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STRUCTURES OF ORGANO-TRANSITION METAL COMPLEXES DETERMINED BY 
DIFFRACTION METHODS. REPORTS APPEARING DURING 1977.* 

MICHAEL I, BRUCE 

Deparkrrent of Physica and Inorganic Chemistry, University of Adelaide, 
AdeZaide, South AustraZia, 5001. 

As mentioned in the 1976 survey, the large and increasing number of 

structures of organo-transition metal complexes determined by diffraction 

methods has rendered impractical continuing surveys of this type. Nevertheless, 

the author has found it both of interest and of some use to maintain a file of 

such structures, and the editor has agreed that a considerably shorter annual 

tabulation should be continued. 

What follows, therefore, is a listing of structural studies reported 

during 1977, classified by ligand type, and by metal, together with a 

tabulation ordered by molecular formula. Section A lists deeermined 

structures, arranged by ligand in order of increasing number of carbon atoms 

bonded to the metal atom (as denoted by the n symbol). Where several 

different groups are present, the structure appears under the largest group. 

The headings are generally the same as those used in the 1975 and 1976 

surveys. Further arrangement has usually been in order of Periodic Group. 

Reference numbers (as superscripts in square brackets [ 1) refer to the list 

at the end of the article. Only those structures which are not immediately 

obvious from the formulas are illustrated, and these by line diagrams, 

rather than those based on the crystallographic figures which We have used 

in previous years. 

Section B contains a summary of structures ordered by transition 

* 
Annual survey for 1976: M-1. Bruce, J.Orgaylom&aZZic Chem., 151 (1978) 313. 
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metal present, and only the entry number in Section A is used. 

Table 1 presents a summary of determined structures arranged by 

formula in order of increasing C,H content. Although the crystal space 

group, 2, and unit cell dimensions have not been incorporated this year, 

the number of intensity data and R factors have been quoted, to give an 

indication of the accuracy of the determination. The majority of structures 

were determined by X-ray diffraction methods at ambient temperature; if data 

was collected at a significantly different temperature, this is indicated in 

the Notes column of the sunrmary table. This column also indicates the few 

complexes studied by electron (ED) or neutron diffraction (ND) methods. 

In 1977, 513 separate structures were reported in 451 notes and 

papers. The compounds studied fall naturally into two groups, those 

containing conventional organic ligands attached to one metal atom, and 

those containing metal-metal bonds or metal atom clusters. Over a third of 

the reported structures are of the latter type, reflecting the importance of 

this technique for elucidating the nature of reaction products in this area. 

The compilation of metal-metal bond distances has been omitted from this 

year's summary. 

Tables 2, 3, 4 and 5 summa rise structural determinations on metal 

hydride and borchydride complexes, nitrosyls, dinitrogen and related 

complexes, and transition metal complexes containing tertiary phosphines 

as the only ligands. 

Zect-ron or matron diffraction studies 

Investigations using electron diffraction methods included 

determinations of the structures of Mn(CFs)(CO)s, 1211 Ti(HZBH,)Cc,H,),,1651 and 

the high-andlow-spin forms of Mn(CBHqMe)z; 
199J 

a comparative study of the 

carbonylmetal hydrides HMn(CO)s, HzFe(CO)k and HCo(CO)b, 181 and further 

refinement of data obtained for TiC12(CBHB)B and ZrC12(CSHB)Z. I-1 

Neutron diffraction studies are of obvious importance in the location 

of hydrogen atoms. That in NEtk[Cr2HCCO)Ia] was located equidistant between 

the metal atoms, but off the internuclear axis, r441 and structure 
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determinations of MoH2(CgEg)2 1621 and Ru~H(CO)~(C~BU 
t Cl511 
) were reported, 

as was a comparative X-ray - neutron diffraction study of TaIX3(CgHg)2. 
1641 

Ackmw Zedgement The author thanks Professor Jack Lewis and the University 

Chemical Laboratory, Cambridge for their hospitality during study leave 

1977-78, during which time material for this review was assembled. 

Abbreviations 

acac 

bipy 

bq 

cod 

cot 

CY 

dba 

diars 

dmf 

dmg 

dmpe 

dpam 

dppe 

dppm 

dppp 

dppx 

dtfa 

Fc 

ga= 

hfac 

ind 

lut 

mbt 

Mepip 

acetylacetonate 

2,2'-bipyridyl 

benzoquinone 

1,5-cyclooctadiene 

cyclooctatetraene 

cyclohexyl 

dibenzylideneacetone 

1,2-bis(dimethylarsino)benzene 

dimethylfo-mide 

dimethylglyoximate 

1,2-bis(dimethylphosphino)ethane 

bis(diphenylarsino)methane 

1,2-bis(diphenylphosphino)ethane 

bis(diphenylphosphino)methane 

1,3-bis(diphenylphosphino)propane 

a,u'-bis(diphenylphosphino)xylene 

di-p-tolylformamidino 

ferrocenyl 

guaiazulene 

hesafluoroacetylacetonato 

indenyl 

lutidine 

mercaptobenzothiazole anion 

4-methylpiperidine 
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Me2pz 3,5-dimethylpyrazole 

mnt maleonitriledithiolate 

MP l-naphthyl 

nbd norbornadiene 

np3 N(CH3CH2PPh2)3 

pit picoline 

PY pyridine 

P= pyrazolyl 

salpen N,N'-ethylenebis(salicylideneiminato) 

.tcnq tetracyanoquinodimethan 

tfba trifluorobenaoylacetonate 

thf tetrahydrofuran 

to1 p-to1y1 

tPP meso-tetraphenylporphin 

tren 2,2',2"-triaminotriethylamine 

Vi vinyl 

A, ORGANO-TRANSITION METAL COMPLEXES 

nl-LICANDS 

SimpZe c~bonyZs 

(2) Kp[Fe(C0)4]'14' (2) INa(crypt)121Fe(C0)4]1141 

crypt = N[(CII~)?O(CH~)~O(CH~)Z]~N 

Ccrrborry~ hydrides a-zd borohydrides 

(3) [(Ph3P)2N1[EIo(H~BH2)(CO).lrg1 (5) FeH2(CO)t+ 
L’s1 

(4) MnH(c0) 5 181 (6) COH<CO)L,'~' 

