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

MICHAEL 1. BRUCE
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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 urnder 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 []) refer to the list at the end of the article. Only those
structures which are not immediately obvious from the formulas are
illustrated. Section D containa a summary of gtructures ordered by
transition metal “present, the entry unumber in Sections A, B or C being used.
It is 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, 68Z up on 1977, is a graphic demonstration

of interest in this area.

. .
Survey for 1977: M.I. Bruce, J.Organometallic Chem., 167 (1979) 361.
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Table 1 presents a summary of determined structures arranged by
molecular formula in order of increasing C, H 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 lower) temperature, this is shown in
the Notes column of the summary table. For convenience, this column also
indicates the few complexes studied by electron (ED) or neutron diffraction
(ND) methods.

Tables 2, 3, 4 and 5 summarise structural determinations on metal
hydride and borohydride complexes, nitrosyls, dinitrogen and related
complexes, and transition metal complexes containing tertiary phosphines as

the only ligands.

Electron and neutron diffraction studies

The only electron diffraction study reported was of the high~ and
low-spin forms of Mn(CSHqu)Z.[IOQ]

Neutron-diffraction work has concentrated on the location of
hydrogen atoms, and includes studies on Hf(BHA)Z(C5H5)2,[111]
{Fe[P(OMe)3]3(n3-Cgl;3)}BFy, where a strong C-H...M interaction was
confirmed,[zzzl and the cluster complexes HFeC03(C0)9[P(OMe)3]3[237’238]
and H3Niq(C5H5)q.[237] The reader is directed to the recent account by
Bau[527] 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
(ppm) [HCz, (€0) 11, [52) mio, (PMe,) (€O, (CsHs) 2, 176) Wa(CaHg) 3, 1322]
Hp053(CO) 10, 1) H2053(C0)10(CH) [68] and H,0s3(C0)1g(CoHS).[152] A
semi-empirical method for the indirect location of hydride ligands in metal

carbonyl clusters has been propossd by Orpen,[3] 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 H0sg(C0)1g and H30s,(CO)1;(CgHg) -
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Other papers of note

High angle X-ray data have been used in a detailed study of
[Cr(Csﬂs)]z(n—CaHa),[zzgl and the structure of trans-[Fe(C0)s(CsHs)]o has
been examined by X-ray and neutron diffraction at 74x.1181]  1n 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(PMey) (CO)y,], (M=V, Cr, Mn)[97]
shows a distinct shortening of the M-M bond distances, although the formal

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

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

AN N2 Ny
\/ \/ \/

M-M 2.733 2.905 3.6754
M-p-M' 70.8 77.6 103.1°
P-M-P' 109.3 102.4 76.9°

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

manganese,[259] ironl366,405,406] ;ng4 rhodium[l75] were reported. The
absolute configurations of a large number of complexes of the type

FeX(CO) (PPh3) (CsHs) [X = Br, I, Me, Et, PrR®, Bul, CHz-e-C3Hs, CHCl, CHBrT,
CHyI, CHpPh, C(0)Me, S(O)2R, CH3S(0),0men] have been deduced from correlations
with CD spectra.[406] 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[3261] begins with a discussion
of the correlations between electrode potentials, electronic spectra and
Mossbauer spectra and the number of trimethylene bridges. The structures of
derivatives containing three,[255] four{300] apg five (CH3) 3 bridges[333] were
described. 1In 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.
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Papers including useful summaries of earlier work include data for
32 allyl-metal complexes,[95] and for 13 compounds containing M=CR bondslh];
reference has also been noted to an article describing structures of 'new
types of m-complexes of tramsition metals".[3]

Interactions of organic ligands with zeolites have been described. A
silver-zeolite A complex, prepared by dehydration and partial decomposition at
400°/5 x 10~%® torr/4 days, followed by exposure to ethyleme (23°/120 to;r)
shows two unit cells: 46% contain an (Agh)g(Agg) system, while 547 chow an
Ag-C;Hy n-interaction.[sl The structures of cyclopropane complexes of
cobalt(II) and manganese(II) (M) in partially exchanged zeolite A (unit cell
stoichiometry MyNa;,Sij2Al;504g.4C3Hg) reveal long M-C distances of 2.81 (Co)
or 3.003 (Hn).[7] Further examples of metallocene phase transitions

determined from specific heat curves have been reported.[8]

Abbreviations

acac acetylacetonate

bipy 2,2'-bipyridyl

bgH benzo{clquinoline

bta benzotriazolyl

cod 1,5-cyclooctadiene

cot cyclooctatetraene

Cy cyclohexyl

dad 1,4-dicyclohexyldiaza-1,3-butadiene

diars 1,2-bis(dimethylarsino)benzene

dien diethylenetriamine

dmf dimethylformamide

dmg dimethylglyoximate

dmp 2-dimethylaminomethylphenyl
dnmpe 1,2-bis(dimethyliphosphino)ethane
dpam bis(diphenylarsino)methane

dpmH dipivaloylmethane



dppe
dppm
en

Fc
Fsalen

hmpa

mbt
men
Mepy
mes
nbd

np3

oep
pip
POP
ppn
Prsalen
1224

pz
salen
thf
tol
tpp
ttac
vi

Xy

1, 2-bis(diphenylphosphino)ethane
bis(diphenylphosphino)methane
ethylenediamine

ferrocenyl
N,N'-ethylenebis(3~fluorosalicylideniminato)
hexamethyl phosphoramide
imidazole

mercaptobenzothiazolyl

menthyl

4-methylpyridine

mesityl

norbornadiene

N(CHoCHoPPhy) 3

octaethylporphyrin

piperidine

(Et0) ,POP(OEL) 5

[N(PPh3) 1%
N,N'-ethylenebis(propylsalicylideniminato)
pyridine

pyrazolyl
N,Nf-ethylenebis(salicylideniminato)
tetrahydrofuran

p-tolyl

meso~tetraphenylporphin
thenoyltrifluoroacetonate

vinyl

3,5-xylyl
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A. ORGANO-TRANSITION METAL COMPLEXES

nl-1LIGANDS

Simple earbonyls and carbonyl anions
(1)  [fac-Mn(CO)3(NH3) 3] [Mn(co) 5] L12]
(2) [Re(CO)gl[ResF, 10241

3) [Co(salen)]zNaCo(CO)g(thf)[430]

(¢)  [Co(C0)(CsH,PPh3) 1[Co(CO), 1[16]

o
oc C
N/

—Co
QC N

(3)

Carponyl hydrides and bobohydrides
(5) Mn(B3Hg) (cO) 3110}
(6) NEtyleis-HpRe(C0)y]1[12]

(7) NEt, [trans-H,Re(C0)y4] ., {(NEty) 2 [Rey (cO) 1513 113]

H
| A
-~
H"'~E< \
o ‘ FK(B——}4
C A
CDC?"’i ~H
C
(@]
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Carbonyl halides

(8) [Mac1(c0)y],L41]
(9) Re(CO)sF.ReFs [18]
(10) (oepH3) [ReyC13(C0)g] [22]

(11) (Ph3PCH,Ph){RuClg(co) ][9]

Carbonyls containing N-donor liganrds

(22) cr(co) 5(NCNEL,) [58,59]

(13) cr(co)s(NcsMe) [25]

(19)  [fac-Mn(CO)3(NH3)3][Mn(CO) 511111
(15} [Mn(CO)4 (NSOF) 151425431

(16) Fe(CO)y(CyHyN,) (291

(27)  [RR(CO) 1, [y~(PheoN) 5112241

(18)  Rhz(C0)y(CzoHzoNy) [344]

(19) [Rh2(CO)4(CaaHpaMy,) IC10, [354]

OC——Rh—O

ph__c\/ \

O—Rh—-CO

a7
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302
Carbonyls containing P- or 4ds-donor ligands

(20) [Cr(c0)y12[CyF2(PPhy), ] [408]

(21) cr(Co)y(C3242503P) [408]

(22) cr(Co)s[(AsCH,)3cMe]l57]

(23) Mo(CO)y{ [CyoPC=C(CFp),]23[413]
(22) Mo(CO) (dppe),L478]

(25) Mo(CO) (N2) (dppe) , [478]

(26) Fe(CO)4 [PFNMe (CHy) sme] [35]

(27)  Fe(C0)3[Cy2PE:C(PCy,) CE,CF, ] [388]
(28) Ir(bta)(CO)(PPh3),[445]

(29) [%{Ni(CO) (np3)}.%5{Ni(COMe) (np3) }1BPhy

=
Phy th
P P O
% N /}3
)
C/ \ PhZ / \ COZEt
O P C
%S Ph, O
F'
(20)
Fa
Me Cy2
(OC)sCr—As Fa / =)
‘\\\\\ Mo(CO)
! / As 4
As—
Fs P
(22) Cy2
Fa

Carboryls containing Group VI-donor ligands
(30) cr{co)s(the) [47]
(31) cr(co)s(cyBgso) [45]

