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STRUCTURES OF ORGANO-TRANSITION METAL COMPLEXES DETERMINED BY 
DIFFRACTION METHODS. REPORTS APPEARING DURING 1978." 

MICHAEL I . BRUCE 

Department of Physica md Inorganfc Chemistry, University of Adeluaide, 
Adelaide, South AustraEa, 5001. 

This summary of structures of organo-transition metal complexes 

determined by diffraction methods, and reported during 1978, mentions 553 

complexes contained in some 495 reports. Section A lists structures 

arranged by ligand in order of increasing number of carbon atoms bonded to 

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

different groups are present, the structure is mentioned under the heading 

of the largest group. Section B contains complexes containing metal-metal 

bonds, while Section C lists reports on cluster compounds, including 

metalloboranes and -carboranes. The general arrangement follows the pattern 

of last year's listing. Reference numbers (as superscripts in square 

brackets [I) refer to the list at the end of the article. Only those 

structures which are not inunediately obvious from the formulas are 

illustrated. Section D contains a summary of structures ordered by 

transition metal-present, the entry number in Sections A, B or C being used. 

It 1s Interesting to note that while the total number of structures in 

Sections A and B are closely comparable for the last two years, the total of 

106 cluster complex structures, 68% up on 1977, is a graphic demonstration 

of interest in this area. 

l 
Survey for 1977: H-I. Bruce, J.OrgwunetaZZic Chem., 167 (1979) 361. 

References p_ 393 
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Table 1 presents a summa ry of determined structures arranged by 

molecular formula in order of increasing C, Ii content. As previously, the 

number of 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 (usually lover) temperature, this is shown in 

the Notes column of the summary table. For convenience, this column also 

indicates the fev complexes studied by electron (ED) or neutron diffraction 

(ND) methods. 

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

hydride and borohydride complexes, nitrosyls, dinitrogen and related 

complexes, and transition metal complexes containing tertiary phosphines as 

the only ligands. 

Zectron md neutron diffraction studies 

The only electron diffraction study reported was of the high- and 

low-spin forms of Mn(CgHQfe)z. 11041 

Neutron-diffraction vork has concentrated on the location of 

hydrogen atoms, and includes studies on Hf(BH+)z(CsH5)2, [llll 

(Fe[P(OMe)3]3(s3-CgHL3)]BTq, where a strong C-H.--M interaction was 

confirmed, E2223 and the cluster complexes HFeCoB(CO)g[P(OMe)B]B f237.2381 

and HsNi4(C5HB)*. C237] The reader is directed to the recent account by 

Bau[5271 of his work in this area. 

Comparative X-ray/neutron diffraction studies have been used to 

locate hydrogen atoms in metal-metal bonded and cluster complexes, such as 

(ppn)[HCrB(Co),~l,[~~] ~loz(pMe2)(CO)4(C5HS)2.[76] W~(CQHB)~,[~~~] 

H20s3(CO)iB,E1] H~OS~(CO),,(CH,)[~~] and H~OSB(CO)~,J(C~HB).~~~~] A 

semi-empirical method for the indirect location of hydride ligands in metal 

carbonyl clusters has been proposed by Orpen, 131 who uses optimised 

positions at suitable potential energy minima defined by intramolecular 

non-bonded interactions between the hydride and other atoms. The method is 

exemplified in the cases of H~OSB(CO)~B and HBOSI+(CO)~~(CBHB). 
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Other papem of note 

High angle X-ray data have been used in a detailed study of 

ICr<CSRs)l2(~~~Hg),~**91 and the structure of trans-[Fe(CO)2(CgH5)]2 has 

been examined by X-ray ad neutron diffraction at 74K.E141] In the region 

of the Fe-Fe bond, little electron density was found, and the authors question 

"the intuitive concept that bonding implies necessarily a concentration of 

electron density between the bonded atoms". A significant distortion of the 

cyclopentadienyl rings was also found. 

A paper describing the structures of [M(PMez)(C0)&]2 (M=V. Cr, ~n)[971 

shows a distinct shortening of the M-M bond distances, although the formal 

V=V double bond does not result in any difference in the molecular frameworks 

of the V and Cr complexes because of intramolecular steric hindrance: 

H-M 

M-P-M' 

P-M-P' 

Absolute 

manganese, 12591 

2.733 2.905 3.675.x 

70.8 77.6 103.10 

109.3 102.4 76.9O 

configurations of several complexes of molybdenum, 
[284,356,365] 

iron[366*405*406] and rhodium[1751 were reported. The 

absolute configurations of a large number of complexes of the type 

FeX(CO)(PPhs)(CgHg) [X = Br, I, Me, Et, Pm, Bul, CHz-c-CBHS, CH2C.1, CH2Br, 

CH21, CH2Ph, C(O)Me, S(0)2R, CH2S(O)20men] have been deduced from correlations 

wit5 CD spectra. 14061 Maxima in the 300-350 and 350-450 nm regions can be 

used with reliable indications of the absolute configuration at iron. 

A series of papers on bridged ferrocenes[5261 begins with a discussion 

of the correlations between electrode potentials, electronic spectra and 

Miissbauer spectra and the number of trimethylene bridges. The structures of 

derivatives containing three,12551 four[300] and five (CY2)3 bridgesC3331 were 

described. In the first and last, the two rings are linked by three bridges, 

but by only two in the second compound; the remaining bridges are homoannular. 

