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OO60061IeHBI U CUCTEMATH3MPOBAHBI JaHHbIEC IO KOOPAWHAIMOHHBIM COEIMHEHUSIM, MOYICHHBIM Ha
OCHOBE KapOOHIIOB METAaJIJIOB. PaccMOTpeHbI KOMIUIEKCHI JINTaHAOB, copepxammx C-, N-, P-, As-, O-,
S-, Se- u Te-IOHOpHBIE LEHTPHI, CHHTE3 KAapOOHWJIOB METAJNIOB U BKIIIOYAIOIINX MX KOMIUIEKCHBIX
coequHeHuil. IToka3aHbl NyTH OYNCTKM MOHOOKcHAa yriepopa oT KapOorunoB Hukens (Ni(CO),)

u xkenes3a (Fe(CO)s).

KmioueBbie cioBa: Kap6OHI/IJII)I METAJJIOB, KJIaCTEPhI, OYUCTKAa MOHOOKCHIa YTIJI€pOda, KOHKYPEHT-

Hasi KOOpAUHauusi, JUraHaibl.

BBEJEHUNE

MeTanaoKOMIIIEKChI, BKIIIOYAIOIINE B KaUeCTBE
JUTra’foB KapOoHWIbHYO rpynny u C-, N-, P-, O-, S-,
Se-, Te-copepxKaiye coequHEHUsI, 3aHUMAIOT BaxX-
HOE MECTO B COBPEMEHHON HEOPraHUYeCKOu, KOOp-
OUHAMOHHON M METaJJIOOPraHuvecKOil XUMUU
[1-9]. OHu npeacTaBAAIOT 3HAYUTENbLHBIA UHTEPEC
IJIst pa3BUTUSL PYHAAMEHTANIbHBIX MPECTABICHUN O
CTPOCHUM MOJIEKYJI KOOPAUHALMOHHBIX U METaJll-
opranuueckux coepunenuit [1-3, 10-15], ux cunresa
[4-6, 16, 17] u npakTUYECKOro UCMOJIbL30Banus [1, 2,
9, 14, 15]. B nocnegHeM acnekTe 0COOEHHO HIUPOKO
npeacTaBieHbl TpobaeMbl KaTanu3za [8, 15, 18-24].
BesycnoBHbIll HHTEpEC BBI3BIBAIOT METAII0KapOO-
HHUJIbHBIE HAHOCOSOUHEHMS [25].

Hacrosuuii 0630p BKIIOYaET KPaTKOE paccMOT-
peHe OCHOBHBIX TUIOB U CUHTE3a MOHO-, IU- U TO-
JINTOMO- U TETEPOSIIE PHBIX KAPOOHUIBHBIX KOMILIC-
KCOB IIEpeXONIHbIX MeTanoB. [Ipu sToM cucremaTu-
3alys TPOBEJEHA C yUeTOM JOHOPHBIX EHTPOB JIN-
raTUPyOUUX coefuHeHuit [4, 5] u 3neKTpOHHON
KOH(purypanuu MeTaJlIOKOMIJIeKcooOpa3oBaTe-
aeit [1-3, 10, 14, 15]. CunTeTn4yecKuil acnekT npef-
CTaBJICH PEaKIUsIMU XUMUUECKOTO (U3 coJieit MeTal-
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q0B) [4-6, 16] n npssMoro (13 KOMIIIEKCOOOpa3oBa-
TEJICH B CTEIIEHN OKMCIICHHS HOMIb) cuHTe3a [5, 6, 17].
Onpepenennoe BHUMaHue yaenaeHo xumuu Fe(CO)s
u Ni(CO),, BKItoyarmoieil MeTofbl OUUCTKU OT ITUX
KapOOHWIIOB OKCHJIa YIJIEpOofia, ITMPOKO UCIIOIb3ye-
MOTO B JIa3€PHON TEXHUKE.

1. KOOPIMHAIIMOHHASA XVMUA
OKCHUITA YTJIEPOIOA

1.1. Ambuoenmammuocms epynnvt CO

Oxkcuy yriaepopa OTHOCUTCS K BecbMa paclpo-
CTPaHECHHBIM aM6I/IHeHTaTHbIM ABYXaTOMHBIM JIiUra-
THpyIOIUM MonekyiaMm [4, 5, 26]. Haa CO pac-
CMOTPEHBI YeThIpe THUIIA MeTajlocBsA3biBanus la—d

