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.d& .1;2_bis(~~hehjlphosphino)ethane 
.bis(dipenyi~hosphin.~)methane -. 

.- ‘. 
.- dpp+ 

dq-’ 
..ffars .. ., 

dq:oq+&e ‘- : 
1.2-bis(dime~yiars)~e~a~u~~~cyclob~~e~~ 

$d__ $&nyl_ ,I. 
.MYZPZ 3,5dimethylp;&oly1- : 
.0x ’ o.xinate 
pcy; .. tricyclohexylphosphine 
phen : l,JO-phetianthroline 
PY -.I pye&e : 
p? :.- pyra&lyl 
THF tetrahydrofuran 

..; _.. . . _: 

INTRODUCTION 

~During 1971, the number of molecular structures of interest to organo-transition metal 
chemists approached the 250 mark, and there is every likelihood that .&is figure tiill in- 
crease rapidly. In order to provide accounts that are both more manageable, and morz time- 
ly, 1972 and later years wiII be covered by two surveys each year, appearing at approximately 
six-monthly intervals. 

SIMPLE METAL CARBONYL DERIVATIVES 

The anion in NEt, [WBrJ(COj4] (1) has C,,, (capped octahedral) symmetry r , and bond 
lengths are similar to those reported for WBr, (CO), [(Ph2 As)~ CH2 ] 2 [AS7 1; p_ 3351 *_ In 

this compiex, the CO groups are mutually cis and thus avoid competing for metal d, electron 
density. The compound [wH(OHj (CO),] a -40PPh2 Et (2) contains a distorted W,O, cube, 
with non-bonding W - - -W distances* _ The hydride ligands are probably located between 

two of the CO groups, making the tungsten seven-coordinate. The adduct phosphine oxide 

mole&es are linked to the cube via 0-H. . -0 hydrogen bonds. 
An independent determination3 of the structure of [(n-C5 Hs)W(CO)3 AlMe, ] 2 [see 

AS?l; c_ 3041 confirms the presence of CO groups bridging the two metal atoms: W-C-O-Al. 

Br 

I 
co 

oc&/ 

*/ \‘- 

co 

(1) 

*AS71: M.I..B&ce;J_ Organometal. Chem., 48 (1973) p. 303-349. 
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An electron diffraction determination4 of the structure of Rea(CO)lo reveals that the 
equatorial CO groups are ir.1 the eclipsed conformation. 

The anions in [Ni(ph;_n)A] [Mn(CO) 5 2 are trigonal bipyramidal, slightly distorted, ] 

especially in the equar:,rial plane, where C-Mn-C bond angles are 117.5(3) to 125_0(4)O. 
Although the difference ir. Mn--Ccdj and MS--Cc,) bond lengths (- 0.02 i%) is not signifi- 

cant, comparison with some other trigonal-bipyramidal complexes suggests a structural trend, 

for which anexplanation is offered’. The iodocarbonyl-anions in [MnI(OPPh3)4] [cis- 

MnI,(CO)4] are disordered6, as also found in other halo-carbonyls recently [AS71, p. 304; 
as70, p. 541*. 

COMPOUNDS CONTAINING METAL--METAL BONDS 

(G) Transition metal-Main Group metal bonds 

The electron diffraction structure of Br3GeMn(C0)5 (3) reveals distorted tetrahedral 
ar:d octahedral coordination about the germanium and manganese atoms, respectively, 
with the equatorial CO groups being bent towards the Group IV element 7_ The Ge-Mn 

bond is shorter than that found in PhsGeMn(CO)s , explained by the greater electronegativity 
of the substituent. 

* AS70: M-1. Bruce, Organomeral. Chem. Rev. i3.. 9 (1972) p. 53-98. 
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In the -two modifications of (rr-C, H5) (jr.C4Ha)FeGe& Me (4), the metal-metal b&s --. 

are considerably shorter .than the radius sum [2.‘2S us. 2.56 a] unapparently as a result-of _ -. 

-signfficant d,(Fe) * d,(Ge) dative.interactibn ’ i The two hydroc&bon ligr&ds are _&erically -, 
hnidered, and cause.distortion of coordination about the two metal atoms. : . 

~.- Full details of the &ucture of [(?r-C, H,)Co(CO)] 2(GeC12)2 %(CO), (S), containing a 

five-atom metallocycle, have appeared9 _ The Co-Ge-Fe-Ge-Co ring is planar, and little 

strain is present in the ring: -. 

(5) (6) 

Also reported are details of the refinement cf [CCO,(CO)~] a, which consists of two 

tetrahedral CCo3’ units linked via the carbon atoms, in a configuration intermediate be- 

tween eclipsed and staggered Cog atoms r” _ The formally single C-C bond length is 1.37( 1) a, 

indicating that the p character of the outwardly directed orbitals has been reduced. [See 

also AS7 1) p. 307; AS70, p. 6 1.1 In the complex derived from MeCCoB(C0)9 and ffars, 

namely MeCCo3 (CO), (ffars) (6) th ree CO groups bridge the basal cobalt atoms; the arsenic 

ligand also bridges two of the metal atoms I1 . Two of the CO bridges are highly asymmetric. 

i 
(b) Complexes containirtg only transition metals 

The account ‘* of the structure of o-H2 Ru4(CO)r3 (7) complements that of the mixed 

hydride H2.FeRu,(C0)r3 [AS71; R_ 306]_ Two separate sets of Ru-Ru distances are found. 

The two bridging CO groups are bonded asymmetrically, while the hydrogerratoms (not 

located) are assumed to bridge the Ru’ -Ru3 and Ru’ LRu4 bonds. 