References p.393 
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Papers including useful summa ries of earlier work include data for 

32 allyl-metal complexes,[ 351 2nd for 13 compounds containing MECR 3onds[4]; 

reference has also been noted to an article describing structures of "new 

types of a-complexes of transition metals".[51 

Interactions of organic ligands with zeolites have been described. A 

silver-zeolite A complex, prepared by dehydration and partial decomposition at 

400"/5 x 10S6 torr/4 days, followed by exposure to ethylene (23O/120 torr) 

shows two unit cells: 46% contain au <Ag+)s(Ags) system. while 54% show an 

Ag-C$h, n-interaction.[6] The structures of cyclopropane complexes of 

cobalt<111 and manganese(I1) (M) in partially exchanged zeolite A (unit cell 

stoichiometry M4Na4Sil2A112048.4C3t16) reveal long M-C distances of 2.81 (Co) 

or 3.09X (~n).[yl Further examples of matallocene phase transitions 

determined from specific heat curves have been reported.L81 

Abbreviations 

acac 

W'y 

bqh 

bta 

cod 

cot 

CY 

dad 

diars 

dien 

dmf 

dmg 

dmP 

dmpe 

dpam 

dpma 

acetylacetonate 

2,2'-bipyridyl 

benzo[c]quinoline 

benzotriazolyl 

l,S-cyclooctadiene 

cyclooctatetraene 

cyclohexyl 

1,4_dicyclohexyldiaza-1,3-butadiene 

1,2-bis(dimethylarsino)benzene 

diethylenetriamine 

dimethylformamide 

dimethylglyoximate 

2-dimethylaminomethylphenyl 

1,2-bis(dimethylphosphino)ethane 

bis(diphenylarsino)methane 

dipivaloylmethane 
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dme I,Z-bis(diphenylphosphino)ethane 

+pm bis(diphenylphosphino)methane 

en ethylenediamine 

Fc ferrocenyl 

Fsalen N.N'-ethylenebis(3-fluorosalicylideniminaato) 

hwa hexamethylphosphoramide 

imH imidazole 

mbt mercaptobenzothiazolyl 

men menthyl 

Mepy 4-methylpyridine 

mes mesityl 

nbd norbornadiene 

np3 N(CH$H2PPh2)3 

oep 

PiP 

POP 

PPn 

Prsalen 

PY 

P= 

salen 

thf 

to1 

tPP 

ttac 

Vi 

XY 

octaethylporphyrin 

piperidine 

(EtO)$OP<OEt)2 

CN(PPhx)21+ 

N,N'-ethylenebis(propylsalicylideniminato) 

pyridine 

pyrazolyl 

N,N'-ethylenebis(salicylideniminato) 

tetrahydrofuran 

p-to1y1 

meso-tetraphenylporphin 

thenoyltrifluoroacetonate 

vinyl 

3.5~xylyl 

Referencesp. 3% 
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A. ORGANO-TRANSITION METAL COMPLEXES 

T-I'-LIGANDS 

SimpZe cmbonyZs and car~ony Z anions 

(1) ~fae-Mn(CO)~(NH~)~l[rI”<C0)~]~~~1 

(2) tRe(CO),][Re2F11][24] 

(3) [Co(salen)],NaCo(CO).(thf)[43D] 

(4) [C~(CO)~(C+,PP~~)][CO(CO)~]~~~] 

oc c” 
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Carbony 2 halides 

Carbony Zs containing ~Ldonor Ziganzfs 

] L11 I 

(22) Cr(Co)5<NCNEt2)[5S,591 

(13) Cr(Co)5(NCSMe)["] 

(Ia) ~fac-Mn~co)3mH3)3 Imnn(co)~ 

US! [MJJ~(c~)~(NsoF~) 12[42,431 

(16) Fe(C0)~(C~H~N2)[ZgI 

(27) [Rh(C0)&.[~-(PhCON)2][224] 

(28) Rhz(CO)4(C22H22N&3441 

0 co 
C 

I 
F\ I 

OC 
=o 

‘Mil 
F N-q__ 1 

oc----- ~-F__---Mn~co 
ox ES’ 1 I CO 

6 \ 
F 

s 

(15) 

n 

I 
oc- Rh-0 

\ 
\ 
C-Ph 

/N-N 
/ 

Ph-C 
\ \ 
O- Rh -co 

I 

5 
(17) 

(18) 

Referencesp. 393 
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CarbonyZs containing P- OF As-donor Zig& 

(20) ~Cr(CO)4]2[C4F2(PPh2)4][4081 

(21) Cr(CO)4(C32Y2~03P2)C40~1 

(22) Cr(CO)5L.<AsCH2)3CMe]r573 

(23) Mo(C0)4C[Cy2PC~F2)2]23[4131 

(24) Mo(C0) (dppe)2[4781 

(2.5) Mo(CO)(N~)(dppe)2[~~~' 

(26) Fe(C0)4[~FNMe(CH2)2P3Me][351 

(27) Fe(CO>~[Cy~Pk:C(PCy~>CF2~F~]r388J 

(28) Ir(bta)(CO>(PPh3)p 14451 

(29) [%{Ni(CO)(np3)).%{Ni(COMe)(np3))]BPh+ 

OC-Cr--0 

Me 

(22) 

CO,Et 

Ph 
(21) 

CarimqZs containing Group VI-donor Zig& 

(30) Cr(C0)5(thf)[471 

(31) Cr<CO)S (C~H~SO)c451 

(3.3 NEtt,[W(CO) 5(CF3COCHCSthienyl)]c116] 
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(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

I 
(35) SMe 

(36) 

Phz 
7‘0-Re 

(CO), 

? d 

(oc)4Re-o--PPh 
2 

Ph 

b- 
Ph oc 

(38) 

CCLPbO?ly 2 h&rides con-hining Group V-donor Zigands 

($1) HMI-I(CO)~ (PPh3)2[426] 

(42) Hosc1(co)(Pcy3)(soz)[4~71 

Carbon~Z hatides containing ~raup V-door Zig& 

(a31 TcC~~(CO)(PM~~P~)~[~~~~ 

(44) ReBr3(C0)2(bipy)[g2j 

(45) RepBrp(C0)6(P2~h,+)[~7~] 

<d6) RuC~<O~CP~)<CO)<PP~~)~~~~~] 

(47) O~Br2(CO)(diars)2~~~~~ 

r 
(48) ~C~<CO)[~l(~2CH20)(CH2CH20)frPh]C127] 

<es) rrCl(CO)[But2PC_C<c2)gC_CPB~t~][3so] 

Referencesp. 393 

Me2 
/ 

P-O 
\ 

(OC),Re 
‘O-P’ 

Re(CO), 

Me2 

(37) 



Mf? 

Me 

(44) (47) 

CazbonyZ halides cowtainiq Group VI-donor Zigands 

(5Oj Re~Brp(COj2(thf)2[1511 

(5'1) RezBr2(CO)6(S2Me2)t321 

(52) ilpe(CO)~(P~feepPh)(SMe)12(~-H))PFs[3011 

(53) Rh(acacj(CO)(PPh3)[3191 

(54) Kh(ttacj(CO)(PPh3j[3511 

(52) 

Lmiocarbony zs 

(55) Cr(CO)5(Cs)[231 

Se Zenocmbony 2s 

See: 318. 