(32) NEt,[W(CO)5(CF3COCHCSthienyl)][116]
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(33)  W(CO)4[Buts(CH,),SBut][154]
(3¢) W(CO)y[Buts(CH,)3sBut][154]
(35) Mn(CO)g[u-SC(SMe) (NMe) ], [99]
(36) Mny(CO)g(mbt),[263]

(37) [Re(CO)4O0PMe,],[100]

(38) [Re(C0)402PPh,],[389]

(39)  [Re(CO)3(PMe3);],5e[247]

(40) Fe(C0)y(SC3Phy) [250]

SMe
|
S
Me C
~NF ~ (OC)3M/ A\ (con
n
C,
|~ N\ (CO; | < Me,
Mn Mn N ST N P—oO
e~~~ \ ~ 7 < e N
s N C (OC),Re Re(CO),
N N~me | TN -
C S o—F
| Me,
tasy  SMe (36) (37)
Ph
Pho
o
?‘O‘Re(c Y4 s
o) é \ o
Ré~o\§ Ph Oc _fpe—C
(OC)4 ph2 (:/
(38) a0y © Co

Carbonyl hydrides containing Group V-donor Lligands

(41) HMn(CO) 3(PPh3),[426]

(42) HOsSC1(CO) (PCy3) (50,) [417]

Carbonyl halides containing Group V-domor ligands

(23) TcCl3(CO) (PMe,Ph)5[334]
(44)  ReBr3(C0)(bipy) [92]

(45) ReyBr,(CO)g (P,Phy) [378]
(46) RuC1(0,CFh) (CO) (PPh3) 5 [452]
(47)  0sBr(CO) (diars),[289]

(48)  RhC1(CO) [NH(CMe,CH,0) (CHoCH,0) Bph][127]

(29) IrC1(C0) [But2PC=C(CH,) 5C=CPBut, ] [350]
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N Me2
N As M
\\ Br | E2
R \Os./’As
e A
/<;7 . TBr Mea L er
C As
o~ ar © © Mea
(44) 473

Carbonyl halides containing Group VI-donor ligands

(50) RezBrz(CO)Z(thf)z[lﬁl]

(51) Re,Br;(C0)g(SoMe,) [32]

(52) {[Fe(CO)z(PMeZPh)(SMe)]Z(p_H)}PF6[301]
(53) Rh(acac) (co) (PPh3) [3191]

(5¢) Rh(ttac)(cO)(PPhy)[351]

PhMe,P ;a//kigMi/ PMe,Ph

c | //'[e\\
O C
5 § o
(52}
Thioearbonyls

(55) cr(co)s(cs)[23]

Selenocarbonyls

See: 318.

Teoeyanide complezes

(56) Cr(CNPh)g[439]
(57) [MoBr(CNBut)g]pr[382]
(58) [RuH(CNBu®)5]{MeyCyB,Hg]I158]

(59) {Co(CNCgH,F-p)3[P(OMe) 31, }BF, [398]

See also: 63, 124, 132, 207, 213, 272, 319, 360-562, 380,

401,

509, 510.



305
- Carbene complexes

(60) W{(CO)sIC(OEt)CsHgCH:CPh,} (3551
(61) Fe(CClz) (OHy) (cpp) [468]
(62) {Fe(T0)2[(CNMey) 5 ](S,CNMe,) }pFg [80]

(63) [Fe(CNME)u(CsﬁlzNu)](PFS)Z[]'SG]

NM62
\ wkihAe
C \
TN M =
OEt J"S ‘ﬂMez ew: /9 N
4 cMe
SW(CO)s NS MeNCoge [T
\ 1N /e
>‘Ph o) cr ¢’ N NHMe
C . N Me
Ph © NMez Me
(60) (62) (63)

| SE— |
(64) trans-RuCly (CNEtCHoCHoNEE), [372]
(65) eis-PtCly[C(OEt)CHoPh])(PMe,Ph) [234]
(66) trans-[PtC1{C(NMe,)[(CH2)30H]} (PMe,Ph),]1pFg [304]

See also: 80, 117, 119, 235, 255, 281, 282.

Carbyne complexes

(67) trans—CrC1(CPh) (C0),[69]

(68) trans—CrBr(CPh) (CO), [69]

(69) (~)-trarns-CrBr[C(men)](co),[174]
(70) trans—CrBr[C(NEtz) 1(C0), [49]
(71) trans-CrBr (CFc) (CO), 1651

(72)  trans-WBr (CMe) (C0), [19]

(73)  trans-WI(CMe) (CO), [19]

See also: 261, 369.
Complexes with M-C o bonds

Homoleptic alkyls, vinyls and aryls

(79)  V(CgHyMez), [414]

(75) CriCH(SiMej),]1,[2921

References p. 393
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(76) Cr(CPh:CMe,), [4311

(77) [PA(CHSPh) 1414871

Ho Ph
C
Ph/ ™~g’/ cHz2

Hzci———Pd;\\S’//Akilp

Alkyls, vinyls and aryls containing other ligands

(78) Li(thf),{YbG1[CH(SiMes),]3}[291]
(79)  Ti(CHyPh) 2 [N(SiMe,NMe) »SiMe, ], [383]
(80) Ta(CgHaMe3) (CHBut) » (PMe3) 13351

(81) MoCL(CH,SiMe3)3(PMes) [180]

(82) NEty{W(CO)5{CH(OMe)Ph}}{120]

(83) Mn[C(CF3):C:C(CF3)2]1(CO)y (PPhy) [364]

(84) RePh3(PEt;Ph),L4241

Ar
Me; P H
C“SiM83
Me5P
e3 \Ta-’pMe3 Me3SI\C/MO
~
H\C/ \ Ho ’ cHz
/C\ CI [
tgy H Bu* SiMejz
(80) Ar‘=2,4.6—Me3C6H2 (81)

(85) ColCHoC(0)Me](tpp) [460]
(86) Co[CH2C(0)Me] (0Hz) (Fsalen) [253]
(87)  ColCsHy (CN),Ph] (imH) (dmg) o [3461

(88) CoCl[CH(NCsHs)COPh](dmg), 3671

Ph

PEt,Ph

~—Re —7PFh

PEt,Ph

(84)



(89)  [C02(C02) 2Kz (thE) 2(Prsalen) 5], (4821
(90)  [RhC1BrMe(CO) (PMeoPh) 1, [279]

(91) NiPh(OCHPh:CHPPh, ) (PPhs) [453]

NC cN
Ph cN
CN
N
Co
O;--H---0O ==
Me =N—_ /\N N O-‘C,)“S/\\
Me \N/CO/ —Me \CO/O Rt
76 N NIEATS A
TH-o  Me O\ K= 0 g
N \CloiN
@]
HN/
(87) (89)
Ph
o o \
Neg” PhyP Ni pPh2
7N \ A\
C=N N:C\ N e
Pr \__/ Pr Oi--c-‘/ H
Ph
Co (pr-salen) in (89) (S1)

(92)  [Ni(CgH1102) (BCy3) 1, [483]

(93)  trans-PAC1(CO Me) (PPh3) ,[422]

(94)  PAC1{C:CHC(0)C(: CHCOoMe) N(tol) ] (PEE5),[349]
(95) Pd[CyPh(tol)y](acac) (PMe,ph) [456]

(96) {PtMe[PMe,(CgFs) ]3}pFg[225]

(97)  PtMe,[ (Ph,PCH,) scMe ] 14491

(98)  trans-PtH(CH,CN) (PPhj),[421]

(99)  trans—PrC1(CH,CN) (PPh3),[421]
(100)  cis-Pt(CF3) 2 [PMe,(CeFs) ],[225]
(201) (ppn) {cfs-PLCl,[C(COLEL) :CCL(CO,Pr) J(co) } 641
(102)  e2a-PtCl,[C(CHNHEL ) 2 Cle, ] (PPR,) [359]

(103) trans-PtCl(CzPh)(PEtzPh)2[368]

References p. 393
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NEt,

PhsP

(102}

(104) eis-PtCl(tol) (PEty),[242]

(105) eis~PrCl(CgFs) (PEt3)p 12421

| 3 1
(206) PtC(CN),CH(CN)O] (PPh3),[433]
See also: 125, 140, 243, 250-252, 254, 255, 266, 286-200, 345, 363-369,

371-378, 385, 424, 460, 516.