Carbony haZides 

(7) ReBr(CO)3C181 (9) [Re(CO)3(PhMe)]C(OC)gRe(~-Br)3- 

(8) CRe(CO>3(CSNeS) 1 C(OC)3Re(p-Cl)3- Re(C0) 3 1 
1201 

Re(CO)3]r201 (10) IrC1(C0)3r71 
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CcR+o?gfZS ContQining N-donor Zfgand.5 

(22) C~(CO)S(NCSM~)~**' (1% f[Re(CO)~l2(wtpp)}SbCl~ [4*81 

(15) CU(CO)(~~~,)'~~~' 

(12) (14) 

CmbonyLs containing P- or As-donor Zigandk 

(15) 

(16) Cr(CO>S[P(;NSiMe3)(NHBut)]c1051 (23) 

(17) Cr(CO)S{P(:NBut)[N(SiEfe3)2])E1661 

(18) meso-[Cr(CO)S]2P$Z12Ph2 
12761 

(24) 

(19) --ac-[Cr(CO)~]iP2C12Ph2 [*761 (25) 

(20) cis-Mo(CO)~(NHCsH~,$- 

[P(oMe)31[106' 

(26) 

(21) Mo(CO)~[(PbHPSiMe~)2] 
[254] 

(27) 

(22) E~o(CO)~[(~~~~A~C~F,)~I 
[I791 

Mo(CO)(NO)(PPh3)~(p~)3B- 

(pz)1[3541 

[Ph2PONn(CO),]2'3591 

EFe(CO)3[MeN(PF2>2])2'231 

CCO(CO)[P(OM~)~]~P~PI(CY~)~- 

PPh212)IBFq 
c4001 

Rh(CO)(EtOH) IPh2P(CQ)zO(CH2)2- 

0(CH2)2PPh2])PFs[3661 

PhH 
/P -siMe2 

(OC),Mo / 

Ph;;P+‘Me 2 

(21) 

Me 

F2,AN \ $2 

/ 
(OCL,Fe 

\ 

\ 
Fe(CO), 

/ 

F:‘. ApFz 
tie 

(25) 

F2 

5 Ph2 P-O 

(OC&M/, 
\ 

Mn(CO& 

F2 \ 1 

"2 
o -‘Ph, 

(22) (24) 

Ph2 

(26) (27) 

References p_ 441 
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Isocymride camp Zexes 

(61) 

(62) 

(63) 

(659 

(65) 

Cr<thf)~[NCCr(C0)~]~C3503 

Mo(CO)5(CNGeMe2Ph) cl321 

[M<CNEiut) I+ (Bu%HCp- 

NE&It) 11[353] 

Fe(CNBut) 5 c3171 

[FeCl(PPh3) 2(CN-p-tol) 3]- 

FeC14r4461 

(66) Fe<CNC&Cl-p) 2<S2Cmtp)2- 

Zn12[304’ 

(67) Ru(CNBut)t+(PPh~) c3g11 

(68) I [Pd(cNMe) (dppm) 12<wcNMe) I- 

(PFg) 2 c4441 

BLI’ But 

(61) (63) 

Ar= p-CICgH4 

See also: 80, 277, 282, 375, 378, 431, 462. 



Cmbene conpZe~e~ 

(69) Cr<CO) 5 CCc1(mt2) ] c501 
(70) CdCO) 5[C(NCO) (NEt2) ] r781 

(71) WC01 5CC(NCS) mx~) I 178’ 

(72) Cr<CO) 5[c<oEt) (SiPhg) ] r3231 

(77) 

( 78) 

(79) 

(73) Cr(C0) 5 Ic(2-fuql)- 

(2-thieny1)]r1261 

<SO) 

, I- 
(74) Cr(Co)4rs(cH2)&C(OH)& (81) 

(OEt)]Eg61 (82) 
I 

(75) cr(cO>3(CNBUt)[~(CI12)3Sd:C(OEt)~_ (83) 

(0Et), [21g,2201 
(84) 

(76) Mo(C0)&(OEt)(SiPh3)]r3231 

369 

1 I 

~S-~(CO)4 IcNMe(cH2) $Ie]2 11421 

iPFfe3) 3 
I2741 

RhCl[(EtOCONCS)3]<PPh3)2r4271 

I t i t [273] 
IrClIBwP(CH2) 2C(CH2) 2PBu21 

1 I 
PdC1z[C(COPh>PPh,(CH2)2PFh2]'368' 

SPtCC(NIPIe)2]4)(PFs)2r1101 

OR . N(C0 Et) 
2 2 

(81) (82) 

See also: 286, 287, 293, 294, 353, 367, 368, 427, 420. 

Carbyne camp Zexes 

(85) timzs-CrBr[C(CsH4CF3-p)]- (88) C~B~(CP~)(CO)~(CNBU~)~~~~~' 

(co)4c87] (87) CrBr(CPh)(C0)2[P(OPh)3]2C230] 

See also: 283, 28a. 

(88) Mn(CF3)(C0)5C211 
(102) =s-Pt(C=CPh)z(PPh3)2 14311 

(89) CoMeC~-(+)-~i2cx?fePh](dmg)2 [206] 
(203) t-nam-Pt[c(:CHZ)Ph](CZCph)- 

(90) Cob?-CHMe(C02Me)][R-(+)- (PPh3)2r4321 

N%CHMePhl(dmg)2 C2621 
(IQd) trmzs_Pd[C(CO2EIe):CR(CO2Efe) l- 

References p.4-Il 
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(91) 

(92) 

(93) 

(94 

(95) 

(96) 

(90 

(98) 

(99) 

(100) 

(101) tims-PtCl[C(:CH2)CMe:CH2]- 

(PPh3>,'4071 

Me 

(cXPh)(PEt3)213311 

(205) inms-PtC1(C%XMe:CH2)- 

(PPh3)21405,4W 

<206) trmrs-Pt(c~CCMer~p)[CC:CA2)- 

CMe:CH2](PPh3)2C4071 

(107) trmzs-Pd(NCS)<C=CCsH4C=CB-o)- 

(PEt&12g3' 

(108) CColCH2SiMe3)14 D911 

(109) Me2Au(p-Br)pAuBr2C31 

(170) AuMe2(OS02CF3)(OK2)'51 

(171) AuMe(CHpSOMeieg)clg' 

(112) [Au(CH~)~PE~&[~~~' 

(113) AuMe(PPh3)C2283 

Me 

(97) 

Ph 

OEt 

(96) 

See also: 207, 255, 256, 257, 256, 259, 260, 261, 298, 300, 308, 323, 430. 
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A*& 

(114) cis-Re(COMe) (NH2Ph)(CO)4'g33 (117) AsPh,[RhI(COEt)(PPh3)(umt)]c3131 

(115) fac-Re~C(0)SiPh~l(C0)~(dppe)C426~(I18) Rh(COPr) (PEt3)2(me)r2631 

(116) 0sH(CS2~~e)(CO)2(PPh3)2'3g91 

See also: 299. 

