (w),
3027 (w). 3053 (m).

CisHpNOLP: (565.62) caled € 7432, H 6.59, N 248,
0 5.66, P 10.95; found C 74.21, H 6,69, N 2.44, P 10.73.

1-Propyl-2,3,4, 5-tetraphenyl-6-tere-butyl-1,7-diox o-6-az0-1,7-
diphospha-bicyclo|3.2.0]hept-2-ene (Te). In a similar manner Te
was obtained from N-ter-butyl-c-phenylnitrone (4a) (0,12 g,
0.65 mmol, 10% excess) and 1-propyl- 1 2-diphosphacyclopenta-
2.4-diene (1b) (.22 g, 0.59 mmol) as a white powder (0L15 g,

Yok . 243 °C,

'H NMR (CoDg, ppmi: 1.26 (i, "y = 6.7 He, 3H, Me), | 4]
{s. 9H, 'Bu), 1.85 (m, 2H, CH.), 2.01 (m, 2H, CHa), 5.40 {d,
e = 7.2 Hz, TH, CIPWHY, 653 (i, Wy = 8.3 Hz, 2H, Ph),
6.66 (tr, g = 8.5 Hz, [H, Ph), 690-7.08 (m, 5H, Ph),

7.16-7.32 (m, 8H, Ph), 7.47 (d. “A = 7.9 Hz, 2H, Ph), 7.63 (d,
Ui = 1.9 Hz, 2H, Phy.

gl NMR (CoDy, ppro): 404 (d, W
35.8 (4, Jop=T75.8 He, PA),

BCIH) NMR (CyDy, ppm): 313 (s, Me), 15.78 {d, ey =
6.8 Hz, Me), 12.25 (d, *dep = 162 Hz, CH5), 34.56 (dd. 'Jep
43.8 He, Uy = 124 Hz, CHa). 5693 (d. “Jp = 17.2 Ha, C),
62.82 (dd, *Jep = 102 Hz *ep = 4.1 Hz, ©™), 7157 (dd.
Uep = 296 Hz, Zlop = 10,5 Hz, CY, 126,52 (5, p-C™), 12687
(s, p-C™), 127.23 (s, p=C™), 127.55 (s, p-C™), 12813 (s,
ar-C™, 128,43 (s, m-C™), 128,60 (s, m-C™),128.84 (s, m-C™),
128.96 (5, 0-C™), 12943 (5, 0-C™), 12051 (5, 0-C™), 120.58
(5, 0=C™), 131,34 (dd, *Jep = 74 He, Yep = 3.7 Hz, ipsa-C™),
135.68 (dd, *Jop = 5.4 Hz, “Jop = 12,7 He, ipsa-C™), 136.71
(ddl, *Jop = 8.1 Hez, Wep = 9.8 Ha, ipso-C™), 137.35 (d, Vep
5.9 He, ipso-C™), 13993 (dd, “Jop = 117 Hz, “Jp = 9.5 Hz,
C*), 153.93 (dd, 'Jop =284 Hz, *Jop = 13.8 Hz, C),

IR (KBr, em™'): 474 (m), 506 (w), 512 {m), 532 (m),
549 (m), 576 (wl, 664 (m), 701 (s), 741 (m), T75 (m). 883 (w),
1013 (m). 1035 (m), 1067 (m), 1084 (m), 1079 (w), 1175 (s,
P=0), 1215 (m, P=0), 1365 (w), (4328 (w), 1450 (m},
1492 (m), 1600 (w), 1637 (m), 2891 (w), 2967 (s). 2984 (w),
3032 (w), 3057 (m), 3061 (m),

CysHyNOLP, (365.62) caled C 7432, H 659, N 248,
0 5.66, P 10,95; found C 74,43, H 6.70, N 2.47, P 11,06,

758 Hz, PN,

1-Butyl-2.3,4.5-tetraphenyl-6-rere-butyl-1,7-dioxo-6-az0-1,7-
diphospha-bicyelo[3.2.0)hept-2-ene (7). In a similar manner 76
was obtained from A-ters-butyl-c-phenyinitrone (4a) (0.13 g
0.74 mmol, 10% excess) and 1-butyl-1,2-diphosphacyclopenta-
2 4-diene (1e) (0.26 g, 0,67 mmol) as a white powder (0,17 g,
44%); m.p. 247 °C.

"H NMR (CoDy, ppm): 0.85 (tr, "y = 7.2 Hz, 3H, Me), 1.31
(m, 2H, CH), 142 (s, 9H. 'Bu), 1.67 {m. 2H, CHy), 1.94
(m, 2H. CHa), 5.38 (d. oy = 7.4 Hz, IH, C(Ph)H). 6.61 (ir,
s = 6.9 Hz, 2H, Ph), 6.76 {tr. “Jyy = 7.5 Hz, 2H, Ph),
6.97-7.12 (m, SH, Ph), 7.20-7.31 {m, SH, Ph), 7.44 (d, *Jyypy =
7.6 Hz, 2H, Ph), 7.66 (d. “fiu; = 8.1 Hz, 2H. Ph), 7.69 (d.
s = 6.3 Hz, 2H, Ph).

APUHY NMR (CaDy, ppm): 375 (d, Jep = 823 Hz PY),
33,4 (d, Jpp = 82.3 Hz PA).

BCI'HY NMR (CuDy, ppm): 265 (s, Me), 1467 {s. Me),
15.59 (d, “Jep = 7.5 He, CHay), 18.43 (d, Yep = 17.9 Hz, CHa),
29,45 (dd, Jop = 335 Hz, “Jep = 148 Hz, CHa), 53.71 (d,
2tep = 16.4 Hz, CY), 61.34 (dd, “Jep = 9.7 Hz, *Jep = 2.7 Hz,
CB, 67.95 (ddl, 'Sop =258 Hz, Fep = 11.5 Hz, T4, 126.32 (s,
p-C™), 126.94 (s, p-C™), 127.33 (s, p-C™), 127.67 (s, p-C™),
127.84 (s, m-C™), 127.92 (s, m-C"™), 128.35 (s, m-C™), 128.49
(s, m-C™), 12873 (5, o-C™)128.90 (s, o-C™), 12898 (s,
0-C™), 129.42 (s, 0-C™), 130,88 (dd, “Jep = 7.6 Hz, Vep =
4.9 Hz, ipso-C™), 13586 (dd, “Jop = 6.2 Hz, “Jop = 152 Hz
ipsa-C™), 136,16 (dd, Mep = 6.8 Hz, Jep = 9.2 Hz, ipsa-C™),
137.35 (d, *Jop = 6.0 Hz, ipso-C™), 138.44 (dd, 2/p = 12.4 Haz,
Uep = 104 Hz, C%, 15571 (dd, "Jop = 226 Hz, p =
13.1 Hz, C*).

IR (KBr. em™ ') 490 (m), 513 (m), 515 (m), 529 (m).
537 (w), 546 (m), STE (w), 655 (m), 702 (s), 736 (m), T80 (m),
801 (m), 879 (m), 1015 (m), 1036 (m), 1048 (m), 1059 {m),
1075 (w), 1175 (s, P=0), 1229 (s, P=0), 1365 {m}, 1421 {w},
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1444 (m}, 1463 (m}, 1492 (w), 1600 (m), 1643 (w), 2891 (w]),
2066 (s), 2979 (m), 2995 (m), 3030 (w). 3058 (m).

CipH MNPy (579.65) caled C 7459, H 678, N 242,
0 5.52, P 10.69; found C 74.71, H 6.83, N 2.50, P 10.94.
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