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

MICHAEL I. BRUCE

Department of Physical and Inorganic Chemistry, University of Adelaide,
Adelaide, South Austvralia, 5001.

As mentioned in the 1976 survey, the large and increasing number of
structures of organo—tranéition 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 determined
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 [ ]) 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.I. Bruce, J.Organometallic 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
formuia in order of increasing C,H content. Although the crystal space
group, Z, 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 summary 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 summarise structural determinations on metal
hydride and borchydride complexes, nitrosyls, dinitrogen and related
complexes, and transition metal complexes containing tertiary phosphines

as the only ligands.

Electron or neutron diffraction studies

Investigations using electron diffraction methods included
doterminari [211 o, I65]
eterminations of the structures of Mn(CF3) (CO)s, Ti(H,BH,) (CsHs) 5, and

the high— and low—-spin forms of Mh(CquMe)g;[ggl a comparative study of the

18]

carbonylmetal hydrides HMn(CO)s5, HoFe(CO)y and HCo(CO)y, and further

refinement of data obtained for TiCl,(CsHs)2 and ZrClz(Csﬁs)z.[52]

Neutron diffraction studies are of obvious importance in the location

of hydrogen atoms. That in NEt,[CryH(CO);q] was located equidistant between

[44]

the metal atoms, but off the internuclear axis, and structure
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[151] were reported,

[641

62
determinations of MoHZ(CSHS)Z[ ] and RU3H(CO)9(C2But)
as was a comparative X-ray - neutron diffraction study of TaH3(CgHs)s.
Acknowledgement 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 acetylacetonate

bipy 2,2'-bipyridyl

bg benzoquinone

cod 1,5-cyclooctadiene

cot cyclooctatetraene

Cy cyclohexyl

dba dibenzylideneacetone

diars 1,2-bis(dimethylarsino)benzene
dmf dimethylformamide

dmg dimethylglyoximate

dupe 1,2-bis(dimethylphosphino)ethane
dpam bis(diphenylarsino)methane

dppe 1,2-bis(diphenylphosphino)ethane
dppm bis(diphenylphosphino)methane
dppp 1,3-bis(diphenylphosphino)propane
dppx a,a'-bis(diphenylphosphino)xylene
dtfa di-p-tolylformamidino

Fec ferrocenyl

gaz guaiazulene

hfac hexafluoroacetylacetonato

ind indenyl

lut lutidine

mbt mercaptobenzothiazole anion

Mepip 4-methylpiperidine
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Mespz 3,5-dimethylpyrazole

mnt maleonitriledithiolate
nap 1-naphthyl

nbd norbornadiene

nps N(CHpCH,PPhy) 3

pic picoline

124 pyridine

pz pyrazolyl

salpen N,N'-ethylenebis(salicylideneiminato)

_teng tetracyanoquinodimethan

tfba trifluorobenzoylacetonate

thf tetrahydrofuran

tol p-tolyl

tpp meso-tetraphenylporphin

tren 2,2',2"-triaminotriethylamine
Vi vinyl

A. ORGANO-TRANSITION METAL COMPLEXES

nl-LIGANDS

Simple carbonyls

(¢)) Kz[Fe(CO)q][l4]

Carbonyl hydrides and borohydrides

(3) [(Ph3P) ,N] [Mo(H,BH,) (C0),, ] %]

(9) MnH(CO) 5 8}

Carbornyl halides

(7) ReBr(co)s 18]

8) [RE(CO)a(CGMEG)][(0C)3RE(H—C1)3—

Re(CO)a]IZO]

1€2))

©))
6)

()}

(20)

[Na(erypt) 1 [Fe(C0), ] [14]

crypt = N[(CH3)20(CH2)20(CH2) 213N

FEHz(CO)u[B]

CoH(CO)q[B]

[Re(cO) 3(PhMe) ] [ (OC) 3Re(u~-Br) 3—

Re(C0) 5] 120}

1rc1(co) 371



Carbonyls containing N-donor ligands
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(12 cr(co) sercse) 122] (22) {[Re(CO) 31z (n-tpp) Isberg 428!
(12) Cr(CO)q(Lge—N,N“) [141] (15) Cu(co) (1bfy) [104]
(13) [fac-Re(CO) 3(NCMe) 3]1BF, [40]
(CO) O
Re 3 T
MiN NMe
(OC)“C{' 1 Me
MelN NMe B
k/ Re Me O/Fz\o Me
(CO)5 .
(12) (14) (15)
Carbonyls containing P- or As-domor ligands
e t,,[105]}
(16) €r(COo)s5[P(:NSiMe3) (NHBu )] (23) Mo(c0) (NO) (PPh3) [(pz) 3B—
(17) ce(co) 5{P(:NBu®) [N(Sites),1} F1O8] (pzy1137%]
(18) meso-[Cr(CO)5],P5CL,Phy 27 0] (24) [PhzPOMN(CO)y1p 20"
(19) rac-[Cr(co)s]P2ClaPhy L2701 (25) {Fe(CO) 3 [MeN(PF) 5]}, 25]
20) cié—Mo(CO)q(NHCSHIO)— (26) [Co(cOo)[r(OMe)3]{PhP[(CH3) 3—
[P(OMe) 3] [106] PPhy],}])BF, (400}
(21) MO(CO)L(,[(PhHPSiMEZ)Z][254] (27) Rh(CO0) (EtOH) [PhyP(CH5) 50(CH5) 5—
(22) Mo(CO)y[(MesASCLF,) 5] (179} 0(CH3) ZPthl}PFG[366]
F2
Me2 =
A 2 Ph
thP——SiMez J s 25_ 0o
(0OC) Mo/ / (OCyMa \
WMo / Nas (OC),Mn Mn(CO)
P—Si / 4
PhH Me, Me2 F2 o—p,
T2
(21) (22) 24)
Me
N
Fap 7 ™ _F2 P(OMe)4 Ph?p
@)
/ \ Ph/\(v—-\ c_/
(OC)5Fe Fe(CO), P~co—peh, Rh
\ / P N\ /Eto"'H'"o>
Pn Pn,P
F;\N/PFZ 2 © 2 o)
Me
(25) (28) (27)
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Carboryls containing Group VI-donor ligands

(28) C€r(Co)s(SCMe3) (301

(29) cr(co)s5[5(0)Cytig] 36

39
(39)

[Re(mbt) (CO) 312 122°]

Ru(mbt) 2 (py) 2(CO) 2[322] .

(30) [Mo(CO)2(S2CNEtz)2]2— (36) Ru(CO) (PPh3) 2[S2C2(CF3) 2]
(i y 13101 (violet) [404]
(31) NEE,{[W(CO)s]a(u-scecls)} (23] (37) mn(co),(ceba) 88!
84
(32) Mn:.,S,.,(CO)15[17O] (38). [Rh(CO)(acac) ]2 (u—-dppx) [384]
434
(33) [Re(CO)y]2[r—SRe(CO)5] — (39) Rh?_S(CO)z(dppm):z[ !
(u-sntieq) [174]
(co,
M“ (CO)s
\ Re
// \\\\ // l
S
O
(©C)Mn ,7\\Mmcog 4 E\S/R‘E‘(Co’4
h; |
n
(CO)g Nies
(32} (33)
(C) s _ (coy, oV PhyP PPh,
\/Re S\Ru/s \
l s S=n S AP i
N=( S ) NS ol — Rh—cq
= N O N f oC \ \
@S thpvpphz
(34) (35) (39)
Carboryl halides containing Group V-donor ligands
(40) MoC1(CO) 3(PEE3) 5 1207] (50) Com(CO) (PPh3) 3 441]
(£1) MoBr,(CO),(PMe,Ph) g £330] (51) RhC1(CO) <psu§) 2[318]
(£2) MoCl,(C0) 5 (dppm)z 433! (52) trans-Rh(N3) (CO) (PPh3), 384!
(£3) MoCl,(C0) (dpam) 5 433! (53) RhC1(CO) (bdpbp) [4Z1]
CZ)) [wx(co)z(dmpe)z]l[l““] (59) [RhCl(CO){0[(CH2)2PPh2]2}]2[366]
(£5) WI2(CO)3(dpam) L3401 (55) Trc1(c0) [BuSPCEC(CHp)5—
(48) MaC1(CO) ;[ (Mespz)PPh,] [#41] czcpBus] [3321



367

(56) IrCly(N2CgHyNO,—0) (CO)—

(47) MnBr(CO0) 3(CyN:CHCH:NCy) [20°]
[415]
3)2

(48) Rec1(co)3(PriN:CHCH:NPri)[84] (PPh

(49) trans-RuH(CO) (PPhj3) - (57) [PdCl(dPam)]z(u—co)[43o]

(p-tolNCHN-p-tol) [435]

(58) ciS—PtClz(CO)(PEt3)[26]

Q F R—N_ Q@ N—R
Cl\| /Er:_‘h \'\‘A/
Mo T2
PhECH.E~ | ¢ c” \c
2" 2pn,c1 O or x 70
(42) E=P 47) M =Mn, X=Br, R= Cy
(43) E= As (48) M= Re, X=Cl, R=Pr!