CTkxes containing cheZuting a-bonded Zigam& 

(119) 

(120) 

(121) 

(122) 

mW(tol)*, (co)4[314’ I 

(127) ~IrF~CkH~(CF?)N:~l(CO)- 

(CO) 4 14*0’ 1 1 
(128) IrCl[(>feC,H30)2P(Otol)]- 

I t I 1 
MnCCSH3C(O)[~~(CO)4]PPh2}- 

(C0)3(PPh3)r3331 (129) 

mw) [mvPh,b(l30) 

(CO>,(PPh,>r4201 

-I. 
(123) &fdC6~3C(O) IRe(CO)blPPh2& 

(co),L3331 

I 
(124) dLCl[~feCgH3N(CH2)2CN(tol) l- 

(PEt$2C3463 

(125) [~=F(FC6H3N:~)(CO)(PPh3)21- 

[BF3(OH)]'4163 

(126) [I~)(Co)(PPh3)21- 

BFk r4171 

(131) 

(132) 

(733) 

(136) 

M' 

(y-pic)213653 

P~t21mH?zt2) 1861 

r 1 
CPdcl[CH(~O)CMe2CH2NMe2]}2 11893 

, , 
PdCl(R-ClgH6CWfemfe2)(s-PPri- 

ButPh)'337' 

P_Ph2)(py) r2971 

I I 
*~m-Pt(ON02)(C6H4PBu:)(PBu& 

ph)[2431 

I 1 
Pt[CH(CH20Me)C6H4AsPh2]- 

(hfac)'3281 

I ’ L L 

(120) PPh, Mn CO 

(121) co Mn PPh, 

(122) PPh, Mn PPh3 

p-MnK0)3L (123) CO Re CO 

Ph2 

(124) 

References p.441 
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see also: 152, 207, 269, 341, 302, 303. 

OZefin compZexes 

(143) [MoH(C2H4)2(cis-PhzPCH:CH- 

PPhz) 2 1 CF~CO~ 
c4431 

(144) Fe(CO)k(C10Hg0)[1281 

(145) Fe(C0)3(CgHgN3)rg11 

(146) Fe(C0)3(C$IsSO) 1241 

(148) 

See also: 286, 29G. 

AZZene compZex 

(145) (146) 

(152) Ir(C3Hk)(C6HB)(acac)(py) 
12011 

PY 

.----Ql 

< 

1 __ / 
:‘__ < oy IrC__-- 

P 
(152) 

See also: 392. 

A Zkyne camp Zexes 

(153) [Fe(CO)3(PhCXPPh,)]2[4231 

References P_ 441 

,Ph 

---Pt(PPh& 

(159 Pt[C2(CF3)2lU’Cy3)2 14031 



+hp 

(153) 

See also: 260, 391, 393, 394, 414, 41.5, 418, 422, 432, 437. 

(155) [Mo~C~~(C~H~)~I- (158) [Pt(dppe)21[PtC1~<C2Hy)~2r21 

C~~OC~[C~(CF~)~~~)~"~~ (159) PtCl&H@HcH*~~) c61 

- 12241 
(1%) RhC1(C2H4>(PPr;)2 (160) PtC13[CE12rCH(~12)2~831'63 

(157) K[PtC13(CzHq).l 
111 (161) PtC13[CH2:~(CH2)4~31r6' 

='=3 

(162) cis-PtC1,(CH,tCHCHMea]- 
I t 

(160) PtC12(CIIZ~CHCsHqAsPh2-o) 12401 

(16.5) CU~C~&H@HCN)[~' 

I 
(163) EPtC1(CH2:CMeCsH,~ep--o)- 

(165) 
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CcmrpZecces containing q2-heteroatom Zigan& 

(266) 

(167) 

(166) 

(169) 

(170) 

(171) 

(172) 

(173) 

Mn(r12-CH~:~eCH2Fc)(C0)4C2001 (176) 

Fa(n2-S:CS)(CO)2(PMe3)<PPh3) 1302' (17.5) 

IRu(~~-S:CSM~)(CO)~(PP~~)~]- (176) 

clo,[3g8] 

IOs(n2-S2Me)(CO)2(PPh3)2]C~O~ r3p31(177) 

(+)546-A-cis-8-[Co(o2)- (176) 

U?,R-ask)]CIOg C3081 (179) 

RhC1<02)<PPh3)3 14391 

rRhC1(02)(PPh3)~12[44g] (280) 

RhC1<02)(PPr:)p24' 

Ni 

/\ 

“\ rNMe2 
,c -s 

M+N 

(176) 

aC1(N2)(PPr:)2 
- 12241 

Rh(n2-O:SO)(NO)(PPh3)2 13741 

I I 
hi(n’-S:CNMez) [SC(NbIe2>SC- 

(NMed 1 ]BPh, 1431 

Ni(r12-N2C13H~)(CNBut)2 
[2?2] 

PdC1(n2-cH2:SMee>(PPh3)r2421 

Pt[(CF3)2C:NN:C(CF3)2]- 

(PPh3)2'4101 

Pt(~2-C~fe:PEt2)(~leC~B~~H~~)- 

(PEt$ c16g1 

Ph3P 

\ 
CI PPh3 

/O\\ ‘/ 
Rho0, O/Rh 

/“O \ 
Ph3P =’ PPh3 

(172) 

But, 
C 
'fUi' 

pt 

: : 

0 
A-‘, 

% 
0 

(177) 

