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GENiEAL AND REWIMS 

Several papers have appeared Which attempt to correlate recent StNCturd 

results on a vide range of compounds. Thus, Churchill1 has commented on C-H 

and N-S distances sssumed in, and determiusd from X-ray diffraction studies. 

Anomalously short distances ara found for bonds involving bydrogen atoms when 

X-ray diffraction methods are used, sfnce the actual parameter determined is 

the distance between the centroids of electron density of the NO atoms. From 

a survey of X-ray diffraction studies of inorganic molecules reported in 

Inorgwnk chmtktq during 1972, for which the positions of hydrogen atoms have 

been meaningfully refined, overall optimal (X-ray) C-R and N-H distances of 0.95 

and 0.87;. respectively, are found. 

Consideration of the symmetry and electron occupacy of the appropriate 

Ml’s has enabled a satisfactory rationale to be given2 for the geometries of 

bi- and polynuclear metal complexes vith bridging ligands (halide, OR, SR, NR2, 

pR2. E and alkyl or aryl). However, detailed calculations of the extent of 

involvement of particular ligand orbitals in the bridge X0 system are not yet 

possible. 

Fur:her volumes of &btecuEcrr StFztu~s and Dimensions have been 

published3. The bibliography of organic and organometallic crystal structures 

has reached 1972 in volunrz 4, and volume Al is a compilation of bond lengths, 

bond angles and torsion angles for structures reported between 1960 and 

1965.4 Specially prepared stereo diagrams have been used to illustrate the various 
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stnlctures. The publicatim supplements the well-known ChemiCal 

Publication TabZ.ea of Intaratcmic Distances wzd Cbnfigurdon in 

IGT.~, wbictt covered the literature until the end of 1959. 

Reviews appearing since the last summary* include surveya 

Society Special 

MoZemZes a3zd 

of 

five-coordinate zud nitmsyl corql- of trausiticm metals,5 and so= 

account of recent Russian crystal structure determinations, largely based 

on struchhov’s work.6 An article on structural organotin chemistry7 lists 

tin-metal bond lengths in organotfn-transition oaetal coqomds. 

FETAL CARB0NYL.S AND RELATED COMPOUNDS 

The phosphine Ligand in tiq(CD)q(PHeqPh) is attached aldally, with the 

two Mn(CO)smieties staggered.* The AsHe2Ph derivative is isostructural. 

The electron diffraction structure of Rep(CO)lo shows the nolecule has DI,~ syumzt 

(eclipsed) in the gas phase.q Th2 anion in (NEt~)2[W~HZ(CO)a](1) contains a 
0 

W-W bond bridged by tvo hydrogen ato-, which were located [W-R, 1_846(67)A]. 10 

Crystal data for the mixed cluster carbonyls Co~Rh2(CO) 12, CoZIrZ(CO) 12, and 

CogRh4(c0) 16 have been tabulated. I2 

5Wl x 
“\ i 

oc-w-co 
/\ 

OC =0 
(1 I 

‘ihe cation in [Ir(CO)~[PMe~Ph)~]ClO~ has a trigooal bipyramidal structure, 

with phosphines ia the axial positions.” The substituents on the two phosphlaes 

are mutually eclipsed, but staggered ulth respect to the CO groups. 

*As72-2: N.I. Bruce. J_Or;a7wmzkaZ2tic Chom., 1973, 58, 153. 
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COMPOUNDS CONTAINING t-ETAJ_,-METAL BONDS 

(a) Trwrsition netal-k?!n Grwrrp metaL bon&-. Reaction of cydoheptatrienes with 

[Ru(C9)1+(Si_Me3)]2 affords the binuclear complexes [Rup(CO)S(SiMe3)(C7RgR)l; a 

minor product obtained from C7ES contiuns the C7RqSiHe3 ligand (2).13 The 

structure of (acac)$nCo2(C0)7(3) consists of two Co(COI3 mieties joined by 

a Co-Co bond, and bridged by Co and Sn(acac)z groups. I4 The anion in 

NHe4[Pt(CeC13)S] is a distorted trigonal bipyramid, with four Pt-Ce bonds 
n 

baviog an average value of 2.406(8)A, with the fifth(equatoria1) bond at 

2.4X&. ‘fhe geometry about platinum differs from that in [Pt(SnC13)5]3-. 

which is nearly regular trigonal-bipyramidal. The germanium atoms are also 

distorted from tetrahedral geometries.l’ 

\ Me 
Me 

(2) (3) 

Irradiation of the arsenic-bridged complex Me2As[Fe(CO)4][Hn(CO)q] affords 

the crinuclear cluster Me3&FeHn(C0)S(4)?6 In the mlecule. the iron and 

manganese atoms are indistinguishable. The complex [ClqSb~Fe(CO)~(CqElS) )glSbgU7 

contains a very distorted tetrahedral antimony atom in the cation (5), while 

the anions form SbqC11q2- groupLnga via Sb-Cl contacts; the Sb and Cl atoms can 

be considered to form infinite chains if short contacts to 3.55; are coasidered.17 

(b) Metat cZuatara. Cycloheptatriene reacts with Ru3(CO)12 affording the 

fluxional complex Ru3(oO)S(Cfl7) (C7Rq) (6), in which the C7B7 ring bridges 

two of the metal ato116, while the C7Eq grout is attached to the third 

ruthenium as an ES-cycloheptadienpl ligand.” IO Os3(W 7(C2Ph2) (CqPhq) (71, 



Me o 

oc I -FeNt5\Mn, 
CF’ \ tie I \ =0 

6 C 
0 0 

(4) 

.---_ m . . .- O$< p. 
OC 

JSb- 
’ k Cl 

(55) 

0 .= -. 
l --_._.-- : 
Fi+co 

oc’ : 

IA co 1 co 

OC 
__d”_&,“” 

&$ 
(6) 

the diphenylacecylene ligand appears to be a four-electron donor to the whole 

cluster, uhLle the ~40s (osaaqclopeotadiene) ring interacts u-ith the other 

two UYztal atom.‘9 

Ph 

Ph 

(7) CO groups orrtitted 

In Co4<CO)4(SEt)8(8), the four metal atoms form a plzmar rectangular 

array, uitb pairs of atoms bridged by TV.-o mzrcapto gro~ps.~~ Although the 

c04S8 core would have an idealised tetragonal geometry, the formation of 

two short [2.498(5)81 and strong Co-Co bonds results in the severe distortion 

found. Coqxrisons are made with the structurally analogous [Ru (NO)Cl(PPh2)],. 

and with tk structurally related Peq(C0)6(SEt)2 complexes. The X-ray struct&s 
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(8) R=C,H, 

Ph Ph 

(10) 

C5H5 groups omittee 

oE [(C$ls)RbI s(m) (CPRZ) [R=Ph(9) ; C6F5(10) I have been reported briefly in 

connection vith NMR studies.*l The major difference lies in the position 

of the CO group. Lo (91, it is bridging two rhodium atoms and interacting less 

strongly with the third, while in (lo), it bridges only two metai atoms. 

Reduction of Nl(NO)(C585) with LAAlH4/AlC13 affords the tetranuclear 

cluster [(~,~~)Ni]~ti~01).*2 The three hydrogans form us-bridges across 

three tetrahedral faces, as deduced from deviations from tetrabedral syumetry. 

The cation in [A~fP@-fol)3)6l(a~q)2 (12) is a centmsyumtetr-lc octahedron, 

which is deformed by squeezing along a three-fold axis passtog through the centres 

(12) 

of the tvo larger faces.23 ‘hro sets of Au-Au distances are found: two 
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opposite faces [2.932(2)-2.990(2);], and the remaining edges [3.043(2)-3.091(2);] 

with a UEZJY Au-Au distance of 3.m9;. 

(c! Mztai-rstut bond Zerzgths rcport~d o?m:ng 1973 

Table 1 sutmarises mtal-metal bond lengths deterwizxed throughout 1973, 

and is cospi_L=d from structural reports mentioned in both Parts of this Survey. 

COMPLEXES CONTAINING NETAL-CABBON o BONDS 

(a) 4ZkyJLs, Argo and zwZat.zd ccmpowzds. Ln TaC12Ke3(bipy) (131, tautal= has 

distorted capped trigonal prismatic coordination.24 The geometry 1s rationalise 

in terms of ligand-Ugand repulsions, and the bite of the bidentate ligand. 

The coordination about chroniun! in Cr(CE2CK+Ph),, is slightly distorted 

tetrahedral, fn agrcenent with EPR results.25 The octahedral cation in 

[Cr(~$Me3)2(bipy)2]1 has the saze Cr-C distance as found in two related aryl 

complexes. The Cr-N bonds mm8 to N [2.103(7);] are shorter than those trmrs 

to C[2.l56(7)+- Full details of the structure of WMe~[ON(k!!)NO]~ have been 

pub3ished.27 The coordination geometry is iotemediate between square 

antiprismatic and dodecahedral. 