[4, 5, 26].
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HanGonee pacnpoctpaneHHO siBnsgeTcss 6-M—C-
koopauHanus la [4, 5, 26]. CpaBHUTENBHO PENKO
Berpeyvatomeecss 6-M—CO-MeramnocBs3bpiBanue 1b
YCTAHOBIIEHO (PEHTIE€HOCTPYKTYPHBIA aHAIU3 —
PCA) B MapranumeBoM KOMIUIEKCE OHC-TH(EHWII-
¢ocpunomerana [4, 5]. Cnocobsr 1c u 1d xapak-
TEPHBI IS JU- U TPEXbSACPHBIX KapOOHUIMETA-
JIOKOMILIEKCHBIX CTPYKTYp [4, 5].
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1.2. Jlueamupyrougue cucmembl

Kpome CO B kauecTBe JUTAHAOB MOTYT BBICTY-
MmaTh COEAMHEHWs, cofepxKallie yKa3aHHbIe BO
BBEICHUM K HACTOAIeMy 0030py MAOHOpPHBbIE
LEHTPHI.

KapOoHunbHble KOMIUIEKCHI, BKIOYAKOIIUAE YI-
JIepOjHbIe NUraHbl ¢ M(G)-CBA3bI0, IPEICTABICHBI
MHorouncineHHbiMu C-kiacrepamu (1), xKapbeHO-
BbIMH (2) 1 KapOuHOBbIMH (3) MPOU3BOAHBIMIU [4, 5,
11, 27].

/OMe
(CO)sW— C\ [Hal(CO);M=CR]
R
R = Me, Ph 3: M =Cr, Mo, W;
R = AIk, Ar, NAlk
2

M3BecTHO 3HAYMTENbHOE KOJUYECTBO Kap6o-
HWJILHBIX KOMIUIEKCOB C TT-CBSI3aHHLIMI MHOTOLIEHT-
poBbiMu C-moHOpamu [2, 4, 5, 14, 26]. Cpeau Hux
KOMIIJIEKChI M3-IUKIONECHTAIUECHUATIOB U UX TeTePO-
aHajoroB 4, cojepxkaliue MNSTUWICHHbIE KOIbIA

[4, 5, 28].

M(CO); M(CO);
E = NR, PR, AsR, SbR, E=N,P, As
0O, S, Se, Te;
R =H, AIk, Ar
4 5

né-KoopauHupoBaHHbIE NUTaHAHbIE (PparMeHThI
XapaKTepHbI 11 METaNIOKapOOHUIIbHBIX KOMILIE-
KCOB 5 [2, 4, 5, 14].

OnucaH TONYyYEHHBI TNPH BOCCTAHOBIEHUU
NaBH, nuknoneHraTpreHa T-KOMIUIEKC UUKJIOIEH-
tagueHa LFe(CO);, B koTopom ycranoBieHa (PCA)
n#-1,3-quenkoopanHams [29].

Cpenu monugAepHbIX KapOOHUIMETAJUIIHUKIIO-
MEeHTAIUEHUTIBHBIX CTPYKTYD BBIIENINM TeTepoMe-
tannuueckuil (Mo, Ru) kommiekc [30].

A3oTcofiepxkaniue JUTaHAHble (pParMeHThI
BXOMISIT B COCTaB psAfa KapOOHUIBHBIX KOMIIJIEK-
coB. K HUM OTHOCSTCS KOOpAWHAIIMOHHBIE COENU-
HeHus 1,2-atunennunamuna LW(CO), [31], 1,2-¢e-
HuUNeHnuamuHa u 2,2'-6ucHacdpruna-1,1 [32, 33].
Bropoii u3 ykazaHHbIX apOMAaTAYECKUAX AUAMUHOB
BBITIOJTHAET XeJaTHO-MOCTHKOBYIO (DYHKIUIO 6
[32].
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H—ll\I I\|I—H
Ph;P—Ru—Ru—PPh;,
/ N
OC tpoc €O

OC / 9\\CO

7

Tpetunit npusopgutr K C- u N-MeTannmpoBaHHON
ctpykrype 7 [33].

B xagectBe asoTcopepKalux JUraTUPYIO-
KX (PparMeHTOB B KapOOHUJBHBIX KOMILJIEK-
cax BBICTYyHarOT Aua3ouMuHbl [34] u Oucamu-
muHBI [35].

MeTannokapOOHUIbHbIE KOMIUIEKCHI OCHOBA-
Huit lllucpcpa (a30MeTUHOB) MpefCcTaBICHBI MOHO-
spepHbiMu xenatamu ¢ C,N- (8) [36] u N,O-nuranp-
HBIM OKpyXeHueM (Hampumep, 9) [37], a Takxke
[38].

