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[MpegmeT MeTannoopraHN4YecKom XMmMmum:
coeaAnHeHUsA Co CBA3bIO MeTarsi-yrnepoa

CuuTaeTcs, YTO CBA3b nonsipnsoBaHa M°%—C°"
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dPaKkTopbl, BNUsAOLWME Ha

3NIeKTpooTpULaTeNbHOCTb
1) T’mbpuamnsauma atoma yrnepopaa:

EN(C) yBenununBaeTcs C yBerinvdeHMeM BKnaaa s-
opobuTanu B rmopnaHbie opoutanu
EN(C(sp®)) =2.5 EN(C(sp?))=2.7 EN(C(sp))=3.3
CpaBHUMO C: EN(S) = 2.6 EN(CI) = 3.1
Koppenupyet ¢ yBeniuueHnem KUCNOTHOCTU B
pAaAay:

CH, < CH, << CH,



dPaKkTopbl, BNUsAOLWME Ha
3NeKTpooTpULaTEeNIbHOCTb

2) CTeneHb OKUCIIeHUA MeTanna:
EN(C) yBenununBaeTcs ¢ yBeJrindeHNEeM CTeneHu
OKMCNEeHUA 3fieMeHTa
EN(TI(1)) = 1.62
EN(TI(111)) = 2.04

(no lNonuHry)



dPaKkTopbl, BNUsAOLWME Ha

IANNIEKTPOOTPUNLATEeJNIbHOCTDb
3) N'pynnoBas aneKTpootTpuuaTesribHOCTb:

ENg(CH3)=2.31 Et;Ge®*-H> + C—0 —> H—C—OGeEt,

EN_(CF,) = 3.47

Cl;Ge>—H* + C=—0 —> Cl;Ge—C—OH

EN, yBenuuuBaeTtcs c ysenmieHnem
3NIeKTPOHOAKL,eNTOPHOCTU 3aMecTUTenA
ENg(LnM) BO3pacTaeT C Bo3pacTaHUeM TT-akLuenToOpPHbIX U

YMEeHbLWEeHUneM TT-4AOHOPHbIX CBOUCTB L
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YCINTOBHOCTb AefleHUs Ha MeTansbl U
HemMeTannbl B METaryioopraHM4YeCKoun Xmummm

Li Be

Na | Mg

Rb | Sr Y Zr | Nb |[Mo | Tc | Ru | Rh | Pd | Ag

Cs |Ba|La*| Hf | Ta | W | Re | Os Ir Pt | Au

A*
Fr | Ra | "¢

* | Ce | Pr | Nd([Pm |Sm | Eu | Gd ([ Tb | Dy | Ho | Er | Tm | Yb | Lu

** ' Th [ Pa| U | Np| Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No | Lr

‘ \ - MeTalJibl . - HemMmeTannbl ‘ \ -
ARAATAF FAIA M




CopaepxaHue Kypca nekumm
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KpaTkaa ncropusa passutus
MeTannoopraHN4YeCKon XMMumn —
OCHOBHbIe COObITUA U AN
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[NepBble MeTannoopraHuyeckmne coeguHeHus (1760 r.):
okcug kakoguna (cacodyl oxyde) n pukakoaun (dicacodyl)
(OT rpeyecKkoro xokwono = Mep3KornaxHyuwuu)

i /O\AS H3C\ /CH3
HsC// \\CH3 Hy /AS_AS\CHs

HqC CHa

Cadet's fuming liquid
(*kmaKocTb KpaCcHOro uBeTa)

4 CH,COOK + As,0, — As,(CH,),0 + 4K,CO, + CO,

Ilyn Knop Kage pe MNaccukyp (1731-1799)
(Louis Claude Cadet de Gassicourt)

A3yyeHue npousBoaHbix Me,As NnpoaomkeHbl
P. byHseHom B 1840 r.

Dietmar Seyferth, «Cadet's Fuming Arsenical Liquid and the Cacodyl
Compounds of Bunsen», Organometallics, 2001, V. 20, No. 8, P. 1488



NMNepBbin onedmnHoBLIN KomMmnneKkc (1827 r.)