Acyls

(107)  [MoC1(COCHSiMe 3) (CO) , (PMe3) ], [180]

(108) cis-Re[C(0)Me][C(NHPh)Me] (CO), [147]

(109) [Ru3C13(COEL),(0H) (CO) ], 3181

(110) [NLi(COMe) (np3) ]BPh, [448]

(111)  [%{Ni(COMe) (up3) }.%{Ni(CO) (np3) } |BPhy [448]

See also: 266, 275, 291.
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o,
o
) gt C T
ME371 Et__ >/‘o\ll'\’u/Cl\Ru/Cl
/C/ — ~
o e NS
~
Cc \//C'\r\ll1 cO OC—Ry——OH HT Ry—CO
3 o o | o o)
OC/I \CI/I\CO \OC _Ct C\ /C//
_-C /RU /RU | \Et
ME3P o] \CHZ Cl | \Cl l\ 4(.:\
[ c c Et
SIME3 0 1)
(107) (109)

Chelate ylid complexes

(112) Tio[(CHp)oPMeol, (OMe)g [139]

(113) Ni[(CHzPMej);BH, ], [114]

(114) AuMe, [ (CHPMe,) ocH] [39]

(115) AuMe,[(CHoPMep)oN][391]

(116) [Au(CHz) 2P(CHz)y1,[112]

244,

See also: 367, 370.

,C ? Ti
\ Me/ \
C O
p—" ™M
MeZ H2 €

Complexes containing chelating o-bonded ligands

|
{Pt[C(NHtol) (NHCgH3Me) ] (dppe) }Clo, [438]

(217)
(218) [PL(CGHQCHZNHez)(0H2)(bqﬂ)]C10g[299]
1] ]
(119) PdC1{C(O)CHyCHyNEL,] [C(NHMe) (NEEt,) 1[132]
—
(120) {PtI[CgH3Me(CH,NMe,) ,1}BF, [1301]
(121) IrBI(p-MeCgH3N:NH) (PPhy),[446]
S E—|
(122) [IrF(p-FCgH3N:NH) (CO) (PPh3),]1BF3(0H) [444]

References p. 393
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123) 1'1:c12 [ (a—nec6c13o)} (0CgHyMe—0) 1(py) (PMeg) [374]

(124) Ir(CNMe) [CHoCMe,PButCoH3(0Me)0][0CEHs (OMe) (PBut, ) ][394]

(125) Pt(CgHyPPhy) [C(COoMe) :CH(COMe) ] (PPh3) [441]

R p—
(125a) [Pt (CH:CMeCgHyASPhy-0) 1 (1-0,CMe),[458]
See also: 201, 245, 246, 379, 516.

Ha
Peo
MezN
Me
N oF3 g
Me— Meo, Tp /C JYARN.
1 —Pt < a=1r-C. HOTES
=S50 \p@ pras [ nud  foPN2
But el
Mez N, Me Me
Fa Me
(120) (124) (125 a)
n2-LIGANDS
Metallocycles
TP —
(126)  (ppn) {Mn[C(0)OCHPhC(0)](cO), }[117]
(127) Fe[CyPh, (COMe) ,C0](CO) 53161
(128) Rh(C405C15)C1(0H,) (PMe,Ph),[274]
(129) Pd(C4H,03) (PPhj) (4281
(230) {[PdCy (COzMe)y 1(CsHaMenN) },[423]
——
(231) PA[CH(CO;Me)COCH(CO Me) ] (PPh3), 4471
(132) Pr{CH(CH:CH2) (CH2) 2CH(CE:CH») ] (CNBut),[81]
Oc 8 RS PMe.,Ph
N S o
/'rin\ Ct OHZ
C
o=¢" c=0"° [ Rh/
) - ~
C\—O cl
\ o
PMe,Ph
(126) (128)




(133) Pt[CH(CH:CH,) (CH2) 2CH(CH:CH») ] (PMe3),[81]
(134) pr[csuPh(CN) 3(CO.EL) ] (PPh3), [469]

(135) Pt[C3HPh(CN);](PPh3),[469]

(136) Pt{CPh:CPhC{:C(CN)21}(PPh3),[479]

(137) [Pt{CPh:CPhC[:C(CN)2]}(PPh3)],[479]

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

N
Ph c
o _
PhyP ,—<
N 74 Cn
/F’d o Ph P./ /
t
Ph,P \“< /NG / Ph
O PhsP C =
(129)
c
N
(137)

Olefin complexes

(138) Fe(CO)y (CgHjCL,) [122]
(139) Ru(CH,:CHPh) ; (PPhj), [475]
(140> PtMe(CyFy) [HB (pz) 3][103]
(121)  [Cu(C7H) ) (dien) }BPh, [82]

(142) Costunolide.2AgNo3 [178]

N N
Cu/
e \
<
cl . H
i
Fe
(CO),
(138) (141)
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Olefin-metal halide complexes

(1¢3) RuCl;(CO) (CoHy) (PMe,Ph),[257]

(1¢4) RhCLIBut,P(CHy) ,CH:CH(CH,) ;PBut,]305]
(1¢5) RhCI1[Ph2P(CHz)3PPh(CHz) »CH:CH, ] [332]
(146) NEty{PtCl3[CH,:CH(OEt)]}[14]

(127)  PtCl3(CyH; ,N,) [15]

Cl

thp,/,Rhm“ ol ,\
\ ~pe )

<i___,/’FtT‘/ AT

CeF e

Ph 65 2
(145) (150) E=0
(151) E=S

(148) PtCl3(CsH;,N) [15]

- +
(149) PrCl3[CH3(CH,) »CH: CHNH, Me][20]

y ¢ y [1971
(150) PEC1(0CgFs) (CHp : CHCgH, NMe 5 -0)

(I151) PrCl(SCgFs) (CHp:CHCGH,NMep—o) 11971

See also: 155, 156, 211, 300, 481.

Alkyne complexes

(153) W(CO)(CzH,) (SoCNEL,), 1311

(154) Fe,(CO)g(PhyPCyBut) [341]

(155) Rh(CHy) (C4Fg) (acac) [75]

(co)
Fe ?
CI=“C
Phy,— ~pgut
Fe
(CO),4

(154)
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(1586) Rh(Cngq)(Cqu)(acac)[220]
(157)  RRCL(CO) [Bu®,P(CH,),C=C(CH,), PBut,] 3051

See also: 2539.

Complexes containing n?-cyclobutadienes or n2-arenes.

(158) {Rh[P(OMe) 3]3[PhP(CgHy ) ,C,Phy 1 kC10, [450]
(159) Pt(C;2F;2) (PPh3)2[462]

(160) Cu(en) (CO) (PhBPh3) [357]

P(O Me)3
PhyB
(MeO),P 3
Ph Ph.P
A R ——pOMe)s 3 = N
—_—
PhyP N -
\C&\
/// Cco
N
(158) (159) (160)

Complexes containing n’-heteroatoam ligards

(1621) Ru[n?-tolN:Ctol]C1(CO)(PPh3),[474]
(162)  [Ni(n2-NzCPh) (PPh3) ], [495]

(163) Fe(n2-S:CNMe, ) (CO) o (SpCNMe ) [36]
(164) Fe(n?-5:C5) (CO) 5 (PMe3) (PPhy) [321]

(165) 0s(n2-S:Ctol) (0CCF3) (CO) (PPh3) [461]

Ph
PhyP \
N N47:
I e —IN_ N
Ph QQ R 3 —PPhs
N’ /
/ N
Ni ~N\
— . .
Ph3P : N—— N~ -ee- } C/‘Ph
é//
\ PPh3
Ph
(162)
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(166) [Ir(n2-S:CNMe,),(CO) (PPhs) 1BF, [331]
(167) Fe(n2-PhAs:AsPh) (CO), [190]

(168) Mo(nZ-0:NPh) (0) (hmpa) [CsH3(c0,) ,N] [258]
(169) Pt(n2-0S:NCgHyMes) (PPhj) 4551

(170) RuCl(n2-0:50) (NO) (PPhj), [410]

See also: 107, 267.

@)

Ox~__ Ph
< O\ ” /
o N Mol
0
7o
o i
P(NMe3 )4
(168)
n3-LIGANDS

(nl + nz)—Ligands

(171)  (ppn) [Fe(CO) 3(C,H;05) (361

172) Pd[Cth(tol)q](SZCNPriz)[456]

MeO,C CO,Me tol
G
Oo=—="
\
Fe Ar
(CO)5
171)

Ar = disordered Ph, tol
(172)

n3-41lyis

(173) Mb(CO)Z(py)(acac)(c3ﬁs)[l73]
(17¢) Mo(C0)z[MeGa(pz)3](C3Hs) [172]
(175} {Fe[P(OHe)3]3(C8H13)}BFu[222]
(176) [Fe(CO)g(Caﬂs)]z[QS]



(177)
(178)
(279)
(280)
(181)
(182)
(283)
(184)
(185)
(186)

(187)
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AsPhy, [Fe (C0) 3(C7H7) 1 [55]

Ru(NO) (PPh3) (C3Hs) [286]

[Co (CO) 312 (n—C3HyCHoCHC 3K, ) [145]

{Co(c0) 2 [P(0Me) 31}, (1—C3H, CHCOCH,C 31y, ) [145]
IrHC1 (PPh3) 2 (C3HyPh) [454]

[Ni(PCy3) (C;1H;605) 1, [483)
[PACL(CgHgCL) ], [201]

[Pd(Me,pz) (CaHs) ], [207]

