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Pedepar
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1,2-nudochanmkaoneHTaIueHUIHbIA JTUHAH]T , OUsIEPHBIE KOMILJIEKCHI , TIEPEHOC

3apsaaa , MarHuTHBIC CBOMCTBaA

B ortyere mpezacTaBieHbl pe3ysbTaThl MCCIENOBAHUM, BBITIOJHEHHBIX MO 3 3Tamly
I'ocymapctBenHoro konTpakta Ne 16.740.11.0745 HoBbie (yHKIIMOHAIBHBIC
MaTepuaiabl Ha ocHoBe 1,2-1udochanukioneHTagueHUIHBIX  KOMIUIEKCOB
NEPeXOAHBIX M PEIKO3EMENbHBIX METAJIOB, O0JaJalolMX MAarHUTHBIMH U
JTrOMHUHECHeHTHBIME cBoiicTBamu” (mmdp "2011-1.3.1-210-026"pt 24 oxTs0pst
2011 no wHanpapnenuto “l[lpoBeneHHE HAy4YHBIX MCCIIEIOBAaHUNH MOJIOJIBIMU
KaHIWJaTaMd HayK B 00JacTd pa3paboTku (PYyHKIMOHAIBHBIX MaTEpPHAJIOB,
colepXKaIfX PEAKO3EMEITbHBIE W TIEPEXOJHbIE JJIEMEHTHl C y4acTHEeM Hay4YHO-
UCCJIEIOBATENIbCKMX M HAy4yHO-00pa3oBaTeNbHbIX oOpraHu3auuii ['epmanuun” B
pamkax meponpusatus 1.3.1 TlpoBenenrne HaydHBIX HCCIEIOBAHUA MOJIOJBIMU
YYeHBIMU - KaHaujaaramu Hayk.', Mmepompusitus 1.3 'IIpoBeieHue Hay4dHBIX
HUCCIIeI0BaHUH

MOJIOZIBIMH YYCHBIMH - KaHIUIATaAMU HAYK U 1[E€JICBBIMHU aCIIUPAHTAMH

B HayuyHO-oOpa3oBaTelIbHBIX IeHTpax' , HampaBieHus 1 "CTumyiaupoBaHue
3aKpeTUICHUs] MOJIOZCKH B chepe Haykd, 0Opa30BaHUS M BBICOKMX TEXHOJIOTHIL."
denepanbHON 1eNeBOM mporpaMMbl "HaydHble W HaydHO-TIEIaTOTHYECKUE KapPhl

WHHOBAIIMOHHON Poccun" Ha 2009-2013 TOJIBI.

[lenp  pabGotel - M3yueHwe  KoMmIuiekcooOpasyrommux  cBoicte  1,2-
nudocanrKIONeHTaIUCHUI-aHHOHOB 110 OTHOIICHHWI0O K  COSAMHCHUSM
MEPEXOAHBIX M PEIKO3EMENbHBIX METAJIOB, HCCJICIOBAHWE MArHUTHBIX U
JIOMUHECIICHTHBIX ~ CBOWCTB  TOJIyY€HHBIX KOMIUIEKCOB H  yCTaHOBJICHHE

3aBHCHUMOCTH JIaHHBIX CBOMCTB OT cTpoeHus 1,2-1ndochanukionenTaaneHn IHbIX
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KOMITJIEKCOB, KaK TMOAXOAa K CO3/IaHUI0 HOBBIX (DYHKIIMOHAJILHBIX MaTEPHAJIOB.
Jlnst mocTvkeHus mocTaBleHHOW 1ienu, B pamkax [ITHUP Oyner mpusnedena
Hay4YHO-HMCCJIEIOBATENbCKAsT opranu3anus u3 ['epmanun - HMHCTUTYT TBEpIOro
Tena ¥ M3ydeHus MatepuanioB uM. Jleiibnuma, r. pesnmeH, ['epmanus (Leibniz
Institute for Solid State and Materials Researclesben (IFW-Dresden)yto
OTKPOET JOCTYIl K COBPEMEHHOMY OOOpYIOBAaHMIO, MO3BOJIUT MEPEHSTH OIMbBIT
3apyOEXHBIX KOJUIET, a Takke OyAeT COACHCTBOBATH YKPEIUICHUIO HAYYHBIX

KOOTIEPALMOHHBIX 9:3: K197 MEXKITY Poccuen 51 ['epmanuei.

Bce paboTsl ObUIH TIpOBENIEHB B MHEPTHOH aTMocdepe (0e3 mocTyna Kucaopoaa u
BJIard BO3/yXa) C UCIOJb30BaHueM ammapatypsl Lllnenka u "glovebox".

CtpoeHue M3y4yaeMbIX COCAMHEHMN ObLIO MOATBEPKAEHO MPU MOMOIIM METOJI0B
CHEKTPOCKOIUH SIIEPHOTO MAaTHUTHOTO PE30HAHCA, MHPPAKPACHOH CIIEKTPOCKOITHU

)41 METOOOM PCHITCHOCTPYKTYPHOI'O aHaJIn3a MOHOKPHUCTAJLJIOB.

Bce paboTel ObUIM MPOBENIEHBI C MCIIOJIB30BAHUEM CIICIIUAIBLHOTO 000PYI0BaHMS,
KOTOPOE MO3BOJISIET OCYIIECTBISATh MPOBEACHUE CUHTE30B, BbIIEICHHE U OYHCTKY
NPOAYKTOB  pPEaKIMH, TOATOTOBKY 00pa3loB s  (PU3UKO-XUMHUYECKUX
WCCJICIOBAaHUI B MHEPTHOHM atMocdepe, 6e3 JocTyma KUCIOpoaa U BIIard BO3IyXa
(muaus [nenka u "glove-box").

Crektpsl SIMP Obun 3anucansl Ha npubope Avance Il TM 400 Bruker (1H 400
MTI', 31P 162.97539 W, 13C 100.6MI ).

UK cnextpsl peructpupoBanu Ha UK-cnexktpomerpe Vertex 708 nuanazone 4000
— 400cwM -1 c pazpemienueM 4 cM -1, ¢ KOJIMUECTBOM CKaHOB 32.

TpexkpyKHbIi aBTOMAaTUYECKUU MOHOKPHUCTAJIbHBIN PEHTT€HOBCKUU
nudpakToMeTp ¢ KOOpAMHATHBIM JaeTeKTopoM “bpykep-AXS” Smart Apex llc
MOJICOICHOBBIM H3ITydaTesIeM.

ABTOMAaTHYECKHI PEHTTEHOBCKHUH AU(GPAKTOMETP C KOOPJIWHATHBIM JETEKTOPOM
"Bpykep-AXS" Single-Crystal System KAPPA APEX ¢IMeaabiM n3mydaTesiem.

CraTudeckas MarHuTHasi BOCOIPUMMYMBOCTh ObLIa M3MEpeHa Ha mpudope Gupmbl
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Quantum Desigreo cBepx uysctBuTensHbIM SQUID MaraeromerpoMm, pabodmii
nuana3on temmneparyp 1.5 - 400 K.
Cnektpsl OIIP 3anmcansl Ha npudope Bruker EMX X-Band ESR Spectrometer

pabGounii nuamnaszon yactot 10 10 I'Tu, pabounit nuanazon temnepatyp 4 - 300 K.

bbun pa3paboTaHbl METOJMKH MPUTOTOBJICHUSI 00pa3lioB B MHEPTHOM aTMocdepe,
JUISL U3MEPEHUsT CTaTMYECKOM MArHUTHOW BOCIPUMMYMBOCTH U MPOBEICHUS
UCCJIEIOBAaHUM € Hcmodab3oBaHueM Mmetoga OIIP cnekTpockonuu Ha mpumepe