The ruthenium carbonyl nitrdsyl, RuB(CO)r&O)~, hi .&c~u~~ @).-The KU-Ru bond 
spanned by the two NO groups is 3.15 &and suggests a l&w bondidrder. However, strut- -. 

tures of related complexes suggest that the separation of two metal atoms in a cluster 

depends largely on the nature of the groups bridging these atoms t3 _ 

The reaction between Osj(CO)rz and tsphenylphosphine,affords ten products, ihcluding 
the kn ,;~n complexes OS~(CO),~_~ (PPh,), (n 7. l-3). Six of the retiaining complexes have 

been characterised by X-ray crystallographic methods, and several interesting structural 
features occur14=15_ In all cases, the plksphine ligand has unde.rgone s&me reaction with 
the Osj cluster. The complexes are OS~(CO)~(PP~,) (Ph) (PPhCi&) (9), 

Os~(~O),(PPW~K&b) (IO), HOs3(CO)9~Ph3)(PPh*CgH4) OU, 

HOs~(CO),(PPh3)(PPh,)(C,H4)(P2),HOs3(CO),(PPh3) PPh,c6G) (13),and 
HOs3(CO),(PPh,) (PPh2C6&C6H3) (14). Major features include diphenylphosphido ligands 

bridging two metal atoms, o&o-metallated diphenylphosphido groups bridging two or 
three metal atoms, a phenyl group bridging two metal atoms via one carbon, a C6H4 group 

interacting with all three osmium atoms, and in (14), a ligand formed by addition of C6l-L 
to the phosphine. The formation of these complexes is considered to arise via oxidative 
addition reactions which occur on the cluster. 

Another example of an alIy1 group acting as a five-electron donor. is found in the complex 

HRu3(C0)&Hg) (Vi), obtained from 2&hexadiene and Ru3(CO)rZ 16. The dimensions 
of the C3Ru3 set of atoms are very similar to those found in the complex HRu,(CO),(C,,H,~) 
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.-[+?I ;:p.- 3 13.; k&O, p-.63 J and are consistent .svJth the C3 system.Ir-bonding to one 
,. ruthenium, and.o-bonding .to the other two metal atoms. .. 

.C15) (16 1 (17) 
. . 

The reaction between Osg(CO)r2 and tetraphenylbutadiene affords r’ the complex 

Oss(CO)s(CqPh4) (16) containing an Osa chrster bonded to the hydrocarbon via interac- 
tion of the diene system with two metal atoms, and of one of the phenyl groups to the 
third osmium. Reaction between Ph2P(ZCCF3 and Fe3(CO)r2 affords co:aplex (17) in 
which formation of a ferrole ring has occurred I8 _ Ln addition, cleavage of a C-P bond to 
give a bridging PPhz group is found in a similar way to (ffars)Fes(CO)g [AS71 I p_ 337]_ 

Ph.C.CH=CH-W(CO),(X-C,H,) 

(18) (19) 

The first tetranuclear cyclopentadienylmetal complex, [(‘~l-Cs Hs)Fe(CO)] 4 (l&), is 
another example of a molecule with a cubane-like M 4L_4 structure, with X being a sym- 
metrically triply-bridging carbonyl group I9 Al’though the four iron attims form a bonded _ 

tetrahedron (Fe-Fe, 2.520 A), this interlocks with the carbonyl group tetrahedron to give 
a distorted cube (Fe-C, 1.986 A). The structure of the related pammagnetic monocation 
in [(sr-Cs Hs),F~~(CO)~] PFe reveals only a slight change in the FeQ(CO)e nucleus (from 
cubic Td in the neutral molecule toward distorted tetragonal L&d in the cation). At the 
.&me time, the Fe-Fe bonds are shortened (to 2.484 A). These and other bond length 
changes are rationalised on the basis of an MO correlation diagram, and suggest that oxida- 
tion involves removal of an electron from an MO which is somewhat antibonding between 
the iron atoms, and also antibonding between .the carbon and oxygen atoms” _ 

The Fe-W bond length (2.81 A)-in (IT-& H5) (CH=CHCOPh)FeW(CO), (19) has been- 

reported?.. . 

. . .. 
: ; 
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(20) (21) 

The mixed iron-plntinum cluster complex Fe, Pt(CO),(PPh,-) (20) contains a PtFe, 

cluster with no br%gLlg carbonyl grcups **; the related compound FePt*(CO)s [P(OPh)s] s 

(21) has also been studied 23 In 30th cases, displacement of PPhs by CO has occurred on _ 
platinum. The stereochemistry oi(20) suggests a simple bonding description involving a 

]Pt(CO) G’Pha )] *+ cation and two [Fe(C0)4]- moieties, although it is likely that an MO 

description may be preferable. Qualitative MO calculations support the idea of some multiple 
bond character in the metd-metal bonds, which are shorter than expected. 

COhlPLEXES CONTAINING hIETAL-CARBON (I BONDS 

Crystal data for the complex chromium aryl Na2 CrPhs - 3Et, 0 -THF have been reported24. 
The complex (?r-Cs Hs)* Mo(NO)Me (22) contains a linear MO-NO group, and asymmetric 
Cs Hs groups containing two short, one intermediate, and two long MO-C bond distances”, 

which are analogous to those found in (Cs Hs)sMo(NO) [AS69; 970]_ The MO-CHs bond 

length (2.20 A) is markedly shorter than other reported examples. The crystal contains two 
independent discrete molecuIes which are approximate mirror-images of each other. 

0 
N' 

MO’ 
Me’ 

F co I/ 
OC--Mn-_C~C-_P 

(22) 0 Partal disorder between 
Carb~rlsof mand cH3groups 

(23) 

(24) 

In the unit cell of MnMe(CO),,(PPhs) (23), th ere are two molecules, one of which ex- 

hibits disorder with spatial occupation of two sites by both methyl and carbonyl groups, 
one cis and one trans to the PPhsligand *’ The second molecule exhibits no disorder, being . 
the cis isomer. Full detailsof the structure of Mn(C0)4(C2PPhs)Br (24) have been published*‘. 
This complex, obtained from a reaction between Mn(CO)s Br and Pha P=C=PPhs , is con- 
sidered to contain the proninant resonance f&m Phs P+-&-Mn(C0)4 Br. The ligand is 

essentially a~tetraorganophosphonium molecule, with one of the organic groups being the 

acetylide anion. 
References p. 169 
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-: Mb%%) (+6=)+ ? ~G&) (drv-3, (M=Ru,Os) .-.:_ 

tihich- behaves chemically as the Rue- complex, IR arid NMP data suggest that the solmis 
he naphthyl hydride. This has been confirmed 28 by a crystal structure, which r&e& the 
molecular configuration (25). The hydride is-assumed to be trans to one of the phosphorus 
atoms-in the vacant site. The major structural difference between the ruthenium &d bsrniu& 
complexes is in the fractional occupancy of sites for the bridging carbon atoms in the chelate’ 
rings. 