% PPhy I‘EIOI
\}L 7N

H/ U\ /CH
N H.C ci CHao
tol 2\
PPhy o hp—— b
(49) ik k "2
O
(53)
o
¢
Ph, Ph
2p——Rh—p 2 t
<; - 2. %ﬁg—:t Phaégﬁ\\\Asphz
/ o |
Cl— I /\\C—Pd\
O @] IP\CO /Pd/ Ci
§ [ cl /
o
C P
£~ — As
P— Rh—p But = phAS_—""Ph,
Phs 7 Phso
l (55) (57)
(54)
Carboryl halides containing S-donor ligands Ph
(59) [ReBr(cCo)31,5,Ph, [208] s— s~ "
Re —Br—Re
(0C)3 \Br/ (CO)3
(59)
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Selenocarboryls

(60) RuCl:(CO0) (CSe) (PPh3) 2 [388)

Isocyanide complexes

(67) Cr(the)z[NCCr(co)s]3l3>0]

(62) Mo(CO) s(CNGeMegph) [132]

(63) [MoI(CNBu®)y(Bu NHCo—

(66) Fe(CNCgHyC1l-p) 2(S2CNEE2) o—
oz, 3041

(67) Ru(CNBu®), (PPh3) [37H]

waBu®) 1703931 (68) {[Pd(CNMe) (dppm) 15 (u-CNMe) }-
(62) Fe(cnBubys 3171 (PFg) o 14441
(65) [FeCl(PPhj);(CN-p-tol)3l-
FeC14[446]
%
Bu t
] Bl\ﬁjt NBu
(OC)Cr, ~O CrCONs HNg  N- /
N ‘ NC C;\\
SN i >Mo—1
AN
CN/ I \O N"'C I CN
(0C) H C But
o | N
EBut But
(61) (63)
NEt2 Ph2p/\ pPho
Ar, S
~re] >z Mene cN
S NN Pd_____Pd
ArN S-. ‘,S \IS:
\< N-Me
NEt, P
Phg\/ Phao
Ar = p-ClCgHag
(66) (68)
See also:

80, 177, 282, 375, 378, 431, 462.



Carbene complexes

L o ~ rsol
(69) cr(co)siCCl(NEt;)]*”

(70) cr(co)s[c(neo) (NEtp) 1L78]
(71) cr(co)s[C(NCS) (NEtp) ] 178!
(72) cr(co)5[c(oEt) (SiPhy) 1323
(73) cr(co)s [c(2-furyl)-

(2~thieny1)] 1261

(79) ér(co)g[é(cnz)ggézc(oﬁ;é—

(oEt) 11961

369

——— rt+sa1
(77) cis-Mo(CO)y [CNMe(CHy) ,hMe], 11441

(78) W(50)s5(CPhy) 12101

(79) (Me3P) 3Ru(u—CHs) sRu~

(Pme3)3[274]

(80) Rul;[CH(NMe-p-tol)1(CO) (CN—p—tol)-

(PPhg)[376]

81 RhCl[(E:oconcs)a](PPh3)2[427]

(82) I‘T:Cl[BugP(CHZ) zé(Cﬁz) zPButz:] [273]

(75) Cr(CO) 3(CNBu®) [§(CH) 35C:C(OEL)E- (83) PACL,[C(COPR) PPhy(CHp) pbPhy,] L368]

(OEt)][219’220]

(76) Mo(CO) 5[C(OEE) (SiPhy) ] [323]

(89) {Pt[C(NHMé)zlu}(PFs)z[110]

0
c OEt PhsP t
Oc_| ci | _s Buy
N OR NG, TN~ N(CO,EL) P Cl
Cr h 4C 272 \\\\
/ N ~ C—N . [l"/
e | fly/j > c N
L c
(EtO,CIN? PPhy Paul,
] R L
(82)
(74)] H co
(75)] Et CNBut

See also: 286, 287, 293, 294, 353, 367, 368, 417, 420.

Carbyne complexes

(85) trans—CrBr[C(CGHgCF3—p)]—

(Co)y £871

See also: 283, 284.

Alkyls

(88) Mn(CF3) (o) 5 211

(86) CrBr(CPh)(CO),(CNBub) ,[230]

(87) CrBr(CPh) (CO) 5 [P(0Ph) 51, 230]

(102 cis—Pt(CECPh)2(PPh3)2[431]

(89) Cote [A~(+)-Nt,CiMePh] (dmg) » (2°61 (203) trans_pic(:cu,)pn](czcen)-

(90) Col[R-CHMe( COoMe) 1 {R-(+) -

NH2CHMePh](dmg)2[262]
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(104) trans-Pd[C(COaMe) :CH(CO Me) ]—
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(91) [CoMe(CagHysNg) 1T 27 1] (C=CPh) (PEL3) o 1331]
(92) [NiMe(np3) JBPh, [417] (105) trans-PtCl(C=CCMe:CHy)~
(93) Ni[(CHPMe,) N1, 107! (PPh3), 140 4061
(92) trans—pdMe(HCO3) (PEt3) , 1 14°] (106) trans-Pt(C=CCMe:CHly) [C{:CH)—
(95) PACL(CBu®:cMecMe :cciBub) - CMe :CH21(PPh3) 2 [407]
(bipy) [307] (107) trans—PA(NCS) (C=CCgHy, C=CH-0) —
(96) Pd[CPh:CPhCPh:C(OEt)Ph](acac)— (PEE3) o [293]
(PMe,ph) [418] (108) [Co(CH,SiMes) 1, [191]
(97) {|Pt(CH)CgH,CN-0) (PhyPCH:CH- (109) MesAu(u—Br) sAuBr, 3]
g req
PPh,) 15} (BF,) » L4481 (110) AuMe,(0SO,CF3) (0Hy) 123
(98) PtBr(CHaCH:CHp) (PELs), 108! (111) AuMe(CHSOMe,) H19)
(99) PtC1(CHpCH:CHp) (PPhy), [39%] (112) [Au(CHz)2PEtz], 108]
(100) trans—PtCL(CH:CHy) (PEty- (113) AuMe(PPhj) [228]
Py, (2861
(101) trans~PtC1lfC(:CH,)CMe:CH, ]~
(PPh3)2[4°7]
H
N . Cl
I/Me Bu Me Ph
N—-Co—N \ Ph
Me— / \ N—Me O N Me gt 2~ pg- PMeaPh
N N ~pd Pho _— Ph(acac)
OY(O nT o C
O OEt
(91 (95) (96)
Ph,
Ph Ca p
Ript “N\_/'iB
t
[ 7 Ny Np
P C
Pho Phy
(97)
See also: 207, 255, 256, 257, 256, 259, 260, 261, 298, 300, 308, 313, 430.
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Aeyls ‘
" (114) cis-Re(COMe) (NH,Ph) (CO) 4 L93) (117) AsPhy, [RRI(COEt) (PPh3) (mnt) ] L3431
(115) fac-Re[C(0)SiPh3](C0) 3(dppe) 1*2%% (118) Rh(COPr) (PEts) 5 (mnt) [263]

(116) 0sH(CSzMe) (CO) 5(PPh3), 200]

See also: 299.