CICAYIONIMX KOMIIJICKCOB:

ouc[unlnml 3,4,5¢pu-mera-uurpodenni-1,2-mudochanmkioneHTaaueHu I
TeTpakapOOHMJI MapraHIial;

ouc[upnlnml  3,4,5¢pu-napa-propdenni-1,2-nudochanukioneHTaaueHu I
TeTpakapOOHUI MapraHIal;

ouc[pnlnl  3,4,5¢pu-napa-xmopdenni-1,2-mudochanurironeHTaueHU
TeTpakapOoHma  Mapranmal;  oumc[unlml  3,4,51pu-mera-xnopdenun-1,2-
nudochanrKIoNeHTaIueHU] TeTpaKapOOHIIT MapraHial;

ouc[pnlnml  3,4,57pu-opro-xmopdenni-1,2-mudochanmkioneHTaaueHu I
TeTpakapOOHUI MapraHial;

ouc[hnlnl 3,4,5tpu-napa-rosmin-1,2-nudochanukiioneHTaIueHuI TeTpa-
KapOOHMJI MapraHial;

ouc[p,nlml 3,4,51pu-napa-merokcudenmi-1,2-mudocda-
IIUKJIOTICHTAANCHH/] TeTPAaKapOOHUII MapraHIal;

ouc[pnlnml 3,4,51pu-mera-uurpodenni-1,2-mudochanmkinoneHTaaueHu
2,2 -OUTTUPUINH MEH];

ouc[pnlnml  3,4,5¢pu-napa-propdenni-1,2-nudochanukioneHTaaueHu I
2,2 -OUIUPUINH MEIH];

ouc[pnlnml  3,4,5¢pu-napa-xnopdenmi-1,2-mudocha-UKIONCHTaINCHU
2,2 -OUIUPUINH MEIH];

ouc[unlnl 3,4,5¢pu-mera-xnop-dpenni-1,2-mudochanukironeHTaneHu
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2,2 -OUTTUPUINH MEH];

ouc[pnlnml  3,4,5¢pu-opro-xmopdennn-1,2-mudochanrkioneHTaaueHU
2,2 -OUIUPUINH MEIH];

ouc[umlnl 3,4,5tpu-napa-roaun-1,2-nudocdarnmrno-nenraaueaus 2,2 -
OMITUPHUINH MEIH];

ouc[p,nlml 3,4,57pu-napa-metokcu-penmi-1,2-mudocdanmkio-

NCHTAIUEeHN]] 2,2 OUIUPUINH MEIH].

[IpoBeneHsl W3MEpPEHUST MArHUTHOW BOCHPHUMYHMBOCTH B  IIHPOKOM
untepBasie  temneparyp (4-30K) mns  cnenyroomux — OusgepHbix  1,2-
nudocarKIONEeHTAIUSHUIHBIX KOMITJIEKCOB TIEPEXOHBIX METAJIIOB!

ouc[unlnl 3,4,5¢pu-mera-aurpodennn-1,2-mudochanrkioneHTaaueHU
TeTpakapOOHUI MapraHIal;

ouc[pnlnml  3,4,5¢pu-napa-¢propdenni-1,2-nudochanukioneHTaaueHu I
TETpaKapOOHMJI MapraHIal;

ouc[unlnl  3,4,5¢pu-napa-xmopdenni-1,2-nudochanmukioneHTaaueHu I
TETpaKapOOHMJI MapraHIial;

ouc[unlnl  3,4,5¢pu-mera-xmopdenni-1,2-nudochanukioneHTaaueHu I
TeTpakapOOHMUI MapraHial;

ouc[pnlnl  3,4,57pu-opro-xmopdennn-1,2-mudochanrkioneHTaueHU
TeTpakapOOHMUI MapraHial;

ouc[p,nlml 3,4,51pu-napa-rommi-1,2-1udochanukioneHTaIueHIT
TETpakapOOHMJI MapraHIial;

ouc[p,nlml 3,4,51pu-napa-merokcudenmn-1,2-nudocdamnuxio-
NIEHTAINCHU] TeTPaKapOOHMIT MapraHIal;

ouc[pnlnl 3,4,5¢pu-mera-uurpodenni-1,2-mudochanmkioneHTaaueHu I
2,2 -OUIUPUINH MEIH];

ouc[pnlnl  3,4,59pu-napa-propdenni-1,2-mudochanukironeHTaaueHU I
2,2 -OUIUPUINH MEIH];

ouc[pnlnl  3,4,5¥pu-napa-xmopdenni-1,2-mudochanukironeHTaueHu
6



2,2 -OUTTUPUINH MEH];

ouc[pnlnml  3,4,5¢pu-mera-xmopdenni-1,2-mudochanurironeHTaueHu
2,2 -OUIUPUINH MEIH];

ouc[unlnml  3,4,51pu-opro-xmopdennn-1,2-mudochanrkioneHTaaueHU
2,2 -OUITUPUINH MEIH];

ouc[umlnl 3,4,51pu-napa-tonmi-1,2-tudochanukionenraguenuns 2,2 -
OUITUPHUINH MEH];

ouc[p,nlml 3,4,57pu-napa-merokcudenmi-1,2-nudocdamnmkio-
NCHTAIUEeHU]] 2,2 OUIUPUINH MEIH].

[lo pesympraram uCCeNOBaHUS TPOBEICHHOTO B paMKaxX TPETHEro 3Tara
TOCKOHTPAKTa MOXHO CJieJIaTh BBIBOJI, YTO HAWOOJIbIIICE BIUSHUE HA PCaU3aIUIo
nepeHoca 3apsjia ¢ MeTauI-JTUTaH]l OKa3bIBAIOT aKIEITOPHBIC TPYIIBI B Tapa-

MOJIOKEHUU apEHOBBIX (PparMeHTOB, Takue Kak @Top, Xi0p ©  T.A..
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BBEJAEHUE

Hayuynpie  umccimenoBanus, CBsI3aHHBIE C  pa3pabOTKO  HOBBIX
(YHKIIMOHATBHBIX MaTEPHUAJIOB CIOCOOHBIX TPOSBISATh YHUKAJIbHBIE CBOWCTBA
(MarHuTHBIC, TIOMUHECIICHTHBIE, HE JINHEHHO-ONTHYECKUE | T.JI.) Ha CETOTHSIIHAN
JIEHb TIPETEePIIEBAIOT CYUIECTBEHHBIH MOAbEeM. bonblioil mHTEpec, K MOA0OHOTO
polla MaTepuaiaM CBSI3aH B TIEPBYIO OuYepe/lb C BOZMOKHOCTBIO CO3/IaHUs Ha WX
OCHOBE MPAKTUYECKH MOJIE3HBIX YCTPOWCTB, TAKUX KaK KBAaHTOBBIE KOMIIBIOTEPHI
[1], MarHuTHBIC MOJYIPOBOJHUKH, CIIMHOBBICE HAHOTPAH3UCTOpPHI [2], CHHH-
DIIEKTPOHHBIE CEHCOPHI TMO3UIIMOHUPOBAHUS U JBUKEHHS, BBICOKOCKOPOCTHBIC
NEePEeKII0YaTe I MAarHUTHOTO COCTOSIHHS, XUMHYECKHE CEHCOPBI, IWCIUICH Ha
OpraHMYECKHX CBeToauoaax [3] u T.1.

Heo0xoauMo OTMETHUTH, YTO 3HAYUTEILHOE KOJMYECTBO COCIWHEHHIA
00Ja1af0IKX MarHUTHBIMH W JTIOMHUHECIEHTHBIMH CBOWCTBAMHU 3TO KOMILJICKCHI
MEPEeXOIHBIX W PEIKO3eMENbHBIX MeTaioB. HecMoTps Ha TO, 4TO B OTHX
COCIMHEHUSIX (PYHKIIMOHATHHBIM IIEHTPOM SBJISFOTCS B OCHOBHOM MOHBI METAJIIIOB,
BOXHYIO poib B (OPMHUPOBAHHHM KOMIUIEKCOB WIPAIOT WMMEHHO JIMTaHIIbI
CBSI3BIBAIOIINE ITH METAJUIOIICHTPHI, IIOCKOJIbKY OHU 00YCIIaBIUBAIOT ApXUTEKTYPY
KOMIUIEKCOB W KOOPAWHAIIMOHHBIX IOJIMMEPOB, YYaCTBYIOT B peaH3aliu
0OMEHHBIX B3aUMOJICHCTBUN MEXIy aTOMaM{ METAJUIOB, a TAKXKE YCHIUBAIOT WIIN
racar JIOMHHECHeHnuioo. K HacrosmemMy BpeMeHHW, Uil KOHCTPYHUPOBAHHUS
KOMIUIEKCOB OOJIaZJafOIIMX MAarHUTHBIMH W JIIOMHUHECIICHTHBIMU CBOWMCTBaMHU
IIMPOKOE PACTIPOCTPAHCHHE TOMYYMIH KHUCIOPOJ-, a30T- W cepacojeprKaIiue
muranasl [4], [5]. Bmecte ¢ TeM mogo0HbIE COSAMHEHHMS HA OCHOBE MOCTHKOBBIX
($OCPUHOBBIX JIMTAHAOB [0 HACTOAIIETO BpPEMEHU OBLTM HEWU3BECTHBI, XOTS
NOJJOOHBIE CHCTEMBI, 0€3yCIOBHO, 3aCIYKHBAIOT 0COOOr0 BHHMAaHUS, MOCKOJIBKY
MOTYT TIPOSIBIISITh COBEPIIEHHO WHBIE CBOWCTBA BCIEACTBHE pa3Id4Us B
AIIEKTPOHHBIX XapaKTEPUCTUKaxX aroma ¢ocdopa Mo CPaBHEHHUIO C KUCIOPOIOM,
a30TOM WM cepol. BhICKazaHHOE HAMH MPEINOJIOKEHHE O BO3MOKHOCTH

HCIIOJIB30BaHUA (I)OC(baHI/IKJIOHCHTa,Z[I/ICHI/I,Z[-aHI/IOHOB B Ka4Y€CTBC MOCTHKOBBIX
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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.
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OCHOBHAA YACTD

N3yyeHne MArHUTHBIX CBOMCTB OusiiepHbIX 1,2-
augochanuKIoneHTaAHEeHUIHBIX KOMILUIEKCOB MePeX0oIHbIX METAJLI0B 1

NpoBedeHNe MATHETO-CTPYKTYPHBIX KOppeasilui.