(25ia) 
(25 b) 

Some preiiminary data for the aikylcobalt complex MeCo(bae)(py) (26) have been given”. 
The Co-CHa bond length [ 1.99( 1) A] is similar to those found in related Schiff-base 
derivatives. Comparison ivith the five-coordinate complex MeCo(bae) shows that distortions 
in the macrocyclic ligand reflect interactions with the axiaI ligands. In (26) the metal atom 
remains in the coordination plane, whereas in MeCo(bae), the cobalt atom lies 0.12 A out 

of the plane. 

(26) 

The complex rrarrs-Ni(CBFs)2(PMePhz)2 has structure (27)30. Comparison with trans- 
Ni(Ce Fs) (CeCls) (PMePhs)s sh ows that in the latter, the Ni-Ce Fs bond is longer by 

0.039 A, .the Ni-P bond lengths in&ease by 0.024 A, and the C-C-C angle at the nickel- 
bonded carbon decreases by 2.0”. The first two results suggest that o-CeCls is a better o- 

donor than is.oC, F5 _ Structural-and spectroscopic data a1 for_tpans-[PtCI(CHa SiMes) 
(PMe,Ph)i] (28) lead to the conclusions that the nans-influence of YCHs is large compared 

‘with Cl,-but smaller than Ph,MeSi, and is not appreciably changed as Y changes in the 
serieSY. = H, Ph br SiMe3 _ Dissolution of PtIMe(PPh3)i in liquid SOa, and removal of ex- 

cesssolvent, gives the adduct PffMe(PPha)aSOz (29), in which the SO; is attached to the 

iodine atom [I-S, 3.391(3) A] =. 
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F 
F 

(27) 
Me 

m3) 
(28) 

Aryl groups bridging two copper atoms are unusual features of the structure of 

[Cu(Me* NCHz C6 H,Me-p)] 4 (30)” _ Although the Cu-Cu bond distance is only 2.377 A, 
bonding is considered to involve only the s and p valence orbitals. The four copper atoms 
form a distorted “butterfiy” arrangement. In the related complex 
[Cu(2-Me2NC6H4)] e(CuBr), (31), th e six copper atoms form a distorted octahedron, with 
bridging bromines and 2(dimethylamino)phenyl ligands% . Bonds from the copper atoms 
to the latter groups are asymmetric [2.08 and 1.97 A] _ 

The complex anion in AsPha [Au(CNe R)4] (R = i-Pr) (32), a complex obtained from 
AsPh, [AUK] and isopropilisonitrile, contains square-planar gold(U) o-bonded to 

35 four tetrazolyl rings . The latter form two trans coplanar pairs arranged so that the ring 
planes are mutually perpendicular. 

(32) (33) 

References p_ 169 



.-. -Th&act&b&~en (TT-CsHs)sTiPhs and CC& affords complex (33)‘, in which Cd, 
has for-r&& o$rTcarboxylato group, With an intramolecular Ti-0 bond, and formation 
of a f&e_-membered metallocycle 36 . The-second phenyl group is elimina&d, presumably as 
benzene,. together with the octh&hydrogen atom. 

-One of the complexes obtained from IrCl(C0) @ha), andpFC,H,bI,+BF6 is the 

metah~ted~dkrivative (34), in which the orrho-hydrogen has migrated to the coordinated 
;. :.- 

mtrogen atom. Deprotonation occurs on treatment with base 37 _ 

Intramolecul.ar metahations of olefms coordinated to platinum are substantiated in the 

cases of PtCl(CsH,,OMc) (py) (35) , and of one diastereoisomer of PtCI(C!, E-I,,0 - OMe) 

(amine) (36):In the former, obtained by a halogen bridge-splitting reaction, the pyridine 
is coordinated &r.s to the Pt-C u bond 38 In (36), obtained by .a similar route from a . 

diallylether complex, the absolute configurations of the asymmetric carbon atoms are in- 
dicated3’ 

(S) \-& “2, 

/ 

--_ 

(35) (36) =’ 

OLEFIN AND ACETYLENE COMPLEXES 

Comparison of the ethylene and tetrafluoroetbylene molecules bonded to a transition 

metal has been made in (?r-C, H,)Rh(C, H4.) (C, F4) (37)40 _ The respective Rh-C and 

olel’inic.C-C bond .distances for C2 H4 and C2 F4 are: 2.167(2), l-358(9) and 2.024(2), 
1.405(7] A. The significant differences in metal-olefm bonding between the two ligands 
suaested by NMR work is borne out by the structural results. The R&-C2 & bond can be 
discussed in terms of the usual Dewar-Chatt-Duncanson (a-rr) approach, but the geometry 
of the I&--C, F4 unit suggests a situation where there is a more or less pure ‘II bond (or a 

J 
I 

(37) (38) 
Me 
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metallocyclopropane,in valence terms). Brief details have been given of the-stricture .of 

the cation in [Rh(C? I&),(MeCN)a] BF4 (38); the three. ethylene ligands are coplanar,-and 
occupy the equatorial positions of a trigonal bipyramidal complex”. . . 