Complexes containing chelating a-bonded ligands

(119) Ma[(CgH3Me)B(tol)51(c0)s 314)  (127) (TEFICoH3(CF o) N RE] (CO)—

(120) Mn{CsH3C(0) [Mn(CO) 5(PPh3) 1PPhy}— (PPh3) 2 1BF, 1417)
(0, [420] (128) TrCL[(MeCgH30),P(0tol)]—
(121) Mn{CgH3C(O0) [Mn(CO)y PPy}~ (y-pic) 1361
(C0) 3(PPh3) {333} (129) PAC1[C(0)CH,CHoNEL,] (NHEt ) 186}

(122) Mn{CgH3C(0) [Mn(CO) 3(PPh3) 1EPh,}- (130) {PACL[CH(CHO)CMe,CHyNMe, ]}, [189]

(€O) 3(PPh3) [429] (131) PACL(B-CygHgCHMeNMey) (S~PPr—
(123) Mn{CgH3C(0) [Re(CO), 1PPhy}— Bulph) [337]
(coy, [333] (132) PEC1(CH0CGH,PPhy) (py) [297]
(124) RuCl[MeCeHaN(CHp)oCN(tol) =  (133) trans-Pt(ONOz) (ColsPBub) (PBub—
(PEt),[346] phy [243]
(125) [ITF(FCGH3N:NH) (CO)(PPhs)pl—  (134) Pt[CH(CH,OMe)CeHsAsPhy]l—
[BF3(om) 114163 (hiac) 1328]

———————
(126) [Ir(02NCgH3NHNH) (CO) (PPh3) 5]~

B, [417]
, , L MYt
M(COLL
(120) | * PPhy Mn CO
e (121)| CO  Mn PPhs
< (122) | PPhy Mn PPhy .
123 Re C Me
L MncoyL 2| co e CO
Phy 3 PE@
N
CI Ru C/\Nj
PEt; tol
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L
N @ M
n-/ Ph ~/C’jH

\
\ H Me-o But EY

L=4—MeC§uN Ci
(128) (131)
See also: 277, 376.
Miscellaneous complexes containing M-C interactions
(135) Cr(acac), ®®] (136) [Fe(acac)sls [#01]
/oj
(o)
\,Fe-o
o/ \o
J
O\F/
e
o~ \63

n?-LIGANDS

Metallocycles -

(137) Fe(CO)y(Cyliz05) [27] (120) GsH(CSyeMMe—p~tol) (CO) (PPh3) 24271
(138) Fe(C0)4(CyqH;0z) (1301 (141) RhCly(G3Ph3) (BMeyPh), 3861
(139) Fe(CO)y (CyoHgF;2) 173! (142) Ni(CgH,qMer) (bipy) [261]
PMe,Ph @
R R Cl | Ph N
— R Ni
Ph
O ™™ 70 Cl/l Ph N
e
(CO), Fe PhMe,P O
(137) R=Me (OCu ¢
(142)

(138) R=c-CH (139) (141)
35
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Seé also: 152, 207, 269, 301, 302, 303.

Olefin complexes

(143) [MoH(C,H,) ;(¢is—Ph,PCH: CH- (147) GolC5H,(COLEE) 5], (NCMe) , 259]
PPh2)2]CF3C02[443] (148) Ni(ClHHIO)(PCy3)2[429]
(144) Fe(CO) s (CygHgo) L1281 (149) Pd(dba) (bipy) t337]
(145) Fe(CO) 3(CqHgNy) [91] (150) Pe(CsHyq) 5 2721
(146) Fe(CO) 5(C,Hgs0) [24} (151) Pt(bq) (PPhy), 4]
O/Ee(CO)3

Q . N\/\Ils‘ / :'
N— Fe(CO)5 S A\
/---Fe(CO), N//

(144) (145) (146)
~~"~Ph O
INi(PCy3)2 //O\N
S Soaf| O | ||--Pterny
s '—l 3’2
ON Ph
o)
(148) i
(149) (151)

See also: 288, 294.

Allene complex

(152) Ir(C3Hq)(C6H3)(acac)(py)[ZOl]

Py
"_':go/\‘[lr-:’::_{
(152)

See also: d392.

Alkyne complexes

(153) [Fe(CO)3(PhC=CPPh,) ], [423] (152) PtlC2(CF3)21(PCys) o 403)
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N Ph
Cx 2
F‘C”"fyc
! 7N
KDCDBFG C Fe(CO)s

~p
Phyo
(153)

See also:

260, 391, 393, 394, 414,

415, 418, 422, 432, 437.

Halide complexes containing olefins or alkynes

(155) [Mo,Clz(CoH7)21-

{MoC1[C5(CF3) 513

}[lll]
(156) RhC1(CoH,)(PPri)»

[224]

(157) K[Ptc13(czﬂu)l[1]

C

N
A

Cl .
FéC-\tzgzio
~?CF’g

C=c
d
F3C

—CF3

Crs
(155)

(162) C‘I:S—Ptclz(CHz :CHCHMezl—

[S—Me(O)S(p—tol)][lzz]

(165)
(163) {PtC1(CHy:CMeCgH,NMey—0)—

(bipy)}cio, 2701

] 1
(164) Ptclz (CHZ H CHCGHL,ASth—O)

(158) [Pt(dppe)21[PtC13(CH,) 1,

(159 ftCla(CHz:CHCHzﬁna)[sl

(160) PrCls[CHp:CH(CH) oRi5110)

(161) 5tC13[CH2:CH(CH2)4ﬁﬁ3][6]

[240]
Cu2C12(CH2:CHCN)[4]

Cu—
1
‘\
Cu—ou_
—C! CH
45?; \\\C"‘N——Cu——
C \ .
H2 '
Y
Cu Ci
\

(1656)

[2]



Complexes containing n?-heteroatom ligands

(181) v(CO) 3(dppe) (C3Hs) (361]

References p. 441

(186)

375

(266) Mn(n?-CHp:NMeCH,Fc) (€0)y 12901 (274) mmC1QN,) (pordy, [224]
 (267) Fe(n2-5:CS) (CO) 5(PMe3) (PPhy 302! (175) Ru(n2-0:50) (NO) (PPh3) 374}
(168) [Ru(n2-S:CSMe) (CO) »(PPh3) 2]— (176) {Ni(n2-5:CNMe,) [SC(NMe,)SC—
398
c1o,,,[ ] (NMez)]}BPth”
(169) [0s(n?-S3Me) (CO) , (PPh3) 210101,[393] (177) Ni(n2-N,Cj3Hg) (CNBu®) » (2e2]
(170) (+) s,6-0-Cis—B~[Co(02)— (178) PACL(n2-CH,:SMe) (PPh) [242]
(R,R-ass) 1clo, 308! (179) PE[(CF3)2C:NN:C(CF3) 2]~
(171) RhC1(02) (PPh3) 4 439] (PPh3) 5 [#101
(172) [RhC1(02) (PPh3) 5], *4%] (180) Pe(n?—CHMe:PEL,) (MeCyBgHy o)~
(173) RhE1(0,) (PPrl),[224] (PEc ) [169] '
Lo
\AsMez
A\sl——Ph
Ph / Co— Ph3R c1 PPh
Sas— i\‘o/o \ ,69\} r?/h/ ’
Rh- ~
AsMey o ~o \
PngP Cl PPh4
(170) (172)
t
MezN\C/S BuN NBut
c. cC
\ %
Ni
Ni “
N—N
/
s C—NMe, .
\ /
- ©
Ve
MezN
(176) (177)
See also: 247, 254, 255, 259, 274, 275, 285, 297.
n3-LYGANDS
n3-Aliyls

Ru(NO) (C3Hs) (PPh3) 5 1397}



376

551 [255]

(182) MoC1(CO),(dppe) (C3Hs) 3 (187) [LIrC1(CO) (PMeoPh),(C3Hs) IPFg
(183) Mo(t0)2(C3Hs) [(pz) 3BPRII?47]  (288) NiBr(lut) (CH,CMeCHCO Me) [120]

(184) Mo(CO)(n3-C7H;) [(pz)38Ph11247] (189) Pdc1(B-pic) (CHpCMecHMe) (83!
(3291

(185) WBr(CO)(C3Hs) (CyN:CH- (190) PACL(PPh3) (n3-CgH,
,[233]

CH:NCy

PhyP— Pd Me
e
(190)

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

(nl + n2)-Ligands
(191) Fe(CO) 3[C(O)NMeC(NMey)— (193) Fe(CO) 3[C(0Me)C(CO2Me) =
cH:cH,] 6] ca(co,Me) 11791

(192) {Fe(CO);[C(OELt)NMeC(NCsH, o)~

CH:CH, ] }BF, [0
COMe
(OC) e N OChpe ___ MeO. Xy COMe
=~ < 7
O N NMe EtO N NC_H =
Me 2 Me 5 10 (CO)3
(191) (192) (193)
n*-LIGANDS

(n! + nd)-Ligand

(Z9¢) [0s(CO)3]12(»—CqHjiy)2 [158]

(194)