Isocyanide cmplaes 

(56) Cr(CNPhj6[43g] 

(57) [MoBr(CNButjS]~r[3821 

(58) [RLIHUXBU~) 51 [Me2C2B4H5]C1581 

(59) {co(cNCSH~F-~~~CP(O~~~~I~~BF~[~~~I 

See also: 63, 124, 132, 207, 213, 272, 319, 360-.X?, 380, 402, 509, 520. 
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- Cmbene complexes 

N,M =2 
PjHMe 

Ph 

(60) (62) 

Me 

(63) 

(64) t_nav~-RuClz(C~Et)4[3721 

(6.5) CiS-PtC12[C(OEt)CH2Ph](PMe2Ph)[234! 

(66) t~aa~-~PtCl{C!EMe2)[(CH2)30H])(?PL2Ph)2]~~6~3u41 

See also: 60, 117, 119, 235, 255, 281, 282. 

Carbyne compkces 

(67) 

(66) 

(69) 

(70) 

(71) 

(72) 

(73) 

See also: 261, 369. 

CompZexes with M-C o bonds 

HomoZeptic alkyls, vinyls and aryls 

(74) V<C6H$e++[4143 

(75) Cr[CH(SiMe3)2]3[2g21 

References P. 393 
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(76) Cr(CPh:CMe&.,[431] 

(77) [Pd<CH$Ph),]~[487] 

(77) 

_AZ?GJZS, viny& md am~2.s con-hinirz other Ziganck 

(78) 

(79) 

(80) 

(81) 

(82) 

(83) 

(84) 

Ar 

Me3P HZ 

Me3P -SiMe3 

Q??e3 
Me,Si 

I /= 
‘C-Ma 

H2 

/ 
t4+3u' 

’ ‘7”’ Cl 

‘Bu SiMe3 

(80) Ar = 2,4,6-Me,C,H, (81) 

PEt,Ph 

Ph 1 
-,Rs -Ph 
Ph 

I 

PEt;?Ph 

(84) 

(85) Co[CH2C(O)~e](tpp)[~~~] 

(86) CO[CH~C(O)M~] (OHp) (Fsalen)[2531 

(97) co [CsH4(CN)sPh](iti) (dmg)p[3461 

(88) CoC1CCH(NCSHS)COph]<dmg)2[~67] 
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(89) [Co2(C02)2Kz(thf)2(Prsalen)&~48z] 

(90) [RhC1BrMe(CO)(PMe2Ph)]~~27v] 

(91) NiPh(OCWh:CHPPh2)(PPh3)[453] 

Ph 

CoCpr-salen) in (89) 

(89) 

fh 

\ 
Ph,P -Ni- pp", 

\ i\ 
O-&_._._&H 

C 
ph 

(92) 

(93) 

(94) 

cm 

(90 

(97) 

(98) 

(99) 

(100) 

(101) 

(102) 

(103) 

tram-Pdc1(CozMe)(PPh3)2[422] 

I I 
PdC1[C:CHC(o)c(:CHCOg4e)N(tol)](PBt3)2[34v] 

PdCCqPh(tol)4](acac) <PMepPh)[4561 

CPtMeIPMe2(C$g) 13 EPFp51 

PtapC <Ph2PCH2) 3c~] [4491 

tiQm-PtH(CHqCN)(PPhS)2[421] 

tra=+PtC1(CH$N)(PPh&1421] 

cis-Pt(CF3)2[PHe2(CgFg)12 12251 

(PP~)~~s-PtClz[C(C02Et):CC1<C02Pr~)](CO))[64] 

n3s_ptC1,[C(~~~t,)rCMe2](PPh,)[359] 

trans-PtC1(C2Ph)(PEt2Ph)21368] 

(9-l) 

References p. 393 
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(92) 

Et3 P 

I 
Cl-Pd 

I 
Et,P to1 OMe 

(94) 

Ph 

(104) cis-PtCl(tol)(PEt&242~ 

(105) b?-PtCl(C6Fg)(PEt3)2 12421 

(106) P2CHo;)](PPh3)$4331 

See also: 125, 740, 243, 250-252, 254, 255, 266, 266-290, 345, 363-369, 

371-378, 385, 424, 460, 576. 

(107) [MoC1(COCH~SiMe3)(C0)~(PMe3)]~[1801 

(108) ~~~-R~[C(O)M~I~C(NHP~)M~](CO)~~~~~~ 

(109) IRu~C~~(COE~)~(OH)(CO)&~~~~] 

(110) [Ni(COMe)(np3)]BPh~,[~~~1 

(111) ~?dNi(cofW(np3)).~i;ENi(CO)(np3))]BPh4/448~ 

See also: 266, 275, 291. 



309 

Me3Si 
I 

I 

(107 1 

CheZate yZid cmpZexes 

(112) Ti2[(CH2)2P~le2]2(OHe)6[1593 

(113) Ni[(CH2PMe2)2BH2]2[l14] 

(114) AuMe2[(CH2PMe2)2CH][39] 

(115) A~feZ[(CH2P~Xe2)pN][39] 

(116) [Au(CH~>~P(CH~)~]~[~~~] 

See also: 244, 367, 370. 

(112) 

Camp Zexes containing the Zuting o-bonded Zigands 

(109) 

References p_ 393 
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a31 I~~oc~H~~o~ 1 cpy) (PEAR) 1374 I 
I 1 

(mf) I~(cNMe) CCH,~2~H~t~,~~(o~)b][~~g~3(~~)(p~ut2)][3941 

r 
(125) pt(C6H4~Ph2)[C(CO2~~) :CH(C02Me)](PPh3)[4411 

See also: 201, 245, 246, 379,516. 

Me 
N 

Hr 
Me 

(1201 (124) (725 a) 

KetaZZocycZes 

(126) 

(127j 

(128) 

(129) 

(130) 

<I311 

(132) 

(126) 

Me 
\ 

Me 

0 

PMe,Ph 
0 

Cl 

Cl e / Rh/oH= 

I ‘Cl 
0 

PMe,Ph 
(128) 
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(133) 

(234) 

<I351 

(136) 

(137) 

r 1 
Pt[CH(CH:CH2)(CHp)2CH(CH:CH2)](PMe&811 

Pt[C911Ph(CN)3(C02Et)l(PPh3)2C46g1 

Pt[C#Ph(CN)+](PPh3)zr46g1 

Pt~CPh:CPhC[:C<CN)~]}(PPh&[47g1 

[Pt{CPh:CPhC[:C(CN)2])(PPh3)]2147g1 

See also: 203, 248, 249, 397, 447. 