Eh
/ O EPh3
OC\N\ R
Me AR 1\f
CO
mN
Ph _
9: B = EPh;, py, pip;
E=P,As; X =H,Cl
ml(CO)s
_ N/ \N_

/

10: M = Ge, Sn, Pb; M'=Cr, W

B oTnenpHbIX ciydasx HaGarogaeTcs qeKapOoHu-
nupoBanue [39, 40].
TowMm 4
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Be3ycnoBHbII MHTEpeC NPEACTaBISIOT TeTepo-
sepHblEe METalJIOKapOOHUIbHBIE A30METHHOBBIE

oc_ co —N\

oC— Re—N/ \
@H

0C— Re—N/ \
oc o

B xope B3auMopeicTBusi KapOOHUIOB METAIIOB
¢ ocHoBanmsmu lllndda MoxkeT nmponcxoguTb BOc-
CTaHOBJIEHNE a30MeTUHOBOM cBsi3u 12 [43].

oc. €0 COq
OC—Fe—Fe—CO

O/

O\

N/

N
Ph

12: R =H, Me

OnucaH MUPOKKYN Psifi KAPOOHUIIBHBIX KOMIIJIEK-
coB ¢ N-cofep>KalllUMH TeTepOUMKIaMHi — MUPPO-
noM, azonamu u asuHamu (13-15) [4—6]. B nmuppoinb-
HBIX KOMIIJIEKCaX pealin3yloTCsl He TOJBKO CBSI3M
0-N-M ui¥ T,ereponuen~M, HO H OJJHOBPEMEHHO 00a
TUIIa MeTaNI0CBsI3bIBaHusa 13 [4-6].

R
=~ N
N\
/" \ R
R OC CO
13: R =H, Alk
R A
gy @
] Iﬁ
M(CO); M(CO);
14: A = NRl, 0O, S, Se; 15

R =H, Alk, C4Hy-cyclo;
R! = H, Ak, Ar;
M = Cr, Mo, W
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kommiekcel 10 [41] u cynpaMosnekymisipHble CTPYK-
TprI 11 [42].

N= oc_ o

\o 4 \N Re—CO
g8 HKJ

/0 / \N Re—CO

\N= oc co

11

Tunuune! a3oneHble 14 n a3uHOBBIE 15 MeTamo-
KapOoHMITBI ¢ G-N-M-cBsi3bIBaHuEM [2, 4-6].

dochopcoaepsKkamuye TuraTApyOMe pparMeH-
ThI B METAIIJIOKAPOOHUIIBHBIX KOMIUIEKCaX HINPOKO
npepacraBieHsl P, (n = 2-5), amndaTtndeckumu u
apomarmaecknmu ¢ochunamu [1, 2, 4, 5, 8, 14].

HMHuTepec npeacTaBasitoT KapOOHWIbHbIE KOMII-
nekchl pochopcopepkanmx reTeponukios. K moc-
JIeTHUM OTHOCSTCS Tpex- (16) m yeThIpexuIeHHbIe
(17) moHO(OC(hOpHBIE HEHACHIIIIEHHBIE CUCTEMBI, a
Takxke cTpykrypa 18 c gudochopHbpiM HachIIIeH-
HBIM JTuTaHaoM [4, 5].

Ph Ph M NMe,
N/ P
X . |
(CO)sw Ph R R
16 17: M = Fe(Ru)Cp(CO),;
R = H, CN, CO,Me;
R! = CN, CO,Me
(CO)sCr Ph
AN /
P— P\
P X Xcr(co);
H H
18

Oco6GeHHO MUPOKO MpeNCTaBIEHbl METAIIIOKAP-
OoHumbI ¢ pocopcopepkaUM TeTepoapoMaTu-
YeCKMMHU JUTraHfgHbIMU (pparmeHTamu 19 u 20 [2,
4-6, 14, 26].
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Ph Ph Ph

M »
| Ph° P~ Ph
Mn(CO)s l( :
Cr(CO
19 ’

20

N3BecTHBI onurosepHble KapOOHMIBHBIE KOMII-
nmekchl 21 m 22, B KoTophIix (ocopconepxkaiiue
JUraHAHbIe (PparMeHThI BBICTYNAIOT OJHOBPEMEH-
HO B KauecTBE O- U T-IOHOPOB [4, 5].