William Christopher Zeise (KoneHrareH,
IaHusn)

KNnnaAdvdeHu
PtCI4 + CZHSOH o —>

K[PtCl.(C,H,)]-H,O
Conb

1868 I. - HeMeLKMit xuMuk BupHGaym nonyulhCH&fonbays
3TUnNeH

CIRYKTYRA onpeResHa PCA NNy OIKIBARR B A9695m 1R

ZEISE AND HIS PLATINUM COMPLEXES". Platinum Metals Review 28 (2): 76-83.
http://www.platinummetalsreview.com/pdf/pmr-v28-i2-076-083.pdf.
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Sir Edward Frankland (1825-1899)

*BBEeJ1 MOHATUA «BarIeHTHOCTb» U « MeTasiIoopraHukKa»
g epa3paboTan meToAUKY paboTbl B OTCYTCTBME BO3AyXa,
% ucnonb3ya Boaopoa, KakK 3alUTHbIN ras

1849 .
2C,H,| + Zn > 2C_H, + Znl,

l

(C,H,),Zn + C H_Znl + Znl,

5)2

hv

1852r. CH,l +Hg > CH,Hgl

(CH,),Hg, (C,H,),Sn, (C,H,),B

16



B nocneaywlwme roabl R2Hg " RZZn cbirpanu o4yeHb
OonbLy pOnb B pa3BUTUUN MeTansIooOpraHM4ecKoro CUHTe3a

Hanpumep:
SiCl, + m/2 ZnR, — R_SiCl, + m/2 ZnCl,
C. Friedel, J.M. Crafts (1863)

(C,H,),Hg + Mg — (C_H,),Mg + Hg
J.A. Wanklyn (1866)

R,Hg + 2Li — 2LiR + Hg
2C,H_Li + (CH,) Hg — 2(CH,)Li + (C_H,),Hg

TpaHcankunupoBaHue - W. Schilenk (1917)

3)2
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W. Schlenk (1879-1943)

2 Na
Ph;CClI N NaCl Ph,CNa

Ph,C=0 —2» Ph,C-0O" Na*

AnnapaTtypa LLineHkKa




O.U. MenpeneeB (1834-1907)

ncnosfib3oBasn 3HaHue o0 MmeTanJfioopraHnN4eCKnMX coeamHeHuAX Ons
npeacKka3aHnsAaA HOBbIX JJIeMeHTOB

Bbbino lNpeackasaHo HanpgeHo
U3BECTHO (a.\n. (C. Winkler)
MeHaenees) 1887
1871
Si(C,H.),
d=0.761

t(kvn.) = 153°C

Eka-Si(C,H,), Ge(C,H,),
d=0.96 d=0.99
t(kvn.) = 160 °C t(kvn.) = 164 °C

Sn(CH,),
d=1.187
t(kvn.) =181 °C
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P. Barbier (1848—1922) samenun umHk Ha marHui B peakuusx ¢

ankmnuoanpamu
1899
- 1. CHsl, Mg OH
H;C L 2.H,0 H3C |
\/CZCH_CHZ_C\/ 2 > /C=CH—CH2—(|3—CH3
H3C CH3 H3C CH3

V. Grignard (1871-1935) — ctyaeHT P. Barbier

pa3BuUN CUHTETU4YeCKMe MeToabl ¢ ucnonb3osaHnem RMgl
BMECTO OYeHb YyBCTBUTENIbHbIX K BO3AyXy R, Zn

RMgX (X = Cl, Br, |I) — peaktuBbl 'puUHbsIpa

HobeneBckasa npemusa 1912 r. (coBmectHo ¢ P. Sabatier)
20



PeakTuBbl pUHbApa HaWNU LLMPOKOE NpUMeHeHue B
opraHU4YecKomM U MeTannoopraHUM4eCKOM CUHTeE3e

Hanpumep:
Ptl, + 3(CH,)Mgl — (CH,),Ptl + 3MglI,

W.J. Pope (1909)

(C,H,)MgBr + CrCl, — «nonudgeHMnxpomMoBble CoeANHEHUA»
J.A. Wanklyn (1866)

