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BBEIAEHUE

B coBpewmamBHmipoBOITOpPOTHAS TeMaTHKa
HauoO6omee nepcmeKTHBHBX u MHTEpECHBH X
TeTparuapob6opatre (TIBb) me J09YHBX U 1€
HaXOoOOsIT MUPOK@AINPPHGSEBEG@MHEC U NOITYydUeHU.
KaudyecTSBEe 3 ddpe x THUBHBIX BOCCTAaHAaBIMUB aIlol
HEeOoOprasHunumdecKOTH X U,M O H U KpoDM®OTCHOTDE P (
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1€ T KOHCTpPYHUPOBATH boTONTHWMUHE
OPpPOUBBWMWEGMXpPAaTOB, CUOPCOHHEIYECCKUMHU Kart
HCTHONHh3yWTCSAI AASI CO3TaHUSI HUOHHBX XHIK

CnocoOHOCTB K BHEIAPEHHUI T ©OODYEOIDB I
BO3MOJXHOCT®B MCMTONAHh3 0BAaHUSH MOJNUD AP HUY
OPOU3ZBOJAHBX B KaTaJlUGHHARKEKKGUXITRUKEITE MA I

2-
[BH] " Ha x og s T nODpmMe HOCMHOWIEO I' U 94 € C KIOITI 3 T @ & H

Be€IecTB, oO0nagawmux BUAMBHAPHOQT HIBIMNY H O T
qgeno)3.xa
OnguHacxko X UMHU A HHU3 U X C oe¢ Km3m-@ aiprdaiT oCe

TpaaUIUOHHDO S BJISKTC S 0 0 ke Toal M1 We HPHOBITMPU U O

o
T

u oBaHg] [3 a cuerT CBOEIW TabAaAHEHEM@HAT C B P YHI
OOpPOBOIXTOpPODHBHX COCEITHUMHEHHUHN MNmMpPOMEIXKYTOHU
KOMOITE KCHBMHU THUIApPpUITANMEBTPODHAIP ®O oupaacTrH
[BH,], M monu»daApudecku B ]”qro=pbo-sl @ 1) q p ocmoauner
cebOe Haunbdome e «APpPKUE» Mu Mupieckx.e Idm

T pC€yT T OJIbCHOAMIC TApHIWIO H a Io0O3BOITACT paccCc Mc«



«KCTPOHUTENbHBUW MaTepHmadT» xJIsA mnmounylfkMeHHdu:
8].

Taxum o Opeay3bOKM , 1 A HHO i€ T pma o pE3 pabdborT
METO/IOB COWHEE3 a KOMIOIEKC CHBX CO€ HUHEC
OPOMU3BOAHBX OKTamRmmpbBikkp. f0opaTtHOT O

JqJnsa noTocCTHUXEeHHUSIS Nenu paobdbaompmame o0 X o1

lL.onTuMuMaeITWY UK CHHTE3a COJIJEWNU OKTAaATrHu
2.BBISI BI EBMMETMO KXKHOCTH ucimoa BiHg BBa H @ # H TacH

KOOpPIHWMHAaMMUOHHEX COECEITHUHECHUH

B.ompengnenleHne YCITOBHUU MNMpPpOTEEKaHHUST pea

a HuoBihy. [

HayuyHnasa pabpnysia

3adbukcompomApHAa 3 OB AMHEMBEKECP S X0 TJHBX, BME T
KOTOoOpPPpmO HUu xkemHamiKe p {40y p0%Cka s mogdg] f Bx o 1 u T ¢
BO BHYTPpE®EHIhIpW mxopeapBemeamrmmp y IO X P dHC X @ A
cTabunuszanmus Ja HHBX KOMIOJI@RAQ@@B P J CRI C
raaloreH” OB Me T auagHgBm pa xomeRnaomMoOW Br
OPUBOIAIUT K JOT€eCTpPyKHUU OOPHOTO OCTOBaA

MetTonom cilMRPTpoohampyxe HO, 4T O 3 aM
Bongopmwaamuneo[BsHg] mpoumc xmeagum™me XaHU3 MYy -3¢
MHAIYUHUPOBAHHOTO HYKIEO(PUIHBLHOTO 3 aMeIIe

YVetrTanoBune HO, sHf BooT caygmoo™B Y e B y1 Kk Jm & ¢i ¢ m I
snekTpodunoB obO6bpaszyer HBHFZpmoBmREHOOWG®E
NOJOJBEpPrartcthscCH4 JalbHCECE AWMBEPU KPEAREEBE@EHHNUHY
peaKIiuoHHYH I ocApBeeapyr a T b C C«CHMMETDpPHTHO
oObpa3zoBaHHEM 3aMeIMe  HHBX MNpPOU3BOTHBX T

[Toxkas3zaHO,H UYWATCONI OM b 3 OB A HHUHU B €EpMCl ¢ T B
(M=Ti, Zr) obpaszyerTcs npowu3BoO AM BgHs2BH3zk u o ©

CTaobwumau3 WIPBOYRWASIHT FROTET O I € HT P a MU .



MIpakTunueckasa BamapamMoTarsba ¥ ONDTHUMUS3
MOJYY€HUSH c o mldgli akmwuroowasl i [ Bro xe T O BIT b
CTPOUTENbHBHBGPRAX MOEPOBOJTOPOTOB, K a K
OIS NOJNIYydYeHHUSI MNOpPEeKYpPCOpPOB OOpPHUIOB ME:”
O1I1s BOJOPOITHOMWU HDHEPTrETHUKH

PaszpadboTtTan wMeTon omnp s H oBsHg|ush sp accotaseop
npu MNOMOHMH®CECIECKTHBHBHX 1€ KTp o aozHg. o C
Pas3zpabOOoTans HOBBE COCTaBBH MeMOpaH Ha
ITacCTUPUUUDPDOBRHEEMAPOME HUITOKTHUIOBBHBM 3
MOHOCCECIICKTHUBHBX ODIeKTpoggHgB, o0oOpaTuMBH X

Co3maHB MEeTO®aMC CAHTBR anpou 3 blgd aNe,brx
O, S,Pconepxanmyukmme o G u 1 a MU H a OCHOBE- D€
MHAOYyUHUPYEMOTro HYKIeodPUIBHOT O 3 aMelle HE
TeTpabopamna(l0).

Ha 3 amuTy BBHOCHATCSH CcJeAYyWMHUEe MmMOJO
lMeToagmmokmiay 4 e Hu 1 CoOlNed OoOKTarumapoTpuoéop
2Cnoco0OB MONydYeHHUS KOOPAHUHAINMUOHHBX CO
yuacTuemM sdglimona [ B
3 Peaxuuum 3 amMene HUSS, KoOHIZe HCanumusHg|.mecT

Ju 9 HBH EKH/MAK ABr e f 8,0 OF I @B € KW a BT O P
COCTOSJI B ydYacTuUH B o0oOme#N MHmMOCTAaHOBEKE
Hamopa B J eHHaUBECMe) X, PKCHOHEepHUuMEe HT all b HBX "
uccianenm®pPpbHBEOAEHUMU, aHaITU3 € MU HUHTEpPpHODET

Anpodanua . hbadyrmpadGeTskn 1 6 Tpe ACTaBI
Me KJY Ha pdopJIOHCEC Xu ikcokHupxe p ¢ X nintesinationalconferenceof
young scientistson chemistry «Mendeleev— 2015, Callexkrre p 6y plr,

Bc e p o cacaumifocnko mEMHK @-K 0O Hpe pedaVimIne X u CUHT
KoMniaiekcooGQPesosdawn YyHUBEpCHEMeax Bia
2016 VI, VII, IX, X u Kolnbepeunuwumu MO JOJdBIX y 4ue
He oprT aHnuwuye MAOHIKX xPWeHe w2036 2017, 2019, 2



XX;,XXIMe angeneeBemogGimamp i K 1 ax MEIMeGHIK a T € p 1 H 0 )
2016; Ca v-He 1 e p, 63009+ 27th International Chugaev Conference

on Coordination Chemistry and 4th ConferenceSchool for Young Researchers
«PhysicochemicaMethodsin CoordinationChemistrys Nizhny Novgorod 2017

The RussianNational Clusterof Conferencesn InorganicChemistry«inorgChem
201 &wp 7 paRAGXVII Me xnyaaHormaessBsckas KoHCO
KOOPAMWMHAaINUOHHOMU XHUMHUHU, Tyamnce, 2021.

JocToOBepHOCTDHB Ppe3qQ0ichbCrMErwmBB APpeandcoaTabB a

panaa BBCOKOTOUYHBIX, B 3 a ¥FXM OMM O IE OC JK HA SIX IO 111 M
aHamluwsa, TaKHMUX K a KC IMYKITHPTONC AK0 eNaima, p olKM B
»nemMe HT Hbo i CHNS al@GPaMS) , ( PCAP WA n1p . , a

HENpPOTHUBOpPEUYHUBAaSI HUHTEpHpeTaumusd MOITYHUYE
IIy 6 1 u k aQicuHMO. B H BI € MaTepuandTb JTHUCCBE8PTa
CTAaTB AS®TE Y€ CTBEHHBHX U 3apyo6e xHBXDOU Xy p
PEKOMEHAYEC MBI MECGPIHNANMBOHHBX COBETax
maTeEeHT e P® wu 13 TE€3 HucCax T OKJOdamJoB H
BCEpPOKKMIUKAayUdHBX KOHGDepeHIDHUSIX.
CtrpykTtTypa u oblpe mc pa®oa mmanio xpe &d o THa
CTpaHUIIMa IMHONUGHOX ©pIBrETaiay HK o B, OH2a2
COCTOHUT HM3 BBEAECHUS I, o030pa nTurtepartyr
obcyxXneHuUusS ,peBYEPMTOBBOB CIHNHUCKa U CI,O0MIb

BKAwYawmBelr ®udbnumorpadmy aiqprmylo Ke HHMK Y



I TABIA. JUTEPATYPHBIM OB3 OP
OxktTarmapoTrTpubopaBigii s Bamsaoas [ YHUI
npeagcraBuTeneM OOPOBOXZOPOAHOMHN XUMHUHU,
MHTEpPeECHHBHE u BBJEJS IOMUE C A XUMHUYECKIHE

rUugpuxoB OGopa u Bocmux no BIAnsGelR)e ¢ x u x

Peaxnuounuayw cnocl[Bblgiciacm o awpamausBa

Ha3 bhBaec MBMIB I MU OOpP®»WBOXIOBpPOJAHAMK T HOC
TeTparuapooOopartBHgw™m aaunpH s pBsHg] amuo wkoe Hr
BBEHCTYymDarTh B KadecTRBEe BHYyTpucGepHOT

CoOeTJUuHEHUuUAIX nepeoexpianzpyxiV-dbeBrsa nmom Kk 0 B
OT Toro MH) REm®EBRX [KOMOXEeKCa@MPOoOBHEIMTH
0 H U TpwAOBHITA X H

[floMuMO mpUMEHEHHUSA B KOOpPIMUHAaINMMUOHIEHDO
a HUOH cnmoco0eH BCTymnarthb B peacxiIuig
ykiaeodduinb Ho rENSgnaomie ugeeniiucar B(m e M p a3 T U 9H
CPOAHU RIBBE-AIMMO B O T OPOJgaAaM. bnaromapsg c¢B
HuoBgHgl [Mo ke T npeobdOpa3 oBBBAaTSHLC A4 npu i
KOHJIEHCAaIMUMU B p a3 HO OO pHaa3uHdbHea s O 00OpTO B OI

T

(¢]

Tpa@dpPaduna 3axkanuunsas BbecmuMu BHg T uo ;

(n=6-12).

1.1 MeToOoaABb NOMDKITAHME POOpaid oparToB

K HaCTOSSTIIEe MY 3 BBEPCCTMEEOH M T O C T a T O 4 H O 0 ¢
CmHOoCO0OOB MmMOAydYEeHHSI CONTEH ¢ OKTAaAaTHUIP O
npeuMMyIme CTBEHHO Ha o0O0Opa3o0B8BaHM®ABHs nu u
JaalbHeEHWUIONEeM €T 0 B3aumMongeincTtBuu ¢ BHgJomo.
[BF], [BH4]) . [IlpennmnoxeHHB TakKXe cmDocoOHB, 3a
OopoBonaeampmomomwa bopan(14), TeTpabopamn/(]
ypaBHJHIOE M
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[B1gH14] + 2(CHs).S ((CoH5)2S)[B1gH12] + H2

((CHs)zS)[B1oH12 + CHOH T2 (CH),S[BoH14] + Hz (C:Hs),S + (CHO)B
C,HsOH
(CoHs)2S[BoH1g] + (CHg)aNOH  “———{(CHg)4N[BoHJ] + (C:Hs)-S + HO

CH,0OH
(CH3)4N[BgH1,] + 18CHOH — (CH3)sN[B3Hg] + 6(CHO)3B + 11H,

OyeBUTHO, Y TOO0O pAP W IOPTO®M Ma JI bl e Oopart
Takmae BH)[[B.Hs] w T . 1. OrMeTHM, YTO BCEC Yy
comew, COoOaepkalu X OKTaruapotrTpubopa
TOKCHUUYHOCTDBIW, B3 PHBBOOMAaCHOXO/bHOB X BME I

Hambomee ymoOHBM cumocoBsbgh mnmoonyma m
MHEHH I, sBansAsceTCSBHF cemammopmidiorBEGHUT,eae
HoxnomMBmunepBoboicec [dlfmcaHHOE B

2Na[BH,] + I, — [H3] + H, + 2Nal

3Na[BH] + 1, —2——"5 Na[BsHg] + 2H, + 2Nal
100°C
BuyNI

BU4N[83H8] + Nal

B nmawmwmnoisitx@maes yetTc@u 1u 60 @mBidg] § a
cueT B3aumMonciHB)cBms OmMMOOPmam@ TpParuapo
OnHaKoO NpHOCIYMHAO HB M8 peaKINUOHHOMU Macce
(BusN)[B3Hg].

B nabopaTopuum XUMHUH JETr KHUX DJIEMEH:
H. C. KypuHnakoBsa pa3pabdboTaHno I B a T
okTaruaportTpubo6Gol[pl3ulle p® wraé m mmoomas o T U pac
pan OpraHMHYE€CKHX I a J OB € KK I JH ®OKK,TH BC CIE Wi Tl & X
TeTparugpobop £HiCH,Elon-CadgBm arl)sCC{, C1oH,CHLCI,
CHyl, CHClzmw 1. 1. ) , U yR8mTuYuUTB BBHBXOJHBH

2R-Hal + 3Na[BH] Na[Bs;Hg] + 2NaHal + H + 2R-H,

OUT I H

100°C



Bropwadingx[d2f 3 a KT OYBAMICCTHO 1 b 3 O BABHEMAA T ® B J O

(CuCl, Cul,
OKHUCIHUTEIECHu
NI OBUBINEC HHU IO

METOJIHUKAaAMU .

MHaly, + 1,5xNaBH

B BIX O IO a

SnCh, CrCl;, PbF, PbCL, PbBn, Pbh, BIiCl;) B kadecTHB

) 9T O OKa3all OoCb H C MC HCC

I[I€0JI €CBPOAr BOH €IHPUOKI YCK TR a H

OUT I W

100°C 0,5xNaBHg + M(T_) + XHg(r_) + XNaHalT_)

Ha

OCHOBaadH HXMU MKUBI&®CH TKOMBXO p a C 4 ¢ T OB

mp e

MC XAaHHUI3 M

aCTODb M€ X

oOpa3zoBaHUSH

a HHU 3 Ma

OCHOBAaAHa

okTaruflgy.Knpmue e p a

Ha nBdoamazxm.ur

TeTpansagpwoice pa/RmmeEd HkHobe T 1 ¢ K cRBIBHH(Rp aH, NH,,

THF, NHz) mo 1 y

CBSJg®BTHO O BI

T BBCTYIAaTF»b

3aMCECCTHUTDH

OCHOBAHMNIA .

Oomlee

H"’BH:;
H3B)—THF T
Nes

B , Kamemmanp«BHly k 1

canabdboe OCHORB

H,B—THF B
HHO /P
\B//H ?2 HgB\H
’ -
(THF H\B/H THF
/ \I )
H P\H/B H
H H H H.B—H
N H AN
H—Bw, reflux BH,
LR H - /
e BH, H,B—H

Puych ddkllpe nmonaraeMb il

\\ +
H
- HB. BH,

\H/

P

Me X aHHU33Mg| [a4.p a3 o



Cxema punconxTBepxageHa CUHATETOPEMBDR &
oO0pas3xymwmumpu B3 a NaBblymdHFBH;porrun e 1 » HBIe w3
aBToOfpfddwmnanochb CHHTE3HUPOBATSH IeJJeCHAaTNIPp:
peaxKImuu. Tak, H a nepBhblidi (praagui ) 00 Ka
TanbHeHWmeMmM B3aumoge iHEBHsy ¢ 0 0 ma 3yyaa0 el «

nepexongHnoeBtgcToasunume |

THF - BH 3D,

,/\n B.H- D
N

T T T

15 5 0 -10 -20

T T T T T T T T T

30 40 50 60 70
poM

PI/IyCHOK—]ﬁB A MP CmeKXKTPp bl MOHUTODPHUHT a p

THFBD; u LiBH,; B THF:. a) npuC 580 TedueHUE 1

kunsueHauu B (b);e ué;ueo(d); 2uB8(@u ul (f0 u

[14].

Ha cnme ny omeByHg opraasmiea r p ¢eBHg su  Hiau 6 p p a H
ABTOpPSHB HOJACYHUTAaAIU, 4T0 MocCTHUKOBBME 108 T
YaCTHUHYHO MNMOJOXHMTEIIbHBHNW 3 apsa BHy -ac tkpoonrioe

OTpHUHIODAaTTCIIDb H BI, T a K Inmpu n X BSaHMOJICfICT

10



BBOCJTCHC BOOopeda™u:siu K(X)ﬁ-llfﬁaqHOFO O KT a

a HHU OH a .

(v}

1.2 CtrpoeHnune M cmnekTpabBgHglabrie cBOdWCT

AHuoBiHgl[u MmeeT dbopMy paBHOOEAPEHHOTO
6opa B BepmmHax (pwuc. 3), KaXJIBW U3
BOoOgoOpoagamMs ei@pia MIlBB YT p€ YT O J b HMAOKCAT HPKAOTBOBM A C

BoOgopoaga, coOpPpaAMNYWMAOBELEE CBEPB U ¢ aToMa

H21

H12

P uych 8k Ct poecNaBsdg] , monydveununodlblMme T onmxo:

Taxkoe cTpoeBiHglgy crmmaosanieceio 1om PCA MO HO:
c o e a1 u HNe[BgMsgli { (NH3),BHy} [BsHg] [16], NH4[B3Hg] [17],m 0o 1 T B e p %) 1
METOXAOM PpPeHTreHOBCKOHN ¢orT oBESCAmTHIPHH H O
o a1 €9B3Hg] EUN)[BsHg] [17]. Am m H Bl CcB A3 e B aHHUOHEC

JTaHHBE NOTNpHUBEeTEeHHB B Tabouag. 1.

11



Onuacxo BCIEACTBHE NOJBUXHOCTHU arT
npumucaTb Takoe XagHgl®T ppoaccarmeo pa 8] 0Asyrao [p
OCyme CcCTBIAEHAa MOMNDBTK a npeﬂcxasaliBIﬂMPCTI
CHEKTpPOCKONVMWHWR:ONROIAEBAKDBI G Hal ¢ MY JIbT
nmnapaMeTQpOoOM pacme nineHHH 32 I'o (mo o>
OCHOBAaHHUMU OIT M/ NOATHDEBEXYHW U € C Dgyme st pamu o

[BsHgJB pacTtBOpe, Korjmga BCeE€ aTOMB Oopa 1

Taonuuapdln dH B c13;13el71-HlH,llBIHIM}R@:HMJKTpOCKO
[15,18]

AnuHabB CBA3EH UK {cw™m AMP (M.
B-H «oud BH woc| B-B B-H B-HB | H "B
1.08 0.76 1.794(4) | 2468.82 | 2119.83| 0.2 -30.4
1.820(5) | 2421.66 | 207581
2358.78
2321.05
TpeyroabHBHA OCTOB HU3 aToOMOB Oo0opa, H a
MOCTHKO B Bl X aTOMa —B O/ OKPaOIJA0 UM C T 8 p O H Bl
TpeyroanbrHuka (puc. 4) .

12



Puych ddxllpenmomaraemMmoce cagpm emparce[i8hapo H

Hona xe I TakKoHMm CprKTyUIBL]HMcPHOCMIHeOKTp
CAIMHCTBEHHBM CHUHTHAaAaATOM O0e3 TWPHUCYTCTBH S
B nocnepgyomux poaM @eaoibl a caxiBMl MP
CcCmeKTPpax ByHg|u onmoan x e[H I p U C YT TCBUOTBHAAT b
MYy JThTHINIIEC TDHTOOCHTTHGR RIIJe MO S € TC S Ha B,I@X0 a

nemnaegoMb O0o0pa 95 K(BpuMBCA.J €5HAT)H.BI M H

13



a J b } V\&

15 20 25 -30 -35 -40 ppm 3 5 1 0 12 ppm
Puyct &x B( a JH(® S MP ¢ NafBgHg pGD:CN(G1 . 94 [18]. 1.

Jubcmpe IWMAXMEe XaHU3M BHYTPHUMOIJIECKYISApPH
OpUBEEHHSBH H a puc. IOp 0 U X 1o J a cr H BHsp ra aimn
T PYHHB KOHIICB BIC AaTOMB BOJAOpPpOTXA MEHSI’
nepeMema sSs®CBOCKOCTHU BCETroO aHHUOHSaa.
[Ilpencka3zaHHBH BUJAg cHOHekTpa [IWWeicwurmn
np# 0.4 WBIAMP mnexkTpe HUMeeT MYIbTHELIECT
Kpowme ToH JIMP B conekTpe NaBeHal u 1 biHy[Bklg]
npucyrcrtrByeT c¢curvwaan npu 0.2 M. x.., K O
U OTHOCHTCS K CBOOOAHOMY OKTOruagporTyperw
[l ntnopuHUMaITHUCH nounsTtTku PuPRCu[Bsklgh u sm
TI[BsHs] mMe T AMBM npu mnouunxe HHIRR.TRa&N I Bp acTI
(PhsP),Cu[B3Hs] np® C wHaOnwmraerTcs pacimenigeH:I

ONpUuHAaAaDITC XKaImeTr o aToMaM BOIXODpOaZa B O KT a
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jaliel

H

Puych ®xllpenmonoxXxurtenbHBHA MEeXaHHU3M BH

BOJOpOQEMWEema B ¢ B o OBeHg|Hl®lM awmHwumoHE

XOTSd CKOpPpEXT®BCGIETAaMH,0 C Hanauuuewm BgHglokp 1 u

aTOMY MC OIH, a H C C 3 aMCIOICHHNCM BHYTD

AM\W
<\
N

P nycH FreHIMP ¢ nceokeTapu HRP ) BsHs] B 3aBHCHUMO
Tewmune p[20}.y p B

(puc.

—37Q Hz—
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Takxkum oOpaszowm, aToOMB Oopa ¥ BcCe art
[BsHg] s B I st 10T € o BBHPOXJIE HHBMHU B pacTB

BHYTPHUMOIEKYISAPHBM BOJIXIOPOAHBM O0O0MEHON)

1.3 KoopaumHauumoHHBIE coeauunBiHda, umc

CmHOoOCOO0OB MX HNOJYYeEe HHUH

N3 Be loB®IbHO ©OO0IJ5b IKOE P KIGJHIA YLD TG X H
C yd4acTHEM OKTarumuapoTpub6bopartHOBg] amn
OPOOYKTHUBHEE HacbBmMaeT KOOPAHUHAUUOHHY
cueT CBOEro paiszMepa M TeoOMETpPHUHU B OT
aHWOHAa, C 03 1 aB a sH,bl ec BuddekksMeiHBo 1 a , XemarT

AnunoBsHgl[cmocoOeH KOOPAUHHUPOBATEHC A

cmoco0akMauk yRERHG aHS8 . Ha

e M
a 0 B @B
¢« H
Puycn 8kCnoco0ObB KOOpPpIHMHAaNUU OKTATHUILP C
a,—00MageHT A-TTHPMN;c HAL a T H a 4
Hauobonee pacnpocTpaHeHHEBM ABJISAETC

aTOMB Boaopyxaa Heix aT 2623 Oonpgau M1 U 3

nNpeacTrTaBUTEdEH CoOeTuHEeHUTH C 106a OHPHAO THH OKI

a HHOHa S BIJISIKTC A r et e p oGQUPRhY,Bkgle (24] mnit K
16



romoutentT uBe@Hgom 5] [ HAn s H U X METOIOM

CTPYKT YIPPbH B € APSHHCH.BI €9 :H a

AR
/ ' cu-“-/\ \ —s\f-’:‘{‘@\‘ #
(CEH5> P /\“‘*{\ v { ‘%%
L \J‘/b W .
®
a) 0)

P HYyCH dxCrT p o CGIJ(IPE[’&)ZagHg] (a |)24] u [Be(BgHg)z] (6 125]

Cor nmancanHoH I M, aBIGIABHg] Kk oo pauHUDpYyeTC 4

0

MCTalllly TCPpPMMHUHAQIDb HBMHU aToOoOMaMHu BOIagoOpO®o

MOCTHUKOBHWEH-B,BIpHu »ToM oO0Omas T eoMETSD PHs:

oOcTaeTcs HEU3 MEHHOH. JaHHBWU THUOD KOOTP

KOMOJCKCO & HBD ®dITepHY & H26-81]

ITo naunHpane MKpockonwuuwu, npu

HaOnmwagaerTc4d C M€ IE HHU E B oO6OmTacrTh 0O 0IIObh

M

H3 MC HCHHMHC (bOpMI)I IIoJ1xqo0¢c¢ BaJdcC€ HT H bI X K O JI €

BoOagoOpOd, noaxroca BadeHWMHwxBshbBinp & R AU Ue ¢

H € H3 MCHACTTC . B OONBPIMUHCTBE KOMIIICK

KoneOaunuin MocMIHBomkit noomsas mMmmaude mepekKo?yp

BaldeHTHBX KoneOaunuBrH-Boctaa@roBadiicrwdmmxme

cocenumHgGaBiHgMm b1 HaOnmowmgaeM nHmomoch BHmpemTts

2563 u R49loenoma HpmuHBEATCcT MK BameHTE

MOCTHUEKOB BitH-Bcws,s1 3 mo BCEUHUOBUITHABMPE KPP B a e

BaJe HTHB X KOoOJe § acupushd,-h-B[32k ¢ u a o1

17



Taonuilla s meiec tMlk TpoB okTarumuapoTpubdop:

CoenuHne v(B-H) v(B-H-B) | v(M-H-B)

[FECp(CO)B3sHg] | 2496, 2437, 2175

[TiCp.BsHg] 2525 2286, 2135

[V Cp-BsHg] 2517, 2467, 2131, 2082, 2044

[GaH,B3Hg] 2563, 2484 2107

[Cu(PhsP),B3Hg] 2489, 2400 2425, 2100

[Mn(CO),B3Hg] 2570,2405 1830

[Mn(CO)3B3Hg] 2575 1880

OrmMeTHuM, YT O -cmacHH peo ¢ BIMIP u u B pacT
coragtacystwTC s COJI[aCHH{[LI}MI@ETapr)HBHNé%/ﬁﬁMRdepHCIBT
KOOpPpIHMHAaNUOHHBX doenuapamprxmme TMKT aTr
aHUOH, umMeeTcs TonbKO onauuH -Xx3taf33pasrj
Taxas e KaprtTuinaHSIMPO TmERae pak af6pmsce. H 1K
T €M, YTO B pacTtBOl)€Co KBT aKr OMMITPJIO GNP CHaO HO I @ HT &
OPOUCXOIAHUT BHYTPHMOINCKYI P HBH BOJTODPOC
OIpHUHUMAa T ¥ YKUYOAHCITE UBEHI € AaTOMB BOJODPOIIHBH
MOCTHUKOBBE aTOMB BOJOpPpOIIdaA. lp pu o-90H @ x
C B cme KTpax HaOnwanaeTc s pai3aABacHHEO
CBUAETENAbCTBYET O 3aMeOAIEHHUU BHYTDPHUM
okTarumuagpoTrTpubop@pmo.M [20h @36]ln ¢ Ha OCHOB
MOJYydYe HHEBH X J1a HHBHX paccuUYuTaHHBH DHG¢PT ¥
oI puB e O cTHaHObB5]. B3
B"BSAMP cmektTpax (tTabn. 4 ) KOMIIJE K

METAaNTW®EKTATHUAPOTPHUOOpPATHSEHM AaHHWOHOM,

OPUCYTCTBYIT I B a c widrdn a B ® Bl. .01 & C TUWH T

MHTeEeHCUuUBHOEIT3 101 02 +ud owmr. 1 . C MHTETpalbH

11)[26, 30,31, 37-39].
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20° m

P uyct d@-"HAMP ¢ nGuPPH)BsHs] B 3 aBuHcuMOCT
or TewmnfBP.aTypH

Taoad-Duepruum axTuBainbBhg]mmsa Bpame

OKTAaruapoTpub66opd3BHeIX KOMMOIE K C

CoenuneHHUE AH, AS, AGk k a 1/ |
Kkana/ | kkaua/ (T,°C)
M (CO)BsHs > 16 (.t.)
M = Cr, Mo, W
[Cu((CsHsO)sP),B3Hg] 14 = 108+ 11.8 =
(-51)
[Cu((CsHs)3As)2B3Hg] 13 =+ 4 + 11. 8 +
(-48)
[Cu((CeHs)3P).B3He] 12 + 11 =+ 10. 8 =+
(-69)
TI[BsHg] < 6.5 (137)
(CHs3)aN[B3Hg] < 6.5 €137)

19



000 Hz Ug
{

-
. COlgMnB 3t \% d
| b’___/\ (CO)4R€B3H8 J \\“ |
C.