The diethylene-riici:el complex Ni(PCya)(C, H_,), has structure (39), in which the 
metal has a distorted trigonal coordination, with an overallplanar configuration of the bis-. 

olefm-heavy atom frunework 42. A refmement43 of Ni(C, I-I.+)(PPh,)2 confirms the identity 

of the complex with that used by Dreissig.and Dietrich 44 in their determination. Nearly 
twice as many intensity measurements result in a reduction in e.s.d. by a factor of three. 
The C2 l& double-bono length is 1.43( 1) A, and the bond is twisted out of the NiP2 plane 

by 5.0”. The related complex Pt(PPh3),(C2H4) has a coplanar PtP2C2 arrangement, 

and the lengthening of the oleflnic bonds in these complexes is similar to that found for 
other elements4’ _ 

The structure of the Zeise’s salt analogue PPh4 [PtCls(C4 Hs O,)] (C4Hs 02 = cis- 

2-buten-1,4diol) has been reported&. The anions contain essentially square-planar plati- 

num; the coordinated double bond has lengthened to 1.40(4) a. In the crystal, dimerisation 
occurs by hydrogen bonding between two anions (40). 

The differences found in silver-olefin and silver-aromatic coordination have been further 
discussed47 with reference to the structure of the indene-AgC104 adddct (41). The dimeric 
units consist of two indene molecules linked by two silver atoms. One is coordinated only 
to olefinic double bonds, and the second to two aromatic rings and a perchlorate group. This 
metal atom has trigonal-planar coordination and is the first example of its type. For the 

adducts of AgC104 with acenaphthena (42) and acenaphthylene (43), the former consists of 
one-dimensional infinite chains of AgC104 with aromatic groups lying on either side- _ 

Complex (43) consists of chains of alternating aromatic and perchlorate groups. 

References p. 169 
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: __ : :_ :.- T&e kkrireof’ W(C0) (&P&) j- (44) has- been determked ?! ;sorne e&&t years after, 

.the iqitid.report.of &?&~i&&.s&g complexes. Three crystalline forms were characterised, 
:, -_. 

a!J having aim&v niol&5krrstructures. Of essentially Csb syrrnnetj, the rrrolec~le~contains- :. 

COMPLEXES FORMED BY OXIDATIVE ADDITION AND BELATED REACTIONS 

A dioxygen adduct of a cobalt phosphine complex, [Co(cis-Pha PCH=CHPPh2)2(02)] BF,, 
has structure (45) 50 _ The 0s ligand occupies an equatorial site, and the gross structural 
features are similar to those found in [M(dppe)t (O,)j+ @I = FUr, Ir) [AS71 ; p_ 3221. The 

disulphur analogue of the latter iridium complex, [Ir(dppe)z(S,)] Cl (46) is nearly isostruc- 
tur$ with the dioxygen compleX ‘r. The S-S bond [2.066(6) A] is comparable with that in 
Ss .[?.060(3) a), but si&ificantiy longer than the bond in free Sz zl.889 II] _ 

H c-Eu 

_H’ 

(45) (46) (47) 

The complex Ni(CN-t-Bu)z(~zPht) has structure (47), with a small dihedral of about 
2.6(7)?. between the Ni-C-C (acetyiene) and N&C-C (isocyanide) pIanessZ. The CZC 
triple-bondlength f1.284(16) A] is interkrediate between normal C=C and Cg bonds; 

the phenyl groups are bent back by some 31”. Full details of the azobenzene complex 
Ni(CF+t-Bu)s(N,Phi) are now available; the dihedral between the Ni-N-N and M-C-C 
planes is only 1.2(3)O, and the N-N bond distance [1.385(S) ai] is close to that of an 

N-N sin@e’bond s3. 
,. 

._. _:. _.: _,,.._ , ~‘_ 
: y, --, ;‘( . : 

:- . . 
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The reactiorrbetween Ir(N0) (PPh ) 3 J and hexafluoro-2-butyne affords the unusual bi- 
nuclear complex (4.8), in which the six-membered-metallocycle-has the boat conformation54. 
Addition of diphenylcyclopropenone to Pt(PPhs), affords the four-membered.metallocycle 
(49), containing a platinacyclobutenone rig, a reaction which must involve C-C bond 
cleavage 55. 

_- 

ALLYLIC AND RELATED COMPLEXES 

The cation in [Mo(CO), (n-CsHs) (py) (bipy)] BF4 has structure (50), with approximate 

octahedral coordination about the molybdenum56. The compound is related to 
Mo(C0)2(7r-C~ H5) (NCS) (bipy) and Mo(CO)* (sr-C, H,) (NC%) (phen), reported earlier 
[AS69, p_ 964; AS70, p. 723. 

The complex obtained from isoprene and RuC13 has structure (51), in which a linear 
tail-to-tail dimer of isoprene is coordinated to the metal atom via two ally1 groups”. A 
similar coordination has also been reported for the analogous complex containing a buta- 
diene trimer ” _ The Rus Cl2 ring deviates appreciably from a perfect square, with the Ru-Cl 
bond opposite the n-ally1 group being longer than that opposite to chlorine by some 0.09 A. 

The complex (n-C, HS)NiC3 & - CgH4Ni(n-Cs H5) (52) showssg some bond localisation 
in the Cs rings, with “ally,,’ C-C bonds of 1.398, 1.394 A separated by two “long” C-C 
bonds (1.438, 1.423 A) from a “short” C-C bond of 1.401 A. Extended Hiickel MO cal- 
culatisns accord with this result. A cis-bis(rr-allyl)nickel system is found6’ in the complex 
of nickel with tricyclohexylphosphine and allene trimer (53). The allylic C-C bonds are 
asymmetric, and suggest a formulation of the ligand as (53a). 

A new phosphine derivative of [(rr-CjHs)Pdi] z has been obtained by treatment of the 
bridged iodide with excess PPhs in benzene 61 The benzene solvate has structure (54), w:rere _ 
two Pd(PPhs) moieties are linked by bridging halide, to give a Pdz I triangle_ The ally1 group 
is parallel to the metal-metal bond, and randomly occupies two sites. Differences in C-C 
bond length in the C3 group indicate different degrees of double bond character, while the 
Pd-C (terminal) bond distances suggest a certain degree of o bond character. 

The structure deduced for the palladium complex (55) by NMR methods has been con- 
firmed by a single crystal X-ray study ” Full details of the structure determinations of . 