0 
Ph3P 

\ /-f 
Pd 0 

/ 
Ph,P 

(129) 
C Ph 
N 

N T> I N 

cu 
: 

! I\ : 
H 

- , 

B (141) 

Ag 
‘. 

“7 “‘3 O\ 

0 -4 

(142) 

References p_ 393 
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OZefik-metaZ ?mZide cortpZexes 

(143) RuClz(CO) (C2Hk)(PMe2ph)2[2571 

(l46) HhclCB&P(CH2)$H:CH(cHZ)2pBut2][3051 

(245) Hhcl[phzp(CH2)~PPh(CH2)2cH:CHz] 13321 

(106) NEt4(PtC13[CH2:CH(oEt)]}[141 

(147) PtC13(CQH12N2)[151 

Ph 

(145) (150) E =0 

(151) E = S 

See also: 155, 156, 211, 300, r8I. 

A Ikyne camp Zeses 

(153) W(c0)(C2H2)(S2CNEt2), [A311 

(154) Fez( (Ph2PQBu ) t 13411 

(155) Rh(C2b+) (C4Fe) (acac)r751 

(CO), 
Fe , ‘. *’ .\ 

PhZp’ 
c’-- 

-c\ 

/ 

& 
(154) 
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cl=) m<C8Hl4) (Ct+F6) (ZE3C) 12201 

(157) RhCl(co) [Bu~~P(CH~)~C-C(CH~)~PB~~~][~O~] 

See also: 259. 

COWz=eS conkzining n2-cyc Zobutadienes OF q2aenes. 

(158) (Rh[p(OHe)~]J[PhP(CgHq)2crlPh,])c104[450] 

(159) Pt(C,,F,,)(pph,),[462] 

(160) Cu(en)(CO)(PhBPhg)f357] 

P(OMe13 I 

F2 

(159) 

CmFZeres containi??? s2-heteroatm ZigarJs 

(161) Ru[~2-tolN:Ctollc1(co) (PPhj)2[474] 

(162) [Ni(n~-NXPh)(PPh3)]414g51 

(163) Fe(s2-S:C~fe2>(~~)2(s2mk2)[363 

(164) pe(s2-S:CS)(CO)2(P&3)(pph$[3z1] 

(765) 0s(n2-S:Ctol)(Q2CCF3)(co)(PPh3)~461] 

Ph 

Ph 

(162) 

,’ 

(160) 

Referencesp_393 
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(167) Fe(n2-PhAs:AsPh)<C0)~[1g0] 

(168) M&+O:NPh)<O)(hmpa) [CgH3<C0&N][2581 

(169) Pt(r12~S:NC~H~Me~)(PPh~)2c4551 

(170) RuCl(nZ4tSO)(NO) (PPh,),[4'o~ 

See also: 107, 267. 

P(NMe213 

(168) 

(ql + q2)-Ligands 

(171) (ppn) [Fe(C0)3 (C7H705)] 1561 

(172) Pd[CqPh(tol)~](S2c~i2)[4561 

N 
Pri 

Ar=disordered Ph, tol 

(172) 
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- (177) 

(278) 

(279) 

<180) 

(181) 

(282) 

(183) 

(184) 

(185) 

(186) 

(187) 

See also: 272, 273, 277-279, 371, 388, 399, 400. 

P(OMe)3 

(OC~,CO -q! 
_’ ti( ,-. :~---co (CO)3 

*. 

(179) 

~MeOS~P](OC)go---’ :w;--CO~CO&[PtOMe&] 

0 

(1751 (180) 

Cl 

Half of molecule Shown 

(183) 

\ 
PPh3 

(182) 
(187) 

Referescesp.393 
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n3-Heteroatom Zigand 

(188) MDO(S~CSPr~)pS~ 

n4-LIGANDS 

(789) Fe(C0)~(PPh3)[C(0)C(OMe)C(CO+)CH~113543 

(190) Fe(CO)3[C(0)C3~h3][3271 

(191) Fe(C0)3[C(0)NCy(JPh~HCHPh][3301 

(192) Fe(C0)3(C10HgN303)[1181 

(192a) F~(CO)~(C~H~CNN)~~~~ 

(193) P~(CBH~~)(PM~~)[~~] 

(189) 





31s 

(207) Fe(C0)2(~Et)(CgHg)["l 

(209) Fe(CO)3(CgH6Me20)[1461 

(210) Fe(CO)S(C9H6Me2S)[1461 

(212) Fep(C0)7(CsHsO)[164] 

(212) [Fe(CO>~32[C~~H2a(OH)21[z723 

(213) Fe(CNBut)3(ButN:C:CPhCPh:C:NBut)[3611 

(210) [RuH(C~H6)(PMe2Ph)3]PF6[371] 

See also: 274, 386, 387, 394. 

Me 
0 

(209) E =O (2111 

(210) E=S 

CycZobutadiene camp 2ere.s 

(2Z5) Xo(Co)2(CqPhq)214881 

(216) Fe(C0)3(CgH60)[g11 

See also: 256, 258. 

Ph Ph 

(213) 

(216) 
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ll5-LIG.ANDS 

CycZopentadienyZs 

(217) CMn(C5H5)&$62] 

(218) MII(C~HI,M~)$~~] 

(219) Fe(C5H5)2 (thiourea clathrete) 1603 

(220) [Fe<C5H5)2]FeC1b[61] 

(221) [C~(C~H~)(C~H~CO~H)IPF~E~~] 

CycZopentadienyZs tith anionic Zigand. 

w?Z) 

(22.2 

(224) 

(225) 

c226) 

(227) 

(228) 

(229) 

(230) 

(231) 

(232) 

(233) 

(231) 

(235) 

(236) 

(237) 

!222) (226) (231) 
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(244) (247 1 

(25%) 

CyclopentadievryI ccqhxes conLbzining CO, PRx or CNR ligands 

(259) 

(260) 

(261) 

(262) 

(263) 

(264) 

(26.5) 

(266) 

(267) 

(266) 

(269) 

(270) 

(271) 

(272) 

(273) 

(270) 

References p. 393 
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Ph Me 
1 / 
N=C 

co 
/ 

c 

-MO--CO 
.--. __* 
:, - 
-I \ 

P(OMel3 

(265) (266) 

Ph 

C-1 -(268 1 t-1 -(269) (270) 

(275) 

(276) 

(277) 

(278) 

(279) 

(280) 

(281) 

(292) 

(283) 

(284) 

Lx35) 

(286) 

(287) 

(288) 

(289) 

(290) 

(291) 

(292) 

(293) 

(29ll) 

ME- 

\ ,Ph 
7.N 

, t’ 
, I 

oc : ,= 
‘MO-CO 

, i 
Q ,--,-., .--____. 