(R‘C5H5)(CO,FG53H8 _Jj

{H)(CO)3FGB3H8 k {\
\ (W”C5H5)[CO]2M083H8 \‘*/ \
“ W AL, ! ~|
¢ (w-CsHglCOLWBaHg /|
B2) B(1,3) |

Puyct dk-"BSIMP cmekTps HEeKOTODPEHX H26]lMmuae
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Ta6uxnuiland4&iBsMP

CIOCKTTDpPORB

OKTaruapoTpubo

d[B(2)],|9[B(1),| Te mme p
Coenuunenune|PacTBODp] » g7 BE@Q), °C
M. I
[Mg(BsHsg)2(EO)] (C2Ds):0 -31.7 20, 80
[Mn (CO)4B3Hs] (CH),0 | +15 | 422 | 40. «x
[Re (CO)4B:Hg] CoDs 103 | 433| xowmn
[FECpP(CO) BsHg] CsDs +3.4 | -42.0 K O MH
[FeH(CO)3B3Hq] CDCl, | +30 | 421 | xowmn
[MoCp(CO),BaHs] CeDs ¥40 | 407 | xowmn
[WCp(CO),BsH] (CD).CO | 43 | 425| xowmn
[Mn (PhP(CH,),PPh)(COXB:He] | C.DJDME | +3.8 | 406 | ko wmm
(Me;N)[Cr(CO).B3Ha] (CH),CO | 33 | -425 57 I
(Me,N)[Mo(CO),BsHs] CH:.CN | -4.6 | -43.0 5/ 1
(MesN)[W(CO)B3Hg] CH:OH | 59 | -42.6 5/ 1
[Cu(PhsP),B3Hg] CoHe 332 27 I
(BusN)[CUCIB3Hg] CDCl, | -34.5/34.8/37.0| k o M-BOL50
[RU (CoMeg)CIB3Hg) CDCl, | +0.4 | -365 29
[OsH(CO)(PPh) BsHg] CDCl, | +1.0 | -405, 23
395
[Cu(B3Hs)] CD,Cl, -7 -90, 30
[(PPh),Cu(B3Hs)] CD.Cl, -32 H/ I
[GaH,BaHg] C.D:CDs | -12.9 | -44.0 40
[WHa(PMe;)B3Hg) THF 08 | 405| xowmmu.
[Mny( 1Br)(CO)e(BaHa)] CD.Cl, | 104 | 383 | «xowmu.
[RUH(CO)(PPH),B.Hz] CD,Cl, 0.4 | 388
[(Me)AIB3Hg] CD,Cl, 14 | 414 23
[MN(CO%B3Hg] CD,Cl, 471 0

21




[Ilpononxeunume Tabn. 4

[Mg(B3zHg),] Et,O -47,1 KOMH .
[((PPh),AQg)B3sHg] CDCl; -37,9 H/ 1
[Me,lrB3Hg] CD.Cl, -32,1 KOMH .
[FEC p * (BsKk) CD.Cl, -0,5 -41,3 K OMH .
BusN[CuCIB3Hg] CDCl; -36,0 KOMH .
Y [B3Hg]s CD.Cl, -30,8 H/ 1
[ N b-CppBsHsg] CDCl, 6 -42,5 K OMH .
[Mn(CO)(dppe)BHg] CDCl; 3,0 -46,6 K O MH .
[MNn(CO)(dppm)BHg] CDCl; 1 -40 K O MH .
[Re(CO)(dppe)BHg] CDCl, 0 +41 K OMH .

B cnoe f’d—ITHlePx MO XHO HIas OPJRIBIJAUT YbH bl X BHUJOB

(pul.nmBacuruwamnsa B camMoi# -lc.uS5a Ow.iig .0)0 yca ¢ I ¥

MHTEHCH
NIpUHAII
PaccTos4
OKTarmuj
paccTodHd
C U T H-ABI
TEpMHUHa
NpUHUMA

B

)

A 0DpOona

BHOCTSDB IO 1 : 1 OTHOCSATC 4 K T €
€ KaIMmMuM HE ydyacTBYWIE MY B K O M
HUE MEe XTIy CHTHaJaMW 3 QIBUAHCHUPTY €OTT
TpoTpuOOpPAaTHEBHM a H ReGCO),BsHgla x T 0 H
Hue c¢ocT1 JMNICORBIH] 28 ave mo , [R64.2 nQmnswmu
oO0OnacTtu HTe eMm.pla.1 b & 0 U MHTEHCHUBH
ITbHBM aToOMaM BOJODpPOIIaAa, npuHAaIn
I0OT yyYyacTue B KOMIOIeKCcooOpa3s3oOB

a, ydyacTBY wmuBsH-B, MHOacXTOMOKHOTBCOSAN BC

0 ARo M. & MHTETrpalbHOWU HUHTEHCHUBHOCTH IO

-1 6 ANa 5

KOOpPHAHUH

HaAaXO0OgUuUTCHd CHuUTIT HaAaI, OTBC€ 4a iomu

anuu K [26,3703840,41.e T a nma
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1300 _Hz

normal

DSOS | W |

HO3) 7.8 H(5,6)

i
| _ i
3 J B(2) decoupied J L
 H2) H{4)
or or
H(4) H(2)

P nycu dz—-'H S MP ¢ nQ)ReBg[26]C

OnHaKO TOMOJENTHUEREPIIKO JIKHG NI JMEK QK J (
[BsHgf B kauwuecTBe aAMUTraHga OpeacCTaBIEHB 0
TaHHBHK MOMEHT TMNpeaAcTasBHuT ecureplyed9x42x ¢
44]. OHu Takxe o0XBPIMPT e-JdisecokBTapHOB K @ 1D I e i
s I a HH BIX EODPEOTECKED G CTpoe.HBH e x amueercor,
npuUMEDpa H a pu®.cTpad ckuoupen B ¢ K ¢ H[Cr(BsHh)el. M a
OyueBUIHO, BiH) s mamypma [T B KadyecCcTSBEe 01

KooOpanuHHUpPpYsSCcbhb K MeTanny K24,d2keBboMu artToc
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Ta o6 xuglar us b

BB LI PWHKERPREEKP B X

KY MAlOI T’ K € M

a Hu oBgHg]. [
CoenuHeHH OAnuuwa cBaszu (A
M-B B-B
M-H H-B B-H H-B B-B
Na[BzHg] - - 1.18 1.40 1.790
1.18 1.40 1.790
- - 1.798
[Cr(BsHg),] 1.86 1.11 | 1.16 1.44 1.834
1.88 1.07 | 1.13 1.43 1.834
1.766
[Be(BsHs),] 1.51 | 1.167| 1.207| 1.295 1.834
1.50 | 1.191| 1.065 1.38 1.834
1.766
[CrCp (BsHg)2] 1.90 1.66 | 1.07 |1.43(1.61) 1.828
(2.17) | (1.13)| (1.13) 1.28 (1.798)
1.87 1.88 | 1.09 (2.09) 1.84
(2.99) | (1.12)| (1.26) (1.786)
1.758
(1.792)
[MNn(CO);B3Hg] 1.750 | 1.237| 1.411| 1.221 1.737
1.639 | 1.166| 1.310| 1.186 1.713
1.689 | 1.205 1.748
[VCp(BsHs)2] 2.19 1.11 | 1.09 1.06 1.750
2.08 1.15 | 1.12 1.15 1.870
1.830
[CUu(PPh)2(B3Hs)] 1.84 1.18 | 1.15 1.16 1.83
1.85 1.24 | 151 1.53 1.81
1.76
[TiCp, (B3Hg)] 1.95 1.20 | 1.10 1.44 1.817
1.97 1.34 | 1.17 1.34 1.811
1.766
[Ru(BsHg)(PPR){ HB(p2)3}] 2.371 - - 1.781
2.379 1.792
1.741

24



[Ilpononxeuwnwme Tabmn. 5.

[RUH(B3Hg)(CO)(PPh)] 2.439 - - 1.738
2.484 1.802
1.745
[CprRU(PM&;)3B3Hg] 2.34 - - 1.84
2.43 1.76
1.76
[Cp Fe(CO)BsHg] 2.24 - - 1.77
2.31 1.79
1.86
[Nb(Cp)2BsHg] 2.555 - - 1.720
2.556 1.804
1.790
[MNn(CO),(dppe(BsHs)] 2.330 - - 1.75
2.336 1.78
1.81
[WH,(PMes)3BsHg] 2.52 - - 1.81
2.491 1.76
1.78
[Mg(B3sHg),(Et,O)] 2.575 - - 1.79
2.591 1.77
1.81
OnuvuwMm u 3 Haunuobdome e MHPOpPMAaAaTHUBHBX
MeTaadnlobOopaHGBHBIIE 0 ®AIIMEB a WIMBKXT HOCTH, - I B .
cmekKTpockornuBsHg Mameom doxXpaHATH CBOT

HEe XKECTKOCTHBb o a xKe nocuiae KOMIOIEeKCcCOoOOODa
Jl a HH BIX g MP COEeEKTJPpPOB, MOJdY Y€ HHBX mp
HanpuwméBp ,IMPR kape npu T e M-BRG am[BefBis)Jn u x
HabOnwnawtrcsas aTBa curuHanmxra (pwuc. 1 4): T
MHHTEHCHUBHOCTGSBWO 1, KoT Bp2ii, omuHnoaoaurmdDoypa

CHUT HalIl B CHIbHOM IIom1m¢ C HHTCFpHﬂBH’Dﬁ]

a1 o Ma ut )BRu
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P nycu d4&—"BIMP ¢ nBe@3Hg,] n p 180°C [25].
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'H SAMP cBeBKghppB0PC B 0T TWUBMEO MHOT 0
[BsHg npencrtraBITeH CIOITOXHOMW KapTHHOH. ns
HaOnmoaraeTcsas cHUTHaAIb 0T 5 KB uBH(Re) H#)H b1 X
npB(2). TepwWHgaagHi g a1 M oH(TSnH(oGB)sieo 6 p a 3 y
OJHOMY CCBIH DY ,BPE MBI KakK aToMBb Baeb-Bopo
HEDKBHUBAaITEHTHBH. HH( 79 BH(B8a) 1 ¢ B T HCGHcSTMP p ¢
moKajl3bBBAaeT, YTO B pacTBOpPE HE COXDpaHtds:

nnsg Kpucrtannuul@dd koro cTpoeHUS

-

i|“=-.,_____-f"' | "L_,s'l | iy E'.'Eﬁ'l Ceeounied

Jrial I WIS HE
HiZLHE HIT) & HiB

P uyca d%'HSMP ¢ n[BefBsHg,] o p 80°C [39].

I[Ip u 0OBGBIE HHUH Ta €JIMAIB EUPPAYTEYMPOBI O @ HD @ C T B (
cnektrpax SAMP ymupswrtrcs Bna2br38. a1 AB mopr
y Ka3 aHHBXB jip3apbBoaTlOT 3 TO ¢ BOJIXOPOAHBM O
NpejagmnoxeH , MENXpacHINC3TMA B M B ¢ H HDiti 6 maH a 1 § K H 4 €
ONMMUCAaHHBM pPaHEEe MeXaHWU3 MOM B HOyOTMCHHUAD JI €

c B0 O o xH o rBsHglann ncoonnae af@uiPPhy),Bsklg|.
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H H

AN / J\H [
He—g_ H H Hee H—B~
R e
TN, y

Puychn ddG—Bo 3 Mo HBH Me Xxaunwu3 M BBeBgpp[30k or o

CormacHO PE3yYIBITHEHAAM KONEINE KOOSR N
CHEeKTPOUWPOIHUKIO MIIJT € KC O0OO0OOpasoBaHMUIMO JIDJC CbIK
BalleHTHBH X Ko dBéHagi uéd 6 caBCcIWE U B BIC O KU X B C
cyme ¢ a pienapup y 3 u sc n e k M@BHg)}] (puc. 17). E
KoMnanekcoooOphxoarxkrp® BOSBISIETECSH HOBa
KonebObaunuih MoctTBMHoBOUW cBA3 U M

3Ha4YUTEeAbHBX HU3MEHEHHUUHNU B oOTacTHU B
cBaBdHiBue wmaoOni3lae aZym.

OTHOCHTENBLHO aApyTrux ¢ oo cBeHgl ke wmieoroapinm
Ha JaHHBWU MOMEHT MWMPRACTABG UM G I BIHAMY K
Koopnanwutaiul[Rd,46]p u c . 1 8)

B COOTBETCTBHUMU C LCpBsHg) 1 kP C e Tm
KOOPIHMHUDPYWTCSA aABE MOIEKYIB OKTAaATHUID !
-MMeeT THUNHUYHYKW OWMITEeHTAaTHYIW KOoo€fmHaan
Bor n1BYyX pas3HBX a T-OTMAOKBX €0 OKpoao,p Jau HH T O/ [ &
OMageHTAaTHO TepMUHODMPPEMEA at@xaBvMHMor T 1
CBS35b, HO OT OmxHOTro aToMa ©Oopa (pwuc.

HEeE CcCKaszaThcCcsg Ha oOoOmeW TeoMEeTpPHUHU OKTa

cB0oOo g HBgHg ounpm KOOPIMHUPOBAHHOT O T U I
cmoco0O0owmMrampsearc BH,BbBeBiH, r pynmoes, CBSS3 a
TPEeyronhbHHK, C nHo00OCaBIOIEHHBMH JIBYMSI MOC

28



| I L} ] L] | I .
2500 2000
P uycn dlk—®p a r m M ikka me x NaBaHy] (a), Mg(B:Hsg), (b),
[Mg(B3Hg)2(EO),] (c), [Mg(BsHs)2(Me;0),] (d) [43].
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PreyulBxCrTt p o eGGPBsHY,] [28] ( a MnECO){BsHg] [45]( © )

He tTunwuuHoO

r p y nBHgrBH,-BH,,

MOCTHKOBBIM

B k o Mmm 1 eM0(€®)3B3Hls]
[BsHg) Kk o O p A MHU AT ® M T aTKPIC M S
Mn. (puc.

aHuoBsHg [Me HE €

OugTeHTa
oOpa3szye
npen
TPpPUOAECHT
JTOCTHT a

Cnocoowt

OKMazuopompudopammuslii. aHUOH KaK JU2AHO, M O X H O

«npsaMOHu

T

T

»

H

C

JI

T

T

¢ kx 0o o pBaHg|uBuGp &€ngBaHy)Hmbpite n[c Ta BT A e T

CBsI3aHHEBEE B TOT K € Tpeyrl
a T o MBblpMBHBropnaonpuo.1 a H a
mnoaydeMnCO)NBsHsh 3 § HU C

1[0 o010 ABPraop ™, Y TO TMNpPHU

nedbopmMuUpoOBaH B

piM [lpcut o @m0 6 a mne HELA k MO(CQ)3B3Kgh
u ¢ X [Mu(BGQyBsHglkco MBurnxeokaxco m 9 5 %.

A

A

HOT O

C

)51

v

A

T

nojiyuenun

€eIMUMHCTOBEHHEBH

npu

KOMRAEKCHbIX  COCOUHEHUIL,

CIy4amu

no6aBume HuUuU2blmpyr ux
cooeprcamux

y CJ OBHDO

«KKOCBEHHEBU) .
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«IIpamou» cmocob0 3aKaI0W4YaerTcH4 B H

€

I

comnei aBgHgloei a K  op AWM HAINIHWOHHBMH CO€HuHE

mepexoaH b x[26)02¢ 32046 33pB0 p e a KL U H :
L'.L"pM + z[BsHg] — L'xL",M(B3Hg),,
r 1M -Cr, Mn, V, Cu, Ti, Fe Nb, Mg, Be;
L' —-Cp,Cp*, PPh, dppe

P

C

L" - CO, Cl, Br.

B c¢cBOW oOoOuwepenas, TakKai#4 peaxunus MO
OTCYTCTBHUH pPacTBOpPHUTEITH . Ta k Ha 3 blB
NO3BOJNSAECT UCKIKYUTH KOODpJICWIHIA I K 10 M & D a .

ONpuM™McEcHICTC A PIGERI- | MOJIOTyYyd1€CHHNHA r OMOIOTC€IITMHU U ¢

conagepoxamuBsHgp. H ubbaug o[ mo g uYue pKHYTGSH, Y TO

CTCINICHHU OKHCIC€ HHU 4 H € HCKIIWWUYC HDO nmporTZe

MeTaunmna,Hamapu @2, n 1

/

NUcTopuueckKku mepBEM roMoONTenTHIEC CK
[Be(BsHg),] CeITeKTHuHBHOS®E NOoOnTydYe HUEC KOTODPO
c me cTBsHg] ¢ BeChL B BaKyyMe. CoenuueHUE
TeTKONEeTYydYYy OecuouBeTHYI XKUITKOCTUHB (]

I 5mMMm. pr. eCt,, 59l )25 Ho upes3sBHYAMNHO YYyB

KUCITOpOAY BO3 Y Xa u H € YyCTOMUYHUBO

Irp

HEeKOoOTOpoe BpewMmMs MoxeT Xxpaunwurthbsb[8k B pac

BnocnencrtrBuu O wmmMdBzHs)d v @BeHp)2d B a B c iy
C MarHHEM TPOCTOE®E nMgele a MapBgHg] 1 em pBu B 0 1

obOpaszoBaHuw TomMouae nTtT Mg(Bsdgk]o, T 0 K OKTOOMpIIBITIE |

OoTaensserTcs OT PECaKRUDHBOIBRECEMYy @ [43L.pme

[Ipu MexaHoOXHUMHUYIEC C K CréuNaBsHg]B aoudupua 3c ymeeTc cus

npoMe KYTOoOdYHBMU npoaykCrHBsHspln,e Tompyaoas 1mmse

BpeMsas B naHHOMN xuuakoctTu oCHBsMss],ykrorrcosap bice

TakK)Xe JerkKko O TXKIBIBOBRYYMBompan35
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[MTp u 700amI eIHMMWHME Yy I0 OCpPUrCATHEHUMIye C K O T O p a
nocoOHOTO K CKM®PAGWHH a O P @AUC X O OAHUT o0 T
achHIONEHNE KOOpPIAUHANMHUOHHOWU cPeps MeTa
TaOHMIBPHOCTH KOMOIEKCOREB. 9T 0 moxaTBEDP
a HHBHU MOMEHT KTHEXT € PIOOCI@ MT WH&E LW O H H bl X
e pexoaHBX Me T a a Bablggy [22, 26y54]a ¢ Tllmoenw u BroT
CHOBHOM @nyTeM 3amMeneHHI um m@rampymn bi()d

cxoagHoM KowMiniaBgHglaie® pa& axkmmaey [3amTuUCaHH(

L'aL"sM + z[B3Hg] + solv— L',L"yM(B3Hs).{ Solv}
r 1M —-Cr, Mn, V, Cu, Tj Fe, Nb, Mg, Be, Re, Mo
L' —Cp, Cp*, PPh, dppe
L" - CO, ClI, Br,
Solv—- Et,0, MeCN, THFE

Tax, Haunp[Ayam,r o pBel NOJAYyYHUIH P I ]
OCATMHEHHUN TyTemM 3momeddrpuysn nrer aHOBEHglHHMMTO
aKoe TMNpeBpameHHUE HE BIUSLSET HAa BEIH
o3 agaert cBoeoOpa3 HBl#H-MxHeBl 2@ T Hebniio ¢ o @ & T B
TaOUITHM3 aNHUHU Taku&Tt pwoemmee FeCpGBsHg)k ¢ a
puBenpuo. H&O .

B psane [885p,66dpceBa k 1 U 5 IpoTeEeKaeTrtT C u
KUCITEHHUS MeTalmnimna, YTO MNPUBOIHUT K 3 a
POAYKTa. Yame BCET O TakKH¥Me npeBpaie

nocobOe monyuyeHUSH:

32



Puych d%—Ctpoenue uo FeGpEHBgHg),] RCT. A |

L'aL",M + nLi[BH,]/nBHz THF — [L',L",M(B3Hg)] + L',L",M(B4Ho),
r 1M - Ga, W, Os, Re Ir, Ru

L > HB(p2)s; PMe; Cp, Cp*, PPh, dppe

L *—CO, Cl, Br,

d=1,3,4,5;

c= 4, .8, 10, 9

Kagm nmpuw monydeHHHU CcBOOOTZHOT O BE3B|r ar
HCImonb3yif0)mmmb opea He T 0 pac TBHyPHEH ny r0c @ x
TeTparuagpoOopaTHOTO aHMUOHA . B o0p oI ¢
KOOpPAHMHANMMUOHHBX coeauuneHuiun cBHy 4B3Hglum g 1
[BaH 1], [BsH1ql, [BsH14].

N3 B e ccrToHEpI M H € H U 4 , B BgHp] TBOBpCHTXY maam o HB |

BHemHe Cchbe pHOT OS7/uPrameomomar Bume amMa b ]
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[BHs THF] OPpPUBOIUT K o0Opas3oBaHUTIW C Me
OKTarumapoTpuboparta UTTEepOwu=H T, K C O Xa ]
NONYyYHUTHh €T OTHCECBY PRA3CIICBAILIOT JApPOoOOHOHN KP
T. K. TEeG@pPpaMaApUTTECDpPOUS 0 o fiHE e PeaM T Be

OKTAaruagTpoTpubOb[b7haTubeid aHamMOT

2Yb/Hg + §[BH3 THF] — Yb[BH,], + Yb[B3Hg], + THF

B u'H 1 MP CHEeKTpPH NHNOAOOHBX COECEJAHUHEHH

CnHeKTpoB ¢BOOBHga[D7/7 0 awmmoma |

=

1.4 3amvMe me HHble Bidljphpunz eopaenud¢, CBO

NMoJyde HHSH

B OompeageneHHEBHX yCIOBHSX METali
KOOpPAHMHAINMWOHHEBM e HT Badgm JHIOS WA H W ( H al
HYyKJIeopuIbHOE 3 aMeIlle HHEC , ASBAAACH DIae
K1030-0 0 p 0 B o 1 oBpHa(na6M2) OMH3 ), oOpas3zysa mnpwu 9
mMpou3sBOLHBK HBghi/](Leggyned dun)

YecTaHOBCITEPHYUKET y p Bl T pPp U O OPaHOBBX agnuny

JOCTAaTOoO4YHDO CJO3Hay 10 HBBRWWBIHAY Bilparme nam
CoaepXKHUT B cebe I OJBHIMNKHBE KOHI € B BlE

Ctrpoenune TpubOGbopaunosor (b8la n@ o « m WBiHeNidr ca H |
npeagociearBIro0ObOoW TpeyroabHHUK HU3 aTOoOMOB

I BYMH KOHIEBBMHU aToMaMHu B.B,amoppuocayar,c T B
MocTuUuUKOBHiEpacoMAOOM asz3o0Ta 3aMeCTHUTEIT
CBSA3aH ¢ aToMoM Oopa y OPOPMB® B O JUO XK

HaXOAMUTCSA NTOpPpHU HDTOM B TNIOCKOCOCgmp ur paetya?

6 o pB3 , CBSI3aHHOM c 3aMECTHUTECIEe M, Ha X

1 -
B oTnumuume OT KINacTepHBX aHHUOHOB Bblgfwmoxmoremme HESET BP0
KpyYyOHBX OOpoOBOXOpPOZOB, Hamnpumep, us3 TeTpabopana(lO).
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paccToOoOssHUU B2 aw OMyH O®BDPRUAU, obpaszys «I
CXo0oadHEBM c T(poe HmamH )Mo 0 R @ A aBgplyNCSq™ [59],
[B3H7CH,P(CgHs)3] [60]

[nvHbl cBaseit, A

N-B, 1.581+0.003
B,-B, 1.744 £ 0.005
B,-B, 1.820 £ 0.006
B,-B, 1.803 + 0.006
B,-H, 1.09 +0.03
B,-H, 1.18 + 0.04
B,-H, 1.23+0.03
B,-H, 1.39 +0.05
B,-H, 1.12 +0.05
B,-Hs 1.1140.04
B,-H, 1.75 +0.03
B,-H, 1.12 +0.03
B,-H, 1.14 £0.07

Yrabl m-ay cBasamu, T p a gy (
NB;B, 111,0+£0,5
NB;B, 115,3+0,5
NB;(nnock. B,B,B;) 117,2 £ 0,5

P nychH @& C 1 p o e BgHrNH;] [58].

B enpnuboneB,80 [ nabOnmwgaercsa ©O0omnme &sHuB BIC

TOAbLKO OaAWUH MOCTHUKGLB spimt ca T 2M ) B 0 Alcapkooa

¢

Tr

KO NmNpeacTaBHUTh KakK TMNpPOHM3BOJHOEC JTH
MOCTHEKOBUHX aqHewap 1 ag aifBHpy. o nldo 10 6
oeHune TpubOOopanHnoBoro O¢OhHGEA B2 ®Taa KDIOCK
a H 1 ¢HNCBH], [[(BsH7):CN] u [ AgHAINBpuc. 22
bopaHOBHRX GparMeHTaX YKaj3aHHBX aHI
TUKOBOMY aTOMy Boaxoponaa,Hpago prawwbcorroos
MOB Oopa O6onpme 1.82 A(13B§Bii¢xksrioog
nurangosH)k, [pAag(BAONBd) 1A. B Ba XRelc®K
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OTHOCHUTE EIh HOH NOTpPEemHOCTH P KCHmepumMeH
OTCYTCTBHUIH «T®PYMOHEHTRAKT®RO B 2ToM (par:
B anubBshkNCY[aToM Bomgopoma pacnoBBBrae

63, BBEHODOMNTHSASA (GYHKIOIHUI JOTBOWMHOTO HECHMME

P uych k- C1 p o eBsgHrG@O] [ mo na u[@llhm PCA
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HB(41)

HB{42) fﬂ(f-]

D HB(43)

c(n

HB(1)
O

A
H("23) HB(2Y H(122) HI(1B) H(131)

(a) (6) (B)

HBI{31)

P uycu @Z-C 1 p o BsHyNCBH;] (a); [(BsH7).CNJ (6 )NC( 1 NC(2)
pasynopsasagode HHBE aToMB ghdJoma uw yr

(mo nmaumdH&yu PCA

P uycat 28— C 1 p o e BghyNCSYJ (B(1) -B(2) 1.802(9),B(1) —B(3) 1.780(9),
B(2) -B(3) 1.758(8),B(1) -H> (1 3) 1 BB)SHH{ ¢ 5 3 )
1.182(20)B(2)-H> ( 13 ) 1B@®3H (23), 1BR67(
H (23) 1. B(1)9N(®)3D510) PaccTosaHHUSA

aToMmamMu AfSAl.u b B
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9 a
K p
pa

M €

[BsH/NCY:ycTo##uuBocTh K OKHCIECHH IO B O J
CTHNODB 3HAaYHUTEIbHO BEHIIE, OKTa
HcTanannorpadudyecKHu oBxHalp a x T ePpaumeoeB a H
CMOJ OJXEHUE aToMa BOJAOpOM a H a[@twon a s
Tauxmakxa peb,obpla H# aOxg H a K 0 HU3KOTEMIOEepart.y
eI HUMHEHUSIT, n [b9], 1 acuoumiemp #PuCrA B I WA II
0O M BOJXTOpPpOIIa u O1HH OTHHEHMEC TP & ® B

Takxasg cTpyKTypa HAXOAHUTECH

a1y 4e HBHNCSdn 1 |

HOu3 awme meBgHgGlpliic o[ e pxuT 1B a

AJTOTrMUYHO OKTarumapoTpuPh.partaHomy

HB(31)

KOppEe:!:

MOCTMHWK O B HI

a HHC

P uyca 24— C 1 p o e BgHgCly] [B7].
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0 1

OnuHuUM h 3 IMmepB BX CoOeaJHuHEe HHUH, HCC I

PYKTYPpBH TpuOOpaHOBEHX aaaIyKTORB ME T
posTHee BsHQGH:)d , [68]. ] B COHeKTDpE 0 BI J
MHCTBEHHEBH CUT HaAI npu +25, 8 M. .,
PSICHCHKMBSHEI3BIBRARMAMN KaK € BOJIWPO THBWMT DM
YyCITOBICHHOMNW pPa3 THUYHBMHU «IHEpeMECIIC HUHS:
TJ€e Ky BraMeXKMOI ¢ K Yy Jmseppr syve uil ¢ [19n @8m 69]. C

NOJIb30BAaHMUEM Xe O OyIICOCB aCHOUBIP €yMICAHIHOOCT O
KT BHYTpPpHUMOIEKYyInsaspHOUW u ™MexMmMof@.xyn
K , I I s ¢ BsH,Q(GHsp]|a u Bs;H, THF] B c HléBKﬂ“MPcl X
HapyXeHB ODTO aABa CcCHUrHala ¢ COOTHOIIE
n3kKkux k 2:1 (Tabmn. 6 ) .