[Pt(C3H5) (acac)] 2 (56) and lPt(CsHs)Cl] 4 (57), _ 111 which the ally1 groups act is a,rr-bridg- 

ing ligands, are now available63. 
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JXENE COb4PiEXES ;. .: .’ : 

:_ .’ 

The structures of the complexes (PC, Hs)Rh(sr-diene) (58) (diene _=_ 2;3-dichlorobuta- 

dkne, 2,3_dimethylbutadiene) have been reported briefly @. While_ the diene systems show 
no unusual features, there is some evidence for localisation of bonding within the ~~42s Hs 
ring differences in Rh-C distances being matched by differences in &corresponding inter- 
ring C-C bond lengths. 

X 

X 

0 ti 

(‘\ 
; 

: I 
----Rh:: __ 

i. #’ 

(56) 
X = Me,Cl 

\ 

kzl L= 
I, 

,$’ 
OC -Fe 

‘;. 
1,: 

(59) * 

The complex Fe(CO) (C,Hs)(Ca Ha) (59) contains two diene units bonded to iron; the 

four terminal carbon atoms of these units form the base of a square pyramid, the apex being 
the carborryl carbcn atom”’ _ The bonding of both units appears to be closer to the 27r than 
the 7r,20 extreme. The structures of both the symmetricaIM _and unsymmetrical isomers6’ 
of the oxapropella tetraene-Fez(C0)6 complex have been described_ In the former (60), 

m-p. 200-2C4°, e:.ch iron atom is complexed to a 1,3-diene system, with the central C-C 
bonds shorter than the outer ones. In the unsymmetrical isomer (61) m-p. 13%138”, the 
ligand oxygen interacts with one of the diene systems, and consequences of this interaction 
are considered. In (60), the oxygen atom has a large thermal vibration component, which 
may be explained by flipping of the atom to each side in the crystal, or by a statistical dis- 
tribution of isomers in which the oxygen atom is bent to one or other side. A trinuclear 
complex of a cyclooctatetraene dimer, C,6H16Fe3(CO)9, has structure (62)68_ Apart from 
the normal 1,3-diene-Fe(CO)a unit, the other two iron atoms interact simultaneously with 
a vinyl radical and the ally1 group in a bicyclo[3.2. l] octane moiety. The vinyl-Fez interaction 
is a new feature in organoiron complexes_ 

(60) (61) (62) 



.;I arc& j&nple~ &Fe(@)), -&ot@$ usink o&y the &systems.. k&&rvona-Fe(kO$ has : 
-. structtirk (63).:-p@ iestilts &e.disq&d on the basis of MO calculations, which ari: e&@ded 

t*:‘&{ &&ketones69., .:: 
; An_ ~&&rig number .qfcomplexes of the larger hydroktrbtins &e now being de&bed, 1 

_ ar$ a_f&$u;k. of their structures is the comb&&on of well-established bonding mod&, for 
ex&ttpfe a ~alIy1 group and carbon-metal ti bond. The nomenclature. of these complexes. 
has been rendered ekier by using the hapto.system introduce@ by Cottonm some years ago. 

-In the follcwing section several complexes are mentioned whicil cannot be otherwise con- 
veni&&~‘c~assified. 

-: 
-. 

(63) (64) (65) 

Three isomers of iron carbonyl derivatives of allene trimer, (C9H12)Fez(CO), have been 

isolated, and the structures of two of these have been reported”. In (64), the C9 hydrocarbon 

is attached via a 1,3-diene system to one Fe(C0)3 group, while the second Fe(C0)3 group 
is bonded tq a n-ailyf moiety and C(5). The other isomer (65) also contains a 1,3-diefie-Fe(C0)3 
group, but the second iron atom is attached to a trimethylenemethane portion of the ligand. 

(66) (67) 
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Hydride abstraction from (Cs Hr2)Ru(C0)i, followed by. addition of cyanide-ion; affords 
the cyanocyclooctadienyl complex (66), in which the Cs ring is attached to the Ru(C0); 

group -via a n-ally1 group and a metal-carbon o bond rz _ This type of attachment is described 
as a 1,2,3,64etrahapto system, anclwas first suggested by the author 73 for an isomer of 
(Cs Hs)Os(CO)a on the basis of NMR data. 

Isoprene reacts with Ni(CDT) (PCy,) to give the complex (67), containing an isoprene 
dimer attached to nickel again via a n-ally1 system and a metal-carbon r~ bond%. The 2,6- 
arrangement of methyl groups suggests that the two isoprene units are not symmetrically 
bonded to the metal atom before coupling. 

An unusual tetrameric rhodium complex is obtained from hexafluoro2-butyne and 

[Rh(C, Hs)Cl] *, and has structure (68) 75 _ In this, the acetylene and diene have undergone 
a homo Diels-Alder addition; the resulting l&and is attached to rhodium via the double 
bond and two Rh-C (T bonds. 

The insertion product from an intermediate “p-tolyl-palladium chloride” and 2-butyne, 

derivatised with acetylacetonate, has structure (69)“. The molecule unusually contains a 

cyclopentadiene coordinated to the metal by only one double bond, and a Pd-C u bond 
to a CHCp-tol)CHz group attached to the C5 ring. 

CYCLOPE.TADIENYL AND RELATED COMPLEXES 

The first structural study of an organoscandium complex is provided by [(z-CSH~)~SCC~] 2 
(70), which is a chloro-bridged dimer, containing symmetrically-bonded (pentahapto) C5 
rings _ ” In the crystal, Hf(CsH,), (71)has two pentahapto-C5 Hs groups, and two mono- 
hapto groups78, and is thus similar to the titanium complex, but differs from the zirconium 
analogue. 

The complex originally formulated as MoI(CO)z(ind) has now been shownm to be the 
tricarbonyl complex (72). Structurally, it is similar, to the corresponding C5 Hs compounds. 
The structure of (Me&-n-Cs H,)Re(CC)s (73) has also been reportedsO, but gives no further 
information concerning the unusual solution ‘H NM-R spectrum. 