[Pd(CyH7) 12 (u-PdcLy,) [37]
[Pt(PCy3) 2 (C3Hs) 1pFe (4271

[Pt (PPh3) 2(C) 3HgOEL) 1BF, 14721

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

(©C)Co-—:

i---Co(CO);

(179)

[(MeO)BP](OC)ZcO--»M~--cO(co)?_[P(OMe)B]

(MeO); P P(OMe), e}

(175) (180)

Ci
H EtO ‘
l‘:’d \~pt/PPh3
/D \
Cl PPh3
(182) Half of molecule shown (187)

(183)
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n3-Heteroatom ligand

(188) Moo(Sscspriy,[38]

n“*-LIGANDS

(n! + n3)-Ligands

(189) Fe(€0)z (PPh3)[C(0)C(OMe)C(COMe)CH, 113541
(190) Fe(C0)3[C(0)C3HPh3][327]

(191) Fe (CO)3[C(0)NCyCPhcrcHPh]1330]

(192) Fe(CO)3(C;qHgN303)[118]

(192a) Fe(Co)3(CgHcN)[54]

(193) Pt(CgHiz) (PMeg)[81]

MeOZC OMe
N\,
‘\
/FEK
c é PPhs (CO)3
O
189) (190)
(191)
O Me
/
N

(192) (192 a)
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2n2-Ligands

(194) Fe(CO)3(C1gH2g0s)[285]

(195) (Ph3PCH,Ph) [RuCl3(CO) (nbd)1(9]

(196) RuHCL(pip)2 (ced) [245]

(197) [RuHC1 (cod) ]2 (u-NHpNMe,) [244]

(198) [RuH (NH;NMej) 3(cod) 1PFg 11371

(299) Rh(acac) (CgH;40) [129]

(200) Rh (MeCOCHCOPh) (CgHjoClp) [232]

(201) Tel(MeCgHs0)P (OCsHyMe—0) 21 [P (OCH) 3CMe] (cod) [403]

(202) PdClp(CgHg) [33]

(203) EEECH(CH:CHZ)CHZCHZéH(CH:CHZ)](cod)[81]

See also: 257, 358, 451.

n“-Dienes
(202) Fe(CO) 3(CgHgo) [48]

(205) Fe(CO)3(Cy7H1407) 2661

(206) Fe(CO)3(C135120){193]

Me\
Y
7\ -
7 N\ ! Ph o
Me, : ‘== : ‘O—C/Ph
Fe Fe i 2 |
(CO)y (CO)3 o) < Fe
Me (CO)3
(204) (205) (206)
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(207)  Fe(CO), (QNEL) (CgHg) [77]
(209)  Fe (CO) 3 (CqHgMe,0) [1461
(210) Fe(CO)3(CgHgMe,s) [1461]

(211) Fe3(C0)(CgHg0) [164]

(212) [Fe(C0)312[C;4Haq(0R) 2112721
(213) Fe(CNBut) 3(ButN:C:CPhCPh:C:NBut) [361]
(214) [RuH(CyHg) (PMeoPh)3]1PFg[371]

See also: 274, 386, 387, 394.

Me
O
7\ ~~Fe(CO), (OC),Fe--// <
e Me “Fe(CO),
(209) E=0 (211)
(210) E=S
Ph Ph
)_/ ; \’\.
Bulten? | Nyeput
Fe
(CNBUZ):;
(212) (213)

Cyclobutadiene compleres

(215) Mo(CO)2(CyPhy), [488]
(216) Fe(CO)3(CqHg0) [91]

See also: 256, 258.

(CO)5
(216)
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n9-LIGANDS

Cyclopentadienyls

(217)  [Ma(CsHs)2],[62]

(218) Mn(CsHyMe),[104]

(219) Fe(CsHs), (thiourea clathrate)[60]
(220) [Fe(CsHs)»1FeCi, [61]

(221)  [Co(CsHs) (C5H,COH) 1PFg [72]

Cyclopentadienyls with anionic ligands

(222)  [Th(u-02CaMes) (CsMes) 1, [465]
(223) UC13(OPPh3) o (CsHs) [435]

(224) U(NCS) (NCMe) (CsHs) 31231]

(225) T1(S,CNMey)3(CsHs) [155]

(226) TiClz(Csﬂs)(Csﬂqmeﬂ)[280]

(227) [TiCl(CsHs)z];MaC1,[270]

(228) {[T1(OHp) (CsHs),]1,0}(Cley,),[276]
(229)  {[T1(OH2)(C5Hs) 21201506 [277]
(230)  [Ti(pz)(CsHs),],[345]

(231)  [Ti(CsHs) 21z (u-NpH3) [273] (contains Ti-Ti bond)
(232) ZrCl,(CsHyCHyPh) 3171

(233) [ZrI(CsMes)2]»(u-OCH:CHo) [443]
(234) HE(BH,) > (CsHyMe),[111]

(235) TaCl(CHBut) (Css),[176,177]
(236)  [Cr(02CCF3)3(CsHs) ] ,cx[293]

(237) Mo ,0, (CsHs), [63]

-~ Ji s, 7/
T
-1

(231)
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C
T R
* : /;xqw’o
Bu ; O, 1 &
‘ N SNEF3
~ : FaC_o-cr-8 e,
CHRY:
: (o]
o;‘%(o 4
] 7 T CF:
cr—G 77
(235) (236)

(238) [szoq(csHuMe)zlz[losl

(239) M0254(C5HL’ME)2[105]
(240) 1[Coz(1—C1) 3(CsMesEt) 5 1Fecl, [303]
(2¢1) [RhBr(CsMes)1o(u-Br), [281]

(242) Partially Cl-exchanged complex (2¢1)[281]

Cyclopentadienyls containing other n-hydrocarbon ligards

(2€3) (CsHs) YMepAlMe, [153]

(2¢4) {U[ (u-CH)CH2PPhy](CsHs) 1, 14641
(24%8) TE?EZ§:E§Z§M22)(05H5)2[256]
(2¢6) TLIOC(CPh2)OL(CPh2) ](CsHs) o [419]
(247)  [T1(C2Ph20) (CsHs) 2], [419,463]
(2¢8) TilCgHy(CgFs5)21(CsHs) 3581
(249) Ti(CgH,Ph(SiMes)](CsHs)o[358]
(250) Zr(CHyCMe3),(CsHg),1243]

(251) Zr(CHpSiMes)(CsHg)o[243]

(252) ZrPh[CH(SiMe3)o](CsHs)o[243]
(253) Zr(nl-CsHs) (n5-CsHs) 3[2711]
(254) V(C,CgHoMes) (CsMe,Et) ,[400]
(255) Ta(CH,Ph) (CHPh) (C5Hs) 13201
(256) Co(trans—CyPhyFe,) (Cslg) [434]
(257) Rh(CjgH;40) (CsHs) [175]

(258) Rh(CagH;g) (CsHs) [396]
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H
c
PR~ \ /CH
S —u
2 o

| R rR2 (257) (258)

(248)

(249)

CeFs CeFs
Ph SiMes

Cyalopentadienyl compleres containing CO, PR3 or CNR ligands

(259)
(260)
(261)
(262)
(263)
(262)
(265)
(266)
(267)
(268)

(269)

270)
(271)
(272)
(273)

(274)

T1(CO) (C2Phy) (CsHs) 13291
@25-v(CO) » (dppe) (CsHs) [397]
TaC1(CPh) (PMe3) »(CsMes) [313]
[Ta(dmpe) (CsHs) »1c1[209]

NMey, [Cr(CO) 3(C5Hs) ] £31]
cr(co) 2(NS) (CsHs) [26]

cr(co) 3(cgH; 1 N) [74]

Mo (n1-MeCNPh) (CO) 5 [P(OPh) 3] (CsHz) [169]
Mo (n2-MeCNPh) (CO) , (CsHs) [1691]

MoC1 (CO)  (Ph,PNMeCHMePh) (CsHs) [363]

Mo (CO) (NO) (Ph,PNMeCHMePh ) (CsHg) [356]

Mo(CO)z(PyCMeNHCHMePh)(Csﬂs)[298]
[Mo (CO) 2 (pyCH:NCHMePh) (CsHs) ] PFg [ 284]
| R — |
Mo (CO) (CNBut) [CMeC,yMe »C(0)0] (CsHs) (219}

Mo(C0) (PPh3) (CgH70) (CsHs) [3791

Mo (CO) [C(0) CyMeyC(CF3) 0] (CsHs) [219]
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AN
Ph
, S—n"
NMe, -
4 Oc_ ',/
“~Mo—Co
v H I
: H
Cr d
(COy, 4‘!!!!‘&
(265) (267)
s
—Mo_ : OCc—m
572 ) Mo <o
LT
PhyP C Ph\C:H /% Co ph__? N
N H " N—P N\ _H
Me” ~ctMe Me, " Pha Me “clme
| Me /
Ph Ph
(-) -(268) (-) -(269) (270)