4. Onucanue Beinosinenus: [IHNAP

PaboTh! BeIMONHATHCA B paMkax CorjameHusi 0 HAQyYHOM COTPYJAHHYECTBE
Mexay PenepanbHbIM TOCYJAPCTBEHHBIM OFOKETHBIM YUPESKICHUEM HAyKU
HNuctutyToM opranndeckoit u ¢pusznyeckoit xumuu uM. A.E.Ap6y3oBa Kazanckoro
Hay4yHOro ueHrtpa Poccuiickoil akanemuu Hayk U HCTUTYTOM TBEPAOro Tela U
U3y4deHUs: MaTepraioB uM. Jleribaua.

4.1. B coorBerctBuu ¢ CorjaimeHueM O Hay4YHOM COTPYJAHUYECTBE
denepanabHbIM TOCYAIAPCTBEHHBIM OIO/IKETHBIM YUpexAeHUEM HayKu MHCTUTYTOM
oprannueckoil u ¢usnueckoit xumun M. A.E.ApOGy3oBa Kazanckoro nay4Horo
nenTpa Poccuiickoii akageMun Hayk (POCCHICKOM opraHu3zamueii) OyayT
BBITIOJIHGHBI ~ CIIEAYyIOMMe padoThl: «/3yueHne MarHUTHBIX CBOWCTB 1,2-
nudochaluKIONEeHTAIUEHUIHBIX ~ TPOU3BOJHBIX  IMEPEXOJHBIX  METaJUIOB,
YCTAaHOBJIEHHE MarHUTO-CTPYKTYPHBIX KOPPEIIALINI».

4.2. B coorBerctBun ¢ CorjameHueM O HAayYHOM COTPYJAHUYECTBE
WucTuTyTOM TBEpAOro Tejla M U3y4YeHUsT MarepuaigoB uM. JlelOnuna
(MHOCTpAaHHBIM MMAPTHEPOM) OYAYT BHITIOJHEHBI ClieAyrone padoTel: «3MepeHue
MarduTHOM BOCIIPUUMYHUBOCTHU 1,2-audochanukioneHTaIueHITHBIX

IMPOU3BOAHBIX MMEPEXOAHBIX MCTAIIOB.

B pamkax paboT no TpeTbeMmy 3Tany roCKOHTPAaKTa COBMECTHO C KOJIJIEraMH
u3 MHCTUTYTA TBEPIOTO TENIa U M3y4YeHHs MaTepuaioB obdmecTsa Jlerionuma (IFW,
Hpesnen, I'epmanns) u Kazanckoro ¢usuko-texHuveckoro uHctutyta um. E.K.

3apoiickoro PAH (Kaszamp, Poccusi) ObUIO 3alyilaHUPOBAHO —TMPOBEICHHE
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WCCJICIOBAHNE MAarHUTHBIX CBOWMCTB HOBBIX OHMSIECPHBIX KOMIUIEKCOB MapraHia u
MEIM, COJEpKAIUX B KAa4yeCTBE MOCTHUKOBOTO JIMTAHJA, CBS3BIBAIOIIETO
MeTaIoneHTprl,  1,2saudocdanukioneHraiueHua-anuod. Jisi  u3mepeHus
MarHUTHOW BOCIIPUUMYHUBOCTH B IIMPOKOM HHTEPBAJIE TEMIIEPATyp MPEII0KEHO
ucnoas3oBath SQUID-MarueTomeTp. 3T0 1OCTATOYHO CIIOXKHASI U IOPOTOCTOSIIAS
yCTaHOBKa, paboTa JaTyMka KOTOPOM OCHOBaHa Ha CIOXHOM (DU3UYECKOM
SABJIGHUU — MaKpPOCKOIMWYECKOW KBAHTOBOM HHTepdepeHuuu. ['N1aBHbBIN 37€MeHT
natanka (SQUID) uyBcTBHTEICH K MAarHUTHOMY ITOTOKY M IPEACTaBIsAET COOOM
KOJIBIICOOPA3HYIO0 CTPYKTYPY U3 CBEpPXIPOBOIAINIETO MaTepuana (Harmpumep,
HUOOMS) C OJHUM WM ABYMS CJIaOBIMH JKO3¢(DCOHOBCKUMHU KOHTaKTaMHU. OTH
KOJIbIIa ~ BO30YXKIAIOTCS ~ BBICOKOYACTOTHBIM  CUTHAJIOM  C  TIOMOIIBIO
BBICOKOYACTOTHBIX  KaTyIIEK, BKIIOUYEHHBIX B  KOJEOATCNbHBIA  KOHTYP.
[TonyueHHBIE JaHHBIC TO3BOJIAT OINPEIASIUTh HAJUYUe U XapakTep OOMEHHBIX
B3aMMOJICHCTBUH, peaM3yeMbIX MEXIy HECIapeHHbIMH JJIeKTpoHamu. boree
TOTO, [JIi OMNpPEAENICHHUS MECTOPACIIONOXKEHUS HECHapeHHBIX JJIEKTPOHOB B
MOJIYYEHHBIX KOMIUIEKCaX, B JIOMOJHEHHWE K BBIIIE OMHWCAHHOMY METOJY, OBbLIO
3aITAHUPOBAHO WCTOJIB30BaTh CHEKTPOCKOMHUIO SJEKTPOHHOTO TapaMarHUTHOTO
pe3onanca (DI1P). JlaHHbIi METOJ IO3BOJSAET M3ydaTh CHCTEMBI C HEHYJICBBIM
SJIEKTPOHHBIM CIIMHOBBIM MAarHHUTHBIM MOMEHTOM (T.e. OOJIaJjarolue OJHUM WIIH
HECKOJIbKUMH HECIIapeHHBIMU 3JieKTpoHamu). Ocoboe BHUMaHHE TUTAHHPYETCS
VACIUTh BBISBICHUIO MAarHeTO-CTPYKTYPHBIX KOPPENSIUNA — 3aBUCUMOCTH
MAarHUTHBIX CBOMCTB KOMILJIEKCOB TMEPEXOJHBIX METAUIOB OT THIIA CBSI3bIBAHUS
1,2-ntudochanmukIONeHTaIMEHUIHBIA JTUTaH — METaUl, a TaKXe MPUPOJIBI
MeTajljla M JIONOJHUTEIbHBIX JUraHaoB. OOpasupl H3ydaeMbIX OHSIAEPHBIX
KOMITJIEKCOB Mapraiia u Menu, coaepxammx 1,2-1udocdanukioneHTaaneHuI-
aHWOH ObLITM HapaOOTaHbl HAMU Ha MPEBIIYIIEM dTale ¢ XOPOIITUMHU BBIXOJIaMH U
BBICOKOW CTEIMEHBbI0 YHCTOTHI IO pa3paOOTaHHOW HaMU METOJUKE, KOoTopas
3aKIII0YaeTcss BO B3auMoOJeicTBuu 1-tpuMmeTwmicTanHmi-1,2-mudochonoB (2) c

ranorenuaamu Mapranua (1) u meau (1).
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Cxema 1. Cuntes ousaepusix 3,4,5Tpuapui-1,2-mudocdanukinoneHTaaueHuIHbIX

komrutekcoB Maprasnma (1) (3).
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Cxema 2. Cuntes ousinepusix 3,4,51puapui-1,2-nudochannkinoneHTaneHuIHbIX

komiutekcoB meau (1) (4).
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N3y4yeHne MATHUTHBIX CBOMCTB KOMILIEKCOB NMEPEeX0AHbIX METAJLIOB,
coaep:xamux 3,4,5rpuapui-1,2-1udochanuxiaoneHTaaueHUIHbIA JUTAH H

YCTAHOBJIEHHE MATHETO-CTPYKTYPHBIX KOPPeJIALMIA.