Me 
Me 

(13) X=dlsordered Cl, Me (14) 

The structure of ReBrHe(UJ)2(C+$(14) shows that the two CO groups are 

tlrPrs; a stmog trmrs effect of the methyl group results in a lengthened Ek-Br 

distance (2.769:; sum of covalent radii, 2.65;) .28 Addition of tetracyanoethylene 

to (C$l.j)Fe(~)~CH#k-CZi2 affords the a-cyclopentyl derivative (15). The 

crystal contains two independent mlecules, which differ only in confomation, 

caused by rotation of the o-bonded ligand about the Fe-C bond. The hydrogen 

atom uere successfully refined, and the Fe-C(sp3) distance 12.0977(23)& was 
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(15) (161 

deterudoed accurately for the first tinuz.2q 

In tiz-NiSr(CgFS) (PMePh2)2, the Ni-CeF3 distance of 1.880(4); can be 

compared to values found In trcm~-Ni(C~F~)~(PMePh~)~ [1.939(3);] and in 

trans-Ni(CSFg) (CnC13) (P&Phg)g [1.978(10):], while the intra-ring angles of the 

CsF5 group shw the marked deviations characteristic of the u-bonded transition 

metal aryls. 3o 

The stru’ture of [PtMe3(~~cdIars)]I(l6) provides several new paransztars 

for plat ioum( IV) complexes ; the mean Pt-Me bond length is 2.l.& and the tzma 

effect of the tuzthyl group oo the Pt-As and Pt-I bonds Fs about 0.;. The 

chelate ring has a distorted envelope cooformstiou.3’ B minor product isolated 

from the reaction between Pt(stilbeoe)(PPh3)2 and (CFZ)~CN~ was shave to be 

cis-PtF[CEi(CF312](PPh3)2 (17) .32 The Pt-F bond distance is 2.03(l):, and the 

NO Pt-P 

Is among 

group is 

distances differ significantly: that trmzs to F is 2.218(7);. which 

tbe shortest recorded. That zYrw7s to the hexafluoroisopropyl 

2.310(7);. 

F-c’ ‘F 
1 ‘F 

F 

(17) Ph groups omltted 

The 7k?w?zS influence of h in trarzs-PtClR(PEt2Ph)g has only lw sensititity 

co hybridisation at carboa. The structures of complexes with R = CX=CR~ (18). 

or CECPh (19) reveal33 Pt-Cl distances of 2.398(4) and 2.407(6);, respectively, 

which may be compared to a value of 2.415(S); found for R=Cli$XMe3.34 Ln (la), 
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PEtlPh PEtzPh 

+tF& +t N, 

PEt,Ph PEt ,Ph Ph 

(18) showmg disordered vmyl group (19) 

the vinyl group is disordered about the C2 axis through Pt and Cl. The Pt-CZC 

aagle in (19) is 162(3)O. 

Other acetylides which have been studied are U(C2Pb)(C5g5)3(20) and 

Fep<CZPb) (CO),(PPhz) (21). LII the formr compound the U-CIC angle is 175(2)O. 

and the U-C bond length is 2.33(2):. 35 The biaudear iron complex, which result’s 

from a reaction betueen Fe2(CO)g and P’oC2PPh2, contains a FeC2Ph moiety n-bonded 

to tbe second 

~~b2 group.36 

iron group. Toe Fe-Fe bond is also supported by a bridging 

Ph 

-C=C-Ph 

(20) (21) 

The 2:l adduct obtained from ethynyldicarbadodecaboraoe(12) and 

~_m-lrCl(CO)(PPh~)2 contains both substituted acetylide and vinyl groups 

(23) _ Oxldatfve additioo of the acetylene affords a hydrido-acetylida. which 

reacts wLth the second acetylene to give the v-lnyl acetylide.” 

\ 
_S~i- 

Hllc2Blo \ 
‘C a 

“11 

,~oC2% 

kCH 

p~p-‘r<pph, 
/ C 

Cl 0 

(22) 

H2C 
/’ 

_x /\ \ ,?----~“,CH2 
H&i :/ \ 

CU_____CU 

\& Y 

‘S{ 
/ 2 

(23) 
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Trinxztbylsilylmethylcoppet(1) (studied at -40”) is a tetramer (23). contain. 

Log a square plane of copper atoms, the edges being bridged by the lnethylenc 

carbons, which are also in the plane.38 Retal-metal bonding is relatively 

lmiqort2nt. In square-planar gold(III) complexes, such as AuC12Ph(SPr;), the 

o-phenyl group has a strong trm56 influence. The two Au-Cl bonds are 2.27(l) 

(txms to S) and 2.38(l); (tzwzs to C6Fg) .3q 

The monoprotooated cobalokime IEtCo(dmg) (dmgEI)Cl] .820 (24) crystallises 

as ceotrosyumetrically related pairs of molecules bridged via hydrog~-bcmds to 

the water of crystallisation.40 The tvo dinrthylglyoxidme O-H---C separations 

are different as a result of protonation of one oxygen, which then 

hydrogen-bonds to the water. The pyridine ligand in cobaloxims (25) is 

coordinated via a a bond.41 The major structural effect is on the C-C-C 

angle at the a-bonded carbon, which decreases nearly 3’, while angles at 

adjacent carbons increase by l-5’, both compared with N-coordinated pyridine. 

H3C 

(24) 

These changes probably 

the pyridine ligand. 

(25) 

result fMm contacts between the equatorial ligands asd 

(b) Wr metat-carbm a-bw&d coqlepes. The product of the reaction 

between CO2 and RuElz(PPhx)h has been shown to be the format0 complex (26) 

and does not contaio any Ru-C o bood.42 Both mmoclinic and triclinic 
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Cl 

I I 
‘/’ -Pd- 

Jk 
\ 

d 
0 

A \ 
Me 

(27) Phenyf groups omltted 

I7Kidfficatfons exkt. The ~ethaxalyl complex t-w-FdCl(COCO#e) (PPhs)2(27) 

contains the metboxalyl ligand io the s-trms planar conformation. 43 

In the absence of excess PPh3, ready decarbonylation occurs, affording 

the mz thoxycarbonyl complex. The product from oxidative addition of 

ClC(S)NM+ fo Pd[P(OKe)3]4 is ehe dfmericIPdCl(CSNMe2)[P(OMe)31}2 (231, Fn which 

bridgtig dimthylthIocarbamoy1 groups link the two palladium atoms by 

coordinaeion through C and S.44 

Me 

Me--l: 

Ph 

CI- 

(28) OMe groups omltt.ed (29) Halt of dlmer 

The reaction betveen EgPh2 and PdClp(nhd) affords the en&-3-phenyl- 

norbornen-2-yl-en&-palladium complex (29), probably via an intermediate 

a-pheoylpalladium complex which subsequently undergoes “Cis-insertion”.45 

(c) MeGaaEzucjcLic co~zeJzs. Aa area in which there is Increasing Interest 

as @m-e examples are discovered, is the chemistry of complexes which contain a 

metallocyclic moiety. The complex PtCl2(C$L,Ph2)py2(30), derived from 

1,2-diphenylcyclopropane , contains a platinacyclobutane ring, although the 
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attachment of the C3 unit to the metal is best rationallsed using a fourcentre 

localfsed MO scheo~?.~~ There are two independent tm~lecules: significant 

differences are found in the geometries. Ln one, the N-Pt-N angle is 92(1)O, 

with the plane of one of the Ph rings being perpendicular to the Cg plane: 

In the second, the N-Pt-N angle is 82(1)O, with the planes of the C3 and Cg 

rings not being mutually perpendicular. Reaction of 1,4-dilithiobutane with 

cis-PtCl2(PPh3)2_ afforded the platinacyclopentane (31). The G,Pt rLng is 

puckered asymmetrically, a feature which is discussed Ln terms of possible 

intermediates in the olefin metathesis reactioo.47 

(301 (31) 

Rhodacyclopentane complexes have been obtained from allene and 

Rhbcac) (C,H,) 2 : addition of 

affords (32), which contains 

via a bonds to the atal.4* 

slauly deposit au orange-red 

diUh?dC 

the tvo 

to the 

pair on 

pyridine to the unstable yellow complex so formed 

a chelating CH2C(=CE2)C(=CEl~)Ch2 group attached 

The first fornrd complex is unstable, and solutions 

polymeric complex, which with PPh3 affords the 

derivative (33). This complex contains a Rhf(acac)(PPh3) group bonded to 

exocyclic methylene double bonds of the alleoe dimer unit which is J bonded 

*III 
(acac) (PPh3) unit. The latter also interacts vith the electron 

the central carbon atom of the Rh’(acac) group. Full details of the 

structure of RhC1(820)(As~3)2[Cq(CF3)4] (34) have appeared.4g The fluorocarbon 

Ph3P 

(32) 
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miety exerts a strong tm influence on the Eh-Cl and Rh-0 bonds. A 

heterocyclfc five-membered metallo-ring ca4plex oE rhodium (35) has been 

obtained Erom the stepu-lse reaction between (C#5)Rh(PPh3)2 and Cq(COpMe)q, 

foLLwed by CS,. 5o Subsequent treatment of tbe product tith iodomethar?e 

affords the methiodide, the structure oE which was determined to confirm the 

presence of thz RX&J ring. 