R
CpF FeC
p ops? R R
@Hg M(CO)s
p R P R
W(CO),4
21 M(CO)5
2

BucrereposepHble KapOOHUIbHbIE KOMIIJIEKChI
MOJIyYeHbl Ha OCHOBe (hocUHOB (heppoleHYKCYC-
HO KHUCJIOTBI, KOTOpasi BBICTYIIAE€T B Ka4e€CTBE
P(6)-nonopuoro nuranpga 23 [4, 5].

h Ph R R
\ / N\ /
P\ P\
M(CO)s P—M(CO),
Fe Fe
HOOC/@
23: M =Cr, Mo, W 24

dochannnzameniennbie pochodeppoleHa sBIs-
FOTCS OMJCHTATHBIMY JIMTAHHBIMI CHCTEMaMH U 00-
pa3yroT XeJaTHbIE KOMIIJIEKCHI, HanpuMep 24 [4, 5].

Omnucana cepusi KapOOHWIBHBIX KOMIUIEKCOB C
(pochrHUMHUIHBIMU TUTAHAAMH, B KOTOPBIX peaju-
3yI0OTCS MOHOfEHTaTHas (25) u OugeHTaTHbIE
(26, 27) koopauHatym [44].

® PPh; ® PPh;
@eE @ — e
@ PPh, X ® Pth Pth
25: X =Cl, Br, I 26
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@ PPh,
C)P: — Ni(CO),
@ PPh, 11>1>h2
27

B pamkax npo0sieMbl KOHKYPEHTHON KOOPJUHA-
mun ¥ npuHiuna KMKO (kecTKuX M MSITKHX
KHCIIOT W OCHOBaHUM) [4, 5, 26, 45] 3HaUNTENbHBIN
WHTEpPEC TPECTABISIIOT METAJIIOKapOOHUIIbHBIE
kommiekcel N,P-comepkammx nuraamoB 28-30
[4, 5].

R,N CO
N /
R,N—P: — Ni—CO
/ N
R,N CcO
28: R, R!',R* = H, Alk, Ar
R
I //S\
N N—R! N N
R/ \P// | |
l PR, PR,
Cr(CO)s M(CO),
29: R, R! = Alk, SiMe; 30

B cornacuu ¢ npuanunom 2KMKO B aTux crpyk-
Typax MArKue KUCIOThI — KapOOHMIbI METAJJIOB —
CBSI3aHbl C «MSTKMMW» P-TOHOpHBIMH II€HTPaMHU.
Bwmecre ¢ Tem B OusinepHoMm kommuiekce 31 xapOo-
HUJBHBIA (pparMeHT KOOPAUHUPOBAH IO OOOUM
(N u P) Hyk1€0(UIbHBIM HEHTPaM KEeCTKO-MATKON
JIMTaHTHON CUCTeMBbI [46].

Bu—t
t-Bu—N=P — N

Loe

(CO);RC\Br/Re(CO)g

31

SIMC3

Hpyrue kommekcsl ¢ N,P-nurangamum paccmor-
peHbI B 0030pax [47, 48].

KnacrepHbie cTpyKTypbl XapaKTEepPHBI JJ1s1 KOMII-
nekcoB ¢ As,-nuraggamMu. C yd4eTOM HpHHIUIA
KMKO #u «MIrkocTr» METAJNIKapOOHUIBHOTO
(¢pparmMeHTa CTAaHOBHUTCSI HOHATHBIM, IOYEMY KOMII-
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aekeel M, (CO),L,,, rae L = O-, S-, Se-, Te-copepxa-
L€ JTUTaHfAbl BKIIOYAIOT B OCHOBHOM KOOPAMHALH-
OHHBIE COETUHEHMS «MSTKUX» XalIbKOTC€HUAHBIX JINTa-
THpyromux pparMeHToB [45, 49]. Tak, ecnu Kap6o-
HIIbHbIE KOMIIJIEKChI C aTOMapHBIM KHUCIOPOJAOM
peAcTaBiIeHbl eUHUYHBIMI CTPYKTypaMu, HAaNpH-
Mep [OssO(CO)6] 32 [4, 5], TO XaNBLKOTEHUAIBI BXO-
OSIT B COCTaB MHOTOYNCIEHHBIX CTPYKTYp, Halpu-
Mmep, 33, 34 [4, 5, 49]. [TokazaTenbHbI HETABHO OMNHU-
caHHbIe KiactepHble cTpyKTyphl [Et,N][Fe;(CO) 3]
(@ =8, Se, Te) [50].

(CO),CpCr=Se=CrCp(CO),
33

(CO),CpMn \ MnCp(CO),
Te
MnCp(CO),
34

OmnucaH psx MeTaNIOKapOOHUIIBHBIX CTPYKTYP
C MOJIEKYJISIPHBIMHU XaJIbKOTE€HUJaMH, Hanpumep 35
u 36 [4, 5, 49].