B 1955, yxe nocne oTKkpbITUA peppoueHa E.O. Fischer paspabortan

paLMoHarnbHbIA CUHTE3 nw6eH30nxp0M

CrCl, + 2/3Al + 1/3AICI, + 2C_H_ — [Cr(C_H,),JAICI, + 2/3AICI,

Cr
[Cr(CH,),JAICI, + 1/2Na,S,0, — [Cr(C_H,),] + NaAICI, + SO, .

coHABuU4yeBoe coeanHeHue .EI,VI69H3OJ1XpOM 21



Pa3Butne XxmmMmum m-KOMMNJrieKcoB
T. Kealy, P. Pauson (1951)

. e EL A T A _.d.,f' o
ay 2200 8BS oo J3r L NP R S  Viiaon
¥ R T o
= + MgBr — 4 Ea
! . = '»d
Rl L N B :
eCI3 g o s~ s § o &
IR Al RN
\ P s —

““beppoLieH cunTaeTcs
NnepBbIM COHABUYEBLIM
KOMMJIEKCOM

Hayanacb apa «LieHOB»: HUKENOLeH, KobanbToLUEeH 1 T.4.

B pa3Butue nx Xxummun sHa4ynTenbHbIN BKNag BHECU
Robert Woodward, Geoffrey Wilkinson, Ernst Otto Fischer.

HobeneBckas npemust 1973 — E.O. Fischer n G. Wilkinson

1. Puwep IJ., BepHep I'. «r-kOMnnekcbl metannoB», M.: Mup, 1968.
2. NMocoH . «kXumna metannoopraHn4yeckux coegmHeHumn», M.: Mup, 1970.
3.Tyoun C. ., WynbnuH I'. B. «XUMnss KOMNNEKCOB CO CBA3AMU MeTasnmn —

yrnepop», HoBocnoupck, Hayka, 1984.
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PazButue Xummmn m-KOMnsrieKcoB

Cl
Cl

\
1959 1. R. Criegee (1902-1975) - cuntes [(n*-C,Me,NiCL], |(} N\< ni-f)
Cl

Cl

1965 1. R. Petit — cuntes [(C,H,)Fe(CO)

COOMe

3l

[ .

Cl
Cl,, CCl,-30°C = COOMe
AN cl reflux, 3 hrs.

Fe(CO),

Fe,(CO),

CH, 50°C  -Cl,

CO—II:e-CO

CcO
45% 23



PazButue Xummmn m-KOMnsrieKcoB

1968 r. A. Streitwieser — cuHTe3 ypaHoueHa @

2K +C,H, — K,(C,H,) U

2 K,(CgH,) + UCI, — U(C.H,), + 4 KCI @

1989 r. H. Werner — cuHTe3 nepBoro tpexnanyoHoro caHaBu4ya

—1®
[Cp3Ni2]+ "Ni" "Ni"
H,C CH;
v
[Cp*SiCp*] ot

CH,

1989 r. P. Jutzi — cuHTe3 cunukoueHa —

24



PazButue Xummmn m-KOMnsrieKcoB

1989 r. H. Schnockel — pa3paboTtka cuntesa AICI n panee — [Cp*Al],

(solv)

Al(r) + HCI(r) — {AICI(F)} + H,
{AICI(F)} + Tonyon + acpup — {AICI (solv)}
4{AICI(so|V)} + 2[Cp*,Mg] — [Cp*Al], + 2MgCl,

H. Schnodckel et al. Angew. Chem. Int. Ed. Engl. 1991, 30, 564.
H.W. Roesky et al. Angew. Chem. Int. Ed. Engl. 1993, 32, 1729.
A. Haaland, H. Schnockel et al. Acta Chem. Scan. 1994, 48, 172.