The reactian of 1,7-cyclododecadiyne with Fe(CO), affords a major product, 

C12Ei16Fe2(CO)6, originally formulated aa <36),51 but shown by X-ray diffraction 
has occurred 

studies to be (36a).52 In this, a major skeletal rearrangement/ involving fission 

of C-C bonds in a reaction 

Oce feature of interest in 

the tvo iron atom. 

probably related to the olefin metathesis reaction. 

the structure is the CO group ssynmetrlcally bridgting 

E tO,C 
S-Me 

\ / 

/(CH2)4\ 

EC02C fi 

Ph3PARh 

&7 
:__-. 

+$+ 

\’ 

0’ 

(35) (36) (36a) 

The structure of [(C$i5)NI(CP$Z$?3) j4( 37) [one of the products obtaLned 

from Ni(C585)2 and C2(CF3)23 reveals the presence of four chemically distinct 

nickel atoms, and of irl, h2, h3, ia and h5 carboo donor ucits.53 Unusual aspects 

of the structure include the bonding oE a cyclohexene ring to a [Ni(C$lg)]2 motet 

NK5HrJ 

R 
(37) R=CK, 



via a m-olefin and two C-NF o bonds, and the 1,2-addition of a C$iI unit to a 

cyclopen tadienyl group. 

(d) Cornporn& cmtaiting chetathg o-bun&d groqs 

The reaction between acetylenes and palladium complexes contioues to be 

a source of compkxss containing unusual structural features. ‘Thus, the 

product from PdCl,(PhCN)2 and C2(CO$e)2, derivatised using acetylacetonate, has 

structure (38), in which the acetylene has oUgomrised to a Cg ring, chelated to 

the Eta1 by a Pd-C (I bond, and the ester CO group.54 A C5 ring is also found 

in the product from PdCl2(NCPh)2, 2-butyne =d EgPh;! or Eg(p-tol)z; the 

structure of the p-tolyl product, again as the acetylacetonate (39), reveals 

chelation of the Cfle$Ei(p-tol)GZlz group via a double bond and a Pd-C a bond.55 

Metallation of 2,2’-bls(dlphenylphcsphioo)stilbene occurs on reaction 

with halide derivatives of nickel, palladium or platinum, with elFminatioo of 

Bx. The chloroplatinum complex has structure (40), in which the ligana is 

mztallated at an olefioic carbon atos.56 

Me 

(38) E = C02Me (39) (40) 

The stable iron(O) complex Fe(CO)2(sp)2(41) contains a chelating olefinic 

phosphine ligand, together with a second bonded through the phosphorus atom 

0n1y.~ Both phosphorus atoms occupy axial sites, the vinyl group being in 

an equatorial position. A related Ugand, P(C+,Vi-o)~, acts as a tetradentate 

ligaod in the rhodium coqlex (42); here also, the phosphorus atom occupies an 

&al site, with the three olefLnic groups in equatorial posltions.5* 

Crystal data for 3,6-C+l2(Cf32NIQ)2IPd(acac) J2(43) have been reported.sq 

Ftof- p. 259 
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& 

\ 

phAP.ph 
/ 

C6H4Vr 

(41) 

h- 

(42) 

OLERN AND mziJx,rA.ENE COMPLEXES 

In the system palladiunrdibenxylideneacetone (dba), three coqlexes have 

been detected in 

Pdz(dba) 3 

The structure of 

that of tbe tris 

attached via one 

the equilibria 

&a dha 
_ Pd(dha);! 1 Pd(dba)3 

the binuclear complex was reported earlier (see Part l), and 

conpound (44) later in the yearm60 Each dienooe ligaud is 

olefinic group, resultlug io essentially trigonal coordioatioo 

about the palladium. 

Tbe 4-methylpeota-1.3-dieoe complex [RhCl(&C58y)P]P (451, contains the 

diene attached to rhodium by only oae of the two double bonds iu each ligaud, 

namely the less substituted one.61 The RhC12Rh bridge is non-planar, as found 

for the COLQIEX [RhCl(C284)2]2. The WI-MI separation is 3.090(3)& consistent 

with a weak titeraction. 

1x1 Fe (Co) 4 (CzFt,) (46) , determined by gas-phase electron dIffraction, the 

Iron haa distorted octahedral geometry, with the tetrafluoro ethylene occupying 
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system coplanar, rather t&m the tetrafluombenzyoe derivatlvo analogous to 

($g2)Co2(CO) 6 complexes .g5 

ALLYLIC AND DI.EKYL COMPLEXES 

lko forms of di-p-acetatobk[(2-metballyl-3aorbornyl)nickl] have been 

isolated and structurally characterised.66-68 The orthorbombic form (49) is 

isostructural ulth the corresponding palladium comple~,~~ and may be considered 

to be the transoid form, while the moooclinic crystal conialns the cisoid isomer 

(50). As a result of the &ram iufiuence of the o-hooded carbon, oue of the acet 

grorrps in (50) is less strongly bonded. 

The unit cell of the amiaoadd complex Pd(C$Iy)(gly) (51) contains two 

Independent molecules differing only in the conformation of the glycinato 

moiety, which it3 planar in one, but twisted In the other.70 The product of 

Insertion of norbomadiene into the Pd-ally1 bond of Pd(C@y)(dbms) has structure 

(52), in which the 2-methylallyl.norboruenyl ligaud chelates via the olefin 

and a Pd-C a bond.7’ 

(49) 

tie 

(50) 

(51) (52) 

NucleoPWlc attack of the anion (C02Et),CEB- oo tUn(CO)3(C6E6)I+ affords 

the es-substituted cyclobexadfenyl c-la (53). The Cg ring is folded by 4lO 
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“:- 

/-- d ,_-- 
I* 
: 
‘.___--- 

‘: 

(53) 
C02Et groups omitted 

across the ends of the dieoyl portion of the ligand.72 

CYCLOBWli4DENE COMPLEXES 

Dimeric [MoBr(CO)~(G+ET4)]~ has structure (54). and contains a Ho-Ho 

bond, bridged by the two brorrAne atoms; the HoBqMo bridge unit is non-planar.73 

Dimethylacetylene reacts with [Pt(CF3)(PMe2Ph) 31+ to ~@ve the 

cyclobutadiene de rivat iwe, [Pt(CF3)(CqHeq)(PNe2Ph)2]SbF6(55). The complex has 

a half-sandwich structure, with the CI, ring being tilted away from the bulky 

phosphine ligands, and is best considered to be a platinun(I1) complex with a 

distorted tetrahedral geometry.74 

Me 

:-.. 

P 

: __--- Pt 
.._a \ 

Me F/c\ 
/ F 

Me F 

I 
P- Ph \ 

Me 

CYCLOPWTADLBNYL awtPLEzEs 

Full details of the structure of [ScCl(CgE5)2]2 have been reported; NO 

SC(C$~)~ group are 1-d by chlorine bridges.75 
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The structues of several cyclopentadienyl derivatives of titanium 

have been described. Green i!n[Cl~Ti(C#l5)~1~, which forrs a bis-benzene 

solvate, has structure (56), in which a central i!nCl~, tetrahedron Fs linked 

along con~on Cl-U edges to NO TiC12(CgHg)2 tetrabedra, all somewhat 

distorted.76 In the mixed coq~lex TiC12(C585)(C$Ie5), the rings are staggered77, 

although structural parameters are virtually the sase as found in TiC12(C5H5)2_78 

The aluminotitanium hydrides i(C5H5)n12(~)(H2~Et*)(ClaAg)(57) and 

r(Cgtlq)T~Et2]2(C108a) (58) both contain bridging Fz~-C$II,-~:~-C~H~ ligands; 

the latter also contains an *‘:k5-CgHI, ligznd linkiog both titanium etonz~_~~ 

The Ti-Ti distance (2.410$ and the diamagnetism of (58) indicate the presence 

of a metal-metal bond in this complex. The relationship of (58) to “titanocene” 

(which is produced by hydrolysis), suggests a plausible structure for this 

0 __.-‘1 
_.-. , l . 

‘. _- --, ,cl\z”,cl \ 
. - 

';Tl 
0 ;--” 

___ : \/ *. Q : I \,,/‘t _.--. u ’ a’ 
-._- ‘__.- 

(56) 

Et 
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compound to be (59), as proposed originally by Brintzinger and Bercaw.sO 

Kalated complexes containing molybdenum have been charactensed recently. 

Excess ALMe3 reacts with M~~tip(CgHs)~ to give initially [(CgH5j(CgH4)MotlALMe2]2ALMe 

(60), and after prolonged refluxiog, [(CsH~)nMo(AlWe2)(A3Me)]2 (61).81 In both 

compolmde, a planar Al-Me skeleton is bonded to two Mo(C+lo)e groups. Ln (60), 

two of the CB groups are bridged by aluminium, whFle in (61), all C5 ligaods 

are so bridged. Such groups are formulated as C$I4. Covalent .?J-Mo bocds are 

also present _ Using LiBua in place of AU-!23 in the initial reaction with 

KoU,-(c$ls)a afforded tetrameric [(CgHs)~~(U)Li14(62), which contains an 

eight-membered (MoL~)I., ri.og.82 The geometry of the Mo(CsBs)2 groups 

[No-Cp, 1.91;;; CpYoCp angle, 1480, compared with usual values of 1.96-1.99i and 

cu 133”, respectively] is unusual, and the hydrogen atoms (not iocated, but 

indicated by v(MoH) at 1847 cm-‘) are thought to be located one with each 

molybdenum atom. 