(267) 
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=‘Me / 
Ph 

(+I -(271) (272) 

Me 

FJC Me 

(274) 

0 

. - -_ (I : : *.__* 
w-_ :.. ,c// ;: 

OC 

% 

’ I - 
/ 

(279) 

(273) 

‘; 
=f;-lb 

~C5H5)~OC)*M”‘~‘M”~CO)Z(C~H,) 
EXa b c 

(283) As Cl 110 108 142” 
(284) Sb Ph 110 110 1409 

PhJP /yc-0 

0 H2 

-6 - 

oc4~ 
Phg p,CH, 

:+) -(289) (+I -(290) 

(295) [Fe(NCMe)(dppe)(CSHs)1Bph4[399] 

(296) RU(CO) <sc~H~M~-~-sc~H~M~)(c~H~) L2691 

(297) [Co(CO)2(C,H,PPh,)l[co(co)~]~~61 

(298) CoC12(PPh3)(CgMe,+Et)[3751 

(299) CO(CS~)(PMe~)(C,H,)~5~~ 

(300) Rh(C$i4)(PPh3) <C5Me5)[3a11 

(302) Ni[Ph2P(C403)(C5Hs)PPh2](C~~~)[4zo] 

Me 

(296 1 
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A large number of other complexes also contain q-cyclopentadienyl groups: 

312, 315, 328, 338, 412, 423, 419, 422, 425, 426-447, 452, 454-458, 462, 483, 

499, 524-527, 537-539, 542, 544, 545, 551-553. 

M e3 P 

(299) 

(302) Fe(C#&~)2[235] 

(303) Fe(C~&~)~[235] 

(304) FdC=$I2[ (CH2>3]$5H2> 12551 

(305) Fe{ (CH2)3CgH[(CH2)3]2CgH(CH2)3}[3001 

(306) F~I<CH~~~C~I<CHZ~~I~C~<CHZ~~~~~~~~ 

(307) [F~$X~]BFL,[~~~] 

(308) [Fe(CSH4Li)z(CgH23N3)]2 14251 

(309) [Fe(l-~2N~2-2-AgC5rr3)(CgHg)]4r4761 

See also: 71, 256. 

f!Ji 

Ph P’ 2 ‘PPh 2 

0 

ti 

\ 

0 

0 

(301) 
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(306) 

Other c~Zexes containing 17 =- Zigam& 

(310) Cr(C0)3(C18H1~0S) (isomer 1) 12821 

(311) Cr(CO)3(CleHl60S) (isomer 2) 12821 

(312) h(co) 3]2(Clt+H#?2) 12g51 

(313) ~~P~(CO)~~P(OPh)~])~<~'-C~~f116)](PF~)~~485] 

(314) IF~(CO)~(C~~~~~O)]PF~~~~~] 

See also: 341_ 

References p_ 393 
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(312) (313) (314) 

n5-Ke~eroatom Zigand 

(315) ~~(CO)~CC~H~NR~(C~)~<C~H~)~~~~~~ 

(316) Mn~Co)~r~~C(O)Phl~~~~1 

See also: 536-539. 

oc --MA 

OC ‘\ 
C 
0 

n6-LIGANDS 

Arene cmptexes 

(317) 

(318) 

(319) 

(320) 

(327) 

(322) 

(323) 

(324) 

(325) 

I 

/M"-Cg 
oc ’ 

C 
0 

(316) 
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(320) 

OH 
Me- 

6Me 
(324 1 

(326) C[~(PhMe)]2(~-SMe)4)(BPh~,)2[23g1 

(327) [RuC~(NH,)~(C~HS)JPF~[~~~' 

See also: 334_ 

Other ~~-ligam& 

(328) Mn<C5H4Me)(e;l;o-C7H7Ph)[2561 

(329) Cr(CO),(C19H,,)11261 

(330) Cr(CO)3<C11Hl~02)~z3g~ 

(331) M~~~<CO)~(C~H~CHM~COIQ)[~~~] 

(332) Cr(C0)3 (C13H19)[20s1 

NEt2 

(323) 

MO 
:co13 

(331) 

Referencesp.393 
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Me 

(CO13 

(332) 

,Me 

ri7-LIGANDS 

(333) M0(NCS)(acac)(C7H7)[~~~1 

(334) Mo(n6-PhBPh3)(C7H7)[3521 

(335) {[Ho(~-OH)(C7H7)14)[(C7H7)~Io(~-C1)2(~~H)~(C7~7)]C1[150l 

See also: 403. 

@a MO OOH 

[K,H,) MO (P-OH I], [~C,I-i,) Mo(~-CL)J~-OHI MO(C,H,I] 

(3 3 5) 

(336) ~N~(~hf)~(C~H~>l~Nd(CgHg)21E2021 





C C 
0 0 

I L L’ 

(347) 

I 

PMe3 CO 

(348) co PMe3 

Coordrnation 
about cobalt 
in (350) and (351) 

BINUCLW TRANSITION METAL COmLEXES 

(354) (ppn)[Crp(CO)10(u-H) lr5’l 

(355) (ppd [Feq(C0)8(u-H)][28] 

(356) (CsHs)Nb(FL-H)Fe(CO)s[167] 

(357) [Pt(~-H)(siEt,)<Pc~~)]~[~~~] 

(358) [Co(CO)2(nbd)],[228] 

(359) 
b 

{Co<C0)3[PhZPC:C(AsMe2)CF2dF2])2[440] 

(360) Fe2(CNEt)91361] 

(362) [Rhz(CNPh) 8 1 (BP&) 2 [484l 

(362) [Rh212(CNto1)8]:PFs)2[4g21 

Me 

Coordination about metal 

::a:: 

F2 
!i!c2 

2 

(361) R=Ph. Xnot present 
(362) R=tol, X=1 



331 

MetaZ-metaZ boozed aZkyZs, aryZs, etc. 