1994 r. S. Harder — cuHTe3 camoro «nerkoro» caHaeu4a [Cp,Li]”
S. Harder, M.H. Prosenc, Angew. Chem. Int. Ed. Engl., 33, No. 17,1744

25



KapOoHunbHbIEe KOMNNEeKChbl

1868 r. M.P. Schutzenberger — cuHTEe3 nepBoOro KapoboHUNLHOro
komnnekca [Pt(CO)CL],

1890 r. L. Mond — cuHTe3 nepBOro 6MHaApPHOro KapOoOHUIILHOro
komnnekca [Ni(CO),]

1927 r. A. Job, A. Cassal — cunTes [Cr(CO) ]

1928 r. W. Hieber HaunHaeT cucrtemarnyeckoe nsyyeHme Xxmmum
KapOOHUNOB MeTansos

[Fe(CO).] + En — [Fe(CO),En] +2CO

[Fe(CO).] + X, — [Fe(CO),X,] + CO (X =ClI, Br, I)
1931 r. W. Hieber — cuHTe3 nepBoro kap6onunruppuaa [Fe(CO),H,]
1999 r. A.H. Zewail — 3a nsyyeHme auccouunauunm ceszemn M—M nu M-C B

[Mn,(CO), ] bemTOCEKYHAHBIM UMNYNbCHbLIM
nasepom ygoctoeH Hobenesckon npemumn 26



CoeavHeHunA ¢ KpaTtHbiMmu cBaAsaMu M-C n M-M

E.O. Fischer — cuHTe3 nepBbIX KApOEHOBOro U KAPOMHOBOIro KOMMMEKCOB

oc TO co 70
>W<\ O I\c|r/ =
oc” | ¢ Me oo ¢
co | ~
Co R
Me
1964 r. 1973

r.
1976 r. M.F. Lappert — cuHTe3 nepBOro «aumMmeTansieHa»

(Me;Si),CH CH(SiMes);
AN
Sn—Sn

(Me;Si),CH CH(SiMe3),

1976 r. R.West — cuHTtes (Mes),Si=Si(Mes),

27



CoeanHeHun ¢ KpaTHbiMmu cBA3asmMu M-C n M-M

1981 r. G. Becker — cuHTe3 nepBoro «doccaankmHar
'‘Bu—C=P

1996 r. P. Power — cMHTe3 nepBOro coeguHeHusi Co CBA3bIO
Mo=Ge

1997 r. C.C. Cummins — CMHTE3 KOMMNMeKca c nMraHaom - aToMOM yrriepoaa
[(R N)3Mo =CJ]

1997 r. G.M. Robinson — cuHTe3 nepBoro coeguHeHUs CO CBA3bLIO Ga=Ga

F

28
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CoeavHeHunA ¢ KpaTtHbiMmu cBaAsaMu M-C n M-M

2005 r. A. Sekiguchi — oxapakrepusoBan R-Si=Si-R

2005 r. P. Power — cuHTe3 nepBOro COeAUHEHUA C NATEPHOUN CBA3bIO
MeTann-meTtann

T. Nguyen, A.D. Sutton, M. Brynda, J.C. Fettinger, G.J. Long, P.P. Power, Science, 2005, 310, p. 844



30

CoeanHeHUA ¢ HeOObIYHbLIMU cBA3AMU M-M

2004 r. E. Carmona — cuMHTe3 nepBOro COeAUHEeHUA ¢ NATEPHON CBA3bIO
MeTann-meTann

diethyl ether
ZnCp*, + ZnEt, » Cp*Zn— ZnCp* + Cp*ZnEt
-10 °C 45%

I.Resa, E. Carmona, E.Gutierrez-Puebla, A.Monge , Science, 2004, 305, p. 1136

2006 r. S.N. Konchenko, P.W. Roesky — cMHTe3 nepBbIX cCOeAUHEHUMN
co cBsAisbio Ln — Al

[Cp*Alls

Y

M=Eu, Yb

Gamer M. T., Roesky P. W., Konchenko S. N. e.a., Angew. Chem. Int. Ed. 2006, 45, 4447

2008 r. J. Arnold ucnonb3oBan 3TOT noaxon AN CUHTe3a coeauHeHUN

cocBs3bio U-AlunU-Ga
Minasian, S. G., Krinsky, J. L., Williams, V. A., Arnold, J. A JACS 2008, 130, 10086