Jlnis u3MepeHusl CTaTHYECKONH MarHUTHOW BOCITPUUMYHMBOCTH U MTPOBEIACHHUS
UCCIIC/IOBAaHUI C HCIoJib30BaHueM Metofa OIIP cnekTpockonuu Ha mpuMepe
owsnepubix  3,4,51puapmi-1,2-1udochanukIoneHTaIueHUAHBIX  KOMIUIEKCOB
mapranna (3) u meau (4), HOJYYEHHBIX HA MPEABIAYIIEM dTale T'OCKOHTPAaKTa,
OBLTO HEOOXOAUMO Pa3paboTaTh METOAMKH MPUTOTOBICHHUS 00Pa3I[0B B HHEPTHOM
atMocdepe, MOCKOJbKY JaHHbIE COCAMHEHHUS SIBISIOTCS YYBCTBUTCIBHBIMH K
KHACIOpOAy H Biare Bo3ayxa. OCHOBHBIC MAHMIYJSAIUU C TOJYYCHHBIMU
KOMILIEKCAMH  IMPOBOJSATCSA C HCIOJNb30BaHWeM JjuHuu IllneHka, omHako
UCIIOJIb30BaHUE JTAHHOW TEXHHWKH JJIs TPUTOTOBJICHUS OOPA3IOB JJIS M3MEPCHHUS
CTaTUYECKOW MarHUTHOM BOCHPUUMYMBOCTU SIBJSICTCS TPYIOSMKOW. B cBsizu ¢
3TUM, Il TOJOOHBIX Ienei Haumbosee yaoOHO M 3(PPEKTUBHO NPUMEHATH
rnaBookc (glove-box),koropelit nmpeacraBnser coboi 3aMKHYTOE MPOCTPAHCTRBO,
3all0JJHCHHOC HMHEPTHBIM ra3oM W CHa0KEHHOE IepuYaTKaMH JUIsS IMPOBEICHHUS
pa3IMYHBIX ~ MAHUMYJSAIMA C  BEHIECTBAMH, a  TaKKe  CICIHUAIbHBIM
BAaKyyMUPYEMbBIM IIUTIO30M, KOTOPBI COCAMHSETCS KaK C BHYTPCHHEH 4YacThbiO
rmaBOOKca, TaKk M C BHENIHEH CpeAod W CIYy)KUT JUIS BBICYHIIMBAHHS |
Jiera3upoBaHus MOCY/bl U 000pyaoBanus (pucyHok 1). Bce ocHOBHBIE omnepaiu,
NPUTOTOBIICHHE OOpa3Il0OB M WX B3BCIIMBAaHHE, HEOOXOAWMO BBINOJIHITH B

r1aBOOKCe BO M30€KaHNE PA3IIOKEHHS 00Pa3IoB.
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Pucynok 1. Cxemaruueckoe u3o0pakeHue riaaBookca.

[loaroroBka 00pa3uoB Ui M3MEPEHUsT CTAaTHUYECKOM  MarHUTHOM
BOCIIPUUMYHMBOCTH C TPUMEHEHHWEM TJIaBOOKCAa TPOBOAWIACH CIIEIYIONTUM
obOpazom. Cocyn [IInenka, CoJZIepKalnn HCCIEyEMBIN KOMILJIEKC,
MOJIUTIPOTIIICHOBBIN  TTPO0OIEpKATENh TOMECTHJIA B BaKyyMHPYEMBIH IIUIIO3,
HECKOJIbKO pa3 MPOBENM MPOLEAYPY Jlera3allid U 3alOJIHUIM UHEPTHBIM Ta30M.
Jlerazanuio TPOBOIWIN YAl BO3AYX W3 III03a MPU TOMOIIM BaKyyMHOTO
Hacoca W 3alycKkas WHEpPTHBIM Tra3. Jlamee B aTrmocdepe HWHEPTHOTO rasa
NEPEMECTIIIM COCYJl C KOMIUIEKCOM U TpoOojaepx aTeib B OCHOBHOM OTCEK,
B3BECHJIM MYCTO mpoOojaepkarenb. 3aTeM MEepEeHECHd HEeOOJbIIOE KOJIUYECTBO
KoMmIuiekca u3 cocyaa lllnenka B mpobojepxkarenb TakuM 00pa3oM, 4YTOOBI OH
3aHsT 00beM He 0oJiee MOJIOBHHBI 00beMa MpoOoepIKaTesisa, a BeC MPOObl ObLI

oonee 3 Mr (pUCYHOK 2).

Pucynox 2. ITomunpornuiieHoBbIi mpo0oepikaTelb U TaTYHHBINH KapTPHIIK.
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[Tocne Toro, kak mpoOa MPUTOTOBIEHA B MECTE COCIWHEHUS KPBIIIKA U
poOoepKaTeNsl HAHECIW TOHKHH CIIOM SIOKCHIHOM CMOJIBI, YTOOBI M30€KaTh
NOTaJJaHusl KUCIIOpO/a W Biard Bosayxa. Jlamee mpoOonepikarenb W3BICKIU U3
r1aBOOKCa, TOMECTHIM B JIATYHHBIM KapTPUDK M MPOBOJAWIU  HM3MEPEHUS
MarHUTHOHM BOCITPHHMYHBOCTH.

[To naHHOW METOAMKE HAMH OBLIU MOATOTOBIEHBI 00PA3IIBI I U3MEPEHUM
MarHUTHOM BOCITPUUMYHBOCTH CIIeIYIOIUX OusIIepHBIX 1,2-

,Z[I/I(i)OC(baI_II/IKJ'IOHCHTaI[I/ICHI/I,Z[HBIX KOMIIJICKCOB IICPEXOAHBIX MCTAJJIOB.

ouc[u ' :n'™-3,4,51pu-mema-aurpodenni-1,2-aubochanrKIoOneHTa IHeHA
TeTpakapOOHUI MapraHIal;

ouc[u ' :n'™-3,4,51pu-napa-propbenui-1,2udocdhaniKIoNeHTa UCHHT
TeTpakapOOHMUI MapraHial;

ouc[p,n'm*-3,4,51pu-napa-xnopbenun-1,2-1ubochaunKIoneHTa TS HIL
TeTpakapOOHMIT MapraHIal;

ouc[p,n"m*-3,4,51pu-uema-xnopbenun-1,2-1udochannKioneHTa IS HIL
TETpakapOOHMJI MapraHIal;

ouc[p n'm*-3,4,51pu-opmo-xnopbenun-1,2-1ubochaunKIoneHTa U HIT
TeTpakapOOHMUI MapraHial;

ouc[u ,nl:n1-3 ,4,51pu-napa-romun-1,2-nudochanukaonenraauennn
TeTpakapOOHUI MapraHial;

ouc[u ' :n'-3,4,51pu-napa-meroxcudenmn-1,2-mudocdamnukio-
NIEHTAINCHU] TeTPaKapOOHMIT MapraHIal;

ouc[p,n"n'-3,4,51pu-uema-uurpodenni-1,2-1udochanuKIoneHTaTHEHN
2,2 -OUTTUPUINH MEH];

ouc[p,n"m'-3,4,51pu-napa-propbenun-1,2-1ubochannKIoneHTa THSHHL
2,2 -OUIUPUINH MEIH];

ouc[u n':n'-3,4,51pu-napa-xnopdenun-1,2mudochannKIoneHTa JUCHIT

2,2 -OUIUPUINH MEIH];
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ouc[u ' :n'-3,4,51pu-mema-xnopbenui-1,2-mudochannKIONeHTa JUCHIT
2,2 -OUTTUPUINH MEH];

ouc[i n'm*-3,4,51pu-opmo-xnopdenun-1,2-1ubochannKIoneHTa U HIT
2,2 -OUTTUPUINH MEH];

6I/IC[lJ.,n1:n1-3,4,5-TpI/I-napa-TOJII/IJI-1,2-I[I/I(bOC(baHI/IKJIOHCHTaI[I/ICHI/I,Z[ 2.2°-
OMITUPHUINH MEIH];

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

HEHTaIUEeHN ] 2,2 OUIUPUINH MEIH].

W3mepeHne CTaTMYeCKO MarHUTHOM BOCTPUUMYHBOCTH X B IIHPOKOM
unrepBasie temneparyp (2 - 300K) B marautHom mone 1T mokasano Hamnywe
napaMarHeTu3Ma B UCCIeIYEMBIX COeMHEHUsX. [Ipr 3TOM U3MEHEeHHe MarHuTHOU
BOCIIPUAMYMBOCTH OT TEMIIEPATYPBI XOPOILIO COOTBETCTBYET 3aKkoHYy Kropu-Belica
X = C/(T-6), rne C - xonctanTa Kiopu ¥ 3aBHCHT TOJIBKO OT CTPYKTYPHI BEIICCTBA,
a 0 remmiepatypa Kropu-Beiica (pucyHok 3).