Memoowt noJjyyenus 3aMeueHHbIX npPoOU3800HbIX

OKMA2uopompudOpamHo20 AHUOHAM O XH O pa3 1 e T uTh Ha 3 B

e pcaKNmHUHU CHMMMETpPHUHYIYHOT O u HE CHUuM
TeTpa@a (10) ;
e 3aMecme HU@MOMHBRIMIMOCpeac Bhblg;numo B

e peaknuum oOMeHa nuraunmgamwmu BgH/ LR a me 1
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Ta6nuifla G boie cne ABPMR kDmM HHE K O T O P BI X

Tpubopamna

Nermt / Coenunmune] XuMHuue ( [Ipume uya HY
COBHUT ,
B2,B3 | Bl
1 [B3Hg] -30,2 P-n CH.,Cly, 0 T.H
[BF3O(C,Hs)]
[BsH,THF] 8,4 12,8 P-n sTHF, OTH
2 [BF3O(C,Hs),]
8,5 12,7 P-n CH,Cls, OTH
[BFsO(C2Hs),]
8,1 12,5 P-n CeHs, OTH
[BFsO(C:zH5)]
10 P-n &fHF,0 1.1
[BFsO(CHs),]
10 P-mn C¢Hg, 0 T. 1
[BFsO(CHs),]
3 [B3H;O(C,Hs)] 6,9 11,3 P-1 5CoH5),0, OT
[BFsO(C:zHs)]
4 [BsH/PR)] 981 |139,1 O 1 B(CHa);s
5 [BsH,PCIF)] 97,3 |131,2 O 1 B(CHa)s
6 [BsH/PBri) 97,3 |125,7 O 1 B(CHa);s
7 [BsH,CQJ 950 |142,5 O 1 B(CHa)s
8 [B3H;,PREN(CHa),] 12 50 O T uBF;0(C,Hs),]
9 [BsH/PHFR)] 22 60 O T uBF0(C;,Hs),]
10 [B3H;NHs;] 8,2 32,0 P-n CH,Cl,, o T H
[BFsO(C:zHs)]
9,7 32,6 P-n 5CH:),0, o
[BF;O(CoHs),]
11 [BsH/NH,(CHs)] 10,8 | 27,7 P-n ICH,Cly,0 1.1
[BFsO(CHs),]
11,2 | 28,1 P-n {C,Hs),0,0 1.1
[BFsO(CHs),]
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[Ipoxonxe HHue

Taoumx.

6 .

12

[BsH/NH(CHs),]

12,6

23,4

P-n ICH2C|2, O T.H
[BFsO(CeHs)2]

13,6

23,4

P-n {C,Hs),0,0 1.1
[BF3O(C,Hs)7]

13

[BsH/N(CHz)4]

183

P-n iCH,Cl,, 0T
[BF:0(CzHs),]

H

17,9

P-1 C,Hs),0, 0T
[BF;O(CoHs),]

18,4

P-n 5THF, OTH
[BFsO(C;Hs),]

18,4

P-n ICgHg, OTH

[ B F3O(C2H 5) 2]

14,4

16,2

P-n CeHs, OTH

[BFsO(CzHs),]

13,0

14,4

P-n 6CH5)0, o T
[BF3O(C2Hs),]

14

[BsH;NCCHy]

7,7

34,3

P-n CH;CN,0 T.H
[BF30(CzHs)2]

15

[BsH-DMF]

9,1

15,2

P-1 ODMF,0 1. H
[BF30(C;Hs)2]

16

[BSH7P(C6H5)3]

-16,3

-46,1

P-m1 sfTHF,0 1.1
[BFsO(CHs),]

17

[BSH7N(C2H5)3]

-11,4

P-n CDCl;, 0 1.1
[BF30(C;Hs)2]

18

[B3H7(3-
CHaCsHaN)]

-21,9

P-n £CDCl, 0 1.1
[BF30(C;Hs)2]

19

[BsH(4-
CH3CsHaN)]

-22,4

P-n CDCl;, 0 1.1
[BF;O(C,Hs)]

20

[(B3H7)2N4(CHy)e]

-15,2

-24,7

P-n CHCI3 , 0T
[BF;O(CzHs),]

21

[BsH7PH]

-10,2

-51,3

P-1 C H2C|2, OT
[BF;O(CzHs),]

H

22

[BsH/PH,CHj]

-12,9

-49,5

P-n CH,Cls, 0T
[BF3O(C,Hs),]

H

23

[BsH/PH(CH;),]

-14,5

-46,9

P-1 C H2C|2, OT
[BF;O(CzHs)2]

H
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OxkoHUuaaaasz. 6

24 [BsH,P(CHy)] 15,6 |-450] P-1 CHCl,, o1 4§
[BF;O(C,Hs),]

25 [BsH-CI] -16,3 | -22,2 P-n £DCl;, o T H
[BF;O(C,Hs),]

26 [BsH,Cly] -13,4 | -5,3 P-n 1CDCl,, OTH
[BFsO(C:Hs)]

27 [BsH/Br] -12,2 | -28,9 P-n CH,Cl,, o 1 §
[BF;O(C,Hs),]

28 [BsH,CN] -9,6 |-36,6 P-n £DsCN, o T ¥
[BFsO(C2Hs),]

29 [BsH/NCY' -13,2 | -33,5 P-n CDCl;, o T H
[BFsO(CzH:5)]

30 [BsH;NCBH;]™ -99 |-36,1 P-n I€CDCl;, o1 H
[BFsO(C2Hs),]

31 [BsH-F] -17,6 | -15,4 P-n ICDCl;, o1 H
[BFsO(C:zHs)]

32 [BsH/NCQOJ -21,3 | -210 P-n £CDClL, 0 1.1
[BF;O(C,Hs) ]

33 [BsH,NCSq -100 |-331 P-n1 CDCl,0 1.1
[BFsO(CHs),]

34 [BsH,NCBH,CI]™® 96 |-356 P-1 iCDCl, 0 T. H
[BF;O(C,Hs)]

35 | [BsH;NCB(GHs)a]© | -9,2 | -34,7 P-1 1CDCl, 0 7. H
[BFsO(CHs),]

4keapmem om -BH3z npu -43,8 m.0.; mpunnem om -BH,Cl npu -22.54 m.0.;

B(CeHs)3 npu -10.5 m.o.

PaccMoTrTpum mu

OPOUITNIWCTPUPYEM

¢ CUuHeiem om -

om$ociac

1.

IpoOoHnu3BOTHTUBIC

Et,O, TGP u

3.

UMme HHO

1 Peaxnum

aIp . 10T

pacume nJeHHS

He OXHU JTaHHEIMH

TeTpaobdbop

anecTpyknid® o ryeumpmamw opap @i ble
o kK T a raunaupoennarh m @ aBrHylt] H o rlrox e

cmocob0 I

(

okxkTaruagpoTpub6bopartHoOI9 58,a il HCAR SBIB B TOX P bl
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B O3 MOXHOCTV B IO

BH3H B3H7, IIo

«KCHUMMCTDPHUUIYHOT O » pacime 1ol

p 463 ( upeunc]-H2H5¢) m

AaHAaITOTHWUU C nub

H H , H H i H H
N /S X/ S~ NS
B ’/’ B Bi\ /B\
H/ /XH/ N v
(a) (6)

Puychn x-CxemMa «cumMmMeTpuuHOTOY» (a) H <

pacmenmne Hu@)[7/4lu 6 op a Ha

Tak, B3auUMOJAEUCTBHE TeTpabopamna (1l

a MUHHaAaMHU J O JXHO IPpPHUBOOAHUTDHb K €CTr 0 0O K CHNM

HPUC. 2 6:
r H
N
B
BNl N
Bl BL T 2N(CHs)s — [BH3N(CHy)g] + [B3H/N(CHa)s]
AN

Puycn a—-CxemMa CHUMMETPHYHOT O pacile e .

A B3aummMoamgedncTBHII], c

a MU H a M8

IIe PMBHUHHKDB MU n I

IMpoTCcCKacT II o CXC MC « K AI 0l ¥ M M €1

TeTpa@lO)pammaoobOpameeHOR 7Ha

H H -
] |
: +|

\B.EV “B/H . [H\B/NH3 NB/H
‘1 3

-~ EH\B/H Sy 1 O NH, H—B/H Sy

I
H

P uych «-Cx e ma

I
H

HECHUMMETpPHUUYHOT O Dpa

C € II 1



ABTop[8] momeTanmwucsm qTOKajs3arTh MeE X aF

pacme nigJ¢c HHUAA, ncCecxonads4d n 3 mnmpec amolJoXKEe HHU A,
i H
|
y
Hi” H
\ )' 1,2-gMMeToKCHaTaH
/ e + Na[BD4,] — > Na[B3H;D] + [B,H;3Ds3]
H/ AN /H

B cocTaBe oOoOpasymmeucs MOJIEKYIB OKTa
aTOM JTeHWTep™us:Ha, a (®—m™pwmi.e kB nen yimddo pa@ama
CXeMB B OKTAaAarwaApOTpHOOpPAaTHOM HOHE aTo

B a1ub6O)pax @ u

H
, |
TN
H\ :/ \ /H 1,2-0UMETOKCUITaH
Bl B + Na[BD,] — > Na[B3Hg] + [B,yH,D4]
H/ :\ \H
'H Ng7 H
}
|
H
AHanwus coaepkaHHuis neudTepus B I
COCKTpPOMCTDpPpHUH IokKa?3alil, T O nIpoagy-KT Bl (

bBasupyscpr Ha cxpmrndopavarldY@rryep sred oapsar
OnpeannrnaramwT ¢cXeMy «KCHMMETpPHUUYHOTO» pa
onwuc ammBH[79], B Kk 1109 a 0IWyHOT EBp MeeaOuIa T 00T
3 a cCUerT pas3pebBa OJdHOHMH MOCTHMHEKOBOH B O

ocHoBaHus JIpwouca (puc. 28):
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H
N, H _“

B
A

OR; /B
H
H—8 :
H

Puycn 8&—Cx emMma mnpucoeagHMHEHMUSN pai3pbHBa

TeTpabopamne(10).

Taxum o6O6pasomMBDjYJckevmaunmmaMma@aKmudHOT 0 »

BBHTISAAUT CcAEeAyWMUM O0O0Opas3oM:

Nl |
SN D—B H D
p” * (D N/H | 5 |
H ot iy _H — B + H—B B—D
~h oni Yo N
Pt ST
A A H—Ef OR, H
OR, B H
A
T
H
Bonee Toro, [9 T Buetpokame TacOGIHBIH HUHTECDPMEC ]I
«KHEeMcMHE TP MYHOMU» CcXeMe pacilenineHHdSH, u
pa3spBBB CBsA3eH B MHTEpMEe  THuAaTE 3aBHUC
ocHOBaHuUia Jlpwuca.
Me T 0oxg0M COHEeEKTpPOCKONHUHU g MP npu H U

pacTtBoOops TH)rpaGeppra uapodPypPame.,a HE € ]

numMeToKk > MBHEMP cmnexkTpe TeTparudpgpooHDy p

npuBegemucua 29§ CnonabnrmogaluWcbHa M B JIbOKT

TeTpa@lOpamna
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/\7{/\/\\

(8)

\_
/343'0 L (6)

HO

Puyct @%-"BIMP cmexTpsBidph cr Bopmp 4 r68ICp o by
(a ))-36°C (6 )-20°C (8 J8O].

OnuHako-42i(punavyan MNONPOABISATEHCS cna®&pas
+30. 1+0. 5 M. . BeposTtHo, 5 TOT CHUT Ha
ynoMs HYyTOMY BBHIIE . NUuHT e HCu B-360Cc, T bII OCCUITEH :

Hayvyalla CHHUXATSHC A c O HOBpDp ®@we HH. bME 1 p B C
KOTOpPHBH MOKHO oTHECBHTHF] a tTHpr mT &30 a p
C cnBswrF ®HPB M. 1. npeBpaTuICcs B MYIbT.HI
OKTAaruJapoTpUOBGYAaTHOMY aHH

B cnmnexkxTpax pacTBolf)oBB TTeeTTppaardwoappa ol u( p
ITUMMETOKCHUDTAaHE TaKXe HaOmwgamncsag CHUTH
Hapsasay c¢ ¢ BjHaHP} a Bg/DME] . [ [Ipu KoOMHAaTHOH
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CHUT HAaI bl o0 TBsHgh mroriea a pr . [TosBne HUE 0O KT

+
a HHUOHa noapaszyMeBaeT BH;,, 00p am®&BPpOp b
CBS3BIBAaIMWT HalWuuue MU POKOT O cnabomoaeb
TeTpabopamna(10). OcHOBBBASACH H a T H

KOHCTAaT,UPDBATGXEMAa «KCHUMMETPHUUYHOT O» pa
C pas3spsBOM cBaBdi, BHMOme kK ymeoofieccom

3aMecTHUTeEeNnNss Me XAy o00pas3zymwWMmMUMHUCSI YacTdel

1.3.2 3amMmemenue aToMgHgBoagopoxga B a

Ka OMHWUCBHBAaJOW®BA P BIMBEMO KHOCTH p
T eTpa 0lO)pHacHkao(T 0 p BIM U OCHOBAHMUSIMHU Jb wouc
cxewme, H € ynraertcH4 NOJYyHPHR®G O pHacHKA T/ 0) M B
OCHOBAQHUSI MU NyTeEM u xBsH8| 3, a uBM 0 W@ K cr THBUKMT
OTHOCHUTC A " a M B ANIK;] Bozgpeer [/Bl iprdart

. 2
B3aUMOJOE UCTBUH oktTaruaporpubopaftTmo Ha

p e a k[ddk u
Na[BsHg] + NH Hal ® [BsH/NH;] + NH3; + NaHal(Hal = Cl, Br).

MexaHu3M peaxkimHuubm TMNpeacTaBISET <00
MHAYIULUPYEMOE 1 yakwie enpepiiNGier, H(omeo 1 p o O HO o mw
k1030-0 opoBoanfBponKaTmoH aMMOHHS B JdaHHDO
AeTHuIAPUPYIWIET O areHTa, a aMMUakK, o0
npoTrToiBal,gy e TCs HYKIeoGuimTom. [MloxoOHBM
TpuMe TunaMmMuHaOBGBNU (B[B2lw kpsas x puPYIpP@RMEaa K/
MeTUITNUPpUITHUHOBMX agaykKTORB

B pab6d/Ble «axmaMMOHHUAT (10 T BsH102DIHk,a | a
B3aMMOJACMITABYBOLOPOTOM HIHU OPOMOBOIOD

naéTt aBsHQ(GeHs),] [ K o0 6 p a 3 o BBaHhNC®OHs]a nmipyweroa o v

‘Mogo6ubM o06paBdMHlnonyuanu [
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amMoameincTBUeBHglacm exilt opmomoma plo 10 B4].B a
CKa3bBaeTcsa [84he HIMoIAaPOHILEK a HUE peackK.
nsBaTuposaunhN=CEH; cposBBrRaAacrepa, B P
TOPOMW MNPOUCXOIAHUT «O0OBDBE JUHEH HICOPH OIMDP OH
pa3s®BaBMHYTpEHHEH Tpexme HT BHINCGH;]. ¢ B 5
NOJNH30BAHUE aTuMe TUuITGOpMa MU a B K a
Pa30BaHUKW JTHUMb CIOTEOXAOBBX KOIHUUYECTB ¢
UCIUBOLTKH@HOBHUTEIbHOT O npomecca
Tepwme nbgldegTr o MOOpas3ytwmumce g B pPEeE3yaABT
TaruapoTpubopaTHOTr o0[8a,8pkona XITo0poBoI/
I[ToMu Mo OIpPOTOHH BIX KHUCIOT B KadecT
Me me HUu BBHgf,Hmmamons3o0BaH KaTHOH H
1o 1 [B4]:)

[BsHs]” + NOPR; + CH,CN ® [B3H;NCCH;] + NO + 0.5H + PRy

F'amoreHH O BI MEeTalmnios T a K Xe MOT YT
Kn1eobunb HOT o[87Boakmreamm enHimpsio.T pB1 6 o p a T H bl H
o B a H u BHM, uP(Ce¢Hs)s, N(CHs)s, N(C,Hs)3) B OPHUCYTCTBI
o HaCh, Hg,Cb, u K oMmITekKcoOB PTYTH) cC o00p:
IYyKTOB . K coXmEp®H@mWEe H ®C TpaaTrbOOYTHEO 11 O [
IeleHUuWHu BOXTOpPpOTAa HU PTYKHE@ALC P EKE MO B
CTAaTOYHO CIHTOXHO TOBOPHUTHB O MNYTH TMPpC
B pomamu HyKIeobuia MOT YT -IB GBIIC BT .Y |
AaMMOITE HCTBUHE oKTarmapoTrpuboparta
TOTreHOBOAOpPOTAMHU B HE HYKITeodbudaiabp

pa3a HuU 10 3 a Me me H H BxH,Hallp(Kal=Lk Br, &) {88; 89]: [

BusN[BsHs] + HBr ® Bu,N[B3sHBr] + H,
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F&J’IOFCHOBOI{OPOI{ B 9T U X pec€axKkmmsiHaxXx B BICT

K a K mctrounuk Hlhyk BeadhpuageitcTtBueE OKTa
aHHUOHa C ranomfdeuamagawmHEepTHDMOCH,Plare T B «
OTCYTCTBHUHU OCHOBAaAHUIHA JIp oM C ap U WM O JIHIC

r a g o rreod@0]x
[BsHs] + 0.5HgHal, ® [BsH;Hal] + 0.5H, + Hg (Hal = F, Cl, Br)

O0pas3ymwmmupie #o BH/B 1TocTaTouHO OBICTDPpPO T
[BsH1o] a B3aUMOJECUCTBIUE okTarugd)poecpad
OPUBOIUT K obpaszoBaHuI0 TeTpabopana(
HykaeobpunbHOCITuBr B I"psasXyoponpousso(f)uoe
cmocoO0OHO B3auMoneinc ™HECls aTtThaBass usnpdans M

OpoOayKT 00 pe€eakKOmuuu:
[BsH,CI]” + 0.8Hg,Cl, ® [B3HeCl,] + 0.5H, + Hg°

Eme omguHuM cmocob6omM BB c¢ aBshglutas maaemreccsr

P TEKTPOXUMHUYECKOE OKHCICHI[B4E B mpuCyTC

[BsHg] =%~ [BsH/NCCH;] + 0.5H, + €
[BsHg] —~ [BsH/,NCCH;] + 0.5H, + &

[Ilponmecc MOXHO paccMaTpuUBaAaThb KakK Yy
B-B, CONPOBOOXJaAaTIWIEEeCcC 5 OTIIE MJIE€HUEM M O
obpa3szoBaHHUEM BHYTpPEHHEIMH T pe X ubBsHy,T p B ¢

KOTOpPOMY KOOpPIUHUpPpYETCS MOJIEKYylIa pacrTt

1.3.3 DBDeéamemmsa 3 ame Bsh-ulre neii B |
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B KadyecTBE e me OITHOT O cmoco6a I
npousisBolk/Elx cmnenyer- paccMmMaTpunartslapg
npenxgmnoxeH cmogHoNI3] c u BB &3maou § Bmu it ¢ 4 B O

ybupartron (F)pubopig/d]s om

[BsH-L] + NHs ® [BsHNH3] + L (L = THP, THF)

B cny BHOEL][ oO6pas3ywTc 4 TONXDH KO cC I
[BsH/NH;] . DT a METOIOHKIBD CTMARKE HaO BIpaHE €
[BH3NH;] w3 oS duparpdBexkaoepanaa , 9YTO TOTIM)]
TpUMEeTUNaMUHA Ha TpuoPrempadochbmm O@pmBs
[91]:

3(CsHs)3P + [(CH3)sNB3H7] ® [BaH4{ P(CsHs)s} 2] + [(CsHs)sPBHs] + N(CHs)s

B3 auwmo ne iiBgHsOfGHg,] [ ¢ TpUDPTOPHUTOM b o
OPUBOXMUT K aerpanganuu 0o BhAPRp] [98]c THpn
TOM HUCHOIB3O0BAaHUSE TeTparuagpodypaHoB
COE€ETUuHECHUH COMpPOBOXITAaeTcs oObMe HOM
TpudbeHnunpocpuurpubopaHta C BBXOJOM «
TUMETHUIACYITbPUITHOT O Ka I 1 YKITal 0B OMY
Tpu e H u ardpoucOdoupHa H a . [flonpoOHO BOODpPOCGSH ]
0o0o006me HBl [P3-Ph o6o0Tax

Cuurtal@3¢98]s uwuTo B3aummMopageincTBUEeBzh/Ipluodo
c ocHoBaHueM Jponca nparc xox e Badd k'lpax ¢
KOTOJPpBH, B B3aBUCHMOCThul, T wmiopmepTro 1m0 J0BC
AByM pasnuudHbBM( pmB@amM peaxiui

(1) orTmennaeHUE b,c HampamioMm I me e K p e

3aME@CTHUTECHIE U ;
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(2)
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H e

Ir p

B3auUMOOZENUCTBHE MmHTEepMe guartal, c

NpUBOJISMAIE € K peaxKxuuu pacBatybi'fite v w5
[BHsL' ] Bohsk's) 4 [BHaL] . Eecanmaboe ocllosBanms
Oomee CUIbHOE, 0 O0OBIYHDO UMEEeT ME C
OTHU pe OWMEMHW a@APOTEKaAaWT TMNpPpHU HHU3KH
oc HOB & muli 00a S BJISAIT C I OTHOCHT E
OTHOCHT®  Ib HO clITaoOsMUu, 00 BYHDO

pacmenneHusds -faa@Gmagy®8)uBHHesro 3dd
CBSI3aHHOTO cBsHhpaa ME MRPIEMUK C B J1 b H BI M
OCHOBAaHHUEM BBHBRCTYODaeT Kak cmabas

cimabBM OCHOBAQHMHNCM BBCTYIIacT K a K

B2 B3 (puc. 30) aIlayKTa c C U I
pPeaKImMUOHHOCHOCOG®OHBH o o OTHOTIE HHU
COOTBETHET BB OPIIIKU HB B alagyKTe®e cC o
CooTBEeTCTBEHHO, o0 s CUIBHOTO 0cC
CHUIBHBM OCHOBAaHHUEM oI A oO0pas3oB:
OpOAYKTORB pacime nieHU A . C npyroiu

OCHOBAaHMEM MOJXET pecaBMpOBKHTOBA aAHAH
OPUBOAHUT b K peacxKkiumu pacimenaeHH
nporexaTb nONpu Oonee BHGBODK KN ¢ M
aApobHO paccMOTDpEH n p BiHeS(Cklz),] B 3ca u
UMD THUITAaMMHUHOM B p O6l.n um Ha sixmo Typcstt 0 H &
HOoB H(CH)e 3 HaumTenpbHO CnaHeecnpowWE M O
cmenineHnunue ¢ o060pas3oBaHBMMNClldele]o,p aan
oobmMen nuraBf€s HImwker exppme p-30rG p a >
OMUCXOIOHUT O0Oparscorppaadwes aamPpMyM@Tan 1 a M v
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TaonwiDanuT a HHBIEe B JNTHUTepaType mnpoimec c b, c[Bshyld mrepcm gooywse 1 miep K B3

JUT aHga.

© L L’ Coornome Te mne pa’G IMlpume yuaHHE
z n(BaHA) 1n(L” )
“THP NH; 1:1* 78® K 0 MH | P-n 1ELO
= THP NH; 1:2 78®wu. 1.| PaELOM=81 =94 %, 7s
| THF NHs 11 196® k 0 MH|  P-n iTHF (n=79%) ELO (N=69%)
o THF P(GHs)s H. I. H. I. n=54%
i THF N(CHa)3 1.5 -80® 0 P-n 5THF
I THF PH, 1:(1) 80® +10 P-n ELO
: THF (CH3)NH, 1:1 -196® k 0 M H P-n £1,0, THFu 1 @H,Cl,
~  THF (CHs),NH 11 -196® Kk 0 M H P-n E£t,0, THFu 1 GH,Cl,
THF S(CH); 1:(>1) K OMH . P-n » LCIH
THF (CH,)eN4 2:1 K OMH . P-mn €CHCl;, 1 p o Bsk7)eNy(CHL)E
O(CHy), | PHR 12 +20 n=45 %, 1 BaPtie)d (n418%)
O(CH:); | NH; 11 78 P-n 1ELO, n=45%
* HeBO3MOXKHO yKasaTh TOUYHO, T. KBgHicu mT cH3e GMHIOsIDOCMT aHAS HIMICHT i, T KB e
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TaonwiDanmu& a HHBIE B JTHUTEpPaType

npoime ¢ c b, c[Bshyld mre pxa Booym sie I miep MK

pacmenitieHHnO OOpPHOTrO OCTOBa.

L L’ CoorHom¢Te mme p a°G IIpumMe yaHnmue
n(BsH-L) : n(L” )
NH3 N(CHz3)3 11 H. 1. [BHsN(CHg)sJ, o c Taa b HBlEe mponx. HE
N(CH3)3 P(C6H5)3 ns 6C6H5):(P +50 P-1 £6Hg (T]:93%**)
THF N(CHs)s 15 0 P-n sTHF, 1,5 4
°© (CH2)6N4 N(CH3)3 s 6\|(CH3)3 -23
- [ s(CH): N(CHa)3 15 “80® +20 P-n1 1S(CHb);
@ S(CH3)2 N(CH3)3 1:2 -95® -20 P-n I;S(CHg)z,
= He MH BgHMN(CHz)s] BBCx ommencar
£ [ S(CH), N(CHa)a 15 80® -75 P-n 1CH,Cly,
‘g np#5C TOABKO NPOAYKTEH P
© S(CHs)2 N(CHs)3 1:2 -80® -40 P-n ©CH,CI,,
= noc-4RCxkx onxe uc .BgH/NECHD3m 1 [
=" N(CHa)s N(CHs)s 1:1 -40® 0 P-1 1S(CHa),,
~ np#0°Cme 11 e HHO, tKIODHAI €KHOCMAHT.
~ O(CHy)2 PR 1:(>10) -15°C n=50%, 6u
~ O(CHy)2 FXP 1:3 -78 N~40%,u1 ¢ M H [BaHPRX]
(X=F,Cl, Br)
(CHg)oNPR | (CHg)NPFR 1:(>2) 0 n=80%

P(CHg)s N(CHs)3 1:2 -80® +20 P-n ¥CH,CI,

N(CHs)s P(CHs)s 1:2 -80® +20 P-n 5 LCIH

P(CHg)s P(CHs)s 1:2 -80® +20 P-n 5 LCIH

BeEpoOSsTHO, THU Xe mnpoimecle=pl’ 6
CHsPH,, (CH3),PH[97]
N(CHs)s N(CHs)3 1:2 -80® +20 P-n 5 LCIH

*

* - 30eck u 0anee 6vix00 ykasam 0ns adoykma oubopana(b).
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B B,
HoH N N oL H™ H H II_1 H
B3 B2 B3 B> -L
H H  +L H H
\‘/ \( ula
/B1 /B1 2
YT H HTT"H
- +L [BoH4L')] [BHsL]
unu =+ unun <
[BoH4LL'] [BHsL]

PucyunoxkCx*Ma B3aumMoageindrTpuosag tTpahopa

a 1 ny Kk Badadi]f96]]

Ecaum ocHoBaHwme Jlpromca wuUMEeeT HECEKDO:]
BO3MOJXHDO oOpas3zoBaHUE aalalyKTOoORB, B KOT
T p upbaoH 0 B IX G PO8]r Mme H T O B

(CH2)6N4 + 2[B3H7THF] ® [(B3H7)2N4(CH2)6] + 2THF

[TomgyepxHE M, YTO HMCNODOINIB3OBaAaHHUE U3 0H
NpUu KOMHAaTHOHW TeMmepaType HE TMNOPHUBOTHUT

TakxkumM oOpaszomM, B3aumumMoageuWwcTBHUE TpHubo
JIpboHUu<€2aT 0 CIHIOXHBHU MNPONONECC.,AaCeEMPEns ol XMa I
KOHJIEHCA aAIHeECH uJu oOMeHOM ATUT aHTOB,
3aBUCHUT OT KOMOUMHAaUMUMU caenywmux ¢axrt
TeMOneparTypa, COOTHOIME HUE PpeareHTOHRBR

O6unapyf0OuHo uGlo- mou BsH/CI] o6mamgaer B bl
TaO0OHUIBHOCTGBHIO H I€Tr KO 3 a M cSOM, €N ,cBHCN a x u
npu B3aMMOJAECHUCTBHUHU c u X cepeoOpsTHBM
ouc( Tpudpe Hnundpoc pue ) mMMHEMUEC BBMHU

Moanudukanus METOHOa oOMEHaAa JUT aHIOTI
[99], gAemnmacerT B O3 MO KHBM HNOJYydYe HHE a I
UCHNOIb30BAaHMU ONHUCAHHOTO BBHBIIE CIOTOCOO:
OpoOIeccHh peackKI-WiMWIAKPHAYCCIMOOTTHOO O C HO B H O T
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3aKIOUYaceTecs B MCHNOJb3 0BmRaAHmMME MBF,x m [T 1
NepBUUYHOTO OTIMEeNIEHUSTI WU CBSI3bBIBaHUI I
O6paszyrwmasac 4 B pe3BgHi]lp”’T a T 8T euma c B B oA A MO

HYyKnIeoduiioMM:

[BsH/L] + [BF] ® [BFL]  BsHi [
“BsH;] ” L”® [BsH/L” ]

Taxum o0 pmao»wmBiiE0] |, CTPOEHHUE KOTOPOTO
P C f61].