(275) W(CONHMe) (CO) » (NHpMe) (CsHg) [65]
(276)  [W(CO) 3 (NH,NCMe,) (CsHs) 1PFg 78]
(277)  W(CO) 2 (n3—CsHs) (n5—csu5) [96]

(278) W(C0)2(n3-CqH7) (n5—CqH,) [267]

(279) W(CO0) 2[n3-CsHs(CsHs) ] (CsHg) [297]
(280) [Mn(CO)3(CsHy)],SnCl,[188]

(281) Mn(CO) 2[C(OMe) (men) ] (CsHs) [259]
(282) [Mn(CO) 2{CsHyMe) 1,(CoHg) [343]
(283) [Mn(C0)2(CsHs) 1oasc1[138]

(282) [Mn(CO)2(CsHs) 1,SbPh[268]

(285)  [Mn(CO)2(CsHs) 12 [u—(Me,P) 55112331
(286) [Mn(CG)2(CsHs) 1o[u-(MesP) »5,11233]
(287) [Mn(CO);(SMe,Et) (C5HyMe) ]PFg [108]
(288) ReH(CH,Ph) (CO) (CsHg) [149]

(289) Fe(CH,0men) (CO) (PPh3) (CsHg) [406]
(290) Fe(CH,COzmen) (CO) (PPh3) (CsHs) [406]
(291) Fe(COmen) (CO) (PPh3) (CgHg) [405]
(292) Fe(SO,CHCHMa,) (CO) (PPh3) (CsHs) [3661]
(293) {[Fe(CO),(CsHs)1SbPh3}PFg [328]

(294) Fe(SEt)(C0),(CsHs) [30]



323

OC -y}
/MO‘N Q
o€

1
Hy Y OC”MQ\:';QO
/ “Me
Ph Ph3P
(+)~(271) (273)

°C03’W“d_ = D

Me
Mn__
(0C)2

(279) (282)
X /Ff\
l <> c
e’ : o7 end 8,
\ 1
g
(C5H5)(OC)2Mn e M“(CO)Z(CsHs) /I-;e\ o/
ph,ep’ ¢ C—O
| E X a2 b c 3 O M2
(283) As Ci 110 108 142°
(284) Sb Ph 110 110 140°
{(+)-(289) (+)—~(220)

(295) [Fe(NCMe) (dppe) (C5Hg) 1BPh,, [399]
(296) Ru(C0) (SCgH3Me—0-SCgH,Me) (C5Hs) [269]
(297)  [Co(CO) 2(CsHLPPh3) ] {Co(CO),]L16]
(298) CoCl,(PPh3) (CsMeyEr) [375]

(299)  Co(CS3) (PMe3) (CgHsg) [511

(300) Rh(C,Hy) (PPh3) (CsMes) [3811]

(301) Ni[PhyP(Cy03) (CsHg)PPhy](CsHs) 14201

€.\ < S
~cC ——
PhBP/ \C ~o }?U
(o} & \S
S
tol Me
(~)—-(291) (296)
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A large number of other complexes also contain n-cyclopentadienyl groups:
312, 315, 328, 3%8, 412, 413, 419, 422, 425, 426-447, 452, 454-458, 462, 483,

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

==a

Ni
/ \
Ph,P PPh,
o N
(299) o —
O
(301)

Ferrocenes

(302) TFe(CsHMey),[235]

(303) Fe(CsMes),[235]

(302) FelcsHp[(CHp}3)3CsH1[255]

(305) Fel(CHyp) 3CsH[ (CHp) 3],CsH(CH,) 31(300]
(306) Fe{(CHy)3Cs[(CHp) 313Cs(CHp) 3}[333]
(307) [Fc,CH]BF,1283]

(308) [Fe(CgHyLi),(CoHaaN3)1,[425]

(309) [Fe(l-Me,NCHp-2-AgCsHs) (CsHg) 1, [4761

See also: 71, 256.

(304) (305)
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NMe
MeZN\

/
':\

C
o

el ?

- nMe
LiN7T2
f\NMe?_

hdehd\\\//j/

(308)

Cther complexes containing n°-ligands

(320) €r(c0)3(C1gH;60S) (isomer 1)[282]

(311) ¢cr(co)3(CigH;¢0S) (isomer 2)[282]

(312)  [Mn(C0)3]2(C)yHghe;) [295]

(313) [{Fe(CO)3[P(CPh)3]}5(u-C1gHg) 1(PFg)o[485]
(314) [Fe(C0)3(C1qH;10)1PFg[1211]

See also: J341.
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P(OPh)3
Ccr “Fe-CO
(CO)3 \
C
X Y ©
(310) | O Me
(311) | Me O (312) (313)

n°-Heteroatom ligands

(315) Mn(CO) 3[CyH,NRe (CO) , (CsHg) }[136]

(316) Mn(CO) 3[PCHC,Me,CC(0)PR] [168]

See also: 536-539.

(315) (316)

n®-LIGANDS

Arene complexes

(317) [cr(PhEt),]11[204]

(318) cr(co),(CSe) (PhCOMe) [70]

(319)  Cr(co)»(CNCOPh) (PhcozMe) (2275

(320) Cr(co)3(Cighye) [252]

(321)  €r(co)3(ezo—C;gHj 20) [1231]

(322) Cr(c0)3(endo-CqH100)[1231

(323) cr(co)3[CqHs(0Me) (NEL,),][288]

(324) Cr(co) 3{C;qHs(OH) Ph[CH:CMe (OMe) ]} {3091

(825) NEty[Mo(cO)3(nf-Ph)BPhH;]1[352]




cr \
% ]
<> ES
[}
< (321) [Me H
&5, (322)[H  Me
(320)
OH
aes
cr
coy X Me
OMe
(324)

(326)  {[Mo(PhMe)1,(u-SMe),} (BPhy) ,[239]
(327)  [RuCL(NH3)»(CgHg) ]PFg[246]

See also: 334.

Other nb- ligands

(328) Mn(CgHyMe) (exo—CH,ph) [254]
(329) Cr(co)s(C,qH;g) [126]

(330) cr(co)s(C; iH; 40,) [1391
(331) Mo(CO) 3(C7H,CHMeCOMe) [148]

(332) cr(co)s(Cy3H,g) [203]

H Ph Me
@]

(@]

T
! | “Me

Ccr Cr
(CO)3 (CQ)3
{(329) (330)

References p. 393
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H ome

(OC),Cr-- OQ NEt>

NEt,

(323)




n’-LIGANDS

(333) Mo(NCS) (acac) (C7H7) [124]
(334) Mo (nB-PhBPhj) (C/Hy) [352]

(335)  {[Mo(u-0H) (C7H7) 14 [ (C7H7)Mo (n=C1)  (u-OH) Mo (C5H7) Jc1 [1501]

See also: 403.

S™Mo (OOH
[(C,H, )Mo (1-OH)] [(C,H ) Mo(u-Cl) (#-OH ) MO(C,H,)]
(3 3 5)
n®-LIcANDS

(336) [NA(thf)2(CgHg) 1[Nd(CgHg)211202]



B. COMPLEXES CONTAINING METAL-METAL BONDS

TRANSITION METAL-MAIN GROUP METAL BONDS

Main Group IV

(337) cCrlGe(Smes),]1(co)5[310]

(338) Mo (HgCl) (CO) 3(CsHs) [30]

(339) Mn(SnBrMey) (CO) 3(PPh3), [436]

(320) [Mn(CO)5]3Sner[181]

(341) Ru(SiMes3) (CO)» [CgHg(SiMe3)][208]
(342) Ru(SnCl3)C1(OCMe3) (CO) (PPh3),[429]
(32¢3) [Ni(SnPh3) (np3) ]BPhy [489]

(344) trans-HPt(SiH3) (PCy3)[415]

(345) cis-Pt(HgCF3) (CF3) (PPh3) o [418]
(34€) Au(SnCl3) (PMeyPh),[206]

See also: 357, 395.