377

(2n! + n?)-Ligand

(195) Ru(CO0), [P(QCH5) 3CMe] [CgHg(CyFg) o] [2671
L = POOCH,),CMe

(195)
(2n2) -Ligands
(196) Fe(CO) 3[CgMey (CF3) 2051 [153] (202) (cot)Rh(u-SPh)2Rh(CO), [280]
(197) RuC12(CO) (NCMe) (coq) [82] (203) Ni(cod) [n*-C,Ph,A1Ph(OEL,) ] [424]
(198) [RuH(cod) (NH NMez) 31PFg 2401 (204) paci,(cod)y [31]
(199) [RuHCL(cod) ] (u-NH,MMe,) 1223]  (205) paci(cm,S0,ph) (coa) [163]
(200) Rh(py) (hfac) [C7Hg— (206) Pt[C(CF3),0C(CF3)20](cod) [133]

[268] [301]

(CoxMe) 5] (207) [Pt(cod)lo(u-CyFg)2
(201) Rh(cod) (25,35-Ph,PCHMe~

CHMePPhy) ]C10y [379]

Py
FBCVI'Z\\(CFB
—p. O
HoH§ I MeO,C_ " Co,Me
__:RU\\CI/}RU“T~-- I E
Me NN, é
(199) (200)

“OEt,

(203)

See also: -265, 429, 430, 439.
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n*-Dienes

5 [237]

(208) TaCl(dmpe)»(n*-CqqgHg) ] [153]

(2i2) Fe(CO)3 [CsMEL,,(CF3) 2

(209) Fe(CO) 3(C,HLCO) (28] (213) Fe(CO0) 3[CgHg(CPh3) (SiMe3)] (364

(210) Fe(CO) 3(CyHoMes80,) [3%] (214) [Fe(CO) 315 (MeCHy, CMe:CH,) L1811

(211) Fe(CO)3(C7H,Ph) [18c] (215) Fe(CO) (bipy) [CyHy (COEL) 5] [269]
M82

T M
\U%WG Me | Me N
v Fe
(CO)
(208) (210)
(CO)y
e

= Ore
(OC),Fe --4 —- Z N\fcl_. ,NO
™ OoCLFe 0 ©
CPhy ¢ i—, eMe Me EtO,C—\ | y—COzEt

(213) (214) (215)

See also: 260, 266, 280, 281, 282, 393, 397, 401, 405.

Cyelobutadiens complexes

(216) Fe(CO) 3(CaqH;4,07) 290! (218) [(CyMepBuz)Pd(u-C1) 3Pd—
(217) [NiBrz(C#Etk)]2[309] (CyMezBub) 1, [Pdyc1e] 12441
Me
@ .
Me, But Bt Me
N Cl s
[ [—Fe(con, T [PaZCiSpg-TE
S \C 4 P \
. Me But <l gyt Me
@]
Me (21g) (218)

See also: 263, 264, 379, 393, <424.



n3-LIGANDS

Cyclopentadienyls

(219) [Yb(CsHs) 31, (u—CyH,N,) [370]

(2a20)

Mn(Csﬂqﬂb)z[ggl

(221)

Cyclopentadienyls with anionic ligands

(222)
(223)
2z
(225)
(226)
(227)
(228)
(229)
(230)

(231)

(232)

(233)

(234)

U(HaBH)z(CSHS)2[68]

T1C1,(Csls) 5 L02]

ZrClz(C5H5)2[52]

[Ti(HaBH)(Csﬂs)]z(u—01)2[67]

[TiClz(Csﬂs)]zo[SJ]
Ti(HzBﬂz)(Csﬂs)Z[GS]
[Ti(u—Cl)(C5H5)2]2[248]

[Ti(u—Br)(C5H4M&)2]2[248]

[T1(u-C1) (CstyMe) o L248]

TiC1(0CEH,C1-2) (CsHs)—
(CsHsMe-1-pri_3) [253]

TiC1(0CgH3Mey—2,6) (CsHs) ~

(CsHzMe—1-pri_3) [2°3]

T1(0CgH,C1-2) (OCgH3Mer—2,6) —
1_3) [253]

(CsHs) (CsHgMe-1~Pr

[Ti(OCOPh)z(CsHs)]2[389]

\(_\ cl Me
\Tie
Q CHM92
(232)

References p. 441

(239)
(240)
(241)
(242)

(223)

(247)
(248)
(249)
(250)

(251)

[Fe(CsHs) z]Bic, [2°]

NbHa(CSHS)z[GA]

TaHa(C5H5)2[64]

(62
MOHz(Csﬂs)zl ]
[100]

[Mo204 (CsHLMe) 21,
[(CsH5) oMo (1—0,P0O3 )Mo~
(CsHs) 21 (PFg) 21 257]
[Mo(Z-prolinato) (CsHs) » 1PFg
[Mo(L-leucinato) (CsHs) » ]PFg
{{(C5H5) Mo (u-H) (1—OH) Mo—
(Csﬂs)](u—c1oHs)i—
(PFG)Z[ZSO’ZSl]

MO(I’]Z—Pzﬁz) (C5H5) 2 [63]

[IrCc1(CsMes) 15 (u-H) (1—C1

[RhC1(CsMes) 5 (u-CL) , L2581

[IrCl(CSMés)]z(u—Cl)2[257]

Co{ (NO) 2C7Hg (COzMe) 2] (C5H5)

379

[161]

[161]

)[257]

[185]

Cl
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(235) Ti(N3)2(CsHs)o>7] (252) [(CsMes)Rh(u-0,PF2) 3Rh—
260] .
(236) [Ti(u-Cl)(CsHs)1o(u-CigHg) [244] (CsMes) 1PFg [ !
(237) VCL(CsHs) 1! (253) Rh(NCBPh3) (SzPMe;) (Cses) 3201

(238) [Nb(OH)c13(csﬂque)]20[101]

>—3) 0P
N A (CoH,) /

i _.C 3 O—Mo—O—Mo 5 5 ( ),MQ
i l\\‘TL lo l ]o 2 CsHg), \
SN l HN

. uglMe—O— =0
(236) (242) (244)
0r?
RATRIV A R P _H !
5 52 ‘//L\ Mo Mo
N P RN
nN" CH,CHMe, Q
(245) - (246)
R //()
H -
- L rco—N
P X co,Me
(CgHg),Mo__ | N
FL\H (@)
CO,Me
(247) (251)

Cyclopentadienyls containing other n-hydrocarbon ligands

(254) TiCl(n2-0:CMe)(CsHg) o 2%) (262) FelnS—(CF3)2CCHC(CF3)CF—
(255) ZrMe(nZ-O:CMe)(C5H5)2[119] C[:C(CF3)2]}(C5H5)[172]
(256) Zr(CHPhZ)Z(C5H5)2[375] (263) Co[trans—Cthz(Z—thienyl)2];
(257) HE(CHPhy)2(CgHg)p 072 (cshg) 13471

(258) [NbBu(CsHs)z1,001342] (264) [Co(CsHs) 13{u—trans—CyPhao-

(259) Nb(CHpCH:CHy) (n2-8:CS)— (2-thienyl) ]} 3%%]
(CsHs) , 11371 (265) Rh(cod) (CsHy,COgMe) 1641

(260) MolC2(CF3)2][C(CF3):C(CF3)~ (266) Rh(C13HaF12)(ind)[278]
cstis] (cstg) [209] (267) Trcl(Cyiy) (Csts) 1411

(261) [WH(CsHs)](u—n’:n5—CsHy) o~ (268) TrI(CyHp) (Csis) 4]

[W(CH,SiMe3) (CsH5) 1 13061 (269) PALCy(COzMe) s 1(CsH,PRR) [372]



(266)

(264)

J/ 2

@ F

381

CH_SiMe (CF3),C

Cyclopentadienyl complexes containing CO, PRy or CNR ligands

(270)
271
(272)
(273)

(274)

(279)

(276)

277)

(278)

(279)

Ti(CO)Z(C5H5)2[94] (281)

NbCla(dppe)(CsHs)[lOl]

Cr(CO) 3(CsHySMez) [2°) (282)

NBuq[Mo(CO)3(C5H5)][29]

Mo (C0) 5 (n2-MeC:NPh) - (283)

1561

(CSHS)[ (284)

Mo(CO)z(nZ—O:NCMeg)(C5H5)[601 (285)

(-) 578-Mo [SCMeN(S~CHMePh) ] (CO) o—

5)[202]

(CsH (286)