(CO)W_ 0C_ €O
Te=Te OC\W/CO
N VERRN
W(CO);s Te—Te
N _/
W(CO)s Te
35 36

Monekynbl 3, BXONAT B COCTaB peHUIIKapOo-
HWJIBHBIX KJIACTEPOB C P-IMKIIONEHTaTMe HUITLHBIMH
muraggamu [51].

Iupoko mpepicTaBieHbl METANIOKApOOHUITBHbBIC
KOMILUIEKChl OpPraHOXaJbKOTCHUJOB M JIHXATbKO-
resunoB [4, 5, 49].

OpraHnoMOHOXaJTLKOTEHU/IbI SIBIISTFOTCSI MOHOJICH-
TATHBIMU JINTAHJAMU U OOpa3yloT KOMIIJIEKCHI
cocraBa M(CO)n - m3OR, [1, 2, 4, 5]. Opranognxanb-
KOTeHHUbl BBICTYNAIOT B KauecTBe MOHO-(37) wmiun
ouneHTaHbIX murannos (38) [4, 5, 49].
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R X

N\ 77N
I
/Se 1 X 1
Se— S
R / ¢ e\
R R
37 38

OpraHoMOHOXaJIbKOT€HUJHbIE AHWOHBI BbINOJ-
HSIOT B OCHOBHOM MOCTHKOBYIO (PYHKIMIO, HAIIpU-
mep 39 40 [4, 5, 49, 52]:

)
/ Te\ NR
(CO)4M\ ;lz /M(CO)4 [1\%? Te — Cr(CO)5
c

39 40

N3BecTHBI MeTaNIOKapOOHMIBHBIE KOMIUIEKCHI
MOHOJIEHTATHBIX TeJurypokeToHa 41 u ero pocop-
Horo ananora 42 [49].

Ph
R>=Te — W(CO)5

41
Me Me
Me Me

42

IIpencraBiaeHpl XallbKOT€HKOOPAMHUPOBAHHBIE
KapOOHWJIbHbIE KOMIUIEKCHbIE COECJUHEHHS S-, Se-
n Te-comepKanmx MATH- U MIECTUWICHHBIX T€TEPO-
OUKIOB [4-6, 49]. K HEAM OTHOCATCS KOMILJIEKCHI
¢ 6-M-cBs3samu — tnodena 43 [4, 5], ceneHodeHna
44 [4, 5] u 6enzoTennypa3zona 45 [4, 5, 49].

CO
| Re(CO),Cp
Cp—Fe — [( ii
P IT S@ Se
CO l
3 W(CO)4,L
44
N
Crye
Te
|
M(CO);

45: M = Cr, Mo, W
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EnuHnyHbl MeTaniokapOOHMIbHbIE KOMIIJIEKCHI
¢ N,B-nuraHgHbIMu cucreMaMu — CTPYKTYpPbI C
6-MB-cBs3amu, Hanipumep 46 [4, 5].

CO CO C
Cp—/ H | &P Et Et
oc 6\ /N\ /Fe\co y_B
B E—B( )N—Et
HN NH ,NTB
g7 Et Et
I
! Cr(CO);
46 47

OTMeTHnM, 4YTO IS MOJOOHBIX JIMTAHIOB M3BECT-
HbI 1 KOOPJIMHAIIMOHHBIE COCTMHEHHUST C MHOTOI[CHT-
poBbiMHu Tt-cBsa3smu 47 [4, 5].

1.3. Komnaexcoobpaszosamenu

Merannokap6ouunst M, (CO),L, (L = 0) - coenu-
HEHUs, PacCMOTpPEHHbIE B pa3fese 1.2 HacTosIero
0030pa, SBISIOTCS MPEUMYIIECTBEHHO KOMIUIEKCO-
00pa3oBaTeNsIMUA, OTHOCSIIAMUCS K TEPEXOTHBIM
(d) n penko3zemenbHbIM (f) anementam (P33), a Tak-
ke akTuHouAaM [1-3, 14-16]. MeTannokapOOHWIb-
Hble KOMIUIEKChI d-3JIEMEHTOB TNPEACTaBIEHbI CO-
eIMHeHUsSIMU Tpynnbl TuTaHa [2, 14-16, 53, 54],
BaHanusa [2, 14-16], xpoma [2, 14-16], mapranua
[2, 14-16, 55-60], xene3a [2, 3, 14-16, 19, 29,
60-69], xkoGanbTa [2, 14-16, 69, 70], HuKkens [2, 3,
14-16, 20, 71-81] u mepu [2, 14, 15, 82].

Merannokapoonunsl P33 onucansl B MOHOTrpa-
¢dusx [2, 14], a Takke B HETaBHO OMYyOIMKOBaHHBIX
craThsx [83, 84].