SiMe3

Main Group V

(347) MnFe(AsMe3) (CO) g (PMe3)—cis [125]
(348) MnFe(AsMe,) (CO)g(PMes)-trans(125]
(329)  [Fe(asMe) (CO) 31, [192]

(350) Co(P3)[(PhyPCH,)3CMe]l437]

(351) Co(P3) (np3) [442]

(352)  [{Nil (PhzPCHZ) 5CMe]},(u-P3) 1(BF,), [437]

(353) [{Col(PhyPCH)3CMe]}, (u-As3) 1(BPhy) 5 [49%4]

References p. 393
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(@)
0. & V%
C / As \ /L
N — T Mn v
_—Fe | 7 L
oC \ Me € l
C C
@] @]
| © L
(347) | PMe; cO
(348) | co PMes
=
P / P
\ -
/N
P\-/7P

Coordination
about cobalt
In (350) and (351)

BINUCLEAR TRANSTTION METAL COMPLEXES

(35¢)
(355)
(356)
(357)
(358)
(359)
(360)
(361)

(362)

(ppn) [Cr,(CO) ;o (u-1) ] [52]
(ppn) [Fe,(CO) g (u-u) ] [28]

(CsHg)Nb(1-H) Fe{CO) 5 (1671

[Pt (1-H) (SiEt3) (PCy3) ],[467]

[Co(CO) 2 (nbd) 1, [228]

Coordination about metal

| T |
{Co(CO) 3[PhoPC:C(ASMe;) CFoCF; ]}, [440]

Fe (CNEt) g [361]
[Rh2 (CNPh) g1 (BPhy,)  [4841
[RhpI»(CNtol)g](PFg) 2 [492]

E. Me
2 AS 2

l ™M E
(352) Ni P
(353) Co As
R
R N
N C
c X
RNc\\‘/
ﬁhYCNR
Nc/’:?h/ CNR
R NC x
R C
N
R

(361) R=Ph, X not present
(362) R=tol, X =1



Metal-metal bonded alkyls, aryls, etc.

(363)  MozMep (NMey), [66]

(36¢)  [Li(OEty) 1, [WoMeg][?90]

(365) [Li(thf) ], [WpMexClg—x}1290]

(366) [Cr{CH,SiMe3) (PMe3) 1 (u—CH,SiMeq) , [248,308]
(367) [Moz (CHpSiMe3)p (PMe3)3][u-(CHy ) SiMe, ] 1248]
(368) [Mo(CHzSiMe3) (PMea) Iz (u-0pCie), [248]

(369)  [W(u~-CSiMes) (CHpSiMes),],[325]

(370) Cry[(CHp) 2PMes ], 1210]

(371)  [Ni(u-Me)(CgHg) 15[123]

(572) [PtoHaPh(PEt3), JPF [384]

(373) Cry(CgHaMe(OMe) ], [392]

(374) cralcgHs(0Me) ], [3931]

(575) Mo, [CgH3(OMe) 51, [393]

(376) CralCgHa(0Me) 31, [393]

(377)  [Li(OEt3) 1g{Cry(CgH,0)y IBr, [466]

(378)  [Cr(CgHyO0But) (0,CMe) 123231

331

(379)  W,(CO) 2 [N(xy)CHN(xy) ]3[CHoN(xy)CHN(xy) ][480,481]

SiMes
Me.
3p c C2
H _-Sit PMe.
Me3S|\\CF// 2 HoC \\‘CH;
[ R /
e /\ Ha ~Mo—Mo
C
\Cr/ \ \\\
MegP
HZC/ ~. SiMe; R 37 PMes
/ Mes R = CH,SiMe,
Me;S:
(366) (367)
H
Me !
H\C’
Eta Ets
|
i Ph
\ / TTPt—H— Pt—H
—C— P P
H \ H Et3 Et3
H
(371) (372)
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R =CH,SiMe;
(368)

X,
/ \ c N/Hr

(379) Ar = 3, 5-xyiy!
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(380) [Mn(C0)>(dppm) ]2 (u-CNtol) [4901]

(381) [Fe(CO) 2(pop) 12 (u-coy[128]

(382) {[Rh(CO) (dppm) ], u-C1) (1-CO) }BPh, [477]

(383) [RhC1(dppm)12(u-S0,)[470C]

(38¢) [PdCl(dpam) ]2 (u-co)[473]

(385) [PtMes(Mepy) ]2 (u-0,CCF3),[278]

Phyp—""~pPh;

thp\C/Pth
H2  R=:to
(380)

o)
(EtO)yp=” T\ p(OEt),

oL

—Fe Fe___

| T

(EtO)ZP\O —P(oEt),

(381

Metal-metal bornds bridged by hydrocarbon ligands

(386) Mo, (CgHg)4[322]
(387) W(CgHg)3l322]

(388) Rez(C3Hs)y [110]

(389) Fep(C0)s(C)oHy) [216]

(390) Fey(C0)g(C3Pham) [3271]

(391) Fes(CO) g [C(CHO)PPhy(CgHy) 1[338]

(392) Fea(CO)g(CiqHyg) [191]

(393) Fez(CO)g(CoHgN20) [163]

(394) Fe3(CO)g(CyyHgMes) [314]

(395) [Ru(GeMes3) (CO) ]2 (CgHg) [230]

(396) [Co(CO)2(PMe3) 15 (CoH,) [109]

(397) Co2(CO)5(CgHy2)o[287]

(398) [Rh(CO) (dpmCyFg) 1, (CyFg) [412]

(399) [Ni,(CO)(u—Cl) (u-C3Cl3)]1,[671]

(400) Pds3(acac),[C3Ph(CgHyOMe-p) o1, [486]

(201)  [Pr(CNBut) ;1 [u—(PhC)zco][407]



Ph

(N
¥

Ph-|
Fe—Fe Me ‘l:e/
(389) (390)

(399)

Metal-metal bords bridged by other ligands

(402)
(403
(£04)

(405)

Mo, (0But) ¢ (c0) [336]
Mo (CO) 2 [P (OMe) 31 (u-SBut) 3(C7H7) [324]
Fe2 (CO) g (Cy gH) 7NOy,) [ 2961

Fe,(CO) g (n-N:CMe,) (1-ON:CMe,) [98]

References p. 393

S Fe(CO)3
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(400)
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(406) Fey(CO)g(daa)l?275]
(407) Fe,(CO)¢[tolNc(0)s][119]

(408) Fe,(CO)g(C5F5PCy,) [311]

| t CO,Me

Buto_ ~OBu co,m N
Mo Mo N7 2Me N=7\..-Fe(CO)3

BJO/’\ié{ Sosut l\<\ l//rﬁ

Buy /l' Fe ’,'

Fe——Fe OCl)z3 ™
O ©C); (Ol O TN,
(402) (404)

@]

<]

e Fe
(OC)3 (CO)3
(4a07)

Hetal-metal bonded complexes containirng ER; (E = P or As) ligands.

(209)  [V(PMe) (COY41,L97]
(270)  [Cr(PMe,) (€0)4 1,77
(€11) [Mn(PMéz)(CO)q]z[97] (no Mn—-Mn bond)
(212) cCra(AsMey) (CO) 7(CsHs) [144]

(£13) Moo (H) (PMe2) (CO) 4 (CsHg) 5 [76]

(414) Fe2(PPhy) (CO)g[CC(PhCy,) Ph] [402]
(215)  Fe(PPh3) (CO)g [C(NHCy)Cuph] [391]

(416) Fe2(PPhy) (CO) g [CHC(NHCy)Ph][3911]

(417) Fe(PPh2) (CO) g [CPhC(CNMeCH2CH,NMe) ] {3861
(218) Fe:(PF2) (CO) (PFp:NMe) [ (PF2) 2NMe] 5t 17 ]
(419) Fe2(PF2) (MeN:PF2) [ (PF2) sNMe]l(CsHs)2{106] (no Fe~Fe bond)
(220) [Fe<EBE§§E§£ZE§ZB>(co>312[2°51

(£21) Fep[PhPCr(co)s](co)gl249]

(422) Cop(PMey) (CO)y (CsHs) [73]

(£23) [Co(PMey) (C0),]4[107]

(424) Pty (Pth)Ph(SNC5H2MezN) (PPh3)2[491] (no Pt-Pt bond)
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X—Y
X Me
AN / \ /N\
©Q5 T Fco ooz S oo F2p pF2
\\P// 3 \\P// _
Phy Phz F\P P o
= C
_Ph CyNH MeNF/\\Eiﬁ\N o
(414) X = C—:C\PHCy?_ (415) X-—Y = %/C___C\th |F2 Me Fy
. R B

Ph Fa ™ F2
(416) X =c—c{ (417) x—y = ¢ “NMe n

NHCy L Ph Me

Me ,C:C\ (418)
me
Fép/// \\\pFZ Me,
Me, @) O
Me
_N—_§2 \ I
T~
,"Fe Fe\ /P\ P\O
\P/ ~o @) \F\/i:/
F2 ©Q)3 " HCO),
(419) (420)
PhyP P2 Pn
3 \Pt/ \Pt/
?/ SnT Peng
N
Me
Me
(424)

Cyelopentadienyls

(425)  V,(CO) 5(CsHig) o 1661

(226) [Cx(C0)z(CgH5)], 11401

(£27)  [Mo(CO)2(CgHsg) 1, [142]

(428) [Mo(CO)2(CsHs) 1o(C3Hy) [2171]

(£29)  [M0(C0)2(CsHs) 15(CaHy) [194]

(430) [W(C0)(CsHs) 12(CoHy) (1951

(451)  [Ma(CO) »(CsHg) 12 (CoEty) [194]

(£32)  [Mo(CO) 2(CsHs) 12 (CoPhy) [194]

(433)  [Cr(CsHs) 12(r-CO) (u-Cy,Phy) [353,381]