1
Mo (COCHPhCHMeNHMe) (CO) 2~ (287)

(csts) 12171 (288)

MoI(CO) [n3-Cc(iMe,)CMeNMe |- (289)
(C5H5)[103]

)[25]

MoC1[(PF2) 2NMe]2(CsHsg (290)

References p. 441

MoC1(PEt3) (n*~CsHsEt—endo) -
(Csﬂs)[zzzl

Mo(CF3) (CNBu®) In"-C,, (CF3) -

onBut] (csug) (2981

W(C-p—tol) (CO) 5 (CsHs) [17%]

W(CSiPha)(CO)z(CSHS)[326]

W(Co) (PMe3) [n2—C(p-tol) :COI-

(Csﬂs)[2183

Mn(CMe2) (CO) 2(CsHs) L2

Mn(c:cuph)(co)z(csHs)[152]

Mn(CO) 2 (N2~CgHg) (CsHs) 1 -7

Mn(CO) » [PRPOC( :CHp) CH: C(Me) O]~
(C5H5)[215]
Mn(CO) 2 [PHPh(CPh:CHPh) ]~

(CsHs)[334]



382

(280) [Mo(dppe) (n"*-CgHg) (CsHs) 1-

PFé[280] (291)
+
SMe2
PN
@ %
: Cf: T“’ Me
Cr w4
(€O o
Me
(272) (276)

(292)
(293)

(294)

(295)

(296) -

297)

(298)

211

[Mn(CO)3]2(CZQH15)[3 (299)

[Re (CPhPMe 3) (CO) 2 (C5Hs) 1BCL,2%4] (300)

[Re(CO) 5 (CsHg) 15 (1—C:CPh—

[349] (301)

CPh:CH,)
Fe[SC(S)ME](CO)z(Csﬂs)[38]
[Fe(CO) »(C7HgN2) (Csts)1BPh (11311 (502)
(CsH, Me) Fe(u-S,) ,Fe(CO) -
(CsHy ey (1181 (303)
{[Fe(CO) 2(CsHs) 12{nu—C3Hs) }~ (304)
pr [199]

[Ma(CO) 312(Cy yHgMey) 2771

O

£

— \ O —C

c ,4J:H

O @] C
“Me

(289)

Fe(COPh) (dppe) (C5Hs) [3901

ﬁu[C(CFa):CH(CFa);EgC:—

CH(CF3) ] (PPh3) (Cstg) 3001

Co[C(0)C(CO2EL) :C(0)OEL] -

(o) (et [135]

| S ——

Co[CH2(CH2) 2CH2 ] (PPh3)~
(C5H5)[336]

Ir[CHz(CHz)zCHz](PPh3)(C5M€5)[336]

[Co{ [P(OEL) ,0] 3BF} (CsHs) IBF, L2071

A 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, 424-227, 443-445, 449, 480-482, 484, ¢85, 488-490, 493,

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



(CX:épﬁn\
Mn
(CO)5
(291)

@]
-1io
O/ ~CO,Et

OEt

(301)

Ferrocenes

(305) [FcCH,(NGsHs) 1T

(306) FcSiHth[ZBl]

(307) FeoSnclp 243!

(308) [CU(C5H3CH2NME'2—2) (C5H5) -

Fe]q[437]

See also: 166.
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[184]

T
(co),
N
Re=C=C_ Ph

Mn (CO)3

(292) (294)

(309) 3,4'-Diacetyl-[5]-

ferrocenOphanelzzg]

(310) [15]-Ferrocenophan—8—-one

ferrocene[396]

[316]

(311) 1,1'-Tetraphenyl-o—phenylene—

383



384

Ph
o (CHain Gy, @ Ph
Fe =0 Fe
LD —(cHy), ) D Ph
Ph
(310) (311)

(n? + n3)-Ligands

[115] [299]

(312) [Fe(CO) 3(CgHgAc) IPFg (313) {IrC1l[C(CF3) :CH(CF3)1(CgH11)}2

—C1 H
"
ir-
\
1Y
‘\Cl CF3
half dimeric molecule
(313)

See also: 325, 326.
n®-LIGANDS

(2n3)-Ligands

(314) Rh(hfac) (Cqi; ) 7] (315) Ir(hfac)(CjoH;g) (20



(314)

(n2 + n")-Ligand

(316) Fe(CO),(CygH;y) [212]

Arene complexes

(317) [Nb3Clg(CeMeg)312¥-

(tcnq—)z[382]

(318) cr(co) 5 (phie) [4%]

(319) Mo(CO)a(CGH3Me3—1,3,5)[97]

(320) Mo(CO) 3(CeMeg) 071

(321) [Re(CO) 3(PhMe) ] [Re,Br ;-
(c0y1120!

(322) [Re(CO) 5(CgMeg) 1 [Re,Cls-

(coy1120]

Fe (CHy),

(323)

See also: 347.

References p. 441

(324)

{323)
(324)

(325)

(326)
(327)
(328)

(329)

{Fe[CSHq(Cﬁz)30635]}PF6[136]

{Fe(CsHs) (n®-C;3H10) 1PFg f214]

[Fe(CgHs) (n®-C; sHgMe-9—ex0) 1-
PFg [214]

{[Ru(OH)(Csﬂg)]u}(sou)2[305]

138
Ru(n5-C8H11)(n5-PhBF3)[ ]

Ru(nS—CBHII)(n54PhBPh3)[138]
[{Rh[nS-PhPPh(CH,) ,PPh,}},1-

(81, ), 14361

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



386

Other n®-ligands

(330) Cr(CO)a(ns—Csﬂqcth)[265]

<&EE7e=ph;

cr §
(CO)a
(330)
n7-LIGANDS
(331) [Mo(OH,) (acac) (CH,) IBF, [102)  (335) [(c/H7)Mo(u—CL) sMo(CH7) 1-
(332) (CH7)Mo(u—-0Me) Mo (CO) o— [MoCL(Cy Fg) 31 1111
(n3-c,uy) [231,232] (326) [(C7H7)Mo(u~OH) 5 (u~Br)Mo-
(333) (CyH7)Mo(u-SBu®) sMo(c0) 5123%] (CH7) 1BF, 11391
[134]

(332) [(C7H7)Mo(u—Cl) 3Mo(C7H7) IBFy

n-HETEROATOM LIGANDS

(337) Fe(CO) 3[PhB(CH:CH) o— (340) Mn(CO) 3{C,HyNMn[NC5H3C(0)—

site, ] 11591 Me](c0) 53 (1781

[123]

(338) Fe(CO)3[s(BIMes),(CEt) 5] (341) Fe(CyHoMe,P) (CsHs) [81]

(339) Ma(c0) 3(CqHgn) 170!

See also: 203, 278, 399, 400.
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B. COMPLEXES CONTAINING METAL-METAL BONDS
TRANSITION METAL-MAIN GROUP METAL BONDS

Main Group IT

- (342) MoH[MgBr(thf)](0535)2[140] (346) Mo(HgI)(Co)Z(ASMeZPh)(Csﬁhne)[176]
(323) Mng[ZnBrz(dmf)](C5H5)2[121] (347) [Mb(chlz)z(Co)3(C6H3Me3)]2[300]
(344) Mo[ZnBr(thf),]{C0) 3~ (348) [CdFe(Co)q]q[lQZ]

(cstis) 188] ) (349) [(bipy)CdFe(c0)y]540%]
(545) [Mo(CO)3(CsHs)],Hg 176!
(OC) ,Mo(CgH Me,) ) o)
’ T N (E;e 4 N'ﬂ\)
T (o) N N /N
CI\H Hg (OC) Fe\c /F\e a /Cd Id
~c
\:l /
// \\<§ - Cd
o C\d / (0C) &~ g—"S(CO),
Cl cd ) \
Fe—>~“—Fe
(C5H3Me3)Mo(CO)3 (OC)4 (CO)4 N\/N
(3473 (348) (349)

Main Group IIT

[37]

(350) Cr[InBr(thf)](CO)s5 (35D) W(GaMéz)(Co)a(CSHS)[SS]

Main Group IV

(352) Cr{Ge[CH(SiMe3)2]2}(C0)5[234] (357) CiS—FE(SrlPh3)2(CO),+[397]
(383) Mo(GePhg3) (CO)2[CPh(OEL) }- (358) FeH(SiFZME)z(CO)(C5H5)[32]
(cshs) [369] (359) (+)~Co[GeMePh(nap) ](CO), L2661
(35¢) [Mn(Snc13)(éo)2(PPh3)— (360) TrH(SiMe,08iMey) (CO)(PPh3), +08]
[311] [447]