(363) Mo$feq(NMe2)+[661 

(364) [Li(oBt2)]4[W2Me8]r2g0] 

(365) [Li(thf)]b [W2Me&lfj-xJ[2g01 

(366) ICr(CHzSiMe~)(P~feIe3)]2(~-CH2SiMe3)2[248.308] 

(367) [M0~(CH2SiMe3)2(PMelej)3][p-(CH2)~SiMep]~~~~] 

(368) [~Io((CH~S~~e~)(P~~e~3)1~(u-02~~e)2~248] 

(369) IW(~-cSiMe3)(CH2S~le3)2J2~325] 

(370) Cr2[(CH2)2P~fe2]4[210] 

(371) [Ni(u-~~e)(C~Hg)]21~~~] 

(372) [Pt2H2Ph(PEtx)h]PFs[384] 

(373) CrZ[C6H$fe(OMe)]4[3g2] 

(374) C~Z~C~H~(OPI~)~]~+ E3933 

(375) Mo~[CSH~(ON~)~]~~~~~] 

(376) Crz[C6H2(OMeie)3]k[3g3] 

(377) [Li(OEt2)]6[Cr2(C6H~O)~]Br~[466] 

(378) (Cr(CsH40But)(02~Ne)]2~323] 

(379) W~(CO)~[N(~~)CHN(X~)]~CCH~N(X~)CHN(X~)][~~~~~~~] 

Me,SI 
(366) 

Me 

-. 
: 

_-: 

i 

.:. 

Me 

3 

R = CH2S1Me3 

(367) 

Et3 Et3 
D D 

Ph -it_, ‘I -Pt-H 

I \ 
P P 
Et3 Et3 

R = CH2SiMe3 

(368) 

References p. 393 
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(40s) Fe,(CO>6(dad>[275] 

(407) Fe~(CO)~[tolNC(0)S][llgl 

(408) Fe,(CO),(CSFsPCp2)[3111 

6U'O, 
MO- - MO 

,OBu' 

EU'O' '0' 

\/ 

'013Uf 
But 

(402) (404) (406) 

F2 

Fe-Fe 
(OCl3 (coj, 

(407) 

----Fe 
cot?, (CO)3 

(408) 

(409) IV(PPle2)(C0)k]2[97] 

(410) [Cr(PMe2)(C0)t,]2[g71 

<Cll) CMn(PMeZ)(CO)~]~ 1971 (no Mn-MI-I bond) 

(412) Crz<As~leZ)(C0)7(CgHg)[144] 

(<I31 Mo2<H)<PHe2)<CO)r,(CgHg)2[76] 

(416) Fe2(PPh2)(CO)6[CC(PhCy2)Ph][402] 

(415) Fez(PPh2)(C0)~[C(NHCy)CHPb][3g1] 

(416) Fe2(PPh2)(CO)~[CHC(mcy)Ph][x91] 

I 
(417) Fez(PPh~)(cO)6[CPhC(CN&CH~CH2~)]~386] 

(018) Fez(PF2)(CO)(PF2:~~le)[(PF2)z~~e]9[17] 

(419) F~~(PF~)(M~N:PF~)I(PF~)~~~I(c~H~)~[~~~] (no Fe-Fe bond) 

(420) [Fe(Pe)(~o)~]~[~~~] 

(421) Fe2[PhPCr(CO),](cO)~[249] 

(422) Co2(PXe2)(CO)~(C#5)~73] 

(423) CCO(PM~~)(CO)~]~~~~~] 

(424) Pt2(PPb2)Pb(SNCsH2~e:eN)(PPh3)2[4g11 (no Pt-Pt bond) 



/x\ 
(oc)~Fe\;/e(co)j 

Ph2 

(414) x = c=c< 
Ph 

PHCY, 

(416) X = C-C< 
Ph 

NHCy 

X-Y 

/ \ 

(oc)3y--/Fe(co), 

Phz 

CyNH 
(415) X-Y = %C-C,HPh 

/ 

(417) X-Y = (-NMe 

M2’: 
/Ph 

,c=c \ 

(419) 

F2’\ /F;2 

tie 

(418 1 

Me2QJC)Me2 
coo,Fe- Fe(co), 

Ph3P 
f-2 
P 

‘Pi’ ‘pt 
APh 

5’ \N’ ‘PPh 

I 
3 

N 

(424) 

(425) vz(CO) 5(C5Hg) 2 11661 

(4%) [Cr(CO)Z(C5H5) lz [1401 

(427) ~Mo(CO)~(C~H~)]~ [142] 

(428) [Mo(CO)2(CgH5)]2(c3Hr() c2171 

(329) 0~ro(CO)2(C+5) 12(C2H2) r1941 

(430) [W(C0)2(C5Hg) 12(C2H2) Cl951 

(431) b(CO)2(C5H5) 12(CzEtZ) [lg4] 

(432) bfo<CO) 2(C5R5) 1 2(C2Ph2) [lg4 1 

(033) [Cr (C5H5) ] ~(IJ-CO) (wC4Ph4) 1353 9 381] 

(434) ICr<CgH5)]2(CaH8) [229j 

(420) 
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(435) [Mo(CgHg)l~{~‘-C~H~IC~(C0~Me)213~138@1 

(436) [Mo(COl 2(C5H5)12(NC~fe2)c2183 

(437) [+~o(CO)~(C~H~)]~(I.I-SP~)~~~~~~ (no No-?-m bond) 

(438) [Cr(NSiMes) (CgH5) ]z(u-NSiMeg) 2 13061 

(439) [Mn(C5H5)]2(~-N:NSiMe3)2r307] 

(440) t~ars-[Fe(CO)~(C5H5)],cr4s1 

(44i) [Ru(CO) 2(C5MeqEt) I 2[348] 

(&2) [Fea(CO)3(CSEt) (CgH5)21BFq c2001 

(463) [Fe_~(Cti> ;(SEt) (C$IS)21BPh+ Cl701 

<844) i[Fe<CO>2(C5H5)]2SEt)BFq[507 

Ph 

:--. 