Reactions between ruthenocene and mercury(II) halides have given two compounds, 
[(n-C5 Hs)s Ru] a - 3HgCla (74) and (x-Cs H5)s Ru - HgRr2 (75)” _ In the former, Ru-Hg _ 

bonds are present; in addition, molecules of HgC12 are bonded-via bridging chlorines, as 
shown. In (75) metal-metal bonds are also present, the adduct being a bromide-bridged 
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(74) 

dimer. A similar compound has been described during eiectrochemical studies of the 
ruthenocene-ruthenicinium system * . Following the successful syntheses of perchloro- 
ferrocene and related molecules, the structures of decachlororuthenocene (76) is of interest=. 
The molecule has nearly perfect Dsh symmetry, with eclipsed rings, and the chlorine atoms 
are dispIaced outward from the planar Cs ring by about 0.1 .k This apparently results from 
directed valence forces. The metal-ring distance (2. I70 A) is shorter than that found in 

ruthenocene (2.2 1 A). 

Further results of studies of quinone n-complexes of the Co-Rh-lr triad include details 
of the structures of (n-ind)F&(dq) (77) gr) and of (rr-Cs Hs)Ir(dq) (78)“. In the former, a 
pronounced distortion of.the duroquinone ligand to the boat form occurs, with a dihedral 
angkof 25”. The iridium compiex is similar to the rhodium analogue [ASTO; p-70], with 

a dihedral angle of 26” for the complexed quinone molecule_ 
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LARGE RING HYDROCARBON COMPLEXES 

Several complexes with the cyclooctatetraene dianion are now known, and detaiis of the 
structures of three of these hat-e been described_ Cerium forms a dimeric chloro-bridged 
complex, [Ce(Cs Hs)CI(THF)~ ] a, which has structure (79) EE. The thorium and uranium 
complexes, M(Cs Ha)s (M = Th, U) both have &h symmetry, with symmetrically bonded 
Cs rings . ” In all cases, the hydrocarbon ligand is considered to be the 10~ cyclooctatetraene 
dianion. 

Ph 

(80) (81) (82) 

or-BONDED HETEROCYCLIC SYSTEMS 

The structure of a derivative of the hydridoborinate anion, Co(Cs Hs BOMe)s (80), con- 
firms the presence of almost planar Cs B rings attached to the metal, with the boron atom 
involved in bondlngss. The N-methylpyrrole n-complex (81) resembles other arene-Cr(CO)s 
derivatives”. The ring is planar, although the methyl group is bent away from the metal by 
8-9”. In the chromium complex of 2,4,6-triphenylphosphorht (82), the metal is bonded c 
to the central Cs P ring, and. bond distances suggest the ligand behaves as an aromatic systemm _ 
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@ Disordered Band C 

(83) 

(aj@oron 

The anion in NEt4 [Co(B,& H9)* ] has structure (83) with bicapped square anti-prismatic 
91 geometry . Half the carbon atoms are disordered as shown, and no conclusions can be drawn 

.concerning the existence of optical isomers in the c~stal. 

(64) 

(b) Carbon -. 

The catioriin wo(CN-t-Bu),I] I (84) has monocapped trigonal prismatic geometry, with 
an iodine atom‘above one of the square faces-. This paper also includes a discussion of the 
distribution. of seven-coordinate structures among the three polyhedra found-for this group 
of complexes. 

Full details of the structures of cis- [PtCl, (CNEt) (PEta Ph)] 93 and of cis- [PtCla (CNPh)a ] 94 
have now been-published [see A871 ; p. 3251, and a brief report95 of the structure deter- 
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mination of Ir~n~-[Pd12(CN-t-Bu)2] has appeared. Bond length data on the platinum~com- 
plexes.sug&st the trans-mfluence of isocyanide is appreciably smaller than that of tert-phos- : 

-phine, and that mere is appreciable metal+isocyanide back bonding; 
Recent studies of carbene complexes have included: Cr(CO)5 C(OEt)NMe, (85); with a 

higher n character.for the C-N bond than for the C-O bond%; Cr(CO),C(SPh)Me (86), 
the first complex of this type with sulphui as the heteroatom” ; and the manganese complex 
Mns (CO), C(OMe)Ph (87) 98 _ In the latter, one of the equatorial carbonyl groups in 

Mn2(CO)ro is replaced by the carbene ligand. In all complexes, there is some shortening of 
the axial M-CO bond (referred to the equatorial carbonyl). 

Me 

I 
Et’ 

0 N 
‘c’ ‘Me 

(85) (86) (87) 

The anion in NMe4 [(IF-Cs Hs )Mn(CO)* COPh] (S8), an intermediate in the formation 

of carbene complexes, contains a carbene bonded to manganese (1.96 A)“. Slight shorten- 
ing of the Mn-C bond, and lengthening of the C-O bond, are found. Treatment of Fe(CO)s 
with C6Ha(OMe)2 Li, followed by Et,O+BF,, gave a small amount of complex (89), shown 
to consist of a carbene-Fe(C0)4 moiety linked to an Fe(CO)s group by the metal-carbene 
system _ ‘O” This is the first occasion on which the four-electron three-centre n-system as- 
sociated with a metal-carbene ligand has been found to act as a ?r-ligand. 

The chelate carbene complex (90) is obtained from ethyl diazoacetate and 

[(n-CsHs)Mo(CO)3]-. followed by methylation, protonation, and isolation of the hexa- 
fluorophosphate “‘.. The carbene ligand forms a planar MO& N2 ring, which can be repre- 
sented as a non-classical ion, analogous to that formed by a sydnone. 



. . 
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(cl Nitrogen 

The structures of two complexes containing Fe(CO)J or Fe(CO)2(PPh3) groups linked 
by an N-N bridge have been determined. In the derivative obtained from 2,3diazabicyclo- 

[2.2-l] heptane (91) the N-N bond length [1.404(9) A] is close to an N-N single bond’“. 
In the 3,&liphenylpyridazine complex (92), the N-N bond length is 1.43 A. In both mol- 
ecules, an Fe-Fe bond is present, and contributes to the Fez N2 framework’=. 