(60) 

MB ‘Me 
(61) 

Intramolecular ligand scrambling in solutions of Mo2(CO) 5(CNMe) (C+is)2 

has been studieds3; in the solid state, only the traos rot-r of the srana 

form (63) is fouod. Most structural features resemble those found in the 

unsubstituted [Mo(CO) 3(C585) 12. 

'Me 

(63) 

Refmzncea p. 259 



236 

A detailed comparison of solution and solid state structural properties 

of the three isoelectronic couple8e.s [(CgHg)Cr(N0)2]2, I(CgHg)Etn(CO)(NO)]z and 

[(CSH5)Fe(CO)2]2 was rendered possible by the structure determination of the 

manganese derivative (64).S4 Both brld@_og and terminal CO and NO ligads 

are disordered; the C5 rings are tran.3. In the series, as the metal covalent 

radius increases, the .H-M distance decreases [Cr. 2.615(l); Mo, 2.571(l); 

Fe, 2.534(2);]. 

The two cyclopeotadienyl groups in Fe2(CO)4(C#,)2SFHe2 (65) are 

linked by a silicon atom, which is displaced from the Fe2(CO)2(terndnal) plane.85 

The Fe-Fe bond Is bridged by two CO groups, with the Fe2C2 ring being folded 

along the Fe-Fe axis at ca 160a. 

(64) X = dlsordered C.N (65) 

The structure of the cation in [(C5H5)Fe(CO)3]PFg 

Comparisons shw that Fe-C distances are longer, and C-O 

thso In neutral spedes, and that C-O distaoces are also 

isoelectronic (C5B5)Mn(CO)3. There is a 12” rotation of 

has been determined-S6 

distances are shorter, 

shorter than Lo the 

the M(CO)3 moiety 

about the M(C$5) axis, relative to the CS ring. The cation in 

C[(CSa5)Fe(cY3)2 J21]BF4 (66) contains conventional Fe(CO)2(C585) groups 

bonded to iodine [Fe-I distance, 2.5884; angle FeIFe, 110.8(1)“]. The 

large angle probably results from the steric demands of the bulky iron complex 

groups in opposition to the tendency of Iodine to form bonds at 90°, thereby 

maxi.mIslngp character in its bond&g orbita.ls*‘. Full deta.l..ls of the 

preparattin and structure of iFe(CO)((I_CO~t3)(CgE5)]2 are nay available.SS 

S&l yields of the d.inuclear pentacarbonyl (67) were obtained from 
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(66) (67) 

Me 

(68) 

Fez(CO)g and 6-dimethylamlnofulvene.6g The complex contains a metal-nbatal 

bond; the two metal atoms are linked to an h5-C5 ring, and an e_:ocycl.ic 

allylic group. Photolysis of Me2P[Fe(cO)4][Fe(cO)2(CgE5)] aFfords the pentacarbonyl 

(68). in which the Fe-Fe bond is bridged by CO and PMe2 gro~ps.~u 

ARENE cm4PL!zxJzs 

Another contribution to the long-standing controversy over the symmetry 

of the complexed benzene ring in arene-chromium complexes is the report of 

the low temperature (78K) X-ray and neutron diffraction study of Cr(C0)3(C&) 

by I&es and Coppens.g1 Although the symmetry of the isolated molecule is C.3,. 

that of the benzene ring was determined to be Dch in a room-temperature study. 

Io Cr(C#,$2. the symmetry of the benzene rings was also finally determined 

to be ~~~ by a variety of pbysico-chendcal studies (X-ray diffraction, electron 

diffraction, i.r., thermodyoatrdc studies). 

Bond lengths and angles at 78K (corrected for thermal motion) are 

illustrated (69), and clea~lp the symmetry of the bauzane Is C3,. gouds 

intersecting the projections of the CL-C-O bonds oo the benzene plane (cis) 

are longer (av. 1.423;;) than those which do not (tim)(av. 1.406;). The 

cis bonds do not differ significantly from those found in Cr(CgEl6)p. while 
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0 0 

H c: H 

0 

X-ray Neutron 

(69) Bond lengths at 78OK. corrected for thermal motron 

0 
the trtmabonds are 0.007A longer than those in uacomplexed benzene. The 

hydrogen atoms are displaced by 0.03: from the Cg ring plane towards 

chromium. X-ray-neutrou (Y-N) diFEereoce density contours revealed overlap 

densities in the CT-C,C-C,Cd and C-E bonds, ad also the oxygen lone pairs; 

the Cr-C(0) peaks are nearer the carbon ato=, as predicted by theory. In 

addition, large residual density features near the metal nucleus are found, 

but cannot be explained at present. 

Au unusual example of a substituted benzene-chromium carbonyl complex 

is [Cr(CO)2(iz6-Ct$i$PPh2]2(70), in which the two chromium atom are bridged 

by the tuo PPh 3 ligands.q2 Each is involved in P-bonding to one chromium, 

with one C685 group being h 6-banded to the second metal atom. 

React i0ns of cr(m) 3(NcW 3 with debydro[l4Jamnuiene afford the 

Cr(CO13 complexes of the valence isomer. 1 .&dihydrophenanthrene (71), and of 

phenanthrene (72).g3 The latter formed a nonoclinic polymorph, also described 

by Deuschl and Boppe,g4 and compared with the orthorhonbic formq5 Bonding 

to the central ring in (71) is presumably a result of concentration of electron 

density in the C(9)-C(lO) and C(ll)-C(12) bonda by the cyclohexadiene fragment. 

me valence is-r of [143 aunuleue. tiuna-6a,12a-dihydrooctaleue. is obtained 

coordinated to tvo Cr(m)3 moieties (73) when the annulene reacts vith 

cr(C0) 3W3)3- l&e chromium is bonded ~trically to the six carbon atoms. 
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(70) 

(72) (73) 

A systematic error apparently contributes to the central 

2.24:: the vibration-corrected value is l-48(4);. 

C-C bond length of 

Ihe structure of Ru(CgHg)(C$las) illustrates a description of a general 

Fourier program= for X-ray crystal structure analysis utilising the Cooley-Tukey 

dgorithmq6 The uosubstituted Cg ring is synmetrically bonded (h6), while 

the hexamethylbenzene is attached in the 1,2,3,4-h4 umde. 

SIHE NICKEL COMPLEXES FROM THE MiiLEEiM GROUP 

Ln the Karl Ziegler umcarlal issue of Jngcmmdte Chade. several articles 

by members of the Wilke’s group at the KPL, MiieFm, contain structural diagram 

of relevant nickel complexes. These contain a variety of interesting and 

unusual structural features, SOIIY of which are described below. 

(a) M-p-hydridobis[trimsthylenebis(dicyclohesylphosphe)oi~](74): contains 

a Ni-Ni bond bridged by tuohydrogens (located during the analysis) _g7 

(b) Ethylene[ethyl(vFnyl)borglpropyldicydohexplphosp~e]n~c~l(75) : fornrd 

in a reaction betueen Ni(cdt), C261+, and EtpB(C&)PCp2, via Ni(C2&)3, 

r)m*anran?Ga 
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(743 

which reacts io a synchronous process whereby a hydrogen of a complexed 

C2B,, is transferred to the B-ethyl group, liberating ethane and forming a 

B-tiny1 sys teEL9a 

(c) Tris<bicycloheptene)nidcel (76): related to the Ni(C2&+)3 intermediate 

(above), in vhich tbe nickel is attached ZZCJ to the btcyclohepteae double 

bcmd.qg 

(d) Tricyclohexylpbasphe(allyl)nickel-u-~loro-~thyl~c~oroa~~i~ (77): 

related to catalysts used in asymmetrlc 6yntheses, although the ally1 

groups are lost Ln the first stages of the reactions.100 

(e) ~~thyl(l-~thyl-2-butenyl)-(-)-dimenthyl(methyl)phosphine nickel (78) : 

the absolute configuration of this optically active complex vas used to 

attempt a correlation betveen the absolute configuration of the phosphine 

sod the optically active product (vioylnorboruane) from the norbornene- 

ethylene codimerisatian reaction. 101 

CY-P-NI 

(76) (77) 

X = CI.Me drsordered 

(78) 
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IEDN AND RUTHENIUM COMPLEXES CONTAINING UNSATURATED ‘LIGANDS 

The structures of two of the products from reactions between Fep(a))q 

and cis-blcydo[6.2.0]deca-2,4,6-trlene (79) have been reported in detail. 

The first, [(CloEll)Fe(CWz12 (801, contains h5-tricyclo[6.2.0.02r6]deca-2,4- 

diem-6-yl ligand~_~~~ Structural parameters are nearly identical with those 

found for trans-[(C$l5)Fe(CO)2]2. The second product, (Clo812)&2(a))6 (81), 

has an unusual structure containing a diene-Fe(C0) 3 group, an allyl-Fe (CO) 3 

group and an Fe-, CI bond resulting from rearrangement and C-C bond cleavage 

the orlglnal hydrocarbon. lo3 No netal-metal bond is formed. The Fe(CO) 3 

adduct of tricydo[63~.02~71undeca-3,5-~Me has structure (821, and is 

essentially a substituted 1,3-butadiene-Fe(CO)s; eleven related structures 

containing thLs unit ara compared. lo4 The rings are fused cis, while the 

5- and 6-timbered rings have an anti relationship relative to the central 

planar 4-mmbered ring. 