(C5H5) ]Sn015 (361) {Ni(SnPh3) (nPS) 1BPhy

(355) ReH(S1Ph3) (C0),(Csis) (3] (362) trans-PtCl[Si(OCH,CHp) 3N -
(356) eis—Fe(SiMe3);(CO)y (691] (PMezPh)2[283]
T O
'.__n‘_/ e
3 i Mes
o / H — \Si(
C Ph3P H Me
(@] H 2
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Main Group V

' 2
(363) [Fe3(Asy0s)(CO)5(CsHs) 31~ (364) WI(u-AsMe,)¥n(CO) 515(C0),, [211]
BF,_*[237] (365> FezCO(Asmz)z(CO)3(C535)3[285]
(CgHg)_ (CO)
SsHg) ( (CsHs)
CsHs) L~ N\ (CsHs) Fe
Fe—As /As—F’e é
N (Co)g \\O O/ (CO)2 hzez 1\222 MesAs 5 AsMe,
O\As/ o ©OCIMN—2%_ /" Mn(coig \F’g‘c
e— L0,
\;3/ (CO),4 (C5H5) ~c” (C5H5)
As o
(363) (364) (365)
BINUCLEAR TRANSITION METAL COMPLEXES
Carbonyls
(366) NEt, [(0C)sCru-0)Cr(c0)s] 1441 (371) 0s3(C0) 4,1, 112]
(367) (0C) W (1~CO) [u-CPh(PMes) I- (372) [Co(CO)21(u-CO)  [u-HN(PPhy) ] 348]
© [226 5
Re(co),, 12261 (573) [Co(CO) 2] [Uu-MeN(PF,) 15 1] .
(368) cis—-Rez {co) 8— (374) {co [PF, (NHMe) ] }2 [IJ-MEN(PFz) 2] 3 [15]
[C(OMe) (p-to1) 1, [327] (375) Cop(CNBub) g[391]
(369) [Fe(CO)312(u-CO) (u-CyHyN2) L7%1  (376) PA[CO(CO) 4] (Coty e - MNHPR) (py) [291]
(370) [Fe(C0)2],(n—CO)~
[u-MeN(PF,) ] 1231
Ph PMes Me
N
FZP/ \F’Fz
(COJa Ar
Re
(ocym M(CO), Ar < ——C (OC)Fe——Fe(CO),
N N |5
Me o)
- (COy P P
il / Fa'~_,.~ F2
o) MeO ',\\Jde
{367) M.M = W,Re (368) Ar=p-MeCgH, (370)
o o H %e
O C I ? PhZP/N\PPhZ FZP/ \PFZ
oc 5\ _cOge—co | l
C\Os /Qf”V‘\ Co——Co, bﬁ;Q:—jgg_L
oC— \OC CO (CCI"c— (COJp
AT g S 5 SR A
(@] Me Me
(371) (372) (373) L=CO

(374) L = PFy(NHMe)



Cyclobutadiene and cyclopentadienyl complexes

(377) [Fe(CO)2(CsHy)1,SiMe, [183] (380) (Ph3P)pN[Coz(C0)2(CsHs) 2] [92]
(378) trans,anti-[Fe(CO) (u~CNPh)— (381) Gog(u-CO) (1-NO) (CsHg) 5 82771
(CsHig) 1, 132453251 (382) [Co(u-NO)(CgHs) 1,1°%]

(379) Co2(CO)g (CyHy) 147}

Metal-metal bonded alkyls

© 389

(383) Vy[CeHa(OMe)5-2,61,13%3) (388) woMe,(0,CNEL,), [148]
(384) Crz[CsHa(OMe)z—Z,G]g[362] (389) Crp(CHzSiMe3){(n~CHySiMes) o—
(385) Cry[CeHa(OMe)3-2,4,6]; 1300) (PMe3) , [ 288]
(386) Moy [CgHz(OMe),-2,61, 1362 (390) Mny(CH,CgHyNMep—0) s, L30T
(387) [Li(thf) Iy [WoMeyCly]tL!
R
MeO Y oM R
Me/ N MeO OMe
MeQ 0_\_\/ MeO /Me | M R
/V}ec-) OMe . O_\M (384)| cr H
LTINS N} (385) | Cr  OMe
MeQ € Me© OMe (386) | Mo H
@/ MeO éMe
R
(383)
R
Me.Si . l\gle Me,N
€3¥~cu, 7 PMe, NMe;
/ \ / Mn7~
r Cr M N/ h{m
\ \C €2 L:RQ /NMEZ
Meap,\fi/CHz H2 ginme \—
e3
(389) (390)
Metal-metal bonds bridged by hydrocarbon ligands
(391) [Mo(CO)»(CsHg) 15 (u-Colip) [(182)  (396) [M0(CO) (CsHs) 12 (u—CgHg)
(392) [Mo(CO)2(CsHs) ] (u—Cat,) [198] " (purple) 246!
(393) Mo2(C0) 3(C2Pha) (CyPhy)— (397) Wy (CgHg) 3303
(CyPh,CO) [450] (398) [Mn(CO)2(CsHs) 15 (p—C:CHPh) [279]
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(394) W,Br,(C0) 5(CoMep) (dpam) 1387)  (399) Mn,(CO) 7(CyHaMe,PBuT) [197]
(395) [Mo(CO) (CsHs) 12(u—CgHg) (200) Mn3(C0)13(CyH Me,P) {195]
[246]
(orange)
H Me
ci\ Me
v H T
N
(coy, / \ {CsHs) ©C) W4C§ €Oz
3
(CoHo) %cor / / Br
\ / \B,./
PhAS——"A%pn,
(391) (394)
Moo, ST Mo,
(395) (396)
(oc)2 (c:O)2
(398)
But Me
“p = Me (OC),Mn pﬁ
3 ~Me /// ?7‘ Me
©c), (coy, oMM o),
(399) (400)
(201) [Fe(CO)315Colg [Fe(co)s] I1B1)  (229) (Rn(CsHs) I2{n—(CoMer)co-
(202) Fep(CO)s5(gaz) (isomer I) [245] _ [Cz(CF3)2]}[227]
(4€03) Fe2(CO0)s(gaz) (isomer II)[245] (420) [Rh(CsHs)12(u-C0) (u—Cth)zBBS]
(204), Fep(CO)y (PEL3) (gaz) 12451 (421) [Tr(CO) (CsHs) ]2 (u—Cehy) (213
(205) [Fez(CO)sIC1yHgMez [Fe(co)31 2771 (422) [Ni(CsHs) 12 [u—CF3C2P(0)Phy] 312
(186,187] (423) [Ni2(C0)2(u~Cl) (u—C3C13)1o L7

(406) Fe2(C0)g(1-CNEL3) 2



(07)
(408)
(409)
(410)
(411)
(412)
(¢13)
(41¢)
(415)

(416)

(417)

(418)

(OC)ZI_-‘e

Fe,(C0) 5(Cotg) [129] (424)
Fe2{(C0) [C2HaC(0)s] [33] (425)
Fe(C0) 6 (CyHstes) [77] (226)
Fez(co)s(CeHsSz)[127] (427)

Fe(C0) g [C(CHO)P(CgHy)Phy ] [320]

[Ru(C0) 2 (PBuS) 12 (1-0,cPr) 2 13831 (228

Ruz (CO) 4 (u~I) (C7HgPh) [196]

C02(CO) 4 (u-dppm) (C2Ph2) 414 (429)

C02(C0) 2 (u~dpam) 2 (CoPhp) (4141 (430)

Co3(C0)y (1~CO) (PMeaPh) -~
(1-CPh:NPhCPh :NPh) [392] (431)

[RR(CO) (CsHs) 1 (u~Cip) L11651171 (432)

[Rh(CO) (CsHs) ] 2 [u~C5(CF3) 3l 1751

(OC)ZFe —_— l;‘e(CO)2

<o @l

(402)
(404)

\\‘Fe (C 0)3

e
(CO),

(405)

ll:e(CO)3

(407)

(OC),Fe
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(CgPhg)Ni(u—CaPha)Ni(CsPhs)[452]
[PA(PPrY) 12 (n-Br) (n—CsHs) [294]
[PA(PPh3) 12(u—CyH7) (u-CsHs) (4221

{Pd[P(0-0-tol) 3]}2(n-CyH7)—
(U—Csﬁs)[422]
Pds(acac) s [0-C3Ph-

(CeﬂuOMe—p)zlz[Mz]

[Pt(cod) I2 [u-0C(CF3) 4] [133]

(cod)Pt(n—CyFg)Pt(1—CyFg) —

(u-CeFlz)Pt(cod)[301]

[PE(CMBu®) 212 [1-0C(CPh) 21 372!