Complexes of &hydroxyquinoline (oxH) with rhodium carbonyl moieties have been in- 
ioa vestigated _ In Rh(ox) (CO), , metal-metal bonds occur in the crystal, but substi- 

tution of the CO trans to nitrogen, giving Rh(ox)(CO)(PPha) (93), results in an Rh-Rh separa- 
tion of 6.68 A, A full set of data was not obtained for the dicarbonyl, the final R value 
being 0.24. The nickel carbonyl derivative of diacetylbis(dimethylhydrazone) (94) has 
distorted tetrahedral coordination about the metal, the ligand forming an almost planar 
five-membered chelate ring ro5_ 

The reaction between Roars and meso-tetraphenylporphine hzzs been -found to give 
the dicarbonyl(95) *06, rather than the ethanol adduct of a monocarbonylro7. The complex 
is centrosymmetric,-with two mutually trans CO.groups, and is of interest because of the 
ease of displiicement of one of these groups by .other ligands. Unusually for metal carbonyl 
derivatives, this complex has highly non-linear CO groups [angle Ru-C_O, 15.3.3(9)O] _ 

There has been much interest in structures of molybdenum cdmplexes of the poly(pyra- 
.zolyl)borate ligands, some of which exhibit fluxional behaviour. In WJ(CO)~ (C, X-I,) [B(pz), ] 

z. 
_. _.:._ -- 
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(95) 

(96), the tetrakis(pyrazolyl)borate ligand is bidentate ‘08. The six-membered chelate ring, 
which in the crystal has a somewhat flattened boat conformation, can exist in two confor- 
mations in solution, giving rise to a temperature-variable proton NMR spectrum. In the 

analogous complex MOM (C, H,) [Hz B(3,5-Me2 PZ)~ ] (97), which contains a tri.&pto 
CT ring, the boron ligand is bidentate as expected ‘09 However, the chelate ring is severely _ 
bent, as a result of the formation of a two-electron, three-centre B-H-MO bold. The coor- 
dination about molybdenum in the related complex [H2B(Me2pz)2] Mo(CO),(CSH5) (98) 
is distorted octahedral, the sixth position being occupied by a B-H hydrogen atom, and a 
possible interaction between these two atoms has also been suggested, allowing the 18- 
electron configuration to be achieved ‘lo. The complex [HB(pz), ] Mo(CO)* N2 Ph (99) has 
the expected stycture, with a short Mo-N (diazo) bond explained in terms of a contribu- 

tion from Mo=N=Nlph, - the tris(pyrazolyl)borate ligand has C,, symmetry “‘. 

(96) (97 1 

(d) Phosphorus 

The effect of a Group V donor ligand on the Cr-CO bond lengths in Cr(C0)4(dppe) 
(100) has been studied’r’. The Cr-CO bonds tram to Cr-P bonds [ 1.83 l(7) A] are shorter 
than those tram to Cr-CO [ l-884(7) A] , and these data support conventional ideas con- 
cerning the relative n-accepting abilities of arylphosphine and carbonyl ligands. An account 
of the structure of trans-Cr(CO)s [p(OPh)3] Z sh ows that the complex has the expected dis- 
torted octahedral struckre (101) ‘13. Molybdenum carbon91 halides react with Group V 
donor ligands to give .seven-coordinate complexes. The complex MoClz (CO), (PMe, Ph)3 
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. . i . . ;. 

-- -MI:-BRUCE 
~. . . . -. . . 

i98) (99. ‘. 
-, 

(lOi) has one unusually long MO-P bond, and it is suggested that solvated methanol forms 
a bifurcated hydrogen bond to ihe two chlorine atoms *r4. In MoBr2 (CO), [(Phz As)~ CH2 ] z 

(iO3), one of the diarsine ligands is monodentate while the second is bidentate “‘. 

ClOO) 0011 (102) (103) 

In (CO), CrAsMe, Mn(CO)S (104) ‘16 the two metal atoms are crystallographiczlly prac- 
tically indistinguishable, bonds to arseni; being nearly equal, and other molecular param- 
eters similar to those of [(CO)s CrICr(CO)s ] -. Complex (104) thus can be considered a 
member-of the pseudosymmetric class of molecules. 

The mixed tert-phosphine-arsine Ph2 PCF=CF(Aee2)CF2 CF2 (asp) behaves as a mono- 
dentate ligand in (asp)Fe(CO), (105), being bonded to iron via phosphorus in an axial 
position *i7. The structure of &-Hz Fe [PhP(OEt), ] 4 (106) has been reported ‘r8, in.which 

the FeP, geometry is intermediate between tetrahedral and octahedral (including the two 
hydride ligands). The latter were located, giving Fe-H distances of lSl(4) a. 
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The &uctures of Co(CC&(NO) (PPha) and Co(CO)(NO)(PPha)2 have been compared ‘I9 ; 
. . and a second, independent.determination on the former complex has appeared lao. The CO . . . 

and NO groups are disordered, and the most significant difference between the two corn- 
pounds is found in the (C/N)-Co-(C/N) angles, which are 113.4O and 120.0°,~respectivel~,~ 

.and is explained in terms of different A electron repulsions. Solvated dime& complex&of 

stoichiometry [Rh(CO) (PPhJ)2 Q] have been shown *** to be the five-coordinate dimers’ 
(107), in which the solvent does not interact with the metal. The metal-metal bond length 

is 2.630(2) A. 

An electron-diffraction study of Rh(N0) (PFa)a (108) reveals a linear Rh-N-O system I*‘_ 
The Rh-P bond lengths {2.245(S) A] are compared with those found in twelve other 
rhodium-phosphine complexes, and correlations between bond length and the nature of 
the substituent on phosphorus are noted. 