(79) (80) 

in 

.-_ __ 

co / 
,-Fe 

-co 
\ 

=0 

(81) (82) 
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The mecha.n.isms of cycloadditicm to <CeHe)Fe(C0)3 have often been 

postulated on tbe basis of unproven structures. For example, tetracyasioethylene 
Mrlously 

was/supposed to react via 1,2-, 1,3 or 1,4-addition. The structure of the 

adduct (83) shows that in fact 1,3-addition has occurred, giving a product in 

which the organic ligand is attached via h 3-allyl znd h ‘-carbon a bonds. 

Ln contrast, addition of chlorosulpbonyl isocyanate occurs 1,4, ad after 

decblorosulphonylation (PhCE and pyfldine in cold acetone), the diene-Fe(C0)3 

complex (84) is obtained. Boeh products result from stereospecific attack of 

(C8E8)Fe(CO)3 from Its less hindered side.lo5 

Bis(peatalenyl)iron(85) has a fez-rocene-type structure, in which the 

two h5- cydopentadienyl rings are bridged by two carbon atom, diarerisation of 

pentalene via l-ndo, l’-en& carbon-carbon band formation having occurred.‘06 

The short bridge bond [although significantly longer than a normal C(sp3)-C(sp3) 

bond, at 1.568(7)A] results in tilting of the cyclopentadienyl rings 

(dihedral angle, 23.6”). l’be rotational angle is -lo”, i.e. the ferroceoe 

moiety is closer to eclipsed than staggered conformation. Reaction of 

c?k-Ru(Ge!43)~(CO)4 with cyclooctatetraene affords the pentalene complex (86), 

Ln which the bicycLic hydrocarbon is non-planar, and the Ge-Ru-Ru-Ce sequence 

is non-J_ioear. The pentalene is attached to the two ruthenium atoms via two 

h3-ally1 units, and a four-electron nulticentre interaction.la7 

(83) (84) (85) (86) 

n-BONDED EIETEBDATpi LICANIS 

(a) AcycLic grwlgs. The unusual complex (C#g)Nb~3)[BCPh(CPh)$(:NB)HeI(87) has 

been isolated from the photochecdcal reaction of (C&)Nb(CO)(C2Ph2)2 with 

acetonitrile. lo8 The acyclic llgand is formed by condensation of two C2Ph2 
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Ph 

Ph 

Ph Ph 

(87) 

molecules with HeCN, and is a six-electron 

azaallylallyl ligand. The PBj is supposed 

on technical grade P205. 

(88) 

donor, formulated as an 

to arise from the action oE water 

i3enzylideneacetone reacts with Ru(CO)j(cod) to give the blnuclear 

hydrido-complex Ru~E(cO)~(C~&O)(88)~ in which the organic ligand is a 

5-electron donor; the ceotralC=C.C=IO portion of the mDlecule Ls attached to 

one ruthenium via a n-olefinic bond, and to the other by an Ru-C (I bond, and 

ao M-0 dative o bond. log 

A simiiar interaction of an enone with manganese is found in the 

oxapropenyl complex (89) obtained from MnMe(CO)s and o-ViCg81+PPh2.~~~ 

The formation of (89) results from attack of an acylmsnganese intermediate 

at the vinyl group of the phosphorus ligand, accompanied by hydride migration, 

A detailed coqariaoo of the geometries of a-ally1 and n-orepropenyl systems 

is included. 

Ph Ptl 

Ph I 
-P’ 

Ph 

(89) (90) 

Opening of tie thlete (thiacyclobutane) ring occurs on reactioa witi 

Pe2(CO)q affording the thioacrolein derivative [(C++S)Pe(CO)~]~, which tith 

RcbAnccs p. “69 



2-f-s 

PPh3 gives the rmnomeric complex (90)111~112 The planar sulphur ligand acts as 

a four-electron donor (betemdiene). 

(b) n-Conpkced hetemyctes. The metallocarborane (B$2E7)Pe(CO) 3 (91). 

studied at -160°, contains a formally dianiopic carborane ligand bonded to 

a d.ipOSitiVe Fe(a))3 noiety.l13 The anion Ln PPhjHe[ (B6C2AB)Mn(CO) y] (92) 

COntaiIIS an M(m)3 grOUp bonded to the B6c2 Cage; the geOUY?t~ Of the kfd6c2 

fragment is a tricapped trlgonal prism.‘14 Stabilisation of dihydropyridines 
been 

by complex formation with Cr(CO), groups has/achieved, and the structures of the 

3-ethyl- and 5-ethyl derivatives have been reported in detail.115 In botb, the 

chromium interacts with the ring via the nitrogen lone pair, and the two 

double bonds. The major difference between the two structures in the location 

of the remind ethyl carbon. either on the same side (3-isomer) or the opposite 

(5-isomer) to the chromium atom [see diagrams (76) and (77), AS 73-l]. 

oc -Fe 

_/ ’ CO 

0” 
(91) (92) Black circles =C 

(931 

The reactions of Cz(CF3)z with ~Mn(CO)4S~P5]2 arid (CgEig)Co(Pp3)2 have 

afforded the heterocyclic complexes (93) and (94), respectively.l16 In both, 
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the heterocyclic riogs have envelope conformations, the four carbon atoms in 

each being coplanar. Formally, the manganese complex is a sulphonium 

derivative [titterion structure (93a)]. Ihe oxygen atoms in (94) result 

from hydrolysis of the (&+F6)2PF3 derivative initially formed. 

TERFXFANDPIVE-HEMBERED RINGS 

The full details of the structure of [MoS(SCNPr~)(S#XPr~)]2, invhicb 

one dithlocarbamate ligand has been cleaved to give a thiocarboxamide group, 

are available."' The short MO-C bond (2.069;) suggests a MO-C interaction 

related to that in Pt(CS2)(PPh$z. A strong NO-MD bond is also present. 

Comparisons of the structure of Ni(PhqNp)[P@-tol)3]2 with the analogous 

t-butyl isocyanide couqlex indicate the NiN2 interaction is weaker Ln the 

phosphine complex.118 Although the two N=N distances do not differ 

significantly [l-371(6); (pbosphine), l-385(5); (isocyanlde)], the dihedral 

between tbe two C(Ph)NN planes is less in the phosphine derivative [23.5(3)" 

us 26.8(4)O]. 

The ketenimine coaplex Ni[ButN=C+C(CN)2](CNBut)2 (95) is probably formed 

via a metal-assistedcarbene addition to coordinated isocyanide from the 

d.tazodLcyanomethana complex. Ni[N2C(f3f)2](CNBut)2. The ketenimine is 

coordinated via :he M=C(CN)2 bond, resulting in the cunxulene system being 

non-linear [angle N=QC, 144.2(4)"].11q 

Ph 
Ph 
\p, ph 

&t-N -c 
‘C”,( ‘Ph 
d 

‘N’ ‘p_..-Ph I 
N P hO=tio Pk’ph 

(95) (96) 

The dibeazoylbydrazlne couplex Pt(PhCONNCOPh)(PPh3)2 (96) contains a 

five-membered Ps ring, with an envelope conformation,120 instead of the 

Ret=-p.259 
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symmetrically bonded dkuoyldiaxene ligand origLnslly proposeda Tbe N-N 

bond distance (2.402(9)~] is.indicative of a single bond, although comparison 

vi&h the bond length in a copper(I) complex (1.436;) suggests that some degree 

of multiple bond character stfll remains. 

cOMPIBD?S CONTAINING O’IY3P.R DONOR-ATOM LICANDS 

The corqlex (C,E,)~[~C(~)2]IP((Me)g]pCl (97) contains a terminal 

dicyanotinylidene (or dicyanonethylene carbene) ligand, related to CO by 

substitution of oxygen by C(CN)z. The two phosphite ligands occupy mutually 

trana positions in the tetragonal plane. ‘Ibe Ho-C(carbene) bond length 

[1.833(6):] supports the idea that this ligand is a strooger n-acceptor than 

CO (typical distances, 1.93-1.99:). lz2 

Several platinum-carbeoe complexes have been studied. The cation in 

tmns-[Pt&~Qk<OMe) j(PHe2Ph)2]PP6 contains square-planar platinum, with tbe 

carbene ligand in the m configuration. I23 The carbene is disordered, two 

Ugands related by a 180” rotation about an ax5.s Pt-C(He). Chlorination of 

tmns-lPtclIC(NHHe)(NHPh)}(PEt3)2]C104 affords the internally metallated complex 

(98). ‘24 

Et 
(97) (98) 

The acylLmino complex trcuza-PtI [C(Me)=NC61b,cl-p1 (PEt 3) 2 (99), for;rped 

by “insertion” of isocyanide into the Pt-Ke bond, has the four-coordinate 

structure shown. there being no interaction of the lndne lone-pair with the 

metal. 125 
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The unusual carbyne complex truors-WI(cO)4(CPh)(100) has a pseudo-octahedral 

structure.126 The W-C(carbyne) and W-CO distances are 1.88(10) and 2.14(10):, 

respectively. 