B pa@loOfws ygyamoamwmo 1 eBiH;Q(GHy.¢ £ xwumciao
Jbwouca B OTCYTCTBHUH Hykneoduumna, K O~
bpar meBsH]a” “qfo OGonee KpymHBX OO0paH®®B,
OPUCYTCTBHUHU Hykiaeoduiaa peacxiIus npuc

OblcCTpeeMe ,peya KU MU YKpPYHODHEHUSA, MNpPpHUBOASA K

15Peaxkndun kB Hag e Hcanum

OnmMH3 TepBBHX MNpPpPUMEHEHHUHNU OKTATHUIDP O
cTapida KII MU MO YyYBEIHWHUYECEHHUIW KOITHUUIY-BRETBBOE
TabunbrHOMH cTpPBtgd xpmwce@Gaan u[ IpuUCOETHUTI
M3 BHEC, u caw OpOAYyOUPOBATH M€ KHUE
nanbHeWmeMmM coOuUpawWTCcCss B pPaszITUuUYHBE 00T

[To nauupil)JICK Hecoabp BNaBiHp o BHaan@@w@moa
SHAOTepMuUYe CKUMKW CodPeik TH a T jpiiec BISKIUOUT € P M H |

» dpde k

ybdekrTa EBHOPEAIWT C b a3 o e MadBzHgle p e

°Grpup ud lox naxgeuauun. IloBTopHOE WO

=

3AaKOHOMEPHOCTH 3 THUX ba3o0BBHX nepexon
OCHOBAaHMUMU T aHHEBX, NIOoJdYy4dYe HHBb xe MMenBlelng o m
pacuec dlomm.3[20dlo uT o0 npu Hafl@e BaEHRMEMTADO
M3 MEeHEHUNHNU He HaOnwraerTcs, a TEeTmJOoBEE

55



OIpPEeoTOCOTKEM HBBI HE pTreTHUUYEeCKHUN Oapbep 1mp
[BsHg], KOTOpPBHBMHNU BH3BBaAaeTCsa cNarnd ashlia BB@mm
TI'A wagvano wu3MeHneHus MaCc cupl 3HaaKYaMHHYAHEBTACE
HOH nortepei® Gpu I al35050 6 p a3 HEBE 0p o )
oxapapr3OBaHBleﬁMPo,xp(MMKTpOCKOOICI/I}MOB(L]pBI/Iac;I
H a MNOJYYe€HHBX JaHHBX, ya1alochb yCTaH
TEpMOIHU?I3a okas3zandBgHy memrm&kbk@ep amm W)y T[CcT
MeHBbImMeM Konuude@CmBmpy RKOUOOHDPBEAINMUH B pa
THF-BH5) u rekxkcabBgdgaun(ulx0) Mmo[nb HBIE COOTH

COOTBETCTBEeHHO, Tak xe¢ B 3[@lM nmpomecc

| .
l ' [ ' I ' l ' [ ' [
40 20 0 -20 -40 ppm
Puychi 8k—"BIAMP cnexktps mupo NgBsgh BB TepwMm
TeTparunplbBHP(&O0H em . BgHi1o) (81 4[, 2 MBgHg (6313, |
M. A5.3,, 8 [121]. o . )

TBepase OpOJaYyKT BI TEPpPMOIHUS3 a 0 X ¢
TBep)IOTléLBHEMR)ﬁcHeKTpOCKOHHH. OCHOBHBM
OCTaTEKE BH]n @4e0T.c65 M. 1. ) 1 BoeHalp 4-B 4 omu a c
BOH), (1. 9 M. I. ), MOSBJIECHU E KOTOJRIHNM
B3auMoageuucTBUEM oO0Opa3s3ima C BJIar oH u K

ONpuU TEpPMOIHUSI3E.
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M3 yaerns TepwmuucNHEBsHy] [98]8 o RPa B py me Hue
HaduHaeTCcsC mpmpuB®-mw# moT76 62 mdlowmmm m
ra3zoo0Opas3suHbBx mnpoaykmMNaBHg . npaBse@aEesH HMEO
npucy TBNsHBiNH; 1 moaguepkuBawWT OTCYTCTBHHC

N3 BecTHO, gyT o NaBgHglo iinpnmi po o mEmB XS HHO N

npu ‘CO®puBoaguUT K O0OpasoBaaKIION MI:e HT a 06 0 p

Na[BsHg] —X0% , Na[BH,] + 0,4[BsHe] + 0,2H,

Muponus °@pumodpOBoxngaceT cKg[Boblig,[KiBEH. B a 1
[BsHog] B, [ 56] . TpeyronsHas=s reoMeTOpHu 0 |
NO3BOJNSSET paccMaTpHUBAaTh €ro KaK «CTP
nonudapuueckux Grpo3IBolO3} B oGioorpfb@ifomBoB k a 4 ¢
TBepABX mnNponaykTtToMBsHg (M=K ®Rp @) guzme oT1u-v
Na[BsHg], 0 6 p a 3 yBHgZ = kagecrTBeE o ¢ H 0B’ o )

MUHHUMAaJIbh HO € Byl u eBifla B0 B[BIme ms e T c s r a
BOJXTODPOIH. Ha nmaHHBH MOMEHT O3TOT METO
NONydYe HUH A HOHAarumapoHOHaboOpaTHOTO a H
NaBsHg] diBx wu npu KUTOS4Y€ HUH OTUT TUMOBOT O

cenexk TBmzl-ﬁlgj{Z‘D [

5Na[BsHg] — Nay[B1,H15] + 3Na[BH,] + 8H, [7,104-106]

I[Ip u v v xerHenwmn ¢ p AIOAFPC)uy B e 1 u B r MG u)

C U H ToeO3paa 3 §¥ B T UKMO-0 0 p a TamHbHiiBgs]”[6].
Bz3aumMogedixmTdameapoTpubopaTHOT O a HHU O

opraaundyeckux pacTBopuT-OfHEXB IpPREYaTE M ¢

BpeMEHH (mops gk a 4 8 q ), OPpPUBOITUT K

Oo0oabmuMHU B Kpxeoaakd i
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BusN[BsHg]+ 4B,Hg = BusN[B11H14]+ 9H,

B [108,109] paccMOTpe HB ImOJIXOJdB5I K npoBE
peaxBHikno H g e Hcamuu. Ta x, BsghyBP(Chls}sthBaHg] o nce i

OCHOBAQHMNIMHU Jpwuca 06paBYIOTCSI:

{B 3Hg2P(CHp)3}[B 3Hg] + 2L — BHs-L + BH3-P(CH); + B4Hg-P(CHy)s-L,
r ale= P(CH)s, N(CH)s, P[N(CH)]s;
{B sHe2P(CH)3}[B sHg] + BsHg-P(CHs)sL — BH3 L + BH3:P(Chg)s +
2B,HgP(CHb)s
3 1 eLc=#(CHg)s, N(CHy)a.

[TomoOHBE peaxKNMUU XapaKTEEpPpHB a8 T
okxTarumagporpubopatTHoT o aHudJBAYBsHBAp un p«uc
TemMmnepartrypeCorkoaonomuMd®d Oag ® X T acO OBPEAXHO 1 O M
[110], Takxe oO0pa(@®)ywe Tceasie qomBOICP aKHO 1 U 94 € C T B ¢
[BsHo oO6pasyeTcs W mnpu KOoMHAaTHoBgHBrle v ¢
ITUXJTOpMeTaHe HU NpHU B3aumMoageuncTtTBHELBB 0 K 1
nuxunmowMm@OFfauwkpu TBepaodas3 n IBA[BiHg a AGlzarp arii c
50 C oGpeaxa ¢ Mme cBHg BeHp Bilig 11l Onmako aBT
yOIOMHUHHAaIT 0 I OUSCBCJITCBHEM M W HBT ¢ B ™ ¢ g uBHj',a ,

HeycToWunsor o BdH]p a(upam cc.o c3r2a)s.a |

HE?T_HH‘E,HH
H,B-H” H

Puych 32-CxemMa pas3pouoBsHg],cmsas peB yBib[rarTe
oO0pas3yBblseas upycrT oBaHgildlhiit |
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ABTOpPpSH mnpeagmnomxrarawmwT oOpa3oOBaHHE Bb
ykKa3zamHmiE pmMe numart. BBO0opmmcoamon nue[lldhl4lorT a
BHijo 6 pas3svyvermmu B3 aunmMmbOBABIHg Tepumibe nmia poc ¢
[Monyuewnunwmid BHynRPlg xorx apaxkTepuszoBaHtd -C
CHeKTPpPOCKOIMIHHU, 5 i ¢BeMPT K ore ok T ap HOGC KM 3IAH. H)

Yaianocs mounyuutTs u BB MBrH]E, [BeHe%t u
IyTeM OKHCITEHHS KHCITOPOAZOM B 0 BeHfn uu
[33, 115] KOTOJPpBIH, B C BOIO oyepenas, oo
OKTAarmapoTpubOOpPaTHOT O aHHUOHSZa.

TakxkuMm 30@pa 6naropgapi=4 T7a0unbHOMH CT
peakKkimuoHHBX carHonco®@sblgh Moo DKkeHEDA 3 B a T b CTpoOH
bparMeHTOM I8 WNOJYUYEHHUSI paj3TUIHBX T

BCeEe BBIIONE@P OBOITOPOIH.
@ )Vjt% >

” 2-

V N

@@ -

l63akawue HUe

O6o0o06me HU € " aHalus:’ T UT ENp a TIYTPOH Bl X € T
NOoJNYyYePHURA COCEITHUWHECHUH OKTAarT ump odrp3umdIo
XUMHYUIECCKUE CBOHCTBa J0CTaTOoOYHO moJap
METOHIHUEKH mnonyude HuBgHg] cuome croit  apmwimio Hme a[0 ¢ 1

Oo0bpsscHAET HU3KYK JOTOCTYDNDHOCTHb €r o o p
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CTaBHUT nepeng HAaMHU O€pPBYIW 3 anmavMH3yyuu X O
MemooOuK cunmesa coseil OKmazuopompudopamHuo20 aHuoHa.

B nutepaType O0IHUC ar HOMCOIBITC IE U &R 00 KMUEXT & 10 OI (
KOTOTJPEBE MOT YT SBISATHC A mepcmeKTHB H B
OopwumgosB M€ TaJgJa@ Rl,u B adyeTTo COJIOCY IC YHIOGL Yo WmWb 3 2

603MOXHCHOCHIb UCNOJIB306AHUA AHUOHA [B3H8]- 6 cunmese KOOPOUHal{MOHHblx

coeOuHeHul

bonrpmuHCTBOIOMY HEG H MW K 3aMe e HHBIX np
[B3Hg], ymoMsaHYT B X B ITUuTEpaType, C B3
OopoBOAOpPOAOB, a H € c NpsSsMBM 3 aMeIlle
OCTOBE. B mpuBeneHHBX B OO-HEBPFEI IMEY®OM

HyknecopunomomrdHBIa  aBMgporecyTcTBYyeT m
aHagus:3 CXeMb TMNpPOTEKaHH s AIaHHOT O onpo
KO MIIJ eMKHCTOeBp Me A u a T o BsHgkB axmamwencooMB ¢f nur a v,
nepen Ha MH T poapeosienue yCaoRUE NFOMEKAHUA DPeaKyuil

KoHnOencauuu u 3amewienus ¢ anuone [BsHg)' .

OrTconaa cuneagyer, 9T O ONTHUMUI3 AU
OKTaAaTruapoTpubdoOopaTHOT O aHHOHAa, NOoOJNyH4Ye
mepexoaHBX MEeTaligoBs c ero ydyacTHuEeM
S BISIETC A a3KaTayaadjJebiiH 0 U MO3BOIOIHUT cymecT

IOCTYNOHBX cocauHeHB#Hg].Ha oOcHOBe aHHOHaA
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IF'maBdKCHEPUMEHTAJUBHAA YACTDb

2.1 ODPOE3BIMHRKIHHEe CKHEe MeTOAbI MCCJETO0BAaHN

JdileMe HTHBHH@MHYIAR PO, BOJTODpOLI 151 a
aBTOMaTHIYeCKOM T a3opBdh 13208 Elemental Analyser C
(Carlo Erba).Onpenene nue 0lICH MS BwenmaramaM a T 0 M H
"MUCCHOHHOM CHOHEKTpPOMETpPEe € MUHAYKTHUBH
B IHKHa y<4anHHOA T U T M4 € C K O T O e HTDpa oI VII
mccnenoBaTensKypE R OOHEBE NEPHAUNHCTHTYT»

UHKkcnme k tpiBMTE3 MPOBAaHHBX COE€EJHUHEHKEHN 3
cnexkTpomMeTrpe UAPP AHIM ATl «Jliome xk ¢300 B
cMc paspemeHu®©O@GpadszoM roOTOBHUIH B BHIEC
U B BUE cycmnen3 WAlilriche manec hmwwepmew B 4 |
«Fluorolube Merck).

Cne xk TSPpMP("B,"H)pacTtBopoB mccuaeahENmx |
CHs3 amumucwBanu Ha c mevanc®lle3mlelOr prra Buadkm®ea T
MI'nu, 23 00MIu53MI2ulc ooTBEeaT CEBE HPOHHE U C T
mo JI€euTepuir. B KaudecCcTBE®e BHEIHHU X C -
Tpexdprtropucrtroro O6Gopa, TeTpaMeTHUICHUTAH,

PeHTreHOCprKTprﬂlmlcﬁﬂHaﬂﬂﬁ@ﬁnnh%CDXLD4EAH
AaBTOMAaTHUYECKOM 4YeTHBHpPEXKpPYXHOM naudpac
Bruker KAPPA APEX Il [ 1 3 4 ] ( uMaiK)oy emaprme T e Mo Kp a T )
[TapamMerTpH DI EeMEHTapHOH 449€UKHU Yy TOUYH
CtTrpyxkTypy pacmudpoBBBAaIU U YTOUYHSIIH
SHELX [116]m oF’mo0 BceM HQaHHBM B aHHU3OTDPOTIH -«
HE BOJODPOIHBHX aTOMOB ( Kk powMe paszymnopsn

AToMbO OpPpTruUapuaAHOT O bparmMeHTa TOXPAH @3

3I[aHHLIe ncciunenoBanRegrunpoBeime BerMk. x. H.

*lamube MCCHNeqOBAaHMUSN TpPOBEJEHB 1. X. H. I'pur o
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CUHTG® €3 a T € KTpPOHHOH ONITO0OTHOCTMHUW -HHUOYOT O
oTr paHwTUYellpmin o(xee v.tl) .

PeunTrenodas oB HIB I OAUTHHAIITHAS B e HTDpE
nonb3oBanus " HA@HXp eRiAH e uoBc ko vBrukeruDBp a «
Avancec Cu kw3 mny 4 ¢ HHUMEKMe I B BIM QGU I b T P O M. 3 anm
MHTEpBaAIeE yB80O00B B2@Gut@odPpoHOBHRX 0K ORST
OpPUEHTHUPOBAaHHOT O KpeMHUISI .

Bce pacTtBOpuUTEenu mocCae (IUOIILITOPTOOBBAKINI
HeWTpansb HHKH o xkMNuauminiumaxide99medtra)@ x pa HU I U
AaKXKTHUBHpPOBaAaHHBMEA Mo I &lukg molepukarsievadeptoy fora m u
solvents.

[IlpgkpomMaTpDpa®p@a@HOIb30BAaTU NITAacCTHH B
X powmarTtor @M JuCasheeis ALUGRAM 0.20 mm silica gel 60),
XpoMaTorpaduuecdklyo ,mw2215.H&K Yy MM ) , He UTr
a 1 oM u BN saluniinum oxide 90 neutra) U CHIWMKATEeNIb I
X powma T o rMNasiica®0, (.040.063 mm) . B kKauwuecrTBE 3
CHCLbu name c )Chb€  Hr e k canvsa B cooTHoOmMe HUHU |

PadborTy co BCeMH KGECOFRMNMBEERIMNMOGBMMDDBMME
APYTrMMH BelecTBAaMHU, YYBCTBHUT €mpbOHBIOMMHU JII
B aTmMoc pepe apromHa B repMeTHUHYHOM 1€
aBTOMAaTHUUYE€CKHUM OITOKOM OBOHUHOMU T as3 004Uy
Congepxanue Kuciaajpoppn0 nae Bojppmreus m

M3roToBaeHHE. MU MDD PEAHEBIK T U B HBIE Me MO Dp
cnengywomumM o00O0Opas3oM: pPpaccHIOT ®HHBHC TBO P A
HUKIOTIEKCaHOHE® (Or) CMEmMUMBAaITHU C KUK
CsB,gHoS(CigH37)2 B mpuc(2-> tTunrexkcun) poc partemun Co
CTEKISHHOE KOIHBTIO, HaXoa Qs meecsgs Ha I

MHOMETIAa €T C 1 B YU CTEHU 0o0KcC, npu KOMHa

5JlaﬂHI)Ie nccunenoBaunhaga Aupbygse aasBbN. X. H.
6,HZLHHI)IG ncceciadge ago0BaHTHA HpOBeI[eHI)I B CO&BTOpCTB
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BO3 AYyXa. [Tocne MmcmnapewHHUH MUKITOT E€KC aH
Toxnmuwa3d O 05 wmwm, u 3 KOTOpPOMU BBHPpE3-4dH0OMOMI
MCNHNONb3yeMbe B JOdalbHEeWMEeM B KaudyecTHBE®e

C € b I MCCI€eTOBaHUH 3T €eKTpoaHaai
npuMmMe esammagapTHGHISE (Fukagbyl 3 7)) , a B Kawue
cpaBHemmdpcepeOpsHBHKO 82mMePk Tpwha n@P1 xk u c
N3 MepeHnus npoBoOalwmkb-Zaanase-tidpapWPange:

Beunrpus) .

B nmpomecCccCccC ncecceciageaqoBaHMUHAA 2J €CKT

pa3zpaboTaHHBX MeMOpaH paccMaTpHUBAIH T
Ag,AgClI |3 M K((UccnenaiyMemO6p|0O. 1 M |AgCl, Ag

AgCl pacTBOo|] X

(HacCH

r 1-10°Mp a ¢ TUO@H:COO0), u 1 u *M —Li,SO,.

KosdbdPpuuwemE®M THUBHOCT UC OCH@ACHOI APICUK, O M
IUPAC, NMOoO METONy CMeEImMmMaHHBX PaAaEBOBOPHEHBD A
Memaomux KoMmMidMuHeKaowsBnd®aszanu HccaemoOB

npeneBaxeS BAUISIAO HAa BEIHUYHUHY DIEKTDPO,]

22CuHTECS3 H OYHCTKA HMCXOJAHBX Be€HmecT:H
Li[BH4] M a p RAldrich ¢ comxepXaHUEeM OCHOBHOTO
99% mcnmnonbr3zoBaau O0e€e3 NTOMOIMTHHUTEITIbHOHN C
TiCl4, TiClj, TiCl,, ZrCl4, FeBr,, PdCl,, AICI;, SnCh, NiCl,, CoCl,,
FeCl,, MnCl,, CuCl, HfCl,, (NiCpCO),, CF;COOH, CH;COOH, THT, t-
BuCN, Phb,CHCN, PhCN, PPh, AsPhs, dppe, Phen, Bipy, CpZrCl ,, Cp,TICl,
MapAldichmcmons3oBanu O06e€e3 OTOHNOMTHHUTE ECIDb HO I
Alle TOHHUKIWPIMAIT UTI W ¢ OOpaTHBM XOJTOHII)]

boc popa i yalamaleHUH OCTaTKOTB B O I Bl
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NepeTrTOHSISIHN NPH aTMOOCPEKRHEW XOFR Ba[foCw v
117).

AuXxXTopMEGA@ME TO0OBAaTeE Ab HO OIpOMBIBAIIHU
BOJIOH, cymuniu KapOOHAaTOM Kaialus U TMHep
HajJg meHTaoKkK-« sz °pldyl popa (t

Tpud T HJIRMMMSI X M B a JMI ICH ATPBOCKPCOUBII O M K a JI

HECE CKOJIb KHUX I[HCI;'I O O mIpcCcKpameHHHA II1 0T €€ ME

npu atrmMoc depHqM SHBLAennn (t

Au> TuaoBbIiiBCI(PHAPUBAaZRMBIMpca ¢ T 8 Yop o M cy
xkenesza(l1), KOHTpPONTHUDPY A CoOJa€pXaHUE
M € THOKIa M , a 3aTeM neper oy, 7881« oMo

AuMe THJUOBBHUI TAPHAPEOIMIAME T 0 K CKHDIOTIATHN) JI U
obpaTHBM XolnloaguidbHUKOME Ham. Hdlepraw H
HaTp K egdd2(Q).

TerTparunma gu@yipraimn 1 cX 0ooJ00OpAAaUTIHBBHMA K O M H a
TeueHnue 4 9. Mepear,HH6CI 1 Hanxg HaTpuewm (

AWM OKCRHIOSTUIU B B e HiqpHIeyST%B T (1 @ . ) c
kucuanoll?., 3aTemM oOoXJTajXageHHO MO OITaIBIOPKBCEapHIYb i
rUIpPOKCHUII BKAJPWMSK U B all U o0 nNpekKpaitmeHH s
OTGuTBpEPOH M NEePEeTrOoOHAITHU HaAI,ReGR)ITTNE@ae

Beuskonwm s tTunau ¢ OoO0OpaTHBM XO0JTOJ UGS HU,]
q . [Mleperounsnun,7BalaxC)narpuem (t

OcTanpHBE BemMecTBAa HUCONOINB30BanIm O0e

Aproeorapkmwothywkaau ToOcCciIeaoBaTedIbHO I
U3 KOTOpPBHBX 3aNmNONHSAIHU CHUITHUKATEITEM-—C I
rpaHyYyITIHUPOBAaHHBMHU MOJIEKYJSpPHBMHU CHUT:
OCymeHHUSN T aj3oB.

TpudropanenasamyH@IUA DO CXEME:

CF,COOH+ CsOH" CYOOCCFR) + H,0.
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https://ru.wikipedia.org/wiki/%D0%AD%D1%82%D0%B0%D0%BD%D0%B4%D0%B8%D0%BE%D0%BB

B 400 wmmo 3B0% HOro pacTBOpAaMOILMANP K (
nepeMe IIUBAaHUU MEe TN eHHOWHN To®@aBHBE@M U P
TpubTopykKkcycHONH kpHdodonodw,gyme@esauampsi pacT
o oOpa3oBaHUSA TycToOW Oemo#H meHEH. 3 a
KOMHAQTHOIH TeMOoepaTyps H M3 MEdbYyadu

Tpudpropanertarta HegAWC)(Brxon 85 %,

CuHrTes3 OKTaruaporpubodoimaoHam s1C UTHET Te B 2
OKTarumaporpubopaTHOIoO QaHHMOHAa BEOTH TO

aJJ KunuialralildoTl HHunAgaMHu:
3Li[BH4] ) + 2R-Halyy " Li[BsHg]) + Hay + 2LIClg)+ 2R-H.

K paccwapry xa.bue m6/mMDd LiBHl4,B 1 uwo k ¢SO H e
M) , HarperToMy OO KHUNODEHUSI, NpHUKAaTMBIB a
COOTBETCTIBYIWIU UK oOpraH@HMaCHR U ApPOIT QN KT !
nNoAAEpPXKUBAaTHh NHNOINYUYEHHYW pacTBOpPp/ CycCIE¢
q B aTMoc depe CYyXorT o apromHarto Owm & a1 Bl
OTTOHSIHU ©HU3 HEEe JTHMOKCaH Ha POTOPHOM
TBEpPABH OCTATOK B MHUHUMAaIbHOM KOIHITEC
(-C4Hg)aN)[BsHg] o c a x o a nu 4pPa o1 dipmoonsH)N)Bre 2 5
MJI BOJAB, OTOHUIBTPOBBBAaIU U B bTIypuwmmBYaKIT
pacTBOpPSASIH B MHUHHUMAIBLHOM KOITHYECCTIBEC |
upomM U3 mNmoAy4ue HBHEOIrsDH pPMECITKBOOKPpPAW C T a J1 J1 U
(-C4Ho)4N)[BsHg] o T ¢ 1 b THp OBBBBLBYalllMMB @ ¥ K € HA P B O K O M
Temne pdMRBGHCL):'"BS 29, 0= M., 1 B-R) [ u KBK, (

c M:2432,2381,2266v6n) ; 2 1 8 97 (Verdk J:815C1R00 Ggro + Sgah);
1027 ¢gg) . DneMe HT HBH aHaxiCO76/67#HH (1565 H a
/15,59),N (4.94/4.88)B (11.66/11.71).
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Taon91Haa BecKHuU HUCXOAHBX peareHTORB U T

B bix 0 11
AadKuna/ apuarajgore
[(1-C4Hg)aN)] [BsHg]

d®o p My O N,mumors | M,e V, mn 2 %

C,H,Cl, 7,56 0,74 0,6 1,71 80

CeHsCH.CI 150 1,90 1.73 2.01 94

H-C4HoBr 15.0 2,04 1.6 184 86

(CsHs)3CCl 150 4,20 - 1.99 93

C10H/CH,CI 15,0 2,66 - 1.88 88
Cuunrwe3 OKTarumaporT.p@dopamaponpraap

mollydalalHu II o oOMEHHOH pPC€aKmHtHmHu B 9 T U J O B

CS(OOCCR)y + BUN[BzHe )" CS[BsHel(: 5+ BUN(OOCCR))

J ) 5 T cer(d7.6 45 momp) okTaruagaporpuboparta
pacTBOpPSAITH B MUHHUMAaIbHOM KOJTHUYECTBE
pacTBODJD TpudTop.3daElibadrmomw)i eB. D C410BoOT
cnuprTa) . bbieagaiaaOBEEDp BeOgepxuBa-iZm C npu
TE Y€ HUE 12 q , bunbpTpoOBaAaTHU 151 ocangok
Temnepa“rCy.peB 4ple 3 ynp T 85ce0o kr@arwywyiponmw paodor
(BBXO0ox 9 3CHCL: "BMP 30, im= ., Bi-B). HK KBr),

c M: 2473, 2418, 2353, 2323y) ; 2 12 2 7 (ve2e0oDp1178 Mgy +
Oger); 1003 ¢pp) . DneMe HT HBIH a Ha b (4,6(45kE .
(18,7/18,8).

Monyvye HHne KoOMNDJde KC HbIXBzklghe nmune numid a
[M(L)3]J(BsHg), m 0 my yraenpue Mme MM B a HU € M B TeduyeH

pacTtBolpomviial, 10 GNm Ne) . 8 L mb b mMeCN.
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3atem nood6aBagan( lp.atc T eGSHg ). AvDn M MeCN.

Mo Me HT aBIBBIH® J0ac J bl U KPHUCTAAITHMHOCKHEN IIOM:
B BIII A I€ HHU A OcCa K a pc€axKimunmoHHY C MC C b (1)
BaKyywMme POTOPHNDO O KOBIN@PHUPREBRPMABAHHOT O
MOJINITYydYC HHOT O pacTBODPaAa Impu MEC I JJC€C HHOM Yy I
B € II€ C T B O . HaBCC&KI’I/I@HH@)BOI[I/HLI)BBIXP(EI[BI oI € J
peakKkmuMu NpeacCTaBIECEHKR B NpPHUIOXEHHUHU B T

[Co(Bipy)s](BsHg), (1) UK ( B a3 e 1 u HoB-H)2312238512453 :
v(B-H-B) 2066,2 1 1 9% EMP"B{"H} 26, 56 M. 1. Duoewme.
( BBY. / BRUS8H, H(6,6/7C)( N(13,814,0), B(10,8/106) , Co
(9,7/9.8).

[Fe(Phen);](BsHg), (Il1) UK ( B a3 e 1 u H oviBeH) 230Pa2879,0 ) :
2431 v(B-H-B) 2070, “2IMP&B{H 8, 00 M. . D
aHalIu?: ( B o1y . 63,7/646h Hb,96.000N(12@/12,), B(9,8/9,3 ,
Fe(8,1/8,5.