Q 

_- 1_ : : : 
.._’ 

(433) : 
oc I 

‘MO - MO 

rtieoZc 

CO$le 

Me02C :I _: CO,Me 

@----M> 3 

I _: 
, : 
I :- \ : : 

I-. 
_ ‘--MO----!; 

, ‘. I 
\ .._ 
I -_. (437) 
1, . . 

PvieO,C 
COzMe 

(435) 

NMe2 
.\ 

(436) 

Me353 

\ N’ 

SiMeJ 

Me,Si 
\ 

./ 
Meg% 
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(445) [CO(CsH5)]&C(CO+)C+Ph&H$O~Et][45g1 

(dd6) ~Rh(CgHgMe)]2(~-CH:CH2)(~-CMe:CHMe)[3471 

(467) Ir2(C4F~H)(C3F12)(C0)2(CgMeg)[3151 

Me 

(445) (446) 

C, CLUSTER COMPLEXES 

CLUSTERS CONTAINING MAIN GROUP ELEl+ENTS 

(448) ~~~(C0)~[P-sn~C1)Mn~C0)~1~~~~~~ 

(449) Fe3S(CO)g(SNF5ut)C11g1 

(450) Fe4S(CO)12(CSNMg2)(C~~2)c2261 

(d51) Co3(CEt)<CO);t(nbd)12151 

(452) Co~(C~e)(C0)~(C~H~)~tlg81 

(453) c<co)gco3c12s2~~331 

IOC)5Mn, (OC),F~--S 

=” \ / 
‘Mn(C015 I I 

‘S- 1FeKZO13 
t,NF-Fe/ 

BU (CO)3 

(448) (449) \ 
NMez 

(450) 

(451) (4523 
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338 

TR4NSITION METAL CLUSTER CONPLEXES 

3-atom cz7Asters 

<<SO) Re3C13(CH2S~f~3)6[3261 

(461) (h~t4)2[HRe3(CO)12][13] 

(G=62) Fe3(CO)7<HC2Et)4[312] 

(4,531 Ru~(CO)~Q(V-NCO) [I.+-NC(CH~)~]~~I~~ 

(864) Ru3(C0)6(C12H20)(C12H20CO)[387] 

(465) Rx13 (CO) g [ (Bu2P) 3SiXel E4041 

(C66) HRu~(CO>~,-J(SCH~CO~H>[*~] 

(467) HRu3 (CO>g (CyHqNS2) [186] 

crc.9 Osg(CO) 11 CP(OPfe) 31 [1371 

<rgg) os3(co)~moo)~rP(o~fe) 31 r711 

Me, S,! 

Me3 Si 

(460) 

6 

(462) 

(463) (465) (466) 
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(470) 

(G73) 

(472) 

(473) 

($74) 

(475) 

(476) 

(477) 

(478) 

(479) 

<480) 

(082) 

(482) 

(483) 

i 

0 0 

(COls 
\ 

H<fgs(co)3 

(CO)3 

(477) 

OS-H-OS mat LOCated 

(478) 

P-atom clusters 

(484) (~t4)zCRe~(CO)16].~NEt4[trans-HzRe(C0)4J~13] 

(485) Fe4 <CO) 11 (HQE~)~ f2511 

(M6) H4Ru4<CO) ,,1go1 



(487) (ppn) [H~Ru~(CO) 121 (2 isomers) 1881 

(488) &RuL, (CO) I o (PPhx) z[4571 

(a891 H4Ruq (CO) IO (dppe) c40g1 

(490) H30s4(CO)~21 1861 

(491) NMet+[H30sb(CO) 1p_lLs7’ 

(492) (ppn>2[H20~~(Co)121~~~’ 

(493) H30s4(CO) II (C$3) [31 

(494) Ir4(CO)1211153 

(49.5) (ppn) 2 IH2Ir4 <CO) 10 I[531 

(096) PPhq[Irq(CO)IIBrl r831 

(497) Ir4(CO)S(CsHL2)2(C6HIo) [3761 

R : H, Et disordered 
(485) 

H not located 

(490) 

Br 

(496 1 

(CO), 
Ru 

y3 

H H 

/\ 

I 

/%I~ 

IOC), Ru 
H 

Ru(CO), (OCl,Ru H 
Ru (CO), 

isomer 1 isomer 2 

Ru-Ru bonds bridged by H indicated 

(487) 

CO bridging Ir’--I+ omitted 

(497) 

(CO13 

0 Ir 
C 

\ 
I 

oq.&r~~:co i\ 

OC--jroti ? 

(495) 

, 
E E E =C02Me 

(498) 
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<ggm IQ (CO)* IC2(C0$JE-)2]4E3901 

(gg9) H3Nit+(C$i5) 4 1237] 

(500) Pdt, (CO) 4 (ok) ,+ [~o~,lo2l 

5-atom cZusters 

(501) H20S~(CO) 16 Ii841 

(502) (ppn> lH0.s~ (CO) 151 [I621 

<5i)3) ~ppn~~Os~<CO~~~Il~l*z~ 

(SE> HOS~C(CO)~~[OP(O~~)OP(OM~)~][~~~~ 

(505) HOS~C~CO~~~[OP(OM~~~~~~~~~ 

(506) OS5(CO)1~(POMe) [1851 

(507) Pts(CO>6(PPh&r4g33 

(504) 

6-atom chsters 

(505) 

(506) 

(508) H205-6(C0)18[3' 

(5o9) 0S6(CO)16(CNBut)2'33gy3401 

(510) 0S6<C0)18<CNtO~)~r33g~40~1 

(511) Os~(CO)~&xe)~~2623 

(512) 0s6<C0)16(CPh)21377J 

(513) 0S6c(c0)16(c2~2)'2621 

References p. 393 
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R 
(511) R=Me 
(512) R=Ph 

toc~30s_o’5”0~4 

/w 

y . . 
CA0 

,os(co)3 

/ 

-20j 

A \ (CO13 
A(.%. 

coa3y / 
Os(CO)3 

\I/ (ocp\ OS 

(CO)3 

(514) 