See also: 247, 254, 255, 259, 274, 275, 285, 297. 

n3-LIGANDS 

n 3-AiZyZs 

(161) V(C0)3(dppe)(C3H5) 
C3611 

References p. 431 
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(182) 

(183) 

(184) 

(185) 

MoC1(CO)2(dppe)(C3Hg)[3551 (187) [IrC1(CO)(PMepPh)2(C3Hg)]PFsC2551 

M&O)2(C3H5) C($)3BPh]r2471 (788) NiBr(lut)(CHpCMeCHCO~Me)r1201 

a(CO)2(n3-C7H7)[(pz)qBPh] c247' (189) PdC1(B-pic)(CH~~~e)~831 

WBr(CO)z(C3Hs)(CyN:CH- (190) PdCl(PPh3)(s3-C8H13)[3291 

CH:NCy)c233' 

Ph3P- Pd 

‘Cl 
‘Me 

(190) 

See also: 267, 268, 423, 424, 426, 427, 428. 

(n’ + $)-.Ligands 

(191) Fe(CO) 3 CC(0)NXec(Nl-fe2)- (193) Fe(CO)3[C(OMe)C(CO,Me): 

cH:cH2] c61J CH(C02Me)]c7g3 

(192) EFe(CO)3[C(OEt)NMeC(NCSHro>- 

cxkCix2]1~~4[611 

NMe2 

l-lb-LIGANLls 

(193) 
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‘CF3 

L = P(OCH&Me 

(195) 

(2n2)-Ligands 

(196) 

(197) 

(198) 

(199) 

(ZOO) 

(201) 

Pe(CO)3~CeMe~(CF~)~0~]r1531 

RuC12(CO)(NCMe)(cod)r823 

&H(cod)(NH$TMe2)3]PF6 D461 

[RuHCl(cod)J2(w-Nf12NMe2)12231 

Hh(py)(hfac) [C7Hs- 

(C02Me)2]'2681 

Rh(cod)(25,3S-Ph2PCHMe- 

CHMePPh2)]C104 r3791 

(202) 

(203) 

(204) 

(205) 

(206) 

(207) 

(cot)Rhb-SPh)2Rh(C0)2 12801 

Ni(codj+-C,Ph,AlPh(OEt2)]~4241 . 

PdC12(cod)r311 

PdC1(CH2S02Ph)(cod)'1631 

~t~C(CP~)~0C(CF,),b]<cod)'1331 

[Pt(cod>12(~-C4F6)2'301' 

(196) (199) 

Ph 

Ph 

PY 

53= 
(207) (203) 

See also: 265, 429, 430, 439. 

References p. .%.%I 
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(208) TaCl(dmpe)2(~4-CloHs)'2~7' (252) Fe(C0).3[CsMek(CF3)2]E1531 

(209) Fe(C0)3(CkH4CO)C281 (213) Fe(C0)3[CsH~(CPh3)(SiMe3)]C3643 

(210) Fe(CO)3(C4H2Me2S02) 
I391 (214) [Fe(CO)3]2(~reC6H4Cde:~2)r181' 

(211) Fe(C0)3(C~HiPh)c18C1 (215) Fe(CO)(bipy) IG&(C02Et)2] 
12691 

(208) (210) 

Me 

(213) (214) (215) 

See also: 260, 266, 280, 282, 282, 393, 397, 601, 405. 

CycZohda&ene compipzexes 

(216) Fe~C0)~~C~~H~,0,~C2go' 

(217) [NiBr2(C4Et4)~213091 

(218) [ (C4~f~1e,Bu~)Pd(~-C1)3Pd- 

(C,Efe2Bu~)]2[Pd2C16]r3441 

Me 

tie (216) (218 1 

See also: 263, 2%, 379, 393, 424. 
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175-LIGANDs 

CycZopentadiemjZs 

(2W I~(CsHs~3]2(~~~~~~~~r3701 (221)' [pe(C5H5)pjBiClb1561 

(220) Mn(C@+Me)2~gg' 

QcZopentadieny2.s zJith mimic Zig& 

(222) U(HsBH) 2 (C5H5) 2 1681 

(223) TiC1&K5)2[52] 

(224) ZrC12(C5H5)2[52] 

(225) [Ti(~3~~)(C5H5>]2(~-C1)~c673 

(226) [TiC12(C5H5)]20 1531 

(227) Ti(H2BH2)(C5H5)2c653 

(228) ~Ti(u-c1)(C5H5)2]2r*481 

(229) rTi(p-Br)(C5H4Me)2]2r2481 

(230) [Ti(FI-C1)(C5~~~~e)2ji[248] 

(231) TiC‘l(OC<H$l-2)(C5H5)- 

(C5H3Me-l-pri-3)r253] 

(232) TiCl(OCgH3Me2-*,6)(C5H5)- 

(C5H3Me-1-pri-3)r2531 

(233) Ti(OC&Cl-*)(OC6H3Me2-2,6)- 

(C5H5)(C5H3Me-1-Pri-3)r2531 

(234) CTi(OCOPh)2(C5H5)]2 [389] 

( 239) 

(240) 

(241) 

(242) 

(243) 

(244) 

(245) 

(24E) 

(247) 

(248) 

(249) 

(250) 

(251) 

(231) 

References p_ 441 
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(260) 

(261) 

(261) 

(266) (269) 

.-. : Q ‘.__* 

kF3 

(262) 

CycZopenta&engZ compZexes containing CO, PR3 OP CYR Zigards 

(270) 

(271) 

(272) 

(273) 

(274) 

(275) 

(270 

(277) 

(278) 

(279) 

Ti<CO) 2<C5R5) 2 
[941 (=a 

NbCl3(dwe) (C5Hd 
r1011 

Cr(CO) 3(C$W==d 1551 
(282) 

-ur, [Mo(CO) 3 (C5R5) I 
[=I 

Mo(CO)p(n*-fiIeC:NPh)- (283) 

(C5H5)[1561 (284) 

Elo(CO)~(rl*-O:NCIfe2)(C~H~) E601 (255) 

(-) 5&~(S-CHMePh)](CO)y 

(C5H5)'202' iZ86, 

1 I 
Mo(COCHPhCHMeNHMe)(C0)~- 

(285) 