[Ni(Phen)s](BsHg) (I1) K ( B a 3 ¢ 1 1 H 92820,240% 2444986 ) :
H) 2075, 2124v(B-H-B) "t SIMP'B—{'H} 26, 03 M. x. DunewMe !
(Bou. [/ wHaiinxg.H5P/5ENGE233/159)BR(B7/92 Ni(8.5/8.7)

[Ni(Bipy)s](BsHg), UK ( B a 3 e 1 u v ov(iB-eHy 2304 a2 23900 2442
vB-H-B) 2070, soMPB{'HE-27, 37 M. a1. DuneMeHTHE
/  ua i 59,198,9, 6(6,6/6,9, N(13,8/13,5, B(10,8/10,5, Ni(9,5/10,).

[Co(Phen)s](BsHg), MK ( B a 3 ¢ 1 u  o(B-b)e230@, 2384, @411,
2436v(B-H-B) 2068 ,.sDMPIB3{'H} 2 6, 64 M. ng. Dunewme
( Beu. /:C 63466319, H5),9/6,0, N(12,3/12,3, B(9,7/9,2) , Co(8,7/9.0.

[Fe(bipy)s](BsHs), UK ( B a 3 e 1 u H o(B-¢} 2306,2380, 2429;
vB-H-B) 2065, “2MPB{Hr 27, 68 M. x. Dioiewme:
(Bwu. / 599/604,H6)6/677 N(139/13,7, B(10,9/105), F&9,2/94).

[Mn(Phen)s](BsHg), UK (B a 3 ¢ 1 u 1 o(B-bl)e2309, 239572445 :
vB-H-B) 2066~ IMPBd™M} 26, 61 M. nx. DneMeHTH
/  u @6 1(638/64,3,H (5,9/57), N (12,3/122), B (9,7/9,2), Mn (8,7/9,0).

67



[Mn(Bipy)sl(BsHg), UK ( B a 3 e 1 u 1 o(B-dlp 2312,a2898, 02447
vB-H-B) 2069, *.2MP3B{tHM-25, 27 M. 1. Dnewme:
( Beu. / 595/59,6,H6y/66r N(139/138), B(10,9/106), Mn(9,1/9,2).

[Cr(Bipy)s](BsHg), UK (B a 3 e 1 u u o(B-dp 2338,a2402,02459
vB-HB) 2072, 2MPPB{' 44, 66 (M) M.a. Dnae
(Bbeu. / 598/595),H6y/65 N(139/138), B (11/10,8, Cr(8,6/8.9).

[Cr(Phens](BsHg), UK (B a 3 e 1 u H o/(B-dHp 2324,a2415,02461
vB-HB) 2070, "L 2MPB{tHM-26, 49 M. 1. Duoneme:
(Bweu. / 6G40/641),H6059 N(124/125), B(9,8/9,7), Cr(7,7/7.9).

B3 aumMoageuncrBHUE rajgore HAUT OB Me T aJJ ¢
anumoHlam e CdByHg] (0. 1 7 MeCNoo M@ ma 1u  BM M MAl Y
o6aBuaamuMeCl,, SmonyueHHBIH pact®dCp aora

e rmoo 6 a B Milabbu( 0 . 0 8 MMoO I b MeCNt Jl.aSt e a1 a M1

)=

o

€ a KIOHWUOHHUBM pacTBOpPpOM II1 O M€ Ia 1 U B IIp

(el o]

II € KT P bI C MOMCEC HT a Hadallda OTTaWuBAHU A Jo
[Ni(BsHg)n] S NER{'H} -12.38 ¢40°C)
[Co(BsHsg)] ST MP'B-{'H} -25.41(-40° C)
[Fe(BsHg)] ST MP'B-{'H} -31.58(-40°C)
[Ti(BsHs),] I MP'B-{'H} -32.37(-40°C)
[Zn(BsHg)n] ST MP'B-{'H} -34.62(-40°C)
[Cu(BsHg),] ST MP'B-{'H} -37.97(-40°C).

HaBecku HCXO0OOdHBX pccarcHTORB )41 B BI X O

npeacrtaBpie/HokeBH U.8. B T a 0 I

Peaxuumm 3 amMe me HHUH aTOMOB BOJAOpPOdaA,
yuyacTueM ¢ oJRsHg]. Hoomywanmue 3 aMe e HHBIX
a Huo[Bgg] CN Hykuae wupiHAN-R]

Memoo A. HaBeWHak (1, 14 MMoab) moMeImangH
M JIH o1 o 6 aBmsm RN, nonyueunHnytw B3 BeSIC axa

nob6baBunsasnu KoHHNEHTDp Bplg) § Ou S it MpamaR-N.o ps
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bun

ncCi1

€€ PpEeaKUUMOHHBHU PpPacTBOpP MNHHepeMeIlusBa
eanune 30 MHUH WM MeOAJIECHHOGMHQPDPET BPHU
@ pE 1 Il e J ¢ B,OW TPIGIMWMK TP U T b Tpamue i OT
e M KOHINEHTpPUPOBAITIHU H a POTOpPHOM
MaTorpadpwumu.

Memoo b. HaHdyd Ok Y7 MMOIB ) I OoME IavI B
aBnmmRN, l monyuennyiw BxpBCs uno xmoabransa.
HeHTpupoBaBHgheiOpa?T rTmReNp 1 fllaneec peac
TBOpP TMnNepeMemuBanlu NTNpPHU NNOHHUNXEHHOH
J€HHO HarpeBamnu I O KOMHAaTHOM T € MI
CuBeuyHnBanacaagephkaaumBEOp 1€ JI€P OOU I €mIPIal)
bTpaunuue# oT BBHIIAaBIIUX ocaagkKoB, 3 a

aputene OIS OnaidlbHeEeWmMed XpoMaTOoOTDpad(

MemooB. HapAlCkk&ly, 14 MMOoOnTbp) moOMEIma amMmia B

=)
o
o

<
¢}
)=!

Iomc J

K OH

ob0aBsmMmRINy HOnyueunnpyxymwamxzse&s mo 106a8s.
meHTpupoBaBHgi@iOpa?reReaNp 1 f{)aperack 1 1 0 H H

T BOD nepeMemuMuBaadIMu NOPHU NOHUNKEHHOIH

J€ HHO HarpeBamnwu I 0 PaAamMHEBOPOUWU COEA K
€EBOU , OO @AREYVIKT U bunpTpanuen 0T B bl
HEHTpPHUPOBAaIMU HAa POTOPHOM HUCHOHAPHUT E T

Memoo T Ha BBsHgk(y0 .[57 MMOI5b ) moMeImaJjaHu

MIHA
1060
r

npu

no6aBmmRMN IWonyuennyw B3BeSIC @mxn
aBansaalChHREAGOHO B 6p r (0, 087 wm@OOH 0,068 4
0. 065 ~MapBRN. 1Aa vMeMeoo Tp 9 d K IM O HHBU pa

NOHMUXEHHOWU TeMmepaType B Te€eueHUE

KOMHAQTHOW T ®PMEaEB®PYyINBEIO IIEECPIKEAB 0,0 T I P 0 4 X

bun

ncCei1

prauHeﬁ OT B BIIIAaB MU X ocanaxgKoB, 3 a’

apurtene OIS OaidlbHeWmMeUhd XpomMaTOoOT pad(

HaBecku HCXO0OdHBX pc€arcHTOB PpUC a BX HII X1 (1

npe

ACTaBlIeEeHbB B aAaMAPIUIT O KEe HUHU B
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[BsH/-NCCH3] 51 MP(CD,CL):"'B-{*H}: 2B) & -7 . 51 B).5x35.09( 1
M. JH.8: 2. 43H,GHy) . 1(.36H Hgyn. nDne(M/e HT HBIH a H :
H a it 1C(298629.7) H (125/126), N (174/173) B (404/4023).

[BsH/NCt-Bu] 51 MP CH,CL,): Y'B—{*H}: (2B) & -8 . 3 6 B).5x36.73( 1
M. fH(CD,ClL): & (BH) 1. 5CH)M .21 2Bf eMMeau T H BLH B &1 H a I
H a it 1:.C(487488) H (131/130), N (114/114) B (268/265).

[BsH/,NCPh] 51 MP CHoCL,): 'B—{'H}: 2B) & -8 . 8 6 B).5x36.41( 1
M. H.(CD,.CL): & BH)193m. CH) (7. 52 wm. 1. D n(eBMBEYH.T H
H a it 1 C(58%/%88) H (85/84), N (9.8/9.7) B (23.1/230).

[BsH,Ph,CHCN] SI MP CHCL,): YB—{'H}: 2B) & -0 . 51 H®).81-. (
37.44HEDEL):SBH) 1. 1CHM.70.60( M. 1. Diewme
( Bou. / CH20M24).H (?8/7.7),N (6.00/61) B (142/141).

[BsH-EtsN] I MPCHCL,): "B{'H}: 2B)&-2 0. 3 B)&®2.2 .51l ™.
He: 2. 87H,GHy) . 1(. 611, Chg). ,n. 1 (08 Hay. 1 MK( T x1
mJIeHEkKa ) BH)( 2489,2452, 2425, 2310,2258.1 e me HT HBL{ B 81 H a I
Ha it 1 C(50%%09) H (157 /156), N (9.9/10.0 B (234/2323).

MoanyueHnue 3 aMe e HHBIX np ozgp BCO AOH BI X

HY KJe o ¢ BsHaOvRy]

MemooA.Ha B e MG4¥1.1 4 MMONTb) mHoOoOMEemMaldlHMB K.
m n106aBsmiROmm olnly u e HHy 0 B 3w edABC omx nmokOraas .
KOHIODE HTpupoBaHuBHi Olpract®wop 7 [ RODoJadneccsn

AaKOUUOHHBMU pacTBOpP MHNepeMemMUBAaITIU MNDPH

w o
¢)

0 MU H "u Me g e HHDO HarpeBanau PaoTBow®

o
o

J€piXailmuum 1I1e JIoOeTBIoCiT smpio OQyuryiTh T pa muume i o T
3aTeM KOHIEHTpPUPOBATHU Ha TSP O TMAPIHEMN V
XpoMaTorpadaopwumwu.

Memoob.Ha Belgklddbr ( 0, 57 ™MMoOoaAb) TOMEIIa L

M J1H 1o6aBmMuRMD nlolr yueununyw B3 BecbP Coxwma:
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nobaBusasau KoHUNEHT)pPBPlY A nH KD . p7r Ri®1rowpr b
Janee peaxKHONHMOHHBHN pacTBOpP MHepeMemUuBa
TeueHnue 30 MUH HU MEAITEHHO HAarpesBam THu
peaxuuu pacTBOp.PaGCasinpe 4 uBoageeTporia My U |
OTOAE€NsIH bunpepTpanmueid OT KBOHINEHEMPMP OB
POTOpPHOM HcHapuTeNne AIXSA JTalbHEHUMEe A X

Memoo B. Ha B e ¢ k' y pAlGi;10B olpSo BT (1, 14mMmmMmo s
Kon10y oO0mMeumonvo 62aSsmmRi0y I 1 ydye HHY 0 B3 B¢
10650°C mw nmgo6GaBnsnum KoHIec BHg O,pr¢ Ha B A bl it M ¢

RO. damnee peakxKkiuoHHBHH pacTBODJP nepewm
TeMOeparType B TE€ Y€ HHU-E 30 M U H u M € ;
TemMmnep®rypmODp, CoOJde€pixa U, NIgSTHSIMO Wh UMb

OT BBHNDABMUX OCaAaJKOBAJIBRAHAM DPOIBRNEBD MpP W
nanbHeHmed xXxpomMaTorpadbumu.
Memool'Ha B e Bklgg 0ldr( 0. 57 wMMONTB) mOMESIaJgHn
25mMau po6aBmMaR@ Inlbonyuewnnyw B3B-BRGE wx.:
no6aBuxsaalCREAOHO.E30 ,087m H( 1, 1 4 ™ wmGQOH P,068 C H
r(0.065my (1. 14 NRDo/frtabme)e Bpea KM MOHHBW pact

npu MOHWNKE HHO U TeMOepaType u Me aIe
TemMmnep®rypmODp, CoOJde€pixXa I, NI STHSIMO h UMb
OT BBIDAaBMUX OCamgKOB, 3aTeM KOHIEHTVPH

NanbHe Hmed XpomMaTorpadbumwu.

HaBeckuw WHUCXOTHBX peareHTOB pUEC aBKHIXIM
npeacrt adBpiwemoke H U.®. B T a 0 I

[BsH;THF] I MPCHCL): ' B{'H}: 2B)&-9 . 59 B)dal.4.(5L2 wm.
'H(CDLCL): &"™H&: 4. 09 M H25),2406 ,HA(34)),0494 wm.
(tH,Hg,).DnemMme unTHB#® aHnaumamuns3C(4R.8/428) H (135/13.4),0 1 .
(14.2/14.3)B (295/294).
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[BsH,OEt,] I MP CHCL,): “B—{'H}: 2B) & -8 . 0 1 ®).5n-12.3§ 1
M. . DneMe HT HBH aHa CH42.0/42.2)H €15.0 /151),1Ca # 1
(14.0/13.8)B (28.9/29.0).

[BsH-diox] I MP CHCL,): *'B-'H}: 2B) & -8 . 34 B)Sxl.2 .(316 ™.
OnemMe HTHBNU aHauxuL BN HLYE1H7Y,@ R5.0248)
B (25.7/25.8).

[BsH-DME] S MP CH,CL): “'B—{'H}: 2B) & -8 . 6 2 ®).5n-11.40( 1
M. I . DanemMeHTHHNH aHaLK36936.8 H (13.1 /13.2)iCa it 1
(246/177) B (254/25.3).

IMloanydye Hme 3 amMe me HHBIX [Bfig @3 BoaxHBX a

TeTparunagpo[Bidoipld nH o m

MemooA. Ha MElg@.y4 MMonIbr) HoMemalHUMB K.
um gobGasmmMHA, |tonyueunnyw B356€cH agadax,
KoHIODe HTpupoBa©gBgHs Opad DB &Y MMO JBb ) B

pPeEaKONUMOHHBNH pacTBOpP MNepeMemMUBAaIHU NOPH
30 MU H u M€ IJd1€HHDO HarpesBalnlu PaortBo®
COoOJAe€pXaIlmum I e JIOSTBAOCHWT Smipio APYyUKITh T pa M U e d O T

3aTeM KOHUOUEHTpPOPOBHOWMM HQNDapHuUTE®EITE hi§
XpoMaTorpadaoumu.

Memoo b. Ha B e ¢ xhg] (OTIBA[OB. 353 MMO0 a15b ) I0oM
obpeMomM 25 MI ©WU PpacTBOpPSAIAMU B MHUHHUMADI
npu nepeMe IIUBAHUMI. Hanee peax8mOulo Hm y ¥
nob6aBaIATHU KOHIEHT pinopn(@@98m ,H3p583 pMaMOTIBEO)p B
Kowy6é peaxumnumoHHOPAEC ™ 8 BIEPBUBOJIKIO MH a T HO Wl ,TMe M
B TedYeHHUEe KOTOpPOToOoO HaAaONWIaaTdORPpoO KOO Al
BbBJOENEe HUENWacrrasszoap., COMEBMAMIU B POOTIUEYCKITS JI
bunpepTpanue i 0T BbNasBIIUX ocaJgkKkoB, 3 a
ucnapuTene a1 nalbHEeWMmMed XpomMaToTpad
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Memoo B. HaBecxkxy A@lg@lbs d,pdomBmM 0 1 b ) IO ME II
Kon0O0Oy oO0wmMaumonvwo O02a5emmlHA , | fonydye HHY WO B3 B
105C uwu nob6aBsansnu kKowHIUE HBHEu@E®L.BA T HMMoO J
THT. Hamnee pe€axiuumoHHTEBH pacTBODP me
TeMIepaType B TE€4YeHUFE 30 M U H u M € )
TeMnepRaypsiop, ndioNiecpIRBM,DTHNPAAVYKT UITBH
OT BBHIDABMWUX OCagKOB, 3aTeM KOHIEHTDpPH
nNanbHeWme#d xpomMaTorpaduu.

Memoo I' Ha B e €%BgHgl 0.1 r ( 0. 57 ™MMO 5B ) mOoMEC
obpemvMommmu 2 foOaBmMHMHMI , ] Onomnyye HHY IO B 3BE€C
50° C mooO6aBunsauanu CHRCOOH @13 (0,087 my( 1, 14 M M C
(CH,COOH 0,068r (0.0O65Mm 3 (1. 1 4 MMoO aba)m)e eB p EHTEKIom
pacTBOpPp mnepeMemMUBAaNIMUU TMNpPHU TNOHHUNXEHHOH
M€ 1€ HHO HarpesBsaumnwu I 0 PamEBOPOUN CDEEHI
HelnleBOU ,OFQAEY KT U bunesTpanueu 0T B bl
KOHIONEHTpPUPOBAITHU HA POTHNPHOMC BETEAPUT @V

[BsH;SCHg]: 51 MPLClY): Y'B{'H}: 2B) & -8 . 6 2 B).5x11.40( 1
M. DPnemMe HTHBHNH awnaxmus C(CBFM3T.4) H (118w/E18)aS %
(25.0024.9)B (25.7/25.8).

HaBecku HUCXOODHBX peareHTOB U BBHBXO

npeacrtaBpiemHODKeBH U.IB. B T a 0 I

MMonyue Hue 3 amMe me HHBX 1BpHeiIcP-BAs-fNHpix a

HY KJe o ¢ BgHaPyAr, NH2,)-R]

MemooA. Ha BeMGy 1, 14 MMOIB) MNHOMEIIAa MA B
u 106aBmCH,Cl,l 0 monyueunnyw B3BebPC omx n
nob6baBunsasnu KoHIEHT pBghkglo(BOa.u5u7s1 fim Ms@hc b1 )d] @pmr e (
PEaKNUOHHBNU pacTBOpP MNepeMemMUBAIHN TPH
3OMmuuH g@ab6baBasau kKoHIIEeHT plu(pOo.BS5a7a uneini @Chra)c T

no cadJwewcr o pc€axKximunomMEYy[HE € HCHMOC C HHAa I' p € B a JI U
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TeMnepdgrayipe.a K UIUOHHBNGU PRTTPGROPPWMB a I1u,

3ad1MUBANHU 20 MI [lgmgxwopmedrasma.pacTBOD
ynapuBaoOupemtn0 M1 ¥ @ODpPOBOAUIHU XpoMar
YT WeEMMXITopMeTaHn). @PpakmDHMHU C IM€IT€BBM I

U ynapuBanmu

Memooh.Ha B elgklgdbr (0. 57 MMOIAB) MmMOMEIIa ¥
Man n06aBma@HCl, 1 Ononyuennyw B3BSEE wx]
noO6aBunsAsnTHM KOHIECHTTDRDB3plgpBaxwemit @ p 8 T B BMMp 1
CH.Cl,. Hanee pPeaKIiuoHHEBEH pacTBOD me p
TemMnepatype B TmobCaiBuies 13u0 KwouHHI € WH T plu p o 1
(0. 57 Ml mo)c M€ T 0 pPCaKIHMHEMYEGHKEKMCE T P
KOMHAaTHOMW T ¢ mMBiexpoaarey ppple a K I U U JIPA CT B D P K &
HaOntwnlhamue.e er o ymapuBaliHQMIJIO C/RYIXJIKO p3MaE.
[TonyduyusBwuiuc 4 pacTBOJp bu o HEMEOACIITHEG T Oy N
PEaKUUMOHHWG I TCMEK® HarpesBanau A0 |00 wHA T
OPOBOAUIU XpoMaTorpabwmUKIAPMEa T HNDSD,
HenaTeBBHM BENECTBOM CIOIHUBAaJLU B OXHY KOoOIoC

Memoo B. Ha B e ¢c k' y pAdC;1(1sBlodp oM O 11 b ) moME Ia
o0bpemMamnu 27500 aBMmiahH,@l, 1 @Mon1yduye HHYHO B3 BECH
500C mu no6aBnsnau kKoHODelBHg aPo s du mmikLlap ) c
Hdame e peaxKxuuoHHEBH pacTBOYpD INepemMeIlu B a
TeyeHUEe HFOOammEmS MU Ko HIEHT plu(plo.BS5a7H HBBIMIO J
CH.CL.. [Tower®ne HHO HaTpeBamTH I 0 kJlbamiHeaeT
OecuBepgaHGIMPAQpPpPpUBAITU, ocanmgock 3aluBaIm
[flonyuyuuBsmuimcsas pacTBOpPp O(uasltOpomwm Tm, 0y O
XxpoMaTorpadpumiow (cHaAMHBMXIOPBMLETAHPEe HDp aK
Beme CcCTBOM CIOIHUBaJIW B .0OOXHY KonbOy w®mw ymar

Memool' HaBe BgHgf (D. 57 ™MMoONIb) moOMEIma JaTHu
Mmau pg06aBmMam@HICl,,l Ononyueunnyw B3BOAEG wno x
nob6baBunan lCHLEAOHO B 6 p r (0, 087 wm@OOH 0,068 4
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r (0. 065 Mia) (1 CH@, Jhamioeneb ) )p € aBK II U O H H Bl

me pe
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o
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arop
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I p
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M €
€ H
€ B
B €
op

OB

Y BIAOTHAW JMIEPHUH O B T e MO e paTy meo OB B T g A
TpupoBahbhfi@i 5P aemegblp ) [Tocvmieen m1e HH
anu I 0 K 0 M H aPrancoTiiB 0 p € mpreeapKkauTuyOpHBH. O
T HBH , Oonee3ze oecraogq k w o a p/kaB a 1 u , ocC a,
MlBEormaynuam. B mu i c 1 pacTBOp ¢urHdDp mBra

OAMUIU XpoMarToT p a-(umrx J(0CpuUMJEC Ur KA aHT) €. JT [

B BI M BCme CTB OM CJIITHnBaAaAlHu B OO HY K 0 J1 C

Memoo J]. K pacTtaopBsHg] (0. 71 MMOJdBH) M.

TeTparuagapodypaHna, p eIaOKMIEHUIC HEHWIMY C BC Yy 1 0

npuo
Peacxk
OXI1a
no6a
40¢€)
K O MH
ocaipf
[Tony
XpowM

B € II¢€

a B

I u

K IO

nanh 8P asd rtip(olp. MI2C M MO 1 b ) B 15. Mn
OHHYW CMECh TNOEepeMemuBaITWU HTPHU K

ammon Tteeém 1 e4pCalCr.y pie p e 3 5 MUH B p e

BEEN@®G. 71 MMOITBP)JI U CMEBE bIOCT@SMBHHRO U

H a 30 MU H Ipu NepeMe lLINBAaHUU, 3

a T

K a .

q H

a T

CT

Memoo

C MCC

M JI pi|

o u
K I

B dI

HOWU TewmMOmneparTypesH. PacaaeompBsB epTeHbKill
Hdame e €er o ynapuBamamu, ocapngo
Bmuiuncsas pacTBOp Guuabsltlpomwm nm, nyaa
orpaduirw ( ¢ wJAUMEKXaJIroepiamMbe, T a HJ) 0e HAp a K L
BOM CIHBAaIW BRAJOMIHY KOonNOyYy W ymarg
E. K pacmwmeoamy alBidg «((a0 . 71 B M 0l0p ) M .
uagpodypamna, MOoOMEIEe HHOMY B peai
nasnh 8Pasd rismolp. MI2C M MO 1B ) B I 5. mMn
OHHYW CMECbh TNHEepeMemumBaITU MNHPHU K
anu eé& 1H0°t€e.Mvmundpmazy pbl MUHYT B
GOMBEeTCTBYMOME®DN . AV Kk Mvmodgbmauc mpu
HHOWU T-eMTE)PanBagpeh@i( M@epPY Me MUB A H I
H O HarpeBamnmu e € Il O KOMHAaTHOH

Obpln OecumBEeTHEBHH, 6e3 ocapgkKa. a

T0pMETaHa. Honyuwuusmuimcsa padcl Bor
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MI ¥W TWNOPOBOIXUIHU XPOMATOTpPaAPUIiX@@OpP MR K 3

(DpaKI_II/II/I C o€ adac€ BBM BEC€me€ CTBOM GCJIJHuBaiImTH B

HaBeckunu HCXO0OOdHBX pc€arcHTORB 141 B BI X O

npeagcTaBIEHB B U/MpUITOXEHHUHU B Taobdda

[BsH,PhNH;] (IV). Cu v TPONH'BsH; 0 ¢ y me ¢ T B 11 s Jymuk e.1 oE
[Tocne npoBeEeITEe HHOH OYHUCTEKH U BBHJECICECH
pactrBop@HGChLhe@em3 ona (B cooTHomeHUHNU 1: 1
Me IJTeHHOT O P auptroBracH uMm» m1y u3g20MmamM 0 11 b ) 0 ¢ .
mopomPhNHB4H,) —Bsix 0 cocTasu EDCLE "BH% & 51 MP
7.6 MB),RS5.02B):M:74417 .25 mPhym) ,(55. 419, ™.
Hy, b)), 1. 7H, HeMor);A°C-'HG:7 139 . @, 8,CMm1 y), (13X . 3
C(3,5)), 1QG.45 )n. a1.2G, CO2 ,M6.)xBr) , K Bi)
2505, 2431, 2322, DOne me vt HCpi(E4.3/244),aH1 u 3
(10.6/107), N (106/10.5),B (245/24.4).

[BsH,PPhg] (V) ITo c 1 e ONPOBEACHHONWU OYHCTIKH
kKkpucrtrannuizobBanu @HCLhgéewmBopa ¢(mHReaCcwoOTH
COOTBETCTBEHHDO) nytTeM ShVEPICHEE) B Be{tH}: y m a
(2B) 5 -8 . 62 B)Sal.l.(410);'H: 7164-7 . 48 N, Pk), (166
(7TH, Hg); *'P-{™H} & 2 7 ..HA K KBr)x,. ™ 25@5, 2473,243%%y) ; 2016
'!YnemvMenr it awuanunC(7LATLSH (7.4/7.3),P (10:2/103)%)

B (10.9/10.8).

[BsH-AsPhy] sI MP CH,CL): "B—{'H}: 2B) & -8 . 6 2 B).Sx11.40( 1
M. I .

[BsH-ddpe] ST MP CH,Cl,): "B—{'H}: (2B) & -8 . 6 2 B).oxn-11.4Q 1
M. H8:761-7. 88 N, Ph)., (2.03HHM, 12. (BHMLO2. (
M. II. Hé);73flP,8: 27 . ®O®n eMMEHT H Bl U ananauis:. C(BBH
(712/71.1)H (7.1 /72), P (142/14.1)B (7.5/76).
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Moayuyveunne TerT[BhiBflopana(10)
MemooA. Ha B eM@, 1, 14 MMOIb) mNHoOMEINaMH B
U 106aB mulCH,Cl,] 0 monyueununyio B3BedsC mxa

obaBsunsnu KoHIUEHT pBghslo(BOa.H5HTE iiM Wg@hcvT )B@pn e(

AaKIUMOHHBU pacTBOpPp MNepeMemuUuBaAaITHU MNDPHU

W TN
¢}

0 MHH 141 MC OJC HHDO HaTl p¢Ballu PaICOTBIO(p

J € pXaluium 1 e JIoeTBIoeiT smpio AQyukiaTh T pa ume i o T

o
o

3aTeM KOHI € HI P UPOTB@APIKAO M H U C O apUTEIe
XpoMaTorpadaomumu.

Memoo . HaBelb&k®. 5S7MMoO 15 ) mOoMEImma Jm B K
00 a B sawmmuCHClD) NOJYYE€HHEBH pacTt®HF KL @xn
ob6aBunsnu kKoHIEeHT pBehslo(BOa.a5uH7sr fim wpe@hicbT )Bl@ppr e (
€CaKINUOHHBMN pacTBOpP HNepeMemMuUBAaITU MNpH
MUH H©W MEIJIEHHO HarpeBaJlHW OO0 KOMHSZ3
acTBOpP O0O0ec cPmmecerBwRa € TccosIA € p )Ka MUGT JIeeIUIsCIR

I/IJII)Tpa]_II/Ief/'I 0T B BIII A B IIIHK X ocanaxgKoB, 3 a’

SI=YU C BN VCRE C R SR
o

cnmapuTtene AN AaidlbHeUWme#d XpowmMaTorpad
MemooB.Ha B eAl&zy( 1, 14 MMonb) MmoOMEINamMH B
106asB muiCHCl,] 0 monyuenwnnywow B3 BeSsC mx n

oBasnau KoHINmE HT p u pBrHgla(mla.ei5ii7 pranm Sl vo )l apfn eC

=

AaKUOUUWOHHBWU pacTBOpP MnNepeMemMUBATHU HOPpHU

W T N
o

0 M U H u M€ JAJ€EHHDO HarpesBanalu PaoTBo®

J€pXailmmuum 11e JIJoeTBIoein smpio OQyuryiTh T pa muume i o T

o
o

3aTeM KOHIEHTpPUPOBAITHU H a POTOpPHOM
XpoMaTorpadaowumu.