8
Pt3(PEt3) 4 (v-CoPh)) 2 [438]

: (OC),Fe — Fe(co),
L=CO (403)
L = PEt,
F(CO)3
EtZN =C \\,
Feco,
(406)




392

o]
il
CH
ST
— ; ‘
__& ‘\s "-"-‘-. ...‘.-’.“I
.2 i Y
- // (OC)Z (Co)z
(00 FET—Fe(CO),
e (413)
?
PhMe,P
Ph , §
> - eh P N
e co olCO2
o (005 o
(oc)zcx / oo\ \ / \
Co
Ph, N Phy, _~\=Co(CO) . c \ipn
e Cco A5 N X
<, 2 - Pr’\ /(
ghz ho Phgs AsPhy onN .
(414) (415) "
Q
F3C, CF-

i Pd
prip—

(425)

(426) R=Ph
{4273 R =O-o—tol
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CF3

o\pu__jﬂ_pd R . Fg:ff>thod)
: Pt
~X;;7 ke —o PG 13
\
v / \ F3C</ \/7CF3
coa)"t P o) (cod)Pt—="CF3
CF,
(429) (430)
o
1l
But Iﬁ;/Ph Ph Ph
-C,
- NC\ :::-C~-::~. \ /
/Ptgg‘-Pb—CNBut \\pt /
A tNC N pn—C< SE~en
u
N
L (PEty), (PEts),
(431) (432)

Main Group IV ligand-bridged metal-metal bonds

[143]

(433) [ReH(CO) 312 (u-SiEty), (434) [ReH2(CO) 3] (u-SiEt,) »(Re(C0),1116)

12 Ety
St y Si o
; H 1
OC\E9é:X:’ Oc i bc) /
oCc—Re—Re—CO —Re——Re
: \C /-‘\l (@] N LS
W O '\ “€0 “\ Co” \ ¢
/ H H\, ¢ ©
si sf S
Eto Etz
(433) (434)

Main Group V ligand-bridged metal-metal bonds

[35] [157]

(435) Fe,(CO)g(n-AsMe,), (439) (0C),Fe(n-AsMe,)Co(CO) » (nbd)

(436) FEZ(CO) 3 (LI—ASD'IEZ) (}J—OCNMEZ) [80] (440) (ON) zFe(u—PMez) ZFE(CO) 2=
(£37) Fey(CO) 5(PPh3) (u1—PPhj)~ (u-PMe, ) Fe (CO) , (NO) (701
(u—CzPh)[4l31 (441) (ON)oFe(u-PMes)>Fe(C0)o-

(238) FeCo(CO) 7 (n-PHey) [3>] (u-PMe ) Co(C0) 51701
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PhyP Ph
Me, ¢’
A N As2
(OC)Fe —Fe(CO); (OC)ZF < Fe(CO)3 (OC)4F9/ \,C QECO)Z
Yo N\ ’
CcC—O0 P \
/ .
MesN Phy
(438) a37) (439)
0 o)
Me2 Me, E
(ON)Fé—— = /p\M/
~p| (CO),
M82 C
O
- (440) M=Fe, E=N
Main Group VI ligand-bridged metal-metal bonds (441) M=Co,E=F
(242) [Mn3(CO)g(PMe,Ph) 1(u-0EL) 4 (284} (446) [Fe(CO),(PMeg) (u-SMe) ]2[107]
(£43) { [Mn(CO) » (CsH,Me) J2(u-SEL) }—- (222) [Ru(CO) , (py) (u-mbt) ]2[339] :
216
Cqu[ ] (£48) [Rh(CO) (PMe3) (n~SPh) ] 2[256]
(244) (CsHs) Mo (u—S) pMos, [100] (449) [Rh(u-SPh) (CsHg) 1, 1282]
(445) {[Fe(CO) (CsHs) 15 (u—CO)— (450) [Ir(u-SPh)(C0),], 177}
(u—SEt)}SbFG[160]
Complexes 332-336 also contain metal-metal bonds.
Et
YMn(CO)3 'IS
MezPhP/ / o \Mn/ M\n(c‘\?;z
Et
O
Et
(442) (443)

\ /
(py} (OC)ZRI’u— R\u (CO)2(py)

S S N
O /S \(/
(C5H5)2Mo ————— Mo S
\S/ N s

(444) (447)



C. CLUSTER COMPLEXES

CLUSTERS CONTAINING SIMPLE DONOR LIGANDS

3-metal atoms

395

4
(451) NEt, [RegH, (CO)4q] [48] (458) 053(C0) 19 (OMe) 5 2%
(452) Ru3(CO) 2{114] (459) 0s3H(CO) ;g (SMe) (451
1 3
(453) 053(C0)12[115] (460) RhaHalP(OHe)ale[225]
445
(¢54) 0s3H(CO)1q [45,46] (461) Pta(CO)s(Pcys)a[ 431
(455) 0s3H,(CO), [73] (462) Pt (CNBut)s[352]
1 3
440
(456) 0s3H2(CO);q(PPh3) [338] (463) Pt3(802)3(PPh2)3[ ]
(257) Ruz(CO) ;o (CyHyNp) 11231
H
oy (CO), (lc)
(0C)05=———=0s(CO);  (0C),0sZ>(0s~CO
3 E I ~L
H &
(454) (455) L=CO
(456) L = PPhy
n—N B (COy, (CO),
o \ Os Os
?} >Ru<c0)2
(OC)?_R\{J\\ /co _-H-.
(OC)Os—————=0s(CO)., (OC)3;08 22 ~c-=== Os(CO)
R 3 ~—c 3 3 TS 3
& “(co), T \/
Et [
(457) Me M€
(458) (459)
2
(MeO),P .y (1:
OMe)

_H-(MeO)a p 3 But Pt t
(MeO)p—RNT s RAN
- \\H R/n \p(om ) P ;I:t/ \,
== el3 h3 — Pt

/ P autNc” e Sensut
P(OMe); | But
(460) oL Pt © u
O\S\"”/’ i\-_s_o (462)
Pt—— Pt
~ ™~
Ph3P \5/ PF’h3

/\

oo

(463)
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d-metal atoms

(£64) [NMe3(CH,Fh)]o-

[RexHg (CO) 121 1891

(465) ReOs3H(CO)15 [149]

5-, 6— or 7-metal atoms

(469) Re2053H2(C0) 20 [235]

(470) 0s5(C0) 16 154

(CO)3
Os—-H

35— Re(CO)g
(CO),

(CC)gRe ¢
H

©oc)Ps

(46S)

(CO)3
\ (€CO)3

/ /\
\05705((:0)3

(OC);0s—

XX

Os

(0C),,05—£_=0s(coy,
(CO}

(471)

(466) Fey(CO) ;1 (NEt) (ONEL) (1501

(467) RuyHy(CO) 3g(dppe) (3731

CLUSTER COMPLEXES CONTAINING HYDROCARBON LIGANDS

3-metal atoms

(473) F83 (CEt) (CO) 8—

(CsHoMe, Vi) (2391

(474) Ru3H(CO)g(CoBut) [171]

(75) Ru3(C0)g(CygHys) L212]

(466) Rh,(CO)g[P(OPR) 31, 4]
(CO
Ru e
(OC )2 ‘ / —F'e(CO)z
/ c=0
(OC) Feco,
Et
(466)
(€71) 0s7(C0) 23 12771
(472) Rhg(C0)12[P(OPR) 3], 1471
(CO)q (PhO), (CO)z
Os
/_/ N\ \\\ \(CO)
(0O —=os(con, . oc)ﬁh\\ / (c;fg:; .
(OC)4\\ (oc>
(((:)5) {PhQO} P [
3 3 (c0)2 °
470}
472}
—
(477) OS3H(CO) 8 [CEtCHCHC(CHMe)CO} [197]

(478) 0s3H(CO) ¢ (CHCHoPMe PR) 2381

(479) 0s3(CO) ;0(C2Phj) [295]

(280) [Rh(CsHs) 15(CO) (CoPhy) [347]