S 

4’ 
2N H 

cu.’ 
(oc,2co- ~,c0(c0), 

\‘co(co’2 

’ b’ _.-ip 
f 
-cu 

COo,C~~ 7 COPZO), ,\‘/ ------+u~c~c-_R 

/ 

I 
(OCpJ CU 

\\ 
S 

(515) 

Only one p3-alkynyl and 
one p,-Me,NC,H, group shown 

R = p-to1 

(516) 
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(514 <ppn~lHOsg~C0)~~0~cOs~(c0)17]~363] 

(51.9 c0&(s)z<co)12~~33] 

(516) Cug(C2tol)2(CgH4NMe2)4[471] 

CZusters containing 7 to 17 meta atoms 

(517) Ir7(CO)12(CBH12)(CBHll)(CsH10)[411] 

(518) [NMe3(CH2Ph)]2[CogC(CO)18][260i 

(519) Rhlp22<CO)25[362] 

(520) (NEt4),CRh,,(CO),,][337] 

(521) m5=4)3rRhls<co)271 c3373 

(522) [NEt3<Cf12Ph)]3[Rh17S2(C0)32][3g5] 

One terminal CO on 
each Co omitted 

(518) 

R h,& skeleton 

(5191 

References p_ 393 



(520 1 (521) 

0 Rh 

OS 

Rh17S2 skeleton 

(5221 

MixedmetaZ cksters 

(523) 

(52r) 

(525) 

(526) 

(527) 

(528) 

(=w 

(530) 

(531) 

(532) 

C-533) 

(534) 

(535) 
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Ph 
I 
P 

/ 
\\ 
#C)4 

Lp 
(oc)3Fe- o-Fe(co)3 

(523) 

Ph 
I 

(526) 

(CO)5 
Cr 

I 

A. 
(oa3co< -,co(co)3 I 

&, 
(5291 

PCY3 
/ 

oc -A 
'H 

/I\ \ __Aos(=O)3 
(OC)377 / 

H -%,3 

(532) 

(oc) 

(524) (525) 

(OC)3 
\ 

‘Re 
(CO), 

(528) 

(6Me13 

(530) 

o (CO13 
OS 

?/ ‘H 
Pt. 

‘\I 
Ph,P’k&O> Pt 

3 I -‘PPtl3 

oc 
(533) 

3CO’s attached to Co 

(537) 

6 P= 

(534) 

Pm3 

References p_ 393 
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METW OCARBORANE COMPLEXES 

(arranged in order of increasing polyhedron size) 

(i-6) 

(537) 

(538) 

(539) 

(540) 

(541) 

(542) 

(513) 

(544) 

(545) 

(546) 

(547) 

(548) 

(549) 

NMer;IFe(CsHs)(CBqH1a) 1 [=I 

(CgHg)ZFeCoC2B7Hqfg4] 

[(Ph3P)EW,BqH,,]&432] 

[C2Hq(NM=2)21PdC2BqH~L[401 

(Me3P)2PdCZBqH11[401 

(Et3P)2PtC2BqH11[1601 

I cl 
.L--‘--. -___ 

L%, 

Et._ByB.Et 

(537) 

(536) (538) 
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M =disordered CO,NI 

(542) 

(545) (546) 

Me3P\ /pMe3 
Pd 

References p_ 393 



348 

Me2 

(548) ML,= Pi”,, 

Me2 

(549) ML,= P:(PEt& 

Me 

M 
Fe 

I 

(552) (5531 

Da STRUCTURES ORDERED BY TRANSITION METAL 

SC: 566 (1). 

Ti: 79, 112, 225, 226, 227, 228, 229, 230, 231, 245, 246, 247, 248, 249, 

259, 454, 458 (17). 

v: 74, 254, 260, 409, 425, 574 (6). 

Cr: 12, 13, 20, 21, 22, 30, 31, 55, 56, 67, 68, 69, 70, 71, 75, 76, 236, 

263, 264, 265, 310, 311, 317, 318, 319, 320, 321, 322, 323, 324, 329, 

330, 332, 337, 354, 366, 370, 373, 374, 376, 377, 378, 410, 412, 421, 

426, 433, 434, 438, 523, 529, 584 (52). 
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MII: 

Fe: 

co: 

Ni: 

cu: 

Y: 

Zr: 

Nb: 

MO: 

Tc: 

Ru: 

1, 5, 8, 14, 15, 35, 36, 41, 83, 126, 217, 218, 227, 280, 281, 282, 

283, 284, 285, 286, 287, 312, 315, 316, 328, 339, 340, 347, 348, 380, 

PiI, 439, 468, 536 <34) . 

16, 26, 27, 40, 52, 61, 62, 63, 71, 127, 138, 154, 163, 164, 167, 171, 

175, 176, 177, 189, 190, 191, 192, 194, 204, 205, 206, 207, 208, 209, 

210, 211, 212, 213, 216, 219, 220, 289, 290, 291, 292, 293, 294, 295, 

302, 303, 304, 305, 306, 307, 308, 309, 313, 314, 347,.348, 349, 355, 

356, 360, 381, 389, 390, 391, 392, 393, 394, 404, 405, 406, 407, 408, 

414, 415, 416, 417, 418, 419, 420, 421, 440, 442, 443, 444, 449, 450, 

462, 485, 523, 529, 530, 536, 544, 545, 553, 573, 582 (97). 

3, 4, 59, 85, 86, 87, 88, 89, 179, 160, 222, 240, 256, 297, 298, 299, 

350, 351, 358, 359, 3S6, 397, 422, 423, 445, 451, 452, 453, 454, 455, 

456, 457, 458, 459, 515, 518, 526, 529, 530, 531, 534, 537, 539, 542, 

545, 551, 552, 575, 580, 583 (50). 

91, 92, 110, 111, 113, 162, 182, 301, 343, 352, 353, 371, 399, 499, 

538, 542, 558, 578 (18). 

141, 160, 516, 570, 586 (5). 

243, 568 (2). 

232, 233, 250, 251, 252, 253, 456 (7). 

356 (1). 

23, 24, 25, 57, 81, 107, 168, 173, 174, 188, 215, 237, 238, 239, 266, 

267, 268, 269, 270, 271, 272, 273, 274, 325, 326, 337, 333, 334, 335, 

338, 363, 367, 368, 375, 386, 402, 403, 413, 427, 429, 429, 431, 432, 

435, 436, 437, 526, 527, 563, 577 (50). 

43 (1). 
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