(432) [Cr(CsHs) 1, (CgHg) 12291
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(435) [Mo(CsHs) 12 {u—CoH[Cp(COMe) 2141 138C]

(236)  [Mo{(CO) 2 (CsHs) ]2 (NCNite ) [218]

(437)  [M0(CO)2(CsHs) 12 (n-SPh) 21342] (no Mo-Mo bond)
(£38) [Cr(NSiMes)(CgHs) 12(u-NSiMej),[306]

(£39)  [Mn(CsHs) ]2 (n-N:NSiMes),[307]

(440) trans-[¥e(C0)32(CsHs)] o [1411

(441)  [Ru(CO) 2(CsMeyEt) 1, [348]

(249)  [Fe,(CO)3(CSE) (CsHs)» 1BF, [200]

(¢43) [Fe2(CO)- (SEL) (C5Hs5) 21BPhy (1701

(¢22) {[Fe(CO),(CsHs) I SEL}BF, [I0]




(425)  [Co(CsHs) ]2 [u~C(CO2EL)CyPhyCHCOoEE ] 14591
(446) [Rh(CgHgMe) ], (u-CH:CHy) (u—CMe:CiMe) [347]

(¢47) Tra(CyFsH) (CgFy2) (CO)2(CsMes) [315]

(446)

C. CLUSTER COMPLEXES

CLUSTERS CONTAINING MAIN GROUP ELEMENTS

(€48) Mn2(CO) g [H-Sn(C1)Mn(CO) 5], [181]
(449) FeaS(CO) g(sNBut) (1191

(£50) Fe,S(CO) 15 (CSNMe,) (CNMe,) [226]
(2451) Co3(CEt) (CO) 7 (ubd) [215]

(452) C03(CMe)(CO)q(CsHs)z[]'gS]

(453)  [(CO)qCo3C],5,1133]

(EAO)A
n
(OC)SMn\S N n/a (OC)Fe—S
c1- “Mn(CO)5 S— —Fe(CO)3
\ / t/N——
Mn Bu (CO)3
(CO)4
(448) {449}
IEt Me
e} o)
c C. .C
N 4 =N
(ccn, T EON ) Co--
(oa)<° o~ )
S o
(451) (452
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(452)  (C0)Co3COTiCL(CsHs),[264]

(455) (CO)yCo3COHECL(CsHs) 2[26[‘]

(456)  [(CO) 9Co3C0]22r (CsHs) o[ 264]

(¢57)  [(CO)gCo3C0] 2HE (CsHs) o [264]

(¢58) [(CO)9C03C0]2TiICO(CO)s] (CsHs) [373]

(¢£59) Co3(PPhy)(CO),1285]

TRANSITION METAL CLUSTER COMPLEXES
3-atom eclusters

(£60) Reac13(CH25ﬂ1e3)e[326]

(461) (NEty)z[HRe3(C0);,][13]

(€€2) Fe3(CO)7(HCoEL), [312]

(263) Ru3(CO)1g(r—NCO) [u-NC(CH,) 5] [213]
(264) Ru3(CO)¢(C1oHag) (CyoHaoC0) [387]
(¢65) Ru3(CO) ol (BupP) 3SiMe][404]

(¢66) HRu3(CO) o (SCH2CO,H) [89])

(€67) HRu3(CO) g(C7H,NS,) [186]

(463) 0s3(C0) 1, [P(OMe) 31[137]

(€69) 0s3(Cc0)g(NO)[P(OMe) 3] [71]

Ha\ (CO)5
Re Fe

c(/ NG i ©e3EE I
H £ ¢ i
N /Re\c SiMes Bt —se o
~R Ho
< g
Me357CH2 Cl (
462)
Me3 St
(460)
co Moy
(RU 3 ‘\l,'e (}HZ
// \ /S‘,\ S
H
(OC),Ru ocn N—Cy Bu, BuzlP pBuz (OC)3Ru’ \RU(CO)3
:c.\ﬁ ’____l, =0
\ / \ /F‘(’u\ 'C’ R
Ru —Ruem=Ru~ co
{CO)3 1 & ! (€O

(463) (465) (a6



(470)  0s3(C0) g (cis~CyHg) [135]
(471) 0s3(C0) o (trans-CyHg) [1351]
(472) Hz0s3(C0)10![1]

(£73) H20s3(CO) 1 p(CHL) [68]

(47¢) Hp0s3(CO) g (CH:CHy) [152]
(€75) BOs3(CO)1q(CF3c:cHCF;) [134]
(£76) HOs3(COY, o (CHCH:NEE,) (1991
(477) H0s3(CO) g(DCgH3CH,Ph) [294]
(478) HOs3(CO)(CuNPh) (1871

(479)  HOs3(CO) 1o (PheNMe) [223]
(480) HOs3(CO) g [C(O)C(CHMe) CHCHEE ] [196]
(£87) B0s3(CO)5(CaHy) (SMe) [93]
(£82)  (ppn) [0s3(CO) g (sH) ] [44]

(483) (ppn) [Rh3(C0)y (CsHs) ] (1431

Vs QN/ FsC P cry o
s
<0Ch3é£éf;$dcoh s Zoxcon {501 _bscon,
H/ U(CO)3 {0C)3 H,\//H
(467) ar=) <355
4a7z7)
(8?)3 o)
/m\\ Fh
Osfiijsgs x
(QC);3 (CO)3 os=Hi— /A, _.-RHE—Rh /
Os—H--Os not (ocated ©c); \és/ 0% w
(478) (€O, \
(480)

4-gtom clusters
(€84) (NEty),[Req(CO) gl ENEL, [ £rans-H,Re(c0) ] 113

(485) Fey,(CO); (HC,EL) ,1251]

(€86) HyRuy (CO), 2[90}

339



(487) (ppn) [H3Ru,(CO)12] (2 isomers)lss]
(288) HyRu, (CO) ;o (PPhj),[497]
(289) HyRuy (CO) 1o (dppe) [40%]
(290) H30s4(CO),1[86]
(491) WMey, [H30sy(CO) 101871
(292) (ppn) 2[H0s:,(CO) ) 51 [84]
(493) Haosq(CO) 11(C6Hg) [3]
(494) 1r,(co);,[115]
(495) (ppn) 2 [HoTIr, (CO) 1010231
(496) PPhy [Iry(CO);1Br]83]
(497)  Tru(CO)s(CgHiz2)2(Celi o) [376]
(0C)5 Et
3 Fe (Co) @]
/ e\,:ej.ﬁ/ (gu)a (CO3
C—H H H H
d s o/ | |
R— \\\\C\ > Ru Ru
ST == ,/Fe(co)2 /A~ ACOIRNY P SN
R (che\ / {OC)3Ru RuU(CO)4 (OCHRu Ru(CO)4
2 C\ isomer 1 isomer 2
\3 Ru—Ru bonds bridged by H indicated
R = H, Et disordered (487)
(485)
(CO)3
1 Ir
1,0 /- S I
(OC)y 5\\I_L/Os.(CO)3 05\\05 4 o
NSH LIr—
0C)0 s(cor H/ \/ \H O=<"I/| Sir—c°
(OCHOs =050 AN oc,“‘,‘\(\
N A7 es |§ o
H not located Os H H
(490) (493) (495)
(CO) =
Ir, 3 I E c
o C._(CO)
oc RI\ %
\[r)\[r'/ (oC) IF/\“\I"«:O)Z
| A 2 \/
NPZ AN P ]
CO» ¢ E (OC)?_C,:
[0} /
Br £ E E=CO,Me
(496) CO bridging Ir'—Ir? omitted (498)

(497)



(298)
(£89)

(500)

S-atom

(501)
(502)
(503)
(50¢)
(505)
(506)

(507)

Pt5(C0) g (PPh3)y [493]
(CQO)
Os 3
(€O (80)3
Os 3 N Q
H/l-}/ \ (CO)5 (OC>305—,
5\ (CC)0s_ ’(I)s OC\\\OS//
(OC)AOS—\dI—/'Os\ 3 3 0% N ~eh
Os Os(CO)5 /s /\\
(CO)3 0(53 ) /o
(CO)3 (CO)
501 3
(50m) (502) (503)
(co)3
(CO)3

Iry (CO)glC2(COzMe) 5], [390]
H3Niy (CsHs)y [237]

Pdy, (CO) 4 (OAc), [101,102]

clusters

H0s5(C0) 15 [184]

(ppn) [HOss (C0) 1 5] 1162]

(ppn) [0s5(C0); 5111282]

HOs5C(C0) 3[0OP (OMe) OP (OMe) » 1 [ 2141
HOs5C(CO) 1, [OP (OMe) , 1 [212]

0s5(CO) ; 5 (POMe) [1851]

fe
(0C), /
©c)y Os —\/ ?s)z F(OMe), % (COR

oC \
\CO)3

(504)

6-atom

(508)
(509)
(510)
(511)
(512)

(513)

Os/ ’\l
l P@Me) (OC)\ Os(coly

(CO)a (MeO)f —O

(505)

clusters

H20s6(C0) 1 513!
0sg(CO) ; g (CNBub) ,[339,340]
0sg (CO) 15(CNtol1)  [339,401]
0s5(C0) 16 (CMe) ,[2621]
0s6(C0) 16 (CPh) 2 13771

0s6C(C0) 15{CaMe;) [262]
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/47\¢\0§C0h

o)l //OS(CO)3
(oc) 5\13
c
Me
(506)
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342

H
(OC),0=———=0s(CO)5

o5
O

/ 5\
(oc)sos\—————Hl/ Os(CO)4

St

Os
(CO)3
(508)
t
Bu NC
(c0)3 NBUt
(oc)R /
Os(co),
(OC) RQOS——OS
(CO), (CO)4
(509)
Me (CO), (COj5
\__-Os s
/C/ \//
(OC}0sZ 0s(CO)3
Me Os S
(CO), (CO)3
(513)
S

(OC);Co —/ _—/—/CO(CO)2
(CO),

S/
(OC)ZCo— -/— Col(CO);,

(OC)

(515)

R
N

R
\ r

Os(CO)
(0CL o4 NS 3

\(co)3\

S—Os(c0)3

(©oc)Pds \ /

OSco,
(510?