(476) Ru3(C0)g(Cy2H20)—

357
(Cy3H200) [3571
Pne:]‘i!ii!ﬁ;e But
- 3}
vi \ /Et (oc‘agu\_\_ycl\
. Fe )
0 o
e ;:3\\r:t=_-(c0)3 R“/
0C)3 O (CO)3
1473) (474)

(E§323 o Et
COLY— But 5 0
Aﬁ ’ VAN €
(OCLRUTTES): H
fL Byt s/ e
(€O
But H/ Me
476) (477)

4~ or 6-metal atoms

(482) MoCo3(C0)11(C5H5)[l7l]

(283) Ru,(CO) ;2(C,Phy) [319]
Ph
d
Ph
(CaHe)pg o (CO) S
5}""8\ 2 CON T C=Ruco),
2N S
(0C)Co—|{—Cotco), © N
Co Ru
(COJ)3 (CO)
(482) (483)

CLUSTERS CONTAINING MAIN GROUP ELEMENTS

(285) {MoHg[Mo(CO) 3(CsHg) 1}, >8]

(<£86) (Nth)z[Re3H30(CO)9][34]

References p. 441

(481) [Rh(CsH5)]13(C0) [C2(CeFs)2

(484) Tig0g(CsHs)g

(490) [Fey,Sy(CsHs)y, 1(PFg) 2

397

][347]

[351]

{CsHs)

(5) / \A / T
(CsH )T'\’\-/—Ti ]‘(CSHS)
575 \l\; '————T—"‘\Ti(C5H5)

(CSHS)—,'//’T"\ g / |
O\\\\E?EO?O

(CsHs)
(484)

[249]

(491) C03(CMe)(C0)B(PCy3)[341]
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(487) Fes(AsPh)2(C0)q 2843 (492) Cos(CO) 11 (PMes) 312031
(288) Fe,[SnFe(C0)2(CsHs) 12(c0)g 12291 (493) {[Co(CO) (CsHs) 14as}BE, 12761
[249] [4121

(489) [FeqSQ(Csﬂs)q]Br (494) [PdgCl(Pth)z(PEtg)s]BFq

(CgHs)
(COM N\ e
3
/H\Q—MI \0 /Mo(CO)B(C5H5)
Mo-—Lig -Fe(CO)3
Moj__ 1 o (o) Fe—V
v/ He (OC),ReZ-|—=Re(CO); -
Hg-—-Mo N /7 1cO;
M/ Mo(CO)4(CHs) Fm G X
(CHg)  ACO)y (CO)3 Ph
(485) (486) 487)
(C5Hg) - (CO),
sSn
) \ P
(OC)F=————=Fe(COX Oc_ Me2
, x>0\ fe=o
_Cog—=c%
Sh OC/ ’Cqb/ Co
1_ Me,P—__ 4
(CsHe) S(cOy, (COX3
(488) (492)
Ets
P
o l
S ct— N ~ppn,
(CgHs)Co (CsHs) ;2
\ Co /
/ CO
As l o /Pd Pd
~~ o~ Et,P” .~ PEt
(C=H)Co P
55, (CsHs) o
c 2
o
(493) (494)
METALLOBORANE COMPLEXES
(arranged in order of increasing polyhedron size)
(495) [(CSHS)CO]3B3H5[162] (£99) 5—[(csus)Co]BgH13[161
[377] (500) 9,9—(Ph32)2-6,9-SPtBBH10[j78]

(496) (Ph3P)»CuBgHg

[162]

(497) [(CsHS)CO] 3ByHy (501) 9,9—(Ph3P) 2—6,9-SPtBgHg—

(498) NBus, [(0C)4FeB7H; 2] 102 (oEt) -8L378]
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(CsHs)
Z Co
| AN (CoHg)~, Yf>2j
/\_[—Co(CsHz) =CO—Co(CsHs)
(CaHg)CoX 1~
(CgHs)
(495) (497)
) A Ph PPh
(CaHcd " 3P\ P
Pt
H
\H
HaP H
Fe(CO),4 H
(498) : (499) (500) R=H

(501) R =0OEt

METALLOCARBORANE COMPLEXES

(arranged in order of increasing polyhedron size)

(502) 1-(CsHs)-2,3-Mep~1,2,3- (509) NMey[2,3-(CsHs) 2-2,3,1-
CoczBQHq[42] COZCBSHIO][BS]

(503) 2,2-(Et3P)»-3,8-Me,-2,3,8- (510) [(Csﬂs)Fe]MeqCuB7HB[124]
PcczBSHG[lgol (511) [(CsHg)Fel;MeyCyBgHg

[71]

(504) (CsHs)Feln>-BgH;C(0EE))] (isomer I)[ZZI]

(505) [LiCthf)s]2[UCL2(CsBgHy ) 2] M3) (512) [(CsHg)FelMe,CyBgHg

(5086) Co(Cngﬂla)—S,S'—OMe[l7] (isomer II)[ZZI]
(507) [(EtsP),Ptl1—3,4-CaBoHyy ' */]  (513) [(CsHs)FelaMeuCuBgHg
(508) [Au(SoCNEt2)2]- (isomer V)[221]

[Au(C2BgH; 1) 2] f12]

Me” Y Me
Co
(CgHs)
(502)
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STRUCTURES ORDERED BY TRANSITION METAL

Ti: 223, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,
25¢, 270, 484 (16).
v: 181, 237, 383 (3).
crs 11, 12, 16, 17, 16, 19, 28, 29, 61, 69, 70, 71, 72, 73, 74, 75, 85,
86, 87, 135, 272, 318, 330, 350, 352, 366, 384, 385, 389, 533, 535 (31).
Mn: 4, 24, 32, 46, ¢7, 88, 119, 120, 121, 122, 123, 166, 220, 246, 297, 288, 259,

290, 291, 292, 339, 340, 354, 36¢, 390, 398, 399, 200, 422, 243 (30).



Fe: 1, 2, 5, 25, 64, 65, 66, 136,

167,
262,
316,
369,
411,
489,

537,

191,

192,

543,

Co: 6, 26, 50, 89,

366,
439,

540,

372,
441,

547,

3783,
482,

890,

193,

297,

544,

196, 209,

546 (105).

137,
210,
305,
341,
403,
440,

512,

139,
212,
307,
349,
405,
445,
528,

144,
213,
308,
356,
406,
446,
529,

145,
214,
309,
357,
407,
466,

030,

146,
215,
310,
358,
408,
473,

531,

488,

536,

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

ér4, 375, 376, 379, 380, 381, 382, 414, 415, 416, 438,

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

881 (47).

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

5325, 549 (16).

Cu: 15, 108, 185, 496, 527 (5).

Zr: 224, 255, 256 (3).

Nb: 238, 239, 258, 259, 271, 317 (

Mo: 3, 20, 21, 22, 23, 30, 40, 41,
183, 184, 241, 242, 243, 244,
277, 278, 279, 280, 281, 282,
342, 343, 344, 345, 346, 347,
482, 485 (61).

Ru: 35, 36, 49, 60, 67,

326, 327, 328, 412,

524, 534, 545 (32).

Rh: 27, 37, 38, 39, 51,

174, 175, 200, 201,

418, 419, 420, 448,

(44) .

Pd: 57, 68, 83, 94, 95,

204, 205, 218, 269,

Hf: 257 (

References p. 441

1.

6) .

353,

43, 62, 63, 76, 77,

246, 247, 260, 273,

320,

331,

332,

333,

386, 391, 392, 393,

155,
275,
335,

396,

79, 80, 124, 168, 186, 195, 197, 198, 199, 300,

413, 447, 452, 457, 467, 474, 475, 476, 483, 517,

52, 53, 54, 81, 117, 118, 141, 156, 171, 172, 173,

202, 248, 250, 252, 253, 265, 266, 314, 329, 2417,

249, 460, 468, 471, 480, 481, 521, 539, 542, 553

96, 104, 107, 129, 130, 131, 149, 178, 189, 190,

376, 425, 426, 427, 428, 494 (25).
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Ta:

Re:

Ir:

Pt

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, 53, 114, 115, 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, 51¢ (19).

10, 55, 56, 82, 135, 126, 127, 128, 152, 187, 248, 267, 268, 303, 313,
515, 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, 164, 179, zéo, 206, 207, 362,
429, 430, 431, 432, 461, 462, 463, 500, 501, 503, 507, 515, 516, 519,
522, 552, 554, 555 (48).

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

219 (D).

222, 505 (2).
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