0 0 

=\ /= 
I- w-c 

(100) 

(b) Other Gr0r.q IV domr ligcmh 

A linear Co-I-Co bridge has been found in the diamagnetic form of 

CoIZ(CNPh)b, which proves to contain the dirrreric cation (101).'27 The Co-I 

distances are unusually long: tercinal, Z-766(3); bridging, 2.890(2); 

sun of covalent r&ii, 2.6& 

The di-t-butylstannylene cotuplex Bu;(py)SoCr(C0)5 (102) contains unusually 

coordinated tin.lza 'Lhe So-C distances are long (at 2.24:) cwpared to 

kle3SnMn(CO)~, and the Sn-Cr bond length is 2.654(3):. The bond angles 

Ph 
1 

-co- 
Ph--N-C I 

C \ 
1 I 

N 
i 

Ph 

(101) 

PY 

\ 
B”f--,s” 

But 

(102) 

Rdamecs p. 259 



corzspand to a situation iatermAiate between a planar SoCrC2 group (with 

Qyridine perpendicular) and a tetrahedral SnCrCsN group. 

(cl Nitrogen-dorwr Zigand& 

Porpkyn’n &?n- LmE v&-s. IO Ru(C0) (py)(TPP)(103), the metal acorn lies 

0.079; out of the porphyrin plane on the 

CO group results in a long Ru-N distance 

bond [2.052(9):]. Structural parameters 

found for Ru(C.0) (EtOR) (XTP). ’ 3o 

CO side. lzg The ~MTIS effect of the 

[2.193(4):], conpared to the Ru-N@orphy 

for the porphyrin nng agree knth those 

The nitrosylcobalt Qorphyrin, Co(N0) (TPP) (104), has a square pyramidal 

structure, with a beot NO group [angle Co-N-O, 135.2(S)“]. The molecule is 

disordered in the crystal. l-h.2 metal atom is estimated 

above the porphyrin Qlz%e.13’ 

Tbe dinudear u-OEp[Rb(CO)2]2 (105) contains the 

to Lie 0.094(52); 

tvo weal atoms above 

and below the porphyrin plane, both having square-planar coordination. 

Oxidation k~ CHCl3 affords t&e rho&um(ILE) complex, in rhich only one tnetal 

atom is associated ulth the porphyrin.’ 32 

ph5g&&ph 
bY Ph 

(103) 

Et t 

Et ?? 
Et e-3 N,f CN 

\I 
Rh ,R\h 

Et 
N/\$N t 

Et Et 

(1051 
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Poty(pymzotytIboxute wnptezes. The structure of 

Ho[Et2g(pz)2](C385)<CO)2(6pz) (106) was determined during attempts to study 

HoIgt2g(pz)2](C3B5)(00)2.133 The uncoordinated pyrazole nitrogen lies on the 

pyrazolylborate side of the mlecule; the tvo CO groups are trana to the tvo 

pyrazolylborate nitrogens. The MoNpBNg ring has a distorted chair conformation, 

in contrast to examples previously studied. No unusual features were found in 

the structures of F!o[flB(pz) 3](CO)2(C~E7) (107) ;134 in MoI5(pz)41(CO),(C5~5) (log). 

tvo of the four pyrazolyl rings are uocoordinated.135 In both cases, the CD 

groups lie tram to coordinated nitrogens. The results of the present study of 

(107) correct a previous assignment of C and N atoms in one rlng.l 36 

‘*66J (107) (108) 

The mC=d ~a~~duich cation ((Cg85)R~[B(p2)~l ]W (109) cataim ah 

h6-benzene ligand, while the am group is only tridentate. The hydrocarbon 

ring is fully staggered with respect to the pprazolylborate group- 

OC-Fe-N 

(109) 

Ref- p. 259 
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The structures of the cobalt derivatives. Co[E2B(pz)2]2 (distorted 

tetrahedral) 1 38 and Co[BB(pz) 3]2 (trigoually-distorted octahedral) 13g bave been 

determined, and are of interest insofar as they represent exaznples of complexes 

coataioiag pyrarolylborate ligands. 

MiacuLtm~o;u. Tbe geometry of the parent pyrazoline ligand is not 

altered on couplexation to an Fe(CD), miety in (UO), where it occupies an 

apical position.‘40 

The structure determinatloo’~l of 2,4.6-trlphenylphosphoti-Cr(CO)s (111) 

coruplernents that of the r-bonded tricarbooyl reported earlier.‘42 The Cr-P 

bond is snort [2.372(4);], and is inclined to the rfng plane by 8”. 

The phosphorin ring is planar. 

The eight-tiered phosphonItrFZic ligand in P~NI,(NY.~~)~W(CO)~ (112) 

is coordinated via a ring nitrogen and an evocyclic N-NNe2 nitrogen io cis 

positions to a dfstorted octahedral tungsten atom Coordfnation results in 

changes from the near-saddle geometry of the mcomplexed ligand, to a ligand 

0, Me./ 
Me 

Me 

Ph 

Ph 

oc co 
\I 

-Cr -CO 

/\ 

&co 

Ph 

(111) 

I Me N 

Me-N/P-N, ;( 

t&e I-Me ‘~IMY 

Me / 
Me 

(112) 

consisting of Wonearly planar eegmeuts. with unequal ring bonds.lbg 

Reactions between arylcoppers and bis(diphenylphosphino)uethane afford 

the arene and an unusual copper-phospbine co~@ex, characterised structurally 

as [Cu(PhaPCEIPPhp) 13 (ll3) .144 Ln this, one copper is attached to the 

wtbine carbons of two ligands which bridge the other tvo copper atoms by 
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conventional P-CTJ o donor bonds. ?he three metal atoms thus form an isosceles 

triangle [basal Cu-Cu, 2.836(4); side Cu-Cu, 3.146(3) and 3.ll.2(4)~]. The 

structural non-equivalence of the copper atoms suggests a formulation 

[Cu(Ph2PQ1PPh?)2.Cu;!(Ph2P~PPh2)], containing formally bi- and half-valent copper 

atoms. The complex can also be obtained from CuBr and LlCH(PPh2)2. 

Pyrolysis of hydridpiridium phosphine complexes in dimethylEormamide 

affords [Ir(CO) (PPha)(PPhz) I2 (114), in which the Ir-Ir bond [2.551(l);] has 

a formal order of tuo.145* The structure is related to that of 

[Ru(bO) (PwPhR) (PPh2) 12, full details of which have now been published, 146 

and in which the Ru-Ru bond distance [2.629(2):] is also consistent with a 

double-bond. Ln [Ir(N0)2(PPhI)]2 (ll5), the Ir-Ir bend has a normal 

bond length [2.717(1)L].147 Apart from the shorter Ir-P distance in 

all other structural parameters are comparable with those found in 

[Ir(NO),(PPh3)2]C.14a 

/ 
PPh, 

(114) 

single 

(115), 

0 
Ph 
\ r: 

Ph- 
‘-i’\i_ I 
Ph 

?I I 

0” 

(115) 

Ph 

I 
p-Ph 

\ 
Ph 

Comparison of the structures of [M(CO)b(PEt2)]2 (116; H=Mo or W) reveals 

* See also the earlier report: R. Fason, L Sdtofte, S.D. Robinson and M.F. Uttley, 
~.OrgwwmetatZie Chem., 46 (1972) C61. 

Fief- p. 259 
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similar structural parameters for the H2P2 rings, with metal-metal bond 

lengths of cu. 3.05;;.149 

A complex originally described as Fe$3(C0)6[P(p-tol)2] has been shown 

c.~_ain a bridglog hydroxy group (117), vitb an overall geometry typical of 

Fe2(CO)6X2 complexes. I50 The tu o Fe-O distances are 1.969(6) and 1.974(6):. 

Two isomers of Br(C0) $u(triphos)Cr(CO)5 [triphos = PhP(CEi2C&PPh2)2] 

result from the Pbenyl ring attached to the central phosphorus aton being 

trmrs [a.(1181 1 

chelate PCCPMn 

cmnpleles.151 

or cis [8 .(119) I to the 

ring. The chromium is 

c5 
(116) 

bromine relative to the five-mmbered 

bonded to the -tZ2PPh2 group in both 

R 

uO 
I 

CO 

4\pQ/ 

/I 
oc = 

11 
0 

oc 
CO 

(117) R=,o-tol 

(118;a) (119$) 
0 

to 

The strocture of ti(CO),(NO)(AsPhj) has been reported15*; the cobalt 

is approximately tetrahedrally coordinated, and the NO and CO groups are 

disordered. The complex cation in [nDCl(CO)2(diare)2]1~ (120) forms a 
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capped trigonal prism, with Cl In the capping position, and four arsines 

occupying the capped quadrilateral face.153 Some comparisons with the 

coordination geometry f.o [Ho(CNBut)eI]+ are made. 