W(CSiPh3) (C0)2(CSHd C3261 

W(C0) (PMe~)[n2-C(p-tol):CO]- 

(C5H5)r2183 

~~(~le2)(CO)2(C5H5)r5g1 

~ti(C:CHPh)(CO)2(C5H5)E1521 

M~(CO)~(~*-CBH~~)(C~H~) r1551 

1 1 
Mn(CO)~[PhPOC(:CH~)CH:C(Me)O]- 

(C5H5)'2153 

Mn(C0)2[PHPh(CPh:CHPh)]- 

(CSH~)[~~~' 

E= 

References p. 441 
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(28U) CMo(dppe)(n4-Cd?$ (QHg)l- 

PF& [=Ol (291) hfdCO)312<C14HgMe2) 
[2771 

(272) (278) 

(279) (282) (289) 

(298) 

X large number of other complexes also contain n-cyclopentadienyl groups: 

321-323, 340, 342-346, 351, 353-355, 358, 363, 365, 377-382, 391, 392, 395, 

396, 398, 417-422, 424-427, 443-445, 449, 480-482, 484, 485, 488-490, 493, 

495, 497, 499, 502, 504, 509-513. 



383 

(OC&Mn, 
‘\ 

_-- 
.-‘. 

I 

I 9 1 . 
<--. 
. . 
‘._,a 

Me 

bEt 

(301) 

Ferrocenes 

- . t ,: -. 
I_,: H/ 23 : ,--. :__: i-l\ 
.- . 
A”(C013 
(292 1 

H *-- 0 :.__1 J---Je(cO)* 
=Re=C=C 

(CO)q ‘Ph 

(294) 

CF3 

(305) [FcCH2(NC5H5) ]I r1841 

(3U6) FcSiHPh~ ‘2811 

(307) FcpSnClp 
12431 

(308) [CI.I(CSH$H~NM@~-~) (CsHS)- 

Fe]4 E4371 

(309) 3,4'-Diacetyl-[S]- 

ferrocenophane 
L-91 

(32.0) [15]-Ferrocenophan-S-one 
13161 

(311) l,l'-Tetraphenyl-o-phenylene- 

ferrocene13g67 

See also: 166. 

References p. 141 



(308) 

Ph 

e=H2),3 

c=o 
&~cH~), J 

(310) 

bh 
I3111 

(n2 + n3)-Ligands 

c3Z.2) [Fe(CO),(C,H,Ac)]PF6 r1151 (313) ~IrC1[C(CF~):CH(CF~)](C~H~~)~~r*gg' 

Me 

‘Fe-’ 
(CO), 

(312) 

half dimeric molecule 

(313) 

See also: 325, 326. 

(2n3)-Ligmds 

(314) Rh(hfac)(C7H10)rv51 (315) Ir(hfac)(C12HlG) 
c2011 



385 

(314) 

(nz + n4)-Liga7zd 

(316) Fe(C0)2(C16H14)C2121 

Arene camp Zexes 

(317) 

(318) 

(319) 

(320) 

(321) 

(322) 

[Nb3C16(C6Me6)312+- 

(tcnq-)2[3821 

Cr<CO)3(PhMe)14g1 

Mo(CO)~(C~H~M~~-~,~,~) c971 

Mo(CO)3(C6Me6)rg71 

[Re(CO)3(PhMe)l[Re2Br3- 

(co)61[20' 

tRe(CO)3(C6Me6) 1 [Re,Cl,- 

(co)61[20' 

(323) 

(324) 

(325) 

(326) 

(327) 

(328) 

(329) 

(323) (324) 
(327) X=Ph 
(328) X=F 

See also: 347. 

References p. 141 
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Other ~~~-Zigatzds 

(330) Cr<C0j3 (n6-C,&+CPh,) 12651 

(330) 

ll'-LICANDS 

n-HETEROATOM LICANDS 

(337) Fe(CO)3[PhB(CH:CH)2- 

(338) Fe(C0)3[S(B:XMe2)2(CEt)2] [1231 

(3%‘) W-I(CO)~<C~H~N)[~~~ 

I 
(340) MII(CO)&,HI,&[NCL,H$(O)- 

Me](CO)3]r1781 

(341) Fe(C~H2Me2P)(CgHg)r811 

See also: 203, 278, 399, 400. 

Me,N, 1% 
B\ ’ B 

,NMe, 

C+C, 
Et' , Et 3 

&13 
(339) 

(338) 



387 

Ba COMPLEXES CONTAINING METAL-METAL BONDS 

TRANSITION METAL-MAIN GROUP METAL BONDS 

(342) MoH&Br(thf)](C5H5)2 11401 
(346) Mo(H~I)(CO)~(A~M~~~~P~)(C~H,+M~)~~~~' 

(34% MoH2 [ZnBrp(dmf)](C5H5)2 11211 
(347) [Mo(HgC12)p(C0)3(C6H3Me3)]2[3001 

(344) Mo[ZnBr(thf)2](CO)3- 

(C5H5)C1881 

(345) rwC0)3(C5H5)]2Hg~17Ql 

(348) [CdFe(C0)4]4C1g21 

(349) [(bipy)CdFe(CO)k]3[40g1 

(C6H3Me,)Mo(CO), 

(347) 

(350) Cr[InBr(thf)](C0)5r371 (351) 

Main Group IV 

cocb Fe 

I 
-Cd 

-YoL 
dd Cd 

\ 
/Cd 

I 

cooLiFe - Fe(co)LJ 

(348) 

CN 

(g4 

N---l 
N -\ck ‘&” 

I I 

(oc)4Fe. o/Fe(co)4 

,‘\ 

LN 

(349) 

(352) CrEG-e[CH(SiMe3)2121(CO)5 [2341 
(357) 

(353) Mo(G=hg)(C0)2[CPh(OEt)]- (358) 

(359) 

(360) 

(361) 

(362) 

(354) [ti(SnC13)(CO>2(PPh3)- 

(C5H5)lSnC15 13111 

(355) ReH(SiPh3)(CO)2(C5H5)'3151 

(356) &s-Fe(SiMeg)Z(CO)rt[6g1 

__--_ Q :__y 
,ke -SiPh 

oc / "‘.._H 

& 

(355) 