Jns xommutekca (3b) Temneparypa Kropu-Beiica cocraBnser -1.63 K, uto
CBUJCTEIBCTBYET 00  aHTU(QEPPOMATHUTHOM  B3aUMOJCHUCTBUU  MEXKIY
HECIIApEHHBIMHM JJICKTPOHAMH HMOHOB MapraHna. O(QQEKTUBHBIA MarHUTHBINA
MoMeHT Komiuiekca (3b) cocraiser 2.41g, 9TO CyIIECTBEHHO HIDKE YeM it Mn
(I) B BBICOKOCTIMHOBOM cocTostHHH (S = 5/2, ter = 5.9215) wm Mn (I) B
BBICOKOCITHHOBOM COCTOSIHHU (S = 2, g = 2, et = 4.9 ug), ogHako OmKe 10
3HaYeHUI0 K d(PekTHBHOMY MarHuTHOMYy MomeHTy Mn (II) B HU3KOCIIHHOBOM

cocrostauu (S= 1/2,9 = 2, ttest = 1.73ug).
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Pucynok 3. 3aBucMMOCTbh 00paTHOM MarHUTHON BOCIIPUUMYHUBOCTH X =~ OT

TEMIIEPATyPhl Ha IPUMepe OMsIIepHBIX KoMILIeKcoB Maprania (3b,c,h)

Bbrp110 ycTaHOBIEHO, YTO HA MAarHUTHBIE CBOMCTBA OWSAIEPHBIX KOMILIEKCOB
Maprasia BITUSIIOT 3aMECTHUTENN B apEHOBBIX KOJIbIIaX 1,2-
nudochanuknoneHTaaueHuaHoro ¢gparmenta. Haubonpmuii 3G dextT BausHUS
3aMecTHUTeNel ObLT OTMEUCH IS KOMIUIEKCOB COZEPIKAIUX aKIIEMTOPHBIE TPYTITIHI
B napa-ToJIOKEHUH apEHOBBIX (dhparMeHToB 1,2-
nudocdanukioneHTaAueHUIHBIOT0 Juranaa. Tak, HamOoabmi 3¢ EKTUBHBIN
MarHUTHBIA MOMEHT ObLIT 3aUKCHpPOBAaH ISl TMapa-XJOP(PEHWT 3aMEmeHHOTO
KOMIUIEKCa MapraHiia u 0Oojiee TOTO, B psAy BOIOpoA-(GTOp-Xiop HaOIHOmaeTCs
yBenuueHue 3HaueHus d¢pdektnBHOr0o MarautHOoro mMomenta (1.55uB, 2.41uB wu
3.15uB cOoOTBETCTBEHHO), YTO MOJHOCTHIO COBMAACT C POCTOM DHEPIUU CPOICTBA

K OJJICKTPOHY B AJaHHOM pPsAOY. HO,Z[O6H8,}I 3aBUCUMOCTh MAarHUTHBIX CBOMCTB
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OUsIEpHBIX KOMIUIEKCOB MapraHia (3a-g) OoT 3aMecTUTENIel B apEHOBOM KOJIbIIE
1,2-nudochanrkioneHTaIueHUAHOrO JIMTaHa TO3BOJSET MPEANONIOKUTh, YTO
NPUYMHON BO3HMKHOBEHHUS IapaMarHeTu3sMa B DALy OUSACPHBIX KOMIIJIEKCOB
MapraHia SBJsIeTCs] CYIIECTBEHHOE MepepacipeeieHne MeKTPOHHON MIOTHOCTU
¥, B YaCTHOCTH, MEPEHOC 3apsja TUIa METAJUI-IUraH] ¢ 0O0pa30BaHHEM HOHOB
maprania (II). CorimacHo HaHHBIM PEHTTEHOCTPYKTYPHOTO aHAJIN3a, PAaCCTOSIHUE
MapraHell-MapraHel cocTapisieT B cpeqaeM 5.2 A (ucynok 4). CrnenoarensHo,
aHTHu(eppOMarHUTHbIE OOMEHHBIE B3aUMOJCHCTBUS MEXIYy HECIapeHHbIMU
AIIEKTPOHAMHM HOHOB MapraHila MOTYT pEaJM30BbIBATHCS HMCKIIOUUTEIHHO

nocpeacTsoM 1,2-1udochanukioneHTaAueHuIHOTO JTUTaH a.

Pucynok 4. Moxexyisipaasi ctpykrypa ouc[in':n'-3,4,51pu-napa-

bropdpennn-1,2-mudochanukionentaaueHua Terpakapoonna maprania) (3b)
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Cxoxue MarHuTHBIE CBOHCTBAa ObLTM OOHapyXXeHbI W Ha IpHUMEpe
OMSICPHBIX KOMILJICKCOB Maprasia, cojepkammx arnetoHutpmwi (3i) wim

tpudenundochun (3]) kak IMrana y atoma Maprasua (pUucyHok 5).

[Ph:C;P,Mn{CO),J;

S 300 N
g [Ph:C;P,Mn{CO);MeCN],
s |
£

A m el
n [Ph,C P, Min{COJ{PPh,);
R -
100 _

T(K)

. . -1
Pucynoxk 5. 3aBucumMocTh 00paTHON MarHUTHOM BOCIIPUMMYHUBOCTH X~ OMSIIEPHBIX

komruiekcoB mapranmna (3h), (3i) u (3]) ot Temneparypsl.

Jns Bcex OwusimepHsix 1,2-1udochanmkioneHTaqueHUIHbIX KOMIIEKCOB
Maprasia, cojaepkamux pasnuddsie co-nmuranasl (CO, CHCN, PPR), 3nauenus
3(p(EeKTUBHOTO MAarHUTHOTO MOMEHTa e paBHBl 1.50uB, 2.2QuB u 2.6/uB
COOTBETCTBEHHO. [lodydeHHBbIE  JaHHBIE  COOTBETCTBYIOT  3(PPEKTUBHOMY
MarHUTHOMY MOMeHTY Hu3KocmuHoBoro uona Mn (Il) (S= 1/2,9 = 2, ues = 1.73
). OnmnHako Hambollee Ba)XHBIM MPEICTABISETCS OYEBUIHAS 3aBHCHMOCTD
3¢ (HEeKTUBHOTO MarHUTHOTO MOMEHTA OT MPHUPOJIBI CO-TUTaHa y aTOMa MapraHIa:

B ciydae komiuiekca (3h), comepxkaimmero cuiabHBIA Trakmentop kak CO,
20



HaOMoaeTcsl HauMeHblliee 3HaueHue HP(HEKTUBHOIO MOMEHTa, KOTOPBIN
3HAUYUTENbHO YyBenuuuBaeTrcss mpu 3ameHe CO Ha cnalOblii TFAKLENTOPHBIA U
CWIBHBIN G-oHOPHBIN urana PPR B ciydyae komiuiekca (3)).

[TogoOHast 3aBUCHUMOCTh MarHUTHBIX CBOMCTB OT MPHUPOJIbI 3AMECTHUTEIIEH B
apuwJibHOM (parMeHTe M CO-JIMTAaHJOB Yy AaTOMOB MeTajlyla YyKa3blBaeT Ha
3HAUUTEILHOE TIEPEepPACIIPECIICHHE DJIEKTPOHHOW TUIOTHOCTH B  OWSIEPHBIX
KOMITJIEeKcax Mapranma. KpoMme Toro, yMmMeHbIIeHHE TEAKIENTOPHBIX CBOMCTB CO-
JUTAHJIOB HAXOJUT OTpPaXEHHWE B 3HAUUTEIBHOM YBEJIWYEHUU 3HAYCHUS
temnepatypbl Kropu-Belica 6. Dto mnpuobperaeTr oco0oe 3HaueHHE B
temriepatypaom uHTepBaie 20 — 30 K,B koTOpoM HaOIIOaeTCS OTKIOHCHUE
HKCIIEPUMEHTAIBHOM MAarHUTHOW BOCIPUMMYHMBOCTH OT 3akoHa Kropu-Belica,
KOTOPBbI B LIEJIOM MPEKPACHO OMHUCHIBAET 3aBUCHUMOCTb X OT TEMIIEpaTyphl Mpu
T>>0.