IIpencraBisitoT UHTEpEC reTeposepHble KapOo-
HHJIBI METallJIoB — KoOajabTa W METallIoB 6-
8- rpymn [85], CoLn [86], MnMo [28], NdU [87],
IrSb [70], NiRh [88].

OJHMMU U3 CAMBIX PACIPOCTPAHEHHBIX SIBIISTIOTCS
MEeTalNIOKapOOHWIbHbIE KOMIUIEKChI HUKENsS W
kene3a. TerpakapOonun nHukens Ni(CO), ObLa
nepBbIM (1890 r.) U3 CHHTE3UPOBAHHBIX METAJIO-
KapOoHWIbHBIX coeqnHenuit [3]. llupoko npepcra-
BIIeHbI ero npousBopanbie — Ni(CO),L,, (n=m = 1-3)
[2, 14]. MeTannokapOOHMIbl Keje3a BBI3BIBAIOT
MOCTOSIHHBINT MHTEPEC B CBSI3M C 0Opa30BaHHEM HE
ToJIbKO MOHO — Fe(CO);, HO 1 ONMUTrOSAepHBIX KOMII-
JIeKCOB pa3IMYHbIX COCTaBOB [2, 3, 14, 15], a Takxke
C IUKJIOM TIpeBpallleHNii, OMMCAHHBIX, HATIpUMED, B
[15]. OnurosinepHble CTPYKTYpbl KapOOHUIOB
’Kenesa mpepcTaBiensl [3, 15, 16] coepuHeHnAMH
Fe,(CO)y u Fe;(CO),,, cepueit ruipokapOOHUIaHUO-
HoB [H,Fe,)(CO)s]", [HFe3(CO)y, ], [HFe(CO)p3l,
muannoHoB [Fe,(CO)g]*™ u [Fe,(CO) ;1>
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1.4. Cunmes kapb60oHUA08 MeMANN08
U UX MEMAANOKOMNAEKCOB

OCHOBHBIM METOJIOM MOJIyYEHHS] METAIIOKAapOO-
HUJIOB SIBIIIETCS. MX MPSIMOIM CHHTE3 U3 METAJJIOB B
CTEIIEHN OKWCIIEHWS HYJIb U MOHOOKCHMA YIJIepoja
(1) 4,5, 17, 89-91]:

mM + nCO—=M,,(CO), (1

M3BectHbl U peakuuu coseit MetaiioB ¢ CO (2)
[16]:

AlE
CrCly + 6CO ———==~ Cr(CO),. ()

1+ AICI;

L-3amelennble MeTamIoKapOOHUIbI MOTYYaroT
13 KapOOHWIIOB METAIJIOB METOIOM OOMEHa JIUTaH-
noB [2, 4, 5, 14-16]. Tak, nonaydeH MMUPOKUNA PsIf
METaIIOKAPOOHWIIBHBIX TPOU3BOJHBIX, PACCMOT-
peHHBIX B pazfene 1.2. 3aciayXuBarOT BHUMAHUS
METaJJI0KapOOHUIbHbIE KOMIUIEKChI TeTepoapoMa-
TUYECKUX JINTAHJOB, MOJYyYeHHbIE B Xofie (POTO-
XUMHYecKuX peakuuit, Hanpumep (3) [4, 5].

=1, M(co).L

M(CO)¢(THF), + nL. —~— 48

n=2
=2 M(CO).L
M = Cr, Mo, W (49)“

Metopom (3) moaydeHbl KOMIUIEKChI KapOOHU-
JIOB METAJJIOB C A3MHOBBIMU JINTAHIHLIMY CHCTEMA-
MH (MPEUMYIIECTBEHHO MUPUIUHOM W €ro TPOU3-
BOJHBIMH) [2, 4, 5].

B pamkax Toro ke MeTofa cMHTEe3a MOJTY4YEHBI
KOMIUIEKCHBIE COSTMHEHNS METAINTIOKAPOOHITBHBIX
MPOU3BOAHBIX azomMeTnHOB 8 [36], 9 [37], 10 [41] u
11 [42].

[IpencraBasroT MHTEpEC TE CHHTETUIECKUE CUTYa-
LMY, KOTOpble NPUBOJAT K BOCCTAHOBJICHHIO (4)
azoMmeTuHoBOI cBsA3u C=N (12) [43] u pekapOoOHU-
JNPOBAHUIO METAJNIOKAPOOHWIBHBIX (DParMeHTOB
[39, 40].