I Me2 
Ph3P.Ir/si\0 
Ph3P A; .Si/ 

ii Me2 

(360) 

cis-Fe(SnPhg)2(C0)4 [3971 

FeH(SiF2Me)2(CO)(C5H5)r321 

(t')-Co[GeMePh(nap)](CO)~,'~~~' 

IsiMq)(CO)(PPh3)2 [4081 

iNi&Ph$ (npg) lBPh4 c4471 

'k~a?Z.+PtCl[Si(OCH2CH2)gN]- 

(PMe2Ph)2[2831 

References p. 441 
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Main Group V 

(363) [Feg(As+Od(CO) 5(CSH5) 31- 

BF4 C2371 

(364) WCbAsMe2)~n(CO) 512<CO), 
r2111 

(365) FepCo(AsMe2)2(C0)3(C5Hg)3 
12851 

Mea 
(OC&Mn -32 

A /ASh”KO15 

&, 

(3631 

BINUCLEZAR TRANSITION METAL COMPLEXES 

CQbO?Z@ 

(366) NEt4[(OC)&r(u-H)Cr(C0)5]r441 

(367) (OC)t+W(u-CO)[p-CPh(PMe3)]- 

Re(CO)ic2261 

(388) cis-Rep(CO)B- 

[C(OMe) @-tol)]2r3271 

(369) [F‘=(CO)3]2<u-CO) (wZ,HqN2) 
1741 

(370) [Fe(CO)2]2(vCO)- 

[p-MeN(PF2)2]r231 

‘“\ lPMe3 
A 

tOQ,M - M(CO), 

\/ 

5 
0 

(3671 M.M =W.Re 

(C5H5) 

0 

(364) (365) 

(371) 0s~(Co)~,I~[112' 

(372) ~Co(CO)&(~-C0)2[~-HN(PPh2~2]r3483 

(373) [Co(CO) 21 [II-MeN(PF2) 2 13 1151 ._ 

(374) (Co[PF2(NHMe)l)2C~-MeN(PF2)273'151 

(375) Co~(CNBut)8 l-3911 

I 
(376’) Pd[Co(C0)4](C~Ht+CMe:&h)(py)C2g11 

Me 

F2P 
/N\ F 

P2 
At- I I 

COC)2Fe~~,FeCCO)2 

c eRFCo, OMe I g I 
/ 

4 
F2’, ,‘F2 

Me0 Ee 

(368) Ar = P-MeC,l-i, (3702 

H 

r\ 
Ph2P P”h2 

I I 
(CC12 ?=I’, co - CO(CO), 

0” c, 
0 

Me 

F2PNN,PF2 
I I 

F2P F$= PF2 PF2 
\ /\ 

MeN 
/ 

NMe 

(372) (373) L=CO 
(374) L = PF2(NHMel 



389 

CycZobutadiene and cyckpentudierry 2 

(377) CFe<CO)2(C5Hq)]2SiMe2 11831 

(378) kYzns,anti-[Fe(CO)(p-CNPh)- 

(CSH5)]21324=3251 

(379) CO~(CO)&,H~)[~~' 

Me-k&metaL bonded aZky2.s 

(383) V,[C~H3(OMe)2-2,6]4'~~~' 

(384) Cr2[CgH5(OMe)2-2,6]~, C3621 

(385) Cr2[C6H2(0Me)~-2,4,6]~r3801 

(386) ~foq[C6H3(OMe)2-2,6]4'3623 

(387) [Li(thf)]4[W2Me4C14]Cill 

camp lexes 

(380) (PhsP)2N[Coz(CO)2(C5H5)21 1921 

(381) Co2(wCO)(~-NO)(C5H5)2 [76,771 

(382) [GJ(~-NO)(C~H~)I~[~~' 

(388) W2Me2(02CNEt2)~r1481 

(389) Cr2(~2SiMe3)2(~--CH2SiMe3)2- 

(390) Mnp (C&C&+Nbfe2-o) 4 [38i1 

(383) 

M R 

(384) Cr H 

---i--- 

(385) Cr OMe 
(386) MO H 

/\/\ 
Me-,P CM2 

Si' 
H$\ 

Me3 
SlMe3 

(389) (390) 

MetaLmetal bonds bridged by hydrocarbon Zigands 

(391) c~foro(CO)2(C5H5)12(~-C2H2) 
E-21 

(396) [Mo(CO)(C5H5)12(~-C~H~) 

(392) [~~ro(CO)2(CgH5)12(~-C3Hq) 
Cl981 (purple)r2461 

(393) Mo~(CO)~(C~P~~)(G,P~~)- (397) W2(CgH~)3C3033 

(C4Ph4CO)~4503 (398) ~MdCO)2(C5H5>12(~-C:CHPh) r2791 

References p_ 441 



390 

(39c) W2Br2(CO)S(C2Me2) <dpam)'3673 (399) Mn2(CO)7(dqH2Me2PBut)C1g51 

(395) [~(CO)(CgHg)]2(~-CsHs) (400) Mn3(CO)1#qH2Me2P)11g51 

(orange)C2461 

Me 

(391) (393) (394) 

L \\ ‘--; 
I ,f 

: : 
._::-1‘ 0 .- -:__ __a 

.:.- --_ I ’ 

f&:- -.._ I ,’ 
‘do 

,’ 

0 
(CO), 

,--_ 
:__.: 

(3951 (3961 

(397) 

(OC)Mn-M"(CO) 4 4 

(399) 

(401) b(CO)q32CqH6 [Fe(CO)3] l=ll (429) 

(402) Fez(C0)5(gaz) (isomer I) 12451 

(403) Fez(CO)s(gaz) (isomer 11)"~~' (420) 

(404). Fez(C0)4(PEt3)(gaz) c2451 (422) 

(605) [Fe2(CO)SIClt,H$fe2[Fe(CO)3Jr2771 (422) 

(406) Fe2(C0)6(~-CNEt2)2C186y1871 (423) 

(OC), (CO), 

(398) 

[*(CsHd12(wCO) (W2h,),c385' 

k(CO)(C!&) 12(!J-C&,) 
C2133 

INi(C5Hs) 12 [t+CF3C2P(0)Ph2]r3121 

[Niz(C0)2(u-Cl) (~-C3Cl3)]2'~~' 