Me 

(120) 

(e) Group VI &nor Ligwzds 

The hydrolysis product of the complex obtained from U(CO)5(TElP) and 

Ph3P:C:PPh3 contains tbe Pb3PCHP(O)Phq ligand bonded to tungsten through 

oxygen (121).154 The multiple bond is equally distributed ever the two P-C 

bonds [1.690(10);], resulting in a longer P-O bond [1.523(8);] than In Ph3PO. 

The W-O bond distance is 2.199(7)~!. 

In (C,Hs)2TiQ.(CH)2 (122), the TiS2 plane is folded out from the 

S2C2H2 plane by 46.1°. Tbe C5 rings are staggered, vith their planes 

intersecting at an angle of 51.2”.155 III the tungsten complex (C585)2WC2CgH4 

(123), the sulphur llgand is folded by K’. 156 

co 
Oc, I 

Oc-w- 
I 'CO 

0’ 
(121) (122) (123) 

Ihe con@ex [(C$s)Fe(SEt)S]2 (124) has been considered as a made1 

compound for ferredoxin. The two iron atoms are joined by a planar Fe-S-S-Fe 

bridge, and by bridging SEt groqas. but do not directly interact.157 

R.efermcel p. 269 



(124) 

me &~PS llgaod in Cr(CO)s(SPMe3) acts as a simple S o-donor ligad, 

with a Cr-S distance of 2.510(2)A; its tracs influeoce is reflected in the 
0 

Cr-CO(tnas) and Cr-CO(n’6) bond lengths of 1.815(S) and 1.9OO(4)A 

respectively.15B 

SuZph7.U &oxide Wm&?32G. The reaction between SO2 and NaFe(CO)2(CSRs) 