/ \\ N

R S /\Ph—>12

50: R = H, Me

14. Ceasvisanue memannokapboHuios

OnHoI U3 OCHOBHBIX IIPOOJIEM COBPEMEHHOI Me-
AULUHbI U TEXHOJIOTMU SIBJISIETCS CBSA3BIBAHUE Me-
TAJINIOKapOOHMIIOB — ylaJlleHUe UX U3 XUBBIX Opra-
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HU3MOB M OUYHMCTKA Pa3lINYHBIX Ta30B OT NMpUMecei
KapOOHWIIOB METALIIOB.

OrpaBneHre TemI0KPOBHBIX OPraHM3MOB Kap0o-
HIJIaMW, B YaCTHOCTH HHUKENsl W 3Keje3a, BbI3bI-
BaeTcs BHEApEeHHUEM HUX B OelKH, copepxKalue
N,S-noHopHbIe (pparmeHTsl [92]. [ToaToMy ogHUM
u3 3(p(peKTUBHENIINX CTOCOOOB AETOKCUKAIINY TTPU
OTpaBJICHNM YKa3aHHBIMU KapOOHWJIAMHU SIBIISIETCS
BBefieHNE pacTBOpoB N,S-muranmos, 6oliee CUIBLHO
XEJIATHO-CBSI3bIBAIOIINX KAapOOHUIIBI HUKENSI U XKe-
ne3a. K mogoOHBIM XeIaTupyomuM COeIuHEHUSIM
OTHOCSITCSI aHTUAOTHI «[IuTHOKap6» (U3 THIIUTHO-
kap6amat Hatpusi 51) [93-96], «[ducynbdpupam»
[95] u «AHTabyc» (TeTpasTuaTuypamaucyibgpun 52)
[97].

Et\ S Et\ S S /Et
N—< N—< >N
Et”  SNa 5. S—S D

Et
51 52

B oTO#l cBSI3M MEPCHEKTMBHOM NPECTaBIISIETCA
OYHCTKa OT NpuMeceil KapOOHWIIOB HUKENS U XKeJe-
3a IPOIMYCKaHMEM ra30B 4Yepe3 pacTBOpbI yKa3aH-
HBIX TpenapaToB. Tak, AUaTUAANTHOKapOaMaT Ha-
TpUsl XOPOIIIO pacTBOPUM B Bopie. OgHaKO Hamuyue
BJIard B yCJIOBUSX MTOBBIIIEHHON TEMIIEPATYPHI U [a-
BIIEHHS B CJlydyae OYHCTKM MOHOOKCHa YIJepoja
NPUBOAUT K OOPa30BaHUIO TEX XK€ CaMbIX KapOOHHU-
1oB [98]. BenepcrBue 3Toro 6oiee TeXHOJIOTMYHBIM
SBJISIETCS NPOINYCKaHUE OYHIAEMBIX Ta30B uYepes
MEJKOANCIEPCHBbIE MpenapaThl WIM MaTepHuaibl,
HaHECEHHbIE Ha CHJIMKAresb.

Ouncrka ra3oB OT npumeceil KapOOHUIIOB Me-
TAJJIOB SBJSIETCS AKTYaJIbHOW [JII COBPEMEHHOM
TEXHOJIOTUH, B YaCTHOCTU MUKPO3JIEKTPOHUKH [99].

Tak, ¢pupma Mykrolis npepyaraet mjist OUUCTKU
MOHOOKCHJIa YITIEPOfa, B YACTHOCTH OT IEHTaKap-
OoHmna xenesa, obopynoBanue Waferpure® CO
Purifier, padoraroliee B IByX pexkuMax: OKHCICHUS
KapOOHMIIa JKene3a U pa3yloKEeHNs €ro Ha aKTHBHOM
amromuanu [100].

ITepBslit cioco® ocHOBaH Ha peakumu (5):

M) 4 Fe(CO)s(g) — MTeD4 Fe(©%) 1 5CO(g).
)

ITpu atom yxke yepe3 10 MuH HabrOaeTCs Mpa-
KTUYECKH MOJHOE yAajieHne KapOoHMIa Keje3a U3
OYHIIIAEMOTO Ta3a.

Bropoit MeTon OCHOBaH Ha pa3noxkeHuu KapOo-
HIJIA 3KeJie3a Ha allfOMUHUY, HAHECEHHOM Ha CHJIN-
karenb. Cyns o uzorepmam nornoiieHus: Fe(CO)s
npu Temnepatype 38° C u nasnenun 377 klla, Takas

BECTHHUK I02KHOI'O HAYYHOT'O LIEHTPA PAH
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cpefa (aKTUBMPOBAHHBIN ANIOMUHUN) SBISETCS
Haubonee 3(P(PEKTUBHON W3 HCCIETOBAHHBIX
(yroab, HY-ieonur, okuce KpeMHUsI, aKTUBUPOBaH-
HbIA aJTFOMUHMM).