UcTopua npuknagHon 3neMeHTOOPraHu4eCKou XmumMmmnm

Katanus

1922 r. T. Midgley, T.A. Boyd — BHegpunu [Et,Pb] B kayecTBe
aHTUWAeTOHaUMOHHOU fO0O0aBKU B Oe@H3UH

1938 r. O. Roelen — oTkpbIn npouecc ruapocgopmMmunnpoBaHns

1939 r. W. Reppe — HauMHaeT uMKn padboT No KaTannTU4eCKum
npeBpaweHnaM aueTUneHoB B Koopa. chepe nepexoaHbIX MeTannos

1943 r. E.G. Rochow (E.l. PoxoB) — pa3paboTtan «npsiMmou» MeTo CUHTe3a
XJIOPCUNaHoB, NO3BOSIMBLUUU NMOJSTyYaTb UX B MPOMBbILUNEHHbIX MacluTabax

(o]
CHyCl +si ~ulcat), 300 °C_ ) sicl, + ..

1955 r. K. Ziegler, G. Natta — paspaboTanu KatanusaTtop AnA Nosly4YeHus

N30TaKTUYECKUX MOJINariKkeHoB:
“ranoreHng nepexogHoro metanna + AIR3”

(Hobenesckasa npemus 1963 r.) -



UcTopua npuknagHon 3neMeHTOOPraHu4eCKou XmumMmmnm

Katanus

1965 r. G. Wilkinson, R.S. Coffey — yctaHoBunu, yto [(Ph,P),RhCI]
BbICTYMaeT roMOreHHbIM KaTanm3aTopomM B peakumax rmnapupoBaHus
onecgpuHOB

\\\\\ PPhj
Ph;P—Rh—Cl
PhoP””
KaTtanusartop

(Hdsumammonanpemusa 1973 r.)

1965 r. J. Tsuji — oTkpbIn akTuBauuio ceasm C—-C Ha Pd

1969 r. A.E. lLnnoB — oTKpbIS1 FOMOreHHyr akTuBauuio ceasm C—H
ankeHoB Ha komnnekcax Pt(ll) B pacTtBope

32



UcTopua npuknagHon 3neMeHTOOPraHu4eCKou XmumMmmnm
Katanus

1972 r. R.F. Heck — “palladium-catalyzed cross couplings in organic
synthesis”
Pd°
R—X + R'/\ — R,/\/R
"B

(Hob6eneBckasa npemusa 2010 r.)

1985 r. W. Kaminsky, H. Brintzinger — oTKpbITe HOBOIro NOKOJIeHUs
KaTarin3aTopoB U30TaKTU4YeCKOM nonmmMmepusauum nponuneHa —
LUpKoHoueHauxnopupg + metunantomokcaH (MAO):

[Cp,ZrCL,] + (Al(CH,)O)_

1986 r. R. Noyori — oTKpbITUE KaTariIMTU4eCKOro 3aHaHTUOCENEeKTUBHOIO
npucoeanMHeHUs ZnR2 K KApOOHUSIbHLIM COeANHEHUAM
HoGeneBckasa npemusa 2001 r. coBmecTHO ¢ K.B. Sharpless u W.S. Knowles

33



UcTopua npuknagHon 3neMeHTOOPraHu4eCKou XmumMmmnm

Buoxumusa/MeguumnHa o o

NH, NH;
1909 r. P. Ehrlich — BHeapsieT i i;(
Salvarsan kak nekapcTeo oT | 'Oﬂ s "
cucdounuca HoN AS-As AASS-AZS NH,
(Hob6enesckas npemusa 1908 HO]@ QOH HZN@
3a pa3BuUTUE XemoTepanumu) NH,

HO H,N  OH

1961 r. D. Crowfoot Hodgkin
obHapyxuBaeT cBA3b Co-C

B Kob6anamuHe ¢ nomouwbio PCA
(Hob6eneBckas npemus 1964 r.)

1979 r. H. Kopf, P. Kopf-Maier —
KaHLepocTaTnyeckoe aoeucteme
[Cp,TiCL]

-e="

N
§> HO— 34




To be continued...