(407) 

(408) 

(409) 

(4W 

(411) 

(412) 

(413) 

(414) 

(415) 

(416) 

(417) 

(418) 

Fe2Cco) 5 (cgH8) 11291 (424) 

(425) 

(426) 

(427) 

(428) 

391 

pdg (acadp [!-kCsPh- 

(c6HLiOMe-p)2]2[4421 

[pt(cod)]2[~-O~(~~3)2]'~~~~ 

(432) Pt3(PEt3)4(W&Ph2)2 
14381 

tOC>.$e - IfetCO), 

‘CO)3-~ptcoj3 @ 
(401) (402) i_=CO 

(404) L = PEt, 

COC)&e - ye(CO)3 

\’ 
,+. a ‘-0’ ;: 

.’ 
_-- 

(403 1 

COC),~e - re(CO), 
: : 

,+. 
-., ’ 

: a \_,’ : 

(407) 

C 

\ 

(OC) F& 

Me 

,,CH 

C@ 

3 Fe(CO), 

(408) (409) CCOkJ 

References p. -id1 



C,F3 

. --. 0 ‘._;* -_Ni~C~Ni__ <;; 
\p 0 

Ph- k-Ph 

!i 

(42.2) 

Ph 
(4151 (4161 

(C,H,) Rh-RhtC,H,) 

(419) (421) 

oc 

p 
,’ 

pb -‘bd 
pr\p’ \ / ‘ppri3 

er 

(423) (424) 

R3P 

(425) (426) R=Ph 
(427) R = O-o-tot 



(428) R’ = C6H40Me-p, R2= Ph (429) 

BU' 

Ph Ph 

(431 J (432 1 

t4ain Group N Zigand-bridged metaiLmeta Z bon& 

(433) CReH~(CO)~]2(wxEt2)2 11431 
(434) f_ReH2(CO)3](wSiEt2)2[Re(CO)b]r165] 

p Et2 
H 

/\ 

Si 

OQ OC ,H 

oc-Fe,-, . 
\&co 

14 p” \ 
’ -do 
h 

Et2 Etz 
(433) (434) 

Main Group V Zigand-bzGi&ed meta&metal bon& 

(63.5) Fe2(CO)6(~-As~~~ie2,2c351 (639) (OC)yFe(~-As~feieZ)Co(CO)2(nbd)r1571 

(436) Fe2(C0)6<~-t\s~fe2)(~-OC~~e~) "" (460) (ON) 2Fe(p-PMe2) zFe(C0)2- 

(437) Fe2(C0)5(PPh3)(p-PPh2)- (u-PMe2)Fe(CO)2(NO)r701 

(p-C2Ph)c4131 (@?I) (ON) 2Fe(u-PMe2)2Fe(C0)2- 

(438) FeCo(CO)7(p-PH&2)r351 (u-PMe2)Co(CO)3r703 



394 

Ph3P 

\ 
=/CT 

Ph 

Fe/ qFe(COI 

(oc)2 \ / 3 

phz 

(437) 

Main Group VI Zigand-btidged metal-meta bonds 

(d/i2) 

(443) 

(444) 

(445) 

(OC)4Fe 

0 

(440) M = Fe, E = N 
(441) M=Co,E=F 

bfi3(Co) S(PNe~Ph)](p-OEt)3C2841 (446) IFe(CO)~(PMe3)(~-S~fe)J2rlo71 

~~M~(CO~~(C~HL,M~>]~(I.I-SE~))- (447) ERu(C0)2(py)(wnbt)]2 
c3391. 

Cl04 1216 J (~48) CRhCCO) (PM& (p-SPh) 12 [256] 

(CgHd $foh--s) 2Ebs2 ““’ (449) IRh(wSPh) <C5Hg) I2 12823 

{ IFeCco>(C5H5) Iz(~-CO)- (450) [Ir(i.!-SPh)(Co),]2C1773 

(v-SEt)kbF6c1601 

Complexes 332-336 also contain metal-metal bonds. 

Et 

(442) (443) 



395 

C. CLUSTER COHPLEXES 

'.ZLU~TER!Zi CONTAINING SIMPLE DONOR LIGANDS 

3-me&a2 atoms 

(851) NEt,[Re3Hli(CO),,]148' (458) 0=-3(C0)10(OMe)2 c451 

(452) Rug (CO) 12 r1l.41 
(459) Os3H(C0)~0(SMe) c451 

(453) OS3 <co> 12 msl (460) Rh3H3[P(orfe)3]p5' 

(454) os3H2~Co)10~45~463 (461) Pt3(C0)3(PCy3)31445' 

(455) OS~H&O>~~~~~' (462) Pt3mmut)6[352' 

(456) 0~3H#O)lo(PPh3)'~~~' (463) Pt3(S02)3(PPh2)3 14401 

(457) Ru~(CO)~~(C~H~N~)[~~~' 

&&.co) 
(oc)30s- 

\,/ 3 
(454) 

0 
N-- N 

oc- 
/ 

I 
---R”KO)g 

IA\ (OCv?,\ /CO 

OC -RU(Co), 
(457) 

8 
(455) L=CO 
(456) L = PPh3 

P/(OMe), 

(460) 

References p_ 441 
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4-meta 2 atoms 

(464) [NMe3(CIfnPh)l2- (466) 

[Ret+Hg(CO)121c8g1 (467) 

(465) ReOs3H(C0)15 r1491 (468) 

(4651 

S-, 6- or 7-meta atoms 

(469) RqOs3H2(CO) 20 12351 

(470) os5(co)1pg4J 

(469) 

Et _. 