(CO)3
(oC )305

(©C), L
CQO
\ 'O(s )2 22 >0s(CO)3

(CO) 2

(511) R=Me
(512) R=Ph

(OC) _ (CO)A

o/ \\
\ /OS(CO)

=0
(OC)ZOé
W(co
//% )3
(003057 \ Os(COI3
7/
(OO 5JY

(CO)3
(514)

Only one uj-alkynyl and
one u,-Me,NCgH,4 group shown
R = p-tol

(516)



(514)  (ppn) [HOs3(CO)} ¢02C0ss(CO) ;713631
(515) c°5c(s)2(cO)12[133]

(616) Cug(Catol)2(CgHyNMe2)y, [471]

Clusters containing 7 to 17 metal atoms

(517) 1Ir7(C0)12(CgHy2) (CgHy) (CgHyg) [411]
(518) [NMe3(CH2Ph)]12[CogC(C0) gl L2607
(519) Rhj2Co(CO),5[362]

(520) (NEty)y[Rhy, (CO),s 10337]

(521)  (MMey) 3[Rh;5(c0) 2713371

(522) [NEt3(CHpPh)13[Rh)752(cC0)3,1[395]

O

\Ir \
«Jcnz 'T;7<;
— r

——-II‘(CO)Z

(517)

5k

4%£>“ 0§X>¥;_,,<:o

One terminal CO on
each Co omitted

(518)
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(519)
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Rh,.S, skeleton
(522)

Mired-metal clusters

(523) CrFep(PPh) (CO)p,[211]

(524) HWOs3(CO)),(CsHs)[189]

(525) H3W0s3(C0)11(CsHs) [189]

(526) MoCoy(CPh) (CO)a(CsHs) [ 265]
(527) Mo,Pd2(C0)g(PEt3)(CsHs),370]
(528) HzRe20s3(C0)2q0261]

(529) FeCoa[SCr(C0)5](C0)ql161]
(530) HFeCo3(C0)q[P(0Me)3]3[236,237,238]
(531) H30s3C0(C0)12[85]

(532) H20s3Pt(C0)1q(PCy3) (3691

(533) Hz0s2Pt;(C0)g(PPh3),[491]

(534) Co2Pt3(CO)q(PRES)4L360]

(538) (ppn)[RhsPt(CO)1s][1B3]



Ph

|

N

\

RO
wonFe—s—Fewco,

(523)

PCys
/

/
oc —pt

\\H\
0s(CO)5
_——

P —
H P e Y
(CO)3

(532)

o. &

C
\

Pt- (CO)2

o \\ >><T77Rh

N
Rh
(COBR

—

00, h/< /\\(7@2 Co
T——rA

(CO),

C
(e}
(535)
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N
Nog”
(CO)3
(525)
(C8)3 O(CO)A
(oc)sRe \\ /l
H H
\ /
(OC)OS\
3
Re(CO)s
(528)
2
O,
RS
(CO
e //é's\ /CO N
== o AN
AN AN ik
=] ‘H POM ) - =
é (OMe)3 (OC)3OSVOS(CO)3
(OMe)s 3CO's attached to Co
(530) (531
P
Q
| <
Pt
o (g OT;§a\\
Os © AN °
g .l =~ /ft\7¢
Pt /Co.\co"CO
A °eNE
3 (CO)5 | TPPh3 OC\PI'( ©
C
d ! P = PEt,
(533) (534)
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METALLOCARBORANE COMPLEXES

(arranged in order of increasing polyhedron size)

(536)
(537)
(538)
(539)
(540)

(549)

Me\% Etg P\
X S

[Mn(CO) 312 [S(BMez) (CEL) 2] ,Fe[302]
[Co(CsHs) 12(BaCsH7) [17H]
(CsH5)Ni[CMe (BEL) 2 (CEt) o] [221]

[ (CsHs)Co(CsHy) 1 [Me2C2ByH31C0 [Me,CoB3Hs] 12401
trans-PtH(CquH7)(PEt3)2[158]
(Et3P) 2PtMe,CoByH, [1581]

(CsHs) 2CoNicB7ag[79]

(Ph3P) PtCBgH; 14161

NMey, [Fe(CsHs) (CBgH10) 1121]

(CsHs) 2FeCoCpB7Hg 941
[(Ph3P)RhC;BgH, ; 1,0432]

[CoHy (NM23)  1PACBgH; 1 140]

(Me 3P) 2PdCyBgH 1 [40]

(EtaP)ZPtCZBgH11[160]
(CO)3
Mn

i
B——”’&-_

m

m———[

B‘\<:§;>/’B

Mn
(CO)5

(536)

pt—H

PEt3

(539) (540)

Et— i:fé’ Et

(538)

(541)
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M =disordered Co, Ni (544)
(542)

(545) (5486)

Me3p pMQB

(550)  (EtaNCS2)AuCpBgHy, [27]
(551) (CsHs)CoMe,C,B7Hg (0EL) [179]
(552) (C5H5)2C02CQBGH10[152]

(553) (CsHg) 2Fe2MeqCL}BBH3[2[‘l]
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Me,

N
(548) ML, = Pd| ]
N

(549) ML, = Pt(PEtaé

Me2

D.

Sc:

Tiz

Cr:

566 (1).

Me
Me

O
Et
(551)

(553}

STRUCTURES ORDERED BY TRANSITION METAL

79, 112, 225, 286, 227, 228, 229, 230, 231, 245, 246, 247, 248, 249,

2589, 454, 458 (17).

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

12, 13, 20, 21, 22,

263, 262, 265,
330, 332, 337,

426, 433, 434,

310,
354,

438,

30, 31, 55, 56, 67, 68, 69, 70, 71, 75, 76, 236,
311, 317, 318, 319, 320, 321, 322, 323, 324, 329,
366, 370, 373, 374, 376, 377, 378, 410, 412, 421,

523, 529, 584 (52).



Mn: 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,

211, 439, 448,

536 (34).

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

175, 176, 177,
210, 211, 212,
302, 303, 304,
356, 360, 381,
414, 415, 416,

462, 485, 523,

189, 190, 191,
213, 216, 219,
305, 306, 307,
389, 3390, 391,
417, 418, 419,

529, 530, 536,

Co: 3, 4, 59, 85, 86, 87, 88, 89,

350, 351, 358,
456, 457, 458,

545, 551, 552,

359, 396, 397,

459, 515, 518,

192,
220,
308,

392,

526,

575, 580, 583 (50).

194,
289,
309,

393,

204,
290,

313,

530,

205,
291,
314,

404,

206,
292,

347, .

405,

443,

582 (97).

207,
293,
348,
408,

444,

208,
294,

349,

209,
295,
355,
408,

450,

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

538, 542, 558,

578 (18).

Ccu: 141, 160, 516, 570, 586 (5).
Y: 243, 568 (2).

2r: 232, 233, 250, 251, 252, 253,
Nb: 386 (1).

Mo: 23, 24, 25, 57, 81, 107, 168,

267, 268, 269,
338, 363, 367,
435, 2436, 437,

Tc: 43 (1) .

Ru: 11, 46, 58, 64,

296, 327, 341,

2489, 576 (31).

270, 271, 272,
368, 375, 386,

526, 527, 563,

109, 139, 143

456 (7).

173,
273,

402,

174,
274,

403,

577 (50).

188, 215, 237, 238, 239, 266,

325, 326, 331,

413,

427,

428

3

333,

229,

334,

431,

335,

232,

, 161, 170, 178, 195, 196, 197, 198, 214,

342, 395, 441, 463, 464, 465, 466, 467, 486, 487, 488,

Rh: 17, 18, 19, 48, 53, 54, 90, 128, 1

24,
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