Memool' HaBe Badgf (0. 757 wMMOIb) mTmOMEINa IHn
Mau ng06aBmaG@HICl,, 1 Ononyuennyw B3BSEE wx!
no6asBpratcidCEPOH( 1, 14 vMmMOQ@H( I( .CIH4 B GH)Cb. 1 )
Jamee peaKUOUUMOHHBHWU pacTBOpP OHepemMeldBa

TeueHnue 30 MHUH U MeIOTaAeHHO Harparamwyp
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coaepiXaImuihd 1€ JIOSTBIOCHT sSmpio MPYMKITe T p B MM a B MU X
3aTeM KOHIONEHTpPUPOBAITHU H a POTOpPHOM
XpomMaTtorpadbwumu.

HaBecku HUCXOAZHBX peareHTOSB U BBXO
npeagcraBileHbB B N8 MWIO0OXKEeHHUHU B Taounu

[BsH1 I MPCHCL): "B{'H}: 2B) & -9 . 18 B)ysm.3.82 M. 1

Hoanyue nume KOCpZnBskl;d.cHaa B ¢ cCoZtCl,] 0. 13 1
MMOJBb ) nomMemaniu B KolnoOy oO0be DMHDRD
nepeMe MUBAaHUMH, K NMOJNTydYe HHOMY pacTBo .}

pacTtBoOgHg COH[ B r (0.6 Iamemxsp )pem Kk DME H H ¢

KUINDATHUIHU B Teye HUE 60 MU H u ME I JIeE
TeMOepaTypBH. B X 0O Oe pe€axiuu HUB bpHaacaTaBe
npuobpeTacert K€ JI T bl ! Il BET. IIp u M€E O €

pactBopa BbemamgattT xeuwwrw el (BBPdiec T a naer. 1

AMP'B{H}(1B)-7. 6 wMB)d 2, 9( B).-119 .,9 (R).-280, (
M. DaneMe HTHBH ananau3: C((A7A4M7.3)H/ (6.1u/6.2), B . 9
(109/10.8),Zr (35.5/356).

[CpsTiBsH ) monygyanu mo awunamxor uGpZeBiHime T ¢
N 3Cs[BsHg] 0.1 .§MOM o mfCpZrCly] 0.07r(03M Mo me ) yuu a1 mw 0 .
(56%) I MP"'B{'H} (1B)-8 . 1 MB)d 3., 4( B).-210.,5 (H).-289, (
M. DaneMe HTHBH anamau3: C((869/56.8) H/ (7.4u/d5) B . 9
(131/13.0),Ti (22.7/228).
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I'masBa BBCYXKIEHUE PE3YJIUBTATOB

'maBHBMHU 3aglavyamMu paobdoT s U SMBEITHKIE C b
Te3a CcCOoOJNleWh OKTAarwumapoT§pHuo~-O oppeaaTKHIONTOOH H
co0OHOWLIMMMBPE OT MU X UAPMOCBIGRIICUST M€ T O ] U K U
et BiHglpopEmMXOcHOBCECHIMPOBERBEMUU KOMIIIEC OO

OreHUIaMu M KoMnonuaekc alvM ul ONMEOPUEHAKE I H b

KTpOMHMTIYHWPYE MOT O H Y K J €aoMde Ve BH I O

MMETPHUUYHOT O u H €JICEMHMAMIC, T PUACUYCHJIOET 0O B 4]

A€ HCaOouu, A€ CTPYKIOHUHUAAHU 3 aMCIIC HUAA a

B 1loanlluenume coenuBgglimit ammomna |

Ka k yoHOMHUHAaIIOTCHb B TPHTOPpPATYDPHDOH!
arugporpubopartunor ap dofuC Mar mpaw 6 pa
TEeMYy, B KOTOPpPOH oOTKa aBmruuiE3dba oI 0 JBHLB
KCaHa C TeMmune pd Cyu o d o axenpridpRigyao a k 0 1
oBHOUW wcTOmWmMMEK3 O6copmdBiHg] @ B y aim e TiHor 1 1
MeE :

3Li[BH4] + 2R-X — Li[B 3Hg] + 2LiX + 2R-H3 + 5H,
R= GH,, GHsCH,, u-C4Hy, (CsH5)sC, CoH/,CH,

X=Cl, Br,

BOAOHOKCaHYC IIpu KHIODIAYC HHUHU.

Hp cCumMyme ¢CTBOM TIIACKPOCT 10 HUII30BACXCOTAHABI M U n 3

o63o0pa ww pas3pabOboOTaHHBMHU paHEeeEe B HaIeE

cColleW OKTarmaporTpubOOpPaTHOTO aHHUOHA C

JC€T KOCTDBb BBII[GJ'IpGOHI[I/IYSIKTI_[aeJII/IeBﬁ)ﬂ"BOOHHaCHOCTB

Mul

OTKa3 alnhoehos OT BBICOKOKMJWIOATd IMET O O U

TeMnepartrypouhn ° €ygnemmm KdTtlopoi nIpoHu-cCKX
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2416,
c Mu 2
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MoJNYyH4

ATUTEDP

UATPOTPUOOPATHOTO aHHUOHa, OO H a
»eiBbE4 B mNaBH, |, TakK KaK WHOCIEeTHUUH
BmgeneHUE Heia1eBOT O NpOAYKTa 3
MOHHOH cMEeCH, ynapuBaHREIPCOPECaKIH
Or o OpOOYyKTa B TETpaodypmracoIimBMMPEEH U
e e e nmepeocaxmgHUE B nes3ueélsymwac
npocToro BBHAgeneHuUSN 1ediaes BgH mp

T €J1 b HO YBCIHUYHUITHUCTSH II o0 CpaBHCHMUIO

ﬂaHl%BmﬂMP COHEeEKTpPOG WD UK I HY €BH U 5
HOHHOMMEBpD a 8@ SIGI@WAB & UT H ajeap:B bl i CUT H
MOnadeTHOETMp K , OMr. HIopcus MU U ¢ 4 K 6gpor
51 CUTMWMbTUNAETHORTB ® Y. AL p U OTE
HapoTpuOOpPpAaAaTHOMYC O OATHHHOOUHRYH. Tl @ T ApHAa allJIb ¥
CHUBHOGCTeuir on opkeaaskaum 415 On% .o mlhoa wHcaT e4d0e
curunan BHj memwmowmap i wuwcue3patenry, ¢
nnaeToMHg moasma a ¢c i MCMMWHIOHaHJBIEK OITPp U
ondblponpemea xnagec HuBgHg]aoH mocman ¢[B BIM K a

CcCmnexKTpe ocTaerTcH e 1 Ui BT Be HVH. bIIi.

AMP cnmexkTpe OKTarumagpoTpuboparTa |

HHBHU Mynbtrunnedb) mpu 0, 2 M. nag. (pev

HcKn e x T p e MBI HaOnwmwmpaemM TpHU T pynan
nagporTpubopartrHoMy aHUOHBHDpmanne 47
23673 wmBal2nde2n7/rHcbMe KONeOaBhWmpmo?dti

08# omroBHBEe gedopmMamnuoHHTDHe 1k00016¢

d4).. 3Penrrenodpasz oBBHU aHaaIUS3 T a K X
€ HHOIO BelecTBa, NOCKOINIBKY pedn
AaTYypPHBMHU DauHHBMU (pHC. 3
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T
5
Chemical shift (|:1|:m!

A) b)
P uyct 8%-A)"BSAMP ¢ me kv pC{BsHsk €B:6N B) 'H I MP
cnekTp L4BeHg]lBGEBRCN(* —c u T Ha 1Bl pac T B O P U1

2079.09
2125.28

/
\ 1174.34
2323.62

2358.94

1003.17

/
2467.62

2416.00

*

Puych 34 UNUKcnexktp cQGiBigd B3 BA 3 e nuEdBOM M
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Puych @3-Peunrtreunor pa @gBgHgln o p o mk a

Bropas BRamapag OBl a peme H,a CBB 1 A a H
pas3paboTK OME TOOKIACAI PRROCCH Y € C T B ¢ HHO BgHg] 8mmpe
BOJTHBX pacTBOpaX. ONns HSToro pas3pabdoT:
NOJNJHUBUHUIXIOPHUIA ( IIB X)) ,o-u mimipacc dr ert Hhw JI1 i Kp TO

ydupomM aad MOHOCEIIEeKTHBHBHX 5 1 gHg]T p oBa o

KadecTBE 9T CEKTPOTOAaKTHUBHOT O HUEDOMOOPM

{ (1fE)aN}BsHg] , moaydudyeHHBH HONyTeM HOHOOOMEH
[Toxas3ano, 9T O HaWAy4dIld MAK  MIc aMpOapMa CHTh

CcCoaepXKaHHUEM no#dodM.p a Omdp elxle 1 e H bI

T EKTpPOaHAaITHUTHUUYECKHE mapamMeTDp BHl pas3p

CeHCOpOB, Takue KawpXGpeaedgaoOH®BRPYIKE &

(He PXYIxsS, 5) , YyTJIOBOUW HRARKPDODET & porex 101 10 -

5 pared36).QupeageneHO MNMONTOXEHHE OKTAaATHUL

-

paae TlodpmeicTepa:
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300 -

200

100

o ——

8

-Ig[B;Hy’]
Pucybe@dndxkTpoagHas XapaKTepuUCTHUKAa Me MO

[BsHsJ ¢ comxepxaumume M Monodbopa 5 1

[ BHuN(CHs)s] > [B1Chol®>  4HdB ~ BpHilf > [BigHad”

PaszpabGoTaunHusese T EKTpPOAB MO3BOISAIWT

[BsHg B mpucyTCcTBHUHU HMWUPOKOTO psIsa®dld)umeopr e

TaonWrd9yBCTBHUTENIBbBHOCTDH DIITEKTDP

AH U O Ac Cl Br NO; ReQ, SO’

b

K. ., < Pol1,62] 2, 1% 1, 8% |6, 2% <10°
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3.11 IponmeccwomMnJjge KcooOpa3 oBaHHUH

oKTarumapoTpua@mephBHp¢ro

B3 awumMo 1 eriiacTOBIMeeH M M O BX O M IIMICETKACIOIBO B C a
[BsHg] B OpPraHUPE&CRKBAXDPDUTECIT S X OPUBOIHUT
reTeponenTHYCcCKHX KOOpPAMHAaINMMUOHHGBXK CC

OKHNCICHHHIO OKT&FPI,Z[pOTpI/I60paTHOFO a HH O ]

BOCCTAaHOBIEHHI MeTadmndia O Jlnsme ©ar mibwal aa
KOMIIJ € KCCTaGHIM® O K MU C T € HH A MEeTadmnaia MO X H O
XenaTHUPYyWIUD/J HIAMKF®AaH A R O HK Y p € HIL U U MO JI € K
aHuoOHOBgHg] [3 a KOOpPIAMHAaINUOHHYIO MOo3 M I
oOKTaruaporpuobOopaTHBHN aHUOHA U3 BHYTD
BHe MEHEH®IOpumMe p, onpu NMpoOBEAECHHUH peacxt

AaNEeTOHUTpPHUIE NpPHU KOMHATHOMWU TeMOmneparTyr

solv.

MHal, + L > [M(L)s]Hal,
[M(L)3] + Cs[BsHg] — [M(L) 3]{B 3sHg} 2 + CsCl
M = Fe(ll), Co(ll), Ni(ll), Mn(ll), Cr(ll); Solv. =MeCN, DME, CHCly;
L = phen, bipy

Ctpoeccnameen u H[Bithipylgl{ BsHg}. (1) [Fe(phens){ BsHg}o (1),
[Ni(phens{BsHg}.(lll) yc Ta HOMIITCHDPO MTT ¢ HOC TP N& T Y P &
MOHOKpUHUCKpmaDpannuueckKue CTPYKTYpPBHB 1e

npuBeneHAB -8R puc.

AtToMmpe nauTponunana wu K o H IBHglbpea 3amreonverH
B TITeoMEeTpHUUYECKHU BBHYUCITEHHBX NO3HUIUIUSIX
bakTo,pambMu 1.2 oHkBuUBauneHTHOTOu nild3 o T |

C KOTODPUBM OHMH C BAd3 aHBbl.
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Puychn 8k Kpucrtrannuueckas c NigbipwBgH)a & o M)
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Pucy3eKkpucrtrannanuueckasn cNMipPha)s(Bsdg. & o M

86



o)

Pucy3oeKpucrtrannuueckasn cl[Fgpheds}(Bstg)a & o M)
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MoctuxkarBbwmeel H aBsMgpmoraduszoBauwms us3
OPyp-B@HTE30B H YTOUYHEHSHB C¢C YCIOBHUMM P a:
CTPYKTypax ¢ benanTrTponuunomM u cB-Hyx 101

Benumuune 1.30(2) A B cTpykrype ¢ O6Gumy

B Ni(bipy)s{BsHg}>( p B3¢,k puc tTannus3ywm3dtl,m ®8T ai
NiHaxoagwmwTcsa B 9 aacCcT HCOWIM cipmymaiim mu ©2¢ ¢ K U ¢

(bipy) HaxonasaTcC whe Ha ¢ g1 BgHg moanxao a1 u v ¢ o B

no3unar Aum MMEG T pmIPU D TOM BCEC aToMB O
MOCTHEKOB BIE ATOMB BOJAOpPOTXAa PpPaszymopsnac
aToMa umMeer bopwmy MCKaXeHHOTO OKTa?n,
3aKJIOY9acTCcC s B NOBODPODET ardpaepyar 0 I b H OOWUT H
OPOTHUBOMOIONKHOH, 94T O cBss3ano N.N oryp
Co e nuue WNifphens{BsHg}. ( p u c 39 u Fe(phens){ BsHs} 2

KpuCTananu3y wrtPel4 KETOppEeHWEEP . KOMIIE KC HBX
cTpo e Mifbdipy)si. B ¢ Refphegs;kBsHg)y 1B oe nmas (oo
¢ Ni[phens{BsHg},) ssueiika comxepXHUT aABE KpPHUCTa
bopMyThb HBLE € 1 UHMUI BHI. IIp u 3T OM 6o0abp I
HekpucTannorpaobpuu®& @xoin Tparmk &/ yBadglii 1 B
TpaHIEaCI & conmpoBoxagaeTcA39)mo BB p xkmoovm 1
beHaHTpPONTUHOM HabOnwmaeTcsa chnaboe CTEer
MEXKIY MNIOIOCKOCTSAMH MOIEKYIA GeHaHTDPOIHU:I
c xeneszoM 3.55N. nPeacTasHiapMmumnabBcmBs.a
BapbupyeTcs B aHlanaBo@mle2) .5.98(12)

ITo naunubeMi e MKpockoM),uana®OpmgacTc s (

U3 MEHEHH E IMOJ O C Bl B ac/BesIHBHIH BIP U KO G X P a H & §
-1

MecTomno ndMiOes2afkh4), c ek BI3aHHO0EC,C OK®OEHHBD

ymomakKOBIKH B KpuncTaiialiac
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TaonllaeHe xkoTopwe nanuawum dblglB.e i coen

d A

| I Il

M—-N1 | 2.076(3)| 1.974(6]1.961(5) | 2.077(2)
M-N2 | 2.076(3)| 1.992(5)(1.966(7) | 2.081(2)
M-N3 | 2.076(3)| 1.974(7)(1.973(6) | 2.081(2)
M—N4 | 2.076(3)| 1.958(6)(1.978(6) | 2.086(2)
M-N5 | 2.076(3)| 1.964(5)(1.970(7) | 2.096(2)
M-N6 | 2.076(3)| 1.975(7)(1.970(6) | 2.097(2)

CB 4 |

71

1144 1006

1426

843

s *

P uyct ddk— MU K-c me xk T p ¢ FelPhet)(Bshig)us [B a3 e muu ¢ oM

OtHakKoO HE€ MNPOUCXOAHUT €€ XapaKTeEepHOTDO

CMEIEe HHU 4 B obmacrThs 6 o 1 pllwuixo 6 MaDsP H 0 B 2

89



HaOnwpaeTcs OO BCEX PaccMOTPOHEBEBXCTK

CBOOOMTHOMBsHg [AlBlo vy |

XapakTe piHIHEIH cBoOonmHOT B3Hg] ammpHanR [

MYy TbhTHIIIeE THHPOHX & b G03 9B JIMP & 1 enkarGpAIXI A B T C 3

k o M 1 e kedly sMn(ll), Cr(ll). B CmHeKTDpax pacTBO
[Nl(blpy)g]{ BgHg}z, [Nl(pher)g]{ BgHg}z HaOmTmwaIxaIwTCcC 4 y I
ciabOopa3s3peilne HHEBE CHUT HaIJ bl C IOHHINKECH

cooTBeTCcCT-BTHH®GB6 ,u0p3u @momT B & padt)B.e KIBIKO3 a H (
C BHYTYPHMOJE BPYOITIHPEHMI MO OBMoesH o BgHg] B[20]a H-m 8 H ¢
HE OXHOTAaHHOT O ydacTHS OKTAaruapoTpuodop

aTOMY ME€ T aJglJ aa BCqIEa“CTqBaOCpTCH‘IS{Oﬁ AN C C O I

kK a1 u Nk |

P nyca dk—"BIAMP ¢ ne x T p Ni{Pheds](BsHe)sm MeCN.

YuyacTue B CBid3 bIBAaHHUHU C ME€ETaiadildoM K O
n OpHUBOIAHUT K Cc M€ II€C HHU IO CUTHMBAMEC HE HRIO ]
MYJObBTHNDICTHOCTH.
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312B3aumMoae icTBHE rajoreHHua ghg| nwenr a |
NOHMUNXKEe HHBIX TeMmepaTypax

IIpm B3aMMOJEUNUCTBHUH KOOpPAHWHAaINUOHH
OKTaruapoTpuboparTHEBHM a HU O HOPre poHGIpTaasky K
BHYyTpuchepapionenTuuaeckune KoRRIORf x dm K ok«
ecaum yOpaThb HU3 PpeakKIHUOHHDOIWWMOCKHOP BT OIIPYY
TrOMOJITCEINTHUYUIYECCKUHE KoOOoOpaiwuHaINMUOHHB {BsHgl 0o e n
[119, 120] OTHAaKDO B THTEeEpaType KpauHE

C 0 € I WIHXC H4YHUT O , B O3 MOXHO, CBiIdI3 aHO C H X H

\Y% 85 OpeanpuHSTIIH NOMWMBIT KY T OMONY T
KOOpPIHWHAaIUOHHEBHX coenuHeHIMPBiH] @ X9 aAE€TH
CEIUMHCTBEHHOTO ATUT aHTA . Ta®sl Gpuidl €e mn
raxor e kall), sCo(ll), Ni(ll); Ti(IV) cmoco©0HBH KOODpIrI
oKTaruaporpubOoljlpm B M@ Hai@@TUBEMBUIO U C O 1 U
[BsHg] ¢ raloreHHTAaMH 5 T U X MEeTamaTlloB Iy
anmetToHu44pGo dpd3yerTcs OenbHHd KpHAQATEKAaIKEHN
OIPOTEKaAaHUU PpPeEeakKODHHU CBHUAETEIHBCTBYET H:-

P DA, OCalloOK HABIAAETCSI XIOPHUAOM I€3HUSH

B B 4 MP c n ec ke pF@Ch ¢ CqYBsHg] B COOTHOTIIE HH
COOTBETBTREARBAROMMA preardlf,a TIy[pwE B eHIe PHIHC M
42), Mmpl HaOniogaeM YymuUpeHHBH cunadad@pad=$p emm
Ipunoxewnwume 9,1 audrio. CBUAETEIbCTBYECT

oxkTarumaporpubopaTuMo aHHMOHAa K MeTa.Jua.7J
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CsB3H8 -31.63 ppm

[\II -31.58 ppm 4/L

Co -25.41ppm
MR it .

ik b B}

Fe -12.38ppm

5 0 15 20 25 30 -35
Chemical Shift (ppm)

P uyct AZ—"BSIMP cme kT p s psblgh CaBsHy)e Ni(BFHg.( B
Cs[BsHs] MeCN.

OnHako cTabOunusanusa U BBHJEIECEHUE Ja HHTI
B TaKH X y CJ OB MM X I IMPSSYTEARIIJI bH 3 aMe e HHU A

HykKkneobunbrHBX pacTBoOputTeneun umau OBP o
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32110 1y 4 e3HauMee e H H bI X I POOKWUT3 aBTOWIJHPLDXT P U 0 0

a H U o[EsH-L]
3.2.1 Ipomeccno 3amMeme nusa B dBeHgl]ar un
1) mnpomececaosBs B3aHMMOJAEMUCTBMHH 6opo
OopoBoanBfH fimre b-12)c ranoreHwWgTaMHhU MeTal
pacTBOpPHUTEIISHX B Hayd4HOTH TUuTEparype
OoOpHOTO OCTORBa K METalJ-Jly TIcCeTGEPPAZRCE

Mo iae[R6e @%B 121] KoMmaekKcBs OKTAaTHUAPOTDPHDO

=
o

A a HHGIX O HF U A X HBJDHZIH”JH(BH)IMH’ICYCT

B To0o XempEp@MaUMOJAEUCTBHUHU OKTAaATMUILDP
KHucCcITIoTawMmMu, BIb ocMpcecnoes € p K aHIyeKAT €,0 I PJD T € K a ¢
PN EKTPOMHEMBITIBPHEWOP Y EC MO Hy kKiae o BINS,moae o6& a
O M U cCoacH H xmw3m-0 o p o B o 1 ¢Bplothaomp ume p , npu U C

ralTorccH#MOAOB MGTB&IIJEJI(OTH)OHPHKHEDLBCICTBC

[B;Hq] + Nu%»[BgHﬁNu]

Odans MoagenbHO#HNU peaxnuu OmwaT0 pliClge mo
TBA[BsHg], T . x . B TaHHOM caydace HEe T H
PacTBOpPHUMOCT b rajlgorcecHH”Ia MeTadlila B

NOHUXKXCHe@GMNEC papwupaxs.auMoliCipasaa mnonydu

TBA[BsHg] B cpenae AaMleTOHHUTOPHUITa H a me p
KOOpPIMHAQaI UOHHOE coe JBsHgle m e T y mBa € K O TBO P
JUT aHITa. B nmanpHedmeM MOITEKYIIa almmeTo

BHTin 3aMemaeT aTE&MTIBIQLEPO HaAXKE NPpHUBECT

93



/
ST NcHMe + 4\
~ TiCl,

:NCMe
H H  H
T H\é"'TV/ B H H
B | =B
B

/
TiCl ™~ \
4 /B\ H

H H H H

HH3KOTeMne]ﬁBaﬁprHmicnepI/IMeHTB IIMDOKMA €3 Ha
nnasaedduC pda Kk LHOUropHAHC TABC AT H a JI 0OT CcBOOOX
[BsHg] w3 mgeT aispaHHUMAECT bop Myl e HTMAPKHIW P Y
MYyJIbTHNIECT a u -283smaenmc 3). OB o COOTBGET
obpaszoBaununuw KowmuniunedBka Cauayncpresme piomo ma2 0
NOoOSWNICIA 2 CHCHEHAQIUTHOMNME HUEM HHTET paiMp HBHIX
7,51 W53 9 ,xuomMmr.oqp.si€ OTHOCSITCSI YyXe K 3 a.]
[BsH/NCMe¢] [59,62,67,122lmo Mu MO CcHTHaxTa OT KOMIIMIE
[BsHg]. llpu mnoBeme nuu TeMGepma iy pmm wamece id
OPOM3BOIHOT O CHTPOOJUBCKXOO J GBI C THPAO , YTO HE
oO0pa3o®B@EMBIE TCTBYIWIMIMET O ,KO MI JCENKECKAT PMEXT &
HaOnmwmniaeM €eIWMHCTBEHHBH MYyIbBTHHODIET, |
[BsHg]” m p u32,7m . 1 . [Mp u TanlbHEUmMeM MeJ € HH
KOMHAaTHOMW TeMOneparTypso ¢ uT Bshlgli m®irH occBrob
M CYe 3mEOTC, T a IOT C TOMNDH K O CHUT HaI bl C cC o

MHTEeHCUBHOC-T¢e Al 28Dy @pmrvi.oac.9 mu € ¢ K 3 3

np o u3 B JBsghyNCVg.

ITo mMoaxgoO0HOMH ME T O3 M KIE € PRAEMICOHITHICOHIBh 3 O B

pas3nTudYHBX A%/Be MT podkm e dZ2pbunanoB (Tabia.
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tmin/t°C

115/ room temp.

40/-30
AN
271-30
AN
12/-40 1
i |
9/-40 J
0/-40
s - L . ”

T T T T
8 -15 24 n 40

Chemical Shift (ppm)

Puyci AX—"BIMP cmnexTps pacrtTBoOpPHCLFe axIqu
TBA[BsHg] M@CNnmpwu MNmTOHHUXE HHBIX TeEeMIOEDpa:-
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TaoOoOnulzZa Uccane 1o0BaHHBEC NI EeKTpoduI s, cmocoOHEBE u H n1BgHg]|up o B a -

HyKneodbuigsamu.

E\Nu MeCN t-BuCNPhCHCN PhCN EtN PhNH, ELO DME THF  dioxaneTHT PPh dppe AsPh CFCOOH CH;COOH

TiCl, ]

TiCls
TiCl,
ZrCly
HfCl,
CuCl
ZnC}h,
FeC})
FeBnb
CoC)h
NiCl,
PdC}

AlCI,
I

SnC)h
CF;COOH
CH;COOH
CpTiCk
CpHfCk
(Cp)HfCl,
(Cp)zrCl,

[BsH7Nu] [M(BsHg)x] —* [B3H/NU]
[BsH;Nu] + B,H+ BH3Nu 3aMemnme Hume HE |
[BsH;Nu] + BH;Nu + [BsH/ N u * ] DKCcCnmepHME HT H
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B B AMP ¢ n ¢BgHsThE] ( p udda) npucy?2c cmy®@n I
COOTHOIMNE HUEM HUHTET  padbHBKHA ui T meldid2B HuUO
cooTmB e ’Heo B IMP cund puf )0[BsH/NCMe] ¢ ur H & 1 Bl
COOTHOMEHNUEM HUHTET palJbmHPK. MHTHE A1 4 8\ o1

paMeTp pacmenieHUSN Yy CHUTHalTIa OT NP
Obopa paBemréan oOoOT 3aMemMEeHHOTO aToMa

HKoO# ¢ ™Bp"BlMPp sc.m é p mdpdedBsHPPRlnpucytcTB
CHUT HQCIOBIO T HOME HU €M HUHTET paJgbmHpeX7 .ulH2r e M .c
-45. 72 avmegpanaPHUE, YO TCHIOTCHRAIIPAO D B H O IKOOITO X H
3aMecTUT@MO Op@cCc 4e3aer U CTAaHOBHUTC P TO.
CBSA3aHO C BIHUSHHUEM CHIbBHOT OY HYKDIE D Ipau
aToMOB ©OoOpa 3aMemMEe HHOMW MO3MUUUMU TMOSIBIS
2, 3T O CBS3-6a HU HOCBOIM C IBIBH 1 MB-HPe jlla H B BI € )
3a4aKO0OHOME® [BEDICXTaNp a ®BIManpiiB I MP ¢ m e3karmpeounBe H H b

anny amouBiHg] (lp v oo xe v WE@[123]r a 6 n .

BradonpeagcrtraBiaeHEBH He koTopose CuGla o
ZnCl,, FeCl,, FeBnr, CoClL) , cCnoc@@aBAMET b OTHOCHUTECIIbH
KOOpPAHWUHAaIHUOHHBHIE c oc Bidgf ®H ukia 4ee ¢ 2 B @ O HIGIN
KOMHAQTHOH TeMmnepaType, KOTOTJPpBE Cmyc
I P € Ba K TIC Bl 3 aMe e HHEBHU aagIayKT. Taxk,
B3aumoageGuCles nasu u oBgHgl MB [c 0 O T HO IIe HHU U 2 ]

TeTparuapodpypana ¢l@4fiaszyeTcs KOMOIECKEC
CUC'+CS%H8—)[CUC|83H8]+CSClT).