affords wo complexes containing sulphur dioldde bridging iron atoms. Ln 

~~~5~5~~~~~~212~~2 W51, the SO2 has “inserted” symmetrically between the two 

iron atoms. J5g The &or product (CSB5)2Fe2(CO)3(SOp) (126) contains two 

(C+JFe(CO) groups llnked by an Fe-Fe bond, bridged by one CO and the SO2 

l_igzod.160 The cyclopentadienyl groups are cis. The Fe-Fe bond distances in 

the two indepent molecules differ by 0.01; (or cu. go), and are rather longer 

than those fourrd in related molecules. 

(126) 

The complex pd3(so2)2(cmut)5 (127), obtained from exe.% so2 ad 

Pd(CNBuc)2. contains a triangular Pd3 cluster, tuo sides of vhicb are 

bridged by SO2 Ligulds. ‘Ike of the isocyanides are nearly in a bridging 

c0ofomatioa. which may offer an explanation for the solution n.m.r. 

behaviour (equivalent hocyanides) of the complex. I61 The platinum 
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BU’ 

CN 

I 
0 ‘iy(pfy 

-fNC 
Ad -Pd\ 

c c’ 
N CNBuf 

BU’ Z&It 

(127) 

derivative Pt(S02) (PPh ) 3 3 is a trigonal pyramid, with an apical SO2 lfgand. 

The absence of signiEicant n-bonding is indicated by the long Pt-S bond 

[2.399(13);], while the open base results in easy electrophilic attack of the 

metal, e.g. by dioxygen.J62 

FRRROCRNE AND BENQiROTRRNE DERIVATIVES 

Recent structural investigations have been devoted to studies of 

absolute configurations of various optically active derivatives oL the parent 

ferrocene and benzene-Cr(C0) 3 molecules. Homoannular cyclisation oE 

ferroceoyl(methy1)butyri.c acids has given methylated ferrocenocyclohexenones; 

(-)-2,3-ferroceno-5-s.ro-mthylcyclohex-2~n-l-one (128) has the absolute 

configuration 2k5Sc. 163 The two diastereomenc (racemic forms) ethylphenyl-o- 

methylbenchrotrenylmethanols have structures (129; q .p. 89”) (I_@, Rc + ISp, SC) 

Me Ph 

(128) (129) m p. 89” 

and (130; m-p. 163O) (l.Rp,Sc + LSp, Rc)~~~ and one racemic diastereoisomer of 

uethylethyl-o-methylbenchrotrenylmethanol (m-p. 66”) has the configuration (131) 

*SC + SpRc); the isomer, m-p. 82’, is thus (SpSc + RpRc). These structures 

Ffderences p. 259 



Me 

(730) m-p 163” 

_*- --. 1) P. 
“Cr : 

Me 2__>’ oc co Y 
HO-C 

Et’ ’ Me 

(131) mp 66O 

confim the major conclusions of an extensive discussion on asymmtric 

induction ia the beochrotrene serles.165 

The coordination gemtry in IJQIo(PHep’n2)~ is a distorted dodecahedrou, 

the hydrogen atoma (which were located) forudng an elongated tetrahedron, while 

the four phosphorus atom Earn a flattened tetrahedron, midway between the 

ideal tetrahedron and square planar. Two HO-P distances [2.433(2) and 2.503(8); 

were found, ad the a-rage Ho-8 bond length is 1.70<3)~.166 A structure for 

&55(PPh3)3 (132) has also been proposed, based 03 the location of the four 
0 

heavy atoms; the rhenium lies 0.49A out of the Pg plane. The hydrogen atoms 

H 
D 1 

(132) 

were not located.167 Both complexes are fluxlonal in solution. 

MlEOSYLS, ARY7.BIAZO COHPLEXBS, AND RELATED COKPOUNDS 

A further cootrlbution to the discussion centred aromd the bonding 

of linear and bent transition u&al nitmsyl complexes appeared recently.168 

‘Be energetics of distortion are apparently determined to a large extent by 

the energies of only hro MO’s , and suggested energy level schemes for H(NO)X P 

(n-3 and 4) are given. From these, intermediate sowtries (between 120” and 
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180") appear unlikely for five-coordinate de nitrosy&, whereas for 

four-coordinate complexes, the activation energy for interconversion ts very 

lov, giving the possibility of intermediate geowtries. Such have been found, 

e.g. between 153 and 166" for some Co, Ir and Ni complews. The Fmportance of 

* 
the lou-lying T orbital in NO (unlike CO or N2) in relation to this discussion 

is emphasised. In the review previously mentioned, eight complexes (out of 52) 

have U-N-O angles between 120 and 128O. 

Several oltrosyl complexes have been mentioned previously in the above 

survey. In some of these, the NO group 

Co(CO):!(NO)(AsPn3)(disorderod with CO)] 

Co-N-O is 135" randin [Ir(NO)z(PPhj) 12. 

Ba[Fe(CN)g(NO)].2H20, the anion form a 

Fe-N-O angle of 166(4)“.16g 

is linear [(Ru(NO) (PMePhq)(PPh2))2, 174"; 

uhersas in Co(NO)(TPP)<104), the angle 

it is 167". To barium nitroprusside, 

highly distorted octahedron, with an 

The analogies between NO+ (liowr M-N-O) sod ArN,+, and betveen NO- 

(M-N-O aogle CCI. 120°) and ArNP- have prompted structural studies of several 

aryldiazo complexes. Until 1973, the felr examples of such complexes had linear 

H-N-N&) groups [ReC12(N2Ph)(PMe2Ph)3,17a Ho(NaPh)(CO)2(HB(pz)3]171 and 

RuC13(N2CgE4Me)(PPh3)2'72~, or bent as part of a five-wmhered chelate ring 

[(IrC1(~CgB3F)(CO)(PPh3)21+373]- The structural parameters of the aryldiazo- 

metal moiety are sw5w t-lsed in Table 2. The first example of a bent M-N-N(Ar) 

group has been found in the cation [RhU(N2Ph)(tpp)l+ (133) 

[tpp - Php{(CH2)3PPh2]2], where the angle at the nitrogen ato- are ll9"(NPh) 

and 125O (NRII)."'~ 

Cl 
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A further esample of a three-electron nitrogen donor ligaod is the 

dialkylr22tbyienamLno group. In (CgHg)ko(CD)~(N=C13u$ (134), the short 

Ho-N bond [1.892<5)~] supports the idea of considerable back-bondlug, as does 

the Ho-N-C angle [171.8(4)“], which indicates Eonnal sp hybridisation.‘75 

DIXITRDCEN CDKPLEXFS 

A 1Fnear dinltrogen bridge between two different transition 

been conFirmed in [ (PhMe~P)&.lFkN@XA+(CMe) ] (135)) prepared from 

ReCl(N2)(PXe2Pb)h and HoC~~(THF)~ in Ethanol. The lengthen-g of 
0 

UEtals has 

the N-N 

bond (1.2l.A) anticipated from the low u(hN) value oE 1660 an-‘ is accompanied 

by shortening of the R.e-N and MO-N bonds (1.79 and 1.89;. respectively) -176 

-Although most dinitrogen compleres contain a linear M-N:N moiety, 

side-bonded complexes have been assumed in the natural nitrogen fixation process. 

Such cantpounds would involve the nitrogen lone-pair in the formation of 

olefin-lflce comple~s. The oev complex [(PhLI)6Ni2N2(0Et2)2J2 (136), obtained 

from all-t?%nS-1,5,9-cydododecatrienenickel with phenyllithium and dinitrogen,177 

has been found to process a n-dinitrogen ligand. The Ni-Ni bond is bridged by 

the N2 molecules, which are linked tia two lithium atoms to form a 

I I 
six-axzbered Lili2LiN2 ring; the two halves of the complex are 1Lnked tia phenyl 

groups bridging lithium atoms. Each nickel atom is bonded to two phenyl 

groups- The electron acceptor character of the lithium enhances back-bonding 

p P 
Cl 

\/ \ /“’ /Me 
Cl ;,R<-N-“nM<-0 

P Cl 

(136) Internal LI-Nl-Np skeleton (135) P = PMe2Ph 
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from nickel to the dinitrogeo molecule, which is lengthened to 1.35;. 

An important factor in the stability of the coqlex appears to be the interaction 

of the dinitrogen ligands with both the nickel (side-on) and the Lithium (end-on) 

atons.178 
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TABLE 1 Mztat-mztat bond tsngth dzterkmtionz 119731 

Bond leogth(:) 
* 

Complex Reference 

Ti-Si 

Ti-Ti 

v-v 

Nb-Nb 

Cc-Sn 

Cr-Re 

MO-Li 

MO-Al 

2.159(13) [(CBHB)BTi(SiRB)lB 1-8 

2.910 t(C,H,)Ti(H)~Et,Iz 2-79 

2.462(2) (CBHB)2V2(a)S 1-17 

3.115(3) I(C~H~)(CSH~)N~HIB 1-82 

2.654(3) (py)Bu&oCr(CO)5 2-128 

3.435(l) HCr.Re(CO)JB Cr-H-R2 1-19 

2.70(av.) I(CBBB)Ma(B)=l4 2-82 

2.65-2.69 ~~~~~~~~~~~~~~~~~~~~~~~ 2-81 

2.65-2.69 [(CBH4)2Mo(ALHe2)(AlHe) 12 2-81 

* Reference nurbers relate to Parts 1 and 2, as denoted by prefix. 
Part I J. Orymo-retal. Chen.. 75(1974)335-X4. 
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Uo-Tl 

HO-MO 

u-w 

MO-si 

&l-As 

MU-MU 

%-Fe 

MD-Cd 

Re-Re 

Fe-As 

Fe-Sb 

Fe-Fe 

2.965(av.I 

2.705(2) 

2.954(l) 

3.057(6) 

3.230(l) 

3.017(l) 

3.05(l) 

3.329 

2.402(2) 

2.X4(6) 

2.350(3) 

2.571(l) 

2.871(2) 

2.904 

2.971(2) 

2.848(4) 

2.760(4) 

2.799(5) I 

3.04(05) 

2.348(2)(av.) 

2.356<3) 

2.440(2) 

2.34 

2.462(3) 

2.493(8) 

2.500(3) 

2.511(2) 

2.512(3) 

2.516(2) 

2.525(3) 

Re2 (CO) IO 2-9 

As21Fe(CNals 1-15 

Oie2Ass)F~(CO)~ 2-16 

CU2SbIFe(C0)2(Cgtl5)121Sb2C17 2-17 

[Fe283(triphos)2lPf6 1-162 

(clzHl6)Fe2(m)6 2-52 

[Fe(CO)(u_COA1Et3)(C585)12 2-88 

c,ws~e,)4Fe2w)6 l-64 

Feq(C0)6(0tl)[P(e_tol)2I 2-lso 

Fe2(Wt+(CsQ)2S*2 2-85 

[PhSFe(CO) 312 l-147 

(c2828r2) f?e2(m) 6 l-63 

W-R-W 

1-7 

2-117 

2-73 

2-149 

2-83 

2-10 

l-US, 2-149 

1-18 

l-10 

1-9 

2-16 

2-84 

l-10 

2-8 

1-142 

2-16 

1-5 



2.553(Z) 

2.597(2) 

2.597(l) 

2.615(Z) 

2.62 

Z-623(4) 

2.638(Z) 

2.739(3) 

Z-767(4) 

2.786(Z) 

2.797(l) 

2.869(l) 

3.062(4) 

Fe-Ni 2.440(2) 

Fe-Au 2.818(g) 

Re-si Z-456(4) 

Ru-Cc 2.49 

Ru-Ru 2.629(2) 

2.741(1)(av.) 

2.794(2) 

2.836, 2.840 

2.86 I 

2.862(3) 

2.937(2) 

2.944(5)(av.) 

3.05 

OS-OS 2.680(Z) 

2.731 

2.744(2) 

2.757 

[(c1@11)Fe(Wzlz 

Fe2 (CzPh) (00)6(PPhz) 

Fe2(a) j(so2) (c$35)2 

(Me2P)Fe2(cO)5(C5R5) molecule 1 

r 1 
c(o~le)ar.~(:CPh2)C(OHe)Pe2(C0)6 

A92IFe(CCO313 

(f=le2P~Fe2(M)5(C5R5) molecule 2 

Feg(C0)5[rie2N~.C583ca.C5H41 

IFepfS2C2(cP3)2)t,I- 

(C1oR12)Fe2(=')6 

(CgFt+)Feq(CWa 

(ft,a.sp)2Fe2(W, 

[Fe2(SMe)3(C0)61 
+ 

(C585)Ni(PPh2)Fe(CO)3(C2Ph2) 

CO-bridged 

OsU)-oe(3) 

OS -OS0 
0 

Os(2)-Os(3) 

T T 
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2-102 

2-36 

Z-160 

2-90 

1-66 

l-l5 

2-90 

2-89 

1-159 

l-62 

2-65 

1-139 

l-148 

l-20 

l-159 

2-13 

2-107 

2-146 

l-24 

l-23 

2-18 

2-109 

2-13 

1-24 

Z-107 

2-19 

1-28 

2-19 

os--os- l-28 
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CO-Ill 

Co-!% 

Co-P 

CO-CO 

Ru-C 

Rh-Rh 

Ir-Ir 

NI-L.i 

Ni-Ni 

2.793 

2.80 

2.801 

2.814 

2.820 

2.89, 2.92 

2.594(3) 

2.542(2)(av.) 

2.564(3) 

2.591(3) I 

2.602(6) 

2.216(av.) 

2.256(av.) 3 

2.498(5) 

2.504(2) 

2.626(4) 

3.172(5) 

3-295(av.) 

3.330(5) 

2.134(6) 

2.630(l) 

Z-776(3) 

2.817(2) I 

2.9064(10) 

3.090(3) 

2.551(l) 

2.717(l) 

2.58-2.79 

2.370, 2.466 

2.388(l) 

os6(m)18 

a2=3(Cfw(w9 

os,(co),, 

os,<co)7(CzPhZ)<CqPhq) 

Os6(c0)1,3 

R20s3(c~2)(fmg 

ro~Wfm4l3 

[Co(~) (S&q) (C5H5) 12 

(acacl2SnCo2 (Co) 7 

09 -0s 
-I 

l-28 

l-26 

OSS-OSC 1-28 

o=.(l)-=.(2) 2-19 

osl-os 
-I 

l-28 

l-26 

l-6 

1-12 

2-14 

l-ll 

l-30 

~4(~)4(SEt)B 2-20 

CW’4(C5H5)4 l-30 

(acac)gSnCop(CO)7 2-14 

I=,S&,H&l+ l-32 

-G54<Gi~5)4 bond order 0.5 1-32 

[CO4S4(C5W41 
-I- 

non-bonding l-32 

[Rh&(co) 151 2- l-29 

I~(~) W’hg)212 1-21 

~Rh&(co) 151*- basal l-29 

[(C$k5)RhCll2HCl 

[Rh=(=K587)212 

[Ida) (PPh3) (PPh2) I2 

[Ir(N0)2(PPh3)12 

[(PbLI)6Ni2N2(0Et2)!2 

iNi(C~,Fg)(C+s)h, 

[NI(C,B4) (pq2) 12 

l-22 

2-61 

2-142 

2-147 

2-178 

2-53 

1-33 

2-97 2.444 



2.46(av.) 

2.687 

Pd-Pd 2.639(l) 

2.734(4) 

2.760(3) 3 

Pt-Si 2.317(4) 

l?t-Ge 2.391(3)-2.4240) 

2.480(3) 
I 

Pt-Pb 2.698(g) 

Pt-Pt 2.944(Z) 

3.311(2) 1 

cu-cu 2.417 

2.836(4) 

1 3.112(4). 3.146(3) 

Au-Au 2.768(3) 

2.932(2)-2.990(Z) 

3.043(2)-X091(2) 
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H3[Ni(C5E5)11, 2-22 

[WLi)gNizN2<0Etd12 2-110 

[Pd(C#5)12C2Ph2 l-44 

Pd3(S02)2(C~ut)5 SO,-bridged 2-L61 

1-13 

[CU(cH~SiMe3) 14 

[cu(PhzPmPPhg)Ij 

2-15 

1-14 

1-175 

non-bonding 

2-38 

basal 2-144 

side 

1-159 

TABLE2 &otmtries of aryZd%zw groups in metal compLeze8 

Complex Aryldiazo group Reference 

Mom-bWh) (CO)2I~IB(PZ) 31 

Re(N-NPWC12 O’+W 3 

Ph 

Ph 

171 

170 

.+(N-Ntol-p)Cl,(PPb,), Ru1.796N-N 1.144 

w lkXo1 

172 

171.2O . 

Ph 