Fe~(CO)~~(NEt)(O~t)~1503 

RutlHb (CO) 10 (dppe) [3731 

Bh4(CO)sCP(OPh) 3 14 
14511 

‘$yJ 

E: 
(4661 (4671 

(471) OST(CO) 21 r2753 

(472) Rh,(co)~2fP(OPh)311, 14511 

(470) 
(472) 

‘gj”3 

\ CO)3 

/i/ ~oc~30y+osLco,, 

I/\1 ‘(35, 
(OC),Os , OS~CO), 

tco,, 

(4711 

CLUSTER COMPLJXES CONTAINING HYDROCARBON LIGANDS 

3-meta Z atoms 

(473) 

(474) 

(475) 

Fe3(CEt)(CO)B- 

(CgH2Me2Vi)r23g1 

t ivii] 
Ru3H(C0)3(C2Bu ) 

Bu3(CO)6(C16H14)r212' 

(477) 

(478) 

(479) 

(480) 



397 

(476) Ru3(CO)13(C12~20)- (481) [Rh(C5H5)13(CO)1C2(C6F5)21r3471 

Bu’ 

(476) (4771 (479) 

4- or 6-metaL atoms 

(682) MoCO~(CO)~#~H~)~~~~' 

(483) Ru,(CO)~~(C~P~~)'~~~' 

(484) TisOp,(CsHS)6r3511 

Ph 

3 

(CO13 (C5H5) 

(482) (483) (484) 

CLUSTERS CONTAINING MAIN GROUP ELEMENTS 

(485) (MoHg[Elo(CO)3(C5H5)]}CC3581 

(4%) <NEt4)2[Re3H30(C0)9]r34’ 

(490) [Fe& (C5Hdb 1 (PF6) 2 
12491 

(491) Co3(cMe) (CO) &y3) r3411 







Me 

‘C5 H5’ Me 

Me 
Me 

Me 

Me 
(C5H5) 

(511) (512) (513) 

STRUCTURES ORDERED BY TRANSITION METAL 

Ti: 223, 225, 226, 227, 228, 229, 230, 232, 232, 233, 234, 235, 236, 

254, 270, 484 06). 

v: 181, 237, 383 (3). 

Cr: II, 12, 26, 17, 18, 19, 28, 23, 61, 69, 70, 71, 72, 73, 74, 75, 85, 

86, 87, 135, 272, 328, 330, 350, 352, 366, 384, 535 (31). 385, 389, 533, 

Mn: 4, 24, 32, 46, 47, 88, 129, 120, -722, 222, 123, 166, 220, 286, 287, 288, 289, 

290, 291, 292, 339, 340, 354, 364, 390, 398, 399, 400, 422, 443 (30) - 



Fe: 

co: 

Ni: 

CU: 

Zr: 

Nb: 

l-lo: 

Ru: 

Rh: 

Pd: 

Hf: 

401 

1, 2, 5, 25, 64, 65, 66, 136, 137, 138, 139, 144, 145, 146, 153, 166, 

167, 191, 192, 

262, 295, 296, 

316, 323, 324, 

369, 370, 377, 

411, 435, 436, 

489, 490, 498, 

537, 541, 543, 

6, 26, 50, 89, 

365, 372, 373, 

439, 441, 482, 

540, 547, 550, 

193, 196, 209, 210, 211, 212, 213, 214, 215, 216, 221, 

297, 298, 299, 305, 306, 307, 308, 309, 310, 311, 312, 

325, 337, 338, 341, 348, 349, 356, 357, 358, 363, 365, 

378, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 

437, 438, 439, 440, 441, 445, 446, 466, 473, 487, 488, 

504, 510, 511, 512, 513, 528, 529, 530, 531, 532, 536, 

544, 546 (105). 

90, 91, 147, 170, 251, 263, 264, 301, 302, 304, 359, 

374, 375, 376, 379, 380, 382, 382, 414, 415, 416, 438, 

491, 492, 493, 495, 497, 499, 502, 506, 509, 526, 538, 

551 (47). 

92, 93, 142, 148, 176, 177, 188, 203, 217, 361, 422, 423, 424, 523, 

525, 549 (16). 

15, 108, 165, 496, 527 (5). 

224, 255, 256 (3). 

238, 239, 258, 259, 271, 317 (6). 

3, 20, 21, 22, 23, 30, 40, 41, 42, 43, 62, 63, 76, 77, 143, 155, 182, 

183, 184, 241, 242, 243, 244, 245, 246, 247, 260, i73, 274, 275, 276, 

277, 278, 279, 280, 281, 282, 319, 320, 332, 332, 333, 334, 335, 336, 

342, 343, 344, 345, 346, 347, 353, 386, 391, 392, 393, 395, 396, 444, 

482, 485 (61). 

35, 36, 49, 60, 67, 79, 80, 124, 168, 186, 195, 197, 198, 799, 300, 

326, 327, 328, 412, 413, 447, 452, 457, 467, 474, 475, 476, 483, 517, 

524, 534, 545 (32). 

27, 37, 38, 39, 51, 52, 53, 54, 81, 117, 118, 141, 156, 171, 172, 173, 

174, 175, 200, 201, 202, 249, 250, 252, 253, 265, 266, 314, 329, 217, 

418, 429, 420, 446, 449, 460, 468, 471, 480, 481, 521, 539, 542, 553 

(44) - 

57, 68, 83, 94, 95, 96, 104, 107, 129, 130, 131, 149, 178, 189, 290, 

204, 205, 218,'269, 376, 425, 426, 427, 428, 494 (25). 

257 (1). 

References&441 



402 

Ta: 

W: 

Re: 

0s: 

lb: 

Pt: 

Au: 

Yb: 

u: 

208, 240 (2). 

31, 44, 45, 78, 185, 261, 283, 284, 285, 351, 364, 367, 387, 388, 394, 

397, 548 (17). 

7, 8, 9, 13, 14;33, 34, 48, 59, 114, 215, 123,.293, 294, 355, 367, 

368, 433, 434> 451, 464, 465, 469, 486, 518 (25). 

116, 140, 169, 194, 371, 453, 454, 455, 456, 458, 459, 465, 469, 470, 

472, 477, 478, 479, 514 (19). 

10, 55, 56, 82, 125, 126, 127, 128, 152, 187, 248, 267, 268, 303, 313, 

315, 360, 421, 450, 520 (20). 

58, 84, 97, 98, 99, 100, 101, 102, 103, 105, 106, 132, 133, 134, 150, 151; 

154, 157, 158, 159, 160, 161, 162, 163, 264, 379, 180, 206, 207, 362, 

429, 430, 431, 432, 461, 462, 463, 500, 501, 503, 507, 525, 516, 519, 

522, 552, 554, 555 (48). 

109, 110, 111, 112, 113, 508 (6). 

219 (1). 

222, 505 (2). 
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