Houepes3 mpYMKKOAUT BBHODAaJAEHMUE METalJduduoe
pacTBODa, 9T O CBHUAETEAbCTBYET 0 pas

3aMeImMe HHOT O ajalagyKTa:

[CUCIBgHg] - [BgH7THF] + Cu +|‘b.
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_..,,/ lw‘ﬂ'\* Jk ) L

o
|
| ‘
|
AVA
: . : r ‘ y 5 o -5 20 -25 -30 -35
-5 -10 -15 -20 -25 -30 Chemical Shift (ppm)
Chemical Shift (ppm)
a 0
TR W .
-16 22 28 -34 40 46
Chemical Shift (ppm)
B

P uycn ok— "B;"B{'H} AMP cme kT pBsH/PHE]c TBFO p 0 B [

[BsH/,NCMe] MeCN( ¢[B:H/PPh] THF( B )
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B"™ IMP cmnexTpe MBI HaOnowgaeMmM TM0OpeAsa

MEICHO KT AT UHAPOBIM UO& BPA@QHEAM B K &XWBQ T TOBI HI I

C

C

7.

y

uruHan B cuialdWomwm.maaneCTIpPylKTypa CHUT HAI

BOOOAZHOTO OKTATHIAPW TPMO® P aM HID HD T VB @Y GOK

Ka k roBOpPHUIOCH PE@H®BO,TOPDOHKMSIBBO MO HC
4yacCTBYIT H ¢ TOITBH KO KDHIOKH@ T T PDMBID
HUUOHAa, Ho M-HMBoudB+H#B o BChiey ¢ T 1 ¢ y T& MR BIao s
UrHamna-7 , dpumM.-H2. 4 cM. T.OOTHO IIIE HU € M A ]

HTEeHCHUBHOOOD®ETHe 2c BiHylwAiue p § ¢ Y ME HT e H I
HTCEHCHBHOCHE X CC/UHHraol a Kpmd) i €EEyarT s H € I

UTHAOMTBETCTBYKWINMUNA MEAHBOMYT KODMHOER &8 §

Hn s OCT a JObBTHEHHXU 1 O B JI U KOMOIIEKC OB M ¢
aMeEIme HHOIro MNpPOAYyKTa MOpPH KOMHAaTHOMW 1
BICTOpPO, YyTO0 3HmepUKCIMBOPBEABO BaHU-E npom
OOpPAHUHAaINMUOHHOTO COE€EJAHUHEHUH me p e
KTaruagporTpubopBeawywumagaga®p&dbmsaunue 3 al

POUM3BOAHOIO HE€ NPOMCIK®MHIUEHMHHEWN) A H O B

BxaugecTBe 2 /meokmMTupMood WrJaOIBO T € HIMOA OaBH amieoTra
B C M HAMOEO-6 O p 0 B O 4 0 p 0 1 H bi[BHJd KnEl®#2), mamr T a K )
cnoxb3lgpmanwma p 6 o H o B b eCH;GODK nGHE€GOH) (. I[Ip un
3auMOgcc ammmwkip me  BxogmmMo HMCcHOTOITH3 0B
l, mpuw yBEeINIHMYEHHUHU KOITHUYUECTBAa Homga I
NpU YBEITHMYCEHUU KOIHUUYECECTBAHC BPEOHCT XK O

OJHOMWU €ero KOHBEpPCHUH
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6)

1 I J I 1
-7 -14 -21 -28 -35

Chemical Shift (ppm)

P uycH A% "BIMP cme kT p [GUGIRsHgm THF¢as)BsH, THF] +
[CUCIB3Hg] B THF (6 )

I[Ip m B3aHUMOIEUCTBHUH Kapoomhgs ma Mm@ .
oOpa3zoBaHUSHA KOHEYHDD @y KPFaAMICCIXEOHIHAOTT 0 0 O P
3aMe e HP®MG BOCA HOT DATEKOM Kapﬁolﬂlﬁ)BHMPK
CmneKTDpE®e MBI HaoOImwh.a& MmM3cou.rlH maMI.bpI .11 pCMI  C O
MHTETr paldbHBHX HHTRGT OGP HO® c Ocr il HANEMel m
yIHUpEe  HHBUp B UT & pofr HWD.COA.1IU U C K 3 aMell,e HH

comxepxameMy ocTaToK( xW@Gp.0 oHOBOMU KHUCITOT
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L

9 -3 -15 21 25 29 3 37
Chemical Shift (ppm)

P uycr ol&—"B;"B{'H}SIMR ne pa p T BcompedBai,NCMe] u
[BsH,OOCCRK] B MeCN.

3.2.2 IIpoumeccsb O0OOMeHA JHUHTaAaHIOB

Brnaelspaszs neoT Me WeTHpoe a x ol M e H a TUTaHga

HHUMHU3 cmoco0bOoB MOJITYydYC HMHUAA H O B B X

T

tTaruapoTpmwuo6op[d0r Hde Blg 10Q) H[Bed HHE] B H a mu x

CITC HMOXBBIHMCE T C A naecaldbHUBM HCXO0OOdHUBM

C

yrux 3aMemMEHHBMX KNPTOTETPHAL HBA P oIdiy piay K I

B A a HHBX — XOPpORA A X yXonsdauora i rpymnmon

a4 KII MOHHY IO C M€ CbH H a HE€E CKOIDbBb KO gyacC 0B

ns 4,¢BgHaTHFlp a3 pymaercs ¢ o06pas3oBaman,e M

0O cBHIAeTeAbcTBYEeT o nu[BblAdlFickevenTias BB 0a
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YBAMP cmexTpe nosgsBunsetTcsa gdadlm.agmT,e 156
OTHOCsS muimcsa K MoHOBHepPHEFra@p®O.Mmy aganykrTy

I T
0 -4 -8 -12 -16 -20
Chemical Shift (ppm)

P uyct Ak-"BIAMP cmnexTp p al[BstARFpudBH;THR} e THE
CnmekTp 3amumcaHn 0T HBOEEBEHE Ho cTamn

HNoOaBuneHUuE bomnee c PRl ompe® a Hiymoi i@ © @™ yI
cBe kX[BsMAHFfmpuBoagut 10 0 mMgemDIUIEECKCYYyT BI T € T p a T I

Ha TpudbenumndpocdPunun B OOpPpHOM OCTOBE.
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\ \ _u
H/B/ I:I," ------ ~:PPh H/B/ H

N/ N\ THE N/ N/

B— B—
H/\ /\o b\ /\PPh3

H H u H

s KOHTDPOIH 5 TOT O npome ¢B aIMB 1o

cmeKTDP o.cC KB stiMiPro CmeKTpe MBb H a®CIOWATAHSOMI €2H I
MHTEeTrpamalbHOUW u HITaSH c3u6s md6c02mi. m2.: lcte 0 B.H 0 T
Ay oner y 3 anMe3 IEIHIHO U M bl CBS3 MBIMEHM B bCN
B3auMogeiBePBuewm

Odas oe nu H[BH/BBR] y 1a moc s VCTPHYRYEBIP®GTOM
PEHTTIEeHOCTpPYKTYpPHOTO . a Haaripuy3kar y g @ H OIKDpe Ul
pud8bopHB OCTOB HE TMNpeTEpIn ewa U3HHPR YCHUBTSIC
BBcxoxum co ¢ Bo O ¢4hm picvo caTHBisBRisoBd*rB3 mwo p a1 11
1.8 A uc B 1B2+#B3 1.779A, oxam&®M Boamgoponaga H23 He
C Me e H B CTOPOHY aTowMa 6opa B3, H

B3aumMoaeiuncTBH A x-HLIMorcummk ocBBoir3on (Bplar Mme H T

AaHAaJJOIlI UYHBMHU 3HaAaYEeHUAMU-HT ECBp MEH@W KH M P
PaccrosHuA ®B&crtrasuno 1,65(2) A, wu o1
Oonprme npanudH wOLITUKOBBHX dparmMeHTOB,; B
3aMeTHDO KOpOUY e O MHAaEKOB BlX o J1 U H C B

[BsH/NCBHz]-( 2, 08 ( 4) wu 1 ,8%5e( 4a)T oAv)o.B IThRaonnddibeo ;
B mckxkaxXeHO OTHOCHUTEIbHO HUJIEaIl3bad OH aCJMIMY
B3aumMoae wdrBu € B2 yneora 4te ap kK EHEYTTOb a T OM B O
qT€Xan B OITIO0OCKOCTH OopHOTO TpeyroxnbH
(TopcuoununneB3BrFR21 H2B1IBAB3 CcCocCTaBAANH

179(1)° cooTrTBeTcTBeBaln o )a n u/lisk HCHB 5B B sTHi3e afV
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yraeP-BC gocTtToBeEepHO coraztacytwTCcCH4 c o a
MO HOOOpPaHOB o iPo BARL4AD]|Knrpan nPohxxreandi)ie.

BUKcne x[BplLPh] (pud®) .Mt HaOmnwmgaemM HTOIOC
2507, 2 4 7 4, 7H4FT% ecumMomu e BalIeHTHBM KOIe€O:
B-H, u B o6nactTh o287d4a oam e BaJde HT H Bl

eI MHCTBEeHHOU MBHBuxoBo#h c¢cBIA3 U

Puych A& —Kpucrtannumueckasas c¢ 71 BpPRREYD

o

C
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[ b)

]llllllllllIIIIIIIll]IllIllllllllllllllI

2600 2400 2200 2000
Wavenumber (cm-1)

PuycH A%— UM Kc me €94BgHg] ( c ycme H3 us B B aA3AB I U HO

[BsHPPR]( B()c ycme H3 uss B B)a3 €I HUHOBOM

ITo peaxumuu oOMEe Ha JUT aH”HIaA O BII O mo I
[BsH/NH,PH. BB g MP CHEeKTpR®REe MBa OTIAOK] a € M 2

COOTHOIMCHATHEETMP @ T b HBIX WHm pMJu ®H M2 Jne %, um .
cooTBeTcTBeHHO[BH/NHaPH] yaanveEsa YCTPURBYIJ
METOIXIOM PpPEHTTEHOCTDPYKTYp Haorua0). QuieaBImBHO

YTOpP@MBEHA OCTOB He mnpeTepneninmmuBBe e
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C X0XHu

co ¢ B O O ¢lA6huEI Mc oacHTUBdBBDAMEAFB3 mop g 1Kk a

A CBaB2B3 HecKoOnNbKO yBeJlHUYEeHHLH B CpasBH

[BsHg]:1.719A.Mo xHO yTBepX aaThb, 4YTO MOCTHMEKOE
MO XHO HaOnwaxartThs, NuHBA[P3N 23] pPRPCH, 1 B, [6A],

[BgH7NCS] u

JHBICSe][60], cxkopee oTcyTcrTB&Banx B

Puych ®&—Kpucrtrannuueckas c tBHNHPH.pa ¢ oc

PaccrtrosHNule BBlcTtTpyks $he oPhdNdyertc s C

opuB
6opo
OIpor
3aTp
a3 0T

yT o0&

c A
B O
U B

y A

a

e HHJN\NNHu B4 s , 585 (123]. AD)e Hu b HaA A r

1 0pOJHEBH bparmMesnaT -NHa oOoHO@@RIIEH b
OMOJOJIWKEE YCITOOP @ OOTBETCTBYE€T H
HEHHOMWN KOHPOpPpMAaIUHUHU. 3 a CUeT y

B CBsAI3H ¢ O0o0p Cmonwpty 1 ™MW eTTOHITA bIhsa TK aT

MEe XAy MNIOCKOCTSAMHU OOpPHOTO Tpeyr

c 0o cmJn B2°8.

[Tpwu

Mcmnondppe® BRaAWMEC TBE OoOmee CHUIbHO

00 pa3oB aHulBH/RRPNICHK(RNBPBsH/], r 1 e 00a aToMa
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B3aMMOJEUNUCTBYIWT c pas3HBMIB llBoHnMPKyMBIM

HaOmnmwgaeM 2 cHTrHama ¢

MHTEeT palmdbe O MU IV
47 .

l,cmomrBeTCTBE€ HHCIL ¢ K/rapHaH bIJi® KBAU3IBIB @ ¢ M O I

BH-as B msoTcsa 5 KB HWBIAa ICCORCTTHEABBM WI @a HHOT O C O ¢ [
e Me HT H Bl U aHamxIu?’I. NUc xongs4 U 3 IMOJNYUYe H

canenywme ¢ (pcurbp)o ¢ H u e

Qc
)H

)B
or

« |
- D - \

«

P uycan &k—-IIpe nmo aar ae M BHPPLRGH(PH.RBHa. [

[TlotrauuHoW MeToauke HaM Yyiqaa [BgHeAsPhlu o By «

Ug g MP C HEeBKUrgpH&sl € U T HAaJDa0 T KO M@ HAT &€ M px I b

MHTEeHCeiRudcm3Pp.uld -2 02 wm. 1.

Bs3agumMmogeicTBUHE O KT aaTHWIJOPHOAT p UCO O p @ M

ocymecumaunpiktNehreauecTBe Tranomr@®MHEMIMRMAI3 OMB
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X JIo

o © 2z = =

(@]

puI

M
KIIUO

T BCT

a1 OMWMWHIN 94 , C EMEKX O J0CTYIHBX u 9

pIg O 5 YBo Sl M Pprie@akkTipu p € a K Il K™ eH 03 g ¢

adana peaxiub2AMEPHEH®B CHPKMSAT B CKD
9 HO BBHCOKaAa, H O KOJXIHYECTBO M
b H Bl M . [Tocne 10 IOKROBIIMEHWHEUPSA BT KUBIKIA MO

HHOMylpra}]:MHsopymaKﬁfrJ]pHaﬂxpemwﬂ CUT H:¢
xT Mmpf@EHa(mM= 4 ) Etgd-BH3) u T p u 6 o plam B 1

Ha 1€ 0 n$2u3u 6 [EN-mdd;] ¢ cooTHOme HMEe M U]

€C HCH

6opa

B HQ carge iy K 2aolag Ha K o TeETpaTmumEWO P

Ha TakK?Xe ocTaeTcsas B punxclhd =B

AHUMOMY, 9 T O MOXHO CBiAd3 aTehb C Yy4dqacC’-

a3ywmerocs Tpuod®©opaHOBOTIroOoO aaayKTa B

Nu

B;H, THF —%» Nu-B;H; —%» Nu-BH; + {B,H,
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a)

S LA LA s LA b b LR hh bk L s A LA A a A A E e A AR Rl LR AR RN R aaaaa sy
5 0 5 -10 -15 -20 -25 -30 -35 -40

0, M.JI.
Pucy3Re®¥B SMP cuexrtps pe(a)gBuiNpBaHs] ¢ AICI9) me ¢

()mo mpomexc TB MM Mp U O aBIEC HUSL TPHDI T

Janee OBIAO pemeHO mnHNpuMeHHTGH [I2&T 0 x-
rajgjoreHHIn METHMITHE&@ NOAPOEASTHEMAHEHDO B
oKTarmagporpuboparta WU HYKneodumnaa B Te
M3HadYaJlbHO TMNPOUCXOIHT COOrpear3poasraniimea ¢y fm
HykKneopuaioM, OIOTJHAaKO BHNOCIHIEICTBHUHU BBHU)

ONPOUCXOIUTDHL KOHBEpPCHMMUBIPHPHOTLIO agayKT

109



THF B;H;

2

MHal, ; N
[B3Hg] e e Nu-BsH;

BzaumongeiicrtTB[Balg] @ u ubdoynkan e o pu it a mu onp
ME€ XaHHU3 MY 9 JHE HK T )P ID UPpM QTBs aHEDH O T O HYKITe o du
(EINS) , mo neHaJi @ HHBJ?[81].B HacrTosmeit pabGorTe
YTO NpPRHMUE]T] KH C IO0TH JIhaoWY aH &k ITPIBPMP C T
ONPUBOIAHUT K o0Opas3oBaHUI np o MH-HXNE 0 u H

AaHAaOTOrMUYHOT O KoMOIJIe kK ca M[128]. oOmrrocta H K 81 M 1T J

s

11
posaBunsgaiaB AMPr me kT pax cana0o pa3s3peumeHH
MYyJTbTHUINBIET®DMOM OTODEKT AT UFPOHTP,UO@PET T HC

0

T Oporao CHMHXalJJla-cCob B X0 noe pPC€aKmumamu. I

=
©
e
o
w

aMe e HHOT O OpOOTYyKTa BR3IP@ITamale
HYyKIeobHuHUaBbMHBMMBA MU N0 b7 Hameumsmpur yfr B-
CUNTBbHOTO HYKIeoGpuuI a 3 a MgHMue]|Tt.c 1 B ¢ o TocOy
HykneodpunaHMHaj c tTmm@ cooOmaGunusi BpldB®mBBS

CBORPAaKTHUUYE CKHN HHUUYTOXHOMN HYKODeoDdHrmmME H (
[BsH-] NoOagBEpracertecH4 pacime nileHHI u K O
TeTpalOpmaoHa Me XaHHU3 MY , n pllde nduidoe x#p [RSMBG]. M y

Cor 1 aTcaHKOOMMEYX a H,UMB3 MXyO J € p e axmu aHg] 9 6 prkao3Tyoep

pearupyetT c¢3HMoxe wympoiBsd{ghB m sy 5 BB

0B, H, + ''B,H » 1'B.!'BH,, + 0.5!'B,H, [85,86]

Haubomnee OTYE TIHUBO X 0 I peacxKimuu
MCMONb3O0BAaHUNU B KadecTBe 7 BecHWBfHAMPIa
cnekTpax oTueTauso B uhleHrCuCljumpasd 6, X o m

Tor aa sHglacko o[TBB e T ¢ T By e310 , cOvDrmMmmany arHpHWBI € C O T
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c TUTEepaTypHBMH UCTOUYHHMUKAMU, B KOTO
KOMIOJIEKC a, paccuurtd88lHMoIT aMerw ommwme RIZFOTa
YyCTOJMUMBU3 OBITKE amneToOHUTpPUITAa yvepeisd 30
NOSBISATSHC 4 MaldTOUMUHTECHYBHBNM. JICHTI HAOIO T I
He3aMeme HHBM aTomMam Od/NCGCHzJo.6 pHde yeozie HO
Yy acoiaBO C e Hadal a peaxKxumuu MHTEHCHUBHDO
3HAa4YHUTEIhb HO CHHUXaITachk BOIOTH I 0 U C U
CUTHAaQaMTOB OT 3aMEImMEHHOTO MNpPpOJAYyKTa 3 Ha:-
B OHXJITOpMETaHeEe B MNMPHUCYTCTB Had acIIT e TX OM HD IMTK
H € HaOnwowpmas3onoeKe HUH KOMOIJIEKC a U 00p

OpOOXYyKTORB

B
. - _ . _ o \/ H/I\H
H Hoo |7 S8
H H | | N Nu
JB—B H H .
H H MHal,
H H | —— H H
B~ --
B 7 I\
H” NH H™, l;‘l — —
\ VZ
MHal &% H H H
L _ L x| S L
N B B.
H H B,Hg
——— [B,Ho] + 0.5B,H;
B
H” “H

[TlepexoagHbBe KOMNOIEKCBHB TaKxXe OOHapy:
nuuka (IlI), kK 0 0 a n §28,8Q, 130,) oun Hvaakpor ammmiga (Hl ul
HyKmaTeodbuimos u obpa3zoBaHUE MOHOD3aMe ¢

OIPOUCKMAMKGE B PACTBE@EETpPHUITA HUIU TeEeTparHd

CpoaxcTBO T alorl eHU] OO HWE THWIIPIAOEBT KC YII
poansr B peaxunumun EI NS. B T0 Xe BpeMsa MC

n railTor cxHHunuagoBsB METaiadlmldoaB MOT YT O6p330
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S BJISKTC 4 EHlmecome na MK coXaleHHIO, B HacT
J aHHBX, KacalwoIluXxc 4 cpoancrtBaunompimort
YyCTAaHOBIEHU S IOJHOHM " T OYHOHM 3aKO0HDO
ME€TaJadm M KOMOIIEKC OB c MOJEKYyJaMu I
"I eKTpodPuaarR I UM B aMe e HU A B IUXI OPp I
TeTparuagpodypasne U oap . HeoOXoaum™mMo I
McCcCilaeaToBaHUSH. c - @ M@ HIB DK IKXB a P2 OHOT OB
OTIEITBLHONWU U OONHLIMOWU 3 amgadend.

Teme pb MO XHO Ka4Y4e€CTBEHHO HONMEPHDES
noBegeHHUsN Kucnort Jpwumca B peakKOuu 3 a
[Ipupona KucnotThs JIptwuca onmpengensaeT 3 )
cunpbHee Kumcunorta Jspwuca, TeM OO0OnTbImeEe OrF
rpyngrieiMnine Kk ca pHERFTrpwaecTsr aToOoOmMa O6o0pa,
HyKiIeoduia. Takxe HeoOOXOZUMO YUUTEBHBATE
Hykneobauwma. xanopuagwm Ti (I1V), Zr (1 V), H
CUJITDbHBMHU snTekKTpodumamvu K a K B IUXIOPp
TeTpO®WPR HE, NODTOMY B3aHMMOJCHUCHBME
AaHMOHAa B MNPHUHCYTCTBHUHU HYKICOWYITaaHeRBET
B naHuHOM clnyvyae KOMIOIEKEC B, OoO0Opasi3ywOIUE
MOJIE€EKyJlaMH pacTBOpPpHUTEISH, 0 ONMIbaHI0ACKITh IOH €
rajloreHuwabB MeTaldiaos

Xnopunwe Zn(I11), Co(I1T1) u Mn(IT1) 5
HE3aBHUCHUMO OT HUCHOJIBb3YyeMOTO pPacTBODPHU?
ChnydasdX peacxiuus OCTaHaBIMUBAaAaeETGC CSH H a
HanbHeEeHme M O BIMIOBXKE Tp @ 3 Py II€ H 3 a cuer
OKUCIUBOLKH®@HOBUTECIbHON peakKkIuU.

Xnopunan wMeau (1) B JOTUXJTOpMETAaHeEe 4,BJa4
K a K xnopuags Zn(1T1), Co(IT) U Mn (I 1)
TeTparuangpodypamsne OO0 pD MUHIONIME [T S X O Yl & [plaf 3
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HaYunHACT HpGSBapMaeHIIHeTHI)HCb]Hﬁ BOpOIaOyKT, a q €

T OB R MC HMCIHHOIES3 B O 1 H O € .

3.2.3. IIpoume ¢ ¢ bl KOHJIE HC aAaIMHUMU
OKTATUIAPOTPUOOPATHOM AaAHHUOHE
Ecaum wmcmonrsr3o0BaThb PacTBOPHUTE JIBbH bl XH €
CBOMCTB («mMHEpPTHBHBH» pacTBOpPHUTENH ) ,
OXMJITaeMON KOOpPAUHAINMUHU OKTATUAPOTpPHUOOT
Yy C J 0 BIMPIOXH C XD MTT P YOKOIPUHAO ' O H@C T/AB aM 0 HO 0 0 p

KoOTe@epBanMmoygeBgd:;TB YR PCIY i HIC@H[ U U .

_TiCl,/CH,Cl,
.55 °C

[B3;Hg » [B;H,;*BH;]<— [B4H,(]

Cyas mno cunextpaBHAMBM( WBeembenpe g00IIa
YT®KMEgKAaK ©M B Cclydyae MHNPUCYTCTBHUSL HYK
CTamMPW UCXO0OTUT KoophBsghimumarammy Haepes
MO @ K 14 npu M€ ]l JaCHHUHNOC M K H A 0 P & @ U cMeEeCH
mpeBpame HHEe HAAaHHOTFO KOKHRB&EQ@ATBHIB T [ :
AMP, monydeHHBEe mnpwu HUS3K4)x-3G°€EMmi ¢bBa T ¥y
OIOTs AaHHOTO TMWpoIecca, I 0 K & WIBMBXAJIOTP, 3 TYATE
355C) peaxnuonuHnofBsHgmacwguaanor cBOOGOIH
CBUAETENABCTBYET e 1 UMHSL2E SR HBM. 1c urliipm
peakununoHHO#BOE MBECE I @ARTDPE MOSABISAIKTC 4 5
COOTHOIMCHITHEGETMpP @ T b HBIX HWUHWPH¢UdOH 438m%e imul 1
OTHOCSATC A K ( 1T0e)T,pa Oap 28y b 4 nm3plu, 7.1 M. ]
COOTHO IIICHHHATEEMI P a JI b H Bl X HHT CHRE UBH®IC T BRHET |
OTHOCSISTCS K mNOepexoagHOMY KlBadg Be xkcayapees ¢

JdUIr afHiga.
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TivE, MIN Teme. °C

- J{ s

JLJLM'

JMJLM/\\JK
R A N |

-30

T N T N . . N\—
15,41 9,17 28,62 -32,12 43,81

Chemical Shift (ppm)

P uyct &X-SIMP cme k T p o' BpH}c TpBeoapkousu o HiCla#i ¢ M «

CYBsHg] Cel,Chbnpu mMOHHXE HHBX TeMIOEpar

epes npBEFLuEcuruvmanse oT KowMmnouael[BiHgd ¢
CIHUBAaWTC IymBApPp@WWE®BIUT HaXN0 ,olp/u M. o. , a "
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W 2 H O N <

=)

H H N < O

w

K

3

MTHanToB oOoT TeTpabopamnma(lO0) Ha4YuHACECT
5,34 M. I ., OTHOC A4 uB1ii@aai bkl e d mb ™ p auHHyT(
UT HaIa, a 3Ha4YHT M axoHAaRHAT p x [Behlgh uo o
M €IHabe T C o , a MWHTEHCHUBHOAQTHXC CHEERPAOBDP A
nobopbédHNYy Yy B € J1 HKDUTHOB @ €CTBCUSIN.€ T € 1 b C T B Y € T

OpaszoBaBIMEeT OC 4 npu necrtTpyxkiuu[BsHglo M.
noopami(ropontr€rrapr &lOpRBR HarauuEHEX y C IOl
oxXeM paccBHTaBaTHaOO HYyKITeobHUuIbHY K

cTpauBaeTcsas B OOpPHBHU OCTOB.

BoignepX®eBmpmu KOMHAaTHOMW TeMmnepaTtype |

CaKNUHOHHON CcCMecH Maepes@opame HBHUIPp a
IKET p € MBI HaOnwmnaewm 4 CUTHaAaIa, I B ¢
NOMSISHYTOMY T ¢ OA&MW.omp.a4u3y (8120 ) v (1 2 CHUT H
HTerpanbHoW wWHTE EHOY HHoO-MO p1%0 6( dpveB4)r. rmpp

obaBaeHUU K pacTBOpPpYy TeTpabopauna(lOo
HTepdOL ypoeuMCcCXOOTHUT €ro ««KCHUMMETPpPHYUHOECH
aMe e HHO € OpPOU3BOJAHOE OKTAaTHAPOTDPE

oHOOOpPaHa.

) CH,Cl, CH,Cl,

B cnywuace am&,ITOHHaH6TH}1}a}I%ﬁaﬂeM/P COHE&@KTPE HY ¥
apTuHyYy a1 3amve me(pimebr 05 ipomB/®Baa eI oI

5, 0% cmrm.a L SanpPpWk ML @ BIHOCUTCSA K ajgunykK:

CMOJ'ICKy.]'IOﬁ a0 ¢ TOHMUTDPpPMHUIaA B Kadqu¢€CTBEC€ 3 a
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1 1 1 1 1 1
-10 -20 -30 -40 -50 -60
Chemical Shift (ppm)

O

P uyct &4 "B;"B{"H} SAMP cnexkxrtp [Bigr BeHpla Bc Me
CH,Cl.. CnexkTtp 3anucan oBROE,mGH:..T»HO ¢

KoHnnmnencanus 0 0p HBX bparMe HT OB B
IpuBOJIOUOTPha 3kKO Ba HUIW OoMee KpYymnHBX O0O0poB
Hanpuwmepp, BERawumo iCMCI; a((M=u Ti, [Zr) B K U I S ¢
OITUMETOK®GHUTTE alr acu ec olm2s mudBsHglHonbopraasz y e T ¢ 1
cnoxuHor o CoyM,Bshd,®cap H{pii O C TOB KOPOPNOT OB N
K a K I U3 aMe e HHBH aaqnyKT OKTar U]
CTa®MWmmMaHHBN KoMIIEKCc CPlBsidr apal@ddr e /I
nonydeHa cTpykTypa MeTonom PCA, (pmamu
56).1lBHMPcneI<Tpoc1<onH5{ NoOaATBEpPXITaeT :KRaHH
CmHmeKTpe MB HaoOn-bmbébeMm249 clwOr.g% ©nd. .10, , M. 1

HHTErpailbHBMH HHTCHOGBHOTCCHEBMAHKO2( pud
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[BHsNCMe] MeCNCH,Cl,, CnexkTp 3amucaH OTHOCH
BFgoEtzB C5H5.
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9T 0 coenguUHEHHUE OBIO paHEE OpxeaapKalKWUTH

(puc. 58)

I;l HH
A . I p——H)
7
L ~C!_LiBH, _ @//H BH3. THF_ e
@ r\CI Toluene Zr\H Toluene @ /\\
-780,1h%H \_n 16h.80°C Zr < B\H
H i H
- H
Pucyune&®&x dM¥a pe axkn@pZnBeHilykBE.a u s
Ha ma METOHHUKa HNONYydYe HHUS I a HHBH X
OmMMucCaHHOIMH B TUTEpaType bome e IpoOC T

(monlydyeHHEe INeNIeBOTro MNpoAyKTa B OJAHY
Takxe yananocb unpumwmeHuGPlClg.aBH oy xver 0PI

[CRHICl)Jm o mo prrask muss HEe PO T CUKCAHCUTH JIBa JKECC UIIE
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333akawye HHUE

O6bmuM mwToromM paboTws cTama paiszpabdo
M€ I[€ H H Bl X IpPOKMBBOMMEPXT pubdopa 1BgHyr o
3T U YHBIMUO.:0 aMPpisit MBIM B3 aMMOJAE HUCTBHUEM
HMOHa ¢ OHDIEKTpoduUATOM B TMNPHUCYTCTBHH
HY K€ O (CUPJIChIH®OM T € W C T B U € M T EeKTpoduaiI

MMEeTpHUUYHBM pacmenaenunem ([@Omypammae m

OMe Ha JHUT aHIdOB B 3 aMCIIC HHOM Ipouna3 B O [
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B bIB O 1 bl

1. ToxaszaHO, 9T O HU3 K aBsHg]ckm ooc 6 pdan3zocc Bre
roMOJNENTHYEC CKHEX BHYTpPHC GE pHBHX KO MIII €
CBS3aHa cCo CHOCOOHOCTBIW coONecih 5 T H X
T eKTpoduimncosB U eMTOIHE MOITI T 6 K TT aUTAWMPIO T p U O
oO0Opaszys -ftBHHbomxaoOom opbrid BHMUNMWEKYIT®OT U J OB
TaBarTh aBzHyNW 17 51 a|[ mpw U X OTCYTCTBHUHHU
KOHIOTecanuum ¢ BgHagpasz oBaumumem |

2. B3auMogedcTBUE OKTaAarwmapoTpuoOOpar-
B TONPHCYTCTBHUHU KHUC JOOIMT UJMba IMETHAK MSOBOIMI € IT CC JH
€r 0 MOHO3 aMEIME HHBX TMNpPOU3BOIXTHBX. eBwmGoO
CTaOUIABHOCTBHIW OOpaszywImeTrToOC 4 B X 0J1e
[BsH-HMX, | u pa3HHUIC A M€ KOy TOHOPHOMHU C U )
HykKkneodbumna, WRIOKOKDP YHOp BPIO J a KHMHU AP HDK ]
U KOJIHMYECTBO cCcaMoro HYKITeodbumsa.