HocraToyHO 3(p(PEKTUBEH HOBBIN MOIIIOTUTEID
Nanochem MetalX [101]. MonutopuHr, npoBefeH-
Hbll npu nomowm Pypre-MK-cnekTpockonuu,
MoKa3aj pe3Koe yMEHbIIEHNE CoAeprKaHus KapOo-
Huna xene3a B CO yxe depe3 HEOOJIBIION MpoMe-
>KyTOK BPEMEHH.

Tectr Pall Gaskleen® npm mnomomu ra3oBoil
XpoMaTorpacguu nmoxkasai, 4YTo IpH MOMOIIN 3TOTO
000pylOBaHMs] MOXHO IOHM3UTH KOHIEHTPALMIO
KapOOHWIOB Hukessl u xene3a B CO 1o ypoBHA B
1 ppb (ogHa munnuappHas yacts) [102].

IIpencraBnsger omnpeneneHHbI MHTEpec oOpa-
0OTKa OYHMILAEMBIX T[a30B YJIbTPa3BYKOM, IIpHU
KOTOPOM JOCTHUTAaeTCsl HE TOJBKO OYHMCTKA Tra3oB
OT IpHMeceid, HO W MOJYy4YEeHUE HaHOPa3MEPHBIX
FeNi-cnnasos [103].

3AKITIOYEHHME

HecMmoTpst Ha 3HauUTENbHbIE HOCTUXKEHUS B KO-
OpAMHALMOHHOW XUMHM KapOOHUJIOB METANJIOB
BaKHEHIIEN MpOOJEeMON SIBISIETCS MOJYy4YEHUE HX
BbICOKOYCTOMYMBBIX KOMILIEKCOB. B 3TO# cBs3U
TpeOYIOT pa3BUTHUS CUHTETUYECKHE aCIIeKThI Hallpa-
BJIEHHOTO NOJIy4YeHHs METalNIOKapOOHUIBHBIX KOM-
IJIEKCOB C X€JaTUPYIOIIUMH JIUTAaHJHbIMU CUCTEMa-
Mu. MeTannokapOOHUIbHbIE KOMIUIEKChI TaKUX JIU-
raTUPYIOLUX COEJUHEHUN IpefCcTaBIeHbl OIPaHU-
YEeHHBIM YHCIOM IpuMepoB, Hanpumep [104]. B ka-
YeCcTBE NOJOOHBIX JIUTATUPYIOIIUX COETUHEHUN MO-
ryT OBITh WCIOJL30BaHBI a30METHHOBBIE [4, 5,
105-109] u a3ocoemuuenus [4, 5, 106, 110-112],
OCOOCHHO cofiepsKallie «MSATKHE» aTOMbI CEpbl.
[lepcrieKTUBHBIMH B KaueCTBE NOJOOHBIX JUTAHIOB
SIBISIOTCH nuKiandeckune ocHoBaHug lludda
[107-109]. Be3ycnoBHBII WHTEpPEC NPEACTABISET
HOJIy4eHHE MeTalNIKapOOHMIICOAEePXKAIUX CyIpa-
MOJIEKYJISPHBIX CTPYKTYP, KOTOPbIE, XOTS U OTCYT-
CTBYIOT B (pyHEaMEHTaNbHBIX u3fganusx [113, 114],
HO TIpeJicTaBIeHb] B myOnukanusx [115-122].

Pa6oTa BbImoNHEeHa NpH (pUHAHCOBOM MOAAEPK-
ke rpanra Ilpesupgenra Poccuiickonn Pepepanun
(HIII-363.2008.3) n BHyTpeHHero rpanTa lOxHOro
denepanbHOro YHUBEPCUTETA.
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METAL CARBONYLS IN COORDINATION CHEMISTRY
A.D. Garnovskiy, LS. Vasilchenko, D.A. Garnovskiy, V.A. Gurashvili

Data on coordination compounds on the base of metals carbonyl are summarized and systematized.
Complexes of the ligands containing C-, N-, P-, As-, O-, S-, Se-, and Te-donor centers together with
synthesis of metal carbonyls and their coordination derivatives are discussed. Methods of purification of
carbon monoxide from nickel carbonyl (Ni(CO),) and iron carbonyl (Fe(CO)s) are exhibited.

Key words: metal carbonyls, clusters, purification of carbon monoxide, competitive coordination,

ligands.
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