Takum 00pa3oM, Ha OCHOBAaHMHM OKCIIEPUMEHTAIBHBIX JaHHBIX O
3aBUCUMOCTH MarHUTHOW BOCIPUUMYHBOCTH X OT TEMIIEpPaTyphl MOKHO CJENIaTh
BBIBOJ, 4YTO B OWSAAEPHBIX KOMIUIEKCAX MapraHma, cojepxkammux 1,2-
nudochanuKIoNeHTaAMCHUAHBIN urana, (3a-]) HMeeT MeCTO peau3alius
nepenoca 3apsga tuna meraur-urana (MLCT) ¢ o6pasoBanuem monos Mn (11),
OTPENEIAIONMX  BO3HMKHOBEHME  MapaMarHetusma. AHTHUQEppOMarHUTHOE
B3aMMOJICUCTBUE MEXJy HECHapeHHbIMU JJIEKTPOHAMHM aTOMOB MapraHia
OCYIIECTBIsIETC TocpeacTBoM 1,2-1rdochanvKiIoneHTaAueHUIHOTO JTUTaHaa U
aMIUTUTYyJ]a AAHHOTO aHTHU(EPPOMArHUTHOTO B3aUMOJEHCTBUS B CHCTEME MOKET
ObITh 3P (EKTUBHO HACTpOEHa MyTeM M0A0Opa KOMOHMHAIMHM 3aMECTHTENh-CO-
murann. Kpome Toro, HEOOXOAUMO OTMETHUTh, YTO ObUIM HM3y4Y€Hbl MarHUTHbIE
CBOWCTBA OHWSANCPHBIX KOMIUICKCOB Meau (4a-Q), I8  KOTOPBIX TaKXKe
HaOMroMaroTCs cnabble aHTU(EpPPOMATHUTHBIE B3aUMOJCUCTBUS MEXKIYy HOHAMU
menu (II) oOpasyromumucs B pe3ysbTaTe peajau3aliy IMepeHoca 3apsijia THUla
metaymi-muran (MLCT). 3HayeHWs MarHUTHBIX MOMEHTOB HOHOB METaJlIOB

UMEIOT CXOXKHME€ BEJIUYHMHBI W cooTBeTcTBYIOT Meau (lI) B HH3KOCTTMHOBOM
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coctossanu. Hambonemmit addext Bnusaus Ha peanmmsaruio MLCT oxkassiBatoT
aKIENTOPHBIC TPYIIIBI B Mapa-TOJ0KESHUN apEHOBBIX (PParMEeHTOB, KaKk HaIpUMep
xJjop, GTop u T.1.

JlomoyiHUTEIbHAST WH(OPMAIMS O MArHUTHBIX CBOWCTBaxX OHWSICPHBIX
KOMILUIEKCOB MapraHila Oblja MojiyueHa MeTonoMm crekrtpockormun OITP. Ha
pucyHKax 6 u 7 npesacraBieHbl criekTpbl DI1P moponikoB OUSIEPHBIX KOMILICKCOB
mapranna (3b,c,h,i,)) (3aBHCHMOCTP MarHMTHOTO TIOJII B 3aBUCHMOCTH OT
MoIHoCTH norioineHHoro uziayderus dP(H)/dH), nonyuennsie npu yacrore v 9.5

IT.

200000 _ g=4.2 9=20 T ~3.5K
-FPh).C.P.Mn(CO
150000 | | p-FPILE,PMN(EOM,
100000 |
50000 |
o] ™ [Ph,C,P,MNn(CO)],
50000 |
1100000 _
150000 |——— | [(p-CIPh),C_P.Mn(CO) ],
200000 _
250000 |
. I . | : : ' |
0 2000 4000 6000 8000

H (Oe)

Pucynok 6. Cnextpsl DI1P 6usaepubix komruiekcoB maprania (3b,c,h).
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Pucynok 7. Cnekrpsl DI1P 6uspepubix komruiekcoB mapraniia (3h-j).

Crnekrp OIIP kaxzmoro KoOMIUIEKCAa COJEPKUT JBa CHUTHajla, OAUH U3
KOTOPBIX HaxXoAuTcs B IieHTpe nois H, coorBerctBys g-(haktopy g = 2.0, BTOpOi
umeer g-paktop g = 4.2. CTpyKTypa CHUTHAJOB ONMCHIBAETCS CBEPXTOHKUM
B3aumozeiictBueM Hyr = SeAel cnimna snextpona S c siaepHbiM crinHoM | simpa Mn
(IM = 5/2).C yderom MymbTHIIETHOCTH siepHOro cruaa Mapramma (21M" + 1 = 6)
MOKHO OXuAaTrh cekcrer jauHuid OIIP, pasneneHue KOTOpBIX ONpenensercs
BenuunHoi TeH3opa CTB A. Ha camowm nerne, 006a curHama Bcex TpeX KOMILJIEKCOB
coJiepkaT 6 yaCTMYHO pa3pelleHHbIX JIMHUN ¢ pasHuued npumepHo ~ 803, yto
XapaKTepHO JJIsl HU3KOCIMHOBBIX KomIuiekcoB mapranna (I1) [8]. Ormerum, uro A
TEH30pP MOXKET OBITh YaCTHYHO aHMU3OTPOIHBIM [8], YTO MPUBOAUT K yCPEIHEHHIO

CIICKTPOB, TO €CTb YHIMPCHHUIO JIMHUN U INCPEKPLIBAHUIO CATCIIMTOB, 4YTO U
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HaOromaeTcsl B HameM ciiydae. KpoMme Toro, HEKOTOpPOE YCpeIHEHHE CUTHAJIOB
MOKET UMETh MECTO U BCJICACTBUE MATHUTHOW aHU30TPOIIHH.

[Tosienenue BTOporo cur"ana B crnekrpe OIIP ¢ g = 4.2 3acimyxuBaer
ocoboro BHMMaHWsA. M3ommupoBanHbii HU3KOCcTUHOBBIN (S = 1/2) morn Mn (Il) B
HU3KO-CUMMETPUYHOM OKPY)KCHHUU JIUTAHIIOB XapaKTePU3yeTCsl MPaKTHUECKU
U30TPOIHBIM §-PakTopoMm co 3HaueHHeM okojio 2 [9]. BenencrBue 3TOro Toiabko
oJHa JTUHUS (CBEPXTOHKOE pacIICIICHHUE) BCIICICTBUE U3MEHEHUs pe3oHaHca +1/2
= -1/2 A\S = t+ 1) B mpenmenax cnmHOBOro myosnera Kpamepa sBisercs
OXKHJAaeMON 71 3HaYeHUs “1enoro” peszoHaHcHoro nons Hes = ho/gus|AS| (h
SIBJISICTCS TIOCTOSIHHOM I1nanka).

Bwmecre ¢ tem, Gonee cnoxHbii criektp DIIP HabmromaeTcss B TOM ciydae,
eclid COUHBl S; U S, ABYX MOHOB MapraHiia B KOMIUIEKCE OOpa3ylOT CHMHOBBIN
TUMEp ¢ OOMEHHBIM B3aWMOICHCTBHEM. 3HAYMMBIA CIMH-TaMuIbToHNaH H = JS$ S,
+ 50D S2 + gus(S: + S)H BrIIFOUaeT U30TPONHBIC W AHU30TPOITHBIC OOMEHHBIE
B3aMMOJICHCTBHS, a TaKKe 3€eMaHOBCKHE B3aMMOJICHCTBHUS MEPBOrO, BTOPOTO U
TpeTrbero mnopsjaka cootBeTcTBeHHO [10]. M3oTpomHblii 00MeH J OTBETCTBEHEH 3a
dbopMHupOBaHUE MYJIBTHUIUIETHOW CTPYKTYPhI, XapaKTePU3YIOMUUCS OOIIM
CIIMHOM St = S £ S, B TO BpeMs Kak aHM30TPOINHBIA TepM D cHuMaer
BBIPOXKJCHUE CIIMHA MAarHUTOAKTUBHOTO TPHUIUIETHOTO COCTOSHHS Sor = 1 B
OTCYTCTBUU BHEIIHETO MarHUTHOTrO mojs (paciueruieHue B HyjeBoM Toje). B
MarHUTHOM TIOJIE, B 3aBUCUMOCTH OT OTHOCHTEIHHOW WHTEHCUBHOCTU
AHU3O0TPOITHBIX ¥ 36€MaHOBCKUX B3aMMOJICUCTBUI U OT OPUEHTAIIUN BEKTOPA OIS
H oraocuTensHo ocu D-TeH3opa, “4mcroe” CHMH-TPUILIETHOE COCTOSHHUE [Sior> =
|[+1>, |O>1 |-1>MoryT 4YaCTHYHO WJIM MOJIHOCTBIO cMemuBaThes. Ciie1oBaTelbHO,
B JONOJHEeHMH K paspemeHHbM JIIP mepexomam ASi, = + 1 MOryT Takxke
HaOmonaThes (opManbHO 3ampeleHnbie nepexoasl ASiy = + 2. B CHIBHO
AHU3OTPOITHBIX CHCTEMaX WHTEHCUBHOCTh TIOCICTHUX MOXET CTaHOBUTHCS
CpPaBHUMOW ¢ TJaBHBIMH TiepexoiamMu [9] naBas WMHTCHCHUBHBIC CHTHAJIBI C