3. PaszpaboTaHdH®u M€ T O I Bl NONydYe HHU A
OKTarmapoTpubOopaTHOTO aHHUOHAa, OCHOBA aTH

cCXeMax:
e B3aumMoage McTBUHE okKTaruagporpuodopa
Jb 1ou c ay KCl3iTCl,, ZrCly, HfCly, CuCl, ZnC}, FeC}h, CoCl,
PdClb, AICI3, |, CH;COOH, CRC OO H) B NPHCYTCTBHH
(MeCN, tBuCN, PhCHCN, PhCN, B\, EtO, DME, THF, Diox, THT,
PPh, dppe, AsPhPy,PhNH) u B HeHyKaTe o bHUIDb H B
ePecakxknwumu KoaH®@waiahll BuB mpucyTcyre uu
HHEpTHOMWU aTMocdepe, U mMoCaAeaqylle

obpasyrmwmeroc s TeTpabopamHa o I hi§
MeCN, PPh, EGN);
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e O6mMmeH nwur adjzHemp B nloHOFa - BBn e H mu u sNg y x 7
Py, PhNH) B ycnoBHSX 1ToHIMU®E O G0 °1Ce) M
HNaHHBH MeTONT PpealnlwMi3oBaH B y CcIIoB

[THFsHBoOpas3syeTcsas ®uW3 OKTAaAaruapoTpwubo
u AJBCITHF nmpwuwu wHarpeBaHUU.

4, YcoBepumeHCTBOBA aHa OIpeimap a TCHOBIHEAMs
aaunoHg] TBTewm 3aM€HBI pacTBOpPHUTETH H
TeMnepatypoiun °Gununeuwmeasguadi gxs IpPOTE®EKa
[BHs u  HB, U MCMONONHbh3 O0OBAaHUEC TeTparTraumgp
UCXOIOTHOT O COE€E A UMHEeHHUSH . P a 3 pHacOupHTEac HpsE p H
Ko MuOJIe kK c3fBryHg} ] ML e M = o(IB,eNi(ll),I Mn{ll), Cr(ll),

L = phen, bipy).
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NP UJTOXKE HUE

Tabauya 1. Kpucmannocpaguueckue oanHwvle NOIYUEHHBIX COCOUHEHULL.

CoenguHeH I 1 1 IV \V/
Bpyaho@ My 1 CsHaBsCONs |  CaHaoBsNgFe CagHaoBeNgNi CagH22B3P CeHuBaN
M 608.47 677.45 680.31 301.75 132.61
T, K 296(2) 100.15 100(2) 100(2) 100(2)
CHHTI OHU S trigonal triclinic triclinic monoclinic monoclinic
Mp. rp P-3cl P-1 P-1 C2/c P21
a/ A 10.9245(14) 12.3572(16) 9.4758(6) 16.3802(4) 4.9391(12)
b/ A 10.924 15.7861(17) 12.8321(6) 11.5664(3) 9.067(2)
c/ A 16.307(2) 18.991(2) 15.1844(8) 17.9927(4) 9.629(2)
a/ ° 90 70.353(4) 96.598(2) 90 90

134




B/ ° 90 83.585(4) 107.336(2) 96.8160(10) 96.807(11)
y/° 120 78.595(4) 95.927(2) 90 90
v, P A 1685.5(5) 3415.9(7) 1732.29(17) 3384.80(14) 428.17(17)
z 2 4 2 8 5
peag/ent 1.199 1.317 1.304 1.184 1.029
w/ mm 0.538 0.478 0.596 0.154 0.055
F(000) 638.0 1416.0 712.0 1280.0 144.0
Pasmeps kp 0.400 x 0.36 x 0.400 x [0.340 x
M M 0.200 0.08 0.100 0.200 0.400<0.200<0.120
N3 nydyeHUG®EC Mo Ka ( A Mo Ka () Mo Ka (A Mo Ka (| Mo Ka Q.71073)
0.71073) 0.71073) 0.71073) 0.71073)
Hurtepsaddd®y 8.616 to 8.178 to 8.32t0 4 8.302 to 8.32 10 60.14
49.956 49.996 9.994 59.992
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YUucmno oT?DP; 5540
M3 MEpeHH 7529 18495 24190.0407
26974 10838
He3aBucmumM 982[0.0364, 4898[0.0264,
_ 11647 [0.131} 5989 [0.033F
[Rint]
R1, wR2 1 R;=0.0447, R; = 0.0764, R; = 0.0457, R; = 0.0352, R; = 0.0460
WR; = 0.1162 wWR; = 0.1075 WR; = 0.0836 WR; = 0.0863 WR,= 0.1224
R1,wR2 No R; =0.0800, R; = 02268 R, = 00747, R; =0.0800, R; = 0.0591, wR=
0.1233
WR, =0.1404 WR, = 01542 WR, = 00937 WR, =0.1404
A paxdA phin, B/ 0.36+£0.23 0.43+0.46 0.34/0.41 0.38£0.22 0.23£0.20
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Tabnuya 2. — Hasecku ucxoonwvlx peazenmos u 8blxo0 yeieeo2o npooyKmad.

Be me c T B MHal, L (L=Phen CsB;Hg N, T (%)
m, r (N, Bipy) —
Mo R m, r (n MMO b
MMO 15

[Ni(Phens](BsHg), NiCl,0.1 0,42 (2.4) 0.27 (1.6) 0.51 (93)
(0.8)

[Ni(Bipy) 3](B3Hs)» NiCl,0.1 0.37 (2.4) 0.27 (1.6) 0.42 (86)
(0.8)

[Co(Bipy)s](BsHg)> | CoChL 0.1 0.37(2.9 0.27 (1.6) 0.43 (88)
(0.8)

[Co(Phenj](BsHg), | CoCL 0.1 0,42 (2.4) 0.27 (1.6) 0.51 (94)
(0.8)

[Fe(Pheng)(BsHsg) FeBr 0.17 0,42 (2.4) 0.27 (1.6) 0.48 (89)
(0.8)

[Fe(bipyk](B3Hs), | FeBr 0.17 0.37 (2.4) 0.27 (1.6) 0.46 (95)
(0.8)

[Mn(Phen}](BsHsg), | MnCl, 0.09 0,42 (2.4) 0.27 (1.6) 0.47 (87)
(0.8)

[Mn(Bipy)s](BsHs), | MnCl, 0.09 0.37(2.9) 0.27 (1.6) 0.45 (92)
(0.8)

[Cr(Bipy)s](BsHg), | CrCl,0.097 | 0.37 (2.4) 0.27 (1.6) 0.39 (83)
(0.8)

137




[Cr(Pheny](BsHs).

CrCl, 0.097
(0.8)

0,42 (2.4)

0.27 (1.6)

0.44 (81)

Tabauya 3. — Hasecku ucxoOnvix peazeHmos u 8blx00 yeneso2o npooyKma.

MHal CsBsHg
mr( MMOIHBb mr( MMOI
NiCl2 0.01 (0.08) 0,03 (0.17)
CoCI2 0.01 (0.08) 0,03 (0.17)
FeBr2 0.02 (0.08) 0,03 (0.17)
TiCl4 0.015 (0.08) 0,03 (0.17)
ZnCl2 0.01 (0.08) 0,03 (0.17)
CuCl0.007 (0.08) 0,03 (0.17)

T a 0 1 41 & dHasecku ucxoOHbIX peazeHmos u 8bIX00 Yeneso2o NPoOYyKma.

E [BsHg] Nu PhCHCN n, T (%)
mr(n,mMmmo a| mr(n,MMO I I V(M) m, r (N,
Vo) MMO I b
TiCl,0.21 (1.14) Cs[BsHg] 0.1 MeCN 15 0.11 (0.57) [B3sH,NCMe]
57 .
(0.57) CBUCN 15 0.038(83)
PhCN 15 [BsH;NCt-Bu]
0.056(79)
EtzN 15
[BsH,NCPh] 0.069
(85)
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TBA[B3Hg] 0.16
(0.57)

[B3sH-NEt] 0.061 (75)

[BsH,NCCHPR] 0.11
(82)

[BsH,NCMe] 0.037
(80)

[BsH,NCt-Bu] 0.054
(76)

[BsH,NCPh] 0.65 (80)
[B3H-NEt] 0.058 (73)

[BsH,NCCHPh]
0.10(78)

TiCl;0.17 (1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15

t-BuCN 15

PhCN 15

0.11 (0.57)

[BsH,NCMe] 0.039
(85)

[B5H,NCt-Bu] 0.058
(82)

[BsH,NCPh] 0.061
(75)

[BsH,NCCHPh]
0.095 (72)

[BsH,NCMe]
0.038 (83)

[BaH,NCt-Bul
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0.056 (79)

[BsH;NCPh]

0.057 (70)
[BsH,NCCHPh]

0.09 (68)

TiCl,0.13 (1.14)  Cs[BsHg] 0.1 MeCN15 | 0.11(0.57) | [BsH,NCMe] 0.038

0.57 82
( ) t-BuCN 15 (82)

[BsH,NCt-Bu] 0.061
(86)

PhCN 15

[BsH,NCPh] 0.06 (74)

[BsH,NCCHPh]
0.092 (69)

TBA[B3Hg] 0.16 BsH,NCMe]
0.57) 0.036 (80)

[BsH-NCt-Bu]
0.057 (80)
[BsH/NCPh]
0.059 (72)

[BsH,NCCHPh]
0.086 (65)
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ZrCl,0.26
(1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15
t-BUCN 15
PhCN 15

Et;N 15

0.11 (0.57)

[BsH,NCMe] 0.4 (86)

[BsH,NCt-Bu] 0.06
(85)

[BsH,NCPh] 0.066
(81)

[B3sH-NEt] 0.058 (73)

[BsH,NCCHPR]
0.107 (81)

[BsH:NCMe]
0.039 (84)
[B3sH-NCt-Bu]
0.059 (83)
[B5sH;NCPh]
0.063 (77)
[BsH;NEt;
00.56 (70)
[BsH-NCCHPR]

0.099 (75)

HfCl, 0.36
(1.14)

Cs[BsHg] 0.1
(0.57)

MeCN 15
t-BUCN 15
PhCN 15

Et;N 15

0.11 (0.57)

[B3H;NCMe] 0.044
(94)

[B5H,NCt-Bu] 0.068
(95)

[BsH,NCPh] 0.073
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TBA[B3Hg] 0.16
(0.57)

(90)
[B5H-NEt] 0.058 (73)

[BsH,NCCHPh]
0.121 (91)

[BsH-NCMe]
0.042 (90)
[B3sH-NCt-Bu]
0.066(93)
[BsH/NCPh]
0.072 (88)
[B3H;NEt]
0.055 (69)
[BsH-NCCHPR]

0.107(81)

CuCl0.11 (1.14)

Cs[BsHg] 0.1
(0.57)

MeCN 15
t-BuCN 15
PhCN 15

Et;N 15

0.11 (0.57)

[BsH,NCMe] 0.03
(65)

[BsH-NCt-Bu] 0.047
(67)

[BsH,NCPh] 0.049
(60)

[BaH/NEt] 0.041 (52)

[BsH;NCCHPh] 0.09
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TBA[B3Hg] 0.16
(0.57)

(68)

[BsH-NCMe]
0.029(63)
[B3sH-NCt-Bu]
0.046 (65)
[BsH;NCPh]
0.045 (55)
[B3H;NEt]
0.038 (48)
[BsH-NCCHPR]

0.08 (61)

ZnCl,0.15
(1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15

t-BuCN 15

PhCN 15

[BsH-NCMe] 0.029
(64)

[BsH-NCt-Bu] 0.048
(68)

[BsH;NCPh] 0.05 (61)

[BsH-NCMe]
0.027(60)

[BsH;NCt-Bul
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0.046 (65)
[BsH/NCPh]

0.045 (55)

FeCh0.14
(1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15

t-BUCN 15

PhCN 15

[BsH-NCMe] 0.027
(60)

[BsH,NCt-Bu] 0.046
(65)

[BsH,NCPh] 0.051
(63)

[BsH:NCMe]
0.026 (57)
[BsH-NCt-Bu]
0.42(60)
[BsH;NCPh]

0.047 (58)

FeBr, 0.24
(1.14)

Cs[BsHg] 0.1
(0.57)

MeCN 15

t-BuCN 15

PhCN 15

[BsH,NCMe] 0.032
(69)

[BsH,NCt-Bu] 0.049
(70)

[BsH;NCPh] 0.05 (61)
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TBA[B3Hg] 0.16
(0.57)

[BsH:NCMe]
0.03 (66)
[B3sH-NCt-Bu]
0.048 (68)
[BsH;NCPh]

0.044 (54)

CoC,L0.15
(1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15
t-BuUCN 15
PhCN 15

Et;N 15

0.11 (0.57)

[BsH,NCMe] 0.03
(66)

[B3H;NCt-Bu] 0.041
(58)

[BsH,NCPh] 0.052
(64)

[BsH,NCCHPh]
0.085 (64)

[BsH-NCMe]
0.028 (62)
[BsH-NCt-Bu]
0.037 (52)
[BsH/NCPh]
0.044 (54)
[BsH-NCCHPh]

0.073 (55)
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PdCI2 0.2 (1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15

t-BUCN 15

PhCN 15

0.11 (0.57)

[BsH,NCMe] 0.034
(73)

[B5H,NCt-Bu] 0.53
(75)

[BsH,NCPh] 0.063
(77)

[BsH,NCCHPh]
0.085 (64)

[BsH-NCMe]
0.032(69)
[B3sH-NCt-Bu]
0.079 (70)
[B5sH;NCPh]
0.058 (71)
[BsH;NCCHPh]

0.079 (60)

AICI3 0.15(1.14)

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15

EtN 15

[BsH,NCMe] 0.042
(91)

[BsH;NEt;] 0.059(74)

[BsH,NCMe]
0.039 (85)

[BsH-NEt]
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0.054 (68)

1,0.14 (0.57) Cs[B:Hg] 0.1 MeCN 15 - [BsH,NCMe] 0.044
(0.57) ELN 15 (95)
[BsH;NEts] 0.056 (71)
TBA[B3Hg] 0.16 [BsH/NCMe]
0.57) 0.041 (90)
[B3H/NEt]
0.052 (65)
SnChL0.22 Cs[BsHg] 0.1 MeCN 15 | 0.11 (0.57) | [BsH,NCMe]0.033
(1.14) (0.57) CBUCN 15 (72)
BhCN 15 [BsH,NCt-Bu] 0.053

TBA[B3Hg] 0.16
(0.57)

(75)

[BsH,NCPh] 0.058
(71)

[BsH,NCCHPh]
0.086 (65)

[BsH/NCMe]
0.031 (67)
[B3sH-NCt-Bu]
0.049 (70)

[BsH,NCPh]
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0.052 (64)
[BsH,NCCHPh]

0.078 (59)

CF:COOH 0.13
(1.14)

0,087

Cs[BsHg] 0.1
(0.57)

TBA[B3Hg] 0.16
(0.57)

MeCN 15

t-BUCN 15

PhCN 15

[BsH-NCMe] 0.025
(54)

[BH,NCt-Bu] 0.036
(51)

[BsH,NCPh] 0.045
(56)

[BsH-NCMe]
0.023 (50)
[BsH-NCt-Bu]
0.032 (46)
[BsH/NCPh]

0.04 (49)

CH,;COOH
0,068 (1.14)

0.065

Cs[BsHg] 0.1
(0.57)

MeCN 15

t-BuCN 15

PhCN15

[BsH,NCMe]
0.024(53)

[BsH,NCt-Bu] 0.034
(48)

[BsH;NCPh] 0.045
(55)
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TBA[B3Hg] 0.16
(0.57)

[BsH:NCMe]
0.022 (49)
[B3sH-NCt-Bu]
0.031 (44)
[BsH;NCPh]

0.041(50)
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Tabnuya 5. Hagecku ucxoO0HbIx pea2eHmos u 8blxo0 4ene6o20 npooyKma.

E [BsHg] Nu n, T (%)
mr(h,bmMmmMmoaxy mr(nhymMmmoag V(M)
(VM)
TiCl;0.21 (1.14) | Cs[BsHg] 0.1 (0.57)| Et,015 | [BsH;OEt] 0,07(93)
DME 15 | [BsH;DME] 0,058(79)
THF 15 | [BsH,THF] 0,47(75)
dioxane | [B3H-dioxane]0,048
15 (68)

TBA[B3Hg] 0.16 [B3H-,OEb]

0-57) 0,06(88)

[BsH,DME]

0,056(76)

[B3H;THF]

0,044(71)

[BsH-dioxane]

0,046(64)
TiCl30.17 (1.14) | Cs[BsHg] 0.1 (0.57)] Et,015 | [BsH;OEt] 0,056(74)
DME 15 | [BsH;DME] 0,052(71)
THF 15 | [B3H,THF] 0,045(72)
dioxane [BsH-dioxane]0,046

15 (64)
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TBA[B3Hg] 0.16 [B3H;OEY]

0.57) 0,053(70)
[B3H;DME]
0,049(66)
[BsH;THF]
0,042(67)

[B3H-dioxane]

0,043(60)

TiCl,0.13 (1.14) | Cs[BsHg] 0.1 (0.57)] E%0O15 | [BsH-,OEb] 0,055(73)
DME 15 | [BsH;DME] 0,048(65)
THF 15 | [BsH;THF] 0,043(69)

dioxane | [B3H-dioxane]0,045
15 (63)

TBA[B3Hg] 0.16 [B5H,OE]
0-57) 0,053(70)
[B3sH;DME]
0,04561)
[BsH;THF]
0,04(65)

[BsH-dioxane]

0,041(58)
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ZrCl,0.26 (1.14) | Cs[BsHg] 0.1 (0.57)] Et,015 | [BsH,OEt] 0,07(93)
DME 15 | [B3;H,DME] 0,057(78)
THF 15 | [B3H,THF] 0,047(76)
dioxane | [Bs;H-dioxane]0,05(70)
TBA[B3Hg] 0.16 15 [BsH,OEb]
0-57) 0,064(85)
[BsH;DME]
0,053(72)
[BsH;THF]
0,041(66)
[B3H-dioxane]
0,045(63)
HfCl, 0.36 (1.14) | Cs[BsHg] 0.1 (0.57)| Et,0O15 | [BsH,OEt] 0,068(90)
DME 15 | [BsH;DME] 0,053(72)
THF 15 | [B3H;THF]0,048(77)
dioxane | [B3H-dioxane]0,046
15 (65)
TBA[B3Hg] 0.16 [B3H;OEt]
0.57) 0,061(81)
[BsH;DME]
0,048(65)
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[BsH,THF]
0,043(69)

[B3H-dioxane]

0,043(61)
FeCL0.14 (1.14) | Cs[BsHg] 0.1 (0.57)| dioxane | [BsH-dioxane]0,048
15 (68)
TBA[B3Hg] 0.16 [BsH,dioxane]
(0.57) 0,046(65)
FeBr 0.24 (1.14) | Cs[BsHg] 0.1 (0.57)| dioxane | [BsH,dioxane]0,044
15 (62)
TBA[B3Hg] 0.16 [BsH-dioxane]
0-57) 0,038(54)
PdCI2 0.2 (1.14) | Cs[BsHg] 0.1 (0.57)] Et,015 | [BsH-OEt] 0,058(77)
DME 15 | [BsH;DME] 0,051(69)
THF 15 | [B3sH;THF] 0,047 (75)
dioxane | [B3H-dioxane]0,046
15 (64)
TBA[B3Hg] 0.16 [B3H;OE]
0-57) 0,053(70)
[BsH;DME]
0,048(65)
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[BsH,THF]
0,042 (68)
[BsH-dioxane]

0,043 (60)

SnCh0.22 (1.14)

Cs[BsHg] 0.1 (0.57)

TBA[B3Hg] 0.16
(0.57)

Et,015
DME 15
THF 15

dioxane
15

[BsH-,OE] 0,055 (73)
[BsH,DME] 0,048 (65)
[BsH,THF] 0,048 (77)

[BsH-dioxane]0,045
(63)

[BsH;OEL]
0,05 (66)
[BsH;DME]
0,044 (60)
[BsH,THF]
0,044 (70)
[B3H-dioxane]

0,041 (58)

CF,COOH 0.13
(1.14)

0,087

Cs[BsHg] 0.1 (0.57)

TBA[B3Hg] 0.16
(0.57)

Et, 015

dioxane
15

[B3H,OEg] 0,04 (53)

[BsH-dioxane]0,032
(45)

[BsH;OEY]
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0,035 (47)
[BsH-dioxane]

0,028 (40)

CH,COOHO0,068
(1.14)

0.065

Cs[BsHg] 0.1 (0.57)

TBA[B3Hg] 0.16
(0.57)

Et,015

dioxane
15

[BsH-,OE] 0,041 (55)

[BsH-dioxane]0,36 (51)

[BsH7OEY]
0,036 (48)
[BsH-dioxane]

0,03(43)
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Tabnuya 6. — Hasecku ucxoOonvix peazenmos u 8bix00 yeneeo2o npooyKmd.

Emr(nMmmo x| [BsHg mr(nnmMmmo n| V( ma N, T (%)

Nu
(V,m1)

TiCl,0.21 (1.14) | Cs[BHg 0.1 (0.57) | THT 15 | [BaH,THT] 0,067 (94)

ZrCl,0.26 (1.14) | Cs[BsHg] 0.1 (0.57) | THT 15 | [B3H,THT] 0,065 (90)

HfCl,0.36 (1.14) | Cs[BsHg] 0.1 (0.57) | THT 15 | [B3H;THT] 0,068 (95)

AICI3 0.15(1.14) | Cs[BsHg] 0.1 (0.57) | THT 15 | [B3H;THT] 0,065 (90)

TBA[B3Hg] 0.16 (0.57) [BsH;THT] 0,61 (85)

1,0.14 (0.57) | TBA[BsHg 0.16 (0.57)| THT 15 | [BsH,THT]0,059 (83)
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Tabnuya 1. Hagecku ucxooHwix pea2eHmos u 8blxo0 4ene6o20 npooyKma.

E [BgHg]_ Nu n,r (%)
mr(nnMmoag mr(N,MMO I} m, r (n,
Vo) MMO I b
TiCl,0.21 (1.14) | Cs[BsHg] 0.1 PPR0.15 | [BsH,PPh] 0,159 (93)
0-57) (0.57) [BsH,dppe] 0.227 (91)
Dppe 0.23 | 15 11 AsPhj 0.188 (94)
(0.57)
AsPh0.17
TBA[B;Hg) 0.16 (0.57) [BsH,PPh] 0,154 (90)
(0.57) [BsH,dppe] 0.217 (87)
[BsH,AsPh]0.172 (86)
TiCl;0.17 (1.14) | Cs[BsHg 0.1 PPR0.15 | [BsH,PPh] 0,13 (76)
(0.57) (0.57)
TBA[B3Hg] 0.16 [BsH,PPh] 0,12 (70)
(0.57)
TiCl, 0.13 (1.14) Cs[BsHg] 0.1 PPh0.15 [BsH,PPh] 0,12 (70)
(0.57) (0.57)

TBA[B3Hg] 0.16
(0.57)

[BsH-PPh] 0,113(66)
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ZrCl,0.26 (1.14) | Cs[BsHg] 0.1 PPR0.15 | [BoH.PPh]0.154 (90)
(0.57) (0.57) [B5H-dppe] 0.222(89)
Dppe 0.23 | o 11 AsPhj 0.181 (91)
(0.57)
TBA[BHg] 0.16 [B5H,PPh] 0.142 (83)
057 AsPh,0.17
' (0.57) [BsH-dppe] 0.212 (85)
[BsH-AsPh] 0.172(86)
HfCl, 0.36 (1.14) | Cs[BsHg] 0.1 PPh0.15 | [BsH.PPh] 0,163 (95)
(0.57) (0.57) [B5H-dppe] 0.225 (90)
Dppe 0.23 | 5 11 AsPhj 0.186 (93)
(0.57)
TBA[BaHq] 0.16 ByH,PPh] 0,154 (90)
057 AsPh,0.17
| (0.57) [BsH-dppe] 0.22 (88)
[B5H-AsPh] 0.178 (89)
CF.COOH 0.13 | Cs[BsHg 0.1 PPR0.15 | [BsH.PPh] 0,104 (61)
(1.14) (0.57) (0.57)
(0,087)
TBA[BHs] 0.16 [B,H,PPh] 0,094 (55)
(0.57)
CH,COOHO0,068 | Cs[BsHg 0.1 PPR0.15 | [BsH-PPh]0,108(63)
(1.14) (0.57) (0.57)
0.065

TBA[B3Hg] 0.16
(0.57)

[BsH/-PPR] 0,099 (58)
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Tabauya 8. Hasecku ucxoouwix peazenmos u 8vixo0 yeneso2o npooykma.

E
m,r(N,M M 0 1

(V,mm)

[BsHg]

m,r(n,MMoO 1 b )

N

nr (%)

TiCl, 0.21 (1.14)

CqB3Hg] 0.1 (0.57)

[BJH1g 0.021 (92)

TBA[B3Hg] 0.16 (0.57)

[B4H10] 0.02 (90)

ZrCl,0.26 (1.14)

Cs[BsHg] 0.1 (0.57)

[BJH1g 0.021 (92)

TBA[B3Hg] 0.16 (0.57)

[B4H10] 0.02 (90)

HfCl, 0.36 (1.14)

Cs[BsHg] 0.1 (0.57)

[BuH1g 0.22 (94)

TBA[B3Hg] 0.16 (0.57)

[B4H1q] 0.02(91)

CuCl 0.11 (1.14)

TBA[B3Hg] 0.16 (0.57)

[B4H1g 0.017 (75)

ZnCl, 0.15 (1.14)

TBA[B3Hg] 0.16 (0.57)

[B4H1g 0.015 (69)

FeCh0.14 (1.14)

TBA[B3Hg] 0.16 (0.57)

[B4H1d 0.016 (72)

CoCl, 0.15 (1.14)

TBA[B3Hg] 0.16 (0.57)

[B.H1q] 0.018 (79)

PdCI2 0.2 (1.14)

TBA[B3Hg] 0.16 (0.57)

[B4H.] 0.014 (65)

AICI3 0.15(1.14)

TBA[B3Hg] 0.16 (0.57)

[B4Hg) 0.019 (84)
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1,0.14 (0.57) | TBA[BsHg] 0.16 (0.57)] [B4H:g 0.02 (90)

Tabnuya 9. Jannvie “°IMP cnexkmpos pacmeopos 6 MeCN nonyuennvix

komniaekcos npu -40 °C.

XU MHUYECKU
Be mie c T B (M. 1. )
Fe(BsHg)n -12,38
Co(BsHg)n -25,41
Ni(B3sHs)n -31,58
Ti(BsHg)n -32,37
Zn(BsHg)n -34,62
Cu(BsHg)n -37,97

Ta6auya 10. Jannwie 7B AMP cnexmpog 01isi pacmeopos nouyHeHHbIX

3AMeUyeHHblX }’lp0u360()Hle.

XHMHUUYECKHAH
Be me cT B ¢
2B 1B
[B3sH/NCMe] -7,51 -35,09
[BsH/NCt-Bu] -8,36 -36,73
[B3sH/NCCHPh] -0,51 -37,44
[B3sH/NCPh] -8,86 -36,41
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[B3H;NEL] -20,3 -22,5
[B3sH,OE(] -8,01 -12,36
[BsH,DME] -8,62 11,4
[BsH;THF] -9,59 -14,52
[B3H-dioxane] -8,34 -12,36
[B3H,THT] -11,64 -30,86
[B3H;PPh] -17,12 -45,72
[B3H-dppe] -7,49 -35,51
[B3H-AsPhy -13,99 -42,91
[BsH;OOCCH;]- -17,53 -15,94
[B3H;OOCCRE]- -18,02 -16,56
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