(109) WOI (1111 

The complex derived from ferrocene-l,l’-bis(dimethylarsine) (fdma) and nickel carbonyl, 
followed by addition of iodine, has the structure (109) ‘23 This five-coordinate complex _ 

has nearly regular trigonal bipyramidal stereochemistry. The unusual bidentate ligand coor- 
dinates in a stepped configuration, with eclipsed cyclopentadienyl r’mgs. The fluxional NMR 
behaviour may be explained by a flipping of the Ni(CO)* I2 moiety from one side of the 
FeAst plane to the other. The low-valent nickel complex Ni [CH2 (PCy,), ] a (110) contains 
a heterocyclic four-membered spirane ring system, in which the nickel has a distorted te- 
trahedral coordination ‘=_ The P-Ni-P angles (77”) indicate that orbital overlap occurs via 
bent Ni-P bonds. 

The structure of Pt(CO), (PEtPh=), (111) has been reported; some disorder was found 
in the Pt-CO interactions I*‘. 
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‘The Sz C&L, plane in (n-C5 H,),TiS, C6H4 (112) is folded out of the TiSz plane by 
some 46O lae; this value is similar to those reported earlier in related complexes. Full details 
of the structure caf(+C5 H5)2 Mo(S-rt-Bu)z Fe& ire available ‘*’ iAS71, p_ 3393 _ This 

complex serves as a model compound for the nitrogenase system. There is no evidence for 
any metal-metal bond, and indeed the acute S-MO-S (72.6’) and S-Fe-S angles (75.4O) 
suggest that metal-metal repulsion occurs. The iridium-dithiolene complex 

Irz~tdt)B(CO),(PPhl)z (113) (tdt = toluene3,Pdithiolate) consists of iridium atoms linked 
by bridging sulphurs which are part of ligands chelating to one iridium.only ‘~3. No metal- 

metal interaction occurs. 

(114) (114a) 

Addition, of CS2 to cis-MnH(C0)3(dppm) [dppm = CH,(PPh,),] results in hydrometal- 

latian of a. C=S bond followed by internal attack on the thiocarbonyl sulphur atom after 
fission of-an Mn-P bond129. The resulting complex has structure (114). The valence-bond 
structure (114a) can be written, although the metal carbonyl groups will prevent any signifi- 

cant charge remaining on the metal. Insertion of CS+ into the Pt-F bond in [PtF(PPh3)a} HF2 
affords the cationic dithiofluoroformate complex jll5)“. The ditiocumate complex (116) 

-is-of some interest because of the metal-metal bond [2.870(3) a], supported by two bridg- 
ing hgands I==. . 

~Cyclopentamethylenethiuram disulphide reacts with Fe(CO)s to give the dicarbonyl 

derivative (117); in this papert3r, structural data for some twelve other-dithiocarbamates 

: 

: 



@ = f 0 (disorder) 

(11s) (119) 

The tetrameric [Re(CO)3(SMe)] 4 (119) belongs to the cubane class of molecules al- 
though the Re4S4 unit is considerably distorted, and long Re-Re distances (3.85-3.95 A) 
confirm the absence of any formal metal-metal interaction’33 [see AS70; p. 901. 

Nitrosyl complexes 

A pseudo-tetrahedral coordination about chromium is found in Cr(N0) p(SiMe,), ] a 
(120)‘34, contrasting with the square-planar geometry of the related complex 
Cr[N(SiMea)z ] a(THF)a . The Cr-N-O system is hnear. 

(120) (121) t1221 1123) 

Full details of the structures of [RuCI(NO)~(PP~~), ] PF6 (121) I35 and of 

RuH(N0) (I?&%,), (122)‘36 are now available, together with a discussion of the bonding 
of the NO gr&ps in complexes of this type. .The former complex contains both bent and 
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:. line& Ru-N-0 &t&s, where? in (122), the angle Ru:N-O is 1?6( l)“, Ii_ the osmium 

d&&a&e [O@@) (f%&.(PPli>), ] C104 (123), the OS-N-O system is line=.@ is be& in 
thk rekted c&i&is [I&CO) <r;rO) (PPh& 1’ and [Os(OH).(NO), (PPh& j Tc, and the struc- 

. . ?a& is similar to that-of Os(~0)3(PPh3h and [Mn(NO) (C0)2(PPha)2 ] ‘“_.In contrast 
.- with &i-most linear l&N-O.systems, which are usuall$ associated with shorter M-NO bonds, 

lire OS-NO bond is rather long [I .89(I) A.] i It is evident that generalisatiok concerning 
the preferred geometry of the M-N-O system.in any given situation seem to have little 
predictive powei at present. 

FERROCENE AND BENCHROTRENE DEIiI+ATlVES 

The absolute configurations of a large number of optically active ferrocenei have been 
establishedlB via the structure determination of compound (124a), obtained by the fol- 
lowing route: 

(96%) 

. . . 2 

Mg(f*oue 
(b) 

(16%) 

(124) 

The conformations about the two asymmetric carbons are determined by hydrogen bond 
formation between the OH and NMez groups, a factor which also contributes to the in- 
creased stability of (124a) over (I24b). 

The orientation of the CS rings in I-acetyl-l’-benzoylferrocene (125) is midway between 
fully eclipsed and staggered”‘. The two acyl groups are removed as fr as possible from 
one another, with the pheriyl ring rotated out of the CS ring plane. In 2,2-dicyanovinyl- 
ferrocke (126), close intermoIecular approaches are found [e.g. C- - - -C, 3.28 A], but it 
is not clear whether these represent “self-complexing” of the type found in the ferrocene- 
tetracyanoeth$Iene adduct, or merely repulsive contacts allowing more efficient packing. 

-The C, rings ace rotated.by.7” from the eclipsed confokation’40, 
The structures of the two racemic diastereoisomers of methyl-2(1_~-hydroxy-l’-phenyl- 

propyl)benc&otrene (127) have been de&mined l?‘, and consequently also t@ir,absoke 

. 
.: 
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: configurations. The endo hydroxy group is compatible’ with the Cr - - *H-O hydrogen bond 

suggested by the IR spectrum. 

0= 

,H 
p+ Ph OH 
0 

tn.D. 89” 

w?7) 

m.p. 163” 
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