yABOeHHBIM 3 ekTuBHBIM g-hakTopoM Qe = gIAS]| = 2g.
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Nmenno takoit »¢p¢deKkT U uMeeT MeCcTO B OHSAEpHBIX KOMIUIEKcax
mapranua. llopsnok 3Ha4YeHHs H30TPONHBIX B3aUMOAECMCTBUI J COCTaBIIsET,
COrJIacHO JaHHbIM Marueroxumuu, okosio ~ 10 K. Kak mpasuio, J| >> P| u
MO3TOMY BKJIaJl aHU30TPOITHON YaCTH MarHUTHOTO OOMEHa MPUMEPHO COMOCTABUM
¢ 3eemanoBckumu  B3ammopeictBusimu  (~ 0.5 K), uro obGecneunBaer
3HAYUTENBHYIO JIOJIIO JUMEPHOTO CIIMHOBOTO COCTOSTHUS, Aatomiero curaan B JIIP
cnektpe ¢ g-pakropom g = 4.2 pucyHok 6 m 7). YBEIUYCHHEC WHTEHCUBHOCTH
MOCIICIHETO COBMAJaeT C YyBEIWYECHHWEM MArHUTHOTO MOMEHTa OHWSIepHBIX
KOMITJIEKCOB MapraHiia TpW W3MEHEHWW Juranna. [IoCKONbKYy aHW30TpOIuUs
OOMEHHBIX B3aUMOJCHCTBUN BO3HUKAET BCJICICTBUE PEISATUBUCTCKUX CITHH-
opOouTANBEHBIX A(P(HEKTOB, MOXKHO MPEANOIOKUTh, YTO <TIOHWHT» SJIEKTPOHHOU
IUIOTHOCTH B KOMIUIEKCAX ITyTeM 3aMEHBI JINTAHAOB YBEIHMYHUBACT OPOUTAILHBIN
BKJIaJ] B MArHETHU3M OUSIEPHBIX KOMILIEKCOB MapraHIia PH MePeXoie OT CHIIbHBIX
TeakrenTopoB B (3h) k crmabeiM B (3)) Oosibliie, YeM YBEIMYCHHE AKIICTITOPHBIX
CBOWCTB 3aMecTUTeNen B apEHOBBIX dbparmeHTax 1,2-

nuhochanuKIONMHTAIUEHUHOTO JIUTaH/a.

R—C R R—7" ¢ X~-R
oc P—FP P—FP
oCyy ¥ \,\sl':r?L <_.occ\)lf:|/I / \(':r?L
n ~ 1] ~
N 7 & CO TN . ~CO
oc pP—R © ot p—r €O
R R R —~"R
R R
Vo 3s? Voo’
A B

Pucynoxk 8. Bo3aMokHbI€ IpaHUUYHBIE CTPYKTYpPbI HAa IPUMEPE OUSIEPHBIX

KOMIIJICKCOB Mapratia.
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[TockonbKy, BO3HUKHOBEHHE TapamMarHeTm3smMa B OusgepHeix  1,2-
mudochaKIONCHTAANCHUAHBIX ~ KOMILIEKCaxX Maprasia 00yCJIOBJICHO
peanmzanmei epeHoca 3apsija TUIa METauI-JIUTaHd, TO CIIEJ0BATeIbHO, MOYKHO
NPEIOI0KUTh HATMYKE IBYX IPaHUYHBIX CTPYKTYp (A) u (B), mpeacraBisrommx
pasnuYHbIe TUMBI CBs3bIBaHMA 1,2-1udochanukioneHTaqueHUIHBIA  JTUTaH/-
metaut  (pucyHok  8). ¢ yyacTMeM  TpPEXBAJCHTHBIX  JIBYX- W
TPEXKOOPIMHUPOBAHHBIX aTOMOB (Qocdopa. Crpykrypa Ttuma (A) sBisiercs
IpUMEpPOM O0pa30BaHUS KIACCUYECKUM KOMIUIEKCA, B KOTOPOM KaKIbI aToMm
Maprafiia SBJISEeTCS OJIHOBAICHTHBIM UAMATHUTHBIM, OJHA W3 CBSI3€H MeTayul-
JMTaH]T SBISIETCS MMPOCTON KOBAJICHTHOM CBSI3bI0, @ BTOPAs IOHOPHO-AKIIETITOPHOM.
Bmecte ¢ Tem, Tompko B cTpykrype (B) Kakaplii atrom MapraHiia sIBJISCTCSI
JBYXBAJICHTHBIM C 3JIEKTPOHHOH KoHdurypammeii d® ¥ MOXeT OBITh HMETh
HECIapeHHBIC 3JICKTPOHBI. boJiee TOro, B ciy4yae peanu3anuu CTpykTypsl Tuna (B)
JUTMHBI CBsI3€d IEHTPAIBHOTO MIECTUWICHHOTO KOJbIa, 00pa30BaHHOTO aTOMaMHU
Mmaprania u pochopa, T0KHBI OBITH YCPETHEHBI.

YroObl ompenenuTh, Kakas U3 rpaHu4HbIX CTPYKTYp (A wim B) Hambonee
TIOJTHO OTPaXKaeT CTPOCHUE OUSICPHBIX KOMILJIEKCOB, PACCMOTPHUM 0o0Jiee IeTAIEHO
JaHHBIE PEHTTEHOCTPYKTYPHOrO aHaim3a KomiuiekcoB Mmapradia (3b,c,h), u B
JaCTHOCTH, BaJICHTHBIC YTJIbI Y aTOMOB (pocopa, KOTOphIE SBISIFOTCS OTPAKCHUEM
KOOPAMHAIIMOHHOTO 4ucia atroMoB ¢ocdopa. [Ipu 3ToM i TpexXBaJeHTHOTO
IBYXKOOpAMHUPOBaHHOrO atoma dochopa (A°0°) cymMma BaleHTHBIX YIJOB
nomkHa coctaBmath 36(°, B TO BpemMs Kak JUIS  TPEXBAJICHTHOTO
Tpexkoopauuuposannoro (A\’c’) — 270-330.

CymMma BaJIGHTHBIX YIJIOB y aToMOB (ochopa OHsIepHBIX KOMILIEKCOB
mapranna (3b,c,h) mpencrasnena B rabmmie 1.

Kak cremyer u3 mpeiCTaBICHHBIX NaHHBIX, CyMMa BaJCHTHBIX YIJIOB Y
Kaxaoro atoma dochopa mpuMepHO oJAMHAKOBa U cocTaBisieT ~ 343. TeM cambIM,

BKIaa CTpykTyphl (B), comepikamieir TpexBasieHTHBIE aTOMBbI (ocdopa, sBIsSETCS
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MaKCHUMaJIbHBIM. B COOTBETCTBUM C 9THUM, KEDKIH:-II\/'I 4TOM MapraHna AOJIKCH OBITH

ABYXBAJICHTHBIM U COOTBECTCTBCHHO ITapaMarHMTHBIM.

Ta6muna 1 Cymma Banentrsix yrios (*) y atoMoB Gocdopa B GHsIepHBIX
komiutekcax (3b), (3¢), (3h), conepxkammx 3,4,5vpuapun-1,2-

nudochauKIoNneHTaAueHUIHBIN JIUTaH]I.

ZyFHOB (Pl)a ° zyFHOB (Pz), °
“EPN),CP,Mn(CO
[(p-FPN):CPMN(CO) 2 342.52 343.45
(3b)
_CIPh)sC3P,Mn(CO
[(p )3C3sP.Mn(CO) 4], 344.33 343.32
(3c)
Ph.CP,Mn(CO
[PRsCaP2MN(CO).l2 343.37 339.43
(3h)
_CIPh)+CP,Cu(2.2"-bi
(p-CIPh); 3(; )( k| 24301 338.50
C

Bmecte ¢ Tem, cieayeTr OTMETHTH €IIe OJHY CTPYKTYpHYK) OCOOEHHOCTH
ousnepubix  1,2-mudochanukioneHTaiueHUAHBIX KoMimiekcoB (3) u (4) —
pacctostHus  Qocdop-bochop  Mexmay — AByMs — mapaienbHbiMu  1,2-
nudochanukIoneHTaAuEeHUIHBIMUA  KOJIBIIaMH  cOCTaBisier ~3.2 A, uro
3HAUMTETHLHO MEHBINE, YeM 3Ha4YeHHe CyMMbl BaH-mep-BaambcoBbix paamycos
atoMoB (ochopa (Ruoma pocpopa = 1.8 A). TeMm cambIM, co37aeTCS BO3MOXKHOCTD
JIOTIOJTHUTEIFHOTO TEPEKPBhIBAHUS MOJCKYISIPHBIX OpOWTajneil, 4To BemeT K
OTCYTCTBHIO HECHApEHHBIX JJICKTPOHOB Ha 1,2-1ridochanukioneHTaAueHITHOM
KOJIBIIE.

Takum oOpazoM, MO pe3yiabTaTaM MPOBEAEHHBIX HAMH MAarHUTO-
CTPYKTYpPHBIX KOppesiui (aHaivM3a 3aBUCUMOCTH MArHUTHBIX CBOWCTB OT
ctpoeHus 1,2-tudocharmKkioneHTaIueHUAHBIX OUSICPHBIX KOMILJIEKCOB), OBLIO
YCTAaHOBJICHO, 4YTO peaju3amusi MOCTHKOBOTO THIa KoopauHaruu 1,2-

nudochanukIoneHTaAUSHUTHOTO  JUraHga B OMAJIEPHBIX  KOMILJIEKCaX
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NEPEXOAHBIX METALIOB SBISIETCS KIIOYEBBIM  (DAKTOPOM MPUBOIAINIUM K
BO3HMKHOBEHUIO TIEPEHOCA 3apsiia THMA METAUI-INTaH] C OJHOBPEMEHHOU
peanuzaiueld OOMEHHBIX B3auMMOJACHCTBUM. [Ipu 3TOM aMIuIMTya peain3yeMbIX
B3auMoeicTBuil Hanbosee 3(Hh(PEeKTUBHO KOHTPOIUPYETCS IPUPOION 3aMECTUTENS
HaxoJAIIErocss B Iapa-TIOJIOKEHWH apeHoBoro kojela 3,4,59puapwi-1,2-
nuochanukIoneHTagueHuIHOro auranaa. Kpome toro, Ha MarHuTHbIE CBOMCTBA
owsinepubix  1,2-1udochanuKIONCHTAANCHUIHBIX ~ KOMIUIEKCOB — MEPEXOTHBIX
METaJVIOB  CYUIECTBEHHOE BIIMSAHME OKa3blBa€T M NPHUPOJAA  CO-JIUT'AHJIOB
HaxXOJAIUXCS Yy aroMOB MeTaia. Takum oOpa3oM, KOMOWHHpYS B OJHOU
MOJICKYJIE  aKIENTOPHBIE  TPYIIBI B apeHOBBIX  3amecturensx  1,2-
nudochauKIONeHTaJuEHUHOTO JIUTaHa ¢ JIOHOPHBIMU CO-JIMTAHIAAMU MOXHO

7 (HEKTUBHO HACTpaWBaTh MATHUTHBIC CBOMCTBA CUHTE3UPYEMBIX KOMILICKCOB.
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3AKJIIOYEHHE.

Taxum 006pa3omM, HaMH OBLITN BBITIOJIHEHBI Bce PaOOTHI, 3asIBJICHHBIE B paMKax
TPEThETO ATara TOCKOHTpakTa. Pa3paboTaHbl METOAMKHU MPUTOTOBIECHUSI 00pa3IoB
B HMHEPTHOM atmocdepe, I  HU3MEPEHHUS  CTATHUECKOW  MarHUTHOU
BOCIIPUUMYHMBOCTH M TIPOBEICHUS HCCIICAOBAHUN ¢ UCTIONIb30BaHUEM MeTona DIIP
CIIEKTPOCKOIIMKM HA IpPUMeEpe CICAYIOLMX KOMIUIeKcoB: Ouc[u,n'n™-3,4,51pu-
mema-autpodenmi-1,2-tudochanukiIoneHTaueHU T TeTpakapOOHIT MapraHial;
ouc[p,n"m'-3,4,51pu-napa-propbenun-1,2-1ubochannKIoneHTa THSHHL
TeTpakapOOHUI Maprasiaj; ouc[u . n*-3,4,51pu-napa-xnopdennn-1,2-
nudochaNKIONeHTaTHeHH TeTpakapOoHmn Mapranma); ouc[u,n'm'-3,4,51pu-
mema-xnoppennn-1,2-nubochanmkioneHTaueHU] TeTpakapOOHUI Maprasual;
ouc[u ' :n'™-3,4,51pu-opmo-xnopdennn-1,2-1udocharmKIoneHTaHeHI T
TeTpakapOOHMII Maprasial; ouc[p,n'm'-3,4,51pu-napa-ronun-1,2-
nudochanHKIONeHTaIHeH: | TeTpa-Kapboumn Mapraumna); ouc[pn'n'-3,4,51pu-
napa-metokcudenun-1,2-mudocda-nuknoneHTagneHUI TeTpaKapOOHUIT
Maprasial; ouc[p,n"n'-3,4,51pu-uema-uaurpobennn-1,2-
nudocdarnuknonentaguenns 2,2 -ounupuaus meau]; ouc[u,n m'-3,4,54pu-napa-
bropbenmi-1,2-mudochanuxioneHTaIueHU/T 2,2 OUnupuanH MeIH];
ouc[p,n"m'-3,4,51pu-napa-xnopbenun-1,2-tudocda-ruknonenraguenny 2,2 -
ounMpuInH MeIH]; ouc[un':n'™-3,4,51pu-uema-xaop-penun-1,2-
nudochauKIONEHTAANEHN 2,2 -OUNMUPUANH  MEIH]; 6I/Ic[u,n11n1—3,4,5-"rp1/1—
opmo-xnopbennn-1,2-tudochanuknonenraaueHus 2,2 OUNUPUANH  MEIH];
ouc[u ,nl:n1-3 ,4,53pu-napa-roman-1,2-tudocdanukio-rmeHTaHeHAT 2,2-
OMIUPUINH MeIH]; ouc[u,n"m'-3,4,51pu-napa-meroxcu-perni-1,2-
nudochanukioneHraauenns 2,2 -ounupuaud  menu]. IIpoBeneHsl H3MepEHHs
MArHMUTHON BOCIPUUMYHMBOCTH B IMIUPOKOM HHTepBasie Temueparyp (4-30K) mis
caeayronmx  Ousanepubix  1,2-mudocdanukioneHTaAMeHUIHBIX — KOMIUIEKCOB
epPEXOIHBIX METaJJIOB: ouc[p,n"m*-3,4,55pu-nema-aurpodenni-1,2-
nudochanHKIONeHTaIHeHn ] TeTpakapoounn Maprauma); ouc[in'n'-3,4,51pu-

napa-prophennn-1,2-mudochanukiioneHTaIueHU ] TETPAKapOOHWUIT MapraHial;
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ouc[u ' :n'-3,4,51pu-napa-xnopdenun-1,2mudochannKIoneHTa JUCHIT
TeTpakapOOHUI Maprasiaj; ouc[u,n"n'-3,4,51pu-nema-xnopdenun-1,2-
nudochanHKIONeHTaIHeHn ] TeTpakapoounn Maprauma); ouc[in'n'-3,4,51pu-
opmo-xnopdpeHmi-1,2-mudochanukiIoneHTaAuCHUT TeTpakapOOHWI MapraHial;
ouc[p ,nl:n1—3 4,51pu-napa-ronun-1,2-nudocdanuxioneHTaIueHu,I
TerpakapGoHmT  Mapramma);  ouc[p,n'n’-3,4,51pu-napa-meroxcudenun-1,2-
nudochaNKIONeHTaTHeHH TeTpakapOoHmn Mapranma); ouc[u,n'm'-3,4,51pu-
mema-autpodenun-1,2-mudochaimiioneHraiuenun 2,2 OUNUPUANH — MEIH];
ouc[u ' :n'™-3,4,51pu-napa-propbennn-1,2-mdbochanukionenraguenny 2,2 -
OUNMUPUANH Menu|; ouc[u,n'n*-3,4,54pu-napa-xnopdennn-1,2-
nudochauKIONeHTAANEHN 2,2 OUNMUPUANH  MEIu]; 6I/Ic[u,n11n1—3,4,5-"rp1/1—
mema-xnoppennn-1,2-mubochanukaoneHragueHu 2,2 -OUNUPUAMH — MEIH];
ouc[p,n"m'-3,4,51pu-opmo-xnopdennn-1,2-mudocharmknonenraguenny 2,2
OMITUPHUINH Meau]; 6uc[p,n"m*-3,4,51pu-napa-ronun-1,2-
mudocdaruknonentaguenns 2,2 -ounupuans meau]; ouc[u,n m'-3,4,54pu-napa-
meTtokcupenun-1,2-mudochanuinonenraguennn 2,2 -ounupuaua  meau].  Ilo
pe3ynbTaTaM  HUCCIAEAOBAHHWS TMPOBEACHHOTO B paMKax TPEThEro  HdTara
TOCKOHTPAKTa MOXKHO CJIeNIaTh BBIBOJ], YTO HAMOOJbIIee BIMSIHUE HA PEeaTU3allnio
NepeHoca 3apsjaa C METaUl-JIMraHj OKa3blBalOT AKIETITOPHbIE T'PYIIBI B Tapa-

MOJIO’KEHUHU apEeHOBBIX ()ParMEeHTOB, TaKKue Kak PTOp, XJIOp U T.1..
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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
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+ 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
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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),
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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
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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.
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'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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